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ABST
PAL  Apparatus for automatically connecting shutter slat and preventing its
      disengagement, which automatically connects one shutter slat with another
      having a notch and slots for preventing its disengagement and cut in the
      specified dimension, and also prevents the connected shutter slats from
      being disengaged from each other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to apparatus for automatically connecting
      shutter slat and preventing its disengagement, and more particularly to
      apparatus which automatically connects one shutter slat with another
      having a notch and slots for preventing its disengagement, and which also
      prevents the connected shutter slats from being disengaged from each other
      without using conventional stop plate.
PAR  As is well known, shutter slats are connected by engaging the lower curved
      connecting edge of one shutter slat with the upper curved connecting edge
      of another shutter slat, but in this condition without any means to stop
      them, they are apt to get out of position or be disengaged.
PAR  Formerly, the only way to prevent this was to attach stop plates at the end
      of the connected shutter slats, but recently a new method of preventing
      disengagement of slats without using any stop plate has been developed.
PAR  According to this method, a notch is made in one part of the upper curved
      connecting edge of each shutter slat, and in a position of the lower
      curved connecting edge corresponding to that of said notch are provided a
      pair of slots, forming a tongue-shaped piece, which is bent after
      connecting the upper curved connecting edge of said each shutter slat with
      that of the lower curved connecting edge of each shutter slat adjacent
      thereto, so that the both sides of the tongue-shaped piece cross and
      contact the inside surface of the portion of the upper curved connecting
      edge having said notch.
PAR  The object of this invention is to provide an improved apparatus for
      automatically connecting efficiently shutter slats and preventing them
      from being disengaged in the above mentioned way.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, appparatus for automatically connecting shutter slat and
      preventing its disengagement according to this invention comprises a feed
      means that moves the shutter slat to the connecting position, while
      guiding it exactly; a forward feed means that moves the shutter slat,
      which has been moved to this connecting position, to the holding position
      one pitch ahead and holds it there; and a press means provided ahead of
      said holding position in order to prevent it from being disengaged.
PAR  In a preferred embodiment of the invention, said feed means, said forward
      feed means and said press means are so designed that they are interlocked
      with each other. However, as such a design can be made easily by prior
      art, I omit a detailed description of the electric circuit and oil
      pressure circuit of said means.
PAR  Next, the shutter slat which is moved to the connecting position by said
      feed means may be conveyed either on the roller conveyor as shown in the
      preferred embodiment mentioned below, or it may be moved simply on the
      smooth floor.
PAR  And said forward feed means may be either fixed on to the bed or so
      designed that it may move slidingly and freely on the bed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The nature and objects of the invention will be more fully apparent from
      the following detailed description of preferred embodiments thereof, taken
      in connection with the accompanying drawings in which:
PAR  FIG. 1 is a plan view of an apparatus for automatically connecting shutter
      slat and preventing its disengagement embodying the present invention,
PAR  FIG. 2 is an enlarged cross sectional view of the apparatus for
      automatically connecting shutter slat and preventing its disengagement
      taken on line II--II of FIG. 1,
PAR  FIG. 3 is an enlarged cross sectional view of the apparatus for
      automatically connecting shutter slat and preventing its disengagement
      taken on line III--III of FIG. 1,
PAR  FIG. 4 is a cross sectional view of the apparatus for automatically
      connecting shutter slat and preventing its disengagement taken on line
      IV--IV of FIG. 1, and
PAR  FIG. 5 is a side elevation of the shutter slat showing its important part
      in condition in which it is connected and how it is prevented from being
      disengaged.
DETD
PAC  DETAILED DESCRIPTION
PAR  As shown in FIG. 1 and FIG. 5, a shutter slat 1 used for the apparatus
      according to the present invention has a notch 3 in its upper curved
      connecting edge 2, and a tongue-shaped piece formed by a pair of slots in
      its lower curved connecting edge 4.
PAR  Said shutter slat 1 is moved exactly to the feed means by means of a belt
      conveyor 6 and a guide roll 7.
PAR  As shown in FIG. 1 and FIG. 3, the feed means comprises a driving roll 8
      driven by a prime mover and a feed roll 9 having a surface exactly fitting
      the upper surface of said shutter slat 1.
PAR  Between said driving roll 8 and feed roll 9 the shutter slat 1 is guided
      along exactly on the roller conveyor 10 to the connecting position on the
      right.
PAR  Forward feed means comprises, as shown in FIG. 1 and FIG. 2, a pair of
      piston rod operating means 11, 11 positioned perpendicularly to the
      longitudinal direction of said shutter slat 1 which is moved to the
      connecting position, and a pair of piston rod operating means 12, 12 that
      make 11, 11 horizontal or incline them.
PAR  Said piston rod operating means 11, 11 are so designed that the portion of
      the piston rod 13 which is outside the cylinder is lengthened or shortened
      by oil pressure or the like, and on the end of the piston rod 13 is
      attached a fitting piece 14 that fits the upper surface of slat 1.
PAR  Said piston rod operating means 12, 12 are so designed that the portion of
      the piston rod 15 which is outside the cylinder is lengthened or shortened
      by oil pressure or the like.
PAR  Ahead of said forward feed means are provided L-shaped guide plates 16, 17,
      and the shutter slat 1 in said connecting position is moved forward,
      guided by its vertical and horizontal portions.
PAR  To the vertical portion of the L-shaped plate 17 is mounted a limit switch
      18, which operates when the end of the shutter slat 1 touches it, and on
      the bed 19 right under the piston rod operating means 11 is mounted a
      limit switch 20 that operates when the piston rod operating means 11
      lowers to horizontal position.
PAR  The press means comprises a pair of punches 21, 22 that rise and lower, and
      as shown in FIG. 5, pressing and bending the tongue-shaped piece 5
      provided in the lower curved connecting edge 4 of the shutter slat 1, it
      prevents it from being disengaged.
PAR  23, 23 are the rails provided on the bed 19, on which said right forward
      feed means and the L-shaped guide plate 17 move sliding.
PAR  The apparatus being thus constructed, when the shutter slat 1 is moved to
      the connecting position by the feed means, the limit switch 18 provided on
      the vertical portion of the L-shaped guide plate 17 operates, thereby
      causing said piston rod operating means 12, 12 to operate, shortening the
      part of the piston rod 15 which is outside the cylinder, and the piston
      rod operating means 11, 11 connected to said piston rods 15 lower to the
      horizontal position, turning down with the fulcrum 24 as the center, and
      the fitting piece 14 fits in said shutter slat 1. Then the limit switch 20
      operates, lengthening that portion of the piston rod 13 which is outside
      the cylinder, thereby moving the shutter slat 1 to the holding position
      one pitch ahead, and holding it in this position for a while.
PAR  While the shutter slat 1 is held in said holding position, the next shutter
      slat 1 is moved to the connecting position by the feed means. Thus, with
      the upper curved connecting edge 2 of the shutter slat 1 which is held in
      this position, is engaged the lower curved connecting edge 4 of the next
      shutter slat 1 that is moved to the upper curved connecting edge 2,
      thereby connecting one shutter slat with another.
PAR  During the interval from the time the shutter slat 1 begins to be connected
      till it is finished, the piston rod operating means 11, 11 and 12, 12
      operate, putting the fitting piece 14 in said holding position. Then the
      press means operates, and bending upward the tongue-shaped piece 5 which
      is provided on the lower curved connecting edge 4, as shown in FIG. 5,
      thereby preventing the shutter slat from being disengaged.
PAR  When connecting of the shutter slat 1 is finished, said limit switch 18
      operates again, making the fitting piece 14 fit in the shutter slat 1 in
      the connecting position, and moving it one pitch ahead, holds it. Thus,
      the procedure from the shutter slat beginning to be conected and the
      fitting piece 14 being put back to the original position to the press
      means operating, is repeated, and thus the shutter slat 1 is connected
      with the next one, preventing it from being disengaged and moving it
      forward.
PAR  Although the invention has been particularly shown and described, it is
      contemplated that various changes and modifications may be made without
      departing from the scope of the invention as set forth in the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for automatically connecting shutter slat and preventing its
      disengagement which comprises: a feed means which moves the shutter slat
      having a notch and slots for preventing its disengagement and cut in
      specified dimension, to the connecting position while guiding it exactly;
      a forward feed means that moves the shutter slat, which is moved to said
      connecting position, to the holding position and holds it there; and a
      press means provided ahead of said holding position in order to prevent
      the connected shutter slat from being disengaged, thereby automatically
      connecting shutter slats that are sent to the connecting position one
      after another, and preventing the connected slats from being disengaged.
      .Iadd. 2. An apparatus according to claim 1, wherein said slat is
      elongated and has hooklike portions on the opposite longitudinally
      extending edges thereof, said notch being formed in said slat adjacent one
      edge thereof and said slots being formed in said slat adjacent the other
      edge thereof for forming a bendable tongue;
PA1  said first-mentioned feed means moving said slat in a first direction which
      is substantially parallel to the longitudinal direction thereof for
      positioning said slat in said connecting position; and
PA1  said forward feed means moving said slat in a second direction which is
      substantially perpendicular to said first direction from said connecting
      position into said holding position, said holding position being spaced
      from said connecting position by a distance substantially equal to the
      width of said slat whereby the hooklike portion formed on one edge of said
      slat becomes engaged with the hooklike portion formed on the other edge of
      a further slat when said further slat is moved into said connecting
      position by said first-mentioned feed means..Iaddend..Iadd. 3. An
      apparatus according to claim 2, wherein said forward feed means includes
      an engaging member adapted for engagement with a slat for moving same from
      said connecting position to said holding position, said forward feed means
      also including driving means connected to said engaging member for moving
      same horizontally between said connecting position and said holding
      position and for raising same vertically relative to said
      slat..Iaddend..Iadd. 4. An apparatus according to claim 3, wherein said
      slat has a channel-like cross section which opens upwardly when in said
      connecting and holding positions, said engaging member being moved
      vertically downwardly into the interior of said slat when same is in said
      connecting position for engaging said slat, said driving means displacing
      said engaging member horizontally after it engages said slat for moving
      said slat from said connecting position to said holding position, said
      driving means raising said engaging member vertically upwardly so as to
      disengage said slat after it has been moved to said holding position and
      additionally horizontally returning said engaging member to a position
      wherein it is disposed above said connecting position..Iaddend..Iadd. 5.
      An apparatus according to claim 4, wherein said driving means includes
      first fluid pressure cylinder means having extendible ram means connected
      to said engaging member and movable primarily in a horizontal direction,
      said first cylinder means being mounted for at least limited pivotal
      movement about a substantially horizontal axis, and said driving means
      including second fluid pressure cylinder means having a substantially
      vertically extendible ram interconnected to said first cylinder means for
      vertically swinging same for causing raising and lowering of said engaging
      member..Iaddend..Iadd. 6. An apparatus according to claim 4, wherein said
      driving means includes a first drive device interconnected to said
      engaging member for moving same horizontally and a second drive device
      interconnected to said engaging member for moving same vertically. .Iadd.
      7. An apparatus according to claim 6, wherein said press means includes a
      pair of movable press members disposed in opposed relationship to one
      another, one of said press members being positioned above said slats and
      movable downwardly toward said slats, the other press member being
      disposed below said slats in substantial alignment with said one press
      member and being movable upwardly toward said slats, whereby movement of
      said pair of press members into engagement with said slats causes the
      tongue on one slat to be deformed into the notch formed in an adjacent
      slat for preventing said slats from being disengaged due to relative
      movement therebetween in the longitudinal direction
      thereof..Iaddend..Iadd. 8. An apparatus according to claim 2, wherein said
      forward feed means includes a pair of substantially identical feed devices
      positioned adjacent said connecting position and spaced from one another
      in the longitudinal direction of said slat, each of said feed devices
      having an engaging member positioned for engaging a slat located at said
      connecting position and for moving said slat substantially horizontally
      into said holding position..Iaddend..Iadd. 9. An apparatus according to
      claim 8, including stationary frame means, slide means slidably mounted on
      said frame means for linear movement relative thereto in a direction
      substantially parallel to said first direction, said slide means having
      one of said feed devices mounted thereon and additionally having abutment
      means thereon positioned in alignment with said first direction and
      disposed for engaging the leading end of said slat as same is moved into
      said connecting position for controlling the proper positioning of said
      slat..Iaddend..Iadd. 10. An apparatus according to claim 9, wherein the
      engaging member associated with each of said feed devices is mounted for
      both horizontal and vertical movement relative to said frame means, and
      each of said feed devices including drive means for displacing the
      respective engaging member both vertically and
      horizontally..Iaddend..Iadd. 11. An apparatus according to claim 2,
      wherein said press means includes a pair of movable press members disposed
      in opposed relationship to one another, one of said press members being
      positioned above said slats and movable downwardly toward said slats, the
      other press member being disposed below said slats in substantial
      alignment with said one press member and being movable upwardly toward
      said slats, whereby movement of said pair of press members into engagement
      with said slats causes the tongue on one slat to be deformed into the
      notch formed in an adjacent slat for preventing said slats from being
      disengaged due to relative movement therebetween in the longitudinal
      direction thereof..Iaddend..Iadd. 12. An apparatus according to claim 2,
      wherein said first-mentioned feed means includes conveyor means for moving
      said slats longitudinally thereof in said first direction, said
      first-mentioned feed means further including a pair of opposed rollers
      disposed vertically one above the other for rotation about substantially
      horizontal axes, said rollers being adapted to have said slat
      longitudinally fed through a nip defined between said rollers, one of said
      rollers having a peripheral contour similar to the cross-sectional shape
      of said slat for assisting in guiding same, and power means drivingly
      connected to one of said rollers for rotatably driving same, whereby said
      rollers feed said slat along said first direction into said connecting
      position. .Iaddend.
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PAL  .Iadd.A method and apparatus for the production of cotton yarns by the
      cotton system treats cotton fibers in a sequence of steps comprising
      carding the fibers and forming them into a thin carded web, passing the
      web through crushing rollers to crush small impurities in the web,
      subjecting the web on leaving the crushing rollers to a longitudinal
      drafting action sufficient to cause relative longitudinal fiber movement
      therein, condensing the web into a sliver, and drafting and spinning and
      fibers of said silver into yarn..Iaddend.
BSUM
PAR  In the production of cotton yarns.[., a.]. .Iadd.by the cotton system
      cotton fibres are carded by means of a cotton carding machine, which may
      be either a single cylinder cotton card or equivalently a tandem cotton
      card. After carding is finished the fibres are stripped from the card in
      the form of a thin carded web, which is then condensed into a round
      fibrous mass called a sliver. Without further carding the .Iaddend.sliver
      of cotton fibres is .Iadd.thereafter .Iaddend.drafted and spun.[., and.]..
      I have found that this process will be facilitated and the product
      improved if the surface of the cotton fibres is smoothed. If this is done,
      then the fibres will slide over one another more readily and fewer neps
      will be formed during drafting and spinning.
PAR  The present invention is designed to provide a method of and means for
      treating cotton fibres so as to facilitate drafting and spinning.
PAR  According to this invention, .[.a.]. .Iadd.the .Iaddend.very thin
      .Iadd.carded .Iaddend.web of cotton fibres is ironed to cause all or a
      substantial proportion of the individual fibres to be smoothed by passing
      it through ironing rollers and the web leaving the ironing rollers is
      subjected to a drafting action.
PAR  In addition to the smoothing of the fibres, the effect of the ironing
      process, if the pressure is adequate, is to crush small impurities such as
      particles of cotton seeds and leaves present in the web, and this assists
      in the subsequent removal of the impurities. The drafting action is
      necessary .[.for two purposes. One of these is that.]. .Iadd.because
      .Iaddend.unless some tension is applied to the web leaving the nip of the
      ironing rollers, the web will tend to stick to these rollers. This
      sticking of the web to the rollers is itself due to two causes, one being
      the presence of resinous oil in some of the impurities which contaminate
      the roller surface, and the other being the static electricity generated
      in the cotton web by its processing prior to and during the ironing
      action.
PAR  .[.The other.]. .Iadd.Another .Iaddend.purpose of the drafting of the
      ironed web is to .[.bring.]. .Iadd.aid in bringing .Iaddend.about what
      might be called an unexpected effect, since it appears that the action of
      moving the fibres relative to one another, as occurs in drafting, sets the
      substance of crushed impurities free and allows these impurities to drop
      out during subsequent processing (e.g. drafting, spinning, weaving).
PAR  The ironing and drafting can most conveniently be effected on the web of
      cotton fibres as it leaves the doffer of a carding machine, and before it
      is condensed in width to form a sliver for transfer to a subsequent
      operation, e.g. spinning. Consequently, a pair of highly polished ironing
      rollers may be rotatably mounted on the carding machine frame to receive
      the carded web of fibres as the latter is removed from the doffer, usually
      by means of a fly comb. These ironing, or impurity crushing, rollers are
      driven at a speed sufficient to take up slack between the doffer and the
      ironing rollers. The rollers are therefore disposed between the doffer and
      the drawing-off or so called "calender" rollers so that the web, after
      passing through the nip between the ironing rollers, is reduced in width
      or condensed in the usual manner as it approaches the drawing off rollers
      which deliver the cotton fibres in the form of a sliver which is then
      collected in a can for transfer to a succeeding operation in the course of
      yarn manufacture. One or both of the ironing rollers will be driven, at
      the same or at a greater surface speed than that of the doffer roller so
      as to maintain the web in tension. The surface speed of the drawing off
      rollers will be greater than that of the ironing rollers to produce the
      drafting effect. The calender rollers are rotated at a sufficiently
      greater surface speed than the ironing rollers to cause relative
      longitudinal fiber movement in said web between the ironing rollers and
      the calender rollers.
DRWD
PAR  The construction and arrangement of apparatus for carrying out the
      invention will now be described by way of example only with reference to
      the drawings in which:
PAR  FIG. 1 is a side view of part of a cotton carding machine modified in
      accordance with the invention;
PAR  FIG. 2 is a diagram showing an alternative arrangement of ironing rollers,
      and
PAR  FIG. 3 is a diagram showing a further alternative arrangement.
DETD
PAR  Referring to the arrangement shown in FIG. 1, 10 represents the doffer of a
      cotton carding machine, 12 is part of the machine frame, 14 is the fly
      comb used for stripping .Iadd.the .Iaddend.carded web of material from the
      doffer, and 16 and 18 are the drawing-off or calender rollers which
      deliver the condensed sliver from the machine to a can coiler (not shown).
      All the parts so far mentioned form well known parts of cotton carding
      machines, and need not be described in detail. It will be understood that
      the carding machine has other conventional parts such as a feed lattice,
      cylinder flats and condenser trumpet which are not described because they
      form no part of the present invention.
PAR  A pair of smoothly ground ironing rollers 24 and 26 are mounted on the
      machine immediately beyond the fly comb 14, so that the thin carded web of
      fibres indicated at 28 passes from the fly comb 14 through the ironing
      rollers 24 and 26 to the drawing off rollers 16 and 18. The ironing
      rollers crush impurities such as seed and fiber fragments in the web.
      Ironing rollers .[.16.]. .Iadd.24 .Iaddend.and .[.18.]. .Iadd.26
      .Iaddend.rotate at a surface speed which is sufficient to take .Iadd.up
      .Iaddend.slack in the web between them and the doffer, and the calender
      rollers are rotated at a surface speed sufficiently higher than the
      ironing rollers to cause relative longitudinal fiber movement in the web
      between the ironing rollers and the calender rollers. The ironing rollers
      may be pressed together in any convenient manner, for example by means of
      a weighted lever, or by spring pressure, or hydraulic means or a
      combination of such means.
PAR  One manner of loading the ironing roller pass is shown in FIG. 1 wherein
      the upper roller .[.26.]. .Iadd.24 .Iaddend.has its shaft .[.27.].
      journaled in a block 29 slidably guided for vertical movement in a
      stationary support 31 on the machine frame. A spring 33 is compressed
      between block 29 and support 31, and an adjustment at 35 is provided for
      varying the compression of spring 33 and therefore the load resulting in
      the crushing action on impurities in the web. This arrangement is
      essentially that of Varga U.S. Pat. No. 2,323,167.
PAR  The drive for the ironing rollers may be obtained from any convenient
      member of the carding machine, but it is preferred that the drive from the
      doffer roller should be used, so that the ironing rollers will be started
      and stopped simultaneously with the doffer.
PAR  For this purpose, in this particular arrangement a gear wheel 30 is mounted
      on the doffer shaft (not shown), and this gear 30 meshes with intermediate
      gear wheels 32 and 34, one of which is a disengaging wheel to stop, if
      required, the apparatus driven by the following wheel assembly.
PAR  The wheel 34 meshes with a suitable size change gear 36 mounted on the
      shaft of the bottom ironing roller 26 and also with a large gear wheel 38.
      The top ironing roller 24 is driven from the bottom ironing roller through
      coupler gears (not shown) on the opposite side of the machine.
PAR  The large gear wheel 38 meshes with an intermediate gear wheel 42 which in
      turn meshes with a change gear wheel 44 fixed on the shaft of the bottom
      drawing-off roller 18. The top drawing off roller 16 is driven by coupler
      gears (not shown) on the opposite side of the machine.
PAR  A metal guard 46 encloses all the gear wheels in the above described drive
      arrangement. The change speed wheels mentioned above are carried on
      adjustable brackets 48 and 50. The reason for the provision of change
      speed gearing is so that the most effective speeds for the ironing rollers
      and the drawing off rollers relatively to the doffer and each other may be
      obtained.
PAR  As there may be a tendency for some impurities and/or fibres to stick to
      one or the other of the ironing rollers, means may be provided for keeping
      them clear. For example, scraper blades may be pressed into engagement
      with the surface of each roller, either by springs or by weighted levers
      or both. Any other convenient means may be provided for this purpose.
PAR  The ironing rollers may be cylindrical, but it may be desirable to make
      them slightly barrel shaped to compensate for deflection when pressed
      tightly together and so ensure contact along the entire lengths of the
      rollers. Another way of ensuring even distribution of pressure is to
      arrange the rollers with their axes slightly inclined to one another or
      crossed, that is, by swinging one roller about an axis which is radial to
      both rollers and passes through the mid point of both roller axes, such an
      arrangement being described in the specification of Pat. No. 697,106
      (Great Britain).
PAR  FIG. 2 shows an alternative arrangement in which instead of employing a
      pair of ironing rollers, two secondary rollers 52 and 54 are spaced apart
      around the periphery of a main ironing roller 56, so that the web 28
      passes successively through the nips between the roller 52 and the roller
      56, and the roller 54 and the roller 56. It will be understood that three
      or even more secondary rollers could be arranged around a main roller in
      this way. The arrangements for pressing the secondary rollers into contact
      with the main roller, scraping the ironing rollers and ensuring contact
      along their entire lengths will be similar to those described with
      reference to FIG. 1 of the drawings.
PAR  Loading units 51 and 53, which are essentially the same as used for
      .[.leading.]. .Iadd.loading .Iaddend.the ironing rollers of FIG. 1, are
      provided to spring load rollers 52 and 54 toward the surface of main
      ironing roller 56.
PAR  FIG. 3 shows diagrammatically an arrangement in which advantage is taken of
      the facility of web drafting, by providing one or more additional pairs of
      ironing rollers so that the web will be treated successively by two or
      more pairs of ironing rollers, each pair of rollers being rotated at a
      greater surface speed than the preceding pair whereby drafting will take
      place between the successive pairs of rollers.
PAR  Rollers 74 and 76 are rotated at a speed sufficient to take up slack
      between them and the doffer 60. Rollers 78 and 80 are rotated at a surface
      speed sufficiently higher than that of rollers 74 and 76 to cause relative
      longitudinal fiber movement in the web therebetween, and draw-off or
      calender rollers 68, 70 are rotated at a surface speed sufficiently higher
      than that of rollers 78, 80 to cause relative longitudinal fiber movement
      in the web therebetween.
PAR  By way of example, as shown in FIG. 3, a power driven gear 81 may be
      connected by gears 82 and 83 to rotate ironing roller 76, and by gears 84
      and 85 to rotate ironing roller 80. Gears 83 and 85 are the same size, but
      gear 84 is sufficiently smaller than gear 82 that the ironing roller 80
      will be driven at the desired speed higher than ironing roller 76.
PAR  In FIG. 3, 60 is the doffer, 62 is the fly comb, 64 is the web of fibres,
      66 is the condenser trumpet, 68 and 70 are the drawing off rollers and 72
      is the sliver can. Between the doffer 60 and the trumpet 66, there is
      provided two pairs of ironing rollers 74 and 76, and 78 and 80 which are
      similar to the rollers 24 and 26 in FIG. 1. The driving arrangement is
      such that the rollers 78 and 80 rotate at a greater surface speed than the
      rollers 74 and 76, but at less surface speed than the drawing off rollers
      68 and 70. Gear 81 is connected by gearings 86, 87, 88, 89 to rotate the
      calender rollers at the desired speed higher than ironing rollers 78, 80
      as illustrated in FIG. 3. It will be understood that to enable drafting to
      take place the distance between the two pairs of ironing rollers must be
      greater than the length of the longest fibres being treated.
PAR  In any of the arrangements described, the rollers may be unheated or some
      or all of the rollers may be heated by an convenient means, for example,
      the rollers may be hollow for passing a heating fluid through them, or
      there may be provided an electrically heated element extending partly or
      wholly through each roller. Furthermore, the rollers of each pair, or of
      each set where more than two rollers are used together, may either be
      driven at equal surface speeds or at different surface speeds so as to
      effect polishing as well as pressing of the cotton fibres.
PAR  The rollers may be heated as in Varga U.S. Pat. No. 2,323,167, issued June
      29, 1943.
PAR  In operation, the drawing off rollers 18 and 16, or 68 and 70 must always
      be rotated at a higher surface speed than the ironing rollers (or the last
      pair of ironing rollers) to give the drafting effect essential for
      carrying out the method of the invention.
PAR  In any of the arrangements described, the ironing rollers may be coated or
      plated with a porous layer of metal, preferably chromium, with a very
      large number of capillary size cavities, capable of absorbing and
      retaining oil, thus ensuring a constant lubrication of the roller surface.
      This lubrication will minimize the adhesion of foreign matter to the
      working surface of the rollers, and will render the working of the scraper
      blades more efficient.
CLMS
STM  I claim:  .[.1. A method of treating cotton fibres comprising the steps of
      forming the fibres into a thin carded web, passing said web through
      crushing rollers adapted to crush small impurities in the web and
      subjecting said web on leaving said crushing rollers to a longitudinal
      drafting action sufficient to cause relative longitudinal fiber movement
      in the web..]. .[.2. A cotton carding machine having a doffer, a pair of
      calender rollers, a pair of impurity crushing rollers between said doffer
      and said calender rollers adapted to receive a carded web in substantially
      full width from the doffer, drive means rotating said crushing rollers at
      a speed sufficient to take up slack in the web between the doffer and the
      crushing rollers, and drive means rotating said calender rollers at a
      sufficiently greater surface speed than said crushing rollers to cause
      relative longitudinal fiber movement in said web between said crushing and
      calender rollers..].  .[.3. A cotton carding machine having a doffer, a
      pair of calender rollers, a pair of smoothly ground ironing rollers
      between said doffer and said calender rollers adapted to receive a carded
      web in substantially full width from the doffer, load means pressing said
      ironing rollers together with sufficient force to crush small impurities
      in said web, drive means rotating said ironing rollers at a speed
      sufficient to take up slack in the web between the doffer and said ironing
      rollers, and drive means rotating said calender rollers at a sufficiently
      greater surface speed than said ironing rollers to cause relative
      longitudinal fiber movement in said web between said crushing and calender
      rollers..].  .[.4. A cotton carding machine having a doffer, a pair of
      calender rollers, a main ironing roller between said doffer and said
      calender rollers, a plurality of secondary ironing rollers spaced apart
      around and contacting the periphery of said main ironing roller, load
      means pressing said secondary ironing rollers toward said main ironing
      roller with sufficient force to crush small impurities in the web, said
      ironing rollers directly receiving a carded web in substantially full
      width from the doffer, drive means rotating said ironing rollers with
      sufficient speed to take up slack in the web between said doffer and said
      ironing rollers and drive means rotating said calender rollers at a
      sufficiently greater surface speed than said ironing rollers to cause
      relative longitudinal fiber movement in said web between said ironing and
PAR   calender rollers..]. 5. A cotton carding machine having a doffer, a pair
      of calender rollers, at least two pairs of web impurity crushing ironing
      rollers spaced along said web between said doffer and said calender
      rollers, the first pair of ironing rollers receiving a carded web directly
      from the doffer, drive means rotating each of said pairs of ironing
      rollers at successively increasing surface speeds with the pair of ironing
      rolls nearer said doffer being rotated at a speed sufficient to take up
      slack in the web between it and the doffer and the next pair of ironing
      rollers being rotated at a speed sufficient to cause relative fiber
      movement in the web between said pairs of ironing rollers, and drive means
      rotating said calender rollers at sufficiently greater surface speed than
      the last pair of ironing rollers to cause relative longitudinal fiber
      movement in the web between said last pair of ironing rollers and said
      calender rollers. .Iadd. 6. In the production of cotton yarns of improved
      quality and cleanliness by the cotton system, the method of treating the
      cotton fibres which comprises, in sequence:
PA1  a. carding the fibres and forming them into a thin carded web;
PA1  b. passing said web through crushing rollers adapted to crush small
      impurities in the web;
PA1  c. subjecting said web on leaving said crushing rollers to a longitudinal
      drafting action sufficient to cause relative longitudinal fibre movement
      therein;
PA1  d. condensing said web into a sliver; and
PA1  e. processing the fibres of said sliver into yarn by steps comprising
      drafting and spinning. .Iaddend.
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ABST
PAL  Apparatus and a method for measuring the flow rate of a fluid in which a
      beam of ultrasonic .notlessthan., electromagnetic, optical or other
      radiant.]. energy is transmitted across the flow at each of two positions
      spaced apart in the direction of flow, the noise amplitude, frequency or
      phase modulation on each beam due to disturbances in the flow is detected,
      and the two resultant signals are cross correlated to determine the time
      delay therebetween producing maximum correlation, i.e. the mean fluid
      transport time between the beams, and thus the mean fluid flow rate.
BSUM
PAR  This invention relates to the measurement of fluid flow rates.
PAC  SUMMARY OF THE INVENTION
PAR  According to one aspect of the present invention, a method of measuring the
      rate of flow of a fluid comprises the steps of transmitting a beam of
      .[.radiant.]. .Iadd.ultrasonic .Iaddend.energy into the fluid at each of
      two positions spaced apart in the direction of flow of the fluid,
      receiving the two beams and detecting the noise modulation on each beam
      due to disturbances in the fluid flow profile, cross-correlating the two
      detected noise signals, and determining the value of correlation delay
      producing maximum correlation between the two noise signals.
PAR  The value of the correlation delay producing maximum correlation provides a
      measure of the time taken for disturbances in the flow, which are
      transported at the means velocity of the flow, to pass from one position
      to the other, and thus, if the spacing between the two positions is
      divided by the value of the correlation delay producing maximum
      correlation, the mean fluid flow rate is obtained.
PAR  It will be apparent that the invention is particularly applicable to
      measuring the velocity of a highly turbulent flow, as in such a case the
      disturbances in the flow will be large. However, provided the detection
      apparatus is sufficiently sensitive, the method may be used for measuring
      the velocity of a flow which borders on the purely laminar. In the event
      that the flow is substantially non-turbulent, disturbances may be
      deliberately induced in the fluid to render the method of the invention
      more effective.
PAR  The two noise signals can be obtained by detecting amplitude, frequency or
      phase modulation of the beams; various different embodiments of the
      invention disclosed hereinafter show how these different detection
      techniques may be employed.
PAR  The method may be used to measure the flow rate of a gas, a liquid, or a
      slurry. Liquids having a large number of scattering centres, e.g. blood or
      milk, are particularly suited to this technique of measurement, as
      scattering of the radiated beams is produced and hence the noise signals
      are strengthened.
PAR  In a number of different embodiments of the invention described in detail
      hereinafter, the two beams of radiated energy lie in the same plane, which
      also includes the direction of flow, so that the method determines the
      correlation between the flow profile in said plane at two positions spaced
      apart along the direction of flow. Alternatively, the two beams may lie in
      respective different planes each of which includes the direction of flow,
      so that the flow is only correlated in and near the streamline passing
      through both beams. For example, the two beams may lie in mutually
      perpendicular planes and may both pass through the centre of a duct in
      which the flowing fluid is contained. This latter method is particularly
      applicable to measuring the flow rates of liquids like blood, due to
      reflection of the radiated energy from the corpuscles, and is notably
      useful in surgical applications, as blood flow in a patient can be
      monitored by transducers clamped to the outside of the patient's body.
PAR  .[.A number of alternative type of radiant energy may be employed.
      Ultrasonic radiation and electromagnetic radiation may be employed, and
      optical radiation such as laser propagated light may also be used..].
PAR  In accordance with another aspect of the invention, apparatus for measuring
      the rate of flow of a fluid comprises means for transmitting a beam of
      .[.radiant.]. .Iadd.ultrasonic .Iaddend.energy into the fluid at each of
      two positions spaced apart in the direction of the flow of the fluid,
      means for receiving the two beams and detecting the noise modulation on
      each due to disturbances in the fluid flow profile, and a signal
      correlator for cross-correlating the two detected noise signals.
PAR  The apparatus may also include means for determining the value of
      correlation delay producing maximum correlation between the two signals,
      although this function may instead by performed by an operator.
PAR  In embodiments of the invention described in more detail hereinafter, at
      each of the two positions, an oscillator is connected to a transmitting
      transducer on one side of a duct carrying the flow, and a receiving
      transducer is located on the other side of the duct. The electrical output
      signal from each receiving transducer is passed to an amplitude modulation
      (AM), frequency modulation (FM) or phase modulation detector to detect the
      noise modulation thereon. The two resultant detected noise signals are
      then fed to a signal correlator to determine the delay between them
      producing maximum correlation. When phase modulation detectors are used
      the input of the associated transmitting transducer is connected to each
      detector to enable the modulation of the phase shifts across the beams to
      be detected.
PAR  In a development of the above embodiments, positive feedback is introduced
      between each receiving transducer and its associated transmitting
      transducer, whereby no oscillator is needed, the transducer feedback loop
      self-oscillating at a frequency largely determined by the resonant
      frequency of the transducers. Such an arrangement obviates any need to
      continually adjust the frequency used to the resonant frequency of the
      transducers, to obtain optimum performance, consequent to the resonant
      frequencies changing due to the effects of temperature, degradation,
      ageing of the transducers, and so forth.
PAR  In another embodiment, the transducers associated with both beams are
      connected to form a single feedback loop including both beams.
PAR  When gas flow is to be measured, the apparatus may be so arranged that a
      standing wave pattern is set up in the fluid, so that disturbance of the
      pattern will increase the amplitude of the noise signals.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the invention may be obtained from a
      consideration of the following description of a number of illustrative
      embodiments thereof which are given by way of example, having reference to
      the accompanying drawings, in which:
PAR  FIG. 1 shows schematically a first embodiment of apparatus according to the
      invention, in which amplitude modulation of each of two ultrasonic beams
      propagated across a duct shown in longitudinal section provides the two
      noise signals;
PAR  FIG. 1A is a partial view of a variation of the embodiment of FIG. 1 in
      which the duct is shown in axial rather than longitudinal section;
PAR  FIG. 2 shows the variation in magnitude and phase of the signal received
      with the diameter of a duct in which a gas is flowing, a standing wave
      pattern being set up in the duct;
PAR  FIG. 3 shows schematically a second embodiment of the invention in which
      the oscillators of FIG. 1 are replaced by regenerative feedback loops;
PAR  FIG. 4 shows schematically another embodiment in which the oscillators of
      FIG. 1 are replaced by a single regenerative feedback loop including both
      beams;
PAR  FIG. 5 shows schematically another embodiment in which frequency modulation
      of each of two beams is detected;
PAR  FIG. 6 shows schematically another embodiment in which modulation of the
      phase shift across each beam due to disturbances in the profile of the
      fluid flow is detected;
PAR  FIG. 7 shows in block diagram form a phase-to-voltage converter for use in
      the apparatus shown in FIG. 6; and
PAR  FIG. 8 shows schematically, for one beam only, a variation of the apparatus
      shown in FIG. 6 in which the beam is passed through the duct twice to
      reduce errors caused by distortion of the velocity profile.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the embodiment illustrated in FIG. 1, oscillators 10, 10' power
      electrical-to-ultrasonic transmitting transducers T, T' which are mounted
      on the outside of a duct 11 and are arranged to transmit beams of
      ultrasonic energy generally at right angles to a fluid flowing in the
      duct. The two beams lie in a common plane which includes the direction of
      flow. The frequencies used are preferably in the order of 38-40 kHz for
      gases, and in the order of 2MHz for liquids, but may vary outside these
      values in dependence on the fluid under test.
PAR  The beams are amplitude modulated by noise comprising disturbances in the
      fluid and the noise modulated signals are received by receiving
      transducers R, R' which are mounted on the duct 11 opposite the
      transmitting transducers T, T' and which convert the modulated ultrasonic
      signals to electrical signals. These latter signals are amplified by
      amplifier 12, 12', and after detection by AM detectors 13, 13' the noise
      signals are amplified by amplifiers 14, 14' to produce two signals x(t)
      and y(t) which are then passed to a signal correlator 15 to be
      cross-correlated, the correlation delay for maximum correlation being
      determined to provide a measure of the mean fluid flow rate.
PAR  If the apparatus is to be used in an application where the flow of fluid
      through the duct 11 borders on the purely laminar, means shown generally
      at A may be provided upstream of the beams so as to interrupt or agitate
      the flow and thereby to artificially induce disturbances therein.
PAR  In a variation of the FIG. 1 embodiment shown in FIG. 1A the beams lie in
      respective different planes each of which includes the direction of flow.
      The planes are orthogonal and intersect in the centre of the duct whereby
      the apparatus only correlates flow disturbances in and near the streamline
      through the centre of the duct. As mentioned before, detecting flow
      disturbance correlation in this fashion is particularly advantageous for
      measuring the flow rates of liquids such as blood due to reflection of the
      radiant energy from the corpuscles.
PAR  The acoustic reflection coefficient between gas and metal is almost unity,
      and therefore, for each transducer, in an arrangement as shown in FIG. 1
      used for measuring gas flow in a duct having internal walls of metal, the
      acoustic energy transmitted from one wall into the duct is reflected back
      from the opposite wall and transmitted back to the first wall where
      further reflection occurs, this multiple reflection setting up a complex
      acoustic standing wave pattern.
PAR  Thus, for a duct which is circular in cross-section, the magnitude of the
      voltage output v.sub.r from each receiver transducer R, R' is given
      approximately by the equation
EQU  v.sub.r = v.sub.o [(sinh .alpha.D cos kD - j cosh .alpha.D sin kD)/(cosh
      2.alpha.D - cos 2kD)
PAL  and the phase difference .Iadd..THETA..Iaddend.between v.sub.o and v.sub.r
      is given by the equation
PAR  .phi. = tan .sup.-.sup.1 [cosh .alpha.D sin kD/sinh .alpha.D cos kD] where
PAR  D = the diameter of the duct,
PAR  .alpha. = the attenuation coefficient,
PAR  k = the wave number defined as 2.pi./.lambda.,
PAR  v.sub.o = the voltage when D = O, and
PAR  .lambda. = the wavelength of the radiation used.
PAR  The magnitude and phase of each received voltage with respect to the
      transmitted signals is shown in FIG. 2 where they are plotted against the
      duct diameter.
PAR  When a gas flows along the duct, disturbances in the gas cause compressions
      and rarefactions to move through the acoustic field patterns set up,
      causing noise fluctuations in the standing wave system and variations in
      the amplitude v.sub.r of the signals from the receiving transducers. If
      the oscillator signals are constant in amplitude and frequency, the r.m.s.
      values of the signals x(t) and y(t) vary according to the magnitude of the
      above equation for v.sub.r. It follows that the magnitudes of the signals
      x(t) and y(t) depend upon the length of the acoustic path and the degree
      of turbulence of the fluid flowing thereacross. If the number of
      wavelengths in each beam is not identical, a particular disturbance might
      cause one noise signal to increase and the other to decrease, thereby
      providing a negative cross-correlation peak, the method of invention thus
      still being practicable.
PAR  The apparatus of FIG. 1 is desirably operated at frequencies which are as
      close to the resonant frequencies of the transducers as is possible,
      particularly if high-Q transducers are used, to avoid the loss of high
      frequency information which would degrade the cross-correlation curve and
      thereby reduce accuracy. Thus, if the resonant frequencies of the
      transducers change, due to effects such as ageing, temperature change, the
      accumulation of dust on the diaphragms of the transducers and so forth,
      the oscillator frequencies will constantly require correction. The
      embodiment of the invention illustrated in FIG. 3 has therefore been
      devised.
PAR  In this embodiment, where the same reference numerals are used for elements
      corresponding to those used in the embodiment illustrated in FIG. 1,
      oscillators are not provided. Instead, the amplifiers 12, 12' and 16, 16'
      form parts of self-oscillating electro-acoustic positive feedback loops L
      and L' which include the transducers and the acoustic beams, the
      parameters of the loop components being such that the transducers ensure
      that the loops oscillate at frequencies largely determined by their own
      resonant frequencies. The frequencies thus automatically change as the
      resonant frequencies of the transducers change.
PAR  The amplitudes of the oscillations are determined by saturation of the
      output stages of the amplifiers 16, 16', the signals for detection being
      picked off at the outputs of the amplifiers 12, 12', before any distortion
      due to saturation occurs. These signals are directly proportional to the
      magnitude of the acoustic pressure at the receiving transducers.
PAR  Movement of the transducers in directions perpendicular to the direction of
      flow causes the oscillation frequencies to vary about frequencies centred
      on the resonant frequencies of the transducers in an accurately
      predictable manner. When the arrangement oscillates at the transducer
      resonant frequency conditions exist for obtaining satisfactory
      cross-correlation between the signals x(t) and y(t).
PAR  In tests upon apparatus according to the embodiment of FIG. 3, disturbances
      of the standing wave patterns set up in the duct provided clear
      cross-correlation curves and hence accurate measurement of gas flow at
      velocities ranging upwards from about 4 m/s when the two positions were
      spaced apart by 25 cm. The system frequencies automatically adjusted in
      response to environmental changes to produce consistently accurate flow
      measurements. It was also found that the spacing between the two positions
      could be increased as the flow rate increased.
PAR  It has been found that certain forms of the invention, in certain
      applications, are subject to the inaccuracies due to phase shift between
      the two beams. It is believed that this inaccuracy is due to displacement
      of the cross-correlation peak from the position that it would occupy were
      there no such phase difference, resulting in the measured value of delay
      for maximum cross-correlation between the two beams differing slightly
      from the mean disturbance transport time between the two beams. It should
      be understood that this inaccuracy is found in certain applications only;
      for example, the apparatus shown in FIG. 1 provides good results when used
      to measure the flow rate of a liquid, yet provides less satisfactory
      results when used for measuring the flow rate of a gas. It is believed
      that the less satisfactory results experienced when this apparatus is
      applied to measuring the flow rate of a gas may be due to disturbance of
      the standing wave pattern set up in the gas.
PAR  The embodiment shown in FIG. 4 broadly resembles the apparatus illustrated
      in FIG. 3. In this case, however, the amplifiers 12, 12' and 16, 16',
      together with the two beams, form a single self-oscillating
      electroacoustic positive feedback loop. Like the apparatus shown in FIG.
      3, the loop oscillates at a frequency largely determined by the resonant
      frequencies of the transducers, the frequency thus automatically changing
      as the resonant frequencies of the transducers change. The apparatus shown
      in FIG. 4 has the advantage that the above-mentioned inaccuracy caused by
      the effects of phase difference between the two beams is reduced
      considerably as compared with the apparatus of FIG. 3.
PAR  It should be noted that no crosstalk occurs between the two modulating
      noise signals in FIG. 4 even though they are both incorporated in the same
      feedback loop. This is because the amplifiers 16, 16' both have saturated
      outputs whereby the modulation is removed.
PAR  It will be apparent that as well as the preferred feedback loop
      R-12-16-T'-R'-12'-16'-T-R there are two possible subsidiary feedback loops
      caused by propagation of unwanted beams between T and R' and between T'
      and R. The apparatus must, of course, be arranged so that the preferred
      feedback mode is at least predominant. To this end, the transmitting
      transducers T, T' are relatively matched, and the receiving transducers R,
      R' are mismatched both mutually and relative to the transmitting
      transducers T, T'.
PAR  The embodiment illustrated in FIG. 5 is also broadly similar to that
      illustrated in FIG. 3. Here, however, instead of detecting the amplitude
      modulation on the beams due to disturbances in the flow, the variation in
      frequency, i.e. the frequency modulation of the beams due to the
      disturbances in the flow, is detected by the illustrated
      frequency-to-voltage converters i.e. FM detectors 20, 20' to provide the
      signals x(t) and y(t) for correlation.
PAR  It will be appreciated that the embodiment of FIG. 5 can be modified by
      excluding the feedback loops and by using oscillators to power the
      transmitting transducters as in the embodiment of FIG. 1.
PAR  The embodiment of the present invention illustrated in FIG. 6 broadly
      resembles the apparatus shown in FIG. 1 in that two separate acoustic
      beams fed by respective oscillators 10, 10' are used. Here, however,
      instead of detecting amplitude or frequency modulation on the beams caused
      by disturbances in the fluid flow, the total phase shift across each beam
      is measured by feeding the oscillator output and the receiver transducer
      output, for each beam, into a respective phase-to-voltage converter 22,
      22'. Due to the fact that a disturbance moving through the two beams
      causes the phase between the transmitter transducer input and the receiver
      transducer output to change in a similar manner in each beam, there is no
      phase shift between the outputs signals of the phase-to-voltage converters
      22, 22' and these two signals can be cross-correlated giving a result for
      the transport time for disturbances between the two beams which is not
      rendered inaccurate by the above-mentioned phase shift effects.
PAR  A phase-to-voltage converter suitable for use in either of the two channels
      in the apparatus of FIG. 6 is shown in FIG. 7 in block diagram form,
      together with the waveforms appearing at certain points therein. The
      signals from the output of the oscillator 10 (10') and from the output of
      the amplifier 12(12') are applied to first inputs of respective gates 30
      and 32. These signals are trains of pulses at the ultrasonic carrier
      frequency which are constantly changing phase relatively to each other due
      to turbulences in the flow. The outputs of the gates 30 and 32 are
      connected to divider circuits 34 and 36. In this embodiment these circuits
      divide by eight although they may, in different applications, be arranged
      to divide by different figures or not be provided at all. The dividers are
      only necessary when the apparatus is to be used with ducts having large
      diameters where they bring the phase shifts within the range of linearity
      of the converters.
PAR  The output signal of the divider 34, which as a period eight times greater
      than the input signal, is applied to a linear quarter period delay network
      38 which gives rise to a ramp waveform at the output thereof as
      illustrated. The ramp output of the linear quarter period delay network is
      connected to a level detector 40 which changes state at its output when
      the input voltage thereof exceeds a predetermined level. This output is
      connected to a half period monostable circuit 42 to generate the waveform
      shown.
PAR  This waveform is applied to a first input of a further gate 44, the output
      of the divider 36 being applied to the other input of the gate. Due to the
      fact that the two input voltages to the gate 44 represent like waveforms
      displaced in time by a quarter period of the divided waveform and these
      vary in phase with respect to each other about this mean value as
      turbulent disturbances move through the beams, the output voltage of the
      gate 44 is a variable length pulse the length of which is a measure of
      said phase shift. Successive pulses from the output of the gate 44 are fed
      to an integrator 46 which thus gives as its output a signal proportional
      to the mean phase shift across the beam, i.e. x(t) or y(t) as the case may
      be. It will be appreciated that if the flow velocity is zero, the pulse
      width of the output waveform of the gate 44 will be constant and thus the
      integrator output will have a constant d.c. level. When flow occurs, the
      pulse width varies producing the waveform shown in the form of an a.c.
      perturbation on a mean d.c. level. To obtain the signal x(t) or y(t) in
      a.c. form the output of the integrator output is a.c. coupled.
PAR  Logic synchronising pulses obtained from a pulse width detector 48
      connected to theoutput of the gate 44 are applied to second inputs of each
      of the gates 30 and 32 and to reset terminals of the dividers 34 and 36.
      These synchronising pulses are only supplied when the dividers are out of
      synchronism, as, for example, when the apparatus is first switched on. The
      pulse width detector 48 detects lack of synchronism because, if the
      dividers 34 and 36 are not triggered by the leading edge of the same pulse
      of the ultrasonic carrier waveform, a false pulse width will be obtained,
      as will be apparent from a consideration of FIG. 7.
PAR  FIG. 8 shows in block diagram form the apparatus associated with one beam
      only in a variation of the apparatus illustrated in FIG. 6. In FIG. 8, the
      duct 11 is viewed in radial section rather than in axial section. The beam
      of acoustic energy is propagated across the duct twice to give a more
      accurate measure of the average flow velocity, particularly if the
      velocity profile is distorted. It is first propagated by transmitting
      transducer T1, is received by receiving transducer R1 and passed to a
      second transmitting transducer T2, and finally picked-up by receiving
      transducer R2. It will readily be seen that the apparatus can be simply
      modified for three or more passages of the beam across the duct if
      required to give an even more accurate reading.
PAR  .[.It will readily be apparent, from a consideration of the foregoing
      disclosure, that the invention may be carried out using electromagnetic
      radiation instead of using ultrasonic energy. The only basic change is to
      replace the transducers T, T' and R, R', which may be piezoelectric
      devices, by appropriate means such as aerials for radiating electrical
      energy into the duct and for receiving the radiation at the other side.
      The noise signals in this case would be due to modulation of the beams due
      to changes in the electrical properties of the flowing fluid caused by the
      disturbances, rather than to changes in pressure caused by the
      disturbances..].
PAR  .[.It is also contemplated that an optical analogy of the ultrasonic
      embodiments can use changes in the optical properties of the moving fluid
      to modulate beams of light. Thus, the transducers T, T' could be replaced
      by alternating light sources, and the transducers R, R' by photoelectric
      detectors. In this connection, lasers could be used in an apparatus
      corresponding to that illustrated in FIG. 3, a pair of lasers being
      combined with a mirror arrangement to produce a self-oscillating feedback
      arrangement analogous to the electro-acoustic feedback loops L, L'..].
PAR  The present invention can be seen from the foregoing description to provide
      a method of and an apparatus for measuring the flow rate of all types of
      fluids, giving results which are absolute and independent of the physical
      properties of the fluid. As there is no need to obstruct the fluid flow by
      mounting parts of the apparatus in the flow, dangerous, corrosive,
      high-pressure and other hostile fluids can safely be monitored.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for measuring the rate of flow of a fluid, comprising means
      for transmitting a beam of .[.radiant.]. .Iadd.ultrasonic .Iaddend.energy,
      into and across the fluid flow at each of two positions spaced apart in
      the direction of flow of the fluid, respective receiving means associated
      with each beam and each positioned to receive the associated beam after
      passage across the flow, each receiving means producing a
      beam-representative carrier signal modulated by a noise signal caused by
      disturbances in the fluid flow profile, a respective detector connected to
      each receiving means for detecting said noise signals, and a signal
      correlator for cross-correlating the two detected noise signals whereby
      the value of correlation delay producing maximum correlation between said
      two noise signals can be ascertained.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein the signal correlator includes
      means for determining the value of correlation delay producing maximum
      correlation between said two noise signals.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, wherein said transmitting means is
      arranged to transmit the two beams in a common plane which also includes
      the direction of fluid flow.
NUM  4.
PAR  4. Apparatus as claimed in claim 1, wherein the transmitting means is
      arranged to transmit the two beams in respective different planes each of
      which includes the direction of fluid flow.
NUM  5.
PAR  5. Apparatus as claimed in claim 4, where said two planes are orthogonal.
NUM  6.
PAR  6. Apparatus as claimed in claim 1, wherein said transmitting means
      includes a respective transmitting transducer for each beam and wherein
      said receiving and detecting means includes a respective receiving
      transducer for each beam.
NUM  7.
PAR  7. Apparatus as claimed in claim 6, wherein an oscillator is connected to
      the input of each transmitting transducer.
NUM  8.
PAR  8. Apparatus as claimed in claim 6, wherein the output of each receiving
      transducer is connected by a feedback loop to the input of the associated
      transmitting transducer, each feedback loop having sufficient gain to
      cause it to self-oscillate so as to produce the associated beam.
NUM  9.
PAR  9. Apparatus as claimed in claim 8, wherein the parameters of the
      components of each feedback loop are selected so that it oscillates at a
      frequency which is near or equal to the resonant frequencies of the
      associated transmitting transducer and receiving transducer.
NUM  10.
PAR  10. Apparatus as claimed in claim 6, wherein the output of the receiving
      transducer associated with a first of the beams is connected to the input
      of the transmitting transducer associated with the second of the beams and
      the output of the receiving transducer associated with the second beam is
      connected to the transmitting transducer associated with the first beam,
      whereby both beams are included in a single feedback loop having
      sufficient gain to cause it to self-oscillate to produce said beams.
NUM  11.
PAR  11. Apparatus as claimed in claim 10, wherein the two transmitting
      transducers are mutually matched and wherein the two receiving transducers
      are mismatched both mutually and relative to the transmitting transducers.
NUM  12.
PAR  12. Apparatus as claimed in claim 6, wherein said receiving and detecting
      means includes a respective AM detector connected to the output of each
      receiving transducer for detecting noise amplitude modulation on the beams
      to provide said two noise signals.
NUM  13.
PAR  13. Apparatus as claimed in claim 6, wherein said receiving and detecting
      means includes a respective FM detector connected to the output of each
      receiving transducer for detecting noise frequency modulation on the beams
      to provide said two noise signals.
NUM  14.
PAR  14. Apparatus as claimed in claim 6, wherein said receiving and detecting
      means includes, for each beam, a respective phase-to-voltage converter
      having a first input connected to the input of the associated transmitting
      trans-ducer and a second input connected to the output of the associated
      receiving transducer, each converter thereby measuring, in use, the
      changes of phase shift across the associated beam.
NUM  15.
PAR  15. Apparatus as claimed in claim 14, wherein one or more intermediate
      transmitting transducers and one or more intermediate receiving
      transducers are provided for each beam whereby each beam can be passed
      through the flowing fluid two or more times.
NUM  16.
PAR  16. Apparatus as claimed in claim 14, wherein each phase-to-voltage
      converter comprises a linear quarter period delay network having an input
      connected to said first input thereof, a level detector having an input
      connected to the output of the linear half period delay network, a half
      period monostable circuit having an input connected to the output of the
      level detector, a gate having a first input connected to the output of the
      half period monostable circuit and a second input connected to said second
      input of the converter, and an integrator having an input connected to the
      output of the gate, the output signal of the integrator being one of said
      two noise signals.
NUM  17.
PAR  17. Apparatus as claimed in claim 16, wherein each phase-to-voltage
      converter includes a first divider connected between said first input
      thereof and the input of the linear half period delay network and a second
      divider of the same ratio as the first divider connected between said
      second input thereof and the second input of said gate.
NUM  18.
PAR  18. Apparatus as claimed in claim 17, wherein each phase-to-voltage
      converter includes first and second gating means each having a first input
      connected to a respective one of said first and second inputs of the
      converter, and a pulse width detector having an input connected to the
      output of said gate and an output connected to a second input of each of
      said gating means and to reset terminals of each of said dividers.  .[.19.
      Apparatus as claimed in claim 6, wherein said transmitting transducers are
      of the type responsive to an electrical input signal and wherein said
      receiving trans-ducers are of the type producing electrical output
      signals..]. .[.20. Apparatus as claimed in claim 1, wherein said
      transmitting means is of the type such that the radiant energy is
      ultrasonic..]. .[.21. Apparatus as claimed in claim 1, wherein said
      transmitting means is of the type such that the radiant energy is
      electromagnetic..]. .[.22. Apparatus as claimed in claim 21, wherein said
      transmitting means is of the type such that the electromagnetic radiant
PAR   energy is within the optical band..]. 23. Apparatus as claimed in claim 1,
      including means for inducing turbulence in the flowing fluid, said means
PAR   being located upstream of both of the beams. 24. A method of measuring the
      rate of flow of a fluid, comprising the steps of transmitting a beam of
      .[.radiant.]. .Iadd.ultrasonic .Iaddend.energy into and across the fluid
      flow at each of two positions spaced apart in the direction of flow of the
      fluid, receiving the two beams after passage across the flow and
      producing, for each beam, a beam-representative carrier signal modulated
      by a noise signal caused by disturbances in the fluid flow profile,
      detecting said noise signals, cross-correlating the two detected noise
      signals, and determining the value of correlation delay producing maximum
PAR   correlation between the two noise signals. 25. A method as claimed in
      claim 24, wherein the two beams are transmitted in a common plane which
PAR   also includes the direction of fluid flow. 26. A method as claimed in
      claim 24, wherein the two beams are transmitted in respective different
PAR   planes each of which includes the direction of fluid flow. 27. A method
PAR   claimed in claim 26, wherein said two planes are orthogonal. 28. A method
      as claimed in claim 24, wherein noise amplitude modulation on the two
PAR   beams is detected to provide said two noise signals. 29. A method as
      claimed in claim 24 wherein noise frequency modulation on the two beams is
PAR   detected to provide said two noise signals. 30. A method as claimed in
      claim 24, wherein noise phase modulation on the two beams is detected to
      provide said two noise signals.  .[.31. A method as claimed in claim 24,
      wherein said radiant energy is ultrasonic..]. .[.32. A method as claimed
      in claim 24, wherein said radiant energy is electromagnetic..]. .[.33. A
      method as claimed in claim 32, wherein said electromagnetic radiant energy
PAR   is within the optical band..]. 34. A method as claimed in claim 24, having
      the further step of inducing turbulence in the flowing fluid upstream of
      both said beams.
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ABST
PAL  A wire stripper capable of being made of stamped parts and of reduced size
      with a device to prevent fraying or nicking wires. The wire stripper may
      be manually operated, in the form of a hand-held unit, and uses a phantom
      center actuating arrangement with a single spring arrangement for blade
      opening and handle return.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention is in the field of wire strippers and specifically relates
      to a manually operated hand wire stripper, although certain features can
      be used in other types of strippers, for example bench strippers,
      automatic strippers or power strippers.
PAR  A primary object of the invention is a wire stripper which can be made from
      stamped parts thereby achieving ruggedness and avoiding the expense of die
      cast parts.
PAR  Another object is a hand stripper which can have the same size and general
      appearance as a die cast stripper but avoids its brittleness.
PAR  Another object is a handle actuating arrangement for a hand stripper using
      a phantom center or fulcrum for the handles to reduce width.
PAR  Another object is a friction or latching arrangement which causes the
      blades and grippers to release the wire prior to the closing of the jaws
      so that the wire, be it solid or stranded, will not be frayed or damaged
      by the return of the parts to initial position while they are in contact
      with the wire.
PAR  Another object is a friction arrangement of the above type which will
      operate in any pivoted position without requiring that handle excursion be
      completed.
PAR  Another object is an improved return spring arrangement for a hand
      stripper.
PAR  Another object is a spring arrangement for a stripper which lets one spring
      do the work of two.
PAR  Another object is a frame construction for a stripper which avoids binding
      of the sliding grippers or blades.
PAR  Another object is a return spring arrangement on a stripper which
      automatically takes care of the variable distance created by opening and
      closing the handles.
PAR  Another object is a frame construction for a wire stripper which
      automatically defines a true plane for the sliding grippers or blades.
PAR  Another object is an actuating connection between the handles, grippers and
      blades in a wire stripper which insures straight line motion and avoids
      camming or cocking of the grippers and blades.
PAR  Another object is a manually operated wire stripper in which the upper
      grippers or blades are fixed and the lower grippers or blades are movable,
      thereby avoiding manufacturing problems, and resulting in reduced cost.
PAR  Another object is a blade and gripper moving arrangement for a wire
      stripper which eliminates unfavorable stresses.
PAR  Another object is a stripper that provides uniform closing regardless of
      wire size.
PAR  Another object is a friction type latching arrangement in a wire stripper
      which does not have a snap action.
PAR  Other objects will appear from time to time in the ensuing specification
      and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of this stripper;
PAR  FIG. 2 is a side view of FIG. 1;
PAR  FIG. 3 is a section along line 3--3 of FIG. 2, on an enlarged scale;
PAR  FIG. 4 is a lateral section through the upper portion of the stripper of
      FIGS. 1 and 2, on an enlarged scale;
PAR  FIG. 5 is similar to FIG. 4 but shows a different operating position;
PAR  FIG. 6 is an enlarged side view of one of the blades or jaws;
PAR  FIG. 7 is an enlarged front view of one of the frames;
PAR  FIG. 8 is a side view of FIG. 7;
PAR  FIG. 9 is a top view of FIG. 8;
PAR  FIG. 10 is a side view of the upper part of one of the levers;
PAR  FIG. 11 is a partial side view, similar to FIG. 4, of an alternate form;
PAR  FIG. 12 is like FIG. 11, but of a further alternate;
PAR  FIG. 13 is a further variation;
PAR  FIG. 14 is an additional modification;
PAR  FIG. 15 is a section along line 15--15 of FIG. 14;
PAR  FIG. 16 is a further variant; and
PAR  FIG. 17 is a section along line 17--17 of FIG. 16.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The stripper is shown as including two frames or jaws or levers, 12 on the
      left in FIGS. 1 and 14 on the right, pivoted together generally at 16. A
      pair of handles, 18 on the left and 20 on the right, extend down from the
      levers and are adapted to be manually manipulated to pivot the levers in
      an opening and closing action about the pivot 16. The levers themselves
      carry pairs of paired clamping or gripping and stripping blades, the
      clamping or gripping blades being designated generally at 22 on the left
      lever and the stripping blades being designated generally 24 on the right
      lever. Each of the pairs of blades is adapted to perform an opening and
      closing action. The upper blades of each pair is shown as fixed and the
      lower blade moves upward to coact.
PAR  The levers 12 and 14 may be stamped parts and are preferably identical,
      except that they are mirror images, so that they can be made with one set
      of stamping dies. One such lever has been shown in detail in FIGS. 7
      through 9 which may be considered to show either lever. The lever or frame
      is generally a channel or U-shaped, as shown in FIG. 9, with a web or
      plate 26 and side legs or flanges 28 and 30 extending down to bosses 32
      and 34, each of which has a hole to accept a pivot pin 36 in FIG. 3, which
      may be headed on each end as at 38 or otherwise formed to provide a
      unitary structure. The bosses 32 and 34 are offset to one side, as shown
      in FIGS. 3 and 9, so that the left and right levers may interfit. Between
      the offset bearing portions, friction washers 40 may be positioned, and an
      axial thrust or compression is acquired by one or more Belleville springs
      or cone washers 42 so that a frictional drag or resistance is acquired
      between the moving or pivoted levers, shown in this case as applied
      directly at the pivot, although it might be otherwise. A spacing sleeve 44
      may be used around the pivot pin or rivet to prevent the bosses from
      flexing inwardly, thus assuring that the Belleville washers are effective.
PAR  As shown in FIGS. 7 through 9, a plurality of projections are formed on
      what may be considered the inner surface 46 of the web or plate 26. For
      example, two such projections 48 are formed in the upper portion thereof
      and three, as at 50, in the lower portion, the upper and lower portions
      being generally separated by a side slot 52. Studs or screws 54 and 56,
      welded or otherwise suitably connected to the inner surface 46, also hold
      and guide the blades and grippers. Referring to FIG. 4, the holding
      arrangement for only one set of blades is explained in detail since the
      other one may be identical. The upper clamping blade or gripper 58 is
      somewhat L-shaped in cross section with its lower surface 60 being
      serrated or otherwise formed to provide a gripping action when the lower
      blade 62 comes up with its gripping face 64. Note the closed position in
      FIG. 5. The upper stud 54 extends through a backing or guide plate 66
      which is held by a stop nut 68 or the like. The lower stud or screw 56
      extends through a spacer 70, through the lower portion of backing plate 66
      and is held in place by a stop nut 72 or the like. The movable blade 62
      moves up and down around the spacer 70 behind the guide plate 66 with the
      stud and spacer 70 fitting in a slot 74, in FIG. 6 in the blade. While the
      blade or gripper shown in FIG. 6 is actually the gripping blade, the
      arrangement is the same for the cutting blade. Since the slot 74 is
      elongated in a vertical direction, this allows for the vertical travel of
      the lower blades. Note that the inner surface of the lower blade will abut
      the three projections 50 on the inner surface of the lever. Thus the
      blade, in moving up and down, moves in a true plane defined by these three
      projections. The spacer 70 is such that there is no binding, and movement
      of the blade up and down is free and easy. The upper blade or gripper 58
      is firmly clamped against the upper two projections 48.
PAR  It is preferred that the two blades be made out of the same stock, so the
      thickness of the plates from which they are made can be the same. To
      prevent any drag or binding of the lower blade, the upper projections 48
      extend out a little bit more than the lower projections 50 which create a
      slight spacing for free movement of the lower blade.
PAR  The mounting and movement of the cutting blades 76 and 78, each of which
      has teeth or cutting channels on the opposed surfaces, may be the same as
      the clamping blades or grippers. The upper gripping surface 64 of the
      gripping blade may be on a slight angle to the horizontal, indicated by
      line X. The same is true of the gripping surface 60 on the upper jaw. Thus
      the two surfaces diverge somewhat in a lateral direction and this
      divergence conforms to the various hole sizes 79 in the cutting blades,
      the largest on the right in FIG. 2 and the smallest on the left. The
      smaller the wire, the closer a particular opening 79 allows the jaws to
      approach. The divergence of the gripping surfaces compensates for this,
      resulting in a more or less true centering of the wire, regardless of wire
      size.
PAR  The handles 18 and 20 may be the same so the details of only one will be
      explained. The handle may be a stamped part, generally U-shaped in cross
      section, opening inwardly with a web 80 and side legs 82 and 84. Each side
      part or leg has arcuate channels 86 and 88, each of which fits around a
      guide or roller 90 and 92 mounted on pins which extend into the levers, as
      shown at 94 and 96 in FIG. 1. The channels 86 and 88 are swung more or
      less on the same arc, for example roughly about a center 98 shown in FIG.
      4, exterior to the stripper. Handle 18 may be considered to be pivoted
      about the point 98, and in that sense it moves about a phantom center with
      the limits of travel being determined by the ends of the slots. The lower
      end of the upper slot 86 is provided with an offset 100 to aid in assembly
      and disassembly.
PAR  The legs 82 and 84 each has an inwardly extending projection 102 and 104
      which extend into slots 106 and 108 formed in the sides of the movable
      blade and gripper, as shown in FIG. 6. The result is that as the handles
      are closed, from the FIG. 4 to the FIG. 5 position, the upper portion of
      the handle will move about the rollers 90 and 92 which causes the
      projections 102 and 104 to raise the lower slidable blade and gripper. A
      return spring 110 is coiled about the center rivet, as at 112, with the
      ends thereof extending down each handle and terminating at 114 and 116,
      each of which freely slides along the inner surface of the handles. Thus
      as the handles are closed, the ends 114 and 116 will slide down the inner
      surface toward the end of the handle, and as they are opened, the loops
      will slide back up.
PAR  The phantom center or fulcrum arrangement explained in connection with the
      arcuate slots and pins in FIGS. 4 and 5 may be varied somewhat. For
      example, a plurality of guide pins, shown as four at 118 in FIG. 11, bear
      against arcuate surfaces 120 on the upper portion of a modified handle,
      the upper portion having projections 122 which extend into the notches in
      the lower portion of the slidable blade. The disposition and arrangement
      of the guide pins and arcuate surfaces is such that movement will be
      effected more or less about a center point, designated generally 124,
      exterior to the stripper. All of the pins in FIG. 11 have free rollers or
      rolls about them, whereas in the form of FIG. 12, only two such pins and
      rollers are used, as at 126 and 128. with the upper inner arcuate surface
      of the handle bearing against a part of the guide plate, as at 130. The
      lower arcuate surface bears against a simple pin 132. As before, the
      dimensioning and spacing is such that a generally arcuate movement is
      acquired generally about a center located more or less at 134. In FIG. 13
      a variant form is shown in which instead of lower pins and rollers around
      the lower end of the arcuate surfaces of the handles, a center slot and
      pin 136 and 138 with a roller is used to effect movement about a point
      exterior to the frame of the stripper.
PAR  In FIG. 14 the sides of the frame are formed outwardly somewhat, at 140, to
      provide inner channels into which corresponding formations 142 fit which
      are provided in the sides of the upper part 144 of the handle. The
      surfaces and channels are generally arcuately disposed so that arcuate
      movement is more or less provided about an exterior center 146.
PAR  In FIGS. 16 and 17 similar exterior formations 148 are provided at the
      sides of the levers or frames, but the upper portion of the handle 150 is
      oppositely formed at each side, as at 152, so that in effect arcuately
      disposed ball races are provided. The oppositely disposed formations 152
      are localized and are in the form of separated dimples, as shown in FIG.
      16, so that the ball in each dimple will stay in place, but free movement
      is provided along the continuous channel 148. The disposition,
      dimensioning and arrangement is such that a generally arcuate movement is
      provided about a center exterior to the frame of the stripper.
PAR  The use, operation and function of the invention are as follows:
PAR  One of the main advantages of this stripper is that it may be made entirely
      of stamped parts and, therefore, is very rugged and will take a great deal
      of punishment. At the same time, it may be very precise in its operation
      and can be used as a precision unit. Also, a compact, small, over-all
      arrangement is provided which prevents it from being large, bulky and
      unwieldy, which would be detrimental in a hand stripper. The unit may be
      operated basically like other hand strippers, namely the handles are
      squeezed together by the operator which causes the blades and grippers to
      close, the gripping jaws or grippers grabbing the insulation and the
      cutting jaws or blades cutting through.
PAR  As the handles are squeezed together, the lower blades or jaws rise so that
      they, first, grip and cut the insulation and, second, the levers spread
      when the bottom of the slots arrive at the rollers 90 and 92. This first
      phase of movement is from FIG. 4 to FIG. 5. .Iadd.This closing movement of
      the handles from FIG. 4 to FIG. 5 compresses the spring 110 somewhat but
      the levers stay in their closed position due to the resistance offered to
      such movement by the resistance of the retard mechanism which includes the
      Belleville washer 42 and friction disc arrangement 40 of FIG. 3.
      .Iaddend.Thereafter, continued closing of the handles will .Iadd.overcome
      the resistance of the retard mechanism and .Iaddend.cause the levers to
      separate, which strips the insulation from the wire. This might be
      considered the second stage of movement. During both stages, the return
      spring 110 is compressed and tends to resist this movement. This brings
      the levers or handles to their fully closed position. Thereafter the
      operator relaxes and allows the return spring 110 to separate the handles.
PAR  The friction arrangement, which may be considered in the nature of a latch,
      shown in detail in FIG. 3, initially resists closing movement of the
      levers. Thus the levers stay spread and the initial opening movement of
      the handles lowers the cutting and stripping blades. This frees the wire
      and the operator can remove it before the levers come together. When the
      top of the slots 86 and 88 arrive at and contact the rollers 90 and 92,
      the force of the spring 110 will cause the levers 12 and 14 to close. So a
      two stage return movement is provided, the first opening the grippers and
      blades and the second closing the levers. Note that one spring controls
      this action and the frictional resistance caused by the Belleville washer
      and frictional disc arrangement of FIG. 3 causes the grippers and blades
      to open first and the levers to close second. Thus the stripped wire can
      be removed and no fraying of stranded wire or scoring or nicking of solid
      wire will result.
PAR  A similar type of release arrangement has previously been incorporated in
      commercial strippers but it involved a latch which, once the latch was
      knocked loose, allowed the levers to snap together, which was somewhat
      violent and could and did cause damage. In the present arrangement, the
      frictional resistance merely allows the spring to slowly and uniformly
      close the levers after the grippers and blades have been fully separated.
      There is no snap action. Further, the prior latch was only effective when
      the levers had been separated to one distinct point, which meant one
      complete handle closure. In the present arrangement, the release will
      function regardless of the amount of separation of the levers, be it a
      full separation or any partial separation. This has the advantage that the
      operator can close the handles any desired amount and he knows that the
      grippers and blades will open first during return movement so that he can
      remove the wire and prevent it from being damaged.
PAR  The phantom center or fulcrum arrangement substantially reduces the size of
      the unit as compared to one that might have pivots on the outside, for
      example at point 98 in FIG. 4. This substantially reduces the weight of
      the over-all unit, and gives it a true pivoting action or something like
      it.
PAR  Another advantage is the single spring arrangement. In prior strippers
      where a coil spring has been disposed between the handles, extending
      across in the form of an arch, as the handles are closed and the coil
      spring tends to go solid, a strut effect takes place so that thereafter
      the force being applied tends to open the upper levels instead of forcing
      the jaws together. In the present construction, the spring force is
      applied to the handles down at the bottom or toward the outer ends of the
      handles, as at 114 and 116 in FIG. 1. The force of closing the handles
      will be someplace between the points 114 and 116 and the pivot 16. Thus if
      any strut effect occurs, the application of pressure by the hand of the
      operator will be above it. More of the total force will be going into
      closing the blades and grippers rather than spreading the upper levers 12
      and 14. The force required to grip and cut the insulation will be more
      directly applied and will be more effective.
PAR  Further, the lower gripper and blade move up instead of the uppers moving
      down. Prior arrangements in which the uppers moved required complex
      linkage arrangement to connect the handle to the uppers. The present
      connection is quite simple in that the inwardly extending projections on
      the inner part of the handles connect directly into notches 106 and 108 in
      the lower portion of the gripper and blade. Thus the process of grinding
      the movable blade is greatly simplified since its cutting surface will not
      be encumbered by a linkage or tail arrangement.
PAR  Further, the force of the closing handles is applied on each side of the
      lower gripper and blade, in notches 106 and 108, rather than in the
      center. This has the advantage that the blade will not have any tendency
      to cant or cock as it moves up and no frictional drag or resistance will
      be encountered. If a center slot were used, the two sides of the handles
      would have to be brought together into a center projection, which is
      undersirable and cumbersome. Using two projections and a slot on each side
      of the blade insures a parallel motion instead of a canting or cocking
      motion.
PAR  In prior forms where the upper blade and gripper moved down in the case of
      a difficult or tough strip, it tended to strip the holding screw. But by
      moving the lower blade and gripper up, there will be very little tendency,
      if any, to break off one of the welded studs.
PAR  Having the lower ends of the springs, as at 114 and 116, riding up and down
      freely inside of the channel shaped handles has the advantage that as the
      handles are closed, the point of spring application will change and the
      free sliding effect avoids the complications of rigidly connecting one to
      the other. The difficulty, which is avoided, is that as the handles are
      closed, the distance will be shortened. But the sliding arrangement
      completely solves this.
PAR  The dimpling arrangement in the frames has the advantage that a true plane
      can be defined in which the movable blade and gripper moves since three
      points define a true plane. Further the upper dimples, which bear against
      the fixed blade, can be easily made to project slightly farther than the
      lower ones so that when the entire assembly is clamped together, a slight
      clearance will be provided for the lower blade and gripper and, since it
      has to move, this avoids any binding or frictional dragging.
PAR  An advantage of the phantom center or fulcrum arrangement is that it
      substantially reduces the over-all size of the unit. The offsets or
      notches, designated 100 in the sliding connection between the levers and
      handles, greatly facilitate disassembly and replacement of worn out or
      broken blades. In the position of the various parts in FIG. 5, the handles
      18 and 20 can be compressed together further. The upper portions of the
      handles will pivot outwardly about the lower pins 96 and the upper rollers
      90 will enter the offsets or notches 100. This additional movement allows
      the projections 102 to come out of the notches or slots 106 and 108 in the
      bottom of the lower sliding jaws. With the nut 72 removed, the lower jaw
      can be lifted out and replaced. Thus, blade replacement can be very simply
      done and does not require substantial disassembly of any major components
      or parts of the stripper.
PAR  Whereas the preferred form and several variations of the invention have
      been shown and suggested, it should be understood that suitable additional
      modifications, changes, substitutions and alterations may be made without
      departing from the invention's fundamental theme.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a stripper mechanism, a pair of pivoted levers, handles on the levers
      constructed to perform a closing and opening action effective to open and
      close the levers, pairs of clamping and stripping members on the levers
      effective to grasp and strip insulation from wire positioned between them,
      and a friction retard mechanism effective to releasably hold the levers
      apart in pivoted position while the paired members separate allowing a
      wire to be removed prior to closing of the levers.
NUM  2.
PAR  2. In a stripper mechanism, a pair of pivoted levers, handles mounted on
      the levers and constructed to perform a closing and opening action
      effective to open and close the levers, pairs of clamping and stripping
      members on the levers operated by manipulation of the handles effective to
      grasp and strip insulation from wire positioned between them, and a
      connection between the handles and levers effective, upon manipulation of
      the handles, to move the handles through a generally arcuate path
      described generally about a center laterally outside of the levers.
NUM  3.
PAR  3. The structure of claim 2 further characterized in that the connection is
      in the form of pins and generally arcuate slots between the handles and
      levers.
NUM  4.
PAR  4. The structure of claim 2 further characterized in that the connection
      between the handles and levers is in the form of an arcuate formation on
      one and a guiding follower on the other conforming thereto.
NUM  5.
PAR  5. In a stripper mechanism, a pair of pivoted levers, handles constructed
      to perform a closing and opening action effective to open and close the
      levers, pairs of clamping and stripping members on the levers operated by
      manipulation of the handles effective to grasp and strip insulation from
      wire positioned between them, and a return spring effective on the handles
      at a point adjacent the ends thereof tending to bias the handles apart
      such that the application of manual force to the handles will be generally
      between the lever pivot and the effective point of the return spring on
      the handles.Iadd., and a resistance device on the levers providing a
      greater resistance to pivoting motion of the levers than the resistance of
      the return spring so that the clamping and stripping members close before
      the levers open.Iaddend..
NUM  6.
PAR  6. The structure of claim 5 further characterized in that the return spring
      is coiled around the lever pivot with each end thereof extending along one
      of the handles in contact therewith at a point adjacent the end.
NUM  7.
PAR  7. The structure of claim 6 further characterized in that each end of the
      return spring contacts the inner surface of its handle in a free sliding
      contact.
NUM  8.
PAR  8. In a stripper mechanism, a pair of pivoted levers, handles slidably
      mounted on the levers and constructed to perform a closing and opening
      action effective to open and close the levers, pairs of clamping and
      stripping members on the levers operated by manipulation of the lever
      handles effective to grasp and strip insulation from wire positioned
      between them, the upper such members being fixed and the lower being
      slidably mounted on the levers, and a connection between the lower end of
      the sliding lower members and inside of the handles effective to raise the
      lower members when the handles are closed.
NUM  9.
PAR  9. The structure of claim 8 further characterized in that the connection
      takes the form of two inwardly extending projections fitting in slots in
      the sides of the lower members.
NUM  10.
PAR  10. In a stripper mechanism, a pair of frames, operable means effective to
      open and close the frames, pairs of clamping and stripping members on the
      frames operated by the operable means effective to grasp and strip
      insulation from wire positioned between them, at least one such member of
      each pair being slidably mounted on its frame, and three spaced
      projections extending from the surface of the frame engaging the slidable
      member and serving as the sliding support therefor.
NUM  11.
PAR  11. In a stripper mechanism, a pair of frames, operable means effective to
      open and close the frames, pairs of clamping and stripping members on the
      frames operated by the operable means effective to grasp and strip
      insulation from wire positioned between them, one member of each pair
      being slidably mounted on its frame and the other being fixed, and a
      plurality of projections extending from the surface of the frame engaging
      the members, the projections engaging the fixed member extending slightly
      farther from the frame surface than those engaging the slidable member to
      prevent binding thereof.
NUM  12.
PAR  12. In a stripper mechanism, a frame supporting pairs of clamping and
      stripping members effective to grasp and strip insulation from wires
      positioned between them, means for causing them to perform a clamping and
      stripping action, a plurality of cutting openings in the stripping members
      to cut insulation around the wire, the openings being graduated in size
      from largest to smallest, and gripping faces on the gripping members
      diverging somewhat in the direction of the largest cutting opening.
NUM  13.
PAR  13. In a stripper mechanism, a pair of pivoted levers, handles mounted on
      the levers and constructed to perform a closing and opening action
      effective to open and close the levers, pairs of clamping and stripping
      members on the levers operated by manipulation of the lever handles
      effective to grasp and strip insulation from wire positioned between them,
      the upper such members being fixed and the lower being slidably mounted on
      the levers with a connection between the lower end of the sliding lower
      members and the inside of the handles taking the form of two inwardly
      extending projections fitting into slots in the side of the lower members,
      a connection between the handles and levers in the form of pins and
      generally arcuate slots between the handles and the levers, and generally
      inward extensions of the arcuate slots permitting said projections to
      disengage the slots in the sides of the lower members, thereby enabling
      removal of said sliding lower members.
NUM  14.
PAR  14. In a hand stripper, a pair of pivoted levers, handles mounted on the
      levers and constructed to perform a closing and opening action effective
      to open and close the levers, pairs of clamping and stripping jaws on the
      levers effective to grasp and strip insulation from wire positioned
      between them, and a resistance formation effective between the levers
      including a friction disk and Belleville spring arrangement on the lever
      pivot effective to hold the levers apart, by friction, until the clamping
      and stripping jaws have been separated allowing the wires to be removed
      after stripping prior to the closing of the levers.
NUM  15.
PAR  15. The structure of claim 14 further characterized by and including a
      spring arrangement biasing the handles apart at all times.
NUM  16.
PAR  16. The structure of claim 8 further characterized in that the slidable
      mounting between the handles and levers is constructed to move the handles
      through a generally arcuate path described generally about a center
      laterally outside of the levers.
NUM  17.
PAR  17. In a hand stripper, a pair of pivoted levers, pairs of clamping and
      stripping jaws on the levers, the upper jaw of each pair being fixed on a
      lever and the lower jaw being movable to perform a generally linear
      opening and closing action with the fixed jaw, handles on the levers, a
      sliding generally arcuate mounting between the handles and levers
      constructed such that manual closing of the handles causes them to move
      inwardly and upwardly relative to the levers, and connections between the
      movable lower jaws and the handles such that manual closing of the handles
      is effective to raise the lower jaws to thereby grasp and strip insulation
      from wires positioned between the jaws.
NUM  18.
PAR  18. The structure of claim 17 further characterized in that the mounting
      between the handles and levers is constructed to move the handles through
      a generally arcuate path described generally about a center laterally
      outside of the levers.
NUM  19.
PAR  19. In a hand stripper, a pair of pivoted levers, pairs of clamping and
      stripping jaws on the levers, the upper jaw of each pair being fixed on a
      lever and the lower jaw being movable, the jaws being constructed to grasp
      and strip insulation from wire positioned between them, handles on the
      levers constructed to perform a closing and opening action, a connnection
      between the slidable lower jaws and the inside of the handles including at
      least one inwardly extending projection on each handle fitting in the
      lower jaw, a sliding connection between the handles and levers constructed
      such that manual closing of the handles causes them to move inwardly and
      upwardly relative to the levers to thereby raise the lower jaws, and an
      offset in the sliding connection permitting the projections to be
      disengaged from the lower jaws thereby enabling removal and replacement of
      the lower jaws.
NUM  20.
PAR  20. The structure of claim 19 further characterized in that the sliding
      connection between the handles and levers includes a plurality of pin and
      slot connections constructed, upon manipulation of the handles, to move
      the handles through a generally arcuate path described generally about a
      center laterally outside of the levers.
NUM  21.
PAR  21. In a hand stripper mechanism, a pair of pivoted levers, handles on the
      levers constructed to be manually closed and opened effective to pivot the
      levers open and closed, pairs of clamping and stripping jaws on the levers
      effective to grasp and strip insulation from wire positioned between them,
      and a friction retard mechanism on the levers effective to initially
      resist separation of the levers during closing of the handles and jaws and
      to automatically release allowing the levers to separate.
NUM  22.
PAR  22. In a hand stripper mechanism, a pair of pivoted levers, handles on the
      levers constructed to be manually closed and opened effective to pivot the
      levers open and closed, a spring for biasing the handles open and the
      levers closing at all times, pairs of clamping and stripping jaws on the
      levers effective to grasp and strip insulation from wire positioned
      between them, and a retard mechanism on the levers effective to
      automatically resist pivoting closure of the levers when the handles are
      released thereby allowing a wire to be removed from between the jaws prior
      to closing of the levers but constructed to be overcome by the spring
      prior to full handle separation to allow the levers to close.
NUM  23.
PAR  23. The structure of claim 1 further characterized in that one of each pair
      of members is fixed on the levers and the other of each pair is slidably
      mounted thereon, and a connection between the slideable members and the
      handles such that manipulation of the handles in an opening and closing
      action will cause the clamping and stripping members to open and close.
NUM  24.
PAR  24. The structure of claim 23 further characterized in that the handles are
      slideably mounted on the levers.
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PAL  .Iadd.Heat recoverable articles of manufacture made from organic polymeric
      compositions are described. The compositions comprise a mixture of a
      thermoplastic resin material, or other organic, normally solid
      heat-flowable material, in an elastomeric material. A heat recoverable
      article obtained from these compositions is elastomeric in both its
      heat-unstable and heat-stable states. .Iaddend.
BSUM
PAR  This invention relates to elastomeric materials and products and has
      particular reference to the production of elastomeric articles having
      heat-activated dimensional memory characteristics.
PAR  Elastomers or rubbers are important products being used in a very large
      number of applications for commercial uses and constituting a very large
      and important market. Elastomers are generally called rubbers. The word
      "rubber" is used in two different senses, originally being applied only to
      the natural product rubber. Recent use, however, has been the development
      of a very large number of synthetic rubbers having a wide variety of
      chemical constitutions, so that today the term rubber is commonly employed
      not to characterize the specific chemical substance obtained from the
      rubber tree, but to characterize a state of matter, i.e., any material
      comparable to natural rubber and possessing the physical property of
      elastic extensibility. Hence, an elastic material or rubber will stretch
      an amount directly proportional to the applied force and will recover upon
      the removal of the force.
PAR  The principal property of rubbers or elastomers which leads to their wide
      usage is the property of elastic deformation and the resulting flexibility
      and resilience of articles made of such materials. The most important
      commercial use of rubbers today is for the production of rubber tires for
      automobiles and other wheeled vehicles. The important factor in the use of
      rubber in this application is the property of elastic deformation, the
      ability to deform and recover quickly serving to cushion the blows from
      surface irregularities as the tire travels along the road. Although rubber
      materials in general have relatively poor toughness and abrasion
      resistance, the significant factor in terms of the long life of such
      materials in difficult physical environments is the fact that the
      application of wearing surfaces, such as sharp edges of stones or pebbles,
      will cause the rubber to deform and assume a new shape, wherein the
      applied stress is redistributed over a much wider area, thereby causing
      less wear and abrasion. Upon removal of the stress the rubber returns to
      its original vulcanized size and shape. On the other hand, a non-elastic
      thermoplastic material subjected to the same conditions would, because of
      a high unit pressure, deform by passing the yield point and thereby lead
      to a permanent deformation which is not recoverable.
PAR  A series of important commercial products have been developed over the past
      few years, based upon the property of plastic memory. Two different
      techniques are used for the production of such so-called dimensionally
      heat-unstable or perhaps more properly "heat-recoverable" thermoplastic
      materials, i.e., products which change their size and shape upon the
      application of heat without the necessity for the application of external
      forces. The first technique is that of imparting a considerable amount of
      built-in stresses during fabrication, followed by a cold temperature
      quench to hold the molecules in the stressed condition. Upon careful
      heating, this fabricated product will tend to reform or recover to the
      original configuration. However, upon slight over heating, or upon heating
      too long, such thermoplastic materials will melt and relax to a new size
      and shape. More recently, a series of cross-linked thermoplastic products
      have been fabricated wherein the memory characteristic of the plastic is
      obtained by a 3-dimensional network rather than built-in stresses in a
      2-dimensional system. For example, a cross-linked polyethylene can be
      heated to above the crystalline melting temperature, at which point it
      behaves as an elastomer wherein the application of a force will lead to a
      deformation directly proportional to that force. If, while the
      cross-linked polyethylene is in the elastomeric state, a force is applied
      to cause deformation proportional to the force, and this is followed by a
      reduction in temperature, crystallization will take place which will
      maintain the cross-linked polyethylene in its deformed condition. Upon the
      subsequent application of heat sufficient to remelt the crystals (in the
      absence of a deforming force), the material will rapidly recover to the
      exact size and shape in which it has been cross-linked. However, such
      materials, being of crystalline thermoplastic nature, will exhibit normal
      thermoplastic properties while in the crystalline state, and will act as
      elastomers only at the elevated temperatures wherein the crystals are
      melted.
PAR  A very large variety of applications of commercial importance can be
      envisioned for elastomeric articles which are heat-recoverable, i.e.,
      having the properties of changing shape and/or size upon the application
      of heat without the necessity of the application of external forces, but
      exhibiting essentially the elastomeric property of elastic deformation
      under stress. The commercial importance of such a series of products is
      believed to be clear to anyone familiar with rubber and rubber-like
      products.
PAR  Accordingly, it is a primary object of the present invention to provide
      novel elastomeric articles of manufacture capable of changing size and/or
      shape upon the application of heat.
PAR  A further object of the present invention is to provide novel elastomeric
      articles possessing dimensional memory characteristics and capable of
      returning to an original, predetermined, vulcanized or cross-linked
      configuration upon the application of heat.
PAR  Another object of this invention is to provide a novel process for the
      production of elastomeric articles.
PAR  Still another object of the present invention is to provide a novel process
      for the production of elastomeric articles having dimensional memory
      characteristics.
PAR  Other objects and advantages of this invention it is believed will be
      readily apparent from the following detailed description of preferred
      embodiment thereof.
PAR  Briefly, this invention comprehends within its scope the discovery that
      elastomer products can be made having the properties of elastic
      deformation substantially equal to true elastomers, and at the same time
      having the properties of changing shape and/or size merely upon the
      application of heat and recovering to the original, vulcanized or
      cross-linked shape and size. As used in the specification and claims
      herein, the term "elastomeric" and similar terms are intended to mean and
      include products or articles of any configuration having a Young's modulus
      in the range of from about 50 to 3,000 p.s.i. and exhibitng the
      characteristic rubber-like elastic deformability under the action of
      comparatively small stresses, .Iadd.and .Iaddend.returning substantially
      to the original size and shape upon the removal of the applied stress. The
      Young's modulus is measured at room temperature and determined in
      accordance with ASTM D638-58T. As will be more fully brought out below, an
      essential aspect of the present invention is that the elastomeric
      component of the articles of the present invention must be cross-linked.
      As used in the specification and claims herein, the term "cross-linked"
      and similar terms as applied to the articles of the present invention are
      intended to mean and comprehend a 3-dimensional molecular network having a
      modulus of elasticity of at least about 10 p.s.i., as measured at a
      temperature of 50.degree. C. above the softening or flow temperature of
      the thermoplastic or resinous material component, as hereinafter defined.
      For the purpose of this definition, the modulus of elasticity is
      determined in accordance with the method of Black, R. M., The Electrical
      Manufacturer, October 1957, as is further described below. The softening
      or flow temperature is measured in accordance with ASTM D569-48.
PAR  The heat-recoverable elastomeric materials or articles of the present
      invention are produced by forming or fabricating into the desired
      configuration a composition comprising either (1) an uncured elastomer in
      which is incorporated a normally solid, heat-flowable material capable of
      being formed by the application of heat and an external force, e.g., a
      thermoplastic or non-elastic resinous material, or (2) a plasticized
      thermoplastic material having elastomeric properties as herein defined,
      such as a plasticized polyvinyl chloride; then vulcanizing or
      cross-linking the formed composition or article; heating it to a
      temperature at which the thermoplastic or resinous material loses the
      major portion of its strength, e.g., a temperature above the thermoplastic
      melting or softening point or range; then applying an external force or
      forces to deform the article to the desired heat-recoverable
      configuration; and then quenching or cooling the article to a temperature
      at which the thermoplastic or resinous material regains its strength,
      e.g., to a temperature below the thermoplastic melting or softening point
      or range. After such cooling, the external force or forces are released
      and the article remains in the heat-recoverable configuration, not
      returning to its original vulcanized or cross-linked configuration, as
      would be the case with a true elastomer. The non-elastic thermoplastic or
      resinous material in some manner holds the article in the heat-recoverable
      form until the article has been heated to or above the softening
      temperature as hereinabove defined, whereupon the unrestrained and heated
      article will return to the original as-formed, vulcanized or cross-linked
      configuration. The essential feature of the present invention resides in
      the fact that the cooled or quenched heat-recoverable article has
      resiliency and exhibits the property of elastic deformation upon the
      application of force.
PAR  More specifically, the squence of steps utilized in carrying out the
      process of the present invention is as follows.
PAR  (1) Intimately mixing the thermoplastic or resinous material with the
      elastomer or rubber gum in the uncured state, or mixing the plasticizer
      and cross-linkable thermoplastic material. The usual fillers, extenders,
      curing agents, accelerators and the like are included at this stage if
      desired, depending upon the desired properties of the final article.
PAR  (2) The composition formed in step 1 is then fabricated or formed into an
      article of predetermined configuration and cross-linked or vulcanized. The
      cross-linking or vulcanization may be accomplished by a chemical
      cross-linking technique wherein a vulcanizing agent or cross-linking agent
      is added, the subsequent application of heat and/or pressure bringing
      about the desired cure. Alternatively, the cross-linking may be brought
      about by exposure of the article to high energy radiation such as from an
      accelerated electrons, X-rays, gamma rays, alpha particles, beta
      particles, neutrons, etc., without the necessity for the addition of
      cross-linking or vulcanizing agents. Further, the cross-linking or
      vulcanization can be accomplished by a combination of these two
      techniques. The degree of chemical cross-linking or the radiation dosage
      are sufficient to produce at least the minimum high temperature modulus of
      elasticity of 10 p.s.i. referred to hereinabove. Generally, the minimum
      radiation dosage is of the order of 2.times.10.sup.6 rads.
PAR  (3) The cross-linked and cured article is then heated to a temperature
      sufficiently high to soften the thermoplastic component, i.e., above the
      melting or softening point or range, and while the material is maintained
      at that temperature an external force or forces are applied to change the
      size and/or shape of the article to a more convenient configuration for
      later application and use.
PAR  (4) The deformed article is cooled or quenched while still under the
      external deforming stresses, whereupon the article will retain the
      deformed shape upon the release of the external stresses. The article is
      now in the heat-recoverable state but may be left for an indefinite period
      of time at room temperature without danger of its recovering back to its
      original size and shape.
PAR  The use of articles produced in accordance with the above process is simple
      and straight-forward. The article is simply put into the position for use
      and heat is applied to it, whereupon the article will recover quickly to
      its original vulcanized or cross-linked configuration. A particularly
      useful example of an article within the scope of the present invention is
      heat-recoverable elastomeric tubing. In producing such articles, the
      starting material, such as a mixture of rubber and thermoplastic or
      resinous material, is properly compounded and extruded into tubing form.
      The extruded tubing is cured by radiation or by the proper application of
      heat with a cross-linking or vulcanizing agent, resulting in a cured,
      rubber-like tough, strong tubing. This tubing is then heated to a
      temperature above the thermoplastic melting or softening point or range,
      followed by the application of a deformation force while the tubing is at
      the elevated temperature, as by the application of pressure upon the
      inside of the tubing or a reduction of pressure on the outside of the
      tubing, resulting in an expansion of the tubing. Quenching or cooling of
      the thus formed tubing while it is in the expanded state locks the tubing
      in that state. The tubing has a diameter greater than the original
      diameter of the extruded and cured tubing and it will remain in this
      increased diameter condition indefinitely while at room temperature. The
      tubing is thus available for application at any time. For example, the
      expanded tubing is placed over articles which are desired to be
      encapsulated, adequate clearance between the tubing and the articles being
      provided to permit easy application. The brief application of heat to the
      deformed tubing will cause it to shrink and attempt to return to its
      original vulcanized or cross-linked dimensions. This recovery permits the
      tubing to tightly clad and cover the article which had been inserted
      therein prior to application of the heat. Such an article and process
      finds great utility in the covering of a group of wires cabled together
      such as in wire harness and the like, the resulting rubber jacket
      providing the desired toughness abrasion resistance and other properties
      of rubber or elastomeric materials. This method of encapsulating cable
      wires and the like is far superior from the standpoint of expense and ease
      of application to the acepted techniques of application of air pressure to
      temporarily expand tubing during the application of the tubing to the
      cabled wires, or the difficult, cumbersome and expensive method of
      application of uncured rubber jackets followed by heat or radiation cure
      in place.
PAR  It will be readily apparent that heat-expandable rather than
      heat-shrinkable elastomers can be made in accordance with the present
      invention. Thus, for example, a heat-expandable elastomeric tubing can be
      made by the process described above, except that rather than expanding the
      tubing in the heated condition, it is longitudinally stretched while
      heated, resulting in a contraction of the tubing diametrically as well as
      extension in length. Quenching and cooling of the thus formed tubing while
      it is in the elongated, contracted state locks the tubing in that state,
      the tubing then being available for use. For example, the tubing can be
      placed inside of a pipe or tube, the brief application of heat causing it
      to expand and to attempt to return to its original vulcanized or
      cross-linked condition, this recovery permitting the tubing to tightly
      engage the inside of the pipe forming a lining thereof.
PAR  Another example of an article within the scope of the present invention is
      a molded covering for cable breakout legs, such article being Y-shaped or
      the like, adapted for application onto a cable breakout or transition and
      shrinking into place thereupon upon the application of heat.
PAR  Any elastomeric material may be used in carrying out the present invention,
      for example: nautral rubber; butadiene-styrene copolymers (GR-S);
      butadiene-acrylonitrile copolymers (Buna N); isoprene-isobutylene
      copolymers (Butyl); polyisoprene; polybutadiene; polysulfide (Thiokol);
      polychloroprene (neoprene); polysiloxane (silicone); fluorocarbon (viton
      A, etc.); chlorosulfonated polyethylene (Hypalon); plasticized polyvinyl
      chloride; polybutene.
PAR  For each elastomeric material, a wide range of thermoplastic or resinous
      materials, generally added in relatively small proportions, have been
      found which will produce the desired results in accordance with the
      present invention. Such thermoplastic or resinous materials include:
      acrylic plastics; polyethylene; polytetrafluoroethylene;
      polychlorotrifluoroethylene; polyvinyl formal; polyvinyl butyral;
      polyvinyl chloride; vinyl chloride-vinyl acetate copolymers;
      polyvinylidene chloride; polystyrene; polycarbonates; polyamides;
      cellulose acetate butyrate; cellulose acetate propionate; ethyl cellulose;
      polypropylene; ethylenepropylene copolymers; epoxy resins; polyester
      resins.
PAR  It has been found that from the standpoint of commercial practability, for
      each combination of each thermoplastic or resinous material and each
      elastomer, there is a narrow range of proportions of the thermoplastic or
      resinous materials which will accomplish the desired result. The addition
      of too small a quantity of the thermoplastic or resinous material will not
      produce the desired permanent deformation upon the subsequent cooling
      after deforming at elevated temperatures. The addition of too high an
      amount of the thermoplastic or resinous material will result in the
      article assuming properties more closely allied to the thermoplastic or
      resinous materials rather than retaining the properties of the elastomeric
      or rubber-like materials. Thus, it is evident that for each system under
      consideration, in order to obtain optimum properties a relatively narrow
      range of concentrations must be observed. However, it is possible to
      impart memory characteristics to elastomers within a range of
      concentrations of the thermoplastic or resinous material of from
      approximately 5 to 50% by weight, based upon the total weight of the
      thermoplastic or resinous material and elastomer. In general, the lower
      modulus elastomers require less thermoplastic or resinous material to
      accomplish the desired result, while the higher modulus elastomers require
      more thermoplastic or resinous material. Further, the nature of the memory
      additive itself is important and certain materials will impart greater
      memory characteristics than others. For example, high density, high
      molecular weight polyethylene is a better memory additive than is low
      density, low molecular polyethylene. A further restricted requirement in
      the practice of the present invention is the selection of suitable curing
      agents and/or the use of a composition susceptible to radiation
      vulcanization or cross-linking.
PAR  Those skilled in the art of rubber chemistry and the art of proper
      compounding of rubber-like materials, will understand that in the practice
      of this invention a very wide variety of properties are obtainable and
      that normal rubber compounding techniques will apply, modified only as
      required by the inclusion of the thermoplastic material.
PAR  As will be apparent from the above, the most important commercial
      applications for the articles of the present invention lie in applications
      or articles which permit the deformed configuration to be retained at room
      temperature and for it to be released upon the application of heat above
      room temperature. For convenience and practicality, it is important that
      the articles can be shipped in normal fashion without having to cool them
      to below room and weather temperature conditions. This permits standard,
      easy packaging and straight-forward commercial applications. In addition,
      a normal requirement is that the articles be able to withstand
      temperatures normally encountered in weather conditions around the world
      and still prevent premature recovery of the article to its predetermined
      size and shape. Thus, in the specific examples given below, materials have
      been compounded specifically to meet this requirement, and to not shrink
      or change in shape even upon the application of temperatures encountered
      in the tropics or in warehouses where temperatures as high as 140.degree.
      F. are reached.
PAR  To simplify the practice of the present invention it is necessary to select
      thermoplastic or resinous materials for addition to each rubber which can
      be easily mixed and dispersed therewith. Although almost all thermoplastic
      materials can be used with each rubber, it is necessary for simplicity in
      commercially feasible practice, to pick material which can be mixed
      together and which are compatible, the quick and easy dispersion of the
      thermoplastic material in the rubber material being a necessary commercial
      consideration. Therefore, the selection of a thermoplastic or resinous
      material which is similar in chemical structure to the elastomer is
      preferred in carrying out the invention.
DETD
PAR  The specific examples set forth below are illustrative of the articles and
      processes of the present invention, but it is to be understood that the
      invention is not to be limited to the specific details thereof.
PAR  The following methods of sample preparation and test procedures were
      utilized in carrying out the specific examples:
PAC  Mixing technique
PAR  The method of incorporating the resin into the elastomer is important. If
      the resin is not dispersed thoroughly and completely throughout the
      elastomer, the properties of the compound are impaired. The preferred
      method used in the examples is as follows: A quantity of the resin is
      placed on a 2-roll mixer operating at a temperature sufficient to soften
      or melt the resin. The resin is milled until completely softened and then
      an equal amount of elastomer is slowly added to the resin. Mixing is
      continued until an homogeneous composition is secured. This is removed
      from the rolls and cooled. The balance of the mixture is done by placing a
      requisite amount of mixture on a cold 2-roll mill and adding the
      additional elastomer along with antioxidants, accelerators, fillers,
      plasticizers, etc., as required.
PAC  Molding technique
PAR  Molded slabs were prepared using a 6" .times. 6" .times. .062" rubber mold
      as described in ASTM D-15. The time-temperature cycles were varied
      depending upon the particular rubber-memory plastic system.
PAC  Irradiation technique
PAR  Samples were irradiated using a General Electric resonant transformer
      operating effectively at 850 kv. and 5 milliamps. The samples were
      cross-fired to insure uniform irradiation through the sample, and the
      irradiation dose was predetermined by Faraday cage measurements. A
      well-grounded thermocouple in contact with the sample served to measure
      the temperature of the sample.
PAC  Tensile strength, Young's modulus and elongation
PAR  All tests were run at room temperature using the variable speed automatic
      recording Instron tester. All samples were tested at a crosshead speed of
      20+1 inch per minute.
PAR  The tensile strength and elongation were determined in accordance with ASTM
      D-412. .[.Young's modulus was determined in accordance with ASTM D-638..].
PAC  Determination of modulus of elasticity and ultimate strength
PAR  The basic technique for determining these values has been described by
      Black, R. M., The Electrical Manufacturer, October 1957.
PAR  For this investigation, a similar apparatus was used, consisting of a
      vertical glass tube with a glass jacket (similar to a Liebig condenser).
      The jacketed space was filled with boiling cyclohexanone and this kept the
      interior tube at a temperature of 150.degree. C.
PAR  Strips of the cross-linked compound were prepared (.062" .times. .125"
      .times. 6"). Bench marks 1" apart were stamped in the middle portion of
      the sample. This strip was placed in the center tube and fastened securely
      at the top. Stress was applied to the sample by hanging weights on the
      bottom of the sample. Strain was measured by noting the increase in
      distance between the bench marks, the measurement being made at
      equilibrium after each addition of weight. The weights were increased
      until the sample broke.
PAR  From the stress-strain data obtained, a modulus chart was prepared. The
      slope of the line was determined as the M100 figure, or stress necessary
      to effect a strain of 100%. The breaking force was recorded as the
      Ultimate Strength or U.S.
PAC  Importance of modulus of elasticity-ultimate strength relationship
PAR  For memory devices the modified elastomer must have certain physical
      properties. The importance of tensile strength, elongation, cold bend,
      etc., for proper functions are well known to those skilled in the art and
      need not be expounded here.
PAR  However, for heat shrinkable devices, the M100-U.S. ratio is a vital one.
      For the best use of such devices, either tubing or molded items, they must
      be capable of a significant amount of stretching or expansion without
      splitting at elevated temperatures. The M100 figure expresses the stress
      necessary to effect a stretch of 100% at a temperature above the resin
      softening point. The Ultimate Strength (U.S.) is the stress at the
      breaking point. The elongation at the breaking point expressed in percent
      is
      ##EQU1##
      Thus the larger the ratio, the more a compound can be stretched without
      danger of breaking.
PAC  Description of plastic memory test
PAR  Strips of cross-linked compound, 1/8" .times. .062" .times. 6" were marked
      in the middle with 2 parallel ink impressions 1" apart. The strip was
      heated 1 minute in a 150.degree. C. glycerine bath, stretched until the 1"
      lines were 3 inches apart (200% stretch) where possible, removed from the
      hot bath and plunged into cold water. Five minutes after the cooling, the
      distance between the marks was measured as the extended length. This
      distance was expressed a percent increase in length over the original 1"
      and recorded as the "Memory." Twenty-four hours later the extended strip
      was placed in the 150.degree. C. glycerine bath for 1 minute and allowed
      to freely retract or shrink. It was then cooled and the distance measured
      between the marks as the retracted distance. The "Retraction," calculated
      as a percentage as follows, was recorded:
      ##EQU2##
PAR  Following is a glossary of trademarks identifying the various materials
      used in carrying out the specifc examples:
PAL  A 34:
PA1  alathon 34
PA1  A branched chain polyethylene
PA1  Density 0.93 g./ml.
PA1  Melt Index 3
PAL  Acrawax B:
PA1  A synthetic wax
PA1  Melting point 82.degree. C.
PAL  Agerite Resin D:
PA1  Polymerized trimethyl dihydroquinoline
PA1  Antioxidant
PAL  Altax:
PA1  2,2' benzothiazyl disulfide
PA1  Rubber accelerator
PAL  Asrc 3105:
PA1  a butadiene-styrene copolymer
PA1  23% styrene
PAL  Atlac 382:
PA1  A polyester resin, a reaction product of bisphenol with fumaric or maleic
      anhydride
PAL  Chemigum N3:
PA1  A butadiene-acrylonitrile copolymer
PA1  50% acrylonitrile
PAL  Cumar S:
PA1  A coumarine-indene resin
PA1  Melting Point 90.degree. C.
PAL  Cumate:
PA1  Copper dimethyldithiocarbamate
PA1  Rubber accelerator
PAL  Dotg:
PA1  accelerator
PA1  Di-o-tolyl-guanadine
PAL  Epon 1031: An epoxy resin
PAL  Flexol TOF:
PA1  Trioctyl phosphate
PA1  Plasticizer
PAL  Geon 101 EP: A general purpose polyvinyl chloride resin
PAL  Halowax 2141: A
PA1  A chlorinated naphthalene-approximately 50% chlorine
PA1  Melting point 131.degree. C.
PAL  Hi-Fax 1400E:
PA1  A linear polyethylene
PA1  Density 0.947 g./ml.
PA1  Melt Index 0.3
PAL  Hypalon 40: A chlorosulfonated polyethylene Methyl Tuads:
PA1  Tetramethylthiuram disulfide
PA1  Rubber accelerator
PAL  Jzt:
PA1  antioxidant
PA1  N-n' diphenyl-p-phenylenediamine
PAL  Kadox 15:
PA1  A french process zinc oxide
PA1  Particle size 0.11 micron
PA1  0.01% acidity as SO.sub.3. Used as a free radical promoter in sulfur
      cross-linking reactions
PAL  Lectro 78:
PA1  Tetrabasic lead fumarate
PA1  Stabilizer or acid-acceptor for polyvinyl chloride
PAL  Maglite D:
PA1  Light calcined magnesium oxide
PA1  Particle size .09 micron. Used as an acid-acceptor in Neoprene Cures
PAL  Methyl Zimate:
PA1  Zinc di methyl dithiocarbamate
PA1  Rubber accelerator
PAL  Marbon 8000:
PA1  A butadiene-styrene copolymer
PAL  85% styrene
PAL  Neoprene W:
PA1  Elastomer
PA1  A stabilized polychloroprene
PA1  Contains no sulfur
PAL  Ottacide P:
PA1  Fungicide
PA1  Derivative of p-chloro meta xylanol
PAL  Resin R-4281: A low molecular weight siloxane polymer
PAL  Resin Z-6018; A low molecular weight siloxane resin
PAL  Silastic 82U:
PA1  A general purpose silicone rubber of approximately 80 Shore A durometer
      hardness
PA1  Non-catalyzed
PAL  Silastic 916U:
PA1  An extremely low temperature silicon rubber stock of approximately 50 Shore
      A durometer hardness
PA1  Non-catalyzed
PAL  Smoked sheet: Natural rubber-Commercial No. IX grade
PAL  Sterling S.O. Filler. Semi-reinforcing oil-type furnace black. Particle
      size 41 millimicrons.
PAL  Tetrone A:
PAR  Dipentamethylene thiuramtetrasulfide
PA1  Rubber accelerator
PAL  Processor oil:
PA1  Circo light process oil
PA1  A general purpose naphthenic-type softener and process aid
PAL  Stearite:
PA1  Single pressed, fish oil base stearic acid
PA1  Free radical promoter
PAL  Sterling V:
PA1  Filler
PA1  A semi reinforcing oil-type furnace black
PA1  Particle size 51 millimicrons
PAL  Styron 666: A general purpose polystyrene thermoplastic
PAL  Tenite 812:
PA1  A branched chain polyethylene
PA1  Density 0.915 g./ml.
PA1  Melt Index 200
PAL  Thermax:
PA1  A furnace type carbon black, nonreinforcing
PA1  Particle size 320-472 millimicrons
PAL  Thiate A: Thio hydropyrimidene, accelerator
PAL  Tube brand sulfur:
PA1  Commercial rubber makers grade
PA1  Conditioned with MgCO.sub.3 for long flowing
PAL  Vancide 51Z:
PA1  Fungicide
PA1  A mixture of zinc dimethyl dithiocarbamate and zinc 2-mercaptobenzothiazole
PAL  Varox: A peroxide cross-linking agent containing 2.5 bis
PAR  (tert-butyl peroxy), 2,5-dimethyl hexane coated onto
PAR  an inert mineral carrier
PAL  Zetaz:
PA1  Accelerator
PA1  Zinc salt of 2-mercaptobenzothiazole 6001 or DMD-6001 Polyethylene:
PA1  High density polyethylene
PA1  Density 0.95 g./ml. Melt Index 2.0
PAR  In the examples, the relative amounts set forth opposite the ingredients of
      the compositions are parts by weight, unless specifically indicated
      otherwise.
PAC  EXAMPLE I
PAR  In carrying out this example several specimens comprising polychloroprene
      elastomer and polyvinyl chloride were made and tested. As indicated by the
      data set forth below, as little as 10% of polyvinyl chloride, based on the
      total of the polyvinyl chloride and elastomer, imparts memory properties
      to the article in accordance with the invention. By increasing the amount
      of polyvinyl chloride the memory properties are progressively improved,
      excellent properties being obtained with as much as 40% polyvinyl chloride
      without sacrifice in tensile strength and with substantial retention of
      the elastomeric properties of the elastomer. The followinge compositions
      or mixes were press cured for 10 minutes at 350.degree. F.:
TBL  ______________________________________                                    

     Mixes       1         2         3       4                                 

     ______________________________________                                    

     Geon 101 EP 10        20        30      40                                

     Neoprene W  90        80        70      60                                

     JZF         2         2         2       2                                 

     Stearic acid                                                              

                 1         1         1       1                                 

     Vancide 51Z 1         1         1       1                                 

     Maglite D   4         4         4       4                                 

     Sterling V  15        15        15      15                                

     Flexol TOF  9.2       8.4       7.6     6.8                               

     ZnO         5         5         5       5                                 

     ______________________________________                                    

TBL  ______________________________________                                    

     TENSILE AND ELONGATION                                                    

     ______________________________________                                    

              Average                                                          

              P.s.i.    Percent      .[.Young's                                

                        elongation   modulus                                   

                                     (p.s.i.)                                  

     ______________________________________                                    

     Specimen:                                                                 

     1          1,151       533          113                                   

     2          1,146       457          178                                   

     3          1,094       407          360                                   

     4          917         193          656.].                                

     ______________________________________                                    

TBL  ______________________________________                                    

     ELASTIC MODULUS AND ULTIMATE                                              

     STRENGTH AT 150.degree. C.                                                

               M100 (p.s.i.)                                                   

                            U.S. (p.s.i.)                                      

     ______________________________________                                    

     Specimen:                                                                 

     1           79             194                                            

     2           70             187                                            

     3           68             218                                            

     4           63             133                                            

     ______________________________________                                    

TBL  ______________________________________                                    

     MEMORY CHARACTERISTICS                                                    

                  1      2        3        4                                   

     ______________________________________                                    

     Memory, percent                                                           

                    40       80       130    200                               

     Retraction, percent                                                       

                    100      100      100    100                               

     ______________________________________                                    

PAC  EXAMPLE II
PAR  This example illustrates that a wide variety of thermoplastics, resins and
      waxes can be incorporated in polychloroprene compositions to produce
      articles within the scope of this invention. The basic formulation was as
      follows:
PAC  Effect of various memory plastics in heat shrinkable neoprene rubber
PAR  Compounds were prepared as described in mixing procedure.
TBL  ______________________________________                                    

     BASIC FORMULA                                                             

     ______________________________________                                    

                            Parts                                              

     Memory ingredient      35                                                 

     Neoprene W             65                                                 

     Stearic acid           1                                                  

     MgO                    4                                                  

     Sterling V             15                                                 

     Vancide 51Z            1                                                  

     Flexol TOF             5                                                  

     ZnO                    5                                                  

     JZF                    2                                                  

     ______________________________________                                    

PAR  Test specimen slabs made up using the memory ingredient indicated were
      press cured for 20 minutes at 340.degree. F. and tested with the following
      results:
TBL  __________________________________________________________________________

             Specimen No.                                                      

             1   2  3    4   5   6  7    8    9   10 11   12  13               

     __________________________________________________________________________

             Memory ingredient                                                 

             Sili-                                                             

                 Cu-         Hal-                                              

                                 Acro-            Ala-                         

                                                     6001 Mar-                 

             cone                                                              

                 mar                                                           

                    Atlac                                                      

                         Epon                                                  

                             owax                                              

                                 wax                                           

                                    Styron                                     

                                         Geon Tenite                           

                                                  thon                         

                                                     poly-                     

                                                          bon Hi-Fax           

             R 4281                                                            

                 S  382  1031                                                  

                             2141                                              

                                 B  666  101 EP                                

                                              812 34 ethylene                  

                                                          8000                 

                                                              1400             

     __________________________________________________________________________

     Tensile strength                                                          

      (p.s.i.)                                                                 

             926 959                                                           

                    1,062                                                      

                         736 1,157                                             

                                 384                                           

                                    1,071                                      

                                         1,479                                 

                                              770 826                          

                                                     985  1,206                

                                                              1,144            

     Elongation                                                                

      (percent)                                                                

             480 510                                                           

                    410  180 460 400                                           

                                    420  317  200 230                          

                                                     252  518 338              

     M100 (p.s.i.)                                                             

             58  76 73   123 36  35 56   109  32  45 70   38  60               

     U.S. (p.s.i.)                                                             

             288 121                                                           

                    251  222 218 56 182  390  100 120                          

                                                     200  130 190              

     Memory                                                                    

      (percent)                                                                

             180 190                                                           

                    200  150 70  190                                           

                                    200  200  125 100                          

                                                     100  100 150              

     Retraction                                                                

      (percent)                                                                

             100 94 100  93  100 100                                           

                                    95   100  86  100                          

                                                     100  82  100              

     __________________________________________________________________________

PAC  EXAMPLE III
PAR  This example illustrates that the conventional polychloroprene rubber
      accelerators function as such in the compositions of the present
      invention. In carrying out this example the following compositions were
      press cured for 10 minutes at 350.degree. F.:
TBL  ______________________________________                                    

     Specimen No    1      2      3    4    5    6                             

     ______________________________________                                    

     Geon 101 EP    40     40     40   40   40   40                            

     Neoprene W     60     60     60   60   60   60                            

     JZF            1      1      1    1    1    1                             

     Maglite D      4      4      4    4    4    4                             

     Stearic acid   1      1      1    1    1    1                             

     Flexol TOF     5      5      5    5    5    5                             

     Sterling V     15     15     15   15   15   15                            

     ZnO            5      5      5    5    5    5                             

     Ottacide P                   1    1    1    1                             

     Methyl zimate                1              0.5                           

     Zetax                             1         0.5                           

     Thiate A                               1                                  

     Vancide 51Z           1                                                   

     ______________________________________                                    

PAR  Test results for the articles thus formed were as follows:
TBL  __________________________________________________________________________

     Specimen No   1    2    3    4    5    6                                  

     __________________________________________________________________________

     Tensile strength (p.s.i.)                                                 

                   1,220                                                       

                        1,911                                                  

                             1,806                                             

                                  1,448                                        

                                       2,410                                   

                                            1,709                              

     Elongation (percent)                                                      

                   253  230  273  297  203  320                                

     M100 (p.s.i.) 18   26   62   60   142  58                                 

     U.S. (p.s.i.) 157  220  295  302  272  246                                

     Memory (percent)                                                          

                   200  200  200  200  200  200                                

     Retraction (percent)                                                      

                   100  100  100  100  100  100                                

     __________________________________________________________________________

PAC  EXAMPLE IV
PAR  To illustrate that by the inclusion of a suitable low-temperature
      plasticizer, heat-recoverable polychloroprene articles can be produced
      having low temperature flexibilities equivalent to those of conventional
      polychloroprene articles, and in fact having adequate flexibility at
      -55.degree. C., the following compositions were prepared and press cured
      for 10 minutes at 350.degree. F.:
TBL  ______________________________________                                    

     Specimen No      1         2          3                                   

     ______________________________________                                    

     Geon 101 EP      35        35         35                                  

     Neoprene W       65        65         64                                  

     JZF              1         1          1                                   

     Stearic acid     1         1          1                                   

     MgO              4         4          4                                   

     ZnO              5         5          5                                   

     Sterling V       15        15         15                                  

     Vancide 51Z      1         1          1                                   

     Flexol TOF       2.5       5          10                                  

     ______________________________________                                    

PAR  Cold Bend tests were performed in accordance with MIL-R-6855, as follows:
PAR  The test specimens were strips 51/2" .times. 1/4" .times. .062". The
      bending devices consisted of 2 parallel jaws 21/2" apart.
PAR  The ends of the strips were inserted into the jaws for a distance of 3/4"
      and fastened firmly with the middle portion of the strip forming a loop
      between the jaws. This assembly was conditioned in dry air at the
      indicated temperature for five hours. While still at this low temperature,
      the jaws were moved rapidly from the 21/2" to a 1" separation. Failure was
      denoted by cracking of the sample. The results were as follows:
TBL  ______________________________________                                    

     Specimen No      1         2         3                                    

     ______________________________________                                    

     -40.degree. C    OK        OK        OK                                   

     -45.degree. C    .sup.(1)  OK        OK                                   

     -50.degree. C              OK        OK                                   

     -55.degree. C              .sup.(1)  OK                                   

     Tensile strength (p.s.i.)                                                 

                      1,421     1,409     1,521                                

     Elongation (percent)                                                      

                      230       250       260                                  

     M100 (p.s.i.)    71        75        77                                   

     U.S. (p.s.i.)    276       308       299                                  

     Memory (percent) 200       190       170                                  

     Retraction (percent)                                                      

                      100       97        94                                   

     ______________________________________                                    

      .sup.(1) Broke.                                                          

PAC  EXAMPLE V
PAR  A number of heat-recoverable polychloroprene articles were prepared by
      press-curing the following compositions for 20 minutes at 340.degree. F.
      to illustrate that the properties of the articles can be changed by
      varying the amounts and type of compounding ingredients:
TBL  ______________________________________                                    

     Mix No        1      2      3     4     5    6                            

     ______________________________________                                    

     Geon 101 EP   50     50     50    50    50   50                           

     Neoprene W    50     50     50    50    50   50                           

     Stearic acid  1      1      1     1     1    1                            

     JZF           2      2      2     2     2    2                            

     Vancide 51Z   1      1      1     1     1    1                            

     Flexol TOF    3      3      3     3     3    3                            

     MgO           4      4      4     4     4    4                            

     ZnO           5      5      21/2  21/2  5    21/2                         

     DOTG                        .5                                            

     Sulfur                      .25                                           

     Sterling V           15     15    15                                      

     Thermax                                 5    5                            

     ______________________________________                                    

PAR  Following are the results of the physical tests:
TBL  __________________________________________________________________________

     Specimen No   1   2    3   4    5   6                                     

     __________________________________________________________________________

     Tensile strength (p.s.i.)                                                 

                   827 1,088                                                   

                            978 1,282                                          

                                     846 810                                   

     Elongation (percent)                                                      

                   133 103  113 80   133 140                                   

     M100 (p.s.i.) 26  66   58  140  31  31                                    

     U.S. (p.s.i.) 101 173  162 224  123 111                                   

     Memory (percent)                                                          

                   120 160  140 200  170 140                                   

     Retraction (percent)                                                      

                   96  100  100 100  97  92                                    

     __________________________________________________________________________

PAC  EXAMPLE VI
PAR  A heat-shrinkable elastomeric tubing was produced by extruding the
      composition set forth below in a 11/2" Davis Standard extruder with a
      conventional thermoplastic screw. The tubing had a 0.250 I.D. and a 0.031"
      wall thickness. The tubing was vulcanized in a cylindrical steam
      vulcanizer at a pressure of 70 p.s.i. for 2 hours (Sample No. 1) and 3
      hours (Sample No. 2).
PAC  FORMULA-EXAMPLE VI
TBL                         Percent                                            

     ______________________________________                                    

     Geon 101 EP vinyl resin  29.0                                             

     Neoprene W               43.0                                             

     JZF                      1.5                                              

     Flexol TOF               7.5                                              

     Maglite D                3.0                                              

     Stearic acid             1.0                                              

     Vancide 51Z              1.0                                              

     Sterling S.O.            10.0                                             

     Zinc oxide               4.0                                              

     ______________________________________                                    

PAR  To produce the heat-shrinkable tubing, the samples were expanded using a
      hot glycerine bath and a heated mandrel to 100% and 200%. The tubing was
      then cooled while over the mandrel in cold water and removed. The tubing
      showed an initial shrinkage of 10%-15% and thereupon remained expanded
      until it was heated above the softening range of the polyvinyl chloride
      whereupon it shrank to its original dimension.
PAR  Test results were as follows:
TBL  ELASTIC MODULUS AND ULTIMATE                                              

     STRENGTH AT 150.degree. C.                                                

                   M100          U.S.                                          

                   (p.s.i.)      (p.s.i.)                                      

     ______________________________________                                    

     Sample No.:                                                               

     1               29              192                                       

     2               38              181                                       

     ______________________________________                                    

TBL  TENSILE STRENGTH AND ELONGATION                                           

                   Average      Percent                                        

                   p.s.i.       elongation                                     

     ______________________________________                                    

     Sample No.:                                                               

     1               1.077          250                                        

     2               1.007          260                                        

     ______________________________________                                    

PAC  EXAMPLE VII
PAR  Another form of heat-shrinkable article was made utilizing the following
      milled composition:
PAC  FORMULA
TBL         Geon 101 EP      40                                                

            Neoprene W       60                                                

            JZF              1                                                 

            Stearic acid     1                                                 

            MgO              4                                                 

            Vancide 51Z      1                                                 

            Sterling V       15                                                

            Flexol TOF       10                                                

            ZnO              5                                                 

PAR  The milled material was molded in a compression type mold to form a hollow
      3-finger splice cover for use in cable harnesses. The configuration was
      roughly T-shaped.
PAR  The parts were cured 15 minutes at 360.degree. F. As molded, one of the
      hollow fingers had a .375" orifice. The parts were immersed in 150.degree.
      C. glycerine for 1 minute and the specified finger orifice was
      mechanically expanded to 1.250", and the expanded part cooled in water.
PAR  The expanded hole was remeasured immediately after expansion and again
      after two weeks at room temperature. The parts were then placed in
      150.degree. C. glycerine for 1 minute, cooled and remeasured. Results on
      six samples were:
     Inches                                                                    

                             Immediately                                       

           Original Expanded after           Re-                               

     Sample                                                                    

           OD       to       expansion                                         

                                      2 weeks                                  

                                             covered                           

     ______________________________________                                    

     1     .375     1.250    .940     .905   .390                              

     2     .375     1.250    1.000    .940   .385                              

     3     .375     1.250    1.062    1.600  .385                              

     4     .375     1.250    .980     .900   .390                              

     5     .375     1.250    1.002    1.000  .385                              

     6     .375     1.250    1.062    1.010  .380                              

     ______________________________________                                    

PAR  In another test, a similar molding was made and expanded. However, it was
      held two weeks at 55.degree. C. (131.degree. F.) and then remeasured. Data
      obtained was:
TBL  Inches                                                                    

              Expanded Immediately  After  Re-                                 

     Original OD                                                               

              to-      after expansion                                         

                                    2 weeks                                    

                                           covered                             

     ______________________________________                                    

     .375     1.250    1.170        .955   .385                                

     ______________________________________                                    

PAC  EXAMPLE VIII
PAR  This example illustrates the production of heat-recoverable silicone
      elastomeric articles in accordance with the present invention. Test
      specimens having the compositions set forth below were made as described
      above and irradiated at a dose level of 10 megarads with the following
      results:
TBL  (1)                                                                       

                            Percent                                            

     Silastic 82U           90                                                 

     6001 polyethylene      10                                                 

     Memory                 62                                                 

     Retraction             94                                                 

     (2)                                                                       

                            Percent                                            

     Silastic 82U           90                                                 

     Styron 666             10                                                 

     Memory                 87                                                 

     Retraction             100                                                

PAC  EXAMPLE IX
PAR  This example illustrates the production of heat-recoverable silicone
      elastomeric articles wherein the memory ingredient is a silicone resin. As
      is apparent from the test results, as little as 10% silicone resin is
      effective, excellent results being obtained with 30% of the silicone
      resin. The test specimens were prepared from the following compositions
      press cured for 10 minutes at 350.degree. F.:
TBL                   1      2       3                                         

     ______________________________________                                    

     Silastic 82U       90       85      70                                    

     Resin Z 6018       10       15      30                                    

     Varox              2        2       2                                     

     ______________________________________                                    

                        1        2       3                                     

     ______________________________________                                    

     Tensile strength (p.s.i.)                                                 

                        742      616     515                                   

     Elongation (percent)                                                      

                        397      283     250                                   

     M100 (p.s.i.)      61       55      67                                    

     U.S.(p.s.i.)       210      215     200                                   

     Memory (percent)   120      150     200                                   

     Retraction (percent)                                                      

                        100      100     100                                   

     ______________________________________                                    

PAC  EXAMPLE X
PAR  In carrying out this example a shrinkable silicone rubber tubing having a
      100-mil wall thickness was prepared as described in Example 6 utilizing
      the following extrusion compound:
TBL  Tenite 812A             16                                                

     Marbon 8000A            4                                                 

     Agerite Resin D         1                                                 

     Silastic 916U           64                                                

     Silastic 82U            16                                                

     Varox                   2                                                 

PAR  These samples were prepared by vulcanizing the extruded tubing at 70 p.s.i.
      steam pressure in a cylindrical rubber vulcanizer for 60 minutes (Sample
      No. 1), 45 minutes (Sample No. 2) and 30 minutes (Sample No. 3).
PAR  The tubing was expanded 100% utilizing the process and apparatus described
      in Cook et al., U.S. patent application, Ser. No. 43,230, on Process and
      Apparatus for Producing Materials Having Plastic-Memory, now Pat. No.
      3,086,242. The samples showed very little initial recovery (5% to 10%) and
      remained expanded until heated above the softening range of the
      polyethylene additive whereupon they shrunk to their original dimensions.
      Physical test results were as follows:
TBL  TENSILE STRENGTH AND ELONGATION                                           

                   Average                                                     

                          Percent                                              

                   p.s.i. elongation                                           

     ______________________________________                                    

     1               887      383                                              

     2               856      393                                              

     3               836      390                                              

     ______________________________________                                    

TBL  ELASTIC MODULUS AND ULTIMATE                                              

     STRENGTH AT 150.degree. C.                                                

             M100 (p.s.i.)                                                     

                        U.S. (p.s.i.)                                          

     ______________________________________                                    

     1         93           128                                                

     2         83           102                                                

     3         84           150                                                

     ______________________________________                                    

PAC  EXAMPLE XI
PAR  This example illustrates the production of heat-recoverable articles of
      cross-linked plasticized polyvinyl chloride. Sheets were molded from the
      several milled compositions set forth below in a 6" .times. 6" .times.
      0.062" flask-type mold and samples were irradiation cross-linked at 5 and
      10 megarads.
TBL  ______________________________________                                    

     Sample No     1      2      3     4   5     6                             

     ______________________________________                                    

     Molding compositions:                                                     

      Geon 101 EP  90     80     60   70   100   100                           

      Lectro 78    2      2      2    2    1     1                             

      Triallyl cyanurate                                                       

                   10     20     10   10   20    40                            

      Flexol TOF                 30   20   60    40                            

     ______________________________________                                    

TBL  __________________________________________________________________________

     Sample No      1       2      3        4       5       6                  

     __________________________________________________________________________

     Irradiation dose (megarads)                                               

                    5   10  5   10 5   10   5   10  5   10  5   10             

     Tensile strength (p.s.i.)                                                 

                    Too brittle to test                                        

                                   1,668                                       

                                       2,037                                   

                                            2,579                              

                                                2,791                          

                                                    2,071                      

                                                        2,400                  

                                                            2,041              

                                                                2,582          

     Elongation (percent)          220 200  170 120 320 250 330 200            

     M100 (p.s.i.)                 22  61   44  87  33  85  20  123            

     U.S. (p.s.i.)                 37  52   65  95  100 146 84  109            

     Memory (percent)              185 .sup.1 Broke                            

                                            100 100 190 100 180 175            

     Retraction (percent)          100 --   100 100 90  100 100 100            

     __________________________________________________________________________

      .sup.1 Sample ruptured in attempting to expand it 100%. A sample was then

      expanded 75% with 100% retraction.                                       

PAC  EXAMPLE XII
PAR  This example illustrates the production of heat-recoverable articles
      utilizing polyvinyl chloride or polyethylene in various elastomers, cured
      by chemical cross-linking or by high energy radiation. In making the
      specimens, masterbatches were prepared by milling equal amounts of
      elastomer and resin on a hot mill. These were then incorporated into
      finished stock on a cold mill. Two types of masterbatches were made as
      follows:
PAC  Type I
TBL                          Grams                                             

     Geon 101 EP polyvinyl chloride                                            

                             100                                               

     Elastomer               100                                               

     Flexol TOF              5                                                 

     JZF                     2                                                 

PAC  Type II
TBL  6001 polyethylene       100                                               

     Elastomer               100                                               

     JZF                     2                                                 

PAR  The cross-linking was carried out as follows:
PAC  TYPE I MIXES
TBL  1           Cured 20 minutes at 307.degree.F.                             

     1A          Irradiated 20 megarads                                        

     3           Cured 20 minutes at 287.degree.F.                             

     3A          Irradiated 20 megarads                                        

PAC  TYPE II MIXES
TBL  2           Cured 10 minutes at 307.degree.F.                             

     2A          Irradiated 20 megarads                                        

     4           Cured 20 minutes at 307.degree.F.                             

     4A          Irradiated 20 megarads                                        

     5           Cured 15 minutes at 287.degree.F.                             

     5A          Irradiated 15 megarads                                        

     6           Cured 20 minutes at 287.degree.F.                             

     6A          Irradiated 20 megarads                                        

PAR  The following are the specific mixes which were prepared:
PAC  TYPE I, NO. 1
TBL  Geon 101 EP           30                                                  

     Hypalon 40            70                                                  

     Litharge              25                                                  

     Sterling V            15                                                  

     Process oil           5                                                   

     Tetrone A             2                                                   

     Altax                 0.5                                                 

PAC  TYPE I, NO. 1A
TBL  Geon 101 EP           30                                                  

     Hypalon 40            70                                                  

     Litharge              25                                                  

     Sterling V            15                                                  

     Process oil           5                                                   

PAC  TYPE II, NO. 2
TBL  6001 polyethylene      30                                                 

     Chemigum N3            70                                                 

     Stearic acid           1                                                  

     ZnO                    5                                                  

     Flexol TOF             5                                                  

     Sterling V             15                                                 

     Altax                  1.5                                                

     Methyl Tuads           0.1                                                

     Sulfur                 1                                                  

PAC  TYPE II, NO. 2A
TBL  6001 polyethylene      30                                                 

     Chemigum N3            70                                                 

     Stearic acid           1                                                  

     ZnO                    5                                                  

     Flexol TOF             5                                                  

     Sterling V             15                                                 

PAC  TYPE I, NO. 3
TBL  Geon 101 EP            30                                                 

     ASRC 3105              70                                                 

     Stearic acid           1                                                  

     ZnO                    5                                                  

     Sterling V             15                                                 

     Process oil            5                                                  

     Altax                  1                                                  

     Cumate                 0.1                                                

     Sulfur                 1.5                                                

PAC  TYPE I, NO. 3A
TBL  Geon 101 EP              30                                               

     ASRC 3105                70                                               

     Stearic acid             1                                                

     ZnO                      5                                                

     Sterling V               15                                               

     Process oil              5                                                

PAC  TYPE II, NO. 4
TBL  6001 polyethylene       30                                                

     Hypalon 40              70                                                

     Litharge                25                                                

     Sterling V              15                                                

     Process oil             5                                                 

     Tetrone A               2                                                 

     Altax                   0.5                                               

PAC  TYPE II, NO. 4A
TBL  6001 polyethylene        30                                               

     Hypalon 40               70                                               

     Litharge                 25                                               

     Sterling V               15                                               

     Process oil              5                                                

PAC  TYPE II, NO. 5
TBL  6001 polyethylene       30                                                

     Smoked sheet            70                                                

     Stearic acid            1                                                 

     ZnO                     5                                                 

     Process oil             5                                                 

     Sterling V              15                                                

     Altax                   1                                                 

     Methyl Tuads            0.1                                               

     Sulfur                  1                                                 

PAC  TYPE II, NO. 5A
TBL  6001 polyethylene        30                                               

     Smoked sheet             70                                               

     Stearic acid             1                                                

     ZnO                      5                                                

     Process oil              5                                                

     Sterling V               15                                               

PAC  TYPE II, NO. 6
TBL  6001 polyethylene       30                                                

     ASRC 3105               70                                                

     Stearic acid            1                                                 

     ZnO                     5                                                 

     Sterling V              15                                                

     Process oil             5                                                 

     Altax                   1                                                 

     Cumate                  0.1                                               

     Sulfur                  1.5                                               

PAC  TYPE II, NO. 6A
TBL  6001 polyethylene        30                                               

     ASRC 3105                70                                               

     Stearic acid             1                                                

     ZnO                      5                                                

     Sterling V               15                                               

     Process oil              5                                                

PAR  Test results were as follows:
TBL  MODULUS OF ELASTICITY AND ULTIMATE                                        

     STRENGTH AT 150.degree. C.                                                

     ______________________________________                                    

               M100 (p.s.i.)                                                   

                            U.S. (p.s.i.)                                      

     ______________________________________                                    

     Specimen:                                                                 

     1           228            322                                            

     2           170            94                                             

     3           150            91                                             

     4           132            117                                            

     5           81             256                                            

     6           73             178                                            

      1A         139            156                                            

      2A         246            147                                            

      3A         65             75                                             

      4A         124            165                                            

      5A         18             251                                            

      6A         66             126.58                                         

     ______________________________________                                    

TBL  PLASTIC MEMORY                                                            

     ______________________________________                                    

                  Memory,   Retraction,                                        

                  percent   percent                                            

     ______________________________________                                    

     Specimen:                                                                 

     1              70          100                                            

     2              80          100                                            

     3              30          100                                            

     4              95          100                                            

     5              100         100                                            

     6              100         100                                            

     ______________________________________                                    

                    Memory,     Retraction,                                    

                    percent     percent                                        

     ______________________________________                                    

     Specimen:                                                                 

     1A             80          100                                            

     2A             40          100                                            

     3A             50          100                                            

     4A             100         100                                            

     5A             90          100                                            

     6A             100         100                                            

     ______________________________________                                    

TBL  TENSILE AND ELONGATION                                                    

     ______________________________________                                    

              Average                                                          

              P.s.i.    Percent      .[.Young's                                

                        elongation   modulus                                   

                                     (p.s.i.)                                  

     ______________________________________                                    

     Specimen:                                                                 

     1          2,596       200          487                                   

     2          575         253          332                                   

     3          553         407          241                                   

     4          1,762       147          1,644                                 

     5          2,470       483          576                                   

     6          872         527          503                                   

      1A        1,771       250          841                                   

      2A        766         93           761                                   

      3A        368         340          167                                   

      4A        1,507       130          1,368                                 

      5A        1,168       350          423                                   

      6A        981         480          533.].                                

     ______________________________________                                    

PAR  Having fully described my invention, it is to be understood that I do not
      wish to be limited to the details set forth, but my invention is of the
      full scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An article of manufacture composed of an organic polymeric composition
      comprising a cross-linked elastomeric component having incorporated
      therewith and substantially uniformly distributed therein an organic,
      normally solid heat-flowable constituent having a softening temperature
      having above about 140.degree. F., said heat-flowable constituent being
      present in an amount sufficient to hold said elastomeric component in a
      stretched, elastically deformed condition, said article being elastomeric
      and having a Young's modulus determined in accordance with ASTM D-638 in
      the range of from about 50 to about 3000 p.s.i. at storage temperatures
      and at the softening temperature of said heat-flowable constituent and
      being in a dimensionally heat-unstable condition capable of altering its
      physical form upon application of heat alone to soften said heat-flowable
      constituent, said article upon application of such heat assuming a
      dimensionally heat-stable condition, the article in its altered,
      heat-stable form being elastomeric and having a Young's modulus determined
      in accordance with ASTM D-638 in the range of from about 50 to about 3000
      p.s.i.
NUM  2.
PAR  2. The article of claim 1 wherein the elastomeric component is a
      polychloroprene rubber.
NUM  3.
PAR  3. The article of claim 1 wherein the organic, normally solid heat-flowable
      constitutent is a siloxane resin.
NUM  4.
PAR  4. The article of claim 1 wherein the organic, normally solid heat-flowable
      constituent is a coumarine-indene resin.
NUM  5.
PAR  5. The article of claim 1 wherein the organic, normally solid heat-flowable
      constituent is a polyester resin.
NUM  6.
PAR  6. The article of claim 1 wherein the organic normally solid heat-flowable
      constituent is an epoxy resin.
NUM  7.
PAR  7. The article of claim 1 wherein the organic, normally heat-flowable
      constituent is a chlorinated naphthalene.
NUM  8.
PAR  8. The article of claim 1 wherein the organic, normally solid heat-flowable
      constituent is a wax.
NUM  9.
PAR  9. The article of claim 1 wherein the organic, normally solid heat-flowable
      constituent is a polystyrene.
NUM  10.
PAR  10. The article of claim 1 wherein the elastomeric component is natural
      rubber.
NUM  11.
PAR  11. The article of claim 10 wherein the organic, normally solid
      heat-flowable constituent is polyethylene.
NUM  12.
PAR  12. The article of claim 1 wherein the elastomeric component is a silicone
      rubber.
NUM  13.
PAR  13. The article of claim 1 wherein the elastomeric component is a
      chlorosulfonated polyethylene.
NUM  14.
PAR  14. The article of claim 1 wherein the elastomeric component is a butadiene
      styrene copolymer.
NUM  15.
PAR  15. The article of claim 1 wherein the elastomeric component is a
      butadiene-acrylonitrile copolymer.
NUM  16.
PAR  16. The article of claim 1 wherein said elastomeric component is
      cross-linked by means of a chemical cross-linking agent.
NUM  17.
PAR  17. The article of claim 1 wherein said elastomeric component is
      cross-linked by means of high energy radiation.
NUM  18.
PAR  18. The article of claim 2 wherein the non-elastomeric organic constituent
      is a butadiene-styrene copolymer containing a major amount of styrene.
NUM  19.
PAR  19. An article of manufacture composed of an organic polymeric composition
      comprising a cross-linked elastomer having incorporated therewith a
      thermoplastic resinous material, said article being elastomeric and having
      a Young's modulus determined in accordance with ASTM D-638 in the range of
      from about 50 to about 3000 p.s.i. at storage temperatures, said
      thermoplastic resinous material being present in an amount sufficient to
      hold said article in a deformed heat-unstable condition, said article
      being in a dimensionally heat-unstable condition capable of altering its
      physical form upon application of heat alone to assume a dimensionally
      heat-stable condition, the article in its altered, heat-stable form being
      elastomeric and having a Young's modulus determined in accordance with
      ASTM D-638 in the range of from about 50 to about 3000 p.s.i.
NUM  20.
PAR  20. The article of claim 19 wherein the thermoplastic material is polyvinyl
      chloride.
NUM  21.
PAR  21. The article of claim 19 wherein the thermoplastic material is a
      polyolefin.
NUM  22.
PAR  22. The article of claim 19 wherein the elastomer is a polychloroprene
      rubber and wherein the thermoplastic material is polyethylene.
NUM  23.
PAR  23. The article of claim 19 wherein the elastomer is polychloroprene rubber
      and wherein the thermoplastic material is polyvinyl chloride.
NUM  24.
PAR  24. The article of claim 19 wherein the elastomer is a silicon rubber and
      wherein the thermoplastic material is polyethylene.
NUM  25.
PAR  25. The article of claim 19 wherein the elastomer is a silicon rubber and
      wherein the thermoplastic material is a siloxane resin.
NUM  26.
PAR  26. The article of claim 19 wherein the elastomer is a silicon rubber and
      wherein the thermoplastic material is polyvinyl chloride.
NUM  27.
PAR  27. The article of claim 19 wherein the elastomer is a chlorosulfonated
      polyethylene.
NUM  28.
PAR  28. The article of claim 19 wherein the elastomer is a chlorosulfonated
      polyethylene and the thermoplastic material is polyvinyl chloride.
NUM  29.
PAR  29. The article of claim 19 wherein the elastomer is a butadiene-styrene
      copolymer and wherein the thermoplastic material is polyethylene.
NUM  30.
PAR  30. The article of claim 19 wherein the elastomer is a butadiene-styrene
      copolymer and wherein the thermoplastic material is polyvinyl chloride.
NUM  31.
PAR  31. The article of claim 19 wherein the elastomer is a
      butadiene-acrylonitrile copolymer and the thermoplastic material is
      polyethylene.
NUM  32.
PAR  32. The article of claim 18 wherein the elastomer is a chlorosulfonated
      polyethylene and wherein the thermoplastic material is polyethylene.
NUM  33.
PAR  33. The article of claim 24 wherein the thermoplastic material includes a
      butadiene-styrene copolymer containing a major amount of styrene.
NUM  34.
PAR  34. The article of claim 19 wherein the elastomer is a silicone rubber and
      wherein the thermoplastic material is polystyrene.
NUM  35.
PAR  35. An article comprising a composition by weight of one hundred parts of
      silicon-rubber and 5-50 parts of polyethylene, said article being formed
      and cured to obtain original dimensions and said article being stretched
      at a temperature of 150.degree. C. from said original dimensions to
      stretched dimensions, said stretched dimensions being stable at room
      temperature, said article substantially resuming said original dimensions
      upon being heated. .Iadd. 36. An article of manufacture composed of an
      organic polymeric composition comprising a cross-linked elastomeric
      component having incorporated therewith and substantially uniformly
      distributed therein an organic, normally solid heat-flowable constituent
      having a softening temperature above about 140.degree. F., said
      heat-flowable constituent being present in an amount sufficient to hold
      said elastomeric component in a stretched, elastically deformed condition,
      said article being elastomeric at storage temperatures and at the
      softening temperature of said heat-flowable constituent and being in a
      dimensionally heat-unstable condition capable of altering its physical
      form upon application of heat alone to soften said heat-flowable
      constituent, said article upon application of such heat assuming a
      dimensionally heat-stable condition, the article in its altered,
      heat-stable form being elastomeric. .Iaddend..Iadd. 37. The article of
      claim 36 wherein the elastomeric component is a polychloroprene rubber.
      .Iaddend..Iadd. 38. The article of claim 36 wherein the organic, normally
      solid heat-flowable constituent is a siloxane resin. .Iaddend..Iadd. 39.
      The article of claim 36 wherein the organic, normally solid heat-flowable
      constituent is a coumarine-indene resin. .Iaddend..Iadd. 40. The article
      of claim 36 wherein the organic, normally solid heat-flowable constituent
      is a polyester resin. .Iaddend. .Iadd. 41. The article of claim 36 wherein
      the organic, normally solid heat-flowbale constituent is an epoxy resin.
      .Iaddend..Iadd. 42. The article of claim 36 wherein the organic, normally
      heat-flowable constituent is a chlorinated naphthalene. .Iaddend..Iadd.
      43. The article of claim 36 wherein the organic, normally solid
      heat-flowable constituent is a wax. .Iaddend..Iadd. 44. The article of
      claim 36 wherein the organic, normally solid heat-flowable constituent is
      a polystyrene. .Iaddend..Iadd. 45. The article of claim 36 wherein the
      elastomeric component is natural rubber. .Iaddend..Iadd. 46. The article
      of claim 45 wherein the organic, normally solid heat-flowable constituent
      is polyethylene. .Iaddend..Iadd. 47. The article of claim 36 wherein the
      elastomeric component is a silicone rubber. .Iaddend..Iadd. 48. The
      article of claim 36 wherein the elastomeric component is a
      chlorosulfonated polyethylene. .Iaddend..Iadd. 49. The article of claim 36
      wherein the elastomeric component is a butadiene-styrene copolymer.
      .Iaddend..Iadd. 50. The article of claim 36 wherein the elastomeric
      component is a butadiene-acrylonitrile copolymer. .Iaddend..Iadd. 51. The
      article of claim 36 wherein said elastomeric component is cross-linked by
      means of a chemical cross-linking agent. .Iaddend..Iadd. 52. The article
      of claim 36 wherein said elastomeric component is cross-linked by means of
      high energy radiation. .Iaddend. .Iadd. 53. The article of claim 37
      wherein the non-elastomeric organic constituent is a butadiene-styrene
      copolymer containing a major amount of styrene. .Iaddend..Iadd. 54. An
      article of manufacture composed of an organic polymeric composition
      comprising a cross-linked elastomer having incorporated therewith a
      thermoplastic resinous material, said article being elastomeric at storage
      temperatures, said thermoplastic resinous material being present in an
      amount sufficient to hold said article in a deformed heat-unstable
      condition, said article being in a dimensionally heat-unstable condition
      capable of altering its physical form upon application of heat alone to
      assume a dimensionally heat-stable condition, the article in its altered,
      heat-stable form being elastomeric. .Iaddend..Iadd. 55. The article of
      claim 54 wherein the thermoplastic material is polyvinyl chloride.
      .Iaddend..Iadd. 56. The article of claim 54 wherein the thermoplastic
      material is a polyolefin. .Iaddend..Iadd. 57. The article of claim 54
      wherein the elastomer is a polychloroprene rubber and wherein the
      thermoplastic material is polyethylene. .Iaddend..Iadd. 58. The article of
      claim 54 wherein the elastomer is polychloroprene rubber and wherein the
      thermoplastic material is polyvinyl chloride. .Iaddend..Iadd. 59. The
      article of claim 54 wherein the elastomer is a silicon rubber and wherein
      the thermoplastic material is polyethylene. .Iaddend. .Iadd. 60. The
      article of claim 54 wherein the elastomer is a silicon rubber and wherein
      the thermoplastic material is a siloxane resin. .Iaddend..Iadd. 61. The
      article of claim 54 wherein the elastomer is a silicon rubber and wherein
      the thermoplastic material is polyvinyl chloride. .Iaddend..Iadd. 62. The
      article of claim 54 wherein the elastomer is a chlorosulfonated
      polyethylene. .Iaddend..Iadd. 63. The article of claim 54 wherein the
      elastomer is a chlorosulfonated polyethylene and the thermoplastic
      material is polyvinyl chloride. .Iaddend..Iadd. 64. The article of claim
      54 wherein the elastomer is a butadiene-styrene copolymer and wherein the
      thermoplastic material is polyethylene. .Iaddend..Iadd. 65. The article of
      claim 54 wherein the elastomer is a butadiene-styrene copolymer and
      wherein the thermoplastic material is polyvinyl chloride. .Iaddend..Iadd.
      66. The article of claim 54 wherein the elastomer is a
      butadiene-acrylonitrile copolymer and the thermoplastic material is
      polyethylene. .Iaddend..Iadd. 67. The article of claim 53 wherein the
      elastomer is a chlorosulfonated polyethylene and wherein the thermoplastic
      material is polyethylene. .Iaddend..Iadd. 68. The article of claim 59
      wherein the thermoplastic material includes a butadiene-styrene copolymer
      containing a major amount of styrene. .Iaddend..Iadd. 69. The article of
      claim 54 wherein the elastomer is a silicone rubber and wherein the
      thermoplastic material is polystyrene. .Iaddend. .Iadd. 70. An article of
      manufacture composed of an organic polymeric composition comprising a
      cross-linked elastomeric component having incorporated therewith and
      substantially uniformly distributed therein as a disperse phase an
      organic, normally solid heat-flowable constituent having a softening
      temperature above about 140.degree. F., said heat-flowable constituent
      being present in an amount sufficient to hold said elastomeric component
      in a stretched, elastically deformed condition, said article being
      elastomeric at storage temperatures and at the softening temperature of
      said heat-flowable constituent and being in a dimensionally heat-unstable
      condition capable of altering its physical form upon application of heat
      alone to soften said heat-flowable constituent, said article upon
      application of such heat assuming a dimensionally heat-stable condition,
      the article in its altered, heat-stable form being elastomeric.
      .Iaddend..Iadd. 71. An article of manufacture composed of an organic
      polymeric composition comprising a cross-linked elastomer having
      incorporated therewith as a disperse phase a thermoplastic resinous
      material, said article being elastomeric at storage temperatures, said
      thermoplastic resinous material being present in an amount sufficient to
      hold said article in a deformed heat-unstable condition, said article
      being in a dimensionally heat-unstable condition capable of altering its
      physical form upon application of heat alone to assume a dimensionally
      heat-stable condition, the article in its altered, heat-stable form being
      elastomeric. .Iaddend..Iadd. 72. An article of manufacture composed of an
      organic polymeric composition comprising from about 50 to about 95 parts
      by weight of a cross-linked elastomeric component having incorporated
      therewith and substantially uniformly distributed therein from about 5 to
      about 50 parts by weight of an organic normally solid heat-flowable
      constituent having a softening temperature above about 140.degree. F.,
      said heat-flowable constituent being present in an amount sufficient to
      hold said elastomeric component in a stretched, elastically deformed
      condition, said article being elastomeric at storage temperatures and at
      the softening temperature of said heat-flowable constituent and being in a
      dimensionally heat-unstable condition capable of altering its physical
      form upon application of heat alone to soften said heat-flowable
      constituent, said article upon application of such heat assuming a
      dimensionally heat-stable condition, the article in its altered,
      heat-stable form being elastomeric. .Iaddend..Iadd. 73. An article of
      manufacture composed of an organic polymeric composition comprising from
      about 50 to about 95 parts by weight of a cross-linked elastomer having
      incorporated therewith from about 5 to about 50 parts by weight of a
      thermoplastic resinous material, said article being elastomeric at storage
      temperatures, said thermoplastic resinous material being present in an
      amount sufficient to hold said article in a deformed heat-unstable
      condition capable of altering its physical form upon application of heat
      alone to assume a dimensionally heat-stable condition, the article in its
      altered, heat-stable form being elastomeric.
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ABST
PAL  1. A method for erecting a building structure comprising: inflating a form,
      .[.positioning thickness gauges within the inner surface of the form, said
      thickness guages being preformed from a plastic foam material,.]. spraying
      a .[.n additional quantity of the same.]. plastic foam material against
      the inside of the form to build up a .[.layer having a thickness
      determined by the thickness gauges which become integral with the.].
      layer, .[.and.]. allowing the plastic foam to harden and become rigid and
      self-supporting .[...]. .Iadd.and coating the inside of the layer of foam
      with a layer of concrete..Iaddend.
BSUM
PAR  This invention relates to building structures and methods for erecting
      same, and more particularly, this invention relates to structures erected
      by spraying a plastic foam or like material against pneumatically inflated
      forms.
PAR  Traditionally, buildings have been erected with the use of lumber, bricks,
      blocks and the like in generally rectangular configurations. Lumber,
      bricks, etc. are rigid materials and may be most easily shaped with
      straight sides and square corners, and this fact tends to require that
      structures built therefrom likewise have the straight sides and square
      corners of rectangular configurations. Other materials such as reinforced
      concrete can be molded in interesting curved shapes, but forms are
      required to shape and support such materials in an initial fluid or
      plastic state. Since concrete forms have been generally constructed of
      lumber, it has been simpler and more economical to maintain its inherent
      rectilinear shape in the fabrication of forms and hence rectilinear
      concrete structures. Construction of wooden forms in complex curved shapes
      requires a great expenditure of materials, time and effort. Heretofore,
      building construction using concrete has necessitated the erection of two
      structures-- first, wooden forms are built, and secondly the concrete is
      poured or sprayed and is temporarily held in place by the forms, then the
      wooden forms are removed and discarded.
PAR  It is an object of this invention to provide an improved method for
      erecting a building from a plastic or concrete material, and more
      particularly, it is an object to provide such a method of construction
      without using costly forms.
PAR  Another object of this invention is to provide an improved economical
      method for erecting a building, and more particularly for spraying a
      material such as a plastic or polyurethane foam against an inner surface
      of an inflated form to build up a layer which will be self-supporting, and
      which may in itself constitute a light weight building, or may provide a
      suitable base upon which a more durable material such as concrete may be
      applied.
PAR  A further object of this invention is to mold such a structure from a
      plastic foam having a weather impervious outer layer or skin, and more
      specifically, it is an object to provide a shaped envelope of the
      impervious plastic which may function first as a form for the plastic
      foam, and which will remain to constitute the permanent outer layer or
      skin of the building.
PAR  Another object of this invention is to provide an improved method and means
      for reinforcing a thin shell building structure erected from sprayed-on
      material wherein channels are formed therein for the subsequent insertion
      of reinforcing members.
PAR  A further object of this invention is to mold an improved building
      structure by spraying a layer of plastic foam which will become
      self-supporting and may provide initial support to further layers of
      reinforced concrete or the like.
DRWD
PAR  Numerous other objects and advantages will be apparent throughout the
      progress of the specification which follows. The accompanying drawings
      illustrate certain selected embodiments of the invention and the views
      therein are as follows:
PAR  FIG. 1 is a vertical sectional view of a building structure which could be
      used for cold storage or the like wherein thermal insulation is of
      importance.
PAR  FIGS. 2(a), 2(b) and 2(c) illustrate the steps in the erection of the
      building shown by FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary detail of FIG. 1;
PAR  FIG. 4 is a vertical sectional view of an alternative type of building;
PAR  FIG. 5 is a reduced perspective view of a form which may be used in the
      erection of the building of FIG. 4;
PAR  FIG. 6 is an enlarged fragmentary detail of FIG. 4;
PAR  FIG. 7 is a vertical sectional view of another alternative form of a
      building;
PAR  FIGS. 8(a) through 8(f) illustrate the method of construction of the
      building of FIG. 7;
PAR  FIG. 9 is an enlarged fragmentary detail of FIG. 7;
PAR  FIG. 10 is another enlarged fragmentary detail of FIG. 7;
PAR  FIG. 11 is a vertical section of a building having a roof structure in
      accordance with this invention;
PAR  FIGS. 12(a), 12(b) and 12(c) illustrate the method of construction of the
      building of FIG. 11; and
PAR  FIG. 13 is an enlarged fragmentary detail of FIG. 11.
DETD
PAR  Briefly stated, according to this invention, a building may be erected by
      first laying a foundation 15, and a floor slab 16. A pliable, or elastic
      membrane or fabric form 17 is secured to the foundation 15, and thence
      inflated. A material such as plastic foam is thence sprayed against the
      form from the inside to build up a layer 18 which will become rigid and
      will be self-supporting. The form 17 may be of impervious plastic sheet
      material which may remain as an outer skin which may be reflective to
      heat, water tight and weather proof. The sprayed-on layer 18 may be a foam
      of polyurethane resin. As shown by FIG. 4 a further layer 20 may be built
      up within the layer 18 by spraying a concrete mixture against the plastic
      foam layer 18 to provide a more durable and permanent structure. As
      indicate in FIG. 7, a concrete layer 21 may be applied to the outside of
      the foam layer. Reinforcing members 22 may be placed within channels
      formed in a foam layer 18' to provide a final structure of reinforced
      concrete. As indicated in FIG. 11, the spraying of a plastic foam layer 18
      and a concrete layer 20 may be used to erect a roof structure for a
      building having conventional foundation and walls.
PAR  With reference to FIG. 1, a cold storage structure may comprise a layer of
      rigid plastic foam such as polyurethane 18 covered by an impervious
      plastic layer 17 which may have a highly reflective surface. The plastic
      foam may be sprayed or poured upon the concrete floor slab 16 to
      constitute a thermal insulating sub-floor layer 24 which may be formed
      integral with the wall and roof layer 18. A doorway 25 may be cut through
      the plastic layers 17 and 18 and a doorframe structure 26 fitted therein.
      The weight of the upper portion of the dome top pressing downwardly will
      stress the more vertical portion of the wall 18 tending to deform the
      lower sections outwardly. A tension ring 27 may be positioned about the
      lower portion of the dome and secured to the doorframe 26 to hold in the
      walls preventing a spread under the weight of the upper structure.
PAR  The steps in erecting this cold storage dome structure are shown in FIGS.
      2(a), 2(b) and 2(c). Initially, the plastic skin or impervious layer 17 is
      secured to the foundation and inflated by a means such as an air
      compressor or blower 28. A plurality of wall thickness gauges 29 are
      spaced uniformly about and secured to the inside surface of the form 17 by
      means such as an adhesive. The wall thickness gauges 29 may be small
      blocks of the polyurethane plastic foam which have been cut to proper
      dimensions to provide indications of a uniform depth or thickness from the
      form. With the wall thickness gauges in place, a plastic foam such as
      polyurethane is sprayed against the form 17 from the inside to build up a
      self-supporting layer. By means of the thickness gauges, the spray gun
      operator may judge the thickness of the layer as it is being built up, and
      he may uniformly cover the form 17 to the depth of the gauges 29. The
      plastic foam will harden quickly and will become integral with the gauge
      blocks 29 to constitute the uniform layer 18.
PAR  It is contemplated that the outer form 17 be light in weight and may be
      held inflated by a relatively low internal pressure. The air compressor or
      fan 28 may remain in operation from the time the form is initially
      inflated until the spraying operation is completed, and any air lost due
      to leakage of air from accidental or intentional vent holes will be
      replaced by the compressor and will not be detrimental in the maintaining
      of the inflated form. Indeed, it is contemplated that the man operating
      the spray equipment will enter the inflated form by opening a flap or
      lifting the side from the foundation slightly.
PAR  During the spraying operation it is desirable to continually exhaust air
      from the inflated form and to continually replace the air by means of the
      compressor or blower whereby fumes from the spray will not accumulate
      unduly. Therefore, a vent hole may be intentionally provided, and further
      openings or cracks inadvertently permitted in the form and enclosure will
      not be detrimental. It may be necessary that the spray gun operator wear a
      mask which is supplied with fresh air from the exterior of the enclosure.
      The air supply for the operator may actually be tapped off the spray gun
      equipment which will require an air hose in any event. If the form is
      light in weight it may be inflated by air pressure on the order of 1
      in./Hg and this pressure may easily be maintained by the compressor in
      spite of vent holes which may be inherent in the form.
PAR  Although various types of plastic materials are available which may be
      sprayed on a surface and which will harden into a self-supporting layer,
      one preferred material is a polyurethane resin with a catalyst added to
      cause foaming action. This material is commercially available and sold by
      the Mobay Chemical Company of Pittsburgh, Pennsylvania, and by others.
      This plastic foam will expand and harden within a few seconds after it is
      mixed and sprayed on a surface. After becoming rigid, the material is
      cellular, light in weight and an excellent thermal insulator. This
      polyurethane resin is very adhesive as it is sprayed, and upon hardening
      it will bond firmly to most surfaces and materials against which it is
      sprayed.
PAR  When hardened the polyurethane foam is rigid and will withstand some
      mechanical stress by itself. However, the tensile strength of the material
      may be greatly increased by the inclusion of reinforcing fibres or rovings
      into the material as it is sprayed. It is contemplated to introduce glass
      fibre rovings near the spray nozzle such that the fibres may enter the
      spray stream and be deposited with the polyurethane against the surface of
      the form. The glass fibres may be initially woven and coiled as a "rope"
      to be carried by the spray gun operator. This rope feeds into a chopper
      near the spray nozzle, whereupon it is cut into three quarter inch to two
      inch lengths and is fluffed to separate the individual fibres which are
      blown into the jet stream of polyurethane emerging from the nozzle of the
      spray equipment. A mixing action will take place as the spray stream
      strikes against the form surface, and the glass fibre rovings will be
      evenly distributed within the foam layer 18. Because of the great bonding
      strength of the polyurethane foam, the fibres will become integrally
      embedded within the hardened foam and because of their superior tensile
      strength will substantially increase the tensile strength and general
      durability of the foam layer 18.
PAR  FIG. 2(b) illustrates the cold storage dome after the spraying operation
      and it will be noted that a subfloor 24 is integrally formed with the dome
      layer 18 either by the same spraying operation or by a pouring operation.
      FIG. 2(c) illustrates the final steps in construction with the door frame
      26 shown in place and with a working floor surface 30 laid over the
      subfloor layer 24. As shown in FIGS. 1 and 3 the working floor surface 30
      may be a concrete slab poured upon the layer 24 as a final step. An
      appropriate expansion joint 31 may be placed around the periphery of the
      slab. This expansion joint may include resilient material such as cork or
      other freeze proof expansion joint material.
PAR  In cold storage structures it may be required to provide ventilation
      beneath the floor to prevent the ground thereunder from freezing.
      Ventilation may be provided by elevating the floor slab 16 slightly above
      the ground on the foundation 15. However, a more economical ventilation
      means may be provided by laying pipes horizontally across the floor slab
      16 with the ends thereof opening to the air outside of the foundation 15.
PAR  The method of securing the form 17 to the foundation 15 may be understood
      with reference to FIG. 3. The foundation 15 is formed with a peripheral
      channel or groove 33. The peripheral portion of the form 17 overlaps the
      groove 33 and a flexible tension ring 34 may be placed therein and
      tightened around the periphery of the structure to clamp the form 17 in
      place. Thus, the groove 33 and ring 34 constitute a clamping means for
      securing the form 17 to the foundation 15. After the foam layer 18 has
      been sprayed and has become rigid, the impervious material 17 will be
      bonded to and supported by the layer 18. The ring 34 will then function to
      anchor the finished structure to the foundation, and the lower portion of
      the material 17 which overlaps the foundation will provide a water proof
      flashing covering the joint between the vertical side structure and the
      foundation.
PAR  An alternative form of a building structure is shown by FIGS. 4, 5 and 6.
      As shown in FIG. 5, in inflatable form 36 may be made from an impervious
      material as was the layer 17 of FIG. 1, or alternatively it may be of
      canvas or other fabric material and may comprise panels joined together in
      seams or the like. The form of FIG. 5 may be secured to a foundation 15
      and the floor slab 16 by means of a tension ring 34 within a groove 33 in
      the same manner as discussed in connection with FIGS. 1 and 3. If the form
      36 is of impervious material, it will ultimately constitute an outer skin
      for the finished structure. If the form 36 is of canvas or other fabric
      which is not impervious, air will seep therethrough when the form is
      inflated. The air lost due to this seepage will be replaced by the air
      compressor as will air lost due to imperfect flap closures and intentional
      vent holes.
PAR  After inflation of the fabric form 36, thin sheets 37 of impervious
      plastic, metal foil, or other material may be laid against the form from
      the inside thereof. These sheets 37 of impervious material will block the
      seepage of air through the fabric form 36 and will be held against the
      form by the pressure differential between the inside and the outside
      thereof. Thus, each sheet 37 of impervious material will appear to stick
      in place against the inner surface of the fabric form 36, although no
      actual adhesive material is used against the surface of the form.
      Alternatively an impervious inner liner may be made of a thin inexpensive
      material such as paper treated to be impervious. This inner liner will be
      held by the fabric form 36 as both are inflated together.
PAR  When the entire inner surface of the fabric form 36 is lined with
      impervious sheet material, the air pressure may increase within the form
      since the air seepage is decreased, and the sheets 37 will support light
      weight wall thickness gauge blocks 29. The gauge blocks 29 may be secured
      to the sheet material 37 by means such as adhesive, and the spraying of
      the plastic foam may be accomplished essentially as described in
      connection with FIGS. 1 and 2(b). After the foam layer 18 has hardened and
      has become self-supporting, the fabric form 36 is no longer necessary and
      may be removed. Since there is no bond between the fabric form 36 and the
      impervious sheet material 37, the clamping ring 34 may be loosened,
      permitting the form 36 to be removed and reused on further structures. In
      this case, the impervious sheet material 37 will be bonded to the plastic
      foam layer 18 and will constitute the outer skin of the structure.
PAR  FIG. 4 shows a concrete layer 20 which may be sprayed against and built up
      within the plastic foam layer 18. If the structure of FIG. 4 is to be used
      for cold storage, the polyurethane foam layer 18 will provide a principal
      thermal insulating layer, and the thermal insulation qualities of the
      concrete layer 20 will be of secondary importance. In such a structure the
      temperature gradient between the cold interior and the relatively warm
      exterior may exist principally within the foam layer 18. This feature is
      of importance since no point within the concrete layer 20 need be
      subjected for extended times to the critical freezing point condition of
      32.degree.F. If concrete is continually subjected to alternate freezing
      and thawing, internal stresses continually set up therein will eventually
      weaken the layer; however, no such problem will exist with respect to the
      polyurethane foam. Thus, a temperature gradient may be established such
      that the critical 32.degree.F. condition will exist within the foam layer
      18 rather than the concrete layer 20. In other embodiments of this
      invention, the concrete layer is exterior to the plastic foam layer 18 or
      18' and the critical freezing point temperature (32.degree.F.) may never
      be subjected upon any part of the concrete layer.
PAR  The polyurethane foam layer of this invention has proven superior to other
      forms of thermal insulation since it is not derived from vegetable matter
      and will never rot even though subjected to moisture. The moisture will
      not enter into the cellular interior, and therefore, the polyurethane
      foam, free from moisture, is not affected by frost or freezing.
PAR  The foundation 15 may be formed with a key 38 which will be a peripheral
      groove extending around the foundation 15. The concrete layer 20 is
      sprayed against the foam layer 18 and into the key 38 to provide
      additional strength to the structure. The foundation 15 and floor slab 16
      may be constructed by conventional means using reinforcing rods or members
      39. Further reinforcing rods 40 extend upwardly from the foundation 15 to
      the keyway 38 ultimately to become a part of the reinforcing structure of
      the sprayed concrete layer 20. Further reinforcing rods 41 are positioned
      by means of hangers attached to the dome structure after the layer 18 has
      hardened but before the spraying of the concrete layer 20. Thus, it may be
      appreciated that erection of the structure of FIGS. 4 and 6 commences with
      the basic structure of FIGS. 1 and 3, and provides the further strength
      and permanence of reinforced concrete added to the plastic layer. The
      plastic foam layer 18 provides a convenient, relatively inexpensive form
      for the concrete layer 20 with complex curvature. While the reinforced
      concrete layer 20 gives the structure its primary strength and durability,
      it is not necessary to remove the foam layer 18 which will contribute
      thermal insulation qualities to the structure.
PAR  The reinforcing members or rods 41 may be initially supported and spaced
      from the foam layer 18 by clips as shown in FIG. 6. The clips may be of
      wire having a barbed or turned back forward end and having an open loop at
      the rearward end. These wires may be forced into the foam layer by
      pressure or by hammering. The barbed or turned back end will secure the
      clip in the foam layer preventing withdrawal thereof. The reinforcing rods
      may then be placed within the open loops of the rearward ends of the
      clips, and the loops may be closed by means such as a pliers.
PAR  FIG. 7 illustrates another form of this invention. As in the cases of FIGS.
      1 and 4 the constructure may be started by laying a foundation 15 and
      floor slab 16. A form 36 shown by FIG. 8(a) is made of canvas or other
      fabric similar to that of FIG. 5. The form 36 is secured to the foundation
      15 and inflated by an air compressor 28 as shown in FIG. 8(b). As in the
      case of FIG. 4, a continual seepage of air passes through the form as
      indicated by arrows 43, FIG. 8(b). Elongated tubes or members 44 may be
      placed against the fabric form 36 and will be held in place by the
      differential in air pressure and the air seepage. It is contemplated that
      the elongated members 44 may each be a rubber or plastic balloon which,
      when inflated, will maintain a regular shape but will be extrenely light
      in weight. Sheets of light weight impervious material may then be laid
      against the canvas form 36 and covering the balloons 44. These sheets of
      material will hold themselves and the balloons in place against the canvas
      form 36 by pressure from within as shown in FIG. 8(c). A layer of plastic
      foam material 18' is thence sprayed from the inside against the sheets of
      impervious material 37 and around the balloons 44 as shown in FIG. 8(d).
PAR  After the layer 18' has hardened, the canvas form 36 may be removed and
      reused elsewhere. The balloons 44 may be removed or cut into from the
      outside leaving exposed channels 45 extending in the pattern originally
      established by the balloons about the outside of the self-supporting layer
      18 as shown in FIG. 8(e). Reinforcing rods or members 22 may be positioned
      within the channels 45 and a layer of concrete mixture may be plastered on
      or sprayed against the outer surface of the plastic foam layer 18'. As
      shown by FIG. 8(f) the concrete layer will extend from a toe or ledge 47
      on the foundation 15 upwardly over the dome shape enclosing the channels
      45 and reinforcing the rods 22 therein.
PAR  By the above methods, reinforcing members may be installed according to a
      general pattern or arrangement to reinforce a concrete layer.
      Additionally, further reinforcing members may be installed in specific
      locations around intended openings which may be made later in the ultimate
      structure. A structure with extensive openings may be constructed in
      accordance with this invention by first inflating a form and spraying a
      layer of plastic foam on the inside thereof as indicated heretofore. The
      form and plastic layer will initially have no large openings therein, but
      will provide a base for a concrete layer which may include the extensive
      openings. After the concrete layer has cured, the plastic supporting
      structure may be cut away or otherwise removed, either completely or in
      part, wherein the final structure may have the large openings therein.
PAR  A final step may be to remove the plastic foam layer as shown by the right
      side of FIG. 8(f) leaving a reinforced concrete structure. The foam layer
      18' may be removed by simply cutting the material with a knife or other
      sharp instrument; the foam may be removed chemically with a solvent or the
      like; or the foam may be removed by controlled burning or combustion
      thereof. However, it is contemplated that the removal of the plastic foam
      layer 18' may not be necessary and that the final structure may be shown
      in FIG. 7 including the inner plastic foam layer 18' and the outer
      concrete layer 21 with reinforcing members 46 arranged within the concrete
      of the layer 21 and inside channels 45 provided in the layer 18'.
PAR  This invention may include the erection of a roof structure as shown in
      FIG. 11 rather than a complete unitary building structure as shown by
      FIGS. 1, 4 and 7. In FIG. 11 is a foundation and opposed spaced walls 50
      of a building may be erected by conventional means. A form of impervious
      plastic material is secured to the top of the walls and will initially
      hang downwardly as indicated by dashed lines 51 in FIG. 12(a). The
      complete enclosure including the walls of the building and the roof form
      is made inflatable by plugging or closing all major openings; and an air
      compressor 28 will force air into the building under the form. The form
      will expand upwardly into an arched or arcuate shape as shown by the solid
      line 52, FIG. 12(a). As in the case of FIGS. 2(a) and 4, wall thickness
      gauge blocks 29 may be secured to the form 52; and thence a layer 18 of
      plastic foam is applied to the underside thereof. FIG. 12(b) shows the
      partial completion of the roof structure with the impervious plastic layer
      52 and the plastic foam layer 18. Tension rods 53 may be secured to the
      opposed spaced walls 50 and tightened by means such as turnbuckles 54,
      FIGS. 11 and 13. The foam layer 18 is self-supporting and after securing
      the necessary reinforcing members or rods in place as previously
      described, a concrete layer 20 may thence be sprayed to the underside of
      the layer 18 to provide a strong rigid roof structure.
PAR  As shown in FIG. 13, the upper portion of the walls 50 may be formed with a
      ledge or toe part 55 to support the concrete layer 20. Reinforcing members
      56 may be provided extending outwardly from the walls 50. Further
      reinforcing members 57 may span across the roof structure being
      appropriately positioned and supported by the foam layer and embedded
      within the concrete layer 20. In FIG. 17 a gutter 58 is shown as it may be
      provided optionally to complete the roof structure of this invention. If
      the gutter is to be provided it will be attached to a ledge part 59 at the
      top of each wall 50. In certain cities and other jurisdictions, fire and
      zoning regulations require a parapet 60 on buildings. If the building is
      to be provided with such a parapet it may replace the ledge part 59 and
      the gutter 58.
PAR  From the foregoing, it will be appreciated that this invention provides a
      simple and relatively economical method for erecting a plastic or concrete
      structure without the use of the expensive and time consuming construction
      of forms. Although the plastic and/or fabric forms, described heretofore,
      are of light weight and are held up by air pressure, these forms are
      substantial enough to receive and hold the light weight plastic foam
      sprayed thereagainst from the inside. Since polyurethane resin foam will
      harden and become self-supporting in only a few seconds' time, the form
      need not support any great mass of unsolidified material. For small
      structures the spraying operation may be commenced at the base or lower
      portions of the layer 18 and continued upwardly such that the spraying of
      the layer 18 is terminated in the uppermost regions. In this manner each
      newly sprayed area of the layer 18 receives considerable support from the
      previously sprayed areas which have already hardened, and no undue strain
      will be placed upon the pneumatic form. For larger structures the spraying
      operation may preferably be done in successive layers. The first layers
      may be supported by increasing the pressure within the pneumatic form and
      the subsequent layers being supported by the hardened first layers. The
      final result being a plastic foam structure with wall of adequate
      thickness and strength to support itself and subsequent layers of gunite
      without the assistance of the original air pressure.
PAR  In those embodiments of this invention shown in FIG. 4, FIG. 7 and FIG. 11,
      the hardened layer of plastic foam is essentially used as a foam for
      subsequent steps of spraying concrete. The spraying of concrete is
      commonly known as a "gunite" process wherein the liquid or plastic
      concrete mixture is sprayed against the surrace to build up a layer.
      Concrete may require several hours to harden and become self-supporting,
      and during this period the concrete is supported by the plastic foam layer
      18. If the desired concrete thickness is substantial, several successive
      layers of concrete may be applied, rather than a single layer which may
      tax the strength of and deform the plastic layer 18. Thus, if it is
      desired to build up a concrete thickness of 2 inches, four successive
      layers each 1/2 inch thick may be applied, and a sufficient time may be
      allotted such that the first layer will have commenced to harden and will
      have become at least partially self-supporting before the second layer is
      applied. Each subsequent layer of concrete will receive support from the
      previous layers, and the total weight of the completed structure will not
      combine to unduly deflect and deform the plastic supporting layer 18.
      Temporary bracing may be desirable for the foam layer when spans are
      substantial and until the concrete layers have cured and become completely
      self-supporting.
PAR  Changes may be made in the form, construction and arrangemment of the parts
      without departing from the spirit of the invention or sacrificing any of
      its advantages, and the right is hereby reserved to make all such changes
      as fall fairly within the scope of the following claims.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. A method for erecting a building structure comprising: inflating a form,
      .[.positioning thickness gauges within the inner surface of the form, said
      thickness guages being preformed from a plastic foam material,.]. spraying
      a .[.n additional quantity of the same.]. plastic foam material against
      the inside of the form to build up a .[.layer having a thickness
      determined by the thickness gauges which become integral with the.].
      layer, .[.and.]. allowing the plastic foam to harden and become rigid and
      self-supporting .[...]. .Iadd.and coating the inside of the layer of foam
      with a layer of concrete..Iaddend.
NUM  2.
PAR  2. A method for erecting a structure, said method comprising laying a
      foundation, securing an inflatable form to the foundation, inflating the
      form, spraying a plastic foam material against the form from the inside
      thereof, .[.and.]. allowing the foam material to harden into a
      self-supporting layer .[...]. .Iadd.and coating the inside of the layer of
      foam with a layer of concrete..Iaddend.
NUM  3.
PAR  3. A method for erecting a structure comprising: laying a foundation and
      floor structure, securing an inflatable form to the foundation, inflating
      the form with air pressure, spraying polyurethane foam against the form
      from the inside thereof to build up a self-supporting layer, .[.and.].
      cutting a door opening through said form layer .[...]. .Iadd.and coating
      the inside of the layer of foam with a layer of concrete..Iaddend.
NUM  4.
PAR  4. A method for erecting a cold storage compartment, said method
      comprising: laying a circular foundation and slab, securing an inflatable
      form of an impervious plastic sheet material to the foundation, inflating
      the form with air pressure, coating the inner surfaces of the form and the
      surface of the slab with a polyurethane foam material to create a
      self-supporting structure with the impervious plastic material
      constituting an outer skin, .[.and.]. providing a working floor surface
      over the coating of foam material on the slab .[...].  .Iadd.and coating
      the inside of the layer of foam material with a layer of
      concrete..Iaddend.
NUM  5.
PAR  5. A method for erecting a building comprising: laying a circular
      foundation and slab; securing an inflatable form of impervious plastic
      material thereto; inflating the form with air pressure; spraying plastic
      foam against the inside of the form, allowing the foam to harden into a
      self-supporting layer; and coating the inside of the layer of foam with a
      layer of concrete.
NUM  6.
PAR  6. A method for erecting a reinforced concrete building comprising: laying
      a foundation and slab; securing an inflatable form of impervious plastic
      material thereto; inflating the form with air pressure; spraying plastic
      foam material against the inside of the form, allowing the foam material
      to become rigid and to become a self-supporting layer; inserting a
      plurality of hanger devices into the layer of rigid foam material;
      positioning reinforcing members spaced from the layer of rigid foam
      material and supported by the hanger devices; and coating the inside of
      the layer of rigid foam material with a layer of concrete having the
      reinforcing members imbedded therein.
NUM  7.
PAR  7. A method for erecting a structure, said method comprising: inflating a
      form by injecting air under pressure therein, said form permitting a
      continuous seepage of air to escape therethrough, placing impervious sheet
      material against the inner surface of the form, spraying a plastic foam
      material against the sheet material from inside the form, allowing the
      foam material to harden into a self-supporting layer, .[.and.]. removing
      the form from the outside .[...]..Iadd.and coating the inside of the layer
      of foam with a layer of concrete..Iaddend.
NUM  8.
PAR  8. A method for erecting a reinforced structure, said method comprising:
      inflating a form by forcing air under pressure therein, said form being of
      material which permits air to escape by seepage therethrough, placing
      elongated members against the form on the inside thereof, said elongated
      members partially blocking the seepage of air through the form and being
      supported against the form by a pressure differential, spraying a plastic
      foam material against the form from the inside thereof and around the
      elongated members, allowing the foam to harden into a self-supporting
      layer, removing the elongated members to create channels in the hardened
      foam layer, and installing reinforcing members in the channels.
NUM  9.
PAR  9. A method for erecting a reinforced structure, said method comprising:
      inflating a form by forcing air under pressure therein, said form being of
      material which will permit air to escape by seepage therethrough, placing
      elongated ballons against the form on the inside thereof, placing sheets
      of impervious material over the balloons and against the form on the
      inside thereof, spraying a plastic foam in a layer against the impervious
      sheets from the inside of the form, allowing the foam to harden into a
      self-supporting layer, removing the form, allowing voids caused by the
      ballons to create channels in the outer surface of the hardened foam
      layer, installing reinforcing members in to the channels and covering the
      reinforcing members with a grout.
NUM  10.
PAR  10. A method for erecting a reinforced structure in accordance with claim 9
      wherein the reinforcing members within the channels are covered by
      spraying a concrete mixture thereupon, and wherein the entire outer
      surface of the structure is covered with a layer of concrete which will
      set and harden integrally with the concrete mixture sprayed upon the
      reinforcing members.
NUM  11.
PAR  11. A method for erecting a roof structure over walls of a building, said
      method comprising: securing a flexible form to walls, forcing air under
      pressure into the building to expand the form upwardly in an arch spanning
      between the walls, spraying a plastic foam material against the under
      surface of the form, .[.and.]. allowing the foam to harden into a
      self-supporting layer .[...]. .Iadd.and applying a layer of concrete
      against the inside of the layer of foam..Iaddend.
NUM  12.
PAR  12. A method for erecting a roof structure over walls of a building, said
      method comprising: securing an impervious plastic form to the walls;
      forcing air under pressure into the building to expand the form upwardly
      into a curve spanning between the walls; spraying a plastic foam material
      against the under surface of the form; allowing the foam to become rigid
      and become a self-supporting layer; and spraying a concrete mixture
      against the under surface of the foam layer.
NUM  13.
PAR  13. The method in accordance with claim 12 further comprising: inserting
      hanger devices into layers of rigid foam; and positioning reinforcing
      members spaced from the layer of rigid foam and supported by the hanger
      devices whereby the reinforcing members will ultimately be embedded in the
      concrete mixture.
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ABST
     .Iadd.
PAL  A therapeutic compound for inhibiting ovulation comprising a 17-ester of
      17.alpha.-ethinyl-18-methyl-19-nortestosterone wherein the said 17-ester
      group is formed from an aliphatic carboxylic acid having from six to 11
      carbon atoms in the ester residue..Iaddend.
BSUM
PAR  This invention relates to 17 .beta.-monoesters and 3-enol-17.beta.-diesters
      of 17.alpha.-ethinyl-18-methyl-19-nortestosterone esters. More
      particularly, this invention is concerned with an improved method for
      preparing and securing them.
PAR  In accordance with the present invention, there are provided
      17.beta.-monoesters and 3-enol-17.beta.-diesters of
      17.alpha.-ethinyl-18-methyl-19-nortestosterone constituting new
      therapeutic compounds having outstanding properties. These compounds
      possess progestive activity and are active when administered orally or
      subcutaneously. They are readily soluble in the conventional
      pharmaceutical carriers used for steroid hormones as, for example,
      vegetable oils such as sesame oil, castor oil, cotton seed oil, sunflower
      oil, olive oil, and the like, as well as in synthetic solvents, for
      instance glycols, lactic acid esters, benzyl benzoate and the like.
      Because of their considerable solubility, it is possible to employ
      solutions of the esters of the invention as injectibles and thereby also
      to utilize them as hormone depots.
PAR  The active compounds of the invention are prepared by reacting
      17.alpha.-ethinyl-18-methyl-19-nortestosterone with an organic carboxylic
      acid or reactive derivative thereof in the conventional manner to produce
      the ester. The 3-enol ester group of the primarily formed
      3-enol-17.beta.-diester is thereafter under regeneration of the
      3-keto-.DELTA..sup.4 -group partially saponified.
PAR  The new esters demonstrate central inhibiting activity and are accordingly
      suitable as highly effective ovulation inhibiting agents.
PAR  The ovulation inhibiting activity was demonstrated in normal female rats
      (Sprague-Dawley) where following oral administration the conventional tube
      inspection tests were carried out and established for
      17.alpha.-ethinyl-18-methyl-19-nortestosterone-acetate a ED.sub.50 of only
      3 mg. In comparison, the free
      17.alpha.-ethinyl-18-methyl-19-nortestosterone had a ED.sub.50 of 10 mg.
      (the ED.sub.50 is that dosage which results in inhibition of ovulation in
      50% of the experimental animals). Side effects such as weight gain, liver
      incompatibility or estrogen side reactions were not observed.
PAR  The new compounds accordingly are indicated as therapeutic agents for
      medical conditions where inducing a quiet state in the ovaries is
      recommended.
PAR  As further applications, the compounds can be used for example, in the
      treatment of dysmenorrhea, endometriosis, cyclic disturbances, and
      functional sterility.
PAR  The compounds of the invention are administered in the conventional dosage
      forms, such as capsules, granulates, solutions, dragees, and tablets and
      are compounded together with suitable pharmaceutical carriers. When
      tablets are prepared they may be made in various sizes (total weight of 50
      - 150 mg.) containing from about 0.1 - 0.5 mg. of the drug suitably in
      combination with another hormone component having estrogenic activity as,
      for instance, 0.05 mg. ethinyl estradiol. The tablets are generally
      compounded with binding agents, lubricants and other substances which are
      commonly used in tablet manufacture such as magnesium stearate, stearic
      acid, talc, corn starch, lactone or the like. If desired, these tablets
      may be coated with sugar or shellac preparations in accordance with the
      common practices in the tablet manufacturing art.
PAR  In addition, the higher esters are characterized by an excellent and
      protracted activity.
PAR  The active compounds can be prepared by the conventional methods of steroid
      chemistry.
PAR  The esterification with the desired acid can be conducted in an acid or an
      alkaline reaction medium. As a result, of the acid esterification, there
      is directly produced the 17-mono-ester. There must, however, be accepted a
      higher loss of desired product as simultaneously with the esterification
      an aromatization of the A-ring takes place. The undesired side reaction
      can be avoided through the intermediate protection of the 3-keto group,
      for instance, by ketalization. This procedure implies two steps in the
      formation of the 17-mono-ester, i.e., ketal formation and ketal splitting.
PAR  An alternate reaction is the alkaline esterification effected in the
      presence of an organic nitrogen base, as for instance pyridine, quinoline,
      etc., whereby there is produced as the primary product a
      3-enol-17.beta.-diacyl ester. The reaction mixture containing the primary
      product is further worked up, for example, by treatment with neutral ice
      water or extraction, or through prolonged stirring in alkaline ice water
      and the resulting 17-mono-acyl-ester isolated.
PAR  For use in the esterification, any of the acids suitable in steroid
      chemistry can be used. Illustrative of suitable acids are aliphatic
      carboxylic acids having 1 - 11, and most preferably 1 - 8, carbon atoms in
      the acid group, for example, acetic acid, propionic acid, caproic acid,
      onanthic acid, undecylic acid. The acids can be saturated or unsaturated,
      branched or not, polybasic or substituted in the known manner such as
      trimethylacetic, t.butylacetic, phenylacetic, cyclopentyl-propionic,
      halogen-acetic, amino-acetic, oxypropionic, benzoic, succinic, adipic
      acids, etc. The esterification is advantageously carried out at elevated
      temperatures, preferably at temperatures of from 130.degree. -
      200.degree.C. The time required for the reaction is directly dependent on
      the reaction temperature. Thus the diester is produced after 6 hours with
      a reaction temperature of 160.degree. C., and in 5 hours with a reaction
      temperature of 170.degree. C. The said diester, i.e.,
      3-enol-17.beta.-diacyl ester is thereafter partially saponified in the
      3-position.
DETD
PAR  The following examples are given in order to disclose more clearly the
      nature of the present invention. It should be understood, however, that
      the examples are not intended to be a limitation on the scope of the
      invention.
PAC  EXAMPLE 1
PAR  A solution of 2 g. 17.alpha.-ethinyl-18-methyl-19-nortestosterone in 26 ml.
      pyridine was reacted with 13 ml. acetanhydride and the reaction mixture
      heated to 160.degree. C. in a bomb tube. The reaction mixture was then
      cooled and the cooled mixture poured into ice water. The precipitate which
      was produced was filtered off, washed with water until neutral and
      following drying chromatographed using silica gel. There were recovered
      1.2 g crude 17.alpha.-ethinyl-18-methyl-.DELTA..sup.3,5 -estradiene-3,
      17.beta.-diol-diacetate, which following recrystallization from ether
      melted at 156.degree. - 159.degree. C. The yield amounted to 840 mg.
PAC  EXAMPLE 2
PAR  400 mg. 17.alpha.-ethinyl-18-.DELTA..sup.3,5 -estradiene-3,
      17.beta.-diol-diacetate were admixed with 400 mg. sodium bicarbonate in 40
      ml. methanol and 4 ml. water and the mixture stirred at room temperature
      for 6 hours. Thereafter, the reaction mixture was poured into ice water
      and neutralized with glacial acetic acid. The precipitate which formed was
      separated off by filtration, washed with water and dried. There were
      thereby produced 350 mg. crude
      17.alpha.-ethinyl-18-methyl-19-nortestosterone acetate having a melting
      point of 156.degree. - 157.degree. C. Following recrystallization from
      ether, 260 mg. of the acetate melting at 162.degree. - 163.degree. C. were
      obtained.
PAC  EXAMPLE 3
PAR  A solution of 400 mg. 17.alpha.-ethinyl-18-methyl-.DELTA..sup.3,5
      -estradiene-3, 17.beta.-diol-diacetate in 40 ml. methanol and 4 ml. water
      were refluxed in the presence of 4 ml. 37% HCl for 5 minutes. The reaction
      mixture was then poured into water and worked up according to the
      procedure of Example 2. There were recovered 355 mg. crude
      17.alpha.-ethinyl-18-methyl-19-nortestosterone-acetate having a melting
      point of 157.degree.C. After recrystallization from ether, there were
      obtained 256 mg. pure 17.beta.-acetate which had a melting point of
      163.degree. C. and is identical with the material of Example 2.
PAC  EXAMPLE 4
PAR  2 g. 17.beta.-ethinyl-18-methyl-19-nortestosterone in 26 ml. pyridine and
      27 g. caproic acid anhydride were heated together under a nitrogen
      atmosphere for 7 hours at 160.degree. C. Following cooling, the reaction
      mixture which contained the primary formed
      17.alpha.-ethinyl-18-methyl-19-nortestosterone-
      3-enol-17.beta.-dicapronate was poured into bicarbonate water and stirred
      for 30 hours to saponify the excess caproic acid anhydride. Following
      filtration, there were obtained 2.1 g. of an oily, crude product. The
      crude product was purified chromatographically using silica gel and
      resulted in the recovery of 1.6 g.
      17.alpha.-ethinyl-18-methyl-19-nortestosterone-caproate having a melting
      point of 112.degree. - 113.degree. C. After dissolution in pentane, there
      were recovered 1.5 g. of the caproate having an unchanged melting point.
PAR  In place of the nitrogen there can be used other inert protective gases as,
      for instance, argon.
CLMS
STM  What is claimed is as follows:
NUM  1.
PAR  1. A therapeutic compound for inhibiting ovulation comprising .[.as active
      ingredient a compound selected from the group consisting of.]. a 17-ester
      of 17.alpha.-ethinyl-18-methyl-19-nortestosterone .[.and a
      17.alpha.-ethinyl-18-methyl-.DELTA..sup.3,5 -estradiene-3,
      17.beta.-diol-3, 17.beta.-diester.]. wherein the said 17-ester .[.and 3,
      17.beta.-diester groups are.]. .Iadd.group is .Iaddend.formed from
      .Iadd.an .Iaddend.aliphatic carboxylic .[.acids.]. .Iadd.acid
      .Iaddend.having from .[.1.]. .Iadd.six .Iaddend.to 11 carbon atoms in the
      ester residue .[.; and a pharmaceutical carrier for said compound.]..
NUM  2.
PAR  2. The compound of claim 1 which is the 17.beta.-.[.acetate.].
      .Iadd.undecylate .Iaddend.of the said nortestosterone.
NUM  3.
PAR  3. The compound of claim 1 which is the 17.beta.-caproate of the said
      nortestosterone. .[.
NUM  4.
PAR  4.  The compound of claim 1 which is the 17.beta.-diacetate of the said
      estradiene..]. .[.5. The compound of claim 1 which is the
PAR   17.beta.-caproate of the said estradiene..]. 6. A therapeutic composition
      for inhibiting ovulation comprising as active ingredient the
      17.alpha.-ethinyl-18-methyl-19-nortestosterone ester defined in claim 1 in
      an amount of 0.1 to 0.5 mg. and in admixture with a pharmaceutical
PAR   carrier. 7. A therapeutic composition for inhibiting ovulation according
      to claim 6, wherein said ester is
      17.alpha.-ethinyl-18-methyl-19-nortestosterone-.[.acetate.].
PAR   .Iadd.undecylate.Iaddend.. 8. A method of providing steroid therapy which
      comprises administering to a subject a therapeutic composition according
      to claim 6.
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ABST
PAL  New methods and compositions for inducing polyphagia in growing or
      fattening meat producing animals such as sheep or cattle are described
      using as active ingredients tertiary alcohols or the corresponding
      carbamates, ureas, oxyureas or ureides. The active ingredients are used
      most usefully at sub-hypnotic quantities admixed in animal feed.
PARN
PAR  .Iadd.This application is a reissue of U.S. Pat. No. 3,852,473 issued Dec.
      3, 1974 from Ser. No. 328,235 filed Jan. 31, 1973. .Iaddend.
BSUM
PAR  This invention relates to animal feed compositions and to novel methods of
      increasing the feed intake of growing or "fattening" animals by
      administering as the active ingredients in these compositions and methods
      certain tertiary alcohols and derivatives thereof. More specifically, this
      invention relates to a method of increasing feed intake in immature
      animals beyond satiety by administering internally the active ingredient,
      a tertiary alcohol or derivative thereof, as such or distributed uniformly
      in the feed of the animals. Oral or implant administration is preferred
      from a practical viewpoint.
PAR  Increasing the feed intake in meat producing animals, particularly
      ruminants, is an important commercial objective. Immature sheep and cattle
      are commonly fed for maximum growth rate in feed lots until they reach a
      marketable weight. When the desired weight is achieved, the animal is sold
      for slaughter. There is a normal feed intake for most animals due to both
      physical and metabolic factors. Animals become naturally satiated and
      thereafter will not feed voluntarily until the hunger drive again becomes
      dominant.
PAR  It has been unexpectedly found that, when certain tertiary alcohols or
      their urea, ureide, oxyurea or carbamate derivatives are administered to
      animals, polyphagic activity is induced, i.e., they eat more and gain
      weight at a faster rate resulting in better overall efficiency to the
      grower.
PAR  The practical effect of this invention is to induce meat producing animals,
      preferably sheep or cattle, to eat past the point of satiety or to induce
      polyphagia in the immature animal by administering internally, preferably
      by implant or orally, the active ingredients of this invention. The active
      ingredients are most conveniently dispersed uniformly throughout the
      normal feed of the subject animal in effective but nontoxic quantities.
PAR  The increased feed intake and concomitant weight gain of animals is
      accomplished in accordance with this invention by a method which comprises
      administering internally to the animal a compound of the following basic
      structure formula:
      ##EQU1##
      in which:
PAR  R is lower alkyl of from 1-9, preferably 1-5, carbon atoms or hydroxy lower
      alkyl of from 1-9, preferably 2-5, carbon atoms;
PAR  R' is lower alkyl of from 1-9, preferably 1-5, carbon atoms, or halo such
      as fluoro, chloro or bromo;
PAR  R" is lower alkyl of from 1-9, preferably 1-5, carbon atoms, lower alkenyl
      of from 2-9, preferably 2-5, carbon atoms, lower alkynyl of from 2-9,
      preferably 2-5, carbon atoms and, when R and R' are hydrogen or lower
      alkyl, phenyl; and,
PAR  X is --OH, --NHCONH.sub.2 (ureido), --ONHCONH.sub.2 (oxyureido),
      --OCONH.sub.2 (oxycarbamyl) or --CONHCONH.sub.2 (carbonylureido).
PAR  A preferred group are those compounds of Formula I in which R, R' and R"
      are lower alkyl of from 1-5 carbon atoms. It will be recognized that
      certain of the active ingredients are not truly "tertiary alcohols" but
      this generic term is most conveniently used to describe the invention
      because the tertiary alcohols are the nub of the invention.
PAR  One skilled in the medicinal art will recognize that certain of the basic
      compounds of Formula I have been known to have medicinal effects in
      humans, especially hypnotic effects, such as phenylacetyl urea;
      3-methyl-1-pentyne-3-ol [Meparfynol], carbamic acid
      1-ethyl-1-methyl-2-propynyl ester [Meparfynol carbamate],
      (.alpha.-bromo-.alpha.-ethylbutyryl)-urea [Carbromal] and
      1-ethyl-1-1-methylpropyl carbamate [Emylcamate]. In the compositions and
      methods of this invention, the quantities of active ingredients are much
      below the hypnotic effect in animals, especially on a dose per unit of
      body weight basis. In fact, if the dose approaches the hypnotic effect,
      the very opposite action may be achieved, that is, the animal may become
      disinterested in food because of a general central nervous system
      depression. If sleepy or sedated the animal will not eat enough to satisfy
      its appetite and certainly not enough to cause a polyphagic effect. This
      effect has been noted in the test data presented hereafter. Therefore, in
      the context of this disclosure an overt pharmacodynamic or therapeutic
      effect such as hypnosis or sedation is classified as a toxic effect.
PAR  It will be recognized therefore that the active ingredients of this
      invention are old compounds known to the art. The tertiary alcohols are
      usually liquids and in the formulation of premixes or supplemented feeds
      this must be taken into account using standard techniques of the art. The
      alcoholic derivatives, for example the ureas, oxyurea, acylureas (ureides)
      or carbamates, are particularly useful because of their solid or
      crystalline state. The compounds which are the basis of this invention are
      notable for their very low chemical cost. Certain members of the groups
      are by-products of fermentation or chemical synthetic procedures.
PAR  Among the individual compounds most useful in the invention are
      benzyloxyurea, 1-ethyl-1-methylpropyl carbamate, 3-methyl-3-pentanol,
      1-ethyl-1-methyl propyloxyurea, N-(1-ethyl-1-methylpropyl)urea,
      3-methyl-1-pentyne-3-ol, carbamic acid 1-ethyl-1-methyl-2-propynyl ester
      and (.alpha.-bromo-.alpha.-ethylbutyryl)-urea. The solid nitrogen derived
      derivatives are preferred.
PAR  The compounds can be administered to growing meat producing animals
      intramuscularly or subcutaneously in the form of solutions for injection
      or preferably pellet implants. Most usually, the compounds can be mixed
      with conventional animal feed compositions. The feed compositions are then
      fed to ruminant or monogastric animals, according to methods well known to
      the agricultural art. The compounds are particularly advantageous when
      incorporated into the normal feeds of meat producing animals. Preferably
      the compounds are incorporated into fattening ruminant feeds.
PAR  The animal feeds most generally used in conjunction with the method of this
      invention are either various grain mixtures and/or roughage feeds such as
      hay commonly fed to meat producing animals especially cattle or sheep
      feeds. The amount of additive used to supplement such feeds will be in an
      amount sufficient to induce polyphagia, i.e., to increase feed intake
      and/or thereby to improve the feed efficiency of the animal but not to
      have a toxic or noxious effect; within the broad range of from about 10 g.
      to 2 kg. per ton of feed, preferably from about 100 g. to about 1 kg./ton.
      An average sheep will ingest about 3-4 lbs. of feed daily; an average feed
      lot steer about 20-25 lbs. Therefore, the preferable broad range of dosage
      for ruminants by any method of internal administration will range
      approximately from 50 mg. to 10 g. per day depending on the potency of the
      ingredient for these purposes. It will be appreciated that the exemplary
      dose ranges given are for a generic group of chemical compounds having
      varying potencies. The gist of the invention claimed is that certain
      sub-therapeutic or sub-hypnotic quantities of the chemical compounds
      administered as described have a polyphagic effect.
PAR  For commercial use, the active ingredients usually are most readily used as
      premix formulations in which the chemical is distributed uniformly
      throughout a standard animal organic or inorganic feed carrier in a
      concentrated form which is conveniently packaged and shipped to the feed
      mixer. This premix or concentrate is then in turn mixed uniformly with a
      normal diet for the animal as desired by the grower or the feed mixer.
      Examples of such carriers for premix compositions are soybean meal, corn
      oil, ground corn, barley, wheat, mineral mixtures such as vermiculite,
      diatomaceous earth, corn gluten meal, corn distillers solubles or
      soyflour. The active ingredient will be in amounts to satisfy the criteria
      set forth above for whole feed. The active ingredient will usually be
      present in from about 1-75 percent by weight of the premix composition.
PAR  If the ingredients are liquids or unstable materials, they may optionally
      be adsorbed on silica, kieselguhr, etc. or coated with a solid, absorbable
      fat or resin by standard spray drying or congealing techniques (See U.S.
      Pat. No. 3,660,562).
PAR  The animal feeds themselves may also contain roughages such as cellulose,
      hay, straw, silages, corn stalks, cotton seed hulls, oats, barley and
      cereal brans; natural oils such as animal fats, fish oils, safflower oil,
      peanut oil, and cottonseed oil; antioxidants, minerals, vitamins,
      antibiotics, anthelmintics; and other appropriate medicaments.
PAR  Examples of typical prepared animal feed is as follows:
PAC  EXAMPLE 1
TBL  Ingredients      Weight percent                                           

     ______________________________________                                    

     Mixed hay        40.0                                                     

     Ground yellow corn                                                        

                      45.0                                                     

     Soybean oil meal 7.0                                                      

     Cane molasses    7.0                                                      

     Dicalcium phosphate                                                       

                      0.5                                                      

     Trace minerals salt                                                       

                      .5                                                       

     Vitamin A        300 I.U./lb.                                             

     Vitamin D        150 I.U./lb.                                             

     1-ethyl-1-methylpropyl                                                    

                      1 lb./ton of feed                                        

     carbamate                                                                 

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  An example of a suitable premix is as follows:
TBL  N-(1-ethyl-1-methylpropyl)-urea                                           

                          2 lb.                                                

     Ground yellow corn   to 10 lbs.                                           

PAC  EXAMPLE 3
PAR  In the field the active ingredients may be administered by means of salt or
      molasses blocks. A typical block may be prepared using the following
      conditions:
TBL  Ingredients       Weight percent                                          

     ______________________________________                                    

     Dried cane molasses                                                       

                       29.5                                                    

     Ground soybean hulls                                                      

                       24.90                                                   

     3-Methyl-3-pentanol                                                       

                       20.00                                                   

     Granulated salt   21.59                                                   

     Trace minerals and vitamins                                               

                       0.20                                                    

     Stabilized animal fat                                                     

                       1.11                                                    

     Moisture          2.66                                                    

     ______________________________________                                    

PAC  EXAMPLE 4 -- Cattle Diet
TBL  Ingredients         Weight percent                                        

     ______________________________________                                    

     Ground shelled corn 65.85                                                 

     Mixed ground hay    20.00                                                 

     Dried molasses      6.00                                                  

     Soybean meal        6.00                                                  

                         1.5 lb./ton -    feed                                 

     3-Methyl-1-pentyne-3-ol                                                   

                         .55                                                   

     Trace mineral salt  .50                                                   

     Dicalcium phosphate .40                                                   

     Ground limestone    .70                                                   

     Vitamin A (30,000 units/gms.)                                             

                         66.7 gm./ton                                          

     Vitamin D.sub.2 (16,000,000 units/lb.)                                    

                          7.1 gm./ton                                          

     ______________________________________                                    

PAR  The method of this invention comprises allowing the cattle or sheep to
      graze or be fed ad libitum on the supplemented rations or to be fed on a
      regular schedule.
PAC  EXAMPLE 5 -- Implant Pellets
TBL  Ingredients      Amount                                                   

     ______________________________________                                    

     Phenylacetylurea 100 mg.                                                  

     Calcium sulfate, dihydrate                                                

                      20 mg.                                                   

     Gelatin          4 mg.                                                    

     Magnesium stearate                                                        

                      1 mg.                                                    

     Talc             2 mg.                                                    

     ______________________________________                                    

PAR  The phenylacetylurea and calcium sulfate, dihydrate are mixed and passed
      through a No. 40 standard mesh screen. The screened mixture is then
      granulated with hot 15 percent gelatin solution, screened through a No. 10
      mesh screen and dried overnight at 120.degree.F. The granules are again
      screened through a No. 40 mesh screen and mixed with the magnesium
      stearate and talc. The granules are compressed into implants using a 1/8
      inch flat face punch and die. One implant is administered intramuscularly.
PAC  EXAMPLE 6 -- Screening Tests
PAR  A qualitative test for polyphagic activity is the two hour peripheral
      (i.v.) injection test. The protocol for this test and representative test
      results follow.
PAR  The active ingredient was tested in 8 sheep or 8 cattle weighing 50-60 and
      200-300 kg., respectively. Feed and water were available ad libitum.
PAR  A control of dimethylsulfoxide (DMS) was maintained. The procedure
      comprised;- 60 min. weigh feed, 0 min. inject chemical in 1.5 ml. DMS for
      sheep and 5.0 ml. for cattle intravenously then weigh feed. The result is
      entered as a percent of Control Intake, of course the control being 100
      percent.
TBL                                    SHEEP                                   

     __________________________________________________________________________

     R     R'     R"        X     Dose(mg.)                                    

                                         %(120 min.)                           

     __________________________________________________________________________

     C.sub.2 H.sub.5                                                           

           Br     C.sub.2 H.sub.5                                              

                          CONHCONH.sub.2                                       

                                  31     142                                   

                                  62     164                                   

                                  125    136                                   

                                  500    77                                    

     C.sub.2 H.sub.5                                                           

           CH.sub.3                                                            

                  C.tbd.CH                                                     

                          OH      31     100                                   

                                  62     164                                   

                                  125    148                                   

                                  500    226                                   

     CH.sub.3                                                                  

           CH.sub.3                                                            

                  C.tbd.CH                                                     

                          OH      31     110                                   

                                  62     97                                    

                                  125    130                                   

                                  500    70                                    

     (n)C.sub.5 H.sub.11                                                       

           CH.sub.3                                                            

                  C.tbd.CH                                                     

                          OH      62     104                                   

                                  125    157                                   

                                  500    0                                     

     C.sub.2 H.sub.5                                                           

           CH.sub.3                                                            

                  C.sub.2 H.sub.5                                              

                          OH      62     138                                   

                                  125    154                                   

                                  300    185                                   

                                  600    127                                   

     C.sub.2 H.sub.5                                                           

           C.sub.2 H.sub.5                                                     

                  CH.sub.3                                                     

                          OCONH.sub.2                                          

                                  62     146                                   

                                  125    203                                   

                                  250    193                                   

                                  500    319                                   

                                  750    272                                   

     CH.sub.3                                                                  

           CH.sub.3                                                            

                  CH.sub.3                                                     

                          OCONH.sub.2                                          

                                  500    109                                   

                                  1500   139                                   

     CH.sub.3                                                                  

           CH.sub.3                                                            

                  CH.sub.3                                                     

                          NHCONH.sub.2                                         

                                  250    129                                   

     CH.sub.3                                                                  

           CH.sub.3                                                            

                  C.sub.6 H.sub.5                                              

                          OH      62     66                                    

                                  125    131                                   

                                  500    88                                    

     H     H      C.sub.6 H.sub.5                                              

                          CONHCONH.sub.2                                       

                                  31     123                                   

                                  62     144                                   

                                  125    167                                   

                                  200    141                                   

                                  500    133                                   

     H     H      C.sub.6 H.sub.5                                              

                          ONHCONH.sub.2                                        

                                  300    122                                   

     H     H      C.sub.6 H.sub.5                                              

                          OCONH.sub.2                                          

                                  125    133                                   

                                  250    73                                    

     H     CH.sub.3                                                            

                  iso-C.sub.4 H.sub.9                                          

                          OH      125    85                                    

                                  500    127                                   

                                  823    77                                    

     iso-C.sub.3 H.sub.7                                                       

           CH.sub.3                                                            

                  CH.sub.3                                                     

                          OH      125    105                                   

                                  500    123                                   

     C.sub.2 H.sub.5                                                           

           C.sub.2 H.sub.5                                                     

                  C.sub.2 H.sub.5                                              

                          OH      125    124                                   

                                  500    143                                   

     CH.sub.3                                                                  

           CH.sub.3                                                            

                  C.sub.2 H.sub.5                                              

                          OH      125    123                                   

                                  500    172                                   

     CH.sub.3                                                                  

           C.sub.2 H.sub.5                                                     

                  C.sub. 4 H.sub.9                                             

                          OH      31     95                                    

                                  125    115                                   

     CH.sub.3                                                                  

           CH.sub.3                                                            

                  C.sub.4 H.sub.9                                              

                          OH      62     71                                    

                                  125    121                                   

                                  500    50                                    

     CH.sub.3                                                                  

           CH.sub.3                                                            

                  C.sub.5 H.sub.11                                             

                          OH      31     148                                   

                                  62     91                                    

                                  125    109                                   

     2-    CH.sub.3                                                            

                  CH.sub.3                                                     

                          OH      62     56                                    

     (OH)C.sub.3 H.sub.6          125    144                                   

                                  500    126                                   

     CH.sub.3                                                                  

           CH.sub.3                                                            

                  CH.sub.2 =CH.sub.2 CH.sub.2                                  

                          OH      62     99                                    

                                  125    151                                   

                                  250    155                                   

     CH.sub.3                                                                  

           iso-C.sub.3 H.sub.7                                                 

                  C.sub.2 H.sub.5                                              

                          OH      62     144                                   

                                  125    195                                   

                                  500    104                                   

     CH.sub.3                                                                  

           CH.sub.3                                                            

                  CH.sub.3 C.tbd.C                                             

                          OH      125    103                                   

                                  500    211                                   

                                  1000   166                                   

     CH.sub.3                                                                  

           CH.sub.3                                                            

                  C.sub.2 H.sub.5                                              

                          NHCONH.sub.2                                         

                                  250    110                                   

                                  500    106                                   

     CH.sub.3                                                                  

           CH.sub.3                                                            

                  iso-C.sub.4 H.sub.9                                          

                          OH      62     104                                   

                                  125    145                                   

                                  500    38                                    

     CH.sub.3                                                                  

           C.sub.2 H.sub.5                                                     

                  CH.sub.2 =CH                                                 

                          OH      125    123                                   

                                  500    160                                   

                                  100    78                                    

     iso-C.sub.3 H.sub.7                                                       

           iso-C.sub.3 H.sub.7                                                 

                  CH.tbd.C                                                     

                          OH      62     110                                   

                                  125    170                                   

     C.sub.2 H.sub.5                                                           

           ClCH=CH                                                             

                  CH.tbd.C                                                     

                          OH      31     45                                    

                                  62     160                                   

                                  125    105                                   

     CH.sub.3                                                                  

           C.sub.2 H.sub.5                                                     

                  CH.tbd.C                                                     

                          OCONH.sub.2                                          

                                  31     112                                   

                                  62     54                                    

                                  125    139                                   

     CH.sub.3                                                                  

           C.sub.2 H.sub.5                                                     

                  C.sub.2 H.sub.5                                              

                          NHCONH.sub.2                                         

                                  62     153                                   

                                  125    147                                   

                                  250    221                                   

                                  500    142                                   

     CH.sub.3                                                                  

           C.sub.2 H.sub.5                                                     

                  BrC=CBr OH      62     85                                    

                                  125    162                                   

                                  500    119                                   

     CH.sub.3                                                                  

           C.sub.2 H.sub.5                                                     

                  CH.tbd.CC.sub.5 H.sub.10                                     

                          OH      125    150                                   

                                  500    78                                    

     __________________________________________________________________________

PAC  EXAMPLE 7 -- Secondary Tests
TBL                                    CATTLE                                  

     __________________________________________________________________________

     R     R'     R"     X      Dose(mg.)                                      

                                       %(120 min.)                             

     __________________________________________________________________________

     CH.sub.3                                                                  

           C.sub.2 H.sub.5                                                     

                  C.sub.2 H.sub.5                                              

                        OCONH.sub.2                                            

                                625    133                                     

                                1250   128                                     

     H     H      C.sub.6 H.sub.5                                              

                        ONHCONH.sub.2                                          

                                1000   113                                     

     H     H      C.sub.6 H.sub.5                                              

                        CONHCONH.sub.2                                         

                                250    103                                     

                                375    77                                      

                                375    270                                     

                                750    165                                     

                                1500   100                                     

                                1500   179                                     

                                150    108                                     

     CH.sub.3                                                                  

           C.sub.2 H.sub.5                                                     

                  C.sub.2 H.sub.5                                              

                        OH      1250   84                                      

                                1500   103                                     

                                2500   100                                     

                                3750   149                                     

     CH.sub.3                                                                  

           C.sub.2 H.sub.5                                                     

                  C.sub.2 H.sub.5                                              

                        NHCONH.sub.2                                           

                                300    80                                      

                                600    87                                      

                                1250   113                                     

                                1250   117                                     

     CH.sub.3                                                                  

           C.sub.2 H.sub.5                                                     

                  C.tbd.CH                                                     

                        OH      1250   154                                     

     C.sub.2 H.sub.5                                                           

           Br     C.sub.2 H.sub.5                                              

                        CONHCONH.sub.2                                         

                                625    100                                     

                                1250   94                                      

                                2500   129                                     

     iso-C.sub.3 H.sub.7                                                       

           iso-C.sub.3 H.sub.7                                                 

                  C.tbd.CH                                                     

                        OH      1250   102                                     

     CH.sub.3                                                                  

           CH.sub.3                                                            

                  C.sub.6 H.sub.5                                              

                        OH      1250   120                                     

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. The method of increasing feed intake in an immature ruminant animal
      subject comprising administering orally or by implant to said animal
      subject a quantity effective for increasing feed intake but nontoxic to
      the subject of a tertiary alcohol having the formula:
PAC  RR'R"CX
PAL  in which:
PA1  R is lower alkyl of from 1-9 carbons or hydroxy lower alkyl of from 1-9
      carbons;
PA1  R' is lower alkyl of from 1-9 carbons, fluoro, bromo or chloro;
PA1  R" is lower alkyl of from 1-9 carbons, lower alkenyl of from 2-9
      carbons.Iadd., lower alkynyl of from 2-9 carbons .Iaddend.and, when R and
      R' are lower alkyl or hydrogen, .Iadd.R" is .Iaddend.phenyl; and
PA1  X is --OH.
NUM  2.
PAR  2. The method of claim 1 in which R, R' and R" are lower alkyl of from 1-5
      carbons.
NUM  3.
PAR  3. The method of claim 1 in which the animal is sheep or cattle.
NUM  4.
PAR  4. The method of claim 2 in which the subject animal is sheep or cattle.
NUM  5.
PAR  5. The method of claim 1 in which the internal administration is orally and
      admixed with the animal feed.
NUM  6.
PAR  6. The method of claim 5 in which the quantity of tertiary alcohol
      derivative is from about 10 g.-2 kg. per ton of feed.
NUM  7.
PAR  7. The method of claim 5 in which the quantity of tertiary alcohol
      derivative is about 50 mg.-10 g. per animal subject.
NUM  8.
PAR  8. A ruminant animal feed composition comprising an animal feed carrier
      supplemented by a quantity of active ingredient effective for increasing
      feed intake but nontoxic to the animal, said active ingredient being a
      tertiary alcohol derivative of the formula:
PAC  RR'R"CX
PAL  in which:
PA1  R is lower alkyl of from 1-9 carbons or hydroxy lower alkyl of from 1-9
      carbons;
PA1  R' is lower alkyl of from 1-9 carbons, fluoro, bromo or chloro;
PA1  R" is lower alkyl of from 1-9 carbons, lower alkenyl of from 2-9
      carbons.Iadd., lower alkynyl of from 2-9 carbons .Iaddend.and, when R and
      R' are lower alkyl or hydrogen R" is phenyl; and
PA1  X is --OH.
NUM  9.
PAR  9. The feed composition of claim 8 in which the said active ingredient is a
      tertiary alcohol of the formula:
PAC  RR'R"COH
PAL  in which R, R' and R" are lower alkyl of 1-5 carbons.
NUM  10.
PAR  10. The feed composition of claim 1 in which the said composition is a
      whole feed adapted for fattening immature ruminant animals.
NUM  11.
PAR  11. The feed composition of claim 8 in which the said composition is a
      premix composition adapted for mixing uniformly throughout a whole animal
      feed adapted for fattening immature ruminant animals.
NUM  12.
PAR  12. The feed composition of claim 10 in which the active ingredient is
      present within the range of from about 100 g. to 2 kg. per ton of feed.
NUM  13.
PAR  13. The feed composition of claim 11 in which the active ingredient is
      present at the rate of about 1-75 percent by weight.
NUM  14.
PAR  14. The feed composition of claim 9 in which the active ingredient is
      present within the range of from about 100 g. to 2 kg. per ton of feed.
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ABST
PAL  .Iadd.  1. Apparatus for increasing the security of an electrical
      protection system in which a protected location is conductively coupled to
      a central station which comprises at least two conductive means for
      coupling said protected location to said central station,
PA1  at said central station, a first supervisory circuit and a second
      supervisory circuit, each supervisory circuit including a source of
      supervisory current coupled to a corresponding one of said conductive
      means and current-sensitive means coupled to said corresponding conductive
      means to detect predetermined changes in supervisory current therein, and
PA1  at said protected location, a first protection circuit and a second
      protection circuit respectively corresponding to said first and second
      supervisory circuits at said central station, wherein each protection
      circuit is provided with an input terminal, a shunt terminal and an output
      terminal, and wherein at least one of said protection circuits is provided
      with at least one detection device connected between said input terminal
      and said output terminal so that operation of said detection device alters
      the flow of supervisory current in said protection circuit,
PA1  Means for connecting the input terminal of each of said protection circuits
      to a corresponding one of said conductive means to couple each protection
      circuit to a corresponding supervisory circuit at said central station, so
      that supervisory current is directed to each protection circuit,
PA1  a ground point,
PA1  switching means interposed between said ground point and said output
      terminals of said first and second protection circuits, said switching
      means including:
PA2  first relay means and second relay means respectively corresponding to said
      first and second protection circuits, wherein each of said relay means is
      provided with a winding having first and second terminals, an armature,
      and a contact,
PA2  means for connecting the second terminal of each relay means to said ground
      point,
PA2  means for connecting the armature of each relay to the first terminal of
      the winding of the other relay,
PA2  two first conductor means for connecting the output terminals of said first
      and second protection circuits to said respective first terminals of said
      windings of said correspondingly first and second relay means, and
PA2  two second conductor means for connecting the shunt terminals of each of
      said first and second protection circuits to said contacts of said second
      and first relay means, respectively, wherein each of said shunt terminals
      is located in said respective first and second protection circuits at a
      point selected to shunt a predetermined portion of the respective
      protection circuit in response to the energizing of the relay means
      corresponding to the other protection circuit.
BSUM
PAR  The present invention relates to electrical protection systems, and more
      particularly to electrical protection systems having apparatus for
      improving the security of such systems by detecting attempts to compromise
      the systems.
PAR  In direct wire central station burglar alarm systems a number of protected
      places such as factories, banks and mercantile establishments, are
      individually connected to a central station by means of separate lines or
      conductive paths, usually ordinary telephone lines leased for the purpose.
      Each of the protected premises is typically provided with a protection
      circuit including one or more devices which are arranged to detect the
      entry of an intruder into the protected premises by producing an
      electrical variation in the corresponding line which results in an alarm
      signal at the central station.
PAR  Direct wire central station burglar alarm systems are customarily designed
      to provide an alarm signal upon a departure of a predetermined magnitude
      from the normal value of a supervisory line current supplied from the
      central station through the corresponding conductive path to the
      protection circuit at the protected premises. Detection devices of various
      types are located at the protected premises and are so arranged as to
      break and/or ground the protection circuit upon being actuated by some
      activity of an intruder. The resulting decrease and/or increase in the
      normal supervisory current is detected by a so-called "drop" or
      supervisory circuit located at the central station which also serves to
      annunciate the alarm signal to the attendants at the central station.
PAR  In brief, the customary drop consists of a break detecting relay and a
      ground detecting relay connected in series with the line, the break relay
      responding to a predetermined decrease in line current and the ground
      relay responding to a predetermined increase in line current. Each relay
      is provided with suitable contacts and auxiliary circuitry to actuate
      visible and audible annunciators upon line current changes of sufficient
      magnitude to actuate the corresponding relay. Of course, suitable
      electronic circuitry may be used in place of the current-sensitive relays,
      an example of which is the solid state circuit described and claimed in
      the copending United States patent application of Manfred W. Muehter, Ser.
      No. 309,761, filed Sept. 18, 1963.
PAR  While difficult, it is at least theoretically possible for a skilled and
      knowledgeable intruder to compromise such burglar alarm systems by
      tampering with .[.thhe.]. .Iadd.the .Iaddend.protection circuit. For
      example, if the transmission lines could be bridged external to the
      protected premises through a device having approximately the
      characteristics of the electrical load represented by the detection
      apparatus comprising the internal protection circuit, an entry could be
      then effected to the premises without producing an alarm signal at the
      central station. Under such circumstances, the device acts as a dummy load
      which, if it can be substituted undetected for the internal protection
      circuit, will permit disconnection of the actual detection apparatus from
      the circuit. The dummy load must obviously electrically resemble the
      internal circuit closely enough so that the line current will not be
      changed sufficiently to actuate either the break or ground relays in the
      central station drop.
PAR  Alternatively, it is also theoretically possible under certain conditions
      to ground the transmission line between the central station and the
      protected premises thereby negativing the effect produced upon the
      protection circuit by the operation of the detection devices at the
      protected premises. Usually this would be of significance under daytime
      conditions, and would be of concern particularly in connection with holdup
      alarms.
PAR  In the present invention, attempts to compromise an electrical protection
      system are immediately detected at the central station by providing at the
      protected premises at least two protection circuits which are
      interconnected so that a compromise attempt on one protection circuit will
      cause the other protection circuit to produce an alarm signal at the
      central station. The two protection circuits are interconnected at the
      protected premises by means of a pair of switching devices respectively
      interposed between each of the two circuits and the local ground
      connection, and each of the two protection circuits is connected to a
      separate supervisory circuit at the central station via a separate
      supervisory signal path. The two switching devices are arranged so that an
      attempt to compromise either one of the protection circuits which results
      in the operation of the corresponding switching device will shunt a
      portion of the other protection circuit, thereby increasing the normal
      supervisory signal current in the second circuit by an amount sufficient
      to produce to an alarm signal in the corresponding supervisory circuit at
      the central station.
PAR  Apart from the detection of attempted tampering with protection circuits,
      the present invention also provides useful advance warning of impending
      electrical troubles in the two protection circuits provided at the
      protected premises. For instance, slowly deteriorating insulation tends to
      cause increasing line leakage, and if the leakage in one of the protection
      circuits reaches a point sufficient to cause operation of the
      corresponding switching device, then a portion of the other protection
      circuit is shunted thereby operating the ground relay in the drop at the
      central station. Similarly, increasing circuit resistance, indicative of
      dirty or corroded terminals and contacts, in one of the protection
      circuits may also be detected at the central station by the supervisory
      circuit of the other protection circuit. The line may then be repaired
      while still serviceable instead of passing unnoticed to the alarm level at
      which time the line would be out of service until repairs could be
      effectuated.
PAR  Those skilled in the art will immediately recognize from the following
      description and appended drawings that the principles of the present
      invention may be applied with advantage to various types of electrical
      protection systems and to other electrical systems designed for the
      transmission of data over extended lines. However, as it is anticipated
      that the invention will find most immediate utility in central station
      direct wire burglar alarm systems, the invention will be described in
      terms of its application thereto. The description is intended for
      illustrative purposes only and in no manner to limit the invention.
DRWD
PAR  The invention will now be described in greater detail which reference to
      the appended drawings, in which:
PAR  FIG. 1 is a schematic wiring diagram of a direct wire burglar alarm system
      embodying the basic principles of the invention and illustrating an
      installation where detection devices are divided between two protection
      circuits; and
PAR  FIG. 2 is a schematic wiring diagram of a direct wire burglar alarm system
      embodying the principles of the invention and especially adapted for
      locations where it is not desired to divide the detection devices between
      two protection circuits.
DETD
PAC  FIGURE 1
PAR  Referring now to FIG. 1, two supervisory circuits 13-1 and 13-2 at a
      central station 10 are shown connected to a protect premises 11 by two
      separate signal paths 12-1 and 12-2, each of which may be a telephone line
      or similar direct wire connection. The return may be by separate wire
      connection or, as shown, by ground return. Typically, the lines 12-1 and
      12-2 may be as much as twenty miles in length and may pass through several
      telephone exchanges (not shown). At the protected premises 11, the lines
      12-1 and 12-2 are connected to the input points of corresponding local
      protection circuits 14-1 and 14-2, each circuit including conventional
      detection devices which produce break and/or ground signals, and thence
      via the output points of circuits 14-1 and 14-2 through conductors 17-1,
      17-2 and switching unit 15 to ground point 18. For convenience of
      description, local protection circuits 14-1 and 14-2 have been shown as
      identical in construction, although it is to be understood that in general
      the two circuits will include different arrangements of detecting devices.
      Thus local protection circuit 14- 1 is illustrated in highly simplified
      form as comprising the series connection of a current adjusting resistor
      30-1, a foil circuit 31-1, armature 34-1 and back contact 33-1 of a
      protection control switch 32-1, another foil circuit 36-1, armature 38-1
      and back contact 40-1 of a door protection switch 37-1, a current
      adjusting resistor 41-1, foil circuits 42-1 and 44-1, and thence to ground
      at 18 via switching unit 15. The door protection switch 37-1 has a front
      contact 39-1 connected to foil circuit 42-1 at point 45-1, and the
      protection control switch 32-1 has a front contact 35-1, which, when made
      with armature 34-1, provides a shunt through conductor 43-1 to a point
      between foil circuits 42-1 and 44-1 for all circuit components 36-1, 37-1,
      41-1, and 42-1.
PAR  Within circuit 14-1, the foil circuits 31-1, 36-1, 42-1, 44-1 may consist
      of conventional lead foil strip adhered to the glass panels of windows and
      doors and carry the normal supervisory current supplied from the
      corresponding supervisory circuit 13-1 at the central station 10. By way
      of example, if an intruder breaks a glass panel in an effort to enter the
      premises, the current carrying foil will be severed and thereby result in
      the production of a "break" alarm signal by the corresponding supervisory
      circuit 13-1 at the central station 10. Typically, such a break signal
      might be represented by a decrease in supervisory current in line 12-1
      from a normal value of 15 milliamperes to 9 milliamperes or less. A
      similar form of protection for walls, floors and ceilings is sometimes
      provided by means of foil or fine wire applied to the surfaces thereof in
      such manner that it will be ruptured if the surface is breached. Items
      31-1, 36-1, 42-1, 44-1 of the drawings are intended to represent this form
      of protection regardless of whether installed on glass panels or other
      building structure elements.
PAR  Also within circuit 14-1, if a door protected by the switch 37-1 is opened,
      the armature 38-1 will transfer from the back contact 40-1 to the front
      contact 39-1 and result in the production of a brief "break" alarm signal
      (while the armature 38-1 is in motion) followed by a "ground" alarm signal
      by circuit 13-1 at the central station 10. Typically, a ground signal
      might be represented by an increase in supervisory current in line 12-1
      from the normal value to 21 milliamperes or more.
PAR  It should be understood that the actual protection circuits at the
      protected premises will usually be substantially more complex and
      sophisticated than the simple circuits shown and will include a far
      greater number of protective devices. It should also be understood that
      severing of one of the foil strips 31-2, 36-2, 42-2, 44-2 in protection
      circuit 14-2 will result in the production of a "break" alarm signal by
      corresponding supervisory circuit 13-2 at central station 10, and that
      opening of a door protected by switch 37-2 in protection circuit 14-2 will
      result in the production of a brief "break" alarm signal followed by a
      "ground" alarm signal by supervisory circuit 13-2 at central station.
PAR  The other end of line 12-1 is coupled within circuit 13-1 at the central
      station 10 to the positive terminal of a source of potential 22-1 (which
      typically might be a fifty-two volt battery) through a series circuit
      comprising test equipment 21-1, the winding of the ground relay G-1 and
      the winding of the break relay B-1. The negative terminal of the normal
      operation battery 22-1 is grounded at point 23-1. Test equipment 21-1 may
      comprise any one of a number of well known arrangements, for example,
      equipment 21-1 may be designed in accordance with the principles disclosed
      in the copending United States patent application of Lawrance H. Mitchell,
      Ser. No. 331,771, filed Dec. 19, 1963.
PAR  As previously indicated, each of the circuits at the protected premises
      will generally comprise a number of devices for the protection of doors,
      walls and windows. In the case of mercantile establishments particularly,
      it has been found convenient to shunt certain of the protective
      device.Iadd.s .Iaddend.out of one or both of the circuits during normal
      business hours and thus avoid the production of alarm signals as the front
      door or various windows are opened in the ordinary course of business. The
      shunt feature is shown in the drawings as controlled in protection
      circuits 14-1 and 14-2 by the respective protection control switches 32-1
      and 32-2 which are operated when the premises are opened for business so
      that armatures 34-1 and 34-2 make with front contacts 35-1 and 35-2
      thereby connecting lines 12-1 and 12-2 to ground point 18 via elements
      30-1, 31-1, 44-1, and 30-2, 31-2, 44-2, respectively, and removing
      protection devices 36-1, 37-1, 42-1 and 36-2, 37-2, 42-2 from the
      respective circuits. The devices 31-1, 44-1 and 31-2, 44-2 remaining in
      the respective protection circuits 14-1 and 14-2 ordinarily constitute the
      so-called "permanent" protection devices such as foil or wire protected
      walls, ceilings, etc.
PAR  Adjustable resistors 30-1, 41-1 and 30-2, 41-2 are provided in circuits
      14-1 and 14-2 at the protected premises to limit the current in each of
      the lines 12-1 and 12-2 to a selected nominal value, e.g., fifteen
      milliamperes, during the period while the entire protection system is in
      operation, usually termed the "protection-on" or "night" period. The
      circuit components are so selected and adjusted that operation of a break
      signal detection device will cause the line current to fall to or below a
      first selected value, e.g., nine milliamperes, while operation of a ground
      signal detection device will cause the line current to rise to or above a
      second preselected valve, e.g., twenty-one milliamperes. During the
      "protection-off" or "day" period, the adjustments are such that the system
      is in the grounded condition. While specific values of currents and
      voltages are referred to herein for convenience in explaining the
      operation of the invention, it should be understood that these specific
      values are given by way of illustration only and are not to be construed
      as in any manner limiting the invention.
PAR  In supervisory circuit 13-1 at central station 10, the break relay B-1 is
      arranged to be held energized by the normal current in line 12-1, while
      the ground relay G-1 is .[.de-energizing.]. .Iadd.de-energized
      .Iaddend.during the "protection-on" period. A decrease in the line current
      to or below the first selected value will cause the break relay B-1 to
      become de-energized and open the normally closed contacts B1-1, while an
      increase of line current to or above the second selected value will
      energize the ground relay G-1 and close the normally open contacts G1-1.
      The contacts B1-1 and G1-1 are coupled to alarm annunciators 20-1 which
      are of conventional design and serve to provide audible and visible
      indications of the operation of the break and ground relays, respectively,
      to the attendants at the central station. Operation of supervisory circuit
      13-2 corresponding to protection circuit 14-2 is similar in all respects
      to the above-described operation of circuit 13-1.
PAR  The present invention improves the security of the system described above
      during the protection-on condition by providing an interconnection between
      circuits 14-1 and 14-2 in switching unit 15 so that operation of any
      device in either protection circuit which interrupts the supervisory
      current in one circuit for more than a predetermined time interval will
      not only cause an alarm signal to be produced by the corresponding
      supervisory circuit at the central station 10 but also cause an alarm
      signal to be produced by the other supervisory circuit at the central
      station 10. Referring to switching unit 15, conductor 17-1 from protection
      circuit 14-1 is connected to the input terminal of winding 52-1 of relay
      R1 so that relay R1 is energized by the flow of normal supervisory current
      to ground at 18 supplied from battery 22-1 in supervisory circuit 13-1.
      Contact 50-1 of relay R1 is connected to conductor 16-2 from protection
      circuit 14-2, and armature 51-1 of relay R1 is connected to the input
      terminal of winding 52"2 of relay R2. In the energized condition of relay
      R1, contact 50-1 is normally open so that conductor 16-2 is not connected
      to ground point 18 through winding 52-2 of relay R2, but in the
      de-energized condition of relay R1, armature 51-1 makes with contact 50-1
      to provide a ground connection for conductor 16-2 via winding 52-2 of
      relay R2. It is therefore evident that by connecting conductor 16-2 to an
      appropiate point 46-2 in protection circuit 14-2, a decrease in the normal
      supervisory current flowing through protection circuit 14-1 to winding
      52-1, which causes the current to fall to a level below that required to
      energize relay R1, will release relay R1 and thereby result in shunting a
      portion of protection circuit 14-2. Since shunting of a portion of
      protection circuit 14-2 causes the corresponding supervisory circuit 13-2
      to produce an alarm signal, protection circuit 14-2 monitors protection
      circuit 14-1 to provide an indication of any decrease in supervisory
      current in circuit 14-1 which is sufficient to release relay R1,
      regardless of whether this decrease is accompanied by the generation of
      alarm signals in supervisory circuit 13-1 corresponding to protection
      circuit 14-1.
PAR  Relay R2 provides similar monitoring of protection circuit 14-2 by
      protection circuit 14-1 and supervisory circuit 13-1. Conductor 17-2 from
      protection circuit 14-2 is connected to ground point 18 by way of winding
      52-2 of relay R2 so that relay R2 is energized by the flow of normal
      supervisory currents to ground at 18 from battery 22-2 in supervisory
      circuit 13-2. Contact 50-2 of relay R2 is connected to conductor 16-1 from
      protection circuit 14-1, and armature 51-2 of relay R2 is connected to the
      input terminal of winding 52-1 of relay R1. In the energized condition of
      relay R2, contact 50-2 is normally open so that conductor 16-1 is not
      connected to ground point 18 through winding 52-1 of relay R1, but in the
      de-energized condition of relay R2, armature 51-2 makes with contact 50-2
      to provide a ground connection for conductor 16-1 via winding 52-1 of
      relay R1. It is therefore evident that by connecting conductor 16-1 to an
      appropriate point 46-1 in protection circuit 14-1, a decrease of
      sufficient magnitude in the supervisory current flowing through protection
      circuit 14-2 to winding 52-2 will release relay R2 and thereby result in
      shunting a portion of protection circuit 14-1. Since shunting of a portion
      of protection circuit 14-1 causes supervisory circuit 13-1 to produce an
      alarm signal, protection circuit 14-1 monitors protection circuit 14-2 to
      provide an indication of any decrease in supervisory current in circuit
      14-2 which is sufficient to release relay R2, regardless of whether this
      decrease is accompanied by the generation of alarm signals in supervisory
      circuit 13-2.
PAR  The present invention therefore provides a complementary monitoring
      arrangement whereby attempts to defeat or compromise either one of two
      protection circuits at a protected premises will result in the production
      of an alarm signal by the other circuit. However, although the invention
      has been illustrated and described in terms of two protection circuits
      interconnected to provide complementary monitoring, it is to be understood
      that if desired more than two protection circuits may be provided at a
      protected premises, in which case it is to be further understood that more
      than two protection circuits may be interconnected in accordance with the
      principles of this invention to provide complementary monitoring of the
      type described.
PAC  FIGURE 2
PAR  Turning now to FIG. 2, this drawing illustrates an embodiment of the
      principles of this invention designed for premises in which it is either
      inconvenient or undesirable to divide the detection devices between two
      separate protection circuits. For example, in a location already provided
      with a protection circuit, it may be too expensive or too time consuming
      to divide the existing protection circuit into two circuits. In such a
      situation, complementary monitoring may be provided by an arrangement of
      the type shown in FIG. 2, where like reference numbers are used to
      identify components which are similar to those illustrated in FIG. 1.
PAR  In FIG. 2 the block labelled protection circuit 14-2 at protected premises
      11 represents a circuit of the type shown by the like numbered circuit in
      FIG. 1, in which circuit 14-2 typically includes a number of detection
      devices. Protection circuit 14-2 is provided with a direct wire connection
      12-2 to corresponding supervisory circuit 13-2 at central station 10, and
      circuit 13-2 functions in the manner previously described in connection
      with the similarly numbered circuit in FIG. 1. In addition to protection
      circuit 14-2, there is installed a protection circuit 200 which as shown
      may include no detection devices such as foil, wire or door switches, but
      only one or more current adjusting resistors 201 and 202. Protection
      circuit 200 is provided with a direct wire connection 12-1 to
      corresponding supervisory circuit 13-1 at central station 10, circuit 13-1
      functioning in the same manner as supervisory circuit 13-1 in FIG. 1.
PAR  Switching unit 15, which may be identical with the similarly numbered
      component in FIG. 1, is connected to protection circuit 200 and protection
      circuit 14-2 by conductors 16-1, 17-1 and 16-2, 17-2, respectively. In
      this manner, a sufficient decrease in the supervisory current flowing
      through either protection circuit 200 or protection circuit 14-2 will
      release the corresponding relay in circuit 15, thereby to shunt a portion
      of the other protection circuit and produce an alarm signal at central
      station 10 by the supervisory circuit corresponding to the shunted
      circuit. As shown in FIG. 2, the conductor 16-1 is connected to protection
      circuit 200 at point 203 to shunt resistor 202.
PAR  In FIG. 1 the connection of the shunting conductors 16-1 and 16-2 to the
      respective protection circuits 14-1 and 14-2 has been shown at points 46-1
      and 46-2, so that closure of either contact 50-1 or 50-2 will shunt all
      the protection devices in the respective protection circuits which are
      subsequent to the points 46-1 and 46-2. It will be obvious to those
      skilled in the art that under certain circumstances it may be desirable to
      locate the shunting conductor connection at a different point in the
      protection circuit or to provide means whereby the point of connection may
      be selectively varied. For this reason, supplementary conductors 18-1 and
      18-2 are shown connected to circuits 14-1 and 14-2 by way of switches 47-1
      and 47-2, respectively. The closure of either of these switches 47-1, 47-2
      while the protection control switches 32-1 and 32-2 are in the
      "protection-on" conditions will have the effect of including the
      associated protection elements 36-1, 36-2 in the shunted portion of the
      circuits. Also, it will be understood by those skilled in the art that the
      electromechanical relays shown at various points in the drawings may be
      replaced by electronic devices wherever desired.
PAR  While the invention hsa been described in connection with specific
      embodiments thereof and in specific uses, various modifications thereof
      will occur to those skilled in the art without departing from the spirit
      and scope of the invention as set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for increasing the security of an electrical protection system
      in which a protected location is conductively coupled to a central station
      which comprises at least two conductive means for coupling said protected
      location to said central station,
PA1  at said central station, a first supervisory circuit and a second
      supervisory circuit, each supervisory circuit including a source of
      supervisory current coupled to a corresponding one of said conductive
      means and current-sensitive means coupled to said corresponding conductive
      means to detect predetermined changes in supervisory current therein, and
PA1  at said protected location, a first protection circuit and a second
      protection circuit respectively corresponding to said first and second
      supervisory circuits at said central station, wherein each protection
      circuit is provided with an input terminal, a shunt terminal and an output
      terminal, and wherein at least one of said protection circuits is provided
      with at least one detection device connected between said input terminal
      and said output terminal so that operation of said detection device alters
      the flow of supervisory current in said protection circuit,
PA1  means for connecting the input terminal of each of said protection circuits
      to a corresponding one of said conductive means to couple each protection
      circuit to a corresponding supervisory circuit at said central station, so
      that supervisory current is directed to each protection circuit,
PA1  a ground point,
PA1  switching means interposed between said ground point and said output
      terminals of said first and second protection circuits, said switching
      means including:
PA2  first relay means and second relay means respectively corresponding to said
      first and second protection circuits, wherein each of said relay means is
      provided with a winding having first and second terminals, an armature,
      and a contact,
PA2  means for connecting the second terminal of each relay means to said ground
      point,
PA2  means for connecting the armature of each relay to the first terminal of
      the winding of the other relay,
PA2  two first conductor means for connecting the output terminals of said first
      and second protection circuits to said respective first terminals of said
      windings of said corresponding first and second relay means, and
PA2  two second conductor means for connecting the shunt terminals of each of
      said first and second protection circuits to said contacts of said second
      and first relay means, respectively, wherein each of said shunt terminals
      is located in said respective first and second protection circuits at a
      point selected to shunt a predetermined portion of the respective
      protection circuit in response to the energizing of the relay means
      corresponding to the other protection circuit.
NUM  2.
PAR  2. The method of detecting attempts to compromise an electrical protection
      system including a central station connected to a protected location by at
      least two conductors, at least two protection circuits at said protected
      location, and at least two supervisory circuits at said central station
      individually connected to supply separate supervisory current to each of
      two corresponding protection circuits by means of two of said conductors,
      which comprises the step of:
PA1  shunting a portion of either of said protection circuits in response to a
      predetermined change in supervisory current in the other one of said
      protection circuits so that a predetermined change in supervisory current
      in either one of said protection circuits is accompanied by a selected
      change in supervisory current in the other one of said protection
      circuits.
NUM  3.
PAR  3. An electrical protection system in which a protected location is
      conductively coupled to a central station which comprises:
PA1  first conductive means and second conductive means for coupling said
      protected location to said central station,
PA1  at said central station, a first supervisory circuit and a second
      supervisory circuit corresponding to said first and second conductive
      means, wherein each supervisory circuit includes a source of supervisory
      current coupled to said corresponding conductive means and
      current-sensitive means coupled to said corresponding conductive means to
      detect predetermined changes in said supervisory current therein, and
PA1  at said protected location, a first protection circuit and a second
      protection circuit respectively coupled to said first and second
      conductive means to carry supervisory current supplied by said
      corresponding supervisory circuit to a ground point, and
PA1  switching means interposed between said ground point and said first and
      second protection circuits for shunting a portion of either of said
      protection circuits in response to a predetermined change in supervisory
      current in the other one of said protection circuits so that a
      predetermined change in supervisory current in either one of said
      protection circuits is accompanied by a change in supervisory current in
      the other one of said protection circuits.
NUM  4.
PAR  4. Apparatus as defined in claim 3 wherein said first protection circuit
      comprises at least two current-adjusting resistors so that said switching
      means shunts one of said current-adusting resistors in response to said
      predetermined change in supervisory current in the other one of said
      protection circuits.
NUM  5.
PAR  5. Apparatus as defined in claim 3 wherein said second protection circuit
      comprises at least one detection device so that operation of said
      detection device alters said supervisory current carried by said first
      protection circuit.
NUM  6.
PAR  6. Apparatus as defined in claim 3 wherein each of said first and second
      protection circuits includes at least one detection device so that
      operation of said detection device in either one of said protection
      circuits alters said supervisory current carried by the protection circuit
      including said operated detection device.
NUM  7.
PAR  7. Apparatus as defined in claim 3 wherein said switching means comprises:
PA1  a first relay means including an armature, a contact, and a winding with an
      input terminal and a ground terminal,
PA1  a second relay means including an armature, a contact, and a winding with
      an input terminal and a ground terminal,
PA1  means for connecting said armature of said first relay means to the input
      terminal of said winding of said second relay means,
PA1  means for connecting said armature of said second relay to said input
      terminal of said winding of said first relay means, and
PA1  means for connecting said ground terminals of said windings of said first
      and second relay means to said ground point. .Iadd. 8. Apparatus as
      defined in claim 1 wherein at least one of said first and second
      protection circuits includes at least one additional shunt terminal beyond
      that connected by the second conductor means to the contact of the relay
      means, and wherein said apparatus further includes
PA1  switch means corresponding in number to the number of said additional shunt
      terminals, each of said switch means having a first and second terminal,
PA1  third conductor means for connecting the first terminal of each of said
      switch means to one of said additional shunt terminals, and
PA1  fourth conductor means for connecting the second terminal of each of said
      switch means to the second conductor means connected to the shunt terminal
      of the protection circuit which contains the additional shunt terminal to
      which the first terminal of the switch is connected by said third
      conductor means,
PA1  whereby the elements of either of the protection circuits included in the
      shunted portion of the protection circuits can be varied..Iaddend..Iadd.
      9. Apparatus as defined in claim 8 wherein the first and second protection
      circuits each include at least one additional shunt
      terminal..Iaddend..Iadd. 10. Apparatus as defined in claim 3 further
      including means for varying the portion of either of the protection
      circuits which is shunted..Iaddend..Iadd. 11. Method as defined in claim 2
      further including varying the portion of either of the protection circuits
      which is shunted..Iaddend.
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ABST
PAL  An image transfer recording apparatus in which a recording drum on which an
      information signal is recorded by electrostatic recording means is
      provided with a surface layer of electrically insulating resin so that a
      powdery developer attaching to the electrostatic latent image formed on
      the surface of the recording drum can be completely transferred onto a
      recording sheet thereby to obtain a recorded image of good resolution.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to recording apparatus such as copying apparatus and
      facsimiles, and more particularly to an inexpensive and simple recording
      and apparatus capabale of recording an image on a sheet of plain paper
      without using a special recording sheet such as, for example, a copying
      sheet treated with a photoconductive material such as zinc oxide.
PAR  2. Description of the Prior Art
PAR  Prior art recording apparatus of this kind employed a wide variety of
      methods which had their respective merits and demerits.
PAR  In one type of such facsimile apparatus, a recording method of this kind
      utilizing the breakdown due to an electric discharge has been in use for
      quite a long time, which method includes providing a white surface coating
      on a carbon black layer and electrically destroying the white surface
      layer to obtain a record. This electric discharge recording method has
      been defective in that it requires a special recording sheet which is
      quite expensive, gives off fumes that are accompanied by bad odors which
      are produced from the recording sheet during recording and products of the
      breakdown due to the discharge tend to become attached to the recording
      stylus.
PAR  Another type of facsimile apparatus employs a method of the kind in which a
      color is produced by electrolysis. According to this electrolytic
      recording method, a material which develops a color when subjected to
      electrolysis is coated on a recording sheet and a signal voltage is
      applied to the recording sheet through a recording stylus so that a
      colored record can be obtained by the electrolytic reaction which takes
      place at the portions applied with the voltage. The electrolytic recording
      method has been defective in that a special expensive material must be
      coated on a recording sheet and, since it includes a wet process, a record
      of high density and resolution cannot be obtained owing to the blurring of
      the recorded image. The electrolytic recording method has further been
      defective in that a special expensive material must be coated on a
      recording sheet and, since it includes a wet process, a record of high
      density and resolution cannot be obtained owing to the blurring of the
      recorded image. The electrolytic recording method has further been
      defective in that the record obtained tends to undergo a change due to
      aging since the color is produced by a chemical change, and the recording
      sheet tends to be chemically affected by other sheets during the storage
      thereof with the result that the recorded image is also subject to a
      change.
PAR  An electrostatic recording method has been advantageous over these methods
      in that a record can be reproduced on a recording sheet by relatively
      simple means and an improvement in the picture quality can be expected.
      However, the electrostatic recording method has been disadvantageous in
      that not only a special expensive recording sheet called an electrostatic
      recording sheet is required, but also an extra process of developing and
      fixing after making the recording is required compared with the
      above-mentioned recording method which utilizes the breakdown of an
      electric discharge, or color production by electrolysis, and the
      requirement for these extra process leads to complex apparatuses.
PAR  Other methods employed heretofore include converting a signal into
      mechanical vibrations and striking a recording sheet through carbon paper
      by means actuated by mechanical vibrations thereby to obtain a record, or
      using a special recording sheet (a pressure-sensitive sheet) which
      produces a color in response to pressure. These methods have however been
      defective in their poor frequency response and in the trouble of requiring
      such a special sheet.
PAR  Silver salt photography is another recording method employed heretofore in
      the art. This method has however been unfit for practical use except for
      applications to very special purposes where a high recording performance
      is required, because the recording material itself is very expensive.
      Materials employed in copying apparatus and the like will now be
      discussed. Electrofax is an optical recording method which employs a
      recording sheet prepared by coating a mixture of a photoconductor such as
      zinc oxide and a special resin binder on a sheet of paper. Thus, this
      method also requires a specially processed recording sheet. Further, there
      is a recording method employing a heat-sensitive recording sheet which is
      expensive and specially processed. Thus, the problem of expensiveness of
      the recording sheet is still left unsolved in these methods.
PAR  Diazo-type copying apparatus is one typical example of copying apparatus of
      simple construction using a relatively inexpensive recording sheet. In
      spite of the fact that this apparatus is very favorable for the
      reproduction of an original in sheet form by exposure to transmitted
      light, it has been defective in that its application is limited due to the
      inability to carry out the reflection copying of articles, such as books
      and the reproduced record cannot be preserved for an extended period of
      time due to discoloration or disappearance of the image since a chemical
      material is used.
PAR  Xerography is an inexpensive and favored method in the point that a highly
      accurately reproduced record can be obtained in spite of the use of a
      sheet of plain paper. However, this method has had the disadvantge that
      the plate or drum of photoconductive selenium used therein is quite costly
      and mechanically brittle and therefore extreme care must be taken in the
      handling thereof. Further, for the successful electrostatic transfer
      printing of a toner image onto a sheet of plain paper, very complex
      handling and expensive means have been required since the remaining toner
      image must be swept off by means such as a soft brush or a vacuum sweeper
      to prepare for the next copying cycle.
PAC  SUMMARY OF THE INVENTION
PAR  With the above defects in mind, it is an object of the present invention to
      provide a novel and simple recording apparatus.
PAR  Another object of the present invention is to provide an apparatus
      including electrostatic recording means responsive to an information
      signal for forming a latent image in the form of an electrical charge on a
      recording drum having on the surface thereof a layer of electrically
      insulating resin of a highly non-wetting and non-adhesive nature,
      developing means for transforming the latent image into a toner image, and
      means for transfer printing the toner powder image formed on the recording
      drum onto a heated recording sheet and, at the same time, heating the
      toner to fix the image.
PAR  A further object of the present invention is to provide an apparatus
      including developing means for transforming a latent image formed on a
      recording drum into a toner image, and means for applying an electrostatic
      force which is greater than the electrostatic force existing between the
      toner image and the recording drum to the back face of a recording sheet
      engaging the surface of the recording drum so as thereby to facilitate and
      improve the transfer printing of the toner image onto the recording sheet.
PAR  A still further object of the present invention is to provide an apparatus
      including developing means for transforming a latent image formed on a
      resin layer on the surface of a recording drum into a toner image, means
      for transfer printing of the toner image formed on the surface of the
      recording drum onto a recording sheet to obtain a recorded image, and
      means for sweeping off the electrical charge of the latent image on the
      recording drum and of the toner remaining on the surface of the recording
      drum without being transferred after the step of transfer printing so as
      to thereby prevent any undesirable disturbance to a succeeding record and
      to ensure a good picture quality for an extended period of time.
PAR  A yet further object of the present invention is to provide an apparatus
      including a magnet drum disposed within a developing unit for supplying a
      toner to a recording drum, a sweeping plate disposed to engage the magnet
      drum with a portion thereof for controlling the amount of the toner
      supplied to the recording drum, and means for rotating the magnet drum in
      normal and reverse directions for selectively supplying the toner to the
      recording drum.
PAR  Another object of the present invention is to provide an apparatus
      including a plurality of sets of means for electrostatically recording an
      image on a recording drum and means for developing the image, said sets
      being arranged side by side by the number corresponding to the number of
      required primary colors so as thereby to obtain a multi-color print by a
      single operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic view of a system for transfer printing of an image
      using heat.
PAR  FIG. 2 is an enlarged sectional view of parts of the developing unit in the
      system shown in FIG. 1.
PAR  FIG. 3 is a schematic view of an electrostatic transfer printing system.
PAR  FIG. 4 is a partly vertical sectional front elevational view of an
      electrostatic recording apparatus embodying the present invention.
PAR  FIG. 5 is a partly cross-sectional plan view of the apparatus.
PAR  FIG. 6 is an enlarged sectional view taken on the line VI--VI' in FIG. 4.
PAR  FIGS. 7a-7e and 8a-8e are explanatory views showing the successive steps of
      a cleaning-less method according to the present invention.
PAR  FIG. 9 is a schematic view of a color copying apparatus utilizing the
      principle of image transfer recording according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1 showing the basic principle of a system for the
      transfer printing of an image under heat, a recording drum 1 is arranged
      to be rotated by an external drive source. The recording drum 1 is a drum
      member of a conductive metal and is provided on its surface with a layer 2
      of electrically insulating resin of a heat-resistive nature having a low
      adhesion. Information in the form of a recording signal such as a
      facsimile signal is supplied to an electrical circuit system 4, and a
      recording stylus 3 disposed in close proximity to or engaging the surface
      of the recording drum 1 is actuated in response to an output from the
      electrical circuit system 4 to form a latent image of an electrical charge
      on the insulating resin layer 2 depending on the information. A powdery
      developer 5 attracted onto a magnetic drum 6 in a developing unit 7 is
      transferred to the recording drum 1 to develop the charge image (latent
      image) thereby to provide an image (visible image) 8 formed of powders.
      The powder image 8 is transfer printed onto a recording sheet 9 which is
      moved in contact with the recording drum 1 by another driving mechanism.
      The recording sheet 9 is moved in one direction in rolling contact with
      the recording drum 1 while being pressed against a heating drum 10 and
      guided by guide rollers 11 and 11'. Since the resin layer 2 covering the
      recording drum 1 carrying the powder image 8 is formed from an electrical
      insulator having a low adhesion, the toner forming the powder image 8 is
      easily transferred onto the recording sheet 9 and the transferred image is
      fused by the heat of the heating drum 10 to be permanently fixed on the
      recording sheet 9.
PAR  The specifications required for the recording drum 1 are shown in Table 1
      and the properties of preferred materials for forming the resin layer 2
      coated on the recording drum 1 are shown in Table 2.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Classifi-                                                                 

            Items      Specifications         Remarks                          

     cation                                                                    

     __________________________________________________________________________

            Breakdown voltage                                                  

                       Not less than 1KV      Recording voltage: 500-600 V.    

            Volume resistivity                                                 

                       More than 10.sup.14 .OMEGA.cm                           

                                              Static recording sheet:          

                                              7-9.times.10.sup.14 .OMEGA.cm    

     Electrical                                                                

            Surface resistivity                                                

                       More than 10.sup.14 .OMEGA.                             

                                              Static recording sheet:          

                                              6-10.times.10.sup.14 .OMEGA.     

     properties                                                                

            Dielectric constant                                                

                       The higher, the better Commonly 2-3 in plastics         

            Pinhole    No pinholes are allowed                                 

            Thickness  15-20.sub..parallel..+-.10%                             

                                              Static recording sheet:about     

                                              6.mu..                           

     Properties                                                                

            Surface smoothness                                                 

                       Mirror surface                                          

     of film                                                                   

            Coatability                                                        

                       Coatable on metallic drum                               

                                              Present drum material:stainless  

                                              steel.                           

                                              Fused toner must not             

            Non-adhesiveness                                                   

                       The greater the better become attached to the resin     

                                              layer.                           

     Physical                                                                  

            Resistance to heat                                                 

                       Toner's melting point + 50-80.degree. C                 

                                              Toner's melting point:about      

                                              100.degree. C.                   

     properties                                                                

            Resistance to wear                                                 

                       Tungsten wire 0.2.phi., stylus pressure 2-3             

                                              Should endure 100,000 frictional 

                                              contacts.                        

     Chemical                                                                  

            Resistance to toner                                                

                        Should not be corroded by thermoplastic resin in       

                       toner.                                                  

     properties                                                                

            Resistance to corona                                               

                       Should endure 500,000-second (140-hour) continuous      

                       tests under eraser electrode (about 100,000             

     __________________________________________________________________________

                       recordings).                                            

TBL                                    TABLE 2                                 

     __________________________________________________________________________

                            Taflum                                             

                            (Alumite                                           

                            surface                                            

                            impreg-       Poly-                                

                 Tetra-                                                        

                      Fluoro-                                                  

                            nated                                              

                                 Vinyl-                                        

                                      Poly-                                    

                                          ethylene                             

                 fluoro-                                                       

                      ethylene                                                 

                            with idene                                         

                                      amide                                    

                                          tereph-                              

     Items       ethylene                                                      

                      propylene                                                

                            Teflon)                                            

                                 fluoride                                      

                                      imide                                    

                                          thalate                              

                                                Remarks                        

     __________________________________________________________________________

     Breakdown voltage                                                         

                 O    O     X    O    O   O     Electrical                     

     Insulation resistance                                                     

                 O    O     X    X    O   O     properties                     

     Pinhole     X    O     X    O    O   O                                    

     Uniform film thickness                                                    

                 O    X     O    .DELTA.                                       

                                      O   O     Properties                     

     Surface smoothness                                                        

                 O    X     O    X    O   O     of film                        

     Coatability O    O     O    O    O   X                                    

     Nonadhesiveness                                                           

                 O    O     O    .DELTA.                                       

                                      .DELTA.                                  

                                          .DELTA.                              

                                                Physical                       

     Resistance to heat                                                        

                 O    O     O    .DELTA.                                       

                                      O   .DELTA.                              

                                                properties                     

     __________________________________________________________________________

PAR  In Table 2, the symbols employed are defined as follows: O - sufficiently
      satisfactory for achieving the object of this invention. .DELTA. -
      somewhat satisfactory for achieving the objects of the present invention.
      X  - quite unsatisfactory for achieving the objects of the present
      invention.
PAR  It will be known from the above tables that, in spite of the fact that
      fluorocarbon resins are ideal materials in respect of the requirements for
      the resistance to heat and non-adhesiveness, tetrafluoroethylene and
      fluoroethylene propylene are not safisfactory for properties of the film,
      while taflum (cf. Table 2) is not satisfactory in its electrical
      properties as well as the other physical properties of the film. It is
      therefore desirable to solve these faults of the fluorocarbon resin
      materials.
PAR  On the other hand, polyamide imide is slightly inferior to the fluorocarbon
      resins in the non-adhesiveness regarding physical properties, but is
      substantially satisfies the specifications in regard to other
      requirements. Thus, polyamide imide can be freely used in practical
      applications provided that the attachment of the fused toner can be
      effectively prevented.
PAR  There is a very great possibility that resin materials satisfying the above
      requirements can be developed in the near future and the problems
      incountered in respect of the material will soon be solved.
PAR  Referring to FIG. 2 schematically showing the structure of the developing
      unit 7 for supplying the powdery toner developer 5 to the resin layer 2
      covering the recording drum 1, the developing unit 7 comprises a casing
      within which the magnet drum 6 and a mass of the powdery developer 5 are
      contained. The magnet drum 6 is adapted for normal and reverse rotation by
      being driven by another drive source (not shown) and is composed of a
      support 14 and a plurality of rubber magnets 13 having the same axial
      length as the support 14 and embedded radially in the outer peripheral
      portion of the support 14. The powdery developer 5 consists of a toner and
      a carrier for the toner. A sweeping plate 15 is disposed in such a fashion
      that one end thereof engages the surface of the magnet drum 6.
PAR  With a structure as described above, it is desirable that the powdery
      developer 5 in the developing unit 7 is restrained from contact with the
      recording drum 1 until the recording of a latent image on the recording
      drum 1 is completed. Thus, during the normal or counterclockwise rotation,
      for example, of the magnet drum 6, the powdery developer 5 including the
      carrier attaches to the magnet drum 6 so that the toner attaches to the
      recording drum 1 to carry out the developing operation, while during the
      recording of a latent image on the recording drum 1, the magnet drum 6 is
      rotated in the reverse or clockwise direction and the sweeping plate 15
      engaging at one end thereof with the magnet drum 6 interrupts the supply
      of the powdery developer 5 to the recording drum 1 so that the toner
      cannot be supplied to the recording drum 1 until the recording of the
      latent image is completed. It will thus be seen that the supply of the
      toner to the surface of the recording drum 1 can be selectively controlled
      depending on the rotating direction of the magnet drum 6 and by the action
      of the cooperating sweeping plate 15.
PAR  FIG. 3 shows schematically the basic principle of an electrostatic transfer
      printing system in another embodiment of the present invention.
PAR  Referring to FIG. 3 wherein like reference numerals are used to denote like
      parts appearing in FIGS. 1 and 2, a recording drum 1 is provided on its
      surface with a layer 2 of electrically insulating resin having no
      pinholes. One end of a recording stylus 3 is disposed in close proximity
      to or with engages the recording drum 1 and an information signal is
      transmitted to the recording stylus 3 via an electrical circuit system 4.
      A powdery developer 5 is contained within a developing unit 7 so that it
      can be selectively supplied to the recording drum 1 through the medium of
      a magnet drum 6. A recording sheet 9 is brought into rolling contact with
      the recording drum 1 by being guided by guide rollers 11 and 11' so that a
      powder image 8 formed on the surface of the recording drum 1 by the
      developing unit 7 can be transfer printed onto the recording sheet 9 to
      provide a permanently visible image. An electrostatic charger 16 of
      polarity opposite to the polarity of the toner and producing an
      electrostatic force greater than the electrostatic force between the toner
      in the powdery developer 5 and the recording drum 1 is disposed adjacent
      to the back face of the recording sheet 9 at a position at which the
      recording sheet 9 engages the recording drum 1. A heater 17 is provided to
      apply heat to the toner electrostatically transferred onto the recording
      sheet 9. A residual charge eraser 18 is disposed adjacent to the recording
      drum 1 to erase the residual charge on the recording drum 1 so that the
      residual charge may not adversely affect the next recording by the
      recording stylus 3. The charge eraser 18 is of the corona discharge type.
      The residual charge eraser 18 is available in two types depending on the
      type of discharge, that is, the A.C. discharge type which produces an A.C.
      corona discharge for erasing the residual charge and the D.C. discharge
      type which produces a D.C. corona discharge having a polarity opposite to
      the polarity of the charge on the recording drum 1 for neutralizing the
      recording drum 1.
PAR  With a structure as above described, the electrical circuit system 4 is
      operative in response to transmission of an information signal thereto to
      apply a signal voltage corresponding to the information signal to the
      recording stylus 3 and the information is recorded on the resin layer 2 on
      the recording drum 1 as a latent image. During the recording of the latent
      image, the magnet drum 6 disposed within the developing unit 7 is rotated
      clockwise by another drive source (not shown) and thus the toner does not
      become attached to the recording drum 1. Upon completion of the recording
      of the latent image of the information signal onto the recording drum 1,
      the magnet drum 6 is driven in the counter-clockwise direction to supply
      the powdery developer 5 to the surface of the recording drum 1 carrying
      the latent image so that the toner attached to that surface to form a
      powder image 8.
PAR  When the recording sheet 9 driven by another driving source is fed to make
      rolling contact with the recording drum 1 carrying the powder image 8, the
      powder image 8 is transfer printed onto the recording sheet 9, since the
      electrostatic charger 16 applies to the recording sheet 9 an electrostatic
      force which is greater than the electrostatic force between the latent
      image and the recording drum 1. The toner transferred to the recording
      sheet 9 is then heated by the heater 17 to be fused so that it is firmly
      attached to the recording sheet 9. The residual charge eraser 18 removes
      the charge carried by the toner remaining on the recording drum 1 without
      being transferred to the recording sheet 9 and erases or neutralizes the
      residual charge on the resin layer 2 covering the surface of the recording
      drum 1, thereby eliminating any adverse effect on the next recording
      operation.
PAR  The need for cleaning is unnecessary by virtue of the provision of the
      residual charge eraser 18 which will be described with reference to FIGS.
      7 and 8.
PAR  As shown in FIG. 7a, a signal voltage is applied through the recording
      stylus 3 to the recording drum 1, which is made from a conductive material
      having a small insulation resistance and is provided on its surface with
      the layer 2 of a non-adhesive and highly heat-resistive resin, and thus a
      laten image (shown by + in FIG. 7a) corresponding to the signal is formed
      on the recording drum 1. Then, as shown in FIG. 7b, the magnet drum 6
      carrying thereon the powdery developer 5 which is a mixture of a carrier
      such as iron powder and a toner makes friction contact with the surface of
      the recording drum 1 carrying the latent image theeon. As a result, the
      toner 20 of the polarity opposite to the polarity of the latent image
      attached to the recording drum 1 to form a visible image (powder image) 8
      in the manner described above.
PAR  In FIG. 7c showing the step of transfer printing under heat, the recording
      sheet 9 heated by the heating drum 10 is brought into rolling contact with
      the recording drum 1 carrying the powder image 8 thereon. Since the
      recording drum 1 having the toner 20 attached thereto is provided on its
      surface with the non-wetting, non-adhesive, a highly heat-resistive and
      electrically insulating resin layer 2, the toner 20 forming the powder
      image 8 is easily transferred onto the recording sheet 9 heated by the
      heating drum 10 and is fused to become firmly attached to the recording
      sheet 9. Then, when the recording sheet 9 is pulled away from contact with
      the recording drum 1, the information is transfer printed onto the
      recording sheet 9 to provide a permanent image 21 as shown in FIG. 7d.
PAR  The recording is carried out in this manner. When, however, the temperature
      of the heating drum 10 is too high and the recording sheet 9 is kept
      pressed against the recording drum 1 for a length of time far greater than
      is required, a portion of the toner may adhere to the recording drum 1 as
      shown by 20' in FIG. 7e. When, on the other hand, the temperature of the
      heating drum 10 is to low and the recording sheet 9 is pressed against the
      recording drum 1 for a length of time far less than is required, the toner
      20 would not be substantially transferred to the recording sheet 9 and the
      greater portion of the toner 20 may remain on the recording drum 1. In
      both of these cases, not only the quality of the image (permanent image
      21) to be recorded is extremely degraded, but also the toner portion 20'
      which is firmly attached to or that remains on the surface of the
      recording drum 1 affects adversely the suceeding recording operation and
      the formation of a latent image so that satisfactory recording cannot be
      carried out.
PAR  In the common xerography system, therefore, means such as a soft brush of
      wool is employed to forcedly remove the toner portion 20' remaining on the
      recording drum 1. However this requires a very complex mechanism and yet
      the toner portion 20' cannot be easily removed. Further, due to the fact
      that the charge of the latent image still remains on the recording drum 1
      even though the toner portion 20' remaining on the recording drum 1 is
      removed, the toner 20 may become attached to the previously formed latent
      image portion during the developing step in the next recording operation,
      thereby giving rise to a disturbance of the next image.
PAR  The above defects are overcome by the present invention in which the
      residual charge eraser 18 for erasing the charge stored on the latent
      image and the remaining toner portion 20' on the recording drum 1 or for
      charging them slightly in the opposite polarity is disposed opposite to
      the recording drum 1 and is arranged to move in a direction shown by the
      arrow in FIG. 8a while being applied with a suitable A.C. voltage or a
      D.C. voltage of the polarity opposite to that of the signal voltage. Thus,
      when the residual charge eraser 18 moves over the recording drum 1, the
      charge carried by the latent image and the toner portion 20' still remains
      on the recording drum 1 after the transfer printing is completely removed
      or the latent image and the toner portion 20' are slightly charged to a
      polarity opposite to the polarity of the signal voltage. In the next
      recording operation, information transmitted through the recording stylus
      3 is formed as a latent image of charge on the recording drum 1 carrying
      the remaining toner portion 20' which is free from any charge as shown in
      FIG. 8b. Then, when the magnet drum 6 carrying thereon the powdery
      developer 5 which is a mixture of iron powder and the toner makes rubbing
      contact with the surface of the recording drum 1 as shown in FIG. 8c, the
      toner portion 20' is rubbed away from the recording drum 1 by the magnet
      drum 6 and the toner 20 in the powdery developer 5 is solely attached to
      the surface of the recording drum 1 carrying the latent image as the toner
      portion 20' is free from any charge.
PAR  Thus, the portion of the toner 20' which still remains after the developing
      step can be completely removed and a satisfactory recorded image can be
      obtained without any undesirable disturbance to the image by the preceding
      record. In the step of the transfer printing under heat as shown in FIG.
      8d; the temperature of the heating drum 10 and the length of time of the
      pressure contact between the recording drum 1 and the recording sheet 9
      may be suitably selected so as not to cause the firm attachment of the
      toner 20 to the recording drum 1. Thereafter, the recording sheet 9 is
      stripped off the recording drum 1 as shown in FIG. 8e. Any toner portion
      20' remaining on the recording drum 1 does not adversely affect the nest
      record.
PAR  Although the charge carried by the latent image and the toner portion 20'
      on the recording drum 1 is removed by the residual charge eraser 18 in
      FIG. 8a, the charge may be removed prior to the transfer printing of the
      image onto the recording sheet 9, that is, immediately after the step
      shown in FIG. 8c so as to facilitate the transfer printing of the image
      onto the recording sheet 9. Further, although the above description has
      referred to the method of transfer printing under heat, it will be
      apparent that the same applies to the method of electrostatic transfer
      printing in which an electrostatic charge is applied to the recording
      sheet 9 for electrostatically transferring the toner 20 on the recording
      drum 1 onto the recording sheet 9.
PAR  A practical apparatus according to the present invention will be described
      with reference to FIGS. 4 through 6. The apparatus includes a base 101
      having a pair of stands 102 and 103 upstanding from opposite end portions
      thereof. End plates 104 and 105 are firmly secured to the respective
      stands 102 and 103. As best shown in FIG. 6, a toner casing 106 contains
      therein a mass of a powdery developer 111, and a magnet drum 109 and a
      sweeping plate 110 are disposed within the toner casing 106. The magnet
      drum 109 is composed of a drum member 107 of brass or like material and a
      plurality of magnets 108 for rubbing, embedded in the outer peripheral
      portion of the drum member 107 and having an axial length equal to the
      length of the drum member 107. The shaft 112 of the magnet drum 109
      carries a sprocket 113 at one end thereof, and a chain 114 engages the
      sprocket 113 to drivingly connect the shaft 112 with a motor 115. A
      recording drum 116 is covered on its surface with a layer 156 of resin
      material of the kind previously described. One end of the shaft 117 of the
      recording drum 116 is journaled in a bearing 118 and connected to a motor
      120 through a coupling 119, while the other end of the shaft 117 is
      provided with a clutch 122 and is received in a bracket 121. A lead screw
      123 for a scanner 125 carrying a recording stylus 124 is rotatably
      supported at one end thereof by the end plate 105 and at the other end by
      the end plate 104. A motor 126 drives the lead screw 123 through a gear
      train such that a gear 127 mounted on one end of the lead screw 123 meshes
      with a gear 128 and a gear 129 coaxial with the gear 128 meshes with a
      gear 130 mounted on the shaft of the motor 126. The scanner 125 is mounted
      on a slide rod 131 and a guide 132 so as to be slidable in the axial
      direction of the recording drum 126. One end of the slide rod 131 is
      connected to the end plate 104 through a spring 133 and a holder 134,
      while the other end of the slide rod 131 is connected to the end plate 105
      through a connecting rod 135 and a rotary solenoid 136. A rope 137 is
      anchored at one end thereof to a hook 138 provided at the lower portion of
      the scanner 125 and at the other end to a spool 141 mounted on a spool
      shaft 140 through an idler 139.
PAR  A residual charge eraser 142 includes an electrode 143 which is supported
      by an electrical insulator 144 in such a manner that one end thereof is
      opposite to the recording drum 116. The electrical insulator 144
      supporting the electrode 143 is covered by a metal cover 145. The charge
      eraser 142 is firmly secured at opposite ends to the end plates 104 and
      105 through L-shaped members 146. An electrostatic charger 147 is disposed
      adjacent to the reverse side of a recording sheet 150 which makes rolling
      contact with the recording drum 116 by being guided by guide rollers 148
      and 149. The electrostatic charger 147 includes a central discharge
      electrode 151 of piano wire of the like and a casing 153 securely fixed to
      a side plate 154. The casing 153 is provided with an opening 152 opposite
      to the recording drum 116.
PAR  The scanner 125 having the recording stylus 124 makes a sliding movement so
      that the recording stylus 124 contacts the recording drum 116 at the
      topmost portion of the latter. The recording stlyus 124 can swing through
      an angle .theta. by means of a holder 155 mounted on the slide rod 131 so
      that it can be moved a certain distance away from the surface of the
      recording drum 116 when not in use.
PAR  In operation, when an information signal is transmitted to the recording
      stylus 124, the scanner 125 is moved rightwardly from the left in FIG. 4
      as the lead screw 123 is rotated so as to make a scanning movement over
      the insulating resin layer 156 covering the surface of the recording drum
      116. Upon completion of the scanning of a record, the scanner 125 is
      pulled back to its leftward position by the spool 141 mounted on the spool
      shaft 140 and the rope 137 anchored to the spool 141. At this position of
      the scanner 125, the holder 155 swings through the angle .theta. to urge
      the recording stylus 124 away from the recording drum 116 by a certain
      distance. Then, the magnet drum 109 in the toner casing 106 is rotated
      clockwise or in a direction of the arrow R in FIG. 6 so that the powdery
      developer 111 attaches to the outer peripheral surface of the magnet drum
      109 to constitute a magnet brush and the powdery developer 111 is attached
      to the latent image portion on the surface of the recording drum 116.
PAR  After complete development of the latent image on the surface of the
      recording drum 116, the recording sheet 150 is fed through the guide
      roller 148 to be brought into pressure contact with the recording drum
      116, and at the same time, the charger 147 applies a charge to the
      recording sheet 150 so that the toner becomes attached to the surface of
      the recording drum 116 and is electrostaticallly transferred onto the
      recording sheet 150. Subsequently, the recording sheet 150 is stripped off
      the recording drum 116 by the action of the guide roller 149, and a heater
      applies heat to the recording sheet 150 to fix the image. Upon completion
      of the transfer printing, the charge eraser 142 erases the charge carried
      by the toner and latent image on the surface of the recording drum 116.
      More precisely, upon completion of the step of transfer printing, a high
      D.C. or A.C. voltage is applied to the charge eraser 142 with the result
      that the electrode 143 applies a corona discharge to the recording drum
      116 to neutralize or erase the charge on the recording drum 116, thereby
      completing all the steps for recording.
PAR  FIG. 9 A is a schematic view of a color copying apparatus for obtaining a
      color print by the use of an apparatus as shown in FIGS. 4 through 6.
PAR  Referring to FIG. 9, a multiple color signal produced at the transmitting
      side is transmitted by way of a transmission line 201 to a demodulator 202
      where the color signal is demodulated and separated into primary color
      signals which are then fed to the respective amplifiers 203 for magenta
      (M), 203' for cyan (C) and 203" for yellow (Y). An electrostatic recording
      stylus 204 is adapted to be applied with the voltage of the primary color
      signal delivered from the amplifier 203. The recording stylus 204 is made
      from a metal material possessing high flexibility and high resistance to
      wear and may be tungsten wire, piano wire or the like. The recording
      stylus 204 has a diameter corresponding to the density of the scanning
      lines for recording and the diameter is of the order of 80 to 90 .mu.
      when, for example, the scanning line density is about 10 lines per mm.
PAR  A recording drum 205 is composed of a drum member of a rust-free metal such
      as brass, stainless steel or aluminum, and a surface layer of a
      heat-resistive, non-adhesive, electrically insulating resin of the kind
      previously described. The thickness of the resin coating on the metal drum
      lies in the range of about 6 to 7 .mu. when it is used with an
      electrostatic recording sheet. However, in order that the resin coating
      can endure tens of thousands of recordings, the thickness is preferably
      slightly larger than the above value and experiments proved that a
      thickness of 20 to 30 .mu. is preferable. In lieu of coating the resin to
      obtain the resin layer, a sheet of such resin may be bonded to the surface
      of the metal drum.
PAR  The three recording drums 205, 205' and 205" have the same size and are
      mounted for fine adjustment so that the center-to-center spacing
      therebetween can be adjusted to the circumferential length l of the drum
      205. The recording styli 204, 204' and 204" are adjustably mounted so that
      they can be disposed in symmetrical positions relative to the respective
      recording drums 205, 205' and 205". The recording drums 205, 205' and 250"
      rotate in the direction of the arrow in FIG. 9 in synchronism with a
      signal sent from a motor M.sub.1. The recording styli 204, 204' and 204"
      are movable at a suitable speed in a direction parallel with the axes of
      the recording drums 205, 205' and 205", and this is done by a motor
      M.sub.2 and a feed mechanism. A magnet drum 207 for development has the
      same length as the recording drum 205 and is disposed within a developing
      tank 206. There are other two similar tanks 206' and 206" having
      therewithin respective magnet drums 207' and 207". The three developing
      tanks 206, 206'  and 206" contain therein a powdery developer 208 for
      magenta, a powdery developer 208' for cyan and a powdery developer 208"
      for yellow, respectively.
PAR  After the recording is done on the recording drums 205, 205' and 205", a
      motor M.sub.3 causes rotation of the magnet drums 207, 207' and 207" so as
      to simultaneously carry out the developing of the three primary colors. It
      is so devised that, when the developing unit is not in operation, the
      magnet drum 207 is rotated in the reverse direction so that the
      cooperating doctor plate scrape the powdery developer 208 off the surface
      of the magnet drum 207 or the developing unit itself is lowered to a
      predetermined lower position so that the surface level of the powdery
      developer 208 contained in the tank 206 is spaced away from the recording
      drum 205.
PAR  A charge eraser 209 is composed of a metal casing having an opening at one
      side thereof and an electrically insulated wire of very small diameter, of
      the order of, for exmaple, 0.06  mm. A high A.C. voltage of about 5 and 10
      kV is applied to the wire to ionize the ambient air to thereby neutralize
      the charge carried by the recording drum 205 by means of the ionized
      ambient air. When it is desired to erase the charge in a short length of
      time, it is effective to apply a high D.C. voltage of polarity opposite to
      the polarity of the recording voltage (400 to 700 V peak-to-peak) in lieu
      of the high A.C. voltage. In the case of the recording signal voltage of
      about + 500 V peak-to-peak, it was possible to erase the charge to an
      extent that the charge did not obstruct the next recording by applying a
      high D.C. voltage of about -5 to -6  kV for about 3 seconds.
PAR  A hot plate 210 is provided with a heater 211 and suitable clamping means
      213 for clamping a recording sheet 212 in flat relation on the lower
      surface of the hot plate 210. The recording sheet 212 onto which powder
      images are transfer printed has a size equal to the surface area of the
      recording drum 205. An effect similar to the above may be obtained by
      employing, in lieu of the hot plate 210, a hot roller of the kind
      previously described to press the recording sheet 212 against each of the
      recording drums 205, 205' 205" while heating the sheet 212 so that the
      sheet 212 makes rolling contact with the powder image on each of the
      recording drums 205, 205' and 205" . The recording sheet 212 clamped onto
      the hot plate 210 is heated by the heater 211 to a temperature which is
      slightly higher than the melting point (commonly about 100.degree. to
      120.degree. C.) of the toners electrostatically attracted onto the surface
      of the recording drums 205, 205' and 205". The recording sheet 212 carried
      by the hot plate 210 is moved in a direction of the arrow in FIG. 9 by a
      parallel feed mechanism (not shown) while successively making rolling
      contact with the surface of the recording drums 205, 205' and 205".
PAR  In operation, a multiple color signal transmitted to the demodulator 202 by
      way of the transmission line 201 is separated into primary color signals
      by the demodulator 202 and the primary color signals are supplied to the
      respective amplifiers 203, 203' and 203". The color signals are recorded
      on the surface of the recording drums 205, 205' and 205" by combination of
      the synchronous rotation of the recording drums 205, 205' and 205" and the
      axial movement of the recording styli 204, 204' and 204".
PAR  Upon completion of the recording, the developing units 206 - 208, 206' -
      208' and 206" -  208" are actuated to develop the electrostatic latent
      images on the recording drums 205, 205' and 205" with the respective
      colors. The patterns developed on the recording drums 205, 205' and 205"
      are so set that the junction thereof comes to the topmost portion of each
      of the recording drums 205, 205' and 205". As the hot plate 210 carrying
      the recording sheet 212 is advanced in the direction of the arrow while
      making rolling contact with the recording drum 205, the toner of magenta
      on the recording drum 205 is fused by the heat and the fused toner is
      transferred onto the surface of the recording sheet 212 because the
      recording sheet 212 is more adhesive than the surface of the recording
      drum 205.
PAR  After the toner of magenta on the recording drum 205 is transferred onto
      the recording sheet 212, the toner of cyan on the next recording drum 205'
      is transferred under heat onto the recording sheet 212, and similarly the
      yellow toner on the succeeding recording drum 205" is transferred under
      heat onto the recording sheet 212. The color image of magenta transfer
      printed under heat onto the recording sheet 212 would not be transferred
      onto the recording drums 205' and 205" for cyan and yellow because the
      latter toners are less adhesive than the former toner, and there is
      completely no fear that intermixing of the toners will take place on the
      recording drums.
PAR  After the step of transfer printing, electrostatic residual charge images
      remain on the recording drums 205, 205' and 205" although the toner images
      on these recording drums have been 100 percent transfer printed onto the
      recording sheet 212. Therefore, the charge erasers 209, 209' and 209"
      utilizing the corona discharge are energized to erase the residual charge
      images so that the next recording cycle can be immediately started.
PAR  The above manner of transfer printing is advantageous in that the color
      image transfer printed onto the recording sheet 212 has a satisfactory
      quality owing to the fact that the transfer printing of the toner images
      and the fixing under heat can be simultaneously effected and the color
      image is subject to the ferrotype effect because of the flatness and
      smoothness of the surface of the recording drums 205, 205' and 205".
PAR  The toners employed have commonly a melting point of the order of
      100.degree. .+-. 10.degree.C. Thus, in order to rapidly carry out the
      transfer printing by heating, it is necessary that the temperature of the
      recording sheet 212 is higher by about 50.degree. to 100.degree. C. than
      the melting point of the toners because the heat of the recording sheet
      212 is absorbed by each of the recording drums 205, 205' and 205" and a
      reduction in the temperature of the recording sheet 212 results.
PAR  The resin layer of each of the recording drums 205, 205' and 205" is
      required to be sufficiently resistive to heat so that it can withstand
      such a temperature. However, the metal drum constituting the body of each
      recording drum 205, 205' , 205" may have a large heat capacity and the
      resin layer may have a small thickness so as to suppress the temperature
      rise at the surface of the resin layer to a low value thereby to prevent
      the fused toners from adhering to the surface of the recording drums.
PAR  The recording sheet 212 has commonly a thickness of the order of 60 to 100
      .mu., and it is desirable that the temperature of the hot plate 210 and
      the time rate of advancing movement of the hot plate 210 in rolling
      contact with the recording drum be adjusted depending on the thickness of
      the recording sheet 212. An experiment was carried out using a recording
      drum of 24 -- 24 stainless steel, a resin layer of tetrafluoroethylene 20
      .mu. thick, and a recording sheet 60 .mu. thick. The experiment proved
      that the best results can be obtained when the recording drum 205 is
      rotated at a rate of about 10 to 15 seconds in the case where the
      temperature of the hot plate was 180.degree. C. and at a rate about 5 to
      10 seconds in the case when the temperature of the hot plate was
      230.degree.C.
PAR  The length of time of the above extent required for the transfer printing
      under heat does not offer any substantial problem under the conditions for
      obtaining a color print and thus a great reduction in time can be realized
      compared with the prior art color printing method which includes repeating
      the cycle of successively recording, developing and fixing different
      colors.
PAR  While the above description has referred to the case of obtaining a color
      print of three primary colors, it is preferable to increase the number of
      colors in order to obtain a print with a better reproduction of colors.
      Where it is desired to obtain a multi-color print including still more
      colors, a plurality of units each consisting of the recording drum 205,
      recording stylus 204, amplifier 203, developing unit 206 - 208 and
      residual charge eraser 209 may merely be additionally provided.
PAR  Further, although the above description has referred to the case in which
      the recording drums 205, 205' and 205" are spaced from each other at a
      distance equal to the circumferential length thereof for the convenience
      of explanation, these recording drums can be actually disposed very close
      to each other by arranging them in such a way that the leading end of the
      recording sheet 212 always registers with the marginal edge of a pattern
      when making rolling contact with the recording drum. If, for example, a
      recording sheet with a size of Japanese Industrial Standards, B 5 (182.0
      .times. 257.0 mm) is employed and the scanning direction is along the
      shorter side of the sheet, the spacing between the three recording drums
      205, 205' and 205" can be reduced to about 180 mm.
PAR  The present invention described above is analogous to the xerography
      technique in which a latent image in the form of an electrical charge is
      formed on a drum of photoconductive selenium by optical means, and after
      developing the image with a toner, the toner image is transfer printed
      onto a recording sheet. However, the drum of photoconductive selenium in
      xerography is very easily damaged, hence expensive, and requires complex
      handling, and a drum cleaning means is indispensably required because the
      toner image still remains on the drum after it has been transfer printed
      onto a recording sheet. In contrast to xerogrphy, any such cleaning means
      is not required in the present invention and the recording drum can be
      easily handled since the resin layer on the surface of the recording drum
      can be simply provided and is inexpensive. Furthermore, inexpensive plain
      paper can be used as a recording sheet for obtaining a print of a pattern
      and a color print can also be obtained with such plain paper.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for recording an image by transfer printing comprising a
      recording drum composed of a drum member of conductive metal and a layer
      of resin covering the surface of said drum member, said layer having a
      breakdown voltage of not less than 1 KV, a volume resistivity of more than
      10.sup.14 .OMEGA. cm, a surface resistivity of more than 10.sup.14 .OMEGA.
      and no pinholes and preventing fused toner from attaching thereto, means
      for applying information .[.in the form of a signal voltage.]. .Iadd.of
      the image .Iaddend.to the surface of said recording drum .[.through a
      recording electrode thereby.]. to form a latent image of an electrical
      charge on the surface of said recording drum, developing means for
      selectively supplying a powdery developer .[.through the medium of a
      magnet drum.]. to the latent image .[.formed.]. .Iadd.to form a powder
      image .Iaddend.on .Iadd.the surface of .Iaddend.said recording drum,
      heating means for applying heat to a recording sheet, and means for
      transfer printing the powder image  .[.that is selectively attached to the
      latent image portion.]. on .Iadd.the surface of .Iaddend.said recording
      drum onto the heated recording sheet, and at the same time, fusing the
      powder to firmly fix .Iadd.the .Iaddend.same to the recording sheet under
      heat.
NUM  2.
PAR  2. An apparatus for recording an image by transfer printing as defined in
      claim 1, in which said layer of resin is made of polyamide imide.
NUM  3.
PAR  3. An apparatus for recording an image by transfer printing as defined in
      claim 1, in which said developing means .[.is further characterized by a
      support,.]. .Iadd.includes .Iaddend.a magnet drum which .[.comprised.].
      .Iadd.comprises a support and .Iaddend.rubber magnets having the same
      axial length as the support and being embedded radially in the outer
      peripheral portion of the support, a sweeping plate being engaged at a
      portion thereof with the outer surface of .[.said.]. .Iadd.the
      .Iaddend.magnet drum for controlling the amount of the powdery developer
      .[.supply.]. .Iadd.supplied .Iaddend.to .[.the.]. .Iadd.said
      .Iaddend.recording drum, and a drive source for .Iadd.selectively
      .Iaddend.rotating the magnet drum in .[.either.]. .Iadd.both the
      .Iaddend.normal .[.or.]. .Iadd.and .Iaddend.reverse .Iadd.directions
      .Iaddend..[.direction.]. .
NUM  4.
PAR  4. An apparatus for recording an image by transfer printing comprising a
      recording drum composed of a drum member of conductive metal and a layer
      of resin covering the surface of said drum member, said layer having a
      breakdown voltage of not less than 1 KV, a volume resistivity of more than
      10.sup.14 .OMEGA. cm, a surface resistivity of more than 10.sup.14
      .[.106.]. .Iadd..OMEGA..Iaddend. and no pinholes and preventing fused
      toner from attaching thereto, means for applying information .[.in the
      form of a signal voltage.]. .Iadd.of said image .Iaddend.to the surface of
      said recording drum .[.through a recording electrode thereby.]. to form a
      latent image of an electrical charge on the surface of said recording
      drum, developing means for selectively supplying a powdery developer
      .[.through the medium of a magnet drum.]. to the latent image .[.formed.].
      .Iadd.to form a powder image .Iaddend.on .Iadd.the surface of
      .Iaddend.said recording drum, electrostatic charging means disposed
      adjacent to the back face of a recording sheet in contact with the
      .[.powdery developer selectively attached to the latent image.].
      .Iadd.powder image to be transfer printed, .Iaddend.and residual charge
      erasing means disposed opposite to said recording drum for removing the
      .[.electrostatic force.]. .Iadd.electric charge .Iaddend.remaining on the
      surface of said recording drum after the powder image on .Iadd.the surface
      of .Iaddend.said recording drum has been transfer printed onto the
      recording sheet so as to make it possible for the following information
      .Iadd.of an image .Iaddend.to be applied to .Iadd.the surface of
      .Iaddend.said recording drum without cleaning the .[.powder image.].
      .Iadd.powdery developer .Iaddend.remaining on the surface of .[.the.].
      said recording drum .[.after the recording sheet transfer printed.]. .
NUM  5.
PAR  5. An apparatus for recording an image by transfer printing as defined in
      claim 4, in which said layer of resin is made of polyamide imide.
NUM  6.
PAR  6. An apparatus for recording an image by transfer printing as defined in
      claim 4, in which said developing means includes .[.a support,.]. a
      magnetic drum which comprises .Iadd.a support and .Iaddend.rubber magnets
      having the same axial length as the support and being embedded radially in
      the outer peripheral portion of the support, a sweeping plate being
      engaged at a portion thereof with the outer surface of .[.said.].
      .Iadd.the .Iaddend.magnet drum for controlling the amount of the powdery
      developer .[.supply.]. .Iadd.supplied .Iaddend.to .[.the.]. .Iadd.said
      .Iaddend.recording drum, and a drive source for .Iadd.selectively
      .Iaddend.rotating the magnet drum in .[.either.]. .Iadd.both the
      .Iaddend.normal .[.or.]. .Iadd.and .Iaddend.reverse .[.direction.].
      .Iadd.directions.Iaddend. .
NUM  7.
PAR  7. An apparatus for recording an image by transfer printing comprising a
      plurality of sets each .[.consisting of.]. .Iadd.including .Iaddend.a
      recording drum having a layer of resin covered .[.in.]. .Iadd.on
      .Iaddend.the surface thereof, said layer having a breakdown voltage of not
      less than 1KV, a volume resistivity of more than 10.sup.14 .[.106.].
      .Iadd..OMEGA..Iaddend. cm, a surface resistivity of more than 10.sup.14
      .OMEGA. and no pinholes and preventing fused toner from attaching thereto,
      means for recording information .Iadd.of the image .Iaddend.on the surface
      of said recording drum .[.through the medium of electrostatic recording
      means thereby to form.]. .Iadd.in the form of .Iaddend.a latent image
      .Iadd.of an electrical charge .Iaddend.on the surface of said recording
      drum, and means for developing the latent image, said sets being arranged
      side by side equal and corresponding to the number of required primary
      colors .Iadd.of the image, .Iaddend..[.and demodulator.]. means for
      separating a multiple color signal .Iadd.of the image .Iaddend.into the
      respective primary color signals so that the primary color signals are
      .Iadd.simultaneously .Iaddend.recorded on the .Iadd.respective
      .Iaddend..[.surface.]. .Iadd.surfaces .Iaddend.of said recording drums by
      said .Iadd.respective .Iaddend.recording means and then developed by said
      .Iadd.respective .Iaddend.developing means and .[.a recording sheet is
      successively brought.]. .Iadd.means for successively bringing a recording
      sheet .Iaddend.into contact with the .Iadd.respective
      .Iaddend..[.surface.]. .Iadd.surfaces .Iaddend.of said recording drums for
      the transfer printing of the .[.color.]. .Iadd.developed .Iaddend.images
      onto the recording sheet.
NUM  8.
PAR  8. An apparatus for recording an image by transfer printing as defined in
      claim 7, in which said layer of resin which covers each surface of said
      plurality of recording drums arranged side by side equal and corresponding
      to the number of required primary colors is made of polyamide imide.
NUM  9.
PAR  9. An apparatus for recording an image by transfer printing comprising
      means for forming a latent image on a layer of resin and at a location
      opposite to the surface of a recording drum driven by an electric motor,
      said layer covering the surface of the recording drum and having a
      breakdown voltage not less than 1 KV, a volume resistivity of more than
      10.sup.14 .OMEGA. cm, a surface resistivity of more than 10.sup.14 .OMEGA.
      and no pinholes and preventing fused toner from attaching thereto,
      developing means for selectively supplying a powdery developer to the
      latent image formed on .Iadd.the surface of .Iaddend.the recording drum,
      means for transfer printing the developed image formed by the
      .Iadd.powdery .Iaddend.developer selectively attached to the latent image
      onto a recording sheet contacting .[.said.]. .Iadd.the .Iaddend.recording
      drum, and residual charge erasing means disposed opposite to .[.said.].
      .Iadd.the .Iaddend.recording drum for removing the electric charge
      remaining on .[.said.]. .Iadd.the .Iaddend.recording drum without cleaning
      the surface of .[.said.]. .Iadd.the .Iaddend.recording drum after the
      developed image has been transfer printed onto the recording sheet, in
      which said means for forming a latent image comprises a holder which is
      mounted on a slide rod so as to be movable in the axial direction of the
      recording drum and a recording .[.stulus.]. .Iadd.stylus .Iaddend.which is
      mounted on the holder and one end of which contacts the surface of the
      recording drum only in the case of a signal voltage being applied, said
      developing means comprises a magnet drum which is housed in a casing and
      is mounted so as to be .Iadd.selectively .Iaddend.rotatable in
      .[.either.]..Iadd.both the .Iaddend.normal .[.or.]. .Iadd.and
      .Iaddend.reverse .Iadd.directions.Iaddend..[.direction.]., a powdery
      developer which is supplied to the recording drum by the magnet drum only
      in the case of the latent image being developed and a sweeping plate which
      is engaged at a portion thereof with the outer surface of the magnet drum
      for controlling the amount of the powdery developer .[.supply.].
      .Iadd.supplied .Iaddend.to the recording drum in response to the rotating
      direction of the magnet drum, said means for transfer printing comprises
      .[.a recording sheet which is brought into contact with the recording drum
      by.]. a guide roller .Iadd.which brings the recording sheet into contact
      with the recording drum .Iaddend.and a charging means disposed on the back
      side of the recording sheet, and said residual charge erasing means
      comprises an electrode which is covered by a cover and one end of which is
      opposed to the recording drum .Iadd.and the other end of which is
      supported by the cover .Iaddend.through an insulator.
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ABST
PAL  A swimsuit, particularly for women comprising a tight-fitting body having
      an elongated opening porous seam down the back, extending from the neck to
      adjacent the waist for the escape of air or water from inside the
      swimsuit.
BSUM
PAR  The innovation refers to a swimsuit, especially a woman's swimsuit made out
      of an elastic material, for example Lycra-material or similar.
PAR  Swimsuits made out of more or less elastic materials are known. On the one
      hand, and for aesthetic reasons they should fit tight to the body, but
      most of all they should reduce the water resistance as much as possible,
      especially in competitive swimming and races, through the tight fit to the
      body.
PAR  It is known that swimmers and especially female swimmers, wear swimsuits
      made from a Lycra-material, which for example consists of 75% nylon and
      25% Lycra (Polyurethane) and usually is produced on a knitting machine.
      Swimsuits made out of this kind of material have the advantage that they
      adapt especially well to the individual body sizes. This very strongly
      elastic material is very tight and therefore has only minimal
      air-penetration.
PAR  It has been observed that if a swimmer wearing such a swimsuit dives by
      means of a racing start into the water, one or more holes or creases are
      formed at the back- and chest cut of the swimsuit, through which air
      penetrates between the body and the swimsuit during the racing start. The
      same thing can also occur during swimming itself if, for example, the back
      of the swimmer gets above the water surface, or if air bubbles created
      during swimming penetrate between the swimsuit and the body.
PAR  It is obvious that not only can the water resistance be increased through
      this creation of a wrinkle in the material, but also that the air pockets
      between the swimsuit and the body caused by the minimal air permeability
      of the material (especially of a wet material) will produce an increased
      water resistance. These air pockets are furthermore annoying and
      uncomfortable and even disturb the swimming motions, so that these air
      pockets influence the achievements in competitive swimming, especially the
      speed because of the increased water resistance.
PAR  It is further undesirable that during the entry into the water and during
      the swimming itself, water should penetrate between the skin and the
      swimsuit, because this water uses energies, if it is to escape through the
      material of the swimsuit, which again affects the achievement and the
      speed during the swimming, and also increases the water resistance.
PAR  In order to overcome these difficulties it has been suggested -- among
      other things, to cover the chest-cut and back-cut as well as the edges of
      the leg openings of such swimsuits with an adhesive substance prior to
      putting the suit on the body, so that these edges covered with the
      adhesive can then stick together with the skin after the suit is on the
      body. The gluing of the chest- and back-cut are to prevent the entry of
      either air or water between the swimsuit and the skin, whereas the gluing
      of the leg openings is only to stretch the swimsuit tightly.
PAR  The application of the adhesive and especially the gluing of the swimsuit
      to the skin is rather difficult and not without problems. It requires a
      lot of time, and it presents difficulties during the gluing itself, as
      well as during the removal of the glued swimsuit from the skin, which
      female swimmers as a rule find objectionable. If the swimsuit has been
      used once, the adhesive has to dry and then be removed with gasoline in
      order to remove skin particles and fat. The swimsuit can be used once or
      twice without the application of new adhesive, however the sticking power
      decreases in each case.
PAR  The invention tries to avoid these disadvantages and has created a swimsuit
      which prevents the entry of air or water between the body surface and the
      swimsuit during a racing start and during swimming itself, without the use
      of an adhesive. Furthermore, provisions were made to allow water or air to
      escape easily from between the body and the swimsuit, if the entry of air
      and water cannot be completely avoided.
PAR  This problem is solved with an invention that provides each swimsuit on its
      front- and back side with a bodice and a back piece that extends to the
      neck of the person wearing the suit.
PAR  Between the chest- and the back part of the swimsuit appropriately only a
      tight opening exists, which encloses the neck of the person tightly.
PAR  It is another advantage that the yoke is faced with an elastic band so that
      the edge of the swimsuit adheres very tightly to the neck of the person. A
      special feature of the invention provides that the swimsuit has at least
      one opening on its back part for the escape of the air.
PAR  This opening for the escape of the air is advantageously arranged along the
      longitudinal center line of the back part and it can be in the form of a
      slit or an air-porous seam. An advantage of this seam is its lattice-like
      structure and it can run from the top part of the back to somewhat below
      the waist. A width of 3 to 5 mm for this seam is considered to be
      especially advantageous.
DRWD
PAR  The identifying objects and advantages of the invention can be seen from
      the following description of a preferred embodiment taken in connection
      with the accompanying drawing in which:
PAR  FIG. 1 is a back elevation of a swimsuit with an opened laced seam.
PAR  FIG. 2 is a front elevation of the swimsuit showing the high fitted yoke
      for the neck.
DETD
PAR  The swimsuit 10 according to FIG. 1 has a back part, which along the center
      line 12 has a slit-like opening 14 which runs from the upper end of the
      back part 16 to a point between the waist and the seat. If necessary, the
      opening 14 can, for example, stop at the waist or continue down to the
      seat.
PAR  This opening 14 is advantageously made in the form of an air-porous seam 18
      which has a laced closure. For this purpose at least one thread 20,22 runs
      zigzag from each edge of the seam, across each other and are appropriately
      sewn to the seam edges. It may be expedient to secure the threads 20,22 to
      each other at these crossing points.
PAR  The width of the seam runs from about 3 mm to about 5 mm, however this
      measurement is not to be viewed as limiting.
PAR  This seam in the back part of the swimsuit holds it tightly together, but
      nevertheless permits the escape of air and water if such should penetrate
      between the body and the swimsuit.
PAR  FIG. 2 shows the front of the swimsuit 10 which, for example, is made from
      an elastic Lycra-material and is very tightly cut so that it fits firmly
      and without wrinkle formation to the body of the person wearing it. The
      arm and leg openings are also tightly cut to obtain a tight fit. According
      to the invention, the swimsuit 10 extends up to the neck of the person on
      the front and on the back side so that a bodice 12 and the corresponding
      back part 14 fit tightly around the neck and the nape of the neck and
      enclose the neck tightly. The yoke 16 has appropriately been kept so
      narrow that the swimsuit encloses the neck of the person with some tension
      without, however, being uncomfortable or impeding the person in any way.
      The edge of the yoke 16 is appropriately fitted with an elastic band to
      further improve the fit and the tight enclosure of the swimsuit at the
      neck. Any suitably closed shoulder opening 18 may be provided to permit
      donning the swimsuit.
PAR  In some instances it may be advantageous to pull up the yoke by means of a
      small piping, in which case this piping can also be fitted with an elastic
      band to make it fit tightly and firmly around the neck of the person
      wearing the suit and thus prevent the entry of air and water between the
      body and the swimsuit.
CLMS
STM  I claim:
NUM  1.
PAR  1. A swimsuit comprised of an elastic material adapted to snugly fit the
      wearer and including a waist portion of reduced diameter between a lower
      and an upper portion, said upper portion including front and back parts
      extending upwardly from said waist portion between a pair of arm cutouts
      and joining each other on each side of the wearer's neck to form a
      generally circular neck opening which encircles the wearer's neck to
      substantially prevent water and air from entering the suit through the
      neck opening with the uppermost point on said neck opening lying at the
      rear thereof, a narrow elongate-shaped passage below the rear of said neck
      opening extending centrally from said uppermost point through said back
      part and downwardly into and below said waist portion, and means extending
      throughout the length of said elongate passage for maintaining it in said
      narrow shape whereby air or water entering said suit may exit through said
      opening.
NUM  2.
PAR  2. The swimsuit of claim 1 wherein said elongate passage is formed along a
      longitudinal seam of material extending centrally from the lowermost
      extremity of said lower portion upwardly to said neck opening.
NUM  3.
PAR  3. The swimsuit of claim 1 wherein said elongate passage is an opening
      between opposed edges of said suit material held together by a continuous
      open lacework extending throughout the length thereof.
NUM  4.
PAR  4. The swimsuit of claim 3 wherein said lacework extends in diagonal zigzag
      fashion throughout the length of said opening with each lace thread
      extending between said opposed edges at an oblique angle thereto.
NUM  5.
PAR  5. A swimsuit comprised of a material adapted to snugly fit the wearer and
      having a generally uniform fluid porosity, said suit including a waist
      portion between a lower and upper portion, said upper portion including
      front and back parts extending upwardly from said waist portion between a
      pair of arm cutouts and joining each other on each side of a generally
      circular neck opening positioned to encircle the wearer's neck to
      substantially prevent water and air from entering the suit through the
      neck opening with the uppermost point on said neck opening lying at the
      rear thereof, and an elongate area below the rear of said neck opening
      extending centrally from said uppermost point through said back part and
      downwardly into and below said waist portion, said elongate area being of
      substantially increased fluid porosity with respect to the remainder of
      said suit and being of narrow width whereby air or water entering said
      suit may exit through said elongate area.
PATN
WKU  039328970
SRC  5
APN  5319226
APT  1
ART  353
APD  19741212
TTL  Hockey garter belt
ISD  19760120
NCL  3
ECL  1
EXP  Larkin; Geo. V.
NDR  1
NFG  3
INVT
NAM  Young; Nathan H.
CTY  Boynton Beach
STA  FL
ASSG
NAM  Baka Manufacturing Co., Inc.
CTY  Plainville
STA  MA
COD  02
CLAS
OCL    2306
XCL  41F 1900
FSC    2
FSS  300-306;311-314;323
UREF
PNO  675748
ISD  19010600
NAM  Magoris
OCL    2304
UREF
PNO  1551358
ISD  19250800
NAM  Anderson
XCL    2306
UREF
PNO  2530850
ISD  19501100
NAM  Atchley
OCL    2306
UREF
PNO  2579190
ISD  19511200
NAM  Kaldor
OCL    2306
UREF
PNO  2975432
ISD  19610300
NAM  Johnson
OCL    2306
UREF
PNO  3374636
ISD  19680300
NAM  Mason
XCL    2312
LREP
FRM  Wolf, Greenfield & Sacks
ABST
PAL  A hockey garter belt includes an elongate body encircling member formed
      from three sections connected end-to-end in which the intermediate section
      is elasticized so that the belt may be stretched in a body encirling
      direction. The opposite ends of the belt may be fastened by cooperation of
      a looped fabric at one end of the belt with hook members fastened to the
      other end of the belt. A plurality of garter straps are attached to the
      belt at selected locations to reinforce the belt.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to improved garter belts which are adapted
      particularly for use as part of a hockey uniform to support relatively
      heavy stockings which typically are worn as part of a hockey uniform. The
      invention provides a number of advantages and is an improvement over prior
      hockey garter belts in that it employs an improved reinforcing
      arrangement, is of significantly less expensive construction than prior
      hockey garter belts and is usable over a wide range of sizes.
PAR  In brief, the belt is formed from three sections connected end-to-end in
      which the end sections are non-stretchable while the intermediate section
      is made from an elasticized, stretchable material. One of the end sections
      is formed from an inexpensive non-stretchable fabric having a surface
      which defines a multiplicity of looped fibers. A fastening element which
      includes a multiplicity of resilient hook members is secured to the
      opposite end of the belt to engage and be locked to the looped fabric when
      the device is worn. A plurality of garter straps are attached to the belt
      at spaced locations thereon and at least some of the garter straps are
      secured in a manner to overlap the juncture between the intermediate
      section and one or both of the end sections to enhance the strength at the
      juncture.
PAR  The invention will be understood more fully from the following further
      description of an embodiment thereof, reference to the accompanying
      drawings in which:
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an illustration suggesting the manner in which the hockey belt is
      worn about the torso;
PAR  FIG. 2 is a plan illustration of the belt as seen from the outside surface;
      and
PAR  FIG. 3 is a plan illustrationn of the belt as seen from the inside surface.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The belt is intended to be worn as suggested in FIG. 1 by wrapping it about
      the waist. The belt includes a pair of end sections 10, 12 which are
      non-stretchable and an intermediate section 14 which is made from an
      elasticized webbing and which is stretchable along its length and in a
      body encircling direction. The end sections 10, 12 are secured to the
      opposite ends of the intermediate section 14 as by overlapping them and
      stitching as shown at 16, 18. The end section 10 which preferably is at
      least one third the overall unstretched length of the belt is made from a
      looped fabric which may be of woven cotton having the loops extending from
      the outwardly facing surface 20 of the belt. The fabric for the end
      section 10 is inexpensive and is non-stretchable. End section 10
      preferably also has a soft liner 22 on the opposite, inside surface. The
      peripheral edge of the end section may be bound by a strip of cloth 24 as
      shown.
PAR  The outer end of the other end section 12 is provided with a strip of
      fastener material 26 for example, of the type marketed under the trademark
      Velcro which includes a multiplicity of closely spaced outwardly
      protruding hook-like fasteners such as those described in U.S. Pat. No.
      2,933,797. The hooks may be made of nylon or other suitable material which
      enables them to hold their shape and remain in an upstanding configuration
      to face away from the surface of the section 12. When the belt is worn,
      the hooks will face inwardly and can be easily pressed into firm locking
      engagement with the loops on the outwardly facing surface of the section
      10. The width of the fastener material 26 is substantially equal to the
      width of the exposed looped material.
PAR  The belt includes a plurality of garter straps 28 each of which is secured
      at its upper end to the belt with the straps being spaced along the belt.
      A stocking fastener 30 is secured to the lower free end of each of the
      garter straps. Typically, the garter belt will employ four such straps,
      two for use with each stocking. In the preferred embodiment, the two
      inside garter straps 28A are longer than the outside garter straps 28B.
      When worn as suggested in FIG. 1, the inside straps will be disposed
      adjacent the back of the wearer's leg and the outside straps will be
      disposed nearer to the front of his leg. By employing longer garter straps
      28A to attach to the stocking along the backside of the leg, the garter
      strap 28A can stretch more readily and does not restrict the wearer's
      movement as might be the case if the rearward straps 28 were relatively
      short as the same length as straps 28B. In this regard, it may be noted
      that hockey players often assume a crouched position in which there is
      more of a tendency to stretch the rearwardly disposed garter straps 28A.
PAR  It also is preferred to secure the garter straps 28 to the body encircling
      member in a manner which reinforces one or both of the stitchings 16, 18,
      where the end sections 10, 12 are joined to the intermediate section 14.
      Thus, as shown, one or more of the garter straps 28 may be located to span
      the juncture of the intermediate section with an end section and may be
      stitched as by the rectangular stitching pattern 32 both to stitch the
      garter strap 28 to the body encircling member as well as to provide
      additional reinforcement for the overlapping stitched region where the end
      section 12 and intermediate section 14 are joined. In addition, it is
      preferred to stitch the garter straps to the inside surface of the body
      encircling member, particularly when it is desired to secure one of the
      garter straps 28 to the end section 10 which includes the looped fabric.
      By fastening the garter strap 28 to the inside surface of end section 12
      the outwardly facing loops 20 are not interfered with and the fastener
      material 26 may be secured to the loops even over the region where the
      garter strap 28 is stitched to the end section 10.
PAR  It will be appreciated that the foregoing arrangement results in a hockey
      garter belt which can be used over a wide range of sizes. This results
      from the fact that in addition to the stretchable feature of the
      elasticized intermediate section 14, the end section 12 on which is formed
      the looped fastening elements 20 extends over a very substantial portion
      of the length of the body encircling member, at least one third of its
      length and, perhaps as much as half of the length. In addition, by
      employing the relatively inexpensive looped fabric for a substantial
      portion of the belt, the cost of the belt is reduced significantly.
PAR  It should be understood that the foregoing description of the invention is
      intended merely to be illustrative thereof and that other embodiments and
      modifications may be apparent to those skilled in the art without
      departing from its spirit.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A hockey garter belt comprising:
PA1  a body encircling member having first and second elongate end sections and
      intermediate elongate section, the end sections being connected to
      opposite ends of the intermediate section;
PA1  the first of the end sections being formed from a nonstretchable web of
      material;
PA1  the second of the end sections being formed from a nonstretchable web of
      material and having one surface thereof substantially completely covered
      by and defining a looped fabric, the looped fabric extending along at
      least one third of the overall length of the body encircling member;
PA1  the intermediate section being formed from an elastic webbing which is
      stretchable in its longitudinal direction;
PA1  a plurality of elongate garter straps each formed from a length of the body
      encircling sections having at least one garter strap attached thereto at
      the inside surface thereof, each garter strap having means at the free end
      thereof for attaching a portion of a stocking thereto, at least two of the
      garter straps being attached to the elastic intermediate section;
PA1  the inwardly facing surface of the second end member being of a relatively
      soft fabric; and
PA1  a strip of fastener material secured to the free end of the first end
      section and on the opposite side of the body encircling member from that
      on which said looped fabric is disposed, the fastener material including a
      multiplicity of closely spaced hooked mem-ers to releasably lock with the
      looped fabric at any location along the looped fabric.
NUM  2.
PAR  2. A device as defined in claim 1 where at least one of the garter straps
      is secured to the body encircling member at the juncture of an end section
      and the intermediate section.
NUM  3.
PAR  3. A hockey garter belt as defined in claim 1 wherein each of the outermost
      of the garter straps is connected to its associated end section.
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ABST
PAL  The valve body of a prosthetic heart valve of annular base-cage-ball or
      disc type has its annular base member circumferentially grooved around its
      outer periphery and its cage formed with arcuate members held in such
      grooving. Preferably the arcuate members are formed with the other cage
      members from a single length of material to a closed loop configuration
      with four axially directed cage portions joined remotely from the base and
      interconnected by two diagonally opposed quadrant portions seated in the
      base groove. One of the base groove side walls is notched to receive the
      cage portions and this can provide a snap fit or the quandrants can be
      tied by threading in the groove.
BSUM
PAR  This invention concerns fluid flow control valves and more particularly
      prosthetic heart valves.
PAR  The majority of currently available prosthetic heart valves can be defined
      as having a form comprising a valve body including an annular base member
      from circumferentially spaced positions of which a plurality of elongate
      members extend first generally axially and then mutually inwardly to
      define a cage, and which further comprises a movable valve member
      captively located in the cage for movement into and out of valve-closure
      seating engagement with the base member. The cage members may or may not
      interconnect remotely from the base member, and the movable valve member
      may be a ball, disc or other form.
PAR  The present invention concerns the construction of the valve body for this
      form of valve and, more generally, provides such a body in which the base
      member is grooved circumferentially around its radially outer periphery,
      and in which the cage members are interconnected by arcuate members held
      in the base member grooving.
DRWD
PAR  For a clearer understanding of the invention, the same will now be more
      fully described, by way of example, with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 illustrates the cage of one valve body according to the invention;
PAR  FIG. 2 illustrates the cage of FIG. 1 at an intermediate stage of
      construction;
PAR  FIG. 3 illustrates a base member suitable for use with the cage of FIG. 1;
PAR  FIG. 4 illustrates the cage of FIG. 1 and the base member of FIG. 3 when
      assembled; and
PAR  FIG. 5 illustrates another cage suitable for assembly with the base member
      of FIG. 3 to produce another valve body according to the invention.
DETD
PAR  The cage of FIG. 1 is denoted generally at 10 and comprises four like first
      members 11 and two like second members 12. The first members are connected
      to each other at one set of corresponding ends from which they diverge in
      arcuate manner and then extend in rectilinear manner, the members having
      the collective shape of four uniformly spaced generators of a frusto-cone
      which is hemispherically rounded at its apex. The second members are each
      of arcuate shape, more specifically circular quadrant shape, and
      interconnect the other ends of respective pairs of the first members in a
      plane perpendicular to the axis of the cage.
PAR  This cage is advantageously made from a single length of metal which is
      formed to the shape of FIG. 2 and completed by welding the free ends of
      the terminating portions 11 to the junction of the continuously formed
      portions 11, i.e. at the cage apex.
PAR  The associated base member is denoted generally at 13 in FIG. 3 and is of
      circular annular shape having an annular groove 14 extending
      circumferentially around its radially outer periphery. One side wall 15 of
      the groove 14 is provided with four notches 16 at uniformly spaced
      locations around the base member.
PAR  The cage 10 and base member 13 are connected as shown in FIG. 4 by locating
      the cage members 12 in the base member groove 14 so that the cage members
      11 engage in the notches 16. The cage is then secured by passing threads
      17, of which only one is shown, around the junctions of cage members 11
      and 12 to span the intervening unoccupied quadrants of the groove 14, and
      tying these threads.
PAR  It will be appreciated that, in assembly of a complete valve, a movable
      valve member is conveniently located in the cage before connection of the
      latter to the base member, and that after such connection a ring of suture
      material can be located in the groove 14 in accordance with existing
      procedures. In the present instance, the cage member is suited to use of a
      ball as the movable valve member, and the present preference is for use of
      such a valve employing rigid base and movable valve members of suitable
      substrate materials having a coating of pyrolytic carbon deposited
      thereon, and a cage of polished Stellite or titanium. However, application
      of the present invention is not intended to be limited in this way. For
      example, different cage configurations are possible and one such
      configuration is shown by FIG. 5 in which the first members 11a do not all
      interconnect remotely from the second members 12a, but are connected or
      integrally formed in pairs. Such a cage configuration is suited to use
      with a movable valve member in the form of a disc, and can be made, as
      with that of FIG. 1, by bending a single elongate member of metal and
      welding the free ends. Also, this second cage configuration is connectable
      with a base member of similar form to that of FIG. 3 and in similar manner
      to that of FIG. 4.
PAR  Also, the mode of cage and base member connection may be varied, such as by
      use of a snap fit of the former into the groove and/or notches of the
      latter; and it will, in any case, be apparent that accomodation of the
      cage second members in the base member does not necessitate a groove
      wholly circumscribing the latter.
PAR  Regarding the advantages of the invention: this arises from the fact that
      initial manufacture of prosthetic heart valves of the general form in
      question involved integration of the cage and base member, with use of a
      movable valve member of resilient material whereby this member could be
      captively located. Since then, a preference has arisen for movable valve
      members of rigid materials, and this has introduced complications in valve
      construction and assembly. The present invention reduces these
      complications by the provision of components which can be made and
      assembled in relatively simple manner to produce a secure assembly having
      a geometry predetermined by the components themselves.
PAR  Lastly, it is to be noted that, while the invention has been described with
      reference to prosthetic heart valves, such valves also find application in
      connection with heart by-pass and similar equipment for handling blood.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a prosthetic heart valve comprising a valve body including an annular
      base member, from circumferentially spaced positions of which a plurality
      of elongate members extend first generally axially and then mutually
      inwardly to define a cage, and which further comprises a movable valve
      member captively located in said cage for movement into and out of
      valve-closure seating engagement with said base member, the improved valve
      body construction in which:
PA1  said base member is formed with a circumferential groove around its
      radially outer periphery;
PA1  said elongate cage members are interconnected by arcuate members held in
      said groove;
PA1  said elongate cage members and said arcuate members are defined by
      successive portions of a single elongate member having its free ends fixed
      to other points therealong to form a closed loop configuration;
PA1  and said configuration includes two arcuate member portions of diametrally
      opposed quadrant shape and location, and four elongate cage member
      portions extending generally axially from respective ends of said arcuate
      member portions, said elongate cage member portions being formed mutually
      inwardly and interconnected at their ends remote from said arcuate member
      portions.
NUM  2.
PAR  2. A valve according to claim 1 wherein said cage member portions have the
      collective shape of four uniformly spaced generators of a frusto-cone
      which is hemispherically rounded at its apex.
NUM  3.
PAR  3. A valve according to claim 1 wherein each cage member portion is
      connected, remotely from said arcuate member portions, only with that cage
      member portion extending from the respectively adjacent end of the other
      arcuate member portion.
NUM  4.
PAR  4. In a prosthetic heart valve comprising a valve body including an annular
      base member, from circumferentially spaced positions of which a plurality
      of elongate members extend first generally axially and then mutually
      inwardly to define a cage, in which further comprises a movable valve
      member captively located in said cage for movement into and out of
      valve-closure seating engagement with said base member, the improved valve
      body construction in which:
PA1  said base member is formed with a circumferential groove around its
      radially outer periphery;
PA1  said elongate cage members are interconnected by arcuate members located in
      said groove;
PA1  one side wall of said groove is notched to receive said elongate cage
      members;
PA1  and adjacent junctions of said elongate cage members and said arcuate
      members are tied by thread passing along said groove to hold said cage in
      said base member.
NUM  5.
PAR  5. In a prosthetic heart valve comprising a valve body including an annular
      base member, from circumferentially spaced positions of which a plurality
      of elongate members extend first generally axially and then mutually
      inwardly to define a cage, and which further comprises a movable valve
      member captively located in said cage for movement into and out of
      valve-closure seating engagement with said member, the improved valve body
      construction in which:
PA1  said base member is formed with a circumferential groove around its
      radially outer periphery;
PA1  said elongate cage members are interconnected by arcuate members located in
      said groove;
PA1  and one side wall of said groove is notched to receive said elongate cage
      members in a snap-fit to hold said cage in said base member.
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ABST
PAL  A combination support frame and security barrier for operatively supporting
      a plumbing facility in confronting relation with an opening in a poured
      concrete wall, partition, or the like, the assembly including a plurality
      of frame elements extending around the periphery of the opening and at
      least one security bar extending across the opening and supported at the
      opposite ends thereof by the frame elements to prevent unauthorized
      movement of a person, object, or the like through the opening.
PARN
PAR  This is a continuation of application Ser. No. 244,820, filed Apr. 17, 1972
     .
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, the present invention is directed toward a support
      frame for operatively supporting a plumbing facility, such as a lavatory,
      water closet or the like, upon a poured concrete wall, partition, etc.
      More particularly, the present invention is directed toward a new and
      improved support frame of the above described type which is particularly
      adapted for operative association with poured concrete walls having
      openings therein through which plumbing conduits, such as water supply
      lines, drain lines and the like, are disposed for communication with an
      associated plumbing facility, as might typically be utilized in an
      institution, such as a penal institution. Toward this end, the present
      invention incorporates a novel arrangement of frame elements which are
      adapted to be mounted within the concrete wall around the periphery of the
      opening and which are operatively associated with a plurality of security
      bars that extend across the opening and are supported at the opposite ends
      thereof by the frame elements to prevent unauthorized movement of an
      object, person or the like through the opening.
PAR  It is accordingly a general object of the present invention to provide a
      new and improved combination support frame and security barrier for
      operatively supporting a plumbing facility on a wall, partition, etc. and
      in confronting relation to an opening in the wall through which plumbing
      supply and drain lines are disposed.
PAR  It is a more particular object of the present invention to provide an
      assembly of the above described type which utilizes a plurality of
      security bars extending across the opening and which are cast into the
      associated concrete wall along with the support frame so as to prevent
      unauthorized passage of a person, object or the like through the opening.
PAR  It is still another object of the present invention to provide a new and
      improved combination support frame and security barrier, as above
      described, which includes means for expanding the support frame thereof
      into contiguous engagement with the periphery of the opening in the event
      the concrete in the associated wall shrinks away from the frame during the
      curing thereof.
PAR  It is still another object of the present invention to provide a new and
      improved combination support frame and security barrier of the above
      described type which is of a relatively simple design, is economical to
      manufacture and easy to install.
PAR  Other objects and advantages of the present invention will become apparent
      from the following detailed description taken in conjunction with the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an elevated perspective view of a typical plumbing facility which
      is adapted to be operatively supported upon a wall, partition or the like
      by means of the support frame and security barrier of the present
      invention;
PAR  FIG. 2 is a front elevational view of the combination support frame and
      security barrier of the present invention, as shown in operative
      association with a typical poured concrete wall or the like;
PAR  FIG. 3 is a longitudinal cross-sectional view of the support frame shown in
      FIG. 2, as shown in operative association with the plumbing facility
      depicted in FIG. 1, and
PAR  FIG. 4 is an enlarged fragmentary cross-sectional view of one of the
      security bars incorporated in the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now in detail to the drawing and in particular to FIGS. 1 and 2
      thereof, a combination support frame and security barrier assembly,
      generally designated by the numeral 10, is shown in operative association
      with a conventional plumbing facility 12 which is adapted to be mounted in
      confronting relation with an opening 14 formed in an associated wall,
      partition or the like 16. The facility 12 may be of any suitable
      construction and is representatively illustrated herein as comprising a
      generally parallelepiped shaped housing or enclosure 18 adapted to
      operatively support a conventional water closet or the like 20 on the
      forward side thereof and have a conventional lavatory of the like 22
      mounted adjacent the upper end thereof. As is well known in the art, the
      water closet 20 and lavatory 22 may be provided with conventional drain
      conduits 24, 26 respectively, and with suitable fresh water supply
      conduits 24, 26, 28 and 30, which conduits 24-30 originate within or on
      the far side of the associated wall 16 and are adapted to extend through
      the opening 14 and be connected to the facility 12. As will be appreciated
      by those skilled in the art, the ends of the conduits 24, 26, 28 and 30
      opposite those which are connected to the facility 12, are communicable
      with main supply and drain conduits (not shown) which might typically
      supply a plurality of facilities 12. As will hereinafter be described in
      detail, the assembly 10 is adapted to serve the two-fold prupose of
      operatively supporting the facility 12 upon or adjacent the wall 16 and
      also act as a security barrier to prevent the movement or passage of
      objects, persons or the like through the opening 14 in the wall 16.
PAR  Referring now in detail to the construction of the assembly 10, as best
      seen in FIGS. 2 and 3, said assembly 10 comprises a generally rectangular
      shaped frame 32 consisting of a pair of spaced parallel side frame
      elements 34 and 36 and a pair of vertically spaced, parallel top and
      bottom frame elements 38 and 40. The frame elements 34, 36, 38 and 40 are
      arranged in end-to-end abutting relationship with the opposite ends
      thereof being fixedly secured to the abutting ends of the adjacent
      elements, as by welding or the like. It will be appreciated, of course,
      that the various dimensions and orientation of the frame elements 34-40
      will be different, depending upon the configuration of the opening 14 and
      the associated plumbing facility 12, and that the respective sizes of the
      frame elements 34, 36, 38 and 40 are determined by the dimensions of the
      associated opening 14.
PAR  As best seen in FIG. 3, each of the frame elements 34, 36, 38 and 40 is of
      uniform cross-sectional shape and comprises an intermediate web portion 42
      which terminates at the opposite longitudinal edges thereof in integral
      outwardly projecting spaced parallel flange portions 44. In accordance
      with the present invention, the frame 32 is intended to be cast into the
      associated concrete wall, partition or the like 16 during the fabrication
      thereof, whereby to delineate the periphery of the opening 14 and be
      permanently fixedly secured within the wall 16. The dimensions of the wall
      16 are shown as being approximately equal to the lateral distance between
      the flange portions 44 of the frame elements 34, 36, 38 and 40, however,
      it will be appreciated by those skilled in the art that the thickness of
      the wall 16 may be either greater or smaller than that shown in FIG. 3,
      i.e. smaller or larger than the dimension of the frame elements 34, 36, 38
      and 40.
PAR  As best seen in FIG. 2, the flange portions 44 of the frame elements 34,
      36, 38 and 40 confronting the side of the wall 16 upon which the plumbing
      facility 12 is to be mounted is formed with a plurality of apertures 45
      that are cooperable with suitable fastening means, such as screws, bolts
      or the like (not shown), in operatively securing the facility 12 to the
      assembly 10.
PAR  It is noted that for certain applications, the support frame 32 may also be
      adapted to support a flush valve, representatively designated in the
      drawings by the letter V, which may be of any suitable construction and
      adapted to be manually actuated to effect a flushing of the associated
      water closet 20. Such support means on the frame 32 is preferably in the
      form of a generally cylindrical sleeve-like element 46 which is fixedly
      secured to the upper or top frame element 38 by means of a suitable
      support bracket or the like 47 at a position intermediate the side frame
      elements 32 and 34. As shown in FIG. 3, the support sleeve 46 is adapted
      to be cast integrally with the frame 32 directly within the concrete wall
      16 and is of sufficient length to extend through the wall 16 to permit the
      flush valve V to project therethrough.
PAR  In accordance with one of the features of the present invention, the
      assembly 10 is provided with a plurality of security elements or bars 48
      which are arranged in spaced parallelism in a manner best shown in FIG. 2.
      The security bars 48 are intended to extend across the opening 14 and
      thereby prevent the unauthorized movement of objects, persons and the like
      through the opening 14 at such time as the facility 12 is dismounted from
      the assembly 10. As shown in FIG. 2, the security bars 48 are somewhat
      greater in length than the lateral width of the opening 14 and as such,
      are intended to extend through suitable openings 50 in the web portions 42
      of the side frame elements 34, 36 and be imbedded or cast within the
      concrete wall, partition or the like 16. As shown, the terminal ends of
      the bars 48, herein generally designated by the numeral 52, preferably
      project outwardly beyond the side frame elements 34, 36 a sufficient
      distance so that they will cooperate with the flange portions 44 of the
      frame elements 34, 36, 38 and 40 in reinforcing the assemblage and
      permanently anchoring the same within the associated wall 16. It will be
      noted that the security bars 48 are spaced sufficiently apart to permit
      the drain conduits 24, 26 and supply conduits 28, 30 to extend through the
      assembly 10 and thereby connect the facility 12 with the associated drain
      and supply lines located within or on the opposite side of the wall 16
      from the facility 12. It will be also noted that the security bars 48 may
      extend vertically between the top frame element 38 and bottom frame
      element 40, as opposed to extending generally horizontally between the
      side frame elements 34, 36, provided, of course, that said bars 48 are
      spaced sufficiently close together to prevent the aforementioned
      unauthorized passage of objects, persons, etc. through the opening 14, yet
      are spaced sufficiently far apart to enable the plumbing conduits to be
      connected to the facility 12.
PAR  In accordance with another feature of the present invention, at least one
      of the security bars 48 may be provided with means for effecting expansion
      of the frame 32 after the same has been operatively mounted or cast within
      the associated wall 16, whereby to assure that the frame 32 is
      contiguously engaged with the periphery of the opening 14. It will be
      appreciated by those skilled in the art that during the pouring or casting
      of the concrete constituting the wall 16, the concrete is in contiguous
      engagement with the frame 32; however, as the concrete begins to cure, it
      may have a tendency to shrink away from the surfaces of the frame 32, and
      it is the purpose of the aforementioned expansion means on at least one of
      the security bars 48 to effect expansion of the frame 32 back into
      contiguous engagement with the periphery of the opening 14 in the event
      such shrinking of the concrete occurs. While various types of expansion
      means could be utilized, the present invention preferably effects such
      expansion by providing one or more of the security bars 48 in two
      coaxially arranged bar sections 54 and 56 which have the outer end thereof
      secured, as by reinforcing plates or the like 58 and welding 60 to the
      adjacent side frame elements 34, 36. The confronting ends of the bar
      sections 54, 56 are provided with threaded end portions 62, 64 which have
      the respective thread forms of opposite hand. The confronting threaded end
      portions 62, 64 are adapted to be threadably received within a suitable
      internally threaded collar or sleeve member 66, the internal threads of
      which cooperate with the threads on the end portion 62, 64 in a manner
      such that rotation of the collar 66 effects opposed movement of the bar
      sections after the assembly 10 has been operatively mounted within the
      associated wall 16. Thus, assuming that any shrinkage occurs in the
      concrete during curing thereof, whereby the periphery of the opening 14 is
      spaced away from the associated frame 32, the collar 66 may be properly
      rotated to effect opposed movement of the associated bar sections 54, 56.
      When this occurs, the side frame elements 34, 36 will be biased outwardly
      to position wherein the outer surfaces thereof are again contiguously
      engaged with the periphery of the opening 14.
PAR  It will be seen from the foregoing that the present invention provides a
      novel combination support frame and security barrier assembly which is
      intended to find particularly useful operation in operatively supporting
      plumbing facilities in penal and similar type institutions. In such
      application, it is not unusual to have persons unauthorizedly remove a
      plumbing facility, such as the facility 12, from the associated wall and
      attempt to escape through the opening behind the facility 12 through which
      the plumbing conduits extend. By virtue of the provision of the security
      bars 48 extending across the opening and being rigidly secured or anchored
      therein by means of the support frame 32, such access or escape through
      the opening is positively prevented. It will also be noted that the
      assembly 10 of the present invention is of a relatively simple design so
      that it may be economically manufactured and easily installed where it
      will have a long, effective operational life.
PAR  While it will be apparent that the preferred embodiment illustrated herein
      is well calculated to fulfill the objects above stated, it will be
      appreciated that the present invention is susceptible to modification,
      variation and change without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a plumbing facility adapted to be mounted in
      confronting relation to an access opening in a structure fabricated of
      concrete, within which water supply and drain conduits for the facility
      are located,
PA1  a frame cast into said concrete within the opening and comprising a
      plurality of frame elements arranged in end-to-end abutting relation and
      located around the periphery of said opening and a plurality of spaced
      security bars extending across said opening and supported at opposite ends
      thereof by said frame elements with some of said ends extending beyond
      said frame elements into said concrete for preventing unauthorized passage
      from one side of said structure to the opposite side thereof through said
      opening,
PA1  at least one of said security bars including means for expanding said frame
      to assure contiguous engagement thereof with the periphery of said
      opening, said security bar comprising first and second end sections having
      confronting terminal end portions threaded with opposite hand thread
      forms, and wherein said expansion means comprises a sleevelike member
      having an internally threaded bore adapted for threadable engagement with
      said terminal end portions, whereby preselected rotational movement of
      said sleeve element will effect opposed movement of said bar sections to
      cause the associated frame to expand into contiguous engagement with the
      periphery of said opening, and
PA1  means attached to said frame and protruding therefrom adapted to support
      part of said plumbing facility.
NUM  2.
PAR  2. The combination as set forth in claim 1 wherein said plumbing facility
      comprises a lavatory and water closet disposed in confronting relationship
      to said opening.
NUM  3.
PAR  3. The combination of claim 2 wherein the lavatory and water closet are
      mounted on a cabinet.
NUM  4.
PAR  4. The combination as set forth in claim 1 wherein said frame elements are
      arranged in a generally rectangular configuration, wherein said plurality
      of security bars are arranged in spaced parallel relation, and which
      includes a plurality of mounting means on said frame elements adapted to
      mount and support said plumbing facility.
NUM  5.
PAR  5. The combination as set forth in claim 1 wherein the security bars are
      arranged horizontally in spaced parallel relation transversely across said
      frame.
NUM  6.
PAR  6. The combination as set forth in claim 1 wherein the security bars are
      arranged vertically in spaced parallel relation transversely across said
      frame.
NUM  7.
PAR  7. The combination as set forth in claim 1 wherein said means attached to
      said frame and protruding therefrom comprises a support for a flush valve
      of said plumbing facility.
NUM  8.
PAR  8. The combination as set forth in claim 7 wherein said support for a flush
      valve extends from one side of said structure to the opposite side
      thereof.
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ABST
PAL  A weighted float device supported on a rod to be connected to the
      conventional float associated with a toilet flush mechanism and projecting
      downwardly from the float into the tank water and including compensation
      adjustment weights thereon for adjusting the amount of floatation of the
      device to compensate for differences in water pressure and weights of
      conventional type floats.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to toilet flush mechanisms and more
      particularly to a novel and improved device for saving toilet water during
      each flushing operation resulting in a great conservation of water
      resources.
PAR  2. Description of the Prior Art
PAR  Various types of conventional toilet flush mechanisms are known in the
      prior art, all of these devices functioning in the same general manner as
      to having a float mechanism operational with the level of the water height
      to control the flow of incoming water to the tank, and having a flush
      valve at the bottom of the tank and controlling the water discharged from
      the tank to the toilet bowl for flushing purposes. Due to the structure
      and style of the tanks, and as manufacturers must make the tanks to
      operate properly in areas throughout the country having different water
      pressures and sewage flush requirements, the tank is of an overly large
      size with the volume of water contained therein and utilized during each
      flushing operation being much more than required such that the
      manufacturers are always on the safe side to be sure that sufficient water
      is present for the flushing operation.
PAR  In view of the countrywide attempt at conservation of water resources, it
      would be desirable to provide a device readily attached to toilet flush
      mechanisms without requiring mechanical alteration thereof and which could
      be individually adjusted for each specific usage of the toilet tank to
      compensate for the local water pressure such that only the exact amount of
      water needed for proper flushing in the particular area is utilized, thus
      resulting in a great saving and conservation of water resources.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention recognizes the deficiencies and disadvantages of
      presently available toilet flush mechanisms and the wastefulness of water
      resources as to the use of excessive water during each flushing operation
      of a toilet, and provides a novel solution thereto in the form of a
      flotation device adapted to be readily attached to the float support arm
      of a conventional toilet mechanism with the device having a number of
      compensating weights which may be affixed to or removed from the device to
      compensate the flotation buoyancy thereof in cooperation with the float to
      reduce the amount of water utilized during each flushing operation of the
      toilet.
PAR  It is estimated that the average person flushes a toilet between five and
      six times daily, and that the present device would result in a savings of
      approximately nine gallons of water a day per person. Thus, in an average
      family of four persons this would amount to about 36 gallons of water a
      day, which, over a year's time, would result in a water conservation
      saving of about 13,140 gallons of water. In a city having a population of
      one million people, this would amount to a water savings of approximately
      3,285,000,000 gallons of water a year which are saved and which also do
      not pass through the city sewage plant or require filtering and
      chlorination thereof before use, this resulting in still greater savings
      of the cost of operating water and sewage facilities of the city.
PAR  It is a feature of the present invention to provide a toilet water saver
      device which is relatively simple in its construction and which therefore
      may be readily manufactured at a relatively low cost and by simple
      manufacturing methods such that it may be retailed at a sufficiently low
      price to encourage widespread use thereof.
PAR  A further feature of the present invention provides a toilet water saver
      device which is possessed of few parts and which therefore is unlikely to
      get out of order.
PAR  Still a further feature of the present invention provides a toilet water
      saver device which is of a rugged and durable construction and which
      therefore may be guaranteed by the manufacturer to withstand many years of
      intended usage.
PAR  Still yet a further feature of the present invention provides a toilet
      water saver device which is easy to use and reliable and efficient in
      operation and which may be connected to the conventional flush mechanism
      without requiring any special tools or expertise on the part of the
      homeowner.
PAR  Yet still a further feature of the present invention provides a toilet
      water saver which may, in its entirety, be manufactured and installed as
      part of the original equipment of the toilet flush mechanism, or which may
      be readily attached to a toilet flush mechanism later as an accessory
      item, and which is readily adjustable by a homeowner to achieve the
      desired intended purposes.
PAR  Other features and advantages of this invention will be apparent during the
      course of the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings forming a part of this specification, and in
      which like reference characters are employed to designate like parts
      throughout the same:
PAR  FIG. 1 is a front elevational view of a toilet tank partially broken away
      to illustrate interior details thereof and having the device of the
      present invention attached thereto:
PAR  FIG. 2 is a view similar to FIG. 1 but with the toilet tank illustrated
      after having been flushed, the valve being closed, and the water reserve
      discharged;
PAR  FIG. 3 is a front elevational view of the water saver device of the
      invention with elements thereof in partial cross-section to illustrate
      details thereof; and
PAR  FIG. 4 is a cross-sectional view taken along Line 4--4 of FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail there is illustrated a preferred
      form of a water saver device constructed in accordance with the principles
      of the present invention and which is designated generally in its entirety
      by the reference numeral 10.
PAR  The water saver device 10 is intended for use with conventional type water
      flush mechanisms, and for purposes of illustration there is illustrated a
      conventional type hollow rectangular box-like toilet tank 20 having a
      removable cover 21 and a water containing compartment 22 therein, and
      water is supplied to the compartment 22 through a water line 23 extending
      through the bottom surface of the tank and having a water inlet fill valve
      24 mounted on the top thereof and which is actuated by pivotal movement of
      an actuating arm 25 having one end of a rod 16 connected thereto and
      projecting therefrom and terminating in a conventional hollow float 27 in
      a conventional manner. Water 30 is discharged into the compartment 22 by
      means of inlet pipe 23 through valve 24 and inlet pipe 31.
PAR  A flush pipe 32 has one end connected to the toilet bowl (not shown) with
      the opposite end extending through the bottom surface of the tank 20 and
      terminating in a flush valve seat member 33 having a valve member 34
      pivotally associated therewith and operable by means of a flexible chain
      35 extending from the valve member upwardly to an arm 36 rotatably
      associated with a handle 37 extending out of the front surface 38 of the
      tank 20, rotation of the handle tightening the chain 35 and pivoting the
      valve member 34 away from valve seat 33 to permit water 30 to be flushed
      through flush pipe 32.
PAR  A vertical overflow pipe 39 projects upwardly from the flush valve seat
      member 33 to a level above the normal level of the water 30 and is adapted
      to receive a flow of water thereinto should the water level accidentally
      extend above the normal water level, this preventing any overflow of the
      water from the tank 20.
PAR  The device 10 consists of a holder 41 preferably manufactured of
      non-corrosive aluminum material, a support rod 42, a float body member 43,
      and a plurality of compensating adjustment weights 44.
PAR  The holder 41 is of a generally rectangular configuration having a top
      surface 51 and a bottom surface 52 with an open face channel forming slot
      53 extending through one side thereof adapted to receive a portion of
      float supporting rod 26 therein. An interiorly threaded bore 54 extends
      through top end 51 and terminates at slot 53 and receives therein a
      threaded set screw 55 adjustable to engage rod 26 passing through slot 53
      to retain the connector 41 affixed thereto. A cylindrical threaded bore 56
      extends through the bottom end 52 and receives therein threaded end 61 of
      rod 42 which extends outwardly therefrom and has its opposite end 62
      secured to float 43.
PAR  The float 43 is of a rectangular configuration providing buoyancy and
      flotation properties thereto, the float having a top surface 71, a bottom
      surface 72, opposed side walls 73, and opposed end walls 74 and 75.
PAR  Adjacent end 74 on top surface 71 there is secured thereto a circular
      washer 77 provided with an aperture 78 extending centrally therethrough,
      the aperture axially aligned with the threaded aperture of nut 79 affixed
      to the float bottom surface 72. The end 62 of rod 42 extends through
      aperture 78 and is threadedly received by nut 79.
PAR  Disposed in top surface 71 adjacent end surface 75 are a plurality of
      recesses 81 each adapted to receive therein an elongated cylindrical
      weight 82.
PAR  In operation, the device 10 is affixed to the float support rod 26 as
      shown, and weights 82 are either inserted into or removed from the
      recesses 81 to make compensating adjustments to the flotation and buoyancy
      characteristics of the float body 43 to adjust the amount of flotation to
      compensate for the differences in local water pressures and flushing
      requirements dependent upon the exact area and location in which the tank
      20 is located and on which the device is to be utilized.
PAR  When the toilet is flushed by operation of handle 37 opening flush valve 34
      from valve seat 33, inlet valve 24 would normally open in a conventional
      toilet flush mechanism as the level of water 30 started dropping as the
      water was discharged through flush pipe 32. However, in the present
      invention, the inlet valve 24 will not begin to immediately open due to
      the presence of the device 10, the inlet valve 24 opening only after the
      water level closes the flush valve 34. As the water level goes down it
      effects the lowering of the floats 27 and 43 which are adjusted in a
      manner to open the inlet valve 24 upon the closing of valve member 34,
      this then effecting the flow of water through the water inlet filler pipe
      31 to refill the water compartment 22 to the preselected level, this level
      then closing the inlet valve 24 with the toilet now being ready for
      another flushing operation.
PAR  There is thus provided a novel adjustable device for connection to a
      conventional toilet flush mechanism without requiring any alteration or
      modification of the flush mechanism and which operates in conjunction
      therewith in a manner to reduce the amount of water utilized during each
      flushing of the toilet, this amount of water for flushing operation being
      specifically adjustable for the specific water pressure and area in which
      the water tank is located to thus provide a great water savings and
      conservation of natural water elements.
PAR  It is to be understood that the form of this invention herewith shown and
      described is to be taken as a preferred example of the same, and that this
      invention is not to be limited to the exact arrangement of parts shown in
      the accompanying drawings or described in this specification as various
      changes in the details of construction as to shape, size, and arrangement
      of parts may be resorted to without departing from the spirit of the
      invention, the scope of the novel concepts thereof, or the scope of the
      sub-joined claims.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A water saver device intended for use with a conventional toilet flush
      tank including a water inlet valve controllable by a support rod having a
      float connected to one end thereof, the device comprising, in combination:
PA1  a connector member adapted to be readily mounted to the support rod in a
      position adjacent the float, the connector member comprising;
PA2  an elongated solid body member having a top end and a bottom end and
      parallel side surfaces;
PA2  an open faced channel defining slot extending through one of the side
      surfaces and opening out of each of the adjacentmost side surfaces
      intermediate the top and bottom ends of the connector;
PA2  a threaded bore extending through the top end in communication with a side
      wall of the slot;
PA2  a threaded cylindrically shaped set screw threadedly received in the
      threaded bore for rotation about its axis between a position spaced from
      the slot and a position projecting into the slot to engage and retain the
      connector to the float support rod passing through the slot; and
PA2  an interiorly threaded cylindrical bore extending upward through the bottom
      end and adapted to receive one end of the rod securely therein;
PA1  a rod mounted to the connector member and projecting outwardly therefrom to
      extend vertically into a water level of a toilet tank, the rod provided
      with screw threads on both ends thereof, one end of the rod being
      threadedly received in the bottom end threaded bore of the connector, the
      opposite end of the rod being connected to the float body member;
PA1  a float body member affixed to the projecting free end of the rod and
      extending therefrom, the float body member comprising a box-like
      rectangularly configured float housing having a flat top surface, a flat
      bottom surface, vertical side wall surfaces, and vertical front and back
      end surfaces, a washer member having an aperture in its center secured in
      a flat manner on the top surface adjacent the float member back end, a nut
      having a threaded aperture in vertical axial alignment with the aperture
      of the washer and affixed in a flat manner on the bottom surface of the
      float member, the free end of the rod extending through the washer
      aperture and being threadedly received in the nut to secure the float
      member to the rod; and
PA1  a plurality of compensating weight members removably associated with the
      float body member for selective attachment and detachment therefrom to
      vary the floatation and buoyancy characteristics of the body member
      selectively by an individual to compensate for local water pressure and
      toilet flushing requirements.
NUM  2.
PAR  2. The water saver device as set forth in claim 1 wherein the float member
      and weight members comprise:
PA1  a plurality of vertically extending recesses disposed in the float member
      top surface adjacent the front end wall surface thereof; and
PA1  an elongated solid cylindrically shaped weight member associated with each
      of the recesses, each weight member adapted to be inserted into and
      removed from one of the recesses to vary the overall weight and floatation
      and buoyancy characteristics of the float member.
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ABST
PAL  A flush toilet bowl of water reservoir containing and pedal operating type
      which is compact, easy to assemble and convenient and economical in
      operation is provided. The toilet bowl comprises a bowl unit including a
      bowl and a water reservoir formed between the bowl and an outer case and a
      supporting unit separable from the bowl unit and having a dropping port
      normally closed by a slidable valve and communicated with discharging port
      in the lower part of the bowl. The supporting unit comprises a diaphragm
      pump communicated with the water reservoir in the bowl unit for pumping
      its water to inner wall of the bowl, means for sliding the valve to open
      the dropping port, means for operating the diaphragm pump and treading
      pedals for operating the respective means separately. A further pedal is
      provided for simultaneously operating the treading pedals.
BSUM
PAR  This invention relates to flush toilet bowls.
PAR  There are already suggested such flush toilet bowl apparatuses of this kind
      as, for example, of U.S. Pat. Nos. 3,340,545, 3,369,260, 3,411,162,
      3,570,018 and 3,577,569. There are suggested as simple flush toilet bowls
      which are convenient for their installation. However, in the conventional
      apparatuses, the respective component elements are not unified and there
      are problems of the difficulty to assemble them in the production and the
      complicacy of their maintenance and inspection in the use. Further, the
      conventional apparatuses are not of a structure for saving water and
      requires to set a water tank of a large capacity.
PAR  The present invention has successfully solved the above described defects
      by forming a flush toilet bowl with two units respectively having a unique
      structure, one of which is a bowl unit having a bowl and water reservoir
      chamber and the other of which is a supporting unit having a pump for
      discharging water into said bowl, its operating mechanism and mechanism of
      operating a valve opening and closing a discharging port of the bowl.
PAR  An object of the present invention is, therefore, to provide a flush toilet
      bowl which is small in the size and is very easy to install.
PAR  Another object of the present invention is to provide a flush toilet bowl
      wherein the opening and closing of the discharging port and the discharge
      of water can be made respectively separately or simultaneously.
PAR  A further object of the present invention is to provide a flush toilet bowl
      having a simple mechanism which can discharge or feed water out of or into
      a diaphragm pump to discharge water in a desired order.
PAR  Another object of the present invention is to provide a flush toilet bowl
      which requires no water reservoir tank outside the bowl.
PAR  Yet another object of the present invention is to provide a flush toilet
      bowl which can be separated into a bowl unit and a supporting unit and is
      thus easy to manufacture.
DRWD
PAR  The present invention shall be explained in the following with reference
      certain embodiments shown in accompanying drawings, in which:
PAR  FIG. 1 is a perspective view showing an appearance of a flush toilet bowl
      of the present invention;
PAR  FIGS. 2A and 2B are perspective views of a bowl unit and a supporting unit
      as separated from each other of the bowl of FIG. 1, respectively;
PAR  FIG. 3 is plan view of the supporting unit of FIG. 2B;
PA1  Fig. 4a is a sectioned view of the bowl of FIG. 1 taken along line IV--IV
      in FIG. 3;
PAR  FIG. 4B is a perspective view showing a component shown in FIG. 4A.
PAR  FIG. 5 is a rear side elevation of the bowl shown in FIG. 1 with a part
      removed:
PAR  FIG. 6 is a fragmental sectioned view of water supply and overflow system
      in the bowl of the present invention, which is taken along line VI--VI in
      FIG. 3;
PAR  FIG. 7 is a fragmental plan view of pedals in the bowl of the present
      invention;
PAR  FIG. 8 is a fragmental magnified plan view of valve operating mechanism
      shown in FIG. 3;
PAR  FIG. 9 is an explanatory view showing the operation of diaphragm pump in
      the bowl of the present invention;
PAR  FIG. 10 is a fragmentary perspective view of operating mechanism for the
      diaphragm pump and a water stopping valve in the bowl of the present
      invention;
PAR  FIGS. 11-13 are explanatory sectioned views showing operational sequences
      of the mechanism shown in FIG. 10; and
PAR  FIGS. 14 and 15 are fragmentary sectioned views showing in detail a
      discharging port and dropping port in the bowl of the present invention,
      respectively, wherein FIG. 14 is a section taken along line XIV--XIV and
      FIG. 15 is a section along line XV--XV in FIG. 8, respectively.
DETD
PAR  Referring first to FIG. 1 which showing an appearance of the flush toilet
      bowl of the present invention, a bowl body substantially comprises a bowl
      unit A and a supporting unit B, which are placed on each other to form the
      bowl body. The bowl unit A is provided with a lid 4 free to open and close
      and bowl seat 3 on the upper surface and is further with a water pipe 7 to
      feed water on one side part adjacent rear end. The supporting unit B and
      the bowl unit A as well are preferably made of plastics and the unit B is
      provided with first, second and third pedals 14, 15 and 19 respectively
      rotatably pivoted in the front lower part.
PAR  As seen in FIGS. 2A and 2B showing the respective bowl unit A and
      supporting unit B as separated from each other, both units can be easily
      separated from each other by removing bolts (not illustrated) screwed into
      the back surface of the supporting unit B to connect both units.
PAR  In FIG. 3 showing the upper surface plan view of the supporting unit B, the
      pedals 14, 15 and 19 are rotatably fitted to one end part of a supporting
      metal fixture 29 fixed to the unit B. 10 is a valve adapted to close and
      open a dropping port 11. This valve 10 comprises a circular part at the
      tip of an arm 31 rotatable in the direction indicated by the arrow about a
      shaft 30 fitted to a supporting stand 41 fixed to the supporting unit B.
      Said arm 31 is rotatably connected to one end of the first pedal 14
      through an operating rod 32. 33 is a return spring fixed at one end to the
      other end part of the supporting metal fixture 29 fixed to a supporting
      plate 41 and hung at the other end on the arm 31 through a rod or arm
      plate 34.
PAR  35 is a supporting stand fixed to the supporting unit B and provided with a
      diaphragm pump 13, L-shaped lever 36 for operating said diaphragm pump 13,
      return spring 23 and operating lever 27 for operating a water stopping
      valve 21 (see FIGS. 11 and 12).
PAR  In FIG. 4A showing a vertically sectioned view of the flush toilet bowl of
      the present invention on line IV--IV in FIG. 3, a bowl 1 is contained in
      the bowl unit A, as provided with the bowl seat 3 and lid 4 rotatably in
      the upper part, and is fixed in the lower part to the bottom of the bowl
      unit A. The bowl 1 has an excreta discharging port 5 in the lower part.
      This excreta discharging port 5 is opposed to the dropping port 11
      provided in the supporting unit B. The valve 10 is rotatably provided
      between the discharging port 5 and dropping port 11 so as to be operated
      by treading the first pedal 14 as described later.
PAR  A water reservoir 2 is formed between the outer case and bowl 1 so as to
      accumulate water therein supplied through water pipe. A water jetting pipe
      16 is provided upright within the water reservoir 2, which pipe is opened
      at upper tip disposed in the upper part of the bowl 1 so as to form a
      water delivering port 17. This water jetting pipe 16 is bent once downward
      adjacent the upper tip so as to position the delivering port 17 lower than
      the bent section, so that a certain amount of water existing between the
      bent section and the port 17 will fall into the bowl after flushing
      operation so as to form a layer or film of water on the discharging port 5
      to act as a deodorizing means. At an upper part of the bowl 1 where
      opposing the water delivering port 17, there is secured such a member 60
      as shown in FIG. 4B, which having a water stream shunting plate 61 and a
      central stream path 62 perforated at the center, so that the most of water
      delivered from the port 17 will collide with the shunting plate 61 to be
      shunted in leftward and rightward directions so as to flow along inner
      wall of the bowl 1, while a part of the water will pass through the
      central stream path 62 so as to fall down to central part of the
      discharging port 5. Thus, the water from the central stream path 62 will
      positively moisten toilet tissue in the bowl to sink the same so as to
      promote positive discharge of the tissue from the port 5. The lower part
      of the jetting pipe 16 is communicated with a diaphragm pump chamber 38.
      13 is a diaphragm of the chamber 38, which is coupled to the operating
      lever 36.
PAR  As seen in FIG. 5, the water pipe 7 is provided with a water feeding plug 6
      opened and closed by the fall and rise of a floating ball 39. When the
      floating ball 39 lowers, the water feeding plug will open and water will
      flow into the water reservoir 2. When a fixed water level is reached, the
      water feeding plug will be closed by the floating ball. 8 is a water
      discharging pipe having a water discharging hole 9 so that, when the water
      level rises to be higher than is required, water will be drained out of
      the bowl through the discharging hole 9 and an opening 40. 38 is the
      diaphragm pump chamber and is so adapted that, when the diaphragm 13 is
      pushed down, water will be pushed up into the water jetting pipe 16 so as
      to be jetted out in the upper part of the bowl through the water
      delivering port 17.
PAR  FIG. 6 shows detailes in a sectioned view of the water discharging pipe 8
      having the water discharging hole 9, the water jetting pipe 16 and the
      diaphragm pump chamber 38.
PAR  In FIG. 7, there is shown the arrangement of the first to third pedals 14,
      15 and 19, which are respectively pivoted to the supporting metal fixture
      29 fixed to the supporting unit B. The first and second pedals 14 and 15
      can be respectively separately rotated but, when the third pedal 19 is
      trod, the first and second pedals 14 and 15 will be able to be rotated
      simultaneously.
PAR  FIG. 8 shows a mechanism of opening and closing the valve 10 by means of
      the first pedal 14. Details of the valve are as described in the
      explanation of FIG. 3 and its function shall be explained here. When the
      first pedal 14 is trod, an operating rod or lever 32 connected to a
      pivoted end of said pedal 14 and to the arm 31 having the valve 10 will be
      pulled in the direction indicated by the arrow in the drawing so that the
      arm 31 will rotate counter - clockwise (or in the direction indicatd by
      the arrow in the drawing) with the shaft 30 as a center and the valve 10
      will be out of the port 5. When the first pedal treading force is removed,
      the original state will be returned by the force of the spring 33.
PAR  It should be appreciated in the above connection that the valve 10 normally
      closing the discharge port 5 is thus opened by the operation of the first
      pedal 14 without accompanying water flushing and that this respect is a
      unique feature of the bowl according to the present invention.
PAR  FIG. 9 is to explain operational mechanism of the diaphragm pump 13 by
      means of the second pedal 15. In the drawing, when the second pedal 15 is
      trod in the direction indicated by the arrow, said pedal 15 will rotate
      with the shaft 42 of the supporting metal fixture 29 as a centre and will
      move an actuating rod or wire 43 in the direction indicated by the arrow,
      so as to rotate the L-shaped lever 36 in the direction indicated by the
      arrow with the shaft 44 of the supporting stand 35 as a centre and push
      down the diaphragm 13, so that the water in the pump chamber will be urged
      to flow out through the water jetting pipe 16.
PAR  As shown in FIG. 6, a water passing pipe 18 communicated with the bottom of
      the water reservoir chamber 2 is provided so as to connect the pump
      chamber 38 with the reservoir 2 through the water stopping valve 21.
PAR  FIG. 10 is to show in a perspective view the operating mechanism of the
      diaphragm pump and in particular of the water stopping valve to be
      operated in cooperation with the former. In FIGS. 11-13, operational
      sequences of the mechanism are shown, wherein FIG. 11 shows the state
      where the pump 13 is in its uppermost position and the water stopping
      valve 21 is closing the pipe 18 and FIGS. 12 and 13 show the state where
      the pump 13 is its lowermost position and the valve 21 opens the pipe 18.
PAR  Referring to these drawings, the water stopping valve 21 is fitted to the
      tip of an operating rod 24 so that, as the operating rod 24 is urged in
      its longitudinal direction (indicated by the arrow X in FIG. 13) the water
      stopping valve 21 will contact and close the water passing pipe 18 and,
      when the operating rod 24 is pulled in reverse longitudinal direction
      (indicated by the arrow Y in FIG. 13), the water stopping valve 21 will
      open the pipe. This operating rod 24 is moved by a lever 27 which is
      operatively connected with the L-shaped lever 36 for operating the
      diaphragm 13. That is, when the second pedal 15 is trod, the operating rod
      or wire 43 will move in the direction indicated by the arrow in FIG. 11
      and a pin 46 provided on the lever 36 will clockwise rotate an arm 48
      rotatably fitted to the supporting stand 35 with a shaft 47 so that the
      lever 27 will move in the direction indicated by the arrow in FIG. 11 and
      bent tip part 28 of the lever 27 will move the end part 26 of theoperating
      rod 24 in the direction indicated by the arrow through a spring 20. In
      closing the water stopping valve 21, when the second pedal 15 is released,
      the lever 27 will return (in the direction indicated by the arrow X in
      FIG. 13) due to the returning force of the spring 23 and the tip part 28
      of said lever 27 will push an annular projection 25 of the operating rod
      24 also in the direction indicated by the arrow X to close the water
      stopping valve 21.
PAR  The relation between the operation of the diaphragm 13 and that of the
      water stopping valve 21 as performed by treading the second pedal 15 shall
      be described in the following.
PAR  The state shown in FIG. 11 wherein the water stopping valve 21 is closed
      shall be referred to as an initial state.
PAR  i. In the drawing, the water stopping valve 21 is closed. When the second
      pedal 15 is trod, the L-shaped lever 36 will rotate counter-clockwise, the
      upper part of the diaphragm 13 will be pressed on pushed down and water
      will be jetted out in the upper part of the bowl 1 through the water
      jetting pipe 16 as described before. In this case, the lever 27 will move
      in the direction indicated by the arrow and the tip 28 of the lever 27
      will also move in the direction indicated by the arrow but the spring 20
      will be only initiated to be compressed, the operating rod 24 will not
      move and the water stopping valve 21 will remain closed.
PAR  ii. The water stopping valve begins to open next. When the spring 20 is
      compressed sufficiently, the lever 27 will push the end part 26 of the
      operating rod 24 through the compressed spring 20 so that the water
      stopping valve 21 will be gradually opened. In this state, the water in
      the pump chamber 38 will be flowing out into the bowl. When the pedal 15
      is further trod, the water stopping valve 21 will be opening but the
      pressure in the pump chamber 38 will be so high as to be in a jetting
      state and, therefore, water will not yet be fed into the pump chamber 38
      through the water passing pipe 18. When the pedal 15 is trod to the
      extremity, the state in FIG. 12 will be achieved and the preparation for
      feeding water into the pump chamber will be completed.
PAR  iii. The force of treading the second pedal 15 is removed and the diaphragm
      13 is returning to the initial state due to the force of the spring 23.
PAR  In this state, the lever 27 will move in the direction indicated by the
      arrow in FIG. 12 but the spring 20 will gradually extend at first, the
      water stopping valve 21 will remain open and water will quickly enter the
      pump chamber due to the hydraulic pressure difference in the reservoir
      tank and the suction accompanying the return of the diaphragm.
PAR  When the tip part 28 of the lever 27 contacts the annular projection 25 of
      the operating rod 24, the operating rod 24 will be pushed in the direction
      indicated by the arrow X so that the water stopping valve 21 will
      gradually close the water passing pipe. Thus, just before the returning of
      the diaphragm 13 is completed, the water stopping valve of the water
      passing pipe 18 will be closed.
PAR  In the present invention, as the two mechanical elements of the pump set
      and valve set are compiled in the supporting unit as described above, the
      assembling in the production and the maintenance and inspection in the use
      are easy.
PAR  Further in the present invention, as described above, the water stopping
      valve is provided with a delaying mechanism by means of the spring 20 and
      is operatively connected with the second pedal 15 operating the diaphragm
      pump 13 so that, due to the delaying mechanism, when the diaphragm is
      operated by the second pedal, the water stopping valve 21 will be opened
      at a fixed time after the diaphragm is pressed and will be closed before
      the returning of the diaphragm pump is completed. By the way, as the water
      stopping valve 21 will thus close, even if the diaphragm pump is damaged,
      the water reservoir part and diaphragm pump will be intercepted from each
      other and water will not leak out ceaselessly through the damaged part.
PAR  Further, as only the water accumulated within the diaphragm is jetted out
      at once, a large amount of water will not be used. Therefore, it is
      effective to save water.
PAR  In connecting the second pedal 15 with the operating rod or wire 43, as
      shown in FIG. 9, a connecting metal fixture 49 is pivoted to the second
      pedal 15, the wire 43 is passed through said connecting metal fixture 49
      and a nut 51 is screwed to the wire 43 through a spring 50 so that the
      length between the tip of the wire 43 and the connecting metal fixture 49
      can be adjusted by rotating this nut 51. Therefore, even though the
      operation of treading the second pedal 15 is the same, the amount of water
      jetted out of the diaphragm pump 13 through the water jetting pipe 16 will
      be different. Therefore, it is possible to adjust the amount of water to
      be used.
PAR  In FIGS. 14 and 15 showing detailed views of the discharging post and
      dropping port, respectively, the dropping port 11 is provided on the inner
      peripheral surface with a sealing member 53 laminate on the edge 52 and
      having an elasticity and the laminate edge 52 projects diagonally
      downward. The valve part 10 is rotated to move horizontally together with
      the arm and closes the dropping port 11 while pressing the edge 52 of the
      sealing member 53. In such case, as the sealing member 53 has an
      elasticity and is laminate on the edge 52 and the laminate edge 52
      projects diagonally downward to be in the form of a funnel, the sealing
      member will be in contact intimate enough with the horizontally moving
      valve 10 without being so greatly deformed. In case the valve 10 rotates
      and horizontally moves to close the dropping port 11, tissue paper or the
      like will be likely to be inserted between the end part in the closing
      direction of the valve 10 and the wall part 54 of the dropping port 11.
      However, in the present invention, as shown in FIG. 14, a play gap or
      space 55 is formed between the end part in the closing direction of the
      valve 10 and the wall part 54 of the dropping port 11 and, therefore,
      paper or the like is not likely to be pushed and inserted by the valve 10.
      Even if paper or the like is inserted between the sealing member 53 and
      the valve 10, it will easily flow off when the valve 10 is opened. Thus,
      paper or the like is not likely to successively hang and accumulate
      without flowing off.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flush toilet bowl comprising a bowl unit containing a bowl having a
      bowl seat and a lid in the upper part and a discharging port in the lower
      part and forming a water reservoir chamber between the bowl and an outer
      case, and a supporting unit formed intergrally with said bowl unit on the
      lower surface of the bowl unit, said supporting unit being provided with a
      dropping port opposed to the discharging port of the bowl, a valve
      slidable in the horizontal direction when a first pedal located on said
      supporting unit is trod for opening said dropping port, a diaphragm pump,
      a means for pressing the diaphragm pump when a second pedal located on
      said support unit is trod, a means for operating an opening and closing
      valve to feed water into the diaphragm pump actuated by said pressing
      means for the diaphragm pump, and a water jetting pipe connecting said
      diaphragm pump and a water delivering port in the upper part of the bowl
      with each other, said means for pressing forces water from said diaphragm
      through said water jetting pipe into said bowl, said means for pressing
      the diaphragm pump and said means for operating the opening and closing
      valve being connected with each other through a delaying means opening
      said water feeding valve at a fixed time after said diaphragm pump is
      pressed and closing said water feeding valve just before said diaphragm
      pump returns to an initial position.
NUM  2.
PAR  2. A flush toilet bowl according to claim 1 wherein said delaying means
      comprises a lever operatively connected at an end with an L-shaped lever,
      said L-shaped lever presses the diaphragm by the operation of the second
      pedal and at the other end engaged between two projections provided on an
      operating rod connected with said water feeding valve.
NUM  3.
PAR  3. A flush toilet bowl comprising a bowl unit containing a bowl having a
      bowl seat and a lid in the upper part and a discharging port in the lower
      part and forming a water reservoir chamber between the bowl and an outer
      case, and a supporting unit formed intergrally with said bowl unit in the
      lower surface of the bowl unit, said supporting unit being provided with a
      dropping port opposed to the discharging port of the bowl, a valve
      slidable in the horizontal direction when a first pedal located on said
      supporting unit is trod for opening said dropping port, a diaphragm pump,
      a means for pressing the diaphragm pump when a second pedal located on
      said supporting unit is trod, a means for operating an opening and closing
      valve to feed water into the diaphragm pump is actuated by said pressing
      means for the diaphragm pump, and a water jetting pipe connecting said
      diaphragm pump and a water delivering port in the upper part of the bowl
      with each other, said means for pressing forces water from said diaphragm
      through said water jetting pipe into said bowl, a water passing pipe
      communicating said resevoir with said pump, said means for pressing the
      diaphragm comprises said second pedal pivoted to a supporting metal
      fixture fixed to said supporting unit, a connecting metal fixture pivoted
      to said second pedal, an operating rod connected with said connecting
      metal fixture, an L-shaped lever connected at one end to said operating
      rod and at the other end to the diaphragm pump, said L-shaped lever being
      pivoted at its angled portion to a supporting stand fixed to the
      supporting unit; said operating means for opening and closing said water
      feeding valve comprises a lever pivoted at one end to said one end of the
      L-shaped lever so as to be driven upon rotation of the L-shaped lever, an
      operating rod having at one end a pair of spaced projections and connected
      at the portion between said projections to said lever; and said water
      feeding valve comprises a water stopping valve provided at the other end
      of said operating rod of the operating means for opening and closing said
      water passing pipe.
NUM  4.
PAR  4. A flush toilet bowl according to claim 3 wherein said connection between
      the operating rod and the lever in the operating means for the water
      feeding valve is performed through a delay means comprising a spring.
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ABST
PAL  A convertible sofa bed particularly adapted for use in recreational
      vehicles. The bed includes a frame, a seat portion, and a back portion
      pivotally connected to the seat portion for movement between a horizontal
      and an upright position. A pair of pivot assemblies at opposite sides of
      the seat frame each includes front and rear pivot arms, one attached to
      the seat portion and the other to the back portion. A connecting link
      attached to the arms constrains them against movement independently of one
      another. The arms and connecting link are arranged and oriented to pivot
      one way to project the seat portion forwardly and move the back portion to
      a horizontal position to form a bed. Pivoting them the opposite way
      retracts the seat portion and moves the back portion to an upright
      position, converting the structure from a bed to a sofa.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a convertible sofa bed and more
      particularly to a sofa bed adapted for use in vehicles.
PAR  2. Description of the Prior Art
PAR  There are various sofa beds in the prior are convertible from a sofa to a
      bed structure. Most utilize a relatively complex linkage system to effect
      the conversion, and auxiliary support structure is usually provided to
      afford the desired rigidity and stability in the bed position. However,
      such complexity increases the expense of the unit, adds unnecessary
      weight, and presents a continuing maintenance problem. Desirably, the
      structure should be as simple as possible and be designed to take maximum
      advantage of the load bearing capability of the fewer components
      characteristic of simpler, more straightforward designs.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a convertible sofa bed is provided
      which includes a back portion pivotally connected to a seat portion, with
      both of the portions being movable forwardly into horizontal, coplanar
      relation to form a bed. The portions are movable rearwardly to define a
      sofa, with the seat portion automatically oriented in an upright position.
      Pivot assemblies at opposite sides of the sofa bed are each characterized
      by front and rear pivot arms connected, respectively, to the seat and back
      portions. These connections are on opposite sides of the pivotal
      connection between the seat and back portions in an arrangement generally
      analogous to a parallelogram linkage, but with the upper section of the
      linkage hinged between the arm connections. A connecting link is pivotally
      fastened to the pivot arms to provide a controlled pivotal movement of the
      seat and back portions defining such upper section, and also to constrain
      the seat and back portions against movement independently of one another,
      particularly in the sofa and bed positions of the structure.
PAR  Stability of the structure in the bed position is improved by a stop
      mounted to the seat portion, and by the front pivot arm, both of which
      engage the front of the frame in the bed position. Stability in the sofa
      position is provided by engagement of the back of the frame by the back
      portion and suspension of the rear pivot arm from the generally upright
      back portion. Engagement of the frame thus constrains the seat and back
      portions against further pivotal movement, providing a very solid, stable
      structure, compared to structures of the priot art. Moreover, load
      transfer from the seat and back portions is thus directly to the frame,
      and not to the floor through intermediate linkages, auxiliary legs or
      supports. This effects an economy of parts and consequently reduces the
      cost of manufacture and maintenance.
PAR  Other objects and features of the invention will become apparent from
      consideration of the following description taken in connection with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a convertible sofa bed according to the
      present invention;
PAR  FIG. 2 is a perspective view of the sofa bed as it would appear after
      upholstering;
PAR  FIG. 3 is an enlarged cross-sectional view taken along the line 3--3 of
      FIG. 1, illustrating the sofa bed in its sofa position;
PAR  FIG. 4 is a view similar to FIG. 3, but illustrating the sofa bed in its
      bed position;
PAR  FIG. 5 is a view taken along the line 5--5 of FIG. 4; and
PAR  FIG. 6 is an enlarged view taken along the line 6--6 of FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, there is illustrated a convertible sofa bed
      10 according to the present invention and comprising, generally, a frame
      12; a seat portion 14 overlying the frame 12; and a back portion 16 also
      overlying the frame 12 and pivotally connected to the seat portion 14 for
      pivotal movement about a hinge axis 18.
PAR  In the sofa position illustrated in FIG. 3, the seat portion 14 is
      generally horizontally oriented, having a slight upward and forward slope
      for comfort. The back portion 16 is generally vertical or upright, having
      a slight backward tilt. In the bed position illustrated in FIG. 4, the
      seat and back portions 14 and 16 are both generally horizontal and
      arranged in coplanar relation. In moving from the sofa position of FIG. 3
      to the bed position of FIG. 4, the seat and back portions 14 and 16 are
      projected forwardly, that is, to the left as viewed in FIGS. 3 and 4, as
      the back portion 16 pivots from its upright to its horizontal position.
      Consequently, since the upper end of the seat portion 14 thereby tends to
      move generally downwardly, rather than rearwardly, the back of the sofa
      bed 10 can be located relatively close to a wall or the like. The back
      portion 16 will easily move between its sofa and bed positions without any
      need to move the structure away from the wall. This is particularly
      advantageous where the bed 10 is used in a confined space, such as within
      a motor home or similar vehicle.
PAR  The frame 12 may take any configuration suitable for support of the seat
      and back portions 14 and 16. Preferably the frame 12 and portions 14 and
      16 are all made of light weight structural tubing or the like. The frame
      12 includes U-shape side members 20 joined in front by a horizontal,
      transversely extending integral front element 22, and at the rear by a
      horizontal, transversely extending integral rear element 24, the rear
      element 24 preferably being somewhat higher in elevation than the front
      element 22 to better support the back portion 16 in its sofa position.
PAR  The generally rectangular seat portion 14, which extends laterally
      outwardly of the side members 20 of the frame 12, is defined by a pair of
      side members 26 integrally joined by a pair of front and rear elements 28
      and 30. The seat portion 14 also includes a pair of intermediate elements
      32 welded to the elements 28 and 30 in general vertical alignment with the
      side members 20 of the frame 12.
PAR  The construction of the generally rectangular back portion 16 is
      substantially identical to that of the seat portion 14, including side
      members 34 integrally joined by front and rear elements 36 and 38. The
      back portion 16 also includes a pair of intermediate elements 40 welded to
      the front and rear elements 36 and 38 in general alignment with the side
      members 26 of the seat portion 14, as best seen in FIG. 5.
PAR  The frame 12, seat portion 14 and back portion 16 may be upholstered in any
      desired fashion, one style being illustrated in FIG. 2. Although not
      illustrated, the sofa bed would preferably include suitable anchorages for
      attachment to the floor in a vehicle installation, as will be apparent.
PAR  The hinging or pivotal interconnection between the seat and back portions
      14 and 16 includes a pair of straps 42 and 44 located at each side of the
      frame 12 in general vertical alignment with the frame side members 20.
      Each strap 42 is welded to the seat rear element 30 and the adjacent
      element 32, while the associated strap 44 is similarly welded to the back
      front element 36 and the adjacent element 40. The adjacent extremities of
      each pair of straps 42 and 44 are pivotably connected by a pin 46 which
      defines the hinge axis 18 about which the portions 14 and 16 pivot
      relative to one another.
PAR  A pivot assembly is provided at each side of the sofa bed 10 to effect the
      previously described projection and retraction of the portions 14 and 16,
      and accompanying upward and downward movement of the back portion 16. Each
      of these pivot assemblies comprises a front pivot arm 48 having a lower
      extemity pivotally connected to a frame side member 20, and an upper
      extremity pivotally connected to the adjacent one of the seat portion
      elements 32. The pivot point is forwardly of the rear element 30, about a
      third of the distance between the front and rear elements 28 and 30.
PAR  The upper extremity of the pivot arm 48 is bent or cranked so as to project
      forwardly in the bed position illustrated in FIG. 4 and engage the frame
      front element 22. In this position the arm 48 is constrained against
      further forward or counter-clockwise pivotal movement, and loading of the
      sofa bed is transferred by the arm 48 directly to the frame 12. In
      addition, a strap or stop 56 is welded to each of the seat portion
      elements 32 just rearwardly of the pivotal connections of the front arms
      48 to the elements 32. The stops 56 depend from the elements 32 and engage
      the top of the frame front element 22 in the bed position of the sofa bed
      10. The stops 56 prevent any tendency of the portions 14 and 16 to dip
      downwardly at the hinge axis 18. The positive constraint provided by the
      stops 56 thus gives a solid quality to the sofa bed. There is also the
      important advantage that looser tolerances are possible at the pivot
      connections of the arms 48 and 50 to the other sofa bed components. Such
      tolerances do not result in unwanted movement of the seat and back
      portions because the stops 56 engage the frame and prevent any movement
      which might otherwise occur. The pivot action is therefore freer, and
      manufacture and assembly is simpler, faster and less expensive. Close
      tolerance riveted pin connections are not necessary. Moreover, there is no
      need for auxiliary supporting legs or the like to support the free or
      cantilevered front edge of the seat portion 14.
PAR  Each pivot assembly also includes a rear pivot arm 50 having a lower
      extremity pivotally connected to the adjacent frame side member 20 at a
      point located rearwardly of the corresponding connection of the arm 48 to
      the frame 12. The upper extremity of the arm 50 iis pivotally connected to
      the strap 44 of the back portion 16 at a point immediately adjacent the
      back portion front element 22, as best seen in FIG. 4. In the bed position
      of FIG. 4, the lower extremity of the arm 50 is generally vertically
      oriented, and the upper extremity is bent or cranked, thereby extending
      forwardly in the bed position. However, in the seat position of FIG. 3,
      the lower extremity of the pivot arm 50 pivots into close proximity with
      the floor or other supporting structure for the sofa bed, and the back
      portion 16 engages the frame rear element 24. Consequently, the pivot arm
      50 cannot pivot further rearwardly. Thus, engagement of the frame by the
      seat and back portions establishes both the bed and sofa positions.
PAR  Each pivot assembly also includes a generally horizontally oriented
      connecting link 52 having a forward extremity pivotally attached to a
      mounting tab welded to the lower extremity of the front pivot arm 48. As
      seen in the drawings, the link 52 is straight and not cranked or curved.
      The rearward extremity of the link 52 is similarly pivotally attached to a
      mounting tab which is welded to the lower extremity of the rear pivot arm
      50. With this interconnection the connecting link 52 constrains the arms
      48 and 50 from movement independently of one another.
PAR  Each pivot assembly is generally analagous to a parallelogram linkage, the
      lower element of the linkage being defined by the frame 12, the upper
      element being defined by the connected seat and back portions 14 and 16,
      and the arms being defined by the pivot arms 48 and 50. However, the seat
      portions 14 and 16 do not define a rigid upper element, being pivotable
      relative to one another to enable movement of the back portion 16 between
      its horizontal and upright positions. However, the connecting link 52
      prevents uncontrolled relative movement between the portions 14 and 16.
      More particularly, when the front pivot arm 48 is constrained against
      further forward pivotal movement, as seen in FIG. 4, the interconnection
      provided by the link 52 causes the pivot arm 50 to also be constrained
      against forward movement and, since both arms 48 and 50 cannot move, the
      seat and back portions 14 and 16 cannot pivot relative to one another out
      of the coplanar relation of FIG. 4. However, deliberate rearward movement
      of the portions 14 and 16 pivots both of the arms 48 and 50 together to
      the sofa position of FIG. 3. Similarly, in the sofa position, when the
      pivot arm 50 is constrained against further rearward movement, the
      interconnection provided by the link 52 causes the front pivot arm 48 to
      also be constrained against rearward movement and, since both of the arms
      48 and 50 cannot move, the seat and back portions 14 cannot pivot relative
      to one another out of the sofa position of FIG. 3. However, deliberate
      forward movement of the portions 14 and 16 pivots both of the arms 48 and
      50 together back to the bed position.
PAR  The location of the pivot axis of the rear pivot arm 50 immediately
      adjacent the hinge axis 18 has the effect of relatively rapidly upwardly
      pivoting the back portion 16 during its movement from the bed to the sofa
      position. Consequently, the degree of such pivotal movement can be
      adjusted by relocating the point of pivotal attachment as desired.
      However, the point of attachment illustrated has operated satisfactorily.
PAR  The length of the arms 48 and 50, and the extent of their pivotal movement,
      are preferably such that the back portion 16 is engaged upon the frame
      rear element 24 in both the bed position of FIG. 4 and the sofa position
      of FIG. 3, and the seat portion 14 is engaged upon the frame front element
      22 in the sofa position.
PAR  A torsion rod 54 extends transversely of the frame 12 and is welded at its
      opposite extremities to the lower ends of the rear pivot arms 50. This
      causes the pair of pivot assemblies at the opposite sides of the frame 12
      to operate in unison.
PAR  The sofa bed of the present invention provides a strong, relatively
      lightweight, and efficient structure readily adapted for use in motor
      homes and the like.
PAR  Various modifications and changes may be made with regard to the foregoing
      detailed description without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A convertible sofa bed comprising:
PA1  a frame;
PA1  a seat portion;
PA1  a back portion pivotally connected to said seat portion for movement about
      a hinge axis and between generally horizontal and generally upright
      positions; and
PA1  a pair of pivot assemblies, one at each side of said frame and each
      including a front pivot arm having opposite extremities pivotally
      connected to said frame and said seat portion, a rear pivot arm having
      opposite extremities pivotally connected to said frame and said back
      portion, said front and rear pivot arms being pivotable between raised
      positions wherein said front and back portions are forwardly projected and
      said front pivot arm is engaged upon said frame whereby said front pivot
      arm is prevented from further pivotal movement forwardly, and lowered
      positions wherein said front and back portions are rearwardly retracted,
      said rear pivot arm being connected to said back portion adjacent said
      hinge axis whereby said back portion is upwardly pivoted about said hinge
      axis in said retracted position, said pivot assemblies also each including
      a connecting link pivotally connecting said front and rear pivot arms
      whereby said rear pivot arm is prevented by said connecting link from
      pivoting forwardly in said raised position of said front pivot arm.
NUM  2.
PAR  2. A sofa bed according to claim 1 and including a torsion rod
      interconnecting said pair of pivot assemblies for operation of said pivot
      assemblies in unison.
NUM  3.
PAR  3. A sofa bed according to claim 1 wherein said frame, seat portion and
      back portion are fabricated of tubular material.
NUM  4.
PAR  4. A sofa bed according to claim 1 wherein said seat portion includes
      depending stop means adapted to engage and rest upon the front of said
      frame in said horizontal position of said back portion.
NUM  5.
PAR  5. A sofa bed according to claim 1 wherein said connecting link is
      straight.
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ABST
PAL  Bed guard rotatable between elevated and lowered positions and slidable
      from the latter to a position underneath the bed. While elevated, it
      prevents accidental falling off, and when underneath, it allows facile
      patient management and movement of the bed through narrow passageways.
      Where the bed incorporates one or more electric motors to alter its
      configuration, the guard may additionally or alternatively include the
      patient controls for the motors.
BSUM
PAC  BACKGROUND
PAR  Side guards on a hospital bed serve the important function of keeping a
      patient from accidentally falling off the bed. This function assumes
      increased significance from the fact that this type of mishap represents
      one of the largest sources of injuries to hospitalized persons.
PAR  However, when in an elevated position to prevent accidental egress, the
      guards interfere with the patient's movement, care by others, and general
      bed maintenance. Accordingly, modern guards include some mechanisms to
      allow them to lower out of their guarding position while remaining
      attached to the bed.
PAR  The guards in their lowered position, though, present two problems. First,
      they offer no inducement to return them to their elevated position where
      they can again guard the patient.
PAR  Second, in most instances, the lowered guard extends beyond the outer
      perimeter of the mattress and its support. There it inteferes with the
      facile movement of the bed to different locations.
PAR  In an effort to ameliorate the latter problem, T. Nelson, in his U.S. Pat.
      No. 3,220,024, shows a side-guard structure which extends no further than
      the outer perimeter of the bed frame. However, the frame itself extends
      beyond the mattress and thus, would hinder the bed's movement.
PAR  U.S. Pat. No. 3,081,463 to R. J. Williams et al. shows a side quard which,
      upon lowering, swings out and then under the bed where a separate latching
      mechanism holds it. However, swinging the guard between positions requires
      a significant clear space on each side of the bed, thus reducing its
      practicability in a crowded hospital room. Moreover, the structure
      includes complicated mechanisms to swing the guard and retain it under the
      bed.
PAR  A. J. Higgins' U.S. Pat. No. 3,093,839 and C. B. Hutt's U.S. Pat. No.
      3,234,570 indicate the desirability of an intermediate position for the
      guard somewhat elevated above its lowered location. Both of these patents,
      though, accomplish this additional configuration through the use of a
      collapsible side guard. A collapsing structure clearly presents
      significant dangers to fingers and other appendages.
PAR  Beds having one or more electric motors also include a set of controls
      accessible to the patient to allow him to alter its configuration. These
      may have a separate, rigid supporting structure or dangle from a cord as
      in U.S. Pat. No. 3,602,784 to G. M. Euler. The former represents a further
      barrier to using or attending to the bed while the latter allows the
      controls to become lost or even a menace to the patient.
PAC  SUMMARY
PAR  A guard structure for a bed typically includes body-restraining means to
      keep the occupant from falling off the bed. This restraining device can
      move between an elevated and a lowered position.
PAR  Retaining means, coupled to this body-restraining device, serves to hold
      the body retainer in its elevated configuration. Lastly, the structure
      must include release means to disengage the retaining means and allow the
      guard to lower.
PAR  Once in its lowered position, an advantageously improved guard structure
      results if the guard, or the body restraining means, may then move
      underneath the bed. Accordingly, it must have some means to permit the
      guard to move from its outer position to an inner position toward the
      center of the bed and under the mattress. To keep the guard from scraping
      the mattress and its support, the moving mechanism should also prevent the
      guard, unless substantially at its lowered position, from approaching
      closer to the mattress than a predesignated point. To avoid needless free
      play, the guard should remain at its outer limit until reaching the
      lowered position.
PAR  At times, the guard need only lower a portion of its vertical range to
      allow care of the patient as well as his ingress or egress. To achieve
      this for a rigid guard, its supporting structure may include a latch which
      will hold it in a partially elevated position.
PAR  Frequently a hospital bed with a guard structure also includes
      patient-controlled electrical facilities, such as a motor. Several
      important advantages result from the placement of the patient controls
      within the guard itself.
PAR  First, without a separate structure, the controls will not impede patient
      or bed care. Further, the embedding of the controls avoids the hazards of
      a dangling wire. Placed on the guard, the controls remain readily
      available, and do not become lost.
PAR  Moreover, in order for the patient to activate the controls, the guard must
      raise to an elevated position where the patient can reach them.
      Accordingly, they encourage the returning of a lowered guard to its
      elevated position. By doing so, they help reduce accidental falls from the
      bed.
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PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 shows a bed having guards containing electrical controls and
      slidable under the bed;
PAR  FIG. 2 gives an exploded view of a guard with and without embedded
      electrical controls;
PAR  FIG. 3 has a rear elevational view of a guard structure not having controls
      and in its elevated position;
PAR  FIG. 4 gives a top view of the guard of FIG. 3 in the same elevated
      position;
PAR  FIG. 5 gives a rear elevational view of a guard structure in its position
      of intermediate elevation;
PAR  FIG. 6 has a rear elevational view of a guard in its lowered position;
PAR  FIG. 7 gives a top view of the guard in its lowered position, with the
      phantom drawing showing the guard in its recessed position underneath a
      bed;
PAR  FIG. 8 gives a side view of the guard in its lowered and extended position
      prior to sliding it under the bed; and
PAR  FIG. 9 shows a side view of the guard in its lowered and recessed position.
DETD
PAC  DETAILED DESCRIPTION
PAR  The bed in FIG. 1 includes adjustable portions in their configured or
      contoured positions. Many of them have become standard for hospital and
      nursing home beds.
PAR  The bed has a base frame 1 supporting it on the floor. The elevating frame
      2 incorporates the structure that allows the bed to rise, descend, or tilt
      and also supports the remaining components at the chosen elevation.
PAR  The bed further has a segmented spring, indicated generally at 3, with a
      mesh or other structure to support a mattress. The segmentations in the
      spring allow it to assume the various configurations.
PAR  At one end of the bed appears the head portion 4 of the spring. It pivots
      about an axis through the point 5 to elevate the patient's head.
PAR  U.S. Pat. No. 3,237,212 to W. A. Hillenbrand et al. shows a vastly superior
      head elevating mechanism which moves the bed towards its head as the
      latter raises. This allows the patient's head to remain near the wall and
      the usual auxiliary equipment.
PAR  The middle section 6 connects to the head portion 4 at the point 5. It
      remains fixed to the frame and generally displays no independent motion.
PAR  The knee portion of the bed consists of a thigh segment 7 and a foot
      segment 8. The former connects to the middle section 6 at the point 9
      about which it rotates to elevate the thigh.
PAR  The foot section 8 pivotally connects to the thigh section 7 at the point
      10. Rotation about the point allows for the flexing of the patient's knee.
      Upon raising the knee, the end 11 of the foot section may elevate
      slightly, as shown for added comfort.
PAR  The exploded view of FIG. 2 shows the parts of a foot guard 12 and without
      electrical controls and a head guard 112 with embedded controls. The
      guards in this figure appear on the right side of the bed or at the rear
      as viewed in FIG. 1. The guards in FIGS. 3 through 9 have comparable parts
      but appear on the bed's right or in the front of FIG. 1.
PAR  The foot side guard, without control switches, appears generally at 12 and
      includes the side guard rail 13 which forms a loop. The ends of the loop
      13 terminate inside of the channel 14 and extend approximately up to the
      bushing 15. Welded between the loop 13 and the channel 14, the uprights 16
      lend stability to the structure and also prevent patient egress through
      the guard 12
PAR  The side guard 12 attaches to the side-guard arms 17 by the pivot bolts 18
      which pass through bearings 19, the arm bushings 20, which form part of
      the arms 17, and the further set of bushings 21. The bolts 18 then screw
      into the threaded bushing 15. When assembled, the bushings 19 and 21
      actually fit within the arm bushing 20. Preferably they are made from
      sintered bronze impregnated with oil to lubricate the relative motions.
      The screws 22 lock the pivot bolts 18 into their preset positions inside
      the bushing 15 after an adjustment of pivot bolts 18 to remove any free
      play of the guard 12.
PAR  The pivot pins 26, welded to the pivot arms 17, pass through the washer 27,
      the bearings 28 and the frame 29 via the openings 30. After exiting the
      holes 30, the pivot pins 26 then pass through the plastic bearings 31, the
      spacers 32, and as many shim washers 33 as required to take up any
      remaining space.
PAR  The timing arms 34 fit over the distal ends of the pivot pins 26 where the
      tubular pins 35 hold them in place. The cotter pins 36 pass through the
      tubular pins 35 and, after passing through the openings 37, hold the
      tubular pins 35 inside the pivot pins 26.
PAR  The timing arms 34 pivotally attach to the timing link 40 by the rivets 41.
      These rivets pass through the openings 42 in the timing link 40; the shim
      washers 43; the holes 44 in the timing arms 34; and the washers 45 before
      having their ends swagged.
PAR  The guard 12 moves up and down through a circular motion. In so moving, the
      arms 17 also move in a circular fashion with the pivot pins 26 rotating
      about their center axis. Since the timing arms 34 rigidly attach to the
      pivot pins 26, they too will rotate about the center of their holes 50
      which surround the pins 26. The rotation of the turning arms 34 causes
      their openings 44 to describe an arc. However, the inelastic timing link
      40 connects the two turning arms 34 together. As a result, during any
      motion of the guard 12, they describe the same arc about their openings 50
      with respect to each other.
PAR  In fact, the timing link 40 and the timing arms 34 specifically insure
      equal amounts of rotation of the pivot pins 26 and, hence, of the arms 17.
      This equal motion of the arms 17 results in the guard 12 remaining
      parallel to the section of the bed to which it attaches. Thus, in FIG. 1,
      the foot guard 12 has accompanied the foot section 8 as it has raised
      slightly. The head guards 112, which have the same mechanical structure as
      the foot guards, have clearly moved along with the head section 4 as the
      latter has raised. This coordinated motion with the mattress section keeps
      the guard in a position to provide its protection to the patient.
PAR  To go to its raised position, guard rail 12 rotates towards the head of the
      bed which in FIG. 2 proceeds by a clockwise motion. In FIGS. 3 through 9,
      the guard 12 moves in the counter-clockwise direction to elevate.
PAR  Because of its connection to the pivot pins 26 through the timing arms 34,
      the timing link 40 moves towards the foot of the bed as the guard 12 moves
      towards the head. Again in FIG. 2, this motion of the timing link 40
      proceeds through a clockwise rotation, while in the later figures the link
      40 moves counter-clockwise as the guard 12 elevates.
PAR  The clockwise motion of the timing link 40 in FIG. 2 continues until the
      leg 54 on the timing link abuts the projection 55 on the frame 29, which
      occurs simultaneously with the leg 56 abutting the projection 57. The
      meeting of the legs 54 and 56 with the projections 55 and 57 limits the
      motion of the guard rail 12 towards the head of the bed and causes it to
      stop with the arms 17 slightly inclined towards the head.
PAR  At the same time, the latch 58, because of the elevation of the timing link
      40 as it rotates, slides out from the latch housing 59, engages the
      underneath side of the timing link 40, and prevents it from rotating in a
      counterclockwise direction which would allow the guard 12 to descend.
      FIGS. 3 and 4 show the foot guard 12 in this elevated position. The arms
      17 lean in the opposite direction from those in FIG. 2 since they appear
      on the opposite side of the bed. Nonetheless, they still incline toward
      the head of the bed.
PAR  The pin 60 extends through the latch 58 into the opening 61 of the latch
      arm 62. The arm 62 in turn pivotally attaches to the underside of the
      frame 29 by the shoulder bolt 63 which passes through the washer 64, the
      frame 29, and connects to the latch arm 62 at its opening 65.
PAR  At the open end of the arm 62, the shoulder bolt 67 passes through the
      latch return spring 68 and the actuation bracket 69 and attaches to the
      latch arm 61 at the opening 70. The latch return spring 68 fits within the
      frame 29 and forces the end of the latch arm 62 with the opening 70
      towards the guard rail 12. The latch arm 62, accordingly, pivots about the
      point 65 and, acting through the pin 60, forces the latch 58 out of the
      housing 59 where the latter engages the underside of the timing link 40 to
      retain the guard rail 12 in its raised position.
PAR  Depressing the push button 71 releases the guard rail and allows it to
      descend. The button 71, attached to the bracket 69 by the push nut 72,
      pushes the bracket 69 and the latch arm 62 against the bias of the spring
      68. The arm 62 pivots about the point 65 and retracts the latch 58 into
      the housing 59. With the latch 58 inside the housing 59, the link 40 may
      rotate towards the head of the bed or in a counterclockwise motion in FIG.
      2.
PAR  The arms 17 will also rotate in the counter-clockwise direction, thus
      moving away from the push button 71 and the hand of the operator. All push
      buttons sit on the side of their guard rails where they will remain away
      from the path of the rotating guard arms.
PAR  After the timing link 40 has rotated slightly, it moves out of the way of
      the latch 58 which, due to the biasing of the latch spring 68, reemerges
      from the housing 59. After the guard rail 12 has descended approximately
      half of the permitted distance, the side of the leg 54 will abut against
      the side of the latch 58. This intermediate position allows for convenient
      patient care. FIG. 5 shows a foot guard held in the intermediate location.
PAR  Pressing again or still upon the release button 71, the latch 58 retracts
      into its housing 59, allowing the timing link 40 and, hence, the guard
      rail 12 to rotate in the counter-clockwise direction until the guard rail
      has reached its lowest position. At this point, the leg 75 abuts against
      the projection 55 on the frame 29 while the leg 76 rests against the
      projection 57.
PAR  Moreover, the leg 54 of the timing link 40 has engaged the narrow end 77 of
      the retracting latch 78. The latch 78 pivotally attaches to the frame 29
      by the bolt 79 passing through the opening 80, while the push nut 81 holds
      it in place. The narrow end 77 of the retracting latch 78 sits within the
      loop 82 formed of steel welded to the frame 29. This loop 82 keeps the
      latch 78 in the generally correct position for its functionings. As the
      leg 54 forces up the end 77 of the latch 78, the wide part 83 of the latch
      78 uncovers the opening 84 in the frame 29.
PAR  FIG. 6 shows the foot guard in its lowest position with the opening 84 in
      the frame 29 uncovered. Prior to its retraction underneath the bed, it
      occupies the position indicated both by the solid-line drawing in FIG. 7
      and by FIG. 8.
PAR  The guard rail structure attaches to the bed frame at two locations. The
      support rods 86 attach to the bracket 87 which the bolts 88 and nuts 89
      then hold to the bed. The bolts 90 pass through a member of the bed and
      screw into the threaded openings 91 of the other side of the support rods
      86 to securely hold them to the bed. Bolts 90 as well as the bolts 91 also
      support the cover plate 92 in position. The support rods 86 pass through
      the openings 93 in the frame 29 in a sliding arrangement.
PAR  When the rail 12 reaches its lowest position, and the leg 54 uncovers the
      opening 84, the stop pin 85, attached to the bed, may enter the opening 84
      as the frame 29 slides along the support rods 86. As the frame 29 passes
      over the support rods 86, it allows the guard rail 12, the arms 17, and
      the pivot rods 26, which attach to it, to also move towards the center of
      the bed. The phantom drawing of FIG. 7 as well as FIG. 9 show the guard
      rail 12 and the frame 29 in their retracted position.
PAR  Thus, the inward translational motion of the guard rail 12 and the frame 29
      can proceed only when the guard rail 12 has about reached its lowest
      position. In this configuration, the leg 54 has raised the latch 78 to
      uncover the opening 84.
PAR  In any other position, the leg 54 can not raise the narrow end 77 of the
      latch 78, and the wide portion 83 of the latch 78 covers the opening 84.
      Any attempt to move the guard rail towards the middle of the bed results
      in the stop pin 85 abutting the wide portion 83 to prevent the ingress of
      the guard rail 12.
PAR  As the guard 12 moves from its upper position to the middle, lowered, and
      retracted positions, it remains perpendicular to the floor on which the
      bed sits. It continues to remain perpendicular as it accompanies the foot
      section in its raising or lowering. Maintaining this constant angle allows
      it to properly guard a patient when elevated and not require excessive
      space to lower and retract.
PAR  When the foot rail 12 rotates upwards, at both its middle and its uppermost
      positions the timing link 40 will abut against the underside of the latch
      58. However, since the beveled edge of the latch 58 meets the timing link,
      its upward motion against the cammed beveled edge of the latch 58 forces
      the latch into the housing 59 so that the guard rail 12 may continue its
      upward motion unimpeded.
PAR  The head side guard 112 has basically the same structure and operates in
      substantially the same manner as the foot guard 12. However, it elevates
      by rotating towards the foot of the bed or in the counter-clockwise
      direction in FIG. 2. This results in timing link also rotating in the
      counter-clockwise direction as the head guard 112 raises. The head guard
      112 also has a cover of plastic pieces 113 and 114 for protection and
      warmer feel. The bolts 115 hold these in place.
PAR  The head guard 112 differs from the foot guard 12 in that it also holds
      control switches for the patient to change the bed's configuration. To
      allow for the installation and repair of the electric controls, the end
      116 separates from the loop 13. The two bolts 117 hold the end 116 to the
      loop 113. The actual switches 118 fit into the plastic switch housing 119
      where the switch clamp 120 holds them. The clamp 120 remains fixed to the
      switch housing 119 by the three screws 121. After placing the switches 119
      and the clamp 120 into the switch housing 119, the housing 119 then fits
      onto loop end 116 which is subsequently slid into the open ends of the
      loop 13 and bolted. The shoulders 122 of the loop 13 abut against the ends
      123 of the switch housing 119 and hold it in place.
PAR  The cable 130 which connects to the switches 118 travels along the loop 13.
      It passes through openings in the side of the bushing 131, the sintered
      bronze bushings 21, and the middle of the hollow bolt 132, exiting through
      the opening 133. The cable then passes down along the arm 134 and into and
      through the hollow pivot rod 135. The cable cover 136, held in place by
      the bolts 137, protects the cable 130 in its journey from the opening 133
      in the bolt 132 to the hollow pivot rod 135. After exiting from the pivot
      rod 135, the spring sheath 137 protects the cable until it reaches the
      plug 138. The remaining parts on the guard operates the same as with the
      foot guard 12.
CLMS
STM  Accordingly, what is claimed is:
NUM  1.
PAR  1. In a guard structure for a bed having:
PA1  A. body restraining means for preventing unintended egress of an occupant
      from said bed, said restraining means being movable between an elevated
      and a lowered position;
PA1  B. retaining means coupled to said restraining means for holding said
      restraining means in an elevated position; and
PA1  C. release means coupled to said retaining means for disengaging said
      retaining means and allowing said restraining means to descend, the
      improvement comprising moving means for permitting said restraining means
      to move between an inner limit toward the center and an outer limit away
      from the center of a bed to which affixed, said moving means prohibiting
      motion toward the center of said bed beyond a predesignated point located
      between said inner and outer limits when said restraining means occupies a
      position substantially above said lowered position.
NUM  2.
PAR  2. The improvement of claim 1 wherein:
PA1  a. said predesignated point is substantially at said outer limit, and
PA1  b. said inner limit is located sufficiently close to the center of said bed
      that said restraining means, when moved to said inner limit, is situated
      substantially beneath the mattress support of said bed.
NUM  3.
PAR  3. The improvement of claim 2 wherein said restraining means is
      substantially rigid and further including intermediate holding means for
      holding said restraining means at a position intermediate said elevated
      and said lowered positions.
NUM  4.
PAR  4. The improvement of claim 2 in a structure for affixation to a bed having
      electrical facilities wherein said restraining means includes controls for
      said electrical facilities.
NUM  5.
PAR  5. The improvement of claim 4 wherein said moving means maintains said
      restraining means at a constant angle with respect to the surface on which
      said bed sits.
NUM  6.
PAR  6. The improvement of claim 5 wherein:
PA1  a. said moving means includes separate guiding means having an operative
      position where it prohibits motion of said restraining means from said
      outer limit toward said inner limit and an inoperative position where it
      allows such motion;
PA1  b. said restraining means is pivotally attached to each of two arms;
PA1  c. said arms each attach to and rotate about an axis passing through a
      pivot pin;
PA1  d. a timing arm connects to each pivot pin;
PA1  e. a timing link connects to both timing arms and undergoes motion as said
      restraining means lowers or elevates; and
PA1  f. when said restraining means substantially reaches said lowered position,
      said timing link abuts and moves said guiding means from its operative
      position to its inoperative position to allow said restraining means to
      move toward said inner limit.
NUM  7.
PAR  7. The improvement of claim 6 wherein said guiding means includes two
      members abutting against each other when said restraining means is at said
      outer limit and not substantially at said lowered position, said timing
      link moving at least one of said members out of abutment with the other
      member when said restraining means is substantially at said lowered
      position.
NUM  8.
PAR  8. In a guard structure for a bed having electrical facilities, said
      structure having body restraining means for preventing unintended egress
      of an occupant from said bed, the improvement wherein said restraining
      means includes controls for said electrical facilities.
NUM  9.
PAR  9. The improvement of claim 8 in a bed having at least one electrical motor
      to alter the configuration of said bed wherein said controls include means
      to activate said motor.
NUM  10.
PAR  10. The improvement of claim 9 wherein said restraining means is movable
      between an elevated and a lowered position.
NUM  11.
PAR  11. The improvement of claim 10 wherein said structure includes moving
      means for permitting said restraining means to move, between inner and
      outer limits, towards and away from the center of said bed.
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ABST
PAL  The present invention concerns a combination tool for providing a bore in a
      workpiece and for introducing a fastener, especially a self-threading
      screw, into said bore. Said combination tool comprises a cylindrical core
      one end of which is provided with a stub shaft meant to be connected to a
      drive means and the other end of which carries a mounting member for a
      drill. A sleeve surrounds said core and carries a tightening member for
      said screw. Said sleeve is axially displaceable along said core from a
      first end position in which said drill protrudes through and outside of
      said tightening member into a second end position in which the drill is
      completely retracted inside of same. In said first end position the sleeve
      is rotatable relative to said core, but in said second end position it is
      stationary thereto both with respect to rotation and to axial
      displacement.
PARN
PAR  This is a continuation, of application Ser. No. 408,574 filed Oct. 23,
      1973, now abandoned.
BSUM
PAR  The present invention concerns a combination tool for providing a bore in a
      work piece and for introducing a fastener, preferably a self-threading
      screw, into said bore.
PAR  A workman occupied in erecting work in which self-threading screws are used
      has up to now been forced first to drill the holes, for instance by means
      of an electric drilling machine and thereafter to exchange the drill in
      the machine for a tool for screwing in said screws. It is of course also
      possible to use two machines, a drilling machine and a machine for
      tightening of the screws, but both methods involve considerable costs.
PAR  The object of the present invention is to provide a combination tool by
      means of which it is possible rapidly and alternatedly to effect said two
      work operations without change of the tools or machines. The erecting work
      thereby becomes much cheaper and can be done much faster.
PAR  Another object of the invention is to construct the combination tool in
      such a way that the tightening of the self-threading screw is carried out
      with a predetermined moment, so that the screws are tightened with the
      same moment and all risks for overstresses and breakage of a screw are
      eliminated.
PAR  The intention is finally that the combination tool of the invention shall
      be useable with machines usually present at the work place so that the
      investment costs become low.
PAR  The above stated objects of the present invention are achieved by means of
      a combination tool having a construction as stated in the attached claims.
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PAR  An embodiment of the invention will now be described with reference to the
      attached drawing, on which
PAR  FIG. 1 is an exploded elevation of a combination tool according to the
      invention, partly in axial section,
PAR  FIG. 2 is an elevation, partly in axial section, of the tool arranged in a
      drilling machine and in a position for drilling,
PAR  FIG. 3 is a view corresponding to FIG. 2 during switch-over between its two
      working positions,
PAR  FIG. 4 is a corresponding view, showing the tool in its position for
      tightening a screw,
PAR  FIG. 5 is an axial section of a part of the tool and
PAR  FIG. 6 is an axial section of another part of the tool according to the
      invention.
DETD
PAR  The combination tool according to the invention comprises an inner portion,
      called the core 1 in the following description, and an outer portion 2.
PAR  Said core is formed by a cylindrical body 3 which at one end thereof is
      provided with a central stub axle 4 to be attached to a driving device,
      i.e., the chuck 5 of a conventional drilling machine 6. The other end of
      the body 3 is provided with a central mounting member 7 for a drill 8.
      Said mounting member 7 may have any suitable construction and since it
      does not form any part of the present invention it will not be further
      described. The cylindrical outer surface of said core body 3 is
      furthermore provided with a number of part spherical depressions 9 which
      are arranged peripherally around said body in a plane perpendicular to the
      axis thereof.
PAR  The outer portion 2 of the tool comprises a cylindrical sleeve 10 having
      such an internal diameter that it has easy running fit on the cylindrical
      core body 3. The front end 11 of the sleeve 10 has a conical taper and
      merges with a central peg 12 to which is replaceably fastened a tightening
      member 14 fitting the screw to be used. The peg 12 may have an arbitrary
      form suitable to accommodate a tightening member in a replaceable manner
      and may thus be cylindrical and threaded so as to be screwable into the
      tightening member or non-circular and provided with a suitable snap lock,
      such as a ball snap lock.
PAR  The through bore of the sleeve 10 comprises a main portion having greater
      diameter and meant to surround the core body 3 under easy running fit and
      an end portion having a smaller diameter and meant to accommodate said
      drill 8 with a comparatively great clearance. Said end portion is aligned
      with a corresponding bore in the tightening member 14 so that said drill 8
      during the drilling operation may protrude a suitable distance outside of
      said tightening member 14. A radial shoulder 15 forms a connection between
      said bore portions of greater and smaller diameters and cooperates with
      the adjacent end of the core body 3 in forming a stop member for one end
      portion of said sleeve 10.
PAR  A number of radial through bores 16 are arranged in the wall of the sleeve
      10 and have the same spacing as said depressions 9 of the core body 3 or a
      multiple thereof. Said through bores 16 accommodate balls 17 the diameters
      of which are somewhat greater than the wall thickness of the sleeve. The
      openings of the through bores 16 in the inner wall of the sleeve 10 are
      preferably restricted to some degree so that said balls 17 may not fall
      inwards but may partly extend into the inner space of said sleeve 10.
PAR  A locking member 18 in the form of a ring or a cylindrical bushing
      surrounds said sleeve 10 and is both axially displaceable and rotatable
      relative to same. The axial displacement of the locking member 18 is
      restricted in one direction by abutment between one of its edges and an
      annular flange 19 at the end of the sleeve 10 spaced from the tightening
      member 14, and displacement of the locking member 18 in the opposite
      direction is restricted by abutment between the other edge of the locking
      member and circlip 26, arranged in an annular groove in the outer surface
      of the sleeve 10 at some distance from the conical end thereof.
PAR  The internal cylindrical surface of said locking member 18 comprises at
      least one annular surface portion 21 which engages the outer cylindrical
      surface of the core body 3, and one annular surface portion 22 situated at
      a distance outside of said outer cylindrical surface (see FIG. 5). The
      last mentioned surface portion is preferably provided by the bottom
      surface of an annular groove 23 arranged in the inner surface of said
      locking member 18. Said annular groove 23 is placed in said locking member
      18 in such a way that its medium plane coincides with the plane through
      the centres of said balls 17, when said locking member 18 is displaced
      into abutment against the annular flange 19 of said sleeve. In this
      position said balls 17 can be moved radially outwards into said annular
      groove 23 into engagement with the bottom surface 22 thereof. The sum of
      the thickness of the ball of the sleeve 10 and the depth of the annular
      groove 23 is at least equal to the diameter of said balls so that same,
      when engaging the bottom surface 22 of said annular groove 23, are
      situated fully outside of the bore of the sleeve 10, said sleeve 10
      together with the locking member 18 then being axially displaceable and
      rotatable relative to the core body 3.
PAR  When the locking member 18 is moved away from its engagement with the
      annular flange 19 the annular groove 23 is also moved out of alignment
      with the balls 17 and the balls roll over the edge surface 24 of the
      annular groove, which is chamfered on this side, up onto the surface
      portion 21 and are thereby forced partly to extend into the inner space of
      the sleeve. A compression spring 25 is tensioned between an outer shoulder
      of the sleeve 10 and an inner shoulder of the locking member 18 and tends
      to displace the latter in the direction of said circlip 26.
PAR  Finally the sleeve 10 is axially displaceable relative to the core body 3
      from an end position, in which said body 3 engages the internal shoulder
      15 of the sleeve 10 and the drill 8 protrudes outside of the tightening
      member 14 far enough to enable the drilling of the hole of sufficient
      depth for the intended screw, to a second end position, in which said
      balls 17 engage into said part spherical depressions 9 of the core body 3.
      In said second end position the drill 8 is completely retracted into the
      sleeve 10 and the tightening member 14 may without obstruction be applied
      on the screw to be tightened.
PAR  The adjustment of the combination tool between these end positions will now
      be described starting from the first of said end positions which is shown
      in FIG. 2.
PAR  In this end position the outer portion 2 is situated in engagement with the
      shoulder 15 against the core body 3. The outer portion 2 is retained in
      this position by means of the friction between the steel balls 17 and the
      core body 3 on account of the radial pressure on the balls 17, which is
      generated by the locking member 18 being pressed forwards by means of the
      pressure spring 25, which fact on account of the chamfer 24 of the groove
      23 causes a radial pressure on the locking balls. The drill 8 protrudes
      outside of the tightening member 14 and when the drilling machine 6 is
      started the desired hole can be drilled and the drill can thereby be
      guided by the workman gripping the locking member 18 which together with
      the sleeve 10 is freely rotatable around the core body 3. When the
      drilling is completed the workman pushes the locking member 18 forwards
      and the balls 17 then carry the sleeve 10 along, since they are prevented
      from displacement inwardly by the core body 3, so that the coupling is
      maintained in axial direction between said locking member 18 and said
      sleeve 10. When said balls 17 are situated opposite to the depressions 9
      in the cylindrical outer surface of the core body 3, movement of the balls
      17 radially inwards is, however, possible so that said balls are cammed
      into said depressions by the chamfered edge side 25 of the annular groove
      23. The balls 17 are thereby pushed so far inwards that they to their full
      extent are situated inside of the outer surface of the sleeve 10 and the
      locking member 18 can then be displaced axially relative to said sleeve 10
      into engagement with the circlip 26 under the action of the adjusting
      force and the force from the spring 25. In this position the internal
      surface portion 21 of the locking member 18 retains the balls 17 in their
      position of engagement into the depressions 9 and the sleeve is thereby
      held immovable both against axial movement and rotation relative to the
      core body 3, the tightening member 14 being situated far enough outside of
      the tip of the drill 8 to allow application thereof over a screw head (see
      FIG. 4) to tighten said screw.
PAR  When the tool is adjusted to the position for a new drilling operation, the
      workman pulls the locking member 18 in the opposite direction, the locking
      member then being displaced axially in respect to the sleeve 10 under
      tensioning of said spring 25 until the annular groove 23 is brought to a
      position opposite said balls 17. The bottoms of said depressions 9 then
      act as cam surfaces and force said balls 17 radially outwards into said
      annular groove 23, whereby the connection between said sleeve 10 and said
      core body 3 is disconnected and the sleeve 10 together with the locking
      member 18 is axially movable backwards into engagement with the shoulder
      15 (see FIG. 2).
PAR  It should be pointed out that the locking member 18 in all positions is
      freely rotatable either by itself or together with the sleeve 10,
      wherefore the drilling machine 6 need not be stopped when the tool is
      adjusted. If the locking member 18 is pulled back from the tightening
      position according to FIG. 4 against the action of the spring 25 and the
      sleeve 10 at the same time is retained in its position, the annular groove
      23 is drawn into the position opposite the balls 17 and said sleeve with
      the members arranged thereon can thereafter be pushed forwards, whereby
      the balls 17 are pressed radially outwards and the outer portion 2 of the
      tool can thereafter be removed from the inner portion 1 (see FIG. 1). Thus
      it is very simple to exchange drills and keep the tool free from drill
      chips.
PAR  It should also be pointed out that even if the described embodiment
      contains several balls 17, one single ball may be sufficient in certain
      cases.
PAR  The inner portion or core 1 of the tool may be formed by a single, solid
      piece of material, but the invention also embraces an embodiment in which
      the tightening member 14 is driven over a moment limiting slip clutch as
      is shown in FIG. 6.
PAR  The core body 3 then consists of a hollow cylinder 26 having an integral
      bottom wall 27 at one end and second bottom wall 28 which can be screwed
      into the other end of the cylinder. The stub shaft 4 and the mounting
      member 7 for the drill 8 are formed as an integral member and are
      journalled for rotation in central openings in said bottom walls 27, 28.
      Adjacent the internal side of the integral bottom wall 27 said stub shaft
      4 is provided with an annular flange 29 having a smaller diameter than the
      internal diameter of said cylinder 26 and comprising a number of axial
      through bores 30. A pair of clutch balls 31 are arranged in each of said
      axial bores 30, the length of which is less than twice the diameters of
      said balls 31. A number of part spherical depressions 32, corresponding to
      the number of bores 30, are formed in the inner surface of the integral
      bottom wall 27 and are spaced to correspond to the bores 30. An annular
      pressure plate 33 surrounds said stub shaft 4 and is pressed against the
      clutch balls 31 facing the loose bottom wall 28 by means of a pressure
      spring or a package 34 of spring washers, which is arranged between said
      pressure plate 33 and said loose bottom wall 28.
PAR  When the tool is used for drilling, the moment of the drilling machine 6 is
      directly transferred to the drill 8. When screws are to be tightened,
      however, the moment is transferred to the tightening member 14 via the
      slip clutch 29-34 and when said moment becomes so great, that is can force
      the clutch balls 31 out of the depressions 32 against the action of the
      spring 34, the clutch slips. The force of said spring and thus the
      transferrable moment is adjustable by screwing the loose bottom wall 28
      further into or out of said cylinder 26.
PAR  The combination tool described above has all the advantages mentioned in
      the introduction to the description and thus provides a cheap and useful
      means to simplify erecting work or the like by means of self-threading
      screws.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A combination tool for providing a bore in a workpiece and for
      introducing a fastener, preferably a self-threading screw, into said bore,
      said tool comprising
PA1  a. a cylindrical core having at one end a stud shaft adapted to be driven
      by a driving means and at the other end a central mounting member for a
      drill;
PA1  b. a first sleeve having at one end a tightening member, said first sleeve
      surrounding said core and being rotatable and axially displaceable
      relatively thereto;
PA1  c. a second sleeve surrouding said first sleeve and being rotatable and
      axially displaceable thereto; and
PA1  d. coupling means which are axially displaceable together with said first
      sleeve, said coupling means being so arranged that
PA2  i. in a first end position of said first sleeve in which said drill
      protrudes through and beyond said tightening members, and in a first end
      position of said second sleeve to connect said two sleeves for mutual
      axial displacement;
PA2  ii. upon such mutual axial displacement of said two sleeves into a second
      end position of said first sleeve in which said drill is completely
      retracted inside of said tightening member to release said connection
      between said two sleeves and to engage said core for unrotatable as well
      as axially undisplaceable connection of said first sleeve to said core;
      and
PA2  iii. upon continued axial displacement of said second sleeve relatively to
      said first sleeve into a second end position of said second sleeve to lock
      said coupling means in said engagement.
NUM  2.
PAR  2. A tool as defined in claim 1, wherein there is at least one radial
      through-bore in the wall of said first sleeve; and wherein
PA1  a ball is accommodated in said through-bore said ball having a greater
      diameter than is the thickness of said sleeve wall; said tool being
      further characterized by
PA1  a circumferential groove in the inner surface of said second sleeve;
PA1  the arrangement being such that said ball in the first end positions of
      said two sleeves is partly received in said circumferential groove in
      rolling engagement against the outer surface of said core,
PA1  said ball in said second end positions of said two sleeves being partially
      received in a depression in the outer surface of said core and in rolling
      engagement with the inner surface of said second sleeve outside of said
      groove.
NUM  3.
PAR  3. A tool as defined in claim 2, in which the trailing side surface of said
      groove, when said second sleeve is displaced from its first end position
      into its second end position, is chamfered to provide a cam action for
      shifting said ball out of said groove upon axial displacement of said
      second sleeve relatively to said first sleeve in the second end position
      thereof.
NUM  4.
PAR  4. A tool as defined in claim 2, wherein the opening of said radial bore
      through the inner surface of said first sleeve is restricted to prevent
      the ball from balling out.
NUM  5.
PAR  5. A tool as claimed in claim 1, characterized in that said mounting means
      for the drill is reigidly connected to said stub shaft and that a moment
      restricting slip clutch is arranged between said stub shaft and an
      envelope of the core.
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ABST
PAL  Method of dyeing a textile web having a relatively large volume or
      relief-like construction which includes immersing the web in a dye
      solution having a dye concentration corresponding to the quantity of
      liquid to be squeezed from the web in a subsequent dewatering step,
      passing the web between two absorbent endless entrainer members of a
      squeeze foulard that are continuously saturated with the dye solution
      prior to engagement of the endless entrainer members with the web, and
      squeezing the web in the foulard so as to dewater it to less than
      substantially 40% moisture with respect to dry weight of the web, then
      passing the web through an infra-red channel at an adjusted relatively low
      drying velocity so as to prevent the formation of cloudiness in the dye
      distribution and drying the web to a final moisture content of at most 5%
      with respect to dry weight of the web, and subsequently completing the
      steps of the dyeing process per se.
BSUM
PAR  The invention relates to a method of dyeing, especially of thermosoling, a
      relatively voluminous textile web. This method serves to develop or fix
      the dye in a continuous operation, as opposed to a batch-type operation.
      For example, dispersion dyes, anionic or cationic dyes for dyeing
      polyester, polyamide, polyacrylonitrile or similar fibers or mixtures
      thereof are developed or fixed or are both developed and fixed on the web
      in a steaming device or in a thermo-chamber. A prerequisite of these
      processes is that a dehydration or drying of the web takes place after it
      has been subjected to the respective dyeing liquid.
PAR  In this regard, three drying stages or sections can be basically
      distinguished (note the publication "Trocknungstechnik" [Drying
      Engineering], Krischer and Kroll, Springer Publishing, 1956, page 233 ff).
      The first drying stage or section begins at a high moisture content. In
      that drying stage, the vaporization of the moisture at the surface, at
      which in this phase saturated vapor pressure always exists, is
      approximately constant, and consequently the drying speed is also
      constant. This drying operation wherein the surface water is removed is
      maintained until the capillary liquid transport from the interior to the
      surface becomes smaller than the quantity of water per unit of time
      vaporized until then. At this break point of the drying operation, the
      liquid content in the surface becomes zero. With reducing drying speed,
      the vaporization no longer occurs at the surface, but rather in the
      interior of the web, namely essentially within the capillaries thereof.
      The greatest part of this second drying phase or section, wherein the
      capillary-water is essentially removed, has received the designation
      "Final Drying", generally, in the drying of textile webs, because a third
      drying phase or section wherein the molecular water can be removed is of
      no interest in this case.
PAR  Squeeze foulards, suction devices, infra-red channels or similar devices
      are employed for dehydrating or de-watering textile webs. In a so-called
      pre-drying phase, the first drying stage or section mentioned hereinabove
      must be traversed, that is, the aforementioned break point in the drying
      operation must be reached or exceeded, because otherwise, at the
      aforementioned final drying in the second drying stage or section in a
      next-succeeding machine (contact or convection drying) an undesired
      migration of the dye into the initially dried regions of the web may
      occur. Moreover, when surface water is present, spotting i.e. the
      formation of spots, on the guide members of the machine may take place.
PAR  Since the greatest part of the liquid originating from the immersion of the
      web in the dyeing liquid or bath can be removed by squeezing the same out
      of the web, the latter is passed through a squeeze foulalrd generally
      immediately after it has left the dye bath or trough. If one wishes to
      operate economically or efficiently in this case, about 60% moisture with
      respect to the dry weight of the cloth or web must be squeezed out. If
      such is not the case i.e. if 60% of the moisture is not squeezed out,
      attainment of the low-starting moisture required for the dye-development
      or fixing process can be achieved, in fact, by over-dimensioning a
      succeeding infra-red channel, which necessitates, however, excessively or
      unreasonably high energy costs in the infra-red channel, so that the
      entire process can be unprofitable.
PAR  Numerous types of textile webs exist, however, which cannot be adequately
      dewatered with conventional squeeze foulards. In this category are all
      kinds of relief-like mesh goods, cloth webs or textured yarns, especially
      thick, tufted or voluminous webs or the like; such webs, when squeezed,
      being on the whole either not reduced in moisture at all to the desired
      extend or at the very least being considerably damaged due to the great
      line pressure exerted thereon in the squeeze foulard. Basically, if a dye
      migration from the inner region into the outer regions of such webs is to
      be prevented during "final drying" in hot flues, tensioning frames and the
      like, moisture values must be attained before final drying that are, for
      example, in cotton fibers &gt; 30% water content, in rayon fibers &gt; 40% water
      content, and in polyester fibers &gt; 1% water content. With these water
      contents, the dye development or fixing, in itself, is able to be effected
      by vaporization or contact or convection drying. At any rate, the moisture
      content is still so high that guide members can form marks on the web. An
      effort is made, therefore, during the pre-drying or first drying phase or
      section to dewater even further than would even be required for limiting
      the migration.
PAR  It is accordingly an object of the invention to provide a method of dyeing
      a textile web wherein the foregoing requirements for drying the web are
      readily met even for very voluminous or relieflike patterned cloth webs or
      webs of textured yarns.
PAR  With the foregoing and other objects, there is provided in accordance with
      the invention, a method of dyeing a textile web having a relatively large
      volume or relief-like construction which comprises immersing the web in a
      dye solution having a dye concentration corresponding to the quantity of
      liquid to be squeezed from the web in a subsequent dewatering step,
      passing the web between two absorbent endless entrainer members of a
      squeeze foulard that are continuously saturated with the dye solution
      prior to engagement of the endless entrainer members with the web, and
      squeezing the web in the foulard so as to dewater it to less than
      substantially 40% moisture with respect to dry weight of the web, then
      passing the web through an infra-red channel at an adjusted relatively low
      drying velocity so as to prevent the formation of cloudiness in the dye
      distribution and drying the web to a final moisture content of at most 5%
      with respect to dry weight of the web, and subsequently completing the
      steps of the drying process per se.
PAR  In accordance with another feature of the invention, after passing the web
      through the infra-red channel, the web is steamed to develop the dye.
PAR  In accordance with an alternate feature of the invention, after passing the
      web through the infra-red channel, in a thermosoling process, the web is
      subjected to a permissibly higher temperature to increase the rate of
      diffusion of the dye in the fibers of the web, and the dye is fixed
      without stretching the width of the web.
PAR  By using a squeeze foulard with two endless entrainer members, the web is
      treated the same say on both sides thereof. Thus, in the treatment
      according to the invention there is no difference in the dye between the
      right and the left-hand side of the web. On the other hand, only one
      entrainer member would provide virtually the same effect as the two
      entrainer members used in the invention of the instant application for the
      purpose of dewatering the web. It is also advantageous to continuously
      saturate the entrainer members with dyeing liquid. The saturation can be
      produced advantageously by spraying the entrainer members from the rear
      thereof. Dur to the use of two entrainer members, not only is a uniform
      dyeing of both sides of the cloth web achieved but also due to the
      bloating or sponge effect in the nip between the squeeze rollers of the
      squeeze foulard, an inner distribution of the dye within the web is
      attained i.e. the web is provided uniformly through-and-through with dye.
PAR  When there is to be a change in a dye stuff, it is generally most expedient
      not to clean the previously used entrainer members, but rather, to replace
      them with entrainer members provided for the new dyestuff. Consequently,
      the valuable opeating time of the foulard, which would otherswise be used
      for cleaning the entrainer members, would thereby be saved.
PAR  In the aforedescribed step of the method of the invention, namely the
      squeezing step, depending upon the fiber mixture or composition of the
      web, moisture remainders of 25% with respect to the dry weight of the web
      are readily attainable. It is therefore essential that this enormous
      squeezing effect be taken into account beforehand through the appropriate
      selection of the dye concentration. If the greatest part of the absorbed
      dyeing liquid is to be squeezed out again immediately, then namely the
      remaining absolute quantity of dye must remain exactly as great as before
      for lower squeezing effects.
PAR  The squeeze effect proper is, amongst others, a function of fiber mixture
      and fiber type, cloth weight, type of thread tying, speed of operation of
      the squeeze foulard and the linear pressure applied thereby.
PAR  In addition to the squeezing step, the cloth web is conducted, in
      accordance with the invention through a stepless or infinitely regulatable
      infra-red heating channel. Drying of the web is therein driven to a final
      moisture content of at most 5% with respect to the dry weight of the web
      and, in fact, the operation is carried out therein with most minimal
      drying speed so that steam-like or vapor-like cloudiness cannot occur in
      the dye distribution. The relatively slow drying speed, of course,
      requires a correspondingly long infra-red channel; however, because of the
      slight energy requirement and, naturally, because of the preceding good
      squeezing effect, correspondingly low operating costs are ensured.
PAR  The textile web which leaves the infra-red channel with at most 5% water
      content is thus virtually already dried finally. It is, in all cases, so
      dry that it can be guided like a fully dried web over guide members, such
      as widening rollers, for example, without marking the guide members.
PAR  In a succeeding dye-fixing operation in a thermosol process, the web of
      itself can be guided through any desired convection or contact dryer. It
      has been found, however, especially for articles of textured yarn, that
      the best feel of the cloth or textile material is attained with short
      durations if the web is fixed without any essential stressing or
      stretching of the width thereof. A diminution of the duration period
      requires an increase in the fixing temperature, however. In accordance
      with an additional feature of the invention, therefore, a so-called
      suspension dryer is used in the fixing process, as is described, for
      example, in German Published Prosecuted Application DAS No. 2,120,805.
      Whereas one could fix dyes on textile webs of texturized polyester yarns
      only with temperaturees of 160.degree.C at most on conventional tensioning
      frames, it is possible, with suspension driers, to operate at temperatures
      up to 185.degree.C. At the latter temperatures in suspension driers, the
      speed of travel of the textile web therethrough can be set substantially
      twice as fast as heretofore for tensioning frames operating at lower
      temperatures. The suspension driers thus not only render the desired short
      duration possible but, because of the shorter duration, also requires only
      half of the time to fix the dye than in the heretofore employed tensioning
      frames. This feature of the invention is consequently advantageously
      unexpected.
PAR  If the textile webs being treated in accordance with the method of the
      invention contain no texturized yarn or no considerable component of such
      yarns, it is also advantageous, in accordance with the invention, to
      employ cylinder fixing machines or thermo hot flues as thermosol
      aggregates or assemblies.
PAR  In the dye developing and/or fixing of dispersion dyestuffs or the like,
      quite short processing periods or durations suffice. For example, for a
      suspended loop streamer operating at 180.degree.C, four minutes of
      steaming time are sufficient. It is expecially advantageous that the cloth
      web be presented virutally dry so that no danger of marking the supporting
      rollers of the steamer exists.
PAR  Other features which are considered as characteristic for the invention are
      set forth in the appended claims.
PAR  Although the invention is illustrated and described herein as method of
      dyeing a textile web, it is nevertheless not intended to be limited to the
      details shown, since various modifications may be made therein without
      departing from the spirit of the invention and within the scope and range
      of equivalents of the claims.
DRWD
PAR  The invention, however, together with additional objects and advantages
      thereof will be best understood from the following description when read
      in connection with the single FIGURE of the drawing which is a
      diagrammatic view of apparatus for carrying out the method of dyeing a
      textile web according to the invention.
DETD
PAR  Referring now to the drawing, there is shown therein a textile web, that is
      wholly or partly formed of texturized yarn, which is to be thermosoled.
      The textile web 1 initially travels over guide rollers 2 through a dye
      solution. Directly thereafter, it is conducted through the nip between a
      pair of squeeze rollers of a aqueeze foulard 4. An endless entrainer
      device or belt 5 is disposed around each roller of the squeeze foulard 4
      and is respectively stressed by a roller 6. The entrainer 5, during
      operation, is continuously saturated through being sprayed by dye liquid
      from nozzles 7. After running through the foulard 4, the textile web 1
      reaches an infra-red channel 8 whereat it is dried to a prescribed final
      moisture content.
PAR  After the textile web 1 has attained the final moisture content thereof, it
      is passed over guide rollers 9 and 10 to a suspension drier 11. In the
      embodiment of the invention, the suspension drier involved therein is
      substantially of the type disclosed in German Published Prosecuted
      Application DAS No. 2,120,805. Depending upon the desired type and the
      quality of the textile web, a suspension drier with or without needle
      insertion at the edge of the textile web can be used. Such a machine in
      the form of a tensioning machine is shown and described herein. In the
      disclosed embodiment of the invention, needle insertion at the edge of the
      textile web is employed by means of needle inserting brushes 12. In
      connection with and following the suspension drier 11, the textile web 1
      passes over the rollers 13 and is wound directly on a take-up roll 14. The
      take-up roll or winder 14 is of the type disclosed in the German Published
      Non-prosecuted Application DAS No. 2,314,279.
CLMS
STM  I claim:
NUM  1.
PAR  1. Method of dyeing a textile web having a relatively large volume or
      relief-like construction which comprises immersing the web in a dye
      solution having a dye concentration corresponding to the quantity of
      liquid to be squeezed from the web in a subsequent dewatering step,
      passing the web between two absorbed endless entrainer membrs of a squeeze
      foulard that are continuously saturated with the dye solution prior to
      engagement of the endless entrainer members with the web, and squeezing
      the web in the foulard so as to dewater it to less than substantially 40%
      moisture with respect to dry weight of the web, then passing the web
      through an infra-red channel at an adjusted relatively low drying velocity
      so as to prevent the formation of cloudiness in the dye distribution and
      drying the web to a final moisture content of at most 5% with respect to
      dry weight of the web.
NUM  2.
PAR  2. Method of dyeing according to claim 1 which includes, after passing the
      web through the infra-red channel, steaming the web so as to develop the
      dye.
NUM  3.
PAR  3. Method of dyeing according to claim 1 which includes, after passing the
      web through the infra-red channel, subjecting the web to a permissibly
      higher temperature to increase the rate of diffusion of the dye in the
      fibers of the web and fixing the dye without stretching the width of the
      web.
NUM  4.
PAR  4. Method of dyeing according to claim 1 which includes, after passing the
      web through the infra-red channel, fixing the dye in the web without
      stretching the web width by passing the web through a suspension drier.
NUM  5.
PAR  5. Method of dyeing according to claim 1 which includes, after passing the
      web through the infra-red channel, developing the dye on the web by
      passing the web through a suspended loop steaming device.
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ABST
PAL  A boat collapses to two planar thin layers of material which are preferably
      hinged across the middle to fold into a four-layer, conveniently
      transportable unit. The bottom layer has a fold at the prow but is
      otherwise unitary. The top layer consists of several pieces, namely, a
      major portion which extends from end to end and along the sides; four
      gunwale-forming panels hinged to the major portion longitudinally toward
      either end of the middle fold on either side; and two seat-forming panels
      hinged to the major portion transversely and each spaced toward either
      end. The prow of the top layer is formed with a fold similar to that in
      the bottom. When the boat is erected, the folds cause the prow to assume a
      conical shape. The gunwale-forming panels pivot downward and are latched
      causing the top major layer to be spaced above the bottom layer and
      causing the bottom to be convex. At front and rear, immediately beyond
      each seat-forming panel is a transverse, air-tight membrane sealed to the
      top major portion and to the bottom. As the boat is erected, these
      membranes form front and rear buoyancy chambers, there being valves in the
      top major portion to enable air to enter the chambers and be sealed
      therein. The stern consists of a flexible membrane which is about vertical
      when erected. An outboard motor support may be pivoted to the uppermost
      stern panel and is self-erecting.
BSUM
PAR  This application is the subject to a disclosure document No. 013099, filed
      Aug. 30, 1972.
PAR  This invention relates to a new and improved collapsible boat.
PAR  A principal feature of the invention is the fact that it comprises
      substantially only two sheets of flexible material such as aluminum or
      other lightweight metal, plywood, composition board, or plastic, either
      fiber reinforced or plain, the mating edges of the material being hinged
      together in certain locations and being fastened together by a flexible
      high strength tape in other locations. In addition, an air-tight membrane
      is provided in the front and rear to form air-tight buoyancy compartments.
      Accordingly, the invention is simple and inexpensive to manufacture.
PAR  Another feature of the invention is the fact that in erected position the
      flat bottom becomes curved and the flat top and bottom are curved and
      folded to form a conical bow.
PAR  Another feature of the invention is that in flattened condition the boat
      may be folded ih half along its transverse middle for easy storage.
      Although not illustrated here, it will readily occur to one skilled in the
      art that the boat may be also folded into quarters if desired.
PAR  A further feature of the invention is that when erected the boat is very
      rigid with excellent hydro-dynamic design and stability. The boat is
      suitable for use with a sail or outboard motor if desired.
PAR  One of the features of the invention is the fact that upward extending
      pleats are formed in the top and bottom prow panel. These pleats,
      triangular in shape, accommodate excess material in forming the conical
      shape. They also strengthen the prow.
PAR  Another feature of the invention is the fact that there are two large
      buoyancy chambers in the front and rear, respectively, sealed from the
      atmosphere, thereby providing safety for the boat and also assisting in
      forming the curved bottom, conical prow and vertical stern. The buoyancy
      tank makes the boat self-emptying merely by rolling the capsized boat
      over.
PAR  Still another feature of the invention is the fact that the stern is
      provided with a self-erecting motor mount for an outboard motor.
PAR  Another feature of the invention is the strength of the boat. Thus gunwales
      which are triangular in cross-section are formed along each side of the
      cockpit to provide side walls for the cockpit and also to greatly
      strengthen the boat at the middle. Similarly, at each end of the cockpit
      are seat backs which are hinged to the top front and rear panels of the
      boat and secured in position by means of straps/or by friction. The
      gunwale forming panels and seat back forming panels define the cockpit and
      also help in maintaining the shape of the boat in erected position and
      assist in rigidifying the erected boat. Nevertheless, when the boat is
      collapsed, the panels which form the gunwales and seat backs fold flat and
      the gunwale forming panels are also hinged at the middle of the boat so
      that the collapsed boat may be folded in half.
PAR  An optional feature of the boat is the provision of a transparent window in
      one, or both, of the bottom forming panel.
PAR  Another feature of the invention is the fact that in collapsed condition
      the boat may be used as a wind break, sun shade or tent.
PAR  Other objects of the present invention will become apparent upon reading
      the following specification and referring to the accompanying drawings in
      which similar characters of reference represent corresponding parts in
      each of the several views.
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PAR  In the drawings:
PAR  FIG. 1 is a top plan view of the boat collapsed and folded.
PAR  FIG. 2 is a bottom plan view of the boat collapsed and folded as in FIG. 1.
PAR  FIG. 3 is an end elevational view of the structure of FIG. 2.
PAR  FIG. 4 is a reduced dimension plan view of the bottom of the boat unfolded
      but still collapsed.
PAR  FIG. 5 is a side elevational view partly broken away to reveal internal
      construction showing the boat partially erected in solid lines and fully
      erected in dot-and-dash lines.
PAR  FIG. 6 is a vertical, longitudinal, mid-sectional view partly broken away
      to conserve space showing the boat fully erected.
PAR  FIG. 7 is an enlarged/rear end elevational view as viewed along the arrow
      7--7 of FIG. 6.
PAR  FIG. 8 is a transverse sectional view substantially along the lines 8--8 of
      FIG. 6.
PAR  FIG. 9 is a front end elevational view as viewed along the arrows 9--9 of
      FIG. 6.
PAR  FIG. 10 is an enlarged exploded plan view of a portion of the hinge of the
      two halves partly broken away to shown internal construction.
PAR  FIG. 11 is a sectional view substantially along line 11--11 of FIG. 10
      showing the hinge folded.
PAR  FIG. 12 is a fragmentary bottom plan of a boat having a modified keel.
PAR  FIG. 13 is a fragmentary side elevation of the structure of FIG. 12.
PAR  FIG. 14 is a schematic rear elevation of the modification of FIG. 12.
DETD
PAR  As shown in FIGS. 1-4, the boat of the present invention consists of
      various strong, thin, lightweight panels, hereinafter described in detail,
      which may be collapsed flat and then folded in half along the middle of
      the boat. The materials of which the various panels are formed may be a
      lightweight metal, such as aluminum, or may be a composition such as
      plywood, compressed board (masonite) or a plastic, preferably suitably
      reinforced. Front and bottom panel 21 has a straight transverse middle
      edge 22 and side edges 23 which extend parallel from edge 22 and then
      curve inwardly at the front. The front of panel 21 is cut away to
      accommodate a pair of triangular bottom prow wedges 24 which meet along
      the longitudinal mid-section of the bottom and extend from the prow about
      one-half the length of the panel 21. As an optional feature, a rectangular
      transparent panel 26 may be set into panel 21 to make the bottom of the
      boat transparent.
PAR  Rear bottom panel 31 has a transverse middle edge 32 which abuts edge 22.
      The side edges 33 are preferably parallel throughout the length of the
      boat. The rear edge 34 is inwardly concave (see FIG. 4).
PAR  Top front panel 36 in its peripheral shape is complementary to panel 21. It
      has a straight transverse middle edge 37 which overlies edge 32 and side
      edges 38 which extend forwardly parallel to each other and then curve
      inwardly. The center of the prow end of panel 36 is cut away to
      accommodate top prow wedge forming panels 39 which are similar in function
      to panels 24. The middle of the rearward half of panel 36 is cut away, as
      is best shown in FIG. 1, to provide two parallel lines extending forwardly
      from edge 37 (indicated by reference numeral 48) and joined by curved line
      indicated by reference numeral 42. The material cut out is used to form
      panel 41 and two panels 46. Panel 41 is a front seat panel which has a
      curved forward edge 42 and straight inwardly-rearwardly converging side
      edges 44 and a straight bottom edge 43.
PAR  Each gunwale-forming front panel 46 has a straight longitudinal inner edge
      47, the two inner edges 47 being spaced apart, as best shown in FIG. 1, a
      short distance in the collapsed condition of the boat and longitudinal
      outer edges 48 spaced slightly inwardly from edges 38 and an irregular
      front edge 49, which is generally parallel to edges 43 and 44 and spaced
      slightly therefrom. The transverse middle edge 50 of panel 46 is a
      continuation of edges 37 on either side thereof. In a preferred form of
      the invention the panel 46 is hinged to panel 36 so that in erected
      position it has an upward extension 106 acting as a combing.
PAR  Top rear panel 51 in its peripheral dimensions is substantially the same as
      panel 31. It has a transverse middle edge 52 which overlies edge 32,
      parallel side edges 53 and an inwardly concave rear edge 54. Again, the
      middle of panel 51 rearward of edges 52 is cut away. Rear seat panel 56 is
      similar in shape to panel 41 and the edges 57, 58 and 59 correspond to
      edges 42, 43 and 44, respectively. Similarly, rear gunwale-forming panels
      61 are similar to panels 46 and the edges 62, 63, 64 and 65 correspond to
      the edges 47, 48, 49 and 50, respectively. The stern of the boat (which in
      erected position is vertical) is preferably closed off by an air-tight
      membrane 67, preferably of a flexible material so that the stern can fold
      flat in the collapsed position of the boat. In erected position, membrane
      67 is substantially vertical.
PAR  Directing attention to FIGS. 10 and 11, where the material of construction
      is a metal such as aluminum, the panels are rolled so that they tend to be
      convex about the longitudinal axis of the boat. At the hinge lines of
      bottom panels 36, 51, the edge is formed irregular. Panel 36 is formed
      with rectangular projecting tongues 72 and recesses 73 intermediate the
      tongues, the width of recess 73 being less than the width of tongue 72.
      Panel 51 is formed with identical tongues 72a and recesses 73a staggered
      so that tongue 72a is directly opposite recess 73. Panel 21 is formed with
      tongues 72b of lesser width than recesses 73 immediately underlying
      tongues 72. Panel 31 is formed with tongues 72c identical in width to
      tongues 72b immediately underlying tongues 72a. Underlying the adjacent or
      abutting edges of panels 36 and 51 is adhesive tape 74 suitably cut to
      permit protrusion of tongues 72b and 72c and underlying the adjacent or
      abutting edges of panels 21 and 31 is tape 74a (which is not cut away).
      Overlying the adjacent edges of panels 36 and 51 is tape 75 which is
      bonded to panels 36 and 51 spaced backward from recesses 73, 73a and does
      not adhere to said edges at the immediate hinge area. Similarly, overlying
      adjacent edges of panels 21 and 31 is tape 75a which adheres to said
      panels spaced back from the immediate hinge area.
PAR  When the hinge 71 is open (as shown exploded in FIG. 10), each tongue 72
      fits on top of panel 51 and overlies recess 73a while tongue 72b overlies
      panel 31. Similarly, tongue 72a fits over the edge of panel 36 and
      overlies recess 73 while tongue 72c overlies the edge of panel 21. The
      panels 21, 31, 36, 51 are convex about the longitudinal axis of the boat.
      Tapes 74 and 74a are flat underlying the edges of panels 36-51 and 21-31,
      respectively. Tapes 75 and 75a are also flat, overlying the edges of
      panels 36-51 and 21-31, respectively.
PAR  When the hinge 71 is to be folded, the convex panels 21, 31, 36, 51 are
      collapsed flat against their resilient tendency to resume convex shape.
      The panels are then folded, the tongues 72b moving through recesses 73a
      and tongues 72c moving through recesses 73. See FIG. 11.
PAR  When the folded hinge is released, the resiliency of the panels tends to
      enable the panels to unfold to original position and to snap into convex
      shape.
PAR  As is best shown in FIG. 3, the collapsed boat hinges around hinge 71 to
      fold into compact condition with the panels 36 and 51 outermost and the
      panels 21 and 31 innermost. The first step in the erection of the boat is
      to unfold the front and rear halves about the hinge 71, placing the panels
      21 and 31 downmost. Optional latches 76 on the panel 36 adjacent either
      side and also adjacent edge 50 fit into holes 78 in panel 51 (see FIG. 6)
      and there secure the front and rear halves of the boat in unfolded
      position.
PAR  A high-strength preferably waterproof adhesive tape 77 is used to tape
      together in flexible fashion the overlying edges 23 and 38, edges 33 and
      53, the edges where panels 24 join each other and join panel 21, the edges
      where panels 39 join each other and join panel 36, the edge where edge 42
      joins panel 36, the line where panel 46 joins panel 36, the edge where
      panel 56 joins panel 51 and the line where panels 61 join 51. In addition,
      tape 77 is used to tape together the edges where membrane 67 joins panels
      31 and 51.
PAR  Extending transversely across the boat immediately in front of panel 41 and
      immediately to the rear of panel 56 is an air-tight membrane 81 of a
      material such as sheet rubber and having a length equal to the width of
      the boat and a width equal to the height of the boat in erected position.
      The edges of the material which form membrane 81 extend out of the side
      edges of the boat and are folded over. The projecting edges 52 are best
      shown in FIG. 2 and are taped down to the panel 51 in an air-tight and
      water-tight manner. Valves are formed in the front and back compartments
      to permit air to enter ahead of or behind membrane 81 as the boat is being
      erected and to permit air to be discharged when the boat is being
      collapsed. The simplest form of valve is illustrated herein consisting of
      holes 83 in panels 36 and 51 which are closed by rubber stoppers 84. It
      will be understood that flap valves, or other valve mechanisms, may be
      substituted.
PAR  At front and rear of the cockpit, straps 86 are fixed at their bottom ends
      to panel 21 or 31 and their upper ends carry hooks 87 which may be hooked
      into holes 88 as hereinafter described during erection of the boat. Straps
      86 in the fully erected position of the boat hold the panels 41 and 56
      with bottom edges 58 in firm engagement with panels 31 and 21 and with the
      panels 41 and 56 slanting downwardly-inwardly of the cockpit. There is
      considerable tension straps 86 and this forces the boat top and bottom
      panels to curve and to form a rigid structure.
PAR  Cords 91 are also secured to the panels 21 and 31 and are provided with
      hooks 92 in their middle which hook into holes 93 in panels 61 (or
      optionally in panels 46). Thus cords 91 on either side of the boat hold
      the panels 46 and 61 slanted somewhat downwardly-inwardly with the bottom
      edges 47 and 62 in firm engagement with panels 21 and 31. There is
      preferably sufficient friction of the bottom edges of panels 46 and 61
      against panels 21 and 31 to hold the boat erect. It is a feature of the
      invention that the gunwale is substantially triangular as best shown in
      FIG. 8, a shape which rigidifies the boat in its erected position. The
      combings 106 project above the cockpit to reduce tendency of water to wash
      over the sides.
PAR  In erecting the boat, after it has been unfolded from the position of FIG.
      3 to a position where the panels 21 and 31 are downmost, the latches 76
      are inserted in the holes 78, thereafter preventing the boat from
      refolding. The stoppers 84 are removed from the holes 83. If the tendency
      of the top and bottom to resume original convex shape is not sufficient,
      the user pulls up on front strap 94 while pushing the bottom edge 43 of
      panel 41 downwardly and forwardly. The hook 87 of strap 86 is then
      inserted into hole 88 in panel 41. The procedure is then repeated with
      panel 56, pulling up on rear strap 94 and pushing down on the panel 86 and
      inserting the hook 87 in hole 88 of panel 56. Of course the procedure may
      be reversed with panel 56 being positioned before panel 41.
PAR  Thereupon, the user pushes the bottom edges 47 and 62 of the panels 46 and
      61 on one side of the boat downwardly and outwardly and latches the hook
      92 into hole 93.
PAR  The positioning of the various panels which has heretofore been described
      results in the boat assuming its final shape. The bottom panels 21 and 31
      are curved convexly. The bottom prow wedges 24 fold upwardly inside the
      upwardly folded top prow wedges 39, as is best shown in FIG. 9, and this
      provides a conical shape to the prow and also rigidifies and strengthens
      the same. The top panels 36 are also upwardly concave. As the top and
      bottom panels assume their convex shape, the membrane 67 assumes a
      vertical position. With the boat thus fully erected the user then inserts
      the plugs 84 in the holes 83 which provides air-tight buoyancy chambers.
PAR  As an optional feature to the boat, a motor mount 96 which is generally
      paddle shape may be attached by means of pivot 97 to panel 51. In
      collapsed position, the mount 96 may be turned at right angles to the
      position shown in FIG. 2 so that it does not project beyond the major
      configuration of the rear of the boat. However, after the boat is erected,
      the mount 96 may be pivoted around pivot 97 and in this position it
      assumes the same vertical position as the stern of the boat. The lower end
      may be latched to panel 31 by catch 98. An outboard motor may be attached
      to mount 96 and preferably a bifurcation 99 is formed in mount 96 to
      receive a bolt attached to the motor.
PAR  As a further optional feature of the invention, a keel 101 may be fastened
      to bottom panel 31 by means of hinge 102. The keel 101 is self-erecting by
      reason of the flexible nature of hinge 102 which is of a tape similar to
      tape 77 and the straight edge of keel 101. Ties 103 hold the keel 101
      vertical. FIGS. 12-14 illustrate a keel 101a which is an alternate to the
      keel shown in the preceding description. Keel 101a is preferably of sheet
      metal and has, in plan, the shape of an isosceles triangle with a
      transverse base 107 at the rear and forwardlyinwardly converging sides.
      Rivets 108 or other fasteners attach the keel to the midpoint of panel 31.
      The keel assumes a downward curved shape best shown in FIG. 14 when the
      boat is erected. When the boat is collapsed the keel folds flat.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A collapsible boat comprising a flexible top having front and rear top
      panels, a flexible bottom having front and rear bottom panels, first
      transverse hinge means hinging together and permanently securing against
      detachment said front and rear top panels, second transverse hinge means
      hinging together and permanently securing against detachment said front
      and rear bottom panels, whereby when said boat is collapsed it may be
      folded in half at said transverse hinge means, said top and bottom
      comprising a prow, a stern and sides, seal means sealing the peripheral
      edges of said top and bottom panels together, said top cut away for a
      cockpit opening and having longitudinal edges, and gunwale panels hinged
      to said longitudinal edges about third hinge means extending
      longitudinally of said boat, said gunwale panels being depressible to
      approximately upright position, the height of said gunwale panels relative
      to said third hinge means causing said top and bottom to be forced apart
      from each other, said top and bottom thereby flexing so that said top and
      bottom are outwardly convex and having an axis of curvature extending
      longitudinally of said boat.
NUM  2.
PAR  2. A boat according to claim 1 which further comprises a flexible stern
      membrane joining the rear edges of said top and bottom rear panels said
      membrane assuming substantially upright position when said top and bottom
      are in convex shape.
NUM  3.
PAR  3. A boat according to claim 1 in which said top front and rear panels have
      transverse arcuate edges at said cockpit and which further comprises front
      and rear backrest panels hinged to said transverse edges by fourth hinge
      means along said arcuate edges, the height of said backrest panels causing
      said top and bottom front and rear panels to flex to outward convex shape
      about a longitudinal axis.
NUM  4.
PAR  4. A boat according to claim 1 which further comprises at least one
      transverse flexible membrane sealed to said top and bottom longitudinally
      offset relative to said cockpit opening, said top formed with an aperture,
      and a plug for said aperture, said membrane sealing off a buoyancy chamber
      in said boat.
NUM  5.
PAR  5. A boat according to claim 1 in which said gunwale panels in upright
      position have their upper edges above the level of said top to form a
      coaming.
NUM  6.
PAR  6. A boat according to claim 1 which further comprises a flexible
      substantially triangular keel and means fastening said keel to said
      bottom, whereby, when said bottom assumes convex shape, said keel flexes
      to downward concave shape.
NUM  7.
PAR  7. A collapsible boat comprising a flexible top, a flexible bottom, said
      top and bottom comprising a prow, a stern and sides, seal means sealing
      the peripheral edges of said top and bottom together, said top cut away
      for a cockpit opening and having longitudinal edges, and gunwale panels
      hinged to said longitudinal edges, said gunwale panels being depressible
      to approximately upright position and when depressed forcing said top and
      bottom apart, said top and bottom flexing to convex shape, said top and
      bottom each being formed with a flexible, rearward tapering pleat at the
      front and said top and bottom curve inward at the front to form a prow,
      said pleats folding upward so that said top and bottom curve into conical
      shape at the prow when said top and bottom assume convex shape.
NUM  8.
PAR  8. A collapsible boat comprising a flexible top, a flexible bottom, said
      top and bottom comprising a prow, a stern and sides, seal means sealing
      the peripheral edges of said top and bottom together, said top cut away
      for a cockpit opening and having longitudinal edges, and gunwale panels
      hinged to said longitudinal edges, said gunwale panels being depressible
      to approximately upright position and when depressed forcing said top and
      bottom apart, said top and bottom flexing to convex shape, said top and
      bottom each being formed of front and rear panels and hinge means
      extending transversely and hinging said panels together at abutting edges
      of said front and rear panels, whereby when said boat is collapsed it may
      be folded in half, said abutting edge of said top front panel having
      spaced first tongues and first recesses intermediate said tongues, said
      top rear panel having second tongues opposite said first recesses and
      second recesses opposite said first tongues, said first tongues being
      wider than said first recesses, said second tongues being wider than said
      first recesses, said abutting edge of said bottom front panel having third
      tongues underlying said first tongues and being of a width less than said
      second recesses, said bottom rear panel having fourth tongues underlying
      said second tongues and having a width less than said first recesses and
      which further comprises first tape connecting the undersides of said top
      front and rear panels and formed with slits for protrusion of said third
      and fourth tongues, second tape connecting the undersides of said bottom
      front and rear panels and third tape interconnecting the outsides of said
      top front and rear panels.
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ABST
PAL  A roughing machine for operating on a shoe assembly, comprised of a last
      having an insole located on its bottom and an upper mounted thereon with
      the upper margin lying against and being secured to the periphery of the
      insole, by roughing the upper margin. The machine includes a roughing tool
      that is mounted to a tool mount. The tool mount includes a pair of tines
      that are yieldably urged against the bottom of the shoe assembly that is
      supported bottom-up in the machine and a sensing member that is movable
      from an idle position to a position of engagement with the side of the
      shoe assembly. A triggering arrangement causes the sensing member to move
      into engagement with the side of the shoe assembly in response to the
      engagement of the tines with the bottom of the shoe assembly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  U.S. Pat. No. 3,843,985 discloses a roughing machine for operating on a
      shoe assembly comprised of a last having an insole located on its bottom
      and an upper mounted thereon with the upper margin lying against and being
      secured to the periphery of the insole. U.S. Pat. Nos. 3,831,405 and
      3,854,250 disclose modifications of the machine of Pat. No. 3,843,985.
PAR  In this machine, the shoe assembly is supported bottom-up on a shoe
      assembly support. The machine includes a slide mounted for
      forward-rearward movement toward and away from the shoe assembly and a
      first motor connected to the slide to effect this movement. A tool mount
      is mounted to the slide for heightwise movement and second yieldable
      motors are connected to the tool mount for effecting this heightwise
      movement. Mounted to the tool mount are a pair of tines and a sensing
      member located below the tines. Actuable operating means so connect the
      sensing member and the first motor as to cause the first motor to move the
      slide from a rearward idle position wherein the sensing member is spaced
      from the shoe assembly forwardly until the sensing member engages a
      particular portion of the side of the shoe assembly and to enable the
      first motor to retain the sensing member in engagement with successive
      portions of the side of the shoe assembly with a consequent forward or
      rearward movement of the tool mount as the successive portions of the side
      of the shoe assembly move past the sensing member.
PAR  Initially the operating means are deactuated so that the first motor
      retains the slide in its idle position and the second motors are caused to
      retain the tool mount in an upper position spaced above the shoe assembly.
      This is followed by a concomitant operation of the second motors to
      yieldably lower the tool mount so as to bring the tines into engagement
      with the bottom of the shoe assembly and an actuation of the operating
      means. After this, the shoe assembly support is so moved as to move
      successive portions of the shoe assembly past the tool mount thereby
      moving successive portions of the side of the shoe assembly past the
      sensing member and thereby moving successive portions of the bottom of the
      shoe assembly past the tines. During this movement, a roughing tool that
      is mounted to the tool mount as to be in engagement with successive
      portions of the upper margin as said successive portions of the shoe
      assembly move past the tool mount roughs the upper margin.
PAC  SUMMARY OF THE INVENTION
PAR  The concomitant lowering of the tines and forward movement of the sensing
      member, as described above, sometimes has the undesirable effect of
      causing the tines to descend outwardly of the shoe assembly and thus not
      come into engagement with the upper margin and on other occasions has the
      undesirable effect of causing the sensing member to cross over the
      uppermost portion of the side of the shoe assembly without engaging the
      side of the shoe assembly. In order to overcome this deficiency, in
      accordance with this invention, the prior machine has been modified by
      first causing the second motors to yieldably lower the tool mount so as to
      bring the tines into engagement with the bottom of the shoe assembly and
      to provide triggering means that are responsive to the engagement of the
      tines with the bottom of the shoe assembly to actuate the operating means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of the machine;
PAR  FIG. 2 is a view taken along the 2-2 of FIG. 1;
PAR  FIGS. 3 and 4 are side view of the tines and the sensing member that are
      mounted to the front of the tool mount;
PAR  FIG. 5 is a view of a part of the actuable operating means;
PAR  FIG. 6 is a side view showing a spring for yieldably urging the tines
      downwardly;
PAR  FIG. 7 is a section of a valve that forms a part of the actuable operating
      means;
PAR  FIG. 8 is a schematic representation of the portion of the machine control
      circuit that incorporates the triggering means;
PAR  FIG. 9 is a side elevation of a shoe assembly mounted in the machine;
PAR  FIG. 9A is a view taken along the line 9A-9A of FIG. 9;
PAR  FIG. 10 is a section showing the shoe assembly, the sensing member, the
      tines and the roughing tool at the beginning of a roughing operation in
      the machine cycle; and
PAR  FIG. 10A is a view taken along the line 10A-10A of FIG. 10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Directions extending from left to right in FIG. 1 will be designated as
      "forward"  and directions extending right to left in FIG. 1 will be
      designated as "rearward". The right end of the machine as seen in FIG. 1
      will be considered to be its front and the left end of the machine as seen
      in FIG. 1 will be considered to be its back.
PAR  Referring to FIG. 1, the machine includes a frame 10 in which an
      hydraulically operated motor 12 is mounted. The piston rod 14 of the motor
      12 is connected to a slide 16 that is mounted for forward-rearward
      movement in the frame 10. Trunnions 18 on the slide 16 pivotally mount a
      yoke 20 for heightwise swinging movement about the horizontal axis of
      spindles 22 that are rigid with the yoke 20 and that are rotatably mounted
      in the trunnions 18. A pair of air operated motors 24 (only one of which
      is shown in FIG. 1) are pivotally mounted on a bracket 26 on the slide 16
      and have upwardly extending piston rods 28 that are pivotally mounted to
      the yoke 20 to effect heightwise swinging movement of the yoke 20 about
      the axis of the spindles 22.
PAR  Referring to FIGS. 1 and 2, a hollow shaft 30 extends forwardly and
      rearwardly through the yoke 20 and is mounted in the yoke 20 that it is
      rotatable about its longitudinal axis but is fixed against
      forward-rearward movement in the yoke 20. As shown in FIGS. 1, 3, and 4, a
      fork 32, having a pair of forwardly extending tines 34 (see also FIG.
      10A), is pivoted to a fork mount 36, that is anchored to the front of the
      shaft 30, for heightwise swinging movement about the axis of pivot pins
      38. A compression spring 40 (FIG. 6), interposed between the fork 32 and
      the fork mount 36 acts to yieldably urge the fork clockwise (FIGS. 1, 3
      and 4) so as to urge the fork tines 34 downwardly about the axis of the
      pins 38. A flange 42 (FIG. 3), mounted to the back of the fork 32, is in
      interecting relationship with the back of the fork mount 36 to thereby
      limit the extent of downward movement of the fork tines 34 about the axis
      of the pins 38 under the influence of the spring 40. A valve 44, mounted
      to the flange 42, has an upwardly directed stem 46 that is intersecting
      relationship with the back of the fork mount 36 and that is yieldably
      urged upwardly by a conventional spring in the valve. When, as shown in
      FIG. 3, the fork tines 34 are urged downwardly by the spring 40 and the
      flange 42 is abutting the back of the fork mount 36, the back of the fork
      mount depresses the valve stem 46 into the valve 44. When, as described
      below, the fork 32 is swing counterclockwise (FIGS. 1, 3 and 4) about the
      axis of the pins 38, a screw 48 that is mounted to the fork mount 36 abuts
      against the back of the fork 32, as shown in FIG. 4, to limit the extent
      of this counterclockwise movement.
PAR  Referring to FIGS. 1 and 2, a housing 50 is mounted to the shaft 30 by
      means of a front trunnion 52 and a back trunnion 54, the trunnions being
      so mounted to the shaft as to be locked against forward-rearward movement
      on the shaft. A yoke 56 is mounted, by pivot pins 58, to the front
      trunnion 52. A block 60 is rigidly mounted to the yoke 56. A hollow sleeve
      62 extends between the block 60 on one side of the yoke 56 and a
      projection 64 on the other side of the yoke 56. A rougher unit 66 is
      pivotally mounted on the sleeve 62 for heightwise movement. The piston rod
      68 of an air operated motor 70 is pivoted on a pin 72 that is mounted to
      the trunnion 52. The piston rod 68 is slidable in a clevis 74 which
      pivotally mounts the cylinder 76 of the motor 70. The clevis 74 is rigidly
      mounted to the rougher unit 66. The operation of the motor 70 is effective
      to raise and lower the cylinder 76 to thereby raise and lower the rougher
      unit 66 about the axis of the sleeve 62.
PAR  A roughing tool in the form of a wire brush 78 is so rotatably mounted to
      the front of the rougher unit 66 that the bottom of the brush periphery is
      located proximate to and between the fork tines 34 (see FIG. 10A). An
      electric motor 80 is drivingly connected to the brush 78 so as to rotate
      the brush.
PAR  Referring to FIGS. 1, 3 and 5, a bar 82 is mounted within the shaft 30 for
      forward-rearward movement. A sensing member 84 is mounted to a housing 86
      and is located below and between the fork tines 34. Rods 88, that are
      secured to the housing 86 and are mounted for forward-rearward movement in
      the fork 32, act to mount the sensing member 84 for forward-rearward
      movement in the fork 32. A head 90, that is mounted to the front of the
      bar 82, is in intersecting relationship with the back of the housing 86 to
      thereby limit the extent of rearward movement of the sensing member 84 in
      the fork 32.
PAR  Referring to FIGS. 5 and 7, a flange 92 is mounted to the back of the shaft
      30, a manifold 94 is mounted to the flange 92 and a valve 96 is rigidly
      secured to the manifold 94. The valve 96 has a valve spool 98 that is
      reciprocably mounted in the valve 96 for forward-rearward movement. The
      front of the valve spool 98 is in alignment with a plunger 100 that is
      mounted for forward-rearward movement in the valve 96. The plunger 100 is
      in alignment with a pin 102 that is secured to the back of the bar 82. The
      valve spool 98 is yieldably urged forwardly in the valve 96 by a
      compression spring 104 that is interposed between a cap 106 at the back of
      the valve 96 and the back of the valve spool.
PAR  The valve 96 and the motor 12 are so connected to each other and to a
      source of hydraulic fluid under pressure as to form a servo follow up
      mechanism so constituted, in a known manner, that forward-rearward
      movement in one direction or the other of the valve spool 98 with respect
      to the median position shown in FIG. 7 causes corresponding motion in one
      direction or the other of the piston rod 14 with respect to the motor 12.
PAR  In the idle condition of the machine:pressurized air is entering the valve
      96 through a line 107 and a port 108 to thereby move the valve spool 98
      rearwardly against the force of the spring 104 to thus cause the servo
      follow up mechanism to retract the piston rod 14 into the motor 12 and
      thus place the slide 16, together with the fork tines 34, the rougher unit
      66 and the sensing member 84, in a rearward position; the piston rods 28
      are projected out of the motors 24 to thus place the fork tines 34, the
      rougher unit 66 and the sensing member 84 in an upper position; the spring
      40 is urging the fork tines 34 downwardly about the axis of the pins 38 to
      a position wherein the flange 42 is abutting the back of the fork mount
      36, as shown in FIG. 3, and the valve stem 46 is depressed into the valve
      44; the cylinder 76 is projecting upwardly of the piston rod 68 to
      maintain the rougher unit 66 in an upper position with respect to the
      block 60 to thereby maintain the brush 78 in an upper position with
      respect to the fork tines 34; and the motor 80 is rotating the brush 78.
PAR  FIGS. 9 and 9A show a shoe assembly that comprises a last 110 having an
      upper 112 mounted thereon and an insole 114 located on its bottom. The
      upper 112 has been lasted so that the upper margin 116 lies against and is
      secured to the insole and extends inwardly of the periphery of the insole
      and the last bottom.
PAR  In the manner shown in U.S. Pat. No. 3,843,985, the shoe assembly is
      mounted by the operator bottom-up on a shoe assembly support that is
      comprised of a last pin 118 and a toe pad 120. The operator then so
      actuates the motors 28 under the force of pressurized air as to cause them
      to lower the fork tines 34, the rougher unit 66 and the sensing member 84
      about the axis of the spindles 22 until the fork tines 34 engage the upper
      margin 116 in one of its breast line regions (FIG. 10), the shoe assembly
      being so located that the fork tines will intersect its bottom during
      their descent and the sensing member 84 will be located outwardly of the
      shoe assembly when the fork tines engage the shoe assembly.
PAR  Referring to FIG. 8, the valve 96 is maintained in its idle position by
      pressurized air passing from a source 122 through a line 124 and a valve
      126 into the line 107. In response to the engagement of the fork tines 34
      with the upper margin 116 under the force of the pressurized air in the
      motors 24, the fork tines 34 swing upwardly about the axis of the pins 38
      until the back of the fork 32 engages the screw 48, as shown in FIG. 4, to
      thereby allow the valve stem 46 to rise to open the valve 44. The closing
      of the valve 44 causes pressurized air to flow from the source 122 through
      the valve 44 and a pilot line 128 to the valve 126 to thereby so shift the
      valve 126 as to shut off the flow of pressurized air through the line 107.
PAR  The shutting off of the flow of pressurized air in the line 107 shuts off
      the flow of pressurized air in the port 108 thereby enabling the spring
      104 to shift the valve spool 98, together with the plunger 100, the pin
      102, the bar 82 and the sensing member 84, forwardly. This valve spool
      shifting actuates the motor 12, by means of the servo follow up mechanism,
      to project its piston rod 14 forwardly to thus move the slide 16, together
      with the fork tines 34, the rougher unit 66 and the sensing member 84,
      forwardly. This forward movement is terminated when the sensing member 84
      engages the side of the shoe assembly and then moves rearwardly in the
      fork 32 to thereby move the bar 82, the pin 102, the plunger 100 and the
      valve spool 98 rearwardly, the valve spool 98 moving rearwardly against
      the force of the spring 104 until the valve spool arrives in the median
      position shown in FIG. 7 in the valve 96. The arrival of the valve spool
      in the median position enables the servo follow up mechanism to terminate
      forward movement of the piston rod 14.
PAR  The closing of the valve 44 also acts, after a time delay sufficient to
      enable the sensing member 84 to engage the side of the shoe assembly, to
      actuate the motor 70 so as to lower the cylinder 76 under the force of
      pressurized air to thereby swing the rougher unit 66 downwardly about the
      axis of the sleeve 62 until radially projecting bristles 130 on the brush
      78 engage the upper margin 116 between the fork tines 34, as indicated in
      FIGS. 10 and 10A, and to cause the shoe assembly support, comprised of the
      last pin 118 and the toe pad 120, to be so operated in the manner shown in
      U.S. Pat. No. 3,843,985 as to move the entire upper margin 116 past the
      rotating brush 78 to thereby enable the brush bristles 130 to rough or
      abrade the upper margin.
PAR  During the movement of the upper margin past the roughing brush 78, the
      brush must move upwardly or downwardly in accordance with the elevation of
      the portion of the upper margin being roughed and must move forwardly and
      rearwardly so as to be positioned the desired distance inwardly of the
      portion of the outer periphery of the upper margin 116 being roughed. In
      addition, the central plane of the brush 78 which is at right angles to
      its axis of rotation, indicated by the chain line 132 in FIG. 10A, should
      be tilted during the movement of the portions of the upper margin 116
      being roughed past the roughing brush 78 so as to be at right angles to
      the plane of the portion of the upper margin being roughed.
PAR  The upward and downward movement of the brush 78 during the movement of the
      upper margin past the brush is accomplished by virtue of the fact that the
      brush is mounted to partake of the swinging movement of the yoke 20 and is
      thus resiliently urged downwardly by the air operated motors 24.
PAR  The forward and rearward movements of the brush 78 during the movement of
      the upper margin past the brush is accomplished by the sensing member 84
      which is being resiliently urged forwardly against the side of the shoe
      assembly by the spring 104. The servo follow up mechanism is so
      constituted that the piston rod 14 is stationary to maintain the brush
      position stationary in forward-rearward directions when the valve spool 98
      is in a median position in the valve 96. A forward movement of the sensing
      member 84 by a portion of the side of the shoe assembly being displaced
      from the sensing member causes the valve spool 98 to move forwardly in the
      valve 96 to thereby cause the servo follow up mechanism to so operate the
      motor 12 as to move the piston rod 14 forwardly and thus move the brush 78
      and the sensing member 84 forwardly until the sensing member again engages
      the side of the shoe assembly and thereby causes the bar 82 to move the
      valve spool 98 into its median position in the valve 96. A rearward
      movement of the sensing member 84 by a rearward pushing of the sensing
      member by a portion of the side of the shoe assembly causes the bar 82 to
      move rearwardly to push the valve spool 98 rearwardly in the valve 96 to
      thereby cause the servo follow up mechanism to so operate the motor 12 as
      to move the piston rod 14 rearwardly and thus move the brush 78 and the
      sensing member 84 rearwardly until the side of the shoe assembly stops
      pushing the sensing member rearwardly so that the valve spool 98 regains
      its median position in the valve 96.
PAR  The tilting of the central plane 132 of the brush 78 is accomplished in the
      manner disclosed in U.S. Pat. No. 3,843,985.
PAR  After the entire upper margin 116 has been moved past the roughing brush
      78, the movement of the shoe assembly support comprised of the last pin
      118 and the toe rest 120 is terminated and the machine parts are returned
      to their idle position, the machine cycle thus being completed. The shoe
      assembly, with the roughed upper margin, is now removed from the machine.
PAR  As stated above, the shoe assembly is so located that the fork tines 34
      will intersect, and thus engage, the shoe assembly bottom during their
      descent at the beginning of the machine cycle. The sensing member 84 is
      then caused to move forwardly to engage the side of the shoe assembly in
      response to the engagement of the fork tines 34 with the shoe assembly
      bottom. This arrangement ensures that when the fork tines 34 and the
      sensing member 84 are moved from their idle position into their shoe
      assembly engaging positions, the fork tines will not descend outwardly of
      the shoe assembly and thereby not come into engagement with the upper
      margin 116. In addition, this arrangement ensures that the sensing member
      84, when it is moved forwardly towards the shoe assembly from its idle
      position, will intersect the side of the shoe assembly proximate to the
      upwardly facing bottom of the shoe assembly, as shown in FIGS. 10 and 10A,
      and will not cross over the uppermost portion of the side of the shoe
      assembly and then, undesirably, advance over the upwardly facing bottom of
      the shoe assembly.
PAR  There follows a recapitulation of the machine construction and the mode of
      operation of the machine in accordance with this invention.
PAR  The machine is intended to rough the margin of an upper of a shoe assembly
      that comprises a last 110 having an insole 114 located on its bottom and
      the upper mounted thereon with the upper margin 116 lying against and
      being secured to the periphery of the insole. The machine includes a shoe
      assembly support, that is comprised of the last pin 118 and the toe pad
      120, that supports the shoe assembly bottom-up. The slide 16 is mounted
      for forward-rearward movement toward and away from the shoe assembly and
      is caused to effect this movement by the motor 12, which constitutes a
      first motor, that is connected to the slide. The yoke 20, the shaft 30,
      the fork mount 36 and the rougher unit 66 comprises a tool mount that is
      mounted to the slide 16 for heightwise movement. The motors 24 each
      constitutes a second yieldable motor that is connected to the tool mount
      for effecting the heightwise movement of the tool mount. The tines 34 each
      constitute a tine that is mounted to the tool mount, and also mounted to
      the tool mount is the sensing member 84. The pins 38 constitute means
      mounting the tines 34 to the tool mount for heightwise movement and the
      spring 40 constitutes means yieldably urging the tines into a lower
      position relative to the tool mount. The housing 86, the head 90, the bar
      82, the pin 102, the plunger 100, the valve 96, the valve spool 98, the
      spring 104 and the connections between the valve 96 and the first motor 12
      form an actuatable operating means so connecting the sensing member 84 and
      the first motor 12 as to cause the first motor to move the slide 16 from a
      rearward idle position wherein the sensing member is spaced from the shoe
      assembly forwardly until the sensing member engages a particular portion
      of the side of the shoe assembly and to enable the first motor to retain
      the sensing member in engagement with successive portions of the side of
      the shoe assembly with a consequent forward or rearward movement of the
      tool mount as the successive portions of the side of the shoe assembly
      move past the sensing member. The pressurized air entering the valves 96
      through the line 107 and the post 108 constitutes means for initially
      deactuating the operating means so that the first motor 12 retains the
      slide 16 in said idle position.
PAR  In the operation of the machine, the slide 16 initially is retained in said
      idle position by the first motor 12 and the controls for the second motors
      24 cause the second motors 24 to retain the tool mount in an upper
      position spaced from the shoe assembly. This is followed by an actuation
      of the controls for the second motors 24 to cause the second motors to
      yieldably lower the tool mount so as to bring the tines 34 into engagement
      with the bottom of the shoe assembly. In response to the engagement of the
      tines 34 with the bottom of the shoe assembly, the tines are moved
      upwardly relative to the tool mount to thereby cause triggering means
      shown in FIG. 7 that comprises the control means formed by the valve 44 to
      actuate the operating means. Means shown in U.S. Pat. No. 3,843,985 are
      thereafter operative to move the shoe assembly support so as to move
      successive portions of the shoe assembly past the tool mount and thus move
      successive portions of the side of the shoe assembly past the sensing
      member 84 and move successive portions of the bottom of the shoe assembly
      past the tines 34. The roughing tool 78 is so mounted to the tool mount as
      to be in engagement with and rough successive portions of the upper margin
      116 as said successive portions of the shoe assembly move past the tool
      mount.
CLMS
STM  I claim:
NUM  1.
PAR  1. A machine for roughing the margin of an upper of a shoe assembly, said
      shoe assembly comprising a last having an insole located on its bottom and
      the upper mounted thereon with the upper margin lying against and being
      secured to the periphery of the insole, comprising: a shoe assembly
      support for supporting the shoe assembly bottom-up; a slide mounted for
      forward-rearward movement toward and away from the shoe assembly; a first
      motor connected to the slide for effecting said forward-rearward movement;
      a tool mount mounted to the slide for heightwise movement; a second
      yieldable motor connected to the tool mount for effecting said heightwise
      movement; a tine mounted to the tool mount; a sensing member mounted to
      the tool mount below the tine; actuable operating means so connecting the
      sensing member and the first motor as to cause the first motor to move the
      slide from a rearward idle position wherein the sensing member is spaced
      from the shoe assembly forwardly until the sensing member engages a
      particular portion of the side of the shoe assembly and to enable the
      first motor to retain the sensing member in engagement with successive
      portions of the side of the shoe assembly with a consequent forward or
      rearward movement of the tool mount as the successive portions of the side
      of the shoe assembly move past the sensing member; means for initially
      deactuating the operating means so that the first motor retains the slide
      in said idle position; means for initially causing the second motor to
      retain the tool mount in an upper position spaced above the shoe assembly;
      means for causing the second motor to yieldably lower the tool mount so as
      to bring the tine into engagement with the bottom of the shoe assembly;
      triggering means responsive to the engagement of the tine with the bottom
      of the shoe assembly to actuate said operating means; means operative to
      thereafter so move the shoe assembly support as to move successive
      portions of the shoe assembly past the tool mount thereby moving
      successive portions of the side of the shoe assembly past the sensing
      member and thereby moving successive portions of the bottom of the shoe
      assembly past the tine; and a roughing tool so mounted to the tool mount
      as to be in engagement with successive portions of the upper margin as
      said successive portions of the shoe assembly move past the tool mount.
NUM  2.
PAR  2. The machine according to claim 1 further comprising: means mounting the
      tine to the tool mount for heightwise movement; and means yieldably urging
      the tine into a lower position relative to the tool mount so that the tine
      can move upwardly relative to the tool mount upon said engagement of the
      tine with the bottom of the shoe assembly; and wherein said triggering
      means comprises control means operative in response to said upward
      movement of the tine.
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ABST
PAL  A portable scrubbing device incorporating a rotary scrubbing brush
      detachably mounted in a handle member powered by a flexible cable driven
      by a motor mounted in a housing unit. The housing unit is fitted with
      external recesses for storing the handle member and scrubbing brush.
BSUM
PAC  SUMMARY OF THE INVENTION:
PAR  Our invention relates to a portable scrubbing device and particularly to a
      scrubbing device in which a detachable rotary scrub brush is fitted to a
      handle member linked by a flexible drive cable to a motor in the housing
      of the device.
PAR  The housing unit is fitted with external recesses shaped to retain the
      handle member and scrub brush, when not in use.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING:
PAR  The objects and features of the invention may be understood with reference
      to the following detailed description of an illustrative embodiment of the
      invention, taken together with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of the invention;
PAR  FIG. 2 is a sectional elevation view of the housing;
PAR  FIG. 3 is a sectional exploded view of the handle member and scrub brush;
      and
PAR  FIG. 4 is an elevation view of an optional stirrer attachment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT:
PAR  Turning now descriptively to the drawings, in which similar reference
      characters denote similar elements throughout the several views, FIG. 1
      illustrates the appliance 10 in the stored position, with handle member 20
      held in shaped recess 28 of the housing unit 30 and joined by flexible
      drive cable 31 to the motor and gear unit 42 located in the housing unit
      30.
PAR  As shown in FIGS. 1-3, the housing unit 30 is mounted on fixed legs 34 so
      as to rest on a horizontal surface 33. Switch buttons 32 on the side of
      the housing unit permit the operator to turn the device ON or OFF, as well
      as select the desired speed of motor. A shaped recess 28 in the upper
      surface 37 of the housing unit 30 of a size to engage the handle member 20
      is joined to a shaped recess well 38 of a size to fit about a rotary scrub
      brush 35 attached to the handle member 20. A drain hole 39 runs from the
      interior bottom of recess well 38 to the exterior of the housing unit to
      permit water to drain from a stored brush 35 in the well 38.
PAR  Drive shaft 31 is joined in the housing unit to the output shaft 49 of the
      motor and gear unit and held by rotary bearings 48 in the housing wall 51.
      The drive shaft 31 is similarly mounted to rotary bearing 21 in the handle
      member 20 in which it joins the handle output shaft 53 which is mounted in
      a rotary bearing 22. Output shaft 53 terminates exterior of the handle 20
      in a male plug 26 of a size to engage a female socket 42 of a rotary scrub
      brush 35, shown in FIG. 3 or in optional attachments, such as a stirrer 45
      as shown in FIG. 4.
PAR  The underside 23 of the handle member 20 is shaped as a grip to fit the
      fingers of a user holding the handle member 20.
PAR  A through hole 36 is fitted in the housing 30 of a size to form a
      convenient hand grip for lifting the housing.
PAR  Since obvious changes may be made in the specific embodiment of the
      invention described herein, such modifications being within the spirit and
      scope of the invention claimed, it is indicated that all matter contained
      herein is intended as illustrative and not as limiting in scope.
CLMS
STM  Having thus described the invention, what I claim as new and desire to
      secure by Letters Patent of the United States is:
NUM  1.
PAR  1. A compact portable scrubbing or stirring device comprising a housing
      member, a handle member and a detachable rotary tool,
PA1  said housing member incorporating a motor and gear unit linked to a
      flexible drive shaft which leads from the housing member into the handle
      member,
PA1  said handle member fitted with an output shaft rotatably mounted to said
      handle member, said output shaft linked inside the handle member to said
      flexible drive shaft, with said output shaft shaped, externally of the
      handle member, to engage a socket in said detachable rotary tool, in which
      a surface of the housing is formed with a recess of a shape to fit the
      handle member and an attached detachable rotary tool, with the bottom of
      said recess linked by a drain hole through the housing to the exterior of
      the housing, so as to drain excess water from the recess.
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ABST
PAL  A self-powered scrub brush intended for use by individuals in the cleansing
      of portions of their bodies, the scrub brush including a housing having a
      brush rotatively supported therein and projecting thereoutof, a hollow
      handle including a soap dispenser associated with the housing for
      dispensing soap thereinto, a valve for controlling the dispensing of the
      soap from the handle into the housing, a helical spring disposed between
      the brush and the housing in a manner to be wound and tightened upon
      rotation of the brush in a first direction with the spring then powering
      the rotation of the brush in the opposite direction, and a cord wrapped
      about the brush and extending outwardly of the housing for manual rotation
      of the brush in a direction to wind the spring. Holes are provided in the
      base of the brush for discharging the soap dispensed from the handle
      directly into the bristles of the brush for application to the skin of an
      individual for cleansing the same.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to hygienic accessories for individuals
      and more particularly to a novel and improved personal self-powered scrub
      brush intended for use by individuals in the scrubbing and cleansing of
      their bodies.
PAR  2. Description of the Prior Art
PAR  It has been known in the prior art to provide scrub brushes of various
      types and configurations for use by individuals in the scrubbing and
      cleansing of their bodies, such brushes including well known back brushes
      having long handles, foot brushes, and the like. All of these brushes are
      generally characterized by bristles of one type or another secured to a
      member having a handle for grasping in an individual's hand. This type of
      a brush suffers from the disadvantage, that an individual must scrub the
      same back and forth across the area to be cleansed to achieve a scrubbing
      action of the bristles on the individual's body.
PAR  While rotation of brushes is known to be available through use of battery
      powered or household current electrically driven motors, such are not
      truly functional for use around bath water as water entering into such
      mechanism causes the inoperativeness thereof when battery powered both due
      to the water effects on the battery powered motor as well as the effects
      of the water on the batteries themselves. As to the use of household
      current electrically powered devices in a bathtub, needless to say the
      danger thereof is so great that they are not recommended as any failure in
      the insulation thereof to permit water to enter thereinto may cause the
      electrocution of the individual using the same.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention recognizes the increased scrubbing abilities of a
      rotating bristle brush, and upon recognizing the deficiencies and
      disadvantages of presently available personal scrub brushes, provides a
      novel solution thereto in the form of a self-powered scrub brush intended
      for use by individuals in the scrubbing and cleansing of their bodies in a
      safe manner requiring no source of electrical power which might endanger
      the life and well-being of the individual.
PAR  It is a feature of the present invention to provide a personal self-powered
      scrub brush.
PAR  A further feature of the present invention provides a personal self-powered
      scrub brush which is relatively simple in its construction and which
      therefore may be readily manufactured at a relatively low cost and by
      simple manufacturing methods so that it may be retailed at a sufficiently
      low price to encourage widespread use thereof.
PAR  Still a further feature of the present invention provides a personal
      self-powered scrub brush which is possessed of few mechanical parts and
      which therefore is unlikely to get out of order such that it may be
      guaranteed by the manufacturer to withstand many years of intended usage
      due to its rugged and durable construction.
PAR  Still a further feature of the present invention provides a personal
      self-powered scrub brush which is aesthetically pleasing and refined in
      appearance.
PAR  Yet still a further feature of the present invention provides a personal
      self-powered scrub brush which is easy to use and reliable and efficient
      in operation.
PAR  Still yet a further feature of the present invention provides a personal
      self-powered scrub brush having novel winding means for winding a
      self-contained spring which, in turn, drives the scrub brush in a
      direction about its axis upon the release of the winding means.
PAR  Other features and advantages of this invention will be apparent during the
      course of the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings forming a part of this Specification, and in
      which like reference characters are employed to designate like part
      throughout the same:
PAR  FIG. 1 is a front elevational view of the scrub brush of the invention;
PAR  FIG. 2 is a fragmentary top plan view of the scrub brush of the invention
      which is partially broken away to illustrate details of the spring
      therein;
PAR  FIG. 3 is an exploded perspective diagrammatic view of the piston valve
      portion of the scrub brush;
PAR  FIG. 4 is a fragmentary diagrammatic perspective view of the opposite ends
      of the spring illustrating the configuration thereof;
PAR  FIG. 5 is a cross-sectional view taken along Line 5--5 of FIG. 2;
PAR  FIG. 6 is an exploded perspective view of the head portion of the scrub
      brush; and
PAR  FIG. 7 is a front end elevational view of the scrub brush.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail there is illustrated a preferred
      form of a personal self-powered scrub brush constructed in accordance with
      the principles of the present invention and which is designated generally
      in its entirety by the reference numeral 10 and which is comprised of a
      head member 11, a handle member 12, a circular brush 13, a spring 14, a
      valve assembly 15, and a winding cord 16.
PAR  The elements of the scrub brush 10 may be manufactured out of any suitable
      satisfactory material providing an aesthetically pleasing and refined
      appearance, with the preferred embodiment having the housing 11, handle
      12, and valve 15 manufactured of a suitable plastic material which may be
      provided in a variety of colors appealing to prospective purchasers, just
      as the brush 13 may have bristles provided in a variety of complementary
      colors providing an aesthetically pleasing appearance.
PAR  The head member 11 consists of a flat circular housing 21 having a top
      surface 22 and a bottom surface 23 with cylindrically surrounding side
      walls 24. A brush receiving circular compartment 25 is defined interiorly
      of the housing 21 opens out of the bottom surface 23 centrally thereof.
      Formed integrally with the housing 21 is a valve containing housing
      portion 26 which extends upwardly and outwardly from the top surface 22 at
      an angle thereto and terminates at outer end 27. A bore 28 is disposed
      centrally of outer end 27 and opens inwardly thereof and is of a circular
      cross-sectional area, the bore 28 terminating inwardly thereof at a bore
      29 disposed concentrically therewith and of a circular diameter which is
      less than the diameter of bore 28. The innermost end of bore 29 terminates
      in one end of a conical passageway 30 which extends through the portion 26
      and terminates in communication with the brush compartment 25 in a
      position inwardly of the peripheral edges thereof.
PAR  Disposed longitudinally through a side wall surface of the portion 26 is a
      slot 31 in communication with passageway 30. A rectangularly elongated
      knob 33 of a length less than the length of slot 31 and a width
      substantially filling the width of slot 31 is disposed slidably in slot 31
      for guided slided movement longitudinally therealong. A piston 34 is
      disposed in passageway 30 and is of a truncated conical configuration
      having truncated apex portion 35, base 36, and conical side walls 37. The
      base 36 is of a lesser diameter than the end of passageway 30 adjacent
      bore 29 while being of a greater diameter than the opposite end of
      passageway 30. Similarly, the apex 35 is of a greater diameter than the
      opposite end of the passageway 30 while being of a lesser diameter than
      base 36. Thus, as seen in FIG. 5, movement of piston 34 longitudinally of
      passageway 30 in the direction of head member 11 engages the sides 37 of
      the piston with the sides of the passageway to close the same, while
      moving the piston in the opposite direction frees the piston side from the
      passageway to open the passageway. A threaded aperture 38 is provided in a
      side wall 37 of the piston 34 and is adapted to receive therein the shank
      of a screw 39 which passes through an aperture 40 in knob 33 so as to
      retain the knob 33 to the piston 34 to effect sliding operation of the
      piston in passageway 30 from a position exteriorly of the portion 26.
PAR  The piston 34 is operable by knob 33 to slide longitudinally of passageway
      30 betweena first position opening the passageway for passage therethrough
      of liquid from bore 28 through bore 29 and passageway 30 and into the
      brush compartment 25, the piston being slidable in the passageway to
      effect therewith a closing of the port 42 in the top of brush compartment
      25 to thus close the passageway and prevent passage of liquid therethrough
      into the brush compartment.
PAR  The handle 12 is of an elongated cylindrical hollow configuration having
      cylindrical side walls 51, an open front end 52, an open back end 53, a
      cylindrically shaped hollow compartment 54 extending completely
      therethrough, and a reduced diameter front segment 55 extending forwardly
      of front end 52 and formed integrally therewith and having an exterior
      diameter equal to the interior diameter of bore 28 so as to be tightly and
      snugly received therein with end 27 of portion 26 abutting against front
      end 52 in a sealing manner. Suitable adhesives may be applied to the
      abutting portions of the handle member and portion 26 to permanently
      retain the same connected thereto.
PAR  The interior surface of compartment 54 adjacent back end 53 is provided
      with screw threads 56 which are adapted to threadedly receive therein the
      threaded inner end portion 57 of a cap or stopper 58 having a top end 59.
      The cap is threadedly received on the handle member 12 in a removable
      manner for ease of access to compartment 54, this allowing an individual
      to place any desired liquid soap substance in compartment 54 so that it
      may be eventually discharged through passageway 30 into the brush
      compartment 25 as will be later described.
PAR  The brush 13 is of a circular configuration having a flat circular disc
      shaped base 61 with a flat top and bottom surface and having disposed
      about its periphery a collar member 62 provided with an annular peripheral
      groove 63 extending completely thereabout. Collar 62 juts upwardly above
      the top surface of base 61 to completely surround the same and form a
      circular diameter chamber 64 therein. An opening 65 extends through the
      axis of base 61 and is axially aligned with opening 66 disposed centrally
      of cylindrical boss 67 mounted to the top surface of base 61 and
      projecting vertically upwardly therefrom, the boss 67 extending vertically
      upwardly a distance equal to the vertical projection of the collar 62
      above the top surface of base 61.
PAR  A threaded cylindrical aperture or recess 68 provided centrally of brush
      compartment 25 in the top surface thereof and opening thereoutof and is
      adapted to threadedly receive therein the threaded shank 69 of bolt 70
      having an enlarged flat circular head portion 71 for rotatively affixing
      brush 13 in brush compartment 25 with the topmost edges of the collar 62
      and cylindrical boss 67 disposed in close juxtaposition with the
      compartment top surface 72.
PAR  A multiplicity of bristles 73 each having one end affixed in any suitable
      manner to the bottom surface of base 61 with the bristles depending
      outwardly and downwardly therefrom to provide a bristle scrubbing area for
      the brush 13.
PAR  A plurality of spaced apart openings 74 are provided in base 61 and extend
      completely therethrough between the chamber 64 and the bottom surface of
      the base for discharging into the bristles any liquid soap substance
      disposed in chamber 64m such as that disposed thereinto through the
      passageway 30.
PAR  For effecting manual rotation of the brush 13 about its axis there is
      provided the winding means 16 consisting of an elongated flexible cord 81
      having a spherical knob 82' secured to a projecting free end thereof and
      with the cord extending through an opening 82 provided in the front end of
      a side wall 24 of the housing 21, the cord thence being wrapped about the
      annular groove 63 in the base member 61 and having its opposite end
      thereof permanently affixed to the base member by means of a pin 83
      extending vertically through the groove and affixed permanently therein
      between the flanges of the collar member 62. Rotation of the brush member
      13 about its axis effects the winding of the cord 81 about the groove 63
      until spherical knob 82 engages the outer peripheral surface of opening
      82.
PAR  The spring 14 is of a spiral helical configuration having a flexible body
      member 91 with opposed front and back ends 92 and 93 respectively. And 92
      is of a general U-shaped configuration where the end portion thereof
      overlaps a portion of the body member 91. And 93 is of a general L-shaped
      configuration wherein the terminal end projects vertically upwardly above
      the top edge of the body member 91.
PAR  For use with the spring 14 there is provided in the top surface 72 of brush
      compartment 25 a rectangular recess 94 spaced radially outwardly from
      opening 68 a distance greater than the radius of the cylindrical boss
      member 67, the recess 94 adapted to permanently receive therein the back
      end 93 of the spring 14 wherein the projecting end of the back end is
      tightly fitted thereinto such that the body 91 of the spring is coiled
      about the chamber 34 in a helical manner with the front end 92 of the
      spring being received in a slot 95 extending through a U-shaped flange
      member 96 having its bight portion permanently secured to the top surface
      of the base member 61 and spaced radially outwardly from the axis of the
      base member.
PAR  The cord 81 is wrapped about groove 63 in a direction opposite to the
      direction of winding of the spring 14 in chamber 64 such that pulling of
      the cord 81 outwardly of the housing 21 through opening 82 effects the
      winding of the spring 14, with release of the cord 81 permitting the
      spring 14 to power drive the rotation of brush 13 about its axis to
      achieve the self-powered scrubbing action of the brush.
PAR  In operation, an individual places liquid soap in handle compartment 54
      with the valve 15 in the closed position. When ready for use, the
      individual opens the valve 15 by means of the piston 37 to permit soap to
      be discharged from the compartment 54 through the interconnected bores 28
      and 29, passageway 30 and into the brush compartment 25 where it is
      received in the brush chamber 64. From there the liquid soap finds its way
      through the opening 74 into the bristles 73 such that soap is directly
      applied to the bristles and not to the skin of an individual using the
      brush 10. Release of the cord 81 after it has been used to wind the spring
      14 by rotation of the brush 13 permits the spring to drive the brush
      rotatively about its axis such that a powered scrubbing action is achieved
      on the skin of the individual as well as the soap being dispensed directly
      onto the bristles and onto the individual's skin for an improved hygienic
      cleaning of the body of the individual.
PAR  It is to be understood that the form of this invention herewith shown and
      described is to be taken as a preferred example of the same, and that this
      invention is not to be limited to the exact arrangement of parts shown in
      the accompanying drawings or described in this Specification as various
      changes in the details of construction as to shape, size and arrangement
      of parts may be resorted to without departing from the spirit of the
      invention, the scope of the novel concepts thereof, or the scope of the
      sub-joined claims.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A personal self-powered scrub brush intended for use by individuals for
      scrubbing and cleansing of their bodies, the scrub brush comprising, in
      combination:
PA1  a head member;
PA1  a handle member;
PA1  a liquid soap containing compartment defined in said handle member;
PA1  means interconnecting said handle member to said head member for dispensing
      liquid soap from said soap containing compartment into said head member;
PA1  a valve interposed between said handle member and said head member for
      controlling the flow of said liquid soap therebetween;
PA1  a circular brush rotatively affixed to said head member and projecting
      outwardly therefrom and adapted to receive soap from said head member;
PA1  spring means disposed intermediate said brush and said head member and
      having one end connected to said brush and the opposite end connected to
      said head member for effecting winding of the spring by rotation of said
      brush in a first direction, with said wound spring effecting rotation of
      said brush in the opposite direction during unwinding of said spring; and
PA1  a flexible cord wrapped about said brush and extending outwardly of said
      head member and adapted for use in the rotation of said brush in a
      direction to wind said spring means with said cord being automatically
      rewound about said brush as said spring means unwinds and rotatively
      drives said brush.
NUM  2.
PAR  2. A scrubbing brush as set forth in claim 1 wherein said head member
      comprises:
PA1  a housing of a generally flat circular configuration having a top surface,
      a bottom surface, and depending cylindrical side wall surface forming
PA1  a brush receiving compartment of a circular diameter formed integrally in
      said housing member substantially centrally thereof and opening out of
      said bottom surface,
PA1  an opening adapted to receive said flexible cord therethrough, said opening
      extending through said housing member side wall surfaces normal to the
      axis of said brush compartment and interconnecting exterior of said
      housing member to the interior of said brush receiving compartment;
PA1  a threaded cylindrical recess formed integrally in said housing member
      concentric with the axis of said brush receiving compartment and opening
      out of said brush receiving compartment top surface; and
PA1  means engaging said threaded cylindrical recess to rotatively support said
      brush thereon.
NUM  3.
PAR  3. A scrubbing brush as set forth in claim 2 wherein said valve means and
      said means interconnecting said handle member to said head member
      comprises:
PA1  an elongated generally cylindrically shaped body member formed integrally
      with said handle member housing portion and extending radially outwardly
      and upwardly therefrom and terminating at a back end spaced outwardly from
      said handle member housing portion;
PA1  a bore of a circular diameter formed integrally in said outermost end of
      said body member and opening outwardly therefrom;
PA1  an elongated passageway extending from said bore through said body member
      and into said head member housing where it opens into said brush receiving
      compartment through the top surface thereof;
PA1  a slot formed integrally in a side wall of said body member extending
      parallel to said passageway and placing said passageway in communication
      with exterior of said body member;
PA1  a knob of a width to be guided by opposite edges of said slot and of a
      length less than said slot being slidably received in said slot for
      longitudinal movement therealong between opposite ends of said slot;
PA1  a truncated conically shaped piston member having a truncated forward apex
      end, a base end, and conical side walls, the piston slidably received in
      said passageway between a position opening said passageway and a position
      closing said passageway;
PA1  a threaded aperture disposed in a sidewall of the piston adjacent said
      slot; and
PA1  a threaded bolt adapted to pass through an aperture in said knob and be
      threadedly received in said threaded aperture of said piston for attaching
      said knob to said piston for controlling the movement of said piston by
      said knob exteriorly of said body member between said open and said closed
      positions.
NUM  4.
PAR  4. A scrubbing brush as set forth in claim 3 wherein said handle member
      comprises:
PA1  an elongated hollow cylindrical body member having an open front end, an
      open back end, cylindrical side walls, and a cylindrical compartment
      extending completely therethrough;
PA1  a reduced diameter flange member formed integrally with said front end and
      projecting axially outwardly therefrom and having an exterior diameter
      substantially equal to the interior diameter of said body member bore and
      adapted to be telescopically received in said bore with said front end of
      said handle member in abutting relationship with said back end of said
      handle member;
PA1  screw threads disposed about the interior side walls of said compartment
      adjacent said back end thereof; and
PA1  a cap having a body portion with screw threads disposed about the periphery
      thereof and adapted to be threadedly received on said threaded portion of
      said compartment to sealingly close said compartment while permitting
      access thereto for the insertion of liquid soap thereinto.
NUM  5.
PAR  5. A scrubbing brush as set forth in claim 4 wherein said brush member
      comprises:
PA1  a flat disc shaped base member having a flat top surface and a flat bottom
      surface;
PA1  a cylindrical collar member affixed to the periphery of said base member
      and projecting upwardly from the top surface thereof to define with said
      top surface a brush chamber;
PA1  an aperture extending through the axis of said base member;
PA1  a cylindrical boss member formed integrally with said top surface of said
      base member concentric with said aperture and extending upwardly therefrom
      a distance equal to the distance of projection of said collar member and
      having an aperture extending therethrough in alignment with said base
      member aperture;
PA1  an annular groove disposed about said collar member and adapted to receive
      said cord therein, said groove disposed in registration with said side
      wall opening of said housing member when said brush is received in said
      brush compartment;
PA1  a pin extending through said annular groove for having one end of said cord
      affixed thereto;
PA1  a multiplicity of flexible brush forming bristles each having one end
      affixed to the bottom surface of said base member with said bristles
      projecting downwardly and outwardly therefrom;
PA1  a multiplicity of openings disposed completely about said base member in
      said brush chamber and extending through said base member to place said
      top surface of said base member in communication with said bristles; and
PA1  said collar member being of a diameter less than the diameter of said
      housing member brush receiving compartment so as to be received
      concentrically therein for rotation relative thereto.
NUM  6.
PAR  6. A scrubbing brush as set forth in claim 5 wherein said means rotatively
      mounting said brush member in said housing member comprises an elongated
      bolt having a threaded shank and an enlarged head portion, the shank being
      of a diameter to be received through said axially extending aperture of
      said brush base member and to be threadedly received in said threaded
      recess of said housing member, said bolt head member being of a diameter
      larger than said apertures to engage said base member bottom surface to
      rotatively support said brush member in said brush receiving compartment.
NUM  7.
PAR  7. A scrubbing brush as set forth in claim 6 wherein said spring means
      comprises:
PA1  a flexible body member disposed in a spiral configuration and having a
      front end and a back end;
PA1  said front end being of a general U-shape configuration wherein said end
      overlaps a portion of said body member and lies co-planar therewith;
PA1  said back end being of a general L-shaped configuration and projecting
      above a top edge of said body member;
PA1  a rectangular formed integrally in said top surface of said brush receiving
      compartment and spaced radially outwardly from said threaded aperture a
      distance greater than the radius of said base member cylindrical member,
      said recess adapted to receive therein said back end of said body member
      with said body member of said spring lying in a spiral configuration in
      said brush chamber intermediate said collar member and said cylindrical
      member; and
PA1  a U-shaped yoke member having its bight portion affixed to said base member
      top surface with its legs projecting upwardly therefrom and defining
      therebetween a circumferally oriented slot adapted to receive therein said
      U-shaped front end of said spring body member;
PA1  whereby rotation of said brush member relative to said housing member in
      the direction of winding of said spring member will effect the winding of
      said spring member, and upon release of said brush member said wound
      spring member will effect rotation of said brush member in an opposite
      direction on winding said spring member.
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ABST
PAL  An improved cleaning apparatus for an electrophotographic copying device
      which comprises (a) a cleaning brush, (b) a casing for said brush having a
      front end portion which forms a first opening and a rear end portion which
      forms a second opening adapted to pass a toner therethrough, said brush
      within said casing and positioned adjacent said first opening so as to be
      adapted to contact a work surface, (c) a filter bag having a rim which
      forms an opening adapted to pass toner therethrough and which
      substantially overlaps said rear end portion, whereby a gap is formed
      between said rear end portion and said rim, and (d) means for suction of
      toner-containing air through said filter bag.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a toner cleaning apparatus in an
      electrophotographic copying machine. As is well known, such copying
      machines using an electrophotosensitive plate repeatedly, are provided
      with a cleaning station for removing toner powders electrostatically
      adhering on a surface of the photosensitive plate subsequent to charging,
      high-exposure, development and transfer. The cleaning station usually
      comprises a cleaning brush, a casing holding the cleaning brush, a filter
      bag, a duct whose one end is connected to the casing and whose other end
      is connected to the filter bag, and a suction means. In the conventional
      cleaning apparatus, an attachment member is provided at a connecting end
      of the casing or duct (hereinafter referred to simply as connecting end)
      and the rim of the filter bag is inserted into the attachment member.
      Alternatively, the rim of the filter bag is arranged so as to abut tightly
      against one end face of the duct. Under these conditions, toner powders
      tend to adhere to the rim or inlet portion of the filter bag with the
      result that upon detaching the filter bag, these toner powders scatter and
      stain the apparatus, or the clothes and hands of the operator.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, this object is accomplished by the
      cleaning apparatus which comprises a cleaning brush, a casing for said
      brush having an end portion which forms an opening to pass toner, a filter
      bag having a rim which substantially overlaps said end portion thereby
      forming a space between said end portion and said rim, and means for
      sucking the toner-containing air through said filter bag.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  FIG. 1 is a vertical sectional view of one embodiment of this invention;
      and FIG. 2 is a sectional view along a line X -- X of FIG. 1.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  In FIG. 1, cleaning brush 1 is provided for cleaning off toner from a
      photosensitive plate (not shown); the brush comprising, for example, soft
      fur or soft synthetic fiber affixed to the surface of a paper core. Brush
      casing 2 covers brush 1. Opening portion 3, formed at front end of casing
      2, exposes a portion of brush 1. Rear end 4 of casing 2 projects into a
      filter bag covering frame 9 as described herinafter.
PAR  Duster plates 5 are arranged so as to interfere with the brush 1 and thus
      serve to dust away--by the relative impact force between the brush and the
      duster plate--toner adhering in the brush. Plate 6 is provided for
      introducing air into the casing without being disturbed by the air stream
      generated by rotation of the brush 1, the plate having an arc
      configuration over a wide range. Filter bag 7 is formed of, for example,
      glass fibers and an opening portion of the filter bag 7 is arranged so as
      to overlap with the outer periphery of the casing rear end 4 leaving a
      predetermined gap A. Hollow cylindrical rim 8 is secured to the filter bag
      opening portion and covering frame 9 which has an opening in the front
      face thereof of a size at least equal to the filter bag opening and to
      which a base plate 9a is fixed. Thick and hollow cylindrical packing 10 is
      secured to the covering frame 9 and a toner suction means F (hereinafter
      referred to simply as suction means) is arranged behind the filter bag.
PAR  In such an arrangement, as the suction means F is energized, air of the
      filter bag and within brush casing 2 is sucked to the right. In this case,
      since the pressure within the filter bag 7 and the casing 2 is decreased,
      air flows therein from the opening portion 3 of the casing 2, thereby
      generating a first air stream. When the brush 1 rotates and wipes toner on
      the photosensitive plate (not shown) and the duster plates 5 dust away
      toner adhering on the brush 1, the toner powders are accumulated in the
      filter bag 7 along the first air stream. At this time, the suction also
      acts on the gap A between the outer periphery of the casing rear end 4 and
      the filter bag opening, thereby generating a second air stream in the gap
      to prevent the toner from adhering near the inlet portion of the filter
      bag 7. By such an arrangement, adhesion of the toner to the rim 8 and the
      inlet portion of the filter bag 7 is completely prevented, so that when
      the filter bag 7 is detached from the plate 9, scattering of the toner
      does not occur. In the preferred embodiment of the present invention, the
      deenergization of the suction means F is delayed slightly in beyond the
      stopping of the rotation of the brush 1.
PAR  Thus, scattering of the toner due to premature stopping of the suction
      means is completely prevented without the provision of any additional
      device. Though in the above-described embodiment, the casing rear end 4
      and the rim 8 have been positioned in an overlapping relationship, similar
      effects may be obtained if rim 8 of the filter bag 7 face approximately
      aligns whith the face of the rear end 4 of the casing. Link mechanisms 11
      are used for the attachment and detachment of the filter bag 7. The
      identical link mechanisms are synmetrically arranged above and below the
      filter bag 7 and are constructed so as to be operated simultaneously by a
      handle 12.
PAR  FIG. 2 shows a view viewed along arrows X --X of FIG. 1. In FIG. 2,
      numerals 110 and 110' designate right and left, paired L-shaped levers
      which are rotatably supported on the base plate 9a by pivots 111 and 111',
      respectively which are secured to the filter bag covering frame 9. Guide
      112 has a U-shaped cross section and supports rim 8 of the filter bag.
      Both ends of guide 112 are rotatably coupled through pins 114 and 114' to
      the respective one-side arms of the pair of levers 110 and 110'.
      Interlocking link 113 connects the pair of the levers 110 and 110' for the
      parallel displacement of the guide 112, and is rotatably coupled to the
      respective other-side arms of the levers 110 and 110'.
PAR  Lever 116 is sandwiched between the lever 110 and the interlocking link 113
      and rotatably mounted at pivot 111. The lever 116 has a arc-shaped slot
      117. A pin 115 intrudes into the slot 117 so that when the lever 116
      rotates clockwise through a given angle, lever 116 does not interfere with
      the pin 115, but when the lever 116 has rotated beyond the given angle,
      the pin 115 is rotated about the pivot 111 by the lever 116, thereby
      causing the pair of levers 110 and 110' to rotate clockwise through the
      interlocking link 113. Handle 12 connects the end of the lever 116 mounted
      over the filter bag 7 of said link mechanism with one end of the lever 116
      mounted under the filterbag 7 of the other link mechanism. Door 13 is
      formed in a portion of the covering frame 9. Knob 117 is actuated to open
      the door 13. packing 14 is secured to the inner side of the door and has
      such thickness that the packing abuts handle 12 when the door is closed.
PAR  When the filter bag is detached, opening the door 13 and rotating the
      handle 12 in a direction shown by the arrow in FIG. 2 causes the rotation
      of lever 116. After the lever 116 has been rotated through the given
      angle, and the end C of the arc-shaped slot abuts pin 115, the levers 110
      and 110' are interlocked. Therefore, the guide 112 and the interlocking
      link 113 coupled to the respective arms of the lever 110 and 110'
      gradually move in parallel. In FIG. 1, the rim 8 of the filter bag moves
      toward the right and is released from the rear end 4 of the casing 2. The
      detachment of the filter bag can be easily achieved by grasping and
      drawing out the rim 8 of the filter bag after the handle 12 has been
      rotated until rim 8 no longer overlaps the release end of the casing 2.
PAR  In one embodiment of the present invention, a gap A is formed on the entire
      region aroung the rear end portion 4 of the casing 2. However, in another
      embodiment of the present invention, the gap A may be formed on the lower
      half of the region because the toner tends to adhere to the lower half of
      the rim 8 or the inlet portion of the filter bag due to gravity.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved cleaning apparatus for an electrophotographic copying device
      which comprises (a) a cleaning brush, (b) a casing for said brush having a
      front end portion which forms a first opening and a rear end portion which
      forms a second opening adapted to pass a toner therethrough, said brush
      within said casing and positioned adjacent said first opening so as to be
      adapted to contact a work surface, (c) a filter bag having a rim which
      forms an opening adapted to pass toner therethrough and which
      substantially overlaps said rear end portion, said filter bag opening
      being substantially larger than said second opening whereby a gap is
      formed between said rear end portion and said rim, and (d) means for
      producing suction through said casing into and through said filter bag to
      carry toner-containing air.
NUM  2.
PAR  2. A cleaning apparatus in electrophotographic copying machine according to
      claim 1 further comprising means for moving said filterbag from a first
      position in which said rear end portion of said casing and said rim of
      said filterbag overlap with each other to a second position in which said
      rear end portion and said rim are out of overlap-relationship.
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ABST
PAL  A structure for mounting an air moving apparatus in a vacuum cleaner
      including support shoulders formed integral with a housing portion of the
      vacuum cleaner and a spring bracket removably supporting the air moving
      apparatus on the shoulders within an air flow passage. The bracket
      embraces the air moving apparatus and defines opposite end portions
      resting on the support shoulders.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to vacuum cleaners, and in particular to means for
      mounting air moving means in vacuum cleaners.
PAR  2. Description of the Prior Art
PAR  In one form of conventional vacuum cleaner, a housing is provided having a
      base portion carrying an air moving means which may comprise a
      motor-blower structure. A number of different devices have been developed
      for supporting the motor-blower structure in the vacuum cleaner.
PAR  Illustratively, as shown in U.S. Pat. No. 2,875,466 of C. E. Nyberg, a
      flexible support diaphragm is provided formed of rubbery material and
      including an outer edge portion secured to the vacuum cleaner by a metal
      band. In U.S. Pat. No. 3,101,889 of R. B. Tatge, the resilient mounting
      for the motor and fan unit includes a resilient annular wall member
      carried by an inturned annular flange of the vacuum cleaner housing, and
      screws securing the motor-fan unit to the inner edge of the resilient wall
      member.
PAR  In U.S. Pat. No. 3,634,905 of Wilton E. Boyd, a vacuum cleaner construction
      is disclosed wherein the motor-fan unit is clamped between two halves of
      the housing with the opposite ends of the motor-fan unit engaging
      resilient annular supports carried by the housing.
PAR  Mitsuo Ohira et al. disclose, in U.S. Pat. No. 3,731,465, an electric
      vacuum cleaner which is similar to the Boyd structure in providing a
      motor-fan unit which is clamped between two halves of the vacuum cleaner
      housing and utilizes resilient seals at opposite ends of the fan unit for
      resiliently supporting the unit to the housing.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprehends an improved means for mounting the air
      suction means of a vacuum cleaner to the housing portion thereof including
      a bracket means embracing a portion of the air suction means and removably
      retaining the air suction means on a plurality of retaining shoulders
      formed integrally with the vacuum cleaner housing. The mounting structure
      of the present invention is extremely simple and economical of
      construction and effectively eliminates the need for mechanical fasteners
      and the like, thereby simplifying installation and minimizing cost.
PAR  More specifically, the invention comprehends an improved structure for
      mounting a suction means including an air moving means and an electric
      drive motor in a vacuum cleaner, including means defining a housing
      portion of the vacuum cleaner, means integral with the housing portion
      defining an air flow passage having an inlet and an outlet, and means
      defining a plurality of retaining shoulders integral with the air flow
      passage means. The mounting structure further includes bracket means
      resting on the retaining shoulders and retaining the suction means in the
      air flow passage adjacent the inlet for drawing air through the inlet and
      discharging it through the outlet.
PAR  The bracket means illustratively comprises herein a U-shaped element which
      may be formed of resilient material, such as metal. The U-shaped bracket
      embraces opposite sides of the air suction means, and in the illustrated
      embodiment, embraces the motor means thereof subjacent the blower portion.
      Further in the illustrated embodiment, the bight portion of the U-shaped
      bracket rests on one of the opposite portions of the shoulder means and
      the distal ends of the leg portions rest on the other of the opposite
      portions of the shoulder means. The distal ends of the legs are biased
      apart by the resiliency of the bracket to provide retained association of
      the bracket with the shoulder means in the installed arrangement of the
      mounting structure.
PAR  In the illustrated embodiment, the drive motor includes a rectangular
      horizontal cross section portion and the bracket means include straight
      portions embracing opposite sides of the rectangular cross section
      portion.
PAR  A resilient seal may be provided at the upper end of the blower portion of
      the air suction means which compressively biases the air suction means
      against the bracket means. The bracket means is preferably vertically
      rigid and horizontally flexible to provide facilitated installation and
      removal of the air suction means while yet assuring positive retained
      association thereof with the vacuum cleaner housing in the assembled
      arrangement of the apparatus.
PAR  The bracket means effectively defines a snap-in mounting structure. The
      portion of the housing defining the air flow passage in which the air
      suction means is retained may be formed of insulative material to provide
      an improved insulated enclosure of the air suction means while yet
      providing effectively positive mounted association of the air suction
      means therein by means of the improved mounting structure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein:
PAR  FIG. 1 is a perspective view of a vacuum cleaner having an improved
      structure for mounting the suction means thereof embodying the invention;
PAR  FIG. 2 is an exploded view thereof illustrating the arrangement of the air
      suction means relative to the vacuum cleaner housing;
PAR  FIG. 3 is a vertical section taken substantially along the line 3--3 of
      FIGS. 2 and 4; and
PAR  FIG. 4 is a horizontal section taken substantially along the line 4--4 of
      FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the exemplary embodiment of the invention as disclosed in the drawing, a
      vacuum cleaner generally designated 10 is provided with an air suction
      means generally designated 11 for drawing air through a suction tube 12
      into a dirt collecting bag 13. Bag 13 may be provided in the base portion
      14 of a canister housing 15 which is normally closed by a cover 16.
PAR  The air suction means is carried at the rear portion of the canister base
      14 in a tubular enclosure portion 17 of the housing including a
      cylindrical upper portion 18 and a square cross section lower portion 19.
      Upper portion 18 defines an inlet opening 20 across which is removably
      mounted a filter pad 21 on a pervious support 22 which may be formed
      integrally with the housing portion 18, as shown in FIG. 3.
PAR  The air suction means including an air moving means 23 illustratively
      comprising a blower, and an electric drive motor 24 which are mounted as a
      unit to define a motor-blower unit 25. Housing portion 18 and 19 define an
      air flow passage 26 in which the motor-blower unit 25 is disposed in the
      assembled relationship of the apparatus, as shown in FIG. 3. The blower
      portion 23 extends into the upper cylindrical portion 18 of the housing
      adjacent inlet 20 and the motor 24 is disposed within the lower
      rectangularr section portion 19 of the housing. rectangular
PAR  Motor-blower unit 25 is retained in the enclosure portion 17 adjacent inlet
      20 by means of a plurality of retaining shoulders 27 and 28. As best seen
      in FIG. 4, shoulders 27 comprise a pair of perpendicularly extending
      shoulders at one corner 29 of the housing portion 19 and shoulders 28
      comprise a pair of perpendicularly extending shoulders at the opposite
      corner 30 of enclosure portion 19.
PAR  Motor-blower unit 25 is retained by a removable bracket 31 which embraces
      the motor portion 24 subjacent the blower portion 23 of unit 25. Bracket
      31 rests on shoulders 27 and 28 and blower portion 23 rests on bracket 31
      to provide a readily removable mounting of unit 25 in the tubular
      enclosure portion 17.
PAR  More specifically, as best seen in FIGS. 2 and 4, bracket 31 comprises a
      generally U-shaped bracket having a bight portion 32 and opposite leg
      portions 33 terminating in opposed distal ends 34. Bight portion 32 rests
      on shoulders 27, as shown in FIG. 4, and distal ends 34 rest on shoulders
      28 as shown therein. The bracket is vertically rigid so as to provide a
      positive support of the unit 25 on the shoulders 27 and 28. However, the
      bracket is horizontally flexible and is preferably formed of a resilient
      material such as metal to bias the distal ends 34 resiliently apart a
      distance greater than the spacing therebetween when the distal ends are
      carried on the shoulders 28 in the supporting arrangement of the bracket,
      as shown in FIG. 4. Thus, the springiness of the bracket effectively
      retains the bracket in the enclosure 17 on the shoulders 27 and 28
      notwithstanding vibration of the vacuum cleaner in normal use.
PAR  Motor 24, as shown in FIG. 4, may have a rectangular, herein square, cross
      section defining substantially planar opposite sides 35 which are engaged
      by corresponding straight portions 36 of legs 35 so as to snugly embrace
      the motor subjacent blower portion 23 of unit 25.
PAR  Enclosure 17 can further optionally include additional shoulder elements 37
      for retaining a shorter motor-blower unit as may be the case with a less
      powerful unit.
PAR  Motor-blower unit 25 is biased downwardly to urge bracket 31 resiliently
      against shoulders 27 and 28 by a seal element 38 compressed between a
      flange defining an inturned channel portion 39 at the upper end of housing
      portion 18, and the upper peripheral edge of the blower 23.
PAR  In the illustrated embodiment, the blower 23 is cylindrical in cross
      section and defines a downwardly facing surface 40 removably resting on
      the bracket 31. Thus, blower 23 is fitted into the cylindrical portion 18
      of housing 17 against flange 39 for preventing substantial lateral
      movement of the blower-motor unit 25 in the installed arrangement. Bracket
      31 further resiliently centers the blower-motor unit 25, as shown in FIG.
      4, thereby assisting in maintaining the blower portion 23 centrally of the
      enclosure portion 18.
PAR  Enclosure portion 17 is preferably formed of an insulative material whereby
      the motor-blower unit 25 is substantially insulatively enclosed within the
      vacuum cleaner housing. As the mounting structure of the present invention
      effectively eliminates the need for separate mechanical fastening
      elements, the mounting of the motor-blower unit 25 is extremely simple and
      economical while yet providing the highly improved positive support of the
      unit in the vacuum cleaner.
PAR  The unit may be readily installed by simply inverting the vacuum cleaner
      base 14 and placing the motor-blower unit 25 with the blower portion 23
      downwardly into the housing portion 18 against flange 39 after first
      installing the seal 38 therein. The mounting bracket 31 is then installed
      and upon returning the vacuum cleaner housing portion 14 to the normal
      upright position, the motor-blower unit 25 is securely retained in the
      enclosure portion 17 as shown in FIG. 3.
PAR  Operation of the unit 25 causes suction of air through the dirt collecting
      bag 13 through the upper inlet 20 downwardly through the blower 23 and in
      heat exchange relationship with motor 24. The air is then discharged
      through an outlet opening 41 at the rear of the enclosure portion 19, as
      shown in FIG. 3.
PAR  If at any time removal of the unit 25 is desired, such as for servicing or
      replacement, the unit is readily removed by removal of bottom plate 42 of
      the vacuum cleaner base 14 and subsequent simple removal of the bracket 31
      from the shoulders 27 and 28 permitting the unit to be withdrawn through
      the lower end of the enclosure portion 19.
PAR  Motor 24 is powered by an electric wiring harness, not shown, including
      conventional push-on terminals which are received on motor connectors 43.
      A switch, not shown, is conventionally provided for selective actuation by
      pedal 44 for controlling operation of the unit 25 and hence of the vacuum
      cleaner 10.
PAR  The foregoing disclosure of specific embodiments is illustrative of the
      broad inventive concepts comprehended by the invention.
CLMS
STM  Having described the invention, the embodiments of the invention in which
      an exclusive property or privilege is claimed are defined as follows:
NUM  1.
PAR  1. Structure for mounting a suction means including an air moving means and
      an electric drive motor in a vacuum cleaner, comprising: housing means
      including an integral portion defining an air flow passage having an inlet
      an an outlet; means defining a plurality of retaining shoulders integral
      with said air flow passage means; and mounting means for mounting said
      suction means in said housing means including removable bracket means
      resting on said retaining shoulders and carrying said suction means in
      said air flow passage adjacent said inlet for drawing air through said
      inlet and discharging it through said outlet, said mounting means further
      defining resilient means engaging said suction means adjacent said inlet
      for urging the suction means against the bracket means and the bracket
      means against said shoulders.
NUM  2.
PAR  2. The vacuum cleaner suction means mounting means of claim 1 wherein said
      air flow passage means is formed of electrically insulative material.
NUM  3.
PAR  3. The vacuum cleaner suction means mounting means of claim 1 wherein said
      suction means defines a downwardly facing peripheral surface resting on
      said bracket means for support of said suction means thereon.
NUM  4.
PAR  4. The vacuum cleaner suction means mounting means of claim 1 wherein said
      drive motor is smaller in horizontal cross section than said air moving
      means, said air moving means defining a downwardly facing peripheral
      surface resting on said bracket means for support of said suction means
      thereon.
NUM  5.
PAR  5. The vacuum cleaner suction means mounting means of claim 1 wherein said
      retaining shoulders are disposed at horizontally opposite portions of the
      air flow passage means.
NUM  6.
PAR  6. Structure for mounting a suction means including an air moving means and
      an electric drive motor in a vacuum cleaner, comprising: housing means
      including an integral portion defining an air flow passage having an inlet
      and an outlet; means defining a plurality of retaining shoulders integral
      with said air flow passage means; and mounting means for mounting said
      suction means in said housing means including removable bracket means
      resting on said retaining shoulders and carrying said suction means in
      said air flow passage adjacent said inlet for drawing air through said
      inlet and discharging it through said outlet, said mounting means further
      defining resilient means for retaining the bracket means on said
      shoulders, said retaining shoulders being disposed at horizontally
      opposite portions of the air flow passage means and said bracket means
      comprising a U-shaped bracket having a bight portion resting on one of
      said opposite portions and distal leg portions resting on the other of
      said opposite portions.  7.
NUM  7.
PAR  7. The vacuum cleaner suction means mounting means of claim 1 wherein said
      retaining shoulders are disposed at horizontally opposite portions of the
      air flow passage means and said bracket means comprises a U-shaped bracket
      having a bight portion resting on one of said opposite portions and distal
      leg portions resting on the other of said opposite portions, said bracket
      means being formed of resilient material, with said distal leg portions
      being biased apart by the resiliency of the bracket means and thereby
      being urged into retained association with said other of said shoulder
      means opposite portions.
NUM  8.
PAR  8. Structure for mounting a suction means including an air moving means and
      an electric drive motor in a vacuum cleaner, comprising: housing means
      including an integral portion defining an air flow passage having an inlet
      and an outlet; means defining a plurality of retaining shoulders integral
      with said air flow passage means; and mounting means for mounting said
      suction means in said housing means including removable bracket means
      resting on said retaining shoulders and carrying said suction means in
      said air flow passage adjacent said inlet for drawing air through said
      inlet and discharging it through said outlet, said mounting means further
      defining resilient means for retaining the bracket means on said
      shoulders, said drive motor including a rectangular horizontal cross
      section portion and said bracket means including straight portions
      embracing opposite sides of said drive motor portion.
NUM  9.
PAR  9. Structure for mounting a suction means including an air moving means and
      an electric drive motor in a vacuum cleaner, comprising: housing means
      including an integral portion defining an air flow passage having an inlet
      and an outlet; means defining a plurality of retaining shoulders integral
      with said air flow passage means; and mounting means for mounting said
      suction means in said housing means including removable bracket means
      resting on said retaining shoulders and carrying said suction means in
      said air flow passage adjacent said inlet for drawing air through said
      inlet and discharging it through said outlet, said mounting means further
      defining resilient means for retaining the bracket means on said
      shoulders, said bracket means being formed of spring metal and defining
      spaced portions resiliently engaging said housing to closely retain said
      bracket means in said housing means on said shoulder means.
NUM  10.
PAR  10. Structure for mounting a suction means including an air moving means
      and an electric drive motor in a vacuum cleaner comprising: housing means
      including an integral portion defining an air flow passage having an inlet
      and outlet and flange means adjacent said inlet; means defining a
      plurality of retaining shoulders integral with said air flow passage
      means; bracket means resting on said mounting shoulders and retaining said
      suction means in said air flow passage for drawing air through said inlet
      and discharging it through said outlet; and resilient means interposed
      between said flange and said suction means biasing said suction means
      downwardly against said bracket means for retaining said bracket means
      against said mounting shoulders.
NUM  11.
PAR  11. The vacuum cleaner suction means mounting means of claim 10 wherein
      said resilient means further seals said air moving means to said air flow
      passage means.
NUM  12.
PAR  12. The vacuum cleaner suction means mounting means of claim 10 wherein
      said resilient means comprises an annular element overlying the air moving
      means.
NUM  13.
PAR  13. The vacuum cleaner suction means mounting means of claim 10 wherein
      said resilient means is disposed adjacent said inlet of the air flow
      passage means.
NUM  14.
PAR  14. The vacuum cleaner suction means mounting means of claim 10 wherein
      said bracket means is vertically rigid.
NUM  15.
PAR  15. The vacuum cleaner suction means mounting means of claim 10 wherein
      said bracket means is vertically rigid and horizontally resilient.
NUM  16.
PAR  16. Structure for mounting a suction means including an air moving means
      and an electric drive motor in a vacuum cleaner, comprising: housing means
      including an integral portion defining an air flow passage having an inlet
      and an outlet; means defining a plurality of retaining shoulders integral
      with said air flow passage means; and mounting means for mounting said
      suction means in said housing means including removable bracket means
      resting on said retaining shoulders and carrying said suction means in
      said air flow passage adjacent said inlet for drawing air through said
      inlet and discharging it through said outlet, said mounting means further
      defining resilient means for retaining the bracket means on said
      shoulders, said bracket means resiliently engaging said housing means for
      retaining the bracket means on said shoulders and said resilient means
      comprising biasing means interposed between flange means adjacent said
      inlet and said suction means biasing said suction means downwardly against
      said bracket means for further retaining said bracket means against said
      mounting shoulders.
NUM  17.
PAR  17. The vacuum cleaner suction means mounting means of claim 16 wherein
      said bracket means supports the suction means subjacent said biasing means
      in aligned association therewith.
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ABST
PAL  A vacuum cleaner having a selectively positionable stop for retaining the
      handle structure in an intermediate position between an upright storage
      position and a lowered, operating position. The positionable stop may be
      carried on a pivoted casing associated with the handle structure and a
      cooperating shoulder element may be movably carried on the floor cleaning
      unit for engaging the intermediate stop. The shoulder element may be
      movably carried on the cleaning unit so as to pass the intermediate stop
      when desired.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to vacuum cleaners, and in particular, to means for
      controlling the handle disposition of upright vacuum cleaners.
PAR  2. Description of the Prior Art
PAR  An improved upright vacuum cleaner structure is shown in U.S. Pat. No.
      3,683,449 of Erwin E. Nordeen, owned by the assignee hereof. In the
      Nordeen vacuum cleaner structure, cooperating catch means are provided on
      the floor contacting cleaning unit and on the handle structure to retain
      the handle in an upright storage position. Means are provided for
      releasing the engagement of the catch means to permit the handle to be
      swung to an operating position. At least one of the catch means disclosed
      therein is yieldable to permit forcible disengagement to prevent damage to
      the vacuum cleaner parts.
PAR  As indicated in the Nordeen patent, the following additional U.S. Pat. Nos.
      are pertinent to such vacuum cleaner structure:
TBL  2,684,271            Brace                                                

     2,881,465            Duff                                                 

     3,031,710            Huening, Jr.                                         

     3,199,138            Nordeen                                              

     3,512,207            Ettridge                                             

PAR  In the Ettridge patent indicated above, a suction cleaner is shown wherein
      a cam is provided for cooperation with a T-shaped member in lifting the
      front end of the casing.
PAR  Another form of vacuum cleaner structure is shown in U.S. Pat. No.
      1,958,602 of George W. Allen et al. wherein a latching device is provided
      having a detent which selectively engages or escapes engagement with a
      hook member as a function of the speed with which the handle is moved from
      one position to another.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprehends an improved vacuum cleaner construction
      generally of the type disclosed in the above-identified Nordeen U.S. Pat.
      No. 3,683,449, but having improved means for providing an intermediate
      retained positioning of the handle structure.
PAR  More specifically, the present invention comprehends providing a vacuum
      cleaner with a handle structure which is swingably mounted to a cleaning
      unit portion and which is selectively retained in an upright storage
      position and in an intermediate position between an upper and a lower
      operating position.
PAR  In the illustrated embodiment, the means for providing the intermediate
      position retention includes cooperating means on the cleaning unit and
      handle structure including means defining stop shoulders and manually
      operable means for selectively positioning at least one of the stop
      shoulders on its associated element.
PAR  More specifically, the invention comprehends providing in such a vacuum
      cleaner a cleaning unit movable over a floor for cleaning thereof, a
      handle structure for moving the cleaning unit including a handle and means
      swingably mounted to the cleaning unit for movement of the handle
      structure between an upper and a lower operating position, and cooperating
      means on the cleaning unit and handle structure for selectively retaining
      the handle in an intermediate position intermediate the upper and lower
      operating positions including first stop shoulder means defining a first
      stop shoulder on the cleaning unit and second stop shoulder means defining
      a second stop shoulder on the handle structure and manually operable means
      for selectively fixedly positioning the second stop shoulder in a
      retaining position, the first stop shoulder being disposed in the path of
      movement of the second stop shoulder in the retaining position.
PAR  The handle structure may include a casing provided with a peripheral slot
      with the second stop shoulder means being mounted adjacent the slot. The
      first stop shoulder comprises a deflectible finger mounted on the cleaning
      unit for preventing breakage of the parts in the event of an abnormally
      high force applied between the cleaning unit and the handle structure
      tending to force the stop shoulder means past each other.
PAR  The second stop shoulder means may comprise an element slidably mounted on
      the casing having a manipulating handle for selectively moving the stop
      shoulder into the peripheral slot in the casing in which the distal end of
      the finger member defining the first stop shoulder means rides.
PAR  The invention comprehends movably mounting the first stop shoulder means to
      the cleaning unit so as to permit selective disposition of the first stop
      shoulder means out of the path of movement of the second stop shoulder
      when it is disposed in the slot to provide further control of the
      manipulation of the handle structure. Thus, if the user finds that the
      intermediate position retention means is not normally required in the use
      of the vacuum cleaner, the second stop shoulder means may be retained in a
      retracted disposition permitting the handle structure to be swung freely
      between the upper operating position and the lower operating position.
      Where an intermediate stop position is desired, the intermediate stop
      means may be suitably positioned to provide this function with the first
      stop means on the cleaning unit being operated in the conventional manner
      as by a foot pedal to bypass the second stop shoulder means when it is
      desired to lower the handle structure to the lower operating position,
      thereby eliminating the need to reposition the intermediate stop means on
      the casing.
PAR  Thus, the handle structure positioning control means of the present
      invention is extremely simple and economical of construction while yet
      providing the improved functioning discussed above.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein:
PAR  FIG. 1 is a right side elevation partly broken away of a vacuum cleaner
      embodying the invention with the handle structure thereof shown in a
      normal operating position, an intermediate stop position and a lower
      operating position in broken lines;
PAR  FIG. 2 is a fragmentary enlarged rear elevation thereof;
PAR  FIG. 3 is a fragmentary enlarged left side elevation thereof;
PAR  FIG. 4 is a fragmentary bottom plan view thereof;
PAR  FIG. 5 is a fragmentary vertical section taken substantially along the line
      5--5 of FIG. 2;
PAR  FIG. 6 is a fragmentary vertical elevation illustrating the arrangement of
      the stop shoulder means retaining the handle structure in an intermediate
      position; and
PAR  FIG. 7 is a fragmentary rear elevation illustrating the arrangement of the
      stop shoulder means on the handle structure in a retracted position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the exemplary embodiment of the invention as disclosed in the drawing, a
      vacuum cleaner generally designated 10 is shown to comprise an upright
      vacuum cleaner having a handle structure 11 and a floor contacting
      cleaning unit 12 adapted to be moved over a floor F to be cleaned. The
      handle structure includes a bag housing 13, a handle 14, a lower suction
      unit 15 defining a casing 16 rotatably mounted to the cleaning unit 12
      whereby the handle structure 11 may be swung between an upright storage
      position, as shown in full lines in FIG. 1, and normal and lower operating
      positions shown in broken lines therein.
PAR  The present invention comprehends an improved means for selectively
      retaining the handle structure in an intermediate position shown in dotted
      lines in FIG. 1, intermediate the normal operating position and the lower
      operating position.
PAR  More specifically as shown in FIGS. 2, 3 and 4, a first stop shoulder means
      17 is mounted to cleaning unit 12 by a pivot support 18 having a foot
      pedal 19 connected thereto for selectively swinging the first stop
      shoulder means toward and from the casing 16. First stop shoulder means 17
      defines a finger element 17a having a deflectible nose portion 23 which is
      disposed in a circumferential slot 21 of the cylindrical casing 16 by the
      biasing action of a spring 22. The deflectible nose portion 23 defines a
      first stop shoulder 20. In the illustrated embodiment, the finger element
      is formed of a synthetic rubber-like material, one example of which is
      flexible polyurethane.
PAR  Casing 16 defines a fixed stop element 24 adapted to be engaged by the stop
      shoulder 20 when handle structure 11 is in the upright storage position,
      as shown in FIG. 5. To release the handle structure from the storage
      position, the operator depresses foot pedal 19 to swing nose portion 23
      free of stop element 24 and thereby permit clockwise movement (as seen in
      FIG. 5) of the casing and associated handle structure.
PAR  As indicated above, the present invention comprehends the provision of an
      intermediate stop structure generally designated 25 for selectively
      retaining the handle structure in an intermediate position. Intermediate
      stop structure 25 includes a second stop shoulder means 26 defining a
      second stop shoulder 27, a handle portion 28 and a slide base portion 29.
      Slide base portion 29 is received in a suitable slot 30 in casing 16
      extending perpendicularly from slot 21 to permit selective disposition of
      the stop shoulder 27 in the slot 21, as shown in FIG. 2, or retracted from
      the slot, as shown in FIG. 7. The selective dispositioning is effected by
      suitable manipulation of handle 28.
PAR  Thus, as shown in FIG. 6, after depressing pedal 19 to allow the handle
      structure to swing downwardly from the storage position through the normal
      operating position with the second stop shoulder means 26 in the slot 21,
      first stop shoulder means 17 limits the swinging movement to the
      intermediate position shown in FIG. 6 as long as foot pedal 19 is not
      again depressed to remove the nose portion 23 from the slot 21.
PAR  When it is desired to swing the handle structure 11 further downwardly to
      the lower operating position of FIG. 1, the user need merely depress the
      foot pedal 19 to swing the first stop shoulder finger means 17 clockwise
      about the axis of pivot support 18 to clear the second stop shoulder means
      26. As shown in FIGS. 5 and 6, element 24 and means 26 have respective
      surfaces 24a and 26a which allow unrestricted movement of the handle from
      the lower operating position to the storage position of FIG. 1 by allowing
      nose portion 23 of shoulder means 17 to easily pass thereover.
PAR  Where the normal use of the vacuum cleaner does not require the
      intermediate stop position retention, the user may maintain the second
      stop shoulder means in the retracted position of FIG. 7 so that release of
      the first stop shoulder means 17 from the stop element 24 on casing 16
      permits uninterrupted swinging of the handle structure from the upper
      operating position of FIG. 1 to the lower operating position thereof
      without further manipulation of the pedal 19. Thus, the present invention
      provides a facilitated control of the arrangement of the handle structure
      for facilitated use of vacuum cleaner 10. The deflectible nose portion 23
      of first stop shoulder means 17 further prevents damage to the second stop
      shoulder means 26 in the event of the application of an abnormal high
      force tending to urge the stop shoulder means past each other from the
      position of FIG. 6, thus further preventing damage to the vacuum cleaner
      parts.
PAR  The foregoing disclosure of specific embodiments is illustrative of the
      broad inventive concepts comprehended by the invention.
CLMS
STM  Having described the invention, the embodiments of the invention in which
      an exclusive property or privilege is claimed are defined as follows:
NUM  1.
PAR  1. A vacuum cleaner comprising: a cleaning unit movable over a floor for
      cleaning thereof; a handle structure for moving said cleaning unit
      including a handle and means swingably mounted to said cleaning unit for
      movement of said handle between an upper operating position and a lower
      operating position; and cooperating means on said cleaning unit and handle
      structure for selectively retaining the handle in an intermediate position
      intermediate said upper and lower operating positions including first stop
      shoulder means defining a first stop shoulder on said cleaning unit, and
      second stop shoulder means defining a second stop shoulder on said handle
      structure, and manually operable means for selectively fixedly positioning
      said second stop shoulder on said handle in a retaining position or in a
      retracted position, said first stop shoulder being disposed in the path of
      movement of said second stop shoulder when said second stop shoulder is
      selectively disposed in the retaining position while permitting a
      preselected limited movement of said handle relative to said cleaning unit
      in said upper operating position, said first stop shoulder being disposed
      out of the path of movement of said second stop shoulder when said second
      stop shoulder is selectively disposed in the retracted position to permit
      said handle to be brought to said lower operating position.
NUM  2.
PAR  2. The vacuum cleaner of claim 1 wherein said cooperating means includes
      means slidably mounting said second stop shoulder on said handle structure
      for allowing movement of said second stop shoulder from said retaining
      position to the retracted position, whereby said retracted positioning of
      said second stop shoulder allows unrestricted movement of said handle
      structure between said upper and lower operating positions.
NUM  3.
PAR  3. The vacuum cleaner of claim 2 wherein said manually operable means
      includes a manipulating handle.
NUM  4.
PAR  4. A vacuum cleaner comprising: a cleaning unit movable over a floor for
      cleaning thereof; a handle structure for moving said cleaning unit
      including a handle and means swingably mounted to said cleaning unit for
      movement of said handle between an upper operating position and a lower
      operating position; and cooperating means on said cleaning unit and handle
      structure for selectively retaining the handle in an intermediate position
      intermediate said upper and lower operating positions including first stop
      shoulder means defining a first stop shoulder on said cleaning unit and
      second stop shoulder means defining a second stop shoulder on said handle
      structure, and manually operable means for selectively fixedly positioning
      said second stop shoulder in a retaining position, said first stop
      shoulder being disposed in the path of movement of said second stop
      shoulder in the retaining position, said cooperating means including means
      for movably mounting said first stop shoulder means in said cleaning unit,
      and means for selectively moving said first stop shoulder means to clear
      said second stop shoulder in said retaining position.
NUM  5.
PAR  5. The vacuum cleaner of claim 1 wherein at least one of said first and
      second stop shoulders is deflectible to permit movement of said stop
      shoulders past each other notwithstanding the disposition of said first
      stop shoulder in said path of movement of said second stop shoulder in the
      event of an abnormally high force applied between said cleaning unit and
      handle structure tending to force said stop shoulders past each other.
NUM  6.
PAR  6. A vacuum cleaner comprising: a cleaning unit movable over a floor for
      cleaning thereof; a handle structure for moving said cleaning unit
      including a handle, and a suction unit casing swingably mounted to said
      cleaning unit for movement of said handle between an upper operating
      position and a lower operating position; cooperating means on said
      cleaning unit and casing for selectively retaining the handle in an
      intermediate position intermediate said upper and lower operating
      positions including first stop shoulder means on said cleaning unit and
      second stop shoulder means on said casing, said second stop shoulder means
      defining manually operable means for selectively fixedly positioning said
      second stop shoulder means in a retaining position or in a retracted
      position, said first stop shoulder means being disposed in the path of
      movement of said second stop shoulder means when said second stop shoulder
      means is disposed in the retaining position; and means for selectively
      repositioning said first stop shoulder means on said cleaning unit to
      permit said first stop shoulder means to clear said second stop shoulder
      means notwithstanding the disposition of said second stop shoulder means
      in said retaining position.
NUM  7.
PAR  7. The vacuum cleaner of claim 6 wherein said second stop shoulder means
      comprises means slidably mounted to said casing.
NUM  8.
PAR  8. A vacuum cleaner comprising: a cleaning unit movable over a floor for
      cleaning thereof; a handle structure for moving said cleaning unit
      including a handle, and a suction unit casing swingably mounted to said
      cleaning unit for movement of said handle between an upper operating
      position and a lower operating position; and cooperating means on said
      cleaning unit and casing for selectively retaining the handle in an
      intermediate position intermediate said upper and lower operating
      positions including first stop shoulder means on said cleaning unit and
      second stop shoulder means on said casing, said second stop shoulder means
      defining manually operable means for selectively fixedly positioning said
      second stop shoulder means in a retaining position, said first stop
      shoulder means being disposed in the path of movement of said second stop
      shoulder means in the retaining position, said first stop shoulder means
      including a finger portion swingably mounted to said cleaning unit.
NUM  9.
PAR  9. The vacuum cleaner of claim 8 wherein said casing defines a slot, said
      finger portion moving in said slot, and said manually operable means
      includes means for selectively moving said second stop shoulder means into
      said slot to be engaged by said finger portion of said first stop shoulder
      means.
NUM  10.
PAR  10. A vacuum cleaner comprising: a cleaning unit movable over a floor for
      cleaning thereof; a handle structure for moving said cleaning unit
      including a handle, and a suction unit casing swingably mounted to said
      cleaning unit for movement of said handle between an upper operating
      position and a lower operating position; and cooperating means on said
      cleaning unit and casing for selectively retaining the handle in an
      intermediate position intermediate said upper and lower operating
      positions including first stop shoulder means on said cleaning unit and
      second stop shoulder means on said casing, said second stop shoulder means
      defining manually operable means for selectively fixedly positioning said
      second stop shoulder means in a retaining position, said first stop
      shoulder means being disposed in the path of movement of said second stop
      shoulder means in the retaining position, said casing defining a slot,
      said first stop shoulder means moving in said slot, said manually operable
      means including means for selectively moving said second stop shoulder
      means into said slot perpendicularly to the longitudinal extent of said
      slot to be engaged by said first stop shoulder means.
NUM  11.
PAR  11. A vacuum cleaner comprising: a cleaning unit movable over a floor for
      cleaning thereof; a handle structure for moving said cleaning unit
      including a handle, and a suction unit casing swingably mounted to said
      cleaning unit for movement of said handle between an upper operating
      position and a lower operating position; and cooperating means on said
      cleaning unit and casing for selectively retaining the handle in an
      intermediate position intermediate said upper and lower operating
      positions including first stop shoulder means on said cleaning unit and
      second stop shoulder means on said casing, said second stop shoulder means
      defining manually operable means for selectively fixedly positioning said
      second stop shoulder means in a retaining position, said first stop
      shoulder means being disposed in the path of movement of said second stop
      shoulder means in the retaining position, said casing defining a slot,
      said first stop shoulder means moving in said slot, said manually operable
      means including means for selectively moving said second stop shoulder
      means into said slot to be engaged by said first stop shoulder means, and
      said vacuum cleaner further including means for selectively moving said
      first stop shoulder means out of said slot to bypass said second stop
      shoulder means when desired notwithstanding the selective positioning of
      said second stop shoulder means in said slot.
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ABST
PAL  The present invention relates generally to improvements in pivot assemblies
      for vertically hung doors and more particularly to novel practical pivot
      assemblies for use with door members of the type in which the pivoted
      vertical edge thereof is in substantial abutting relation with a
      complementary vertical door frame member when said door member is in
      closed position. The pivot assembly disclosed herein includes door
      fittings for attachment to the upper and lower corner portion of a door
      member and door frame fittings for association with the upper and lower
      horizontal sections of an associated door frame. Each door fitting carries
      a pintle fixed at one extremity to the door fitting and at the opposite
      extremity to a member or plate having a polygonally shaped periphery. The
      polygonally shaped member is nested within a recess in the door frame
      fitting defined by an internal periphery adapted to cooperate with said
      polygonally shaped member so as to effect horizontal displacement of the
      door member as said member is shifted from its closed position.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  The present application is a division of U.S. pat. application Ser. No.
      449,321, filed March 11, 1974, which application is a continuation in part
      of U.S. patent application Ser. No. 352,878, filed Apr. 20, 1973, said
      latter application being abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  In instances where it is essential for the pivoted vertical edge of a
      swingable door, when in closed position, to be located immediately
      adjacent the vertical surface of a complementary door frame, it is
      necessary to horizontally shift the door member in order to permit free
      swinging or movement thereof from its closed position. In installations of
      the type referred to, it is not practical to employ conventional door
      hinges and it is one of the important objects of the present invention to
      provide improved, novel, and very practical pivot assemblies which permit
      horizontal shifting or separation of the vertical pivoted edge of the door
      member with respect to an adjacent vertical door frame surface immediately
      upon swinging or shifting said door member from its closed position.
PAR  It is a further object of the present invention to provide an improved
      pivot assembly of the type referred to above which is adapted to be used
      with equal facility with doors swingable through 90.degree. in opposite
      directions. This is to be distinguished from arrangements wherein pivot
      assemblies employed in association with a door member swingable through
      90.degree. in one direction could serve without installation modifications
      for use with doors swingable in the opposite direction.
PAR  More specifically, the present invention contemplates a novel pivot
      assembly device of extremely simple construction wherein a uniquely
      designed member rotatable with the door and having a polygonally shaped
      outer periphery cooperates with a complementally shaped internal surface
      defining a recess in a fixed member to effect horizontal shifting of the
      door member.
PAR  There is also provided a novel, adjustable vertical pintle mechanism which
      enables the horizontal position of the pintle to be adjusted, and thus
      facilitates proper alignment and mounting of the door relative to the door
      frame.
PAR  The present invention also comtemplates a very practical and improved pivot
      assembly for vertically hung door members which may be installed with a
      minimum amount of skill and effort.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring now to the drawings more in detail wherein like numerals have
      been employed to designate similar parts throughout the various views, it
      will be seen that:
PAR  FIG. 1 discloses a vertically hung door member and associated door frame,
      said door member and frame being equipped with a novel pivot assembly
      device contemplated by the present invention;
PAR  FIG. 2 is an enlarged fragmentary vertical sectional view of the upper and
      lower pivoted corners of the door member and associated door frame, said
      view being taken substantially along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary perspective view of the lower corner structure
      shown in FIG. 2, the door member being illustrated in an elevated or
      detached position to expose the parts of the lower pivot assembly
      otherwise hidden;
PAR  FIG. 4 is an exploded view of the elements of the pivot assembly, such as
      the pintle which is fixed to the door member, the slotted cover plate
      through which the pintle extends, the rotatable element or plate having a
      polygonally shaped external periphery, and the recessed base member or
      plate for accommodating said polygonally shaped member;
PAR  FIG. 5 is a fragmentary horizontal sectional view taken substantially along
      the line 5--5 of FIG. 2;
PAR  FIG. 6 is a fragmentary horizontal sectional view taken substantially along
      the line 6--6 of FIG. 2, the door member being illustrated by dot and dash
      lines in its closed position;
PAR  FIG. 7 is a view similar to FIG. 6 disclosing the door member shifted in a
      counter clockwise direction through an angle of 20.degree.;
PAR  FIG. 8 is a view similar to FIG. 7 illustrating the door member shifted in
      a counter clockwise direction through an angle of 60.degree.;
PAR  FIG. 9 is a view similar to FIGS. 7 and 8 disclosing the door member
      shifted to its completely open position after having been shifted in a
      counter clockwise direction through an angle of 90.degree.;
PAR  FIG. 10 is a view similar to FIGS. 7 to 9 inclusive disclosing the door
      member after having been shifted in a clockwise direction through
      20.degree.;
PAR  FIG. 11 discloses the door member shifted in a clockwise direction through
      an angle of 60.degree.;
PAR  FIG. 12 is a partial perspective view of the novel, adjustable pintle
      mechanism mounted to the upper edge surface of a door;
PAR  FIG. 13 is an exploded perspective of the pintle mechanism of FIG. 12;
PAR  FIG. 14 is a vertical sectional view, similar to the upper portion of FIG.
      2, and taken along a plane parallel to the plane of the door, and further
      illustrating the pintle engaged with the stationary mounting plate
      assembly affixed to the door frame; and
PAR  FIG. 15 is a vertical section view taken along the line 15--15 of FIG. 14.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now to the drawings more in detail wherein like numerals have
      been employed to designate similar parts throughout the various views, it
      will be seen that pivot assembly devices or mechanisms which are
      representative of one embodiment of the present invention are designated
      generally by the numeral 14. Each of the pivot assemblies includes a
      pintle arrangement and pintle receiving mechanism which in the present
      instance is in the form of camming means, as will be discussed more
      completely hereinafter. The camming means, in conjunction with the pintle
      arrangement, is effective to produce lateral displacement of the door
      member 18 relative to the jam or frame member 40 during opening movement;
      and further attains this end while permitting the door to open in either
      direction.
PAR  Turning now to a more detailed discussion of the pivot assemblies 14,
      attention is directed initially to FIGS. 2 - 4. As to the pintle
      arrangement, an aperture plate or bracket 16 is secured to the edge
      surface of the door, by means of screws 20, or the like. A vertical pintle
      device 24 is fixed at one extremity within each plate or bracket 16 and
      extends into vertical recesses 25 provided in the door member 18. The
      other extremity of each of the pintle devices 24 projects or extends from
      the surface of the plate members 16. The projecting extremity of each
      pintle device 24 is non-circular and is, as will be explained,
      accommodated by the pintle receiving camming means.
PAR  The camming means for each pivot assembly 14 is carried by the door frame
      40. Each said camming means includes a plate or base member 28 having a
      slot 26 therein, and overlies the base member 30 to serve as a cover
      therefor. In addition to the base member 30 and plate 28, the camming
      means includes a polygonally shaped cam member 32, viz., multi-lobular,
      which is provided with a non-circular aperture 29 for receiving the
      projecting extremity of the pintle device 24, which is of a complementary
      shape. In addition, the cam member 32 also includes a depending, generally
      circular protuberance 34, the purpose and function of which will be
      explained hereinafter.
PAR  Each of the base members or plates 30, which are mounted within horizontal
      upper and lower door frame sections 31, is provided with recesses 36, FIG.
      2, for accommodating the polygonally shaped cam member 32. The inner
      periphery of the recess 36 is complementally shaped with respect to the
      outer periphery of the polygonally shaped cam member 32 and defines a cam
      engaging surface. A shallow recess of slot 38 in the base member 30 serves
      to accommodate and guide the circular section 34 depending from the
      underside of the member 32, thus mounting the cam member 32 for rotatable,
      longitudinal movement relative to said base member 30.
PAR  It will be noted that each pintle device 24 includes a pintle member 24a, a
      coil spring 24b, a split ring washer 24c and a clamping nut 24d. The
      pintle members 24a are polygonal in cross sectional shape and are
      longitudinally adjustable within complementary polygonally shaped
      apertures within their complementary plates 16. The clamping nuts 24d are
      accommodated by complementary threads of the pintle member 24a. The split
      ring washers 24c are accommodated by a peripheral recess at the inner
      extremity of a complementary pintle member and provide a shoulder against
      which the upper extremity of the coil spring 24b may bear. By rotating the
      nut 24d, the pintle member 24a may be vertically adjusted within the
      recess 25. The coil spring 24b is interposed between the split ring washer
      24c and the inner surface of the plate 16 and constantly urges the
      clamping side of the nut 24d against the external surface of the plate 16
      as will be clearly understood from FIG. 2.
PAR  When the door member 18 is initially inserted within the door opening, the
      pintle members 24a must be fully retracted within the respective recesses
      25. After such insertion, the nut members 24d may be rotated so as to
      cause axial projection of the pintle members into telescopic association
      with their respective polygonally shaped plate members 32. It will be
      apparent that the coil springs 24b also function to secure the clamping
      nuts 24d against unauthorized rotation with respect to an associated
      pintle member. Further, the nuts 24d and the adjustability afforded
      thereby provide an additional advantage in that the height of the door
      above the lower frame portion 31 can be altered. For example, the nuts 24d
      for the lower pivot assembly would be turned to increase the amount of
      projection of the pintle 24a from the plate 16; correspondingly, the
      pintle 24a for the upper assembly would be retracted.
PAR  From the foregoing, it should be understood that when the door member 18
      occupies its closed position as illustrated in FIG. 6, the apices or lobes
      on the cam member 32 identified by the letters A, B and C occupy the
      position shown in FIG. 6. In this position the apex or lobe B of the cam
      member 32 engages the midpoint of the internal surface portion defining
      the right side of the recess 36 as viewed in FIG. 6, and the oppositely
      disposed peripheral portion defining the recess 36 is engaged by the
      periphery of the polygonally or triangularly shaped cam member 32
      oppositely disposed from the lobe B. With the cam member 32 thus disposed
      within the recess 36, the door member 18 is maintained in its normal
      closed position and in this position the pivoted vertical edge of the door
      is located closely adjacent the surface of the vertical door frame section
      40. As the door member 18 is shifted or swung in a counter clockwise
      direction as viewed in FIGS. 6 to 9 inclusive, the apices or lobes A, B
      and C maintain contact with complementary surface areas of the internal
      periphery which defines the recess 36. The pintle 24 being non-rotatably
      coupled with the triangular cam member 32 causes said cam member to be
      rotated through the various angles of displacement indicated in FIGS. 7 to
      9 inclusive. FIG. 9 discloses the relative positions of the apices A, B
      and C with respect to the peripheral surface defining the recess 36 when
      the door member 18 is in fully open position.
PAR  FIGS. 10 and 11 illustrate the relative positions of the moving parts when
      the door member is shifted in a clockwise direction. FIG. 10 discloses the
      door member shifted through 20.degree.. The solid line position of the
      polygonal or triangular member 32 illustrates the relative positions of
      the parts when the door member is shifted through 60.degree. in a counter
      clockwise direction. The dot and dash line position of the member 32 in
      FIG. 11 illustrates the relative positions of the parts when the door
      member has been shifted in a clockwise direction to its full open
      position.
PAR  It should be noted here that one of the extremely advantageous features of
      the present invention, in addition to its simplicity of construction, is
      the fact that it affords bi-directional operation of the door. That is to
      say, special constructions are not needed for left and right hung door, or
      for bi-directional doors.
PAR  It will be understood from the foregoing description that as the door opens
      the polygonally or triangularly shaped cam member 32 begins to rotate from
      the position shown in FIG. 6 to the position illustrated in FIG. 7. This
      rotative movement will bring the lobe C into engagement with the camming
      surface 36, and due to the eccentric nature of the cam member 32, this
      engagement produces a movement of the cam 32 longitudinally of the slot
      38. This movement, in turn, produces a lateral displacement of the
      vertical pivoted edge of the door member away from the adjacent surface of
      the vertical door frame 40. This immediate horizontal shifting of the door
      member as it is swung from its closed position assures the required
      clearance between the vertical edge of the door and the adjacent surface
      of the vertical door frame section 40. This is essential, as the pivoted
      edge is closely spaced with respect to said frame in the closed condition.
PAR  Continued opening movement will rotate the cam member 32, as illustrated in
      FIGS. 7 - 9, with maximum lateral displacement being attained when the
      door has opened through an angle of 60.degree.; as shown in FIG. 8. With
      reference to FIG. 9, the door is fully opened, and it can be seen that the
      lobe A has come into contact with the scalloped portion of the camming
      surface 36. This causes the cam member 32 to move back toward initial
      position.
PAR  During closing, the sequence of operation is reverse, from that as
      discussed above; that is, the sequence is now from FIGS. 9 - 6. It should
      be noted in this regard, that as the door closes, the lobe portion B will
      be brought back into engagement with the scalloped portion of surface 36.
      This engagement produces a force tending to move the cam member 32 back
      toward its initial position, as shown in FIG. 6. Thus, during closing,
      there is provided a positive return action that will place the door edge
      into closely spaced relation with the door frame 40.
PAR  When the door is operated in clockwise direction, the sequence of operation
      is as shown in FIGS. 10 and 11. In this regard, the lobe A is brought into
      engagement with the camming surface 36, to produce the desired initial
      lateral displacement. The operation during further opening movement, and
      closing is essentially the same as described above.
PAR  Turning now to FIGS. 12 - 15, an additional feature of the present
      invention is disclosed, namely an adjustable mounting bracket for the
      pintle mechanism to be employed with the upper door portion. In this
      regard, previously described components will be designated by the same
      reference characters, with the addition of a prime (').
PAR  As will be apparent from the following description, pintle mechanism 24' of
      FIG. 12 can be employed with the cam type mechanism discussed previously,
      or with other conventional pivot assemblies. The primary feature of the
      pintle arrangement 24' is its adjustability which aids initial assembly
      and subsequent plumbing of the door, as will be explained.
PAR  Looking now to FIGS. 12 - 15, the door member 18' is provided with a slot
      or cut-out 50 within which the pintle arrangement 24' is mounted, by screw
      members 52, FIG. 14. As can be seen from the exploded representation of
      FIG. 13, the pintle arrangement 24' includes a trough or channel shaped
      base member 54, a slide member 56 which is carried by base member 54, a
      pintle device 24a', a biasing means in the form of a spring 58 and a drive
      screw 60.
PAR  The base member 54, as best seen in FIG. 15, has a generally u-shaped cross
      section. As such, there is provided a bight portion 62, and a pair of
      spaced, upstanding, parallel side flanges 64 integral with the bight
      portion 62. Each side flange 64 has the free edge thereof turned inwardly,
      to provide a pair of elongated guide tracks 66.
PAR  The slide member 56, best seen in FIG. 13, is also u-shaped and includes a
      generally planar bight section 68, and a pair of down-turned end flanges
      70. End flanges 70 are notched at 72, to provide for acceptance of the
      guide rails 66, as shown in FIG. 15. The planar upper bight surface
      includes a pair of apertures 74 which enables a tool to be employed in
      driving home the screws 52. Further, there is provided an additional
      aperture 76 of non-circular configuration, which accommodates the pintle
      device 24a'.
PAR  Looking to FIG. 14, in conjunction with FIG. 13, it can be seen that the
      pintle device 24a' includes a first generally hexagonal portion which is
      received in the correspondingly shaped aperture 76. This engagement
      produces a non-rotatable coupling of the pintle device 24a' to the slide
      member 56. The upper most portion of the pintle device 24a' is also
      non-circular, and is adapted to be received by the element of the pivot
      assembly carried by the door frame, and designated 80 in FIG. 14. The
      spring 58 maintains the pintle device 24a' in an extended condition,
      relative to the surface 68 of slide member 56.
PAR  With reference to the preceding paragraph, the element 80 of the pivot
      assembly 14' of FIGS. 12 - 15 may be similar to the camming mechanism as
      discussed with regard to FIGS. 1 - 11. That is, there may be employed a
      camming surface and a cam member to which the pintle device 24a' is
      coupled, which cooperate to produce lateral displacement of the door 18'.
      Or alternately, the element 80 may be of more conventional construction.
PAR  In addition to the aforediscussed channel shaped segment of the base member
      54, said member also includes a drive screw mounting flange 82. Flange 82
      is notched at 84, and the drive screw 60 is provided with a groove 86 in
      the head portion thereof, so that said head portion can be engaged with
      the notch 84, as shown in FIG. 14. The drive screw 60 further includes a
      threaded portion 88 which is engaged in a correspondingly threaded
      aperture 90 in one of the end flanges 70 of the slide member 56.
PAR  Accordingly, from the above it can be seen that the drive screw 60 is
      rotatably mounted to the flange 82. Upon rotation of said screw 60, the
      slide member 56 will be moved longitudinally of the base member 54. Thus,
      the position of the projecting portion of the pintle device 24a' may be
      altered as needed.
PAR  With the above in mind, it should be noted that once the bottom pivot
      assembly is engaged, the adjustable feature afforded by the pintle
      mechanism 24' of this invention aids considerably in completion of the
      assembly operation. In this regard, even if the pintle receiving device 80
      has not been aligned properly, the position of the pintle 24a' can be
      adjusted to accommodate any misalignment. Once fully assembled, the
      adjustable pintle mechanism 24' can be used to plumb the door and bring
      the pivoted edge thereof into close position with relation to the door
      frame 40'.
PAR  From the foregoing description, it will be apparent that the present
      invention contemplates extremely simple yet practical pivot assemblies
      which may be installed with a minimum amount of effort and skill. It will
      also be apparent that the above-described pivot assembly 14 may be used
      for both the upper and lower corners of the door member, and said door
      member may be shifted through 180.degree. without requiring any
      installation modifications. Certain types of available pivot assemblies
      require different installation modifications depending upon the direction
      in which the door member is to be swung. Applicant's device as disclosed
      herein permits the door to be shifted or swung in opposite directions
      without any alteration or rearrangement of the parts forming the pivot
      assembly. The design of the above described pintle assembly 14 is such as
      to permit axial adjustment of the pintle members. This axial adjustment
      facilitates initial installation of the door and also enables vertical
      adjustment to accommodate variations in the height of the door opening.
PAR  While a specific structural embodiment of the present invention has been
      illustrated and described herein, it should be appreciated that other
      modifications and changes are contemplated hereby and the present
      invention should only be limited by the spirit and scope of the appended
      claims.
CLMS
STM  The invention is claimed as follows:
NUM  1.
PAR  1. An adjustable pintle arrangement for a door pivot assembly of the
      general type wherein a pintle device is carried by a door member and
      pintle accommodating means is mounted to the door frame, said adjustable
      pintle arrangement comprising, a base member mountable to the door member
      in a relatively fixed position, a slide member carried by said base member
      for longitudinal movement relative thereto, drive means mechanically
      inter-connecting said slide member and base member for producing
      controlled longitudinal movement of said slide member relative to said
      base member, and a pintle device carried by said slide member and
      projecting therefrom, such that operation of said drive mechanism will
      produce relative longitudinal movement of said pintle device with respect
      to said base member, said slide member including an aperture formed
      therein, said pintle device being disposed in said aperture, and spring
      means biasing the said pintle device outwardly of said slide member so as
      to project from the upper surface thereof.
NUM  2.
PAR  2. An adjustable pintle device as defined in claim 1, wherein said aperture
      formed in said slide member is of a non-circular configuration, and said
      pintle device including a similar shaped portion adapted to be disposed in
      said aperture to preclude rotation of said pintle device relative to said
      slide member.
NUM  3.
PAR  3. An adjustable pintle arrangement for a door pivot assembly of the
      general type wherein a pintle device is carried by a door member and
      pintle accommodating means is mounted to the door frame, said adjustable
      pintle arrangement comprising, a base member mountable to the door member
      in a relatively fixed position, a slide member carried by said base member
      for longitudinal movement relative thereto, drive means mechanically
      inter-connecting said slide member and base member for producing
      controlled longitudinal movement of said slide member relative to said
      base member, and a pintle device carried by said slide member and
      projecting therefrom, such that operation of said drive mechanism will
      produce relative longitudinal movement of said pintle device with respect
      to said base member, said base member being of an elongate channel-like
      configuration, including a bight portion and a pair of spaced generally
      parallel side wall portions formed integral with said bight portion and
      terminating in inwardly turned flange segments which provide a pair of
      elongate guide rails, said slide member including a pair of spaced,
      down-wardly turned end flanges, each said end flange being notched on
      opposite edges thereof to receive said guide rails, whereby said slide
      member may be moved longitudinally of said base member along said guide
      rails.
NUM  4.
PAR  4. A pintle arrangement as defined in claim 3, wherein said channel-like
      base member further includes an upturned mounting flange member and said
      drive means comprises a screw member rotatably carried by said upturned
      flange, a threaded aperture formed in an adjacent end flange of said slide
      member in receiving therein enthreaded engagement, the threaded portion of
      said screw member, such that rotation of said screw member will produce
      longitudinal movement of said slide member relative to said base member.
NUM  5.
PAR  5. An adjustable pintle arrangement for a door pivot assembly of the
      general type wherein a pintle device is carried by a door member and
      pintle accommodating means is mounted to the door frame, said adjustable
      pintle arrangement comprising, a base member mountable to the door member
      in a relatively fixed position, a slide member carried by said base member
      for longitudinal movement relative thereto, drive means mechanically
      inter-connecting said slide member and base member for producing
      controlled longitudinal movement of said slide member relative to said
      base member, and a pintle device carried by said slide member and
      projecting therefrom, such that operation of said drive mechanism will
      produce relative longitudinal movement of said pintle device with respect
      to said base member, said base member including one or more fastener
      elements accommodating recesses enabling attachment of said base member to
      a door member, and said slide member including a corresponding number of
      apertures in the upper surface thereof to provide for engagement of said
      fastener elements by a drive tool.
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ABST
PAL  The present disclosure is directed to a condyle hinge breaker for shrimp
      which have been positioned upon a support at its terminus with the condyle
      hinge between the fifth and sixth shell segments of the shrimp positioned
      immediately above the terminus of the support and a position holding means
      has rendered the shrimp static relative to the support with only its sixth
      shell segment and telson extending there beyond. At this point pressure
      means is applied from the dorsal toward ventral side of the shrimp causing
      the sixth shell segment and telson to be wrapped about and beneath the
      terminus breaking the condyle hinge between the fifth and sixth shell
      segment.
BSUM
PAR  An object of the present invention is to provide a condyle hinge breaking
      device for operating upon headless-shell on shrimp which have been
      positioned on a shrimp support, with the 5-6 shell joint immediately above
      the terminus of the shrimp support as shown in FIGS. 2 and 3 of my prior
      U.S. Pat. No. 3,423,788.
PAR  A further object of the present invention is the provision of a condyle
      hinge breaking device which will when cooperating with a shrimp support
      and position arresting means with the 5-6 shell joint of the shrimp at the
      terminus of the shrimp support break the condyle hinge for providing
      shrimp for the market place of the character shown and described in U.S.
      Pat. Nos. 3,331,097, 3,423,788 and 3,324,504.
PAR  A further object of the present invention is the provision of a condyle
      hinge breaking device which cooperates with a shrimp positioning pawl of
      the type shown and described in my application entitled "SHRIMP
      POSITIONING PAWL" U.S. Ser. No. 460,118, filed Apr. 11, 1974 in which a
      pawl having a beak-like leading end performs the dual function of
      positioning the shrimp with its 5-6 shell joint immediately above the
      terminus of the shrimp support and also is the pressure means for moving
      the sixth shell segments and telson in the dorsal to ventral direction to
      insure breaking of the 5-6 condyle joint.
PAR  With the foregoing and other objects in view the invention will be more
      fully described hereinafter and more particularly pointed out in the
      appended claims.
DRWD
PAR  In the drawings in which like parts are denoted by reference characters
      throughout the several views:
PAR  FIG. 1 is a schematic view of the condyle hinge breaking device of the
      present invention with a shrimp resting upon a support.
PAR  FIG. 2 is a view similar to FIG. 1 wherein the positioning pawl is moved
      downwardly to break the condyle hinge between shell segments 5 and 6.
PAR  FIG. 3 is a schematic view of the condyle hinge breaking device of the
      present invention wherein the means for moving the sixth shell segment and
      telson from the dorsal to the ventral side to break the condyle hinge
      between shell segments 5 and 6 is a spring loaded roller shown in various
      states of operation.
PAR  FIG. 4 is a view similar to FIG. 3 wherein the means for moving the sixth
      shell segment and telson from the dorsal to the ventral side of the shrimp
      is a member having a flat operating side in various stages of operation.
PAR  FIG. 5 is a view similar to FIG. 1, wherein the pressure means is shown in
      further movement wrapping the sixth shell segment under the support
      terminus.
DETD
PAR  Referring now the the drawings, FIGS. 1 and 2, 10 designates a shrimp
      support having a terminus 11 above which is positioned a shrimp 12 having
      its fifth-sixth shell segment joint 16 immediately above the terminus 11
      of the shrimp support 10. A shrimp position means has been brought into
      engagement with the dorsal side of 15 has segment 13 to immobilize the
      shrimp 12 on the support 10 with the 5-6 condyle hinge 16 above the
      terminus 11 of shrimp support 10. A shrimp positioning pawl 17 having a
      beak-like leading end is in engagement with the sixth shell segment and
      telson and when moved downwardly by tines 18 in the direction of the
      arrows, FIGS. 1 and 2, will cause a breaking of the condyle hinge 16
      between the fifth and sixth shell segments. This structure is one form of
      pressure means positioned relative to the sixth shell segment 14 to move
      the sixth shell segment around and under the terminus 11 of the shrimp
      support 10 in the dorsal to ventral direction to insure breaking of the
      condyle hinge 16 as in FIG. 5.
PAR  Referring now to FIG. 3, the pressure means for moving the sixth shell
      segment 14 and telson from the dorsal to the ventral side of the shrimp 10
      to break the condyle hinge 16 is a spring loaded roller 17A in place of
      the shrimp positioning pawl 17 of FIGS 1 and 2.
PAR  As shown in FIG. 4, the pressure means for moving the sixth shell segment
      14 and telson from the dorsal to the ventral side of the shrimp 10 to
      break the condyle hinge 16 is a member 17B having a substantially flat
      operating side 17C.
PAR  In operation the shrimp 12 is located upon the support 10 with the fifth -
      sixth shell segment joint 16 immediately above the terminus 11 of the
      support 10 and the shrimp positioning means 15 is brought into engagement
      with the dorsal side of shell segment 13 to immobilize the shrimp relative
      to the support. The tines 18 are then moved clockwise as shown by the
      arrows causing the pressure means 17, 17A or 17B to move the sixth shell
      segment 14 in the dorsal to ventral direction to wrap the sixth shell
      segment 14 about the terminus 11 of the support 10 to break the condyle
      hinge 16 between the fifth shell segment 13 and sixth shell segment 14 to
      render the shrimp ready for peeling of only shell segments 1 through 5
      leaving the sixth shell segment and telson intact with the shrimp meat for
      preparing same for the fantail or butterfly market place.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A condyle hinge breaking device comprising a shrimp support upon which a
      shrimp is fed axially along its major axis positioned ventral side down
      with the joint between the 5th and 6th shell segments immediately above
      the terminus of the support, axial position holding means above the fifth
      shell segment and engagable therewith to prevent motion of the shrimp
      along its longitudinal axis, and pressure means positioned relative to the
      sixth shell segment to move the sixth shell segment in the dorsal to
      ventral direction and further wrap the sixth segment under the support
      terminus to insure breaking of the 5-6 condyle joint.
NUM  2.
PAR  2. A condyle hinge breaking device as claimed in claim 1 wherein the
      pressure means is a pivoted pawl having a beak-like leading end which
      engages the shrimp on its dorsal side above the joint of the 5th and 6th
      shell segment.
NUM  3.
PAR  3. A condyle hinge breaking device as claimed in claim 1 wherein the
      pressure means is a spring loaded roller.
NUM  4.
PAR  4. A condyle hinge breaking device as claimed in claim 1 wherein the
      pressure means is a resiliently loaded member having a substantially flat
      working face.
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ABST
PAL  Process and apparatus are disclosed which are suitable for high speed
      production of uniform, lightweight webs by air-laydown of textile fibers.
      A toothed disperser roll doffs the fibers into an air stream of high
      uniform velocity and low turbulence to form a thin fiber stream from which
      the fibers are deposited in web form on a moving screen. A curved
      disperser plate, shrouds the disperser roll and prevents premature
      doffing. By using a disperser plate with a rough surface, preferably one
      having lateral grooves, web uniformity is remarkably improved.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an air-laydown process and apparatus for
      assembling textile fibers into webs and is more particularly concerned
      with improvements in collecting textile fibers to form webs which are
      suitable for use in producing high quality nonwoven fabric.
PAR  Zafiroglu U.S. Pat. No. 3,797,074 discloses a process and apparatus for
      high speed production of uniform webs from feed batts of staple fibers.
      The batt is fed into a space between a toothed disperser roll, rotating at
      a surface speed of at least 3,000 feet per minute, and a stationary,
      curved disperser plate which is closely-spaced from the disperser roll
      teeth to hold the fibers close to the roll until a fiber-doffing position
      is reached at the tip of the disperser plate. At this location the fibers
      are projected, by tangential ejection from the roll, through an opening
      into duct means. Air supply directs a stable stream of air, of uniform
      velocity, low turbulence and low vorticity, through the duct in the
      direction of movement of the roll surface so that the fibers are projected
      into the stream at an angle of less than about 25.degree. and preferably
      less than 12.degree. to the direction of air flow through the duct. The
      fibers are carried in the air stream to condenser means which separates
      the fibers from the air to form webs weighing from about 0.1 to 10 ounces
      per square yard as determined by the relative speeds of the fiber feed and
      condenser means.
PAR  The process of the above patent provides webs which are of high quality
      relative to webs produced by previous processes. However, the webs are
      still subject to basis-weight variations which show up in non-woven
      fabrics prepared from the webs. It has now been found that the variations
      are caused by non-uniformities in flow of air through the space between
      the disperser roll and the disperser plate. Hot wire anemometer
      measurements show a predominant aerodynamic pulsation in the slit between
      the roll and plate which is at a frequency equal to the roll speed. This
      air pulsation causes uniformly spaced, cross-directional lines in the web,
      called chatter marks. Flow vortices having axes along the roll
      circumference cause machine direction streaks in the web. Non-uniform
      fiber separation or segregation of fibers into clumps causes blotches in
      the web. The present invention reduces all three of these types of web
      variations. Furthermore, the invention provides for the production of
      uniform webs at higher speeds than have been possible previously. Other
      advantages of the invention will become apparent from the disclosure and
      claims.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides, in an air-laydown process for forming a web
      of staple fibers wherein the fibers are projected into a stable stream of
      air from the space between a rotating toothed disperser roll and a
      stationary disperser plate having a curved surface closely-spaced from the
      disperser roll to hold the fibers close to the roll until projected into
      the air stream at a tip of the disperser plate, and the fibers are
      thereafter separated from the air stream to form a web; the improvement
      for high-speed production of uniform webs wherein the improvement
      comprises projecting the fibers into the air stream from the space between
      a rotating toothed disperser roll and a rough-surface disperser plate to
      generate a high intensity of air turbulence between the surface of the
      disperser roll and the plate. Grooves which are semicircular in shape and
      extend continuously across the plate in a direction transverse to the
      rotational direction of the roll are the most preferred. The grooves may
      also have other configurations (e.g., rectangular, oval, sawtooth) or
      combination of several configurations. They may be straight, curved, or
      zig-zag in their path across the plate. The grooves preferably are
      straight and extend in a direction at right angles to the rotational
      direction of the roll. They may also run at other angles as long as they
      do not run parallel to the rotational direction of the roll, since such
      parallel grooves would contribute to formation of machine direction (MD)
      streaks in the web. The grooves are preferably continuous across the
      disperser plate but they may also be discontinuous. When there are
      discontinuities in each groove, it is preferred to stagger them in
      adjacent grooves so that they do not line up to form channels running in
      the rotational direction of the roll. Such channels would contribute to
      forming MD streaks as do the aforementioned grooved plates having grooves
      running parallel to the roll rotation. The plate should have a rough
      surface at least in the area near the tip of the plate; preferably,
      grooves are present as close to the extreme tip as possible and over the
      remaining surface of the plate. In less preferred embodiments, the rough
      surface is present only in the area near the tip.
PAR  In a preferred embodiment, fibers are:
PA1  a. fed to a disperser-roll, rotating at a surface speed of 10,000 to 30,000
      ft./min. (166-500 ft./sec.)
PA1  b. picked up by the teeth of the disperser-roll and conveyed through the
      space between the roll and the curved surface of a disperser-plate, having
      a rough surface, to a doffing position at the tip of the disperser plate;
PA1  c. projected at an angle of less than 25.degree. into a stream of air,
      flowing along a duct at a high uniform velocity and low turbulence;
PA1  d. conveyed by the airstream and deposited therefrom onto a collecting
      screen to form a web.
PAR  A preferred disperser plate has grooves extending continuously or
      discontinuously across the plate. Suitable groove dimensions are:
TBL  Groove depth    0.010-0.150 in. preferably 0.02-                          

                     0.10 in.                                                  

     Groove width    0.010-1.0 inch                                            

     Center-to-center                                                          

                     0.02-2 inch                                               

     distance between                                                          

     grooves                                                                   

     Land area between                                                         

                     0.001-1.5 inch                                            

     grooves                                                                   

     Grooves/inch    0.5-50                                                    

PAR  A particularly preferred disperser plate has an aluminum face with
      continuous grooves of semicircular shape, having a depth of about 0.03
      inch, a width of about 0.06 inch and a center-to-center spacing of about
      0.09 inch. The grooves are present over the entire face of the plate to
      within about 0.75-inch of the plate tip.
PAR  The disperser plate of this invention provides improved web-uniformity in
      part by generating high frequency air turbulence within the semicircular
      slit between the disperser-roll and the grooved plate. This can be
      expressed in terms of "% turbulence", i.e., the root-mean-square-value of
      the air-velocity, as determined using a hot-wire-anemometer by known
      techniques as described hereinafter. Such measurements made in the
      semicircular slit typically show higher values when a plate of this
      invention is used. For example, in a series wherein various disperser
      rolls and several roll speeds are used as discussed in greater detail
      hereinafter, values for "% turbulence" generally increase with web
      uniformity, and are in the following ranges:
TBL                      % Turbulence                                          

     ______________________________________                                    

     Grooved plate:        18-50                                               

     Smooth plate:         12-22                                               

     ______________________________________                                    

PAL  The most uniform webs are obtained when there are large amplitude
      pulsations at high harmonics and high frequencies and it is believed that
      these large amplitude pulsations cause the fibers to vibrate within the
      slit at frequencies sufficient to aid in their more uniform dispersal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal vertical section of a form of air-laydown machine
      to illustrate use of one embodiment of this invention.
PAR  FIG. 2 is a fragmented longitudinal vertical section of the top portion of
      the fiber dispersing section, showing the fiber dispersing roll and the
      grooved disperser plate.
PAR  FIG. 3 is an enlarged diagrammatic view showing the grooved surface of the
      plates in detail.
PAR  FIG. 4A-4E show various configurations of grooves in grooved disperser
      plates suitable for use in the air-laydown system of the present invention
     .
DETD
PAC  DETAILEd DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, there is shown a fiber feeding means consisting,
      in this embodiment, of a conveyor belt 2, feed roll 3, compressing roll 4
      and shoe 5 for supplying fiber 1 to the disperser roll 8. The fiber
      feeding means is designed to feed a batt of staple fibers having a weight,
      in ounces per square yard, which is about 3 to 150 times the weight of the
      web to be produced. The disperser roll separates the fibers and carries
      them mixed with the air adjacent to the roll surface through the space
      between the roll and disperser plate 10, and discharges this mixture
      centrifugally into duct 20 at Zone A. A shroud or casing 9 extends around
      the disperser roll from the lower edge of doff-bar 12 to feed-roll 3. The
      fibers projected from the disperser roll form a thin fiber stream 22 in
      air flowing through the duct and are then separated from the air as web 24
      on condenser screen 26.
PAR  Air is supplied from air passage 14, which has larger cross-sectional
      dimensions than the duct 20. The parallel walls 16 of the air passage are
      connected to the duct walls 20 by converging section 18 of the flow nozzle
      configuration. Screens 38 and 42, and honeycomb structure 40, provide a
      uniform flow substantially free of turbulence and vorticity. Air is blown
      into the air passage by one or more fans 36, through a duct system 33,
      shown diagrammatically.
PAR  The fibers are deposited to form a web on continuous, moving screen 26
      which is driven and supported by rolls 28 and 30. The air flows through
      the screen and is withdrawn through vacuum duct 34. The air may be
      filtered to remove any particles passing screen 26 and then be
      recirculated to fan 36. Several fans in series or an open air system with
      one or more fans supplying the air and one or more fans exhausting the air
      can also be used. The screen 26 is sealed against the fiber duct 20 and
      the vacuum duct 34 by sealing means 32 as a plate of polyethylene.
PAR  FIG. 2 shows the disperser roll 8 and grooved plate 10 in greater detail.
      In the Figure, dashed line 58 is the tangent to the outer edge of the
      disperser roll teeth 7. The upper edge 54 of disperser plate 10 can be
      placed on the tangent line 58 or can be somewhat below the tangent line,
      e.g., 1/2 inch below. In the Figure, disperser plate 10 is shown to be
      provided with semicircular grooves 50 spaced uniformly, starting from the
      bottom of disperser plate 51 and ending as close as possible in the
      extreme tip 52 of the plate. Preferably, the grooves are present over the
      entire face, indicated generally at 56, of the plate except for the region
      53, which extends 1/2 to 3/4-inch from the extreme tip 52, to avoid
      weakening the tip. Preferably the extreme tip 52 of the disperser plate is
      rounded with a radius of at least 0.015 inch but less than about 0.06
      inch. The face 56 of the disperser plate is essentially concentric with
      the disperser roll in its overall contour, i.e., not considering the
      grooves. The clearance 55 between the face 56 and the teeth 7 should be
      less than 0.125 inch in order to avoid premature turbulent mixing of air
      and fiber under the plate in an uncontrolled manner which would result in
      agllomeration of fibers into clumps. Preferably, a clearance of between
      about 0.01 and 0.06 inch is used.
PAR  Referring to FIG. 3, the dimensions of the grooved surface for the most
      preferred embodiment are shown in greater detail. The grooves are
      continuous in the lateral direction of the plate 10 and are spaced along
      the arc of the plate such that there are 0.05 to 50 grooves per inch of
      arc; grooved depth 60 is between 0.010 and 0.150 inch and groove width 61
      between 0.010 and 1.00 inch; the distance 62 between the centerlines of
      adjacent grooves is between 0.02 and 2 inches and the land area 56 between
      adjacent grooves is between 0.001 and 1.5 inches.
PAR  FIGS. 4A through 4E show different types of grooves in disperser plates
      found to improve web uniformity. Dimensions of the grooves, referring to
      numbers given in FIG. 3, are given below:
TBL                            PLATE IN FIGURE 4                               

     __________________________________________________________________________

                    4A    4B   4C    4D   4E                                   

     __________________________________________________________________________

     Grooves/inch   11   .about.8                                              

                               11    5.5  10                                   

     Depth (60) (in.)                                                          

                    0.03 0.03  0.06  0.09 0.09                                 

                         0.063 &                                               

     Width (61) (in.)                                                          

                    0.06 0.150 0.063 0.09 0.100                                

                         0.09 &                                                

     Center-to-center (62) (in.)                                               

                    0.09 0.135 0.09  0.18 0.10                                 

     Land area (56) (in.)                                                      

                    0.03 0.03  0.03  0.09 0.005                                

     __________________________________________________________________________

PAR  Grooves of the same or similar configurations as in FIGS. 4A-4E, having
      dimensions within the general ranges listed previously in connection with
      FIG. 3, are also suitable.
PAR  The disperser roll 8 is of conventional design and is usually about 5 to 50
      inches diameter. It is usually of hollow construction. The cylindrical
      outer surface of the roll is usually provided with low rake, fine metallic
      wire clothing 7 (FIG. 2) formed by spirally winding one or several
      saw-tooth strips about the roll and anchoring it. The sharp ends of the
      teeth are located so that the ends lie in a substantially true cylinder
      about the axis of rotation of roll 8. Typical arrangements include:
TBL  Tooth rake :                                                              

                Face angle within about 8.degree. from                         

                radial direction.                                              

     Tooth length :                                                            

                Shorter than 1/4 inch, preferably                              

                about 1/8 inch.                                                

     Tooth ends :                                                              

                Tip width less than 0.030 inch.                                

     Tooth density :                                                           

                Between about 8 and 350 teeth per                              

                square inch of roll surface.                                   

     Roll Diameter                                                             

                Peripheral Speed                                               

                              Acceleration                                     

     inches     (feet/minute) (times gravity)                                  

     ______________________________________                                    

     16         3000 to 20,000                                                 

                              117 to 5200                                      

     24         3600 to 24,000                                                 

                              112 to 5000                                      

     32         4200 to 30,000                                                 

                              115 to 5700                                      

     ______________________________________                                    

PAR  The disperser plate 10 and the doff bar 12 can be constructed of any
      suitable materials, such as plastic or metal, that will maintain the close
      clearance with the disperser roll 8 at the high speeds used. The disperser
      plate should have a length of at least 1/2 of the length of the staple
      fiber used but for mechanical convenience it may have a length
      corresponding to 45.degree. to 90.degree. or more of the arc of the
      disperser roll. Although a unitary disperser plate and doff bar are shown
      in FIG. 1, both parts can be fabricated of a number of sections with
      suitable attachments.
PAR  The following examples, which illustrate specific embodiments of this
      invention, are not intended to limit the invention in any way.
PAC  EXAMPLE 1
PAR  In this example, an apparatus, similar to that illustrated in FIG. 1, is
      used. In each of a series of runs, the feed to the disperser roll consists
      of 1.25-denier-per-fiber, 3/4-inch-long, polyethylene terephthalate staple
      fibers in the form of a loosely opened 70 oz./yd..sup.2 batt. This is fed
      to a 24-inch diameter disperser roll having 80 teeth/square inch, each
      tooth being 0.090 inch high and 0.009 inch thick, and having a rake angle
      of 8degrees. The roll surface is provided with teeth by helically winding
      two toothed wires, started at one side of the roll, the first and second
      wires being started 180.degree. apart, around the roll circumference. The
      clearance between the ends of the teeth of roll 8 and the land area 56 of
      curved plate 10 is maintained at 0.030 inch. The roll rotates at 2,500 rpm
      (surface vel. of 262 ft./sec.) and projects a uniform thin stream of
      fibers into the duct at an initial uniform velocity of 262 ft./sec. The
      average air velocity at the exit of the contoured nozzle connecting to
      rectangular duct 20 is about 175 ft./sec. with a turbulence intensity of
      about 0.5%. The velocity gradient across the width of the duct at this
      location is less than .+-.10% per foot. The approximate height dimensions
      of 40-inch wide rectangular duct 20 and the average air velocities at
      various locations in the duct are as follows:
TBL  Location             Thickness Velocity                                   

                          (in.)     (ft./sec.)                                 

     ______________________________________                                    

     X. Immediately downstream of                                              

                          21/2      175                                        

     nozzle (i.e., at entry to                                                 

     rectangular duct)                                                         

     a. Over plate 10 just upstream                                            

                          21/4      192                                        

     of disperser roll                                                         

     b. At point of maximum intrusion                                          

                          15/8      270                                        

     of roll into duct                                                         

     c. Over plate 12, just downstream                                         

                          2         235                                        

     of disperser roll                                                         

     d. Just upstream of collecting                                            

                          2         224                                        

     screen 26                                                                 

     ______________________________________                                    

PAR  The distance between locations X and a is about 81/4 inches; between a and
      c is about 10 inches; and between c and d is about 241/2 inches. The
      fibers are projected into the duct at an initial angle to the air flow of
      about 16degrees and then conveyed in the air stream in a straight path to
      the collecting screen. At no location along the fiber path in the duct is
      the turbulence intensity greater than about 2%.
PAR  Using the above apparatus and operating conditions and using the same type
      of feed webs, the air laydown process is operated to produce webs with (A)
      a grooved disperser plate and (B) a smooth-surfaced disperser plate. The
      grooved plate has an aluminum face adjacent the disperser roll and
      continuous grooves of semicircular shape extending across the entire plate
      to within 0.75 inch of the plate tip. The disperser plate covers about 1/4
      of the roll circumference. The grooves are at right angles to the
      rotational direction of the roll and have the following dimensions:
     Groove depth(60)      0.03 inch                                           

     Groove width(61)      0.06 inch                                           

     Center-to-center                                                          

     distance(62)          0.09 inch                                           

     Land area(56)         0.03 inch                                           

     Grooves/inch           11 (approx.)                                       

PAR  In one series, the process is carried out at a 9 lb./in.-hr. rate, to
      produce a web having a nominal weight of 1.2 oz./yd..sup.2 at a wind-up
      speed of 69-74 yards/minute. The web made with the grooved plate has
      greater uniformity than that made under the same conditions using a smooth
      plate.
PAR  The process is repeated using the grooved plate at the higher process rate
      of 16 lb./in.-hr., to produce a web of about 1.4 oz./yd..sup.2 at a
      wind-up speed of 110-115 yards/min. A web of good uniformity is made even
      at this high speed, indicating the superiority of the grooved plate.
PAC  EXAMPLE 2
PAR  This example illustrates the preparation of webs using (A) a grooved plate
      (B) a toothed plate and (C) a smooth-surfaced plate.
PAR  Apparatus, feed web, and operating conditions are the same as Example 1,
      using a 7-9 lb./in.-hr. rate to produce a web of about 1.2 oz./yd..sup.2,
      except as follows:
PA1  1. The disperser roll has a 24-inch diameter, 80 teeth/sq. in., each tooth
      being 0.090 inch high, 0.009 inch thick and having a rake angle of zero
      degrees. The toothed surface is provided by winding a toothed wire around
      the roll (single start winding).
PA1  2. A disperser roll speed of 3,000 rpm is used; i.e., roll surface velocity
      and hence, initial fiber velocity are 314 ft./sec. Three runs are made,
      one with each of the three plates. The grooved plate and the clearance
      from the disperser roll teeth for all plates are the same as that used in
      Example 1.
PAR  The toothed plate has 640 teeth/sq. inch, the teeth having the following
      dimensions:
TBL  Height:               0.123 inch                                          

     Thickness:            0.009 inch                                          

     Rake Angle:           12 degrees                                          

PAL  The most uniform web is that made with the grooved plate.
PAC  EXAMPLE 3
PAR  This example illustrates effect of percent turbulence, in the slit between
      the disperser roll and the disperser plate, on web quality, using (A) a
      grooved plate, (B) a toothed plate and (C) a smooth plate.
PAR  The air-laydown apparatus is similar to that of FIG. 1 and has the air flow
      characteristics of Example 1, except that the disperser roll diameter is
      16 inches. The feed to the disperser roll consists of 1.25 dpf., 3/4-inch
      long polyethylene terephthalate staple fibers in the form of a loosely
      opened 80 oz./yd..sup.2 batt. The air velocity over the disperser plate
      just upstream of disperser roll is about 173 .+-. 10 ft./sec.
PAR  The apparatus is used to produce 12-inch wide webs and is equipped with
      different disperser rolls and plates in a series of tests. All rolls have
      80 teeth/inch.sup.2, 0.090 inch high and 0.009 inch thick. Other roll
      surface characteristics are as follows:
PAR  Roll (1): The roll surface is provided with teeth by helically winding a
      total of 8 toothed wires, started at one side of the roll at 45.degree.
      intervals around the roll circumference. The 8 wires consist of four wires
      of 0.090 inch height and four of shorter height. They are wound
      alternately. Each tooth has a rake angle of 0.degree..
PAR  Roll (2): The roll surface is provided with teeth by helically winding one
      continuous and toothed wire, started at one side of the roll, around the
      roll circumference. Each tooth has a rake angle of 0.degree..
PAR  Roll (3): The roll surface is provided with teeth by helically winding 11
      continuous and toothed wires, started at one side of the roll at 11 equal
      intervals (.about. 33 degree interval) around the roll circmference. Each
      tooth has a rake angle of 15.degree..
PAR  Roll (4): The roll surface is provided with teeth by helically winding one
      continuous and toothed wire, started at one side of the roll around the
      roll circumference. The teeth consist of 2 shapes: sharp-point teeth and
      flat-top teeth.
PAR  Roll (5): The roll surface is provided with teeth by helically winding four
      continuous and toothed wires, started at one side of the roll, at
      90.degree. intervals, around the roll circumference. The four wires
      consist of two sets of different heights (0.090 inch and shorter height).
      They are wound alternately. Each tooth has a rake angle of 8.degree..
PAR  The grooved plate used has the same groove dimensions as the plate in
      Example 1. Exceptions are: (1) a 12-inch width vs. the 36-inch used in
      Example 1; and (2) the arc length of the plate is about 10.5 inches vs. 17
      inches for that used in Example 1. The plates cover about one-fourth of
      the rolls in both cases.
PAR  The toothed plate (640 teeth/in..sup.2) is as follows: The side of the
      disperser plate facing the rotating disperser roll is clothed with
      sawtooth wires in the circumferential direction covering approximately 80%
      of the arc length. There are 20 teeth per inch and the wire density is 32
      per inch.
PAR  The percent turbulence values in the slit between the disperser roll and
      the plate for the different roll/plate combinations are measured using the
      technique described hereinafter and are reported in Table I along with
      web-uniformity ratings (1 to 5, poorest to best) for each of 3 different
      types of nonuniformities: (1) chatter, i.e., lines in cross-direction of
      web; (2) blotchiness; and (3) streaks in machine direction of web. Ratings
      are given for each roll/plate combination at 2 different roll speeds
      (4,500 rpm, i.e, 314 ft./sec. surface speed and 3,000 rpm., i.e., 209
      ft./sec. surface speed). The web-take-away speed is increased from 72 ypm
      to 100 ypm as the roll rpm is increaed from 3000 to 4500 rpm so that the
      chatter spacing (or the ratio of take-away speed to rpm) is kept
      approximately the same.
PAR  In this series it is found that web uniformity generally improves with
      percent turbulence, with the most uniform webs being made with the grooved
      plate (% turbulence of 28-40).
PAC  EXAMPLE 4
PAR  This example illustrates the difference in air pulsation and percent
      turbulence in the disperser roll plate slit when using different plates.
PAR  Two runs are made using the apparatus and process conditions of Example 3
      and disperser roll (3) of Example 3. The disperser roll speed used is
      4,500 rpm. One run is made with (A) the grooved plate having the geometry
      shown in FIG. 4C; the second run (B) is made with a smooth plate.
PAR  Tracings are made of the signals generated by air pulsating in the slit
      during each run. A hot wire anemometer and a real time (signal-frequency)
      analyzer are used to obtain the tracings as described in detail
      hereinafter. The tracing obtained when using the smooth plate has a
      predominant signal (high peak) corresponding to roll frequency, i.e., high
      peak per each roll revolution. Correspondingly, the web obtained when
      using this smooth plate, shows a transverse line or socalled chatter mark
      across the web width which correspondingly occurs once per each roll
      revolution.
PAR  The tracing obtained when using the grooved plate shows several
      approximately equal peaks or else there are peaks of higher amplitude than
      the roll-frequency-peak, occurring at high harmonics (i.e., occurring at
      2, 3, or 4 times the roll frequency). This multicycle type of
      air-pulsation (as opposed to one pulsation per roll revolution) together
      with high percent turbulence (36% for grooved plate vs. 19% for smooth
      plate) which is made of high amplitude signal at high frequency disperses
      fibers better and thereby eliminates the chatter marks which would
      otherwise form. Hot wire anemometer signals filtered at 1 M Hz from the
      smooth and grooved plates in the time domain show that there are stronger
      pulsations at high frequencies with the grooved plate. The web obtained
      under these conditions using the grooved plate is found to have no chatter
      marks and greatly improved blotch levels and no streaks.
PAC  EXAMPLE 5
PAR  This example illustrates effect of geometry, percent turbulence in the slit
      between the disperser roll and the disperser plate, and the arc length of
      the grooved portion in the disperser plate on web quality.
PAR  The air-laydown apparatus and conditions used are identical to those of
      Example 3 except as follows:
PA1  1. Various groove geometries as shown in FIG. 4 are used.
PA1  2. Combinations of the grooved disperser plate tip and the smooth disperser
      plate are also used.
PAR  The percent turbulence and the web ratings ae tabulated in Tables II and
      III. In this series it is found that: (1) although the web quality
      improves with higher percent turbulence, the effect of geometry is as
      important, and (2) the plate with grooves extending to the full arc length
      appears to give better web uniformity and higher percent turbulence.
PAL  Percent Turbulence Measurements
PAR  By "percent turbulence" or turbulence intensity is meant the root mean
      square value of the air velocity fluctuation divided by the mean air
      velocity, as determined using a hot wire anemometer by standard
      techniques. A suitable instrument for this purpose, which was used for the
      measurements reported herein, is a Model 1050 B-4 hot-wire anemometer,
      manufactured by Thermal Systems Inc., of St. Paul, Minnesota.
PAR  When the output of the anemometer is also passed to an AC coupled,
      root-mean-square (RMS) voltmeter, such as a Model 3400A, manufactured by
      Hewlett Packard, Inc. of Loveland, Colorado, the RMS value of the velocity
      fluctuation in the direction of air flow with time is measured. For the
      values reported herein, the RMS readings were averaged for about 5 to 10
      seconds. The RMS value of the velocity fluctuation, multiplied by 100 and
      divided by the average velocity at that location is referred to herein as
      the percent turbulence or the local turbulence intensity. Further details
      on the use of hot-wire anemometers for measuring velocity and turbulence
      intensity is given in numerous places in the art, such as Bulletin 53,
      "The Hot-Wire Anemometer", of Flow Corporation of Cambridge,
      Massachusetts. Theoretical discussions of turbulence intensity are found
      in H. Schlichting, "Boundary Layer Theory", 6th Ed., McGraw Hill Book
      Company, New York, 1968, pages 455-457, 538-539, 558, etc.
PAR  In making the measurements in the slit between the disperser roll and the
      disperser plate, a hot-wire probe is introduced through a hole (9/32 inch
      diameter) in the disperser plate tip and is lowered to a reference
      position, i.e., where the mean velocity measured is about 110 ft./sec.,
      when the roll surface speed is 315 ft./sec. The hole should be
      sufficiently inward from the tip of the plate to avoid end effects. This
      reference position is used for all subsequent hot-wire measurements.
PAR  Such measurements typically show the generation of air fluctuations of
      higher amplitude and frequency, when an unsmooth (grooved or toothed)
      plate is used, than are generated when a smooth plate is used. These
      pulsations correspond to higher percent turbulence values for unsmooth
      than for smooth plates, the exact percent values being also dependent on
      the type of disperser roll used in combination with the plate (i.e., the
      surface characteristics of the roll also have a bearing on the percent
      turbulence values for a  given roll/plate combination.
PAL  Frequency Analysis
PAR  Frequency analysis of the hot-wire anemometer output is performed using a
      model SD 301b Real Time Analyzer (abbreviated RTA) sold by Spectral
      Dynamics Corp. of San Diego, California described in their instruction
      manual, Sections 3.1 to 3.4 (Instruction Manual SD 301B, Real Time
      Analyzer, pp 3-1 through 3-60, June, 1970). The SD301B RTA operates as a
      frequency-tuned band-pass filter to convert the input signal (hot-wire
      anemometer output signal) from the time domain to the frequency domain RMS
      (root mean square) voltage values. The RMS voltage values of the pulsation
      amplitudes at various frequencies are traced on an oscilloscope, using the
      RMS values of voltage as the ordinate of the plot and the frequency values
      as the abscissa. Analysis is normally done using 0-500 and 0-5000 Hz as
      the frequency base, for convenience, but could be done at any other
      frequency range. The roll frequencies of interest range from 25 to 75 Hz.
      Voltage output is calibrated so that 6.71 volts is equal to 200
      ft./second.
TBL                                    TABLE I                                 

     __________________________________________________________________________

            EXAMPLE 3A -- Grooved Plate                                        

                               EXAMPLE 3B -- Toothed Plate                     

                                                 EXAMPLE 3C -- SMOOTH          

     __________________________________________________________________________

                                                 PLATE                         

            Web Rating*        Web Rating*       Web Rating*                   

        Roll             %         Blo-    %                  %                

     Roll                                                                      

        r.p.m.                                                                 

            Chatter                                                            

                Blotches                                                       

                     Streaks                                                   

                         Turbulence                                            

                               Chatter                                         

                                   tches                                       

                                       Streaks                                 

                                           Turbulence                          

                                                 Chatter                       

                                                     Blotches                  

                                                          Streaks              

                                                              Turbulence       

     __________________________________________________________________________

     1  4,500                                                                  

            5.0 4.3  5.0 34    5.0 4.0 4.0 19    5.0 2.5  2.5 12.4             

        3,000                                                                  

            5.0 4.8  4.8 39.5  5.0 3.5 4.0 20.6  5.0 3.0  3.5 17.3             

     2  4,500                                                                  

            3.7 3.6  4.25                                                      

                         28.4  2.5 3.8 4.0 23.0  3.0 2.3  3.0 17.9             

        3,000                                                                  

            4.0 4.2  4.0 30.0  3.0 4.0 3.8 22.4  4.0 3.5  2.5 16.2             

     3  4,500                                                                  

            5.0 4.0  5.0 31.8  5.0 4.5 5.0 21.0  3.5 2.0  4.0 18.7             

        3,000                                                                  

            5.0 4.3  5.0 34.5  5.0 3.5 4.0 24.5  5.0 2.5  4.0 21.0             

     4  4,500                                                                  

            4.5 3.5  4.5 40.0                    5.0 2.0  4.0 19.1             

        3,000                                                                  

            4.5 3.8  4.5 28.5                    5.0 3.0  4.5 21.5             

     5  4,500                                                                  

            4.5 3.5  4.5 30.3                    4.5 2.5  3.5 20.9             

        3,000                                                                  

            4.5 4.0  4.5 31.4                    4.0 3.5  4.0 20.8             

     __________________________________________________________________________

      *5 = excellent (No chatter, No streaks, No blotches)                     

      1 = very poor (severe chatter, severe streaks, severe blotchiness) Web   

      basis weights of the samples are kept at .about.1.2 oz./yd..sup.2.       

      Throughputs corresponding to 4,500 and 3,000 rpms are 12.5 and 9         

      lb./hr.-in., respectively.                                               

TBL                                    TABLE II                                

     __________________________________________________________________________

     EXAMPLE 5                                                                 

     GROOVED DISPERSER PLATE AND TIP                                           

             EXAMPLE 5A -- SMOOTH SURFACE                                      

                                EXAMPLE 5B -- GROOVES -- FIG.                  

     __________________________________________________________________________

                                4A                                             

             Web Rating*        Web Rating*                                    

                          %**               %**                                

     Roll                                                                      

        RPM  Chatter                                                           

                  Blotch                                                       

                      Streak                                                   

                          Turbulence                                           

                                Chatter                                        

                                    Blotch                                     

                                        Streak                                 

                                            Turbulence                         

     __________________________________________________________________________

     1  4,500                                                                  

             5.0  2.5 2.5 12.4  5.0 4.3 5.0 34.0                               

        3,000                                                                  

             5.0  3.0 3.5 17.5  5.0 4.8 4.8 39.3                               

     2  4,500                                                                  

             2.8  2.2 3.0 17.6  4.1 3.6 4.4 27.4                               

        3,000                                                                  

             3.5  3.8 2.5 18.4  4.3 4.4 4.3 28.7                               

     3  4,500                                                                  

             3.5  2.0 4.0 20.5  5.0 4.0 5.0 32.5                               

        3,000                                                                  

             5.0  2.5 4.0 23.3  5.0 4.3 5.0 34.0                               

             EXAMPLE 5C -- GROOVES -- FIG. 4B                                  

                                EXAMPLE 5D -- GROOVES -- FIG.                  

     __________________________________________________________________________

                                4C                                             

     1  4,500                                                                  

             5.0  3.0 4.8 23.7  5.0 4.0 5.0 25.5                               

        3,000                                                                  

             5.0  4.0 5.0 28.2  5.0 4.3 5.0 28.0                               

     2  4,500                                                                  

             3.5  3.5 3.0 29.5  4.0 3.5 4.0 23.8                               

        3,000                                                                  

             4.0  3.5 4.0 26.1  4.8 3.5 4.8 22.0                               

     3  4,500                                                                  

             5.0  4.0 5.0 36.2  5.0 4.5 5.0 30.4                               

        3,000                                                                  

             5.0  4.8 5.0 50.4  5.0 4.8 5.0 33.0                               

     __________________________________________________________________________

      *5 = excellent (no chatter, no streaks, no blotches)                     

      1 = very poor (severe chatter, severe streaks, severe blotchiness) Web   

      basis weights of the samples are kept at .about.1.2 oz./yd..sup.2.       

      Throughputs corresponding to 4,500 and 3,000 rpms are 12.5 and 9         

      lb./hr.-in., respectively. (Web rating .+-. 0.25)                        

      **.+-. 2%?                                                               

TBL                                    TABLE III                               

     __________________________________________________________________________

     EXAMPLE 5                                                                 

     SMOOTH DISPERSER PLATE USED WITH GROOVED DISPERSER PLATE TIP              

            EXAMPLE 5E, TIP GROOVES OF                                         

                               EXAMPLE 5F, TIP GROOVES OF                      

            FIGURE 4A          FIGURE 4B                                       

                         %                  %                                  

     Roll                                                                      

        RPM Chatter*                                                           

                 Blotch*                                                       

                     Streak*                                                   

                         Turbulence**                                          

                               Chatter*                                        

                                    Blotch*                                    

                                        Streak*                                

                                            Turbulence**                       

     __________________________________________________________________________

     1  4,500                  5.0  3.5 5.0 22.6                               

        3,000                  5.0  4.0 5.0 24.2                               

     2  4,500                  2.5  3.5 3.0 29.0                               

        3,000                  3.5  4.0 3.5 24.3                               

     3  4,500                                                                  

            5.0  3.0 3.75      5.0  4.5 5.0 30.0                               

        3,000                                                                  

            5.0  3.25                                                          

                     3.75      5.0  4.75                                       

                                        5.0 30.4                               

            EXAMPLE 5G, TIP GROOVES OF                                         

                               EXAMPLE 5H, TIP GROOVES OF                      

            FIGURE 4C          FIGURE 4D                                       

     1  4,500                                                                  

            5.0  3.5 4.0 24.2  5.0  3.5 4.0 18.3                               

        3,000                                                                  

            5.0  4.0 4.0 20.3  5.0  4.0 3.5 24.3                               

     2  4,500                                                                  

            3.0  3.5 3.5 18.0  4.5  3.0 4.0 21.2                               

        3,000                                                                  

            3.5  4.0 4.0 19.0  4.5  3.25                                       

                                        4.0 22.3                               

     3  4,500                                                                  

            5.0  4.5 5.0 22.6  5.0  4.5 4.5                                    

        3,000                                                                  

            5.0  4.75                                                          

                     5.0 25.0  5.0  4.5 5.0                                    

            EXAMPLE 5I - TIP GROOVES OF                                        

            FIGURE 4E                                                          

     1  4,500                                                                  

            5.0  3.25                                                          

                     3.5 28.0                                                  

        3,000                                                                  

            5.0  4.0 3.0 27.9                                                  

     2  4,500                                                                  

            4.5  3.25                                                          

                     4.0 30.0                                                  

        3,000                                                                  

            4.5  3.25                                                          

                     3.0 30.0                                                  

     3  4,500                                                                  

            5.0  4.0 5.0                                                       

        3,000                                                                  

            5.0  4.0 5.0                                                       

     __________________________________________________________________________

      *5 = excellent(no chatter, no streaks, no blotches)                      

      1 = very poor (severe chatter, severe streaks, severe blotchiness) Web   

      basis weights of the samples are kept at .about.1.2 oz./yd..sup.2.       

      Throughputs corresponding to 4,500 and 3,000 rpms are 12.5 and 9         

      lb./hr.-in., respectively. (Web rating .+-. 0.25)                        

      ** .+-. 2%                                                               

CLMS
STM  We claim:
NUM  1.
PAR  1. In an air-laydown apparatus for forming a web of staple fibers which
      comprises duct means for conveying fibers in a stream of air, a rotating
      toothed disperser roll and coacting stationary disperser plate for
      projecting fibers through an opening in the duct means to form a stream of
      fibers in the stream of air, condenser means for separating the fibers
      from the air to form a web, and air supply means which includes a highly
      uniform air passage with a larger cross-sectional area than said duct
      means connected directly to the duct means by a converging section in the
      form of a smooth, gradual curve, in combination with screens and a
      honeycomb structure located in the larger air passage to provide a uniform
      flow substantially free of turbulence and vorticity; the improvement for
      high speed production of highly uniform webs which comprises grooves in
      the stationary disperser plate extending across the plate in a direction
      transverse to the rotational direction of the roll for generating a high
      intensity of air turbulence between the disperser roll and plate, the
      percent turbulence being at least 25 when the roll is rotating at a
      surface speed of about 315 feet per second.
NUM  2.
PAR  2. The apparatus defined in claim 1 wherein the grooves are semicircular in
      shape and extend continuously across the plate.
NUM  3.
PAR  3. The apparatus defined in claim 2 wherein the grooves are present over
      substantially the entire surface of the disperser plate.
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INVT
NAM  Baker; Curtis K.
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ABST
PAL  A device for securely retaining a captive element and for reliably
      releasing said element upon rotation of a control shaft. In its elemental
      form the device includes a hollow cylindrical sleeve with apertures in the
      side walls containing ball detents. A captive element fits over the
      outside of the sleeve and a control shaft reposes within the sleeve. A
      portion of the control shaft is so formed that the ball detents are forced
      partially through the apertures in the sleeve and into mating recesses in
      the captive element when the control shaft is rotated to a first position.
      When the control shaft is rotated 45.degree. from the first position the
      ball detents are released thereby freeing the captive element.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to captive element release mechanisms and in
      particular to such mechanisms wherein the captive element is held in place
      by movable ball detents.
PAR  Current captive element release mechanisms commonly employ a retaining
      sleeve provided with cylindrical guide holes spaced around the
      circumference of the sleeve. Spherical ball detents are crimp retained
      within the guide holes in such manner that the balls are captive but free
      to move a limited distance such that part of the surface of the spherical
      ball detents protrude either into the interior of the sleeve or extend
      beyond the outer surface of the sleeve into retaining contact with a
      captive element. A longitudinally movable control shaft reposes within the
      sleeve. In a first position the periphery of the control shaft engages the
      detents along a region where the control shaft has its greatest
      circumference to thereby urge the detents outward to the maximum extent.
      After the control shaft has been longitudinally moved to a second
      position, the periphery of the control shaft engages the detents along a
      region where the control shaft has a reduced diameter to thereby allow the
      detents to retract to such an extent that they no longer protrude beyond
      the outer surface of the sleeve and thus free the captive element.
PAR  Current captive element release mechanisms of the type just described have
      control shafts which tend to have weak cross-sectional areas. In addition,
      impact or other forces directed along the longitudinal axis of the control
      shaft may deform the control shaft to such an extent that intentional
      longitudinal motion must be abnormally forced or, in the extreme, cannot
      be made at all.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a captive element
      release mechanism which is rugged and which is not prone to failure under
      the influence of unwanted forces directed along the longitudinal axis of a
      control shaft. These and other objects of the invention are achieved as
      follows:
PAR  In its elemental form the captive element release mechanism of the present
      invention includes a cylindrical sleeve containing apertures positioned at
      diametrically opposed points. A rotatable control shaft reposes within the
      sleeve and a captive element, e.g., another sleeve-like device, fits over
      the outer surface of the sleeve. Each of the aforesaid apertures contains
      ball detents. A portion of the control shaft is so formed that the ball
      detents are forced to partially protrude beyond the outer surface of the
      sleeve to thereby mate with complimentary recesses in the surface of the
      captive element when the control shaft is rotated to a first position. As
      the control shaft is rotated 45.degree. from the first position, the
      control shaft presents a reduced dimension to the ball detents to thereby
      permit the ball detents to retract to such an extent that the captive
      element is freed.
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a captive element release mechanism according to the
      invention;
PAR  FIG. 2a is an isolated view of a control shaft which forms part of the
      release mechanism shown in FIG. 1;
PAR  FIG. 2b is a cross-sectional view of the control shaft shown in FIG. 2a;
PAR  FIG. 2c is an enlarged and exaggerated cross-sectional view of the control
      shaft shown in FIG. 2a; and
PAR  FIGS. 3a and 3b are cross-sectional views of the release mechanism shown in
      FIG. 1 as it appears in the index or ready position and in the operated or
      released position respectively.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the captive element release mechanism 10 of the
      present invention is shown in partial cross section. The mechanism rests
      within an arcuate recess 12 machined from the surface of a baseplate 14
      and is secured to an upright 16 with bolts 18. The working elements of the
      mechanism 10 are enclosed within a cylindrical casing 20 which is secured
      to a stud plate 22 and to a thrust bulkhead 24 with spring pins 26 or
      other suitable means such as threaded screws. The thrust bulkhead 24 is
      provided with a cylindrical cavity 24a and may optionally be provided with
      vent ports (not shown) to minimize compression or vacuum effects as a
      thrust piston 42 is released or reset as explained more fully hereinbelow.
PAR  A conventional rotary solenoid 28 is secured to the stud plate 22 with
      studs 30 and lock nuts 32. The rotary solenoid 28 includes an armature 28a
      which is secured to a disc shaped armature drive plate 28b. The drive
      plate 28b keeps a plurality of ball bearings 28c in intimate contact with
      a like plurality of coined ball races 28d on the surface of the rotary
      solenoid case 28e. The coined ball races 28d are arcuate and inclined;
      i.e., one end of each ball race 28d is deeper than the other end. As is
      well-known in the art, the conventional rotary solenoid 28 employs the
      inclined plane of the ball races 28d to convert linear motion to rotary
      motion. When the armature coil (not shown) is energized from a properly
      sized DC voltage source (not shown) an air gap is closed under the
      influence of magnetic forces and the armature 28a is drawn into the
      armature casing 28e. The armature 28a is forced to rotate because it is
      supported by the plurality of ball bearings 28c that move around and down
      their respective inclined ball races 28d. As is well-known in the art the
      coining of the solenoid case 28e and complimentary coining of the armature
      drive plate 28b determines the length and direction of the rotary stroke
      and the value of the starting torque. After power is removed from the
      solenoid coil, the armature is returned to the index position by means of
      a scroll type return spring 23. A rotary solenoid suitable for use with
      the present invention is the LEDEX rotary solenoid, size 5S, part number
      129734-026 or equivalent; a more complete description of the physical and
      operating characteristics of such conventional rotary solenoids may be
      found in catalog C-1000, April 1970 of the Ledex Division, Ledex Inc., 123
      Webster Street, Dayton, Ohio 45401.
PAR  The armature drive plate 28b includes a cylindrical shaped drive pin 28f
      secured to and projecting from the surface of the drive plate 28b. The
      drive pin 28f is adapted to repose within a bore 34a located in one end of
      an oblong drive arm 34. The drive pin 28f drivingly engages the drive arm
      34 to thereby rotate the drive arm 34 in unison with the armature 28a and
      the drive plate 28b when the rotary solenoid 28 is energized as set forth
      above. The drive pin 28f is of sufficient length so as to remain in
      driving engagement with the bore 34a during the spiral motion of the
      armature 28a and the drive plate 28b.
PAR  The drive arm 34 is fixedly secured to a generally cylindrical rotatable
      control shaft 36 provided with an elongated flattened release blade 36a
      intermediate its ends. The control shaft reposes within a through-bore 38a
      provided in a stationary monolithic stator 38. The stator 38 may be
      characterized as a flanged barrel having a generally T-shaped
      cross-section and is secured to the thrust bulkhead 24 with spring pins
      41. The stator 38 is provided with four transverse generally cylindrical
      apertures 38b which extend through the sidewalls of the stator 38. Each of
      the apertures 38b accommodates a ball bearing 40. Under the influence of
      the release blade 36a each of the ball bearings 40 has part of their
      respective surfaces urged beyond the outer surface of the stator 38b into
      retaining contact with annular grooves or recesses 42a located on the
      inner surface of a captive element or thrust piston 42.
PAR  The thrust piston 42 includes a cylindrical sleeve-like portion 42b which
      fits over the outer surface of the stator 38; the sleeve portion 42b
      includes the annular grooves or recesses 42a. Intermediate its ends the
      thrust piston 42 is provided with an annular flange 42c. Extending from
      the flange 42c is a generally cylindrical projection which terminates in a
      clevis 42d. The clevis 42d is transversely bored through and accommodates
      a connecting pin 44 which secures a thrust link 46 to the thrust piston
      42.
PAR  A thrust spring 48 reposes within the thrust bulkhead cavity 24a and is
      lodged between the thrust piston flange 42c and the stator 38 flange. The
      thrust spring 48 functions to urge the thrust piston 42 to the right after
      the ball bearings 40 have been retracted from the annular grooves 42a as
      explained hereinbelow.
PAR  Referring to FIGS. 2a and 2b, the construction of the release blade 36a is
      shown more clearly in an isolated view of the control shaft 36. The
      control shaft 36 is shown in FIG. 2a with the same left-right orientation
      portrayed in FIG. 1 but is portrayed in FIG. 2a as if viewed from the top
      of FIG. 1. The release blade 36a is formed by removing a portion of the
      cylindrical control shaft 36 from each side of its center line so as to
      form flats 37. The flats are required to be parallel to the drive arm 34
      center line within .+-. 2.degree.. The drive arm 34 is fixedly secured to
      a stub 36b, by welding or other suitable means, which forms the left
      terminus of the control shaft 36.
PAR  Referring to FIG. 2c, to prevent metal chipping, to provide a secondary
      control surface and to enhance the snap action of the release blade 36a,
      each of the four edges 37' along the entire length of the two flats 37 is
      rounded off approximately 0.010 inches or to another desired radius
      R.sup.-. By rounding off the edges 37' to a radius, R.sup.-, less than the
      maximum radius, R, of the remaining arcuate portion of the control blade
      36a, a side force is introduced from the ball bearings 40 as the control
      shaft 36 is caused to rotate from its index position to its final position
      by the solenoid 28. The side force is generated by the thrust spring 48
      impressing a force against the thrust piston 42 which in turn impresses a
      force against the ball bearings 40; the ball bearings in turn transmit
      some of this force to the release blade 36a when the release blade 36a has
      rotated to the point where the reduced radius rounded edges 37' are in
      contact with the ball bearings 40. By designing the control blade 36a so
      that side forces are generated, the solenoid 28 need not be principally
      relied upon to drive the control shaft 36 to its final position. That is,
      as long as the solenoid has sufficient power to drive the control shaft 36
      such that the rounded edges 37' of the release blade 36a are presented to
      the ball bearings 40, the side forces generated by the thrust spring 48
      will carry the control shaft 36 to its final position.
PAR  FIGS. 3a and 3b are simplified cross-sections, along the line 3A in FIG. 1,
      which show the positional relationships of the release stem 36a, the ball
      bearings 40 and the captive element 42 in the ready or index position and
      in the released position respectively.
PAR  Operation of the captive element release mechanism 10 is as follows. In the
      ready position shown in FIG. 3a, the release blade 36a presents its
      greatest dimension underneath the ball bearings 40 and thereby urges a
      portion of the ball bearings beyond the outer surface of the apertured
      stator 38 and into mating contact with the annular grooves 42a in the
      thrust piston 42. The thrust piston 42 is thus locked in place by the
      retaining action of the ball bearings 40. The ball bearings 40 are
      required to be dimensioned with respect to the apertures 38b and the
      thickness of the stator 38 barrel so that the center line of each ball
      bearing 40 always lies below the outer surface of the stator 38 barrel
      when the control blade 36a is in the index position; satisfaction of this
      criterion prevents inadvertent jamming of the ball bearings which could
      lead to faulty operation of the release mechanism 10.
PAR  The release mechanism 10 reaches the release position shown in FIG. 3b in
      the following manner. After the rotary solenoid 28 is energized, the
      control shaft 36 begins to rotate counterclockwise. When the secondary
      control surfaces 37' on the control blade 36a come in contact with the
      ball bearings 40, the ball contact edges of the annular grooves 42a force
      the balls 40 inwardly in response to the forces generated by the
      compressed spring 48 which has moved the thrust piston 42 an arc
      depressant distance. The balls 40 are forced inwardly because their center
      lines initially lay below the outer surface of the stator 38; hence, the
      ball contact edges of the annular grooves 42a generate downwardly directed
      forces on the balls 40. In other words, the ball bearings 40 are forced
      inwardly and ultimately into contact with the now inclined faces 37 of the
      control blade 36b by the action of the compressed spring 48 applying a
      downwardly directed force to the balls via the thrust piston 42. The ball
      bearings 40 are urged inwardly to such an extent that they no longer
      partially extend beyond the outer surface of the stator 38 and thus are no
      longer in retaining contact with the annular grooves 42a. After the ball
      bearings 40 have been forced inwardly, the thrust piston is completely
      freed of the restraining influence of the ball bearings 40 and moves to
      the right under the influence of the thrust spring 48. The thrust piston
      42 in turn imparts a translational motion to the thrust link 46 which can
      be attached to any suitable device, such as the toggle point of a linkage
      (not shown), to perform useful work, e.g., to toggle the linkage.
PAR  After the thrust piston 42 has been released, power is removed from the
      solenoid 28 and the control shaft 36 remains in the position shown in FIG.
      3b until the mechanism 10 is reset. It should be noted that the scroll
      type return spring 23 is tensioned after the thrust piston 42 is released
      and normally urges the control shaft 36 back to the index position shown
      in FIG. 3a. However, the annular grooves 42a of the thrust piston 42 have
      moved out of registration with the apertures 38b in the stator 38 and the
      smooth cylindrical walls of the thrust piston sleeve portion 42b are
      positioned over the apertures 38b as shown in FIG. 3b. Hence, even in the
      released position the balls 40 are under load and prevent the non
      tensioned scroll spring 23 from returning the control shaft 36 to the
      index position.
PAR  Reset of the mechanism is accomplished as follows. The thrust piston 42 is
      pushed inwardly (FIG. 1) either manually or mechanically to thereby place
      the annular grooves 42a in registration with the apertures 38b and to also
      compress the thrust spring 48. When the grooves 42a and apertures 38b are
      in registration, the inward directed loads on the balls 40 is lessened to
      the extent that the scroll type return spring 23 is able to rotate the
      control shaft 36 clockwise to the index position shown in FIG. 3a to
      thereby urge the balls 40 partially through the apertures 38b and into
      mating contact with the annular grooves 42a. When the balls 40 are seated
      in the annular grooves 42a, the mechanism 10 is reset and the inward
      directed force on the thrust piston 42 may be removed.
PAR  Some of the more subtle advantages of the present invention over the prior
      art will now be set forth. With further reference to FIG. 2c, the control
      blade 36a may be characterized as a composite of two control surfaces.
PAR  The primary control surface lies along the arc which subtends the angle
      .theta.; the radius of the arcuate primary surface is the radius R of the
      control shaft 36. In the index position, the center of the ball bearings
      40 and the center of the control shaft 36 lie in the same vertical plane.
      Therefore any unwanted extraneous forces which tend to rotate the control
      shaft must move the control shaft at least .theta./2.degree. before the
      release mechanism 10 is tripped. It is clear, therefore, that the
      sensitivity of the release mechanism 10 to extraneous forces may be
      controlled by varying the angle .theta. and hence the arcuate distance of
      the primary control surface. The stability of the release mechanism is
      further enhanced by the scroll spring 23 which is virtually untensioned
      when the control blade 36a is in the index position. As the control blade
      36a moves away from the index position the scroll spring 23 is tensioned
      and therefore tends to urge the control blade 36a back to the index
      position.
PAR  The secondary control surface 37' lies along the reduced radius R.sup.-. As
      stated hereinbefore, when the ball bearings 40 come in contact with the
      secondary control surface 37', they impress a force on the control blade
      36a which assists the control blade 36a in reaching its final or released
      position. The magnitude of this force may be controlled by varying the
      magnitude of the reduced radius R.sup.-.
PAR  Lastly, the cross-sectional area of the control blade 36a is greater than
      the cross-sectional area of the control member generally used in prior art
      release mechanism which release upon longitudinal motion. Such prior art
      control members generally have a circular cross-section. It should be
      clear from FIG. 2c that the cross-sectional area of the control blade 36a
      is larger than a circular cross-section which permits the same ball
      retraction as the control blade 36a. Hence the strength of the control
      shaft 36 is enhanced.
PAR  The control blade 36a may be rotated to a release angle of other than
      45.degree., although 45.degree. is the preferred angle for the embodiment
      shown in the drawings because the ball bearings 40 impress a maximum
      moment (F .times. r) on the control blade flats 37 when the control blade
      36a has rotated to approximately 45.degree..
PAR  With further reference to FIG. 1, it should be clear the motion of the
      thrust piston 42 to the right tends to compress the residual air in the
      bulkhead cavity 24a. Compression or vacuum effects are negligible if the
      release mechanism 10 is constructed with large tolerances. If the release
      mechanism 10 is constructed with close fitting parts, it may be desirable
      to provide vent ports in the bulkhead 24 or, alternatively, to vent the
      cavity 24a through pots provided in the thrust piston.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings, e.g., the thrust piston 42
      may be hydraulically or pneumatically driven instead of being spring
      driven and the rotary solenoid 28 may be removed to allow the drive arm 34
      to be manually rotated or manually released and scroll spring returned. It
      is therefore to be understood that within the scope of the appended claims
      the invention may be practiced otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus comprising:
PA1  a barrel member having a shank, an axial bore through the shank and a
      plurality of radial apertures communicating with said axial bore;
PA1  a locking member mounted in each of said plurality of apertures for radial
      movement between a retracted position within said shank and a locking
      position extending radially from said shank;
PA1  a control blade rotatably mounted in the axial bore and having a control
      surface for cam action against said locking members to urge the locking
      members from said retracted position to said locking position, said
      control blade comprising two substantially rectangular parallel surfaces
      joined at the extremities thereof by two arcuate surfaces wherein each of
      said arcuate surfaces has a first portion intermediate its ends having a
      radius equal to the radius of the control shaft and second and third
      portions each extending from said first portion to a respective one of
      said two parallel surfaces along an arc having a radius less than the
      control shaft radius; and
PA1  means operatively connected to said control blade for rotating said control
      blade.
NUM  2.
PAR  2. An apparatus according to claim 1 further including:
PA1  a sleeve member having an inner surface provided with a plurality of
      recesses and slidably mounted on said barrel member for movement between a
      first position wherein said recesses are in registration with said
      apertures and a second position wherein said recesses are out of
      registration with said apertures.
NUM  3.
PAR  3. An apparatus according to claim 2 further including: bias means
      operatively connected to said sleeve member for urging said sleeve member
      to said second position.
NUM  4.
PAR  4. An apparatus comprising:
PA1  a barrel member having a shank, an axial bore through the shank and a
      plurality of radial apertures communicating with said axial bore;
PA1  a locking member mounted in each of said plurality of apertures for radial
      movement between a retracted position within said shank and a locking
      position extending radially from said shank;
PA1  a control shaft mounted in the axial bore for rotational movement between
      an index position and a released position;
PA1  said control shaft having a control blade intermediate its ends for cam
      action against said locking members to urge the locking members from said
      retracted position to said locking position as said control shaft rotates
      to said index position and to permit said locking members to return to
      said retracted position as said control shaft rotates to said released
      position, said control blade comprising two substantially rectangular
      parallel surfaces joined at the extremities thereof by two arcuate
      surfaces wherein each of said arcuate surfaces has a first portion
      intermediate its ends having a radius equal to the radius of the control
      shaft and second and third portions each extending from said first portion
      to a respective one of said two parallel surfaces along an arc having a
      radius less than the control shaft radius;
PA1  means operatively connected to said control shaft for rotating said control
      shaft between said index position and said released position;
PA1  a sleeve member having an inner surface provided with a plurality of
      recesses and slidably mounted on said barrel member for movement between a
      first position wherein said recesses are in registration with said
      apertures and a second position wherein said recesses are out of
      registration with said apertures; and
PA1  bias means operatively connected to said sleeve member for urging said
      sleeve member to said second position.
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ABST
PAL  Buckle assembly for motor vehicle safety belts including a buckle member
      and an insert tongue secured to a belt, the insert tongue being insertable
      in a given insertion direction into the buckle member so as to be secured
      in a locking position therein, the buckle member including a base plate, a
      latch member pivotally mounted on the base plate transversely to the given
      insertion direction, a spring-biased key depressible so as to pivot the
      latch member about the insert tongue in the locking position, the latch
      member being formed with a latch nose which, in the locking position of
      the insert tongue, engages in a recess formed in the insert tongue, the
      base plate being formed with a recess in a substantially central region
      thereof that is longer and wider than the latch member, the recess in the
      base plate being partly defined by a forward edge formed with ears having
      an open gap therebetween and bent at an angle initially outwardly and, in
      a free marginal region thereof, in the given insertion direction of the
      insert tongue, the latch member being formed with a hammerhead-like
      projection having a neck portion extending through the gap between the
      ears and, with the hammerhead portion thereof, engaging the ears from
      behind at the outside of the base plate.
BSUM
PAR  The invention relates to a buckle assembly for motor vehicle safety belts
      and, more particularly, to such a buckle assembly which includes a buckle
      member and a slider or insert tongue secured to a belt. The insert tongue
      is insertable in a given insertion direction into the buckle member so as
      to be secured in a locking position therein, the buckle member including a
      base plate, a latch member pivotally mounted on the base plate
      transversely to the given insertion direction, and a spring-biased key
      depressible so as to pivot the latch member about the insert tongue in the
      locking position, the latch member being formed with a latch nose which,
      in the locking position of the insert tongue, engages in a recess formed
      in the insert tongue.
PAR  In the heretofore known buckles or buckle assemblies of this general type,
      the latch member and the base plate are articulatingly linked to one
      another. Consequently, foreign matter which enters the buckle can cause
      clamping of the latch member and the base plate so that the buckle becomes
      jammed in the locking position, and can no longer be opened by depressing
      the key.
PAR  It has therefore been proposed heretofore to provide an opening in the base
      plate in the vicinity of the latch member in order to prevent clamping of
      foreign matter between the latch member and the base plate.
PAR  In these heretofore known devices, the connection of the latch member with
      the base plate have been found to be very unsatisfactory, however, and
      could, in any event, be effected only by using additional members.
PAR  It is accordingly an object of the invention to provide a buckle assembly
      for motor vehicle safety belts, in accordance with the invention, wherein
      the articulation of the latch member at the base plate is effected in an
      improved, simple and more reliable manner than was heretofore possible
      with previously known devices of this general type.
PAR  With the foregoing and other objects in view, there is provided, in
      accordance with the invention, a buckle assembly for motor vehicle safety
      belts comprising a buckle member and an insert tongue secured to a belt,
      the insert tongue being insertable in a given insertion direction into the
      buckle member so as to be secured in a locking position therein, the
      buckle member including a base plate, a latch member pivotally mounted on
      the base plate transversely to the given insertion direction, a
      spring-biased key depressible so as to pivot the latch member about the
      insert tongue in the locking position, the latch member being formed with
      a latch nose which, in the locking position of the insert tongue, engages
      in a recess formed in the insert tongue, the base plate being formed with
      a recess in a substantially central region thereof that is longer and
      wider than the latch member, the recess in the base plate being partly
      defined by a forward edge formed with ears having an open gap therebetween
      and bent at an angle initially outwardly and, in a free marginal region
      thereof, in the given insertion direction of the insert tongue, the latch
      member being formed with a hammerhead-like projection having a neck
      portion extending through the gap between the ears and, by the hammerhead
      portion thereof, engaging the ears from behind at the outside of the base
      plate.
PAR  Due to this construction of the base plate member and the latch member, in
      accordance with the invention, a reliable articulating connection is
      produced between both members without requiring any auxiliary members, by
      simply inserting the latch member, the members being readily
      disconnectible again when the buckle housing is removed.
PAR  In accordance with another feature of the invention, the base plate is
      formed with lateral projections, and a cover plate is spaced from the base
      plate a distance corresponding to the thickness of the insert tongue, the
      cover plate having side edges bent at an angle toward the base plate and
      formed with cut-outs wherein the lateral projections of the base plate
      engage.
PAR  By means of this feature of the invention, it is possible to form the base
      plate per se and bend the ears at an angle so as to form the articulating
      joint for the latch member, both in the same operation.
PAR  In accordance with a further feature of the invention which affords
      improved security against clamping due to foreign matter in the buckle
      interior, the key is connected to the latch member and has an inner
      surface, and the cover plate has an outer surface, and spring means are
      included, biasing the key and holding the latch member in the locking
      position, the spring means being disposed between the outer surface of the
      cover plate and the inner surface of the key, so that the space
      therebetween opposite the opening through which the insert tongue is
      inserted is largely closed. Conventional springs for ejecting the released
      insert tongue are advantageously mounted in guiding slots which are formed
      in the base plate laterally of the recess provided therein for the latch
      member.
PAR  Other features which are considered as characteristic for the invention are
      set forth in the appended claims.
PAR  Although the invention is illustrated and described herein as embodied in a
      buckle assembly for motor vehicle safety belts, it is nevertheless not
      intended to be limited to the details shown, since various modifications
      and structural changes may be made therein without departing from the
      spirit of the invention and within the scope and range of equivalents of
      the claims.
DRWD
PAR  The construction and method of operation of the invention, however,
      together with additional objects and advantages thereof will be best
      understood from the following description of specific embodiments when
      read in connection with the accompanying drawings in which:
PAR  FIG. 1 is a longitudinal sectional view of a buckle and slider or insert
      tongue for motor vehicle safety belts constructed in accordance with the
      invention; and
PAR  FIG. 2 is an exploded view, in perspective, of the buckle and slide of FIG.
      1.
DETD
PAR  Referring now to the drawing, there is shown therein a buckle which is made
      up of a housing 1 surrounding a base plate 2 and a cover plate 3 and
      formed with a recess 4 in the vicinity of which, a depressible key 5 is
      disposed. The base plate 2 and the cover plate are connected one to the
      other by a rivet 6 which serves simultaneously as holding device for a
      connecting member 7. The base plate 2 is formed with a recess 8 which is
      longer and wider than a latch member 9 that is articulatingly linked to
      the base plate 2 and has a latch nose 10 that engages in a recess 11
      formed in a slider or insert tongue 12 when the latter is inserted in
      locking position in the buckle. According to the exploded view of FIG. 2,
      the side edges 14 of the cover plate 3 are bent at an angle toward the
      base plate 2 and are formed with slots or cutouts 15 in which lateral
      projections 16 of the base plate 2 engage so that the base plate 2 and the
      cover plate 3 are spaced apart a distance corresponding to the thickness
      of the slider or insert tongue 12. By inserting the rivet 6 (FIG. 1) into
      the bores 17 and 18 of the cover plate 3 and the base plate 2,
      respectively, a form-locking connection of both the latter members is
      formed.
PAR  At the forward edge 19 of the recess 8 formed in the base plate 2, there
      are ears 20 which have an open gap 21 therebetween and are bent at an
      angle initially outwardly and in the free marginal region thereof in
      insertion direction of the slider or insert tongue 12. The latch member 9
      is formed at the forward marginal region thereof with a hammerhead-like
      projection 22 having a neck poriton 23 extending through the gap 21 and
      engaging the ears 20 on the outside from behind by means of the head
      portion 24 thereof. The latch member 9 can be inserted into the recess 8
      in perpendicular position to the base plate 2 and, by swinging toward the
      recess 8, articulatingly secured. After the cover plate 3 has been set on
      the base plate 2, the latch member 9 can no longer be removed from the
      bearing or support thereof. The key 5 is stuck onto angle projections 26
      of the latch member 9 that extend through a recess 25 formed in the cover
      plate 3. All of the members forming the buckle of the invention are
      connected one to another without any other member except for the rivet 6.
      The housing 1 is of unitary construction and is formed of inherently rigid
      flexible material so that it can be slid in self-holding manner onto the
      mutually united buckle parts.
CLMS
STM  I claim:
NUM  1.
PAR  1. Buckle assembly for motor vehicle safety belts comprising a buckle
      member and an insert tongue secured to a belt, said insert tongue being
      insertable in a given insertion direction into said buckle member so as to
      be secured in a locking position therein, said buckle member including a
      base plate, a latch member pivotally mounted on said base plate
      transversely to said given insertion direction, a spring-biased key
      depressible so as to pivot said latch member about said insert tongue in
      said locking position, said latch member being formed with a latch nose
      which, in said locking position of said insert tongue, engages in a recess
      formed in said insert tongue, said base plate being formed with a recess
      in a substantially central region thereof that is longer and wider than
      said latch member, said recess in said base plate being partly defined by
      a forward edge formed with ears having an open gap therebetween and bent
      at an angle initially outwardly and, in a free marginal region thereof, in
      said given insertion direction of said insert tongue, said latch member
      being formed with a hammerhead-like projection having a neck portion
      extending through said gap between said ears and, with said hammerhead
      portion thereof, engaging said ears from behind at the outside of said
      base plate.
NUM  2.
PAR  2. Buckle assembly according to claim 1 wherein said base plate is formed
      with lateral projections, and including a cover plate spaced from said
      base plate a distance corresponding to the thickness of said insert
      tongue, said cover plate having side edges bent at an angle toward said
      base plate and formed with cut-outs wherein said lateral projections of
      said base plate engage.
NUM  3.
PAR  3. Buckle assembly according to claim 2 wherein said key is connected to
      said latch member and has an inner surface, and said cover plate has an
      outer surface, and including spring means biasing said key and holding
      said latch member in said locking position, said spring means being
      disposed between said outer surface of said cover plate and said inner
      surface of said key.
PATN
WKU  039329186
SRC  5
APN  4975898
APT  1
ART  351
APD  19740815
TTL  Releasably attachable clip
ISD  19760120
NCL  2
ECL  1
EXP  Griffin; Donald A.
NDR  1
NFG  2
INVT
NAM  Paskert; Joseph H.
CTY  Lakewood
STA  OH
ASSG
NAM  Eaton Corporation
STA  OH
COD  02
RLAP
COD  74
APN  365943
APD  19730601
PSC  04
CLAS
OCL   24260
XCL   24243GC
EDF  2
ICL  A44B 2100
FSC   24
FSS  230 AL;251;260;230 CF;230 F;243 SP;243 GC;137 R;230 R
UREF
PNO  292402
ISD  18840100
NAM  Barry
OCL   24251
UREF
PNO  1338050
ISD  19200400
NAM  Tucker
UCL   24251
UREF
PNO  1515860
ISD  19241100
NAM  Howard
UCL   24260
UREF
PNO  2508785
ISD  19500500
NAM  Gorny
OCL   24137R
UREF
PNO  2845672
ISD  19580800
NAM  Molene
XCL   24230CF
UREF
PNO  3137027
ISD  19640600
NAM  Birkle
UCL   24260
UREF
PNO  3462803
ISD  19690800
NAM  Horton
XCL   24243GC
UREF
PNO  3847398
ISD  19741100
NAM  Kidd
OCL   24230R
FREF
PNO  801,456
ISD  19360500
CNT  FR
OCL   24230AL
LREP
FRM  Teagno & Toddy
ABST
PAL  A releasably attachable clip for selective attachment to an article. The
      clip, which may carry an alarm actuating member or the like, is easily
      attached to the article and is designed to be released therefrom only upon
      insertion of a specially configured multi-pronged tool into specially
      configured mating passageways provided in the body of the clip. The
      specially configured tool includes a multiplicity of prongs each of which
      must simultaneously mechanically engage one of the multiplicity of release
      means within the clip at the ends of the specially configured passages to
      achieve non-destructive disengagement of the clip from the article.
PARN
PAR  This is a division of application Ser. No. 365,943, filed June 1, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to releasably attachable clips and more particularly
      relates to releasably attachable clips which may carry alarm or monitor
      activating members or the like.
PAR  2. Description of the Prior Art
PAR  The use of alarms and alarm-activating members attached to articles to
      signal the unauthorized removal of said articles beyond a monitored point
      is known in the art. Several of these anti-pilferage or anti-shoplifting
      systems are described in some detail in U.S. Pat. Nos. 3,665,448;
      3,631,442; 3,577,136 and others. In general, the systems comprise an
      activating device such as a magnet, a miniature circuit, a radio
      transmitter, or the like which may be releasably attached to an article
      and a monitoring device which will sound an alarm and/or take a photograph
      if the activating device is sensed at the monitoring point. The monitoring
      point is usually located at or beyond the exit of a store, or other
      designated area. In theory, the activating devices should be easily
      attached to the articles, easily removed by authorized personnel having
      the proper equipment and very difficult to remove without the proper
      equipment, especially for the amateur shoplifter who is responsible for
      the major portion of shoplifting losses. The activating devices should
      also be reusable and nondestructive to the articles to which they are
      attached. The specially provided tool should be difficult to simulate with
      commonly available articles such as pocketknives, screwdrivers or the like
      and the tool should be able to assume various configurations to allow for
      independent systems to be provided while utilizing several basic
      components of the releasably attaching clip. The tool should also be large
      enough to attract attention in the event of unauthorized use and should be
      permanently mountable at an authorized use point, such as a cash register
      or the like.
PAR  Several devices have been utilized in the prior art to attach such
      activating devices to articles to be protected. Heat-releasable devices of
      both the melted member type and the bi-metallic lever type have been
      utilized. These heat-releasable devices have not been totally satisfactory
      as they have not always been reusable, they are relatively expensive to
      manufacture, they are somewhat difficult and time consuming to remove and
      they require a heat-generating tool which may injure the article, the
      activating member and/or the user.
PAR  Devices utilizing special keys have also been used. These devices have
      proven relatively expensive, the keys have proven relatively easy to be
      misplaced, and the devices have been subject to shoplifters who are
      somewhat more accustomed to violating key devices. These key-operated
      devices have also proved relatively expensive for use in independent
      systems having different keys as the key-release means have been
      relatively expensive to produce.
PAR  Devices utilizing sensors such as described in U.S. Pat. No. 3,665,448,
      which signal when the actuating device is removed have also been used.
      These devices are not totally satisfactory as they require complicated
      monitoring apparatus, the system must be completely or partially
      de-activated during authorized removal after payment and removal within
      the confines of the store will activate the alarm while not necessarily
      signaling an illegal event which may tend to cause confusion, legal
      liability and/or non-use of the system.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention the drawbacks of the prior art
      have been overcome to the extent that an inexpensively produced, reusable,
      releasably attachable clip has been provided. The above is accomplished by
      utilizing a plurality of release members within the clip which will allow
      for release of the attached article only upon simultaneous mechanical
      contact of all release members. Each release member is located at the end
      of a specially configured passageway within the body of the clip and may
      easily be mechanically contacted only by use of the specially configured
      multi-prong tool. To provide for independent systems while utilizing the
      basic body of the clip and tool, the general configuration of the prongs
      and matching passageways may be varied, i.e., the number, shape, spacings
      and/or length of the passageways and mating prongs may be varied from
      system to system. In a clip having four or five pieces, if all passages
      are located within one or two of the pieces, all of the remaining pieces
      may be commonly used for all the independent systems. The provision of
      variously configured passages will tend to prohibit the production of a
      master tool or the use of common household tools.
PAR  Structurally the clip may have several embodiments to be described below,
      but generally the clip will include a body for holding the alarm
      activating device or similar object and a releasable article gripping
      portion which will release only upon simultaneous mechanical contact of
      all the release members which are located within the body at the ends of
      the various passages.
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved releasably attachable clip.
PAR  A further object of the present invention is to provide a new and improved
      releasably attachable clip carrying an alarm activating member or the like
      which is reusable and is designed for non-destructive release from the
      attached article only upon insertion of a specially shaped, difficult to
      simulate, multi-pronged tool.
PAR  A further object is to provide a new and improved reusable, releasably
      attached clip which will release only upon mechanical contact to all of at
      least two release members which are located within the body of the clip at
      the ends of passages therein, the passages being of variable shapes,
      spacings, location and number to hinder opening other than by insertion of
      a specialized tool.
PAR  These and other objects and advantages of the present invention may be more
      fully appreciated by a reading of the following description of the
      preferred embodiment taken in connection with the attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view in elevation of the clip of the present invention
      showing a releasably attachable clip releasably attached to an article to
      be protected and the specially configured release tool used therewith.
PAR  FIG. 2 is a front view of several of the components of the clip shown in
      FIG. 1.
PAR  One embodiment of the releasably attachable clip of the present invention
      may be seen by reference to FIGS. 1 and 2. In FIG. 1, the releasably
      attachable clip 210 of the alternate embodiment is shown as releasably
      attached to an article A, in this case a non-destructably pierceable item
      such as a cloth garment. Although a pin structure is illustrated for
      attachment of the clip to a pierceable item it is understood that other
      types of attachment devices such as frictional contact come within the
      scope of this invention.
PAR  The clip 210 comprises a body portion 220 formed of two complementary
      sections 220a and 220b and an openable and closeable normally V-shaped
      attachment portion 240. The attachment portion 240 includes two jaw-like
      sections 242 and 244, one of which mounts a projecting pin member 260 and
      the other of which includes a cavity 246 for receiving the exposed end of
      the pin member. The jaw-like sections 242 and 244, are joined by a
      loop-like hinge 248 which is retained in the body 220 by means of a post
      222. The loop-like hinge 248 is of a resilient material and is normally in
      a spread-apart condition as is shown in FIG. 2. The hinge 248 has a
      multiplicity of releasable locking members 250 which, as is shown by
      phantom lines in FIG. 1, will engage stops 224 in body 220 to releasably
      lock the jaws in the attaching position as is shown in FIG. 1. The body,
      which is comprised of two complementary sections 220a and 220b, defines a
      multiplicity of passageways 226 which lead from the outside of the body to
      the releasable spring locking members 250 when the attachment portion is
      in the releasably attached position. Of course, the number, shape,
      orientation and length of the passageways and the corresponding releasable
      locking members may be varied to provide a series of independent systems
      utilizing devices similar to releasably attached clip 210.
PAR  FIG. 2 shows the clip with one of the two complementary body sections 220a
      and 220b removed and the clip in released position.
PAR  In FIG. 1 a cut-away portion of the disassembly tool 270 is shown as it
      would be inserted into passages 226 to simultaneously, mechanically
      contact releasable locking members 250 to release said locking members
      from the stops 224 allowing the releasably attached clip 210 to release
      article A. In the embodiment of FIG. 1, the body of 220 has an alarm
      activating device receiving cavity 230 therein which may receive any type
      of device 280. The device 80 shown in FIG. 2 is a radio transmitter
      designed to activate an alarm including a radio receiver.
PAR  Although this invention has been described in its preferred form with a
      certain degree of particularity, it is understood that the present
      disclosure of the preferred forms has been made only by way of example and
      that numerous changes in the details of construction and combination and
      arrangement of the parts may be resorted to without departing from the
      spirit and the scope of the invention and hereinafter claimed.
CLMS
STM  I now claim:
NUM  1.
PAR  1. A clip for releasable attachment to an article to be monitored, said
      clip comprising:
PA1  a body for encapsulating receipt of a monitor activating device; and
PA1  a normally V-shaped attachment member mounted in said body, said attachment
      member having a first position in which the free ends of the legs of said
      V-shaped member are separated for release of said article and a second
      position wherein the free ends of the legs of the V-shaped member are
      urged towards one another for releasable attachment to said article, said
      V-shaped attachment member including a pin extending from the free end of
      one of the legs and a pin receiving cavity in the free end of the other
      leg, said pin receiving cavity receiving said pin when said V-shaped
      member is in said second position;
PA1  said body defining a cavity opening to the exterior of said body in which
      said V-shaped attachment member is mounted, said V-shaped attachment
      member in said first position retained in said body by means of a shaft
      engaging the base of said V-shaped member, the walls of said cavity
      defining generally inwardly tapering surfaces which will cammingly engage
      the normally resiliently separated legs of the V-shaped attachment member
      to urge said legs together as said V-shaped attachment member is urged
      into said cavity to assume its said second position, said V-shaped
      attachment member and said body defining a plurality of mating resilient
      locking members and resilient locking member catches which will releasably
      engage when said V-shaped attachment member is in said second position to
      lock said V-shaped attachment member in said second position, said
      V-shaped attachment member releasable from said second position only upon
      simultaneous mechanical contact on all of said locking members, said
      locking members located interiorly of said body and accessible from the
      exterior of said clip only via a series of passageways, one for each
      locking member, formed in the body of said clip, at least two of said
      passageways opening to opposite exterior surfaces of said body.
NUM  2.
PAR  2. The clip of claim 1 wherein said resilient locking member catches and
      said resilient locking members comprise a pair of shoulders defined by the
      side walls of said cavity and a pair of projections extending from the
      legs of said V-shaped member respectively.
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ABST
PAL  A biaxial stretching machine has a return line for each row of grippers,
      the return line including a storage region defined by a section of storage
      track and a screw for feeding grippers to the storage track. The screw is
      of diminishing pitch and is axially compressible to vary the effective
      capacity of the storage region. In one form the return screw can be
      compressed by a spindle-nut-arrangement.
PARN
PAR  This application is a continuation-in-part of U.S. application Ser. No.
      200,499, filed Nov. 19, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a simultaneous biaxial stretching machine,
      comprising a gripping means return line system on each side thereof with a
      guide rail for the gripping means, a return screw with regressive lead and
      a gripper input means to feed the gripping means to the regular working
      line of the machine.
PAR  The application for which the present invention is intended is the
      simultaneous longitudinal and transversal stretching of thermoplastic
      sheets or films.
PAR  A simultaneous biaxial stretching machine of the type under consideration
      has been disclosed in the East German Democratic Republic Pat. No. 23,367
      and in the Austrian Pat. No. 243,498, respectively. With each of these
      machines the gripping means are positively transported by transporting
      screws, chains feeding wheels etc., for it has been found that such
      positive transportation and handling of gripping means is an absolute
      necessity for obtaining perfect operational results. Within range of the
      stretching line, the gripping means are progressively accelerated with the
      aid of a transport screw with progressive lead corresponding to the
      longitudinal stretch ratio concerned, while in the return line the said
      gripping means are progressively decelerated with the aid of a return
      screw with regressive lead, for it is not permissible that the gripping
      means run freely such as on an inclined path because the heavy gripping
      means might be damaged. The mass of a gripping means is in the range from
      a few 100 grams up to a few kilograms.
PAR  Since it is necessary within such a machine to transport said gripping
      means in different directions and at varying speeds (including
      accelerations and decelerations) gripper transport equipment of different
      types must be used, e.g. transport screws. transport chains and feeding
      pulleys or wheels. To ensure proper guiding of the gripping means
      throughout the entire machine, it is a factor of primary importance that
      speed and the leads of the various transporting facilities be very
      carefully tuned to each other.
PAC  SUMMARY OF THE INVENTION
PAR  A machine according to the present invention has normally a length of some
      10 meters. A preliminary treating section for heating the sheet normally
      precedes a stretching section which is followed by an after treatment or
      cooling section which is required for setting the sheet as stretched.
      Accordingly, there are major temperature differentials involved which will
      influence the transporting facilities. This creates great difficulties as
      far as speed synchronized operation and movement of these transporting
      means are concerned. These difficulties cannot be overcome by the use of
      friction belts for taking the gripping means along, since, controlled and
      positive drive of the grippers cannot be achieved thereby.
PAR  It is an object of the present invention to ensure cycle tuned availability
      of the gripping means at the end of the return line to the gripper input
      feeding means in advance of the regular working sections of the machine.
PAR  This problem is solved by the invention as follows: the returning means
      comprises a returning screw extending along a portion of the gripper guide
      rail and driven by a drive and includes a core shaft, a helically threaded
      first sleeve fixed to the shaft at a gripper receiving end thereof; a
      helically threaded second sleeve of diminishing pitch axially slidable but
      non-rotatably mounted on the shaft at the other end thereof; and an
      axially compressible, resilient helical guide on the shaft between the
      sleeves for the purpose of compensating for temperature variations of the
      gripper transporting facilities and to ensure reliable seizure of the
      grippers via the gripper reversing input means. A means defining a storage
      space along a section of guide rail for interim storage of grippers
      between the return screw and the gripper input means completes the basic
      return system.
PAR  A storage space alone along the rail could not schieve this goal because
      the gripping means must be fed to the gripper input device under a certain
      bias so as to ensure that the gripping means are safely and reliably
      seized thereby. The axially compressible return screw provides this bias
      for the gripping means by successively forcing said grippers into the
      storage space. In case minor length variations should occur throughout the
      entire conveying system due to temperature variations or even due to
      readjustments of the transversal stretch ratio, then such variations would
      be compensated for by enabling the storage space to effectively elongate
      or contract by corresponding automatic compression or telescoping of the
      return screw. Axial compression of the return screw is accomplished by
      elastic deformation of the helical guide provided for the purpose, the
      forces causing such deformation being reaction forces from the bias
      against the last gripper advanced by the return screw to the storage area.
PAR  In a preferred embodiment of the present invention, adjacent to the gripper
      discharge end of the return screw there is provided a short storage space
      for accommodating only some of the gripping means which abut each other
      within the space. The gripping means are advanced within the storage space
      as each new gripper is advanced thereto so that the gripper input wheel
      can pick up a gripping means safely in each case. With each revolution the
      return screw dispenses one gripping means into the storage space. Lead and
      speed of the return screw as well the speed of the gripper input wheel are
      tuned to each other in such a way that the basic number of gripping means
      inside the storage space remains unchanged. It is, however, not necessary
      for the return screw and the gripper input wheel to be absolutely
      precisely synchronized because minor variations can readily be compensated
      for by compression of the resilient helical guide of the return screw in a
      manner described hereinbelow.
PAR  Another embodiment of the invention provides the possibility of observing
      and inspecting the gripping means while the machine is in operation.
      Gripping means used in simultaneous biaxial stretching machines of the
      type under consideration are very heavily strained and, therefore, exposed
      to a high wear and tear. It would mean considerable outage time if the
      entire machine would have to be stopped for inspection of the grippers or
      for maintenance purposes.
PAR  To solve this problem it is proposed, according to the invention, that the
      storage space between the runout or gripper discharge end of the return
      screw and the inlet to a gripper input wheel be arranged for accommodation
      of several gripping means (up to ten or more) and that a means for
      temporarily enlarging the storage space and relieving the forces urging
      the grippers into abutting relationship with each other be provided.
PAR  Obviously, in this embodiment of the invention the storage space also
      serves for compensation of synchronizing errors of the type described
      earlier herein, but additionally such storing of a large number of
      gripping means permits gripper inspection in that a sufficient number of
      gripping means is kept available in the storage space for enabling the
      gripper input means to continue to operate, while the infeed of additional
      grippers into the storage space serving the gripper input means is
      temporarily interrupted by compressing the return screw by a special
      system operating in synchronism with the gripper advancing motion. During
      such an inspection, the machine should preferably be operated at reduced
      speed.
PAR  In order to prevent continued movement of gripping means through the
      gripper input during this type operation, the screw must be positively
      compressed so that the grippers dispensed due to rotational movement of
      the transport screw are simply fed to another portion of the storage space
      which gradually enlarges due to compression of the screw. To this end the
      present invention provides for an adjusting spindle and nut having fitted
      on the spindle nut a guide fork for the sleeve at the outlet end of the
      return screw. Conventional variable speed reversible gearing which can be
      coupled with the main drive shaft at will for driving said adjusting
      spindle is adjusted so that the adjusting speed of the spindle nut is
      equal to the advance speed at the outlet end of the return screw in one
      rotational direction for compressing the helical guide and greater than
      said advance speed for expansion of said helical guide. The term "advance
      speed" as used here of the return screw is defined as the product of speed
      and lead at the outlet end of the return screw. In case of a single-thread
      return screw the lead is equal to the advance created by one revolution.
PAR  This arrangement provides, by compression of the helical guide, that the
      oncoming grippers can be deposited successively into a gradually enlarging
      first portion of the the storage space while the grippers in the second
      portion of the storage space continue to be fed to the gripper input
      means. Accordingly, the gripping means in the storage space can be readily
      inspected and exchanged for instance with the aid of a conventional
      release means incorporated in the guide rail.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described by way of exemplified embodiments with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a schematic plan view of the simultaneous biaxial stretching
      machine;
PAR  FIG. 2 is a schematic top view of one of the return screws of a
      simultaneous biaxial stretching machine;
PAR  FIG. 3 is a side elevation of the device of FIG. 1;
PAR  FIG. 4 is a view, partly in section, of a fragmentary portion of the return
      screw;
PAR  FIG. 5 is a fragmentary view of a modification of the return screw;
PAR  FIG. 6 shows a modified embodiment of the return screw section;
PAR  FIG. 7 is a section along the line VII--VII in FIG. 6;
PAR  FIG. 8 is a side view in the direction VIII in FIG. 6; and
PAR  FIG. 9 is a view taken along IX--IX of FIG. 6.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  In FIG. 1 a main frame 101 of the machine incorporating the present
      invention supports a material infeed guide roll 102 and a discharge guide
      roll 103 for receiving and guiding a thermoplastic film 104. The frame 101
      supports two closed loop gripper guide rails 7 and 107 which are arranged
      in mirror image-like to each other. The rails 7 and 107 may have any
      desired construction which is not shown in detail, but which enables them
      to slidably engage the multiple grippers 6, 106 for gripping the lateral
      edges of the film 104. The transportation means for the grippers 6, 106
      comprise gripper input wheels 20, 120 on the input side of the machine and
      having cam means for seizing and feeding the grippers, screw 105, 108 each
      having a groove with an increasing pitch, gripper return feeding means
      comprising gripper transport and return chains 1, 109 with carrier dogs 2,
      110 and returning screws 8, 111 as described in detail below. The
      transport chains 1, 109 are led over gripper reversing and return wheels
      112, 113, 4, 125.
PAR  Electrical motors 114, 115 drive main shafts 116, 117 which rotate by
      gearing means shafts 118, 119 for driving the reversing wheels and the
      screws with a prescribed velocity.
PAR  The film is heated in a pretreatment zone 121. The grippers 6, 106 engage
      the film. In a stretching zone 122 the film is simultaneously stretched in
      longitudinal and transverse directions. In an aftertreatment zone 123, and
      stretched and oriented structure of the film is fixed.
PAR  FIG. 2 and 3 show the end portion of the return line on one side of the
      simultaneous biaxial stretching machine. Within the return line, the
      gripping means are first transported by a transport chain 1 with carrier
      dogs 2 in the direction indicated by the arrow 3 and running over a
      reversing and returning wheel 4. The gripping means are only schematically
      represented by a guide bolt 5 in FIG. 2 on which the carrier dogs 2 would
      engage in each case. The grippers 6 are shown in schematic representation
      in FIG. 3: they move on the guide rail 7 which is schematically shown by
      the dash-and-dot line in FIG. 2. Within the return line there is a return
      screw 8 formed with progressively diminishing lead. Return screw 8
      includes a core shaft 9 mounted in bearing brackets 10 of the machine
      frame. The core shaft 9 is driven in rotation by a shaft 118 (see FIG. 1)
      through gears 126, 127 (FIG. 2 and 3) and carries on the inlet end thereof
      a first cylindrical sleeve 11 with helical cam groove 12 of pitch
      corresponding to the spacing of the carrier dogs 2 of transport chain 1
      for advancing the grippers. The sleeve 11 is firmly clamped in place on
      the core shaft 9. The sleeve 11 is followed by a cylinder core 13 which is
      likewise firmly clamped in position and which serves as guide for a
      resilient helical guide 14 shaped like a coil spring. The lead of said
      helical guide 14 in relaxed state is a little greater than the pitch of
      the screw groove 12. In the working or normal position represented in
      FIGS. 1 and 3, the helical guide 14 is compressed so that its lead is now
      identical with the pitch of the screw groove 12. In the end portion of
      said screw 12 there is an edge cutout 15 provided for the end portion of
      the helical guide 14 to be received and secured therein. Hence, one
      helical face of the helical guide 14 directly adjoins one lateral face of
      the screw groove 12 as FIG. 2 clearly shows. The core shaft 9 finally
      carries another sleeve 16 which is axially shiftable on said core shaft 9,
      but not rotatable thereon, and which has a helical cam groove 17 with
      diminishing pitch machined therein. The pitch of said screw groove 17
      diminishes in conformity with the longitudinal stretching ratio applicable
      in each case. The helical guide 14 is inserted and secured in a cutout
      edge 18 of said screw groove 17, in the way as explained for the sleeve
      11. The terminal end of the sleeve 16 is followed by a storage space 19 in
      which the gripping means move only on the guide rail 7 and abut each
      other, each gripper driving the next adjacent gripper along as new
      grippers are advanced into the storage space. At the outlet end of the
      storage space one gripping means each is seized by every subspace of a
      gripper input and reversing wheel 20 which feeds the gripping means to the
      working section of the machine as described in FIG. 1.
PAR  The gripping means 6 are successively in shape conforming alignment inside
      the storage space such as shown in FIG. 3. This spacing, determined by the
      size of the grippers, is the very initial spacing at which the gripping
      means will seize the marginal edges of a plastic film to be stretched in
      the working section of the machine. Consistent with the desired
      longitudinal stretch ratio, the gripping means are then moved apart in the
      direction of web advancement with the aid of the progressive lead screws
      105, 108 within said working stretch so that the spacing of the grippers
      is substantially greater at the discharge end of the stretching section
      and conforms to the spacing of the carrier dogs 2 of the gripper return
      feeding means. The longitudinal stretch ratio is normally selectable in
      the range between 2 and 9. The transport speed of the grippers at the
      terminal end of the stretching zone must be higher in conformity with the
      longitudinal stretch ratio applied so that the gripping means normally are
      returned by The transport chain 1 at high speed. From the transport and
      return chain 1, (considering one side of the machine only at this point,
      the other side being similar); the grippers are taken over by the screw
      groove 12. In this transfer position, it is necessary for the screw groove
      12 to move in synchronism with the carrier dogs 2 of said transport chain
      1. This synchronism can be established comparatively easily as the
      returning wheel 4 and the core shaft 9 are driven from the same shaft 118.
      The gripping means are initially conveyed at said high transport speed
      within range of the return screw i.e. within the screw groove 12 and
      within range of the helical guide 14. The screw groove 17 then effects a
      controlled deceleration of the grippers in conformity with but opposite in
      sense to the longitudinal stretch ratio. The pitch of said screw groove 17
      at the runout end is equal to the length of the grippers in the direction
      of their motion so that the gripping means 6 are directly abutting one
      another at the outlet end of the screw groove 17, i.e. within the storage
      space 19. The gripping means inside the storage space 19 are advanced by
      the continued input of grippers into the space 19 by the return screw,
      particularly groove 17 of sleeve 16, and are picked up by the subspaces of
      the input wheels 20, as shown in FIG. 2.
PAR  The overall length of a simultaneous biaxial stretching machine can be
      about 30 meters and the length of the return screw up to 10 meters and
      over. Since there are varying temperature conditions prevailing throughout
      the entire machine, the transporting means may readily undergo substantial
      length variations. The transport chain 1 in particular is susceptible to
      such length variations which influence the recirculation of the gripping
      means. The resilient helical guide 14 permits the return screw 8 to expand
      or contract to the extent required in every particular case so that the
      storage space 19 is completely filled with gripping means at all times.
      Compressing of the helical guide 14 from its normal working position
      results in reduced conveying speed in the direction of gripper motion and
      expanding the guide means from its normal washing position results in an
      increase of this speed. Since said helical guide 14 is biased (relatively
      compressed) in normal working state due to the grippers in the storage
      space 19, it will be possible both to increase and to decrease the speed
      at which the grippers are transported automatically in response to
      temperature variations.
PAR  Over the length of the sleeves 11 and 16 of each return screw 8, the guide
      bolts 5 move in screw grooves 12 or 17, while over the length of the
      helical guide 14 said guide bolts 5 would be advanced by one of the
      helical faces only of said helical guide 14. This one-sided guiding action
      is adequate within the range of said helical guide 14.
PAR  FIGS. 4 and 5 represent other embodiments of the sleeve 16. A cylindrical
      shell 21 (FIG. 4) is clamped, shrunk in place, or otherwise secured on the
      core shaft 9. The cylindrical shell 21 carries the sleeve 16 with a
      sliding fit, and is provided with one or more longitudinal keyways 22 to
      receive a key 23 on the sleeve 16 therein. This provides a longitudinal
      key guide assembly for the sleeve 16. At each of the face ends of the
      sleeve 16, there is a sliding bush 24 fitted for easier sliding movement
      of the sleeve 16 axially on the cylindrical shell 21.
PAR  In a modified embodiment according to FIG. 5, the core shaft can be made up
      from a plurality of guide rods 25 which are retained in endplates 26. FIG.
      5 shows only one such endplate 26. The sleeve 16 is axially shiftable on
      said guide rods 25. Sliding bushes 27 are likewise provided for reducing
      friction.
PAR  FIG. 6 represents another modification of the present invention which in
      addition to the storage of grippers as described, also permits an
      inspection and exchange of grippers in need of repair or maintenance. The
      representation in FIG. 6 corresponds to the representation of FIG. 2. The
      arrangement of the return screw 8 is unchanged, but the storage space 19'
      is of substantially greater length in axial extension and arranged for
      accommodation of ten or even more gripping means 6 which are likewise
      shown in schematic representation in FIG. 6. Reversible, variable speed
      gearing 28a can be coupled via coupling 28 (which may be a clutch) with
      the shaft 118a at will. An adjusting threaded spindle 30 extending
      parallel to the axis of the core shaft 9 in bearings of the main frame is
      connected to the gearing 28a through a drive shaft 29. This adjusting
      spindle 30 carries a spindle nut 31 which carries a guide fork 32
      contacting the bottom face plane of the sleeve 16 and including a cutout
      for the path of the guide bolts 5 (FIG. 9). By corresponding rotation of
      the adjusting spindle 30, the helical guide 14 can thus be positively and
      controllably compressed or expanded upwardly or downwardly while grippers
      are fed to the storage area betwen fork 32 and a stop member 33. Within
      the storage space 19', a rod 41 is fixed on the main frame as illustrated
      in FIG. 6. Rod 41 has slidably mounted thereon a carriage 42 on which a
      stop means 33 is pivotally mounted (FIG. 7). A hydraulic cylinder 43 is
      provided for the actuation of said stop means 33, so that the same can be
      swung about axis 33a into the path of advancing grippers and prevents the
      further travel or indexing of the grippers 6 past member 33 when swung
      into working position (FIG. 7) thereby effectively separating the storage
      area 19' between first and second sections on either side of the stop
      member 33. The carriage 42 in turn is moved axially along rod 41 by a belt
      44 (FIG. 8) running over pulleys 45 driven by a reversible motor 46. Motor
      46 preferably is electrically operated, and may be controlled through the
      use of suitable limit switches that sense the end positions of carriage 42
      on shaft 41. When the carriage 42 reaches its end position closest to the
      gripper input wheels (the lower limit as viewed in FIG. 6) the actuator 43
      will be activated at the same time motor 46 is reversed to lift the stop
      33 out of its position within the storage area. Reverse motion of carriage
      42 will then continue until the carriage reaches its starting position as
      illustrated in FIG. 6.
PAR  When the grippers 6 are to be retained in the storage space 19' above stop
      member 33 as illustrated in FIG. 6 for inspection or repair, that is, when
      it is desired that they not be fed to input wheel 20 (FIG. 2) temporarily,
      stop means 33 is pivoted by actuator 43 to active position shown in FIG. 7
      to intercept the guide bolts 5 of grippers 6 and gearing 28a is drivingly
      connected to shaft 118a to shaft 9 through coupling 28 by suitable control
      means 28b, which may be a manual gear selector or an automatic control
      means for gearing 28a, as will be described below, which is adjusted to
      ensure that spindle 30 is rotated in the proper direction and at the
      proper speed by gearing 28a, continuously or stepwise, as the specific
      needs of a particular machine may dictate. Thus, the spindle 30 is driven
      at such speed that the nut 31 and fork 32 are driven upwardly at a speed
      equal to the downward feed rate of grippers 6 by the sleeve 16 of return
      screw means 8 whereby the sleeve 16 and guide 14 are driven upwardly while
      grippers 6 are fed downwardly between members 32 and 33. In practice,
      guide 14 is compressed the length of one gripper at each full revolution
      of shaft 9. Since the guide is being continuously compressed by member 32,
      member 33 and the grippers between members 32 and 33 are substantially
      being relieved also of spring pressure exerted by guide 14 acting through
      the line of grippers in the storage area between members 32 and 33.
      Meanwhile, gripper input wheel means 20 continues to feed grippers to the
      input side of the machine from the side of stop member 33 facing the wheel
      20, and to ensure this continued operation, carriage 42 is driven by belt
      44 by motor 46 upon energization of actuator 43 on the carriage. Thus,
      when stop means 33 is moved to its blocking position, motor 46 begins
      moving member 33 in the direction of arrow 33' (FIG. 8) to ensure
      continued feeding of grippers to the input means 20 in indexing fashion.
      The grippers in the storage area may thus be inspected and replaced
      conveniently, if desired, since there are no spring forces acting on them,
      or other positive driving forces moving them in their normal feed
      direction. Removal of the grippers from the rail is thus facilitated in a
      conventional manner.
PAR  When it is desired to resume normal machine operation, the gripping means
      accumulated against the stop means 33 are advanced at increased speed
      after withdrawal of said stop means 33 from its working position. To this
      end the gearing 28a is reversed so that the adjusting spindle 30 will be
      turned in opposed sense in such a way that the spindle nut 31 returns to
      its starting position. The adjusting speed may be great at first during
      advance of the spindle nut 31, particularly higher than the gripper
      advance speed at the outlet end of the return screw, and can be reduced by
      the control 28b towards the end of the movement, in order to make the
      follow-up grippers adjoin and line up with the grippers ahead of the stop
      means 33 substantially without shock and impact.
PAR  The driving connection to spindle 30 is from shaft 118a, through the
      coupling 28, which may be a clutch unit, through the gear box 28a through
      shaft 29. The spindle nut 32 may be actuated from its lower position as
      illustrated in FIG. 6 to its upper limit as shown in phantom lines by the
      rotary movement of the spindle 30 in the proper direction. For simplicity,
      a single speed, reversible gear mechanism is shown at 28a, but it will be
      apparent that a different speed in reverse as opposed to forward drive is
      obtainable simply by varying the relative sizes of the forward and reverse
      gear elements. In this instance, for example, pinion gears 130, 131 could
      be made in different sizes to alter the gear ratio between forward and
      reverse rotation of drive shaft 29. Likewise, gear box 28a could include
      one or more reverse drive ratios that are selectable under the control of
      unit 28a in a manner well known per se in gearing technology. Limit
      switches S.sub.1, S.sub.2 connected to control unit 28b through leads
      L.sub.1, L.sub.2 are utilized to detect the end positions of spindle fork
      32 on spindle 30, while position sensing switches S.sub.3, S.sub.4
      connected to control unit 28b through lead L.sub.3 and having fork
      position sensors 132, 133 that can be tripped by the passing fork element
      32 as it traverses the rotating spindle 30 can be utilized when it is
      desired to vary the speed the rotation of drive shaft 29 with respect to
      the speed of shaft 118a while the fork 32 is progressively moving along
      the spindle 30.
PAR  In the simplest embodiment, spindle fork 32 is driven away from the gripper
      input wheel (upwardly as viewed in FIG. 6) at a single speed until its
      upper limit position is reached and is driven towards the gripper input
      wheel (downwardly as viewed in FIG. 6) at the same or a different speed
      until its lower limit position is reached. However, as indicated above, it
      is advantageous to begin the advance travel of fork 32 quickly and then
      gradually slow its movement as the lower limit position is reached. This
      can readily be achieved by sensing the position of fork 32 as it moves
      downwardly along the spindle 30 and changing the drive gear ratios in
      gearing 28a by means of control unit 28b through the use of the position
      sensing switches S.sub.3, S.sub.4. The switches S.sub.3, S.sub.4 are of
      any conventional design, as are the switches S.sub.1, S.sub.2, and the
      control unit 28b could also be hydraulically or pneumatically controlled,
      if desired. Gearing 28a could be continuously and infinitely variable,
      such as a variable diameter pulley arrangement utilizing drive belts, or
      any other conventional drive gear unit that will achieve the desired
      transmittal of speed ratios between shafts 118a and 29.
PAR  The activation of actuator 43 (FIG. 7) to initiate operation of motor 46
      for moving carriage 42 and the stop means 33 along shaft 41 is coordinated
      with actuation of spindle 32 in any desired fashion, preferably through a
      suitable electrical control unit (not illustrated).
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved gripper return means for a machine for treating and
      simultaneously biaxially stretching thermoplastic web material under
      varying thermal conditions, said machine including: guide rails extending
      along closed loop paths on each side of the machine, multiple web grippers
      slidably secured to the guide rails for engaging opposite side portions of
      web material to be treated in the machine, transport means for the
      grippers on each side of the machine, the transport means each comprising,
      in sequence about the guide rail paths, gripper infeeding means for
      infeeding grippers on the guide rails to the working stretch of the
      machine at a first velocity, a gripper advancing drive means for
      progressively increasing the speed of the grippers along the guide rails
      to a second velocity and thereby extending the spacing between the
      grippers along the guide rails, a gripper return feeding means for
      advancing grippers received from said gripper advancing drive means in a
      reverse direction at said second velocity, and a gripper return means for
      receiving grippers from said gripper return feeding means at said second
      velocity and advancing the grippers to a gripper storage area along said
      guide rails at a progressively decreasing velocity, whereby the grippers
      may be supplied to the gripper infeeding means at said first velocity;
      said improved gripper return means each comprising a variable length screw
      comprising an elongated shaft extending along a portion of said guide rail
      and being driven synchronously with said gripper return feeding means;
      said shaft having a sleeve having a helical gripper advancing cam on its
      periphery, said sleeve being slidably mounted adjacent one end of said
      shaft but fixed for rotation therewith adjacent a gripper storage area,
      the gripper storage area being defined as an area between said sleeve and
      said gripper infeeding means along a portion of said guide rail, said
      helical gripper cam having a progressively decreasing lead for
      progressively slowing the advancing speed of each gripper element advanced
      along said sleeve before said grippers are advanced to said storage area;
      said shaft furthermore having a resilient helical guide means in the form
      of a coil spring concentrically mounted thereon on the side of said sleeve
      towards said gripper return feeding means; means for securing one end of
      said helical guide means to said sleeve, and means for fixedly securing
      the opposite other end of said helical guide means with respect to said
      shaft adjacent said gripper return feeding means, said sleeve being
      thereby resiliently retained in an axial sense along said shaft by said
      resilient helical guide means while being fixedly secured with respect to
      said shaft in a rotational sense; a driving protrusion on each of said
      grippers for enabling the advancement thereof by said transport means;
      said resilient helical guide having a helical cam surface of uniform pitch
      for engaging said gripper protrusion and advancing each gripper from said
      gripper return feeding means to said sleeve when said shaft is rotated;
      said sleeve and said resilient helical guide being joined together so as
      to permit advancement of said protrusion of each gripper continuously
      along said shaft without interruption when said shaft is rotating; said
      sleeve slowing down the velocity of each gripper advanced thereby to said
      storage space and being resiliently urged against the last-advanced
      gripper in said storage space in an axial direction along said shaft by
      said resilient helical guide means when a predetermined number of grippers
      are in said storage area in abutting relationship along said guide rail to
      thereby ensure reliable seizure of grippers in said storage area by said
      gripper infeeding means and to compensate for thermally induced variations
      of said gripper transport means along the length of each of said guide
      rails.
NUM  2.
PAR  2. The improved gripper return means as recited in claim 1, further wherein
      said means for fixedly securing the opposite other end of said resilient
      helical guide means with respect to said shaft comprises a second sleeve
      element rigidly secured to said shaft, said second sleeve element having a
      helical cam peripheral portion for receiving and engaging the projection
      of each gripper advanced by said gripper return feeding means and for
      advancing each gripper to said resilient helical guide means, joint
      connection means between one end of said second sleeve and the said
      opposite end of said resilient helical guide means, said joint connection
      permitting smooth, continuous advancement of each gripper projection along
      said second sleeve and along said resilient helical guide means across
      said joint connection means.
NUM  3.
PAR  3. The improved gripper return means as recited in claim 1, further
      including movable means for selectively engaging and positively displacing
      said sleeve along said shaft in a direction away from said gripper
      infeeding means against the bias of said resilient helical guide means at
      a predetermined rate of speed corresponding to the rate of advancement of
      said grippers at the gripper discharge end of the gripper return means,
      whereby said storage area is enlarged along said guide rail and whereby
      the bias of said resilient helical guide means exerted against abutting
      grippers in said storage area through said sleeve is removed while
      grippers are advanced toward said storage area.
NUM  4.
PAR  4. The improved gripper return means as recited in claim 3, further
      including a selectively adjustable gripper stop means movable into and out
      of said gripper storage area between protrusions of adjacent, abutting
      grippers in said storage area, said stop means, when moved into said
      gripper storage area, dividing said area into two areas, including a first
      storage area extending between said stop means and said sleeve, and a
      second storage area extending between said stop means and said gripper
      infeeding means: means for moving said stop means toward said gripper
      infeeding means along said guide rail at a predetermined speed
      corresponding to the velocity at which said gripper infeeding means
      advances said grippers to the working stretch of the machine, and being
      operable when said means for positively displacing said sleeve is
      operating, whereby, when the bias of said resilient helical guide means is
      removed from the grippers in the storage area, grippers in said second
      storage area may be continually and positively supplied to said gripper
      infeeding means by said stop means.
NUM  5.
PAR  5. The improved gripper return means recited in claim 4, further including
      means for selectively driving said movable means for positively displacing
      said sleeve in either of two opposite directions along said shaft and at
      different velocities in either direction.
NUM  6.
PAR  6. The improved gripper return means recited in claim 5, further wherein
      said means for selectively driving said movable means for positively
      displacing said sleeve along said shaft includes a threaded spindle
      drivingly connected to a fork element engaging the end of said sleeve
      closest to said storage area, and means for selectively rotating said
      spindle in either direction at different speeds in each direction.
NUM  7.
PAR  7. The improved gripper return means recited in claim 6, further wherein
      said means for moving said gripper stop means along said guide rail is
      reversible for moving said stop means in either direction along said rail,
      and furthermore including control means for the gripper stop moving means
      for enabling the stop means to be moved along said rail within said
      storage area towards said gripper infeeding means up to a limit position
      when the stop means is moved into the storage area, and to be moved in a
      reverse direction along said rail within the storage area up to a limit
      position when the stop means is moved out of the storage area.
NUM  8.
PAR  8. In a machine for simultaneously biaxially stretching a web of
      thermoplastic sheet material under thermally varying conditions in a
      continuous process, said machine including: a web preliminary treatment
      zone, a web biaxial stretching zone, and a web after-treatment zone; web
      grippers movable along opposite sides of said machine and arranged to
      engage opposite edges of web material advanced through said zones;
      continuous gripper guide rails on each side of the machine for slidably
      engaging and guiding said grippers along predetermined closed-loop paths
      on both sides of said machine; means on opposite sides of said machine for
      engaging and moving said grippers along said guide rails, including
      gripper advancing drive means in said web stretching zone, a gripper
      return means following said web after-treatment zone, a gripper input
      means in advance of said web preliminary treatment zone, and a gripper
      return feeding means in advance of said gripper return means; means for
      actuating said gripper advancing drive means, gripper return means,
      gripper return feeding means, and gripper input means; said gripper
      advancing drive means being arranged to cause a progressively increasing
      rate of advancement of each of said grippers through said web stretching
      zone on opposite sides of the machine to cause stretching of said web
      engaged by the grippers along the direction of web and gripper advancement
      in said stretching zone; said gripper guide rails on opposite sides of the
      machine diverging from each other in the direction the grippers are
      advanced to cause stretching of said web transversely of said web
      advancement direction in said web stretching zone when said grippers are
      advanced therethrough in engagement with opposite edges of the web
      material; said gripper return feeding means advancing said grippers to
      said gripper return means at a rate of motion corresponding to the
      velocity of said grippers at the end of the web stretching zone, said rate
      of motion being greater than the velocity at which said grippers are
      advanced through said gripper input means; the improvement comprising;
      each of said gripper return means comprising a variable length return
      screw assembly for advancing said grippers at a progressively slower rate
      of movement, and a gripper storage area extending along said guide rail
      between said screw assembly and said gripper input means for receiving
      grippers advanced by said gripper return means, said grippers being moved
      along said rail in said storage area and towards said gripper input means
      by reason of the continuous advancement of grippers into the said storage
      area by said gripper return means, said grippers abutting each other and
      being freely slidable along said guide rail in said storage area; said
      variable length return screw assembly comprising a core shaft; means for
      rotatably driving said core shaft synchronously with said gripper return
      feeding means; a first cylindrical sleeve element having helical grooves
      of uniform pitch thereon concentrically fixed to said core shaft at the
      gripper receiving end thereof, said first sleeve being disposed adjacent
      said gripper return feeding means and extending along a portion of said
      guide rail; a second cylindrical sleeve element having helical grooves of
      diminishing pitch thereon mounted concentrically on said core shaft at the
      gripper discharge end thereof adjacent said storage area, said second
      sleeve element being mounted for slidable movement along said core shaft
      while being fixed thereto in a rotational sense; and an axially resilient
      helical guide means in the form of a coil spring concentrically mounted on
      said core shaft between said sleeve elements and secured at its opposite
      ends to said sleeve elements in such a manner that the opposite ends of
      the helical guide means intersect and interfit with the helical grooves of
      said sleeves in a continuous manner; said grippers each having a
      projection thereon for engaging said helical grooves in said sleeve
      elements and said helical guide means; said return screw, when rotated,
      advancing said grippers along said guide rail at a progressively
      decreasing velocity between said gripper return feeding means and said
      storage area by engaging each gripper through its respective projection at
      said first sleeve element as each gripper is discharged from said gripper
      return feeding means, and thereafter advancing each gripper along said
      first sleeve element, helical guide means, and second sleeve element by
      means of said projection; said second sleeve means slowing the velocity of
      each gripper before its advancement to the said storage area by reason of
      the said grooves of diminishing pitch thereon; said second sleeve element
      of each return screw being free to react to variable rate of gripper
      movement into and through said storage area resulting from temperature
      induced dimensional variations within the said machine and for ensuring
      reliable advancement of grippers to said gripper input means by sliding
      axially along said core shaft to vary the effective length of said return
      screw assembly along said guide rail, said helical guide means normally
      being precompressed a selected amount in its assembled working position
      when a predetermined number of grippers are in said storage area in
      abutting relationship along said guide rail, said second sleeve element
      normally slidably axially engaging the projection of the last gripper
      discharged into said storage area by said gripper return screw assembly
      and being resiliently urged thereagainst by said precompressed helical
      guide means.
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ABST
PAL  There is disclosed a multiple gaseous discharge display/memory panel having
      an electrical memory and capable of producing a visual display, the panel
      being characterized by an ionizable gaseous medium in a gas chamber formed
      by a pair of opposed dielectric material charge storage members which are
      respectively backed by an array of electrode (conductor) members such that
      each array of electrode members is insulated from the gaseous medium by a
      dielectric member, the electrode members behind each dielectric material
      member being oriented with respect to the electrode members behind the
      opposing dielectric material member so as to define a plurality of
      discrete discharge volumes, each discharge volume constituting a discharge
      unit, the dielectric material being selectively enriched with at least one
      Group IA or IIA element in an amount sufficient to provide operating
      voltages which are substantially uniform and which do not significantly
      change with time.
PARN
PAC  RELATED APPLICATIONS:
PAR  This is a division of copending U.S. Pat. application Ser. No. 293,817,
      filed Oct. 2, 1972, which is a continuation in part of copending U.S. Pat.
      application Ser. No. 60,376, filed Aug. 3, 1970, now abandoned.
BSUM
PAR  This invention relates to novel multiple gas discharge display/memory
      panels which have an electrical memory and which are capable of producing
      a visual display or representation of data such as numerals, letters,
      television display, radar displays, binary words, etc. More particularly,
      this invention relates to novel gas dischage display/memory panels having
      substantially uniform operating voltages; that is, essentially stable as a
      function of operating time. As used herein, voltage is defined as any
      voltage required for operation of the panel including firing and
      sustaining voltages as well as any other voltages for manipulation of the
      discharge.
PAR  Multiple gas discharge display and/or memory panels of one particular type
      with which the present invention is concerned are characterized by an
      ionizable gaseous medium, usually a mixture of at least two gases at an
      appropriate gas pressure, in a thin gas chamber of space between a pair of
      opposed dielectric charge storage members which are backed by conductor
      (electrode) members, the conductor members backing each dielectric member
      typically being appropriately oriented so as to define a plurality of
      discrete gas discharge units or cells.
PAR  In some prior art panels the discharge cells are additionally defined by
      surrounding or confining physical structure such as apertures in
      perforated glass plates and the like so as to be physically isolated
      relative to other cells. In either case, with or without the confining
      physical structure, charges (electrons, ions) produced upon ionization of
      the elemental gas volume of a selected discharge cell, when proper
      alternating operating potentials are applied to selected conductors
      thereof, are collected upon the surfaces of the dielectric at specifically
      defined locations and constitute an electrical field opposing the
      electrical field which created them so as to terminate the discharge for
      the remainder of the half cycle and aid in the initiation of a discharge
      on a succeeding opposite half cycle of applied voltage, such charges as
      are stored constituting an electrical memory.
PAR  Thus, the dielectric layers prevent the passage of substantial conductive
      current from the conductor members to the gaseous medium and also serve as
      collecting surfaces for ionized gaseous medium charges (electrons, ions)
      during the alternate half cycles of the A.C. operating potentials, such
      charges collecting first on one elemental or discrete dielectric surface
      area and then on an opposing elemental or discrete dielectric surface area
      on alternate half cycles to constitute an electrical memory.
PAR  An example of a panel structure containing non-physically isolated or open
      discharge cells is disclosed in U.S. Pat. No. 3,499,167 issued to Theodore
      C. Baker, et al.
PAR  An example of a panel containing physically isolated cells is disclosed in
      the article by D. L. Bitzer and H. G. Slottow entitled "The Plasma Display
      Panel - A Digitally Addressable Display With Inherent Memory," Proceeding
      of the Fall Joint Computer Conference, IEEE, San Francisco, Calf., Nov.
      1966, pages 541-547. Also reference is made to U.S. Pat. No. 3,559,190.
PAR  In the construction of the panel, a continuous volume of ionizable gas is
      confined between a pair of dielectric surfaces backed by conductor arrays
      typically forming matrix elements. The cross conductor arrays may be
      orthogonally related (but any other configuration of conductor arrays may
      be used) to define a plurality of opposed pairs of charge storage areas on
      the surfaces of the dielectric bounding or confining the gas. Thus, for a
      conductor matrix having H rows and C columns the number of elemental
      discharge cells will be the product H .times. C and the number of
      elemental or discrete areas will be twice the number of such elemental
      discharge cells.
DRWD
PAR  The invention will become apparent and better understood by reference to
      the following detailed description when considered in connection with the
      accompanying drawings wherein:
PAR  FIG. 1 is a graph showing changes in operating voltages with accumulated
      panel operating time;
PAR  FIG. 2 is a partially cut-away plan view of a gaseous discharge
      display/memory panel as connected to a diagrammatically illustrated source
      of operating potentials;
PAR  FIG. 3 is a cross-sectional view (enlarged, but not to proportional scale
      since the thickness of the gas volume, dielectric members and conductor
      arrays have been enlarged for purposes of illustration) taken on lines 3
      -- 3 of FIG. 2;
PAR  FIG. 4 is an explanatory partial cross-sectional view similar to FIG. 3
      (enlarged, but not to proportional scale);
PAR  FIG. 5 is an isometric view of a gaseous discharge display/memory panel.
DETD
PAR  The invention utilizes a pair of dielectric films 10 and 11 separated by a
      thin layer or volume of a gaseous discharge medium 12, the medium 12
      producing a copious supply of charges (ions and electrons) which are
      alternately collectable on the surfaces of the dielectric members at
      opposed or facing elemental or discrete areas X and Y defined by the
      conductor matrix on non-gas-contacting sides of the dielectric members,
      each dielectric member presenting large open surface areas and a plurality
      of pairs of elemental X and Y areas. While the electrically operative
      structural members such as the dielectric members 10 and 11 and conductor
      matrixes 13 and 14 are all relatively thin (being exaggerated in thickness
      in the drawings) they are formed on and supported by rigid nonconductive
      support members 16 and 17 respectively.
PAR  Preferably, one or both of nonconductive support members 16 and 17 pass
      light produced by discharge in the elemental gas volumes. Preferably, they
      are transparent glass members and these members essentially define the
      overall thickness and strength of the panel. For example, the thickness of
      gas layer 12 as determined by spacer 15 is usually under 10 mils and
      preferably about 4 to 6 mils, dielectric layers 10 and 11 (over the
      conductors at the elemental or discrete X and Y areas) are usually between
      1 and 2 mils thick, and conductors 13 and 14 about 8,000 angstroms thick.
      However, support members 16 and 17 are much thicker (particularly in
      larger panels) so as to provide as much ruggedness as may be desired to
      compensate for stresses in the panel. Support members 16 and 17 also serve
      as heat sinks for heat generated by discharges and thus minimize the
      effect of temperature on operation of the device. If it is desired that
      only the memory function be utilized, then none of the members need be
      transparent to light.
PAR  Except for being nonconductive or good insulators the electrical properties
      of support members 16 and 17 are not critical. The main function of
      support members 16 and 17 is to provide mechanical support and strength
      for the entire panel, particularly with respect to pressure differential
      acting on the panel and thermal shock. As noted earlier, they should have
      thermal expansion charateristics substantially matching the thermal
      expansion characteristics of dielectric layers 10 and 11. Ordinary 1/4
      inch commercial grade soda lime plate glasses have been used for this
      purpose. Other glasses such as low expansion glass of transparent
      devitrified glass can be used provided they can withstand processing and
      have expansion characteristics substantially matching expansion
      characteristics of the dielectric coatings 10 and 11. For given pressure
      differentials and thickness of plates, the stress and deflection of plates
      may be determined by following standard stress and strain formulas (see R.
      J. Roark, Formulas for Stress and Strain, McGraw-Hill, 1954).
PAR  Spacer 15 may be made of the same glass material as dielectric films 10 and
      11 and may be an integral rib formed on one of the dielectric members and
      fused to the other members to form a bakeable hermetic seal enclosing and
      confining the ionizable gas volume 12. However, a separate final hermetic
      seal may be effected by a high strength devitrified glass sealant 15S.
      Tubulation 18 is provided for exhausting the space between dielectric
      members 10 and 11 and filling that space with the volume of ionizable gas.
      For large panels, small bead-like solder glass spacers such as shown at
      15B may be located between conductor intersections and fused to dielectric
      members 10 and 11 to aid in withstanding stress on the panel and maintain
      uniformity of thickness of gas volume 12.
PAR  Conductor arrays 13 and 14 may be formed on support members 16 and 17 by a
      number of well known processes, such as photoetching, vacuum deposition,
      stencil screening, etc. In the panel shown in FIG. 5, the center-to-center
      spacing of conductors in the respective arrays is about 17 mils.
      Transparent or semi-transparent conductive material such as tin oxide,
      gold or aluminum can be used to form the conductor arrays and should have
      a resistance less than 3000 ohms per line. Narrow opaque electrodes may
      alternately be used so that discharge light passes around the edges of the
      electrodes to the viewer. It is important to select a conductor material
      that is not attacked during processing by the dielectric material.
PAR  It will be appreciated that conductor arrays 13 and 14 may be wires or
      filaments of copper, gold, silver or aluminum or any other conductive
      metal or material. For example 1 mil wire filaments are commercially
      available and may be used in the invention. However, formed in situ
      conductor arrays are preferred since they may be more easily and uniformly
      placed on and adhered to the support plates 16 and 17.
PAR  Dielectric layer members 10 and 11 are formed of an inorganic material and
      are preferably formed in situ as an adherent film or coating which is not
      chemically or physically effected during bake-out of the panel. One such
      material is a solder glass such as Kimble SG-68 manufactured by and
      commercially available from the assignee of the present invention.
PAR  This glass has thermal expansion characteristics substantially matching the
      thermal expansion characteristics of certain soda-lime glasses, and can be
      used as the dielectric layer when the support members 16 and 17 are
      soda-lime glass plates. Dielectric layers 10 and 11 must be smooth and
      have a dielectric strength of about 1000 v. and be electrically
      homogeneous on a microscopic scale (e.g., no cracks, bubbles, crystals,
      dirt, surface films, etc.). In addition, the surfaces of dielectric layers
      10 and 11 may be overcoated with materials designed to produce good
      electron emission, as in U.S. Pat. No. 3,634,719, issued to Roger E.
      Ernsthausen. Of course, for an optical display at least one of dielectric
      layer 10 and 11 should pass light generated on discharge and be
      transparent or translucent and, preferably, both layers are optically
      transparent.
PAR  The preferred spacing between surfaces of the dielectric films is about 4
      to 6 mils with conductor arrays 13 and 14 having center-to-center spacing
      of about 17 mils.
PAR  The ends of conductors 14-1 . . . 14-4 and support member 17 extend beyond
      the enclosed gas volume 12 and are exposed for the purpose of making
      electrical connection to interface and addressing circuitry 19. Likewise,
      the ends of conductors 13-1 . . . 13-4 on support member 16 extend beyond
      the enclosed gas volume 12 and are exposed for the purpose of making
      electrical connection to interface and addressing circuitry 19.
PAR  As in known display systems, the interface and addressing circuitry or
      system 19 may be relatively inexpensive line scan systems or the somewhat
      more expensive high speed random access systems. In either case, it is to
      be noted that a lower amplitude of operating potentials helps to reduce
      problems associated with the interface circuitry between the addressing
      system and the display/memory panel, per se. Thus, by providing a panel
      having greater uniformity in the discharge characteristics throughout the
      panel, tolerances and operating characteristics of the panel with which
      the interfacing circuitry cooperate, are made less rigid.
PAR  Alternatively, the panel may comprise a so-called monolithic structure in
      which the conductor arrays are created on a single substrate and wherein
      two or more arrays are separated from each other and from the gaseous
      medium by at least one insulating member. In such a device the gas
      discharge takes place not between two opposing electrodes, but between two
      contiguous or adjacent electrodes on the same substrate; the gas being
      confined between the substrate and an outer retaining wall.
PAR  It is also feasible to have a gas discharge device wherein some of the
      conductive or electrode members are in direct contact with the gaseous
      medium and the remaining electrode members are appropriately insulated
      from such gas, i.e., at least one insulated electrode.
PAR  In addition to the matrix configuration, the conductor arrays may be shaped
      otherwise. Accordingly, while the preferred conductor arrangement is of
      the crossed grid type as discussed herein, it is likewise apparent that
      where a maximal variety of two dimensional display patterns is not
      necessary, as where specific standardized visual shapes (e.g., numerals,
      letters, words, etc.) are to be formed and image resolution is not
      critical, the conductors may be shaped accordingly, i.e., a segmented
      display.
PAR  The gas is one which produces visible light or invisible radiation which
      stimulates a phosphor (if visual display is an objective) and a copious
      supply of charges (ions and electrons) during discharge.
PAR  In prior art, a wide variety of gases and gas mixtures have been utilized
      as the gaseous medium in a gas discharge device. Typical of such gases
      include CO: CO.sub.2 ; halogens; nitrogen; NH.sub.3 ; oxygen; water vapor;
      hydrogen; hydrocarbons; P.sub.2 O.sub.5 ; boron fluoride, acid fumes;
      TiCl.sub.4 ; Group VIII gases; air; H.sub.2 O.sub.2 ; vapors of sodium,
      mercury, thallium, cadmium, rubidium, and cesium; carbon disulfide,
      laughing gas; H.sub.2 S; deoxygenated air; phosphorus vapors; C.sub.2
      H.sub.2 ; CH.sub.4 ; naphthalene vapor; anthracene; freon; ethyl alcohol;
      methylene bromide; heavy hydrogen; electron attaching gears; sulfur
      hexafluoride, tritium; radioactive gases; and the rare or inert gases.
PAR  In one preferred embodiment hereof the medium comprises at least one rare
      gas, more preferably at least two, selected from helium, neon, argon,
      krypton, or xenon.
PAR  In an open cell Baker, et al. type panel, the gas pressure and the
      electrical field are sufficient to laterally confine charges generated on
      discharge within elemental or discrete dielectric areas within the
      perimeter of such areas, especially in a panel containing non-isolated
      discharge cells. As described in the Baker, et al. patent, the space
      between the dielectric surfaces occupied by the gas is such as to permit
      photons generated on discharge in a selected discrete or elemental volume
      of gas to pass freely through the gas space and strike surface areas of
      dielectric remote from the selected discrete volumes, such remote, photon
      struck dielectric surface areas thereby emitting electrons so as to
      condition at least one elemental volume other than the elemental volume in
      which the photons originated.
PAR  With respect to the memory function of a given discharge panel, the
      allowable distance or spacing between the dielectric surfaces depends,
      inter alia, on the frequency of the alternating current supply, the
      distance typically being greater for lower frequencies.
PAR  While the prior art does disclose gaseous discharge devices having
      externally positioned electrodes for initiating a gaseous discharge,
      sometimes called "electrodeless discharge," such prior art devices
      utilized frequencies and spacing or discharge volumes and operating
      pressures such that although discharges are initiated in the gaseous
      medium, such discharges are ineffective or not utilized for charge
      generation and storage at high frequencies; although charge storage may be
      realized at lower frequencies, such charge storage has not been utilized
      in a display/memory device in the manner of the Bitzer-Slottow or Baker,
      et al. invention.
PAR  The term "memory margin" is defined herein as
      ##EQU1##
      where V.sub.f is the half amplitude of the smallest sustaining voltage
      signal which results in a discharge every half cycle, but at which the
      cell is not bi-stable and V.sub.E is the half amplitude of the minimum
      applied voltage sufficient to sustain discharges once initiated. Other but
      similar memory margin definitions have been utilized in the prior art.
PAR  It will be understood that the basic electrical phenomenon utilized in this
      invention is the generation of charges (ions and electrons) alternately
      storable at pairs of opposed or facing discrete points or areas on a pair
      of dielectric surfaces backed by conductors connected to a source of
      operating potential. Such stored charges result in an electrical field
      opposing the field produced by the applied potential that created them and
      hence operate to terminate ionization in the elemental gas volume between
      opposed or facing discrete points or areas of dielectric surface. The term
      "sustain a discharge" means producing a sequence of momentary discharges,
      at least one discharge for each half cycle of applied alternating
      sustaining voltage, once the elemental gas volume has been fired, to
      maintain alternate storing of charges at pairs of opposed discrete areas
      on the dielectric surfaces.
PAR  As used herein, a cell is in the "on state" when a quantity of charge is
      stored in the cell such that on each half cycle of the sustaining voltage,
      a gaseous discharge is produced.
PAR  In addition to the sustaining voltage, other voltages may be utilized to
      operate the panel, such as firing, addressing, and writing voltages.
PAR  A "firing voltage" is any voltage, regardless of source, required to
      discharge a cell. Such voltage may be completely external in origin or may
      be comprised of internal cell wall voltage in combination with externally
      originated voltages.
PAR  An "addressing voltage" is a voltage produced on the panel X - Y electrode
      coordinates such that at the selected cell or cells, the total voltage
      applied across the cell is equal to or greater than the firing voltage
      whereby the cell is discharged.
PAR  A "writing voltage" is an addressing voltage of sufficient magnitude to
      ensure that on subsequent sustaining voltage half cycles, the cell will be
      in the on state.
PAR  In the operation of a multiple gaseous discharge device, of the type
      described hereinbefore, it is necessary to condition the discrete
      elemental gas volume of each discharge cell by supplying at least one free
      electron thereto such that a gaseous discharge can be initiated when the
      cell is addressed with an appropriate voltage signal.
PAR  The prior art has disclosed and practiced various means for conditioning
      gaseous discharge cells.
PAR  One such means of panel conditioning comprises a socalled electronic
      process whereby an electronic conditioning signal or pulse is periodically
      applied to all of the panel discharge cells, as disclosed for example in
      British Pat. specification No. 1,161,832, page 8, lines 56 to 76.
      Reference is also made to U.S. Pat. No. 3,559,190 and "The Device
      Characteristics of the Plasma Display Element" by Johnson, et al., IEEE
      Transactions On Electron Device, September, 1971. However, electronic
      conditioning is self-conditioning and is only effective after a discharge
      cell has been previously conditioned; that is, electronic conditioning
      involves periodically discharging a cell and is therefore a way of
      maintaining the presence of free electrons. Accordingly, one cannot wait
      too long between the periodically applied conditioning pulses since there
      must be at least one free electron present in order to discharge and
      condition a cell.
PAR  Another conditioning method comprises the use of external radiation, such
      as flooding part or all of the gaseous medium of the panel with
      ultraviolet radiation. This external conditioning method has the obvious
      disadvantage that it is not always convenient or possible to provide
      external radiation to a panel, especially if the panel is in a remote
      position. Likewise, an external UV source requires auxiliary equipment.
      Accordingly, the use of internal conditioning is generally preferred.
PAR  One internal conditioning means comprises using internal radiation, such as
      by the inclusion of a radioactive material.
PAR  Another means of internal conditioning, which we call internal "photon
      conditioning", comprises using one or more socalled pilot discharge cells
      in the on state for the generation of photons. This is particularly
      effective in a so-called open cell construction (as described in the
      Baker, et al. patent) wherein the space between the dielectric surfaces
      occupied by the gas is such as to permit photons generated on discharge in
      a selected discrete or elemental volume of gas (discharge cell) to pass
      freely through the panel gas space so as to condition other and more
      remote elemental volumes of other discharge units. In addition to or in
      lieu of the pilot cells, one may use other sources of photons internal to
      the panel.
PAR  In accordance with this invention, it has been surprisingly discovered that
      the voltage uniformity as a function of operating time of a gaseous
      discharge panel may be significantly enhanced and improved by the
      selective addition of at least one Group IA or IIA element to the
      dielectric material. More particularly, at least one element selected from
      Group IA or IIA is selectively added into the panel dielectric material
      before curing in an amount sufficient to provide gaseous discharge panel
      operating voltages which are uniform and which do not significantly vary
      or substantially change over a given period of operating time.
PAR  As used herein Group IA element is defined as including lithium, sodium,
      potassium, rubidium, cesium, and francium; Group IIA element is defined
      herein as including beryllium, magnesium, calcium, strontium, barium, and
      radium. In the practice of this invention it is contemplated that one or
      more members of Group IA or IIA may be used alone or in combination.
      Likewise, mixtures of elements from both Group IA and IIA may be used.
      Possible combinations of elements include Na and Ca; Na and Mg; Na and Cs;
      Ca and Ra.
PAR  The Group IA or IIA element may be incorporated into the dielectric by any
      suitable means, typically by mixing with the dielectric material batch.
      Other suitable means of incorporation include not by way of limitation ion
      exchange, ion implanation, and diffusion techniques.
PAR  Any source of Group IA or IIA element may be utilized. It is broadly
      contemplated incorporating into the dielectric at least one Group IA or
      IIA member in elemental form or as a compound or mineral. Where the
      dielectric material is prepared as a glass batch, the Group IA or IIA is
      typically utilized in the form of an oxide or carbonate. However,
      dependent upon the method of incorporation of the Group IA or IIA member
      into the dielectric, other compounds may also be used.
PAR  Thus, typical sources of potassium comprise both organic and inorganic
      compounds such as the potassium oxides including K.sub.2 O, K.sub.2
      O.sub.2, K.sub.2 O.sub.3, and KO.sub.2 ; the potassium carbonates
      including K.sub.2 CO.sub.3, potassium hydrogen carbonate, potassium
      trithiocarbonate, potassium peroxy-carbonate; potassium sulfates including
      K.sub.2 SO.sub.4, potassium hydrogen sulfate, potassium ethyl sulfate,
      potassium phenyl sulfate, potassium propyl sulfate, potassium pyrosulfate,
      potassium fluosulfonate, potassium methyl sulfate, potassium thiosulfate,
      potassium peroxydisulfate; potassium sulfides including K.sub.2 S, KHS,
      potassium disulfide, potassium trisulfide, KHSO.sub.3, potassium
      tetrasulfide, potassium pentasulfide; potassium halides and halogen
      compounds including KF, KCl, KBr, KI, KHF.sub.2, KHCl.sub.2, KHBr.sub.2,
      KHI.sub.2, KF.sub.3, KCl.sub.3, KBr.sub.3, KI.sub.3, KIBr, KClO.sub.3,
      KClO.sub.4, KClO, KICl.sub.4, KICl.sub.2, potassium chloroosmate,
      potassium pentachlorohodite, KBF.sub.4, KIO.sub.3, KIO.sub.4, KIBr.sub.2,
      K.sub.2 SnBr.sub.6, potassium pentachlorohodite; potassium phosphates such
      as K.sub.3 PO.sub.4, potassium phenyl phosphate K.sub.2 HPO.sub.4,
      KPO.sub.3, potassium pyrophosphate, potassium hexafluorophosphate, K.sub.2
      HPO.sub.3, KH.sub.2 PO.sub.3, potassium glycerophosphate; other organic
      and inorganic compounds include potassium saccharate acid, potassium,
      hydrogen succinate, potassium d - tartrate, potassium orthotellurate,
      potassium thiocyanate, potassium dithionate, potassium trithionate,
      potassium tetrathionate, potassium pentathionate, potassium acid urate,
      potassium acetate, potassium acid acetate, potassium amide, potassium
      acetylsalicylate, potassium azide, potassium ammonium tartrate,
      KAuO.sub.2, potassium benzoate, potassium diborane, potassium dihydroxy
      diborane, potassium pentaborane, potassium metaborate, potassium
      tetraborate, potassium pentaborate, potassium peroxyborate, potassium
      bromate, potassium borotartrate, potassium chromium chromate, potassium
      citrate, potassium cyanate, potassium cyanide, potassium fluogermanate,
      potassium fluorescein derivative, potassium picrate, potassium hydrogen
      phthalate, potassium piperate, potassium propionate, potassium salicylate,
      potassium santoninate, potassium stearate, potassium succinate, potassium
      fluorthorate, potassium fluotitanate, potassium formate, potassium
      hydride, KOH, potassium lactate, potassium laurate, potassium malate,
      potassium methionate, potassium carbonyl, potassium chromate, potassium
      dichromate, potassium peroxychromate, potassium nitrate, potassium
      nitride, potassium nitrite, potassium oleate, potassium osmate, potassium
      oxalate, and potassium hydrogen oxalate.
PAR  Likewise, the corresponding compounds of other alkali metals such as sodium
      and lithium as well as cesium and rubidium may be used as sources of the
      respective ion, e.g., sodium, lithium, cesium, and rubidium.
PAR  Thus, the cesium source can be elemental cesium or a cesium compound
      similar to the K compounds noted hereinbefore. Examples, not by way of
      limitation of cesium compounds, include both organic and inorganic
      compounds as CsC.sub.2 H.sub.3 O.sub.2 (cesium acetate), CsC.sub.7 H.sub.5
      O.sub.2 (cesium benzoate), CsBrO.sub.3 (cesium bromate), CsBr (cesium
      monobromide), CsBr.sub.3 (cesium tribromide), CsBrClI (cesium
      bromochloroiodide), CsIBr.sub.2 (cesium dibromoiodide), CsI.sub.2 Br
      (cesium bromodiiodide), Cs.sub.2 CO.sub.3 (cesium carbonate), CsHCO.sub.3
      (cesium carbonate hydrogen), CsClO.sub.3 (cesium chlorate), CsClO.sub.4
      (cesium perchlorate), CsCl (cesium chloride), CsAuCl.sub.4 (cesium
      chloroaurate), CsBr.sub.2 Cl (cesium chlorodibromide), CsBrCl.sub.2
      (cesium dichlorobromide), CsICl.sub.2 (cesium dichloroiodide), Cs.sub.2
      SnCl.sub.6 (cesium chlorostannate), Cs.sub.2 CrO.sub.4 (cesium chromate),
      CsCn (cesium cyanide), CsF (cesium fluoride), CsCHO.sub.2 (cesium
      formate), CsCHO.H.sub.2 O, CsH (cesium hydride), CsOH (cesium hydroxide),
      CsIO.sub.3 (cesium iodate), CsIO.sub.4 (cesium metaperiodate), CsI (cesium
      monoiodide), CsI.sub.3 (cesium triiodide), CsI.sub.5 (cesium pentaiodide),
      CsCl.sub.5, CsBr.sub.5, CsF.sub.5, CSNO.sub.3 (cesium nitrate),
      CsNO.sub.3.HNO.sub.3 (cesium hydrogen nitrate), CsNO.sub.3.2HNO.sub.3
      (cesium dihydrogen nitrate), CsNO.sub.2 (cesium nitrite), Cs.sub.2 C.sub.2
      O.sub.4 (cesium oxalate), Cs.sub.2 O (cesium monoxide), Cs.sub.2 O.sub.2
      (cesium peroxide), Cs.sub.2 O.sub.3 (cesium trioxide), CsO.sub.2 (cesium
      superoxide), CsHC.sub.8 H.sub.4 O.sub.4 (cesium hydrogen phthalate),
      CsRh(SO.sub.4).sub.2. 12H.sub.2 O (cesium rhodium sulfate), CsC.sub.7
      H.sub.5 O.sub.3 (cesium salicylate), Cs.sub.2 SO.sub.4 (cesium sulfate),
      CsHSO.sub.4 (cesium hydrogen sulfate), Cs.sub.2 S.4H.sub.2 O (cesium
      sulfide), Cs.sub.2 S.sub.2 (cesium disulfide), Cs.sub.2 S.sub.2.H.sub.2 O,
      Cs.sub.2 S.sub.3 (cesium tetrasulfide), Cs.sub.2 S.sub.5 (cesium
      pentasulfide), Cs.sub.2 S.sub.6 (cesium hexasulfide).
PAR  The rubidium source can be elemental rubidium or a rubidium compounds,
      e.g., similar to the potassium permanganate), RbNO.sub.3 (rubidium
      nitrate). RbNO.sub.cesium compounds noted hereinbefore. Examples, not by
      way of limitation of rubidium compounds, include both organic and
      inorganic compounds such as RbC.sub.2 H.sub.3 O.sub.2 (rubidium acetate),
      RbAl(SO.sub.4).sub.2.12H.sub.2 O (rubidium aluminum sulfate), RbBrO.sub.3
      (rubidium bromate), RbBr (rubidium bromide), RbBr.sub.3 (rubidium
      tribromide), RbIBrCl (rubidium bromochloroiodide), RbIBr.sub.2 (rubidium
      dibromoiodide), RbBrCl.sub.2 (rubidium dichlorobromide), RbBr.sub.2 Cl
      (rubidium chlorodibromide), Rb.sub.2 CO.sub.3 (rubidium carbonate),
      RbHCO.sub.3, RbClO.sub.3 (rubidium chlorate), RbClO.sub.4 (rubidium
      perchlorate), RbCl (rubidium chloride), RbICl.sub.2 (rubidium
      dichloroiodide), Rb.sub.2 CrO.sub.4 (rubidium chromate), Rb.sub.2 Cr.sub.2
      O.sub.7 (rubidium dichromate), RbF (rubidium fluoride), Rb.sub.2 SiF.sub.6
      (rubidium fluosilicate), RbFSO.sub.3 (rubidium fluosulfonate), RbH
      (rubidium hydride), RbOH (rubidium hydroxide), RbL).sub.3 (rubidium
      iodate), RbIO.sub.4 (rubidium metaperiodate).sub.3, RbI (rubidium iodide),
      RbI.sub.3 (rubidium triiodide), RbI..sub.4 SO.sub.2, RbMnO.sub.4 (rubidium
      permanganate), RbNO.sub.3 (rubidium nitrate), 3.HNO.sub.3 (rubidium
      hydrogen nitrate), RbNO.sub.3.2HNO.sub.3, Rb.sub.2 O (rubidium
      superoxide), Rb.sub.2 SO.sub.4  (rubidium sulfate), RbHSO.sub.4 (rubidium
      hydrogen sulfate), Rb.sub.2 S (rubidium monosulfide), Rb.sub.2 S.4H.sub.2
      O, Rb.sub.2 S.sub.2 (rubidium disulfide), Rb.sub.2 S.sub.3 (rubidium
      trisulfide), Rb.sub.2 S.sub.5 (rubidium pentasulfide), Rb.sub.2 S.sub.6
      (rubidium hexasulfide), RbHC.sub.4 H.sub.4 O.sub.6, Rb.sub.2 O.sub.2
      (rubidium peroxide).
PAR  Specific sources of sodium or lithium ion would include elemental sodium
      and lithium as well as compounds of all the classes listed for potassium,
      and rubidium hereinbefore, particularly the oxides and carbonates.
PAR  Likewise, alloys or ceramics containing one or more of the Group IA
      elements may be employed.
PAR  Specific sources of the Group IIA metals include the metals in an elemental
      state as well as organic and inorganic compounds including the acetates,
      amides, borides, bromates, halides (including chlorides, iodides,
      bromides, fluorides), oxyhalides, carbonates, chlorates, chromates,
      citrates, hydrides, sulfides, sulfates, hypochlorites, nitrates, nitrites,
      oxides, silicates, aluminates of beryllium, magnesium, calcium, barium,
      and strontium.
PAR  As already noted the Group IA or IIA element is selectively enriched into
      the dielectric before curing in a small effective amount sufficient to
      provide stable operating voltages over a given period of panel operating
      time. Typically, the Group IA or IIA element is selectively added into the
      uncured dielectric in a quantity of about 0.5 to about 8% by weight in the
      oxide state of the element based on the total weight of the dielectric
      composition before curing. Preferably the quantity of element selectively
      added into the dielectric before curing is about 1 to about 4% by weight
      of the element in the oxide state.
PAR  In the fabrication of a gaseous discharge panel, the dielectric material is
      typically applied and cured on the surface of a glass substrate. When the
      glass substrate contains significant amounts of Group IA or IIA elements,
      an ion exchange, migration, diffusion, or other reaction effect may take
      place thereby adding to the total amount of Group IA or IIA previously
      incorporated in the dielectric, e.g., added as an oxide or carbonate to
      the dielectric batch. Such additional amounts, present after the
      dielectric is cured in contact with the substrate, are not included in the
      above quantity ranges. Thus, it is contemplated that the substrate glass
      may be the partial source of the Group IA or IIA element in the cured
      dielectric by means of an ion exchange, migration, diffusion, or other
      reaction process.
PAR  The amount of Group IA or IIA oxide transferred from the substrate to the
      cured dielectric is a function of the dielectric curing temperature, the
      time period of heating, the amount and kind of Group IA or IIA oxide in
      the substrate and dielectric before curing, and other variables. In any
      event, the amount of Group IA or IIA oxide transferred from the substrate
      to the cured dielectric is less than about 5 percent by weight based on
      the total weight of the cured dielectric. This transferred amount is not
      considered in the range of selectively added Group IA or IIA element; that
      is, any Group IA or IIA oxide transferred from the substrate to the
      dielectric is in addition to the Group IA or IIA oxide selectively added
      to the uncured dielectric.
PAR  Depending upon the specific Group IA or IIA element or combinations thereof
      utilized, the practice of this invention has been found to be especially
      beneficial over given periods of operating time. Best results are
      typically realized after appropriate aging of the panel, the required
      amount of aging being a function of the specific Group IA or IIA members
      incorporated into the panel dielectric material. As used herein, panel
      aging is defined as total or accumulated panel operating time.
PAR  Tables II or IX are presented hereafter as working examples and best
      embodiments contemplated by the inventor for the practice of this
      invention. Table I represents a standard or prior art dielectric not
      prepared in accordance with this invention. In each table the dielectric
      composition is given before and after curing.
PAR  In the preparation of the standard dielectric of Table I no Group IA or IIA
      element was added to the uncured dielectric. In the dielectrics of Tables
      II to IX varying amounts (within the 0.5 to 8 wt. % range) were added to
      the uncured dielectric compositions. The dielectric curing conditions for
      all compositions (I to IX) were about the same, 1125.degree.F. curing
      temperature for about 30 minutes.
PAR  A gas discharge device utilizing the standard dielectric of Table I
      exhibited operating voltage changes at about 10 volts whereas the
      dielectrics of Tables II to IX exhibited significantly less voltage
      changes. This is illustrated by FIG. 1 of the drawing which plots the
      results of Tables I, II, III, and IV.
PAR  More specifically, there is shown in FIG. 1 four separate dielectric curves
      on a plot of change in voltage (.DELTA.V) versus accumulated panel
      operating time in hours. All curves illustrate that a minimum amount of
      aging, e.g., up to about 300 hours, is required for any particular
      dielectric compositions. Thereafter the performance of II, III, and IV in
      terms of less voltage change is improved relative to I (the standard
      dielectric).
TBL                TABLE I                                                     

     ______________________________________                                    

     Standard Dielectric Composition                                           

     Component  Before Cure      After Cure                                    

     ______________________________________                                    

     SiO.sub.2  13.43 wt.%       15.50 wt.%                                    

     PbO        73.40            69.90                                         

     B.sub.2 O.sub.3                                                           

                13.20            12.63                                         

     Na.sub.2 O 0.005             1.26                                         

     CaO        --                0.59                                         

                100.03 wt.%      99.88 wt.%                                    

     ______________________________________                                    

TBL                TABLE II                                                    

     ______________________________________                                    

     1.88% wt.% Sodium Oxide Added to                                          

     Dielectric.Composition Before Cure                                        

     Component   Before Cure   After Cure                                      

     ______________________________________                                    

     SiO.sub.2    13.3 wt.%    14.25 wt.%                                      

     PbO          71.80        68.90                                           

     B.sub.2 O.sub.3                                                           

                  12.81        12.56                                           

     Na.sub.2 O    1.88         2.50                                           

     CaO           --           0.39                                           

                  99.62 wt.%   98.60 wt.%                                      

     ______________________________________                                    

TBL                TABLE III                                                   

     ______________________________________                                    

     3.63 wt.% Sodium Oxide Added to                                           

     Dielectric Composition Before Cure                                        

     Component   Before Cure After Cure                                        

     ______________________________________                                    

     SiO.sub.2    13.22 wt.% 17.75 wt.%                                        

     B.sub.2 O.sub.3                                                           

                  13.05      12.28                                             

     PbO          69.95      64.30                                             

     Na.sub.2 O    3.63      4.86                                              

     CaO           --        0.84                                              

                  99.85 wt.% 100.03 wt.%                                       

     ______________________________________                                    

TBL                TABLE IV                                                    

     ______________________________________                                    

     .97 wt.% Cs.sub.2 O Added to                                              

     Dielectric Composition Before Cure                                        

     Component   Before Cure After Cure                                        

     ______________________________________                                    

     SiO.sub.2    13.30 wt.% 14.05 wt.%                                        

     PbO          72.75      71.50                                             

     B.sub.2 O.sub.3                                                           

                  12.87      12.80                                             

     Na.sub.2 O    0.04      0.67                                              

     Cs.sub.2 O    0.97      0.98                                              

     CaO           --        0.34                                              

                  99.93 wt.% 100.34 wt.%                                       

     ______________________________________                                    

TBL                TABLE V                                                     

     ______________________________________                                    

     7.98 wt.% Cs.sub.2 O Added to                                             

     Dielectric Composition Before Cure                                        

     Component   Before Cure   After Cure                                      

     ______________________________________                                    

     SiO.sub.2    12.48 wt.%   13.67 wt.%                                      

     B.sub.2 O.sub.3                                                           

                  12.14        11.97                                           

     PbO          66.85        64.20                                           

     Na.sub.2 O    0.026        0.80                                           

     Cs.sub.2 O    7.98         8.20                                           

     CaO           --           0.46                                           

                  99.48 wt.%   99.30 wt.%                                      

     ______________________________________                                    

TBL                TABLE VI                                                    

     ______________________________________                                    

     2.32 wt.% CaO Added to                                                    

     Dielectric Composition Before Cure                                        

     Component  Before Cure      After Cure                                    

     ______________________________________                                    

     SiO.sub.2  13.33 wt.%       14.67 wt.%                                    

     PbO        71.65            68.20                                         

     B.sub.2 O.sub.3                                                           

                12.85            12.65                                         

     Na.sub.2 O 0.009             0.867                                        

     CaO        2.32              2.69                                         

                100.15 wt.%      99.08 wt.%                                    

     ______________________________________                                    

TBL                TABLE VII                                                   

     ______________________________________                                    

     5.41 wt.% CaO Added to                                                    

     Dielectric Composition Before Cure                                        

     Component  Before Cure      After Cure                                    

     ______________________________________                                    

     SiO.sub.2  12.52 wt.%       14.19 wt.%                                    

     PbO        70.20            67.25                                         

     B.sub.2 O.sub.3                                                           

                11.90            11.79                                         

     Na.sub.2 O 0.014             0.80                                         

     CaO        5.41              5.64                                         

                100.03 wt.%      99.67 wt.%                                    

     ______________________________________                                    

TBL                TABLE VIII                                                  

     ______________________________________                                    

     3.76 wt.% MgO Added To                                                    

     Dielectric Composition Before Cure                                        

     Component  Before Cure      After Cure                                    

     ______________________________________                                    

     SiO.sub.2  13.21 wt.%       14.70 wt.%                                    

     PbO        70.75            66.85                                         

     B.sub.2 O.sub.3                                                           

                12.55            12.90                                         

     Na.sub.2 O 0.007             1.00                                         

     MgO        3.76              3.86                                         

     CaO        --                0.32                                         

                100.27 wt.%      99.63 wt.%                                    

     ______________________________________                                    

TBL                TABLE IX                                                    

     ______________________________________                                    

     0.89 wt.% Li.sub.2 O Added To                                             

     Dielectric Composition Before Cure                                        

     Component   Before Cure    After Cure                                     

     ______________________________________                                    

     SiO.sub.2    13.47 wt.%    16.40 wt.%                                     

     B.sub.2 O.sub.3                                                           

                  12.76         12.36                                          

     PbO          72.20         66.90                                          

     Na.sub.2 O    0.0068        2.89                                          

     Li.sub.2 O    0.89          0.007                                         

     CaO           --            0.56                                          

                  99.32 wt.%    99.11 wt.%                                     

     ______________________________________                                    

PAR  The invention is not to be limited to the exact forms shown in the drawings
      for obviously many changes may be made, some of which are suggested
      herein, within the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the manufacture of a multiple gas discharge display/memory device
      comprising an ionizable gaseous medium in a gas chamber formed by a pair
      of opposed dielectric material members, each backed by an array of
      electrode members, each said dielectric material and array of electrode
      members being backed by a glass substrate, the electrode members behind
      each dielectric material member being transversely oriented with respect
      to the electrode members behind the opposing dielectric material so as to
      define a plurality of discharge units, the surfaces of said dielectric
      material members serving to store charges during each half-cycle of
      operation, the improvement comprising selectively enriching an uncured
      dielectric material with about 0.5 to about 8 weight percent, based on the
      total weight of the dielectric material, of at least one element in the
      oxide state and selected from the group consisting of lithium, sodium,
      potassium, rubidium, cessium, francium, beryllium, magnesium, calcium,
      strontium and barium to provide gas discharge device operating voltages
      which are substantially uniform and which do not significantly change with
      time after a period of aging, applying said selectively enriched
      dielectric material to at least one of said glass substrates supporting an
      array of electrodes, and heat curing said selectively enriched dielectric
      material to form said dielectric material member.
NUM  2.
PAR  2. The invention of claim 1 wherein said dielectric material is selectively
      enriched with about 1 to about 4 weight percent of said element in the
      oxide state based on the total weight of the dielectric material.
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ABST
PAL  A controlled deflection roll with a fixed beam and surrounding roll shell
      with pistons guided in radial bores of the beam and bearing against the
      inner surface of the shell for support thereof is provided, in the branch
      ducts delivering hydraulic fluid under pressure from a common manifold to
      the individual pistons, with adjustable valves controlled remotely by
      means of hydraulic or electrical signals to permit individual control of
      the shell-supporting pistons.
BSUM
PAR  The present invention pertains to flexure-compensated or, as they are
      sometimes called, crown control or controlled deflection rolls. Such rolls
      are useful for example in the paper industry where a wide web is passed
      between two mating rolls and where it is desirable to control closely the
      separation of the rolls across the entire width of the web,
      notwithstanding flexure of the rolls.
PAR  Controlled deflection rolls have been heretofore proposed, for example in
      U.S. Pat. No. 3,802,044. In the controlled deflection roll of that patent
      a cylindrical tube or shell is rotatably mounted about a stationary shaft
      or beam. In one controlled deflection roll described in that patent, a
      number of cylindrical bores are formed in the beam, extending radially
      thereof, with the axes of the bores in a common plane. These bores
      accommodate pistons which function as hydrostatically lubricated support
      members for the roll shell, a hydraulic or other fluid medium being
      supplied under pressure to the underside of these pistons from an axial
      duct or manifold in the beam. The pistons are thereby stressed radially
      outward against the roll shell, and stress it in turn against a mating
      roll along a "nip"  or line of contact, at which sheet material passing
      between the controlled deflection roll and the mating roll is squeezed,
      for example to control or alter the thickness of the sheet material. The
      position of the piston and cylinder may be interchanged, the "piston"
      being fixed on the beam but having a connection from its radially outer
      face to the conduit for hydraulic fluid under pressure, and the
      "cylinder," closed at its outer end except for capillaries for feed of the
      hydrostatic bearing pads, fitting movably over the "piston." Such a
      construction is shown in FIG. 4 of the cited patent. The member radially
      movable with respect to the beam, whether a piston or a cylinder, will
      hereinafter sometimes be referred to as a roll shell support member. The
      radially movable member and the associated guide surface on the beam, e.g.
      cylindrical, will hereinafter sometimes be referred to as a shell
      supporting element. Other controlled deflection rolls are described in
      U.S. Pat. No. 3,846,883 and in the copending applications Ser. No.
      409,644, filed Oct. 25, 1973, now U.S. Pat. No. 3,885,283, issued May  27,
      1975; No. 478,033, filed June 10, 1974, now U.S. Pat. No. 3,879,827,
      issued Apr. 29, 1975; and No. 520,979, filed Nov. 5, 1974; all of which
      like U.S. Pat. No. 3,802,044 are assigned to the assignee hereof.
PAR  The rolls of U.S. Pat. No. 3,802,044 permit the treatment under pressure of
      materials in web form such as paper with a high degree of uniformity. In
      particular, the roll of that patent makes it possible to maintain a
      uniform pressure between the roll shell and a mating roll across the
      entire width of the web, i.e. over the entire length of the roll shell and
      its mating roll, notwithstanding flexure of the beam.
PAR  In many cases, however, it is desirable to be able to control individually
      the force exerted on the inside face of the roll shell by the separate
      roll shell support elements. By individually adjusting these forces it is
      possible to compensate for variations in the roll shell profile which
      might otherwise occur, due to such factors as variations in the stiffness
      of the roll shell along its length -- factors which if not compensated
      would result in non-uniform pressure or separation between the controlled
      deflection and mating rolls lengthwise of the nip. With previously known
      rolls such as that of U.S. Pat. No. 3,802,044 it was necessary, in order
      to provide such individual control, to provide a separate source of
      hydraulic pressure and a separate duct leading therefrom to the individual
      shell supporting elements. Such separate ducts lengthwise of the beam are
      expensive to provide and have the further disadvantage that they tend to
      weaken the beam, which is desired to be as stiff as possible.
PAR  The invention provides a controlled deflection roll which surmounts this
      shortcoming and in which plural shell supporting elements may be large in
      number and which may be disposed in one or more rows lengthwise of the
      beam, are fed from a single high pressure duct extending axially of the
      beam, the stress exerted by the individual roll shell support members
      being nevertheless individually and continuously adjustable during
      operation of the roll.
PAR  In accordance with the invention, one duct extending axially of the beam
      and leading to an exterior source of fluid under pressure connects to
      branch ducts, one for each shell supporting element. At the junction
      between the axial duct and the branch duct for at least one of these
      elements there is provided a control means, for example an adjustable
      valve, which can be remotely controlled. The invention thus makes possible
      individually controlled supply of hydraulic fluid under pressure to the
      separate roll shell supporting elements. For operation of the control
      devices which are individual to these elements, it is then necessary only
      to provide a signal line to each. These signal lines may for example take
      the form of small diameter hydraulic or pneumatic tubes, or of electrical
      conductors, which can be disposed outside the beam. A single duct suffices
      for delivery of the hydraulic medium under pressure to all of the roll
      shell supporting elements.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be further described in terms of a number of
      presently preferred embodiments and with reference to the accompanying
      drawings in which:
PAR  FIG. 1 is a schematic diagram of a controlled deflection roll in accordance
      with the invention, shown in cooperative relation with a mating roll;
PAR  FIG. 2 is a fragmentary section taken on the line II--II of FIG. 1; and
PAR  FIG. 3 is a fragmentary view similar to that of FIG. 2 shown however on an
      enlarged scale and illustrating another controlled deflection roll
      according to the invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, reference character 1 identifies the roll shell of the
      controlled deflection roll which is the lower of the two rolls shown. The
      mating roll is indicated at 4. The mating roll is rotatably mounted in a
      frame 5 and may be rotated by a suitable motor coupled to it, for example
      at one of its end shafts 6.
PAR  In addition to its roll shell 1, the controlled deflection roll includes a
      beam or core 2 which may be cylindrical in shape. The beam is supported in
      the frame 5 by bearings diagrammatically indicated at 9 so as to permit
      transverse flexure of the beam (shown exaggeratedly in the drawing), but
      the beam is prevented by suitable means not shown from rotating about its
      longitudinal axis.
PAR  The beam has formed therein a number of radially extending cylindrical
      cavities or bores of which one is generally indicated at 10. Each of these
      constitutes a guide surface which guides a roll shell supporting member 3,
      which takes the form of a piston in the embodiment illustrated. The bores
      10 have their axes in a common meridian plane of the beam, which is the
      plane containing the axes of the beam and of the mating roll 4. The roll
      shell is additionally supported or guided from the beam by bearing means
      diagrammatically indicated at 19. These may, without limitation, be of the
      type described in my copending application Ser. No. 409,644, filed Oct.
      25, 1973.
PAR  The beam includes an axial duct 7 for the supply of hydraulic fluid under
      pressure from a supply pump 8 to the roll shell supporting elements, each
      of which comprises one of the roll shell support members 3 and its
      associated guide surface 10.
PAR  Referring now to FIG. 2, the beam 2 with its conduit 7 and the shell 1 are
      seen in cross-section, the latter fragmentarily. A roll shell supporting
      element, generally identified at 3', includes a roll shell support member,
      generally indicated at 3, and the cylindrical cavity 10 shown. The support
      member 3 in turn comprises a piston 11 and a shoe 13 which is coupled to
      the piston at a spherical bearing 12. The shoe 13 is provided with
      hydrostatic bearing pockets 14. These pockets connect via capillary
      constrictions 17 and bores 16 through the shoe and via a passage 15
      through the piston 11 to the high pressure side of the latter, i.e. to the
      cylindrical cavity 10. In the particular embodiment shown the piston is
      guided in its motion with respect to the beam at a cylindrical surface 10'
      and also at a stationary sleeve 29 which receives the reduced end of a pin
      24 which is coaxial with and fixed to the piston 11.
PAR  The cylindrical cavity 10 communicates with the axial duct 7 at a
      cylindrical opening 41, which is however closed by a bushing 22 as will be
      described presently. The cavity 10 is continued on the opposite side of
      the duct 7 in a cylindrical opening 20, which like the opening 41 is
      coaxial with the cavity 10 and terminates in an enlargement 21.
PAR  Into the openings 41 and 20 is fitted a sleeve-shaped bushing or closure
      member 22, sealed to the openings 41 and 20 at packings 43 and 44
      respectively. The member 22 accommodates the pin 24 with clearance, as
      indicated at 23. An inner bushing or sleeve 29, which like the sleeve 22
      is stationary, provides a bearing for the lower, reduced diameter end of
      pin 24. The piston 11 is thus guided in its motion radially of the beam at
      10' and at 29. The inner bushing 29 is apertured to provide a passage 39
      between the annular clearance 23 and a space 42 below the inner bushing
      29. Clearance 23 and space 42 are both inside of bushing 22.
PAR  The bushing 22 movably accommodates a piston-shaped slide valve member
      generally indicated at 30. Valve member 30 has (in FIG. 2) an uppermost
      portion 45 and below that portion a portion 46 of reduced diameter bounded
      at its upper end by a throttling edge 31. An annular space 34 is thus
      provided between the portion 46 of reduced diameter and the inside
      cylindrical wall 28 of the bushing 22 at which the slide valve member 30
      is supported. Radial ports 27 give access between the annular space 34 and
      an annular space 26 which is defined between the walls of the opening 20
      and the exterior surface of the bushing 22, which is of reduced diameter
      between the ports 27 and duct 7. The slide valve member 30 additionally
      includes at its upper end an axial bore 32 which communicates with a
      radial port 33 in member 30. Accordingly, unless the ports 27 are closed
      by portion 45 of slide valve member 30, communication exists from the duct
      7, annular space 26, ports 27, annular space 34, radial port 33, axial
      bore 32, space 42, passage 39 and clearance 23 to the cylindrical cavity
      10. The degree of opening of the ports 27 is governed by the vertical
      position of the slide valve member 30.
PAR  At the lower end of the slide valve member 30 there is provided a flexible
      spider 35 over which is stretched an elastic membrane 36, advantageously
      made of oil-resistant rubber. The membrane 36 is supported on a housing 37
      which in turn is received in the enlargement 21 of the radial bore 20. A
      closed chamber 38 is defined between the housing 37 and the membrane. The
      space 38 in the housing 37 is connected through a hydraulic or pneumatic
      signal line 40 to a source of signals not shown, advantageously disposed
      outside the complete roll set shown in FIG. 1. The signal line 40 may take
      the form of a copper or rubber tube. Control signals in the form of
      variations in fluid pressure are delivered to line 40, in order to adjust
      the setting of the control valve for the shell supporting element 3'. This
      control valve comprises valve member 30 and bushing 22 with its ports 27,
      and is generally indicated in FIG. 2 at the reference character 30'.
PAR  When plural shell supporting elements are provided as indicated in FIG. 1,
      each one may be provided with a separate control valve 30' as just
      described. The signal lines 40 to the individual shell supporting elements
      may be disposed outside the beam.
PAR  In operation, the hydraulic pressure existing in the cylindrical cavity 10
      of each shell supporting element 3' exerts a downward force on the upper
      face of the slide valve member 30 in the associated valve 30'. This force
      is balanced against the upward force exerted on that member 30 by the
      membrane 36, which upward force in turn is controlled by the pressure in
      line 40. The control valve 30' thus controls, at the edge 31 of the valve
      member 30, the supply of hydraulic fluid into the cylinder 10 in such
      fashion that equilibrium is established between the upward and downward
      forces acting on the member 30. This makes it possible to control
      individually, for each shell supporting element 3' through its associated
      signal line 40, the supporting force exerted on the roll shell by the roll
      shell support member of that element.
PAR  FIG. 3 illustrates another embodiment of the invention which employs
      however an electrical as distinguished from a hydraulic or other fluid
      control signal for adjustment of the valve by which the force exerted on
      the roll shell by the roll shell support member is controlled. The
      embodiment of FIG. 3 employs a valve 30' which may be of the same
      construction as that of FIG. 2, except that the slide valve member 50,
      which is held against rotation, terminates at its lower end in a threaded
      portion 51. The threaded portion 51 engages with the thread of a rotatable
      member 52 supported at bearings 53 which permit rotation of the member 52
      about an axis coaxial with that of the slide valve member 30, but which
      hold the member 52 against axial motion. Rotation of the member 52 thus
      effects axial motion of the slide valve member 30. These rotations of the
      member 52 are produced by a motor 55 controllably energized by conductors
      56.
PAR  The invention thus provides a roll comprising a beam 2, a hollow roll shell
      1 surrounding the beam, with clearance therefrom, and a plurality of
      fluid-actuated shell supporting elements 3' arranged on the beam. These
      shell supporting elements 3' may advantageously include a roll shell
      support member 3 in the form of a piston, and a cylindrical guide surface
      10 for the piston. The roll further comprises a pressure fluid duct 7 and
      a separate duct, for example as indicated in FIG. 2 at 26, 27, 34, 33, 32,
      42, 39 and 23, connecting from each of the shell supporting elements (and
      in particular from the guide surface 10 thereof) to the pressure fluid
      duct 7. Further, the roll comprises adjustable flow control means in at
      least one of those separate ducts. In the embodiment illustrated, these
      flow control means include the valve 30' with its valve member 30 and the
      bushing 22 with its ports 27 in which that valve member works. The valve
      may be regarded as a throttling element in the duct connecting the shell
      supporting element to the pressure fluid duct.
PAR  While the invention has been hereinabove described in terms of a number of
      presently preferred embodiments, the invention itself is not limited
      thereto but rather comprehends all modifications of and departures from
      those embodiments properly falling within the scope of the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A roll comprising a beam, a hollow roll shell surrounding the beam, a
      plurality of fluid-actuated shell supporting elements arranged on the
      beam, said beam having arranged thereon a pressure fluid duct and a
      separate duct connecting from each of said elements to said pressure fluid
      duct, said roll further comprising adjustable remotely controllable flow
      control means in at least one of said separate ducts.
NUM  2.
PAR  2. A roll according to claim 1 wherein said shell supporting elements
      include a cylindrical cavity formed in said beam and wherein said flow
      control means are disposed in an extension of said cavity.
NUM  3.
PAR  3. A roll according to claim 1 wherein said control means include a movable
      throttling element and remotely controlled motor means for positional
      shift of said throttling element.
NUM  4.
PAR  4. A roll according to claim 3 wherein said throttling element comprises a
      slide valve member having a flow controlling edge.
NUM  5.
PAR  5. A roll according to claim 4 wherein said slide valve member has one end
      face exposed to the fluid pressure in its said associated separate duct,
      said flow control means further including means to apply a controllable
      fluid pressure to the opposite end face of said slide valve member.
NUM  6.
PAR  6. A roll according to claim 5 wherein said last-named means include a
      membrane, one face of which bears against the said opposite end face of
      the slide valve member and the other face of which is exposed to said
      controllable fluid pressure.
NUM  7.
PAR  7. A roll according to claim 4 wherein said flow control means further
      include electric motor means to move said slide valve member.
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ABST
PAL  A method of establishing pipe systems for hot media, such as subterranean
      district heating pipe systems, comprising arranging a number of pipe
      lengths in continuity of each other with a certain spacing between the
      adjacent ends thereof, and interconnecting these ends by means of
      relatively short, axially easily compressible conductor elements such as
      tube bellows, whereafter the pipe lengths are axially expanded by sending
      a hot medium through the pipe system thus assembled, until the single pipe
      lengths, at a temperature below the expected maximum operational
      temperature of the system, have expanded sufficiently to cause the
      adjacent pipe length ends to abut against each other, whereafter these
      pipe length ends, by welding, bolting or otherwise, are joined rigidly to
      each other. Hereby the pipes may be anchored rigidly to their surroundings
      and be subjected to temperature variations without the lack of thermal
      movability of the pipes causing unpermissible stress in the pipes.
BSUM
PAR  The present invention relates to the construction of pipe systems for hot
      media, especially though not exclusively to subterranean pipe systems for
      district heating water. Such pipe systems are normally made of a large
      number of heat insulated iron tubes or pipe lengths which are joined end
      to end by welding or in any other tight and rigid manner, and in the
      system there is included a number of bendings, branchings, stop valves,
      etc. The mounting of the system, of course, must be done generally at the
      relatively low outdoor temperature which is much lower than the normal
      operation temperature of the system, e.g. 70.degree.-130.degree.C for
      district heating water, and for this reason, as well known, thermal
      expansion problems are likely to occur. In order to allow the pipes to
      expand when they become heated it is customary practice to include in the
      system, at selected points thereof, a number of expansion loops or
      bellow-like axial compensators, but the use thereof involves some
      disadvantages, not the least being economy, because these units should be
      made so as to remain tight and operative for many years.
PAR  It is known that the pipes should not necessarily be alllowed to expand and
      contract, since if they are anchored in the ground the inherent resiliency
      of the iron pipes may take up the expansion and contraction forces at
      least to a large degree. It has been suggested, therefore, to mechanically
      prestretch the pipes prior to the anchoring, and the joining of the pipes.
      When the mechanically supplied stretch is thereafter relieved the cold
      pipes will tend to contract, but this is impossible due to the anchoring
      of the pipes in the ground, and instead a resilient stretch tension will
      occur in the pipes. When the pipe system is heated later on the pipes will
      tend to expand, but this only results in the stretch tension being
      reduced. The degree of pre-stretching is chosen so as to cause the stretch
      tension to completely disappear when the temperature has risen
      approximately midways up to the maximum operational temperature,
      whereafter by further heating the expansion tendency of the pipes will be
      converted into a resilient compression tension in the pipes. However, in
      this manner the degree of compression will be smaller than if no
      pre-stretching was used, and in view of the practical limits of stretch
      and compression tension in iron tubes it has been possible to hereby
      reduce the final compressive stress sufficiently to enable a rigid
      mounting of the pipes when the difference between the cold mounting
      temperature and the maximum operational temperature is of the magnitude
      100.degree.C, such as being actual in district heating systems. Thus it is
      possible to avoid expansion loops and axial compensators, but of course
      the mechanical pre-stretching of the pipes is rather difficult to carry
      out.
PAR  According to another known method which is easier to carry out the pipe
      system is mounted in open trenches whereafter water of a temperature
      approximately midways between the "cold" temperature and the maximum
      temperature at which the system shall normally be in operation is sent
      through the system; when the pipes are heated to this average temperature
      they will assume an expanded position corresponding to the pre-stretched
      condition, and this condition will be maintained when the trenches are
      thereafter filled with earth. It has been found that the earth pressure on
      the pipes may be sufficient to prevent actual expansion and contraction of
      the pipes, so when the pipes are later heated to full operation
      temperature the further expansion will be taken up by resiliency of the
      tubes. In this manner the tension in the pipes will vary between a stretch
      tension when the pipes are cold and a compression tension of approximately
      the same numeric value when the pipes are heated maxinmally, i.e. the
      advantage obtained is the same as in the pre-stretched system, but
      additionally the difficult stretching work is avoided. This method,
      however is disadvantageous in that the trenches should be held open until
      the entire system or system section has been mounted, i.e. considerable
      traffic inconveniences will be involved, and for practical, reasons it can
      be difficult to supply the heating medium with only approximately half its
      normal temperature.
PAR  More specifically present invention relates to a method of establishing
      pipe systems for hot media, such as subterranean district heating pipe
      systems, comprising mounting a number of pipe lengths in continuity of
      each other and joining the ends of the pipe lengths with the pipe lengths
      assuming a stretched condition, and it is the purpose of this invention to
      provide an improved mounting method whereby the trenches can be filled
      along the major part of their length immediately upon mounting of the
      pipes, and according to which there will be no need to furnish heating
      medium having an intermediate temperature, nor to make use of a mechanical
      pre-stretching of the pipes.
PAR  According to the invention the pipe lengths are mounted with a certain
      spacing between the adjacent ends thereof, these ends being interconnected
      by means of relatively short, axially easily compressible conductor
      elements such as tube bellows, whereafter the stretching of the pipe
      lengths is effected by sending a hot medium through the pipe system thus
      assembled, until the single pipe lengths, at a temperature below the
      expected maximum operational temperature of the system, have expanded
      sufficiently to cause the adjacent pipe length ends to abut against each
      other, whereafter these pipe length ends, by welding, bolting or
      otherwise, are joined rigidly to each other.
PAR  With this method the pipe system is made conductive of the hot medium
      before it is finally assembled and locked against thermal movements, and
      the system is easily so arranged that the rigid pipe length ends will
      engage each other when the pipes have been heated to an intermediate
      temperature, whereafter for the final joining work it will be unimportant
      whether the temperature rises further, since the pipe lengths cannot
      expand further anyway. This involves that the hot medium can be supplied
      for causing the desired thermal expansion of the pipes, and furthermore
      the pipe trenches may be filled with earth except at the local places in
      which the bellow units shall be accessible for the final joining, i.e. the
      system can be established with a minimum of traffic inconvenience. After
      the final joining of the pipe ends the pipe system may have the same
      character as a system established according to any of the described two
      known methods, but the total mounting thereof has taken place in a much
      more convenient manner.
PAR  The invention also comprises a pipe system established acording to the
      described method, as well as a special pipe joining unit as defined in the
      appended claims.
DRWD
PAR  By way of example the invention is desribed in more detail in the following
      with reference to the accompanying drawing, in which:
PAR  FIG. 1 is a longitudinal sectional view of a partly earth filled trench in
      which there is mounted a hot water pipe,
PAR  FIG. 2 is a sectional view of a bellows unit for use in the pipe, and
PAR  FIG. 3 is a sectional view of the bellows unit in its finally mounted
      position.
DETD
PAR  In FIG. 1 is shown a pipe made of a number of pipe sections 2 joined end to
      end at a number of joints 4. In some of the joints there is mounted a
      bellows structure 6 between the adjoining pipe ends, as explained in more
      detail below. The pipe is laid in a trench 8 which has been filled with
      earth when the joints 4 have been established and the pipe has been
      pressure tested. Only adjacent the bellows 6 the trench is temporarily
      maintained open for allowing access to the bellows. If desired the pipe
      lengths between the bellows units 6 may be rigidly anchored in the ground
      midways between each pair of bellows units 6 by means of anchoring means
      (not shown) well known in the art.
PAR  After the said pressure testing of the pipe hot water at the full
      operational temperature of the district heating system is sent through the
      pipe. If the trench was not filled with earth the pipe lengths between the
      bellows would hereby immediately start to expand as the temperature rises,
      but in the earth filled trenches the pipes shall first overcome the
      friction with the earth, so a certain compressive stress will be built up
      in the pipe lengths before the pipes actually start expanding, this stress
      being highest midways between the bellows units 6 while falling to zero
      towards the pipe ends adjacent these units. However, as the temperature
      rises further the pipes will expand so as to cause the bellows 6 to be
      compressed, until the rigid pipe ends engage each other so as to
      mechanically prevent further expansion of the pipes.
PAR  The distance between the rigid ends of the pipe lengths is so adapted that
      these ends will engage each other prior to the pipe lengths having reached
      the full operational temperature, e.g. midways between the intermediate
      temperature and the operational temperature. The pipe material adjacent
      the said rigid pipe ends will be substantially unstressed until these ends
      engage each other, but thereafter, by the further rising of the
      temperature, a resilient compressive stress will be built up also at these
      places, and due to the earth friction this stress will be transferred with
      decreasing strength towards the middle of each pipe length between the
      bellows units 6. The resulting stress in the pipes may even be a
      compressive stress of the same strength throughout the length of the
      pipes.
PAR  As soon as the rigid pipe ends have engaged each other these ends are
      joined in a rigid and watertight manner, e.g. as described in more detail
      below, and the trench holes at the bellows units 6 are filled with earth,
      whereafter the pipe system has been finally mounted.
PAR  Should the pipes later on get cooled e.g. in connection with repair, the
      result of the cooling will be a reduction of the compressive strength to
      zero and thereafter, by further cooling to the temperature of the
      surroundings, a tensile stress will be produced in the pipes, since the
      bellows units 6 are now unable to expand. By renewal heating the former
      compressive stress will be reestablished, and no actual thermal movements
      of the pipes will take place.
PAR  The construction of a preferred embodiment of the bellows units 6 is shown
      in FIG. 2. A bellows member 10 is interposed between a short tube 12 and a
      longer tube 14, and to the short tube 12 there is secured an inner tube 16
      projecting telescopically into the tube 14 through the bellows member 10
      so as to serve as a guiding member when the bellows is compressed. To each
      of the tubes 12 and 14 there is secured a exterior annular flange 18 and
      20, respectively, these flanges having cylindrical edge portions 22 and
      24, respectively, projecting towards each other.
PAR  The bellows unit is adapted to be secured to adjacent pipe ends as a
      connection tube therebetween, and as shown in FIG. 3 the short tube 12 is
      welded to the end of a pipe 2 and the longer tube 14 is welded to the end
      of the adjoining pipe 2', these pipes being of the prefabricated heat
      insulated type surrounded by a layer of a heat insulating material 26
      which is again surrounded by an exterior protective tube 28, preferably
      made of plastics. At joints 4, FIG. 1, in which no bellows units are
      placed, the pipe ends projecting from the insulation material are joined
      by welding, and when thereafter the pipe system or the particular section
      thereof has been pressure tested a tube casing as shown at 32 in FIG. 3 is
      placed at each joint 4 so as to sealingly bridge the space between the
      adjacent ends of the outer protective tubes 28, all according to well
      known principles as described e.g. in our British Pat. Specification No.
      1,312,831. An insulating foam material is introduced into the tube casing
      through an upper hole 34 therein, and this hole is thereafter sealingly
      closed by means of a stopper (not shown).
PAR  The bellows units 6 are left accessible when after the said pressure
      testing the pipe trench is filled with earth, and thereafter hot water is
      sent through the pipes. By the resulting pipe expansion, as described
      hereinbefore, the bellows elements 10 will get compressed, and the rigid
      pipe ends constituted by the opposed flange portions 22 and 24 will be
      brought to abut against each other when the pipe temperature has risen to
      a value below the higher temperature of the hot water, and thereafter the
      flange portions 22,24 are rigidly joined, preferably by welding as shown
      at 30 in FIG. 3. Thereafter the bellows joints are finished by the
      mounting of the tube casings 32, and the trench holes are filled with
      earth.
PAR  It will be appreciated that with the use of the bellows units shown in FIG.
      2 it is obtained that the bellows element 10 in the final position of the
      unit will be completely and sealingly enclosed within a heavy tube portion
      constituted by the flanges 18 and 20, whereby the bellows element itself
      should not be adapted so as to be able to remain tight for many years. It
      can be considered as a temporary mounting aid only.
PAR  On the other hand the invention is not limited to the use of this
      particular bellows unit, since the final joining of the pipe ends may well
      be otherwise effected, e.g. by bolting or snap locking of suitable flange
      means associated with the pipe ends, these ends at least by the mounting
      work being interconnected by length variable tube elements which are
      relatively easy to compress axially.
PAR  In the above description of the initial thermal expansion of the pipes it
      has been presupposed that the earth is frictionally active, i.e. that the
      insulating material forms a stiff connection between the iron tube and the
      protective tube, this actually being the preferred arrangement.
      Principally, however, it would be possible to make use of pipes in which
      the insulating material cannot transfer the displacement forces between
      the two concentric pipes, e.g. if the interior pipe is slidable in the
      insulating material, but in that case the iron pipe should be anchored to
      the surroundings, in a manner known per se, at some places along a
      straight pipe length, preferably at places midways between the bellows
      units 6.
PAR  As a practical example the length of the pipe between two bellows units can
      be 108 m, viz. a pipe length made of 18 pipe elements each having a length
      of 6 meters, and the initial gap between the bellows flanges 22 and 24 may
      then be ca. 65 mm, when the difference between the cold mounting
      temperature and the maximum operational temperature amounts to ca.
      100.degree.. Calculations relating to the placing and the width of the
      initial gap of the bellows units for obtaining the described character of
      the system are easily carried out by the relevant experts.
PAR  Despite the use of the term bellows unit it will be appreciated that these
      units may comprise, instead of a bellows element, a hose element or any
      other length variable tube element.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of laying pipe systems for conducting a hot fluid, such as
      subterranean heating pipe systems, the method comprising the steps of:
PA1  disposing a plurality of fluid conducting lengths of pipe in axial
      alignment, with the ends of adjacent pipe lengths being spaced at a
      predetermined distance;
PA1  providing axially compressible fluid conductor elements between said
      adjacent pipe length ends which interconnect said lengths of pipe to form
      a fluid-tight connection therebetween;
PA1  axially expanding said lengths of pipe by conducting a hot fluid, at a
      temperature below the expected maximum operational temperature of the pipe
      system, through the assembled fluid conducting lengths of pipe and fluid
      conductor elements until the ends of adjacent pipe lengths are brought
      into engagement thereby compressing the axially compressible fluid
      conductor elements; and
PA1  securing the lengths of pipe by rigidly joining the engaged ends thereof in
      a sealed manner.
NUM  2.
PAR  2. A method according to claim 1, wherein the securing of said pipe length
      ends is effected by providing radially outwardly projecting flange
      portions on the ends of adjacent pipe lengths which are positioned for
      mating engagement upon compression of said fluid conductor elements,
      bringing said flange portions into abutting relationship during the
      conducting of the hot fluid through the pipe system, and thereafter
      rigidly joining the abutting flange portions to form a tight casing around
      the axially compressed fluid conductor elements.
NUM  3.
PAR  3. A method of laying subterranean pipe systems for conducting a hot fluid,
      the method comprising the steps of: disposing a plurality of fluid
      conducting lengths of pipe in axial alignment with the ends of adjacent
      pipe lengths being spaced at a predetermined distance; providing axially
      compressible fluid conductor elements between the ends of said adjacent
      pipe lengths so as to form a fluid tight connection bridging the spacing
      between adjacent pipe ends; providing radially outwardly projecting flange
      portions on the ends of adjacent pipe lengths which are positioned for
      mating engagement upon compression of the axially compressible fluid
      conductor elements disposed between said pipe length ends; conducting a
      hot fluid through the assembled fluid conducting lengths of pipe and fluid
      conductor elements until said flange portions of adjacent pipe lengths are
      brought into mating engagement thereby compressing the axially
      compressible fluid conductor elements; and securing the adjacent pipe
      lengths by rigidly joining the engaged flange portions in a sealed manner
      to form a tight casing around the axially compressed fluid conductor
      elements.
NUM  4.
PAR  4. A method according to claim 3, wherein the step of disposing the
      plurality of fluid conducting lengths of pipe includes spacing the ends of
      adjacent pipes so that the predetermined distance therebetween is less
      than the expected expansion of the pipe lengths at the normal operational
      temperature of the hot fluid.
NUM  5.
PAR  5. A method according to claim 4, wherein the step of conducting a hot
      fluid through the assembled fluid conducting lengths of pipe and fluid
      conductor elements includes supplying a fluid at a a temperature below the
      expected maximum operating temperature of the hot fluid.
NUM  6.
PAR  6. A method according to claim 5, wherein the step of disposing the axially
      compressible fluid conductor element includes welding the respective ends
      of an axially compressible element to the respective ends of adjacent pipe
      lengths.
NUM  7.
PAR  7. A method according to claim 6, wherein the step of securing adjacent
      pipe lengths includes welding the flange portions of respective fluid
      conductor elements to each other.
NUM  8.
PAR  8. A method according to claim 6, wherein the step of securing adjacent
      pipe lengths includes bolting the flange portions of respective fluid
      conductor elements to each other.
PATN
WKU  039329232
SRC  5
APN  5163730
APT  1
ART  321
APD  19741021
TTL  Method of generating and constructing three-dimensional bodies
ISD  19760120
NCL  8
ECL  1
EXP  DiPalma; Victor A.
NDR  3
NFG  15
INVT
NAM  DiMatteo; Paul L.
CTY  Huntington
STA  NY
ASSG
NAM  Dynell Electronics Corporation
CTY  Melville
STA  NY
COD  02
CLAS
OCL   29407
XCL   29428
XCL   29433
XCL   29525
XCL   29526
XCL  156253
XCL  156264
XCL  156512
EDF  2
ICL  B23Q 1700
FSC   29
FSS  407;DIG. 1;DIG. 37;156.8 D;156.8 B;428;433;458;525;526
FSC  156
FSS  264;512;253
UREF
PNO  2903390
ISD  19590900
NAM  Kojima
XCL   29407
UREF
PNO  3348300
ISD  19671000
NAM  Lindgren
XCL   29407
UREF
PNO  3391449
ISD  19680700
NAM  Briles
OCL   29522
UREF
PNO  3490134
ISD  19700100
NAM  DeBisschop
XCL   29433
UREF
PNO  3548486
ISD  19701200
NAM  Foote
XCL   29407
UREF
PNO  3748948
ISD  19730700
NAM  Schmitt
XCL   85 37
LREP
FR2  Fogiel; Max
ABST
PAL  An arrangement for generating and constructing three-dimensional surfaces
      in which the surface or body to be constructed is subdivided into planar
      elements. The contours or outlines of the planar elements correspond to
      respective cross-sections of the surface or body to be constructed. The
      planar elements are stacked against each other for constructing the
      surface or body.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In generating and constructing three-dimensional surfaces or bodies which
      have cross-sections that vary severely in shape along the surface to be
      constructed, it is particularly difficult to produce such surfaces with
      machine tools and machining operations, for example. Thus, if the surface
      to be constructed or reproduced possesses a particularly warped surface as
      present, for example, in propellers, three-dimensional cams, air foils,
      the machining of such surfaces with the application of machine tools
      involves labourious, tedious and therefore costly processes. Such surfaces
      are often produced with numerically controlled machine tools requiring
      controls in three-dimensions and corresponding instructions derived from
      computerized data based on complex calculations which must take into
      account the three-dimensional movement of the tool, together with the
      dimensions of the tool itself. Furthermore, machining of surfaces or
      bodies become particularly difficult if the surfaces to be constructed
      have substantially small cross-sectional areas, as, for example, if a hair
      is to be reproduced and fabricated. The machine tool, moreover, can often
      not reach recessed portions or cutouts in a surface or body.
PAR  Accordingly, it is an object of the present invention to provide an
      arrangement for generating and constructing three-dimensional surfaces and
      bodies in a simple and economical manner.
PAR  Another object of the present invention is to provide an arrangement of the
      foregoing character which is applicable to external as well as internal
      surfaces.
PAR  A further object of the present invention is to provide an arrangement, as
      described, in which the surfaces and bodies to be constructed have varying
      cross-sections and do not require axes of symmetry.
PAC  SUMMARY OF THE INVENTION
PAR  The objects of the present invention are achieved by providing an
      arrangement in which the surface or body to be constructed is subdivided
      into planar elements. These planar elements are cut or formed to
      correspond to the contour or shape of the surface or body to be generated.
      Each planar element, furthermore, corresponds to a respective
      cross-section of the surface or body.
PAR  After forming the individual planar elements, these are assembled and
      stacked against each other to generate the surface or body. The surface
      may have a warped contour as is present for example, in propellers, air
      foils, three-dimensional cams, and predetermined forming dies in
      punch-presses. The surfaces may be external or internal, and they do not
      require that they be symmetrical about an axis.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
DRWD
PAR  FIG. 1 is a schematic diagram of the arrangement for generating and
      constructing surfaces and bodies, in accordance with the present
      invention;
PAR  FIG. 2 is a perspective view and shows the construction of a planar element
      after having been cut from a sheet member;
PAR  FIG. 3 is a plan view and shows the formation of a planar element from a
      sheet member by a milling cutter;
PAR  FIG. 4 is a perspective view and shows the process of stacking planar
      element for generating a predetermined surface or body;
PAR  FIG. 5 is a perspective view and shows an embodiment for holding stacked
      planar elements against each other by bolting means;
PAR  FIG. 6 is a perspective view and shows an embodiment for holding stacked
      planar elements against each other by means of a tapered rod device;
PAR  FIG. 7 is an end view and shows an embodiment for locating planar elements
      relative to each other by means of perforations therethrough;
PAR  FIG. 8 is an end view of a planar element and shows a still further
      embodiment for locating and retaining the planar elements in place by
      means of a projection and notch arrangement;
PAR  FIG. 9 is a side view of two adjacent elements held together by means of
      the embodiment of FIG. 8; and
PAR  FIG. 10 is a perspective view and shows the combination of planar elements
      to form dies for use in pressing machinery;
PAR  FIG. 11 is a perspective view for generating planar elements from sets of
      two sheets, in accordance with another embodiment of the present
      invention;
PAR  FIG. 12 is a perspective view of an intermediary step in generating a
      predetermined surface in accordance with the embodiment of FIG. 11;
PAR  FIG. 13 is a partial sectional view and shows a subsequent step taken after
      the procedure illustrated in FIG. 12;
PAR  FIG. 14 is a perspective of a stacked structure obtained from the
      arrangement of FIGS. 11-13;
PAR  FIG. 15 is a perspective view of a stacked structure with a further complex
      configuration.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawing and in particular to FIG. 1, there is shown a
      surface or body 20 in the form of a cam, for example, which has a
      substantially severely varying cross-section along the cam, and does not
      possess any axis of symmetry. If such a cam 20 were to be fabricated for
      use in automatic production machinery, for example, the cam would have to
      be constructed of metal, and this procedure would require either a
      significant amount of manual workmanship or complex numerically-controlled
      machine tools.
PAR  To produce such a member 20 with a complex surface, however, in accordance
      with the present invention, the member 20 may be constructed of a
      substantially soft workable material, and its surface outline may be
      sensed by a contour follower 22. Such contour followers 22 are well known
      in the art and may be provided with a sensing head 22a moved along on a
      rail 22b, while the member 20 is rotated, for example, on gimbals or
      centers 22c. Contour followers such as the one 22 are well known in the
      art, and for this reason is not described here further.
PAR  In sensing the surface of the member 20, the contour follower 22 provides a
      signal in either mechanical or electrical form, corresponding to the
      contour of the surface of the member 20. This signal is transformed by a
      transducer 24, so as to make this signal suitable for application to a
      computer or data processor 26. The computer 26 receives the data sensed by
      the device 22 at successive cross-sections of the member 20, and
      translates that data into X-Y motions of a table 28. The latter holds a
      sheet member 30, corresponding to a predetermined crosssection of the
      member 20. To cut out the respective planar element from the sheet member
      30, the latter is moved along X-Y directions relative to a cutting device
      32. The cutting device 32 may be in the form of a laser beam, for example,
      a milling cutter, a sawing device, or other cutting means suitable for
      this purpose and known in the art.
PAR  The movement of the table 28 in X-Y directions may be achieved by the use
      of servo-motors 34 and 36 driven by instructions from the computer in the
      X and Y directions, respectively. The use of signals such as derived from
      a computer 26 to drive servo-motors 34 and 36 to position a table 28 in
      X-Y directions is well known in the art, and is for this reason not
      described in further detail here.
PAR  The member 20 can be in the form of, for example, any other article such as
      a sculpture having a substantially complex surface structure corresponding
      to a human figure. The contour follower 22 can be a mechanical device, an
      electronic sensing means, or an optical sensing device. The contour
      following or sensing apparatus is well known in the art, and many
      different designs for such sensing apparatus are commercially available.
PAR  The computer and data processor 26 serves to translate the data derived
      from the unit 22, into rectangular displacements X-Y suitable for
      correspond a table or platen 28 in those directions relative to a cutter
      32. If a substantially pointed laser beam device 32 is used as the cutting
      means, then the sheet member 30 after cutout appears is shown in FIG. 2.
PAR  Thus, after cutout, a planar element 38 will have been severed from the
      sheet member 30, and this planar element 38 will correspong to the
      cross-section 20a sensed by the follower 22 on the member 20. An annular
      space 40 prevails between the planar element 38 and the sheet member 30,
      due to the cutting width of the device 32.
PAR  If a planar element 42 corresponding to a predetermined cross-section of
      the member 20 were to be cut from a sheet member 44 by means of a milling
      cutter 46, for example, the path of this milling cutter 46 must take place
      with its center moving on the trajectory 48 shown in dash-dot line in FIG.
      3. Under these circumstances the X-Y motions or displacements of the table
      28 must be adjusted with respect to the specific dimensions sensed by the
      follower 22. Thus, the path 48 of the center of the milling cutter 46 has
      different dimensions from the exterior surface of the planar element 42.
      The mathematics for providing such adjustments in the X-Y displacements is
      well known in the art of the numerically controlled machine tool field,
      and such adjustments are readily handled by the computer 26. It is to be
      noted that since a milling cutter is not a pointed tool, but has, instead,
      generally a spherical-shaped cutting head, or a cylindrical-shaped cutting
      surface, the X-Y displacement adjustments must always be applied when
      using such a milling cutter. When machining three-dimensional surfaces,
      therefore, it is essential to apply such adjustments also to the Z
      direction of displacement. The mathematical computations for displacing a
      milling cutter and accompanying machine tool in X-Y-Z directions are
      considerably involved and are generally carried out by computers when
      using numerically-controlled machines. In accordance with the present
      invention, however, such involved mathematical computations are avoided,
      since the cutter is required to be moved only in X-Y directions for the
      purpose of generating a planar element. Accordingly, it is a particular
      advantage of the present invention that apparatus is not required for
      displacement in X-Y-Z directions, even though a three-dimensional surface
      or body is generated and constructed. As a result of subdividing the
      surface and body into planar elements, it is possible to confine the
      apparatus to displacements only in the X and Y directions.
PAR  After the planar elements have been generated in accordance with the
      cutting methods described above, they are stacked against each other to
      form the surface or body to be generated. Thus, as shown in FIG. 4, the
      planar elements are placed against each other to reproduce the surface or
      body of the member 20 as a composite of disc-shaped elements.
PAR  The planar elements 38, for example, may be attached to one another by
      means of an adhesive agent. In that event, the adhesive agent may be
      applied to a surface of the element 38, for example, by having the sheet
      member 30 with the cutout, serve as a mask for the adhesive application.
      Accordingly, to apply adhesive to a surface of the planar element 38, for
      example, the mask or sheet member 30 is held in position so as to enclose
      the element 38. Adhesive can then be spread over the element 38 readily
      without concern that the adhesive may inadvertently be also applied to
      surfaces which are not to be coated therewith. After application of the
      adhesive agent, for example, the mask 30 may be discarded, after use as
      shown in FIG. 4.
PAR  For the purpose of generating and constructing a composite body 50 of
      planar elements as shown in FIG. 4, it is not necessary to commence the
      fabrication procedure with a model or pattern 20. Instead, it is possible
      to specify the surface of the body to be generated in the form of
      mathematical equations or functions of x, y, z,  and to insert this
      information into the computer 26 by means of the data input 52. Thus, the
      contour of a planar element 38 may be inserted and stored in the computer
      26, in the form of x-y coordinates for predetermined cross-sections of the
      body 50 to be generated. The finer the subdivisions and, accordingly the
      greater the number of cross-sections to be inserted into the computer 26,
      for example, the less stepped will be the surface of the body 50. Thus, a
      smoother surface may be obtained by subdividing the surface into a larger
      number of cross-sections and hence planar elements. For purposes of
      inserting into the computer 26, the desired displacements for the table
      28, the data input 52 may be in the form of, for example, a keyboard,
      punched paper tape or magnetic tape.
PAR  Whereas stacking of planar elements may be accomplished by the application
      of an adhesive agent as shown in FIG. 4, this method of attaching the
      planar elements to each other may not be feasible when using metallic
      materials for these planar elements. Under such conditions, the method of
      FIG. 5 may be used, for example, in which each of the planar elements is
      bored to receive a bolt member 54 passing through the entire stack of
      elements. A nut 56 may be applied in conjunction with the bolt member 54
      to firmly hold the planar elements against each other.
PAR  In lieu of the bolt member 54, another arrangement for securing the planar
      elements against each other in a stacked manner, may be accomplished in
      accordance with the embodiment of FIG. 6. In this construction, a tapered
      rod 58 is passed through each of the planar elements. At the same time,
      these elements are bored with tapered holes to mount uniquely upon the
      tapered rod 58. With this arrangement it is not necessary to provide
      bolting means, since the tapered rod 58 together with the tapered bores of
      the planar elements, serve to form a seizure joint, similar to the joint
      formed by a tapered sleeve and adaptor, for example.
PAR  In another embodiment for stacking the planar elements firmly against each
      other, the arrangement of FIG. 7 may be used, in which each planar element
      is provided with two perforations, for example. Rods of uniform
      cross-section may then be inserted through these perforations 60 to align
      and hold in place the elements in proper relationship to each other.
PAR  FIG. 8 illustrates another embodiment for obtaining proper registration in
      locating the planar elements relative to one another. Thus, one element 62
      is provided with V-notches which are engaged by projections of an adjacent
      element 64, as shown in FIG. 9. The V-shaped projections and notches
      assure that the planar elements are properly registered or located
      adjacently.
PAR  For purposes of constructing dies which may be used in punch presses, for
      example, the arrangement of FIG. 10 may be used in which sheet elements
      with appropriate cutouts are stacked against each other to form the die
      block. As shown in FIG. 10, the female section of the die set has a cavity
      66 corresponding to the shape or contour of the article to be formed by
      the punch press in the die set. When the cavity 66 varies in cross-section
      with the depth of the die section, for example, the cutout in each sheet
      element 68 may vary correspondingly in accordance with the respective
      cross sections. The planar elements or sheet members 68 may then be
      stacked and bolted together by bolts passed through openings 70 provided
      for this purpose. The fabrication of die sets in accordance with the
      present invention, is particularly advantageous since it avoids the use of
      costly die sinking machinery requiring in conjunction therewith highly
      skilled operating personnel.
PAR  In a further embodiment of the present invention, two planar sheets 72 and
      74 are placed one on top of the other, and elements 76 and 78
      corresponding to a predetermined cross section of the surface to be
      generated, are cut or severed simultaneously in both sheets 72 and 74.
      Thus, if a laser beam, for example, is used to cut or generate the
      elements 76 and 78 from the sheets 74, this laser beam is directed
      simultaneously through both sheets 74 and 72, so that a duplicate set of
      elements 80, 82 are cut from the sheet 72. The elements 80 and 82
      correspond, respectively, thereby to elements 76 and 78. The laser beam is
      also used to cut sheets 72 and 74 simultaneously along parting lines 84
      and 86. The function of these parting lines 84 and 86 will be described
      further below.
PAR  After the laser beam has cut and generated the elements 76, 78, 80, 82, and
      parting lines 84 and 86, the elements 76 and 78 are removed from the sheet
      74, whereas the element 80 and 82 remain in place within the sheet 72, as
      shown in FIG. 12.
PAR  Adhesive is then applied by means of a roller applicator 88, for example,
      to the top surface of the sheet 74. As a result of the application of
      adhesive in this manner, as shown in FIG. 13, the adhesive is permitted to
      enter the openings 90 and 92 left vacant by the removal of the elements 76
      and 78, respectively. The adhesive thereby covers the top surfaces of the
      elements 80 and 82 left in the sheet 72. In this arrangement, therefore,
      the sheet 74 serves the function of a mask for applying adhesive to the
      elements 80 and 82, for example.
PAR  With adhesive agent having been applied to the top surfaces of elements 80
      and 82, it is now possible to attach or cement onto these top surfaces of
      elements 80 and 82, an additional set elements formed in accordance with
      the procedure of FIG. 11 and representing the cross-section of the surface
      to be generated at a plane above the plane corresponding to the
      cross-section for elements 80, 82.
PAR  By repeating the procedure described above in relation to FIGS. 11-13, and
      stacking the cut sheets together with their respective elements to which
      adhesive has been applied, a structure such as FIG. 14 may be obtained. In
      this structure shown in FIG. 14, the sheets 72 and 74 are illustrated as
      typical cross-sections in the surface to be generated.
PAR  After stacking typical sheets such as 72 and 74 to obtain the configuration
      of FIG. 14, it is essential to separate portions of the stacked sheets
      along the parting lines 84 and 86, in order to obtain access to the stack
      of elements such as 80, for example, which are held together by the
      adhesive agent applied by the procedure of FIG. 13. Accordingly, the
      parting lines 84 and 86 are cut, as described previously, for the purpose
      of permitting removal of sections or portions of the stacked sheets to
      obtain the interior-generated surface comprised of elements attached to
      each other by adhesive agent.
PAR  When the surface to be generated by elements such as 80, for example, is a
      surface having a substantially uniform or regular cross-section, the
      parting lines 84 and 86 may be relatively simple for the purpose of
      removing the stacked up elements attached to each other by adhesive. When,
      however, such stack of elements has a highly irregular cross-section, and
      the surface to be generated is substantially complex, the parting lines
      may become correspondingly complex, as shown by the structure 94 in FIG.
      15. Thus, if a typical cross-section 96 of the surface to be generated, is
      substantially irregular as shown in FIG. 15, a series of parting lines 98,
      100, 102, 104 and 106 may be essential for the purpose of removing from
      the interior of the structure 94, the stack of elements attached to each
      other by adhesive agent.
PAR  Once the internal stack of elements is removed from the structure 94
      consisting of stacked sheets from which the elements have been cut, a mold
      of the surface generated is obtained when the portions of the structure 94
      are reassembled along their parting lines. Accordingly, on the interior of
      the structure 94, is left a cavity or mold shaped to conform to the
      surface generated by the stacked elements which were removed from the
      interior of the structure 94. The remaining mold of structure 94 with its
      interior cavity comprises, thereby the negative representation of the
      surface generated by the stacked elements attached to each other by
      adhesive agent. These stacked elements comprise, thereby, the positive
      representation of the surface generated. Accordingly, the arrangement
      provided by FIGS. 11-15 results in both positive and negative
      representation of a surface generated by combinations of planar elements.
PAR  The negative representation may then be used as a mold to be filled with
      wax or other material, for example, to obtain a body with continuous
      surface corresponding to the positive surface representation provided by
      the stacked elements attached to each other with adhesive. The interior
      body generated from wax or other substance in plastic or metallic form,
      for example, may be removed similarly as described above by removing
      portions of the structure along the cut parting lines. In applying the
      negative representation of the surface in the form of the remaining
      stacked sheets, as shown in FIG. 15, these stacked sheets with their
      cutout may also have adhesive agent applied to them for the purpose of
      being held securely to each other.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention, and
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for constructing a predetermined surface comprising the steps
      of: defining the surface to be constructed; measuring a plurality of
      cross-sections of said defined surface; generating a substantially planar
      element for each cross-section measured, each said element having a
      cross-section corresponding to the respective measured cross-section of
      said defined surface; and stacking the generated elements adjacent one
      another in predetermined sequence to form said surface, the sequence of
      the stacked generated elements corresponding to the sequence of said
      plurality of cross-sections of said defined surface.
NUM  2.
PAR  2. The method as defined in claim 1 including the step of applying adhesive
      means between adjacent contacting surfaces of said planar elements for
      attaching said elements to each other.
NUM  3.
PAR  3. The method as defined in claim 1 including the step of bolting said
      planar elements together.
NUM  4.
PAR  4. The method as defined in claim 1 including the step of boring each
      element with a tapered opening for mounting on a tapered rod to locate and
      hold said elements in predetermined relationship to each other.
NUM  5.
PAR  5. The method as defined in claim 1 including the step of forming
      projections and notches on the planar surfaces of said elements for
      joining said elements in predetermined relationship to each other.
NUM  6.
PAR  6. The method as defined in claim 1 wherein two substantially identical
      planar elements are generated for each respective measured cross-section
      of said defined surface, said two identical planar elements being
      generated from two planar sheets containing said identical planar
      elements.
NUM  7.
PAR  7. The method as defined in claim 6 including the steps of superimposing
      said two planar sheets; removing the elements in one of said sheets;
      applying adhesive over the entire projected area of the exposed surface of
      said planar sheet from which the elements has been removed; stacking a
      plurality of sheets with elements adhering to each other by said adhesive;
      cutting at least one parting line through said stacked sheets; separating
      portions of said stacked sheets along said parting line; and removing from
      the interior of said stacked sheets, said elements adhering to each other
      by said adhesive.
NUM  8.
PAR  8. The method as defined in claim 7 wherein said stacked sheets after
      removal of said stacked elements comprises the negative representation of
      said surface.
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PAL  An automatic tool changer in which tools carried by an indexable magazine
      are brought to a tool transfer station, from which a first one of two
      independently pivoted transfer arms of a tool transfer mechanism takes the
      tool from the magazine and -- by X axis translation of the transfer
      mechanism -- carries that tool to a tool-ready position close to the
      spindle, but held in an inverted position. Upon completion of the
      operation being performed by the tool in the spindle, and stopping of the
      spindle, the transfer mechanism is given Y axis translation and additional
      X axis translation, to bring the pivot axis of the two transfer arms to a
      spindle transfer position in which the second transfer arm is in position
      to swing in an arc tangent to the spindle axis, so that -- upon
      180.degree. of such swinging motion -- this second transfer arm is brought
      into position to grasp the tool in the spindle and, by swinging in the
      opposite direction, withdraw the tool from the spindle and hold it in an
      inverted position. Upon movement of the transfer mechanism back to its
      tool ready position, it undergoes Y axis translation to bring the first
      transfer arm into alignment with the spindle, so that -- upon X axis
      translation of the transfer mechanism toward the spindle to the spindle
      transfer position -- the first transfer arm carrying the tool it had
      removed from the magazine can be swung about its pivot axis to insert the
      tool in its grasp into the spindle.
PARN
PAR  This application is a division of my copending application Ser. No.
      163,268, filed July 16, 1971, now U.S. Pat. No. 3,811,179.
BSUM
PAR  This invention like that of the copending application Ser. No. 163,268,
      relates to the changing of tools used by machine tools and, while by no
      means limited thereto, refers more particularly to the changing of tools
      employed by numerically controlled vertical milling machines.
PAR  In a vertical milling machine, the workpiece to be machined is placed upon
      a table that is mounted on the base of the machine for horizontal motion
      along two axes -- the X axis and the Y axis. Any part of the workpiece
      thus can be brought into position to be acted upon by a tool secured to
      and driven by a spindle that rotates on a vertical axis above the work
      table and is carried by a spindle head mounted on the base of the machine
      for up and down motion along the Z axis of the machine.
PAR  With the addition of numerical control, all of the motion of the machine
      components along all three axes can be automatically effected and
      cntrolled in accordance with a predetermined program. However, unless the
      machine is also equipped with an automatic tool changer by which tools can
      be removed from a tool storage magazine and inserted into the spindle and
      also withdrawn from the spindle and returned to the storage magazine, much
      of the advantage of numerical control is not realized.
PAR  Machine tools equipped with automatic tool changers have been available for
      some time and several U.S. patents have been granted on such machines.
      Notable among those U.S. Pat. Nos. are the following:
PA1  Brainard et al. 3,286,344 issued Nov. 22, 1966
PA1  Brainard et al. No. Re. 25,737 issued Mar. 2, 1965
PA1  Meyer No. 3,316,629 issued May 2, 1967
PA1  Meyer No. 3,466,971 issued Sept. 16, 1969
PA1  Lehmkuhl No. 3,200,492 issued Aug. 17, 1965
PA1  Hollis No. 3,412,459 issued Nov. 26, 1968
PA1  Anthony No. 3,161,951 issued Dec. 22, 1964
PA1  Swanson et al. No. 3,256,600 issued June 21, 1966
PA1  Wakefield et al. No. 3,465,890 issued Sept. 9, 1969
PA1  Harmon No. 3,466,739 issued Sept. 16, 1969
PA1  Ollearo No. 3,545,075 issued Dec. 8, 1970
PA1  Goebel et al. No. 3,551,984 issued Jan. 5, 1971
PAL  The British Patent No. 1,205,104, published Sept. 16, 1970, illustrates
      another prior art tool changer.
PAR  While the machines disclosed in some of the aforesaid patents are known to
      have achieved a measure of commercial success, in all of them the
      unproductive time spent in changing from one tool to another is a serious
      production-limiting factor.
PAR  With a view towards significantly minimizing the time required to effect a
      tool change, this invention has as its purpose and object to provide an
      improved method of changing the tools used by rotary spindle type machine
      tools, wherein:
PA1  1. transfer mechanism having two independently movable tool carrying arms
      that move with respect to one another operates to have one of its arms
      carry the tool that has just been removed from the spindle back to the
      tool storage magazine of the tool changer,
PA1  2. the magazine moves to bring the next-to-be-used tool to a transfer
      station, and
PA1  3. the transfer mechanism operates to have its other arm grasp that tool
      and transport it to a tool-ready station close to the spindle and also
      bring the other empty tool carrying arm into juxtaposition to the spindle,
PAL  all while the spindle is rotating and the tool therein is performing a
      machining operation. The consequent close proximity to the spindle of both
      an empty transfer arm and the next-to-be-used tool makes it possible to
      interchange tools the instant the spindle stops and in a fraction of the
      time required with prior tool changers.
PAR  It is also an object of this invention to provide an improved tool storage
      magazine which is capable of carrying a large number of different tools,
      and of quickly bringing any one of the tools carried thereby to the
      transfer station of the tool storage magazine.
PAR  Another object of this invention is to provide a tool changer in which the
      insertion of a tool into the spindle and its withdrawal therefrom is
      effected with an arcuate motion rather than with a straight line movement,
      as is the case in most tool changers now in use. Inserting and removing
      the tool with an arcuate motion has the advantage of reducing the height
      of the clearance space required beneath the spindle to effect insertion or
      removal of a tool.
PAR  To further minimize the height of the clearance space required beneath the
      spindle for insertion and removal of a tool therefrom with an arcuate
      swinging motion, it is a feature of this invention that all of the tools
      are mounted in holders having tapered shanks, so that a very short axial
      separation between the tool holder and spindle allows the holder to be
      swung into and out of the correspondingly tapered socket in the collet of
      the spindle.
PAR  Still another object of this invention is to provide an automatic tool
      changer for a machine tool, which has no physical connection with the
      machine tool it serves, so that the vibration which inevitably results
      from operation of the tool changer mechanism is not imparted to the
      machine tool.
PAR  A further object of this invention is to provide a tool changer in which
      the holders for the various tools cooperate in a very efficient and
      effective manner with the tool transfer arms by which the tools are
      carried from the spindle to the tool storage magazine and vice versa, to
      the end that utmost accuracy is achieved in the placement of the tools in
      the spindle and their return to the tool storage magazine.
PAR  With these observations and objectives in mind, the manner in which the
      invention achieves its purpose will be appreciated from the following
      description and the accompanying drawings, which exemplify the invention,
      it being understood that changes may be made on the specific apparatus
      disclosed herein without departing from the essentials of the invention
      set forth in the appended claims.
DRWD
PAR  The accompanying drawings illustrate one complete example of the embodiment
      of the invention constructed according to the best mode so far devised for
      the practical application of the principles thereof, and in which:
PAR  FIG. 1 is a perspective view of the tool changer of this invention shown in
      cooperative relation with a conventional vertical milling machine;
PAR  FIG. 2 is a vertical sectional view essentially through the tool storage
      magazine of the tool changer, showing a tool being held in the tool-ready
      station close to the spindle of the milling machine, part of the storage
      magazine being omitted;
PAR  FIG. 2a is a detail sectional view through FIG. 2 on the plane of the line
      2a -- 2a;
PAR  FIG. 3 is a horizontal sectional view through the tool changer on the plane
      of line 3 -- 3 in FIG. 2;
PAR  FIG. 4 is a horizontal sectional view through FIG. 2 on the plane of the
      line 4 -- 4;
PAR  FIG. 5 is a vertical sectional view through FIG. 4 on the plane of the line
      5 -- 5;
PAR  FIG. 6 is a vertical sectional view through FIG. 4 on the plane of the line
      6 -- 6;
PAR  FIG. 7 is a vertical sectional view through FIG. 4 on the plane of the line
      7 -- 7;
PAR  FIG. 8 is a horizontal sectional view on an enlarged scale, through a
      portion of the tool storage magazine, said view being taken on the plane
      of the line 8 -- 8 in FIG. 2;
PAR  FIG. 9 is a vertical sectional view through FIG. 8 on the plane of the line
      9 -- 9;
PAR  FIG. 10 is essentially a vertical sectional view through FIG. 4 on the
      plane of the line 10 --10;
PAR  FIG. 11 is a horizontal sectional view through FIG. 10 on the plane of the
      line 11 -- 11;
PAR  FIG. 12 is a vertical sectional view through FIG. 10 on the plane of the
      line 12 -- 12;
PAR  FIG. 13 is a vertical sectional view through FIG. 11 on the plane of the
      line 13 -- 13;
PAR  FIG. 14 is a horizontal sectional view through FIG. 13 on the plane of the
      line 14 -- 14;
PAR  FIG. 15 is a perspective view of one of the tool carriers of the tool
      storage magazine;
PAR  FIG. 16 is a perspective view of the back of one of the tool carriers of
      the tool storage magazine and illustrating part of the track structure by
      which the carriers are supported and part of the endless chains by which
      movement is imparted to the carriers;
PAR  FIGS. 17 through 28 are diagrammatic plan views of the tool transfer
      mechanism, illustrating a typical tool change sequence; and
PAR  FIGS. 29 through 34 are diagrammatic plan views similar to FIGS. 16-28, but
      illustrating how the tool transfer mechanism of this invention can be
      employed to facilitate manual exchange of tools.
PAR  Referring to the drawings, the numeral 4 designates generally a vertical
      milling machine of conventional design, but equipped with the automatic
      tool changer of this invention.
PAR  The tool changer, which comprises a tool storage magazine 5 and tool
      transfer mechanism 6, can be considered a machine entirely separate from
      the milling machine. It is contained within a cabinet-like main frame 7
      that stands on its own foundation alongside the milling machine, and is so
      positioned with respect to the milling machine that its transfer mechanism
      6 can take tools from the magazine -- into which they are manually loaded
      through a door 8 -- and transfer them to the spindle "S" of the miling
      machine, remove them from the spindle and return them to the tool storage
      magazine.
PAR  The transfer mechanism and the tool storage magazine and the manner in
      which they function will of course be described in detail. However, before
      doing so, it should be pointed out that the tool changer has no physical
      connection with the milling machine, except during the instant when a tool
      is actually being inserted into the spindle or withdrawn therefrom, at
      which time the spindle is stationary. Hence the performance of the milling
      machine, and particularly the accuracy of its machining operations, is not
      adversely affected by extraneous forces such as vibration and impact
      resulting from the operation of the tool changer in bringing different
      ones of the stored tools to a transfer station TS, or by the operation of
      the transfer mechanism as it carries tools between the spindle and the
      transfer station.
PAR  The milling machine, as is customary, has a work table 9 slidably mounted
      upon a saddle 10 for left and right traverse along the X axis of the
      machine, and by in and out movement of the saddle 10 can be moved along
      the Y axis. The saddle 10 is carried by the knee 11 of the machine which
      is vertically adjustably mounted on the base 12. A column 13 projecting
      from the base 12 behind the work table has a spindle head 14 vertically
      slidably mounted thereon and the spindle S -- as well as its drive
      transmission 15 -- is carried by the spindle head. The spindle is, of
      course, located above the work table and, by up and down motion of the
      spindle head, is movable along the Z axis. The machine is therefore
      capable of performing any machining operation that does not require more
      than three axis relative motion between the workpiece and the spindle
      driven tool.
PAR  Any one of a wide variety of tools can be attached to the spindle to be
      driven thereby. This includes drills, reamers, boring bars, taps and
      milling cutters of all types. Each tool is fixed in a tool holder 16. All
      of the holders are identical and have a steeply tapered shank 17 which
      fits into a correspondingly tapered socket in the collet 18 of the
      spindle, where it is held by a draw bar 19 that extends axially through
      the spindle. Since the draw bar and the manner in which it functions forms
      no part of the invention, it is merely indicated in dotted lines in FIG.
      10. However, it is important to observe that the tool transfer mechanism
      by which the tools are inserted into the spindle, holds the tools at a
      fixed elevation during the attachment of a tool to the spindle. It is
      essential, therefore, that the relative axial motion required between the
      draw bar and the spindle to effect attachment of the tool to the spindle
      be effected without imparting any endwise movement to the tool.
PAR  Although other means may be employed to connect the tool holders to the
      draw bar, a satisfactory way of doing so is by means of radially
      expandable claws 20 of the draw bar which enter a reentrant socket 21 in
      the tool holders and engage under a ledge at the mouth of the socket.
      After a tool holder is thus connected to the draw bar, the tool can be
      released from the transfer mechanism and drawn up into the spindle to
      tightly wedge the tapered shank 17 into the correspondingly tapered socket
      of the spindle collet.
PAR  All of the tool holders have two circumferential grooves 22 and 23 axially
      spaced from the large diameter end of the tapered shank 17 and from each
      other, the groove 22 being nearest the shank. The grooves are defined by
      three flanges 24, 25 and 26. The surfaces of these flanges which define
      the sides of the grooves are flat and accurately normal to the axis of the
      tool holder; and the flanges 24 and 25 which are nearest the shank of the
      holder have aligned diametrically opposite keyways 27 and 28 respectively.
      The keyways 27 receive keys 29 that project from the bottom of the spindle
      to positively drivingly connect the tool holder and the tool therein to
      the spindle.
PAR  To assure entry of the keys 29 into the keyway 27, the spindle must always
      be stopped in one position of rotation, which is the responsibility of the
      numerical control instrumentalities governing the operation of the
      machine. It is also necessary that the tool holders are always presented
      to the spindle in the same position of rotation. This is assured by
      providing the tool transfer mechanism and the tool storage sockets of the
      magazine with keys that enter the keyways 28.
PAR  An advantage that flows from always stopping the spindle in the same
      position of rotation is that it facilitates withdrawal of a boring tool
      from a hole that has just been bored. By inserting the boring tool into
      its holder with the cutter in a specific rotary orientation with respect
      to the keyways of the holder, the cutter will be in a definite location
      with respect to the X and Y axes of the machine when the spindle stops. It
      is then a simple matter to have the control effect movement of the work
      table in the direction to disengage the cutter from the side of the hole,
      whereupon it can be lifted from the hole without marring its surface.
PAR  While the tool holders by which the various tools are held are, strictly
      speaking, no part of the tools, for convenience in description, where the
      term "tool" either singular or plural, is used in this specification and
      in the claims, it will be understood to include the tool holder or holders
      unless otherwise stated.
PAR  It should also be understood that different tools will require different
      spindle speeds and different feed rates, as well as the application of
      coolant thereto as they perform their respective machining operations;
      and, for milling and contouring, the work table must be moved along its
      coordinate axes, but all of these requirements can be met by an
      appropriate control system which governs the operation of the machine but
      is not a part of this invention.
PAR  The control system also effects selection of the tool to be withdrawn from
      the tool storage magazine and the operation of the tool transfer mechanism
      by which the selected tool is inserted into the spindle and a tool in the
      spindle is returned to the tool storage magazine.
PAC  THE TOOL STORAGE MAGAZINE
PAR  The tool storage magazine comprises essentially an endless conveyor 30
      which travels in an elongated narrow orbit and has a plurality of tool
      carriers 31 thereon. The tool carriers can be regarded as storage sockets,
      and each always receives and holds the same tool. The conveyor consists of
      two endless sprocket chains of the same length, an upper chain 32 and a
      lower chain 32', the upper chain being trained about sprockets 33-33' and
      the lower chain about sprocket 34-34'.
PAR  The sprockets 33 and 34 are fixed to a vertical shaft 35 and the sprockets
      33' and 34' are fixed to a similar shaft 36. These shafts are journaled in
      bearings mounted upon the end portions of elongated upper and lower rails
      37-37' which are rigidly connected by a pair of uprights 38 to form a
      backbone for the conveyor. The lower rail 37' is secured to the top of an
      inverted U-shaped rib 39 that extends lengthwise down the middle of the
      main frame and is an integral part thereof.
PAR  The bearings in which the vertical sprocket shafts 35 and 36 are journalled
      are on the top side of the upper rail 37 and at the underside of the
      bottom rail 37', and collars fixed to the shafts above the upper bearings
      and below the lower bearings hold the shafts against endwise displacement
      with the upper sprockets 33-33' above the upper rail and the lower
      sprockets 34-34' beneath the lower rail. The distance between the
      sprockets at the opposite ends of the conveyor -- and hence the tension on
      the chains -- is of course adjustable in the conventional manner, and to
      drive the conveyor a reversible fluid pressure motor 40 mounted on the
      main frame is drivingly connected with the shaft 35 through a positive
      traction drive chain 41 trained over a small drive sprocket and a large
      driven sprocket. Hence, by controlled operation of the motor 40, the
      conveyor can be actuated to bring any one of its tool carriers 31 to the
      transfer station TS which is at the end of the conveyor defined by the
      sprockets 33 and 34 on the shaft 35.
PAR  The carriers 31 are all alike and consist of L-shaped members, preferably
      formed of sheet metal, with a long vertical leg 44 and a short horizontal
      leg 45. They are attached to the endless chains with their upper ends
      extending above the upper chain 32 and the lower ends below the chain 32',
      and the short horizontal leg 45 projecting outwardly of the conveyor
      orbit. This leg 45 is bifurcated and has complementary tool gripping jaws
      46 thereon, the nature of which will be described later.
PAR  Quite obviously, the combined weight of the tools in the magazine is
      substantial, especially when -- as in the present case -- the tool storage
      magazine is designed to hold twenty tools. To carry that weight without
      imposing any of it upon the conveyor chains, each tool carrier has a
      roller 47 freely rotatably mounted thereon and riding on a track 48 which
      forms part of the lower rail 37'. The track actually consists of an
      elongated channel 49, the flanges 50 of which are spaced from and coact
      with the parallel side edges of a flat bar 51 symmetrically overlying the
      channel. At the ends of the roller tracks, the flanges 50 of the channel
      are cut away and the ends of the bar 51 are rounded and concentric to the
      axes of the sprockets. This permits the rollers 47 to negotiate the turns
      at the ends of the elongated conveyors' orbit. FIG. 8 illustrates this
      detail.
PAR  Coacting with the roller 47 of each carrier 31 is a second roller 52 near
      the top of the carrier which rides in a track 53 at the underside of the
      upper rail 37. Since the rollers 47 and 52 are held against axial
      displacement by the sides of their respective tracks, the carriers 31 are
      firmly held against any motion other than their intended travel around the
      orbit of the conveyor. FIG. 16 illustrates the manner in which the
      carriers are supported and held in position, and also shows the attachment
      of the carriers to the conveyor chains.
PAR  The tools are initially manually loaded into the carriers of the conveyor
      in an inverted upside-down orientation with respect to their operative
      positions when attached to the spindle, and are held in this position by
      the complementary gripper jaws 46. These jaws are pivoted, as at 54, to
      the bifurcated short horizontal leg 45 of the carriers and grip the tools
      by entering the grooves 23 in their tool holders. By virtue of the
      accurately normal disposition of the flat sides of the flanges 25 and 26,
      which define the groove 23, to the axis of the tools and snug reception of
      the jaws 46 between the flat sides of the flanges, the tools are firmly
      held with their axes accurately vertical. FIGS. 8, 9 and 15 provide the
      best illustration of the gripper jaws and their operation. As there shown,
      and especially in FIG. 15, the jaws have deep grooves 55 in their outer
      edges to receive the marginal portions of the short leg of the carrier
      that bound the bifurcation therein. Hence the jaws have a tongue and
      groove connection with the short leg of the carrier, as well as being
      pivoted thereto.
PAR  The jaws are yieldingly retained in operative tool gripping positions by a
      spring 56 confined between abutments 57 on the rear portions of the jaws.
      The spring is held in place by having its medial portion received in a
      bore through a block 58 which is fixed with respect to the carrier. A key
      or locking lug 59 is also fixed with respect to the carrier between the
      gripper jaws and at the underside of the bifurcated short leg of the
      carrier, to enter one of the keyways 28 in the flanges 25 of the tool
      holders, and thereby hold the latter and the tools therein aginst rotation
      out of a predetermined orientation while in the tool storage magazine.
PAC  THE TRANSFER MECHANISM
PAR  The transfer mechanism, indicated generally by the numeral 6 comprises a
      carriage 60 slidably mounted on the main frame 7 at an elevation beneath
      the tool storage magazine, for back and forth horizontal movement towards
      and from the spindle along the X axis of the machine, a shuttle bar 61
      carried by the carriage and a transfer arm assembly 62 on the shuttle bar.
PAR  The carriage 60 is a rigid frame-like structure with paralleled side rails
      63 connected by cross bars 64, 65, 66 and 67 (FIGS. 4 and 5). It is
      slidably mounted in the main frame by ball bearing slides 68, the coacting
      elements of which are respectively fixed to the side rails 63 and ridged
      longitudinally extending members 69 solidly secured to the main frame 7.
PAR  Back and forth traverse of the carriage is produced by a double acting
      fluid pressure motor 70, preferably a hydraulic cylinder, fixedly mounted
      in the main frame with its piston rod 71 connected to the carriage, as at
      72. Since it is important that the transfer arm assembly 62 be in a
      definite location when retracted with respect to the tool transfer station
      TS and also when in its projected position delivering a tool to the
      spindle, the limits of the traverse imparted to the carriage by the motor
      70 must be accurately set. This, however, can be done in any suitable and
      conventional manner.
PAR  The shuttle bar 61 is a rigid structure transversely translatably mounted
      on the carriage to travel therewith along the X axis as the carriage is
      moved towards and from the spindle, and with respect thereto along the Y
      axis, but always with the shuttle bar horizontally oriented. These
      requirements are met by mounting the shuttle bar on the cross bars 64, 65
      and 66 of the carriage by means of ball bearing slides 73 and 74, the
      coacting elements of which are respectively fixed to the shuttle bar and
      to the carriage cross bars. In each instance, the element of the slide
      which is fixed to the shuttle bar extends only across the width of the
      shuttle bar, but its coacting element which is fixed to the carriage
      extends along the entire length of the carriage cross bar to which it is
      fixed. This permits the shuttle bar to move all the way from one side of
      the carriage to the other, and since the transfer arm assembly 62 is
      symmetrically mounted on the shuttle bar, proper correlation between the
      limits of transverse motion of the transfer arm assembly and the spindle
      is assured by positioning the tool changer with the longitudinally
      extending vertical median plane of the carriage coincident with the
      spindle axis.
PAR  As best seen in FIG. 7, the coacting elements of the slides 73 are secured
      to the top of the cross bar 64 and the underside of the shuttle bar; but
      the slides 74 have their carriage-carried elements fixed to the opposing
      faces of the cross bars 65 and 66 and their shuttle bar-carried elements
      fixed to the flanges of a channel 75 which is pivotally secured, as at 75,
      to the underside of the shuttle bar -- specifically to a plate 77 which
      spans the sides of the hollow shuttle bar above a cutout 78 in its inner
      end portion. By locating the connection between the inner end of the
      shuttle bar and the carriage in the cutout 78, space is available directly
      beneath the bottom of the shuttle bar for a bell crank lever 79 through
      which a fluid pressure motor 80 imparts transverse translatory motion to
      the shuttle bar.
PAR  The bell crank lever 79 is pivoted to the underside of the cross bar 65, as
      at 81, and has one arm thereof -- its longest -- connected with the
      shuttle bar through a line 82, one end of which is pivoted to the shuttle
      bar by a pin 83. The presence of the link in the connection between the
      bell crank lever and the shuttle bar enables the shuttle bar to be
      constrained to translatory motion, despite the fact that the end of the
      bell crank connected therewith moves in an arc. The fluid pressure motor
      80 has its cylinder connected to the cross bar 67 of the carriage and its
      piston rod connected to the short arm of the bell crank lever, as at 84.
PAR  True translatory motion of the shuttle bar with respect to the carriage is
      assured by leaving the guidance of that motion to the slides 73 and
      pivotally connecting the slides 74 with the shuttle bar.
PAR  The transfer arm assembly comprises a supporting body 85 rigidly fixed to
      and rising up from the shuttle bar at its end nearest the spindle. This
      supporting body is flanked by two transfer arms 86 that are pivoted
      thereto to swing independently of one another about a common axis.
PAR  The transfer arms are identical and swing through 180.degree. in arcs that
      lie in vertical planes, one of which coincides with the vertical plane
      containing the spindle axis and bisecting the transfer station TS when the
      shuttle bar is at one of its limits of transverse Y axis motion, and the
      other of which does so when the shuttle bar is at its opposite limit of Y
      axis motion.
PAR  To pivotally mount the transfer arms 86 of the shuttle bar-carried body 85,
      each arm has a shaft 87 fixed in its body portion and projecting therefrom
      to be journalled in bearings 88 mounted in a transverse bore through the
      body 85, (FIG. 14). A pinion 89 on each shaft 87 meshes with a rack 90
      that is slidably mounted in a cavity 91 in the body, and by controlled
      reciprocation of the racks arcuate swinging motion is imparted to the
      transfer arms. The racks are reciprocated by double acting cylinders 92
      formed in the body 85 and having their pistons connected to the racks by
      rods 93. Pressure fluid is delivered to the opposite ends of the cylinders
      through ducts (not shown) that connect with ports 94-94' as valves in the
      control system of the machine are automatically opened and closed; and, to
      accurately define the limits of swinging motion imparted to the transfer
      arms, adjustable stops 95 and 96 limit the stroke of the racks. It should
      be noted that the transfer arms are not connected to each other and that
      they swing independently of one another.
PAR  To enable the transfer arms to carry tools, each arm has a pair of jaws 97
      that are mirror images of one another, pivotally mounted thereon, as at
      98. These jaws have their mounted end portions received in chambers
      defined by overlying plates 99 that are secured in spaced apart relation
      to the body portion of the arm, (FIGS. 10, 11 and 12). Part of the means
      holding the plates 99 spaced apart is a block 100 which is situated
      between the arms and projects from the chamber to provide a locating lug
      or key 101 to engage in one of the notches 28 in the flanges 25 of the
      tool holders 16 gripped by the jaws. In this manner, the tools are held in
      correct rotational orientation during their transfer to and from the
      spindle. A spring 102 that is received in a transverse bore in the block
      100 at all times yieldingly urges the jaws apart and opens them to release
      a gripped tool when a control plunger 103 permits opening motion of the
      jaws. The inner end portions of the jaws are held in contact with the
      control plunger by the spring.
PAR  The control plunger 103 has a large diameter end portion and a small
      diameter end portion with a tapered shoulder 104 therebetween. The plunger
      is mounted in the transfer arm for endwise motion along an axis that
      intersects the pivot axis of the arm and is equispaced from and inwardly
      of the axes about which the jaws pivot. In its operative position, the
      large diameter portion of the plunger engages the opposing edges of the
      jaws and holds the jaws closed; while in its inoperative position the
      small diameter portion of the plunger is between the engaged edges of the
      jaws, permitting the spring 102 to open the jaws.
PAR  A spring 105 bearing against the small diameter end of the plunger
      yieldingly urges the plunger to its inoperative position, and to move the
      plunger to its operative position, a piston at the large diameter end of
      the plunger operates in a cylinder 106 formed in the body portion of the
      arm. Fluid pressure is introduced into the cylinder when the jaws are to
      be closed, and in moving from its inoperative to its operative position,
      the tapered shoulder 104 cams apart the opposing edges of the jaws and
      positively closes the jaws. Fluid pressure is introduced into the cylinder
      through a swivel joint 107 (FIG. 12) that is mounted on the adjacent end
      of the shaft 87. The swivel joint opens to a bore extending axially into
      the shaft 87 far enough to have its inner end communicate with the
      cylinder 106 through a transverse port 108. The swivel joint, of course,
      enables the cylinder to be connected with a pressure source without
      interfering with the swinging movement of the transfer arm.
PAR  Free movement of the jaws 97 to and from closed positions is assured by
      lining the opposing inner surfaces of the plates 99 with Teflon or other
      suitable friction reducing material; and to provide lubrication for the
      rack and pinion driving connections and the bearings 88, ports 109 lead to
      the cavities 91 in which the racks are located.
PAR  The transfer arms 86 have an L-shaped formation so that the gripper jaws
      97, at their outer free ends, are offset from the axis about which the
      arms swing, and their range of swinging motion is so disposed with respect
      to a vertical plane containing that axis that at each limit thereof the
      gripper jaws are horizontally disposed. At one limit of this swinging
      motion, the gripper jaws face towards the spindle and, at the other limit,
      they face towards the transfer station TS. When facing the spindle, the
      gripper jaws 97 are at an elevation slightly below the bottom of the
      spindle when the latter is in its tool change position, so that upon X
      axis translation of the transfer mechanism towards the spindle, a tool in
      the spindle can be grasped by the gripper jaws 97 and then withdrawn from
      the spindle by downward swinging motion of the transfer arm on which these
      gripper jaws are mounted. Upon completion of its 180.degree. of swinging
      motion, the transfer arm brings its gripper jaws 97 to an elevation just
      below that of the gripper jaws 46 on the tool carriers of the storage
      magazine. Accordingly, by X axis translation of the transfer mechanism,
      the tool held by the gripper jaws 97 can be transferred to a carrier of
      the tool storage magazine that is at the transfer station. By the same
      token, a tool held by the gripper jaws 46 can be grasped by the gripper
      jaws 97, provided of course, that the gripper jaws 97 are open and the
      shuttle bar is at its limit of Y axis motion in which the open jaws are in
      line with the transfer station.
PAR  The concomitant engagement of the tool by the gripper jaws 97 and the
      gripper jaws 46 -- which is needed to effect the transfer -- is possible
      because of the two grooves 22 and 23 in the tool holders, each of which
      accommodates one of the two pairs of gripper jaws. Another condition
      essential to transfer of tools between a transfer arm and a magazine
      carrier is the yielding maintenance of the gripper jaws 46 in their closed
      position and the positive closure of the transfer arm gripper jaws 97.
      Because of this, a tool held by the jaws 97 can be pushed into the grasp
      of the gripper jaws 46 or "plucked" therefrom by X axis translation of the
      transfer mechanism in the proper direction.
PAC  OPERATION
PAR  An important feature of the invention is that X axis movement of the
      carriage towards the spindle to a position somewhat short of the limit of
      its motion in that direction, locates the transfer arm assembly at a point
      at which both of its pivoted arms occupy a position closely adjacent to
      the spindle. This position is known as the "tool-ready" position. In this
      position, the empty transfer arm, i.e. the arm not having a tool in its
      grasp, is at that limit of its swinging motion at which its gripper jaws
      face the spindle and are at a level slightly below the bottom of the
      spindle, while the other transfer arm -- which has the next-to-be-used
      tool in its grasp -- is at the other limit of its swinging motion, with
      its gripper jaws still facing the transfer station from which that arm had
      taken the next-to-be-used tool, and with the tool in an inverted
      upside-down orientation.
PAR  By transverse Y axis translation of the transfer arm assembly, brought
      about either during X axis movement thereof towards the tool-ready
      position, or directly thereafter, the empty transfer arm is brought into
      alignment with the spindle axis, so that further X axis motion of the
      assembly will cause its gripper jaws to embrace the holder of the tool in
      the spindle, provided that the spindle head is at its tool-transfer
      elevation in which the circumferential groove 22 of the tool holder, i.e.
      the one nearest its tapered shank, is at the level of the gripper jaws of
      the empty transfer arm.
PAR  All of the action involved in bringing both transfer arms to the tool-ready
      position -- and which included transporting the tool that had been removed
      from the spindle by the now empty transfer arm and returning it to its
      proper tool carrier of the tool storage magazine; the operation of the
      tool storage conveyor to bring the next-to-be-used tool to the transfer
      station; transferring that tool to the arm by which it is now held; and
      imparting the X axis motion to the transfer assembly to bring both
      transfer arms to the tool-ready position -- took place while the spindle
      was rotating and the tool held thereby was performing a machining
      operation.
PAR  With the transfer arms at the tool ready position, the instant the spindle
      stops and the spindle head brings the tool holder to the level at which
      its groove that is nearest the tapered shank of the holder is horizontally
      aligned with the gripper jaws of the empty transfer arm, the transfer arm
      assembly can be moved along the X axis towards the spindle the short
      remaining distance involved in bringing its gripper jaws into embracing
      relation with the tool holder. This takes but an instant and, as soon as
      the gripper jaws on the transfer arm have the tool holder in their grasp,
      the draw bar mechanism of the spindle is actuated to release the tool and
      provide the clearance between the tapered shank of the tool holder and the
      spindle socket needed to permit the arcuate swinging motion of the tool to
      begin. Thereupon, the transfer arm with the tool in its grasp, is swung on
      its pivot towards the other of its limits of swinging motion 180.degree.
      away.
PAR  Within a few degrees of arcuate motion, the transfer arm carries the tool
      completely out of the spindle. Hence, well before the transfer arm has
      traveled through 180.degree. and the tool carried by the arm has been
      inverted and thus prepared for return to the tool storage magazine, Y axis
      motion can be imparted to the transfer arm assembly to bring the other
      transfer arm into alignment with the spindle. Also, even before full
      alignment is reached, arcuate swinging motion of this other arm can be
      begun, so that in a minimum of time the new tool is inserted into the
      spindle and attached thereto. As soon as it is, X axis retraction of the
      transfer head assembly to disengage the gripper jaws of the transfer arm
      from the tool just placed in the spindle, can be and is effected.
PAR  The necessary positive driving connection between the spindle and the tool
      held thereby is obtained by the entry of the driving lugs or keys 29 on
      the spindle into the keyways 27 that are present in every tool holder; and
      -- as has been already explained -- the necessary rotational orientation
      of the tool holders with the spindle is assured by having the lug or key
      101 on the transfer arms engage in one of the keyways 28 in the tool
      holders.  The other keyway 28 receives the locking lug or key 59 on the
      tool carriers 31 of the tool storage magazine, and in so doing secures the
      tool holders against rotation while the tools are being transferred to and
      from the magazine and while they are stored in the magazine.
PAR  Also, as mentioned before, for the driving connection between the spindle
      and the tool holder of a tool being inserted into the spindle to be
      established, it is necessary that the spindle always be stopped in exactly
      the same position of rotation, and held in that position during the tool
      change. Moreover, as noted before, by having the spindle always stop in a
      single position of rotation, single point cutting tools such as preset
      boring bars, can be lifted from a bored hole without marring its surface
      and, in addition, such tools will always mate with the spindle in the same
      manner, to insure highest level accuracy. Stopping the spindle in one
      identified position of rotation is the responsibility of the control
      system by which the operation of the machine tool is governed, but which
      forms no part of this invention.
PAR  The functioning of the cylinders 70 and 80 to produce back and forth X axis
      motion of the carriage and transverse Y axis motion of the shuttle bar,
      respectively; the delivery of pressure fluid to the cylinders 92 to swing
      the transfer arms from one position to the other, and to the cylinders 106
      to close the gripper jaws 97 of the transfer arms; as well as stopping and
      starting of the spindle; its rate of rotation; the X and Y axis motions of
      the work table of the machine tool; the Z axis movement of the spindle
      head; the operation of the endless tool storage magazine conveyor; and all
      the other attendant functions of the machine tool and the tool changer,
      are governed by the control system with which the machine tool is
      equipped.
PAC  TOOL CHANGER SEQUENCE
PAC  (FIGS. 17-25)
PAR  FIGS. 17-25, inclusive, diagrammatically illustrate the steps involved in
      effecting a tool change. In these views, the four vertical broken lines A,
      B, C and D identify the pivot axis of the transfer arms in the four
      significant positions of the transfer mechanism. "A" identifies the
      "spindle transfer" position in which the gripper jaws of the transfer arms
      can embrace a tool in the spindle; "B" identifies the "tool ready"
      position in which both transfer arms are closely adjacent to the spindle;
      "C" identifies an "interlock" position which the transfer arms occupy
      while the magazine conveyor is being indexed and preparatory to having one
      of the transfer arms moved to the "magazine transfer" position, identified
      by "D".
PAR  In FIG. 17, tool No. 1 is in the spindle, performing its respective
      operation; the transfer arms are at the "tool ready" position "B", with
      the lower one of the arms (designated "L") directly opposite the spindle
      with its jaws open, and the other arm (designated "U") holding tool No. 2
      in inverted upside-down orientation, just as it was when plucked from the
      magazine carrier No. 2.
PAR  Upon completion of the operation performed by tool No. 1, the transfer
      mechanism begins X axis translation towards the spindle, and indexing of
      the magazine conveyor to bring its carrier No. 1 to the transfer station
      takes place. These motions are indicated by the arrows in FIG. 18.
PAR  In FIG. 19, X axis translation of the transfer mechanism towards the
      spindle has been completed and the gripper jaws of the lower transfer arm
      "L" have grasped the tool in the spindle; also the magazine carrier No. 1
      has arrived at the transfer station TS.
PAR  FIG. 20 shows the lower transfer arm "L", with tool No. 1 in its grasp,
      swung ninety degrees from the position it occupied when it grasped tool
      No. 1, and the shuttle bar moved along the Y axis partway to the position
      shown in FIG. 21, in which the upper transfer arm "U" not only is aligned
      with the spindle but also has been swung 180.degree. to insert tool No. 2
      into the spindle. In FIG. 21, the lower transfer arm "L" holding tool No.
      1 has been swung through 180.degree. to invert tool No. 1.
PAR  In FIG. 22, the upper -- now empty -- transfer arm "U" has been disengaged
      from tool No. 2 and swung 180.degree. to bring its open jaws to the
      elevation they must occupy to effect tool transfer at the magazine.
PAR  All of the motions depicted in FIGS. 20, 21 and 22 took place with the
      pivot axis of the transfer arms at the "spindle transfer" position "A";
      and, in FIG. 22, tool No. 2 is performing its operation.
PAR  As depicted by the northeast pointing arrow in FIG. 23, while tool No. 2 is
      performing its operation, the transfer mechanism is actuated to move its
      arms towards positions in which the lower arm "L" (with tool No. 1 in its
      grasp) aligns with the magazine carrier8Jk.81,8sk8that8\138\0 upon X axis
      translation towards the magazine -- tool No. 1 is returned to its
      respective magazine carrier. This condition is shown in FIG. 24.    Y 0610
PAR  After delivery of tool No. 1 to the magazine (FIG. 24), the transfer
      mechanism has X axis translation imparted to it to bring it to the
      intermediate position "C", shown in FIG. 25, in which both transfer arms
      -- though facing the magazine transfer station -- are far enough away to
      permit the magazine to be indexed to bring tool No. 3 to the transfer
      station, as shown in FIG. 26.
PAR  With the magazine indexed to bring tool No. 3 to the transfer station (FIG.
      26), or during the indexing, Y axis translation is imparted to the shuttle
      bar to move the transfer arms from the position shown in FIG. 25 to the
      position they occupy in FIG. 26. Now the upper transfer arm "U", with its
      gripper jaws open, is aligned with the transfer station and tool No. 3
      thereat, so that -- upon X axis translation of the transfer mechanism
      towards the magazine -- tool No. 3 can be grasped by closing the gripper
      jaws of upper transfer arm "U", as seen in FIG. 27.
PAR  The transfer mechanism is now actuated to carry the transfer arms to the
      "tool ready" position, shown in FIG. 28, which is identical with FIG. 17,
      except with tool No. 3 now positioned close to the spindle which still has
      tool No. 2 mounted in it and performing its operation.
PAR  As indicated by the northwest pointing arrow in FIG. 28, the transfer arms
      moved along both the X axis and the Y axis in reaching the "tool ready"
      position, either successively or simultaneously. Also, upon reaching the
      "tool ready" position, the lower transfer arm "L" was swung 180.degree. to
      prepare the same for translation to the "spindle transfer" position in
      which it will grasp the No. 2 tool in the spindle.
PAR  The above described sequence of operations will be repeated as often as
      necessary to bring all of the tools involved in the performance of a
      particular job from the magazine to the spindle, and vice versa; and it
      should be understood that the order in which the tools are transferred
      from the magazine to the spindle does not necessarily occur in numerical
      succession, and that whatever tool is called for by the program of
      operations can be transferred simply by proper indexing of the magazine
      conveyor. The loading of the tools into the magazine, which is done
      manually, of course must comport with the programmed sequence fed into the
      control system.
PAC  USE OF THE TRANSFER MECHANISM TO EFFECT MANUAL TRANSFER OF TOOLS
PAC  (FIGS. 29-34, inclusive)
PAR  Although the tool changer of this invention has maximum utility in
      association with a numerically controlled machine, it can be used to
      advantage to effect manual transfer of tools to and from the spindle, as
      depicted in FIGS. 29 through 34. For this purpose, the transfer arms are
      constrained to Y axis translation and swinging motion about their common
      pivot axis. In other words, the transfer mechanism is brought to and left
      in the "spindle transfer" location "A", identified in FIGS. 17-28.
PAR  FIG. 29 illustrates a tool T1 in the spindle and another tool T2 being
      manually placed in the upper transfer arm "U". The spindle has been
      stopped and the gripper jaws of the lower transfer arm "L" are open and
      embracing tool T1 in the spindle. The gripper jaws of the lower transfer
      arm are now closed to grasp tool T1, as shown in FIG. 30.
PAR  With tool No. 1 in the grasp of the lower transfer arm "L", that arm swings
      180.degree. to withdraw the tool from the spindle and invert it, as shown
      in FIG. 31.
PAR  The transfer mechanism next undergoes Y axis translation to bring its upper
      arm "U" into alignment with the spindle, as shown in FIG. 32. Tool T1 can
      now be manually removed and tool T2 inserted into the spindle by
      180.degree. swinging motion imparted to the upper transfer arm, as shown
      in FIG. 33.
PAR  FIG. 34 shows both transfer arms swung away from the spindle which now has
      tool T2 attached thereto, whereupon a third tool can be manually loaded
      into the upper one of the tool transfer arms, as depicted in FIG. 29,
      thereby setting the stage for a repetition of the described sequence
PAR  Those skilled in the art will appreciate that the invention can be embodied
      in forms other than as herein disclosed for purposes of illustration.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of transferring tools between a spindle of a machine tool and a
      tool storage magazine in which the tools are carried inverted with respect
      to their disposition in the spindle, by means of a pair of movable
      transfer arms each having tool gripping means thereon which method is
      characterized by
PA1  1. while the spindle is rotating and a tool held thereby is performing a
      machining operation on a workpiece, moving said transfer arms towards the
      tool storage magazine as required to bring the tool gripping means on one
      of said arms into position to grasp the tool which is to perform the next
      machining operation on the workpiece;
PA1  2. actuating the gripping means on that transfer arm to cause it to grasp
      said tool and hold it in inverted disposition;
PA1  3. moving said transfer arms along a linear path with respect to both the
      tool storage magazine and the spindle to carry said tool while still
      inverted towards the spindle and then hold it at a tool-ready position
      from which said tool can be substituted for the one performing a machining
      operation as soon as that operation is completed, the spindle stops and
      the tool therein is removed;
PAR  4. moving the transfer arms to bring the other of said arms into
      juxtaposition to the spindle with its tool-gripping means closely adjacent
      to the tool held by the spindle;
PA1  5. as soon as the spindle stops, grasping the tool held by the spindle with
      the tool gripping means of said other transfer arm;
PA1  6. swinging said other transfer arm about an axis spaced from and lying in
      a plane normal to the axis of the spindle to thereby remove the tool in
      the grasp of its tool-gripping means from the spindle;
PA1  7. moving the transfer arms to bring the first identified transfer arm into
      juxtaposition to the spindle; and
PA1  8. swinging said first identified transfer arm about an axis spaced from
      and lying in a plane normal to the axis of the spindle to rotate the tool
      carried thereby end-over-end from its inverted disposition and bring said
      tool to the spindle.
NUM  2.
PAR  2. The method of claim 1, further characterized by:
PA1  while the spindle is again rotating and the tool now held thereby is
      performing a second machining operation on the workpiece
PA2  1. moving both transfer arms towards the tool storage magazine,
PA2  2. moving the tool storage magazine to condition the same to receive the
      tool just removed from the spindle and being carried by said other
      transfer arm,
PA2  3. effecting return of said just-removed tool to its proper place on the
      tool storage magazine, and
PA2  4. moving the tool storage magazine to bring the next-to-be-used tool into
      position to be grasped by the tool gripping means of said one transfer
      arm.
NUM  3.
PAR  3. A method of transferring tools to a machine tool spindle from a magazine
      having a plurality of tool storage sockets containing the tools needed to
      perform the operations involved in machining a given workpiece and which
      sockets are adapted to be selectively brought to a transfer station by
      controlled motion of the magazine, and removing tools from the spindle and
      returning them to their respective storage sockets of the magazine, which
      method comprises:
PA1  A. while the spindle with a tool attached thereto is stationary
PA2  1. grasping the tool by means of a first movable transfer arm,
PA2  2. swinging the first transfer arm about an axis lying in a plane normal to
      the spindle axis to withdraw the grasped tool from the spindle,
PA2  3. upon complete withdrawal of the grasped tool from the spindle, moving a
      second transfer arm with another tool in its grasp into juxtaposition to
      the spindle,
PA2  4. swinging said second transfer arm about said same axis and relative to
      the first transfer arm and the spindle to insert the tool which it has in
      its grasp into the spindle, and
PA2  5. disengaging the second transfer arm from the tool it has just inserted
      into the spindle and attaching the tool to the spindle; and
PA1  B. while the spindle is rotating and the tool now attached thereto is
      performing its machining operation,
PA2  1. moving te magazine to bring the socket for the tool just removed from
      the spindle to the transfer station,
PA2  2. moving the first transfer arm to bring the tool in its grasp to the
      transfer station and place it in its socket,
PA2  3. disengaging the first transfer arm from the tool it has just placed in
      its socket,
PA2  4. moving the magazine to bring the socket thereof which contains the next
      tool to be used to the transfer station,
PA2  5. moving the second transfer arm to the transfer station and grasping th
      next-to-be used tool thereat,
PAR  6. moving the first transfer arm to a tool ready position near the spindle
      from which the first arm can be actuated to grasp and remove the tool from
      the spindle when the spindle stops rotating, and
PA2  7. moving the second transfer arm to a tool ready position near the spindle
      from which it can be actuated to insert the tool in its grasp into the
      spindle.
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ABST
PAL  A chemical toilet cabana comprising a plurality of initially identical
      shell sections, each having a dome-like roof, side walls terminating in a
      bell-like enlarged lower end and a base flange extending outwardly from
      the enlarged lower end of the side wall. The base flange is removed from a
      first shell section to form a cabana top. The dome-like roof is removed
      from a second shell section to form a cabana base and both the dome-like
      roof and the base flange are removed from other shell sections to form
      intermediate cabana shell members. The sections are stacked one upon the
      other with the wall of a section fitted within the enlarged lower end of
      the section immediately thereabove and with the walls of the sections
      substantially in vertical alignment. The base flange of the bottom section
      is fastened to a base skid which includes a filler material for weight and
      stability of the cabana.
PARN
PAR  This is a division of application Ser. No. 378,316 filed July 11, 1973, now
      U.S. Pat. No. 3,835,480.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention herein relates to outdoor chemical-type toilet cabanas such
      as that illustrated in the patent to Harding, U.S. Pat. No. 3,447,167 of
      June 3, 1969. Chemical toilets used, for example, at construction and
      recreation sites, have been made of a unitary wood or plastic cabana
      structure containing toilet facilities. These structures are quite heavy
      and thus, difficult to transport or ship from the place of manufacture to
      the ultimate place of use. Moreover, they are difficult to clean and to
      repair when damaged.
PAR  Where relatively lightweight plastic cabanas are used, such as set forth in
      the above U.S. Pat. No. 3,447,167, other problems arise, because these
      cabanas provide insufficient stability, thus requiring an extremely heavy
      support base which increases the weight, cost, and difficulty of shipping.
      In addition, the cost of molding the many required parts, including the
      costs of the molds, is substantial, as is the cost of stocking numerous
      parts for replacement of damaged parts.
PAR  Thus, the invention herein relates to a relatively inexpensive, plastic
      molded, chemical toilet cabana which is easily transportable, is formed of
      relatively few parts, and is easily assembled.
PAC  SUMMARY OF THE INVENTION
PAR  The invention herein relates to a chemical toilet cabana formed of a
      plurality of initially identical shell sections each having a dome-like
      roof, side walls terminating in a bell-like enlarged lower end, and a base
      flange extending outwardly from the bell-like lower end of the side wall.
      Each of these sections may be initially molded from the same mold.
PAR  Thereafter, the base flange is removed from a first section to form the top
      for a toilet cabana. The dome-like roof is removed from a second section
      to form the bottom of the cabana, and both the dome-like roof and the base
      flange are removed from other sections to form intermediate sections of
      the cabana. The various sections are stacked one upon the other with the
      wall of a given section fitting within the enlarged bell-like lower end of
      the section thereabove and with the side walls of all the sections being
      substantially in vertical alignment.
PAR  The base flange of the bottommost section is connected to a base skid which
      may be in the form of a metal or plastic plan filled with an aggregate
      material for weight and covered over with a material, such as a foam
      plastic, which forms an interior surface for the cabana floor. The side
      walls of the bottommost shell section has a plurality of vent slots formed
      therein at the upper edge of the shell to provide for adequate
      ventilation.
PAR  When the sections are stacked one upon the other, they may be riveted
      together and the bell-like enlarged lower ends provide not only a riveting
      surface for all sections but also act as a louver to prevent water, such
      as rainwater, from entering the slots of the bottommost section.
PAR  These and other objects and advantages of the present invention will become
      apparent upon reading the following description taken in conjunction with
      the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, wherein like reference numerals identify corresponding
      parts:
PAR  FIG. 1 is a perspective illustration of a chemical toilet cabana according
      to the principles of the present invention;
PAR  FIG. 2 is an exploded perspective illustration of the chemical toilet
      cabana of FIG. 1;
PAR  FIG. 3 is a partial exploded view illustrating the seat, chemical tank and
      base support for the cabana of FIGS. 1 and 2;
PAR  FIG. 4 is a perspective illustration of a single cabana shell section;
PAR  FIG. 5 is a front elevation of a single cabana shell section showing the
      planes through which the top and/or bottom may be removed;
PAR  FIG. 6 is an illustration of the stacking and joining of two vertical
      sections;
PAR  FIG. 7 is an illustration of a plurality of sections joined together to
      form a complete shell;
PAR  FIG. 8 is a perspective illustration, partly broken away, of the base skid
      of the present invention;
PAR  FIG. 9 is a front elevation view of the skid of FIG. 7;
PAR  FIG. 10 is a side elevation of the base skid of FIG. 7; and
PAR  FIG. 11 is a perspective illustration of another embodiment of the base
      skid of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The chemical toilet cabana 10 of the present invention is formed of a
      plurality of initially identical shell sections 12 including a top section
      14, a plurality of intermediate sections 16 and a bottom section 18. The
      bottom section 18 is secured to a base skid 20.
PAR  The wall of each section has a cut-out or opening 22 into which a molded
      frame 24 may be attached. A door 26 may be fastened to the frame 24 such
      as by hinges. The inside of the chemical toilet cabana may include a
      urinal 28, and a toilet 30 which may be part of a seat unit 32. As
      illustrated in greater detail in FIGS. 2 and 3, a chemical holding tank 34
      may be provided beneath the toilet 30.
PAR  With respect to FIGS. 4-7, each individual shell section 12, which may be
      molded of plastic or the like, initially includes a dome 40, side walls 42
      and front flanges 46 to which the door frame 24 may be secured.
PAR  The side walls 42 terminate at their lower end in a bell-like enlarged
      portion or louver 48 and each section includes a base flange 50 which
      extends outwardly in all directions from the bell-like enlarged end 48. In
      the base flange 50 there are a plurality of holes 52 through which bolts
      may be inserted for securing the bottommost section to the base skid 20.
PAR  Each of the shell sections are initially in the form illustrated in FIG. 4.
      Thus, they may be all manufactured from the same mold. It is an important
      feature that these shells 12 are initially identical since the height of a
      particular cabana may be varied by adding or eliminating intermediate
      sections 16 as in FIGS. 1 and 2. Using identical sections also reduces the
      cost of tooling and preparing molds.
PAR  After the shells 12 have been molded in the form shown in FIG. 4, they are
      selectively cut to form the individual top, intermediate, and bottom shell
      sections. With reference to FIG. 5, it is seen that the dome 40 may be
      removed by cutting through a plane indicated at 54. By removing the dome
      40, the remaining portion of the shell section 12 becomes a bottom shell
      section 18 as in FIGS. 1 and 2. Vents 44 are formed in the side walls of
      the bottom section 18.
PAR  Another shell may have its base flange 50 removed by a cut through the
      plane indicated at 56 in FIG. 5. The resulting shell becomes a top section
      14 as FIGS. 1 and 2.
PAR  Additional shells 12 may have both the dome 40 and the base flange 50
      removed by making cuts through both planes 54 and 56. This results in
      intermediate shell sections 16 as in FIGS. 1 and 2.
PAR  Once the desired number of shell sections, top, bottom and intermediate,
      have been cut, the sections are stacked in substantial vertical alignment
      with the side wall 42 of a given section extending into the bell-like
      enlarged lower end 48 of the section immediately thereabove. As
      illustrated in FIG. 5, rivets 58 may be utilized to secure each bell-like
      lower end 48 to the side wall 42 stacked therein.
PAR  The bell-like lower end 48 acts as a surface through which the rivets may
      pass and further acts as a louver to prevent water from passing through
      the vents 44 in the bottom section. This keeps moisture out of the holding
      tank while permitting continuous ventillation.
PAR  After the shell sections are stacked with their side walls 42 in
      substantial vertical alignment, the door frame 24 may be inserted into the
      cut-out 22 and attached to the flange 46 such as by riveting or the like.
      Then the door 26 is secured to the frame.
PAR  The parts forming the cabana may be shipped from the manufacturing plant to
      local service centers, for assembly of the unit and then local
      transportation to the site of use. Alternatively, the parts may be shipped
      to and assembled at the site of use, as for example, at a construction
      site. so little equipment is necessary for such assembly, such as riveting
      tools, that such equipment is readily available at most construction
      sites.
PAR  Once the wall sections have been fastened together, the base flange 50 of
      the bottom section 18 may be secured to a base skid 20 such as by having
      bolts in the skid which extend upward through the holes 52. Alternatively,
      bolts may be inserted downward through the holes 52 into the base skid.
PAR  FIGS. 9 and 10 illustrate a base skid formed of a metal or plastic pan 60
      having runners 62 thereunder to form a supporting surface, which rests
      upon the ground, and having a front portion 64 which is raised to support
      the floor. The base skid 20 also includes a depression 66 to support the
      chemical tank 34 when the entire cabana is assembled. Also illustrated are
      bolts 68 extending upwardly from the base skid.
PAR  Since the base skid is initially separate from the cabana, a plurality of
      base skids may be nested together for shipment. The area above the runners
      62 of the skid may be filled with a stone aggregate material 70 to add
      weight and stability to the skid. Then, a material such as high density
      polyurethane or a rigid thermosetting polystyrene 72 may be foamed over
      the skid to provide a finished surface in all areas. This foamed material
      provides a finished surface for the interior support of the cabana floor.
PAR  FIG. 11 illustrates another embodiment of the skid 20 including a pan 60
      with runners 62 and having internal front and rear raised projections 74,
      76 with a space 78 therebetween. The rear projection 76 includes a
      depressed area 66 to receive the chemical holding tank 34. In this
      embodiment, the area of the pan above the runners 62 and the area
      surrounding the projections 74, 76, including space 78, may be filled with
      stone aggregate or cement to add bottom weight for stability. Then a
      covering, such as plastic, is placed over the top of the skid and tank to
      support the seat 30. Again, the empty skids may be nested together for
      shipping purposes.
PAR  It should be understood that the concepts of the present invention are not
      restricted to the manufacture of a chemical toilet cabana but may be
      utilized for any enclosure wherein it is desired to manufacture the
      enclosure of a plurality of sections which are initially identical and
      which may be modified slightly to fit one within the other to comprise
      top, intermediate and base sections. The enclosure may be shipped in a
      knock-down form to be assembled at the place of use and at that time
      attached to a base skid which provides the stability necessary such as to
      withstand the force of wind at outdoor construction areas.
PAR  The invention may be further developed within the scope of the following
      claims. Accordingly, the foregoing description should be read only as
      illustrative of an operative embodiment of this invention and not in a
      limited sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of making a portable enclosure comprising the steps of:
PA1  forming at least two identical shell sections, each having a dome-like
      roof, a side wall terminating in a bell-like enlarged lower end, and a
      base flange extending outwardly from the lower end of said side wall;
PA1  removing the base flange from a first section to form a shell top;
PA1  removing the dome-like roof from a second section to form a shell bottom;
      and
PA1  stacking said first section on said second section with the wall of said
      second section fitting within the enlarged lower end of said first
      section, and with the walls of said first and second sections being
      substantially in vertical alignment,
PA1  whereby said enlarged lower end serves as a louver to restrict moisture
      from entering said shell bottom.
NUM  2.
PAR  2. The method of claim 1 and further including the step of:
PA1  fastening the base flange of said second section to a base skid, said skid
      adapted to receive a chemical toilet or the like positioned to extend
      upwardly into and interiorly of said second section.
NUM  3.
PAR  3. The method of claim 1 and further including:
PA1  forming at least three identical shell sections;
PA1  removing both said dome-like roof and said base flange from a third
      section;
PA1  stacking said sections so that said first section is on top, said second
      section is on the bottom and said third section is between said first and
      second sections, the walls of each section fitting within the enlarged
      lower end of the section above and with all the walls substantially
      vertically aligned.
NUM  4.
PAR  4. The method of claim 3 wherein each of said sections includes a cut-out
      to receive a door frame, and including the steps of:
PA1  attaching a door frame to said sections at said cut-out areas to vertically
      span said sections; and
PA1  securing a door to said frame.
NUM  5.
PAR  5. The method of claim 2 and further including the step of:
PA1  filling said base skid with a heavy filler material prior to the step of
      fastening the second section to the base skid for increasing the stability
      of the assembled enclosure.
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ABST
PAL  Optical fibers which protrude through a base plate to simulate airfield
      lights in a closed-circuit television visual display are accurately and
      securely yet removably positioned with a desired angular orientation and a
      desired protrusion by means of attached keying or aligning pins which
      register with a key plate. The key pins are attached to the optical fibers
      using heat-shrinkable tubing. The other ends of the fibers also may be
      accurately positioned using heat-shrinkable tubing.
PARN
PAR  This is a division of application Ser. No. 397,148, filed Sept. 13, 1973.
BSUM
PAR  One type of visual display system which has gained widespread usage with
      flight simulators comprises a closed-circuit television system in which a
      television camera is moved relative to a runway and terrain model as the
      trainee pilot "flies" the simulated aircraft. Such models are created with
      much detail in order to realistically simulate airport conditions, and
      simulated runway lights are required to simulate dusk and night-time
      operations. The models generally comprise flat plates upon which one or
      more airport runways and surrounding grass are painted, and upon which
      miniature airport buildings and the like may be mounted. The simulated
      lights, some of which usually must be switched on and off or otherwise
      varied, have frequently comprised a plurality of optical fibers which
      protrude upwardly through holes in the flat plate, with a light source
      arranged to controllably apply light to the other ends of the fibers below
      the plate. The problems which have attended the construction and use of
      such model lighting systems have included poor light transmission and
      difficulties in making simulated lights as small as they should be. Also,
      prior art optical fiber model lighting systems have been tedious and
      difficult to install, and to maintain or repair, such as when one or more
      optical fibers has been broken.
PAR  An improved optical fiber model lighting system disclosed in an application
      Ser. No. 397,147 of R. A. Mecklenborg filed on even date herewith and
      assigned to the same assignee as the present invention provides a vast
      improvement in light transmission over prior systems by suitably grinding
      and polishing the end of each optical fiber to render the light projection
      from each fiber highly directional. However, because the light projection
      is highly directional, it becomes extremely important that the angular
      orientation of the light-projecting end of each fiber be very accurately
      established and precisely maintained, which would be very difficult using
      prior art fiber-mounting techniques. In order that each group of similar
      simulated lights appear to have the same size, it is also necessary that
      the amount which each fiber protrudes above the simulated runway surface
      be very precisely controlled. The scale reduction used with most
      camera-model visual systems requires that the light-projecting end of each
      fiber not protrude above the runway surface more than about 0.015 to 0.030
      inch. The difficulty of poking many very thin, generally cylindrical,
      flexible fibers through small holes in the runway plate so that they have
      a precise angular orientation and a precise protrusion above the surface
      is manifest, as is the difficulty of maintaining precise angular
      orientation and protrusion after the fibers have been installed.
      Maintaining the fibers with a precise angular orientation and a precise
      protrusion is further complicated by the fact that it is highly desirable
      that each fiber be removable or replaceable, since the small diameter of
      the fibers tends to make then susceptible to breaking, and even in the
      absence of breakage it often becomes desirable to change simulated runway
      lights to reflect changes in the actual lighting system at an actual
      airfield. The requirement that fibers be removable tends to rule out the
      use of cement or glue to maintain them in place in the model runway plate.
      Thus it is a primary object of the present invention to provide an
      improved optical fiber mounting arrangement which allows the ends of
      optical fibers to be accurately but removably fixed in a runway model with
      precisely-controlled angular orientation and protrusions above the model
      runway surface.
PAR  Another object of the present invention is to provide an improved optical
      fiber mounting arrangement which lends itself to easy installation and
      removal of fibers to and from the model, in the field, without a
      requirement for special tools.
PAR  In accordance with a central concept of the present invention, each fiber
      is provided adjacent its end with a short length of rod which is clamped
      to the fiber to act as a key, giving each fiber-rod assembly a
      non-circular cross-section. The fiber and its associated key rod pass
      through holes in a key plate mounted on the underside of the runway plate,
      and with the key plate aligned relative to the runway plate, the angular
      orientation of the fibers relative to the runway plate is accurately
      fixed. Each key rod also butts against the undersurface of the runway
      plate, thereby limiting and accurately determining the protrusion of the
      fiber end above the upper surface of the runway plate. Further, the
      friction between the fiber and the key rod and the key plate serve to
      securely maintain the fiber in its proper installed position without a
      need for cement, glue or other clamping means, so that each fiber may be
      readily removed if desired.
PAR  In order that simulated lights have the proper simulated size, it is
      necessary that glass fibers of small diameter be used. The small diameters
      of the fibers and their stiffness or limited resilience tends to make them
      delicate and easily susceptible to breakage. One object of the invention
      is to provide an optical fiber mounting arrangement which facilitates easy
      installation and removal of fibers and precise positional fixing of fiber
      ends by means which do not tend to apply forces to the fibers which might
      break them.
PAR  Other objects of the invention will in part be obvious and will in part
      appear hereinafter.
PAR  The invention accordingly comprises the features of construction,
      combinations of elements, and arrangement of parts, which will be
      exemplified in the construction hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
DRWD
PAR  For a fuller understanding of the nature and objects of the invention
      reference should be had to the following detailed description taken in
      connection with the accompanying drawings, in which:
PAR  FIG. 1 is a plan view of a portion of the upper surface of a runway model
      showing a plurality of optical fibers protruding therefrom to simulate
      various airfield lights.
PAR  FIG. 2 is a cross-section elevation view of the runway model portion of
      FIG. 1 taken at lines 2--2 in FIG. 1.
PAR  FIG. 3 is a view taken at lines 3--3 in FIG. 2.
PAR  FIG. 4 is a side view elevation generally illustrating a manner in which a
      plurality of optical fibers extend between a runway model plate and a
      light source.
PAR  FIGS. 5 and 6 are side view diagrams illustrating two arrangements by means
      of which the light source ends or input ends of optical fibers may be
      positioned.
PAR  FIG. 7 is a side view generally similar to FIG. 2 illustrating a modified
      arrangement.
PAR  FIG. 8 is a view taken at lines 8--8 in FIG. 7.
DETD
PAR  Referring now to FIGS. 1-3, reference numeral 10 indicates a portion of a
      flat runway plate which typically comprises a metal plate, e.g., aluminum,
      typically of the order of 3/8 inch thick. The size of the plate varies
      depending upon the scale selected for the model and the amount of
      surrounding airfield terrain to be included in the model, but in typical
      applications plate 10 might have a width of 15 feet and a length of 50
      feet. The plate is fixedly mounted by means not shown, and a television
      camera (not shown) is maneuvered relative to the runway plate in
      conventional fashion by means not shown. The camera views surface 10a of
      plate 10, and a simulated runway and surrounding grass is painted on
      surface 10a. Surface 10a will be termed the upper surface of plate 10 for
      sake of convenience. It is to be understood, however, that runway models
      are sometimes mounted on one side, so that surface 10a would extend
      approximately vertically.
PAR  To provide a row of simulated lights, a plurality of holes, 11, 11 are
      drilled through runway plate 10, each hole extending into a recess such as
      10c, 10d milled or otherwise provided on the lower side 10b of plate 10.
      In FIGS. 1 and 2 a flexible generally-cylindrical glass optical fiber 12
      is shown extending through one hole 11a, and hole 11b is shown empty, as
      it would be prior to the installation of such a fiber. In a typical
      application each optical fiber will have a small diameter of the order of
      0.015 to 0.030 inch, and a length of perhaps several feet, and in FIGS. 1
      and 2 fiber 12 is shown with an exaggerated size relative to the thickness
      of plate 10 for clarity of illustration. The upper end of fiber 12 is
      ground and polished at a precise angle relative to the longitudinal axis
      y--y of the fiber, as described in the above-mentioned Mecklenborg
      application, which results in very directional projection of light from
      the end of the fiber. For example, if the polished surface of the fiber
      end extends at an angle such as 46.5.degree. relative to surface 10a, the
      light will be projected from the fiber mainly along an axis x--x, which
      may extend in the direction of a simulated glide slope. Provision of the
      polished flat surface on the end of fiber 12 also makes the projected
      light beam from the fiber very directional in the sense that angular
      orientation of the fiber end about the longitudinal axis y-y becomes quite
      critical. Furthermore, in order that the simulated runway light have the
      proper size when viewed by the camera, it is usually necessary that only a
      very small portion of the fiber protrude above surface 10a, usually an
      amount not exceeding the diameter of the fiber.
PAR  In accordance with the present invention, one or more keying or alignment
      plates 14a, 14b are provided below runway plate 10, preferably to be
      mounted against lower surface 10b of plate 10, and means are provided to
      align each keying plate with the runway plate. In FIG. 2 an alignment pin
      13 staked in runway plate 10 passes through a bore in key plate 14a. The
      lower end of pin 13 is threaded to accommodate a lock-washer and nut. A
      plurality of such pins may align each keying plate with the runway plate.
      Each keying plate includes a pair of circular holes 15, 16 for each
      optical fiber to be mounted. The hole 15 in each keying plate has the same
      diameter as and registers with a respective hole 11 through runway plate
      10, and spaced adjacent each hole 15 is an associated keying hole 16, as
      best seen in FIGS. 2 and 3. Each key plate is preferably used as a
      template for drilling the holes in the runway plate, to insure
      registration of each hole 11 with a respective hole 15. As seen in FIG. 2,
      when fiber 12 is installed, it extends through a hole 15 in a keying plate
      14 and through hole 11 in plate 10, and a keying pin 17 fixedly attached
      to the fiber 12 extends through associated keying hole 16, with the upper
      end of pin 17 butted against the roof of recess 10c. Each keying pin 17
      preferably comprises a short length of metal (e.g., brass) pin preferably
      having a beveled upper end as shown at 17a to facilitate its entry into
      the keying hole 16 through which it extends, and in one embodimemt of the
      invention brass pins having a diameter of 0.020 inch were utilized. Each
      keying pin is preferably affixed to its associated optical fiber 12 by
      means of a short section of heat-shrinkable plastic tubing 19. Various
      types of plastic tubing are commercially available in heat-shrinkable
      form, including, for example polyolefin, polyvinylidene fluoride,
      polytetrafluorethylene, polyvinyl chloride and neoprene. To affix a keying
      pin to a fiber, a loosely-fitting section of tubing is placed around a
      fiber and a keying pin in a jig or clamping means (not shown), the fiber
      is then rotated and shifted so that light is projected from the fiber at a
      given angle and a given position relative to the end of the keying pin, as
      observed through a suitable magnifier, and then heat is applied to the
      tubing to fixedly clamp the keying pin and fiber together. If desired, a
      drop of cement may be added, as at 21, to further bind the pin to the
      fiber, to insure a permanent positioning of the pin relative to the fiber
      even in the event of some long-term creep in the heat-shrunk plastic
      tubing.
PAR  To install a fiber-key pin assembly, it is merely pushed upwardly through
      its associated key plate, with its pin 17 entering a hole 16, and the
      fiber passing first through a hole 15 and then a hole 11, with upward
      motion of the fiber assembly being terminated when the upper end of the
      key pin strikes the roof of the recess in plate 10.
PAR  The holes 15 and 16 in each keying plate very slightly exceed the diameters
      of the fiber and keying pins, respectively. Once a fiber has been
      installed in the manner shown in FIG. 2, the friction of the fiber and
      keying pin in holes 15 and 16 of the key plate 14, and the natural
      stiffness of the fiber hold the fiber in place. In FIG. 3 it may be noted
      that while holes 15 and 16 in key plate 14 are spaced closely together,
      they do not overlap or intersect, so that a thin portion of metal exists
      between the holes. It will be seen that that thin portion of metal will
      enter between the fiber and the key pin when the assembly is installed
      tending to spread them apart, with such spreading resisted by tension in
      the tubing 19 and the cement 21, thereby increasing the friction which
      holds the assembly in place. In some embodiments such added friction is
      not necessary, and holes 15 and 16 can slightly overlap, if desired. Also,
      while the diameters of each hole 16 and key pin 17 are shown as being less
      than the diameters of each hole 11 and fiber 12, a converse arrangement,
      or an arrangement using similar diameters, may be used if desired. Fiber
      12 in FIG. 2 is shown with a lower portion bent away from axis y--y, and
      in practice a group of fibers representing different runway lights are
      bent or trained into a bundle with their lower ends accurately positioned
      relative to one or more light sources. Such an arrangement is generally
      shown in FIG. 4. The bending of each fiber will be seen to increase the
      friction acting between the fiber and key pin and the keying plate and
      runway plate 10 due to the stiffness of the fiber, thereby helping hold
      each fiber end securely in place but allowing each fiber to be removed
      from the runway plate if it is deliberately pulled downwardly.
PAR  In FIGS. 1 and 2 optical fibers 12a and 12b placed back to back to form a
      simulated two-directional light are positioned by a keying pin which is
      affixed to both fibers by heat-shrunk tubing, and optical fiber 12c is
      formed with a truncated conical end to form a simulated omnidirectional
      light and installed in runway plate 10 in similar fashion. While the
      angular orientation of fiber 12c about the vertical axis is unimportant,
      it will be seen that the key pin attached to fiber 12c does serve the
      important purpose of fixing the distance which fiber 12c extends above
      surface 10a, and provides friction to hold fiber 12c in place. It also
      should be noted that plural optical fibers may extend through each recess,
      such as 10e, provided in the bottom of plate 10. It also is important to
      note that the provision of bottom recesses such as 10c, 10d, 10e is not
      strictly necessary in order to practice the invention, and that if such
      recesses are omitted, the upper end of each key pin can butt against the
      lower surface 10b of runway plate 10. Indeed, it can be seen that each
      hole 16 need not extend all the way through its key plate, but only into
      the key plate far enough for the pin 17 to securely seat. It is preferred,
      however, that each hole 16 extend through its key plate, to obviate any
      need for drilling the holes 16 with accurately controlled depths.
PAR  As well as accurately locating the output or light-projecting end of each
      fiber, it is desirable in most applications and vitally necessary in some
      applications, that the source or input end of each fiber be precisely
      fixed. For example, in order to insure uniform illumination of a plurality
      of fibers representing identical runway lights, it is necessary in the
      system of the above-mentioned application that the input ends of all such
      fibers lie in a common plane. In some applications a group of fiber input
      ends may butt against a glass plate, which in some applications may
      comprise a color filter, with light being applied to the fibers through
      the glass plate in the manner shown in a cross-section in FIG. 5. In FIG.
      5 each fiber 12 extends through a respective hole in a fixed metal plate
      25 and butts against glass plate 26 which is shown spaced a fixed distance
      from metal plate 25, although glass plate 26 may seat against metal plate
      25, if desired. In some applications it is desirable that such a glass
      plate be eliminated in order that a fixed or movable aperture be located
      adjacent the ends of the fibers, as shown in FIG. 6. In order that each
      fiber extend a predetermined distance beyond the metal plate 27 in FIG. 6,
      a short length of heat-shrunk tubing 28 surrounds each fiber to butt
      against plate 27 and act as a stop. It will be apparent that a key pin
      (not shown) may be affixed to each fiber by bent shrinkable tubing near
      the end of each fiber, so that each such key pin butts against the rear
      face of plate 27 to limit the distance which each fiber extends beyond
      plate 27, thereby placing all of the fiber ends in a common plane. It will
      be apparent that bundling the fibers together on the right hand side of
      plate 25 in FIG. 5 or plate 27 in FIG. 6 tends to bend each fiber where it
      enters the metal plate, providing friction serving to hold the fiber in
      place. It will be apparent that the fibers may be bundled by means of a
      cord or flexible strap or the like.
PAR  FIGS. 7 and 8 illustrate a modified arrangement generally similar to FIG.
      2, except that the heat-shrunk tubing is placed on the fiber so that it
      rests atop keying plate 14 when the fiber is installed. The keying plate
      is formed in comb-like fashion so that it may be moved sidewise after the
      fibers have been installed in the runway plate. Such an arrangement may be
      preferable in applications where the fiber may be subject to accidental
      downward pulling. In FIGS. 7 and 8 keying pin 17 is provided with the same
      diameter as fiber 12, so that passage of the fiber and keying pin through
      slot 14f in key plate 14 fixes the angular orientation of the fiber about
      axis y--y in FIG. 7. As in the previously-described arrangement keying pin
      17 limits upward protrusion of fiber 12.
PAR  It will be apparent that one keying plate or several separate keying plates
      may be used to key the various fibers used for a complete simulated runway
      lighting system, and while a given keying plate ordinarily will
      accommodate a plurality of optical fibers, particularly where the fibers
      must be spaced closely together to simulate closely-spaced lights in a
      given row, widely spaced apart lights may be simulated by fibers having
      individual key plates.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained, and
      since certain changes may be made in the above constructions without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawing
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A method of mounting an optical fiber in an aperture of a base member so
      that an end of said fiber has a precise angular orientation and protrudes
      a predetermined distance beyond one surface of said base member,
      comprising the steps of:
PA1  affixing a keying element to said optical fiber at a predetermined distance
      from and angular orientation relative to said fiber end to form a
      fiber-keying element assembly;
PA1  attaching a keying plate to a surface of said base member opposite said one
      surface, said keying plate having an opening which permits passage
      therethrough of said fiber-keying element assembly but restricts the
      rotational movement of said assembly about the fiber axis, a portion of
      the opening in the attached plate registering with the aperture in said
      base member; and
PA1  inserting said fiber-keying element assembly through the opening in said
      keying plate so that said fiber extends through the aperture in said base
      member and said keying element abutts against said base member, whereby
      the end of said fiber is positioned with a precise angular orientation and
      protrusion relative to said one surface of said base member.
NUM  2.
PAR  2. The method of claim 1 wherein said keying element is affixed to said
      fiber with heat-shrinkable tubing.
NUM  3.
PAR  3. The method of claim 1 wherein said keying element affixing step
      comprises: affixing a pin to said fiber at said predetermined distance
      from and angular orientation relative to the end of said fiber.
NUM  4.
PAR  4. The method of claim 1 wherein said base member is an airfield model,
      said mounted optical fiber simulates an airfield light, said keying
      element comprises a rod-like element and said keying element affixing step
      comprises:
PA1  affixing said rod-like element to said fiber with heat-shrinkable tubing.
NUM  5.
PAR  5. A method of mounting an optical fiber in an aperture of a base member so
      that an end of said fiber has a precise angular orientation and protrudes
      a predetermined distance beyond one surface of said base member,
      comprising the steps of:
PA1  providing an optical fiber having a longitudinal axis;
PA1  affixing a keying element to said optical fiber at a predetermined distance
      and angular orientation relative to an end of said fiber;
PA1  defining means adjacent the aperture in said base member for receiving said
      keying element and limiting movement of said keying element; and
PA1  extending said fiber through the aperture in said base member so that the
      end of said fiber protrudes beyond said one surface and said keying
      element is received by said movement limiting means, whereby the end of
      said fiber is positioned with a precise angular orientation and protrusion
      relative to said one surface of said base member.
NUM  6.
PAR  6. The method of claim 5 wherein said step of defining movement limiting
      means comprises:
PA1  positioning a plate member near said base member, said plate member having
      a configuration which permits said fiber and said keying element to extend
      therethrough so that said keying element abutts said base member, but
      limits rotational movement of said keying element about the fiber's
      longitudinal axis.
NUM  7.
PAR  7. The method of claim 5 wherein said step of defining movement limiting
      means comprises:
PA1  positioning a plate member adjacent to said base member, said plate member
      having a through first hole registering with the aperture through said
      base member and a second hole adjacent to said through first hole for
      receiving said keying element.
NUM  8.
PAR  8. The method of claim 5 wherein said keying element affixing step
      comprises:
PA1  affixing a pin to said fiber; and the step of defining movement limiting
      means comprises:
PA1  providing means for retaining said pin in a predetermined position when
      said fiber extends through said aperture.
NUM  9.
PAR  9. A method of constructing a lighted airfield model comprising:
PA1  providing a first plate member having a representation of an airfield on a
      first of its sides and a through hole extending from said first side to an
      opposite side thereof;
PA1  providing an optical fiber having a longitudinal axis and an output end
      representing an airfield light;
PA1  affixing a keying pin to said optical fiber at a predetermined distance and
      angular orientation relative to said output end;
PA1  positioning a second plate member adjacent the opposite side of said first
      plate member and in registration with said through hole, said second plate
      member having a configuration which permits said fiber and affixed keying
      pin to extend therethrough but limits rotational movement of said fiber
      about its longitudinal axis; and
PA1  extending said fiber through said second plate member and said through hole
      in said first plate member so that said output end of said fiber extends
      beyond said first surface of said first plate member and said keying pin
      extends through said second plate member and abutts said first plate
      member, whereby the end of said fiber is positioned with a precise angular
      orientation and predetermined protrusion relative to said first side of
      said first plate member to serve as a simulated light of said airfield
      model.
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ABST
PAL  There is disclosed a method of manufacturing the foregoing which comprises
      placing an epitaxial layer of a first conductivity type semiconductor
      material upon a substrate of semiconductor material having an intrinsic or
      semi insulating conductivity. Then channels are etched through the
      epitaxial layer to the semi insulating semiconductor substrate, thereby
      forming the epitaxial material into a plurality of parallel ribs or
      ridges. After coating the entire surface of the channels and the ridges
      with a dielectric layer, a conductive material is deposited over the
      substrate to fill the channels with the conductive material which may be
      either a metal or polycrystalline silicon doped to have sufficient
      conductivity. The surface of the substrate is then lapped to remove the
      conductive material and the dielectric material from the ridges to expose
      the first semiconductor material, and following diffusion of a dopant to
      convert the first semiconductor material to a second conductivity type
      material thereby forming a PN junction in each of the ridges in spaced
      locations therealong, suitable metallization is placed on the substrate to
      connect the first conductivity material to the conductive material in the
      channels to form column lines and metallization is placed on top a
      dielectric layer to connect the other conductivity material in a plurality
      of row lines.
PARN
PAR  This is a division of application Ser. No. 337,818, filed Mar. 5, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to alpha numeric displays and more particularly to a
      monolithic light emitting diode display. More particularly, the invention
      is related to a light emitting diode display which is scannably
      addressable.
PAR  Visual readout devices such as alpha numeric displays are available on
      several formats utilizing various light emitting devices such as
      incandescent lamps, gaseous discharge lamps, electroluminescent displays
      and more recently light emitting diode arrays. Such devices are utilized
      for many purposes, such as computer readouts, process control
      instrumentation, aircraft and automotive instrument panels and various
      other indicators such as clocks and gauges. Since most, if not all of the
      aforementioned uses, rely on semiconductor electronics, it is highly
      desirable that the alpha numeric display be compatible with the voltages
      and currents normally utilized in such semiconductor circuits and be
      compatible with its speed of operation. The major objection to the
      presently most widely used visual readout, the gas discharge lamp of the
      cathode glow variety, is the high voltage required for initiating the glow
      discharge. Such readouts require the use of interface semiconductors
      having high reverse voltage breakdown characteristics. Obviously, the
      light emitting diode array format, being itself a semiconductor device, is
      highly desirable for a visual readout since it is inherently compatible
      with the electronics of the semiconductor circuits.
PAR  Some attempts have been made to provide alpha numeric displays utilizing
      light emitting diodes in either discrete, hybrid or individually
      addressable diode bit arrays. In these formats, light emitting diode
      arrays have not been widely acceptable as they are costly, unreliable and
      relatively inconvenient to adapt to standard systems.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of this invention to provide a monolithic light
      emitting diode alpha numeric display device and method of making the same.
PAR  A further object of the invention is to provide a monolithic light emitting
      diode alpha numeric display which is relatively economic and compatible
      with standard systems.
PAR  In accordance with the aforementioned objects, there is provided a
      monolithic light display comprising a matrix of light emitting diodes in
      an integral structure, said light emitting diodes being arranged in
      columns and rows. An isolation channel and a supporting carrier isolates
      the rows of diodes, which rows have a common electrode. If the resistance
      of the common electrode is too high for electrical connection merely at
      the ends, a conductive bus in the isolation channel may form access for
      connection for either the row or column lines to permit a strobing format,
      logic address system to effect light emission of the individual diodes to
      produce an alpha numeric character. There is further provided a method of
      manufacturing the foregoing monolithic light display structure.
DRWD
PAC  THE DRAWINGS
PAR  Further objects and advantages of the invention will be obvious to one
      skilled in the art from the following complete description thereof and
      from the drawings wherein:
PAR  FIG. 1 is a plan view of a monolithic light emitting diode array in
      accordance with the preferred embodiment of the invention depicted
      somewhat schematically;
PAR  FIGS. 2-5 are cross sectional views depicting schematically in enlarged
      scale successive stages in the manufacture of the light emitting diode
      array; and
PAR  FIG. 6 is a top plan view of a portion of the array on this enlarged scale.
DETD
PAC  DETAILED DESCRIPTION
PAR  While the following preferred embodiment of the invention is disclosed with
      particular reference to a monolithic array of gallium arsenide phosphide
      light emitting diodes, it will be appreciated that any optimum light
      emitting diode material such as gallium arsenide or gallium phosphide may
      be used. The carrier substrate for the array may be of any suitable
      material sufficiently matching the crystal structure of the gallium
      arsenide phosphide to permit monocrystalline epitaxial growth thereon, the
      particular selection of material being based on several criteria. It will
      be further appreciated in accordance with the invention, that the
      substrate may be a composite of semiconductors, metals or insulating
      materials. For example, one of the current limiting values for a light
      emitting diode and hence light output, will be based upon the heat or
      power dissipation characteristic of the substrate. For maximum dissipation
      of heat from the light emitting diode, a laminated carrier with a metal
      conductor backing carrier having good power and heat dissipating
      characteristics would be desirable so that the light emitting diodes could
      be operated up to a maximum intensity. However, monocrystalline growth of
      the epitaxial layer may be accomplished most easily when the carrier is of
      the same monocrystalline material as the epitaxial layer, but having a
      semi insulating electrical conductivity. Thus, for dissipating heat from
      the body it may be desirable after completion of manufacture of the array
      to reduce the thickness of the backing carrier before mounting on a
      suitable header or housing which will provide for heat dissipation.
PAR  In accordance with the preferred embodiment of the invention as shown in
      FIG. 1, the light emitting diode array comprises a plurality of light
      emitting diodes 20 arranged in a monolithic support structure 21 in an
      orthagonal matrix of rows and columns. As shown, the matrix comprises five
      light emitting diodes in each row and seven light emitting diodes in each
      column for a total of 35 light emitting diodes 20 comprising the array.
      Contacts B1-B7 are provided making contact with the anodes of each of the
      rows of light emitting diodes and contacts C1-C5 are provided for
      contacting the cathodes of the light emitting diodes in each column. Thus,
      a suitable strobing or scanning type logic matrix can individually address
      the light emitting diodes to cause each to emit light in a suitable alpha
      numeric pattern indicated by the aura around various of the light emitting
      diodes being depicted as indicating the numeral "5". Each column is
      addressed during a particular clock pulse of the logic matrix, and
      suitable of the light emitting diodes will be switched to emit light by
      addressing the desired anode through the row contacts. The crossing
      conductive paths comprising the column contact C1-C5 and the row contacts
      B1-B7 will be explained hereinafter in greater detail.
PAR  The successive steps in the manufacturing of the light emitting diode array
      is depicted in FIG. 2-5 which method has as its primary purpose the
      obtaining of an orthagonal matrix of light emitting diodes utilizing a
      minimum number of processing steps. As shown in FIG. 2, a substrate 21 of
      monocrystalline semiconductor material, preferably semi insulating or
      P-conductivity gallium arsenide, is first covered with a layer of suitable
      semiconductor material by an epitaxial process to form monocrystalline
      semiconductor material covering the substrate 21. This epitaxial layer is
      preferably of gallium arsenide phosphide. A masking layer 23 of any
      suitable material such as silicon dioxide, is deposited upon the epitaxial
      layer 22 and by the use of suitable photolithographic techniques, windows
      24 opened therein. The masking layer 23, with the windows 24, then serves
      as an etch mask for opening the channels 25 in the epitaxial layer. As
      depicted, it was noted that the channels are etched sufficiently deep to
      pass entirely through the epitaxial N-conductivity layer into the
      substrate 21, thus dividing the N-conductivity layer 22 into a plurality
      of parallel ridges.
PAR  The etched surface of the structure is then covered with a suitable
      dielectric layer 26 (FIG. 3) over which is deposited a suitable layer 27
      of preferably conductive material. The layer 27 may be of any suitable
      dielectric or conductive material sufficient to fill the isolation channel
      25, but in accordance with the preferred embodiment, the material is a
      conductor such as doped polycrystalline silicon or a metal to form a
      conductive bus for column address purposes. This conductive bus is only
      necessary if the resistance of the N-conductivity layer is too high to
      permit access at the ends of the ridges. The surface of the substrate is
      then lapped to the lapline L--L to remove layers 27, 26 and 23 from the
      ridges of N-conductivity material. A portion of the N-conductivity
      material 22 may be also removed to further control the thickness of the
      layer of epitaxial material.
PAR  Following the lapping of the surface, a new masking layer 29 is deposited
      on the surface, and by suitable photolithographic techniques, windows 30
      opened therein to define diffusion areas in the ridges of N-conductivity
      material. Following a suitable deposition and diffusion step, the
      P-regions 31 are formed in the ridges 22, defining a PN junction 32. The
      junctions are spaced along the ridges, thereby defining rows of light
      emitting diodes 21 electrically isolated from each other by the isolation
      channels 25, and by either a PN junction with the support or the supports'
       semi insulating conductivity, and columns of light emitting diodes 21
      arranged in sequence in the ridges 22. Windows may be opened in layer 29
      or following removal of the dielectric masking layer 29, a new dielectric
      layer 33 is deposited on the surface of the substrate and a suitable
      photomask and metallization step forms contacts 34 to the anodes of the
      light emitting diodes 21 and contacts 35 to connect portions of the
      cathodes of the light emitting diodes 21 to the conductive bus 28. It is
      to be noted that the cross section depicted in FIG. 5 is taken along line
      5--5 of FIG. 6 so as to depict both the anode and the cathode contact.
PAR  A plan view of the final structure in enlarged form is depicted in FIG. 6
      wherein it is to be noted that the contacts 34 extend in rows to define
      the row address bus while being narrowed at 34a to decrease the amount of
      light reflected from the light emitting diode junction. It is to be
      further noted that the resultant structure, all of the photo diodes 21 in
      a particular column are of a common cathode connected since the
      P-diffusions are arranged within a single ridge for each column. Thus, if
      the conductivity of the N-conductivity ridge 22 is sufficiently high, the
      contacts 35 and conductive bus 28 may not be necessary to define the
      column address system and contact made only to a portion of the ridge.
PAR  It is thus seen there is disclosed a monolithic XY addressable light
      emitting diode array which may be manufactured with a minimum number of
      processing steps so as to be economically manufactured in a reliable,
      reproducible manner. While a five by seven array has been disclosed
      particularly, any suitable sized matrix may be used.
PAR  While the preferred embodiment of the invention has been given by way of a
      specific disclosure thereof, it is obvious that suitable changes and
      modifications can be made therein, without departing from the spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of manufacturing a monolithic light emitting diode display
      comprising:
PA1  depositing an epitaxial layer of a first conductivity semiconductor
      material upon the substrate;
PA1  etching channels through said epitaxial layer to the substrate to form a
      plurality of parallel ridges;
PA1  coating the surface of the channels and the ridges with a dielectric
      material;
PA1  filling said channels with a conductive material;
PA1  electrically connecting said conductive material to at least one portion of
      said ridge to form an electrical connection to one side of said PN
      junction;
PA1  removing said conductive material and said dielectric from the surface of
      the ridges; and
PA1  diffusing an opposite conductivity affecting material into a plurality of
      spaced locations in each of said ridges to form an othagonal matrix of PN
      junctions in the surface of the epitaxial layer.
NUM  2.
PAR  2. A method as recited in claim 1 and further including the step of forming
      a pattern of metallization on the surface generally perpendicular to said
      conductive channel to electrically connect the other side of said PN
      junction in a plurality of rows.
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ABST
PAL  An apparatus and method for producing a replicate, void free, impermeable,
     ymmetrical electrical insulation barrier for stator motor coils is
      described wherein a silicone rubber compound is employed as an insulator
      around the preformed stator coils in a copper-beryllium mold. The coil
      insulation is cured at a predetermined temperature after being subjected
      to pressure in the mold.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to insulating of electrical coils and more
      specifically to insulating stator motor coils with a void free,
      impermeable, and symmetrical electrical insulation barrier.
PAR  During the insulating of stator motor coils, it has been long sought to
      devise a procedure which would produce a uniform electrical insulation
      barrier for stator motor coils including the lead points of the coils.
      Conventional practice has largely been the problematic manual application
      of such insulation. However, severe performance requirements for Naval
      motors intended for operation under stringent environmental conditions
      such as high temperature and high hydrostatic pressures have increased the
      need for better insulation and procedures for applying the insulation to
      the coils. Investigation of a recently developed, commercially available,
      molded insulation system revealed that by that system the insulation was
      applied and molded on the coil wires while they were retained in a flat,
      elliptical shape. The flat molded coils were later removed from the mold
      and then mechanically spread and formed into the proper stator coil
      configuration to facilitate insertion into the intended electrical motor.
      Although a uniform thickness of insulation was provided around the coil
      wires, harmful stresses produced on the insulation during the final
      spreading and shaping process, and poor insulation bonding to the coil
      wires adversely affected the electrical properties of the coils and left a
      need for a better method of insulation application to stator coils.
PAC  SUMMARY OF THE INVENTION
PAR  The objects and advantages of the present invention are accomplished by
      utilizing an improved method of producing a replicate, void free,
      impermeable, symmetrical electrical insulation barrier for stator motor
      coils which comprises the steps of centering each part of a stator coil in
      the cavity of a mold by using lead spacers, and applying a high pressure
      for a predetermined time in a hydraulic press to precisely shape the coil
      to make it conform to and be evenly positioned in the mold cavity. A
      fiberglass tape is then skip-lapped around the shaped coil. A silicone
      rubber molding compound milled into sheet form is then completely
      butt-lapped around the coil including the lead wires. The coil is then
      positioned in a precleaned mold cavity. The mold is then placed in the
      hydraulic press under high pressure and any excess silicone rubber
      flashing is removed from the coil. The mold is then placed on a heated
      platten of the hydraulic press and subjected to a high pressure for a
      predetermined time after which the mold is removed and allowed to cool.
      The molded coils are then removed and are placed in a conventional gravity
      convection oven at a predetermined temperature for curing.
PAR  An object of this invention is to fabricate a void free and symmetrical
      electrical insulation barrier for stator coils.
PAR  Another object of this invention is to make stator coils capable of
      withstanding high temperatures.
PAR  Still another object of this invention is to make stator coils insulation
      capable of withstanding high hydrostatic pressures under submerged
      conditions.
PAR  Still another object of this invention is to provide a means for making a
      replicate production of dimensionally and structurally similar insulated
      stator coils which may be utilized without further processing for the
      construction and/or repair of electrical machinery stators with a facility
      analogous to the installation of an automobile tire.
PAR  Still another object of this invention is to produce a completely insulated
      stator coil in its ready-to-install structural form.
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompaning drawings, wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an illustration of an improved mold built in accordance with the
      teachings of the present invention; and
PAR  FIG. 2 is a diagramatic representation of the method steps.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  A preferred embodiment of an apparatus for making a replicate, void free,
      impermeable, and symmetrical electrical insulation barrier for stator
      motor coils is shown in the attached figure wherein numeral 10 represents
      two mating sections 12 and 14 of a stator coil mold. The mold is
      preferably a two-piece, copper-berrylium mold which is designed to conform
      to the shape, dimensions, and contour of the uninsulated form wound coils
      for a stator motor. Section 12 of the mold has a cavity 16 which is
      designed to accommodate the uninsulated stator motor coils therein. As
      shown in the accompanying drawing, the portion of the mold housing the
      stator coils to be insulated lies in more than one plane. Sufficient
      clearance is allowed in the cavity 16 to ensure that a uniform insulation
      wall thickness, preferably 0.06 inch, would be molded around the coil
      wires. Cavity or flashing groove 18 is also provided in section 12 of the
      mold to accommodate any extra flashing when the stator coils are put in
      the mold with the two mating sections joining each other and when the mold
      is subjected to a high pressure. An extension 20 of the mold provides a
      means for the insulation of the coil lead wires. Section 14 of the mold
      has a cavity 22 which is complementary to cavity 16 of section 12.
PAR  The insulation molding technique according to the teachings of this
      invention is as follows:
PAR  The coil wires are temporarily secured by ties of thin twine at evenly
      spaced sections along the coil. In order to effect the centering of each
      part of the coil in the mold cavity, a number of lead spacers, preferably
      1/16 inch thick, are wrapped around the coil wires at equal distances
      along the length of the coil. The spacers are slightly shorter in length
      than the perimeter of the coil wires. The spacers applied at the corners
      of the coil are narrower than the spacers applied at the straight portions
      of the coil. A few shorter spacers are also wrapped around the two coil
      lead wires to effect their correct alignment in the mold cavity. The coil,
      wrapped with lead spacers, is enclosed in the mold which is then subjected
      to a high pressure, preferably 600 psi, for approximately 15 minutes, in a
      hydraulic press to precisely shape the coil to make it conform to and be
      evenly positioned in the mold cavity. The pressure of the press is
      released and the coil is removed after opening the mold. All the lead
      spacers except those around the coil lead wires are removed. A reasonably
      tight skip-lapped wrapping of fiberglass tape, preferably 3/8 inch by
      0.005 inch, is applied to the shaped coil and the original temporary twine
      tyings are removed.
PAR  A certain quantity, preferably about 3 pounds, of silicone rubber molding
      compound; preferably having a dielectric constant of 2.96, a power factor
      of 0.004, and curing time of 5 minutes at 300.degree.F under a pressure of
      150 psi; is milled into a sheet form preferably of 3/32 inch thickness. It
      is to be noted that one such silicone rubber is General Electric No.
      SE9044A. However, any other silicone rubber or a like material having
      similar properties can be used without deviating from the teachings of
      this invention. The silicone rubber sheet thus formed is preferably cut
      into 3/4 inch and 3/16 inch widths of silicone tape. A single layer of the
      3/4 inch silicone rubber tape is completely butt-lapped around the coil
      wires except at the corners and the knuckles of the coil where the
      silicone rubber tape is slightly overlapped. The 3/16 inch widths of the
      silicone rubber tape are butt-lapped around the coil lead wires.
PAR  Both sections of the mold are thoroughly cleaned to remove any dust or
      grease and preferably sprayed with a silicone mold release agent such as
      made by General Electric Company. The previously shaped coil with the
      silicone rubber tapes thereon is then enclosed in the mold and the mold is
      placed in the hydraulic press. A high pressure of about 600 psi is then
      applied to the mold for 15 minutes to compress the insulation around the
      coil and to squeeze off any excess rubber flashing into the flash groove
      18 of the mold. The mold is then removed from the press and is opened and
      the coil is carefully removed so as not to damage the uncured rubber
      insulation around it. Any attached rubber flashing is removed from the
      coil and any uneven or damaged portion of the rubber insulation are
      corrected by manual application of small pieces of the silicone rubber
      tape. A strip of the 3/16 inch width silicone rubber tape is placed all
      along the upper and lower edges of the coil.
PAR  Both sections of the mold are then thoroughly cleaned of rubber particles
      and any other foreign substances. The mold sections are then placed on the
      platten of the hydraulic press pre-heated to 300.degree.F. When the mold
      sections attain the temperature of 300.degree.F, they are removed from the
      hot press and are preferably sprayed with the General Electric silicone
      release agent. The coil is then enclosed in the mold and the mold is
      placed on the pre-heated press. The coil is molded for 5 minutes under a
      pressure of 150 psi at 300.degree.F after which it is removed and allowed
      to cool. The coils thus molded are placed in a conventional gravity
      convection oven for about 24 hours at 175.degree.C for curing. FIG. 2 is a
      diagramatic representation of the above outlined steps.
PAR  Briefly stated, the stator coil wires are evenly spaced in the cavity
      portion of a mold and are subjected to a high pressure in a hydraulic
      press to put them in a preformed shape. The coil wires are then
      butt-lapped with a silicone rubber tape and are put back in the cavity of
      the mold. The mold is then put on a pre-heated platten of a hydraulic
      press and cured for a predetermined time at a predetermined temperature
      under pressure. The molded wires are then placed in a conventional gravity
      convection oven for curing purposes.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings. As an example, the shape of
      the mating sections of the mold may be different as long as the mold is
      such as to provide a finished, formed, molded insulated stator coil
      suitable for installation in electrical machinery without further physical
      alteration. Furthermore, any other suitable silicone rubber compound may
      be used. It is therefore to be understood that within the scope of the
      appended claims the invention may be practiced otherwise than as
      specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of insulating stator motor coils in a mold, comprising the
      steps of:
PA1  centering the stator motor coils in a cavity of the mold;
PA1  placing lead spacers along the length of the stator motor coils and the
      lead wires thereof;
PA1  applying high pressure to the mold for preforming the stator motor coils;
PA1  skip-lapping a fiberglass tape around the preformed stator motor coils;
PA1  butt-lapping a silicone rubber tape over the skip-lapped fiberglass tape
      around the preformed stator motor coils;
PA1  placing the mold containing the silicone butt-lapped stator motor coils in
      a preheated platten of a hydraulic press;
PA1  applying pressure to the mold while placed on the preheated platten of the
      hydraulic press;
PA1  releasing the pressure applied to the mold;
PA1  removing the mold from the preheated platten of the hydraulic press; and
      curing the molded stator motor coils in a oven.
NUM  2.
PAR  2. The method of claim 1 wherein said step of centering the stator motor
      coils in a cavity of the mold includes temporarily securing the stator
      motor coils by means of ties of twine.
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ABST
PAL  A method of manufacturing rotating electric machines comprising a stator
      and a rotor consisting of the steps of forming the stator in at least two
      sections by permanently moulding in a plastic mass at least the means
      providing the magnetic flux, positioning the stator sections to
      circumscribe the rotor and thereafter securing the stator sections in a
      fixed position relative to one another.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to rotating electric machines and comprises
      primarily a process for the production thereof and especially a new method
      for the production of the stator and equipment connected to it.
PAR  Electric motors have normally a stator with the laminations arranged
      perpendicular to the rotor axis, and with windings arranged substantially
      parallel to this axis. The laminations are held together in a package by
      means of bolts or the like. The stator with connected rotor is usually
      mounted in a housing or a case of aluminium or other suitable material.
PAR  The stator of an electric motor may also have its laminations arranged
      parallel to the rotor axis. The edges of the laminations along the rotor
      axis are then bent inwards towards the rotor axis for the guidance of the
      magnetic flux. The windings may then be arranged around the bent edges or
      around the middle part of the lamination package. Such motors may be
      induction motors, commutator motors and permanent magnet motors.
PAR  When electric motors are manufactured it is usual that the stator and the
      rotor are prepared separately in a nearly finished state, whereafter the
      rotor is mounted with its bearings in the stator. It is then necessary to
      insert the rotor into the stator cavity from one end and thereafter secure
      it in its bearings in a convenient way. In conventional assembly methods,
      any elements such as tools of various kinds carried by the rotor shaft
      must be assembled to the rotor shaft after the final mounting of the rotor
      in the stator. For example, the diffuser and the fan wheels in a vacuum
      cleaner, must therefore be attached stepwise after mounting the rotor.
      Such a method may lead to sufficient products, but is both complicated and
      expensive, especially through the timeconsuming mounting of the stator
      windings and of the many small parts which in proper order must be put
      into the machine from one end.
PAC  SUMMARY OF THE INVENTION
PAR  By the present invention one has obtained a new process for the production
      of the above said machines, which process is especially outstanding by its
      great economical advantages.
PAR  In accordance with the process of the present invention, the various
      elements comprising the stator are formed in at least two axially divided
      sections including as integral elements thereof, the laminations or
      permanent magnets which are permanently secured in a moulded plastic mass
      and which sections may thereafter be assembled with a rotor which may also
      be preassembled to include various components comprising the rotor
      assembly.
PAR  It is advantageous to arrange the laminations and/or the magnets in a mould
      so that the laminations and/or the magnets form a geometrically accurately
      confined surface, the elements being permanently fixed in the mould by
      means of the moulding mass. As a result thereof after-treatment of the
      rotor cavity by turning or the like becomes superfluous.
PAR  The process makes it also possible to furnish the stator with finished
      bearing seats and fastening means for the electrical conducts between
      stator and rotor. The mounting of bearings in a conventional electric
      motor means namely that the bearing is pressed into its final place from
      one side and is secured in a suitable way. It is important that such a
      bearing is as much as possible tightly covered, so that contamination is
      avoided and grease is retained. When a bearing is pushed into its position
      in a conventional way, the housing in which the bearing is supported can,
      of course, surround the bearing at only one side, and hence, some kind of
      seal must be arranged at the other side of the bearing. As such bearings
      normally are held in position by the friction between the outer side of
      the outer ring and the housing, rotation of the outer ring may occur, as
      by heating the housing which usually is made of pressmoulded aluminium
      expands more than the outer ring of this bearing and a certain reduction
      of the retaining forces will occur.
PAR  An appreciable simplification of the mounting of the bearings in electric
      motors is obtained as a result of the present invention. As above
      memtioned, it is namely possible to mount the bearing in proper position
      on the rotor shaft in advance and then from the side press the bearings in
      the pre-casted bearing seats. It will then be possible to make the housing
      surround the bearing completely and also to lock the bearing against
      rotation in a suitable way.
PAR  The assembly method of the present invention is especially adapted for
      stators divided in at least two axially separated sections including
      laminations which are axially oriented and include edge portions which are
      inwardly directed toward the rotor cavity and partly define the same and
      are circumferentially spaced to form stator poles. This configuration is
      shown, for example, in FIG. 2 of the drawings.
PAR  One may then furnish that part of the laminations making the stator yoke
      with windings that are embedded in the moulding mass or the yoke part may
      be made free from windings which are applied later on.
PAR  To secure an even magnetic flux the moulding mass may be mixed with a
      magnetic filler.
PAR  In a special embodiment of the invention it is possible to divide the
      stator core axially through the yokes which are then made to receive the
      pre-shaped windings simultaneously with the assemblage of the stator
      parts, a magnetically conducting plastic mass being put into the
      connection surfaces between the windings.
PAR  By making the stator in this way either in two or more parts it will be
      possible to put the rotor into the rotor cavity from the side instead of
      inserting it from one end and thereafter add the other stator part or
      parts. Then it will also be possible to divide in two or more parts the
      equipment belonging to the stator, for instance the diffusor in a vacuum
      cleaner, a cover for a hand tool, such as a hand drilling machine, or the
      like.
PAR  A vacuum cleaner motor with pertinent equipment may then be mounted in a
      very simple way by pre-manufacturing the rotor part with fan, bearing
      etc., and quite simply lay it down into the stator and diffusor which are
      moulded in one piece.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be further described in connection with the attached
      drawings, on which
PAR  FIG. 1 shows an axial section of an electric motor and an attached fan
      along the line I--I in FIG. 2.
PAR  The half of FIG. 2 shows an end view and the other half shows a radial
      section through the motor in FIG. 1.
PAR  FIG. 3 shows in cross section a part of a stator core and
PAR  FIG. 4 shows a perspective view of a similar stator core.
PAR  FIG. 5 shows a cross section through an electric motor the stator of which
      is divided through the yoke parts.
DETD
PAC  DETAILED DESCRIPTION OF A SPECIFIC EMBODIMENT
PAR  FIG. 1 shows an axial section of an electric motor with a stator 1 divided
      in two parts along an axial plane. The figure shows also a blower housing
      2 built together with the stator. On the protruding shaft of the rotor 3
      the fan blades 5 can rotate.
PAR  The two halves 1a and 1b of the stator 1 are made of axially running
      laminations 6 which at the central part form the stator yoke 7 and at the
      edges 8 are bent inwardly and arranged with some distance for forming the
      stator poles 9, as appears from FIG. 2. For the laminations plates having
      the desired magnetic properties are used.
PAR  The equally made stator halves 1a and 1b are made from a suitable moulding
      mass, preferably cured plastic, in a tool that in principle may be known
      per se. The laminations 6 are moulded in and fixed and their edges are
      forced by the tool to take such a position that they in the finished
      stator without after-treatment will lie in the surface of the poles
      defining the air gap and being coaxial with the rotor.
PAR  Before moulding the yoke parts 7 are furnished with stator windings 10
      which, consequently, also will be moulded in. By producing the stator in
      halves the bearing seats for the rotor bearings 11, 12 and fastening means
      for the current conductors between the stator and the rotor, e.g. carbon
      brushes 13, may be formed at the same time.
PAR  In connection with the embodiment example in FIG. 1 the stator halves are
      also shown enlarged forming a fan housing 14 which is intended to
      co-operate with fan blades 15 on the projecting rotor shaft 4.
PAR  The mounting of the electric motor described is extremely simply carried
      out by putting the rotor 3 with the bearings 11, 12, and in this case the
      fan blades 15 from the side into one of the stator halves, which is also
      made to a half motor housing, whereupon the other half is mounted also
      from the side and the halves are thereafter firmly united, for instance by
      means of metal sleeves 16 and 17, which are put on from each end. This
      production technique makes it possible to produce the stator halves in
      such finished and accurate shape, that any after-treatment before the
      mounting may be refrained from.
PAR  When ball bearings are used an O-ring 18 may be inserted in a ring groove
      in the bearing seat.
PAR  FIGS. 3 and 4 show how a stator core 19 can be built up by laminations 6
      and moulding mass 20, e.g. plastic. In this example it is pre-supposed
      that the stator winding not shown is mounted afterwards between the two
      projecting edges 21 and in the gap 22 in front of the stator yoke 7.
PAR  FIG. 4 shows also how the ends of a stator core may be designed with edges
      and central guiding surfaces for instance for receiving special bearing
      cups.
PAR  FIG. 5 shows an end view of the stator aggregate which differs from those
      shown in FIGS. 1-4 in that it is partly built up by radially arranged
      laminations and partly in that its dividing plane is so arranged that it
      goes through the middle of the stator's yoke parts 7 instead of -- as
      shown in FIG. 1 -- through its pole parts. In this embodiment the
      pre-shaped stator winding 10 may be threaded on the yoke parts when
      assembling the different parts of the stator aggregate. To reduce the
      magnetic flux resistance in the connections between the yoke parts a
      suitably magnetically connecting moulding mass is arranged on the
      connecting surfaces when mounting the parts.
PAR  In this embodiment the windings are better cooled as they are not moulded
      in, and the risk for damages on the winding during the moulding in with
      plastic is avoided.
PAR  A similar arrangement may also be chosen with stator cores having axially
      running laminations which are then divided in the yoke part.
PAR  The principle of the invention may also be applied on electric machines
      where the magnetic flux in the stator is obtained with permanent magnets
      and where stator windings accordingly are missing.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of manufacturing rotating electric machines comprising a stator
      and a rotor, said stator consisting of at least two sections, each section
      having magnetic flux providing means embedded in a plastic mass, said mass
      having a predetermined shape corresponding to a portion of the complete,
      assembled stator, consisting of the steps of forming said stator sections
      by permanently embedding in a plastic mass at least the means providing
      the magnetic flux and shaping said plastic mass to said predetermined
      shape, positioning the stator sections such that they circumscribe the
      rotor and thereafter securing the stator sections in a fixed position
      relative to one another.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein said means are arranged at a
      confining surface forming a geometrically accurate configuration.
NUM  3.
PAR  3. A method as claimed in claim 1 whereby said means in the assembled
      stator sections is disposed in the surface of the poles defining the air
      gap coaxial with the rotor.
NUM  4.
PAR  4. A method as claimed in claim 1 including preshaping in said sections
      bearing seats and fastening means for current conductors between the
      stator and rotor.
NUM  5.
PAR  5. A method as claimed in claim 1 including the step of forming the stator
      sections with a housing portion operable to surround fan blades on a rotor
      shaft projecting axially from one end of the rotor.
NUM  6.
PAR  6. A method as claimed in claim 1, wherein the means providing the magnetic
      flux comprises permanent magnets.
NUM  7.
PAR  7. Method according to claim 1 characterized in that the moulding mass
      contains a magnetic filler.
NUM  8.
PAR  8. Method according to claim 1, characterized in that the laminations are
      arranged as axially running laminations, the ends of which are bent
      towards the rotor cavity and partly define same.
NUM  9.
PAR  9. Method according to claim 8, characterized in that the stator yoke
      forming part of the laminations is equipped with windings that are
      embedded in a moulding mass.
NUM  10.
PAR  10. Method according to claim 8 characterized in that the stator yoke
      forming part of the laminations is shaped as a seat for the winding.
NUM  11.
PAR  11. Method according to claim 8, characterized in that the stator core is
      divided axially through the yoke parts which are designed for receiving
      the pre-formed windings, when the stator parts are assembled, a
      magnetically conducting plastic mass being put on the connecting surfaces
      between the laminations.
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ABST
PAL  Lubrication system includes lubricant reservoir that contains an extrudable
      base material impregnated with lubricant, such as oil. Motor parts,
      including the reservoir defining parts, are readily assembled with one
      another and retaining means is provided that permits the efficient
      transfer of oil to extrudable base material, but prevents inadvertent
      movement of base material away from a predetermined locale in reservoir.
      In one illustrated form, such means are in the form of a plastic member or
      basket having perforations therein of a size to restrict the movement of
      extrudable base material therepast and yet promote the movement of oil
      into the predetermined locale. In another form a retainer member is
      fabricated from a lanced and expanded metallic material that forms a
      perforated base material retainer or basket. Retainer may be collapsed to
      permit accommodation thereof in reservoirs of various lengths, and reduce
      the need to stock differently sized retainers for machines having
      different reservoir dimensions. Method includes extruding material quickly
      through a plurality of extrusion openings, so as to reduce tendency to
      form air pockets or voids within reservoir and reduce filling time; and
      restricting free flow or movement of the extruded material with a
      perforated or foraminous wall.
PARN
PAC  RELATED APPLICATION
PAR  This application is a division of my copending application Ser. No. 332,265
      which was filed on Feb. 14, 1973, now U.S. Pat. No. 3,891,878, and which
      is incorporated herein by reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to dynamoelectric machines and, more
      particularly, to methods for manufacturing a lubrication system for such
      machines having new and improved bearing lubrication systems.
PAR  In rotating dynamoelectric machines, e.g., motors, generators, and
      alternators; a rotatable member is supported by one or more bearing
      devices for rotation relative to a stationary member. Such bearing devices
      or systems may be, for example, of the rolling bearing type (e.g., ball
      bearings) or of the journal bearing type (e.g., sleeve bearings). Although
      the principles of the invention described herein may be used to advantage
      with either of these types of systems, the detailed description will
      proceed with particular reference to dynamoelectric machines of the sleeve
      bearing type and the invention will be discussed in connection with
      embodiments illustrated as fractional horsepower sleeve bearing machines.
PAR  It will be understood that, for satisfactory operation over long periods of
      time (e.g., for a number of years), means must be provided that will
      maintain an adequate supply and flow of lubricant to a sleeve bearing.
PAR  Common approaches heretofore have included the provision of lubricant
      storage and feeding means that store a supply of lubricating material,
      such as oil, and that provide a supply of oil for a bearing during motor
      operation. After the oil has moved along bearing surfaces during
      operation, the oil has then recirculated to the lubricant reservoir. For
      many years, lubricant reservoir cavities have been designed to accommodate
      materials such as felt. This felt absorbs and thus stores oil that could
      later be wicked or fed to a bearing during motor operation. More recently,
      materials have been developed which may be injected or otherwise very
      quickly disposed in a lubricant reservoir cavity adjacent to a motor
      bearing, and such materials then also are relied upon (with or without
      felt feed wicks) to feed oil to the motor bearing during operation. One of
      the materials that has been used heretofore is described for example in M.
      L. Abel U.S. Pat. No. 3,434,765 and the same type of material is referred
      to in Ridgway U.S. Pat. No. 3,184,272.
PAR  The particular material mentioned in the Abel and Ridgway patents is
      marketed under the name "PERMAWICK" by the Permawick Company of Detroit,
      Mich. Other approaches utilize the type of lubricating material or
      materials of the type described either in Staak U.S. Pat. No. 2,979,779 or
      James Whitt's applications Ser. Nos. 292,664 and 292,550 (both now
      abandoned); both of which were titled "Extrudable Lubricant" and were
      assigned to the assignee of this application. The use of any of these
      types of materials may contribute to reduced labor costs associated with
      manufacturing motors, but problems have been encountered due to the
      difference in the physical nature and characteristics between felt
      materials and extrudable lubricant materials.
PAR  For example, there is a tendency for extrudable materials to flow into
      portions of lubricant defining reservoirs other than those selected to be
      filled with such material; whereas pieces of felt tend to stay where they
      have been placed. In addition, much care must be taken to ensure that
      extrudable materials do not obstruct or interfere with oil recirculating
      means such as oil slingers. Even when this has been done, however, the
      tire required to fill a reservoir with extrudable lubricant has been
      relatively long because only one, or at most two, extrusion ports have
      been used during filling of such reservoirs. Accordingly, it would be
      desirable to provide dynamoelectric machines having a new and improved
      lubrication system, and mehtods to be used when making or manufacturing
      the same that would overcome problems mentioned above as well as other
      problems that will become more apparent from the following disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general object of the present invention to provide new
      and improved methods for use in the manufacture of dynamoelectric machines
      that utilize extrudable lubricants.
PAR  It is another object of the present invention to provide a method of
      manufacturing a new and improved lubrication system in a dynamoelectric
      machine whereby extrudable lubricant storage materials may be quickly and
      controllably placed and reliably used in practice.
PAR  A more specific object of the present invention is to provide new and
      improved methods of assembling electric motors and parts thereof that
      include means for retaining an extrudable base material in a predetermined
      locale but that encourage the circulation of oil to the extrudable base
      material.
PAR  In carrying out the above and other objects in a preferred form thereof, I
      provide methods of assembling lubrication systems for fractional
      horsepower motors of the sleeve bearing type, and wherein an end shield,
      in conjunction with other parts, establishs a lubricant reservoir that
      contains an extrudable base material that provides a storage means for a
      lubricant, such as oil. The parts of the motor, including the reservoir
      defining parts, may be readily assembled with one another and retaining
      means is provided that permits the efficient transfer of oil to the
      extrudable base material, but prevents inadvertent movement of such base
      material away from a predetermined locale. In one illustrated form, such
      means are in the form of a plastic mesh member or basket having
      perforations therein of a size to restrict the movement of extrudable base
      material therepast and yet promote the movement of oil into the
      predetermined locale. In another illustrated form, such means is in the
      form of a mesh retainer member fabricated from a lanced and expanded
      metallic material that forms a perforated base material retainer or
      basket. In both forms, the basket may be collapsible to permit
      accommodation thereof in reservoirs of various lengths, so as to eliminate
      the need to stock differently sized retainers for machines having
      different reservoir dimensions. In carrying out steps of one preferred
      method, I extrude material quickly through a plurality of extrusion
      openings, so as to reduce the tendency to form air pockets or voids within
      the reservoir and to reduce filling time; and restrict the free flow or
      movement of the extruded material with a perforated or foraminous wall.
PAR  The subject matter which I regard as my invention is particularly pointed
      out and distinctly claimed in the concluding portion of the specification.
      The invention itself however, both as to its organization, mode of
      operation, and preferred practice; together with further advantages
      thereof, may best be understood by reference to the following description
      taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is an exploded perspective view of a fractional horsepower induction
      motor that may be manufactured when practicing the invention in one form;
PAR  FIG. 2 is a side elevation, with parts in section, parts removed, and parts
      broken away, showing the relationship of parts of the motor of FIG. 1
      after it has been assembled and lubricated;
PAR  FIG. 3 is an end elevation of one form of retaining means that may be used
      in lieu of the retaining means shown in FIGS. 1 and 2;
PAR  FIG. 4 is a view taken along the lines in the direction of arrows 4--4 in
      FIG. 3; and
PAR  FIG. 5 is a side elevation of the retaining means shown in FIGS. 1 and 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to the drawings in more detail, I have shown a fractional
      horsepower motor 10 that includes a conventional wound stator core
      assembly 11, a case or housing 12, and a rotor assembly 15 which includes
      a short-circuited squirrel cage winding supported on a laminated magnetic
      core, and a shaft 14. The motor also includes a pair of end frames, end
      shields, or end bells (these terms being used interchangeably in the art)
      denoted by the reference numerals 16, 17. The end frames 16, 17 may be die
      cast, stamped, or formed in any other convenient manner and they may be
      substantially identical to one another as shown; although it will be
      appreciated that if the shaft 14 is to extend through only one of the end
      frames, the other of the end frames may be provided with a solid cap or
      solid wall in line with the end of the shaft.
PAR  A cavity 18 in the end frame 17 is readily apparent from FIG. 1 and, it is
      in this cavity that felt shaft wicks 19, retainer 32, and oil throwers or
      slingers 28 will be positioned after assembly of the motor. Each end frame
      also at least partly defines a cavity 20 that accommodates a felt wick 21,
      thrust member 22, and shaft mounted thrust collar 23.
PAR  The other parts shown in FIG. 1 include interior end caps 26 that are
      pressed onto a hub 27 of each end shield so as to assist in defining
      cavity 20 and so as to trap the thrust members 22 against the hub 27; and
      end caps 29. The oil throwers 28 may be of any desired construction and
      material, although a laminated plastic and synthetic rubber construction
      has been illustrated.
PAR  If the shaft 14 is not intended to extend through the end shield 16, the
      not shown end cap used in conjunction with end shield 16 will not be
      provided with a shaft accommodating hole such as the hole 31 in the
      illustrated end cap 29.
PAR  The reservoir cup or basket 32 could be molded from any suitable plastic
      material including nylon, polyvinyl chloride, etc., as will be explained
      hereinafter. However, the basket 32 of FIGS. 1 and 2 is formed from a
      sheet of about 0.025 of an inch thick aluminum as will be explained
      hereinafter in conjunction with FIG. 5.
PAR  Lubricant retaining material has not been shown in FIG. 1 for ease of
      illustration, but an extrudable lubricating material containing cellulose
      fibers of the type described in the above-referenced Abel patent has been
      shown in FIG. 2, along with the parts associated with the lubrication
      system for the bearing 36. A bearing 36, of course is supported by each of
      the end frames; although it should be expressly understood that the
      present invention may be practiced when making single or "unit" bearing
      type motors.
PAR  With reference now to FIG. 2, one convenient method of assembly includes
      positioning the oil wick 19 against the end face of the bearing 36 (the
      hub 40 of end frame 17 holding such bearing), positioning basket 32 in
      concentric relationship within the cavity 18 of end frame 17, and then
      pressing the end cap 29 into place relative to the end frame. It will be
      noted that the parts preferably are dimensioned so that a relubricating
      passage 41 is left unobstructed.
PAR  Either before or after the just described procedures, the oil wick 21 is
      positioned against an end face of bearing 36, thrust member 22 is
      positioned so that the arms 30 thereof do not overlie the openings 34 in
      the end frame 17, and cover 26 is pressed into place. Since the arms 30
      are positioned against the solid material webs 33 of the end frame,
      openings 34 establish four spaced apart ports through which lubricating
      material may be extruded later.
PAR  With the cover 26 pressed onto the hub 27 of the end frame 17, an end frame
      subassembly is formed that is ready for injection of an extrudable
      lubricant material. Preferably, this is done with an extruding nozzle
      designed to supply extrudable lubricant through each of the openings 34 in
      the end frame 17 by forcing the extrudable lubricating material into the
      lubricant reservoir under pressure. The extruded lubricating material so
      placed has been denoted by the reference numeral 39 in FIG. 2.
PAR  Thereafter, the shaft 14 (with the rotor body and thrust member 23
      previously assembled therewith as will be understood) is inserted through
      the opening of the oil well cover 26, the leading end of the shaft 14 (the
      right hand end thereof as viewed in FIG. 2) slides through the bearing 36,
      oil wick 19, oil thrower 28, and through the opening 31 in cover or cap
      29. The hole in the thrower 28 is sized so that the thrower 28 will have a
      friction, but slip fit on shaft 14. After the rotor and end frame
      assemblies have been assembled together, the oil thrower 28 can be moved
      to a desired position on shaft 14 as shown in FIG. 2 by a small tool that
      is slipped through the opening 31 so as to slide the thrower 28 along the
      shaft 14 toward bearing 36. There is sufficient frictional engagement
      between shaft 14 and oil thrower 28 to prevent subsequent undesired and
      inadvertent axial movement of the thrower 28 along shaft 14 during motor
      operation.
PAR  The walls of cup 32 keep the extrudable base material within a
      predetermined locale of cavity 18 as shown in FIG. 2. The interior of cup
      or retainer 32 is substantially free of extrudable base material, and, for
      ease of description, this interior region will be referred to hereinafter
      as an "oil slinger cavity". The retainer 32 provides the additional
      advantage of holding oil wick 19 in a desired predetermined position at
      the end of the double end feed sleeve bearing 36; it being understood that
      in the FIG. 2 arrangement; oil will be fed to each end of bearing 36.
      However, it should be clearly understood that bearing 36 could be of the
      center feed variety and a window may be provided in the bearing mounting
      hub 40 so as to facilitate such feed. The retainer 32 also holds wick 19
      from rotation with shaft 14 and thus assures that oil will be wicked to
      bearing 36.
PAR  The holes in the retainer 32 are about one-tenth of an inch maximum as
      measured in any direction and readily permit the return of oil from
      slinger 28 to the lubricant retaining mass 39. The size of the openings in
      the cup or basket 32 are, however, sufficiently small to prevent the
      extrudable base material of mass 39 from being extruded therethrough while
      cavity 18 is being filled with the desired predetermined amount of
      lubricating material.
PAR  It should be noted that while the showing of FIG. 2 is substantially
      accurate, the view actually represents a diagonal cut taken through the
      end frame 17 so as to show the relationship of an opening 34 therein as
      well as a solid portion 33 in the same view.
PAR  The retainer 32 is shown to an enlarged scale in FIG. 5. Retainer 32 is
      made from sheet aluminum by lancing the sheet and punching a shaft
      admitting hole therein. Thereafter, the sheet is expanded in known fashion
      until the end 50 thereof coincides with the segment 51 of the phantom line
      shown in FIG. 5. Desirably, the overall expanded size of retainer 32 as
      measured in a direction along the axis of shaft 14 would be greater than
      the space in which the retainer 32 is to be finally positioned. In this
      manner, it can be assured that compressive forces will be applied to the
      retainer after assembly so as to ensure that the oil feed wick 19 will be
      pressed against the end face of the bearing 36.
PAR  Retainer 32 can be made of a sufficiently large size that it will be
      properly assembled with the largest physical size of motor and bearing
      system in which it is contemplated that retainer 32 will be used. Then,
      for motors having smaller dimensions, or lubricant reservoirs having
      smaller dimensions, the retainer 32 may be collapsed to the configuration
      shown in FIG. 5 and be useable without problem in such smaller motors.
      This technique eliminates the need to provide retainers of different sizes
      for differently sized motors. While specific reference has been made to
      aluminum as the material from which retainer 32 may be fabricated it will
      be appreciated that the cup could be formed of substantially any other
      ferrous or non-ferrous material that is suitable for use in lubricant
      retaining systems. A more detailed description of the specific techniques
      used to lance and expand the retainer 32 is not here presented, since
      those techniques are known in the metal fabricating art.
PAR  Turning now to FIGS. 3 and 4, I have there shown another basket or retainer
      52 which has been molded from a plastic material. More specifically, the
      cup 52 was molded from polyvinyl chloride although other suitable
      synthetic materials may be used. Preferably, the retainer 52 will be of a
      sufficient size to ensure that an oil feed wick adjacent to the face 53
      thereof will not rotate with a motor shaft. However, this obviously is not
      critical and, particularly is not critical in those applications where end
      feed bearings are not used or in those applications where end oil wicks
      corresponding to oil wicks 19 and 21 are not provided.
PAR  The retainer 52 shown in FIGS. 3 and 4 may also be axially compressed or
      shortened in the same manner as has been described in conjunction with
      FIG. 5, although the range of adjustment of plastic members generally
      would not be expected to be as great as that which may be accomplished
      with expanded metal structures; even though polyvinyl chloride may be
      extremely flexible and member 52 can, essentially, be turned inside out
      without breaking or tearing the interconnecting webs 54, and 56.
PAR  When the retainer 52 is formed by molding from a plastic material it may be
      convenient to provide projections or tabs 57 at spaced apart locations
      thereon. These then may be used to advantage to prevent rotation of an oil
      feed wick 19 because projections 57 will impinge on a relatively soft wool
      felt wick. Similar means may be provided in the form of pierced or lanced
      regions along the end face 50 of the retainer 32.
PAR  It should be apparent to those skilled in the art that while I have
      described herein what at present are considered to be preferred modes of
      practicing my invention in accordance with the Patent Statutes, changes
      may be made in the methods disclosed without actually departing from the
      true spirit and scope of the invention; and I therefore intend to cover in
      the following claims all such equivalent variations as fall within the
      invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the U.S. is:
NUM  1.
PAR  1. A method of manufacturing an end frame assembly for a dynamoelectric
      machine having a lubricant reservoir and an extrudable lubricant retaining
      mass therein, the method comprising assembling together an end frame and a
      foraminous walled retainer, and thereby establishing a predetermined
      locale for a lubricant retaining mass on a first side of the formainous
      walled retainer and an oil slinger cavity on the other side of the
      foraminous walled retainer; extruding an extrudable lubricant retaining
      mass through at least two extrusion apertures in the end frame into the
      predetermined locale determined at least in part by the end frame and at
      least in part by the foraminous wall of the retainer; and restricting the
      flow of the extrudable lubricant retaining mass beyond the foraminous wall
      of the retainer while performing the extruding step.
NUM  2.
PAR  2. A method of manufacturing an end frame assembly for a dynamoelectric
      machine having a lubricant reservoir with an extrudable lubricant
      retaining mass therein, the method comprising assembling together a
      retainer and at least first and second members to at least partly define a
      cavity for the extrudable lubricant retaining mass, and to define an oil
      slinger cavity with the retainer disposed between spaced apart portions of
      the first and second members; positioning together the first member and an
      extruding mechanism; extruding a lubricant retaining mass through a
      plurality of spaced apart apertures in the first member until the cavity
      between the retainer and first member is substantially filled by the
      lubricant retaining means; and restricting movement of the lubricant
      retaining mass past the retainer during the extruding step.
NUM  3.
PAR  3. The method of claim 2 wherein the retainer is basket shaped and has
      perforations therein for permitting passage of lubricant therethrough, and
      further including applying compressive forces to the basket shaped
      retainer while assembling together the retainer and the at least first and
      second members.
NUM  4.
PAR  4. The method of claim 2, further including at least partially collapsing
      the retainer while assembling together the retainer and the at least first
      and second members.
NUM  5.
PAR  5. A method of manufacturing an end frame assembly for a dynamoelectric
      machine having a lubricant reservoir and an extrudable lubricant retaining
      mass therein, the method comprising: positioning an oil feeding wick in a
      predetermined position relative to a bearing in the end frame; locating a
      retaining member to at least partially define a locale for storing the
      lubricant retaining mass, and holding the feeding wick in a desired
      position with the retaining member; pressing an end cap over the
      perforated retaining member into fixed relationship with the locale
      thereby further defining the locale; extruding an extrudable lubricant
      retaining mass into the locale and against the retaining member; and
      preventing the extrudable lubricant retaining mass from passing beyond the
      locale with the retaining member.
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ABST
PAL  A method and apparatus for direct insertion into a substrate of terminals
      from a flexible carrier strip releasably supporting the terminals. The
      strip path of travel toward a terminal removal zone and from that zone is
      constrained to accomodate strip flexibility and travel without binding
      while preventing significant strip twisting and transverse and lateral
      excursion. A guide block assembly establishes that path of travel in first
      and second channel guide sections where the terminals are deflected strip
      portions are respectively guided by flanges. During terminal removal,
      resilient jaws aid in providing uniform deflection of these strip
      portions. Continuous tension tends to advance the strip, and escapement
      fingers control strip indexing. A ram assembly, operable after indexing to
      directly insert the terminal, includes selected gripping inserts
      cooperable with differently sized terminals. An anvil assembly cooperates
      with a sensor and an indicator to insure correct substrate orientation
      relative to the ram assembly.
PARN
PAR  This is a division of application Ser. No. 368,448, filed June 8, 1973, now
      U.S. Pat. No. 3,837,063.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method and apparatus for installing elongate
      objects such as pin or post terminals on substrates such as printed
      circuit boards. More particularly, this invention relates to a method and
      apparatus wherein pins discrete from and removably carried by a flexible
      plastic carrier strip are directly inserted into a circuit board.
PAR  A polyester carrier strip of this type is disclosed in a commonly assigned
      copending U.S. patent application Ser. No. 288,851, filed Sept. 13, 1972,
      for "Pin Terminal Carrier Strip". The strip is comprised of an elongate
      member having a generally U-shaped transverse cross election. The opposite
      legs of the U-shaped member are provided with aligned carrier slots for
      holding pins in a generally orthogonal relationship to the strip. Relief
      slots are also provided in these legs to facilitate transport of the strip
      by sprocket wheels or the like, while the pins remain seated in the
      carrier slots. For such transport purposes, the base of the U-shaped
      member includes indexing apertures cooperable with the sprocket wheels.
PAR  In the above-mentioned application, the disclosure of which is hereby
      incorporated by reference, the carrier strip previously described is
      discussed in the context of overcoming drawbacks associated with prior pin
      installation techniques.
PAR  One such prior technique is that of manual, individualized installation.
      This type installation not only is time consuming by reason of the large
      numbers of pins usually involved and their handling difficulty
      attributable to size, but also may not be entirely satisfactory from the
      standpoint of obtaining reliable pin orientation perpendicular to a board
      without pin damage.
PAR  Although some of the problems associated with manual installation may be
      overcome through prior proposals for automated handling of loose pins with
      a vibrating hopper or similar arrangement for orienting the pins, it will
      be appreciated that significant room for improvement exists. Particularly,
      several drawbacks may be encountered with such arrangements in the areas
      of the speed of operation, complexities in relation to pin handling once
      the pins are oriented, etc.
PAR  As pointed out in the previously identified application, there have also
      been prior proposals directed toward providing carrier strips for pin
      terminals and other types of contacts. However, such proposals may not be
      entirely acceptable for a variety of reasons.
PAR  For example, in some cases heat is required for contact removal. Often the
      flexibility of the carrier strip is not particularly suited for adequate
      handling in an automated manner. Disposal costs in connection with some
      strips made from certain materials may be prohibitive. In addition,
      complex equipment is often contemplated for removal of the contacts from
      strips with which the contacts may be integral.
PAR  The flexible, easily handled carrier strip of the aforementioned
      application is intended to aid in overcoming problems of the sort
      previously noted. In accordance with the teachings of that application,
      removal of the pins from that strip may be accomplished oy applying a
      force to the pin either in a direction transverse to the extent of the
      strip or in an axial direction. With transverse removal, equipment in
      addition to that used for removal is required for insertion of the pins.
      With axial removal, a post employed for pin removal may also be used for
      direct pin insertion. During direct insertion of the pin, the yieldable
      legs of the U-shaped strip are displaced by the recessed post which
      embraces the pin and axially translates it into a position of press fit
      reception in a circuit board hole.
PAR  The present invention relates to direct pin insertion of this type.
      Specifically, the present invention is concerned with retaining the
      advantages of single stroke pin removal and installation as disclosed in
      the above noted application, while minimizing or obviating problems
      associated with such a direct insertion technique.
PAR  In this connection, it will be recognized that among the difficulties that
      might be encountered with automated pin insertion techniques is that of
      insuring reliably reproducible location of the pins at a pin insertion
      zone aligned with the circuit board hole to receive the pin. Although the
      flexibility of a pin carrier strip enhances its handling and transport
      characteristics, that same flexibility might contribute to misalignment of
      the pins at the insertion zone, both as an initial matter and during pin
      insertion. Similarly, where direct insertion is attempted, misalignment
      problems might result from inadequate provision for carrier strip
      advancement.
PAR  Problems such as these can be somewhat remedied by using equipment separate
      from the carrier to grip and orient the pins at the insertion zone.
      However, provision of such equipment could give rise to potentially higher
      equipment costs and lower operational speeds. Conversely, elimination of
      such equipment could create other difficulties associated with force and
      positional relationships between the pin and the members acting on the pin
      during insertion.
PAR  One previous machine of the present assignee, not of the direct insertion
      type, utilized removal equipment to transversely remove the pins from a
      carrier strip. This equipment also aided in insuring correct positioning
      of the pins for insertion. It would, however, be desirable to eliminate
      the need for such equipment by reason of the earlier noted potentially
      higher cost and lower operational speed factors, etc. associated
      therewith.
PAR  Moreover, other elements of that machine would not be necessarily
      compatible with direct insertion techniques. For example, carrier strip
      guidance by utilizing jaws to grip the base of the generally U-shaped
      strip could present interference with movement of an insertion ram if
      direct insertion were attempted. Moreover, these jaws could undesirably
      rigidify the strip to render it unsuited for both continuous feed and
      direct insertion without breaking the strip.
PAR  In addition, force cooperation between an insertion ram and the pins to be
      inserted involved, in that machine, the use of sliding blocks that needed
      to be displaced during continued downward ram movement to effect
      insertion. The mass of the blocks and control of the block movement
      through cooperation with an anvil gives rise to the need for controlling
      several mechanical movements and the possibility of jamming.
PAR  Other prior proposals which do relate to direct insertion of pins from a
      carrier strip are disclosed in Bakermans U.S. Pat. No. 3,605,237, issued
      Sept. 20, 1971, and in De Shong U.S. Pat. No. 3,307,244, issued Mar. 7,
      1967. According to proposals such as these, the carrier may be advanced by
      incrementally pushing on a metal strip with which the pins are integral.
      Guidance of the strip along a structurally defined path may be provided.
      At the insertion location, the pins are gripped by alignment clamps, and a
      ram and anvil like combination is employed to sever the pin from the strip
      and insert the pin.
PAR  It will be recognized that, although such machines might be desirable for
      some purposes, the may not be entirely acceptable for a number of reasons.
      Some of these relate to the particular type carrier strip to which these
      proposals are essentially restricted, while others are more general in
      nature.
PAR  For example, the need for equipment and sequencing associated with
      severance of the pins from the strip may present difficulties. Similarly,
      use of the particular type feeding and guidance techniques for the
      relatively rigid strip might not be acceptable in the case of a flexible
      strip such as that with which the present invention is most particularly
      useful. Pin orientation equipment distinct from the carrier might, as
      earlier noted, also be undesirable.
PAR  Numerous other difficulties associated with carrier strip feeding and
      handling, pin orientation, and pin insertion can be envisioned.
PAC  OBJECTS AND BRIEF SUMMARY OF PREFERRED FORMS OF THE INVENTION
PAR  Recognizing the carrier strip feeding and handling, pin orientation, and
      pin insertion difficulties with removal of a pin from a carrier strip and
      insertion of the pin into a substrate, it is a general object of the
      present invention to provide a novel method and apparatus for inserting
      pins into such a substrate.
PAR  It is a particular object of the present invention to provide such a novel
      method and apparatus especially suited for use in connection with direct
      pin insertion from flexible carrier strips carrying pins discrete from the
      strips.
PAR  It is a further object of the present invention to provide, in such a
      method and apparatus, a novel carrier strip guidance technique.
PAR  It is an additional object of the present invention to provide, in such a
      method and apparatus, for strip guidance with novel guide blocks that
      enhance pin positioning while accomodating strip flexibility.
PAR  It is another object of the present invention to provide, in such a method
      and apparatus, a novel technique for incrementally advancing the carrier
      strip.
PAR  It is yet another object of the present invention to provide, in such a
      method and apparatus, for incremental carrier strip advancement utilizing
      an escapement mechanism.
PAR  It is a still further object of the present invention to provide, in such a
      method and apparatus, for novel controlled force relationship between pins
      and a ram during direct pin insertion from the flexible strip.
PAR  It is still another object of the present invention to provide, in such a
      method and apparatus, for novel cooperation between an anvil assembly and
      a circuit board to enhance pin alignment with circuit board receiving
      holes.
PAR  Preferred forms of the present invention intended to accomplish at least
      some of the foregoing objects entail a method and apparatus for direct
      insertion of terminals from the carrier strip into a substrate.
      Preferably, this strip is comprised of a flexible elongate member of
      generally U-shaped cross-section defined by a base portion and contiguous
      legs. The carrier strip includes a plurality of carrier openings in the
      leg for releasably mounting a plurality of terminals generally
      orthogonally to the direction of extent of the strip. The terminals so
      mounted project outwardly from both legs and along the space defined
      between these legs. A series of indexing openings are provided in the base
      portion of the carrier strip.
PAR  Apparatus according to the present invention includes in addition to
      carrier strip feeding means and carrier strip guiding means, a ram
      assembly and an anvil assembly cooperable with the pins mounted on the
      carrier strip for removal of those pins from the strip and insertion of
      the pins into a circuit board. Also included are elements for insuring
      correct positioning of the pin receiving circuit board relative to the ram
      assembly and anvil assembly.
PAR  Movable ram means of the ram assembly is operable to act on the pins
      carried by the strip to remove the pins directly from that strip and
      insert the pins into the substrate or circuit board. This movable ram
      means includes a pin receiving opening, and means for resiliently gripping
      the pin within that opening.
PAR  The anvil assembly includes movable locating finger means cooperable with
      the substrate for locating the substrate in a position for reception of
      the pins acted upon by the ram means. This movable locating finger means
      is movable between an extended and retracted positions. In the extending
      position, the locating finger means may be received within a pin receiving
      aperture of the substrate. In this connection, an indicating means, such
      as a light source, is operable to provide a visual indication of the
      reception of the locating finger means in that receiving aperture.
PAR  When the locating finger means is displaced from its extended position,
      such as by engagement with solid portions of the substrate as would occur
      if the substrate were improperly oriented for pin reception, sensing means
      is operable to effect disabling of the ram means.
PAR  A manually operable substrate mounting fixture may be employed to properly
      position the substrate for pin reception.
PAR  Orientation of the anvil assembly and the ram assembly is such as to
      establish a pin removal and insertion zone therebetween. Proper
      orientation of the carrier strip, for pin removal and insertion or
      movement of the ram means into that pin removal and insertion zone, is
      provided by carrier strip guiding means.
PAR  This guiding means comprises guide block means for establishing the path of
      travel for said carrier strip in a direction to intersect the pin
      insertion zone. The guide block means include means defining a ram
      movement zone in the pin insertion zone, as well as means defining first
      and second carrier strip guide channel sections along the carrier strip
      path of travel on opposite sides of that ram movement zone.
PAR  The first guide channel is operable to guide a portion of the carrier strip
      on which the pins are mounted, and includes a generally cross-sectionally
      U-shaped recess defined by recess wall means having a base and legs. The
      base and legs are cooperable externally with the base and legs of the
      carrier strip and those portions of the carrier strip legs that extend
      from the base to the pins.
PAR  Also included in the first guide channel are generally upright wall faces
      that extend above and below the recess. These wall or track faces
      respectively cooperate with portions of the pins extending above and below
      the legs of the carrier strip.
PAR  A projecting flange means of the first guide channel is generally
      cross-sectionally U-shaped and projects toward the guide channel recess. A
      generally upright face of this projecting flange means is cooperable with
      the portion of the pins extending between the legs of the carrier strip.
      Further faces of the projecting flange means are cooperable internally
      with those portions of the legs of the carrier strip projecting from the
      pins.
PAR  The second guide channel is operable to guide a portion of the carrier
      strip with the pins removed. The legs of the carrier strip with the pins
      so removed are deflected in the direction of pin insertion after being
      acted on by the movable ram means. The second guide channel includes a
      generally L-shaped recess having a base and an upper leg respectively
      cooperable with the base of the carrier strip and one of the carrier strip
      legs adjacent the zone of deflection, at the juncture of that leg and the
      carrier strip base.
PAR  A second projecting flange means projects into the generally L-shaped
      recess and is cooperable with that leg of the carrier strip adjacent its
      free end.
PAR  Method aspects of the present invention in connection with guidance of the
      carrier strip entail establishing a constraining guide path for that
      strip, with the constraint being sufficient to accomodate carrier strip
      flexibility while preventing significant twisting, pivoting or translation
      of the strip, and also rigidifying the strip on opposite sides of the ram
      means movement zone. The orientation between the carrier strip and pins,
      and the previously mentioned elements of the first and second guide
      channels cooperable therewith, provide, with limited clearance, the
      desired constraining relationship.
PAR  The carrier strip feeding means includes reel means for supporting the
      strip for movement along its path of travel. Also included is driven
      sprocket means cooperable with the indexing openings of the carrier strip
      to continually bias the strip for movement along that path. Escapement
      fingers project through openings in the guide blocks for alternating
      engagement with the indexing openings of the carrier strip on opposite
      sides of the ram movement zone. The escapement means is operable to
      provide for sequential advancement into the ram movement zone of pins
      carried by the strip.
PAR  Further method aspects of the present invention involve resisting
      displacement of the pins from the carrier strip, by a force sufficient to
      provide generally uniform deflection of those portions of the carrier
      strip legs that are in the ram movement zone during the movement of the
      ram which effects removal of the pin from the strip. The resistance force
      so applied is additionally operable to cause relative movement between the
      pin and the moving ram means, so that the pin is forced to its limit
      position gripped within the pin receiving opening of the ram means. At the
      same time, the resistance force is at a level where undue abrasion of the
      pins during insertion is avoided.
PAR  In the preferred form of the invention, this desired resistance is provided
      by resiliently biased jaw means having jaw portions mounted for pivotal
      movement, below the pin path of travel zone, toward and away from the ram
      movement zone. The jaws also include tapered faces operable to aid in
      aligning the pin in the direction of its intended path of travel.
PAR  Other objects and advantages of the present invention will become apparent
      from the subsequent detailed description thereof, in connection with the
      accompanying drawings, in which like numerals refer to like elements, and
      in which:
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PAC  THE DRAWINGS
PAR  FIG. 1 is a view according to the present invention showing a pin terminal
      insertion machine in perspective along with a partially broken away
      perspective illustration of a fixture for holding and orienting circuit
      board for receiving the pins;
PAR  FIG. 2 is a side elevational view of the pin insertion machine shown in
      FIG. 1, partially broken away to depict the drive employed in connection
      with take up of the strip serving as a carrier for the pins;
PAR  FIG. 3 is a partial top plan view of the insertion machine shown in FIGS. 1
      and 2, illustrating in phantom the path of travel of the carrier tape;
PAR  FIG. 4, is a partial front elevational view of the post insertion machine
      of FIG. 1, illustrating in phantom the carrier strip travelling through
      guide blocks, showing the orientation of the guide blocks relative to the
      insertion ram and back-up jaws, and depicting in cross-section the anvil
      assembly partially shown in FIG. 5, with the orientation of the pin
      receiving circuit board shown in phantom.
PAR  FIG. 5 is a partial side elevational view illustrating the anvil assembly
      of the insertion machine of FIG. 1;
PAR  FIG. 6 is a top plan view taken generally in the direction of line 6--6 in
      FIG. 4 and illustrating the escapement mechanism utilized for advancement
      of the carrier strip in the insertion machine of FIG. 1.
PAR  FIG. 7 is an exploded perspective view of the guide block assembly of the
      insertion machine of FIG. 1;
PAR  FIG. 8 is a perspective view of substitute back-up jaws that may be mounted
      on the guide block assembly of FIG. 7 in connection with insertion of long
      terminal pins;
PAR  FIG. 9 is a cross-sectional view taken along line 9--9 of FIG. 4 and
      showing guidance of the carrier strip at its path of travel location prior
      to positioning under the ram assembly;
PAR  FIG. 10 is a cross-sectional view taken along line 10--10 of FIG. 4 and
      illusrating the pin location prior to removal from the carrier strip;
PAR  FIG. 10A is a cross-sectional view similar to that of FIG. 10, but showing
      the ram assembly displaced for pin insertion;
PAR  FIG. 11 is a cross-sectional bottom plan view taken along line 11--11 of
      FIG. 10;
PAR  FIG. 12 is a cross-sectional front view taken along line 12--12 of FIG. 4
      and showing guidance of the carrier strip at its path of travel location
      subsequent to positioning under the ram assembly;
PAR  FIG. 13 is cross-sectional view taken generally in the direction of lines
      13--13 of FIGS. 9 and 12 and depicting displacement of the back-up jaws
      during a pin insertion operation, as well as the orientation of fingers of
      the escapement mechanism relative to the carrier strip;
PAR  FIG. 14 is a generally schematic plan view illustrating the fingers of the
      escapement mechanism prior to and subsequent to carrier strip advancement;
PAR  FIG. 15 is a generally schematic plan view similar to that of FIG. 14 but
      showing displacement of the escapement mechanism fingers to effect carrier
      strip advancement; and
PAR  FIGS. 16 and 17 are partial perspective views showing respectively short
      and long pins mounted on carrier strips for insertion by the machine of
      FIG. 1;
DETD
PAC  DETAILED DESCRIPTION
PAC  General Structure and Operation
PAR  With particular reference now to FIGS. 1-3, a preferred form of post
      insertion machine 20 according to the present invention may be seen. The
      machine 20 includes a support base 22 for mounting the machine on a
      suitable floor positioned table (not shown) or the like.
PAR  Overlying and projecting outwardly from the upper face of the base 22 is a
      worktable like fixture 24 positioned on the base in any suitable manner.
      This work table fixture 24 provides a support for a manually positionable
      jig 26 on which a post receiving circuit board 28 may be mounted.
PAR  The jig 28, hereinafter more fully described, incorporates a safety feature
      to insure proper placement of an operator's hands out of the insertion
      area during post insertion.
PAR  The post insertion zone may be considered to be the zone extending between
      a post insertion ram assembly 30 and an anvil assembly 32 projecting
      upwardly from the support base 22 through the table-like fixture 24.
      During post insertion, a ram arm of the ram assembly 30, hereinafter more
      fully described, is operable to displace a post into a position received
      in a hole in the circuit board 28 located directly above the anvil
      assembly 32. It will also be appreciated that in accordance with the
      present invention, simultaneous insertion of multiple posts is also
      envisioned.
PAR  Each post so inserted is one of a series of posts or pins 34 mounted on a
      carrier strip or tape 36. (See FIGS. 16 and 17.) The strip 36 is advanced
      along a path of travel transverse to and intersecting the post insertion
      zone.
PAR  The path of travel is established to extend from a reel 37 about which the
      strip 36 is wound to a take-up sprocket 38 cooperable with a guide pin 39
      that is removable for initial positioning of the tape on the sprocket,
      (See FIG. 3.) The reel 37 and the take-up sprocket 38 may be mounted in
      any suitable manner on the machine base 22, preferably adjacent the rear
      portion thereof on opposite sides of a generally upwardly projecting, and
      forwardly extending L-shaped support arm 40.
PAR  Suitably mounted on the upper end of this support arm 40, adjacent its most
      forwardly extending portion, is a working cylinder 42 of the ram assembly
      30. It will be appreciated that the illustrated ram assembly 30, including
      this working cylinder 42, may be pneumatically or hydraulically operated
      through a suitable number of conduit connections such as the one
      schematically shown at 44 in FIG. 1.
PAR  Depending from the forwardly extending portion of the support arm 40 at a
      location beneath the ram assembly 30 is a guide block assembly 46,
      hereinafter more fully described. Attachment of this guide block assembly
      46 to the support arm 40 may be accomplished by means of mounting plates
      48 on opposite sides thereof. Although not illustrated, these plates may
      have cut out portions to permit visual access to elements disposed
      therebetween.
PAR  Two suitably mounted guide pulleys 50 and 51 project from the guide block
      assembly 46 to a location outward of the mounting plates 48. These guide
      or idler pulleys are positioned at a vertical level essentially coplaner
      with the take-up sprocket 38 and the carrier reel 37. The path of travel
      of the carrier strip 36, depicted in phantom in FIG. 3, is initiated by
      leading the strip from the reel 37 and about the first guide pulley 50,
      and then threading the strip through a guide channel defined by the guide
      block assembly 46 in a manner to be described below. The strip is then
      passed about the other guide pulley 51 to the sprocket 38.
PAR  At this juncture it may be noted that the guide channel of the guide block
      assembly 46 lies in the vertical plane which includes the axis of the ram
      assembly 30 and is parallel to the vertical plane that includes the axes
      of the guide pulleys 50. Advancement of the carrier tape 36 along that
      guide channel is thus operable to position pins 34 in the post insertion
      zone beneath an axially extensible ram arm of the ram assembly 30.
PAR  This advancement of the strip 36 may be effected by driving the take-up
      sprocket 38 with a suitable driving arrangement, such as an electric motor
      and gearing arrangement shown generally at 52 in FIG. 2 as being housed
      with the machine support base 22. Through this driving arrangement 52, the
      carrier tape 36 may be placed in tension between the guide pulleys 50 and
      51, and sequentially advanced for positioning of sequential posts 34
      beneath the ram assembly 30. In a manner described more fully below,
      particularly in connection with FIGS. 14 and 15, sequential advancement
      and accurate positioning of the tape and pins is controlled by means of a
      solenoid operated escapement mechanism 53 (not shown in FIGS. 1-3).
PAR  A suitable control circuit (not shown) is employed to effect, among other
      things, operation of the escapement mechanism 53 after post insertion and
      retraction of the ram member. In this connection, a control circuit switch
      54 may be located at the side of the machine base 22.
PAR  Also positioned in that location is a take-up motor switch 56 for
      controlling the on or off condition of the sprocket drive 52. The take-up
      force exerted on the carrier strip 36 is essentially continuous with the
      motor switch in its on position. However, the escapement mechanism 53
      prevents strip advancement except at appropriate times. Timing
      relationships between operation of the escapement mechanism 53 and strip
      movement, caused by take-up force generated by the drive 52, can be
      adjusted by means of a rheostat control 58 suitably electrically connected
      to the motor.
PAC  The Circuit Board Jig and Circuit Board Positioning
PAR  With renewed reference to FIG. 1, the preferred technique and structure for
      properly orienting the circuit board 28 for pin reception will be
      appreciated. It will be recalled that the circuit board 28 is mounted in
      the manually positionable jig 26.
PAR  This jig 26 may be comprised of an open rectangular frame with sides formed
      from interconnected L-shaped pieces of metal 60 and 61. Support legs 62
      depend therefrom at suitable locations. Projecting between two opposite
      sides 60 of the frame are two circuit board support beams 64.
PAR  These beams 64 are transversely apertured adjacent each of their ends for
      reception of bars 66 which define tracks on which the beams may slide.
      Once proper spacing of the beams 64 is established, the beams may be
      locked in position on the bars 66 by means of set screws or the like (not
      shown) extending into holes in the tops of the beams adjacent the location
      of the bars 66.
PAR  The beams are also provided throughout their length with a series of
      further holes 68. Clamps 70 may be securely positioned on the tops of the
      beams by means of fasteners 72 cooperable with these holes. These clamps
      70 may be stepped adjacent their edges facing inwardly of the beams 64 for
      reception therebeneath of the edges of the circuit board 28.
PAR  As will be appreciated, the dimensions of the circuit board 28 will govern
      the selected adjustable spacing between the beams 64 and the selected
      adjustable positioning of the clamps 70. After these locations are
      established, the board 28 is firmly clamped against the upper faces of the
      beams 64.
PAR  The board 28 includes a plurality of rows and columns (not shown in FIG. 1)
      of apertures for press fit or other suitable reception of a portion of the
      posts 34. In order to aid in proper positioning of the board apertures for
      such post reception, a light source 74 is provided. This light source is
      mounted in any suitable manner to direct a beam of light in the general
      vicinity of the anvil assembly 32.
PAR  The anvil assembly 32 includes a projecting locating finger 76 (See FIG. 2)
      at its upper end. This projecting finger or pin 76 is sized to fit into
      the post receiving apertures and has a diameter approximately equal
      thereto.
PAR  A visual indication that the manually positionable jig 26 has been properly
      positioned with the anvil finger 76 so received in the board aperture is
      provided by reflection from that finger of the beam of light established
      by the light source 74. When the board has not been properly positioned,
      the beam of light strikes solid portions of the board, producing a
      distinctly different visual effect.
PAR  After orientation of the board with the anvil finger 76 properly positioned
      in the aperture, the ram may be activiated. In order to ensure against
      location of an operator's hands in the pin insertion zone, activation of
      the ram may be controlled by two manually operable switches 77 located on
      opposite side legs 61 of the jig frame. As will be appreciated, suitable
      electrical connection can be made between these switches 77 and
      appropriate controls for ram activation so that ram activation is not
      possible unless both switches 77 are simultaneously depressed.
PAC  The Anvil Assembly
PAR  It will be recognized that in the absence of proper circuit board
      positioning, damage to the pins 34 as well as to the insertion machinery
      may result by jamming caused through engagement of the pins against solid
      portions of the board 28. In accordance with the present invention, ram
      activation is prevented unless the anvil finger 76 is properly received in
      a pin receiving aperture. With reference to FIG. 5 and the bottom portion
      of FIG. 4, the structure of the anvil assembly 32 for so preventing ram
      activation may be seen.
PAR  The anvil finger 76 is slidably received in a necked housing 78 assembly of
      the anvil assembly 32. Below the necked portion of this housing 78 an
      enlarged retainer member 80, to which the anvil finger 76 is attached, is
      also slidably received.
PAR  This retainer member 80 is biased by a coil spring 82 located in the
      housing 78 between the bottom of the retainer member 80 and a lower
      internal housing shoulder 84. Normally, the action of the spring 82 urges
      the retainer member 80 against an upper internal housing shoulder 86, to
      maintain the anvil finger 76 projecting from the housing 78 by an amount
      substantially equal to the depth of an aperture in the board 28.
PAR  Projecting downwardly from the retainer member 80 through the lower end of
      the housing 78 is a stem 88 about which the coil spring 82 is positioned.
      This stem 88 may be suitably connected, adjacent its lower end protruding
      from the housing, to a cam member 90 or the like.
PAR  A contact member 92 of a suitable sensing means such as a microswitch 94
      may be resiliently biased downwardly against the cam member 90. The
      biasing force of the contact member 92, is, of course, less than that
      which is sufficient to overcome the lifting bias on the retainer member 80
      provided by the coil spring 82. However, downward movement of the retainer
      member 80, and the stem 88 connected thereto, displaces the cam 90
      downwardly, and permits the biased contact member 92 to disengage from
      another microswitch contact 96 with which it is normally held in
      engagement.
PAR  Suitable electrical connections between the microswitch 94 and the control
      circuit for ram activation may be established to allow ram activitation
      only when the micrcoswitch contacts 96 and 92 of the microswitch are
      engaged. In this fashion, undesirable ram activation without reception of
      the anvil locating finger 76 in a circuit board receiving hole will be
      prevented, inasmuch as with solid portions of the circuit board resting on
      that finger 76, the stem 88 and cam 90 will be downwardly displaced
      against the bias of the coil spring 82 to break contact at the switch 94.
PAR  During actual insertion of a pin 34 into a receiving hole of the circuit
      board 28, the portion of the pin projecting beneath the board bottom is
      received in the anvil housing 78 in the zone from which the locating
      finger 76 is downwardly displaced. In instances where jamming of a pin 34
      in the anvil assembly might thereafter occur, the control circuitry is
      such that the resultant downward displacement of the stem 88 and cam 90
      will also be operative to prevent subsequent cycles of ram activation
      during attempts at unjamming.
PAR  In this connection, it may be noted that the ratainer member 80 is provided
      with projecting arms 98 extending through slots 100 in the anvil housing
      76 to permit manual displacement of the retainer member 80 and connected
      elements.
PAC  The Carrier Strip and Pins
PAR  With reference now to FIGS. 16 and 17, the carrier strip 36 and pins 34 for
      insertion in accordance with the present invention may be seen.
PAR  The elongate flexible, polyester strip 36 is generally U-shaped in
      transverse cross-section, and is comprised of a base portion 101 and two
      projecting legs 102 integral therewith. The base portion includes a series
      of indexing holes 103 for feeding of the strip as described below.
PAR  Each leg portion 102 is provided with a plurality of longitudinally spaced
      necked carrier slots 104, which support a series of pins 34 generally
      orthogonally to the direction of strip extent. Adjacent carrier slots 104
      are separated by relief slots 105. These relief slots add flexibility to
      the strip.
PAR  Sequential relief slots 105 define tab portions 106 of the strip legs 102.
      The pins 34 are thus supported by these tabs 106 which contain the carrier
      slots 104.
PAR  The relatively short pins 34 illustrated in FIG. 16 are elongate members
      having a tail portion 107, a widened body portion 108 and a contact
      portion 109. The widened body portion may be press fit into the receiving
      apertures of the circuit board 28, with the tail portion 107 projecting
      therebelow.
PAR  Relatively long pins illustrated in FIG. 17 also include a tail portion
      107, a widened body portion 108 and a contact portion 109. However, unlike
      the pins of FIG. 16, the tail portion 107 of the pins of FIG. 17 is longer
      than the contact portion 109.
PAR  For a purpose hereinafter more fully described the tail portions 107 of the
      pins of FIG. 17 are embraced by the carrier slots 104, whereas the contact
      portions 109 of the pins of FIG. 16 are so embraced.
PAR  In typical examples of the relative dimensions of the short and long pins
      34 of FIGS. 16 and 17, the contact portion 109 of both pins would be about
      three eighths of an inch in length, while the length of tail portions 107
      would be about one-sixteenth inch and five-eighths inch respectively.
PAR  The pins 34 may be snapped into the carrier slots 104 in any suitable
      manner. In this connection, reference may be had to copending U.S. patent
      application Ser. No. 288,851, filed Sept. 13, 1972 for further details
      regarding the pins 34 and carrier tape or strip 36 on which they are
      mounted, as well as for a general description of a technique for carrier
      strip advancement and displacement of the pins from the strip by a ram
      into press-fit reception into the circuit board. The disclosure of that
      application, assigned to the assignee of the present invention, is hereby
      incorporated by reference.
PAC  Guide Block Assembly and Carrier Tape Guidance
PAR  In FIG. 4, threading of the carrier strip or tape 36 through the guide
      channel defined by the guide block assembly 46 is illustrated in phantom.
      The manner in which this guide channel is defined and the structural
      members of the guide block assembly 46 are best seen in FIG. 7.
PAR  As shown therein, the guide block assembly includes a front block 110 and a
      rear block 111. These front and rear blocks include mating planar faces
      112, 113 with assembly apertures 114 and 115 extending therethrough. These
      apertures are located so that when the mating planar faces 112, 113 are in
      abutment, the apertures 114 of the front block 110 are aligned with those
      115 of the rear block 111.
PAR  The blocks may be then assembled together by machine bolts 116 (see FIGS. 9
      and 12) cooperating with threads in the apertures 115 of the rear block
      111. The assembly apertures 114 of the front block 110 may communicate
      with enlarged recesses 118 for reception of the heads of the machine bolts
      116.
PAR  With the blocks 110 and 111 so assembled, a tape guiding channel having
      first and second sections generally indicated at 119 and 120 in FIGS. 9
      and 12, is defined. As subsequently described, the configuration of the
      channel section 119 in the tape path of travel zone prior to passage of
      the tape beneath the ram assembly 30 (see FIG. 9) differs from the
      configuration of the channel section 120 in the tape path of travel zone
      after the tape passes the location of the ram assembly (See FIG. 12).
PAR  This difference in configuration of the channel sections 119 and 120 is
      attributable to the difference in tape configuration before and after the
      tape passes a ram movement zone, indicated at 122 in FIG. 13, defined
      generally centrally of the guide block assembly 46. In this ram movement
      zone 122 a ram member is operable to remove the pins 34 from the tape 36
      to effect pin insertion into the board 28 as described more fully below.
PAR  In so doing, the ram member deflects the tape tabs 106 downwardly into the
      configuration shown in FIG. 12. The second guide channel section 120 is
      arranged to cooperate with the tape 36 in that deflected condition, while
      the first guide channel section 119 is arranged to cooperate with the tape
      36 in the condition shown in FIGS. 16 and 17.
PAR  Turning now specifically to FIGS. 7, 9 and 12, the configuration of the
      first and second channel sections 119 and 120 may be more fully
      appreciated. Each of these sections 119 and 120 is defined by structure of
      both the front and rear blocks 110 and 111.
PAR  In connection with defining the first channel section 119, the front block
      110 is provided with an insert 122.
PAR  This insert 122 is received in a generally L-shaped cut out section
      machined in the block 110. A groove 124 is additionally machined in the
      block face defined by the cutout.
PAR  The insert 122 includes a main body portion having a cross-sectional
      configuration substantially identical to the cross-sectional configuration
      of the L-shaped cutout section. In addition, the insert 122 includes a
      locating flange 126 for mating reception of the insert in the L-shaped cut
      out section. Securing of the insert 122 in this position may be
      accomplished by means of machine screws 128 cooperable with suitable
      apertures in the inserts and the block 110.
PAR  Projecting outwardly from the insert 122 is a guiding flange 130 with a
      tapered lead in portion 131. As may be seen in FIG. 9, this guiding flange
      130 has a height dimension substantially equal to the distance between the
      upper and lower legs 102 of the generally U-shaped tape 36. The width of
      the guiding flange 130 is sufficient so that the front face of that member
      projects to a location substantially adjacent the pins 34 when the tape 36
      is threaded through the channel, as shown in FIG. 9.
PAR  When the tape is so threaded, the base 101 of the generally U-shaped tape
      36 is positioned substantially adjacent the base of a similarly shaped
      recess 132 machined in the rear block 111. This recess 132 has a
      longitudinal extent substantially equal to the guiding flange 130 of the
      front block insert 122. The height of the recess 132 is substantially the
      same as the distance between the legs 102 of the tape.
PAR  As will be appreciated from the foregoing description of the first channel
      section 119, the walls of the recess 132 provide guide surfaces cooperate
      with the base 101 of the tape 36 and with the external portions of the
      tape legs 102 in their extent from that base 101 to the pins 34.
      Similarly, the walls of the guide flange 130 cooperate with internal
      portions of those tape legs 102 in their extent projecting beyond the pins
      34, and with the extent of the pins 34 between the tape legs 102.
PAR  An additional portion of the front face 113 of the rear block 111 is also
      machined away along the length of the recess 132. In this fashion, guide
      rails 134 are established immediately above and below the recess 132. The
      width of this machined away portion of the rear block 111 is such that
      when the front and rear blocks 110 and 111 are assembled, the front faces
      of these guide rails 134 lie substantially adjacent the portions of the
      pins 36 projecting above and below the tape legs 102.
PAR  Thus, the first channel section 119 includes walls, provided by the rails
      134, for guiding cooperation with these projecting pin portions. The
      guidance surfaces included in that channel section 119 are spaced and
      dimensioned relative to one another to provide for clearance between those
      surfaces and the tape 36 as well as the pins 34 at all locations. This
      clearance is, however, sufficiently small so that it is not shown in FIG.
      9.
PAR  It will, nevertheless, be appreciated that the first channel section 119 is
      so defined as to limit significant excursion of the tape and pins 34 in
      both the vertical and horizontal planes. Similarly, twisting of the tape
      36 and supported pins 34 is minimized. Although the tape 36 and pins 34
      are constrained by the channel section 119, the clearance is sufficient to
      accomodate tape flexibility and to avoid binding during tape advancement.
PAR  Of particular significance in relation to the first channel section 119 is
      the essentially three location support provided for the pins 34, namely
      along the portions projecting above and below the tape legs 102 and along
      the portion therebetween. As will be noted below, by reason of the
      provisions made for advancement through the earlier mentioned escapement
      mechanism 53 (FIGS. 14 and 15) tension in the tape at the zone of the
      first channel section 119 is somewhat limited. Therefore, tape twisting
      possibility is significant.
PAR  Such twisting could result in camming of the pins 34 against the guiderails
      134 and subsequent forcing of the pins free from the carrier slots 104.
      This possibility is resisted by the guiding flange 130.
PAR  At the same time, the guide rails 134 add stability and lend rigidity to
      the somewhat slack tape. In this fashion, adequate tape support on the
      entry side of the post insertion zone (where the first channel section 119
      ends) is established at a level compatible with forces generated during
      direct pin insertion.
PAR  At the exit side of the pin insertion zone, the second channel section 120
      commences. At this channel section 120 the front block 110 is provided
      with another insert 136. The machining of the block for reception of this
      insert 136, and the actual assembly of the insert 136 are similar to that
      in connection with the block insert 122 associated with the first channel
      section 119.
PAR  The block insert 136 of the second channel 120 also includes an elongate
      guide flange 138. This guide flange 138 has a greater width than and a
      smaller thickness than the other guide flange 130.
PAR  As previously mentioned, the tabs 106 of the tape legs 102 are deflected
      during pin insertion. At that time, these tabs take on a set or degree of
      stable deformation. The orientation of the guide flange 138 in the second
      guide channel 120 is such that the upper wall thereof cooperates with the
      free end of the upper deflected tabs 106 to stabilize the tape portion
      from which the pins 34 have been removed.
PAR  In the portion opposite the second guide flange 138, the rear block 11 is
      cut away in alignment with the generally U-shaped recess 132 of the first
      guide channel 119. However, there is no provision for pin guidance rails
      such as those associated with the first guide channel, so that the
      resulting cut away or recess portion 140 takes on a generally inverted
      L-shaped configuration.
PAR  The back wall of this recess 140 provides guidance cooperation with the
      base 101 of the tape, while the upper recess wall provides guidance
      cooperation with the upper deflected tab 106 adjacent its juncture with
      the base 101 at which deflection occurs. At the same time, the lower
      deflected tab 106 is free from guidance surfaces. In this fashion,
      reaction forces that might be otherwise be produced be engagement of
      portions of the block with bottom tab 106 so as to induce twisting of the
      tape are avoided.
PAR  As best viewed in FIG. 7, it will be seen that the second guide flange 138
      includes a lead in portion with a compound profile including a tapered
      portion 142 adjacent the pin insertion zone. This tapered portion 142 is
      operable to gradually cam the deflected upper tabs 106 of the tape
      upwardly in the second channel section 120. Thus, the possibilities of the
      introduction of twisting forces and tape feed interference by reason of
      snagging of non-uniformly deflected tabs 106 on the guide flange 138 are
      minimized, and tape uniformity is enhanced.
PAR  As in the case of the first channel section 119, the second channel section
      120 is dimensioned to provide clearance for the tape. In addition, the
      second channel section 120, like the first section 119, is arranged to
      stabilize the tape against twisting and significant vertical and lateral
      excursions. In this connection, inasmuch as tape tension is greater in
      this section, the second guide channel section 120 does not require as
      small of a clearance between the front face of the guide flange and the
      adjacent moving portion, in this case the inside, of the tape base 101.
PAR  The provision in accordance with the present invention on opposite side of
      the pin insertion zone for tape guidance that constrains the tape, but
      does not induce significant drag to resist feeding, is particularly
      significant from the standpoint of proper positioning of the pins in the
      insertion zone. Uncontrolled tape deflection on either side of that zone,
      i.e. in the portion of the tape supporting the pins 34 or in the portion
      of the tape from which those pins have been removed, could result in
      improper alignment between the pins and the ram. The tape guide guidance
      channels 119 and 120 lend sufficient rigidity to the flexible tape to
      enable use of the tape as the sole means of support for the pins during
      actual insertion. Direct insertion of the pins from their support position
      on the tape 36 avoids the need for separate equipment to remove the pins
      34 and stabilize them during insertion.
PAR  Returning again to FIG. 7, it will be seen that the rear block 111 is
      provided with two apertures 142 and 144 on opposite sides of the post
      insertion zone. It will also be noted that the guide flange 138 projecting
      from the second block insert 136 is provided with a recess 146 alignable
      with one of this apertures 144. The function of these apertures 142 and
      144 and the recess 142 will be hereinafter more fully described in
      conjunction with the function of the earlier mentioned escapement
      mechanism 53.
PAR  With continued reference to FIG. 7, it may be observed that the
      longitudinally extending holes 148 are provided on one end of the rear
      block 111. These and similar holes on the other end cooperate with machine
      bolts (not shown) to attach the guide block assembly 46 to the mounting
      plates 48 for suspending that assembly from the support arm 40. (See,
      e.g., FIG. 1)
PAR  For a purpose described more fully below in connection with the ram
      assembly, the front block 110 includes a threaed hole 150 in its top
      surface. A set screw 151 (see FIG. 4) in that hole 150 limits ram travel.
PAR  To accomodate ram travel, the rear block 111 includes a generally T-shaped
      vertical groove 152 approximately centrally thereof. The front block is
      also grooved centrally adjacent its rear face 112 as indicated at 154 for
      this purpose. In addition, the front block is machined away adjacent its
      front face at the upper and lower portions thereof, leaving a web 156 (see
      FIGS. 10 and 10A) interconnecting the block portions on opposite sides of
      the post insertion zone.
PAR  This latter machine of the front block exposes, for viewing, the tape
      supported pins located in the pin insertion zone. (See, e.g. FIG. 4).
PAR  Additionally included in the block assembly 46 beneath the tape path of
      travel are two pivotally mounted jaws 158 and 160 mounted on the rear
      block 111. The function of these jaws 158, 160, and the substitute jaws
      shown in FIG. 8, is hereinafter more fully explained in conjuction with
      the description of ram insertion of the pins 34 into the board 28.
PAR  For now, it may only be noted that these jaws, generally mirror image in
      appearance, each are fixed to a pivot axle 162 which projects through
      holes in a lower zone of the rear block 111. Each of these axles 162 are
      suitably fixed to a bifuricated clamp member 164 by means of a set screw
      or the like. These clamps 164 include pins projections 166 adjacent their
      lower ends.
PAR  As best shown in phantom in FIG. 4, the clamps 164 are oriented at
      oppositely projecting 45.degree. angles relative to the axis of the ram
      assembly 30. A coil spring 168 biases the clamps to that position, in
      which position pivot arms 170 of the jaws abut the upper surface of an
      inverted generally L-shaped recess 172 further cut away beyond the guide
      channel recesses 132 and 140.
PAR  During post insertion, the jaws 158 and 160 are pivoted about the axes
      defined by the axles 162 against the bias provided by the spring 168.
PAC  The Ram Assembly and Pin Removal and Insertion
PAR  In FIGS. 10 and 10A and 11, details of the ram assembly 30 may be seen. The
      illustrated ram assembly includes, in addition to the previously
      identified working cylinder 42 (FIG. 1), a reciprocable ram arm indicated
      at 174.
PAR  This ram arm is partially received in a tubular housing 175 that is
      suitably mounted in alignment with the working cylinder 42. At the upper
      end of the ram arm housing 175, the ram arm is operatively connected to a
      piston (not shown) received within and controlled by pressures within the
      working cylinder 42.
PAR  The lower arm of the ram arm 174 is comprised of a body section 176 and a
      nose section 178. This nose section 178 is defined by a reduced portion
      180 of the body section and a gripping insert 182 primarily received
      within the body section.
PAR  As best seen in FIG. 10A, the flat insert 182 includes a main portion 184
      and a nose projection 186. The main body portion 184 is the portion
      received in the body section 176 of the ram arm, and the nose projection
      186 completes the nose section 178 of the ram arm by complementing the
      previously mentioned reduced portion 180.
PAR  Positioning of the insert 182 is accomplished by means of a tab 188 on its
      nose projection 186. This tab 188 is receivable in an opening 190 in the
      reduced body portion 180. In addition, the main portion 184 of the insert
      182 includes a recess 192 cooperable with a set screw 193 (see FIGS. 4 and
      13) and an opening in the body section 176 of the ram arm to firmly
      maintain the insert 182 in position.
PAR  As will be appreciated from the view of FIG. 11, the ram arm 174 has
      across-sectional configuration complementary to the ram arm receiving
      grooves 152 and 154 in the guide blocks 110 and 113. The ram arm is thus
      able to traverse the guide block assembly along a ram movement zone
      intersected by the tape path of travel zone, to remove the pins 34 and
      effect insertion thereof into the circuit board 28.
PAR  Upon movement of the ram arm 174 into engagement with the upper end of the
      pin 34 supported in the ram movement zone, the upper end of that pin is
      received by the nose section 178 of the ram arm as shown in FIG. 10A. In
      this connection, it should be noted that the nose projection 186 of the
      insert functions as a flexible gripping spring which accomodates reception
      of the pin 34 and grips that pin against the reduced body portion 180. The
      clearance between these two members defines a pin receiving opening of the
      ram arm 174.
PAR  After a given amount of downward movement of the ram arm 174, the ram arm
      overtakes the pin 34 until the pin is firmly seated in that receiving
      opening. The limit of travel of the pin into the receiving opening is
      established by engagement of the upper end of the pin with the positioning
      tab 188 of the insert 182.
PAR  With renewed reference to FIG. 7, the function of the jaws 158 and 160
      during the pin removal and insertion operation may be more fully
      appreciated.
PAR  Upon initial engagement of the ram arm 174 with the upper end of a pin 34,
      the support tabs 106 will begin to deflect downwardly. Inasmuch as
      variations in tape tension and other tape conditions may result in
      non-uniformity of this deflection, and thereby produce enforced
      misalignment of the pin when the pin is acted on by the ram arm, it is
      important to insure pin alignment despite such conditions.
PAR  One function of the jaws 158 and 160 is to accomplish this. The jaws, being
      positioned close to the bottom end of the pin supported by the tape,
      resiliently engage that pin end upon a small deflection of the tabs 106.
PAR  This resilient resistance aids in accomplishing relatively uniform
      deflection of the tabs 106 in repeated insertion operations, thereby
      aiding maintenance of the pin in longitudinal alignment with the pin path
      of travel. The resilient resistance by the jaws to pin displacement also
      enforces relative movement between the pin and the ram arm 174 at a
      relatively controlled rate. In this manner, the pin becomes smoothly and
      properly seated in the pin receiving opening of the ram without being
      subjected to detrimental bending and twisting forces.
PAR  As will be apparent, such forces would otherwise cause the pin to be jammed
      against the circuit board 28 or jammed into the anvil assembly upon
      further downward movement of the ram arm 174.
PAR  While the magnitude of the resilient back-up force produced by the jaws is
      sufficient for the purposes discussed above, the force level is chosen so
      that undue abrasion of the pins as they rub against the jaws is avoided.
      It will be recognized that such rubbing is produced as the pins enter the
      generally V-shaped zone 194 (FIGS. 4 and 13) defined by mutually inclined
      faces of the jaws.
PAR  The zone 194 so defined provides an additional centering and aligning means
      for orienting the pin along its proper insertion path of travel.
PAR  In normal ram operation, with a circuit board 28 located properly for pin
      insertion, the ram arm stroke bottoms out against the circuit board. This
      bottoming out, coupled with the proper pin seating dimensions in the ram
      arm pin receiving opening, produces a correct displacement of the pin. In
      other words, the pin is received in the board receiving holes with proper
      extensions above and below the board.
PAR  However, ram actuation is sometimes undertaken, for inspection or other
      purposes, without a circuit board in place. In such cases, provision is
      made to prevent the ram arm 174 from bottoming out against the anvil
      assembly 32 and causing damage thereto. For this purpose, the earlier
      noted adjustable set screw 151 (FIG. 4) acts as a stop cooperable with a
      shoulder 195 (FIG. 4) of the ram arm to limits its stroke.
PAR  Much of the foregoing description has been particularly applicable to
      insertion of the relatively short pins from the tape depicted in FIG. 16.
      Operations for insertion of the long pins of FIG. 17 are essentially
      similar.
PAR  However, in the case of the long pins, a substitute (not shown) for the
      resilient ram insert 182 is provided. The substitute insert has an overall
      configuration similar to the one illustrated in FIG. 10A. Unlike that
      insert, the equivalent nose projection 186 is longer, and the body section
      is received higher up within the ram body. The terminus of that nose
      projection still is located adjacent the illustrated ram arm terminus when
      the substitute insert is assembled.
PAR  A positioning tab on that nose projection is also located at a level to
      cooperate with a second tab receiving aperture 196 (FIG. 10A).
PAR  The longer nose projection and tab location are such as to accomodate
      reception of the long tail section 107 of the long pin. It will be
      recalled that although the contact portion 109 of the short pin is acted
      upon by the ram, the tail portion 107 of the long pin is acted upon the
      ram.
PAR  In both instances it is the longer of the tail and contact portions of the
      pin that are acted upon and substantially fully received by the ram. The
      reason for this is to limit free extension of the pin to the smallest
      length dimension so as to minimize alignment and bending problems.
PAR  It will, however be appreciated that in the case of long pin insertion, the
      circuit board is positioned in an upside down posture for pin reception.
      This positioning is dictated by the fact that the contact portion 109 of
      the assembled pins are to project from the top of the circuit board, and
      the tail portions 107 of the pins are to project from the bottom for wire
      wrapping or the like.
PAR  When the longer pins of FIG. 17 are to be inserted, the jaw assembly
      illustrated in FIG. 8 is substitued for the jaw assembly of FIG. 7. This
      substitute jaw assembly includes the axles 162 and arms 170, as well as
      the jaws 158 and 160. However, these jaws 158 and 160 are supported by
      arms 198 at a sufficient level beneath the pin path of travel to
      accomodate for the longer length of the pins 34.
PAR  Operation of the jaw assembly of FIG. 8 is essentially the same as that of
      FIG. 7. It has been found that the long pin back-up jaws can be directly
      substituted for the short pin jaws without change of biasing springs 168
      (FIG 4), and with equivalent biasing force levels consistent with the
      earlier described functions of the back-up jaws.
PAR  The dimensional relationships and orientations producing this result,
      enabling minimizing of parts and simplifying change over of operation,
      involve the orientation of the jaw support arms 198 and the axle clamps
      164. In the case of long pin insertion, the axle clamps 164, in their rest
      positions are arranged to lie generally vertical rather than at the angle
      illustrated in FIG. 4. However, the jaw support arms 198 are mutually
      inclined toward one another at about an angle of 45.degree.  to the
      vertical.
PAC  Carrier Strip indexing and The Escapement Mechanism
PAR  In FIG. 6, the basic structure associated with the previously identified
      escapement mechanism 53 may be seen.
PAR  This escapement mechanism includes escapement fingers 200 and 202
      receivable in the rear guide block holes 142 and 144 intersecting the tape
      path of travel. Each of these fingers has a tip cooperable with the
      carrier tape indexing holes 103 in the tape base 101.
PAR  One finger 200 is directly controlled by a solenoid 204. The other finger
      202 is directly controlled by a spring 206. Longitudinal movement and
      positioning of both fingers are related by means of a suitably mounted
      pivot arm 208, pivotable about a generally vertical axis indicated at 210.
PAR  The ends of the arm 208 are bifurcated to establish slots 212 cooperable
      with pin projections 214 located on extensions of the escapement fingers
      200 - 202. It will thus be apparent that retraction of the solenoid
      controlled pin 200 effects opposite movement of the other pin 202 through
      the pivot arm 208. Similarly, retraction of the spring controlled pin 202
      effects extension of the other pin 200.
PAR  Normally, the spring 206 biases the associated pin 202 to a retracted
      position as shown in FIGS. 6 and 14. This places the other pin 200 in its
      extended position where its tip is received within a tape indexing hole
      103.
PAR  In this extended position that pin 200 prevents the tape from feeding
      despite the continuous feeding force generated by the driven sprocket 37.
      At the same time, engagement of that pin with the tape necessarily
      isolates the tape section leading up to that pin from some of the feed
      tension. As earlier noted, special tape guidance is established in the
      first guide channel section 119 to minimize problems associated with this
      tension isolation.
PAR  It is important to note that since the relative location of the solenoid
      controlled finger 200 is upstream of the pin insertion zone, this finger
      200 does not isolate feed tension transmission to the tape portion
      supporting the pin at the pin insertion zone. It will be recalled that the
      tape guide channel sections terminate adjacent the pin insertion zone.
      Therefore, the solenoid controlled finger 200 is located close to that
      zone to give added stability. Imparted by transmitted tension, to the tape
      in that zone.
PAR  After the ram is activiated to effect direct insertion of a pin, and the
      ram arm 174 is retracted, the solenoid 204 is activated to retract its
      associated finger. Suitable circuitry (not shown) is provided to
      accomplish this automatically.
PAR  In FIG. 6 a microswitch indicated at 216, is shown. This switch 216 is
      operable to time ram movement in relation to tape indexing caused by
      operation of the solenoid 204. In this fashion, ram activation in the
      absence of proper indexing may be prevented.
PAR  When the solenoid retracts the one finger 200, the other finger 202 is
      extended against the bias of its associated spring 206. De-energizing of
      the solenoid enables that spring 206 to retract its finger 202 and permits
      extension of the other pin 200.
PAR  From the foregoing, and with reference to the schematic illustrations in
      FIGS. 14 and 15 it will be apparent that alternate extension and
      retraction of the escapement fingers 200, 202 produces sequential indexing
      of the tape to sequentially position each tape carried pin 34 in the
      insertion zone.
PAR  The timing of an indexing operation to ensure proper unit indexing may be
      adjusted by operation of the earlier mentioned rheostat control 58 for the
      tape drive 52. This raises or lowers the speed at which the tape advances
      at that point in time when both fingers are disengaged from the indexing
      holes 103. Thus, after the solenoid controlled finger 200 is retracted,
      the tape is released for a time for feeding at a proper rate so that the
      other finger 202 engages the next in line indexing hole 103 to temporarily
      terminate tape advancement.
PAR  From FIGS. 14 and 15 it will be seen that the tips of the escapement
      fingers 200 and 202 are defined by a straight shoulder 212 and a tapered
      shoulder 214. The dimensions of these tips and their relative spacing, as
      well as the relative size and spacing of the indexing holes 103, are such
      that after tape advancement is temporarily terminated, subsequent solenoid
      de-energization results in the finger 200 re-engaging the tape 36 in a
      time less than that in which the tape feed speed would cause the next
      indexing hole to by-pass that finger.
PAR  The next pin is thus placed in position for insertion.
PAC  GENERAL SUMMARY OF ADVANTAGES
PAR  From the foregoing, it will be apparent that in accordance with the present
      invention, a novel and advantageous method and apparatus for inserting
      terminal pins in a substrate has been provided.
PAR  Of particular significance is the provision for carrier strip guidance on
      opposite sides of a pin insertion zone so as to accomodate strip
      flexibility while conditioning the strip for direct insertion. In this
      connection, the guide channel sections of the guide blocks may be
      specifically defined to accomodate the strip sections with and without the
      pins.
PAR  Also of importance is the provision for resilient back-up forces with
      back-up jaws to aid in proper pin orientation during insertion.
PAR  Additionally, the escapement mechanism advancement control to insure proper
      positioning for insertion provides further advantages.
PAR  Cooperation between the anvil assembly and the circuit board enhances pin
      alignment with the pin receiving holes of the circuit board. In this
      connection, disabling of the ram assembly, except during proper board
      positioning minimizes the possibility of damage.
PAR  Although the present invention has been described in connection with
      preferred forms thereof, it will be appreciated that additions,
      modifications, substitutions and deletions may be made without departing
      from the spirit and scope of the invention as defined in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for advancing a terminal carrier strip along a guided path of
      travel, the apparatus comprising:
PA1  feed means operable to apply tension to the strip urging the strip in an
      advancing direction of travel; and
PA1  escapement means for controlling advancement of the carrier strip along the
      path of travel, said escapement means including:
PA2  first and second escapement finger means alternately engageable with the
      strip; and
PA2  each of said first and second finger means being arranged, when in
      engagement with said strip, to resist said tension and prevent advancement
      of said strip by said feed means; and
PA2  escapement finger control means establishing alternate engagement of said
      first and second escapement finger means with the strip, to provide
      incremental advancement of the strip by said feed means during a period
      when both of said finger means are disposed out of engagement with said
      strip.
NUM  2.
PAR  2. Apparatus according to claim 1 including:
PA1  feed control means for adjusting the tension applied by said feed means in
      relation to the timing of operation of said escapement finger control
      means to adjust the amount of incremental advancement of the strip.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said escapement finger control
      means comprises:
PA1  biasing means for biasing said second escapement finger means out of
      engagement with the strip;
PA1  selectively operable means operable in one condition to move said first
      escapement finger means out of engagement with the strip, and operable in
      a second condition to permit movement of said first escapement finger
      means into engagement with the strip; and
PA1  finger linkage means for moving each of said first and second escapement
      finger means in opposite directions in response to enforced movement of
      the other of said first and second finger means.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein the carrier strip has indexing
      apertures engageable by said first and second escapement finger means, and
      wherein:
PA1  said first and second escapement finger means include tips with inclined
      faces, receivable in the strip indexing apertures.
NUM  5.
PAR  5. Apparatus for insertion of terminals into a substrate, the apparatus
      comprising:
PA1  ram means operable to insert the terminals into the substrate;
PA1  an anvil assembly aligned with said ram means and cooperable with the
      substrate to effect terminal insertion, said anvil assembly including:
PA2  housing means including a receiving opening for receiving a portion of an
      inserted terminal projecting below the substrate, and
PA2  locating finger means movably mounted in the receiving opening of said
      housing means,
PA2  said locating finger means being urged toward an outwardly projected
      position and being sized for reception by a terminal receiving aperture of
      the substrate, and
PA1  sensing means operably connected between said anvil assembly and said ram
      means and being actuable in response to displacement of said locating
      finger means from its outwardly projected position to disable activation
      of said ram means.
NUM  6.
PAR  6. Apparatus according to claim 5 including:
PA1  indicating means comprising a lamp for directing a light beam toward said
      aperture of the substrate to provide a visual indication of reception of
      said locating finger means by a terminal receiving aperture of the
      substrate.
NUM  7.
PAR  7. Apparatus for insertion of terminals into a substrate, the apparatus
      comprising:
PA1  movable ram arm means engageable with terminals for insertion thereof into
      the substrate;
PA1  said ram arm means including a nose section comprised of an integral body
      section having coupled thereto a removable resilient insert for defining a
      terminal receiving aperture opening therebetween, for resiliently gripping
      a received terminal;
PA2  said body section including an aperture;
PA2  said insert including a tab extending generally transversely relative to
      the direction of ram movement and into said aperture;
PA1  securing means engaging said insert at a location remote from said tab to
      hold said insert in place;
PA1  said tab defining a shoulder limiting the depth of reception of the
      terminal in said terminal receiving opening; and
PA1  said nose section further including apertures cooperable with selected
      inserts for varying the location of said shoulder.
NUM  8.
PAR  8. Apparatus according to claim 7 including:
PA1  selectable, resiliently biased, pivotal bank-up jaws disposed adjacent the
      path of travel of said ram arm means to engage terminals being inserted
      and constrain movement thereof into said terminal receiving opening in a
      controlled manner.
NUM  9.
PAR  9. Apparatus according to claim 8 wherein:
PA1  said back-up jaws are selected in relation to the selected said inserts.
NUM  10.
PAR  10. Apparatus according to claim 9 including:
PA1  a single spring means providing the resilient bias for each of said
      selectable back-up jaws.
NUM  11.
PAR  11. A method of advancing a terminal carrier strip along a guided path of
      travel passing a terminal removal zone, the method compising:
PA1  applying continuous tension to the strip at a location disposed downstream
      of said terminal removal zone to urge the strip in an advancing direction
      along the path of travel; and
PA1  engaging the strip with an escapement mechanism to apply resisting forces
      to the strip at a location disposed upstream of said terminal removal zone
      to resist advancement of the strip, while permitting transmission of
      tension along the strip at least to the terminal removal zone during
      terminal removal.
NUM  12.
PAR  12. The method according to claim 11 including the step of:
PA1  providing support for a plurality of terminals in the path of travel prior
      to the terminal removal zone in order to resist lateral separation of
      terminals from the strip.
NUM  13.
PAR  13. In a method of ram insertng of terminals supported by a strip into a
      substrate, the improvement comprising:
PA1  providing a zone for location of the substrate for terminal reception,
PA1  inserting a substrate into said zone such that an aperture of said
      substrate is disposed in the vicinity of a movable sensing finger that is
      operably connected to a power control mechanism for the ram; and
PA1  employing said finger to condition activation of the ram by: disabling ram
      activation in response to sensing of improper substrate location.
PA2  maneuvering said substrate and said finger relative to one another from
PA3  an improperly disposed orientation wherein said aperture and pin are
      unaligned causing depression of said finger to disable ram activation, to
PA3  a proper orientation wherein said aperture and pin are aligned, permitting
      extension of said finger into said aperture to allow ram activation.
NUM  14.
PAR  14. A method of establishing a path of travel for a terminal carrier strip,
      said strip being comprised of a flexible elongate member of generally
      U-shaped cross section defined by a base and contiguous spaced legs having
      support portions deflectable by ram means operable to remove terminals
      from the strip and directly insert them into a substrate, said support
      portions of the legs releasably mounting a plurality of terminals
      generally orthogonally to strip extent, with the terminals extending
      between and projecting beyond both legs, the method comprising:
PA1  establishing first and second guide channel sections separated by a
      terminal removal and insertion zone,
PA1  constraining the carrier strip path of travel in the first guide channel
      section by:
PA2  passing the carrier strip along guide surfaces formed in a first support
      portion which:
PA3  guide the base of the carrier and the external portions of both carrier
      strip legs along their extent from that base to the terminals, and
PA3  guide projecting portions of the terminals extending from the carrier strip
      legs; and
PA2  simultaneously passing the carrier strip along guide surfaces formed in a
      second support portion spaced from said first support which:
PA3  guide the internal portions of both carrier strip legs along their extent
      projecting beyond the terminals, and
PA3  guide an extent of the terminals situated between the carrier strip legs
      and facing away from the base of the carrier strip;
PA1  constraining the carrier strip path of travel in the second guide channel
      section by:
PA2  passing the carrier strip along guide surfaces formed in said first support
      portion which:
PA3  guide the base of the carrier strip and deflected portions of one of the
      strip legs adjacent their juncture with that base, while deflected
      portions of the other strip legs remain essentially free from guidance,
      and
PA2  simultaneously passing the carrier strip along a guide surface formed in
      said second support portion which:
PA3  guides the deflected portions of said one of the strip legs adjacent their
      ends;
PA1  the constraint of the carrier strip path of travel in the first and second
      sections being sufficient to constrain the carrier strip and supported
      terminals against significant twisting and significant excursion laterally
      and transversely of the extent of the strip threaded in said guide
      channel, while providing clearance accommodating flexibility of the strip
      and limiting binding during travel thereof.
NUM  15.
PAR  15. The method according to claim 14 including the step of:
PA1  yieldingly resisting removal of terminals from the strip to substantially
      uniformly control deflection of the support portions thereof.
NUM  16.
PAR  16. The method according to claim 14 including the step of:
PA1  camming the deflected portions of the strip into a generally uniform
      orientation in the second section of the guide channel.
NUM  17.
PAR  17. The method according to claim 14 including the steps of:
PA1  applying continuous tension to the strip to urge the strip in an advancing
      direction through the guide channel sections; and
PA1  controlling incremental advancement of the strip, while permitting
      transmission of tension throughout the strip in said second guide channel
      section and said terminal removal zone.
NUM  18.
PAR  18. Apparatus for insertion of terminals into a substrate, the apparatus
      comprising:
PA1  movable ram arm means engageable with terminals for insertion thereof into
      the substrate;
PA1  said ram arm means including a nose section having a terminal receiving
      opening defined by means, including a removable resilient insert, for
      resiliently gripping a received terminal;
PA1  said insert having a shoulder limiting the depth of reception of the
      terminal in said terminal receiving opening;
PA1  said nose section further including apertures cooperable with selected
      inserts for varying the location of said shoulder; and
PA1  selectable, resiliently biased, pivotable back-up jaws selected in relation
      to the selected insert and being disposed adjacent the path of travel of
      said ram arm means to engage terminals being inserted and constrain
      movement thereof into said terminal receiving opening in a controlled
      manner.
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ABST
PAL  A method of making a multilayer board in which relatively thick ground and
      voltage planes are punched to form clearance holes. The planes are stacked
      with insulative layers, laminated and then drilled to produce through
      holes aligned with the clearance holes. The through holes are then
      plated-through. The method eliminates under-etch problems in thick ground
      and voltage planes which are capable of carrying high magnitudes of
      current.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a method of manufacture of multilayer
      printed circuit boards and, more particularly, to the manner in which the
      ground and voltage planes are formed in such method.
PAR  Multilayer printed circuit boards, and various methods of their
      manufacture, are well known in the electronics industry. Typically, each
      layer of the printed circuit board consists of an insulative material with
      a foil (such as copper) on its upper and lower surfaces. A process
      including the steps of printing and etching may be used to produce a
      configuration of printed circuit wiring on each side of the layer.
      Alternatively, a masking and plating process can be used to deposit the
      printed circuit wiring on the insulative layer. The various layers are
      then bonded together to form a multilayer printed circuit board by first
      coating each layer with a prepreg (usually a B-stage epoxy), aligning and
      stacking the layers, and subjecting the layers to conditions of
      temperature and pressure which result in the formation of a permanent bond
      between the prepreg and the various layers. After this lamination process,
      through holes may be made and subsequently plated.
PAR  It is often desirable to provide voltage and ground planes in a multilayer
      printed circuit board. These planes consist of intermediate metal foils or
      layers within the multilayer structure. Such layers are typically 2 oz.
      copper (0.0028 inch), the same thickness as the printed circuit wiring on
      the various layers of the multilayer board. It is necessary to form
      clearance holes in the areas of the ground and voltage planes where it is
      not desired to have a connection between the planes and the plated-through
      holes. The clearance holes are substantially larger than the
      plated-through holes to assure that there is no undesirable electrical
      contact made between the platedthrough hole and the ground or voltage
      plane. With typical 2 oz. ground and voltage planes in a multilayer board,
      it is normally the practice to form the clearance holes by etching. For
      thin metal layers, etching has normally been an acceptable technique for
      providing an effective clearance area preventing short circuits in the
      board from the plated-through hole to the clearance hole in the ground or
      voltage planes.
PAR  Recently a demand has arisen for multilayer printed circuit boards capable
      of distributing high currents, such as 300-400 amps. The typical 2 oz.
      ground and voltage planes utilized in standard multilayer boards are
      inadequate for carrying such magnitudes of current. As a consequence, it
      has become necessary to increase the thickness of the ground and voltage
      planes. Increasing the thickness of these planes presents a serious
      problem in the forming of the clearance holes by etching techniques
      because of under-etched conditions that are created. That is, etching of
      relatively thick ground and voltage planes to form clearance holes is not
      reliable for eliminating the problem of undesired electrical contact
      between the planes and the plated-through holes.
PAR  It is the object of the invention to overcome the limitations in present
      technique of manufacturing multilayer printed circuit boards having
      relatively thick ground and voltage planes by providing a method which not
      only eliminates under-etch problems but also is relatively simple and
      inexpensive to perform.
PAC  SUMMARY OF THE INVENTION
PAR  According to the principal aspect of the present invention, there is
      provided a method of producing a multilayer printed circuit board having
      relatively thick ground and voltage planes suitable for carrying high
      magnitudes of current. Rather than utilizing metal foils or coatings on
      insulative sheets as the ground and voltage planes, as in prior art
      multilayer board assemblies, in accordance with the present invention
      relatively thicker metal sheets are utilized in which the clearance holes
      are formed by punching a plurality of the holes simultaneously. The
      clearance holes are then filled with an insulative material, such as epoxy
      prepreg. The ground and voltage metal sheets are stacked with an
      insulative inner layer therebetween and insulative outer layers on the top
      and bottom, with selected clearance holes in the metal sheets misaligned.
      The stack of sheets and insulative layers are then laminated to provide a
      unitary multilayer board assembly. Holes are then drilled through the
      stack coaxial with the clearance holes in each of the sheets. These holes
      have a diameter less than that of the clearance holes. Thereafter, a
      conductive material is applied to the walls of the through holes to
      provide plated-through holes. Each plated-through hole passing through a
      misaligned clearance hole will be electrically connected to one of the
      metal sheets and electrically isolated from the other sheet. The punching
      of the clearance holes in the metal sheets may be performed substantially
      more rapidly than drilling and entirely avoids the problem of underetching
      as occurs when relatively thick metal layers are etched to form clearance
      holes. The method is therefore not only simple and inexpensive to perform,
      but results in a multilayer printed circuit board which can carry higher
      currents than multilayer boards produced by conventional techniques.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a flow chart illustrating the various steps performed in the
      method of the present invention;
PAR  FIG. 2 is a somewhat schematic perspective view of a punch press utilized
      for punching clearance holes in the metal planes in accordance with the
      method of the present invention;
PAR  FIG. 3 is a fragmentary perspective view of a multilayer printed circuit
      board constructed in accordance with the method of the present invention,
      with contacts being shown mounted in the plated-through holes in the
      board; and
PAR  FIG. 4 is a vertical sectional view taken along line 4-4 of FIG. 3, with
      the contacts in the board being removed and the board being illustrated on
      a greatly enlarged scale for the purposes of clarity.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The ground and voltage planes which are utilized in the method of
      manufacture of the multilayer printed circuit board in accordance with the
      present invention are metal sheets (such as copper) which are sufficiently
      thick to carry current of relatively high magnitudes, on the order of 200
      amps or greater. The sheets are substantially thicker than the 2 oz.
      printed traces normally utilized on printed circuit boards. By way of
      example, the metal sheets may be five times thicker than the metallic
      traces, or greater. Generally speaking, the ground and voltage planes are
      self-supporting sheets, to be distinguished from metallic foils or traces
      which are simply coatings on insulative substrates as in prior art
      multilayer printed circuit board assemblies.
PAR  One of such metallic sheets is illustrated in FIG. 2, designated 10. The
      sheet is mounted on a support 12 below a punch press 14. The head 16 of
      the press carries a plurality of punches 18 arranged in a predetermined
      pattern. The diameters of the punches 18 are sufficient to provide
      clearance holes in the multilayer board to be produced in accordance with
      the invention. Upon actuation of the press 14, the head 16 lowers to
      simultaneously punch a plurality of clearance holes 20 in the sheet 10 in
      a predetermined pattern. The pattern is determined by the position in the
      final multilayer board where it is desired to to have plated-through
      holes. A second metal sheet, designated 22 in FIG. 4 is punched to
      simultaneously form a plurality of clearance holes 24 which is in a
      pattern different from the holes 20 in the first sheet 10. The pattern of
      holes in the two sheets are such that some of the holes in one of the
      sheets are misaligned with some of the holes in the other sheet, and the
      remaining holes are aligned when the two sheets are superposed over each
      other.
PAR  The number of holes which are simultaneously punched in the sheets 10 and
      22 will be determined by the size of the punch press 14 and the number of
      punches it can carry. Normally, the number of punches which can be carried
      by the head 16 is not sufficient to punch all the holes which are required
      to be formed in the metal sheets. By way of example only, the punch head
      may carry from 20 to 150 punches depending on center line spacing.
      Obviously the punching of the holes in the sheets is substantially faster
      and more efficient than drilling holes.
PAR  A prepreg is then applied on one of the planar surfaces of each of the two
      sheets 10 and 22 to provide an insulative layer on the sheets and to fill
      the clearance holes in the sheets with insulative material. The insulative
      layers are indicated at 26 and 28 in FIG. 4.
PAR  The two metal sheets 10 and 22 and three insulative layers 30, 32 and 34
      are then stacked together with the insulative layer 32 interposed between
      the two metal sheets, and the insulative layers 30 and 34 disposed on the
      outsides of the two sheets. Various thickness insulation layers may be
      used to control capacitance between layers. Obviously more than two metal
      sheets could be used if desired, with insulation layers therebetween.
PAR  As seen in FIG. 4, two sets of holes 20 and 24 in the sheets 10 and 22,
      respectively, are aligned when the metal sheets and insulative layers are
      stacked together, and the hole 20' in the sheet 10 is out of alignment
      with the hole 24' in the sheet 22. The purpose of this arrangement will
      become more apparent later.
PAR  The stack of metal sheets and insulative layers are then laminated together
      into a unitary assembly by the application of suitable temperature and
      pressure as well known to those skilled in the art and require no detailed
      description herein. Reference may be made to the article by W. S. Rigling,
      "Designing and Mating Multilayer Printed Circuits," Electro-Technology,
      May 1966, pgs. 54-57, and U.S. Pat. No. 3,739,469 for a more complete
      disclosure of the materials and techniques which may be utilized to
      manufacture the multilayer printed circuit board.
PAR  Following the lamination procedure, holes are drilled vertically through
      the multilayer board coaxial with the clearance holes in the two metal
      sheets. The through holes have a diameter less than the clearance holes in
      the metal sheets as is well known in the art. The through holes are then
      plated through with a conductive material, providing a series of
      plated-through holes designated 36, 38, 40 and 42 in FIG. 4. It is noted
      that the plated-through hole 36 is isolated from the metal sheets 10 and
      22 by the insulative material filling the clearance holes 20 and 24. The
      plated-through hole 42 is likewise electrically isolated from the sheets
      10 and 22. On the other hand, the plated-through hole 38 is electrically
      connected to the sheet 10 but is isolated from the sheet 22 by the
      insulation filling the clearance hole 24'. On the other hand, the
      plated-through hole 40 is electrically connected to the sheet 22 and
      isolated from the sheet 10. Therefore, the plated-through holes 38 and 40
      permit electrical connection to the metal sheets or planes 10 and 22,
      respectively, while the plated-through holes 36 and 42 are isolated from
      the planes.
PAR  After the laminating step and the forming of the plated-through holes in
      the resultant multilayer board, printed circuitry is formed on the exposed
      upper surface 44 of the top insulative layer 30 and on the lower surface
      46 of the lower insulative layer 34. A process including the steps of
      printing and etching may be used to produce the printed circuit wiring on
      the two layers. Alternatively, a masking and plating process could be used
      to deposit the printed circuit wiring on the insulators. Specific traces
      of printed circuit wiring on the upper surface 44 of the insulative layer
      30 are indicated at 48, 50 and 52. The trace 50 connects to the
      plated-through hole 36. The trace 48 connects to a plated-through hole 36'
      behind the hole 36. The trace 52 connects to the plated-through hole 42.
      One or more traces may be provided on the lower surface 46 of the
      multilayer board. One such trace 55 joins to the lower end of the
      plated-through hole 42. Thus, the plated-through hole 42 jumps or
      interconnects the traces 52 and 55. Normally no traces connect to the
      plated-through holes 38 and 40 which are connected to the ground and
      voltage planes (sheets 10, 22). However, in some cases it may be desirable
      to connect a trace of the printed circuit wiring directly to one of the
      plated-through holes 38 and 40. Such a trace is indicated at 56 in FIG. 3.
PAR  FIG. 3 also illustrates a plurality of printed circuit board contacts 58
      which are mounted into the plated-through holes in the multilayer board.
      These contacts may be either press fit into the holes, as illustrated, or
      may be soldered or staked into the holes. It is noted that the holes
      illustrated in FIG. 3 are disposed in two rows with the contacts in the
      holes in the respective rows aligned with each other. The contacts are
      mounted in these two rows of holes with their bowed contacting portions 60
      facing each other. A printed circuit board connector housing, not shown,
      may be mounted over these contacts and retained on the multilayer board by
      frictional engagement with shoulders 62 on the contacts. The particular
      form of the contacts and the connector housing constitutes no part of the
      present invention. The contacts and connector housing may be constructed,
      for example, in the manner disclosed in U.S. Pat. No. 3,737,838.
PAR  Either one of sheets 10 or 22 may constitute the ground plane, while the
      other constitutes the voltage plane of the multilayer board. The number of
      plated-through holes 38 and 40 having connections to the respective
      voltage and ground planes is dependent upon the interconnection
      requirements between the printed circuit board, not shown, which engages
      the contacts 58 and the traces on the multilayer board. Typically only one
      ground plane is required for each printed circuit board. However one or
      more voltage planes may be required, and the remaining plated-through
      holes associated with the connector are utilized for making
      interconnections between the printed circuit traces on the multilayer
      board and signal traces on the PC board. Thus, the pattern of clearance
      holes stamped into the planes 10 and 22 is dependent upon the electrical
      interconnections to be made between the multilayer board (the mother
      board) and the daughter board mounted in the connector housing overlaying
      the contacts 58.
PAR  By way of example only, the ground and voltage planes may be between about
      0.015 and 0.030-inch thick and the insulative layers 30, 32 and 34 may be
      about 0.010-inch thick. The traces on the upper and lower surfaces of the
      multilayer board are typically 1 oz. to 2 oz. copper.
PAR  It will be appreciated from the foregoing that by punching the clearance
      holes in relatively heavy metal planes in accordance with the present
      invention, large currents can be carried by the multilayer board without
      the problem of short circuiting occurring as the result of under etching
      which would otherwise occur if etching processes were utilized to form the
      clearance holes. The punching operation to form a large number of
      clearance holes is also rapid and easily performed and thus is economical
      for the manufacture of multilayer boards.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making a multilayer printed circuit board comprising the
      steps of:
PA1  providing at least two individual metal sheets of a thickness which, if
      etched, would have an under-etch condition;
PA1  simultaneously punching a plurality of clearance holes in one of said
      sheets in a first predetermined pattern;
PA1  simultaneously punching a plurality of clearance holes in the other of said
      sheets in a second predetermined pattern;
PA1  filling said clearance holes with an insulative material;
PA1  stacking said sheets with an insulative inner layer therebetween and
      insulative outer layers on the top and bottom thereof with at least some
      of the clearance holes in the respective sheets misaligned;
PA1  laminating said stack of sheets and layers together to provide a unitary
      assembly;
PA1  drilling holes vertically through said stack coaxial with the clearance
      holes in each of said sheets, said through holes having a diameter less
      than that of said clearance holes; and
PA1  plating through said through holes with a conductive material.
NUM  2.
PAR  2. A method as set forth in claim 1 wherein:
PA1  said metal sheets are self-supporting.
NUM  3.
PAR  3. A method as set forth in claim 1 wherein:
PA1  each said metal sheet has a thickness of about 0.015 inch or greater.
NUM  4.
PAR  4. A method as set forth in claim 1 wherein:
PA1  said second predetermined pattern of clearance holes is different from said
      first predetermined pattern; and
PA1  wherein said sheets and layers are stacked so that some of the clearance
      holes in the respective sheets are aligned.
NUM  5.
PAR  5. A method as set forth in claim 4 including the additional step of:
PA1  forming metallic traces on the exposed planar surface of at least one of
      said outer insulative layers, with said traces connecting to said plated
      through holes passing through said aligned clearance holes.
NUM  6.
PAR  6. A method as set forth in claim 5 wherein:
PA1  each said metal sheet is at least about 5 times thicker than said metallic
      traces.
NUM  7.
PAR  7. A method as set forth in claim 1 wherein:
PA1  said clearance holes in said sheets are filled with an insulative material
      by coating the surface of said sheets with a prepreg prior to stacking
      said sheet and insulative layers.
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ABST
PAL  A high voltage cable coupler for releasably connecting together one or more
      high voltage cables having a concentrically located insulated conductor
      bounded by a semiconductive and/or metallic shield. The cable housing is
      provided to be in two moisture-proof halves, one-half for supporting the
      female connector assembly and the other half for supporting the male
      connector assembly. Each cable terminus includes a cable termination
      adaptor which provides a stress relief cone as well as insulative means in
      combination with an insulator tube assembly within which the conductor
      connector is secured. This combination also provides for proper
      positioning and support of the adaptor assembly within the housing as well
      as providing definitive means for the relationship separation of the
      termination of the cable shielding and the conductor connector which has
      an influence on the resultant creepage path.
PAL  The adaptor is made of elastomeric material and is provided with an
      integrally bonded semiconductive layer on the stress relief cone area, the
      largest diametrical extent of which is provided with an annular flange.
      The semiconductive layer is feathered at its outer extents in that it
      diminishes in layer thickness to be contiguous with the insulative portion
      of the stress relief cone at the other end. The structure of the adaptor
      is particularly suited for constructing high voltage cable terminations
      free of voids or air pockets particularly where it is used in the field.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates generally to high voltage cables and insulators
      therefor employed in connection with cable termination and splicing or
      cable coupling and joining and more particularly to cable termination
      adaptors and their employment in cable couplers and the method of
      constructing the cable termination.
PAR  It is well known that the termination or jointure of high voltage shielded
      cables presents problems relating to the formation of corona and high
      concentration of electrical stresses. Cable termination by its nature
      necessitates the stripping of the cable's outer conductive layers as well
      as a portion of the conductor insulation for connection to an electrical
      contact or connector for ultimate communication with another contact or
      connector of another permanently joined or releasably coupled cable. Many
      methods of cable termination have been developed employing various types
      of termination adaptors having a stress relief cone, special conductor
      connectors, conductive inserts for termination adaptors, semiconductive
      shielding by means of coating or taping, etc., all aimed at redistribution
      of electrical stresses formed at the cable termination and thereby
      reducing the chances of corona formation and eventual breakdown of the
      insulation at the point of termination.
PAR  Many attempts have been made to eliminate as much as possible localized air
      pockets or voids anywhere along the cable terminus so as to reduce chances
      of the development of corona, that is, the ionization of air or gas
      entrapped within the elements making up the cable termination thereby
      initiating a discharge which will eventually break down the termination
      insulation causing cable failure. A side effect is the production of ozone
      which hastens the breakdown process of dielectric materials in the area of
      the cable terminus. By redistribution of the electrical stresses developed
      at the cable terminus, high stress areas can be effectively reduced to a
      point where the chance for development of corona at normal specified
      margin above operating levels is very minimal. This marginal level may be
      referred to as the corona extinction level, that is, the voltage level
      below which corona disappears, having established the actual voltage level
      at which corona is present. In actual practice, corona may be experienced
      during a voltage excursion resulting from a transient surge or fault
      condition.
PAR  Cable terminus in the past has always been with the objective of increasing
      the dielectric thickness of the cable adjacent the point where the cable
      shielding over the insulated conductor is actually terminated. This
      dielectric buildup usually takes the form of a cone and has the effect of
      redistributing the electrical stress concentration, that is, the
      concentration of the electrical field at the terminus to reduce the
      possibility of corona discharge and ultimate dielectric failure of the
      cable. Thus, a divergent potential gradient is introduced at the
      dielectric buildup area. The shield, in such cases, is effectively
      extended to end or terminate somewhere along the buildup area or cone so
      as to have a larger diametrical extent than that of the shielded cable.
PAR  The dielectric buildup was originally provided by means of a multiple layer
      of dielectric tape which was hand-wrapped on cable terminus. Also,
      self-bonding tape and different types of insulating gels and epoxies were
      used in an attempt to make the tape wrappings air-tight. Since these
      enlarged dielectric areas are generally done by hand in the field, it is
      virtually impossible to produce a completely air-tight, no-void terminus
      with multiple layers of wrapping tape, since the construction of the
      terminus depends largely upon workmanship and experience of the individual
      constructing the cable termination.
PAR  Premolded stress relief cones have since come into existence to eliminate
      problems brought about by multiple layer tape wrapping and further reduce
      the possibility of constructing a cable terminus with undesirable voids or
      air pockets which are most frequently present at surface irregularities
      along various dielectric layers making up the stress cone.
PAR  However, problems still remain with the expertise needed to produce a
      void-free cable termination since the skill developed through experience
      in using premolded adaptors in the main factor in determining the life of
      the cable connection until dielectric breakdown might possibly occur.
      Also, problems with such adaptors have been experienced with regard to
      tolerances of the internal bores of the semiconductive and insulative
      portions of such adaptors relative to the shielded insulated conductors
      upon which the adaptor is inserted. If there is too much tolerance, air
      pockets may be present either in the semiconductive or insulative portions
      of such adaptors. If there is too little tolerance it becomes very
      difficult, if not impossible, to work the insulated conductor into the
      adaptor, whereas if it is simple to slide or insert the insulated
      conductor into the adaptor, it may be possible to slide the adaptor up
      over the semiconductive shielding covering the insulated conductor thereby
      creating an undesirable void in that region.
PAR  In high voltage cables where the insulation covering the conductor is
      comparatively thick, eccentricity of the insulation about the conductor is
      readily discernible and can give rise to problems in cable terminations.
      The occurrence of eccentricity is particularly inherent in tandem extruded
      cables consisting of semiconductive layer, insulation and outer
      semiconductive jacket.
PAR  The extruded insulation and outer jacket of the cable are basically
      circular. However, the outer cylindrical surface of the cable is not
      concentric relative to the centrally located conductor. Thus, in employing
      a cable tool to remove out cable layers such as the outer semiconductive
      layer, more cable insulation will also be removed from one quadrant or
      side of the cable compared to the other in insuring no semiconductive
      material is left on the surface of the conductor insulation. This is
      because the cable conductor is concentrically located relative to the
      outer cable layers. By removing more of the insulation from one cable
      quadrant as compared to another because of this eccentricity, it will be
      evident to those knowledgeable in the high voltage cable termination art
      that a "step" or shoulder will be inevitably produced between the surface
      or the insulated conductor and the terminus of the outer semiconductive
      shield, which step or shoulder will also include in that one quadrant a
      contiguous "insulation step" which interferes with good cable termination.
      This is because the many termination adaptors of the prior art are
      employed concurrently with the formal shoulder giving rise readily to the
      formation of a "corona pocket" or region where corona can develop across a
      formed gap between the contiguous insulation step and the semiconductive
      position of the termination adaptor. Pencilling of this shoulder has been
      suggested which would require termination adaptor of a different design.
PAR  In particular, if anything, the use of premolded adaptors may have created
      problems in producing rims, edges or shoulders with contiguous portions of
      the insulated conductor providing invitation to produce voids or air
      spaces in preparing or otherwise constructing a cable terminus. For
      example, U.S. Pat. No. 3,352,962 recognized the problem of entrapped air
      betweeen the adaptor and the insulated conductor no matter how tight the
      relationship so that an annular cavity was provided to place any such
      entrapped air all in one location between the semiconductive adaptor and
      the insulated conductor. However, the problem of entrapped air within the
      cable terminus is not completely solved but rather collected to reside at
      a particular point within the cable terminus, with the result that
      electrical stresses developed across the trapped air may be somewhat
      reduced. In fact, the problem is still present in those situations where
      the cable semiconductive and insulative layers are not concentric about
      the central conductor, discussed above, so that the trapped air actually
      exists in practice between the semiconductive portions of the adaptor and
      the insulative covering of the conductor.
PAR  Historically, stress relief cones or cable terminating adaptors in general
      have proved a semiconductive portion in physical contact with the cable
      shield or semiconductive layer and the conductor insulation for a short
      length of the cable to provide for shield or semiconductive layer
      connection and termination as illustrated in U.S. Pat. Nos. 3,243,756;
      3,352,962; and 3,378,627. However, the employment of adaptors in this
      manner necessitates proper and uniform termination of these outer
      conductive cable layers and precise positioning of the adaptor relative to
      the cable terminus of the semiconductive or shielding layer. Furthermore,
      ribs or shoulders are present at the ends of such adaptors, as applied to
      the cable, as previously stated, inviting the possible inclusion of voids.
PAR  In the past, to eliminate the problems encountered by employing highly
      elastomeric adaptors as illustrated in these patents, some have chosen to
      employ fairly rigidly constructed adaptors so as to insure that the end of
      the adaptor would not ride up over the terminus point of the cable
      semiconductive layer, preventing the possibility of a void area in the
      region which can be easily produced with highly elastomeric type adaptors.
      However, the employment of such adaptors made of relatively rigid material
      in some instances has not been satisfactory because they have become
      cracked usually in a direction perpendicular to the base of the adaptor
      for a substantial length of the adaptor, particularly of the
      semiconductive portion of the adaptor. These cracked conditions are
      usually created when inserting the adaptor over the shielded cable causing
      the material to spread and tear or be placed under such continuous tension
      conditions, as applied to the insulated conductor, to later crack or tear
      apart.
PAR  Further, these outer conductive layers of the cable obviously have greater
      diametrical extent than the insulated conductor so that if the insulation
      covering of the conductor is out of round or not concentric, these outer
      layers will be even more so out of round relative to the central conductor
      which will be particularly exaggerated in the large diameter cables of the
      high voltage type where the insulation thickness is necessarily greater
      such as in a 69 kv or 138 kv cable. This is undesirable at a point of
      cable terminus because the redistribution of the electric stress at this
      point will also not be accomplished in a uniform manner. Covering these
      layers with a portion of the bore of the termination adaptor would merely
      compound the problem of providing for more uniform distribution of
      electric stresses.
PAR  Thus, what those skilled in the art have been striving for is to prepare
      and construct a high voltage cable terminus with the minimum of materials,
      labor and expertise in the field producing a void-free termination
      including the provision of (1) and effective electrical stress relief cone
      with continuous extension of the outer conductive layers of the cable upon
      the cone; (2) increased dielectric strength along inner and outer creepage
      paths; (3) uniform gradual increase of outer concentric conductive layers
      from the point of terminus of these layers on the cable outwardly along
      the taper of the stress relief cone; (4) tighter tolerance of taping,
      coating or tubing conductive and insulative layers between the adaptor and
      the cable terminus of these layers as stripped to produce a satisfactory
      corona extinction level; and (5) above all, a cable terminus which does
      not take the skill and experience developed by one over the years in the
      field but can be easily constructed with a minimum of experience because
      of the reduction or otherwise the elemination of probable points within
      the cable terminus for eventual development of corona and subsequent
      dielectric failure.
PAR  In other words, it is the long felt need in the high voltage cable
      termination art, whether for permanent cable jointure or releasable cable
      coupling, to remove the present criticalness of preparing cable
      terminations in the field so that a corona free terminus might be provided
      for with a minimum of necessary skill.
PAR  Mention has only been made thus far relative to cable termination. However,
      equally important in the case where two high voltage cables are to be
      joined or coupled together is providing for a moisture or atmospheric
      tight, shockproof but releasably connectable cable coupler. Cable couplers
      of the past have not provided for weather tight connection nor have they
      been provided to be shockproof, having been previously provided with glass
      polyester insulators. These cable couplers experience very rough treatment
      in the field and must be constructed to take a certain amount of misuse so
      that an effective atmospheric or weather seal as well as secure conductor
      connection is maintained in spite of abuse in the field. Also if the
      coupler employing the glass polyester type insulator assembly is dropped
      or otherwise misused, any internal breakage or damage to the assembly
      would have disastrous electric consequences.
PAR  Thus, there is a large desire in the high voltage cable art to improve
      present couplers toward the elemination of insulator assembly breakage,
      corona induced ozone attack, increase the extend of creepage paths to
      ground, provide insulator assembly having higher dielectric strength
      materials and in general, provide a coupler assembly having higher corona
      extinction levels particularly for higher voltage class cable systems.
PAC  SUMMARY OF INVENTION
PAR  The principal object comprising this invention is the provision of a high
      voltage cable coupler for releasably connecting together one or more high
      voltage cables wherein the cable-termini are provided with an improved
      cable termination adaptor employed in the construction of a void-free
      cable terminus at each cable end thereby achieving minimal voltage stress
      as known vulnerable areas within the cable termination while increasing
      the dielectric strength of the creepage path coverage.
PAR  A feature of the present invention is the provision of a high voltage
      coupler employing an improved cable termination adaptor which can be
      easily installed in the field without any special expertise and yet having
      improved electrical stress capabilities with less likelihood of any
      entrapped air spaces or voids being present in the cable termination as
      constructed.
PAR  The method for constructing the cable termination employing the adaptor
      comprising this invention takes the criticalness of positioning of the
      adaptor over the cable shield or semiconductive layer while physically
      locating the cable shield (ground potential) the proper distance from the
      conductor connector of the cable. Thus, it is not necessary to be overly
      concerned with the distance of stripping of these conductive layers from
      the insulated conductor, as the method of cable termination disclosed
      requires a portion of exposed insulated conductor between the terminus of
      these layers and the stress cone end of the termination adaptor. The
      length of the exposed insulated conductor surface is indeed not critical
      but certainly it should not be too extensive. In the usual situation this
      exposed portion may be five centimeters or less.
PAR  On the other hand, a highly corona free joint can still be made between the
      terminus of the semiconductive layer of the cable and the termination
      adaptor in contiguous relationship if the conductor connector can also be
      properly connected. Final connective coupling between the adjacent
      semiconductive materials could be accomplished by semiconductive tape
      wrapping or the employment of an elastomeric band expanded to fit and then
      resiliently retracted tightly into position over the juncture.
PAR  Mention should be made at this point that the coupler, adaptor and method
      of cable termination herein disclosed can be readily applied to any high
      voltage cable, whether it have just single outer conductive shielding or
      an outer conductive shielding an inner annularly adjacent semiconductive
      layer. In many cable terminations these two conductive layers are present
      and therefore discussion of the preferred embodiments will cover this type
      of cable structure. However, it should be clearly understood that the
      invention as claimed herein including the employment of the adaptor as
      described can be employed on other structures including but not limited to
      high voltage cable of any type, apparatus bushings such as in transformers
      and switch gear. The method could also be easily applied to high voltage
      cables having more than one semiconductive layer as will be obvious from
      the discussion below relating to the method of constructing or preparing a
      cable termination.
PAR  Also, mention should be made that the method of termination or the
      employment of the adaptor comprising this invention are not limited to
      cable coupling structures of the type disclosed in the preferred
      embodiments. The method and adaptor may be employed as well in connection
      with cable terminators, splices or permanent joints, that is, in any
      situation involving high voltage cable termination and the necessity of a
      shielded electrical connection with proper electrical stress relief
      regions.
PAR  Another feature of the present invention is the provision of a cable
      termination employing improved coupler and cable termination adaptor that
      provides adequate dielectric strength, withstand voltage, basic impulse,
      and corona extinction levels, even with comparatively carefree
      installation. The insulator and adaptor assembly provides a sufficient
      creepage path to ground to facilitate a flashover voltage well in excess
      of recognized minimum requirements.
PAR  A further feature of the present invention is the provision of a high
      voltage cable termination adaptor having one frusto-conical portion made
      of elastomeric insulative material with a single central bore forming a
      stress cone wherein there is provided on the frusto-conical surface a
      semiconductive elastomeric layer integrally bonded thereto. The largest
      diametrical extent of the frusto-conical portion is provided with an
      annular insulative flange performing four main functions: first, it
      provides for a diverted external creepage path; secondly, it provides a
      means to automatically predefine the precise location of the stress relief
      cone relative to the conductor connector; third, it provides for a
      contiguous integration with the semiconductive layer so that the outer
      surface of the cone including the flange surface is smoothly connected and
      constructed void free; and fourth, and very important, the flange improves
      the overall redistribution of the electrical stress within the cone.
PAR  A modified feature of the present invention is the provision of a
      termination adaptor of the type just explained but also including an outer
      frusto-conically shaped insulative layer integrally bonded to the
      semiconductive elastomeric layer thereby providing for higher corona
      extinction level and an increased external creepage path resulting in
      higher external flashover voltage values.
PAR  It is of much importance that the semiconductive layer at its upper annular
      extent "feather" into the annular flange located at the largest
      diametrical extent of the adaptor so as to form a uniform contiguous
      surface therebetween. Also at the smallest diametrical or terminal extent
      of the layer may "feather" into the insulative conical portion of the
      adaptor adjacent the central bore but preferably diminishes to a point
      beyond the terminal extent of the insulative conical portion. The
      semiconductive layer in its preferred form is provided for the full extent
      of the stress cone but terminates in thickness in a diminishing manner on
      the stress cone so that the end portion or furthest tip of this layer is
      in engagement with the conductor insulation when the adaptor is positioned
      on the insulated conductor.
PAR  Another feature of the termination adaptor is the provision of a second,
      oppositely opposed frusto-conical portion integral with the first
      mentioned frusto-conical portion and made of elastomeric insulative
      material provided with a central bore concentric with the previously
      mentioned bore of the first adaptor portion. The largest diametrical
      extent of this second portion terminates at the annular flange of the
      stress cone. The tapered surface of this second portion is adapted to fit
      into engagement with a mating tubular insulator having a corresponding,
      mating tapered bore. The cable conductor with its connector is secured
      within these elements as assembled so that the adaptor flange in
      combination with the semiconductive layer provides not only improvements
      in the uniform distribution of electrical stresses but also physically
      locates in a predetermined or predefined manner the distance between the
      cable shield and the conductor or connector while at the same time
      increasing the outer creepage path along the interface defined between the
      tapered surfaces of the insulator and adaptor.
PAR  Mention should be made here that the adaptor herein disclosed can also be
      readily employed without any mating tubular insulator within a coupler as
      a stress cone assembly to provide a predetermined location with respect to
      the exposed conductor end.
PAR  Other objects and advantages appear hereinafter in the following
      description and claims.
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PAR  The accompanying drawings show, for the purpose of exemplification without
      limiting the invention or claims thereto, certain practical embodiments
      illustrating the principles of this invention wherein:
PAR  FIG. 1 is a perspective view of the male and female cable connection
      assemblies for a polyphase high voltage cable as mounted in their
      respective insulator assemblies;
PAR  FIG. 2 is a longitudinal cross-sectional view of the female connecting
      portion of high voltage cable coupler illustrating further in cross
      section the termination adaptor and insulator assembly comprising this
      invention;
PAR  FIG. 3 is a partial sectional view of the connecting male portion of the
      high voltage cable coupler for coupling with the female coupler portions
      of FIG. 2;
PAR  FIG. 4 is an enlarged view of the cable termination adaptor as secured
      within the insulator assembly illustrating in detail the manner in which
      the cable termination is constructed when employing the adaptor of this
      invention.
PAR  FIG. 4A is an enlarged sectional view of a modified form of the insulator
      shown in FIG. 4;
PAR  FIG. 5 illustrates a modified form of the cable termination adaptor of FIG.
      4;
PAR  FIG. 6A is an enlarged sectional detail of the end portion of the
      termination adaptor inserted on the insulated conductor prior to
      completion of cable wrapping termination;
PAR  FIG. 6B is an enlarged sectional view of the end portion of the termination
      adaptor after the application of a single tape wrapping as applied over
      the shielded and insulated cable and adaptor;
PAR  FIG. 6C is an enlarged sectional view of the end portion of a modified
      termination adaptor;
PAR  FIG. 7 is an enlarged sectional view illustrating the end portion of a
      still further modified termination adaptor.
PAR  FIG. 8 is an enlarged sectional view of the end portion of a further
      modified termination adaptor.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Reference is now made to FIGS. 1 through 3 where there is shown the female
      and male portions of the high voltage cable coupler 1 for releasably
      connecting together one or more high voltage cables. In the particular
      illustration, three high voltage cables, 2, 3 and 4 of a high voltage
      polyphase cable system A are shown connected to identical female phase
      contact or connector assemblies 5, whereas the corresponding polyphase
      cables 6, 7 and 8 of the system as shown in FIGS. 1 and 3 are provided
      with identical male phase contact or connector assemblies 10.
PAR  The male cable housing 14 and female cable housing 11 of the coupler 1
      consist of substantial metallic bodies and have secured to their
      respective forward ends by means of the cap screws 12 the female socket
      housing 13 and the cap screws 90 the male plug housing 14. The male and
      female housings are actually identical parts so that it is possible for
      plug housing 14 to be part of the female coupling assembly or the socket
      assembly to be part of the male socket assembly, all being the opposite to
      that shown in FIGS. 2 and 3.
PAR  In general, the female cable housing 11 as well as the male cable housing
      14 of FIG. 3 includes five general areas deserving detailed explanation.
      These areas are the cable entrance means 15 at the rearward end of each of
      the housings, individual cable termination adaptors 16 provided for each
      of the high voltage cables, the female and the male connector assemblies 5
      and 10, the insulator support assembly 17 and both the check wire clamp
      assembly 18 and the ground connection assemblies 19.
PAR  The cable entrance means 15 is the same for either the female or male
      portion of the coupler and includes the cable clamp 20 to secure the
      polyphase cable assembly A to the cable housing 11. The cable entrance
      gland 21 is provided in the cable housing and chamber 22 to seal the
      rearward end of the cable housing 11 by means of the gasket slip ring 23
      and the securing end cap 24. The cable assembly also includes the ground
      wire 25 and the ground check lead 26. As explained in greater detail
      hereinafter, the three sets of cables comprising the polyphase cable
      assembly A, that is, cables 2, 3, 4, 6, 7 and 8, are stripped of their
      outer layers in preparation of constructing cable termination as well as
      securing the appropriate connector to each of the cable conductors. Phase
      identification numbers displayed on both faces of the insulator support
      members 47 assures proper phase connection relationship between the
      conductors when assembled into the coupler 1.
PAR  Each of the cables shown in FIGS. 1 through 3 includes a central conductor
      27 having an insulative covering 28 over which is provided a
      semiconductive layer 30 (FIG. 4) which is in turn covered by a metallic
      ground potential layer 31 which usually consists of shielding braid or
      wrapping. Each of the three sets of cables 2, 3 and 4 and 6, 7 and 8 is
      assembled together within the cable assembly sheathing or jacket 32.
PAR  Reference is now made to the check wire clamp assemblies 18 and the ground
      connection assemblies 19 which in connection with both FIGS. 2 and 3 are
      essentially the same except for the fact that in FIG. 2 there is provided
      a female ground contact 33, whereas in FIG. 3 there is provided the
      corresponding male ground contact 34. Likewise, there is provided in FIG.
      2 the female ground check socket 35, whereas in FIG. 3 there is provided
      the male ground check contact 36. Other than this, these two assemblies
      shown in both figures are essentially the same wherein the ground
      connection assembly 19 includes a clamping stud 37 which is threadable
      within the housing 38 to force the clamp member 40 onto the ground wire 25
      against the bottom of the housing 38. The ground check lead 26 is secured
      within the mounting contact 41 of the check wire assembly 18 which is
      connected to the ground check socket such as the female socket 35 or the
      male contact 36. By the same token, the forward ends of each of the ground
      wires or conductors 25 are secured to the corresponding female socket 33
      and male contact 34 as shown respectively in FIGS. 2 and 3. The ground
      check conductors are added to afford some additional protection by
      monitoring the integrity of the ground conductor and in the event of
      unplanned energizing of the circuit to which the cable assembly is
      connected. In this connection it can readily be noticed upon viewing of
      FIGS. 2 and 3 that upon connecting together the coupling housings 11 and
      14, that there is a sequential order in connection of ground contacts and
      phase contacts 5 and 10. This sequential order upon coupling is first,
      ground connection, i.e., male contact 34 engaging with female socket 33.
      Secondly, engagement of phase male contacts 10 with corresponding phase
      female sockets 5. Thirdly, engagement of ground check male contact 36 with
      its female socket 35. This sequential order is reversed upon disconnection
      of the coupling housing 11 and 14. Thus, there is always a clear ground
      connection prior to actual connection of the phase contacts of the cables
      and that connection is maintained until after disengagement of the phase
      contacts. Additionally, the circuit breaker cannot be closed until the
      ground check circuit is completed.
PAR  The female socket housing 13 is generally cylindrical in shape and, as
      previously indicated, is secured by means of the cap screws 12 to the
      outer forward flange 42 of the cable housing 11. The female socket housing
      13 is provided with a plurality of threads 43 on its inner forward end for
      purposes of engagement with the rotatable ring assembly 44 supported on
      the male plug housing 45 secured to the forward end of the male cable
      housing 14. The ring assembly 44 in FIG. 3 is generally cylindrical in
      shape and its internal forward end is provided with a plurality of threads
      indicated at 46 for engagement with the external threads 43 of the female
      socket housing 13.
PAR  In general, the insulator support assembly 17 in both FIGS. 2 and 3 is
      generally the same except for one portion of the insulator tubes included
      in the assembly which will be explained in detail later. Referring
      initially to those portions of this assembly which are substantially
      identical in FIGS. 2 and 3, the insulator support assembly 17 includes the
      substantially rigid disc-shaped support means 47 which supports three
      tubular resilient insulators 48 (FIG. 2) or 66 (FIG. 3) by means of the
      annular recess 50 provided on the body of each of the insulators which is
      slipped into a corresponding opening 51 provided in the support member 47.
      The support member is made of insulative materials and is resilient but is
      substantially more rigid than the tubular insulators 48 and 66.
PAR  The tubular resilient insulators are highly resilient and are provided to
      be of track-free resistant material which is true for both assemblies 17
      of FIGS. 2 and 3. The insulators are further supported in sustained
      relationship by means of the containment rings 126 slipped over their
      outer ends as illustrated in FIG. 1.
PAR  The tubular resilient insulators 48 of FIG. 2 are each provided with an
      inner passage and made up of essentially three sections. The rearward
      section 52 is provided with an inner frusto-conical surface 53 which
      tapers outwardly towards the rearward end 54 of the insulator 48. The
      central section 55 is provided with essentially an inner cylindrical bore
      56 formed by the internal annular rib 64 while the forwardmost section 57
      is provided with a slightly tapered bore 58. Most importantly, both of the
      sections 55 and 57 are provided with an outer frusto-conical surface 60
      which is tapered from the shoulder 59 toward the forward end 61 of each of
      the insulators 48.
PAR  The female connector assembly 5 consists of the contact or connector 62
      which is secured to the cable conductor 27 by conventional means such as
      by soldering, crimping or a Cadweld operation. The inner bore 56 of
      section 55 of each insulator 48 being formed by an internal annular rib
      64, the contact 62 with the connected conductor 27 held within the bore 56
      with its shoulder 63 seated against one side of the annular rib 64 and is
      secured in this position by means of the female lock nut 65 to hold the
      assembly tight on either side of the rib 64 to be completely supported
      within the insulator 48, as clearly illustrated in FIG. 2.
PAR  Reference is now made to FIG. 3 and, in particular, to the insulator
      assembly 17 therein shown. For the most part, the assembly is identical to
      that as shown in FIG. 2 wherein the assembly 17 includes the insulative
      disc support member 47 for the purpose of supporting the tubular resilient
      insulators 66, similar to the tubular resilient insulators 48 in FIG. 2.
      The support member 47 is provided with a plurality of openings 51 within
      which the annular recess 50 of each of the insulators 66 are squeezed or
      otherwise forced into rigid support on the support member 47. There are
      also three sections making up each insulator 66, the first of which is the
      rearward section 66 provided with an inner frusto-conical surface 68,
      which tapers outwardly toward the rearward end of the insulator 67. The
      central section 70 of the insulator 66 is provided with an inner annular
      rib 71 which has a cylindrical bore 72. The forward section 73 of the
      insulator 66 is provided with an inner frusto-conical surface 74 which
      tapers outwardly toward the forward end 75 of the insulator 66. Also, the
      outer surface 76 of the forward section 73 is somewhat tapered as shown in
      FIG. 3, toward the forward end 75 of the insulator 66.
PAR  As in the case of the female connector 62 of FIG. 2, the male connector 77
      of the male connector assembly 10 is secured to the conductor 27 by means
      of soldering, crimping or Cadweld operation. The male connector 77 is
      provided with a base or shoulder 78 which engages one side of the annular
      rib 71 of the central section 70 of the insulator 66 so that the connector
      77 is supported within the annular bore 72 of the insulator. The connector
      77 is secured in this position by means of the male annular lock nut 80
      which engages the opposite shoulder of the annular rib 71 to securely lock
      the assembly 10 within the insulator 66.
PAR  From the foregoing discussion, it should be clear at this point that the
      male plug housing 45 is to be brought into engagement with the female
      socket housing 13 in a manner that the forward end of the male plug
      housing 45 will slip within the confines of the female socket housing 13
      whereas the forward end 75 of each of the male insulators 66 will slip
      over the forward end 61 of each of the female insulators 48 so that the
      male tapered bore 74 will encompass and snugly engage upon the outer
      tapered surface 60 of the forward section 57 of the female insulator 48
      when the forward end 75 of the male insulator 66 is brought into
      engagement with the shoulder 59 on the female insulator 48. At this point
      in time it will be obvious that the male connector 77 will have its
      contact engaging member 81 located within the female connector bore 82
      thereby electrically connecting the two particular high voltage cables
      together.
PAR  From the foregoing, it is readily clear that each of the insulator
      assemblies 17 of both FIGS. 2 and 3 are supported or secured into position
      upon connection of the cable housing 11 with the female socket housing 13
      and the cable housing 14 with the male plug housing 45, respectively. Also
      it should be clear that the female socket housing 13 can be readily used
      with cable housing 14 while male plug housing 45 can be joined with cable
      housing 11. Each of the housings 11 and 14 is provided with an annular
      shoulder or recess 83 whereas the housing 13 and 45 are provided at their
      rearward extent with a shoulder or annular recess 84. Upon securing these
      respective housings together, the disc support member 47 is supported
      within these annular recesses 83 and 84 as shown in FIGS. 2 and 3 and
      proper alignment of these housings upon such securement may be obtained by
      the employment of the dowel pins 85.
PAR  As previously explained, the closing ring assembly 44 is provided with a
      cylindrical threaded portion generally shown at 46 of FIG. 3 and is
      rotatably mounted on the anti-friction ring or sleeve 85 supported on the
      outer annular surface 86 which is formed by the contiguous connection of
      the rearward flange 88 of the male plug housing 45 and the forward flange
      87 of the male cable housing 14. The flange 88 of the male plug housing 45
      is secured to flange 87 by means of the cap screws 90. Also provided is a
      pair of anti-friction rings 91 on adjacent respective sides of the flanges
      87 and 88 so as to ensure complete rotatable support of the closing ring
      assembly 44 on the contiguous annular flanges 87 and 88.
PAR  The closing ring assembly 44 is secured in its rotatable position by means
      of the employment of the ring follower 92 which is secured to the rearward
      extent of the closing ring assembly 44 by means of the cap screws 93.
      Thus, the closing ring assembly 44 being rotatable about the housing 14
      and 45, can be rotated to have its internal threaded section 46 threadably
      engage upon the external threaded section 43 of the female socket housing
      13.
PAR  In order to ensure that the engagement of the two housings 11 and 13 as
      well as housings 14 and 45 is moisture-tight, a water or moisture seal
      ring 94 is provided at the connecting point of these respective housings.
      Also as shown in FIG. 3, an O-ring 95 is provided at the shoulder base 96
      of the male plug housing 45 which is engaged by the forward end 97 of the
      female socket housing 13 to ensure complete sealing engagement between
      these housings and prevent moisture, water, or other undesirable foreign
      elements from possibly getting into the interior of the coupler assembly.
      In this connection, care should be taken to ensure that the forward end of
      locking ring 99 of the locking ring assembly 44 engages the stop or
      shoulder 89 of the female socket housing 13.
PAR  Each of the cable housings 11 and 14 is provided with a threaded aperture
      98 into which may be inserted the plug member 100. The purpose of aperture
      98 is to provide within the interior of these housings a filling compound
      to provide added protection to the final cable assembly as terminated
      within the coupler 1. In the past, asphalt type materials have been used
      but have been found undesirable, particularly in view of the fact that
      after such materials commence to harden within the coupler housing,
      shrinkage occurs and there is need for a final topping of the asphalt
      material to completely fill the chambers 101 of the respective housing 11
      and 14 which in most cases inevitably produces or leaves undesirable voids
      or air spaces within these chambers.
PAR  In coupler designs of the past wherein there was incorporated glass
      polyester insulators, the stress relief structures were generally located
      closer to the cable entrance means and the asphaltic compound had to
      provide insulative reinforcement between the surface of the insulation of
      the conductors and ground, and between each of the insulated collectors
      per se. If a void were present in the spacing between the insulated
      conductors at a point forward of the rearwardly positioned stress relief
      cone, a breakdown could occur or a potential phase-to-phase fault could
      develop. However, a compound termed by the trademark "Coldpour"  has been
      developed which can be poured at room temperature into the chamber 101
      through the aperture 98 to protect the interior of the chamber and the
      assembled cables from moisture and environmental condition as well as
      provide extra insulation to the cable termination assembly, although extra
      insulation is no longer a significant requirement with respect to the
      coupler of the present invention, since the stress relief cone is actually
      positioned closer to the connector as compared to past structures and
      there is additional insulation provided at this forward point by the
      provision of the tubular insulators 48 and 66. Because of the improved set
      creepage paths as will be explained later, the shielding and cable
      terminus can be easily brought up closer to the actual cable conductor
      terminus region.
PAR  The material pours quite easily at room temperature so as to make a
      positive good seal within the crotch area 102 illustrated in connection
      with the cables 2, 3 and 4 of FIG. 2. This material also does not need a
      finishing topping or layer as in the case of asphalt type materials since
      it can be poured within the chamber 101 at room temperature completely
      filling the chamber and thereafter set in situ with only negligible
      shrinkage. The most important aspect of using this material has been to
      provide an excellent cushioning for rough handling of the coupler 1 and
      protect the cable terminations from any extensive damage. Also, the
      material has the property of being easily peeled off or away from the
      surfaces of the cable termination assemblies when and if necessary
      alterations or repair must be made to the cable terminations.
PAR  What remains to be discussed is the details of the construction concerning
      the cable termination adaptor 16, which is an important feature herein
      disclosed, and the manner and method of preparing and constructing a
      terminus between each of the cable layers as stripped from the end of the
      cable and the adaptor 16 positioned on the insulated conductor. In this
      connection, reference is made to FIG. 4 which shows in better detail the
      construction of the adaptor 16 and the termination assembly as applied
      thereto. As shown, the cable termination adaptor 16 has a central bore 103
      which is slid over the insulative covering 28 of the conductor 27. In
      general, the adaptor 16 is provided with two body portions which are
      identified relative to the annular flange 104 of the adaptor. The entire
      body of the adaptor 16 is made up of resilient insulative material such as
      ethylene propylene compounds with a rearward or first portion 105 having
      an outer frusto-conical surface 106, the largest diametrical extent of
      which is at the annular edge 107 of the flange 104 and its smallest
      diametrical extent ending at the annular edge 108 at the rearward and 110
      of the adaptor. This frusto-conical surface 106 has integrally bonded or
      vulcanized thereto a comparatively thin semiconductive resilient layer
      111. This layer is preferably not less than one-hundred-thousandths of an
      inch thick and may be somewhat thicker. However, increase in thickness
      does not generally also increase or enhance the employment of the adaptor
      16, particularly in connection with improvements relating to
      redistribution of electrical stresses, although fault current carrying
      properties are slightly enhanced. The semiconductive layer 111 forms the
      area of the stress relief cone which in essence is identified by the
      frusto-conical surface 106 of the adaptor 16.
PAR  A very important aspect of the semiconductive layer is its feathered end
      points. By feathering, it is meant that the end points of the
      semiconductive layer diminish in thickness to a point which is contiguous
      at one end 112 with the annular edge 107 of the flange 104 and at the
      other end with the annular edge 108 of the adaptor body end 110 and
      extends therebeyond to the tip or point 109. This feathering is quite
      important with regard to uniform redistribution of the electrical stresses
      at the cable terminus as well as aiding in the prevention of the formation
      of voids or air pockets when constructing the cable terminus as disclosed
      herein. In particular, the end portion 112 adjacent to the flange 104
      diminishes in layer thickness while at the same time is curved upwardly
      and away from the forward end 117 of the adaptor 16 which improves the
      redistribution of electrical stresses developed within the stress cone.
      Also, in connection with the forward end portion 112, the upper surface of
      the end portion 112 is very smooth and contiguous with the outer surface
      of the flange 104. In fact, the end portion 112 of the semiconductive
      layer 11 may even be directed slightly rearwardly so as to be hidden, so
      to speak, by the annular flange 104.
PAR  At this point it should be noted that the annular flange 104 is an
      important function of the adaptor 16. The flange 104 has a forward annular
      shoulder 113 which engages the rearward end 54 or 69 of the respective
      insulators 48 or 66. Thus, this point of engagement determines in a preset
      manner the exact manner the exact location of the stress relief cone 106
      relative to the electrical connector 62 or 77. Also, the flange 104
      increases the external creepage path 114, formed at the interface of the
      frusto-conical surfaces 53 or 68 and 116, by changing the directional
      extent of that path or generally blocking the path in combination with
      increasing its distance relative to the electrical connector and the
      semiconductor layer end portion 112. In this connection reference is made
      to the forward or other portion 115 of adaptor 16 which is provided with
      an outer frusto-conical surface 116 which tapers from the shoulder 113 of
      the flange 104 to the forward end 117 of the adaptor. The insertion of the
      adaptor 16 within the respective rearward section 52 or 67 of the
      respective insulator 48 or 66 will provide a tight, secure void-free
      interface at 114 due to the resiliency of the materials used in connection
      with the tubular insulators 48 and 66 and the adaptor 16. In this
      connection, it can be readily seen that the forward end 117 of the adaptor
      16 seats against the resepctive contact 62 or 77 as connected to the cable
      conductor 27 so that the distantal relationship between the connector and
      the stress relief cone 106 is identical in connection with each and every
      cable terminus.
PAR  Reference is now made to the rearward end portion 110 of the adaptor 16. In
      reference particularly with FIG. 6A, it should be noted that the
      semiconductive layer 111 diminishes in layer thickness at the layer end
      portion 118 to the tip or point 109. A portion 118 of the layer 111 thus
      extends beyond the end portion 110 of the body 105 to be in engagement
      with the surface of the conductor insulation 28.
PAR  The unique structure of the termination adaptor 16 is found to have highly
      desirable improvements in electrical stress distribution throughout the
      stress cone 106 as well as provide an improved and more extensive creepage
      path between the rearward end portion 110 of the adaptor and the central
      conductor 27 and its corresponding connector 62 or 77. As previously
      indicated, one of the unique features of the adaptor 16 is the deliberate
      curve at the one end portion 112 wherein the layer 111 diminishes in
      thickness in the form of a taper generally designated at 120 in FIG. 4,
      which is hidden, so to speak, by the annular flange 104 and its annular
      outer edge 107. At the same time the annular flange 104 not only provides
      an increased resistive strength along the interface creepage path
      identified at 114, but also provides a preset guide for the installer in
      the field to obtain the desired exact fit for sealing the termination
      adaptor snugly within the end section 52 or 67 of the respective tubular
      insulators 48 and 66. From the foregoing, it should be therefore readily
      understood that not only does the provision of the vulcanized
      semiconductive layer 111 provide an increase in the external creepage path
      identified along the interface 114, and thus provide a projected higher
      corona inception level in the cable terminus, but also brings about both a
      better provision for electrical stress relief throughout the area of the
      cone 106 and at the same time directly provides for a proper dimensional
      creepage path along the interface 114 between the forward end 117 of the
      adaptor 16 and the annular edge 107 of its flange 104. This correctly
      dimensionalized creepage path is appropriate for all standard voltage
      classes with which the adaptor 16 may be employed in connection with any
      type of cable termination.
PAR  In this connection, it should be understood that the internal creepage
      path, which is defined along the bore 103 between the conductor connector
      62 or 77, and the rearward end 110 of adaptor 16 is prescribed to have a
      definite relationship with the external creepage path defined along
      interface 114. In the construction of the terminal adaptor 16 these two
      creepage paths defined at interfaces 103 and 114 are designed in a manner
      to be substantially equal in length or with interface 103 longer so as to
      minimize breakdown due to internal flashover. Thus, from the foregoing it
      should be quite clear to those familiar with the art that the termination
      adaptor 16 is not just for the provision of a stress relief cone at the
      area identified in FIGS. 4 and 5 at 106, but also is to provide the
      precise incorporation into the adaptor the required electrical balancing
      of the external and internal creepage paths thereby optimizing
      longitudinal/tangential stress parameters along each path.
PAR  Also, the adaptor 16 has the unique feature in that due to this
      equalization of the creepage paths, the adaptor can be universally
      employed in a variety of insulated structures wherein high voltage cables
      are used in couplers, splicing arrangements or permanent jointures
      facilitating desired standardization and hence simplification for
      installers. If should be noted that it is not absolutely necessary in such
      installations to employ the tubular insulator 48 or 66 in combination with
      the adaptor 16.
PAR  In FIG. 4A, a modified insulator shown is wherein the outer surface of the
      respective end sections 52 or 67 of the insulators 48 or 66 are provided
      with an integrally bonded outer semiconductive layer 99.
PAR  Reference is now made to FIG. 5 wherein is shown the termination adaptor 16
      having a modified forward end portion 115. The structure shown is
      particularly suitable for aluminum high voltage cables having a central
      aluminum conductor. The forward end portion 115 is provided with an
      enlarged bore 130 in which there is provided a semiconductive insert 131
      which is integrally bonded or otherwise vulcanized to the enlarged bore
      130. The semiconductive insert 131 may also be substituted by a metallic
      insert having the same general configuration. The insert 131 is open at
      its forward end 132 but is provided at its rearward extent with a bottom
      133 which has a centrally located aperture 134 in concentric alignment
      with the bore 103. It is through the aperture 134 that the insulated
      conductor is extended and the exposed forward end portion of the conductor
      27 is connected to the male or female connector 62 or 77 by means of
      crimping as illustrated at 135 independently of or in combination with a
      Cadweld illustrated at 136. The provision of such an inset 131 has been
      found to improve corona performance without adversely affecting internal
      flashover because the creepage paths, previously described, are
      substantially equal.
PAR  In FIG. 6C there is shown a modified end portion 110 of the adaptor 16
      wherein the tip or point 107 of the semiconductive layer 111 does not
      extend beyond the end point 108 of the insulative body 105 but rather both
      end points 108 and 109 are contiguous.
PAR  A still further modified adaptor end portion 110 is shown in FIG. 8.
      Experiments have shown that improved corona extinction levels as well as
      improved creepage path length can be obtained by providing over the
      adaptor semiconductive layer 111 and the outer frusto-conical insulative
      layer 140 which is integrally bonded or vulcanized directly over the
      semiconductive layer 111. The insulative layer at one end is feathered and
      bonded into the flange 104 and at its other end is tapered to a point 141
      which is behind the end point 109 of the semiconductive layer 111. Thus,
      the semiconductive tape layer 121 extends over the end portion 118 of the
      semiconductive layer 111 for electrical engagement therewith. The outer
      insulative tape or protective layer 141 can be applied directly over the
      layer 121 and a portion of the layer 140 as shown in FIG. 8.
PAR  Particular reference will now be made to the completion of a cable terminus
      showing either coatings, tape wrappings or heat shrinkable tubing in
      combination with the adaptor 16. In either case, wrapping or tubing is
      suitable in connection with the method of terminus disclosed. However, for
      purposes of simplification, reference will be made only to tape wrapping.
PAR  As will become evident, the termination adaptor 16 is located a distance
      from the termination of the metallic shield 31 of the cable as well as the
      semiconductive layer 30 beneath the metallic shield. This permits the use
      of closely conforming material such as semiconductive tape or heat
      shrinkable tubing to bridge the shielding termination and the
      semiconductive layer therebeneath and the point where the semiconductive
      portion or layer 111 commences at point 109 on the rearward end 110 of the
      termination adaptor 16. As in prior art methods of termination, it is
      highly desirable that the termination points of the metallic sheild of the
      cable as well as its semiconductive layer 30 be tapered or pencilled as
      illustrated in an exaggerated manner at respective end points 123 and 124
      in FIG. 4. In this manner the provision of semiconductive coating or
      shrinkable tubing or overlapping semiconductor tape illustrated at 121 in
      FIG. 4 and the outer wrapping of metallic shielding 122 can provide
      void-free joints in the area of pencilling indicated at 123 and 124, and
      at the same time, as previously indicated, provide for more uniform
      concentricity as many shielded high voltage cables are not uniformly
      extruded or provided with complete perfect concentricity relative to the
      layers of material surrounding the internal conductor. The elimination of
      these layers and the addition at the adjoining area defined by arrow 119
      between the terminus 123 and 124 of the layers 31 and 30 and the adaptor
      rearward end 110 of uniform layers of tape wrappings 121 and 122, a more
      uniformly concentric terminus will be obtained, particularly where the
      terminus must be constructed directly in the field where the high voltage
      cables are located.
PAR  Reference is again made to the fact that although in the illustration
      herein disclosed, mention is made that these layers 121 and 122 are tape
      wrappings, and it should be clearly understood that these layers could
      also be heat shrinkable tubing or a simple hand applied conductive type
      coating. For the matter of convenience, reference is being made only to
      tape wrapping. The steps of tape wrapping are merely substituted with
      steps of applying heat to shrink the tubing as applied at layers 121 and
      122.
PAR  Reference is now made to both FIGS. 6A and 6B which illustrate in greater
      detail the area in connection with the rearward extent or end 110 of the
      adaptor 16. In FIG. 6A the enlarged view of this area clearly illustrates
      the application of the adaptor 16 is applied over the insulated conductor.
      It will be seen that the rearward extent or end 100 is adjacent to the
      insulative covering 28 of the central conductor 27 and that the
      semiconductive layer end portion 118 is in contact with the surface of the
      conductor insulation 28. This area of the adaptor 16 is quite small in
      physical cross section so that when the first layer of tape wrapping, such
      as the semiconductive tape 121, is applied along the surface of the
      semiconductive layer 111 and down along the end portion 118 thereof onto
      the insulative covering 28, the tape is wrapped under slight tension
      thereby placing a squeeze or state of compression on the end point 118 as
      well as the end 110 of the adaptor 16. This state of compression is
      illustrated in FIG. 6B wherein the semiconductive tape 121 which is
      applied in a spiral manner over this edge or point 118 provides a tight
      void-free joint with the insulation covering 28 as illustrated at 125.
      This is an important feature in connection with the method of terminus
      disclosed herein which is facilitated by an adaptor 16 having just one
      bore throughout and at the same time providing stress relief and sealing
      of the surface 28 of the insulated conductor.
PAR  In this connection a further modification of the end portion 110 adaptor is
      shown in FIG. 7 wherein there is provided an extremely thin but
      substantially cylindrically shaped portion 127, which is an extension of
      the end portion 118 of the semiconductive layer 111. This portion 127 is
      extremely small in thickness and may be as small as two thousandths of an
      inch. It is obvious that this embodiment will provide a very smooth
      void-free contiguous connection between the rearward extent of the adaptor
      16 as applied to the insulated covering 28 of a high voltage cable,
      particularly upon application of the layers or tape wrapping 121 and 122.
PAR  The following procedure is generally followed in preparing and constructing
      a cable terminus which is the feature of this invention.
PAR  In the first instance, the cable jacket or covering 32 is removed from the
      cable for a predetermined distance, which distance is greater than the
      length of the termination adaptor 16. Next, the metallic shield 31 of the
      cable is removed up to a short distance from the terminus of the jacket 32
      which is generally indicated at 123 in FIG. 4. Next, the semiconductive
      layer 30 of the cable is removed from the insulated covering 28 up to a
      point near the terminus 123 of the metallic shield 31 such as the point
      indicated at 124 in FIG. 4. Tapering as indicated at these points 123 and
      124 is highly desirable.
PAR  Next, the termination adaptor 16 is slid over the insulated covering 28 of
      the cable to a point which will permit exposure of the extreme forward end
      of the terminated conductor. In placing the termination adaptor 16 on the
      insulative covering 28, the latter may be coated with silicone grease to
      provide not only ease of insertion but also remove the possibility of any
      voids or air pockets developing at the interface 103. The forward end of
      the cable conductor should be exposed in preparation for soldering or
      otherwise crimping a connector onto the conductor and, at this point of
      time, a portion of the insulated covering 28 is removed from the forward
      end of the conductor 27.
PAR  Mention should be made that no silicone grease should be caused to come in
      contact with the semiconductive layers 30 and 111. By the same token,
      prior to insertion of the termination adaptor 16 on the insulative
      covering 28, a solvent should be used to remove any traces of
      semiconductive material or other contaminants that may be present on the
      insulative covering 28.
PAR  After the connector 62 or 77 has been secured to the conductor 27, the
      termination adaptor 16 is moved forward so that its forward end 117
      engages the rearward end of the conductor connector. Silicone grease may
      be applied along the surfaces representing the interface 114 for providing
      easy insertion of the adaptor portion 115 into the insulator as well as
      aiding in the elimination of any voids or air pockets within the interface
      114.
PAR  At this time any silicone grease in the area between the rearward extent
      110 of the adaptor 16 and the tapered forward end 124 of the
      semiconductive layer is removed through the use of a suitable solvent.
      After this area is thoroughly dry, then the process of tape wrapping to
      complete the cable termination can be accomplished. In the application of
      heat shrinkable tubing, the tubing assembly is placed on the cable prior
      to the step of inserting the adaptor 16 onto the insulated covering.
PAR  Under general circumstances, the semiconductive tape wrapping 121 is
      started part way up the surface of the semiconductive layer 111 as
      illustrated in FIG. 4 and is continued downwardly along the surface of
      layer 111 usually and continuously in a half-lap layer style under slight
      tension. The wrapping is conntinued along the exposed insulative covering
      28 of the cable identified by arrow 119 and thence over the semiconductive
      layer 30 up to the metallic cable shield 31 at point 123 in FIG. 4.
PAR  The metallic wrapping 122 is then applied starting from the terminus of the
      cable jacket 32 along the exposed portion of the metallic shield 31,
      thence along over the already applied semiconductive tape layer 121 and
      thence upward along the cone 106 over the semiconductive tape layer 121
      and is terminated at some point beyond the initial end of the
      semiconductive tape layer 121 on the cone 106. The metallic shield
      wrapping may be brought up to terminate at the annular edge 107 of the
      flange 104, although this is not necessary.
PAR  Although not shown, outer insulative tape wrapping or shrinkable tubing may
      be applied over the metallic shield wrapping 122 to completely cover and
      protect the cable terminus as constructed. Experiments have shown that
      improved corona extinction levels can be maintained when such insulative
      layers are provided up to the flange edge 107 and this is why the modified
      adaptor structure of FIG. 8 is so successful.
PAR  From the foregoing explanation, it should be clear that the provision of
      the termination adaptor 16 herein disclosed in combination with the method
      of termination relative to the outer semiconductive and metallic layers of
      the high voltage cable provides a universal and improved high voltage
      cable termination not previously known. In the first instance, an improved
      stress relief cone 106 is provided particularly in connection with the
      provision of a homogeneous or otherwise vulcanized outer semiconductive
      layer 111 of extremely thin thickness provided with feathered end portions
      at 112 and 118. The end portion 112 is terminated in an outwardly tapered
      manner as illustrated at 120 in FIG. 4 behind the annular flange 104
      thereby having effective advantage of increasing the external creepage
      path 114. Likewise the other end portion 118 is constructed in a manner as
      illustrated in particular in connection with FIG. 6B to provide a tight
      void-free joint upon application of semiconductive layer 121 and the outer
      metallic shielding layer 122 in completing the cable termination
      construction. Guesswork is not necessary with respect to the proper
      positioning of the stress relief cone 106 relative to the electrical
      contact connector connected to the central conductor of the cable since
      distance is no longer critical. Also, there is no guesswork with regard to
      the precise amount of stripping necessary in connection with the
      semiconductive and metallic shielding layers of the high voltage cable as
      the termination adaptor 16 is not constructed to be in engagement or
      otherwise contacting either of these layers, which is true with adaptors
      of the prior art. Although there may be some area 119 between the rearward
      extent 110 of the adaptor 16 and the strip terminus point 124 of the
      semiconductive layer, this is easily bridged by a tightly conforming
      material such as self-bonding semiconductive tape or heat shrinkable
      semiconductive tubing. In practice, even loosely applied semiconductive
      tape has been shown to give consistently high corona extinction levels.
      Upon employment of the semiconductive and conductive layers 121 and 122 as
      a means for connecting the ends of the cable semiconductive layer 30 and
      the cable metallic shield 31, respectively, with the semiconductive layer
      111 provided on the stress relief cone 106, it is virtually impossible to
      include any voids or air pockets during the formation of these layers 121
      and 122 particularly since no end portion of the adaptor 16 is in contact
      with or in engagement over the cable conductive layers as was the case in
      the prior art. Rather, the adaptor is separated therefrom by a distance
      defined by arrow 119. The peeling or otherwise stripping away of the
      layers 30 and 31 of the cable reduces the diameter of the terminus point
      of the connection so that a more uniform stress relief zone may be
      provided in combination with the termination adaptor 16. Obviously, a
      cable termination adaptor which is applied directly over the insulative
      layer and not both the semiconductive layer and insulative layer of the
      high voltage cable does not depend upon or aggravate the eccentricity
      problems found in many of today's high voltage cables as compared to
      termination adaptors attempting to accommodate both layer diameters
PAR  It also should be noted that the tubular insulators 48 and 66 are
      constructed of tract resistant material with no parting lines or seams on
      their inner surfaces so as to reduce the risk of tracking, that is,
      producing minute elongated grooves on the inner surfaces 53 and 68 of
      these tubular insulators which reduce the effectiveness of the creepage
      path and increasing the liability of possible flashover. By using
      materials described herein one can optimize a variety of design criteria
      such as dielectric strength, track resistance, corona and ozone
      resistance, resistivity, etc. thereby providing added protection against
      dielectric breakdown in the area of the cable termination.
CLMS
STM  Having thus described my invention I claim:
NUM  1.
PAR  1. Method of constructing a high voltage cable termination with a cable
      having at least one outer layer containing conductive shielding properties
      overlying an insulative covered conductor comprising the steps of
PA1  stripping from the terminal end of the cable a portion of the conductive
      shielding exposing the conductor insulation,
PA1  stripping from the immediate terminal end of the cable a portion of the
      cable insulation,
PA1  inserting the stripped insulated portion into an elongated elastomeric
      adaptor having a central bore and two oppositely opposed frusto-conical
      surfaces with the smaller diametrical extent of each surface at opposite
      ends thereof,
PA1  securing an electrical connector to the stripped conductor,
PA1  positioning the inserted adaptor into engagement with the secured connector
      and thereby permissible exposing a portion of the stripped insulated
      conductor between the terminus of the conductive shielding and the
      adaptor, and
PA1  Applying a layer of shielding material having metallic properties along the
      cable terminus on the exposed portion of the cable shielding, thence along
      any remaining exposed cable insulation and thence up over a portion of one
      of the frusto-conical surfaces of the adaptor.
NUM  2.
PAR  2. Method of constructing a high voltage cable terminal with a cable
      termination with a cable having at least one outer layer containing
      conductive shielding properties overlying an insulative covered conductor
      comprising the steps of
PA1  stripping from the terminal end of the cable a portion of the conductive
      shielding exposing the conductor insulation,
PA1  stripping from the immediate terminal end of the cable a portion of the
      cable insulation,
PA1  inserting the stripped insulated portion into an elongated elastomeric
      adaptor having a central bore and two oppositely opposed frusto-conical
      surfaces with the smaller diametrical extent of each surface at opposite
      ends thereof, one of said surfaces provided with a semiconductive
      frusto-conical layer which surface portion is inserted on said insulation
      portion first,
PA1  securing an electrical connector to the stripped conductor,
PA1  positioning the inserted adaptor into engagement with the secured connector
      and thereby permissible exposing a portion of the stripped insulated
      conductor between the terminus of the conductive shielding and the
      adaptor, and
PA1  applying a layer of shielding material having metallic properties along the
      cable terminus on the exposed portion of the cable shielding, thence along
      any remaining exposed cable insulation and thence up over a portion of the
      conductive layer of the adaptor.
NUM  3.
PAR  3. The method of claim 2 characterized in that said applied layer consists
      of metallic shielding material.
NUM  4.
PAR  4. The method of claim 2 characterized in that said applied layer is
      spirally wrapped semiconductive tape.
NUM  5.
PAR  5. The method of claim 2 characterized in that said applied layer is a
      semiconductive coating.
NUM  6.
PAR  6. The method of claim 2 characterized in that said applied layer is heat
      shrinkable semiconductive tubing.
NUM  7.
PAR  7. Method of constructing a high voltage cable termination with a cable
      having outer conductive shielding properties overlying an insulation
      covered conductor comprising the steps of
PA1  stripping from the terminal end of the cable a portion of the conductive
      shielding exposing the conductor insulation,
PA1  stripping from the immediate terminal end of the cable a portion of the
      cable insulation,
PA1  providing an elongated insulative elastomeric adaptor having a
      concentrically located bore, an intermediate outer annular flange being
      the largest diametrical extent thereof, frusto-conical surfaces on both
      sides of the flange and tapered away therefrom toward the central bore,
PA1  vulcanizing a semiconductive layer on one of the tapered surfaces with end
      extremities of diminishing layer thickness to a point wherein one end
      extremity is contiguous with the flange and the other end extremity is
      extended beyond the outer annular edge of the adaptor adjacent the bore,
PA1  inserting the stripped insulated portion into the cable termination adaptor
      with said adaptor outer end inserted first on said insulated conductor,
PA1  positioning the inserted adaptor to be contiguous with the secured
      connector and thereby permissibly exposing a portion of the stripped
      insulated conductor between the terminus of the conductive shielding and
      the adaptor,
PA1  applying a layer of semiconductive shielding material along the cable
      terminus on the exposed portion of the cable shielding, thence along any
      remaining exposed cable insulation and thence up over part of said
      adaptor, and contracting the outer end of said adaptor while applying said
      material to form a void-free joint between said end portion and said cable
      insulation.
NUM  8.
PAR  8. The method of claim 7 characterized in that said applied layer is heat
      shrinkable semiconductive tubing
NUM  9.
PAR  9. The method of claim 7 characterized in that said applied layer is
      spirally wrapped semiconductive tape.
NUM  10.
PAR  10. The method of claim 7 characterized by applying a layer of metallic
      shielding material over said applied semiconductive layer.
NUM  11.
PAR  11. Method of constructing a high voltage cable termination with a cable
      having outer conductive shielding properties overlying an insulation
      covering conductor comprising the steps of
PA1  stripping from the terminal end of the cable a portion of the conductive
      shielding exposing the conductor insulation,
PA1  stripping from the immediate terminal end of the cable a portion of the
      cable insulation,
PA1  providing an elongated insulative elastomeric adaptor having a
      concentrically located bore, an intermediate outer annular flange being
      the largest diametrical extent thereof, frusto-conical surfaces on both
      sides of the flange and tapered away therefrom toward the central bore,
PA1  vulcanizing a semiconductive layer on one of the tapered surfaces with end
      extremities of diminishing layer thickness to a point wherein one end
      extremity is contiguous with the flange and the other end extremity is
      extended beyond the outer annular edge of the adaptor adjacent the bore,
PA1  inserting the stripped insulated portion into the cable termination adaptor
      with said adaptor outer end inserted first on said insulated conductor,
PA1  securing an electrical connector to the stripped conductor,
PA1  positioning the inserted adaptor to be contiguous with the secured
      connector and thereby permissibly exposing a portion of the stripped
      insulated conductor between the terminus of the conductive shielding and
      the adaptor,
PA1  spirally wrapping a semiconductive shielding material along the cable
      terminus beginning on an exposed portion of the exposed cable shielding
      thence along any remaining exposed cable insulation and thence up over
      part of said adaptor, and
PA1  applying tension to said material as the same is wrapped, thereby causing
      said adaptor outer end to contact onto said cable insulation to form a
      void-free joint therebetween.
NUM  12.
PAR  12. The method of claim 11 characterized in that said applied layer is
      spirally wrapped flexible semiconductive tape.
NUM  13.
PAR  13. The method of claim 11 characterized by applying a layer of metallic
      shielding material over said applied semiconductive material.
NUM  14.
PAR  14. Method of constructing a high voltage cable termination with a cable
      having an outer metallic shielding beneath a protective insulative jacket
      but overlying an adjacent semiconductive layer overly an insulation
      covered conductor comprising the steps of
PA1  stripping from the terminal end of the cable a portion of the metallic
      shielding exposing the semiconductive layer,
PA1  stripping away a portion of the exposed semiconductive layer exposing the
      conductor insulation,
PA1  stripping from the immediate terminal end of the cable a portion of the
      cable insulation,
PA1  providing an elongated insulative elastomeric adaptor having a
      concentrically located bore, an intermediate outer annular flange being
      the largest diametrical extent thereof, frusto-conical surfaces on both
      sides of the flange and tapered away therefrom toward the central bore,
PA1  vulcanizing a semiconductive layer on one of the tapered surfaces with end
      extremities of diminishing layer thickness to a point wherein one end
      extremity is contiguous with the flange and the other end exremity is
      extended beyond the outer annular edge of the adaptor adjacent the bore,
PA1  inserting the stripped insulated portion into the cable termination adaptor
      with said adaptor outer end inserted first on said insulated conductor,
PA1  securing an electrical contact to the stripped conductor,
PA1  positioning the inserted adaptor to be contiguous with the secured
      connector and thereby permissibly exposing a portion of the stripped
      insulated conductor between the terminus of the conductive shielding and
      the adaptor,
PA1  spirally wrapping a semiconductive layer of material along the cable
      terminus on the exposed portion of the cable semiconductive layer
      beginning from the cable shielding thence along any remaining exposed
      conductor insulation and thence upon a portion of the adaptor
      semiconductive layer,
PA1  spirally wrapping a metallic shielding layer along the cable terminus on
      the exposed portion of the cable metallic shielding beginning from the
      cable jacket terminus thence along the surface of the semiconductive
      wrapping upon and beyond the adaptor semiconductive wrapping terminus, and
PA1  applying tension to said wrappings as the same are spirally applied thereby
      causing said body portion outer end to contract onto said cable insulation
      to form a void-free joint therebetween.
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ABST
PAL  A method of connecting the terminal posts of a connector into holes in a
      circuit board comprising the steps of inserting solder elements, which can
      have the shape of a doughnut or torus, for example, around each terminal
      post; inserting a piece of material, such as a strip of plastic or a
      Styrofoam material rod having a width or diameter greater than the
      distance between the two rows of terminal posts, in between said two rows
      of terminal posts to hold the solder elements on the posts; inserting the
      terminal posts in the holes prepared therefor in the circuit board;
      removing the strip or rod of material; further inserting, if necessary,
      the terminal posts into the circuit board holes; and heating the solder
      doughnuts by appropriate means while the terminal posts are pointed
      downwardly, that is with the circuit board below the connector, to reflow
      the solder into the spaces between the holes in the circuit board and the
      terminal posts therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a method for connecting the terminal
      posts of a connector to a substrate, such as a printed circuit board, and
      more particularly it relates to a method of soldering said connector
      terminal posts to a plated through hole of a printed circuit board.
PAR  Connectors having a plurality of terminal posts which fit through holes in
      printed circuit boards are in extensive use today and have many different
      applications. One such application is, for example, the connection of one
      circuit board to another circuit board. A connector for this purpose
      usually consists of a row of pairs of contacts aligned so that the spacing
      between the contacts forms a slot which can receive the edge of a first
      printed circuit board. The other ends of the contacts are formed into
      terminal posts which are intended to extend through holes in a second
      printed circuit board. A plastic housing is usually provided to hold the
      pairs of contacts in a fixed position with respect to each other and for
      insulative purposes. In this type connector the posts usually consists of
      a plurality of pairs of posts which form two rows of posts. The terminal
      posts of the connector are pushed or pulled through the holes in the
      second printed circuit board and often are soldered into place. However,
      the percentage of acceptable soldered connections between the posts and
      the printed circuit board is not always as high as desired. It is
      desirable that the solder flow in and around the post and completely
      through the hole. In other words, the solder should completely fill up the
      hole around the posts. One widely used method of soldering such posts to
      printed circuit boards is by wave soldering wherein the bottom of the
      printed circuit board with the terminal post extending therethrough is
      positioned just below the surface of a pool of hot solder which is pulled
      up into the spaces between the posts and the sidewalls of the hole in the
      printed circuit board by such phenomena as surface tension or capillary
      action, or a combination of both. Often times, however, the solder does
      not rise sufficiently far up into the hole of the printed circuit, leaving
      a comparatively weak solder joint with a high probability of failure under
      stress at a later date when in actual use.
PAR  Another technique is to insert the terminal post through the hole of the
      printed circuit board and then place a solder doughnut (i.e., a torus
      shaped piece of solder) around each terminal post where it extends through
      the printed circuit board. The solder toruses are then melted by suitable
      heating means and flows into the hole in and around the terminal post.
      However, the problem of individually placing solder doughnuts on each of
      the terminal posts after they have been inserted through their mating hole
      in the printed circuit board is a time-consuming one and quite expensive.
PAC  BRIEF STATEMENT OF THE INVENTION
PAR  It is a primary object of the present invention to enable the use of solder
      doughnuts around each terminal post of a connector without the necessity
      of an operator manually placing a doughnut on each individual terminal
      post.
PAR  It is a further object of the invention to be able to apply solder
      doughnuts to terminal posts by automated means before said terminal posts
      are inserted into the printed circuit board so that the solder doughnuts
      are positioned in between the connector housing and the printed circuit
      board.
PAR  It is a further aim of the invention to provide a method of manufacturing
      connectors having terminal posts and to enable shipment of these
      connectors with solder doughnuts already installed on said terminal posts
      so that a manufacturer can later install said connectors upon a printed
      circuit board with the solder doughnuts remaining on said terminal posts
      during said installation.
PAR  It is a further object of the invention to provide a method of connecting a
      terminal post of a connector to a printed circuit board by means of solder
      doughnuts positioned between the connector housing and the printed circuit
      board and in which the connector can be inserted in such printed circuit
      boards without the solder doughnuts falling off, even with the terminal
      posts pointed downwardly, and yet permitting the solder doughnuts to
      eventually come to rest upon the surface of the printed circuit board
      where they can be melted and reflowed into the hole around the terminal
      post.
PAR  A fifth purpose of the invention is the improvement of means for connecting
      the terminal posts of a connector to a circuit board generally.
PAR  In accordance with the invention the soldering of the connector terminal
      posts to the printed circuit board is accomplished by the following steps:
      positioning the connector with the terminal posts pointed upwardly,
      installing a solder doughnut or solder washer around each terminal post by
      automated means such as a vibrating type feed mechanism, placing a strip
      of resilient material, such as paper or plastic, having a width greater
      than the distance between the two rows of terminal posts between the
      terminal posts so that the cross-sectional configuration of the paper is
      generally U-shaped and will press against the inner sides of the two rows
      of terminal posts to hold the solder doughnuts upon said terminal posts,
      inserting the terminal posts of the connector in mating holes in a printed
      circuit board, removing said strip of material from in between the rows of
      terminal posts to permit the solder doughnuts to fall upon the surface of
      the printed circuit board, pushing the terminal posts the remaining
      distance into the holes of the printed circuit board, and heating the
      solder doughnuts by appropriate means to cause the solder to reflow into
      the space between the walls of the holes and the terminal posts.
PAR  In accordance with another form of the invention the solder doughnuts are
      held on the posts by dimples formed on the posts. The solder toruses are
      forced past the dimples which are positioned near the end of the posts so
      they will pass into the circuit board before heating and thereby will not
      impede the solder torus from falling on the board surface.
PAR  In accordance with a feature of the invention, the heating of the solder
      doughnuts can be accomplished by immersing the printed circuit board into
      a vat of hot oil with the terminal posts pointed downwardly. Other heating
      means such as R-F radiation, ultrasonics or infra-red can also be employed
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above-mentioned and other objects and features of this invention will
      be more fully understood from the following detailed description thereof
      when read in conjunction with the drawings in which:
PAR  FIG. 1 shows a connector in an inverted position with solder doughnuts
      already applied and with a thin piece of resilient material inserted in
      between the two rows of terminal posts;
PAR  FIG. 2 shows a terminal post of a connector partially inserted into a
      printed circuit board and with the thin piece of material still positioned
      between the two rows of terminal posts; and
PAR  FIG. 3 shows the connector fully inserted into the printed circuit board
      with the piece of material having been previously removed therefrom and
      further with the printed circuit board being immersed in a vat of hot oil
      to reflow the solder.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, the connector 9 is comprised of a housing 10
      having a plurality of terminal posts, such as pairs of terminal posts 11,
      12, 13, 14 and 15 extending therefrom. The connector 9 is shown in an
      inverted position, that is, with the terminal posts extending upwardly.
      Around each terminal post a solder doughnut is placed, such as solder
      toruses 20, 21, 22, 23, 24 and 25 and 26. In lieu of torus-shaped solder
      elements, washer shaped or even square or rectangularly shaped solder
      elements could be employed. Although desirable, it is not absolutely
      necessary that the solder elements extend completely around the terminal
      post. A strip of resilient material 35, which can be paper or plastic or
      any other flexible material with some stiffness thereto, is placed in
      between the two rows of contacts as shown in FIG. 1. The width of the
      strip of material 35 is greater than the distance between the two contacts
      of each pair, as for example, the distance between the pair of contacts
      11. Thus, the strip of material 35 will assume the U-shaped
      cross-sectional configuration, as shown in FIG. 1, with the edges 36 and
      37 thereof pressing against the insides of the two rows of terminal posts.
      In this manner the solder doughnuts 20 through 26 are held onto the
      terminal posts even though the connector 9 should be turned upright, that
      is with the terminal posts extending downwardly. There is sufficient
      friction between the edges of the strip of material 35 and the terminal
      posts 11 through 15 so that strip 35 will not fall out and will not permit
      the solder doughnuts to fall off regardless of the position of the
      connector 9.
PAR  It is to be understood that the strip of material 37 is not necessarily a
      flat sheet of material. Equivalents of strip 37 would include a
      straw-shaped element or a solid element of resilient or compressible
      material, such as a rod of Styrofoam type material, which could be
      inserted in between the rows of posts and remain there by friction means
      during shipping or assembly of the connector into a circuit board, and
      then pulled out before solder reflow occurs. Other equivalents of strip 37
      could have different shaped cross sectional configurations which might or
      might not be uniform over the length thereof.
PAR  Referring now to FIG. 2 the connector 9 is shown with its terminal posts,
      such as terminals 11 through 15 and 18 partially inserted through
      apertures 40 to 45 in printed circuit board 30. The strip of material 35
      is still positioned in between the two rows of terminal posts. The solder
      doughnuts, such as solder doughnuts 20, 21, 22, 23 and 24 are still held
      on the terminal posts between the strip 35 and the housing 10 of connector
      9. The next step is the removal of strip 35, which is done simply by
      taking hold of one end thereof and pulling it out from between the two
      rows of terminal posts. The solder doughnuts, such as solder doughnuts 20
      through 24, will then drop by gravity onto the surface 50 of the terminal
      board 30.
PAR  The terminal posts 40 through 45 of the connector 9 can then be completely
      inserted through the holes 40 through 45 of the printed circuit board 30.
      The assembly is now ready for reflowing the solder, that is, for melting
      the solder doughnuts and causing the liquid solder to flow down into the
      hole and around the terminal posts, such as terminal posts 11 through 15,
      both by gravity means and by capillary action.
PAR  Reference is made to FIG. 3 which shows one method of heating the solder
      doughnuts. The assembly, including the connector 9, the printed circuit
      board 30 and the solder doughnuts 20 through 24, is partially immersed in
      a pool of hot oil held in container 31.
PAR  It is not necessary to completely immerse the assembly into the hot oil. It
      is necessary only to immerse enough of the printed circuit board and the
      terminal posts in order to heat the solder doughnuts 20 through 24 to
      their melting point. It is apparent from FIG. 3 that the heat will conduct
      through the metal terminal posts 11 through 18 up into the solder
      doughnuts 20 through 24. As the solder doughnuts melt they will flow down
      into the holes 44 through 49 of printed circuit board 30. Experimental
      data has shown that over 99 percent of the connections are such that the
      spaces between the walls of the holes in the printed circuit board 30 and
      the terminal posts therein are completely filled with solder. Those very
      few holes which do not completely fill with the solder are almost
      completely filled with solder and in fact form excellent electrical and
      mechanical connection.
PAR  For purposes of illustration, some of the solder doughnuts are represented
      in FIG. 3 as not yet having been melted while others are represented as
      having been melted and reflowed into the hole in the board 30. More
      specifically, solder doughnuts 20, 21 and 22 are shown before melting has
      occurred. The spacing between the terminals 11, 12, 13 and the holes 44,
      45 and 46 in printed circuit board 30 can also be seen.
PAR  The condition after reflowing of the solder doughnuts has occurred is shown
      around terminal posts 14, 15, 16, 17 and 18. For example, considering
      terminal post 14 specifically, the solder doughnut has melted and flowed
      into the hole 47 to form the configuration 23. Similarly, around terminal
      post 15 the solder doughnut has melted to form the configuration 24 which
      fills the hole 48 in printed circuit board 30.
PAR  Referring again to FIG. 1 the solder toruses can be held on the terminal
      posts by other means, such as dimples 54 and 55 formed on terminal posts
      57 and 58. The solder doughnuts 59 and 60 are forced onto the posts 57 and
      58 past the dimples 54 and 55 which will retain said doughnuts 59 and 60
      thereon even though the connector of FIG. 1 is inverted. However, the
      dimples 54 and 55 are located near the ends of posts 57 and 58 so that
      they will be inserted into the printed circuit board before melting of the
      solder. Thus the dimples 54 and 55 will not impede the solder toruses 59
      and 60 from falling onto the circuit board surface before melting thereof.
PAR  It is to be understood that the forms of the invention shown and described
      herein are but preferred embodiments thereof and that various changes can
      be made in the steps of the method without departing from the spirit or
      scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of securing the terminal posts of a connector having a housing
      and at least two rows of terminal posts into holes prepared therefor in a
      circuit board substrate and comprising the steps of:
PA1  inverting said connector with the terminal posts pointed upwardly;
PA1  slipping a solder element around selected ones of said terminal posts;
PA1  inserting a slip of resilient material between said rows of terminal posts;
PA1  said slip of material having a width sufficient to span the distance
      between said rows of terminal posts and to press against the inner
      surfaces of said terminal posts to lock said solder elements on said
      terminal posts between said slip of material and said connector housing;
PA1  inserting said terminal posts at least part way into said holes prepared
      therefor in said circuit board substrate;
PA1  extracting said slip of material from between said rows of terminal posts;
PA1  melting said solder elements while said terminal posts are pointed
      downwardly.
NUM  2.
PAR  2. A method of assembling together a substrate and a connector with said
      connector comprising a housing and at least two rows of terminal posts
      secured therein which fit into holes prepared therefore in said substrate
      and comprising the steps of:
PA1  slipping a solder element around at least selected ones of said terminal
      posts;
PA1  inserting a slip of resilient material having a width greater than the
      distance between said rows of terminal posts, between said rows of
      terminal posts with the solder elements being positioned between said slip
      of resilient material and said connector housing;
PA1  said slip of material positioned to have its width span the distance
      between said terminal posts to retain said solder elements on said
      terminal posts between said slip of material and said connector housing;
PA1  inserting said terminal posts into the holes prepared therefor in said
      substrate;
PA1  extracting said slip of material from between said rows of terminal posts;
PA1  melting said solder elements while said terminal posts are positioned to
      form an angle less than 90.degree. with the direction of the pull of
      gravity.
NUM  3.
PAR  3. A method of securing the terminal posts of a connector having a housing
      and at least two rows of terminal posts into holes prepared therefor in a
      circuit board substrate and comprising the steps of:
PA1  inverting said connector to position said terminal posts at an angle
      greater than 90.degree. with respect to the direction of the pull of
      gravity;
PA1  slipping a torus shaped piece of solder around selected ones of said
      terminal posts;
PA1  inserting a slip of resilient material between said rows of terminal posts;
PA1  said slip of material having a width greater than the distance between said
      rows of terminal posts and positioned to have said width span the distance
      between said rows of terminal posts and press against the inner surfaces
      of said terminal posts to retain said solder toruses on said terminal
      posts between said slip of material and said connector housing;
PA1  inserting said terminal posts part way into said holes prepared therefor in
      said circuit board substrate;
PA1  extracting said slip of material from between said rows of terminal posts;
PA1  heating said terminal posts to a temperature above their melting
      temperature, while said terminal posts are forming an angle less than
      90.degree. with the direction of the pull of gravity.
NUM  4.
PAR  4. A method of assembling together a substrate and a connector with said
      connector comprising a housing and at least two rows of terminal posts
      secured therein which fit into holes prepared therefore in said substrate
      and comprising the steps of:
PA1  slipping a torus shaped piece of solder around selected ones of said
      terminal posts;
PA1  inserting a slip of resilient material between said rows of terminal posts;
PA1  said slip of material having a width more than sufficient to span the
      distance between said terminal posts to retain said solder toruses on said
      terminal posts between said slip of material and said connector housing;
PA1  inserting said terminal posts at least part way into the holes prepared
      therefor in said substrate;
PA1  extracting said slip of material from between said rows of terminal posts;
PA1  heating said assembly to melt said solder toruses while said terminal posts
      are positioned to form an angle less than 90.degree. with the direction of
      pull of gravity.
NUM  5.
PAR  5. A method of securing the terminal posts of a connector having a housing
      and at least two rows of terminal posts into holes prepared therefor in a
      circuit board substrate and comprising the steps of:
PA1  inverting said connector to position said terminal posts at an angle
      greater than 90.degree. with respect to the direction of the pull of
      gravity;
PA1  slipping a solder element around selected ones of said terminal posts;
PA1  inserting a length of compressible material between said rows of terminal
      posts;
PA1  said length of material having a width greater than the distance between
      said rows of terminal posts and positioned to have said width span the
      distance between said rows of terminal posts and press against the inner
      surfaces of said terminal posts to retain said solder element on said
      terminal posts between said length of compressible material and said
      connector housing;
PA1  inserting said terminal posts part way into said holes prepared therefor in
      said circuit board substrate;
PA1  extracting said length of compressible material from between said rows of
      terminal posts;
PA1  heating said terminal posts to a temperature which will melt said solder
      elements above their melting temperature, with said terminal posts forming
      an angle less than 90.degree. with the direction of the pull of gravity
      while being so heated.
NUM  6.
PAR  6. A method of assembling together a substrate and a connector with said
      connector comprising a housing and at least two rows of terminal posts
      secured therein which fit into holes prepared therefore in said substrate
      and comprising the steps of:
PA1  slipping a solder element around selected ones of said terminal posts;
PA1  inserting a length of compressible material between said rows of terminal
      posts;
PA1  said length of material having a width more than sufficient to span the
      distance between said terminal posts to retain said solder elements on
      said terminal posts between said length of material and said connector
      housing;
PA1  inserting said terminal posts at least part way into the holes prepared
      therefor in said substrate;
PA1  extracting said length of material from between said rows of terminal
      posts;
PA1  heating said assembly to melt said solder elements while said terminal
      posts are positioned to form an angle less than 90.degree. with the
      direction of pull of gravity.
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ABST
PAL  There is produced a ductile silver-metallic oxide semifinished product, for
      example a silver cadmium oxide wire, or a sheet or square rod having
      silver-metallic oxide, silver-metallic, and silver metalloid compounds.
      There are assembled in sandwich fashion several plates of internally
      oxidized silver-metallic oxide and of powder metallurgically produced
      silver-metallic oxide. The sandwich is then extrusion pressed.
BSUM
PAC  THE INVENTION
PAR  The present invention relates to a method of manufacturing a ductile silver
      metallic oxide semifinished product for producing contacts.
PAR  Silver metallic oxide materials with oxide contents of 2 to 20 percent by
      weight, in particular silver cadmium oxide, silver tin oxide and silver
      zinc oxide are known to have a very low tendency to fuse and are used to a
      large extent as electrical contacts for switching mechanisms with high
      switching rates at low or medium loads (H. Schreiner, Pulvermetallurgie
      elektrischer Kontakte, Springer-Verlag, Berlin, Gottingen, Heidelberg,
      1964, p. 163 ff.).
PAR  It is generally recognized that the best known contact material of the
      silver metallic oxide group is silver cadmium oxide. Since silver cadmium
      oxide is a relatively brittle substance, to facilitate the additional
      treatment of existing material as silver cadmium oxide to make electrical
      contacts, the ductility of the material is important (A. Keil, Zeitschrift
      fur Metallkunde 57 (1966) issue No. 2, pp. 151-155).
PAR  Silver metallic oxide substances can be produced according to the process
      of internal oxidation - if the oxides do not produce surface layers - and
      in accordance with the powder metallurgical process (H. Schreiner,
      Pulvermetallurgie electrischer Kontakte, Springer-Verlag, Berlin,
      Gottingen, Heidelberg, 1964, pp. 164-185).
PAR  Upon the internal oxidation of wire or bar material, fissures and hollows
      arise in the peripheral zone crystal boundary. These fissures and hollows
      are caused by internal stresses which arise from the increase in volume
      during oxidation (A. Keil, lecture Bemerkungen zur inneren Oxidation von
      Silber-Cadmium-Legierungen, Kontakttagung Orono, Proceed III
      Intern.Res.Symp. on Electrical Contact Phenomena, June, 1966). In spite of
      the use of additions to refine the crystal structure so as to increase the
      ductility e.g. with silver cadmium materials (German Pat. No. 1 153 178),
      it has been frequently observed that material pre-oxidized in wire form
      becomes unusable during deformation to make the contact assembly using a
      rivet (or pin) because of fissures at the head of the rivet. Wire with
      high oxide contents of, say, 15 percent by weight cadmium oxide and copper
      oxide cannot be produced free of fissures by using the internal oxidation
      method since wide cracks arise in the wire due to the change in volume
      during the oxidation process.
PAR  Silver tin oxide and silver zinc oxide materials with oxide contents from 5
      percent by weight upwards cannot be produced by internal oxidation since
      surface layers interfer with the oxidation mechanism and a uniform
      oxidation front cannot be achieved. These materials can be produced only
      by using powder metallurgy. Powder metallurgical manufacture of wire or
      bar materail lessens fissure formation through change in volume, but even
      such a powder metallurgical material having a high oxide content of about
      15 percent by weight is brittle and not easily deformable.
PAR  It is an object of the present invention to produce a wire or bar made from
      silver metallic oxide with high oxide contents of 5 to 20 percent by
      weight which is ductile, has no fissures in the material and is suitable
      for rivet hammering.
PAR  According to the present invention a method of producing a ductile silver
      metallic oxide semifinished product, especially for the preparation of
      electrical contacts, comprises the steps of assembling several of any
      internally oxidized silver-metallic oxide plates and powder
      metallurgically produced silver-metallic oxide plates to form a bar, and
      pressing the bar. It has been found that a wood-like fibrous structure of
      the metallic oxide stratum has a favourable effect on subsequent handling
      of the semifinished product to form a rivet and the connection between the
      individual sheets is perfect. In this way, for example, silver cadmium
      oxide wires, sheets and square rods with silver-metallic, silver-metallic
      oxide and silvermetalloid ingredients can be produced.
DRWD
PAR  FIGS. 1 and 2 illustrate by means of flow charts, the processes of the
      subject invention.
DETD
PAR  FIG. 1 illustrates the process of this invention as applied to a starting
      material of silver metallic oxide plate. First, the plate is formed, and
      then, as illustrated in the flow chart, the plates are stacked and
      aligned. The aligned plates are fastened, e.g., by welding, and then the
      stack of plates is extruded.
PAR  FIG. 2 relates to a second embodiment of the subject invention, where the
      starting material is a combination of silver metal and silver metallic
      oxide plates. As illustrated in the FIGURE, first the silver metal and the
      silver metallic oxide plates are formed. They are then collated in
      alternating sheets or plates, and the plates are subsequently fastened,
      e.g., by welding, to maintain the alignment for the extruding stuff.
PAC  EXAMPLE 1
PAR  20 plates of AgCd, having dimensions of 4 .times. 80 .times. 350 mm and
      having a nickel additive of about 0.2 percent by weight to refine the
      crystals, were internally oxidized for 2 days at 820.degree.C at an oxygen
      pressure of 3 atm., then laid one on top of the other to form a package
      measuring 80 .times. 80 .times. 350mm that was flattened under a press. At
      the corners the plates were secured by riveting or welding to maintain the
      package. This square bar was pressed at 500.degree.C in a 500 ton
      extrusion press to form a wire of 7mm diameter. The wire, by repeated
      intermediate annealing, was perfectly drawn to 2.85mm diameter and
      hammered into rivets measuring 7mm head diameter, 1.5 mm head height, 3mm
      tail length and 3mm tail diameter.
PAC  EXAMPLE 2
PAR  80 plates of AgCd measuring 1 .times. 80 .times. 350mm were oxidized at
      820.degree.C at an oxygen pressure of 3 atmospheres for 14 hours and
      subsequently processed as described in Example 1.
PAC  EXAMPLE 3
PAR  40 plates of AgCd measuring 1 .times. 80 .times. 350mm were internally
      oxidized for 14 hours in air at 820.degree.C and alternately laid one on
      top of the other with plates of an Ag/graphite alloy having a composition
      of approximately 99 wt.% Ag to 1 wt.% graphite, or an AgNi alloy having a
      composition of approximately 90 wt.% Ag to 10 wt.% Ni, or an AgCuO alloy
      having a composition of approximately 92 wt.% Ag to 8 wt.% CuO, 8 to form
      a package 80 .times. 80 .times. 350mm, and then processed as in Example 1.
PAC  EXAMPLE 4
PAR  20 plates, measuring 4 .times. 80 .times. 350mm, of a powder
      metallurgically produced AgCdO alloy having a composition of approximately
      90 wt.% Ag to 10 wt.% CdO were laid one on top of the other to form a
      package 80 .times. 80 .times. 350mm and extrusion pressed to form a wire
      7mm diameter and then processed as in Example 1 to make rivets.
PAC  EXAMPLE 5
PAR  40 plates, measuring 2 .times. 80 .times. 350mm, of a powder
      metallurgically produced alloy of AgZnO having a composition of
      approximately 90 wt.% Ag to 10 wt.% ZnO, or AgZnO.sub.2 having a
      composition of approximately 90 wt.% Ag to 10 wt.% ZnO.sub.2, or
      AgFe.sub.2 O.sub.3 having a composition of approximately 90 wt.% Ag to 10
      wt.% Fe.sub.2 O.sub.3, or AgIn.sub.2 O.sub.3, or AgCuO having a
      composition of approximately 90 wt.% Ag to 10 wt.% CuO, or AgMoO.sub.3
      having a composition of approximately 95 wt.% Ag to 5 wt.% AgMoO.sub.3,
      were laid one on top of the other to form a package measuring 80 .times.
      80 .times. 350mm and extrusion pressed to form a wire of 7mm diameter and
      processed as in Example 1 to form rivets.
PAC  EXAMPLE 6
PAR  40 powder metallurgically produced plates, including alloys of AgCdO having
      a composition of approximately 85 wt.% Ag to 15 wt.% CdO, or AgZnO having
      a composition of approximately 85 wt.% Ag to 15 wt.% ZnO, or AgSnO.sub.2
      having a composition of approximately 90 wt.% Ag to 10 wt.% SnO.sub.2, or
      AgFe.sub.2 O.sub.3 having a composition of approximately 90 wt.% Ag to 10
      wt.% Fe.sub.2 O.sub.3, were applied one on top of the other alternately
      with plates of an Ag/graphite alloy having a composition of approximately
      99 wt.% Ag to 1 wt.% graphite, or an AgNi alloy having a composition of
      approximately 90 wt.% Ag to 10 wt.% Ni, or an AgCuO alloy having a
      composition of approximately 92 wt.% Ag to 8 wt.% CuO all measuring 1
      .times. 80 .times. 350mm to form a square pressed bar 80 .times. 80
      .times. 350mm and then processed as in Example 1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for producing a ductile silver metallic oxide semi-finished
      product comprising:
PA1  a. selecting plates of a particular silver-metallic oxide material from a
      class consisting of internally oxidized and powder metallurgically
      produced material;
PA1  b. stacking said plates;
PA1  c. aligning said plates in a predetermined relationship for subsequent
      extrusion;
PA1  d. securing said alignment; and
PA1  e. extruding said plates under conditions of elevated temperature and
      pressure.
NUM  2.
PAR  2. The process of claim 1 in which said plates are stacked alternatively
      with plates selected from the group consisting of silver-metallic and
      silver metalloid material.
NUM  3.
PAR  3. A method as claimed in claim 1, wherein the oxide plates have a metallic
      oxide content of from 5 to 20 percent by weight, and the oxides are
      selected from the group consisting of cadmium oxide, zinc oxide, tin
      oxide, copper oxide, lead oxide, iron oxide, indium oxide, molybdenum
      oxide, manganese oxide, antimony oxide, nickel oxide, and mixtures of
      these oxides.
NUM  4.
PAR  4. A method as claimed in claim 3, wherein the oxide plates have a metallic
      oxide contact of approximately 15 percent by weight.
NUM  5.
PAR  5. A method as claimed in claim 3, wherein the metallic oxide is cadmium
      oxide.
NUM  6.
PAR  6. A method as claimed in claim 1, wherein the bar has a wood-like, fibrous
      oxide strata structure.
NUM  7.
PAR  7. A method as claimed in claim 1, wherein the pressed bar is of square
      cross-section.
NUM  8.
PAR  8. A method as claimed in claim 1, wherein the bar is composed of several
      plates 0.1 to 20mm thick.
NUM  9.
PAR  9. A method as claimed in claim 8, wherein the plates are each
      approximately 1mm thick.
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ABST
PAL  There is produced a ductile silver-metallic oxide semifinished product, for
      example a silver cadmium oxide wire, or a sheet or square rod having
      silver-metallic oxide, silver-metallic, and silver metalloid compounds.
      There are assembled in sandwich fashion several plates of internally
      oxidized silver-metallic oxide and of powder metallurgically produced
      silver-metallic oxide. The sandwich is then extrusion pressed.
PARN
PAC  THE INVENTION
PAR  This invention is a continuation-in-part of applicants' earlier filed
      co-pending application U.S. Ser. No. 442,683 filed Feb. 14, 1974 entitled
      "Method for Manufacturing a Ductile Silver Metallic Oxide Semi-Finished
      Product."
BSUM
PAR  The present invention relates to a method of manufacturing a ductile silver
      metallic oxide semifinished product for producing contacts.
PAR  Silver metallic oxide materials with oxide contents of 2 to 20% by weight,
      in particular silver cadmium oxide, silver tin oxide and silver zinc oxide
      are known to have a very low tendency to fuse and are used to a large
      extent as electrical contacts for switching mechanisms with high switching
      rates at low or medium loads (H. Schreiner, Pulvermetallurgie elektrischer
      Kontakte, Springer-Verlag, Berlin, Gottingen, Heidelberg, 1964, p. 163
      ff.).
PAR  It is generally recognized that the best known contact material of the
      silver metallic oxide group is silver cadmium oxide. Since silver cadmium
      oxide is a relatively brittle substance, to facilitate the additional
      treatment of existing material as silver cadmium oxide to make electrical
      contacts, the ductility of the material is important (A. Keil, Zeitschrift
      fur Metallkunde 57 (1966) issue No. 2, pp. 151-155).
PAR  Silver metallic oxide substances can be produced according to the process
      of internal oxidation -- if the oxides do not produce surface layers --
      and in accordance with the powder metallurgical process (H. Schreiner,
      Pulvermetallurgie electrischer Kontakte, Springer-Verlag, Berlin,
      Gottingen, Heidelberg, 1964, pp. 164-185).
PAR  Upon the internal oxidation of wire or bar material, fissures and hollows
      arise in the peripheral zone crystal boundary. These fissures and hollows
      are caused by internal stresses which arise from the increase in volume
      during oxidation (A. Keil, lecture "Bemerkungen zur inneren Oxidation von
      Silber-Cadmium-Legierungen" Kontakttagung Orono, Proceed III
      Intern.Res.Symp. on Electrical Contact Phenomena, June, 1966). In spite of
      the use of additions to refine the crystal structure so as to increase the
      ductility e.g. with silver cadmium materials (German Pat. No. 1,153,178),
      it has been frequently observed that material pre-oxidized in wire form
      becomes unusable during deformation to make the contact assembly using a
      rivet (or pin) because of fissures at the head of the rivet. Wire with
      high oxide contents of, say, 15% by weight cadmium oxide and copper oxide
      cannot be produced free of fissures by using the internal oxidation method
      since wide cracks arise in the wire due to the change in volume during the
      oxidation process.
PAR  Silver tin oxide and silver zinc oxide materials with oxide contents from
      5% by weight upwards cannot be produced by internal oxidation since
      surface layers interfer with the oxidation mechanism and a uniform
      oxidation front cannot be achieved. These materials can be produced only
      by using powder metallurgy. Powder metallurgical manufacture of wire of
      bar material lessens fissure formation through change in volume, but even
      such a powder metallurgical material having a high oxide content of about
      15% by weight is brittle and not easily deformable.
PAR  It is an object of the present invention to produce a wire or bar made from
      silver metallic oxide with high oxide contents of 5 to 20% by weight which
      is ductile, has no fissures in the material and is suitable for rivet
      hammering.
PAR  According to the present invention a method of producing a ductile silver
      metallic oxide semifinished product, especially for the preparation of
      electrical contacts, comprises the steps of assembling several of any
      internally oxidized silver-metallic oxide plates, silver metalloids and
      powder metallurgically produced silver-metallic oxide plates to form a
      bar, and pressing the bar. It has been found that a wood-like fibrous
      structure of the metallic oxide stratum has a favourable effect on
      subsequent handling of the semifinished product to form a rivet and the
      connection between the individual sheets is perfect. In this way, for
      example, silver cadmium oxide wires, sheets and rods with silver-metallic,
      silver-metallic oxide and silver-metalloid ingredients can be produced.
PAC  EXAMPLE 1
PAR  20 plates of AgCd, having dimensions of 4 .times. 80 350 mm and having a
      nickel additive of about 0.2% by weight to refine the crystals, were
      internally oxidized for 2 days at 820.degree.C at an oxygen pressure of 3
      atm., then alid one on top of the other to oorm a package measuring 80
      .times. 80 .times. 350mm that was flattened under a press. At the corners
      the plates were secured by riveting or welding to maintain the package.
      This square bar was pressed at 500.degree.C in a 500 ton extrusion press
      to form a wire of 7mm diameter. The wire, by repeated intermediate
      annealing, was perfectly drawn to 2.85mm diameter and hammered into rivets
      measuring 7mm head diameter, 1.5mm head height, 3mm tail length and 3mm
      tail diameter.
PAC  EXAMPLE 2
PAR  80 plates of AgCd measuring 1 .times. 80 .times. 250mm were oxidized at
      820.degree.C at an oxygen pressure of 3 atmospheres for 14 hours and
      subsequently processed as described in Example 1.
PAC  EXAMPLE 3
PAR  40 plates of AgCd measuring 1 .times. 80 .times. 350mm were internally
      oxidized for 14 hours in air at 820.degree.C and alternately laid one on
      top of the other with plates of Ag/graphite 99/1 or Agni 90/10 or AgCuO 8
      to form a package 80 .times. 80 .times.350mm, and then processed as in
      Example 1.
PAC  EXAMPLE 4
PAR  20 plates, measuring 4 .times. 80 .times. 350mm, of powder metallurgically
      produced AgCdO 10 were laid one on top of the other to form a package 80
      .times. 80 .times. 350mm and extrusion pressed to form a wire 7mm diameter
      and then processed as in Example 1 to make rivets.
PAC  EXAMPLE 5
PAR  40 plates, measuring 2 .times. 80 .times. 350mm, of powder metallurgically
      produced AgZnO 10, or AgZnO.sub.2 10, or AgFe.sub.2 O.sub.3 10, or
      AgIn.sub.2 O.sub.3, or AgCuO 10, AgMoO.sub.3 5 were laid one on top of the
      other to form a package measuring 80 .times. 80 .times. 350mm and
      extrusion pressed to form a wire of 7mm diameter and processed as in
      Example 1 to form rivets.
PAC  EXAMPLE 6
PAR  40 powder metallurgically produced plates, including AgCdO 15, or AgZnO 15,
      or AgSnO.sub.2 10, or AgFe.sub.2 10, were applied one on top of the other
      altenately with plates of Ag/graphite 99/1, or AgNi 10, or AgCuO 8, all
      measuring 1 .times. 80 .times. 350mm to form a square pressed bar 80
      .times. 80 8 350mm and then processed as in Example 1.
PAR  In the above examples the bar was extruded as a rectangular section bar. In
      this case the extruded bar had a packing density of almost 100%.
      Processing of these bars requires the extrusion press to have rectangular
      receiving members which are difficult to manufacture, and are therefore
      very expensive.
PAR  Further, the possible combinations of materials in a rectangular-section
      bar are less than in a loosely-bundled cylindrical pressed bar since the
      cylindrical bar has a greater surface area. Examples 7-13 relate to
      particularly preferred embodiments of the present invention wherein the
      pressing bar consists of one of a vertical arrangement of discs and a
      loose bundle or axially arranged parallel rods.
DRWD
PAR  FIGS. 1 and 2 illustrate the alternative methods of the subject invention.
      The FIGS. are flow charts which illustrate the process steps involved.
DETD
PAR  FIG. 1 illustrates the process whereby the discs are used to produce the
      ductile silver metallic oxide semi-finished product. As illustrated in
      this figure, the discs of silver metallic oxide, and/or silver metal,
      and/or silver metalloid are formed and then vertically stacked. After
      stacking, the discs are aligned for fastening which may be done e.g. by
      welding the edges and then the fastened, aligned stack is then extruded.
PAR  In the other alternative embodiment of this invention, rods may be used as
      illustrated in FIG. 2. The rods after forming are axially aligned and then
      loosely bundled for subsequent extrusion.
PAR  Both of these processes produce the substantial benefits described
      throughout this specification.
PAR  Surprisingly, it has been found that, despite the loose bundling of the
      rods and the consequent relatively low packing density, the compressed bar
      can be perfectly extruded into a wire with circular or angular
      cross-section, and said wire is sufficiently ductile to enable rivets to
      be hammered therefrom without the occurrence of cracks.
PAC  EXAMPLE 7
PAR  A plurality of discs of 80mm diameter and a sheet thickness of 1 to 2 mm,
      are made up into a round block 350 mm long, held together at the edges by
      welding. This round block is extruded at 500.degree.C in a 500 t extrusion
      press, to produce a wire with a diameter of 7 mm. After intermediate
      annealing, the wire can be perfectly drawn to a diameter of 2.85 mm, and
      hammered into rivets with the following dimensions: head diameter 7 mm,
      head height 1.5 mm, shaft length 3 mm, and shaft diameter 3 mm.
PAC  EXAMPLE 8
PAR  AgCdO-15 wires which are oxidised throughout, or wires manufactured by a
      powder metallurgical process, consisting of AgCdO15, AgZnO10, AgZnO.sub.2
      5, AgCuO10 and others, with diameter of 1 to 5 mm, are bundled, singly or
      mixed, to form a block with diameter 80 mm and length 350 mm, heated to
      extrusion temperature in a retort furnace, and pressed into a wire of 7 mm
      diameter. The wire is further process according to the details in Example
      7.
PAC  EXAMPLE 9
PAR  A pressing bar comprises a bundle with a mixture sequence of 50%
      powder-metallurgically produced AgCdO10 rods of diameter 2 mm and length
      350 mm, and 50% powdermetallurgically produced AgNi10 rods of 1 mm
      diameter and 350 mm length. The bar is extruded to a wire of 7 mm
      diameter, and further process according to Example 7.
PAC  EXAMPLE 10
PAR  A pressing bar comprises a bundle mixture sequence of 50%
      powder-metallurgically produced AgCuO10 rods of 1.5mm diameter, 25%
      powder-metallurgically produced Ag-graphite 99/1 rods of 2 mm diameter,
      and 25% powder-metallurgically produced AgNi10 rods of 1 mm diameter. The
      bar is extruded to a wire of diameter 7 mm.
PAC  EXAMPLE 11
PAR  Bimetallic coated wires of 3 mm diameter made of AgCdolo with an AgNi10
      coating of 0.5 mm thick, are bundled into a pressing bar, and extruded to
      a wire 7 mm in diameter.
PAC  EXAMPLE 12
PAR  50% of a bundled pressing bar consists of braided AgCdO10 and AgCuO10 wires
      2 mm in diameter, and 50% of twisted AgNilo rods 2 mm in diameter. The
      pressing bar can be extruded to 7 mm in diameter.
PAC  EXAMPLE 13
PAR  A bundled pressing bar consists of 50% of twisted round rods 1.5 mm in
      diameter, of AgCdO15 and AgNi10, and angular rods of AgCuO5 with a
      cross-section of 2 .times. 3 mm. The pressing bar can be extruded to a
      diameter of 7 mm. In each of examples 4 to 7, the extruded bar can be
      further treated in the manner of Example 7.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for producing a ductile silver metallic oxide semi-finished
      product comprising:
PA1  a. selecting rods from at least one member of a class consisting of silver
      metallic oxide, silver metal and silver metalloid rods;
PA1  b. aligning a plurality of rods in an axial mode;
PA1  c. bundling said rods;
PA1  d. extruding said rods under conditions of elevated temperature and
      pressure.
NUM  2.
PAR  2. The method of claim 1 wherein the rods consists of a core of any of a
      metal, silver metallic oxide and a silvermetalloid, and an outer coating
      of any of a metal, silver metallic oxide, silver metalloid.
NUM  3.
PAR  3. A method as claimed in claim 1, wherein the core consists of a mixture
      of any of a metal, silver metallic oxide and a silver metalloid.
NUM  4.
PAR  4. The method of claim 1 wherein the rods are profiled.
NUM  5.
PAR  5. A method of claim 1 wherein the pressing bar consists of a loose-bundle
      of rods with varying cross-sectional profiles.
NUM  6.
PAR  6. A method of claim 1 wherein the pressing bar is a loose bundle formerd
      from braided and twisted rods.
NUM  7.
PAR  7. A method for producing a ductile silver metallic oxide semi-finished
      product comprising:
PA1  a. selecting discs from at least one member of a class consisting of silver
      metallic oxide, silver metal and silver metalloid discs;
PA1  b. vertically stacking said discs to form a cylinder;
PA1  c. aligning said discs;
PA1  d. fastening said discs; and
PA1  e. extruding said vertically positioned discs under conditions of elevated
      temperature and pressure.
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ABST
PAL  A tool for cutting and graduating of plastic tubes. An auxiliary cutting
      and graduating means is adjustable mounted on the tool, thereby enabling
      an adjustment of the cutting angle of the said means for optimum cutting
      and graduating effect.
BSUM
PAR  The present invention relates to an improvement in a tool and particularly
      a handtool for cutting and graduating of plastic tubes. Plastic tubes are
      widely used as water pipes, sewage pipes, etc. It is frequently necessary
      to cut and adapt such tubes at the place of work and various means can
      then be used. Such as a saw or known types of tube cutters may be used.
      These cutters usually consist of a substantially C-shaped steel support
      member, provided with bearing or guide rollers and cutting discs. This is
      a well known tool for cutting iron and copper pipes also. In the tool
      known hitherto, the tube is cut such that the ends of the tubes are
      completely straight. This is a disadvantage, however, when, for example, a
      plastic tube is to be introduced into a connecting sleeve. The ends of the
      tube must then be graduated so that it can be introduced. This operation
      is generally carried out by hand by means of a coarse file, a knife or the
      like. This is hard work and is time consuming, and the actual graduation
      is poor so that mounting of the tubes is delayed and made difficult.
PAR  It is known a cutting tool which both cuts and graduates the tube in one
      and the same work operation in that, in addition to the cutting disc, an
      auxiliary cutting means is provided adjustably secured to the guide
      bracket of the cutting disc, said auxiliary cutting means accompanying the
      disc through the tube during the cutting and graduates the tube so that it
      has a correctly shaped, inclined introduction surface.
PAR  When cutting tubes of various dimensions having different diameters, it is
      a disadvantage of the known means that the auxiliary cutting and
      graduating tool frequently takes up an incorrect cutting angle with
      respect to the tube to be cut.
PAR  In the present invention, therefore, it is the object to provide
      improvements in the said tool where the auxiliary cutting and graduating
      means is adjustably disposed on a pivotable bracket, arranged in
      connection with the guide bracket of the cutting disc.
DRWD
PAR  On the accompanying drawings, an embodiment example of the invention is
      illustrated in diagram.
PAR  FIG. 1 is a view of a cutting tool in perspective.
PAR  FIGS. 2, 3 and 4 are details of the tool in FIG. 1.
DETD
PAR  As will appear from the drawings, the steel support member 1 is provided in
      usual manner with bearing or guide rollers 2, and a feed screw 6. The tool
      is, in known manner, provided with a cutting means in the form of a
      cutting disc 5. In addition to the primary cutting means 5, the tool is
      provided with a substantially V-shaped blade 18, representing an auxiliary
      cutting and graduating means.
PAR  The auxiliary cutting and graduating means 18 is adjustably mounted to a
      pivotable bracket 28. The elongate auxiliary cutting and graduating means
      18 is adapted to be locked in longitudinal position by means of an
      adjusting screw 26. The pivotable bracket 28 is connected in articulated
      manner 23 to the guide bracket 24 of the cutting disc 5. This is, in turn,
      via a guide block 25, disposed in direct connection with the feed screw 6
      of the support member 1, and, in known manner, may be released for rapid
      displacement by means of a blocking arm 8. The guide bracket 24 extends
      approximately straight out from the straight stem of the support member 1.
      The actual support member 1 has a substantially J-shaped profile. This is
      in order to allow positioning, movement and forming of the guide bracket
      24, so that the pivotable bracket 28 has the necessary and correct radius
      of movement. The pivotable bracket 28 is also adjustable by means of an
      adjusting screw 13. The feed screw is, in known manner, provided with a
      button 14 for operation. The lowest part of the support member 1 is, in
      known manner, provided with friction-preventing rollers 2. The feed screw
      6 is stationary mounted in the straight stem of the support member 1 by
      means of a blocking disc 27. When a plastic tube 15 is cut, it is provided
      with the correct graduated surface 17, regardless of the diameter of the
      cut tube. In that the mounting bracket 28 of the auxiliary cutting and
      graduating means 18 is pivotable and adjustably mounted to the guide
      bracket 24, the cutting angle of the cutting and graduating means 18 with
      respect to the tube to be cut can at all times be adjusted for optimum
      cutting and graduating effect.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. A tool for cutting and graduating plastic tubes, comprising:
PA1  a support member including an arcuate section;
PA1  a guide bracket supported by and projecting from said support member at a
      location spaced from said arcuate section;
PA1  primary cutting means, carried by said guide bracket, for cutting a tube
      disposed between said arcuate section of said support member and said
      guide bracket projecting from said support member;
PA1  a pivotable support bracket adjustably articulated to said guide bracket;
      and
PA1  auxiliary cutting and graduating means mounted on said support bracket in
      position to graduate the tube being cut by said primary cutting means.
NUM  2.
PAR  2. The apparatus according to claim 1 wherein:
PA1  said support member has a substantially J-shaped profile defined by said
      arcuate section and a generally straight stem projecting therefrom;
PA1  a feed screw is disposed in said stem; and
PA1  said guide bracket projects substantially straight out from said stem and
      is directly connected with said feed screw.
NUM  3.
PAR  3. The apparatus according to claim 1 wherein:
PA1  said auxiliary cutting and graduating means is substantially V-shaped.
NUM  4.
PAR  4. The apparatus according to claim 1 wherein said auxiliary cutting and
      graduating means is elongated and including:
PA1  means for longitudinally adjusting said elongate auxiliary cutting and
      graduating means on said support bracket.
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ABST
PAL  A pad of sheets each containing a plurality of discrete, premeasured
      quantities of pigments for producing natural colors in composite plastic
      dental filling materials, said pigments being adhered to said sheets by a
      hardened vehicle in which said pigments are dispersed, and said pigments
      in said vehicle being directly dispersible in said filling materials when
      brought into contact therewith.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There is a group of plastic dental filling materials called "composites".
      These consist of two components, a base and a catalyst which must be mixed
      together immediately prior to insertion in a cavity in a tooth. Various
      fillers are incorporated in one or the other of the components to add
      certain properties to the composite. Materials like powdered quartz or
      other silicates add resistance to wear and increase translucency. Pigments
      or opacifiers are added to the composite to enable closer color matches to
      the natural teeth.
PAR  The two components come in varying physical states. They may each be
      pastes, powder and liquid, and one brand uses a paste for the base and
      incorporates the catalyst into the sheets of the disposable paper mixing
      pads.
PAR  Practically all the brands supply disposable pads of paper, usually glazed,
      upon which the portions of base and catalyst are mixed together with a
      disposable plastic spatula. Except for the one brand described above,
      where the catalyst is impregnated into the mixing paper, the paper serves
      only the mechanical purpose of supplying a smooth expendable mixing
      surface.
PAR  The companies supply the composites in various shades which will match the
      gamut of colors found in natural teeth. Blending may be performed by the
      dentist among the various colors in order to obtain a better color match.
      Usually three or four basic shades will be adequate to match the majority
      of teeth.
PAC  SUMMARY OF THE INVENTION
PAR  It is a feature of the present invention that the components of a composite
      filling material, for example, a paste base and a paste catalyst be
      formulated in a very light shade. Each sheet of paper in the mixing pad
      for this system will then have printed on it, in a small region, areas of
      non-toxic pigment in a non-toxic carrier medium or vehicle. This printing
      may be in any shape or figure, but most desirably in columns or triangular
      wedges or groups of dots, each column or wedge or groups of dots being
      printed in one of the basic colors required for matching the colors of
      natural teeth.
PAR  In use, the dentist selects the proper shade of the natural tooth with a
      conventional shade guide, which additionally will indicate the proportions
      of the required pigments to be used for the measured amount of composite
      material. One of the components, which will either leach out or dissolve
      the pigment from the printed area, or the component with the hard filler
      which will mechanically rub the printed area to release the pigment, is
      spatulated over a predetermined area of the printing to absorb the
      pigment. The portion of the component may now be shifted to a differently
      colored printed area for further blending if required. The resultant
      mixture may be compared directly with the tooth, so that in the experience
      of the dentist he may judge what the final shade will be when the complete
      mixture is made.
PAR  The two components are now finally spatulated together on a non-printed
      region of the paper sheet, as heretofore, and the filling inserted. The
      sheet is then torn off the pad as usual, and discarded.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of one embodiment of the invention; and
PAR  FIG. 2 is a plan view of the embodiment shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, a preferred embodiment is shown in which a pad
      containing a plurality of sheets is designated generally by reference
      numeral 10. Each sheet 10a has imprinted or otherwise affixed to one
      surface 11 thereof a plurality of pigmented portions 12. As shown the
      pigmented portions are distributed in rows of individual segments of
      different measured amounts, the segments in a given row each containing
      equal amounts of a given pigment or dye and the quantities of one dye
      being specifically different from those of another dye, depending on the
      particular dye involved and the usual quantity used. By way of example the
      segmented portions in row A would be blue pigment, in row B brown, row C
      yellow and row D opaque white.
PAR  It is preferred that the printed portion of each sheet containing the
      pigments be substantially smaller in area than the unprinted portion so
      that there will be ample room to mix and blend the components on the
      latter portion.
PAR  Each pigment is added to a vehicle which is then adhered to the card 10 by
      any conventional technique such as printing. As an example the formula for
      100 grams of vehicle is as follows:
TBL  Methyl methacrylate          4.2 gm                                       

      (polymer)                                                                

     Aerosil                      3.5 gm                                       

      (R 972 manufactured by                                                   

      De Gussa, Inc., New York, N.Y.)                                          

     Methyl ethyl ketone          92.3 gm                                      

     Another formulation for the vehicle may be as follows:                    

     Bisphenol A                  15.0 gm                                      

     Methyl methacrylate          1.0 gm                                       

      (polymer)                                                                

     Aerosil                      4.0 gm                                       

      (R 972 manufactured by                                                   

      De Gussa, Inc., New York, N.Y.)                                          

     Methyl ethyl ketone          80.0 gm                                      

     ______________________________________                                    

PAR  The Aerosil is added to the methyl ethyl ketone, then the methacrylate
      added to that mixture. By way of example the weight of pigments to be
      added to the 100 grams of vehicle may be as follows: (All pigments are
      supplied by H. Kohnstamm & Co., Inc.)
TBL  Yellow                                                                    

                7.0 gm iron oxide ochre No. 3506                               

               Opaque white                                                    

                10.0 gm titanium dioxide                                       

               Brown                                                           

                 5.0 gm of mixture (by weight):                                

                    1.0 part ochre No. 3506;                                   

                    2.0 part, red oxide No. A 6205; and                        

                    0.4 part black oxide No. A 8214                            

               Blue                                                            

                   2  gm black oxide No. A 8214; and                           

                    0.2 gm D and C Blue No. 6                                  

PAR  In use, with the aid of a shade guide the dentist estimates which pigments
      are necessary and approximately how much of each is required to obtain a
      plastic filling material having the same color as the tooth being filled.
      One component is spatulated over the required length of pigment print on
      the top sheet of the pad, removing a segment or fraction of a segment
      completely from the paper, and is mixed by a spatula 14 or other
      convenient means. The colored base material is held against the tooth to
      judge the match, and any correction is made either by spatulating in
      another portion of the print or diluting the mix with more of the same
      component.
PAR  For those composite brands which use two paste components, the first
      component is returned to the pad after the proper match is obtained, and
      another portion of pigment equal to the length previously used, is
      spatulated into it. This doubles the concentration of pigment, so that
      when an equal portion of the second component is finally spatulated with
      the first, the color is diluted back to the original proper match. The mix
      is then ready for insertion into the tooth cavity.
PAR  The sheet 10 may be made of any suitable material such as plastic,
      cardboard, kraft paper or the like.
PAR  Each segmented portion of pigment may contain about 0.05 grams of pigmented
      material or other quantity as experience shows to be an average amount.
PAR  After the filling material has been formulated as described and put into
      the tooth, the used sheet is torn from the pad to expose the next printed
      sheet for use in a similar manner. The sheets may be rendered severable
      from the pad by any conventional means (not shown).
PAR  While one embodiment has been shown and described herein, it is to be
      understood by those skilled in the art that certain changes and additions
      may be made without departing from the scope and spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A sheet containing a plurality of discrete, premeasured quantities of
      pigments for producing natural colors in composite plastic dental filling
      materials, said pigments being adhered to said sheet by a hardened vehicle
      in which said pigments are dispersed, and said pigments in said vehicle
      being directly dispersible in said filling materials when brought into
      contact therewith.
NUM  2.
PAR  2. A sheet according to claim 1 having a plurality of pigments disposed
      thereon in separate spaced apart rows, each row containing a separate
      pigment in segmented portions in columnar arrangement.
NUM  3.
PAR  3. A sheet according to claim 2 in which there are four rows respectively
      containing pigments of yellow, brown, blue and opaque white.
NUM  4.
PAR  4. A sheet according to claim 2 in which said portions are wedge-shaped and
      each portion contains about 0.05 grams of material.
NUM  5.
PAR  5. A sheet according to claim 2 in which said segmented portions are
      rectangular and contain up to about 0.05 grams of material.
NUM  6.
PAR  6. A sheet according to claim 2 in which said portions are distributed as a
      series of dots and contain about 0.05 grams of material for each color.
NUM  7.
PAR  7. A sheet according to claim 3 in which said yellow pigment contains iron
      oxide ochre; said brown pigment contains about one part by weight iron
      oxide ochre, about two parts by weight red oxide and about 0.4 parts by
      weight black oxide; said blue pigment contains about two parts by weight
      black oxide and 0.2 parts by weight blue dye; and said opaque white
      pigment contains titanium dioxide; and said vehicle is comprised of a
      methylmethacrylate polymer composition.
NUM  8.
PAR  8. A method of coloring a plastic dental filling material using a sheet
      according to claim 1 to provide a natural color matching the tooth to be
      filled, said material of the type formulated from two components
      comprising a base material and a catalyst, said method comprising the
      steps of contacting a preselected number and quantities of said pigments
      with one of said components and mixing the same to produce a preselected
      color therein, then adding the other of said components to the mixture and
      thoroughly mixing said components and pigments to produce a filling
      material of the desired color.
NUM  9.
PAR  9. A pad containing a plurality of severable sheets according to claim 1.
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ABST
PAL  A dental model cast includes an impression of at least one tooth and a
      substantially flat surface opposingly disposed relative to the tooth
      impression. The dental model cast is in the form of a plurality of
      segments. Each of the segments is removably mounted on a base cast and can
      be replaced in their original positions thereon. Extending from the flat
      surface of each segment is an elongate brass pin which is provided with a
      tapered free end. Each segment is also provided with a shorter tapered or
      conical pin which is made from an elastomeric material such as
      polyethylene. The base casting is provided with a polyethylene sleeve
      configurated to receive a portion of the tapered brass pin which extends
      beyond the flat surface. A tapered or conical opening is provided in the
      base cast which is configurated to receive the shorter tapered pin. The
      brass pin acts as a locating pin which initially engages and locates the
      opening in the sleeve while the shorter tapered pin acts as an alignment
      pin which is received in the tapered opening in the base cast to align and
      fix the position of the dental model cast relative to the base cast. The
      pins forming part of the prosthodontic cast model as well as the method of
      forming the latter is also described.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention generally relates to prosthodontic casts, and more
      particularly to an improvement in the pins and sleeves which permit the
      separation and simple replacement in original positions of the segments on
      a base cast.
PAR  Prosthodontics denote that branch of the dental art or science that
      specifically treats the replacement of missing dental and oral tissues.
      The basic art of dental prosthodontics is well known. Many specialized
      procedures have been worked out for making crowns, inlays, bridge work and
      the like. In this type of work, it is customary to make an impression in
      rubber or a similar material by making an impression in a tray. The tray
      is generally filled with a suitable impression material, such as wax,
      hydrocolloid and the like. The dental impression tray, with the impression
      material therein, is placed in the patient's mouth and results in a
      negative impresssion of the tooth or teeth upon which the work is to be
      performed. The hardened dye is generally provided on the underside with
      dowel pins that are used in a base so that the die may be separated from
      the base and removed therefrom to facilitate working thereon. The setting
      of the dowel pins both relative to the die and to each other is extremely
      important if the segments, which are to be removed for closer scrutiny,
      are to be replaced in proper alignment. It frequently happens that the
      work is to be performed on only one or a group of teeth at a time. By
      making it possible to remove small segments from the overall die or cast,
      the work is facilitated to a great extent.
PAR  Various pins and bushings are already known in the prior art. However, most
      of the known pins have disadvantages which have limited their usefulness.
      Thus, for example, according to one known pin design, all the pins are of
      the same length and extend equal distances above the surface in which they
      are embedded. Such an arrangement is disclosed in U.S. Pat. No. 3,704,519.
      This pin design has the disadvantage that when it is desired to replace a
      segment on the cast, it is difficult to align the two or more pins
      simultaneously before the pins may be inserted into the corresponding
      bushings.
PAR  According to another pin design, the free extending ends of the pins are
      cylindrical and of uniform diameter. This design has the disadvantage that
      the pins must be perfectly centered with respect to the openings of the
      bushings before insertion can be achieved. In both cases, replacement of
      segments is inconvenient and time consuming.
PAR  A still further disadvantage of many of the prior art prosthodontic casts
      arrangements is that the base cast onto which the segments are mounted is
      frequently substantially thicker than the length of the pins which they
      receive. Consequently, the pins do not fully extend through the base cast
      and the pins are accessible therethrough when the segments are mounted on
      the base cast. This has the disadvantage that the pins cannot be
      externally reached for applying pressure thereon and removing a segment
      when the pins become stuck within the openings in the base cast.
      Consequently, application of forces directly to the dental model casts may
      damage or break the same when the pins are frozen within their associated
      apertures or holes.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a pin
      arrangement for prosthodontic casts which is not possessed of the above
      disadvantages.
PAR  It is another object of the present invention to provide a pin arrangement
      as described above which is simple in construction and economical to
      manufacture.
PAR  It is still another object of the present invention to provide a pin
      arrangement of the type under discussion which insures proper alignment of
      segments which have been separated from a base cast.
PAR  It is a further object of the present invention to provide a pin
      arrangement for prosthodontic casts which is simple and convenient to
      align when replacing a removed segment onto a base cast.
PAR  It is yet a further object of the present invention to provide a pin
      arrangement which minimizes the play existent between the pins and the
      bushings in which they are inserted to thereby insure correct alignment
      and ease of segment replacement onto a base cast.
PAR  It is yet a further object of the present invention to provide a pin
      arrangement for prosthodontic casts which facilitate the mounting of the
      pins in the casts.
PAR  It is an additional object of the present invention to provide a pin
      arrangement for prosthodontic casts which provides passageways in the base
      casts opposite the pin receiving apertures to thereby make the pins
      accessible exteriorly of the base cast when the segments are mounted on
      the base casts.
PAR  It is still an additonal object of the present invention to provide pins
      which can be utilized in connection with prosthodontic casts and which
      facilitate assembly as well as the utilization of these casts.
PAR  It is yet an additional object of the present invention to provide a method
      of mounting pins on a dental cast to form a dental model having removable
      and replaceable segments as suggested in the above objects.
PAR  In order to achieve the above objects, as well as others which will become
      apparent hereafter, the present invention, for a dental model of teeth
      wherein segments thereof may be individually removed and replaced in
      original positions, comprises a first cast forming an impression of at
      least one tooth on one surface thereof and having a substantially flat
      surface in opposed relation to said one surface. A second cast is provided
      with a substantially flat surface for abutting against said flat surface
      of said first cast. At least two pins are provided which are embedded in
      said first cast each having different length projections extend beyond
      said flat surface of said first cast. Said second cast is provided with
      openings in the flat surfaces thereof configurated to receive at least
      portions of said pins when said flat surfaces are in abutment against one
      another. In this manner, the pin with the longer projection is a locating
      pin which initially engages and locates a corresponding opening in said
      second cast and the pin with the shorter projection is an alignment pin
      which is received in a corresponding opening to align and fix the position
      of said first cast relative to said second cast.
PAR  Advantageously, said pin provided with the longer projection is
      substantially cylindrical and is made from a noncorrosive metal such as
      brass. Said shorter projection is advantageously conical with the apex
      thereof pointed away from said flat surface of said first cast and is made
      from an elastomeric material such as polyethylene.
PAR  In the presently preferred embodiment, a sleeve is provided in said second
      cast which is configurated to receive said longer extension, the sleeve
      advantageously being made from an elastomeric material such as
      polyethylene.
PAR  A pin for use with the dental model comprises a shank and an annular collar
      extending about said shank to divide the latter into first and second
      shank portions. In this manner, one of said shank portions in said collar
      is suitable for being embedded in a dental model cast while the other
      shank portion extends beyond the dental model cast to be received in a
      corresponding aperture of a base cast on which the dental model cast is to
      be mounted. Advantageously, the free end of said one shank is tapered to
      facilitate location or insertion of the free end into an associated
      opening or sleeve in said base cast.
PAR  A sleeve for receiving the shank of a pin embedded in a dental model
      comprises a tubular member having an axis. An annular shoulder is disposed
      at and surrounds one end of said sleeve. In this manner, a shank of a pin
      may initially slidably abut against said annular shoulder, when the latter
      is exposed, prior to being guided into said sleeve. Advantageously, the
      sleeve is provided with longitudinal ribs parallel to said axis both along
      the exterior as well as the interior surfaces thereof.
PAR  A second type of pin or alignment member for aligning a dental model cast
      of the base cast comprises a pair of pins connected at a weakened line
      portion and tapered towards one another. In this manner, one of said pins
      has a portion thereof adapted to be fixed in the dental cast and is
      receivable in a tapered aperture in the case coat. The other of said pins
      is adapted to be embedded in and extend beyond the base cast to permit
      gripping the other of said pins and twisting the latter to separate the
      same from said one pin and provide a passageway in the base cast through
      which said one pin can be externally reached.
PAR  A method in accordance with the present invention comprises the steps of
      forming at least two openings in a flat surface of the dental model cast.
      An end of a pin is inserted into each of said openings. The other ends of
      the pins are embedded into a base cast having a thickness less than the
      lengths of said other ends of the pins to cause the latter to at least
      partially extend beyond the base cast when the latter abuts against said
      flat surface.
PAR  In the presently preferred method, a sleeve is mounted on the other end of
      at least one of said pins prior to said embedding step.
PAR  When one of said pins comprises two tapered portions connected to each
      other at a narrow weakened portion, the method further comprises the step
      of severing said tapered portions at said weakened portion by gripping one
      of the tapered portions extending beyond said base casts, when said casts
      are in abutment against each other, and twisting the gripped tapered
      portion relative to the other tapered portion embedded in said dental
      model cast.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  With the above and additional objects and advantages in view, as will
      hereinafter appear, this invention comprises the devices, combinations and
      arrangements of parts hereinafter described and illustrated in the
      accompanying drawings of a preferred embodiment in which:
PAR  FIG. 1 is a perspective view of a dental model cast, showing the
      impressions of teeth formed along one surface thereof;
PAR  FIG. 2 is a rear perspective view of the dental model cast of FIG. 1,
      showing a substantially flat surface disposed opposite from the surface on
      which the tooth impressions are formed, and further showing the outlines
      of the teeth formed on the other side and markings at which holes are to
      be drilled for receiving alignment pins;
PAR  FIG. 3 is a fragmented cross section of the surface shown in FIG. 2,
      showing a drill forming holes in the dental model cast at the locations
      designated by the markings shown in FIG. 2;
PAR  FIG. 4 is a fragmented front elevational view of a locating pin in
      accordance with the present invention;
PAR  FIG. 5 is a front elevational view of a sleeve in accordance with the
      present invention;
PAR  FIG. 6 is a cross section of the sleeve shown in FIG. 5, taken along line
      6--6;
PAR  FIG. 7 is a cross section of the sleeve shown in FIG. 5, taken along line
      7--7;
PAR  FIG. 8 is a cross section of the sleeve shown in FIG. 5, taken along line
      8--8;
PAR  FIG. 9 is a front elevational view of a second pin in accordance with the
      present invention utilized in the formation of the prosthodontic casts;
PAR  FIG. 10 is a front elevational view of the pin shown in FIG. 9;
PAR  FIG. 11 is a fragmented cross sectional view of the dental model cast shown
      in FIG. 3, inverted and having portions of the pins shown in FIGS. 4, 9
      and 10 received in the drilled holes in the cast, and showing a sleeve
      such as shown in FIG. 5 mounted on the shank or extension of the pin shown
      in FIG. 4;
PAR  FIG. 12 is similar to FIG. 11, further showing a substantially enclosed
      space formed by placing wax sheets or paper about the pins;
PAR  FIG. 13 is similar to FIG. 12 and showing a plaster base cast poured within
      the space defined by the wax sheets to embed the pins;
PAR  FIG. 14 is similar to FIG. 13 with the wax sheets or paper removed after
      the plaster base casts has hardened;
PAR  FIG. 15 is similar to FIG. 14, showing the manner in which a removable pin
      is severed from an alignment pin by twisting a gripping portion which
      extends beyond the base cast;
PAR  FIG. 16 is similar to FIG. 1, further showing a series of cuts formed in
      the dental model cast between the teeth to form a plurality of segments;
PAR  FIG. 17 is similar to FIG. 14, showing one of the segments which have been
      broken off from the dental model cast separated from the base cast, the
      positioning and orientation of the segments relative to the base cast
      being specifically defined by the two pins; and
PAR  FIG. 18 is a perspective view of one of the segments formed from the dental
      cast model which includes the two pins in accordance with the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the FIGURES, in which the same reference numerals are
      utilized to designate similar or identical parts throughout, and first
      referring to FIG. 1, positive cast or a dental model is generally
      designated by the reference numeral 10 and is of the type which is formed
      from an impression tray in accordance with techniques well known in the
      art. The dental cast model 10 has a surface 12 on which are formed tooth
      impressions 14--17. In FIG. 2, the underside of the dental cast model 10
      is provided with a substantially flat surface 18. The dashed tooth
      outlines 14' - 17' respectively represent the tooth impressions formed on
      the opposed surface 12.
PAR  As will become apparent hereafter, the dental model cast 10 can be cut into
      segments to include one or more tooth impressions. The segments can be cut
      in any desired fashion. However, the present invention utilizes two pins
      for fixing the location of each segment relative to a base cast to be
      described. Accordingly, markings 20 are provided on each anticipated
      segment for indicating where holes are to be drilled. The specific
      locations of the marks 20 are not critical, and any convenient locations
      which does not damage the mold or crowd the holes may be utilized.
PAR  In FIG. 3, a drill bit 22 is shown to drill holes 24 which are provided
      with countersinks 26. The holes 24 are drilled in the flat underside or
      bottom surface 18 at the points where the marks 20 have been provided. The
      drilling operation can be performed on a drilling machine for plaster
      casts or models as described in U.S. application Ser. No. 320,275, filed
      Jan. 2, 1973.
PAR  After all the holes 24 have been drilled in the surface 18 at the locations
      indicated by the marks 20, the dental model 10 is inverted to bring the
      bottom surface 18 into an upwardly facing horizontal position as shown in
      FIG. 11.
PAR  A pin 28, best shown FIG. 4, is partially inserted into one of the holes 24
      associated with each tooth or tooth outline, shown in FIG. 2. The pin 28
      is provided with an annular collar or flange 30 which divides the shank of
      the pin into a long end or shank 32 which forms an extension or projection
      above the surface 18, as to become clear hereafter. The shank 32 is
      provided with a taper 34 to facilitate location as to be described.
PAR  On the other side of the annular collar or flange 30 is a short end or
      shank 36 whose length is selected to be approximately equal to the length
      of the holes 24. The free end of the shank 36 is provided with a chamber
      38 which facilitates insertion of the shank 36 into the hole 24. The
      diameter of the annular collar 30 is selected to be approximately equal to
      the diameter of the countersink 26, whereby the latter receives the
      annular collar 30 with little clearance therebetween. In the presently
      preferred embodiment, adhesive is provided between the collar 30, shank 36
      and the hole 24 which fixes the position of the pin 28 on the dental model
      10. The difference in length between the long and short shanks 32 and 36
      is not critical and the shanks may be equal or different in length, with
      different degrees of advantage. In the presently preferred embodiment, the
      pin 28, which is to be designated as a locating pin, is made from a
      noncorrosive material and may be made of any noncorrosive metal such as
      brass. Advantageously, the external surface of the long shank or extension
      32 is provided with a smooth finish to facilitate insertion of the shank
      32 into an aperture or opening to be described hereafter.
PAR  Referring to FIGS. 5-8 and FIG. 11, a tubular sleeve or bushing 44 is
      placed over the long extension or shank 32. The sleeve 44 is provided with
      an annular shoulder 46 at one free end thereof which is substantially
      planar and extends in a radial direction. Inside the annular shoulder 46
      is provided an annular collar 48 which is utilized to anchor the sleeve 44
      within a cast, as to be described hereafter. For reasons which will become
      more apparent from the description that follows, the sleeve 44 is provided
      with elongate external ribs 40 which extend in a longitudinal direction.
      In the presently preferred embodiment, the external ribs 50 extend only
      along a partial axial length of the sleeve. However, it should be clear,
      that the external ribs 50 can extend along the entire length of the
      sleeve.
PAR  Extending along the interior surface of the sleeve 44 are spaced internal
      ribs 52 which extend longitudinally of the sleeve. The internal ribs 52
      extend radially inwardly, together defining a cavity dimensioned to
      receive the shank 32 with small clearance therebetween. Advantageously,
      the sleeve 44 is made from a somewhat resilient material such as
      polyethylene. Any other suitable elastomeric material may be utilized for
      this purpose. In this manner, the shank 32 is slidably receivable within
      the sleeve 44 with slight frictional engagement therebetween. In this
      manner, the sleeve 44, while it can be placed onto and removed from the
      extension or shank 32 with facility does not undesirably freely move
      relative thereto.
PAR  When placing the sleeve 44 on the shank or extension 32, the end bearing
      the annular shoulder 46 is first placed over the pin so that the annular
      shoulder comes into abutment with the surface 18 when the sleeve 44 is
      lowered to the position shown in FIG. 10. In this position, the annular
      shoulder 46 abuts against the flat surface 18.
PAR  Referring to FIGS. 7 and 8, it will be noted that the annular shoulder 46
      is provided with a cutaway portion 53. In the presently preferred
      embodiment, the cutaway portion 53 permits the positioning of two sleeves
      44 adjacently to one another, where space limitations so require. Although
      the cutaway portion 53 is illustrative of the manner in which the sleeve
      44 can be modified to accommodate space limitations, other ways of cutting
      the sleeve 44 are also possible.
PAR  Referring to FIGS. 9-11, an alignment member 54 is shown which is disposed
      within the second hole 24 associated with a second point mark 20 within
      each tooth outline. Consequently, the two tooth marks 20 within each tooth
      outline shown in FIG. 2 define the positions of two holes 24 one of which
      receives a pin 28 while the other of the holes of each set receives an
      alignment member 54.
PAR  As best shown in FIGS. 9 and 10, the alignment member 54 comprises an
      alignment pin 56 provided with a chamfered shank 58 extending at the free
      end thereof, and a taper 60 at the other end thereof. Advantageously, the
      alignment pin 56 is provided with a taper 62 which increases in diameter
      from the region of the shank 58 to the taper 60. Further, the alignment
      pin 56 is provided with fins 64 which project radially as shown in the
      FIGS. 9 and 10. Although two fins 64 are shown in the presently preferred
      embodiment, any suitable number desired may be utilized.
PAR  Connected to the alignment pin 56 is a removable pin 66 provided with a
      taper 67 which tapers in an opposite sense as the taper 62. At the
      narrowed end of the taper 67 there is provided a steeper taper 68. The
      tapers 60 and 68 are connected to one another at a weakened portion 70
      which structurally forms the weakest portion of the alignment member 54.
PAR  At the enlarged end of the taper 67 there is provided an inverse taper
      forming a neck 72 from which extends a gripping portion 74 whose purpose
      will be described hereafter.
PAR  The pins 56 and 66 are configurated to be separated at the weakened portion
      70 as to be described.
PAR  Provided between the tapers 62 and the shank 58 is a cylindrical portion 75
      which is dimensioned to be received within the countersink 26 of a hole
      24.
PAR  As with the pin 28, the shank 58 of the alignment member 54 is inserted
      into one of the holes 24, lowering the cylindrical portion 75 within the
      countersink of the hole. In the presently preferred embodiment, any
      suitable adhesive is provided on the inner surface of the hole and on the
      shank 58 to retain the alignment member 54 in fixed relation on the dental
      model 10.
PAR  Advantageously, the alignment member 54 is integrally constructed and is
      made from a somewhat resilient material such as polyethylene.
PAR  An important feature of the present invention is that the length of the
      alignment pin 56, extending from the cylindrical portion 75 to the
      narrowest portion of the taper 60, is shorter than the length of the shank
      or extension 32. The reason for this different length will be described
      hereafter.
PAR  After the shanks 36 and 58 of a respective locating pin 28 and an alignment
      member 54 have been inserted into a pair of holes 24 within a respective
      tooth outline, with a bushing or sleeve 44 disposed over the pin 28 as
      shown in FIG. 11, a wax sheet 76, substantially parallel to the now
      horizontal flat surface 18, is disposed over the pin and alignment member
      as shown in FIG. 12. The wax sheet 76 is provided with apertures or holes
      which are adapted to receive the upper ends or portions of the pins and
      alignment members. By selecting the holes provided in the wax sheets 76
      sufficiently small, the wax sheets 76 can rest in the position shown on
      the upper free end of the sleeve 44 and on the neck 72 of the alignment
      members.
PAR  A further wax sheet 78 is disposed about the periphery of the surface 18 to
      form a dam or a substantially vertical wall which, together with the wax
      sheet 76, defines a substantially closed space 80. However, the wax sheet
      76 is selected to be somewhat smaller than the surface 18 to thereby
      provide at least one space 81 which provides access to the interior of the
      space 80.
PAR  To be noted in FIG. 12 is that both the alignment pin 56 as well as the
      removable pin 66 is enclosed within the space 80. In this manner, when a
      plaster or any other suitable material utilized for this purpose is poured
      into the space 80, as shown in FIG. 13, both the alignment pin as well as
      the removable pin is embedded within the plaster 82. The precise extent to
      which the removable pin 66 is embedded within the plaster base 82 is not
      critical for the purpose of the present invention. However, the gripping
      portion 74 should, in any event, extend beyond the plaster base 82 to
      permit gripping the same, for example, with human fingers. With respect to
      the pin 28 and the sleeve 44, the plaster base 82 is poured to fully embed
      the sleeve 44 but advantageously not to extend beyond. In this manner, the
      plaster 82 does not physically come into contact with the pin 28 and the
      pin 28 continues, when the model is fully assembled, to only slidably move
      or extend through the sleeve 44.
PAR  After the plaster 82 has hardened, the wax sheets or paper 76 and 78 can be
      removed as shown in FIG. 14. To prevent adhesion between the plaster or
      base cast 82 and the dental model 10, any suitable lubricant or other
      material utilized for this purpose may be provided on the surface 18 prior
      to the pouring of the plaster 82. In this manner, the base cast 82 can be
      removed or separated from the dental model 10 with great facility, as
      shown in FIG. 17.
PAR  Referring to FIGS. 14 and 15, the gripping portion 74 is gripped at this
      time, such as with one's fingers, and is twisted in one or the other
      direction about the axis generally defined by the alignment member 54, as
      suggested by the arrow 84. For the reason that the removable pin 66 is
      somewhat resilient, as well as because adhesion betweeen a smooth
      elastomeric surface and plaster is minimal, the removable pin 66 can be
      twisted and severed from the alignment pin 56 at the region portion 70.
      The fins 64, embedded in the base cast 82, prevent corresponding rotation
      of the alignment pin 56. The taper 67 of the removable pin 66 permits
      removal of the pin 66 from the base cast 82, as shown in FIG. 15. The
      opening or aperture 85 formed thereby exposes the now free end of the
      alignment pin 56. An important feature of the present invention is that
      while the alignment pin 56 is substantially shorter than the shank 32 and
      is shorter than the thickness of the base cast 82, the pin 56 is
      nevertheless accessible from the exterior of the base cast. The resulting
      passageway or aperture 85 in the base cast 82 permits the alignment pin to
      be externally reached for the purpose of applying pressures thereto when
      the dental model 10 is frozen or becomes inseparable from the base cast
      82. At such time, a long thin object can be disposed within the passageway
      85 and the aligment pin 56 can be gently tapped in the direction of the
      dental model 10. In this manner, the dental model 10 can be conveniently
      separated from the base cast 82. For the same reason, it will be noted
      that the shank 32 extends beyond the base cast 82. The purpose for this is
      to provide access to the pin 28 externally of the plaster cast 82 when the
      latter fully contains or receives the locating pin as shown in FIG. 15.
      With such construction, the dental model 10 can always be removed or
      separated from the base cast 82 without the need to apply direct tensil
      forces on the dental model 10 which may damage the latter.
PAR  After the locating pins 28 and alignment members 54 have been respectively
      inserted into each pair of holes associated with each tooth outline, cuts
      86 may be made in the dental model, as shown in FIG. 16. The cuts are made
      in any conventional manner to permit formation of individual segments
      88-91 each including a respective tooth 14-17. The cuts 86 may be made in
      any desired fashion. However, as suggested above, each resulting segments
      is to include one locating pin 28 and one alignment pin 56. A typical
      segment 10' is shown in FIGS. 17 and 18. In FIG. 17 and 10' is shown
      separated from the base cast 82. The aperture or tapered hole 92 is formed
      in the casting process by the alignment pin 56.
PAR  Removal of the segment 10' may be achieved, as suggested above, by gently
      applying pressure on the shank 32 which extends beyond the base cast 82.
      Such pressure is generally sufficient to separate the base cast from the
      segment. If necessary, a gentle pressure may be applied to the alignment
      pin 56 through the passageway or aperture 85 by any suitable implement.
PAR  The present construction of the dental model provides an extremely simple
      method of replacing the segments in their original aligned positions prior
      to removal or separation from the base cast. The procedure involves
      aligning the segment in essentially opposed relation to the associated
      portion of the base cast 82 as suggested in FIG. 17. The dental model
      segment 10' is advanced towards the base cast 82, the tapered end 34 first
      coming into contact with the base cast. Typically, prior to insertion of
      the shank 32 within the sleeve 44, due to possible error judgments in
      position, the tapered end 34 of the pin 28 initially contacts and slidably
      abuts against the annular shoulder 46 of the sleeve 44. In this manner,
      the annular shoulder 46 prevents damage to the plaster surrounding the
      sleeve 44 after repeated removals and replacements of the segments.
PAR  Location of the opening in the sleeve by the tapered end 34 of the pin 28
      is achieved by minipulating the segment 10' and moving the latter in
      abutting relation against the annular shoulder 46. Once the shank 32 has
      been received within the sleeve 44, the segment 10' has been located with
      respect to the base cast 82. Now, the segment 10' can be further moved
      towards the base cast 82 while the shank 32 is increasingly received
      within the sleeve 44. Advancement of the segment 10' towards the base cast
      82 continues in this manner to the extent permitted by the alignment 56.
      If the alignment pin 56 is directly or immediately received within the
      tapered hole 92, the segment 10' may be fully advanced to thereby bring
      the surface 18 into abutment with the base cast 82. On the other hand, if
      the segment 10' is angularly misaligned with respect to the base cast 82,
      the segment 10' must be turned about the axis of the shank 32 to bring the
      alignment 56 into alignment with the tapered hole 92. When this occurs,
      full advancement of the segment 10' towards the base cast 82 may be
      achieved. Clearly, alignment of the pins 28 and 56 into the sleeve 44 and
      taperered hole 92 respectively completely fixes the position and angular
      orientation of the segment 10' relative to the base cast 82. Once total
      advancement of the segment 10' is achieved relative to the base cast 82,
      as described above, the position of the segment 10' is fully defined and
      fixed in its original position.
PAR  The present construction, as described above, overcomes the disadvantages
      of the prior art. Firstly, the locating pin 28 and the alignment pin 56
      are tapered and only one of these pins must be received in an associated
      opening. This greatly facilitates location and alignment of the segments
      relative to the base cast. Additionally, the segments can be easily
      removed or separated from the base cast. When the pins become stuck in the
      base cast 82, for any reason, means are provided for separating the
      segments from the base cast without any danger to the dental model
      segment.
PAR  Numerous alterations of the structure herein disclosed will suggest
      themselves to those skilled in the art. However, it is to be understood
      that the present disclosure relates to a preferred embodiment of the
      invention which is for purposes of illustration only and is not to be
      construed as a limitation of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a dental model of teeth, wherein segments thereof may be individually
      removed and replaced in original positions, a first cast forming an
      impression of at least one tooth on one surface thereof and having a
      substantially flat surface in opposed relation to said one surface; and
      second cast provided with a substantially flat surface for abutting
      against said flat surface of said first cast; at least two pins embedded
      in said first cast each having different length projections extending
      beyond said flat surface of said first cast, said second cast being
      provided with openings in the flat surface thereof configurated to receive
      at least portions of said pins when said flat surfaces are in abutment
      against one another, whereby the pin with the longer projection is a
      locating pin which initially engages and locates a corresponding opening
      in said second cast and the pin with the shorter projection is an
      alignment pin which is received in a corresponding opening to align and
      fix the position of said first cast relative to said second cast.
NUM  2.
PAR  2. In a dental model as defined in claim 1, wherein said pin provided with
      the longer projection is substantially cylindrical and has a tapered free
      end.
NUM  3.
PAR  3. In a dental model as defined in claim 1, wherein said pin provided with
      the longer projection is made from a non-corrosive metal.
NUM  4.
PAR  4. In a dental model as defined in claim 1, wherein said shorter projection
      is conical with the apex thereof pointed away from said flat surface of
      said first cast.
NUM  5.
PAR  5. In a dental model as defined in claim 1, wherein said pin provided with
      the shorter projection is made from an elastomeric material.
NUM  6.
PAR  6. In a dental model as defined in claim 5, wherein said material is
      polyethylene.
NUM  7.
PAR  7. In a dental model as defined in claim 1, further comprising a sleeve
      embedded in said second cast configurated to receive said longer
      extension.
NUM  8.
PAR  8. In a dental model as defined in claim 7, wherein the axial length of
      said sleeves corresponds to the thickness of said second cast and is
      shorter than said longer extension, whereby said longer extension is
      received in and extends beyond said sleeve and said second cast when said
      flat surfaces are in abutment against one another.
NUM  9.
PAR  9. In a dental model as defined in claim 7, wherein said sleeve is provided
      with longitudinal ribs on the exterior surface thereof.
NUM  10.
PAR  10. In a dental model as defined in claim 7, wherein said sleeve is
      provided with longitudinal ribs on the interior surface thereof.
NUM  11.
PAR  11. In a dental model as defined in claim 7, wherein said sleeve is
      provided with an annular shoulder disposed and surrounding one end of said
      sleeve, whereby said longer extension may initially contact and slidably
      abut against said annular shoulder prior to be guided into said sleeve.
NUM  12.
PAR  12. A sleeve for receiving the shank of a pin embedded in a dental model,
      said sleeve comprising a tubular member having an axis, an annular
      shoulder disposed at and surrounding one end of said sleeve, whereby a
      shank of a pin may initially slidably abut against said annular shoulder
      when the latter is exposed prior to being guided into said sleeve, and
      longitudinal ribs extending at least along one of the interior and
      exterior surfaces of said sleeve.
NUM  13.
PAR  13. A sleeve as defined in claim 12, wherein said tubular member is made
      from an elastomeric material.
NUM  14.
PAR  14. A sleeve as defined on claim 13, wherein said material is polyethylene.
NUM  15.
PAR  15. A method of mounting pins on a dental model cast for removing and
      replacing the same in original positions on a base cast, and wherein one
      of said pins comprises two tapered portions connected to each other at a
      narrow weakened portion, the method comprising the steps of forming at
      least two openings in a flat surface of the dental model cast; inserting
      an end of a pin into a respective one of said openings; and embedding the
      other ends of the pins into a base cast having a thickness less than the
      lengths of said other ends of the pins to cause the latter to at least
      partially extend beyond the base cast when the latter abuts against said
      flat surface; and severing said tapered portions at said weakened portion
      by gripping one of the latter extending beyond said base cast when said
      casts are in abutment against each other and tearing the gripped tapered
      portion relative to the other tapered portion embedded in said dental
      model cast.
NUM  16.
PAR  16. A method as defined in claim 15, wherein said tearing step comprises
      twisting the gripped tapered portion about its axis relative to the
      tapered portion fixed in the dental model cast.
NUM  17.
PAR  17. An alignment member for aligning a dental model cast with a base cast,
      said alignment member comprising a pair of pins connected at a weakened
      line portion and tapered towards one another, whereby one of said pins has
      a portion thereof adapted to be fixed in the dental model cast and is
      receiveable in a tapered aperature in the base cast, the other of said
      pins being adapted to be embedded in and extend beyond the base cast to
      permit gripping the other of said pins and twisting the latter to separate
      the same from said one pin and provide a passageway in the base cast
      through which said one pin can be extremely reached, and longitudinal fin
      means being provided on said one of said pins for preventing rotation of
      the latter when embedded in the base cast.
NUM  18.
PAR  18. An alignment member as defined in claim 17, wherein said other of said
      pins includes a gripping portion which can be gripped to twist one pin
      relative to the other to separate said pins at said weakened portion.
NUM  19.
PAR  19. An alignment member as defined in claim 17, wherein said pins are made
      from an elastomeric material.
NUM  20.
PAR  20. An alignment member as defined in claim 19, wherein said material is
      polyethylene.
NUM  21.
PAR  21. An alignment member as defined in claim 17, wherein said one of said
      pins is provided with a shank receivable in a corresponding aperture in
      the dental model cast.
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ABST
PAL  A removably attachable orthodontic device for application to the face of a
      tooth and to which orthodontic apparatus may be secured and orthodontic
      forces applied to move and change the alignment of the tooth in the gum.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to orthodontic devices and, particularly, to means
      removably attachable to individual teeth permitting the application and
      transmission of applied forces to the teeth to urge them in one direction
      or another. In the past, it has been customary to band the individual
      teeth with soft tubular metallic material shaped generally to have a
      sliding fit over the tooth in question and to be cemented in place around
      the tooth. The bands are normally provided with suitable brackets attached
      to their outer surfaces for receiving and supporting arch wires passing
      over and along a row of teeth. The brackets may be shaped to accommodate
      and transmit forces applied by the wires in a desired direction and may
      include tabs or horns permitting the wires to be tied to the brackets and,
      thus, fastened to the bands and banded teeth.
PAR  Banding teeth to provide an anchorage or pad for or against which
      orthodontic force may be applied to the tooth has some disadvantages. It
      requires fashioning a sleeve or continuous band of soft metallic material
      to conform to the somewhat conical or tapered shape of a tooth. The front
      teeth, especially, generally have a substantially larger perimeter at
      their bases adjacent the gumline. The bands must be shaped to accommodate
      this difference in dimension. There is a natural tendency for the bands to
      slip off the teeth.
PAR  A further disadvantage to the orthodontic bands is that they require
      sufficient separation between the adjacent teeth to accommodate at least
      one and possibly two thicknesses of the banding material if adjacent teeth
      are both banded. Often, this requires stressing the teeth at relatively
      high levels in order to place the bands between them. Sometimes, teeth
      must be moved in some manner before the bands can be installed.
PAR  Finally, the banding material creates numerous and troublesome edges and
      even pockets in which material inimical to the health of the tooth enamel
      may collect.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  All the disadvantages of sleeves or bands employed in conventional
      orthodontic practice are overcome by this invention and the apparatus
      embodied in it. Briefly, the invention comprehends plates of suitable
      material upon which are fixedly mounted rests or brackets for receiving
      force-applying orthodontic apparatus such as arch wires. The plates are
      variously shaped to correspond generally to various tooth shapes. In the
      preferred embodiment, the plates are adapted, by a series of openings or
      perforations, to be firmly, yet easily, cemented onto a surface of the
      desired tooth. The conical or tapered shape of the teeth present no
      problem to the attachment of the plates. A space between adjacent teeth is
      not required to attach apparatus embodying this invention because no
      material is placed between adjacent teeth. Finally, the resulting
      combination of orthodontic apparatus is substantially, if not completely,
      free of edges and pockets for catching and detaining material deleterious
      to the tooth enamel. The plates comprehended by this invention are more
      easily applied and removed than the sleeve-type apparatus previously known
      so that superior results may be achieved with less effort and an economy
      of time advantageous to both dentist and patient.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of two preferred embodiments of the invention,
      one applied to each of two adjacent upper anterior teeth and together
      supporting a common arch wire;
PAR  FIG 2 is a section through one of the devices shown in FIG. 1, taken in the
      plane of line 2--2; and
PAR  FIG. 3 is a front elevation view of a modified form of a preferred
      embodiment applied to the face of a lower anterior tooth and with an arch
      wire shown in phantom.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  As shown in the drawings, the preferred embodiment of the orthodontic
      device comprising this invention consists of a plate portion 11 and a
      bracket portion 12 fixedly mounted on the plate.
PAR  Plate portion 11 preferably consissts consists a thin, stiff piece of sheet
      material having oppositely facing plain surfaces. One surface is intended
      to generally match the surface of the tooth to which the device is to be
      mounted. The opposite surface of plate portion 11 faces away from the
      tooth and provides the mounting area for bracket portion 12. The material
      should be stiff enough to resist yielding in the face of forces
      encountered in orthodontic duty, yet bendable under sufficient pressure to
      be shaped prior to installation to conform to the contour of a tooth
      surface. The shape and area of the device preferably generally match the
      particular tooth face upon which the device is to be mounted.
PAR  Successful embodiments of this invention have comprised plates made of
      stainless steel sheet material 0.006 inch thick.
PAR  The plate portion 11 is preferably provided with a plurality of openings
      extending between its oppositely facing plain surfaces. These openings
      appear clearly in FIG. 2. Openings 15 are preferably located in the
      marginal areas and spaced at least slightly away from the edge of plate
      11. In addition, it is desirable to have at least one opening 15 generally
      centrally located in the plate. The purpose and advantage of the
      above-described openings will be explained below.
PAR  As mentioned above and shown in the drawings, plate portion 11 of the
      orthodontic device embodying this invention serves as the mounting plate
      and means for supporting and securing the bracket portion 12 to the tooth.
      Bracket portion 12 preferably consists of a base portion 16 and a
      projecting portion 17 joined to and extending outwardly from the base
      portion. Projecting portion 17 is provided with a saddle 18 for receiving
      cooperating orthodontic apparatus such as an arch wire A. Projecting
      portion 17 is also provided with a pair of horns 19 located on opposite
      sides of the saddle and for use in tying and securing arch wire A in
      saddle 18 and in force-applying relationship with bracket portion 12 of
      the device.
PAR  As shown most clearly in FIGS. 1 and 3, a pair of bracket portions 12 is
      preferably used in combination. Each bracket is fixedly mounted with its
      base portion 16 in engagement with the outwardly facing plain surface of
      plate portion 11. If brackets 12 are metal, for instance, they may be
      welded to plate portion 11. The pair of brackets 12 is preferably located
      on plate portion 11 with projecting portions 17 in a parallel spaced apart
      relationship and with the saddles 18 of the two projecting portions 17 in
      alignment for the support and receipt of a common arch wire. The use of
      two brackets 12 in spaced apart relationship enhances the directional
      control able to be imparted by the arch wire and transmitted to the tooth.
      Also, in the space between the pair of brackets 12, an opening can be
      provided, the advantage of which will appear below.
PAR  The devices embodying this invention are removably attached to their
      respective teeth by cementing them in the manner now to be described.
      First of all, the surface of the tooth to which the device is to be
      cemented is polished with pumice to remove any organic material. Next, the
      tooth enamel is etched with phosphoric acid, producing a matte finish when
      dry. Next, suitable cement such as carboxylate cement is applied to the
      prepared surface of the tooth and to the matching plain surface of plate
      11. The cement will adhere to the surfaces involved, but is soft so that,
      when the plate portion is applied to the cement on the tooth, some of the
      cement is squeezed and extruded through openings 15 in the plate and flows
      outwardly over and onto the outwardly facing plain surface of the plate.
      After the plate has been properly positioned in this manner, it is allowed
      to stand undisturbed until the cement sets. In the case of carboxylate
      cement, this may be accomplished in about five minutes.
PAR  As is shown in the drawings, the device, when applied to the surface of a
      tooth in the manner described above, is held securely against the
      application of orthodontic forces by adhesion of the cement to the surface
      of plate portion 11 and the prepared surface of the tooth. In addition to
      this, the cement extends through openings 15 provided in plate portion 11
      like fingers extending from the tooth surface. The fingers of cement are
      formed into buttons 20 after they have passed through openings 15 in plate
      portion 11 so that the cement extends over onto the outwardly facing plain
      surface on plate portion 11, further securing the device to the tooth and
      against motion relative to it.
PAR  Although, in the drawings, arch wire A is shown as merely resting in
      saddles 18 in the brackets of the devices shown, it will be readily
      apparent that the wire A may be tied in place by looping it back and forth
      between and around horns 19 of the individual projecting portions of
      brackets 12.
PAR  When the devices are no longer needed, they may be easily chipped from the
      tooth without any harm to the tooth. In the meantime, the device has
      provided a fixed means for applying orthodontic forces to the movement
      and/or correction of alignment of the tooth with adjacent teeth. The
      device does not require any space between adjacent teeth and presents no
      spaces into which unwanted material, i.e. food, etc., may accumulate. In
      fact, a fillet of cement may be provided around the edge of plate portion
      11 and surfaces built that are free of sharpness and hiding places for
      food particles.
PAR  The openings 15 in plate portion 11 are provided in the marginal portion of
      the plate as shown in FIG. 1. A modified form of the preferred embodiment
      shown in FIG. 3 involves a plate portion somewhat taller than wide
      permitting a staggered double row of openings adjacent the upper and lower
      margins of the plate. The size and shape of the plate portion should
      generally match the surface area of the tooth to which it is to be applied
      and, in any event, should be no larger than the area so that it is not
      necessary for material to be extended into the space between adjacent
      teeth.
PAR  Openings 15 are preferably provided in the margins of plate 11 because this
      locates the extra holding power of the fingers of cement generally as far
      as possible from brackets 12 so they can most effectively resist tipping
      forces applied to plate 11 through brackets 12 by arch wire A. It is also
      desirable in order to preserve unimpaired adhesion to the tooth of the
      entire area of plate 11 to securely hold the central area of the plate as
      well as the marginal portions. This is nicely accomplished by locating at
      least a single opening 15 near the center of plate 11. The space between a
      pair of spaced apart brackets 12 is an advantageous place. This provides a
      holding finger of cement at the brackets. The brackets offer protection to
      the button at the end of the finger of cement.
PAR  Those skilled in the art will appreciate that various other changes and
      modifications can be made in the apparatus described herein without
      departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An orthodontic device removably attachable to a tooth for cooperative
      connection with orthodontic apparatus and for transmitting a force applied
      by the connected apparatus to the tooth, said device comprising
PA1  a thin plate of stiff, bendable sheet material having oppositely facing
      plain surfaces no larger than about the area of a tooth face, said
      bendable sheet material permitting said plate to be shaped generally to
      conform onen of said plain surfaces to a tooth surface,
PA1  a bracket fixedly mounted on the other of said plain surfaces of said plate
      for receiving and supporting and for attachment to cooperating
      force-applying orthodontic apparatus,
PA1  whereby suitable force is able to be effectively applied to a tooth through
      said device when said one of said plain surfaces of said plate is cemented
      to the tooth surface to which it generally conforms.
NUM  2.
PAR  2. The device according to claim 1 in which said plate is provided with a
      plurality of openings extending between its said oppositely facing plain
      surfaces for permitting fingers of cement to extend from the tooth face
      through the plate and onto said other of said plain surfaces of the plate
      in aid of holding said plate to the tooth.
NUM  3.
PAR  3. The device according to claim 2 in which said plurality of openings
      include openings through said plate adjacent its periphery.
NUM  4.
PAR  4. The device according to claim 3 in which said plurality of openings
      include at least one opening located substantially centrally of said plate
      and closely adjacent said bracket.
NUM  5.
PAR  5. The device according to claim 1 in which said bracket comprises a base
      portion adapted for overall engagement with said other of said plain
      surfaces of said plate and a projecting portion joined to and extending
      therefrom, said projecting portion having a saddle for receiving an arch
      wire and horns in aid of tying the arch wire into the saddle.
NUM  6.
PAR  6. The device according to claim 1 together with a second bracket also
      fixedly mounted on said plate to form with said bracket a cooperating
      pair, each of the brackets of said pair having a saddle for receiving an
      arch wire and having horns in aid of tying the arch wire into the saddle,
      said pair of brackets being fixedly mounted with their saddles spaced
      apart and aligned for receiving and attachment to a common arch wire.
NUM  7.
PAR  7. The device according to claim 1 together with a second bracket also
      fixedly mounted on said plate to form with said bracket a cooperating
      pair, each of the brackets of said pair comprising a base portion and a
      projecting portion joined to and extending therefrom, said projecting
      portion having a saddle for receiving an arch wire and horns in aid of
      tying the arch wire into the saddle and, said base portion having an area
      of surface larger than the area of junction with said projecting portion
      and adapted for overall engagement with said other of said plain surfaces
      of said plate, said pair of brackets being fixedly mounted with their
      projecting portions spaced apart and their saddles aligned for receiving
      and attachment to a common arch wire.
NUM  8.
PAR  8. The device according to claim 2 in which said bracket comprises a base
      portion and a projecting portion joined to and extending therefrom, said
      projecting portion having a saddle for receiving an arch wire and having
      horns in aid of tying the arch wire into the saddle, and said base portion
      having an area of surface larger than the area of junction with said
      projecting portion and adapted for overall engagement with an area of said
      other of said plain surfaces of said plate free of said openings.
NUM  9.
PAR  9. The device according to claim 2 together with a second bracket also
      fixedly mounted on said plate to form with said bracket a cooperating
      pair, each of the brackets of said pair having a saddle for receiving an
      arch wire and having horns in aid of tying the arch wire into the saddle,
      said pair of brackets being fixedly mounted with their saddles spaced
      apart and aligned for receiving and attachment to a common arch wire.
NUM  10.
PAR  10. The device according to claim 9 in which said brackets are spaced apart
      at least the diameter of one of said openings, one of said openings in
      said plate opening into the space between said brackets.
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ABST
PAL  The present invention relates to detection and measurement of wear in
      machines having relatively rotating housings and parts such as radially
      extending blades subject to wear which may exceed a critical degree, and
      in particular to the measurement and predetermination of wear and of
      conveyance capacity of a scroll type conveyor. The invention includes the
      use of a measuring device for measuring the distance between the radially
      outer edge of a portion of the conveyor blade and a reference point in the
      housing radially and longitudinally fixed with respect to the axis of the
      conveyor. This measurement is preferably taken at a predetermined first
      portion of the blade such that the measurement at said first portion is
      indicative of the wear and/or conveyance capacity of one or more other
      portions of the blade.
PARN
PAR  This is a division, of application Ser. No. 223,210, filed Feb. 4, 1972,
      and now U.S. Pat. No. 3,849,893.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to conveyors, detection and measurement of
      wear in machines having relatively rotating housings and parts such as
      radially extending blades subject to wear which may exceed a critical
      degree, and in particlar to scroll type conveyors in which one or more
      helical blades are carried by a shaft or the like and at least partially
      encased in a housing.
PAR  In order to convey a substance toward one end of the housing, the blade or
      blades may be rotated within the housing, or the housing may rotate about
      the blades, or the housing and blades may both rotate at different speeds
      so that there is relative rotative movement between the blade or blades
      and the housing.
PAR  The outermost edges of the blades of such conveyors wear with use, and
      while it is desirable to periodically check the degree of wear, this has
      hitherto necessitated the troublesome, time consuming, and sometimes
      inaccurate procedure of at least partially disassembling the machine and
      visually inspecting the blade. The present invention provides a measuring
      device which may be inserted into an aperture in the conveyor housing to
      measure the distance between the outer edge of the blade and a fixed
      reference point. A plug is used to stop the aperture when the conveyor is
      in operation.
PAR  Blade wear can thus be measured by stopping the machine, removing the plug,
      clearing a path through the adjacent bed of sediment, aligning the blade
      edge with the aperture, and inserting and operating the measuring device.
PAR  In some types of conveyors it might be possible to have a measuring device
      permanently mounted in the housing wall.
PAR  It is, therefore, an object of the present invention to provide a means and
      method of measuring wear of a conveyor blade while retaining the conveyor
      in assembled condition.
PAR  Such conveyors often have blade wear characteristics which vary along their
      lengths. A blade may exhibit considerable blade wear along a portion of
      high wear characteristics while the wear at a second portion of the same
      blade having low wear characteristics may be so slight as to be very
      difficult to measure. Yet this second portion of the blade may be of
      critical conveyance capacity, i.e. slight wear along this second portion
      may considerably reduce the connveyance capacity of the conveyor as a
      whole. The present inventor has found that, while wear and conveyance
      capacity vary along a blade's length, the wear at a first portion of the
      blade is usually related, so as to be indicative of, the wear and
      conveyance capacity of other portions. For instance, the wear at various
      portions may be mathematical functions of the wear at the first portion.
      If the measuring device of the invention is located adjacent a first
      portion of the blade, the measurement obtained there can be used to
      determine the wear at other portions. Preferably the measurement is taken
      at a first portion of high (and therefore easily measured) wear
      characteristics, and used to determine or predetermine the wear and/or
      conveyance capacity at a second, less easily measured portion.
PAR  It is therefore a further object of the present invention to provide a
      means and method for measuring wear at a first portion of a conveyor blade
      to determine wear and conveyance capacity at a second portion of the blade
      which may be less readily measurable.
PAR  A preferred embodiment of the invention includes a plurality of apertures
      in the conveyor housing for receiving a plurality of measuring devices.
      These apertures are equally spaced circumferentially of the housing at a
      predetermined location along its lengths. This arrangement maintains the
      balance which is needed, e.g. in centrifuges or other devices in which the
      housing rotates, and which might be disturbed by the use of a single
      aperture. In the case of a single blade conveyor, the provision of two or
      more apertures in the housing reduces the amount of rotation needed to
      align the blade edge with an aperture. In the case of a multiple lead
      blade, i.e. a plurality of parallel helical blades arranged about the same
      shaft, the number of apertures and measuring devices provided is
      preferably equal to the number of blades. Then when one blade edge is
      aligned with one aperture, the edges of the remaining blades will be
      aligned with the other apertures so that all the blades can be checked
      with the machine in a single position.
PAR  It is therefore a further object of the present invention to provide a
      plurality of measuring devices equispaced about a conveyor housing at a
      given location along the length of said housing.
DRWD
PAR  Other objects and advantages of the invention will be made evident by the
      following detailed description and drawings wherein:
PAR  FIG. 1 is a view, partly in section and partly in elevation of a
      centrifuge-conveyor representing a typical application for the invention.
PAR  FIG. 2 is a view, with parts broken away and parts in cross section, of the
      conveyor of the centrifuge of FIG. 1 and showing one embodiment of the
      measuring device in position for use.
PAR  FIG. 3 is a cross sectional view of the portion of the housing adapted for
      reception of the measuring device or the plug.
PAR  FIG. 4 is an elevational view of the plug of FIG. 1 on a larger scale with
      the O-ring shown in cross section.
PAR  FIG. 5 is a cross sectional view of the measuring device of FIG. 2 on a
      larger scale.
PAR  FIG. 6 is a cross sectional view of the tip of a conveyor blade.
PAR  FIG. 7 is a view partly in section and partly in elevation of a second
      embodiment of the invention.
DETD
PAR  Referring now to FIG. 1, a centrifuge (represented generally by the letter
      C) is shown which affords a typical application for the invention. The
      centrifuge comprises a conveyor 2 having a conical housing or bowl 4. A
      shaft 6 having a large diameter section 6a and a small diameter section 6b
      runs through the housing 4, and a pair of parallel helical blades 8 and 10
      are carried by the shaft 6. The term "helical" will be used herein to
      refer to any spiral blade whether its outer diameter is uniform or varying
      and whether or not the pitch is constant, and the term "parallel" will be
      used to refer to the blades of multiple lead conveyors regardless of
      variation in pitch.
PAR  The conveyor shaft 6 is suitably connected to an inner drive shaft 12,
      which is in turn connected to the output of the speed change gear assembly
      14, which has its input from the rear outer sleeve shaft 22, to which
      power is transmitted by the housing 4 from the front outer sleeve shaft
      26, which is driven by a motor belted to pulley 28. The housing 4 has
      integral flanges 16 and 18 at its ends. Flange 16 is connected by bolts 20
      to the integral flange of the rear outer sleeve shaft 22. Flange 18 is
      connected by bolts 24 to the integral flange of the front outer sleeve
      shaft 26, which is driven by pulley 28. A sleeve shaft 13 is secured to
      the large end of the conveyor 2 and is rotatably supported in the sleeve
      26 to support the large end of the conveyor. Inner drive shaft 12 is
      supported within rear outer sleeve shaft 22 by sleeve bearings inside
      shaft 22, and shafts 22 and 26 are supported by suitable bearings 30 and
      32.
PAR  In operation, a feed, such as a slurry or suspension having a liquid
      component and solid components, is introduced into the conveyor through
      feed ports 34 in the shaft 6. The housing 4 is rotated by pulley 28 and
      sleeve shaft 26 at a sufficient speed so that the feed will be thrown
      against the inner walls of the housing 4 by centrifugal force. At the same
      time the blades 8 and 10 are rotated by the gears 14 and drive shaft 12 at
      a different speed than that of the housing, e.g. the blades and shaft may
      make 79 revolutions per 80 revolutions of the housing. Thus there is
      relative rotative motion between the blades 8 and 10 and the housing 4
      which causes the blades 8 and 10 of the conveyor 2 to plow or to scrape
      solid particles toward the smaller end of housing 4 and the conveyor 2.
PAR  The feed 38 enters the conveyor shaft 6 through a pipe 36 and flows
      radially outwardly through feed ports 34 near the center of the conveyor.
      As the centrifuge rotates, at least the coarser solids are settled to the
      side walls of the housing 4, and a bed 40 of these solids builds up
      between these walls and the outer edges of the blades 8 and 10. The fluid
      component 42 tends to flow into the larger end of the conveyor, and out
      through fluid ports 44 in the front outer sleeve shaft 26. A relatively
      dry beach 46 thus forms at the smaller end of the conveyor 2. As more
      solid particles build up on top of the bed 40, the blades 8 and 10 push
      them toward the smaller end of the conveyor and out through solid ports 48
      in the housing 4.
PAR  Because the solids contained in the feed are often of an abrasive
      character, the edges of the blades become worn. Such wear reduces the
      conveyance capacity of the blades because the conveyance areas of the
      blades are reduced and a greater clearance is left between the housing 4
      and the edges of the blades 8 and 10. Thus more of the solids are left in
      the bed and less volume of solids can be conveyed toward the solid ports
      because the areas of the blades are reduced.
PAR  If blade wear progresses to an extreme degree, it is possible for the bed
      40 to become so thick at the region of maximum wear that it may form a dam
      and may interfere with the flow of the liquid toward the fluid discharge
      ports 44. When this happens, the dammed fluid may be forced out of the
      solids ports 48, which is an extremely undesirable consequence.
PAR  Blade wear is of further concern in connection with maintenance of the
      machine. As shown in FIG. 6, the tip 50 of a blade may be provided with
      hard surfacing 52. When the hardsurfacing is worn away from the outer edge
      53, the softer material in the tip 50 begins to wear. When this occurs,
      the blade is much harder to repair.
PAR  It is therefore highly desirable to make frequent checks of blade wear in
      order to determine or pre-determine when the blade needs to be changed or
      repaired either to increase conveyance capacity or to save the blade. This
      is much more easily done by means of the present invention which
      eliminates the need for disassembling the machine and makes possible
      measurements which are quire accurate.
PAR  Referring to FIGS. 1, 2, and 3, the housing 4 is adapted to receive either
      a measuring device or a plug. Housing 4 has a broad annular rim 54
      projecting circumferentially thereof from its outer surface with radial
      bores 55 extending through the housing 4 and rim 54. A cylindrical holder
      56 is mounted in the housing 4 within each of the bores 55 by suitable
      means such as welds 57. While it is possible to practice the invention by
      providing a single holder, it is preferable in a centrifuge or other
      machine requiring balance to provide a plurality of holders equally spaced
      circumferentially of the housing at a given location along its length,
      i.e. a given distance from one end of the housing. It is also preferable,
      where the conveyor has a plurality of blades, to make the number of
      holders equal to the number of blades. In the example shown, there are two
      blades 8 and 10. Blade 8 has an end 58 (dotted line) located 180.degree.
      about shaft 6 from end 60 of blade 10. This relationship is maintained
      throughout the lengths of the blades since they are parallel. Therefore,
      when one of these blades has its outer edge aligned with one of the two
      holders 56, the other blade will have its edge aligned with the other
      holder 56 since holders 56 are located at 180.degree. about the housing
      from each other.
PAR  Each holder 56 has a central aperture 62 having a threaded portion 64
      located radially outermost with respect to the conveyor and a smooth inner
      portion 66 of smaller internal diameter than portion 64 and located
      radially innermost with respect to the conveyor. A shoulder 68 is located
      between portions 64 and 66. Shoulder 68 can be parallel to the conveyor
      axis as shown, or it can be parallel to the housing 4 or disposed at any
      other angle to the conveyor axis so that a measurement taken normal to
      shoulder 68 will be proportional to the distance from the blade edge to
      the housing normal to the housing. When the centrifuge is in use, plugs 74
      stop the apertures 62. Each plug 74 has a large externally threaded end 70
      for engagement in portion 64 of aperture 62, a small smooth end 72 for
      engagement in portion 66, and a shoulder 73 for engagement with shoulder
      68. An Allen wrench socket 71 is provided in large end 70 to accommodate
      an Allen wrench for screwing plug 74 into or out of holder 56. A resilient
      annular O-ring 69 is placed in an annular groove 67 in small end 72 for
      forming a seal. When suitable housing materials and other housing strength
      requirements can be met, the geometry of the internal shape of holders 56
      can be machined into the parent metal of the housing 4 and broad rim 54 so
      that separate holders are not needed.
PAR  When a blade wear measurement is desired, the feed through pipe 36 is shut
      off. The conveyor continues to run for a time in order to clear out most
      of the liquid and solids therein and is sometimes flushed with a clean
      fluid. The machine is then stopped and the plugs 74 are removed. The bed
      40 (FIG. 2) of solids usually remains between the edges of the blades 8
      and 10 and the housing 4. Paths are cleared through the bed 40 directly
      beneath the apertures 62. The shaft 6 is then rotated until the outer
      edges of the blades are aligned with the apertures 62. A measuring device
      82 is inserted in each of the apertures 62.
PAR  Each measuring device 82 comprises a carrier 84 with a central bore 86. The
      carrier 84 has an upper portion 88 which is externally threaded, a short
      mid portion 90 whose external diameter is slightly less than that of upper
      portion 88, and a lower portion 92 of even smaller external diameter than
      that of mid portion 90. An elongated cylindrical probe 94 is slidably
      carried in the central bore 86. Probe 94 is of uniform diameter throughout
      its length except for a wide section 96. A scale is provided near the
      upper end of probe 94, and the lower end may be provided with
      hardsurfacing 85. The central bore 86 of carrier 84 is of uniform internal
      diameter, greater than the diameter of wide section 96 of probe 94,
      throughout portions 88 and 90 and part of portion 92. At the lower end 87
      of carrier 84 in portion 92 the internal diameter of bore 86 is reduced so
      that it is less than the diameter of wide section 96 but larger than that
      of the other parts of probe 94. An internal shoulder 89 is thus formed in
      bore 86 which cooperates with wide section 96 to limit radially inward
      movement of probe 94. The measuring device 82 also includes an annular cap
      91 having an upper portion 93 whose internal diameter is less than the
      width of wide portion 96 but greater than that of the other parts of probe
      94. The lower portion 95 of cap 91 is of much larger internal diameter
      than portion 93 and is internally threaded so that it can be screwed onto
      portion 88 of carrier 84 after probe 94 has been inserted therein. A
      shoulder 97 formed between portions 93 and 95 of cap 91 cooperates with
      wide section 96 of probe 94 to limit outward movement of probe 94. The
      straight upper surface 98 of cap 91 provides a reference line against
      which scale 83 can be read.
PAR  When the measuring device 82 inserted in aperture 62, the lower edge 99 of
      carrier 84 rests on shoulder 68. The probe 94 is usually sufficient to
      clear its own path through bed 40 particularly if its lower end is hard
      surfaced as at 85 so that it will not become worn and produce inaccurate
      measurements. When the probe 94 is pushed into the conveyor, it contacts
      the edge of blade 8 or 10. The scale 83 can then be read with respect to
      upper surface 98 of cap 91. The reading obtained will be indicative of the
      distance between the blade edge and a reference point in the housing 4,
      such as the shoulder 68, which is radially and longitudinally fixed with
      respect to the conveyor axis. The reading obtained can be compared with a
      similar reading taken when the blade was new (or some other suitable norm)
      to determine blade wear. If desired, the scale 83 can be designed to
      indicate the actual amount of blade wear between successive measurements.
      To again illustrate a preferred embodiment, FIG. 5 shows that when wide
      section 96 of probe 94 is resting on shoulder 89 of carrier 84, the top
      line 101 of scale 83 is aligned with edge 98 of cap 91. Thus line 101
      represents the greatest possible extension of probe 94 into the conveyor,
      and the device 82 can be designed so that line 101 represents the greatest
      amount of wear tolerable before the blades must be repaired.
PAR  It is highly desirable, in producing a number of machines, to arrange the
      shoulder or shoulders 68 in each machine at given distances from the end
      of the conveyor and from the conveyor axis and at a given angle with
      respect to that axis so that measurements taken in the various machines
      will be standarized regardless of variations in the individual housings.
PAR  In conveyors of the type shown in FIGS. 1 and 2, the conveyance capacity of
      the entire conveyor is usually dependent on the capacity of, and therefore
      the amount of wear at, portions 100, 102 of the blades nearest the smaller
      end of the conveyor. Often a slight amount of wear at these portions 100,
      102 can greatly reduce the conveyance capacity of the conveyor as a whole,
      and such a slight amount of wear is often not easily or accurately
      measurable with simple gauge means such as the measuring device 82 and the
      cooperating features of the housing 4. However, the present inventor has
      found that, in many types of conveyors in which conveyance capacity
      criticality varies over the blade length, blade wear and wear rate also
      vary over blade length. If the blade wear at a first blade portion can be
      related as by mathematical functions to wear, rate of wear, and conveyance
      capacity at other portions of the blade, a blade wear measurement can be
      taken at the first portion and used to determine amount of wear, rate of
      wear, or conveyance capacity at one or more other portions, and in
      particular, a blade wear measurement can be taken at a first portion of
      high (and therefore easily measured) wear characteristics and be used to
      determine blade wear at any other portion as well as conveyance capacity
      at that portion at which conveyance capacity is critical but at which wear
      characteristics are low and therefore difficult to measure.
PAR  For example, in the type of conveyor shown in FIGS. 1 and 2 in which the
      outer diameter of the blade varies so as to fit a conical housing, and in
      which feed enters near the center of the conveyor with liquid traveling
      toward the larger end and solids toward the smaller end, it has been found
      that while portions 100, 102 of blades 8, 10 have high conveyance capacity
      criticality and low wear characteristics portions 104, 106 have high wear
      and low conveyance capacity criticality characteristics. Portions 104, 106
      wear rapidly compared to other blade portions, and while this wear is not
      usually critical to conveyance capacity of the machine, it is critical to
      the life of the blades.
PAR  One wishing to produce a particular conveyor of this type can determine
      empirically the rates of wear, relative degrees of wear, amounts of wear
      critical to conveyance capacity, etc. for the various portions of the
      blades. These values can be related by formulae, curves, charts, graphs,
      or the like. Then when measurements are taken at portions 104, 106 where
      wear is easily measured, they can be used to determine wear, conveyance
      capacity, etc. at portions 100, 102 or any other desired portions. Thus by
      a single measurement or set of measurements, depending on the number of
      gauge means employed, one could: (a) determine whether the wear at
      portions 100, 102 had become sufficient to seriously impair conveyance
      capacity; (b) determine whether wear at portions 104, 106 had become
      sufficient to seriously threaten the life of the blade; (c) determine the
      amount of wear which had occurred at any given portion of the blade. It
      would also be possible, by means of periodic measurements, to
      pre-determine the time at which the blades 8, 10 would need repair either
      to save the blade or to increase conveyance capacity of the machine or to
      prevent the formation of a dam of solids in the bed. All of these things
      could be done without disassembling the conveyor. Thus the wear gauge
      means would be of value to a user who wished to maintain high conveyance
      capacity as well as to one responsible for maintenance of the machine and
      desirous of preventing excessive blade wear.
PAR  The measuring device of FIGS. 2 and 5 is considered particularly suitable
      for centrifuge conveyors. However, many other types are possible, and in
      other types of machines other types of measuring devices might be
      preferable. It is only necessary that the measuring device permit one to
      determine the distance from the blade edge at a given portion of the blade
      length to a fixed reference point without disassembling the machine. For
      instance, an electronic device could be used which could utilize magnetic
      flux and electrical current to measure the width of the gap between the
      housing and blade, the gap being either more or less conductive than the
      housing and blade.
PAR  In some types of conveyors, certainly in those having non-rotating
      housings, it could be sufficient to provide only one holder and measuring
      device, particularly if the conveyor had but a single blade. However, even
      in single blade conveyors with nonrotating housings there is an advantage
      to the use of several gauges: after the machine is stopped, it might have
      to be rotated manually in order to align the blade edge with the aperture;
      if several apertures are provided, less turning of the blade is necessary
      to align the blade edge with at least one of them.
PAR  A further modification might involve a measuring device permanently mounted
      in the housing of a suitable type of machinery. For instance, as shown in
      FIG. 7, a housing 108 is provided with an aperture 110 and an outwardly
      projecting member 112 at the edge of aperture 110. A measuring device 114
      is slidably mounted in aperture 110. Measuring device 114 comprises a
      vertically elongated slide 116. At the inner end of slide 116 is a
      horizontally elongated shoe 118 of sufficient length so that some part
      thereof is always aligned with the outer edge of a blade 120. At the outer
      end of slide 116 is a shoulder 122. A tension spring 124 engages housing
      108 and shoulder 122 to bias measuring device 114 outwardly. To take a
      blade wear measurement, measuring device 114 is pushed inwardly until shoe
      118 contacts blade 120; a scale 126 on the slide 116 can then be read with
      reference to outer edge 128 of member 112.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a scroll type conveyor for conveying solids, said conveyor having a
      helical blade, a housing at least partially encasing said blade and with
      respect to which said blade has relative rotation, and means defining a
      feed inlet to said housing and a solids outlet in said housing, said blade
      having wear characteristics which vary along its length and including a
      first wear portion and a second wear portion, said first portion having
      high wear characteristics relative to said second portion, said first
      portion being closer to said feed inlet than said second portion, and said
      second portion being closer to said solids outlet than said first portion,
      the combination of wear gauge means for measuring wear of said blade, said
      wear gauge means comprising a measuring device in the wall of said housing
      at a location along the length of said wall which is generally aligned
      with said first portion of said blade, said measuring device being
      operable cooperatively with said blade and said housing to measure the
      distance between a reference point radially and longitudinally fixed with
      respect to the axis of said blade and the radially outer edge of said
      first portion of said blade, and wherein the amount of wear of said first
      portion of said blade is so related to the amount of wear of said second
      portion of said blade that the amount of wear of said first portion is
      indicative of the amount of wear of said second portion.
NUM  2.
PAR  2. The combination of claim 1 wherein said housing has an aperture in said
      wall at said location and said measuring device is insertable into and
      removable from said aperture and replaceable by a plug; wherein said
      measuring device comprises a tubular member insertable into said aperture,
      and a scaled probe slidably carried by said tubular member and having a
      lower surface engagable with said outer edge of said blade; and wherein
      said housing has a stop means in said aperture limiting movement of said
      tubular member into said housing and positioning it relative to said
      housing.
NUM  3.
PAR  3. The combination of claim 2 wherein said tubular member has an index
      cooperable with the scale of said probe for indicating the position of
      said probe relative to said tubular member and retaining means for
      preventing said probe from falling into said housing.
NUM  4.
PAR  4. The combination of claim 1 wherein said conveyor has a plurality of such
      blades, said blades being parallel, and said wear gauge means including a
      plurality of said measuring devices equal to the number of said blades and
      equally spaced circumferentially of said wall at said location along the
      length of said wall so that when one of said blades is aligned with one or
      said measuring devices, each of the remaining blades is aligned with one
      of the remaining measuring devices.
NUM  5.
PAR  5. The combination of claim 4 wherein said housing has a plurality of
      apertures equal to the number of said blades and equally spaced
      circumferentially of said wall at said location; and wherein said
      measuring devices are insertable into and removable from said apertures
      and replaceable by a plurality of plugs equal to the number of said
      blades.
NUM  6.
PAR  6. The combination of claim 1 wherein the outer peripheral configurations
      of said blade and said housing are generally conical and wherein said
      second portion of said blade is near a small end of said blade.
NUM  7.
PAR  7. The combination of claim 1 wherein said feed inlet is adjacent, the
      longitudinal mid-portion of said blade.
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ABST
PAL  A dressmaker's pattern kit and method for making a garment of wearing
      apparel decorated with selected portions of lace and the like decorative
      material appliqued to the garment before assembly of the garment. The
      pattern kit includes a pattern sheet imprinted with an image of strip lace
      or the like decorative material with severance lines clearly marked
      thereon to guide the seamstress in cutting the lace into individual
      components. Likewise the pattern components for the garment are imprinted
      with identified and clearly outlined components of the lace to guide the
      seamstress in pinning the lace to the garment material preparatory to
      appliqueing the same in place. Additionally, the kit may include a strip
      of the uncut lace as well as a set of applique accessories a selected one
      of which is attachable to a sewing machine in lieu of the usual pressure
      foot.
BSUM
PAR  This invention relates to dressmaking patterns, and more particularly to an
      improved pattern kit and to a method of making a designer's "original"
      garment, such as an original wedding gown.
PAR  A garment of wearing apparel designated in dressmaking circles as a
      designer's original, is characterized primarily by the type and unique
      arrangement of its decorative components.
PAR  These components are cut out from a continuous length of lace yardage and
      include both those individually appliqued to a garment as well as those
      used in combination in a selected array involving the artistic talents of
      the designer. By this technique a selected length of lace can be used
      advantageously to form a great many distinctive and different designs as
      well as a variety of different arrangements of these designs on any
      selected garment pattern.
PAR  Prior to this invention there has been no feasible way in which the average
      seamstress could make a garment of unique design utilizing the artistic
      talents of a skilled custom designer.
PAR  This deficiency in the dressmaking art is surmounted by the present
      invention which provides a simple inexpensive technique of preparing
      patterns, instructions and easily followed procedures by which an ordinary
      seamstress can separate lace yardage into the required number and shape of
      components, assemble these by pinning in a unique array in particular
      areas of a garment, and then proceed to applique them to the garment. To
      this end there is provided by this invention a dressmaker's pattern kit
      having three specially prepared parts. A first part includes a continuous
      pattern sheet having the individual pattern components appropriately
      imprinted thereon to make the most economical use of the material yardage.
      Preferably the yardage is folded along its longitudinal center line and
      the pattern sheet is firmly pinned in place thereover with a designated
      edge of the pattern coinciding with the fold in the yardage. Imprinted on
      the pattern is an image of all those lace components lying within the
      confines of the pattern components with each lace image outlined and
      identified with a distinctive designator.
PAR  A second part of the pattern comprises a continuous strip having imprinted
      thereon an image of the lace yardage and including heavy lines outlining
      individual lace components as well as identifying designators
      corresponding to the same designators appearing on the parts of the
      garment pattern. This second pattern strip is pinned in precise registry
      beneath the actual lace yardage to guide the seamstress in separating the
      lace into individual components by severing it along the guide lines
      provided on the pattern sheet imprinted with the image of the lace. The
      lace pattern also includes instructions for keeping related components of
      the lace grouped together until ready for assembly and tacking to the
      garment components.
PAR  The third pattern part comprises one or more pinning guides for the
      guidance of the seamstress in assembling those decorative arrays of lace
      which extend across garment seams or project beyond the margin of the
      garment such as the lace bordering the hem, the collar, the cuffs, etc.
PAR  The required amount of lace yardage may be packaged along with the pattern
      or it may be acquired separately from bulk supplies. The pattern kit also
      preferably includes one or more special applique accessories attachable to
      the base end of a sewing machine pressure bar in lieu of the pressure foot
      accessory commonly used on the machine for normal sewing purposes. The
      applique pressure foot accessories are specially designed to expedite and
      facilitate appliqueing the lace to the garment. Each of the applique
      accessories is designed for attachment to a particular make of sewing
      machine and all are included as a part of the pattern kit in order that
      the purchaser, when buying the pattern kit, may be assured that a selected
      one of the accessories is suitable for use on her sewing machine.
PAR  Accordingly, it is a primary object of this invention to provide a unique
      dressmaker's pattern kit and method usable by the ordinary seamstress in
      making a designer's original garment of wearing apparel.
PAR  Another object of the invention is the provision of a unique method and kit
      of components utilizing a simple procedure and mode of making garments of
      wearing apparel decorated with a customized array of lace assembled from a
      plurality of portions cut from lace yardage and appliqued to selected
      areas of the garment.
PAR  Another object of the invention is the provision of a dressmaker's pattern
      including a pattern component imprinted with an image of a particular
      design of lace yardage with different areas thereof outlined and
      distinctively identified for the guidance of a seamstress in separating
      the lace into individual components adapted to be assembled and appliqued
      to garment material in a particular decorative array.
PAR  Another object of the invention is the provision of a pinning guide pattern
      for the guidance of a seamstress in assembling a plurality of lace cutouts
      for appliqueing to a garment in areas overlying seams or extending beyond
      marginal edges of the garment.
PAR  These and other more specific objects will appear upon reading the
      following specification and claims and upon considering in connection
      therewith the attached drawing to which they relate.
DRWD
PAR  Referring now to the drawing in which a preferred embodiment of the
      invention is illustrated:
PAR  FIG. 1 is a perspective view showing equipment and technique utilized in
      preparing master prints subsequently utilized in making duplicate portions
      of the pattern kit in accordance with principles of this invention;
PAR  FIG. 2 is a perspective view illustrating the manner in which the
      seamstress utilizes the three principal parts of the pattern kit;
PAR  FIG. 3 is a perspective view of a typical sewing machine pressure bar
      equipped with one of the applique pressure feet;
PAR  FIGS. 4, 5 and 6 are side elevational views of three different applique
      pressure foot accessories included in the invention pattern kit and each
      designed for use on a sewing machine of a different manufacturer.
DETD
PAR  Referring initially more particularly to FIG. 1, there is shown apparatus
      suitable for use in preparing the master components employed in making
      duplicate pattern components utilizing the principles of this invention.
      This apparatus, designated generally 10, comprises a large area table 11.
      The master copy of the garment pattern is prepared by arranging each
      element 12, 13 etc. of the pattern on a photosensitive sheet of
      transparent film material 14, care being exercised to place each of the
      pattern elements in the best position to make most economical use of the
      garment material. It will be understood that certain pattern elements, as
      element 12, represent only half of that particular element, the
      longitudinal center line 15 of that half being superimposed directly upon
      the left hand margin line 16 of the master. Another skirt element 13 is
      generally trapezoidal in shape and the entire portion of that element is
      shown and will be reproduced on the master when the sensitized material of
      that strip is exposed to strong light in the manner to be explained
      presently. It will be understood that each pattern element is placed upon
      the photosensitive master 14 in the proper position for that element to be
      cut from the fabric with the warp and weft threads extending in the most
      advantageous direction for that particular garment component.
PAR  At least certain pattern elements include heavy line outlines of each
      decorative lace component or array along with identifying symbols and
      other instructive material useful to the dressmaker in identifying and
      properly locating that lace component or array on the garment before
      appliqueing it in place thereon. For example, referring to the skirt
      element 12 in FIG. 1, it will be noted that there are irregular closed
      loop outlines appearing thereon each marked centrally thereof with the
      identifying symbols 1, 2, 3, and 4 whereas pattern element 13 bears a
      single heavy line outline of a decorative component identified as 5. These
      outlines and the identifying symbols and any other instructions will be
      reproduced on master 14 and later imprinted upon duplicate pattern parts
      of the pattern kit. These outlines and symbols are visible through the
      garment material when flush against the back side thereof and are used by
      the seamstress as a guide in the proper orientation, location and pinning
      of the respective lace cutouts to the garment prior to being appliqued
      thereto.
PAR  The middle strip 20 on table 11 is the photosensitive transparent film
      sheet on which an image of lace yardage 21 is imprinted. Strip 20
      corresponds in length with the amount of lace yardage required to decorate
      the particular garment being made from the garment pattern. Initially, a
      master is made only of the lace yardage without indicia or division lines
      between the individual decorative elements to be used in decorating the
      garment. In completing the master film 20, each lace cutout is outlined in
      a heavy line closed loop and suitably identified by numbers or symbols
      corresponding to those within the similarly shaped lace images on the
      garment pattern. For example, lace elements designated 1 and 2 in the
      middle strip of FIG. 2 identify the portions of the lace image to be cut
      from the lace and appliqued to the similarly identified areas of the skirt
      material.
PAR  The third photosensitive sheet 25 is used in preparing a master of each of
      the "pinning" components and used in making pattern parts to guide the
      seamstress in assembling those lace arrays which overlap seams or garment
      edges. In those instances, a master is made of the component or components
      to which an array of lace is to be appliqued, such as the skirt hemline
      sector 26, by first superimposing on the photosensitive master 25 an image
      of the array of lace elements 6, 7, 8, etc. The dotted line 27 underlying
      the lace represents the marginal edge of the skirt hem and serves as a
      guide for the seamstress in tacking the array of lace to the hem edge of
      the skirt material.
PAR  After the three masters 14, 20 and 25 have been prepared they are exposed
      to strong light to imprint an image of the pattern elements and of the
      lace and other indicia on each of the three masters. This imprinting is
      accomplished in any suitable manner well known to persons skilled in this
      art, such as by rolling the bank of strong lamps 30, 30 along the length
      of table 11. These lamps are supported in an enclosure 31 open only on its
      underside and supported at its opposite ends on rollers 32. One of rollers
      32 comprises a traction roller driven by motor 33. Since the technique for
      producing master images of the various elements described above is well
      known and not a part of this invention, it will be unnecessary to describe
      this equipment in greater detail.
PAR  The masters 14, 20 and 25 of the three principal parts of the dressmaker's
      kit having been processed in the manner described above, any desired
      number of duplicate pattern copies are made from each by well known
      duplicating techniques, the prints being made on thin transparent or
      semi-transparent pattern paper in accordance with customary practice.
      These three pattern parts are customarily reproduced on separate
      continuous strips of pattern paper and are shown in FIG. 2 and there
      identified as pattern kit parts 14', 20' and 25'.
PAR  In proceeding to use the pattern kit, the seamstress folds a continuous
      strip of the garment material 42 along its longitudinal center line 43 and
      lays it in smooth out-stretched condition on table 40 as shown in FIG. 2.
      Pattern part 14' is then unfolded and superimposed on the folded garment
      material, care being exercised that line 16' along one marginal edge of
      the pattern is superimposed directly over fold 43 of the material 42.
      Pattern 14' having been accurately positioned on the material as just
      described, the seamstress proceeds to pin each component of the pattern to
      the material at various points to avoid risk of the pattern moving out of
      position as cutting proceeds and to insure that each pattern part remains
      attached to the corresponding cutout from material 42. She then cuts each
      component of the material out along the indicated marginal edges of the
      pattern until all components have been cut out. The severed parts of the
      pattern are left attached to the material and laid aside.
PAR  The seamstress next proceeds to cut out the individual elements of the
      decorative lace yardage 21. This is done by first laying the lace pattern
      20' on table 40 following which yardage 21 is superimposed thereon in
      accurate registry with the image on pattern part 20'. These two parts are
      then pinned together in the same manner described previously following
      which the seamstress cuts out each element of the lace with the
      corresponding part of the pattern cutout pinned to it, the heavy outlines
      of the lace elements being clearly visible through the lace. These cutouts
      are carefully laid aside in order and with certain of the elements grouped
      and either pinned together or placed in separate transparent bags or
      envelopes for convenience in later locating them for assembly.
PAR  The garment components are sewn together in the usual way following which
      the decorative lace elements are pinned or tacked to the garment in the
      areas represented by an image of that lace element on the first pattern
      part. For example, when proceeding to assemble the lace elements
      identified as 1, 2, 3 and 4 on skirt gore 12' (FIG. 2), the seamstress
      first locates these four lace elements or cutouts and then proceeds to pin
      them in place in the areas and in the oriented positions identified on the
      skirt gore in the areas clearly identified on the pattern part 12' for
      this sector of the skirt. It will be noted that lace elements 1 and 2 are
      appliqued to spaced apart areas of the garment whereas the elements marked
      3 and 4 are appliqued to adjacent areas of the garment to form a typical
      composite decorative array.
PAR  Other areas of the dress or garment are decorated with one or more lace
      element arrays as, for example, those which extend across seams or
      portions of which extend beyond the marginal edges of some part of the
      dress. The elements of these arrays are first assembled by using the
      pinning guide 25 made from the master 26. Pinning guide 25' is
      outstretched on the table top following which the individual lace elements
      6, 7, 8 etc., used in forming that decorative array are assembled in
      registry with the correspondingly designated portions of the pinning
      guide. It will be understood that the individual lace elements have their
      adjacent marginal edges overlapping for a short distance in order that
      these overlapped areas can be temporarily pinned together by pins, not
      shown. It will be noted that the lace elements are assembled and pinned
      together with one edge of the array projecting beyond the uppermost curved
      edge of the hemline represented by the arcuate strip 26' on guide 25'. It
      will be understood that the lace elements are pinned only to one another
      and not to the pinning guide, the latter being used merely to aid the
      seamstress in the assembly of the array and in making certain that the
      elements thereof are assembled correctly to the garment and in the proper
      sequence. The completed assembly of lace elements is now ready to be
      placed in the designated place on the face of the garment and to the
      garment material thereto in readiness for appliqueing.
PAR  Referring to FIGS. 3-6, there are shown examples of the applique foot
      accessory each attachable to a sewing machine of particular manufacture in
      lieu of the customary pressure foot normally used on that machine. FIGS. 3
      and 4 show one embodiment of the applique pressure foot whereas FIGS. 5
      and 6 show slightly different species for use on the pressure bar of other
      sewing machines.
PAR  Each applique foot is preferably molded in one piece from high-strength
      transparent plastic material and is characterized by having a minimum
      surface area in contact with the lace while being appliqued to the
      garment. The surface in contact with the lace is preferably adjusted to a
      height above the sewing machine feed dogs such that the feed dogs are
      rendered generally ineffective to feed the material past the needle but
      instead leave the material free to be shifted horizontally by the operator
      past the needle point, in any direction.
PAR  Each of the applique pressure accessories 48 has an upright generally
      tubular mounting shank 49 integral with a small area generally-circular
      guard pad 50 provided with an aperture 51 having ample clearance with the
      needle 52. This needle is of course mounted at the lower end of the needle
      bar 53 and held in place by the thumb nut 54. Shank 49 is provided with a
      deep slot 55 accommodating the shank of the clamping thumb nut 56 mounted
      in the lower end of the pressure bar 57. Slot 55 is deep enough to permit
      insertion of accessory 48 upwardly along the lower end of pressure bar 57
      to a level accommodating a relatively thick piece of material and lace to
      be appliqued thereto while leaving this material free for horizontal
      movement beneath the accessory. If thinner material is to be appliqued the
      accessory may be adjusted to an appropriate lower level by loosening thumb
      nut 56 and then retightening it to anchor the accessory in the desired
      position.
PAR  The accessory shown in FIGS. 5 and 6 is similar in design and purpose to
      the accessory just described but the mounting shank of each is designed
      for mounting on the pressure bar of a different style sewing machine.
PAR  While the particular dressmaker's pattern kit and method of making a
      garment herein shown and disclosed in detail is fully capable of attaining
      the objects and providing the advantages hereinbefore stated, it is to be
      understood that it is merely illustrative of the presently preferred
      embodiment of the invention and that no limitations are intended to the
      detail of construction or design herein shown other than as defined in the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A by the numbers dressmaker's pattern kit for use in making a garment
      with customized components of decorative lace appliqued thereto, said kit
      including:
PA1  a garment pattern having imprinted thereon outline guides for cutting
      garment yardage into individual components of a garment, certain of which
      outline guides have imprinted thereon irregularly contoured decorative
      images of at least one lace component of selected size and shape to be
      appliqued to the face of said garment components, said images each being
      imprinted with a distinctive identifying symbol;
PA1  a decorative lace pattern having imprinted thereon an image of an
      outstretched unfolded single layer of decorative lace yardage of a
      selected design and a plurality of closed loop guides superimposed on said
      lace pattern for subdividing said pattern into areas spaced crosswise and
      lengthwise thereof and for subdividing said lace yardage into a
      multiplicity of separate irregularly contoured decorative lace components,
      each of said closed loop guides being imprinted with an identifying symbol
      matching a respective symbol of said image of said garment pattern;
PA1  wherein said garment pattern outline guides are used to cut out garment
      components, said plurality of closed loop guides of said decorative lace
      pattern is used to cut out lace components and said lace components are
      appliqued to said garment components by using said images of said garment
      pattern as a guide.
NUM  2.
PAR  2. A dressmaker's pattern kit as defined in claim 1 further including a
      pinning guide pattern having imprinted thereon an outline of at least are
      garment component and including images of a plurality of lace components
      each imprinted with a distinctive identifying symbol with portions of said
      lace images extending beyond the edge of the outline of said garment
      component.
NUM  3.
PAR  3. A dressmaker's pattern kit as defined in claim 1 characterized in the
      provision of a substitute foot accessory attachable to a sewing machine
      pressure bar in lieu of the conventional pressure foot, said substitute
      foot accessory being so constructed as to permit substantially free
      movement therebeneath of garment material and said decorative components
      while being appliqued together.
NUM  4.
PAR  4. A dressmaker's pattern kit as defined in claim 3 characterized in the
      provision of a plurality of said foot accessories therein each constructed
      for use on the pressure bar of a particular design whereby the seamstress
      may select a foot accessory suited for use with the pressure bar of her
      sewing machine.
NUM  5.
PAR  5. A dressmaker's pattern kit as defined in claim 1 characterized in that
      at least one of the lace images on said garment pattern comprises an array
      of a plurality of separate lace component images arranged in edge-to-edge
      relation.
NUM  6.
PAR  6. A dressmaker's pattern kit for use by a dressmaker in making a
      customized wedding gown or the like garment decorated with a multiplicity
      of separate irregularly contoured lace components cut out by the
      dressmaker from between the opposite lateral edges of a length of lace
      yardage and appliqued to the exterior of the gown, said kit comprising:
PA1  a decorative lace pattern having imprinted thereon an image of an
      outstretched unfolded single layer of decorative lace yardage of a
      selected design and a plurality of closed loop guides superimposed on said
      lace pattern for subdividing said pattern into areas spaced crosswise and
      lengthwise thereof and for subdividing said lace yardage into a
      multiplicity of separate irregularly contoured decorative lace components,
      each of said closed loop guides being imprinted with an identifying
      symbol;
PA1  a pinning guide pattern imprinted with the outline of a garment component
      and with images of a plurality of selected irregularly contoured areas
      only of an outstretched length of lace yardage and each of which last
      mentioned images corresponds to the image of a particular area of the lace
      image appearing on said lace pattern, said lace images on said pinning
      guide pattern being arranged in edge-to-edge relation to form at least one
      array of lace images having an irregularly contoured decorative appearance
      differing from that in any area of the lace yardage having the same size
      and shape as said array of lace; and each of the lace images imprinted on
      said lace pattern being identified by a distinctive symbol corresponding
      to the same identifying symbol on the similarly shaped lace image on said
      pinning guide pattern.
NUM  7.
PAR  7. A dressmaker's pattern kit as defined in claim 6 characterized in the
      provision of a plurality of transparent plastic bags.
NUM  8.
PAR  8. A dressmaker's pattern kit as defined in claim 6 characterized in that
      said images of lace components on said pinning guide pattern have portions
      thereof extending outwardly beyond the outline of said garment component.
NUM  9.
PAR  9. A dressmaker's pattern kit as defined in claim 6 characterized in that
      said pinning pattern is imprinted with a plurality of outlines of
      different garment components each imprinted with images of decorative lace
      components at least some of which lace images lie outside the outline of
      an associated one of said garment components.
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PAL  Disclosed herein is a homogeneous, lyophilized particulate product of a
      substance containing at least one biologically active component and a
      process for its preparation which involves forming a solution or colloidal
      suspension of the substance, spraying the solution or colloidal suspension
      into a moving bath of fluorocarbon refrigerant and lyophilizing the
      resultant frozen droplets. The porous product has a spherical shape,
      free-flowing properties, and rapid dissolution times.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a divisional of application Ser. No. 340,196, filed on Mar. 12,
      1973, which in turn is a continuation-in-part of application Ser. No.
      177,834, filed Sept. 3, 1971, now abandoned, and also of application Ser.
      No. 63,942, filed on Aug. 14, 1970, which issued as U.S. Pat. No.
      3,721,725 on Mar. 20, 1973.
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PAC  BACKGROUND OF THE INVENTION
PAR  This application relates to a novel lyophilized product and to a process
      for its preparation. More specifically, it relates to a lyophilized form
      of a substance having at least one biologically active component.
PAR  Biologically active products, including: pharmaceuticals such as vitamins,
      hormones, tranquilizers and antibiotics; proteins such as enzymes and
      gelatins; and control products such as plasma or serum are in wide spread
      use. Despite this fact, there are still many problems with the way in
      which they are produced and the form in which they are provided. For
      example, since they are biologically active, they should be provided in a
      form which will preserve their biological activity for a reasonable time.
      One method of accomplishing this is to freeze the substance and retain it
      in its frozen state. This, however, entails the extra handling and
      equipment necessary to keep the substance frozen at all times.
PAR  Alternatively, quantities of the substance have been frozen in bulk and
      subsequently lyophilized. The product no longer has to be maintained below
      freezing, but the slow freezing that takes place during bulk freezing
      creates other problems. For one thing, slow freezing promotes the
      development of concentration gradients. When blood serum or plasma is
      frozen slowly, for example, the cholesterol and triglyceride globules
      within the serum or plasma are forced to coalesce. These globules, upon
      dissolution of the lyophilized product in an aqueous solvent, apparently
      do not redisperse but remain coalesced. The result is a non-uniform
      product.
PAR  Another problem that slow freezing produces is degradation of the various
      biological constituents. Freezing of enzyme solutions, for example,
      generally appears to have a degradative effect upon the enzymes. The slow
      freezing that takes place when bulk freezing is used and the concentration
      gradients that build up in such products merely increase this degradation.
      One effort to counteract the enzyme degradation resulting from the slow
      freezing of a plasma, for example, has been to entirely remove the enzyme
      and other constituents from the plasma and to weigh in predetermined
      quantities of these substances to achieve constant level after the product
      is frozen and dried. The weight of an enzyme, however, does not truly
      represent the amount of material that should be added. As enzymes are
      subject to degradation, the true measure of enzyme concentration is
      activity, for which weight is not an accurate substitution.
PAR  Finally, the reconstitution of lyophilized substances by dissolution in
      water meets with difficulties when the substance is frozen in bulk form.
      Such reconstitution often requires upwards of 20 to 30 minutes and often
      results in a lack of clarity. This is a particularly bothersome problem
      with control products, such as serum or plasma, when subsequent
      photometric analysis is performed on them. Furthermore, when the products
      are frozen in bulk form, they are difficult to dispense in any other form
      but the reconstituted form.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a method of overcoming the deficiencies
      which have been described above by providing a process for making a
      homogeneous lyophilized product of a substance containing at least one
      biologically active component which comprises the steps of
PA1  a. forming a solution, or a colloidal suspension, of the substance in a
      liquid which will freeze and which will also vaporize at a temperature
      which will not destroy the biological activity of the material;
PA1  b. spraying the solution or colloidal suspension in the form of droplets
      into a moving bath of boiling fluorocarbon refrigerant having a
      temperature of below about -20.degree.C., whereby the droplets are frozen;
PA1  c. subjecting the frozen droplets to a vacuum;
PA1  d. thereafter, while maintaining the vacuum, subjecting said droplets to a
      temperature such that essentially all of the liquid in the droplets
      sublimes and forms particles from said droplets; and
PA1  e. allowing the particles to come to room temperature and pressure.
PAR  The substance is usually injected into the fluorocarbon refrigerant in the
      form of an aqueous solution, but any solution formed with the liquid which
      will freeze and which will also vaporize at a temperature which will not
      destroy the biological activity of the material can be used. For example,
      organic liquids such as dioxane or mixtures of water with organic liquids
      such as ethanol can be used. Furthermore, the substance need not be
      introduced into the fluorocarbon refrigerant in the form of a solution; a
      colloidal suspension may also be used. For convenience, however, the
      remaining discussion will be limited to aqueous solutions.
PAR  There may be more than one biologically active component in the substance.
      Serum or plasma, for example, contains a variety of biologically active
      components. In itself, it will contain enzymes, vitamins, hormones, and
      under certain circumstances, a variety of antibiotics and even
      tranquilizers. In the context of this invention, the term biologically
      active means that the component retains its biological properties. In
      addition to the biologically active components, the substance may contain
      other inert materials, such as bulking agents. The present invention,
      therefore, contemplates the blending of a number of biological products
      and the blending of biological products with inert fillers. Due to the
      fact that the blending occurs in solution, and the fact that the particles
      are a homogeneous representation of the constituents of the solution, the
      present invention provides a process by which accurate blending of the
      various ingredients can be produced.
PAR  The biologically active component in the substance may be a pharmaceutical,
      a protein, a control product or any other biologically active material.
      Pharmaceuticals include: vitamins, such as Vitamin C; hormones, such as
      testosterone; tranquilizers, such as chlorpromazine; and antibiotics, such
      as bacitracin, penicillin, polymyxin B and tetracycline. Proteins include
      gelatins and enzymes, such as maltase. A variety of control products such
      as serum or plasma, hemoglobin and cholesterol can also be produced.
PAR  The solution is sprayed into a moving bath of boiling fluorocarbon
      refrigerant having a temperature below about -20.degree.C. The spraying is
      conducted from a sufficient height above the refrigerant so that droplets
      of the solution are formed. Spraying the solution into the boiling
      fluorocarbon refrigerant in the form of droplets achieves rapid freezing.
      The droplet form presents a large surface area in the cold environment and
      hence promotes rapid freezing.
PAR  The size of the particles after lyophilization is a function of the size of
      the droplets formed while spraying the solution into the refrigerant.
      Preferably, the solution is sprayed through 16 to 28 gauge needles. Using
      a needle smaller than 28 gauge results in particles sufficiently small
      that electrostatic effects tend to interfere with their ease of handling.
      Using a needle with a gauge larger than 16 produces sufficiently large
      particles that they tend to fracture, which may reduce their free flowing
      and ease of handling. Additionally, product homogeneity is better assured
      if the particles are not fractured. Concentration gradient caused by
      freezing will also develop within each particle. Having unfractured
      particles eliminates the dehomogenizing effects of any concentration
      gradient that does develop during the freezing step.
PAR  The use of fluorocarbon refrigerants is critical. In the first place, the
      density of fluorocarbon refrigerants is such that the frozen droplets
      float on the refrigerant. If liquid nitrogen is used, for example, the
      droplets have a tendency to sink to the bottom of the refrigerant and tend
      to agglomerate. The fact that the particles float, tends to prevent this
      and also allows the particle to be removed by a size from the top of the
      refrigerant.
PAR  Also fluorocarbon refrigerants generally have a higher boiling point than
      other liquid refrigerants, for example, liquid nitrogen. The higher
      boiling point, being closer to the temperature of the solution droplets,
      results in less of a vapor phase barrier between the particle and the
      refrigerant. This permits more rapid freezing of the particles than can be
      achieved with even colder refrigerants such as liquid nitrogen. This fast
      freezing also prevents the loss of those constituents of the solution that
      would otherwise be soluble in the fluorocarbon. Thus, when the product is
      serum or plasma, for example, negligible loss of cholesterol and
      triglycerides has been found even though these are organic compounds that
      are normally soluble in the fluorocarbon. Specifically, with a lower
      detection limit of 2 to 3 percent, no loss of these substances has been
      found. Furthermore, the use of the fluorocarbon refrigerant produces
      particles that are spherical in shape, whereas the use of liquid nitrogen
      produces less spherical and less uniform sized particles. The use of
      fluorocarbon refrigerant, therefore, is to be preferred over the use of
      other colder refrigerants such as liquid nitrogen.
PAR  Of the various fluorocarbon refrigerants (which E. I. du Pont de Nemours
      and Company of Wilmington, Del. sells under the tradename "Freon")
      dichlorodifluoromethane (Freon 12) represents a preferred example. This
      refrigerant boils at about -25.degree.C. Imparting a slight motion to the
      fluorocarbon refrigerant as the solution is sprayed into it will separate
      the freezing particles and prevent their agglutination.
PAR  After freezing, the solidly frozen particles are lyophilized; care being
      taken to prevent any intervening thawing. Lyophilization is accomplished
      by subjecting the particles, while frozen, to a vacuum and thereafter
      supplying sufficient heat to compensate for the heat of sublimation. Since
      the particles are under a vacuum, the temperature of the environment may
      be raised to a point which would cause the particles to thaw under
      atmospheric pressure. At 50 to 70 .mu. Hg., for example, the particles may
      be exposed to a shelf temperature of 120.degree.F. for a short while to
      begin the lyophilization, and then allowed to equilibriate to room
      temperature to avoid heat denaturation. Sublimation should continue until
      the particles are dry. Preferably the product temperature should be below
      about 37.degree.F.
PAR  After sublimation the particles are brought to room temperature and
      pressure. Portions of the particles are then removed as convenient.
PAR  In addition to promoting rapid freezing, the particulate nature of the
      product appears to be partially responsible for its fast dissolution time.
      Its porous nature also contributes to this. Furthermore, the resultant
      particulate product has a high homogeneity, which permits it to be
      apportioned by the expedient method of measuring out amounts of the dry
      product. The low bulk density and free flowing properties of the product
      permit measuring out by either weight or volumetric means, with particular
      advantage in the dry volumetric measurement. The homogeneous product of
      the slow freezing method of the prior art cannot be weighed out after
      lyophilization, but rather must be volumetrically apportioned prior to
      freezing.
PAR  The operation and advantages of the present invention will now be discussed
      with reference to serum or plasma. Because serum or plasma is a composite
      substance which contains a plurality of biologically active components,
      including enzymes, hormones, vitamins, etc., a detailed discussion of this
      substance and the way in which each component is preserved will provide
      the basis for a full understanding of the invention.
PAR  Serum and plasma represent the remnants of blood after the particulate
      material has been separated from it, often by centrifuging. For plasma, an
      anticlotting agent, usually sodium citrate, is added to the fresh blood
      immediately upon its obtention to prevent the precipitation of fibrinogen,
      which thus forms one constituent of plasma. To obtain serum, no such
      anticlotting agent is added, fibrinogen precipitates, and it is removed
      during the separation step along with the cellular material. Because of
      its close chemical and physical similarity to samples undergoing actual
      testing, serum or plasma of known content is used as a standard or control
      in clinical analysis. Preserved serum or plasma can also be used in other
      applications, such as vaccine, gammaglobulin preparations and special
      antibodies or antigenic substances.
PAR  When produced by the present method, the rapid freezing of the serum or
      plasma results in greater activity retention and stability of the enzymes
      and other biological substances within the serum or plasma. The rapid
      freezing also prevents the build up of large ice crystals and produces an
      even distribution of biologically active components throughout the frozen
      particle. The homogeneous size and distribution of crystalline regions of
      water and hence the small size and even distribution of the pores which
      form when the particles are lyophilized, also appears to aid in short
      dissolution times when the particles are dissolved. Dissolution times of
      20 to 30 seconds have been observed as compared to 20 or 30  minutes of
      the prior art. Finally, the rapid freezing results in a lyophilized
      product with greater clarity upon subsequent dissolution.
PAR  Prior to freezing, various other ingredients may be added to or taken from
      the serum or plasma. In particular, an ingredient may be added to control
      the pH which the final lyophilized product will obtain when dissolved in a
      neutral aqueous solvent. This is especially important because
      lyophilization removes indeterminate amounts of CO.sub.2 and thus raises
      the pH of the final product when dissolved. The amount of the acidic
      ingredient to be added is determined by taking small amounts of the serum
      before its freezing, adding differing quantities of acid to each, freezing
      and lyophilizing them, dissolving them in water, and determining the pH of
      each. Using at least three such solutions gives a calibration curve of the
      amount of acid that must be added to the serum or plasma before freezing
      to give the desired pH upon dissolution of the final lyophilized product.
      The final pH should generally lie in the range of 6.8 to 7.4.
PAR  The resulting product consists of free flowing spheres having at least 90
      percent pores and preferably not exceeding about 1 mm. in diameter. With
      the exception of CO.sub.2 each of the particles is composed of the
      constituents of serumor plasma in the proportions in which they existed in
      the original fluid. Furthermore, because of the fast freezing, each of the
      spheres generally is homogeneous throughout. The Standard Dissolution Time
      for the particles, as determined by the test method detailed in Example
      II, does not exceed 2 minutes.
PAR  Because of the invariability of the product's composition from particle to
      particle, the product may be weighed out into portions of a desired size
      or may be dispersed as a free flowing powder using a volumetric solids
      dispersion. This weighing of a dry product is more convenient and has less
      attendant errors than volumetric measurements of liquid.
PAR  In one method of apportioning the product by weight, portions having the
      desired amount of a particular constituent are removed from the mass of
      lyophilized particles. Since the ratios of most of the various
      constituents within the serum or plasma remain generally unaltered during
      the lyophilization procedure, insuring that a portion withdrawn from the
      mass contains a predetermined amount of a particular constituent generally
      insures that that portion will contain specific amounts of most of the
      other constituents of the serum or plasma. In particular, if the size of
      the portion is selected so that, upon dissolution in a recommended amount
      of water, the concentration of a particular constituent will match that in
      the original serum or plasma, the concentration of the other constituents
      within the serum or plasma will also be found to be close to that of the
      original.
PAR  Sodium is one constituent that may be used to determine the size of the
      portions removed. Sodium has the particular benefit that it remains
      unaffected by lyophilization, and does not deactivate under various
      conditions as do enzymes. In general, the normal concentration of sodium
      within serum or plasma is approximately 140 milliequivalents per liter.
      Thus, portions should be selected that upon dissolution in the proper
      amount of water, will give sodium concentrations approximating that above,
      the range of 135 to 143 milliequivalents per liter being acceptable.
PAR  A convenient and accurate method for the determination of sodium is flame
      photometry. A small amount of the lyophilized particles is analyzed for
      its sodium content per unit weight. These results then determine the
      weight of the lyophilized particles to be removed in order to give the
      predetermined amount of sodium within each portion. When abnormal
      concentrations of constituents are desired, portions having greater or
      less weight of sodium (or any other particular constituent) can be removed
      from the mass.
PAR  Lyophilization, however, causes the loss of part of the dissolved carbon
      dioxide within the serum or plasma. This raises the pH of the final
      product when dissolved in distilled water to an abnormally high level.
      Another deleterious result of the loss of CO.sub.2 and its concomitant pH
      elevation is the loss of constituents that are pH sensitive. One such
      constituent is glutamic pyruvate transaminase (GPT).
PAR  One method to counteract this loss of carbon dioxide would be to add
      sufficient acid to the serum or plasma solution before freezing to bring
      this solution's pH up to a predetermined level. The difficulty with this
      method, however, lies in the fact that the exact amount of carbon dioxide
      lost upon lyophilization varies from batch to batch of serum. Thus, this
      method will not result in various batches achieving a uniform pH upon
      dissolution.
PAR  Alternatively, prior to freezing, differing quantities of acid may be added
      to several aliquots of the serum or plasma. These aliquots, with the added
      acid, may then be lyophilized (e.g., by conventional techniques),
      reconstituted in water, and each aliquot analyzed for its pH. This gives a
      standard curve of pH versus quantity of acid added to the original serum
      or plasma. This curve then shows the correct amount of acid that must be
      added so that the lyophilized product will have the correct pH.
PAR  A suitable acid to accomplish this purpose is 4N citric acid. Generally, 20
      to 23 milliequivalents of acid per liter of serum or plasma results in the
      final product having the desired pH of 6.8 to 7.4 upon dissolution in
      distilled water. Additionally, prior to freezing, other ingredients may be
      added to or subtracted from the serum or plasma solution to give a desired
      effect in the particular case. In adding the acid, the pH of the solution
      should not be allowed to drop below approximately 6.0; lower pH's approach
      the isoelectric point of the proteins within the serum. This would cause
      the proteins to precipitate out of the solution and deleteriously affect
      the final results. Generally, however, the amount of CO.sub.2 lost upon
      lyophilization would not require adding a large enough quantity of acid to
      cause the pH to drop below 6.0.
PAC  EXAMPLE I
PAR  To three 50 ml. aliquots of fresh serum were added 288 .mu.l, 325 .mu.l,
      and 350 .mu.l of 4N citric acid. These aliquots were frozen (in bulk) and
      lyophilized under 100 .mu. Hg. or less at ambient temperatures. The
      lyophilized residues from the aliquots were macerated. Five hundred
      milligrams of each of the three macerated residues upon dissolution in 5
      ml. distilled water gave pH's of 7.5, 7.4 and 7.25, respectively,
      indicating that adding 7.0 ml. of 4N citric acid per liter of serum would
      result in a pH of 7.25 upon dissolution of the product in distilled water.
      Accordingly, this amount of citric acid was added to the serum.
PAR  The serum was then sprayed from 26 gauge needles at 15 to 20 psi into
      moving boiling dichlorodifluoromethane refrigerant having a temperature of
      about -25.degree.C.
PAR  The frozen droplets were continuously collected with a 80 mesh sieve and
      placed into ceramic pans to a depth not exceeding one inch and subjected
      to vacuum of about 50 to 70 .mu. Hg. at an environmental temperature of
      120.degree.F. at the beginning which is thereafter allowed to equilibriate
      to room temperature.
PAR  Samples of 420, 440 and 493 mg. of the lyophilized particles were
      reconstituted with 5 ml. of distilled water and analyzed for sodium
      content by flame photometry and were found to contain 124, 131, 140
      meq./liter, respectively. The original serum contained 140 meq./liter of
      sodium. Accordingly 493 mg. portions of the particles were removed and
      placed in vials to be reconstituted with 5 ml. distilled water. The
      particles were refrigerated at about 5.degree.C. until reconstitution.
PAR  One such portion of the lyophilized product was reconstituted and analyzed
      for various constituents. Table I gives the results for tests performed
      upon the original serum ("Orig.") and the freeze-sprayed serum of the
      present invention ("F.S."). The test designation is as follows.
PA1  Ldh -- lactic dehydrogenase
PA1  Pche -- pseudocholinesterase
PA1  Gpt -- glutamic Pyruvate Transaminase
PA1  Got -- aspartate Aminotransferase
PA1  Cpk -- creatine Phosphokinase
PA1  Alk.p -- alkaline Phosphatase
PA1  T.p. -- total Proteins
PA1  Bun -- blood Urea Nitrogen
PAL  Most constituents generally lost little, if any, activity through the
      process. The standard deviations, where obtained, were about that for the
      original serum, being better in the instances of GPT, and CPK, and
      slightly worse for Glucose.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     CONSTITUENT                                                               

               MEAN   STD. DEVIATION                                           

                               N   METHOD REF.                                 

     __________________________________________________________________________

     Glucose - Orig.                                                           

               93.1 mg/dl                                                      

                      1.58     5 F. H. Schmidt, Klin. Wschr. 40,               

     F.S.      89.3   4.87       585 (1961)                                    

     LDH - Orig.                                                               

               153 uts.                                                        

                      4.76     4 W. E. C. Wacker et al, New England,           

     F.S.      127    3.41       J. Med. 255 449 (1956)                        

     PCHE - Orig.                                                              

               12.32 uts                                                       

                      0.39     5 E. H. Gal et.al, Clin. Chem. Acta.            

     F.S.      11.98  0.41       2 316 (1957)                                  

     GPT - Orig.                                                               

               12.8 uts.                                                       

                      2.95     5 H. Bergmeyer et al, Methods of Ens.           

     F.S.      9.2    0.45       Analysis, H. Bergmeyer Ed. pp. 848-           

                                 853, Academic Press (New York, 1965)          

     GOT - Orig.                                                               

               31.2 uts                                                        

                      1.92     5 A. J. Karmen, Clin. Invest. 34,               

     F.S.      24     2.0        131 (1955)                                    

     CPK - Orig.                                                               

               73.6 uts.                                                       

                      2.96     5 J. W. Hess et.al, Amer. J. Clin. Path         

     F.S.      56     1.41       50, 89 (1968)                                 

     ALK.P - Orig.                                                             

               9.4 uts/dl                                                      

                      3.79     5 O. A. Bessey et al, J. Biol. Chem.            

     F.S.      5.9    0.77       164, 321 (1946)                               

     Albumin - Orig.                                                           

               4.32 g/dl                                                       

                      0.012    5 B. T. Doumas et.al, Clin. Chem. Acta.         

     F.S.      4.5 g/dl                                                        

                      0.007      31, 87 (1971)                                 

     T.P. - Orig.                                                              

               7.38 g/dl                                                       

                      0.028    5 G. R. Kingsley, J. Biol. Chem. 131,           

     F.S.      7.20 g/dl                                                       

                      0.038      197 (1939)                                    

     BUN - Orig.                                                               

               19.2 uts.                                                       

                      0.28     5 R. Nadeau, U.S. Patent No. 3,485,723          

     F.S.      18.75 uts.                                                      

                      0.09                                                     

     __________________________________________________________________________

PAR  The turbidity increase was measured both for conventional and the present
      freeze-spray lyophilizations. The particulate product of the freeze-spray
      method displayed less than 20 percent of the increase in turbidity
      observed for the product of conventional lyophilization.
PAC  EXAMPLE II
PAR  Blood serum was compensated to a pH of 7.4 by the addition of 6.25 ml. of
      4N citric acid per liter of serum. This pH-compensated blood serum was
      divided into parts A, B, and C. A number of 5.3 ml. portions of parts A
      and B were introduced into a flat bottomed cylindrical glass vial
      measuring 20 mm. inside diameter and 30 mm. inside length, i.e., from vial
      bottom to inside surface of the sealing rubber stopper. While in
      unstoppered vials A and B the blood serum was conventionally frozen and
      lyophilized. The resulting cake-like product approximated the shape of the
      bottom portion of the vial. The weight of lyophilized serum in each A and
      B vial was 500 .+-. 5 mg. The lyophilized serum in vial B was macerated or
      finely comminuted by breaking the cake up with a spatula while in the
      vial. Vials A and B were stoppered and stored at 4.degree. to 10.degree.C.
PAR  Part C was freeze-sprayed and lyophilized according to the procedure of
      Example I. The resulting Product C consisted of spherical, highly porous,
      free-flowing particles all of which passed through a U.S. Standard 20 mesh
      sieve; accordingly, the particles did not exceed 840 microns (0.84 mm.) in
      diameter. Portions of Product C each weighing 500 mg. were introduced into
      glass vials described above, which were then stoppered and stored at
      4.degree. to 10.degree.C.
PAR  Comparative Standard Dissolution Times for Products A, B, and C were
      determined according to the following procedure. Five-milliliter portions
      of deionized water (R .gtoreq. 1 megohm) at 25 .+-. 2.degree.C. were
      quickly introduced into each of a series of vials from groups A, B and C
      which had previously been permitted to equilibrate at the same
      temperature. An automatic pipetting device introduced this water while the
      dispensing tip of the pipette was held in contact with the inside wall
      surface of each vial. Each vial was then quickly stoppered and placed on
      an electrically driven roller mill with the cylindrical axis of the vial
      horizontal. Elapsed time from introduction of water to placing on the mill
      did not exceed about 5 seconds. The rollers of the mill were rotating at a
      speed designed to rotate the vials at 32 revolutions per minute. To obtain
      the dissolution rates vials were removed from the mill at selected time
      intervals. The stopper on each of the vials was quickly removed and a
      sampling pipette removed a 100 .mu.l. liquid sample which was analyzed for
      total protein by the colorimetric assay described by H. L. Rosenthal and
      H. T. Cundiff in CLINICAL CHEMISTRY, 2, 394 (1956). Standard Dissolution
      Times of Products A, B, and C, reported below, were determined from a plot
      of percent dissolution vs. elapsed time on the roller mill. One-hundred
      percent (100 percent) dissolution corresponds to an assay of 7 gms. of
      protein per 100 ml. of blood serum.
TBL  ______________________________________                                    

                       Standard Dissolution                                    

     Product           Time, seconds                                           

     ______________________________________                                    

     A                 1200                                                    

     B                 1200                                                    

     C                  90                                                     

     ______________________________________                                    

PAR  By visual comparison, the solutions obtained by completely reconstituting
      Products A and B exhibited considerably greater tubidity than did the
      solution obtained by completely reconstituting Product C.
PAC  EXAMPLE III
PAR  A 25% (w/v) solution of bacitracin was prepared in high purity distilled
      water. This solution was injected into rapidly moving, boiling Freon, at a
      temperature of -25.degree.C., through a 27 gauge needle at 80 psi. The
      injection rate was 8 ml./min. The needle was maintained at a distance of
      25 cm. from the surface of the Freon.
PAR  The frozen droplets were collected with a sieve and placed in a Teflon
      lined stainless steel pan. The frozen droplets were subjected to vacuum of
      about 20 microns Hg. with the environment at room temperature for a period
      of 10 hours to carry out sublimation of the water. A plurality of
      spherical particles was produced. The dry particles were collected and
      stored in vials at 4.degree.C.
PAC  EXAMPLE IV
PAR  A 10% (w/v) solution of polymyxin B was prepared in high purity distilled
      water. This solution was injected into rapidly moving, boiling Freon, at a
      temperature of -25.degree.C., through a 26 gauge needle at 22 psi. The
      injection rate was 11 ml./min. The needle was maintained at a distance of
      10 cm. from the surface of the Freon.
PAR  The frozen droplets were collectd with a sieve and placed in a Teflon lined
      stainless steel pan. The frozen droplets were subjected to vacuum of about
      20 microns Hg. with the environment at room temperature for a period of 10
      hours to carry out sublimation of the water. A plurality of spherical
      particles was produced. The dry particles were collected and stored in
      vials at 4.degree.C.
PAC  EXAMPLE V
PAR  A saturated solution of tetracycline was prepared by addition of 50 gm. of
      tetracycline to 500 ml. of high purity distilled water and mixing the
      suspension for a period of one half to three fourths hours. The mixture
      was filtered to remove the undissolved tetracycline which amounted to
      about 10 gm. The resultant solution was about 8 percent (w/v) in
      tetracycline.
PAR  The tetracycline solution was injected into rapidly moving, boiling Freon,
      at a temperature of -25.degree.C., through a 26 gauge needle at 30 psi.
      The injection rate was 17 ml/min. from a distance of 18 cm. above the
      surface of the Freon.
PAR  The frozen droplets were collected with a sieve and placed in a Teflon
      lined aluminum pan. The frozen droplets were subjected a vacuum of 10
      microns Hg. over a 17 hour period to effect sublimation of the water.
      Shelf temperature in the sublimation was -25.degree.C. at the beginning of
      the process and increased to +37.degree.C. at 11/2 hours. The
      +37.degree.C. temperature was maintained throughout the remaining 151/2
      hour sublimation period. A plurality of spherical particles was produced.
      The dry particles were placed in vials and stored at 4.degree.C.
PAC  EXAMPLE VI
PAR  2.5 gm. of chlorpromazine was dissolved in 10 ml. of high purity distilled
      water. The solution was injected into rapidly moving, boiling Freon, at a
      temperature of -25.degree.C., using a 5 ml. syringe fitted with a 28 gauge
      needle. The syringe was held 23 cm. above the surface of the Freon and the
      injection rate maintained at about 5 ml./min.
PAR  The frozen droplets of chlorpromazine were collected with a sieve and
      placed in a Teflon lined stainless steel pan. The frozen droplets were
      subjected to a vacuum of about 20 microns Hg. with the environment at room
      temperature for a period of 10 hours to effect sublimation of the water. A
      plurality of dry particles was produced. The dry particles were collected
      and stored in vials at 4.degree.C.
PAC  EXAMPLE VII
PAR  Eighty ml. of a solution containing 9% of inositol and 18% (w/v) of
      mannitol was mixed with 20 ml. of maltase enzyme. This solution was
      injected into rapidly moving, boiling Freon at a temperature of
      -25.degree.C., through a 26 gauge needle at 35 psi. The injection rate was
      20 ml./min. The needle was maintained at a distance of 18 cm. from the
      surface of the Freon.
PAR  The frozen droplets were collected with a sieve and placed in a Teflon
      lined stainless steel pan. The frozen droplets were subjected to vacuum of
      about 20 microns Hg. with the environment at room temperature for a period
      of 10 hours to carry out sublimation of the water. A plurality of
      spherical particles was produced. The dry particles were collected and
      stored in vials at 4.degree.C.
PAC  EXAMPLE VIII
PAR  To 250 ml. of a 5% (w/v) aqueous solution of sodium monoglutamate, 50 mg.
      of testosterone was added. This solution was injected into rapidly moving,
      boiling Freon at a temperature of -25.degree.C., through a 26 gauge needle
      at 10 psi. The injection rate was 10 ml./min. The needle was maintained at
      a distance of 10 cm. from the surface of the Freon.
PAR  The frozen droplets were collected with a sieve and placed in a Teflon
      lined stainless steel pan. The frozen droplets were subjected to a vacuum
      of about 20 microns Hg. with the environment at room temperature for a
      period of 10 hours to carry out sublimation of the water. A plurality of
      spherical particles was produced. The dry particles were collected and
      stored in vials at 4.degree.C.
PAC  EXAMPLE IX
PAR  A 10% (w/v) aqueous solution of Vitamin C containing 10 grams (w/v) of
      inositol was prepared. This solution was injected into rapidly moving,
      boiling Freon at a temperature of -25.degree.C., through a 26 gauge needle
      at 20 psi. The injection rate was 16 ml./min. The needle was maintained at
      a distance of 10 cm. from the surface of the Freon.
PAR  The frozen droplets were collected with a sieve and placed in a Teflon
      lined stainless steel pan. The frozen droplets were subjected to a vacuum
      of about 50 microns Hg. with the environment at room temperature for a
      period of about 48 hours to carry out sublimation of the water. A
      plurality of spherical particles was produced.
PAC  EXAMPLE X
PAR  Red blood cells, washed with 0.85 percent sodium chloride, were hemolyzed
      by freezing and thawing, and then centrifuged to remove debris. The
      supernatent was injected into rapidly moving, boiling Freon at a
      temperature of -25.degree.C. through a 26 gauge needle maintained at a
      distance of about 18 cm. from the surface of the Freon. The frozen
      droplets were collected with a sieve and placed in a Teflon lined
      stainless steel pan. The frozen droplets were subjected to a vacuum of
      about 20 microns Hg. with the environment at room temperature for a period
      of 10 hours to carry out sublimation of water. A plurality of spherical
      particles was produced. The dry particles were collected and stored in
      vials at 4.degree.C.
PAC  EXAMPLE XI
PAR  A solution was made by dissolving 14 gm. of cholesterol in 60 ml. of 94%
      ethanol containing 2% sodium lauryl sulfate at 75.degree.-90.degree.C. A
      2% (w/v) aqueous sodium lauryl sulfate solution was prepared. With
      stirring, 30 ml. of the cholesterol solution were added to 100 ml. of the
      aqueous sodium lauryl sulfate solution to form a colloidal suspension.
      This colloidal suspension was injected into rapidly moving, boiling Freon
      at a temperature of -25.degree.C. through a 26 gauge needle at 20 psi. The
      injection rate was 12 ml./min. The needle was maintained at a distance of
      17 cm. on the surface of the Freon.
PAR  The frozen droplets were collected with a sieve and placed in a Teflon
      lined stainless steel pan. The frozen droplets were subjected to a vacuum
      of about 20 microns Hg. with the environment at room temperature for a
      period of 20 hours to carry out sublimation of the water. A plurality of
      spherical particles was produced. The dry particles were collected and
      stored in vials at 4.degree.C.
PAC  EXAMPLE XII
PAR  A 1 percent solution (w/v) of gelatin (USP) was prepared in pure distilled
      water. The temperature of the solution was 45.degree.-50.degree.C. The
      solution was injected into rapidly moving boiling Freon, at a temperature
      of -25.degree.C., through a 24 gauge needle at 100 psi. The injection rate
      was 10 ml./min. The needle was maintained at a distance of 10 cm. from the
      surface of the Freon.
PAR  The frozen droplets were collected with a sieve and placed in a Teflon
      lined stainless steel pan. The frozen droplets were subjected to a vacuum
      of about 50 microns with the environment at room temperature for a period
      of about 17 hours to carry out sublimation of the water. A plurality of
      spherical particles was produced. The dry particles were collected and
      stored in vials at 4.degree.C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making a homogeneous lyophilized product of a substance
      containing at least one biologically active component which comprises:
PA1  a. forming a solution or colloidal suspension of said substance in a liquid
      which will freeze and which will also vaporize at a temperature which will
      not destroy the biological activity of said material;
PA1  b. spraying said solution or colloidal suspension, onto the surface of a
      moving bath of boiling fluorocarbon refrigerant having a temperature of
      below about -20.degree.C. from a sufficient height above the surface of
      the moving bath to allow droplet formation before the solution or
      suspension strikes the surface of the moving bath, whereby said droplets
      are frozen; and
PA1  c. lyophilizing said droplets to form a plurality of uniform sized porous
      spheres.
NUM  2.
PAR  2. The method of claim 1 wherein said liquid comprises an organic liquid.
NUM  3.
PAR  3. The method of claim 1 wherein said liquid is water.
NUM  4.
PAR  4. A method of making a homogeneous lyophilized product of a substance
      which is soluble in water and which contains at least one biologically
      active component which comprises:
PA1  a. forming an aqueous solution of said substance;
PA1  b. spraying said solution onto the surface of a moving bath of boiling
      fluorocarbon refrigerant having a temperature of below about -20.degree.C.
      from a sufficient height above the surface of the moving bath to allow
      droplet formation before the solution strikes the surface of the moving
      bath, whereby said droplets are frozen; and
PA1  c. lyophilizing said droplets to form a plurality of uniform sized porous
      spheres.
NUM  5.
PAR  5. The method of claim 4 wherein said substance comprises a pharmaceutical.
NUM  6.
PAR  6. The method of claim 4 wherein said substance comprises a pharmaceutical
      selected from the group consisting of vitamins, hormones, tranquilizers
      and antibiotics.
NUM  7.
PAR  7. The method of claim 4 wherein said substance comprises a protein.
NUM  8.
PAR  8. The method of claim 7 wherein said substance comprises an enzyme.
NUM  9.
PAR  9. The method of claim 7 wherein said substance comprises a gelatin.
NUM  10.
PAR  10. The method of claim 4 wherein said substance comprises a control
      product.
NUM  11.
PAR  11. The method of claim 4 wherein said substance comprises serum or plasma.
NUM  12.
PAR  12. The method of claim 4 wherein said fluorocarbon refrigerant is
      dichlorodifluoromethane.
NUM  13.
PAR  13. A method of making a homogeneous lyophilized product of serum or plasma
      which comprises:
PA1  a. spraying a solution of serum or plasma onto the surface of a moving bath
      of boiling fluorocarbon refrigerant having a temperature below about
      -20.degree.C. from a sufficient height above the surface of the moving
      bath to allow droplet formation before the solution strikes the surface of
      the moving bath, whereby said droplets are frozen; and
PA1  b. lyophilizing said droplets to form a plurality of uniform sized porous
      spheres.
NUM  14.
PAR  14. The method of claim 13 wherein prior to spraying, there is added an
      amount of at least one substance that will affect the pH of said particles
      of said portion upon dissolution in an aqueous solvent.
NUM  15.
PAR  15. The method of claim 14 wherein said amount of said substance is such
      that said particles upon dissolution in a neutral aqueous solvent will
      result in a solution having a pH of about 6.8 to 7.4.
NUM  16.
PAR  16. The method of claim 15 wherein about 20 to 23 milliequivalents of
      citric acid is added per liter of serum or plasma.
NUM  17.
PAR  17. The method of claim 13 wherein the size of said portion removed
      contains a predetermined amount of a specific constituent therein.
NUM  18.
PAR  18. The method of claim 13 wherein removing said portion is performed by
      weighing out a predetermined weight of said particles.
NUM  19.
PAR  19. The method of claim 13 wherein removing said portion is performed by
      measuring out a predetermined volume of said particles.
NUM  20.
PAR  20. The method of claim 13 wherein said fluorocarbon refrigerant is
      dichlorodifluoromethane.
NUM  21.
PAR  21. A method of making a homogeneous lyophilized product of serum or plasma
      which comprises:
PA1  a. adding to the serum or plasma solution a quantity of citric acid which
      will result in the lyophilized product having a pH of from 6.8 to 7.4 upon
      dissolution in a substantially neutral aqueous solvent;
PA1  b. thereafter spraying said serum or plasma solution onto the surface of a
      moving bath of boiling fluorocarbon refrigerant having the temperature
      below about -20.degree.C. from a sufficient height above the surface of
      the moving bath to allow droplet formation before the solution strikes the
      surface of the moving bath, whereby said droplets are frozen;
PA1  c. lyophilizing said droplets to form a plurality of uniform sized porous
      spheres, and
PA1  d. weighing out to a predetermined weight at least one portion of said
      particles, said portion of said predetermined weight containing a
      predetermined amount of sodium.
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ABST
PAL  An arrangement for preventing the production of waterdrops inside a wrist
      watch, comprising a hollow sealed container communicating with a suction
      pipe having an on-off valve for a suction pump on one side and an air feed
      section having an on-off valve, a desiccator and a filtering material on
      the other side. A watch is placed in the container with the crystal of the
      watch loosened. Air in the container is withdrawn by the pump to decrease
      the pressure therein, whereupon dry air, which has been passed through a
      desiccator and filtering material, is suctioned into the sealed container
      and enters the wrist watch therein, so that dry air is thus enclosed in
      the watch.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an arrangement for preventing the
      production of waterdrops or moisture in small instruments, such as wrist
      watches, which clouds the watch crystal so that the instrument dial cannot
      be readily viewed.
PAC  THE PROBLEM
PAR  Conventionally, when the watch crystal of a wrist watch, stop watch, or
      similar instrument, is opened for repair of other purposes, moisture often
      enters the watch. When moisture, whose temperature has been raised by the
      wearer's body temperature, is rapidly cooled, as by cold air or cold
      water, it forms waterdrops adhering to the inner surface of the watch
      crystal clouding the dial to render the information on the dial difficult
      to read or causes failure of the instrument by rusting of the movement.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates enclosing dry air free from moisture in
      a watch or other similar instrument by placing the watch in a sealed
      container communicationg on one side with a suction pipe having an on-off
      valve for a suction pump and on the other side with an air feed section
      having an on-off valve, a desiccator and a filtering material. The watch
      is placed in the sealed container with the crystal of the watch loosened.
      Air in the container is withdrawn by the pump to decrease the pressure
      therein, wherupon dry air which has been passed through the desiccator and
      filtering material is suctioned into the sealed container and enters the
      sealed watch or instrument so that dry air is thus enclosed in the sealed
      watch. The apparatus herein contemplated makes use of a thick plate having
      a recess formed on the outer surface thereof, said recess being provided
      with a vacuum suction port and a dry air inlet port. The vacuum suction
      port is connected to a vacuum pump through a check valve, the dry air
      inlet portion being connected to an air desiccator through an on-off
      valve. An annular abutment is formed of a packing material along the outer
      periphery of the recess and there is a transparent plate such as acrylic
      resin or glass plate placed on said annular abutment to seal the opening
      in the recess.
PAR  The invention, as well as other objects and advantages thereof, will be
      more readily apparent from the following detailed description and the
      accompanying drawing in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic explanation of the inventive concept;
PAR  FIG. 2a is a persepctive view of the apparatus herein contemplated;
PAR  FIG. 2b is a top view of the apparatus shown in FIG. 1;
PAR  FIG. 3 is a fragmentary sectional view of the air suction section;
PAR  FIG. 4 is a fragmentary sectional view of the apparatus; and,
PAR  FIG. 5 is an explanatory view showing the arrangement of an air desiccator.
DETD
PAC  DETAILED DESCRIPTION
PAR  According to the inventive concept, a repaired watch is placed in a sealed
      container 101, with the watch crystal loosened. First, the humid air in
      the sealed container is suctioned off through a suction pipe 102
      communicating with the container by a suction pump 103 decreasing the
      pressure therein. Then an on-off valve 6 in an air feed pipe 106 is
      opened. The air feed pipe 106 connects with a desiccator 7 and filtering
      material to admit dry air into the sealed container because of the
      decreased pressure. The dry air penetrates into the watch and prevents
      future moisture. The apparatus for carrying out this method, comprises a
      sealed container A communicating with a suction pipe 102 having an on-off
      vlave 5 for a pump 103 and an air feed pipe 106 having an on-off valve 6
      and provided with a desiccator 7 and a filtering material.
PAR  In operation, the on-off valve 6 of the air feed pipe is first closed. The
      on-off valve 5 of the suction pump is opened and pump is started to
      suction off humid air in the sealed container to decrease the pressure
      therein, whereupon the on-off valve 5 is closed and dry air which has been
      passed through the desiccator and filtering material is suctioned in
      through on-off valve 6 by making use of the decreased pressure. The dry
      air is thus enclosed in the watch. The apparatus for enclosing the dry air
      in the sealed precision instrument such as a watch, comprises a thick
      plate 1 having a recess 2 formed on the outer surface thereof, said recess
      being provided with a vacuum suction port 3 and a dry air inlet port 4.
      The vacuum suction port 3 is connected to the vacuum pump 103 through a
      check valve 5, said dry air inlet port 4 being connected to an air
      desiccator 7 through an on-off valve 6. There is an annular abutment 8
      formed of a packing material along the outer periphery of the recess, and
      a transparent plate 9 such as acrylic resin or glass plate is placed on
      said annular abutment 8 to seal the opening in the recess 2. Thus, the
      apparatus body A has a thick plate 1 mounted on the upper surface thereof.
      The upper surface of the plate 1 is formed with an ellipsoidal recess 2.
      The recess 2 is provided with a vacuum suction port 3 and a dry air inlet
      port 4. As shown in FIG. 3, the vacuum suction port 3 communicates with
      the internal chamber through a check valve 5 formed of a rubber-like
      elastic material and has a hose coupling 10 for a hose 11. A hose 11 is
      connected to a vacuum pump. The dry air inlet port 4, as shown in FIG. 4,
      communicates with an air desiccator 7 in the interior of the apparatus
      body A through an on-off valve 6, which comprises a valve seat 14 and a
      valve stem 13 adapted to be advanced and retracted by the rotation of a
      knob 12. The desiccator 7 comprises a number of cylindrical containers 15
      standing erect side by side and containing a desiccating agent 16 such as
      silica gel, said cylindrical containers communicating with each other at
      their tops and bottoms and arranged in a rectangular waveform as shown in
      FIG. 4, so that all the desiccating agent functions effectively. When seen
      from bottom, these cylindrical containers 15 are arranged in the manner
      shown in FIG. 5. Indicated at 17a and 17b are air filter sections filled
      with a dust removing material such as felt. At the inlet to the air filter
      section 17a, a oneway valve 20 is formed by making use of a rubber
      membrane 18 which is laid as a sealing apparatus body A, thereby
      preventing dust and water vapor from entering the desiccator 7 when the
      apparatus is not in use.
PAR  The outer peripheral portion of the plate 1 around the recess 2 is formed
      with an annular groove 23 in which a rubber packing is fitted, thereby
      forming an annular abutment 8. A transparent plate 9, which covers the
      opening in the recess 2 is formed of acrylic resin or glass plate. The
      apparatus also has an air pressure gauge 21 having a measurement opening
      in the lower side thereof.
PAC  OPERATION OF THE INVENTION
PAR  When it is desired to enclose dry air, for example, in a wrist watch which
      has been repaired, first of all, the transparent plate 9 is removed and,
      with the back lid or front lid of the wrist watch loosened to establish
      communication between the interior and exterior thereof, the wrist watch
      is put in the recess 2, whereupon the transparent plate 9 is placed on the
      annular abutment 8 to seal the opening in the recess 2, whereupon the
      transparent plate 9 is placed on the annular abutment 8 to seal the
      opening in the recess 2. The knob 12 is then turned clockwise to see that
      valve 6 is closed, whereupon the vacuum pump is operated to suction the
      air in the recess 2. The pressure in the recess 2 is read with the
      pressure gauge and when the pressure has been decreased to the extent that
      there is no water vapor therein, the operation of the vacuum pump is
      stopped. The knob 12 is turned again but in a counterclockwise direction
      so as to slightly open the on-off valve 14, whereupon atmospheric pressure
      causes the air to enter the recess 2 through an opening 22 in the bottom
      plate 9 of the apparatus body A, oneway valve 20, air filter section 17a,
      cylindrical containers 15 and air filter section 17b. In this connection,
      it is to be noted that the air which has entered the recess has been dried
      by the action of the desiccating agent 16 to the extent that it contains
      almost no moisture. Such dry air also enters the interior of the wrist
      watch evacuated to a sub-vacuum state, so that the interior of the wrist
      which is filled with dry air. After the recess 2 resumes atmospheric
      pressure, the transparent plate 9 is removed to take out the wrist watch
      and the loosened lid thereof is tightened to complete the dry air sealing
      operation.
PAR  Although the wrist watch is taken out into the atmosphere with its lid
      loosened, the dry air contained in the wrist watch will hardly change
      places with the ambient air since the pressure in the wrist watch is equal
      to atmospheric pressure. The wrist watch having dry air thus enclosed
      therein has no longer the disadvantage of the watch crystal becoming
      clouded and making it difficult to read the figures on the dial plate.
      Moreover, there is no possibility of the movement being rusted due to
      moisture. Further, the apparatus is also capable of removing clouds on a
      wrist watch with waterdrops formed on the crystal.
PAR  In addition, instead of the air desiccator 7, an inert gas cylinder, such
      as an argon or nitrogen cylinder, may be connected to the inlet to the
      on-off valve 6. This is effective to prevent oxidation of lubricants as
      well as rusting.
PAR  As has been described so far, according to the present invention, a sealed
      precision device can be filled with dry air to ensure the substantial
      absence of moisture in the interior of the device, thereby preventing the
      formation of waterdrops and rust and increasing the durability of the
      sealed precision device. Further, since an annular abutment is formed of a
      packing material on the outer periphery of the thick plate around the
      recess so as to cooperate with a transparent plate placed on said annular
      abutment to close the opening in the recess, reception and withdrawal of a
      sealed precision device can be carried out extremely easily by simply
      mounting said transparent plate on the thick plate and dismounting the
      same therefrom. Further, since the vacuum suction port at the recess is
      connected to a vacuum pump through a check valve, in order to suction the
      air in the recess it is only necessary to operate the vacuum pump and the
      on-off valve which controls the dry air inlet port. Since the recess is
      formed on the upper surface is formed on the upper surface of the thick
      plate, the sealing of the inner wall and bottom surface of the recess is
      perfect and manufacture is very simple. A further outstanding merit is
      that the transparent plate allows the operator to observe the condition of
      sealed precision device in the recess during the dry air cycle of
      operation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of preventing the formation of moisture in a watch having a
      detachable air-tight cover comprising the steps of placing the watch with
      its cover loosened in a sealed zone; evacuating the air from said zone to
      cause a vacuum therein then feeding in dry air therein, whereby the dry
      air penetrates the watch and even when the zone is opened and the cover
      tightened, the dry air remains in the watch preventing the future
      foundation of moisture therein.
NUM  2.
PAR  2. An apparatus for providing a protective dry air in a watch to prevent
      the formation of moisture in the watch comprising in combination:
PA1  a. a box-like housing having a deep lower chamber with a top and bottom
      defined therein, an elongated shallow recess upper chamber (2) with an
      upper peripheral abutment (8) formed of packing material around said
      recess upper chamber, a transparent plate (9) resting on said packing
      material covering said recess and sealed by said packing material, and
      first and second ports (4, 3) to said upper chamber;
PA1  b. a plurality of vertical cylindrical containers (15) including a first
      and a last container in said lower chamber, each container being linked to
      another container alternately towards the top and bottom of said chamber
      so as to define an elongated gas travel path in said lower chamber, said
      containers each being filled with a silcia gel desiccator; an air filter
      (17a) connected to said first container, an aperture (22) and a one-way
      valve (20) into said lower chamber connecting to said air filter (17a)
      said last container being connected to said first port (4);
PA1  c. a threaded first valve (6) with a knob (12) connected to said first port
      (4) to control the dry air flow into said recess upper chamber (2), and a
      second valve (5) connected to said second port (4);
PA1  d. a suction outlet connection connected to said second port (3) for
      connection to vacuum exhaust means and pump means (103) to exhaust air
      from said recess upper chamber whereby when a watch with a loosened cover
      is placed in said chamber, said first valve (6) is closed, said second
      valve means (5) is opened and pump means (103) exhausts air from the
      chamber and from the watch, then, when said second valve means is closed
      and said first valve means (6) is opened, dry air from said lower chamber
      flows into the recess upper chamber into said watch remaining therein even
      when said chamber is opened to allow tightening of the watch cover.
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ABST
PAL  Hot reduced manganese ore is cooled by blowing air through a layer of ore
      at velocities greater than 1 meter per second. The use of an inert cooling
      gas is unnecessary, and air reoxidation of the ore does not occur in the
      process.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to pyrometallurgical reduction processes for
      the recovery of metal values from manganese ore. More particularly the
      invention is concerned with a process for cooling reduced manganese ore to
      ambient temperatures without significant reoxidation using a high velocity
      air blow.
PAC  BACKGROUND OF THE INVENTION
PAR  In numerous applications it is essential to reduce the manganese values in
      manganese ore to manganous oxide (MnO), and to recover the reduced ore in
      dry, stable form. Such ore reduction is generally carried out at
      temperatures in excess of 760.degree.C. (1400.degree.F.), normally at
      about 843.degree. to 954.degree.C. (1550.degree. to 1750.degree.F.). It is
      then necessary to cool the hot reduced ore, without reoxidation, to near
      room temperature, and desirably to less than 38.degree.C. (100.degree.F.).
PAR  Cooling of reduced ore has generally been accomplished in the presence of
      an inert gas, i.e., a gas which is non-oxidizing towards MnO. Even the
      most stable MnO has not been handled in a system open to the atmosphere
      unless it was first cooled to a temperature below about 120.degree.C.
      (248.degree.F.). This temperature reduction has generally been carried out
      either by indirect cooling in a kiln containing an inert or reducing
      atmosphere, or by forcing an inert gas through the reduced ore.
PAR  When reduced ore is introduced into an indirectly cooled kiln at
      843.degree. to 954.degree.C. (1550.degree. to 1750.degree.F.), very rapid
      cooling takes place until the ore reaches a temperature of about
      230.degree.C. (446.degree.F.). As the ore reaches this intermediate
      temperature, the rate of cooling becomes markedly slower. This is
      particularly true of ore which has a relatively coarse particle size. If
      the ore has been crushed rather than milled prior to reduction, kiln
      cooling is undesirably slow.
PAC  SUMMARY OF THE INVENTION
PAR  It has been discovered that hot reduced manganese ore can be rapidly cooled
      to room temperature without significant reoxidation by the application of
      a suitably controlled air quenching process. The process comprises blowing
      air through a layer of hot reduced ore at a velocity of at least 1 meter
      (3.3 feet) per second until the ore reaches the desired temperature.
      Cooling by an air blow of the proper velocity is particularly suitable for
      use on crushed, unground ore which has been reduced and then brought to an
      intermediate temperature by indirect kiln cooling.
PAR  The process of the invention has numerous advantages, including rapid
      cooling without the use of expensive inert atmospheres and related complex
      equipment, avoidance of reoxidation upon exposure to air, and the use of
      simple and small equipment. A further advantage is realized when the air
      blow cooling process is combined with an indirect kiln cooling process.
      The discharge temperature of reduced ore from the kiln can be raised, for
      example from 50.degree.C. (122.degree.F.), to 120.degree.C.
      (248.degree.F.), which permits the through-put of the kiln to be increased
      over twofold. The reduced ore discharged from the kiln at this
      intermediate temperature may then be rapidly cooled by the air blow
      process, without reoxidation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The followng discussion will refer to the drawings, in which:
PAR  FIG. 1 is a graph showing that the logarithm of the increase in oxidation
      of reduced manganese ore per unit time is directly proportional to
      temperature; and
PAR  FIG. 2 is a graph correlating the increase in oxidation of reduced
      manganese ore directly with time (t) and also as a .sqroot.t function.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The air quenching process basically comprises blowing air through a layer
      of hot, reduced manganese ore at a velocity of at least one meter (3.3
      feet) per second until the ore has reached the desired temperature. More
      specifically the process involves the cooling of unground, reduced
      manganese ore from the temperature range 90.degree.-230.degree.C.
      (194.degree.-446.degree.F.), to the range 25.degree.-65.degree.C.
      (77.degree.-149.degree.F.), by spreading the hot reduced ore in a layer up
      to about 5 cm. (2 inches) in thickness, and blowing cooler air through the
      ore layer at a velocity of at least 1 meter per second until all of the
      ore has reached the desired temperature.
PAR  Certain parameters of the process are interrelated and require coordination
      during operation. The basic relationships involved when using an air
      quench process are:
PAR  A. The rate of oxidation (or reoxidation) of MnO in air varies
      exponentially with temperature within the temperature range of interest
      (from about 90.degree. to 230.degree.C.). This is set forth in FIG. 1,
      where the percent increase in MnO.sub.2 content of a Comolog type ore
      having a particle size predominantly between 0.25 mm (60 mesh) and 0.074
      (200 mesh) is plotted on a logarithmic scale against temperature. The data
      indicates that the rate of oxidation approximately doubles with each
      increase of 36.degree.C. (65.degree.F.) in temperature.
PAR  B. The degree of oxidation (or reoxidation) of MnO varies directly with the
      square root of time, or stated another way the rate of oxidation is
      directly proportional to the function 1/.sqroot.t (other conditions
      constant). This is set forth in FIG. 2, where oxidation at 100.degree.C.
      (212.degree.F.) of a Comolog type ore having a paritcle size predominantly
      between 2.4 mm (8 mesh) and 1.0 mm (16 mesh) in an oxygen atmosphere is
      shown as a function of time.
PAR  These relationships, taken together, dictate the importance of coordinating
      the process conditions carefully during the first few seconds of air blow.
      This may be more clearly shown in terms of actual operation. For example,
      a layer of crushed reduced ore approximately 2.5 cm (1 inch) deep and 929
      sq. cm. (1 sq. ft.) in cross section will have a mass of about 3860 grams.
      If it is assumed that about 5% (190 grams) of the crushed MnO consists of
      fines of 0.15 mm (100 mesh) and that the temperature of the mass is in the
      range 180.degree.-205.degree.C. (356.degree.-401.degree.F.), when the ore
      is placed on a screen and air is blown through it several competing
      processes occur simultaneously:
PA1  I. the ore begins to oxidize and generate heat. Each 2 grams of MnO ore
      will raise itself and 0.028 cubic meters (1 cubic foot) of air
      36.degree.C. (65.degree.F.) as it oxidizes from MnO to Mn.sub.3 O.sub.4.
PA1  Ii. the moving air removes sensible heat from the ore particles. Each 0.028
      cubic meter of air raised 0.56.degree.C. (1.degree.F.) by sensible heat
      transfer will lower the temperature of 45 grams of ore by 0.56.degree.C.
PA1  Iii. some portion of the fine ore particles will be stripped from the bed
      and carried away in the moving air flow.
PAR  Experimental data have shown that air velocities of less than about 1.5
      meters per second through a bed of this depth and temperature result in
      the ore becoming hot and oxidizing. It is apparent that process (I) is
      causing the ore to rise in temperature faster than process (II) can cool
      it. A very rapid snowballing effect can occur since each 36.degree.C. rise
      in temperature doubles the rate of oxidation. The relationship of the rate
      of oxidation with time (rate .varies. 1/.sqroot. t) is compensating to a
      degree, since at a constant temperature the oxidation rate would be 1.4
      times faster at the end of the first second as at the end of the second,
      1.2 times faster at the end of the 2nd second as at the end of the third,
      and so on. However, it is clear that a relatively small increase in
      temperature can continue to overpower the effect of decreasing oxidation
      rate with time.
PAR  At air velocities through such a bed from about 1.5 meters (4.9 feet) per
      second to about 2.3 meters (7.5 feet) per second, experimental tests
      showed that the coarser ore particles in the bed were cooled with little
      or no oxidation, while the ore fines carried out of the bed with the air
      flow continued to oxidize and generate a high temperature exit gas stream.
      Under these conditions it is apparent that, for the coarse ore fraction,
      process (I) is overpowered by process (II). Coupled with the oxidation
      rate/time relationship this brings about very rapid cooling of the coarser
      ore with almost no oxidation. On the other hand the fines are moving with
      the air which limits the cooling of the individual particles, while at the
      same time the heat content of the composite air/fines mass can continue to
      build. The heat of oxidation of MnO to Mn.sub.3 O.sub.4 is such that 2
      grams of MnO ore can raise the temperature of 0.028 cubic meters of air
      about 36.degree.C. (65.degree.F.). With the percentage of fines postulated
      it is likely that the dust loading of the first air through such a bed
      could be 1800 grams per cubic meter. Thus very high temperatures can
      result if the oxidation process overpowers the cooling process in the
      dust-laden air leaving the ore bed.
PAR  At air velocities of about 2.3 meters (7.5 feet) per second or higher,
      little or no oxidation takes place even in the case of air-borne fines.
      Under these velocity conditions the air picks up so little heat per unit
      volume in moving through the bed that cooling of the fines can take place
      with sufficient speed to quench the oxidation reaction. Since 0.028 cubic
      meters of air can remove 0.56.degree.C. of sensible heat from 45 gm of
      fines for each 0.56.degree.C. rise in air temperature, if the air emerges
      from the bed at a sufficiently low temperature (usually less than
      77.degree.C.) then oxidation rates can be rapidly reduced more than
      twofold even at the dust loadings postulated above. Subsequent dilution of
      the dust-laden air in the processing equipment results in complete
      quenching of the ore fines without oxidation.
PAR  The time required for complete cooling of reduced ore varies with the size
      of the largest ore particles. At proper air blow rates the time for
      cooling ore containing particles up to 6.4 mm (one-fourth inch) is about
      1-2 minutes, and for ore containing particles up to 20 mm (three-fourths
      inch) the cooling time is about 2-4 minutes. The heat transfer during the
      latter stages of the cooling is lower and if desired can be carried out at
      much lower blow rates. During the final cooling stages a blow rate of 1
      meter per second is usually quite adequate to overcome the reoxidation
      reaction. Alternatively, the ore bed thickness may be increased during the
      latter stages of the cooling, while maintaining a higher blow rate.
PAR  Experimental data indicate that about half of the heat is removed from the
      reduced ore during the first 30 seconds of air blow. Relating this to the
      conditions postulated previously, if an average change in temperature of
      the cooling air as it moves through the bed of 36.degree.C. occurs
      (30.degree. to 66.degree.C.), the 3860 grams of ore would be cooled from
      185.degree. to 110.degree.C. in 36 seconds at 1.5 meters per second
      velocity or 22 seconds at 2.3 meters per second velocity.
PAR  The preceding clarifies the controlling principles of the process. These
      principles had not heretofore been recognized by workers in the field of
      manganese ore reduction. Discovery of these principles has enabled the
      interrelationship of the cooling/reoxidation processes to be defined, and
      has allowed the operating parameters of an air blow cooling process to be
      developed. Operating parameters may be generally summarized as follows:
PAR  1. Bed thickness will determine the optimum air blow rate. Thicknesses
      greater than about 5 cm (2 inches) usually will require an undesirably
      high blow rate. A bed thickness on the order of 2.5 cm (1 inch) generally
      requires an air blow rate of about 2.4 meters (8 feet) per second for the
      first 5-10 seconds.
PAR  2. Particle size of the reduced ore will affect the blow rate to a lesser
      degree. Ore having a finer average particle size will require a somewhat
      high rate. Ore having a particle size up to about 32 mm (11/4  inch) is
      suitable, but ore having a particle size predominantly in the the range
      1-20 mm (18 mesh-3/4  inch) is preferred for most efficient operation of
      the process.
PAR  3. The air blow through the hot bed should go to full rate almost
      instantaneously. A few seconds of intermediate blow rate may initiate a
      runaway oxidation reaction.
PAR  4. The duration of the air blow will be determined by the final temperature
      desired for the coarsest fraction of the ore.
PAR  5. The lower the initial temperature of the reduced ore, the less critical
      parameters (1) through (3) become. Control of each of these parameters can
      be relaxed to some degree if the initial ore temperature is in the range
      of 90.degree.-120.degree.C. (194.degree.-248.degree.F.) rather than the
      180.degree.-230.degree.C. (356.degree.-446.degree.F.) range, since the
      oxidation rate would be only about one-quarter as fast.
PAR  The process will be further described in terms of air blow cooling runs
      carried out on continuous type equipment. Hot reduced manganese ore was
      discharged from an indirectly cooled kiln onto a moving reciprocating
      screen. Discharge rate and screen speed were adjusted to achieve an ore
      bed of the desired thickness. The hot ore was carried by the screen
      directly into an enclosed chamber, and cooling air was directed upwardly
      through the screen. The enclosed chamber was divided into two sections,
      the first for a high velocity air blow and the second for a lower velocity
      air blow. Velocity in each section was controlled by adjustable dampers in
      the air inlet piping. A conventional power-driven blower provided the air
      blow. After passing through the screen and ore bed, the air was collected
      in an expansion chamber at the top of the enclosure and passed to
      conventional dust collecting equipment. The cooled ore was discharged from
      the end of the enclosure for further processing. The results of several
      runs are summarized in the following Table.
TBL                                    TABLE                                   

     __________________________________________________________________________

                      ORE FEED               AIR BLOW    PRODUCT               

               Ore size                Depth of                                

                                             Initial                           

                                                  Final                        

     Run Ore Type                                                              

                (mm)  .degree.C.                                               

                          %MnO.sub.2                                           

                               Rate--kg/hr.                                    

                                       Bed--cm.                                

                                             m/sec.                            

                                                  m/sec.                       

                                                      .degree.C.               

                                                         .degree.C.            

                                                            %MnO.sub.2         

     __________________________________________________________________________

     I   Australian                                                            

               6.4 & down                                                      

                      205 1.0  1540    2.5   2.0  1.3 16 21 1.2                

     II  Comolog                                                               

               19 & down                                                       

                      177 1.0  1700    2.5   2.5  1.1 24 43 1.9                

     III Comolog                                                               

               19 & down                                                       

                      138 1.0  2270    2.5   2.5  1.1 24 43 1.03               

     __________________________________________________________________________

PAR  Although the process has been described with particular reference to a
      continuous operation, it is also adaptable for use as a batch process. In
      this type of operation particular care must be taken to insure that the
      air blow is applied immediately and at the proper velocity as soon as the
      ore batch is ready for cooling. Undue exposure of the hot ore to the open
      atmosphere prior to the air blow should be avoided.
PAR  The air blow cooling process may be used in conjunction with a wide variety
      of apparatus for continuous processing, including moving webs, belts, or
      vibrating screens. The equipment used for generating an air blow of the
      proper velocity is not critical, and many ordinary jets or blowers may be
      adapted to the process, using either ambient or artificially cooled air.
PAR  The air blow process may be used advantageously in conjunction with other
      cooling processes such as inert gas quenching or indirect kiln cooling.
      Use of combined cooling processes often results in a significant saving of
      overall cooling time, as well as increased throughput rates for the
      reduction furnaces.
PAR  The term mesh as used herein refers to a specified particle size determined
      by the use of U.S. Standard Sieve Series screens.
PAR  Thus it is apparent that there has been provided, in accordance with the
      invention, a process which fully satisfies the advantages set forth above.
      While the invention has been described with particular reference to
      specific embodiments thereof, it is evident that many alternatives,
      modifications, and variations will be apparent to those skilled in the art
      in light of the foregoing description. Accordingly it is intended to
      encompass all such alternatives, modifications, and variations as fall
      within the spirit and scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for the cooling of hot reduced manganese ore, the
      improvement which comprises blowing air through a layer of hot manganous
      oxide ore at a velocity of at least 1 meter per second until the ore has
      reached the desired temperature.
NUM  2.
PAR  2. The process described in claim 1 wherein the layer of reduced ore has a
      thickness of not more than 5 centimeters.
NUM  3.
PAR  3. The process described in claim 1 wherein the layer of reduced ore
      comprises crushed, unground manganese ore having a particle size
      predominantly in the range of 1 to 20 mm.
NUM  4.
PAR  4. The process described in claim 1 wherein the initial temperature of the
      reduced ore ranges from 90.degree. to 230.degree.C.
NUM  5.
PAR  5. The process described in claim 1 wherein the final temperature of the
      cooled, reduced ore ranges from 25.degree. to 65.degree.C.
NUM  6.
PAR  6. The process described in claim 1 wherein ambient air is blown through
      the layer of reduced ore.
NUM  7.
PAR  7. The process described in claim 1 wherein cooled air is blown through the
      layer of reduced ore.
NUM  8.
PAR  8. The process described in claim 1 wherein the layer of reduced ore
      comprises a moving bed.
NUM  9.
PAR  9. The process described in claim 1 wherein the velocity of the air blow
      ranges from one to five meters per second.
NUM  10.
PAR  10. A process for the cooling of unground, reduced manganese ore from the
      range of 90.degree.-230.degree.C. to the range of 25.degree.-65.degree.C.
      which comprises
PA1  a. spreading the hot manganous oxide ore in a layer up to about 5 cm. in
      thickness, and
PA1  b. blowing cooler air through the ore layer at a velocity of at least 1
      meter per second until all of the ore has reached the desired temperature.
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ABST
PAL  A tobacco handling and curing system and method is provided and in one
      aspect includes a curing container of generally rectangular solid
      configuration of which four side walls are generally imperforate and a
      pair of opposed side walls are perforate for the passage of curing gas
      therethrough. Such container may include one or more perforate interior
      transverse walls parallel to the opposed walls; adjustable edge baffles
      for the perforate side walls; and means carried by a pair of imperforate
      side walls to assist in handling the container. In another aspect of the
      present invention, novel curing mechanism is provided to receive a
      plurality of the containers and to direct gas therethrough at
      predeterminable temperature, humidity and volume.
PARN
PAR  This is a continuation, of application Ser. No. 288,028 filed Sept. 11,
      1972, now abandoned.
BSUM
PAC  THE INVENTION
PAR  This invention relates to a new and improved system for handling and curing
      tobacco, in either intact or cut strip form, which materially simplifies
      the materials handling problems of tobacco, harvesting and curing.
PAR  It is a particular object of the present invention to provide curing
      containers or modules which receive either intact or cut strip tobacco and
      once the containers or modules are filled, the tobacco itself is not
      physically handled by operators or machines until the tobacco is fully
      cured or cured and conditioned.
PAR  It is an object to provide such containers or modules which include means
      for controlling the flow of curing gases through the tobacco and means for
      facilitating the machine handling of the modules.
PAR  It is a further object to provide a means or system for handling and curing
      of large batches of tobacco in specially constructed containers or
      modules, each of which may hold up to, for example, 1500 or more pounds of
      tobacco. Another object is to provide a module which includes features of
      rotatability for orientation of the tobacco after filling and ease of
      unloading after curing and screen dividers for support of the tobacco and
      to permit curing airflow therethrough;
PAR  A further object is to provide such a module which lends itself to
      mechanical handling by conventional handling vehicles such as forklift,
      tractor lift, or other mechanical aids.
PAR  Another object is to provide a system including a module which can be
      directly filled from mechanical harvesting apparatus and transported to a
      curing site.
PAR  In another aspect of the present invention it is an object to provide an
      improved curing station which receives a plurality of the filled modules
      which station includes means to urge forced air, which is heated and
      recirculated, through the modules as required to thereby materially
      improve the uniformity of the product, reduce hand labor, curing time and
      ultimately the cost of tobacco production.
PAR  It is another object to provide such a module curing station which includes
      a special foundation structure which serves as an air supply plenum,
      curing modules which seal directly with the foundation, a top air plenum
      which lowers and raises to seal or unseal with the top portion of the
      modules and a forced air heating and/or humidifying unit which connects
      with both the top and the bottom plenums.
DRWD
PAR  These and other objects and advantages will become apparent to those
      skilled in the art from the following detailed description of the present
      invention when considered in light of the accompanying drawings wherein:
PAR  FIG. 1 is a perspective exploded view partially in section of a tobacco
      curing module constructed in accordance with the teachings of the present
      invention;
PAR  FIG. 2 is an elevational view of a form of tobacco curing station including
      six of the modules such as illustrated in FIG. 1;
PAR  FIG. 3 is a top plan view of the structure shown in FIG. 2;
PAR  FIG. 4 is the right end view of the structure shown in FIGS. 2 and 3;
PAR  FIG. 5 is an elevational view of a module transporting vehicle with two
      modules received thereon;
PAR  FIG. 5a is a top plan view of the structure shown in FIG. 5 without the
      modules;
PAR  FIG. 6 is a side elevational view of a conventional fork lift vehicle
      modified to handle modules constructed in accordance with the present
      invention;
PAR  FIG. 6a is a further view of the structure shown in FIG. 6;
PAR  FIG. 7 is a partially diagrammatic view of a modified form of a curing
      station;
PAR  FIG. 8 is a view similar to FIG. 7 of another form of curing station;
PAR  FIG. 9 is an elevational view of another form of curing station;
PAR  FIG. 10 is an elevational view of still a further form of curing station;
PAR  FIG. 11 is a perspective exploded partially sectional view of a modified
      form of curing module constructed in accordance with the present
      invention;
PAR  FIG. 12 is a perspective exploded partially sectional view of a further
      modification of the curing module;
PAR  FIG. 13 is an enlarged fragmentary view of a portion of the slidable
      baffles illustrated in conjunction with the module shown in FIG. 12;
PAR  FIG. 14 is a perspective view of a modified form of the module;
PAR  FIG. 15 is a perspective view of a further form of the module of the
      present invention, and
PAR  FIG. 16 is a section on line 16--16 of FIG. 15.
DETD
PAR  Referring now to the drawing and in particular to FIG. 1, 10 generally
      designates one of the containers or modules for the curing of tobacco in
      accordance with the teachings of the present invention. The module 10
      includes imperforate sides 12, 14, 16, and 18, and perforate sides 20 and
      22. In the illustrated form of the invention the module 10 or container is
      cubicle in configuration and a module of 4 feet .times. 4 feet .times. 4
      feet inside dimensions, is designed to hold from about 900 to about 1500
      pounds of uncured tobacco leaf with an empty container weight of about 300
      to about 500 pounds. The total weight of a filled container of said
      dimensions would be about 1200 to 2000 pounds. A module having five foot
      internal dimensions when filled with tobacco would weight approximately
      one to 1.5 tons when the module is of predominantly wooden construction
      with metal screens in the side wall 20 and 22 and with a screened center
      partition generally designated 24.
PAR  Each of the imperforate side walls 12, 14, 16, and 18 is formed with a
      metal or wooded peripheral frame 26 and a panel 28 of plywood or
      preferably each of the imperforate walls of the module is constructed of
      double layers of plywood 19 and 21 spaced by insulation 23. The insulation
      is preferably or rigid from material such as Styrofoam which has excellent
      insulating properties with substantial resistance to compression. The side
      walls 12, 14, and 16 are rigidly and integrally formed with side walls 20
      and 22 whereas side wall or cap 18 is removable as illustrated in FIG. 1.
      After the module is filled the side wall 18 is secured to the other side
      walls of the container by a plurality of studs 32 anchored in the
      peripheral wall 30. The studs are received in bores 34 in the peripheral
      edge of wall 18 and secured thereto by suitable wing nuts or the like. It
      will also be appreciated by those skilled in the art that in place of the
      studs 32 and cooperating wing nuts other separable fastening means may be
      employed with the module of the invention. Furthermore the side wall 18
      may be hinged on one side to effect closure of the module as to be
      described in reference to FIG. 14.
PAR  The end walls 20 and 22 and the partition wall 24, are, as hereinbefore
      described, perforated and in the illustrated form of the invention the
      walls comprise expanded metal screening having a high ratio of open space
      to meetal. The primary function of the expanded metal screen 36 is to
      retain the tobacco leaves in whole or in cut strip form within the
      container during subsequent handling and during the curing stage while
      permitting substantial volume flow of heated treated gases to pass
      therethrough with a minimum of resistance.
PAR  As to be further described hereinafter the perforated walls may comprise
      perforated metal, expanded metal, plastic or metal ribs formed to provide
      parallel ridges and valleys etc.
PAR  As hereinbefore set forth, in view of the weight of even the relatively
      small modules of the 4 feet .times. 4 feet .times. 4 feet type, the module
      10 includes a lug generally designated 40 on each of the side walls 12 and
      16. The lugs 40 are retained on the side walls by a pair of angle irons 42
      and 44 whose primary function is to distribute the weight of the load
      throughout the carrying side walls. Further, it will be noted that the
      lugs 40 include end plate members 44 which, as to be more fully described,
      cooperate with lifting slings 46, FIGS. 6 and 6a, provided with shaped
      openings 48 which are slipped over the end plates 44 and securely engage
      the shaft portions 50 thereof.
PAR  In FIGS. 6 and 6a the carrying rings 46 are chain connected to a pair of
      side-by-side horizontal arms 52, secured to the lifting face 54 of a
      conventional fork-lift vehicle generally designated 56. Each of the
      horizontal support arms 52 is suitably braced as at 58 whereby the modules
      10 may be readily moved from their filling stations to supplemental
      hauling means to be described in reference to FIGS. 5 and 5a, and placed
      and or turned and stacked in the curing station as to be more fully
      described in reference to FIGS. 2 through 4, and 7 through 10.
PAR  Referring to FIGS. 5 and 5a where the filling of the module 10 is remote
      from the curing station, the modules may be transported between the
      harvester and/or leaf slicer and the curing station on small tractor drawn
      dollies generally designated 70. The dolly 70 includes a platform 72
      forming a flatbed to receive a pair of the modules which platform is
      suitably rotatably mounted via axle 74 and wheels 76. The flatbed of the
      dolly may comprise a plurality of elongated rollers generally designated
      78 which rollers are mounted in banks of pairs designated A and B so that
      the modules 10 can be simply rolled from the dolly into the assigned
      spaces at the curing station. In order to anchor the modules on the dolly
      bed a crossbar 80 for each section A and B is provided with end recesses
      82 which are adapted to receive stop pins 84 after the modules are
      positioned on the dolly.
PAR  Referring now particularly to FIGS. 2 through 4, one of the novel curing
      stations forming one aspect of the present invention is generally
      illustrated at 100. In these figures the curing station is adapted to
      receive six of the modules 10 in two rows of three. The curing station 100
      includes a foundation generally designated 110 which is built to provide a
      pair of air channels 112a and 112b which are open in the zone of each of
      the modules are shown in the broken section of FIG. 3 of the drawings. At
      end 114 of the curing station is mounted a furnace generally designated
      116. The furnace includes a burner or heater 118, a draft creating means
      such as motor-driven fan 120, and a humidifier 122. Above the modules 10
      and the furnace 116 is an upper plenum chamber generally designated 124.
      The upper plenum chamber 124 is suspended from a frame 126 which frame
      includes corner posts 128 and longitudinal and transverse cross members
      130 and 132 respectively. The transverse members 132 carry on their under
      surfaces shafts 134 suitably rotatably mounted in bearings 136 adjacent
      one of the longitudinal runners 130 and in the center and suitable drive
      means along the opposite sides generally designated 140. The shafts 134
      carry pulleys or shives 142 over which are trained flexible draft members
      144 having their extended ends connected to the top portion of the upper
      plenum chambers 124 as at 146. By means of the shafts 134, the pulleys
      142, the flexible draft members 144 and suitable motive means, the upper
      plenum chamber may be raised and lowered as illustrated by the directional
      arrow C, FIGS. 2 and 4 of the drawings.
PAR  About each of the generally rectangular openings formed in the upper and
      lower plenum chambers a suitable gasketing material 133 is mounted, such
      as, 1/2 inch .times. 4 inches rubber. The gaskets 133 seal each module
      between the upper and lower plenums. With six modules positioned as shown
      in FIGS. 2 - 4 it is not difficult to develop a static pressure up to 4
      inches of water with negligible air leakage. The top surface of the lower
      plenum 110 in the zone to receive the module 10 may be formed as open slat
      work such as illustrated at 121. The open slat work 121 may comprise
      spaced rollers such as previously described in reference to FIG. 5 whereby
      the module may be directly rolled from the transporting dolly 70 into
      position on the lower plenum chamber.
PAR  In FIGS. 2 and 3, the upper plenum chamber 124 is in its elevated position
      to thereby permit insertion of the modules 10 or removal or rotation
      thereof. Once the modules 10 are in the desired position the upper plenum
      chamber is lowered so that there is a closed flow path for the heated
      and/or heated and humidified curing air as illustrated by the directional
      arrows. The upper plenum chamber is also provided with suitably
      controllable outlet dampers in the side walls as illustrated at 150, and
      an inlet damper in the end wall as illustrated at 152 whereby a portion of
      the circulated air may be exhausted through dampers 150 and make up air
      may be added at damper 152.
PAR  The damper system also includes a recirculation damper 153 which is
      connected to damper 152 by control rod 155 so that as one opens the other
      closes. The outlet dampers 150 are preferably of the gravity-vane type
      which open or close due to changes in the static pressure in the plenum,
      due to changes in positioning of the recirculation damper 153.
PAR  In operation of the curing station as shown in FIGS. 2, 3, and 4, six
      modules filled with tobacco are positioned as shown with the open screen
      sides being in register with the upper and lower plenum chambers 134 and
      110. After a suitable time of curing as to be more fully described the
      upper plenum chamber 124 may be raised and each of the modules 10 may be
      rotated 180 degrees so that the original open top portion of the module is
      in the downward position. This rotation serves to speed the curing and at
      the same time improves the uniformity of the finished product.
PAR  A modified form of curing station is illustrated in FIG. 7 and generally
      designated 100a. The curing station 100a includes upper plenum 124a and
      lower plenum 110a and a furnace section 116a. The lower plenum 110a
      includes a plurality of outlet dampers 150a and an inlet damper 152a which
      elements correspond to their complementary elements in FIG. 2. The top
      plenum 124a is also suspended for vertical movement on a frame 126 as in
      the form of the invention shown in FIGS. 2, 3, and 4. In this form of the
      invention the direction of flow of air from the furnace 116a is opposite
      to that shown in FIGS. 2, 3, and 4. It is also contemplated that a
      reversible motor may be provided for the draft means 120, FIG. 2, and
      120a, FIG. 7, so that during a portion of the cycle air is passed in one
      direction through the modules and during the other half of the drying
      cycle air is passed in a reverse direction of flow. Using the reverse
      direction of flow method of operation has the similar advantage to that of
      rotating the module 10 180.degree. during curing. However, using the
      reverse flow of curing gas movement complicates to some extent the
      operation of the dampers 150, 150a, 152, 152a and the recirculation
      dampers, 153 and 153a.
PAR  Referring to FIG. 8, another form of the curing station is illustrated and
      generally designated 100b. In this form of the invention there is provided
      a lower plenum chamber 110b similar in construction and function to the
      lower plenum chamber 110, FIGS. 2 - 4, and an upper plenum chamber 124b,
      also similar in structure and function to that illustrated in FIGS. 2 - 4.
      A furnace 116b is provided at end 114b and the upper plenum chamber 124b
      is suitably supported from the framework 126b whereby the upper plenum
      chamber 124b may be raised and lowered. The primary distinction between
      this form of the invention and that illustrated in FIGS. 2 - 4 is in the
      height of the furnace 116b which height is sized to permit stacking of two
      rows C and D of modules 10 to either reduce the width of the curing
      station or to double its capacity for the same ground area.
PAR  The upper plenum is provided with flow control dampers 150b, 152b and 153b
      as in the other described form of my invention.
PAR  Referring to FIG. 9 a modified curing station 100c is illustrated and in
      this form of the invention the upper plenum chamber 124c is formed as two
      sections 160 and 162. Section 160 is immovably mounted to the upper end of
      the furnace 116c while the section 162 is suitably mounted from the
      framework 126c for vertical lifting movement whereby the module 10 may be
      suitably placed on top of the lower plenum chamber 110c. Section 160 and
      section 162 of the upper plenum chamber 124c are connected by an accordion
      type expansible joint generally designated 164.
PAR  Referring now to FIG. 10, a further curing station 100d is shown. In this
      form of the invention the upper and lower plenum chambers 124d and 110d
      respectively are arranged such that the furnace and draft creating means
      116d is mounted in the center and flow of curing gases is controlled by
      dampers 166, 168, 170, and 172 in addition to inlet damper 152d and outlet
      damper 150d. The first pair of dampers is mounted in the upper plenum
      chamber 124d and the second pair in the lower plenum chamber 110d. Two
      banks of containers or modules 10 rest on the lower plenum and connect
      with suitable passages in the upper plenum so that gas flow through this
      device is as illustrated by the directional arrows. In addition to being
      able to handle a substantial number of curing modules, this form of the
      invention also has the added feature that by, for example, closing dampers
      166 and 170, only half of the unit may be employed during the non-peak
      production times.
PAR  Referring now to FIG. 11, a modified form of module is illustrated at 10a.
      In this form of the invention the module includes the gas impervious side
      walls 12a, 14a, 16a, and 18a constructed as shown and described with
      reference to FIG. 1. Further, this form of the invention also includes gas
      pervious side walls 20a and 22a corresponding to walls 20 and 22 of the
      FIG. 1 form of the invention. The module 10a differs from the module 10 in
      that a pair of parallel gas pervious walls 24a and 24b are mounted within
      the module parallel to the gas pervious walls 20a and 22a. The gas
      pervious interior walls 24a and 24b divide the space within the module
      into three compartments. Dividing the module into a greater number of
      compartments reduced packing of the tobacco during handling and assists in
      insuring a more uniform airflow through the device. As in the previous
      form of the invention, handling lugs 40a are provided on each of the side
      walls 12 a and 16a.
PAR  It has been found in use of the modules constructed in accordance with the
      present invention that as the tobacco loses moisture it shrinks in bulk
      and in some cases the shrinkage occurs greatest along one of the
      imperforate walls thus increasing the time required to fully cure the
      tobacco. This sneakage of gas along an imperforate wall may be controlled
      by the installation of baffles along the peripheral margins of the gas
      pervious screen walls. A module constructed in this manner is illustrated
      in FIGS. 12 and 13. In FIGS. 12 and 13 the module 10b includes imperforate
      walls 12b, 14b, 16b, and 18b, with walls 12b and 16b being provided with
      handling lugs 40b as previously described in reference to FIGS. 1 and 11.
      Further, the module includes gas pervious open-mesh screened end walls 20b
      and 22b and interior perforate partition wall 24b. Each of the open-mesh
      screened walls 20b, 22b, and 24b, are provided about their peripheral
      edges with metal, wood, or plastic baffle members 200, more clearly shown
      in FIG. 13. The baffles 200 are secured to the margins or frames 26b by
      means of screws or other anchor type fasteners generally designated 202.
      The fasteners 202 pass through elongated slot-like openings 204 in the
      baffles which permit the baffles to be moved in the direction of the
      directional arrows E, FIG. 13, to thereby regulate within limits the area
      of the screens to be blocked by the baffles. It has been found that after
      the tobacco has partially dried baffles extending, inwardly for example, 3
      to 8 inches, provide greater control of gas sneakage along imperforate
      walls and by means of the slidable and adjustable baffles 200 this control
      may be readily available to the operator.
PAR  Referring now to FIG. 14, modified form of module is illustrated at 10b. In
      this form of the invention the module includes the gas impervious side
      walls 12b, 14b, 16b, and 18b constructed as shown and described with
      reference to FIG. 1 except that wall 18b is hinged to one of the other
      side walls. Further, this form of the invention also includes gas pervious
      side walls 20b and 22b corresponding to walls 20 and 22 of the FIG. 1 form
      of the invention, and parallel gas pervious wall 24b mounted within the
      module parallel to the gas pervious walls 20b and 22b. The gas pervious
      walls 20b, 22b and 24b are formed with spaced parallel bars, ribs or rods
      300 instead of screen or expanded metal 36 as in FIG. 1 of the drawings.
      The bars run vertically such that they are perpendicular to the general
      plane of the tobacco leaves or cut strips. The bars give less resistance
      during packing, and hence less folding of lamina. Furthermore, when the
      module is rotated by 90.degree., the tobacco can distort and settle
      slightly between the bars to provide increased opening for air movement
      into the tightly packed tobacco. By decreasing this "interfacial
      resistance" between the tobacco and the support screen, even further
      advances can be made in loading capacities with high efficiency and
      uniformity of drying.
PAR  Spacing of the parallel bars should be such that the material is adequately
      supported with minimal slippage or loss between the bars. For example with
      3 inches .times. 3 inches strips, a spacing of about 1.5 inches between
      the bars should be satisfactory. For intact random leaves, a spacing of
      about 3 to 6  inches should adequately support the material, of course
      depending upon tobacco type.
PAR  Referring now to FIGS. 15 and 16 a further modified form of module is
      illustrated at 10c. In this form of the invention the module includes the
      gas impervious side walls 12c, 14c, 16c, and 18c constructed as shown and
      described with reference to FIG. 1. Further, this form of the invention
      also includes gas pervious side walls 20c and 22c and parallel partition
      wall 24c corresponding to walls 20 and 22 of the FIG. 1 form of the
      invention. The module 10c differs from the module 10 in that the inner
      peripheral edges of the strips 200c carrying the screen 36c and against
      which the weight of the tobacco bears when the module is rotated are
      provided with inwardly curved, integral lips 302. The edges of the lips
      thus bear perpendicularly against the tobacco leaves when the container is
      rotated 90.degree. during tobacco curing and thus assist in directing air
      flow through the tobacco.
PAR  From the foregoing description of specific embodiments of the present
      invention it will be seen that the aims and objects hereinbefore set forth
      are fully accomplished, to thereby provide a method and apparatus for full
      modular handling and curing of tobacco which greatly simplifies the
      materials handling problems and offers to the industry a further
      opportunity for labor and cost reductions.
PAR  In use of the system of the invention either cut strip or intact tobacco
      leaves are packed into the compartments, container, or module, to a
      loading density of about, for example, 14 to 20 pounds per cubic foot.
      With the compartmented form of construction tobacco leaves or strips will
      normally assume generally horizontal positions when allowed to freefall
      into the module. Whole oriented leaves may also be easily hand packed into
      the module, preferably with the butts (petioles) resting against the
      perforate wall or screen supports, such that the butts provide substantial
      support for the lamina when the module is capped and rotated by 90 degrees
      for curing. After the module is filled the cap or removable end wall is
      secured to the module. After capping the module is readily rotated
      90.degree. in the vertical plane by means of the rods located near the
      centers of opposed non-perforate side walls of the module. After rotating,
      the screens or air pervious walls of the module are positioned in a
      horizontal plane to permit vertical movement of forced air between the
      leaves or strips which due to rotation are now in the vertical mode.
PAR  The filling may be such that orientation of the tobacco within the
      container is intact random, oriented with butts resting on the perforate
      walls, and cut-strip with the general plane of the lamina vertical when in
      the position for airing.
PAR  The filled, capped and rotated modules are then sent to a curing station
      which in the preferred form of the invention would be the curing system
      shown in FIGS. 2 through 4, and 7 through 10; however, the modules may be
      placed in conventional bulk curing barns in place of the usual racks.
      Assuming the use of the curing system of the present invention, six filled
      modules are positioned on the lower plenum as illustrated in FIGS. 2, 3,
      and 4 and once positioned the top plenum is lowered to provide the top
      seal for the modules. Positioning of the modules on the lower plenum may
      be carried out by means of the fork-lift device shown in FIGS. 6 and 6a.
      With the top plenum lowered a complete seal is made around the top of each
      module and the furnace to give a continuous passage for recirculating air
      substantially without leakage.
PAR  As hereinbefore discussed, the top plenum also includes inlet,
      recirculation and exhaust dampers which are used in controlling humidity
      conditions during curing. With the inlet damper open and recirculation
      damper closed, fresh air is drawn into the furnace, forced upwardly
      through the tobacco and discharged through the lower ventilator. With the
      inlet damper closed and the recirculation damper open, air recirculates to
      establish high humidity. At various stages during curing the inlet and
      recirculation dampers may be adjusted over a range of settings to
      establish the desired humidity for curing.
PAR  In a prototype a fan associated with the curing station furnace was
      selected to deliver about 1.5 cubic foot per minute per pound of uncured
      tobacco at a static pressure of approximately two to three inches water
      column. Thus, with six modules containing, for example, 6000 pounds of
      uncured tobacco the blower or fan should deliver from about 6000 to 9000
      cubic feet per minute at about two inches of water static pressure. Under
      these circumstances the furnace should deliver approximately 250,000
      BTU's/hour for satisfactory drying at the maximum drying stage and the
      furnace may be of the direct fired gas or indirect fired oil burner types.
PAR  Since it has been found that certain problems frequently encountered during
      tobacco curing such as bacterial decay occur near the top of curing barns
      and tobacco yellows unevenly with the yellowing occurring faster where the
      air is introduced, the curing module may be rotated at timely stages
      during curing to provide for more uniform yellowing, drying, and
      conditioning.
PAR  As hereinbefore described, the loading density of tobacco for the modules
      will vary with the size of the tobacco material loaded therein and the
      size of the module; hence it is recommended that while 14 through 20
      pounds per cubic foot density would probably be optimum, a range of from
      about 10 pounds to about 25 pounds per cubic foot would be functional.
PAR  While it is not an object of the present invention to provide optimum
      curing cycle parameters, the following schedule will produce vary
      satisfactorily cured tobacco (for flue-cured type). After the tobacco has
      been placed in the curing station the fan is energized and the thermostat
      set for coloring, that is, yellowing, at about 90.degree. to about
      105.degree.F. The dampers are adjusted for essentially complete
      recirculation of the air. If the tobacco is wet the surface water may be
      removed by venting to the outside for several hours. During this coloring
      phase the tobacco leaf turns yellow as chlorophyl oxidized, unmasking the
      yellow pigments of the plant. Important biochemical changes also occur
      during this phase, including starch hydrolysis and proteolysis. This
      period of cure generally requires from about 30 to about 72 hours
      depending on leaf position and maturity at harvest.
PAR  After this first phase the temperature within the curing chambers is
      gradually increased at about two to three degrees Fahrenheit per hour
      until reaching about 130.degree. to 135.degree.F. This temperature is
      maintained until the majority of lamina is dried. During this time the
      humid air is exhausted by gradually opening the intake dampers while
      closing the recirculation damper. After lamina drying the temperature is
      then increased at about 2.degree. to 5.degree. Fahrenheit per hour until
      reaching about 170.degree.F. where final stem drying occurs. Final leaf
      and stem drying under the conditions set forth above requires about two to
      three days so that the total yellowing and drying may require from about
      four to six days. It is also recommended that at the latest stages of
      curing that the intake damper of the curing station be adjusted to a near
      closed position to permit a high percentage of air recirculation to
      thereby conserve fuel.
PAR  Following curing, the tobacco may be brought into condition, that is,
      remoistened to 15 to 18 percent moisture by opening the ventilators and
      circulating outside air through the tobacco or by injecting moisture into
      the air via the humidifier in the heater section, as shown in the
      drawings. Following conditioning, the tobacco is then ready for
      preparation for market and the module may be readily unloaded by merely
      removing the cover or cap and rotating then so that the removable cover or
      cap is in a downward direction.
PAR  While the above operating procedure has been described for tobacco of the
      flue-cured type, it is apparent that the system may be used for curing
      other tobaccos such as Burley, Maryland, cigar tobacco, Oriental, etc. by
      simple modification of temperature- time schedules.
PAR  Further while the present invention has been developed primarily for
      tobacco curing, it is recognized that other crops could be dried using the
      identical system. Said other crops may include sweet potatoes, peanuts,
      corn, tea leaves, onions, grain, fruits, and vegetables etc.
CLMS
STM  I claim:
NUM  1.
PAR  1. A curing or drying container for tobacco in intact or cut strip for use
      in a multiple container curing station, said container being of generally
      rectangular solid configuration comprising two pairs of opposed generally
      imperforate side walls forming gas flow directing means and the side walls
      of a curing station and a pair of opposed gas permeable perforate side
      walls for the passage of curing or drying gas therethrough, at least one
      immovable interior transverse perforate wall parallel to the opposed
      perforate walls, and means releasably securing one of the opposed
      imperforate walls to the others to thereby form an access opening for the
      container said two pairs of opposed imperforate side walls are heat
      insulating and wherein said pair of perforate side walls and said interior
      transverse wall are provided with peripheral baffles.
NUM  2.
PAR  2. The invention defined in claim 1 wherein said two pairs of opposed
      imperforate side walls and the pair of opposed gas permeable side walls
      form a cube.
NUM  3.
PAR  3. The invention defined in claim 1 wherein the insulating walls comprise a
      pair of spaced panels with insulating material therebetween.
NUM  4.
PAR  4. The invention defined in claim 1 wherein the are a pair of spaced
      parallel interior transverse perforate walls dividing the interior of the
      container into three compartments.
NUM  5.
PAR  5. The invention defined in claim 4 wherein the interior compartments are
      of uniform volume.
NUM  6.
PAR  6. The invention defined in claim 1 including materials handling means
      projecting from one pair of the opposed pairs of imperforate side walls.
NUM  7.
PAR  7. The invention defined in claim 6 wherein said materials handling means
      comprise lifting lugs mounted substantially at the center of gravity of
      said side walls.
NUM  8.
PAR  8. The invention defined in claim 1 wherein said baffles are slidably
      mounted to peripheral walls of said side walls and interior wall.
NUM  9.
PAR  9. The invention defined in claim 1 wherein the permeable walls comprise
      screen.
NUM  10.
PAR  10. The invention defined in claim 1 wherein the permeable walls comprise
      spaced rod members.
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ABST
PAL  An improved bearing and seal is used in a clothes dryer having an endless
      belt for a tumbler with the belt being driven in matching channels formed
      in a pair of opposed upright panels. Carriers secured to the belt extend
      all around each edge of the belt and have a metallic element extending
      over the edge of the belt and disposed in the channel. Each of the
      carriers has a continuous pile strip disposed along the inside of the belt
      to engage inner edges of the channels to form a sealing barrier keeping
      lint and air from entering the channels, and each of the carriers has
      wear-resistant, low-friction material engaging the sides and bottoms of
      the channels to provide a running fit for the belt in the channels.
BSUM
PAC  THE INVENTIVE IMPROVEMENT:
PAR  A clothes dryer can use an endless belt as a clothes tumbler instead of the
      usual rotating cylinder. The belt runs in a pair of matching channels in
      opposed upright panels and can follow a path that is non-circular for
      making better use of the space available within a generally rectangular
      dryer cabinet. Although an endless belt tumbler has many potential
      advantages, it presents difficult bearing and sealing problems in keeping
      lint and air inside the belt, and having a reasonably long wear life
      without requiring bearing replacement. Many circumstances have to be
      considered, including expansion and contraction with changes in
      temperature, reasonable manufacturing tolerances, total drag, wear life,
      sealing ability, and expense.
PAR  The invention involves recognition and analysis of all the circumstances
      and problems involved in providing a satisfactory bearing and seal for an
      endless belt tumbler for a clothes dryer, and the invention aims at
      solving all the problems with an economical, easy-to-install bearing and
      sealing strip that meets all the requirements for a clothes dryer and is
      able to last for the expected life of the clothes dryer.
PAC  SUMMARY OF THE INVENTION:
PAR  The inventive bearing and seal is applied to a clothes dryer having an
      endless tumbler belt driven in a pair of matching channels formed in a
      pair of opposed upright panels with the belt extending between the panels
      to provide a clothes drying chamber between the panels and inside the
      belt. A carrier extends all the way around each edge of the endless belt
      and is held securely on the belt. Each of the carriers has a metallic
      element extending over the edge of the belt and disposed in the channels,
      and each of the carriers has a continuous pile strip disposed along the
      inside of the belt to engage inner edges of the channel to form a sealing
      barrier keeping lint and air from entering the channels. Each of the
      carriers has a wear-resistant, low-friction material engaging the sides of
      the channels to provide a running fit for the belt in the channels, and
      each of the carriers has a wear-resistant, low-friction material arranged
      between the metallic element and the bottoms of the channels to provide
      edge bearings for the belt.
DRWD
PAC  DRAWINGS:
PAR  FIG. 1 is a partially schematic, elevational view of an endless tumbler
      belt clothes dryer having the front panel removed;
PAR  FIG. 2 is a partially schematic, plan view of a preferred embodiment of
      carrier for the inventive bearing and seal;
PAR  FIG. 3 is an enlarged, fragmentary cross-sectional view of a preferred
      embodiment of the inventive bearing and seal; and
PAR  FIG. 4 is an enlarged, fragmentary, cross-sectional view of another
      preferred embodiment of the inventive bearing and seal.
DETD
PAC  DETAILED DESCRIPTION:
PAR  FIG. 1 schematically shows a recent concept in clothes dryers for home use
      in which the inventive bearing and seal is applied. Dryer 10 has a
      generally rectangular cabinet 11, including schematically illustrated
      controls 12 and 13 and a motor 14 driving a belt 15 through a
      spring-loaded pulley 16. Instead of a clothes drying chamber formed within
      a rotating cylinder drum supported on bearings, clothes drying chamber 17
      is formed inside an endless belt 20 driven round and round by drive belt
      15. Endless belt 20 can follow a non-circular path such as an eliptical
      path shown in FIG. 1, and belt 20 has internal bars 19 that tumble the
      clothes as belt 20 moves.
PAR  Endless belt 20 has many advantages over prior art rotating drums,
      including its capacity to follow a non-circular path so as to make better
      use of the space available within rectangular cabinet 11. Also, belt 20 is
      relatively light in weight and economical to make so that the total cost
      of dryer 10 is less than a comparable dryer with a cylindrical drum, and
      at the same time, clothes drying chamber 17 is substantially larger so
      that dryer 10 can dry larger loads successfully.
PAR  Endless belt 20 is preferably formed of metallic material such as stainless
      steel, but can also be formed of plastic or other materials that can be
      made self supporting across the axial extent of clothes drying chamber 17
      and can also withstand flexing in coursing around the path of travel for
      the life of dryer 10. The shape of the path travelled by belt 20 can also
      be varied to use the most possible space remaining within cabinet 11 after
      placement of controls 12 and 13 and motor 14. Bars 19 are formed of any
      convenient material and are securely fastened to belt 20.
PAR  As best shown in FIGS. 3 and 4, belt 20 travels in a pair of channels 23
      and 24 formed respectively in front panel 21 and rear panel 22 to conform
      to the desired path of travel of belt 20. The invention involves a bearing
      and seal between the edges of belt 20 and channels 23 and 24 as described
      below.
PAR  Panels 21 and 22 are preferably formed of die-stamped sheet metal with
      channels 23 and 24 having bottoms 25, an inner side 26 and an outer side
      27. Panel 21 along the front of dryer 10 includes a door opening (not
      shown) for loading and unloading the dryer, and panel 22 includes a
      moist-air exhaust (not shown) as generally known in the clothes dryer art.
      Clothes drying chamber 17 is the volume between panels 21 and 22 that is
      enclosed by belt 20 so that clothes can be tumbled dry.
PAR  The inventive bearing and seal includes a carrier 50 supporting bearing and
      sealing materials and preferably formed of wire 28 laid in a zig-zag
      pattern as best shown in FIG. 2 with loops 29 secured together by
      stitching 30. The carrier 50 of FIG. 2 is generally known for other
      purposes, and its characteristics can be varied by changing the diameter
      and tensile strength of wire 28, the number of loops 29 per lineal
      measure, and the arrangement of stitching 30. In this invention, carrier
      50 is fastened securely onto the edge surfaces of belt 20 and extends over
      the side edges 32 of belt 30 as shown in FIGS. 3 and 4. A carrier 50 for
      the inventive bearing and seal can also be formed of expanded or slit
      metallic or plastic elements flexible enough to follow along the path of
      travel of belt 20 and capable of being fastened securely over the edges of
      belt 20.
PAR  As shown in FIG. 3, carrier wire 28 is bent into a generally U shape with
      the bent portion 31 of the U shape extending over the edges 32 of belt 20
      and with the straight sides 33 of the U shape extending along opposite
      face surfaces of belt 20 away from edge 32. The ends of loops 29 of
      carrier wire 28 are bent inward into the inside of the U shape and
      preferably have flattened or coined ends 34 bent inward toward belt 20 to
      engage and bite against opposite surfaces of belt 20 to hold carrier wire
      28 securely on belt 20.
PAR  Carrier wire 28 is preferably covered with a woven fabric material 35
      secured in place by adhesive or stitching or both around the outside of
      the U shape formed by carrier 50. Fabric cover 35 supports a strip of pile
      material 36 disposed along the inside of belt 20 to engage the inner edge
      37 of channels 23 and 24. Pile strip 36 is preferably formed of relatively
      fine, monofilament resin material such as nylon and is made relatively
      dense to keep air and lint from passing from chamber 17 into channels 23
      or 24. The filaments of pile strips 36 brush lightly against the inner
      edges 37 of the channels to provide low friction and low drag, and in
      addition to sealing against air and lint, pile strips 36 keep clothing or
      other articles in chamber 17 from working their way in between belt 20 and
      channels 23 and 24.
PAR  Fabric cover 35 also carries a pair of bearing elements 38 and 39
      respectively engaging inside wall 26 and outside wall 27 of channels 23
      and 24 to provide a running fit for belt 20 in channels 23 and 24. Bearing
      elements 38 and 39 can be formed of various materials including
      low-friction resin materials, either in solid strip form, or in woven
      fabric form, and the choice of materials for bearing elements 38 and 39
      depends on the shape of the path of belt 20 and the stresses occurring
      between belt 20 and channels 23 and 24, the wear life to be achieved, and
      the cost of the materials involved. With proper design of other
      parameters, bearing elements 38 and 39 can be formed of a woven fabric
      resin material such as nylon and for lower friction and drag, a strip of
      tough, wear-resistant, low-friction resin material such as
      polytetraflouroethylene can be applied to the outer faces of bearing
      elements 38 and 39.
PAR  Loop portions 31 of wire carrier 28 extend over edges 32 of belt 20 to keep
      edges 32 from cutting into a bearing element. Loops 31 effectively widen
      the edge of belt 20 to distribute the edge load over a greater area, and
      fabric 35 carries a bearing material between wire portions 31 and the
      bottom 25 of channels 23 and 24. As shown in FIG. 3, this bearing material
      is preferably a row of pile material 40 brushing with relatively low
      friction against channel bottoms 25 to provide edge bearings for belt 20.
      Pile 40 is preferably formed of resin fiber material such as nylon and
      having a length, density, and resilience to wear satisfactorily against
      channel bottoms 25 for the life of the dryer and still provide relatively
      low friction and drag for belt 20.
PAR  The inventive bearings and seals are secured tightly all around the edges
      of belt 20 which is then placed into channels 23 and 24 as panels 21 and
      22 are assembled into dryer 10. At least the end splices in the bearing
      and seal elements are preferably secured in place with adhesive.
PAR  The embodiment of FIG. 4 is similar to the embodiment of FIG. 3, except
      that more clearance exists between edge bearing pile 40 and channel
      bottoms 25, and carrier wire 28 is secured on belt 20 by a pair of
      double-faced adhesive strips 41, rather than inturned loops of wire. There
      are other ways that carriers can be secured to the edges of the belt 20,
      and the best method of fastening a carrier in place depends on the
      construction of the carrier itself. Adhesive strips 41 can be used for
      many kinds of carriers formed of flexible metallic or plastic strips. Any
      such carrier preferably disposes a metallic element over the edges 32 of
      belt 20 and is fastened securely to belt 20 to travel along with belt 20
      and move relative to channels 23 and 24. Also, pile strips and sealing
      elements on the carriers must be arranged to have satisfactory bearing
      surfaces and low enough friction so that belt 20 can be driven with a
      low-powered motor and so the bearing and sealing strips will last for the
      life of the dryer. The metallic element over edges 32 prevent edges 32
      from cutting through the bearing, and the lack of motion of the bearing
      relative to belt 20 also reduces the cutting effect of edges 32.
PAR  Those skilled in the art will appreciate the many materials,
      configurations, and ways of assembling various bearing and sealing strips
      on an endless belt dryer tumbler to meet the particular circumstances of
      any given design. Once the concepts of the invention are applied with
      generally known technology, the results are quite satisfactory, and
      endless belt dryers provided with the inventive seals and bearings have
      many advantages over prior art cylindrical drum dryers.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a clothes dryer having an endless tumbler belt driven in a pair of
      matching channels formed in a pair of opposed upright panels with said
      belt extending between said panels to provide a clothes drying chamber
      between said panels and inside said belt, a bearing and seal comprising:
PA1  a. a carrier extending all the way around each edge of said endless belt;
PA1  b. means for holding each of said carriers securely on said belt;
PA1  c. each of said carriers having a metallic element extending over said edge
      of said belt and disposed in said channels;
PA1  d. each of said carriers having a continuous pile strip disposed along the
      inside of said belt to engage inner edges of said channels to form a
      sealing barrier keeping lint and air from entering said channels;
PA1  e. each of said carriers having a wear-resistant, low-friction material
      engaging the sides of said channels to provide a running fit for said belt
      in said channels; and
PA1  f. each of said carriers having a wear-resistant, low-friction material
      arranged between said metallic element and the bottoms of said channels to
      provide edge bearings for said belt.
NUM  2.
PAR  2. The bearing and seal of claim 1 wherein said carriers are generally U
      shaped in cross section with the free ends of said U shape fitted over
      opposite surfaces of said edge of said belt.
NUM  3.
PAR  3. The bearing and seal of claim 1 wherein said carriers are formed of
      zig-zag wire covered with woven fibrous material.
NUM  4.
PAR  4. The bearing and seal of claim 3 wherein said carriers are generally U
      shaped in cross section with the free ends of said U shape fitted over
      opposite surfaces of said edge of said belt.
NUM  5.
PAR  5. The bearing and seal of claim 4 wherein end loops of said zig-zag wire
      are bent inward from said free ends of said U shape to provide said means
      for holding said carrier on said belt.
NUM  6.
PAR  6. The bearing and seal of claim 5 wherein said end loops of said zig-zag
      wire are coined for gripping said belt.
NUM  7.
PAR  7. The bearing and seal of claim 1 wherein said wear material engaging said
      sides of said channels is formed of woven fibrous material.
NUM  8.
PAR  8. The bearing and seal of claim 1 wherein said wear material engaging said
      bottoms of said channels is formed of pile material.
NUM  9.
PAR  9. The bearing and seal of claim 8 wherein said wear material engaging said
      sides of said channels is formed of woven fibrous pile material.
NUM  10.
PAR  10. The bearing and seal of claim 1 wherein said means for holding said
      carriers on said belt includes adhesive.
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ABST
PAL  A learning system is disclosed which can provide individualized instruction
      for each student. The student brings to a terminal a film record, an audio
      record and a tape cassette. The tape cassette includes a magnetic tape on
      which directions, addresses and lesson subject matter have been digitally
      recorded and which is related to the film record and audio record. The
      records and cassette are inserted by the student into their respective
      slot in the terminal. The lesson material is then transferred from the
      tape to the storage associated with a computer. The student can present
      queries or responses to the system which, in turn, can present queries or
      responses to the student. In either case, a query or response is presented
      as a legible manifestation on a plasma panel, a selected image derived
      from the film record which is projected onto the plasma panel and in
      superimposed relation to any manifestation and/or an aural message derived
      from the audio record. The student can proceed with the lesson material at
      a rate determined by his learning ability. The queries and response
      presented as manifestations are recorded on the tape in conjunction with
      time designations for later evaluation by the teacher.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a student-controlled educational system
      which includes means for providing a plurality of visual displays as well
      as aural queries and responses related to selected lesson subject matter
      and, more particularly, to a learning system which is student controlled
      not only as to lesson subject matter but also as to the rate and manner at
      which the student progresses with the lesson subject matter.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  A great many forms of teaching and/or game-playing machines or systems are
      well-known in the art which employ a moving or still picture for
      presentation of at least a part of the program or of the instructional
      material. In most instances, such machines have subject matter material so
      contained therein that the viewer or student has no control over its form,
      order or time of presentation. The simplest form of such a machine is one
      in which an image is presented with an aural description relating directly
      to the image or some part thereof. The aural presentation may be presented
      only once or on a repetitive basis depending on the mode of operation of
      the machine. In the latter case, repetition of the presentation may be
      under control of the viewer or student.
PAR  Another form of audio-visual teaching machine is one in which a course of
      instruction includes the projection of picture frames onto a viewing
      screen, each visual presentation being accompanied with an audio message.
      An item of instruction may be projected with each frame onto a designated
      area of the screen. The student actuates one or more buttons to designate
      his response to the required instruction. If the response is correct, the
      mode of operation of the machine is such that the machine may advance to
      the next frame, program or learning area. If the response is incorrect,
      then the mode of operation is such that the student is given additional
      information in order to provide him with an opportunity for making a
      correct response with another presentation of the same subject matter.
PAR  The learning devices which include a multiple choice format or a true or
      false response usually determine directly and automatically what lesson
      material will next be submitted to the student as a visual and/or aural
      presentation. As noted above, the student's response to a multiple choice
      question is usually made by a physical act such as actuating one of a
      series of selector buttons. If the response is correct, an appropriate
      sound recording presents the next lesson. If incorrect, the student may be
      backtracked in order that some of the previous presentations can be
      repeated before the next lesson is presented. In many instances, an
      audible presentation is accompanied with an associated visual
      presentation, but with no random selection of one relative to the other.
PAR  More sophisticated types of teaching or learning systems have been
      advocated in which programmed information from either or both a film and
      an audio record is under control of the student. However, the programmed
      information is in the form of a fixed number of subjects so that the
      student is limited in his choice. Usually, any change in the choice of
      subject matter requires a complete reprogramming of the system. In a
      system of this type, the visual and aural information is usually
      associated with the same film strip. As a result, a continual back and
      forth movement of the film is necessary in order to position the proper
      image in the projection station for synchronism with the related sound
      track. Such movement of the film strip is determined by the student's
      response. In addition, the visual image is usually in the form of a motion
      picture so it can be supplemented with an appropriate sound track.
PAR  Programmed teaching devices are generally designed to perform to a greater
      or lesser degree those functions normally performed by an instructor or
      teacher, the most basic being the presentation of instruction material
      with frequent or occasional interruption for testing of the student's
      learning. With most devices of this type, the term "programmed" merely
      designates an instructorless method of teaching wherein the student's rate
      of progress is governed by his responses to tests frequently appearing in
      prerecorded lesson material. There are certain forms or types of programs
      which are more or less related to the differences existing in the
      complexity of programmed teaching devices. The simplest of such program
      types is usually referred to as a "linear program" in which the record
      information is presented to the student in a fully fixed order. Each body
      or sequence of material is followed by questions or similar test material.
PAR  A program in which the answer given by the student alters the program to be
      thereafter presented is usually referred to as a "branching program". With
      such a mode of operation, a wrong answer shows a need by the student for
      some form of supplemental instruction. Such a system, therefore, requires
      that the medium on which the lesson material and any display related to
      the lesson material must be made available on both a go-ahead or reverse
      direction to provide a system of random access. In some cases, the use of
      motion picture film and an audio tape can provide the basis for such a
      system. However, depending on the complexity of the system, the equipment
      required to perform the necessary controls becomes very complex and,
      hence, expensive. This is particularly true in the case of the use of an
      audio tape because synchronized controls must be provided for joint
      operation even though at times only individual operation is required.
PAR  Fully satisfactory branching-program teaching using a motion picture film
      as the record medium can be provided if the program is recorded on a
      plurality of separate and independently driven films. However, to those
      skilled in the art it should be readily apparent that such a system
      presents many operational problems. One other approach has been the
      recording of auxilliary material between the main portions of the program
      with an alternate sequence recorded parallel to the program. This sequence
      is utilized in the event the auxilliary material is not required by the
      student response. In this latter case, a student who responds incorrectly
      is deprived of this useful, additional material. The program, therefore,
      presents a choice between wasting the time of the better or quicker
      student and omitting the presentation of useful material to the slower
      student.
PAR  Many of the abovementioned disadvantages of known teaching machines have
      been overcome by the teaching device disclosed herein. In the audio-visual
      learning system described hereinbelow, the record mediums and lesson
      subject matter are so interrelated that the system is completely under the
      control of the student, thereby permitting the student to choose not only
      the lesson subject matter but the rate at which he desires to proceed.
PAC  SUMMARY OF THE INVENTION
PAR  A primary object of the invention is to provide an audio-visual learning
      system in which the student introduces the lesson subject matter to the
      system in the form of a visual record, an audio record and a control
      record.
PAR  Another object of the invention is to provide an audio-visual learning
      system which will provide individualized interactive instruction for a
      single student with respect to a single course of lesson subject matter
      and which can also be provided at the same time to a number of students.
PAR  A further object of the invention is to provide an audio-visual learning
      system in which the learning rate is maximized while the student is
      allowed to proceed at his own rate.
PAR  Still another object of the invention is to provide an audio-visual
      learning system in which a number of stimulii or displays provide a full
      presentation of the lesson subject matter, such stimulii being in the form
      of one or more legible manifestations, a visual display, and an aural
      query or response.
PAR  Yet another object of the invention is to provide an audio-visual learning
      system in which a visual record, an audio record and a control record must
      be properly inserted and introduced by the student into a terminal
      associated with the system in order to make the lesson subject matter
      available to the student.
PAR  These and other objects and advantages of the invention will be apparent to
      those skilled in the art by the description which follows.
PAR  The objects and advantages of the invention as set forth hereinabove are
      attained by an interacting audio-visual learning system that is fully
      controlled by the student. The lesson subject matter comprises a visual
      record having a number of images, an audio record having a number of
      messages recorded thereon and a control record having recorded direction
      data and address data for the images and messages related to the lesson
      subject matter. These records are introduced by the student into the
      system comprising a terminal, data storage means, data memory means and
      visual display means. The visual display means includes a student-actuated
      keyboard which serves as an input means for alpha-numeric and graphic
      information into the memory means, storage means and visual display means,
      the latter representing the information as a legible manifestation of the
      query or response originating at the keyboard or as a readout from the
      memory means.
PAR  The visual record means is introduced into a projection system by means of
      a device that moves the record so as to position a selected one of the
      plurality of images thereon in alignment with the projection system. This
      image presents a visual display related to a query or response. This
      visual display can be projected onto a screen in a superimposed relation
      to the legible manifestation of the query or response, or projected onto a
      screen separate and distinct from the visual display means.
PAR  The audio record is inserted by the student in the terminal and then
      positioned relative to a transducer. Upon receiving prescribed signals
      from the memory means, the transducer is moved relative to the audio
      record to position it relative to a selected message related to the
      legible manifestation and visual display. Upon location of the selected
      message, the audio record is then moved relative to the transducer in
      order to provide an aural query or response.
PAR  The control record, upon insertion into the terminal by the student, has
      the direction and address data carried thereby transferred to the storage
      means. The direction data relates to programmed queries and responses
      related to the lesson subject matter and directed to probable queries or
      responses that might be made by the student. The address data relates the
      location of the image on the visual record, the message on the audio
      record, the input to the keyboard, the visual display, the legible
      manifestations, etc. to the student query or response.
PAR  The circuit means interconnects the various elements of the system so as to
      jointly or severally release direction data and address data from the
      memory means, for providing the required displays to a student's query or
      response.
PAR  Once the lesson material has been introduced into the system, the student
      can then present via the keyboard, a query to the system which will
      provide a response in the form of an image or an image and a message on
      the display means. The query presented by the student will appear on the
      display means as a legible manifestation, so that it is then possible to
      have the query and image and a message presented simultaneously to the
      student for his perusal. If the query necessitates a readout via the
      keyboard from the memory means, then such response also appears as a
      legible manifestation on the display means. As will be described more
      completely hereinafter, the system is also capable of presenting a query
      to the student which must then be answered by the student as a response
      via the keyboard. The query or response made by the student is
      automatically recorded on the control record in the portion thereof that
      follows the direction data and address data, after such data has been
      transferred to the storage means. In this way a complete record of the
      student's rate of accomplishment, correctness of response, time for making
      each response, etc., can be evaluated by the teacher upon completion of
      the lesson subject matter.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Reference is now made to the accompanying drawings wherein like reference
      numerals and characters designate like parts and wherein:
PAR  FIG. 1 is a perspective view of a terminal in the system showing the
      relation of the various elements to the position assumed by the student;
PAR  FIGS. 2a and 2b are plan views of a visual record in the form of a
      microfiche, the latter view being an enlarged detail view showing the
      framing marks arranged relative to each image area;
PAR  FIG. 3 is a partial plan view of an audio record as used in the present
      invention and showing the message tracks extending longitudinally of the
      carrier;
PAR  FIG. 4 is a schematic view showing the interconnection of the various
      elements comprising the terminal and the functions associated with various
      controls for each of the different elements;
PAR  FIG. 5 is a general block diagram of the elements comprising the invention
      and showing the manner in which the various data lines are interconnected
      between the elements;
PAR  FIG. 6 is a detail block diagram of the direct memory access shown in FIG.
      5;
PAR  FIG. 7 is a detail view of the control record showing the relative
      arrangement of the direction and address data and various files thereon;
PAR  FIG. 8 is a block diagram of the circuitry for controlling the movement of
      the control record transport mechanism and of the direction and address
      data;
PAR  FIG. 9 is a detail block diagram of the READ circuitry for the control
      record transport mechanism;
PAR  FIG. 10 is a detail block diagram of the WRITE circuitry for the control
      record transport mechanism; and
PAR  FIG. 11 is a block diagram of a simple lesson showing the branching of the
      subject matter in relation to the student's response.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Before describing any mode of operation of the system comprising the
      present invention, the specific elements of the system will first be
      described. Specific applications and/or patents are referred to
      hereinafter for a more complete disclosure of some elements.
PAC  General Description
PAR  With particular reference to FIG. 1, the terminal, generally designated by
      the numeral 10, comprises the primary elements of the system with the
      exception of a computer per se, as designated broadly by the numeral 40.
      In terminal 10, a visual display means is designated by the numeral 11 and
      is arranged over and above a keyboard 12 that serves as a student-actuated
      input means. Another keyboard 13 is arranged to the right of the dispslay
      means 11, as viewed in FIG. 1, and can be used by the student as an input
      means to provide only numeric data. A slot 14 is arranged to the right of
      the display means 11 and keyboard 12 for receiving a visual record 15. The
      record 15 is inserted in slot 14 for introduction into and movement by a
      visual record actuating and handling means that is arranged completely
      within the cabinet designated by the numeral 16. Another slot 17 is
      arranged below slot 14 for receiving an audio record 18. In the side wall
      19 of the cabinet 16 is a slot 20 into which a control record 21 is
      inserted.
PAR  The visual or image record 15 comprises a photographic transparency or
      microfiche having an X-Y, 8.times.16 array of 128 image areas 24, see FIG.
      2a. This image arrangement lends itself to the optimum rate at which any
      one image can be positioned in alignment with a projection optical system
      25. Each of image areas 24, as shown in FIG. 2a, is provided with an
      opaque area 26 having a long fiducial mark 27 and a small fiducial mark
      28, see FIG. 2b. The areas 27 and 28 are used to fine adjust the location
      of an image area 24 relative to the projection optical system 25. The
      random access selection mechanism by which an image 24 is positioned
      relative to the optical axis for projection provides means for accessing
      adjacent images in about 50 msec. or a maximum accessing time of about 300
      msec. In any case, this means that the microfiche or visual record 15 can
      be positioned relative to the optical axis to display any image to the
      student in approximately the same length of time as it takes him to blink
      an eye. A response time of this magnitude eliminates any possibility of
      the student having time to drift away from the subject at hand while
      waiting for the next display or sound message.
PAR  The audio record 18, see FIG. 3, comprises a carrier of generally the same
      dimensions as the microfiche 15 and is coated on both sides with a layer
      of chromium dioxide material. Messages are recorded in spaced, parallel,
      linear tracks 30 extending longitudinally of the record, each track being
      capable of providing a mamximum of 9 seconds of sound reproduction. A pair
      of sound transducers 31, 32 is mounted so the audio record 18 can be moved
      therebetween. The transducers are movable as a unit across the record 18
      until positioned relative to a selected track 30. The transducers are then
      moved into engagement with the track and the transducer that is to
      reproduce is rendered operative with movement of the audio record. The
      track selection mechanism moves the transducers laterally to any one of 70
      tracks thereby providing up to 140 messages. The terminal 10 includes a
      speaker 33 or can provide for earphones 34 for the sound message. The
      speaker 33 is arranged relative to a grill 35 in the front of the terminal
      10. In normal use, the student can use a small earphone of the type used
      with a dictating machine.
PAR  The control record 21 comprises a tape 38 contained within a cassette 39.
      The tape 38 contains recorded direction data and address data in a format
      described more fully hereinafter, see FIG. 7. The mechanism into which the
      cassette 39 is introduced by the student via slot 20 provides for
      controlling movement of the tape, transferring the particular lesson
      subject matter to the computer and recording the student's queries and
      responses relative to time. The latter step of recording takes place after
      the direction and address data have been transferred to the computer and
      provides information for later evaluation by the teacher of the student's
      learning capability.
PAR  Display means 11 comprises a plasma display panel of the type disclosed in
      U.S. Pat. Nos. 3,601,531 and 3,601,532. The panel is formed by two
      separate pieces of plate glass between which thin conductors are arranged
      to divide the active or visual area of the glass into horizontal and
      vertical lines at 60 lines or points per inch. Each of these individual
      points (line intersections) can be made to glow brightly or to remain
      dark, the glow being a typical neon color.
PAR  In order to provide display means capable of a legible manifestation of
      data (alpha-numeric and/or graphic) as well as a projected image, a rear
      projection screen is arranged relative to the back panel of the plasma
      display panel. A photographic image projected onto the screen is then
      superimposed on the visual display and/or legible manifestation. Circuitry
      is associated with the plasma display panel for converting alpha-numeric
      information derived from the keyboard 12 into digital information for
      display on the plasma panel. the characters or lines are created on the
      screen point by point and are, therefore, individually and digitally
      addressable. The plasma points stay on or off without any need for further
      action or reactivation by additional signals. The wires in the panel only
      partially obscure transmitted light so it is sufficiently transparent for
      superimposed rear projection of an image. The structure and operation of
      such a screen is described in more detail in the above patents.
PAR  The selector-projector mechanism for locating one of the image areas 24
      relative to the optical axis for projecting onto the rear of the plasma
      display panel and screen is disclosed in U.S. patent application, Ser. No.
      150,697 filed June 9, 1971, in the name of E. Muka. The microfiche 15 is
      guided by the edges to form a path of movement in a .theta. direction. An
      arm moves the film in the .theta. direction to position the selected one
      of the 16 rows relative to the optical axis. At the same time, if need be,
      the entire microfiche casing translates or moves in the Z direction to
      position the selected one of the eight columns relative to the optical
      axis. Depending on the position of the image in alignment with the optical
      axis relative to the selected image, the movement can be only in .theta.
      direction, only in Z direction, or a vector sum of movements in both
      directions. Stepping motors control the Z and .theta. movements of the
      microfiche 15 relative to the optical axis for the projection system.
      Addressing signals for such movement are derived from the computer. The
      mechanism is positionable in a "homing" position for introduction and
      withdrawal of the visual record 15 by the student. When the microfiche 15
      is inserted in slot 14, it is releasably engaged by an arm and drawn into
      cabinet 16. During subsequent .theta. movement, the microfiche 15 is moved
      past the slot 14 totally within the terminal until again positioned in the
      homing position. In this position, it will be moved through slot 14 for
      removal. Switches are provided to control the exact position of the
      microfiche and/or mechanism in the homing position in both the .theta. and
      Z directions.
PAR  The image is projected onto the rear projection screen on the back of the
      plasma display panel as described above. In order that the electronically
      generated plasma display (legible manifestation) can supplement the
      projected image, the latter must be accurately positioned so as to be in
      proper registry on the screen. For this reason, fiducial marks 27 and 28
      are printed relative to each image area 24. When these marks are projected
      onto the screen they are intercepted by detectors which correct for any
      error in location relative to the .theta. and Z directions. During
      automatic fine positioning, once the Z position has been correctly
      ascertained, the .theta. position can also be established. The stepping
      motors associated with movements of the microfiche 15 in the .theta. and Z
      directions are controlled by the computer. A shutter mechanism associated
      with the projection system is also operated under control of the computer.
      The shutter is normally closed while the microfiche 24 is being translated
      from one position to another, thereby minimizing the blur that would be
      accompanied with such image movement.
PAR  The means for receiving and moving the audio record 18 is disclosed in
      detail in U.S. patent application, Ser. No. 150,698, filed June 7, 1971,
      in the names of John G. Streiffert and Edward Muka and entitled DEVICE FOR
      SELECTIVELY REPRODUCING SOUND ON ONE OF A PLURALITY OF TRACKS. As shown in
      FIG. 3, the audio record 18 comprises a sheet of material, for example, a
      plastic material or a metallic material, such as aluminum, having applied
      to each surface thereof a coating or stripes 30 of a material for
      magnetically recording sound, such as, chromium dioxide, ferric oxide,
      etc. The stripes 30 are arranged longitudinally relative to the length of
      the audio record and are in spaced, parallel relation approximately 0.75
      mm apart and approximately 110 mm long to provide an audio message of
      about 9 seconds duration.
PAR  When the audio record 18 is inserted in slot 17, the leading end thereof is
      engaged by a mechanism which draws the audio record into the cabinet and
      into a homing position. Movement of the audio record is within cabinet 16
      and under control of the computer to be described hereinafter. The
      mechanism by which the audio record 18 is moved comprises guides along
      which the record is moved between two balanced and opposed transducers 31,
      32, one of the transducers being on each side of the record. The
      transducers 31, 32 are movable as a unit transversely relative to the
      record to position the transducers with respect to a selected one of the
      sound tracks 30. The transducer to be operative relative to the selected
      sound track is activated after the transducers have been moved into
      engagement with the audio record. The audio record is then moved relative
      to the transducers. A solenoid controls contact of the head with the
      record and switches are utilized to detect movement of the audio record
      into and out of the homing position, end of message, etc. A voice-operated
      switch detects the end of message on any track and initiates fly-back of
      the record into its homing position. The computer can then command the
      track to be next selected, movement of the transducers and movement of the
      audio record.
PAR  The digital tape cassette 39 is a commercially available unit which permits
      recording of both the lesson material and the student record. In the
      computer per se, a lesson file or module comprises the directions for
      ascertaining or providing a query or response and the address of the query
      or response relative to the visual and audio records. For this reason,
      each lesson file is uniquely associated with a related microfiche and
      audio record.
PAR  When the cassette 39 is inserted in the slot 20, the directions and
      addresses recorded on the tape are automatically transferred to the
      computer. When the end of the recorded material is reached, a signal is
      derived which stops further movement of the tape and, at this point, the
      tape remaining in the cassette is utilized to record the student's queries
      and responses as well as the timing of such. These recorded queries and
      responses and their related time are an indication to the author or
      teacher of the student's progress, of any further guiding or instruction
      that may be needed by the student, as well as any need to modify or change
      the lesson material in order to make the course more complete and more
      meaningful to the student.
PAC  Computer
PAR  The computer designated by the numeral 40 in FIG. 5 can be a commercially
      available unit manufactured by the Digital Equipment Corporation and
      designated by model number PDP-11. In general, peripheral devices, such as
      teletype, paper tape, reader/punch, etc., operate in a similar manner to
      transfer information. They either require data from the computer or gather
      it from an external source to supply data to the computer. In either case,
      the computer samples the device's flags to determine what type of
      operation is required. A flag, as used throughout this description, is a
      signal, either as a data bit or an interrupt, which informs the computer
      as to the state of the device. For example, using the tape WRITE flag, the
      computer can determine that the tape system requires a new data word when
      it is in the WRITE mode.
PAR  With reference to FIG. 5, the computer 40 comprises a processor 41 and a
      bus 42. The computer 40 is connected to a transceiver circuit 43 by 16
      bidirectional data lines. The transceiver circuit 43 connects the 16 data
      lines into 16 output lines and 16 input lines which are interconnected to
      the line driver circuit 44. The line driver circuit comprises a number of
      amplifier circuits to insure input signals to the terminal 10 and to the
      computer 40 that are uniform and of sufficient amplitude for operation.
      The 16 bits are then transferred to the terminal 10 and interconnected to
      the visual display means with control signals being interconnected to the
      optical projection system, sound reproducing system and keyboard as well.
      The 16-bit line serving as an output from the terminal 10 is also
      connected to the line driver circuit 44 for conversion into the 16
      bidirectional data lines serving as inputs to the computer 40. The address
      line driver circuit 45 is also a group of amplifiers which interconnect
      suitable control signals to the terminal that are derived from the
      computer 40. The interrupt card circuit 46 interconnects signals
      establishing interrupt and priority levels between the computer 40 and the
      terminal 10. These latter signals are, for the most part, interconnected
      to the visual display 11 in the terminal and serve to interrupt computer
      operation for providing information or data of a high priority. A direct
      memory access circuit 47 is interconnected between the computer 40 and
      terminal 10 and is directly connected to the coordinate matrix for the
      visual display 11. The direct memory access is a circuit that while shown
      as a separate circuit in FIG. 6 can be readily incorporated in the
      function of the computer 40.
PAC  Direct Memory Access (DMA)
PAR  The direct memory access (DMA) 47 provides an X-Y data and write-erase
      control interface between the computer 40 and the terminal 10. With the
      direct memory access, interconnected to the terminal 10 as a separate
      device, the terminal has access to memory coordinate character data
      blocks, interrupting activity of processor 41 only when a new character or
      graphic data blocks are required. Since the visual display 11 (plasma
      display device) has a relatively slow writing rate, the computer 40 is
      free for background process control or computing activity while the visual
      display circuitry is accessing coordinates from memory.
PAR  The direct memory access 47, as shown in block diagram form in FIG. 6, is a
      device in which the data words assembled under program control and
      containing X or Y coordinate binary coding and write or erase control are
      loaded into memory in table form. Control words that contain memory table
      address, number of data words in memory stack, and terminal selection are
      sent to the direct memory access 47 through the bus 41 of computer 40 in
      response to a DMA READY signal. Non-processor interrupt memory retrieval
      is then commenced by the direct memory access and the processor 41 is
      released to service other device interrupts. The direct memory access
      retrieves the X and Y data, a word at a time, from the memory stack and
      strobes it to the terminal 10 in response to a terminal STATUS signal. The
      display means 11 accepts the data and writes or erases the designated
      point. When the last point coordinate data word has been extracted from
      memory, a process interrupt signal is generated. The next display to be
      serviced is determined by program control and the cycle is repeated.
PAR  First, with reference to FIG. 5, the computer 40 includes bus 42 which is a
      parallel data, transmission line linking the computer or processor 41 and
      memory with peripheral devices. It contains 16 bidirectional data lines,
      18 unidirectional address lines and 22 bus grants, priority, sync and
      control lines. Data strobed to peripherals is steered by the address lines
      through an address selector, which decodes the address and gates the data
      to the appropriate peripheral device. Sync signals serve to request data
      from the peripheral devices or the computer and acknowledge when data is
      received. Data and addresses are received from the bus by the direct
      memory access; address location lines are decoded by the address selector
      which acknowledges receipt of data and strobes the data into the direct
      memory access data buffers.
PAR  The computer generates a data word and a data transfer address. The address
      selector 49 decodes the address. This enables the data to be transferred
      to the proper receiver, namely, the stack address counter 55, the terminal
      select and counter 51, or the X and Y coordinates buffer 57.
PAR  The stack address counter 55 is a 12-bit countdown binary counter that is
      preset by a counter word to the (n-1) number representing the total number
      of coordinate data words in the memory table. This counter is shown
      together with the terminal-select data buffer 51. Stack address counter 55
      decreases each time the coordinate word is strobed to the display means
      11. When the last word is strobed out, the stack address counter is then
      set at all O's and generates a borrow signal (STOP) which inhibits further
      non-processor requests and enables a READY flip-flop (not shown).
PAR  The terminal-select, 2-bit data buffer 51 is set by the counter word. The
      output lines from this counter go to the terminal 10 and are decoded and
      used to gate the write or erase function of the X-Y coordinates to the
      appropriate display. The interrupt-enable 52 is a clocked data buffer
      under program control and serves to enable or inhibit the direct memory
      access priority interrupt. In a normal operation, computer 40 sets the
      interrupt-enable when it is ready to service a visual display.
PAR  The set-output of the ready data buffer 53 is gated with interrupt-enable
      52 output at the master control 54 to initiate a priority interrupt.
      Initially, the ready output is set enabling a priority output when the
      interrup-enable is clocked. When the address of the first coordinate word
      is strobed into the stack address counter 55, the ready flip-flop is
      cleared and non-processor requests are initiated by the master control 54.
      When the last coordinate word is set, the ready is clocked to set by the
      STOP signal and a new priority interrupt is generated.
PAR  The stack-address counter 55 is a 16-bit implementing counter with preset
      inputs. The stack-address data word sets the counter to the address of the
      first coordinate data word in memory and is incremented for each
      successive word sent to the terminal display means. The counter output is
      strobed out through the computer when the master control 54 generates an
      NPR master signal. Since the X-Y coordinate data word takes 2 bites of
      memory, every other address location is required. Stack-address counter 55
      thus ignores data bit 0.
PAR  The master control 54 generates a vector address for direct memory access
      priority interrupt, requests bus control for a non-processor data
      transmission, sets direct memory access but grant priority level and
      generates the MASTER signal which allows the direct memory access to
      control bus transmission during NPR mode.
PAR  The timing and strobe logic 56 consists of strobe delays, strobes and
      time-out error generator. The MASTER signal generates a delayed MSYN
      signal and strobes the output of the stack address counter 55 to the
      computer for transmission of the coordinate data word to the X-Y
      coordinate buffers 57. The MSYN delay is required to allow address data
      settling time. The computer acknowledges receipt of this stack-address
      counter data by generating an SSYN sync signal. If the computer fails to
      respond with a signal within a set time, a TIMEOUT ERROR signal resets the
      direct memory access and generates a new priority interrupt. A timing
      sequence is then initiated and after a set time, a STROBE signal is
      generated which strobes X-Y coordinate data into X-Y coordinate buffers
      57. A second strobe is generated, DELAYED STROBE, which clears the MSYN
      signal, inhibits the NPR and releases the computer 40 until the display
      means is ready for another coordinate word.
PAR  The X-Y coordinate buffer 57 is a 21-bit clocked data buffer and output
      drivers. The X-Y coordinate input data word contains the 9-bit binary code
      for the X or Y point coordinate, an X and Y bit buffer loading, an erase
      and bulk erase bit for point or display erase, and a point bit which
      initiates the visual display write or erase process at the designated
      point. Since only 9 coordinate data bits can be loaded per data word from
      memory, two data words (X-Y pairs) are normally required for transmission
      to the terminal 10. A one-shot generates a LOCAL STATUS signal which
      initiates an NPR after the first X or Y data word is received. The next
      word received completes the X-Y coordinate, a data enable clocked buffer
      enables the WRITE, ERASE or BULK ERASE output data line and the terminal
      10 operates on the designated coordinate. Upon completion of the WRITE or
      ERASE operation, the display means generates a STATUS signal which
      initiates a new non-processor request. If the BULK ERASE signal is set in
      the X-Y coordinate word, a time-out occurs which inhibits, as a display
      limitation, further non-processor requests for a set period of time.
      During the time when the display means is performing the WRITE or ERASE
      operation, no NPR signals are being generated and the computer ignores the
      direct memory access for serving one of the other peripheral devices. When
      an NPR signal is finally requested, only a few cycles are required to
      transmit the next X-Y data word, and the computer is again released. It is
      this "cycle-stealing" feature of the direct memory access operation which
      makes it attractive for a low data demand device, such as the plasma
      display means 11 on the terminal 10.
PAR  The OR circuit 58 allows a BUSY signal to be generated locally, that is,
      during transfer of the XY coordinate words or by the terminal 10, when a
      display has been activated by a data transfer. The terminal can accept
      BULK ERASE commands only at predetermined intervals. Accordingly, data
      transfer is inhibited by the AND circuit 59 and BULK ERASE T.O. circuit 60
      when a BULK ERASE command is transferred. Data transfer can then be
      resumed after the predetermined interval.
PAC  Tape Format
PAR  With reference to FIG. 7, a representation of a tape is shown disclosing
      the manner in which the tape is divided into various information or data
      sections. With reference to the left hand end of the tape 38, a
      transparent leader 61 is provided and adjacent thereto is a directory file
      section designated by the numeral 62. The directory file is a one block
      file consisting of a file header followed by up to 40 file fields. The
      directory file is a form of index used by the system to keep track of all
      of the files contained on a given tape. The purpose of the directory file
      62 will become more apparent with the description which follows.
PAR  The student/lesson file 63 is also a form of directory file. It consists of
      a header record called a student record and is available as a collection
      of student lesson records. This record is utilized to maintain positional
      and scoring information, as well as switches and counters for lesson
      administration and a message or "blackboard" area for communication
      between the teacher and student.
PAR  The lesson file section 64 consists of up to eight lessons and the lessons
      are specified in the student/lesson file 63. A lesson is a highly
      structured collection of lesson lines used to give directions to either
      the student or the system. In practice these lesson lines, when being
      acted upon by the system, or when driving the system, are contained within
      a core memory. They are, however, far too numerous to be contained
      completely within this limited storage area. Lesson lines are, therefore,
      grouped into blocks and these blocks are maintained in disc storage. This
      latter area has a longer access time than core storage but is still
      sufficiently fast to be within the response requirements of the system.
PAR  Even though disc storage provides for more data storage than core storage,
      it is still not of such magnitude that it would be possible to store all
      lessons. Consequently, placing the lesson files on magnetic tape has
      proved to have many advantages. In the prescribed procedure for the
      system, the selected lesson data are transferred from the tape to disc
      storage. During the procedure as lesson lines are needed, the lesson
      blocks containing these lines are moved from disc to core storage.
      Adjacent the lesson file sections 64, there is a journal file section 65
      which is a collection of keyboard entry records of the student's input via
      keyboard 12 during execution of the lesson. This information permits later
      playbacks of the chosen lesson. Whenever a keyboard entry is made, the
      keyboard information is stored in a keyboard record area. The first two
      words of this record area are used to contain the absolute time of the
      first keyboard character input. This information, after being acted upon
      in the execution of the lesson, is then placed in a tape output buffer.
      When the buffer is filled, it is written on a journal file and placed on
      the course tape. In this manner, all the information necessary for a rerun
      of a given lesson is available on the tape. The number of journal files on
      a tape will be dependent on the length of the tape and the number and
      length of the lesson files 64.
PAC  Tape Transport -- Modes
PAR  There are two WRITE modes, a WRITE ADDRESS MODE, which allows information
      to be written on an address track of the tape 38 and a WRITE DATA MODE,
      which allows information to be written on the data track. Likewise, there
      is an ERASe ADDRESS and ERASE DATA MODE, the former disabling a phase
      encoder, producing a constant flux at the record head on the tape
      transport for writing interrecord gaps on the address track. The ERASE
      DATA MODE is substantially the same except that the interrecord gap is
      written on the data track. There is a READ ADDRESS MODE in which read
      information is stored on the address track and which also detects
      interrecord gaps when such are encountered. The READ DATA MODE reads
      information stored on the data track and also detects interrecord gaps.
      There is a READ ADDRESS/NO IRG MODE which reads information on the address
      track and inhibits any interrecord gaps from causing an interrupt, whereas
      the READ DATA/NO IRG reads information on the data track and inhibits any
      interrecord gaps from causing an interrupt. The tape movement can be
      braked (BRAKE) while moving in either a forward or a reverse direction.
      Also, the tape can be rewound (FAST REVERSE) at a high speed or run
      forward (FAST FORWARD) at a high speed. In an IDLE MODE all voltages are
      removed from any source of energy supply and from the take-up motors.
PAC  Tape Transport -- Flags
PAR  A tape flag word consists of 8 signals that show the status of the tape
      system. The flag system can be programmed on either of two modes, that is,
      interrupting or noninterrupting depending on the requirements. The
      computer 40 can be programmed so as to sample the read or write flags in a
      test mode with respect to the tape system. A flag word is presented to the
      computer as a data word. When the program addresses a flag word, it is
      moved as a data word into the computer for evaluation.
PAR  The various flag words are described with respect to their function
      hereinbelow. A WRITE flag indicates that the tape circuitry has phase
      encoded a data word and is ready for a new data word. The computer has a
      set period of time to respond to the WRITE flag request before tape
      circuitry will start encoding the buffer contents. The IRG flag is
      activated during the READ MODE indicating the beginning or end of a data
      block. The READ flag indicates that a data word from the tape transport
      has been phase decoded and stored in the tape-read buffer ready to be read
      into the computer. Again, the computer has a set time interval in which to
      respond before the next data word will overlay the old contents of the
      buffer. An EOT (END OF TAPE) flag is related to the digital tape cassette
      which has a clear portion at both ends of the tape and when the clear
      portion of the trailing end is reached, a photocell is activated signaling
      the end of the tape. The CHANGE TAPE ADDRESS (CHANGE T. A.) flag is
      initiated by light-to-dark transitions caused by chopper wheel vanes
      interrupting the light path between a lamp and a related photosensor. This
      flag is used to give an approximate indication of data block locations
      when the tape is in a high speed SEARCH MODE. The PARITY ERROR flag
      indicates a data word was read or written incorrectly. When this condition
      occurs, the data block should be re-read. A TAPE STOP flag is used to
      determine when the tape has reached a complete stop after a fast search
      operation. A CASSETTE IN PLACE flag indicates whether or not a cassette is
      positioned in the tape transport mechanism.
PAR  The flags of the tape system are divided into two types, namely,
      conditional and nonconditional. The three flags comprising the conditional
      group are the TAPE STOP, CASSETTE IN PLACE and EOT flags. These flags will
      be present or remain on as long as their condition exists. The
      non-conditional flags are: WRITE, READ, PARITY, IRG and CHANGE TA. These
      flags are reset by pulses from the computer.
PAC  Tape Transport -- General
PAR  The operation of the system requires that the programming be carefully
      adherred to with respect to addressing, control, moving data and the use
      of flags. Each peripheral device used with the computer is treated as a
      memory location. Data can be moved to or from any device by performing
      this function in accordance with the computer requirements. The addressing
      structure requires priority levels, interrup vectors and address locations
      which are dictated by the requirements of the particular system. Other
      locations and vectors can be substituted to meet the particular needs of
      the system.
PAR  A data word consists of three parts. The start/stop bits, data bits and a
      parity bit. The complete word is 20 bits long with three bits for
      start-stop, 16 bits for data and 1 bit for parity.
PAR  The tape is controlled by moving a command word to the required memory
      location. When changing tape direction, adequate time must be allowed for
      the tape to come to a complete halt before a new command is given. The
      WRITE flag is used to time all write operations. The tape-write electronic
      circuitry moves data words from the tape-write buffer on the leading edge
      of the WRITE flag. This means that the first word of a data block must be
      preloaded into the tape write buffer while an ERASE DATA operation is
      being performed.
PAR  Transferring data words (16 data bits being considered as a word) to or
      from the tape system requires that the contents of the tape data location
      be moved to the desired core location or vice versa.
PAC  Tape Transport -- Interface
PAR  In FIG. 8, the circuitry associated with or interfaced to the tape
      transport, is disclosed in block form. During the WRITE cycle, data are
      sent from the computer as a 16-bit parallel word which is converted in the
      tape interface into a serial bit stream complete with a start bit, stop
      bit, parity bit and word gap and then transferred to the tape transport
      mechanism or device.
PAR  The tape-write buffer 70 receives the data bits of a word in parallel form
      and stores the words until triggered by the strobe pulses from the address
      decoder circuit 71. The words are released from buffer 70 in parallel for
      introduction into the tape-write circuit 72 and then as a serial data word
      to the tape transport 73 as described in more detail hereinafter.
PAR  The address decoder 71 is interconnected to address selector 74 which
      determines to which device the address signals from the computer 40 are to
      be directed. The decoding and writing of these signals is accomplished by
      the decoder 71. From FIG. 8 it will be evident that strobe signals control
      data-out with respect to tape-write buffer 70, data-in with respect to
      tape-read buffer 75, the direction of interrupt enable to interrup control
      76, and the direction of tape command word to word register 77.
PAR  The tape-read circuit 78 controls read out of data from the tape to buffer
      75 and to computer 40. The tape status circuit 79 keeps the computer
      informed as to the operation being performed by the tape transport
      mechanism 73 and the associated circuitry 72, 78.
PAC  Tape Transport -- Write
PAR  Before a binary word can be recorded, it must be converted first from a
      parallel to a serial configuration and then phase encoded. A word is
      brought into a parallel/serial shift register 80 on the leading edge of a
      WRITE flag, see FIG. 9. The word remains stored until counter 81 reaches
      state F1 which causes the line from clock line inhibit circuit 82 to
      register 80 to go low. With this line low, clock pulses cause the word to
      shift out of the register 80 in serial form to parity generator 83. This
      will continue until all bits are released, the last coinciding with state
      16 of the counter 81. During the next clock pulse F17, a parity bit is
      inserted into the serial word by generator 83 and the line to shift
      register 80 then goes high. Counter states F18 and F19 generate a word gap
      in the serial data stream and, at the same time, generate the WRITE flag.
      The leading edge of the WRITE flag loads a new data word into the shift
      register 80. State F20 resets the counter 81 causing it to go to state F0
      which generates the start bit of the next word. The process continues
      until all the required data have been recorded on tape. The word gap and
      start bit in the bit stream, provide means of synchronizing data while in
      the playback process.
PAR  All timing is derived from a two phase, free running 10 KHz clock circuit
      84 which provides 5 KHz per phase. At this clock frequency, the bit
      transfer rate is 5000 bits per second and the data bit density is 1000
      bits per inch. The necessary timing operations of the WRITE circuitry is
      the function of the counter 81.
PAR  The parity generator 83 inserts a 1 or a 0 into the bit stream during state
      F17 of counter 81. Even parity generation, the technique used, requires
      each word to contain an even number of 1's. If the data word is already
      even, the parity generator inserts a 0 at time F17. If it is odd, then the
      generator inserts a 1. Serial data coming from the shift register 80 gate
      clock pulses to flip-flop circuit not shown. This flip-flop circuit
      controls the data output with the start bit and parity bit added thereto.
PAR  The phase encoder 85 eliminates the need for a pre-erased tape. This phase
      encoding or phase modulation utilizes a continuous writing current for
      binary input. A 1 is written, for example, by a positive change in writing
      current at data clock time, while a 0 is written by a negative change in
      saturation writing current. This coding procedure results in a positive
      read pulse for each recorded 1 and a negative read pulse for each 0. The
      advantage of using phase encoding is that it is self-clocking, thereby
      providing a clock pulse for each data bit during the playback process. The
      logic value of the phase encoder 85 is controlled by the 01 and 02 pulses.
PAC  Tape Transport -- Read
PAR  The read circuity associated with the tape transport mechanism is disclosed
      in the block diagram in FIG. 10. When the system is in the READ mode, data
      from the tape unit is fed into the phase decoding circuit 90. The decoder
      derives from the tape signal the necessary clock pulses to synchronize all
      read operations. The decoder also restores words to their original
      condition, that is, before phase encoding. The derived clock pulses
      trigger the counter 91 to the various states required for parity detection
      and READ flag generation. The clock pulses also step the serial data
      stream into serial/parallel shift register 92 from which data is strobed
      out to the computer 40 by the leading edge of the READ flag. Inter-record
      gaps and word gaps are detected by the IRG detector 93. This latter
      circuit resets the counter 91 when a word gap is encountered, and it also
      signals when the tape is between record blocks (IRG region).
PAR  The tape transport provides two useful data outputs. One is the data from
      the tape and the other is a positive going pulse for every flux transition
      of the data-bit stream. These read-data pulses provide the clocking
      information necessary to convert the phase-encoded serial data word into
      the 16 -bit parallel format required by the computer.
PAR  Since every serial word begins with the start bit, the negative-going
      transition of the start bit is used to initiate phase-decoder operation.
      When recording, it is insured that all data blocks begin with an IRG.
      Therefore, the first read-data pulse is generated by the start bit of the
      first data word in the block. This pulse triggers a one-shot
      multi-vibrator, not shown. The one-shot output is used to inhibit
      read-data pulses from re-triggering during the operative period. In so
      doing, the 01 clock pulses are filtered out and only 02 clock pulses are
      allowed to trigger the one-shot multi-vibrator. Therefore, are recreated
      from the incoming data. The derived clock pulse is then used to trigger a
      flip-flop (not shown) having inputs of the serial data from the tape
      transport. The result is a serial coutput that recreates the original word
      before any phase decoding operation.
PAR  The counter 91 utilizes the derived 02 clock pulses to step through its
      logic state. The two states of importance are state F2 and state F18. The
      counter is not self-resetting, however, the reset condition occurs when a
      word gap or an IRG is detected by the IRG detector circuit 93, thereby
      synchronizing the counter circuit with the incoming data. The first
      decoded output (F2) from the counter 91 starts the serial parallel
      conversion clocking sequence. The other counter output (F18) stops the
      serial/parallel sequence and generates a READ flag. The READ flag
      indicates to the computer that one data word has been decoded. The
      circuitry for the counter 91 is similar to that of counter 81 but the
      former has only two outputs.
PAR  The IRG detector circuit 93 performs two operations, namely, it resets the
      counter 91 when a word gap is detected, and informs the computer through
      an IRG flag when the tape head location is between data blocks. The
      circuit consists of a four-stage counter and two NAND gates to decode the
      desired states. Clock pulses from the counter 81 are utilized to provide
      the necessary clock pulses. Resetting is accomplished by the read-data
      pulses from the tape transport. A description of the read-data pulses was
      described hereinabove with respect to the operation sequence of the phase
      decoder 90. With data coming in, the read-data pulses continuously reset
      the counter 91 until a word gap is encountered. The word gap, devoid of
      read-data pulses, allows the counter 91 to step to a state 4 which
      generates a counter reset pulse. Incoming data will reset the IRG
      detector's counter to 0 which continues the process until the end of the
      data block is reached. When this occurs, the counter passes through state
      4 resetting the counter 91 and continues to state 14 which generates the
      IRG flag. The IRG detector 93 will continuously generate IRG flags so long
      as the tape head is between data blocks.
PAR  The parity detector 94 might be more appropriately called a parity
      generator since a new parity bit is derived from the incoming data word
      and then compared to the parity bit coming in with the data. Operation of
      the parity detector 94 is exactly the same as the parity generator 83
      described hereinabove. When the generator parity bit is compared with the
      incoming parity bit and the two bits are different, then a PARITY ERROR
      flag is generated.
PAR  After the incoming data word is phase decoded, the serial-bit stream is
      clocked into two 8-bit serial in parallel out shift registers designated
      by numeral 92. Synchronization is accomplished by two counter states F2
      and F19. Clocking pulses are prevented from moving the serial bit stream
      until state F2 is reached. Once clock pulses are allowed to move data,
      they continue until state F18 is reached, disabling the clocking
      circuitry. A complete 16-bit data word is now resident in the shift
      register 92. It will remain there for a period of time after which the
      clocking cycle will be restarted and a new word brought in.
PAR  When state F18 is reached by the counter 91, a READ flag is generated
      moving the contents of the shift register to the tape data buffer 75. This
      buffer is used to hold a data word for a short period of time allowing the
      computer sufficient time to service the tape unit plus other devices
      requesting service. Flag controls are held in buffer 95.
PAC  Image Selector -- Projector Mechanism
PAR  The system, as described above, utilizes a projection system in which the
      positioning of a selected image on the visual or film record with respect
      to the projection system is accomplished by a pair of stepping motors
      interconnected to a mechanism for moving the film in a 0 and a Z
      direction. Once the image and its address has been selected and determined
      by the computer, the film record must be precisely positioned relative to
      the projection system for registry with the plasma display screen so as to
      be properly oriented with a superimposed plasma writing or graphics
      display. Using the pulse and DC characteristics of a stepping motor, the
      projection system employs a system of open and closed loop controls to the
      stepping motors for image or frame selection and fine positioning thereof.
      The projection system uses two stepping motors in conjunction with a
      cylindrical cage transport mechanism for the film record for providing the
      .theta. and Z direction movements.
PAR  Under computer control, the .theta. motor moves the film record or
      microfiche 15 through an arc determined by the film record dimensions and
      the radius of a cage, thereby selecting one of the 16 image or frame rows.
      The .theta. motor makes four steps per frame. The Z motor transports the
      microfiche and the cage in an axial direction, thereby, selecting one of
      the eight image or frame columns. The Z motor requires eight steps to move
      one frame. A low voltage, high intensity lamp 100 provides the light
      source for projection, a mirror system 101 relays the image from the
      projection station to a rear projection screen 102 mounted on the back
      surface of the plasma display means. The fiducial marks 27, 28 arranged
      relative to each image, are projected onto photosensors which feed any
      error signal back to the .theta. and Z motors for precision registration
      in either or both of the horizontal and vertical directions.
PAR  The sequence of operation for selection and fine positioning of an image or
      frame in the system is generally as follows: The computer 40, on the basis
      of a query or response presented by the student, determines the image next
      to be projected. On the basis of the address of the image last projected,
      the computer determines the number of steps required to move the newly
      selected film record in one or both of the .theta. and Z directions. The
      data-word appears at the computer interface in the form of four bits and a
      data strobe. The four bits are decoded by STEP DRIVE logic to select the
      appropriate .theta. and Z step or coil pair. The data strobe pulses enable
      a 5 msec stepping pulse and the selected coil pair are energized through
      coil drivers.
PAR  The film record moves one step and rests until the next data-word command.
      When the desired image or frame is reached, the coils are in an energized
      state and the computer stops sending data. The STEP DRIVE logic enables
      fine-position amplifiers when the 5 msec stepping pulse is completed. A
      fine-position delay circuit allows mechanism movement to settle out and
      the .theta. and Z pulses to be turned off before error correction begins.
      Frame error sensors detect the fiducial marks 27, 28 at the projection
      screen 102 and send an error signal back to the fine position controller.
      The controller drives the coils through the linear amplifiers with
      unbalanced current causing the stepping motors to move in a direction to
      correct the error. This unbalanced current is maintained until a new error
      occurs from perhaps an accidential jarring or until the film record is
      stepped forward to a new image or frame position. In addition, the control
      electronics contain drivers that actuate a shutter during image frame
      selection and change, and solenoids for controlling film record load and
      unload operations. The drivers are responsive to data bits.
PAR  The film record transport mechanism permits a high stepping rate and rapid
      frame access with low friction and inertia. In addition, the film record
      load and unloading and frame selection is entirely under control of the
      computer. Random frame access time is less than one-third second for any
      one of the 128 image frames to be positioned relative to the optical axis
      of the projection system. Frame registration relative to the plasma
      display means is within two plasma display lines in any direction (.+-.
      0.030 inch).
PAC  Audio Record Mechanism
PAR  The following general description relates to selection of a sound track on
      the audio record 18 as well as a cycle of operation. Such a cycle includes
      locating the related sound track, positioning the reading heads relative
      to the sound track, and then moving the heads into engagement with the
      selected track on the audio record. Further signals are then utilized to
      render operative the proper head and to release the audio record for
      movement past the heads, thereby reproducing the sound or message. At the
      end of any message, signals must also be provided to remove the heads from
      contact with the audio record and to return the audio record to an initial
      home position. The signals utilized in accomplishing the above steps are
      described hereinbelow.
PAR  A status word contains four bits of information to indicate the condition
      of the sound system. These conditions are: End of Message, Initialize
      Position, Proper Load, and End of Travel. A data word is also used and
      contains information to control the operation of the sound system. The
      data word is used simultaneously with two other control words, namely,
      SOUND OPERATE and RELEASE SOLENOID. The SOUND OPERATE strobe signal
      initiates movement of the audio record whereas the RELEASE SOLENOID strobe
      signal energizes the latching solenoid which releases the audio record
      from the loading position.
PAR  The following steps will be implemented during or upon a loading of an
      audio record 18 into slot 17. The audio signal should be disabled as a
      part of the system initialization process. The computer checks to see if
      the heads are in the "home" position, and, if not, steps the heads until
      the position flag is asserted indicating the heads are in the home
      position. The movement of the audio record holder is started by asserting
      the SOUND OPERATE strobe pulse. There is a period of time allowed after
      the SOUND OPERATE strobe pulse to permit the audio record holder to latch
      into the loading position. Once the student has placed the audio record in
      the holder and actuated the proper key on the keyboard 12, the computer
      checks for the PROPER LOAD flag. Assuming the audio record has been loaded
      properly, the RELEASE SOLENOID strobe pulse is released by the computer
      allowing the audio record to fall into the normal operating position.
PAR  For reproduction of a message, the audio disable signal maintains the
      reading heads inactive during the positioning of the heads relative to the
      selected track. After this has been accomplished, the SOUND OPERATE signal
      is provided and the audio disable bit is switched to an operating mode. At
      this time the sound circuitry control, keeping the drive solenoid
      energized until the end of message (EOM) is detected by a voice-activated
      switch. If the EOM does not release the solenoid, the audio record will
      continue to move until the end of travel (EOT) switch is reached. The EOT
      switch will then release the drive solenoid and activate the end of travel
      bit in the status word. With the drive solenoid released, the end of
      message (EOM) flag is activated as the record returns to its original
      position, and at this point the AUDIO DISABLE is activated. The sound
      system is now ready to play back another message.
PAR  During the unloading sequence, the heads are moved to the home position
      just as in the loading sequence. The SOUND OPERATE strobe pulse energizes
      the sound drive solenoid, thereby moving the audio record up to the
      latching solenoid. The latching solenoid holds the audio record in place
      and also sends a pulse to the reproducing circuit to disengage the drive
      solenoid. At this point, the audio record can be withdrawn from the slot
      17.
PAC  General Operation
PAR  When a student arrives at the terminal 10, he will have a course packet
      consisting of a film record 15, an audio record 18, and a tape cassette
      21. The first implementation will be to press a designated key on keyboard
      12 which will activate the system and which will then instruct him to load
      the film record, audio record and tape cassette. At this point, the
      student will be requested to enter via keyboard 12 his social security
      number, if he is a student, or, if he is an instructor or programmer who
      wishes to execute course material, a predesignated number. In the latter
      case, the information is recorded in the directory file section 62. In
      both cases, this information is also presented as a legible manifestation
      on display panel 11.
PAR  The system will then check to determine whether this is the first time this
      student has used this particular course tape cassette. This check is
      accomplished by inspecting the social security number field in
      student/lesson file 63 maintained on the tape 38, see FIG. 7. If it is the
      first time, the student will be asked for his name and student number if
      one has been assigned. This information, student name, social security
      number, and student number are then used to update the course tape by
      recording this information in file section 63. It is then personalized for
      the student's use.
PAR  If it is not a first time use for the course tape, the social security
      number entered is checked against the social security number stored in the
      student/lesson file 63. If there is an equal comparison, the user is asked
      for his name. An equal between the name input by the user and the name
      stored in the student/lesson file will pass the user or student onto the
      lesson selection procedure. The system will then be assured that the
      course tape belongs to this particular student. A non-equal check on
      either social security number or student name, will automatically cycle
      the student to a log-off procedure. The system will not allow a casual
      user to run with some other student's course tape.
PAR  In the lesson selection procedure, the check is made of all lessons stored
      on the tape to be used by the student. There is from one to eight lessons
      available on a course tape. If there are no restrictions as to lesson use
      or presentation, then the list of lesson names of all lessons on the
      course tape are presented to the student, with a request that he select
      one of them for execution. There may be restrictions in lesson usage. For
      example, certain courses may be marked "execute first". In such a case,
      only one lesson name will be offered to the user. He would either input
      the name of the only course offered or curtail the entire lesson by
      imputting the word "DONE". Certain lessons can also be restricted to a one
      time usage. In such a case, the name will be dropped from the list of
      available lessons after it has been used once by the student. As noted,
      the student must either input the name of one of the available lessons or
      commence a log-off procedure by imputting the word "DONE".
PAR  If the student inputs the name of an available course, the lesson file for
      the selected course is initiated in core storage and the system will call
      the lesson "preparation procedure". In the lesson preparation procedure,
      any messages left for the student in the selected lesson file will be
      displayed on panel 11. The selected lesson is read from the tape 38 and
      placed in disc storage, the first block of the given lesson is read into
      the core storage. The lesson unit table (a table of direct access location
      used in lesson execution procedure) is extracted from this lesson block
      and placed into its proper storage position. The first lesson line to be
      executed is then moved to lesson line processing buffer and the system
      then passes on to the lesson execution procedure. During the execution of
      the lesson, each query or response input by the student via keyboard 12 is
      recorded along with a time at which the input was made in a journal file
      65 which is maintained on the course tape 38. Upon completion of the
      execution procedure, the student's correct and incorrect scores and any
      messages he may wish to leave for the teacher will be used to update the
      lesson record which, in turn, is used to update the student/lesson file on
      the course tape. The procedure then reverts to the lesson selection
      procedure.
PAR  The student will be permitted to abort the procedure just described at any
      time by the input of an escape character (ESC) followed by GO. If this
      procedure is followed, the existing scores and location within the lesson
      will be saved in the student/lesson file and the user will be sent
      directly to the log-off procedure. On returning, the user will usually be
      forced to complete this lesson from the point at which he cut off before
      starting the execution of any other lesson.
PAR  In order to set forth an example of the way in which the system can be
      utilized, a short lesson is described hereinbelow without reference to all
      the controls, signals, etc. that might be required. Assume that a student
      has brought to the terminal 10 a film record 15, an audio record 18 and a
      cassette 21. After each of these has been inserted into its respective
      slot in the terminal, the student then initiates the system by actuating a
      particular key on the keyboard 12. When this is done, the computer
      automatically wipes any legible manifestation from the display panel and
      checks the relative positions of the film record 15 and audio record 18
      relative to their home position so that the film record can be drawn into
      the terminal and the audio record is brought into the latched position.
      The student is then requested to enter his social security number and
      other data into the computer via the keyboard, as described above. This
      material or information is checked by the computer and, if necessary,
      entered into the student/lesson file 63 on the tape 38. When this has been
      completed, the student is then requested by the computer 40 via the
      display means 11 to make a lesson selection and to enter such selection
      via the keyboard 12. In this case, the name of the lesson is Tomb, see
      FIG. 11. This word is typed by the student and entered from the keyboard
      via the display means and the computer to initiate entry of the subject
      lesson material on the tape 38 in one of the lesson files 64 into the
      memory for the computer. When this is accomplished, a suitable signal is
      generated. On the basis of the selected lesson material, an image area 24
      on the film record 15 and an audio message 30 on the audio record 18 are
      moved into a position in the projection system 25 and relative to the
      reproducing heads 31, 32, as described hereinabove. The following
      statement then appears on the display means 11: GRANT'S TOMB IS A WHITE
      GRANITE MAUSOLEUM LOCATED ON RIVERSIDE DRIVE BETWEEN 122ND AND 124TH
      STREET IN NEW YORK CITY.
PAR  At this time, there also appears on the display means 11, a picture of
      Grant's Tomb which is superimposed on the above statement describing
      Grant's Tomb and its location. The statement will also be transmitted to
      the student via the sound track 30 on the audio record 18. During lesson
      development, the system can make queries of the author, for example:
      Should the computer furnish comments, such as right or wrong? To this, the
      author can reply yes or no. Such a query and its response will determine
      when a line or branch of the lesson material will occur relative to the
      student's progress. By the same token, the programmer or teacher can enter
      into the system an opportunity for the student to present one or more
      responses in an attempt to obtain the correct answer. In other words, the
      system can respond that the response was incorrect and the student can
      then make another response in an attempt to provide a correct answer.
      This, of course, will depend on the format decided upon by the author.
PAR  The query is now posed by the system to the student: WHO IS BURIED IN
      GRANT'S TOMB? Again, this text appears on the display means as well as an
      audio message. The answer to the question is typed into the system by the
      student and again appears on the display means as well. If the student's
      entry has included GRANT JULIA, GRANT MRS., GRANTS, or just simply GRANT,
      those that are correct, or will be accepted as correct, will be determined
      by the answers set up in the lesson program as being acceptable. Assume
      that any one of the first three can be considered as a proper and correct
      response and the latter as either wrong or an incomplete response. A
      correct response leads to FINISH, indicating the lesson has been
      completed. With an incomplete response, a branch can be made to a
      statement which is again presented to the student as an audio message as
      well as on the display means. This statement is "FINANCED BY POPULAR
      SUBSCRIPTION AND DEDICATED BY PRESIDENT MCKINLEY IN 1897, THE TOMB HOLDS
      THE REMAINS OF ULYSSES SIMPSON GRANT AND HIS WIFE, JULIA DENT GRANT."  A
      restatement of the query is again presented. At this point, of course, the
      lesson would be completed with a correct response. Any response is final
      and the system then provides an indication on the display means 11 of
      FINISH indicating that the lesson has been completed. If the student gives
      a wrong or incomplete answer or response to the first query such as,
      LINCOLN, then the question is repeated "WHO IS BURIED IN GRANT'S TOMB?"
      The student's responses will then be treated as already described.
PAR  It should be evident from the description hereinabove, that the system
      encompassed by the disclosure is one which lends itself to many variations
      and modifications in accordance with the particular program to which it
      may be oriented. With the student able to respond via a keyboard so as to
      submit either a query or a response, the lesson material can be extended
      in many directions and, at the same time, be directed to only pertinent
      lesson material. The system has been found to be very useful in the
      training of servicemen, particularly since various and different pictures
      of the appliance or machine on which the serviceman is expected to work
      can be presented as a visual image and, at the same time, this visual
      record can be combined with an aural message as well as a legible
      manifestation of a question, a fact, an instruction, etc. Hence, the
      system is not limited to any particular subject matter, but can be as
      simple as described above, or as complex as required in accordance with
      the subject matter and individual's learning ability.
PAR  Also, with respect to the system per se, the description hereinabove has
      not been directed to any specific description of operation because of its
      inherent complexity. Instead, the description has been generally related
      and those skilled in the art will realize that the system per se presents
      many facets, each of which can vary in complexity as well as in the manner
      of presentation. It is to be understood that the computer referred to in
      the present disclosure is not of the largest storage capacity because the
      system is one which is believed to be particularly adapted to a limited
      number of terminals. Hence, the memory and storage capacity of the
      computer is somewhat limited. Also, where part of the storage means is not
      a direct part of the computer per se, it could be made a part thereof if a
      computer of larger capacity were used. Hence, the capability of the system
      is not to be considered as being limited in accordance with the above
      description. If at all, the above description provides a basis for
      expanding the system to any degree that might be necessary, as will be
      apparent to those skilled in the art. It should also be understood that
      the various interfacing devices can be part of the computer, the terminal
      or divided between them as the system might require. With the size of
      computers shrinking because of the technology advance in miniature and
      subminiature circuitry and in digital storage devices, a computer could be
      made a part of the terminal per se. As such, each terminal would stand
      alone with no need for relying on a computer common to a number of
      terminals nor the necessary interfacing circuitry.
PAR  This invention has been described in detail with particular reference to
      preferred embodiments thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A student controlled, interacting audio-visual learning device for
      manifesting lesson subject matter in response to presented queries and
      responses, the lesson subject matter comprising a number of distinct
      records separately introducible into the device and including a visual
      record having a number of addressed images, an audio record having a
      number of addressed message tracks and a control record having recorded
      program and address data for selecting at least one of the images and of
      the message tracks as related to a presented query or response, the
      combination comprising:
PA1  a data center having storage means and memory means and in which
      programming information data and address data related to the lesson
      subject matter are introduced into the storage means and subsequently
      released in accordance with the presented query or response;
PA1  a display terminal comprising student--actuated input means, visual display
      means comprising a gaseous discharge panel connected to the input means
      and the date center and a transmission type screen axially aligned in
      spaced relation with the panel for jointly or severally displaying a
      legible manifestation on the panel and a selected one of the addressed
      images on the screen, and respective stations for receiving each of the
      records;
PA1  the input means being interconnected to the data center and to the visual
      display means and including means for converting alpha-numeric and graphic
      information into input data for acceptance by the data center and for
      reproducing the information on the panel as the legible manifestation;
PA1  the station receiving the visual record including a projection system and
      means responsive to released address data from the data center for
      locating a correspondingly addressed image in the system for projecting
      the image onto the screen in superposed relation to any legible
      manifestation on the panel;
PA1  the station receiving the audio recording including transducer means and
      means responsive to released address data from the data center for
      locating a correspondingly addressed message track relative to the
      transducer means and for moving the audio record to reporduce the message
      as an aural query or response related to at least one of the reproduced
      information and of the projected image on the visual display means; and
PA1  the station receiving the control record including transducer means
      interconnected to the storage means and memory means for reading and
      transmitting the recorded program and address data to the data center;
PA1  means responsive to some portion of the query or response presented via the
      input means for transferring from the storgae means to the memory means
      the address of at least one of the addressed images, the address of one of
      the addressed message tracks and program data for providing a legible
      manifestation on the panel related to the presented query or response; and
PA1  circuit means interconnecting each of the storage means, the memory means,
      the visual display means, the image locating means and the track locating
      means and responsive to a control signal generated by the input means,
      upon completion of the query or response, for jointly or severally
      transferring and subsequently releasing the program and address data
      related to the presented query or response from the storage means to the
      memory means, the released program data initiating the converting means to
      provide the legible manifestation of the query or response on the panel
      and the released address data initiating at least one of the locating
      means to position the addressed image related to the query or response in
      the projection system to provide a visual image on the screen that is
      superposed on any legible manifestation and the locating and moving means
      to position the addressed message track related to the query or response
      relative to the transducer to provide an audio presentation.
NUM  2.
PAR  2. A student controlled, interacting audio-visual learning device in
      accordance with claim 1 wherein the control record is a magnetic member on
      which the program and address data are recorded in digital form including
      means responsive to the memory means and the input means for recording
      each presented query or response and legible manifestation on the magnetic
      member following the program and address data and after transmission
      thereof to the data center.
NUM  3.
PAR  3. A student controlled, interacting audio-visual learning device in
      accordance with claim 2 wherein the recording means for the control record
      includes control means interconnected to the storage means and the input
      means for transferring the program and address data on the control record
      to the storage means and to the memory means for recording on the control
      record, after such transfer, the program and address data released thereto
      by the input means and memory means.
NUM  4.
PAR  4. A student controlled, interacting audio-visual learning device in
      accordance with claim 3 wherein the control record comprises a first
      section in which the program and address data are recorded and a second
      section in which the queries and responses that are presented by the input
      means or are generated by the program data related to the presented query
      or response are recorded, after transfer of the program and address data
      to the storage means.
NUM  5.
PAR  5. A student controlled, interacting audio-visual learning device in
      accordance with claim 4 including means interconnected to the recording
      means for the control record for recording timing marks synchronized with
      the recording in the second section of the presented or generated query or
      response for providing a time relationship therebetween.
NUM  6.
PAR  6. A student controlled, interacting audio-visual learning device in
      accordance with claim 1 wherein the circuit means includes a control
      circuit for establishing the readiness of each of the storage means,
      memory means, visual display means, visual record and audio record prior
      to each presentation of a query or response via the input means.
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ABST
PAL  A method for the visual demonstration of the formation and causes of the
      five Seidel aberrations and chromatism appearing on the image plane of a
      converging lens system. A method and device utilizing that method are
      provided for the refraction through a lens system of multiple pinhole
      images of a single object such as to visually demonstrate: (a) the
      respective distortions of each of said images on a movable ground-glass
      after they have passed through different portions of the system but prior
      to the system's image plane; (b) the convergence, in cinematographic-like
      progression on the moving ground-glass, of these multiple refracted images
      to and superimposition at the system's focal plane and their respective
      contribution to the abberrations in the composite image observed on that
      plane; (c) the further asymmetrical convergence or collapse of the
      discrete refracted images beyond the focal plane to their respective
      "image-apertures", said image-apertures defining the image plane of the
      physical pinhole apertures; (d) the visual "sommersault", as seen on the
      moving ground-glass, of the collapsing images whereby they appear to
      "squeeze" through and reverse themselves in passing through the said
      image-apertures; (e) the visual and readily apparent aberrations caused by
      the aforesaid "sommersault" when it appears near the system's image plane.
      A ground-glass "sandwich" comprised of two or more lightly etched glass
      plates is provided whereby the characteristic horizontal and vertical
      bright-line images of astigmatism may be simultaneously observed in the
      process of formation and whereby the full nature of the so-called "circle
      of least confusion" in optical theory may be visually shown for the first
      time. A changeable lens system is provided whereby the affect of the
      multiple bending of images in correcting projected image distortions and
      aberrations can be visually demonstrated in process.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the general area of lens aberration demonstration
      in optical phenomena, in particular to a method and device for the visual
      demonstration of the formation and source of the five Seidel aberrations
      and chromatism in optical theory.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Current methods for the visual study and demonstration of the causes of the
      aberrations found in the focal image formed by a lens system involve
      primarily the projections of narrow and/or intense pencils of light, such
      as those provided by a laser beam, through a given lens or refractive
      system. All such methods have logically derived from the principles of
      Geometrical Optics whereby a point of light may be mathematically traced
      through space, the starting position being called a "point-source", the
      plotted track or route it takes called a "ray", and the curvature of the
      ray depending upon the refractive and/or reflective indices of the media
      the light encounters on its journey. When multiple points of light
      originating from a common point-source are so refracted by a lens system
      as to meet or superimpose in a common point on the focal plane of the
      system, then a perfect "image" of the point-source is created. If this
      could be achieved in proper spatial order and relationship by all the
      point-sources sending out rays from a given object plane, then a
      theoretically perfect image of said plane would be created on the system's
      focal plane. Following such principles, current methods for the
      demonstration and visual explanation of the causes of imperfect images, or
      aberrations, on a lens system's focal plane have attempted to simulate the
      mathematical "ray" of geometrical optics by tracing narrow beams of light
      (such as that provided by the laser) as they are refracted through various
      areas of the lens system. Such methods, however, have proved only
      partially satisfactory in the demonstration of so-called Spherical
      Aberration; and the more complex aberrations of Coma, Astigmatism,
      Distortion, and the Petzval Curvature, as well as certain complexities in
      Chromatism, have been left to the verbal and often varying visualizations
      of their mathematical analyses and formulae.
PAR  Whereas traditional and current methods for demonstrating optical
      aberrations have attempted to simulate mathematical ray tracings, the
      subject invention novelly provides a method for utilizing the primitive
      pinhole image, whose formation as a discrete and resolved image is not
      dependent upon prior lens refraction but whose distortion during and after
      lens refraction can be progressively studied so as to visually trace the
      cause and development, in process, of complex aberrations heretofore
      observed only in their appearance at the focal plane. Because the
      formation of the primitive pinhole image is ultimately inexplicable by the
      principles of either refraction or diffraction it has been largely
      neglected in the literature of optical theory. The Applicant's discovery,
      that multiple pinhole images of a single object created simultaneously by
      multiple pinhole apertures superimpose at the focal plane of a converging
      lens system, underlies the method and device of this invention for
      visually studying the refractive processes that lead to aberrations on the
      image plane.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a method and device whereby a
      teacher or student of optics can visually observe and demonstrate the
      gradual distortion in process of a refracted image as it emerges through a
      lens system, the approach of that image to and appearance at the system's
      focal plane, and the relevant nature of the refracted image beyond the
      focal plane.
PAR  It is another object of this invention to provide a method and device for
      the refraction through a lens system of multiple pinhole images of a
      single light source or object such as to visually demonstrate: (a) the
      respective distortions of each of said images on a screen or ground-glass
      after they have passed through different portions of the system but prior
      to the system's focal plane; (b) the convergence of these multiple
      refracted images, in cinematographic-like progression, to and
      superimposition at the system's focal plane and their respective
      contribution to the aberrations in the composite image observed on that
      plane; (c) the further asymmetrical convergence or collapse of the
      separate refracted images beyond the focal plane to their respective
      "image-apertures", said image-apertures defining the image plane of the
      physical pinhole apertures; (d) the visual half-"sommersault", as seen on
      a moving ground-glass, of the collapsing images whereby they appear to
      "squeeze" through and reverse themselves in passing through the said
      image-apertures; (e) the visual and readily apparent affect of the
      aforesaid "sommersault" when it appears near the general focal plane of
      the lens system.
PAR  It is another object of this invention to provide a method for visually
      demonstrating that the aberration known in optical theory as "Coma" is
      formed by the premature collapsing of those image elements passing through
      the lens system at oblique angles so as to pass through the said
      "sommersault" when it appears near or on the system's focal plane.
PAR  It is another object of this invention to provide a method and device for
      visually tracing the causes of the aberrations known as Astigmatism by
      utilizing a novel ground-glass "sandwich" comprised of two or more lightly
      etched glass plates whereby the characteristic horizontal and vertical
      brightline images of astigmatism may be observed simultaneously in the
      process of formation, and further, to show visually for the first time the
      full nature of the so-called "circle of least confusion" in astigmatism.
      It is another object of this invention to provide a method for visually
      demonstrating the causes and formation of the aberration known as
      "Distortion" as well as to visually demonstrate the ultimate
      irreducibility of the aberration known as the "Petzval Curvature".
PAR  It is another object of this invention to provide a method for more
      graphically demonstrating the complexities of Chromatism when it
      accompanies each of the aforesaid aberrations in an uncorrected lens
      system.
PAR  It is another object of this invention to provide a method and device for
      visually demonstrating the affect of corrected or partially corrected lens
      systems on the formation and behaviour of refracted images as they emerge
      from the lens surface and finally squeeze through the aforesaid
      image-apertures.
PAR  It is another object of this invention to provide a novel method for the
      visual study of all optical refraction phenomena without any sophisticated
      knowledge of optical theory or mathematics.
PAR  These and other objects will be better comprehended after reference to the
      following description and accompanying drawings setting forth both the
      principles of the method invention and one embodiment of an optical device
      designed to utilize those principles.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a perspective view of an optical device designed to utlize and
      illustrate the novel method of the subject invention in lens aberration
      demonstration.
PAR  FIG. 2 is a diagrammatic illustration of the basic principles and method of
      operation of any optics demonstration device made in accordance with the
      subject invention.
PAR  FIG. 3 is a longitudinal section of the ground-glass housing element of the
      demonstration device shown in FIG. 1 taken substantially along the line
      3--3.
PAR  FIG. 4 is a perspective, cut-a-way view of the lens housing element of the
      demonstration device shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED METHOD EMBODIMENT
PAR  Referring to FIG. 1 designates an optical bench 10 of the general
      configuration and materials common to laboratory work comprised of two
      parallel bars supported on either end so as to provide a track for the
      placement, alignment, and smooth movement of optical lenses and equipment.
      On one end of said optical bench 10 an illuminator 30 of standard
      laboratory design is affixed to the supporting base 11 by means of an
      articulated arm 31, said arm 31 attached to said base 11 by means of a
      standard swivel 32 and to said illuminator 30 by means of a standard
      head-swivel 33, such as to provide that illuminator 30 can be moved
      through any circular arc where the radius of said arc is the axis of the
      cylinder of illuminator 30 and the center of curvature is located in lens
      housing 20.
PAR  A slide housing 12 capable of receiving standard photographic
      transparencies is affixed directly to the front of illuminator 30 such as
      to provide an intense image transmitted through said transparency when
      said illuminator 30 is turned on. Rod 13, affixed to the base of either
      side of slide housing 12, provides a support and track for pinhole housing
      14, said housing 14 designed to receive an opaque plate 15 perforated with
      one or more pinhole apertures of the size and placement determined by the
      experiment. Said pinhole housing 14 is moved along the track provided by
      rod 13 by means of a standard friction wheel attached to and turned by
      adjustment wheel 18. A light-restricting bellows 17, common to
      photographic equipment, is attached at one end to the front edge of slide
      housing 12 and at the other end to the rear edge of pinhole housing 14.
      One end of a second light-restricting bellows 19 is attached to the front
      edge of pinhole housing 14, the other end of said bellows 19 attached to
      the rear edge of lens housing 20. Lens housing 20 is so designed as to be
      supported by and to move upon the optical bench 10, said lens housing 20
      being capable of being temporarily affixed to said bench 10 by means of
      set-screw 22.
PAR  A ground-glass housing 23 is so designed as to be supported by and to move
      upon the optical bench 10 such as to receive upon ground-glass 24 any and
      all images transmitted by lens 21. Smooth movement of ground-glass housing
      23 along the bench 10 is afforded by a standard friction wheel enclosed in
      the housing base 25 and attached to and controlled by the large adjustment
      wheel 26.
PAR  Referring now to FIG. 2, there is given a diagrammatic illustration of the
      principle and method of operation of the optics demonstration device
      described in FIG. 1.
PAR  The image on photographic slide 12a is brightly illuminated by illuminator
      30 such that said image is projected through each of the pinholes b, c, d,
      e & f in plate 15, and such that the lens 21 receives and refracts
      discrete and separate duplicate images 12b, 12c, 12d, 12e, & 12f of said
      slide image 12a in the number and placement determined by the number and
      placement of said pinholes in plate 15. It is advisable to place a
      translucent light-diffusing plate 12p between illuminator 30 and said
      slide 24a, otherwise an image of the lamp and interior of illuminator 30
      will be projected along with said image of slide 12a. Ground-glass 24 in
      position (A) thus receives and visually captures the images 12b, 12c, 12d,
      12e & 12f albeit in varying degrees of distortion according to the
      respective portion of lens 21 through which each has passed. As
      ground-glass 24 is slowly moved back to position (B), each of images 12b,
      12c, 12d, 12e, & 12f contract and deteriorate in quality, all as a group
      converging and finally superimposing at said position (B), which position
      defines the optical focal plane of the slide 12a. As ground-glass 24 is
      moved further back, images 12b, 12c, 12d, 12e, & 12f will be seen to
      separate again and diverge from each other on ground-glass 24 but each
      individually contracting or converging to visual points indicated in FIG.
      2 respectively as b', c', d', e', f'. Said visual points may be optically
      determined as the focal images of pinhole apertures b, c, d, e, & f on
      plate 15; however, these aperture images b', c', d', e', & f' will be seen
      to appear on ground glass 24 at varying distances behind the
      superimposition focal position (B) of ground-glass 24. If ground-glass 24
      is now moved even further back, images 12b, 12c, 12d, 12e, & 12f will
      appear to emerge again through their respective image-apertures b', c',
      d', e', & f', albeit in a reverse, now erect position, each image now
      expanding (diverging) and all images now diverging from each other.
PAR  By using this invention to visually study the varying convergence and
      collapse of images 12b, 12c, 12d, 12e & 12f as they appear in
      cinematographic progression on the moving ground-glass 24, it is possible
      for the experimenter to dramatically demonstrate for the first time the
      origin, nature, and relationship of all five Seidel aberrations and
      chromatism in optical theory.
PAR  If the central pinhole images 12c, 12d, & 12e are suppressed by shuttering
      their respective apertues c, d, & e on pinhole plate 15, it will be seen
      that the superimposition focal plane of the more peripheral images 12b and
      12f is clearest at a position of ground-glass 24 forward of position (B),
      thus illustrating Spherical Aberration, where the rays passing through the
      periphery of a lens come to a focus prior to the focus of more central or
      axial rays. However, the subject invention further demonstrates that the
      premature focal image, or early superimposition, of peripheral images 12b
      and 12f is itself substantially inferior in quality to the focal image, or
      superimposition of the more central images 12c, 12d, & 12e. By observing
      the cinematographic progression of all the images on the ground-glass 24
      it can be shown that said inferiority and premature focussing of
      peripherial images 12b and 12f is caused by the non-symmetrical and
      excessive concave curvature imposed on images 12b and 12f by the periphery
      of the uncorrected lens 21, causing images 12b and 12f, as they appear on
      the moving ground-glass 24, to visually "sommersault" as they converge
      toward and squeeze through imageapertures b' and f', reversing themselves
      in the process. By a proper adjustment of the subject invention, as will
      be described below, so that the projected pinhole images strike the lens
      21 as sharply oblique angles, it can be further demonstrated that the
      refracted image following said oblique angle projection will converge so
      asymmetrically and prematurely as to make said visual "sommersault" take
      place near the superimposition focal plane or position (B) of ground-glass
      24, creating the characteristic optical "tail" known in theory as "Coma".
      The subject invention allows a thorough visual study of the precise
      origin, nature, and correction of the various manifestations of the Coma
      aberration as well as its relation to all other optical aberrations,
      without any knowledge of the complexity of mathematics and trigonometrical
      ray tracing that has heretofore necessarily surrounded this phenomenon.
PAR  Reference is now made to FIG. 3 showing a longitudinal crosssection of the
      ground-glass housing 23 in one embodiment using this invention. In the
      description hereinbefore given reference has been made to a single
      ground-glass sheet 24; however, FIG. 3 illustrates that ground-glass
      housing 23 is so designed as to permit the insertion and movement in
      telescopic fashion of a second ground-glass sheet 24a affixed to removable
      inner housing 24b. Said ground-glass 24a is only lightly etched,
      sufficient to reflect a weak image but so as also to allow free light
      transmission to ground-glass 24. The purpose of the thus constructed
      ground-glass "sandwich" comprised of ground-glasses 24 and 24a is to
      provide means for observing simultaneously the nature of the refracted
      pinhole image at two distances from the refracting lens 21. Careful
      observation will distinguish between the reflected image on ground-glass
      24a as transmitted through glass 24 and the reflected image from glass 24.
      When said ground-glass "sandwich" is properly adjusted and moved back and
      forth near the focal plane of lens 21, then the formation of the
      phenomenon of Astigmatism can be dramatically demonstrated and visually
      explained. By the movement of illuminator 30 shown in FIGS. 1 and 2 such
      that its cylinder axis is displaced from coincidence with the optic axis
      of lens 21, a pinhole image can be projected through a peripheral aperture
      in pinhole plate 15 such that said image strikes the periphery of lens 21
      at a strongly oblique angle, the vertical component of said oblique angle
      with the plane of lens 21 made greater in degrees for purposes of this
      demonstration than the horizontal component. Accordingly, after refraction
      by lens 21, the said vertical component of said oblique angle projection
      will converge or go through the aforesaid visual "sommersault" more
      rapidly on the ground-glass than the said horizontal component of the same
      image. By a proper adjustment and movement of the aforesaid ground-glass
      "sandwich" comprised of ground-glasses 24 and 24a, a position can be found
      where the said vertical component has contracted to a point on
      ground-glass 24a while the said horizontal component is still in process
      of converging and thus is of finite size as it appears on glass 24a, and
      where simultaneously the said horizontal component has converged to a
      point on ground-glass 24 while the reversed and now diverging vertical
      component appears on glass 24. Observation of the ground-glass "sandwich"
      thus reveals a bright horizontal "line" image forming on ground-glass 24a
      and a bright vertical "line" image forming on ground-glass 24
      characteristic of the optical aberration, Astigmatism. By moving the
      ground-glass housing 23 back and forth in the aforesaid determined area,
      it can be graphically shown that the so-called "circle of least confusion"
      in traditional analyses of astigmatism is in fact a position between the
      vertical and horizontal line images where, in this example, the vertical
      component is emerging through its image-aperture and is now diverging,
      albeit in a reversed and less intense form, and the horizontal component
      is still in the final stages of convergence to its image-aperture.
PAR  By varying the distance between the slide housing 12 and the pinhole plate
      housing 14, between plate housing 14 and the lens housing 20, and between
      the housing 20 and the ground-glass housing 23, all the principle
      phenomena of geometrical optics can be demonstrated and explained in a
      visual manner and with a clarity heretofore not available. For example, if
      the pinhole housing 14 is so adjusted as to be positioned at a distance
      from lens 21 less than the focal length of lens 21, then the refracted
      pinhole images, such as 12b or 12c, will emerge with a convex curvature
      and thus diverge or expand while their respective paths still converge to
      a focal plane of superimposition; whereas, if both the slide housing 12
      and the pinhole plate 15 are positioned at a distance from lens 21 less
      than the focal length of lens 21, then the refracted pinhole images will
      both expand or diverge individually and take paths that diverge from each
      other, so that no superimposition takes place and thus there can be no
      focal plane or image.
PAR  Reference to FIG. 4 shows a cut-a-way perspective view of the lens housing
      20 in one embodiment using this invention. In the description hereinbefore
      given, reference has been made to a single, uncorrected lens 21; however,
      FIG. 4 illustrates that lens housing 20 is so designed as to permit the
      insertion or removal of additional lenses 21a and 21b. For this purpose,
      the housing cover 20a is removable to provide access to lenses 21, 21a,
      and 21b, said lenses held in temporary position by the slotted cradle 20b.
      Lens housing 20 is thus designed so as to permit the insertion of
      correcting lens elements for the purpose of demonstrating the affect of
      the multiple bending of images in correcting projected image distortion
      and focal plane aberrations. The housing 20 also allows the visual study
      of the affects on image resolution of the bending of single refracting
      lenses.
PAR  In addition the said lens housing 20 provides the possiblity of the
      insertion of various size aperture plates both before and after a lens to
      study the affect of aperture restriction on image fidelity.
PAR  By use of the subject invention, a demonstration of the full nature of the
      "Distortion" aberration can be made for the first time, visually
      illustrating that so-called "barrel" and "pincushion" distortions are
      caused by the curvature of the lens' surfaces, not, as in other
      aberrations, by the velocity of light through the varying thickness of the
      lens itself; however, the curvature of the refracted image resulting from
      lens thickness causes the barrel distortion, as observed by means of the
      subject invention, to be self-correcting and, in certain cases, to
      over-correct, causing a "pincushion" aberration even in the use of a
      converging lens system, a demonstrable effect contrary to most optical
      literature. Further, experimentation with the subject invention involving
      corrected lens systems demonstrates the ultimate irreduciblity of the
      curvature of any image plane, demonstrating the so-called Petzval
      aberration. Finally, the complexities of Chromatism in each of the
      aforedescribed aberrations can be studied in process of development,
      showing the anomalous reversal of the spectrum when the refracted images
      passes through the aforedescribed image-aperture, or said "sommersault",
      at or around the image plane.
PAR  Although the above description is directed to a preferred procedure and
      embodiment of the subject invention, it is noted that other variations and
      modifications in both the method and device utilizing the said method will
      be readily apparent to those skilled in the art and, therefore, may be
      made without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the visual demonstration of the process of the formation of
      image aberrations and their causes as created by optical lens refraction,
      comprising the steps of:
PA1  a. illuminating a given object by means of an illuminator so that said
      object projects an intense image by either incident or transmitted light;
PA1  b. aligning said illuminated object with an opaque plate perforated with
      multiple pinhole apertures so as to project said intense image upon and
      through said pinhole apertures so as to create multiple pinhole images of
      said intense image;
PA1  c. aligning said opaque plate with an optical lens system so as to project
      said multiple pinhole images upon and through said lens system;
PA1  d. aligning said lens system with a movable means of directly observing the
      characteristics and behaviour of said pinhole images after they have
      passed through and been refracted by said lens system and at any given
      distance from said system.
PA1  e. moving said movable means of observing the behaviour of said refracted
      pinhole images back and forth through the image plane of said lens system
      so as to visually demonstrate the processes which cause the formation of
      varying optical aberrations observed when said refracted pinhole images
      superimpose at said image plane.
NUM  2.
PAR  2. A method for the visual demonstration of optical image aberrations as in
      claim 1 wherein said movable means of observing said refracted pinhole
      images is either an optical ground-glass or similar reflecting screen.
NUM  3.
PAR  3. A method for the visual demonstration of optical image aberrations as in
      claim 1 wherein said movable means of observing said refracted pinhole
      images is another optical system.
NUM  4.
PAR  4. A method for the visual demonstration of optical image aberration as in
      claim 1 wherein the elements of said lens system may be added to or
      replaced by lens elements of different curvature so as to visually
      demonstrate the corresponding changes of curvature and symmetry in the
      said refracted pinhole images.
NUM  5.
PAR  5. A method for the visual demonstration of optical image aberration as in
      claim 1 wherein the said movable means of observing said refracted pinhole
      images is comprised of two or more lightly etched parallel glass plates so
      spaced as to each simultaneously reflect for visual obervation the said
      refracted pinhole images at each of said glass plates' respective
      distances from said lens system.
NUM  6.
PAR  6. A method for the visual demonstration of optical image aberration as in
      claim 1 wherein said illuminator, said opaque pinhole aperture plate, said
      lens system and said means of observing the behaviour of said refracted
      pinhole images, are all mounted on an optical bench whereby each may be
      securely aligned with and moved in relative position to one another.
NUM  7.
PAR  7. A method for the visual demonstration of optical image aberration as in
      claim 1 wherein said illuminator and said opaque pinhole aperture plate
      are so supported on articulated mounts as to provide for the projection of
      said pinhole images at various angles to the plane of any element of the
      said lens system.
NUM  8.
PAR  8. An optical demonstration device designed in accordance with and for the
      purpose of utilizing the method for visually demonstrating optical
      aberration formation as set forth in claim 1.
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ABST
PAL  Shoes are provided with outsoles having molded protrusions which diminish
      wear and negate the slippages, interlocks and stickages that so frequently
      cause injuries to wearers of previous types of shoes and damage to turf or
      other surfaces on which the shoes are used. The shoes are especially
      intended for sportswear, by football and baseball players, for instance,
      and in a preferred design the treads or outsoles are made flexible and
      provided with integral, spaced, flexible protrusions of cylindrical or
      tapered, conical configuration. These protrusions interengage, for
      instance, with natural or artificial turf to provide a sure grip so that
      the wearer can make quick turns without falling or twisting an ankle.
BSUM
PAR  The invention relates to footwear generally and more directly to athletic
      shoes.
PAR  Previously proposed and currently used outsoles for atheltic use have
      treads known to be ineffectual on sparsely grassed natural turfs,
      generally. They have been unreliable and the cause of injuries to the
      wearers or their opponents. With the development of artificial turf, the
      disadvantages of conventional athletic shoes have been multiplied.
      Conventional football shoes, for instance, are provided with hard
      chevron-like ribs or with rigid, spaced protuberances on their
      undersurfaces to provide a gripping effect on the playing field.
      Conventional baseball shoes are equipped with steel spikes to dig into the
      playing turf. These known athletic shoes are generally unsuitable on
      artificial turfs, and ruinous on natural turfs. Since the introduction of
      artificial turf, however, football and baseball players have been plagued
      with injuries, particularly with twisted ankles. A football or a baseball
      player has to make many quick, short turns in his game. It has been found
      that while the conventional football or baseball shoe provides the
      necessary traction in a forward or longitudinal direction it does not
      provide the flexibility and grip laterally, necessary to prevent injury to
      the athlete should he make a sudden turn.
PAR  For other uses, conventional outsoles having so-called non-slip treads with
      protrusile or protruding gripping surfaces are uniquely ineffectual in
      given applications, because of limitations in the numbers, diameters,
      lengths, distributions, spacing and shapes of their gripping surfaces.
PAR  The primary object of this invention is to provide shoes with improved
      outsoles for sportswear generally.
PAR  Another object of the invention is to provide outsoles for footwear having
      traction an wear qualities suitable for athletic use and by the public in
      general.
PAR  Another object of the invention is to provide an athletic shoe which will
      provide a surer grip for the athlete on either artificial or natural turf,
      regardless of the direction of his or her locomotion.
PAR  Still another object of the invention is to provide an outsole construction
      for footwear which will lend itself to formation into a full sole, a half
      sole, a heel or part thereof, for use on new footwear or for repair
      purposes.
PAR  Other objects of the invention will be apparent hereinafter from the
      specification and from the recital of the appended claims, particularly
      when read in light of the accompanying drawing.
DRWD
PAR  In the drawing:
PAR  FIG. 1 is a diagrammatic bottom plan view of an outsole made according to
      one embodiment of this invention;
PAR  FIG. 2 is a side elevation of a shoe provided with such an outsole;
PAR  FIGS. 3 and 4 are sectional views illustrating two treads formed according
      to this invention with protrusions or projections on the outsole of the
      shoe;
PAR  FIG. 5 is a fragmentary sectional view showing how a shoe having an outsole
      made according to the present invention may be constructed; and
PAR  FIGS. 6, 7 and 8 are similar fragmentary sectional views illustrating other
      shoe constructions.
DETD
PAR  Referring now to the drawing by numerals of reference, 20 denotes generally
      a shoe made according to one embodiment of this invention and comprising
      an upper 22 (FIGS. 2 and 5), an insole 24, a midsole 26, and outsole 28,
      and an outsole backing 30. This shoe, which is intended especially for
      football wear or similar sports activity, is adapted to be secured to the
      wearer's foot by a conventional lace 32 threaded through eyelets 34.
PAR  The outsole or tread of this shoe comprises a thin, flexible, rubber or
      neoprene body bonded to the backing 30, which, in turn, is bonded to the
      midsole 26. Here flexible projections or protrusions 46 are formed
      integral with the flexible outsole 28 to extend downwardly therefrom.
      These may be cylindrical or of inverted, truncated conical shape as shown
      in the enlarged FIGS. 3 and 4. They may cover the entire outsole (FIG. 2)
      or only a half sole and heel, or only th front half-sole, or only the
      heel, or only part of the heel. Preferably they are arranged in uniformly
      intersecting, criss-crossing lines 48, 50 (FIG. 1) except along the
      marginal edges of the tread where they may be disposed in accordance with
      the perimetral shape of the tread. The protrusions or protuberances in
      alternate rows may, however, be staggered with reference to one another.
PAR  These projections may be of various configurations, ranging from the
      cylindrical shape as shown in FIG. 3, to the modestly tapered or conical
      protrusions as illustrated at 46' in FIG. 4. The protrusions 46 shown by
      FIG. 3 may, for instance, be 5/32 in. in height and 5/32 in. in diameter,
      whereas the projections 46' shown by FIG. 4 may be for example 3/8 inch in
      height and 0.125 inch in diameter at their tips. Projections which are 3/8
      inch in height on 0.25 inch centers and 0.1 inch to ..125 inch in diameter
      at their tips give a squeegeeing effect that provides optimum traction on
      wet boat or ship decks where a super squeegee effect is desirable.
      Projections, which are approximately 0.15 inch in diameter at their roots
      and 0.16 inch in height and 0.15 inch in diameter at their tips have been
      found best for artificial turf. The more the conical angularity of the
      protrusions the less their gripping effect. Conversely, the greater the
      cylindricality of the protrusions the greater their gripping effect. In
      natural and artificial turf applications, multiplicities of protrusions
      engage with blades of grass or tufts of turf like the teeth of a hair comb
      engage with strands of hair. Somewhat as the series of teeth in a comb
      deter combing, the disposals and multiplicity of the cylindrical or
      conical shaped protrusions on the shoe of this application inhibit
      slippage.
PAR  Because of their flexibility the protuberances flex and bend under the
      weight of the wearer; and the spaces between adjacent protuberances form
      in the case of a football shoe, for instance, pockets into which the
      fibers of artificial or natural turf enter and are meshed or gripped so as
      to provide a firm footing at all times for the athlete whether running
      ahead or twisting laterally, while at the same time giving the athlete the
      traction required for sudden turns or stops, avoiding injuries.
PAR  The shoes may be constructed in various ways. For instance the lower edges
      of the upper may be cemented or sewn between the insole, and the midsole
      with the outsole cemented thereto, as shown in FIG. 5, and the insole may
      be additionally covered with a liner 50 as shown in FIG. 6. Then, too, the
      upper 22 may be carried under the insole 24 and fastened by tape 52 to the
      outsole 28, as shown in FIG. 7. FIG. 8 shows a still further embodiment of
      the invention in which the outsole 28 is skived and bonded to the upper 22
      which is held between the liner 24 and the outsole 28.
PAR  While the invention has been described then, in connection with different
      embodiments thereof, it will be understood that it is capable of further
      modification, and that this application is intended to cover any
      variations or modifications of the invention that come within the scope of
      the invention or the limits of the appended claims.
CLMS
STM  Having thus described my invention, what I claim is:
NUM  1.
PAR  1. An athletic shoe particularly suited for use on both artificial and
      natural turfs, resepectively, having
PA1  an insole,
PA1  a flexible backing secured to the underside of said insole,
PA1  a flexible outsole secured to said backing, and
PA1  a plurality of spaced, flexible protuberances carried by said outsole and
      providing a non-slip tread for the shoe,
PA1  said protuberances being uniformly spaced, flexible members integral with
      the outsole and projecting downwardly beyond the bottom surface of said
      outsole in rows spaced laterally and longitudinally of the outsole, and
PA1  said protuberances being circular in cross section and having diameters
      ranging from 3/16 inch to 3/8 inch, heights ranging from 5/32 inch to 1/2
      inch and center to center spacing between protuberances ranging from 1/4
      inch to 3/4 inch.
NUM  2.
PAR  2. A shoe as claimed in claim 1, wherein the protuberances are of inverted,
      truncated conical shape having minor diameters ranging from 3/16 inch to
      1/4 inch and major diameters ranging from 5/16 inch to 3/8 inch and
      spacing between protrusions ranging from 1/2 inch to 3/4 inch.
NUM  3.
PAR  3. A shoe as claimed in claim 1, wherein the protuberances are cylindrical
      having 5/32 inch diameters, 5/32 inch heights, and 1/4 inch center to
      center spacing from each other.
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PAL  Particular tooth assembly structure is presented for a trench digging
      machine powered to cyclically present a series of digging teeth as the
      machine moves forward to dig the trench. The teeth are shaped to produce a
      semi-circular trench bottom and each is of a size and length such that the
      power load for digging by each tooth is substantially evenly distributed.
BSUM
PAR  This invention relates generally to trench digging machines and more
      particularly it relates to power driven excavating teeth arrayed in a
      sequential cyclic pattern for digging a trench of a particular shape.
PAR  Trench digging machines are well known in the art. Representative of the
      state of the art are commercially available machines of the chain link
      type provided by Davis Manufacturing Company of Wichita, Kansas, or of the
      solid wheel type provided by Parsons Division of Koehring Company of
      Newton, Iowa, and patented art such as U.S. Pat. No. 2,519,076 relating to
      Trench Digger Blade Construction, issued Aug. 15, 1950.
PAR  There are in prior art devices however, certain deficiencies and problems
      presented that are not adequately resolved prior to this invention. For
      example, it is difficult with prior art devices to provide a clean trench
      that has a smooth worked finish with a semi-circular bottom shape. Also in
      digging trenches, particularly with low powered vehicles, it is pertinent
      to efficiently distribute the digging load over a multiplicity of
      cyclically presented digging teeth to prevent stalling and jerking. In
      addition where chain link type drive mechanisms are used, the digging
      tooth load, moment and posture is not held optimum as the teeth are loaded
      in the digging operation, tending to cause overdesign of the chain and
      teeth to prevent rupture, bending and tilt. Other problems presented by
      cyclically power driven digging tooth assemblies of the prior art include
      the handling of spoil as it is dug, and the cleaning and loosening of
      spoil from the teeth.
PAR  Accordingly, it is a primary object of this invention to resolve the
      foregoing problems of the prior art with improved trench digging machinery
      having specially designed digging teeth sequentially presented to reduce
      the intermittent power drive load requirements.
PAR  Another object of the invention is to provide trench digging tooth
      structure which has particular advantage if employed with chain link drive
      mechanisms.
PAR  Other objects of the invention include provision of digging tooth structure
      in a trench digging machine for making a semi-circular trench bottom, for
      providing a smooth finish to the trench, and for more reliably cleaning
      and presenting the teeth in a cyclic digging operation.
PAR  Therefore, in accordance with this invention a series of trench digging
      tooth assemblies are provided for attachment to a wheel or chain in a
      sequence that causes the digging load to be substantially equally
      distributed over the successive teeth as they are moved along a trench by
      a powered vehicle. Thus, the tooth structure is varied in both bite size
      and length over the cyclically presented sequence. The teeth are shaped to
      take a substantially circular bite to thereby round the trench bottom in a
      smooth finished surface so that a follower crumbing blade need be loaded
      only to the extent of confining spoil and need not shape the surface.
      Tooth assembly structure includes drag plates for transporting spoil from
      the digging site and moment transfer plates for distributing load on a
      chain link drive and maintaining tooth posture during loading conditions.
PAR  Further features, objects and advantages of the invention will be made
      apparent from a reading of the following description and accompanying
      drawings.
DRWD
PAR  In the drawings, one preferred embodiment of the invention is shown,
      wherein:
PAR  FIG. 1 is a partially cutaway view in elevation of a chain driven trench
      digging mechanism in digging position in a trench and showing in block
      schematic form the accompanying digging vehicle and power source;
PAR  FIG. 2 is a partial end view, partly broken away, looking into the trench
      from behind the trench digging mechanism;
PAR  FIG. 3 is an elevation view of a set of sequentially presented digging
      teeth on a chain link drive mechanism as provided by this invention;
PAR  FIG. 4 is a plan view of the set of teeth shown in FIG. 3; and
PAR  FIG. 5 is an end view of a set of teeth such as those shown in FIGS. 3 and
      4 as seen when the teeth are presented along a straight line section of
      the chain link assembly, and omitting drag plate assemblies so that the
      relative arrangement of the teeth may be viewed in relation to the shape
      of the bottom of the trench shown in phantom line.
DETD
PAR  With more specific reference to the drawings, like reference characters in
      the various views represent similar features for purposes of ready
      comparison. In the overall relationship shown in FIG. 1, the trench
      digging vehicle and power source 10, as such, may be conventional of the
      type hereinbefore referred to and therefore to more particularly point out
      the nature of the improvements of this invention, is shown schematically
      with dotted line 11 indicating that the vehicle will power the chain link
      drive 12 through boom 13 and around sprockets 14 and move the vehicle and
      cyclically moving tooth assembly forward along a trench 15 in the
      direction of arrow 16. For more clarity in showing the inventive features,
      the spoil removed in digging the trench is not shown.
PAR  As may be seen from also viewing FIG. 2, the cyclically movable teeth are
      followed by a crumbing blade 17 retained by assembly 18. The crumbing
      blade 17 has a semi-circular bottom edge to conform to the contour of the
      trench bottom and its purpose and function is that of a hopper, confining
      and dragging spoil along the bottom of the trench to produce a clean
      trench. Thus, the crumbing blade 17 is not powered and has dimensions
      slightly smaller than the trench dimension since it is not required to dig
      or smooth the trench bottom shape, that function being adequately
      performed by the digging tooth structure afforded by this invention. The
      semi-circular trench bottom is particularly advantageous for laying pipe,
      etc.
PAR  As may be seen by the profiles of FIGS. 1 and 5, each tooth assembly of the
      cyclically presented set of teeth 20 is different. Thus, as seen from the
      elevation profile, individual teeth are extended a different height or
      distance from the chain link assembly. Also as seen from the end view
      profile each digging bite is substantially circular and becomes
      progressingly larger from a tooth structure 21, which extends deepest into
      the trench and takes the smallest bite to the last tooth assembly 22 in
      the set which takes the widest bite. The design and shape of the teeth is
      such as to substantially distribute the digging load on each tooth
      assembly in the set and thereby smooth out intermittent load requirements
      from the power source 10. Thus the earth is cut in several stages by
      successively presented tooth assemblies of different configuration.
PAR  As seen from FIG. 5, tooth extension plates 25 may be affixed to the chain
      link assembly 26 driven by pin 27 and having the teeth bolted on (27) at
      the outer extremity. In the case of unitary teeth or separated teeth such
      as 28, etc., a pair of extension plates 29, 30 may be used, and separator
      plates 31 are used for lateral dimensioning. In particular as may be
      visualized from FIG. 1 sprocket assembly 14', the extension plate 25
      provides an additional advantage in that it holds the digging tooth out
      far enough to have an added centrifugal force as it passes around the
      chain drive sprocket so that it tends to loosen and throw any accumulated
      spoil that might stick to the digging teeth.
PAR  The arrangement and design of a typical set of digging teeth, as arrayed
      along a chain link drive mechanism 12, may be seen from FIGS. 3 and 4. The
      digging action may be viewed from FIG. 1 where successive teeth 21 of
      different sets are taking bites at the bottom of the trench 15 and along
      the front edge of the trench. Also, the other teeth are biting into the
      trench to increase the span or width of the trench. As the spoil is
      removed by the biting teeth, it is dragged along by drag plates 40 toward
      the top of the trench where it may be conveyed or passed into a disposal
      chute. Each drag plate 40, 40A, etc. is substantially the width of the
      trench and has a height related to the tooth height so that it will not
      interfere with the cutting bite on the outer cutting edges 42, 42A, etc.
      of the teeth.
PAR  In order to distribute the load imposed by the tooth assembly over a
      greater chain link length and hold the posture of the tooth so that it
      does not tilt under load, moment transfer structure 50, 51 is provided for
      each tooth. Thus, moment transfer plates 50 are bolted to chain spacer
      tubes 52 by bolts 53 to bear upon the chain link structure 51 intermediate
      the chain link structure portions of tooth assemblies 26. This serves
      therefore to distribute over an additional chain length the load caused by
      the digging moment exerted on cutting edge 42 for example, that would tend
      to urge the tooth assembly counter clockwise.
PAR  It is evident therefore from the foregoing description that this invention
      provides novel structure making trench digging machinery more efficient
      and effective in operation. For example, because of the distribution of
      digging load on successive teeth a smaller power source and lighter teeth
      than heretofore necessary may prove adequate for a particular job. Also
      because of the tooth-chain structure, a smaller and lighter chain may
      prove adequate to fulfill a given load, with attendant advantages of
      friction and power savings. Other advantages are also evident from the
      structural features set forth such as the lack of a power crumber or
      smoothing mechanism and the efficient production of a semi-circular trench
      bottom shape.
PAR  It is to be understood that the form of the invention herewith shown and
      described is to be taken as a preferred example of the same and that
      various changes in the shape, size and arrangement of parts may be
      resorted to without departure from the spirit of the invention or the
      scope of the subjoined claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A machine for digging trenches by cyclically movable mechanism mounted
      on a movable vehicle with a power source for moving said vehicle and
      mechanism comprising, in combination, a set of spaced, successive
      extension plates fixed to and extending outwardly to different heights
      from the top surface of said mechanism; arcuate tooth means mounted on the
      outer end of each of said plates to dig a trench thereby; each of said
      arcuate tooth means being successively larger than a preceding tooth means
      and the combination of said tooth means functioning to produce a
      semi-circular trench bottom and to distribute the digging load
      substantially uniformly to the power source as the machine is moved along
      the trench.
NUM  2.
PAR  2. A machine as defined in claim 1 wherein said teeth means of smaller size
      have extension plates of greater height.
NUM  3.
PAR  3. A machine as defined in claim 1 wherein each said tooth means has
      affixed thereto a drag plate substantially the width of the trench and
      extending over a portion of the height of the tooth means to thereby
      encounter spoil in the trench and carry it out of the trench.
NUM  4.
PAR  4. A machine as defined in claim 3 including a crumber boom with a crumber
      plate extending into said trench bottom and of substantially the same
      width and shape as the trench bottom and disposed to follow said mechanism
      at a position closely adjacent to where the tooth means encounter the
      trench bottom thereby to provide a trench closure and to move any loose
      spoils with movement of said vehicle along said trench to said drag
      plates.
NUM  5.
PAR  5. A machine as defined in claim 1 wherein said mechanism comprises a
      movable chain link assembly upon which said tooth means supporting
      extension plates are successively disposed and include moment transfer
      plates extending away from said extension plates substantially
      horizontally to the chain and in contact with the chain in positions where
      the tooth means are digging thereby distributing the bearing surface of
      said tooth means supporting extension plates over a greater portion of the
      length of said chain link assembly encompassing at least one further chain
      link.
NUM  6.
PAR  6. A machine as defined in claim 1 wherein the mechanism comprises a chain
      link array which passes over a drive sprocket in a curved path of short
      radius such that the increased centrifugal force at said tooth means
      cutting surface caused by interspersing said extension plates serves to
      dislodge accumulated spoil from the cutting surface.
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PAL  A multi-material earthworking ripper tip having a leading nose portion
      comprised of a material having greater wear resistance and strength at
      elevated temperatures than the material which comprises the rearward shank
      supporting portion of the tip. In one embodiment, a bi-metallic nose
      portion is inertial welded to the shank support portion of the tip. In
      another embodiment powdered tungsten carbide is sintered in situ within a
      hollow bore of a steel nose portion. Alternately, a solid core of tungsten
      carbide could be soldered, brazed or press fitted within said hollow bore.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Ground engaging ripper tips for earthmoving apparatus must be chosen in
      accordance with the particular job requirements in the interest of
      economy. High quality ripper tips made from expensive, highly wear
      resistant material are unnecessary and unduly expensive when ripping soft
      materials. However, soft or low resistance ripper tips utilized in hard
      ground applications would be destroyed rapidly, particularly at the
      extremely high friction temperatures encountered when such tips are used
      in connection with a high powered earthmover vehicle in a hard ground
      application.
PAR  In such a case, it is essential that the tips used exhibit good heat
      treatment characteristics, high strength, toughness and wear resistance at
      elevated temperatures, frequently as high as 1000.degree.F.
PAR  It is noted, however, that only the leading end or nose portion of the
      ripper tip which is directly exposed to the material being ripped reaches
      such elevated temperatures. The use, therefore, of expensive hard and wear
      resistant material for the entire tip would be uneconomical. In order to
      provide a tip having both the requisite high temperature wear requirements
      on the nose thereof and a tip which is economical to use and replace,
      multi-metallic fabrications have been utilized, with a leading portion of
      special hardened material for greater wear and strength and the remaining
      portions of softer, less resistant material.
PAR  Examples of prior art attempts to provide multimetallic ripper tips and
      general purpose tooth members are found in U.S. Pat. Nos. 2,718,162 to
      Smith; 2,738,602 to Meeks; 2,739,395 to Stratton; 2,837,843 to Meshorer;
      3,280,486 to Hackel; 3,309,801 to Ratkowski; and 3,453,756 to Schroeder.
PAC  SUMMARY AND OBJECTS OF THE INVENTION
PAR  The instant invention provides a multi-material ripper tip for earthmoving
      equipment which includes a rearward disposed supporting portion adapted
      for engagement with a shank member of the earthworking equipment and
      having a leading nose portion inertia welded to the supporting portion
      wherein the nose portion is hollow and contains a conical core of special
      hardened material. In one instance the hollow nose portion may be made of
      a material having different properties from those of the supporting
      portion. Both the nose portion and the supporting portion may be made of
      the same material if desired. The hardened special material centrally
      located within the nose portion may be disposed therein in solid form or
      may be placed therein in powdered form and sintered in situ.
PAR  One of the objects of the present invention is to provide a wedge shaped or
      conically shaped ground engaging tip having a shank engaging support
      portion and a leading nose portion wherein the nose portion contains a
      core of material of greater hardness than that of the support portion.
PAR  Another object of the percent invention is to provide a multi-material
      ground engaging ripper tip having a nose portion comprised of a material
      having greater wear resistance at high temperatures than the shank
      engaging support portion thereof.
PAR  A further object of the present invention is to provide a wedge shaped or
      conically shaped ground engaging tip having a ground engaging core portion
      which is made of tungsten carbide placed within a nose portion in powdered
      form and sintered in situ.
PAR  A still further object of the present invention is to provide a
      multi-material ground engaging tip having a shank engaging support portion
      and a nose portion wherein the nose portion is welded by means of inertia
      welding to the shank engaging portion.
PAR  Another object of the present invention is to provide a multi-material
      ground engaging tip having a nose portion which has a tapered bore
      machined therein which bore conforms substantially with the external shape
      of the nose portion.
PAR  Yet another object of the present invention is to provide a multi-material
      ground engaging tip having a nose portion with a core receiving bore
      therein which bore converges in the direction of the tip of the nose
      portion.
PAR  Still another object of the present invention is to provide a
      multi-material ground engaging tip having a shank engaging support portion
      and a nose portion wherein the nose portion is attached by inertia welding
      to the support portion and wherein a tapered bore transpierces both the
      support portion and the nose portion and wherein a hardened material core
      is disposed within such tapered bore in abutting relation to the leading
      surface of the shank which supports the tip.
PAR  Other objects and advantages of the present invention will become apparent
      from the following description and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation of a multi-material ripper tip in accordance with
      the present invention;
PAR  FIG. 2 is a sectional view taken along line II--II of FIG. 1;
PAR  FIG. 3 is a plan view of the multi-material ripper tip shown in FIG. 1;
PAR  FIG. 4 is a partially cutaway enlarged sectional elevation of an alternate
      multi-material ripper tip;
PAR  FIG. 5 is a sectional view taken along the line V--V of FIG. 4; and
PAR  FIG. 6 is a sectional view of a modified form of the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  With reference to FIG. 1 of the drawings, the instant multi-material ripper
      tip is shown generally at 2. The ripper tip has a shank receiving support
      portion 4 and a leading nose portion 6. The support portion has a wedge
      shaped internal socket 8 for receiving a comparably shaped shank member of
      the earthworking machine to which the tip is adapted. The precise shape of
      the internal socket will be fully appreciated with additional reference to
      the plan view shown in FIG. 3. The support portion is conveniently
      provided with a pin receiving aperture 10 for connection of the tip to the
      shank (not shown).
PAR  The nose portion is generally conically shaped and has a first conical
      hollow element 12 with a tapered external surface and a stepped down more
      abruptly tapered surface 14. The nose portion is also provided with a
      distally converging conical bore 16 having substantially the same taper as
      the external surface of the element 12. Within the tapered bore 16 is
      disposed a core 18 comprised of a special wear resistant, hard material
      such as tungsten carbide or the like which is retained in place by means
      of silver soldering, brazing, or press fitting. The core 18 is preferably
      provided with a tapered tip surface 22 and end portion 20 for enhanced
      penetration capability. The element 12 of the nose portion is preferably
      comprised of a material which, while not as wear resistant as the core 18,
      has greater wear resistance and strength at elevated temperatures than the
      support portion 4. Such a nose material might be H-11 tool steel or a
      comparable alloy while the support portion could be fabricated from a
      softer, less expensive grade of steel.
PAR  The nose portion 6 with the core 18 in position within the bore 16 is
      friction welded or, more specifically, inertia welded to the support
      portion 4 of the tip along the juncture 24.
PAR  It should be noted that the core 18 is amply supported, by virtue of the
      special conical configuration of the bore 16, within the nose portion.
      Such support is extremely important when the core 18 is made from brittle
      material such as carbide which material tends to fracture and fall out
      upon impact unless adequately supported.
PAR  If desired, the shank receiving socket 8 could extend forwardly to the weld
      juncture 24. With such an arrangement, the shank would act as an abutment
      surface for the rearward-most surface 26 of the core 18.
PAR  Another variation embodying the shank abutting feature is shown in FIG. 6.
      In this arrangement, the ripper tip 2' has unitary nose and support
      portions. The wear resistant core 18" is retained within a conical bore
      which communicates with a shank receiving socket 8'. A core surface 26'
      abuts and is supported by a distal surface of the shank member 11, as
      shown.
PAR  With the present arrangement, those portions of the ripper tip which are
      most exposed to wear and which must be most durable in high temperature
      operations are comprised of materials suitable for the purpose whereas the
      remaining portions of the tip are fabricated from less wear resistant,
      less expensive materials so that the entire tip wears at an approximately
      even rate with concomitant maximum economy. In the embodiment shown in
      FIG. 1, a typical tip would have a tungsten carbide core 18, the external
      surfaces of the element 12 would be of 86B30 steel, and the support
      portion 4 would be of any standard tip material.
PAR  With reference to FIGS. 4 and 5, a slightly modified version of the
      inventive multi-material ripper tip may be appreciated. The support
      portion 4 of the tip may be identical to that shown in FIG. 1 and may, if
      desired, include a socket 8 which transpierces the entire portion to
      provide abutting relation between the nose portion components and the
      shank at the juncture 24, as previously described. In this version, as in
      the previous embodiment, the nose portion 6 is comprised of a tapered
      steel cone element 12 which has an approximately correspondingly tapered
      bore 16 therein. However, instead of a solid tungsten carbide core, the
      alternate ripper tip is provided with a hollow cone 18' of hard wear
      resistant material such as tungsten carbide. The hollow interior of the
      cone 18' tightly contains a steel cone core 28.
PAR  The alternate ripper tip is fabricated in a manner which minimizes
      machining and fitting procedures. The bore 16 of the nose element 12 is
      first filled with powdered tungsten carbide or similar material in a
      bonding matrix. Such material is then tightly compressed within the bore
      by means of the tapered steel cone core 28 which is forced into the bore
      from the open rear portion thereof adjacent the juncture 24. With the
      member 28 firmly in place and the material 18' tightly compressed within
      the bore 16, the nose portion 6 is then heated so as to sinter the
      powdered material and bonding matrix in situ. Finally, the entire nose
      portion is preferably inertial welded at 24 to support portion 4.
PAR  As in the previously described embodiment, the brittle tungsten carbide
      material is well supported within the bore 16 by the element 12. However,
      in the embodiment of FIG. 4, the material is also supported centrally by
      means of the steel cone core 28. This prevents the carbide material from
      separating due to wear, impact or the like.
PAR  While the invention has been described with particular reference to the
      preferred embodiments, it is apparent that variations and modifications
      are possible within the purview of the inventive concepts. No limitation
      with respect to such variations and modifications is intended, except by
      the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A multi-material earthworking ripper tip for mounting upon a shank
      member of an earthworking device comprising; support means for mounting
      said tip upon said shank member, said support means including an
      internally formemd socket adapted to engage said shank member, separate
      tapered nose means attached to said support means, said nose means
      including a nose member having a first external portion, said first
      external portion being conical and having a taper diverging toward said
      support means, said nose member also having a uniformly tapered centrally
      disposed bore therein continuously diverging toward said support means,
      core means disposed within said central continuously diverging tapered
      bore and extending therein from a first end of said nose member proximate
      said support means to a second distal end of said nose member, said core
      means being comprised of material which is harder and more wear resistant
      than that of said support means, said core means including a tapered
      hollow cone member mounted within said centrally disposed bore and having
      an axially disposed second bore therein, said core means further including
      a core member being comprised of tungsten carbide material sintered in
      situ within said tapered centrally disposed bore, said core member being
      tapered and having an external surface diverging toward said support
      means.
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ABST
PAL  A telescopically extensible and collapsible shaft, particularly for such as
      an underwater hand spear for spearing fish, with an arrangement for
      locking or rigidly securing the shaft in the extended position including a
      cylindrical extension part telescopically located in a tubular main part
      and having liquid seal means between the extension part inner end and the
      main part. A butt end piece is adapted to close the end of the main part
      remote from the end through which the extension part extends and has an
      inlet passage whereby water can be drawn into the main tubular part on
      extension of the extension part (and subsequently ejected on
      telescopically collapsing the extension part into the main part), the butt
      end piece being adjustable relative to the main part to open the inlet
      passage for the admission of water and closed to seal the water in the
      extended shaft.
BSUM
PAR  This invention relates to extensible shafts, and more particularly relates
      to telescopically extensible shafts such as may be usable in the
      construction of a hand spear for use underwater in spearing a fish and the
      like. Although it will be appreciated on reading the specification that
      the invention may have other applications.
PAR  An object of this invention is to provide a telescopically extensible shaft
      with a simple and effective means for locking the shaft in the extended
      position and with a minimum risk of the locking means jamming to prevent
      either extension or telescopically collapsing of the shaft, as can happen
      with telescopically extensible shafts having mechanical locking means.
PAR  A still further object of this invention is to provide a telescopically
      extensible shaft particularly suitable for use in the construction of a
      hand spear for underwater use by a diver.
PAR  Other objects and advantages of the invention will become apparent from the
      ensuing description.
PAR  According to a first aspect of this invention therefore, there is provided
      an extensible shaft comprising a main tubular part, a cylindrical
      extension part telescopically located in and engaged with said main part
      so as to extend co-axially from one end thereof, liquid seal means
      provided between the extension part inner end and the main part, a butt
      end piece adapted to close the end of the main part remote from the end
      through which the extension part extends, said butt end piece
      incorporating liquid inlet means which can be exposed or opened by
      adjustment of the butt end piece relative to the main part to permit
      liquid from an external source to be drawn into the main part on extension
      of the extension piece, and seal means being provided between the main
      part and butt end piece so as to prevent escape of liquid from the main
      part when the butt end piece is adjusted to close the liquid inlet means
      and lock the extension piece against axial movement relative to the main
      part.
PAR  According to a second aspect of this invention, there is provided a hand
      spear comprising an extensible shaft having a main tubular part with hand
      grip means, a cylindrical extension part telescopically located in and
      engaged with said main part so as to extend co-axially from one end
      thereof, the outer free end portion of the extension part being formed as
      or provided with a spear head, liquid seal means provided between the
      extension piece inner end and the main part, a butt end piece adapted to
      close the end of the main part remote from the end through which the
      extension part extends, said butt end piece incorporating liquid inlet
      means which can be exposed or opened by adjustment of the butt end piece
      relative to the main part to permit liquid from an external source to be
      drawn into the main part on extension of the extension piece, and seal
      means being provided between the main part and butt end piece so as to
      prevent escape of liquid from the main part when the butt end piece is
      adjusted to close the liquid inlet means and lock the extension piece
      against axial movement relative to the main part, and resilient thrust
      imparting means provided on the spear and arranged to add impetus to a
      spear thrust by a user.
DRWD
PAR  The preferred aspect of invention will now be described by way of example
      and with reference to the accompanying drawings in which:
PAR  FIG. 1 is a side elevational view of a hand spear with an extensible shaft
      in accordance with this invention,
PAR  FIG. 2 is a fragmentary longitudinal sectional view of the spear shown in
      FIG. 1 and more particularly illustrating the constructional details
      thereof.
PAR  FIG. 3 is a longitudinal sectional view of the spear upper end part but
      showing an alternative arrangement for locking and sealing the butt end
      piece, the butt end piece being shown in the unlocked position, and
PAR  FIG. 4 is a side elevational view of the spear upper end part shown in FIG.
      3 but with the butt end piece in the locked and sealed position.
DETD
PAR  In this preferred application of the invention as an underwater hand spear,
      the materials utilised are those resistant to corrosion, particularly
      corrosion by sea water, and the tubular main part 1 and cylindrical
      extension part 2 may be formed from such as a light-weight aluminium alloy
      tube material, the diameters being selected so that the extension part 2
      is a relatively close sliding fit in the main part 1.
PAR  In this application, the outer free end portion of the extension part 2 is
      provided with a spear head 3, and such spear head 3 is preferably
      detachably engageable with the extension part, such as by being
      screw-threadedly engaged, so that the spear head 3 is detachable for
      safety reasons when not in use and for replacement or exchange with a
      spear head 3 of different formation, or to facilitate servicing, e.g.,
      hardening and sharpening. As shown in FIG. 2, the free end portion of the
      extension part 2 can include a solid externally screw-threaded insert
      piece 4 located and secured in the tubular end of the extension part 2.
PAR  The inner end portion of the extension part 2 located within the tubular
      main part 1 is provided with liquid seal means so that the extension part
      2 can act as a piston or plunger in co-operation with the main part 1 in
      drawing liquid into the main part 1 and sealing such liquid therein to
      prevent movement of the extension part 2 relative to the main part 1. As
      illustrated in FIG. 2, the seal means can be provided by at least one
      neoprene (or other suitable material) sealing ring 5 located in an annular
      groove of a solid insert piece 6 secured in the inner end of the tubular
      extension part 2. To ensure that the extension part 2 is maintained rigid
      relative to the main part, differences in the external diameter of the
      extension part 2 and internal diameter of the main part 1 can be
      compensated for by expanding an inner end portion of the extension part to
      provide an annular rib 7 spaced from the O ring seal 5 and/or providing an
      annular indent and thus an inner annular rib 8 on the main part towards
      the end through which the extension part 2 extends.
PAR  The main part 1 is also provided towards such end from which the extension
      part 2 extends with a hand grip means whereby the user may hold the spear,
      and such hand grip means can be in the form of a rubber or plastic sleeve
      9 secured to the outer side of the main part 1, and such sleeve 9 may have
      a serrated formation or be provided with annular ribs 10. In one
      arrangement the annular ribs 10 in the sleeve hand grip 9 can be formed by
      expanding the main tube 1 itself with a series of spaced annular ribs 11
      which serve to deform the hand grip sleeve 9 and also assist in
      maintaining such sleeve 9 in position.
PAR  The butt end piece 12 may be generally of cylindrical formation and
      generally of substantially the same external diameter as the main tubular
      part 1, and such butt end piece 12 may, as illustrated in FIG. 2 of the
      drawings, have an externally screw-threaded part 13 arranged for
      screw-threaded engagement with an interior screw-thread 14 provided in the
      butt end of the main part 1 so that the butt end piece 12 can be
      longitudinally adjusted relative to the main part 1 by rotation, and a
      liquid inlet passage 15 is provided in the screw-threaded inner end
      portion 13 of the butt end piece 12 so as to open co-axially at the inner
      end thereof and medially at the side thereof so that when screwed fully
      home the inlet passage 15 is sealed by the butt end of the main tubular
      part 1, but unscrewing of the butt end piece 12 relative to the main part
      1 will expose the side opening to the liquid inlet passage 15 and permit
      liquid to be drawn into the tubular main part 1 on extension of the
      extension part 2, and subsequently ejected from the main part by
      telescopically collapsing the extension part 2 into the main part 1. The
      butt end piece 12 may be provided also with a neoprene or like O ring seal
      16 or washer at a shouldered portion of the butt end piece 12, and the
      butt end of the main part 1 may be provided with an internal chamfer or
      bevel to improve the seal when the butt end piece 12 is screwed fully
      home.
PAR  In a modification of the invention, and as illustrated by way of example in
      FIGS. 3 and 4 of the drawing, the previously described screw threaded
      arrangement of the butt end piece 12 can be dispensed with and a bayonet
      fitting utilised. In this arrangement the butt end piece 12 has an end
      part 21 of reduced diameter and arranged as a sliding fit within the main
      tubular part 1, the liquid inlet passage 15 being provided in such butt
      end part 21 in a similar manner to the previous arrangement, and the end
      part 21 has a lateral projection 22 such as a peg, stud or screw slidably
      located in a slot 23 extending generally longitudinally of the main
      tubular part 1 for a length substantially equal to the amount of
      longitudinal movement necessary for operation of the butt end piece 12 in
      opening or closing off the inlet passage 15. There being lateral
      extensions 23a and 23b (which may extend in opposite directions) of the
      slot 23 at each end thereof and in which the projection 22 can locate on
      rotation of the butt end piece 12 relative to the main tubular part 1, or
      vice versa, to lock the butt end piece 12 in either the fully home sealing
      position or the inlet passage 15 open position. As before, an O ring seal
      16 can be provided on the reduced end part 21 at its junction with the
      remainder of the butt end piece 12 for sealing engagement with the main
      tube part when the butt end piece is in the fully home closed or sealing
      position, and an additional O ring seal 24 can be provided in an annular
      groove in the inner end portion of the reduced end part.
PAR  Thus the shaft, or spear incorporating such shaft, can be normally
      transported or stored in the collapsed position and subsequently made
      ready for use by partially unscrewing the butt end piece 12 to expose the
      water inlet and placing such butt end piece 12 and the butt end of the
      tubular main part 1, at least, under water; the extension part 2 being
      then pulled out or telescopically extended so that, by its piston action,
      water is drawn into the main part 1, and the butt end piece 12 is then
      either screwed or slid (as the case may be) and locked fully home to seal
      the water within the main part 1 and lock the shaft in its extended
      position. It is well-known of course to provide various mechanical locking
      means for locking two or more telescopically extensible shafts in the
      extended position, but such mechanical locking devices are not always easy
      to release or secure firmly and such malfunction of a mechanical locking
      device is particularly likely to happen in the case of a shaft used under
      water, and particularly under salt water as salt water commonly causes
      seizing up or malfunction of mechanical connections. Thus, the present
      invention is particularly suited for use in the construction of a
      telescopically extensible underwater hand spear, but it will be seen that
      the simple and effective and substantially malfunction-proof arrangement
      can provide a telescopically extensible shaft which may be used for a
      variety of applications under or above water, e.g., in the construction of
      a telescopic boat hook.
PAR  In the preferred application as an underwater hand spear, the spear if
      provided with means to add impetus to a thrust or throw by a user, and
      such means in the present form of invention can be provided by a natural
      or synthetic rubber loop 17 secured to the butt end piece 12 and arranged
      to be stretched forwardly towards the hand grip 9 on the main part 1 so
      that when the hand grip 1 is released on a forward thrust or throw by a
      user the stretched rubber loop 17, which may be subsequently released from
      the user's hand or held to prevent loss of the spear, provides the added
      impetus to the thrust or throw. The rubber loop 17 can be formed from a
      length of tubular rubber having end portions 17a passing through side
      apertures 18 in the butt end piece 12 and into a bore 19 thereof, such end
      portions 17a being locked or wedged in position by a ball wedge member 20
      located therebetween as a tight fit compressing the rubber end portions
      17a against the inner side wall of the butt end piece 12.
PAR  A particular form of invention has been described and illustrated by way of
      example, but it will be appreciated that other variations of and
      modifications to the invention can take place without departing from the
      scope of the appended claims.
PAR  The shaft, or spear incorporating the shaft, of this invention is quickly
      and easily extensible and, in addition to being substantially
      malfunction-proof, is considerably more rigid in its extended form than
      conventional telescopic or two or more part jointed shafts or rods.
CLMS
STM  I claim:
NUM  1.
PAR  1. An extensible shaft comprising a main tubular part, a cylindrical
      extension part telescopically located in and engaged with said main part
      so as to extend co-axially from one end thereof, liquid seal means
      provided between the extension piece inner end and the main part, a butt
      end piece adapted to close the end of the main part remote from the end
      through which the extension part extends, said butt end piece
      incorporating liquid inlet means which can be exposed or opened by
      adjustment of the butt end piece relative to the main part to permit
      liquid from an external source to be drawn into the main part on extension
      of the extension piece, and seal means being provided between the main
      part and butt end piece so as to prevent escape of liquid from the main
      part when the butt end piece is adjusted to close the liquid inlet means
      and lock the extension piece against axial movement relative to the main
      part.
NUM  2.
PAR  2. An extensible shaft as claimed in claim 1 wherein the butt end piece has
      an externally screw-threaded part arranged for screw-threaded engagement
      with an interior screw thread provided in the butt end of the main part so
      that the butt end piece can be longitudinally adjusted relative to the
      main part by rotation, and a liquid inlet passage is provided in the
      screw-threaded inner end portion of the butt end piece so as to open at
      the inner end thereof and medially at one side thereof so that when the
      butt end piece is screwed fully home the inlet passage is sealed off, but
      unscrewing of the butt end piece relative to the main part will expose the
      side inlet to permit liquid to be drawn into the main part on extension of
      the extension part and subsequently ejected by telescopically collapsing
      the extension part into the main part.
NUM  3.
PAR  3. An extensible shaft as claimed in claim 1 wherein the butt end piece has
      an end part arranged as a sliding and sealing fit within the main tubular
      part and having a lateral projection slidably located in a slot extending
      generally longitudinally of the main part, said end part of the butt end
      piece having a liquid inlet passage opening to the inner end and medially
      of the side of said end part so that the inlet can be closed off when the
      said end part is slid inwardly of the main part or exposed when slid
      outwardly thereof, the main part slot being of a length substantially
      equal to the amount of longitudinal movement of the butt end piece
      necessary for operation of the butt end piece in opening or closing the
      inlet passage side opening, and the slot having a lateral extension at
      each end wherein the butt end piece lateral projection can locate to lock
      said butt end piece in either the open or the closed position.
NUM  4.
PAR  4. A hand spear having telescopically extensible shaft according to claim
      1.
NUM  5.
PAR  5. A hand spear having a telescopically extensible shaft according to claim
      2.
NUM  6.
PAR  6. A hand spear having a telescopically extensible shaft according to claim
      3.
NUM  7.
PAR  7. A hand spear comprising an extensible shaft having a main tubular part
      with hand grip means, a cylindrical extension part telescopically located
      in and engaged with said main part so as to extend co-axially from one end
      thereof, the outer free end portion of the extension part being formed as
      or provided with a spear head, liquid seal means provided between the
      extension piece inner end and the main part, a butt end piece adapted to
      close the end of the main part remote from the end through which the
      extension part extends, said butt end piece incorporating liquid inlet
      means which can be exposed or opened by adjustment of the butt end piece
      relative to the main part to permit liquid from an external source to be
      drawn into the main part on extension of the extension piece, and seal
      means being provided between the main part and butt end piece so as to
      prevent escape of liquid from the main part when the butt end piece is
      adjusted to close the liquid inlet means and lock the extension piece
      against axial movement relative to the main part, and resilient thrust
      imparting means provided on the spear and arranged to add impetus to a
      spear thrust by a user.
NUM  8.
PAR  8. A hand spear as claimed in claim 7 wherein said thrust imparting means
      comprises a natural or synthetic rubber loop secured to the butt end piece
      for stretching towards the hand grip, the rubber loop being formed from a
      length of rubber having end portions passing through side apertures in the
      butt end piece and into a bore thereof, such end portions being wedged in
      position by a ball wedge member located therebetween as a tight fit
      compressing the rubber end portions against the bore wall.
NUM  9.
PAR  9. A hand spear as claimed in claim 7 wherein the hand grip means is
      provided by a series of annular external ribs on the main tubular part and
      a rubber or plastics sleeve located over the ribbed portion.
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ABST
PAL  A fishing reel comprising a motorized spinner for taking up the line and
      having a switch positioned for easy thumb control. The reel is driven by a
      gear train and is adapted to be driven simultaneously by the motor and by
      manual cranking or the motor alone or manually. The reel comprises a
      housing and incorporates an electric motor mounting which is yieldable to
      accommodate lateral deflection of the motor to wedge apart gears on the
      motor drive shaft and a spinner drive shaft upon an overload developing
      thus preventing destruction of the motor.
BSUM
PAC  DISCUSSION OF THE PRIOR ART AND SUMMARY OF THE INVENTION
PAR  To applicant's best knowledge no one has heretofore developed a simple and
      efficient motorized reel which may be operated by one hand so that the
      other hand is free to, for example, gaff the fish.
PAR  The invention comprehends a simple drive mechanism which readily adapts to
      currently produced spinning reels and wherein the motor in no way
      interferes with casting, the line being free to unwind from the spool as
      in a conventional reel and the motor being adapted to be supplemented by
      manually winding the spinner or may be switched off so that the reel may
      be manually operated or optionally the motor alone can be operated to wind
      the line.
PAR  This invention is directed to an adapter for a conventional reel which
      converts such reel to an optionally manual and/or motor drive.
PAR  More specifically, the invention is directed to a reel assembly wherein the
      motor is mounted in a detachable part of the housing, the motor having a
      shaft connected to a small pinion drive gear which meshes with large
      driven gear mounted on a countershaft which is connected through the usual
      clutch mechanism to the spinner; a second small driven gear is connected
      to the countershaft and meshes with a drive gear connected to a crank
      driven shaft which extends to the side of the reel for connection to the
      crank.
PAR  Another object is to provide a novel mechanism for shifting the crank drive
      mechanism between engaged driving position and a disengaged non-driving
      position.
PAR  The invention comprehends a novel motorized drive which incorporates drive
      batteries in the pole handle in new equipment and in current equipment a
      battery attachment to the handle is provided.
DRWD
PAR  These and other objects and advantages inherent in and encompassed by the
      invention will become more readily apparent from the specifications and
      the drawings wherein:
PAR  FIG. 1 is a fragmentary side elevational view of a fishing pole and reel
      partly in section and incorporating the invention;
PAR  FIG. 2 is a cross-sectional view taken essentially on line 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged cross-sectional view of the novel reel and drive
      therefor; and
PAR  FIG. 4 illustrates a modification of the battery mounting and motor
      connection.
DETD
PAC  DESCRIPTION OF FIGS. 1-3
PAR  Describing the invention in detail and having particular reference to the
      drawings, the motorized spin casting reel generally designated 2 is shown
      as comprising a two-piece preferably plastic housing 3 including a
      cup-shaped base section 4 and a cap section 5 threadedly secured to each
      other at 6 (FIG. 3).
PAR  The cap section 5 is generally of conical shape having an opening 10 at its
      apex through which the fishing line 10a is metered, the line being
      threaded through eyelets 11 which are fastened to a rod 12. The cap
      section 5 encloses the spinner 14 which is suitably secured to a drive
      shaft 16 which is journaled through a support base 18. The base 18 fits
      snugly into the internal periphery 20 of the cylindrical base portion 21
      of the cap and is provided with an annular rim 22 which fits within a
      groove 24 in the portion 21 of the cap and is held captive between the
      shoulder 25 at one side of the groove and the edge 26 of the base portion
      4 of the housing attendant to interthreading of the cap onto the base
      portion 4 as at 6.
PAR  The shaft 16 is connected with the spinner 14 as well known and as for
      example in the "Zebco" 202 reel made by Brunswick Corporation. The shaft
      is spring loaded by a spring 30 which is compressed between an abutment 32
      on the distal end of the shaft 16 and a gear assembly 34 which is keyed to
      the shaft 16 in a manner accommodating relative axial movement
      therebetween but constrained for rotational movement therewith.
PAR  The shaft is adapted to be shifted forwardly against the compression of the
      spring whereupon the spinner 14 is displaced forwardly by the clutch
      actuator with respect to a stationary spool 36 and about which the line is
      adapted to be wrapped attendant to rotation of the spinner as well known.
PAR  The gear assembly comprises a pair of spur gears 38,40 coaxially disposed
      on the shaft. The small spur gear 38 is driven by a ring gear 41 which is
      connected to a crank shaft 42. The shaft 42 is journalled in a stand off
      block 44 which is integral with the support base 18 and passes through an
      aperture 46 in the side wall 48 of the base section 4 of the housing and
      at its outer end is secured to a crank arm 50 of a crank 52 which has
      handles 54,54 mounted on its outer ends. The shaft 42 is provided with
      axially spaced, annular peripheral grooves 56,58 onto which a grommet-like
      O-ring 60 of elastomer material such as neoprene or rubber is affixed in
      the aperture 46 and is selectively entered into grooves 56,58 as the crank
      shaft 42 is shifted between engaged and disengaged positions respectively
      of the manual drive to engage and disengage the ring gear with respect to
      the small spur gear 38. The grooves 56,58 and ring 60 serve as a
      releasable shift lock.
PAR  The other or large gear 40 of the gear assembly meshes with a spur gear 62
      which is driven by an armature shaft 64 of an electric motor 65 which has
      a housing 66 of tubular form, the rear portion of which is snugly
      press-fitted within a complementary holder shell 68 which is formed
      integral with the back wall 69 of the plastic base housing portion 4.
PAR  As best seen in FIG. 2, the motor has one lead 70 connected to the motor
      windings extended through the housing wall 66 which connects with a
      contact 72 insulated from and extending through an elongated mounting
      portion 73 of a metal bracket generally designated 74. The contact 72 is
      pressed into engagement with a contact 76 on the handle 77 of the fishing
      pole 12 by a ferrule 79 which is sleeved over the handle and threaded
      thereon as at 80, the ferrule releasably embracing one end portion 81 of
      the mounting portion 73 of the bracket 74.
PAR  The contact 76 is connected by a lead 82 extending through an axial bore 83
      in the handle to a switch 85 and from thence to a contact 85a in one end
      of a handle extension in the form of a tubular battery holder or container
      85b which contains batteries 86,86 serially arranged and having electrical
      contact through a spring 87 to an end cap 88 threaded on the container 85b
      which is preferably made of electrically conductive material such as brass
      and being connected to a similar metallic handle portion to which the reel
      is attached. Of course other obvious electrical continuity connections may
      be used such as metal strips or wires.
PAR  The handle portion is connected by a ring sleeve 89 to the other end 90 of
      the electrically conductive mounting portion 73 of the bracket and makes
      electrical contact therewith. The bracket portion 73 is connected to a
      line 91 which connects to the other end of the wiring of the electrical
      motor to complete the circuit. The switch may be located in any convenient
      location as desired, but by putting it on the rod handle, the user may
      easily hold the rod with one hand and actuate the switch to energize the
      motor to reel in the fish while with his other hand he is free to gaff or
      net the fish.
PAR  As best seen in FIG. 4 the forward end portion 92 of the motor housing is
      reduced in diameter, which snugly fits into a tubular holder 93 formed on
      the back side of mounting base 18 which is preferably of flexible plastic
      material so that it may expand to receive the reduced end portion 92 of
      the motor housing. The tubular holder 93 has a radial slot 94 formed
      therein for admitting a sector of the large spur gear 40 therethrough as
      best seen in FIG. 4.
PAR  One of the features of the invention is that by providing a flexible
      plastic holder for the driving end of the motor, in the event of a sudden
      snapping load on the line the gear teeth may be temporarily wedged apart
      to snubbingly relieve the load by lateral deflection of the motor. Thus a
      safety feature is inherently provided in a structure which facilitates not
      only fabrication, but also assembly which requires only axial withdrawal
      of the motor with the base casing or housing portion.
PAR  It will also be apparent that if desired if the load is such on the line
      that the motor is lugging, the operator may engage the manual drive and
      assist reeling in the catch.
PAR  If the load is too heavy on the line the ring gear will be wedged off as
      well as the motor driven spin gear, thus providing an automated release
      responsive to the load on the line. This release is adjustable by
      selecting the materials of the O-ring 58 as well as that of the plastic
      holder 93.
PAR  The spinner is readily releasable by a thumb release latch 95 pivotally
      mounted on the rear wall of the base portion by shifting the spinner shaft
      16 forwardly, thus uncapping the spinner from the spool so that the line
      may unwind.
PAC  DESCRIPTION OF THE EMBODIMENT OF FIG. 4
PAR  In this embodiment, which is almost identical with the previously described
      parts identical to those of the previous embodiment are identified by the
      same reference numerals. This modification only differs from the previous
      one in that it is adapted for use with rods currently in use and features
      a clamp 100 which is mounted on the handle portion 77 of the rod and
      carries a battery pack 102 which is connected by a switch 104 to a dual or
      twin line 106 which has a plug-in 108 by means of which it may be plugged
      into a suitable socket structure 110 molded into the back wall of the
      housing. The socket 110 provides an operative electrically conducting
      connection through suitable wires to the motor windings for delivering
      electromotive force from the battery to the motor such as in the previous
      embodiment. A switch 104 is provided on battery pack.
PAR  It will be understood that the forgoing specification is intended to
      disclose several preferred embodiments and is not to be taken by way of
      limitation of the inventions which are intended to be covered by the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a fishing reel having a line-receiving spool element, a guide element
      for guiding a line onto the spool element, and means for selectively
      rotating at least one of said elements relative to the other for winding
      the line on the spool element comprising transmission means, and
      selectively actuable manual and motor-driven means operatively connected
      to said transmission means, and said reel comprising a housing, a motor
      holder moulded into said housing of yieldable plastic material, said
      transmission comprising a motor-driven driving gear and a meshing driven
      gear, and said material yielding upon imposition of a predetermined load
      causing said gears to wedge apart to release said driven gear and thereby
      the line.
NUM  2.
PAR  2. The invention according to claim 1 and said transmission means
      comprising a power output shaft connected to one of said elements, and
      gear means independently connecting the motor driven and manually actuable
      means to the shaft, and means for connecting said manual means and said
      motor driven means for conjunctively and separately driving said shaft.
NUM  3.
PAR  3. The invention according to claim 1 and said motor-driven means
      comprising an electric motor, a source of electromotive power, and
      switching means for selectively connecting and disconnecting said source
      with respect to said motor.
NUM  4.
PAR  4. The invention according to claim 1 and said motor-driven means
      comprising an electric motor drivingly connected to said transmission
      means, the combination with a rod, means for mounting said reel from said
      rod comprising a bracket having portions providing electrical connections
      to said motor, said rod having a battery-enclosing handle, batteries
      therein, and means including switch means connecting said batteries with
      the motor through said bracket portions.
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ABST
PAL  An animal trap having a pair of back-to-back jaws for trapping an animal
      from either one of two opposed directions. The jaws are each made from a
      pair of substantially U-shaped rod or wire members, pivoted at their ends.
      A pair of opposed springs operate both jaws simultaneously.
BSUM
PAR  This invention relates to an improved animal trap.
PAR  The invention is more particularly directed toward an improved animal trap
      of the type that kills an animal, as opposed to a trap of the type that
      catches an animal by a foot.
PAR  Killing traps must kill an animal within a certain maximum time to be
      approved for use by Humane Societies. Killing traps, to be most effective,
      should also be able to trap an animal travelling in either direction on
      its runway or path. No traps are presently known satisfying the above
      conditions.
PAR  It is therefore the purpose of the present invention to provide a trap of
      the above type which both kills an animal quickly, well within the
      specified time, so as to avoid undue suffering, and which is effective for
      trapping an animal approaching the trap from either direction on its
      runway.
PAR  The trap of the present invention is also very simple and relatively
      inexpensive to construct yet very powerful in operation. The trap is also
      relatively simple to operate.
PAR  The invention is broadly directed toward an animal trap having a first
      pivoted jaw and a second pivoted jaw with the jaws connected together back
      to back adjacent the pivots so as to have the jaws open in opposed or
      opposite directions. The trap has spring means for simultaneously clamping
      both jaws shut when the trap is sprung.
PAR  The invention is more particularly directed toward an animal trap having
      first and second jaws. The first and second jaws each comprise first and
      second substantially U-shaped members joined together at their ends with
      one member pivotable with respect to the other. The ends of both members
      in the first jaw are located adjacent the ends of both members in the
      second jaw. A pair of springs are provided for simultaneously operating
      the members in both jaws when the trap is sprung.
DRWD
PAR  The invention will now be described in detail having reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a schematic view of the trap of the present invention in the
      "sprung" position;
PAR  FIG. 2 is a schematic view of the trap in the "set" position;
PAR  FIG. 3 is a detailed schematic view of one of the hinges in the trap;
PAR  FIG. 4 is a detailed schematic view of the latch and trigger means of the
      trap; and
PAR  FIG. 5 is a cross-sectional view of the latch and trigger means of the trap
     .
DETD
PAR  As shown in FIGS. 1 and 2 of the drawings, the trap 1 comprises a first jaw
      3 and a second jaw 5. Throughout this application, the word "jaw" is used
      to define a two-member clamping device, rather than one member (upper or
      lower) of a clamping device.
PAR  The first jaw 3 consists of a first, substantially U-shaped member 7
      normally overlying a second substantially U-shaped member 9. Similarly,
      the second jaw member 5 consists of a first, substantially U-shaped member
      11 overlying a second substantially U-shaped member 13. The first member 7
      of the first jaw 3 has arms 15, 17 connected together by a cross bar 19.
      The second member 9 of the first jaw has arms 21, 23 connected together by
      a cross bar 25. Similarly, the first member 11 of the second jaw 5 has
      arms 27, 29 connected together by a cross bar 31 and the second member 13
      has arms 33, 35 connected together by a cross bar 37. Jaw 3 is the same as
      jaw 5 but reversed in position. To this end, first member 7 is the same as
      first member 11, and second member 9 is the same as second member 13.
PAR  Preferably, the cross bars 19, 31 in the first members 7, 11 of the first
      and second jaws 3, 5 are offset from the arms by means of offset bends 39.
      This is to ensure that the cross bars 19, 25, and 31, 37 in both jaws abut
      when the trap is sprung.
PAR  Means are provided for joining the first and second jaws 3, 5 in
      back-to-back relationship, so that they open facing in opposite
      directions. Suitable joining means can comprise a pair of plates 41, 43
      with the free ends of the arms 17, 23, 29, 35 connected to plate 41 and
      the free ends of arms 15, 21, 27, 33 connected to plate 43. The ends 45 of
      the arms 15, 17, 27, 29 of the first members 7, 11 are pivotably connected
      to the plates. To this end, the ends 45 of the arms of the first members
      are bent outwardly at a right angle and inserted through holes in the
      plates. The ends 45 are then upset onto washers 47, as shown in FIG. 3.
      This attachment permits the members of each jaw to pivot relative to one
      another so as to move between an open and closed position.
PAR  The ends of the arms 21, 23, and 33, 35 of the lower members 9, 13 are
      preferably welded to the side of the plates 41, 43 below the ends 45.
      Alternatively, members 9, 13 could be made from one looped piece of
      material, the loop welded at its sides to the plates 41, 43.
PAR  The plates 41, 43 are each preferably provided with an abutment 49 which
      comprises an extension from the top of the plates, bent at right angles to
      the plane of the plate, and extending inwardly. The abutment members
      provide shoulders 51, 53 limiting the movement of the first members 7, 11
      of the first and second jaws, toward one another as they are pivoted up to
      set the trap. When the arms of members 7, 11 abut shoulders 51, 53, the
      members 7, 11 are in position to be latched.
PAR  Spring means are provided for closing the jaws of the traps simultaneously.
      Spring means preferably comprise first and second normally V-shaped
      springs 55 and 57. The springs are located on opposite sides of the trap,
      as shown in FIGS. 1 and 2. Each spring has a spring coil 59 at the base of
      the V-shape, with a pair of arms 61, 63 extending from the spring coil.
      Arms 61, 63 have a loop 65, 67 at their respective ends. These loops 65,
      67 encircle the arms of the first and second members of the first and
      second jaws. Thus, loop 65 of spring 55 encircles arms 17, 23 on one side
      of jaw 3 and loop 67 of the same spring encircles arms 29, 35 on the same
      side of jaw 5. Loop 65 of spring 57 encircles arms 15, 21 on the other
      side of jaw 3 and loop 67 of the same spring encircles arms 27, 33 of the
      other side of jaw 5. Each pair of arms 17, 23; 15, 21; 29, 35; and 27, 33
      diverge slightly moving toward the cross bars. At their outer ends, when
      the cross bars touch, each pair of arms are a distance farther apart than
      the diameter of the loops 65, 67. Thus, the loops cannot slip off the ends
      of the arms, when the springs are relaxed.
PAR  The springs 55, 57 are preferably made in one piece from suitable spring
      rod material bent to provide the coil 59 at the base and the loops at the
      end of the arms. Each spring can be provided with a hook 69 which is
      looped about one arm and hooks over the other arm, as shown in FIG. 2. The
      hooks 69 maintain the springs in a closed or locked position while the
      trap is being set. Once the trap has been latched or "set", the hooks 69
      are released to arm or activate the trap.
PAR  The trap includes latch means 71. Latch means 71 are provided for holding
      first members 7, 11 of both the first and second jaws together in a raised
      position when the trap is set. This latch includes a hook 73 which has a
      notch 75 near its free end defining shoulders 77, 79. The hook 73 is
      pivotably mounted at one end by a support bar 81 which is mounted on the
      cross bar 19 of the first member 7 of the first jaw 3. A tubular latch
      member 83 is rotatably mounted on a support bar 85 which in turn is
      mounted on cross bar 31 of the first member 11 of the second jaw 5. The
      tubular latch member 83 has a semi-circular slot 87 cut into it midway
      between its ends. The semi-circular slot 87 provides shoulders 89 and 91
      on either side of the support bar 85.
PAR  When the trap is in a set position, the hook 73 rests in the slot 87 with
      its shoulders 77, 79 resting on the shoulders 89, 91 respectively.
PAR  The latch member 83 has an extension 93 from which a pair of wires 95
      extend. The bait for the trap is mounted on the wires. Both the hook 73
      and the latch member 83 are maintained on the support bars by suitable
      pins 97, 99. The pins can comprise a wire passing through a hole at the
      ends of the support bars or they can be cotter pins.
PAR  The trap can be provided with a staking chain 101 attached to any suitable
      part of the trap. As shown in FIGS. 1 and 2, the staking chain can be
      attached to the spring coil 59 on one of the springs 55, 57.
PAR  To operate the trap, bait is placed on wires 95. The springs 55, 57 are
      loaded by moving the loops 65, 67 of each spring toward one another, as
      shown by the arrows in FIG. 1, and then locking them in the loaded
      position with hooks 69. Members 7, 11 of the two jaws 3, 5 are then moved
      up toward each other and latched together by latch means 71. The loops 65,
      67 are loose enough adjacent plates 41, 43 to permit members 7, 11 to be
      moved up with little or no force. The trap is placed in the runway in a
      position so it can be entered from either direction of the runway. The
      hooks 69 can then be released arming the trap. An animal becomes trapped
      when it enters the trap from either direction to get at the bait on wires
      95. Pulling or pushing the wires causes member 83 to rotate in either
      direction, thus lifting hook, by either shoulder 89, 91, to clear bar 85.
      When the hook clears bar 85, both springs 55, 57 snap open to the position
      shown in FIG. 1 driving members 7, 11 down as loops 65, 67 slide out.
      Members 7, 11 crush the animal behind the head between either pair of
      cross bars 19, 25 or 31, 37, depending from which end the animal entered
      the trap. The animal is killed substantially instantaneously.
CLMS
STM  I claim:
NUM  1.
PAR  1. An animal trap comprising a first and a second jaws connected together
      in back-to-back relation to open in opposite directions, spring means
      engaging said jaws and operable for simultaneously closing the jaws, latch
      means constructed and arranged to releasably hold the jaws in open
      position, each of said jaws including a first and a second substantially
      U-shaped members joined together at their opposite ends, and both first
      substantially U-shaped members of said jaws being fixedly and unitarily
      interconnected in end-to-end alignment and forming a fixed substantially
      flat support operatively underlying both said second substantially
      U-shaped members, a pair of plates rigidly secured to said flat support
      against the opposite sides thereof, said second U-shaped members pivoted
      to said plates at their ends, said plates forming abutments restraining
      pivoting of both second U-shaped members relative to both first U-shaped
      member.
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ABST
PAL  In a toy vehicle having a plurality of ground engageable wheels and drive
      means having a drive shaft operatively engaged with at least one of the
      wheels, a clutch is provided in the driven wheel in order to protect the
      drive means against damage should the wheel be stopped while the drive
      means is in operation. The clutch comprises a first clutch element secured
      to the drive means for rotation therewith and a second clutch element
      having an inner surface peripherally surrounding the first clutch element.
      One of the clutch elements has a plurality of radially extending teeth
      formed thereon and the other of the clutch elements has at least one
      detent dimensioned to fit between two adjacent teeth in order to provide
      the driving connection for transmitting power from the motor to the second
      clutch element in order to drive the wheel. Should the wheel be stopped
      while the drive motor is in operation, the teeth flex over the detent in
      order to permit relative rotation between the clutch elements, allowing
      the motor and drive elements to rotate even while the drive wheel is
      stopped.
BSUM
PAR  The present invention relates to toy vehicles, and more particularly to a
      clutch mechanism for a powered toy vehicle, which clutch is adapted to
      protect the motor and drive train of the vehicle from damage.
PAR  Numerous types of toy vehicles are presently available in which a drive
      mechanism is provided in order that the vehicles be self-propelled. Many
      of such vehicles include flywheel motors in which a flywheel or inertia
      element is rotated at a relatively high speed in order to produce the
      driving power for the vehicle. One such flywheel arrangement, using a
      relatively high gear reduction ratio whereby the relatively heavy flywheel
      rotates at extremely high speeds, is disclosed in U.S. patent application
      Ser. No. 442,490 filed Feb. 14, 1974.
PAR  In toy vehicles driven by a flywheel motor or other type of drive
      mechanisms, damage to the motor or gears in the drive arrangement can
      occur if the child playing with the toy rapidly stops rotation of the
      drive wheel when the motor is operating at high speed. This can occur, for
      example, in a flywheel driven apparatus when, after the vehicle's flywheel
      has been energized to a high rotational velocity, the child places the
      vehicle forcefully on a play surface so that the driven wheels, in effect,
      are stopped from rotating. However, since the flywheel continues to rotate
      due to its inertia, it is possible that the gears of the drive train
      connecting the flywheel to the drive wheel could be stripped.
PAR  Accordingly, it is an object of the present invention to provide a toy
      vehicle having a clutch arrangement which is adapted to protect the drive
      train of the vehicle.
PAR  Yet another object of the present invention is to provide a clutch
      mechanism for a toy vehicle which will protect the drive of the vehicle
      during operation.
PAR  Another object of the present invention is to provide a toy vehicle having
      a flywheel type inertia motor with a clutch arrangement that will protect
      the flywheel motor and gear train when the driven wheels of the vehicle
      are stopped.
PAR  Yet another object of the present invention is to provide a toy vehicle
      which is durable in construction and economical in manufacture.
PAR  In accordance with an aspect of the present invention a toy vehicle is
      provided which has a plurality of ground engageable wheels and a flywheel
      type motor that is operative to drive a shaft connected with at least one
      of the vehicle's wheels in order to propel the vehicle along a play
      surface. A clutch is formed in the drive wheel in order to protect the
      gear train of the drive mechanism. This clutch comprises a first clutch
      element which is fixed to the drive shaft for rotation therewith and a
      clutch element that is freely rotatable mounted on the drive shaft and
      forms part of the drive wheel. The second clutch element has a cavity
      formed therein which receives and peripherally surrounds the first clutch
      element. One of the two clutch elements has a plurality of radially
      extending gear type teeth formed thereon, while the other of the clutch
      elements has a projection or detent formed thereon which is dimensioned to
      fit between two adjacent gear teeth, thereby to provide the driving
      connection between the clutch elements for transmitting power from the
      motor to the second clutch element and the drive wheel. The gear teeth
      used in the clutch are formed of a material having aa predetermined
      flexibility relative to the detent, so that the teeth will flex over the
      detent to allow the clutch elements to rotate with respect to one another
      when the driven wheel is stopped while the drive means is in operation in
      either direction of rotation. In this manner, should the drive wheel be
      stopped while the motor is in operation, the gear train in the vehicle
      will be protected.
DRWD
PAR  The above, and other objects, features and advantages of the invention will
      become apparent in the following detailed description of an illustrative
      embodiment thereof, which is to be read in connection with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view, with parts broken away, of a toy vehicle
      constructed in accordance with the present invention;
PAR  FIG. 2 is a sectional view taken along line 2--2 of FIG. 1; and
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2.
DETD
PAR  As seen in FIG. 1, a toy vehicle 10, constructed in accordance with the
      present invention, includes a body 12 and a plurality of ground engageable
      wheels 14 rotatably mounted thereon. A flywheel motor 16 is mounted in the
      vehicle body 12, in any convenient manner. As mentioned, this motor may be
      of the type described in U.S. Pat. application Ser. No. 442,490 filed Feb.
      14, 1974, and includes a relatively heavy flywheel 18 connected through a
      gear reducing train 20, to an output shaft 22. The latter may extend
      entirely across the body 12, so as to supply motive power to both of the
      rear wheels (only one of which is seen in FIG. 1).
PAR  In operation vehicle 10 is held by the child and the rear wheels are rolled
      along the play surface or floor, in order to transmit rotary energy
      through the gear train 20 to the flywheel 18. After the vehicle has been
      rapidly moved on the floor a series of times, and the flywheel 18 is
      rotated to the desired speed, the child simply places the vehicle on the
      floor and the flywheel 18, which now has kinetic energy stored therein,
      will transmit that energy back through the gear train to the rear drive
      wheels 14 in order to propel the vehicle. Of course, the direction of
      propulsion of the vehicle depends upon the direction in which the vehicle
      has been moved by the child in energizing the flywheel.
PAR  With this arrangement, it may occur that when the child finally energizes
      the flywheel to the desired speed and places it on the floor or play
      surface, he may hold the vehicle down with sufficient force so that the
      rotation of the rear drive wheels 14 is stopped. Should this occur, the
      shaft 22 and the gears connected thereto are also stopped and held against
      rotation. However, the flywheel 18 is continuously rotating so that the
      gears, e.g. gears 24 and 26, will jam against each other, creating the
      possibility that the gear teeth thereon will break.
PAR  In order to avoid this possibility and to protect the entire flywheel motor
      against damage, the rear drive wheels 14 of the vehicle 10 are each
      provided with a clutch arrangement 25, constructed in accordance with the
      present invention, which forms an integral part of each of the rear drive
      wheels. More specifically, as seen in FIGS. 2 and 3, each drive wheel 14
      includes an outer cap or section 26 which is formed generally as a cup
      shaped element having a peripheral annular wall 28 and a base 30. The
      opposite side of the wheel 14 is provided by a second cap element 32 that
      is sonically welded to the free end 34 of annular wall 28, at the point of
      engagement therebetween 36 (see FIG. 3). These caps preferably are formed
      of a hard plastic material such as ABS. The caps 26 and 32 form
      substantially the entire wheel, with the cap 26 having an outer annular
      surface portion 38 that is recessed with respect to the edges 40 and 42 of
      the caps 26 and 32. An elastic endless band 44 can be placed in this
      annular recess or groove to provide the ground engaging surface for the
      wheel 14.
PAR  The base or cap 32 has a centrally located opening 44 therein through which
      the shaft 22 of the motor 16 extends. The free end 46 of shaft 22 (each
      end of the shaft 22 is of identical construction so that only one end is
      illustrated in the drawings) has a generally rectangular or polyganol
      configuration (see FIG. 2). The rectangular configuration of the shaft
      allows the shaft to be rigidly connected to one of the clutch elements 48
      in the clutch assembly 25.
PAR  The clutch element 48 includes a bushing 50 having a generally rectangular
      opening 52 formed therein which frictionally engages the end 46 of the
      shaft for rotation therewith. A sleeve 54 surrounds the end portion 56 of
      bushing 50, as seen in FIG. 3, to define an annular channel or recess 58
      about the periphery of the sleeve 50. An annular gear 60 is mounted in
      this recess (see FIG. 2) and is held in place against the shoulder portion
      62 of the bushing 50 by the sleeve 54. If desired all of these elements
      may be sonically welded together to form an integral one piece clutch
      element. Alternatively, the entire assembly of the clutch element 48 can
      be formed as a one piece member. However, it is contemplated that if the
      various elements 50, 54 and 60 are formed with close tolerances, the
      friction fit therebetween will be sufficient to maintain the elements in
      tight assembly. Similarly, the rectangular opening 52 in the bushing 50 is
      sufficient to provide the desired fit for the clutch element to the end of
      the shaft 22 and form the driving connection therebetween. However, if the
      shaft is formed of a plastic material these elements can also be sonically
      welded together. Alternatively, any suitable adhesive or locking
      arrangement between the end of the shaft and the clutch element 48 can be
      used.
PAR  The gear 60 has a plurality of radially extending teeth 64 formed thereon
      about its entire periphery. These teeth extend outwardly, towards the
      inner surface 66 of the annular wall 28 of cap 26. This surface 66 has a
      pair of diametrically opposed detents 68 formed thereon which are
      dimensioned to be received in the spaces between the teeth 64 of the gear
      60. Under normal operating conditions, the arrangement of the detents 68
      between the teeth 64 provides a driving connection between the clutch
      element 48 and the cap 26; the latter thus forms the second clutch element
      of the clutch assembly. Accordingly, rotation of the shaft 22 will cause
      clutch element 48 to rotate, and the engagement of the detent 68 between
      the teeth 64 will in turn cause the cap 26 and thus the drive wheel to
      rotate.
PAR  In accordance with a feature of the present invention the gear 60 is formed
      of a material which has a predetermined flexibility with respect to the
      detent 60. For example, the gear 60 can be formed of a polyurethane
      material, while the cap 26 and integral detent 68 can be formed of a
      somewhat harder ABS plastic. By this arrangement, should the drive wheel
      14 of the vehicle be stopped while the flywheel motor 18 is still in
      operation, the drive to the shaft 22 will cause the gear 60 to rotate with
      respect to the stopped cap 26. The flexible teeth 64 will then snap over
      the detents 68, so that the clutch elements will rotate with respect to
      one another. In this manner, the gears in the gear train of the flywheel
      motor can continue to rotate so that they are not broken by stoppage of
      the drive wheels. The flexible material of which the gear or clutch
      element 60 is formed, will allow the shaft 22 to continue to rotate until
      the energy of the flywheel 18 has been dissipated. On the other hand, when
      the rear wheels 14 of the vehicle are not held against rotation, the
      material of which the gear 60 is formed is sufficiently stiff or rigid to
      provide the driving connection between the gear 60 and the cap 26
      necessary to drive the vehicle wheel 14.
PAR  It is noted that the opening 44 in cap 32 has a larger diameter than sleeve
      54 so that the cap does not engage or interfere with clutch element 48. In
      this manner, the wheel assembly, which consists of the caps 26, 32, is
      rotatably mounted on the shaft. In addition, the configuration of the caps
      is such that they fully enclose the gear 60 and the wheel assembly cannot
      be pulled off of the shaft. If desired, the cap 26 can have an opening 67
      formed therein through which the end 69 of the bushing extends to form a
      simulated hub cap.
PAR  Although an illustrative embodiment of the invention has been shown with
      the gear element 60 as the inner clutch element and the detents 68 formed
      on the outer clutch element, it will be appreciated that the outer clutch
      element 26 can have the gear teeth 64 formed thereon and extending
      radially inwardly towards the shaft 22, with the detents 68 being formed
      on the inner clutch element 60.
PAR  Accordingly, it will be appreciated that a relatively simple clutch
      mechanism is provided which is adapted to protect the drive motor of the
      vehicle. This motor may consist of a flywheel motor of the illustrated
      type, or of other types, such as for example an electric battery operated,
      motor driving the rear wheels 14 through a gear train which also must be
      protected.
PAR  Although an illustrative embodiment of the present invention has been
      described herein with reference to the accompanying drawing, it is to be
      understood that the invention is not limited to that precise embodiment,
      and that various changes and modifications may be effected therein by one
      skilled in the art without departing from the scope or spirit of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a toy vehicle having a plurality of ground engageable wheels and
      drive means having a drive shaft operatively engaged with at least one of
      said wheels for driving the vehicle; a clutch formed in said at least one
      drive wheel for protecting said drive means; said clutch comprising a
      first clutch element fixed to the drive shaft for rotation therewith and a
      second clutch element freely rotatably mounted on said drive shaft; said
      second clutch element having a cavity formed therein which receives and
      peripherally surrounds said first clutch element; one of said first and
      second clutch elements having a plurality of radially extending gear-type
      teeth formed thereon and the other of said clutch elements having at least
      one enlarged detent formed thereon and dimensioned to fit between two
      adjacent gear teeth to provide a driving connection therebetween for
      transmitting power from the motor to the second clutch element to drive
      the wheel; said gear teeth being formed of a material having a
      predetermined flexibility relative to said detent whereby the teeth will
      flex over the detent so the clutch elements can rotate with respect to one
      another when the driven wheel is stopped while the drive means is in
      operation.
NUM  2.
PAR  2. In a toy vehicle as defined in claim 1 wherein said second clutch
      element comprises a cap having an inner annular surface defining said
      recess, said detent being formed on said inner annular surface.
NUM  3.
PAR  3. In a toy vehicle as defined in claim 2 wherein said first clutch element
      comprises a circular gear having said gear-type teeth extending radially
      outwardly therefrom towards said inner annular surface of the second
      clutch element.
NUM  4.
PAR  4. In a toy vehicle as defined in claim 3 wherein said shaft has a
      generally polygonal configuration and said gear has a complementary
      opening therein receiving said shaft in a tight fit for rotation with the
      shaft.
NUM  5.
PAR  5. In a toy vehicle as defined in claim 3 wherein said inner annular
      surface has two diametrically opposed detents formed thereon.
NUM  6.
PAR  6. In a toy vehicle as defined in claim 3 wherein said cap forms a part of
      the wheel and has a base located adjacent one side of said gear; and a
      second cap secured to said first mentioned cap adjacent the open end of
      the recess and on the other side of said gear; said second cap having an
      opening therein through which said drive shaft extends, whereby said gear
      is fully enclosed by said caps.
NUM  7.
PAR  7. A drive wheel clutch for a toy vehicle having drive means connected to
      the drive wheel, said clutch comprising a first clutch element secured to
      the drive means for rotation thereby; and a second clutch element having
      an inner surface peripherally surrounding the first clutch element; one of
      said clutch elements having a plurality of radially extending teeth formed
      thereon and being formed from a flexible material; the other of said
      clutch elements having at least one detent formed thereon dimensioned to
      fit between two adjacent gear teeth to provide a driving connection
      therebetween for transmitting power from the motor to the second clutch
      element to drive the wheel.
NUM  8.
PAR  8. A clutch as defined in claim 7 wherein said gear teeth are formed of a
      material having a predetermined flexibility relative to said detent
      whereby the teeth will flex over the detent so the clutch elements will
      rotate with respect to one another when the wheel is stopped, regardless
      of the drive direction of the drive means.
NUM  9.
PAR  9. A clutch as defined in claim 7 wherein said detent is formed on said
      inner surface of the second clutch element and said teeth are formed on
      the first clutch element.
NUM  10.
PAR  10. A clutch as defined in claim 8 wherein the inner surface of the second
      clutch element is annular and said first clutch element is a generally
      circular gear having said teeth formed therein; said theeth extending
      radially outwardly towards said inner annular surface.
NUM  11.
PAR  11. A clutch as defined in claim 10 wherein said inner surface has two
      diametrically opposed detents formed thereon.
NUM  12.
PAR  12. A clutch as defined in claim 10 wherein said second clutch element
      comprises a first cap having a base and an annular wall extending
      therefrom defining said inner surface and a recess receiving said first
      clutch element, said base of the second clutch element extending parallel
      to and on one side of the first clutch element; and a second cap secured
      to the annular wall of the first cap to cover the recess on the opposite
      side of said first clutch element, thereby to completely enclose said gear
      and form said wheel; said drive means including a shaft secured to said
      first clutch element and extending through said second cap, whereby said
      caps are rotatably mounted on the shaft and driven thereby through the
      engagement of said teeth and detent.
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PAL  A self-propelled toy vehicle wherein at least one driving wheel also
      provides a gyroscopic effect on the travel of the vehicle. In the
      preferred embodiment, the toy vehicle has a single supporting and driving
      wheel in the form of a rotatable flywheel which is capable of storing
      sufficient energy to provide a gyroscopic directional effect on the
      vehicle. The axle of the flywheel is rotatably mounted in a frame which is
      pivotally mounted about a vertical axis on and relative to the toy vehicle
      body. Rapid rotation of the flywheel to drive and direct the vehicle is
      achieved by the use of a flexible rack engageable with a pinion gear on
      the axis of the wheel. During travel, the vehicle body can rotate in a
      horizontal plane about said vertical axis relative to the flywheel and its
      frame, and thus give the impression of a vehicle skidding out of control
      even though the flywheel continues to move along a straight line under the
      gyroscopic effect of the flywheel. In the exemplary embodiment, a
      latch-release mechanism is provided to hold the body relative to the
      flywheel frame in a forward orientation. A figure is positionable on the
      vehicle to hold the mechanism in latched condition, but the mechanism is
      released when the figure is knocked off of the vehicle.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to toy vehicles and is particularly directed
      to a toy vehicle having a gyroscopic drive flywheel.
PAR  Toy vehicles have been quite popular with children for many years, both in
      the form of self-propelled vehicles as well as manually propelled
      vehicles. There have also been instances where a gyroscopic rotor in the
      form of a flywheel was combined with a toy vehicle to provide a
      directional source of driving energy for the vehicle. An example of this
      type is disclosed in U.S. Pat. No. 3,621,607 which issued Nov. 23, 1971.
      The present invention utilizes a gyroscopic flywheel as the
      self-propelling and supporting means for the vehicle. The flywheel is
      rotatably mounted on a frame so as to engage a suitable supporting
      surface. The frame which mounts the flywheel also is pivotal about a
      vertical axis relative to the vehicle body so that the vehicle can move
      along the supporting surface in one direction dictated by the flywheel
      while the vehicle body can rotate in a horizontal plane relative to the
      flywheel about said vertical axis.
PAR  It therefore is an object of the present invention to provide a toy vehicle
      of the character described having a single supporting wheel, wherein the
      supporting wheel is a flywheel adapted to store energy and to transfer
      such energy directly to the supporting surface to propel the vehicle along
      in a straight path while the vehicle body itself can rotate out of
      alignment with the path of travel.
PAR  In the illustrated embodiment, the toy vehicle comprises a body, a wheel
      support means rotatably mounted about a generally vertical axis on the
      body, and a single supporting wheel rotatably mounted on the wheel support
      means about a generally horizontal axis in position for peripheral
      engagement with the supporting surface. The toy vehicle includes a gear
      rack engageable with a pinion gear on the flywheel for effecting rapid
      rotation of the flywheel whereby the flywheel serves as a gyroscopic rotor
      to guide the vehicle along a straight line, as well as providing a
      balancing drive wheel for the vehicle.
PAR  The toy vehicle also has a spring biased latch-release mechanism
      operatively associated between the flywheel frame and the vehicle body. A
      figure is positionable on top of the vehicle engageable with a portion of
      the latch-release mechanism to hold the vehicle body in a forwardly
      directed disposition (i.e., the direction of movement of the vehicle in
      response to rotation of the flywheel). If the figure is knocked off of the
      vehicle, the latch-release mechanism assumes a release condition as the
      vehicle body is capable of rotating in a horizontal plane relative to the
      flywheel frame. In the exemplary embodiment, the latch-release mechanism
      has a spring which, when released, positively effects the horizontal
      rotation of the vehicle body relative to the flywheel frame, thus giving
      the impression of a skidding or sliding vehicle.
PAR  Other objects, features and advantages of the invention will be apparent
      from the following detailed description taken in connection with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a toy vehicle and figure accessory,
      embodying the concepts of the present invention;
PAR  FIG. 2 is another perspective view similar to that of FIG. 1, showing the
      toy vehicle body in a rotated position, with the figure knocked off of the
      vehicle by an overhead crossbar accessory;
PAR  FIG. 3 is a fragmented vertical section, on an enlarged scale, taken
      generally along the line 3--3 of FIG. 1;
PAR  FIG. 4 is a fragmented horizontal section taken generally along the line
      4--4 of FIG. 3;
PAR  FIG. 5 is a fragmented vertical section taken generally along the line 5--5
      of FIG. 3; and
PAR  FIG. 6 is an exploded perspective view of the flywheel support frame
      employed in the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, the invention comprises a self-propelled toy
      vehicle, generally designated 10, which is capable of moving across a
      floor or other suitable supporting surface. The vehicle 10 includes an
      automobile-shaped body 12 having a roof portion 14 and four non-rotatable
      simulated wheels 16, which may be molded integrally with the body portion
      12. The power source for the toy vehicle is a gyroscopic rotor or flywheel
      20, as seen more clearly in FIGS. 3, 5 and 6. The flywheel 20 is pivotally
      mounted on the body 12 by a wheel support means, generally designated 22
      (FIG. 6), so that the vehicle 10 may perform misdirection maneuvers such
      as shown in FIG. 2.
PAR  A figure 24 is mountable on top of the toy vehicle 10, with upwardly
      extending arms 26 and hook-shaped hands 28. The hands 28 (referring to
      FIG. 2) are at a height to engage a crossbar accessory, generally
      designated 30, which pulls the figure 24 from the vehicle and thereby
      causes the vehicle to appear to skid out of control, as shown in FIG. 2
      and as will be described in detail hereinafter.
PAR  The wheel support means 22 (FIG.6) includes a frame 34 having upper and
      lower disc portions 36 and 38, respectively, connected by a plurality of
      vertical ribs or posts 40. The lower disc 38 includes two journal bearings
      42 which support opposite end portions of an axle 44 (FIG. 5) of the wheel
      20 which engages the supporting surface through an elongated aperture 46
      in the lower disc 38. The axle 44 includes a pinion gear 48 adjacent to,
      and on either side of, the wheel 20. The axle, wheel and pinion gears are
      secured for conjoint rotation.
PAR  A manually manipulatable flexible gear rack 50 (FIG. 1) is used in
      conjunction with either of the pinions 48 to rapidly rotate the flywheel
      20. More particularly, the rack includes a T-shaped handle 52 for use in
      manually withdrawing the rack 50 past one of the pinion gears 48. The rack
      50 is fed into the body 12 through one of a pair of apertures 54 in the
      roof portion 14. The apertures 54 are in alignment with another pair of
      apertures 56 (FIGS. 4 and 6) in the upper disc portion 36 of the frame 34.
      The apertures 56 are aligned with a pair of rack guide chutes 60, one on
      either side of the flywheel 20 (FIGS. 5 and 6), to maintain the rack 50 in
      engagement with one of the pinion gears 48. Thus, when the rack is
      rapidly, manually withdrawn from the toy vehicle 10 in the direction of
      arrow A in FIG. 1, the flywheel 20 will be rapidly rotated and will
      acquire a sufficient amount of kinetic energy to drive the toy vehicle 10.
      The flywheel is relatively heavy and also provides a gyroscopic effect to
      direct the vehicle in a forward direction as indicated by arrow B in FIG.
      1.
PAR  The frame 34 is pivotally mounted within the vehicle body 12 so that the
      body may rotate relative to the direction of travel of the flywheel 20
      (arrow B, FIG. 1), simulating a car which is skidding or spinning out of
      control as seen in FIG. 2. More particularly, the frame 34 is pivotally
      mounted within a pair of front and rear annular flanges 64 depending from
      the roof 14 and a full 360.degree. annular flange 66 upstanding from the
      bottom or base of the body 12. A pin 68 in the center of the upper disc
      portion 36 of the frame extends into a journal 70 depending from the roof
      portion 14 of the body 12. The flywheel 20 and its support frame 22 is
      free to rotate about a vertical axis defined by the pin 68 with respect to
      the body 12 of the vehicle. The frame is maintained vertically by the
      protrusion of the upper disc 36 protruding through side slots 72 in the
      body.
PAR  A preset latch-release means in the form of a locking device, generally
      designated 80, and a biasing means, generally designated 82 (FIGS. 3 and
      6), are provided in operative association between the vehicle body 12 and
      support frame 22 to cause the vehicle body to rotate relative to the
      flywheel 20 and support frame. More particularly, the figure 24 is
      engageable with a U-shaped crossbar 30 which is maintained in a vertical
      orientation by a pair of feet or suction cups 33. The hook-shaped hands 28
      of the figure are engageable with a bar portion 30a of the accessory 30.
      As the vehicle passes thereunder, the figure is lifted from the roof 14 of
      the vehicle, whereupon the vehicle 10 appears to skid out of control (FIG.
      2) as described below.
PAR  The figure 24 includes an aperture 86 in the bottom thereof which receives
      a two-part pin formed in the roof 14 of the toy vehicle body 12. A forward
      half of the pin 88 is formed on a stationary portion of the roof 14. A
      second or rearward half of the pin 90 is formed on a movable flap portion
      92 which is pivotally mounted by a pin 94 to the roof 14. As the figure 24
      engages the crossbar 30, frictional engagement of the aperture 86 with the
      rearward half 90 of the pin causes the flap 92 to pivot upwardly (FIG. 2).
      Of course, a spring loaded hinge (not shown) for the flap also is
      contemplated to effect upward pivoting movement of the flap. The flap 92
      has a downwardly extending pin 97 (FIGS. 3 and 5) which protrudes into a
      rectangular opening 96 in the upper disc 36 of the frame 34. This
      engagement maintains the longitudinal axis of the toy vehicle body 12 in
      alignment with the flywheel in its forward direction of movement (as seen
      in FIG. 1), when the preset mechanism 80 is in its locked position (FIGS.
      3, 4 and 5) held by figure 24 as described above.
PAR  A coil spring 98 is secured by one pin 100 to the frame 34 and by a second
      pin 102 to the roof 14 of the vehicle 10. The frame 34 is moved to the
      preset locked position by manual rotation of the outwardly portruding
      portion of the disc 36 which extends through slots 72 as shown in FIGS. 1,
      3 and 4, as tension is thereby applied to the spring 98. The spring 98
      when in its cocked position as shown in FIGS. 3 and 4, urges the vehicle
      body 12 in a counterclockwise direction as indicated by the arrow C in
      FIG. 4. A stop means is provided to limit the relative rotation of the
      frame 34 and the body 12 to approximately 90.degree. under the influence
      of the spring 98. The stop means includes an upstanding tab 106 (FIG. 4)
      on the upper surface of the disc 36 and a depending tab 108 (FIG. 3) on
      the underside of the roof portion 14. When in its cocked position, as seen
      in FIGS. 3 and 4, the tabs 106 and 108 are separated by an arc of
      approximately 90.degree. . However, when released, as described below, the
      spring urges the vehicle body to rotate relative to the frame 34 until the
      tabs 106 and 108 come into contact after which further relative rotation
      is not possible.
PAR  Referring to FIG. 2, it now will be apparent that as the vehicle and figure
      in the latched or locked condition as shown in FIG. 1, travels beneath the
      crossbar 30, the hooked hand portions 28 of the figure will engage and be
      held by the bar portion 30a and pulled off of the vehicle whereupon the
      flap 92 will be pivoted upwardly to pull the pin 97 of the flap out of the
      aperture 96 in the upper disc 36 of the flywheel support means 22. When
      this occurs, the latch-release mechanism is released and the energy stored
      in spring 98 causes the vehicle 12 to rotate in a counterclockwise
      direction as indicated by the arrow D (FIG. 2), after the vehicle passes
      through the crossbar 30, as the entire vehicle 10 continues to move under
      the gyroscopic and driving force of the flywheel in a continued direction
      as indicated by the arrow E (FIG. 2), thus giving the effect that the
      vehicle is skidding or spinning out of control when the figure is removed
      from the vehicle. In practice it has been found that, depending upon the
      relative weights of the flywheel and the body, the flywheel may rotate
      slightly so that the vehicle will continue to move on a course slightly
      different from the direction of arrow E.
PAR  Of course, it is contemplated that the figure and release-latch means of
      the present invention could be utilized to effect other changes in the
      operating characteristics of a toy vehicle in response to the figure being
      knocked off of the vehicle during travel.
PAR  The foregoing detailed description has been given for clearness of
      understanding only and no unnecessary limitations should be understood
      therefrom as some modifications will be obvious to those skilled in the
      art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A toy vehicle comprising:
PA1  a body;
PA1  pivotal wheel support means mounted on the body for rotation relative
      thereto about a generally vertical axis;
PA1  a supporting wheel mounted on the wheel support means for rotation about a
      generally horizontal axis in position for peripheral engagement with a
      supporting surface to move the vehicle thereover, said supporting wheel
      comprising a flywheel being capable of rotation at a speed sufficient to
      provide a gyroscopic action with respect to the entire vehicle; and
PA1  means for effecting rapid rotation of said wheel, whereby said wheel serves
      as a gyroscopic rotor to guide the vehicle along a straight line
      irrespective of the angular orientation of the body about said vertical
      axis relative to the flywheel.
NUM  2.
PAR  2. The toy vehicle of claim 1 wherein said flywheel is of sufficiently
      heavy weight relative to the vehicle body so that the kinetic energy of
      the flywheel provides a balancing drive means for the vehicle.
NUM  3.
PAR  3. The toy vehicle of claim 1 wherein said means for effecting rotation of
      the wheel includes a manually movable gear rack and said flywheel has a
      shaft journalled in said wheel support means, the shaft including a pinion
      gear engageable by the gear rack whereby pulling of said gear rack
      provides rapid rotation of said wheel.
NUM  4.
PAR  4. The toy vehicle of claim 1 wherein the wheel support means includes a
      frame rotatably mounted on said body for relative rotation therebetween
      about said vertical axis, said frame including journal bearing means, and
      said wheel being secured to a shaft journalled in said journal bearing
      means.
NUM  5.
PAR  5. A toy vehicle comprising:
PA1  a body;
PA1  wheel support means mounted on the body for rotation relative thereto about
      a generally vertical axis;
PA1  a supporting wheel mounted on the wheel support means for rotation about a
      generally horizontal axis in position for peripheral engagement with a
      supporting surface to move the vehicle thereover, said supporting wheel
      comprising a flywheel being capable of rotation at a speed sufficient to
      provide a gyroscopic action with respect to the entire vehicle;
PA1  means for effecting rapid rotation of said wheel whereby said wheel serves
      as a gyroscopic rotor to guide the vehicle along a straight line
      irrespective of the angular orientation of the body about said vertical
      axis relative to the flywheel; and
PA1  selectively actuatable biasing means between the body and the wheel support
      means to positively rotate said body relative to said wheel and wheel
      support means about said vertical axis as the vehicle moves across the
      supporting surface.
NUM  6.
PAR  6. The toy vehicle of claim 5 including means for releasably locking the
      wheel support means in a cocked position with the flywheel in alignment
      with the longitudinal axis of the body whereby on release of the locking
      means said biasing means is effective to cause relative rotation between
      the wheel support means and the vehicle body.
NUM  7.
PAR  7. The toy vehicle of claim 6 including a figure toy positionable on said
      vehicle operatively associated with the releasable locking means so as to
      hold the same in locked condition and to release the same on removing the
      figure toy from the vehicle.
NUM  8.
PAR  8. The toy vehicle of claim 5 including stop means between the wheel
      support means and the vehicle body to limit relative vehicle body rotation
      therebetween.
NUM  9.
PAR  9. The toy vehicle of claim 8 wherein said stop means limits said relative
      rotation to approximately 90.degree..
NUM  10.
PAR  10. A gyroscopic toy vehicle, comprising:
PA1  a vehicle body;
PA1  a gyroscopic rotor fixed to an axial shaft journalled at its opposite ends
      on a gimballed rotor support means, said rotor support means being
      rotatably mounted on said vehicle body on an axis at an angle to said
      rotor axial shaft, and;
PA1  means for effecting rapid rotation of said gyroscopic rotor.
NUM  11.
PAR  11. A gyroscopic, flywheel-type toy vehicle, comprising:
PA1  a vehicle body;
PA1  a ground engageable flywheel rotatably mounted on said vehicle body for
      peripheral engagement with a supporting surface to propel the vehicle
      thereover;
PA1  means for effecting rapid rotation of said flywheel, whereby said flywheel
      serves as a gyroscopic rotor to guide the vehicle along a generally
      unidirectional path as well as propel the vehicle over the surface;
PA1  actuatable means for changing the directional operating characteristics of
      the vehicle; and
PA1  a figure toy positionable on said vehicle operatively associated with said
      actuatable means to actuate the same upon removal of the figure toy from
      the vehicle.
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ABST
PAL  A plurality of posts are mounted upright from a supporting surface and
      arranged in longitudinally and transversely aligned rows to form a series
      of adjacent rectangles. A plurality of parallel and substantially
      uniformly spaced wires extend longitudinally of said posts and are
      connected to the upper ends of the longitudinally aligned posts, the
      opposite ends of said longitudinal wires being anchored at said supporting
      surface. A plurality of parallel and uniformly spaced transverse wires are
      connected between each pair of adjacent longitudinal wires at uniform
      intervals therealong, which intervals are only a fraction of the distance
      between the adjacent longitudinal wires, said transverse wires being
      substantially coplanar. A plurality of elongated, spaced and parallel
      elements are connected by flexible means so that said elements can be
      stored in a roll which can be mounted upon and then unrolled along a pair
      of said transverse wires between a pair of longitudinal wires. By this
      means, the amount of light reaching said surface surrounded by rectangles
      can be controlled.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to a plant shelter and, more
      particularly, to a type thereof which can be readily and quickly adjusted
      to change the amount of sunlight or other light reaching the surface
      covered by the shelter, which utilizes materials that are inexpensive and
      readily available.
PAR  Persons acquainted with the problems of raising crops or plants which are
      sensitive to excessive sunlight, at least during portions of their growth
      and especially in regions where the radiation from the sun can become
      intense, have long recognized the need for a shelter which can adjustably
      restrict the amount of sunlight reaching said crops or plants. Many
      shelters have been developed and used for this purpose, but they have
      presented serious problems to their users. For example, many of the
      existing shelters have been fabricated from expensive materials and,
      therefore, have been wholly unsuited to use where large areas, such as 10
      or more acres of ground, are involved. Moreover, said existing shelters
      have been difficult to assemble and/or adjust and often created serious
      obstructions to the movement of machinery and personnel through the area
      covered by such existing shelters. More specifically, where the shelter
      covers large plants, such as trees, or large crops, such as hybrid feed
      corn, it has been difficult at best to harvest, spray or perform other
      operations upon the plants or crops in the shelter. This has been largely
      due to obstruction by the existing shelter tops which have been difficult
      to move.
PAR  In addition to the foregoing, existing plant shelters have been such that
      it has been necessary, either because of the type of structure involved or
      because of the manpower required, to leave most of the shelter exposed to
      the weather during the substantial period between planting seasons.
PAR  Accordingly, a primary object of this invention is the provision of a plant
      shelter which utilizes relatively inexpensive and readily replaceable
      cover means which can be easily and inexpensively adjusted to control
      closely the amount of sunlight which reaches the plants under the shelter.
PAR  A further object of this invention is the provision of a plant shelter, as
      aforesaid, which is extremely sturdy in construction, and which includes
      cover support means that occupies a minimum amount of space on the ground
      and, therefore, which produces a minimum of obstruction to the movement of
      machinery and manpower through the area covered by the shelter.
PAR  A further object of this invention is the provision of a plant shelter, as
      aforesaid, having cover means which can be easily stored during the
      nonplanting season, thereby extending the useful life of said cover means
      by protecting it from unnecessary exposure to the elements.
DRWD
PAR  Other objects and purposes of this invention will become apparent to
      persons familiar with this type of apparatus upon reading the following
      descriptive material and examining the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of a plant shelter embodying my invention.
PAR  FIG. 2 is a top plan view of a fragment of said shelter near one corner
      thereof.
PAR  FIG. 3 is an enlarged fragment of FIG. 2.
PAR  FIG. 4 is a sectional view taken along the line IV--IV in FIG. 1.
PAR  FIG. 5 is a sectional view taken along the line V--V in FIG. 1.
PAR  FIG. 6 is a sectional view taken along the line VI--VI in FIG. 4.
PAR  FIG. 7 is a sectional view taken along the line VII--VII in FIG. 5.
DETD
PAR  For convenience in description, the terms "upper", "lower", and words of
      similar import will have reference to the structure embodying the
      invention as appearing in FIGS. 4 and 5. The words "inner", "outer" and
      derivatives thereof will have reference to the geometric center of said
      shelter or components thereof.
PAC  SUMMARY OF THE INVENTION
PAR  The objects and the purposes of the invention, including those set forth
      above, have been met by providing a shelter composed of a plurality of
      upright posts anchored in a supporting surface, such as the ground, and
      arranged in aligned longitudinal and transverse rows. Preferably, the
      upright posts define a plurality of adjacent rectangles which are
      longitudinally and transversely aligned. The posts are connected at their
      upper ends to plural, parallel and spaced longitudinal wires, the opposite
      ends of which are connected to guy wires that are anchored in the ground.
      A plurality of spaced parallel transverse wires extend between and are
      secured to adjacent pairs of longitudinal wires. Plural elongated and
      substantially rigid elements are placed closely together and are held in
      spaced, parallel relationship by flexible means to form a long, flat cover
      member that can be rolled upon itself around an axis parallel with its
      elements for storage purposes. Each cover member is capable of spanning a
      pair of adjacent transverse wires with its elements resting upon said
      transverse wires whereby the cover member can be unrolled upon and along a
      pair of said transverse wires.
PAC  DETAILED DESCRIPTION
PAR  The shelter 10, a preferred embodiment of which is disclosed in FIG. 1, is
      comprised of a plurality of upright posts 11 (FIGS. 2 and 3), the lower
      ends of which are anchored in cement footings 12 which are disposed almost
      entirely below the surface 13 of the ground, an adjacent area of which is
      covered by the shelter 10. Referring to FIG. 2, which is an enlargement of
      the lowermost corner of FIG. 1, it will be seen that the posts 11 are
      connected near their upper ends to longitudinal wires or cables 16 which,
      under some circumstances, may be in excess of an inch in diameter. The
      cables 16 are parallel, preferably uniformly spaced and are anchored at
      opposite ends. For example, the longitudinal cable 16 (FIG. 2) is
      connected to a post 11 which is at one end of a line of posts. The post 11
      is connected to the cable 18, which is anchored to the footing 17.
PAR  More specifically, and as shown in FIGS. 4 and 6, the longitudinal cable 16
      is preferably provided with a loop 19 which is connected to a turnbuckle
      22 which, in turn, is connected to the eye of an eyebolt 23 extending
      through the post 11. The eyebolt 23 extends through a sleeve 28 which is
      secured, as by welding, within the post 11. A clevis 24 is connected to
      the post 11 by a clevis pin 26 which extends through a sleeve 27 secured,
      as by welding, to the post 11 diametrically between the inner walls
      thereof. The clevis 24 is in turn connected to a loop on one end of the
      cable 18, the other end having a loop connected to the turnbuckle 29
      which, in turn, is connected to a U-shaped anchor bracket 32, the lower
      portion of which is embedded in the footing 17.
PAR  FIG. 7 illustrates the connection between a post 11 and a longitudinal
      cable 16, where the post is intermediate the ends of the longitudinal
      cable 16 engaged thereby. Specifically, the post 11 has an upwardly
      opening slot 33 in the upper end thereof into which the cable 16 is
      slidably received. A pair of cable clamps 34 encircle the cable 16 on
      opposite sides of the post 11 and adjacent thereto for the purpose of
      preventing lengthwise movement of the cable 16 relative to the
      intermediate post 11.
PAR  The tautness of the cable 16 (FIG. 4), for example, can be adjusted by the
      nut 25 on the eyebolt 23 and by the turnbuckles 22 and 29. However, the
      turnbuckle 29 is usually used merely to maintain the post 11 in a vertical
      position.
PAR  The end posts, 11, in any given longitudinal or transverse line of posts,
      may be provided with small hooks or projections 47 (FIG. 4) for engaging
      the snow fencing wires 39 and thereby supporting lengths of snow fencing
      in a substantially vertical position upon said end posts. The posts may be
      of sufficient height that several horizontally extending rows of the snow
      fencing can be supported thereon. This vertically positioned fencing not
      only acts as a sun barrier, but can also act as a wind barrier, especially
      where relatively small and tender plants are being raised under the
      shelter.
PAR  A plurality of transverse wires 36 (FIG. 2) extend between, and are
      anchored (as by conventional cable clamps) at the opposite ends upon, a
      pair of adjacent longitudinal wires 16. In one particular embodiment, the
      spacing between the longitudinal wires 16 was 50 feet and the spacing
      between the transverse wires 36 was 2 feet. This spacing of the wires 36
      permits the use of substantially conventional snow fencing 37 having slats
      or elongated elements 38 which are approximately 4 feet long. The slats 38
      are interconnected by wires 39 which are interwoven with the slats so as
      to leave a small space between each pair of adjacent and parallel slats.
      As shown in FIG. 3, the slats extend transversely of the transverse wires
      36 and the snow fencing may be arranged so that it almost completely
      covers the ground below the shelter top, with only a small amount of light
      passing between the slats as shown at T' in FIG. 2. On the other hand, the
      slats can cover two transverse wires, skip one transverse wire and then
      cover the fourth and fifth wires, as shown in FIG. 3. The placement of the
      fencing 37 will depend upon how much light should be permitted to reach
      the ground within the boundries of the shelter.
PAR  Because of the tension which must be applied to the transverse wires 36 in
      order to support the snow fencing, the posts 11 at the opposite ends of
      each transverse row thereof must be anchored by means of cables 42 in the
      footings 43. Specifically, as shown in FIG. 5, the clevis 44 is pivotally
      secured to the end post 11 and also to the upper end of a cable 42. The
      lower end of cable 42 is connected to the footing 43 in much the same
      manner as described above with respect to the connection of the lower end
      of the cable 18 to the footing 17.
PAR  I-shaped strips 35 are preferably disposed in the slots 33 beneath the
      cables 16 and between the cable clamps 34 to protect the cables 16.
PAC  OPERATION
PAR  Although the operation of the shelter will be apparent to persons familiar
      with this type of equipment upon reading the foregoing description, such
      operation will be briefly summarized hereinafter for convenience.
PAR  After the shelter 10 has been installed as it appears in FIG. 1, or in some
      fragment or enlargement thereof, the planting within the zone defined can
      be commenced with little or no interference from the posts 11 which
      support the shelter top. In some instances, the shelter may be installed
      after the planting has occurred but with the same results of little or no
      interference from the posts with the plantings, if only because the
      adjacent posts are 50 feet from each other at the closest distance in this
      particular embodiment.
PAR  Some adjustment of the tension in the longitudinal cables 16, in
      particular, may be required in order to minimize the amount of drape
      therein between posts. This, of course, is accomplished by means of the
      turnbuckles 22 (FIG. 4) and the eyebolts 23 (FIG. 6). Similar adjustments
      may be required transversely of the longitudinal wires in a similar
      manner.
PAR  The amount of sunlight which should be permitted to reach the ground within
      the zone of the shelter is now determined. By appropriately placing the
      snow fencing 37 upon the transverse wires 36, an almost infinite variation
      in the amount of light or sun's radiation reaching the ground can be
      effected. Moreover, it may be desirable to cover only a portion of the
      zone within the shelter periphery and, of course, this can be accomplished
      by selecting the transverse wires which should carry the snow fencing, and
      then leaving uncovered wires therebetween.
PAR  When it becomes desirable to terminate the use of the shelter for the
      planting season, this can be accomplished by merely rolling the snow
      fencing upon itself and then storing same in stacks of rolls alongside of
      the shelter. In fact, that same snow fencing may serve the dual purpose of
      an actual snow fence during the winter months while it serves as part of
      the shelter 10 in the summer months.
PAR  It follows from the foregoing that the fencing 37 can serve as an
      obstruction not only to light, but also to wind, inclement weather and
      even animals or large birds.
PAR  Although a particular preferred embodiment of the invention has been
      disclosed in detail for illustrative purposes, it will be recognized that
      variations or modifications of the disclosed apparatus, including the
      rearrangement of parts, lie within the scope of the present invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A shelter for controlling the amount of light reaching a relatively
      large surface in which or upon which living plants or the like are to be
      raised, the combination comprising:
PA1  a plurality of stationary posts projecting upwardly from said surface and
      arranged in longitudinal and transverse rows along said surface;
PA1  a plurality of parallel, longitudinal cables connected to the upper ends of
      said posts in said longitudinal rows, each said longitudinal cable being
      connected to the posts of one of said longitudinal rows;
PA1  each post located intermediate the ends of said longitudinal rows having an
      upwardly opening slot formed in the upper end thereof, said slot extending
      across said post in the longitudinal direction of said longitudinal cable
      for accommodating an intermediate portion of said longitudinal cable
      therein;
PA1  a pair of clamp means fixed to the intermediate portion of said
      longitudinal cable and positioned directly adjacent the opposite sides of
      each slotted post, said clamp means being larger than the width of the
      slot for engaging the post to prevent longitudinal movement of said
      longitudinal cable relative to said intermediate post;
PA1  anchor cable means extending between the endmost posts of said longitudinal
      rows and said surface;
PA1  a plurality of parallel, transverse wires extending between and connected
      to pairs of said longitudinal cables, said transverse wires being
      uniformly spaced longitudinally of said longitudinal cables with the
      spacing between adjacent transverse wires being substantially less than
      the spacing between adjacent posts located in said longitudinal rows so
      that several of said transverse wires are positioned between said adjacent
      posts; and
PA1  cover means supported on said transverse wires and removable for permitting
      a selectively controlled amount of light to pass therethrough, said cover
      means including a plurality of elongated slatlike elements of
      substantially uniform length, said elements being removably supported on
      said transverse wires and positioned so that they extend perpendicularly
      between a pair of adjacent transverse wires;
PA1  said cover means also including wirelike flexible means interconnecting
      said slatlike elements at uniform spaced intervals and in parallel
      arrangement for permitting said slatlike elements and flexible means to be
      formed into a roll for storage purposes, said flexible means resulting in
      elongated narrow openings between adjacent slatlike elements whereby a
      controlled amount of light can pass through said narrow openings, said
      slatlike elements having a length greater than the spacing between an
      adjacent pair of transverse wires so that a roll of said slatlike elements
      and flexible means can be unrolled upon and along a pair of adjacent
      transverse wires to provide a plant cover;
PA1  said cover means including a plurality of said rolls of slatlike elements
      and flexible means, said rolls being individually positionable on and
      freely removable from said transverse wires, whereby the number of rolls
      positioned on said transverse wires and the spacing between said rolls
      permits selective control over the amount of light permitted to reach the
      surface located below the shelter.
NUM  2.
PAR  2. A shelter for controlling the amount of light reaching a relatively
      large surface in which or upon which living plants or the like are to be
      raised, the combination comprising:
PA1  a plurality of stationary posts projecting upwardly from said surface and
      arranged in longitudinal and transverse rows along said surface, the
      adjacent posts being longitudinally spaced approximately 100 feet apart;
PA1  a plurality of parallel, longitudinal cables connected to the upper ends of
      said posts in said longitudinal rows, each said longitudinal cable being
      connected to the posts of one of said longitudinal rows, the adjacent
      longitudinal cables being spaced approximately 50 feet apart;
PA1  anchor cable means extending between the endmost posts of said longitudinal
      rows and said surface;
PA1  a plurality of parallel, transverse wires extending between and connected
      to pairs of said longitudinal cables, said transverse wires being
      uniformly spaced longitudinally of said longitudinal cables with the
      spacing between adjacent transverse wires being substantially less than
      the spacing between adjacent posts located in said longitudinal rows so
      that several of said transverse wires are positioned between said adjacent
      posts, the adjacent transverse wires being spaced approximately two feet
      apart;
PA1  cover means supported on said transverse wires and removable for permitting
      a selectively controlled amount of light to pass therethrough, said cover
      means including a plurality of elongated slatlike elements of
      substantially uniform length, said elements being removably supported on
      said transverse wires and positioned so that they extend perpendicularly
      between a pair of adjacent transverse wires;
PA1  said cover means also including wirelike flexible means interconnecting
      said slatlike elements at uniform spaced intervals and in parallel
      arrangement for permitting said slatlike elements and flexible means to be
      formed into a roll for storage purposes, said flexible means resulting in
      elongated narrow openings between adjacent slatlike elements whereby a
      controlled amount of light can pass through said narrow openings, said
      slatlike elements having a length greater than the spacing between an
      adjacent pair of transverse wires so that a roll of said slatlike elements
      and flexible means can be unrolled upon and along a pair of adjacent
      transverse wires to provide a plant cover;
PA1  said cover means including a plurality of said rolls of slatlike elements
      and flexible means, said rolls being individually positionable on and
      freely removable from said transverse wires, whereby the number of rolls
      positioned on said transverse wires and the spacing between said rolls
      permits selective control over the amount of light permitted to reach the
      surface located below the shelter; and
PA1  projection means on the upright posts located at the ends of the transverse
      and longitudinal rows for engaging and supporting at least one of the
      rolls of said cover means so that the unrolled roll extends horizontally
      across the end posts with the individual slatlike elements extending in a
      substantially vertical direction, said projection means engaging the
      wirelike flexible means of the roll when it is in an unrolled condition so
      that said unrolled roll extends horizontally along and is supported on a
      plurality of said end posts.
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ABST
PAL  An adjustable shutter assembly is provided in which a pair of opposed
      vertical frame supports carry a plurality of spaced laterally extending
      louvers journaled at their ends and pivotally mounted in said supports
      with an actuator rod shiftably coupling the louvers. Vertical adjustment
      is enabled using legs which are broken off to desired length, and a boot
      which grips the lower end of the assembly. A shutter assembly hanging
      strip having an adjustable shoe at its lower end is also provided so that
      the assembly can be hung as desired at the sides of a window, the shoe
      matching the length of the hanging strip to the length of the assembly.
      The hanging strip includes hinge mounting means at the side of the strip
      to accommodate lateral adjustment of the shutter assembly.
PARN
PAR  The present application is a continuation-in-part of our prior application
      Ser. No. 471,231, filed May 20, 1974, entitled Adjustable Shutter Assembly
      (File No. 8524), now abandoned.
BSUM
PAR  This invention relates to an adjustable shutter assembly which may be
      constructed from, for example, molded plastic components, and which
      includes a pair of opposed vertical frame supports, attached by horizontal
      members at the top and bottom, and carrying a plurality of spaced
      laterally extending louvers which are journaled at their ends and
      pivotally mounted in said supports with an actuator rod for shiftably
      coupling the louvers. More particularly, this invention relates to an
      improvement in such a shutter assembly whereby the do-it-yourselfer can
      install such an assembly with a minimum of wasted time and with a
      professional result. At the present time, the installation of prior art
      shutters is both difficult and time-consuming, especially when so-called
      standard windows are not involved. Thus, the present invention provides an
      improved shutter assembly that is adjustable as to its length, and which
      can be hung as desired at the sides of a window using a minimum of tools
      and skill. As a result, the improved shutter assembly is capable of being
      installed so as to fit a great variety of window lengths and widths, and
      because of its versatility, is also utilizable on any vertical surface as
      a room divider, swinging door, and the like.
PAR  In accordance with this invention, an adjustable shutter assembly is
      provided in which a pair of opposed vertical frame members are secured by
      top and bottom members, and a plurality of spaced laterally extending
      louvers are journaled at their ends and pivotally mounted in the frame
      members with an actuator rod for shiftably coupling said louvers. Vertical
      adjustment means are constituted by legs which extend downwardly from the
      frame members, the legs being easily severable to adjust the length
      thereof. A boot having a generally hollow U-shaped body including internal
      recesses for receiving and holding the legs is used to cover the lower end
      of the assembly, this boot including gripper means at the upper end
      thereof which engage with and grasp means on a lower portion of the
      shutter assembly when the boot is in place covering the legs. The shutter
      assembly further includes a hanging strip for attaching the shutter
      assembly to a vertical surface, normally the sides of a window, the
      hanging strip being adjustable as to length to match the length of said
      shutter assembly. This is done using a shoe which interfits with the lower
      end of the hanging strip.
DRWD
PAR  The invention will be more fully described by reference to the attached
      drawings which show a preferred construction in accordance with the
      invention, and in which:
PAR  FIG. 1 is a perspective view of the shutter assembly showing the back, side
      and top edges without the length adjustment boot in place;
PAR  FIG. 2 is a front elevation view showing the front of the shutter assembly
      together with its associated hanging strip, and showing the length
      adjustment boot and the shoe associated with the hanging strip, both in
      place;
PAR  FIG. 3 is an enlarged detail cross-section taken substantially along the
      line 3--3 of FIG. 2;
PAR  FIG. 4 is an enlarged detail vertical section taken substantially along the
      line 4--4 of FIG. 2;
PAR  FIG. 5 is a perspective view of the length adjustment boot;
PAR  FIG. 6 is an end view of the length adjustment boot taken substantially
      along the line 6--6 of FIG. 5;
PAR  FIG. 7 is a partial cross-section of the length adjustment boot taken
      substantially along the line 7--7 of FIG. 5;
PAR  FIG. 8 is a fragmentary elevation view of a bottom portion of the shutter
      assembly showing the length adjustment boot partially broken away and
      interengaged with the lower end of the shutter assembly to show the
      vertical adjustment means of this invention;
PAR  FIG. 9 is an enlarged detail sectional view of the length adjustment boot
      with the legs received therein, this view being taken substantially along
      the line 9--9 of FIG. 8;
PAR  FIG. 10 is a perspective view of the hanging strip showing attaching means,
      in part, for hanging the shutter assembly on the strip and showing the
      shoe used for vertical adjustment exploded below;
PAR  FIG. 11 is a horizontal sectional detail view taken substantially along the
      line 11--11 of FIG. 10;
PAR  FIG. 12 is a horizontal sectional view taken substantially along the line
      12--12 of FIG. 2 showing the vertical adjustment shoe interfitted with the
      hanging strip;
PAR  FIG. 13 is a rear elevation detail view of the bottom of the hanging strip
      showing the same assembled with the shoe and taken generally along the
      line 13--13 of FIG. 12; and
PAR  FIG. 14 is similar to FIG. 3, but showing an alternative mounting system in
      which a slot in the side of the hanging strip permits lateral adjustment
      of the shutter assembly.
DETD
PAR  Referring to the drawings, and particularly FIGS. 1 and 2, the numeral 1
      generally denotes a shutter assembly comprising a pair of opposed vertical
      frame supports 2 and 3 attached to each other at the top and bottom by top
      member 14 and bottom member 15. These parts may be molded together, or
      joined in any convenient way by, for example, glue, heat sealing, and
      other ways customary in the trade. A plurality of spaced laterally
      extending louvers 4 are journaled at their ends and mounted in said
      supports 2 and 3 and an actuator rod 5 for shiftably coupling the louvers
      is provided.
PAR  Various types of reinforcing means may be provided throughout the frame
      supports and the frame supports may include various alignment means to
      properly line up frame supports 2 and 3 before they are attached.
      Pre-formed spaced mating holes 13 in the upper and lower ends of the frame
      support may be provided for attaching hinge means to shutter assembly 1
      and the spaced mating holes 13 may lead into a series of reinforcing
      supports (not shown) inside frame support 2 and 3 for positively holding
      the hinge screws.
PAR  Referring to FIG. 1, vertical adjustment means constituted by downwardly
      depending legs 6, 7, 8, and 9 which extend downwardly from the bottommost
      portion 10 of each of said frame supports 2 and 3 are shown. These legs
      are shown used in pairs to form a composite leg channel-shaped in
      cross-section and these legs are provided with a plurality of lateral
      grooves 11 which are spaced apart along the length of the legs adapting
      the legs to be adjusted in length by simply breaking the unneeded portion.
PAR  Referring to FIGS. 2, 5 and 7, a length adjustment boot 20 comprising a
      generally hollow U-shaped element having at least a pair of spaced
      internal recesses 21 and 22 for slidably receiving the legs 6, 7, 8 and 9,
      legs 7 and 8, together, being received in recess 21 and legs 6 and 9,
      together, being received in recess 22.
PAR  It is particularly preferred that the vertical adjustment means (the legs
      6, 7, 8 and 9) be an integrally formed portion or extension of each of
      said frame supports 2 and 3.
PAR  As is seen in FIGS. 5, 6, 7, 8 and 9, grippers 23 are disposed on an upper
      central portion of boot 20 for positively interengaging a lower portion of
      the shutter assembly 1. In a particularly preferred embodiment, the length
      adjustment boot 20 has grippers 23 formed thereon to frictionally engage
      one of several superposed ribs of a grooved portion 12 at the lower
      portion of the shutter assembly 1. Strip length adjustment boot 20 thus
      provides spaced internal recesses 21 and 22 disposed at the sides thereof
      for receiving and holding the legs 6, 7, 8 and 9, regardless of their
      length, and the grippers 23 are received in an appropriate groove between
      the ribs of the grooved portion 12, see particularly FIG. 4. The
      interfitting of the legs in the boot 20 is shown in FIGS. 8 and 9.
PAR  Referring now to FIGS. 2, 3 and 10, a shutter assembly hanging strip means
      30 is provided for attaching the shutter assembly 1 to a vertical surface
      29 whereby the shutter assembly can be oriented for a proper fit on
      hanging strip 30 in both a vertical and a horizontal direction, as will be
      set forth hereinafter. In a preferred embodiment, the shutter assembly
      hanging strip means 30 has first mounting means 31, such as screws, for
      mounting hanging strip 30 to the vertical surface 29. The strip 30 is
      provided with vertical adjustment means 40, shown in FIG. 13, comprising a
      series of longitudinally extending ribs and grooves disposed within a
      lower portion of strip 30 for adjusting the length of strip 30 before the
      shutter assembly is secured thereto. Shutter assembly hanging strip means
      30 includes a shoe 35 having a rib 41 which interfits in a selected groove
      in the adjustment means 40 to regulate the length of the composite strip
      30 including the shoe 35. Thus, shoe 35 is snapped into place to provide
      the desired length and the composite strip 30 is then rigidly attached to
      said vertical surface 29 by means of, for example, mounting screws 31. The
      shutter assembly hanging strip means 30 is also provided with means for
      supporting the shutter assembly 1 which may comprise a portion of a hinge
      33 attached to the hanging strip 30 by mounting screws 34 so that the
      balance of the hinge 50 can be physically attached to shutter assembly 1
      by means of screws 51 which are secured in mounting holes 13. This is
      shown with particular clarity in FIG. 3. The shutter assembly can thus be
      oriented for a proper fit on hanging strip 30 in both a vertical direction
      and, by means of slots described in connection with FIG. 14, in a
      horizontal direction as well.
PAR  Thus, it is readily apparent that an extremely versatile shutter assembly
      is provided. It is contemplated within the scope of this invention that
      each shutter assembly will be adjustable over a range of approximately 2
      inches so that a purchaser of such a shutter assembly at his local store
      could, by knowing the measurements of his window, pick a particular
      shutter which approximated the size of his window and be able to use it.
      For example, the 20 inch length shutter will fit a window varying in size
      from 18-20 inch in length, and the next larger size would fit a window
      somewhat longer than 20 inches in length. Thus a substantially perfect fit
      can be assured by simply picking a size shutter assembly which is only
      slightly larger than the window to be fitted. Further, the hanging strip
      30 packaged with the shutter assembly would vary in size by 3 inch
      increments. For example, the 20 inch shutter would be supplied with a
      hanging strip 30 of length 18 3/16 inches without the length adjusting
      shoe. The next size hanging strip would be 21 3/16 inch.
PAR  To illustrate the working of the present invention, a shutter having a
      width of 6 inches and an overall length, including the vertical adjustment
      means joined with the shutter assembly frame supports, of 20 inch length
      is selected for a window having a length to be covered of 19 inches. The
      strip length adjustment boot 20 is slid over the appropriately broken legs
      6 and 9 and 7 and 8 until the proper overall dimension of 19 inches is
      achieved. The strip length adjusting boot 20 has grippers 23 which
      frictionally engage one of the grooves 12 located on both sides of the
      shutter assembly. In the present situation, the grooves 12 located
      approximately 11/4 inch from the bottommost portion of the shutter
      assembly will be engaged by the grippers 23 of boot 20. If the excess
      length of the legs 6, 7, 8, and 9 had not been removed earlier, then they
      will stick out beneath the boot and they can now be broken off by hand or
      cut off with a hacksaw or like cutting instrument. The strip length
      adjustment boot, as illustrated in FIG. 2, thus provides a finished
      surface for the shutter assembly.
PAR  The shutter assembly set is provided with a shutter assembly hanging strip
      means 30 which is easily attached to the vertical portion of the window
      frame to be covered by means of mounting screws. The shutter assembly
      hanging strip shoe is utilized to provide slight additional vertical
      adjustment and to provide a finished surface. The shutter assembly is then
      properly mounted on the hanging strip. Thus, a professionally installed
      result is achieved with great simplicity.
PAR  Lateral adjustment of the shutter assembly is illustrated in FIG. 14 in
      which the hanging strip 30 is positioned to extend into the window
      opening, this being shown in FIG. 14 by having the hanging strip 30
      secured to the inside of the window frame 60 so as to extend partially
      across the window 61. The strip 30 is formed with hinge mounting slots 62
      to receive securing means such as screws 63 which anchor the hinge 64.
      Nuts and bolts may be used in place of the screws. As will be evident, the
      screw 63 can be shifted laterally along the length of slot 62 to laterally
      position the shutter assembly 1 as desired.
PAR  Various changes coming within the spirit of my invention may suggest
      themselves to those skilled in the art; hence, I do not wish to be limited
      to the specific embodiment shown and described or uses mentioned, but
      intend the same to be merely exemplary, the scope of my invention being
      limited only by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An adjustable shutter assembly comprising:
PA1  a. a pair of opposed vertical frame members and top and bottom members
      securing said vertical members;
PA1  b. a plurality of spaced laterally extending louvers journaled at their
      ends and pivotally mounted in said frame members;
PA1  c. an actuator rod shiftably coupling said louvers;
PA1  d. vertical adjustment means comprising legs extending downwardly from said
      frame members, said legs being easily severable to adjust the length
      thereof;
PA1  e. a boot having a generally hollow U-shaped body including internal
      recesses receiving and holding said legs, said boot including gripper
      means at the upper end thereof; and
PA1  f. means on a lower portion of said shutter assembly to be grasped by said
      gripper means when said boot is in place upon said legs.
NUM  2.
PAR  2. An adjustable shutter assembly as recited in claim 1 further including a
      hanging strip connected to said shutter for attaching said shutter
      assembly to a vertical surface, said hanging strip being adjustable as to
      length to match the length of said shutter assembly.
NUM  3.
PAR  3. An adjustable shutter assembly as recited in claim 1 in which said
      hanging strip includes hinge mounting means at the side of the strip.
NUM  4.
PAR  4. An adjustable shutter assembly as recited in claim 3 in which said
      mounting means is constituted by a lateral slot.
NUM  5.
PAR  5. An adjustable shutter assembly as recited in claim 1 in which said
      gripper means are centrally positioned and coact with grooves on the lower
      central portion of said shutter assembly.
NUM  6.
PAR  6. An adjustable shutter assembly as recited in claim 1 in which said legs
      are integrally formed with said frame members.
NUM  7.
PAR  7. An adjustable shutter assembly as recited in claim 1 in which said legs
      are formed with vertically spaced lateral grooves to facilitate breaking
      to desired length.
NUM  8.
PAR  8. An adjustable shutter assembly as recited in claim 2 in which said
      hanging strip is formed with vertically spaced laterally extending inner
      grooves at its lower end and a depending shoe with a flange at its upper
      end is fitted within said hanging strip, the flange interengaging with one
      of said grooves.
NUM  9.
PAR  9. An adjustable shutter assembly as recited in claim 1 in which the
      internal recesses in said boot are disposed at the outer ends of said
      U-shaped body and form bearing surfaces for holding said legs within said
      boot.
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ABST
PAL  A single-slide, mechanically and electrically programmed grinding machine
      comprising a rigid enclosed base, a fixed workhead assembly on the base, a
      pair of parallel slidebars mounted on the base, and a wheelslide assembly
      mounted on the base for longitudinal displacement thereover. Longitudinal
      wheelslide displacement is mechanically controlled by a motor-driven cam
      bearing against a spring-biased lever pivoted to the base and connected to
      the wheelslide via a rod. Lateral feed is independently electrically
      controlled by a motor-driven nut and screw shaft assembly which angularly
      displaces the wheelslide assembly relative to one of the slidebars and
      about the centerline of the other slidebar. An eccentric and
      variable-position spacer is provided for reciprocating the wheelslide
      during a grind operation. A thermally-stable base configuration is
      disclosed. Part load and unload apparatus, all mechanically programmed,
      are also disclosed.
BSUM
PAC  INTRODUCTION
PAR  This invention relates to metal working machinery such as internal grinding
      machines and particularly to a metal working machine which is
      characterized by high mechanical stiffness with resulting high accuracy,
      such stiffness being accomplished in part by the use of a single slide
      mechanism to produce both longitudinal and lateral displacement between a
      workpiece and the metal working tool or wheel.
PAC  BACKGROUND OF THE INVENTION
PAR  Industrial metal working machinery is widely employed to accomplish such
      precision operations as internal grinding wherein a smoothly finished
      surface worked to close tolerances is required. Such machinery typically
      comprises a workhead having a workholder or chuck and wheelhead carrying
      the metal working tool; e.g. a grinder wheel. In addition, the machinery
      typically comprises first and second slide assemblies which provide the
      necessary longitudinal and lateral displacement capabilities between the
      work holder and the wheel spindle. As is well known, the longitudinal
      displacement is taken along an axis aligned with the workholder and
      wheelhead axes whereas lateral displacement is taken along on axis
      perpendicular to the wheel spindle axis and permits the wheel to be fed
      radially into engagement with the workpiece. An example of a grinder
      machine having two slide assemblies is shown in U.S. Pat. No. 2,952,949
      issued Sept. 20, 1969 to Paul Maker.
PAR  One of the inherent difficulties or problems with a machine having two
      slides is the realization of high machine stiffness or rigidity under
      load. The lateral slide introduces position variations by virtue of its
      mechanical compliance. As is well known, compliance in bearings and other
      mechanical components which are involved in the implementation of the
      slide assembly can be minimized by the use of complex and precision parts,
      preloading and other approaches, but all such solutions add cost and
      complexity to the machine. Accordingly, a machine having two slide
      assemblies is typically less stiff than a single slide machine.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the invention a metal working machine is provided which
      is characterized by high performance stiffness while have both
      longitudinal and lateral feed capabilities. In general, this is
      accomplished by means of a combination of a base, and a single slide for
      mounting an assembly such as a wheelslide assembly on the base for
      longitudinal sliding displacement, and by providing additional independent
      means for rotating the slide assembly about an axis which is coincident
      with or parallel to the longitudinal slide axis but which is remote from
      the wheel-head axis thereby to cause or produce a lateral feed
      displacement of the wheelhead relative to the workpiece. The mechanism by
      which the rotational displacement of the slide assembly is effected may,
      for example, involve rotational bearings which, as is well known to those
      skilled in the art, may be made in such a fashion as to exhibit extremely
      high lateral stiffness.
PAR  In accordance with the invention and according to a preferred form thereof,
      a metal working machine is provided which includes a wheelslide assembly
      mounted for longitudinal sliding displacement on a base, a mechanical
      cam-lever programming system for programming longitudinal displacements of
      the wheelslide assembly relative to the base and a separate and
      independent program controlled means for effecting lateral feed in precise
      amounts and at selected times. In this fashion the advantages of positive
      drive and simple adjustment are provided for all longitudinal wheelslide
      movements as well as selected other operations such as part load and
      unload operations and dresser control while readily reprogrammable
      independent means are provided for controlling lateral feed. This is of
      extraordinary advantage in an internal grinder machine where lateral feed
      is varied to account for wheel wear and other factors and hence is subject
      to short duration variation while longitudinal displacement is typically
      fixed for a long production run related to a given part design and does
      not change at frequent intervals. In the preferred form, the lateral feed
      system comprises a digital programming system for pre-establishing a
      plurality of lateral feed end points which can be sequentially input to a
      digital stepper motor control. The control causes rotation of a motor
      which drives a travelling nut via a work gear drive assembly. The nut
      travels over a threaded shaft which bears against a fixed sleeve on one of
      two slide bars and is also connected to the wheelslide. Thus, travel of
      the nut caused displacement of the wheelslide about the other slidebar
      and, thus, produces lateral displacement of the wheel spindle.
PAR  In accordance with the invention a novel mechanism is provided for
      imparting an oscillatory reciprocation to a slide assembly such as a
      wheelslide mounted for longitudinal sliding displacement on a base, such
      mechanism having the capability of instantaneous actuation irrespective of
      the oscillator eccentric output of slide assembly position relative to the
      base and having the further advantage of variable control, i.e., a fixed
      oscillator such as an eccentric cam may be provided while at the same time
      varying degrees of axial travel may be programmed by a simple mechanical
      adjustment. In general, this is accomplished by means of an oscillator
      drive device such as an eccentric cam mounted for rotation on the base of
      a selectively actuated device for controllably and instantaneously
      inserting a spacer member between the oscillator and the slide assembly in
      various angular positions to accomplish various degrees of reciprocation
      transfer from the cam to the slide assembly.
PAR  In accordance with a further feature of the invention a novel system of
      speed control and longitudinal displacement reversal is provided such that
      long-stroke, slow-rate reciprocating maneuvers such as those associated
      with a new wheel dress operation may be provided under ideal circumstances
      of drive control while other operations such as program cam shaft rotation
      may be carried out under the control of a high acceleration motor. In
      general this is accomplished by the provisions of two motors of varying
      electrical characteristics and varying output characteristics and a system
      of clutches and belts for selectively actuating the program mechanism
      associated with longitudinal wheelslide movements from one or both motors
      depending upon the particular operation to be carried out. In a specific
      example hereinafter described in greater detail one of the motors is a
      D.C. motor while the other is an A.C. synchronous motor which is not
      susceptible to simple speed control. The two motors are constantly
      energized thereby to be constantly rotating. However, a system of clutches
      and belts is employed to selectively connect one or the other of the
      motors to a programming cam shaft which control wheelslide displacement in
      the axial or longitudinal direction. To perform a new wheel dress
      operation which involves a long stroke reciprocation of the wheelslide
      relative to a diamond dresser the motors are actuated in such a way as to
      turn in opposite directions and are then intermittently clutched into the
      control of the program cam shaft to reverse the shaft and reciprocate the
      wheelslide assembly for a predetermined dress step.
PAR  In accordance with a further feature of the invention an improved base
      design is provided to contribute to the enhance the stiffness and thermal
      stability of the machine. In general, this is accomplished by providing a
      base having a rigid enclosure and defining a platform on which various
      precision parts such as a workhead and wheelslide assembly may be mounted
      and further by providing a coolant collection pan which is mounted on the
      support pedestals in vertically spaced relationship to the base platform
      thereby to minimize thermal transfer from the coolant to the base itself.
PAR  Various other additional features and advantages of the invention will be
      best understood from a reading of the following specification.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an internal grinding machine embodying the
      various features of the invention;
PAR  FIG. 2 is a perspective view of a base slide bar and wheelslide assembly in
      a partially assembled state;
PAR  FIG. 3 is a schematic drawing of a wheelslide housing and a slidebar
      arrangement for the single slide machine of FIGS. 1 and 2;
PAR  FIG. 4 is a schematic plan view of the wheelslide assembly and slidebar;
PAR  FIG. 5 is a schematic side view of the wheelslide and slidebar arrangement;
PAR  FIG. 6 is a plan view of the base, slidebar and wheelslide assembly;
PAR  FIG. 7 is a sectional view of the first or front slidebar showing the
      relationship of the wheelslide housing thereto;
PAR  FIG. 8 is a sectional view showing the details of the rear slidebar and
      indicating the mechanical details of the wheelslide assembly in relation
      thereto;
PAR  FIG. 9 is a block diagram of the lateral feed motor control circuit;
PAR  FIG. 10 is an end view of the wheelslide displacement lever;
PAR  FIG. 11 is a detail of the wheelslide displacement lever showing the cam
      roller;
PAR  FIG. 12 is a side view of the wheelslide displacement lever and cam;
PAR  FIG. 13 is a side view in section of the spring bias apparatus
      interconnecting the wheelslide assembly and the grinder machine base;
PAR  FIG. 14 is a detail of the spring rod assembly;
PAR  FIG. 15 is an end view of the wheelslide assembly and slidebar showing the
      location and orientation of the lateral feed motor;
PAR  FIG. 16 is an end view in section of the mechanical interconnection between
      the lateral feed motor and the rear slidebar bearing;
PAR  FIG. 17 is a sectional view of a detail of the mechanical interconnection
      between the wheelslide housing and the rear slidebar bearing;
PAR  FIG. 18 is a plan view in section of the lateral feed motor and drive;
PAR  FIG. 19 is a front view of the lateral feed case;
PAR  FIG. 20 is a detail of the lateral feed assembly;
PAR  FIG. 21 is an end view of the drive machinery in the base indicating the
      interconnections between the motors, the programming cam shaft and the cam
      followers;
PAR  FIG. 22 is a rear view of representative part loader and dresser control
      levers;
PAR  FIG. 23 is a schematisized drawing of a dresser indicating the orientation
      thereof relative to the wheelhead;
PAR  FIG. 24 is an end view of the programming cam showing the relationship of
      various limit switches thereto;
PAR  FIG. 25 is a side view of the cam shaft and limit switch assembly;
PAR  FIG. 26 is a side view of the reciprocator oscillator device used to
      produce reciprocating oscillatory displacement of the wheelslide;
PAR  FIG. 27 is an enlarged side view of the reciprocator oscillator assembly;
PAR  FIG. 28 is a plan view of the reciprocator oscillator assembly;
PAR  FIG. 29 is a front view of the reciprocator oscillator drive mechanism;
PAR  FIG. 30 is a cross-sectional view of the reciprocator oscillator drive
      mechanism;
PAR  FIG. 31 is an end view of the machine base;
PAR  FIG. 32 is a perspective view of the machine base;
PAR  FIG. 33 is a front view of the machine base;
PAR  FIG. 34 is a plan view of the machine base;
PAR  FIG. 35 is a side view of a part loader;
PAR  FIG. 36 is a detail of the part loader;
PAR  FIG. 37 is a plan view of the part loader assembly;
PAR  FIG. 38 is a front view of a part unloader assembly;
PAR  FIG. 39 is an end view of a part unloader assembly;
PAR  FIG. 40 is a schematisized drawing of the workhead and wheelhead and
      dresser with the graphical indication of the longitudinal displacement
      program;
PAR  FIG. 41 is a plan view of the workhead and part loader apparatus and wheel
      dresser;
PAR  FIG. 42 is a side view in section of the workhead;
PAR  FIG. 43 is a schematic diagram of a motor and clutch arrangement for
      driving the mechanical programming cam;
PAR  FIG. 44 is a sectional view of the programming cam shaft; and
PAR  FIG. 45 is a block diagram of a sequencer and diagnostic display system
      used with the grinder of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENT
PAC  GENERAL DESCRIPTION
PAR  Referring now to FIG. 1 there is shown an industrial grinder machine 10 of
      the type specifically adapted to bore grind high production long run
      workpieces such as valve lifter bodies, universal joint bearing cups, and
      the like. The grinder machine comprises a rigid, enclosed base 12 which
      supports a slidable wheelhead assembly 14 including a wheelhead or drive
      motor 16 for turning a wheel spindle 18. Base 12 supports a workhead
      assembly 20 which is rigidly and substantially immovably mounted on the
      base 12. The workhead assembly comprises a workholder or chuck (FIG. 40,
      41, and 42) for supporting a workpiece during the metal working operation.
      The workhead further comprises a drive motor 22 which is connected by way
      of a belt 24 to the chuck assembly for rotating the workpiece at a high
      speed during the metal working operation. The wheelhead assembly 14 is
      longitudinally slidably displaceable relative to the base 12 along the
      spindle axis so as to bring the wheel to the workpiece in the chuck. In
      addition, the assembly 14 is tiltable relative to the base to effect a
      lateral spindle feed into the workpiece.
PAR  As hereinafter described in the greater detail with reference to FIGS. 35
      through 37, workpieces or parts 490 are loaded into the machine 10 for
      performance of the internal grind operation thereon by way of the load
      chute 26 and a loader mechanism to be described, it being understood that
      such loader mechanism is merely representative of various loader
      mechanisms which may be employed with the machine 10. As also described in
      greater detail with specific reference to FIGS. 38 and 39, the workpieces
      or parts after having been ground are released from the chuck and are
      placed in a discharge chute 28 from which the parts may be received and
      stacked or assembled with other finished parts as desired. An unloader arm
      30 is partially shown in FIG. 1 to perform the operations of removing the
      parts from the chuck and transferring them to the discharge chute 28.
PAR  The operations of the loader mechanism and the unloader mechanism including
      arm 30 and the control lever 32, the actuation of a wheel dresser 33
      (shown in FIG. 1 in the raised or withdrawn position) as well as the
      longitudinal displacements of the wheelhead assembly 14 relative to the
      base 12 are all programmed by a mechanical programming mechanism 34 shown
      at the lower left end of the machine 10 in FIG. 1. The program mechanism
      comprises an A.C. synchronous motor 36 which is connected by way of a belt
      drive and clutch mechanism hereinafter described to intermittently rotate
      a program cam shaft 40 on which are mounted a series of program cams such
      as 42. The programming mechanism 34 further comprises a variable speed
      D.C. motor 44 which is also connected by means of a belt drive and clutch
      mechanism to the cam shaft 40, the mechanism being such as to select one
      or the other of the two motors for driving the cam shaft 40 during machine
      operations. A plurality of adjustable limit switches 45 are mounted on the
      base adjacent the cam shaft 40 for establishing the various mechanical
      limits at which the programmed operations are to terminate.
PAR  The sequence of cam shaft rotation initiations is controlled by means of a
      solid state sequencer 46 which is disposed on top of the machine 10 and
      which comprises a digital display panel 48 having an access door 49 with a
      transparent glass face. The details of the solid state sequencer are
      partially disclosed herein and are more fully disclosed in the copending
      application Ser. No. 465,334 filed concurrently herewith in the name of
      Roger L. Schroeder and entitled "Diagnostic System for Machine Sequence
      Controller." Machine 10 further comprises an operator control panel 50
      having pushbuttons and other signaling devices 52 for initiating various
      machine functions such as turning on the wheelhead motor 16, the workhead
      motor 22, and the dresser motor 33, initiating a cycle of operations,
      establishing coolant flow, air conditioning and etc. It is to be
      understood that the machine 10 typically comprises such peripheral devices
      as air conditioning and coolant treating as may be familiar and apparent
      to those skilled in the art, such devices forming no part of the present
      invention and not being described herein. In brief, the devices 52
      initiate various operations and establish various necessary conditions
      whereas sequencer 46 controls the sequence or order of machine operations
      to be carried out. Mechanical programming mechanism 34 establishes the
      mechanical limits of displacement and the drive necessary to produce
      mechanical displacements of various parts.
PAR  It will be understood that while the various features of the invention will
      be described with specific reference to the internal grinding machine for
      performing specific operations on specific parts, the applicability of the
      invention and the various aspects thereof to various other types of
      machinery for metal working operations and the like will be apparent to
      those skilled in the art and hence this description is not to be construed
      in a limiting sense except as may be explicitly set forth herein.
PAC  SINGLE SLIDE MOUNTING AND LATERAL FEED
PAR  As previously described one of the principal features of the invention is
      the precision high load grinding capability and extraordinary machine
      stiffness which result from the use of a single machine slide mechanism to
      provide relative displacement between the critical metal working
      components and the workpieces. This differs from the typical metal working
      machine which involves at least two slide mechanisms typically mounted at
      right angles to one another so as to provide both longitudinal and lateral
      displacement capabilities of the wheelhead or spindle 18 relative to the
      workhead 20; i.e., longitudinal displacement being necessary to enter and
      withdraw from the part and lateral displacement being necessary to move
      into engagement with the interior side wall of the part and to compensate
      for wheel wear.
PAR  Looking first to FIGS. 2 through 5, a relatively simplified explanation of
      the wheelslide, slidebars, and lateral feed mechanism will be given. In
      FIGS. 2 and 3 the base 12 is shown to rigidly support a horizontal front
      slidebar 54 of polished high-grade steel having a circular cross-section.
      Base 12 further supports a parallel spaced relation to the front bar 54 a
      rear slidebar 56 of similar configuration but of a shorter length as best
      shown in FIGS. 2 and 4. The wheelhead assembly 14 comprises a wheelslide
      housing 58 of heavy cast and machined metal mounted on the slidebars 54
      and 56 by way of ball bearing assemblies 60, 61 and 66. Bearing assemblies
      60 and 61 are widely longitudinally spaced along bar 54 as shown in FIG. 5
      with bearing 60 substantially directly under the wheelhead 16 and with
      bearing assembly 66 around slidebar 56 and laterally opposite the bearing
      60. Bearings 60, 61 and 66 permit the heavy wheelhead assembly 14 to be
      moved longitudinally along an axis parallel to the centerlines of the
      slidebars 54 and 56 to control the longitudinal feed of the wheel spindle
      18 relative to the stationary workhead 20 shown in FIG. 1. Bearings 60 and
      61 further permit the wheelhead assembly 14 to be rotated about the axis
      defined by the centerline 62 of slidebar 54, such rotation being produced
      by the lateral feed control system hereinafter described in detail with
      reference to FIGS. 8, 9 and 15 through 20.
PAR  By way of introductory description to the lateral feed mechanism, FIG. 3
      shows that the slidebar 56 directly supports a rigid sleeve 64 which
      achieves a longitudinal sliding freedom from bar 56 by means of the
      bearing set 66. In addition, the wheelslide housing 58 in the area of the
      slidebar 56 is bored out to provide a substantial gap around the sleeve 65
      and is mechanically interconnected therewith by means of a motor-driven
      extensible power assembly schematically shown at 68 and a compression
      spring 69. By way of the power assembly 68 the wheelslide housing 58 may
      be raised or lowered relative to the centerline of the slidebar 56 thus to
      produce rotation about the centerline 62 of slidebar 54. The result is a
      lateral feed of the wheelhead spindle 18 at a radius measured from the
      centerline 62 of the front slidebar 54 to the centerline of the wheel
      spindle 18. Thus, lateral feed is accomplished without the need for a
      second slide axis with the typically consequential introduction of lateral
      slide compliance along therewith.
PAC  WORKSLIDE DISPLACEMENT-LONGITUDINAL
PAR  Looking now to FIGS. 6, 7, 8, and 10 through 14, the major components of
      the apparatus which provide the facility for and control of the
      longitudinal or axial displacement of the wheelslide assembly 14 relative
      to the base 12 will be described.
PAR  In FIGS. 6 and 7 the base 12 is shown to comprise a pair of spaced parallel
      rigid support members 70 and 72 which are notched out to receive the
      opposite ends of the front slidebar 54. The slidebar 54 is rigidly and
      non-rotatively secured to the support members 70 and 72 by means of
      machine screws 74 shown in FIG. 7. A central support 76 may also be
      utilized for additional rigidity in the support of the bar 54. The
      wheelslide assembly 14 comprises the housing 58 having an elongate tubular
      portion 78 which telescopes over the slidebar 54 along a substantial
      portion of the length thereof. Ball bearing assemblies 60 and 61 as shown
      in spaced relationship along the bar 54 in FIG. 7 on opposite sides of
      support 76 just as they are schematically represented in FIG. 4. The
      wheelslide housing 58 is longitudinally shorter than the bar 54 and
      flexible boots 80 and 82 are connected between the ends of the housing 54
      and the stops 84 and 86 on the slidebar 54 to prevent the ingestion of
      foreign contaminates by the bearings 60 and 61. Internal boots 88 and 90
      may also be provided to isolate the bearing surface of the bar with
      reference to the center support 76.
PAR  The rear bar 56, as best shown in FIG. 8, is rigidly supported between
      spaced parallel support members 70 and 92 which are secured to the base 12
      for stability and rigidity. Again, mounting screws 174 secure the bar to
      the base in a non-shifting and non-rotatable fashion. Wheelslide housing
      58 surrounds the bar 56 but is not in direct mechanical contact therewith
      except through the screw shaft assembly previously described with
      reference to FIG. 3. Again the wheelslide housing 58, as it surrounds the
      bar 56, is of shorter longitudinal length than the bar and is provided
      with boots 94 and 96 to prevent the ingestion of foreign materials into
      the sliding area of the bearing 66. The sleeve 64, as best shown in FIG.
      8, is mounted directly on the bearing assembly 66 for longitudinal sliding
      displacement over the bar 56. Note that substantial radial clearance
      exists between the sleeve 64 and the surrounding portion of the wheelslide
      housing 58. As schematically represented in FIG. 8 and as represented in
      detail in FIG. 17, the sleeve 64 has formed thereon a central section of
      increased radial thickness so as to produce a pair of opposing peripheral
      shoulders against which preloaded rollers bear to prevent any axial
      shifting of the wheelslide housing 58 relative to the sleeve 64 during
      axial longitudinal displacement of the wheelhead assembly 14. As best
      shown in FIG. 17 the rollers 98 and 100 are eccentrically mounted in
      rotatable bushings 102 and 104 thereof respectively such that when fully
      secured into the wheelslide housing by the mechanism illustrated in FIG. 7
      opposing loads are applied to the sleeve 64.
PAR  From the combination of FIGS. 3 and 8 it is apparent that the wheelslide
      housing 58 is free to rotate between fixed limits about the centerline of
      the long slidebar 54 and, hence, in the absence of the support provided by
      the power assembly 68, could drop downwardly relative to the fixed
      position slidebar 56, shown in FIG. 8. Thus, it is clear that the
      mechanical force of the power assembly 68 is such as to lift the
      wheelslide housing 58 against the gravity load of the housing itself and
      further against the compressive forces of the compression spring 69 which
      is disposed radially between the sleeve 64 and the cup-shaped projection
      106 of the wheelslide housing 58 as shown in FIG. 8.
PAR  From the foregoing it is apparent that the wheelhead assembly 14 including
      the wheelslide housing 58 is free to displace longitudinally over the base
      12 by sliding over the rigid slidebars 54 and 56, the extent of travel
      being typically a matter of several inches in a commercial internal
      grinding machine. Since the workhead 20 is mounted on the fixed bed rails
      108 and 110 which are disposed in parallel spaced relationship straddling
      the front slidebar 54 as best shown in FIG. 6, relative displacement of
      the wheelslide housing 58 is such as to move the wheel spindle a matter of
      approximately four to 6 inches of maximum travel relative to the workpiece
      when mounted to the workhead 20.
PAR  To produce longitudinal wheelslide displacement, the mechanical programming
      apparatus 34 comprises motors 36 and 44 for selectively and intermittently
      rotating cam shaft 40. The cam 42 on cam shaft 40 bears against a cam
      follower roller 112 on a wheelslide control lever 114, the lower end of
      which is pivotally mounted on the base 12 by means of needle bearing pivot
      assembly 116 shown in FIGS. 10 and 12. Thus, the lever 114 pivots back and
      forth relative to the base 12 according to the peripheral contour of the
      cam 42. The upper or free end of the lever 114 is connected by pivot pin
      120 to a rigid wheelslide control rod 122 which extends longitudinally and
      substantially horizontally from the upper free end of the lever 114 across
      the top of the base 12 and through to the opposite side of the wheelslide
      housing 58 as best shown in FIG. 6. Rod 122 is terminated on the
      right-hand end thereof as shown in FIG. 13 in a threaded portion 124 which
      receives a knurled adjustment knob 126 of enlarged diameter. Knob 126
      bears against and is rotatable relative to block 12 which is mounted on
      the wheelslide housing 58. Screw 128 also bears against a wheelslide stop
      130 which is mounted on the base 12 as shown in FIG. 13 so as to limit the
      longitudinal travel in the right-hand direction in FIG. 13 of the
      wheelslide relative to the base.
PAR  Rod 122 extends through a first or inner tube 132 which is non-rotatably
      welded to a bracket 134 which is in turn fixed to the base 12 so as to
      receive and support one end of a compression spring 136. The other end of
      the spring 136 bears against the block 128. An outer tube 138 surrounds
      the spring 136 for protective purposes and is held in place by means of
      block 128.
PAR  Since the spring 136 is compressed and held between the bed (via tube 132
      and bracket 134) and the wheelslide assembly 58 (via block 128), the
      spring force urges the wheelslide longitudinally to the right as seen in
      FIGS. 12 and 13. The spring force thus also holds the lever 114 against
      the cam 42 so the roller 112 faithfully follows the cam contour. At a
      point of minimum cam radius, the wheelslide 58 moves to the right until
      block 128 contacts limit stop 130. Movement to the left as seen in FIGS.
      12 and 13 is caused as the cam drives the lever 114 away from the stop 162
      toward the phantom line position shown in FIG. 12. This movement pulls the
      wheelslide assembly 58 to the left via the rod 122, compressing the spring
      136 within the tube 138. Rod 122 is thus the primary mechanical connection
      between lever 114 and wheelslide 58, while spring 136 exerts the bias
      force tending to urge the wheelslide away from the workhead to the extent
      permitted by the cam 42.
PAR  In summary, the wheelslide housing 58 is mounted for longitudinal
      displacement over the slidebars 54 and 56 by means of bearings 60, 61 and
      66. The longitudinal displacement control cam 42 rotates with the cam
      shaft 40 to pivot the wheelslide displacement control lever 114 angularly
      away from the base 12. As the free end of lever 114 moves away from the
      base 12 rod 122 pulls the wheelslide housing 58 in the direction of the
      workhead 20 compressing the spring against the inner end of the tube 132
      which is mounted on the base by means of bracket 134. As the cam 42
      rotates to a contour of lesser radius, the bias force exerted by the
      compressed spring 136 moves the wheelslide housing 58 back away from the
      workhead 20 to the degree permitted by the positive contact between the
      cam lever roller and the cam.
PAR  FIG. 14 shows the detail of the interconnection between the rod 122 and the
      upper or free end of the cam control lever 114. It will be noted that
      needle bearings 140 are provided between the bore through the end section
      142 of rod 122 and the pivot pin 144 so that the rod 122 is free to rotate
      relative to the free end of the lever as the lever moves in and out
      relative to the base. A shear pin 146 interconnects the main portion of
      the rod 122 with the end portion 124 to guard against excessive
      longitudinal load imposed by obstructions or other unforseen difficulties.
PAR  Looking to FIGS. 10, 11 and 12 it can be seen that the wheelslide control
      lever 114 is of extremely heavy duty and hence rigid construction having
      solid outer members interconnected by stiffening ribs so as to avoid any
      flexing in operation. The roller 112 is mounted approximately two-thirds
      of the way up from the pivoted end 116 of the lever 114 and is mounted in
      suitably lubricable bearings as shown in FIG. 11. At the upper end of
      lever 114 a threaded stop shaft 160 extends through the lever and abuts a
      mechanical stop 162 which is mounted on the base 12 as best shown in FIG.
      12. This mechanical stop arrangement is provided to provide a mechanical
      limit of travel in the lever 114 toward the base 12 whenever an insertion
      gap in the cam 42 passes by the face of the cam roller 112.
PAC  LATERAL FEED MECHANISM
PAR  Looking now to FIGS. 9 and 15 through 20, the details of the feed mechanism
      for producing controlled uniform increments of lateral displacement
      between the wheel spindle 18 and the workhead will be described.
PAR  In FIG. 15 the end of the wheelslide 58 is shown in the assembled state on
      front slidebar 54 and rear slidebar 56 with the wheelhead 16 mounted
      directly above the front slidebar 54 on the base 14 so as to slide along
      an axis normal to the plane of the paper in the drawing of FIG. 15 as
      previously described. The wheelslide fine position adjustment knob 126 of
      the end of the wheelslide rod 122 is also shown in FIG. 15. Wheelslide 58
      is shown to carry toward the right side thereof as viewed in FIG. 15 a
      feedcase assembly 170 within which the mechanism for pivoting the
      wheelslide 58 about the center line of the front slidebar 54 is
      substantially contained. The details of this unit are shown in FIG. 16 and
      will be described promptly hereinafter. By way of general description the
      feedcase 170 is mounted substantially vertically on the wheelslide and is
      mechanically connected to the lateral feed motor 172, a digital stepper
      motor for rotating a worm shaft 176 which is disposed within a housing 174
      thereby to pivot the entire wheelslide about the axis of the front bar and
      accomplish lateral feed of the wheelhead 16.
PAR  Looking to the FIGS. 16 through 20 the feedcase 170 is shown to comprise a
      vertically oriented shaft 178 which is held by key 180 so as to be
      incapable of rotation within the feedcase 170. The lower end of shaft 178
      rests upon a portion of the sleeve 64 which is disposed on bearings 66
      about the rear slidebar 56. Worm shaft 176 is in meshing engagement with a
      work gear 182 which is mechanically connected by machine screws 184 to a
      nut 186 which in turn is threaded onto the shaft 178. The nut 186 is
      rendered rotatable relative to the feed case 170 by means of "QUADRUPLEX"
      bearings 188 which are axially stacked within the feed case 170. It can be
      seen that the bearings 188 are trapped between a shoulder on the lower end
      of the nut, an upper retainer ring 190 and a lower retainer ring 192. An
      accordian pleated dust guard 194 is secured to the lower retainer ring 192
      and to the shaft to keep foreign particles out of the bearings 188.
PAR  It can be seen that excitation of the feed motor 172 rotates the worm shaft
      176 which in turn rotates the worm gear 182. The worm gear 182 rotates the
      nut 186 to force the nut to travel along the shaft 178. Since the lower
      end of the shaft bears directly on the sleeve 64, the axial travel of the
      nut along the shaft is accompanied by travel of the feed case 170, the
      axis of rotation again being the center line of the front slidebar 54.
      Since the wheelhead 16 is mounted at a radial distance from the center
      line of the front slidebar 54 it is apparent that travel of the nut 186
      along the shaft 178 and the consequent rotation of the feedcase 170 about
      the center line of the slidebar 54 causes an arcuate but primarilly
      lateral movement of the spindle 18. However, because this travel is
      limited to a very short distance, the lateral feed is for all practical
      purposes linear rather than arcuate.
PAR  An absolute zero detection for digital feed position reference is provided
      by a switch 196 which is mounted on a bracket 198 fixed to the upper cap
      200 of the feed case 170. The switch is operated by an adjustable screw
      202 which is mounted on a bracket 204 which is secured to the key 180 on
      the upper end of the shaft 178. Therefore, as feedcase 170 moves up and
      down the switch 196 moves with it and, when the plunger end of the switch
      196 engages the screw 202 an absolute lateral feed position signal may be
      generated.
PAR  FIG. 18 shows the details of the bearings for the shaft 176 within the
      feedcase gear housing 174 and the meshing engagement thereof with the worm
      gear 182 on the feed nut 186.
PAR  Looking now to FIG. 9 the digital control circuit for the feed motor 172 is
      shown. The control circuit comprises a plurality of digital thumbwheel
      switch sets 200a, 200b, etc. for setting feed end points, measured
      relative to some reference position, and feed rate data. Each switch set
      200 comprises several digits for fine position designation. Switch sets
      200 may be disposed in the display panel 48. The memory portion 202 of
      sequencer 46 selectively and individually feeds the digital end points
      represented by sixty bits of position data into a counter-comparator 204.
      In addition, 8 bits of feed rate information are fed to a rate oscillator
      206 which produces position increment pulses. Comparator 204 compares the
      count received from the selected end point switch set 200 to the current
      count of position increment pulses from oscillator 206 and selects one of
      the outputs 208 and 210 to feed count-down or count-up pulses to the
      comparator 204. The particular output actuated is such as to try to
      equalize the input position count (command) with the current position
      count; i.e., the current position count is either decreased or increased
      as necessary. Outputs 216 and 220 are alternatively selected to direct
      position increment pulses to the translator 224 which in turn control
      motor 172; i.e., the lateral feed motor. The number and direction; i.e.,
      count-up or count-down, of pulses directed to translator 224 is typically
      the same as the number and direction of pulses directed to comparator 204.
      Thus, the feed motor turns through a rotational increment related to the
      number of pulses received. This increment of position change, either
      positive or negative, is reflected in the current position count in
      comparator and continues to change until the commanded and current
      position counts are the same. Summarizing, control memory 202 operates so
      as to select or excite the thumb wheel switch sets in some sequence
      related to the grinding program. When a thumb wheel switch set is
      selected, a digital position signal comprising some 60 position bits and 8
      rate bits is fed to the counter and direction comparator 204 and to the
      feed rate oscillator 206. The left-hand input to the comparator 204 is the
      new position command and the right-hand input to the comparator is the old
      or current position signal. By comparing the two counts, the comparator
      204 can determine the direction in which it needs to proceed to equalize
      the new position command with the current position signal. Assuming the
      switch position is greater than the current counter number, output 213 is
      actuated to the feed rate oscillator causing it to produce count-up pulses
      which are applied to the right-hand input of the comparator 204.
      Obviously, these pulses increase the number stored in the right-hand side
      of the comparator. This will continue until the right-hand number equals
      the left-hand number in which case the comparator indicates that the
      commanded position has been reached and the flow of pulses from the rate
      oscillator will stop. The translator 224 is a commercially available motor
      controller and may be purchased as Model No. BTR-103 from Superior
      Electric Co. of Bristol, Conn.
PAR  The rotation of the output shaft of motor 172 turns an encoder 226 which
      applies pulses to the actual feed progress counter 228. This is part of
      the feedback connection and the pulses stored in the counter 228 are
      compared in comparator 230 to the left-hand number in the counter 204 and
      when the two are the same the signal is applied to the coincidence
      comparator 232 which forms part of the solid state sequencer circuitry.
      Counter 228 can be counted up as well as down.
PAR  The encoder pulses are also applied to the absolute feed counter 234 which
      maintains a count measured from an absolute zero position wherein the
      centerline of the wheel spindle 18 is in exact alignment with the
      center-line of the workhead. Note that this absolute zero position may be
      mechanically established in the machine. The output from the absolute feed
      counter is compared to the absolute position thumb wheel signal from
      switch set 236 in a comparator 238 and absolute position coincidence is
      indicated on the output line marked "coincidence".
PAR  The end points which are selected by the thumb wheel switches 200a, 200b,
      etc. are floating end points; that is, they are not referenced to the
      absolute zero position but rather are referenced to the new radius of the
      wheel after each wheel dress operation. In other words, the end points are
      in effect incremented each time the grinder wheel is dressed down thereby
      to compensate for the loss of grinder wheel radius that results from the
      dressing operation. This is not the case with the absolute position signal
      from thumb wheel 236. Wheel dress compensation is accomplished by means of
      the compensation pulse source 240 which, upon command from the controller,
      applies a small number of pulses to the feed rate oscillator, the exact
      number of pulses being established by a thumb wheel switch 242. These
      pulses actually count back the counter comparator 204 on the right-hand
      side so that now the comparator indicates that it has not yet reached the
      previously designated end point. The pulses from compensation pulse source
      do not, however, reach the translator 224 and therefore the motor does not
      "back-up" during the count back of the comparator 204. Once the comparator
      indicates it is no longer in position, it automatically generates such
      additional signals as are necessary to reenable gates 211 and 213 and send
      the same number of pulses from the oscillator to the translator as were
      just sent from the compensation pulse source to the comparator 204. Thus,
      the comparator gets back in position and pulses are applied to the
      translator to move the wheel spindle over by a position represented by the
      number of compensation pulses. Note that the compensation pulses also
      count back the actual feed progress counter 228 so it remains in agreement
      with the comparator 204.
PAR  The circuit also comprises a selector switch 244 which selectively directs
      either the absolute feed count or the actual feed count to the digital
      display 246 which is part of panel 48.
PAR  For additional details on the lateral feed circuit, reference should be
      taken to the copending application for Pat., Ser. No. 465,333 filed
      concurrently herewith in the name of Roger L. Schroeder.
PAC  RECIPROCATION OF WHEELSLIDE--GRIND OPERATION
PAR  Referring now to FIGS. 21 and 26 through 30, the mechanical details of the
      apparatus for producing selected and variable degree oscillation or
      reciprocating movement of the wheelslide during a grind operation will be
      described. FIG. 21 illustrates the main drive motor 36 connected by belt
      38 to the gear drive mechanism for rotating the programming cam shaft 40
      which governs the mechanically programmed machine functions including
      wheelslide displacement, part loading and unloading operations, and wheel
      dress operations. Motor 36 further drives belt 300 which engages upper
      pulley 302 mounted on gear case 303 which in turn is mounted on the
      machine base 12. As best shown in FIGS. 29 and 30 the pulley 302 is
      mounted for rotation with a worm shaft 304 having centrally located
      helically grooved portion 306 engaging worm gear 308 which crosses worm
      shaft 304 at right angles. Worm gear 308 is mounted on a driven shaft 309
      which in turn is disposed in axially spaced tapered roller bearings set
      310 and 312 for rotation relative to the gear case 303. An outer race 314
      is mounted to the gear case 303 by machine screws at one end of the shaft
      309 as shown in FIG. 30 and a second outer race 316 is mounted in the gear
      case at the opposite end of the shaft. Shaft 309 is shown to comprise the
      eccentric portion 318 at the upper end thereof in FIG. 30. The eccentric
      portion 318 is provided with an outer ballbearing race 320 for engagement
      with a pad 322 on the free end of an oscillator lever 324 which is
      pivotally secured to the machine base at a pin location 326 (FIGS. 26 and
      27). The pin 326 is secured to a main support plate 328 which in turn is
      secured to the machine base as suggested in FIG. 26. Accordingly, rotation
      of the shaft 309 by the motor 36 causes continuous rocking of the
      oscillator lever 324 by way of the continuously rotating eccentric 320.
PAR  Reciprocating motion of the wheelslide is accomplished by selectively
      inserting a spacer assembly 330 into the space between the oscillator
      lever 324 and the upper or free end of the wheelslide lever 114. When the
      spacer 330 is so inserted, the eccentric drives the lever 114 in a
      reciprocating motion thereby to reciprocate the wheelslide 58. As is best
      shown in FIGS. 26 and 27, the spacer mechanism 330 is insertable to
      varying degrees to selectively vary the amount or extent of reciprocating
      travel over a fairly broad range. This is accomplished by providing
      apparatus which, when operated, initially inserts the left end of the
      spacer mechanism 330 into the gap between the lever 324 and the roller 332
      on lever 114 and variably displaces the right-hand end of the spacer
      mechanism 330 as viewed in FIGS. 26 and 27 along the track on the inside
      or concave surface of lever 324; the greater the extent of insertion, the
      greater the degree of oscillatory displacement which is transferred to the
      wheelslide from the eccentric 320. Since the eccentric drives the lever
      324 and the lever 324 drives the wheelslide lever 114 through the spacer,
      the wheelslide lever 114 causes displacement of the wheelslide 58 relative
      to the machine base 12 through the rod 122 as previously described.
      Reciprocating wheelslide displacement is independent of the mechanical
      rotation of cam shaft 40 and the associated wheelslide control cam 42
      except, of course, that the cam shaft 40 must be in the angular position
      which corresponds to "grind" position of the wheelslide. This is indicated
      by one of the limit switches 45 mounted adjacent the cam shaft stop
      assembly 390 as best shown in FIGS. 21 and 25. Assembly 390 comprises a
      grooved collar 391 which carries manually adjustable stops 392 to trip the
      associated cam shaft limit switch 45 at selected angular positions of the
      cam shaft. These limit signals may be conducted to sequencer 46 to
      indicate the condition of the machine elements in the course of
      controlling a given programmed sequence.
PAR  Describing now the mechanism for selectively and variably inserting the
      spacer 330, the spacer 330 comprises a body 334 which is mounted on pivot
      336 secured to the end of a threaded shaft 338 which extends from an air
      cylinder 340. The air cylinder is mounted on pivot 342 which in turn is
      secured by bracket 344 which is mounted on the machine base. Body 334
      carries an extension member 346 on the upper left end thereof as seen in
      FIGS. 26 and 27 to seat on the roller 332 when the spacer is inserted. A
      roller 348 is pivotally secured to the right-hand end of the body 334 to
      ride in the V-shaped groove in the face of the oscillator lever 324 as
      previously described. To insure that the left end of the spacer 330 is
      always inserted first, a lever arm 350 is pivotally mounted on the machine
      bed for pivotal displacement about pin 352 and carries on the left end
      thereof a roller 354 which rides in a shallow track 356 in the upper
      surface of the extension member 346. The right-hand end of the lever arm
      350 has mounted therein a screw eye member 358 which serves as an anchor
      for one end of a tension spring 360. The other end of the tension spring
      360 is secured in an eye 362 which is mounted on the bracket 344 which
      carries the air cylinder 340. The tension spring 360 exerts a continuous
      force on the pivot arm 350 tending to rotate it in a counterclockwise
      direction as viewed in FIGS. 26 and 27. Accordingly, when the air cylinder
      340 is actuated to extend the output shaft 338, the right-hand end of the
      spacer is held up until the left end or extension member 346 engages the
      roller 332 after which time the body 334 is inserted into the oscillator
      control gap, the degree of insertion being regulated by the stroke of the
      air cylinder. As the stroke becomes longer the roller 348 is driven more
      fully toward the bottom or free end of the lever 324 which is in
      continuous rocking motion due to the engagement thereof with the eccentric
      320.
PAR  In operation, the knob 364 which controls the stroke length of the air
      cylinder 340 is adjusted to select the length of reciprocating wheelslide
      displacement travel which is desired. The wheelslide reciprocation
      movement may be then selected by the sequencer 46 at a given point in a
      grind operation and the cylinder 340 is actuated to drive the spacer 330
      downwardly into the gap between the rocking lever 324 and the wheelslide
      lever roller 332. The extension of the air cylinder output shaft initially
      drives only the left-hand end of the body 334 downwardly in an arcuate
      path around the pivot 326 until the extension member 346 seats on the top
      of the roller 332 and the front face of the body 334 also abuts the roller
      332. At this point further extension of the output shaft 338 causes the
      body 334 to pivot about the center line of roller 332, the roller 348
      moving downwardly along the track 366 in the face of the lever 324 until
      the air cylinder output shaft is fully extended. If the roller 348 fails
      to move beyond the line between the center of roller 332 and pivot pin
      326, the degree of oscillatory motion which is transferred from the lever
      324 to the wheelslide is zero. If the roller 348 moves to the lower most
      extremity; i.e., the far free end of lever 324 as shown in solid lines in
      FIG. 27, a maximum degree of oscillatory travel is imparted to the
      wheelslide by the lever 324. Intermediate locations of roller 348 along
      the arcuate track of lever 324 produce intermediate degrees of oscillation
      travel as will be immediately apparent to those skilled in the art. A
      limit switch 368 may be mounted on the support plate 328 for detection of
      engagement or non-engagement of the reciprocating grind mechanism.
PAC  NEW WHEEL DRESS OPERATION
PAR  Referring now to FIGS. 21 and 43, the apparatus for carrying out a new
      wheel dress operation will be described. As previously described with
      reference to FIG. 1 the grinding machine 10 employs two drive motors for
      mechanical programming system 34, the A.C. motor 36 which is high-speed
      synchronous motor normally employed to rotate the cam shaft 40 and to
      perform such other functions as rotating the eccentric which is part of
      the reciprocating grind operation immediately described above; and a
      variable speed D.C. motor 44 for driving the cam shaft 40 during certain
      other operations. Both of the motors 36 and 44 are rotating at normal
      speed at all times when the grinder 10 is in operation. The motors 36 and
      44 are selectively clutched into driving operation by means of
      electromagnetically operated clutches 400 and 401, clutch 400 being
      connected to control shaft 402 carrying pulley 404 which is connected to
      belt 38. As previously described with reference to FIGS. 1 and 21 belt 38
      is continuously driven by the A.C. motor 36. Clutch 401 is mounted on
      shaft 406 which carries pulley 407 which is driven by the belt 408. Belt
      408 is mounted on the pulley 410 which is connected to the output shaft of
      the D.C. motor 44. In addition, belt 412 is connected between pulleys 414
      and 416 on shafts 406 and 402 respectively. When clutch 400 is engaged the
      A.C. motor 36 drives the worm shaft and worm gear drive mechanism 412 to
      rotate the cam shaft 40 of the mechanical programming system. With clutch
      401 disengaged, the D.C. motor merely idles, there being no mechanical
      connection between the pulley 407 and the pulley 414. The belt 412 rotates
      with the shaft 402 driven by A.C. motor 36 through belt 38 to rotate the
      idler bearing assembly 418 which is mounted on the machine bed 12. With
      clutch 401 engaged and clutch 400 disengaged D.C. motor 44 drives the worm
      shaft and worm gear assembly 412 by way of belt 408 and belt 412, A.C.
      motor 36 being disengaged by virtue of the mechanical disconnection
      between pulleys 404 and 416. Suitable electromagnetically operated
      clutches are available from the Warner Electric Brake and Clutch Company
      of Beloit, Wis.
PAR  To perform a new wheel dress operation the dresser 33 is lowered into the
      dress position as shown in FIG. 40 where it is in interfering relationship
      with the wheel 18 mounted on the spindle of the wheelhead 16. The
      wheelslide 58 is then fed to the appropriate lateral position and
      displaced in advance the wheel 18 into engagement with the dresser to
      begin to reduce the wheel 18 to a uniform and a predetermined diameter.
      The new wheel dress operation requires that the wheel 18 be advanced so as
      to dress the entire length of the wheel, such axial displacement being
      typically greater than that which may be provided by the eccentric drive
      reciprocating motion previously described. Accordingly, to accomplish the
      new wheel dress the sequencer 46 programs a timed or counted sequence of
      cam shaft direction reversals by alternately actuating the motors 36 and
      44, one of the motors having been reversed in the direction of rotation
      prior to the initiation of the new wheelgrind operation.
PAC  PART LOADER APPARATUS
PAR  Referring now to FIGS. 1, 21, 22, 35 through 37, 41 and 42, the details of
      an illustrative part loader apparatus and the programming apparatus for
      controlling the part loader will be described.
PAR  As shown in FIG. 1 parts such as cylindrical shaped valve lifter bodies 490
      (FIG. 23) are loaded into a load chute 26 in parallel side-by-side
      relationship. Load chute 26 is inclined as best shown in FIG. 35 such that
      the parts tend to roll downwardly toward seat pads 500 on the part rest
      fixture 502. Switch 503 produces a cycle enabling signal when the load
      chute is not empty. A valve lifter body in seat pads 500 is coaxially
      aligned with the center of the part holder chuck 524 (FIG. 41). From this
      position parts 490 are pushed in a coaxial column through the interior
      passage 527 of the workhead 526 by plunger mechanism 528. This plunger
      mechanism is operated by a push rod 504 which is pivotally connected to a
      lever 506 which pivots about fulcrum 508 carried on the end of a support
      arm 510. The arm or lever 506 is connected at the opposite end to the turn
      buckle rod 512 which in turn is connected to the upper end of a mechanical
      programming cam lever 514 which is best shown in FIG. 22. The cam lever
      514 is mounted on the pivot 516 for pivotal displacement relative to the
      grinder base 12 and comprises a laterally extending portion 518 carrying
      cam follower roller 519 which engages the peripheral surface of a cam 520
      mounted on the shaft 40 for rotation therewith. As the cam shaft 40 and
      the cam 520 rotate, the lever 514 pivots about point 516 as shown by the
      phantom view in FIG. 22 to control the position of the rod 512 thereby to
      intermittently push on the plunger mechanism 528 so as to advance the part
      column through the workhead 526 by a distance of one part length. This is
      a repeating cycle of part progression through the workhead 526 and into
      the chuck 524 as each part 490 is completed and removed from the machine.
      Cam lever 514 is maintained in contact with the cam 520 by tension spring
      522 which is connected between the cam and the machine bed as shown in
      FIG. 22.
PAR  It will be understood that various other types of part load apparatus may
      be employed including pivotal arms which load the parts directly into the
      chuck rather than through the workhead as is illustrated in this instance.
      Accordingly, the part loader disclosed herein is to be taken as merely
      illustrative of the many varieties of part loader apparatus which may be
      employed in combination with a mechanical programming apparatus.
PAC  PART UNLOADER APPARATUS
PAR  Referring now to FIGS. 1, 21, 38 and 39, the apparatus for unloading the
      parts 490 from the chuck after the completion of the grinding operation
      will be described.
PAR  In FIG. 39 a gripper arm 550 mounted for pivotal movement about pin 552 so
      as to receive parts which are pushed out of the opened chuck 524 by the
      insertion of a new part from the rear and to swing clockwise, as seen in
      FIG. 39, to drop the parts into the discharge chute 28. The pivotal motion
      of the unloader arm 550 is controlled by a cam lever 554 shown in FIG. 21
      to be pivotally mounted on shaft 556 which is journaled in the machine bed
      to follow the cam 558 mounted on cam shaft 40. At the upper end cam lever
      554 is connected to rod 560 which as shown in FIG. 38 is pivotally
      connected to the center of unloader control arm 32. The lower end of
      control arm 32 is connected to a spring 562 which is placed in tension by
      movement of the rod 560 from left to right as shown in FIG. 38. The upper
      end of lever arm 32 is connected to pivot 564 which in turn is mounted in
      carriage 566 which is slidably displaced on a slidebar 568 such that the
      entire assembly of arm 32 and pivot 564 may move laterally from left to
      right as shown in FIG. 38 for a quantity of displacement defined by the
      distance between the vertical tangent to the slide housing boss 570 and
      the surface 572 of mechanical stop pin 574. This displacement of the
      entire unloader arm assembly upon initial displacement of rod 560 is
      required to permit parts having crowned end surfaces to clear the next
      rearward part which moves into the chuck.
PAR  The lever 32 includes a crank portion 576, the end of which is connected by
      means of turn buckle rod 578 to block 580 which is part of the unloader
      arm 550. Accordingly, extension of the rod 560 from left to right as seen
      in FIG. 38 first pushes the entire crank arm assembly 32, 576 to the right
      and then rotates the crank in the counterclockwise direction. This rotates
      the unloader arm 550 in the clockwise direction as seen in FIG. 39 to
      swing the received parts 490 from the chuck to the discharge chute 28.
PAR  The unloader arm as seen in FIG. 39 comprises an axial stop 582, seat pads
      584 on base block 586 and a pivotal spring-biased clamp member 588 which
      is pivotally mounted on pin 590. Accordingly, the clamp block 588 may move
      toward and away from the seats 584 under the control of the bias spring
      592 to clamp or release the parts. The discharge chute is shown to
      comprise an inside rail 594 and an outside rail 596, the outside rail
      being slightly higher than the inside rail as shown in FIG. 39.
      Accordingly, when the unloader arm 550 rotates around from the chuck area
      to the unloader discharge chute 28, the rail 594 interferes with the
      spring-biased arm 588 to open the unloader and drop the part directly into
      the discharge chute.
PAR  Again, it will be understood that various types of unloader mechanisms may
      be employed and that the mechanism described immediately above is
      illustrative rather than limiting in character.
PAC  BED DESIGN
PAR  Looking now to FIGS. 31 through 34 the details of the machine bed 12 will
      be described.
PAR  Base 12 comprises top and bottom plates 600 and 602 of uniform size, shape
      and thickness maintained in parallel spaced relationship by steel front
      and rear panels 604 and side panels 606 and 608. Accordingly, the base 12
      is essentially a closed rectangular box of extreme rigidity, the rigidity
      being increased by central vertical strengthening ribs 620 and diagonal
      ribs 622 and 624. The entire structure is welded together so as to form a
      rigid and thermally stable base for the grinder components. Slidebar
      support members 610, 612, 614, and 618 are mounted directly on the top
      panel 600 and extend upwardly through the coolant drain pan 626. The
      coolant drain pan comprises a peripheral flange 628 to prevent the escape
      of coolant and cutting fluid which falls into the pan from grinding
      operations in the wheel/workpiece area. It is clear in FIG. 32 that the
      front slidebar 54 fits in the notched out areas of slidebar support
      members 610, 614, and 618 while the rear slidebar 56 fits in the notched
      out areas of support members 610 and 612. The workhead support members 630
      and 632 are also mounted on the top plate 600 and extend upwardly through
      the drain pan 626. With the pan 626 spaced from the top plate 600 of the
      base 12 the thermal transfer between the coolant and the base is
      minimized. This also contributes to the thermal stability of the base
      construction.
PAC  SEQUENCE DEFINITION
PAR  Looking now to FIGS. 22, 24, 25, 40, 41, 42 and 45, the description of the
      sequence of operation as well as certain miscellaneous mechanical details
      of the grinder 10 will be described.
PAR  A typical internal grind operation is shown in FIG. 40 to involve the dress
      of a new grinding wheel 18 using the diamond dresser 700 which is lowered
      into position by rotation of the cam shaft 40 and the cam 702 which is
      mounted thereon. Cam follower lever 704 which is pivotally mounted on the
      machine base and which has the upper end thereof connected to control rod
      706 (FIG. 22) lowers the dresser motor 33 into the dress position. Once
      the wheel is dressed, the dresser 33 is rotated out of the dress position
      and the wheel is inserted into the part for the initial grind operation.
      The wheel 18 is then withdrawn, dressed, having been compensated in
      lateral position for reduction in diameter, and reinserted into the part.
      The wheel is then indexed over laterally into engagement with the part for
      the final grind operation. The wheel is axially oscillated during the
      finish grind as previously described to produce a fine finish grind. The
      wheel is withdrawn and the part is ejected and carried to the discharge
      chute and the sequence repeats.
PAC  SEQUENCER OPERATION
PAR  The sequence controller of FIG. 45 comprises a sequence command section 810
      which generates several classes of digitally coded control signal
      sequences defining the specific control and analysis steps to be performed
      in the course of the grinding operation. The sequence controller further
      comprises an output section 812 which is connected to receive a sequence
      of output codes representing specific machine functions to be actuated and
      to perform those functions by way of specific output function generators.
      The sequence controller further comprises an input signal generator
      section 814 which responds to the performance of specific machine
      functions to produce signals representing performance or nonperformance,
      as the case may be, and for transmitting these signals back to the
      sequence control section 810 to control the advance of the sequence; i.e.,
      the sequence is advanced only as long as the required functions designed
      by the output code signals are being performed in a timely and proper
      fashion. The sequence controller further comprises a display section 816
      which provides specific advisories to an operator regarding functions to
      be performed and which further provides diagnostic information in the
      event of a malfunction.
PAR  The sequence control section 810 comprises a fixed frequency clock 818 to
      provide basic timing signals. Clock 818 is connected through a coincidence
      gate 820 to an ordinary digital counter 822 to advance the counter at the
      clock rate but only if the machine functions being called for are
      performed. The counter 822 produces on the output bus 824 thereof a
      parallel digital representation hereinafter referred to as a cycle step
      command, these commands representing the specific machine cycle steps
      which are to be executed in a sequential fashion. Typically the counter is
      advanced digitally form 000 to 001, 002, 003, and so forth in a
      numerically sequential fashion. It is possible, however, as hereinafter
      described for the counter 822 to jump to certain specified subroutines
      having digital cycle step commands which are numerically nonsequential;
      i.e., out of numerical order with respect to the cycle step commands just
      previously being executed. Following such a numerically non-sequential
      subroutine, counter 822 jumps back to the sequential numerical order to be
      advanced by clock 818 as the commanded cycle steps are performed.
PAR  Output bus 824 of counter 822 is connected to a sequence programmer 826
      which may be implemented in the form of a electronic read-only memory. The
      sequence programmer 826 responds to the numerical cycle step commands from
      the counter 822 to generate a numerically more complex sequence of
      specific codes including a sequence of output codes each of which is
      applied in parallel by way of multiconductor bus 828 to an output decoder
      830. The function of the output decoder is to decode the multibit output
      codes received from the sequence programmer 826 and to select for
      actuation one of the several output channels represented in FIG. 45 by
      output converters 832, 834, and 836. It is to be understood that many more
      than three output channels are found in the typical controlled machine
      since there are more than three controlled machine functions. The output
      converters 832, 834, and 836 function to increase the electrical signal
      power level from the output decoder 830 to a higher power level for
      actuation of an output function controller, such as solenoid coil 838 or
      motor 840.
PAR  The output converters are more fully described in a previously issued U.S.
      Pat. No. 3,719,931 to Roger L. Schroeder. Each of the output converters
      832, 834, and 836 has associated therewith a small neon lamp 842a, 842b,
      and 842c, respectively, which is lighted as the output converter
      associated therewith is selected for actuation by the output decoder 830.
      As hereinafter described, the output converter electronics are typically
      placed on a single circuit board along with the associated neon lamp 842
      so that at any time the lighted or unlighted state of the neon lamp
      represents the actuated or non-actuated state of the associated output
      converter.
PAR  Sequence programmer 826 further produces a sequence of input codes which
      are applied by way of bus 844 to the input selector portion of comparator
      846. The input codes may be thought of as generalized machine function
      advisories which are produced in an intermittent fashion, many input codes
      being immediately followed by a subsection of one or more numerical cycle
      step commands representing specific machine steps to be executed within
      the broad category or subroutine represented by the initial input code.
      The encoder portion of encoder-comparator 846 is connected to receive
      input signals representing the status of certain machine functions from
      input section 814. This section comprises a plurality of power step-down
      devices in the form of input converters 848, 850, 852, 854, and 856.
      Whereas the output converters of section 812 are typically employed to
      step up from a 5-volt D.C. logic level to a 115-volt A.C. power level, the
      input converters of section 814 are used to step down from the 115-volt
      A.C. level to the 5-volt input logic level. These numbers are given purely
      by way of example.
PAR  Each input converter in section 814 has associated therewith a signal
      generating device, such as hard contact push-button switches 866 and 868
      and hard contact limit switches 870, 872, and 874. In the embodiment of of
      FIG. 45, push-button switch 866 is a "master start" switch which, through
      input converter 848, is capable of satisfying one of the early running
      conditions in any typical grinding operation. Switch 868 is shown in FIG.
      45 as a "cycle start" button and, in accordance with the program of
      sequence programmer 826, must typically be depressed to restart any
      sequence of part production. Switches 870, 872, and 874 may be taken as
      representative of machine element position measuring limit switches,
      rotation switches, speed sensors, pressure sensors, etc. Each input
      converter 848, 850, 852, 854, and 856 has associated therewith a small
      neon indicator lamp 876a, 876b, 876c, and 876e, respectively, indicating
      the actuated or nonactuated status of the input channel represented by the
      associated input converter. Again, the specific nature of the input
      converters in section 814 are more fully described in U.S. Pat. No.
      3,719,931. All of the input converters are connected via lines 891 to the
      encoder-comparator 846.
PAR  As previously described, a sequence programmer 826 produces a sequence to
      input codes which are presented to the input selector portion of
      comparator 846 to represent a sequence of machine function requirements
      which are being called for at given times. Conversely, the signals
      produced by the input converters 848, 850, 852, 854 and 856 are applied to
      the input selector portion of encoder comparator 846 where they represent
      the machine functions that are actually met; i.e., executed in or by the
      machine. The input code from programmer 826 is compared to the
      "requirements met" code from the encoder and, if the signals match to
      indicate that the required functions have been performed, an "advance"
      signal is produced on line 858 and applied to the coincidence gate 820 to
      advance the counter 822 upon the occurrence of the next clock signal from
      clock 818. In this fashion, the entire sequence is advanced only as the
      functions required are met. If no advance signal appears on line 858 for a
      predetermined time, the signal applied to a delay device 862 through an
      inverter 860 lights a lamp 864 which may be located on the machine to
      signal the fact that the machine requires attention. Delay 862 may be a
      suitably timed monostable multivibrator or "one-shot" device.
PAR  Sequence programmer 826 generates not only the output codes on line 828 and
      the input codes on lines 844, but also a subroutine address code on line
      878 in the form of a sequence of cycle step commands which are applied to
      the counter 822 whenever it is necessary or desirable to execute a
      subroutine having cycle step commands which are out of the normal
      numerical sequence generated by the signals from clock 818. As is more
      fully described with reference to copending application Ser. No. 465,334
      filed concurrently herewith, counter 822 is capable of temporarily storing
      the last generated numerically sequential cycle step command while the
      subroutine cycle step commands are generated and executed. The last
      generated numerical cycle step command is then retrieved from temporary
      storage, incremented by one, and placed back in the main counter portion
      for ongoing sequence control. The subroutine cycle step commands appear on
      line 878 which is connected between the programmer 826 and the counter
      822.
PAR  Looking now to the display section 816, the input codes are applied by way
      of line 880 and the cycle step commands are applied by way of line 882 to
      a display select switch 884 which typically comprises a spring-biased
      push-button 886 biased in such a direction as to normally transmit the
      input code signals on line 880 to a three-digit, numerical display unit
      888. The unit 888 may take a variety of forms including Nixie tubes,
      liquid crystal displays, cathode ray tube display, and so forth. Its
      function is to display in three digits a coded representation of the input
      codes as they are generated and applied by the sequence programmer 826 to
      the comparator 846. The three-digit display 888 is typically used by the
      operator in conjunction with a look-up table 819 which may take the form
      of one or more sheets of listed input codes and advisories which more
      fully explain the significance and/or functions required in connection
      with the input codes generated by the three-digit display 888. The display
      select switch 884 may be moved by manually depressing the push-button 886
      over to the terminal contact of the cycle step command line 882 to display
      the more specific cycle step commands generated in sequence following the
      typical input code. Accordingly, the three-digital display device 888 is
      capable of presenting advisories in a two-level mode, the input codes
      presenting general information and the cycle step command codes present
      specific information regarding the actual machine function which is being
      performed or which should be performed at a given time. In any event, the
      display 888 presents the last generated code, whether it be an input code
      or a cycle step command; therefore, upon occurrence of a code sequence
      interruption, the last presented code represents the function which is
      either being performed or should be performed by the grinder machine. If
      the last presented input code does not fully advise the operator of his
      diagnosis, repair, or progress steps, he switches to the cycle step
      command for more specific information.
PAR  Summarizing, it can be seen that the sequence control section 810 produces
      a sequence in the read-only memory programmer 826 to (1) direct the
      machine to execute specific functions by way of the output section 812,
      (2) compare input codes to signals which are generated by the actual
      performance of machine functions, as indicated by signals from section
      814, (3) advance the sequence, if the input codes from programmer 826
      compare to the input codes from the input section 814, and (4) display the
      status of the machine functions and machine function commands at all times
      by way of the three-digit display 888.
PAC  MISCELLANEOUS DETAILS
PAR  FIGS. 41 and 42 illustrate an apparatus feature by which the workhead
      assembly 20 may be adjusted in position relative to base 12 to compensate
      for any non-alignment between the workhead axis and the axis of the
      grinding wheel. In FIGS. 41 and 42 the workhead motor 526 which drives the
      chuck 524 is mounted on a sub-base 900 which in turn is bolted to base
      supports 630 and 632. The work-head 526 is pivotal reltative to sub-base
      900 about pin 902 as threaded adjustment rod 904 is turned in block 906.
      Accordingly, any skew in the chuck orientation which might affect the
      ground surface can be easily corrected.
PAR  FIG. 44 illustrates a preferred form of the main programming cam shaft 40
      mounted in base 12. Shaft 40 is mounted for rotation in bearings 916 and
      carries centrally thereof a worm gear 912. Gear 912 meshes with worm shaft
      914 which is driven by one or the other of the main drive motors 36 and
      44. The gear 912 is straddled by tapered roller bearings 916 which support
      the center of the shaft 40 for rotation relative to base 12. To the left
      and right of bearings 916 are mounted clamp-on cam adaptions 918 bearing
      cams 920, 922, etc. By this apparatus, additional causes may be added to
      the assembly to accommodate the programming of various devices. Main cam
      42 is also shown.
PAR  It is to be understood that the invention has been described with reference
      to an illustrative embodiment and that various design and configurational
      changes as well as functional changes may be made to the apparatus
      illustrated without departing from the spirit and scope of the subject
      invention; for example, the invention may be employed in a machine having
      external and face grinding capabilities as well as for various other metal
      working operations.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed is defined as follows:
NUM  1.
PAR  1. A metal working machine comprising a base, first and second laterally
      spaced parallel slidebars rigidly mounted on the base, a wheelslide
      assembly mounted on the bars for longitudinal displacement thereover, said
      wheelslide assembly including a metal working wheelhead disposed
      substantially over the first bar, a workhead assembly rigidly mounted on
      the base in substantial longitudinal alignment with the wheelslide
      assembly, program means for producing controlled longitudinal displacement
      of the wheelslide assembly over the slidebars, and means independent of
      said program means for rotating the wheelslide assembly about said first
      slidebar thereby to laterally displace the wheelhead relative to the
      workhead assembly.
NUM  2.
PAR  2. Apparatus as defined in claim 1 further including a pair of rigid
      support members mounted on the base and straddling the first bar, said
      workhead assembly being rigidly mounted on said support members.
NUM  3.
PAR  3. Apparatus as defined in claim 1 wherein the wheelslide assembly
      comprises a housing, first and second bearings operatively disposed
      between the housing and the first bar at longitudinally spaced points
      therealong, one of the spaced points being substantially vertically
      adjacent the wheelhead, a third bearing operatively disposed between the
      housing and the second slidebar and substantially laterally opposite the
      first bearing thereby to support said wheelslide assembly relative to the
      slidebars and to facilitate sliding displacement thereover.
NUM  4.
PAR  4. Apparatus as defined in claim 1 wherein the base comprises at least
      three longitudinally spaced support members for said first slidebar and at
      least two longitudinally spaced support members for said second slidebar.
NUM  5.
PAR  5. Apparatus as defined in claim 4 wherein said slidebars are constructed
      of substantially circular cross-section stock.
NUM  6.
PAR  6. Apparatus as defined in claim 1 wherein said program means comprises a
      cam shaft mounted on the base, a cam on said cam shaft, means for
      rotationg the cam shaft, a lever pivotally mounted at one end to the base
      and in engagement with the cam, the other end of the lever being
      mechanically interconnected with said wheelslide assembly for producing
      said longitudinal displacement thereof in accordance with the shape and
      rotation of the cam.
NUM  7.
PAR  7. Apparatus as defined in claim 6 wherein said program means comprises a
      rigid rod connected between the free end of said lever and said wheelslide
      assembly, and bias means connected between the base and said rod for
      urging the wheelslide assembly away from the workhead assembly thereby to
      maintain operative engagement between the cam and the lever.
NUM  8.
PAR  8. Apparatus as defined in claim 7 wherein said bias means comprises first
      stop means mounted on said bed, second stop means mounted on said rod, and
      a compression spring operatively connected between said first and second
      stop means.
NUM  9.
PAR  9. Apparatus as defined in claim 8 including means for adjusting the normal
      spacing between said stop means by adjusting the position of the second
      stop means along said rod.
NUM  10.
PAR  10. Apparatus as defined in claim 9 wherein the combination further
      comprises an inner tube means disposed around said rod and secured to said
      first stop means and an outer protective tube disposed around said rod and
      said spring and abutting said second stop means.
NUM  11.
PAR  11. Apparatus as defined in claim 1 wherein said means for rotating the
      wheelslide assembly comprises power means operatively connected between
      the wheelslide housing and the second slidebar for displacing said housing
      radially of the second slidebar.
NUM  12.
PAR  12. Apparatus as defined in claim 11 wherein said power means comprises an
      electric motor and means for commanding said electric motor to move in
      predetermined increments of rotation.
NUM  13.
PAR  13. Apparatus as defined in claim 11 wherein said power means comprises a
      rigid sleeve mounted on said second slidebar, bearing means between said
      second slidebar and said sleeve to facilitate longitudinal displacement of
      the sleeve over the slidebar, and extensible means mounted between said
      sleeve and said wheelside assembly for moving said wheelslide assembly
      radially of said sleeve.
NUM  14.
PAR  14. Apparatus as defined in claim 13 wherein said wheelslide comprises a
      housing enclosing the slidebar, said extensible means comprises a screw
      shaft bearing against said sleeve and secured to said wheelslide assembly,
      key means for preventing rotation of said shaft relative to said
      wheelslide assembly, a nut rotatably mounted on the shaft and bearing
      against said wheelslide housing and means for rotatably driving said nut
      along the shaft to effect radial displacement of the housing relative to
      the sleeve.
NUM  15.
PAR  15. Apparatus as defined in claim 14 wherein said drive means for said nut
      includes a worm gear secured to the nut for rotation therewith, a worm
      shaft meshing with the worm gear and a motor having an output member
      connected to the worm shaft for driving the worm shaft through
      predetermined increments of rotation thereby to effect predetermined
      increments of radial displacement of the housing relative to the sleeve
      and the second slidebar.
NUM  16.
PAR  16. Apparatus as defined in claim 15 further including resilient bias means
      connected between the wheelslide housing and the sleeve.
NUM  17.
PAR  17. Apparatus as defined in claim 16 including a plurality of
      longitudinally stacked bearings disposed about the nut and operatively
      between the nut and the wheelslide housing to facilitate rotation of the
      nut relative to the housing but to hold the nut in fixed longitudinal
      position relative to the housing irrespective of travel along the shaft.
NUM  18.
PAR  18. Apparatus as defined in claim 17 including signal generating means
      operatively connected between the wheelslide housing and the screw shaft
      for producing a signal when the wheelslide housing and the screw shaft are
      in a predetermined reference position.
NUM  19.
PAR  19. Apparatus as defined in claim 13 including means operatively connected
      between said wheelslide housing and said sleeve for protruding an axial
      restraint against relative axial displacement between said sleeve and
      wheelslide housing.
NUM  20.
PAR  20. Apparatus as defined in claim 12 wherein said stepper motor comprises a
      feedback control loop including means for storing a digital position
      command, means for procuding rotation of said motor, means for producing
      digital signals representing increments of rotation of the output member
      of said motor, means for comparing the digital signal to the digital
      command and for generating an error signal to continue the drive of the
      motor until the number of signals generated by rotation of said motor is
      equal to the digital command.
NUM  21.
PAR  21. Apparatus as defined in claim 1 further comprising selectively actuable
      means for imparting a reciprocal longitudinal displacement to the
      wheelslide assembly.
NUM  22.
PAR  22. Apparatus as defined in claim 21 wherein said means for imparting the
      reciprocal displacement comprises an eccentric cam rotatably mounted on
      the base, bias means connected between the wheelslide assembly and the
      base for urging the wheelslide assembly in one direction and displaceable
      spacer means selectively insertable between said eccentric cam and said
      wheelslide assembly for urging the wheelslide assembly in the other
      direction according to the shape of the eccentric cam.
NUM  23.
PAR  23. Apparatus as defined in claim 22 including a rigid rod connected to
      said wheelslide assembly and extending longitudinally therefrom, a cam
      follower lever pivotally connected at one end to the base and at the other
      end to the rod, an oscillator lever pivotally mounted on the base and
      having the free end thereof in engagement with the eccentric cam, said
      spacer means being selectively insertable between the wheelslide program
      lever and the oscillator lever to transfer the reciprocating oscillatory
      motion from the eccentric cam to the rod by way of the spacer and the
      wheelslide program lever.
NUM  24.
PAR  24. Apparatus as defined in claim 23 including means connected to the
      spacer for varying the contact position of the spacer relative to the
      oscillator lever thereby to control the degree to which the oscillatory
      motion of the eccentric cam is transferred to the wheelslide program
      lever.
NUM  25.
PAR  25. Apparatus as defined in claim 23 including means connected to the
      spacer for urging one end of the spacer into engagement with the
      wheelslide program lever.
NUM  26.
PAR  26. Apparatus as defined in claim 1 wherein the program means comprises a
      shaft rotatably mounted on the base, a program cam carried by the shaft, a
      lever pivotally mounted to the base and engaging the cam, means connecting
      the lever to the wheelslide assembly for imparting longitudinal
      displacement to the wheelslide assembly in accordance with the shape and
      rotation of the cam, bias means for urging the wheelslide assembly in a
      direction opposite to the positive drive force imparted by the cam and
      lever, a motor for rotating the shaft and clutch means connected between
      the motor and shaft for selectively mechanically engaging the motor with
      the shaft thereby to produce an intermittent drive.
NUM  27.
PAR  27. Apparatus as defined in claim 26 including a second motor, a second
      clutch means selectively interconnecting the second motor and the shaft.
NUM  28.
PAR  28. Apparatus as defined in claim 27 further including means for
      alternately actuating the first and second clutch means, the second motor
      being rotatable in a direction opposite to that of the first motor thereby
      to impart an oscillatory motion to the shaft upon alternate actuation of
      said clutch means.
NUM  29.
PAR  29. Apparatus as defined in claim 1 wherein said workhead assembly
      comprises a workholder, the combination further comprising part loader
      means for selectively inserting parts into the workholder.
NUM  30.
PAR  30. Apparatus as defined in claim 29 wherein said part loader comprises a
      part chute for placing parts in longitudinal alignment with the
      workholder, a push rod for driving the parts into the workholder, said
      program means including a portion controlling said push rod in timed
      relationship to the controlled longitudinal displacements of the
      wheelslide assembly.
NUM  31.
PAR  31. Apparatus as defined in claim 30 wherein the program means comprises a
      shaft mounted on the base, at least two cams mounted on the shaft, first
      lever means pivotally connected to the base at one end and engaging one of
      the cams, means connecting the other end of the first lever means to the
      wheelslide assembly, second lever means having one end pivotally connected
      to the base and being in engagement with the second cam, the push rod
      being mechanically. connected to the other end of the second lever means.
NUM  32.
PAR  32. Apparatus as defined in claim 1 wherein said workhead assembly
      comprises workholder means for holding parts during a metal working
      operation, and means controlled by said program means for selectively
      removing finished parts from the workholder means and transferring said
      parts under the control of said program means to an unload station.
NUM  33.
PAR  33. Apparatus as defined in claim 32 wherein said program means comprises a
      shaft mounted on the base, at least first and second cams mounted on the
      shaft, first lever means pivotally connected at one end of the base and
      bearing against the first cam, means mechanically connecting the free end
      of the first lever means to the wheelslide assembly, a second lever
      pivotally connected at one end of the base and bearing against the second
      cam, means connecting the free end of the second lever to the part
      unloader arm whereby movements of the part unloader arm are synchronized
      with the longitudinal displacements of the wheelslide assembly.
NUM  34.
PAR  34. Apparatus as defined in claim 33 wherein said part unloader arm is
      longitudinally slidably mounted on the base thereby to move the arm
      longitudinally of the workholder during the removal of a part.
NUM  35.
PAR  35. Apparatus as defined in claim 1 wherein said base comprises a rigid
      enclosure having spaced front and rear panels, side panels, a floor panel,
      and a top panel, spaced parallel slidebar support means mounted in spaced
      relation on the top panel, said slidebars being rigidly disposed thereon,
      and a pan secured to the slidebar support members in vertically spaced
      relationship to the rigid enclosure and extending beneath said slidebars,
      wheelslide assembly and workhead assembly for coolant collection purposes.
NUM  36.
PAR  36. Apparatus as defined in claim 35 wherein said floor panel and said top
      panel are of similar configuration and uniform thickness.
NUM  37.
PAR  37. Apparatus as defined in claim 36 including at least one diagonally
      oriented vertically planar rib within said enclosure and extending between
      the floor and top panels.
NUM  38.
PAR  38. Apparatus as defined in claim 35 further including workhead support
      members secured to the top panel and extending through and above said pan
      and straddling the first slidebar, the workhead assembly being rigidly
      mounted on said work support members above the first slidebar.
NUM  39.
PAR  39. Apparatus as defined in claim 1 wherein said workhead assembly
      comprises a chuck, said wheelslide assembly comprises a grinder wheel
      spindle in substantial alignment with said chuck, and means for adjusting
      the alignment of the workhead relative to the wheelslide assembly.
NUM  40.
PAR  40. Apparatus as defined in claim 1 wherein said workhead assembly
      comprises a chuck, said wheelslide assembly comprises a grinder wheel
      spindle, the combination further comprising dresser means carried by said
      base, said program means being operatively connected to the dresser for
      bringing the dresser into operative contact with the grinder wheel in
      synchronism with the longitudinal displacement program of the wheelslide
      assembly.
NUM  41.
PAR  41. Apparatus as defined in claim 40 wherein the program means comprises a
      shaft mounted on the base, first and second cams mounted on the shaft for
      rotation therewith, a first lever having one end pivotally connected to
      the base and engaging the first cam, means interconnecting the free end of
      the first lever means to the wheelslide assembly for controlling said
      longitudinal displacement, a second lever having one end pivotally mounted
      to the base and engaging the second cam, means connecting the free end of
      the second cam to the dresser for controlling the position thereof
      according to the rotation of the shaft relative to the base.
NUM  42.
PAR  42. In a metal working machine including a base, workhead assembly mounted
      on the base and defining a longitudinal axis of workpiece rotation, a
      wheelhead assembly mounted on the base and having a longitudinal axis of
      tool rotation aligned with the axis of workpiece rotation, and means for
      effecting relative longitudinal displacement between the wheelhead
      assembly and the workhead assembly and along the aligned axes thereof; a
      lateral feed mechanism comprising: a wheelhead housing, first support
      means on the base and extending parallel to the tool rotation axis, means
      for effecting relative longitudinal displacement between the wheelhead
      assembly and the workhead assembly, first bearing means rotatably mounted
      the housing on the first support means for pivotal displacement of the
      housing relative thereto, second support means laterally spaced from the
      pivotal axis of the housing relative to the base, and extensible power
      means connected between the housing and the second support means for
      selectively producing predetermined uniform increments of angular
      displacement of the housing relative to the support means thereby to pivot
      the housing about the first bearing means and laterally displace the
      wheelhead.
NUM  43.
PAR  43. Apparatus as defined in claim 42 wherein the second support means
      comprises a elongated slidebar mounted on the base and having a circular
      cross-section, a rigid sleeve mounted on the bar for relative axial
      displacement thereover, said extensible power means comprising screw shaft
      means fixidly mounted between the housing and the sleeve and a traveler
      nut on the screw shaft and connected to the housing for displacing the
      housing relative to the shaft as the traveler nut is rotated on the screw
      shaft means.
NUM  44.
PAR  44. Apparatus as defined in claim 43 wherein the power means further
      comprises a worm gear rigidly connected to the nut and a worm shaft
      meshing with the nut and rotatable by a digital stepper motor to produce
      said uniform fixed increments of displacement.
NUM  45.
PAR  45. In a metal working machine: a base; an elongated cylindrical slidebar
      having a longitudinal axis and being rigidly mounted on the base; a
      wheelhead assembly on the base and having an axis of tool rotation
      parallel to the longitudinal axis of the slidebar; a workhead assembly on
      the base and having an axis of workpiece rotation parallel to the
      longitudinal axis of the slidebar; one of said assemblies being mounted on
      the slidebar for both angular rotation about and longitudinal displacement
      along the axis of said slidebar, and additional support means for said one
      assembly laterally spaced from the slidebar and including means for
      accommodating longitudinal displacement between the said one assembly and
      the base.
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ABST
PAL  A grinding machine having a movable workhead for carrying a workpiece and a
      movable wheelhead for carrying a grinding wheel, the workhead and the
      wheelhead being axially movable along intersecting paths. The wheelhead is
      provided with a lead screw drive in which the screw is fixed against
      rotation and the nut carried by the wheel-head platform is rotated by a
      gear drive but is fixed axially. This drive is used to provide micrometric
      movement. The screw terminates at one end in a piston in a hydraulic
      cylinder, this providing piston/cylinder drive for large amounts of
      wheelhead movement. Workhead feed is provided by a rotatable and axially
      displaceable spindle drive by a step-by-step electric motor through a gear
      train that converts the rotary motion output of the electric motion to
      corresponding axial movement of the spindle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a workhead for grinding machines having a spindle
      that is rotatable and is displaceable axially in an automatic manner in
      order to carry a workpiece toward and away from a grinding wheel.
PAR  Commonly, the workpiece to be ground is supported and caused to rotate,
      during the machining operation, by a workhead, while the grinding wheel,
      also revolving, is advanced towards the workpiece.
PAR  The workhead comprises a frame which is slidable on the machine table and
      can be fixed in any desired position thereon, and a spindle which is
      rotatably mounted on bearings on the frame, and caused to rotate by an
      electric motor connected by means of a belt drive. The spindle is provided
      with locking means for the workpiece, normally pincers, by means of which
      the workpiece is centered on the spindle and fastened thereto.
PAR  The aforementioned workpiece spindle is also movable axially on the frame
      in order to permit the axial displacement of the workpiece towards the
      grinding wheel; during which displacement particular machining operations
      can be accomplished, such as the grinding of a shoulder interposed between
      two cylindrical portions of the workpiece. The axial movement of the
      spindle is normally accomplished by means of hand-operated devices having
      graduated indicators provided with suitable pointers, by means of which
      the micrometric displacements are measured.
PAR  The workheads of the kind described above also have a number of drawbacks.
      First of all, the displacements of the spindle correspond only
      approximately to the theoretical displacements desired, owing to the lack
      of accuracy of the indicators and therefore, during machining, direct
      controls or measuring devices such as micrometrics on the workpiece are
      normally required. Further, workheads where the axial movement of the
      spindle is actuated manually, requiring a direct intervention by the
      operator, do not lead themselves to use with automatic mahines having
      numerical control units, by means of which predetermined working cycles
      are accomplished in an automatic manner.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a workhead for a
      grinding machine which eleminates the drawbacks enumerated above.
PAR  The workhead in accordance with this invention is provided with a feed
      device comprising a rotatable work spindle displaceable axially and
      characterized in that the axial displacement of the work spindle is
      actuated by a step-by-step electric motor through means converting the
      rotational movement of the motor into axial movement of the spindle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the present invention, two particular
      embodiments thereof will now be described, merely by way of non-limiting
      example, with reference to the accompanying drawings, wherein:
PAR  FIG. 1 shows a perspective view of the grinding machine in accordance with
      the present invention;
PAR  FIG. 2 shows a vertical section of the wheelhead of the grinding machine of
      FIG. 1;
PAR  FIG. 3 shows a section of the wheelhead of FIG. 2 taken along the lines
      III--III of FIG. 2;
PAR  FIG. 4 shows a partial section, on enlarged scale, of the wheelhead
      illustrated in FIG. 2;
PAR  FIG. 5 shows a front view, partly in section and partially broken away, of
      a first embodiment of the workhead of the grinding machine according to
      the invention;
PAR  FIG. 6 shows a vertical section of the workhead of FIG. 5, taken along the
      lines VI--VI;
PAR  FIG. 7 shows a longitudinal section, partial and on enlarged scale, of a
      workhead illustrated in FIG. 5, taken along the lines VII--VII;
PAR  FIG. 8 shows a partial longitudinal section of a second embodiment of the
      workhead of said grinding machine, and
PAR  FIG. 9 shows a section of the workhead of FIG. 8 taken along the lines
      IX--IX.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The grinding machine of the invention shown in FIG. 1 substantially
      comprises a bed 1 on which a table 2 is movable longitudinally, a
      wheelhead generally shown at 3, which is movable transversely, i.e. in a
      direction perpendicular to that of the table 2, and a workhead 3a.
PAR  The wheelhead 3 (FIGS. 2 and 3) comprises a frame 4 slidable on a pair of
      guides 5 and 6 (FIG. 3) on a rotary platform 7 on the bed 1 of the
      machine, substantially about the vertical axis of a pin 8 (FIG. 2).
PAR  The platform 7 (FIG. 2) is supported in front by a plate 11 integral with
      the machine bed 1 and to which the pin 8 is fastened. Platform head 12 is
      rotatably mounted upon a bushing 14 engaging of pin 8. The rear portion of
      platform 7 is supported on a second plate 15, also integral with the
      machine bed 1. Inside the platform 7 and above the plate 15 a rotation
      device 13 is provided for the purpose of facilitating the rotation of
      platform 7 about pin 8. Rotation device 13 comprises a plunger 16 having a
      vertical axis, plunger 16 in a chamber 18 of the platform, chamber 18
      being defined by plunger 16 and a cover 17. Pressure fluid can be fed into
      chamber 18 through a duct 21. In the lower part of plunger 16 there is
      mounted, by means of a pin 22, a ball bearing 23 whose outer race is
      arranged to rest upon the upper surface of the plate 15.
PAR  Guide 5 and 6 (FIG. 3) are provided in the platform 7. Guide 6 is flat and
      guide 5 is substantially V-shaped. A number of rollers 24 are disposed in
      guides 5 and 6 to support frame 4.
PAR  Wheel spindle 25 is mounted in the front part of the frame 4 (FIGS. 2 and
      1) and is rotatable relative to frame 4 on bearings, not shown. To one end
      of spindle 25 a grinding wheel 26 (FIG. 1) is fastened. At the opposite
      end of spindle 25 a pulley (not shown) is secured. The pulley is rotated
      by means of a drive belt 27 (FIGS. 1 and 2) engaging a pulley 28 (FIG. 3)
      integral with the output shaft 31 of an electric motor 32 mounted on a
      support plate 33 (FIGS. 3 and 2). Support plate 33 is mounted on wall 34
      of frame.
PAR  In the rear part of the frame 4 (FIG. 2) a substantially vertical wall 35
      is provided, on which two screw nuts 36 are mounted. Nuts 36 are rotatable
      with respect to wall 35, but are axially stationary with respect thereto.
      Nuts 36 are rotated through a drive shown generally at 37, having a
      step-by-step electric motor 38 fastened to a rear wall 39 of the frame 4.
      The nuts 36 are engaged by a screw 40, one of whose ends 41 is integral
      with a piston 42 adapted to slide inside a casing 43 of a hydraulic
      cylinder shown generally at 44. The other end 45 of screw 40 is arranged
      to cooperate, when the piston 42 is in the position of the end of its
      forward stroke (to the left in FIG. 1), with a stop 46 fastened to the
      upper surface of the platform by means such as screws. Stop 46 preferably
      comprises a pin 49 provided with a head 50 upon which the end 45 of the
      screw 40 can rest.
PAR  Each nut 36 (FIG. 4) has inside a helical path 47 cooperates with threads
      48 of screw 40 to define a helical channel inside which a number of balls
      51 are mounted. Thus the nuts 36 and screw 40 engage with one another by
      means of the balls 51. This type of nut 36 is a ball recirculating type.
      Instead of using a lead screw and nut assembly comprising two nuts 36 and
      a screw 40 of the kind described, it is possible to use any other screw
      and nut assembly of conventional kind.
PAR  Each nut 36 is provided with a flange 52 by means of which it is fastened,
      by means of screws for example, to a sleeve 53 which is rotatably mounted
      on a bushing 54 by means of a needle bearing 55 and a double-acting thrust
      bearing 56. The assembly of the sleeve 53, with respect to the bushing 54,
      is effected with the procedures normally followed for assembling a
      revolving member to which both radial loads and axial loads directed in
      opposite directions are applied. In the case of the embodiment illustrated
      in FIG. 4, the intermediate race of the thrust bearing 56 is held axially
      stationary relative to the bushing 54, together with the outer race of the
      bearing 55, by means of a locking ring 58. Thurst bearing 56 is supported,
      on one side by the inner race of the bearing 55 and, on the otherside by a
      hub 59 of a gear 60 secured to the sleeve 53 by means of a ferrule 61
      screwed on a threaded section of sleeve 53.
PAR  Gear 60, which is torsionally integral with sleeve 53 by means of a tab 62,
      is in mesh with another gear 63 fastened to a shaft 34 which is rotatably
      mounted, by means of a pair of ball bearings 65, on a bushing 66.
      Preferably, the bushings 66 and 54 are both secured to wall 35 of the
      frame 4 by means of rings 67 which are fastened, in turn, to wall 35 by
      means of screws and an urged against flanged parts 66 of bushings 66 and
      54, respectively.
PAR  Shaft 64 is further integral with a gear 69 which meshes with a pinion 70
      fastened to the output shaft 71 of the step-by-step motor 38.
PAR  In order to prevent that rotation of screw 40 when nuts 36 are rotated, an
      arm 72 (FIGS. 2 and 3), is fastened at one end to the end 45 of the screw
      40, and at the other to the inside of a straight guide 73 secured to a
      wall 74 of the frame 4. Other means for preventing rotation of screw 40
      can be provided, such as a pin integral with the casing 43 (FIG. 2) of the
      hydraulic cylinder 44 and cooperating with a corresponding groove of the
      end portion 41 of the screw 40.
PAR  On the flange 52 (FIG. 4) of the nut 36 shown at the right hand side of
      FIG. 4, a number of axial teeth 75 are provided, each tooth having a
      substantially trapezoidal shape and a flat surface 76 parallel to the axis
      of the screw 40. A tab 77 (FIG. 2) is fastened to the end section 41 of
      screw 40 to cooperate, in a manner to be described below, with flat
      surface 76 (FIG. 4) of one of the teeth 75.
PAR  Inside casing 43 of the hydraulic cylinder 44 there are two chambers 81 and
      82, into which a pressure fluid can be fed through the ducts 83 and 84,
      respectively. Ducts 83 and 84 are connected with suitable feed pipes 85
      and 86.
PAR  A bellows 87, secured to the rear of the frame 4 and to the casing 43 of
      the cylinder 44, protects the screw 40 and the guides 5 and 6 (FIG. 3) of
      the platform 7, and a set of slidable plates 88 (FIG. 2) disposed in the
      front part of the said platform also protect guides 5 and 6.
PAR  Workhead 3a comprises a frame (FIGS. 5 and 7) rotatable about a vertical
      axis on a platform 102 (FIG. 5). Platform 102 has a pair of guides 103
      that cooperate with corresponding guides of the table 104 of the machine
      during the lonitudinal displacement of the platform 102 on said tables.
      Platform 102 can be fastened in any desired position on table 104 by
      locking means comprising (FIG. 6) a screw 105 whose head is adapted to
      slide in a groove 106 of the table 102 and whose stem is received in a
      hole of the platform 102 and the corresponding nut 107.
PAR  Frame 101 (FIG. 6) comprises a pair of vertical walls 108 and 109 at right
      angles to one another and a bottom wall 110 perpendicular to walls 108 and
      109. Wall 109 is attached by a pair of flanges 111 to a plate 112 which
      carries an electric motor 113 adapted to control the rotation of the
      spindle 114 (FIGS. 5 and 7) of the workhead.
PAR  Spindle 114 (FIG. 7) is mounted for rotation on a pair of bearings 115 and
      116 of the hydrodynamic sustentation type, each of which is housed in a
      corresponding sleeve, 117 and 118 respectively. Sleeve 117 is integrally
      formed with wall 108 (FIGS. 6 and 7), and sleeve 118 is integrally formed
      with a rear wall (FIG. 4) also forming part of the frame 101 (FIGS. 5 and
      6).
PAR  Each bearing 115 and 116 comprises a recess 121 (FIG. 7) of such a shape as
      to generate, hydrodynamic forces to support said spindle when spindle 114
      is revolving and the recesses 121 are filled with oil. Each recess 121 is
      in communication through a radial hole 123 in the bearing with a
      corresponding axial blind hole 124, which is closed by means of a threaded
      plug 125. In FIG. 7 only the hole 124 and the plug 125 of the front
      bearing 115 are shown, inasmuch as the corresponding elements of the rear
      bearing 116 lie in a plane different from the section plane of FIG. 7.
      Each hole 124 is in communication, through a thin gauged tube 126 fastened
      in a hole 127 of the plug 127, with an annular channel 128. A radial
      opening 131 provided in the sleeve 117 connects channel 128 with a feed
      pipe 132, through which the pressure fluid is fed to the recesses 121.
PAR  In the lower part of each bearing 115 and 116 an axial hole 133 is provided
      to allow the return of the pressure fluid flowing out of the recesses 121
      to the front portion of the spindle 114 (at the right hand side of FIG. 3)
      and to convey the pressure fluid to the inside of recess 134 of the frame
      101.
PAR  Bearing 115 has a flange 135 fastening by means of screws, to sleeve 117 of
      the front wall 108 (FIGS. 6 and 7) of the frame 101. The inner races of
      two ball bearings 138 are fastened, by means of a locking ring 136 and a
      spacer 137 to a cylindrical front section of the bearing 115 (FIG. 4). The
      outer races of bearings 138 are secured by means of a ring-shaped member
      141 and a spacer 142, in a hole of a pulley 143 adapted to rotate about
      the cylindrical section of the bearing 115.
PAR  A disk 144 (FIGS. 5 and 7) is fastened to member 141. Disk 144 has a radial
      recess 145, inside which a corresponding thin plate 146 is adapted to
      slide. Plate 146 can be locked in a predetermined position relative to
      disk 144, by means of a screw 147. The end of plate 146, this is adjacent
      to spindle 114, is adapted to be inserted inside a corresponding cavity or
      recess 148 (FIG. 7) provided in the outer peripheral portion of spindle
      114.
PAR  In a front cover 151 of the workhead 32 there is provided a hole, inside
      which the annular member 141 and the disk 144 are housed. The front
      surface 152 of cover 151 defines is in substantially the same plane as the
      front faces of disk 144 and the spindle 114. Suitable ring-shaped seals
      153, normally of rubber can be used to establish a seal between the
      outside and a cavity 154 defined by cover 151 and wall 108.
PAR  A shaft 155 (FIG. 6) is mounted idle, by means of ball bearings 156, on a
      sleeve 157 formed integrally with front wall 108 of the frame. On one end
      of shaft 155 is a pulley 158 (FIGS. 6 and 5). On the other end of shaft
      155 is a cone of pulleys 159 (FIG. 6) secured by means of a ring nut 160.
      Another cone of pulleys 162 is mounted on the output shaft of electric
      motor 113. Corresponding pulleys of cones 159 and 162 are connected by
      means of a drive belt 163 (FIGS. 5 and 6). Another drive belt 164 connects
      pulley 158 and pulley 143, so as to transmit the drive from the electric
      motor 113 to the spindle 114 with a suitable velocity ratio, dependent
      upon the selection of cones of pulleys 161 and 162. An appropriate belt
      stretcher 166 can be mounted, by means of a pin 167, on the wall 108 of
      the frame along the path of the belt 164.
PAR  Bearing 116 (FIG. 7) is slidable axially inside the corresponding sleeve
      118 and, in order to prevent rotation, a screw 168 is carried by sleeve
      118 and extends inwardly to engage a cavity 169 in bearing 116. A ring
      170, provided with an outer thread 171 is fastened, by means of screws and
      with a spacer 172 interposed in-between, to bearing 116. Between ring 170
      and bearing 116 another ring 173 is disposed. Ring 173 is locked -- both
      axially and torsionally - with respect to spindle 114 by means of a ring
      nut 174 screwed on a corresponding threaded section of spindle 114 and
      adapted to urge, through a spacer 175, ring 173 against a shoulder 176 of
      said spindle.
PAR  The thickness of spacer 172 is slightly greater than that of ring 173, so
      as to allow ring 173 to rotate inside the ring-shaped recess defined by
      the surfaces of spacer 172 ring 173, and bearing 116. Annular cavities 177
      are provided in there surfaces of ring 173 and bearing 116 and are in
      communication, through channels 178, 179 and 180, provided respectively in
      the bearing 116, the spacer 172 and the ring 170, with other axial holes
      181 provided in bearing 116 and quite similar to holes 124 already
      described with reference to bearing 115. Holes 118 are further connected
      in a manner quite identical to that already described with reference to
      holes 124, with appropriate feed pipes 182, through which pressure fluid
      is fed to annular cavities 177.
PAR  To the front wall 119, also forming part of the frame 101, a box 185 is
      fastened to front wall 119, and a step-by-step motor 186 is mounted
      thereon. Box 185 is attached to a support member 187 of tubular shape,
      provided with a flanged portion 188 which is secured to box 185 by means
      of screws. Flanged portion 188 forms a seat for a roller bearing 191. The
      outer race bearing 191 is housed in an opening in a gear 192 which meshes
      with another gear 193. Gear 193 has a shaft 194 supported, by means of
      ball bearings 195, on the walls of box 185 and is also connected to output
      shaft 196 of motor 186. Gear 192 is supported, on one side, by the rear
      wall 119 of box 185 and, on the other side, by the rollers of a thrust
      bearing 197, whose seat is formed in the box 185.
PAR  Gear 192 is further provided with an annular portion 198, on whose inner
      surface a thread is formed, which cooperates with the thread of ring 170.
PAR  On the rear wall of box 185 is a radially slidable thin plate 185, the end
      of which can be inserted in an axial cavity 201 provided in the rear
      portion of spindle 114.
PAR  Inside spindle 114 is a opening 202 having a tapered section 203. A clamp
      of conventional construction is mounted in opening 202, to be actuated by
      acting upon its rear portion in order to lock a workpiece on spindle 114.
PAR  In FIGS. 8 and 9 there is partially illustrated a second embodiment of the
      workhead of the invention.
PAR  The spindle 114 (FIG. 8) of the second embodiment is supported on the frame
      101, by means of sliding bearings shown generally at 206, instead of by
      hydrodynamic bearings of the 115 and 116, as described above. Only the
      left hand bearings 206 can be seen in FIG. 8. Each bearing 206 comprises a
      bushing 207 having a tapered opening inside which a ring 208 is mounted.
      Each ring 208 is provided with cavities 211 for lubrication. Outer grooves
      212 are provided for the purpose of imparting to ring 208 a resilience or
      elasticity sufficient to allow compensation for any radial backlash by an
      axial displacement of ring 208 in the bushing 207, caused by the
      tightening of a pair of ring nuts 213 threadably engaged in corresponding
      end threaded holes of bushing 207.
PAR  Rear wall 119 of frame 101 is attached to a box 214, to which a
      step-by-step motor 215 is secured. Inside box 214 a lever 216 (FIGS. 8 and
      9) is disposed, provided with a hole 217 coaxial with the spindle 114 and
      with an arm 218. The axis of arm 218 (FIG. 9) forms an angle of about
      45.degree. with the plane where the workhead 32 moves. Lever 216 is
      supported by a pair of balls 220 (FIGS. 8 and 9) and 221 disposed in the
      same plane and on opposite sides with respect to the axis of spindle 114,
      and by a pair of rollers 222 also disposed on opposite sides relative to
      spindle 114, in a plane orthogonal to the first-mentioned plane. The ball
      220 (FIG. 8) is housed in tapered holes provided in two bushings 223, 224.
      Bushings 223 is fastened to the rear wall of the box 214, and bushing 224
      is secured in a hole provided in the lever 216. The ball 221 is housed, on
      one side, in a spherical cavity of a cylindrical member 225 provided with
      a screw thread wich is screwed into a nut screw 226 fastened to the box
      214, and, on the other side, in a tapered hole provided in a thin plate
      227 secured to the arm 218 of the lever 216. Threaded member 225 is
      connected to the shaft 228 of the motor 215 by means of a coupling 229
      which has the purpose of making member 225 integral torsionally with shaft
      228, shile still leaving the member 225 axially free relative to shaft
      228. Coupling 224 comprises an eyelet 230 provided in the threaded member
      225, inside which is a pin 231 passing through shaft 228.
PAR  Rollers 222 are supported, on one side, by a seat provided in a thin plate
      232 (FIG. 8) fastened to the lever 216 and, on the other side, by a ring
      233 torsionally stationary relative to the frame 101 and axially slidable
      with respect thereto. Ring 233 is slidably movable within a hole of a
      support member 234 which is secured to the frame 101 by means of screws. A
      pin 235, attached to member 234, can enter a corresponding recess 236 of
      the ring 233 in order to prevent ring 233 from rotating relative to member
      234, although allowing the relative axial displacement thereof. Ring 233
      cooperates with another ring 237 secured to spindle 114 by means of a ring
      nut 238. In the face of ring 237 facing towards ring 233 there is an
      annular recess 239 which communites through a hole 241 with a duct 242 to
      which pressure fluid is fed from other ducts, not shown.
PAR  Inside a bushing 243, housed in a corresponding seat in the rear wall of
      the box 214 and normally urged towards the rear portion of the spindle 114
      by helical springs 244 is a thrust bearing 245. Race 246 of bearing 245
      coacts with a corresponding shoulder 247 of ring nut 238, so as to
      normally hold ring 237 and, therefore, the spindle 114 which is integral
      therewith, in contact with ring 233.
PAR  A thin plate 248, slidable radially in a corresponding groove 249 of a rear
      cover 251 of the box 214, is adapted to be inserted in an annular recess
      252 provided in the rear part of the spindle 114.
PAC  OPERATION
PAR  The operation of the grinding machine described above is as follows: The
      operation of the wheelhead 3 shall be considered first. As a beginning
      point, screw 40 is in its forward stroke position, with respect to the
      platform 7, as shown in FIG. 2. Pressure fluid is fed to chamber 82 in
      cylinder 44 from feed pipe 86. Piston 42 will then be displaced towards
      the position of the end of its rearward stroke (i.e. to the right in FIG.
      2) together with the screw 40. In this manner the rapid hydraulic backward
      displacement of the wheelhead 3 is accomplished, during which the frame 4,
      by sliding on the guides 5 and 6 (FIG. 3) of the platform 7, is displaced
      from the workpiece.
PAR  If, with the screw 40 (FIG. 4) in the aforementioned position, pressure
      fluid is fed through the feed pipe 85 and the duct 83 to the chamber 81 of
      said cylinder, then the screw 40 will be displaced forward to the opposite
      end-of-stroke position. This stroke is limited by the end 45 abutting head
      50 stop 46. Thus the forward displacement of said screw 40 can be
      precisely marked. The micrometric adjustment of frame 4 begins at this
      precisely defined position, controlled by the step-by-step motor 38.
      Micrometric movement is accomplished by sending a certain number of pulses
      to step-by-step motor 38, causing motor 38 to rotate output shaft 71 by a
      predetermined angle.
PAR  The pinion 73, which is integral with the shaft 71, will cause the gear 69
      to rotate and gear 69, through the pair of gears 63 and 60, will in turn
      cause rotation of the sleeve 53 and nuts 36.
PAR  During rotation of nuts 36, balls 51 will be caused to circulate in the
      helical channel. Since the screw 40 is prevented from rotating on account
      of the coupling of the upper end of arm 72 with the guide 73 (FIGS. 2 and
      3), an axial traverse of the frame 4 relative to said screw will take
      place, the direction depending on the direction of rotation of nuts 36.
      During this traverse movement, the upper end of arm 72 will slide inside
      guide 73.
PAR  Rapid displacement of screw 40, by hydraulic cylinder 44 (FIG. 2) can be
      accomplished whatever the relative position of the nuts 36 with respect to
      the screw 40 may be. Rotation of nuts 36 to actuate the micrometric
      movement of the frame 4, can also be accomplished whatever the relative
      position of the screw 40 with respect to the cylinder 44. Therefore,
      micrometric movement can be accomplished concurrently with the rapid
      hydraulic displacement of said screw, if desired.
PAR  When the relative axial displacement of the nuts 36 with respect to the
      screw 40 is such as to bring the flat surface 76 (FIG. 4) of one of the
      teeth 75 into engagement with one of the side faces of the tab 77 (FIG.
      2), then the rotation of the nuts 36 and, therefore, the axial
      displacement of screw 40, will be arrested. Accordingly, the teeth 75,
      associated with the tab 77, constitute a device for arresting the rotation
      of the nuts 36.
PAR  When platform 7 is to be rotated about the axis of the pin 8, pressure is
      fed to the chamber 18 through the duct 21. The plunger 16 will then be
      displaced downwardly and, as a result, the platform 7 will be raised and
      the upper surface of this platform, which initially rested upon the plate
      15, will clear plate 15. Contact between platform 7 and plate 15 will now
      take place solely through the bearing 23 and, therefore, the rotation of
      the platform 7 upon plate 15 can occur with a very low friction.
PAR  The operation of the workhead 3a of the grinding machine corresponding to
      the first embodiment described above is as follows:
PAR  The workpiece is mounted on a clamping device (not shown) in hole 202 (FIG.
      7) of spindle 114. The tapered front part of the clamping device is
      coupled with the conical section 203 of the hole 202 and, by operating
      suitable actuating means (not shown), the clamping device can be displaced
      axially relative to the spindle 114, thereby closing upon the workpiece
      inserted therein. Subsequently, by displacing radially the thin plate 146
      towards the spindle 114, the end of plate 146 will be inserted inside
      recess 148 of spindle 114, so as to make the disk 144 torsionally integral
      with spindle 114. When plate 146 is inside recess 148, plate 199 must be
      outside the corresponding cavity 201 in the spindle 114 in order to permit
      the rotation of the said spindle.
PAR  After choosing a predetermined speed of rotation for spindle 114, belt 163
      (FIG. 6) is mounted on that pair of cooperating pulleys of the cones 161
      and 162 that will provide the desired speed of rotation. Upon energization
      of the motor 113, belt 163 will also cause pulley 143 to rotate via pulley
      158 and the belt 164 (FIGS. 6 and 7). Pulley 143 will rotate idle on the
      bearings 138 (FIG. 7) and, being integral with the annular member 141 and
      the disk 144, will entrain member 141 and disk 144 in rotation. Disk 144
      will then, through the coupling of the plate 146 with the recess 148,
      causing rotation of spindle 114. Belt straightener 115 will also rotate
      during the movement of the belt 164.
PAR  While the spindle 114 rotates, pressure fluid is fed to pipes 132 (FIG. 7)
      and 182, and passes through axial holes 124 of bearings 115 and 116 and
      axial holes 183 in bearing 116. From the holes 124 the oil will pass
      through the holes 123 in recesses 121 of said bearings, thereby
      lubricating and reducing the friction of spindle 114. The oil which can
      flow out through the radial clearance between the outer surface of said
      spindle 114 and the inner coupled surfaces of the bearings 115 and 116,
      will be collected below and is recycled, through the holes 133, inside the
      recess 134 in the frame 101. The small calibrated pipes 126, disposed
      inside the holes 124 and through which the oil will flow, serve to exactly
      adjust the pressure and the speed of the oil fed to the recesses 121.
PAR  The oil fed to recesses 181, through the holes 178, 179 and 180, is
      recirculated in the annular cavities 177 disposed in front of the surfaces
      of the ring 173. Therefore a layer of lubricant under pressure is formed
      to permit low friction rotation of the ring 173 relative to stationary
      ring 170 and the bearing 116, between said surfaces and the surfaces of
      the ring 170 and the bearing 116 coupled therewith.
PAR  In order to displace the workpiece axially relative to the grinding wheel
      spindle 114 must be displaced. This is accomplished by energizing motor
      186 by sending thereto a predetermined number of pulses generated by a
      suitable electric circuit. Shaft 196 of motor 186 will thus rotate through
      an angle of predetermined value as will stem 194, and gears 192 and 193.
      Since the inner threaded hole of the tubular portion 198 of the gear 192
      is coupled with screw threads 171 of ring 170, a predetermined rotation of
      gear 192 will cause a corresponding axial displacement of ring 170, since
      gear 192 cannot move axially because of being sandwiched between wall 119
      and thrust ring 197.
PAR  Since ring 170 is attached to bearing 116, during axial movement of ring
      170 bearing 116 will also be displaced, sliding inside the sleeve 118.
      Inasmuch as ring 173 is also integral axially with ring 170, during
      movement of ring 170 spindle 114 will also be displaced. Therefore, in
      response to a certain number of pulses to the motor spindle 114 will be
      displaced axially a predetermined distance.
PAR  Motor 186 can rotate in either direction and therefore the axial
      displacement of spindle 114 can be also in either direction, to move the
      workpiece towards or away from the grinding wheel. The maximum value of
      the displacement is rather low, for instance of the magnitude of 2mm,
      which is quite sufficient for the normal grinding operations.
PAR  The operation of the workhead 3a corresponding to the second embodiment
      just described and illustrated in FIGS. 8 and 9 is as follows:
PAR  Spindle 114 (FIG. 8) is caused to rotate in a manner similar to that
      described with reference to the first embodiment of the present invention.
      During this rotation, the outer surface of spindle 114 will slide upon the
      inner surfaces of the bearings 206. Bearings 206 as contrasted with those
      of the preceding embodiments, are stationary with respect to the frame
      101. To correctly adjust the axial play or backlash between the spindle
      114 and the ring 208, ring 208 will be displaced axially relative to
      bushing 207 by acting upon the ring nuts 213. If bearing 206 shown in FIG.
      8 is displaced to the right with respect to corresponding bushing 207,
      because of the interference fit of the conical outer surface ring 208 with
      the inner surface, of complementary shape, of bushing 207, a radial
      elastic deformation of ring 208 will occur.
PAR  During rotation of spindle 114 a force is applied which tends to push the
      spindle 114 to the left in FIG. 8. This force is generated by springs 244
      and is applied to spindle 114 via which bushing 243, thrust bearing 245,
      and shoulder 247 of ring nut 238. Therefore, ring 237 which is integral
      with spindle 114, will be pushed towards ring 233. Since ring 233 abuts,
      rollers 222 which in turn abut lever 216, the force generated by springs
      244 will be unloaded to lever 216, and then passed to rear wall of box 214
      through balls 221 and 222.
PAR  During the rotation of the spindle 114, a relative movement will occur
      between ring 237 rotating with spindle 114 and ring 233 which held
      stationary with respect to the frame 101 by pin 235 acting on recess 236.
      In order to reduce the friction during the sliding movement which occurs
      between the faces of rings 233 and 237, oil is fed under pressure to
      annular cavity 239 through duct 242 and hole 241. The layer of lubricant
      thus formed reduces considerably the friction between the engaging faces
      of rings 233 and 237 during the rotation of spindle 114.
PAR  In order to axially displace the spindle 114, a number of pulses is applied
      to the step-by-step motor 215 to cause the output shaft 228 of said motor
      to rotate through a predetermined angle. This shaft will, in turn, cause
      rotation, through the coupling 229, of threaded member 225. Since the nut
      226 is secured to the box 214, a relative axial displacement of member 225
      will thus occur with respect to nut 226 and shaft 228 of the motor 215, as
      allowed by the coupling 229. Therefore, ball 221 will also be displaced
      axially, thereby causing a pivotal movement of the lever 216 about an
      ideal hinge whose axis passes through the center of the ball 220 and is
      orthogonal to the plane of the drawing of FIG. 8.
PAR  During the aforementioned rotation of the lever 216, the rollers 222 are
      displaced in the direction of the axis of the spindle 114, but this
      displacement is less than that of the ball 221 in the same direction. In
      fact, the distance between ball 221 and the ideal hinge mentioned above is
      greater than the distance between rollers 222 and the same hinge.
      Therefore, the displacement in the axial direction of said rollers 222
      will be equal to the product of the displacement of the ball 221 by the
      ratio of the latter to the former distance.
PAR  Rollers 222 will thus directly cause the axial displacement of the spindle
      114 by means of thin plate 232 and the ring 233 between shich rollers 222
      are disposed. Ring 233 is always in contact with ring 237, which is
      attached to spindle 114.
PAR  During the machining operation with the workhead of the invention, the
      axial push applied to spindle 114 and directed to the left, as seen in
      FIG. 8, is transmitted to lever 216, through the chain formed by rings 237
      and 233, rollers 222 and plate 232. The push is in turn transmitted to the
      balls 220 and 221 and thus to the rear wall of the box 214.
PAR  It will be apparent that many modifications and variations can be
      introduced in the embodiment of the invention as described above,
      concerning both the shape and the arrangement of the various parts and
      components, without departing from the scope of the invention. However,
      the scope of the invention is governed only by the scope of the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a grinding machine having a frame, a wheelhead mounted on said frame,
      a wheel spindle rotatably mounted on said wheelhead, and a grinding wheel
      having a grinding surface secured to said spindle, a workhead adjustably
      mounted on said frame, said workhead comprising:
PA1  a work spindle for holding a workpiece carried by said workhead, said work
      spindle being carried by bearings mounted on said workhead,
PA1  means for mounting said work spindle for rotatable and axial movement with
      respect to said grinding surface whereby said workpiece can be oriented
      with respect to said grinding surface and brought into contact with said
      grinding surface,
PA1  power means for rotating said work spindle,
PA1  a screw element having threadably mounted thereon a nut element, said nut
      element and said screw element being mounted for relatively rotatable
      movement with respect to one another to displace said elements axially
      with respect to one another, said nut element having outer teeth and being
      rotatably mounted on said workhead and fixed against axial movement with
      respect to said workhead, said work spindle being coaxial with said nut
      element and passing through said nut element, said screw element
      comprising the outer surface of a first ring movable axially,
PA1  a second ring attached to said work spindle and rotatably and axially
      movable therewith, said second ring being engageable by said first ring to
      cause axial movement of said work spindle, and
PA1  means for rotating said screw element and said nut element with respect to
      one another comprising a step-by-step reversible electric motor carried by
      said workhead and having an output shaft means rotatable by a
      predetermined number of electric pulses, said output shaft means directly
      rotatably engaging said outer teeth of said nut element whereby rotation
      of said nut element by said output shaft means results in axial movement
      of said work spindle with respect to said workhead.
NUM  2.
PAR  2. An apparatus as set forth in claim 1 wherein said one of said bearings
      is axially movable in an annular cavity, wherein said first ring is
      attached to and axially movable with said one bearing, and wherein said
      second ring is interposed between said one bearing and said first ring.
NUM  3.
PAR  3. In a grinding machine having a frame, a wheelhead mounted on said frame,
      a wheel spindle rotatably mounted on said wheelhead, and a grinding wheel
      having a grinding surface secured to said spindle, a workhead adjustably
      mounted on said frame, said workhead comprising:
PA1  a work spindle for holding a workpiece carried by said workhead,
PA1  means for mounting said work spindle for rotatable and axial movement with
      respect to said grinding surface whereby said workpiece can be oriented
      with respect to said grinding surface and brought into contact with said
      grinding surface,
PA1  power means for rotating said work spindle,
PA1  a screw element having threadably mounted thereon a nut element, said nut
      element and said screw element being mounted for relatively rotatable
      movement with respect to one another to displace said elements axially
      with respect to one another, one of said elements being fixed to said
      workhead and the other of said elements being connected to and movable
      with said work spindle, and
PA1  means for rotating said screw element and said nut element with respect to
      one another comprising a step-by-step reversible electric motor carried by
      said workhead and having an output shaft means rotatable by a
      predetermined number of electric pulses, said screw element being
      connected to said output shaft means by connecting means comprising an
      elongated axial opening in said screw element and a pin carried by said
      output shaft means and engaging said axial opening to cause said screw
      element to be directly rotated by said output shaft means, while allowing
      axial displacement of said screw element.
NUM  4.
PAR  4. An apparatus as set forth in claim 3 further comprising a pivotal lever
      having a first point connected to said work spindle and a second point
      engageable by said screw element, said first point and said second point
      being so related to one another as to cause said work spindle to move
      axially a proportionally lesser distance than said screw element is moved
      axially.
NUM  5.
PAR  5. An apparatus as set forth in claim 4 wherein said lever is provided with
      a spindle opening through which said work spindle passes, wherein the
      fulcrums of said lever and said second point lie on opposite sides of the
      axis of said work spindle, and wherein said lever engages said work
      spindle at two first points spaced radially perpendicularly from a plane
      through said fulcrum and said second point.
NUM  6.
PAR  6. An apparatus as set forth in claim 5 further comprising a ring axially
      displacable with said work spindle and roller means interposed between
      said ring and said lever at said first points, said roller means engaging
      said ring and said lever.
NUM  7.
PAR  7. An apparatus as set forth in claim 6 further comprising spring means
      urging said lever and said ring together, said spring means on the one
      hand engaging said workhead and on the other hand engaging a bushing
      axially movable with said work spindle, and further comprising a thrust
      bearing disposed between said bushing and said work spindle.
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ABST
PAL  The invention concerns a control apparatus for machines designed to operate
      on a workpiece. The apparatus comprises a programming element consisting
      of a disc which has concentric tracks of varying transparency or
      reflectance; an optical scanner comprising an emitter unit emitting light
      beams to the programming element and a receptor unit for the light beams
      which have been transmitted or reflected; drive means for rotating the
      disc by the relative displacement of a tool and the workpiece; and an
      electric circuit connected to the receptor unit and to a motor for
      controlling the speed of rotation of the motor as a function of the
      intensity of the signal given by the receptor unit. The apparatus is
      applicable in particular to machines for working on plates, pieces of
      glass or plastics material, for example window panes, plate glass or
      lenses.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a control device for imposing a programme of
      speeds of relative displacement between a workpiece and a tool. Although
      the invention is applicable to workpieces of any form it is particularly
      applicable to workpieces in the form of plates. The invention is designed
      particularly to apply to workpieces made of glass or plastics material,
      for example lenses or glass panes or plate glass and in particular to the
      window panes of car windows.
PAR  The increase in production rates which are desired makes it necessary to
      reduce the time of work on each piece and consequently to increase the
      speed of relative displacement between the tool and the workpiece. Under
      these conditions it is obviously not possible to use a speed of
      displacement which is both rapid and uniform since for example the cutting
      of a very round piece of glass plate can only be carried out slowly while
      the cutting of a straight or only slightly curved piece can be carried out
      at a high speed. It is therefore necessary to provide devices by means of
      which the instantaneous speed of relative displacement between the tool
      and the workpiece can be varied according to the contour along which the
      tool is required to work on the workpiece.
PAR  The apparatus according to the invention precisely enables the
      instantaneous speed of relative displacement between a workpiece and its
      tool to be varied according to a predetermined programme which can be
      suitably adapted to each type of work to be carried out.
PAR  The apparatus according to the invention is designed to be used in
      association with a machine which comprises a tool in relative displacement
      against the workpiece on which it is required to operate, the function of
      the apparatus being to impose a programme of speeds on this displacement.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a control apparatus for a machine operable on a
      workpiece by means of a tool in relative displacement against the
      workpiece, which control apparatus is operable to impose a programme of
      speeds on this displacement, the said machine comprising: a tool for
      operating on the workpiece; means for displacing the workpiece or the tool
      along a predetermined path; means for keeping the tool and the workpiece
      in operating contact during the movement along this path; and a motor for
      producing this displacement; the said apparatus being characterised in
      that it comprises: a programming element having zones of varying
      transparency or reflectance; an emitter unit for emitting light beams to
      the programming element and an associated receptor unit for receiving the
      light beams which have been transmitted or reflected; means for turning
      the programming element so that one complete rotation corresponds to one
      complete movement along the path; an electric circuit connected to the
      receptor unit and to the motor for controlling the speed of rotation of
      the motor as a function of the intensity of the signal provided by the
      receptor unit so that the speed of displacement of the workpiece or of the
      tool varies during the movement along the path according to the programme
      defined by the zones of the programming element.
PAR  The apparatus according to the invention may be associated with a machine
      for cutting a workpiece, this machine comprising a horizontal table for
      supporting the workpiece, a horizontal jig defining a cutting path, a
      freely displaceable carriage equipped with a cutting tool and a motor
      adapted to produce the displacement of the carriage along the jig.
PAR  It may also be associated with a machine for grinding the edges of the
      workpiece, this machine comprising the following parts: an endless
      conveyor defining a path of displacement for the workpiece; a motor for
      driving the conveyor and at least one rotary grinding tool placed on one
      of the sides of the conveyor so as to come into contact with one of the
      sides of the workpiece during its displacement.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Two applications of the apparatus according to the invention to a machine
      for cutting plates and to a machine for grinding the edges of a plate of
      glass as represented above are described hereinafter by way of example,
      with reference to the accompanying drawings. The drawings are given purely
      for illustration and do not in any way limit the embodiments of the
      invention.
PAR  In these drawings:
PAR  FIG. 1 is a view in perspective of a machine for cutting plates of glass,
      equipped with a control apparatus according to the invention:
PAR  FIG. 2 is a view in perspective of a machine for grinding the edges of
      plates of glass, equipped with a control apparatus according to the
      invention;
PAR  FIG. 3 represents a disc used as programming element in the apparatus
      according to the invention; and
PAR  FIG. 4 is an electric circuit diagram of the apparatus according to the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The machine for cutting plates of glass shown in FIG. 1 comprises a stand
      10 and a horizontal table 12 covered with felt on which a plate of glass
      14 rests. This plate is placed on the table and removed from it by known
      means which will not be described here.
PAR  The stand 10 also supports two horizontal parallel rods 16 and 18 which
      define the rolling path of a bridge 20. The bridge 20 consists of two
      sleeves 22 and 24 free to slide on their respective rods 16 and 18 and
      rigidly connected to each other by two other rods 26 and 28 which are
      parallel to each other and perpendicular to the rods 16 and 18 and define
      a second rolling path on which the carriage 30 is slidable. The carriage
      30 is equipped with a motor 32 (shown in broken lines) which rotates a
      vertical shaft 34 on which an electromagnet 36 and roller 38 are mounted,
      the said roller 38 rolling against the internal edge 40 of a horizontal
      metal jig 42. The roller 38 is applied against the internal edge of the
      jig by means of the electromagnet and its rotation causes the carriage to
      move in a horizontal plane along the contour defined by the jig.
PAR  The carriage 30 is also equipped with a cutting wheel 44 made of steel or
      tungsten which is applied against the upper surface of the plate 14 by
      means of a jack 46 so that it cuts the plate of glass according to the
      contour defined by the jig.
PAR  The control apparatus associated with this machine provides the means for
      varying the speed of rotation of the motor 32 of the carriage and hence
      also the speed of displacement of the carriage along the contour of the
      jig.
PAR  This control apparatus comprises a disc 48 which has zones of varying
      transparency or reflection and which is connected to a vertical shaft 50
      rotatable in a bracket 52 fixed to the stand. The disc 48 is rotated by
      means of a horizontal rod 54 one end of which is linked to the carriage 30
      by means of a collar 56 loosely mounted on the shaft 34 of the motor of
      the carriage while the other end slides in a sleeve 58 which is integrally
      connected to the shaft 50 which drives the disc. The disc is therefore
      situated above the glass plate and in the central region of the jig.
PAR  The bracket 52 also supports an optical scanner 60 which will be described
      in detail in the course of the description. This scanner is designed to
      collect the information on the disc and transmit it to the motor 32 so
      that for each position of the disc, which corresponds to a single position
      of the carriage, the information scanned will be converted into a signal
      to control the instantaneous speed of rotation of the motor.
PAR  The disc may also carry other information which may be used, for example,
      for controlling the jack 46. The descent of the cutting wheel before
      cutting the plate and its return after cutting the plate may thus be
      controlled automatically.
PAR  FIG. 1 shows schematically the functional connection between the scanner 60
      and motor 32.
PAR  The machine for grinding the edges of the glass plate represented in FIG. 2
      comprises two conveyor belts 70 and 72 (shown only partially) driven
      respectively by two pulleys 74 and 76 mounted on a shaft 78 which is
      driven by a motor 80 by way of a reduction gearing 82.
PAR  The belts 70 and 72 serve to displace a glass plate 84 in the direction
      indicated by the arrow 86. The means used for placing the glass plate on
      the belts and the means for removing them after grinding have not been
      described since they are known per se and therefore do not form part of
      this invention.
PAR  In the course of the displacement of the plate 84, its edges 88 and 90 are
      ground by two grinding wheels 92 and 94 respectively. The grinding wheel
      92 is rotated in the horizontal plane by a motor 96 mounted on the end of
      an arm 98 the other end of which pivots about a fixed vertical shaft 100.
      The arm 98 is subjected to the action of a jack 102 which tends to apply
      the grinding wheel 92 against the edge 88 of the glass plate during the
      displacement of the latter.
PAR  The grinding wheel 94 is applied against the edge 90 of the glass plate by
      a similar device by way of a jack 104.
PAR  The shaft 78 is provided with a clutch mechanism 106 by means of which it
      can drive a shaft 108 which carries two pulleys 110 and 112 each of which
      drives one of two loops of band 114 and 116 which carry the zones of
      varied transparency or reflection. The band 114 is also passed round two
      other pulleys 118 and 120 and similarly the band 116 around the two
      pulleys 122 and 124.
PAR  The band 114 carries information for controlling the speed of the motor 80
      while the band 116 carried information for controlling the jacks 102 and
      104.
PAR  The apparatus also comprises an optical scanner 126 the operation of which
      will be described later and an electric switch 128 which is actuated by
      the passage of a glass plate over it and serves to control the clutch
      mechanism 106 by means known in the art.
PAR  The machine equipped with a control apparatus as described above operates
      as follows:
PAR  In the absence of a plate of glass, the clutch mechanism 106 is
      disconnected so that the bands 114 and 116 are immobilised in a position
      such that the information which is contained on the band 114 and read by
      the scanner 126 corresponds to the maximum speed of the conveyor belts.
      When a plate of glass arrives on the conveyor belts, it is carried in the
      direction indicated by the arrow 86 and actuates the switch 128, thereby
      causing the clutch mechanism 106 to engage. The bands 114 and 116 are then
      driven and the information contained on them is translated into control of
      the motor speed on the one hand and control of the jacks on the other. The
      length of the bands 114 and 116 is preferably equal to that of the path of
      the glass plate on the belts from the position where the plate actuates
      the switch 128 to the position where the same plate leaves the grinding
      zone. When the bands have moved through their whole course, the glass
      plate left the grinding zone and the belts have resumed their maximum
      speed so that they can rapidly remove the plate which has just been
      operated on and rapidly bring the next plate to the grinding zone. A
      particular signal which may be carried by one or other of the bands 114
      and 116 then causes disconnection of the clutch mechanism 106 until the
      next action on the switch 128 which again causes engagement of the clutch
      mechanism 106. The apparatus according to the invention therefore enables
      the speed of displacement of the plate to be varied but also the force of
      application of the grinding wheels against the edges of the plate as a
      function of the particular form of its edges.
PAR  Instead of using two separate bands, all the information may be grouped on
      one band.
PAR  In one variation of the apparatus associated with the machine of FIG. 2, a
      disc comprising zones of varying transparency or reflection similar to
      that used with the machine of FIG. 1 may be used instead of the two bands
      114 and 116. In that case, it is necessary to arrange that the disc, which
      is then driven by the shaft 108, performs one complete revolution for the
      corresponding movement of the glass plate in the grinding zone. This can
      be achieved simply by providing a suitable reduction gear so that one
      complete rotation of the disc corresponds to the displacement of the glass
      plate from the position where it actuates the contact 128 to the position
      where it leaves the grinding zone.
PAR  When the edges 88 and 90 of the glass plate 84 have been ground, the plate
      is carried to another similar machine after a quarter turn so that the two
      remaining edges are ground.
PAR  FIG. 2 shows schematically the functional connections between the optical
      scanner and the various elements which it controls as well as the
      connection between the switch 128 and the clutch mechanism 106 and the
      connection between the optical scanner and the clutch mechanism.
PAR  The particular function of the optical scanner will be explained in more
      detail in the course of the description.
PAR  FIG. 3 shows a programming disc of the type used with the machine for
      cutting the edges of glass shown in FIG. 1. This disc has zones of varying
      transparency or reflectance formed by sectors of concentric tracks. In the
      case of FIG. 3, the disc has five concentric tracks 130, 132, 134, 136 and
      138. Each track has zones of low transparency or low reflectance (in white
      on the Figure) and zones of high transparency or high reflectance (in
      black on the Figure). The information on these zones is designed to be
      read by a unit of emitters and associated receptors. One emitter of light
      beams and one photoelectric cell associated with it is provided for each
      track. In cases where the zones have varied transparency, the emitter and
      photoelectric cell for each track are arranged one on each side of the
      track so that if the light beams from the emitter encouter a
      non-transparent zone the photoelectric cell will not be lit up. If on the
      other hand the light beams encouter a transparent zone, the photoelectric
      cell is lit up. In the case of zones of varying reflectance, the light
      beam emitter and photoelectric cell associated with it are situated both
      on the same side of the disc so that the light beams from the emitter will
      be reflected in the direction of the photoelectric cell. Each
      photoelectric cell therefore responds to zones of varying transparency or
      reflectance by two different levels of electric output voltage. When the
      disc rotates, information on each track is detected independently sector
      for sector. Each cell when it is lit up switches a resistance by means of
      a relay. In the case of FIG. 3, each of the five cells may therefore
      independently switch one of the five resistances associated with them.
PAR  The photoelectric cells associated with the tracks 130, 132, 134, 136 and
      138 switch respectively the resistances which have the values R.sub.o,
      2R.sub.o, 4R.sub.o, 8R.sub.o and 16R.sub.o. If these five resistances are
      connected in series, all the multiples of R.sub.o between 0 and 31R.sub.o
      can be obtained. 32 multiple values of R.sub.o are therefore available.
      Some of these values are indicated in brackets opposite each corresponding
      sector on FIG. 3.
PAR  In the case where a disc with zones of varying transparency are used, that
      is to say a disc carrying either transparent zones or opaque zones, this
      can conveniently be obtained in the form of a photographic negative which
      can easily be reproduced with a simple photographic laboratory material.
PAR  If bands of varying transparency are used, these can very conveniently be
      obtained from photographic films used for black and white photography. The
      tracks obtained are then parallel.
PAR  The bands have the advantage that they can be reproduced with a simple
      photographic material and moreover they can easily be driven due to the
      presence of perforations along the lateral edges of the film. In the case
      of a film, the information is read in portions of parallel tracks.
PAR  FIG. 4 shows a disc 140 similar to that shown in FIG. 3 which rotates about
      a shaft 142 and has five concentric tracks 144, 146, 148, 150 and 152. The
      information on these five tracks is to be detected by an optical scanner
      154 which comprises five light beam emitters 156, 158, 160, 162 and 164
      and five photoelectric cells 166, 168, 170, 172 and 174 associated,
      respectively, with the tracks 144, 146, 148, 150 and 152.
PAR  When the photoelectric cells are lit up, they switch the resistance
      R.sub.1, R.sub.2, R.sub.4, R.sub.8 and R.sub.16 which have the values
      R.sub.o, 2R.sub.o, 4R.sub.o, 8R.sub.o and 16R.sub.o, respectively, by
      means of the contacts 176, 178, 180, 182 and 184. These five resistance
      are connected in parallel along a conductor 186 which is supplied from a
      source of direct current 188. *The conductor 186 is connected to a
      continuous current motor 190 by way of the amplifier 194 of a variable
      speed regulator 196. The motor 192 is in fact the motor for the glass
      cutting or grinding machine (motor 32 of FIG. 1 or motor 80 of FIG. 2. The
      shaft 198 of the motor drives a tachymetric dynamo 200 which is
      electrically connected to the conductor 186 at the input of the amplifier
      194 by a conductor 202 and resistance 204. The shaft 198 of the motor 192
      is provided for operational purposes as indicated by the arrow 206.
FNT  *The conductor 186 also carries a resistance 190 which offers a resistance
      to the current in conductor 186 when none of the resistances
      R.sub.1,R.sub.2,R.sub.4,R.sub.8 and R.sub.16 has been switched.
PAR  The speed of the motor is thus controlled by the states of the electric
      contacts 176, 178, 180, 182 and 184. In the case of the Figure where the
      number of resistance which can be switched on and off is 5, there are 32
      possible multiple values of R.sub.o. The speed can then be varied
      according to discontinuous multiples of a value representing about 3% of
      the maximum speed of rotation of the motor.
PAR  It should be understood that the particular form of electric control
      circuit is not limited to that described above, particularly as regards
      the electronic variable speed control.
PAR  The apparatus according to the invention effects the switching of
      resistances which have values proportional to the successive terms of a
      geometric series of factor 2, the variation in the source of these
      resistances being used to vary the speed of the motor by suitable means.
PAR  The apparatus according to the invention is particularly provided for use
      in association with machines for working on glass and in particular
      machines for cutting plates of glass or grinding the edges of plates of
      glass.
PAR  It finds a particular application in the industrial manufacture of window
      panes for motor vehicles, in which ever increasing production rates are
      employed.
PAR  The apparatus according to the invention may be used for treating various
      types of car windows, being easily adapted for each type simply by
      providing it with the appropriate disc or band. Replacement of one disc or
      band by another can be carried out very quickly and does not require any
      special skill. Moreover, the disc or band can easily be copied in the case
      of loss or accidental destruction and can also easily be modified. The
      programme of speeds can be visualised with this disc or band.
CLMS
STM  I claim:
NUM  1.
PAR  1. Control apparatus for a machine for grinding the edges of a workpiece by
      means of at least one rotary grinder during the displacement of the
      workpiece, which control apparatus is operable to impose a programme of
      speeds on the displacement of the workpiece, the said machine comprising:
      an endless linear conveyor defining a path of displacement for the
      workpiece; a motor for driving the conveyor; and at least one rotary
      grinder placed on one side of the conveyor so as to come into contact with
      one of the edges of the workpiece in the course of the displacement of the
      workpiece; the said apparatus comprising: a programming element having
      zones of varying transparency or reflectance; an emitter unit for emitting
      light beams to the programming element and an associated receptor unit for
      receiving the light beams which have been transmitted or reflected; means
      for turning the programming element so that one complete rotation
      corresponds to one complete movement along the path; an electric circuit
      connected to the receptor unit and to the motor of the conveyor for
      controlling the speed of rotation of the motor as a function of the
      intensity of the signal provided by the receptor unit so that the speed of
      displacement of the workpiece varies during the movement along the path
      according to the programme defined by the zones of the programming
      element.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein the programming element is a
      disc and the zones are sectors of concentric tracks.
NUM  3.
PAR  3. Apparatus according to claim 2, wherein the disc is driven by the motor
      with a reduction ratio such that one complete rotation of the disc
      corresponds to one complete displacement of the workpiece along its path.
NUM  4.
PAR  4. Apparatus according to claim 1, wherein the programming element is a
      band and the zones are formed by portions of parallel tracks.
NUM  5.
PAR  5. Apparatus according to claim 4, wherein the band is an endless band
      driven by the motor.
NUM  6.
PAR  6. Apparatus according to claim 1, wherein the programming element is a
      photographic negative.
NUM  7.
PAR  7. Apparatus according to claim 2, wherein an emitter and associated
      receptor is provided for each track.
NUM  8.
PAR  8. Apparatus according to claim 4, wherein an emitter and associated
      receptor is provided for each track.
NUM  9.
PAR  9. Apparatus according to claim 1, wherein the programming element has
      zones of low transparency or reflectance and zones of high transparency or
      reflectance, and the receptor unit comprises at least one photoelectric
      cell which responds to zones of low or high transparency or reflection,
      respectively, by two different levels of electric output potential.
NUM  10.
PAR  10. Apparatus according to claim 9, wherein the electric circuit comprises
      at least one electric contact the open or closed state of which is
      controlled according to the two levels of output voltage to define two
      states of signal provided by each photoelectric cell.
NUM  11.
PAR  11. Apparatus according to claim 10, wherein the electric circuit
      comprises: a plurality of contacts; a plurality of resistances having,
      respectively, consecutive values taken from a geometric progressing of
      factor 2, each of the said contacts being connected in parallel to one of
      the respective resistances; and means for supplying the said motor across
      the resistances and contacts which are in parallel.
NUM  12.
PAR  12. Apparatus according to claim 10, wherein the motor is a continuous
      current motor supplied from a source of continuous current and the
      resistances and contacts in parallel are coupled between the supply and an
      electronic variable speed control electrically connected to the motor.
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ABST
PAL  A portable abrading tool having a cylinder body containing a double ended
      piston with a reduced dimension intermediate portion of the piston
      carrying two oppositely facing racks engageable with two gear units which
      in turn engage two additional oppositely facing racks on a shoe to cause
      reciprocation thereof. A valving mechanism may include a rotatably
      oscillatable gear sector containing a pocket recess loosely receiving a
      valve element in a lost motion relation. An aspirator may be provided for
      withdrawing air and abraded particles from the vicinity of a work surface.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improved portable abrading tools, such as power
      driven sanders or the like.
PAR  The tools of the present invention are of a known general type in which a
      piston is reciprocated within a cylinder body by pressure fluid, usually
      compressed air, and acts to reciprocate a work abrading shoe relative to
      the body. In certain prior devices of this type, the piston has been
      provided with a toothed rack which engages and meshes with a gear unit
      rotatably mounted to the body of the device, with that gear unit also
      engaging a second rack connected to the abrading shoe to drive the shoe.
PAR  The prior devices of this type with which I am familiar have tended
      inherently to vibrate the body of the tool excessively in operation, with
      resultant discomfort in the user and difficulty of precise control of the
      positioning of the tool on the work. In addition, the rack and gear drives
      heretofore employed have been of a character tending to exert lateral or
      transverse force against the piston and/or the shoe, in a manner causing
      excessive wear of these parts and their bearing surfaces with respect to
      the body of the device, and particularly tending to cause excessive wear
      of the engaging piston and cylinder surfaces. Additionally, the valving
      for controlling flow of air or other pressurized fluid to opposite ends of
      the cylinder has been so ineffective and impositive in nature that the
      entire reciprocating motion frequently stops upon imposition of a fairly
      light manual force against the tool.
PAC  SUMMARY OF THE INVENTION
PAR  In a tool embodying the present invention, an improved gear and rack drive
      arrangement is provided which balances the forces exerted laterally
      against the reciprocating piston in a manner allowing the piston to move
      axially with minimum resistance, and avoiding the imposition of any
      substantial lateral force by the piston against the cylinder wall. In this
      way, the wear on the piston and cylinder is minimized, and vibrational
      forces encountered in prior arrangements are minimized or eliminated. To
      achieve this result, the piston structure is provided with two different
      toothed racks, both facing transversely with respect to the axis of
      reciprocating movement of the piston, but so oriented as to face in two
      different and opposite transverse directions respectively. Desirably,
      these two racks are formed at opposite sides of a reduced dimension
      central portion of the piston structure, and face in directions away from
      one another. In engagement with these two racks, there are provided two
      separate gear units, having teeth meshing with the teeth of the racks and
      both mounted for rotation relative to the cylinder body. As a result of
      this relationship, the forces which are exerted laterally or transversely
      against the two gear units by the racks when the piston is moved axially
      are in opposition to one another, and are transmitted to the body of the
      tool in balanced relation avoiding the exertion of any transverse or
      lateral force against the body relative to the piston, or vice versa.
PAR  To similarly balance the transmission of lateral forces between the body of
      the tool and the reciprocating abrading shoe, the shoe desirably also has
      two racks facing in opposite directions and engageable with two gear
      units, so that the force exerted transversely against the shoe by one gear
      unit is balanced by a similar and equal force exerted against the shoe in
      the opposite direction by the other gear unit. Further, in addition to the
      discussed balancing of lateral forces, the pairs of racks and gear units
      serve inherently to balance the rotary forces exerted against the gear
      units and the longitudinal or axial forces exerted against the racks, all
      in a manner resulting in an extremely smoothly operating, vibrationless,
      and low friction tool.
PAR  Certain additional features of the invention relate to a preferred valve
      mechanism which has been provided for alternately admitting pressure fluid
      to opposite ends of the cylinder. This valve mechanism desirably includes
      an actuating part which has oscillating motion as the piston reciprocates,
      and which has a lost motion connection with a coacting valve element
      slidably engaging a surface containing fluid passing apertures controlled
      by the valve element. The actuating part may be a gear sector driven by
      one of the previously mentioned gear units or the like, and containing a
      confining recess or opening within which the valve element is loosely
      received in confined relation. The inlet pressure fluid can be admitted to
      the valve assembly in a manner causing that pressure to continuously urge
      the valve element tightly against the apertured valving surface with which
      it is slidably engaged.
PAR  Another feature of the invention resides in an improved dust free
      arrangement for withdrawing abraded particles from the vicinity of the
      work surface, by suction means preferably including an aspirator energized
      by a primary flow of pressure fluid to produce a secondary flow of fluid
      through the abrading shoe to the aspirator, in accordance with the general
      teachings of my prior U.S. Pat. No. 3,785,092 In accordance with the
      present invention, the suction system desirably includes two conduits
      connected to the body of the tool and the reciprocating shoe respectively,
      and extending parallel to the axis of reciprocation of the shoe, and
      having portions which interfit telescopically in a manner allowing
      relative reciprocating movement of the two conduits while conducting the
      abraded particles therethrough.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other features and objects of the invention will be better
      understood from the following detailed description of the typical
      embodiment illustrated in the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a straight line sander embodying the
      invention;
PAR  FIG. 2 is an enlarged longitudinal vertical section through the FIG. 1
      tool;
PAR  FIG. 3 is a transverse vertical section taken on line 3--3 of FIG. 2;
PAR  FIG. 4 is a fragmentary horizontal section taken on line 4--4 of FIG. 2;
PAR  FIGS. 5 and 6 are fragmentary vertical sections taken on lines 5--5 and
      6--6 respectively of FIG. 4.
PAR  FIG. 7 is a fragmentary horizontal section taken on line 7--7 of FIG. 2;
PAR  FIG. 8 is a fragmentary side view of the tool, taken in part on line 8--8
      of FIG. 4, but partially broken away;
PAR  FIG. 9 is a vertical section on line 9--9 of FIG. 8;
PAR  FIG. 10 is an exploded perspective view of the aspirator;
PAR  FIG. 11 is a fragmentary exploded perspective view showing the
      interrelationship of the various gears and racks;
PAR  FIG. 12 is a fragmentary top plan view of the valve mechanism, taken on
      line 12--12 of FIG. 2;
PAR  FIG. 13 shows the valve in a first extreme position;
PAR  FIG. 14 is a vertical section on line 14--14 of FIG. 13;
PAR  FIG. 15 shows the valve in a second extreme position;
PAR  FIG. 16 is a fragmentary vertical section taken on line 16--16 of FIG. 15;
PAR  FIGS. 17 and 18 are horizontal sections taken on lines 17--17 and 18--18 of
      FIG. 14,
PAR  FIG. 19 is a view similar to FIG. 9, but showing a variational form of the
      invention; and
PAR  FIG. 20 is taken on line 20--20 of FIG. 19.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A portable powered sander embodying the invention is represented generally
      at 10 in FIG. 1, and includes a main body section 11 containing a piston
      and cylinder mechanism which acts to reciprocate a sanding shoe 12
      relative to the body. The device is powered by a pressurized fluid,
      preferably compressed air, from a source of such fluid represented
      diagrammatically at 13. Dust abraded from the work surface 14 is removed
      by suction from the vicinity of the work surface and accumulated within a
      collection bag 15.
PAR  The body section 11 includes a rigid somewhat elongated main body part 16,
      which in vertical transverse section has the essentially rectangular cross
      section illustrated in FIG. 5. Internally, this part 16 contains and forms
      a cylinder bore 17 (FIGS. 2, 5 and 6), centered about and extending along
      an axis 18 which in the FIGS. 1 and 2 position of the tool extends
      horizontally and parallel to the upper horizontal surface of the
      illustrated work piece 14 which is to be sanded. The bore 17 is of
      straight cylindrical configuration about axis 18 through the entire length
      of main body part 16, from the location of a vertical planar transverse
      forward end face 19 of part 16 to the location of a vertical planar
      transverse rear face 20. The forward end of bore 17 may be closed by a
      front end wall part 21, suitably secured to part 16 by screws or other
      fasteners 22 (FIGS. 1 and 4), and carrying a forwardly inclined front
      handle 23 by which the body structure 11 is manipulated. Part 21 is sealed
      annularly with respect to part 16, to close the end of a cylinder chamber
      24 at the forward end of the device.
PAR  At its rear end, the cylinder bore 17 is closed by an appropriate wall
      structure 25 (FIGS. 2 and 10), which may be formed sectionally of three
      different transverse walls members 26, 27 and 28, all secured tightly to
      the rear end of part 16 by a number of screws or other fasteners 29.
      Gaskets or other sealing means may be provided between these various parts
      to prevent leakage therebetween except through the designed air flow
      passages which will be discussed at a later point in this description.
      Thus, the composite wall structure 25 defines the back of a second
      cylinder chamber 30 within the body structure.
PAR  Mounted within cylinder bore 17, there is provided a piston element 31,
      which is power reciprocated in opposite directions along axis 18 and
      within the cylinder bore. This piston 31 has two enlarged circular piston
      heads 32 and 33 at its opposite ends exposed to the air pressure within
      the two previously discussed end cylinder chambers 24 and 30 respectively,
      with annular seal rings 34 carried about the piston heads for forming
      airtight seals with the cylinder wall 17. The two piston heads 32 and 33
      are interconnected by a reduced diameter portion 35 of the piston 31.
      Spaced axially inwardly from the two piston heads 32 and 33, the piston
      structure 31 may carry two additional externally circular enlargements 36
      and 37 for slidably engaging the cylinder walls 17 in a manner assisting
      in locating the piston within the cylinder bore.
PAR  At the center of its length along axis 18, the reduced diameter portion 35
      of piston 31 is shaped to form or carry two gear racks 38 and 39 (FIGS. 2,
      3 and 11), which face in two diametrically opposite directions
      transversely of axis 18. These two opposite transverse directions are
      represented by the two arrows 40 and 41 respectively in FIG. 3. Each of
      the racks 38 and 39 is formed as a series of teeth 42 extending vertically
      at a side of the piston 31 and spaced apart in a front to rear direction
      parallel to axis 18.
PAR  At opposite sides of the rack portion of piston 31, body part 16 rotatably
      carried two gear units 42 and 43, which turn about two parallel vertical
      axes 44 and 45 lying in a common vertical plane 46 (FIGS. 2 and 4)
      disposed transversely of the main axis 18 of the tool. The first of these
      gear units 42 includes a vertical shaft 47 journaled by upper and lower
      bearings 48 and 49 for rotation about axis 44. The upper bearing 48 may
      typically be a sleeve bushing, as shown, while the lower bearing 49 is
      preferably a roller type bearing assembly having an outer annular housing
      50 pressed into the lower end of a vertical cylindrical recess 51 formed
      in body 16, and carrying roller elements engaging the outer cylindrical
      surface of a bushing sleeve 32 carried about shaft 47. Sleeve 52 is
      preferably rotatable relative to the shaft to enhance the rotary mounting
      of the shaft.
PAR  At a location vertically between the two bearings 48 and 49, shaft 47
      rigidly carries a gear wheel or pinion 53, which may be secured to shaft
      47 in any appropriate manner as by a transverse pin represented at 54, and
      which gear has vertical teeth meshing with the teeth of rack 42 on the
      piston structure. At its lower end, shaft 47 rigidly carries a second gear
      55. At its upper end, shaft 47 carries a third gear 56, which is located
      above a horizontal valve aperture plate 57 secured to the upper surface of
      body part 16.
PAR  The second gear unit 43 is similar to unit 42, except for the deletion of
      the upper gear 56. More particularly, unit 43 includes a shaft 58 rigidly
      carrying a gear wheel 59 meshing with rack teeth 38 of the piston, and
      also rigidly carrying a lower gear wheel 60 laterally opposite gear 55 of
      unit 42. Shaft 58 may be mounted for rotation about its individual axis 45
      by an upper bushing sleeve 62 corresponding to sleeve 48 of unit 42, and a
      lower roller bearing assembly 62 and engaging sleeve 63 corresponding to
      bearing 49 and sleeve 52 associated with shaft 47.
PAR  The sanding shoe assembly 12 includes a horizontally extending and
      elongated main shoe part 64 which reciprocates along an axis 65 (FIG. 2)
      extending parallel to main axis 18 of the piston and cylinder mechanism.
      Attached to this part 64, the shoe assembly 11 includes a sandpaper
      carrying unit 66, which may be secured to plate 64 by a pair of screws 67
      projecting upwardly through plate 64 and retained by nuts 68. Assembly 66
      may be formed of several interconnected flat vertically successive
      horizontal plates or laminations, including an upper rigid plate 69 of
      aluminum or the like, and two cushion layers 70 and 71. The lower cushion
      part 71 has a horizontal under surface 72 against which a sheet of
      sandpaper 73 is held, with apertures 74 being formed in both the sandpaper
      and part 71 at spaced locations for passing air and dust particles
      upwardly into the interior of the shoe. The next upper layer 70 contains a
      passage or series of interconnecting passages 75 through which the air and
      dust travels to the location of a single circular opening 76 formed in
      plate 69, and a registering circular aperture 77 formed in part 64. The
      two cushion layers 70 and 71 may be formed of an appropriate elastomeric
      material, such as rubber or a suitable resinous plastic material, and be
      cemented or otherwise bonded together and to plate 69 in a manner forming
      the parts 69, 70 and 71 into a single unitary structure in which the
      bonded areas form seals about apertures 74 and passage 75 to effectively
      confine the dust for delivery only to the apertures 76 and 77. At its
      opposite ends, the plate 69 may carry two spring clips 78, adapted to grip
      and retain the opposite ends of the sandpaper sheet 73 in a manner holding
      the sheet tightly against the under surface of the shoe.
PAR  At the location of the two gear units 42 and 43, upper plate 64 of the shoe
      carries a channel shaped rack element 79 (FIGS. 2, 3, 7 and 11), having a
      horizontal mounting portion 80 secured rigidly by screws 81 to a central
      portion of plate 64, and having two essentially parallel upwardly
      projecting opposite side flange portions 82 and 83 meshing with lower
      gears 55 and 60 respectively of units 42 and 43. These racks have vertical
      teeth 84 which are spaced apart in the direction of axis 18, to cause
      reciprocating movement of shoe 11 in response to rotation of units 42 and
      43 by piston 31. The lower gears 55 and 56 may be of the same diameter as
      upper gears 53 and 59, and have the same number of teeth, to cause
      reciprocation of shoe 11 through the same range of travel as piston 32,
      but reversely.
PAR  As best illustrated in FIGS. 2 and 10, the discussed withdrawl of dust
      particles upwardly through the shoe 11 is induced by an aspirator assembly
      85, to which the exhaust air from cylinder chambers 24 and 30 is delivered
      as a primary air-flow stream, still at a pressure well above atmospheric
      pressure, after having driven the piston. This primary flow of discharge
      air from the cylinder passes through an opening 86 in plate 26 (FIG. 10),
      and then flows downwardly through a communicating passage 87 in plate 27,
      for delivery rearwardly through a tubular nozzle element 88 carried by
      part 27. This primary flow of air emitting from nozzle 88 induces a
      secondary flow of air upwardly from the shoe through a part 89 carried by
      main shoe plate 64. Part 89 has a lower horizontal mounting portion 90
      secured by screws at 91 to the upper surface of plate 64, and carrying a
      typically cylindrical upwardly projecting portion 92 of part 89 from which
      a straight cylindrical portion 93 of part 89 projects rearwardly. Thus
      portions 92 and 93 form in effect an elbow attached to and movable with
      the shoe and through which air and entrained dust particles flow upwardly
      from the shoe and then rearwardly to the location 94.
PAR  Communicating with tube 93 of part 89 is a second horizontal tube 95
      slidably and telescopically received within tube 93, and rigidly carried
      by and projecting rearwardly from the previously discussed part 27 secured
      to the body of the tool. The forward end of tube 95 communicates with a
      passage 96 in part 28, through which the air and entrained particles flow
      upwardly to the location of nozzle 88, to deliver the secondary flow of
      air from the shoe to the nozzle location in a manner causing high velocity
      air emitting from the nozzle to induce movement of air and particles along
      the secondary flow path by aspirator action. Thus, the combined streams
      flow rearwardly through a discharge tube or projection 97 on part 28,
      which is connected to hose 98 leading to the dust collection bag 15. The
      two telescopically interfitting tubes 93 and 95 extend along and are
      centered about an axis 99 which is parallel to the piston and shoe axes 18
      and 65, and extends horizontally in the illustrated position of the tool,
      so that the two tubes 93 and 95 effectively conduct the secondary flow of
      air along its defined path from the shoe to the body of the device without
      interfering with the relative reciprocating movement of the shoe and body.
      A suitable seal ring 100 may be provided between the tubes 93 and 95 for
      forming a seal therebetween, to prevent escape of any of the air or dust
      at this location.
PAR  The inlet air to the tool may be delivered from the compressed air supply
      represented at 13 in FIG. 1 through a flexible hose 101, connecting into a
      hollow inlet housing or fitting 102 which is rigidly secured to the upper
      side of body part 16 by screws 103. A handle 104 may be secured to part
      102, and contain an air inlet passage 105 communicating with a chamber 106
      formed in the interior of part 102. A valve element 107 may be actuated by
      a trigger element 108 to control the flow of air to chamber 106, with a
      rotary sleeve valve 109 being provided for adjusting the maximum rate of
      air delivery when the trigger is actuated. A manually rotatable control
      element 110 connected to the upper end of sleeve 109 turns it between
      different positions in which an opening or notch 111 in the sleeve will
      pass more or less air to chamber 106.
PAR  For alternately admitting air to opposite ends of the piston, in order to
      cause its reciprocation, there is provided at the upper side of the
      housing and within the hollow element 102 a valve assembly 112 (FIG. 2 and
      FIGS. 11 through 16). This valve assembly includes the previously
      mentioned horizontal plate 57, which is secured to and extends across a
      central portion of the upper side of body 16. Plate 57 is secured to the
      body in fixed position by appropriate fasteners, such as screws 113 of
      FIG. 11, and has an opening 114 through which shaft 47 projects upwardly
      for attachment to top gear 56. At a location offset from gear 56, plate 57
      rigidly carries an upwardly projecting boss or mounting post 115 having an
      external cylindrical surface centered about a vertical axis 116 parallel
      to axes 44 and 45 of the gears. A gear sector element 117 is mounted about
      post 115, and has a hub portion 118 with an internal cylindrical surface
      119 received closely about and located by the outer surface of post 115,
      in a manner mounting sector 117 for rotary oscillatory movement about axis
      116 between the positions of FIGS. 13 and 15. A series of vertical gear
      teeth 120 on sector element 117 extend arcuately about axis 116, and mesh
      with the teeth of gear 56 in a manner causing rotary oscillation of sector
      117 in response to rotary oscillation of gear 56, but through a reduced
      angle. This reduced angle of oscillation of the gear sector results from
      the fact that the teeth 120 of gear sector 117 are spaced a radial
      distance from their axis 116 which is greater than the radial distance of
      the teeth of gear 56 from their axis. Sector 117 is retained axially,
      against upward movement off of post 115, in any convenient manner,
      preferably by providing element 102 with an under surface 121 (FIG. 2)
      which is received in close proximity to the hub portion 118 of the sector
      and prevents its movement off of projection 115 even though the tool is
      inverted in use.
PAR  Sector 117 contains an opening 122 extending vertically therethrough and
      itself having the shape essentially of a sector of a circle. More
      particularly, this opening is defined by two arcuately extending partial
      cylindrical wall surfaces 123 and 126 centered about axis 116, and two
      radially extending planar wall surfaces 124 and 125 lying in planes
      containing axis 116. A sector shaped valve element 127 is located within
      opening 122, and is free for some limited movement relative to sector part
      117 about axis 116 and between the positions of FIGS. 13 and 15
      respectively. Valve element 127 has a top horizontal wall 128, disposed
      parallel to and spaced above plate 57, and carrying downwardly projecting
      peripheral walls including two walls 129 and 130 extending radially with
      respect to axis 116 and two radially inner and outer vertical walls 131
      and 132 extending arcuately about axis 116 and having partial cylindrical
      radially inner and outer surfaces. At the lower ends of the various walls
      129, 130, 131 and 132, there is formed a planar under surface 133 of
      element 127 slidably engaging the top surface of plate 57, and extending
      continuously about and enclosing a recess 134 formed in the under surface
      of the valve element 127. The various vertical walls 129, 130, 131 and 132
      of valve element 127 may be of uniform cross section throughout their
      entire height, with that cross section being illustrated by the hatched
      lines in FIGS. 12, 13 and 15.
PAR  Valve element 127 acts by its oscillatory movement about axis 116 to
      control air flow through three preferably identical circularly spaced
      apertures 135, 136 and 137 in plate 57. Each of these apertures is defined
      at its opposite sides by two diverging side edges 237 which extend
      radially with respect to axis 116, with the circular widths w of the
      individual apertures desirably being equal to the circular spacing s
      between successive apertures. Two of the apertures 135 and 137 communicate
      with the two chambers 30 and 24 respectively at the opposite ends of
      piston 31, through grooves 139 and 140 formed in the upper surface of body
      16 beneath plate 57 (FIG. 4), and communicating passages 141 and 142
      extending through the interior of body 16 to locations 143 and 144 at
      which the passages communicate with the opposite end cylinder chambers.
PAR  The circularly intermediate third aperture 136 in plate 57 communicates
      with nozzle 88 of the aspirator mechanism, and acts as the discharge from
      the valve mechanism. More particularly, as seen in FIG. 5, air discharging
      downwardly through aperture 136 may flow through a communicating passage
      145 in body 16 into a central portion of cylinder bore 17. This passage
      145 is always located axially between two piston heads 32 and 33, in all
      positions of the piston. The discharge air from this central portion of
      the cylinder flows upwardly into another passage 146 in body 16, which
      passage also always communicates with the location between the two piston
      heads, and the air then flows from passage 146 into a horizontal passage
      147 leading to the previously discussed aperture 86 in end plate 26, for
      delivery therefrom to the aspirator nozzle as has been discussed.
PAR  As will be best understood by reference to FIG. 12, which shows the valve
      element in an approximately central position relative to apertures 135,
      136 and 137, the width w of each of the apertures in a direction
      circularly about axis 116 preferably corresponds substantially exactly to
      the thickness s' of each of the two valving side walls 129 and 130 of
      valve element 127. These side walls 129 and 130 progressively increase in
      thickness as they advance radially outwardly in correspondence with the
      discussed increase in width of apertures 135, 136 and 137. In the FIG. 12
      position of element 127, the first valving wall 129 of that element
      completely covers aperture 137, to prevent the flow of air therethrough;
      while the second valving wall 130, in the FIG. 12 position, is preferably
      located just slightly beyond a position of exact registry with aperture
      135. This initiates the discharge of air from a first end of the piston
      through aperture 135 and recess 134 at the underside of the valve into
      exhaust aperture 136. When the valve then moves circularly beyond the FIG.
      12 position in the direction of the FIG. 13 position, aperture 136 is
      exposed laterally beyond the valve element for admission of inlet air from
      chamber 106, to the second end of the piston. Thus, the pressure is
      relieved from one end of the piston before it is admitted to the opposite
      end, to avoid any tendency for hang-up of the piston in an intermediate
      position. Reverse movement of the valve toward the FIG. 15 position from
      the FIG. 12 position places aperture 135 in communication with the inlet,
      and aperture 137 in communication with the outlet opening 136, with the
      same slight overlap of the exhaust and inlet. In all positions of the
      valve element, the relatively high pressure of the air at the upper side
      of the valve urges it tightly downwardly against plate 57 for valving
      coaction therewith. During non-operating intervals when no pressure is
      present in the tool, the valve element may be retained against upward
      movement in any suitable manner, as by appropriately shaping and
      positioning the under-surface 121 of the top wall of part 101; or by
      providing a spring clip or ring 148 tightly gripping the upper portion of
      post 115 and projecting laterally to partially overlie and prevent upward
      movement of the valve element. An arcuate groove 217 (FIG. 18) formed at
      the underside of element 117 and having portions at both sides of opening
      122 allows flow of inlet air along the underside of element 117 to
      openings 135 and 137 when they are not covered by valve element 127.
PAR  The shoe 11 is desirably guided for its reciprocating movement relative to
      body 11 by means of two elongated guiding and retaining brackets 149
      secured to the lower opposite side portions of body part 16, as by screws
      represented at 150 in FIG. 1. Each of these brackets or tracks 149 may
      have a vertical portion 151 extending downwardly along the vertical side
      surface of the body part 16, and carrying an inturned horizontal flange
      151' slidably engageable with an under surface 152 of a lateral flange
      portion of part 64 to confine the shoe for only the desired longitudinal
      movement. For transmitting downward forces from body 16 to part 64, there
      may be provided four needle bearing assemblies 153 (FIGS. 8 and 11) each
      engageable at its upper side against a horizontal wear plate 154 secured
      by screws 155' to the underside of body 16, and engageable at its
      underside with the upper horizontal portion 155 of a U-shaped wear part
      156 (FIG. 9) which is slipped over and retained on an edge of plate 64.
      The outer vertical portion 256 of part 156 may be received within a
      shallow recess or notch 356 formed in the side of plate 64, to locate part
      156 axially relative to plate 64, and to bring the outer surface of
      portion 256 into the same vertical plane as the outer side surface 164
      (FIG. 3) of the remainder of plate 64 so that both may slidably engage
      portion 151 of track 149.
PAR  The heads of the screws 155' positively confine the needle bearing
      assemblies 153 axially, while permitting sufficient clearance for their
      rolling engagement with the plates 154 and 155. The bearings are retained
      laterally by the vertical flanges 151 of track elements 149, and by short
      downwardly projecting flanges 158 formed on body 16. As represented in
      FIG. 4, there desirably are four such roller bearing assemblies 153 near
      the four corners respectively of the tool, and each having associated with
      it a set of the wear plates 154 and 156, and screws 155'. To assist in
      keeping the bearings 153 clean at all times, a small amount of the
      discharge air from the piston and cylinder mechanism may be discharged
      past these bearings, through four passages 159 extending downwardly from
      the central discharge air portion of cylinder bore 17, and through the
      material of body 16 to the locations of the needle bearings (See FIGS. 8
      and 9). This air flows longitudinally past the needle bearings to their
      opposite ends, from which it can discharge to the atmosphere, carrying
      with it any particles or the like which may be picked up from the vicinity
      of the needle bearings. Also, the air may contain lubricant mist for
      continuously lubricating these needle bearings, as well as all of the
      other working parts past which the air flows.
PAR  To discuss the operation of the tool, assume that air is being supplied
      under pressure from source 13, and that an operator actuates trigger 108
      to open valve 107 for admitting air into chamber 106 of FIG. 2. Valve
      element 127 alternately admits that air to the opposite end chambers 24
      and 30 of the cylinder, to reciprocate piston 31 and its racks 38 and 29,
      causing corresponding rotary oscillation in opposite directions of the
      engaged gear wheels 53 and 54, and connected lower gears 55 and 60, with
      these latter gears acting through racks 82 and 84 to reciprocate shoe 11
      and the carried sandpaper relative to body 11 but reversely with respect
      to piston 31.
PAR  If at a particular instant the piston 31 is in its rightmost position as
      viewed in FIG. 2, sector 117 and valve 127 are in their FIG. 15 positions,
      in which valve aperture 135 is exposed for reception of inlet air, to flow
      through passages 139 and 141 of FIG. 4 to the right end of the piston, and
      cause its leftward movement in FIG. 2. At the same time, aperture 137 is
      in communication with discharge aperture 136, to allow air from the left
      chamber 24 of the cylinder to discharge through the aspirator and to
      atmosphere. As the piston moves leftwardly, it causes slow clockwise
      rotation of sector 117 about its axis 116 from the FIG. 15 position toward
      the FIG. 14 position. The initial portion of this movement does not cause
      corresponding movement of valve element 127, because of the gap at 65 in
      FIG. 15. After sufficient lost motion to take up this gap, surface 125 of
      the sector engages side wall 130 of the valve element, to commence rotary
      movement of the valve element with the sector. This movement of the valve
      element progressively closes both of the apertures 135 and 137, as the
      intermediate position of FIG. 12 is approached, and at approximately that
      position reverses the connections to the ends of the cylinders, first
      placing aperture 135 and the right end of the cylinder in communication
      with discharge aperture 136, and slightly thereafter opening aperture 137
      to the inlet air for communication therethrough of such air to the left
      end of the cylinder. Because of the lost motion resulting from the
      provision of gap 65 between valve element 127 and sector 117, the shifting
      of the valve does not occur until near the end of the stroke, and just
      sufficiently in advance of the end of that stroke to reverse the
      connections appropriately for optimum reciprocation. When the piston
      reaches the left end of its stroke, in the FIG. 13 position of the valve,
      the motion of the sector reverses to become counterclockwise, and after
      predetermined lost motion dependent upon gap 166 commences
      counterclockwise rotation of the valve element back through the FIG. 12
      intermediate position to the FIG. 5 initial position.
PAR  It is found that this valving system causes actuation of the piston in a
      very positive manner, rendering the piston self-starting under virtually
      all conditions, and avoiding the usual tendency of most prior sanders to
      require manual starting by exerting force against the shoe. Also, the
      sector actuated valve permits positive operation of the piston at any of
      numerous different air inlet pressures, with the result that the speed of
      operation of the piston and shoe can be controlled within a wide range by
      adjustment of the air pressure through control element 110 and without
      causing stalling of the tool.
PAR  Of great importance in minimizing vibration of the handles and main body 11
      of the tool is the described gear and rack type drive. Since all forces
      exerted transversely of axis 18 between piston rack 38 and its engaged
      gear 59 are exactly balanced by corresponding forces exerted by the
      opposite rack 39 and its engaged gear 53, there is no tendency for the
      racks and gears to urge piston 31 laterally or transversely in either
      direction relative to the cylinder body, and consequently wear of the
      piston and cylinder is mimimized. The rotary forces exerted against or
      through the gear units are similarly balanced and in opposition to one
      another, to avoid any tendency for cocking of the piston relative to the
      cylinder body. Similarly, all lateral forces which are exerted
      transversely of axis 18 by lower gears 55 and 60 against their engaged
      oppositely facing racks 84 and 82 are balanced, to avoid any tendency for
      displacing the shoe laterally relative to the body, or cocking the shoe,
      or causing other unwanted movement thereof other than the desired relative
      longitudinal movement of the parts. Besides these factors, the fact that
      the direction of longitudinal movement of the shoe is at all times in
      opposition to the direction of movement of the piston, relative to body
      11, balances the longitudinal displacements relative to the body, to coact
      with the discussed transverse balancing of the gears and racks, and
      prevent any substantial vibration of body 11.
PAR  FIGS. 19 and 20 show a variational form of the invention in which the side
      retaining tracks 149a, corresponding to tracks 149 of FIGS. 3 and 9, have
      inwardly inclined lower portions 165, which are disposed at an angle a to
      the horizontal and slidably engage and guide two correspondingly inclined
      surfaces 166 formed at the underside of the main shoe plate 64a
      (corresponding to plate 64 of the first form). In lieu of the needle
      bearings 153 of the first form of the invention, the arrangement of FIGS.
      19 and 20 may have four horizontal bearing plates 167 formed of an
      appropriate bearing metal and secured in fixed positions to the underside
      of body 11a as by screws 168, at the four corner locations at which needle
      bearings 153 are provided in the first form of the invention. The upper
      horizontal surface 169 of shoe plate 64a slidably engages the four
      bearings plates 167 in locating and guiding relation. Tracks 149a may be
      secured to body 11a by a series of screws 170 threadedly connected into
      body 11a, with the screws extending through vertical slots in the vertical
      portions 171 of the tracks to allow upward and downward adjustment of the
      tracks to positions in which they effectively and closely confine and
      guide the opposite edges of shoe plate 64a. Tracks 149a are retained in a
      properly adjusted position relative to body 11a by tightening the heads of
      the screws 170 against portions 171 of the tracks. To enable plate 64a to
      engage the guiding parts directly without excessive wear, plate 64a may be
      formed of hard anodized aluminum.
PAR  While certain specific embodiments of the present invention have been
      disclosed as typical, the invention is of course not limited to these
      particular forms, but rather is applicable broadly to all such variations
      as fall within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A portable abrading tool, comprising:
PA1  a cylinder body adapted to be held and manipulated by a user;
PA1  a piston structure mounted in said body for reciprocation relative thereto
      along a predetermined axis;
PA1  valve means for admitting pressure fluid to said cylinder body in a
      relation causing reciprocation of the piston structure;
PA1  two racks carried by said piston structure for reciprocation therewith
      along said axis, said two racks both facing transversely of said axis but
      facing in two essentially opposite transverse directions respectively;
PA1  two gear units mounted to said body for rotation relative thereto and
      having gear teeth meshing with said two oppositely facing racks
      respectively in a relation transmitting to said body through said gear
      units transverse forces exerted thereagainst by said racks in said two
      opposite directions;
PA1  a shoe mounted for reciprocation relative to said body and parallel to said
      axis to abrade a work surface; and
PA1  means driven by at least one of said gear units for reciprocating said shoe
      relative to said body but oppositely from said piston structure.
NUM  2.
PAR  2. A portable abrading tool as recited in claim 1, in which said two racks
      are formed at opposite sides of said piston structure and face away from
      one another.
NUM  3.
PAR  3. A portable abrading tool as recited in claim 1, in which said piston
      structure has two piston heads spaced axially apart and a reduced
      dimension portion interconnecting and extending axially between said two
      heads and carrying said two racks at opposite sides thereof.
NUM  4.
PAR  4. A portable abrading tool as recited in claim 1, in which said two gear
      units are mounted to said body for rotation about individual axes spaced
      apart transversely of said first mentioned axis and lying in a common
      plane disposed essentially transversely of said first mentioned axis.
NUM  5.
PAR  5. A portable abrading tool as recited in claim 1, including means for
      actuating said valve means from one of said gear units and in accordance
      with rotary movement of said one gear unit by one of said racks.
NUM  6.
PAR  6. A portable abrading tool as recited in claim 1, in which said last
      mentioned means include two racks attached to said shoe and facing in
      essentially opposite directions transversely of said axis and meshing with
      said two gear units respectively, to transmit forces to said shoe in
      opposite transverse directions from said two gear units.
NUM  7.
PAR  7. A portable abrading tool as recited in claim 1, in which said two gear
      units are mounted for rotation about essentially vertical axes relative to
      said body, and have toothed lower portions beneath said cylinder body,
      said last mentioned means of claim 1 including additional rack means
      engageable with said toothed lower portions of said gear units to drive
      said shoe, there being means at an upper end of one of said gear units for
      actuating said valve means in accordance with the rotary oscillation of
      said one gear unit.
NUM  8.
PAR  8. A portable abrading tool as recited in claim 1, in which said valve
      means include a gear sector meshing with teeth on one of said gear units
      and adapted to be oscillated thereby in accordance with the reciprocation
      of said piston structure, and a valve element actuated by and movable
      relative to said sector.
NUM  9.
PAR  9. A portable abrading tool, comprising:
PA1  a cylinder body adapted to be held and manipulated by a user and containing
      a cylinder bore closed at its opposite ends;
PA1  a piston mounted in said bore for reciprocation relative thereto along a
      predetermined axis, said piston having two piston heads reciprocable
      within opposite ends of said bore and having a reduced portion extending
      axially between said interconnecting said piston heads;
PA1  valve means for admitting pressure fluid to opposite ends of said bore in a
      relation causing powered reciprocation of the piston relative to said
      cylinder body;
PA1  two racks carried at opposite sides of said reduced portion of the piston
      for reciprocation with the piston along said axis, said two racks facing
      transversely of said axis in two essentially opposite transverse
      directions respectively and away from one another;
PA1  two gear units mounted to said body at opposite sides of said reduced
      portion of the piston for rotation relative to the body about two parallel
      vertical axes lying in essentially a common vertical plane disposed
      transversely of said first mentioned axis, said two gear units having gear
      teeth meshing with said two oppositely facing racks respectively in a
      relation transmitting transverse forces from said racks through said gear
      units to the body in said two opposite directions, and turning the gear
      units simultaneously in opposite directions upon axial movement of the
      piston;
PA1  a shoe mounted at the underside of said body for reciprocation relative to
      the body and parallel to said first mentioned axis to abrade a work
      surface; and
PA1  two additional racks attached to said shoe and facing transversely of said
      first mentioned axis and inwardly toward one another;
PA1  said two gear units having teeth at their lower ends engaging and meshing
      with said two additional racks respectively in a relation reciprocating
      said shoe relative to said body but oppositely from said piston.
NUM  10.
PAR  10. A portable abrading tool as recited in claim 9, in which said valve
      means are located at the upper side of said cylinder body, there being
      means at the upper end of one of said gear units for actuating said valve
      means.
NUM  11.
PAR  11. A portable abrading tool as recited in claim 9, including needle
      bearing assemblies interposed vertically between edge portions of said
      cylinder body and said shoe for transmitting vertical forces therebetween
      while permitting relative reciprocation of the shoe.
NUM  12.
PAR  12. A portable abrading tool as recited in claim 9, in which said valve
      means include a gear sector mounted for pivotal oscillation at the upper
      side of said cylinder body and engaging and driven by gear teeth carried
      at the upper end of one of said gear units to oscillate the sector in
      accordance with reciprocation of said piston, and a valve element slidably
      engaging a surface at the upper side of said cylinder body and loosely
      confined within an aperture in said sector for oscillation therewith and
      relative thereto, said cylinder body containing fluid passage means
      communicating with apertures in said surface which are cooperable with
      said valve element to control fluid flow to and from opposite ends of said
      cylinder bore in accordance with movement of said valve element.
NUM  13.
PAR  13. A portable abrading tool comprising:
PA1  a cylinder body adapted to be held and manipulated by a user;
PA1  a piston structure mounted in said body for reciprocation relative thereto
      along a predetermined axis;
PA1  valve means for admitting pressure fluid to said cylinder body in a
      relation causing reciprocation of the piston structure;
PA1  two gear units mounted for rotation relative to said body;
PA1  means for oscillating said two gear units rotatively relative to and in
      response to reciprocation of said piston structure;
PA1  a shoe mounted for reciprocation relative to said body and parallel to said
      axis to abrade a work surface; and
PA1  two racks attached to said shoe for reciprocation therewith along said
      axis, said two racks both facing essentially transversely of said axis and
      facing in two essentially opposite transverse directions respectively and
      engaging gear teeth on said two gear units respectively in a relation
      transmitting transverse forces from the two gear units to the two racks
      and attached shoe in opposite directions while causing reciprocation of
      the shoe relative to the body but oppositely from the piston structure.
NUM  14.
PAR  14. A portable abrading tool as recited in claim 13, in which said two
      racks face essentially toward one another and have said teeth of the two
      gear units received therebetween in meshing engagement with the racks.
NUM  15.
PAR  15. A portable abrading tool as recited in claim 13, in which said two gear
      units turn about individual axes which are parallel to one another and lie
      in a common plane disposed transversely of said first mentioned axis.
NUM  16.
PAR  16. A portable abrading tool as recited in claim 13, in which said shoe and
      said racks are located at an underside of said body, said gear units
      extending upwardly into said cylinder body to be driven by said piston
      structure, one of said gear units projecting upwardly through said body to
      the upper side thereof, there being means at the upper end of said one
      gear unit for actuating said valve means in accordance with the
      reciprocation of said piston.
NUM  17.
PAR  17. A portable abrading tool comprising:
PA1  a body adapted to be held and be manipulated by a user;
PA1  a shoe mounted to the underside of said body;
PA1  powered means for reciprocating said shoe relative to said body along a
      predetermined axis to abrade a work surface;
PA1  an aspirator carried by said body and to which a primary stream of pressure
      fluid is delivered; and
PA1  means forming a path along which a secondary stream of pressure fluid flows
      from a location near said work surface and through said shoe to said
      aspirator to draw abraded particles by aspirator action from near the work
      surface;
PA1  said last mentioned means including two conduits connected to said body and
      said shoe respectively and extending essentially parallel to said axis and
      received in interfitting telescoping relation enabling axial movement of
      one of said conduits with the shoe relative to the other conduit and said
      body for confined flow of said secondary stream through the conduits while
      the shoe reciprocates.
NUM  18.
PAR  18. A portable abrading tool as recited in claim 19, in which said powered
      means include a cylinder carried by said body and a contained piston
      movable along said axis relative to said cylinder and said body, said
      cylinder having an end wall at one end of said piston carrying said
      aspirator.
NUM  19.
PAR  19. A portable abrading tool as recited in claim 17, in which one of said
      conduits is an elbow having a first portion telescopically interfitting
      with the other conduit and having a downwardly turned portion connected to
      said shoe and communicating with an opening therein.
NUM  20.
PAR  20. A portable abrading tool comprising:
PA1  a body adapted to be held and be manipulated by a user and containing a
      cylinder bore;
PA1  a piston structure mounted in said cylinder bore for reciprocation relative
      thereto along a predetermined axis; and
PA1  a shoe reciprocable relative to said body by said piston structure to
      abrade a work surface;
PA1  said body having an end wall structure extending across an end of said
      bore, said end wall structure including means forming an aspirator axially
      opposite said end of the bore and energized by a flow of air exhausted
      from said bore to induce a secondary flow of air and abraded particles
      from a location near said shoe.
NUM  21.
PAR  21. A portable abrading tool as recited in claim 20, in which said end wall
      structure includes a plurality of plates disposed across said end of said
      bore generally parallel to one another and passaged to form said
      aspirator.
NUM  22.
PAR  22. A portable abrading tool comprising:
PA1  a body adapted to be held and be manipulated by a user and containing a
      cylinder bore;
PA1  a piston structure mounted in said cylinder bore for reciprocation relative
      thereto along a predetermined axis; and
PA1  a shoe reciprocable relative to said body by said piston structure to
      abrade a work surface;
PA1  said body having an end wall structure extending across an end of said bore
      and forming an aspirator energized by a flow of air exhausted from said
      bore to induce a secondary flow of air and abraded particles from a
      location near said shoe;
PA1  said end wall structure including a first plate disposed across said end of
      said bore and containing an outlet passage through which said secondary
      flow of air discharges, and a second plate extending across an inner side
      of said first plate and emitting said flow of air exhausted from the bore
      into said passage in the first plate.
NUM  23.
PAR  23. A portable abrading tool as recited in claim 22, in which there is a
      passage formed between said two plates through which said secondary flow
      of air flows to said outlet passage.
NUM  24.
PAR  24. A portable abrading tool comprising:
PA1  a body adapted to be held and be manipulated by a user and containing a
      cylinder bore;
PA1  a piston structure mounted in said cylinder bore for reciprocation relative
      thereto along a predetermined axis; and
PA1  a shoe reciprocable relative to said body by said piston structure to
      abrade a work surface;
PA1  said body having an end wall structure extending across an end of said bore
      and forming an aspirator energized by a flow of air exhausted from said
      bore to induce a secondary flow of air and abraded particles from a
      location near said shoe;
PA1  said end wall structure including three plates extending across said end of
      said bore generally parallel to one another and passaged to form said
      aspirator;
PA1  there being a tube carried by a central one of said plates and extending
      generally parallel to said axis, and a second tube connected to said shoe
      to receive air and abraded particles therefrom and telescipically
      interfitting with said first tube to conduct said air and particles
      thereto.
NUM  25.
PAR  25. A portable abrading tool comprising:
PA1  a body adapted to be held and be manipulated by a user and containing a
      cylinder bore;
PA1  a piston structure mounted in said cylinder bore for reciprocation relative
      thereto along a predetermined axis;
PA1  a shoe reciprocable relative to said body by said piston structure to
      abrade a work surface;
PA1  said body having an end wall structure extending across an end of said bore
      and forming an aspirator energized by a flow of air exhausted from said
      bore to induce a secondary flow of air and abraded particles from a
      location near said shoe;
PA1  said end wall structure including a first plate disposed across said end of
      said bore and having a generally tubular portion containing a discharge
      passage through which said secondary flow of air and particles discharge,
      a second plate extending across said end of said bore at an inner side of
      said first plate and carrying a nozzle emitting said exhaust air from said
      bore into said discharge passage, a first tube connected to said second
      plate and projecting therefrom generally parallel to said axis and through
      which said secondary flow of air passes, said first plate containing a
      recess opposite said second plate defining a passage leading said
      secondary flow of air from said first tube to said discharge passage and
      to the location of said nozzle, and a third plate extending across said
      end of said bore at an inner side of said second plate and containing an
      opening through which said exhaust air from said bore passes, there being
      a recess in said second plate at a location opposite said third plate and
      forming a passage leading said exhaust air to said nozzle; and
PA1  a second tube connected to said shoe and telescopically interfitting with
      said first tube and conducting said secondary flow of air and particules
      thereto.
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ABST
PAL  A multi-angle grinding fixture comprising a block formed from suitable
      steel which has slots for holding a spade drill blade in predetermined
      positions. The blade is held in a first slot for grinding the primary side
      clearance on each side of the blade. The blade is held in a second slot
      for grinding a secondary side clearance on each side of the blade. The
      blade is held in a third slot for cutting the cutting lip angle or for
      grinding the cutting lip angle on each side of the blade. The blade is
      held in a fourth slot for cutting or grinding the radius of the cutting
      edge lip on each side of the blade. The fixture block may be used for
      either new construction work on a blade or for regrinding a blade.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates generally to improvements in the cutting tool art,
      and more particularly to a novel and improved multiple angle grinding
      fixture block for holding a spade drill blade in a number of positions for
      grinding operations thereon. Heretofore, when regrinding the cutting edges
      and surfaces of a spade drill blade, it has been necessary to employ much
      set-up time for positioning the blade relative to a grinding wheel to
      properly grind all of the desired cutting edge surfaces. The prior art
      procedure is time consuming and costly. Accordingly, it is an important
      object of the present invention to provide a novel and improved
      multi-angle grinding fixture block which overcomes the disadvantages of
      the prior art methods for grinding a spade drill blade. It is another
      object of the present invention to provide a grinding fixture which may be
      used for regrinding an entire series of spade drill blades. No special
      grinder or cylindrical grinding fixtures are needed when using the
      grinding fixture of the present invention. Only a surface grinder and the
      multi-angle grinding fixture is needed to precision regrind all of the
      cutting surfaces of the spade drill blade.
PAR  It is another object of the present invention to provide a novel and
      improved multi-angle grinding fixture block which is simple and compact in
      construction, economical to manufacture and efficient in use.
PAR  It is another object of the present invention to provide a novel and
      improved multi-angle grinding fixture which is adapted to hold the spade
      drill blade having an axial rib along the sides thereof, but which fixture
      may also be used for other spade drill blades having different cross
      section configurations.
PAR  Other objects, features and advantages of this invention will be apparent
      from the following detailed description, appended claims, and the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a multiple angle grinding fixture made in
      accordance with the principles of the present invention.
PAR  FIG. 2 is a view similar to FIG. 1 and showing a spade drill blade mounted
      in the grinding fixture and disposed in the block in a position for
      grinding the primary back-off or side clearance.
PAR  FIG. 3 is a fragmentary, elevational, section view of the structure
      illustrated in FIG. 2, taken along the line 3--3 thereof and looking in
      the direction of the arrows.
PAR  FIG. 4 is a view similar to FIG. 1 and showing the spade drill blade
      mounted in a second slot in the grinding fixture block for grinding the
      secondary back-off or side clearance.
PAR  FIG. 5 is a fragmentary, elevational, section view of the structure
      illustrated in FIG. 4, taken along the line 5--5 thereof and looking in
      the direction of the arrows.
PAR  FIG. 6 is a view of the grinding fixture of the present invention, and it
      is similar to FIG. 1 but with the block turned 180.degree..
PAR  FIG. 7 is a view of the grinding fixture which is the same as FIG. 6, but
      with the spade drill blade mounted in a third slot in the block to permit
      the cutting of the lip angle of the spade drill blade.
PAR  FIG. 8 is a perspective view of the grinding fixture block illustrated in
      FIG. 1, and with the block being disposed on still another side to present
      a fourth slot for holding a spade drill blade in still another position.
PAR  FIG. 9 is the same view as FIG. 8 of the grinding fixture block of the
      present invention, and showing a spade drill blade mounted in said fourth
      slot to permit the radius of the cutting edge lip to be ground.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, the numeral 10 in FIG. 1 generally
      designates a multiple angle grinding fixture made in accordance with the
      principles of the present invention. As best seen in FIGS. 1, 2 and 3, the
      grinding fixture 10 is shaped as a block and it is made from a suitable
      material as, for example, cold rolled steel. The sides of the block are
      all ground square, and the corners are all broken. One embodiment was made
      in the form of a block having the dimensions of 4 and 1/2 inches in one
      direction, 6 inches in another direction and 5 inches in the other
      direction.
PAR  As shown in FIGS. 3 and 4, the block has the two side parallel surfaces 8
      and 9, and a top surface 13 which is perpendicular to the two side
      surfaces 8 and 9. The numeral 14 in FIG. 3 indicates the bottom surface
      which is parallel to the top surface 13 and perpendicular to the side
      surfaces 8 and 9. As shown in FIGS. 1, 2 and 3, the front surface 11 of
      the block is perpendicular to the side surfaces and the top surface and it
      is parallel to the rear surface which is indicated in FIG. 8 by the
      numeral 38.
PAR  As best seen in FIGS. 1, 2 and 3, the grinding fixture block 10 is provided
      with a first slot 12 which is extended inwardly from a side 11 when the
      block is disposed on the bottom surface 14, as shown in FIGS. 1 and 2. As
      shown in FIGS. 1 and 3, the slot 12 is disposed at an angle from the
      vertical axis as viewed in these figures as, for example, at an angle of
      7.degree., so as to permit the insertion into the slot 12 of a spade drill
      blade, generally indicated by the numeral 17 in FIG. 2, for grinding the
      primary back-off or side clearance on each side of the drill blade. The
      slot 12 extends completely through the block from the top surface 13 to
      the bottom surface 14 and inwardly to the point designated by the numeral
      15. Adjacent the upper end of the slot 12, a bore 16 is formed into the
      slot 12 to provide a circular seat for the enlarged axial rounded rib 18
      of the blade 17, as shown in FIG. 3. As best seen in FIG. 3, the spade
      drill blade 17 includes the two blade portions 19 on each side of the
      center rib 18, and the width of the slot 12 is made so as to slidably
      receive the blade portions 19 in a free sliding but closely held position.
      As best seen in FIG. 3, an upwardly disposed threaded hole 20 is provided
      adjacent the slot 12, and it is extended inwardly from the left side
      surface 8. A set screw 21 as, for example, an allen screw, is threadably
      mounted in the hole 20 and its inner end is adapted to engage the rib 18
      and lock the blade 17 in place, during a grinding operation on the
      back-off edge 22. It will be seen that when the block 10 is disposed on
      the table of a suitable grinding machine in the position shown in FIGS. 2
      and 3, that the back-off or side clearance 22 can be quickly and
      efficiently ground along one side of the blade 17, and that the other side
      of the blade can also be ground along the opposite back-off edge 22 by
      merely removing the blade from the slot 12 and turning it 180.degree., in
      a minimum of time.
PAR  The spade drill blade of the type illustrated in FIGS. 1 and 2 which can be
      quickly and easily ground in an efficient manner by the use of the
      grinding fixture of the present invention is shown in detail in my U.S.
      Pat. No. 3,293,727, which issued on Dec. 27, 1966 and is entitled CUTTING
      TOOL.
PAR  The numeral 23 in FIG. 3 designates the height above the upper surface 13
      of a block that the final back-off or side clearance surface is disposed
      at after a grinding operation has been completed. It is thus seen that by
      forming the slot 12 with its circular seat 16 at the proper position in
      the block, that the back-off edge 22 can be precisely ground in a quick
      and efficient manner.
PAR  FIGS. 4 and 5 show the spade drill blade 17 disposed in a second slot 26
      which is formed in the block 10 in a position adjacent the first block 12.
      The slot 26 extends inwardly from the front face 11 to a point indicated
      by the numeral 27. The slot 26 is also provided with a circular seat
      formed by a bore 28 for receiving the rib 18 of the blade 17. The bore 28
      is disposed so as to maintain the secondary side or back-off clearance 31
      at a predetermined position above the top surface 13 after a grinding
      operation has been performed on a secondary side surface 31. As shown in
      FIG. 5, a threaded bore 29 is formed in the block and extends inwardly
      from the right side surface 9, as viewed in FIGS. 4 and 5, and a threaded
      allen set screw 30 is mounted in the threaded bore 29 and it is adapted to
      hold the blade 17 in position in the slot 26 during a grinding operation.
PAR  The slot 26 would be disposed at an angle from the vertical axis, as viewed
      in FIG. 5, in accordance with the angle of the secondary side surface 31.
      For example, in one embodiment the slot 26 was disposed at an angle of
      15.degree. from the vertical axis. It will be understood of course that
      the angle of the slot would be formed in accordance with the final desired
      edge 31. It will be understood that the secondary back-off angle on the
      opposite side of the blade may be quickly and easily ground by merely
      reversing the blade in the slot 26.
PAR  FIGS. 6 and 7 illustrate the function of a third slot in the block which is
      designated by the numeral 36, and which extends inwardly from the top
      surface 13 of the block to a point designated by the numeral 37. The slot
      36 is also provided with a circular bore 39 for receiving the rib 18 of
      the spade drill blade 17. The circular seat 39 is formed in relation to
      the rear surface 37 of the slot 36 so as to position the cutting lip 42 of
      the blade 17 at a final level above the surface 13 after the surface 42
      has been ground.
PAR  FIG. 7 shows the blade 17 in an operative position with one cutting lip 42
      being disposed in a position to hold the lip 42 parallel to the surface of
      a grinding table. Accordingly, the slot 36 is tipped at an angle relative
      to the vertical surface of about 15.degree.. That is, relative to a
      perpendicular plane passing through the block from the surface 38, as
      viewed in FIG. 6, a slot 36 would be tipped 15.degree. from said vertical
      plane. Also, as viewed in FIGS. 6 and 7, if a plane were passed from the
      surface 8 and to the left as viewed therein through the centerline
      thereof, then the axis of the seat 39 would be tipped from that plane
      towards the front of the block, as viewed in FIGS. 6 and 7, at a desired
      angle of about 28.degree. for the illustrated blade. It will be understood
      that the last mentioned angles would be varied in accordance with the
      desired angle to be placed on the cutting tool for the cutting lip angle.
      It will also be understood that the cutting lip angle 42 on each side of
      the blade 17 may be quickly and easily ground by merely reversing the
      blade in the slot 36. Each of the cutting lip angles 42 is parallel to the
      surface of the grinding table during a grinding operation when held in the
      slot 36. As shown in FIGS. 6 and 7, a set screw 41 is mounted in a
      threaded hole 40 to retain the blade 17 in place during a grinding
      operation.
PAR  As shown in FIGS. 8 and 9, the block 10 is provided with a fourth slot
      which is cut inwardly from the surface 38, and this fourth slot is
      indicated by the numeral 45. It extends inwardly to the surface marked by
      the numeral 46, and it is also provided with the circular seat 47. A set
      screw 49 is threadably mounted in the bore 48 and is adapted to retain the
      blade 17 in the slot 46 during a grinding operation. Assuming that when
      the block is disposed in the positions of FIGS. 8 and 9 and that it is
      resting on what was the front surface 11 in FIGS. 1 and 2, it holds the
      blade 17 in a position whereby the radius 50 of the cutting edge lip may
      be quickly and efficiently ground by passing a grinding wheel with a
      proper radius along the edge 50. The slot 45 is again disposed at the
      necessary angle in accordance with the angle of the cutting edge lip. It
      is seen that the axis of the circular seat 47 that holds the rib of the
      blade is tilted in three directions. For example, the bore 47 would be
      tilted forwardly towards the surface 14 from the surface 13 at an angle of
      approximately 28.degree. for one type of blade. It would also be tilted
      from the vertical axis and towards the right as viewed in FIGS. 8 and 9,
      at an angle of about 15.degree.. It would then also be turned
      counter-clockwise from a plane extending perpendicular between the
      surfaces 13 and 18 at an angle of 4.degree.. It is thus seen that the axis
      of the circular seat 47 for the slot 45 is tilted in three directions or
      in three axes.
PAR  In use, the block is disposed on a proper surface for putting into
      operation the desired slot and the desired grinding operation, and can
      then be quickly and easily carried out by passing a grinding wheel over
      the blade at a position to automatically provide the desired grinding
      operation on the blade. It will be understood that the grinding fixture of
      the present invention can be used for regrinding used tools or it can be
      used in new construction for milling and grinding work to provide the
      proper angles on a blade.
PAR  While it will be apparent that the preferred embodiment of the invention
      herein disclosed is well calculated to fulfill the objects above stated,
      it will be appreciated that the invention is susceptible to modification,
      variation and change.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A multi-angle grinding fixture for holding a spade drill blade in a
      number of positions for grinding operations thereon, comprising:
PA1  a. a body member shaped as a block and having parallel side faces, parallel
      top and bottom faces, and parallel front and rear faces;
PA1  b. said body member being provided with at least four inwardly extended
      slots for holding a spade drill blade in four different positions for
      grinding the primary side clearance surfaces, the secondary side clearance
      surfaces, the cutting lip angles, and the radii of the cutting edge lips
      of the blade;
PA1  c. each of said slots being angularly disposed relative to a particular
      block face to hold a spade drill blade at a predetermined angle when the
      block is seated on said particular block face to allow a particular
      cutting surface on the blade to be ground by a surface grinder;
PA1  d. each of said slots being provided with a rectangular cross-sectional
      configuration with a pair of laterally spaced apart parallel side walls
      and a circular seat formed centrally in each side wall and extended
      longitudinally of said slot, whereby each slot mates with and receives a
      spade drill blade to be held therein for a grinding operation on the
      blade; and,
PA1  e. means adjacent each of said slots for releasably locking a spade drill
      blade in each slot to hold the blade in a predetermined position for the
      grinding of a particular cutting surface when the body member is disposed
      with a particular one of said block faces downwardly.
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ABST
PAL  The surface appearance of a tire tread finished by grinding to alleviate
      force variations in the tire is improved by reversing the grinding mode of
      one of the usual two grinding wheels. The effect is particularly useful in
      tires having large open block pattern treads as in mud and snow tires.
BSUM
PAR  The foregoing abstract is not to be taken as limiting the invention of this
      application, and in order to understand the full nature and extent of the
      technical disclosure of this application, reference must be made to the
      accompanying drawing and the following detailed description.
PAR  The present invention relates to pneumatic tires and to forming the road
      contact surface of such tires. Particularly, the invention relates to
      grinding arcuate portions of the tread of such tires to form a surface
      thereon. More particularly, the invention is related to mud and snow tires
      and the forming of road contact surfaces thereon by grinding.
PAR  It is known to remove material from the road contact surface or tread of
      tires, particularly by grinding, buffing, or the like, for diverse
      purposes. Customarily, there is no requirement as to the quality of the
      appearance of the surface of the tire after such material has been
      removed. More recently it has been common practice to grind certain
      portions of the tire, removing material from such portions for the purpose
      of reducing the variations in the force exerted by the tire on a load
      wheel engaged in loaded rolling contact with the tire.
PAR  Principal objects of the present invention are to provide a tire the
      appearance of the surface of which is improved relative to the appearance
      of the surface of the tire conventionally finished by grinding or buffing,
      and to provide a method for obtaining by grinding such improved surface
      finish appearance.
DRWD
PAR  To acquaint persons skilled in the art with the nature and principles of
      the invention, a presently preferred embodiment of the best mode now
      contemplated for putting the invention into practice, will be described by
      and in connection with the accompanying drawings, in which:
PAR  FIG. 1 is a pictorial view of a tire in accordance with the invention;
PAR  FIG. 2 is another tire in accordance with the invention;
PAR  FIG. 3 is a diagrammatic view of a tire being engaged by grinding wheels in
      the practice of the invention; and
PAR  FIG. 4 is another view of the arrangement of FIG. 3, taken as indicated by
      the line 4--4 in FIG. 3.
DETD
PAR  The tire in accordance with the invention, FIG. 1, is illustrative of a
      type or class of tires with which the invention is particularly concerned.
      The tire comprises a tread, sidewalls, and respective bead portions, for
      mounting the tire on a flanged wheel in the usual manner. Tires of the
      class illustrated are commonly referred to as snow tires or mud tires, or
      mud and snow tires, for the reason that the configuration of the tread
      portion is designed to provide improved traction when operated in snow,
      mud, or like difficult conditions of the road or other surface to be
      traveled by the tire.
PAR  The present invention is particularly concerned with the appearance of the
      surface of the tire in its new, unworn condition when the tire is placed
      on sale.
PAR  As will be observed in the figure, the road contact surface of the tread is
      provided by a plurality of traction blocks 10. The blocks are spaced apart
      about the circumference of the tire alternately with the traction grooves
      11. In the particular tire illustrated, each traction block surrounds an
      additional and wider groove 12. The arrangement is such that portions of
      each traction block resemble chevrons 14 having the closed apex-like
      portion 14a of the chevron pointed upwardly in the figure in that portion
      of the tire tread disposed on the right of a mid-circumferential plane.
      The chevron orientation of the corresponding blocks disposed at the left
      of the mid-circumferential plane of the tire, as seen in FIG. 1, have
      their closed or apex-like portions pointed downwardly and opposite to
      those on the right. This arrangement, of course, repeats around the
      circumference of the tire.
PAR  In accordance with the present invention, it has now been discovered that
      in removing material from the tread surface by grinding, as hereinbefore
      mentioned, the surface finish of the tire tends to be less than fully
      satisfactory in its appearance and that some of the edges formed by the
      intersection of the road contact surface and the respective grooves tend
      not to be clean, sharp, and well defined. It has further been found that
      this less than satisfactory surface finish of those portions which have
      been ground also obtains when the relative direction of the two grinding
      wheels with respect to the tire surface, is reversed. It has now been
      discovered to the contrary that a definite and worthwhile improvement in
      the surface appearance of the tire is achieved by driving each of two
      grinding wheels in a rotational sense opposite to the rotational sense of
      the other of the grinding wheels such that one of the grinding wheels
      while engaged in material removing contact with the rotating tire cuts in
      an up-grinding mode and that the other of the grinding wheels while
      engaged in such material removing contact with the rotating tire cuts in a
      down-grinding mode. Up and down grinding modes will be described presently
      in connection with reference to FIGS. 3 and 4.
PAR  Turning now to FIG. 2 wherein is illustrated a tire of conventional tread
      pattern having likewise traction blocks 20 and grooves 21 in alternating
      sequence about the circumference of the tire. It will likewise be observed
      that in the tire of FIG. 2 a substantial portion of such traction blocks
      and grooves have forms which at the road contact surface of the tread at
      least resemble the chevron arrangement described in connection with FIG.
      1. The principal difference, as is well known, lies in the relative size
      and number of the traction blocks and the intervening grooves.
PAR  FIGS. 3 and 4 illustrate a tire T mounted and inflated on a chuck 30 which
      is power driven to rotate the tire. The tire may be engaged by a load
      wheel W in loaded rolling contact with the tire, which load wheel is
      provided with strain sensors and associated control mechanism (not shown)
      by which the two grinding wheels 32,34 are moved into material removing
      contact with the tread, or out of such contact in response to load
      variations experienced by the sensors. The two grinding wheels are each
      mounted on motor driven spindles 36,38 for rotation at constant speeds.
      The tire is rotated in the direction of the arrow 40. In practice in
      accordance with the prior art heretofore, both of the two grinding wheels
      were rotated in the direction of the arrow 42, whereas in accordance with
      the present invention, one of the two grinding wheels is rotated in the
      opposite direction, as seen in FIG. 4, relative to the rotation of the
      other, as is indicated by the arrows 44 and 46.
PAR  The grinding wheels are themselves of conventional construction comprising
      a steel sheel with suitable provision for mounting on the motor driven
      spindles. The shell is coated with a metallic binder containing a grit of
      a metal carbide such as tungsten carbide, or the like. Such grinding
      wheels are readily available from, for example, Tunco Products, Div. of
      Burgess-Norton Mfg. Co., Geneva, Illinois.
PAR  Reference is made herein and in the claims appended hereto to up-grinding
      and to down-grinding. Up-grinding, which is the conventional grinding
      mode, describes the relative motion of the grinding face of the grinding
      wheel and the surface being ground of the tire wherein the respective
      surface directions in the zone of grinding contact are opposite to each
      other such that the first contact of a representative single grit in the
      grinding wheel face first comes into contact with a surface of the tread
      at the full depth of the cut and moves arcuately upwardly and outwardly
      through the material which is being removed. It is thus defined as cutting
      upward or up from the level of the surface already cut by the wheel as the
      surface of the tread progresses into the contact zone. Down-grinding,
      sometimes called "climb grinding", describes the condition wherein the
      single grit in the grinding face of the wheel first contacts that portion
      of the surface material not yet removed and progresses downwardly along an
      arc toward the surface finished by the grinding operation. In the
      climb-grinding mode, the surface of the tire being ground and the surface
      of the grinding face of the wheel are moving in the same direction in the
      zone of contact, whereas in up-grinding the respective surfaces are moving
      oppositely in the zone of grinding contact. The surprising and unexpected
      effect in quality of surface appearance of the tire is attained by the
      application to a single tire of the two entirely opposite modes of
      grinding by using two independently driven grinding wheels rotating in the
      opposite modes of grinding.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for grinding arcuate portions of the tread of an inflated
      pneumatic tire near the lateral edge or edges of such tread to reduce
      variations in force exerted by such tire on the surface of a load
      measuring wheel, and in which process the tire is mounted and inflated on
      a power driven rotating chuck in a machine having a fully rotatable load
      measuring wheel for engaging the tread of the tire in loaded rolling
      contact and two grinding wheels driven at grinding speed to remove
      material from said arcuate portions engageable and disengageable with said
      portions in response to variations in load exerted on said wheel by said
      tire; the improvement comprising: driving each of said grinding wheels in
      a rotational sense opposite to the rotational sense of the other of said
      grinding wheels, such that one of said grinding wheels while engaged in
      material removing contact with the rotating tire cuts in an up-grinding
      mode and the other of said grinding wheels while engaged in material
      removing contact with the rotating tire cuts in a down grinding mode
      whereby the surface appearance of the tread of the tire is improved
      relative to the appearance thereof by rotating both said grinding wheels
      in a usual common directional sense.
NUM  2.
PAR  2. In a process for grinding arcuate portions of the tread of an inflated
      pneumatic tire near the lateral edge or edges of such tread to reduce
      variations in force exerted by such tire on the surface of a load
      measuring wheel, and in which process the tire is mounted and inflated on
      a power driven rotating chuck in a machine having a fully rotatable load
      measuring wheel for engaging the tread of the tire in loaded rolling
      contact and two grinding wheels driven at grinding speed to remove
      material from said arcuate portions engageable and disengageable with said
      portions in response to variations in load exerted on said wheel by said
      tire, and wherein the tread is characterized by traction blocks and
      grooves spaced in alternating sequence about the circumference, the blocks
      and the grooves having at the tread surface a chevron-like shape
      protruding in one direction at one side of the mid-circumferential tire
      plane and in the other direction at the other side of said plane, the
      improvement comprising: driving each of said grinding wheels in a
      rotational sense opposite to the rotational sense of the other of said
      grinding wheels, such that one of said grinding wheels while engaged in
      material removing contact with the rotating tire cuts in an up-grinding
      mode and the other of said grinding wheels while engaged in material
      removing contact with the rotating tire cuts in a down grinding mode
      whereby the surface appearance of the tread of the tire is improved
      relative to the appearance thereof by rotating both said grinding wheels
      in a usual common directional sense.
NUM  3.
PAR  3. In a process for grinding arc portions of minor parts of the width of a
      tire tread, said parts being spaced apart oppositely outward of the
      midcircumferential plane of the tire and wherein the tire is rotated in a
      first rotational sense and two separate and independent grinding wheels
      engage respectively the opposed minor parts of the tread width, the
      improvement comprising, rotating one of said grinding wheels in a first
      sense the same as said first rotational sense such that the surface of
      said tire and the surface of said one grinding wheel both travel through
      the grinding zone therebetween in the same direction and concurrently,
      rotating the other of said grinding wheels in the opposing sense, such
      that the respective said surfaces travel through their grinding zone in
      directions opposite each other, whereby the tire tread is ground by
      down-grinding in one of its said parts and by up-grinding in the other of
      its said parts.
NUM  4.
PAR  4. In a process for grinding arc portions of minor parts of the width of a
      tire tread, said parts being spaced apart oppositely outward of the
      midcircumferential plane of the tire and wherein the tire is rotated in a
      first rotational sense and two separate and independent grinding wheels
      engage respectively the opposed minor parts of the tread width, the
      improvement comprising, rotating one of said grinding wheels in a first
      sense the same as said first rotational sense such that the surface of
      said tire and the surface of said one grinding wheel both travel through
      the grinding zone therebetween in the same direction and concurrently,
      rotating the other of said grinding wheels in the opposing sense, such
      that the respective said surfaces travel through their grinding zone in
      directions opposite each other, whereby the tire tread is ground by
      down-grinding in one of its said parts and by upgrinding in the other of
      its said parts, and wherein the tread is characterized by traction blocks
      and grooves spaced in alternating sequence about the circumference, the
      blocks and the grooves having at the tread surface a chevron-like shape
      protruding in one direction at one side of the mid-circumferential tire
      plane and in the other direction at the other side of said plane.
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ABST
PAL  An abrasive disc which may be attached to a holder having a suction device
      associated therewith. The disc includes a body of soft, resilient material
      and abrasive layers on both sides. Apertures, openings, and orifices in
      the abrasive layers and in the edge of the body allow air and particles to
      be drawn into internal passages in the body of the disc and flow out of
      the body to the suction device in the holder. The apertures also
      facilitate attachment of the abrasive disc to the holder.
BSUM
PAC  BACKGROUND AND OBJECTS
PAR  1. Field of the Invention
PAR  The present invention relates to an abrasive disc which may be readily
      fixed on a holder. The disc is stabilized on the holder by means of pins
      projecting from the holder, and these pins also allow for easy removal of
      the disc from the holder. The abrasive disc is provided with apertures for
      sucking air up and grinding particles by means of a suction device.
PAR  2. Description of the Prior Art
PAR  Abrasive discs with apertures for sucking up air and grinding particles are
      expensive to produce, since the passages extending within said discs
      substantially complicate the process of manufacturing. Consequently, the
      discs are provided only with few passages, said discs are permanently
      secured on a holder and the grinding paper is exchanged in regular
      intervals. The grinding paper is fastened with a pressure sensitive glue,
      but the paper is easily unglued because of grinding particles becoming
      wedged in under the paper during operation.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a grinding device of
      the abovementioned type, which is inexpensive to produce despite a
      plurality of passages, which permits a stable fixing of grinding paper or
      the like, which permits easy mounting on the holder, stable fixing on said
      holder and quick demounting from the holder, and which allows for two
      opposed sides of the same to be used for grinding.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing difficulties in the prior art are overcome and the foregoing
      objects are achieved by providing an abrasive disc including a body of
      soft, resilient material having oppositely facing sides and an edge
      therebetween, a first abrasive layer and a first set of grooves on one
      side of the body, the abrasive layer extending across the grooves, a first
      set of openings in the edge, a first set of apertures in the first
      abrasive layer, the openings and apertures being connected with the
      grooves, whereby, in operation, air and particles may be drawn into
      openings and apertures, through the grooves and toward a suction device
      associated with the holder for the disc. According to more detailed
      aspects of the invention, there may be a second abrasive layer having a
      set of apertures on the other side of the disc, and second sets of
      openings and grooves. Either of the sets of apertures may be used in
      fastening the disc to its holder. In this regard, portions of the abrasive
      layer immediately adjacent the apertures are inwardly foldable in response
      to engagement with pins extending from the holder. These portions will
      abrasively engage the pins to secure the abrasive disc to the holder.
DRWD
PAC  DRAWINGS
PAR  The invention will be further described below with reference to the
      accompanying drawings in which;
PAR  FIG. 1 shows the abrasive disc according to the invention from underneath
      and partly in section;
PAR  FIG. 2 is a section through the abrasive disc arranged on a holder;
PAR  FIG. 3 is a section through a portion of the abrasive disc before it is
      mounted on the holder and finally;
PAR  FIG. 4 is a section through said portion of the abrasive disc after its
      mounting on the holder.
DETD
PAC  DESCRIPTION
PAR  The abrasive disc 1, which is to be described in more detail hereinafter,
      is designed to be arranged on a driven holder 2 and cooperate with a
      suction device (not shown). In FIG. 2, the holder 2 is in the form of a
      plate with projecting pins 3. The plate is supported by a ring 4 connected
      thereto, and is rotated and oscillated by means of a drive shaft 5 via an
      eccentric body 6 and a ball bearing 7. A housing 8 is placed above the
      plate of the holder 2, said housing having a connection piece 9 for
      connection to the suction device. When the abrasive disc 1 securedly
      securedly pressed on the plate 2, passages in the abrasive disc are
      communicating with the suction device via holes 10 in the plate 2, via the
      interior of the housing 8 and via the connection piece 9.
PAR  According to the invention, the abrasive disc 1 may easily be pressed on
      and attached to the holder 2 with any one of its opposed sides against the
      holder. After the pressing the abrasive disc 1 shall be fixedly secured on
      the holder and easy removable from the same, e.g. for being turned and
      pressed onto the holder with the abrasive for the grinding directed
      against the holder. Further, the abrasive disc must provide a stable
      securing of the abrasive, the abrasive disc shall be inexpensive to
      produce so that it may be thrown away after wearing out the abrasive and
      the abrasive disc must provide effective grinding particle collecting
      properties.
PAR  In order to accomplish this, the abrasive disc 1 according to the invention
      comprises a body 12 of a soft, resilient material, preferably expanded
      material, such as styrene. On two opposed sides 12a, 12b, an abrasive
      layer 11a, 11b is attached by, for example, glueing on each side
      respectively. The layers have greater density than the body 12. The
      opposed sides 12a, 12b of the body 12 are provided with grooves 14a, 14b.
      These grooves are covered by the abrasive layers respectively and to
      define passages which open against an edge 12c extending between the sides
      12a, 12b of the body. Grooves 14a and 14b also open against the sides of
      the abrasive layers by means of apertures 15, 16 in said layers
      respectively and are connected to the suction device. The grooves 14a or
      14b are placed beside each other at a distance somewhat exceeding the
      width of the grooves. This means that there are at least 32 air intakes
      provided in the preferred embodiment in the drawings.
PAR  If the pins 3 are sufficiently pointed (pointed pins not shown) they may be
      forced through the abrasive layers 11a, 11b, respectively and forced into
      the soft, resilient material of the body 12. Thus, the edges around every
      hole made by the pins 3 in the abrasive layers are bent inwardly so that
      the abrasive grains on each abrasive layer 11a, 11b engage the pins
      respectively. Consequently, displacement of the abrasive disc 1 on the
      pins 3 is effectively prevented, i.e. the abrasive is fixedly secured on
      the holder 2 during rotation and oscillation thereof. If desired, the
      abrasive disc is easily removable for turning or replacement with another
      disc, e.g. a disc having another size on the abrasive grains of the
      abrasive layer.
PAR  In order to provide a similar secure mounting of the abrasive disc 1 on the
      holder 2 and also to prevent disturbance of the air flowing in the disc,
      the body 12 is provided with holes 13 corresponding to the pins 3. The
      grooves 14a, 14b are connected to these holes 13 i.e. air flows streaming
      through the grooves must also pass through the holes 13. The pins 3 extend
      independently of the direction from which they are inserted in the holes
      13 of the body 12, down through said holes 13 at least partially and
      preferably totally blocking the grooves 14a or 14b (14b in FIG. 2) under
      the abrasive layer 11a or 11b (11b in FIG. 2) lying closest to the holder
      2 while leaving open the grooves 14a or 14b (14a in FIG. 2) under the
      abrasive layer 11a or 11b (11a in FIG. 2) turned away from the holder 2.
      Thus, the pattern of the air flow will be as follows see FIG. 2), Air is
      sucked in through apertures of the grooves 14a and openings in the edge
      12c, passes the apertures 15, and through these taking up grinding
      particles, passes the annular channel 17a of two annular channels 17a, 17b
      extending in the opposed sides of the body 12, passes bores 18 and thereby
      (and/or when passing the annular channel 17a) passing orifices 19a in the
      abrasive layer 11a and through these orifices 19a taking up grinding
      particles. The air flow thereafter passess through the bores 18, without
      disturbance from air entering through the grooves 14b. The air also flows
      via orifices 119a in the abrasive layer 11b to the holes 10 in the holder
      2 and, via these holes 10, to the interior of the housing 8 and the
      connection piece 9 to the suction device.
PAR  In order to ensure substantial adherence between the abrasive disc 1 and
      the holder 2, the apertures 15, 16 in the abrasive layers 11a, 11b may be
      considerably less in size than the holes 13 beyond said apertures 15, 16.
      This means that the portions 11c, 11d overlapping the holes 13 in the body
      12 are folded into the holes 13 when the pins 3 are forced in through said
      holes (see FIGS. 3 and 4).
PAR  Accordingly the abrasive grains on the portions 11d (and when the disc is
      turned, the abrasive grains on the portions 11c) will define a friction
      lining in the holes 13 for the pins 3.
PAR  To eliminate the risk that the holes in the abrasive disc do not
      communicate with the holder 2, said holder may be provided with a ring 20
      (e.g. of a rubber material) of which the inner edge 20a lies outside the
      orifices 19a, 19b (19b in FIG. 2) in the abrasive layers 11a, 11b (11b in
      FIG. 2). This insures that a slit is formed between the disc 1 and the
      holder 2, through which slit air may flow obliquely, if necessary.
PAR  In order to create, for example three rows of grinding particle intakes
      (15, 16, 19a in FIG. 1) in each abrasive layer, the pins 3 may be arranged
      in two rows, whereby the pins 3 in one row are laterally displaced in
      relation to the pins 3 in the other row.
PAR  When describing the preferred embodiment, certain alternatives have been
      referred to. However, it is possible to define other sub-assemblies not
      mentioned here but within the scope of the present invention. For example
      the pins 3 may be hollow and define percolation passages.
CLMS
STM  I claim:
NUM  1.
PAR  1. An abrasive disc which has an interior through which air and particles
      may flow and which is adapted to be detachably secured to a holder having
      pins projecting therefrom and a suction device associated therewith, the
      abrasive disc comprising:
PA1  a. a body of soft, resilient material having oppositely facing sides and an
      edge therebetween;
PA1  b. a first abrasive layer on one side of said body;
PA1  c. a first set of grooves in said body on at least said one side thereof,
      said abrasive layer extending across said grooves;
PA1  d. a first set of openings in said edge;
PA1  e. a first set of apertures in said first abrasive layer, said openings and
      said apertures being connected with said grooves;
PA1  f. whereby, in operation, air and particles may be drawn into said
      apertures and openings, through said grooves, and toward the suction
      device.
NUM  2.
PAR  2. An abrasive disc as defined in claim 1 including:
PA1  a. a second abrasive layer on the other side of said body;
PA1  b. a second set of grooves in said body on said other side thereof, said
      second abrasive layer extending across said second set of grooves;
PA1  c. a second set of openings in said edge;
PA1  d. a second set of apertures, said second set of apertures being formed in
      said second abrasive layer, said second set of openings and said second
      set of apertures being connected with said second set of grooves.
NUM  3.
PAR  3. An abrasive disc as defined in claim 2 wherein said apertures are
      adapted for an interference fit with the pins of the holder, portions of
      the abrasive layer immediately adjacent said apertures being folded
      inwardly from the exterior of the abrasive disc around said apertures when
      the abrasive disc is attached to the holder, said inwardly folded portions
      being adapted to abrasively engage the pins of the holder to secure the
      abrasive disc to the holder.
NUM  4.
PAR  4. An abrasive disc as defined in claim 2, including a plurality of holes
      in said body, said holes being adapted to receive the pins of the holder
      therein, each of said holes intersecting one groove of said first set of
      grooves and one groove of said second set of grooves, whereby, in
      operation, at least one said sets of grooves is open for communication
      with its associated set of openings and apertures even when the pins of
      the holder are inserted into said holes.
NUM  5.
PAR  5. An abrasive ddisc as defined in claim 4, wherein each of said holes
      completely surrounds its associated groove at a particular location along
      each groove, whereby, in operation, the pins of the holder block the
      grooves of the other of said sets of grooves.
NUM  6.
PAR  6. An abrasive disc as defined in claim 4, wherein said sets of apertures
      are aligned with said holes and are smaller in diameter than said holes.
NUM  7.
PAR  7. An abrasive disc as defined in claim 6, wherein each abrasive layer
      includes a portion immediately surrounding each of said apertures, each
      portion being inwardly foldable into said holes in response to engagement
      of said apertures with the pins of the holder, each of said portions
      having abrasive material thereon for effecting a secure grip on the pins.
NUM  8.
PAR  8. An abrasive disc as defined in claim 2:
PA1  a. including a plurality of bores for effecting communication between the
      interior of the abrasive disc and the suction device;
PA1  b. wherein the grooves of said sets of grooves extend radially in said
      body, the distance between two adjacent grooves exceeding the width of
      each groove;
PA1  c. including first and second annular channels in said body, said first
      annular channel being disposed on one side of said body, said second
      annular channel being disposed on the other side of said body, said first
      set of grooves being connected with said first annular channel, said
      second set of grooves being connected with said second annular channel;
PA1  d. said bores intersecting said annular channels;
PA1  e. first and second sets of orifices in said abrasive layers, said sets of
      orifices being disposed radially inwardly of said sets of apertures, said
      orifices of said first set being disposed in said first abrasive layer,
      said orifices of said second set being disposed in said second abrasive
      layer, said first set of orifices communicating with said first annular
      channel and said bores, said second set of orifices communicating with
      said second annular channel and said bores;
PA1  f. whereby, in operation, one of said sets of orifices allows air and
      particles to flow from the interior of said body to the suction device and
      the other set of orifices provides an additional inlet for air and
      particles to flow into the interior of said body.
NUM  9.
PAR  9. An abrasive disc as defined in claim 8 including a ring engaging an
      outer surface of one abrasive layer said ring having an inner edge
      disposed radially outwardly of said orifices.
NUM  10.
PAR  10. An abrasive disc as defined in claim 1, wherein said body comprises an
      expanded material.
NUM  11.
PAR  11. An abrasive disc as defined in claim 10, wherein said expanded material
      is an expanded plastic material such as styrene.
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ABST
PAL  A rotary action electric razor which has a blade with heads rotating in an
      annular, slotted comb, is sharpened by inserting between the blade heads
      and comb a flat, annular, flexible disc having a sharpening abrasive
      surface and having a tab extending generally normal to the plane of the
      disc and away from the slots in the comb.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to sharpeners for electric razors and
      particularly rotary-type electric razors having a blade with a plurality
      of blade heads which are driven about an axis, and a comb having an
      annular trough with a slotted, flat bottom and within which the blade
      heads rotate. Electric razors of this type have become increasingly
      popular in recent years. When such razors are used in shaving on a daily
      basis, the blade heads and cooperating comb eventually become dull. When
      this occurs, it becomes difficult to obtain a close shave, and shaving
      time and discomfort accordingly increase.
PAR  It would be desirable to provide a sharpener and sharpening process which
      could be employed by the users of rotary electric shavers to sharpen the
      blade heads and comb. U.S. Pat. No. 2,953,851 shows a sharpening device
      formed from a rigid ring of an abrasive, non-resilient material such as
      cast oil stone and a second ring of resilient material such as rubber. The
      device is to be inserted between the blade heads and comb of a rotary-type
      electric shaver, and sharpens either the blade heads or the comb depending
      upon whether the rigid, abrasive ring faces the blade heads or the comb.
      Rigid material such as oil stone and the like are notoriously brittle,
      however, and the likelihood of breakage of this device is accordingly
      great. Moreover, it is apparent that devices of this type must be very
      carefully, and hence expensively, manufactured in order to correctly align
      the oil stone and rubber rings, maintain proper dimensions, and avoid
      breakage. Further, there is no way of easily removing the device from the
      comb. It is likely that tapping the comb upon a hard surface to dislodge
      the device would contribute to breakage of the device. In addition, should
      the rigid abrasive ring become grooved by contact with, for example, a
      misshapen blade head it would be difficult to resurface the abrasive ring.
PAR  A simple and inexpensive sharpener for rotary razors, which is not subject
      to breakage and which can be easily removed from the comb of a rotary
      razor by the user is much to be desired.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention provides a simple, inexpensive sharpener for rotary
      action electric razors having blades rotating in an annular, slotted comb.
      The sharpener comprises a flat, annular, flexible disc fitting within the
      comb and having a sharpening abrasive surface. The disc includes a tab
      extending from its edge and positionable at an angle to the plane of the
      disc. Depending upon whether the tab extends from the inner or the outer
      peripheral surface of the disc, the tab contacts the rotary blade of the
      razor or the outer peripheral surface of the comb. The thickness of the
      tab is desirably at least half the thickness of the disc, and a plurality
      of tabs may be employed if desired. Both flat surfaces of the disc
      preferably are abrasive so that the disc may be reversed and reused.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top view of the blade and comb of a rotary action razor,
      showing the disc of the invention (partially broken away) in position for
      sharpening the comb;
PAR  FIG. 2 is a broken away, cross-sectional view taken along line 2--2 of FIG.
      1;
PAR  FIG. 3 is a perspective view of a sharpener of the invention;
PAR  FIGS. 4 A, B and C are broken away, cross-sectional views of various
      sharpeners of the invention;
PAR  FIG. 5 is a partially broken away top view of the blade and comb of a
      rotary action razor with the sharpener of the invention in place for
      sharpening the heads of the blade;
PAR  FIG. 6 is a broken away cross-sectional view taken along line 6--6 of FIG.
      5; and
PAR  FIG. 7 is an enlarged, broken away cross-sectional view taken along line
      7--7 of FIG. 1.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to the drawing, the head of a rotary action razor is
      designated generally as 10 and includes an annular comb 12 and a
      multi-headed blade 14. The blade has a generally circular center disc 14.1
      from the outer periphery of which radiate, at equal distances from one
      another, a series of arms 14.2. Each arm, as it extends outwardly from the
      disc 14.1, curves upwardly gently and terminates in a sharpened blade head
      14.3. The disc portion 14.1 of the blade has a central hole 14.4 in which
      may be seated the rotating drive shaft (not shown) of an electric razor.
      The comb 12 has an annular, flat-bottomed trough 12.1. A series of
      hair-receiving slots 12.2 are formed through the thickness of the bottom
      of the trough 12.1, as shown best in FIGS. 1, 5 and 7. The inner surface
      12.3 of the flat-bottomed trough is flat so that the flat-ended heads 14.3
      of the blade can ride on the slotted surface and perform the hair-cutting
      operation. The walls on either side of the slotted surface 12.3 are
      substantially normal to the latter surface and have confronting surfaces
      12.4, 12.5 (FIG. 7). Razors of this type are sold under the trademark
      "Norelco" by the North America Philips Corporation.
PAR  As shown best in FIGS. 1, 5 and 7, I have found that the blade heads 14.3
      are normally spaced more closely to the inner surface 12.4 than to the
      outer surface 12.5 of the walls forming the side of the trough, and the
      width of the blades 14.3 is considerably narrower than the width of the
      trough 12.1. For example, the width of the blades may be about 1 mm.
      whereas the width of the trough may be on the order of 2 mm.
PAR  The sharpener of the invention 16 is best depicted in FIGS. 3, 4 and 7 and
      comprises an annular disc 16.1 having an abrasive on at least one side to
      provide a flat abrasive surface 16.2. As shown in the drawing, the disc
      16.1 may be made of two thicknesses 16.3, 16.4 of emery paper with the
      non-abrasive surfaces of the emery paper being adhered together with a
      thin layer of a suitable adhesive. It is desired that both flat surfaces
      of the disc be of abrasive material. In the embodiment of FIGS. 3 and 4A,
      a tab 16.5 extends from the inner periphery of the disc. The tab may be
      formed as an integral portion of the disc 16.1 and may then be bent up as
      shown in FIG. 3 from the plane of the disc to extend substantially normal
      from the plane. If the disc is of two thicknesses of material, as shown in
      the drawing, then it is desired that the tab 16.5 be formed in only one of
      the thicknesses 16.3. The tab 16.5 extending from the inner periphery of
      the disc is preferably an extension of the nearest disc layer 16.3. FIGS.
      4B, 5 and 6 show a tab 16.6 arising from the outer periphery of the disc
      16.1. In this embodiment, it is desired that the tab extend from the more
      remote layer 16.4 of the disc. FIG. 4C shows tabs extending from both the
      inner and outer peripheries of the disc. The tabs need not have abrasive
      surfaces.
PAR  The width of the disc 16.1 should be such so as to enable it to fit
      reasonably loosely into the flat-bottomed trough 12.1 of the comb. For
      example, for the razor referred to above in which the width of the trough
      12.1 is approximately 2mm., the width of the disc may be approximately 1.5
      mm. The resulting clearance or space between the edges of the disc and the
      confronting walls 12.4, 12.5 of the trough is illustrated best in FIG. 7.
      The thickness of the disc may be varied, and will depend to some extent on
      the degree to which the blade heads 14.3 have been worn down through use.
      I have found that a disc thickness of from about 0.15 to about 0.35 mm.
      yields acceptable results, with discs having a thickness of approximately
      0.3 mm. being preferred. The discs must be thin enough to remain flexible,
      but must be thick enough to make contact with both the blade heads 14.3
      and the inner surface 12.3 of the flat trough in the comb when the razor
      is assembled. The drive shafts (not shown) of rotary action razors
      generally are axially spring loaded to normally maintain some small
      pressure between the blade heads and the trough. I have found that 600
      grit silicon carbide emery paper (sold under the trademark "TRI-M-ITE" by
      the Minnesota Mining and Manufacturing Company) yields good results.
PAR  The width of the tab 16.5, 16.6 may be varied but desirably is
      approximately the same as that of the disc 16.1. The tab 16.5 extending
      from the inner periphery of the disc need only extend upwardly from the
      plane of the disc a short distance, e.g., 1.0 mm., but may be longer for
      use as a "handle". The tab 16.6 extending from the outer periphery of the
      disc, on the other hand, preferably is somewhat longer and may be in the
      range of 3 mm. in length. With reference to FIG. 4B, it will be noted that
      since the tab 16.6 extends from the more remote disc layer 16.4, the disc
      has slightly greater width at the location of the tab. On the other hand,
      the tab 16.5, which arises from the nearer disc portion 16.3, does not add
      significantly to the width of the disc. It will be understood, of course,
      that the width of the disc in the vicinity of the tabs 16.5, 16.6 may be
      varied at will during their manufacture.
PAR  The sharpening discs of the invention may be prepared by adhering the
      smooth surfaces of sheets of emery paper together with a thin adhesive
      layer, and then punching or otherwise cutting the discs to proper shape
      from the double thickness material. If desired, the disc 16.1 may be made
      from a single thickness of material and may have only a single abrasive,
      flat surface. The tabs, initially lying in the plane of the disc, may be
      manually bent up as shown in FIGS. 3 and 4 when the discs are readied for
      a sharpening operation.
PAR  In sharpening a rotary action razor with the sharpener of the invention,
      separate operations are used to smoothen and sharpen the comb and to
      sharpen the blade heads. It is immaterial which part of the razor is
      sharpened first; I prefer, however, to first sharpen the comb. A disc
      having a tab 16.5 arising from its inner periphery, as shown in FIG. 3, is
      selected and the tab is bent up out of the plane of the disc as shown in
      the drawing. The disc is then inserted between the blade heads and the
      flat-bottomed trough of the razor with the abrasive surface of the disc
      resting flatly against the inner surface 12.3 of the trough. The tab 16.5
      extends outwardly closely adjacent the inner wall 12.4 of the trough, as
      shown best in FIGS. 1 and 2, and comes into contact with the leading edge
      14.5 of a blade head. The motor of the razor is then turned on, and the
      rotating blade heads causes the disc 16.1 to rotate so that the abrasive
      surface 16.2 of the disc slidingly contacts the inner flat surface 12.3 of
      the trough to sharpen and smoothen the same. After perhaps 15 seconds of
      sharpening action, the motor of the razor is turned off and the disc is
      now replaced with a disc in which the tab 16.6 arises from the outer
      periphery. Because the blade heads 14.3 do not extend all the way to the
      outer wall surface 12.5 of the flat-bottomed trough, there is room between
      the blade head and the side wall 12.5 for the tab 16.6. The tab bears
      against the outer wall surface 12.5 of the trough, and the abrasive
      surface 16.2 facing the trough surface 12.3 further tends to anchor the
      disc in place. The razor motor is again turned on for, e.g., 15 seconds.
      During this time the blade heads slide across the adjacent abrasive
      surface of the disc and become sharpened, the disc being anchored against
      turning in the trough by means of the tab 16.6 and the abrasive action of
      its surface against the trough.
PAR  The last mentioned sharpening disc is then removed and the razor is ready
      for use. In some instances when attempting to sharpen extremely dull
      razors, I have found it desirable to use a sharpening disc with a coarser
      abrasive surface (e.g., 320 grit) to begin with in the sharpening
      procedure, and then finish the sharpening with the 600 grit disc.
PAR  The tabs 16.5, 16.6 extending from the inner and outer peripheries of
      sharpening discs of the invention also serve as convenient handles for
      removing the discs from the annular trough of the comb. A tweezer or like
      instrument may be employed to grasp the tabs, and the flexibility of the
      discs permit them to be deformed and hence more easily lifted from the
      annular trough at the end of a sharpening operation. Although the
      invention has thus far been described with reference to discs having
      single tabs thereon, it may be desirable to provide several tabs arising
      from the inner or the outer periphery of the disc, thereby reducing the
      possibility that the blade may shear off a tab arising from the inner
      periphery of the disc, and also improving the stationary "seat" of the
      sharpening disc in the comb trough when the blade heads are to be
      sharpened. The flexibility of the discs of the invention not only permit
      their easy removal from the trough, as noted above, but also enable the
      discs to be readily manufactured and permit the tabs 16.5, 16.6 to be
      properly positioned as shown in FIGS. 2 and 6 by gentle finger pressure.
      Moreover, the flexible nature of the sharpening discs renders them highly
      resistant to breakage or other damage, and the sharpening operations many
      times.
PAR  While I have described a preferred embodiment of the present invention, it
      should be understood that various changes, adaptations, and modifications
      may be made therein without departing from the spirit of the invention and
      the scope of the appended claims.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A sharpener for a rotary action electric razor with a comb having an
      annular, flat-bottomed, slotted trough and a blade having a plurality of
      spaced heads rotating in the trough, the sharpener comprising a flexible,
      normally flat annular disc receiveable in the trough flushly against its
      flat bottom and having a sharpening abrasive flat surface, the disc having
      a tab extending from an edge thereof and positionable at an angle to the
      plane of the disc and generally parallel to a side wall of the trough when
      the disc is received therein.
NUM  2.
PAR  2. The sharpener of claim 1 in which both flat surfaces of the disc are
      abrasive surfaces.
NUM  3.
PAR  3. The sharpener of claim 2 having a thickness of from about 0.15 to about
      0.35 mm.
NUM  4.
PAR  4. The sharpener according to claim 1 wherein the width of the disc
      measured radially across one flat surface is about 1.5 mm.
NUM  5.
PAR  5. The sharpener according to claim 1 in which the tab extends from the
      inner periphery of the disc for engagement with a blade head to cause
      rotation of the disc with the blade for sharpening the comb.
NUM  6.
PAR  6. The sharpener according to claim 1 wherein the tab extends from the
      outer periphery of the disc to lie against and generally parallel to the
      outer side wall of the flat-bottomed trough and out of the path of the
      blade heads to aid in anchoring the disc to the trough, whereby the blade
      heads may be sharpened.
NUM  7.
PAR  7. The sharpener of claim 2 in which at least one of the abrasive surfaces
      is of about 600 grit abrasive particles and wherein the thickness of the
      disc is about 0.3 mm.
NUM  8.
PAR  8. A method of sharpening a rotary action razor having a comb with an
      annular, flat-bottomed, slotted trough and a blade having a plurality of
      spaced blade heads rotating in the trough, the method comprising the
      separate operations of:
PA1  a. inserting between the blade heads and the trough a flexible annular disc
      having an abrasive, flat surface lying against the inner flat-bottomed
      surface of the trough and having a tab arising from its inner periphery
      adjacent an inner wall of the trough and in the path of rotation of a
      blade head, and rotating the blade in the trough whereby the disc is
      caused to simultaneously rotate and sharpen the comb;
PA1  b. inserting between the blade heads and the trough a flexible annular disc
      having an abrasive surface abutting the blade heads and having a tab
      arising from its outer periphery in non-obstructing relationship to the
      blade heads and in contact with the outer wall of the flat-bottomed
      trough, the disc remaining stationary in the trough, and rotating the
      blade heads against the abrasive surface within the trough to sharpen the
      blade.
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ABST
PAL  A wall paneling system consisting of a strip horizontally secured to an
      abutment and provided with a continuous groove, a first support provided
      with a head positioned within the groove of the strip and configured so as
      to permit the first support when so installed to pivot about the groove of
      the strip, a plurality of bars secured in spaced relationship at their top
      ends to the first support, a second support to which the bottom ends of
      the bars are secured and which is provided with a continuous groove, a
      third support provided with a head positioned within the groove of the
      second support so as to permit rotation between the second and third
      supports, a second strip horizontally secured to an abutment, a first
      plurality of interlocking wall panels having flanges secured to adjacent
      bars of the plurality of bars, and a second plurality of panels secured
      between the third support and the second strip to form a ceiling.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates generally to wall paneling systems and in
      particular to a new concept in "Mansard" wall construction. While such
      construction is popular today in the building industry most prior art
      systems usually feature conventional construction techniques involving
      substantial improvising on the job site. It is generally true that such
      prior art construction requires that carpenters utilize conventional
      techniques to construct a framework over which the wall paneling is
      secured and under which a ceiling is provided. With the present invention,
      a "system" approach is taken to such construction featuring a combination
      of elements which are suitable for virtually all types and sizes of
      "Mansard" construction permitting the convenient ordering of entire
      systems and the efficient and low cost assembly of the components at the
      job site.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view broken at parts to illustrate the components
      of one embodiment of the present wall paneling system;
PAR  FIG. 2 is a side elevational view partly in section illustrating in
      particular the hinge assemblies located at both the top and bottom of the
      system permitting any desired degree of slope;
PAR  FIG. 3 is a side elevational view partly in section illustrating a second
      embodiment particularly applicable where the top of the wall paneling
      system is to be attached at the roof line;
PAR  FIG. 4 is a cross sectional view of two adjacent panels positioned in
      locking relationship about adjacent Z-bars and a third panel just prior to
      being snapped securely in place about a third Z-bar;
PAR  FIG. 5 is an enlarged perspective view illustrating the top hinge system
      and flashing;
PAR  FIG. 6 is an enlarged perspective view illustrating the bottom hinge system
      and a part of the ceiling wall construction;
PAR  FIG. 7 is a cross sectional view of a single wall panel illustrating in
      particular the construction of the locking flanges thereof;
PAR  FIG. 8 is a perspective view illustrating construction of the ceiling panel
      assembly, and in particular the tee sections which are slidably mounted
      within the opposed flanges of the strip mounted to the wall and the lower
      hinge system, respectively, whereby the soffit panels may be sized as
      desired and inserted in place after which locking clips are used; and
PAR  FIG. 9 illustrates a hip straight corner available for use with the wall
      paneling system of the present invention;
PAR  FIG. 10 illustrates a hip mittered corner;
PAR  FIG. 11 illustrates a standard straight corner; and
PAR  FIG. 12 illustrates a standard mittered corner.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, the reference numeral 10 designates generally the wall paneling
      system of the present invention which consists of a top hinge and flashing
      assembly 12, a bottom hinge and supporting assembly 14, a plurality of
      Z-bar assemblies 16 over which the wall paneling 18 is assembled, and a
      ceiling panel assembly 20.
PAR  Turning now to FIGS. 2 and 5, it will be noted that the reference numeral
      22 designates a wall to which the top hinge and flashing assembly 12 is
      mounted. More particularly, the reference numeral 24 designates a strip
      which may be secured in any manner, for example, by fasteners 26, to the
      wall 22. Importantly, the strip 24 is provided with a groove 28 which is
      circular in cross section and which runs the entire length of the strip
      24. A first support 30 is provided at the top thereof with a circular head
      32 complementary in configuration with respect to the groove 28 of the
      strip 24. Thus, as the head 32 is inserted within the groove 28, it will
      be apparent that the first support 30 is free to rotate or pivot about the
      strip 24, the purpose of which will be explained in detail hereinafter.
PAR  Spaced along the first support 30, and secured thereto, are a plurality of
      Z-bars 34, the cross sectional shape thereof being illustrated in FIG. 4.
      As will be apparent from FIG. 2, each of the Z-bars 34 is secured to the
      bottom flange 36 of the first support 30 by bolts 38.
PAR  The final element of the top hinge and flashing assembly 12 consists of the
      flashing element 40 which is provided at the top thereof with a curved
      portion 42 arranged for engagement within the top curvilinear section 44
      of the strip 24.
PAR  Turning now to the lower hinge system 14 as illustrated in FIGS. 2 and 6,
      it is noted that a second support 46 is provided with a flange 48 to which
      the bottom ends of the Z-bars 34 are secured by bolts 50. The second
      support 46 is further provided with a continuous groove 52 configured
      generally as the groove 28 of the strip 24. As will be apparent from FIG.
      1, the second support 46 and the groove 52 thereof are horizontally
      positioned as are the strip 24 and groove 28.
PAR  A third support 54 is provided at one end thereof with a continuous head 56
      being circular in cross section and corresponding generally to the head 32
      of the first support 30. As will now be apparent, as the head 56 of the
      third support 54 is positioned within the groove 52 of the second support
      46, relative rotation between the second and third supports 46 and 54 is
      possible, the purpose to be explained in detail hereinafter.
PAR  The third support 54 terminates inwardly in spaced flanges 58. Spaced from
      the third support 54 is a strip 60 suitably secured to the wall 22 by
      fasteners 62. The strip 60 is provided with spaced flanges 64
      corresponding to the spaced flanges 58 of the third support 54.
PAR  The previously described top and bottom hinge systems 12 and 14 permit any
      desired slope while eliminating critical field measurement, it being
      apparent that these dual hinge systems are responsible for reducing
      substantially the installation cost of the present invention.
PAR  Turning now to FIGS. 4 and 7, it is apparent that the wall paneling 18
      consists of individual panel elements 65 each provided at one end thereof
      with locking flange 66 and at the other end thereof with locking flange
      68. The locking flanges 66 and 68 of adjacent panels 65 are secured to the
      Z-bars 34 as illustrated in detail in FIG. 4. In particular, as the flange
      68 of a single panel 65 is positioned against one of the Z-bars 34 such
      that the top ledge 70 thereof abuts the top surface 72 of the Z-bar 34, it
      is then possible to position the curvilinear arm 74 of the locking flange
      66 of an adjacent panel 65 against the already positioned flange 68, as
      illustrated in the right-hand portion of FIG. 4, and thereafter simply
      snap the flange 66 in place such that the top surface 76 thereof abuts the
      ledge 70 of the flange 68.
PAR  It will be apparent that because of the interlocking flanges 66 and 68, it
      is possible to form the wall 18 merely by snapping in place each
      individual panel 65. Moreover, separate fasteners which would not only mar
      the appearance of the assembled wall 18 but which would also create
      leakage problems are not necessary.
PAR  Where it is desired to secure the wall paneling system to the roof line,
      the construction of the top hinge and flashing assembly is different, as
      will now be described with reference to FIG. 3. The reference numeral 22'
      is used to designate the roof to which an angle brace 80 is secured with
      fasteners 82. At the top of the angle brace 80 is located a clip 84
      provided at the side thereof with a strip 24' having a groove 28' formed
      in the side thereof. As will be apparent from comparing FIGS. 2 and 3, the
      strip 24' with the groove 28' is substantially the upside down version of
      the strip 24 and groove 28 illustrated in the FIG. 2 embodiment. As will
      also be apparent, a first support 30' is provided having at the top
      thereof a head 32' which is identical in construction to the support 30 as
      illustrated in FIG. 2. The embodiment of FIG. 3 also includes second and
      third supports 46' and 54' identical in construction to the supports 46
      and 54 illustrated in FIG. 2. Finally, it will be apparent that in the
      FIG. 3 embodiment the reference numeral 86 designates the flashing which
      extends beyond the angle brace 80 covering the top part of a corrugated
      sheet 88. The flashing 89 covers the top of the wall 22' as further
      illustrated. Finally, while the construction of the top hinge and flashing
      assembly of the embodiment of FIG. 3 differs somewhat from the embodiment
      disclosed in FIG. 2, it will be readily apparent that the advantages
      resulting from the use of top and bottom hinge assemblies are present in
      both embodiments.
PAR  Turning now to FIGS. 1, 2, 6 and 8, it is apparent that the ceiling panel
      assembly 20 consists of a plurality of tees 90 arranged for sliding
      engagement within the opposed flanges 58 of the third support 54 and the
      opposed flanges 64 of the second strip 60. The ceiling panel assembly 20
      is constructed by cutting the tees 90 to their desired length and
      thereafter inserting same within the opposed flange assemblies of the
      third support 54 and the strip 60. Then, the individual soffit panels 92
      which, as preferred, are expanded polystyrene cores finished on both sides
      with textured stucco white acrylic, are inserted between adjacent tees 90
      such that the bottom edges of each of the panels 92 rests upon and is
      supported by the bottom legs 94 of the tees 90 and the bottom flanges 58
      and 64. Thereafter, clips 96 are inserted in place over the tops of the
      tees 90 so as to fixedly secure the soffit panels 92 in place.
PAR  Remaining for consideration is a brief discussion of the corner
      constructions which are available for use with the wall paneling system of
      the present invention. In FIG. 9 there is disclosed a hip straight corner
      100, in FIG. 10 a hip mittered corner 102, in FIG. 11 a standard straight
      corner 103 and in FIG. 12 a standard mittered corner 104. It will be
      apparent that to form such corners, it is necessary to employ items such
      as special trim for the panels and ceiling adaptors to be riveted to the
      trim for purposes of supporting the ceiling tees. Likewise, it is
      necessary to cut the Mansard panel and to fit the particular job after
      which the trim may be riveted to the panel. The details of finishing
      corners are not considered a part of the invention disclosed herein and
      will not be described further.
CLMS
STM  I claim:
NUM  1.
PAR  1. A paneling system to be suspended from a wall, comprising:
PA1  a first support, means securing said first support to the wall and
      permitting said support to rotate with respect to the wall;
PA1  a plurality of bars, means securing the top ends of said bars to said first
      support in such manner that said top ends are spaced apart from each other
      and extend continuously along said first support, each of said bars being
      provided with a top supporting wall and inwardly sloping side walls
      depending therefrom;
PA1  a second support, means securing the bottom ends of said bars to said
      second support in such manner that said bottom ends are spaced apart from
      each other and extend continuously along said second support;
PA1  a plurality of first panels secured to and connecting said first bars,
      adjacent of said first panels including one panel provided with a
      supporting wall abutting said supporting wall of the adjacent of said bars
      and an inwardly sloping side wall depending therefrom abutting one of said
      inwardly sloping side walls of the adjacent of said bars, and another
      panel provided with a supporting wall abutting said supporting wall of
      said one panel and inwardly sloping side walls depending therefrom
      abutting said inwardly sloping side wall of said one panel and the other
      of said inwardly sloping side walls of the adjacent of said bars;
PA1  a third support, means mounting said third support to said second support
      permitting said second and third supports to rotate with respect to each
      other;
PA1  a fourth support, means securing said fourth support to the wall; and
PA1  a plurality of second panels, the ends of each of said second panels being
      secured to said third and fourth supports, said second panels extending
      continuously along said third and fourth supports beneath said first
      panels.
NUM  2.
PAR  2. A paneling system as in claim 1, wherein said means securing said first
      support to the wall and permitting said support to rotate with respect to
      the wall comprises a strip secured to the wall and provided with a groove
      circular in cross section extending the length of said strip, and wherein
      said first support is provided with a head circular in cross section and
      complementary in configuration with respect to said groove of said strip,
      said head being inserted within said groove permitting rotation of said
      first support about said strip.
NUM  3.
PAR  3. A paneling system as in claim 2, wherein said means mounting said third
      support to said second support permitting said second and third supports
      to rotate with respect to each other comprises a head circular in cross
      section provided on said third support, and a groove circular in cross
      section provided on said second support, said head and groove being
      complementary in configuration permitting relative rotation between said
      second and third supports.
NUM  4.
PAR  4. A paneling system as in claim 2, wherein said strip is provided with an
      opening extending the length thereof, and wherein said system further
      includes a flashing assembly provided with a section inserted within said
      opening of said strip, said flashing assembly extending downwardly
      covering said first support and the tops of said first panels.
NUM  5.
PAR  5. A paneling system as in claim 1, wherein said third and fourth supports
      each includes upper and lower flanges spaced apart from each other, said
      upper flanges being shorter than said lower flanges permitting said second
      panels to be dropped in place such that the ends thereof rest on said
      lower flanges.
NUM  6.
PAR  6. A paneling system as in claim 5, including a plurality of tee-members
      having end portions positioned between said upper and lower flanges of
      said third and fourth supports, said tee-members being positioned between
      adjacent of said second panels.
NUM  7.
PAR  7. A paneling system as in claim 6, including clips attached to said
      tee-members, said clips being provided with supporting surfaces upon which
      portions of said second panels rest.
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ABST
PAL  Ferrocement structures and the method for producing them comprising:
      providing a load-bearing framework, covering the framework with a strong
      flexible sheet-like material and then a flexible metal reinforcing
      material, and applying cement mortar thereover to cover the reinforcing
      material. The framework can be made of easily fabricated wooden ribs.
BSUM
PAC  BACKGROUND
PAR  Ferrocement structures and various methods for producing them have been
      known for a number of years. Such structures have found uses not only as
      enclosures for use as commercial buildings and housing but also as hulls
      for boats and ships. Widespread use of ferrocement buildings has been
      limited to a large extent by the relatively inconvenient methods for
      producing them which have thus far been developed.
PAR  Illustrative of known ferrocement structures and methods are the following:
      U.S. Pat. No. 3,619,432 to Harrington discloses an inflatable form which
      is covered with reinforcing means and then cement. The form is deflated
      and removed after the cement has set. U.S. Pat. No. 3,118,010 to
      Harrington discloses the use of an inflatable form which is designed so
      that concrete can be applied to the inside surface of the form after it
      has been inflated. U.S. Pat. No. 3,462,521 to Bini discloses the
      application of reinforcing means and concrete over a collapsed,
      sheet-like, expandable form which is then inflated and expanded (while the
      concrete is still unset) into a dome-like structure. U.S. Pat. No.
      2,948,047 to Peeler, et al., describes modular frame sections made of rods
      and covered with an open mesh (apparently metal) fabric to which cement is
      applied. U.S. Pat. No. 3,506,746  to Fontaine describes the use of a
      deformable mesh which is supported at some points and hangs freely at
      other points to give an irregular shape. Cement is applied over the mesh,
      and the supports and mesh are removed after the cement sets. U.S. Pat. No.
      3,604,077 to Rath describes the manufacture of ferrocement boat hulls by
      injecting a concrete mixture into a mold. Recent practical applications of
      ferrocement constructions are discussed in "The Dome Builder's Handbook"
      edited by John Prenis, Running Press, Philadelphia, Pennsylvania, 1973,
      and "Ferrocement: Applications in Developing Countries", National Academy
      of Sciences, Washington, D.C., February 1973.
PAR  The present invention provides a simple and straightforward method of
      providing a wide variety of ferrocement structures which does not require
      the use of molds, inflatable or removable forms, the need to apply unset
      cement to the under side of a supporting structure, or any of the other
      relatively awkward steps present in prior art methods.
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PAC  THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of a ferrocement structure of the present
      invention.
PAR  FIGS. 2a and 2b show, respectively, a side view and edge view of a
      preferred rib structure of the invention.
PAR  FIG. 3 is an enlarged view of a section of a rib structure of FIG. 2
      showing details of its construction.
PAR  FIG. 4 is a perspective view of a framework of the present invention
      comprising ribs of the type shown in FIG. 2.
PAR  FIG. 5 is a perspective view of two ribs from the framework of FIG. 4
      showing details of nailing edges and insulation space.
PAR  FIG. 6 is an enlarged perspective view of the apex of the arch formed by
      the two ribs of FIG. 2a.
PAR  FIGS. 7a and 7b show, respectively, an edge view and a side view of an
      alternative rib structure of the invention.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  The enclosure of this invention comprises (a) a loadbearing framework
      defining the shape of the enclosure, at least a portion of the framework
      having a convex configuration; (b) at least one layer of
      moisture-impermeable flexible sheet-like material having an inside surface
      and an outside surface disposed over and supported by the framework,
      portions of such inside surface being in contact with the framework; and
      (c) a layer of cured cement mortar having reinforcing means therein
      disposed over and in contact with the outside surface of the sheet-like
      material, such reinforcing means comprising at least two layers of wire
      mesh embedded in the cement.
PAR  The method of this invention for constructing an enclosure comprises the
      steps of (a) providing a load-bearing framework defining the shape of the
      enclosure, at least a portion of the framework having a convex
      configuration; (b) applying over the framework at least one layer of
      flexible sheet-like material having an inside surface and an outside
      surface so that portions of such inside surface are in contact with the
      framework and the sheet-like material conforms to the shape of the
      framework, the sheet-like material having sufficient tear strength and
      impermeability to moisture to support the cement mortar mixture applied in
      step (d) hereinbelow; (c) applying over the outside surface of the
      flexible sheet-like material at least two layers of flexible wire mesh
      which conform to the shape of the sheet-like material and the framework,
      and (d) applying over the sheet-like material and over and around the wire
      mesh a wet cement mortar mixture in sufficient quantity to provide a
      substantially void-free layer of wet cement which completely covers the
      wire mesh.
PAR  In preferred embodiments of the invention (1) the total thickness of the
      reinforced cement shell is then than three-fourth's inch, thus providing a
      very lightweight structure, (2) the framework is made at least in part
      from arcuate ribs fabricated from short lengths of lumber, (3) the
      framework comprises a combination of ribs and stringers which can be
      walked on, ladder-like, when applying the sheet-like material and wire
      mesh, and (4) the application of successive small sections of sheet-like
      material and wire mesh to the special framework described in (3) above.
PAC  DETAILED DESCRIPTION
PAR  The present invention and preferred embodiments will now be described in
      greater detail, first with reference to the drawings and then by a
      discussion of individual structural features or method steps and specific
      illustrative examples.
PAR  FIG. 1 shows a typical ferrocement structure of the present invention which
      includes a ferrocement shell 1 which is generally convex in configuration
      and encloses two levels of living space, 3 and 5. Window and door openings
      are disposed in the open end portion 7 and in openings 9, 11 and 13 cut
      into the supporting framework (not shown) prior to application of the
      ferrocement covering. Cowlings 15, 17 and 19, also constructed by the
      method of this invention, cover the openings in the sides of the
      structure. The cowlings carry only the weight of the ferrocement covering
      and thus are required to bear only a very small fraction of the load of
      the conventional window and door frame structures. The ferrocement portion
      of the structure of FIG. 1 could be terminated at approximately the
      conventional roof level 21 and cound be provided with conventional leaders
      and gutters to provide drainage. However, an advantage of the present
      invention is that the ferrocement covering can be monolithic as shown in
      FIG. 1 with the ferrocement extending all the way to ground level, thus
      eliminating the need for conventional leaders and gutters. Runoff water,
      which will collect primarily around points 23, 25, 27 and 29 can be led
      away from the structure by conventional drains located at these points.
PAR  FIG. 2 illustrates a preferred rib structure for use in constructing
      load-bearing frameworks of the invention. As shown in FIG. 2a a typical
      rib comprises several sections 31, 32, 33, 34, 35 and 36, constructed from
      lengths of 1 .times. 4 inch boards which are joined together at their ends
      at angles such that the joined lengths approximate the shape of the
      desired arc and which are then shaped and trimmed at the outer corners to
      conform to the desired arcuate shape of the rib. FIG. 2a is an end view of
      the rib of 2a showing the staggered relationship of the short 1 .times. 4
      inch lengths, 31, 32, 33, 34 and 35. Each length of lumber 32, 33, 34 and
      so on, forms a bridge between the preceding and succeeding length so that
      the total width of the rib does not exceed twice the thickness of the
      lumber. As is also shown in FIG. 2a, two typical ribs can be joined
      together at their apexes 37 and 39 to form a load-bearing arch. Dotted
      line 38 indicates the center line of the rib, to which further reference
      will be made hereinbelow.
PAR  The structure and method of fabrication of the ribs of FIG. 2 is shown in
      more detail in the enlarged rib section of FIG. 3. In FIG. 3, three
      lengths of 1 .times. 4 inch lumber 32, 33 and 34, are joined together at
      points 41 and 43 by nailing or other convenient means to conform generally
      to the desired arcuate shape of the rib of FIG. 2a. After nailing, the
      projecting corners 45, 45', 47 and 47' of the 1 .times. 4 inch lengths are
      trimmed to provide a smooth outer edge. Notches 49 and 51 can be cut at
      intervals in one or all of the individual rib lengths to accept stringers
      (not shown) which will tie together several of the ribs into an integral
      load-bearing structure, as is illustrated in more detail in FIG. 4.
PAR  FIG. 4 shows a typical load-bearing framework of the invention which is
      made up of a series of ribs 53, 53', 54, 54', 55, 56, 57, 58 and 59, of
      the type shown in FIG. 2 (except that the individual short lengths of
      lumber making up each rib are not shown in FIG. 4) supported at the bottom
      on a base or foundation 60 and joined together at their upper ends to form
      a series of load-bearing arches and which are tied together into a rigid
      three dimensional framework by a series of horizontally disposed stringers
      61, 62, 63, 64, 65, 66, 67, 68 and so on, inserted into notches of the
      type illustrated in FIG. 3 and nailed or otherwise fastened to the ribs to
      provide a rigid load-bearing framework. The stringers can be fabricated
      from 1 .times. 4 inch lumber split longwise to give 1 .times. 2 inch
      stringers. Thus, the 1 .times. 4 inch ribs and the 1 .times. 2 inch
      stringers can be fabricated from only one size lumber.
PAR  FIG. 5 illustrates two typical ribs 69 and 71, in a structure such as that
      shown in FIG. 4. The rib edges 73 and 75, are those facing the inside of
      the enclosure of FIG. 4. Inside wall comprises several stringers 77, 79,
      81, 83, 85 and 87, beyond which is located the flexible sheet-like
      material 89 and other components of the ferrocement covering. In a
      preferred embodiment of the invention, the ribs 69 and 71 are spaced at
      intervals of 16 inches or 24 inches so that conventional insulation
      materials can be placed therebetween without cutting and shaping. The
      insulating material can be nailed to the 1 .times. 4 inch ribs in the same
      fashion as is done with conventional wooden structures which use 2 .times.
      4 inch studs on 16 inch or 24 inch centers. Electrical wiring and fixtures
      can also be run through the rib structures as in conventional
      construction, and the inside edges 73 and 75 of the rib structures can be
      used as nailing edges for plasterboard, paneling, or other desired
      interior furnishing material. As shown in FIG. 2b, the individual short
      lengths of lumber are connected together in such manner that the alternate
      lengths fall on opposite sides of the center line 38, that is, sections 31
      and 33 lie on one side of the center line, while section 32 which bridges
      31 and 33 lies on the opposite side of the center line. When two ribs are
      joined together at their apexes, as shown in FIG. 2a, the two center lines
      preferably lie in a plane which is disposed perpendicularly to the base of
      the structure. (This configuration is shown in FIG. 6, discussed
      hereinbelow.) The center lines of the pairs of ribs 53-53', 54-54' and
      55-55' in FIG. 4 thus define a series of parallel planes each of which is
      perpendicular to the base 60 of the structure.
PAR  It is preferable to have the ribs joined at their apexes in the
      configuration shown in FIG. 6, that is with the apex 91 of one rib which
      includes rib sections 92 and 92' on one side of the plane of the center
      lines 93 and 95 of the two ribs and the apex 97 of the second rib which
      includes rib sections 96 and 96' on the opposite side of the plane.
      (Center line 93 as shown passes in front of section 92 and behind section
      92', while center line 95 as shown passes behind section 96 and in front
      of section 96'.) When forming part of a framework, it is also preferable
      to have the center lines of the rib structures uniformly spaced, for
      example at 16 inch or 24 inch intervals for easy installation of modular
      insulation batts, interior paneling and the like.
PAR  In an alternative embodiment of the invention, rib structures are
      constructed from short lengths of lumber butted together and fastened by
      means of a splice. This type of construction is illustrated in FIGS. 7a
      and 7b. The two pieces of lumber 100 and 101 are first cut to fit together
      along the desired angle 102. They are then placed together in abutting
      relation at joint 103 and fastened by means of a short splice 104 of wood
      or metal or other suitable fastener.
PAR  The present invention provides a unique combination of structural rib-work,
      sheet-like material, wire mesh and cement for use in the construction of
      low-cost, thin-shell, ferroconcrete structures in an almost infinite
      variety of curvilinear configurations. The ferroconcrete covers of this
      invention are relatively thin and lightweight and can eliminate the use of
      heavy reinforcing bars and heavy steel mesh entirely if desired. The
      present invention also eliminates the need of costly and cumbersome molds
      generally used in the construction of ferroconcrete structures. These
      molds had either been formed in wood, epoxy, fiberglass or inflated
      membranes, and due to their high cost and complexity had limited the
      variety of structural configurations that might have been desired. The
      present invention permits a greater flexibility of configuration, at a
      lower cost than possible with any system presently known.
PAR  Buckminster Fuller's geodesic dome structures, while very strong and
      relatively inexpensive, must remain basically hemispherical, offering no
      possibility of the excitement that comes from the more complex
      configurations possible with the system of this invention. Other such
      structures referred to as zomes, tension domes, etc., also offer limited
      possibilities for artistic expression due to their rigid mathematical
      conceptions. However, these structures (or their framework) could be
      covered economically with thin ferrocement shells. Builders of these domes
      have encountered difficulties in finding suitable coverings that would be
      inexpensive and weatherproof. A variety of materials have been used,
      ranging from vinyl films, urethane foam, treated canvas, fiberglass, and
      polyethylene to ordinary asbestos-tar roofing shingles. All of these
      coverings have had shortcomings and inadequacies of some sort; they either
      leaked, had too short a life span, were difficult to apply or were
      prohibitively expensive. Ferrocement "covers" of this invention could be
      used for these structures without the problems mentioned above. Also,
      porches and cowlings over doorways could be simply and economically
      constructed by the method of this invention, and ferrocement covers of
      this invention could be applied directly over existing roofs, creating
      durable life-time roofs. These covers could be monolithic, having no
      joints and extending out to form gutters co-extensive with the roof shell.
PAR  In the method of this invention, the structural framework is covered by a
      sufficiently strong moisture-impermeable sheet-like material, followed by
      an application of at least two and preferably four to five layers of a
      relatively supple wire mesh, thus forming, all at once, the "mold" and the
      structural reinforcing media of the concrete shell. A rich cement mortar
      consisting of A-1, air-entrained Portland cement, masonry sand and water
      is then rubber or vibrated thoroughly into the wire mat and troweled to
      the smoothness or texture desired. After a sufficient time of "damp
      curing" the main construction process is complete and the result is a very
      thin but strong and durable ferroconcrete structure. The sheet-like
      material is an essential part of the construction process as it serves as
      a cement mortar retainer, preventing the cement mortar from being pushed
      through the wire mesh during the plastering operation or falling through
      afterward. It also eliminates the need for plastering from both sides by
      skilled plasterers as is done in boat construction and attempted by some
      dome builders.
PAR  The concrete shells constructed by the method of this invention are
      generally only one-half inch thick and rarely exceed three-fourths of an
      inch in thickness, thus requiring mush less cement than previously used in
      buildings of comparable format. Boat hulls generally range from
      three-fourths inch to 1 inch in thickness, use a heavier gauge wire with a
      tighter mesh and use more layers in building up a mat of reinforcing
      material than are required in the present invention. While these boats
      require such additional reinforcement to withstand the flexing and
      pounding forces encountered at sea, such construction methods would be
      overbuilding for most land based structures designed for conventional use
      as shelters of various kinds. Nevertheless, the literature on reinforced
      concrete and ferroconcrete structures is replete with descriptions of
      structures built utilizing great quantities of steel reinforcing bars and
      heavy steel mesh for buildings of relatively small size. These shells
      often range from 11/2 inches to 3 inches in thickness, and are much more
      complicated and costly than the shells of this invention.
PAC  STRUCTURAL FRAMEWORK
PAR  The loadbearing framework of this invention can be constructed from a wide
      variety of materials, for example, curved metal tubing, conventional steel
      reinforcing rods (rebars) about one-fourth to one-half inch in diameter
      and bent to give the desired configuration, pieces of plywood cut to the
      desired curvatuve and supported by conventional 2 .times. 4 inch pillars,
      and the like. Saplings, bamboo and other flexible natural materials can
      also be used in the construction of the framework.
PAR  A preferred framework of this invention consists of ribs fabricated, as
      described above with reference to FIGS. 2 through 7, of 1 .times. 4 inch
      boards of varied lengths ranging generally from 2 to 4 foot lengths and
      rarely exceeding 5 feet. These short lengths of board are joined together
      consecutively and alternately by nailing with overlaps of about 6 inches
      at the joints, to form as closely as possible the arcs desired. Shorter
      lengths are required to form arcs of smaller radii. Longer boards are used
      where the desired arcs have a wider radii and also at the base of the arcs
      where they will rise almost vertically for several feet creating more
      headroom inside a typical structure. At the points of the arch where the
      individual lengths of boards are joined by overlapping and nailing, the
      corners of the overlapping board which protrude outside the curved line
      must be chamfered or trimmed to correspond with the desired curvilinearity
      of the outer edge of the desired arc. These simple "laminations" can be
      easily constructed following a preconceived graph design transferred to
      full scale on any flat surface.
PAR  The short pieces of lumber used to constrct the ribs can be fastened by
      nails as shown in FIG. 3, but bolts, wood glue, or other adhesive can be
      employed. The use of at least two bolts at each joint makes it possible to
      remove all but one bolt from each joint and then fold up the short rib
      sections using the bolt as a pivot, thus making it possible to
      prefabricate the ribs in one location and transport them in folded
      condition to the site where they will be used in constructing the
      framework, the remaining bolts being replaced at the site.
PAR  The ribs thus constructed are very strong elements in the total structure
      as they are erected vertically with the boards on edge, the compression
      forces acting downward through their strongest section and not laterally,
      thus preventing the nailed joints from pulling apart or the board
      themselves breaking. These curved ribs in combination with other ribs form
      the inner and outer configuration of the structure and acting in consort
      give the total framework great stability and strength. They may also be
      "tied" together by long horizontal stringers made of 1 by 2 inch strips of
      wood. (These stringers may be made of lighter material where bending is
      required to approximate more closely the curvature required of some
      complex curvilinear surface.) The stringers are nailed to the ribs inside
      of pre-cut notches on the outer surface or edges of the ribs at intervals
      of approximately one foot. The stringers thus placed will serve admirably
      as "ladders" or scaffolding during later stages of construction.
PAR  The curved ribs can vary in size (span and height) as well as shape, and
      they can be arranged to determine a great variety of configurations.
      Arranged in rows, a barrel vault shape is created as in FIG. 4; half-ribs
      arranged in a circle and joined at their apexes result in a dome. In
      constructing such domes where a relatively large number of individual ribs
      are involved, it is not always possible to join the ribs directly at the
      apex of the structure, in which case it is preferable to use a yoke in the
      form of a circle or other shape at the top of the dome structure to which
      the apexes of the individual ribs are attached. The opening in the center
      of the yoke can be covered with a ferrocement shell supported by a few
      pieces of lumber across the opening in the yoke or can be fitted with a
      transparent or translucent glass or plastic material and used as a
      skylight. The versatility of this system makes it possible to design an
      infinite number of structural configurations.
PAR  The ribs may be erected to stand on either 2 foot or 16 inch centers. This
      makes it possible to use standard insulating materials (fiberglas) between
      them as these insulating materials come in those modules. Where the ribs
      converge toward the apex as in some very irregular configurations or as in
      a dome, the insulation must be cut to conform with the space. The 4 inch
      depth of the ribs also makes it possible to run electrical conduits
      through them. The interior edges of the ribs will also support wire lath
      for plastering and in the less curved areas may serve as nailers for
      plyboard, sheetrock and other pliable materials, if so desired. Insulating
      plaster and insulating foams, such as urethane foam, can also be used as
      or in conjunction with interior finishing materials. The foam is
      particularly suitable in that it can be sprayed on to the interior surface
      of the framework and left in its natural color or painted.
PAC  SHEET-LIKE MATERIAL
PAR  Almost any strong, durable, moisture-impermeable flexible sheet-like
      material can be employed, especially the many readily available plastic
      films. The term "moisture-impermeable" as used herein means that the
      inside surface of the sheet-like material (except where it has been
      punctured by staples, protruding points on wire mesh, wire loops used to
      tie the mesh, and the like) is not wet by water penetrating through the
      material from wet cement mortar in contact with the other surface of the
      sheet-like material. For example, film such as 4 or 5 mil. polyethylene
      can be used if it is supported underneath by a single layer of wire mesh
      to prevent excessive sagging under the pressures of plastering and the
      weight of wet cement mortar itself. However, to realize a greater economy
      in both labor and cost of materials, a single film strong enough not to
      sag or tear without an underlying, supporting wire mesh should be used.
      Examples of such preferred, very strong plastic films are (1) a woven
      fabric of high density polyethylene, coated on both sides with
      polyethylene, 10 mils. thick with a tensile strength of 142 lbs. per
      lineal inch in the warp and 109 lbs. per lineal inch in the fill, and
      available under the trade name of Loretex, and (2) a commercially
      available film of woven nylon and polyethylene. Both of these films are
      very strong, moisture impermeable and relatively inexpensive. Any of the
      above described sheet-like materials may be stapled directly to the wooden
      rib framework with an ordinary stapler of the variety used to staple
      ceiling tiles to furring strips in home construction.
PAR  In a preferred embodiment of the invention, the proper sequence in the
      application of the sheet-like material and the wire mesh (which follows)
      permits the builder to avoid the necessity of using scaffolding. The
      ribber framework of the type shown in FIG. 4 can be walked on
      "ladder-like" thus eliminating the need of scaffolding if it is not first
      totally covered by the sheet-like material. The proper sequence of the
      application of the sheet-like material and the wire mesh is to start at or
      near the top of the structure, applying first a manageable (relatively
      small) swatch or two of sheet-like material and then following with the
      desired number of strips of wire mesh to cover each swatch of sheet-like
      material, continuing in this manner, working downward and outward,
      overlapping the edges of each successive swatch of sheet-like material and
      wire mesh, until the whole structure is covered with sheet-like material
      and sufficient wire mesh to make a mat of the desired thickness.
      (Generally five layers of wire is adequate for most purposes.) This
      sequence also prevents the sheet-like material from being exposed to
      unnecessary pressures encountered in construction, which in spite of its
      toughness could cause it to tear or sag. The sizes of sheet-like material
      as well as wire swatches applied will vary with, and will be determined by
      the complexity and circumferences of the surfaces to be covered. Smaller
      patches of sheet-like material and wire mesh must be used to cover very
      complex, asymmetrical surfaces of small circumference if excessive folding
      and crimping is to be avoided. Longer and wider strips may be used when
      the configuration is simple and plain as, for example, in the barrel vault
      of FIG. 4 or in large domes. Once the structure is completely covered with
      the sheet-like material and multiple layers of wire mesh, it can be walked
      on and will support the weight of the persons applying the cement mortar
      mixture.
PAR  Where a relatively open framework is employed, for example, spaced steel
      rods, the sheet-like material has a tendency to sag particularly under the
      weight of wet cement mortar. This is easily taken care of by placing a
      single layer of wire mesh, particularly a relatively stiff mesh such as
      hog wire, directly over the bars or other rib forming material defining
      the framework, and the wire mesh then provides adequate support for the
      sheet-like material. In this structural embodiment, the wire mesh directly
      in contact with the supporting ribs forms a part of the load-bearing
      framework.
PAR  The framework of the type shown in FIG. 4 and which is constructed from
      wooden ribs and stringers, is particularly advantageous in that it
      provides a surface to which the flexible sheet-like material and layers of
      wire mesh can be nailed or stapled. The use of conventional staple guns is
      most convenient and avoids the necessity of typing down the layers of wire
      mesh by means of pieces of wire which is often required where, for
      example, steel reinforcing bars are used to construct the framework.
PAC  REINFORCING WIRE MESH
PAR  The wire mesh to be used as the reinforcing body of the ferrocement shells
      of this invention must be flexible, strong, inexpensive and readily
      available. Ordinary chicken wire with an octagonal, one inch diameter mesh
      satisfies all of these requirements, although other flexible wires, such
      as hog wire and other conventional fence wires can be used. Chicken wire
      is preferred and can be stretched tautly over the framework to generally
      conform to all but the most complex and irregular surfaces encountered in
      this type of construction. Various sized swatches of wire mesh are used to
      facilitate both handling and its application to the curved and irregular
      surfaces. Chicken wire mesh comes in rolls of various lengths and widths.
      It may be had in 3, 4, 5, and 6 ft. widths in rolls up to 150 ft. long. It
      has been found that the 4 ft. width is best for general all-around
      purposes and for ease of handling.
PAR  Swatches of wire mesh are cut from the roll that may range from 6 to 15 ft.
      depending on the complexity of the surface to be covered. Much longer
      strips may be used where the surface is relatively plain and flat. The
      wire is applied more of less randomly (over the sheet-like material),
      starting from the top of the structure and working downward and outward.
      Some overlapping of wire will occur but bending and crimping the wire
      should be avoided as much as possible because this could result in lumps
      sticking up above the prevailing surface of the wire mat. At points where
      the wire swatches terminate, sticking up, without rib edges or stringers
      to which to staple, the wire mesh must be "wire-tied" down to the
      underlying layers. This is done by forming a U shaped wire from a single
      length of thin utility wire and pushing the two ends down through the
      plastic film and twisting the two ends together underneath. All other
      stray wire ends should be twisted and tied down to the prevailing level of
      the wire mesh mat. When the wire mesh mat is uniformly built up to four or
      five layers the structure is ready for cement mortar plastering.
PAC  CEMENT MORTAR PLASTERING
PAR  A rich mortar consisting of, for example, one part Type A-1, air entrained
      Portland cement, 21/2 parts masonry sand and enough clean water to make
      the mixture somewhat plastic but not too wet, is prepared by mixing
      thoroughly in a mortar mixer. This mortar may be conveyed to the top of
      the structure via bucket brigade cement mortar pump or other contrivance.
      Plasterers then rub, press and otherwise vibrate the mortar thoroughly
      into the wire mesh mat, leaving no voids, high spots or exposed mesh. This
      plastering is generally best done manually, the plasterers wearing
      protective gloves. Finishing may be done with steel trowels where a smooth
      finish is desired. The additional compression of troweling may also be
      desirable for the added density it imparts to the finished concrete.
PAR  The concrete shells created in this manner are very thin, rarely exceeding
      three-fourths inch but generally being only one-half inch thick
      throughout. The reinforcing wire mesh itself is covered with generally no
      more than one-eighth to one-fourth inch of cement mortar. Curing the
      cement is done by a standard procedure of keeping it moist by covering
      with a plastic film for 7 days or more.
PAR  An advantage of the present invention results from the moisture
      impermeability of the flexible sheet-like material, which together with
      the mesh, supports the cement mortar shell. Adequate curing of the freshly
      applied cement mortar usually requires a substantial period of time of as
      many as seven days or more during which time the cement mortar must be
      kept damp. In prior art methods, the wet cement mortar had to be covered
      with a moisture retaining cover such as a plastic sheet on the outside
      surface and frequently wet down on the inside surface to prevent premature
      drying. In the present invention, it is unnecessary to wet or otherwise
      treat the inside of the ferrocement structure during the curing process.
      The moisture impermeable sheet-like material retains water in the freshly
      applied cement mortar and permits it to dry slowly, the occasional
      application of water and use of a cover being required only on the
      external surface.
PAC  WATERPROOFING
PAR  Set cement mortar itself is not generally waterproof. It has been found
      that commercial masonry paints waterproof these structures quite
      adequately, and are relatively inexpensive, durable and readily available.
      These paints are applied with a stiff brush, generally in two coats with a
      specified drying time between each coat.
PAC  WINDOWS AND DOORS
PAR  Windows, doors (and interior partitions, when desired) can be easily
      fabricated to fit into the structures of this invention. Window and door
      frames are generally built or pre-fabricated during construction of the
      load-bearing framework. These window and door frames can be made of
      materials lighter than those required in ordinary construction since there
      are no compression forces acting downward on the arched spans of these
      openings in the shell. The cowlings over door and window openings, such as
      15, 17 and 19 shown in FIG. 1, can be supported by arches constructed from
      pairs of ribs following the same general configuration as the vault
      structure of FIG. 4.
PAC  STANDARDIZED MATERIALS
PAR  It is to be noted that all of the materials used in the preferred
      embodiments of this invention are simple and readily available in most
      lumber yards or building supply stores. There are no exotic elements
      required in the construction of these structures or specialized skills
      that would prevent the amateur builder with only rudimentary knowledge of
      carpentry or masonry from building these structures.
PAR  The structural materials are all standardized, all the framing is done with
      lumber of one dimension: 1 inch by 4 inch boards. This same material may
      be ripped in half to make the 1 .times. 2 inch stringers. For tall
      structures or other instances where the framework must carry a significant
      weight 1 .times. 6 lumber can be used in constructing the ribs and
      stringers, that is, short lengths of 1 .times. 6 lumber are used to
      construct the ribs and longer pieces of 1 .times. 6 lumber cut lengthwise
      provide 1 .times. 3 stringers. The light weight of the rib sections makes
      them easily portable to the building site. They can either be
      prefabricated and hauled to the site, partially pre-built or their
      unassembled components hauled to the site and totally assembled there.
      This portability of the basic structural components in this system is also
      a very real advantage in construction. Window frames (both vertical and
      horizontal elements) may be made of the same material. Only door frames
      need to be constructed of heavier lumber, and here standard  2 .times. 4
      inches will suffice. The simplicity of the system of construction of this
      invention is a very real breakthrough in the construction of economical
      ferrocement enclosures for a wide variety of uses.
PAR  The following detailed examples further illustrate the invention.
PAC  EXAMPLE 1
PAR  A ferro-cement structure (house) of this invention was built over a frame
      of 1/2 inch steel reinforcement bars. The frame was tacked to a
      conventional cement block basement, 30 .times. 50 feet, and spot welded in
      various areas to make the re-bars more rigid. The semi-rigid frame was
      supported by 1 to 2 in. diameter saplings. Four mil. polyethylene plastic
      was stretched over the frame to retain the cement mixture while setting. A
      layer of large mesh hog wire (2-4 in.) was used on the inside to assist
      shaping, give the plastic a base to which it could be stapled, and support
      it while retaining the wet mortar, as it had a tendency to sag from the
      weight.
PAR  The first step in constructing the frame was to form the arcs, which were
      to define the basic exterior shape and serve as window openings and
      cowlings over the windows and doors. These were first set in place, then
      attached by long arched re-bars to a very crude "yoke" or center ring atop
      a 14 ft. pole in the center of the floor. Basically, the frame
      construction was a matter of supporting the preformed window arcs by
      running the long re-bars to the center ring, which gave form to the arched
      roof. Improvising and logical placement, together with a general idea of
      the desired shape, led to the finished product.
PAR  The large mesh hog wire was attached by "wire tying" it to the interior of
      the frame. The plastic was laid over the top of the frame and stapled from
      underneath to thin slats of masonite and plywood. These slats were also
      used to tighten the chicken wire and keep it within 1/2 in. thickness.
      Many spots had to be hand tied to rebars with 5-6 in. long wire loops
      (utility wire) to bring down the bumps.
PAR  The cementing was done in one day, with the exception of ridges and areas
      under the cowlings. Two cement mixers were used and a crew of about
      twenty. The completed structure was a very unique free-form ferrocement
      "dome". The cost of this house was one-third less than a conventional
      house of the same size, even though all other aspects of building
      (electricity, plumbing, heat, etc.) were done in a conventional manner.
PAC  EXAMPLE 2
PAR  A small ferrocement barrel-vault storage shelter of these dimensions:
      height 7 feet 2 inches, width 11 feet 4 inches and length 15 feet were
      constructed in the following manner.
PAR  The foundation consisted of a 4 inch thick slab of reinforced concrete
      poured over a rock fill consisting of very large rocks extending down
      below frost level (21/2 feet) and smaller rocks and gravel covering this
      and extending upward immediately below and forming a bed for the poured
      concrete slab. This method was selected because of special drainage
      problems in a very wet site. Usually a standard perimeter foundation
      extending down below frost level would be built and the ferrocement
      structures erected upon it as would any standard building.
PAR  A simple plan drawn on graph paper was made to determine the overall design
      of the structure regarding height and width ratios (span of the arcs) and
      the lengths of the straight segments which would form the curved surfaces
      of the arcs. This plan was transferred to a full scale graph of 1 foot
      squares made by snapping a carpenter's chalk line on the concrete slab
      upon which the structure was to be built. The length of the wooden
      segments (1 .times. 4 inch boards) comprising the ribs of the structure
      were determined by the circumference of the arcs. It was found that this
      structure, a barrel-vault of relatively small dimensions, could be most
      economically built by using very short segments of lumber.
PAR  Ribs of the type shown in FIG. 2 were made by overlapping and nailing 1
      .times. 4 inch sections of wood, each section 20 inches long. A sufficient
      number of ribs were made to accommodate the length of the building, the
      ribs being spaced on 16 inch centers. The ribs were then stacked together,
      side-by-side and notches were cut to accommodate the horizontal stringers.
      This was done by setting a skil-saw to the appropriate blade depth
      (three-fourths inch) and cutting out the pre-marked spaces at 1 foot
      intervals.
PAR  A supply of 1 .times. 2 inch stringers were prepared by ripping 1 .times. 4
      inch boards.
PAR  This being completed, two arched ribs were erected at either end of the
      slab by tacking temporary braces to stakes driven into the ground and to
      the tops of the two arches formed by these four ribs. The bases of the
      arches were set back (three-fourths inch) from the outer edges of the slab
      to accommodate the wire reinforcing mesh which was to be applied. Two
      horizontal stringers were nailed into the pre-cut notches at the bases of
      the arches. Two more stringers, one on either side, were nailed at
      approximately two-thirds of the height of the structure. This insured
      stability while the remaining arches were filled into their prescribed
      spaces. More horizontal stringers were nailed to the arches starting from
      the bottom on either side of the structure. These stringers could be
      walked on ladder-like as one ascended nailing additional stringers to the
      structure.
PAR  When all the stringers were in place, the framework was adequately rigid
      and ready for the application of plastic sheet. A 15 .times. 6 feet strip
      of Loretex was placed on the top, stapled at one end of the structure and
      stretched and stapled the length of the structure. A 4 .times. 15 foot
      piece of 1 inch mesh chicken wire was likewise applied over the plastic
      sheet. Two more lengths of chicken wire were applied this time overlapping
      to give a density of three layers at the apex of the structure. Additional
      strips of plastic film and chicken wire were applied, working downward
      until the whole structure was covered tautly and uniformly with four
      layers of wire.
PAR  The application of the Portland cement (No. 1-A Air Entrained) mortar
      followed. Using ladders placed against the structure, the cement mortar
      was conveyed in buckets to the top of the structure, dumped and thoroughly
      rubbed into the wire mesh by plasterers wearing vinyl gloves. The plastic
      sheet and wire mesh over the wooden framework was sturdy enough to be
      walked upon and knelt on by the plasterers without causing significant
      deformity to the reinforcing wire mesh or the plastic sheel mortar
      retainer underneath. The plastering proceeded from the top downward and
      outward until the whole structure was covered with no more than
      three-fourths inch of cement and with no reinforcing wire exposed. To
      prevent a too hasty drying of the wet mortar a plastic film was applied
      over the plastered areas as the work progressed. The whole structure was
      thus covered when the plastering was completed. The plastic sheet
      underneath the cement precluded the too hasty drying on the underside of
      the structure. The plastic film covering the top of the structure was
      retained for 1 week, the minimum "curing" time for concrete.
PAR  The cured structure was washed on the outside surface with mureatic acid,
      rinsed thoroughly with water, allowed to dry, and then painted with two
      coats of waterproofing masonry paint.
PAR  One end (rear) of the structure was built against a poured concrete
      retaining wall which also serves as the back wall of the structure. The
      other end (front) of the structure was left open pending determination of
      the type of equipment or supplies to be stored, and a door of appropriate
      width will be added at a later date.
PAC  EXAMPLE 3
PAR  A second storage shelter was built which was the same as the shelter of
      Example 2 except for its size and rib construction. The ferrocement
      barrel-vault storage shelter of this Example 3 was 7 feet 2 inches high, 8
      feet wide and 12 feet long. Ribs were constructed from 13 inch long
      segments of 1 .times. 4 inch wood cut at uniform angles to form butted
      joints of the type shown in FIG. 7. The cut ends were butted together and
      fastened by nailing 7 inch long 1 .times. 4 inch splices across the butted
      joints.
PAR  Notching of the ribs and all other steps in construction of the final
      shelter were carried out in the same manner as described in Example 2
      hereinabove.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An enclosure comprising:
PA1  a. a load-bearing framework defining the shape of said enclosure, at least
      a portion of said framework having a convex configuration;
PA1  b. at least one layer of moisture-impermeable flexible sheet-like material
      having an inside surface and an outside surface disposed over and
      supported by said framework, portions of said inside surface being in
      contact with said framework; and
PA1  c. a layer of cured cement mortar having reinforcing means therein disposed
      over and in contact with the outside surface of said sheet-like material,
      said reinforcing means comprising at least two layers of wire mesh
      embedded in said cement.
NUM  2.
PAR  2. An enclosure in accordance with claim 1 wherein said layer of cured
      cement mortar is less than three-fourths inch thick.
NUM  3.
PAR  3. An enclosure in accordance with claim 1 wherein the said framework is at
      least in part constructed from arc shaped ribs, said ribs comprising
      lengths of lumber joined together at their end portions so that such
      lengths follow approximately the shape of said arc.
NUM  4.
PAR  4. An enclosure in accordance with claim 1 wherein said framework includes
      a plurality of arc shaped ribs, said ribs comprising lengths of lumber
      joined together at their end portions so that such lengths follow
      approximately the shape of said arc and wherein each length of lumber in
      an individual rib forms a bridge between the preceding and succeeding
      length so that the total width of said individual rib does not exceed
      twice the thickness of said lumber.
NUM  5.
PAR  5. An enclosure in accordance with claim 4 wherein each joint is secured by
      at least two bolts such that when all but one of said bolts is removed
      from each joint said rib is foldable at each such joint using the single
      bolt as a pivot.
NUM  6.
PAR  6. An enclosure in accordance with claim 1 wherein said framework comprises
      a plurality of rib structures as defined in claim 4 and wherein said rib
      structures are joined together by horizontally disposed wooden stringers
      fastened into notches in the outer edge of said ribs so that the outside
      edges of said ribs and said stringers define the shape of said enclosure.
NUM  7.
PAR  7. A method for constructing an enclosure which comprises the steps of:
PA1  a. providing a load-bearing framework defining the shape of said enclosure,
      at least a portion of said framework having a convex configuration;
PA1  b. applying over said framework at least one layer of flexible sheet-like
      material having an inside surface and an outside surface so that portions
      of said inside surface are in contact with said framework and said
      sheet-like material conforms to the shape of said framework, said
      sheet-like material having sufficient tear strength and impermeability to
      moisture to support the cement mortar mixture applied in step (d)
      hereinbelow;
PA1  c. applying over the outside surface of said flexible sheet-like material
      at least two layers of flexible wire mesh which conforms to the shape of
      said sheet-like material and said framework; and
PA1  d. applying over said sheet-like material and over and around said wire
      mesh a wet cement mortar mixture in sufficient quantity to provide a
      substantially void-free layer of wet cement mortar which completely covers
      said wire mesh.
NUM  8.
PAR  8. The method in accordance with claim 7 wherein at least four layers of
      said wire mesh are applied.
NUM  9.
PAR  9. The method in accordance with claim 8 wherein said sheet-lie material
      and said wire mesh are applied alternately by the steps of: disposing a
      swatch of said sheet-like material over said framework at a relatively
      elevated portion thereof, applying one or more layers of said wire mesh
      over said swatch of sheet-like material, applying additional swatches of
      sheet-like material adjacent to and overlapping the said first swatch,
      applying over said additional swatches of sheet-like material one or more
      layers of wire mesh overlapping the wire mesh covering said first swatch,
      and continuing in like manner until said entire enclosure is covered by
      said overlapping swatches of sheet-like material and overlapping wire
      mesh.
NUM  10.
PAR  10. A method for constructing an enclosure as claimed in claim 7 wherein a
      load-bearing framework is provided which comprises a plurality of rib
      structures as defined in claim 4 and wherein said rib structures are
      joined together by horizontally disposed wooden stringers fastened into
      notches in the outer edge of said ribs so that the outside edges of said
      ribs and said stringers define the shape of said enclosure.
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ABST
PAL  A multi-storey building is erected over an appreciable area on which it is
      either not desired or possible to build directly. The building consists
      essentially of a load bearing frame which spans the area without any
      intermediate supports and on which the storeys of the building are
      erected. The frame comprises a number of axially spaced arches and two
      series of staggered giant steps between each pair of neighbouring arches,
      the two series being on opposite sides of the apex of the frame and each
      step being formed by at least one concrete slab and being fixed to its
      adjacent arches. The storeys of the building are formed by a large number
      of individual accommodation units which are erected on both sides of the
      frame. Each accommodation unit is formed in part by one or the giant
      steps, and usually, each unit will be overlapped to some extent by the
      unit which is erected on the next step up the frame so that the storeys
      will appear to be generally staggered up each side of the frame towards
      the apex. The frame is pitched so that almost the whole of the weight of
      the accommodation units is borne by the frame.
PARN
PAR  This is a continuation of application Ser. No. 344,764, filed Mar. 26,
      1973, now abandoned.
BSUM
PAR  In many places, particularly some urban areas, the scarcity, and
      consequently the cost, of building land has become quite a problem. The
      ideas of building over areas which are unsuitable for building on
      directly, and of making double use of areas by building over them in order
      to allow the areas to be used at ground level for other purposes, would
      seem to be ways of easing the problem. For example, railways and in
      particular wide railway complexes, motorways and other main roads, and
      rivers, all of which may be in use, could be built over without materially
      affecting their continued use. Alternatively, clear areas may be built
      over so as to leave a large part of the area free to be used for some
      additional purpose in the future. Any schemes for implementing these ideas
      in a practical manner must however take into account safety and cost, and,
      when the area being built over is already in use, the ability to construct
      the building with little or no interference in the use of the area
      covered.
PAR  With this in mind, according to the present invention, a multi storey
      building over an area on which it is not desired or not possible to build
      directly, comprises a load bearing structural frame spanning the area and
      comprising at least two axially spaced arches and a number of slabs which
      extend between the arches or each pair of neighbouring arches and which
      form a series of staggered steps up at least one side of the frame, each
      step being fixed to its adjacent arches, and a number of accommodation
      units erected on the frame to form the storeys of the building, each
      accommodation unit being formed in part by one of the steps. In referring
      to the sides of the frame, we refer to the faces of the frame on opposite
      sides of the line through the apices of the arches.
PAR  It is quite feasible to build the structural frame so that it will support
      its own weight plus the weight of the accommodation units erected upon it
      without requiring any vertical thrust support other than at the feet of
      the arches, even though the span of the building may be great. This
      requirement is particularly necessary when building over railway complexes
      and roads. Furthermore it is possible to build the frame (as will be
      described later) with very little interference in the normal use of the
      area being spanned, and once erected, the frame is self-supporting (the
      steps helping to provide axial restraint) and allows the rest of the
      building to be erected without any interference at all in the area being
      spanned.
PAR  With no vertical support within the area spanned, the weight of the
      building is taken by the arches and is translated into a vertical thrust
      and a horizontal outwardly directed thrust. The vertical thrust is taken
      mainly by foundations at the feet of the arches, whereas the horizontal
      thrust may be accommodated by passive earth resistance if conditions are
      suitable, for example when the building is constructed between the banks
      of a railway cutting, by thrust bored ties which extend below ground
      between the feet of each arch, by raked piles sunk into the ground, or by
      a suitable combination of any of these methods.
PAR  In principle each arch is like a portal frame, and is preferably a three
      hinged construction (at each foot and at the apex) although two hinged or
      fixed arch constructions may be used provided the arches are suitably
      stressed. Each arch may have a curved profile, but usually it will have an
      inverted substantially V-shaped profile, which may or may not be
      symmetrical about the apex.
PAR  The arches may be made of any suitable structural material, but preferably
      they are concrete constructions, each arch being formed in two parts which
      are connected together at the apex, and each part comprising a number of
      pre-cast sections which are fixed end-to-end and are subsequently post
      tensioned. The two parts of each arch may be erected in situ so that they
      meet at the apex of the arch, or alternatively they may be erected on site
      but out of position, being moved into position and connected together at
      the apex of the arch after each part has been post tensioned.
PAR  The slabs which form the steps of the frame are preferably reinforced or
      pre-stressed pre-cast concrete slabs, and are fixed at their ends to nibs
      which project from the vertical faces of the arches. The slabs may be
      grouted to the nibs, using shear connectors which may be straight forward
      bolted joints or grouted in situ joints using bars protruding from the
      arches. Although the steps may be formed simply by a series of horizontal
      platforms, each of which comprises one or more horizontal slabs, each step
      preferably comprises a horizontal platform and a vertical web, both the
      platform and the web being fixed to the adjacent arches. This arrangement
      increases the rigidity, and hence the stability of the frame. Preferably
      the lower edge of the web of each step lies adjacent the inner edge of the
      platform, and the upper edge of the web lies adjacent the outer edge of
      the platform of the next step so that the steps between the arches of the
      frame are continuous. Usually, steps are provided on both sides of the
      frame.
PAR  An arrangement of the arches and the continuous concrete steps extending
      between the arches on each side of the frame forms a load bearing
      structural frame which spans and completely covers the area to be built
      over, and enables the remainder of the building to be erected without any
      interference whatsoever in the area covered. As explained earlier, the
      frame itself may also be erected with little or no interference in the
      area being covered. In one method of construction the arches are erected
      one at a time, the sections of each part of the arch under erection being
      positioned and fixed together in situ over a temporary platform which
      supports the construction and shields the area being built over. The
      platform may be suspended from a gantry crane which spans the area and
      which is also used to hoist the arch sections into place. When an arch is
      completed the crane and the platform are moved so that they can be used in
      the erection of a further arch. A gantry crane and support platform
      suitable for use in this method are described in British Application No.
      14296/72 in the name of C. H. Dobbie and Partners.
PAR  Alternatively, each arch may be erected by assembling the two parts
      vertically, each within its own support gantry constructed around a
      mounting block for the foot of the arch part. After post-tensioning each
      assembled part, the two parts are lowered towards each other until their
      upper ends meet at the apex, where they are then connected. The gantries
      are then removed for use in the erection of a further arch. If desired the
      arch parts may be assembled in horizontal positions, after which they are
      lifted into their required positions.
PAR  When each arch has been erected it must be temporarily restrained in an
      axial direction while the platforms and webs are constructed to form the
      steps between this and the previously erected arch. Suitable temporary
      restraint may be provided by temporary struts between the two arches. The
      lowermost platform on each side of the frame will be built in first, then
      the first vertical web, followed by the second platform, and so on to the
      apex of the arches. Each platform constructed provides a base for the
      erection of the next web and platform, and access from the area covered is
      not necessary. While the steps are being constructed between two arches
      the next arch is being erected, and when the steps are completed and any
      in-situ joints or other cast concrete has hardened, the temporary axial
      restraint provided for the intermediate arch is removed since the steps
      themselves will provide this arch with sufficient restraint. This arch is
      then used to restrain the newly erected arch and construction proceeds in
      this manner.
PAR  Erection of the accommodation units may commence as soon as a completed
      part of the frame is ready and may progress while the rest of the frame is
      completed. Alternatively, of course, the erection of the units may be left
      until the whole frame has been completed. Units will usually be erected on
      both sides of the frame, although one side may be left free for some other
      purpose such as a spectator stand for a stadium.
PAR  The accommodation units will usually be erected one to each step, although
      some steps may be missed if the architect so designs and some units on
      adjacent steps may be combined. The units may be built according to
      varying individual designs, or alternatively they may all be the same, but
      in most cases each unit will be overlapped to some extent by the unit
      erected on the next step up the frame, so that the storeys of the building
      will be generally staggered. With the preferred arrangement in which the
      steps are continuous up the frame, the vertical webs are the same height
      as the storeys and are used to form rear walls for the accommodation units
      which are erected to form the storeys. The platforms form part of the
      floors of the units, the rest of each floor being formed by the roof of
      the unit which is overlapped.
PAR  Access to the storeys of the building may conveniently be provided on the
      upper surfaces of selected arches, depending on the arrangement of the
      accommodation units forming the storeys. Steps, escalators or other moving
      surface systems, or funicular lifts may be used as desired. The various
      utilities which are required to serve the accommodation units may be
      carried by the arches, and when these are hollow (as will be common) it
      may be convenient to run the utilities within the cavity.
PAR  Usually, the accommodation units erected on the frame will be designed for
      living or office use, although shops and other public services may also be
      provided. The only restriction on the design and use of the accommodation
      units erected is the loading capacity of the frame itself. For practical
      reasons any industrial accommodation will usually be limited to the ground
      area outside the frame, provided the space is available. In this case the
      lowermost steps of the frame are preferably at a height above ground level
      greater than the vertical distance between the steps, and the
      accommodation units which are erected on the lowermost steps overlap a
      ground floor enclosure which extends alongside the frame outside the feet
      of the arches. Parking space for vehicles may be provided below ground
      level or on the roof of the ground floor accommodation. As an alternative
      to industrial accommodation, the ground area itself may be used to provide
      covered access and parking space for vehicles belonging to the occupants
      of the accommodation units and their visitors, and in this case the height
      of the ground floor enclosure is not so important. Although the heights of
      the storeys erected on the frame will usually be uniform, the building may
      be designed to have one or more storeys of a different height from the
      others according to the purpose of the accommodation units forming the
      storeys.
PAR  When the span and total height of a building in accordance with the
      invention are fairly great, it may be desirable to provide a road or other
      permanent way suspended from the frame beneath its apex. If the permanent
      way extends axially along the building, it may be supported by vertical
      members extending from the lower edges of the vertical webs of selected
      steps, and may be brought down to ground level at one or both ends of the
      building. Permanent transverse access ways may also be provided suspended
      beneath selected arches of the frame. These transverse ways would enable
      easier passage from one side of the building to the other, and may extend
      direct or via an axial permanent way if this is present.
PAR  Although the building will usually follow a straight line, the arches then
      being parallel to each other, it is nevertheless feasible for the building
      to follow a curve, in which case some of the arches at least will be
      suitably angled with respect to each other. Also, if it is desired to
      allow some daylight to penetrate to the ground which is spanned, the
      steps, and hence the accommodation units, may be terminated short of the
      apex of the frame in order to leave gaps between the arches at their
      apices.
DRWD
PAR  Various embodiments of the present invention will now be described with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a schematic perspective view of one example of a building in
      accordance with the invention, illustrating some simple forms and
      arrangements of the accommodation units;
PAR  FIG. 2 is a vertical section taken on the line II--II in FIG. 1, and
      illustrates on a larger scale the construction of one side of the frame of
      the building (the other side being constructed as a mirror image about the
      apex), the accommodation units being shown in outline only;
PAR  FIG. 3 is a view similar to that of FIG. 2, but shows the other side of an
      alternative frame construction in which the construction of the arches
      differs from that in FIG. 2;
PAR  FIG. 4 is a vertical section through part of the building shown in FIG. 2,
      the section being taken on the line IV--IV in FIG. 1 and being drawn to a
      larger scale to illustrate the cross-section of the frame arches and the
      placement of the side walls of the accommodation units relative to the
      arches;
PAR  FIGS. 5 and 6 are cross-sections through an alternative arch constructions
      to that illustrated in FIG. 4;
PAR  FIG. 7 is a section taken on the line VII--VII in FIG. 2 and illustrates
      one way of fixing the horizontal platforms of the frame steps to the
      arches;
PAR  FIG. 8 is a section on the line VIII--VIII in FIG. 7 illustrating the
      construction of a step platform;
PAR  FIGS. 9 to 11 are views similar to that in FIG. 7 but illustrating
      alternative ways of fixing the horizontal platforms;
PAR  FIG. 12 is a section on the line XII--XII in FIG. 2 and illustrating one
      way of fixing the vertical webs of the frame steps to the arches; and,
PAR  FIG. 13 is a view similar to that of FIG. 1, but on a smaller scale, and
      illustrates a building having a more complex arrangement of accommodation
      units.
DETD
PAR  The building illustrated in FIG. 1 comprises a structural frame 1 having a
      substantially triangularly shaped profile and spans a rectangular area of
      ground 2 without any intermediate supports. The building has a car parking
      enclosure 3 erected on the ground laterally outwards of each side of the
      frame 1, each enclosure 3 extending along the length of the frame, and six
      storeys of accommodation units 4 are built on each side of the frame
      itself, the storeys being uniformly staggered so that the units 4 forming
      the sixth storey on the frame are located back to back at the apex of the
      frame. Further units are erected on the rooves of some of the rooves of
      some of the sixth storey units to form a seventh storey 5.
PAR  The structural frame 1 of the building comprises six parallel and
      equi-axially spaced similar concrete arches 6, (lying along the lines
      6.sub.1 to 6.sub.6 in FIG. 1). Each pair of neighbouring arches support
      between them a pair of rising giant concrete "staircases" 7 which meet
      between the apices of the supporting arches 6. The frame 1 is symmetrical
      about the apical line of the arches and its construction is illustrated in
      more detail in FIG. 2 which shows half of one of the arches 6 in elevation
      and one of the "staircases" 7 in section.
PAR  Each arch 6 is of the three hinged type, being erected in two similar
      halves 6a and 6b (the latter half not being shown in FIG. 2) which are
      connected through a thrust bearing at the apex 8. Each foot 9 of the arch
      6 is received in a suitably recessed reinforced concrete mounting block 10
      which is embedded in the ground on a suitably prepared foundation (not
      shown). A vertically acting anti-vibration thrust bearing 11 and also a
      horizontally acting anti-vibration thrust bearing 12 are located between
      the foot 9 and its mounting block 10.
PAR  Each arch 6 has an inverted substantially V-shaped profile, having a short
      vertical portion at each of its foot ends 9, and straight inclined
      portions leading into a short horizontal portion at the apex 8. The arch
      is constructed so that the vertical distance S between its inclined upper
      and lower faces 6u and 6l is equal to the intended height of each storey
      of the building.
PAR  The arch halves are each constructed from a number of hollow pre-cast
      concrete sections, i.e. a foot section 13, a number of straight sections
      14, and a head section 15, which are fixed together end to end, such as by
      shear connectors and grouting, and are subsequently post tensioned. A
      series of horizontal and vertical nibs, 16 and 17 respectively, are formed
      integrally on each side face of each arch half, each nib extending between
      the upper and lower faces 6u and 6l of its arch half. The horizontal and
      vertical nibs 16, 17 are arranged alternately and are continuous. The nibs
      are cast integrally with the arch sections 13, 14, 15, and the arrangement
      of the nibs on the sections is illustrated in FIG. 2, the junctions
      between the sections being indicated by the lines 18.
PAR  An alternative arrangement of the arch sections and of their nibs is
      illustrated in FIG. 3, which shows the right hand half 6'b of an arch
      which is slightly different from that shown in FIG. 2. The apex of the
      arch 6' of FIG. 3 is lower than that of the arch 6, but frames constructed
      with these different arches can be used to support an exactly similar
      layout of storeys.
PAR  The cross section shape of each arch 6 can be seen from FIG. 4, and is
      substantially rectangular apart from the nibs 16, 17 which project from
      its side faces, and laterally projecting flanges 19 which extend along the
      edges of the upper face 6u of the arch. The cross-section of the arch 6'
      illustrated in FIG. 3 is the same. Alternative cross-sectional shapes for
      the arches are shown in FIGS. 5 and 6. In FIG. 5 a hollow arch 6" is shown
      with a cross-section which is again substantially rectangular but is wider
      overall than that shown in FIG. 4. Horizontal and vertical nibs 16", 17"
      are still present but there are no lateral flanges 19 alongside the upper
      face 6"u. The arrangement illustrated in FIG. 6 shows an arch 6'" which is
      not hollow but is formed with a generally I-shaped crosssection.
      Horizontal and vertical nibs 16'", 17'" project integrally from the
      vertical centre web 20 of the section.
PAR  As can be seen from FIG. 2, each "staircase" 7 comprises a number of
      horizontal platforms 21 which are joined by vertical webs 22. Each
      platform 21 is fixed to and is supported at its ends by a pair of nibs 16
      on the facing sides of the pair of arches 6 supporting the "staircase" 7,
      and each web 22 is fixed at its ends to a pair of nibs 17, the lower edge
      of the web resting on the inner edge of the platform below it. At its
      upper end the "staircase" 7 has a vertical web 22 which is back to back
      with the corresponding web of the "staircase" which is constructed between
      the other halves of the two arches, i.e. on the other side of the frame.
      These uppermost vertical webs 22 extend between the apices 8 of the arches
      6, but if desired they may be dispensed with so that a double width
      platform is formed between the apices instead.
PAR  Each platform 21 comprises a number of pre-cast reinforced or pre-stressed
      concrete slabs 23 (see FIGS. 7 and 8) which are placed side by side with
      their ends resting on the horizontal supporting nibs 16 for the platform.
      At each end, the slabs 23 are arranged so that steel reinforcement bars 24
      projecting from the arches 6 lie in recesses 25 between adjacent slabs.
      Further steel reinforcement rods 26 project from the ends of the slabs 23
      and are arranged to cradle a reinforcement bar 27 which extends parallel
      to the ends of the slabs 23 along the length of the corresponding nib 16.
      A concrete deck 28 is then cast in situ over and around the slabs 23 to
      embed the projecting reinforcement bars 24, 26 and 27 so that the platform
      21 is fixed in position.
PAR  Some alternative methods of forming and fixing the platforms 21 are
      illustrated in FIGS. 9, 10 and 11. The method shown in FIG. 9 is very
      similar to that described with reference to FIGS. 7 and 8, the only
      difference being that the reinforcement bars 24' extending in the recesses
      between the platform slabs 23' are not pre-cast into the arch 6'. Instead
      each section of the arch 6' is provided with pockets 29 where each nib 16'
      projects from the side of the section, and the reinforcement bars 24' are
      inserted into these pockets 29. The bars 24' are grouted in the pockets 29
      during erection.
PAR  The arrangement of FIG. 10 makes use of pre-cast concrete slabs 30 which
      are slightly different from those used in the previous methods. The slabs
      30 each have a flange 31 at each of its ends, and are dimensioned so that
      the flanges 31 abut the sides of the arches 6" above the support nibs 16".
      The slabs 30 are held in place by bolts 32 which engage the flanges 31 and
      extend right through the arch 6" to its opposite face where they engage
      the flanges of similar slabs which form part of the "staircase" between
      the next pair of arches. The passage of each bolt 32 through the arch 6"
      is surrounded by a bracing sleeve 33. The view shown in FIG. 10 is
      symmetrical about the line X--X except for the ends of the bolt 32, the
      end shown in FIG. 10 carrying a nut 34 whereas the other end (not shown)
      would have the head of the bolt.
PAR  The method of forming the platform 21 shown in FIG. 11 is totally
      different. In this case the arches 6'" are not formed with support nibs on
      their side faces as in the previous examples, and the concrete platforms
      21 are simply cast in place, using suitable shuttering, about steel
      reinforcement bars 35 and 36 which are pre-cast into and project from the
      arches 6'". This method is not however preferred because of the greater
      amount of shuttering work which is necessary during construction.
PAR  Each vertical web 22 is formed by a single pre-cast concrete wall panel or
      slab 37 which is placed on edge along the inner edge of a platform 21 with
      the ends of the panel 37 abutting the vertical nibs 17 as shown in FIG.
      12. If desired however, a number of smaller slabs may be used to form the
      panel 37 instead of one single slab. A series of steel reinforcement loops
      38 project from each end of the panel 37, and these loops cooperate with a
      number of reinforcement bars 39, which are pre-cast into and project from
      the neighbouring arch 6, and also with further reinforcement bars 40 which
      are located in the vertical gaps 41 between the ends of the panel 37 and
      the arches 6. Each gap 41 is infilled with concrete 42 which envelopes the
      cooperating bars 38, 39 and 40 to hold the panel 37, i.e. the web 22, in
      position. This method of fixing the vertical webs 22 may be modified by
      having the reinforcement bars 39 grouted in pockets in the arches in a
      manner similar to that described with reference to the fixing of the
      platforms as shown in FIG. 9.
PAR  The ground floor car-parking enclosures 3 which are located alongside the
      frame 1 of the building shown in FIG. 1 are cast concrete constructions,
      and have their inner walls level with the inner faces of the feet 9 of the
      arches so that the space between the feet of neighbouring arches is used.
      In some cases, the enclosures 3 may project further inwards to encroach a
      little on the area spanned by the frame. The rooves 43 of the enclosures 3
      are at the level of the lowermost horizontal support nibs 16 on the arches
      6 of the frame, and this level is approximately the same height above the
      ground as the distance between successive nibs 16, i.e. the storey height
      S of the building. The accommodation units 4 which form the first storey
      on each side of the frame 1 are erected at the level of the lowermost
      platforms 21 and partially overlap the enclosures 3, extensions 21f of the
      lowermost platforms 21 being cast onto the rooves of the enclosures 3 so
      that with the platforms they form the floors of the first storey units.
      The extensions 21f may in fact be cast with the rooves 43 if desired. The
      second storey units 4 are erected at the level of the next platforms 21
      upwards on each side of the frame 1 and partially overlap the first storey
      units. The third storey units are arranged in a similar manner relative to
      the second storey units, and so on up the frame 1 so that the storeys are
      uniformly staggered.
PAR  Each accommodation unit 4 incorporates one step of one of the "staircases"
      7 of the frame 1, the vertical web 22 of the step forming the rear wall of
      the units, and the platform 21 forming part of its floor. The side walls
      on the unit 4 are constructed in any conventional manner and are supported
      on the flanges 19 of the adjacent arches and on the part of the floor
      which is formed by the roof of the unit immediately below it on the frame
      (see FIG. 4). The roof of the unit is formed as an extension 21e of the
      platform of the next step up the frame. As can be seen from FIG. 1, the
      units 4 may however take different forms, and adjacent units (both
      laterally and vertically) can be made communicating to provide larger
      accommodation areas.
PAR  A simple form of unit 4' is erected on each step between the first two
      pairs of arches, 6.sub.1 6.sub.2 and 6.sub.2 6.sub.3 of the building shown
      in FIG. 1. Each unit 4' is illustrated further in FIGS. 2 and 4 and is
      cuboid, extends across the whole of its step, and is built outwards from
      the step to double the width of the step so that the rear half of the unit
      4' is overlapped by the front half of the unit 4' on the next upward step.
      The side walls of units 4' are shown at 4's in FIG. 4. Access to the units
      4' in the different storeys of the building is gained by means of stairs
      44 (FIGS. 1 and 4) which are formed on the upper surfaces 6u of the first
      and second arches 6.sub.1 and 6.sub.2 in the frame 1.
PAR  A different form of accommodation unit 4" is erected on each step between
      the next two pairs of arches 6.sub.3 6.sub.4 and 6.sub.4 6.sub.5. Each
      unit 4" is L-shaped and is arranged so that the adjacent two units 4" in
      each storey communicate with each other across the arch 6.sub.4 to provide
      a double unit which is symmetrical about the plane of the arch 6.sub.4.
      The side wings of each double unit overlap the units 4" of the storey
      below and border a patio 45 which is formed on part of the rooves of the
      lower units 4". The units 4" may however remain divided despite being
      joined across the arch 6.sub.4, and in this case the patios 45 would also
      be divided in the plane of the arch 6.sub.4 by small fences (not shown).
      On the steps between the last pair of arches 6.sub.5 6.sub.6 accommodation
      units 4'" are erected in the same way as the units 4' between the first
      two pairs of arches, but in this case the exposed roof part 46 of each
      unit 4'" is inclined upwards towards the next unit. Further sets of stairs
      44 are formed on the upper surfaces of the third and fifth arches 6.sub.3
      and 6.sub.5 for providing access to the units 4" and 4'" in the different
      storeys. The rooves of the sixth storey units 4' between the first pair of
      arches 6.sub.1 6.sub.2 and the units 4'" between the last pair of arches
      6.sub.5 6.sub.6 are clear as shown at 47. The rooves of the sixth storey
      units 4' and 4" between the other arches are used however to support
      seventh storey units 5' and 5" as shown.
PAR  Further forms and arrangements of units 4 are used in the building
      illustrated in FIG. 13. In this example the structural frame is exactly
      the same as that described with reference to the building in FIG. 1, the
      building extending across six parallel arches lying on the lines 6.sub.1
      to 6.sub.6 and the building also including a ground floor car parking
      enclosure 3 along each side of the frame. The building is symmetrical
      about its apical line.
PAR  The units 4 erected on the steps between the first two pairs of arches of
      the frame are joined over the upper surface of the common arch 6.sub.2,
      but the form of the units varies from storey to storey. In the first
      storey the units are L-shaped and are arranged similarly to the units 4"
      described in FIG. 1, their side wings and common patio 48 overlapping the
      roof of the enclosure 3. In the second storey the units are similar to the
      units 4' described in FIG. 1 but are combined to form a large cuboid
      enclosure 4.sup.IV which overlaps the rear of the first storey double unit
      4". The third storey units are restricted to the area of their steps but
      combine across the arch 62 to form a cuboid enclosure 4.sup.V which does
      not overlap the second storey at all. The fourth and fifth storeys
      correspond to the second and third storeys respectively, the fourth storey
      overlapping the whole of the enclosure 4.sup.V in the third storey. The
      units in the sixth storey form enclosures similar to those in the second
      and fourth storeys, but the sixth storey enclosures on the two sides of
      the frame are combined at the apex of the frame to form a very large
      penthouse enclosure 49. This is provided with a glazed roof 50.
PAR  The units erected on the steps between the next two pairs of arches 6.sub.3
      6.sub.4 and 6.sub.4 6.sub.5 are each L-shaped and are similar to those 4"
      described in FIG. 1. The units 4" in the present example are joined across
      the arch 6.sub.4 but are arranged back to back so that the patios 51 of
      the two adjoining units in each storey are separated from each other by
      the units themselves. A further enclosure 5'" is erected on the rooves of
      the sixth storey units 4" which are joined back to back at the apex of the
      frame. Similar units 4" are erected on the steps between the last pair of
      arches 6.sub.5 6.sub.6 are arranged with their patios 51 facing the arch
      6.sub.5. An enclosure 5.sup.IV is erected on the rooves of the sixth
      storey units. Access to the storeys is provided by stairs (not shown) on
      the upper surfaces of the first and third arches 6.sub.1 and 6.sub.3, and
      by means of a lift, part of which is shown at 52, on the fifth arch
      6.sub.5.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of building a multi-story structure over an area on which it is
      not desired or not possible to build directly, comprising the steps of
      erecting a plurality of arches spanning said area without intermediate
      support, said arches having vertical side walls between sloping upper and
      lower surfaces and being pitched so that the distance between said upper
      and lower surfaces of said arches, measured vertically, defines the height
      of each storey of said structure, erecting a plurality of horizontal
      platforms and vertical webs between each pair of said arches in
      alternating and continuous manner to form a series of staggered steps
      between said pair of arches on at least one side of the apices of said
      arches for carrying the storeys of said structure, the height of each of
      said vertical webs being equal to the storey height of said structure,
      fixing said horizontal platforms and said vertical webs to said side walls
      of said arches adjacent said platforms and said webs, erecting an
      accommodation unit having a floor, a plurality of walls, and a roof on a
      lowest of said steps using said vertical web of said lowest step to
      provide one of said walls of said unit, said platform of said lowest step
      to provide at least part of said floor of said unit, and the facing side
      walls of said arches adjacent said lowest step to provide part of two more
      of said walls of said unit, and erecting further accommodation units in
      similar fashion on others of said steps to form the storeys of said
      structure, whereby said accommodation units are keyed into and integral
      with said structure and said structure is monolithic.
NUM  2.
PAR  2. A method as claimed in claim 1, wherein first and second of said arches
      are erected, a first series of said staggered steps is erected and fixed
      between said first and second arches, a third of said arches is erected
      axially spaced from said second arch, a second series of staggered steps
      is erected and fixed between said second and said third arches, and so on.
NUM  3.
PAR  3. A method as claimed in claim 1, wherein the step of erecting said arches
      includes the steps of suspending a temporary support across said area,
      using said temporary support to support and position prefabricated
      sections for forming a first of said arches, fixing together said
      prefabricated sections to form said first arch, shifting said temporary
      support into position for erecting a second of said arches, and so on.
NUM  4.
PAR  4. A method as claimed in claim 1, wherein the steps of erecting and fixing
      each of said series of staggered steps comprises positioning and fixing
      said horizontal platforms and said vertical webs of said steps in
      ascending order whereby each erected platform provides a working support
      for the erection of the next vertical web and the next horizontal
      platform.
NUM  5.
PAR  5. A method as claimed in claim 1, including the step of providing means on
      said upper surface of at least every alternate arch for enabling access to
      said storeys of said structure.
NUM  6.
PAR  6. A method as claimed in claim 1, wherein the step of erecting said
      accommodation units includes the step of using part of said roof of each
      of said accommodation units in forming part of said floor of said next
      accommodation unit up said structure, whereby said storeys of said
      structure overlap.
NUM  7.
PAR  7. A monolithic multi-storey building over an area on which it is not
      desired or not possible to build directly, comprising a load bearing frame
      having an inverted substantially V-shaped profile and spanning said area
      without intermediate support, and a plurality of accommodation units, each
      of said units including a floor, a plurality of walls, and a roof, erected
      on said frame in a staggered formation towards the apex of said frame to
      form the storeys of said building, said frame consisting of a plurality of
      axially spaced arches, said arches having sloping upper and lower surfaces
      and vertical side walls between said upper and lower surfaces, pitched so
      that the distance between said upper and lower surfaces of said arches,
      measured vertically, is equal to the height of each of said storeys of
      said building, and the weight of said building is supported substantially
      wholly by said arches, a plurality of horizontal platforms and vertical
      webs extending between each pair of said arches in alternating and
      continuous manner to form a series of staggered steps between said pair of
      arches on at least one side of the apices of said arches, the height of
      each of said vertical webs being equal to the storey height of said
      building, and means fixedly mounting said platforms and said webs on said
      side walls of said arches adjacent said platforms and said webs, each of
      said accommodation units being erected on one of said steps with said
      vertical web of said step providing one of said walls of said unit, said
      platform of said step providing at least part of said floor of said unit,
      and said side walls of said arches adjacent said step providing part of
      two more of said walls of said unit, whereby said accommodation units are
      keyed into and are integral with said frame.
NUM  8.
PAR  8. A building as claimed in claim 7, wherein said horizontal platforms and
      said vertical webs comprise reinforced precast concrete slabs.
NUM  9.
PAR  9. A building as claimed in claim 7, wherein each of said arches is of
      concrete construction, is formed in two parts which are post tensioned,
      and includes means connecting said two parts together at the apex, each of
      said two parts including a plurality of precast sections and means fixing
      said sections end to end.
NUM  10.
PAR  10. A building as claimed in claim 7, wherein access means to said
      accommodation units of said storeys is constructed on said upper surface
      of at least every alternate arch of said arches.
NUM  11.
PAR  11. A building as claimed in claim 7, wherein said arches are hollow and
      utility services for said accommodation units are carried in said hollow
      arches.
NUM  12.
PAR  12. A building as claimed in claim 7, wherein part of said roof of each of
      said accommodation units forms part of said floor of said accommodation
      unit immediately above in the next storey of said building, whereby said
      storeys overlap one another.
NUM  13.
PAR  13. A building as claimed in claim 12, including a ground floor enclosure
      extending along each side of said frame outside of said area spanned by
      said frame, and wherein said accommodation units which are erected on the
      lower most steps of said frame overlap said ground floor enclosures.
NUM  14.
PAR  14. A building as claimed in claim 13, wherein said ground floor enclosures
      are of a height greater than that of each of said storeys erected on said
      frame.
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ABST
PAL  A window construction containing two or more panes of glass with an
      enclosed air space therebetween and means for mounting the panes to effect
      a seal therebetween despite differential expansion or contraction due to
      temperature and barometric pressure changes. Gas directing means are
      provided for effecting an efficient flushing of the enclosed space between
      the panes of glass. Pressure equalizing means are provided for equalizing
      the internal gas pressure within the enclosed space with the atmosphere.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of double panes of glass and even triple panes of glass in order to
      provide insulation against heat and noise is well known. Such windows
      comprise two or more parallel panes of glass, usually mounted in an
      elastomeric material such as rubber, for example. That is to say, a strip
      of rubber material is disposed between the panes of glass at their edges,
      the rubber on the outside of said edges and below said edges. Means for
      compressing the rubber so as to seal the glass panes therein and prevent
      air from leaking into or out of the space between the panes is also
      provided.
PAR  In principal, the idea is extremely simple, however in order to be
      effective as an insulating device, it is necessary that the dead air space
      between the panes of glass is effectively sealed. Not only is the
      insulating value of such windows dependent upon the maintenance of the
      tight seal, but in addition, visibility also depends upon it. For if
      moisture condenses on the inner surface of the glass, or if a film of
      grease or dirt accumulates thereon, visibility will obviously be adversely
      affected if not altogether destroyed. And since it is often impractical to
      clean the surfaces, it is clear than an effective type seal is vital.
PAR  A number of attempts have been made from time to time to provide a
      satisfactory solution to the problem. These have in general involved the
      use of rubber sealing strips such as gaskets, with various means for
      compressing the gaskets against the panes. Experience, however, shows that
      such methods of this type as are presently known cannot provide
      sufficiently uniform pressure to provide an effective airtight seal.
PAR  In the case of a relatively loose storm window of the conventional type,
      some reduction in heat loss is achieved. There is no significant problem
      of condensation of moisture in such a case, because there is so much
      circulation between the ambient air and the space between the panes that
      no significant difference in humidity can exist for an extended period of
      time. However, the dirt problem is very severe, because of the entry of
      such large volumes of air causes a rapid deposition of a film of grease or
      dirt on the inner surfaces of the panes. At the end of a year or so,
      cleaning becomes imperative. If this is a physical impossibility, or
      substantially so, as in many cases for example in office buildings, or in
      non-slidable "picture windows," the results are extremely unsatisfactory.
      In such cases in fact, conventional storm windows really cannot be used;
      multipane insulating windows are required.
PAR  The use of a conventional rubber sealing strip in the normal way, that is,
      without special efforts to achieve uniform compression, substantially
      reduces the circulation between the ambient air and the space between the
      panes. One result is thus that the insulating effectiveness may reach a
      reasonably good level. Another is that the dirt may take roughly twice as
      long to accumulate between the panes; however, when it accumulates, the
      situation is just as unsatisfactory as the case of an ordinary storm
      window. In other respects, the situation may readily become intolerable,
      that is condensation of moisture between the panes. If humid air gets into
      the space between the panes, and the ambient temperature drops,
      condensation of moisture occurs between the panes and, since the
      circulation between the ambient air and the space between the panes is
      slow, the window may remain "fogged" for very substantial periods of time.
      Thus, in order to decrease the dirt problem, one finds that one has
      introduced condensation problems. All in all, therefore, one has not
      achieved a solution to the problem of maintaining good visibility
      conditions.
PAR  The next step in the evolution of insulating windows has been the
      introduction of factory sealed windows. These are the first true
      insulating windows. The space between the panes is truly evacuated and the
      insulating quality thereof is high. The dirt and condensation problem is
      minimized but still exists. The difficulties with these windows are the
      extremely high first cost, high insurance cost, and expense and difficulty
      of repair of replacement. The fact that factory fabricated insulating
      windows can be purchased only in certain specific standard sizes also
      places limitations in design, especially when curved windows are involved.
PAR  The fact that such expensive solutions have nevertheless found very
      substantial commercial success clearly indicates that the problem itself,
      that is obtaining good insulating quality without visibility impairment,
      is a pressing problem and a problem of great commercial importance, and
      one for which no obvious answer exists.
PAR  Thus, there remains a problem of providing a seal as good as presently
      possible only with factory fabricated insulating windows, which is at the
      same time inexpensive, readily adapted to any size or shape of window
      including curved windows, and which can be installed and repaired at the
      job site instead of requiring factory fabrication.
PAR  Of course, airtight seals are well known in technology, but the problem in
      connection with the insulating windows is to obtain a seal which is not
      only effective, but also extremely simple in design and installation, and
      extremely low in cost. Complicated construction may make excellent
      airtight seals for scientific and industrial apparatus, but have no place
      in the construction of buildings, or in vehicles such as automobiles,
      buses, trains, and airplanes, for simplicity is required.
PAR  The difficulties which must be overcome in the solution of this problem
      include the following:
PAR  1. Considerable force must be necessary to make a tight seal, but glass
      panes must not be broken nor stressed so that the glass panes might break
      upon a temperature change or additional stress.
PAR  2. It is not sufficient to provide an excessively large force at some
      points and inadequate force elsewhere. "Averages" are not what counts
      here, but rather a uniform seal around the peripheral inner edges of the
      adjacent surfaces of the glass panes.
PAR  3. Expansions and contractions caused by temperature variations with
      seasonal changes and by pressure variations with changes in elevation, for
      example during shipment, must be accounted for without causing breakage on
      one hand and/or air leakage on the other.
PAC  SUMMARY OF THE INVENTION
PAR  The above problems have been solved by window construction containing two
      or more panes of glass utilizing a sealing member which is under
      sufficient uniform pressure to produce a substantially airtight seal
      between adjacent panes of glass despite variations in atmospheric
      temperature and pressure.
PAR  An object of the invention is to produce a multipaned window construction
      which can be readily erected on a construction site.
PAR  Another object of the invention is to produce a multipaned window
      construction wherein the moisture content in the space between adjacent
      panes of glass is automatically removed.
PAR  Still another object of the invention is to produce a multipaned window
      construction with means to equalize internal gas pressure with atmospheric
      pressure over a range of changes of atmospheres to avoid pressure
      differentials which would tend to cause entry of atmosphere within the
      interior of the windows.
PAR  A further object is to produce a multipaned window construction with means
      to direct the path of a flushing gas to minimize the amount of flushing
      gas needed and the time required to effect the flushing operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above, as well as other objects and advantages of the invention, will
      become readily apparent to one skilled in the art from reading the
      following detailed description of an embodiment of the invention when
      considered in the light of the accompanying drawings, in which:
PAR  FIG. 1 is an exploded perspective view of a double glazed window
      construction embodying features of the present invention;
PAR  FIG. 2 is a perspective view of a double glazed window construction
      embodying additional features of the invention not illustrated in the
      embodiment of FIG. 1;
PAR  FIG. 3 is a sectional view of the structure illustrated in FIG. 2 taken
      along line 3--3 thereof;
PAR  FIG. 4 is an enlarged fragmentary view in section illustrating the relative
      disposition of the frame, panes of glass, and the sealing strip;
PAR  FIG. 5 is an enlarged fragmentary exploded view of a corner of the window
      frame of the invention showing the threaded clamping means for drawing the
      windows together in assembled form; and
PAR  FIG. 6 is an exploded view of the window construction specifically
      illustrated in FIGS. 2 through 5.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is shown a window construction preparatory to
      the final assembly. The window construction includes a pair of panes of
      glass 10 and 12 which are of substantially identical dimensions. Many
      states have passed legislation requiring that glass used in openings which
      have been defined as hazardous areas such as patios, doors and windows
      must be safety or tempered glass. Accordingly, the type of glass utilized
      for the panes 10 and 12 may depend on local statutes and the particular
      type of glass does not affect the present invention.
PAR  The frame of the window of FIG. 1 includes frame elements 14, 16, 18 and 20
      preferrably formed of a wood. Wood is chosen as the preferred material for
      use as the frame because of its low thermal conductivity. The frame
      elements 14 and 18, and 16 and 20, are substantially respectively
      identical with one another. The vertically disposed frame elements 14 and
      18 are provided with longitudinally extending grooves 22 and 24,
      respectively. Threaded fastener receiving holes are suitably formed in the
      frame elements 14 and 18 at opposite ends thereof to receive threaded
      fasteners such as bolts 26.
PAR  The horizontally disposed frame elements 16 and 20 are provided with
      longitudinally extending grooves 28 and 30, respectively. Extending
      outwardly from opposite ends of the frame element 16 are tongues 32 and 34
      which, in the assembled form of the window construction, fit within the
      grooves 22 and 24 of the frame elements 14 and 16, respectively. Inwardly
      of each of the tongues 32 and 34, slots 36 and 38 are formed to receive a
      nut 40 which is adapted to align with holes in the tongues 32 and 34
      positioned to receive the bolt 26 when the frame is assembled. The frame
      element 20 also has outwardly extending tongues 42 and 44 which fit within
      the grooves 22 and 24 of the frame elements 14 and 18, and have holes
      formed therein which are adapted to receive the bolt 26 when the frame is
      assembled. Slots (not illustrated) are formed in the frame element 20 to
      receive the nuts 40 in the same manner as the slots 36 and 38 of the frame
      element 16. It will be understood that the slots formed in the frame
      element 16 and 20 to receive the nuts 40 are fashioned such that when the
      nuts are disposed therewithin, the nuts are prevented from rotating and
      are snugly seated.
PAR  An elongate gasket strip 46 of an elastomeric material being contoured to
      form an airtight contact around the marginal edge portions of the facing
      surfaces of the glass planes 10 and 12 is placed around the panes 10 and
      12. It has been found desirable to blunt the sharp edges of the cut glass
      panes 10 and 12 by use of an abrasive material such as fine grained
      tungsten carbide, for example. This will enable the handling of the glass
      panes without accidental cutting of the elastomeric strip 46 or the
      assembler's hands. Before final assembly, it is advantageous to insert a
      quantity of a desiccant, such as silica gel, for example, between the
      facing surfaces of the glass panes 10 and 12 to absorb moisture entrained
      in the air therebetween to thereby militate against a fogging condition
      caused by condensation of the moisture in the entrapped air.
PAR  In order to facilitate the formation of a substantially right angle turn of
      the strip 46 at the corners of the glass panes 10 and 12, a transverse
      slit 48 is formed in the outer surface of the strip. The opposite ends of
      the strp 46, which are joined to complete the encircling seal, are
      typically beveled and glued together to form a scarf joint 49.
PAR  Finally, the frame elements 14, 16, 18 and 20 are placed over the
      elastomeric strip 46 and the marginal edges of the glass panes 10 and 12
      in such a fashion that the strip 46 and the marginal edges of the panes
      are received snugly within the grooves 22, 24, 28 and 30. During the
      assemblage of the frame elements over the marginal edges of the glass
      panes 10 and 12 and the strip 46, it will be understood that the width
      dimension of the grooves 22, 24, 28 and 30 are such that the strip 46 must
      be compressed to assure that an airtight seal is formed between the
      opposing side walls of the strip and the adjacent inner facing surfaces of
      the marginal edges of the glass panes 10 and 12. Then the bolts 26 are
      inserted in the holes formed in the frame elements 14 and 18 are tightened
      to draw the tongues 32 and 34, and 42 and 44 of the frame elements 16 and
      20 snugly within the grooves formed in the associated frame elements 14
      and 18. After the bolts 26 are tightly secured and fastened within the
      nuts 40, the window construction is completed.
PAR  It will be observed that in the event that it is ever necessary to
      disassemble the window to clean the interior surfaces of the glass panes
      10 and 12, it is necessary only to loosen the four bolts 26 until they are
      disengaged from their respective nut 40 and pull the frame elements 14,
      16, 18 and 20 apart.
PAR  Referring to FIGS. 2 through 6, there is illustrated another embodiment of
      the invention wherein the window construction includes a pair of panes of
      glass 50 and 52 which are of substantially identical dimensions.
PAR  The frame of the window consists of frame elements 54, 56, 58 and 60,
      preferably formed of wood because of the low thermal conductivity thereof.
      It will be noted that the vertically disposed elements 54 and 58 are
      identical with one another; and the horizontally disposed elements 56 and
      60 are substantially identical with one another with the exception of the
      bottom frame element having a cavity formed in the bottom wall portion
      thereof, as will be explained in greater detail hereinafter.
PAR  The frame elements 54 and 58 are provided with longitudinally extending
      grooves 62 and 64, respectively. Threaded fastener receiving holes 65 are
      suitably formed in the frame elements 54 and 58 at opposite ends thereof
      to receive threaded fasteners such as bolts 66.
PAR  The horizontally disposed frame elements 56 and 60 are provided with
      longitudinally extending grooves 68 and 70, respectively. Extending
      outwardly from opposite ends of the frame element 56 are tongues 72 and 74
      which, in the assembled form of the window construction, fit within the
      grooves 62 and 64 of the frame elements 54 and 58, respectively. Inwardly
      of each of the tongues 72 and 74, slots 76 and 78 are formed to receive
      nuts 80 which are adapted to align with holes 65' in the tongues 72 and 74
      positioned to receive the bolts 66 when the frame is assembled. Only the
      hole 65' in the tongue 72 is clearly illustrated in drawings in FIGS. 5
      and 6. The frame element 60 also has outwardly extending tongues 82 and 84
      each of which is provided with a hole 65' formed therein adapted to align
      with the bottom holes 65 in the frame elements 54 and 58 in the assembled
      form. The aligned holes 65 and 65' are adapted to receive the bolts 66
      during the assembly procedure. Slots (not illustrated) are formed in the
      frame element 60 to receive the nuts 80 in the same manner as the slots 76
      and 78 of the frame element 56.
PAR  An elongate gasket strip 86 of an resilient elastomeric material being
      contoured to form an airtight sealing contact around the marginal edge
      portions of the facing surfaces of the glass panes 50 and 52 is placed
      around the frames 50 and 52. It has been found desirable to blunt the
      sharp edges of the cut glass panes 50 and 52 by the use of an abrasive
      material such as fine grained tungsten carbide, for example. This will
      enable the handling of the glass panes without accidental cutting of the
      elastomeric strip 86 or the assembler's hands. The elastomeric strip 86 is
      preferrably generally T-shaped in cross-section wherein the outer surface
      of the base of the Tee is somewhat rounded or bulged and the upper head of
      the Tee is to be disposed within its respective groove in the frame
      elements. The outer rounded surfaces of the base of the Tee are designed
      to be in facing contact with the inner facing surfaces of the marginal
      edges of the glass panes 50 and 52, while the inner surfaces of the upper
      head of the Tee may provide cushioned contact for the edges of the glass
      panes 50 and 52 in the manner clearly illustrated in FIG. 4. In order to
      facilitate the formation of a substantially right angle turn or corner for
      the strip 86, a transverse slit 88 is formed in the outer surface of the
      strip in the manner clearly shown in FIG. 5. While it has been mentioned
      that the strip 86 is formed of an elastomeric material, it must be
      understood that satisfactory results could be obtained by making the strip
      of a composite material having a cloth or fabric backing. Further, the
      strip 88 could be formed as a hollow member provided with means for
      inflating the member to maintain the desired pressure at it expands
      against the facing surfaces of the glass. The elastomeric strip provides a
      complete shock absorbing mounting for the panes of glass and will
      compensate for slight dimensional deviations in the frame elements to
      produce a full floating mounting for the glass panes 50 and 52. Typically,
      the opposite ends of the strip 86, which are joined to complete the
      encircling seal, may be beveled and glued together to form a scarf joint
      89.
PAR  In the embodiment illustrated in FIGS. 2 through 6, a set of muntins is
      inserted in the space between the facing surfaces of the glass panes 50
      and 52. The set of muntins is comprised of a horizontally extending member
      90 and vertically extending members 92, 94, 96 and 98. The vertically
      extending members 92 and 94 are coupled together by a relatively short
      hollow tube 100 which extends through the member 90, while the vertically
      extending members 96 and 98 are coupled together by a relatively short
      hollow tube 102 which extends through the horizontally extending member
      90. At the upper end of the vertically extending muntin member 92 is a
      hole 104 which opens in a direction opposite to the muntin member 98 and
      communicates with the lower end of the tube 100, while the upper end of
      the tube communicates with a hole 106 in the vertically extending member
      94 which opens in the same direction as the hole 104. The upper end of the
      vertically extending muntin member 94 is provided with a hole 108 which
      extends completely through the muntin 94. The vertically extending muntin
      member 96 has a hole 110 extending completely therethrough at the upper
      end thereof, while the lower end has a hole extending inwardly from the
      side opposite the muntin 94 and communicates with the upper end of the
      hollow tube 102. The lower end of the hollow tube 102 communicates with a
      hole 114 extending inwardly of the muntin 98 from the opposite side of the
      muntin 98. The lower end of the muntin 98 has a hole 116 extending
      completely therethrough. The function of the above described holes will be
      explained in greater detail hereinafter.
PAR  Extending through the elastomeric strip 86, in the region between the
      vertically extending muntin 92 and the vertically extending portion of the
      strip 86, is an aperture 117. The aperture is provided with an inwardly
      extending plug member 118. The strip 86 is further provided with an
      aperture 120 which is located, in the assembled form, between the
      vertically extending muntin members 92 and 98. A desiccant conveying tube
      122 associated with a desiccant container 124, typically in the form of a
      flexible wall bladder, communicates with the interior zone of the window
      structure through the aperture 120 in the sealing strip 86. The plug 118,
      the conveying tube 122 and the desiccant containerr 124 may be suitably
      housed within a cavity formed within the lower portion of the frame member
      60. A perforate cover 126 may be used to protect the container 124 during
      movement of the window. It will be understood that suitable apertures are
      formed in the frame element 60 to receive the plug 118 and the tube 122.
PAR  Finally, the frame elements 54, 56, 58 and 60 are placed over the
      elastomeric strip 86 and the marginal edges of the glass panes 50 and 52
      in such a fashion that the elastomeric strip 86 and the marginal edges of
      the panes 50 and 52 are snugly received within the grooves 62, 64, 68 and
      70. During the assemblage of the frame elements over the marginal edges of
      the glass panes 50 and 52 and the strip 86, it will be understood that the
      width dimension of the grooves 62, 64, 68 and 70 are such that the facing
      surfaces of the marginal edge portions of the panes 50 and 52 are urged
      into continuous contact with the outer rounded surfaces of the base of the
      T-shaped cross-section of the elastomeric strip 86 to assure that an
      airtight seal is formed between the opposing side walls of the strip and
      the adjacent interfacing surfaces of the marginal edges of the glass panes
      50 and 52. Only enough pressure has to be applied to assure continuous
      contact between the strip 86 and the inner surfaces of the glass panes 50
      and 52.
PAR  Then the bolts 66 are inserted into the holes 65 and the aligned holes 65'
      to draw the tongues 72 and 74, and 82 and 84 of the frame elements 56 and
      60 snugly within the grooves formed within the associated frame elements
      54 and 58. After the bolts 66 are tightly secured and fastened within the
      nuts 80, the window construction is completed. However, as a final step in
      flushing the interior space between the facing surfaces of the glass panes
      50 and 52, the plug 118 and the container 124 are removed and an inert and
      dry gas such as argon is introduced into the space and assumes a path of
      travel generally in the direction of the arrows in FIG. 2. The normal
      course of travel of the flushing gas is shown by arrows in FIG. 2 where
      the course of travel of the gas from the plug 118 is through the hole 104
      in the muntin 92, through the hollow tube 100 and out through the hole 106
      in the muntin member 94. The gas then travels through the hole 108 in the
      upper portion of the muntin 94 into the space between the muntins 94 and
      96, through the hole 110 and thence downwardly to the hole 112, through
      the hollow tube 102 exiting through the hole 114 in the muntin 98. Thence,
      the gas is caused to travel through the hole 116 in the lower portion of
      the muntin 98 into the zone between the muntins 92 and 98 and through the
      tube 122. It will be understood that while the muntins may not form a
      sealing contact with the interior surfaces of the glass, they do aid in
      directing the flow of flushing gas as shown by the arrows in FIG. 2. When
      the space has been adequately flushed, the plug 118 is reinserted and the
      container 124 is reassembled thereby sealing the interior space between
      the glass panes 50 and 52. The window construction is completed and ready
      for installation.
PAR  In operation of the described window construction, as temperature and
      pressure conditions change, the relative pressures between the glass panes
      50 and 52 vary causing the air in the sealed space to be admitted into and
      exhausted from the desiccant container 124 through the tube 122 to thereby
      continuously and automatically treat the interior and withdraw moisture
      therefrom and thereby militates against any fogging of the window for many
      years. Also, the flexible walled container 124 provides pressure
      equalization between the interior of the window and the atmosphere to
      eliminate differentials in pressure across the seal line of contact
      between the gasket 86 and the interior faces of the glass panes 50 and 52
      to thereby militate against the tendency to leak. The container 124 would
      be effective in this regard even if no desiccant were present.
PAR  While mentioned has been made throughout the above description of the use
      of the muntin members, it will be understood that other enclosures could
      be included in the space between the glass panes such as, for example,
      venetian blinds, art objects, and light filtering devices.
PAR  In order to insure that the gasket material of the gaskets 46 and 86 of the
      illustrated embodiments assumes a dimensionally stable right angle corner
      configuration, for example, it may be found desirable to attach a narrow
      sheet metal corner strip to the back of the gasket material after the
      corner slit has been made. Such a construction will reinforce the corner
      of the gasket, as well as prevent the slit from increasing in depth and
      maintain the form of the gasket in the corner region.
PAR  It will be further understood that while the embodiments of the invention
      hereinabove described relate to window constructions, the inventive
      concepts may be likewise advantageously used in other opening closure
      structures such as insulating door constructions.
PAR  From the above description, it is evident that the invention may be
      practiced otherwise than as specifically illustrated and described.
      Accordingly, it is to be understood that the above disclosure it to be
      read as illustrative of the invention and not in a limiting sense.
CLMS
STM  What I claim:
NUM  1.
PAR  1. A hollow double transparent closure comprising:
PA1  a pair of substantially parallel spaced apart panes of transparent sheet
      material;
PA1  resilient gasket means disposed between the marginal edges of the facing
      surfaces of said panes, said gasket means having curved compressible faces
      engaging the adjacent faces of said spaced apart panes and defining an
      enclosed volume between the facing surfaces of said panes;
PA1  a frame circumscribing the periphery of said panes, said frame including
      elements of a material of a low thermal conductivity containing grooves
      for receiving the marginal edges of said panes and having walls of the
      grooves engaging and urging said panes toward one another to compress said
      gasket means an amount sufficient to produce an airtight sealing contact
      between the marginal edges of the facing surfaces of said panes and said
      gasket means; extending tongues on alternate ones of the elements of said
      frame fitted within the grooves of the adjacent other ones of the elements
      of said frame;
PA1  flushing gas directing means in the enclosed volume between said facing
      surfaces of said panes, said directing means being spaced across the
      planes of the respective panes to sub-divide the enclosed volume between
      the facing surfaces of said panes; and
PA1  fastener means for interconnecting the grooved elements of said frame to
      form a rigid structure.
NUM  2.
PAR  2. The invention defined in claim 1 wherein said gas directing means is in
      the form of an array of apertured muntin members.
NUM  3.
PAR  3. The invention defined in claim 2 including longitudinal tubing
      interconnecting ones of said muntin members, and porting means for
      providing communication between said tubing and selected sides of said
      muntin members.
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ABST
PAL  A stair construction in which a stair tread member is releasably clamped in
      position upon a pair of spaced tread support frame members in a manner
      such that a tubular sleeve of carpeting or other flexible tread covering
      material is simultaneously snugly, yet releasably, fitted in place on the
      tread member. The construction includes a pair of individual side frame
      assemblies in a parallelogram linkage form wherein the inclination of the
      prefabricated side frame assemblies can be adjusted as required in the
      field while maintaining the tread support frame members in a true
      horizontal position.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The primary objective of the present invention is to provide a stair
      construction employing a prefabricated frame which can be easily adjusted
      in the field to various stair inclinations, which can be installed and
      assembled with a minimum amount of time, skill and effort, and in which
      carpeting or other flexible tread covering material can be readily
      replaced or shifted when worn.
PAR  The construction includes a pair of side frame assemblies constructed in a
      parallelgram linkage form with two parallel elongated main link members of
      each frame assembly pivotally connected to parallel tread support members.
      The parallelogram linkage arrangement enables the inclination of the
      elongate main frame members to be adjusted to the desired inclination of
      the stair, as is frequently required because of constructional tolerances.
      The frame assemblies are installed on opposite sides of the stair well and
      detachable tread members are supported upon and extend between the tread
      support frame members on the opposed frame assemblies.
PAR  The tread members take the form of a plate-like member having downwardly
      and inwardly turned flanges along its longitudinal edges which define
      inwardly facing opposed longitudinal recesses on the underside of the
      tread member. A fixed tongue member extending between the tread support
      frame members is located to be seated within the tread member recess along
      the front edge of the tread, while a clamp member pivotally mounted upon
      and extending between the tread support frame members is receivable within
      the rearward recess in the tread member to detachably clamp the tread
      member in place.
PAR  A sleeve of carpeting or other flexible covering material may be slipped
      onto the tread member prior to its installation, the tongue member and
      clamp member engaging the outer side of the sleeve to press and tuck the
      sleeve into the tread member recesses as the tread member is clamped in
      position to snugly conform the sleeve to the tread member surface. When
      the covering material becomes worn, the tread member may be detached from
      the frame and the sleeve of covering material slipped around the tread
      member to a new position exposing an unworn portion of the sleeve or the
      sleeve may be entirely replaced.
PAR  Other objects and features of the invention will become apparent by
      reference to the following specification and to the drawings.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a side elevational view, with certain parts broken away or shown
      in section, of a stair construction embodying the present invention;
PAR  FIG. 2 is a top plan view, with certain parts broken away or shown in
      section, of a tread assembly of FIG. 1;
PAR  FIG. 3 is a perspective view of a clamp member employed in the assembly of
      FIG. 1;
PAR  FIG. 4 is a detail cross sectional view taken on the line 4--4 of FIG. 1;
PAR  FIG. 5 is a detail cross sectional view taken approximately on the line
      5--5 of FIG. 1;
PAR  FIG. 6 is a side elevational view of a tread assembly with a carpeting
      sleeve in place; and
PAR  FIG. 7 is a side elevational view of an individual tread assembly with the
      clamping device in its open position, as during installation or removal of
      a tread member from the assembly.
DETD
PAR  Referring now particularly to FIGS. 1 and 2, a stair construction embodying
      the present invention is made up of a pair of right and left handed side
      frame assemblies, each of which includes a pair of elongate main frame
      members 10 and 12 and a plurality of spaced parallel tread support frame
      members designated generally 14 which are pivotally coupled as by bolt
      assemblies designated generally 16 to the inner sides of main frame
      members 10 and 12 so that the assembled main frame and tread support frame
      members constitute a parallelogram linkage assembly. Main frame members 10
      and 12 extend the entire length of the stair construction. For purposes of
      illustration only a lower portion with two tread frame support members has
      been shown in FIG. 1, however, it is believed apparent that the length of
      main frame members 10 and 12 and the number of tread support frame members
      14 will vary in accordance with the dimensions of the particular
      installation.
PAR  At the lower ends of each of main frame members 10 and 12, a bracket 18 is
      coupled to the frame member for longitudinal adjustment by means of a nut
      and bolt connection 20 passing through an elongate slot 22 in the frame
      member. This connection enables the angle of inclination of main frame
      members 10 and 12 to be adjusted as required with a corresponding
      adjustment of the two main frame members relative to each other to
      position tread support frame members 14 in a horizontal position after the
      angle of inclination of the main frame members has been established.
PAR  As best seen in FIGS. 4 and 5, tread support frame members 14 are of
      inverted U-shaped transverse cross section. Mounted upon and extending
      between the forward ends of each opposed pair of tread support members 14
      is a tongue member 24 formed of a metal rod stock. Tongue member 24 is
      spaced above the upper surface of frame members 14 by a downwardly offset
      mounting section 26 which rests upon the frame member 14 to support the
      main portion of the tongue member above frame member 14.
PAR  At a location spaced rearwardly from tongue members 24, each support frame
      member 14 is formed with an upset portion 28 which, as best seen in the
      side elevational views of FIGS. 1 and 7 provides a horizontal slot 30 at
      the top of the frame member. The slots 30 are employed to receive and to
      support a clamp member designated generally 32 whose construction is best
      shown in the perspective view of FIG. 3.
PAR  Referring now to FIG. 3, clamp member 32 is formed from a single piece of
      rod stock and includes a tongue portion 34 which is integrally connected
      via crank portions 36 and 38 to pivot shaft portions 40 and 42 which are
      coaxially aligned with each other and which extend parallel to tongue
      portion 34. Pivot shaft section 42 is integrally connected to an arm 44
      whose function will be discussed in greater detail below.
PAR  As seen in FIGS. 1 and 2, pivot shaft portions 40 and 42 pass through and
      are received in slots 30 in frame members 14 to support clamp member 32
      upon the opposed frame members 14 for both pivotal movement and for a
      limited degree of horizontal movement back and forth along the tops of
      frame members 14. A tension spring 46 (FIGS. 1 and 4) is connected between
      pivot shaft portion 42 of the clamp member and the associated frame member
      14 to resiliently bias clamp member 32 rearwardly or to the right as
      viewed in FIG. 1.
PAR  Tread members designated generally 50 are constructed from metal sheet
      material and include a flat main body portion 52 having downwardly and
      inwardly turned flange portions 54 extending along the opposed
      longitudinal edges of tread members 50 to define inwardly facing recesses
      56 on the underside of tread member 50. As best seen in FIGS. 1 and 2, the
      tread members 50 are adapted to be supported upon and extend transversely
      between opposed pairs of tread support frame members 14.
PAR  In normal usage, tread members 50 are enclosed within an open ended tubular
      sleeve of carpeting 60, the sleeve 60 being of a length equal to that of
      tread members 50 and a circumference such that it is loosely received on
      the tread member as best seen in FIG. 6. The circumferential dimension of
      the sleeve is related to the dimensions of the tread members, including
      the re-entrant portions defined by recesses 56 such that when the sleeve
      is tucked into recesses 56 by the tongue members and clamp members as best
      seen in FIGS. 1 and 7, the sleeve is snugly conformed to all of the tread
      members surfaces, particularly the upper surface.
PAR  Referring now particularly to FIGS. 1 and 7 clamp member 32 is pivotally
      supported upon frame members 14 for pivotal movement between a release
      position indicated in broken line at 32a in FIG. 7 and a clamp position
      shown in FIG. 1. To install a convered tread member upon tread support
      frames 14, clamp member 32 is located in the broken line position shown in
      FIG. 7 and a tread member with a loosely engaged sleeve, such as in FIG.
      6, is advanced onto the assembly by introducing tongue member 24 into one
      recess 56 in the tread member, the tongue member 24 pushing the covering
      60 into the recess 56 ahead of it. The opposite longitudinal side of the
      tread member and carpet is rested upon clamp member 32, and the rearward
      or right-hand edge of the tread member is pushed downwardly, as by
      stepping on it, with the action illustrated in full line in FIG. 7
      occurring as the tread member moves downwardly toward support frames 14,
      until the situation shown in FIG. 1 is achieved. Normally, the sleeve 60
      will be made somewhat undersize (so that it cannot be fully seated in both
      recesses as shown in FIG. 1) and spring 46 permits clamp member 32 to
      longitudinally adjust itself to compensate for this, while at the same
      time snugly stretching the covering material 60 across the top of tread
      member 50.
PAR  To releasably latch clamp member 32 in its clamp position, a spring-type
      latch 64 (FIG. 4) may be employed to project through one side wall of
      frame member 14 into overlying relationship with arm portion 44. Spring 64
      is fixedly secured to frame member 14 at its upper end as at 66 while the
      lower end of the spring is free so that it can be manually withdrawn to
      the right as viewed in FIG. 4 to permit release of arm 44.
PAR  In some installations, where it is desired to positively lock the tread
      members in place, a positive locking mechanism may be employed which
      includes a rigid rod 70 (FIGS. 1 and 5) pivotally secured to one set of
      frame members 14 as by passing through upset strap portions 72. At each
      frame member 14, a locking arm 74 is fixedly secured to rod 70 and
      projects through an opening 76 in the side wall of frame member 14 into
      overlying relationship with arm portion 44 of clamp member 32 when in its
      clamp position. A lock arm 78 fixedly secured to rod 70 may be secured to
      a securing eye 80 as by a padlock 82 (FIG. 1) to lock rod 70 against
      rotation from the position shown in FIG. 5. To release the clamp arms, it
      is necessary to unlock arm 78 and rotate rod 70 to swing the arms 74 clear
      of the arms 44 of the clamping members.
PAR  If desired, a vertically adjustable riser plate assembly 84 may be
      employed. Riser plate 84 includes a pair of vertical plates 86 and 88
      which can be clamped into selected positions of vertical adjustment
      relative to one another as by bolts 90 which pass through a vertically
      elongate hole in one of two plates. A carpet clamping assembly designated
      generally 92 may be employed to hold a strip of carpeting in position upon
      the riser plate assembly, the plate assembly resting on one set of tread
      support frame members 14 and being frictionally held in position by the
      engagement between its upper edge and the covered tread assembly of the
      next higher tread.
PAR  While one embodiment of the invention has been described in detail, it will
      be apparent to those skilled in the art that the disclosed embodiment may
      be modified. Therefore, the foregoing description is to be considered
      exemplary rather than limiting, and the true scope of the invention is
      that defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stair tread construction comprising an elongate tread member having a
      flat main body portion and inturned flange portion extending along each of
      the opposed longitudinal edges of said main body portion in underlying
      relationship to said main body portion to define inwardly facing opposed
      longitudinal recesses on the underside of said tread member, a pair of
      tread support frame members extending transversely beneath said tread
      members adjacent the opposite ends thereof to support said tread member,
      an elongate tongue member fixedly mounted upon and extending between said
      support frame members and projecting into one of said recesses to anchor
      one longitudinal edge of said tread member to said support frame members,
      an elongate clamp member pivotally mounted on and extending between said
      support frame members, said clamp member having a longitudinal tongue
      portion projecting into the other of said recesses to anchor the other
      longitudinal edge of said tread member to said support frame members and
      to clamp said tread member against said tongue member, said clamp member
      being pivotally supported upon said support frame members for pivotal
      movement about an axis extending longitudinally of said tread member at a
      location intermediate the longitudinal edges of said main body portion,
      and a manually operable arm portion on said clamp member for pivoting said
      tongue portion of said clamp member between a generally horizontal tread
      member clamping position and an upwardly inclined tread member release
      position.
NUM  2.
PAR  2. The invention defined in claim 1 further comprising a tubular sleeve of
      carpeting or other flexible floor covering material received upon and
      encompassing said tread member, said sleeve having a length substantially
      equal to that of said tread member and a circumferential extent such that
      said sleeve snugly encloses said tread member when portions of said sleeve
      are tucked into said recesses by said elongate members of said tongue
      means and said clamp means.
NUM  3.
PAR  3. The invention defined in claim 2 wherein said clamp means comprises a
      pair of pivot shaft portions offset from and parallel to the elongate
      member of said clamp means, means on said frame members defining pivot
      shaft receiving slots extending longitudinally of the frame members
      supporting said clamp means for pivotal movement and for movement
      longitudinally of said frame members toward and away from said tongue
      means, and spring means biasing said clamp means away from said tongue
      means.
NUM  4.
PAR  4. Apparatus as defined in claim 3 wherein said clamp means is movable
      between a clamp position and a tread member release position, and means
      for releasably latching said clamp means in said clamp position.
NUM  5.
PAR  5. In a stair construction having a pair of spaced parallel tread support
      frame members fixedly supported in horizontally aligned relationship with
      each other;
PA1  a detachable tread assembly comprising an elongate tread member having a
      flat plate-like main body portion and integral downwardly and inwardly
      turned flange portions extending along the opposite longitudinal edges of
      said main body portion to define inwardly facing opposed longitudinal
      recesses on the underside of said tread member, an elongate first tongue
      fixedly mounted upon and extending between said frame members adjacent the
      outer end of said frame members, said tongue being offset upwardly from
      said frame members and adapted to project into one of said recesses of
      said tread member in overlying relationship to the flange portion of said
      tread member when the lastmentioned flange portion rests upon the frame
      members, an elongate second tongue parallel to said first tongue and
      extending between said frame members, pivot means supporting said second
      tongue upon said frame members for pivotal movement about an axis parallel
      to said first tongue between a release position wherein said second tongue
      is inclined upwardly from said pivot means and away from said first tongue
      and a clamp position wherein said second tongue extends generally
      horizontally from said pivot means away from said first tongue, said
      second tongue being receivable within the other of said recesses in said
      tread member to seat said first tongue in said one of said recesses as
      said second tongue is moved from said release to said clamp position.
NUM  6.
PAR  6. The invention defined in claim 5 wherein said pivot means accommodates
      movement of the pivotal axis toward and away from said first tongue, and
      spring means coupled to said second tongue biasing said second tongue in a
      direction away from said first tongue.
NUM  7.
PAR  7. The invention defined in claim 5 further comprising an arm on said
      second tongue, and retaining means on one of said frame members engageable
      with said arm to releasably retain said second tongue in said clamp
      position.
NUM  8.
PAR  8. The invention defined in claim 7 wherein said retaining means comprises
      a spring latch.
NUM  9.
PAR  9. The invention defined in claim 5 wherein said tread assembly further
      comprises an open and tubular sleeve of covering material having a length
      substantially equal to that of said tread member and a circumferential
      extent such that when said sleeve encompasses said tread member and is
      tucked into said recess by said tongue members the material of the sleeve
      is smoothly stretched across the upper surface of said tread member.
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ABST
PAL  A construction member including a row of cans and a pair of channels of
      mesh or the like, housing and holding the cans together. Each of these
      channels includes an elongated middle piece of the mesh and an elongated
      lateral piece on each side of the middle piece, angularly and integrally
      joined to the middle piece. The pair of opposite lateral pieces on each
      side of the can row meet at middle portions of the cans, and one of this
      pair has elongated edge portions which overlap edge portions of the other
      lateral piece of the pair. Fastening means (screws or other rod-like
      elements and/or epoxy putty or the like) pass thru the lapped edge
      portions on each side of the can row, and when, as is preferable, screws
      are utilized these are screwed into material of at least the end cans of
      the can row, thus holding the mesh channels together and the cans within
      the channels. The cans preferably contain low-cost insulation. The bars
      comprising cans and channels may be assembled into a plural-sided
      construction member by interlocking adjacent ends of the channels by means
      of attachment flanges on end portions of the channels. These flanges may
      be integral with the material of the channels or may be separate and
      bonded to channels. FIGS. 10 to 15 illustrate the construction members as
      built into walls and a roof, the mesh being impregnated and coated with
      stucco. The invention also comprises an elongated, light-weight, straight
      or curved building bar of channels, cans, and concrete or synthetic
      plastic.
BSUM
PAR  In some respects the present invention comprises an improvement of the
      invention of my copending Application Ser. No. 313,454, filed on Dec. 8,
      1972 now U.S. Pat. No. 3,857,215.
PAR  Among other purposes, some objects of this present invention are to
      provide: (1) a light-weight, strong, insulated building bar, called an
      "Insubar," including cans, overlapping channels of mesh and can-and-mesh
      fastening means, capable of being fastened to other, similar bars in a
      wall, roof, floor, deck or the like and, while thus in place, stuccoed
      over to form a building surface or surfaces; (2) such a bar in which the
      mesh comprises an end-portion tab or flange for attachment of the bar to a
      door or window frame; (3) a bar as in (1) above in which the cans are
      sheathed in two channels of mesh having elongated, lapped edge portions
      that are fastened together and to portions of the cans by tapping screws
      or other fastening means; (4) a building structure comprising bars
      specified in (3) above, fastened together by can-row-end flanges, and
      stucco over the mesh; (5) a construction bar which comprises bar-surfacing
      concrete, stuccoed mortar or organic plastic.
DRWD
PAR  Other objects and the specific structure of the invention will become
      apparent from the following specification and the accompanying drawings.
      In these drawings
PAR  FIG. 1 is a plan view, partly broken away, of a row of parallel-axes cans,
      held in position within channeled mesh, at least one channel of the mesh
      having an end tab or fastening flange at each end of the channel;
PAR  FIG. 2 is a fragmentary plan view, illustrating an end portion of one form
      of the mesh of FIG. 1 before its sides are bent into a channel;
PAR  FIG. 3 is a plan view, partly broken away, of a curved row of parallel-axes
      cans within curved channels of mesh, at least one of the channels having a
      narrow end flange which is attached to a door or window frame;
PAR  FIG. 4 is a plan view, partly broken away, of another arrangement of
      parallel-axes cans and mesh;
PAR  FIG. 5 is a sectional view from a plane comparable to the plane 6--6 of
      FIG. 1, indicating the mesh and cans as sheathed in plastic (organic
      plastic or concrete), in a construction element;
PAR  FIG. 6 is a sectional view, on a plane enlarged from that of FIGS. 1 to 5,
      from a plane comparable to the plane 6--6 of FIG. 1, illustrating
      elongated edge portions of the channels as overlapped at sidewalls of the
      cans;
PAR  FIG. 7 is a plan view of a common type of new or used can, shown as having
      a preferably sealed-over aperture;
PAR  FIG. 8 is a plan view of another optional type of new or used can, partly
      broken away to disclose can-contained insulation;
PAR  FIG. 9 is a sectional view, from a plane comparable to the plane 6--6 of
      FIG. 1, showing cans and mesh in a bar comprising concrete or the like,
      and channels of mesh as being overlapped and fastened to can sidewalls;
PAR  FIG. 10 is a horizontally sectional view, partly broken away, showing bars
      of mesh-sheathed cans assembled in a wall structure, ready to be stuccoed,
      the mesh having end flanges that are fastened to door or window frames;
PAR  FIG. 11 is a detail elevational view (or alternatively a plan view), partly
      broken away, of an assembly of two of the bars at a corner of a
      plural-sided member (for example, indicating a joint between can-and-mesh
      rows at a roof peak);
PAR  FIG. 12 is an elevational, sectional view, partly broken away, illustrating
      building walls in section and the ridge portion of a roof;
PAR  FIG. 13 is a fragmentary plan view of a row of end-joined cans, before it
      is sheathed in a channel or channels of mesh;
PAR  FIG. 14 is a detail view, illustrating a separate flange or tab element,
      adapted to be fastened to end portions of mesh channels, for reinforcing
      and fastening together the channels; and
PAR  FIG. 15 is an elevational, sectional view similar to FIG. 12, showing
      curved roof bars.
DETD
PAR  FIGS. 1 to 9 and 13 indicate the basic construction bar of the invention,
      comprising rows of cans that are reinforced and bracingly held between
      channels of mesh having overlapping, elongated edge portions. In each of
      the forms of the invention shown in FIGS. 1 to 15, this bar comprises
      adjacent cans, arranged in a row, these cans optionally being new or used
      but preferably being of an economical used type, the cans being held
      together between channels of mesh, at least some of the cans being
      fastened to overlapping edge portions of the mesh by tapping screws, epoxy
      putty or the like. The mesh may be: of metal (for example, hardware wire
      cloth, expanded metal or other apertured sheet metal); or of strong,
      apertured plastic, which optionally may be reinforced by fibers or textile
      fabric, or coated and stiffened by shellac, or other plastic, including
      glue. Optionally, the row of cans and mesh may be sheathed in concrete or
      other plastic in a construction bar or, and preferably, may be fastened to
      other can-and-mesh bars in a wall frame that is exteriorly stuccoed, and
      also preferably interiorly plastered with stucco comprising a mixture of
      cement (portland cement, lime, mortar cement or epoxy or other glue) and
      fine aggregate (sand, ground or shredded plastic, cinders or the like).
PAR  The can 1, shown in FIGS. 6 and 7, may be of the liquid-containing or
      coffee-containing type -- for examples: the currently common coffee can,
      preferably used and closed at one end by the common plastic cap; or the
      preferably corrugated type of used tomato-juice or fruit-juice can; or a
      beer or soft-drink can.
PAR  Such a can may have been opened as indicated at 2 and 3. Although the
      openings of such used cans may be left unsealed when the can's matrix is
      stiff (for example, stiffly poured concrete), they preferably are sealed,
      for instance by pieces of adhesive tape. These pieces may be rectangular
      as at 4 or triangular as at 5; and preferably they are hand-torn from a
      tape roll that is perforated to permit their easy, manual removal.
      Preferably, each piece is in the form of a right, isosceles triangle
      (having two equal sides), repetitively indicated on the roll by a
      continuous series of punctures, thus involving no loss of material in
      removing the pieces. The adhesive tape used may be, for example, of the
      masking or electrically insulating type or may comprise aluminized
      plastic, rubber, paper-and-glue, or waterproofed cloth. Optionally, the
      pieces 4 and 5 may be sheathed over with epoxy putty or other strong glue
      -- for example, liquid epoxy cement or shellac or contact cement, poured
      in a layer over and within the recess of the end caps of the cans.
PAR  The new or used can of FIG. 8 is of the common paint-can type, and
      preferably is a used paint can. It comprises a flanged snap-lid 6,
      sealingly forced down into tight contact with the bottom of the groove 7
      and with the downwardly and inwardly extending annular flange that is
      integral with this bottom and is covered by the lid in FIG. 8.
PAR  The cans may be assembled in straight rows, as illustrated in FIGS. 10 and
      12 and in the lower part of FIG. 15, or as exampled in FIGS. 3, 11, and
      the upper part of FIG. 15 in curved rows. They may be placed in fixtures
      or forms having low, straight or curved side walls, and while in the
      fixture one of the channels is stretched over them and while thus
      stretched screwed, or epoxy-puttied or soldered as at 8, to the can's end
      walls or side walls.
PAR  But when, as is preferable, the mesh is metallic hardware cloth or expanded
      sheet metal, a strip of it is preferably cut to the proper size and with
      the aid of machinery stamped or pressed into the desired channel shape.
      The cans are then assembled within a lower one of the channels; and the
      top channel is placed over the cans, with lower edge portions that overlap
      the elongated upper edge portions of the lower channel. Then tapping
      screws, 9 or 10, are screwed thru apertures of the mesh and into the
      material of the cans.
PAR  As illustrated in FIGS. 6 and 9, and optionally in FIGS. 1 to 5 and 7 to
      15, the upper channel 11 and the lower channel 12 have elongated edge
      portions which overlap at the can sidewalls and are fastened to these
      sidewalls by the screws 9. Preferably also at least a pair of screws (10)
      fasten the mesh to end cans of the can row. Although there optionally may
      be at least one of the screws 9 and 10 in the material of each can, only a
      few of these screws are necessary. Optional epoxy putty or other stiff
      adhesive 8 may fasten portions of the mesh to the cans, and optionally
      bits 13 of epoxy putty or the like may be mounded over the screws; but
      currently the mounds 8 and 13 of stiff adhesive are not preferred.
PAR  As illustrated in FIG. 5, and optionally as in FIGS. 1 to 4 and 6 to 15,
      the channel 14 and the opposite channel 15 have elongated edge portions
      which overlap at the end caps of the cans and are fastened to these end
      caps by screws 10 and 10'. The cans of the type of FIGS. 4 and 5
      optionally may be glass or plastic jars, in which event the deeper can-end
      cap 16 is a metal or plastic cap, screwed or otherwise fastened to one end
      of the can. But preferably these receptacles of FIGS. 4 and 5 are used
      coffee cans. As indicated in FIG. 4, these cans or jars are alternated in
      position, so that each deeper and thicker can-end plastic cap 16 is
      adjacent to a narrower and thinner can-end cap 17, thus providing an even
      and straight row of cans. If, as is not now preferred, the thicker end
      caps 16 were all at the same side of the can row, and each pair of the
      other, thinner caps 17 were in contact the row would be curved; and in a
      few instances this arrangement might be desired. As indicated in FIG. 5, a
      screw is optionally shown as penetrating the thicker end cap 16; but
      preferably and as illustrated in FIG. 4, screws 10' are placed only thru
      the caps 17; and only a few of these screws 10' are necessary.
PAR  In FIG. 13 and the ceiling portion of the roof structure of FIG. 12 the
      cans 18 (of metal, plastic or glass) are end-joined. These cans may be
      bracingly held together only by channels of mesh, but for extra strength
      and especially when used as quasi ceiling joists or rafters the ends of
      each adjacent pair of these cans are tightly fastened together within
      enveloping pieces of adhesive tape, 19, encircling the can ends. The
      present inventor has discovered that adjoining cans having their abutted
      ends tightly wrapped in masking or other adhesive tape provide a
      surprisingly strong elongated row of cans. Such end-joined cans optionally
      may be used within any of the channels of mesh shown in FIGS. 1 to 6, 9 to
      11, 12 and 15. When the cans 18 are of metal or plastic, screws fasten the
      mesh to can sidewalls; but when, as not now preferred, these cans are of
      glass the mesh is fastened to them by bits of epoxy putty, silicone rubber
      cement, or the like, and/or screws or the like that extend thru the mesh
      and jar or bottle caps.
PAR  In each of the disclosed structures the cans preferably are filled with
      insulation (20 or 21). Since this insulation is within cans, it may be of
      a very low-cost type -- optionally treated with wood or other preservative
      -- for examples: nut, cotton-seed or other seed hulls; sand; cinders;
      ashes; sawdust; tan bark; bits of pine bark such as are sold for plant
      mulch; light-weight topsoil or other dust; or bits of foamed-plastic
      scrap.
PAR  The basic construction element of FIGS. 1 to 9 and 13 provides
      strengthening framework in more complex structure, of which several
      examples are illustrated in FIGS. 10, 11 and 12 to 15. FIGS. 3 and 10
      illustrate such elements as embodied in a wall, curved in FIG. 3,
      straight-sided in FIG. 10. For attachment of the bars together or to door
      or window frames or the like, the mesh channels are provided with
      attachment flanges. Such flanges optionally may be on both of the opposite
      channels or only on one. As shown in FIG. 3 or the right-hand part of FIG.
      10, only one, relatively narrow flange (22) of each pair of the opposite
      mesh channels is utilized to fasten the bar to a door or window frame. The
      flange 22 is nailed or screwed (and optionally glued with bits of epoxy
      putty or the like) to the vertical side 23 of the door or window frame. As
      shown in the left-hand part of FIG. 10, two opposite flanges 22 are
      fastened by rod-like elements (nails or screws) to the frame. For ease of
      construction, only one flange 22 at the frame suffices; and a few bits of
      epoxy putty may be placed on the mesh and frame at a point opposite to 22.
PAR  In forming a corner or joint of the type illustrated in FIGS. 10, 11, 12
      and 15, at least one of the opposite channels of mesh, in one bar of each
      jointed pair of bars, has an end attachment flange that is wide enough to
      sheathe most or all of the end can of the adjoining bar. In the
      horizontally sectional view of FIG. 10, the outside mesh channel of the
      bar 24 has at one end the narrow flange 22 (illustrated also in FIG. 1),
      and at its other end a flange 25 which is sufficiently wide to at least
      cover most of the end can 26 of the adjoining bar 27, and preferably as
      shown overlaps two cans of the bar 27. It is fastened to the outside
      channel 28 by two screws 29.
PAR  The joint illustrated in FIG. 11 optionally may be utilized either as a
      corner between vertical walls or in the roof of FIG. 12. In forming this
      joint, a pair of end flanges 30 at opposite portions of the upper end of
      the bar 31, which are similar to the flanges 25, are slightly spread apart
      and straddled over the end can 32 of the bar 33 and over the mesh-end
      portions which sheathe the end caps of the can 32. (Only one of these two
      flanges 30 is viewed in FIG. 12). After thus being straddled over the end
      can 32, the ends 34 of the flanges 30 are hammered into engagement with
      the sidewall of the can 32. The ends 35 of the similar flanges at the end
      of the bar 33 (within the flanges 30) have been similarly formed before
      the above-described assembly. In completing the joint: the sheet metal
      screw 38 is driven into the end cap of the can 32, extending thru the
      overlapped end flanges 30, and preferably mounded over by the epoxy putty
      or other bonding material 13; and when, as is preferred, there are
      channels of mesh on both ends of each can, a similar screw and mound of
      bonding material are placed thru and over the other overlapped mesh-end
      portions of the joined channels.
PAR  When the FIG.-11 type of joint is used at the roof peak of FIG. 12, the
      hammered-over ends 34 and 35 of the flanges, as here shown, optionally may
      be eliminated. The attic-frame (roof-and-ceiling) part of this figure
      comprises juxtaposed, triangularly-shaped frame members, each of which
      includes rafter-like bars 36A and 36B, angularly joined at the ridge of
      the roof, and a ceiling-joist bar 37, angularly joined to the ends of the
      bars 36A and 36B. The cans of these bars, shown as having parallel axes,
      are of the type illustrated in FIG. 1; or, for extra strength, each row of
      them may be curved in the manner of FIGS. 3 and 11. But optionally these
      cans may be end-joined, of the type shown in FIG. 13 and in the ceiling of
      FIG. 12. The ridge joint between the upper ends of the bars 36A and 36B
      comprises an end flange 38A on the channel 39 of the bar 36A. Preferably,
      there are two parallel end flanges 38A which straddle and are fastened by
      screws 40 and/or bonding material to an end can or pair of end cans of the
      bar 36B.
PAR  These attachment flanges may be integral with the channel 39, as in FIG.
      11; or optionally they may comprise separate pieces of mesh of the type
      shown in FIG. 14. Here, the attachment flange 38A is integral with a
      portion 41 of the piece of mesh; and such a portion is adapted to be
      fastened by epoxy putty, solder, or other bonding material to the upper
      end of a mesh channel 39 on each upright side of the bar 36A. Preferably
      each mesh channel 39 is fastened to at least the three upper cans by the
      screws 42; and when the attachment flange 38A is in a separate piece of
      mesh the screws 42 also extend thru the reinforcing portion 41. Screws
      also fasten the upper end of the mesh channel 43; this channel is
      illustrated as having no upper attachment flange.
PAR  Each of the side-by-side ceiling-joist bars 37 optionally may comprises
      parallel-axes cans of the type of FIGS. 1 to 11; but preferably and as
      illustrated these bars comprise the end-joined cans 18, preferably
      strongly connected by the adhesive tape 19 and/or epoxy putty. At least
      some of the end ones of these cans are fastened to the incasing channels
      of mesh, which have overlapped, elongated edge portions, by screws 44.
      (For clarity of illustration the showing of these screws is very
      enlarged.) The bars 37 are joined to lower ends of the bars 36A and 36B by
      means of the attachment flanges 45 on the lower ends of each pair of the
      mesh channels and screws 42 which extend thru these flanges 45 and also
      thru the end portions of the mesh channels of 37 and into sidewalls of the
      cans 18.
PAR  Preferably, the triangular members comprising the adjoined bars 36A, 36B
      and 37, are subassembled; and then these thru-part members are juxtaposed
      and fastened together by epoxy putty or by mortar comprising portland
      cement, lime and fine aggregate. Currently, mortar of this type between
      the sides of these members is preferred, as an inexpensive material
      forming with the wire mesh strong vertical junction plates between the
      attic-frame members.
PAR  The roof of FIG. 12 rests on and is fastened to side walls by means of the
      mortar or epoxy 46, 47 and/or by other fastening means (for example
      anchoring bolts). Each of these walls comprises channels of mesh and cans
      between each opposite pair of the channels. These cans optionally may have
      parallel axes of the type shown in each of FIGS. 1, 3, 4 and 10; but as
      illustrated they are end-joined cans of the kind shown in FIGS. 13 and 12
      at 18. Each of the upper bars of these walls is stacked on and joined to
      lower horizontal bars by a layer of mortar or epoxy putty 47 or 46. After
      the can-and-mesh framing of FIG. 12 (or of FIG. 15) is formed, stucco is
      troweled or sprayed on its exterior and preferably also on its interior.
      This stucco 48 comprises cement (portland cement, mortar cement, or epoxy,
      or the like), mixed with fine aggregate. The roof portion (48', FIG. 15)
      of this stucco preferably comprises epoxy or other organic or synthetic
      plastic.
PAR  The alternative type of roof shown in FIG. 15 is upwardly curved, and
      preferably nearly flat. Here all the cans are exampled as having parallel
      axes; but optionally any or all of these cans may be end-joined, of the
      type shown at 18 in FIGS. 12 and 13. Each pair of the stacked bars of the
      vertical walls optionally may have a layer of mortar (47, FIG. 12) between
      them, but as illustrated in FIG. 15 they are fastened together by
      intermittently placed small masses of epoxy putty or other stiff adhesive.
      The attachment flanges 45 are integral with the arched-roof mesh channel
      49 of the roof bars. Since the upper and lower curves of these rafter-like
      roof bars have long radii these curves of the mesh channels may be easily
      formed under pressure of a press, the die of which slightly crumples the
      upright portions of the channels in small folds. These folds further
      reinforce the mesh-and-can bar. Between the roof and ceiling-joist bars,
      insulation, indicated at 50, preferably is placed. The stucco 48A on one
      side of the roof illustrates an optional shape of the architrave; but
      preferably its surface on both sides is vertically planar, as indicated at
      48. When the stucco comprises portland cement it is preferably
      waterproofed by at least two coats of masonry paint, of the Stadri or
      Bondex type.
PAR  Various changes may be made within the scope of the following claims. For
      instance, while the parallel-axes cans of FIGS. 1 to 12 and 15 are in a
      fixture -- before incasing them in the channels of mesh -- a V-shaped mass
      or strip of insulation (51 in FIG. 3 -- for example, of foamed plastic or
      fiberglass) may be glued, adhesive-taped or otherwise fastened in the
      outer groove, on and between each pair of the parallel-axes cans. Or,
      before application of the mesh channels around each row of the
      parallel-axes cans or of the end-joined cans 18, these channels may be
      glued to and lined by thin layers of insulating foamed-plastic sheeting.
      Also within the scope of the claims the flange 25 of FIG. 2 may be formed
      not by cutting out corner portions of a rectangular piece of mesh as in
      FIG. 2 but simply by cutting the rectangular piece along the two lines 52;
      and thereafter the corner portions may be bent around cans for further
      strengthening of the construction member. Otherwise, the flange 25 may be
      a separate piece, somewhat similar to that of FIG. 14, bonded to the
      can-holding channel.
PAR  In the claims, unless otherwise qualified, the word "can" means a tubular
      element of metal, plastic or glass, of any cross-sectional shape;
      "rod-like element" means a screw, nail, rivet or bolt; "stucco" means
      material which is plastic or liquid when applied and sets with passage of
      time (for instance, mortar or other concrete, organic or other plastic or
      any cement mixed with fine aggregate); and "gaseous material" means air,
      or any pure gas, mixture of gases, or gas-containing insulation or plastic
      (for example, foamed plastic), under atmospheric or above-atmospheric or
      sub-atmospheric pressure.
CLMS
STM  I claim:
NUM  1.
PAR  1. A plural-sided construction member, including:
PA1  a plurality of end-joined sheathed-can rows, each of said rows comprising:
      a plurality of cans having their axes substantially arranged in a line;
      encompassing said cans, a pair of oppositely positioned, partially
      telescoped channels of apertured stiff material, having apertures adapted
      to receive and hold stucco, one of said channels having an opposite,
      spaced pair of elongated edge portions each of which is contiguous to and
      overlaps an elongated edge portion of the other of said channels; and
      means extending thru apertures in said contiguous, lapped edge portions
      for fastening said channels together and to the row of cans;
PA1  means fastening together each adjacent pair of sheathed-can rows at row
      ends in a strength-providing joint of said member, comprising: a row-end
      attachment flange on a said channel, extending beyond end cans of the row
      to which the channel is connected, and at said joint overlapping a joint
      portion of a channel of a second sheathed-can row and overlapping an end
      can of said second row; and attaching means, passing thru said row-end
      flange, thru said lapped joint portion, and fastened to said end can.
NUM  2.
PAR  2. A construction member as set forth in claim 1, in which the said
      material of the channels comprises metallic mesh.
NUM  3.
PAR  3. A construction member as set forth in claim 1, further including stucco,
      impregnating and coating said apertured stiff material.
NUM  4.
PAR  4. A construction member as set forth in claim 1, in which said cans
      contain gaseous material.
NUM  5.
PAR  5. A construction member as set forth in claim 4, in which said gaseous
      material comprises an insulating mixture of particles and air between
      particles.
NUM  6.
PAR  6. A construction member as set forth in claim 5, in which said particles
      are of dirt.
NUM  7.
PAR  7. A construction member as set forth in claim 1, further including a
      second row-end attachment flange on a mesh channel at the opposite end of
      said row from the first-named flange, the said second flange being
      narrower than said first-named flange and adapted to be fastened to a door
      or window frame.
NUM  8.
PAR  8. A construction member as set forth in claim 1, generally triangular in
      shape, having three of said sheathed-can rows each adjacent pair of which
      are angularly joined together in a said joint; one of said three rows
      being a ceiling-joist bar; and the other two of said rows being upright
      and joined together in a roof-ridge frame portion.
NUM  9.
PAR  9. Structure as set forth in claim 1, comprising a plural-sided,
      attic-frame member, including: a lower ceiling-joist bar, comprising a
      said row of cans and can-incasing pair of channels; and upper roof
      structure that is adapted to support roofing material comprising cans and
      mesh channels encompassing these cans, having a summit portion that is
      higher than each of its two lower end portions, adapted to conform to a
      water-shedding roof; a said means fastening together an adjacent pair of
      can rows, connecting each of said lower end portions to an end portion of
      said ceiling-joist bar, forming two angular joints.
NUM  10.
PAR  10. Structure as set forth in claim 9, in which said roof structure
      includes an upwardly arched bar, comprising a said sheathed-can row, the
      said angular joints being between lower end portions of said arched bar
      and said ceiling-joist bar.
NUM  11.
PAR  11. Structure as set forth in claim 9, in which said roof structure
      includes two of said sheathed-can rows, adjoined at said summit in an
      angle, and a said means fastening together an adjacent pair of can rows,
      angularly connecting together ends of said last-named two sheathed-can
      rows at said summit.
NUM  12.
PAR  12. Structure as set forth in claim 9, further including: other similar
      attic-frame members, parallel to said first-named attic-frame member,
      forming roof framing; and water-shedding roofing material, attached to
      said roof structure.
NUM  13.
PAR  13. A construction member as set forth in claim 1, in which said row-end
      attachment flange is a separate piece of apertured stiff material; the
      said construction member further including means attaching said separate
      piece to the said channel on which it is located, at said end cans of the
      first-named row.
NUM  14.
PAR  14. Structure as set forth in claim 1, including a plural-sided,
      upright-wall member, comprising: at least two angularly-joined bars, each
      including a said row of cans and can-incasing pair of channels; a said
      joint angularly connecting adjacent ends of said two bars; and a second
      attachment flange at the end of one of said bars which is opposite to the
      end at said joint, adapted to be fastened to a wall-opening frame.
NUM  15.
PAR  15. Structure as set forth in claim 14, further including: other, similar
      upright-wall members; means fastening each adjacent pair of said
      upright-wall members together in an upright stack of these members; a
      wall-opening-closure frame; and at least one rod-like element fastening
      each said second attachment flange to said frame.
NUM  16.
PAR  16. Structure as set forth in claim 15, in which said means fastening each
      adjacent pair of said wall members together comprises a layer of mortar.
NUM  17.
PAR  17. A light-weight construction member, including:
PA1  a row of aligned, contiguous cans, each of said cans comprising a tube and
      a pair of can-end covers fixed to opposite ends of said tube;
PA1  a channeled can-supporting element of stiff, shape-holding,
      member-strength-providing material, extending over and contiguous with
      said cans, comprising: a middle piece, having a length in the neighborhood
      of the length of the said row of cans; and a pair of elongated side
      flanges of said material, integral with said middle piece and embracing
      portions of said cans, one of said flanges being located on each side of
      said piece and having a length substantially equal to the said length of
      said piece;
PA1  a second channeled can-supporting element of stiff, shape-holding material,
      extending over and contiguous with said cans, comprising: a second middle
      piece, having a length in the neighborhood of the length of said row of
      cans; and a pair of elongated side flanges of said material, integral with
      said second middle piece and embracing portions of said cans, one of said
      last-named flanges being located on each side of said second piece and
      having a length substantially equal to the length of said second piece;
PA1  the said pair of side flanges of one of said channeled elements having a
      pair of elongated edge portions which overlap a pair of elongated edge
      portions of the other of said channeled elements;
PA1  fastening means extending thru apertures in lapped portions of the material
      of both of said pairs of elongated edge portions, connecting said edge
      portions to at least one can at each end of said row, holding said
      channeled elements together and said cans within the channeled elements;
      and
PA1  at least one attachment piece of stiff, member-strength-providing material,
      connected to one of said middle pieces and jutting beyond a row-end can,
      adapted for fastening to another construction element in a building
      structure.
NUM  18.
PAR  18. A construction member as set forth in claim 17, in which: said cans are
      end-joined; and said construction member further includes means fastening
      together each adjacent pair of the ends of said cans.
NUM  19.
PAR  19. A construction member as set forth in claim 17, in which: the said cans
      have substantially parallel axes; and the said fastening means extending
      thru apertures in lapped portions of material comprise rod-like elements.
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ABST
PAL  A curtain wall construction designed for glazing from the inside of the
      building, with the rubber gasket on the outside of the building, using a
      T-shaped gasket which fits into an outside facing groove formed in
      horizontal and vertical members assembled to make a frame for a wall
      panel, the relative dimensions of the frame and the gasket being such that
      the gasket may be first installed in the grooves, the wall panel may then
      be set in place resting against the gasket, and a panel clamping device
      attached from the inside to clamp the panel against the gasket and also
      cover the horizontal and vertical members to present a smooth inside
      appearance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to glazing systems for building walls, particularly
      of the curtain wall type.
PAR  2. Description of the Prior Art
PAR  In recent years an increasing number of buildings have been constructed
      with windows and other wall panels supported in elastomeric gasket strips
      which sealingly retain and cushion the wall panels. Such gasket strips
      generally comprise an elongated elastomeric body having grooves therein
      for receiving the edges of glass or other rigid sheets to be joined. The
      usual gasket strip also includes a wedge-shaped member insertable in a
      wedge receiving recess in the body of the strip. In such strips a portion
      of the gasket is bent back to allow the edge of the glass to be inserted
      into the groove, and then the wedge-shaped member is installed, whereby
      the elastomeric material is crowded to cause the groove to engage the
      glass or other rigid sheet more tightly. Such known gasket strips provide
      a resilient weather seal around the periphery of the panel. Such a gasket
      strip is disclosed, for example, in U.S. Pat. No. 3,068,617 to Borski.
      Such gaskets have been highly successful, but present difficulties in
      opening the groove to insert the glass, and in proper installation of the
      wedges, special tools usually being required.
PAR  In some installations conventional masonry and like building walls are
      replaced by a form of curtain wall construction consisting of an open
      structural frame work that either supports a panel within the open space
      defined by the structural frame work or has separate panel framing
      elements attached to one face of the structural frame work. The structural
      frame work and panel framing elements are generally composed of a number
      of extruded metal members that may be joined to form a single module, but
      are more frequently joined into a multiple module grid structure. A
      problem which has arisen in such installations involves the provision of a
      thermal barrier between the panel members and the grid members to prevent
      heat transfer from one member to thhe other, while providing a curtain
      wall system that is capable of fully meeting design specifications, both
      with respect to esthetics and performance. At the same time it is
      desirable to provide a sound barrier to decrease sound transmission
      between the exterior and interior of the building.
PAR  Systems attempting to solve these problems have heretofore been designed,
      as shown, for example, in U.S. Pat. Nos. 3,336,707 to Horgan, Jr.,
      3,488,906 to Brooks, and 3,699,735 to Smith.
PAR  Although the glazing systems disclosed in these patents have been found
      acceptable in many installations, problems of esthetics and difficulty of
      assembly have occurred in many cases. For example, the structure disclosed
      by Horgan, Jr. must be assembled from scaffolds on the outside of the
      building unless the building owner is willing to have the glazing gaskets
      with the wedges on the inside of the building. This is due to the fact
      that it is necessary to insert the wedges to clamp the panels after the
      panels are in place. Thus if, as is usually the case, the building owner
      prefers to have the smooth metal extrusions on the inside, scaffolding
      must be erected for construction of the curtain wall from the outside.
PAR  Brooks avoids this problem, but only by use of a large number of complex
      pieces in his assembly, so that construction is made more difficult and
      time consuming.
PAR  Smith's design can also be constructed from the interior of the building
      with the gasket on the outside but in this design difficulty is
      encountered in opening the grooves of the gasket to insert the panels, and
      then holding the gasket and panels in place while inserting the wedge to
      clamp the panels, followed by attaching this assembly to the metallic
      structure.
PAR  Such glazing systems as these utilize the gasket as a structural member;
      i.e., in addition to having the gasket function of sealing, the gasket has
      a structural support function of providing support for the wall panel
      members, such as glass. Thus such gaskets differ considerably from
      ordinary gaskets which provide only a sealing function, such as around
      refrigerator doors and the like.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention the foregoing problems are avoided by
      the use of a combination of frame members with an outwardly facing groove,
      a gasket having a tongue engaged in the groove and panel engaging faces
      facing the frame member, and a compression member which presses against
      the panel and is fastened to the frame member to hold the panel in sealing
      engagement with the gasket. The dimensions of the opening formed by the
      frame members is greater than the dimensions of the panel, and the panel
      engaging faces of the gaskets are dimensioned to form an opening smaller
      than the panel, so that the frame members can be installed first, thereby
      providing support for the remainder of this assembly, and then the gaskets
      are installed in the grooves of the frame members. Since no wedge is
      required for obtaining sealing engagement of the gasket with the panel,
      the gasket may be on the outside of the building even though the entire
      curtain wall is constructed from the inside of the building. Once the
      gaskets are installed the panels may be set in place against the sealing
      faces of the gaskets, and compression members, fastened to the frame
      members, installed from the inside to press against the panels, holding
      them in sealing engagement with the gaskets. The compression members may
      be designed to present a smooth pleasing appearance on the inside of the
      building.
PAR  According to this invention a T-shaped gasket is used which has locking
      means on its leg portion for retaining the gasket in a groove, and an
      uninterrupted convex face on top of the T. Upon installation in the
      groove, with the glass pressed against the sealing faces of the T with a
      force sufficient to provide a sealing pressure, the gasket yields until
      the top face is substantially flat.
PAR  The system of this invention is much more easily installed than those
      previously used, thereby achieving a saving in cost. The system provides a
      good thermal and sound transmission barrier, since the panel members are
      insulated from the metallic members. Furthermore, the principal structural
      members are concealed in the final assembly, so that these do not have to
      be finished.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational view of a curtain wall module;
PAR  FIG. 2 is an exploded isometric view of one embodiment of the curtain wall
      construction of this invention;
PAR  FIG. 3 is a horizontal sectional view of a portion of the embodiment shown
      in FIG. 2, taken at line 3--3 of FIG. 1;
PAR  FIG. 4 is a vertical sectional view of a portion of the embodiment shown in
      FIG. 2, taken at line 4--4 of FIG. 1;
PAR  FIG. 5 is a horizontal sectional view of a portion of the embodiment shown
      in FIG. 2, taken at line 5--5 of FIG. 1; and
PAR  FIG. 6 is a sectional view of the glazing gasket of this invention, shown
      in its "as-molded" form.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 depicts a typical curtain wall module comprising perimeter structure
      10 and vertical and horizontal mullions 12 and 14, respectively, forming a
      frame for four panels 16.
PAR  As best seen in FIG. 3, the perimeter portion 10 of the frame comprises an
      elongate metal structural support member 18 provided with an outwardly
      facing (toward the outside of the building) groove 20 in which the tongue
      22 of a T-shaped gasket 24 is received. The member 18 is preferably made
      of extruded aluminum. The panel 16, which may be made of glass or any
      other desired material, is held in sealing engagement with one of the
      sealing faces 26 on the arms of the T by means of an elongate metal
      (preferably extruded aluminum) compression member 28 which is secured to
      the stiffening member 18 by means of a screw 30. The compression member
      also serves as a cover for the side of the support member 18. The screw
      30, and the inner edges of the stiffening member 18 and the compression
      member 28 are covered by an elongate metal (preferably extruded aluminum)
      cover plate 32.
PAR  The vertical and horizontal mullions 12 and 14, as depicted in FIG. 4,
      comprise an elongate structural support member 34 having an outwardly
      facing groove 20 therein for receiving the tongue 22 of the gasket 24. The
      panels 16 are held in engagement with the sealing faces of the gasket by
      means of compression member 36 which is attached to the stiffening member
      34 by means of a screw 30, and which also serves as a cover for both sides
      of the support member 34. A cover plate 32 also covers the inside edge of
      the compression member 36.
PAR  Each of the compression members 28 and 36, as well as the support member
      18, is provided with a groove 38 for engagement of resilient backing
      strips or gaskets 40 and 42. These may either be molded in place or
      provided with extending tongue portions which may be snapped into the
      grooves 38. As seen, the resilient backing strips 40 bear against the
      panel 16, whereas the strip 42 bears against one of the sealing faces 26
      of the gasket 24, since this backing strip is used at the edge of the
      module and no panel is retained on this side of the support member 18.
PAR  The groove 20 is provided on its side walls with a plurality of
      longitudinally extending ridges 44 which cooperate with corresponding
      barbs 46 extending longitudinally along the opposed sides of the tongue 22
      which forms the leg of the T-shaped gasket 24, thereby providing means for
      retaining the gasket in the groove.
PAR  As molded, the gasket appears as shown in FIG. 6, the body being curved so
      that the upper surface 48 is convex. The gasket is made of natural or
      synthetic rubber or other elastomeric material, preferably conforming to
      "ASTM Specification and Methods of Test for Elastomeric Structural Glazing
      and Panel Gaskets No. C-542-71a."
PAR  The sealing faces 26 of the gasket are curved in the same direction as the
      upper surface 48, but are curved further downwardly toward the plane of
      the end of the tongue 22, so that when the gasket is installed, as shown
      in FIG. 3, for example, and the upper surface 48 is substantially flat,
      the tip ends of the sealing faces engage the panel while that portion
      nearest the tongue is spaced away from the panel. Thus sealing pressure is
      concentrated near the edge.
PAR  In the embodiment shown in the drawing, the support member 18 comprises a
      flat panel portion 50 adapted to be attached to adjacent structure (not
      shown) and a pair of perpendicularly extending webs 52 and 54 connected to
      a rib 56. The web 52 has the groove 38 formed therein and connects to an
      enlarged portion 58 of the rib 56 in which the groove 20 is formed. The
      enlarged portion 58 has formed on one side thereof a downwardly extending,
      as viewed in FIG. 3, flange 60. The other edge of the rib 56 is also
      enlarged at 62 and contains a plurality of threaded holes 64 spaced apart
      longitudinally along the length of the rib 56. The web 54 connects to the
      enlarged portion 62. Web 54 has a downwardly extending flange 66 forming a
      groove 68 between it and the flat panel 50. At the lower end of the panel
      50, as shown in FIG. 3, a longitudinally extending cover retaining notch
      70 is provided.
PAR  The compression member 28 also comprises a flat panel portion 72 extending
      its full width, and perpendicularly extending webs 74 and 76. The web 74
      has the groove 38 formed in its upper surface, as shown in FIG. 3, and a
      downwardly extending flange 78 terminating in a J-hook portion 80
      dimensioned to receive the flange 60. The other web 76 is provided with a
      hole 82 through which the screw 30 passes, and terminates at its end with
      an upstanding flange 84 proportioned to be received in the groove 68.
PAR  The cover plate 32 is a flat plate provided with a pair of ears 86
      positioned and proportioned for engagement in the grooves 70 in the
      stiffening member 18 and the compression member 28.
PAR  The support member 34 used in the mullion sections comprises a center web
      88 terminating at its edges in enlarged portions 90 and 92. The enlarged
      portion 90 has formed therein the groove 20, and has extending in the
      opposite direction from its upper and lower edges, as seen in FIG. 4, a
      pair of flanges 94. The enlarged portion 92 has a threaded hole 64 formed
      therein to receive the screw 30.
PAR  The compression member 36 is generally H-shaped in configuration,
      comprising a pair of flat side panels 96 connected by a web 98, and also
      having a web 74 extending laterally inwardly on each side at the outer
      edge. The webs 74 terminate in flanges 78 extending at right angles
      thereto and spaced apart a distance to slidingly receive the enlarged
      portion 90 of the stiffening member 34. The flanges 78 terminate in J-hook
      portions 80 which are proportioned to slidingly receive flanges 94. The
      web 98 is provided with a hole 100 through which the screw 30 extends.
      Grooves 70 are provided adjacent the inner edge of each side panel 96 to
      receive the ears 86 of the cover plate 32.
PAR  In assembly of the curtain wall structure of this invention, the perimeter
      support members 18 are first bolted, or otherwise fastened, by means not
      shown, to the surrounding support structure, each of the perimeter
      stiffening members preferably being beveled, as shown in FIGS. 1 and 2,
      for connection together. The horizontal and vertical mullion support
      members 34 are then fastened to the perimeter support members, as by means
      of angle brackets 102 fastened to the members by, for example flat head
      screws 104. The horizontal mullion support members may, for example, be
      cut between the vertical perimeter support members, and the vertical
      mullion support members cut between the horizontal mullion support
      members.
PAR  These support members may have the backing strips 40 and 42 already
      installed or the gaskets may be snapped into the grooves 38 following
      installation of the support members in the wall. The gasket 24, which may
      be made of a plurality of sections or may be molded in one piece for the
      entire module, as indicated in FIG. 2, is then installed by inserting the
      tongue 22 into the grooves 20 far enough to insure engagement of all of
      the barbs 46 with the ridges 44. It will be apparent that this gasket is
      readily installed by a person standing inside of the building even though
      the groove in which the tongue is inserted faces outwardly.
PAR  Once the gasket 24 is installed, resilient setting blocks 106 are installed
      on horizontal frame members to support the wall panel and prevent it from
      resting on the metallic frame member. The wall panel sections are then
      readily inserted into the frames from the inside of the building. Since
      the dimensions of the space between the support members are greater than
      the dimensions of the glass or other wall panel member to be inserted, the
      glass may be set between the stiffening members, resting on the setting
      blocks 106, and resting against the gasket 24.
PAR  The compression members are than installed, the compression members 36 on
      the horizontal mullions preferably being installed first. The spacing
      between the J-hooks 80 is greater than the width of the enlarged portion
      92 of the support member 34, so that the compression member can be
      installed over the support member, the J-hooks 80 engaging the flanges 94.
      Thus, interlocking and proper positioning of the compression member
      relative to the support member 18 are assured. The screw 30 is then
      inserted and tightened, thereby providing a force on the panel tending to
      move it outwardly of the curtain wall structure and increasing the
      pressure of the wall panel against the sealing face 26 of the gasket 24.
      Ideally, the various elements should be designed so that upon full
      tightening of the screw 30 the upper surface 48 of the gasket 24 will be
      substantially flat, being deformed, in the usual case, approximately
      one-eighth inch to one quarter inch, with a force of deformation in the
      range of four pounds to eight pounds per lineal inch of gasket, depending
      upon the wind loading which the wall will be required to withstand. The
      amount of deformation can be varied by varying the thickness of the
      backing strips 40. The structure could also be adapted to different glass
      thicknesses by merely changing the thickness of the backing strips. Where
      prior art gaskets using a wedge are used, on the other hand, this is not
      possible, since loading pressure and glass thickness are determined by the
      design of the gasket.
PAR  The barbs 46 are designed to have sufficient strength to withstand the load
      applied by the action of the compression members against the panels. If
      necessary, the barbs may be reinforced, or other means, such as spring
      clips or a separate metal clamp, may be used to retain the tongue in the
      groove.
PAR  Following the installation of the horizontal compression members 36, the
      vertical compression members are cut in between and installed in a similar
      manner. Then the perimeter compression members 28 are also installed,
      sliding on to engage the flange 60 in the J-hook portion 80 and the flange
      84 in the groove 68. When all of the screws 30 have been tightened so as
      to sealingly compress the panels 16 against the gasket 24, the cover
      plates 32 are snapped into place by applying pressure to force the ears 86
      into the grooves 70. The installation is then complete.
PAR  It will be appreciated that only the compression members 28 and 36 and the
      cover plates 32 need have a finish surface on them, since the support
      members are concealed. The entire installation is easily made from the
      inside without any special tools, the gasket 24 providing means for
      holding the panel in place during installation of the compression member.
PAR  In the event that replacement of a panel is ever necessary, this is also
      readily accomplished from the inside, since it is only necessary to remove
      the cover plates 32 and the screws 30 in order to allow removal of the
      compression members for complete access to the panels 16.
PAR  An excellent thermal and sound barrier is provided since only the gasket
      and the wall panel is exposed to the outside, and insulating materials,
      including the backing strips 40, separate the panels 16 from any metal
      frame members.
PAR  Although a preferred embodiment of the invention has been shown and
      described, the invention is not limited to this embodiment, but instead
      includes all variations thereof which will be apparent to those skilled in
      the art, as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Curtain wall structure for use in the wall of a building, comprising
PA1  an elongate structural support member having an outside edge and an inside
      edge,
PA1  a longitudinally extending groove in the outside edge,
PA1  a longitudinally extending resilient sealing member engaged in said groove,
PA1  said sealing member having at least one laterally extending sealing lip
      facing toward said structural support member,
PA1  a wall panel sealingly engaged by said sealing lip,
PA1  a longitudinally extending compression member engaging said wall panel in
      such a way as to hold it in sealing engagement with said sealing lip, and
PA1  means for attaching said compression member to said structural support
      member to hold the compression member in position,
PA1  said compression member covering the structural member from the inside edge
      to the outside edge, and
PA1  an inside cover plate concealing the inside edge, so that none of the
      structural member is visible.
NUM  2.
PAR  2. A structural panel support comprising
PA1  horizontal and vertical support members interconnected to form a frame,
PA1  each member having an outwardly directed longitudinal mounting groove in
      one common vertical face thereof,
PA1  an elastomeric structural glazing gasket having a body portion and a tongue
      portion,
PA1  said tongue portion being mounted in said grooves and said body portion
      being in position for supporting engagement with a panel,
PA1  a wall panel supported by said glazing gasket, and
PA1  means engaging said members and said panel holding said panel in sealing
      engagement with the body portion of said gasket,
PA1  said means including a cover plate extending from said panel inwardly to
      beyond a portion of each said horizontal and vertical member, and
PA1  means engaging each said cover plate and the corresponding member for
      tightening the engagement of the panel with the gasket.
NUM  3.
PAR  3. A structural panel support comprising
PA1  horizontal and vertical support members interconnected to form a frame,
PA1  each member having an outwardly directed longitudinal mounting groove in
      one common vertical face thereof,
PA1  an elastomeric structural glazing gasket having a body portion and a tongue
      portion,
PA1  said tongue portion being mounted in said grooves and said body portion
      being in position for supporting engagement with a panel,
PA1  a wall panel supported by said glazing gasket,
PA1  means engaging said members and said panel holding said panel in sealing
      engagement with the body portion of said gasket,
PA1  said body portion of the gasket forming an outside cover for the edges of
      the panel,
PA1  the dimensions of the space between the horizontal and vertical members
      being greater than the dimensions of the panel, whereby the panel may be
      installed from the inside,
PA1  said means holding the panel in sealing engagement with the gasket
      including a cover plate extending from said panel inwardly to beyond a
      portion of each said horizontal and vertical member, and
PA1  means engaging each said cover plate and the corresponding member for
      tightening the engagement of the panel with the gasket.
NUM  4.
PAR  4. A structural panel support as defined by claim 3 wherein the engaging
      means comprises an adjusting screw operable from inside.
NUM  5.
PAR  5. Curtain wall structure for use in the wall of a building, comprising
PA1  an elongate structural support member having an outside edge and an inside
      edge,
PA1  a longitudinally extending groove in the outside edge,
PA1  a longitudinally extending resilient sealing member engaged in said groove,
PA1  said sealing member having at least one laterally extending sealing lip
      facing toward said structural support member,
PA1  a wall panel sealingly engaged by said sealing lip,
PA1  a longitudinally extending compression member engaging said wall panel, and
PA1  means for attaching said compression member to said structural support
      member,
PA1  said attaching means being adapted to force the compression member toward
      said wall panel and sealingly engaging said wall panel, whereby the
      compression member is placed in compression and held in position.
NUM  6.
PAR  6. Curtain wall structure as defined by claim 5 wherein
PA1  said compression member is attached to said inner edge of said structural
      support member.
NUM  7.
PAR  7. Curtain wall structure as defined by claim 5 and including a plurality
      of such structural members, sealing members and compression members
      connected together to form a frame supporting said wall panel, the
      dimensions of the space between said plurality of structural members being
      greater than the dimensions of said wall panel.
NUM  8.
PAR  8. Curtain wall structure as defined by claim 5 and including a resilient
      backing strip between the wall panel and the compression member.
NUM  9.
PAR  9. Curtain wall structure as defined by claim 5 and including cooperative
      retaining means on said sealing member and in said groove.
NUM  10.
PAR  10. Curtain wall structure for use in the wall of a building, comprising
PA1  an elongate structural support member having an outside edge and an inside
      edge,
PA1  a longitudinally extending groove in the outside edge,
PA1  a longitudinally extending resilient sealing member engaged in said groove,
PA1  said sealing member having at least one laterally extending sealing lip
      facing toward said structural support member,
PA1  a wall panel sealingly engaged by said sealing lip,
PA1  a longitudinally extending compression member having an outside edge and an
      inside edge and engaging said wall panel in such a way as to hold it it
      sealing engagement with said sealing lip,
PA1  means for attaching said compression member to said structural support
      member to hold the compression member in position,
PA1  said inside edge of the compression member being attached to the inside
      edge of the structural support member.
NUM  11.
PAR  11. Curtain wall structure for use in the wall of a building, comprising
PA1  an elongate structural support member having an outside edge and an inside
      edge,
PA1  a longitudinally extending groove in the outside edge,
PA1  a longitudinally extending resilient glazing gasket,
PA1  said glazing gasket being of T-shaped cross-section including a tongue and
      laterally extending arms,
PA1  sealing faces on the side of the arms toward the tongue,
PA1  the opposite side of said arms forming a continuous convex surface, and
PA1  the sealing faces curving in the same direction as the said opposite side,
      so that the tip of each arm is substantially nearer the plane of the end
      of the tongue than is the base of each arm,
PA1  cooperative retaining means on said tongue and in said groove,
PA1  said tongue being retained in said groove by said cooperative retaining
      means,
PA1  a wall panel sealingly engaged by each sealing face,
PA1  a longitudinally extending compression member engaging each said wall panel
      in such a way as to hold it in sealing engagement with the engaging
      sealing face, and
PA1  means for attaching said compression member to said structural support
      member to hold the compression member in position.
NUM  12.
PAR  12. Curtain wall structure as defined by claim 11 and including a plurality
      of such structural members, glazing gaskets and compression members
      connected together to form a frame supporting said wall panel, the
      dimensions of the space between said plurality of structural members being
      greater than the dimensions of said wall panel.
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ABST
PAL  A building structure of either single or multi-story construction employs
      wall panels and columns each of which may be fabricated as at a factory
      and transported to the building site and there erected in a generally
      modular mode of operation.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 340,595 filed Mar. 12, 1973, for BUILDING STRUCTURE, now U.S. Pat. No.
      3,861,102.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Presently there is a need for what may be termed low cost housing and
      buildings. The building and construction industry has attempted to solve
      such problems by deliberately reducing the overall quality of such
      structures to the absolute minimum acceptable standards. However, in so
      doing, whatever savings in money are realized are those which are
      primarily attributable to the cost of materials employed and the
      elimination of certain features which, although desirable, are not
      considered essential to the utility of the overall structure.
PAR  The reason that savings are limited to such areas is because the employment
      of skilled tradesmen, at the construction site, for the cutting and
      fitting of the various components requires the payment of the same hourly
      rate of pay even though the resulting structure may be considered "low
      cost."
PAR  There have been other attempts to reduce costs as by the construction of
      prefabricated structures within a factory and then transporting such
      prefabricated structure to its intended site. However, this method
      requires the expense of moving such prefabricated structures (with
      attendant possibilities of damage thereto) and is further limited to the
      construction of prefabricated structures which can be physically
      accommodated within the factory.
PAR  Further, prior art attempts at mass production of building structures, as
      by prefabrication of component portions thereof, have generally followed
      the basic building practices heretofore established for many years. That
      is, the conventional wall plates, wall studs, sheeting, exterior siding
      and interior wall finishing are employed for constructing the
      prefabricated component portions. Except for a few basic departures, most
      of which employ the geodesic principle resulting in dome-like
      configurations, the prior art has not made any significant attempts to
      combine the advantages of easily and quickly erectable structures with the
      concept of minimizing the required material for building such structures
      as by developing component configurations which will maximize the stress
      carrying capabilities of such components.
PAR  Accordingly, the invention as herein disclosed and described is primarily
      directed to the solution of the above and other attendant problems.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, a building structure comprises a plurality of
      spaced vertically extending support columns, a plurality of separate wall
      panels respectively situated between said spaced support columns, and
      means operatively interconnecting said plurality of columns as to thereby
      result in structural integrity of said columns and said wall panels.
PAR  Various general and specific objects and advantages of the invention, among
      which is the ability to manufacture standardized type of components in a
      factory and then without assembly ship such components to the building
      site, will become apparent when reference is made to the following
      detailed description considered in conjunction with the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, wherein for purposes of clarity certain elements or
      details may be omitted from one or more views:
PAR  FIG. 1 is a side elevational view of a building structure embodying the
      teachings of the invention;
PAR  FIG. 2 is a perspective view of the structure of FIG. 1;
PAR  FIG. 3 is an enlarged exploded view of certain of the elements shown in
      each of FIGS. 1 and 2;
PAR  FIG. 4 is a side elevational view of one of the elements shown in FIG. 3;
PAR  FIG. 5 is a cross-sectional view taken generally on the plane of line 5--5
      of FIG. 2 and looking in the direction of the arrows;
PAR  FIG. 6 is an enlarged top plan view of one of the elements shown in FIG. 3;
PAR  FIG. 7 is a side elevational view of the structure shown in FIG. 6 taken
      generally on the plane of line 7--7 of FIG. 6 and looking in the direction
      of the arrows;
PAR  FIG. 8 is a side elevational view of one of the elements shown in FIG. 5;
PAR  FIG. 9 is a view taken generally on the plane of line 9--9 of FIG. 8 and
      looking in the direction of the arrows;
PAR  FIG. 10 is an enlarged view taken generally on the plane of line 10--10 of
      FIG. 6 and looking in the direction of the arrows;
PAR  FIG. 11 is an enlarged fragmentary cross-sectional view taken generally on
      the plane of line 11--11 of FIG. 3 and looking in the direction of the
      arrows;
PAR  FIG. 12 is an enlarged fragmentary view, partly in cross-section, of a
      further modified form of certain of the elements shown in, for example,
      FIG. 3; and
PAR  FIG. 13 is a view taken generally on the plane of line 13--13 of FIG. 12
      and looking in the direction of the arrows.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now in greater detail to the drawings, FIG. 1 illustrates, in
      side elevational view a building or structure 10 embodying and teachings
      of the invention with FIG. 2 being a perspective view of such structure
      with the addition thereto of, for example, a suitable roof over the entry
      to such building.
PAR  Generally, the structure 10 is illustrated as being comprised of a roof 12
      supported as by vertically extending wall assemblies 14 which, in turn,
      are comprised of cooperating alternating wall panels 16 and columns or
      posts 18 with such columns 18 being employed within the run of the wall
      assembly and as corner columns or posts.
PAR  FIG. 3 illustrates in exploded perspective view the general manner of
      assembly and interrelationship of the elements shown in FIGS. 1 and 2. As
      can be seen, in the preferred embodiment columns 18 are comprised of a
      main vertically extending body portion 22 preferably having axially
      aligned legs or rib-like means 24, 26, 28 and 30 formed integrally
      therewith and angularly spaced thereabout as, for example, at 90.degree.
      intervals. Legs 24, 26, 28 and 30 respectively terminate in a base portion
      comprising, for example, aligned foot-like portions 32, 34, 36 and 38.
      Further, grooves or recesses 40, 42, 44 and 46 are respectively formed in
      legs 24, 26, 28 and 30 in a manner as to extend downwardly into the
      respective aligned foot portions 32, 34, 36 and 38. As typically
      illustrated in FIG. 5, such grooves preferably terminate in a generally
      horizontally or laterally extending open-ended slot portion 48 formed in
      each of the foot portions.
PAR  Wall panel means 16 are preferably of a generally trapezoidal configuration
      having opposed slanting side wall edges 50 and 52 terminating at their
      lower ends in arcuate corners 54 and 56 each blending into a lower edge
      58. At the upper end of each panel 16, oppositely sloping edges 60 and 62
      extend generally upwardly as to meet generally vertically extending wall
      edges 64 and 66 which, in turn, terminate in an upper panel edge 68. As
      also illustrated, the panel means 16 are formed as to have, at opposite
      edges thereof, vertically extending surfaces 51 and 53 as to have edge 50
      terminate in the lower end of surface 51 while the lower end of upper edge
      60 terminates in the upper end of surface 51. Similarly, surfaces or edges
      62 and 52 terminate in vertical surface or edge 53.
PAR  The top of each column 18 is preferably truncated, as at 72, and provided
      with an upwardly extending location member 74 which is received through an
      aperture 76 formed in a seal 78 as well as received within a cooperating
      aperture 80 formed in a capping or filler plate member 82.
PAR  As shown in the preferred embodiment, the capping member 82 may be
      comprised of a panel-like body portion 83 having transversely extending
      generally triangular panel or arm sections or portions 84, 85, 87 and 89
      respectively provided with upwardly extending and outwardly directed
      boundarylike edge portions 86, 88, 91 and 93 which, at their respective
      lower ends, terminate in what may be referred to as an extension 90 of
      column 18. The extension 90 has opposed grooves 92 and 94 formed therein
      which respectively align with grooves or recesses 46 and 42 of column 18
      and a second set of opposed grooves or recesses 96 and 98 which
      respectively align with grooves 44 and 40 of column 18. Such grooves 96,
      98, 92 and 94 also respectively continue upwardly coextensively with edge
      portions 86, 88, 91 and 93 as to each terminate in an open end opening in
      the upper edge surfaces 100 and 102.
PAR  As also shown in FIG. 3, lower connecting or base members 104 are
      preferably provided so as to both receive therein a portion of the
      cooperating wall panel 16 and to join succeeding columns 18 to each other.
      As typically illustrated, such base members 104 may be comprised of a main
      body 106 having a longitudinally extending slot or groove 108 formed
      therein with elongated slots or apertures 110 and 112 formed therethrough
      and opening into such groove 108. Further tongue-like extensions 114 and
      116 are provided at opposite ends of the body 106 as to be generally
      aligned with slot 108. However, as shown, in the preferred embodiment the
      upper surfaces of extensions 114 and 116 are considerably below the level
      or elevation of the lower surface of slot 118 so as to be generally
      stepped down therefrom. By so doing the base or foot portions of the
      columns 18 may be additionally strengthened by requiring the formation of
      a lower disposed slot or recess 49, in such foot portions, for the
      reception of the cooperating tongue-like extensions. With reference also
      to FIG. 5, extensions 114 and 116 are of a length as to be receivable
      within slots 49 formed in the foot portions of columns 18 while the
      inner-most longitudinal surface of groove 108 is at a higher elevation
      substantially equal to the elevation of cooperating groove portions 48
      formed within the same foot portions. As best seen in FIG. 3, at least
      selected ones of the column foot portions are provided with a through
      aperture 118 while extension 114 has an aperture 120 formed therethrough
      and extension 116 has an aperture 122 formed therethrough.
PAR  Generally, in assembling a building embodying the invention, base columns
      18 and base members 104 may be first assembled, atop any suitable support
      means, as by having the extensions 114 and 116 received by the slots 49 of
      the foot portions. For example, still referring to FIG. 3, one of the
      bases 104 would have extension 116 received in slot 49 of foot 36 thereby
      placing its groove 108 in line with grove 44, and its general lateral
      extension groove 48, so as to form a continuation thereof while the other
      shown base 104 would have its extension 114 received in slot 49 of foot 32
      thereby placing its groove 108 in registry with corresponding groove
      portion 48 and upwardly extending groove 40 so as to form a continuation
      thereof. When bases 104 are thusly assembled to foot portions 36 and 32,
      sutiable pins, bolts or any other effective retaining means, such as at
      124, are inserted respectively through then aligned holes 118, 122 and
      118, 120 thereby securing the bases 104 to the intermediately located
      column 18 and making such components into a unitary structure. Of course,
      succeeding columns and bases are similarly interconnected as to form the
      continuous wall 14.
PAR  As the columns 18 and bases 104 are connected to each other some relative
      movement may be necessary as between coacting column and base. Since in
      the preferred embodiment bases 104 are secured to a lower support surface,
      as by fastening means 126 extending through slots 110, such slots 110 are
      elongated to enable the movement of such bases 104 relative to the said
      lower support surface and whatever anchoring means may be provided therein
      for coaction with said fastening means 126.
PAR  In the preferred sequence of operations, the various components are
      assembled as follows. That is, for example, bases 104 are secured to
      respective columns 18 and all of such are secured to the supporting
      footings. Then wall panel means 16 are placed, or slid into place from
      above, as by having one panel edge 52 slide into groove 44 of one column
      18 and panel edge 50 slide into groove 40 of the next adjacent column 18
      until the lower edge 58 of panel 16 is seated into outwardly directed
      groove portions 48 in the respective foot portions 36 and 32 of such
      cooperating succeeding columns 18 as well as being seated in groove 108 of
      the cooperating lower disposed base member 104. After the wall panel means
      16 are thusly assembled, the capping or extension members 82 are assembled
      atop the respective columns 18 in a manner whereby vertical edges 53 are
      51 are slidably received within the cooperating oppositely disposed
      vertically extending grooves formed in extension portion 90 of the capping
      member 82. When the capping member 82 is thusly seated, edges 66 and 62 of
      one panel 16 as well as edges 60 and 64 of the other panel 16 are received
      within cooperating grooves of capping member 82.
PAR  It should be observed that preferably the place of juncture between
      extension 90 and column 18 is at an elevation generally equivalent to the
      elevation of corner 57 (defined by edges 50 and 51) and corner 59 (defined
      by edges 52 and 53). Consequently, the strength of the panel 16 thusly
      received enhances the rigidity of the assembly composed of column 18 and
      capping member 82. When the elements are assembled as described, the upper
      end surface 100 of member 82 and upper end surface 68 of wall panel 16 are
      placed in functional alignment with each other.
PAR  As illustrated in FIG. 4, wherein the panel means 16 is shown in solid line
      while adjoining columns 18, base member 104 and capping members 82 are
      shown in phantom line, surfaces 51 and 53 are generally parallel to each
      other and parallel to the vertical axis of the adjoining columns 18 so
      that such wall panels 16 and capping members 82 may be readily and easily
      vertically assembled, from above, into and onto the positioned columns 18.
      As generally depicted, it can be seen that panel edges 64, 60 and 51 are
      respectively received within groove or recess 98 or the left-most capping
      member 82, panel edges 66, 62 and 63 are respectively received within
      groove or recess 96 of the right-most capping member 82, panel side edge
      50 and a portion of corner 54 are received in groove or recess 40 of
      left-most column 18, panel side edge 52 and a portion of corner 56 are
      received in groove or recess 44 of right-most column 18, a portion of
      corner 54 and a portion of panel bottom edge 58 are received in groove
      portion 48 (continuation of groove 40), a portion of corner 56 and a
      portion of panel bottom edge 58 are received in groove portion 48
      (continuation of groove 44 of right-most column 18), while the remainder
      of bottom edge 58 of panel 16 is received in groove 108 of interconnecting
      base member 104.
PAR  It should be apparent that in order to prevent water seepage (as might
      occur during a rain storm) and to prevent or at least minimize air leakage
      through such a wall assembly, it is preferred to have the various grooves
      and cooperating edges of the various components of respective dimensions
      resulting in tight engagement therebetween.
PAR  FIG. 5, a cross-sectional view taken generally on the plane of line 5--5 of
      FIG. 2, illustrates, on the left side, a column 18 and filler or capping
      plate 82 in axial cross section while on the right side, the plane of
      cross section is taken along the vertical median of a wall panel 16.
      Regardless of whether the columns 18, as in one contemplated embodiment of
      the invention, are constructed of concrete or of plastic, it becomes
      highly desirable to reduce the weight thereof as much as possible
      consistent with structural strength and integrity. This may be done, for
      example, by having a hollow core 129 (preferably tapered) formed as by an
      axially extending paper-like tube 130. The upper end of tube 130 may serve
      an additional function, if desired, as by being of a dimension as to
      closely or tightly receive the locating pin 74 therein. As typically
      illustrated, each of the longitudinal grooves in the column 18 is
      preferably provided with a radiused portion 132 blending with the
      continuation 48 of such recess or groove within the respective foot
      portion. The primary purpose of such curvelinear portions 132 is to
      closely conform to the rounded corners 54 and 56 of wall panels 16 when
      such are assembled to the columns 18.
PAR  As generally illustrated in FIG. 5, the columns 18 and bases 104 may be
      situated atop a concrete slab 134. However, the practice of the invention
      is not limited merely to its use in combination with such a slab. That is,
      for example, suitable foundation type footings may be formed for the
      placement thereatop of such columns and bases while a floor as generally
      shown in phantom line at 136 may be poured between such columns and bases.
PAR  FIGS. 6 and 7 illustrate, in enlarged scale, the capping member 82 of
      previous Figures. As best shown in FIG. 7, the locating recess or aperture
      80 may have a second passageway of opening 138 communicating therewith.
      The purpose of such passageway 138 is to provide access means for the
      introduction therethrough of a suitable adhesive, welding or cementing
      agent, after the capping member or filler plate 82 is placed atop the
      column 18, as depicated generally by FIGS. 2 or 5, in order to thereby
      bond the various coacting components and form a more unitary structure
      which is for all practical purposes free of any seams which might permit
      water or moisture passage therethrough.
PAR  FIG. 8 illustrates a somewhat modified embodiment 82a of the capping member
      82. With additional reference to FIG. 5, it can be seen that the main
      difference between capping member 82 and capping member 82a resides in the
      cutting away or otherwise forming a lower step-like support surface 150 as
      in body section 87.
PAR  As generally depicted in FIG. 5, the support surface 150 may then receive
      thereon, in supporting relationship, one end of a roof supporting member
      such as an I-beam 152. The I-beam 152, in turn, provides support as for
      horizontally disposed roof panel means 154 comprised of any suitable
      material such as, for example, plastic. As shown in FIG. 5, the roof panel
      means 154 preferably extend as to also rest on and be supported by the
      portion of upper edge 102 carried atop body section 89. If desired,
      suitable facia 156, which may also be formed of any suitable material, is
      carried generally externally of body section 89.
PAR  FIGS. 8 and 9 illustrate another embodiment of the capping member 82a of
      FIG. 5. That is, such capping member 82a may be further modified as
      generally disclosed by FIGS. 8 and 9. For example, cut-out 150 may be
      provided with, for example, a steel bracket-like member 158 having legs
      160 and 162. When a roof joist or some such equivalent member is situated
      atop bracket leg 160, the upwardly extending leg 162 would have its upper
      portion 164 bent over, as to engage the top of such roof joist, and
      secured thereto as generally indicated in phantom line.
PAR  Further, to enhance the weight carry capability of the capping member 82a,
      an internally disposed reinforcing framework is provided. For example,
      referring to FIGS. 8 and 9, in one embodiment of the invention, a first
      metal rod 168 has its upper end welded to the underside of leg 160 as to
      be depending downwardly therefrom, as generally depicted, and a second rod
      170 similarly has its upper end welded to the underside of leg 160. As
      should be apparent, rods 168 and 170 are, at least for the most part,
      encased within the material forming the body section 87. As also
      illustrated, first and second generally horizontally disposed rods 172 and
      174 have their respective left ends welded to the upstanding leg 162 of
      bracket 158, while a third horizontal rod 176 has its left end welded as
      to downwardly depending rod 168. As can be seen, rods 172, 174 and 176
      are, for the most part, encased within the material forming the body
      section 89.
PAR  Further, as best shown in FIG. 9, additional reinforcing rods 178, 180 and
      182 have their right-most ends respectively welded to rods 172, 174 and
      176 with such rods 178, 180 and 182 being encased in the material forming
      body section 85. Also, similar reinforcing rods 184, 186 and 188 have
      their left-most ends respectively welded to rods 172, 174 and 176 as to
      thereby be encased within the material forming body section 84.
PAR  FIG. 10 is an enlarged view of a further embodiment of the invention with
      such view being as if taken, for purposes of reference, on the plane of
      line 10--10 of FIG. 6. As can be seen, a vertically extending rod 190 is
      suitably secured, as by welding, to an inverted U-shaped reinforcing
      member 192 at the lower end thereof. A first plurality of generally
      horizontally disposed reinforcing rods 194, 196, 198 and 200 have their
      respective right ends welded to the vertical rod 190 while a second
      plurality of generally horizontally disposed reinforcing rods 202, 204,
      206 and 208 have their respective left ends welded to the vertical rod
      190. Also, as shown, inclined cross-bracing means 210 are also welded to
      upper and lower disposed horizontal reinforcing rods as to thereby form
      truss means. (For purposes of clarity, the various reinforcing rods and
      bracing means have not been shown in cross-hatching.) In addition to the
      reinforcing rods and bracing means shown as being encased within body
      sections 89 and 87, similar reinforcing rods and bracing means are also
      provided within body sections 84 and 85. A portion of such reinforcing
      rods as would be encased within body section 85 are shown in cross section
      at 212, 214, 216 and 218; the reinforcing rods encased within body section
      84 would, preferably, be in line with such rods 212, 214, 216 and 218 and
      also welded to vertical rod 190.
PAR  FIG. 11, an enlarged fragmentary cross-sectional view taken generally on
      the plane of line 11--11 of FIG. 3, illustrates that in the preferred
      embodiment, the wall panel 16 is preferably formed of opposed sheet-like
      wall surfaces 220 and 222 between which suitable core means 224 is
      situated. The periphery of the entire panel 16 may, in turn, be defined as
      by a suitable edging member 226 which may be secured to the wall sheets
      220 and 222 by any suitable means as, for example, by cementing. Further,
      in the preferred embodiment, sheets 220 and 222 as well as edge member 226
      are formed of plastic material having a relatively low rate of thermal
      conductivity. Although not absolutely essential, nevertheless, it is
      contemplated that because of manufacturing tolerances as well as the
      selection of relative dimensions for ease of assembly, the various
      coacting elements may not, in and of themselves, achieve a tight interfit.
      Therefore, in order to enhance such interfits and prevent air and moisture
      leakage, suitable sealing means such as a functionally continuous
      resilient deflectable seal 228 may be affixed to the edge of panel 16 as
      to extend, for example, along edges 64, 60, 51, 50, 58, 52, 53, 62 and 66.
PAR  As also depicted in FIG. 3, the actual wall forming panel means 16 may, in
      fact, be formed of separate panel sections 16a, 16b and 16c which can be
      situated atop each other defining, for example, juncture lines 230 and
      232.
PAR  FIGS. 12 and 13, in relatively enlarged and fragmentary view, illustrate a
      further modification of the invention. All elements in FIGS. 12 and 13
      which are like or similar to those of preceding Figures are identified
      with like reference numbers provided with a suffix a.
PAR  As typically illustrated in FIGS. 12 and 13, each of the extension portions
      or tongue-like members 116a of the base member 104a is preferably provided
      with metal band or strap 240 generally circumscribing the extension 116a.
      The lower portion of strap means 240 may be received within a transversely
      extending groove or recess 242 formed within the underside of extension
      116a. A suitable threaded stud 244 may be welded or otherwise secured to
      the top of strap 240 as to be generally upwardly directed therefrom.
PAR  Clamping means, in the form of a bracket 246 having a bight portion 248
      joining upwardly extending legs 250, 252 and integrally formed arm
      portions 254, 256, has an aperture 258 formed through the bight portion
      248 as to therethrough accommodate the passage of stud 244. Preferably,
      clamping bracket 246 is formed of relatively resilient material as to, in
      its free state, have arms 254 and 256 assume somewhat downwardly inclined
      positions as generally depicated in phantom lines at 254' and 256'.
PAR  In any event, when the base member 104a is connected to column 18a,
      tongue-like extension 116a received within slot or recess 49a as to cause
      stud 244 to be situated generally in the space between juxtaposed end
      surfaces of column 18a and base 104a. Clamp bracket 246 is then placed
      into position so that stud 244 extends through aperture 258 and arms 254
      and 256 are respectively received within grooves 48a and 108a. A washer
      260 and nut 262, operatively connected to stud 244, are then tightened
      against bight portion 248 until the base member 104a is effectively
      vertically locked against and with the cooperating column 18a. As in
      previous Figures, wall panel means 16 would then be received within
      aligned grooves 48a and 108a. It should, of course, be apparent that any
      space existing between juxtaposed end surfaces of column foot portion 32a
      and body 106a of base 104a may be covered or filled with any suitable
      material including, for example, a fluid plastic material which, for
      example, could be thermoplastic.
PAR  If desired, after base 104a and column 18a have been clamped, a bolt 124a,
      or its equivalent, may be inserted through apertures 118a formed in the
      foot portion and through an elongated aperture 264 formed in the extension
      116a and then tightened as by a cooperating nut 266.
PAR  Although only a preferred embodiment and a select number of other
      embodiments and modifications of the invention have been disclosed and
      described, it is apparent that still other embodiments and modifications
      of the invention are possible within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A building structure, comprising a plurality of generally vertically
      extending spaced column means, groove-like recess means formed in said
      column means and extending generally longitudinally thereof, said
      groove-like recess means having at least a major portion thereof inclined
      with respect to the vertical, and a plurality of wall panel means separate
      from said column means, said plurality of wall panel means being adapted
      to be respectively received between said spaced column means and at least
      partly received within said groove-like recess means formed in said column
      means to thereby define at least a segment of a wall assembly supported by
      said column means, said wall panel means comprising first and second
      oppositely disposed side edges, a first edge portion of said first side
      edge and a second edge portion of said second side edge also being
      inclined with respect to the vertical in a manner as to be complementary
      to the angle of said recess means, said first side edge further comprising
      a third edge portion, said second side edge further comprising a fourth
      edge portion, said third edge portion being disposed above said first edge
      portion and extending vertically upwardly as to define a vertical
      continuation of said first edge portion, and said fourth edge portion
      being disposed above said second edge portion and extending vertically
      upwardly as to define a vertical continuation of said second edge portion.
NUM  2.
PAR  2. A building structure according to claim 1 wherein said plurality of
      column means comprises a plurality of column members, wherein one end of
      said column members is of a relatively small cross-sectional area and
      wherein an other end of said column members is of a relatively large
      cross-sectional area, wherein said groove-like recess means are inclined
      with respect to the vertical so that the end of said groove-like recess
      means nearest said other end is furthermost disposed from the longitudinal
      axis of said column member and so that the end of said groove-like recess
      means nearest said one end is closest to said longitudinal axis.
NUM  3.
PAR  3. A building structure according to claim 2 wherein at least some of said
      column members contain axially extending passage means extending from said
      one end to said other end in order to thereby define a hollow
      construction.
NUM  4.
PAR  4. A building structure according to claim 1 wherein said wall panel
      members are of a trapezoidal configuration.
NUM  5.
PAR  5. A building structure according to claim 1 and further comprising capping
      means situated above said wall panel means and said column means and
      operatively connected thereto, said capping means comprising a capping
      member of unitary construction extending from and supported by respective
      juxtaposed support surfaces of respective ones of said spaced column
      means.
NUM  6.
PAR  6. A building structure according to claim 5 wherein said capping member is
      generally interposed between portions of succeeding wall panel means in a
      manner whereby a top-most edge of said capping member is in general
      elevational alignment with top-most edges of said succeeding wall panel
      means.
NUM  7.
PAR  7. A building structure according to claim 1 and further comprising a
      plurality of base members, said plurality of base members being
      respectively interposed between said spaced plurality of column members
      and operatively interconnecting succeeding ones of said column members,
      said base members being effective to undergo tension stresses running
      generally between said succeeding ones of said column members whenever
      said wall panel means are assembled thereto and received within said
      groove-like recess means.
NUM  8.
PAR  8. A building structure according to claim 7 and further comprising
      aperture means formed through said base members, said aperture means being
      effective to receive therein anchoring means for anchoring said base
      members to support structure situated beneath said base members and to
      permit a limited degree of movement of said base members relative to said
      support structure.
NUM  9.
PAR  9. A building structure according to claim 7 wherein said base members
      comprise additional groove-like recess means formed therein effective for
      the reception of an end edge of respective ones of said plurality of wall
      panel means, said additional groove-like recess means being in effective
      alignment with said first mentioned groove-like recess means as to form a
      functional continuation thereof as between said succeeding ones of said
      column means.
NUM  10.
PAR  10. A building structure according to claim 1 wherein said column means
      comprise a plurality of column members, said column members each further
      comprise a plurality of foot portions formed thereon, said foot portions
      extending generally radially outwardly of the longitudinal axis of said
      column member, additional groove-like recess means formed in said foot
      portions as to define continuations of said first mentioned groove-like
      recess means and extend generally radially outwardly thereof, and a
      plurality of base members respectively situated between juxtaposed ones of
      said foot portions and interconnecting said juxtaposed ones of said foot
      portions.
NUM  11.
PAR  11. A building structure according to claim 1 and further comprising
      capping means situated above said column means and above portions of said
      wall panel means, said capping means being operatively connected to both
      said wall panel means and said column means, and an associated roof
      structure situated atop said capping means and supported thereby.
NUM  12.
PAR  12. A building structure according to claim 1 and further comprising
      resilient sealing means interposed between cooperating edges of said wall
      panel means and said groove-like recess means, said sealing means being
      fixedly carried by said wall panel means and resiliently deflectable
      within said groove-like recess means.
NUM  13.
PAR  13. A building structure according to claim 1 wherein said column means
      comprises a plurality of column members, and further comprising locating
      pin means fixedly carried by and projecting from the tops of at least
      certain of said column members, said locating pins being effective for
      enabling related structural elements to be slidingly guided thereby into a
      joining relationship with said column members.
NUM  14.
PAR  14. A building structure, comprising a plurality of generally vertically
      extending spaced column members, groove-like recess means formed in said
      column members and extending generally longitudinally thereof, a plurality
      of wall panel members separate from said column members, said plurality of
      wall panel members being adapted to be respectively received between said
      spaced column members and at least partly received within said groove-like
      recess means formed in said column members to thereby define at least a
      segment of a wall assembly supported by said column members, said column
      members comprising foot portions formed thereon, said foot portions
      extending generally radially outwardly of the longitudinal axis of said
      column member, and a plurality of base members, said plurality of base
      members being respectively interposed between said plurality of spaced
      column members, said base members being effective to operatively connect
      to said foot portions and thereby interconnect succeeding ones of said
      column members, said foot portions further comprising slot means formed in
      only the underside of said foot portions and extending generally
      horizontally therealong, and said base members comprising opposed
      tongue-like projections adapted for the respective reception within said
      slot means.
NUM  15.
PAR  15. A wall structure, comprising at least first and second generally
      extending spaced column members, said first column member comprising a
      first upper end and a first lower base portion, said second column member
      comprising a second upper end and a second lower base portion comprising a
      generally laterally extending first flange-like portion, said second lower
      base portion comprising a generally laterally extending second flange-like
      portion, said first lower base portion and said second lower base portion
      each being effective to be vertically supported by associated lower
      disposed support surface means, and a base member for interconnecting said
      first flange-like portion and said second flange-like portion, said base
      member comprising body means, said body means comprising a lower surface
      effective to be vertically supported on said support surface means,
      oppositely disposed first and second connecting ends carried by said body
      means, and mechanical clamping means effective for clamping said first and
      second connecting ends respectively to said first and second flange-like
      portions, said clamping means being effective to apply a generally
      vertically directed clamping force as against said flange-like portions
      and said connecting ends.
NUM  16.
PAR  16. A wall structure according to claim 15, and further comprising a first
      upper surface carried by said first flange-like portion, a first
      undersurface formed on said first flange-like portion as to be juxtaposed
      to said support surface means, a slot formed in said first lower base
      portion through said undersurface as to define a generally laterally
      extending upper slot end surface generally between said undersurface and
      said first upper surface, wherein said first connecting end comprises a
      generally laterally extending upper disposed abutment surface, wherein
      said first connecting end is received by said slot, and wherein said
      clamping means is effective to force said abutment surface toward said
      upper slot end surface.
NUM  17.
PAR  17. A wall structure according to claim 16 wherein said clamping means
      comprises a first clamp member secured to said first connecting end, a
      second upwardly situated clamp member effective for operatively engaging
      clamping portions of said first flange-like portion and said base member,
      and means for forcing said first and second clamp members toward each
      other.
NUM  18.
PAR  18. A wall structure according to claim 16 wherein said clamping means
      comprises an anchoring band situated generally about said first connecting
      end, a threaded stud secured to said anchoring band and extending
      generally upwardly therefrom, and clamping arm means operatively connected
      to said stud, said clamping arm means being effective to operatively
      engage said base member and said first flange-like portion from above as
      to apply a downward force thereagainst.
NUM  19.
PAR  19. A wall structure according to claim 15 wherein said clamping means
      comprises a first clamp member secured to said first connecting end, a
      second upwardly situated clamp member effective for operatively engaging
      clamping portions of said first flange-like portion and said base member,
      and means for forcibly drawing said first clamp member and said second
      clamp member toward each other.
NUM  20.
PAR  20. Structural load bearing capping means for use atop associated
      structural column means, comprising a capping body, said capping body
      comprising at least three body sections angularly spaced from each other
      and generally extending in a cantilevered fashion from a common
      juncture-like midportion, and downwardly directed mounting surface means
      situated generally below said midportion, said downwardly directed
      mounting surface means being effective to be operatively placed atop said
      associated structual column means as to be vertically supported thereby.
NUM  21.
PAR  21. Structural load bearing capping means according to claim 20 wherein
      said capping body is formed of non-metallic material, and further
      comprising strength reinforcing members situated within said capping body
      as to be effectively encased within said material.
NUM  22.
PAR  22. Structural load bearing capping means according to claim 21 wherein
      said material comprises a resin-based plastic material.
NUM  23.
PAR  23. Structural load bearing capping means according to claim 20 wherein at
      least one of said three body sections comprises a stepped surface formed
      therein, and wherein said stepped surface is adapted to support thereon
      associated roof joist means.
NUM  24.
PAR  24. Structural load bearing capping means according to claim 23 and further
      comprising metal reinforcing means situated along said stepped surface.
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ABST
PAL  A self-supporting, modular structural panel comprises a rigid, opaque body
      panel of substantial thickness. One marginal edge portion of the body
      panel defines an integral, load-supporting beam which extends outwardly
      from a first major surface of the body panel. An exterior sheet member is
      bonded to and conforms to the contour of the body panel and beam. Marginal
      portions of the sheet are overlapped at an opposite marginal edge of the
      body panel to define an integral channel portion which extends outwardly
      from the first major surface of the body panel. The channel portion is
      configured to receive nestably and to interlock with the beam portion of a
      second structural member of like configuration.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  The present application is a continuation-in-part of copending application
      Ser. No. 767,890, filed Sept. 3, 1968, which is a continuation-in-part of
      copending application Ser. No. 652,386 filed June 14, 1967 which, in turn,
      is a continuation-in-part of copending application Ser. No. 423,075, filed
      Jan. 4, 1965, all now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a modular structural panel, and, more
      particularly to a self-supporting, lightweight, prefabricated structural
      panel which serves as a modular component for roofs and load-bearing
      walls.
PAR  Construction and maintenance costs for conventional housing are increasing
      rapidly. Whatever the raw materials employed, considerable time and labor
      are also required. For these reasons, prefabricated structures have been
      developed in an effort to minimize construction time and labor costs.
PAR  Known prefabrication techniques generally entail manufacture of wall
      sections from conventional materials prior to erection at the building
      site. Although such procedures save time and labor, they do not
      significantly reduce the overall cost of raw materials. Furthermore, the
      great weight of conventional walls and roofs necessitate costly
      foundations and associated structure to meet the requirements of
      applicable building codes.
PAR  Because conventional roof and wall structures are extremely poor thermal
      insulators, excessive heating and air conditioning costs are generally
      incurred and the poor acoustical characteristics of such conventional
      structures may be ameliorated only by the use of expensive insulation.
      Conventional structures tend to deteriorate with time and the cost of
      preventive maintenance is usually considerable.
PAR  Prior attempts at avoiding the disadvantages of conventional building
      techniques have been limited primarily to the use of relatively bulky
      prefabricated panels of conventional materials such as wood and steel.
      Almost invariably, such modular structural systems are not self-supporting
      and require conventional basic framework, columns and cross-members. U.S.
      Pat. No. 3,290,845 exemplifies a non-self-supporting modular system, not
      intended to have substantial load-bearing ability, that requires a special
      sealing material to provide integrity to the seam between joined modules.
      Additionally, the core material of such prior modular panel remains
      exposed to the elements until actual erection at the building site.
PAC  SUMMARY OF THE INVENTION
PAR  The present self-supporting, modular structural member comprises a rigid,
      opaque body panel of substantial thickness. A marginal edge portion of the
      body panel defines an integral load-supporting beam which is substantially
      coextensive with the marginal edge and extends outwardly with respect to a
      first major surface of the body panel. A sheet member is bonded to the
      body panel and beam portion to define the exterior surfaces of the
      structural member and to conform to the contour of the body panel and the
      beam portion. Marginal portions of the exterior sheet member are
      overlapped at an opposite marginal edge of the body panel to define an
      integral channel portion which is substantially coextensive with the
      opposite marginal edge and extends outwardly with respect to the first
      major surface of the body panel. The channel portion is configured to
      receive nestably and to interlock with the beam portion of a second
      structural member of like configuration.
PAR  The present invention, unlike known prefabricated structures, provides
      substantial load-bearing ability without the need for conventional
      framework. Although the present structural panel is light in weight and
      easily assembled, thus enabling the elimination of expensive foundations
      and facilitating erection at the building site, the completed structure
      has superior thermal and acoustical insulation characteristics. The panels
      are of sufficient thickness and strength to accommodate and to support
      whatever doors and windows are desired. The completed structure, being
      substantially monolithic, is entirely weatherproof and because the panels
      may be fabricated from plastics, the present prefabricated structure is
      not susceptible to deterioration and decay as in the case of most
      conventional building materials. Additionally, from the aesthetic
      standpoint, the present panels may be provided with interior and exterior
      surface contours to simulate the appearance of any conventional structure.
      The integral beams may either serve to provide either a rustic interior
      appearance if left exposed or to support wall panelling of any type if a
      more finished interior appearance is desired.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view of the present prefabricated
      modular structural panel;
PAR  FIG. 2 is a sectional view taken substantially along line 2-2 of FIG. 1;
PAR  FIG. 3 is a sectional view of a plurality of the present prefabricated
      modular panels in the process of assembly into roof and wall sections;
PAR  FIG. 4 is a fragmentary perspective view of a roof built of the present
      prefabricated modular panels;
PAR  FIG. 5 is a perspective view of an element for joining abutting beams of
      the two roof panels of FIG. 4;
PAR  FIG. 6 is a fragmentary perspective view of a monolithic structure of roof
      and walls of the present invention, and showing windows and doors in
      frames inserted in wall openings;
PAR  FIG. 7 is a fragmentary sectional view taken substantially along the line
      7-7 of FIG. 6;
PAR  FIG. 8 is a perspective view of an element for joining abutting roof and
      wall beams;
PAR  FIG. 9 is a fragmentary perspective view of an alternate embodiment of the
      present prefabricated modular roof panel; and
PAR  FIG. 10 is a fragmentary perspective view of an alternate embodiment of the
      present prefabricated modular wall panel.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring particularly to FIGS. 1-3, a self-supporting, modular structural
      member of the present invention comprises a rigid, opaque body panel 10 of
      substantial thickness which is preferably constructed of a lightweight,
      rigid foamed plastic material such as polyurethane. The body panel 10
      includes a first major surface 11 which is usually oriented toward the
      interior of a completed structure and a second major surface 12 which is
      usually oriented toward the exterior of a completed structure.
PAR  A first marginal edge portion 14 of the body panel 10 defines an integral
      load-supporting beam 15 which is substantially coextensive with the first
      marginal edge 14 and which extends outwardly with respect to the first
      major surface 11 of the body panel 10. The beam 15 is preferably
      trapezoidal in cross-sectional configuration to facilitate joinder with
      other panels as shall be explained in detail, infra. However, any
      cross-sectional configuration which serves to provide both simple, rapid
      assembly and sufficient load-supporting strength may be employed.
PAR  A sheet member 17 is bonded to the body panel 10 and the beam portion 15 in
      surface-to-surface contact to define the exterior surfaces of the
      structural member and to conform to the contour of the body panel 10 and
      the beam portion 15. The sheet member 17 is preferably constructed of a
      rigid plastic material having both suitable structural strength in thin
      sheets and weather-resistant characteristics. Preferred plastic materials
      include glass-reinforced polyesters and epoxies. Alternatively, the sheet
      member 17 may be constructed of a lightweight, corrosion-resistant metal
      such as aluminum. In practice, the sheet member 17 may be bonded to a
      pre-formed body panel 10 or, alternatively, the body panel 10 may be
      formed in situ within a pre-formed sheet member 17. In such case where the
      sheet member 17 may not be of sufficient rigidity to serve as a mold
      during in situ foaming of the body panel 10, the sheet member 17 may be
      supported by placing it within a mold of suitable configuration. Although
      the body panel 10 and the sheet member 17 are ordinarily self-bonding,
      particularly if the in situ foaming technique is employed, bonding of the
      sheet member 17 to the body panel 10 may be facilitated by the use of a
      suitable adhesive.
PAR  Further in aid of achieving superior thermal insulation characteristics, a
      metallized layer 16 may be incorporated between the exterior sheet member
      17 and the second major surface 12 of the body panel 10. Most
      conveniently, the metallized layer may be applied as a thin sheet or a
      coating to the inner surface of that portion of the sheet member 17 which
      confronts the second major surface 12 of the body panel 10. The metallized
      layer acts particularly to minimize the transfer of heat by solar
      radiation. As such, it would be required primarily for roof panels.
PAR  Marginal portions 19, 20 of the exterior sheet member 17 are overlapped at
      a second, opposite marginal edge 21 of the body panel 10. The respective
      overlapped marginal portions 19, 20 are bonded to each other by suitable
      means, the combined thicknesses providing a dimensionally stable,
      shape-retaining, integral channel portion 22 which is substantially
      coextensive with the second marginal edge 21 and which extends outwardly
      with respect to the first major surface 11 of the body panel 10. The beam
      15 and the channel 22 are disposed substantially parallel to each other.
      The channel portion 22 of each structural member is configured to receive
      nestably and to interlock with the beam portion 15 of another structural
      member of like configuration. In practice, the beam portion of one
      structural member may be permanently secured to the channel portion of
      another structural member as shown best in FIG. 3, merely by use of
      suitable adhesive or bonding technique. The resultant structure, as shown
      in FIGS. 4 and 6, is substantially monolithic and weathertight. No third
      party sealing material is required to achieve integrity of seams and the
      portions of the foamed plastic body panel 10 along the marginal edge 14,
      21 are not exposed to the elements, even prior to fabrication of the
      structure at the building site.
PAR  Referring particularly to FIGS. 4 and 5, a prefabricated roof 30 comprises
      two abutting sections 31, 32 each of which, in turn, comprises a plurality
      of the self-supporting modular structural members described, supra. The
      respective sections 31, 32 are mitered at their abutting marginal edges to
      achieve a roof having the desired pitch. The abutting marginal edges of
      the respective sections 31, 32 may be joined together by an angle sleeve
      34 which is configured to fit snugly about the surfaces 19 of the
      respective channel portions 22. Openings 35 in the sides of the sleeve 34
      provide means by which conventional fasteners such as nut-and-bolt
      combinations may be employed to secure the sleeve 34 to the respective
      structural members, thus locking together the respective abutting roof
      sections 31, 32.
PAR  An additional sealing means for the seam between the respective abutting
      roof sections 31, 32 is provided by an elongated cap 37 which is
      coextensive with the peak of the roof and which may be secured in place by
      adhesive or other suitable means. It is further contemplated that the cap
      37 may also include means to permit mechanical interlocking with
      complementary means which may be provided on the exterior surface of each
      abutting roof section 31, 32 adjacent the seam.
PAR  Referring particularly to FIGS. 3 and 4, transverse marginal structural
      members each include a rigid, opaque body panel 10a and a sheet member 17a
      which defines the exterior surfaces of the structural member and which
      conforms to the contour of the body panel 10a. However, since such
      structural members are specially constructed to serve as marginal or
      endmost sections, they include either an integral channel portion 22a as
      shown in FIG. 3 or an integral beam portion 15a as shown in FIG. 4. In
      either case, the endmost exposed marginal edge of the transverse marginal
      structural member is defined by a portion of the sheet member 17a to
      protect the body panel 10a and to insure weathertight construction.
PAR  FIG. 6 illustrates a self-supporting vertical wall section 40 comprising a
      plurality of self-supporting modular structural members described, supra.
      The lower ends of the beam portions 41 of the wall section 40 are secured
      to shoes 42 which are in turn anchored in a concrete footing 43. The
      vertically extending beam portions support the weight of a roof section 45
      which is similar in construction to the previously described roof 30 shown
      in FIG. 4. It is contemplated plated that the uppermost marginal edge 46
      of the wall section 40 be cut or mitered at an angle suitable to
      accommodate the pitch of the roof section 45 and to provide flush contact
      when the respective sections are joined together as shown best in FIG. 7.
      The roof beams 47 rest on the mitered uppermost surfaces of the vertical
      wall beams 41 and the interior surface 48 of the roof section 45 is in
      flush surface-to-surface contact with the mitered uppermost marginal edge
      46 of the wall section 40. The respective sections 40, 45 may be sealed
      together by a suitable adhesive or by strips of sealing material.
      Structural rigidity may be further enhanced by the use of a connector 50
      shown in FIGS. 7 and 8. A first portion 51 of the connector 50 is
      configured to conform to the contour of the roof beam 47 and a second
      portion 52 is configured to conform to the contour of the mitered
      uppermost portion of the vertical wall beam 41. The connector 50 is
      provided with means to effect secure joinder with the respective beams 41,
      47. In practice, second portions 52 of the connector 50 are secured to a
      wall beam 41 before the roof section 45 is set in place.
PAR  Both the first and second major surfaces 11, 12 of the present structural
      member may be provided with surface variations to simulate the appearance
      of conventional materials. In all cases, the surface variations of each
      structural member register with the surface variations of other structural
      members of like configuration when the respective members are interlocked
      as described, supra. Additionally, it is contemplated that colors and
      surface textures may be imparted to the exterior sheet member to eliminate
      the need for painting.
PAR  The second major [exterior] surface 12 of each structural member of FIGS.
      1, 2 and 4, for example, defines a series of steps 60a, 60b, 60c, etc.
      which extend substantially transversely with respect to the beam portion
      15 and the channel portion 22. Further, the first major surface of each
      structural member comprising the vertical wall section 40 of FIG. 6
      defines a series of spaced grooves 61a, 61b, 61c, etc. which extend
      substantially transversely with respect to the beam and channel portions.
      As shown best in FIG. 10, spaced grooves may be provided on either major
      surface and may extend substantially parallel with respect to the beam and
      channel portions of the structural member. Such spaced grooves further
      serve to provide reinforcement to the structural member. FIG. 9
      illustrates a second major surface configuration which includes a series
      of transversely extending steps 62a, 62b, 62c, etc. in combination with a
      series of parallel spaced grooves 63a, 63b, etc.
PAR  FIG. 6 further illustrates the manner in which wall sections of the present
      structural members may accommodate window and door frames. Roof sections
      may also be provided with openings in the same manner. Openings for such
      frames may be cut either when the structural members are constructed or at
      the building site. In the latter instance, it is preferred that the cut
      surfaces be faced and bonded with material similar to that of the exterior
      sheet in order to protect the foamed plastic body panel. Additionally, it
      is preferred that such openings do not span any of the beams.
PAR  Typical dimensions of the present structural member are as follows:
PA1  distance between centers of beam and channel: 48 inches.
PA1  body panel thickness: 3 inches.
PA1  outer beam surface width: 4 inches.
PA1  outward extension of beam from first major surface of body panel: 7 inches.
PA1  exterior sheet member thickness: 0.062 inches.
PA1  groove dimensions: 1 inch depth, 0.5 inch width.
PAR  A typical house constructed of sections of the present structural member is
      45 feet by 36 feet in overall area; wall height is 8 feet. The roof
      comprises two sections, each 47 feet by 18 feet in area.
CLMS
STM  I claim:
NUM  1.
PAR  1. A self-supporting vertical wall section consisting essentially of a
      plurality of self-supporting modular structural members, each structural
      member including a rigid-foamed plastic body panel of substantial
      thickness, a marginal edge portion of the body panel defining an integral,
      vertically extending, roof-supporting beam portion which extends outwardly
      with respect to a first major surface of the body panel; a sheet member
      bonded to the body panel and beam portion in surface-to-surface contact to
      define the exterior surfaces of the structural member and to conform to
      the contour of the body panel and beam portion; marginal portions of the
      exterior sheet member being overlapped at an opposite marginal edge of the
      body panel to define an integral channel portion which is substantially
      coextensive with the opposite marginal edge and extends outwardly with
      respect to the first major surface of the body panel, the channel portion
      of each structural member being nestably received and interlocked with the
      beam portion of another structural member of like configuration.
NUM  2.
PAR  2. A roof of the type which includes two abutting sections, each section
      consisting essentially of a plurality of self-supporting modular
      structural members, each member including a rigid, foamed plastic body
      panel of substantial thickness, a marginal edge portion of the body panel
      defining and integral load-supporting beam portion which is substantially
      coextensive with the marginal edge and extends outwardly with respect to a
      first major surface of the body panel; a sheet member bonded to the body
      panel and beam portion in surface-to-surface contact to define the
      exterior surfaces of the structural member and to conform to the contour
      of the body panel and beam portion; marginal portions of the exterior
      sheet member being overlapped at an opposite marginal edge of the body
      panel to define an integral channel portion which is substantially
      coextensive with the opposite marginal edge and extends outwardly with
      respect to the first major surface of the body panel, the channel portion
      of each member being nestably received and interlocked with the beam
      portion of another structural member of like configuration.
NUM  3.
PAR  3. a self-supporting, modular structural member which provides sufficient
      load-bearing ability to support without additional load-bearing framework
      a building structure including a plurality of such structural members
      joined together in interlocking relationship, the structural member
      comprising a rigid, opaque body panel of substantial thickness, a marginal
      edge portion of the body panel defining an integral load-supporting beam
      portion which is substantially coextensive with the marginal edge and
      extends outwardly with respect to a first major surface of the body panel;
      a sheet member bonded to the body panel and beam portion in
      surface-to-surface contact to define the exterior surfaces of the
      structural member and to conform to the contour of the body panel and beam
      portion; marginal portions of the exterior sheet member being overlapped
      at an opposite marginal edge of the body panel to define an integral
      channel portion which is substantially coextensive with the opposite
      marginal edge and extends outwardly with respect to the first major
      surface of the body panel, the channel portion being configured to receive
      nestably and to interlock with the beam portion of a second structural
      member of like configuration; and a metallized layer disposed between a
      second major surface of the body panel and the exterior sheet member.
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ABST
PAL  Ball inflating apparatus automatically operable through succession of
      cycles in each of which a ball inflation needle is momentarily exposed for
      reception of an end of the same through apertured valve housing of an
      inflatable ball of stretchable material. In each cycle the ball is also
      engaged between spaced ball sizing means. Simultaneously with each
      successive withdrawal of the needle from the valve housing, slide members
      reciprocated in fixed support base operable to present air sealing device
      in path of reciprocatable plunger, to urge the sealing device into valve
      housing aperture for retaining air in the inflated ball. With each
      withdrawal of inflating needle from fully inflated ball and after
      insertion of sealing device, full distention of inflated ball actuates
      ball sizing means to release inflated ball and initiate next successive
      ball inflation cycle.
BSUM
PAR  The present invention relates to an apparatus and method for inflating and
      sealing round hollow objects, such as for instance plastic play balls.
PAC  BACKGROUND OF THE INVENTION
PAR  In the manufacture of plastic play balls which are formed of stretchable
      plastic material, plastic balls of a predetermined size are received
      generally in heated condition from for instance an oven. The valve housing
      of each ball is then impaled upon an inflating needle and inflating fluid,
      such as air, is inserted into the ball to expand the ball to a
      predetermined finished size, with the heated stretchable wall material of
      the ball thinning out as the ball expands. A closure plug is then inserted
      into the valve opening in the ball after withdrawal of the inflating
      needle to permanently seal the inflating fluid interiorly of the ball,
      after which the ball is transported to another location for further
      handling. Many of these operations are manual and the result is increased
      costs for producing plastic play balls.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a novel apparatus and method for
      automatically inflating an expansible ball by means of an inflation needle
      inserted through an apertured valve housing in the ball while the ball is
      being held by the apparatus, and then the needle is automatically
      withdrawn and a plunger member in conjunction with a slide member
      automatically positions a plug sealing device over the apertured valve
      housing and the plunger automatically forces the plug into the valve
      aperture, to permanently seal the inflating fluid interiorly of the ball,
      after which the apparatus automatically releases the ball in preparation
      for receiving another ball and performing another inflating operation
      thereon.
PAR  Accordingly, an object of the invention is to provide a novel apparatus for
      inflating an expansible or stretchable ball, and for inserting a valve
      sealing means into the valve aperture of the ball after inflation of the
      latter, for retaining the inflating fluid interiorly of the ball.
PAR  A further object of the invention is to provide an apparatus of the
      above-described type which comprises a relatively stationary supporting
      base member having therein transversely disposed superimposed top and
      bottom guide means with top and bottom slide members slidably received in
      said top and bottom guide means, with an inflation needle movable as a
      unit with the top slide member and adapted for reciprocation toward and
      from a fixed point on the supporting member to project freely below the
      same for impaling of a ball thereon, together with means actuated in
      synchronism with retraction of the inflation needle for injecting a
      closure device into the valve aperture for sealing the aperture and thus
      maintaining the inflated ball in inflated condition.
PAR  A still further object of the invention is to provide an apparatus of the
      aforegoing type wherein the inflating needle means and a plunger means for
      inserting the closure device, are mounted on the top slide member and
      include power means for reciprocating said needle and plunger, together
      with means for sequentially aligning the needle and the plunger means with
      the aperture in the valve of the ball, and including ball sizing means for
      gripping the sides of the ball and aiding in maintaining it in position
      with respect to the needle and plunger means, and which is adapted to
      automatically release the ball upon completion of the insertion of the
      closure plug into the valve aperture.
PAR  Another object of the invention is to provide a novel and expeditious
      method for inflating expansible play balls of plastic or the like, and for
      permanently sealing the valve aperture of the ball, to retain the ball in
      inflated condition.
PAR  Other objects and advantages of the invention will be apparent from the
      following description taken in conjunction with the accompanying drawings
      wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a generally diagrammatic, reduced size view of an apparatus
      embodying the invention, and illustrating a ball member of predetermined
      size which has been received in heated condition from, for instance, a
      heating oven, and which has been impaled by the inflating needle of the
      apparatus, preparatory to inflating the ball;
PAR  FIG. 2 is an enlarged, partially sectional, generally diagrammatic,
      fragmentary view of the needle inflating means and the plunger means for
      forcing the sealing plug into the valve aperture of the inflated ball,
      with the sealing plug having been shifted by the lower slide member from a
      supply thereof into alignment with the overlying plunger, for subsequent
      movement into the valve aperture upon downward actuation of the plunger;
PAR  FIG. 3 is an enlarged, fragmentary, partially broken generally diagrammatic
      view taken generally along the plane of line 3--3 of FIG. 1, showing the
      inflating needle inserted into the heated ball and commencing the
      inflation of the ball;
PAR  FIG. 4 is a fragmentary, generally diagrammatic, sectional illustration
      showing the plunger means having forced the closure plug into the valve
      aperture of the ball, after the ball has been inflated to predetermined
      size, for sealing the inflating fluid interiorly of the ball, and alos
      illustrating the thinned out wall material of the ball which was stretched
      due to the inflating fluid during the expansion of the ball to
      predetermined size;
PAR  FIG. 5 is a diagrammatic, schematic illustration of fluid and electrical
      control circuitry which may be utilized to provide for automatic operation
      of the apparatus.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The apparatus shown in the drawings comprises a base 10 provided with a
      stationary base support 12 defining an upper slot 14 (FIG. 2) in which is
      supported a slide member 16. Slide 16 is adapted to be reciprocated or
      actuated by means of a motor unit 18 operatively coupled thereto, which,
      when actuated, moves the slide 16 longitudinally in the guide passage or
      slot 14 from a starting to a stop position and vice versa. Motor unit 18
      may be a double acting, preferably fluid powered, motor unit for
      reciprocation of the slide 16. Guide rails 20 disposed in overlapping
      guiding coaction with the slide 16 may be provided for aiding in retaining
      the slide in the guiding passage 14 during actuation of the motor unit 18.
PAR  Mounted for longitudinal movement with the slide 16 is a reciprocal,
      generally vertically oriented inflating needle 22 which includes a central
      vertically oriented passageway 24 therethrough, with passageway 24 being
      coupled as by means of coupling 26 to a source of inflating fluid, such as
      for instance air, and as by means of a preferably flexible conduit 28. A
      reciprocal, double-acting, preferably fluid powered motor unit 30 is
      operatively coupled to the inflating needle 22, and as by means of collet
      31, for reciprocating the inflating needle in a generally vertical path
      and into and out of generally vertically extending passage 32 through
      support 12, and which communicates at its upper end with slide passage 14
      and at its lower end with the underside of support 12. The distal end of
      the inflating needle 22 is preferably sharpened as at 33 (FIG. 2), for
      ready entry into the aperture 36 of the valve portion 34 (FIGS. 3 and 4)
      of a ball B of stretchable material.
PAR  Ball B may be formed of plastic such as for instance polyvinyl chloride,
      which is received in heated condition, and as for instance from a heating
      oven (not shown) so that the wall material of the ball is readily
      stretchable when inflating fluid is inserted into the interior of the ball
      via valve portion or housing 34. The inflating needle 22 is received
      through the aperture 36 in the valve portion 34 as shown in FIG. 3 and
      inflating fluid, such as for instance air, is inserted under pressure into
      the ball to expand the ball to predetermined diameter size. During
      inflation of the ball, the heated wall material of the ball is thinned out
      as can be seen by comparing FIGS. 3 and 4. A sealing plug 48 is then
      inserted into the valve aperture 36 to retain the inflating fluid
      interiorly of the ball and thus maintain the ball in inflated condition.
      The above-described process will be hereinafter described in greater
      detail.
PAR  The ball B may be held or maintained in position beneath the support plate
      12 by means of sizing and gripping means 38 which in the embodiment
      illustrated comprise a pair of laterally disposed spring biased plates 39
      which are adapted to engage the ball and yieldingly hold the latter in
      predetermined aligned condition with respect to the aforementioned
      aperture 32 in the relatively fixed support plate 12.
PAR  Mounted for longitudinal movement with slide member 16 and needle mechanism
      22 is a plunger member 42, which, in the embodiment illustrated, includes
      a plunger rod 42a. Member 42 is operatively coupled as by means of
      coupling 44, to a double acting reciprocal motor unit 46 which is adapted
      for reciprocating or actuating the plunger member 42 for the purpose of
      forcing a closure plug 48 (FIG. 4) into the valve aperture 36 of the ball.
      As can be best seen in FIG. 2, when the plunger rod 42a is aligned with
      the aperture 32 in the support member 12, such rod is in position to force
      the underlying closure plug 48 into valve aperture 36, and thus retain the
      inflating fluid interiorly of the ball to maintain the latter in its
      inflated condition.
PAR  In the embodiment illustrated, the plug 48 is provided from a supply P
      (FIG. 3) of plug material in the form of a solid, flexible rod of
      yieldable plastic or rubber material which could be disposed, for
      instance, in coil form and power fed as by means of a motor unit 49 (FIG.
      5) downwardly through an aperture 50 in the support member 12 and into an
      opening or recess 52 provided in lower slide member 56.
PAR  Lower slide member 56 is operatively mounted for reciprocal movement in a
      guide slot or passage 58 in support 12. Passage 58 extends lengthwise
      transverse of upper guide passage 14. As can be best seen in FIG. 3, slide
      56 has an opening 59 therein disposed laterally outwardly of
      aforementioned opening 52 for receiving therethrough the inflating needle
      22 during inflation of the ball B, and when opening 59 is axially aligned
      with opening 32 through the support 12. As can be best seen in FIG. 3,
      lower slide 56 extends lengthwise transversely of upper slide 16 at an
      angle of approximately 90.degree. with respect to the lengthwise extension
      of the upper slide 16. Lower slide 56 is adapted to be reciprocated
      lengthwise thereof and as by means of a motor unit 60 operatively coupled
      thereto as at 61 (FIG. 3) with motor unit 60 in the embodiment illustrated
      being a double acting reciprocal unit powered by any suitable means, such
      as for instance air.
PAR  When motor unit 18 shifts the upper slide member 16 and associated
      inflation needle 22 and plunger 42 longitudinally and toward the right of
      the position illustrated in FIG. 1, both motor units 30 and 46 are in
      retracted condition with the lower ends of both the needle 22 and plunger
      rod 42a being disposed in a respective opening 62 and 64, which are
      laterally disposed and extend vertically through the top slide 16. In such
      finalized shifted position, opening 64 in the top slide 16 is disposed
      above and axially aligned with opening 32 in the support 12. Moreover, the
      lower slide is also shifted from the position shown in FIG. 3 to the
      right, to axially align opening 52 in the lower slide with opening 32 in
      the support 12. During such shifting movement of the lower slide, the
      latter shears off a plug 48 of the flexible plastic rod from the end of
      the latter which extends into opening 52. The lower slide carries the plug
      of material with it and upon positioning of opening 52 in alignment with
      opening 32, the plug 48 is disposed in alignment with opening 64 in the
      upper slide and in alignment with the plunger rod 42a of plunger rod 42.
      Actuation of motor unit 46 is operable to cause the plunger rod 42a to
      extend into opening 32 and engage the closure plug 48, for ramming or
      forcing the plug 48 into the valve aperture 36 to seal the valve aperture,
      thus retaining the ball in inflated condition.
PAR  Since the inflated ball is held by sizing and gripping mechanism 38 against
      the underside of the stationary support 12 and in alignment with the
      opening 32 therethrough, the air interiorly of the ball has no opportunity
      to escape, and when the plug 48 is forced downwardly upon actuation of the
      motor unit 46, the closure plug positively seals the valve 34 of the ball.
PAR  The plunger rod 42a is then drawn upwardly from opening 32 in the support
      12 and back to the position shown in FIG. 2 wherein its lower end is
      disposed intermediate the ends of opening 64 in the top slide, whereupon
      motor unit 60 is actuated to shift the lower slide 56 back to its starting
      position, and the supply rod P is activated to force the end thereof into
      recess 52 in the lower slide 56 to provide for another closure plug and
      motor unit 18 is reactuated to shift the upper slide 16 back to its
      starting position, for initiation of another inflation cycle of the
      apparatus.
PAR  Automatic operation of the apparatus may be as follows:
PAL  In an initial starting position of the ball inflating apparatus as shown
      for instance in FIG. 1, for a continuous succession of ball inflating
      operations, the inflating needle 22 initially projects a predetermined
      extent below the underside of fixed support 12 as shown in FIGS. 1 and 3,
      so that an inflatable article, such as the plastic ball B which may have
      been previously heated, can be manually presented upwardly between the
      laterally spaced, laterally yieldable ball supporting and sizing discs 39.
PAR  The projecting end 33 of the inflating needle is received through the valve
      aperture 36 of the integral valve housing 34 in the spherical wall of the
      ball. At the same time, in this initial starting position of the
      apparatus, the lower slide plate 56 has the lower end of the continuous
      rod P of plug material presented within the recess or opening 52 in the
      slide plate 56 and as shown in FIG. 3. In this condition, the ball B is
      capable of being supported solely by the friction between the inflating
      needle and the confronting surfaces of the valve housing of the ball,
      during the ball inflating operation. It will be understood however that
      spring biased discs 39 also exert a certain degree of holding force on the
      sides of the ball.
PAR  Manual actuation of switch 62 by a workman applies power to the circuitry.
      Insertion of the deflated ball B onto the needle 22 and between the
      laterally disposed plates 39 automatically trips limit switch LS9 (FIG. 5)
      which through start relay R1, activates solenoid valve SV7 to cause
      inflation air to be supplied from a source 64 of pressurized air and via
      for instance line 28, to the central passageway 24 through the needle,
      thus causing the pressurized air to pass via ball valve 34, into the ball
      and to commence inflation thereof.
PAR  As the ball B expands to its predetermined finalized diameter size, the
      laterally spaced, biased discs 39 are forced apart by the expanding ball,
      whereupon a limit switch LS7 is activated for shutting off solenoid valve
      SV7 and stopping the supply of pressurized air via needle 22 into the
      ball, and at the same time activating solenoid valve SV2 so as to cause
      actuation of motor unit 30 (FIG. 1) to cause the needle 22 to be raised
      upwardly from the opening 32 in the support base 12, until the distal end
      33 thereof is positioned within opening 62 in the upper slide 16, and as
      shown in FIG. 2.
PAR  When the needle is retracted to its up position, it actuates a limit switch
      LS2 causing actuation of solenoid valve SV1 thereby actuating motor unit
      18 to cause shifting of the upper slide 16 and to which are coupled the
      needle and the plunger member 42, from the home or start position toward
      the right to a given stop position, thereby placing the plunger rod 42a of
      the plunger mechanism in axial alignment with opening 32 in the support
      base 12, and in overlying relation to the ball.
PAR  When the upper slide 16 has completed its shifting movement, the slide
      causes actuation of limit switch LS5 which in turn activates the solenoid
      valve SV4 controlling motor unit 60, to cause shifting of the lower slide
      56 from its position as illustrated in FIG. 3, toward the right thereof
      and to a given stop position wherein the plug cavity 52 which contains the
      plug 48 of material cut off from the end of the supply rod P, is disposed
      in axial alignment with overlying opening 64 in the upper slide 16 and in
      axial alignment with the opening 32 in support base 12.
PAR  Upon completion of the shifting movement of lower slide 56, the latter
      actuates a limit switch LS4 which causes actuation of solenoid valve SV3
      controlling motor unit 46, which causes the plunger member 42 to move
      downwardly, thus causing the plunger rod 42a thereof to move into aligned
      opening 32 in support base 12, and push the plastic plug 48 of material in
      cavity 52 in the lower slide, through aligned opening 32 into the valve
      housing 34 in the ball, thus sealing the inflating fluid interiorly of the
      ball.
PAR  Activation of LS4 also causes activation of switch LS8 and timer T1. When
      the timer T1 times out, the solenoid valve SV6 controlling motor unit 66
      is actuated to cause motor unit 66 to move the associated disc 39 away
      from the opposing disc and return, whereby the inflated and plugged ball
      drops by gravity onto conveying mechanism for moving the ball away from
      the apparatus. Moreover, timing out of T1 causes the solenoid valve SV3 to
      be actuated so as to actuate the motor unit 46 to return the plunger
      mechanism 42 to raised position, wherein the lower end of the plunger rod
      42a is once again disposed in the opening 64 in upper slide 16.
PAR  When the plunger has been returned to the up position, a limit switch LS5
      is actuated by the plunger which causes actuation of solenoid valve SV4 to
      cause actuation of motor unit 60, thereby moving the lower slide 56 back
      to its starting or home position as shown in FIG. 3, whereupon the end of
      the rod or plug material is fed or urged by continuous feed motor 49 into
      the cavity or opening 52 in the lower slide.
PAR  Upon reaching starting or home position, lower slide 56 actuates limit
      switch LS1 which causes actuation of solenoid valve SV1 to actuate motor
      unit 18, thus causing shifting of the upper slide 16 back to starting
      position, and wherein the opening 62 therein is once again axially aligned
      with the opening 32 in the support base 12. When slide 16 reaches its home
      or starting position, a limit switch LS3 is actuated which causes
      actuation of the solenoid valve SV2 causing the motor unit 30 to extend
      the needle 22 down through aligned opening 32 in the support base 12 and
      to extend below the support base. At this time all of the mechanisms are
      in starting or home position, ready for repeating of the cycle.
PAR  While the supply of plug material P has been illustrated as being a
      continuous rod of flexible plastic material, it will be understood that
      other types of supply of plug material could be provided for the
      apparatus, such as for instance a supply of precut or preformed individual
      plugs which could be sequentially fed down into the recess opening 52 in
      lower slide 56, for subsequent shifting with the slide into aligned
      relation with opening 32 and insertion into the valve housing of an
      inflated ball.
PAR  From the foregoing description and accompanying drawings it will be seen
      that the invention provides a novel ball inflating apparatus and method
      which is automatically operable through a succession of cycles, and
      wherein the apparatus comprises a relatively fixed supportive member
      having therein transversely disposed superimposed top and bottom guide
      means, with top and bottom slide members slidably received in the guide
      means, and with an inflation needle and plug injection means coupled to
      the top slide member for movement therewith, for sequentially inflating an
      associated expandable ball to a predetermined diameter size, and then
      inserting a plug into the valve aperture of the ball for retaining the
      ball in inflated condition, with the plug being supplied into coaction
      with the ball by shifting movement of one of the slide members.
PAR  The terms and expressions which have been used are used as terms of
      description and not of limitation, and there is no intention in the use of
      such terms and expressions of excluding any equivalents of any of the
      features shown or described or portions thereof, and it is recognized that
      various modifications are possible within the scope of the invention
      claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an apparatus for automatic inflation of inflatable balls of type each
      having an integral elastic valve housing apertured for inward yielding
      reception of a closure adapted to retain inflating fluid in the balls,
      comprising, top and bottom guide means, top and bottom slide members
      slidably received in said top and bottom guide means respectively, an
      inflation needle having a distal end and coacting with said top slide
      member to be reciprocated toward and from a fixed position on said support
      member to project the distal end of the needle freely of the support
      member, ball supporting means in association with said support member and
      to align the valve housing aperture with said needle, means for
      reciprocating said needle to and from reception of said distal end thereof
      into the apertured valve housing of a ball for inflating the ball to a
      predetermined size, and closure applying means operable in synchronism
      with retraction of the reciprocated inflation needle to inject a said
      closure into yielding reception thereof within the elastic ball valve
      housing aperture for maintaining the ball in inflated condition.
NUM  2.
PAR  2. Apparatus in accordance with claim 1, said ball supporting means
      including ball sizing and gripping means located in relation to said fixed
      position on the support member for gripping coaction with the ball, and
      means adapted for coaction with said ball sizing and gripping means for
      operation in response to expansion of the ball to predetermined expanded
      diameter to cause retraction of said needle and actuation of said closure
      applying means.
NUM  3.
PAR  3. Apparatus in accordance with claim 1 wherein said inflation needle and
      said closure applying means are carried by said top slide member for
      shifting movement therewith.
NUM  4.
PAR  4. Apparatus in accordance with claim 2 wherein said sizing and gripping
      means includes laterally disposed disc members adapted to engage the sides
      of the ball, and means for biasing the disc members toward one another.
NUM  5.
PAR  5. Apparatus in accordance with claim 1 wherein said support member
      comprises a generally vertically extending opening therethrough
      communicating at one end thereof with said top guide means and at the
      other end thereof with the exterior underside of said support member, said
      top slide member having a pair of laterally spaced generally vertically
      extending openings provided therethrough, said inflation needle extending
      into one of the last mentioned vertically extending openings and said
      closure applying means extending into the other of the same, and said last
      mentioned vertically extending openings being adapted to be sequentially
      aligned with the first mentioned vertically extending opening for
      sequential movement of first the needle and then the closure applying
      means through said support member opening for coaction with the ball.
NUM  6.
PAR  6. Apparatus in accordance with claim 1 including reciprocal fluid powered
      motor means coacting with said inflation needle and with said closure
      applying means for reciprocating the same.
NUM  7.
PAR  7. Apparatus in accordance with claim 1 wherein said closure applying means
      comprises a plunger member including a reciprocal plunger rod extending
      parallel to said needle, said rod being operable for engaging a said
      closure and forcing the latter into the valve housing aperture.
NUM  8.
PAR  8. Apparatus in accordance with claim 5 including a motor unit operatively
      coupled to said top slide member for shifting the latter with respect to
      said opening in said support member and with respect to said bottom slide
      member, to sequentially align the needle and the closure applying means
      with the support member opening, said bottom slide member having a
      generally vertical opening therethrough adapted for receiving a said
      closure applying means in the starting position of said bottom slide
      member and operable to locate said bottom slide member opening with said
      other of said last mentioned openings in a shifted stop position of said
      bottom slide member.
NUM  9.
PAR  9. Apparatus in accordance with claim 2 including motor means coacting with
      said sizing and gripping means for actuating said sizing and gripping
      means after injection of said closure applying means into the valve
      housing for permitting the ball to drop by gravity from said sizing and
      gripping means.
NUM  10.
PAR  10. Apparatus in accordance with claim 1 including control means for
      controlling automatic operation of said apparatus through a predetermined
      cycle of operation, said control means including means responsive to
      insertion of a ball into coaction with the distal end of said needle to
      initiate flow of inflating fluid through the needle and into the ball to
      inflate the latter.
NUM  11.
PAR  11. Apparatus in accordance with claim 9 including control means for
      controlling automatic operation of said apparatus through a predetermined
      cycle of operation, said closure applying means including reciprocal
      plunger means, said control means including timer means for causing the
      retraction of said reciprocal plunger means after insertion of the closure
      device into the valve housing aperture and causing actaution of said motor
      means coacting with said sizing and gripping means.
NUM  12.
PAR  12. Apparatus in accordance with claim 2 wherein said bottom slide member
      includes aperture means adapted to receive therein a said closure whereby
      said bottom slide member upon shifting movement thereof from said fixed
      position to a predetermined stop position, locates the closure in
      overlying relation with the valve housing aperture for subsequent
      insertion therein by said closure applying means.
NUM  13.
PAR  13. Apparatus in accordance with claim 12 wherein said means for supplying
      said closures includes a rod of plastic material the end of which is
      adapted to be received within said aperture means in said bottom slide
      member in the start position of the latter, said bottom slide member being
      operative to automatically shear the end of the rod from the remainder of
      the rod during shifting movement of said bottom slide member from said
      start position toward said stop position, thereby to form a closure plug
      for subsequent insertion into the valve housing aperture of the ball by
      said closure applying means.
NUM  14.
PAR  14. Apparatus for inflating balls having apertured valve housings
      comprising, a supporting base provided with a generally horizontally
      extending first guide passage and a second generally horizontal guide
      passage extending generally transversely of said first guide passage, said
      base having generally vertically extending passageway means therethrough
      communicating with said first and second guide passages and with the
      exterior of said base, first and second guide elements mounted in said
      first and second guide passages respectively to be slidable therein from
      respective start positions toward given stop positions and return of said
      slide elements back to said start positions, said slide elements being
      provided with generally vertical apertures alignable with each other and
      with the first mentioned passageway means in said positions, feeding means
      for feeding ball valve closure means into one of said apertures in said
      second slide element while said first and second slide elements are in
      certain of said positions thereof, said first slide element carrying a
      reciprocal inflation element and a reciprocal closure inserting element
      laterally spaced with respect to one another, motor means for
      reciprocating said first slide element to alternately align said inflation
      element and then said inserting element with said first mentioned
      passageway means, and vice versa, means to momentarily operate said
      inflation element in said ball to inflate the same and then to move said
      inflation element generally vertically out of said ball whereupon said
      motor means shifts said first slide element to its said stop position
      wherein said closure inserting element is aligned with said first
      passageway means, and means to cause shifting of said second slide element
      to a position wherein said one aperture thereof and the associated valve
      closure means therein are in alignment with said first mentioned
      passageway means, and means for causing reciprocation of said closure
      inserting element to cause injection of said valve closure means into the
      valve housing aperture of the ball for maintaining the ball in inflated
      condition, and means for causing the last mentioned shifting means to
      return said second slide element to said start position and for causing
      said motor means to return said first slide element to said start
      position.
NUM  15.
PAR  15. A method for inflating an expandable ball of type having an integral
      valve housing apertured for inward yielding reception of a closure adapted
      to retain inflating fluid in the ball comprising, impaling the apertured
      valve housing of the ball on a reciprocal inflation element and engaging
      the ball from the sides thereof for retaining it with said valve housing
      in predetermined position on the inflation element, inflating the ball to
      a predetermined expanded diameter size by means of the said inflation
      element, withdrawing the inflation element from the ball valve housing and
      shifting said withdrawn element laterally to non-interfering relation with
      respect to the apertured valve housing and positioning a valve closure
      over the apertured valve housing of the inflated ball, and forcing the
      valve closure into the apertured valve housing while retaining the ball
      with the valve housing maintained in said predetermined position by
      lateral gripping of the sides of the ball and thereby to seal the valve
      housing aperture so as to retain the inflating fluid interiorly of the
      inflated ball, and then terminating said gripping engagement of the ball
      from the sides thereof to permit movement of the ball away from the
      gripping means.
NUM  16.
PAR  16. A method in accordance with claim 15 including the step of cutting a
      valve closure from a continuous supply of valve closure material and
      positioning the cut valve closure over the valve aperture in a single
      laterally shifting operation moving transversely of the first mentioned
      shifting movement of said inflation element.
NUM  17.
PAR  17. A method in accordance with claim 15 wherein the ball is impaled upon
      the inflation element by moving the ball upwardly into coacting relation
      with the inflation element while the latter extends downwardly.
NUM  18.
PAR  18. A method in accordance with claim 15 including the step of heating the
      ball prior to inflating it so that the defining wall thereof can be
      readily stretched during inflation of the ball to permit predetermined
      enlargement of the ball by the inflating fluid.
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PAL  A worm-type dispenser for rolled rim paperboard containers has a
      compression bead in the rim-engaging grooves of the worm to flex the
      central portion of the rim to render it more resilient so a cover having a
      rim contacting cylindrical skirt may be applied more easily.
PARN
PAR  This is a division of copending application Ser. No. 370,532, filed June
      15, 1973, now U.S. Pat. No. 3,849,970.
BSUM
PAR  This invention relates to method and apparatus for sequentially dispensing
      containers having a rim. In a specific embodiment, the invention relates
      to a system for dispensing, filling and capping containers having a rolled
      rim.
PAR  The rolled rim of a frusto-conical or round container produced of
      paperboard that may be coated and/or compensated with a plastic or other
      material is a relatively rigid and stable ring surrounding the open end of
      the container. In order to form a complete package to contain whatever
      product may be used, a closure must be placed on the container. This is
      usually in the form of a disc of a size to cover the opening plus enough
      more to extend the disc to near that of the specified rim diameter. A
      depending skirt extended from the outer periphery of the disc frictionally
      engages the outer surface of the rim to retain the closure on the
      container.
PAR  There must be sufficient closeness of dimensions between the outside
      diameter of the rim on the container and the inside diameter of the
      closure skirt to provide the required friction, yet not enough
      interference to prevent the closure from going on when being applied in
      the capping unit of high speed packaging equipment. It is obvious that the
      rim diameter must not be below a certain specified limit and the internal
      diameter of the closure skirt must not be above a maximum allowable limit
      or there will be no friction fit and the closure will not stay on the
      container.
PAR  To achieve the above conditions, container forming equipment is usually
      adjusted to produce containers with rims at or near the maximum specified
      limit and closure forming equipment is adjusted to produce closures with
      the depending skirt inside diameter at or near the minimum specified
      limit. Due to the many variables involved in producing containers and
      closures of paperboard, such as fiber length, moisture content, printing,
      coating, etc., it is extremely difficult to maintain close tolerances. The
      result is a large percentage of products where the interference between
      the closure's depending skirt internal diameter and the outside diameter
      of the rigid rim of the container is such that the closure cannot be
      readily applied.
PAR  Accordingly, it is an object of the present invention to provide means that
      will affect the rim in such a manner that the oversize containers will
      accept the closures as applied. Another object of the invention is to
      provide a new and improved means for dispensing, filling and capping
      containers having a rolled rim. Another object of the invention is to
      increase the ease of capping a rimmed container. Yet another object of the
      invention is to improve the fit of a closure on a container having a
      rolled rim. Other objects, aspects and advantages of the invention will be
      apparent from a study of the specification, the drawings and the appended
      claims to the invention.
PAR  This invention covers the method, apparatus, and end result of a relatively
      rigid rim having a predetermined portion of its outer periphery
      transformed to a relatively flexible state during dispensing that permits
      it to flex inward as the closure is applied and to spring against the
      inside of the depending skirt of the closure when it is in place, thus
      providing maximum frictional retention. Changing the condition of the
      portion of the rim is accomplished while the container is in pre-dispense
      position while passing through the cup dispenser worm spirals. The center
      portion of the rim (that is the central portion of the rim when measured
      vertically with the container in a normal position) is compressed inwardly
      so that the diameter of the compressed portion is substantially less than
      the original maximum outside diameter of the container rim. This action
      stretches the fibers in the material and imparts a flexibility to the rim.
      The snap-back portion of the rim is readily compressed when the closure is
      applied.
DRWD
PAR  In the drawings,
PAR  FIG. 1 is an elevational view of a filling and capping machine
      incorporating the present invention;
PAR  FIG. 2 is a perspective view of the container dispensing mechanism of FIG.
      1;
PAR  FIG. 3 is a plan view of the container dispensing mechanism;
PAR  FIG. 4 is an elevational view in cross section taken along line 4--4 in
      FIG. 3;
PAR  FIG. 5 is an elevational view in cross section taken along line 5--5 in
      FIG. 3, with a container added; and
PAR  FIG. 6 is a partial view in perspective of the mechanism for transferring
      filled and capped containers to an output chute.
DETD
PAR  Referring now to FIG. 1, a nested stack of containers 11 is supported by
      container dispensing machanism 12 and four vertical guide rods 13 over an
      endless conveyor 14. Each paperboard container 11 has a generally circular
      horizontal cross section and is provided with an annular rolled rim 10
      projecting outwardly and downwardly from the upper end or mouth thereof.
      As shown in FIGS. 2 and 6, conveyor 14 comprises two parallel endless
      chains 15 and 16 and a plurality of container supporting members 17
      carried by chains 15 and 16. Conveyor 14 is indexed in a stepwise manner
      by drive axle 18. During the dwell portion of each step or cycle,
      mechanism 12 separates the lowermost container 11 from the stack and drops
      the separated container into the opening 19 in the container supporting
      member 17 which is positioned in the container receiving station below
      dispensing mechanism 12. Filler valve 21 is actuated during the dwell
      portion of each cycle to introduce the material to be packaged into the
      container 11 positioned in the filling station of the conveyor. If
      desired, a container lift mechanism 22 can be employed to raise the
      container 11 to be filled so that the outlet end of filler valve 21 is
      inside the container and adjacent the bottom of the container before the
      filler valve 21 is actuated. Mechanism 22 can then gradually lower the
      container as it is being filled to provide uniform distribution of the
      product in the container.
PAR  Closures 23 are fed into chute 24, the lower end of which is positioned
      over conveyor 14, in such a manner that the leading edge of the lowermost
      closure is contacted by the leading edge of the rim of the container 11 as
      conveyor 14 indexes the container into the capping station. The forward
      motion of the container 11 draws the engaged closure 23 from chute 24,
      while the contact of the upper surface of the closure 23 with a horizontal
      plate 25 forces the closure 23 down onto the rim of the container 11. If
      desired, container marking mechanism 26 can be actuated during the dwell
      portion of each cycle to raise the container 11 and the associated closure
      23 into firm contact with plate 25 to firmly seal the closure 23 on the
      container 11 and to apply indicia to the bottom of the container.
PAR  During the dwell portion of each cycle, lift mechanism 27 is actuated to
      raise the filled and capped container which is in the transfer station of
      conveyor 14 to a position above conveyor 14 and then transfer mechanism 28
      (FIG. 6) is actuated to move the elevated container laterally of conveyor
      14 and onto an output chute 29.
PAR  In FIGS. 2 through 5, the container dispensing mechanism 12 is illustrated
      without its cover. A ring gear 31, having external gear teeth, is driven
      in the clockwise direction, as viewed in FIG. 3, by the drive system
      comprising drive shaft 32, clutch plates 33 and 34, clutch shaft 35, and
      gears 36, 37 and 38. The ring gear 31 rides on a plurality of bearings 30.
      Gear 36 has a slot 39 therein to receive pin 40 when clutch shaft 35 is in
      the down or engaged position. Pin 40, which extends through shaft 35 and
      is secured therein, engages gear 36 when shaft 35 is in the down position
      to rotate gear 36 responsive to the rotation of shaft 35. Shaft 35 can be
      latched in the up position by suitable means (not shown) to permit access
      to the container dispensing mechanism 12 without shutting down the
      remainder of the machine.
PAR  Each of the six feed worm gears 41-46 is provided with an interlocked gear
      47 which engages ring gear 31. Feed worm gears 41-46 are rotated about
      their respective rotating shafts 48 in the counterclockwise direction, as
      viewed in FIG. 3, by the mounted worm drive gear 47 and ring gear 31. The
      six worm gears 41-46 are positioned in a circular array which is coaxial
      with the stack of nested containers, with the cylindrical axis of each
      worm gear being parallel to the elongated, generally vertical, axis of the
      stack of containers. Each of the feed worm gears 41-46 is in the form of a
      cylinder having a groove 51 in the cylindrical surface 52 extending in a
      generally spiral form from the top 53 of the worm gear to the bottom 54
      thereof. The vertical height between opposite sidewalls of groove 51 is
      greater than the vertical height of rim 10. The groove 51 can be enlarged
      at the upper end thereof to provide an initial shoulder portion 55 which
      is at least generally perpendicular to the axis of the cylindrical surface
      52. Each of the worm gears 41-46 is positioned to simultaneously receive
      in the groove 51 thereof the rim 10 of the lowermost container 11 in the
      stack. Immediately prior to the discharge of the lowermost container 11 by
      the container dispensing mechanism 12, the rim 10 of the next higher
      container is supported by the top surface of each of the worm gears 41-46.
      At the moment or shortly thereafter that the lowermost container 11 is
      discharged by the mechanism 12, the worm gears 41-46 have rotated to the
      position where the initial shoulder portions 55 are under the rim of the
      next higher container and the rim of the second container is no longer
      supported by the upper surface, thereby peritting the entire stack of
      nested containers to drop until the rim of the new lowermost container
      rests on initial shoulder portion 55 of each worm gear. The distance
      between shoulder portion 55 and the top surface 53 is slightly greater
      than the vertical height of the rim 10, but is less than the container
      stacking distance, i.e., the distance from the bottom of the rim of one
      container to the bottom of the rim of the next higher container. Thus, on
      the continued rotation of worm gears 41-46, leading point 56 of each of
      the worm gears 41-46 enters the space between the top of the rim 10 of the
      lowermost container 11 and the bottom of the rim 10 of the next higher
      container to support the second container on the top surface 53 while the
      descending path of grooves 51 forces the lowermost container to separate
      from the second container and move downwardly. When the worm gears 41-46
      have rotated to the point where the trailing edge 57 moves out from under
      the rim 10 of the lowermost container 11, the lowermost container drops
      into the pocket 19 of the container supporting member 17 which is in the
      container receiving status of conveyor 14.
PAR  Each groove 51 has an inner wall or bottom 61 generally parallel to the
      cylindrical surface 52 of the respective worm gear 41-46, as well as an
      upper sidewall 62 and a lower sidewall 63. The vertical height from the
      bottom sidewall 63 to the top sidewall 62 is slightly larger than the
      vertical height of the rim 10 of container 11. The horizontal distance
      from the inner wall 61 of one of the worm gears 41-46 to the inner wall 61
      of the opposite worm gear, i.e., the diameter of the smallest circle which
      is coaxial with the ring gear 31 and tangent to each inner wall 61, is
      slightly greater than the horizontal diameter of rim 10. The corresponding
      horizontal distance from the cylindrical surface 52 of one worm gear to
      the cylindrical surface 52 of the opposite worm gear is less than the
      horizontal diameter of rim 10 but is greater than the maximum external
      diameter of container 11 below rim 10.
PAR  In accordance with the present invention, at least one of, and preferably
      all, of the worm gears 41-46 are provided a bead 64 extending outwardly
      along at least a portion of the length of inner wall 61 of groove 51. Bead
      64 has a width, or vertical height, less than the width of the groove 51
      and is spaced from and preferably centered between upper sidewall 62 and
      lower sidewall 63. In general, the width of bead 64 will be in the range
      of about 0.1 to 0.8, preferably from about 0.2 to about 0.7, and more
      preferably from about 0.3 to about 0.6, of the width, or vertical height,
      of groove 51. Each bead 64 extends along the groove 51 for at least
      one-tenth of the length of groove 51, and preferably for at least
      one-fourth of the length of groove 51. The bead 64 has a sufficient
      horizontal thickness to cause the portion of the container rim 10 which
      contacts the bead 64 to be compressed inwardly so that the maximum outside
      horizontal diameter of the compressed portion of rim 10 is substantially
      less than the original maximum outside diameter of the uncompressed rim.
      The inwardly directed compression of the central portion of the outer
      vertical wall of rim 10 breaks the stiffness of paper of the rim as well
      as forming the outer vertical wall of rim 10 into a generally corrugated
      configuration, thereby increasing the flexibility of the rim. The
      compression of the rim 10 to the diameter of the circle which is coaxial
      with ring gear 31 and is tangent to the beads 64 at the closest point to
      the axis of gear 31 overcomes any variations in the maximum diameter of
      rim 10 due to variations in manufacturing conditions, variations in
      humidity during storage, and variations in type and thickness of the paper
      utilized to form container 11. As the paper containers have an elastic
      memory, the rim 10 will tend to return to its original condition. However,
      the recovery takes longer than is required for the treated container to be
      dispensed into pocket 29 of conveyor 14, filled and capped. Thus, the
      compression or crimping of rim 10 by the beads 64 significantly improves
      the ease of moving a closure 23 into place on the container. It is
      desirable that an even number, preferably at least four, feed worm gears
      be employed so that the worm gears would be in direct opposition to each
      other. It is also desirable that the number of worm gears be sufficient to
      assure that the full circumference of the rim is compressed as the
      container rotates in the dispenser.
PAR  Reasonable variations and modifications are possible within the scope of
      the foregoing disclosure, the drawings and the appended claims to the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for filling and capping a paperboard container having a
      circular horizontal cross section and having an annular rolled rim
      projecting outwardly and downwardly from the upper end of said container,
      said rolled rim having an outer generally vertical wall with an original
      maximum outside diameter, said outer generally vertical wall having a
      central portion as determined by measuring vertically with the container
      in the normal position, which comprises applying inwardly directed
      pressure about the at least substantially entire horizontal circumference
      of said rim to said central portion of said outer generally vertical wall
      of the rim of the container to thereby inwardly compress said central
      portion so that the diameter of the thus compressed central portion is
      less than the original maximum outside diameter of said rim, and
      substantially immediately thereafter filling and capping the thus treated
      container with a closure having a depending cylindrical skirt, said skirt
      having an internal diameter greater than the maximum outside diameter of
      the thus compressed rim and approximately equal to said original maximum
      outside diameter of the uncompressed rim such that said skirt frictionally
      engages the outer surface of said rim when said compressed rim tends to
      return to its original condition after said thus treated container is
      capped with said closure.
NUM  2.
PAR  2. A process in accordance with claim 1 wherein said pressure is applied to
      said rim about the at least substantially entire horizontal circumference
      of said rim to form a horizontal corrugation in said rim.
NUM  3.
PAR  3. A process in accordance with claim 1 which further comprises vertically
      positioning a stack of a plurality of paperboard containers, each of said
      plurality of paperboard containers having a circular horizontal cross
      section and having an annular rolled rim projecting outwardly and
      downwardly from the upper end of the respective container, each said
      rolled rim having an outer generally vertical wall with an original
      maximum outside diameter, each said outer generally vertical wall having a
      central portion as determined by measuring vertically with the container
      in the normal position, and separating the lowermost container in said
      stack from the remainder of the containers in said stack; and wherein said
      step of applying inwardly directed pressure is effected on the rim of said
      lowermost container in said stack as said lowermost container is separated
      from the remainder of the containers in said stack.
NUM  4.
PAR  4. A process in accordance with claim 1 wherein said step of applying
      inwardly directed pressure is effected simultaneously at a plurality of
      points spaced circumferentially about said rim.
NUM  5.
PAR  5. A process in accordance with claim 1 wherein said container is rotated
      about its longitudinal axis as said pressure is applied to the rim
      thereof.
NUM  6.
PAR  6. A process in accordance with claim 1 wherein said rim is relatively
      rigid and wherein said step of applying inwardly directed pressure
      transforms said central portion of the vertical wall of said rim to a
      relatively flexible state that permits said rim to flex inwardly as said
      closure is applied and to spring outwardly against the inside of the
      depending skirt of the closure when the closure is in place, thus
      providing frictional retention of said closure on the thus capped
      container.
NUM  7.
PAR  7. A process in accordance with claim 6 wherein said pressure is applied to
      said rim about the at least substantially entire horizontal circumference
      of said rim to form a horizontal corrugation in said rim.
NUM  8.
PAR  8. A process in accordance with claim 7 which further comprises vertically
      positioning a stack of a plurality of paperboard containers, each of said
      plurality of paperboard containers having a circular horizontal cross
      section and having an annular rolled rim projecting outwardly and
      downwardly from the upper end of the respective container, each said
      rolled rim having an outer generally vertical wall with an original
      maximum outside diameter, each said outer generally vertical wall having a
      central portion as determined by measuring vertically with the container
      in the normal position, and separating the lowermost container in said
      stack from the remainder of the containers in said stack; and wherein said
      step of applying inwardly directed pressure is effected on the rim of said
      lowermost container in said stack as said lowermost container is separated
      from the remainder of the containers in said stack.
NUM  9.
PAR  9. A process in accordance with claim 8 wherein said step of applying
      inwardly directed pressure is effected simultaneously at a plurality of
      points spaced circumferentially about said rim.
NUM  10.
PAR  10. A process in accordance with claim 9 wherein said lowermost container
      is rotated about its longitudinal axis as said pressure is applied to the
      rim thereof.
PATN
WKU  039329798
SRC  5
APN  4093976
APT  1
ART  324
APD  19731025
TTL  Apparatus for inserting closure means into a container
ISD  19760120
NCL  25
ECL  1
EXA  Culver; Horace M.
EXP  McGehee; Travis S.
NDR  6
NFG  9
INVT
NAM  Stock; Arthur J.
CTY  Lakewood
STA  OH
INVT
NAM  Christofer; Donald E.
CTY  Willowick
STA  OH
INVT
NAM  Brinza; Joseph E.
CTY  Euclid
STA  OH
ASSG
NAM  Stock Equipment Company
CTY  Chagrin Falls
STA  OH
COD  02
RLAP
COD  74
APN  182088
APD  19710920
PSC  01
PNO  3835617
CLAS
OCL   53 76
XCL   53 86
XCL   53281
XCL   533315
XCL   53381A
EDF  2
ICL  B65B 4340
ICL  B65B  728
ICL  B65B 5702
FSC   53
FSS  331.5;381 A;281;76;86;97;101;102;109;318;67;69
UREF
PNO  1451351
ISD  19230400
NAM  Van Doren
XCL   53367
UREF
PNO  1941195
ISD  19331200
NAM  Anderson
XCL   53101
UREF
PNO  2731185
ISD  19560100
NAM  Ranney et al.
UCL   53367
UREF
PNO  3307322
ISD  19670300
NAM  Jones
OCL   53 67
UREF
PNO  3541755
ISD  19701100
NAM  Bobrakov et al.
XCL   53109
UREF
PNO  3765146
ISD  19731000
NAM  Ghiretti
OCL   53 67
LREP
FRM  Bosworth, Sessions & McCoy
ABST
PAL  Apparatus is disclosed for disposing of radioactive waste materials by
      placing them into a steel drum together with cement and water, mixing the
      contents, and then storing the drum for a period of time to permit partial
      decay of radioactive materials. Also disclosed are remotely controlled
      apparatus for filling, closing and agitating the drum including special
      means for unscrewing a cap from the drum, for holding the cap during
      filling, and for replacing the cap after filling.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This application is a division of our co-pending allowed application Ser.
      No. 182,088 filed Sept. 20, 1971, and now U.S. Pat. No. 3,835,617, which
      is incorporated herein by reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to remotely controlled apparatus for disposition of
      radioactive waste material as produced, for example, in nuclear electric
      power generating stations, and more particularly to capping apparatus for
      removing and replacing the caps on containers for such radioactive
      material.
PAR  Stringent laws, rules and regulations govern the disposition of radioactive
      wastes and their transportation over highways, on railroads and by other
      modes of transportations. In general, the material must be shielded so
      that radiations emanating from the material do not exceed maximum levels
      established by the laws and regulations. Furthermore, it is desired that
      in a case of an accident causing dumping of a radioactive load, there
      should be no fluidic materials that can penetrate the ground or mix with
      streams or ground water and cause radioactive contamination. It has
      therefore been proposed to provide a mixture of resin particles containing
      radioactive material, cement as a solidifying agent, and water in a
      container such as a steel drum, and to allow the mixture to solidify in
      the drum.
PAR  However, prior systems for putting radioactive materials into a drum or
      other container in general require that operators and maintenance
      personnel be exposed to radiation, even though such system may be intended
      to protect personnel. For example, the operators in many cases must go
      into areas containing radiation to open drums or close them or to insert
      nozzles in the drums or to handle the drums in storage. In some systems an
      operator may stand behind a shield wall, but must extend his arms into a
      radioactive zone, and expose his head to see.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object of the present invention to overcome the above and
      other problems relating to the disposition of radioactive waste materials
      and to provide an apparatus controlled from a remote location for
      unscrewing and replacing the closure cap of a drum or other container.
PAR  In accordance with the invention, there is provided a housing for receiving
      a drum having a removable closure cap, means for accurately guiding the
      drum to a predetermined filling position, a releasable wrench means
      mounted on the upper part of the housing and movable axially to a position
      for gripping the cap, and means controllable from a remote location for
      moving said wrench means to such gripping position and for rotating the
      wrench means to screw or unscrew the closure caps, the axial movement of
      the wrench means per revolution corresponding to the pitch of the threads
      on the closure cap.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and features of the invention will be apparent from
      the following description of a preferred embodiment of the invention in
      connection with the accompanying drawings in which:
PAR  FIG. 1 is a plan section of a building and internal equipment for handling
      radioactive waste material, the scale being much smaller than full size;
PAR  FIG. 2 is a view of drumming apparatus in the drumming station, from line
      2--2 of FIG. 1 and to a scale considerably larger than that of FIG. 1;
PAR  FIG. 3 is a side view of the drumming apparatus, parts being broken away to
      show the interior mechanism in the housing;
PAR  FIG. 4 is a plan view along line 4--4 of FIG. 2 and to a somewhat larger
      scale, parts being omitted for the sake of clearness;
PAR  FIG. 5 is a side elevation of the lower portion of the drumming apparatus,
      in general corresponding to the side elevation of FIG. 4;
PAR  FIG. 6 is a section through the cap-handling means for screwing and
      unscrewing a cap of a drum, the scale being considerably larger than that
      of FIGS. 2 to 5;
PAR  FIG. 7 is a section along line 7--7 of FIG. 6;
PAR  FIG. 8 is a section along line 8--8 of FIG. 6; and
PAR  FIG. 9 is a detail to a larger scale showing means for securing the cradle
      frame in the desired elevated position during the capping operations.
DETD
PAC  DISCLOSURE OF PREFERRED EMBODIMENT
PAC  General Arrangement
PAR  For illustrative purposes, the below described embodiment of the invention
      will be described in connection with the disposition of radioactive waste
      material in the form of resin particles containing radioactive materials
      like those described above, and in the form of evaporator bottoms, by
      putting the radioactive material including water, and cement as a
      solidifying agent, into a steel drum; mixing these materials in the drum;
      moving the drum into storage; allowing the mixture to solidify and
      radioactivity to decay in storage; and then moving the drum to a vehicle
      for transportation.
PAR  For convenience, the term "drum" is used hereafter to designate steel drums
      or barrels as such, as well as suitable other types of containers for the
      indicated purposes.
PAR  The reference numerals used herein and the terminology employed correspond
      to those used in said co-pending application Ser. No. 182,088, the entire
      disclosure of which is hereby incorporated by reference and made a part of
      the disclosure of the present application.
PAR  The equipment generally shown in FIG. 1 comprises a building 1 of
      rectangular configuration in plan, of which building upright walls 2, 3, 4
      and 5, the ceiling and the floor are preferably formed of poured
      reinforced concrete, of sufficient thickness to present escape of harmful
      radiation from the interior of the building. The building interior is
      subdivided into an area 8, two drumming stations 10 and 11, two storage
      vaults or decay pits 12 and 13, and a control station 14.
PAR  The control station includes a control console 23 at which the operator
      will sit and from which he can control the operation of the apparatus by
      remote control. The control station also includes unit 24 spaced
      rearwardly from the control console and containing other apparatus and the
      television monitor screens 57, 59, 62 and 63.
PAR  Area 8, which is free of radioactive materials or radioactivity at all
      times except temporarily when radioactive materials are being shipped from
      the building, is shown as used for storage of non-radioactive materials
      such as drums D that contain no radioactive materials but may, and in this
      illustrative embodiment do, contain accurately weighed preloaded amounts
      of cement as a solidifying agent. The area 8 has in wall 2 a vehicle
      doorway 16 having a door 17 which may be of conventional automatically
      controlled type. A personnel doorway 18, having a conventional door 19, is
      in wall 4 near station 14.
PAR  Each drumming station 10 and 11 is equipped as described below, with
      apparatus 21, operable by remote control from apparatus 23, 24 in operator
      control station 14, for introducing radioactive materials and water into
      drums D, each preloaded with accurately determined amounts of dry cement
      as a solidifying agent, all in proper proportions to permit these
      materials after thorough mixing to form in the drum a solid body of
      controlled weight, and for then thoroughly mixing these ingredients.
PAR  A drum D containing the resulting mixed radioactive material, cement and
      water may then be stored in a storage vault 12 or 13 to permit
      solidification of drum contents and decay of radiation until its intensity
      is reduced to shipable limits.
PAR  A drum D is picked up from area 8, put into a selected drumming station 10
      or 11 then after proper filling and mixing moved if desired into a
      selected storage vault 12 or 13; and when desired moved onto vehicle V by
      remotely controlled overhead crane apparatus.
PAR  These operations are performed by remote control without actual visual
      access, the operations being viewed through television screens and
      monitored by other means described below.
PAC  Building
PAR  The interior of the building 1 is subdivided (FIGS. 1, 2, 3) into the
      storage vaults 12 and 13 by a thick center interior wall 26 and transverse
      end walls 27 and 28 that are joined to wall 26 and extend into relatively
      close proximity to but stop short of exterior side walls 2 and 4.
      Transverse walls 29 and 30 longitudinally spaced from interior walls 26
      and 27, and stub walls 32 and 33 joined to outer side walls 2 and 3 and
      spaced from transverse walls 39 and 30 set off the area 8 and station 14
      from the vaults and drumming station. Spaced transverse walls 27 and 29,
      and 38 and 30 together with a portion of center wall 26 and longitudinally
      extending intermediate stub walls 34 and 35 define the drumming stations
      10 and 11.
PAR  And extension of wall 35 and a short transverse wall 36 joined to it define
      the operator station 14.
PAR  Walls 34 and 35 together with overlapping longitudinal wall portions 37 and
      38 respectively fixed to transverse walls 27 and 28 and respectively
      spaced from walls 2 and 34 and from walls 4 and 35, together with the
      transverse walls 27 and 28 and walls 32 and 33, define labyrinthian
      passages 39, 40, 41 and 42 that prevent lateral escape of radiation from
      storage vaults 12 and 13 and the drumming stations 10 and 11 into area 8
      and control station 14, while permitting access to the drumming station
      and vaults during construction and later if necessary.
PAC  Drumming Station:
PAR  General Arrangement of Drumming Station
PAR  The apparatus in each drumming station comprises substantially the same
      four basic components: a metal shield wall 214, drumming equipment 215, a
      decanting tank 216 and a set of metering pumps 217a, b, c.
PAC  Shield Wall
PAR  The shield wall 214 serves as a locating and anchoring means for the other
      components 215, 216, 217a, b, c. It is formed of strong metal to support
      the other components and to serve as a barrier to stop the escape of
      harmful radiation from the side of the shield wall carrying these
      components, to the other side.
PAR  The shield wall is rigidly but demountably attached to the concrete
      building wall 29 or 30 by an accurately machined, grouted in frame 218
      (FIGS. 3, 4) surrounding wall opening 219 to which the shield wall is
      secured by bolts and nuts 220 on the safe side of the shield wall.
      Preferably, the shield wall has a supporting eye 221 at its top.
PAR  The shield wall may be divided into section 214a, 214b, 214c, by transverse
      joints 214d to facilitate easier handling and shipping. These joints are
      offset or stepped as shown in FIG. 3 to prevent radiation leakage
      outwardly to the safe side of the shield wall outside of the drumming
      station.
PAC  Drumming Equipment
PAR  The drumming equipment 215 illustrated comprises a closed housing 226
      supported from the side of the shield wall facing into the drumming
      station. This housing (FIGS. 2-5) has upstanding sides 227, 228 carrying
      detachably mounted access plates 229. The top 231 of the housing has a
      hatch opening 232 surrounded by upward flange 233, closed by a hinged
      hatch cover 234 having inner and outer downward flanges 235 that overlap
      flange 233 in the closed position to prevent escape of radioactive
      material. The housing and hatch cover when closed provide a closed
      enclosure in which drum loading and mixing occurs. Hatch cover 234 can be
      moved to closed and open positions by a lever 236 pivotally supported on
      housing 226 and is rigidly secured to an arm 237 carrying the hatch cover
      through a resilient connection 238. Lever 236 is actuated from the safe
      side of the shield wall by a known fluid-operated cylinder 239, the fluid
      valves 240 of which are controlled by known means 240e from the control
      station 14. Housing 226 has a venting conduit 226a preferably connected to
      a closed venting system.
PAR  A fixed loading dock 241 is externally mounted at one side of the housing
      226 and is adapted to support a drum to be filled that is first deposited
      by the crane on this dock. A fixed unloading dock 242 is externally
      mounted on the other side of housing 226; a drum removed from housing 226
      is set by the crane of this unloading dock, and that intensity of
      radiation emanating from the drum is measured by known radiation monitor
      means 243 that sends a known means 243e electrical signals to the control
      station 14. Each of the loading and unloading docks carries a scale 244.
PAR  Inside of drumming equipment 215 is a drum positioner cradle mechanism 245
      adapted to carry a drum and move it (FIG. 4) about a vertical axis P from
      a drum loading and unloading position "I," then to a first intermediate
      position "II" in which the drum is clamped into its cradle in a vertical
      position, then to a second intermediate position "III" in which the drum
      is opened by unscrewing and removing its cap, then to a third intermediate
      position "IV" where the drum is filled then back to intermediate position
      "III" in which the drum is closed or capped, then to intermediate position
      "II" where the drum is turned end-over-end to agitate and mix its
      contents, from which position the cradle returns the drum to location "I"
      under the hatch from where the drum can be removed by grab 53. The cradle
      mechanism comprises a vertical shaft 246 (FIGS. 2-4) on which a cradle
      frame 247 is rigidly mounted; the shaft is rotatably and vertically
      slidably mounted in bearings 248, 249 mounted at the top and bottom of
      housing 226. A cradle 251 rotatably supported in the cradle frame by
      bearing for rotation about a horizontal axis on its cradle frame which
      thus forms a trunnion in which the cradle can be rotated to impart to the
      drum the desired end-over-end motion to thoroughly mix the contents of the
      drum, tumbling movement of the loose mixing weights Dw (FIG. 3) in the
      drum aiding this mixing.
PAR  The cradle frame 247 is moved to angular positions I, II, III, IV indicated
      above by actuating means (FIGS. 2, 3) comprising a lever arm 254 rigidly
      mounted on the lower end of shaft 246 and pivotally connected to a rod 255
      that may be reciprocated as required by a known mechanism 256 driven from
      an electric motor 257 energization of which is controlled by known means
      257e from control station 14. The linear travel provided by mechanism 256
      may be controlled by known means accurately to stop the cradle in the
      various angular positions as described above.
PAR  The cradle frame 247, its supporting shaft 246 and cradle 251 carrying a
      drum can be raised and lowered as required to permit movement of the
      cradle and performance of necessary steps in the positions I-IV, by a
      known type of screw jack mechanism 258 (FIGS. 2, 3, 4) actuated by a drive
      shaft 259 extending through the shield wall to its safe side. Shaft 259 is
      rotated as required by a gear box electric motor combination 260,
      controlled by known means 260e from the control station to raise the
      cradle to an upper elevation referred hereafter as the "U" elevation in
      positions III and IV, and to lower the cradle to a lower elevation
      hereinafter referred to as the "L" elevation for movement between the
      positions and for operating in positions I and II.
PAR  When the cradle frame 247 is raised to elevation U in either of positions
      III or IV, an upwardly projecting tapered dowel pin 261 (FIGS. 3, 9) fixed
      to the top of the cradle frame engages in the opening 261a of the
      appropriate one of two hardened steel bushings 261b in the top wall 231 of
      the housing 226. This assures accurate and positive location of the cradle
      in positions III and IV for the filling and capping operations that are
      carried out in these positions.
PAR  Power means are provided for rotating the cradle when it is in position II
      including an electric motor 303 (FIG. 3) controlled by known means 303e
      from control station 14.
PAR  Axially movable means are provided for actuating the clamping arms
      including a double acting fluid operated power cylinder 307, and rotatable
      means are provided to clamp or unclamp the drum including an electric
      motor 309 (FIG. 3). The cylinder 307 and motor 309 are controlled by
      conventional means 307e and 309 e from station 14.
PAR  The drumming station also includes cap handling means 320 for removing and
      replacing a screw cap 321 in the top of a drum, (FIGS. 5-8). After the
      drum is at position III for cap removal, the cradle frame 247 is raised to
      elevation U to raise the drum D carried by the cradle 251 so its cap 321
      can be engaged by means 320.
PAR  When brought into the drumming station according to the illustrative
      process, each drum will contain a preloaded accurately determined amount
      of cement or other solidifying agent and one or more freely movable mixing
      weights Dw which may take the form of oblong pieces of steel; a cap 321
      closes the drum.
PAR  The drum, which is of generally cylindrical form, has (FIG. 6) a cap
      opening structure C at the center of the top wall 322 of the drum,
      comprising a steel collar 323 having an internal threaded opening 324,
      fixed in the top wall 322 of the drum. Collar 323 has a radial flange 325
      around the outer edge of which the top wall metal is crimped at 326 to
      hold the collar securely in the drum; preferably a sealing ring 327 is
      clamped between the drum metal and the flange 325 to provide a fluid-tight
      seal between the collar and the drum. The internally threaded opening 324
      is adapted to be closed by cap 321 that has an external thread that
      permits the cap to be screwed into the threaded opening. The cap has a
      central depression 328 of circular cross section with vertical serrations
      or other suitable gripping surface, and an outward radial flange 329; cap
      321 also carries a sealing ring 330 that forms a fluid-tight seal between
      the cap and the drum.
PAR  Cap handling means 320 comprises frame structure 331 rigidly mounted on
      housing 226, and a wrench 322 rotatably and axially movably supported on
      the structure 331 to grasp and remove and replace cap 321. The wrench is a
      resilient expandable slotted collet that is resiliently biased to contract
      and has an outer surface shaped to fit inside depression 328 of the cap so
      that when the collet is expanded it firmly grasps the inner wall of the
      depression. The wrench is expanded by a pull rod 333 having an externally
      conical expanding portion 334 that bears against a matching internally
      conical surface 335 in the wrench, so that when the pull rod is drawn
      upwardly it expands the wrench to grasp the cap.
PAR  The pull rod is drawn upwardly and moved downwardly as required by a cam
      336 (FIGS. 7, 8) that is rotated about its horizontal axis to lift and
      lower a follower 337 that is slidably mounted on frame structure 331, and
      supports the pull rod for rotatable but no relative axial movement. The
      cam is connected to and rotated (FIGS. 4-6) by a shaft 338 that extends
      through shield wall 215 to a gearbox and electric motor unit 339 the motor
      being controllable by conventional means 339e from the station 14. The cam
      is shaped to provide a predetermined amount of tension on the pull rod and
      collet wrench 332 to permit the cap to be gripped with adequate force to
      hold it securely for removal, but not to deform it. When the cam 336 is
      turned so it moves the cam follower down, rod 333 is lowered, thus moving
      its conical portion 334 downwardly of the collet wrench and allowing the
      wrench to contract to release the cap.
PAR  While the wrench is engaged in the cap, the cap is rotated by the cap
      handling means 320 to unscrew the cap to open the drum, and after the
      radioactive material has been placed in the drum to screw the cap in the
      drum to close it. For this purpose a hollow shaft 341 surrounds and is
      coaxial with the wrench pull rod and is adapted to support and rotate
      wrench 332. It is supported from frame structure 331 for rotational and
      axial movement correlated with the pitch of the threads of cap 321 and
      opening 324. The shaft 341 is rotated by a worm gear 342 that drives a
      worm wheel 343 rotatably but axially immovably supported from frame 331.
      It is rotated (FIGS. 5, 6, 8) as required by a shaft 344 extending through
      the shield wall to a gearbox and electric motor unit 345 controlled from
      station 14 by means 345e.
PAR  Shaft 341 is slidably but non-rotatably connected to worm gear 343 and has
      projecting dogs 346 at its lower end that engage shoulders 347 on the
      wrench 332 to rotate it when shaft 341 is rotated. Vertical travel of the
      wrench shaft and wrench are correlated with axial movement of the cap as
      it screws in or out by a nut 348 rigidly carried by frame 331 engaging a
      lead screw 349 fixed to shaft 341, the nut and lead screw having threads
      of the same linear pitch as the thread on the drum and cap, so as to
      retain exact relationship between threads in the drum and on the cap to
      facilitate recapping without cross-threading. The cap handling means is so
      designed that cam 336 maintains and holds tension on the pull rod that
      cause the wrench to grasp and firmly hold the cap during the removal of
      the cap and in the interim period while the drum is being filled. Sensing
      means 350 embodying spring loaded feeler 350a and limit switch 350b senses
      when the drum is in the proper position to have the cap removed or
      inserted, and through interlock means permits the apparatus 320 to
      operate; otherwise it prevents operation.
PAR  After the cap has been removed at position III the drum is ready to have
      the radioactive material put in it. This is accomplished by locating the
      drum carrying cradle 251 in the filling position IV and lifting the cradle
      and drum to engage the opening 324 with the fill nozzle 351 (FIG. 4) in
      the top wall 231 of housing 226.
PAC  Operation of Drumming Station
PAR  A typical cycle of operations of the drumming station is as follows,
      assuming that the cradle frame 247 is located so its cradle 251 is
      properly located in position I under the hatch cover 234, the cradle being
      positioned in the cradle frame to receive a drum in the vertical position;
      the hatch cover 234 is open; and a capped drum D containing cement and
      mixing weights Dw is on the loading dock 241 of the drumming station to be
      operated as shown in broken lines in FIG. 2. The operator in control
      station 14 then controls the overhead crane and its drum grab to pick up
      the drum from the loading dock and load it into the cradle. The operator
      then causes the hatch cover to close and the cradle frame 247 to move to
      position II. The clamping members are then actuated to clamp the drum. The
      cradle frame is then angularly moved to locate the drum at position III
      for cap removal. The cradle frame is then raised to cause its pin 261 to
      enter the socket 261a for position III, and to raise the drum so its cap
      231 can be engaged by the wrench 332 of cap handling means 320, which is
      then caused to operate to remove the drum cap. The cradle frame 247 is
      then lowered, and moved angularly to the drum filling position IV.
PAR  The cradle frame is here raised to cause its pin 261 to enter the socket
      261a for position III, and to raise the drum so the fill nozzle 351
      extends into the drum. The filling cycle is then carried out as described
      previously by supplying a metered amount of a dispersion of radioactive
      particles in water from decanting tank 216 or from evaporator bottoms
      supply line 445.
PAR  After the proper predetermined amount of the dispersion of radioactive
      particles in the proper proportion of water has been put into the drum,
      the cradle frame is then lowered and moved angularly to the capping
      position III where the cradle frame will again raise the drum so it is in
      capping relation to the cap in a position so that when rotated the cap
      moves downwardly and engages the threads of the drum. The cap is then
      reinserted and screwed tight as described above. The wrench of the cap
      handling means is then released and the cradle frame lowered.
PAR  The cradle frame is next moved to position II to locate the closed drum for
      mixing. The drive motor 303 for rotating the cradle is the restarted and
      the drum is rotated end-over-end to mix the drum contents thoroughly, the
      freely movable mixing weights Dw in the drum greatly aiding thorough
      mixing. During the later part of the mixing cycle, the drum may be washed
      as it is rotating by water sprayed from heads 449 so that drum and the
      interior of the drum housing 226 can be thoroughly washed down. When the
      mixing cycle has been completed, the mixer stops with the drum in an
      upright veritical position as described. Thereafter the cradle frame is
      released from the housing so that it may be angularly moved to position I
      for unloading.
PAR  Hatch cover 234 is then opened and drum grab lowered through the hatch into
      the housing 226 to pick up the drum. The drum is then placed on the
      unloading dock 242 where its weight is checked by scale 244 and its
      radiation level is monitored by monitor 243.
PAR  The operator places another drum with its predetermined quantity of dry
      cement on the loading dock 241 as shown in FIG. 2 while the drum being
      filled is in housing 226 in its filling cycle. The scale 244 on the
      loading dock is used to verify the cement quantity in the drum, and the
      drumming apparatus is ready for the next cycle.
PAR  After the operator loads the next drum into the cradle and starts the
      drumming cycle, he then places the processed drum in one of the decay
      vaults 12, 13 for storage and brings another drum into position on the
      loading dock. Modifications may be made in this illustrative process of
      operations.
PAR  Various modifications may be made in the apparatus or process disclosed,
      and other modifications, advantages, and modes of operation will become
      apparent without departing from the spirit of the invention.
CLMS
STM  We claim;
NUM  1.
PAR  1. Apparatus for placing a closure means having a helical thread at an
      opening of an object which opening has an axis and a coaxial matching
      helical thread at said opening adapted to have screwed onto it the thread
      of said closure means when said closure means is placed at said opening,
      which closure means has grasp means by which said closure means may be
      grasped at essentially any location about its axis, said apparatus
      comprising wrench means adapted to be actuated to positively engage said
      grasp means at essentially any location about its axis to firmly grasp
      said closure means and adapted to be actuated to positively disengage said
      wrench means from said grasp means to release said closure means; shaft
      means carrying said wrench means, said shaft means having a helical thread
      of the same pitch as said threads of said closure means and said opening;
      means) for supporting said shaft means and said wrench means for rotation
      and for movement of said wrench means toward and away from said opening,
      said supporting means including means having a helical thread matching and
      engaging the thread of said shaft means, said helically threaded
      supporting means being immovable relative to said object while said wrench
      means is actuated to engage the grasp and unscrew said closure means from
      said opening and while said shaft means and wrench means are being
      rotated; means for rotating said shaft means to cause said wrench means to
      move axially and to rotate; and means associated with said wrench means
      for actuating said wrench means to positively engage it with said grasp
      means of said closure means to grasp said closure means, and to positively
      disengage it from said grasp means to release said closure means.
NUM  2.
PAR  2. The apparatus of claim 1 in which said means for rotating said shaft
      means to move said wrench means is adapted to move said wrench means along
      said axis toward said opening in said object which has a closure means
      screwed onto said thread at said opening until said wrench means can
      engage said grasp means of said closure means to grasp said closure means;
      and in which said means for rotating said shaft means is adapted to move
      said wrench means along said axis and rotate said wrench means so that it
      moves said wrench means in the direction to unscrew the thread of said
      closure means, while it is grasped by said wrench means, from said thread
      at said opening and to move said closure means away from said opening.
NUM  3.
PAR  3. The apparatus of claim 2 in which said means for rotating said shaft
      means carrying said wrench means is adapted to move said wrench means
      along said axis toward said opening in said object while said wrench means
      grasps said closure means, until said thread on said closure means engages
      said thread at said opening at the same relative locations of said threads
      at which said threads of said closure means left the threads at said
      opening during said unscrewing operation; and to continue said axial
      movement and rotation of said wrench means while it grasps said closure
      means until the thread of said closure means is screwed onto the thread of
      said opening and said closure means closes said opening; in which said
      means for actuating said wrench means thereafter actuates it to disengage
      it from said grasp means of said closure means to release said closure
      means; and in which said means for rotating said shaft means moves said
      wrench means axially away from said closure means while it is free of said
      closure means.
NUM  4.
PAR  4. The apparatus of claim 1 in which said means for rotating said shaft
      means carrying said wrench means is adapted to move said wrench means
      along said axis toward said opening in said object which has a closure
      means screwed onto said thread at said opening until said wrench means can
      engage said grasp means of said closure means and grasp said closure
      means; in which said means for rotating said shaft means is adapted to
      move said wrench means along said axis and rotate said wrench means so it
      moves said wrench means in a direction to unscrew the thread of said
      closure means while it is grasped by said wrench means, from said thread
      at said opening and to move said closure means away from said opening; in
      which said means for rotating said shaft means is adapted to move said
      wrench means along said axis while said wrench means grasps said closure
      means toward said opening in said object until said thread on said closure
      means engages said thread at said opening and to continue said axial
      movement and rotation of said wrench means while it grasps said closure
      means until the thread of said closure means is screwed onto the thread of
      said opening and said closure means closes said opening; in which said
      means for actuating said wrench means actuates it to disengage it from
      said grasp means on said closure means to release said closure means; and
      in which said shaft means moves said wrench means axially away from said
      closure means while it is free of said closure means.
NUM  5.
PAR  5. The apparatus of claim 1 in which said means for supporting said shaft
      means and wrench means for rotation and movement toward and away from said
      opening provides an axial movement per revolution of said wrench means
      comparable to the pitch of the threads on said opening and said closure
      means.
NUM  6.
PAR  6. The apparatus of claim 2 in which said means for supporting said shaft
      means and wrench means for rotation and movement toward and away from said
      opening provides an axial movement per revolution of said wrench means
      comparable to the pitch of the threads on said opening and said closure
      means.
NUM  7.
PAR  7. The apparatus of claim 3 in which said means for supporting said shaft
      means and wrench means for rotation movement toward and away from said
      opening provides an axial movement per revolution of said wrench means
      comparable to the pitch of the threads on said opening and said closure
      means.
NUM  8.
PAR  8. The apparatus of claim 4 in which said means for supporting said shaft
      means and wrench means for rotation and movement toward and away from said
      opening provides an axial movement per revolution of said wrench means
      comparable to the pitch of the threads on said opening and said closure
      means.
NUM  9.
PAR  9. The apparatus of claim 1 in which said closure means has an external
      thread thereon and said opening has a matching internal thread therein.
NUM  10.
PAR  10. The apparatus of claim 1 in which said means for rotating said shaft
      means and said wrench means is adapted to move said wrench means in
      opposite directions, and in which means are provided to indicate the
      position of said opening relative to said wrench means.
NUM  11.
PAR  11. The apparatus of claim 1 in which said wrench means includes movable
      means capable of being moved to positively engage said grasp means of said
      closure means at essentially any location about said axis of said closure
      means and capable of being retracted to positively disengage from said
      grasp means of said closure means, and means for so moving said movable
      means.
NUM  12.
PAR  12. The apparatus of claim 1 in which said means for supporting said shaft
      means and said wrench means includes means providing axial movement per
      revolution of said wrench means equivalent to the pitch of the threads on
      said closure means and at said opening, and in which said means for moving
      said wrench means causes said wrench means when grasping said closure
      means to move to unscrew said closure means and move away from said
      opening to remove said closure means away from said opening, and
      thereafter to move said closure means toward said opening and screw it on
      the thread at said opening at the same relative locations of said threads
      at which said thread of said closure means left the thread at said opening
      during the unscrewing operation.
NUM  13.
PAR  13. The apparatus of claim 1 in which said wrench means comprises a
      plurality of members movable toward and away from said axis to retracted
      and expanded positions, in one of which positions said movable members
      positively grasp said grasp means of said closure means and in the other
      of which positions said movable members are positively disengaged from
      said grasp means of said closure member and operating shaft means with
      said shaft means carrying said wrench means so that by movement of said
      operating shaft means relative to said shaft means carrying said wrench
      means said operating shaft means can move said movable closure grasping
      members between their retracted and extended positions.
NUM  14.
PAR  14. Apparatus for placing a closure means having a thread at an opening of
      an object which has an axis on a coaxial thread at said opening adapted to
      be engaged by the thread of said closure means, which closure means has
      grasp means by which said closure means may be grasped, said apparatus
      comprising wrench means adapted to engage said grasp means to grasp said
      closure means and adapt it to be actuated to disengage said wrench means
      from said grasp means to release said closure means; and means for moving
      said wrench means along the axis of said opening while rotating said
      wrench means to provide an axial movement per revolution equivalent to the
      pitch of the threads of said threads of said closure means and at said
      opening, said means being adapted to move said wrench means toward said
      opening to a position where said wrench means can grasp said grasp means
      of said closure means, unscrew said closure means from said opening,
      remove said closure means from said opening to permit access to said
      opening, return said closure means to said opening and engage the threads
      of said closure means and said opening in the same relative positions at
      which said threads separated when said closure means was unscrewed from
      said opening and screw said closure means on said thread at said opening
      to close said opening, and move away from said closure means after said
      wrench means releases said closure means, said means for moving said
      wrench means acting to restrict said movement of said wrench means only to
      said movement along the axis of said opening while rotating said wrench
      means to provide an axial movement per revolution equivalent to the pitch
      of the threads of said closure means and at said opening; and means for
      actuating said wrench means to release said closure means.
NUM  15.
PAR  15. Apparatus for placing a closure means having a thread at an opening of
      a container which opening has an axis and a coaxial thread at said opening
      adapted to be engaged by the thread of said closure means, which closure
      means has grasping means by which said closure means may be grasped, said
      apparatus comprising wrench means adapted to engage said grasp means to
      grasp said closure means and adapted to be actuated to disengage said
      wrench means from said grasp means to release said closure means; and
      means for moving said wrench means along the axis of said opening while
      rotating said wrench means to provide axial movement per revolution of
      said wrench means equivalent to the pitch of the threads of said closure
      means and at said opening, said means being adapted to move said wrench
      means towards said opening to a position where said wrench means can grasp
      said grasping means of said closure means, to unscrew said closure means
      from said thread at said opening, to remove said closure means from said
      opening to permit access to said opening, to return said closure means to
      said opening and screw said closure means on said thread at said opening
      to close said opening, and to move away from said closure means after said
      wrench means releases said closure means; means for actuating said wrench
      means to release said closure means; and means for supporting said
      container in a predetermined position relative to said wrench means during
      unscrewing of said closure means, for moving said container to a different
      location relative to said wrench means, and for returning said container
      to the same predetermined position relative to said wrench means for
      screwing on of said closure means.
NUM  16.
PAR  16. Apparatus for placing a closure means having a thread at an opening of
      a container which opening has an axis and a coaxial thread at said opening
      adapted to be engaged by the thread of said closure means, which closure
      means has grasp means by which said closure means may be grasped, said
      apparatus comprising wrench means adapted to engage said grasp means to
      grasp said closure means and adapted to be actuated to disengage said
      wrench means from said grasp means to release said closure means; means
      for supporting said wrench means for rotation and for movement toward and
      away from said opening, said supporting means providing axial movement per
      revolution of said wrench means equivalent to the pitch of the threads of
      said closure means and at said opening, means for moving said wrench means
      to cause it to move axially and to rotate, said means causing said wrench
      means when grasping said closure means to move to unscrew said closure
      means and move away from said opening to remove said closure means away
      from said opening, and thereafter to move said closure means toward said
      opening and screw it on the thread at said opening at the same relative
      locations of said threads at which said thread of said closure means left
      the thread at said opening during the unscrewing operation; means
      associated with said wrench means for actuating said wrench means to
      positively disengage it from said grasp means of said closure means to
      release said closure means; and means for supporting said container in a
      predetermined position relative to said wrench means in which position
      said wrench means can unscrew said closure means during the unscrewing
      operation, for moving said container to a different location relative to
      said wrench means, and for returning said container to the same
      predetermined position relative to said wrench means for screwing on of
      said closure means.
NUM  17.
PAR  17. In an apparatus for introducing material into a container having a wall
      portion with an opening to receive said material and having a thread at
      said opening and a closure means with a thread matching the thread at said
      opening, said closure means having grasp means by which it may be grasped
      and turned, the combination comprising supporting means at a fixed
      location; wrench means carried by said supporting means at said fixed
      location and adapted to engage said grasp means of said closure means when
      said opening is in a predetermined position relative to said supporting
      means at said fixed location; movable supporting means for supporting said
      container with said opening substantially at said predetermined position;
      locating means for accurately locating said wall portion of said container
      with said opening of said container and for holding said opening in said
      predetermined position relative to said supporting means at said fixed
      location after said container has been moved substantially to that
      position by said movable supporting means; means for moving said wrench
      means relative to said supporting means at said fixed location and while
      said opening is so held in said predetermined position by moving said
      wrench means toward said opening so said wrench means can engage and grasp
      said grasp means of said closure means and by rotating said wrench means
      to unscrew said closure means from said opening and move it away from said
      container, by moving said wrench means toward said opening and rotating it
      to screw said closure means onto said thread at said opening to close said
      opening, and by moving said wrench means away from said container after
      said wrench means has released said closure means; means associated with
      said wrench means for actuating said wrench means to so grasp and release
      said closure means; and means for moving said movable supporting means to
      support said container with its opening substantially at said
      predetermined position while said wrench means unscrews said closure means
      from the container opening, for moving said container laterally to a
      different location relative to said wrench means, and for returning said
      container laterally so that its opening is at said same predetermined
      position relative to said wrench means for screwing on of said closure
      means.
NUM  18.
PAR  18. The apparatus of claim 17 comprising means responsive to movement of
      said wall portion of the container to said predetermined position for
      indicating the position of said opening relative to said supporting means
      at said fixed location.
NUM  19.
PAR  19. The apparatus of claim 17 comprising sensing means for preventing
      operation of said means for moving said wrench means when said opening is
      not located properly relative to said supporting means at said fixed
      location.
NUM  20.
PAR  20. The apparatus of claim 19 in which said locating means guides said
      container to a predetermined position relative to said supporting means at
      said fixed location for removal and replacement of the closure means.
NUM  21.
PAR  21. The apparatus of claim 12 in which said locating means is carried by
      said movable supporting means.
NUM  22.
PAR  22. The apparatus of claim 17 in which said container has an end wall and a
      side wall and said opening is in a predetermined position relative to the
      side wall of the container.
NUM  23.
PAR  23. The apparatus of claim 17 in which said means for moving said wrench
      means effects an axial movement per revolution comparable to the pitch of
      the thread at said opening.
NUM  24.
PAR  24. The apparatus of claim 17 in which said locating means moves said wall
      portion of said container to said predetermined position in response to
      movement of the container relative to said supporting means at said fixed
      location.
NUM  25.
PAR  25. The apparatus of claim 17 comprising filling means for introducing said
      material through said opening and in which said movable supporting means
      moves the container to a predetermined filling position relative to said
      filling means.
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ABST
PAL  An apparatus for continuously making a mixture of viscous material with
      solid material, which comprises a pair of spaced mixing rolls for dragging
      the viscous material and the solid material into a gap between the mixing
      rolls to permit the materials to be mixed together. A pair of removal
      rolls, each rotatable at a higher speed than any of the mixing rolls, are
      provided below the mixing rolls respectively spaced a predetermined
      distance from the associated mixing rolls for removing layers of the
      mixture sticking in part to one mixing roll and in part to the other
      mixing roll, off from the mixing rolls. The mixture removed from the
      mixing rolls by the removal rolls falls downwardly onto a packaging
      process wherein the mixture is packed between a pair of carrier sheets of
      synthetic resin material.
BSUM
PAR  The present invention relates to an apparatus for continuously making a
      mixture of viscous material with solid material.
PAR  More particularly, the present invention relates to an apparatus for
      continuously preparing a mixture of viscous material, such as synthetic
      resin or food material, of a nature whose chemical and/or physical
      properties are susceptible to the elevated temperature, with solid
      material, such as powdered material, particles, flakes, granules, chopped
      strands, rovings, fibrous material or other, of a nature which tends to be
      easily damaged by an external physical force applied thereto.
PAR  A blade- or screw-type mixer or a kneading device has heretofore been
      employed to mix viscous material of the type referred to above with solid
      material of the type referred to above. Although in certain cases the
      conventional mixer is satisfactorily employed for making a mixture of
      solid and viscous materials to some extend, the mixer must be of a type
      capable of generating a relatively high shearing force where the material
      of high viscosity is to be mixed with the solid material. A relatively
      great shearing force is required for the highly viscous material to be
      fluidized and, however, the greater the shearing force generated by the
      mixer, the more often the solid material to be mixed in said highly
      viscous material is physically damaged. Moreover, the employment of the
      high shearing force often accompanies a frictional heat evolved in the
      high viscous material during mixing operation with the solid material and,
      therefore, chemical and physical properties of the high viscous material
      change in a varying degree depending upon the type of the viscous
      material.
PAR  For facilitating a better understanding of the present invention, a prior
      art method of making a fiber reinforced plastic, which itself is prepared
      by mixing a highly viscous synthetic resin with glass fibers of a sort of
      solid material, will now be described by way of example.
PAR  As varieties of fiber reinforced plastic for use in plastic molding, a
      sheet molding compound (SMC), a bulk molding compound (BMC), a premix
      molding compound (PMC) and other molding compounds are known. Any of these
      varieties is prepared by mixing one or a combination of synthetic resins,
      such as unsaturated polyester resins or epoxy resins, with various
      additives including a filler, such as one or a mixture of calcium
      carbonate, clay, silica, plaster, barium sulfate and others, a hardening
      agent, a plasticizer, a coloring agent, such as one or a mixture of
      pigments, a catalyst, a stabilizer, a reinforcement such as one or a
      mixture of natural and/or synthetic fibers including glass fiber, and a
      viscosity increasing agent. During the preparation of the molding
      compound, the mixture of synthetic resin and additives represents a
      viscous state and is supplied as a molding material in the form of lumps
      or sheets or in any convenient shape easy to handle, after the mixture has
      substantially lost viscosity.
PAR  Particularly, BMC and PMC are usually supplied as a molding material in the
      form of lumps and can, therefore, be preformed easily into a rod-like or
      ribbon-like shape or any other convenient shape in readiness for molding
      operation. However, during a step in which the synthetic resin and the
      additives including the reinforcement are mixed, the mixture is inevitably
      subjected to the relatively high shearing force in the mixer and,
      therefore, the reinforcement is easily damaged physically. Moreover, the
      content of the reinforcement acceptable in the mixture is so limited that
      improvement in the physical strength of the resultant reinforced plastic
      molding material cannot be expected.
PAR  On the contrary thereto, the molding material known as SMC is of a
      so-called sandwitch structure wherein the mixture is sandwitched between
      carrier sheets of polyethylene. This SMC is substantially prepared by
      applying a paste of mixture of the synthetic resin with the additives
      except for the reinforcement on one of the carrier sheets which is
      substantially horizontally transferred in one direction, distributing the
      reinforcement, for example, in a chopped form onto the paste, covering the
      other carrier sheet, which has also been applied with the same paste as
      applied on said one of the carrier sheets, over the mixture on said one of
      said carrier sheets to render the mixture sandwitched between these
      carrier sheets, and passing the mixture, which has been sandwitched
      between the carrier sheets, through a pair of juxtaposed compression rolls
      to facilitate distribution of the reinforcement in the paste.
PAR  In the manufacture of the SMC, since the compression rolls merely act to
      press the mixture from both sides thereof through the carrier sheets, no
      reinforcement included therein can be impaired physically. However, there
      is a disadvantage in that, since the depth of submergence of glass fibers
      for the reinforcement into the paste is restricted partly because of its
      considerably small weight and partly because of the viscosity of the
      paste, a SMC having a thickness more than about 3 mm. cannot be
      practically manufactured. Most commercially available sheet molding
      compounds range in thickness from 2 to 3 mm. and employment of a
      relatively thin SMC for molding a shaped article often provides
      inconveniences. In other words, if a single SMC has a relatively small
      thickness, a plurality of SMC must be piled up in a compression molding
      machine in order to manufacture a compression-molded article having a
      relatively great wall thickness. This involves a complicated and
      time-consuming procedure to be carried out prior to supply of the SMC into
      the compression molding machine in such a way as to peel or remove the
      carrier sheets, one pair for each SMC, and then to place one SMC above the
      other. As a matter of practice, prior to the supply into the compression
      molding machine, each SMC may be broken into a desired or required size
      and, thereafter, the carrier sheets on the SMC are removed.
PAR  The present invention has been developed after a series of research and
      development the inventors have conducted to eliminate the above
      disadvantage and inconveniences inherent in the conventional SMC and
      concurrently to provide a convenient method of making a molding compound
      which can be efficiently manufactured at a substantially reduced cost
      without the reinforcement being physically impaired, which therefore has a
      physical strength comparable to that of the conventional SMC, which has a
      relatively great thickness and which can be supplied on the market in the
      form of a sheet, rod or any other desired or required shape. One feature
      of the present invention is, therefore, based on the finding that, as a
      paste or a viscous compound of synthetic resin is transported through a
      gap of a predetermined size between a pair of juxtaposed mixing rolls
      being rotated in the opposite directions with respect to each other while
      reinforcements, for example, chopped strands of glass fibers, are
      dispersed onto the viscous compound prior to said viscous compound being
      dragged into said gap, the viscous compound and the reinforcements are,
      together with the other additives, uniformly and sufficiently mixed.
PAR  Even though the uniform and sufficient mixing can be achieved as the
      viscous compound is transported through the gap between the mixing rolls,
      the viscous compound may, because of its relatively high viscosity, roll
      up sticking in part to one mixing roll and in part to the other mixing
      roll, as both of the mixing rolls continue rotating, far from the
      resultant mixture being delivered onto a subsequent process, that is, a
      sheet wrapping process. In order to remove such an occurrence, so-called
      doctor knives, which are known as a substantially strip-shaped blade used
      for removing or scraping off from a rigid base any material sticking to
      the rigid base, may be employed each for one mixing roll, in such an
      arrangement that these doctor knives are provided below and in contact
      with the respective peripheral surfaces of the individual mixing rolls.
      However, the employment of the doctor knives in the manner as hereinabove
      described has been found unfavourable.
PAR  First, unless each of the doctor knives has a sufficiently high physical
      strength, one or both of the doctor knives tend to be deformed
      transversely of the lengthwise direction of the knife edge, thereby
      departing from the sliding engagement to the peripheral surface of the
      corresponding mixing roll. This often occurs as reinforcements admixed in
      the viscous compound are entangled around the knife edge of each of the
      doctor knives.
PAR  Secondly, even if such an occurrence as described above will not take
      place, reinforcements are physically impaired in contact with the knife
      edges of the respective doctor knives and, in addition thereto, heat of
      considerably elevated temperature is generated by the friction between the
      knife edges of the doctor knives and the peripheral surfaces of the mixing
      rolls. Where the viscous compound comprises a thermosetting plastic,
      generation of the heat means partial heating of the viscous compound and,
      therefore, once the heated portion of the viscous compound is cooled in
      contact with, for example, ambient air, that portion of the viscous
      compound becomes permanently hardened resulting in a machine trouble or
      malfunction.
PAR  Another important feature of the present invention is, therefore, based on
      the finding that, by employing removal rolls in such a manner that they
      are arranged for rotation at a relatively high speed below and in spaced
      relation to the respective mixing rolls, each of said removal rolls being
      rotated in a direction opposite to the rotational direction of the
      corresponding mixing roll situated immediately thereabove, a layer of the
      viscous compound, which has been already mixed with the reinforcements and
      has emerged from the gap between the mixting rolls sticking to both of the
      mixing rolls, can effectively be removed from the individual mixing rolls
      substantially without bein rolled up around the respective mixing rolls.
      The viscous compound thus removed from the mixing rolls is centrifugally
      splashed onto the subsequently performed sheet wrapping process.
PAR  It is to be noted that the present invention also pertains to a method of
      making the plastic molding compound. In practising this method according
      to the present invention, any known substances may be employed for
      manufacturing the plastic molding compound. By way of example, the
      synthetic resin may be chosen from polyester resins or epoxy resins and is
      previously admixed with viscosity increasing agent and catalyst. If
      desired or required, one or more of fillers, plasticizers, coloring
      agents, stablizers and other additives may be added to the resin
      composition. The reinforcement may be a glass fiber or any other natural
      or synthetic fiber.
DRWD
PAR  These and other objects and features of the present invention will become
      apparent from the following description taken in conjunction with
      preferred embodiments thereof with reference to the accompanying drawings,
      in which:
PAR  FIG. 1 is a schematic perspective view of an apparatus for making a plastic
      molding compound in the form of SMC, constructed according to the
      teachings of the present invention,
PAR  FIG. 2 is a schematic side view of an essential portion of the apparatus
      shown in FIG. 1,
PAR  FIGS. 3(a) to (d) illustrate various sections of any of removal rolls
      forming a removing unit of the apparatus shown in FIG. 1,
PAR  FIGS. 4 and 5 illustrate different types of the mixing unit, which may be
      employed in the apparatus of FIG. 1, and
PAR  FIG. 6 is a schematic side view of an essential portion of the apparatus of
      FIG. 1, showing the plastic molding compound manufactured in the form of a
      rod or a lamp.
DETD
PAR  Before the description of the present invention proceeds, it should be
      noted that like parts are designated by like reference numerals throughout
      the accompanying drawings. It is also to be noted that the terms
      "synthetic resin composition" hereinbefore and hereinafter employed should
      be understood as meaning a synthetic resin admixed with the above
      described additives in a known manner except for the reinforcements.
PAR  Referring first to FIG. 1 and FIG. 2, the apparatus so far illustrated
      includes a chopping unit C for breaking a plurality of rovings 10 of glass
      fibers for reinforcement into chopped strands 11 of, for example, 2 to 3
      cm. in length. The chopping unit comprises a rubber lined roll 12 and a
      chopping roll 13, both being horizontally supported by a machine framework
      (not shown) in spaced relation to each other and for rotation in the
      opposite directions with respect to each other. The chopping roll 13
      rotatable in the counterclockwise direction so far shown has a peripheral
      surface mounted with a plurality of blades 13a equally spaced from each
      other around said peripheral surface, each of which blades 13a extending
      over the whole length of said chopping roll 13. The blades 13a acts to
      chop the fiber rovings 10 into the chopped strands 11 in cooperation with
      the rubber lined roll 12 as said rolls 12 and 13 rotate. Positioned above
      the rubber lined roll 12 in parallel relation to the roll 12 are a pair of
      spaced retaining rolls 14 and 15 for retaining the fiber rovings 10
      against the peripheral surface of the rubber lined roll 12. One or both of
      the rolls 12 and 13 may be coupled to a drive mechanism (not shown)
      including a common drive motor and power transmission systems.
PAR  The chopped strands 11 fall by gravity onto a mixing unit M through through
      a hopper or enclosure H. The hopper H acts, as can be envisaged
      particularly from FIG. 2, to guide a continuously falling mass of chopped
      strands 11 onto the mixing unit M without being blown off the course down
      the way towards the mixing unit M.
PAR  A supply unit S for supplying a synthetic resin composition onto above the
      mixing unit M in a manner as will be described in detail includes a batch
      tank 16 for accommodating therein a mass of the synthetic resin
      composition, which batch tank 16 is fluid coupled through a motor-driven
      pump 17 to a divider 18. The divider 18 is is a branched pipe having three
      openings; one opening being fluid-coupled to the pump 17 and the other two
      openings being coupled with respective supply ducts 19 and 20 which extend
      in parallel relation to each other on both sides of the hopper H. These
      supply ducts 19 and 20 may be of the same construction and each duct has a
      free end closed, a substantially intermediate portion of which duct is, as
      shown in FIG. 2, formed with a downwardly opening slot 19a or 20a.
      Although a structural relation between these ducts 19 and 20 and the
      mixing unit M will be described later, it is to be noted that the
      motor-driven pump 17 is preferably of a type capable of supplying the
      synthetic resin composition from the batch tank 16 onto the mixing unit M
      through the ducts 19 and 20 under a predetermined fluid pressure and at a
      constant rate.
PAR  The mixing unit M comprises a pair of mixing rolls 21 and 22 supported by
      the machine framework immediately below the bottom opening of the hopper H
      for rotation in the opposite directions, as indicated by the arrows, with
      respect to each other. These rolls 21 and 22 extend in parallel relation
      to the supply ducts 19 and 20, which are respectively positioned above
      said mixing rolls 21 and 22, and are so spaced from each other that the
      minimum distance between the peripheral surfaces of said mixing rolls 21
      and 22 is within the range of 0.3 to 5.0 mm. and, preferably, 2 mm. Both
      of these mixing rolls 21 and 22 are operatively coupled to each other so
      as to rotate in the opposite directions, through a train of gears (not
      shown) which is in turn counped to the common drive mechanism (not shown).
PAR  The ducts 19 and 20 situated above the respective mixing rolls 21 and 22
      may be either supported to the machine framework (not shown) or secured to
      the hopper H at a lower portion thereof adjacent the associated mixing
      rolls 21 and 22. The slots 19a and 20a in the respective ducts 19 and 20
      are so sized that a cascade flow of the synthetic resin composition
      emerging from each of said slots 19a and 20a, as indicated by CF, has a
      width sufficient to left margines on both end portions of the
      corresponding mixing roll 21 or 22 when the cascade flow CF of the
      synthetic resin composition subsequently forms a layer on the peripheral
      surface of the corresponding mixing roll 21 or 22.
PAR  In the construction so far described, assuming that the pump 17 is operated
      to supply the synthetic resin composition from the batch tank 16 to the
      supply ducts 19 and 20 while the chopping unit C is operated to break the
      fiber rovings 10 into the chopped strands 11 downwardly falling through
      the hopper H, the cascade flows CF of the composition downwardly emerging
      from the respective slots 19a and 20a in the supply ducts 19 and 20 form
      layers on the mixing rolls 21 and 22, which layers of the synthetic resin
      composition adjoin within the gap between the mixing rolls 21 and 22 as
      said rolls 21 and 22 rotate in the opposite directions. Simultaneously
      therewith, the chopped strands 11 of glass fibers for reinforcement are
      dispersed or scattered on the outer surface of each of the layers of the
      synthetic resin composition around the mixing rolls 21 and 22.
PAR  As best shown in FIG. 2, as the layers of the synthetic resin composition
      on the mixing rolls 21 and 22, which are situated above the level of the
      narrowest portion of the gap between the mixing rolls 21 and 22, adjoin to
      each other and subsequently pass through the gap between the mixing rolls
      21 and 22 during rotation of said rolls 21 and 22, the chopped strands of
      glass fibers are first enfolded in between the layers of the synthetic
      resin composition and subsequently forced to admix deep into the resin
      composition then passing through the gap between the mixing rolls 21 and
      22. It is, therefore, clear that none of the chopped strands of glass
      fibers receive a physical force which may otherwise be applied by the
      mixing rolls 21 and 22 as the synthetic resin composition, admixed with
      said chopped strand, passes through the narrowest portion of the gap
      between said mixing rolls 21 and 22.
PAR  As previously stated, the minimum distance between the peripheral surfaces
      of the respective mixing rolls 21 and 22, that is, the size of the gap
      between the mixing rolls 21 and 22, is within the range of 0.3 to 5.0 mm.
      However, a particular value for the gap size should be chosen within said
      range in consideration of the outer diameter of each of the mixing rolls
      21 and 22 and the viscosity of the synthetic resin composition, so that
      the layers of the synthetic resin composition on the peripheral surfaces
      of said mixing rolls 21 and 22 above the level of said narrowest portion
      of said gap can adjoin to each other prior to being passed through the
      narrowest portion of said gap between said rolls 21 and 22.
PAR  More particularly, each of the mixing rolls 21 and 22 has an outer diameter
      preferably within the range of 100 to 1,000 mm. and is rotated at a rate
      preferably within the range of 1 to 200 r.p.m. By suitably selecting the
      size and rotational rate of the mixing rolls 21 and 22, a satisfactory and
      uniform mixing of the synthetic resin composition with the reinforcements
      can be achieved as said syntheric resin composition pass through the gap
      between the mixing rolls 21 and 22.
PAR  The resultant mixture emerging from the gap between the mixing rolls 21 and
      22 is, as the mixing rolls 21 and 22 continue to rotate, transferred to a
      removing unit R, of a construction as will now be described, sticking in
      part to the mixing roll 21 and in part to the mixing roll 22. The removing
      unit R comprises a pair of removal rolls 23 and 24 which are supported by
      the machine framework and respectively extend immediately below and in
      parallel relation to the mixing rolls 21 and 22. In a similar manner as
      the mixing rolls 21 and 22, these removal rolls 23 and 24 are operatively
      coupled to each other so as to rotate in the opposite directions, as
      indicated by the arrows, through a train of gears (not shown) which is in
      turn coupled to the common drive mechanism (not shown). However, it should
      be noted that the outer diameter of each of the removal rolls 23 and 24 is
      smaller than that of the mixing rolls 21 and 22 and, preferably, within
      the range of 50 to 200 mm. and that the rotational rate of said removal
      rolls 23 and 24 is higher than that of the mixing rolls 21 and 22 and,
      preferably, within the range of 1,000 to 10,000  r.p.m. It is also to be
      noted that, although the removal rolls 23 and 24 rotate in the opposite
      directions with respect to eath other, these are rotated in the same
      direction as the mixing rolls 21 and 22 respectively situated immediately
      above said removal rolls 23 and 24.
PAR  Each of the removal rolls 23 and 24 is spaced from the corresponding mixing
      roll 21 or 22 situated immediately thereabove in such a manner that the
      minimum distance between the peripheral surfaces of the mixing roll 21 or
      22 and removal roll 23 or 24 is within the range of 0.05 to 2.00 mm. and,
      preferably, within the range of 1/5 to 1/2 of the size of the gap between
      the mixing rolls 21 and 22. However, 0.5 mm. is more preferred for this
      distance.
PAR  As clearly shown in FIG. 2, the resultant mixture emerging from the gap
      between the mixing rolls 21 and 22 is, as hereinbefore described, splid
      into two cascading layers respectively sticking to the mixing rolls 21 and
      22 during rotation of said rolls 21 and 22. Since both of the removal
      rolls 23 and 24 function in the same manner relative to the respective
      cascading layers of the mixture of synthetic resin composition and chopped
      strands of glass fibers, reference will now be made only to the function
      of the removal roll 23 in relation to the cascading layer sticking to the
      mixing roll 21 for the sake of brevity.
PAR  The front of the cascading layer of the mixture that has emerged through
      the gap between the mixing rolls 21 and 22 approaches the removal roll 23
      positioned below the mixing roll 21 during rotation of the latter. Since
      the removal roll 23 is rotated at a higher speed than the mixing roll 21,
      the cascading layer of the mixture is, upon contact of the front thereof
      with the peripheral surface of the removal roll 23, expelled off from the
      peripheral surface of the mixing roll 21 by a centrifugal force generated
      by the rotation of the removal roll 23. No substantial portion of the
      cascading layer of the mixture is rolled up around the mixing roll 21 past
      the removal roll 23. The mixture thus expelled off from the peripheral
      surface of the roll 21 downwardly fall by gravity in the form of spattered
      particles as indicated by 25.
PAR  In the embodiment shown in FIGS. 1 and 2, each of the removal rolls 23 and
      24 is shown in the form of an elongated cylinder of circular section.
      However, it may have a cross sectional shape as shown in any of FIGS. 3
      (a) to (d). In other words, the removal roll shown in FIG. 3(a) is an
      elongated cylinder of circular cross section having the peripheral surface
      provided with a plurality of equally spaced blades each extending over the
      length of said removal roll. The removal roll shown in FIG. 3(b) is an
      elongated cylinder of polygonal cross section. The removal roll shown in
      FIG. 3(c) has a cross sectional shape similar to a geared wheel while the
      removal roll shown in FIG. 3(d) is an elongated cylinder of substantially
      circular cross section having the peripheral surface formed with a
      plurality of equally spaced grooves which extend in parallel to each other
      over the length of the removal roll.
PAR  In addition, the mixing unit M, which has been described as comprising the
      mixing rolls 21 and 22 in the embodiment of FIGS. 1 and 2, may comprise a
      pair of spaced endless belts 26 and 27 respectively suspended around a
      pair of vertically spaced rolls 28 and 30 and a pair of vertically spaced
      rolls 29 and 31, such as shown in FIG. 4 or a pair of spaced endless belts
      33 and 34 respectively suspended around a pair of horizontally spaced
      rolls 35 and 37 and a pair of horizontally spaced rolls 36 and 38 such as
      shown in FIG. 5.
PAR  More specifically, in the embodiment of FIG. 4, a lower couple of rolls 30
      and 31 are motor-driven and are positioned on the same level with respect
      to each other. On the other hand, an upper couple of rolls 28 and 29 may
      serve idle rolls and are positioned on the same level with respect to each
      other. Respective downward runs of these belts 26 and 27 define a gap
      through which the mixture is transported onto the removal unit R. The
      embodiment of FIG. 5 may be considered that the rolls 28 and 29 in the
      embodiment of FIG. 4 are respectively positioned to the left of the roll
      30 and to the right of the roll 31 as viewed from FIG. 4.
PAR  Referring back to FIGS. 1 and 2, the downwardly falling particles of
      mixture of the synthetic resin composition and the reinforcements are
      packed by a pair of carrier sheets 39 and 40 of synthetic material, for
      example, polyethylene, in a manner as will now be described.
PAR  The carrier sheet 39 is fed from a roll of polyethylene sheet 39a resting
      on an endless belt conveyor which is generally indicated by 41. The
      endless belt conveyor 41 comprises an endless belt 42 operatively
      suspended between a pair of spaced rolls 43 and 44 (the roll 44 being
      shown in FIG. 6), one of said rolls 44 being coupled to the common drive
      mechanism or a separate drive motor (not shown) to drive the endless belt
      42 in one direction. The endless belt 42 extends immediately below the
      removal unit R and in a direction transverse of the rotational axis of any
      of the mixing and removal rolls 21 to 24.
PAR  A web of carrier sheet 39 drawn from the roll 39a moves in contact with an
      upper run of the endless belt 42 in the direction indicated by the
      arrow-headed line while it receives, as it passes immediately below the
      removal unit R, the downwardly falling particles 25 of the mixture.
PAR  Positioned above the upper run of the endless belt 42 at the leading side
      relative to the removal unit R and crossing said upper run of said endless
      belt 42 is a levelling roll 45. Around the levelling roll 45, a web of
      carrier sheet 40 drawn from a roll of sheet 40a which is positioned far
      above the conveyor 41 is turned and extends in parallel relation to the
      upper run of the endless belt 42. Although not shown, respective free ends
      of these carrier sheets 39 and 40 opposite to the associated rolls 39a and
      40a are connected to a take-up roll or spool forming a part of a sheet
      winding mechanism.
PAR  Therefore, it is clear that as the webs of carrier sheets 39 and 40 are
      taken up by the sheet winding mechanism (not shown) operating in
      synchronism with the conveyor 41, the particles 25 of the mixture, which
      continuously fall onto the carrier sheet 39 and forms a deposit thereof,
      is first levelled by the levelling roll 45 while they enter a clearance
      between the horizontally moving portion of the carrier sheet 40 and the
      upper run of the endless belt 42, and then sandwitched between the carrier
      sheets 39 and 40. Thereafter, the mixture sandwitched between the carrier
      sheets 39 and 40 is, in the form of a SMC, wound around the take-up roll
      or spool. It should be noted that, because of the construction of the
      apparatus as hereinbefore fully described, the clearance between the
      levelling roll 45 and the upper run of the endless belt 42 may be greater
      than that heretofore employed in the conventional SMC manufacturing
      machine so that a SMC of a relatively great thickness can be provided by
      the machine according to the present invention.
PAR  The speed of movement of the endless belt 42 is preferably determined in
      consideration of the amount of the mixture particles 25 falling from the
      removal unit R per unit time so that the reinforced plastic molding
      compound of uniform thickness over the length thereof can be obtained.
PAR  Referring now to FIG. 6, in the case where the reinforced plastic molding
      compound is desired to be obtained in the form of a rod of any cross
      sectional shape, for example, a substantially trapezoidal cross sectional
      shape, a back-up mold 46 having a plurality of equally spaced receptacles
      46a may be inserted between the carrier sheet 39 and the upper run of the
      endless belt 42. Although the receptacles 46a shown in FIG. 6 is shown as
      integrally connected to each other, they may be a separate receptacle.
PAR  The present invention will now be illustrated by way of example.
PAR  Three types of fiber reinforced plastic molding compounds, each being of a
      composition as described in Table I, were manufactured by the use of the
      apparatus of the arrangement shown in FIG. 1 wherein the outer diameter of
      each of the mixing rolls 21 and 22 was 300 mm., the gap size between the
      mixing rolls 21 and 22 was 2 mm., the rotational rate of these mixing
      rolls 21 and 22 was 50 r.p.m. the outer diameter of each of the removal
      rolls 23 and 24 was 100 mm., the minimum distance between the mixing rolls
      23 and 24 and the associated removal rolls 23 and 24 was 1 mm., and the
      rotational rate of the removal rolls 23 and 24 was 2,000 r.p.m.
PAR  Physical characteristics of each of these types of fiber reinforced plastic
      molding compounds, identified by Types I, II and III, respectively, were
      tested and compared with the conventional BMC and SMC, as shown in Table
      II.
PAR  Although the present invention has been described as applied to the
      manufacture of fiber reinforced plastic molding compounds, it will readily
      be clear that it can be equally applicable to the manufcature of some
      kinds of food to be prepared by mixing a high viscous material with solid
      material. Moreover, various changes and modifications are apparent to
      those skilled in the art without departing from the true scope of the
      present invention and, therefore, they should be construed as included
      within the true scope of the present invention unless they depart
      therefrom.
TBL                Table I                                                     

     ______________________________________                                    

     COMPOSITION                                                               

     Plastic Unsaturated                                                       

                        Calcium   Zinc   Tert-butyl                            

                                                  Magnesium                    

     Molding Polyester  Carbonate Stearate                                     

                                         Perbenzoate                           

                                                  Oxide   Glass                

                                                                    Shape &    

                                                                    Size       

     Compounds                                                                 

             (%)        (%)       (%)    (%)      (%)     (%)                  

     ______________________________________                                    

     Con. BMC                                                                  

             31.4       47.1      0.95   0.31     0.16    20.0      Lump       

     Con. SMC                                                                  

             34.1       34.1      1.00   0.35     0.35    30.0      Sheet      

                                                                    2.5mm. in  

                                                                    Thickness  

     Type I  34.1       34.1      1.00   0.35     0.35    30.0      Lump       

     Type II do.        do.       do.    do.      do.     do.       Rod        

     Type III                                                                  

             do.        do.       do.    do.      do.     do.       Sheet      

                                                                    10 mm. in  

                                                                    Thickness  

     ______________________________________                                    

TBL                                    Table II                                

     __________________________________________________________________________

     Plastic                                                                   

     Molding                                                                   

           Bending Strength                                                    

                     Bending Elasticity                                        

                                Tensile Strength                               

                                          Tensile Elasticity                   

                                                     Izod Impact Value         

     Compounds                                                                 

           (Kg/mm.sup.2)                                                       

                     (Kg/mm.sup.2)                                             

                                (Kg/mm.sup.2)                                  

                                          (Kg/mm.sup.2)                        

                                                     (Kg.cm/cm.sup.2)          

     __________________________________________________________________________

     Con. BMC                                                                  

           10.6      1,060      4.5        990       28.2                      

     Con. SMC                                                                  

           17.3      1,150      8.5       1,050      43.2                      

     Type I                                                                    

           16.1      1,050      7.6       1,160      40.1                      

     Type II                                                                   

           15.8      1,010      8.3       1,100      46.5                      

     Type III                                                                  

           18.5      1,100      9.2       1,120      45.3                      

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for continuously making a mixture of viscous material with
      solid material, which comprises;
PA1  first and second rotatable members supported in position for rotation in
      the opposite directions with respect to each other and spaced a
      predetermined distance from each other to define a mixing gap
      therebetween;
PA1  first supply means for supplying the viscous material and for generating
      zones of cascading flow of said viscous material, said zones of cascading
      flow of said viscous material being respectively downwardly oriented
      towards said first and second rotatable members, said cascading flow of
      said viscous material in said zones forming a viscous layer around said
      first and second rotatable members, said viscous layers on said first and
      second rotatable members adjoining to each other and subsequently entering
      said mixing gap as said first and second rotatable members are rotated in
      the opposite directions to each other;
PA1  second supply means for supplying the solid material onto said viscous
      layers, said solid material after having been supplied onto said viscous
      layers being dragged into said mixing gap during rotation of said first
      and second rotatable members to mix with said viscous material as it pass
      through said mixing gap; and
PA1  third and fourth rotatable members supported in position below said first
      and second rotatable members for rotation in the opposite directions to
      each other at a higher speed than any of said first and second rotatable
      members, said third and fourth rotatable members being respectively
      rotated in the same direction as said first and second rotatable members
      and spaced a predetermined distance from said respective first and second
      rotatable members, said third and fourth rotatable members acting to
      remove the viscous mixture, which has emerged from said mixing gap
      sticking in part to said first rotatable member and in part to said second
      rotatable member, off from said first and second rotatable members, said
      mixture which has been removed from said first and second rotatable
      members subsequently falling downwards by gravity and being then
      collected.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, wherein said first and second
      rotatable members comprise cylindrical rolls, respectively.
NUM  3.
PAR  3. An apparatus as claimed in claim 1, wherein said first and second
      rotatable members comprise endless belts which are substantially
      vertically extending in parallel relation to each other, the adjacent runs
      of said belts defining said mixing gap.
NUM  4.
PAR  4. An apparatus as claimed in claim 1, wherein said first and second
      rotatable members comprise endless belts which are substantially
      horizontally extending in line with each other, the adjacent ends of said
      belts defining said mixing gap.
NUM  5.
PAR  5. An apparatus as claimed in claim 1, further comprising a packaging unit
      for packing the mixture, which has been removed off from said first and
      second rotatable member and subsequently fallen downwards, between a pair
      of carrier sheets of synthetic resin.
NUM  6.
PAR  6. An apparatus as claimed in claim 5, wherein said first and second
      rotatable members comprise cylindrical rolls, respectively.
NUM  7.
PAR  7. An apparatus as claimed in claim 5, wherein said first and second
      rotatable members comprise endless belts which are substantially
      vertically extending in parallel relation to each other, the adjacent runs
      of said belts defining said mixing gap.
NUM  8.
PAR  8. An apparatus as claimed in claim 5, wherein said first and second
      rotatable members comprise endless belts which are substantially
      horizontally extending in line with each other, the adjacent ends of said
      belts defining said mixing gap.
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PAL  A wrapping machine having a lifting table for presenting articles to the
      folding channel. Pressure plates are mechanically coupled to the vertical
      motion of the lifting table. As the table is elevated, cam surfaces on the
      machine act to bring the plates toward one another in order to compress
      articles which were previously deposited on the table.
BSUM
PAR  This invention relates to packaging machines and more particularly to
      machines for wrapping a plurality of articles in a common package.
PAR  Machines of the general type contemplated in this invention are described,
      for example, in co-pending patent application Ser. No. 501,223 filed Aug.
      28, 1974. Such machines may comprise a horizontally extending folding
      channel having stationary folding means arranged around the path of the
      articles or objects to be packaged. A sliding ram is used to push the
      articles along the folding channel. At the entrance end of the channel, a
      device is mounted for supplying packaging-material blanks in a vertical
      plane. At the remote end of the channel, four folding plates are mounted
      for movement substantially at right angles to the channel.
PAR  During a typical operating cycle a packaging-material blank is fed into
      vertical position across the channel. The ram then pushes the articles
      against the blank and along the folding channel, causing the blank to
      envelop the articles in a U-shape around the top, front, and bottom
      portions. As the articles advance past the stationary folding means, the
      extending sides of the packaging-material are folded against the sides of
      the articles which are substantially parallel to the path of the ram. When
      the articles are pushed beyond the folding channel, the sliding ram
      retreats to its initial position.
PAR  In the cited pending application, a lifting table is used at the entrance
      of the folding channel. This table receives the articles on a first level
      and raises them to the level of the folding channel and into the path of
      the delivery ram. Where separate articles are to be wrapped side-by-side,
      it is difficult to maintain them set in the desired compact unit to insure
      ultimate production of a firm inherently stiff final package.
PAR  U.S. Pat. No. 3,383,825 discloses a machine for wrapping a plurality of
      objects, wherein the problem of establishing a firm set is solved by the
      use of pressure plates. These pressure plates are positioned on opposite
      sides of the feed slide and move transversely under the control of
      hydraulic or pneumatic cylinders. This highly complex solution, becomes
      even more unsatisfactory when one attempts to adopt it to machines having
      lifting tables.
PAR  An object of the invention is to provide an improved wrapping machine
      having a lifting table with means for handling a plurality of articles.
PAR  Another object of the invention is to provide an improved wrapping machine
      including relatively simple means operative to secure a set of said
      articles, prior to wrapping.
PAR  Another object of the invention is to provide an improved wrapping machine
      having a lifting table and pressure elements mechanically coupled to move
      transversely in response to elevation of the table.
PAR  In accordance with the invention, a machine is provided for wrapping a
      plurality of articles in a single package. The machine comprises elevator
      means for delivering a plurality of articles to a particular level, means
      operative to transversely compress the plurality of articles as a function
      of the height of the elevator means, and means for horizontally feeding
      and wrapping the articles after delivery to the particular level.
PAR  In a particular wrapping machine embodying the invention, pressure elements
      are mounted on a lifting table and arranged to move orthogonally of the
      folding channel in response to elevation of the table. The pressure
      element movement is effected by mechanically coupled members consisting of
      guide rails having contoured cam surfaces mounted on the frame of the
      machine and cam follower rollers mounted on the pressure plates. Thus, the
      same drive that is used to elevate the lifting table, indirectly serves to
      drive the pressure plates.
PAR  The illustrative embodiment of the invention is further characterized in
      that the pressure units are arranged as separate elements, one above the
      other. These elements may be spaced apart to provide room for the face of
      the sliding ram to move toward the folding channel. This structure is
      suitable for the packaging of particularly thin articles, for example
      sheaths of cardboard or flattened folding boxes.
PAR  For a better understanding of the present invention, together with other
      and further objects thereof, reference is had to the following description
      taken in connection with the accompanying drawings, and its scope will be
      pointed out in the appended claims.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a longitudinal section through the relevant portion of a wrapping
      machine embodying the invention;
PAR  FIG. 2 is a transverse cross-section taken along the line II--II of FIG. 1;
      and
PAR  FIG. 3 is a partial plan view of the machine illustrated in the preceding
      figures.
DETD
PAR  A machine embodying the invention, as illustrated in FIG. 1, includes a
      main frame 2 supporting the folding channel 6 and a feed mechanism 3 which
      delivers the articles 4 to the entrance end of the folding channel 6. A
      vertically movable lifting table 5, which is an extension of the feed
      mechanism 3, receives the articles 4 on a lower level and elevates them to
      the level of the folding channel 6. In so doing, the lifting table
      interposes the articles between the entrance of folding channel 6 and a
      sliding ram element 7 that is adapted to move over the lifting table and
      into the folding channel. A packaging-material feed mechanism 9 is
      arranged in front of the entrance 8 of the folding channel.
PAR  The feed or delivery mechanism 3 may conveniently comprise a conveyor belt
      11 equipped with carrier elements 10 and guide bars 12 running adjacent to
      the conveyor path. The longitudinal section of FIG. 1 illustrates only the
      guide bar 12 which is to the rear. Conveyor belt 11 may move in continuous
      fashion to deliver objects 4 to the lifting table 5. In the illustrated
      embodiment, the objects are in the form of thin stacked prefabricated
      folding boxes which are positioned adjacent to one another and on end.
      Lifting table 5 is elevated or lowered by an operating cylinder 14 along
      vertical guide rods 13.
PAR  Pressure plates 15 are arranged on each side of the lifting table and
      adapted for movement at right angles to the direction of feed of the feed
      mechanism 3. As shown in FIGS. 1 and 2, the pressure plates 15 preferably
      consist of several elements arranged in pairs, each being held by support
      rods 17. The support rods are securely affixed to carriers 16, and are
      spaced sufficiently far apart to allow the ends 7A of slide ram 7 to move
      between them. Each carrier 16 is mounted securely to a pair of
      horizontally positioned guide rods 18 which move longitudinally in
      bearings 19 which are attached to the lifting table. Springs 20 are
      engaged with both the lifting table 5 and the ends of guide rods 18 in
      order to bias the pressure elements away from the center of the machine.
PAR  As seen most clearly in FIGS. 2 and 3, cam followers or rollers 21 are
      rotatably mounted on the carriers 16. Guide rails 22 are positioned in
      pairs opposite one another in the path of travel of the lifting table,
      these rails being aligned with the cam followers 21 and running in
      vertical planes. The guide rails are provided with camming control
      surfaces 23 which are spaced wider at the bottom of lifting table travel
      than at the top. In consequence, as the lifting table is elevated the cam
      followers 21 are forced inwardly by cam surfaces 23 and force the pressure
      plates 15 into contact with the articles to be packaged.
PAR  Although not illustrated in the drawings, the guide ram 7 may
      conventionally be driven by an operating cylinder and activated after the
      lifting table has properly interposed the stacked articles 4 between it
      and the entrance 8 of folding channel 6.
PAR  A typical machine operating cycle begins with the lifting table 5 in the
      lowered position. The resiliently flexible articles 4 are placed upon the
      lifting table due to the action of the conveyor belt 11 and projections 10
      thereon. It is contemplated that the articles are to be enclosed in a
      single sheath of predetermined width. The articles 4 may be, for example
      prefabricated packaging cartons consisting of tubes 24 folded flat, with
      the folding closure flaps hinged to the ends thereof. It is known that
      such folding flaps have a tendency to spring out.
PAR  After positioning of the articles on the lifting table 5, the table is
      elevated to the level of the folding channel 6. This causes the cam
      follower rollers 21, under the effect of camming surfaces 23, to move
      together bringing with them the pressure plates 15 against the action of
      springs 20. While the articles 4 may originally be arranged more or less
      loosely side-by-side, they are pressed together into a block of
      preselected width as determined by the spacing between the camming
      surfaces 23 on opposite sides of the machine. When the lifting table
      reaches its upper position, slide ram 7 is moved forward between pressure
      plates 15 pushing the compressed set of objects 14 toward the folding
      channel. Prior to movement of the objects, a packaging-material blank 27
      is interposed between the lifting table and the folding channel and
      consequently the movement of the articles into the folding channel effects
      a wrapping of the packaging-material blank about the sides of the
      articles. Further wrapping is accomplished in the manner conventional with
      this type of equipment.
PAR  As soon as the ram has deposited the articles within folding channel 6, the
      lifting table 5 may be lowered to receive a fresh supply of articles. As
      it is lowered, cam followers 21 are forced into continuous contact with
      cam surfaces 23, under the action of springs 20. Accordingly, the pressure
      plates 15 retract towards the sides of the machine in order to provide an
      enlarged area for the deposit of the new and uncompressed group of
      articles to be wrapped.
PAR  While there have been described what is at present considered to be a
      preferred embodiment of this invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the invention and it is aimed, therefore,
      in the appended claims to cover all such changes and modifications as fall
      within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A machine for wrapping a plurality of articles in a single package,
      comprising a lifting table for delivering a plurality of articles to a
      particular level, compressing means coupled to said lifting table and
      operative to move horizontally as a function of the vertical position of
      said lifting table whereby said articles are compressed, and wrapping
      means for horizontally receiving and wrapping said articles after delivery
      to said particular level.
NUM  2.
PAR  2. A machine as defined in claim 1, wherein said compressing means are in
      part mounted on said lifting table, and are mechanically coupled to move
      horizontally in response to vertical movement of said lifting table.
NUM  3.
PAR  3. A machine as defined in claim 1, wherein said compressing means comprise
      at least a pressure plate, a guide rail having a contoured surface mounted
      in a stationary position on said machine, and a roller mounted on said
      lifting table and engaged with said contoured surface to effect horizontal
      movement of said pressure plate in response to movement of said roller
      along said contoured surface.
NUM  4.
PAR  4. A machine as defined in claim 3, comprising pressure plates on opposing
      sides of said lifting table, guide rails on opposing sides of said lifting
      table, and one of said rollers engaging the contoured surface of each of
      said guide rails, said guide rails and rollers being positioned to effect
      movement of said pressure plates toward each other.
NUM  5.
PAR  5. A machine as defined in claim 4 wherein said wrapping means includes a
      folding channel and reciprocating feed means for pushing said articles
      from said lifting table into said folding channel, and said pressure
      plates comprise elements arranged in pairs on opposing sides of said
      lifting table, each pair being spaced apart to permit passage of said feed
      means therethrough.
NUM  6.
PAR  6. A machine as defined in claim 4, including spring means for biasing said
      pressure plates away from each other.
NUM  7.
PAR  7. A machine as defined in claim 5, including spring means for biasing said
      pressure plates away from each other.
NUM  8.
PAR  8. A machine as defined in claim 2, wherein said compressing means
      comprises: cam means and cam follower means associated therewith.
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ABST
PAL  A method for filling a shipping carton with flat-folded boxes supplied in
      substantially horizontal shingled array from a processing machine,
      comprising positioning an empty carton in displaceable manner on a support
      below the supply from said processing machine, supporting said boxes in
      shingled array while advancing them along a curved path to substantially
      vertical shingled array, discharging said vertically shingled boxes
      successively into said carton, and supporting said discharged boxes on one
      flat surface thereof within said carton, whereby the force of said boxes
      as discharged causes said carton to be displaced on its support. The
      apparatus includes a pair of cooperating curved conveyors extending from
      said manufacturing machine conveyor to said carton, whereby said boxes are
      transferred from horizontal shingled array to vertical shingled array and
      are successively discharged into said carton in vertical disposition. A
      pulley about which one of the curved conveyors is trained, in operative
      position is disposed within said carton so that successively discharged
      boxes, with said pulley as a back stop, cause said carton to advance on
      its support. When the carton is filled, the pulley and its conveyor are
      raised, the carton is removed and replaced by an empty carton and the
      process is repeated.
BSUM
PAR  The invention relates to a method of placing folded boxes or the like,
      which are put out by a box making or processing machine in shingled array,
      and additionally the invention relates to an apparatus for the practice of
      the method.
PAR  In the manufacture of folding boxes in high-output machines the carrying
      off of the folded boxes leaving the gluing machine has involved relatively
      great manpower. It has hitherto been customary for several persons to
      grasp groups of the folded boxes delivered in shingled array on the
      conveyor belt coming from the gluing machine, place them in a bundling
      machine for the application of a bundling wrapper, and then place them in
      bundled stacks of, for example, 50 boxes into shipping containers. The
      transport and storage of folded boxes in bundled form have proven to be
      disadvantageous insofar as the tight pressure of the stacked boxes on one
      another has led to trouble in the mechanical erection of the boxes in
      packing or cartoning machines.
PAR  To avoid these disadvantages, the folded boxes have been removed from the
      carrying off conveyor of the gluing machine and have been placed by hand
      into prepared shipping cartons having a capacity of approximately 500
      boxes, the boxes being transported and stored upright in the cartons
      without compression. These procedures, however, cannot be handled
      successfully by only a single operator since attention must also be paid
      to uniformity in the count of the folded boxes being placed in the
      shipping cartons.
PAR  Automatically operating machines are also known for packing shipping
      cartons with folded boxes leaving a gluing machine. Such machines are
      expensive, however, because the shingled boxes are separated and placed on
      an intermediate stack from which they are taken and placed in the shipping
      carton by means of special devices, or else the boxes are separated, after
      intermediate stacking, and successively placed in the shipping carton. In
      this method the advance of the shipping carton requires a separate drive,
      and the matching of the speed of advance to the folded box feed sequence
      presents appreciable difficulty.
PAR  It is an object of the present invention to avoid the disadvantages of the
      prior art systems and to provide an apparatus characterized by low cost,
      simplicity of control by the operator and trouble-free operation.
PAR  These and other objects and advantages are realized in accordance with the
      present invention pursuant to which there is provided a method for filling
      a shipping carton with flat-folded boxes supplied in substantially
      horizontal shingled array from a processing machine, comprising
      positioning an empty carton in displaceable manner on a support below the
      supply from said processing machine, supporting said boxes in shingled
      array while advancing them along a curved path to substantially vertical
      shingled array, discharging said vertically shingled boxes successively
      into said carton and supporting said discharged boxes on one flat surface
      thereof within said carton, whereby the force of said boxes as discharged
      causes said carton to be displaced on its support.
PAR  The invention also provides an apparatus for carrying out the process
      comprising means for supporting said carton positioned below said
      manufacturing machine conveyor, and a pair of cooperating curved conveyors
      extending from said manufacturing machine conveyor to said carton, whereby
      said boxes are transferred from horizontal shingled array to vertical
      shingled array and are successively discharged into said carton in
      vertical disposition.
PAR  One of the curved conveyors is trained about a pair of displaceable
      pulleys, one of the pulleys in operative position being disposed in said
      carton to form a back stop for one flat surface of discharged boxes,
      thereby to cause said carton to advance a non-driven conveyor on which it
      is supported.
PAR  The curved belt consists of a driven lower belt and a non-driven upper
      belt, the effective length of the upper belt being variable in the area of
      its free end by the displacement of pulleys.
PAR  The conveyor means which accommodates the shipping carton and which is
      constructed in the form of a non-driven roller conveyor or slide has
      associated with it a braking member acting on the shipping carton, its
      action on the carton being variable in accordance with the desired full
      density.
PAR  The advantages achieved with this invention lie primarily in the fact that
      the flat-folded boxes leaving the folding-box gluing machine in a shingled
      array are delivered into the automatically advancing shipping carton
      without being singled out and without intermediate stacking.
DRWD
PAR  The invention will be further described with reference to the accompanying
      drawing, wherein:
PAR  FIG. 1 is a diagrammatic representation of the apparatus during the carton
      filling process, and
PAR  FIG. 2 shows the apparatus in position between filling actions.
DETD
PAR  Referring now more particularly to the drawing, the flat-folded boxes 1, in
      a shingled array as they leave a folding-box gluing machine, pass over a
      connecting conveyor 2 into the entrance area of a belt conveyor consisting
      of a lower belt 3 and an upper belt 4. The lower belt 3 passes around a
      drive pulley 5, and guide pulleys 6, 7 and 8, and is supported in the area
      between pulleys 6 and 7 by supporting rolls 9 which define a curved
      conveyor path.
PAR  The upper belt 4 is guided around pulleys 10, 11, 12 and 13, of which
      pulleys 10 and 11 rotate about stationary axes while pulleys 12 and 13 and
      thus the free end of belt 4 are vertically displaceable. This
      displaceability is achieved by mounting pulley 12 on a lever 15 which can
      pivot about a stationary fulcrum 14.
PAR  The shipping cartons 16 which are being filled are on a non-driven roller
      conveyor 17 and as their filling progresses they are advanced by the
      pressure of the folded boxes 1 which enter it and are back-stopped by the
      belt 4. In the areas of the filling station the shipping carton 16 rests
      upon a conveyor belt 18 which passes around a group of the non-driven
      rollers of roller conveyor 17. An adjustable braking member 19 of any
      desired kind acts upon one or more of the rollers around which conveyor
      belt 18 passes, and in this manner the fill density of the shipping carton
      16 may be controlled.
PAR  To switch the apparatus, after the filling of shipping carton 16, to the
      following shipping carton, the connecting conveyor 2 is briefly stopped
      shortly before the end of the filling action and the folded boxes that are
      still within the belt conveyor 3-4 are delivered into the shipping carton
      16. Then, by the actuation of lever 15, the free end of belt 14 is lifted
      out of shipping carton 16 and the next shipping carton is brought into the
      fill position so that, when the connecting conveyor 2 has been reactuated
      and the conveyor belt 4 has again been lowered, another filling operation
      can be initiated.
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for filling a shipping carton with flat-folded boxes as put
      out in shingled array by a generally horizontal conveyor of a
      manufacturing or processing meachine, comprising a conveyor for supporting
      said carton and positioned below said manufacturing machine conveyor, a
      pair of cooperating curved conveyors extending from said manufacturing
      machine conveyor to said carton, a portion of one of said curved conveyors
      in operative position extending into said carton and bearing against one
      flat surface of boxes within said carton, whereby said boxes are
      transferred from horizontal shingled array to vertical shingled array and
      are successively discharged into said carton in vertical disposition,
      successive boxes discharged into said carton causing said carton to
      advance on its conveyor, and means for displacing said portion of said one
      curved conveyor between operative position in said carton and inoperative
      position above said carton, whereby when said carton is filled actuation
      of said displacing means to displace said portion into inoperative
      position permits said filled carton to be removed from below said curved
      conveyors and to be replaced by an empty carton, whereafter said
      displacing means may be again actuated to restore said portion to
      operative position.
NUM  2.
PAR  2. An apparatus according to claim 1, wherein that one of said curved
      conveyors extending into said carton includes a pair of pulleys about
      which it is trained, one of said pulleys in operative position extending
      into said carton to cause said portion of said one conveyor to extend into
      said carton, both of said pulleys being displaceable, said means for
      displacing said portion comprising a lever for displacing said pulleys and
      thereby to raise said one pulley and its associated curved conveyor
      portion out of said carton into inoperative position.
NUM  3.
PAR  3. An apparatus according to claim 1, including adjustable braking means
      for said non-driven conveyor, whereby the resistance to advance of said
      non-driven conveyor can be adjusted, thereby to adjust the fill density of
      said carton.
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ABST
PAL  In a cartoning machine, a series of L-shaped product buckets mounted on a
      chain conveyor and a series of inverted L-shaped tamper-confiner elements
      mounted on a conveyor chain overlying the product buckets, the
      tamper-confiner elements being cammed to form, with the product buckets, a
      gradually closing, generally rectangular compartment whose inside
      dimensions are substantially the same as the carton into which the product
      is to be inserted. The structure permits the gradual shaping of a pouch to
      the size necessary for insertion into a carton.
BSUM
PAR  This invention relates to cartoning apparatus, and more particularly, the
      invention is directed to a combination of product bucket and a tamper and
      confiner which together shape a product for insertion into a carton.
PAR  In continuous motion cartoners, it is common practice to convey an erected
      tubular carton in a horizontal attitude along a carton conveyor which
      includes spaced transport lugs mounted on chains, the cartons being
      confined between the transport lugs. Running parallel with the carton
      conveyor is a product bucket conveyor carrying a series of buckets, each
      of which is normally U-shaped. A barrel loader, which includes pusher
      elements carried by an endless chain, gradually thrusts a product from
      each bucket into a carton running parallel with the product bucket.
PAR  In such apparatus, the cartoning of a flexible pouch containing a
      particulate product has given rise to problems. In order to avoid an
      accusation of deceptive packaging, it is important that the pouch be
      fitted as snugly as possible into the carton.
PAR  In practice, the U-shaped product bucket has been made wide compared to the
      product in order to facilitate the transfer of the product into the
      product bucket. The edge of the product bucket has had its side walls
      adjacent the carton conveyor tapered inwardly so as to funnel the product
      into the carton as the pusher element of the barrel loader thrusts it from
      the product bucket into the carton. The funnel opening must be
      approximately the same dimension as the carton, and the pusher element
      must be approximately that dimension in order to push the product past the
      funnel opening into the carton.
PAR  When the flexible pouch is flopped onto the product bucket, it will not
      assume the precise position and configuration to be driven from the
      product bucket through the funnel opening into the carton. When there is a
      bad misalignment, the pouch tends to jam as it goes into the carton.
      Further, there is a resistance to the positioning of the pusher element
      created in part by the engagement of the top surface of the pouch by a
      flat tamper element which presses on the pouch to give it the proper
      vertical dimension or thickness. That resistance to the pusher element
      tends to cause the pouch to wrap around the pusher element so that in some
      instances, after the pouch has been thrust into the carton, the withdrawal
      of the pusher element will withdraw with it the pouch from the carton.
PAR  It has been an objective of the invention to provide a mechanism for
      shaping the pouch to the proper dimension for insertion into a carton
      before it is engaged by a pusher element.
PAR  To this end, the invention provides an L-shaped product bucket which is
      similar to the conventional U-shaped product bucket but has the leading
      wall removed. The bottom wall of the product bucket may be substantially
      the full pitch of the machine. The invention further provides an inverted
      L-shaped tamper-confiner which is carried above the product bucket on an
      endless chain and is cammed to move gradually into position with respect
      to the product bucket so as to gradually form with the product bucket a
      tubular opening of the same dimension as the carton. In gradually moving
      into this relationship, the tamper-confiner engages and shapes the pouch
      into a generally rectangular cross-sectional configuration approximating
      the configuration of the carton into which it is to be inserted.
PAR  The tamper-confiner is pivotally supported on the endless chain and has a
      bracket riding in a cam track. The cam track configuration may be designed
      to impart any desired movement to the tamper-confiner within limits.
DRWD
PAR  The several features of the invention will become more readily apparent
      from the following detailed description taken in conjunction with the
      accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic side elevational view of the invention; and
PAR  FIG. 2 is a diagrammatic top plan view of the invention and associated
      cartoner elements with which it cooperates.
DETD
PAR  The cartoner employing product buckets conveyed parallel to a carton
      conveyor and a barrel loader for thrusting a product from the product
      buckets into cartons is conventional and will not be illustrated in detail
      here.
PAR  Referring to FIG. 2, a cartoner 9 includes a product bucket conveyor 10
      comprising product buckets 11 supported on endless chains 12. A carton
      conveyor 13 has a leading transport lug 14 and trailing transport lugs 15
      which confine between them the cartons 16 into which a product is to be
      loaded.
PAR  The product, which in this instance consists of a flexible pouch 17, is
      discharged one at a time into a respective product bucket 11. The product
      is conveyed in the product bucket past a barrel loader 19 having a
      plurality of conventional pusher elements 21. The end faces 22 of the
      pusher elements 21 are of the same rectangular dimension as the inside of
      the carton. The pusher elements are endlessly driven and cammed to move
      gradually through a product bucket 11 to drive the product in the bucket
      from the bucket into the adjacent carton 16.
PAR  Referring to FIG. 1, each product bucket 11 is L-shaped and has a
      horizontal bottom wall 25 whose length may be up to the pitch of the
      machine, the pitch being the distance between centers of adjacent buckets
      or cartons. The product bucket 11 also has a trailing vertical wall 26. A
      series of product buckets 11 is mounted on one or more endless chains 12
      in spaced relation, as illustrated.
PAR  Overyling the product bucket conveyor 10 is a tamper-confiner 29. The
      tamper-confiner 29 includes an endless chain 30 passing around sprockets
      31 and 32. A series of L-shaped tamper-confiner elements 35 are fixed on
      brackets 36. Each bracket 36 has a chain arm 37 by which it is connected
      to the chain 30 about a pivot axis 38. The bracket 36 also includes a cam
      arm 40 carrying a roller 41 which rides in an endless cam track 42. The
      configuration of the cam track determines, to some extent, the path of
      movement which each tamper-confiner element 35 takes.
PAR  The tamper-confiner element 35 is of an inverted L-shape having a
      horizontal top wall 45 and a vertical leading wall 46. During that portion
      of the movement of the product bucket 11 when the barrel loader pusher
      element 21 is transferring the pouch into the carton, the juxtaposition of
      the tamper-confiner element 35 to the product bucket 11 is such as to
      create a rectangular tube whose inside dimensions are substantially the
      same as the inside dimensions of the carton.
PAR  It may, in some instances, be desirable to program the motion of the
      tamper-confiner element 35 so that it closes down on the pouch to a
      greater extent than illustrated in FIG. 1 and then backs off to the
      dimension of the carton just before the barrel loader pusher element 21
      engages the pouch. That motion can be provided simply by altering the
      configuration of the cam track in the area indicated at A in FIG. 1.
PAR  In the operation of the invention, the transfer mechanism discharges a
      pouch 17 onto a product bucket 11 as the product bucket is moving upwardly
      toward the linear portion of the conveyor, as at B. The pouch will slide
      to the trailing corner of the product bucket. When flopped onto the
      product bucket, the pouch has an irregular configuration whose
      longitudinal dimension is normally greater than the longitudinal dimension
      of the carton.
PAR  As the product bucket 11 and the tamper-confiner element 35 move together,
      the vertical wall 46 of the tamper-confiner element moves into engagement
      with the leading edge of the pouch and gradually forces the pouch toward
      the vertical trailing wall 26 of the product bucket 11 through the
      positions indicated by broken lines at C, D and E. When the
      tamper-confiner element 35 reaches its final position, as indicated at F,
      the pouch has been reshaped by the cooperative action of the product
      bucket and tamper-confiner element into a generally rectangular
      configuration whose dimensions are substantially the same as the inside
      dimensions of the carton into which it is inserted.
PAR  At approximately the F position, the pusher element 21 of the barrel loader
      19 moves into engagement with the pouch and begins to thrust it into the
      carton 16. Since the pouch and the rectangular opening created between the
      bucket 11 and tamper-confiner element 35 are the same dimensions and
      configuration as the pusher element 21, there is no chance for the pouch
      to become jammed or to wrap around the pusher element 21 and become
      withdrawn from the carton after it has been introduced into it.
PAR  Following the introduction of the product, the element 35 is carried by
      chain 30 up and away from the product bucket.
CLMS
STM  I claim:
NUM  1.
PAR  1. In cartoning apparatus, a pouch shaping mechanism comprising,
PA1  an L-shaped product bucket having a horizontal and a trailing vertical
      wall,
PA1  an endless chain supporting said product bucket,
PA1  a tamper-confiner overlying said product bucket,
PA1  an inverted L-shaped tamper-confiner element carried by said
      tamper-confiner, said tamper-confiner element including a horizontal wall
      and a vertical leading wall,
PA1  means for moving said tamper-confiner element gradually into juxtaposition
      with respect to said product bucket to confine a pouch carried in said
      product bucket to a desired dimension.
NUM  2.
PAR  2. In a continuous motion cartoner comprising,
PA1  an endless carton transport conveyor,
PA1  a product bucket conveyor extending parallel to said transport conveyor and
      containing a series of product buckets,
PA1  means for feeding pouches into said buckets,
PA1  a barrel loader located adjacent said bucket conveyor to thrust said
      pouches from said buckets into cartons,
PA1  the improvement comprising,
PA1  said buckets being L-shaped and having a horizontal bottom wall and a
      vertical trailing wall,
PA1  an endless chain overlying said bucket conveyor,
PA1  a series of inverted L-shaped tamper-confiner elements mounted on said
      chain, each having a horizontal top wall and a vertical leading wall,
PA1  and means for bringing each said bucket gradually into juxtaposition with a
      respective tamper-confiner element to define a generally rectangular tube
      confining a pouch.
NUM  3.
PAR  3. Apparatus as in claim 2 in which said last named means causes said
      leading wall of said tamper-confiner element to engage the leading surface
      of a pouch and gradually force it rearwardly while said top wall confines
      the top surface of said pouch.
NUM  4.
PAR  4. Apparatus as in claim 2 in which said barrel loader includes a plurality
      of pusher elements each having a pouch engaging surface of the same
      dimensions and configuration as the inside of said rectangular tube.
NUM  5.
PAR  5. Apparatus as in claim 2 in which each said bottom wall has a
      longitudinal dimension approximately equal to the pitch of the cartoner.
NUM  6.
PAR  6. Apparatus as in claim 2 in which said last named means includes,
PA1  a bracket fixed to each said tamper-confiner element,
PA1  said bracket having a first arm pivoted to said endless chain,
PA1  said bracket having a second arm, a cam roller on said arm,
PA1  and a cam track receiving said roller to define the motion of said
      tamper-confiner element.
NUM  7.
PAR  7. Apparatus as in claim 2 in which said last named means includes,
PA1  a cam track,
PA1  and a follower secured to said tamper-confiner element,
PA1  said follower cooperating with said cam track to define the path of
      movement of said tamper-confiner element.
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PAL  A harvesting topper comprising an upstanding deflecting structure having a
      curved outwardly convex deflector extending outwardly therefrom. The
      deflecting structure has an axis, and the topper includes means for
      mounting said topper for rotation about said axis.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention pertains to harvesting machinery, particularly to
      toppers for use on harvesting machines, and especially for machines for
      harvesting crops such as sugar cane. Sugar cane grows in the form of tall
      stalks with long ribbon-like leaves. The leaves are located on the upper
      parts of these stalks, known as the tops, which are relatively soft. The
      tops are not used in production of sugar cane juice and its products and
      must be removed before the remainders of the stalks are gathered for
      processing.
PAR  The machines used for harvesting sugar cane are usually vehicles which can
      move through the cane field cutting the cane as they go. They include
      means for drawing the stalks into a narrow portion of the machine where
      they are cut. A lower knife cuts the entire cane stalk off near the
      ground, and a topper cuts off the top. The topper includes some type of
      deflecting structure for flipping the cut tops to one side of the machine
      or the other. It is most desirable to have a deflecting structure which is
      reversible so that the cane tops can be deflected to either side desired.
PAR  2. Description of the Prior Art
PAR  One type of deflector used in prior art toppers was in the form of a paddle
      rotatably mounted above the knife of the topper. The paddle was disposed
      at an angle to a true radius of its axis so as to better project the cane
      to the desired side of the machine. To reverse the direction of
      deflection, it was necessary to remove the paddle from the machine and
      turn it over so as to reverse the angle. This arrangement was inconvenient
      and time consuming.
PAR  Another type of topper employed a deflecting structure in the form of a
      regular polygonal box which could be rotated in either direction by
      reversible drive means. The flat walls of the box formed deflecting
      surfaces which would deflect the cane in the direction of rotation.
      Although easier to reverse than the other type of deflector, the box was
      difficult and, indeed, impossible to fabricate perfectly symmetrically.
      Even when constructed as symmetrically as possible, it often caused
      vibration problems as it was rotated about its axis.
PAR  Another known type of topper included a cylindrical core having a plurality
      of radially extending blades. This type has the disadvantage that the
      ribbon-like leaves of the cane tend to become caught on the blades and
      carried around and into the machinery, a phenomenon known as
      "backfeeding." In some cases, the box-type topper described above might,
      to a lesser extent, also produce backfeeding. The bladed topper as well as
      the box-type topper are disclosed in prior U.S. Pat. No. 3,772,864.
PAC  SUMMARY OF THE INVENTION
PAR  The harvesting topper of the present invention includes an upstanding
      deflecting structure having an axis and means connected to the deflecting
      structure for mounting the topper for rotation about that axis. The
      deflecting structure has a curved outwardly convex deflector.
PAR  The deflecting structure preferably comprises a cylindrical carrier with
      one or more deflectors attached to its side surface. The deflectors are
      circumferentially symmetrically disposed about the carrier.
PAR  The curved deflectors eliminate the backfeeding problem present in other
      types of toppers having deflectors with relatively sharp edges or corners
      and/or narrow cross sections. This is particularly true if each of the
      curved deflectors has side edges which are substantially circumferentially
      spaced from each other on the deflecting structure so that the deflector
      has a broad base.
PAR  Additionally, in the preferred embodiments, including the cylindrical
      carrier, or at least a carrier of circular cross-section transverse to its
      axis, the deflecting structure is much easier to construct and to make
      vibration free than the box-type topper. The cylindrical carrier makes up
      the bulk of the deflecting structure and it can be made virtually
      perfectly symmetrical. The deflectors too can be formed to define circular
      arcs so that they too can be easily made symmetrical. It is thus possible
      to achieve substantially perfect balance of the deflecting structure.
PAR  At the same time, the deflecting structure of the present invention is
      easily reversed by simply reversing the drive means which rotate the
      topper on the harvestor. There is no need to remove or modify any part of
      the deflecting structure in order to reverse the direction of deflection
      of the cane. Thus, the topper of the invention provides all the advantages
      of the prior box and blade type toppers while eliminating their
      disadvantages.
PAR  It is thus an object of the invention to provide a harvesting topper with a
      deflecting structure having a curved outwardly convex deflector.
PAR  Another object of the invention is to provide an easily reversed harvesting
      topper which is free of backfeeding problems.
PAR  Still another object of the invention is to provide an easily reversed
      harvesting topper which is free of vibration problems.
PAR  Other objects and advantages of the invention will be made apparent by the
      detailed description of a preferred embodiment, the drawings and the
      claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic plan view along lines 1--1 of FIG. 2 of a
      harvesting machine comprising a topper in accord with the invention.
PAR  FIG. 2 is a diagrammatic side elevation of the harvesting machine of FIG.
      1.
PAR  FIG. 3 is a transverse cross section on an enlarged scale of the topper of
      FIGS. 1 and 2 taken along lines 3--3 of FIG. 4.
PAR  FIG. 4 is a perspective view on an enlarged scale of the topper and drive
      means.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, there is shown in somewhat diagrammatic form a
      harvesting machine having a topper in accord with the present invention
      mounted thereon. The machine is a vehicle having large rear wheels 10 and
      a smaller front wheel 12. The machine also includes a frame 14. The cane
      gathering structures, indicated diagrammatically at 16, 17 and 18 are
      mounted on the frame 14. In operation the machine moves along a row of
      cane so that the stalks are disposed between the outermost gathering
      structures 16 and 17. Structures 16 and 17 are sloped upwardly and also
      inwardly toward each other from their outer to their inner ends.
      Structures 18 extend generally from the inner ends of structures 16 and 17
      to the topper T and slope further upwardly and inwardly. Thus, as the
      machine moves along the row, the stalks of cane in that row are drawn
      together and directed into the narrow portion of the machine between the
      inner ends of structures 18 at the center of the machine at which is
      located the topper T. Structures 16, 17 and 18 may comprise endless
      conveyors or the like with cane-engaging elements for helping to draw the
      cane to the narrow portion of the machine.
PAR  The topper T which rotates about the axis A comprises a knife 20 for
      cutting off the tops of the cane which has been drawn into the topper and
      a deflecting structure 22 for deflecting the cut tops to the side of the
      machine.
PAR  Respective upper and lower ends 24a and 24b of a shaft 24 project from the
      ends of the topper and serve as means for mounting the topper for rotation
      about the axis A. The topper is mounted for rotation between an upper
      bracket 28 and a lower support 30 extending horizontally outwardly from
      the body 32 of the machine, the body 32 being mounted on the frame 14.
      Shaft end 24a is rotatably mounted in the bracket 28 and secured by a nut
      36. Shaft end 24a extends upwardly beyond the nut 36 where it is connected
      to the drive means, motor 34 (FIG. 4). Shaft end 24b is rotatably mounted
      in the lower support 30 and secured by a nut 38.
PAR  Reversible drive means are connected to the topper for selectively rotating
      it about axis A in either the clockwise or counterclockwise direction. As
      shown, the drive means is a hydraulic motor 34 mounted above the topper
      (see FIG. 4). The motor 34 has been broken away in FIG. 1 in order to show
      the bracket 28, shaft end 24a and nut 36. Shields, one of which is shown
      at 40, may be provided to protect the motor 34. The topper T, bracket 28
      and lower support 30 are also mounted for vertical adjustment on rails 39.
PAR  The remainder of the machine, e.g. engine, operator's controls, etc., is
      represented diagramatically by the body 32.
PAR  Turning now to FIGS. 3 and 4 for a more detailed description of the topper,
      it will be noted that the axis A is substantially vertical. While it may
      not always be necessary to provide a truly vertical axis, the axis should
      always be upstanding in the sense that it has a substantial vertical
      component of direction. The deflecting structure 22 is also upstanding in
      this sense. The deflecting structure 22 comprises an upstanding carrier 48
      having the axis A as its longitudinal axis. The carrier is circular in
      cross-section transverse to the axis A and is preferably cylindrical as
      shown.
PAR  The deflecting structure also comprises a plurality of curved, outwardly
      convex deflectors 50 attached to the side surface, i.e. the cylindrical
      outer surface, which faces laterally outwardly with respect to the carrier
      axis of the carrier 48 and projecting radially outwardly therefrom. Each
      deflector 50 has a curved outwardly convex surface 50b which faces
      generally laterally outwardly with respect to the laterally outwardly
      facing surface of the carrier 48. In some cases it might be possible to
      construct the topper with only one deflector 50. However the preferred
      embodiments include a plurality of deflectors 50 symmetrically
      circumferentially spaced about the carrier 48 for better balance.
PAR  The convex curvature of the deflectors 50 eliminates the backfeeding
      problems present in the bladed toppers of the prior art and, to a lesser
      extent, in the prior box-type toppers. The smooth curved outer surface 50b
      of each deflector 50 has no sharp edges or corners to catch the cane
      leaves. This feature is even further enhanced in the preferred embodiment
      shown since each of the deflectors 50 has two side edges 50a by which the
      deflector 50 is attached to the carrier 48 and which are substantially
      circumferentially spaced from each other on the carrier 48. This gives
      each deflector 50 a broad base at its attachment to the carrier. In fact,
      the entire cross-sectional shape of the deflectors 50 is broad as compared
      with the thin cross-section of a blade. As seen in FIG. 3, the base of
      each deflector 50, measured between its side edges 50a, is at least as
      long as, and in the preferred embodiment even longer than, the radial
      dimension of the deflector measured from the carrier 48 to the radial
      outermost point 50c of the deflector 50. The broad base and generally
      broad cross-sectional configuration serves to further eliminate the
      backfeeding problem.
PAR  The portions of the outer surface 50b of each deflector 50 on opposite
      sides of the outermost point 50c may be considered leading sides for
      respective directions of rotation. It will be appreciated that whichever
      direction the topper is rotated, each deflector will have a leading side
      which, from its side edge 50a to the point 50c is sloped tangentially
      backward with respect to the direction of rotation. This further reduces
      the tendency of the leaves to become caught on the deflectors 50 as they
      do on blade-type deflectors having radially directed sides without such
      tangential component.
PAR  The topper of the present invention also eliminates the vibration problems
      present in the prior box-type toppers by virtue of the fact that the
      carrier is circular in cross-section and can thus be made perfectly
      symmetrical. It is particularly easy to construct the carrier
      symmetrically if it is cylindrical as shown. This balance is further
      enhanced if the deflectors 50 are symmetrically circumferentially disposed
      about the carrier 48 and if each deflector, as viewed in cross section
      transverse to the carrier axis, is symmetrical about a radius, e.g. r, of
      the carrier. In the preferred form, the deflectors each have an outer
      surface 50b which forms a circular arc. Thus, the deflectors, as well as
      the carrier, can easily be made perfectly symmetrical so that the topper
      is balanced and vibration free.
PAR  In the topper shown, the deflectors 50 are four in number. However, it will
      be understood that this number can be varied. Additionally, the shape of
      the deflectors could be varied, e.g. the type of arc used or the number of
      degrees in the arc could be changed. Furthermore, while the preferred
      embodiment comprises a carrier with separate deflectors attached to its
      side surface for ease of construction and balance, it would be possible to
      construct the topper with a unitary deflecting structure having the
      carrier and deflectors in one piece.
PAR  The deflecting structure is closed at its upper end by a disc 52. The lower
      end of the deflecting structure is closed by the knife 20 which comprises
      a disc 44 with a plurality of radially extending blades 46 about its
      periphery. The knife 20 is rotated with the deflecting structure 22 by the
      motor 34.
PAR  From the above description it will be apparent that the present invention
      provides a harvesting topper which is easily reversed by conventional
      reversible drive means without the need for removal or adjustment of any
      part of the deflecting structure. At the same time, the topper of the
      present invention is free of the backfeeding and vibration problems of the
      prior easily reversed toppers. The topper of the invention is also easy to
      manufacture and to operate.
PAR  It will be appreciated that many modifications may be made in the
      harvesting topper of the invention without departing from the invention.
      It is, therefore, intended that the scope of the invention be limited only
      by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Deflector apparatus for a harvesting topper, said deflector apparatus
      comprising:
PA1  an upstanding carrier having an upstanding axis and a surface facing
      laterally outwardly with respect to said axis;
PA1  a deflector on said carrier, and projecting laterally outwardly therefrom,
      said deflector having two side edges circumferentially spaced from each
      other on the laterally outwardly facing surface of said carrier and a
      curved outwardly convex deflector surface extending between said two side
      edges, said deflector surface facing generally laterally outwardly with
      respect to said laterally outwardly facing surface of said carrier; and
PA1  means connected to said carrier for mounting said deflecting apparatus for
      rotation about the axis of said carrier.
NUM  2.
PAR  2. Deflector apparatus according to claim 1 wherein said laterally
      outwardly facing surface of said carrier is circular in cross-section
      transverse to said axis, said deflector being rigidly attached to said
      laterally outwardly facing surface.
NUM  3.
PAR  3. Deflector apparatus according to claim 2 wherein said carrier is
      cylindrical.
NUM  4.
PAR  4. Deflector apparatus according to claim 2 wherein said deflector, in
      cross section transverse to said axis, is symmetrical about a radius of
      said carrier.
NUM  5.
PAR  5. Deflector apparatus according to claim 4 further comprising a plurality
      of said deflectors symmetrically circumferentially spaced about said
      carrier.
NUM  6.
PAR  6. Deflector apparatus according to claim 5 wherein said deflector surface
      defines a circular arc.
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ABST
PAL  Friction false twist device is of the class comprising three parallel
      equiangularly spaced shafts each having a set of equally axially spaced
      friction discs, the discs of the sets being arranged so that they overlap
      substantially when viewed axially and a strand passing through the centre
      of the device follows a zig-zag spiralling path from one disc rim to the
      next. The improvement comprises having one set of discs as a datum set
      with its shaft fixed to a support member with a flat reference surface
      from which the shaft projects. The two other shafts are carried on
      respective pivotal arms each with a flat undersurface seated on the flat
      reference surface of the support and the distance between the shaft axis
      and a pivot axis of the arm is the same for both shafts. The pivot axes of
      the two arms are equally spaced from each other and from the shaft axis of
      the datum set of discs, so that the distances between the latter axis and
      the axes of the two other shafts can be adjusted while keeping equal
      spacings.
BSUM
PAR  This invention relates to friction false twist devices of the kind in which
      a plurality of overlapping rotary discs are arranged on axes disposed
      about a strand path in such manner that the running strand contacts the
      rim of each disc in turn and is false twisted by being rotated by
      frictional contact with the moving rims as the discs rotate all in the
      same direction. We have found that by suitably positioning the discs with
      respect to one another, the strand is caused to travel over each disc rim
      at an angle inclined to the plane of rotation of the disc so that it is
      rotated with a substantially pure rolling motion on the disc rim,
      substantially without slip. In this way, the twist impartation becomes
      independent of the variations of frictional effect usually associated with
      friction twisting, in which there has hitherto been substantial slip
      between strand and friction surface. Consequently, a very precise and
      positive control of the twisting operation results, giving a surprisingly
      regular texturing effect in false twist crimping strands such as yarns of
      synthetic polymeric materials.
PAR  A typical device of the kind to which this invention relates, comprises
      three parallel, equiangularly spaced shafts each having a set of three
      discs with rubber or polyurethane tyres or rims, all of equal radius and
      equally axially spaced, and arranged so that they overlap one another
      substantially when viewed axially. The discs are so axially spaced and
      overlapped that a strand passing through the centre of the device follows
      a zig-zag spiralling path and lies on the friction surface of each tyre at
      an angle to the direction of motion of the surface equal, or substantially
      equal, to the desired twist angle, and in this manner the pure rolling
      motion is achieved.
PAR  In order that the device can be made to operate under optimum conditions
      for yarn of a given denier and for yarns of different deniers or other
      variable properties or characteristics, it is desirable that the device
      should be adjustable both as to the spacing between the axes of the
      shafts, which governs the amount of overlap of the discs, and as to the
      axial spacing of the discs one from another being equal for all the discs
      of the device.
PAR  We have already proposed to provide that all three shafts should be
      adjustable for varying the spacing of their axes while maintaining equal
      spacing, but mechanisms for effecting such adjustments tend to be
      complicated and beset by the problems of engineering tolerances in
      manufacture, with the result that it becomes very difficult to provide
      multiple devices, for the many stations of a multi-station false twist
      crimping machine, which all process yarn substantially identically and
      without significant variations between yarns processed by the respective
      devices. The present invention is therefore concerned with such a friction
      false twist device in which provision is made for varying the spacing of
      the shaft axes while maintaining equal spacing, in a very simple manner
      which also greatly reduces the problems of engineering tolerances. The
      invention is also concerned with providing for adjustment of the axial
      spacings of the discs, again in a very simple manner, and further with
      providing that one set of discs is movable away from the others by such a
      distance that the device can readily be threaded up with yarn by entering
      the yarn from the side of the device.
PAR  The invention is based on the concept that one of the sets of discs is a
      datum set and is mounted on a support member with its shaft projecting
      relative to a flat reference surface of the support member and with its
      shaft axis at a location which is fixed relative to the parallel axes of
      the shafts of the other two sets of discs, the latter shafts being carried
      on respective pivotal members each having a flat undersurface seated upon
      the flat reference surface of the support member or a surface co-planar
      therewith, and the shafts being mounted on the pivotal members with their
      axes equally spaced from fixed axes about which the pivotal members are
      adjustable, the latter axes being equally spaced from each other and from
      the shaft axis of the datum set of discs, and means being provided for
      locking the pivotal members in selected positions of adjustment.
PAR  Preferably the shaft of the datum set of discs has its axis perpendicular
      to the reference surface.
PAR  Further according to the invention at least two of the shafts are so
      mounted as to be adjustable in their axial directions, as by screw
      mechanisms operating in conjunction with shaft loading springs.
PAR  In another feature of the invention at least one of the pivotal members is
      pivotally adjustable to such an extent that the set of discs on the shaft
      which it carries can be brought into and out of overlapping relationship
      with the sets of discs of the other two shafts, and the support member may
      be provided with an adjustable stop which predetermines an inward adjusted
      position of the pivotal member when the set of discs on the shaft which it
      carries are in overlapping relationship with the sets of discs of the
      other two shafts, and in these connections the adjustable stop may be an
      abutment with a conical nose, located in the support member to have its
      nose in the path of pivotal adjustment of the pivotal member, the abutment
      being adjustable in the direction of its length as by a screw mechanism,
      the pivotal member being provided with a handle movable in one sense to
      apply or release the locking means for the pivotal member and movable in a
      different sense to pivotally adjust the pivotal member and its shaft.
PAR  In devices of the kind to which this invention relates, it is usual to have
      all the discs provided with rubber or polyurethane tyres or rims, and we
      have further proposed to provide the device as a whole with additional
      endmost discs of metal which have a guiding function. The manufacture of
      metal discs of precise dimensions is much easier than the manufacture to
      precise dimensions of discs with moulded rubber or polyurethane tyres or
      rims. We have discovered that for efficient false twisting with these
      devices it is not essential that there should be as many as nine discs
      with rubber or polyurethane tyres or rims, and experiment has indicated
      that five such discs are sufficient.
PAR  Therefore according to another feature of the invention, in the datum set
      of discs the discs are all of metal, or of hard synthetic resin material
      such as acetyl resin, or of glass fibre reinforced synthetic resin, and
      preferably the other two sets of discs have all their discs formed with
      rubber or polyurethane tyres or rims.
DRWD
PAR  An embodiment of the invention will now be described with reference to the
      accompanying diagrammatic drawings in which:
PAR  FIG. 1 is a diagrammatic side elevation, partly in section, of a friction
      false twisting device constructed according to the invention.
PAR  FIG. 2 is a diagrammatic plan view.
PAR  FIGS. 3 and 4 are diagrammatic side views, partly in section, showing
      details of two of the individual sets of discs of the device.
PAR  FIG. 5 is a diagrammatic plan view illustrating adjustment of the device by
      means of a setting gauge.
DETD
PAR  Referring to the FIGS. 1 and 2 of the drawings, the friction false twist
      device comprises a support member in the form of a base plate 10 which
      affords a bracket or mounting for the device as a unit, and in manner
      hereafter described supports three sets A, B and C of friction discs 11,
      all of which may have polyurethane rims or tyres. The discs of each set
      are assembled as a group fixed to, and equally spaced apart axially along,
      a sleeve 12 rotatable about a fixed shaft 13 via a top plain bearing 14
      and a bottom ball bearing 15. All the shafts 13 are parallel with each
      other.
PAR  The important feature concerning the base plate 10 is that its upper
      surface 16 is a flat reference surface, relative to which all the shafts
      13 of the disc sets project, preferably perpendicularly as illustrated
      although this need not be so since the main requirement is that the shafts
      are parallel.
PAR  The set of discs A is a datum set, being mounted on the base plate 10 with
      the axis of its shaft 13 at a fixed location relative to the shafts of the
      other two sets. As seen in FIG. 1, the bottom end portion of the shaft 13
      of this datum set is slidably located in a bush member 17 fixed in an
      accurately drilled bore 18 in the base plate. Between the upper face of
      the bush member 17 and the underside of the bottom ball bearing 15 is a
      stack of bow spring washers 19, which thus is tending to urge the shaft 13
      upwardly relative to the bush member 17 and the base plate 10.
      Screw-threaded into a blind bore in the bottom end of the shaft 13 is an
      adjusting screw 20, which projects into the bore of the bush member 17 and
      has an enlarged head 21 which seats on the bottom end of the bush member.
      The shaft 13 and its set of discs can therefore be adjusted bodily in the
      axial direction of the shaft by rotating the screw 20.
PAR  The other two sets of discs B and C are, in exactly the same way as set A,
      assembled on sleeves 12 rotatable about shafts 13 on a plain top bearing
      14 and a bottom ball bearing 15. However, the shafts of disc sets B and C
      are carried on respective similar pivotal members in the form of pivotal
      arms 22 each having a flat undersurface 23 seated upon the flat reference
      surface 16 of the base plate 10, the arms 22 each carrying near one end a
      pivot pin 23 rotatable in an accurately drilled bore 24 in the base plate
      10. An important feature of the invention is that the axes of the pivot
      pins 23 are at equal distances from each other and from the axis of the
      fixed shaft 13 of the disc set A.
PAR  The shafts 13 of the disc sets B and C (FIGS. 3 and 4) are slidable axially
      in accurately drilled bores near the other ends of the pivot arms 22, and
      another important feature of the invention is that the shafts 13 are
      mounted on the pivot arms 22 with their axes equally spaced from the fixed
      axes of the pivot pins 23 about which the arms are pivotal adjustable, as
      seen most clearly in FIGS. 2 and 5.
PAR  Referring to FIG. 3, the underside of the pivot arm 22 of disc set C has an
      integral depending bush 25, the bore of which forms an extension of the
      bore in the arm for the shaft 13, which also extends into the bush bore.
      It will be noted that, as for disc set A, a pack of bow spring washers 19
      is between the upper face of the pivot arm 22 and the underside of the
      bottom ball bearing for the shaft 13, and a similar adjusting screw 20
      with enlarged head 21 provides for axial adjustment of the shaft 13 and
      the disc set C. The bush 25 is located in a circular clearance hole 26, in
      the base plate, which is of large enough diameter to permit pivotal
      adjustment of the arm 22 over an angle of about 20.degree.. The bottom end
      of the pivot pin 23 does not reach the bottom end of the bore 24 in the
      base plate 10, and projecting into the bottom end of the bore is a locking
      screw 27 which screws into a blind bore in the end of the pivot pin and
      has an enlarged head 28 engaging the underside of the base plate. The
      screw 28 is untightened to release the arm 22 for pivotal adjustment to
      vary disc overlap, and then re-tightened to lock the arm.
PAR  Referring to FIG. 4, the underside of the pivot arm 22 of disc set B also
      has an integral depending bush 25 with a bore forming an extension of the
      bore in the arm for the shaft 13, which also extends into the bush bore.
      As for disc set C, a pack of spring washers 19 is between the upper face
      of the pivot arm 22 and the bottom ball bearing 15 for the shaft 13, and a
      similar adjusting screw 20 with enlarged head 21 provides for axial
      adjustment of the shaft 13 and the disc set B. The bush 25 is located in
      an elongated slot 29 in the base plate 10 (see also FIG. 5), of such
      length as to permit pivotal adjustment of the arm 22 over a wide angle of
      sufficient extent to bring the discs of Set B out of overlapping
      relationship with discs of sets A and C, as illustrated in phantom lines
      in FIG. 1 at BB. This allows the device to be threaded up with yarn from
      the side.
PAR  Also as shown in FIGS. 1 and 4, the pivot pin 23 of the pivot arm 22 of
      disc set B extends completely through the base plate 10 to project at its
      underside as a bottom extension 30 on which a lever 31 with a bifurcated
      cam nose 32 is pivoted at 33. Above the lever nose 32 is a first washer 34
      encircling the pivot pin extension, and this washer is spaced from a
      second similar washer 35, in contact with the underside of the base plate
      10, by a stack of bow spring washers 36. When the lever 31 is in the
      horizontal position shown in FIGS. 1 and 4, the loading of the bow spring
      washers 36 is relieved by the cam nose 32 of the lever sufficiently for
      the pivot arm 22 to be moved to swing the disc set B outwardly away from
      sets A and C, and inwardly back again, with the lever 31 forming a
      convenient handle. When the lever 31 is swung downwardly to a vertical
      position, as indicated in phantom lines in FIG. 4 a high portion of the
      cam nose 32 raises the washer 34, compresses the springs 36, and clamps
      the top washer 35 against the underside of the base plate 10 to lock the
      pivot arm 22.
PAR  An adjustable stop is provided on the base plate for defining the
      inwardly-swung limit position of the disc set B and its pivot arm 22. This
      stop is shown most clearly in FIG. 1, in the form of an abutment 37
      slidably adjustable axially in a blind bore in the base plate 10, by means
      of a rotatable nut 38 below the base plate which is threaded on a screw
      shaft 39, depending axially from the abutment 37, and passing through a
      clearance hole at the base of the blind hole in which the abutment slides.
      The upper nose portion 40 of the abutment is conical, and it is this
      conical nose which is in the path of adjustment of the pivot arm 22 and
      provides an adjustable stop.
PAR  The disc sets A, B and C are all driven to rotate in the same direction by
      a toothed driving belt indicated in a phantom line at 41 in FIG. 1. This
      belt is driven by a toothed pinion 42 fixed to a shaft 43 journalled at 44
      in a reinforced region of the base plate 10. The shaft 43 has fixed to it
      a cylindrical wharve 45 engaged by a drive belt 46.
PAR  The disc sets A, B and C each carry a respective toothed pinion 47, 48 and
      49 for engagement by the driving belt 41. The teeth of these pinions are
      longer than the width of the driving belt 41 to accommodate the axial
      adjustment of the disc sets and their shafts previously described. The
      pinions 47, 48 and 49 are identical, especially as regards the diameter of
      a cylindrical upper bush portion 50, 51 and 52 of the respective pinions,
      since in this embodiment the surfaces of these bush portions are utilised
      as reference surfaces in setting up the device with the axes of the shafts
      13 of the disc sets at equal predetermined spacing, so that the discs then
      overlap one another by equal predetermined amounts.
PAR  The setting up operation is effected by means of the annular semi-circular
      gauge or distance piece indicated at 53 in FIGS. 1 and 2, which needless
      to say is very accurately made and of which there may be several of
      different sizes, each appropriate for setting up the device to process
      yarns of particular deniers and/or other characteristics and each
      preferably marked accordingly.
PAR  As seen most clearly in FIG. 5, the gauge or distance piece is located with
      its inner concave side seating on the reference surface 50 of pinion 47 of
      disc set A, which is the fixed datum set of discs. Disc set C is then set
      up by releasing its lock screw 27 (FIG. 3) and swinging its pivot arm 22
      inwardly, until the reference surface 52 of its pinion 49 engages the
      outer convex side of the gauge 53, whereupon the lock screw 27 is
      re-tightened to lock the pivot arm 22.
PAR  Disc set B is then set up by firstly screwing back the adjustable abutment
      37 to retract its conical nose, and with the lever 31 in its horizontal
      unlock position, using the lever to swing the pivot arm 22 of disc set B
      inwardly until the reference surface 51 of its pinion 48 engages the outer
      convex side of the gauge 53, whereupon the lever is pivoted downwardly
      into its vertical lock position, as already described above with reference
      to FIG. 4. The adjustable abutment 37 is then screwed forward again until
      its conical nose makes contact with one side of the pivot arm 22. Thus
      when the wheel set B is swung outwardly, for threading up the device, it
      need then only be swung back inwardly until its pivot arm 22 re-contacts
      the stop formed by the conical nose of the abutment, and is then
      re-located in its set up position.
PAR  The spacing between adjacent discs of the three sets is then checked for
      distance and equality, as by a feeler or slip gauge, and if unequal can be
      brought to equality by vertical adjustment of one or other of the discs
      sets by the adjusting screws 20. In this embodiment all the disc sets have
      a height adjusting screw 20, but it will be appreciated that one set need
      not have this adjustment (for example datum set A) since adjustment of the
      other two sets is sufficient.
PAR  In the datum set of discs A, as previously mentioned, the axially outermost
      two end discs of the set of four (seen in FIG. 1), can be of metal to have
      a guide function, and since metal is easier to machine to precise
      dimensions than is moulded rubber or polyurethane, it is proposed as
      another feature of this invention to have all the discs 11 of set A made
      of metal.
PAR  FIG. 1 shows a top yarn guide eye 54 and a bottom yarn tube 55 for yarn
      (not shown) running through the device from top to bottom and over the
      rims of the overlapping discs 11, the tube 55 also guarding the yarn from
      the drive belt 46.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Friction false twist device of the class comprising three equiangularly
      spaced parallel shafts each having a set of rotary friction discs equally
      axially spaced and arranged so that discs of the sets overlap one another
      substantially when viewed axially and a strand passing through the centre
      of the device follows a zig-zag spiralling path as it contacts the rim of
      each disc in turn, wherein one of the sets of discs is a datum set and is
      mounted on a support member with its shaft projecting relative to a flat
      reference surface of the support member and with its shaft axis at a
      location which is fixed relative to the parallel axes of the shafts of the
      other two sets of discs, the latter shafts being carried on respective
      pivotal members each having a flat undersurface seated upon the flat
      reference surface of the support member or a surface co-planar therewith,
      and the shafts being mounted on the pivotal members with their axes
      equally spaced from fixed axes about which the pivotal members are
      adjustable, the latter axes being equally spaced from each other and from
      the shaft axis of the datum set of discs, and means being provided for
      locking the pivotal members in selected positions of adjustment.
NUM  2.
PAR  2. Friction false twist device according to claim 1, wherein the datum set
      of discs has its shaft axis perpendicular to the reference surface.
NUM  3.
PAR  3. Friction false twist device according to claim 1, wherein at least two
      of the shafts are so mounted as to be adjustable in their axial
      directions.
NUM  4.
PAR  4. Friction false twist device according to claim 3, wherein the shafts are
      adjustable by screw mechanisms operating in conjunction with shaft loading
      springs.
NUM  5.
PAR  5. Friction false twist device according to claim 4, wherein at least one
      of the pivotal members is pivotally adjustable to such an extent that the
      set of discs on the shaft which it carries can be brought into and out of
      overlapping relationship with the sets of discs of the other two shafts.
NUM  6.
PAR  6. Friction false twist device according to claim 5, wherein the support
      member is provided with an adjustable stop which predetermines an inward
      adjusted position of the pivotal member when the set of discs on the shaft
      which it carries are in overlapping relationship with the sets of discs of
      the other two shafts.
NUM  7.
PAR  7. Friction false twist device according to claim 6, wherein the adjustable
      stop is an abutment with a conical nose located in the support member to
      have its nose in the path of pivotal adjustment of the pivotal member, the
      abutment being adjustable in the direction of its length as by a screw
      mechanism.
NUM  8.
PAR  8. Friction false twist device according to claim 7, wherein the pivotal
      member is provided with a handle movable to apply or release the locking
      means for the pivotal member and also to pivotally adjust the pivotal
      member and its shaft.
NUM  9.
PAR  9. Friction false twist device according to claim 1, wherein each set of
      discs comprises a group of discs assembled upon and fixed to a sleeve
      rotatable about the shaft via a plain bearing adjacent the shaft tip end
      and a ball bearing adjacent the shaft root end.
NUM  10.
PAR  10. Friction false twist device according to claim 1, wherein each set of
      friction discs incorporates means defining a reference surface usable in
      conjunction with a gauge for setting equality of spacing of the axes of
      the disc sets by adjustment of the pivotal members.
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ABST
PAL  A method for manufacturing a textured synthetic multifilament yarn having
      alternately grouped S and Z twists. The textured yarn is produced by a
      conventional false-twist operation under a processing temperature between
      a softening point and a melting point of the material yarn in a first step
      and then the above-mentioned yarn is subjected to a process for separating
      individual filaments in each of the compact portions under tension.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an improved method for manufacturing a
      textured synthetic multifilament yarn having alternately grouped S and Z
      twists, wherein one of the grouped S and Z twist portions is formed in
      compact condition and another twist portion is formed in bulky
      configuration.
PAR  In the conventional method for producing the crepe weave with thermoplastic
      synthetic multifilament yarn, after providing a heavy first twist, the
      twisted yarn is subjected to a heat set operation by applying dry or wet
      heat so as to set the twist imparted thereon; next, the yarn is untwisted
      until the number of twists per unit length of yarn is turned over the zero
      point so that a high bulky crimped yarn having strong potential torque is
      produced. This high bulky crimped yarn is then treated with a sizing agent
      so as to temporarily eliminate the above-mentioned potential torque of the
      yarn. The above-mentioned sizing agent is capable of desizing in a neutral
      or weak basic squaring condition. The high bulky yarn treated as mentioned
      above, or high bulky yarn without the above-mentioned treatment with size,
      is utilized for weaving a cloth as the weft yarn, or a pair of high bulky
      yarns provided with opposite twist directions, or a pair of two different
      groups of high bulky yarns having opposite twist directions are
      alternatively picked so as to pass through sheds of the warp and then, a
      desizing operation is applied upon a grey fabric produced by the
      above-mentioned weaving operation. According to this desizing operation,
      the potential torque of weft is developed so that numerous fine crepes can
      be formed on a finished fabric. The above-mentioned grey fabric is then
      treated by wet process with hot liquid, and mechanical or manual vibration
      is applied to the fabric during the desizing operation so that the
      potential torque of the weft yarn is effectively created and,
      consequently, fine crepes are formed on the fabric. Next, the crepe fabric
      is subjected to a conventional tenter drying operation so as to apply the
      heat-set treatment. If necessary, dyeing and finishing operations are
      further applied to the above-mentioned crepe fabric.
PAR  It is a recent tendency that the high bulky crimped multifilament yarn
      produced by a so-called false-twist texturing apparatus has been
      preferably used for producing crepe fabric, because of high productivity
      of the texturing apparatus, that is, high economic advantage. However, the
      potential torque of the false twisted textured yarn is generally not as
      strong as the first mentioned textured yarn produced by the
      twist-heat-set-untwist operation, so that the untwisting operation needs
      to be applied in excess to strengthen the potential torque. According to
      our experience, the crepe condition of the crepe fabric utilizing the
      falsetwist textured yarn is not sharp, so that the appearance thereof is
      rather flat in comparison with the crepe fabric utilizing a textured yarn
      produced by the twist-heat-set-untwist operation. Moreover, the feeling of
      the falsetwist textured yarn is fairly soft. Consequently, utilization of
      this type of crepe fabric is restricted.
PAR  on the other hand, it is understood that the crepe fabric utilizing a
      textured yarn produced by the twist-heat-set-untwist operation satisfies
      the quality requirement for many practical uses. However, it is impossible
      to satisfy a certain particular requirement for creation of a more
      distinctive crepe which is crisp to the touch.
PAR  To solve the above-mentioned particular requirement, several methods for
      producing a particular textured yarn have been introduced. One of them was
      disclosed in the Japanese Pat. No. 18072/1970, and another was presented
      by the Japanese Pat. No. 34976/1972. In the former method, a pair of
      multifilament yarns having different melting points are doubled and then
      this bundled yarn is subjected to a false-twisting operation under a
      particular temperature which is predetermined within a range between the
      abovementioned melting points. Consequently, the individual filaments of a
      multifilament yarn having a lower melting point are partially melted so
      that they are fused to each other. However, even if the above-mentioned
      purpose can be attained by utilizing this textured yarn, the crepe fabric
      produced is coarse and less soft to the touch. On the other hand, in the
      above-mentioned latter method, a plurality of multifilament yarns are
      firstly doubled and then subjected to heat treatment so as to partially
      fuse the individual filaments. Next this heat-treated yarn is subjected to
      the false-twist operation. As the individual filaments are partially fused
      during the false-twist operation, creation of the potential torque on the
      textured yarn by the false-twist operation tends to be degraded, moreover,
      the textured yarn becomes coarse to the touch.
PAR  To solve the above-mentioned particular requirment, a synthetic
      multifilament textured yarn having alternately grouped S and Z twists,
      wherein one of the grouped S and Z twist portions is formed in compact
      condition and the other twist portion s formed in bulky configuration, was
      introduced by co-pending U.S. patent application Ser. No. 357,533.
      However, in the method for producing the above-mentioned textured yarn,
      wherein the false-twist texturing operation is carried out under a
      processing temperature between a softening point and a melting point of
      the material yarn, it was observed that the compact portions of the
      textured yarn possibly contain fused portions where the individual
      filaments are fused to each other. If the textured yarn produced by the
      above-mentioned manufacturing method contains many fused portions, the
      appearance of the crepe fabric made by the above-mentioned textured yarn
      is very much degraded and, further, the feel of the fabric to the hand
      becomes bad.
PAR  The principal object of the present invention is to provide an improved
      method for manufacturing a synthetic multifilament textured yarn having
      alternately grouped S and Z twists, wherein one of the grouped S and Z
      twist portions is formed in compact but not fused condition and the other
      twist portion is formed in bulky configuration.
PAR  A further object of the present invention is to provide an improved method
      for manufacturing a synthetic multifilament textured yarn having superior
      bulkiness which can be preferably used for manufacturing knit wear goods.
PAR  According to the present invention, in the method for manufacturing the
      synthetic multifilament yarn having alternately grouped S and Z twists,
      wherein one of grouped S and Z twists portions is formed in compact but
      non-fused condition and the other twist portion is formed in bulky
      configuration, the material multifilament yarn is supplied into a
      conventional false-twist operation under a processing temperature between
      a softening point and a melting point of the material yarn as a first
      step, and then the processed yarn delivered from the above-mentioned
      conventional false-twist operation is subjected to a process for
      separating individual filaments in each of the compact portions under
      tension. The above-mentioned two steps of processing can be either
      continuously or independently carried out. Based on repeated mill tests,
      we confirmed that the textured yarn produced by the method of the present
      invention has superior property for producing a crepe fabric or knitted
      fabric.
DRWD
PAC  BRIEF EXPLANATION OF THE DRAWINGS
PAR  FIG. 1 is a schematic side view of an apparatus for carrying out the method
      for manufacturing a synthetic multifilament textured yarn according to the
      present invention;
PAR  FIG. 2 is an enlarged elevation of a typical synthetic multifilament
      textured yarn produced by a method according to the present invention;
PAR  FIGS. 3 and 4 are enlarged elevations of defective portions of a synthetic
      multifilament textured yarn produced by a method disclosed in the
      above-mentioned co-pending patent application;
PAR  FIG. 5 is an enlarged sectional view of a defective portion of the
      synthetic multifilament textured yarn, taken along a line V--V in FIG. 3;
PAR  FIG. 6 is an enlarged sectional view of a bulky portion of the synthetic
      multifilament textured yarn taken, along a line VI-VI in FIG. 2;
PAR  FIG. 7 is an enlarged sectional view of a compacted portion of the
      synthetic multifilament textured yarn, taken along a line VII--VII in FIG.
      2;
PAR  FIG. 8 is a diagram showing a relation between extensions or longitudinal
      deformations of individual filaments of a multifilament yarn and load
      imparted to the yarn;
PAR  FIG. 9 is an explanatory diagram showing an extension imparted to a
      multifilament textured yarn in the process according to the present
      invention and count of defects observed in the crepe fabric made with the
      above-mentioned yarn;
PAR  FIG. 10 is a schematic side view of a yarn feeding part of a rewinding
      apparatus;
PAR  FIG. 11 is a schematic side view of a modified device for separating
      individual filaments of a compact portion of a false-twisted yarn
      according to the present invention;
PAR  FIG. 12 is a modified embodiment of the apparatus for carrying out the
      method for manufacturing a synthetic multifilament textured yarn according
      to the present invention.
DETD
PAC  DETAILED EXPLANATION OF THE INVENTION
PAR  For the sake of better understanding of the present invention, the method
      for manufacturing a synthetic multifilament textured yarn according to the
      above-mentioned copending patent application is briefly illustrated with
      reference to the apparatus shown in FIG. 1. A material synthetic
      multifilament yarn Y is supplied from a yarn package 1 and led to a supply
      roller means 3 via a yarn guide 2. Then the yarn is threaded through a
      false-twisting spindle 5 and led to a delivery roller means 6. A heater 4
      is disposed at an intervened position of the yarn passage between the
      supply roller means 3 and the delivery roller means 6 so as to heat the
      yarn Y at a predetermined temperature.
PAR  In the conventional false-twisting apparatus, the false twisted yarn Y' is
      then led to a winding mechanism provided with a friction drum 8 so as to
      produce a yarn package 10 formed on a bobbin 9. As disclosed in the
      above-mentioned false-twisting operation, the operation is carried out
      under a processing temperature between a softening point and a melting
      point of the material yarn. The resulting textured yarn produced by the
      above-mentioned false-twisting operation has a particular configuration
      characterized by alternately grouped S and Z twists wherein one of the
      grouped S and Z twists portions is formed in compact condition and the
      other twist portion is formed in bulky configuration. The typical
      configuration of the compacted portion of the above-mentioned yarn is as
      shown in FIG. 2, the individual filaments in contact with each other
      without adhering is as shown in FIG. 7, while in the bulky portion, the
      individual filaments are mostly separated from each other as shown in FIG.
      6, and this yarn has a pertinent torque fit for producing a crepe fabric
      as illustrated in the specification of the above-mentioned co-pending
      patent application.
PAR  However, according to our experience, as the surface temperature of the
      heater 4 varies within a certain range of variation, the textured yarn
      produced by the abovementioned operation involves incorrectly processed
      portions such as shown in FIGS. 3 and 4. That is, a strictly compacted
      portion 11 is concentrated in a comparatively short length while a bulky
      portion 12 is formed in comparatively long length as shown in FIG. 3, or a
      strictly compacted portion 11 is formed in a comparatively long length
      while a bulky portion 12 is concentrated in a comparatively short length
      as shown in FIG. 4. Further in the strictly compact portion 11, the
      individual filaments tend to be in close contact with each other, and some
      of the individual filaments are fused to each other. If the
      above-mentioned strictly compact portion exists, the appearance of the
      crepe fabric made by this textured yarn is very much damaged, because many
      spotlike defects appear on the fabric surface. Moreover, if the
      above-mentioned fabric is subjected to a dyeing process, the poor
      appearance due to the above-mentioned effects can not be eliminated from
      the dyed crepe fabric. However, if in the compacted portion 11 the
      individual filaments are separated each other as shown in FIG. 7, the
      above-mentioned drawback of the textured yarn can be perfectly eliminated.
PAR  It has been known that Young's modulus of individual filaments of a
      multifilament yarn varies within a certain range. For example, if four
      individual filaments a, b, c, and d are picked up from a multifilament
      yarn, and these four filaments are subjected to so-called a tensile test,
      diagrams showing the relation between load and elongation with respect to
      these four filaments a, b, c and d are obtained as shown in FIG. 8. As is
      clearly shown in FIG. 8 individual filaments extend in different manners
      under equal loads. In other words, it may be understood that, if a load is
      imparted to a yarn Y after the false-twisting operation, the individual
      filaments of the false-twisted yarn extend in different manners as shown
      in FIG. 8. Consequently, even if certain portions of the individual
      filaments of the compacted portions of the multifilament textured yarn are
      fused and adhered to each other in a weak condition, shears are created at
      the boundary portion between each pair of individual filaments where the
      filaments are adhered to each other so that the individual filaments of
      these fused portions can be separated, by applying a pertinent load, so as
      to create the longitudinal deformation of the individual filaments in the
      different manners as shown in FIG. 8. The above-mentioned concept for
      separating individual filaments absolutely in the compacted portion of the
      false-twisted multifilament textured yarn is the principle of the present
      invention. However, as the main purpose of the present invention is to
      provide a method for manufacturing a textured synthetic multifilament yarn
      having alternately grouped S and Z twists wherein one of the grouped S and
      Z twist portions is formed in compact condition and the other portion is
      formed in bulky configuration, it is necessary that the characteristic
      feature of the yarn not be changed when the above-mentioned action for
      separating individual filaments is applied. To satisfy this requirement,
      any excess load to deform the individual filaments over their elastic
      limit, which may be represented by 95% or 90% elastic recovery, should be
      avoided. According to the above-mentioned basic concept, a pertinent
      condition for separating individual filaments at the compacted portions of
      the false-twisted multifilament textured yarn depends upon the physical
      properties of the material yarn. As already explained, as the adhered
      portions of the individual filaments in the compacted portions of the
      false-twisted  yarn can be separated by creating different longitudinal
      deformations of individual filaments, when the difference between the
      longitudinal deformations of individual filaments is larger the adhered
      portions of individual filaments can be more easily separated. Therefore,
      the practical problem is how to create the different longitudinal
      deformations of the individual filaments of the false-twisted
      multifilament textured yarn.
PAR  Referring to FIG. 1, in the apparatus for carrying out the method for
      manufacturing the synthetic multifilament textured yarn according to the
      present invention, means for creating longitudinal deformation of
      individual filaments of the yarn Y is disposed at a position downstream
      from the false-twisting spindle 5. That is, an additional roller means 7
      is disposed at a position downstream from the delivery roller means 6. The
      supply roller means 3, delivery roller means 6 and the additional roller
      means 7 have identical construction as shown in FIG. 1. That is, these
      roller means comprise a small roller 3a, 6a, 7a rotatably supported by a
      bracket (not shown) and a large roller 3b , 6b, 7b rotatably supported by
      the same bracket and a driving roller 3c, 6c, 7c which drives the roller
      3b, 6b, 7b by friction contact, respectively. Therefore, a desirable
      condition of the longitudinal extension of the yarn Y can be created by
      rotating the roller 7b at a faster surface speed that of the roller 6b. As
      the individual filaments of the yarn Y are arranged in entangled
      condition, when the yarn Y is stretched a certain extent, the individual
      filaments of the yarn Y receive uneven strain and the longitudinal
      deformation of the individual filaments varies according to the
      configuration of each individual filament in the yarn Y. Moreover, as the
      yarn Y moves on the surface of the small roller 6a, having a small
      diameter, under a certain tension, each individual filament is forced to
      bend. Consequently, the above-mentioned variation of the longitudinal
      deformation of the individual filament is enlarged.
PAR  To confirm the result of the above-mentioned concept of the present
      invention, the following experimental test was carried out.
PAC  EXAMPLE 1
PAR  A polyethyleneterephthalate multifilament yarn of 75 d/24 f was subjected
      to a false-twisting machine as shown in FIG. 1, under the following
      conditions.
TBL  ______________________________________                                    

     (a)   Spindle r.p.m.         300,000                                      

     (b)   False-twist            4300 t/meter                                 

                                  S direction or                               

                                  Z direction                                  

     (c)   Processing temperature 245.degree.C                                 

     (d)   Percentage of over feed in yarn                                     

           supply into the false-twist zone                                    

                                  +2%                                          

     (e)   Stretch ratio between the roller                                    

           means 6 and 7          0, 0.5%, 1%                                  

                                  2%, 3%                                       

     (f)   Percentage of over feed to                                          

           yarn winding           +5%                                          

     ______________________________________                                    

PAR  Then the textured yarn produced by the above-mentioned method was utilized
      for producing a crepe fabric under the following condition.
PAR  a. Warp yarn
PA1  i. Polyethyleneterephthalate multifilament yarn of 50 d/36 f provided with
      an additional S twist of 250 t/meter
PA1  ii. Density of reed 95/38 cm 2 warp yarn/reed
PAR  b. Weft yarn
PA1  i. doubled picks with the above-mentioned textured yarn
PA1  ii. Direction of twist of the weft yarn was alternatively changed to S or Z
      false-twist at each double pick.
PA1  iii. Density: 125 picks/3.8 cm
PAR  c. Width of grey fabric 112.5 cm
PAR  Next the grey fabric was wet treated in hot water. In this wet processing,
      mechanical vibration was applied to the grey fabric under relaxed
      condition. According to the above-mentioned wet processing, the grey
      fabric was shrunk very much and distinctive crepes were developed in the
      fabric. Next, the above-mentioned crepe fabric was subjected to a
      conventional tentering operation so that the crepes of the fabric were
      heat-set under a predetermined heat-set temperature. Thereafter, the
      fabric defects due to the compact portion of the yarn where individual
      filaments adhered to each other was measured. The relation between the
      count of these fabric defects/m.sup.2 and the stretch percentage of the
      yarn is represented in FIG. 9, wherein A shows the relation in the case of
      the above-mentioned polyester and B shows the relation in the case of
      polyamide described hereinbelow. As it is clearly shown in the diagram of
      FIG. 9, it was confirmed that if the false-twisted yarn Y is stretched in
      a pertinent condition, the different longitudinal deformation of the
      individual filaments work to separate the individual filaments in the
      compacted portion of the yarn from each other, and that the pertinent
      condition is a stretch of the yarn over about 1% with respect to the
      above-mentioned synthetic yarn. However, if the adhering condition of the
      individual filaments is strong, it is naturally better to increase the
      above-mentioned stretch ratio. Further, to confirm the effect of the
      above-mentioned stretch operation upon a polyamide multifilament yarn, the
      stretch operation was applied in the condition of Example 3 disclosed in
      the above-mentioned co-pending application, and it was confirmed that to
      attain the desirable effect the lower limit of the stretch operation is
      1%.
PAR  In the above-mentioned embodiment, the stretch operation is carried out as
      a continuous process of the false twisting operation, however, according
      to our experiments, the stretch operation can be applied independently
      from the false-twisting operation. That is, as shown in FIG. 10 when the
      synthetic multifilament false twisted yarn produced by the method
      disclosed in the above-mentioned co-pending patent application is
      subjected to a rewinding operation, if the rewinding tension is fixed so
      as to create an extension of more than 1%, the individual filaments of the
      compacted portions of the yarn are preferably separated after passing
      through a yarn guide 13. In the drawing of FIG. 10, the reference numerals
      14 and 15 represent a split drum and a yarn package, respectively.
PAR  It is also practical to pass the yarn Y' through a plurality of small
      rollers rotatably mounted on a bracket (not shown) so as to separate the
      individual filaments in the compacted portions of the false-twisted
      multifilament yarn produced by the method according to the above-mentioned
      co-pending patent application. This is because, when the false-twisted
      multifilament yarn Y' passes through the small rollers 16, the yarn Y' is
      forced to bend under a stretched condition. This type of roller assembly
      may be utilized in the false-twisting apparatus at a position between the
      delivery roller means and the winding mechanism.
PAR  According to our experience, when the multifilament textured yarn
      manufactured by the present invention is utilized for producing a knitted
      fabric, a problem due to the creation of snarls disturbs the yarn feeding
      operation. As the snarls are created by the distinguished torque of the
      yarn, there are two ways to eliminate the snarl problem. One way is the
      application of an additional twisting upon the above-mentioned textured
      yarn, and the other way is the treatment of the above-mentioned textured
      yarn under a temperature between a softening temperature and a melting
      temperature of the yarn material. This second heat treatment may be
      carried out simultaneously with the stretching operation. The following
      examples were carried out to ascertain the effect of the additional
      twisting or additional heat set treatment.
PAC  EXAMPLE 2
PAR  After producing the false twisted yarn in Example 1, an additional twist of
      150 t/meter was applied to the yarn by a conventional ring twister. The
      twist direction was identical to the direction of the false-twisting.
PAR  According to this additional twisting, it was confirmed that the creation
      of snarls is preferably eliminated.
PAC  EXAMPLE 3
PAR  A polyester multifilament yarn of 150 d/48 f was used for manufacturing a
      false-twisted yarn, under the conditions shown below, by a conventional
      apparatus which is called an LS-6 false-twisting machine sold by
      Mitsubishi Heavy Industry Co., japan. A schematic side view of this
      machine is shown in FIG. 12, wherein a second heater 17 is disposed
      between the delivery roller means 6 and the stretching roller means 7 in
      FIG. 1.
TBL  ______________________________________                                    

     Test                 A           B                                        

     Condition                                                                 

     ______________________________________                                    

     (a) Spindle r.p.m. 300,000     same as A                                  

     (b) Number of the false-twist                                             

                        2800 T/M      "                                        

     (c) Processing temperature of                                             

       the first heater 250.degree.C                                           

                                      "                                        

     (d) Percentage of over-feed                                               

       in a yarn supply +2%           "                                        

     (e) Stretch ratio in a                                                    

       stretching zone  1%           0.1%                                      

     (f) Processing temperature                                                

                        220.degree.C                                           

                                    same as A                                  

       of the second heater                                                    

     (g) Percentage of over-feed                                               

       to yarn winding  +5%          +8%                                       

     ______________________________________                                    

PAR  The above-mentioned false-twisted yarns were used for producing a knitted
      fabric (double picque) by a circular knitting machine of 18 gauge.
      However, it was very difficult to supply the yarn B to the knitting
      machine, because of frequent trouble due to snarls. Contrary to this, the
      yarn A could be handled easily, and the resulted knitted fabric after
      conventional dyeing had a beautiful appearance, a superior feel to the
      hand and a preferable drape characteristic.
PAC  EXAMPLE 4
PAR  A polyamide (Nylon 6) multifilament yarn of 120 d/30 f was subjected to a
      false-twisting machine as shown in FIG. 12, under the following
      conditions.
TBL  ______________________________________                                    

     (a)  Spindle r.p.m.         320,000                                       

     (b)  False-twist            3,200 t/meter                                 

     (c)  Temperature of first heater (4)                                      

                                 205.degree.C                                  

     (d)  Temperature of second heater (17)                                    

                                 200.degree.C                                  

     (e)  Percentage of over-feed in yarn                                      

          supply into the false-twisting                                       

          zone                   -3%                                           

     (f)  Stretch ratio between the roller                                     

          means 6 and 7          2%                                            

     (g)  Percentage of over-feed to                                           

          yarn winding           +4%                                           

     ______________________________________                                    

PAR  The obtained yarn was knitted into milano rib stitch by a circular knitting
      machine of 20 gauge. During the knitting operation, there was little
      trouble and the fabric obtained by being subsequently dyed and finished
      possessed good properties for clothes, especially for ladies.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for producing a synthetic multifilament textured yarn having
      compact and bulky portions comprising feeding a material multifilament
      yarn to a supply roller means, false-twisting said yarn fed from said
      supply roller means, delivering said false-twisted yarn by a delivery
      roller means, winding said false-twisted yarn delivered from said delivery
      roller means under an over-feed condition, an improvement comprising in
      combination, carrying out said false-twisting operation under a processing
      temperature within a range between a softening temperature and a melting
      temperature of the yarn, stretching said false-twisted yarn in a
      restricted condition below a limit of elastic deformation thereof, whereby
      the individual filaments in the compact portions are substantially
      separated from each other.
NUM  2.
PAR  2. An improved method for producing a synthetic multifilament textured yarn
      according to claim 1, wherein said stretching operation is carried out in
      a condition of not less than 1% elongation of individual filaments.
NUM  3.
PAR  3. An improved method for producing a synthetic multifilament textured yarn
      according to claim 1, further comprising an application of a second heat
      treatment to said false-twisted yarn at a processing temperature within a
      range between a softening temperature and a melting temperature thereof.
NUM  4.
PAR  4. An improved method for producing a synthetic multifilament textured yarn
      according to claim 1, wherein said stretching operation is carried out at
      a yarn passage downstream from said delivery roller means and before
      winding the yarn on a yarn package, as a continuous process.
NUM  5.
PAR  5. An improved method for producing a synthetic multifilament textured yarn
      according to claim 3, wherein said second heat treatment is carried out at
      a yarn passage downstream from said delivery roller means and before
      winding the yarn on a yarn package, and said stretching operation is
      carried out simultaneously with said second heat treatment.
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ABST
PAL  A method of operating a constant pressure external combustion piston engine
      wherein air and liquid coolant are precompressed in one step to a
      pressure-temperature value at which the coolant is substantially saturated
      vapor.
PARN
PAR  This is a continuation of application Ser. No. 100,867, filed Dec. 23,
      1970, now abandoned.
BSUM
PAR  The invention relates to a method of operating a combustion piston engine
      with external combustion of an air-fuel mixture whose air content has been
      pre-compressed and to which a liquid coolant is added prior to combustion.
PAR  In contrast to the traditional combustion engines working on the Otto- or
      Diesel principle, methods of this kind aim at extending the period of
      combustion, the liquid coolant, usually water, which if desired is present
      in its partially evaporated aggregate form, being taken directly to the
      air-fuel mixture whose air content has been pre-compressed. The sole
      purpose of adding a liquid coolant in these known methods is that of
      reducing the temperature peaks and prevents heat loss, use being made of
      the known fact that dry steam in particular does not adversely affect the
      combustion.
PAR  In relation thereto the invention has the object of providing an operating
      method of this kind of combustion piston engines which involves improved
      combustion of the fuel mixture, in order thereby to reduce the formation
      of harmful flue gas constituents, such as carbon monoxide nitric oxide and
      the like.
PAR  For accomplishing this object the invention proposes pre-compressing, in a
      method of the aforesaid kind, the coolant which may have been injected or
      admitted in atomized form, together with the air content of the mixture to
      a pressure-temperature value lying on the upper limit of the
      characterisation of the coolant, i.e. a temperature-pressure value where
      the coolant is substantially saturated vapor. It is regarded as
      particularly advantageous to carry out this pre-compression of the
      air-coolant mixture at approximately 100 atm. and 310.degree.C. With this
      measure the invention aims at including the coolant in the work done by
      the air-fuel mixture, in order to obtain in this way a compression
      characteristic in the pV-diagram lying between an adiabatic and the ideal
      isothermal compression. Now in this compression the air has to supply the
      latent heat required for the evaporation of the coolant, with the
      consequence that it becomes mixed with the fuel at a low temperature and
      thereby permits combustion of a larger quantity of fuel. Since now
      according to the invention provision is made in the combined compression
      of the coolant and the air for carrying out this compression at a
      pressure-temperature value lying at the upper limit of the characteristic
      for the coolant, this combustion can now be initiated in such a way that
      the coolant is immediately converted to super-heated steam which in the
      expansion which follows again gives off its energy as such, which is
      admitted to the coolant during compression. It may therefore be assumed
      that in the operating method according to the invention approximately the
      same efficiency factor can be realized as in the traditional combustion
      engines operating on the Otto- or Diesel principle, the operating method
      according to the invention however being superior to them in a
      particularly advantageous manner in that it involves almost complete
      combustion of the fuel, so that the flue gases hardly contain any
      poisonous gases any more.
PAR  A further desirable feature of the operating method according to the
      invention is that of utilizing only a portion of the air-coolant mixture
      for the combustion, or additionally admitting to the air-fuel mixture air
      and/or flue gases. In this way a further reduction of the combustion
      temperature can be achieved, namely if desired to such a low value that
      after the subsequent expansion, flue gases are obtained at a temperature
      which can acquire a value down to 0.degree.C and in special cases even a
      lower value, depending on the final temperature and pressure values after
      the expansion, normally about atmospheric. Water which may, in a known
      manner, be regenerated from a circulating circuit may be used as the
      coolant, and/or carbon dioxide regenerated from the flue gases may also be
      used.
PAR  On the other hand, the invention also proposes a combustion-piston engine
      which, so far as design details are concerned, is modelled on the
      traditional combustion engines operating on the Diesel- and/or
      Otto-principle, and consisting principally of a crank shaft and working
      cylinders co-operating therewith, which have cam-operated inlet and outlet
      valves, these operating cylinders being associated with an external
      combustion chamber, which co-operates, via a connecting conduit, with a
      cylinder constituting a preliminary stage and operated by the crank shaft
      or a crank shaft portion capable of being coupled thereto. In accordance
      with the invention it is proposed in the case of such a combustion engine
      to connect a coolant conduit to the cylinder constituting the preliminary
      stage in addition to an air supply conduit; in this connection it is
      regarded as particularly advantageous to provide a pressure reservoir
      between the cylinder constituting the preliminary stage and the combustion
      chamber; the connecting conduit between the pressure reservoir and the
      combustion chamber should open into the latter in the form of a nozzle. In
      this connection it is advisable to provide between the pressure reservoir
      and the combustion chamber preferably two connecting conduits opening into
      the latter in the form of nozzles, one of the conduits supplying the
      combustion air and the other the heat carrier, whose job is a reduction in
      the combustion temperature.
PAR  The pressure reservoir which is inserted ahead of the combustion chamber
      can be connected to the discharge conduit of at least one further
      compression cylinder for part of the flue gases, the compression cylinder
      co-operating with the crank shaft or the crank shaft portion and being
      equipped with preferably automatic inlet and exhaust valves. A fresh air
      supply which may, if desired, incorporate a heat exchanger, may be
      connected to the inlet conduit of this additional compression cylinder for
      the flue gases. Alternatively provision may also be made for connecting
      the discharge conduit of this additional compression cylinder to a further
      pressure reservoir inserted ahead of the combustion chamber.
PAR  Finally, provision is also made for the combustion engine according to the
      invention to have connected to the discharge conduit of the working
      cylinders a device for recovering the coolant. Where water is used as the
      coolant, this device may be a screen, a filter working on the cyclone
      principle, a centrifuge or the like. In the case of regeneration of carbon
      dioxide from the flue gases this device may be a compressor piston and a
      heat exchanger connected downstream thereof.
DRWD
PAR  The invention will now be described in greater detail with reference to an
      embodiment of the engine constructed and operating in accordance with the
      invention which is shown diagrammatically in the drawings:
PAR  FIG. 1 shows a block diagram of a two-stroke combustion piston engine,
PAR  FIG. 2 shows an alternative detail for the engine according to FIG. 1, in
      the form of a block diagram, and
PAR  FIGS. 3a, 3b, 3c and 4a, 4b and 4c show comparative p,V- and T,s-diagrams
      for a combustion engine working on the Otto- or Diesel principle and
      according to the invention respectively.
DETD
PAR  In FIG. 1, 1 designates a crank shaft with which a total of four cylinders
      2,3,4 and 5 co-operate and which is provided with a flywheel 6 and a
      starter 7. The latter are preferably located on the power take-off side of
      the crank shaft. The cylinders 4 and 5 represent the two-stroke working
      cylinders and they are each provided with a cam-controlled inlet valve 4'
      and 5' respectively and a cam-controlled exhaust valve 4" and 5"
      respectively. In place of the two working cylinders 4 and 5 shown, the
      engine can of course also be equipped with four working cylinders. The
      bearing arrangement for the crank shaft 1, the constructional design of
      the working cylinders 4 and 5, the cam-control of their inlet and exhaust
      valves and their constructional design do not form part of the invention,
      which in this respect is in accordance with the state of the art.
PAR  The two cylinders 2 and 3 which, in the drawing, are shown co-operating
      with the crank shaft 1, with which the working cylinders 4 and 5 also
      co-operate, could instead also co-operate with a separate crank shaft
      portion which is then capable of being coupled to the crank shaft with
      which the working cylinders co-operate. The cylinder 2 which should be
      smaller than either of the two working cylinders 4 and 5 has an intake
      manifold 8 for air which is preferably provided with an air filter 9. A
      preferably automatic inlet valve 10 is provided in the intake manifold 8;
      11 designates an injection device for a coolant, namely for example water,
      which is conveyed from a storage container 12 by a pump 13 to this device
      11, which in turn opens, preferably through a nozzle either into the
      intake manifold 8 or directly into the cylinder space of the cylinder 2
      constituting the preliminary stage, for the purpose of injecting or
      atomizing it into this cylinder. 14 designates the connecting conduit
      between the container 12 and the injection device 11. An exhaust valve 16,
      which is preferably also automatic, is provided in the exhaust conduit 15
      of the cylinder 2, the exhaust valve 16 desirably having provision for
      pressure adjustment. The construction of the valves 10 and 16 is in
      accordance with the state of the art. The exhaust conduit 15 opens into a
      pressure reservoir 17, which opens through a nozzle into a combustion
      chamber 20 at 19 via a connecting conduit 18, the combustion chamber 20 as
      a rule having a volume which corresponds to at least the swept volume of
      the cylinder 2 and which should be made of a material which is so fire
      proof that it can withstand the peaks of the combustion temperatures in
      the combustion chamber. An injection device 21 injects the fuel supplied
      from a fuel container 22 via a connecting conduit 23 into the combustion
      chamber 20, so that after being mixed with the air-coolant mixture
      supplied via the connecting conduit 18 it can be burned in a flame 24.
PAR  Upon start-up of the engine, a pressure relief valve 25 situated in the
      discharge conduit of the combustion chamber 20 will initially be closed.
      The cylinder 2 compresses the air admitted through the intake manifold 8
      together with the water which has been injected by means of the injection
      device 11 in a metered manner into this intake manifold 8 or directly into
      the cylinder 2, to a pressure-temperature value which is preferably set at
      100 amt. and 310.degree.C. At this pressure, the exhaust valve 16 then
      opens and the so compressed air-coolant mixture is released into the
      pressure reservoir 17 from which it then flows via the connecting conduit
      18, 19 into the combustion chamber 20. The injection device 21 injects the
      fuel into the combustion chamber 20 in timed sequence with respect to the
      flow of the air-coolant mixture into the combustion chamber 20, is ignited
      and the mixture is then burned, as indicated by the flame 24 and
      eventually builds up the operating pressure in the combustion chamber 20;
      when the pressure is reached, the pressure relief valve 25 opens so that
      the combustion gases can then flow into that one of the two working
      cylinders 4 and 5 whose inlet valve 4' or 5' respectively happens to be
      open. The combustion gases then do work, for example in the working
      cylinder 4. After this work has been done, they are then pressed as a flue
      gases into the discharge conduit 26 via the now open exhaust valve 4" and
      are able to leave the engine in the manner indicated by the arrow 27.
PAR  FIG. 1 also shows that at least a portion of the flue gases are conducted
      via a conduit 28, in which a heat exchanger 29 may be provided, into the
      cylinder 3 arranged in parallel with the cylinder 2 and also constituting
      a preliminary stage, the cylinder 3 being equipped with preferably
      automatic inlet and exhaust valves 30 and 31. The discharge conduit 32
      from this cylinder 3 opens into a second pressure reservoir 33 which opens
      into the combustion chamber 20 at 35 via a connecting conduit 34. The flue
      gases which are introduced into the combustion chamber 20 in this way and
      which, if desired, may be admixed with fresh air, which is introduced into
      the conduit 28 at 36, perform the function of heat carriers and of
      reducing the combustion temperatures in the combustion chamber, viz.
      preferably to a value of approximately 600.degree.C, so that in the course
      of the expansion flue gas temperatures are obtained in the working
      cylinders 4 and 5 which are of the order of 0.degree.C and which could, if
      desired, also assume negative values. As is known, the temperature of a
      gas is reduced in an adiabatic expansion with the change in temperature of
      the gas depending upon the amount of expansion, i.e. the ratio of final
      volume to initial volume. Thus, the final temperature for any given amount
      of expansion will depend upon the initial temperature and, where this is
      relatively low, e.g. 600.degree.C., correspondingly low final temperatures
      e.g. 0.degree.C., will be achieved after expansion. The flue gases need
      not necessarily be introduced into the cylinder 3; they could instead also
      be introduced into the cylinder 2, in which case the cylinder 3 then
      operates in a manner identical to that of cylinder 2. In certain cases
      such additional utilization of a portion of the flue gases could also be
      dispensed with. Then also the cylinder 3 would operate in a manner
      identical to that of cylinder 2.
PAR  The heat exchanger 29 is an optional element that may be used to alter the
      temperature of the flue gases if, for example, the ambient temperature is
      very different from the ambient temperature with which the engine is
      designed to operate. By altering the temperature of recirculated flue
      gases, the heat exchanger 29 can compensate for situations when the flue
      gases do not reach, at the end of the expansional working stroke, the
      ideal final temperatures. The objective of the heat exchanger 29 is then
      to ensure substantially constant initial conditions.
PAR  Finally, FIG. 1 also shows that a water separator 37 is provided in the
      flue gas conduit 26, the water separator 37 causing separation of the
      water vapour contained in the flue gases. The separated water is conducted
      to the containers 12 via the conduit 38.
PAR  If, in accordance with a further feature of the method according to the
      invention, alternatively or additionally provision is made for using
      carbon dioxide which has been regenerated from the flue gases as the
      coolant, then the detail shown in FIG. 2 may be utilized for the engine
      according to FIG. 1. In FIG. 2, in correspondence with FIG. 1, the
      reference numeral 26 designates the discharge conduit from which the
      connecting conduit 28 branches off at 39 to one of the two cylinders 2 and
      3, or to both of these cylinders or, if desired, to a plurality of such
      cylinders, so that here a portion of the flue gases is introduced into
      this connecting conduit 28 whilst the main portion of the flue gases,
      which thanks to the cylinders 2 and 3 and the combustion chamber 20
      contain practically no poisonous ingredients, is conducted away to
      atmosphere via the conduit 27. The flue gases which branch off at 39 are
      initially compressed in a compressor 40 to a pressure at which carbon
      dioxide liquefies, i.e. for example to a pressure of between approximately
      40 and 70 atm. They are then conducted after this compression to a heat
      exchanger 41, whereby they are cooled so that liquid carbon dioxide
      results which is then conducted to a collecting container 45 by a
      condensate separator 42, and there collected, the separator 42 having a
      discharge conduit 43 with a preferably automatic discharge valve 44 for
      the gases which are contained in the flue gases besides carbon dioxide.
      The condensate separator 42 may if desired be equipped with an additional
      device which encourages the liquefaction of the carbon dioxide. The
      liquefied carbon dioxide is then conveyed via the conduit 14 to the
      cylinders 2,3.
PAR  In the pV and T,s diagrams FIGS. 3a and 4a are for a combustion engine
      according to the Otto principle, FIGS. 3b and 4b are for an engine
      according to the Diesel principle and FIGS. 3c and 4c are for an engine
      according to the principle in accordance with the invention. Whereas in
      the combustion engines according to the Otto- and Diesel-principles
      adiabatic compression (1a -2a and 1b -2b, respectively) of the air-fuel
      mixture and of the air only respectively takes place, the
      pressure-temperature value obtained from the compression then being
      increased to the operating pressure after ignition, the cylinder
      constituting the preliminary stage in the combustion engine according to
      the invention already compresses to this operating pressure, the
      compression following a polytropic curve (1c -2c) which approximates to
      the ideal isothermal curve, in view of the simultaneous compression of the
      coolant. In this way approximately the same efficiency value is obtained
      in the combustion engine according to the invention as in the previously
      known combustion engines of approximately the same overall size, but one
      obtains the substantial advantage thereover, that the flue gases contain
      no harmful ingredients, in view of the complete combustion resulting from
      the increase in the period of the combustion process between the
      compression and the expansion, without any difficulty.
PAR  Variations in details are of course possible within the scope of the
      embodiment described. Thus, for example, pressure reservoirs need not
      necessarily be provided in the connecting conduits between the cylinders
      constituting the preliminary stage and the combustion chamber, for
      mastering the high pressures or optimizing the combustion process in the
      combustion chamber in a particularly advantageous manner. Instead a device
      for producing pressure waves may also be provided, whose back pressure
      acting on the exhaust valve(s) of the cylinder(s) constituting the
      preliminary stage is limited. The pressure waves thus are effective only
      on the working cylinders and then only via the pressure relief valve of
      the combustion chamber, which is in the form of a non-return valve, in the
      direction of flow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of operating a combustion piston engine with external
      combustion at substantially constant pressure of an air-fuel mixture whose
      air content has been pre-compressed together with a liquid coolant,
      characterized by precompressing said air content and said coolant in one
      step to a pressure-temperature value at which the coolant is substantially
      saturated vapour.
NUM  2.
PAR  2. A method as defined in claim 1, characterized by precompressing the
      air-coolant mixture to approximately 100 atm./310.degree.C.
NUM  3.
PAR  3. A method as defined in claim 1, characterized by providing an excess of
      air-coolant mixture over that required for combustion.
NUM  4.
PAR  4. A method a defined in claim 1, characterized in that water is used as
      the coolant.
NUM  5.
PAR  5. A method as defined in claim 1, characterized by discharging the
      precompressed air coolant mixture into a pressure reservoir.
NUM  6.
PAR  6. A method as defined in claim 5, characterized by discharging the air
      coolant mixture from the pressure reservoir into the combustion chamber of
      the engine through a nozzle.
NUM  7.
PAR  7. A method as defined in claim 5, characterized by compressing at least a
      part of the flue gases discharged from the engine and mixing said
      compressed flue gases with the mixture in a combustion chamber by
      injecting the same thereinto.
NUM  8.
PAR  8. A method as defined in claim 7, characterized by mixing fresh air with
      said flue gases to be compressed before compressing the same.
NUM  9.
PAR  9. A method as defined in claim 7, including cooling said flue gases before
      compressing the same.
NUM  10.
PAR  10. A method as defined in claim 6, including compressing at least a part
      of flue gases discharged from the engine and collecting the same in a
      separate pressure reservoir.
NUM  11.
PAR  11. A method as defined in claim 4, characterized in separating and
      recovering at least a portion of the coolant from the flue gases
      discharged from the engine.
NUM  12.
PAR  12. A method as defined in claim 1, characterized by adding flue gases to
      the air fuel mixture in a combustion chamber.
NUM  13.
PAR  13. A method as defined in claim 1, characterized by regenerating carbon
      dioxide from flue gases discharged from the engine and using the
      regenerated carbon dioxide as the coolant.
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ABST
PAL  Fuel slinger combustor, regenerative air-cooled gas turbine engine
      embodying the same, characterized by a pre-mix chamber in which fuel is
      well atomized by being projected against an impingement ring and further
      atomized and intimately mixed by the shearing action of cool unregenerated
      opposing swirling air. The remaining primary air also not heated by the
      regenerator enters through swirl louvres or ports which maintains the
      fuel-air mixture in a high recirculation state for clean and stable
      combustion at very lean mixtures. High pressure fuel is fed to the slinger
      by a high pressure fuel bearing-pump that makes possible starting the
      combustion at low speeds and at high altitudes.
PARN
PAC  RELATED APPLICATION
PAR  This application is a division of my copending application Ser. No. 300,774
      filed Oct. 25, 1972 now U.S. Pat. No. 3,818,696.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has long been recognized that the inherent advantages of the turbine
      engine, particularly its inherent clean burning characteristics and its
      high power-to-volume ratio, make the turbine engine a desirable
      alternative to the reciprocating piston engine for many applications.
      However, the reciprocating piston engine having been more or less
      universally adopted, the automotive and other industries have very large
      investments in engine production facilities, and the design of automobiles
      and other products is predicated on the reciprocating piston engine, so
      that commercial interest in turbine engines has been inhibited. Recent
      anti-polution requirements have increased the interest in all alternatives
      to the reciprocating piston engine, and new advances in turbine engines
      have been made. To date, however, no turbine engine has been devised which
      is truly satisfactory for automotive and like applications.
PAR  Failure of prior-art workers to provide such an engine has resulted from a
      number of difficulties. One problem has been that not any gas turbine
      combustor has been devised which is almost completely free of harmful
      exhaust pollutants, particularly the oxides of nitrogen and at the same
      time is compact, simple and low in cost to produce. Another problem is
      starting the combustor at low speeds and at high altitudes without
      expensive high pressure fuel injection means.
PAC  OBJECTS OF THE INVENTION
PAR  A general object of the invention is to devise a gas turbine engine
      combustor which is relatively low cost, efficient and produces a minimum
      of harmful pollutants, particularly the oxides of nitrogen.
PAR  Another object is to provide a slinger type fuel atomization means which is
      adequate to supply and atomize the run fuel as well as adequate to start
      the combustion at low speeds and at high altitudes.
PAR  A further object is to provide a fuel slinger type combustor which has
      adequate combustion volume and which is compactly integrated for low cost
      with the turbomachinery of a gas turbine engine, particularly of the
      regenerative type.
PAC  SUMMARY OF THE INVENTION
PAR  The combustor comprises, at least a generally radial flow combustor zone, a
      secondary and cooling zones, a pre-mix chamber and at least one rotary
      fuel slinger atomizer where fuel to the slinger is fed by a simple high
      pressure fuel bearing-pump.
PAR  Very fine fuel atomization and intimate fuel-air mixing is accomplished in
      the pre-mix chamber by first the fuel being projected against an
      impingement ring and then further atomized by opposing swirls of air which
      in the case for regenerative engines comes direct from the compressor thus
      is relatively cool air. Also unheated by the regenerator the remaining
      primary combustion enters through swirl louvres or ports which maintains
      the fuel-air mixture in a high recirculating state for a clean and stable
      combustion at very lean mixtures. Thus requiring no costly fuel-air
      mixture ratio control.
PAR  The rotary fuel slinger atomizer is supplied by a high pressure fuel
      bearing-pump allowing the starting of the combustion at low starting
      speeds and at high altitudes. The combustion chamber is preferably mounted
      between the compressor and turbine for providing the greatest combustion
      volume and overall engine compactness and also providing a convenient part
      of the main shaft for mounting the fuel slinger.
DRWD
PAR  In order that the manner in which the foregoing and other objects are
      achieved according to the invention can be understood in detail, one
      particularly advantageous embodiment thereof will be disclosed with
      reference to the accompanying drawings, which form a part of the original
      disclosure hereof, and wherein:
PAR  FIG. 1 is a view partially in longitudinal section and partially in side
      elevation of the combustor installed in a regenerative gas turbine engine.
PAR  FIG. 2 is an enlarged view, mainly in longitudinal section of the rotary
      fuel slinger and primary zone of the combustor.
PAR  FIG. 3 is an enlarged radial section of the rotary fuel slinger.
PAR  FIG. 4 is a perspective view of the rotary fuel slinger.
PAR  FIG. 5 is a longitudinal sectional view of the combustor mounted in the
      center of a gas turbine engine.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The combustor disclosed is suitable for gas turbine engines typically shown
      in FIGS. 1 and 5. Referring also to FIGS. 2, 3 and 4, the combustor
      generally comprises a rotary fuel slinger 155 mounted on a turbine or
      other suitable shafting 8, a fuel-air premix chamber 247 formed by
      generally planar walls 231 and 264 and concal walls 243 and 272, inlet air
      swirl vanes 270 and 237, fuel-air swirl vanes 267 and 240, a primary
      combustion zone 248 formed by walls 37 and 38 and said walls extended to
      also form a secondary combustion or mixing zone.
PAR  Fuel slinger 155 is an integral metal body having a central through bore
      which directly embraces shaft 8. The slinger body includes an inner hub
      portion 156 each face of which is equipped with a right cylindrical
      tubular axially projecting flange 157, a right cylindrical, tubular,
      axially projecting seal flange 158 concentric with the through bore and
      projecting axially therefrom in a location spaced a significant distance
      outwardly from flanges 157, and an outer peripheral disc portion 159 which
      is relatively thin as compared to the axial thickness of hub portion 156
      and is of such diameter as to extend outwardly between the inner
      peripheral portions of combustor walls 37, 38. At its outer periphery,
      disc portion 159 has oppositely projecting tubular flanges 152 which are
      concentric with the shaft assembly. Since disc portion 159 is relatively
      thin and is axially centered on hub portion 156, hub portion 156 has right
      cylindrical outer peripheral surfaces 160 each on a different side of disc
      portion 158. A plurality of radial bores 161, FIG. 2, extend completely
      through disc portion 159 and hub portion 156. Each bore 161 communicates
      with a different one of a like number of axial grooves 162 in the wall of
      the central through bore of the slinger body. Hub portion 156 is also
      provided with a plurality of pairs of outwardly diverging bores 163, each
      bore 163 of each pair opening outwardly through a different one of the
      outer surfaces 160 of the hub portion. At their inner ends, bores 163 of
      each pair join and register with one of a plurality of radial bores 164,
      FIG. 2, in shaft 8. Bores 164 open inwardly into an annular space 165
      defined by a reduced diameter portion of bolt shaft member 146, that
      member in turn being provided with a plurality of radial bores 166 which
      are registered with like openings 167 in tube 148 and therefore
      communicate between the interior of tube 148 and space 165. As shown in
      FIG. 4, there are typically four bores 166 and eight bores 163, the bores
      166 therefore being of larger diameter than are bores 164, and space 165
      affording free communication between bores 166 and bores 163. Bores 166
      are each located between a different adjacent pair of axial grooves 147.
      In a location to the left of the slinger (as viewed in FIG. 5), a plug 168
      closes the interior of tube 148 against fluid flow.
PAR  Hub and bearing support portion 90 of compressor shroud member 88 projects
      axially toward fuel slinger 155 and is concentric with and spaced
      outwardly from shaft 8. Portion 90 has an inner wall portion of larger
      diameter at 170 to accommodate a seal face ring and bearing retainer 171.
      The adjacent inner wall portion 172 is of smaller diameter to accommodate
      a bronze damper bearing 173 of plain cylindrical tubular form. The inner
      wall of portion 90 is completed by a portion 174 of still smaller
      diameter, that portion surrounding and being spaced only slightly
      outwardly from shaft 8. Wall portions 172 and 174 are joined by a
      transverse annular shoulder 175 which faces toward retaining ring 171.
      Each annular end face of bearing 173 is grooved to accommodate a high
      temperature silicone O-ring 176, one engaging ring 171 and the other
      engaging shoulder 175. Portion 90 has an inner annular recess 177 which is
      concentric with shaft 8 and opens toward the slinger to freely accommodate
      the corresponding tubular flange 157 of the slinger. Outwardly of recess
      177, portion 90 is completed by a tubular element 90a, secured by threads
      at its end opposite the slinger. Portions 90 and 90a cooperate to define
      an annular recess 178, coaxial with shaft 8 and opening toward the
      slinger, to freely accommodate the corresponding seal flange 158 of the
      slinger. The inner and outer walls of recess 178 are right cylindrical and
      spaced slightly from the inner and outer surfaces, respectively, of flange
      158. Outwardly of recess 178, portion 90 has an annular end face which is
      provided with a circular groove 179 concentric with shaft 8 and opening
      toward the corresponding face of slinger portion 156.
PAR  Back shroud 41 of compressor drive turbine 3 comprises a hub and bearing
      support portion 180 which is complementary to portion 90 of compressor
      shroud 88. Thus, shroud portion 180 includes larger diameter inner wall
      portion 181, to accommodate seal face ring and bearing retainer 182, an
      adjacent inner wall portion 183 of smaller diameter, to accommodate a
      bronze damper bearing 184, and an inner wall portion 185, of still smaller
      diameter, spaced slightly outwardly from shaft 8. Wall portions 183 and
      185 are joined by a transverse annular shoulder 186. Bearing 184 is
      disposed between retainer 182 and shoulder 186, the end faces of the
      bearing being suitably grooved to accommodate high temperature silicone
      O-rings 187. Portion 180 has an inner annular recess 188 which is
      complementary to recess 177 and accommodates the corresponding tubular
      flange 157. Outwardly of recess 188, portion 180 is completed by a tubular
      element 180a secured by threads at its end opposite the slinger. Portions
      180 and 180a cooperate to define an annular recess 189 which is
      complementary to recess 178 and accommodates the corresponding seal flange
      158.
PAR  The axial position of hub and bearing support portion 90 of compressor
      shroud member 88 is fixed by the annular series of bolts 93. Similarly,
      with transverse annular portion 191 of drive turbine shroud member 41
      secured rigidly by an annular series of bolts 192 to shroud member 42, and
      that member being secured to the integral casting 9, which includes wall
      18 and is later described, the axial position of hub and bearing support
      portion 180 of shroud member 41 is fixed. The fuel slinger hub is fixed on
      shaft 8 and the axial position of shaft 8 in the overall assembly is
      fixed. Accordingly, the slinger is centered between shroud portions 90 and
      180, sith only small clearances between the opposing transverse surfaces
      of the fuel slinger, on the one hand, and shroud portions 90 and 180, on
      the other hand.
PAR  At each side of the fuel slinger hub, shaft 8 has elongated portions
      embraced respectively by the bearings 173 and 184. The outer surfaces of
      these portions of shaft 8 are provided with helical pumping grooves 196
      and 197, respectively, FIG. 2. Groove 196 opens into a transverse annular
      groove 198, at the end remote from slinger 155, and into a transverse
      annular groove 199 at slinger 155, groove 199 communicating directly with
      all of the axial grooves 162 in the slinger hub. Groove 197 similarly
      opens into transverse annular grooves 200 and 201, the latter groove also
      communicating with all of the grooves 162. Shaft 8 and bolt shaft member
      146 are provided with a plurality of sets of aligned radial bores 202,
      203, respectively, each set communicating between a different one of bolt
      shaft grooves 147 and groove 198. At the other end of shaft 8, that shaft
      and shaft member 146 are provided with a plurality of sets of radial bores
      204, 205, respectively, each such set communicating between a different
      one of grooves 147 and groove 200. Start/idle fuel is supplied to both
      grooves 198 and 200. The combination of bearing 173 and ring 171 embraces
      the portion of shaft 8 which includes grooves 196, 198 and 199 and
      effectively covers those grooves. Similarly, the combination of bearing
      184 and ring 182 embraces the portion of shaft 8 which includes grooves
      197, 200 and 201 and effectively covers those grooves. The helical grooves
      196 and 197 are oriented to move the fuel from grooves 198 and 200
      inwardly to grooves 199 and 201, as the shaft assembly rotates during
      operation of the engine, and the fuel so moved is supplied via grooves 162
      to the radial bores 161 of slinger 155. Rotation of the slinger causes the
      fuel to be projected outwardly into the combustion chamber as later
      described. Simultaneously, any fuel supplied to slinger bores 163 is also
      projected outwardly.
PAR  At the end of shaft 8 adjacent drive turbine 3, a labyrinth gas seal 206
      embraces shaft 8 and has its fins positioned to cooperate with ring 182.
      Shroud portion 180 has a shallow annular recess which accommodates a
      radially elongated web 207 which forms an integral part of seal 206 and
      has a peripheral lip 208 which engages the outer peripheral portion of
      drive turbine bine rotor 6, for a purpose later described. Just outwardly
      of wall portion 181, shroud portion 180 is provided with a plurality of
      bores 209 which, as later described, supply air to the space between web
      207 and shroud portion 180. At the opposite end of shaft 8, a labyrinth
      air seal 210 is provided between the shaft and ring 171.
PAR  The outer surfaces of seal flanges 158 of the fuel slinger are each
      provided with a helical pumping groove 211, and each groove 211 opens into
      a transverse annular groove 212 at the outer end of the seal flange. The
      adjacent outer walls of the recesses 178 and 189 cover the respective
      grooves 211, 212. Grooves 211 are oriented to cause any fluid therein to
      flow away from the fuel slinger 155 when the slinger rotates with the
      shaft assembly during operation of the engine. Accordingly, the seal
      flanges 158, cooperating with the walls of recesses 178 and 189, serve to
      oppose and effectively block the flow toward the combustion chamber of any
      fuel escaping outwardly between the transverse faces of the fuel slinger
      and shroud portions 180 and 90. Any fuel actually so escaping is diverted
      by flanges 152 into the path of the air-fuel mixture discharged from
      preliminary mixing chambers 247 and 273, later described.
PAR  Combustor wal member 37 includes an outer peripheral portion 215 which is
      tubular and concentric with the shaft assembly. Combustor wall member 38
      has a tubular outer peripheral portion 216 which is spaced inwardly from
      portion 215 and concentric with the shaft assembly. Portions 215 and 216
      are secured respectively to outer peripheral portion 217 of drive turbine
      shroud member 42 and outer peripheral portion 218 of shroud member 41 by
      an annular series of hollow screws 219. Portion 215 is formed with axially
      extending corrugations, so as to cooperate with the inner face of shroud
      portion 217 to form openings via which air can flow from the passage
      portion between walls 37 and 19 into the annular combustor outlet space
      between combustor wall portions 215 and 216, thus film-cooling these
      walls. A spacer sleeve 221 surrounds each screw 219 and has its ends
      engaged respectively with combustor wall portions 215 and 216 to firmly
      position the same. Portion 216 has axially extending corrugations, so as
      to cooperate with the outer face of shroud portion 218 to form openings
      via which air can flow from the space surrounded by wall portion 216 into
      the combustor outlet space.
PAR  Wall member 37 comprises an outer member 223, an intermediate member 224,
      and an inner member 225. From peripheral portion 215, outer member 223
      extends in tubular fashion toward compressor 1 and then curves inwardly to
      extend in a flat plane transverse to the shaft assembly. The inner
      peripheral portion of outer member 223 is deformed in flat hill-and-dale
      fashion to present a plurality of flat crest portions 226 which are spaced
      from the body of member 223 toward the interior of the combustor, portions
      226 being secured, as by welding, to the flat outer peripheral portion of
      intermediate member 224. Accordingly, the inner peripheral portion of
      member 223 and the outer peripheral portion of member 224 cooperate to
      define an annular series of openings 227 which are in the nature of
      conduits, in the sense of having adequate length to direct fluid flow, and
      which communicate between the space between wall member 37 and compressor
      shroud member 88, on the one hand, and the interior of the combustor, on
      the other hand. Intermediate member 224 is flat and lies in a plane
      transverse to the shaft assembly, extending inwardly well beyond the outer
      periphery of member 225. At its outer periphery, member 225 is deformed in
      flat hill-and-dale fashion to present a plurality of flat crest portions
      228 which are spaced from the plane of member 225 toward member 224.
      Portions 228 are secured, as by welding, to the adjacent portion of member
      224, so that the outer peripheral portion of member 225 and the adjacent
      portion of member 224 cooperate to define an annular series of openings
      229 in the nature of conduits and communicating between the space between
      members 224 and 225, on the one hand, and the interior of the combustor,
      on the other hand.
PAR  Member 225 includes a frusto-conical intermediate portion 230 which tapers
      inwardly toward shaft 8 and away from shroud member 88, and is completed
      by a flat inner peripheral portion 231 which lies in a plane transverse to
      the shaft assembly, and a tubular portion 231a, which is concentric with
      the shaft assembly and projects from portion 231 toward member 88.
      Intermediate portion 230 is pierced and bent to provide a plurality of
      rectangular openings 232 and associated air flow directing fins 233, the
      latter being on the side of portion 230 facing the interior of the
      combustor.
PAR  Commencing along a circular line outside of the ring of bolts 93, the face
      of inner compressor shroud member 88 which is directed toward the
      combustor is provided with a plurality of grooves 235 which extend first
      radially inwardly and then axially for a short distance along the outer
      surface of hub and bearing support portion 90. Wall 96 extends along this
      face of member 88 from the outer ends of grooves 235 to a position beyond
      the inner ends of grooves 235 and there curves outwardly to extend as a
      flat annular transverse flange 236 lying in face-to-face contact with the
      inner peripheral portion of member 224. As seen in FIG. 2, the outer
      diameter of portion 90a at the end thereof adjacent the inner ends of
      grooves 235 is approximately equal to that of a circle including the
      bottoms of the grooves 235. Accordingly, this part of portion 90a simply
      presents a cylindrical surface spaced inwardly from wall member 96. At its
      other end, portion 90a is outwardly enlarged and provided with a plurality
      of grooves 237 each having an inlet end axially aligned with a different
      one of grooves 235 and an outlet end between the inner portion of wall
      member 225 and the adjacent peripheral surface 160 of the slinger hub.
      Grooves 237 are of smaller transverse cross-sectional area than grooves
      235, and grooves 237 are angularly displaced to direct air in opposition
      to the direction of rotation of the slinger.
PAR  At their outer ends, grooves 235 communicate with the annular space between
      outer tubular portion 91 of compressor shroud 88 and wall member 19, and
      that space in turn communicates with passage 14 via the small annular
      space 238 between the tip of portion 91 and wall 19. Accordingly, cool air
      discharged from compressor 1 is directly available to grooves 235. Since
      grooves 235 are covered by wall 96, the grooves act as air flow channels
      leading to the annular space between the inner end of wall 96 and the
      smaller diameter, ungrooved portion of element 90a. Part of the air thus
      supplied travels outwardly, via the space between combustor wall members
      224 and 225, to flow through openings 232 into the combustor. The
      remainder of the air from grooves 235 flows through grooves 237 to be
      discharged as hereinafter described.
PAR  The combination of inner peripheral portion 231 of combustor wall member
      225, the inner portion of wall member 224, and of wall member 96 supports
      a ring 239, FIG. 2, and a plurality of swirl vanes 240. A plurality of
      bolts 241 are arranged in an annular series and each extends through
      aligned openings in elements 236, 224, 231 and 239, a spacing sleeve 242
      being provided for each bolt, between portion 231 and member 224, to
      rigidify the structure. Ring 239 is of generally L-shaped radial cross
      section and is disposed with the annular conical wall 243 projecting
      toward the adjacent face of disc portion 159 of slinger 155, the shape,
      dimensions and location of ring 239 being such that conical wall 243
      tapers frusto-conically inwardly toward the adjacent face of disc portion
      159 and surrounds but is spaced significantly outwardly from the
      corresponding one of the peripheral surfaces 160 of the slinger hub
      portion. Conical wall 243 terminates in an annular lip 244 which curves
      inwardly toward surface 160 and extends along a line closely adjacent to
      the face of disc portion 159. The main body 245 of ring 239 extends
      outwardly to terminate adjacent the corresponding flange 152 of slinger
      disc portion 159, there being adequate radial space between flange 152 and
      web 243 to accommodate the nuts 246 for bolts 241. There is a substantial
      annular space between ring 239 and wall portion 231 which is interrupted
      only by the swirl vanes 240.
PAR  The combination of wall portion 231, surface 160, the adjacent face of
      slinger disc portion 159, and the web 243 of ring 239 defines an annular
      preliminary mixing chamber 247. For each divergent pair of bores 163, one
      bore 163 is directed toward the inner face of conical wall 243, at an
      angle such that fluid discharged from the bore and striking the conical
      wall is deflected toward wall portion 231. Accordingly, when slinger 155
      rotates and fuel is supplied via conduit 137, fuel is continuously
      projected outwardly from the corresponding bores 163, passing through
      chamber 247 and impinging forcibly against the inner face of conical wall
      243. Concurrently, assuming that combustion has commenced, relatively cool
      air direct from the compressor is drawn through grooves 235 and 237 into
      chamber 247 and is uniformly mixed with the fuel, the fuel having been
      disrupted into droplets by the slinger action and by impingement against
      conical wall 243. Further atomization of the fuel is accomplished by the
      opposite swirling air issuing from grooves 237 which constitute air
      directing vane passages. Accordingly, a uniform mixture of cool air and
      atomized fuel passes radially outwardly through the space between ring 239
      and wall portion 231 into the primary combustion zone 248 of the
      combustion chamber, with a predetermined spiral or swirl direction
      imparted by vanes 240. Concurrently, cool air from grooves 235 is also
      supplied directly to the primary combustion zone 248 (without being mixed
      with fuel) via openings 232. Cool air from grooves 235, again without
      being mixed with fuel, is introduced into the combustion chamber,
      generally at the outer boundary of primary combustion zone 248, via
      openings 229, this air being directed radially outwardly and serving
      mainly to cool the combustion products generated in zone 248. Passage of
      fuel outwardly between ring 239 and slinger disc portion 159 is impeded
      because of the close proximity of lip 244 to the slinger disc and of
      flange 152 to body 245 of ring 239.
PAR  The remaining structure of the combustor is generally complementary to that
      described with reference to wall member 37, and is mainly to confine the
      secondary air mixing zone when the hot gas is cooled to allowable turbine
      inlet temperatures. Thus, wall member 38 includes an outer member 255, an
      intermediate member 256, and an inner member 257. The inner peripheral
      portion of member 255 is bent in flat hill-and-dale fashion, with the flat
      crests secured to the outer peripheral portion of member 256 to provide
      openings 258. Intermediate member 256 is flat and its inner peripheral
      portion lies in face-to-face engagement with the outwardly projecting
      flange 259 of air flow confining wall member 260. The outer peripheral
      portion of inner member 257 is bent in flat hill-and-dale fashion and has
      its flat crests secured to member 256 to provide openings 261. Member 257
      includes a frustoconical intermediate portion having an annular series of
      rectangular openings 262 each equipped with an air flow directing louvre
      263 bent from the sheet metal of member 257. Inner peripheral portion 264
      of member 257 is flat and transverse to the shaft assembly, and member 257
      is completed by a tubular portion 265 which is concentric with the shaft
      assembly and projects toward drive turbine 3.
PAR  A ring 266 and swirl vanes 267 are secured by bolts 268 to the combination
      of flange 259, member 256 and portion 264 of member 257, spacer sleeves
      269 being provided between member 256 and portion 264 for rigidity.
      Portion 180 of drive turbine shroud member 41 includes a tubular element
      180a which corresponds to element 90a of compressor shroud member 88.
      Element 180a has a plurality of grooves 270 which are covered by tubular
      portion 265 of wall member 257. Drive turbine shroud member 41 is provided
      with a plurality of radial grooves 271 which are covered by wall member
      260 and each of which leads toward a different one of grooves 270. The
      combination of portion 264, conical wall 272 of ring 266, the adjacent
      face of slinger disc 159, and the corresponding peripheral surface 160 of
      the slinger hub defines a preliminary mixing chamber 273 which is in all
      respects complementary to chamber 247. One bore 163 of each divergent pair
      of slinger bores is directed toward web 272 of ring 266. When run fuel is
      supplied via conduit 137, rotation of the slinger supplies fuel to chamber
      273 and that fuel is mixed with cool primary air from grooves 271, the
      mixture passing outwardly, through the space between portion 264 of member
      257 and the main body of ring 266, into primary combustion zone 248. Vanes
      267 impart a swirling motion to this fuel/air mixture in opposition to the
      spiral motion imparted to the fuel by rotation of the slinger.
      Concurrently, primary air from grooves 271 passes into the primary
      combustion zone via openings 262 and also outwardly into the combustion
      chamber via openings 261. This thoroughly atomized fuel premixed with the
      relatively cool compressor air minimizes local peak flame temperature and
      provides a minimum fuel residence time in the hot combustion zone, both of
      these characteristics minimizing exhaust pollutants, particularly the
      oxides of nitrogen.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a combustor with a rotary slinger as the fuel injector, the
      combination of wall means defining a combustion zone and a premix chamber
      in flow communication with said combustion zone; a rotary fuel slinger
      attached to shaft means to project atomized fuel in said premix chamber
      with a predetermined tangential swirl component; said premix chamber
      having an inlet means to supply inlet air to said premix chamber; air
      directing means in said inlet air means for directing said inlet air with
      a tangential swirl component opposite to said predetermined swirl
      component whereby the air is directed into and mixed with the projected
      fuel before the fuel reaches the combustion zone; and said wall means for
      the premix chamber comprising generally planar side walls and at least one
      conical wall surrounding said slinger so as to redirect the fuel into the
      path of the inlet air to the premix chamber; and said wall means further
      comprising additional air directional means disposed to direct main
      primary combustion air into a heavy recirculation swirl of fuel/air
      mixtures in said combustion zone.
NUM  2.
PAR  2. The combination of claim 1 wherein the rotary fuel slinger further
      comprises slinger means to supply fuel directly into said combustion zone.
NUM  3.
PAR  3. The rotary fuel slinger in claim 1 further comprising first helical
      grooves on said shaft means; means to supply fuel to said helical grooves,
      a disc means generally centered on said shaft means, radial holes in said
      disc means communicating with the combustor and with said first helical
      grooves on said shaft means which transmits fuel to slinger means.
NUM  4.
PAR  4. The combination of claim 3 wherein said disc means further comprises
      flange means thereon; second helical grooves within said flange means,
      passage means connecting said helical grooves with the combustor and said
      first helical grooves; wherein said second helical grooves are, operated
      upon rotation of said fuel slinger, to pump unatomized fuel from the
      combustor to said first helical grooves.
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PAL  An illustrative system is disclosed for use as a rotary-drive engine,
      utilizing combustible fuel and a hydraulic system of energy conversion. An
      engine block defines a pair of expansion cylinders (combustion chambers)
      and an associated concentric pair of hydraulic chambers. The chambers
      matingly receive unitary piston structures for phase-opposed reciprocal
      movement.
PAL  The hydraulic working chambers communicate with each other and can exhaust
      high pressure fluid through a control valve structure for drive power.
      Exhausted fluid is replaced in volume by low-pressure spent fluid. The
      body of the fluid contained in the hydraulic working chambers along with
      the piston means and springs connected to the engine block define an
      oscillatory system which is resonant at the operating frequency. That
      consideration, along with the absence of lateral loads on the pistons,
      results in relatively high efficiency.
PAL  In the system, as disclosed, fluid under pressure is delivered from the
      hydraulic working chambers through a control valve to actuate a turbine in
      accordance with the immediate power demand. The supply and combustion of
      the fuel to provide power strokes is controlled in accordance with power
      demand and is synchronized with the current displacement of the piston
      means at the frequency of mechanical resonance. Thus, a reciprocating
      expansion motive system, e.g. internal combustion engine, is disclosed
      with low energy losses from inertial and lateral forces due to maintaining
      mechanical resonance which results in improved efficiency as for
      converting fuel into hydraulic energy. As disclosed herein, the hydraulic
      energy is employed to drive a turbine.
PARN
PAR  This is a division, of application Ser. No. 314,211, filed 12-11-72, now
      U.S. Pat. No. 3,848,415.
BSUM
PAC  REFERENCE
PAR  This application incorporates subject matter of a Disclosure Document No.
      009927, filed in the United States Patent Office on Apr. 5, 1972, and
      Disclosure Document 014144 similarly filed on Oct. 16, 1972.
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  In recent years there has been a considerable technological effort directed
      toward the development of an improved engine, as for automotive use. A
      primary specific objective in that regard has been an engine that is less
      polluting than conventional structures. Of course, important secondary
      improvements also have been sought, including reduced size, economy of
      manufacture and low maintenance cost.
PAR  Generally, internal combustion engines of conventional design are
      characterized by important though unavoidable energy losses resulting from
      inertial forces that are developed in the reciprocating parts, and lateral
      friction forces existing between pistons and cylinder walls. Of course, to
      a large extent, the volume of pollutants resulting from the operation of
      an engine is related to the overall efficiency of the engine. Fuel
      consumption while an engine idles (between periods of providing drive
      power) also is significant in relation to the engine as a source of
      pollutants.
PAR  Although various forms of engines have been suggested for automotive use,
      and certain forms have been developed to operational stages, their
      production necessitates extensive new tooling and tends to render obsolete
      vast quantities of technical knowledge and tooling, as well as marketing
      techniques and facilities. Accordingly, a considerable need exists for an
      improved and less-polluting system to provide mechanical energy from
      combustible fuels, as are readily available through existing marketing
      facilities. In general, the present invention is responsive to the
      considerations set forth above; may be embodied in a form that is
      adaptable to existing tooling and would relate effectively to
      widely-disseminated technical information. The present motive system may
      be embodied in a V-configuration internal-combustion engine, various forms
      of which are in widespread production and which are accommodated by the
      broadly disseminated maintenance and technical information.
PAR  In general, the system of the present invention utilizes the energy of an
      expansion cycle, e.g. the combustion of fuel in a mixture with air. The
      system operates under somewhat constant conditions, and may be embodied as
      an efficient, non-polluting unit. The relatively consistent operating
      conditions are maintained as a result of operation at the frequency of
      mechanical resonance. For example, in the disclosed embodiment, the
      associated piston means on each side of a V-configuration engine
      reciprocates in phase opposition at a resonant rate. That is, the movement
      of the piston means is supplemental or phase opposed in that while one
      piston is traveling downwardly, the other or supplemental piston is moving
      in an upward direction. As indicated, the piston means include springs and
      are intercoupled to result in an oscillatory mechanical system that is
      resonant at the operating frequency so as to establish a substantially
      constant set of operating parameters.
PAR  Each of the piston means in the disclosed embodiment incorporates a
      combustion piston and an hydraulic piston. The hydraulic pistons act upon
      a column or body of fluid, e.g. oil, that is contained in a space between
      them. One function of the body of fluid is to intercouple the piston
      means. Also, additional coupling means, as a mechanical connection, may be
      employed.
PAR  As indicated, energy is provided from the motive system in the form of
      hydraulic fluid under pressure, flowing from the body of fluid between the
      supplemental piston means. A valve is provided to permit external flow in
      accordance with current demand. In the illustrative embodiment, the fluid
      actuates a turbine, to rotate a mechanical shaft. The spent fluid from the
      turbine is returned to replace the volume of high-pressure fluid that is
      exhausted.
PAR  Control of the valve structure as well as the intake and exhaust valves of
      the engine, and fuel injection and ignition in the illustrative
      embodiment, is accomplished by a control system with input information
      including current power demand, current power output and the current
      amplitude of piston displacement.
PAR  In alternative embodiments of the system, several engine configurations may
      be employed utilizing various numbers of piston pairs associated in
      various relationships. Also, various fuels and cycles are readily
      adaptable to the motive system. Specifically, for example, the system may
      embody principles of various engines including: internal combustion,
      steam, air and so on. However, the extensive body of knowledge, production
      facilities and distribution establishments relating to V-configuration
      gasoline engines (Otto cycle) results in such a configuration being
      relatively attractive for production in the near future. Accordingly, the
      disclosed embodiment is in such a form.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings, disclosing an illustrative embodiment of the present
      invention, and which serves to present the various objectives and
      advantages hereof, are as follows:
PAR  FIG. 1 is a perspective and diagrammatic view of an embodiment of the
      present invention;
PAR  FIG. 2 is a vertical sectional view taken through the engine portion of the
      system of FIG. 1;
PAR  FIG. 3 is a vertical sectional view taken through the central lower portion
      of the structure of FIG. 2;
PAR  FIG. 4 is an enlarged series of staged structural representations similar
      to a portion of FIG. 3, which are illustrative of the operation of a
      portion of the system of FIG. 1;
PAR  FIG. 5 is a cyclic waveform diagram employed in the explanation of the
      operation of the system of FIG. 1;
PAR  FIG. 6 is a logic diagram of the control unit incorporated in the system of
      FIG. 1; and
PAR  FIG. 7 is an explanatory diagram illustrative of the system of the present
      invention.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENT
PAR  The disclosed embodiment exemplifies the invention which may, of course, be
      embodied in other forms, some of which may be radically different from the
      illustrative embodiment. However, the specific structural and functional
      details disclosed herein are representative and provide the basis for the
      claims herein which define the scope of the invention.
PAR  Referring initially to FIG. 1, there is represented an embodiment of the
      present invention which functions to receive combustible fuel from a
      supply F, and to provide rotary power at a shaft S. The fuel from the
      supply F passes through a control system C to an engine unit E in which
      the fuel is burned to provide expanding gases for actuating internal
      spring-mounted pistons (not shown in FIG. 1). Rather than acting through
      conventional rods or other couplings, the spring-mounted pistons in the
      engine unit E act on a body of partially-confined hydraulic fluid. Thus,
      the spring-mounted pistons in the engine unit E are hydraulically
      intercoupled and operate in supplemental pairs at a frequency of
      mechanical resonance. To supply power demands, hydraulic fluid under
      pressure is passed from the fluid body in the engine unit E through
      hydraulic ducts H to a turbine T. The hydraulic fluid thus actuates the
      turbine T to drive the shaft S. Spent hydraulic fluid from the turbine T
      is returned to the engine unit E through the hydraulic ducts H, thereby
      affording a closed hydraulic system.
PAR  During intervals when the motive system is "idling" (operative, however,
      with no useful power output) the engine unit E receives limited fuel
      through the control system C to maintain resonant oscillation of the
      pistons. For example, during an idling state, a single power stroke may be
      followed by many non-power oscillatory strokes of reducing displacement
      until another power stroke is commanded to sustain a desired minimum
      displacement or stroke amplitude.
PAR  The motive system can be actuated by a signal from a power-demand unit D
      which may simply comprise a manually-operated, analog-signal source. With
      the demand for output power, fuel is supplied from the supply F through
      the control system C to the engine unit E. Somewhat concurrently, a valve
      structure in the engine unit E is opened (by the control system C) so that
      the pistons operate as pumps in a closed loop to actuate the turbine T. In
      view of the above preliminary considerations, the illustrative system will
      now be treated in greater detail, with an explanation of the engine unit E
      referring initially to FIG. 2.
PAR  The engine unit E incorporates a major housing or block 12 which defines a
      pair of compound cylinders 6 and 8 that serve both for fuel combustion and
      hydraulic action. As depicted, the illustrated pair of cylinders 6 and 8
      are in a V-configuration, the interiors joining at a common space or
      volume 10. The compound cylinders 6 and 8 define primary cylinders or
      combustion chambers 14 and 16 in the upper portions of the V-configuration
      which are closed at their upper ends by heads 18 and 20, respectively,
      (considered in greater detail below). At the lower portion of the
      V-configuration, and in concentric relationship to the chambers 14 and 16,
      the block 12 also defines a pair of coaxial hydraulic cylinders or
      chambers 22 and 24, respectively, which communicate with the space or
      volume 10. Coolant chambers 38 and 40 are also defined somewhat in accord
      with convention.
PAR  A pair of composite piston means 26 and 28 operate individually in each of
      the cylinders 6 and 8, respectively, of the block 12. The piston means 26
      consists of a primary or combustion piston 30 which, though closed at the
      upper end, is somewhat hollow and is integral with a coaxial solid
      hydraulic piston 32 that reciprocates in the chamber 22. The piston means
      28 consists of a similar combustion piston 34 and an integral concentric
      solid hydraulic piston 36. In the oscillatory operation of the engine unit
      E, the piston means 26 and 28 are supplemental in that their relationship
      is phase opposed, i.e. as one piston means "bottoms out" the other piston
      means is at the top of a stroke. This relationship is preserved by the
      inter-related hydraulic forces that effectively intercouple the piston
      means 26 and 28. Also, in the disclosed embodiment, the piston means 26
      and 28 are interconnected by a flexible cable 54; however, in some
      embodiments, the cable may be eliminated. Generally, the cable serves in
      the illustrative embodiment to prevent cavitation.
PAR  Further related to the operation of the system in a condition of mechanical
      resonance are a pair of coil springs 42 and 44, the upper ends of which
      are individually coupled to the piston means 26 and 28, respectively.
      Specifically, the coil spring 42 is mounted in an annular space 46 that is
      coaxial with the hydraulic piston 32; the upper end of the spring 42 being
      fixed to the upper end 48 of the piston means 26 and the lower end of the
      spring 42 being fixed in the block 12 at the lower end. Similarly, on the
      other side of the block E, the coil spring 44 is contained in a concentric
      space 50, with its upper end affixed to the upper ed 52 of the piston
      means 28, and its lower end affixed in the block 12.
PAR  Recapitulating to some extent, the piston means 26 and 28 reciprocate in
      opposition of phase, motivated by a condition of resonance and as
      demanded, by expanding gases resulting from the combustion of fuel in one
      or the other of the combustion chambers 14 or 16. During intervals when
      the system is idling, the hydraulic pistons 32 and 36 act on a confined
      body 56 of fluid (in the space 10 and the chambers 22 and 24) which
      intercouples the piston means 26 and 28 to function in combination with
      the springs 42 and 44 as a mechanical resonant system. In such a mode of
      operation, if the stroke amplitude drops below a predetermined level, a
      charge of fuel is burned to increase the amplitude of oscillations.
      Otherwise, the system simply oscillates in resonance consuming no fuel.
PAR  Upon the occurrence of a demand for the production of power by the motive
      system, the introduction of fuel charges continues to be highly
      controlled. The hydraulic pistons 32 and 36 now function partly as a pump,
      supplying fluid from the space 10 through a closed loop (incorporating the
      turbine T). Fluid flow from the engine unit E (FIG. 1) to the turbine T is
      controlled by a valve structure 60 which is considered in greater detail
      in a subsequent section below.
PAR  Returning to the engine heads 18 and 20 as indicated above, these
      structures are exactly alike and are sectioned in FIG. 2 in offset
      relationship to illustrate the exhaust valve structure in the head 18 and
      the intake valve structure and ignition in the head 20. With reference to
      the head 20 (right of V-configuration) initially, a passage 62 is
      connected to an air intake (not shown) and to an electrical fuel injector
      64. In operation, an air-fuel mixture is introduced into the passage 62 to
      flow through an intake valve 70 into the combustion chamber 16. That is, a
      valve head 72 sealingly engages the intake port 74 in the head 20 to
      control the flow of gas charges into the combustion chamber 16. The valve
      70 is moved by a stem 76 (integral with the valve head 72) that is
      slideably received in a bore 80 in the engine head 20, passing
      concentrically through a closing coil spring 82 and terminating at an
      electric valve lifter 84 which provides the actual lifting force.
PAR  Also affixed in the engine heads, and illustrated in the head 20, is a
      spark plug 86 serving to ignite combustible charges (fuel and air) in the
      chamber 16 in a four-cycle sequence of operation. However, there are times
      when the cycle does not involve a power stroke, i.e. the valve 70 remains
      closed and the fuel injector 64 along with the spark plug 86 are
      inoperative.
PAR  A similar structure to that described with regard to the head 20 also
      exists at the left side of the V-configuration, in the head 18, for
      supplying fuel and ignition to the combustion chamber 14. Exhaust valves
      and ports are also provided in each head 18 and 20, in association with
      each of the chambers 14 and 16, as illustrated in association with the
      chamber 14 (left). Specifically, an exhaust passage 88 (exhausting to
      ambient) is coupled through an exhaust port 90 to the combustion chamber
      14. A valve head 92 at the port 90, is actuated through an integral stem
      94 by a concentrically supported spring 96 and an electrical valve lifter
      98. The valve lifter 98 along with the other valve lifters are controlled
      by electrical signals from the control system C (FIG. 1) as described in
      detail below. Similarly, fuel ignition by spark plugs, e.g. spark plug 86,
      is also controlled by signals from the control system C along with the
      fuel injectors, e.g. fuel injector 64.
PAR  In the operation of the motive system, it is important that the control
      system C receive information that is indicative of the current position of
      the individual piston means 26 and 28. Essentially, the information is
      provided by magnetic transducers 100 and 102 affixed to the block 12 which
      sense inserts at sections 103 and 108 of the pistons 32 and 36. A
      conductor 104 is provided from the transducer 100 for carrying pulses
      indicative of the progress of the downward stroke (from dead center) by
      the piston means 26. Similarly, a conductor 106 from the transducer 102
      carries pulses indicative of the progress of the piston means 28 downward
      from dead center. Conductors 105 and 107 receive pulses indicative of the
      piston means 26 and 28, respectively, crossing dead center during an
      upward or return stroke.
PAR  As indicated above, the control system C also functions to rotate the valve
      structure 60, thereby regulating the power output from the motive system
      in accordance with current demand. As generally indicated in FIG. 2,
      hydraulic chambers 22 and 24 are integral with the space 10 as better
      illustrated in FIG. 4. As shown in that FIG., the space 10 is partially
      defined by a cylindrical valve body 110 that is a rigid part of the block
      12. The valve 60 rotates reciprocally in the valve body 110 from the
      position illustrated in FIG. 4a to allow external hydraulic flow. When the
      valve 60 is displaced, the space 10 in the valve body 110 receives low
      pressure fluid through a duct 112 and exhausts high pressure fluid through
      a duct 114 to drive a fluid turbine T as indicated above. During intervals
      of idling operation, the valve 60 is closed (FIG. 4a) with the result that
      the body of fluid confined between the hydraulic pistons 32 and 36 in the
      space 10 serves simply as a force coupling to accomplish oscillation at a
      resonant frequency. Structurally the valve 60 includes a
      concentrically-mounted rotary shaft 118 which carries
      diametrically-opposed radial valve members 120 and 124. The upper valve
      member 120 defines an arcuate surface, the tips of which engage the valve
      body 110 to close a port 126 to the duct 112. Somewhat similarly, the
      valve member 124 terminates in an arcuate surface to close a port 128 in
      communication with the duct 114. When operated, the valve 60 is actuated
      by an oscillating electric motor 136 (FIG. 3) energized by the control
      system C.
PAR  During intervals when the motive system delivers power, the valve 60 is
      opened by rotating either counterclockwise (FIG. 4b) or clockwise (FIG.
      4c) on the shaft 118. The counterclockwise rotation of the shaft 118
      occurs during a power stroke in the hydraulic chamber 24 (right). As a
      consequence, fluid flows from the chamber 24 into the chamber 22, as
      indicated by the arrow 130, and through the port 128, as indicated by the
      arrow 132. Concurrently, relief fluid flows from the duct 112 into the
      chamber 22, as indicated by the arrow 133. Upon an alternate power stroke,
      the valve 60 is rotated clockwise (FIG. 4c) with the result that power
      fluid moves from the chamber 22 through the port 128 and into the chamber
      24, while relief fluid flows from the duct 112 into the chamber 24.
PAR  The power fluid exhausting through the port 128 (FIG. 4a) moves through one
      of a pair of exhaust passages 135 or 137 (depending upon the displacement
      of the valve 60) to pass to the high-side duct 114. The passages 135 and
      137 are separated by a relief valve structure 139 which includes a pair of
      pivotally-mounted flap valves 141 and 143, connected together by a coil
      spring 145. The relief valve structure 139 functions to avoid cavitation.
      That is, if the pressure in one of the passages 135 or 137 drops to a
      point where cavitation might occur, one of the flap valves 141 or 143
      opens to allow fluid from the valve structure 139 (connected to the low
      side, e.g. duct 112) to relieve the condition. A related optional
      structure, the cable 54, in addition to avoiding excessive amplitude,
      avoids cavitation by maintaining a constant volume of operating fluid.
PAR  Considering the closed flow path from the valve 60 to the turbine T,
      reference will now be had to FIG. 3 showing details of the hydraulic ducts
      H. High-side fluid (pressure-velocity) flows from the valve 60 through the
      duct 114 (incorporating a hydraulic accumulator 137) to the exterior of
      the turbine T incorporating a wheel or rotor 140 in a housing 142, various
      forms of which are well known in the art of turbo-machinery. The rotor 140
      is coupled to the shaft S, which it actuates in the process of removing
      energy from fluid received through the duct 114. Spent fluid is returned
      to the valve 60 through the duct 112 to close the hydraulic system.
PAR  Summarizing the description to this point, it is to be appreciated that the
      disclosed motive system burns fuel to accomplish supplemental displacement
      of a pair of resilient pistons which mutually act through a body of
      hydraulic fluid to oscillate at resonant frequency. Power output from the
      system is provided in the form of pressurized hydraulic fluid when the
      reciprocating pistons operate partly as pumps. Hydraulic fluid is
      circulated through a closed path which includes a rotary turbine T in the
      disclosed embodiment to provide mechanical output power.
PAR  As suggested above, a system in accordance herewith requires somewhat
      precise control for effective operation. The illustrative embodiment
      incorporates an electrical control system C (FIG. 1) which receives
      information indicative of piston position, power demand and power
      delivered and accordingly controls the burning of fuel and the flow of
      hydraulic fluid from the engine E to the turbine T. As suggested above,
      and emphasized here, the system hereof might well take the form of any
      internal-combustion engine (Otto cycle or Diesel cycle) or other forms of
      gas expansion engines, e.g. compressed air or steam.
PAR  Returning to a detailed consideration of the illustrative embodiment, the
      piston motion may be described by the waveforms of FIG. 5. Specifically,
      the oscillatory motion of the piston means 26 is described by the waveform
      150 while the motion of the piston means 28 is described by the waveform
      152. It is to be noted that the pistons are aligned at locations of equal
      displacement (dead center) at the cross-over points of the curves,
      indicated as time t, which is manifest by a pulse t occurring each
      one-half cycle and variously derived, as for example by any "dead-center"
      sensor as may be incorporated in the transducers 100 and 102. A full cycle
      is represented as a time T.
PAR  The waveforms 150 and 152 indicate a maximum amplitude or stroke
      displacement of the piston means 26 and 28. Dashed-line curves 154 and 156
      indicate amplitudes or displacements of lesser magnitude, however, in
      which resonant frequency is preserved. Generally, when the system is in an
      idling state, the piston means 26 and 28 oscillate at a somewhat lower
      amplitude, e.g. approaching the curves 154 and 156. It will be recalled
      that if the amplitude or stroke displacement drops below a predetermined
      level, a fuel charge is burned to restore the oscillations to a
      satisfactory level of amplitude. During the production of output power,
      the system continues to oscillate at the resonant frequency; however,
      piston displacement or amplitude may increase, e.g. approaching the curves
      150 and 152.
PAR  In the diagram of FIG. 5, the vertical dashed lines designate instants of
      valve movement and ignition associated with the two piston means 26 and
      28. In that regard, the illustrative system is a four-cycle engine as will
      be apparent from the diagram of FIG. 5. The magnetic transducers 100 and
      102 (FIG. 2) serve to provide pulses position-indicative information on
      the piston means 26 and 28. However, in view of the substantially-constant
      frequency of operation, timing of the various control functions is
      somewhat simplified.
PAR  During positive-going excursions of the curves 150 and 152 (representing
      piston motion) the pulse t is provided upon crossing the reference level
      157 (dead center). The negative-going excursions of the waveforms
      (representing piston down strokes from dead center) results in a number of
      pulses p (a maximum of eight) depending upon the amplitude of the
      excursion (extent of the stroke). If a maximum stroke displacement occurs,
      8 pulses p are provided as indicated by the diagram 155 associated with
      the waveforms 150 and 152. The waveform 156 would result in the generation
      of less than four pulses p in accordance with the operation of the
      transducers 100 and 102. A variety of specific transducers or sensing
      devices may be incorporated in the magnetic transducer structures 100 and
      102 as well known in the prior art to provide pulses as indicated.
PAR  Referring to FIG. 6, the control system C is illustrated which receives the
      pulses p and t from the magnetic transducers along with signals
      representative of power demand to time power strokes as required. The
      pulses p, from the transducers 100 and 102 (bottom) drive a pair of
      counters 202 and 204 which indicate the current position of the piston
      means 26 and 28. Generally, the counters 202 and 204 are cleared or reset
      during a positive-going portion of an associated piston stroke by the
      first pulse p generated by the opposed piston in a negative-going portion
      of a stroke. The counters accumulate pulses p during a negative-going
      stroke to digitally indicate the displacement or stroke on a scale of "8".
PAR  The counters 202 and 204 provide information that is variously employed
      depending upon the current operating conditions of the system. For
      example, in the event that the system is simply idling, the counters 202
      and 204 inhibit the burning of fuel unless or until the stroke length
      drops below an amplitude productive of four output pulses p as indicated
      with respect to the diagram 155 of FIG. 5. Should the engine be operating
      in a power-producing mode, the counters 202 and 204 inhibit the burning of
      fuel only when the engine attains full-stroke displacement. Otherwise,
      fuel is burned, provided that a comparison (by a comparator 206, upper
      left) of signals from the power demand unit D and power delivery
      transducer 210 indicates unsatisfied power demand.
PAR  Generally, the input information to the control system in the final
      analysis serves to control a sequence unit 212 (upper center) which
      provides individual signals for actuating various components of the system
      including: fuel injectors, intake valves, exhaust valves and spark plugs.
      Considering the control system of FIG. 6 in somewhat greater detail, the
      pulses t are connectively applied to synchronize the sequence unit 212.
      The timing pulses p are applied through trigger circuits 214 and 216,
      respectively, to reset and advance the counters 202 and 204. The trigger
      circuits 214 and 216 may comprise various forms of triggers or pulse
      shapers as well known in the prior art including forms of Schmitt
      triggers.
PAR  The shaped pulses p from the triggers 214 and 216 are tallied by the
      counters 202 and 204, respectively, which each comprise four-stage binary
      units. The individual stages are assigned conventional binary
      significance, e.g. "1", "2", "4", and "8". The two most-significant digit
      stages ("4" and "8") of the counters 202 and 204 are connected through
      "nor" gates 218 and 220, respectively, to "and" gates 222 and 224 which
      actuate monostable multivibrators 230 and 232. The gates 222 and 224 as
      well as the other logic elements associated with the counters 202 and 204
      are generally supplemental in the sense that the system provides operating
      signals for each of the two cylinders 6 and 8 as illustrated in FIG. 2. In
      that regard, the operation of the control system C involves resolving
      existing conditions to determine the times and cylinders in which to burn
      charges of fuel.
PAR  During the idling state, the nor gates 218 and 220 in combination with the
      and gates 222 and 224 serve to inhibit a power stroke as long as the
      pistons 26 and 28 are operating at a displacement to indicate a level of 4
      or more in the counters 202 and 204. That is, in the event one of the
      counters 202 or 204 attains a count of binary 4 the associated nor gate
      218 or 220 will provide a low level (inhibiting) signal to an associated
      one of the gates 222 or 224. Conversely, qualification of the and gates
      222 or 224 initiates a power stroke. These gates must also be qualified by
      the initial signal p as well as an inverse feedback signal that is
      provided through inverters 226 and 228. Qualification of the and gate 222,
      for example, occurs during the first of the pulses p and when the counter
      202 indicates a piston displacement below 4 providing the gate 222 is not
      inhibited by a monostable multivibrator 230 acting through an inverter
      226. Upon qualification of the and gate 222, a monostable multivibrator
      232 is actuated to provide a delay of slightly over two cycles, e.g. 9/4
      T. The multivibrator 232 then provides a high output which is inverted by
      the inverter 228 so as to inhibit the gate 224 from operation. Thus, it
      may be seen that if the engine is operating at a displacement below the
      level of 4 (on the scale indicated in FIG. 5) during a timing interval
      indicated by the pulse t, one of the multivibrators 230 or 232 will be set
      to initiate a power stroke in the manner as will now be explained further.
PAR  The high-level binary signals from the multivibrators 230 and 232 are
      applied to or gates 234 and 236, respectively, the outputs of which in
      turn are applied to and gates 238 and 240, respectively, for providing
      power-stroke signals to the sequencer unit 212. The and gates 238 and 240
      also receive signals through inverters 242 and 244, respectively, from
      monostable multivibrators 246 and 248 (having a period of 2T) which are
      actuated upon a count of 8 in either of the counters 202 or 204. Thus, the
      and gates 238 and 240 impose a final test on the process of initiating a
      power stroke to assure that piston displacement is below the level of 8 in
      the scale of the counters 100 and 102.
PAR  The or gates 234 and 236 each have two separate inputs. For example, the or
      gate 234 (controlling piston 26) receives one input from the multivibrator
      230, which is high when a power stroke is desired, as during an idling
      state. The other input to the or gate 234 is from an and gate 252, which
      is high when current power demands indicate the need for a power stroke.
      Although either input to the or gate 234 indicates the need of a power
      stroke, such an indication is voided unless the gate 238 is qualified by a
      signal from the inverter 242, indicating that the current displacement is
      below less than an amplitude of 8. The operation of the or gate 236
      controlling the ignition of a fuel charge to act on the piston 28 is
      similar. In that regard, the or gate 236 receives an idling-state command
      signal from the multivibrator 232, and a power-state command signal as
      will now be described.
PAR  The power-state command signals provided to the or gates 234 and 236 are
      developed at the and gates 252 and 256 having opposed inputs from a flip
      flop 254 and a common input from the comparator 206. A high signal from
      the comparator 206 indicates an unfulfilled demand for power. Upon such an
      occurrence, the question arises as to which of the pistons 26 or 28 is
      best positioned to initiate a power stroke. That determination is resolved
      by the sequence unit 212 driving the flip flop 254 in an alternating
      pattern, synchronized by the signals t from the transducers 100 and 102.
      If the piston 26 is best positioned to initiate a power stroke, the flip
      flop 254 is set to qualify the and gate 252. Conversely, if the piston 28
      is in a preferred position, the flip flop 254 provides a qualifying high
      signal to the and gate 256.
PAR  Depending upon which of the or gates 234 or 236 receives a high signal, one
      of the and gates 238 or 240 is qualified, assuming the amplitude of
      oscillation is below 8. Thereupon, a high signal is provided to one of the
      "GO" inputs of the sequence unit 212. Depending upon which of these inputs
      receives a high signal, a series of timed operating signals are provided
      to one or the other of the cylinders 6 or 8 to result in a power stroke.
      Thus, each fuel charge burned in the motive system is fully controlled and
      timed.
PAR  In addition to controlling the individual engine operations, e.g. fuel
      injection, valve operation and ignition, the control system C also
      controls the hydraulic valve 60 (FIG. 2). Specifically, as explained
      above, the valve 60 rotates during power operation and remains fixed while
      the system is idling (FIG. 4). The oscillatory rotation is commanded by
      signals form a pair of and gates 260 and 262 (FIG. 6 upper center) each of
      which receives one input from the sequence unit 212, and another input
      from an and gate 264 which is qualified when a demand for power exists.
      Specifically, when the comparator 206 indicates that the power demand
      (conductor 271) is greater than the power generated (signal from
      monitoring transducer 210) a high level signal is provided to the and gate
      264. Also, the re-triggerable monostable multivibrator 266 which has a
      period of T/2, provides a high signal through an or gate 268 upon the
      occurrence of a count of 4 or more in either of the counters 202 or 204.
      If the count of 4 or more is repeatedly reached, the output of the
      multivibrator 266 remains constantly high. Thus, upon qualification of the
      and gate 264, one of the and gates 260 or 262 is qualified to actuate the
      valve 60. It is to be noted that the gates 260 and 262 are qualified to
      open the hydraulic valve 60 toward the cylinder in which a power stroke
      occurs at the time of opening.
PAR  The description herein has been directed to an operating motive system
      which may be seen to have the advantages and features set out at the
      introduction. With regard to starting the system, various techniques may
      be employed as will be apparent to one skilled in the art of reciprocating
      machinery. For example, a source of hydraulic fluid under pressure may be
      employed in cooperation with the valve 60 and an auxiliary control
      therefor, to initiate oscillatory motion of the piston means 26 and 28.
      After such oscillatory motion is established, the source of fluid under
      pressure is withdrawn and the system simply resonates in an idling state.
      Of course, upon the amplitude of oscillations dropping below a
      predetermined level as explained above, a charge of fuel is ignited to
      initiate a power stroke increasing the amplitude of oscillations. Also as
      indicated above, in the event that the system is called upon to provide
      output power, then fuel charges are ignited alternately in the cylinders
      to establish a steady state operation.
PAR  It now becomes obvious to anyone skilled in the art, from the above
      disclosure of one preferred embodiment, that a principal feature of this
      invention consists in the method of converting thermal energy into
      hydraulic (mechanical) energy. Therefore, it also is obvious that the
      structure of the disclosed embodiment, being only a particular case of a
      much more general class of engines, is dominated by said method itself.
      Consequently, a further description of the major features of the method is
      perhaps appropriate.
PAR  A diagram of the flow and conversion of energy, as well as of the flow of
      information to release and control that energy is provided by FIG. 7. A
      thermodynamic process occurs in the combustion, or simply expansion,
      chambers of the engine and results in energy impulses in the form of
      expanding high temperature-pressure gas which enters the system at block
      301. These impulses of energy may be irregular, occasional, and are a
      direct consequence of a trigger signal which starts an active cycle. It
      should be understood that the active cycle could consist of admission and
      subsequent expansion of pressurized (hot) steam or of some other working
      fluid; the active cylce could also be due to internal combustion of a
      constant charge of fuel, in an Otto or self-ignition cycle as known in the
      art.
PAR  The first conversion of the said energy impulse occurs at block 302 which
      represents the general case of a gas-liquid interface achieved by a
      compound piston. Indeed, at this level the energy of every gas expansion
      is transferred to the liquid in the hydraulic system in a direct way, by a
      rectilinear motion of said piston. It can easily be seen that this
      conversion is highly efficient due to the minimal losses of a rectilinear
      motion with minimal lateral forces acting against the cylinder walls. The
      hydraulic energy which appeared at block 302 is transferred to a hydraulic
      oscillant system at block 303; the latter may consist of the supplemental
      hydraulic working chambers and pistons and the passage ways between them.
      The same impulses of hydraulic energy, along with the energy of the moving
      mass, set in motion the mechanically resonant system which results from
      interaction with the resiliency of springs or similar elastic means
      mounted between the mobile and stationary parts of the engine. In virtue
      of basic physical principles, any such mechanically resonant system is a
      tank of energy, represented by block 304. Indeed, once set in oscillating
      motion, the system will oscillate for a relatively long time without new
      additions of external energy. The resonant energy tank (block 304)
      interacts with, and is partly superimposed to, the hydraulic oscillating
      system 303; this is shown by the two-way arrows between the two. There is
      also a two-way interaction with the gas-liquid interface, block 302, in
      that the resonant system keeps moving the compound piston also between
      power strokes (energy impulses) due to the periodic reaction known to
      occur in any resonant system. Therefore, at the level of blocks 302, 303
      and 304 the irregular impulses of energy are converted into a periodic,
      regular motion which keeps the gas-liquid interface means in linear
      oscillation; this oscillation can provide the pumping energy necessary to
      work an internal combustion cycle such as Otto or Diesel.
PAR  When the rate of energy impulses from block 301 is high enough to provide a
      total energy larger than what is absorbed in friction losses and pumping
      work, the excess (energy) is extracted from the hydraulic oscillating
      system by timed opening of a controlled hydraulic valve, at block 305. At
      this level the oscillating hydraulic energy is converted into continuous
      flow which is utilized at a load, block 306, which may be a hydraulic
      turbine to convert the energy into mechanical rotation. Obviously, the
      load could be any other kind of hydraulic machinery including
      reciprocating devices. So far, the flow and conversion of energy has been
      described assuming that all processes are well coordinated. In order to
      achieve that coordination, however, a control system to process
      information at all times is needed.
PAR  The first problem in a system such as described is to constantly maintain
      the resonant oscillation. To that effect, the resonant energy tank, block
      304, provides information regarding the amplitude of the oscillation,
      which enters comparator 308 to be checked against the information coming
      from the fixed reference 309. Any time the amplitude of oscillation drops
      below the reference, the comparator 308 will give a signal to the central
      electronic control at block 311 to start active cycles to restore said
      amplitude. This process occurs whether the engine is delivering power or
      idling and could be the only control of the system. The same would
      require, however, an initial decrease in the amplitude of oscillation
      before increasing the power output. To avoid this unwanted delay, an
      output-power transducer at block 307 provides information to be compared
      with the power demand (desired power) in comparator 310. The latter can
      thus provide a signal to the central electronic control, block 311, before
      the amplitude of oscillations has decreased. This way active cycles are
      started immediately following a command for increased output power.
PAR  The command to start power strokes, from block 311, is processed through a
      synchronizing mechanism at block 312, which provides the trigger signals
      for active cycles. This mechanism receives information concerning the
      frequency and phase of the resonant motion in order to provide
      synchronized sequenced triggers. The loop energy-information-energy is
      thus closed as the trigger signal reaches block 301.
PAR  The central control at block 311 also commands the extraction of hydraulic
      energy through the hydraulic valve synchronizing mechanism at block 313
      and the hydraulic valve itself at block 305. This additional loop lets
      energy be extracted only when the conditions in the whole system are
      proper.
PAR  To summarize, the method utilizes occasional impulses of energy to keep
      oscillating a resonant energy tank and to convert that energy into more
      regular hydraulic flow which eventually provides mechanical energy. The
      whole process is controlled by information-processing devices which close
      the loop and thus achieve one of the most rational ways to convert heat
      into mechanical work. The burning of constant amounts of fuel for each of
      the active cycles, which may occur at an irregular rate, offers the
      cleanest way to consume the chemical energy.
PAR  As indicated above, the system hereof may be variously embodied in a
      variety of different expansion engines using power provided by such
      engines in an oscillatory-motion mode to deliver output power in the form
      of hydraulic fluid under pressure. The system has substantial inherent
      advantages by reason of its efficiency, simplicity and adaptability to
      existing engine configurations. Of course, in view of the wide number of
      possible variations for the system the scope hereof shall be as defined in
      the claims set forth below.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of operating a gas expansion engine during intervals of idling
      and power-providing operation, having resiliently-mounted
      displacement-related pistons to provide motive power, comprising the steps
      of:
PA1  establishing a resonant frequency of oscillating motion for said pistons as
      the operating frequency for the engine;
PA1  sensing the amplitude of the oscillating motion of said pistons;
PA1  selectively actuating power strokes by each of said pistons during idling
      intervals of operation upon the amplitude of oscillating motion dropping
      below a predetermined level and otherwise during power-providing intervals
      of operation to provide motive power.
NUM  2.
PAR  2. A method according to claim 1 including the step of inhibiting power
      strokes during power operation unless the amplitude of the oscillatory
      motion is below a certain level.
NUM  3.
PAR  3. Method for the operation of a reciprocating engine having a stationary
      structure supporting pistons mounted for rectilinear motion, and elastic
      means for acting on said pistons comprising the steps of:
PA1  oscillating the pistons at the frequency of mechanical resonance defined by
      the mass of said pistons in rectilinear motion in conjunction with the
      force provided by said elastic means acting between the pistons and the
      stationary structure to temporarily store energy;
PA1  irregularly driving certain of said pistons during power strokes to
      maintain said pistons oscillating at said frequency of mechanical
      resonance .
NUM  4.
PAR  4. Method according to claim 3 further including the step of translating
      said energy into hydraulic energy.
NUM  5.
PAR  5. A control system for an expansion engine including pistons wherein power
      strokes are controlled to occur at particular times, comprising:
PA1  means for providing a power signal indicative of the stroke amplitude of
      said pistons;
PA1  means for providing a power signal indicative of a demand for power;
PA1  signal-controlled means for commanding a power stroke in said engine;
PA1  means for actuating said signal-controlled means in the absence of said
      power signal, at a time when said stroke signals indicate a stroke
      amplitude below a predetermined minimal level; and
PA1  means for actuating said signal-controlled means upon the occurrence of
      said power signal conditional upon said stroke signals indicating a stroke
      amplitude below another predetermined maximal amplitude.
NUM  6.
PAR  6. A system according to claim 5 further including means for timing the
      initiation of a power stroke in relation to the position of said pistons
      and actuated by said signal-controlled means.
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ABST
PAL  An improved closed loop pneumatic system for driving a piston in a cylinder
      which employs a low pressure tank for receiving exhaust gases, a booster
      compressor transferring the gases to a high pressure tank which drives the
      piston on the up stroke. The constant interconnecting of a low pressure
      tank through a piston pressure equalizing the line improves the efficiency
      of the actuator. The larger, deep-well system utilizes an improved means
      for recovering and recirculating lubricating oil within the closed loop.
      Two species of the invention are described in this application. One
      primarily designed for deep wells and one designed primarily for shallow
      wells.
PARN
PAC  CROSS REFERENCE
PAR  This application is primarily an improvement on certain features of your
      applicant's U.S. Pat. No. 3,643,432 and is related to U.S. Pat. No.
      3,782,247. This application is a continuation in part of U.S. Pat.
      application No. 421,844 filed Dec. 5, 1973, now U.S. Pat. No. 3,933,175,
      issued Jan. 20, 1976, entitled "An Improved Snifter Valve Useful in
      Control Means for a Piston in a Cylinder".
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Pneumatic actuators for oil well pumps may be driven by well head gas;
      however, the impetus of this invention is an electric or deisel powered
      compressor used in combination with a multiplicity of control lines and
      conduits to efficiently drive a piston in a cylinder.
PAR  2. Description of the Prior Art
PAR  The current prior art is primarily your applicant's patents and products
      produced by and for Bravo Manufacturing Corp. and marketed throughout the
      world by Mid-Continent Oil Company.
PAR  Related pneumatic and gas operated systems have been devised and used in
      the past, but few if any have continued in production.
PAC  SUMMARY OF THE INVENTION
PAR  One feature of applicant's system contributing to the commercial success is
      the employment of the closed loop system to eliminate accumulation of
      water and impurities in the system. Once the air is compressed and used,
      the condensation may be drained off and the clean substantially
      moisture-free air recirculated. Small amounts of make-up air are added to
      the system to compensate for small losses and unavoidable seepage and
      leakage.
PAR  Economy of energy is present in the closed loop booster system in that
      variations in pressure between the low pressure tank and the high pressure
      tank minimize the energy required to perform the pumping task. There is
      little energy lost in the system of this invention. The individual
      components employed in the device of this invention are of the general
      construction and arrangement as described in your applicant's previous
      patents. The primary improvements incorporated in this invention reside in
      the utilization of the piston pressure equalizing line which almost
      instantaneously places a zero pressure load on the piston permitting the
      sucker rod string to fall of its own weight. This improved control feature
      results in a rapid down stroke and a slow up stroke insuring a full
      loading of the bottom hole pump. Another highly important feature is the
      closed loop quality of demoisturizing the working gases reducing freeze-up
      problems. The employment of low pressure air in the snifter valve control
      improves performance of the valves and increases valve life. In the deep
      well pumps an improved lubricating oil recovery and recirculating system
      has been developed increasing the life and efficiency of the units.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic of the basic, least complicated form of the invention
      primarily intended to drive shallow well pumps.
PAR  FIG. 2 is a schematic view of the invention incorporating several improved
      features, particularly adapting the device for deep wells.
PAR  FIG. 3 is a fragmented view partially in section illustrating the detail of
      the spool valve, snifter valve control means and the piston pressure
      equalizing line of the so-called TM System.
PAR  FIG. 4 is a detailed schematic of the power package for the deep well pump
      actuator system.
PAR  FIG. 5 is a fragmented, detailed schematic illustrating the oil recovery
      means in the closed loop system for deep well pumps.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For an illustration of the basic or simplest version of the system of this
      invention, particularly suited for driving shallow oil well pumps,
      attention is invited to FIG. 1. For general information as to methods of
      construction of the various components of the device of this invention,
      reference is made to your applicant's prior U.S. Pat. Nos. 3,643,432 and
      3,782,247.
PAR  Pumping cylinder 10 in the preferred embodiment was constructed from steel
      tubular member 8 or 10 inches on the inside diameter with the interior
      surface polished. Pumping cylinder bottom 11 is adjacent the well head.
      The top section of the cylinder is designated as pumping cylinder top 12.
      Piston 13 secured to piston rod 14 employs suitable sealing means to
      contact the interior of pumping cylinder 10. The control systems of this
      device are similar to your applicant's previous inventions disclosed in
      U.S. Pat. Nos. 3,643,432 and 3,782,247. The primary control system
      involves spool valve 15 comprising spool valve housing 16 in which is
      mounted floating piston 17 FIG. 3. The spool valve 15 employed is a
      standard commercial product marketed throughout the United States for
      controlling the flow of air or gases. Some embodiments of these valves
      have been patented. One example is U.S. Pat. No. 2,739,243 to Olson. Spool
      valve 15 is interconnected through control lines to bottom snifter valve
      18 and top snifter valve 19 which control the operation of the system
      through contact with piston 13. For a description of the specific
      construction of these snifter valves, reference is made to your
      applicant's above cited patents. These devices basically include a snifter
      cylinder 20 to which is mounted a snifter piston 21 to which is secured
      snifter rod 22. The basic purpose and arrangement of the foregoing
      components is to regulate the flow of pressure fluid to and from the
      pressure power means 25, which is interconnected to the system through
      high pressure line 26 and low pressure line 27. The interconnection to
      pumping cylinder 10 is through bottom power line 28 communicating through
      bottom snifter valve 18 to pumping cylinder bottom 11. Top components of
      the device operate through piston pressure equalizing line 29
      interconnected through top snifter valve 19 communicating with pumping
      cylinder top 12. This piston pressure equalizing line 29 is directly
      connected to low pressure line 27. Secured to and communicating with spool
      valve 15 is top control line 31 and bottom control line 32. The entire
      control system of this device is designed to control the flow of gas or
      air from pressure power means 25. Low pressure line 27 interconnects to
      low pressure tank 33 and high pressure line 26 interconnects to high
      pressure tank 34. Operably interconnected between low pressure tank 33 and
      high pressure tank 34 is booster compressor 35 as shown in FIG. 2. In the
      simplified version of the TM Pumping Unit of FIG. 1, pumping cylinder top
      12 and piston pressure equalizing line 29 essentially serve as the low
      pressure tank 33. In the more sophisticated deep well pumping system of
      FIG. 2 a separate and distinct low pressure tank 33 is employed. The
      function of booster 35 is to receive exhausted gases from cylinder 10 and
      recompress them to an operating pressure into high pressure tank 34 for
      repetition of the pumping cycle.
PAR  An exceedingly important component of the so-called TM Pumping Unit resides
      in utilization of piston pressure equalizing line 29. When piston 13
      arrives at the top of the stroke striking the snifter rod 22 releasing
      some pressure from top control line 31 the floating piston 17 shifts to
      the left venting the high pressure air from below piston 13 and pumping
      cylinder bottom 11. In operation of this component, the high pressure air
      passes through spool valve 15 to low pressure line 27 through its
      interconnection with piston pressure equalizing line 29 immediately
      equalizes or balances the pressure on each side of piston 13 permitting
      piston rod 14 to be drawn down by the weight of the sucker rods (not
      shown). The basic concept incorporating the simplified structure of this
      so-called TM Pumping Unit is as illustrated in FIG. 1 and comprises a
      complete operating structure.
PAR  For an illustration of the more sophisticated so-called TM System
      incorporating many improvements in detail of the structure, your attention
      is invited to FIGS. 2, 3, 4 and 5. These illustrations depict the
      embodiment of the device particularly suited for deep wells and operation
      under adverse climatic conditions having extreme ranges of temperature and
      in extremely cold climates. The improved spool valve control system is as
      substantially illustrated in FIG. 3. In this improved system, the control
      pressures in top snifter valve 19 and bottom snifter valve 18 are isolated
      and operated from low pressure gases utilizing one of the standing legs of
      the Klaeger Pumping Unit as a control pressure tank 36. This pressure tank
      36 is directly connected to low pressure line 27 internal of spool valve
      15. Surges in the system during operation cause gases to flow through the
      snifter valves 18 and 19 operating the valves as well as warming the
      components to prevent freezing. An opening of top bleeder vent 37 permits
      air to flow through top control line 31 moving floating piston 17 to the
      right as indicated in FIG. 3. Gases or air vented through bleeder vent 37
      passes through control return line 38 communicating with the low pressure
      side of the system. In relation to the operation in the system of the
      bottom snifter valve 18 similar action occurs. A venting of the bottom
      bleeder vent 39 permits air to pass through bottom control line 32 flowing
      through reservoir return line 40 to control pressure tank 36. As
      previously stated, a flow from control pressure tank 36 is to the low
      pressure side of the system. Another important feature of the spool valve
      control system is the utilization of variations of pressure to prevent
      icing or freezing of bleeder vents 37 and 39. This is accomplished by the
      connection of top heat flow line 41 to the low pressure side of the spool
      valve and passing air through top snifter valve 19 around top bleeder vent
      37 and returning the gas to the system through control return line 38. In
      a similar fashion the bottom heat flow line 42 leads from the low pressure
      side of spool valve 15 through bottom snifter valve 18 flowing warm gases
      around bottom bleeder vent 39 and through reservoir return line 40 back
      into the system. This enclosed circuit not only prevents loss of pressures
      in combination but also reduces operational difficulties in extreme
      climates, prevents contamination, and saves lubrication oil as will be
      later described and discussed.
PAR  For a detailed illustration of the incorporation of the system, FIG. 3, in
      the overall combination your attention is invited to FIG. 2. In the
      schematic embodiment illustrated in FIG. 2 components and operation of the
      device are basically similar to FIG. 1; however, additional improved
      components are added to this system to adapt it for driving deep well
      pumps and the utilization of a more powerful and somewhat more complicated
      booster system of FIG. 4 and the oil recovery and recirculating system of
      FIG. 5. In addition to the features previously described in relation to
      FIG. 3 the booster system of FIG. 2 employs in association with low
      pressure tank 33 a make-up compressor 45 which may be a low horse power
      compressor compressing gas or air into control pressure tank 46 which is
      interconnected through make-up pressure regulator 47 to the low pressure
      tank 33. This system is designed to be utilized only when required to make
      up for seepage and losses in the closed system. Also utilized in
      conjunction with low pressure tank 33 is low pressure gauge 48. This is
      utilized in conjunction with selecting and balancing pressures to
      effectively operate the system. Also utilized in conjunction with high
      pressure tanke 34 is high pressure gauge 49. Forward of booster compressor
      35 is positioned in the system a line filter 50 to collect any entrapped
      particles in the closed loop to prevent clogging or interference with the
      operation of the spool valve 15 or snifter valves 18 or 19. An important
      feature of the booster power package, FIG. 4, is the oil recovery system
      illustrated somewhat in detail in FIG. 5 and incorporated schematically in
      FIG. 2. The most efficient compressors discovered to operate this system
      were air conditioner compressors of the appropriate size and
      specifications. These compressors lend themselves to utilization of
      suspended oil in the air or gas to lubricate the system internally as well
      as being adapted to receiving intake gas under pressure and exhaust the
      gas or air at a higher pressure. In regard to the oil recovery system,
      reference is made to FIGS. 2, 4 and 5. The air discharge line 51 leading
      from booster compressor 35 projects into high pressure tank 34
      substantially through the mid section of the tank and terminates adjacent
      a wall of tank 34. The function of this structure is to cause the wall of
      pressure tank 34 to serve as baffle section 52. The striking of the wall
      by the air moving through air discharge line against baffle 52 changes the
      direction of the air and removes suspended particles of lubricating oil
      carried by the air. This oil collects on the interior wall of high
      pressure tank 34 and flows to the bottom of tank 34 for return to the
      system through oil port 53 which leads through oil return line 54 to oil
      reservoir 55. Oil reservoir 55 is connected through an oil level control
      56 to compressor booster 35. In this operation it was found desirable to
      place oil reservoir 55 under compression of approximately 10 psi more than
      the booster crank case pressure to insure or accomplish adequate flow into
      the compressor 35. This is accomplished by means of oil pressure regulator
      57 which maintains a constant differential pressure of 10 psi on the
      reservoir 55. The internal lubrication of this system is accomplished very
      similar to home and industrial air conditioners wherein the lubricant is
      suspended in the refrigerant circulated through the system. Air or gas
      recirculates oil through the system of this device lubricating all
      internal components.
PAC  OPERATION
PAR  For an explanation of the spool valve 15, snifter valve 18, 19 control
      system, reference is made to FIG. 3. In placing the unit into operation
      initially suction valve 60 on the unit is opened three-fourths of a turn.
      High pressure valve 61 is opened at this time and fluid pressure enters
      spool valve 15. In the spool valve body 16 a small internal passageway
      incorporating restrictors 62 admits pressure from high pressure line 26
      into the left end 63 and the right end 64 of spool valve body 16. This
      allows the restricted high pressure to be exerted on each end of spool 17
      at all times. This same high pressure is exerted against top bleeder vent
      37 and bottom bleeder vent 39 which seal bottom snifter valve 18 and top
      snifter valve 19. These vents 37 and 39 effect seal between the high
      pressure line 26 of the system and the low pressure line 27 of the system.
      With snifter 19 in the uppermost position high pressure is blocked to the
      pumping cylinder top 12. When top bleeder vent 37 is open high pressure
      from top control line 31 is released to the low pressure side of the
      system through control line 38 allowing the pressure to drop immediately
      creating a differential pressure on opposite ends of spool valve 17. High
      pressure on the opposite end immediately drives spool 17 to the right end
      of housing 16. The construction and operation of the top snifter valve 19
      and the bottom snifter valve 18 are identical. If bottom snifter valve 18
      is moved downward opening vent 39 this allows the high pressure gas in the
      left end of spool 17 to exhaust into the low pressure side allowing the
      spool 17 to shift back to the left side of housing 16.
PAR  When the spool 17 is shifted to the left side of spool valve housing 16
      high pressure is allowed to enter cylinder 10 and lift piston 13 and the
      sucker rod string (not shown) on the upstroke. When spool 17 shifts to the
      right, the high pressure port 65 is closed, and low pressure port 66 is
      opened and a down stroke occurs. This allows high pressure beneath piston
      13 to expand into the low pressure suction system. This allows pressure
      beneath piston 13 through piston pressure equalizer line 29 to try and
      equalize with the pressure above piston 13. In actual operation the only
      time pressure will completely equalize is when a slight hesitation is
      realized on the down stroke. This would allow the air escaping from
      beneath the piston 13 time to equalize pressure in pumping cylinder top
      12. Sucker rod weight in the system ordinarily never allows the pressures
      to completely equalize on each side of piston 13. However, a fast down
      stroke is usually achieved. As described above, the operation of the
      snifter valves 18 and 19 in the control system illustrates, in summary,
      the shifting of spool valve 17 operating the control system.
PAR  The start-up procedure of the unit is substantially as follows:
PAR  Upon the partial opening of high pressure valve 61 the control system is
      pressurized. Top snifter valve 19 closes and lower snifter valve 18 cannot
      close because of contact with piston 13 at the bottom of the stroke which
      holds lower snifter valve 18 in the open position. This position causes
      spool valve 17 to shift to the left allowing high pressure to enter
      cylinder 10. As piston rod 14 moves upward, thrust air on the lower
      control system forces snifter rod 22 to follow main piston 13 upward until
      bottom bleeder vent 39 of bottom snifter valve 18 is closed. The left end
      of spool valve 17 is pressurized, main piston 13 and piston rod 14
      continue upward until piston 13 engages top snifter rod 22 forcing it and
      top bleeder vent 37  upward breaking the seal, allowing high pressure on
      the right end of spool valve 17 to exhaust into the low pressure system
      through control return line 38. High pressure on the left end of housing
      16 drives spool 17 to the right, closing high pressure port 65 and opening
      low pressure port 66, causing the main piston 13 to move downward. Top
      snifter valve rod 22 follows and closes top bleeder vent 37. When main
      piston 13 engages bottom snifter rod 22 opening bottom bleeder vent 39
      spool valve 17 shifts initiating another cycle. At any time a snifter
      valve rod 22 is engaged the opening of the bleeder vents 37 or 39 causes
      the spool 17 to shift. Spool valve 15 is provided with an overriding right
      bleeder button 67 and left bleeder button 68 at each end of spool housing
      16. The spool 17 can be shifted at any time by depressing either of these
      buttons 67 and 68. When buttons 67 and 68 are depressed it allows pressure
      to exhaust from the side of spool valve housing 16 causing spool 17 to
      shift. Top control assembly and bottom control assembly are virtually
      identical in construction and operation.
PAR  For an illustration of the operation of the lubricating system in the
      booster system your attention is invited to FIGS. 4 and 5. Booster
      compressor 35 is designed in such a fashion as to permit a small quantity
      of oil to leave the crankcase as a mist with air or gas being used in the
      system. This oil travels through the entire system lubricating all moving
      parts. In the booster system employed with deep well pumps as illustrated
      in detail in FIGS. 4 and 5 each booster power package is equipped with a
      two gallon oil reservoir 70 and an oil level regulator 71 as well as a
      sight gauge and line filter 73. In this larger unit, more oil is
      discharged from the booster than is necessary to lubricate the unit. The
      high pressure tank 34 is utilized as an oil-gas separator. The oil enters
      the tank 34 through air discharge line 51 and strikes a portion of high
      pressure tank 34 designated as baffle area 52. This change of direction of
      flow of the gas results in oil being collected on the surface of tank 34.
      Oil is returned to the system through oil port 53 and return to reservoir
      70. Gas leaves high pressure tank 34 through a header pipe 75 which
      projects three or four inches into the interior of tank 34. The header
      pipe extension prevents oil clinging to the wall of tank 34 from
      continuing through the system and causes the oil to gravitate to the
      bottom of the tank 34. The foregoing description sets forth in detail some
      of the refinements of this improved booster system incorporating features
      constituting the TM System of this invention.
PAR  It will be apparent to those skilled in the arts from a study of this
      description and the detail of the drawing that certain modifications of
      this system may be made. What is desired to be claimed is all
      modifications or rearrangements not departing from the scope of the
      equivalents of the invention as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved actuator for oil well pumps comprising:
PA1  a. an elongated cylinder,
PA1  b. a piston movably positioned in said cylinder dividing said cylinder into
      a top end and a bottom end,
PA1  c. a floating piston three-way spool valve having a low pressure port and a
      high pressure port and a cylinder port,
PA1  d. a top snifter valve operably secured to the top end of said cylinder,
PA1  e. a bottom snifter valve operably secured to the bottom end of said
      cylinder,
PA1  f. a bottom power line interconnecting the cylinder port of said three-way
      valve and said bottom snifter valve, said bottom power line adapted to
      flow gases to and from said bottom snifter valve,
PA1  g. a low pressure line leading from said low pressure port of said
      three-way valve,
PA1  h. a high pressure line leading from said high pressure port of said
      three-way valve,
PA1  i. a piston pressure equalizing line interconnecting the said low pressure
      line and the pumping cylinder top end through the said top snifter valve,
PA1  j. a top control line operably interconnecting said top snifter valve and a
      first end of said floating piston three-way spool valve,
PA1  k. a bottom control line operably interconnecting said bottom snifter valve
      and a second end of said floating piston three-way spool valve,
PA1  l. a booster means interconnecting said low pressure line and said high
      pressure line, said booster means receiving low pressure gases and
      compressing said gases and returning said gases to the high pressure line,
PA1  m. said top snifter valve and said bottom snifter valve in conjunction with
      said control lines and said floating piston three-way valve controlling
      the flow of high pressure gases to said cylinder and the flow of low
      pressure gases from said cylinder.
NUM  2.
PAR  2. The invention of claim 1 including:
PA1  a. a heat flow-through line interconnecting the high pressure port of said
      floating piston spool valve and the top bleeder vent of said top snifter
      valve and said low pressure line, and
PA1  b. a heat flow-through line interconnecting the high pressure port of said
      floating piston spool valve and the bottom bleeder vent of said bottom
      snifter valve and said low pressure line.
NUM  3.
PAR  3. The invention of claim 1 including an enclosed loop spool valve control
      system comprising:
PA1  a. an internal passage in the body of said spool valve interconnecting the
      high pressure port of said valve and each end of said spool valve,
PA1  b. a bottom control line leading from the first end of said spool valve to
      a bottom bleeder vent,
PA1  c. a reservoir return line interconnecting said bottom bleeder vent and
      said low pressure line,
PA1  d. a top control line leading from a second end of said spool valve to a
      top bleeder vent, and
PA1  e. a control return line leading from said bleeder vent to said low
      pressure line.
NUM  4.
PAR  4. The invention of claim 1 wherein said booster means comprises:
PA1  a. a low pressure tank connected to said low pressure line,
PA1  b. a high pressure tank connected to said high pressure line,
PA1  c. a booster compressor having a crankcase interconnected through a
      regulator means juxtaposed between said low pressure tank and high
      pressure tank maintaining said high pressure tank at a selected pressure,
      and
PA1  d. a make-up compressor interconnected through a regulator means for
      maintaining said low pressure tank at a selected pressure.
NUM  5.
PAR  5. The invention of claim 4 including an oil recirculating means
      comprising:
PA1  a. an oil reservoir,
PA1  b. an air discharge line leading from said booster compressor entering
      through a wall of said high pressure tank terminating adjacent an opposite
      wall of said high pressure tank,
PA1  c. an oil port adjacent the bottom of said high pressure tank,
PA1  d. conduit means interconnecting said oil port and said reservoir, and
PA1  e. a header pipe projecting into said high pressure tank for admitting high
      pressure gas to said high pressure line.
NUM  6.
PAR  6. The invention of claim 4 including internal oiling means comprising:
PA1  a. an oil mist means for passing a mist of oil from the crankcase of said
      booster compressor into the gas being compressed,
PA1  b. a reservoir connected to said crankcase of said booster compressor,
PA1  c. oil pressure means for maintaining said reservoir under a selected
      pressure feeding said crankcase of said booster compressor, and
PA1  d. regulator means for maintaining a constant level of oil in said booster
      compressor crankcase.
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ABST
PAL  The application discloses a system which includes a prime mover driving a
      variable displacement type pump which in turn drives a variable
      displacement type motor all coordinated by a control system. Details of
      valves employed in the control system are disclosed as well as the overall
      interconnection of such valves with the engine, pump and motor. The
      control system controls the amount of fuel supplied to the engine, pump
      displacement, and motor displacement in such a manner as to achieve
      optimum performance.
BSUM
PAR  This invention relates to control systems for vehicles characterized as
      having a controllable power prime mover driving through a variable
      hydrostatic transmission to the driven wheels of the vehicle.
PAR  It is well known on such vehicles for the operator to control the engine
      power by an accelerator pedal linked to the fuel control of the prime
      mover, and for separate manual and/or automatic control of the
      transmission to enable such transmission to achieve as nearly as possible
      the often conflicting requirements or demands of the operator, the prime
      mover characteristic and the vehicle/terrain conditions. Such automatic
      control of the transmission is known to be complex and costly if it is to
      achieve a reasonably effective and successful compromise of requirement
      and performance.
PAR  The object of the present invention is to provide a control system for such
      vehicles which will meet the requirements substantially without compromise
      and in fact will optimize the prime mover performance characteristics such
      that the prime mover will neither labour at low revolutions and
      unnecessarily high pressure loadings at the one extreme, nor will it run
      to unnecessary speeds beyond maximum power revolutions, yet in between
      these extremes it will be held to the minimum convenient revolutions at
      which it can develop the required brake horsepower without strain.
PAR  To this end what I propose is a prime mover driving a variable displacement
      hydraulic pump and a speed-responsive signal generator, the pump being in
      closed circuit with at least one hydraulic motor driving at least one of
      the vehicle wheels. The pump displacement is actuated hydraulically under
      control of a computing valve, as described in my copending British Pat.
      application No. 29689/73, according to signals received from the prime
      mover signal generator and indirectly from the operator's "accelerator"
      pedal or lever, this accelerator demand signal being a function of the
      system pressure demanded yet having effect to impede opening of the
      computing valve whereas the speed signal has effect, conditioned by
      displacement feed-back to induce opening of the said valve.
PAR  Conversely the accelerator demand signal has effect to induce opening of
      the prime-mover fuel control but in this it is impeded by the speed signal
      which tends to close the fuel control with assistance from a "return"
      spring which is compensated by a hydraulic disadvantage.
PAR  In operation, provided the pump is sized such that the torque required to
      drive it at maximum pressure and displacement is not less than prime mover
      torque corresponding to maximum power, we have a stable system, which
      cannot transmit any idling traction as there is no accelerator demand
      pressure to actuate the pump displacement control, which cannot labour at
      high demand and low speed since the commanding speed signal pressure
      despite spring assistance will be precluded by the higher demand pressure
      from opening the pump displacement control valve until the speed rises to
      give a speed signal pressure commensurate with the demand and which will
      not allow the prime mover to exceed maximum power revolutions as the
      speed-commanded increase of displacement would overpower reducing prime
      mover torque.
PAR  When the vehicle brake pedal is operated it has effect to obstruct
      actuation of the prime mover fuel control, to set the prime mover pump to
      maximum displacement, and, where the output driving motor is of variable
      displacement as is advisable for all but slow moving vehicles, directly or
      indirectly to set the motor displacement to a predetermined minimum, so
      that the prime mover is motored at a low relative speed by the momentum of
      the vehicle.
PAR  If, with brake pedal applied, the accelerator is pressed this will have
      effect to reduce pump stroke inversely to Accelerator pedal depression,
      and so force the prime mover to a higher relative speed of overrun
      retardation or "compression braking".
PAR  "Reverse" drive is most conveniently achieved by the output drive motor
      displacement control going overcentre to a fixed ("negative") displacement
      stop.
PAR  When "Neutral" is selected the prime mover pump is inhibited from any
      displacement, as is the output motor if applicable, so that the operator
      may run the prime mover freely. If the prime mover is recalcitrant in
      starting, the vehicle may be towed pushed or gravitated in Neutral to an
      appropriate speed at which the selector lever may be moved to "drive" so
      effecting overrunning rotation of the prime mover.
DRWD
PAR  Exemplary embodiments of the invention are illustrated in the accompanying
      drawings, in which:
PAR  FIG. 1 is a diagrammatic representation of a prime mover transmission
      system applied to a vehicle with conventional differential final drive;
PAR  FIG. 2 is a similar representation of a vehicle having independent
      hydraulic motor drive to its driven wheels;
PAR  FIG. 3 shows cross-sections of an accelerator command transducer valve and
      a drive regime transducer valve; and
PAR  FIG. 4 shows diagrammatically an hydraulic control circuit.
DETD
PAR  A prime mover and transmission system is shown in FIG. 1 in which an
      internal combustion engine 1 drives a variable hydraulic pump 2 associated
      with a variable hydraulic motor 3 through the intermediary of a manifold
      block 4 which itself is associated with a reservoir tank 5. The output
      shaft 6 of motor 3 connects via the propellor drive shaft 7, the
      differential final drive 8 and axle-shafts 9 to the driving wheels 10 of a
      vehicle which could be an automobile, truck, tractor, railed or off-road
      vehicle.
PAR  A controls integrator complex 11 accepts operator command signals from the
      transmission selector lever 12 via the signal line or link 13, from the
      accelerator pedal 14 via the signal line 15 and from the brake pedal 16
      via the signal line 17: it also accepts an input signal from the
      pump-speed-signal generator 18 via the signal line 19 and a delivery
      pressure signal from manifold block 4. The integrator complex 11 provides
      output command signals to the pump computing control valve 20 as described
      in my copending British Pat. application No. 29689/73 and the motor
      computing valve 21 by internal galleries 54, 29 and to the engine fuel
      actuator 22 by the signal lines 23, 24 carrying respectively the power
      command and a speed signal modified within the integrator complex by an
      amplifier/attenuator as described in my copending U.K. Pat. application
      No. 29469/74.
PAR  FIG. 2 shows an alternative prime mover transmission system in which the
      same engine 1 and pump 2 pass a flow of hydraulic prssure fluid via the
      delivery pipe 25 and return pipeline 26 and a branching manifold 27 to a
      pair of hydraulic motors 28 capable of transmitting both driving and
      overrunning torque to the vehicle driving wheels 10 through the
      axle-shafts 9. The controls integrator complex 11 receives input and
      transmits output signals as earlier described for FIG. 1 except that, the
      hydraulic motors 28 being remote, the command signal thereto must be
      transmitted by the external signal pipeline 29 and branch-line 30 to the
      motor computing valves 31.
PAR  FIG. 3 shows in detail two of the following elements which together
      comprise the operator controls integrator complex 11. Of these, the
      accelerator command transducer 32 performs the primary function in causing
      the transmission to drive the vehicle; a very similar braking transducer
      (not shown) controls overrunning retardation in association with the
      accelerator transducer 32 and a selector valve 34, according to regime
      selected (Drive-Neutral-Reverse-Park), directs the transducer commands to
      the motor computing valve or valves (21 of FIG. 1 and 31 of FIG. 2) as
      also a constant pressure signal from the parking valves 35 (FIG. 4) to
      inhibit against the motor 3, 28 going overcenter to effect reverse drive;
      the engine pump speed signal amplifier/attenuator 36 (FIG. 4) effectively
      square-roots and amplifies the pump speed signal to provide a more
      functionally useful and substantially linear speed signal. Finally as may
      be more convenient, the engine fuel actuator 22 may be incorporated in the
      controls integrator complex 11 with a mechanical or other single channel
      connection 37 to the engine carburettor or fuel injector.
PAR  FIG. 4 shows a hydraulic control circuit for the integrator complex in
      association with the engine pump (2) and output drive motor (3), the
      various elements of the complex being numbered as in FIG. 3, and the
      engine pump and output motor with their ancillaries and connections as in
      FIG. 1 and FIG. 2.
PAR  Referring jointly to FIGS. 3 and 4, the accelerator command transducer 32
      receives the raw driver's command signal 15, whether this be pneumatic,
      hydraulic or mechanical, at the outermost face of the hermetic diaphragm
      38 which may also serve as a diaphragm piston to transmit the raw input 15
      at an appropriate pressure area advantage to the valve spool 39 whose
      output 40, amplified by a suitable constant pressure input 75, is fed-back
      to the opposite end of the spool 39 to balance the diaphragm input.
PAR  The same output feed-back pressure also acts on one end of a co-axial spool
      42 the remote end of which is fitted with a larger diameter piston 43
      closely sliding in a bore 44 in a main valve body 45 having an end cover
      46 in which slides a small co-axial piston 47 subject to pressure from the
      pump main delivery via pipeline 48 and end-cover gallery 49. The space 50
      between piston 43 and end-cover 46 is vented to tank (T & 5) together with
      the spill efflux from both spools 39, 42 and the space 51 between the main
      body 45 and the diaphragm 38 which may have a spring 52 to counter the
      effect of any tank pressure on the diaphragm 38.
PAR  In operation the output 40 from the primary spool 39 bears a direct
      amplified servo relationship to the raw input signal pressure 15, whereas
      the output 55 from the secondary spool 42 bears a servo attenuated
      relationship to the pump main delivery pressure 25, 48, 49 less a
      stabilizing function of the primary signal output pressure 40. This
      primary signal output 40 is directed firstly to the computing valve 20 of
      the engine driven pump 2 with effect to demand a reduction of stroke
      displacement, and secondly via the braking transducer 33 and line 23 to
      the engine fuel actuator 22 with effect to increase the feed of fuel to
      the engine 1 and so to increase engine speed and pump speed. The speed
      responsive signal (.upsilon..sup.2, 19) is modified by the
      amplifier/attenuator 36 and passed by 24 to the engine fuel actuator 22
      with effect to decrease fuel or strike a fuelling balance with the
      operator's primary demand 40, 23. The modified speed signal 24 is also
      passed by gallery 54 to computing valve 20 of engine pump 2 with effect to
      demand an increase of stroke displacement as the engine 2 speeds up.
PAR  This ensures that an increase of operator demand  pg,9 allows the engine to
      speed up in advance of the increase of pump load and therefore of engine
      mean effective pressure so that the engine cannot accelerate in labour It
      ensures focalized stability of instantaneous operating conditions; and by
      a judicious choice of design parameters it ensures that the power
      requirement for any instantaneous operating condition is met by the engine
      working at the optimum balance between maximized mean effective pressure
      and minimized speed of revolution. It ensures that at engine idling speed
      no "creep" torque will be transmitted to the vehicle wheels.
PAR  The secondary output 55 from the spool 42 of the accelerator transducer 32
      passes via the shuttle valve 56 incorporated with the braking transducer
      33, the gallery 57, the selector valve 34 in the Drive mode, and gallery
      or pipeline 29 to the computing valve 21, 31 of the drive motor 3, 28 with
      effect to increase the motor stroke displacement as a function of the
      operator's secondary command output 55 which itself is a function of the
      pump delivery pressure 25.
PAR  The braking transducer 33 can accept as input signal either the initial
      pressure via 17 from the vehicle braking system master cylinder or an
      electro-solenoid impulse triggered from the brake-light switch (not shown)
      as the first stage of the transducer 33 is a two-position four-way valve
      58 which serves to direct the accelerator primary command 40 either to the
      engine fuel actuator 22 or, if triggered by brake-operation, to the second
      stage 59 of the transducer 33 where it is transformed to a pressure, close
      to that of the primary command 40 but in its absence to a basic pressure,
      which is passed to the shuttle valve 56 where, in the absence of any
      accelerator secondary pressure 55, it will switch the shuttle 56 and be
      directed via the selector valve 34 in Drive to the motor computing valve
      21, 31. The effect of this is that when the operator releases his
      accelerator, pedal 14 the motor 3, 28 instead of returning to zero
      stroke-displacement, is held to a basic minimum in the overrun pumping
      mode so as to "motor" the pump 2 which, in the absence of operator primary
      command signal pressure 40, will accept the modified speed signal 36, 54
      and increase stroke displacement to maximum.
PAR  If, with brake pedal 16 depressed even slightly, the accelerator pedal 14
      is pressed, then increasing primary command pressure 40 will have effect
      to counter the modified speed signal 36, 54 in the pump computing valve 20
      and progressively reduce pump displacement, and will also have effect via
      change-over valve 58, transformer valve 59, shuttle valve 56, selector
      valve 34 and motor computing valve 21, 31 to progressively increase motor
      displacement, the combined effect being that the motor 3, 28 is driven by
      vehicle momentum to act as a pump forcing fluid at an increasing hydraulic
      disadvantage to the engine driven pump 2 which, acting as a motor, is
      forced to progressively increasing relative overrunning speeds, as is the
      engine 1 with it, subject only to the fact that the computing valve 20
      differentiating between the command and speed signals will not allow an
      overrunning pump (and engine) speed in excess of the programmed maximum.
PAR  For reverse driving, the selector valve 34 interrupts and drains both the
      signal lines 29, 29a to the computing valve 21, 31 of the motor 3, 28
      which in the absence of any control will be forced over-center to the
      limit by the delivery pressure 25 arriving from the pump 2 under command
      from the operator primary signal 40, 33, 23, fuel actuator 22, modified
      speed signal 19, 36, 54 and computing valve 20.
PAR  The fuel actuator 22 may be fitted with a spring 60 abutting the
      double-acting piston 61 with effect to vary the optimized engine
      m.e.p./speed characteristic as programmed, in the light of specific choice
      or requirement.
PAR  The engine pump 2 and motor 3, 28 each have a miniscule gear pump 62 to
      provide control pressure 63 maintained constant by the relief valve 64
      which, in the case of under-pressure due to excess demand, will return the
      main pump delivery pressure 25 or return pressure 26 via ball checks 65,
      66.
PAR  As the motor 3, 28 and even more particularly the pump 2 will run more
      efficiently with their interior "dry" rather than flooded with oil, it is
      advantageous in some applications to provide a scavenge pump 67
      conveniently driven by a gear-motor 68. Similarly, to accommodate for
      pumping volumetric losses, a make-up pump 69 conveniently driven by a
      gear-motor 70 supplies any loss requirement to the main delivery 25 or
      return 26, whichever is at low pressure, via the ball-checks 71, 72 and at
      a pressure maintained constant by the relief-valve 73.
PAR  The wheel driving motor 3 or motors 28 may each incorporate or have
      associated therewith a differential speed signal piloted actuator spill
      control valve 74 as described in my copending U.K. Pat. application No.
      34907/73 as a means of controlling drive wheel slip.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a vehicle drive system, in combination, a variable displacement type
      pump which pumps fluid at a pump delivery pressure, a fuel driven engine
      for driving said pump, a load-driving variable displacement type hydraulic
      motor driven by said fluid at said pump delivery pressure, and a control
      system including an accelerator for said engine, accelerator signal
      producing means for producing an accelerator signal as a function of
      accelerator command, pump speed signal producing means for producing a
      pump speed signal as a function of pump speed, fuel supply means
      responsive to said accelerator signal to increase the supply of fuel to
      said engine as a function of said accelerator signal and responsive to
      said pump speed signal to decrease the supply of fuel to said engine as a
      function of said pump speed signal, means responsive to said accelerator
      signal for reducing the displacement of said pump as a function of said
      accelerator signal, motor displacement signal producing means responsive
      to said accelerator signal and to pump delivery pressure for producing a
      motor displacement signal as a function thereof, and means for increasing
      motor displacement as a function of said motor displacement signal.
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ABST
PAL  A pressurized fluid supply apparatus comprises a closed circuit including a
      variable delivery pump, an open circuit including a pump, a fluid
      reservoir and a fluid cooler, and an engine for driving said pumps having
      an output shaft coupled to the drive shaft of said pumps, a flow-limiter
      being provided in the delivery conduit of said pump of said open circuit
      and including a restriction whose configuration is independent of the
      pressure of fluid in said delivery conduit upstream of said flow-limiter.
BSUM
PAR  The present invention relates to improvements in pressurized fluid supply
      apparatus.
PAR  Whether to supply a sink in open circuit, with the pump drawing from a
      fluid reservoir, or conversely in closed circuit, with a variable delivery
      pump which can deliver pressurized fluid into one of its main conduits
      which connect it to the sink, is a primary decision which must concern any
      machine manufacturer.
PAR  The present tendency seems to favour the adoption of closed circuit
      supplies. However, there are certain problems which today are well solved
      in conventional manner for open circuits but for which satisfactory
      solutions have not been found for closed circuits.
PAR  Thus, for example, the open circuit supply of hydraulic motors for driving
      an hydraulic excavator from pumps driven by an engine of the "Diesel" type
      includes a flow-limiter arranged in the delivery conduit of the hydraulic
      motor or motors and operated by the pressure of the fluid contained in the
      supply conduit to the motor or motors. This arrangement:
PA1  Ensures that the downhill speed of the excavator is correctly limited,
PA1  Avoids cavitation in the hydraulic motors,
PA1  Avoids racing of the "Diesel" engine.
PAR  This solution cannot be adopted as it is in closed circuit supplies, for it
      then has considerable disadvantages. Amongst these it may be noted that:
PA1  As oil which passes through a flow-limiter is heated and the quantity of
      heat released remains within the closed circuit, the temperature of this
      oil rises until it reaches inadmissible values;
PA1  A flow-limiter is required for each supply direction of the sink, which is
      expensive but which also causes considerable pressure drops when the
      limiters are not in active operation;
PA1  Lastly, it is imposssible to recover the power dissipated in a circuit in
      which the sink operates momentarily as a motor.
PAR  It is an object of the invention to correct the above mentioned technical
      deficiency with regard to closed circuits.
PAR  According to the present invention, there is provided a pressurized fluid
      supply apparatus comprising:
PA1  A closed circuit including a variable delivery pump having a drive shaft
      and no flow-limitation;
PA1  An open circuit including a pump, having a drive shaft, a fluid reservoir
      and a fluid cooler;
PA1  An engine for driving said pumps and having an output shaft to which are
      coupled said drive shafts of said pumps, and
PA1  A flow-limiter arranged in the delivery conduit of said pump of said open
      circuit and comprising a restriction whose configuration is independent of
      the pressure of the fluid in the portion of said delivery conduit
      immediately upstream of said flow-limiter.
PAR  The flow-limiter is advantageously provided with manually or automatically
      operable control means.
PAR  In the case of an automatically operable control flow-limiter one of
      several embodiments may be adopted, as follows:
PA1  The flow-limiter may comprise a two-position distributor which is coupled
      to return means and to an operating ram supplied with fluid, whose effect
      on the distributor is opposed to that of the return means, the first
      position of the distributor corresponding to the placing in communication
      of the two portions of the delivery conduit connected to the distributor
      and to the preponderance of the effect of the return means, and the second
      position of the distributor corresponding to the blocking of the said two
      portions of the delivery conduit by the distributor. A torque meter is
      arranged on the output shaft of the engine and an output of the torque
      operates the ram of the distributor as soon as the value of the torque
      drops below a predetermined value;
PA1  a centrifugal governor may be coupled to the output shaft of the engine and
      cause the closure of the flow-limiter as soon as an excessive speed of the
      engine is detected.
PAR  Closure of the flow-limiter may alternatively be caused,
PA1  by the excess pressure of fluid in the intake conduit of the pump of the
      closed circuit. In this case, a three-position distributor is connected to
      the two main conduits of variable delivery pump of the closed circuit by
      two auxiliary conduits and to control means for operating the flow-limiter
      by an operating conduit. The distributor is coupled to means for
      controlling delivery of the variable delivery pump. The intermediate
      position of the distributor corresponds to the blocking of the two
      auxiliary conduits by the distributor and to the neutral (zero delivery)
      position of the means for controlling the variable delivery pump, and the
      two extreme positions of the distributor correspond to the placing in
      communication of the operating conduit with a respective one of the
      auxiliary conduits and to a non-neutral position of the control means of
      the variable delivery pump (non-zero delivery into one or the other of the
      auxiliary conduits). Closure of the flow-limiter is controlled by excess
      pressure of fluid in that auxiliary conduit which is in communication with
      the operating conduit in the corresponding extreeme position of the
      distributor and which, at the moment in question, forms the intake conduit
      of the variable delivery pump,
PA1  by a drop in the pressure of fluid contained in the delivery conduit of the
      pump of the closed circuit. In this case, a three-position distributor is
      connected to the two main conduits of the variable delivery pump of the
      closed circuit by two auxiliary conduits and to control means for
      operating the flow-limiter by an operating conduit. The distributor is
      coupled to means for controlling delivery of the variable-delivery pump.
      The intermediate position of the distributor corresponds to the blocking
      by the distributor of the two auxiliary conduits and to the neutral (zero
      delivery) position of the control organ of the variable delivery pump, and
      the two extreme positions of the distributor correspond to the placing in
      communication of the operating conduit with a respective one of the
      auxiliary conduits and to a non-neutral position of the control means of
      the variable delivery pump (non-zero delivery into one or the other of the
      auxiliary conduits). Closure of the flow-limiter is caused by a drop in
      the pressure of fluid in that auxiliary conduit which is in communication
      with the operating conduit in the corresponding extreme position of the
      distributor and which, at the moment in question, forms the delivery
      conduit of the variable delivery pump,
PA1  by the selection of the large cylinder capacity of a motor of the closed
      circuit, which motor is of the type with at least two cylinder capacities.
      In general, a motor having two cylinder capacities is used, and the motor
      also has means for selecting the cylinder capacity, which means is
      connected to said motor by a selection conduit. A non-return valve
      arranged in the selection conduit permits passage of fluid towards the
      motor, a "by-pass" conduit is connected to the selection conduit on either
      side of the non-return valve, and a restriction is arranged in this
      by-pass conduit. The flow-limiter is provided with return means and a
      first operating ram, the effect of each of which tends to keep the
      flow-limiter open, and with a second operating ram whose effect tends to
      close the flow-limiter. Finally, the first operating ram is connected by a
      first operating conduit to the selection conduit downstream of the
      non-return valve relative to the motor and the second operating ram is
      connected by a second operating conduit to the selection conduit upstream
      of the non-return valve relative to the motor.
DRWD
PAR  The invention will be better understood from the following description of
      embodiments thereof, given by way of example only, with reference to the
      accompanying drawings, in which:
PAR  FIGS. 1 to 4 diagrammatically show four preferred embodiments of the
      invention.
DETD
PAR  The embodiment of FIG. 1 has two closed circuits 1 and 2 and an open
      circuit 3. The closed circuit 1 comprises a variable delivery pump 4 and a
      reversible hydraulic motor 5 which are connected by means of two main
      conduits 6 and 7 forming the delivery and intake conduits of the pump 4
      and vice versa, depending on the position of the control means 8 of the
      delivery of the pump 4. A pinion 9 is fast for rotation with the drive
      shaft 10 of the pump 4.
PAR  The closed circuit 2 is similar to the circuit 1 and comprises a variable
      delivery pump 11, a reversible motor 12, and two main conduits 13 and 14
      which connect the motor 12 to the pump 11. The pump 11 has a means 15 for
      controlling its delivery and a drive shaft 16 with which a pinion 17 is
      fast for rotation.
PAR  Lastly, the open circuit 3 comprises a pump 18, which is connected by its
      intake conduit 19 to a fluid reservoir 20, and whose delivery conduit 21
      is connected, in this embodiment, to the reservoir 20. An oil-cooler 22
      and a flow-limiter 23 are arranged in the delivery conduit 21, the
      flow-limiter 23 being of a type which is manually adjustable by means of
      the lever 24. The drive shaft 25 of the pump 18 is fast for rotation with
      a pinion 26.
PAR  It will also be noted that a "Diesel" engine 27 has its drive shaft 28 fast
      for rotation with the pinion 17 which meshes with the pinions 9 and 26.
PAR  The supply apparatus of FIG. 2 comprises the majority of the components of
      the apparatus of FIG. 1 which have been given the same reference numbers.
      Thus the apparatus includes the two closed circuits 1 and 2, the pump 18
      of the open circuit 3, and the "Diesel" engine 27, whose output shaft 28
      is coupled to the drive shafts 10, 16 and 25 of the pumps 4, 11 and 18 by
      means of the pinions 9, 17 and 26.
PAR  In this embodiment the delivery conduit of the pump 18 of the open circuit
      3 is divided into two parts 21a and 21b which are both connected to a
      two-position distributor 29 and part 21a is connected to the delivery
      orifice 30 of the pump 18 and the part 21b is connected to the reservoir
      20. A conventional calibrated discharge-valve 32 is arranged in a conduit
      31 connected to both parts 21a and 21b. The cooler 22 is arranged in the
      conduit part 21b.
PAR  A return spring 33 is coupled to the distributor 29 and is effective to
      oppose the force of the pressure of fluid contained in an operating ram 34
      which is coupled to the distributor 29. The first position of the
      distributor 29 corresponds to placing the conduit part 21a and 21b in
      communication, the second position conversely corresponding to the
      blockage of the parts 21a and 21b by the distributor 29. The first
      position corresponds to the preponderance of the effect of the spring 33
      over the ram 34.
PAR  Lastly, a torque meter 35 is arranged on the output shaft 28 of the engine
      27 and at its connection 36 supplies information on the value of the
      output torque of the engine 27. The connection 36 is itself connected to
      the ram 34 by means of an operating connection 37, comprising a fluid
      conduit for example. The ram 34 is supplied with pressurized fluid as soon
      as the value of the torque detected by the torque meter 35 drops below a
      predetermined value.
PAR  The supply apparatus of FIG. 3 is similar to that of FIG. 2. It again
      includes the Diesel engine 27 whose output shaft 28 is coupled to the
      drive shafts 10, 16 and 25 of the pumps 4, 11 and 18 of the closed
      circuits 1 and 2 and the open circuit 3 respectively.
PAR  However, in this embodiment, the distributor 29 has been replaced by a
      conventional flow-limiter 38 of a controllable type. Additionally the
      shaft 39 of a centrifugal governor 40 is fast for rotation with a pinion
      41 which meshes with the pinion 26. The centrifugal governor 40 may for
      example comprise the speed governor of the Diesel engine 27. The
      centrifugal governor 40 is connected by an operating connection 43 to the
      operating input 42 of the flow-limiter 38. As soon as an excessive speed
      of the engine 27 is detected by the centrifugal governor 40, this
      information is transmitted as an operating command by the connection 43 to
      the input 42 so as to cause the closure of the flow-limiter 38. By way of
      illustration, the connection 43 shown comprises an electric wire
      transmitting a current to excite an electromagnet 43c coupled to the means
      for controlling the flow-limiter 38. The mobile member 40a of the
      centrifugal governor 40 is arranged, for this purpose, facing a contact
      43a connected to the wire 43 and will contact the contact 43a at excessive
      speeds. A current source 43b is arranged in the wire 43. In a
      modification, the connection comprises a fluid conduit supplying a ram for
      operating the adjustment member of the flow-limiter 38 with pressurized
      fluid, as is well known.
PAR  The supply apparatus of FIG. 4 includes only one closed circuit 1 of the
      two closed circuits of FIG. 3 and the open circuit 3. A pinion 44 is fast
      for rotation with the output shaft 28 of the Diesel engine 27 and meshes
      with the pinions 9 and 26. A three-position distributor 45 is coupled by a
      member 46 to the means 8 for controlling the delivery of the variable
      delivery pump 4. Three conduits 47, 48 and 49 are connected to the
      distributor 45 and respectively to the conduits 6 and 7 and the operating
      input 42 of the speed limiter 38 in the open circuit 3.
PAR  The three positions of the distributor 45 are as follows:
PA1  in the first position, corresponding to the position 8 of the means for
      controlling the delivery of the pump 4, the conduits 48 and 49 are placed
      in communication and conduit 47 is blocked at the distributor 45; the
      conduit 7 forms the intake conduit of the pump 4;
PA1  in the second or intermediate position, corresponding to the position 8a of
      the means for controlling the delivery of the pump 4, which position is
      the neutral position of this means which corresponds to zero delivery, the
      conduits 47, 48 and 49 are blocked at the distributor 45; and
PA1  in the third position, corresponding to the position 8b of the means for
      controlling the delivery of the pump 4, the conduits 47 and 49 are placed
      in communication and the conduit 48 is blocked at the distributor 45; the
      conduit 6 forms the intake conduit of the pump 4.
PAR  It should be noted that an increase in the pressure in the conduit 49
      causes the closure of the flow-limiter 38, this normally being held open
      by the action of its return spring 50.
PAR  The apparatus of FIG. 5 includes the components of FIG. 4, except for the
      replacement of the distributor 45 by a three-position distributor 45a and
      the replacement of the flow-limiter 38 by a limiter 38a.
PAR  The three positions of the distributor 45a are as follows:
PA1  in the first position, corresponding to the position 8 of the means for
      controlling the delivery of the pump 4, the conduits 47 and 49 are placed
      in communication and the conduit 48 is blocked at the distributor 45a; the
      conduit 6 forms the delivery conduit of the pump 4;
PA1  in the second or intermediate position, corresponding to the position 8a of
      the means for controlling the delivery of the pump 4 (neutral position of
      this means corresponding to zero delivery) and the conduits 47, 48 and 49
      are blocked at the distributor 45a;
PA1  in the third position, corresponding to the position 8b of the means for
      controlling the delivery of the pump 4, the conduits 48 and 49 are placed
      in communication and the conduit 47 is blocked at the distributor 45a; the
      conduit 7 forms the delivery conduit of the pump 4.
PAR  It should be noted that a drop in the pressure in the conduit 49 causes the
      closure of the flow-limiter 38a, this is held open by the force of the
      pressure at the union 42 acting against the spring 50a which tends to hold
      the flow-limiter closed.
PAR  The apparatus of FIG. 6 also has the arrangement of the pumps 4 and 18 of
      FIG. 4. However, the motor 5a of the closed circuit 1 has two cylinder
      capacities having a union 51 connected to a cylinder capacity selection
      conduit 52. Moreover, the flow-limiter 53 arranged in the conduit 21 of
      the open circuit 3 is provided with a spring 54 for returning it to its
      open position, a first operating ram 55 which can be supplied with a
      fluid, the effect of whose pressure also tends to keep the limiter open,
      and a second operating ram 56 which can be supplied with a fluid, the
      effect of whose pressure tends to keep the flow-limiter 53 closed. An
      auxiliary pump 57 known as an operating pump is connected by its intake
      conduit 58 to the reservoir 20 and by its delivery conduit 59 to a
      two-position distributor 60. This distributor 60 is itself connected to
      the reservoir 20 by a conduit 61 and to the selection conduit 52.
PAR  In addition a non-return valve 62 is arranged in the conduit 52 and permits
      passage of the fluid from the distributor 60 towards the motor 5a. A
      by-pass conduit 63 is connected to the selection conduit 52 on either side
      of the non-return valve 62, a restriction 64 being arranged in this
      by-pass conduit 63. Lastly, a first operating conduit 65 connects the
      first ram 55 to the portion of the selection conduit 52 between the
      non-return valve 62 and the distributor 60, and a second operating conduit
      66 connects the second operating ram 56 to the portion of the selection
      conduit 52 between the non-return valve 62 and the motor 5a.
PAR  The two positions of the distributor 60 are as follows:
PA1  in the first position the conduits 52 and 59 are placed in communication,
      the conduit 61 is blocked at the distributor 60 and the small cylinder
      capacity of the motor 5a is selected,
PA1  in the second position the conduits 52, 59 and 61 are placed in
      communication and the large cylinder capacity of the motor 5a is selected.
PAR  A description of the operation of the supply apparatus which have been
      described will now be given to obtain a better understanding of the
      advantage which can be gained from their adoption.
PAR  Firstly, with the apparatus of FIG. 1, it will be noted that if the driver
      of the machine detects abnormal functioning of his machine, such as
      excessive speed of the machine or racing of the Diesel engine 27, he can
      reduce the section of the passage through the conduit 21 by moving the
      lever 24 of the flow-limiter 23. By so doing he impedes the delivery of
      the fluid by the pump 18 and consequently causes a reduction in the
      rotational velocity of the shaft 25 of the pump. The various elements
      coupled to this shaft 25, i.e. the output shaft 28 of the engine 27 and to
      the drive shafts 10 and 16 of the pumps 4 and 11, are also braked. As the
      deliveries of the pumps 4 and 11 are reduced, the motors 5 and 12 are also
      braked. In conclusion, the excess speed abnormality disappears. Naturally,
      throttling of the oil through the flow-limiter 23 causes a rise in the
      temperature of this oil which is cooled by passage through the cooler 22.
      It is advantageous to arrange the cooler 22, as shown, in the delivery
      conduit 21 after the flow-limiter 23 at the position where the temperature
      of the fluid is highest. Clearly, it is at this position that the
      efficiency of the cooler 22 is maximum.
PAR  It is sometimes advantageous to control the flow-limiter automatically. The
      embodiments of FIGS. 2 to 4 provide such automatic control.
PAR  In the embodiment of FIG. 2, a decrease in the torque transmitted by the
      shaft 28 of the engine 27 is detected by the torque meter 35. This
      decrease indicates that there is a risk of the engine 27 no longer driving
      the pumps 4, 11 and 18 but, on the contrary, being driven by these pumps.
      If the transmitted torque reaches a value lower than a predetermined
      value, there is a risk that the engine 27 will race and that the maximum
      safe speed of the machine will be exceeded. The information from the meter
      35 is transmitted by the connection 37 to the ram 34, which places the
      distributor 29 in its second position. The normal delivery of the pump 18
      is then blocked, which violently brakes the said pump and consequently
      also the engine 27. However, in order to avoid a sharp stop which could be
      damaging to the machine, as well as too high an excess pressure in the
      conduit part 21a, the conduit 31 provided with the pressure-limiting
      discharge-valve 32 is connected as a by-pass to the distributor 29.
PAR  The supply apparatus of FIG. 3 operates in a manner similar to that of FIG.
      2, except that the information which effects closure, this time of the
      flow-limiter 38, is the detection of excessive speed by the centrifugal
      governor 40 and not the detection of a decrease in the torque transmitted
      by the shaft 28.
PAR  The information which causes the closure of the flow-limiter 38 of FIG. 4
      is the detection of an increase in the pressure of the fluid in the intake
      conduit 6 or 7, depending on the operating circumstances, of the pump 4.
      In fact such a pressure increase reveals a tendency of the pump 4 to act
      as a motor and, consequently, reveals a risk of excessive speed of the
      hydraulic motor 5. Assume, for example, that the means for controlling the
      delivery of the pump 4 is at position 8 so that the pump delivers fluid
      into the conduit 6. As soon as, in this state, the pressure rises
      abnormally in the conduits 7 and 48, appropriate information is
      transmitted by the conduit 49 to the union 42 to cause the closure of the
      flow-limiter 38 and therefore a decrease in the rotational velocity of the
      shaft 25 of the pump 18 and the elimination of the above-mentioned risk of
      excessive speed. Clearly the same operation is obtained when the delivery
      control means is in its position 8b.
PAR  The apparatus of FIG. 5 is very similar to that of FIG. 4 except that the
      information used to control flow-limiter 38a is a drop in the pressure of
      the fluid contained in the delivery conduit 7 or 6, depending on the
      operating circumstances, of the pump 4. Such a pressure drop causes the
      closure of the flow-limiter, which causes a decrease in the rotational
      velocity of the shaft 25 of the pump 18 and elimination of the previously
      detected risk of excessive speed.
PAR  Lastly, in the embodiment of FIG. 6, the information causing closure of the
      flow-limiter 53 is the selection of the large cylinder capacity of the
      motor 5a. When the driver of the machine including the circuit 1 selects
      the large cylinder capacity of motor 5a, he desires to obtain a low
      rotational velocity of the motor 5a. Now, at the moment of changing the
      cylinder capacity, the motor will pass from its high to its low velocity.
      The flow-limiter 53 is employed to cause slowing of the shaft of the motor
      5a during the change-over.
PAR  In operation, the large cylinder capacity of the motor 5a is selected, as
      mentioned above, by moving the distributor 60 into its second position.
      The ram 55 is suddenly placed in communication with the reservoir 20 by
      the conduits 65, 52 and 61. On the other hand the pressure only decreases
      progressively in the ram 56, for it is prevented from being placed in
      direct communication with the reservoir 20 through the conduits 66, 52,
      63, 52 and 61 by the non-return valve 62 and impeded from so being by the
      restriction 64. Therefore the pressure is still momentarily maintained in
      the ram 56, while it is zero in the ram 55. This state of affairs causes
      the closure of the flow-limiter 53 and, consequently, the desired slowing.
PAR  In addition to the speed-limiting function which has been described, the
      pump 18 of the open circuit 3 of each of the embodiments of FIGS. 1 to 3
      can supply an independent circuit, such as a ram for example. Additionally
      the motion of two closed circuits 1 and 2 may drive respectively the right
      and left tracks of a tracked public works machine, while the pump 18 of
      the open circuit 3 supplies the ram or rams of the working gear of the
      said machine. The application of such an arrangement to a tracked loader
      is particularly advantageous.
PAR  Thus, lastly, the closed circuits 1 and/or 2 are generally provided with
      injection and excess pressure limiting devices which are conventional but
      do not concern the construction and operation of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pressurized fluid supply apparatus comprising:
PA1  a closed circuit including a variable delivery pump having a drive shaft
      and no flow-limitation;
PA1  an open circuit including a pump having a delivery conduit and a drive
      shaft, a fluid reservoir and a fluid cooler;
PA1  an engine for driving said pumps and having an output shaft to which are
      coupled said drive shafts of said pumps, and
PA1  a flow-limiter arranged in the delivery conduit of said pump of said open
      circuit so as to divide said delivery conduit into two portions and
      comprising a restriction whose configuration is independent of the
      pressure of the fluid in the portion of said delivery conduit immediately
      upstream of said flow-limiter.
NUM  2.
PAR  2. Apparatus in accordance with claim 1, wherein said flow-limiter is
      provided with manually operable control means.
NUM  3.
PAR  3. Apparatus in accordance with claim 1, wherein said flow-limiter is
      provided with automatically operable control means.
NUM  4.
PAR  4. Apparatus in accordance with claim 3, wherein said flow-limiter
      comprises a two-position distributor, return means and an operating ram
      coupled to said distributor, the effects on said distributor of said
      return means and operating ram being opposed to each other, said return
      means urging said distributor into a first position in which the two
      portions of said delivery conduit are placed in communication and said ram
      urging said distributor into a second position in which said two portions
      of said delivery conduit are blocked at said distributor, and a torque
      meter arranged on said output shaft of said engine and coupled to said
      operating ram of said distributor for actuating said ram as soon as the
      value of the torque falls below a predetermined value.
NUM  5.
PAR  5. Apparatus in accordance with claim 3, wherein a centrifugal governor is
      coupled to said output shaft of said engine and is connected to said
      flow-limiter to cause the closure of said flow-limiter as soon as an
      excessive speed of said engine is detected thereby.
NUM  6.
PAR  6. Apparatus in accordance with claim 3, wherein a three-position
      distributor is connected to the two main conduits of said variable
      delivery pump of said closed circuit by two auxiliary conduits and to
      means for operating said flow-limiter by an operating conduit, and is
      coupled to means for controlling the delivery of said variable delivery
      pump, in an intermediate position of said distributor said two auxiliary
      conduits being blocked at said distributor and said delivery control means
      is in a neutral position and in the two extreme positions of said
      distributor said operating conduit is placed in communication with a
      respective one of said auxiliary conduits and said delivery control means
      is in a non-neutral position, such that closure of said flow-limiter is
      caused by an excess pressure of fluid in said auxiliary conduit which is
      in communication with said operating conduit in one of said extreme
      positions of said distributor and which is in communication with the
      intake conduit of said variable delivery pump.
NUM  7.
PAR  7. Apparatus in accordance with claim 3, wherein a three-position
      distributor is connected to the two main conduits of said variable
      delivery pump of said closed circuit by two auxiliary conduits and to
      means for operating said flow-limiter by an operating conduit, and is
      coupled to means for controlling the delivery of said variable delivery
      pump, in an intermediate position of said distributor, said two auxiliary
      conduits being blocked at said distributor and said delivery control means
      is in a neutral position and in the two extreme positions of said
      distributor said operating conduit is placed in communication with a
      respective one of said auxiliary conduits and said delivery control means
      is in a non-neutral position such that closure of said flow-limiter is
      caused by a drop in the pressure of fluid in said auxiliary conduit which
      is in communication with said operating conduit in one of said extreme
      positions of said distributor and which is in communication with the
      delivery conduit of said variable delivery pump.
NUM  8.
PAR  8. Apparatus in accordance with claim 3, wherein said closed circuit
      includes a motor which has two cylinder capacities and a cylinder capacity
      selection means which is connected to said motor by a selection conduit, a
      non-return valve arranged in said selection conduit to permit passage of
      fluid toward said motor, a by-pass conduit connected to said selection
      conduit on either side of said non-return valve and a restriction arranged
      in said by-pass conduit, and wherein said flow-limiter is provided with
      return means and a first operating ram operable to maintain said
      flow-limiter open and a second operating ram operable to close said
      flow-limiter, said first operating ram being connected by a first
      operating conduit to said selection conduit downstream of said non-return
      valve relative to said motor and said second operating ram being connected
      by a second operating conduit to said selection conduit upstream of said
      non-return valve relative to said motor.
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ABST
PAL  Apparatus for adjusting a hydraulic machine driven by an adjustable driving
      motor comprises an adjustment motor which adjusts the machine in one sense
      under one fluid control input dependent upon actual driving motor speed
      and in an opposite sense under an opposing such input supplied at a
      control outlet of a pressure control valve device in dependence upon the
      position of a valve slide thereof urged by the first input against a
      biasing force selectively adjustable in dependence upon desired driving
      motor speed. When the actual speed falls sufficiently relative to the
      desired speed, the slide travels from one position, blocking flow from a
      fluid inlet of the valve device to its control outlet, to another position
      allowing such flow and also allowing the second input thus produced to act
      on the slide, in the same direction as the first does, until the slide
      returns to its initial position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to control apparatus for an adjustable hydraulic
      machine driven by a driving motor which can be set to different desired
      speeds.
PAR  For a drive assembly comprising an internal combustion engine and a
      continuously adjustable hydraulic (hydrostatic) transmission system and,
      optionally, further outputs or power take-offs, control apparatus has been
      proposed which comprises a fluid-operated adjustment motor having an
      adjusting piston which, under the action on one side of the piston of a
      first fluid control input whose pressure is a function of the actual speed
      of the internal combustion engine speed, is displaceable in one direction
      so as to effect the adjustment of an adjustable hydraulic pump or motor of
      the transmission system in one sense, the adjusting piston being
      displaceable in the opposite direction, under the action on an opposite
      side of the piston of a second fluid control input produced if the actual
      speed of the internal combustion engine drops by more than a predetermined
      amount relative to a desired speed to which the engine is set, so as to
      effect adjustment of the relevant hydraulic pump or motor in the opposite
      sense.
PAR  Control apparatus such as described in the preceding paragraph has been
      proposed in German Offenlegungsschrift No. 1,576,317. With this apparatus,
      the desired speed of the internal combustion engine is determined by a
      speed controller which, if the actual engine speed falls below the desired
      speed, channels the pressure of the first fluid control input on to the
      opposite side of the adjusting piston of the fluid-operated adjustment
      motor. Accordingly, the adjustment motor rapidly resets a hydraulic pump
      of the transmission system to zero stroke, i.e. the transmission ratio of
      the transmission system is reset, so as to avoid the overload of the
      internal combustion engine, until its actual speed has once again
      increased to the desired speed. In this way, regulation or control towards
      a predetermined working point, i.e. floating controller action, is
      achieved whereby the internal combustion engine is urged to regain its set
      desired speed with maximum rapidity. However, regulation or control
      arrangements of this kind tend to exhibit the phenomenon of "hunting".
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is accordingly concerned with how the speed of a
      driving motor (e.g. an internal combustion engine) for a hydraulic machine
      in a hydraulic transmission system may be kept constant as far as
      possible, and with how adjustment of the machine, and thus of the
      transmission system, may, in relatively simple manner, be effected
      proportionally to the deviation of the actual speed of the driving motor
      from its desired speed.
PAR  With these aims in view, according to the present invention there is
      provided control apparatus for an adjustable hydraulic machine driven by a
      driving motor which can be set to different desired speeds, comprising:
PA1  a fluid-operated adjustment motor having first and second control inlets
      for first and second fluid control inputs respectively, and having a
      machine-adjustment control member displaceable in one direction under the
      action of the said first fluid control input, to effect adjustment of the
      hydraulic machine in one sense, and displaceable in the opposite direction
      under the action of the said second fluid control input to effect
      adjustment of the hydraulic machine in an opposite sense;
PAR  and a pressure-control valve device comprising:
PA1  a valve housing having first and second fluid inlets, for connection to
      receive a fluid pressure input which provides the said first fluid control
      input and varies with the actual speed of the driving motor, a control
      outlet for connection to the said second control inlet to supply thereto
      the said second fluid control input, and a discharge outlet; portions of
      the housing defining a first control chamber, connected to the said first
      fluid inlet, a second control chamber, connected with the said control
      outlet, a first internal passage, connected between the said second fluid
      inlet and the said control outlet, and a second internal passage connected
      between the said control outlet and the said discharge outlet,
PA1  a displaceable valve slide accommodated in the said housing for
      displacement therein between a first position, in which the slide blocks
      the said first internal passage but leaves the said second internal
      passage open, and a second position, in which the slide blocks the second
      internal passage but leaves the first internal passage open, and
      intermediate positions in which the slide provides partial opening and
      closing of the first and second internal passages; respective portions of
      the slide defining first and second piston faces respectively located in
      the said first and second control chambers and each facing in a direction
      from the said first position to the said second position, whereby the
      slide is urged in the direction from its said second position to its said
      first position by fluid pressure in the said first control chamber and is
      additionally urged in that direction, when the control slide is in its
      said second position, by fluid pressure in the said second control
      chamber,
PA1  and adjustable biasing means acting upon the said valve slide to apply
      thereto a force, selectively adjustable in dependence upon the desired
      speed of the said driving motor, urging the said valve slide from its said
      first position to its said second position; whereby a fall of the actual
      speed of the driving motor by more than a predetermined amount relative to
      a selected desired speed of the driving motor initiates compensatory
      adjustment of the hydraulic machine by way of the said adjustment motor.
PAR  It will be appreciated that such control apparatus may be employed for
      adjustment of an adjustable hydraulic machine in a drive assembly
      comprising, in addition to the control apparatus and the adjustable
      hydraulic machine, a further hydraulic machine, a hydraulic pressure line
      extending between the hydraulic machines to establish a hydraulic driving
      connection between these machines, and a driving motor, for example an
      internal combustion engine, which is settable to different desired speeds
      and is arranged in mechanical driving connection with a selected one of
      the hydraulic machines. For supplying the above-mentioned first and second
      fluid inlets of the pressure control valve device with a fluid pressure
      input which provides the above-mentioned first fluid control input for the
      fluid-operated adjustment motor and varies with the actual speed of the
      driving motor, the drive assembly may include an auxiliary pump having a
      fluid pressure outlet which is connected with the above-mentioned first
      control inlet of the adjustment motor and with the first and second fluid
      inlets of the pressure control valve device, in which case the driving
      motor is arranged additionally in mechanical driving connection with the
      auxiliary pump so that the adjustment motor and the pressure control valve
      device are supplied with the required fluid pressure input from the fluid
      pressure outlet of the auxiliary pump.
PAR  With control apparatus embodying the invention the selectively adjustable
      force applied by the adjustable biasing means to the valve slide, and thus
      the pressure of the second fluid control input supplied to the
      fluid-operated adjustment motor from the control outlet of the pressure
      control valve device, can either be set to be constant or can be adjusted
      jointly with a speed-adjusting lever of the driving motor (e.g. a gas
      pedal in the case of an internal combustion engine). The biasing means may
      for example comprise a spring acting on the valve slide, in the direction
      from its above-mentioned first position to its above-mentioned second
      position, with a selectively adjustable resilient biasing force.
PAR  Further, control apparatus embodying the invention makes it possible to
      effect adjustment of a hydraulic transmission system in proportional
      dependence upon variation in the speed of an internal combustion engine
      driving a hydraulic machine of the system, inasmuch as the pressure of the
      second fluid control input which the fluid-operated adjustment motor is
      supplied with from the control outlet of the pressure control-valve device
      builds up proportionally to the speed variation of the internal combustion
      engine. What takes place is so-called proportional control or proportional
      action control.
PAR  The pressure control valve device employed in control apparatus embodying
      the invention may be constructed in a manner permitting rapid response of
      the control apparatus without the occurrence of hunting.
PAR  For a better understanding of the invention, and to show how it may be
      carried into effect, reference will now be made, by way of example, to the
      accompanying drawings.
PAR  Other objects, advantages and features of the invention will become readily
      apparent from the following detailed description of one embodiment which
      is presented in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates, schematically and partly in section, a drive assembly
      incorporating a hydraulic transmission system and one possible form of
      control apparatus embodying the present invention, and
PAR  FIG. 2 illustrates, schematically and in section, a pressure control valve
      device forming part of that control apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The hydraulic transmission system of the drive assembly illustrated in FIG.
      1 comprises an adjustable hydraulic pump 1 and a hydraulic motor 2
      connected together to form a hydraulic circuit by hydraulic pressure lines
      3 and 4. The pump 1 is driven by an internal combustion engine 5
      simultaneously driving an auxiliary pump 6 for generating a first
      hydraulic control input for effecting adjustment of the pump 1 by means of
      a hydraulic adjustment motor 7. The hydraulic adjustment motor 7 comprises
      an adjusting piston 8 centered in a housing by springs 9 and 10
      respectively acting on opposite sides of the piston. The piston 8 is
      displaceable in one direction under the action of hydraulic pressure in a
      variable-volume working space bounded by one side of the piston and having
      a control inlet connected to a hydraulic control line 11, and is
      displaceable in the opposite direction under the action of hydraulic
      pressure in a variable-volume working space bounded by the other side of
      the piston and having a control inlet connected to a hydraulic control
      line 12. Depending on whether the pump 1 is to be adjusted in one sense of
      hydraulic delivery or the other, i.e. on whether high pressure is to be
      produced in the line 3 or the line 4 and, accordingly, on whether the
      hydraulic motor 3 is to rotate in one direction or the other, the first
      hydraulic control input for the hydraulic adjustment motor 7 is supplied
      from the hydraulic pressure outlet of the auxiliary pump 6, by way of a
      line 13 and a pressure control valve device 14 which will be described
      below, to one or other of the hydraulic control lines 11 and 12, as
      determined by the prevailing condition of a direction-of-rotation control
      valve 15 interposed between the valve device 14 and the lines 11 and 12.
PAR  The hydraulic pump 1 may be an adjustable axial machine, in which case the
      hydraulic adjustment motor 7 may be arranged to cause pivoting of the pump
      in either sense from a zero-stroke plane. However, the adjustment motor 7
      need not be mechanically coupled with the pump 1 to effect adjustment
      thereof directly. The motor 7 may for example be a servo motor for
      indirect adjustment of the pump 1, the piston 8 then being a servo piston.
PAR  As indicated in FIG. 2, the pressure control valve device 14 comprises a
      valve slide 16 arranged displaceably in a valve housing. At one end, the
      valve slide 16 is loaded by adjustable biasing means in the form of an
      adjustably arranged spring 17, and at its opposite end has a first piston
      face 18. The spring 17 determines, by the force it exerts on the valve
      slide 16, the desired speed of the internal combustion engine 5. The
      spring 17 bears, for this purpose, on an adjustable support member 19 (see
      FIG. 1) which is coupled by coupling means 20 with, for example, a
      speed-adjusting lever 21 of the internal combustion engine 5. The piston
      face 18 of the valve slide 16 is located in a first control chamber 22
      defined in the valve housing. A second piston face 23 of the valve slide
      16 is located in a second control chamber 24 defined in the valve housing,
      the piston face 23 facing in the same direction as the piston face 18. The
      valve housing also defines further control chambers 25, 27, 29 and 31. The
      control chambers 22 and 25 are respectively provided with first and second
      hydraulic inlets each connected to the line 13, the control chamber 25
      also having a hydraulic outlet connected to a line 33 leading to the
      control valve 15. The control chamber 27 is provided with a control outlet
      which is connected to a line 34 also leading to the control valve 15. The
      control chambers 24 and 31 are respectively provided with inlets which are
      connected to the control outlet of the chamber 27, while the control
      chamber 29 is provided with a discharge outlet connected with a drain or
      tank 35. With the valve slide 16 in a first position, i.e. the illustrated
      position, a first control portion of the slide providing a control edge 26
      blocks a first internal passage between the control chambers 25 and 27,
      i.e. between the hydraulic inlet of the chamber 25 and the control outlet
      of the chamber 27, while a second control portion of the slide providing a
      control edge 32 leaves open a second internal passage between the control
      chambers 31 and 29, i.e. between the control outlet of the chamber 27 and
      the discharge outlet of the chamber 29. When displaced, to the left as
      seen in the Figures, to a second position, however, the above-mentioned
      first control portion of the slide leaves the above-mentioned first
      internal passage open while the above-mentioned second control portion of
      the slide blocks the above-mentioned second internal passage. In one
      condition of the control valve 15 the outlets of the control chambers 25
      and 27 are respectively connected by the lines 33 and 34 to the lines 11
      and 12, while in another condition of the valve 15 the connections between
      the lines 33 and 34 and the lines 11 and 12 are reversed.
PAR  The mode of operation of the illustrated drive assembly is as follows:
PA1  Via the line 13, the auxiliary pump 6 supplies a hydraulic control input to
      the control chambers 22 and 25 whose pressure is dependent upon the actual
      speed of the internal combustion engine 5. The pressure of the hydraulic
      control input supplied to the control chamber 22 acts on the piston face
      18 of the valve slide 16 to urge the slide against the spring 17, i.e. out
      of its illustrated, first position. The desired maximum value of the
      pressure of the hydraulic control input supplied to the control chambers
      22 and 25 is, corresponding to the desired speed of the internal
      combustion engine 5, either adjusted to be constant via the spring 17, or
      is adjusted in dependence upon the speed-adjusting lever 21 of the
      internal combustion engine. For as long as the hydraulic pressure in the
      line 13 and the force of the spring 17 are in equilibrium, the valve slide
      16 remains in its illustrated, first position. By way of the control
      chamber 25 and the line 33 the hydraulic control input from the auxiliary
      pump 6 is supplied to the control valve 15 and, through the latter, via
      one of the lines 11 and 12 to one of the working spaces bounded by the
      adjusting piston 8, depending on the particular condition in which the
      control valve 15 happens to be placed. The other working space of the
      adjustment motor 7 is, via the other of the lines 12 and 11, the control
      valve 15, the line 34, the control chamber 31 and the control chamber 29,
      connected with the drain or pressureless tank 35. The hydraulic control
      input supplied to the hydraulic adjustment motor 7 from the auxiliary pump
      6 by way of the line 33 acts on the adjusting piston 8, in opposition to
      one or other of the springs 9 and 10, so as to adjust the piston 8 to an
      extent dependent upon the pressure of this control input and thus on the
      drive speed of the internal combustion engine 5. With increasing such
      pressure, i.e. with increasing speed of the internal combustion engine 5,
      the pump 1 is adjusted by the hydraulic adjustment motor 7 in the sense of
      increased hydraulic delivery and, therewith, in the sense of higher speed
      of the hydraulic transmission system.
PAR  If the pressure of this hydraulic control input to the adjustment motor 7
      falls, on account of a speed reduction of the internal combustion engine 5
      resulting from excessively high torque take-off at the hydraulic
      transmission system, then the force exerted by the spring 17 on the valve
      slide 16 predominates over the pressure acting in the control chamber 22
      on the piston face 18. Accordingly, the valve slide 16 is pushed, towards
      the left as seen in the drawing, into its above-mentioned second position
      in which the control edge 32 blocks the line 34 from the drain tank 35,
      i.e. the control chamber 31 is closed, and the control edge 26 allows
      hydraulic fluid from the control chamber 25 to pass into the control
      chamber 27 and thus into the line 34 to provide a further hydraulic
      control input for the hydraulic adjustment motor 7. Simultaneously, the
      hydraulic pressure building up in the line 34 acts in the control chamber
      24 on the piston face 23 so as to urge the valve slide 16 back towards its
      first position, i.e. towards the right in the drawing, in opposition to
      the spring 17.
PAR  Thus, the pressure of the further hydraulic control input supplied by way
      of the line 34 builds up to a value sufficiently high to produce the
      result that, in concert with the hydraulic pressure acting on the piston
      face 18 in the control chamber 22, it displaces the valve slide 16 against
      the action of the spring 17, approximately at least, into the starting
      position shown. Simultaneously, the further hydraulic control input
      supplied via the line 34 passes, depending on the prevailing condition of
      the control valve 15, via the one of the lines 11 and 12 not connected
      with the line 33, to that working space of the hydraulic adjustment motor
      7 which is not connected with the line 33. This further hydraulic control
      input acts on the adjusting piston 8 so as to bring about adjustment of
      the pump 1 in the sense of reduced pump delivery - corresponding to
      reduced torque take-up of the pump. The torque take-up of the pump is,
      thus, reduced in proportion to the speed reduction of the internal
      combustion engine 5.
PAR  To those skilled in the art to which this invention relates, many changes
      in construction and widely differing embodiments and applications of the
      invention will suggest themselves without departing from the spirit and
      scope of the invention. The disclosures and the description herein are
      purely illustrative and are not intended to be in any sense limiting.
CLMS
STM  I claim:
NUM  1.
PAR  1. Control apparatus for an adjustable hydraulic machine driven by a
      driving motor which can be set to different desired speeds, comprising:
PA1  a fluid-operated adjustment motor having first and second control inlets
      for first and second fluid control inputs respectively, and having a
      machine adjustment control member displaceable in one direction under the
      action of the said first fluid control input, to effect adjustment of the
      hydraulic machine in one sense, and displaceable in the opposite direction
      under the action of the said second fluid control input to effect
      adjustment of the hydraulic machine in an opposite sense;
PA1  and a pressure control valve device comprising:
PA1  a valve housing having first and second fluid inlets, for connection to
      receive a fluid pressure input which provides the said first fluid control
      input and varies with the actual speed of the driving motor, a control
      outlet for connection to the said second control inlet to supply thereto
      the said second fluid control input, and a discharge outlet; portions of
      the housing defining a first control chamber, connected to the said first
      fluid inlet, a second control chamber, connected with the said control
      outlet, first internal passage, connected between the said second fluid
      inlet and the said control outlet, and a second internal passage connected
      between the said control outlet and the said discharge outlet,
PA1  a displaceable valve slide accommodated in the said housing for
      displacement therein between a first position, in which the slide blocks
      the said first internal passage but leaves the second internal passage
      open, a second position, in which the slide blocks the second internal
      passage but leaves the first internal passage open, and intermediate
      positions in which the slide provides partial opening and closing of the
      first and second internal passages; respective portions of the slide
      defining first and second piston faces respectively located in the said
      first and second control chambers and each facing in a direction from the
      said first position to the said second position, whereby the slide is
      urged in the direction from its said second position to its said first
      position by fluid pressure in the said control chamber and is additionally
      urged in that direction, when the control slide is in its said second
      position, by fluid pressure in the said second control chamber,
PA1  and adjustable biasing means acting upon the said valve slide to apply
      thereto a force, selectively adjustable in dependence upon the desired
      speed of the said driving motor, urging the said valve slide from its said
      first position to its said second position; whereby a fall of the actual
      speed of the driving motor by more than a predetermined amount relative to
      a selected desired speed of the driving motor initiates compensatory
      adjustment of hydraulic machine by way of the said adjustment motor.
NUM  2.
PAR  2. A drive assembly comprising:
PA1  a continuously adjustable hydraulic transmission system comprising a first
      hydraulic machine which is adjustable, a second hydraulic machine, and a
      hydraulic pressure line extending between the first and second hydraulic
      machines to establish a hydraulic driving connection therebetween;
PA1  an auxiliary pump having a fluid pressure outlet;
PA1  a driving motor, settable to different desired driving speeds, arranged in
      mechanical driving connection with a selected one of the said first and
      second hydraulic machines and in mechanical driving connection with the
      said auxiliary pump, whereby there is provided at the said fluid pressure
      outlet a fluid pressure output which varies with the actual driving speed
      of the driving motor;
PA1  a fluid-operated adjustment motor having first and second control inlets
      for first and second fluid control inputs respectively, and having a
      machine adjustment control member displaceable in one direction under the
      action of the said first fluid control input, to effect adjustment of the
      said first hydraulic machine in one sense, and displaceable in the
      opposite direction under the action of the said second fluid control
      input, to effect adjustment of the said first hydraulic machine in an
      opposite sense;
PA1  and a pressure control valve device comprising,
PA1  a valve housing having first and second fluid inlets connected with the
      said fluid pressure outlet to receive a fluid pressure input which
      provides the said first fluid control input and varies with the actual
      speed of the driving motor, a control outlet for connection to the said
      second control inlet to supply thereto the said second control input, and
      a discharge outlet; portions of the housing defining a first control
      chamber, connected to the said first fluid inlet, a second control
      chamber, connected with the said control outlet, a first internal passage,
      connected between the said second fluid inlet and the said control outlet,
      and a second internal passage connected between the said control outlet
      and the said discharge outlet;
PA1  a displaceable valve slide accommodated in the said housing for
      displacement therein between a first position, in which the slide blocks
      the said first internal passage but leaves the said second internal
      passage open, and a second position, in which the slide blocks the second
      internal passage but leaves the first internal passage open; respective
      portions of the slide defining first and second piston faces respectively
      located in the said first and second control chambers and each facing in a
      direction from the said first position to the said second position,
      whereby the slide is urged in the direction from its said second position
      to its said first position by fluid pressure in the first control chamber
      and is additionally urged in that direction, when the valve slide is in
      its said second position, by fluid pressure in the second control chamber,
PA1  and adjustable biasing means acting upon the said valve slide to apply
      thereto a force, selectively adjustable in dependence upon the desired
      speed of the said driving motor, urging the said valve slide from its said
      first position to its said second position; whereby a fall of the actual
      speed of the driving motor by more than a predetermined amount relative to
      a selected desired speed of the driving motor initiates compensatory
      adjustment of the said fluid operated adjustment motor.
NUM  3.
PAR  3. A drive assembly as claimed in claim 2, wherein the said driving motor
      is an internal combustion engine.
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ABST
PAL  A thermal actuator has means for containing a vaporizable liquid and means
      for vaporizing the liquid. Means is provided for supplying only a portion
      of the liquid to the vaporizing means to affect vaporization thereof and
      for subjecting the remaining liquid in the containing means to the vapor
      established upon vaporization of the liquid portion by the vaporizing
      means. A method of driving a thermal actuator and an actuating system
      including a thermal actuator are also disclosed.
BSUM
PAC  CROSS-REFERENCE TO RELATED PATENT APPLICATION
PAR  This application for patent is related generally to copending U.S. patent
      application Ser. Nos. 433,593 and 433,594 filed Jan. 15, 1974 which are
      specifically incorporated herein by reference.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to control devices as may be used in
      electrical switches or fluid valves or the like and in particular to
      thermal actuators, methods of driving such, and actuating systems in which
      such thermal actuators may be employed.
PAR  In the past, various thermal actuators and actuating systems in which such
      thermal actuators are incorporated have been provided. Most of the past
      thermal actuators, as illustrated for instance in U.S. Pat. No. 2,427,900,
      had a container or boiler with a vaporizable liquid therein adapted to be
      heated by various means well known in the art to vaporize the vaporizable
      liquid, and the boiler was communicated through a relatively small opening
      with an expansible chamber also filled with the vaporizable liquid and
      having a wall free to move in response to changing pressures. When the
      boiler and the liqid therein were heated in response to the occurrence of
      a certain condition to effect the vaporization of the liquid, the
      established vapor increased the pressure in the boiler forcing the liquid
      therefrom through the opening into the expansible chamber moving its
      movable wall for transmitting an actuating or output force to operated
      various electrical switch or fluid valve components. Of course, the boiler
      and expansible chamber were generally thermally insulated from each other
      thereby to effect cooling of the transferred liquid from the heated boiler
      to the relatively cooler environs of the expansible chamber, and upon
      termination of the heating of the boiler in response to the occurrence of
      another certain condition, the transferred liquid returned thereto
      effecting contraction or collapse of the expansible chamber thereby to
      eliminate the output force transmitted by the movable wall of the
      expansible chamber. One of the disadvantageous or undesirable features of
      the past thermal actuators was that it was necessary to heat the entire
      thermal mass of both the boiler and liquid therein to effect the
      vaporization of the liuqid for actuating the thermal actuating means.
      This, of course, resulted in the ancillary disadvantageous or undesirable
      feature of necessarily increasing the size and/or output of the means
      utilized to heat the thermal mass in order to attain operations of the
      thermal actuator at faster rates of response or speeds.
PAC  SUMMARY OF THE INVENTION
PAR  Amoung the several objects of the present invention may be noted the
      provision of thermal actuators, methods of driving a thermal actuator and
      actuating systems including a thermal actuator which overcome the
      disadvantageous or undesirable features mentioned hereinabove, as well as
      others, with respect to the prior art; the provision of such thermal
      actuators, methods, and actuating systems in which only a relatively small
      portion of a thermal mass constituted by a vaporizable liquid and
      container therefor is heated to effect vaporization of the liquid; the
      provision of such thermal actuators, methods, and actuating system in
      which a relatively small portion of the liquid is generally partitioned
      from the remaining liquid in its container and heated to effect the
      vaporization thereof; the provision of such thermal actuators, methods and
      actuating systems in which the container for the liquid may be formed from
      relatively thin, high strength steel; the provisions of such thermal
      actuators, methods, and actuating systems in which the thermal mass may be
      infinitely small; and the provisions of such thermal actuators and
      actuating systems which are simplistic in design, economically
      manufactured, and easily assembled. Other objects and advantageous
      features will be in part apparent and in part pointed out hereinafter.
PAR  In general, a method in one form of the invention is provided for driving a
      driven one of a pair of means for containing a varporizable liquid and
      communicating with each other in a thermal actuator. In this method, the
      liquid is deleivered from the other of the containing means to means
      exteriorly thereof for vaporizing the liquid, and the liquid delivered to
      the vaporizing means is vaporized upon the occurrence of a preselected
      condition. The vapor so created is delevered to the other containing means
      to act on the fluid therein and effect its displacement for driving the
      driven one of the containing means, and at least a part of the displaced
      liquid is utilized for replenishing at least in part the liquid vaporized
      by the vaporizing means.
PAR  Also in general, a method in one form of the invention is provided for
      operating a thermal actuator having one of a pair of means for containing
      a vaporizable fluid adapted to be driven by it. The steps of this method
      include: vaporizing at least a portion of the fluid generally in open
      fluid flow communication with means for vaporizing it; and subjecting the
      fluid in the other of the containing means to the vapor created during the
      vaporizing step for displacing the fluid from the other containing means
      to the one of the containing means to drive it and replenishing at least
      in part the liquid portion vaporized during the vaporizing step with
      another part of the fluid displaced from the other containing means.
PAR  Further in general, a method in one form of the invention is provided for
      operating a thermal actuator having one of a pair of means for containing
      a vaporizable liquid adapted to be driven by it. The steps of this method
      include: partitioning a portion of the liquid in the other of the
      containing means from the remaining liquid therein and providing fluid
      flow comminication between the liquid portion and the remaining liquid;
      vaporizing at least a part of only the liquid portion; and subjecting the
      remaining liquid to the vapor created the vaporizing step for displacing
      at least a part of the remaining liquid from the other containing means to
      the one of the containing means for driving it and replenishing the liquid
      portion with another portion of the remaining liquid to replace the at
      least part of the liquid portion upon the vaporization thereof during the
      vaporizing step.
PAR  Still in general, a method in one form of the invention is provided for
      making means for containing a vaporizable fluid and adapted for use in a
      thermal actuator. The steps of this method include: disposing within a
      chamber of the containing means means for partitioning a portion of the
      chamber from another portion thereof and providing at least limited fluid
      flow communication between the partitioned portion and the other portion
      generally below a selected fill level for the fluid adapted to be received
      in the chamber; and mounting to the containing means in a predetermined
      position with respect to the partitioned portion of the chamber means
      adapted for effecting vaporization of only the fluid received within the
      partitioned portion of the chamber.
PAR  Still further in general, another method in one form of the invention is
      provided for making means for containing a vaporizable fluid and adapted
      for use in a thermal actuator. The steps of this method includes: mounting
      to the containing means means for vaporizing the fluid adapted to be
      received in a chamber of the containing means with at least a part of the
      vaporizing means extending into the chamber; and disposing within the
      chamber generally loosely about the at least part of the vaporizing means
      therein means for partitioning a portion of the chamber from another
      portion thereof and for providing flow communication for the fluid adapted
      to be received in the chamber between the partitioned portion and the
      other portion thereof generally below a selected fluid fill level for the
      containing means.
PAR  In general and in one form of the invention, a thermal actuator has a pair
      of means for containing a vaporizable fluid and means for vaporizing the
      fluid delivered thereto. Means is provided for communicating the
      containing means and the vaporizing means and for delivering the fluid
      from one of the containing means to both the vaporizing means and the
      other of the containing means, the other containing means being driven in
      response to the fluid delivered thereto. Means is also provided for
      subjecting the fluid in the one containing means to the vapor established
      upon the vaporization of at least a part of the fluid delivered to the
      vaporizing means. The vapor acts on the fluid in the one containing means
      to effect the displacement of the fluid therefrom to the other containing
      means for driving it and also to the vaporizing means for replenishing at
      least in part the fluid vaporized thereby.
PAR  Also in general and in one form of the invention, another thermal actuator
      has means for containing a vaporizable fluid adapted to be displaced
      therefrom, and means is disposed within the containing means for
      partitioning a portion thereof from another portion of the containing
      means. Means is provided for communicating the partitioned portion and the
      other portion to maintain the respective levels of the fluid therein
      generally coextensive with each other at all times, and means is also
      provided for effecting the vaporization of only the fluid in the
      partitioned portion. The vapor created in response to the vaporization of
      only the fluid in the partitioned portion by the vaporization effecting
      means acts on the fluid to effect a flow of at least a part thereof from
      the other portion through the communicating means into the partitioned
      portion to replenish at least in part the fluid vaporized therefrom and to
      effect the displacement of at least another part of the fluid from the
      containing means.
PAR  In general, an actuating system in one form of the invention has a driven
      device and a pair of means for containing a vaporizable fluid and
      communicating in fluid flow relation with each other. Means is provided
      for vaporizing the fluid delivered thereto upon the occurrence of a
      preselected condition, and means is also provided for delivering the fluid
      from one of the containing means to the vaporizing means and subjecting
      the fluid in the one containing means to vapor established upon the
      vaporization of at least a part of the fluid delivered to by the
      vaporizing means. The vapaor acts on the fluid in the one containing means
      to effect the displacement of the fluid therefrom through the delivery and
      subjecting means to the vaporizing means for replenishing at least in part
      the fluid vaporized thereby and also to effect the displacement of the
      fluid from the one containing means to the other of the containing means.
      The other containing means includes means responsive to the fluid
      displaced from the one containing means to the other containing means for
      driving the driven device.
PAR  Also in general, another actuating system in one form of the invention has
      a driven device and a pair of means for containing a vaporizable fluid and
      generally in open fluid communication with each other. Means is disposed
      within one of the containing means for partitioning a portion thereof from
      another portion of the one containing means. Means is provided for
      communicating the fluid in the partioned portion of the one containing
      means with the fluid in the other portion thereof, and means is also
      provided for vaporizing only the fluid in the partitioned portion. The
      vapor created upon the vaporization of only the fluid in the partitioned
      portion by the vaporizing means acts on the fluid to effect a flow of at
      least a part thereof from the other portion into the partitioned portion
      to replenish at least in part the fluid vaporized therefrom and to effect
      a displacement flow of at least another part of the fluid from the one
      containing means to the other of the containing means. The other
      containing means includes means operable generally in response to the
      displacement flow of the at least another part of the fluid for driving
      the driven device.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of a thermal actuator in an actuating system
      therefor respectively in one form of the present invention and
      illustrating principles of a method of practicing the present invention
      also in one form thereof;
PAR  FIG. 2 is a sectional view of an alternative thermal actuator in an
      alternative actuating system therefor respectively in one form of the
      present invention and illustrating principles of an alternative metnod of
      practicing the present invention also in one form thereof;
PAR  FIGS. 3 and 5 are sectional views of other alternative thermal actuators
      also embodying the present invention for use in the actuating system of
      FIG. 2; and
PAR  FIG. 4 is a sectional view taken along line 4--4 in FIG. 3; and
DETD
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawings.
PAR  The following examples illustrate the invention and are not to be construed
      as limiting in any manner.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now in general to the drawings, a method in one form of the
      invention is illustrated for driving a driven one of a pair of means, such
      as bulbs 1, 1a, 1b and 1c (FIGS. 1-3 respectively) and a bellows 3, for
      containing a vaporizable liquid 5, such as an alcohol or other suitable
      vaporizable liquids well known in the art, and also communicated with each
      other in thermal actuators 7, 7a, 7b and 7c (FIGS. 1-3 respectively). In
      this method, only a portion, as indicated generally at 9, of liquid 5 in
      bulbs 1, 1a 1b, 1c is conducted to vaporizing means, indicated generally
      at 11, 11a, 11b and 11c (FIGS. 1-3 respectively) for vaporizing it, and
      the liquid portion is then vaporized by the vaporizing means under
      preselected conditions. The vapor so created upon the vaporization of
      liquid portion 9 is reacted on liquid 5 in bulbs 1, 1a, 1b, 1c to effect
      displacement thereof for driving bellows 3 and for replenishing, at least
      in part, the liquid portion vaporized by vaporizing means 11, 11a, 11b,
      11c.
PAR  In this method, the volume or amount of liquid portion 9 is relatively
      small as compared with the total or original volume or amount of liquid 5
      in bulbs 1, 1a, 1b, 1c and the volume or amount of the liquid displaced
      from the bulbs for replenishing the liquid portion upon the vaporization
      thereof is also relatively small as compared with the total volume of the
      liquid in the bulbs or even with that displaced to bellows 3. Further, the
      supply of liquid 5 for the replenishing of liquid portion 9 upon the
      vaporization thereof is desirably at a rate generally proportional to the
      rate of vaporization of the liquid portion until substantially all of the
      liquid is displaced from the bulbs 1, 1a, 1b, 1c. In this manner, the
      amount of liquid 5 available for ther replenishing of liquid portion 9
      upon the vaporization thereof is reduced proportionally with the amount of
      the liquid displaced. Generally, it may be noted that the partitioning, at
      least in part, or general thermal isolation of liquid portion 9 for
      vaporization by vaporizing means 11, 11a, 11b, 11c, from the remaining
      liquid 5 in bulbs 1, 1a, 1b, 1c appreciably reduces the total thermal mass
      of thermal actuators 7, 7a, 7b, 7c which must be heated to effect
      vaporization of the liquid portion. Since bulbs 1, 1a, 1b are not heated
      upon the vaporization of liquid portion 9 but instead by the vapor itself,
      it may be desirable from a design, economic and assembly point of view to
      construct such bulbs from relatively thin, high strength steel or other
      metal of similar physical and thermal conductive characteristics. In this
      manner, the thermal mass of thermal actuators 7, 7a, 7b and 7c may be
      infinitely small, as compared with prior art thermal masses, the size
      being dictated only by the volume of liquid 5 necessary for a particular
      thermal actuator.
PAR  Further and in general, there is shown in FIGS. 1-3 thermal actuators 7,
      7a, 7b, 7c, respectively, in one form of the invention which are
      respectively provided with means, such as bulbs 1, 1a, 1b, 1c for
      containing vaporizable liquid 5 and vaporizing means 11, 11a, 11b, 11c.
      Means, such as a conduit, partition or thermal isolator indicated at 13,
      13a and 13b, supplies only liquid portion 9 to vaporizing means 11, 11a,
      11b to effect vaporization thereof anad subjects the remaining liquid 5 in
      bulbs 1, 1a, 1b, 1c to the vapor established upon the vaporization of the
      liquid portion by the vaporizing means.
PAR  Further and still with general reference FIGS. 1-3, there is shown an
      actuating system, indicated generally at 15 and 15a, respectively, in one
      form of the invention having a driven device 17, such as an electrical
      switch or fluid valve or the like, and a pair of means, such as bulbs 1,
      1a, 1b, 1c and bellows 3, for containing vaporizable liquid 5 and
      communicating with each other. Vaporizing means 11, 11a, 11b 11c is
      provided for vaporizing liquid 5 under preselected conditions, and means,
      such as conduits, or partitions 13, 13a, 13b, delivers only the liquid
      portion 9 to the vaporizing means 11, 11a, 11b, 11c and subjects the
      remaining liquid 5 in bulbs 1, 1a, 1b, 1c to vapor established upon
      vaporization of the liquid portion by the vaporizing means. The vapor acts
      on the reamining liquid 5 in bulbs 1, 1a, 1b, 1c to effect displacement
      thereof through conduits 13, 13a, 13b for replenishing, at least in part,
      vaporized liquid portion 9 and also to bellows 3, and the bellows includes
      means, such as a movable wall 19, responsive to the displaced liquid for
      driving driven device 17. As set out hereinafter, bulbs 1, 1a, 1b, 1c are,
      for purpose of discussion, disclosed as being partially filled with liquid
      5; however, it is understood that the bulbs and also systems 15, 15a could
      be completely filled with the liquid which is contemplated as being within
      the scope of the invention.
PAR  More particularly and with reference now only to FIG. 1, bulb 1 of thermal
      actuator 7 is provided with a generally annular side wall 21 which is
      tapered at 23 to define an aperture 25, and a closure member or top 27
      having another aperture 29 therein is secured to the side wall adjacent
      the upper end thereof by suitable means well known to the art, such as
      brazing or soldering (not shown). As previously mentioned, bulb 1 may be
      formed of relatively thin, high strength steel.
PAR  Conduit 13 is associated with vaporizing means 11 externally of bulb 1, and
      a pair of opposite or upper and lower ends or end portions 31, 33 of the
      conduit are secured within apertures 25, 29 of the bulb by suitable means,
      such as brazing or soldering (not shown), thereby to open into
      communication with the interior chamber of the bulb generally below and
      above a predetermined fill level L of liquid 5 therein, respectively.
      While bulb 1 is only partially filled with liquid 5, as illustrated by
      preselected liquid fill level L, it is contemplated that the bulb could be
      filled with liuid, as previously mentioned, to a fill level just beneath
      or generally coextensive with the opening in upper end portion 33 of
      conduit 13.
PAR  Vaporizing means 11 is provided with means, such as a positive temperature
      coefficient resistor (PTCR) 35, disposed in heat transfer relation with
      conduit 13 for heating only liquid portion 9 therein to a temperature
      effecting its vaporization, and thermal conductive means, such as a tube
      of metal or metallic foil 37 having relatively high heat transfer on
      conduction properties, is disposed about the conduit generally along a
      predetermined length thereof and vertically opposite bulb 1. PTCR 35 is
      connected in leads 39 of an electrical circuit (not shown) which is
      adapted to be energized under preselected conditions to effect the
      energization and resultant heating of the PTCR, as is well known in the
      art. It may be noted that the portion of conduit 13 along which conductive
      tube 37 extends is generally vertical and parallel with bulb 1, and the
      air space therebetween forms a thermal insulator or barrier generally
      preventing heat transfer from the conductive tube to the bulb.
      Furthermore, conductive tube 37 preferably extends along conduit 13 a
      length great enough to accommodate a generally commensurate reduction of
      the level of liquid portion 9 in the conduit with that of liquid 5 in bulb
      upon the occurrence of vaporization of the liquid portion, as discussed
      hereinafter. In this manner, sufficient heat transfer from PTCR 35 through
      conductive tube 37 is provided to liquid portion 9 irrespective of the
      level thereof in conduit 13.
PAR  Conduit 13 branches at 41, and the branch conduit 41 communcates bulb 1
      with bellows 3. Bellows 3 is provided with an annular, expansible,
      resilient member 43 which is secured between movable member or end plate
      or wall 19 and a stationary member or end plate or wall 45 by suitable
      means, such as brazing or soldering (not shown), and the stationary end
      plate 45 and a bellows mounting plate 47 may be mounted by suitable means
      (not shown) to a support therefor shown schematically at 49. An expansible
      chamber 51 is defined in bellows 3 within expansible member 43 and between
      movable and stationary end plates 19, 45, and the chamber is adapted to be
      completely filled with liquid 5. To complete the description of thermal
      actuator 7, branch conduit 41 extends through support 49, mounting plate
      47 and stationary end plate 45 into chamber 51, and the end of the branch
      conduit is secured to bellows stationary plate 45 by suitable means, such
      as soldering or brazing (not shown).
PAR  As previously mentioned, thermal actuator 7 is utilized in actuating system
      15, and to this end, an acutuating, connection or drive link 53 is
      drivingly disposed between movable end plate 19 of bellows 3 and driven
      device 17 for effecting the driving actuation thereof. To complete the
      description of actuating system 15, means, such as an orifice or
      restriction 55, for preventing reverse surge of liquid 5 from bellows
      chamber 51 through branch conduit 55 is provided in branch conduit 41
      between bellows 3 and bulb 1.
PAR  In the operation of thermal actuator 7 and actuating system 15 when PTCR 35
      is energized under preselected conditions, heat is conductively
      transferred therefrom through conductive tube 37 at least to that portion
      of conduit 13 embraced thereby for heating only liquid portion 9. When the
      temperature necessary to effect vaporization of heated liquid portion 9 is
      attained, the vapor so created upon the vaporization of the liquid portion
      flows through conduit 13 and upper end portion 33 thereof generally from
      vaporizing means 11 into the upper end of bulb 1, and the expansion of the
      vapor effects a corresponing increase in pressure within thermal actuator
      7. As previously mentioned, the heat of the vapor may be utilized to heat
      bulb 1. The pressure of the vapor in bulb 1 acts on liquid 5 therein to
      establish a force which effects displacement of the liquid from the bulb
      through lower end portion 31 of conduit 13 for replenishing, at least in
      part, liquid portion 9 in the conduit which is continuously being
      vaporized by vaporizing means 11 to increase the pressure of the vapor
      established upon such vaporization. Liquid 5 is also displaced from bulb 1
      through branch conduit 41 into expansible chamber 51 of bellows 3 acting
      on the effective area thereof to establish an output force which moves
      movable end plate 19 of the bellows and drive link 53 in a direction to
      drivingly actuate driven device 17. It may be noted that the generally
      cyclical operation of thermal actuator 7 for replenishing the supply of
      liquid portion 9 upon the vaporization thereof to estabish vapor for
      displacing liquid 5 from bulb 1 will continue until the liquid portion in
      conduit 13 and the liquid in the bulb are coincidentally reduced to
      generally coextensive minimum levels. At this minimum level, liquid
      portion 9 in conduit 13 is generally adjacent to the lower end of
      conductive tube 37 thereby obviating the conduction of a sufficient amount
      of heat to the rather small volume of the liquid portion presented for
      heating; therefore, vaporization of the liquid portion is reduced to, in
      effect, stabilize actuating system 15.
PAR  During reset of thermal actuator 7 and actuating system 15 upon
      de-energization of PTCR 35 under other preselected conditions, the vapor
      in bulb 1 and conduit 15 begins to cool effecting condensation of a slight
      amount of vapor therein which results in a corresponding slight decrease
      of the pressure within the bulb. Upon this slight decrease of pressure in
      bulb 1, the relatively cooler liquid 5 in bellows 3 flows therefrom
      through branch conduit 41 and lower end portion 31 of conduit 13 returning
      to the bulb thereby to generally equalize the pressure between the bulb
      and the bellows. This return flow of relatively cooler liquid 5 causes
      immediate additional condensation in bulb 1 by chilling the vapor therein
      thus effecting further pressure differentials between bulb 1 and bellows 3
      and causing more liquid return flow from the bellows to the bulb in an
      attempt to effect pressure equalization therebetween. In this manner,
      condensation of vapor in bulb 1 is rather rapid since the return flow of
      relatively cooler liquid 5 from bellows 3 continues to chill the vapor
      until the bulb is again filled to its fill level L. Of course, the rise in
      level of liquid portion 9 in conduit 13 is generally commensurate with
      that of liquid 5 in bulb 1, but since PTCR 35 is de-energized,
      vaporization of liquid portion 9 is obviated. To complete the description
      of the operation of thermal actuator 7 and actuating system 15, the
      pressure drop or reduction in the thermal actuator upon the return flow of
      relatively cooler liquid 5 to bulb 1, as previously described, creates a
      corresponding reduction in the output force of bellows 3 to effect
      de-actuation of driven device 17.
PAR  Referring now with particularity to FIG. 2, thermal actuator 7a and
      actuating system 15a are shown having generally the same component parts
      and functioning generally in the same manner as the previously described
      thermal actuator 7 and actuating system 15 with the following exceptions.
PAR  Bulb 1a of thermal actuator 7a is provided with an annular side wall 61
      having an integrally formed, generally dome-shaped upper end portion 63,
      and an aperture 65 is centrally provided through the upper end portion 63.
      A closure or lower end member 67 having a centrally located aperture 69
      therethrough is secured to side wall 61 of bulb 1a adjacent the lower end
      thereof by suitable means well known to the art, such as brazing or
      soldering (not shown), and as previously mentioned, component parts of the
      bulb may, if desired, be formed from relatively thin, high strength steel
      or other material of similar physical and thermal characteristics. A
      standpipe 71, which extends through bellows stationary end plate 45,
      mounting plate 47 and support 49 into bellows chamber 51, has its lower
      end secured to the bellows stationary end plate by suitable means, such as
      brazing or soldering (not shown), while the upper end of standpipe is
      secured within aperture 69 of bulb closure member 67 by the same suitable
      means (not shown). Orifice or restriction 55 is provided in standpipe 71
      between bulb 1 and bellows 3.
PAR  Vaproizing means 11a includes a thermal conductor, such as a rod 73 of
      metal having relatively high heat transfer or conduction characteristics,
      which extends downwardly through aperture 65 in bulb upper end portion 63
      and generally centrally into bulb 1a into heat transfer relation with
      liquid portion 9, as discussed hereinafter. The upper end of conductive
      rod 73 is secured within aperture 65 of bulb upper end portion 63 by
      suitable means, such as brazing or soldering (not shown), and means, such
      as PTCR 35, for heating the conductive rod is mounted on the upper end
      thereof externally of bulb 1a in heat transfer or conductive relation with
      the rod.
PAR  Conduit or partition 13a of preselected length consititutes a means for at
      least partially partioning or thermally isolating liquid portion 9 and at
      least a part of conductive rod 73 from the remaining liquid 5 in bulb 1a,
      and the conduit is preferably formed of a material having relatively great
      thermal insulating properties and which is generally compatible with the
      particular vaporizable liquid utilized in thermal actuator 7a. A bore or
      passage 75 is provided through conduit 13a having upper and lower openings
      or open end portions 77, 79 which communicate with bulb 1a generally
      aabove and beneath the preselected fill level L of liquid 5 in the bulb.
      Bore 75 of conduit 13a may be of any preselected diameter which is great
      enough to receive conductive rod 73 therein and accommodate the necessary
      amount or volume of liquid portion 9 between the conductive rod and the
      side wall of the conduit. While conduit 13a is shown as generally
      cylindric, other shapes are contemplated as being within the scope of the
      invention. Lower end portion 79 of conduit 13a is movably disposed on bulb
      closure member 67 extending about standpipe 71, and in this manner
      communication or flow is provided through the conduit lower end portion
      between liquid portion 9, which is generally confined within conduit bore
      75, and the remaining liquid 5 in bulb 1a generally without conduit 13a.
      While conduit 13a is disclosed as being loosely or movably disposed within
      bulb 1a, it is contemplated than an eqivalent conduit could be fixedly
      disposed within the bulb with at least one opening through the side wall
      of the conduit communicating with the bulb above and/or below the
      predetermined liquid fill level thereof, i.e., to effect flow through the
      conduit for vaporization purposes. To complete the description of thermal
      actuator 7a and actuating system 15a, the levels of liquid portion 9
      within bore 75 of conduit 13a and the remaining liquid 5 in bulb 1a remain
      generally coextensive with other and reduce generally coincidentally with
      each other.
PAR  In the operation of thermal 7a and actuating system 15a when PTCR 35 is
      energized under preselected conditions, heat is conductively transferred
      therefrom through conductive rod 73 to heat only liquid portion 9 within
      bore 75 of conduit 13a, and vapor effected upon vaporization of the liquid
      portion as discussed hereinafter. Insignificant heat conduction due to
      engagement of conduit 13a and closure member 67 or the like may occur.
      When the temperature necessary to effect vaporization of heated liquid
      portion 9 is attained, the vapor so created upon the vaporization of the
      liquid portion flows through bore 75 of conduit 13a and the open upper end
      portion 77 thereof into the upper end of bulb 1a, and the expansion of the
      vapor effects a corresponding increase in pressure within thermal actuator
      7a. The pressure of the vapor in bulb 1a acts on liquid 5 therein to
      establish a force which effects displacement of the liquid from the bulb
      through the open lower end portion 79 of conduit 13a into bore 75 thereof
      for replenishing, at least in part, liquid portion 9 within the conduit
      bore which is continuously being vaporized by vaporizing means 11a to
      increase the pressure of the vapor established upon such vaporization.
      Liquid 5 is also displaced from bulb 1a through standpipe 71 to effect
      actuation of bellows 3 driven device 17 of actuating system 15a in the
      same manner as previously described with respect to thermal actuator 7 and
      actuating system 15.
PAR  It may be noted that the generally cyclical operation of thermal actuator
      7a for replenishing the supply of liquid portion 9 within bore 75 of
      conduit 13a upon the vaporization of the liquid portion to estabish vapor
      for displacing the remaining liquid 5 from bulb 1a will continue until the
      liquid portion within the conduit bore and the remaining liquid in the
      bulb are coincidentally reduced to generally coextensive minimum levels.
      At this minimum level, liquid portion 9 within bore 75 of conduit 13a is
      generally adjacent conduit lower end portion 79 and the lower end of
      conductive rod 73 thereby to obviate the conduction of a sufficient amount
      of heat to the rather small volume of the liquid portion presented for
      heating; therefore, vaporization of the liquid portion by vaporizing means
      11a is reduced to, in effect, stabilize actuating system 15a.
PAR  During reset of thermal actuator 7a and actuating system 15a upon
      de-enerigization of PTCR 35 under other preselected conditions, the vapor
      in bulb 1a begins to cool effecting condensation of a slight amount of
      vapor therein which results in a corresponding slight decrease of the
      pressure within the bulb. Upon this slight decrease of pressure in bulb
      1a, the relatively cooler liquid 5 in bellows 3 flows therefrom through
      standpipe 71 returning to the bulb thereby to generally equalize the
      pressure between the bulb and the bellows. This return flow of relatively
      cooler liquid 5 causes immediate additional condensation in bulb 1a by
      chilling the vapor therein thus effecting further pressure differentials
      between bulb 1a and bellows 3 and causing more liquid return flow from the
      bellows to the bulb in an attempt to effect pressure equalization
      therebetween. In this manner, condensation of vapor in bulb 1a is rather
      rapid since the return flow of relatively cooler liquid 5 from bellows 3
      continues to chill the vapor until the bulb is again filled to its fill
      level L. Of course, the rise in level of liquid portion 9 within conduit
      13a is generally commensurate with that of the remaining liquid 5 in bulb
      1a, but since PTCR 35 is de-energized, vaporization of liquid portion 9 is
      obviated. To complete the description of the operation of thermal actuator
      7a and actuating system 15a, the pressure drop or reduction in the thermal
      actuator upon the return flow of relatively cooler liquid 5 to bulb 1a, as
      previously described, creates a corresponding reduction in the output
      force of bellows 3 to effect de-actuation of driven device 17.
PAR  Referring now with particularity to FIGS. 3 and 4, thermal actuator 7b is
      shown having generally the same component parts and functioning in
      actuating system 15a generally on the same manner as the previously
      described thermal actuator 7a with the following exceptions.
PAR  In thermal actuator 7b, an aperture 91 is provided through upper end
      portion 63 of bulb 1b generally spaced adjacent to side wall 61 thereof,
      and another aperture 93 is provided through a closure member 67 of the
      bulb also spaced adjacent to the side wall thereof. Conductive rod 73 and
      standpipe 71 are respectively secured within apertures 91, 93 by suitable
      means, such as brazing or soldering (not shown) generally off-center with
      respect to bulb 1b. In thermal actuator 7b, conduit or partition 13b is
      constituted by a portion of a tube or duct or the like, indicated at 95,
      and a portion of side wall 61 of bulb 1b, and the duct has generally
      longitudinally extending side or end portions 97, 99 which are secured by
      suitable means, such as brazing or soldering (not shown), to the interior
      of side wall 61 of bulb 1b. Upper and lower ends 101, 103 of duct 95 are
      open for communicating with vapor and liquid 5, and upper end 101 is
      disposed above or at least generally coextensive with predetermined liquid
      fill level L. Conductive rod extends downwardly within duct 95 for heating
      liquid portion 9 therein, and the remaining liauid 5 in bulb 1c is
      generally without the duct but communicating through lower end 103 thereof
      with the liquid portion.
PAR  Referring now with particularity to FIG. 5, alternative thermal actuator 7c
      in one form of the invention is shown having substantially the same
      component parts and functioning in system 15a as the previously described
      thermal actuator 16 with the following exceptions.
PAR  In thermal actuator 1c, thermal conductive means, such as a metallic strip
      or disc 105 having relatively high thermal conductive characteristics, is
      disposed by suitable means, such as brazing or soldering (not shown), on
      side wall 61 of bulb 1c exteriorly thereof and immediately adjacent that
      part or portion of the side wall which, in combination with duct 95,
      constitutes partition or conduit means 13c. In vaporizing means 11c, PTCR
      35 is disposed in thermal conducting or heat transfer relation with
      conductive strip so as to generally heat only liquid portion 9 within duct
      95. While duct 95 and vaporizing means 11c are disclosed as mounted on
      side wall 61 of bulb 1c, they could also be mounted on an accommodating
      upper end wall 63 or closure member 67 of bulb 1c so that the bulb could
      be disposed on its side, i.e., generally horizontally as opposed to
      vertically (as seen in FIG. 5), and it is contemplated that this also
      would be within the scope of the invention.
PAR  From the foregoing, it is now apparent that novel thermal actuators 7, 7a,
      7b, 7c, methods of driving such, and actuating systems 15, 15a are
      presented meeting the objects and advantageous features set out
      hereinbefore, as well as others, and that changes as to the precise
      arrangements, shapes and details of the component parts of the thermal
      actuators and actuating systems as well as the precise steps of the
      methods, which are presented to illustrate the invention, may be made by
      those skilled in the art without departing from the spirit of the
      invention or scop thereof as set out in the claims which follow.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A method of driving a driven one of a pair of means for containing a
      vaporizable liquid and communicating with each other in a thermal actuator
      comprising the setps of:
PA1  a. deliving the liquid from the other of the containing means to means
      exteriorly thereof for vaporizing the liquid;
PA1  b. vaporizing the liquid delivered to the vaporizing means upon the
      occurrence of a preselected condition; and
PA1  c. delivering the vapor created during the vaporizing step to the other
      containing means to act on the fluid therein and effect its displacement
      for driving the driven one of the containing means and utilizing at least
      a part of the displaced liquid for replenishing at least in part the
      liquid vaporized by the vaporizing means.
NUM  2.
PAR  2. The method as set forth in claim 1, wherein the amount of the at least
      part of the displaced liquid for replenishing the liquid vaporized is
      generally small with respect the entire amount of the displaced liquid.
NUM  3.
PAR  3. The method as set forth in claim 1, wherein the delivering and utilizing
      step includes reducing the amount of the liquid available in the other
      containing means for replenishing the liquid vaporized generally
      proportionally with the amount of the displaced liquid.
NUM  4.
PAR  4. The method as set forth in claim 1, wherein the delivering the utilizing
      step includes supplying the at least part of the displaced liquid for
      replenishing the liquid vaporized at a rate generally proportional to the
      rate of vaporizing the liquid during the vaporizing step until generally
      all of the liquid is displaced from the other containing means.
NUM  5.
PAR  5. The method as set forth in claim 1, wherein the delivering step includes
      passing the liquid through means for carrying it disposed generally
      exteriorly of the other containing means to the vaporizing means for the
      vaporization of the liquid during the vaporizing step.
NUM  6.
PAR  6. The method as set forth in claim 5, wherein the delivering and utilizing
      step includes returning the vapor created during the vaporizing step from
      the vaporizing means through the carrying means to the other containing
      means.
NUM  7.
PAR  7. The method as set forth in claim 1, comprising the preliminary step of
      disposing conduit means externally of the other containing means in
      association with the vaporizing means with opposite ends of the conduit
      means communicating with the other containing means generally above and
      below a predetermined fill level of the liquid therein for the flow
      through the conduit means of the vapor and the at least part of the
      displaced liquid for the replenishing of the vaporized liquid,
      respectively.
NUM  8.
PAR  8. The method as set forth in claim 7, wherein the vaporizing means
      includes means disposed in heat transfer relation with the conduit means
      generally along a predetermined length thereof for heating at least a part
      of the liquid within the conduit means to effect the vaporization thereof
      during the vaporizing step.
NUM  9.
PAR  9. The method as set forth in claim 8, wherein the vaporizing step includes
      reducing the capacity of the vaporizing means to vaporize the liquid
      delivered thereto generally proportionally with the amount of the liquid
      displaced from the other containing means during the delivering and
      utilizing step.
NUM  10.
PAR  10. A thermal actuator comprising a pair of means for containing a
      vaporizable fluid, means for vaporizing the fluid delivered thereto, means
      for communciating the containing means and the vaporizing means and for
      delivering the fluid from one of the containing means to both the
      vaporizing means and the other of displacement containing means, the other
      of the containing means being driven in response to the fluid delivered
      thereto, and means for subjecting the fluid in the one containing means to
      the vapor established upon the vaporization of at least a part of the
      fluid delivered to the vaporizing means, the vapor acting on the fluid in
      the one containing means to effect the displacemtn of the fluid therefrom
      to the other containing means for driving it and also to the vaporizing
      means for replenishing at least in part the fluid vaporized thereby.
NUM  11.
PAR  11. A thermal actuator as set forth in claim 10, wherein the volume of the
      fluid delivered to the vaporizing means is relatively small as compared
      with the total volume of the fluid in the one containing means.
NUM  12.
PAR  12. A thermal actuator as set forth in claim 10, wherein the communicating
      and delivering means includes a conduit having a portion connected with
      the one containing means generally below a predetermined fill level for
      the fluid thereof and another portion connected with the other containing
      means and the vaporizing means.
NUM  13.
PAR  13. A thermal actuator as set forth in claim 10, wherein the subjecting
      means includes a conduit portion connected with the one containing means
      generally above a predetermined fill level for the fluid thereof and also
      communcating with the communicating and delivering means.
NUM  14.
PAR  14. A thermal actuator as set forth in claim 10, wherein the vaporizing
      means comprises means disposed in heat transfer relation with a portion of
      the communicating and delivering means for heating the fluid delivered
      therethrough to the vaporizing means to a temperature effecting its
      vaporization.
NUM  15.
PAR  15. A thermal actuator as set forth in claim 10, wherein the heating means
      includes thermal conductive means disposed at least generally adjacent the
      communicating and delivering means portion and extending along a
      preselected length therof.
NUM  16.
PAR  16. A thermal actuator as set forth in claim 10, wherein the heating means
      further includes a PTCR disposed in thermal transfer relation with the
      thermal conductive means.
NUM  17.
PAR  17. A thermal actuator comprising means for containing a vaporizable fluid
      adapted to be displaced therefrom, means disposed within the containing
      means for partitioning a portion thereof from another portion of the
      containing means, means for communicating the partitioned portion and the
      other portion to maintain the respective levels of the fluid therein
      generally coextensive with each other at all times, and means for
      effecting the vaporization of only the fluid in the partitioned portion,
      the vapor created in response to the vaporization of only the fluid in the
      partitioned portion by the vaporization effecting means acting on the
      fluid to effect a flow of at least a part thereof from the other portion
      through the communcating means into the partitioned portion to replenish
      at least in part the fluid vaporized therefrom and to effect the
      displacement of at least another part of the fluid from the containing
      means.
NUM  18.
PAR  18. A thermal actuator as set forth in claim 17, wherein the partitioning
      means is formed of a thermal insulating material.
NUM  19.
PAR  19. A thermal actuator as set forth in claim 17, further comprising means
      communciated with the first named containing means for receiving the fluid
      displaced therefrom including means movable for establishing an output
      force in response to the displaced fluid acting thereon.
NUM  20.
PAR  20. A thermal actuator as set forth in claim 17, wherein the partitioning
      means comprises conduit means disposed within the containing means
      generally about at least a part of the vaporization effecting means, the
      partitioned portion being generally within the conduit means and the other
      portion of the containg means being generally without the conduit means.
NUM  21.
PAR  21. A thermal actuator as set forth in claim 20, wherein the conduit means
      is generally loosely mounted within the containing means for supporting
      engagement with the at least part of the vaporization effecting means.
NUM  22.
PAR  22. A thermal actuator as set forth in claim 20, wherein the conduit means
      includes a pair of openings, the communicating means being generally
      constituted by one of the openings spaced below a predetermined fill level
      of the fluid in the containing means and the other of the openings being
      at least generally coextensive with the predetermined fill level for
      passing the vapor from the partitioned portion.
NUM  23.
PAR  23. A thermal actuator as set forth in claim 20, wherein the conduit means
      generally thermally insulates the fluid in the other portion in the
      containing means from that in the partitioned portion.
NUM  24.
PAR  24. A thermal actuator as set forth in claim 20, wherein the conduit means
      includes an end portion spaced below a predetermined fill level of the
      fluid in the containing means and disposed in supporting engagment with an
      adjacent part of the containing means as to define therewith the
      communicating means, the vapor acting on the fluid in the containing means
      to force the at least part of the fluid through the communicating means to
      effect the replenishment of the fluid vaporized from the partitioned
      portion within the conduit means by the vaporization effecing means.
NUM  25.
PAR  25. A thermal actuator as set forth in claim 20, wherein the conduit means
      includes an end portion spaced above a predetermined fill level of the
      fluid in the containing means, the vapor passing from the conduit means
      through the end portion thereof to act on the fluid in the containing
      means upon the vaporization of the fluid within the partitioned portion by
      the vaporization effecting means.
NUM  26.
PAR  26. A thermal actuator as set forth in claim 17, wherein the vaporization
      effecting means includes a thermal conductor mounted to the containing
      means and extending into the partitioned portion in heat transfer relation
      with the fluid therein.
NUM  27.
PAR  27. A thermal actuator as set forth in claim 26, wherein the vaporization
      effecting means further includes means for heating the thermal conductor.
NUM  28.
PAR  28. A thermal actuator as set forth in claim 27, wherein the heating means
      comprises a PTCR connected in heat transfer relation with the thermal
      conductor.
NUM  29.
PAR  29. A thermal actuator as set forth in claim 17, wherein the partioning
      means defines with the containing means a passage for the fluid flow from
      the other portion to the partitioned portion, and the passage generally
      constituting the communicating means.
NUM  30.
PAR  30. A thermal actuator as set forth in claim 17, wherein the containing
      means includes a sidewall, and the partitioning means comprises a duct
      mounted to the sidewall wherein the partitioned portion is generally
      defined between the duct and the sidewall of the containing means.
NUM  31.
PAR  31. A thermal actuator as set forth in claim 30, wherein the duct has good
      thermal insulation properties thereby to generally thermally isolate the
      fluid within the partitioned portion from that in the other portion.
NUM  32.
PAR  32. A thermal actuator as set forth in claim 30, wherein the vaporization
      effecting means includes a thermal conductor mounted to the containing
      means and extending into the partitioned portion in heat transfer relation
      only with the fluid thereof.
NUM  33.
PAR  33. A thermal actuator as set forth in claim 32, wheren the vaporization
      effecting means further includes means for heating the thermal conductor.
NUM  34.
PAR  34. A thermal actuator as set forth in claim 30, wherein the vaporization
      effecting means is mounted exteriorly of the containing means to a part of
      its sidewall defining with the duct the partitioned portion, the
      vaporization effecting means being operable generally to transmit heat
      through the sidewall part to effect the vaporization of only the fluid
      within the partitioned portion.
NUM  35.
PAR  35. A thermal actuator as set forth in claim 30, wherein the duct includes
      a pair of openings, one of the openings being spaced below a predetermined
      fill level of the fluid in the containing means thereby to generally
      constitute the communicating means and the other of the openings being at
      least generally coextensive with the predetermined fill level for passing
      the vapor from the partitioned portion.
NUM  36.
PAR  36. An actuating system comprising a driven device, a pair of means for
      containing a vaporizable fluid and communciating in fluid flow relation
      with each other, means for vaporizing the fluid delivered thereto upon the
      occurrence of a preselected condition, means for delivering the fluid from
      one of the containing means to the vaporizing means and subjecting the
      fluid in the one containing means to vapor established upon the
      vaporization of at least a part of the fluid delivered to by the
      vaporizing means, the vapor acting on the fluid in the one containing
      means to effect the displacement of the fluid therefrom through the
      delivery and subjecting means to the vaporizing means for replenishing at
      least in part the fluid vaporized thereby and also to effect the
      displacement of the fluid from the one containing means to the other of
      the containing means, and the other containing means including means
      responsive to the fluid displaced from the one containing means to the
      other containing means for driving the driven device.
NUM  37.
PAR  37. An actuating system as set forth in claim 36, wherein the delivery and
      subjecting means includes conduit means having a pair of opposite portions
      respectively connected with the one containing means above and below a
      predetermined fill level of the fluid therein for the delivery through the
      conduit means of the fluid toward the vaporizing means and for the passage
      therefrom of the vapor to the one containing means, respectively.
NUM  38.
PAR  38. An actuating system as set forth in claim 37, wherein the vaporizing
      means includes means disposed at least generally adjacent the conduit
      means in heat transfer relation therewith.
NUM  39.
PAR  39. An actuating system comprising a driven device, a pair of means for
      containing a vaporizable fluid and generally in open fluid communication
      with each other, means disposed within one of the containing means for
      partitioning a portion thereof from another portion of the one containing
      means, means for communicating the fluid in the partitioned portion of the
      one containing means with the fluid in the other portion thereof, means
      for vaporizing only the fluid in the partitioned portion, the vapor
      created upon the vaporization of only the fluid in the partitioned portion
      by the vaporizing means acting on the fluid to effect a flow of at least a
      part thereof from the other portion into the partitioned portion to
      replenish at least in part the fluid vaporized therefrom and to effect a
      displacement flow of at least another part of the fluid from the one
      containing means to the other of the containing means, and the other
      containing means including means operable generally in response to the
      displacment flow of the at least another part of the fluid for driving the
      driven device.
NUM  40.
PAR  40. An actuating system as set forth in claim 39, wherein the partitioning
      means comprises conduit means disposed within the one containing means
      generally about at least a part of the vaporizing means, the partitioned
      portion being generally within the conduit means adjacent the vaporizing
      means part and the other portion being generally without the conduit
      means.
NUM  41.
PAR  41. An actuating system as set forth in claim 40, wherein the conduit means
      generally thermally insulates the fluid in the partitioned portion from
      that in the other portion.
NUM  42.
PAR  42. An acutuating system as set forth in claim 40, whrein the conduit means
      includes an opening spaced below a predetermined fill level of the fluid
      in the one containing means and generally interconnecting partitioned
      portion and the other portion thereby to constitute the communicating
      means, the pressure of the vapor acting on the fluid to force the at least
      part of the fluid through the opening for effecting the replenishment of
      the fluid vaporized from the partitioned portion by the vaporizing means.
NUM  43.
PAR  43. An actuating system as set forth in claim 40, wherein the conduit means
      includes an opening at least generally coextensive with a predetermined
      fill level of the fluid in the one containing means for passing the vapor
      from the partitioned portion.
NUM  44.
PAR  44. An actuating system as set forth in claim 40, wherein the part of the
      vaporizing means is constituted by a thermal conductor mounted to the one
      containing means and extending into the partitioned portion in heat
      transfer relation with the fluid therein.
NUM  45.
PAR  45. An actuating system as set forth in claim 44, wherein the vaporizing
      means includes means for heating the thermal conductor.
NUM  46.
PAR  46. An actuating system as set forth in claim 45, wherein the heating means
      comprise a PTCR disposed in heat transfer relation with the thermal
      conductor exteriorly of the one containing means.
NUM  47.
PAR  47. An actuating system as set forth in claim 40, wherein the conduit means
      is generally loosely mounted about the at least part of the vaporizing
      means, and an end portion on the conduit means for seating engagement on
      an adjacent part of the one containing means and defining therewith the
      communicating means.
NUM  48.
PAR  48. An actuating system as set forth in claim 39, wherein the one
      containing means includes a sidewall, and a duct generally constituting
      the partitioning means mounted to the sidewall and defining therewith the
      partitioned portion.
NUM  49.
PAR  49. An actuating system as set forth in claim 48, wherein the vaporizing
      means is mounted exteriorly of the one containing means to a part of the
      sidewall defining with the duct the partitioned portion, the vaporizing
      means being operable generally to transmit heat through the sidewall post
      to effect the vaporization of only the fluid within the partitioned
      portion.
NUM  50.
PAR  50. A method of operating a thermal actuator having one of a pair of means
      for containing a vaporizable fluid adapted to be driven by it comprising
      the steps of:
PA1  a. vaporizing at least a portion of the fluid generally in open fluid flow
      communication with means for vaporizing it; and
PA1  b. subjecting the fluid in the other of the containing means to the vapor
      created during the vaporizing step for displacing the fluid from the other
      containing means to the one of the containing means to drive it and
      replenishing at least in part the liquid portion vaporized during the
      vaporizing step with another part of the fluid displaced from the other
      containing means.
NUM  51.
PAR  51. A method of operating a thermal actuator having one of a pair of means
      for containing a vaporizable liquid adapted to be driven by it comprising
      the steps of:
PA1  a. partitioning a portion of the liquid in the other of the containing
      means from the remaining liquid therein and providing fluid flow
      communication between the liquid portion and the remaining liquid;
PA1  b. vaporizing at least a part of only the liquid portion; and
PA1  c. subjecting the remaining liquid to the vapor created during the
      vaporizing step for displacing at least a part of the remaining liquid
      from the other containing means to the one of the containing means for
      driving it and replenishing the liquid portion with another portion of the
      remaining liquid to replace the at least part of the liquid portion upon
      the vaporization thereof during the vaporizing step.
NUM  52.
PAR  52. The method as set forth in claim 51, wherein the amount of the other
      portion of the remaining liquid utilized to replenish the liquid portion
      is generally small with respect to the at least part of the remaining
      liquid displaced for driving the one containing means.
NUM  53.
PAR  53. The method as set forth in claim 51, wherein the subjecting and
      replenishing step includes reducing the amount of the remaining liquid
      available in the other containing means for effecting the replenishment of
      the liquid portion generally proportionally with the amount of the at
      least part of the remaining liquid displaced for driving the one
      containing means.
NUM  54.
PAR  54. The method as set forth in claim 51, wherein the subjecting and
      replenishing step includes supplying the other portion of the remaining
      liquid for the replenishment of the liquid portion at a rate generally
      proportional to the rate at which the at least part of the liquid portion
      is vaporized during the vaporizing step until generally the entire amount
      of the at least part of the remaining liquid is displaced from the other
      containing means.
NUM  55.
PAR  55. The method as set forth in claim 51, wherein the vaporizing step
      includes communicating means for vaporizing the at least portion of only
      the liquid portion only with the liquid portion and isolating it generally
      from the remaining liquid in the other containing means.
NUM  56.
PAR  56. The method as set forth in claim 55, wherein the vaporizing step
      further includes inhibiting the capacity of the vaporizing means to
      vaporize the at least part of the liquid portion generally in a proportion
      commensurate with the amount of the at least part of the remaining fluid
      displaced for driving the one containing means.
NUM  57.
PAR  57. The method as set forth in claim 51, comprising the additional step of
      preventing surging of the at least part of the remaining liquid upon the
      return flow thereof from the one containing means to the other containing
      means in the event of the occurrence of a certain condition interrupting
      the vaporizing step.
NUM  58.
PAR  58. The method as set forth in claim 51, wherein the partitioning and
      providing step includes disposing at least one open end of the separating
      means at least generally coextensive with a selected fill level of the
      liquid in the other containing means.
NUM  59.
PAR  59. The method as set forth in claim 51, wherein the partitioning and
      providing step includes positioning within the other containing means
      means for generally separating the liquid portion and the remaining liquid
      with the at least limited communication between the remaining liquid and
      the liquid portion occurring through at least one open end of the
      separating means disposed generally beneath a selected fill level for the
      fluid in the other containing means.
NUM  60.
PAR  60. The method as set forth in claim 59, comprising the preliminary step of
      disposing in the other containing means at least a part of means for
      vaporizing the liquid portion, the separating means being placed at least
      in part generally about a part of the vaporizing means during the
      partitioning and providing step.
NUM  61.
PAR  61. A method of making means for containing a vaporizable fluid and adapted
      for use in a thermal actuator comprising the steps of:
PA1  a. disposing within a chamber of the containing means means for
      partitioning a portion of the chamber from another portion thereof and
      providing at least limited fluid flow communication between the
      partitioned portion and the other portion generally below a selected fill
      level for the fluid adapted to be received in the chamber; and
PA1  b. mounting to the containing means in a predetermined position with
      respect to the partitioned portion of the chamber means adapted for
      effecting vaporization of only the fluid received within the partitioned
      portion of the chamber.
NUM  62.
PAR  62. The method as set forth in claim 61, wherein the mounting step includes
      extending at least a part of the vaporization effecting means into the
      partitioned portion.
NUM  63.
PAR  63. The method as set forth in claim 61, wherein the mounting step includes
      attaching the vaporization effecting means in heat transfer relation to a
      wall of the containing means exteriorly of the chamber so that heat may be
      transferred therefrom through the wall generally only to the fluid
      received within the partitioned portion of the chamber.
NUM  64.
PAR  64. A method of making means for containing a vaporizable fluid and adapted
      for use in a thermal actuator comprising the steps of:
PA1  a. mounting to the containing means means for vaporizing the fluid adapted
      to be received in a chamber of the containing means with at least a part
      of the vaporizing means extending into the chamber; and
PA1  b. disposing within the chamber generally loosely about the at least part
      of the vaporizing means therein means for partitioning a portion of the
      chamber from another portion thereof and for providing flow communication
      for the fluid adapted to be received in the chamber between the
      partitioned portion and the other portion thereof generally below a
      selected fluid fill level for the containing means.
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ABST
PAL  The small temperature differential between a warmer zone and a colder zone
      is exploited to produce work. A brightly volatile fluid is confined within
      a substantially closed air-free, air emptied chamber in the warmer zone so
      as to drive the fluid by its own vapor pressure up a tube into an air-free
      upper end of an air emptied vertical duct in the colder zone to its lower
      end at the warm zone. As the fluid descends in the duct it passes over and
      drives a turbine so as to create mechanical work and then flows into
      another ductward opened chamber. Once all of the fluid has flown out of
      the one chamber and into the other a pair of conduits between the lower
      and upper regions of the other chamber and the lower and lower ends of the
      duct are closed and the corresponding conduits of the first chamber are
      opened so that the same process can occur in this other chamber.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending patent
      application Ser. No. 241,596 filed Apr. 6, 1972, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a method of and an apparatus for producing
      work using a temperature differential. More particularly this invention
      concerns the exploitation of a small temperature differential such as
      occurs in nature for the development of energy.
PAC  BACKGROUND OF THE INVENTION
PAR  It is known to use liquid ammonia to produce work. The liquid ammonia is
      evaporated at the bottom of a large closed system such that the vapors
      flow up to the upper, cool end of this system where they are condensed.
      This condensate flows down to the hot bottom of the system through a
      turbine or other such device which serves, water-mill fashion, to produce
      work from the falling liquid. Such a system requires a temperature
      differential of at least 20.degree.C in order to function and must be
      relatively large.
PAR  It is also known to evaporate a hydrocarbon such as propane having a low
      boiling point by means of warm surface sea water. The vapor propels a
      turbine and is condensed by cooler sea water drawn up from well below the
      surface, whereupon the condensate is again evaporated. Such an arrangement
      is frequently relatively bulky and requires considerable investment in
      equipment, along with a particular geographic location. Such power
      generation requires the turbine or the like to be moved directly by vapor
      and not by liquid. The condensed propane is pumped from the condenser to
      the vaporizer so the whole device is extremely large and very expensive.
PAR  The exploitation of geothermal energy also presents another potential
      source of power. This is done by simply driving a turbine with steam
      issuing from a steam well or the like, or by using the heat at several
      hundred meters below the surface to boil water. The generated steam is
      used to drive turbines. Since water has a relatively high evaporation
      entropy and a correspondingly low vapor pressure it is necessary to drive
      the turbine with the liquid. Since it is necessary to drill an extremely
      deep well to obtain a temperature of between and 130.degree.C the cost of
      such an installation is usually prohibitive.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      method of and apparatus for producing work using a temperature
      differential.
PAR  Another object of this invention is to provide an improved system for
      exploiting a relatively small temperature differential so as to develop
      energy.
PAC  SUMMARY OF THE INVENTION
PAR  These objects are attained according to the present invention in a system
      where a substantially closed air-free, air emptied chamber is provided in
      a zone having a temperature higher than a body of highly volatile liquid
      in the chamber. A tube extends from the bottom of this chamber to the
      upper end of an air emptied vertical duct in the cooler zone. A turbine,
      by which is meant any device which transforms a fluid flow to a usuable
      form of work, is provided in the duct and the lower end of the duct is
      connected to another ductward opened chamber so that the liquid flowing
      down the duct turns the turbine and is collected in the other chamber. The
      vapor pressure in the first-mentioned chamber forces the liquid up the
      tube so that it drops down the duct and operates the turbine. When all of
      the liquid has flowed out of the first-mentioned chamber the conduits
      between the lower and upper ends of the turbine duct and the second
      chamber are closed and the conduits between the upper and first chamber
      and the upper end lower end of the duct are opened. Thereupon the second
      chamber acts just as the first, with the vapor pressure developed therein
      forcing the liquid up a respective second tube so as to operate the
      turbine. The condensate flows down the duct into the ductward opened
      chamber, also operating the turbine. The two chambers, the duct, the two
      vapor conduits and the four fluid conduits all form a closed air-free air
      emptied system so that no fluid is lost.
PAR  A model made in the laboratory of such an arrangement with a pair of
      similar 1 liter flasks using 450 milliliters of liquid was so sensitive to
      small temperature differentials that merely applying a finger to the
      closed chamber was sufficient to pump this liquid from this chamber into
      the other.
PAR  According to yet another feature of this invention the entire closed system
      is evacuated so that only the working fluid and its vapor is left in it.
      In this manner minimum pressure gives a maximum pressure differential
      between the two chambers. In addition the volume evaporation work in the
      closed chamber is transmitted to the liquid without loss and this work is
      simultaneously increased by the negative volume work of condensation also
      without any losses.
PAR  Another advantage of this system over the type using chambers having
      pistons or bellows allowing variation in volume is that in the present
      type of system the liquid acts itself as a piston which gives a perfect
      seal at all times and can adapt to any shape. In addition the friction
      effective on a liquid is so very low as to be virtually negligible and
      does not cause any wear so that the volume work is directly transmitted to
      the turbine without any intermediary.
PAR  Thus in accordance with the present invention a pair of such
      thermoexchanging chambers are used alternately as vaporizer and condenser.
      In this manner the maximum temperature differential between the propelling
      liquid and the thermopoles is obtained so that maximum transformation of
      heat into work is achieved. In such a system the two chambers constitute
      the greater bulk of the apparatus so that a relatively great amount of
      work can be produced in a relatively limited space.
PAR  The fluid according to the present invention may have a pair of phases, a
      rapidly volatile actively propelling liquid and another nonvolatile inert
      liquid. A small quantity of the active working fluid drives a large
      quantity of the inert one.
PAR  The turbine in accordance with this invention is rotated by a liquid, not
      by a vapor, so that a maximum amount of kinetic energy is exploited. The
      fluid driving the turbine is only slightly condensed while for the most
      part the working fluid neither evaporates nor condenses.
PAR  In view of the completely contained system the chance of pollution or other
      deleterious environmental effect is almost completely eliminated.
PAR  The apparatus in addition can be used for the distillation and drying of
      many substances, especially unstable ones, and can be used as a small
      energy generator usable for instance on a space vehicle or the like. In
      addition the apparatus according to the present invention provides a
      particularly vivid representation of the Carnot cycle. Since the system is
      completely closed it needs no recharging and, since the working and
      propelling fluids can be completely inoffensive and noncombustible the
      apparatus is safe and neat.
PAR  In the apparatus according to the present invention the pressure head over
      the fluid in the closed vessel is created by the temperature in the warmer
      zone either heating and expanding the gas above the liquid, or by heating
      and vaporizing the liquid. This head forces the liquid up the drive tube
      or pipette so that it can cascade freely down in the duct, falling on and
      operating the turbine to produce mechanical work. Since the duct is in the
      cooler zone the vapor pressure in this duct will be lower than that in the
      closed vessel or chamber, and any vapor rising in the vapor conduit out of
      the other chamber, which is open, will be condensed and serve also to
      operate the turbine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other objects, features and advantages will become more
      readily apparent from the following description, reference being made to
      the accompanying drawing in which:
PAR  FIG. 1 is a side elevational view of the system according to the present
      invention; and
PAR  FIG. 2 is a detail view of an alternative valve arrangement for the system
      according to this invention.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  As shown in FIG. 1 a pair of closed chambers C.sub.1 and C.sub.2, here each
      formed by a plugged glass retort, are both located in a warm zone WZ here
      created with the help of a pair of small burners B.sub.1 and B.sub.2. A
      duct D situated between the two chambers C.sub.1 and C.sub.2 has at least
      its upper end in a cooler zone CZ created by a cooler K operating with a
      reflux coil R in the duct D. The upper region of each of the chambers
      C.sub.1 and C.sub.2 is connected, via a relatively large-diameter conduit
      S.sub.1 and S.sub.4, to the upper end of the duct D. Respective valves
      V.sub.1 and V.sub.4 are provided in the conduits S.sub.1 and S.sub.4 and
      can be operated to permit vapor flow through these conduits.
PAR  A further pair of large-diameter conduits S.sub.2 and S.sub.3 extend
      between the lower regions of the chambers C.sub.1 and C.sub.2 and the
      lower end of the upright duct D. Respective valves V.sub.2 and V.sub.3 are
      provided in these conduits S.sub.2 and S.sub.3 and can be operated to
      permit fluid flow through these conduits.
PAR  Small-diameter tubes or pipettes P.sub.1 and P.sub.2 have their lower ends
      situated at the very bottom of the respective chambers C.sub.1 and C.sub.2
      and their upper ends located at the upper end of the duct D. A small
      turbine T connected to a generator G is provided adjacent the lower end of
      duct D.
PAR  The system formed by the two chambers C.sub.1 and C.sub.2, the four
      conduits S.sub.1.sub.-4 and the duct D, is evacuated and completely closed
      and air emptied and operates as follows:
PAR  To start with the valves V.sub.2 and V.sub.1 are closed and the valves
      V.sub.4 and V.sub.3 are opened. The chamber C.sub.1 has been preliminarily
      filled with a fluid F having a vapor head V and a surface lying above the
      bottom end of the pipette P.sub.1. The warmer zone WZ causes the vapor
      pressure above the fluid F to increase, thereby forcing this fluid F up
      the cooler pipette P.sub.1 whence it drips down in cooler duct D over the
      turbine T. This action rotates the turbine and causes the generator G to
      make electricity. The liquid or condensate so falling then runs through
      the conduit S.sub.3 into the chamber C.sub.2. Since the conduit S.sub.4 is
      open it is possible for the fluid level to rise in this chamber C.sub.2
      well above the conduit S.sub.3.
PAR  Once the surface level of the fluid F is below the lower end of the pipette
      P.sub.1 the valves V.sub.1.sub.-4 are all reversed into their dot-dash
      positions. This closes off the conduits S.sub.3 and S.sub.4 while opening
      the conduits S.sub.1 and S.sub.2 so that the process described above now
      takes place with the fluid F running up the pipette P.sub.2 and thence
      into the chamber C.sub.1.
PAR  The fluid F used here can be, for instance, acetone and in accordance with
      the present invention air is excluded from the system. The temperature of
      the liquid used must lie between the temperatures of the warmer and cooler
      zones.
PAR  FIG. 2 shows how the valves V.sub.1 and V.sub.4 can be replaced by a single
      three-way valve V.sub.5 which in the illustrated position connects
      together the conduits S.sub.1 and S.sub.4. When rotated 90.degree. in one
      direction from the illustrated position it will close off one of the
      conduits S.sub.1, S.sub.4 and open the other; when rotated in the opposite
      direction it will have the opposite effect.
PAR  It is possible in accordance with the present invention to dispense with
      either the burner B.sub.1 or B.sub.2 with the cooler K, or even both one
      of the burners and the cooler where a natural temperature differential
      exists between the warmer zone WZ and the cooler zone CZ.
PAR  The apparatus illustrated in FIG. 1 was used with a pair of 1 liter retorts
      constituting the chambers C.sub.1 and C.sub.2 and using 450 milliliters of
      acetone. Any other fluid having a boiling point below 80.degree.C would
      also be usable. With a temperature differential between the colder zone CZ
      and the warmer zone WZ of between 3.degree.C and 14.degree.C it is
      possible to keep the turbine T rotating continuously. The flow starts when
      the temperature differential between blue fluid in the chambers C.sub.1
      and C.sub.2 has attained a value of between 0.5.degree. and 0.7.degree.C.
      Between 0.7 and 27 minutes were needed to pump the fluid out of the one
      chamber. In fact the apparatus is so sensitive that at normal room
      temperature using acetone as the fluid with a system evacuated such that
      the acetone vaporizes at approximately 85.degree.F, it is possible to set
      the turbine operating simply by placing a finger on the closed retort.
PAR  It is similarly possible in accordance with this invention to use a highly
      pressurized system as e.g. sulfur dioxide, ammonia, chlorine or the like
      as the working fluid. Otherwise the more volatile solvents such as e.g.
      the lower hydrocarbons, the ethers, various esters, ketones and alcohols
      are indicated. For example if liquid ethane is used with a temperature
      differential from 15.degree. to 34.5.degree.C it is possible to obtain a
      pressure differential of 17.7 atms, equivalent to a lift of water of 183
      meters.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for producing mechanical work using a pair of zones having
      a temperature differentials between them, said apparatus comprising:
PA1  a pair of substantially closed chambers at least one of which is in the
      high-temperature zone, a fluid having a boiling temperature lying between
      the temperatures of said zones being disposed in said chambers;
PA1  an upright duct at least partially in the low-temperature zone;
PA1  a tube extending between a lower region of each chamber and the upper end
      of said duct;
PA1  conduit means extending between each of said chambers and said duct for
      flow of liquid and gas therebetween, said chambers, duct, tubes, and
      conduit means constituting a closed system;
PA1  valve means in each of said conduit means for alternately blocking and
      unblocking same, whereby with the valve means of one of said chambers
      closed and the valve means of the other chamber open, said fluid having a
      boiling temperature lying between the temperatures of said zones will
      vaporize in said one chamber and be driven up the respective tube to flow
      down said duct and through the conduit means of the other chamber into
      this other chamber; and
PA1  turbine means in said duct between the ends thereof and operable by liquid
      flow through said duct for creating mechanical work.
NUM  2.
PAR  2. A process for producing energy comprising the steps of:
PA1  maintaining an air-free chamber containing a fluid having a boiling point
      less than 80.degree.C and above the lower temperature of two regions
      having a temperature differential between them at the temperature of the
      high region, thereby evaporating said fluid thereby creating a pressure
      within said chamber;
PA1  evaporating fluid from said chamber in a space communicating therewith
      while inducing a flow of liquid of said fluid from said chamber into said
      space solely by pressure generated within said chamber;
PA1  passing the induced continuous flow of liquid through a device performing
      mechanical work and collecting said liquid and the liquid condensed from
      the evaporated fluid in another chamber; and
PA1  thereafter evaporating fluid from said other chamber while inducing the
      continuous flow of liquid therefrom through said device in the direction
      in which the same is driven by the liquid from the first-mentioned chamber
      and collecting liquid traversing the device from said second chamber and
      liquid condensed in said space from said other chamber in said first
      chamber, said space being maintained at the temperature at said low
      temperature region.
NUM  3.
PAR  3. The method defined in claim 2 wherein at least one of said regions is in
      heat-exchanging relationship with water.
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ABST
PAL  The closed gas turbine plant is fitted with at least one by-pass valve
      serving as an adjusting member for the working medium cycle, and uses
      measuring transformers for measuring the working medium cycle high and low
      pressures as well as the actual and nominal speeds of the turbine. A
      regulator has a first regulator part including an integrator, and the
      difference signal, between the speed nominal value and the speed actual
      value, is processed in this first regulator part. The regulator has a
      second regulator part in which signals representative of the working
      medium cycle high pressure and the working medium cycle low pressure are
      combined in an adding manner and the output signals of the two regulator
      parts are supplied to a third regulator part which controls the by-pass
      valve or valves.
BSUM
PAC  FIELD AND BACKGROUND OF THE INVENTION
PAR  The present invention relates to a procedure and a device for the speed
      control of a closed gas turbine plant containing a working medium cycle,
      fitted with one or several by-pass valves serving as adjusting members for
      the working medium cycle, and using measuring transformers for measuring
      the working medium cycle high and low pressure as well as the actual speed
      and the nominal speed.
PAR  Procedures and devices like these are well known. With these gas turbine
      plants, the control behavior of the speed control can be improved by
      introducing to the regulator high and low pressure signals from the gas
      turbine cycle as auxiliary control values. The hitherto existing plants
      make use of this possibility in a way that the speed actual signal, the
      speed nominal signal and the pressure signals are combined in a summation
      member located before the regulator. The resulting signal is then
      conducted to a regulator whose behavior is essentially
      proportional-integral (PI-regulator) and whose exit acts on a by-pass
      valve serving as an adjusting member (see Bammert, K. and Key, G.:
      "Dynamic behaviour and control of single-shaft closed cycle gas turbines"
      = Dynamisches Verhalten und Regelung von einwelligen geschlossenen
      Gasturbinen, Journal of Engineering for Power, Transactions of the ASME,
      October 1971, pp.447-453).
PAR  As is well known, a PI-regulator changes its output value until the
      regulator input signal disappears. In case the regulator input signal is
      combined from several signals, a stationary balance condition (state of
      inertia) is obtained only when the sum of all regulator input values
      permanently disappear.
PAR  With a closed cycle gas turbine whose performance is controlled by
      by-passes, a performance modification results in a permanent modification
      of the high and low pressure. In case the signals of these pressures are
      supplied on a regulator, they result, after a performance modification in
      corresponding permanent regulator input signals. With the above described
      combination of speed and pressure signals, the regulator input value
      resulting therefrom in the state of inertia can therefor disappear only
      when the pressure signals are neutralized by a speed signal of a
      corresponding value. Thus the speed control as described above and being
      well known shows the disadvantage that a load modification always means a
      permanent perturbation of the speed as to its nominal value. The result of
      this is the fact that, with hitherto existing closed cycle gas turbines,
      the speed, i.e. its nominal value, had to be adjusted by hand until the
      nominal speed had been restored.
PAR  Thus the problem is to find a procedure and a device by which the above
      described disadvantages could be avoided, and this in a way that, as a
      final result, the speed is adjusted anew to its nominal value.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found now that such a procedure and such a device could be
      realized according to the present invention, when -- within a regulator --
      in a first regulator part having an integrator, only the difference signal
      between speed actual value and speed nominal value is processed when its
      output signal is fed -- together with the output signal of a second
      regulator part, which processes the working medium cycle high pressure
      signal and/or the working medium cycle low pressure signal -- in a
      summarized, way to a third regulator part which controls the by-pass valve
      or valves. s
PAR  Moreover, the present invention relates to the following possibility:
      Within a regulator, the difference signal between actual speed value and
      nominal speed value, formed in a check place gets fed -- as an input
      signal -- to a first regulator fitted with an integrator, and the output
      signal of the regulator part having an integrator is fed to a check member
      or to a summation member.
PAR  Another possibility of the present invention is the following: Within a
      regulator, in a second regulator part, the working medium cycle low
      pressure signal is fed -- by means of a signal feed line -- to a first
      amplifier or potentiometer, whereas the working medium cycle high pressure
      signal is fed to a second amplifier or potentiometer -- by means of
      another signal feed line --; both their output signals are fed -- by means
      of signal feed lines -- to a check member where they are subtracted. Then
      the so formed difference signal is fed -- by means of a third signal feed
      line -- to a third amplifier or potentiometer. Finally, the output signal
      thereof is fed, with the same sign with which the output signal of the
      second potentiometer or amplifier is supplied to the check member by means
      of a signal feed line, to a check member or summation member by means of a
      signal feed line.
PAR  In a further development of the present invention means that, in the
      regulator, within the second regulator part, the amplifications within the
      first and second amplifier or potentiometer are selected in a way such
      that the output signal of a check member positioned behind them, at the
      nominal working point of the gas turbine plant, become zero when the
      by-pass valves are closed.
PAR  Furthermore, the present invention relates to the possibility that within
      the regulator, in the second regulator part, only one of the two working
      medium cycle pressure signals is fed -- by means of a signal feed line --
      to an amplifier or potentiometer, and that the output signal of the latter
      is fed by means of a signal feed line to a check member or summation
      member, viz. with positive sign when the high pressure signal is processed
      and with negative sign when the low pressure signal is processed.
PAR  Another aspect of the present invention is a device for a procedure
      suitable for the speed regulation of a closed gas turbine plane containing
      a working medium cycle, with one or several by-pass valves acting as
      adjusting members for the working medium cycle, and using measuring
      transformers for measuring the working medium cycle high pressure and the
      working medium cycle low pressure as well as the actual speed and the
      nominal speed and regulator consists of three regulator parts which are
      connected with each other by means of a check member or summation member.
      The first regulator part possesses an integrator, and the input (entry) of
      the first regulator part is connected -- via a signal feed line -- with
      the output (exit) of a check member to which, via another signal feed line
      the actual speed value signal and, via another signal feed line the
      nominal speed value signal are fed. The second regulator part consists of
      three amplifiers or potentiometers and a check member. By means of a
      signal feed line, the working medium cycle low pressure signal is fed to
      the input of the first amplifier or potentiometer, and the working medium
      cycle high pressure signal is fed to the input of the second amplifier or
      potentiometer by means of another signal feed line, whereas the check
      member is connected -- by other signal feed lines with the outputs of the
      amplifiers or potentiometers and -- by means of a signal feed line -- with
      the input of the third amplifier or potentiometer. The third regulator
      part is a P-regulator, and all the three regulator parts are connected to
      the check or summation member via signal feed lines, and; there is a
      signal feed line between the P-regulator and the by-pass valve or valves.
PAR  In this connection, the present invention relates to the second regulator
      part consisting of only one amplifier or potentiometer, to which is
      directly conducted either the working medium cycle low pressure signal or
      the working medium cycle high pressure signal, in both cases by means of a
      signal feed line.
PAR  For an understanding of the principles of the invention, reference is made
      to the following description of typical embodiments thereof as illustrated
      in the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 - shows in a diagrammatic view and a gas turbine plant,
PAR  FIG. 2 - shows the principal of the regulator according to the present
      invention,
PAR  FIG. 3 - shows a regulator in accordance the hitherto existing level of
      technique,
PAR  FIG. 4 - shows another possibility as to the regulator according to the
      present invention,
PAR  FIG. 5 - shows a comparison between the speed control of the hitherto
      existing technique and that of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a gas closed cycle turbine plant in a diagrammatic view. The
      working medium (for instance air, helium, CO.sub.2) it sucked in by the
      low pressure compressor 1. It is compressed there to the intermediate
      pressure, after which it is re-cooled in the intermediate cooler
      (intercooler) 2 in order to be compressed to the maximum process pressure
      in the high pressure compressor 3. The working medium then is pre-warmed
      in the heat exchanger 4, whereafter it enters the heater or reactor 5 in
      which it is heated up to the maximum process temperature. The gas is then
      released in the turbine 6. In the heat exchanger 4, the gas gives off part
      of its waste heat to the high pressure gas in order to be cooled again --
      in the pre-cooler 7 -- down to the low pressure compressor input
      temperature. The turbine 6 drives -- by means of the shaft or spindle 8 --
      both the compressors 1 and 3 as well as the generator or a working machine
      9.
PAR  The by-pass 10 with the by-pass valve 11 controls the machine speed or the
      performance itself. This by-pass branches behind the high pressure
      compressor 3 and ends either -- see FIG. 1 -- between turbine 6 and heat
      exchanger 4 or between heat exchanger 4 and pre-cooler 7.
PAR  The machine speed is regulated by the regulator 12, to which the speed
      signal produced in the speed transformer 13 of the spindle 8 is fed
      (conducted) by means of the signal feed line 14 and the output signal of
      which acts on the by-pass valve 11 by means of the signal feed line 15. As
      is explained above, the regulator 12 has supplied thereto two other input
      signals, namely the signal produced in the pressure gauge transformer 16
      via the signal feed line 17 -- the pressure gauge transformer 16 measures
      the pressure at an appropriate point on the low pressure side of the cycle
      (for instance before the low pressure compressor 1) -- , and the signal
      produced in the pressure gauge transformer 18 via the signal feed line 19,
      the pressure gauge transformer 18 measuring the pressure at an appropriate
      point on the high pressure side of the cycle (for instance behind the high
      pressure compressor 3.
PAR  FIG. 2 shows the inner construction of the regulator 12. The speed signal
      (actual value) fed to the regulator by means of the signal feed line 14
      first is compared -- in the check space 20 -- to the nominal value of the
      speed supplied through the signal feed line 21. The difference signal
      between actual and nominal value then is conducted -- by means of the
      signal feed line 22 -- to the first regulator part 23, which possesses an
      integrator. Its output signal is conducted (fed) by means of the signal
      feed line 24 to the check and summation member 25. The pressure signals
      first arrive -- through the signal feed lines 17 and 19 -- at the second
      regulator part 26 connected in parallel with regulator part 23. The output
      signal of regulator part 26 is also conducted to the check and summation
      member 25 by means of the signal feed line 27. The addition realized in
      the check and summation member 25, i/e. addition of both the signals,
      results in an output signal which is speed dependent as well as pressure
      dependent. This output signal is fed --  by means of the signal feed line
      28 -- to the third regulator part 29, which essentially contains the
      adjusting drive of the by-pass valve, and the output signal of which is
      conducted -- by means of the signal feed line 15 -- to the by-pass valve
      11, determining the size of the valve lift. It is sufficient when the
      regulator part 29 shows a proportional behavior.
PAR  As compared to FIG. 2, FIG. 3 shows the construction of a regulator 12
      according to the hitherto existing level of technique. This figure clearly
      shows the fact that hitherto -- in the check or summation member 25a --
      the actual speed signal 14 and the nominal speed signals 21 as well as the
      pressure signals transformed in the regulator part 26a to the signal 27a
      are summed up, and that the resulting signal 28a is fed to the regulator
      part 29a, which contains the adjusting drive of the by-pass valve and the
      behavior of which is a proportional-integral one. The output signal 15 of
      the regulator part 29a determines the lift of the by-pass valve. This
      means that -- within the regulator part 29a containing the integrator --
      it is not only the difference signal between actual speed value and
      nominal speed value which is processed but, on the contrary, a signal 28a
      composed by the speed and pressure signals.
PAR  The difference between the present invention and the hitherto existing
      level of technique is essentially the fact that the regulating system
      according to the present invention shows the following characteristics:
PAR  1. There is a separate regulator part 23 which includes an integrator.
PAR  2. In the regulator part 25, which includes an integrator, only the
      difference signal between the actual speed value and the nominal speed
      value is processed.
PAR  3. One or both of the pressure signals is introduced behind the regulator
      part 23, including an integrator, and not before.
PAR  4. The regulator part 29, which contains the adjusting drive of the by-pass
      valve, need only show proportional behavior and not proportional-integral
      behavior.
PAR  FIG. 4 shows an execution example of the regulating system according to the
      present invention, in which the first regulator part 23 is formed by a
      normal regulating component with proportional-integral behavior.
PAR  In order to give an example, the second regulator part 26 shows the
      following execution:
PAR  The low pressure signal first gets arrives over the signal feed line 17 to
      the amplifier or potentiometer 30, the output signal of which -- by means
      of the signal feed line 31 -- is conducted with negative sign to the check
      member 32. In the same manner, the high pressure signal is conducted --
      through the signal feed line 19 -- first to the amplifier or potentiometer
      33, the output signal of which is conducted with positive sign to the
      check member 32 by means of the signal feed line 34. The signal produced
      in the check member 32 is supplied -- through the signal feed line 35 --
      to the amplifier or potentiometer 36, the output signal of which is
      identical to that of the regulator part 26. The signs of both the signals
      in the signal feed lines 31 and 34 at the check member 32 may be
      interchanged. In this case however the sign of the signal in the signal
      feed line 27 at the check or summation member 25 must be changed, too.
PAR  The behavior of the third regulator part 29 is here to be classified as
      proportional; generally there are retardations produced by the adjusting
      drive.
PAR  A change of the pressure level, by reducing or increasing the gas quantity
      circulating within the gas turbine cycle, modifies the pressure signals,
      viz. in a way such that the percentual changes of their values remain the
      same. In case the pressure signals are intensified in the amplifiers or
      potentiometers 30 and 33 in a way such that -- at the nominal working
      point of the gas turbine plant (with nominal temperatures, nominal
      pressures, nominal speed and closed by-pass valve) -- the output signal of
      the check member 32 and therefore the output signal of the amplifier
      potentiometer 36 become zero, the result is that the speed regulation is
      independent from the pressure level in the cycle.
PAR  The regulation dynamic however will not be disrupted when -- at the nominal
      working point of the gas turbine plant -- the signal in the signal feed
      line 27 is other than zero. As moreover the pressure signals in the signal
      feed lines 17 and 19 generally show a nearly similar temporary process, it
      is often enough to introduce only one of the two pressure signals into the
      regulator 12. In this case, the regulator components 30 to 35 as well as
      one of the two pressure gauge transformers 16 or 18 may be eliminated and
      only one pressure signal may be fed via the signal feed line 17 or 19
      directly to the amplifier or potentiometer 36.
PAR  FIG. 5 shows the results of comparing a system according to the present
      invention and a system according to the hitherto existing state of
      technique. The deviation of speed from its nominal value is shown in
      relation to time. At time zero, a full load dumping is presumed which
      results in a speed increase. By opening the by-pass valve (FIG. 1) the
      speed then comes under control and adjusted. In case the by-pass valve is
      fitted and operated with a regulator according to the hitherto existing
      level of technique, there will be the speed process shown by curve a.
PAR  The graph of FIG. 5 shows that the speed deviation tends to a limit value
      of about 4.3 percent. When using a procedure according to the present
      invention for speed regulation of the closed cycle gas turbine, the speed
      process shown in curve b is obtained. Contrarily to curve a, curve b
      approaches the limit value zero.
PAR  All this shows that the present invention relating to the speed regulation
      of a closed gas turbine plant combines the well known advantages of
      pressure introduction with the possibility to adjust the speed to its
      nominal value without permanent deviation.
CLMS
STM  We claim:
NUM  1.
PAR  1. Procedure for the speed control of a closed cycle gas turbine plant
      containing a working medium, having at least one by-pass valve serving as
      an adjusting member for the working medium cycle, and using measuring
      transformers for converting the high pressure and the low pressure of the
      working medium cycle into a high pressure signal and a low pressure
      signal, respectively, and for converting the actual speed and the nominal
      speed into an actual speed signal and a nominal speed signal,
      respectively, said procedure comprising the steps of processing, in a
      first regulator part, only the difference signal between the actual speed
      signal and the nominal speed signal to provide a first output signal;
      processing, in a second regulator part, the high pressure signal and the
      low pressure signal to produce a second output signal; combining the first
      and second output signals to provide a summation signal; supplying the
      summation signal to a third regulator part as an input signal; and
      utilizing the output signal of the third regulator part to adjust the
      by-pass valve to control the working medium cycle.
NUM  2.
PAR  2. Procedure according to claim 1, including combining the actual and
      nominal speed signals in a check member to provide a difference signal;
      supplying the difference signal to the first regulator part for
      processing; and forming the summation signal, supplied to the third
      regulator part, in a summation member having said first and second outputs
      as its inputs and having its output supplied to the third regulator part.
NUM  3.
PAR  3. Procedure according to claim 2, including the steps of, in the second
      regulator part conducting the low pressure signal over a first signal feed
      line to a first intensifying member, conducting the high pressure signal
      over a second signal feed line to a second intensifying member, supplying
      the outputs of the first and second intensifying members over respective
      signal feed lines to a subtraction member, and supplying the output of the
      subtraction member over a further signal feed line to a third intensifying
      member with the same polarity sign as that of the output signal supplied
      from the second intensifying member to the subtraction member; the output
      of the third intensifying member constituting said second output signal.
NUM  4.
PAR  4. Procedure according to claim 3, in which amplifiers are used as the
      intensifying members.
NUM  5.
PAR  5. Procedure according to claim 3, in which potentiometers are used as the
      intensifying members.
NUM  6.
PAR  6. Procedure according to claim 3, including selecting the intensifications
      in the first and second intensifying members so high that the output
      signal of the subtraction member becomes zero at the nominal working point
      of the gas turbine plant and while the by-pass valves are closed.
NUM  7.
PAR  7. Procedure according to claim 3, including the steps of supplying only
      one of the two working medium cycle pressure signals to the third
      intensifying member; supplying the second output signal from the third
      intensifying member to the summation member with positive polarity when
      the high pressure signal is processed in the second regulator part and
      with negative polarity when the low pressure signal is processed in the
      second regulator part.
NUM  8.
PAR  8. Device according to claim 3, in which said second regulator part
      consists of only a single intensifying member; and a single signal feed
      line connected to the input of said single intensifying member and
      selectively operable to supply thereto either the low pressure signal or
      the high pressure signal.
NUM  9.
PAR  9. In a device for controlling the speed of a closed cycle gas turbine
      plant containing a working medium cycle and having at least one by-pass
      valve serving as an adjusting member for the working medium cycle,
      including respective measuring transformers for converting the working
      medium cycle high pressure into a high pressure signal and the working
      medium cycle low pressure into a low pressure signal, the actual speed
      value into an actual speed signal and the nominal speed value into a
      nominal speed signal: the improvement comprising, in combination, a
      regulator consisting of first, second and third regulator parts; a
      summation member connected to the outputs of said first and second
      regulator parts and to the input of said third regulator part; said first
      regulator part including an integrator; a comparison member; respective
      signal feed lines supplying the speed actual value signal and the speed
      nominal value signal to said comparison member; means connecting the
      output of said comparison member to the input of said first regulator
      part; said second regulator part consisting of first, second and third
      intensifying members and a subtraction member; respective signal feed
      lines connecting the outputs of said first and second intensifying members
      to said subtraction member and the output of said subtraction member to
      the input of said third intensifying member; a first signal feed line
      supplying the low pressure signal to the input of said first intensifying
      member; a second signal feed line supplying the high pressure signal to
      the input of said second intensifying member; said third regulator part
      being constituted by a P-regulator; said third intensifying member being
      connected to said summation member; and an output signal feed line
      connecting said third regulator part to said at least one by-pass valve to
      control the opening thereof.
NUM  10.
PAR  10. Device according to claim 9 in which said intensifying members are
      amplifiers.
NUM  11.
PAR  11. Device according to claim 9 in which said intensifying members are
      potentiometers.
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ABST
PAL  A method for suppressing the formation of ice in natural or man-made bodies
      of water such as lakes, rivers, sounds, straits, bays, shipping canals,
      shipping locks, harbors, and the like. The method is particularly useful
      in areas where ice breakers or the like cannot be efficiently operated.
      The method provides for direct replacement of heat lost to the atmosphere
      during the winter season by the use of heat transfer means such as
      permanent heat transfer apparatus located in and/or adjacent the sides of
      canals or rivers to prevent natural bridging of ice formations in the same
      or by the use of a traveling heat exchanger disposed in a barge, scow and
      the like.
PARN
PAR  This is a division of application Ser. No. 311,491, filed Dec. 4, 1972,
      issued as U.S. Pat. No. 3,878,887 on Apr. 22, 1975, which, in turn, is a
      continuation-in-part of application Ser. No. 268,468, filed July 3, 1972,
      issued as U.S. Pat. No. 3,768,264 on Oct. 30, 1973.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of suppressing the formation of ice in
      natural or man-made bodies of water, with particular reference to the use
      of heat transfer means for direct replacement of heat lost to the
      atmosphere during cold winter season when the air temperature is below
      that necessary for the formation of ice in said bodies of water.
PAR  2. Description of the Prior Art
PAR  Means for providing extended or possibly winterlong navigation for
      commercial shipping in water-way systems located in cold climate areas
      becomes an increasingly desirable factor as the systems are developed for
      man's use. This is particularly true in view of the relatively high cost
      of land based commercial shipping systems.
PAR  Ice begins to form when the air temperature is well below freezing and the
      water temperature is close to freezing. The most favorable conditions for
      ice formation are a clear, cold night with little or no wind. Ice sheets
      form first in sheltered areas such as harbors or bays. Whether an ice
      cover forms or does not form across a river or canal depends on the
      temperature of the air, the temperature of the water, the velocity of the
      wind, and the velocity and turbulence of the water. In any event, once an
      uncontrolled ice cover has formed, continued air temperatures below the
      freezing point of water will cause the ice cover to grow larger and
      thicken to the point where continued navigation by commercial shipping is
      impossible.
PAR  Extension of the navigation season or possible winter-long navigation
      requires maintenance of bays, harbors, and canals, locks or rivers
      connecting larger bodies of water. In large bodies of water away from
      shore areas, the winter ice cover is rather thin or discontinuous and can
      be easily traversed by commercial ships. It is in bays, harbors, shipping
      locks, canals and rivers that thick ice covers pose a major problem.
      Ice-breakers have been used to keep bays, harbors, canals, locks and
      rivers open, but repeated passages in the same track can cause weakening
      and damage to side retaining walls and shore areas. In addition, certain
      restricted areas cannot be reached with ice breakers. Bubbler systems for
      airlifting warm bottom waters to the surface and dusting techniques to
      prevent ice cover formation have been used with varying degrees of success
      but are expensive to maintain and sensitive to changes in weather and
      water conditions.
PAC  SUMMARY
PAR  In general, the present invention provides a method for suppressing the
      formation of ice in natural or man-made bodies of water such as lakes,
      rivers, sounds, straits, bays, shipping canals, shipping locks, harbors
      and the like. The method is particularly useful in areas where ice
      breakers or the like cannot be efficiently operated.
PAR  The method provides for the direct replacement of heat lost to the
      atmosphere from a body of water during cold seasonal days when the air
      temperature is below that necessary for the formation of an ice cover on
      said body of water. This replacement of heat results in maintaining the
      upper layer of water in the body of water just above freezing, thus
      suppressing the formation of an ice cover therein. By relating heat losses
      to differences in temperature between air and water, the rate of transfer
      of heat between surfaces of various bodies of water and the atmosphere can
      be established with a fair degree of accuracy. It has been found that this
      rate may be taken at about 95 British Thermal Units (B.T.U.), transferred
      per day per square foot of water surface per degree fahrenheit, and is
      independent of the surface character of the body of water in question,
      that is, the surface of rapids, the surface of lakes, and the surface of
      smooth sections of canals or rivers all have about the same cooling
      coefficient or ratio of heat transfer.
PAR  The present invention takes advantage of low level thermal energy sources
      by using liquid compositions to store heat near the body of water in which
      it is desired to suppress the formation of an ice cover. The compositions
      freeze substantially above 0.degree.C. (32.degree.F.) and have relatively
      large latent heats of fusion associated with their melting and freezing
      phase change, which heat can be transferred to the surface layer of the
      body of water by heat transfer means. Heat transfer apparatus may be
      utilized which is of a permanent type located in retaining side walls
      and/or in the top layer of water adjacent the sides of a body of water to
      prevent natural bridging of an ice cover on the same or may be a traveling
      heat exchanger disposed in a barge, scow or the like which moves along a
      desired path in a body of water. When a traveling heat exchanger is used
      such as a barge or scow, it is necessary to utilize intermediate
      compositions which have freezing temperatures substantially above
      0.degree.C. (32.degree.F.) but below that of the compositions which are
      used to store heat near a body of water. By utilizing the release of the
      relatively large latent heats of fusion of the compositions when they
      freeze coupled with the temperature differencial driving forces from the
      freezing temperature of the storage compositions to the freezing
      temperature of the intermediate compositions, if used, and then to the
      water which is just above freezing, a large heat transfer can be
      accomplished from the heat storage compositions to a body of water.
PAR  Many compositions useful in the present invention are described in a
      copending application Ser. No. 268,468, filed July 3, 1972, issued as U.S.
      Pat. No. 3,834,456 on Sept. 10, 1974, entitled "Aqueous Organic Heat-Sink
      Fluids" by Ewart C. Clarke and David N. Glew, which application is herein
      fully incorporated by reference. The compositions described in the
      copending application are single-phase solutions comprising water and at
      least one organic component which are mixed in proportions such that a
      homogeneous, crystalline, ice-like solid hydrate is formed upon freezing.
      The aqueous organic compositions have latent heats of fusion in the order
      of about 140 B.T.U. per pound. Examples of compositions found in the
      copending application which are particularly useful in the present
      invention are mixtures comprising one mole of pinacol and six moles of
      water which composition freezes at about 45.degree.C. (113.degree.F.), and
      one mole of butane-2,3-diol and six moles of water which composition
      freezes at about 14.degree.C. (57.degree.F.). Another beneficial property
      of many of the organic compositions described is a relatively low percent
      expansion or contraction of the same during freezing which significantly
      reduces mechanical stress on their encapsulating structures.
PAR  The thermal energy source utilized to regenerate or melt the heat storage
      compositions can be provided in numerous ways as, for example, from
      condenser water of steam power plants, nuclear energy power reactors,
      solar energy, exhaust gases or cooling water of deisel engines or the like
      and direct heating with fossil fuels. The thermal energy sources may also
      be used in combination as, for example, where solar energy, used as the
      primary source to regenerate or melt the storage compositions, is
      supplemented with fossil fuel heat during peak loads when the available
      solar energy is inadequate.
PAR  In addition, warm bottom waters may also be pumped to the surface and used
      in combination with fixed position or traveling heat exchangers to relieve
      the strain on other thermal energy sources. In some instances, it may even
      be practical to use bottom water as a primary thermal energy source to
      regenerate or melt the heat storage compositions of the fixed storage
      facilities or the traveling heat exchanger as, for example, where bottom
      water from a large industrial holding pond is used to melt the heat
      storage composition in a barge heat exchanger. Of course, the extent
      bottom water is utilized in combination with other thermal energy sources
      is governed by its temperature and location relative to the area where an
      ice cover is being controlled.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The objects and advantages of the present invention are even more apparent
      when taken in conjunction with the accompanying drawings in which like
      characters of reference designate corresponding materials and parts
      throughout the several views thereof, in which:
PAR  FIG. 1 is a schematic representation of a barge constructed as a traveling
      heat exchanger according to principles of the present invention;
PAR  FIG. 2 is a cross-sectional schematic representation of a large heat
      storage unit and regeneration system, and a heat exchanger barge
      illustrating the method of transferring heat from the storage unit to the
      barge;
PAR  FIG. 3 is a partial plan view illustrating a canal in which ice cover
      formation is suppressed by direct transfer of heat from a heat storage
      unit to heat exchanger means in the retained side walls and in the water
      adjacent said side walls;
PAR  FIG. 4 is a plan view illustrating a modified traveling barge heat
      exchanger which incorporates side distribution booms to increase the
      effective width of coverage of the same; and
PAR  FIG. 5 is a partial isometric view illustrating another modified traveling
      barge heat exchanger which incorporates a submerged pumping unit to pump
      bottom water into the distribution tubes of the barge.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following description illustrates the manner in which the principles of
      the invention are applied but are not to be construed as limiting the
      scope of the invention.
PAR  More specifically referring to FIG. 1, a traveling heat exchanger 10 in the
      form of a self propelled barge 12 which is utilized to transfer heat to
      the top portion of a body of water 14 is illustrated. The barge 12 has
      heat exchanger conduits 16 through which water from the body of water 14
      passes and absorbs heat. Barge 12 is substantially filled with an aqueous
      organic composition 18 comprising one mole of butane-2,3-diol and six
      moles of water which freezes at about 14.degree.C. (57.degree.F.) and has
      a latent heat of fusion of about 140 B.T.U. per pound. The barge 12 also
      includes a cover 17, a flow control device 11 to control the flow of water
      through conduits 16, a heat regeneration unit 13, only partially
      represented to avoid unnecessary detail, which is used to supply heat from
      an external source to the composite 18, and a deisel engine 15 used to
      drive the barge 12. The cooling system 19 of the deisel engine 15 is tied
      into the regeneration unit 13 in order to take advantage of the waste heat
      generated in the same by transferring it to the composition 18. Other
      conventional details of the barge 12 such as a cabin, steering mechanism,
      signal lights, anchors and the like are not shown so that the more
      important functional elements can be clearly illustrated. The barge 12 and
      other functional elements therein can be made from the usual construction
      materials such as steel.
PAR  Referring now to FIG. 2, a heat storage unit 20 which is used to supply
      heat to the barge 12 is illustrated. The reference numerals illustrating
      the parts of barge 12 are the same as shown in FIG. 1. The storage unit 20
      includes a tank 21 which has insulated walls 22 (insulation not shown) to
      prevent excess heat loss to the atmosphere during cold weather. The tank
      21 is substantially filled with an aqueous organic composition 23
      comprising one mole of pinacol and six moles of water which freezes at
      about 45.degree.C. (113.degree.F.) and has a latent heat of fusion of
      about 140 B.T.U. per pound. The heat storage unit 20 also includes solar
      energy collectors 24 as the primary means for accumulating stored heat in
      composition 23, a secondary thermal energy unit 27 such as a fossil fuel
      furnace to supplement the solar energy collectors 24, heat transfer lines
      25, a centrifical pump 26, couplings 28 and valves 29-33.
PAR  The present invention is based on a principle of storing large quantities
      of heat near its point of use in the form of latent heat of fusion of the
      compositions 18 and 23. What this means is, that in carrying out the
      present invention, the compositions 18 and 23 are allowed to freeze, thus
      releasing their relatively large latent heats of fusion which are
      introducted into and/or near the area necessary to suppress ice cover
      formation on the body of water 14. Of course, the compositions 18 and 23
      also supply heat from their liquid phases when utilized at temperatures in
      excess of their freezing points, but the quantity supplied would generally
      be small in comparison with that supplied by their latent heats of fusion.
      In addition, the freezing temperatures of the compositions 18 and 23 are
      sufficiently high to provide an adequate driving force differential
      temperature to accomplish the require heat transfer.
PAR  Heat should be stored in composition 23 during warm weather when the air
      temperature is above 0.degree.C. (32.degree.F.). The number and size of
      the solar energy collectors 24 and the secondary thermal energy unit 27
      will depend on the amount of heat which must be stored, but, in any event,
      should be sufficient to melt the composite 23 before cold weather sets in
      when the air temperature is below 0.degree.C. (32.degree.F.). The heat is
      transferred from the collectors 24 and unit 27 by an intermediate transfer
      fluid, such as a common glycol-water solution, disposed in transfer lines
      25. During storing of heat in composition 23, valves 30, 32 and 33 are
      closed and valves 29 and 31 are open. The centrifical pump 26 then
      continuously pumps the transfer fluid through transfer lines 25 moving the
      heat from collectors 24 and thermal energy unit 27, if used, into the
      composition 23.
PAR  During the cold weather season, heat is transferred from the barge 12 to
      the water adjacent the surface of the body of water 14 until the
      composition 18 is completely frozen. The barge 12 is then moved into
      position adjacent the retaining wall 37 of the body of water 14 and
      coupled to the heat storage unit 20 through couplings 28. The composition
      18 is then regenerated or melted by transferring heat through transfer
      lines 25 and regeneration unit 13. To accomplish this, valves 29, 32, 33,
      34 and 35 are opened and valves 30, 31, and 36 are closed. Thereafter,
      pump 26 continuously pumps the intermediate transfer fluid through
      transfer lines 25 and the regeneration unit 13 until sufficient heat has
      been transferred to melt composition 18. The valve procedure is reversed
      to place barge 12 back in operation on the body of water 14.
PAR  Referring now to FIG. 3, a modification of the present invention
      incorporating permanent heat transfer systems in a partial section of a
      shipping canal 40 is illustrated. This modification provides for the use
      of permanent heat exchangers 42 and 43 located in retaining side walls 45
      or in the top layer of water 44 adjacent the side walls 45, respectively,
      to prevent natural bridging of an ice cover between the side walls 45.
      Heat storage tanks 21 of the same type shown in FIG. 2 and direct transfer
      lines 41 are used to transfer heat to the heat exchangers 42 and 43. Piles
      46 are included to protect heat exchangers 43 from damage by ships passing
      through the canal 40. By preventing the formation of natural bridging
      between the retaining side walls 45, any ice cover that forms in the canal
      40 will be carried by the current of the water 44 into larger connecting
      bodies of water where it can be easily traversed by ships or, if
      necessary, broken up with an ice breaker.
PAR  Referring to FIGS. 4 and 5, two modified versions of barge 12 are
      illustrated. The barge 12 shown in FIG. 4 incorporates means to increase
      the width of its effective path over that defined by the normal flow of
      heated water 43 through the same. To this end, the barge 12 includes
      distribution conduit booms 41 located on each side of the same. The booms
      41 are coupled by rotatable joints 42 to the heat exchanger conduits 16,
      shown in FIGS. 1 and 2, in barge 12 thereby providing distribution of
      heated water streams 44 from the sides of barge 12. The rotatable joints
      42 allow the booms 41 to be rotated as much as 90.degree. away from the
      sides of barge 12, thus providing significant control of the effective
      width covered by barge 12.
PAR  The barge 12, shown as a partial isometric section of the front end thereof
      in FIG. 5, incorporates means for pumping warm bottom waters up to and
      through the heat transfer system of barge 12. The bottom water pumping
      system includes a raising and lowering mechanism 51, a
      receiver-distributor tank 52 and a pump platform 53 having a submergible
      pump 54 and an intake 55. The pump platform 53 is also shown in phantom
      line in its lowered position. Other details such as additional super
      structure, a temperature indicator to locate the warmest bottom water and
      a sonar sensor device to control the depth of the pump platform 53 are not
      shown in FIG. 5 and would be a matter of choice to persons skilled in the
      art. Other value means not shown are also provided in the
      receiver-distributor tank 52 to control the flow of bottom water to
      conduits 16 in barge 12 either as the total flow thereto or in combination
      with other surface water introduced into the system. Additional value
      means may also be provided in tank 52 for diverting the bottom water
      through the heat regeneration unit 13 of barge 12, shown in FIGS. 1 and 2,
      when the bottom waters are used to melt or regenerate the heat storage
      composition of barge 12.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in the art that various changes and modifications can be made
      therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for suppressing the formation of ice in a natural or man-made
      body of water, comprising the steps of:
PA1  a. storing heat near said natural or man-made body of water from at least
      one thermal energy source, said heat being stored in a liquid composition
      having a freezing temperature substantially above that necessary for the
      formation of ice in said body of water; and
PA1  b. transferring said stored heat into a portion of water adjacent the
      surface of said body of water in sufficient amount to substantially
      prevent or suppress the formation of ice in said body of water during cold
      seasonal weather when the air temperature is below that necessary for the
      formation of an ice cover on said body of water, said transferring of
      stored heat being accomplished in conjunction with pumping and
      distributing of warm bottom water disposed adjacent the bottom of said
      body of water into said portion of water adjacent the surface.
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PAL  A mine roof support for use at a mineral face comprises at least one prop,
      a canopy or roof-engaging structure adapted to lie against the roof of a
      mine working, a base member adapted to lie on a floor of said mine
      working, and a shield flexibly connecting, by hinge means, said canopy or
      roof-engaging structure and said base member. Said hinge means have their
      axes lying in the longitudinal direction of the mineral face and the hinge
      means connecting the shield to the base member is constructed so as to
      provide additionally for movement of the shield laterally relatively to
      the base member. In one preferred construction the axis of said hinge,
      which as stated lies in the longitudinal direction of the mineral face, is
      itself pivotable about an axis lying in the advancing direction of the
      roof support. The hinge connecting the shield to the canopy or
      roof-engaging structure may be similarly constructed. The shield may be
      constructed and arranged so that it will transfer, at least in part, the
      support forces between the roof and floor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is concerned with a shield assembly in or for use in a mine
      roof support and more particularly but not essentially to a shield
      assembly comprising at least one prop and a canopy adapted to lie against
      the roof as well as a base plate adapted to lie on the floor which are
      connected through a hinged shield construction which has one or more hinge
      axes lying in the longitudinal direction of the face, wherein the shield
      construction transfers at least in part the support forces between the
      roof and floor.
PAR  A shield assembly of this kind is known for example from the Journal
      "GLUCKAUF" 103 (1967) pages 1013 to 1017. A particular characteristic of
      such a shield support assembly is that the support forces of the prop or
      props or the hinged shield construction are spread out, in scissors
      fashion, so that the hinges of the shield construction are included in the
      force flow for development of the support forces. The shield support
      assembly of the stated art differs basically from those support blocks or
      advancing roof supports which are provided on the goaf, or rear, side
      i.e., the side away from the working face, with flushing shield plates or
      flushing shield boxes, which are not included in the force flow for
      development of the support forces but serve only the purpose of preventing
      penetration of the waste into the face space.
PAR  In the known shield assemblies of the said kind on so far unexplained
      grounds deformations and breakages frequently occur in the hinge parts of
      the shield construction. As a basis for these defects it was at first
      supposed that the hinges of the shield construction had not been
      sufficiently stable. As careful research has shown the above-mentioned
      defects in the hinges of the shield construction are in no way to be
      traced back to the fact that these hinges were too weakly constructed but
      could be traced back to the fact that these hinges were unfavourably
      loaded. In fact these unfavourable loadings result when relative movements
      between roof and floor in the longitudinal direction of the face occur or
      when irregularities in the floor or roof are present. With such loadings
      strong transverse forces arise in the hinge mechanism of the shield
      construction which distort and damage these hinges.
PAR  It is therefore an object of the present invention to improve the shield
      support assembly in such a way that the overloading phenomena and damages
      referred to are avoided in the hinges of the shield construction.
PAC  SUMMARY
PAR  According to the present invention there is provided a mine roof support,
      for use at a mineral face, comprising at least one prop, a canopy or
      roof-engaging structure adapted to lie against the roof of a mine working,
      a base member adapted to lie on a floor of said mine working and a shield
      flexibly connecting said canopy or roof-engaging structure and said base
      member by hinge means having their axes lying in the longitudinal
      direction of the mineral face, the hinge means connecting the shield to
      the base member providing additionally for movement of the shield
      laterally relatively to the base member.
PAR  Preferably in the roof support described in the preceding paragraph the
      shield is operative to transfer, at least in part, the support forces
      between the roof and floor. It is also preferred that the axis of the
      hinge means connecting the shield to the base member is pivotable about an
      axis lying in the advancing direction of the roof support.
PAR  In the shield assembly frame according to the invention the previously
      referred to overloading phenomena and damages in the hinges of the shield
      construction suprisingly no longer arise. In the shield assembly according
      to the invention relative movements between the roof and floor in the
      longitudinal direction of the face or irregularities can no longer give
      rise to unfavourable loading of the shield construction because the foot
      part and the shield construction can pivot relatively to one another about
      the hinge axes on the hinge mechanism in such a way that forces produced
      by adaptation movements can no longer act on the hinges of the shield
      construction.
PAR  According to a preferred embodiment of the invention the canopy is
      connected with the shield construction through a hinge, so that the hinge
      axis of the shield construction lying in the advancing direction of the
      support frame is swingable relative to the canopy. A somewhat similar
      hinge connection between a canopy and a support element is known from
      German Offenlegungsschrift No. 2,027,367. A still better adaptability to
      irregularities in the roof is imparted to the shield assembly according to
      the invention through use of an additional hinge between the canopy and
      the shield construction, wherein simultaneously unfavourable loadings
      produced through such irregularities are kept away from the hinge axes of
      the shield construction.
PAR  Suitably in the shield support frame according to the invention the hinge
      axis of the hinge mechanism is located seen from the longitudinal
      direction of the face approximately centrally in the roof support between
      the shield construction and the base plate. Through this the shield
      construction can incline on both sides to approximately the same extent
      relative to the base plate, so that it can be particularly well adapted to
      these irregularities in the floor.
PAR  Preferably the hinge mechanism between the shield construction and the base
      plate is constructed as a tubular hinge which consists of concentrically
      arranged tubular sections. Such a hinge consisting of two sections is very
      robust, cheap to manufacture and can absorb without difficulty strong
      forces without undergoing deformation or other damage. In particular such
      a hinge consisting of tubular sections makes possible good use of the
      space available. In the inner tube section the ram of the support frame
      can, for example, be particularly suitably housed. It is known from German
      Auslegeschrift No. 1,804,611 in connection with an advancing roof support
      to fasten the supports together by a tubular hinge and to arrange a ram in
      the tubular hinge. This tubular hinge is however not incorporated in the
      force flow for the development of the support forces and does not
      therefore serve the purpose of keeping away transverse forces or similar
      unfavourable loadings on parts of the roof support.
PAR  In order, after the movement of the base plate relative to the shield
      construction, to be able to bring both parts again into the norm position,
      aligning devices are arranged between the shield construction and the base
      plate, or parts connected with the base plate. These aligning devices use
      the base plate or the parts connected with the base plate as abutments and
      move (after the support element has been released from tension between
      roof and floor) the shield construction again into its norm position
      relative to the base plate. The aligning devices are suitably formed as
      pressure-medium cylinders. These pressure-medium cylinders can be
      completely balanced so long as the roof support is in tension between the
      roof and floor so that the movements of the shield construction relative
      to the base plate are not prevented. For alignment it is sufficient to
      pressurise briefly these pressure-medium cylinders with pressure-medium
      during the advancing step of the roof support.
PAR  According to another particularly economical embodiment the aligning
      devices can also be formed as spring elements. Alignment means between the
      base plate and the props of a roof support formed as spring elements or as
      pressure-medium cylinders are known from German Auslegeschrift No.
      1,816,955. However such aligning means have hitherto not been used with
      shield support assemblies.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS.
PAR  One embodiment of the invention by way of example is explained in more
      detail below with reference to the drawings in which:
PAR  FIG. 1 is a section of a shield assembly according to the invention,
PAR  FIG. 2 is a plan view of the base plate of a shield assembly according to
      the invention, and
PAR  FIG. 3 is a view of a shield assembly according to the invention from the
      coal face.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS.
PAR  In the drawing the base plate of the shield assembly is indicated by
      reference numeral 1. At its rear end a flushing shield 3 is attached to
      the base plate 1 by means of a hinge 2, and is connected at its upper end
      to a caving shield 5 through a hinge 4. The caving shield 5 is connected
      to the base plate 1 also by a guide rod 6 which acts on the caving shield
      5 through a hinge 7 and on the base plate 1 through a hinge 8. The hinge
      axes of the hinges 2, 4, 7 and 8 all lie in the longitudinal direction of
      the face. The flushing shield 3 and the guide rod 6 together form with the
      section of the base plate 1, which lies between the hinges 2 and 8, and
      the section of the caving shield 5, which lies between the hinges 4 and 7,
      a quadrilateral hinge.
PAR  The caving shield 5 supports with its forward end a canopy 9. In addition
      the caving shield is supported in its longitudinal region by two hydraulic
      props 10, which are located with their feet in the base plate 1.
PAR  In order to give the shield assembly a movement play relatively to the base
      plate 1, in a vertical plane lying in the longitudinal direction of the
      face, in the region of the points of application of the flushing shield 3
      and the guide rod 6, between the base plate 1 and the shield construction,
      two hinges 11 and 12 are arranged the common hinge axis of which lies in
      the advancing direction of the roof support and, seen from the
      longitudinal direction of the face, is located approximately centrally in
      the roof support. The hinge parts of the two hinges 11 and 12 are formed
      as concentrically arranged tubular sections 13 and 14 or 15 and 16, which
      have a relatively large diameter. The inner diameter of the inner tubular
      section 14 of the hinge 8 is of such size that a section of a ram 17 of
      the roof support can be arranged in this tubular section 14 and thereby
      gives a particularly favourable guidance and all round support.
PAR  As can be clearly seen from the drawing the shield assembly on inclination
      of the base plate 1 in the longitudinal direction of the face or on
      movements parallel to the stratification in the lontitudinal direction of
      the face, can readily swivel about the hinges 11 and 12, so that force
      components directed in the longitudinal direction of the face can no
      longer stress the shield assembly and in particular its hinge mechanism.
PAR  The quandrilateral hinge moves between the caving shield 5 and the base
      plate 1 on pivoting of the caving shield 5 in such a way that the forward
      end of the caving shield 5 moves on a lemniscate which has in the pivoting
      area a very large radius of curvature so that an almost vertical line
      results for the top of the caving shield. In order to compensate for the
      small deviation from a vertical straight line, the canopy 9 is connected
      with the forward end of the caving shield 5 displaceable in the advancing
      direction of the roof support. In order also to enable the canopy 9 to
      swivel in a vertical plane lying in the longitudinal direction of the
      face, the connection between the canopy 9 and caving shield 5 is formed as
      a pin joint 18, the hinge axis of which lies in the advancing direction of
      the roof support and in which the canopy 9, in the axial direction of the
      pin joint, is permitted so large a clearance that the above-mentioned
      deviation can be avoided. In order to attain a strong hold for the canopy
      9 despite the large clearance in the axial direction, plate springs 19 are
      mounted on the pin joints which tension mutually the hinge parts in the
      axial direction of the hinge.
PAR  In order to give to the canopy 9 further additional holding against
      undesired swivelling movements on release of the roof support from
      tensioning, there is provided between the hinge parts a pre-tensioned
      locking device 20 which consists of two discs pressed against one another
      in the axial direction and having radially arranged teeth. The holding
      force of this locking device 20 which is pretensioned in the axial
      direction by the plate springs 19 is obviously so small that it is easily
      overcome by the forces arising in the set roof support.
PAR  In order to attain, in the longitudinal direction of the face, the
      requisite movement play between the canopy 9 and the caving shield 5 and
      to make possible swivelling movement of the canopy about an axis running
      in the longitudinal direction of the face, a pin joint 21 is additionally
      arranged under the pin joint 18, which corresponds in all details of its
      construction to the pin joint 18, the hinge axis of which however lies in
      the longitudinal direction of the face.
PAR  For alignment of the shield construction in the norm position relative to
      the base plate aligning devices 22 are provided between the props 10,
      connected with the base plate, and the shield construction (FIG. 3). These
      aligning devices are formed in the illustrated embodiment as
      pressure-medium cylinders which are charged with pressure-medium on
      releasing the roof support from tensioning. In place of such
      pressure-medium cylinders there can also be used springs, dashpots or
      other resilient elements.
CLMS
STM  We claim:
NUM  1.
PAR  1. A mine roof support comprising an elongated ground-engaging structure
      for placement with its longitudinal axis perpendicular to a mineral face,
      a roof-engaging structure overlying a forward portion of the
      ground-engaging structure, a shield structure extending between the rear
      of said ground-engaging structure and said roof-engaging structure
      longitudinally of and overlying said ground-engaging structure, first
      hinge means having a first hinge axis extending transversely to the
      longitudinal axis of said ground-engaging structure and serving hingedly
      to connect a rear portion of said shield structure to said ground-engaging
      structure, hydraulically extensible prop means extending between said
      shield structure and said ground-engaging structure and operable to pivot
      said shield structure relative to said ground-engaging structure about
      said first hinge means, second hinge means connecting a forward portion of
      said shield structure to said roof-engaging structure, said first hinge
      means including pivot means whereby said first hinge axis is pivotal about
      a second axis normal to said first hinge axis.
NUM  2.
PAR  2. A mine roof support according to claim 1 wherein said pivot means is
      arranged to permit pivotal movement of said first hinge axis about an axis
      extending longitudinally of said ground-engaging structure.
NUM  3.
PAR  3. A mine roof support according to claim 1, wherein said second hinge
      means connecting said shield structure and said roof-engaging structure
      also includes a first hinge axis and pivot means whereby the first hinge
      axis of said second hinge means is pivotal about a second axis normal to
      its first hinge axis.
NUM  4.
PAR  4. A mine roof support according to claim 3 wherein the first hinge axis of
      said second hinge means also extends transversely of said ground-engaging
      structure.
NUM  5.
PAR  5. A mine roof support according to claim 3 wherein said second axis of
      said first hinge means extends longitudinally and centrally of said
      ground-engaging structure.
NUM  6.
PAR  6. A mine roof support according to claim 3 wherein said first hinge means
      connecting said shield structure to said ground-engaging structure
      includes two link members spaced apart along the length of said
      ground-engaging structure, each said link member being pivotally attached
      at one end to said shield structure and at the opposite end to a tubular
      hinge means forming said pivot means which is connected to said
      ground-engaging structure.
NUM  7.
PAR  7. A mine roof support according to claim 6 wherein said tubular hinge
      means is constituted by two tubular hinges having their hinge axes in
      alignment longitudinally and centrally of said ground-engaging structure.
NUM  8.
PAR  8. A mine roof support according to claim 6 wherein said tubular hinge
      means is constituted by two tubular hinges having aligned hinge axes, one
      of siad tubular hinges being displaceable relative to the other
      longitudinally of said ground-engaging structure by ram means arranged
      within an inner tubular section of said one tubular hinge.
NUM  9.
PAR  9. A mine roof support according to claim 3 including aligning means
      arranged between said shield structure and said ground-engaging structure.
NUM  10.
PAR  10. A mine roof support according to claim 9 wherein said aligning means
      are consituted by pressure-medium cylinders.
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ABST
PAL  Driving hollow piles by utilising a hollow drive tube inserted in the tube
      and applying hammer blows to an abutment at the bottom of this tube.
BSUM
PAR  This invention relates to pile driving.
PAR  Traditionally load bearing piles have been installed by driving them from
      the top with some type of hammer acting upon the protected head of the
      pile to apply a downward pressure. In its simplest form the hammer
      consists of a mass of cast iron or steel which is raised above the head of
      the pile and allowed to drop onto the head under its own weight, although
      this simple drop hammer has been replaced to a large extent by more
      sophisticated steam, compressed air or diesel driven hammers having, of
      course, advantages especially in certain applications, but suffering from
      the disadvantages of complexity and higher cost as compared with simpler
      equipment. There is, furthermore, a major problem that is always
      encountered where piles are driven by striking their heads, and that is
      the considerable noise that occurs. It is the principal object of the
      present invention to provide a method of driving hollow piles with a
      minimum of noise.
PAR  According to one aspect of the present invention there is provided a
      methods of driving hollow piles, comprising driving such a pile by
      applying blows to an abutment of a hollow drive tube, the abutment being
      remote from one end of the tube and the tube extending down the pile so
      that said abutment is within the pile, the force of blows so applied being
      transferred to the pile via a further abutment of the hollow tube that is
      adjacent said one end.
PAR  According to a second aspect of the present invention there is provided a
      method of erecting a piling structure utilising hollow piles, comprising
      driving such a pile by applying blows to an abutment of a hollow drive
      tube, the abutment being remote from one end of the tube and the tube
      extending down the pile so that said abutment is within the pile, the
      force of blows so applied being transferred to the pile via a further
      abutment of the hollow tube that is adjacent said one end, and driving
      subsequent piles in similar manner to form the desired piling structure.
PAR  According to a third aspect of the present invention there is provided
      piling structure erected by the methods just defined.
PAR  Since, in the methods as just defined, the blows are applied within the
      pile, the sound emanating therefrom is muffled, and hence the noise of
      driving the pile is minimised.
DRWD
PAR  For a better understanding of the invention and to show how the same may be
      carried into effect, reference will now be made, by way of example, to the
      accompanying drawing, in which:
PAR  FIG. 1 illustrates a method of driving a hollow concrete pile, and
PAR  FIG. 2 illustrates a method of driving a hollow steel pile.
DETD
PAR  Referring first to FIG. 1, the pile 1 is a conventional full-length hollow
      concrete pile formed, for example, by the spinning process. In order to
      drive this pile to form part of a piling structure, it is placed in
      position for driving and a hollow steel drive tube 2 is inserted in the
      pile. This tube 2 is closed at the end that is inserted into the pile by a
      wall 2A constituting an abutment of the tube. This wall 2A is sufficiently
      strong to withstand the blows that are applied to it during driving as
      described below. The tube 2 is of an external diameter such that it can be
      readily inserted in, and subsequently removed from, the pile 1, the tube 2
      having a collar 2B adjacent its end remote from the wall 2A that is of
      sufficient diameter that it may rest on the top rim of the pile. This
      collar 2B, which constitutes a further abutment of the tube 2, serves
      during driving to transfer to the pile the force of blows applied to the
      wall 2A, the collar being of suitable strength.
PAR  Preferably cushioning material in the form of circular packing 3 is
      positioned between the collar 2B and the upper rim of the pile; further
      cushioning material, in the form of, for example, sand 4, being placed in
      the bottom of the tube 2.
PAR  Driving is effected utilising a steel hammer 5 constiting of a long weight
      of such a section that it can be lowered into the drive tube 2 with
      sufficient clearance for easy movement up and down in the tube, and to
      permit free movement of air in order to avoid any "piston" effect. The
      hammer 5 is lowered from a lifting appliance (not shown) via a rope 6.
PAR  The sequence of operations to effect driving is as follows:
PAR  A. The pile to be driven is held in position by a supporting frame.
PAR  B. Cushioning material (the packing 3) is placed on the rim of the pile.
PAR  C. The drive tube 2 is inserted so that its collar 2B rests upon the
      cushioning material.
PAR  D. Cushioning material (the sand 4) is placed in the bottom of the drive
      tube 2.
PAR  E. The hammer 5 is inserted into the drive tube 2 until its lower end rests
      upon the cushioning material at the bottom of the drive tube 2.
PAR  F. The hammer 5 is raised by the lifting equipment and released to fall
      freely under its own weight. The energy of the blow is transmitted through
      the cushioning material at the bottom of the tube 2 to the closed end of
      the tube, then through the walls of the tube to the collar 2B and the
      cushioning material under the collar to the top of the pile itself thus
      causing a downward pressure on the pile. This process is repeated until
      driving is completed.
PAR  G. The hammer 5 is removed.
PAR  H. The drive tube 2 is removed.
PAR  I. The cushioning material formed by the packing 3 is removed from the head
      of the pile.
PAR  Preferably, prior to inserting the drive tube 2, the pile is filled with
      sand 7 to just below the closed end of the tube 2 so that should the
      hammer break through the end of the tube 2 (for example, through being
      dropped from too great a height) its fall is arrested by the sand 7.
PAR  The above sequence of operations is effected with subsequent piles to
      complete the desired piling structure.
PAR  Referring to FIG. 2, the method utilised for driving hollow steel piles
      such as the pile 1' shown therein is substantially as described above.
      However, whereas the thickness of a concrete pile is such as effectively
      to muffle the sound of the hammer blows, to achieve maximum muffling when
      driving a steel pile the drive tube 2' utilised is a double walled tube
      having sound insulation material 8 between its two walls. Furthermore, to
      provide sufficient area for the packing 3 to seat on at the top of the
      pile, a steel helmet 9 is mounted on the upper rim of the pile.
PAR  It will be appreciated that, in the method of pile driving that has been
      described, the hammer blows are applied some way down the pile and hence
      the sound thereof is effectively muffled. As the force of the blows is
      transferred to the top of the pile, the pile does not have to be
      constructed in any special way to withstand the blows, and the pile is not
      tensioned by the blows which is particularly important in the case of a
      concrete pile. The steel drive tube is reusable and the equipment required
      for applying the blows is of the simplest kind.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method driving hollow piles, comprising driving such a pile by
      applying blows to a first abutment of a hollow drive tube, said first
      abutment being remote from one end of the tube, said tube having a second
      abutment remote from said one end, said tube extending down the pile so
      that said first abutment is within the pile and spaced from the bottom of
      the pile so that the force of applied blows is transferred to the pile via
      said second abutment.
NUM  2.
PAR  2. A method driving hollow piles according to claim 1, and comprising
      positioning cushioning material between said second abutment and the pile.
NUM  3.
PAR  3. A method of driving hollow piles according to claim 1, and comprising
      placing cushioning material to receive the blows applied to said first
      abutment.
NUM  4.
PAR  4. A method of driving hollow piles according to claim 1, wherein the
      hollow drive tube utilised is double walled and has sound insulation
      material between its walls.
NUM  5.
PAR  5. A method of erecting a piling structure with hollow piles, comprising
      driving such a pile by applying blows to a first abutment of a hollow
      drive tube, said first abutment being remote from one end of the tube,
      said tube having a second abutment adjacent said one end, said tube
      extending down the pile so that said first abutment is within the pile and
      spaced from the bottom of the pile so that the force of applied blows is
      transferred to the pile via said second abutment, and driving subsequent
      piles in similar manner to form the desired piling structure.
NUM  6.
PAR  6. A method of erecting a piling structure according to claim 5 and
      comprising holding a first pile to be driven in position; placing
      cushioning material so as to be positioned between said second abutment
      and the pile; inserting the drive tube into the pile so that said second
      abutment rests on this cushioning material; placing further cushioning
      material in the drive tube to receive the blows to be applied to said
      first abutment; inserting a hammer in the drive tube until it rests on the
      last-mentioned cushioning material; repeatedly raising the hammer and
      letting it fall freely under its own weight until driving of the pile is
      completed; removing the hammer; removing the drive tube; removing the
      first-mentioned cushioning material; and repeating said steps with further
      piles.
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ABST
PAL  The hot cylinder for a Vuilleumier cycle cryogenic refrigerator having an
      annular liner positioned between the hot displacer and the hot-cylinder
      wall with a plurality of stainless steel tubes in the space between the
      liner and the hot-cylinder wall to form a hot regenerator. The liner
      axially supports the tubes and has air flow notches at the top and bottom
      thereof. The gas flows through the tubes and through the spaces between
      the tubes. An annular seal is provided between the hot displacer and the
      annular liner.
GOVT
PAC  RIGHTS OF THE GOVERNMENT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States for all governmental purposes without the
      payment of any royalty.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a hot regenerator for use in a cryogenic
      refrigerator of the type described in the patent to Vuilleumier, U.S. Pat.
      No. 1,275,507. Various internal and external hot regenerators have been
      used with cryogenic refrigerators using the Vuilleumier cycle. The
      regenerator is a matrix having a high ratio of surface area to volume. One
      type of prior art regenerator uses a fine mesh screen. These have been
      found to result in excessive hot regenerator losses. The gas path between
      the hot displacer and the hot cylinder wall has been used as a regenerator
      path. However, nonuniform gas flow paths produce regenerator losses and it
      has been very difficult to maintain a uniform gas flow path between the
      hot displacer and hot cylinder.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  According to this invention, an annular liner is positioned between the hot
      displacer and the hot cylinder. A plurality of parallel stainless steel
      tubular members are located between the annular liner and the hot cylinder
      to form a regenerator wherein the gas flows through the tubes and through
      the approximately triangular areas between the tubes. A piston seal at the
      base of the hot displacer prevents leakage around the hot regenerator. The
      annular liner secures the tubes in their axial position.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a perspective view of a two-stage Vuilleumier cycle cryogenic
      refrigerator with which the regenerator of the invention is used.
PAR  FIG. 2 is a schematic illustration of a conventional two stage Vuilleumier
      cycle cryogenic refrigerator.
PAR  FIG. 3 is a partially schematic sectional view of the hot cylinder of the
      device of FIG. 1 along the line 3--3.
PAR  FIG. 4 is a partially cut away schematic illustration of the hot cylinder
      of FIG. 1 with the regenerator of the invention.
PAR  FIG. 5 is an enlarged partially cut away sectional view of the regenerator
      of the invention, along the line 5--5 of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Reference is now made to FIG. 1 of the drawing which shows a two stage
      Vuilleumier cycle cryogenic refrigerator 10 having a crankcase 12, a hot
      cylinder 14, a cold cylinder 16 and a driving motor 18.
PAR  As shown in FIG. 2, the motor drives a hot displacer 20 in the hot cylinder
      14 with a hot regenerator 22 interconnecting the hot volume, at the end 23
      of the hot displacer 20, and the crankcase chamber 24.
PAR  The motor also drives the cold displacer 26 in the cold cylinder 16.
PAR  As shown in FIGS. 3-5, the hot cylinder 14 has an annular liner 30 spaced
      from the hot-cylinder wall 32 with a plurality of stainless steel tubes 34
      surrounding the liner 30 and positioned between the liner 30 and the wall
      32. The hot cylinder wall has a step 31 for holding the liner in place
      against the crankcase wall 33. The liner 30 and wall 32 are made of the
      same material in order that the two elements will have equal thermal
      expansion. In one device constructed, the material is Iconel 718 and the
      hot cylinder wall is 4 inches long with an inside diameter of about 2
      inches. The tubes 34 are about two inches long with an inside diameter of
      0.012 inch and an outside diameter of 0.022 inch. The radial dimension of
      the annular space between the liner and the hot-cylinder wall is about
      0.024 inch. The gas, which in the device constructed is helium, flows
      through the tubes 34 and through the approximately triangular spaces 35
      formed between the tubes, as shown in FIG. 5. The liner has an annular
      channel 36 with end walls 37 and 38 for securing the tubes in their axial
      position. The liner 30 has slots 39 at the base for gas flow from the
      crankcase to the tubes 34 and slots 41 at the top for gas flow from the
      tubes 34 into the hot volume 43 at the end 23 of the hot displacer 20.
PAR  An annular seal 42 at the base of the hot displacer 20 prevents leakage
      around the hot regenerator in the space between the liner 30 and the hot
      displacer 20. A heater element 44 is wound around the end of the hot
      cylinder 20.
PAR  In the operation of the device of the invention, the hot cylinder functions
      in the same manner as prior art cryogenic refrigerators using the
      Vuilleumier cycle. As the hot displacer moves away from the crankcase, the
      gas passes from the hot end of the hot cylinder through notches 41, then
      through the tubes 34 and spaces 35 and then notches 39 into the crankcase
      chamber 24. The regenerator includes the tubes 34 and the walls of liner
      30 and the wall of hot cylinder wall 32. As the gas passes from the hot
      end of the hot cylinder through the regenerator, the regenerator removes
      heat energy from the gas and stores it in the tubes 34 and the liner and
      hot cylinder wall. This heat energy is returned to the gas as it passes
      from the crankcase through the regenerator to the hot end of the hot
      cylinder as the hot displacer moves toward the crankcase chamber 24. The
      seal 42 prevents the flow of gas in the space between the hot displacer 20
      and the liner 30.
PAR  There is thus provided a hot cylinder for a Vuilleumier cycle cryogenic
      refrigerator with an improved regenerator which reduces the hot
      regenerator losses.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hot cylinder for a cryogenic refrigerator having a hot displacer in
      the hot cylinder; a cold cylinder inclosing a cold displacer; a crankcase
      connected to the hot cylinder and the cold cylinder, a motor for moving
      the hot displacer and the cold displacer and a heater for said hot
      cylinder comprising: a cylindrical wall member adapted to be secured to
      said crankcase; an annular liner member positioned between the hot
      displacer and said wall member and spaced a predetermined distance from
      said wall member; a plurality of elongated tubular members in the space
      between the wall member and the liner member; said liner member including
      means for axially positioning the tubular members; means for providing a
      seal between said hot displacer and said liner member; said liner member
      including means for providing a gas flow path between the crankcase
      through said tubular members into a hot volume adjacent the heater in the
      hot cylinder.
NUM  2.
PAR  2. The device as recited in claim 1 wherein said means for axially
      positioning the tubular member is an annular channel in the outer wall of
      the annular liner.
NUM  3.
PAR  3. The device as recited in claim 2 wherein said cylindrical wall member
      includes an offset for retaining said liner in place against the wall of
      said crankcase; said means for providing a gas flow path from the
      crankcase through said tubular members and into the hot volume includes a
      plurality of notches in the liner adjacent the crankcase and a plurality
      of notches in the liner adjacent the offset in the cylindrical wall
      member.
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ABST
PAL  Methods and apparatus for producing and distributing a slurry of finely
      divided unagglomerated carbon dioxide particles suspended in liquid carbon
      dioxide include the production of liquid CO.sub.2 from carbon dioxide gas.
      A CO.sub.2 slurry is then formed in a reactor by introducing liquid
      CO.sub.2 therein, agitating the same and concurrently controlling the rate
      of evaporation. The slurry so formed is pumped to a storage vessel wherein
      the solids concentration of the slurry may be increased. Slurry is
      subsequently pumped into a trailer for transport to a customer location
      with excess CO.sub.2 liquid within the trailer being decanted and returned
      to the storage vessel thereby increasing the solids content of transported
      slurry to 60-80 percent. During transport, the slurry is permitted to
      settle within the trailer and upon reaching a customer location, the
      settled slurry is reslurried prior to discharge from the trailer. Slurry
      is then discharged and introduced into a suitable customer storage vessel
      wherein the slurry is maintained as an unagglomerated suspension of finely
      divided solid CO.sub.2 particles in liquid carbon dioxide until
      utilization thereof is desired, at which point slurry is fed to suitable
      utilization devices.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to methods and apparatus for the production and
      distribution of a carbon dioxide slurry, and more particularly to methods
      and apparatus for transporting such a slurry from a production site to a
      remote customer station for utilization thereat.
PAR  In numerous applications, such as for example food freezing processes, it
      has been found economical to obtain necessary refrigeration from
      consumable refrigerant products. For example, liquid carbon dioxide which
      is commonly supplied at 300 p.s.i.g. and 0.degree.F, is in widespread use
      as such a refrigerant product. Solid carbon dioxide, commonly known as
      "dry ice" is also used as a refrigerant in certain applications, Although
      solid carbon dioxide yields, 1.9 times as much refrigerant capability
      (B.T.U.) per pound of material as compared with liquid carbon dioxide, use
      of solid CO.sub.2 does not find widespread acceptance due to the
      difficulty in handling this product. As liquid carbon dioxide is more
      susceptible to simpler handling and transport techniques, inasmuch as
      liquid CO.sub.2 may be readily pumped, utilization of liquid CO.sub.2 for
      refrigeration purposes is preferred over use of this material in solid
      form for large scale or tonnage applications.
PAR  It has been found that by maintaining carbon dioxide at substantially
      triple point conditions, i.e. 60 p.s.i.g., -70.degree.F, a slurry
      comprised of finely divided, unagglomerated particles of solid CO.sub.2
      suspended in liquid carbon dioxide may be produced. It has also been found
      that such a carbon dioxide slurry contains greater refrigeration
      capacities than an equivalent weight of liquid carbon dioxide. In
      addition, it has been observed that the greater the solids content of a
      CO.sub.2 slurry, the greater is the refrigeration capacity of each unit of
      slurry product. However, as the solids concentration of a slurry
      increases, the difficulties of pumping the slurry and the likelihood of
      clogging slurry conduits increase accordingly. Nonetheless, the economies
      of utilizing carbon dioxide slurry as a refrigerant product may be
      exploited upon the careful handling thereof.
PAR  While a carbon dioxide slurry may be produced in a reaction vessel, as will
      be described in detail hereafter, certain difficulties have been
      encountered in the subsequent transportation and distribution of such a
      slurry. It has been found that once solid carbon dioxide particles, which
      preferably exhibit a maximum cross-sectional dimension of 4 microns to 2
      millimeters, are suspended in liquid carbon dioxide in slurry form,
      particle size cannot be reduced during subsequent handling operations.
      Therefore, unless particles of solid CO.sub.2 are formed with
      approximately the foregoing dimensions, handling apparatus, such as
      conduits and pumps, are readily plugged or clogged. In addition, it has
      been observed that upon standing, solid carbon dioxide particles tend to
      settle to the bottom of a container vessel and although such particles do
      not agglomerate, settled particles must be reslurried before slurry
      product can be discharged from the vessel. Accordingly, the transport
      apparatus, such as a slurry trailer, must either provide an agitating
      device or further pump means to reslurry settled solid particles prior to
      discharge of the slurry. Retention of the slurry in a suitable storage
      vessel at a remote or customer location also requires that some means,
      i.e., an agitator device, pump, etc., be provided for maintaining the
      slurry in a pumpable condition with solid particles suspended in liquid
      carbon dioxide. Furthermore, in order to preserve the economical
      advantages of a carbon dioxide slurry, the capital and operating costs
      incurred in providing apparatus for maintaining a suspension of solid
      CO.sub.2 particles in liquid carbon dioxide must be minimized.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide methods
      and apparatus for efficiently producing and distributing a carbon dioxide
      slurry.
PAR  It is another object of the present invention to provide methods and
      apparatus for transporting a carbon dioxide slurry in a transportable
      container with the slurry therein exhibiting a relatively high solids
      concentration.
PAR  It is a further object of the present invention to provide methods and
      apparatus for transporting a carbon dioxide slurry wherein settled solid
      particles of CO.sub.2 are reslurried prior to discharge from the
      transportable container.
PAR  It is yet another object of the present invention to provide methods and
      apparatus for maintaining a carbon dioxide slurry in a pumpable form at a
      remote storage location.
PAR  It is still a further object of the present invention to provide methods
      and apparatus for distributing a pumpable carbon dioxide slurry having a
      solids concentration of carbon dioxide particles within predetermined
      values.
PAR  It is yet a further object to provide methods and apparatus to transport a
      pumpable carbon dioxide slurry under while maximizing the solids
      concentration thereof and hence minimizing the distribution cost per unit
      weight of such slurry product.
PAR  Other objects of the present invention will become apparent from the
      detailed description of an exemplary embodiment thereof which follows and
      the novel features of the present invention will be particularly pointed
      out in conjunction with the claims appended hereto.
PAC  SUMMARY
PAR  In accordance with one embodiment of the present invention, an exemplary
      method for producing and delivering a carbon dioxide slurry comprises the
      steps of producing a slurry consisting of finely divided solid particles
      of carbon dioxide dispersed in unagglomerated form in liquid CO.sub.2,
      introducing said slurry into a transport vehicle, transporting said
      introduced slurry to a customer station, reslurrying solid particles of
      carbon dioxide which have settled from said slurry during transport
      thereof and discharging said reslurried carbon dioxide slurry from said
      transport vehicle at said customer station. The customer station is
      preferably provided with a receiving vessel adapted to receive discharged
      slurry and maintain solid carbon dioxide particles suspended in the
      received slurry in substantially unagglomerated form.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more clearly understood by reference to the following
      detailed description of an exemplary embodiment thereof in conjunction
      with the following drawing in which:
PAR  FIG. 1 is a schematic illustration of apparatus for producing and
      distributing a carbon dioxide slurry of finely divided particles of solid
      carbon dioxide suspended in unagglomerated form in liquid CO.sub.2 in
      accordance with the teachings of the present invention.
PAR  FIG. 2 is a diagrammatic view of a portion of a trailer suitable for
      transporting a carbon dioxide slurry.
PAR  FIG. 3 is a partial elevational view of a customer station provided with a
      reslurry jet.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to the FIG. 1 of the drawing, there is illustrated an
      exemplary embodiment of a system for producing and distributing a carbon
      dioxide slurry comprising liquefaction, production, transport and customer
      stages. The liquefaction and slurry production stages illustrated in the
      drawing are described in detail in U.S. Pat. application Ser. No. 258,962
      which is assigned to the assignee of the present invention. However, a
      preferred form of such liquefaction and slurry production stages will be
      briefly described hereafter.
PAR  The liquefaction stage of the system according to the invention is
      comprised of a compressor 10, motor 11, liquefier 12 and liquid storage
      means 13. Compressor 10 may take the form of a conventional device capable
      of receiving gas, such as carbon dioxide gas, and increase the pressure
      thereof to a predetermined value at the outlet of the device. An
      electrical motor 11 which may comprise a conventional prime mover is
      arranged in known fashion to drive compressor 10. The pressurized carbon
      dioxide gas is supplied from compressor 10 to liquefier 12 which may take
      the form of known apparatus capable of receiving material in a gas or
      vapor phase at an outlet thereof and supplying such material to an outlet
      in a liquid phase. Accordingly, liquefied carbon dioxide is supplied to
      liquid storage means 13 and, in known manner, is maintained therein at for
      example a temperature of -20.degree. to 0.degree.F at the appropriate
      equilibrium pressure.
PAR  The exemplary embodiment of the slurry production stage illustrated in the
      drawing includes an economizer 14, a reaction vessel 16 provided with
      heating coil 15, agitator means 21 and a storage vessel 31 provided with
      agitator means 32 together with suitable conduits and flow control means.
      Liquid storage means 13 is connected to reactor 16 although, if desired,
      an adsorber (not shown), which may take the form of conventional apparatus
      for reducing the moisture content of a liquid supplied thereto, is
      interconnected therebetween. Preferably, such an adsorber is effective to
      supply liquid carbon dioxide with a moisture content of approximately 2
      ppm. at the outlet thereof, although should a particular utilization
      device to be described hereafter require a significant moisture content in
      the carbon dioxide supplied thereto, such an adsorber will not be
      utilized. A reaction vessel 16, which may comprise any known vessel
      capable of maintaining carbon dioxide at substantially triple point
      conditions, namely -70.degree.F and 60 p.s.i.g., is provided. Economizer
      14, which may comprise a conventional two pass heat exchange device, is
      connected to receive at the inlet of pass 14' liquid carbon dioxide stored
      in vessel 13. The second pass 14" of economizer 14 is connected to receive
      carbon dioxide vapor vented from reactor 16 and to supply such vapor to
      sensing means 23, which will be described hereafter, for eventual return
      to compressor 10. The outlet of pass 14' of economizer 14 is connected to
      a conventional heating coil 15 which is provided on the outer wall of
      reactor 16 and is disposed at a vertical level substantially equal to the
      slurry-vapor interface in the reactor. Accordingly, liquid carbon dioxide
      suppled to heating coil 15 is reduced in temperture from approximately
      -40.degree.F to approximately -45.degree.F with the heat produced being
      dissipated at the foregoing interface in order to prevent formation of
      solid carbon dioxide on the walls within reactor 16. Liquid carbon dioxide
      is then supplied to a flow control means comprised of a sensing device 18,
      an adjustable valve 19 and a flow controller 20 all of which elements are
      conventional and operate in known manner to maintain a constant flow of
      liquid carbon dioxide to an inlet of reactor 16. As aforesaid, reactor 16
      is provided with an agitator means 21, which may take the form of a
      rotatable impeller blade member suitably mounted on a shaft preferably
      entering the bottom of reactor 16 and driven by a motor 22. Agitator means
      21 is positioned at an appropriate level within reactor 16 and is operated
      at a speed sufficient to generate a slurry of finely divided,
      unagglomerated particles of solid CO.sub.2 suspended within reactor 16 is
      described in detail in the above-identified application. It is preferred
      to utilize a bottom entering agitator means 21 in order to avoid ice
      formation on the agitator shaft which tends to develop upon utilization of
      an agitator means extending through the vapor space within the reactor.
PAR  The rate at which solid carbon dioxide particles are formed in the liquid
      carbon dioxide, and hence the rate at which slurry is produced, is
      controlled by the rate of evaporation of the liquid carbon dioxide within
      reactor 16. The latter rate is controlled by adjustably determining the
      rate at which carbon dioxide vapor is vented from reactor 16. In order to
      effect such a controlled flow of vented vapor, an arrangement, comprised
      of sensing means 23, flow controller 24 and adjustable valve 25 is
      provided. By setting controller 24 to a desired value, the flow of carbon
      dioxide vapor returned to compressor 10 by way of conduit 26 is maintained
      at a constant rate. In addition, the carbon dioxide vapor vented from
      reactor 16 is supplied to pass 14" of economizer 14 to effect the cooling
      of liquid carbon dioxide from, for example, -20.degree.F to -40.degree.F
      and such vapor may subsequently be supplied to a cooling coil 12a of
      liquefier 12 in order to assist in the cooling of carbon dioxide vapor
      supplied thereto. Thus, for example, CO.sub.2 vapor at -70.degree.F (the
      triple point temperature) is supplied to pass 14" with such vapor exiting
      therefrom at, for example, a temperature of -30.degree.F passed to coil
      12a and eventually returned to compressor 10 at approximately 80.degree.F.
PAR  The slurry of finely divided unagglomerated solid carbon dioxide particles
      suspended in carbon dioxide liquid is preferably removed from reactor 16
      through a screen 17 which inhibits the transfer of an occasional large
      particle of solid carbon dioxide by means of pump 28. A conventional level
      controller 27 is appropriately coupled to reactor 16 and pump 28 and, in
      known manner, is effective to regulate the feed of slurry by pump 28 in
      accordance with the amount of slurry produced in reactor 16. Thus, should
      the amount of slurry formed within reactor 16 increase, the speed of pump
      28 is likewise increased to remove slurry at a greater rate and thereby
      maintain a predetermined and substantially constant level of slurry within
      the reactor. Pump 28 may take the form of a conventional positive
      displacement pump and, for example, may comprise a known gear pump capable
      of being driven to pump carbon dioxide slurry at sufficient velocities
      through slurry line 30 to avoid plugging therein. A shut-off valve 29
      which typically may comprise a fully-ported ball valve, is appropriately
      disposed in the conduit interconnected between reactor 16 and the suction
      inlet of pump 28. It has been found that by utilizing a value such as a
      fully-ported ball valve, abrupt or precipitous alterations in the internal
      valve configuration are avoided thereby providing a flow path of
      substantially constant diameter through valve 29 and reducing the
      likelihood of the formation of agglomerated carbon dioxide deposits which
      encourage valve plugging.
PAR  The operation of the exemplary slurry production stage of the apparatus
      according to the present invention will now be briefly described. Reactor
      16 is initially pressurized by an inert material such as nitrogen gas to a
      pressure of approximately 60 p.s.i.g. and liquid carbon dioxide is
      introduced into reactor 16. Upon introduction of a sufficient amount of
      such liquid, agitator means 21 is activated and carbon dioxide vapor is
      vented at a controlled, predetermined rate. The formation of finely
      divided unagglomerated particles of solid carbon dioxide at the liquid
      carbon dioxide surface is thereby effected with the venting of vapor and
      operation of agitator means 21 continued until a predetermined solids
      concentration, such as, for example, 30 percent, is present within reactor
      16. In the course of continuously operating reactor 16, vapor is vented at
      a controlled rate as aforedescribed and slurry is removed therefrom at a
      predetermined rate through the action of pump 28. In order to
      substantially avoid ice formation on the interior walls of reactor 16 in
      the vapor space therein, all liquid carbon dioxide introduced into reactor
      16 is preferably introduced below the slurry-vapor interface. It has been
      found that upon discontinuance of reactor operation, solid particles of
      carbon dioxide in the slurry formed therein will settle to the bottom of
      reactor 16 and a relatively high density slurry fills the inside of screen
      17 immediately above the outlet to pump 28. Accordingly, the reactivation
      of agitator means 21 prior to restarting pump 28 is ineffective to
      adequately mix or reslurry the high density slurry material that
      previously settled inside screen 17. Consequently, the latter slurry
      material, which will exhibit a solids concentration substantially greater
      than the desired concentration of approximately 30 percent, is passed to
      the inlet of pump 28 and tends to overload the same. It has been found,
      however, that by introducing liquid carbon dioxide into the inside portion
      of screen 17 within reactor 16, a "back flushing" effect may be achieved.
      Thus, the relatively high density slurry which has previously settled
      inside screen 17 may be thinned out and in this manner overloading of pump
      28 upon the subsequent restarting thereof is avoided.
PAR  As previously described, economizer 14 is effective to reduce the
      temperature of liquid carbon dioxide feed supplied to reactor 16 from a
      typical storage temperature of -20.degree.F to approximately -40.degree.F.
      As it has been found that only a slight degree of heating is required to
      avoid formation of solid carbon dioxide on the interior walls of reactor
      16 at approximately the slurry-vapor interface therein, heating coil 15 is
      designed such that the temperature of liquid carbon dioxide flowing
      therethrough is reduced by approximately 5.degree.F and hence the
      temperature of liquid introduced into vessel 16 is reduced to
      approximately -45.degree.F. In passing liquid carbon dioxide through valve
      19 prior to the introduction of liquid into reactor 16, the pressure of
      liquid carbon dioxide is reduced from approximately 200 p.s.i.g. to the
      reactor pressure of roughly 60 p.s.i.g. Such a decrease in pressure
      results in an enthalpy change of the liquid carbon dioxide and generates,
      by flashing, a quantity of carbon dioxide gas. However, the quantity of
      such flashed gas produced upon the aforementioned decrease in pressure, is
      minimized by supplying carbon dioxide liquid to valve 19 at the
      approximate temperature of -45.degree.F as compared with a temperature of
      -20.degree.F to 0.degree.F or the like. Minimization of the carbon dioxide
      gas flashed upon passage of liquid through valve 19 is effective to reduce
      the loss of liquid. Stated conversely, in the absence of economizer 14,
      and thus upon the passage of liquid carbon dioxide through valve 19 at a
      temperature significantly above -45.degree.F or so, the resulting enthalpy
      change is effective to generate by flashing substantially greater
      quantities of carbon dioxide gas than are generated upon passage of liquid
      carbon dioxide through valve 19 at approximately -45.degree.F. Thus, in
      the absence of economizer 14, substantially greater losses of liquid
      carbon dioxide are incurred upon the passage thereof through valve 19
      resulting in a reduced liquid carbon dioxide feed. Therefore, in this
      latter instance, a greater liquid feed is necessary in order to form a
      predetermined amount of carbon dioxide slurry in reactor 16 and the
      concomitant carbon dioxide feed costs are increased accordingly. However,
      as the vapor vented from reactor 16 (at -70.degree.F) is supplied to pass
      14" of economizer 14, no externally generated refrigeration is required in
      order to reduce the temperature of liquid carbon dioxide in pass 14'.
      Thus, by recapturing the refrigeration content of vented vapor, economizer
      14 will be efficiently operated with the aforedescribed enhancement in the
      utilization efficiency of a liquid carbon dioxide feed.
PAR  The slurry storage section of the exemplary production stage according to
      the present invention is generally comprised of a storage vessel 31,
      agitator means 32, motor 33, and pump 36 together with suitable conduits.
      Storage vessel 31 may comprise any suitable container for maintaining
      carbon dioxide at approximately triple point conditions and preferably is
      of sufficient capactiy to maintain, for example, up to 100 tons of slurry
      therein. Preferably, storage vessel 31 is connected by way of conduit 30
      to the outlet of pump 28 with a conventional shut-off valve (not shown)
      being suitably disposed in conduit 30. Agitator means 32 may take the form
      of a substantially rigid blade member or impeller mounted for rotation
      within vessel 31 on a shaft driven in rotation by a conventional
      electrical motor 33. The slurry fed through line 30 to storage vessel 31
      is thus maintained as a solid-liquid slurry within vessel 31 although it
      is preferable to control agitator means 32 such that the solids
      concentration of the contained slurry is increased. This is accomplished
      by effecting relatively low rates of agitation as, for example, compared
      with the rate at which agitator 21 is driven thereby permitting solids in
      the slurry to settle toward the lower reaches of vessel 31 with the liquid
      remaining in the upper portion thereof being withdrawn therefrom and
      returned to reactor 16 through conduit 34. Thus, by effecting a relatively
      slow agitation of the slurry within vessel 31, a concentrated slurry, for
      example, up to 60 percent to 80 percent solids concentration, can be
      easily produced and maintained therein. It will be appreciated that by
      concentrating the slurry as aforesaid in storage vessel 31, as opposed to
      concentrating a slurry in the reactor 16, overall capital costs can be
      reduced and a reactor 16 of smaller capacity, than would ordinarily be
      necessary for production of a concentrated slurry, may be utilized. Thus,
      vessel 31 serves as a means of both storing and concentrating the slurry
      supplied thereto through conduit 30.
PAR  It is realized that although a rotatable impeller blade is described as
      comprising agitator means 32 appropriately mounted within storage vessel
      31, other types of agitators may be employed. The slurry formed therein
      may be maintained by recycling slurry by introducing a jet of recycled
      slurry to provide the agitation required to inhibit settling of solid
      carbon dioxide from the slurry as will be described hereafter. The
      concentrated slurry may be removed from storage vessel 31 through conduit
      35 by means of pump 36, which in turn is effective to supply slurry
      through conduit 37 to the transport stage of the exemplary slurry
      production and distribution system according to the present invention. It
      will be appreciated that pump 36 is of adequate capacity to sustain a
      slurry flow in conduit 37 at velocities sufficient to inhibit settling of
      solids therein and consequently plugging or jamming of conduit 37 is
      avoided. In addition, suitable shut-off valves (not shown) which may be of
      a type similar to valve 29 described hereinbefore may be appropriately
      connected in conduits 35 and 37 to permit selective control of the slurry
      flow to the suction (inlet) and pressure (outlet) lines of pump 36.
PAR  In order to transport slurry from a production site to a remote customer
      station, a slurry trailer 40 is utilized. The trailer which is illustrated
      in greater detail in FIG. 2 and which will be described hereafter is
      preferably of sufficient capacity for transporting up to 20-25 tons of
      carbon dioxide slurry and is provided with the appropriate temperature and
      pressure controls for maintaining slurry at approximately -70.degree.F and
      at approximately 60 to 100 p.s.i.g. Accordingly, trailer 40 must be
      provided with suitable insulation for maintaining the aforementioned
      temperature and must be of sufficient strength to withstand pressures of
      approximately 60 to 100 p.s.i.g. together with appropriately disposed
      pressure sensitive switches and safety valves (not shown) operated thereby
      in response to the detection of excessive pressures within trailer 40 or
      in conduits utilized therewith. It will be appreciated, however, that as
      liquid carbon dioxide is normally transported in trailers under pressures
      of approximately 300 p.s.i.g. slurry trailer 40 is not required to
      withstand such higher pressures which in turn enables substantial
      reduction in the amount and weight of materials necessary to construct
      trailer 40 within acceptable safety tolerances. The foregoing reductions
      consequently aid in diminishing costs of distributing carbon dioxide
      slurry in comparison with distribution of liquid carbon dioxide.
PAR  Slurry trailer 40 is provided with a reslurry pump 41 and a slurry
      discharge pump 42. The former pump may, for example, take the form of a
      conventional liquid CO.sub.2 pump manufactured by Smith Precision,
      Incorporated and which is effective to pump a carbon dioxide slurry at a
      flow rate of approximately 200 g.p.m. under a pressure head of 50 p.s.i.g.
      Discharge pump 42 may take the form of a suitable pump device such as that
      manufactured by Smith Precision and which is effective to pump carbon
      dioxide slurry at a flow rate of approximately 150 g.p.m. under a pressure
      head of 100 p.s.i.g. As will be described in greater detail hereafter, a
      conduit 43 is connected to the outlet of dishcarge pump 42 to enable
      either the decanting of liquid carbon dioxide and the return thereof to
      vessel 31 during the loading of trailer 40 or, the removal of carbon
      dioxide slurry and the transfer thereof to customer storage vessel 65
      during the unloading of trailer 40. It will be understood, however, that a
      single pump connected to appropriate valves and conduits may be utilized
      in lieu of pumps 41 and 42 to perform the functions necessary to the
      loading and unloading of trailer 40 as will be described in detail
      hereinafter.
PAR  Turning now to FIG. 2, illustrated therein is an exemplary embodiment of a
      slurry trailer 40 together with reslurry and discharge pumps 41 and 42,
      respectively, and additional conduits and valves necessary to facilitate
      the loading and unloading of a carbon dioxide slurry into and from trailer
      40. Before describing in detail the foregoing apparatus and the operation
      thereof, it will be understood that a carbon dioxide slurry comprised of
      solid carbon dioxide uniformly suspended in liquid carbon dioxide as a
      pumpable and readily flowable substance, is introduced into slurry trailer
      40. During transport of this slurry from a production site (e.g. from
      reactor 16 and storage vessel 31) to a remote customer utilization
      location the finely divided particles of solid carbon dioxide will settle
      in unagglomerated form at the bottom or lower reaches of trailer 40 with a
      body of liquid carbon dioxide existing generally above the settled
      particles. In addition, although trailer 40 is satisfactorily insulated, a
      certain degree of heat leakage will necessarily occur during transport,
      which leakage is reflected as a transformation of a portion of the solid
      carbon dioxide into liquid. Thus, upon reaching a remote customer
      location, the aforementioned solid carbon dioxide must be reslurried such
      that a readily flowable and pumpable slurry material may be delivered for
      ultimate customer use. While certain forms of agitating devices, such as
      one or more impeller blades as previously described with reference to
      reactor 16 and vessel 31, or a screw type conveyor, may be utilized to
      continually maintain solid carbon dioxide in suspension during the
      transport thereof, it has been found most economical in terms of both
      capital equipment and operating costs to permit the solid carbon dioxide
      particles of the slurry introduced into trailer 40 to settle at the bottom
      or lower reaches thereof. As a consequence of the settled solid material
      exhibiting a substantially unagglomerated form, the finely divided solid
      particles may be readily reslurried prior to the discharge of slurry
      material from trailer 40 and for this reason, the apparatus now to be
      described is economically preferable to apparatus for effecting the
      aforementioned continuous agitation of a transported slurry. However, in
      the event that such agitating devices as previously mentioned are
      sufficiently economical in terms of both initial and operating costs than
      the apparatus for reslurrying a carbon dioxide slurry as will be
      described, utilization of such agitating devices to maintain a
      solid/liquid slurry during transport thereof is within the purview of the
      teachings of the present invention.
PAR  Slurry trailer 40 is appropriately provided with a suitable insulating
      material 45, which may comprise polyurethane foam, and in the top or upper
      portion thereof with a suitable inlet 46 which is adapted to receive
      carbon dioxide slurry supplied thereto through, for example, conduit 37.
      Inlet 46 may be configurated as a "manway" having a diameter of
      approximately 16 inches through which carbon slurry is introduced.
      Alternatively, inlet 46 may be configurated as a conduit extending from
      the top of trailer 40 to the lower reaches thereof, or inlet 46 may be
      provided as a simple inlet in the lower reaches of trailer 40 to thereby
      enable a submerged slurry feed. In addition, sight windows (not shown) may
      be provided to enable the visual inspection of the interior of trailer 40.
      It will be understood that carbon dioxide slurry to be transported may be
      supplied from a storage vessel 31 or, such slurry may be supplied to
      trailer 40 directly from reactor 16 by means of conduit 30, althrough in
      relatively large scale commercial operations the utilization of storage
      vessel 31 is preferred for reasons indicated heretofore.
PAR  A conduit 44 is connected through a conventional shut-off valve 63 to the
      upper reaches of trailer 40 and, as will be described hereinafter, is
      effective to convey a pressurizing gas such as carbon dioxide vapor into
      trailer 40. In addition to the previously described pumps 41 and 42,
      trailer 40 is provided with a reslurry header 50 and a plurality of
      shut-off valves and conduits as will now be described. The suction line or
      inlet 54 of reslurry pump 41 is connected in communication with the lower
      reaches of trailer 40 through a shut-off valve 56 which may comprise a
      conventional fully-ported ball valve. The outlet of reslurry pump 41 is
      connected to conduit 49 through a shut-off valve 47 which may conveniently
      take the form of a conventional device similar to valve 56. Similarly, the
      inlet or suction line 55 of discharge pump 42 is disposed in communication
      with the lower reaches of trailer 40 through a further conventional
      shut-off valve 57. Additionally, the inlet of pump 42 is connected through
      a further conventional valve 60 to a decanting conduit 59. A decanting
      float 58 is appropriately arranged to maintain the inlet of conduit 59
      (the extremity thereof remote from valve 60) slightly beneath the surface
      of liquid carbon dioxide formed within slurry trailer 40. It will be
      appreciated that upon reslurry of the solid and liquid carbon dioxide
      prior to discharge of slurry from trailer 40, decanting float 58 will
      merely float on the slurry surface. The outlet of discharge pump 42 is
      connected to a conduit 43 which in turn may be selectively placed in
      communication by means of a conventional shut-off valve 64, with storage
      vessel 31 or customer station 65 during the loading and unloading,
      respectively, of slurry trailer 40 as will be subsequently described in
      greater detail. In addition, both reslurry pump 41 and discharge pump 42
      are connected to a conduit 61 which, through a conventional shut-off valve
      62, may be selectively placed in communication with the upper reaches of
      trailer 40. It will be appreciated that during the priming of pumps 41 and
      42, the vapor therein must be initially removed to enable pump operation
      and such vapor, in this instance in the form of carbon dioxide vapor, is
      merely recovered from such pumps and is returned to the upper reaches of
      trailer 40.
PAR  Reslurry header 50 may take the form of a conduit disposed substantially
      parallel to the longitudinal axis of trailer 40 and is preferably adapted
      to receive carbon dioxide slurry, or liquid carbon dioxide (as will be
      described hereinafter), supplied thereto through conduit 49. Reslurry
      header 50 is provided with a plurality (such as for example 30) of nozzles
      51 disposed to extend therefrom in a generally downwardly inclined
      configuration as illustrated in exemplary fashion in FIG. 2. Conduit 49 is
      typically connected to a relatively central position along reslurry header
      50 and rather than terminating the extent of header 50 at the nozzles most
      remote from the header connection to conduit 49, header 50 is configured
      with a pair of reslurry jets 52 and 53 disposed at extremities thereof as
      illustrated in FIG. 2. Reslurry jets 52 and 53 are preferably disposed in
      juxtaposition with respect to inlets 54 and 55 of reslurry pump 41 and
      discharge pump 42, respectively. It will be appreciated that as a result
      of the settling of solid carbon dioxide particles from the slurry during
      transport, header 50, which is preferably disposed in the lower reaches of
      trailer 40, will be substantially totally surrounded by such solid
      materials. It will be seen that by extending header 50 from the leftmost
      and rightmost of nozzles 51 and thereby providing reslurry jets 52 and 53
      as aforedescribed, recycled slurry emitted from nozzles 51 will be emitted
      from each of such nozzles at an adequate velocity to effect the
      reslurrying of solid carbon dioxide particles. Furthermore, in order to
      assure that liquid carbon dioxide, as will be described, is emitted from
      jets 52 and 53 at acceptable velocities the extending portions 50' of
      reslurry header 50 may take the form of a conduit of smaller diameter or
      cross section than the diameter of header 50 coextensive with the
      aforementioned arrangement of nozzle 51.
PAR  The slurry loading and unloading operations will now be described in
      connection with the exemplary carbon dioxide slurry trailer apparatus
      illustrated in FIG. 2. The loading of slurry into trailer 40 is initiated
      by pressurizing the trailer to approximately 60 p.s.i.g. and for this
      purpose, the carbon dioxide vapor maintained in reactor 16 (FIG. 1) may be
      utilized although any suitable source of carbon dioxide at such a pressure
      may be employed for this purpose. Carbon dioxide slurry is then supplied
      to trailer 40 through conduit 37 (or from reactor 16 via conduit 31) and
      is introduced through an appropriate connection in inlet 46. Upon
      introduction of slurry into trailer 40, particles of solid carbon dioxide
      settle toward the bottom thereof thereby resulting in a body of liquid
      carbon dioxide forming above such solid particles. In addition, as the
      temperature within the slurry trailer 40 is commonly above the triple
      point temperature of -70.degree.F due to heat leakage, the slurry is
      effectively heated thus causing a portion of the solid particles to melt
      and increasing the total content of liquid carbon dioxide within trailer
      40. However, notwithstanding such a melting of solid carbon dioxide, the
      solids concentration of the slurry eventually discharged from trailer 40
      may be increased by decanting a portion of the liquid carbon dioxide
      formed as previously described such that the overall solids contents (%
      solids) of the carbon dioxide material within trailer 40 may be increased.
      In order to decant such liquid carbon dioxide, valves 60 and 62 are
      opened. Upon priming of pump 42 and the removal of vapor therefrom through
      valve 62, this valve is closed, the discharge pump 42 is energized, and
      liquid carbon dioxide is withdrawn from trailer 40 through conduit 59 and
      is transferred by means of pump 42 to conduit 43 and such liquid is
      preferably returned through valve 64 to storage vessel 31 as illustrated
      in FIG. 1. The decanting of liquid carbon dioxide is continued until a
      predetermined amount of liquid is removed from trailer 40 and at such time
      discharge pump 42 is disabled and valve 60 is closed. The introduction of
      slurry into trailer 40, however, may continue until a desired quantity of
      slurry is provided therein. At this point, valve 63 is closed whereupon
      the pressurization of trailer 40 is terminated and the trailer may now be
      transported to a remote customer station.
PAR  Upon arrival of trailer 40 at a remote customer station, slurry is
      discharged in the manner now to be described. Initially, trailer 40 is
      pressurized preferably to a pressure of approximately 67-75 p.s.i.g. by
      the introduction of a pressurizing gas such as carbon dioxide vapor
      through conduit 44 and valve 63. Conveniently, the carbon dioxide vapor
      which forms in the upper reaches of a typical customer storage vessel 65,
      which will be described in greater detail hereafter, may be utilized as
      the pressurizing gas. The actual discharge of a carbon dioxide slurry from
      trailer 40 may be considered to comprise essentially three stages: (1)
      preparation for the operation of reslurry pump 41; (2) reslurrying the
      contents of trailer 40; and (3) discharge of the reslurried solid-liquid
      carbon dioxide slurry through conduit 43. As previously indicated, during
      transport of the carbon dioxide slurry, the solid particles thereof settle
      toward the bottom of trailer 40 and in order to discharge a slurry, the
      solid particles must be reslurried. However, it has been found that by
      merely energizing reslurry pump 41, the solids residing in and about the
      entrance of the suction line thereof, tend to overload this pump. In order
      to avoid this deleterious result and yet enable a reslurrying of the
      contents of trialer 40, valves 60 and 62 are opened. Upon sufficient
      priming of pump 42, valve 62 is closed, valve 48 is opened and pump 42 is
      energized. As valve 64 is closed, liquid carbon dioxide "decanted" through
      conduit 59 is supplied through valve 48 to conduit 49 and is subsequently
      passed to header 50. Liquid carbon dioxide is emitted from nozzles 51 of
      header 50 thereby generating a turbulent condition in the lower reaches of
      trailer 40 and tending to agitate or reslurry the solid particles thereat,
      although more importantly, liquid carbon dioxide is passed through
      extensions 50' of header 50 and is issued from jets 52 and 53. As jets 52
      and 53 are juxtaposed with respect to the entrance of suction lines 54 and
      55, respectively, the aforedescribed emission of liquid carbon dioxide is
      effective to cause a relatively high degree of fluidization at the
      entrance of and in suction lines 54 and 55 thereby effecting a reduction
      in the solids concentration thereat such that reslurry pump 41 may be
      operated without jamming the same and overloading the motor thereof. Thus,
      after a brief period (e.g. 1 min.) the second phase of the slurry
      discharge operation may be effected by the opening of valves 56 and 47 and
      the energization of reslurry pump 41. During this period discharge pump 42
      continues to operate and the contents of trailer 40 are effectively
      reslurried as a result of the fluidization or agitation of solids residing
      in the lower reaches of trailer 40. This fluidization is achieved
      effectively by the emission of slurry from nozzles 51 appropriately
      disposed on header 50 and upon continuance of this phase of the discharge
      operation for a predetermined duration (typically 2 min.), the contents of
      trailer 40 will be sufficiently reslurried.
PAR  Upon adequately reslurrying the contents of trailer 40 as described
      heretofore, the third and final stage of the slurry discharge operation
      may be effected. Both pumps 41 and 42 are operating and valves 57 and 64
      are opened thus passing slurry to customer station 65. Valve 60 is then
      slowly closed and when the loading of pump 41 drops below the design load,
      valve 48 is slowly closed thereby passing the total slurry flow through
      conduit 43 to a customer station 65. It will be appreciated that as a
      result of previously causing the emission of liquid carbon dioxide from
      jets 52 and 53 of slurry header 50 and by reslurrying the contents of
      trailer 40 by the emission of slurry from nozzles 51, the material
      withdrawn from trailer 40 into suction line 55 is not of a sufficiently
      high solids concentration as to result in the jamming or plugging of
      discharge pump 42 or overloading the motor thereof. The slurry discharge
      operation is continued until the contents of the trailer 40 have been
      substantially completely withdrawn and transferred to a customer station.
      Valve 63 is then closed thereby terminating the pressurization of trailer
      40 and upon disconnection of conduit 44 from an appropriate gas source as
      previously mentioned, trailer 40 may be returned to a production site to
      enable a further slurry laoding operation.
PAR  Returning now to FIG. 1, the customer station stage of the slurry
      production and distribution system according to the present invention
      preferably comprises a slurry storage vessel 65, pump 69, utilization
      devices 71, 72 and 74 and appropriate conduits. Slurry storage vessel 65
      may take the form of a known pressure vessel adapted to receive a slurry
      product from, for example, trailer 40 through discharge pump 42 and
      conduit 43, and is typically designed to retain up to approximately 100
      tons of carbon dioxide slurry. Preferably, slurry product is maintained in
      vessel 65 at a pressure of, for example, 75 p.s.i.g., which pressure is
      relatively low in comparison to conventional storage pressures of liquid
      carbon dioxide and thereby enables a significant reduction in the capital
      costs of such a storage vessel. A liquid level indicator 66 which may take
      the form of a known device for either continuously displaying the amount
      of slurry and liquid carbon dioxide product within vessel 65 is suitably
      mounted thereon. It is to be understood that introduction of slurry into
      storage vessel 65 by way of discharge pump 42 as aforedescribed is
      permitted to continue until level indicator 66 reflects the presence of a
      predetermined amount of slurry within vessel 65.
PAR  Subsequent to the loading of slurry product into storage vessel 65, slurry
      may be withdrawn therefrom at the convenience of the customer or user.
      However, as previously mentioned, solid carbon dioxide particles suspended
      in the slurry settle relatively rapidly toward the bottom of any vessel
      containing such a slurry unless some means are specifically provided for
      maintaining such solid particles in suspension. A reslurry pump 69, which
      may take the form of a conventional pump similar to reslurry pump 41, is
      provided with the inlet thereof communicating through line 67 with the
      lower reaches of vessel 65. The outlet of pump 69 is connected through a
      recycle conduit 68 to storage vessel 65, as will be described in greater
      detail hereafter, and is additionally connected to an outlet conduit 70.
      Although in the apparatus illustrated in FIG. 1, a recycle pump is
      illustrated as the means for maintaining a carbon dioxide slurry within
      vessel 65, other devices such as a rotating impeller blade may be utilized
      in lieu of recycle pump. Although installation of an agitating device in
      the form of a rotating impeller blade presently requires a greater capital
      investment than does the installation of a conventional recycle pump 69,
      operation of such a pump has the effect of heating the slurry product
      flowing therethrough and as substantial amounts of this flow, e.g. to
      approximately 90 percent, are returned to vessel 65, a significant loss of
      solids is encountered during utilization of recycling pump 69.
      Accordingly, for any particular customer station, the relative advantages
      and disadvantages of both the impeller type and recycling pump type of
      slurry agitation apparatus must be weighed to determine the most
      economical form of agitation device to be utilized in conjunction with a
      particular slurry retaining vessel.
PAR  In order to withdraw slurry product having, for example, a solids
      concentration in the range of 60-80 percent, from storage vessel 65, a
      portion of the slurry product is withdrawn therefrom through conduit 67
      and is supplied to pump 69. The major portion of the withdrawn slurry
      product is recycled to vessel 65 under increased pressure through conduit
      68. It has been found that by disposing the extremity of conduit 68 within
      vessel 65 as illustrated in FIG. 3, a relatively high degree of turbulence
      and fluidization is imparted to the settled solid carbon dioxide in the
      upper reaches of conduit 67 and in the lower reaches of vessel 65. By
      effectively dividing the flow of recycled slurry material by disposition
      of conduit 68 as illustrated in FIG. 3, a pumpable slurry product is
      formed and maintained both in conduit 67 and in the immediate vicinity
      thereof within vessel 65. Preferably, the extremity of conduit 68 from
      which slurry is emitted is oriented tangentially with respect to the
      entrance of conduit 67, thereby imparting a swirling motion to recycled
      slurry and the agitated contents of vessel 65. In addition, it will be
      appreciated that in order to avoid an excessive solids concentration from
      initially entering pump 69, and thereby jamming the same, suitable baffle
      devices (not shown) may be provided in general proximity to the discharge
      end of conduit 68 and the inlet of conduit 67.
PAR  The utilization devices provided at a typical customer station in
      accordance with the present invention may, for example, comprise a slurry
      dispenser 71, gas separator 72, and pelletizer 74. Slurry dispenser 71 is
      provided in communication with conduit 70 to receive slurry product at an
      inlet thereof and to deliver a metered quantity of carbon dioxide solid
      and vapor at an outlet thereof. Typically, slurry product is supplied to
      dispenser 71 at a pressure of, for example, 100-190 p.s.i.g. and is
      dispensed therefrom at atmospheric pressure in both gas and solid phases.
      An exemplary slurry dispenser which is suitable for the aforementioned
      purposes, is described in detail in application Ser. No. 294,734, filed
      Oct. 3, 1972, the disclosure of which is incorporated herein by reference.
      This dispenser may be modified by splitting the feed thereto such that
      each isolated chamber traverses less than 180.degree.of a complete cycle
      of each gear path.
PAR  Gas separator 72 which may, for example, comprise conventional apparatus
      for separating gaseous and solid phases of a material is adapted to
      receive both such phases of carbon dioxide supplied thereto by slurry
      dispenser 71. Carbon dioxide gas may be conveniently vented to the
      atmosphere through conduit 73 and solid carbon dioxide particles may be
      supplied at the outlet of gas separator 72. It will be realized that any
      suitable apparatus for separating gaseous and solid carbon dioxide may be
      utilized as gas separator 72.
PAR  Pelletizer 74 which may, for example, take the form of a conventional
      apparatus capable of receiving solid carbon dioxide particles and forming
      carbon dioxide pellets therefrom is suitably arranged to receive carbon
      dioxide particles supplied at the outlet of gas separator 72. Examplary of
      apparatus which may be utilized as pelletizer 74 is a CO.sub.2 pelletizer
      commercially available from Airco, Inc. under Model No. F-1000.
PAR  It is appreciated, therefore, that the aforementioned utilization devices
      71, 72 and 74 are effective to provide an end carbon dioxide product in a
      form suitable for use by a particular customer or user thereof. However,
      should it be desired to provide carbon dioxide in a form other than
      pellets, pelletizer 74, for example, may be rendered unnecessary. For
      example, it may be desired to ultimately supply gaseous carbon dioxide
      which may be accomplished by effecting a melting of solid carbon dioxide
      particles in the slurry product in storage vessel 65 and vaporizing the
      resultant liquid.
PAR  The foregoing and other various changes in form and details may be made
      without departing from the spirit and scope of the invention.
      Consequently, it is intended that the appended claims be interpreted as
      including all such changes and modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for transporting a solid-liquid carbon dioxide slurry including
      a vessel for retaining said slurry which during transport separates into
      solid carbon dioxide collected at the bottom of the vessel and a layer of
      liquid carbon dioxide thereabove, and vessel having a header disposed
      therein and a discharge pump having an outlet coupled to a slurry
      discharge conduit, the improvement comprising:
PA1  said discharge pump having a first inlet selectively coupled to said liquid
      carbon dioxide;
PA1  said header being substantially linear and having an inlet, a plurality of
      nozzles extending from said header along the length thereof and first and
      second end nozzles disposed in communication with either end of said
      header;
PA1  means for selectively coupling the outlet of said discharge pump to the
      inlet of said header;
PA1  a reslurry pump having an inlet selectively coupled to the bottom of said
      vessel and an outlet selectively coupled to said header inlet, said
      discharge pump having a second inlet selectively connected to the bottom
      of said vessel with said first end nozzle of said header juxtaposed with
      the inlet of said reslurry pump and said second end nozzle of said header
      juxtaposed with the second inlet of said discharge pump such that upon
      said discharge pump passing liquid CO.sub.2 from the first inlet thereof
      to said header inlet, jets of liquid carbon dioxide emitted through said
      first and second header nozzles are effective to fluidize solid CO.sub.2
      collected in the inlet of said reslurry pump and in said second inlet of
      said discharge pump such that reslurried liquid-solid CO.sub.2 is passed
      through said reslurry pump and said header nozzles into said vessel with
      the solid CO.sub.2 collected at the bottom of said vessel thereby
      reslurried prior to removal of said slurry from said vessel through said
      discharge pump and said slurry discharge conduit.
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ABST
PAL  A skating rink comprising a rigid wall forming the periphery of a closed
      area, and a sheet, spread over the area and the wall, to form a water
      container. The wall is formed of elongated flexible tube of plastic sheet
      which is placed in a peripheral configuration and then filled with
      space-filling, rigid material, either water, which is allowed to freeze,
      or formed-in-place plastic foam. The sheet is held in place either by
      tucking its edges under the wall or by wire clips which hold the sheet and
      wall together. A plastic foam blanket can be used to reduce puncturing of
      the wall.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Ice skating is one of the most popular winter sports in the world. Its
      popularity is attested to by the commercial success of indoor rinks that
      extend the skating season through the summer. In countries throughout the
      world, from the first real freeze until the ice becomes dangerously thin,
      lakes and ponds are filled with children and adults enjoying the sport.
      The fact that skating is good exercise, is low in cost, and is a pleasant,
      sociable activity, have all contributed to its popularity. The sport is,
      however, deeply burdened with the everpresent specter of death. Every
      year, large numbers of people, especially young children, fall through the
      thin ice on ponds and drown before they can be rescued. This danger
      results not only because constant supervision of natural bodies of water
      is impossible, but also because good ice requires a dangerous depth in
      order that vegetation doesn't come through the surface.
PAR  In order to eliminate this danger causing condition, numerous ideas for
      shallow back-yard skating rinks have developed. The most obvious
      possibility is a permanent installation similar to a swimming pool. Such a
      construction is expensive and takes up yard space all year long. Several
      patents for portable wading pools and skating rinks have appeared. The
      standard children's wading pool design as shown in the patents of Alvarez
      (U.S. Pat. No. 2,443,440) and of Nail (U.S. Pat. No. 3,001,207) have the
      disadvantage that its inflated walls have a life expectancy of one skate
      puncture. Also concept of pre-formed floor and wall structure which is
      necessary in such a container does not allow change in size and shape for
      maximum utilization of yard space. Similar observations apply to the
      design of Hasselquist (U.S. Pat. No. 2,616,096) in which the walls are
      held up by water pressure. Patents which are specifically directed toward
      portable skating rinks include Owen (U.S. Pat. No. 2,907,362). Johnson
      (U.S. Pat. No. 2,996,896), and Skolout (U.S. Pat. No. 3,012,596). These
      inventions all involve various rigid wall structures which support a
      flexible liner. The problem with these ideas is that a wall structure
      which is large enough to form a good sized rink and strong enough to
      support the ice, is expensive and too bulky to sell from a store shelf.
      Additionally, the wall itself requires considerable time and effort to
      construct.
PAR  These and other difficulties experienced with the prior art devices have
      been obviated in a novel manner by the present invention.
PAR  It is, therefore, an outstanding object of the invention to provide a
      skating rink in which dangerous conditions such as deep water, and sharp
      projections have been eliminated.
PAR  Another object of this invention is the provision of a skating rink which
      is suitable for use in home yards.
PAR  A further object of the present invention is the provision of a skating
      rink which is easy and quick to assemble.
PAR  Another object of this invention is the provision of a skating rink which
      is inexpensive to produce and can be formed into a small, compact package.
PAR  It is another object of the instant invention to provide a skating rink
      which is rugged and suited for demanding use.
PAR  With these and other objects in view, as will be apparent to those skilled
      in the art, the invention resides in the combination of parts set forth in
      the specification and covered by the claims appended hereto.
PAC  SUMMARY OF THE INVENTION
PAR  In general, the present invention consists of a portable skating rink
      involving a tubular wall filled with a rigid material, the wall forming
      the periphery of a closed geometric figure. The rink also includes a
      flexible, water-proof sheet which is spread over the walls to form a
      liquid container. The container can be filled with water and allowed to
      freeze. The rigid material in the walls may be water that is allowed to
      freeze or formed-in-place plastic foam. Clips may be used to hold the
      sheet in place and resilient blankets may be used to protect the wall.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The character of the invention, however, may be best understood by
      reference to one of its structural forms, as illustrated by the
      accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of a portable skating rink embodying the
      principles of the present invention, and
PAR  FIG. 2 is a sectional view of the rink taken on the line II--II of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, wherein are best shown the general features of
      the invention, the skating rink, indicated generally by the reference
      numeral 10, is shown as including a tubular wall 11 which forms the
      periphery of a closed geometric figure and a plastic sheet 12 which forms
      a liner within the walled figure. The wall 11 is formed of an elongated
      tube of thin plastic sheet. In flat condition a 1 foot wide, 48 foot long
      tube would be suitable for 144 square foot rink. The open ends of the tube
      can be sealed in several ways but the preferred method uses wire ties as
      used to close plastic bags. The ends of the wall are lapped over to
      enclose an area. The fact that the wall does not have to be formed of a
      continuous tube not only reduces the cost of the tube and makes a
      convenient access port to the interior of the tube, but also allows great
      flexibility in the size and shape of the rink. Once the rink is placed in
      a desired figure, the tube is filled with a rigid space-filling component
      16 which might be ice or plastic foam.
PAR  The sheet 12 or liner is formed of thin plastic film and is of sufficient
      area to allow some variation in the scope of the rink. Wire clips 14 may
      be provided, which partially surround the wall to hold the sheet 12 on the
      wall 11. Resilient blankets 15, preferably of foamed plastic, may be
      provided to protect portions of the wall from puncture.
PAR  The use and operation of the invention will now be readily understood in
      view of the above description. An area of generally horizontal ground 17
      is chosen and the empty tube wall 11 layed out in the desired shape. The
      tube 11 is then filled with a rigid space filling substance 16. One method
      is to fill the tube with water and allow the water to freeze. The water
      filling can be accomplished by sealing one end of the tube and feeding the
      water into the other end. A more expensive but more permanent material is
      formed-in-place plastic foam. Any of the several commercially available
      sources of foaming plastic can be used in this application, but the most
      convenient is a form in which the plastic expands upon exit from the
      nozzle of a pressurized can. The foamable material can be injected into
      the tube either through the end and with subsequent movement of the foam
      plugs down the tube, or by placing the nozzle through the small holes
      along the tubes length.
PAR  Once the wall is filled and formed into a closed geometric figure, the
      sheet 12 is placed over the figure and walls, with the edges of the sheet
      extending beyond the walls. As shown in FIG. 2, the sheet 12 is held
      against the wall 11 either by tucking the edge under the outside of the
      wall or by wire clips 14 which grasp the wall. The resulting structure
      forms a liquid container which can be filled with water 13. When the water
      is frozen, the resulting ice provides the skating surface. The placing of
      plastic foam blankets at entrance points to reduce the cutting effect of
      the skates, completes the skating rink.
PAR  It is obvious that minor changes may be made in the form and construction
      of the invention without departing from the material spirit thereof. It is
      not, however, desired to confine the invention to the exact form herein
      shown and described, but it is desired to include all such as properly
      come within the scope claimed.
CLMS
STM  The invention having been thus described, what is claimed as new and
      desired to secure by Letters Patent is:
NUM  1.
PAR  1. A skating rink, comprising:
PA1  a. a flexible tube formed of sheet plastic and containing a rigid material,
      the tube being laid out on a horizontal surface to form the periphery of a
      closed geometric figure, and
PA1  b. a flexible, water-proof sheet laid out over the closed geometric figure
      and extending beyond its periphery, thereby forming a liner of a structure
      capable of containing a liquid.
NUM  2.
PAR  2. A skating rink as recited in claim 1 wherein, the rigid material is ice.
NUM  3.
PAR  3. A skating rink as recited in claim 1 wherein, the rigid material is
      formed-in-place foamed plastic.
NUM  4.
PAR  4. A skating rink as recited in claim 1 wherein, resilient clips are used
      to hold the sheet against the tube.
NUM  5.
PAR  5. A skating rink as recited in claim 1 wherein, a portion of the tube is
      covered with a thick, resilient blanket.
NUM  6.
PAR  6. A method of forming a skating rink, comprising the steps of:
PA1  a. forming a flexible tube into the periphery of a closed geometric figure
      on a horizontal surface,
PA1  b. placing a material in the tube,
PA1  c. causing the material to fill the tube and form a rigid mass,
PA1  d. covering the closed figure with a water resistant sheet to form a liquid
      holding structure, and
PA1  e. placing water in the structure,
PA1  f. causing the water to freeze.
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ABST
PAL  Flow control for a cryostat in which the refrigerant flow rate is
      controlled by adding a contaminant to the refrigerant.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a divisional application of U.S. Pat. application Ser.
      No. 464,078, filed Apr. 25, 1974, now U.S. Pat. No. 3,885,939, and
      assigned to the same assignee.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Joule-Thomson effect cooling devices, commonly referred to as cryostats,
      are well known in the art to produce cryogenic temperature levels. The
      cryostats may be employed to maintain radiation sensing devices at the
      extremely low temperatures required. Examples of conventional
      Joule-Thomson effect cryostats may be found in U.S. Pat. Nos. 2,991,633,
      3,095,711, 3,353,371, 3,415,078 and 3,431,750.
PAR  In order to achieve a rapid initial cool-down, large coolant or refrigerant
      flows are required in conventional cryostats. Only a fraction of this
      cool-down flow is, however, needed for steady state operation of the
      cryostat. Thus, a cryostat designed to meet the initial cool-down flow
      requirements would be inherently inefficient during steady state
      operation, while a more efficient steady state flow design would have an
      excessively long cool-down period.
PAR  Since in many cryostat applications the coolant or refrigerant flow is
      limited by the available supply, techniques have been developed to provide
      sufficient cool-down flow without providing excessive steady state flow.
      While certain self-regulating flow control mechanisms have been developed
      for cryostats, these mechanisms, which have been either
      thermal-mechanical, electro-mechanical, or chemical in nature, have been
      rather complicated, overly complex and often prone to operational
      difficulties. All rely upon external forces, thus consuming energy such as
      electrical power and all include at least some moving parts. In some cases
      the basic cooling characteristics of the cryostat have been altered by the
      flow regulating mechanism.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is directed to a cryostat flow control in which the
      refrigerant flow rate is controlled by the addition of a contaminant or
      foreign fluid to the refrigerant. After initial cool-down, the
      contaminant, having a higher solidification point than the refrigerant,
      will solidify in the cryostat and cause a partial or complete refrigerant
      flow stoppage. When the refrigerant flow is thus reduced or stopped,
      refrigeration slows or ceases with a resultant rise in cryostat
      temperature which in turn then melts the solidified contaminant. The
      refrigerant flow will then resume until the temperature is again reduced
      to freeze up or solidify the refrigerant contaminant.
PAR  The alternate freeze-up and melting cycle achieves a greatly reduced
      average steady state refrigerant flow rate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of a cryostat utilizing the control of
      the present invention.
PAR  FIG. 2 is an enlarged section view of a portion of the heat exchanger tube
      of the cryostat of FIG. 1.
PAR  FIG. 3 is a graphical representation of the operational cycle of a cryostat
      having the flow control of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The cryostat control of the present invention is applicable to any type of
      cryostat (counterflow, regenerative, Joule-Thomson expansion, etc.). For
      purposes of illustration, a Joule-Thomson expansion cryostat 10 having a
      coiled tubing heat exchanger 12 and liquid refrigerant reservoir 14 is
      illustrated in FIG. 1. A high pressure refrigerant gas supply 16 provides
      refrigerant to the heat exchanger 12 through a control valve 18. The
      refrigerant cooled in the inlet side of the heat exchanger 12 is expanded
      through an expansion valve 20, or alternately through a nozzle or orifice,
      and collected in the liquid refrigerant reservoir 14. The liquid
      refrigerant is then discharged from the cryostat 10 through a refrigerant
      exhaust 22 after passing through the other side (outlet side) or heat
      exchanger 12.
PAR  Initially, the refrigerant gas is at the same temperature as its
      surroundings. When admitted to the cryostat 10 it passes through the inlet
      side of the heat exchanger 12 and out from the heat exchanger 12 through
      the expansion valve or nozzle 20. As the refrigerant expands through the
      expansion valve 20, it drops in temperature because of the Joule-Thomson
      effect. This lower temperature refrigerant is then forced through the
      outlet side of the heat exchanger 12 and thereby decreases the temperature
      of the incoming refrigerant. This incoming refrigerant then expands
      through the expansion valve 20 and drops to an even lower temperature than
      the preceding increment of refrigerant. This process continues until such
      time that the refrigerant becomes liquefied at the expansion nozzle 20.
      The system then remains stabilized at the boiling temperature of the
      refrigerant.
PAR  In order to effect control of the cryostat 10 in accordance with the
      present invention, a gaseous contaminant or foreign fluid is introduced
      into the refrigerant from a contaminant supply 24. A mixing chamber 26 may
      be provided to uniformly distribute or disperse the contaminant vapor
      throughout the refrigerant supplied to the cryostat 10. Alternately other
      methods of agitation, stirring, or heating may be utilized for this
      purpose.
PAR  As illustrated most clearly in FIG. 2, once cool-down has been achieved,
      the contaminant 30, having a solidification temperature higher than that
      of the refrigerant, will precipitate out of solution from the refrigerant
      and freeze-up. This will reduce and eventually block the flow of
      refrigerant through the heat exchanger tube 28. As the refrigerant flow is
      reduced, refrigeration slows or ceases until the cryostat temperature
      rises and melts the solidified contaminant. Refrigerant flow then resumes
      and decreases the cryostat temperature until the contaminant blockage
      occurs again. The cycle of alternate freeze-up and melting occurs
      indefinitely until the refrigerant supply is stopped. The operation of the
      cryostat is graphically illustrated in FIG. 3.
PAR  The type of contaminant, ratio of contaminant weight to refrigerant weight
      and the type of refrigerant can be varied to accommodate any desired
      cooling cycle and cryostat configuration. The maximum temperature reached
      during cycling, and the frequency of the cycling is dependent upon the
      percentage by weight of contaminant in the refrigerant gas supply.
PAR  In a 0.118 inch diameter, 11/2 inch long, finned tube cryostat, having a
      gas flow rate of 1.1 standard liters per minute of 16% Freon-14 and 84%
      Freon-23 at a supply pressure of 500 pounds per square inch, 10 parts per
      million by weight of water vapor as a contaminant in the refrigerant will
      cycle the refrigerated tip of the cryostat from 250.degree. Kelvin to
      170.degree. Kelvin at about 10 second intervals. While the exact location
      of the refrigerant flow blockage was not determined, it is believed to
      occur near or at the expansion nozzle.
PAR  Any desired coolant cycle can be tailored by proper selection of the
      refrigerant and contaminant in the proper proportions. A list of possible
      cooling cycles is provided below.
TBL  Temperature Range                                                         

                     Refrigerant                                               

                                Contaminant                                    

     ______________________________________                                    

     195.degree. - 275.degree.K                                                

                     Freon - 23 Water Vapor                                    

     145.degree. - 275.degree.K                                                

                     Freon - 14 Water Vapor                                    

     145.degree. - 165.degree.K                                                

                     Freon - 14 Xenon                                          

     112.degree. - 165.degree.K                                                

                     Methane    Xenon                                          

      88.degree. - 120.degree.K                                                

                     Argon      Krypton                                        

      78.degree. - 120.degree.K                                                

                     Nitrogen   Krypton                                        

      78.degree. -  95.degree.K                                                

                     Nitrogen   Methane                                        

     ______________________________________                                    

PAR  This flow regulation control utilizes the cooling capacity of the
      refrigerant to solidify the introduced contaminant in the refrigerant
      within the cryostat flow passages. There are no moving parts or external
      forces required for flow control and the basic cooling characteristics of
      the refrigerant are not altered.
PAR  In this manner the full refrigerant flow is available for the initial
      cryostat cool-down which occurs well above the solidification point of the
      contaminant. Once, however, the cryostat operating temperature is
      achieved, the cyclical freezeup will significantly reduce the flow of
      refrigerant flow through the cryostat.
PAR  While specific embodiments of the invention have been illustrated and
      described, it is to be understood that these embodiments are provided by
      way of example only and that the invention is not to be construed as being
      limited thereto, but only by the proper scope of the following claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A method of automatically controlling the flow of refrigerant in a
      cryostat comprising the steps of:
PA1  selecting a cooling cycle for the cryostat to be automatically controlled;
PA1  selecting and providing a refrigerant gas supply for the cryostat to meet
      the requirements of said selected cooling cycle;
PA1  selecting and providing a contaminant for the cryostat to meet the
      requirements of said selected cooling cycle, said contaminant having a
      solidification point higher than that of said refrigerant;
PA1  introducing said contaminant into said refrigerant supply; and
PA1  alternately and automatically solidifying and melting said contaminant in
      the cryostat to reduce the flow of said refrigerant through the cryostat.
NUM  2.
PAR  2. The method of claim 1, wherein said selected cooling cycle comprises a
      range of 195.degree.K to 275.degree.K and said selected refrigerant is
      Freon-23 and said selected contaminant is water vapor.
NUM  3.
PAR  3. The method of claim 1, wherein said selected cooling cycle comprises a
      range of 145.degree.K to 275.degree.K and said selected refrigerant is
      Freon-14 and said selected contaminant is water vapor.
NUM  4.
PAR  4. The method of claim 1, wherein said selected cooling cycle comprises a
      range of 145.degree.K to 165.degree.K and said selected refrigerant is
      Freon-14 and said selected contaminant is xenon.
NUM  5.
PAR  5. The method of claim 1, wherein said selected cooling cycle comprises a
      range of 112.degree.K to 165.degree.K and said selected refrigerant is
      methane and said selected contaminant is xenon.
NUM  6.
PAR  6. The method of claim 1, wherein said selected cooling cycle comprises a
      range of 88.degree.K to 120.degree.K and said selected refrigerant is
      argon and said selected contaminant is krypton.
NUM  7.
PAR  7. The method of claim 1, wherein said selected cooling cycle comprises a
      range of 78.degree.K to 120.degree.K and said selected refrigerant is
      nitrogen and said selected contaminant is krypton.
NUM  8.
PAR  8. The method of claim 1, wherein said selected cooling cycle comprises a
      range of 78.degree.K to 95.degree.K and said selected refrigerant is
      nitrogen and said selected contaminant is methane.
NUM  9.
PAR  9. The method of claim 1, wherein said selected cooling cycle comprises a
      range of 170.degree.K to 250.degree.K and said selected refrigerant
      comprises a mixture of Freon-14 and Freon-23 and said selected contaminant
      is water vapor.
NUM  10.
PAR  10. A method of automatic flow control for a cryostat having a selected
      cooling cycle between 170.degree.K and 250.degree.K comprising the steps
      of:
PA1  selecting and providing a refrigerant gas supply for the cryostat
      comprising a mixture of 16% Freon-14 and 84% Freon-23;
PA1  selecting and providing a contaminant for the cryostat having a
      solidification point higher than that of said refrigerant, said
      contaminant comprising 10 parts per million by weight water vapor; and
PA1  alternately and automatically solidifying and melting said contaminant in
      the cryostat to reduce the flow of said refrigerant through the cryostat.
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ABST
PAL  In a refrigeration system for a substantially enclosed space and including
      a compressor, a condenser, an evaporator, conduit means connecting the
      said compressor, condenser and evaporator to form a cooling circuit, and a
      hot gas by-pass conduit between the compressor and the evaporator, the
      improvement which comprises means provided in the system for apportioning
      flow of gas between the cooling circuit and the by-pass conduit so that,
      during a temperature controlling phase of refrigeration, the gas flows
      both to the condenser and to the by-pass conduit and the apportioning of
      flow can cause either net heating or net cooling of the enclosed space.
BSUM
PAR  This invention relates to refrigeration systems and especially to
      refrigeration systems for controlling the temperature of an enclosed space
      such as the cargo space of a container or a long-distance transport
      vehicle.
PAR  It is frequently essential that perishable cargo which is to be moved over
      long distances is maintained at a more or less constant temperature. This
      is normally done by means of a refrigeration system with a compressor, a
      condenser and an evaporator. In the simplest control systems, a thermostat
      operated by a thermometer bulb in the enclosed space simply cuts off the
      compressor when the temperature has reached a desired low level and
      switches it on again when an upper limit has been reached.
PAR  However, this system does not in practice result in a sufficient degree of
      control because of the thermostat differential which is necessary to
      prevent rapid recycling of the compressor unit. Furthermore, in the case
      of ships which may have to pass through polar regions, when the ambient
      temperature is lower than the desired temperature in the enclosed space, a
      certain degree of heating is required.
PAR  These problems have been partially overcome in two ways. Some refrigeration
      systems allow for a complete flow reversal of the refrigerant so that the
      hot compressed gas flows to the evaporator coil of the system, thus
      effecting heating of the enclosed space. It is also known to introduce a
      by-pass conduit into the conventional system, this by-pass leading
      directly from the compressor to the evaporator, thus by-passing the
      condenser. This by-pass allows a heating effect on the space by leading
      hot gas to the evaporator directly. Also with such a by-pass system, it is
      known to direct some refrigerant gas to the by-pass as the temperature
      falls, thus reducing the rate of cooling as the temperature nears the
      lower limit. This tends to reduce the overshoot of temperature to the low
      side.
PAR  The present invention provides improvements for such refrigeration control
      systems, especially for a system including a hot gas by-pass.
PAR  According to the invention, in a refrigeration system for a substantially
      enclosed space and including a compressor, a condenser and an evaporator
      and having a hot gas by-pass conduit between the compressor and the
      evaporator, we provide means for apportioning the flow of compressed
      refrigerant gas between the condenser and the by-pass conduit so that,
      during a temperature controlling phase of refrigeration, the gas flows
      both to the condenser and to the by-pass conduit and the apportioning of
      flow can cause either net heating or net cooling of the enclosed space.
PAR  Preferably, a first solenoid valve is provided in the by-pass conduit and a
      second solenoid valve with an open by-pass is provided in the condenser
      circuit; during the controlling phase, when both valves are open, the
      apportioning means provides for a net cooling of the space and when the
      second solenoid valve is closed, and there is net heating of the space,
      the open by-pass allows a proportion of condensed refrigerant to flow,
      thus counteracting the heating effect.
PAR  The means for apportioning flow may be a throttling valve, and thermostatic
      means responsive to the ambient temperature may be provided for
      controlling the valve, so that as the ambient temperature falls, the flow
      of gas along the by-pass conduit increases relative to the flow in the
      main circuit.
PAR  Alternatively, the means for apportioning flow may comprise a pipeline in
      the system which is divided over at least part of its length into a
      plurality of pipes in parallel, each pipe having a valve and each valve
      being controlled by a multi-stage thermostat responsive to the heating or
      cooling requirement of the space so that, depending on the temperature of
      the thermostat sensor, one or more of the pipes may be closed. The
      pipeline may be part of the hot gas by-pass conduit or may form part of a
      conduit leading to the evaporator of the system.
PAR  In a preferred refrigeration system, in which a flow of air is passed over
      a refrigerant evaporator and into a substantially enclosed refrigerated
      space, a thermostatic control for the refrigeration system may be provided
      in which the thermostat sensor is located in the air flow entering the
      refrigerated space.
DRWD
PAR  Preferred embodiments of the invention are now described with reference to
      the accompanying diagrammatic drawing, in which
PAR  FIG. 1 is a schematic of a refrigeration control system,
PAR  FIG. 2 shows means for controlling flow of fluid along a conduit of a
      refrigeration system, and
PAR  FIG. 3 is a schematic of a modification of the refrigeration system of FIG.
      1.
DETD
PAR  Referring to the drawing, FIG. 1 shows a refrigeration system including a
      conventional refrigerator circuit 22 and a hot gas by-pass circuit 23. The
      conventional or main circuit 22 includes a compressor 1, a condenser 2, a
      liquid receiver 3 and an evaporator 4. For normal cooling, the refrigerant
      passes from the compressor 1 to the condenser 2 where it is liquefied and
      then through the liquid receiver 3 to an expansion valve 5 (normally a
      thermostatic valve with a bulb and capillary) before entering the
      evaporator.
PAR  The by-pass circuit 23 leaves the main circuit at a T-piece 6, includes a
      by-pass conduit 17, and rejoins the main circuit at point 7 near the inlet
      to the evaporator 4. A solenoid valve 8 is provided in the main circuit
      and a second solenoid valve 9 is provided in the hot gas by-pass conduit
      17. The solenoid valves 8 and 9 are controlled by a thermostat 10, whose
      sensor is a thermometer bulb 11. The electrical connection between the
      thermostat and the valves are shown in dash-dot lines.
PAR  The bulb 11 is situated at a point where air or, if necessary, nitrogen is
      passed into a refrigerated space 1 having been cooled by its passage over
      the evaporator 4. A fan 25 is provided to force the air over the
      evaporator. It has been found that locating the bulb at this point allows
      the optimum control of the temperature of the gas throughout the space 12.
      Especially during the controlling phase of refrigeration, where the
      temperature is fluctuating around its set point, this location for the
      bulb gives the finest possible control.
PAR  The solenoid valve 9 can be completely closed in order to shut off the hot
      gas by-pass conduit 17 for maximum cooling. Thus, during the initial
      cooling of the space, the valve 9 will be closed and the system acts in a
      completely conventional way to cool the space 12. Once the space 12 has
      been cooled to near its desired temperature, the controlling phase of the
      refrigeration is established.
PAR  In the embodiment of FIG. 1, the T-piece 6 is a simple T-piece dividing the
      flow between the main and by-pass conduits 22 and 23 and the flow from the
      compressor is so arranged that, with both valves 8 and 9 open, there is
      flow along both circuits. After the initial cooling phase, the valve 9 is
      opened and the rate of codling decreases as the temperature nears its set
      point.
PAR  When it is necessary to provide net heating for the space 12, the valve 8
      is closed. This valve, however, is provided with an open by-pass duct 13
      which always allows a small flow of refrigerant to the evaporator, thus
      avoiding overheating of the space. Overheating does not take place as the
      system returns to refrigeration once the temperature rises to its upper
      limit. The by-pass 13 reduces the rate at which the temperature rises but
      does not prevent it rising above the preset upper limit.
PAR  During the controlling phase of refrigeration, therefore, the system may
      alternate between net cooling (with most flow through the condenser) and
      net heating (with most flow through the by-pass conduit 17).
PAR  The system described above can, with advantage in some cases, be modified
      as shown in FIG. 3, by including a solenoid valve 26 in the cooling
      circuit upstream of the condenser. The valve 26, like the valve 8, is
      provided with a by-pass duct 27 so that there is never a complete stoppage
      of flow round the cooling circuit. The solenoid valve 26 is also operated
      by the controller 10.
PAR  The refrigeration system equipped with the valve 26 can be operated in the
      following way to give improved control over the temperature of the space
      12. During the controlling phase of refrigeration, when the refrigerated
      container is passing through an area where the ambient temperature is very
      low, the valve 9 will be open and the valve 8 will be shut. There will
      thus be net heating of the space 12. In the absence of valve 26, then it
      may be that the net heating is insufficient to maintain the desired
      temperature. However, where the valve 26 is included, this may also be
      closed, in which case the flow of refrigerant gas to the condenser is
      markedly reduced and the heating effect is thereby increased.
PAR  It may also be convenient in certain cases to reduce the flow in the
      cooling circuit by alternately and simultaneously opening and closing the
      valves 8 and 26, only one being open at a time. This has the effect of
      reducing the cooling flow to the space while avoiding undue liquid
      accumulation in the receiver 3 and the condenser.
PAR  The valve 26, instead of being in the pipe leading to the condenser as
      show, may be incorporated into the T-piece 6, being so arranged in this
      case that the pipe leading to the condenser is never completely closed.
PAR  In the embodiment of FIG. 3 the T-piece 6 is replaced by a throttling valve
      14 which can apportion a varying flow of gas between the condenser 2 and
      the by-pass conduit 17. The setting of this valve is operated by a
      controller 15 actuated by a sensor 16 which is located outside the space
      12 and which reads the ambient temperature. Thus, when the ambient
      temperature is relatively high during the controlling phase of
      refrigeration, the space temperature can be accurately maintained when
      most gas is passing through the condenser 2. However, when the ambient
      temperature is low, the space temperature can be best maintained when most
      gas is passing through the by-pass conduit 17. Thus, the ambient control
      of the valve 14 ensures the optimun apportioning of flow between the two
      circuits.
PAR  A further method of controlling flow along a conduit is show in FIG. 2. A
      conduit 17 is split into a plurality of, e.g. five, parallel pipes 18
      which rejoin to reform the conduit. Each pipe 18 has a valve 19 operated
      by a controller 20 responsive to temperature change in the space 12. Thus,
      the thermostat can operate successively to close off the valves 19 and
      thus gradually reduce flow along the conduit. The valves 19 may all be
      indentical and the thermostatic controller 20 may be arranged so as to
      open and close the valves sequentially. Thus, in a fine control situation,
      two valves may be open and a third be opening and closing in response to
      stimulus from the controller 20.
PAR  Alternatively, each valve 19 may be of a different size and the controller
      may select the single valve which is most appropriate to the heating or
      cooling requirement of the heating space. Control in this case would be by
      switching from one valve to another.
PAR  Where the valves are of unequal size, the controller may also select any
      combination of valves which provides the correct apportioning of
      refrigerant flow and, again, fine control may be by the opening and
      closing of a single valve.
PAR  This type of flow control can, for example, replace the solenoid valve 9 in
      the system of FIG. 1. This would then allow a varying proportion of hot
      has to pass through the by-pass conduit, so as to provide either a net
      heating or net cooling of the system.
PAR  Alternatively, the flow control may replace the solenoid valve 8, in which
      case the hot gas by-pass may be left open, the liquid to the evaporator
      being apportioned by the flow control device.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a refrigeration system for a substantially enclosed space and
      including a compressor, a condenser, an evaporator, conduit means
      connecting said compressor, condenser and evaporator to form a cooling
      circuit, a hot gas by-pass conduit between the compressor and the
      evaporator and a thermostat which is sensitive to the heating or cooling
      requirement of the space, the improvement which comprises a first valve
      responsive to said thermostat provided in the hot gas by-pass conduit, a
      second valve responsive to said thermostat provided in the cooling
      circuit, the second valve having a permanently open by-pass, and means
      provided in the system for apportioning flow of gas between the cooling
      circuit and the by-pass conduit so that, during a temperature controlling
      phase of refrigeration, the gas flows both to the condenser and to the
      by-pass conduit and the apportioning of flow can cause either net heating
      or net cooling of the enclosed space, and in which the means apportioning
      the flow is so arranged that when first and second valves are open, there
      is net cooling of the space and that when said second valve is closed,
      there is net heating of the space.
NUM  2.
PAR  2. The refrigeration system of claim 1 in which a third valve controlled by
      the thermostat is provided in the cooling circuit upstream of the
      condenser, said third valve having a permanently open by-pass.
NUM  3.
PAR  3. The refrigeration system of claim 2 in which said first, second and
      third valves are solenoid valves.
NUM  4.
PAR  4. The refrigeration system of claim 1 in which the means for apportioning
      flow is a throttling valve having means for variably apportioning gas
      between the cooling circuit and the hot gas by-pass conduit.
NUM  5.
PAR  5. The refrigeration system of claim 4 in which the throttling valve is
      controlled by means responsive to ambient temperature so that as the
      ambient temperature falls the flow of gas along the by-pass conduit
      increases relative to the flow of gas in the cooling circuit.
NUM  6.
PAR  6. The refrigeration system of claim 1 in which one of the cooling circuit
      and the hot gas by-pass conduit includes a valve and the other includes a
      pipe-line which is divided over at least part of its length into a
      plurality of pipes in parallel, each pipe having a valve and the valves
      being controlled by a multi-stage thermostat responsive to the heating or
      cooling requirement of the space so that one or more of the valves may be
      closed to apportion the flow of gas.
NUM  7.
PAR  7. The refrigeration system of claim 6 in which the valves in the plurality
      of pipes are substantially identical to each other.
NUM  8.
PAR  8. The refrigeration system of claim 6 in which each said pipe has a valve
      of a size different from those of the other said pipes.
NUM  9.
PAR  9. The refrigeration system of claim 2 in which a flow of air is passed
      over the refrigerant evaporator and into said substantially enclosed space
      and in which a temperature sensor for the thermostatic control of the
      system is provided and is located in the air flow entering said space.
NUM  10.
PAR  10. The refrigeration system of claim 1 in which a flow of air is passed
      over the refrigerant evaporator and into said substantially enclosed space
      and in which a temperature sensor for the thermostatic control of the
      system is provided and is located in the air flow entering said space.
NUM  11.
PAR  11. The refrigeration system of claim 7 in which the said first and second
      valves are solenoid valves.
NUM  12.
PAR  12. The refrigeration system of claim 11 in which a third solenoid valve
      controlled by the thermostat is provided in the cooling circuit upstream
      of the condenser, the said third valve having a permanently open by-pass.
NUM  13.
PAR  13. The refrigeration system of claim 11 in which a flow of air is passed
      over the refrigerant evaporator and into the said substantially enclosed
      space and in which a temperature sensor for the thermostatic control of
      the system is provided and is located in the air flow entering the said
      space.
NUM  14.
PAR  14. In a refrigeration system for a substantially enclosed space and
      including a compressor, a condenser, an evaporator, conduit means
      connecting the said compressor, condenser and evaporator to form a cooling
      circuit, and a hot gas by-pass conduit between the compressor and the
      evaporator, the improvement which comprises means provided in the system
      for apportioning flow of gas between the cooling circuit and the by-pass
      conduit so that, during a temperature controlling phase of refrigeration,
      the gas flows both to the condenser and to the by-pass conduit and the
      apportioning of flow can cause either net heating or net cooling of the
      enclosed space, the means for apportioning flow is a throttling valve
      having means for variably apportioning gas between the cooling circuit and
      the hot gas by-pass conduit, and the throttling valve being controlled by
      means responsive to ambient temperature so that, as to the ambient
      temperature falls, the flow of gas along the by-pass conduit increases
      relative to the flow of gas in the cooling circuit.
NUM  15.
PAR  15. The refrigeration system of claim 14 in which a flow of air is passed
      over the refrigerant evaporator and into the said substantially enclosed
      space and in which a temperature sensor for the thermostatic control of
      the system is provided and is located in the air flow entering the said
      space.
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ABST
PAL  A combination high pressure relief valve and magnetic clutch disconnect
      switch for an air conditioning compressor which utilizes an automatically
      resetting valve member. The escape of pressurized refrigerant under
      control of the relief valve pressurizes the interior of a cap member on
      the end of the relief valve and thereby disconnects the ground circuit
      portion of the electromagnetic compressor clutch. This renders the system
      inoperative until the cap can be replaced and the original cause of the
      high pressure is determined and remedied.
BSUM
PAR  This invention relates to a pressure relief valve for an air conditioning
      compressor and more particularly to a relief valve combined with an
      electromagnetic clutch disconnect switch activated when high pressure
      conditions occur.
PAR  It is common in the air conditioning field to provide a pressure responsive
      relief valve to vent refrigerant to atmosphere and thereby decrease
      pressure. The abnormally high pressure may be produced by heat caused by
      excessive friction of the compressor. This may be related to a shortage of
      lubricating oil in the refrigerant. Discharging some of the refrigerant to
      atmosphere does not remedy this shortage. If the compressor is
      reactivated, enough heat may be generated to cause damage.
PAR  The present invention provides a combination pressure relief valve having
      an automatically resetting valve member and an electromagnetic clutch
      disconnect mechanism which in response to the escape of pressurized
      refrigerant deactivates the clutch circuit. The disconnect mechanism can
      be easily reassembled to the relief valve to reconnect the compressor in
      an emergency before the cause of the high pressure is remedied.
PAR  The combination pressure relief valve and compressor disconnect mechanism
      is simple and efficient in responding to high refrigerant pressures. The
      simplicity goes far in providing the reliability and low cost necessary in
      automobile air conditioning systems. In addition, the automatic reset of
      the release valve and the ease in reconnecting the clutch disconnect
      mechanism provides desirable low maintenance.
PAR  Therefore, an object of the present invention is to provide a simple but
      effective combination pressure relief valve and compressor clutch
      disconnect mechanism for venting high pressure refrigerant from a
      compressor to produce a pressure force on a clutch circuit connector to
      deactivate the compressor electromagnetic clutch.
PAR  A further object of the present invention is to provide a simple and
      inexpensive combination pressure responsive relief valve and compressor
      clutch disconnect mechanism which releases a sufficient quantity of high
      pressure refrigerant to reduce the high pressure within the compressor and
      then automatically resets itself, while simultaneously producing a
      pressure force by the released refrigerant on a deformable clutch
      disconnect member which separates from the relief valve to render the
      compressor inoperative.
DRWD
PAR  Further objects and advantages of the present invention will be readily
      apparent from the following detailed explanation, reference being had to
      the accompanying drawings in which a preferred embodiment is illustrated.
PAR  In the drawings:
PAR  FIG. 1 is a somewhat schematic illustration of an automobile air
      conditioning system having the subject combination pressure relief valve
      and compressor disconnect mechanism;
PAR  FIG. 2 is an enlarged sectional view of the subject combination relief
      valve and disconnect mechanism in a normal mode of operation;
PAR  FIG. 3 is a view similar to FIG. 2 and showing the combination valve and
      disconnect mechanism in the interina between the first function mode of
      FIG. 2 and a second disconnect mode of operation which occurs after
      exposure to high pressure.
DETD
PAR  In the drawings, FIG. 1 illustrates an automotive air conditioning system
      including a compressor 10. Compressor 10 is of the axially reciprocating
      piston type, details of which are disclosed in the U.S. Pat. No. 3,057,545
      to G. P. Ramson, which issued Oct. 9, 1962. The compressor 10 has an
      outlet fitting 12 connected by conduit 14, resilient hose 16 and conduit
      18 to a condenser 20 which is normally located at the front of the
      automobile immediately in front of the radiator. Condenser 20 is connected
      to a receiver 22 whose function is to separate liquid refrigerant from
      vaporous refrigerant and pass only the liquid on.
PAR  Refrigerant passes from receiver 22 through conduit 24 to the inlet of a
      thermal expansion valve 26 whose function is to regulate the flow of
      refrigerant through conduit 28 to a bottom portion 30 of evaporator 32.
      The expansion valve 26 opens and closes in response to heat sensed at the
      evaporator outlet 34 by a thermal bulb 36 which is connected to valve 26
      by capillary tube 38. A conduit 40 supplies compressor inlet pressure to
      the expansion valve for equalization purposes. A second conduit 42 draws
      oil from the lower part 30 of evaporator 32 and passes it to the
      compressor 10. For a more detailed discussion of valve 26, reference is
      made to U.S. Pat. No. 2,856,759 issued on Oct. 21, 1958, to Barbulesco.
PAR  After passing through evaporator 32, the refrigerant flows through a
      suction throttling valve 44 whose function is to maintain the refrigerant
      pressure within the evaporator above the level necessary to prevent low
      temperatures which permit frost formation on the external surfaces. After
      flowing through the suction throttling valve 44 the refrigerant passes
      through hose 46 to an inlet fitting 48 of compressor 10. For a more
      detailed discussion of the valve 44, reference is made to U.S. Pat. No.
      3,121,373 issued on February 18, 1964, to Murphy et al.
PAR  An electromagnetic clutch assembly 50 is operably connected to the shaft
      (not visible) of compressor 10. The clutch assembly 50 has a pulley with a
      groove 52 therein adapted to engage a V-type belt which engages a similar
      pulley on the crankshaft of an automobile engine. The electromagnetic
      clutch assembly 50 is of the type shown in U.S. Pat. No. 3,205,989 to R.
      N. Mantey, issued Sept. 14, 1965. Basically, the clutch includes a portion
      attached to the compressor shaft and the pulley portion with groove 52
      therein which are connectively drawn together by a force produced by an
      electromagnetic coil. During normal compressor operation the coil is
      energized by a circuit with a conductor 54 extending from battery 56
      through an on-off switch 58 to one lead of the coil. The other lead of the
      clutch coil is connected by a conductor 60 to the combination pressure
      relief valve and clutch disconnect mechanism 62 and to ground through the
      compressor housing and a ground conductor 61.
PAR  The subject pressure relief valve and clutch disconnect mechanism 62 is
      shown in FIGS. 2, 3. The switch includes a housing 64 which has a
      threadable end portion 66 received in a threaded bore 68 of compressor end
      member 70. The housing 64 has a relief passage 72 therein which extends
      from the outlet cavity 74 of compressor 10 to the interior 76 of housing
      64. A valve seat passage 78 is formed on the end of housing 64 around the
      relief passage 72. A movable valve member 80 within interior 76 carries a
      resilient pad 82 adapted to engage the valve seat 78 to prevent leakage of
      refrigerant thereby when the valve 80 is held in a closed operative
      position as in FIG. 2 by coil spring 84. Spring 84 engages a cone shaped
      member 86 whose pointed end contacts the valve 80. The other end of spring
      84 engages a cupshaped retainer 88 which is supported by the turned over
      end of housing 64.
PAR  When the pressure of refrigerant in outlet cavity 74 exceeds a
      predetermined value, the valve 80 is moved to the left as shown in FIG. 3
      and refrigerant flows between the housing 64 and valve 80, then through
      openings 90, 92 in members 88 and 64. The refrigerant then flows around a
      terminal member 94 which contacts the end of housing 64 under the
      influence of a spring 96. Terminal 94 is attached to the conductor wire 60
      and passes through a cup-shaped connector 100 with connector 100 and the
      insulative portion 60' of conductor 60 being tightly fitted with respect
      to one another forming a fluid tight seal therebetween and electrically
      isolating the conductor 60 from connector 100. The connector 100 has an
      open end surrounded by an inturned peripheral edge 102 which engages a
      groove 104 in housing 64. The connector 100 defines a closed interior
      space 106 about the end of housing 64 into which refrigerant is
      discharged. The pressure level in space 106 increases until connector 100
      is distorted sufficiently to remove the edge 102 from groove 104 and
      release refrigerant to the atmosphere. When this occurs, the connector 100
      falls away from the end of housing 64 and disengages the terminal member
      94 from the end of housing 64 to open the electromagnetic circuit and
      deactivate the compressor 10.
PAR  When the pressure level of refrigerant within compressor outlet cavity 74
      returns to a normal level, spring 84 moves the valve member 80 to the
      right and engages pad 82 with valve seat 78 to seal the remaining
      refrigerant within the compressor. The operator of the vehicle may
      reconnect the connector 100 if undamaged by fitting the edge 102 in groove
      104. This connects the terminal 94 with the end of housing 64 and
      completes the circuit through the electromagnetic circuit. The simple fact
      that connector 100 was disconnected warns the operator that service of the
      air conditioning system is desirable. The reason for the extraordinary
      pressurization of the compressor may be repeated as long as the causation
      is not corrected. If reconnected under these circumstances, deactivation
      of the compressor a second time is probable.
PAR  Although the embodiment illustrated is a preferred embodiment, other
      embodiments may be adapted.
CLMS
STM  What is claimed is as follows:
NUM  1.
PAR  1. A combination pressure relief valve and disconnect switch adapted for
      use with an air conditioning compressor which is activated by the
      energization of an electromagnetic clutch comprising: a valve housing
      enclosing an interior space and having a relief passage extending
      therefrom for connection to the outlet portion of the compressor; a valve
      seat formed around the end of the relief passage; valve means within said
      interior space normally engaging said valve seat to prevent fluid flow
      therebetween when the fluid pressure in the compressor outlet is below a
      predetermined level and being movable away from said valve seat in
      response to said predetermined fluid pressure to discharge excess
      pressurized fluid into said interior space; a generally cup-shaped
      connector member having a hollow interior and an open end; said open end
      having turned-in edge means engaging said valve housing and sealingly
      enclosing said connector interior; said valve housing having a fluid
      relief passage connecting the interiors of said housing and said
      connector; a clutch terminal member normally held in electrical contact
      with said housing by said connector member to close a clutch energization
      circuit whereby pressurization of said connector interior by opening of
      the valve causes separation of the inturned edge and said valve housing
      and opening of said clutch circuit by the resultant disconnection of said
      terminal member and said valve housing.
NUM  2.
PAR  2. A combination pressure relief valve and disconnect switch adapted for
      use with an air conditioning compressor which is activated by the
      energization of an electromagnetic clutch comprising: a valve housing
      enclosing an interior space and having a relief passage extending
      therefrom for connection to the outlet portion of the compressor; a valve
      seat formed around the end of the relief passage; valve means within said
      interior space normally engaging said valve seat to prevent fluid flow
      therebetween when the fluid pressure in the compressor outlet is below a
      predetermined level and being movable away from said valve seat in
      response to said predetermined fluid pressure to discharge excess
      pressurized fluid into said interior space; a generally cup-shaped
      connector member having a hollow interior and an open end; said connector
      member having an inwardly directed edge portion encircling said open end;
      said valve housing having a groove therein adapted to be engaged by said
      edge portion of said connector to connect said valve housing and connector
      member and sealingly enclose said connector interior; said valve housing
      having a fluid relief passage connecting the interiors of said housing and
      said connector; a clutch terminal member normally held in electrical
      contact with said housing by said connector member to close a clutch
      energization circuit whereby pressurization of said connector interior by
      opening of the valve causes separation of the inturned edge and said valve
      housing and opening of said clutch circuit by the resultant disconnection
      of said terminal member and said valve housing.
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ABST
PAL  An in-store fixture for the displaying of bananas or the like in an
      atmosphere of controlled temperature and humidity has a plurality of
      support members that accommodate a number of banana hands in a
      substantially vertically oriented display. The support members are
      arranged to accommodate the banana hands in a substantially spaced,
      noncontacting relationship relative to one another such that a zone or
      curtain of circulating, temperature and humidity controlled air
      essentially surrounds each respective banana hand. Individual banana hands
      are held by respective hook elements depending from their associated
      support members to permit removal of any selected one banana hand without
      the need for handling adjacent hands, thereby significantly reducing
      wastage caused by excessive handling of the product and undesirable
      contact of the same with one another. Controlled curing of the bananas in
      the fixture is possible through the use of a selectively controlled
      dispenser adapted to release a curing agent into the controlled air
      circulating about the bananas.
BSUM
PAR  This invention relates to a display fixture for the merchandising of
      bananas or the like and is especially adapted for use in retail outlets
      such as supermarkets.
PAR  Normally, produce buyers purchase bananas for delivery to retail outlets in
      a semi-ripe condition in an effort to minimize waste and associated losses
      due to spoilage before the bananas can be merchandised. It has been common
      practice to pile the bananas, which are usually sold in hands of four to
      seven bananas per hand, on a table or counter at ambient room temperature
      and permit them to ripen at an uncontrolled rate while on display. In this
      connection, it is characteristic of bananas to develop dark spots on their
      skins where they come into contact with one another which hastens the
      spoilage rate and contributes to uneven ripening. Also, it is the usual
      practice for the customer to search through the pile for a hand of bananas
      that appears to be in a desired state of ripeness and, in so searching
      through the pile, the customer tends to damage the bananas because of the
      handling thereof thus further compounding the losses due to spoilage.
PAR  It is, therefore, a very important object of my invention to provide a
      supermarket produce display fixture particularly designed to display and
      hold bananas at the industry standard level of controlled temperature and
      humidity.
PAR  Yet another important object of the invention is to provide a display
      fixture for bananas or the like in which temperature and humidity
      controlled air is discharged into a banana display compartment in a manner
      to present a controlled atmosphere therein defined by a circulating
      curtain of air.
PAR  Still another very important object of the instant invention is to provide
      a produce display fixture for bananas or the like in which support members
      are disposed within a display compartment and are adapted to accommodate
      banana hands in an essentially vertically oriented display, and in such a
      manner that the banana hands are in a substantially spaced relationship
      relative to one another such that a zone of the controlled atmosphere
      substantially surrounds each respective banana hand or the like.
PAR  Another important object closely related to the foregoing is that of
      providing support members for displaying the banana hands that permit the
      removal of a selected one of the banana hands without requiring the
      handling or removal of any adjacent banana hands.
PAR  A still further object is to provide a produce display fixture having
      provision for dispensing a banana curing or ripening agent into the air
      being circulated through the fixture to control the rate of ripening of
      the bananas therein.
DRWD
PAR  In the drawing:
PAR  FIG. 1 is a front elevational view of a supermarket produce display fixture
      made pursuant to the present invention and particularly adapted for
      bananas, portions of the fixture being broken away and shown in section to
      disclose details of construction;
PAR  FIG. 2 is a vertical cross-sectional view of the fixture taken along line
      2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary, enlarged, vertical cross-sectional view showing a
      support member for the produce and further illustrating details of
      construction of a controlled air opening associated with the support
      members;
PAR  FIG. 4 is a fragmentary cross-sectional view taken along line 4--4 of FIG.
      3 showing additional details of construction of the support member and its
      associated louvered air control opening; and
PAR  FIG. 5 is a fragmentary cross-sectional view taken along line 5--5 of FIG.
      1 revealing details of construction of a front, upright corner of the
      fixture.
DETD
PAR  An in-store produce display fixture, broadly designated by the numeral 10,
      is particularly adapted to present a temperature and humidity controlled
      atmosphere for bananas or the like. The fixture 10 is comprised of two
      basic units, a base unit 12 and an upper unit 14, supported by the base
      unit 12, which define a self-contained fixture suitable for installation
      in the produce section of a supermarket or the like.
PAR  The base unit 12 includes a display case 16 provided with a normally
      open-front produce compartment 18 defined by a back wall 20, a top wall
      22, a bottom wall 24, and opposed sidewalls 26. Construction of the
      fixture 10 is of the kind conventionally found in connection with other
      types of refrigeration cases usually placed in supermarket produce
      departments. Generally, the lower unit 12 has a base 28, an upright, rear
      panel 30, and a top panel 32 having pin locators 34 which receive and
      position the upper unit 14 on the case 16. The top unit 14 generally
      includes a space 36 for certain of the operating components which will be
      hereinafter more fully described, a display canopy 38 overhanging the
      lower unit 12 and extending across the front of the fixture, and a
      pulldown night cover 40 disposed to close off the open front of the
      compartment 18 when the cover 40 is in an extended or lowered condition.
PAR  The banana hands (not shown) are accommodated within the compartment 18 by
      a plurality of support members 42 arranged along the back wall 20 in a
      plurality of vertically spaced, horizontally disposed rows. Each support
      member 42 is designed to accommodate a plurality of banana hands and is of
      a trussed cantilevered design in the form of an arm 44 and an underlying
      brace 46, both of which are permanently affixed to an upright arm support
      48 extending substantially the full length of the back wall 20 and
      receiving a number of members 42. A plurality of such arm supports 48 with
      their members 42 are spaced transversely across the wall 20 as best shown
      in FIG. 1. Thus, it will be seen that the horizontally disposed members 42
      extending from the back wall 20 with their cantilever arms 44 projecting
      forwardly into the compartment 18, cooperate to present a vertically
      arranged display of bananas which are in a substantially spaced,
      vertically oriented relationship relative to one another.
PAR  Each support member 42 is further provided with a number of individual,
      selectively shiftable hook elements 50 adapted to depend from its member
      42 and which terminates in a forwardly and slightly upwardly inclined
      length 52 adapted to receive a single banana hand. The arms 44 are of a
      sufficient length to hold several hooks 50 longitudinally therealong
      without adjacent banana hands being in physical contact with one another.
PAR  Cooled, temperature-controlled air is provided for circulation through the
      compartment 18 by a cooling coil 54 disposed on the base 28 between the
      back wall 20 and the rear panel 30 and operably coupled with a cooling
      compressor 56 located in the space 26 of the upper unit 14. The cooling
      coil 54 extends the full horizontal length of the case 16, and an
      arrangement of electrically driven air circulating fans 58 (only one
      shown) are suitably located along the coil 54 to move the air in an upward
      direction, as it leaves the coil 54, along a passageway 60 defined by the
      back wall 20, the upright sidewalls 26, an upwardly and forwardly inclined
      partition 62 extending the full distance between the sidewalls 26 and
      upwardly to the top panel 32. The air is cooled and maintained in a range
      of 55.degree. to 58.degree. F. (optimum 55.degree.) inasmuch as the
      bananas get gray below 52.degree. and speck too soon at temperatures above
      75.degree..
PAR  The passageway 60 communicates at its upper end with a cold air plenum 64
      being defined by that space between the top wall 22 of the compartment 18
      and the top panel 32 of the base unit 12, there being an upright front
      wall 66 extending between the upright sidewalls 26 and between the
      horizontal top wall and panel 22 and 32 respectively, proximal the front
      of the case 16. There is a return air plenum 68 between the bottom wall 24
      of the compartment 18 and the base 28 with a return air grill 70 being
      located in the bottom wall 24. A series of air distribution vanes 72, 74
      and 76 are generally horizontally disposed in the return air plenum 68 for
      properly distributing the air across the coil 54 as it is drawn from the
      compartment 18 to the plenum 68 and across the coil 54. It is to be
      understood that these vanes 72-76 extend the full distance between the
      opposed sidewalls 26.
PAR  A humidistat 78 is located in the return air plenum 68 immediately below
      the grill 70 for sensing the humidity in the air, and it is operably
      coupled with conventional means (not shown) for controlling the amount of
      moisture in the air circulated through the compartment 18. A condensate
      pump 80 is located beneath the coil 54 for transferring the water
      condensed from the air as it passes the coils 54 to an element-equipped
      evaporating pan 82 located in the upper unit 14 adjacent the compressor
      56.
PAR  In addition to the airflow directing structure presented by the passageway
      60, cold air plenum 64, and return air plenum 68; the back wall 20, which
      is made up of a number of snap-in inserts 84 disposed and suitably held
      between the arm supports 48, includes a number of elongated slots 86
      between the successively, vertically spaced inserts 84. It will be seen by
      referring to FIG. 1 that the slots 86 thus extend in horizontal rows
      across the back wall 20 in a number of vertically spaced rows
      corresponding to the rows of support members 42 and are located just above
      the latter. The horizontal, lower edges of each of the inserts 84 are
      flanged rearwardly and downwardly at an angle to present an air-directing
      louver 88 projecting into the passageway 60. Accordingly, it will be noted
      that a portion of the air moving upwardly in the passageway 60 will be
      diverted at each of the rows of slots 86 across the back of the
      compartment 18 and directed over the banana hands suspended from the
      support members 42 by way of the hook elements 50. Further, reference to
      FIG. 2 will reveal that the top wall 22 has a number of perforations 90
      therein so that the air not diverted at the slots 86 but conveyed to the
      plenum 64 may pass therefrom downwardly into the compartment 18, thus
      providing a curtain of temperature and humidity controlled air
      therethrough.
PAR  If desired, an aerosol cylinder 92 containing a banana curing agent, such
      as ethylene, may be mounted in the space 36 and connected by a tube 94 to
      a dispensing nozzle 96 located in the cold air plenum 64 to release the
      ethylene into the air for purposes of controlling the ripening process of
      the bananas. Suitable controls for the air-cooling components, the
      humidifying components, and the time-controlled ethylene dispensing
      components are contained in a control box 98 mounted in the upper unit 14.
PAR  The night cover 40 also serves to contain the ethylene curing gas when in
      an extended position, and to this end, the case 16 includes an upright,
      relatively narrow curtain wall 100 extending the full vertical length of
      the lower unit 12 at each lateral side. A longitudinal slot 102 runs the
      full length of the exposed edge of each wall 100 such that the opposed,
      vertical edges of the cover 40 are disposed therewithin to effectively
      minimize the loss of cold air and ethylene gas during the time that the
      cover is extended, this normally being during the nighttime or during
      nonbusiness hours.
PAR  The usual lighting fixtures 104 extend across the upper and lower
      horizontal, forward peripheral edges of the compartment 18 and along the
      upright forward edges to illuminate the product, and the canopy 38 also is
      provided with a fixture 104 for illuminating a plastic advertising insert
      106.
PAR  Based on the foregoing description, it will become apparent that the
      fixture 10 is suitably designed to display produce, such as banana hands
      or the like, in a manner that is not only convenient and attractive, but
      more importantly, in a manner to effectively minimize the major problems
      of excessive losses incurred due to spoilage. More specifically, it is
      seen that the airflow directing structure made up of the passageway 60,
      the plenums 64 and 68, along with the louvered slots 86 and the
      perforations 90 in the top wall 22, efficiently direct the humidity and
      temperature-controlled air over the banana hands or the like to maintain
      them in an optimum atmosphere that is conducive to preservation of the
      bananas until the time they are merchandised. The air moving from
      front-to-back and from top-to-bottom in the compartment 18 sets up a
      circulating air pattern that forms a curtain of air therein, and the
      spacing between the banana hands affords a zone substantially surrounding
      each hand.
PAR  In addition to providing a zone of controlled atmosphere for the bananas,
      the manner in which they are held or accommodated by the support members
      42 in a spaced, relative disposition to one another insures that they are
      generally maintained in an out of contact disposition with one another.
      The fact that the individual banana hands are individually suspended or
      hung from the support arms by respective hook elements 50, precludes their
      being unnecessarily bruised because of contact with one another, this
      feature further serving to reduce the losses due to spoilage. It is but a
      simple matter for the customer to reach into the compartment 18 and remove
      from its respective hook 50 that particular banana hand that has been
      selected, and such removal may be accomplished without the need for
      unnecessarily disturbing or mishandling adjacent hands. That is to say, if
      a customer has selected a particular hand that is adjacent the back wall
      20, he need not remove those hands disposed forwardly thereof on the same
      member 42 because there is sufficient spacing, both vertically and
      horizontally, between the members 42 that a particular banana hand may
      normally be removed without displacing the adjacent hands.
PAR  Even though not shown, it is contemplated that in the event other types of
      produce are to be merchandised from the fixture 10, a shelf could be
      provided to rest on each horizontal row of support members 42 and still
      obtain virtually the same benefits of a curtain of temperature and
      humidity-controlled air circulating through the compartment 18 via the
      slots 86 and perforations 90.
CLMS
STM  Having thus described the invention, what is claimed as new and desired to
      be secured by Letters Patent is:
NUM  1.
PAR  1. An in-store article display fixture for bananas comprising:
PA1  an upright display case,
PA1  said case having a normally open-front display compartment defined by a
      back wall, a top wall, a bottom wall, opposed side walls and a curtain
      wall on each side of said open front;
PA1  a plurality of support members within said compartment for receiving the
      bananas to be displayed, said support members being in the form of arms
      extending from said back wall into said display compartment, said arms
      being adapted to receive and support hands of bananas in spaced,
      noncontacting relationship;
PA1  air circulating means operably associated with the case and disposed to
      selectively circulate air within said compartment and around the hands of
      bananas;
PA1  air cooling means operably associated with said case in a manner to
      selectively control the temperature of the air circulated within the
      compartment;
PA1  a pressure container containing a banana curing agent, said container being
      in communication with said display compartment; and
PA1  control means for providing time-controlled dispensing of said curing agent
      into said display compartment for circulation therewithin by said air
      circulating means.
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ABST
PAL  A method and apparatus for compressing fluid by passing said fluid through
      a rotating continuous flow centrifuge wherein said fluid is pressurized by
      centrifugal action on said fluid by said centrifuge rotor. Said rotor is
      provided with passageways for said fluid with vanes placed therewithin for
      assuring that the fluid will rotate with said rotor. After compressing
      occurs, said fluid is passed in compressed state to a second rotor wherein
      energy contained in said fluid is converted to work, with said fluid being
      passed within fluid passageways in said second rotor inwardly to an exit
      at center, with vanes ensuring that said fluid second rotor will rotate
      with said fluid for receiving the work associated with deceleration of
      said fluid. Cooling may be provided during compression of said fluid by
      circulating a coolant in heat exchange relationship with said fluid.
      Nozzles may be provided near the first rotor periphery for decelerating
      said first fluid. Fluids being compressed may be gases or gases with minor
      amounts of liquid, such as air, or halogenated hydrocarbons.
BSUM
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This application is similar to my U.S. Pat. No. 3,761,195, and 3,793,848
      with some additions and improvements. (Compressing Centrifuge)
PAR  Also, similar principles were used in patent application "Compressing
      Centrifuge with Cooling", Ser. No. 243,239, filed 4/12/72.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to devices for compressing gases from a lower
      pressure to a higher pressure by employing a continuous flow centrifuge as
      the compressing first rotor and using an inward flow turbine as the second
      rotor wherein energy contained in the fluid leaving said first rotor is
      converted to work.
PAR  In my previous U.S. Pat. No. 3,761,195, I described a similar compressor to
      the compressor of this invention; the device of this invention adds some
      improvements and changes to said previously patented compressor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross section of the compressor, and
PAR  FIG. 2 is an end view of the same unit with portions removed to show
      internal details;
PAR  FIG. 3 is a detail of the nozzles employed within first rotor.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  It is an object of this invention to provide for partial reduction in the
      absolute tangential velocity of the working fluid by providing nozzles
      oriented backward near the periphery of said a first rotor through which
      nozzles said working fluid will pass to a second rotor. Further, it is an
      object of this invention to provide a cooling heat exchanger within said
      first rotor to remove heat of compression either fully or in part. It is
      also an object of this invention to provide a casing around said rotors to
      allow evacuation of said casing thus reducing fluid friction on said rotor
      external surfaces.
PAR  Referring to FIG. 1, therein is shown a cross section of the compressor. 10
      is casing, 11 is first rotor, 12 is second rotor, 13 are first rotor exit
      nozzles, 14 are second rotor vanes, 15 is rotor seal, 16 is working fluid
      exit from unit, 17 is working fluid exit from second rotor, 33 is second
      rotor shaft bearing, 18 is second rotor shaft, 19 is shaft support, 20 is
      space within first rotor, 21 is casing aperture into which a vacuum pump
      may be connected, 22 is cooling heat exchanger, 23 is a layer of thermal
      insulation, 24 is heat exchanger support plate, 25 is coolant distribution
      conduit, 26 is working fluid entry to first rotor, 27 and 28 are coolant
      entry and exit, 29 is first rotor shaft supported by bearing 30, 31 is
      working fluid entry to unit, 32 is rotor seal, 36 is vane within first
      rotor. 35 is a seal.
PAR  In FIG. 2, an end view of the unit shown in FIG. 1 is illustrated with
      portions removed to show interior details. 10 is casing, 11 is first
      rotor, 22 is is heat exchanger, 25 is coolant distribution conduit, 14 is
      second rotor vane, 12 is second rotor, 29 is shaft, 13 are nozzles, 34
      indicates direction of rotation for both rotors. 31 is fluid entry.
PAR  In FIG. 3, a detail of the first rotor nozzles is shown. 40 is shaft
      direction about which rotor rotates, 44 is direction of rotation, 41 is
      nozzle, and 42 indicates leaving fluid.
PAR  In operation, the working fluid enters unit via opening 31 and is passed to
      first rotor via entry post 26, and then said working fluid passes to rotor
      interior where vanes 36 and heat exchanger 22 will assure that said
      working fluid will rotate with said rotor. After compression, said working
      fluid leaves said first rotor via nozzles 13 or more particularly as
      indicated in FIG. 3 by numerals 41, 42; these nozzles are oriented to
      discharge said working fluid backward, thus reducing the absolute
      tangential velocity of said fluid. Said fluid then enters said second
      rotor 12, where vanes 14 by virtue of the working fluid acting
      thereagainst will assure that said rotor will rotate with said working
      fluid; said working fluid is then discharged from said second rotor via
      exit port 17, and from the unit via opening 16.
PAR  Cooling may be applied to said working fluid during compression, by
      circulating a coolant through said heat exchanger 22, in heat exchange
      relationship with said working fluid. Coolant enters via entry 27 and
      thence through said first rotor shaft passages, and leaves via passages
      through said first rotor shaft to exit through exit 28.
PAR  Work is required to accelerate said working fluid to the tangential speed
      of said first rotor; power is supplied to the shaft of said first rotor.
      Some work is returned to said first rotor in nozzles 13, and additional
      work is produced by the decelerating working fluid in second rotor
      passages. Normally, the rotational speed of said second rotor is less than
      said first rotor. Also, in normal operation, the rotational speed of said
      first rotor is sufficient to provide for a substantial exit velocity for
      said working fluid from said rotor nozzles 13; then also, the rotational
      speed of said second rotor is substantially less than said rotational
      speed of said first rotor. The difference in speeds for the two rotors is
      normally fixed and the two rotors are connected by suitable external power
      transmission means to pass the work produced by said second rotor to said
      first rotor, with additional work for rotating said first rotor being
      provided from an external power source.
PAR  If the cooling heat exchanger is not provided, then the vanes 36 are
      extended to the periphery of said first rotor to assure that said working
      fluid will rotate with said first rotor.
PAR  The first rotor is shown in FIG. 1 to have been extended to inclose said
      second rotor, with seals 35 and 15 providing sealing to maintain working
      fluid pressure within rotor and to seal with casing. Space 20, FIG. 1, is
      provided to allow working fluid leaving nozzles 13 to move and adjust to
      second rotor tip speed. It should be noted that usually the absolute
      working fluid tangential velocity when entering said second rotor is the
      same as the tip speed of said second rotor, for best efficiency.
PAR  Applications of this compressor include use as an air compressor, as a
      compressor for various gases, and as a refrigeration compressor and heat
      pump compressor. Also, it can be used as the compression stage in power
      generation devices.
PAR  Various governors and controls are used with this compressor. They do not
      form a part of this invention and are not further described herein.
PAR  The rotors for the compressor of this invention are shaped to allow high
      rotational speeds, with rotor walls made of thick material sections and
      generally having thick center sections. The heat exchanger is made of
      finned tubing attached to a support plate to prevent movement and
      crushing; said support plate is then supported by said rotor walls. Other
      types of heat exchanger construction may be employed, such having coolant
      passages built to rotor walls. Also, the vanes 14 of said second rotor may
      be made with suitable curvature if said working fluid tangential velocity
      should differ from the second rotor tangential tip velocity.
PAR  The radial velocity of the working fluid within the radially extending
      passageways of both rotors is normally slow, so that the compression
      within said first rotor is nearly non-flow type, and the expansion within
      said second rotor is nearly non-flow type. Thus the compression within
      said first rotor is similar to compression within a centrifuge rotor.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A working fluid compressor expander comprising:
PA1  a. a casing for supporting shafts;
PA1  b. shafts journalled in bearings in said casing for rotation;
PA1  c. a rotating first rotor mounted on a first rotor shaft so as to rotate in
      unison therewith, said rotor being of circular cross section in a radial
      plane and adapted for high speed rotation with its structural walls being
      thicker near the center than at its periphery; said rotor having an entry
      port for said working fluid near the center of said rotor and radially
      extending passageways having vanes therewithin for assuring that said
      working fluid therewithin rotates at the same rotational speed as said
      rotor for effecting centrifugal compression and effecting an elevated
      pressure at its periphery a cooling heat exchanger within said radially
      extending passageways in said first rotor with a coolant being circulated
      through passages within said heat exchanger in heat exchange relationship
      with said working fluid for the purpose of removing heat from said working
      fluid; said coolant being supplied to said heat exchanger via passages
      provided through said first rotor shaft, and returned via passages within
      said first rotor shaft; nozzles communicating at their entry end with said
      radially extending passageways and discharging said working fluid to a
      peripheral portion within said rotor; with said peripheral portion being
      separated from said radially extending passage ways by a wall with said
      nozzles mounted on said wall;
PA1  d. a rotating second rotor mounted on a second rotor shaft so as to rotate
      in unison therewith, said second rotor being of circular configuration in
      a radial plane and adapted for high speed rotation; said rotor having
      radially extending passageways communicating with said peripheral portion
      of said first rotor for receiving said working fluid; said radially
      extending passageways extending inwardly toward the center of said rotor,
      and having vanes therewithin to cause rotation of said second rotor on
      impingement by said working fluid against said vanes; and having an exit
      port near the center of said second rotor.
NUM  2.
PAR  2. The compressor of claim 1 wherein said nozzles mounted within said first
      rotor are oriented to discharge said working fluid tangentially backward
      in a direction away from the direction of rotation of said first rotor
      thus reducing the absolute tangential velocity of said working fluid.
NUM  3.
PAR  3. The compressor of claim 1 wherein said casing is provided with an
      aperture for evacuating a space between said first rotor and said casing
      for reducing fluid friction on said first rotor.
NUM  4.
PAR  4. The compressor of claim 1 wherein the tangential velocity of the second
      rotor outer periphery is less than the tangential velocity of the nozzles
      mounted on said first rotor.
NUM  5.
PAR  5. The compressor of claim 1 wherein the tangential velocity of the outward
      ends of the second rotor vanes is the same as the tangential velocity of
      the working fluid entering said radially inward extending passageways of
      said second rotor.
NUM  6.
PAR  6. The compressor of claim 1 wherein the tangential velocity of the outward
      ends of the second rotor vanes is less than the tangential velocity of the
      working fluid entering said radially inward extending passageways of said
      second rotor.
NUM  7.
PAR  7. The compressor of claim 1 wherein said working fluid is a gas with minor
      amounts of liquid, if any.
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ABST
PAL  A method and apparatus for transferring heat from a source at a lower
      temperature to a fluid at a higher temperature by employing a rotating
      centrifuge and a compressor to compress a gaseous first fluid with
      accompanying temperature increase and then transferring heat from said
      first fluid to a second fluid being in heat exchange relationship with
      said first fluid within said centrifuge. The first fluid is then allowed
      to expand within the rotor and heat is added during and after expansion
      from a third fluid being in heat exchange relationship with said first
      fluid. The first fluid is normally a gas, the second fluid may be a gas or
      a liquid, and the third fluid may be a gas or a liquid. Typical first
      fluid may be carbon dioxide, second fluid be water, and third fluid be
      water.
BSUM
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This application uses principles similar to those used in "Rotary Heat
      Exchanger" filed 8/31/73, Ser. No. 393,571, and "Heating and Cooling
      Wheel", filed 1/11/72, Ser. No. 216,938.
PAR  This invention relates generally to devices for transferring heat from a
      fluid at a lower temperature to another fluid at a higher temperature by
      employing a compressible fluid which is compressed within a continuous
      flow centrifuge to an elevated pressure with accompanying temperature
      increase, and this higher temperature is then used to effect heat transfer
      to a second fluid which is at a higher temperature than said lower
      temperature fluid, and providing means within said centrifuge to propel
      said gaseous compressible fluid through said centrifuge.
PAR  There have been several devices that have provided means for transferring
      heat from a lower temperature fluid to a higher temperature fluid. These
      devices have been inefficient due to the need to employ an external
      compressor to provide a pressure differential to transport the gaseous
      compressible first fluid through said centrifuge rotor; also, they have
      been incapable of producing the high temperatures needed to produce high
      pressure water steam due to inherent stress limitations imposed by
      materials of construction for the rotor.
DRWD
PAR  FIG. 1 is a cross section of the heat exchanger, and
PAR  FIG. 2 is an end view of the unit shown in FIG. 1;
PAR  FIG. 3 is an end view of the rotor, showing some interior details, and
PAR  FIG. 4 is a section of rotor internal nozzles.
PAR  It is an object of this invention to provide a means for producing high
      temperature fluids while using low temperature heat sources wherein the
      said first fluid is first compressed in a compression stage prior to
      passage to heat exchanger stage, and then expanding said first fluid in
      more than a single stage with addition of heat to said fluid during and
      after said expansion. The purpose of having multiple compression and
      expansion stages is to reduce the rotational speed of the rotor so that
      standard and readily available materials may be used for rotor
      construction, and also to extend the life of bearings and seals.
DETD
PAR  Referring to FIG. 1, therein is shown a cross section of the multi-stage
      rotary heat exchanger. 10 is casing, 11 is rotor, 12 is compressor stage
      vane, 13 are first nozzles, 14 is first fluid space, 15 are second vanes,
      16 are third nozzles, 17 is heat addition heat exchanger, 18 is bearing
      and seal, 19 is rotor shaft, 20 and 21 are third fluid inlet and outlet,
      22 is third fluid conduit, 23 is first fluid passage opening, 24 is casing
      vent into which a vacuum source may be attached, 25 are fourth vanes, 26
      is second fluid space, 41 is third fluid space, 40 is a fluid space, 27
      are third vanes, 28 are second first fluid nozzles, 29 is heat removal
      heat exchanger, 30 is first fluid passage, 31 is first fluid return
      passage, 32 is rotor shaft bearing and seal, 33 and 34 are second fluid
      entry and exit, 35 is a rotor interior dividing wall. Sections I and II
      are further illustrated in FIG. 3.
PAR  In FIG. 2, an end view of the unit is shown with portions removed to show
      rotor interior details. 10 is casing, 11 is rotor, 28 are third nozzles,
      29 is heat removal heat exchanger, 13 are first nozzles, 12 are first
      vanes, 38 indicates direction of rotation, and 19 is shaft.
PAR  In FIG. 3, and end view of the rotor is shown with additional interior
      details. 11 is rotor, 17 is heat addition heat exchanger, 25 are fourth
      vanes, 16 are third nozzles and 19 is rotor shaft.
PAR  In FIG. 4, a detail of rotor nozzles is shown. 37 indicates direction of
      rotation when the nozzles are used in compressing section such as nozzles
      13 and 28 in FIG. 1, and 36 indicates fluid leaving said nozzles. 35 is
      rotor divider wall, and 13 is nozzle. The third nozzles 16 are similar but
      oriented in opposite direction so that the first fluid leaves said nozzles
      in forward direction that is in the direction of rotation.
PAR  In operation, first fluid is first compressed in rotor outward extending
      passages defined by first vanes 12, and then passed via first nozzles 13
      in backward direction that is away from direction of rotation so that said
      first fluid will have an absolute tangential velocity that is less than
      said rotor tangential velocity in same area. After leaving said first
      nozzles 13, first fluid is decelerated further in second vanes 15, and
      then passes via passage 30 near rotor center to be further compressed by
      passages formed by heat exchanger 29 fins which act as vanes, and at the
      same time heat is removed from said first fluid in a predetermined amount
      into a second fluid being circulated within said heat exchanger 29. After
      passing through the passage of heat exchanger 29, said first fluid is
      passed through second nozzles 28 that are oriented to discharge said first
      fluid in a backward direction and then passing to inward passages formed
      by vanes 27 and then passing through passage 23 near rotor center, after
      this said first fluid is accelerated in outward passages formed by vanes
      25 and then said first fluid is decelerated in inward rotor passages
      formed by heat addition heat exchanger 17 fins; after this said first
      fluid is returned to be again compressed via passage 31 thus completing
      the work cycle for said first fluid. Said second fluid is supplied from
      external sources and passed through passages within rotor shaft to said
      heat exchanger 29 and then said second fluid is returned via said rotor
      shaft to exit. The said third fluid is also circulated via said rotor
      shaft to the heat eddition heat exchanger 17 and then returned via said
      rotor shaft to exit. The temperature of leaving second fluid is greater
      than the temperature of entering second fluid. The temperature of said
      third fluid entering is greater than the temperature of leaving third
      fluid.
PAR  The heat exchanger of this invention uses two stages of compression and two
      stages of expansion; additional compression and expansion stages may be
      used if desired to even further reduce the rotor rotational speed and to
      increase leaving second fluid temperature.
PAR  For some fluids, being used as said first fluid, nozzles 28 may be omitted,
      and plain openings substituted. Alternately, the second nozzles 28 may be
      arranged to discharge said first fluid forward so that the tangential
      velocity of leaving first fluid is greater than the tangential velocity of
      said rotor in the area. Also, the location of inner ends and outer ends of
      said first vanes 12, said second vanes 15, said third vanes 27 and said
      fourth vanes 25 may be as desired to obtain required pressure conditions
      within the rotor so that said first fluid is transported through said
      rotor passages and pressurized to the desired pressure, with a minimum
      work input to said rotor shaft from external sources. Further, it should
      be noted that heat exchangers 17 and 29 may have lesser amount of finned
      coils so that part of the respective first fluid passage is left open; in
      these instances, vanes are normally added within said first fluid passages
      to assure that said first fluid will rotate with said rotor. Also, the
      heat exchanger 29 may be extented into passages defined by vanes 12, if
      desired by design conditions for the first fluid being used. Similarly,
      heat exchanger 17 may be extented to passages defined by vanes 27 and 25
      if desired by design conditions. Further, said heat exchanger 17 may be
      also extented to first fluid passage 31 if desired thus adding to heat
      exchanger area.
PAR  The first fluid used for the heat exchanger of this invention should be a
      gaseous and compressible fluid. Gases such as carbon dioxide, nitrogen or
      air may be used, and many of the halogenated hydrocarbons may also be
      used. Normally, the gas being used should not condense while being within
      the rotor, since condensation will block the first fluid passages. The
      second fluid may be a liquid or a gas; usually said second fluid is a
      liquid. The third fluid also may be either a liquid or a gas.
PAR  The heat exchanger coils within the rotor are shown having been made of
      finned tubing; other types of heat exchangers may be used, including types
      where said second fluid and said third fluid passages are built to rotor
      walls, or where metal heat conducting parts are employed to transfer heat
      from one fluid to another.
PAR  First fluid spaces 14, 26 and 41 are provided at discharge side of nozzles
      to provide a space for the first fluid to be discharged into.
PAR  Various governors and controls may be used with the heat exchanger of this
      invention. They do not form a part of this invention and are not further
      described.
PAR  Vanes 12, 15, 27 and 25 may be curved in conventional manner if desired.
      Similarly, the fins of the heat exchangers may be slanted if desired; for
      heat exchanger 29 they may be slanted backward if desired and for heat
      exchanger 17 slanted forward.
PAR  It should be noted that the first fluid is compressed within passageways
      defined by vanes 12, and also accelerated, and then the first fluid is
      decelerated in nozzles 13 and further decelerated in vanes 15. After
      passing to opening 30, the first fluid will be at a pressure that is
      greater than the pressure in passage 31, while the rotational speed of the
      first fluid has been reduced to a minor value existing in the area. The
      first fluid is then again accelerated in the second outward extending
      passageways wherein heat exchanger 29 is located, with a pressure
      increase. The first fluid is then passed through openings 28, which may be
      nozzles, or plain holes, depending on the design. Similarly, openings 16
      may be nozzles or plain holes, depending on the design; it should be noted
      that if vanes 25 are curved as shown in FIG. 3, and with sufficient
      curvature forward, the openings 16 may be plain holes. If vanes 25 are
      straight and radial, then openings 16 should be nozzles. However, by
      combining curved vanes, adjusting vane lengths, using nozzles or using
      plain openings, suitable pressure conditions may be obtained to assure
      that the first fluid will flow in the desired direction, with least amount
      of work required to rotate said rotor from external sources. Functionally,
      it is desired to obtain a high pressure and a high temperature for the
      said first fluid in the area where said heat exchanger means 29 is
      located, so that the second fluid leaving said heat exchanger means 29 is
      at a high temperature, and then reduce the pressure of said first fluid
      with most work recovery, so that said work input to said rotor is at a
      minimum.
PAR  The main application of the multistage heat exchanger of this invention is
      in steam generation; normally, the second fluid is not vaporized within
      the rotor but is maintained under a sufficient pressure to prevent such
      vaporization. Other applications include other uses where high temperature
      heat source is required, or where the third fluid temperature is low thus
      requiring a high temperature differential between said second fluid and
      said third fluid.
CLMS
STM  I claim:
NUM  1.
PAR  1. A multistage heat exchanger comprising:
PA1  a. a means for supporting a shaft in bearings for rotation;
PA1  b. a shaft;
PA1  c. a rotor mounted on said shaft so as to rotate in unison therewith, said
      rotor having first radially outward extending passages connecting at their
      outward ends with first inward extending passages, said first inward
      extending passages connecting at their inward ends with second outward
      extending passages, said second outward extending passages connecting at
      their outward ends with second inward extending passages, said second
      inward extending passages connecting at their inward ends with third
      outward extending passages, said third outward extending passages
      connecting at their outward ends with third inward extending passages,
      said third inward extending passages connecting at their inward ends with
      the inward ends of said first outward extending passages for passing a
      first fluid, said second outward extending passage having a first heat
      exchanger means for removing heat from said first fluid during and after
      compression of said first fluid by said rotor, said third inward extending
      passages having second heat exchanger means for adding heat into said
      first fluid after said first fluid has been cooled by expansion within
      said rotor, said first heat exchanger means being supplied with a second
      fluid and circulated in heat exchange relationship with said first fluid,
      said second heat exchanger means being supplied with a third fluid and
      circulated in heat exchange relationship with said first fluid, said
      second fluid and said third fluid being passed into their respective heat
      exchangers via fluid passages within said rotor.
NUM  2.
PAR  2. The multistage heat exchanger of claim 1 wherein said first outward
      extending passages are provided with nozzles at their said outward ends
      for passing said first fluid into said first inward extending passages.
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PAL  A pierced earring construction including a hoop-type earring member having
      spaced free ends and an earwire that is pivotally mounted on one of the
      free ends, the earwire including a pivot portion that is formed as an
      integral part thereof and that extends through the free end on which the
      earwire is mounted for pivotally locating the earwire on said earring
      member.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to pierced earrings and to the manner of
      securing an earwire to the body portion of the pierced earring.
PAR  Generally, the pierced earring construction as embodied in the present
      invention relates to hoop-type earrings which are formed in a generally
      circular configuration and that include free ends that are spaced from
      each other. An earwire is connected to one of the free ends and bridges
      the space between the free ends for mounting the pierced earring on the
      ear of a wearer.
PAR  Prior to the instant invention, the earwire of the hoop-type earring was
      usually secured in pivotal relation on a free end thereof by the forming
      of a loop on the pivot end of the earwire, the loop receiving a pivot pin
      that extended through the body portion of the earring at the free end
      thereof. Thus, in this prior known hoop-type earring, the loop of the
      earwire was pivotally mounted on a pivot pin; and, although the earwire in
      such prior known constructions was pivotal in the manner required, it was
      also usually loosely fitted, which resulted in undue lateral shifting
      thereof. This not only caused difficulty in locating the free end of the
      earwire in place during mounting of the earring on the ear of the wearer,
      but oftentimes the undue lateral shifting of the earwire resulted in
      dislodgment or breaking of the earwire from the pivot pin.
PAR  In some of the less expensive types of hoop earrings, a slot was formed in
      a free end of the hoop through which the pivot end of the earwire
      extended. Here again it was difficult to prevent lateral shifting of the
      earwire, which rendered it more difficult to attach the earwire in place
      during the mounting thereof on the wearer's ear. Other slotting techniques
      have also been utilized for hoop-type earrings of the piercing variety;
      and in all such earrings, it was difficult to prevent lateral shifting of
      the earwire during the mounting thereof on the wearer's ear. Frequently,
      undue lateral shifting of the earwire with respect to the body portion to
      which it was pivotally connected caused the earwire to become disconnected
      from the pivot position thereof.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a pierced earring construction and
      comprises an earring member that includes a body portion that terminates
      in spaced free ends. A laterally extending opening is formed in the body
      portion adjacent to one of the free ends thereof, and an earwire is
      provided that includes a pivot portion formed as an integral part thereof.
      The pivot portion is mounted in the opening in the body portion for
      pivotally locating the earwire on the body portion. A piercing portion of
      the earwire that is joined to the pivotal portion thereof bridges the
      space between the free ends for mounting the earring member on an ear of a
      wearer. Since the pivot portion as joined to the body portion of the
      earring member includes legs that are located in close proximity to the
      earring body portion on opposite sides thereof, lateral shifting of the
      earwire during the pivotal movement thereof is prevented. Further, the
      conventional slots and pins normally associated with the prior known
      hoop-type earring constructions are avoided, and the mounting of the
      earwire is simply accomplished by inserting a pivot leg thereof through an
      opening in the earring body portion and thereafter bending another leg of
      the pivot portion to a closed position thereof.
PAR  Accordingly, it is an object of the present invention to provide a pierced
      earring construction that includes an earwire having a pivot portion that
      is joined to a body portion of the earring and that defines the pivot
      connection for the earwire.
PAR  Another object is to provide a pierced earring construction that includes
      an earwire that is pivotally mounted on a body portion and that is formed
      with legs that are joined to a pivot leg, the pivot leg extending through
      an opening in the body portion of the earring member and defining the
      pivot about which the earwire is rotated relative to the earring body
      portion.
PAR  Other objects, features and advantages of the invention shall become
      apparent as the description thereof proceeds when considered in connection
      with the accompanying illustrative drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  In the drawing which illustrates the best mode presently contemplated for
      carrying out the present invention;
PAR  FIG. 1 is an elevational view of the pierced earring construction embodied
      in the present invention;
PAR  FIG. 2 is an enlarged elevational view showing the earwire as mounted in
      the closed position on the body portion of the earring construction,
      portions of the earring construction being shown in section;
PAR  FIG. 3 is an end elevational view of the earwire as mounted on the body
      portion of the earring construction;
PAR  FIG. 4 is a view similar to FIG. 2 and showing the open position of the
      earwire; and
PAR  FIG. 5 is an elevational view of the earwire embodied in the present
      invention prior to the mounting thereof on the body portion of the earring
      construction.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawing and particularly to FIG. 1, the pierced
      earring construction embodied in the present invention is illustrated and
      is generally indicated at 10. The earring construction 10 includes an
      earring member generally indicated at 12 that is defined by a tubular body
      portion 14 formed in a hoop configuration and that terminates in free ends
      16 and 18 that are located in spaced apart relation. As illustrated, the
      invention has particular application to the hoop-type of pierced earring
      construction, although the concept of the invention is also applicable to
      pierced earrings having various geometric configurations.
PAR  As shown in FIG. 2, a transversely extending opening 20 is formed in the
      free end 16 of the body portion 14 adjacent to the end thereof. The body
      portion 14 of the earring member 12 is formed in a tubular configuration
      which defines a recess or opening in the free end 18 into which an end
      finger of an earwire generally indicated at 22 is received, when the
      earwire 22 is located in the closed or mounting position thereof. As
      described, the body portion 14 of the earring member 12 is tubular in
      construction; although, it is contemplated that the body portion 14 be
      cast in a solid construction and the free ends thereof hollowed out to
      form recesses for mounting the earwire 22 thereon.
PAR  Referring now to FIGS. 3 and 5, the earwire 22 is shown in detail and as
      illustrated includes a pivot portion defined by a locking leg 24 joined to
      a pivot leg 26 and a third leg 28 that is also joined to the pivot leg 26.
      The locking leg 24 is integrally joined to a curved piercing portion 30 of
      the earwire, the piercing portion 30 terminating in a locking finger 32.
PAR  In the assembly of the earwire 22 to the body portion 14 of the earring
      member 12, the earwire 22 is preformed in the manner as illustrated in
      FIG. 5, wherein the leg 28 of the pivot portion thereof is spaced from the
      leg 24 to provide for threading of the leg 28 and the pivot leg 26 through
      the opening 20 as formed in the free end 16 of the earring member 12. When
      the leg 28 projects beyond the opening 20 so as to be received on the side
      of the body portion 14 opposite to that of the leg 24, the pivot leg 26 is
      received in the opening 20 and defines the pivot for the earwire 22. With
      the pivot leg 26 mounted in the opening 20, the leg 28 is then bent to the
      closed position as illustrated in FIG. 3, thereby forming a generally
      triangular configuration with the leg 24 and pivot leg 26. With the
      earwire located in the assembled position on the body portion 14 of the
      earring member 12 as illustrated in FIG. 3, the piercing portion 30 is
      disposed in generally aligned position with respect to the body portion
      14. Contrary to the prior known pierced earring constructions, the earwire
      22 is pivotal with respect to the body portion 12 in such a manner as to
      easily provide for entry of the locking finger 32 of the earwire into the
      opening as formed in the free end 18 of the earring member. Thus, it is
      seen that the legs 24 and 28 of the pivot portion of the earwire prevent
      undue lateral or transverse shifting movement of the earwire 22 during
      pivotal movement thereof, and the finger 32 is easily inserted into the
      opening as formed in the free end 18 of the earring member to lock the
      earwire in the closed position. Further, the assembly of the earwire 22
      onto the body portion 14 of the earring member 12 is simply accomplished
      by threading the leg 28 and pivot leg 26 through the opening 20 in the
      free end 16. The earwire 22 is mounted in position for pivotal movement by
      closing of the leg 28 to the position illustrated in FIG. 3.
PAR  It is seen that a separate pintle is not required by the subject invention
      for mounting the earwire in place, and it is further seen that slotting of
      the free end 16 of the body portion of the earring member is avoided, such
      slotting normally detracting from the ornamental appearance of the
      earring. Further, the pivot portion of the earwire as defined by the legs
      24, 28 and the pivot leg 26 cooperate with the piercing portion 30 and
      finger 32 to define an ornamentally and attractive arrangement; and since
      the pivot portion of the earwire constitutes an integral part thereof, a
      sturdy construction is defined that will prevent the earwire from being
      sheared from the assembled position thereof.
PAR  While there is shown and described herein certain specific structure
      embodying the invention, it will be manifest to those skilled in the art
      that various modifications and rearrangements of the parts may be made
      without departing from the spirit and scope of the underlying inventive
      concept and that the same is not limited to the particular forms herein
      shown and described except insofar as indicated by the scope of the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pierced earring construction, comprising an earring member including a
      body portion that terminates in spaced free ends, a laterally extending
      opening formed in said body portion adjacent to one of the free ends
      thereof, and an earwire including a pivot portion formed as an integral
      part thereof that is mounted in said opening for pivotally locating said
      earwire on said body portion, a piercing portion of said earwire joined to
      the pivot portion thereof and bridging the space between said free ends
      for mounting the earring member on an ear of a wearer, said pivot portion
      of said earwire including a pivot leg that extends through said opening
      and that is located in substantially perpendicular relation with respect
      to the piercing portion to which said pivot portion is joined, said pivot
      portion including means for coacting with adjacent surfaces of said body
      portion to prevent undue lateral shifting of said earwire relative to said
      body portion during pivoting, said means comprising other legs that are
      joined to said pivot leg and that cooperate therewith to define a
      triangular configuration, said other legs being located in close proximity
      to said surfaces of said body portion on opposite sides thereof.
NUM  2.
PAR  2. A pierced earring construction as claimed in claim 1, the piercing
      portion of said earwire that bridges the space between the free ends of
      said earring being located in alignment with the body portion, an end
      finger being joined to said piercing portion and being receivable in the
      free end of said body portion that is opposite to the free end to which
      said pivot portion is pivotally connected.
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ABST
PAL  A profile wire ring as a component for the production of finger rings
      consisting of a first ring and a second wire spring ring attached to the
      inner side of the first ring in a groove. The second wire spring ring is
      held by swaged or deformed lugs, on the first ring, made opposite each
      other from the material of the profile ring.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to the construction of a profile wire ring, that is
      to say a ring of wire with a particular non-circular cross-section,
      adapted for use as a component for the production of a finger ring, which
      consists of a first ring and a second spring wire ring fixed on the inner
      side of the first ring in a groove.
PAC  PRIOR TECHNIQUES
PAR  Such profile wire rings have been proposed in the most various different
      constructions. Up until the present time they have always been made as
      open rings. In the opening, decoration or jewel mounts are arranged, which
      close the open ring. In the case of such profile wire rings, the inner
      resilient wire spring ring serves to allow for differences in diameter
      between the finger and the finger ring.
PAR  A profile wire ring has been proposed in the case of which the wire spring
      ring is soldered into the internal recess of the profile ring. In the case
      of such a profile wire ring, there is the disadvantage that the solder
      must be applied in the precise quantity desired. Superfluous solder can
      escape to the outside and the excess solder makes the part unsuitable for
      further processing.
PAR  Proposals have also been made to produce profile wire rings in a continuous
      process by means of a temperature and time controlled gas or electric
      chamber furnace by soldering. In this case as well, the profile wire ring
      may be impaired in appearance by escaping solder. Furthermore, the
      production of the profile wire rings in this manner is expensive because
      automatically operating equipment must be employed.
PAR  Finally, a profile wire ring has been proposed in the case of which the
      wire spring ring is attached in the profile ring by means of spot welding.
      In this respect there is, however, the danger that at the contact points
      or spots of the electrodes on the profile ring burns will be produced,
      which make the profile wire ring useless for further processing.
PAC  OBJECT AND SUMMARY OF THE INVENTION
PAR  One object of the present invention is to provide a profile wire ring which
      avoids these disadvantages.
PAR  The invention consists of a profile wire ring as a component for the
      production of finger rings consisting of a first ring and a second wire
      spring ring attached to the inner side of the first ring in a groove,
      characterized in that the second wire spring ring is held by swaged or
      deformed lugs, on the first ring, made opposite each other from the
      material of the first ring. This attachment makes it possible to avoid the
      formation of blobs of escaping solder and it is also possible to avoid
      burns due to spot welding. The profile wire ring presents a clean
      appearance when looked at from any direction so that it can be further
      processed without rejects.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawing shows an embodiment of the invention.
PAR  FIG. 1 shows in elevation the first ring with the second wire spring ring
      placed in it,
PAR  FIG. 2 is a sectional view in accordance with the section line 2--2 of FIG.
      1,
PAR  FIG. 3 is a sectional view in accordance with the sections 3--3 in FIGS. 1
      and 2 and
PAR  FIG. 4 is on an enlarged scale, a view of the lug-like lobes, by means of
      which the second wire spring ring is held in the first ring.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The profile wire ring shown in FIG. 1 consists of a first outer ring 1
      provided with an opening 1' and a second wire spring ring 2 attached on
      the inner side of the profile ring. FIG. 2 shows a sectional view and
      simultaneously a plan view of the attachment of the second wire spring
      ring 2 in the first ring 1 by means of lugs 3, which hold the wire spring
      ring 2 in the first ring 1 from opposite sides.
PAR  FIG. 3 shows on an enlarged scale the attachment of the cut second wire
      spring ring 2 by the lugs 3, which have been produced by driving in
      notches 4 so that the lugs 3 consist of the same material as the first
      ring 1. FIG. 4 shows a plan view of the attachment of the second wire
      spring ring 2 by means of lugs 3.
PAR  More specifically, the first ring 1 has a smoothly curved inner side 1a
      provided with a groove 1b extending along the whole length of the inner
      side and the groove is shaped in transverse section like a U with a flat
      bottom 1c.
PAR  The second ring 2 has an opening 2' radially inwardly adjacent to the
      opening 1' of the first ring 1, with the opening in the first ring serving
      for the subsequent insertion of a decoration mount.
PAR  The second ring 2 is arranged in a recessed manner in the groove 1b of the
      first ring 1 at a location generally opposite to the openings and the lugs
      3 clamp the first and second rings in fixed relation with the bottom of
      the second ring 2 conforming to the bottom 1c of the groove 1b , with the
      lugs being swaged from the material of the first ring 1 so that neither
      the second ring 2 nor the lugs 3 extend radially inwardly from the
      smoothly curved inner side 1a at the location of the lugs.
CLMS
STM  I claim:
NUM  1.
PAR  1. A profile wire ring as a component for the production of finger rings,
      consisting of a first ring provided with an opening, said first ring being
      a profile ring and having a smoothly curved inner side provided with a
      groove extending along the whole length of said inner side, said groove
      being shaped in transverse section like a U with a flat bottom, and a
      second ring arranged in said groove, said second ring being resilient and
      having an opening radially inwardly adjacent to the opening of the first
      ring, the opening in the first ring serving for the subsequent insertion
      of a decoration mount, the second ring being arranged in a recessed manner
      in said groove at a location generally opposite to said openings, and
      means clamping said first and second rings in fixed relation with the
      bottom of said second ring conforming to the bottom of said groove, said
      means comprising two oppositely arranged lugs swaged from the material of
      the first ring in such a manner that neither the second ring nor the lugs
      extend radially inwardly from said smoothly curved inner side at the
      location of said lugs.
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ABST
PAL  An improved ring having an interchangeable setting secured by an improved
      separable engagement means of the slip and catch variety.
BSUM
PAR  This invention broadly relates to improved rings of the ornamental variety
      having interchangeable settings.
PAR  More particularly, this invention relates to the aforesaid type of ring
      wherein an improved engagement means of the separable variety is provided,
      the latter being of a programmed nature, for use without special tools or
      training in the interchangeability of settings thereon by the ordinary
      wearer of the Art.
PAR  In the past, it was thought desirable to provide rings with interchangeable
      settings for any one of a number of reasons. For instance, in some cases,
      a wearer would become accustomed to a particular ring because of its
      inherent feel to one of his or her particular fingers. In such cases, it
      was found that the latter ornament would be worn more regularly than
      others. As a result, it was thought, if the setting on this particular
      ring could be changed, the wearer could be provided with a variety of
      settings having many styles, shapes and stones to choose from, while still
      maintaining the desirable feel of the basic ring to such particular
      person. Also, upon extrapolation of this concept, it was felt that a
      change of dress relative to style or color might well dictate the use of
      different ornaments for improvement of the overall look or view of the
      person, and this could be easily accomplished by merely changing the
      settings in a base ring.
PAR  The concept of the interchangeability of settings on a base ring was quite
      sound but it was never placed in operation on a large scale basis because
      it was not freely available to people or ordinary means; the reason being
      that no satisfactory method of separably engaging the setting to the ring
      existed. In this regard, it was thought that the use of a ball and socket
      means would be quite successful. However, upon further analysis, it was
      found that such engagement means could be accidentally actuated and thus,
      the lost-factor relative to the setting was quite high. It is evident that
      the latter factor negated the use of such engagement means, when the
      setting was of some actual or intrinsic worth. However it could be used
      where non-precious settings were involved and the value relative to
      accidental loss of the same were of a negligible nature.
PAR  Other means of engagement were thought to be of a more substantive nature,
      when the setting was of substantial value, but certain disadvantages of
      each means were repugnant to the free use of such device by the public at
      large. For instance, for the concept of interchangeability of settings on
      a common ring base to be of any substantial value, it must in its inherent
      nature be freely available for use by the ordinary citizen without
      exorbitant or recurring service cost. In other words, it must be of an
      operative nature relative to the ordinary citizen without the use of
      special training or tools or repetitive recourse to the jeweler. The act
      of changing the setting on the ring must be simple, fast and effectual
      relative to safety and it must be easily carried out by the ordinary
      members of the populace.
PAR  One type of engagement means which was thought earlier to fulfill the
      latter described objectives was that of the screw and mating bore variety.
      It was initially thought that the latter means could only be disengaged by
      a predetermined act i.e. actually unscrewing the elements one from the
      other. However, in use, it was found that many times the screw could be
      actually disengaged from the bore accidentally and without the
      predetermined disposition or desire of the wearer. To overcome this
      inherent difficulty with the use of this simple type engagement means,
      many and varied safety devices were devised and patented to secure the
      screw in the mating bore. However, it was found that such safety devices
      were not only complicated and difficult to manufacture but even those of
      the simplest variety required a jeweler's touch or, in any case, his
      tools.
PAR  For example, of the safety devices discussed above, the simplest was that
      of the set screw variety. In such a scheme, the set screw would engage the
      shank of the main engagement screw at an angle of about 90.degree.. But,
      even if the latter scheme was considered simple, it required the use of
      not only a magnifying eye-piece but also a special tool of the miniature
      screw-driver variety. This limited or negated the use of a ring having
      these attributes by the ordinary person of the general public, especially
      the ordinary women who generally are not especially oriented in the
      mechanical aspect of separably engaging such settings to a base ring.
PAR  Also, although not considered far-fetched, many people with somewhat
      impaired vision could not perform the necessary function of separable
      engagement of the elements, and, in some cases, this is compounded by
      people whose dispositions are such that they couldn't carry out such
      tedious functions without proper tools. In any case, the mere changing of
      a setting could lead to frayed nerves and, in extreme cases, objectionable
      dispositions after such tasks.
PAR  Obviously, it is easire to have a jeweler perform the required function but
      this leads to increased costs and limits the availability of the devices
      embodying the aforedescribed concept for the purposes and reasons
      heretofore set forth. In other words, the ordinary citizen of ordinary
      means would be reticent to change the setting when it would lead to
      repetitive recourse to a jeweler and the inherent cost entailed therein.
      The more freely useful the concept is to the ordinary unskilled person,
      the more likely the idea would be accepted by the general public for every
      day implementation or whenever desired.
PAR  What is needed in the Art is a ring having interchangeable settings of both
      the precious or semi-precious variety wherein said setting may be
      separably engaged in only a predetermined manner, with relatively minor
      chance of accident, by any ordinary member of the general populace, such
      as a female, without repetitive and costly recourse to a jeweler, special
      training or tools, each and every time it is simply desired to change the
      setting for whatever the reason may be.
PAR  The subject invention answers the aforesaid needs of the Art with special
      emphasis on a ring adapted with means having inherent attributes of
      improved safety for use by any ordinary citizen of the general public in
      the predetermined separable engagement of interchangeable settings thereon
      in a simple, fast, effective and efficient manner without the
      accompanyment of any substantial factor relative to loss usually inherent
      in the use of the engagement means of the Art.
PAR  It is therefore an object of this invention to provide an improved ring
      having interchangeable settings possessing the advantageous attributes
      heretofore set forth.
PAR  Another object is to provide the aforesaid ring having a simple, fast,
      safe, efficient and effective means for separably engaging such setting to
      the above ring.
PAR  A further object is to provede the above ring with improved separable
      engagement means for use in the interchangeability of the setting to the
      ring.
DRWD
PAR  Other objects and many of the attendant advantages of this invention will
      become more apparent to those skilled in the Art from a reading of the
      following detailed specification when considered with the accompanying
      drawing, wherein:
PAR  FIG. 1 is a top plan view, in section, showing a ring having a receptive
      bore for engagement of a mating setting.
PAR  FIG. 2 is a view taken on line 2--2 of FIG. 1.
PAR  FIG. 3 is a view of the mating setting for the receptive bore of FIG. 1.
PAR  FIG. 4 is a view of another embodiment of the setting of FIG. 3.
PAR  FIG. 4A is a top plan view similar to FIG. 1 but showing the setting
      engaged to the ring.
PAR  FIG. 5 is a view similar to that of FIG. 2 adapted for the receptive
      engagement of the setting of FIG. 4.
PAR  Similar numerals refer to similar parts throughout the several views.
DETD
PAR  Referring to FIG. 1, a ring 10 is shown, in section, having a base 11
      provided with a receptive bore 12 adapted with a course of communicating
      slots 13 set in the inner wall 14 which form the aforesaid bore 12. Note
      should be taken that the end portions 15 of the annular base 16, which
      forms the ring, engages each side of the base 11. Although, we show and
      describe the specific orientation relative to the engagement between the
      base 11 and the annular ring 16, this is necessary only to show
      operativeness of the invention and there are many and varied means of
      engagement between the latter two elements which will also serve this
      purpose successfully.
PAR  Further, as shown in FIG. 2, the course of communicating slots 13 in its
      simplest form consist of a horizonital slot 17 and a vertical slot 18. The
      described courses are shown disposed in space relation, as shown in FIG.
      1, opposite each other in the wall 14 forming the bore 12. The latter
      course is designed for mating engagement with keys 19 of the setting 21
      shown in FIG. 3. The programmed nature of the device is defined as a
      predetermined communicating course of horizontal and vertical slots for
      keys to follow.
PAR  The setting 21 is defined as general in nature and the upper surface or
      ornamentation 23 may take on many sizes, styles, shapes and stones. A
      basic requirement however is that the engagement portion or keys 19 follow
      the course set forth in the walls 14 of the bore 12 and that when the keys
      19 have fully accomplished their engagement travel, the cylinder 24 is
      fully nested in a complementary manner relative the surface 14 of the bore
      12. In its simplest form, the setting may be described as having an
      ornamental surface set on or integral with a cylinder 24, whether hollow
      or not, whose outer surface 26 is provided with a plurality of keys 19 set
      in a predetermined array or pattern as shown in FIG. 3. Note should be
      taken that the arrangement or pattern of the keys 19 is dictated by the
      particular course they are to follow in the surface of the bore 12. The
      latter course may be adjusted or programmed to provide varying degrees of
      difficulty relative to the separable engagement of the setting to the ring
      base. However, this would ultimately depend on the attitude, purpose, or
      requirement of the purchaser or wearer. However, for practical purposes,
      there should be at least two courses in spaced and balanced relationship,
      one to the other.
PAR  A simple example of the above proposition may be exhibited by merely
      increasing the number of courses set out in the surface of the bore. In
      other words, instead of having at least two courses, there may be three or
      four courses in spaced relation to each other around the bore for mating
      engegement with a like number of keys in like-relation or orientation
      relative to space around the periphery of the cylinder.
PAR  Another example of a different array of keys 19 may be seen in FIG. 4. This
      specific array is of a staggered variety wherein the keys are positionally
      at a different location relative to both the vertical axis and the
      circumference of the cylinder. In order to accommodate the cylinder of
      this type setting, the wall of the bore must be programmed for the
      receptive engagement of the keys on such cylinder. As may be evident from
      FIG. 5, the lower key relative the vertical axis of the cylunder will
      enter the course first and when it eventually traverses the initial
      horizontal slot, it and the second key will be in position for downward
      vertical travel along the first and second vertical slots, respectively.
      At this point, after the described travel, the cylinder may be freely
      turned and the first and second keys will traverse the upper and
      intermediate horizontal slots and the three keys will be in position to
      enter the vertical course of slots. A mere "downward slip and turning
      catch" will then secure the setting in position relative to the bore.
PAR  The arrays heretofore described are basic and others will become evident to
      those skilled in the Art from reading the aforesaid description of the
      invention.
PAR  In the alternative, for ease of manufacture, the course desired may be set
      into a metal band and the latter may be insertably engaged to the bore of
      a base ring by threads or otherwise. In this manner, a number of base
      rings may be produced and later set relative to course according to the
      desires of the purchaser. After this initial setting of the band, no need
      would exist to have recourse to a jeweler merely to change a setting and
      the initial interchangeable concept would finally become fully and freely
      available and operative by each and every wearer without special tools or
      training.
PAR  Further, simple casting and metal working techniques well known in the
      jewelry art may be utilized to produce the basic ring itself and its
      interchangeable settings. Also, the final product may not only be directed
      for ornamentation by costume jewelry but, as a result of the inherent
      safety factor, the product may also be directed for use with precious
      settings.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an improved ring having an interchangeable setting, the improvement
      wherein:
PA1  said ring is provided with a base having a cylindrical bore, said setting
      having a cylindrical body adapted for mating engagement with said bore,
PA1  said bore having a surface provided with at least two programmed courses,
      the latter in spaced, balanced relationship, one to the other, around the
      surface of said bore, each of said programmed courses including an array
      of steps, each of said steps consisting of a horizontal slot followed in
      series by a communicating vertical slot on the surface of said bore,
PA1  said body having at least two separate arrays of protruding keys on said
      cylindrical surface, said key arrays being adapted to simultaneously
      traverse respective ones of said courses in the separation or engagement
      of said body relative to said base.
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ABST
PAL  A compact torque absorber is provided to absorb the reaction torque of a
      submergible pump upon discharge tubing which supports the pump. The torque
      absorber comprises inner and outer tubular members having outwardly
      directed and inwardly directed interdigitated projections, respectively,
      which are spaced apart circumferentially for receiving torque absorbing
      elements therebetween, the tubular members being relatively rotatable to a
      limited extent. The outer member has an internal annular collar at one end
      through which the inner member extends and which supports a fluid seal.
      The projections of the outer member extend upwardly from the collar and
      carry a thrust ring upon their upper ends. An external annular collar of
      the inner member provides an annular shoulder spaced from the thrust ring.
      Ball bearings are provided between the thrust ring and the shoulder.
      Additional seals at the external collar of the inner member isolate the
      thrust bearing from the pumped fluid. A retainer ring prevents axial
      separation of the inner and outer members.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to torque absorbers and is particularly concerned
      with an improved torque absorber on the discharge tubing of a submergible
      pump.
PAR  Submergible pumps of the centrifugal type are commonly employed to pump oil
      or other liquids from wells, for example, and in one type of installation
      the pump and its rotary motor are supported upon tubing which constitutes
      the discharge conduit of the pump. The reaction torque associated with the
      turning of the rotor of the motor and the impeller of the pump tends to
      cause the tubing to turn about its axis, placing stresses upon one or more
      threaded tubing joints close to the pump. In order to minimize such
      stresses and to protect the joints, and for other reasons, particularly
      with short discharge tubing of insufficient length to absorb the reaction
      torque, it has been proposed to employ a motor torque-absorber as
      disclosed, for example, in the copending application of Zehren, Ser. No.
      175,634, filed Aug. 27, 1971. The Zehren torque absorber employs a stack
      of torque absorbing rings which are held between annular plates extending
      externally of associated tubular members capable of limited relative
      rotation, the plates being loosely connected by bolts which adjust the
      pressure on the rings. There are occasions when it is desired to provide
      metal-to-metal thrust bearing surfaces, which are not provided in the
      Zehren device, and when it is necessary to provide a torque absorber of
      smaller diameter than the Zehren device without restriction of the
      discharge flow passage. It is also desirable to minimize external
      protrusions, to eliminate the need for torque setting, and to reduce
      complexity. Although flexible couplings, torque cushioning devices and the
      like of various types and configurations are well known, as disclosed, for
      example in U.S. Pat. Nos. 919,767; 2,477,175; 2,806,365; 3,517,754;
      1,552,892; 2,621,493; 2,849,871; 1,636,262; 2,703,991; 2,891,395;
      1,850,210; 2,764,003; 3,183,684;
PAL  Such devices are not capable of providing the desired characteristics in a
      motor torque absorber for a submergible pump.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly an object of the present invention to provide an improved
      motor torque absorber for a submergible pump.
PAR  A further object of the invention is to provide a device of the foregoing
      type having an outer diameter which does not appreciably exceed the outer
      diameter of discharge tubing supporting the pump, yet which does not
      unduly restrict the inner diameter of the discharge conduit, thereby
      permitting efficacious use of the device in slim-hole wells.
PAR  Another object of the invention is to provide a device of the foregoing
      type having permanent metal-to-metal thrust bearing surfaces which
      position parts of the device with precision and which provide positioning
      which does not deteriorate with wear.
PAR  Another object of the invention is to provide an improved torque absorber
      which is simpler in construction and easier to manufacture than comparable
      devices.
PAR  Briefly stated, in accordance with the present invention a torque absorber
      is provided which comprises inner and outer tubular members having
      interdigitated projections which are spaced circumferentially to receive
      torque absorbing elements therebetween. The inner member extends through
      an internal annular collar at one end of the outer member, which is
      provided with a fluid seal. The interdigitated projections are embraced
      between that collar and an external annular collar at one end of the inner
      member, a thrust bearing is provided between the upper end of the
      projections of the outer member and the lower surface of the external
      annular collar, additional fluid seals being provided at the external
      collar. A retainer ring prevents axial separation of the tubular members.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be further described in conjunction with the
      accompanying drawings, which illustrate preferred and exemplary
      embodiments, and wherein:
PAR  FIG. 1 is a longitudinal sectional view, taken approximately along line
      1--1 of FIG. 2, of a torque absorber in accordance with the invention;
PAR  FIG. 2 is a horizontal sectional view taken along line 2--2 of FIG. 1; and
PAR  FIG. 3 is a perspective view of a torque absorbing element employed in the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to the drawings, and initially to FIG. 1 thereof, a motor torque
      absorber 10 in accordance with the invention comprises an outer tubular
      member 12 and an inner tubular member 14, both of which are generally
      cylindrical. When the components of the torque absorber 10 are assembled
      as shown in FIG. 1, the inner member 14 extends through the lower end 16
      of the outer member. The lower end 18 of the inner member may be threaded
      into the upper end 20 of an extension of the discharge head of a
      submergible pump (not shown) which is driven by a rotary motor (not shown)
      in a conventional manner. The upper end 22 of the outer member may be
      coupled by threads to a reducing adapter 24 which in turn is coupled to
      another portion of the discharge tubing or to a well head, for example,
      from which the pump installation is suspended, as shown in U.S. Pat. No.
      2,270,666, for example. The lower end of the outer member 12 has an
      internal annular collar 26 fixed thereto as by a weld 27. The collar
      engages the inner member 14 and is provided with O-ring fluid seals 28.
      The upper end of the inner member 14 is provided with an integral external
      annular collar 30 spaced from collar 26 and engaging the inner surface of
      the outer member 12.
PAR  The inner member 14 has a series of circumferentially spaced integral
      projections 32 which radiate outwardly from the outer cylindrical surface
      of member 14. See FIG. 2. The outer member has a series of
      circumferentially spaced integral projections 34 which extend upwardly
      from collar 26. A two-piece thrust bearing ring 36 is supported upon the
      upper ends of projections 34 and is fixed for movement therewith by a pair
      of stop pins 37 extending upwardly from a pair of diametrically opposite
      projections 34, the ring being split at each of the pins. Ball bearings 38
      are provided between ring 36 and an annular shoulder 39 of collar 30 to
      form a thrust bearing by which the weight of the pump etc. upon inner
      member 14 is transmitted to the outer member 12. The outer surfaces 40 of
      the projections 32 of the inner member are cylindrical, and the inner
      surfaces 42 of the projections 34 of the outer member are cylindrical,
      each of such cylindrical surfaces being juxtaposed with a mating
      cylindrical surface of the other member as shown in FIG. 2.
PAR  In the spaces between the interdigitated projections, torque absorbing
      elements 44 are located. One form of torque absorbing element is shown in
      FIG. 3, comprising a block of resiliently compressible material, such as
      synthetic (Buna-N) rubber. Opposite faces 46 and 48 of elements 44 which
      engage the projections 32 and 34 may be corrugated as shown to provide
      room for the material to "flow". Other types of torque absorbing elements,
      such as sinuous leaf springs, may be employed instead of the blocks shown.
      The axial length of the projections 32 and 34 and the torque absorbing
      elements 44 is somewhat greater than the radial depth thereof to provide
      adequate size without excessive radial projection.
PAR  To prevent axial separation of the inner and outer tubular members tending
      to disengage the associated thrust bearing surfaces a retainer is
      provided. In the form shown the retainer comprises a split ring 50 which
      is seated in a circumferential groove 52 formed on the inner surface of
      the outer member 12. The retainer ring engages the upper end surface of
      collar 30 and is held in position by a cap ring 54 detachably connected to
      the upper end of collar 30 by screws 56. The cap ring 54 has a
      circumferential groove 58 which accommodates split ring 50.
PAR  The adapter 24 has a depending sleeve 60 which fits within collar 30 and
      cap ring 54. O-rings 62 and 64 are provided between collar 30 and sleeve
      60 and outer member 12 to isolate the thrust bearing from pumped fluid.
PAR  To assemble the invention, the halves of the thrust ring 36 are brought
      together around inner member 14 and are temporarily supported on the top
      of projections 32 of the inner member. Balls 38 are coated with grease and
      inserted between ring 36 and shoulder 39, the grease helping to hold the
      balls in position when inserted. Collar 26 is press fit into outer member
      12, seated at shoulder 66, and welded to the outer member at 27 and also
      at the top of projections 34, which may be integral with collar 26 and
      chamfered at the top to receive the weld. (Elements 12, 26 and 34 could,
      of course, be integral.) Torque absorber elements 44 are then positioned
      upon collar 26 and held against the sides of projections 34 by grease.
      Then the inner and outer members are telescoped, each of projections 32 of
      the inner member entering between a pair of torque absorber elements 44,
      and pins 37 (previously seated in corresponding projections 34) entering
      openings in ring 36. Ring 36 becomes seated on the top of projections 34,
      and projections 32 may have clearance with respect to ring 36 and also
      with respect to the arcuate surfaces between projections 34 at their
      bottom. Rings 50 and 54 are inserted and secured, and finally adapter 24
      is threaded into end 22 of the outer member.
PAR  By virtue of the invention, the reaction torque developed by the pump motor
      is absorbed in the torque absorbing elements by limited relative rotation
      of the inner and outer tubular members without applying significant
      stresses to threaded couplings of the discharge tubing, even if the
      discharge conduit is quite short. The torque absorber is capable of
      absorbing the torsional stress of horsepowers in the 400 to 500 hp range,
      despite the fact that the length dimension is rather small. The inner
      diameter is large enough to accommodate the required flow rates, e.g.,
      1000 gallons per minute. The outer diameter is sufficient to accommodate
      large torsional stresses and yet is not sufficiently greater than the
      inner diameter to create problems in slim-hole wells. Typically, the outer
      member 12 is 123/4 inches long, and the inner member 14 extends 61/2
      inches below the outer member. The total length from the top of adapter 24
      to the bottom of inner member 14 may be 221/2 inches. The O.D. of the
      outer member 12 may be 7.65 inches and the I.D. 6.62 inches. The I.D. of
      collar 26 may be 51/2 inches, and the I.D. of the inner member 14 may be
      4.77 inches. The projections 32 and 34 (of which there may be six each
      equally spaced) may have a length of 21/2 inches, a radial depth of 0.6
      inch and a width of 7/8 inch. The torque absorbing elements 44 may be 21/4
      inches long, 9/16 inch deep (radially) and 7/8 inch wide. Torque settings
      are not required for proper compression of the torque absorber elements
      (which provide relatively rigid connection at low torques). The permanent
      thrust bearing ensures proper operation for long periods of time.
PAR  While preferred embodiments of the invention have been shown and described,
      it will be apparent to those skilled in the art that changes can be made
      without departing from the principles and spirit of the invention, the
      scope of which is defined in the appended claims.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A torque absorber for a submergible pump or the like, comprising inner
      and outer cylindrical members relatively rotatable to a limited extent
      about a longitudinal axis, said outer member having an internal annular
      collar engaging the outer surface of said inner member, said inner member
      having an external annular collar engaging the inner surface of said outer
      member, said collars being spaced from each other, a thrust bearing
      between said inner and outer members in the space between said collars,
      said inner member having outwardly directed projections and said outer
      member having inwardly directed projections interdigitated with the
      projections of the inner member and spaced therefrom circumferentially of
      said inner and outer members, and torque absorbing elements located in the
      spaces between the adjacent projections of the inner and outer members,
      respectively.
NUM  2.
PAR  2. A torque absorber in accordance with claim 1, wherein said thrust
      bearing comprises a ring supported upon an end of the projections of one
      of said members, an annular bearing surface of one of said collars, and
      bearing elements between said surface and said ring.
NUM  3.
PAR  3. A torque absorber in accordance with claim 2, wherein said members are
      tubes of a discharge conduit and wherein said inner member extends through
      one end of said outer member for supporting the pump thereon.
NUM  4.
PAR  4. A torque absorber in accordance with claim 3, further comprising
      retainer means for preventing axial separation of said inner member
      relative to said outer member.
NUM  5.
PAR  5. A torque absorber in accordance with claim 4, wherein said retainer
      means comprises a ring fitting within mating circumferential grooves of
      said inner and outer members.
NUM  6.
PAR  6. A torque absorber in accordance with claim 5, wherein said groove of
      said inner member is defined between an end surface of said inner member
      and a shoulder of a further ring detachably connected to an end of said
      inner member.
NUM  7.
PAR  7. A torque absorber in accordance with claim 3, further comprising
      circumferential sealing means between said internal collar and the
      adjacent surface of said inner member.
NUM  8.
PAR  8. A torque absorber in accordance with claim 7, further comprising
      circumferential sealing means between said external collar and the
      adjacent surface of said outer member.
NUM  9.
PAR  9. A torque absorber in accordance with claim 8, wherein said outer member
      has means providing a sleeve within said inner member, with a
      circumferential seal therebetween.
NUM  10.
PAR  10. A torque absorber in accordance with claim 1, wherein said torque
      absorbing elements are resiliently compressible blocks.
NUM  11.
PAR  11. A torque absorber in accordance with claim 10, wherein said blocks have
      corrugated surfaces engaging said projections.
NUM  12.
PAR  12. A torque absorber for a submergible pump or the like, comprising inner
      and outer cylindrical tubular members forming a discharge conduit for said
      pump, one of said members having means for suspending said pump therefrom,
      said inner member having outwardly directed projections, said outer member
      having inwardly directed projections interdigitated with the projections
      of the inner member and spaced therefrom circumferentially of said inner
      and outer members, torque absorbing elements located in the spaces between
      the adjacent projections of the inner and outer members, respectively,
      said inner and outer members being relatively rotatable to a limited
      extent about their longitudinal axis, and fluid seal means between said
      members.
NUM  13.
PAR  13. A torque absorber in accordance with claim 12, wherein said inner
      member is adapted to be inserted into said outer member through one end
      thereof, said inner and outer members having mating thrust bearing
      surfaces and means for preventing separation of said members.
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ABST
PAL  The panty portion of the panty hose is knit of stretch and spandex yarns to
      provide compressive force against the body of the wearer. The panty
      portion includes an attractive pattern of relatively opaque areas and open
      lace areas with alternate courses being knit of spandex yarn and
      intervening courses being knit of main and auxiliary stretch yarns. The
      spandex yarn is knit in every wale of the opaque areas and is selectively
      knit and tucked in the open lace areas. The main stretch yarn is knit in
      every wale of both the opaque and open lace areas while the auxiliary
      stretch yarn is knit in plated relationship with the main stretch yarn in
      the opaque areas and is floated in the open lace areas.
BSUM
PAR  This invention relates generally to a control top panty hose and more
      particularly to such a garment in which panty portion includes an open
      lace pattern and provides sufficient compressive force to control and
      shape the figure of the wearer.
PAR  It is known to attach stocking legs to a panty type girdle to provide a
      panty hose in which the panty portion provides some control of the figure
      of the wearer. It is also known to incorporate a heavy spandex or elastic
      yarn in the panty portion of panty hose to provide some control of the
      figure of the wearer. However, the use of a panty girdle requires a
      separate sewing operation to attach the stocking legs thereto. This
      separate sewing operation increases the cost of the garment and forms
      seams around the legs which are objectionable to some wearers. In those
      cases where heavy elastic or spandex has been incorporated in the panty
      portion of panty hose, the panty portion has a heavy and dense appearance
      and restricts the amount of air which can pass therethrough to contact the
      body of the wearer.
PAR  With the foregoing in mind, it is an object of the present invention to
      provide a control top panty hose wherein the panty portion is knit with
      spandex yarn and textured stretch yarn to form an attractive pattern of
      relatively opaque areas and open lace areas. The panty portion provides
      sufficient compressive force to control and shape the figure of the wearer
      and the open lace areas permit the passage of air therethrough. The panty
      portion may be economically knit on the same circular hosiery knitting
      machine on which the sheer legs of the panty hose are knit.
PAR  In accordance with the present invention, the panty portion is knit with
      alternate courses of spandex yarn and intervening courses of main and
      auxiliary stretch yarns. The spandex yarn is knit in every wale of the
      opaque areas and is selectively knit and tucked in the open lace areas.
      The main stretch yarn is knit in every wale of both the opaque and open
      lace areas and the auxiliary stretch yarn is knit in plated relationship
      with the main stretch yarn in the opaque areas and is selectively knit and
      floated in the open lace areas. The auxiliary stretch yarn is floated in
      the wales of the open lace areas in which the spandex yarn is tucked. The
      spandex yarn is preferably tucked in pairs of adjacent wales in the open
      lace areas and the auxiliary yarn is floated across the pairs of adjacent
      wales in the open lace areas in which the spandex yarn is tucked. The main
      and auxiliary stretch yarns are preferably of substantially the same total
      denier as the spandex yarn so that the size of yarn knit in adjacent
      courses is substantially the same throughout the panty portion of the
      garment.
DRWD
PAR  Other objects and advantages will appear as the description proceeds when
      taken in connection with the accompanying drawings in which
PAR  FIG. 1 is an isometric view of a hosiery blank used in forming the panty
      hose;
PAR  FIG. 2 is an isometric view of the completed panty hose which is formed of
      a pair of blanks of the type shown in FIG. 1;
PAR  FIG. 3 is an enlarged, somewhat schematic view of that area of the fabric
      enclosed within the dash-dot rectangular 3 in FIG. 1 and illustrating one
      type of pattern of relatively opaque and open lace areas which may be
      formed in the panty portion in accordance with the present invention; and
PAR  FIG. 4 is a greatly enlarged fragmentary view of that portion of the fabric
      enclosed within the dash-dot rectangular 4 in FIG. 3 and illustrating the
      manner in which the yarns are selectively knit, plated and tucked to form
      the opaque and open lace areas.
DETD
PAR  The panty hose illustrated in the present application is of the type which
      is formed by initially knitting a pair of seamless tubular blanks,
      slitting the upper ends of the tubular blanks in a walewise direction and
      then sewing together the slit edges of the pair of hosiery blanks to form
      a panty portion with the legs depending therefrom. A crotch patch or panel
      may be inserted between the hosiery blanks, if desired, However, it is to
      be understood that the present control top is not limited to use with this
      particular type of panty hose but may be incorporated in panty hose which
      are formed by other known methods. Also, the present control top is not
      limited to use in panty hose but may be utilized in other types of lower
      body garments, such as girdles, bathing suit trunks, tights and the like.
PAR  The panty hose blank shown in FIG. 1 includes a leg portion 10, usually
      knit of a relatively fine denier yarn, and a closed lower toe portion 11.
      The upper portion of the hosiery blank is adapted to form the panty
      portion of the garment and is provided with an attractive pattern of
      relatively opaque areas and open lace areas. A relatively narrow walewise
      extending strip or panel of distinctive stitches 12 extends downwardly
      from the upper end of the hosiery blank and is provided to form a guide
      for forming the slit in the panty portion, for purposes to be presently
      described.
PAR  To form the panty hose shown in FIG. 2, from a pair of hosiery blanks of
      the type shown in FIG. 1, walewise or vertically extending slits are
      formed down the center of the panel 12 of the hosiery blanks. The
      corresponding edges of the slits of the pair of blanks are then sewn
      together, as by a row of overedge stitching 13 and with or without a
      crotch patch or panel between the hosiery blanks, to join together the two
      hosiery blanks and form a seam extending from the front of the waist
      opening downwardly, through the crotch and upwardly to the rear of the
      panty portion. An elastic band 14 may be suitably attached to the upper
      portion of the panty and the lower toe ends may be closed in any suitable
      manner to complete the panty hose.
PAR  The particular pattern of relatively opaque areas and open lace areas shown
      in the drawings will be described, however, it is to be understood that
      patterns other than that illustrated in the drawings may be formed in the
      control top, if desired. As best shown in FIG. 4, the panty portion (wales
      W-10 through W-17) is knit with alternate courses (odd numbered courses)
      of spandex yarn 20 and intervening courses (even numbered courses) knit of
      a main stretch yarn 21, and an auxiliary stretch yarn 22. The spandex yarn
      20 is knit in every wale of the opaque areas, indicated at A in FIG. 4,
      and is selectively knit and tucked in the open lace areas, indicated at L.
      The main stretch yarn 21 is knit in every wale of both the opaque and open
      lace areas and the auxiliary stretch yarn 22 is knit in plated
      relationship with the main stretch yarn 21 in the opaque areas A and is
      selectively knit and floated in the open lace areas L.
PAR  As illustrated in FIG. 4, the spandex yarn 20 is tucked across pairs of
      adjacent wales in the open lace areas L and the auxiliary stretch yarn 22
      is floated across the pairs of adjacent wales in the open lace areas in
      which the spandex yarn is tucked. The main stretch yarn 21 forms elongated
      or held stitch loops in the pairs of adjacent wales in which the spandex
      yarn 20 is tucked and the auxiliary stretch yarn is floated to provide the
      open lace appearance to the fabric.
PAR  The adjacent courses of the fabric in the control top panty portion are
      preferably of substantially the same size and the size of the main stretch
      yarn is preferably less than half the size of the auxiliary stretch yarn.
PAR  The held elongated stitch loops of the main stretch yarn are very thin or
      sheer and aid in the formation of the open lace appearance in the panty
      portion. It is preferred that the spandex yarn be approximately 70 denier
      with a double covering of nylon yarn. It is also preferred that the
      auxiliary stretch yarn be approximately 50/17 denier and that the main
      stretch yarn be approximately 20/7 denier. Thus, the alternate or odd
      numbered courses, knit of the spandex yarn 20, are approximately 70 denier
      while the intervening or even numbered courses, knit of the main stretch
      yarn 21 and the auxiliary stretch yarn 22, are also approximately 70
      denier.
PAR  To form the slit guide panel 12 (wales W-18 and W-19 of FIG. 4) the spandex
      yarn 20 is tucked beneath a single wale and in a staggered manner while
      the auxiliary stretch yarn 20 is floated across the single wale in which
      the spandex yarn is tucked. As illustrated in FIG. 4, the spandex yarn 20
      is tucked in pairs of adjacent wales in the open lace areas L and the
      pattern is formed by stepping the tucked spandex yarn as successive
      courses are knit in the panty portion. By varying the frequency and
      staggered arrangement of tucks, the pattern of the open lace and opaque
      areas may be varied to form any number of different patterns.
PAC  METHOD OF KNITTING
PAR  The knitting of the panty hose will be described as being knit on a
      multifeed circular hosiery knitting machine having four yarn feeding and
      stations station spaced around the needle cylinder. However, it is to be
      understood that the panty hose may be knit on a knitting machine having a
      lesser or greater number of knitting stations and having sufficient
      patterning mechanism for selectively knitting, floating and tucking yarns.
PAR  Generally, the method includes the feeding of the spandex yarn 20 at the
      first and third knitting stations while knitting the spandex yarn in every
      wale of the opaque areas A and selectively knitting and tucking the
      spandex yarn in selected wales in the open lace areas L. The main and
      auxiliary stretch yarns are fed at the second and fourth knitting stations
      while the main yarn 21 is knit in every wale of both the opaque and open
      lace areas and while the auxiliary yarn 22 is knit in plated relationship
      with the main yarn in the opaque areas and is floated across those wales
      in which the tucks were formed of the spandex yarn in the open lace areas.
PAR  More specifically, it will be assumed that course C-10 of FIG. 4 is knit at
      the second knitting station and it will be noted that the auxiliary yarn
      22 is floated across wales W-10, W-11 and W-14, W-15. The main stretch
      yarn 21 forms knit stitch loops in these wales. Both the auxiliary stretch
      yarn 22 and the main stretch yarn 21 form knit stitch loops in plated
      relationship in wales W-12, W-13 and W-16, W-17.
PAR  Course C-11 is knit at the third knitting station and tucks are formed of
      the spandex yarn 20 across wales W-10, W-11 and W-14, W-15 while the
      stitch loops of the main yarn 21 are held to form elongated stitches in
      these wales. The spandex yarn 20 forms plain stitch loops in the wales
      W-12, W-13 and W-16, W-17. Course C-12 is knit at the fourth feeding
      station and both the auxiliary and main stretch yarns 22, 21 are knit in
      plated relationship in the wales W-10 through W-15. The auxiliary stretch
      yarn 22 is floated across the wales W-16, W-17 and the main stretch yarn
      21 forms stitch loops in these wales. The course C-13 is knit at the first
      knitting station and the spandex yarn 20 is knit to form plain stitch
      loops in wales W-10 through W-15 while the spandex yarn 20 is tucked in
      wales W-16 and W-17.
PAR  Course C-14 is knit at the second feeding station and the sequence is
      repeated with different pairs of needles being tucked with the spandex
      yarn to form the diagonal rows of open stitches and to provide any desired
      type of pattern of opaque and open lace areas. As shown in FIG. 4, the
      spandex yarn 20 is tucked in a stepped manner to form diagonal rows of
      open stitches. The slit guide panel 12 is preferably about 18 wales wide
      and portions of two wales of the panel 12 are illustrated in wales W-18
      and W-19 of FIG. 4. During the knitting of course C-10, the main stretch
      yarn 21 is knit in wales W-18 and W-19 while the auxiliary stretch yarn 22
      is floated across wale W-18 and knit in plated relationship with the main
      stretch yarn 21 in wale W-19. In course C-11, the spandex yarn 20 is
      tucked in wale W-18 and is knit in wale W-19. In course C-12, the main
      stretch yarn 21 is knit in both wales W-18 and W-19 while the auxiliary
      stretch yarn 22 is floated across wale W-19 and is knit in plated
      relationship with the main stretch yarn 21 in wale W-18. In course C-13,
      the spandex yarn 20 is knit in wale W-18 and tucked in wale W-19. This
      sequence is repeated throughout the knitting of the panel 12 with the
      spandex yarn 20 being alternately knit and tucked in single wales which
      are staggered from course to course.
PAR  The knitting of the control top continues, knitting the pattern of opaque
      and open lace areas, to form the desired length in the panty hose blank to
      form the panty portion of the panty hose. The leg 10 is then knit by
      changing the yarns and knitting fine denier yarn in any desired pattern to
      form the desired length of leg 10. Additional yarn may be added to
      reinforce the area which is to form the toe portion 11, if desired. Pairs
      of the hosiery blanks are then slit along the slit guide panels 12 and
      joined together to form a panty hose of the type shown in FIG. 2, in the
      manner heretofore described.
PAR  The fabric, as illustrated in FIG. 4, has stretch in two directions and the
      open lace areas L are formed by utilizing the relatively lightweight main
      stretch yarn 21 (20/17 denier) in the held or elongated stitch loops. The
      heavier auxiliary stretch yarn 22 (50/17 denier) is floated while the
      spandex yarn 20 (covered 70 denier) is tucked across pairs of adjacent
      needle wales. The main and auxiliary stretch yarns may be nylon and may be
      textured by any well-known process, such as by false-twisting, to impart
      stretch characteristics thereto. The open lace characteristic of the
      fabric permits the fabric to "breathe" and provides an attractive pattern.
      The control top has sufficient compression to control and shape the figure
      of the wearer.
PAR  In the drawings and specification there has been set forth a preferred
      embodiment of the invention, and although specific terms are employed,
      they are used in a generic and descriptive sense only and not for purposes
      of limitation.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A lower body garment, such as panty hose, including a control panty
      portion knit of stretch and spandex yarns to provide compressive force
      against the body of the wearer and comprising an attractive pattern of
      relatively opaque areas and open lace areas, said panty portion being knit
      with alternate courses of spandex yarn and intervening courses knit of
      main and auxiliary stretch yarns, said spandex yarn being knit in every
      wale of said opaque areas and being selectively knit and tucked in said
      open lace areas, said main stretch yarn being knit in every wale of both
      said opaque and open lace areas, and said auxiliary stretch yarn being
      knit in plated relationship with said main stretch yarn in said opaque
      areas and being selectively knit and floated in said open lace areas, said
      auxiliary stretch yarn being floated in the wales of said open lace areas
      in which said spandex yarn is tucked.
NUM  2.
PAR  2. A garment according to claim 1 wherein said spandex yarn is tucked in
      pairs of adjacent wales in said open lace areas.
NUM  3.
PAR  3. A garment according to claim 2 wherein said spandex yarn is knit in
      pairs of adjacent wales between the tucks in said open lace areas.
NUM  4.
PAR  4. A garment according to claim 2 wherein said auxiliary yarn is floated
      across said pair of adjacent wales in said open lace areas in which said
      spandex yarn is tucked.
NUM  5.
PAR  5. A garment according to claim 1 wherein said main stretch yarn is less
      than half as large as said auxiliary stretch yarn, and wherein the total
      size of said main and auxiliary stretch yarns is substantially the same as
      the size of said spandex yarn.
NUM  6.
PAR  6. A garment according to claim 5 wherein said spandex is covered and is
      approximately 70 denier, said main stretch yarn is approximately 20/7
      denier, and wherein said auxiliary stretch yarn is approximately 50/17
      denier.
NUM  7.
PAR  7. A garment according to claim 4 including a walewise extending slit guide
      panel in which said spandex yarn is alternately knit and tucked in single
      wales, said main stretch yarn is knit in every wale, and said auxiliary
      stretch yarn is atlernately knit and floated with the floats being formed
      in the wales in which said spandex yarn is tucked.
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PAL  A cheap, one piece, pocketable, one hand operated, snap on or off clamping
      attachment for a lock bolt thumb knob for preventing the lock from being
      opened from the outside. One end of the attachment has connected elements
      that can embrace the thumb knob in either its vertical or horizontal
      position. The connected elements have two extended legs that spring grip
      the door knob hub and can bias the attachment to its operative position or
      hold it in its inoperative position. This cheap device takes the place of
      a more expensive bolt and its installation cost.
BSUM
PAR  The present invention is an improvement on my U.S. Pat. No. 3,862,556 in
      that it can be used on other than anchor shaped thumb knobs, on vertically
      oriented thumb knobs, is more convenient to handle, and leaves the thumb
      knob more easily accessible when left on the lock in the inoperative
      position.
PAR  This invention relates to a pocketable, one hand operated snap on or off
      clamping attachment to a lock bolt thumb knob to prevent the lock from
      being opened from the outside by the use of its own key, a pass key, or by
      lock picking devices. One size attachment will suffice for a range of
      thumb knob shapes and dimensions and for a range of thumb knob to door
      knob center distance.
PAR  Many entrance-way doors to homes, apartments or motels are fitted with door
      locks which include a thumb knob actuated bolt so that the room occupant
      may bolt or unbolt the door by turning the thumb knob through a quarter of
      a revolution. However, when the bolt is in its operative position, a
      person using a key, pass key, a picking device or cylinder wrench may
      unbolt the door from the outside. But if the thumb knob is restrained from
      rotating, it is impossible from the outside for the bolt to be returned to
      its inoperative position unless the lock mechanism is broken. In that
      event, there will be evidence of forcible entry, providing grounds for
      collecting any burglary insurance that might be in force.
PAR  A properly installed lock will have the thumb knob in the horizontal
      position when the bolt is extended. Home occupants who find the thumb knob
      in a vertical position when the bolt is extended may easily correct this
      by removing the two small screws that attach the thumb knob plate 17 to
      the door, pulling out the thumb knob 15, giving it a quarter turn to the
      horizontal position, re-engaging it with the lock, and replacing the two
      screws.
PAR  The two lobed embodiment of this invention is applicable only to
      installations where the thumb knob is horizontal when the bolt is engaged.
      The two lobed embodiment is preferred for home or apartment dwellers since
      it can conveniently be left on the lock when the attachment is in the
      inoperative position even when the thumb knob is located below the door
      knob.
PAR  The three lobed embodiment of this invention is designed for those who find
      themselves in motels with improperly oriented thumb knobs and cannot or do
      not want to have the thumb knob re-oriented. Since the motel occupant
      should not leave the attachment on the lock when he is not in, the bends
      that form the detent for holding the attachment in its inoperative
      position on the lock are omitted.
PAR  It is therefore an object of the present invention to provide a simple, one
      piece, one hand operated, pocketable attachment that can be snapped on a
      lock to an operative position, shifted and snapped to an inoperative
      position on the lock, or snapped off the lock and carried in a pocket or
      pocket book. The attachment requires no skill to operate and does not mar
      the door or door frame. It will function on thumb knobs of many
      configurations and on a range of lock dimensions. It automatically is
      secured in its operative position.
PAR  It is to be understood that the drawing is designed for the purpose of
      illustration only and not as a definition of the limits of the invention.
DRWD
PAR  In the drawing, wherein similar reference characters denote similar
      elements throughout the several views:
PAR  FIG. 1 is an elevation or inside view of a door in which a bolt type
      mortise lock has been installed and the locking attachment 10 is shown in
      its operative position.
PAR  FIG. 2 is a side view of FIG. 1.
PAR  FIG. 3 is a view similar to FIG. 1 except that the attachment 10 is in its
      inoperative position.
PAR  FIG. 4 is a side view of FIG. 3.
PAR  FIG. 5 is an inside view of a door with a modified embodiment 25 of the
      invention for use on installations where the thumb knob has been
      improperly installed in its vertical position when the bolt is engaged and
      the attachment 25 is not to be left in its inoperative position on the
      lock.
PAR  FIG. 6 is a cross sectional view taken along section line 6--6 of FIG. 3 &
      FIG. 5.
PAR  FIG. 7 is an enlarged cross sectional view taken on line 7--7 on FIG. 3. It
      shows the ends of the eyes that were chamfered when the strip was cut off,
      thus avoiding a separate chamfering operation.
PAR  FIG. 8 is an enlarged view taken on line 8--8 on FIG. 4.
PAR  FIG. 9 is a view taken at line 9--9 on FIG. 2 but with modified lips 2.
DETD
PAR  The attachment is preferably made of steel strip having rounded edges. It
      can be most economically produced by a four slide machine and/or a punch
      press. Note that if, as intended, the attachment is made in one piece,
      there will be no assembly operation.
PAR  I shall first describe the embodiment shown in FIGS. 1, 2, 3, 4 and 6.
      There are two connected U shaped sections 1, laid on their side. The door
      side of the horizontal top leg of each U1 section is bent downward to form
      a slight lip 2. The top legs of the two U1 sections are joined by a
      section 3 that is slightly arched upward. The bottom legs of the U1s are
      extended to provide sections 4, which slant outward from the line of
      symmetry, then continued to sections 5, which slant inward, then continued
      by sections 6, which slant outward slightly to sections 7, which slant
      inward. Still continuing downward are sections 8, which flare outward and
      are terminated by being bent further outward to form eyes 9.
PAR  Referring to FIG. 1, the attachment 10 has been pushed down on the door
      knob hub 11, the sections 8 spreading the legs 6 until sections 7 grip the
      door knob hub 11, biasing the attachment 10 downward. Then the attachment
      10 is pulled upward and the U1 sections pushed towards the door 12 so that
      they embrace the thumb knob wings 13 and 14. The arched section 3 clears
      the thumb knob shaft 15 which sometimes is above the thumb knob wings 13
      and 14, either because it is thicker or because the thumb knob shaft 15
      has been improperly installed, causing it to slant downward, or because
      there is a large fillet 16. The attachment 10 is then biased downward by
      the reaction of the door knob hub 11 at its contact points 18 with
      sections 7. There is always considerable rotary play of the thumb knob
      shaft 15, which allows both wings 13 and 14 to be contacted by the two U1s
      and their lips 2.
PAR  Any attempt from the outside to retract the lock bolt will cause the thumb
      knob shaft 15 to rotate slightly until one of the wings 13 swings away
      from a leg of a U1 and its lip 2 until it contacts the opposite leg of the
      U1. There will have been only a slight retraction of the bolt. Any further
      bolt retraction will be prevented by the reaction of the door knob hub 11
      at point 18 against section 7 which prevents further rotation of the thumb
      knob shaft 15 and the attachment 10. Note that this reaction, due to
      torque, has a downward component which biases the attachment 10 more
      firmly onto the wing 14 in contact with lip 2. The horizontal component of
      the reaction force on section 7 is balanced by the reaction of the thumb
      knob wing 14 against the U1 section in FIG. 1 or against the U20 section
      in FIG. 5, or by the reaction of the thumb knob shaft 15 against a lip end
      26 in FIG. 9.
PAR  Referring to FIG. 1, the attachment may be placed in its inoperative
      position by lifting it slightly or until the lips 2 clear the wings 13 and
      14 or until the bottom legs of the U1s contact the wings 13 and 14, then
      pulled outward until it clears the wings 13 and 14 and finally pushed
      downward until the sections 4 rest on the door knob hub 11 as shown in
      FIG. 3. Leaving the attachment free will then allow the spring action of
      the legs 6 to bring sections 5 into contact with the door knob hub 11. In
      this position, the center of gravity of the attachment 10 being below the
      door knob hub 11 axis, the attachment 10 will hang in a vertical position.
      It will also be restrained from swinging, or sliding towards the door 12
      or door knob 19. Also on lock installations where the thumb knob shaft 15
      is below the door knob 19, the attachment 10 will be prevented from
      dropping down and contacting the thumb knob wings 13 and 14.
PAR  The attachment 10 can be removed entirely by pulling it outward and upward
      until the eyes 9 clear the door knob 19.
PAR  The embodiment shown in FIG. 5 is intended for people such as travelers or
      salesmen who do not intend to leave the attachment in its inoperative
      position on the lock. The sections 4 and 5 could be included but were
      omitted to lower the manufacturing cost. It operates in the same way as
      the embodiment shown in FIG. 1, with the exceptions that it has no
      sections 4 and 5 for holding the attachment in an inoperative position on
      the lock and that the slightly arched section 3 has been replaced by an
      inverted U section 20 which together with the lower leg extensions 27 of
      the horizontal U1 sections embrace the thumb knob wings 13 and 14 if they
      lie in a vertical plane when the bolt is extended.
PAR  The strip from which the attachment is formed should have rounded edges,
      and a smooth, polished surface to minimize any tendency for the attachment
      to scratch or mar the lock surfaces or the door surface if it accidentally
      contacts the latter. Any possibility of the marring of surfaces by the
      attachment would be reduced or eliminated by coating the attachment with a
      non-abrasive such as catalyzed urethane resin, or any one of the plastics
      used for bearings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A one-hand operated, snap on and off, pocketable security locking
      attachment for a door lock having a thumb knob actuated bolt and a door
      knob hub, a single piece of material formed to embrace loosely the upper,
      lower, and lateral surfaces of the thumb knob, having shallow lips
      engaging the rear surfaces of the thumb knob but otherwise the embracing
      elements are open, both front and rear, and the thumb knob embracing
      elements extended to embrace the door knob hub.
NUM  2.
PAR  2. The attachment as recited in claim 1, wherein the thumb knob embracing
      section consists of horizontal U shaped portions, the upper legs of which
      are joined by an arched or inverted U section and the door knob hub
      embracing section consists of downward extensions of the lower legs of the
      horizontal U sections.
NUM  3.
PAR  3. The attachment as recited in claim 2, wherein the upper portions of the
      door knob hub embracing section are spaced to embrace loosely a thumb knob
      wing lying in a vertical plane.
NUM  4.
PAR  4. The attachment as recited in claim 2, wherein the door knob hub
      embracing sections have angularly opposed sections, spring gripping it
      both above and below its axis when the thumb knob embracing sections are
      disengaged from the thumb knob.
NUM  5.
PAR  5. The attachment as recited in claim 2, wherein the door knob hub
      embracing section has opposed angular sections spring gripping it below
      its axis when the thumb knob embracing sections are engaged with the thumb
      knob.
NUM  6.
PAR  6. The attachment as recited in claim 5, wherein the door knob hub gripping
      sections are extended and the extensions are spread outward from the
      attachment's axis of symmetry.
NUM  7.
PAR  7. The attachment as recited in claim 6, wherein the outward spread
      sections are terminated in eyes.
NUM  8.
PAR  8. The attachment as recited in claim 1, wherein the attachment is formed
      from strip having slightly rounded or chamfered edges.
NUM  9.
PAR  9. The attachment as recited in claim 7, wherein the ends of the eyes are
      preferably during cut off chamfered by an amount approximately equal to
      the radius of the rounded edges of the attachment material.
NUM  10.
PAR  10. The attachment as recited in claim 1, wherein the shallow lips have
      inner lateral ends spaced to embrace loosely the thumb knob shaft.
NUM  11.
PAR  11. The attachment as recited in claim 1, with a coating having
      non-abrasive properties, such as catalyzed urethane resin.
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PAL  An armored cable-type lock assembly embodying an armored cable consisting
      of a length of stranded steel cable on which there are threaded in
      bead-like fashion armor pieces in the form of alternately arranged ball
      members and socket members. A fixed terminal lock housing at the proximate
      end of the cable is provided with a transverse bore through which the
      distal end of the cable may be passed so that the housing functions as an
      overlap slip joint and causes the cable to form a closed retaining loop
      when the distal end of the cable is in the bore, the size of such loop
      being regulated by pulling or pushing the cable through the housing. A
      key-operated cylinder lock which is associated with the housing has a
      locking bolt which, when projected into its locked position, engages the
      opposed ends of a pair of adjacent socket members and forces them
      downwardly against the bottom wall of the bore, the latter being recessed
      in wide angle V-fashion so that the captured or bolt-engaged part of the
      armored cable develops a kink within the bore and is thus locked against
      endwise sliding through the bore. A fitting at the distal end of the
      armored cable is in the form of a thimble having a recessed inner end that
      mates with a half-ball which is integral with a special terminal armor
      piece. Both terminal arrangements are such that the possibility of hacksaw
      or abrasive attempts to penetrate the armor is inhibited.
BSUM
PAR  The present invention relates to an armored cable-type lock assembly of the
      general type which is shown and described in U.S. Pat. Nos. 3,696,647 and
      3,765,196, granted to me on Oct. 10, 1972 and Oct. 16, 1973, respectively,
      the present assembly being designed as an improvement over those which are
      disclosed in such patents.
PAR  Lock assemblies of the general type under consideration are designed
      primarily for use as tie-down, theft-prevention instrumentalities for
      motorcycles, go-carts, snowmobiles, small pleasure boats and other
      vehicles and in this respect the present lock assembly does not differ
      from the armored cable-type lock assemblies of my aforementioned patents.
      Structurally, insofar as the present assembly is concerned, the armored
      cable is similar to that which is disclosed in each of such patents in
      that it consists of alternately arranged ball members and socket members
      which are threaded onto a flexible stranded cable. Functionally also there
      is a similarity between the patented and the present cable-type lock
      assemblies in that each includes a pair of end fittings, one of which is
      in the form of a proximate lock housing which establishes a slip joint for
      the distal end region of the armored cable and the other of which
      establishes a distal thimble-like, spring-biased, slack or lost-motion
      take-up device for the armor pieces of the cable. Furthermore, each lock
      assembly is capable of being put to use for tie-down purposes by threading
      the distal end region of the armored cable through a transverse bore in
      the lock housing in order to establish a variable size loop, and then
      locking such distal end region in a fixed position when the desired loop
      size has been attained, a key-operated cylinder lock which is secured
      within the lock housing being provided for this purpose. Because of the
      similarities between the present lock assembly and those of the
      aforementioned patents, the general objects of the present invention do
      not differ appreciably from those set forth in the patents. However, the
      specific improvements which are exhibited by the present invention reside
      mainly in a more effective tamper-proof means for anchoring the distal end
      region of the armored cable within the transverse bore of the lock housing
      so as to disable the slip joint, and also in a more effective way of
      establishing an articulated (bending) joint between the distal slack or
      lost-motion take-up device and the next adjacent armor piece of the cable,
      the latter joint also presenting tamper-proof characteristics. The term
      "tamper-proof" as used herein relates principally to the resistance which
      the present lock assembly offers to cutting through the armored cable in
      the vicinity of either terminal end member, i.e., the lock housing or the
      slack or lost-motion take-up device.
PAR  It is obvious that, given the necessary time and the proper abrasive or
      cutting tool such as a high-grade hacksaw or a power-actuated diamond-edge
      abrasive blade, any armored cable of the type under consideration may
      eventually be severed at any place or region therealong, providing, of
      course, that a clamping unit such as a vise can be applied to the part of
      the cable to be sawed or abraded. Where ball members are utilized as parts
      of the armored cable, it is difficult, if not impossible, to engage such
      members in a vise inasmuch as they are, in the main, encompassed in the
      adjacent sockets of the socket members and, therefore, largely concealed
      or covered and any attempt to engage them with a hacksaw will result
      merely in rotation of the balls back and forth with little or no abrasion
      or cutting taking place. To clamp one of the socket members in a vise and
      apply a hacksaw thereto would consume an inordinate amount of time, more
      time in fact than is allotted to a contemplative thief who must perform
      his operations in a hurry and who is dealing with case-hardened steel
      armor.
PAR  The "Achilles heel" or point of weakness of an armored cable-type lock
      assembly of the type under consideration is twofold. In the first place,
      if the bore in the lock housing at the proximate end of the armored cable
      has therein a truly cylindrical or straight bore for slidably receiving
      the distal end region of the armored cable as illustrated in my two
      aforementioned patents, the only part of the lock assembly as a whole
      which precludes disabling of the slip joint, i.e., slippage of the
      housing-encased end region of the cable away from the housing, is the lock
      bolt when the cylinder lock of the assembly is in its locked position. In
      view of the fact that such bolt is not of major proportions or dimensions
      and, hence, has a certain amount of fragility, it may be readily broken or
      fractured in the event excessive force is applied to the armored cable in
      an attempt to break the aforementioned slip joint. The other point of
      weakness is that if the lost-motion take-up device or fitting at the
      distal end of the armored cable is swung sharply at an angle with respect
      to the adjacent armor piece of the cable, the adjacent ball member will
      become sufficiently displaced with respect to the oppositely disposed
      socket in the adjacent socket member as to expose the adjacent portion of
      the stranded cable and thus permit cutting thereof with a hacksaw or other
      abrasive tool. In the event that the cable is cut or sawed at such point,
      the assembly as a whole becomes ineffective, even though the lock is in
      its locked position, by reason of the fact that all of the armor pieces
      may be slid off of or stripped from the cable thus rendering the assembly
      useless for its intended purpose.
PAR  The present invention is designed to overcome the above-noted limitations
      that are attendant upon the construction and use of either of my patented
      armor cable-type lock assemblies or similar lock and, toward this end, the
      invention contemplates the provision of an armored cable-type lock
      assembly which closely resembles those of my aforementioned patents, but
      in which the transverse bore which is provided in the lock housing,
      instead of being truly cylindrical or linearly straight throughout, is
      formed with a bottom region which is recessed in V-fashion and at a wide
      angle on the order of 170.degree. so that when the distal end region of
      the armored cable is threaded through the bore for loop-forming purposes
      as previously described and one of the ball members is brought into
      alignment with the bottom of the V, the locking bolt which is associated
      with the cylinder lock within the lock housing may be projected downwardly
      so as to engage the opposed rim regions of the two adjacent
      ball-encompassing socket members and force them downwardly against the
      recessed bottom of the transverse bore thus bending that portion of the
      armored cable that is within the bore and establishing a "kink" which
      cannot shift in either direction, and thereby securely locking the
      housing-surrounded end region of the armored cable within the transverse
      bore against axial shifting. The locking bolt is key-operated and when it
      is withdrawn upwardly, the kink in the cable is released so that the
      armored cable may again be slid in either direction through the bore. When
      the armored cable is thus locked within the bore, the ball member which is
      disposed opposite to the bolt of the lock is entirely concealed within the
      housing, the adjacent socket members are both firmly wedged against the
      bottom wall of the bore and no angular movement thereof is possible so
      that if the lock is to be defeated by a sawing operation, many hours of
      sawing time would be consumed, merely to saw through the socket member,
      only to reach an internal ball member which is not susceptible to sawing
      since it is rotatable and cannot be held stationary for sawing purposes.
      The aforementioned V-formation of the bottom portion of the bore in the
      housing materially augments the locking or holding action of the bolt and
      thus gives tamper-proof characteristics to the present lock assembly.
PAR  In the case of the distal thimble-like slack or lost-motion take-up device
      at the distal end of the cable of the present lock assembly, sawing
      through the armored cable is greatly hampered by the provision of an
      adjacent terminal armor piece which, instead of being in the form of a
      ball, is in the form of a half-ball which is made as an integral part of
      the adjacent socket member to the end that such particular socket member
      has a half-ball at one end and a socket at its other end. With such an
      armor piece adjacent to the slack or lost-motion device at the distal end
      of the armored cable, if such device is swung sharply with respect to the
      adjacent armor piece of the cable, there is no space leading to the
      adjacent portion of the stranded cable due to the half-ball being formed
      integrally with the adjacent socket member and, hence, sawing of such
      portion of the cable is effectively prevented or eliminated.
PAR  The provision of an armored cable-type lock assembly such as has briefly
      been outlined above constitutes the principal object of the present
      invention.
PAR  Another object of the invention is to provide an armored cable-type lock
      assembly which is generally of new and improved construction and is
      characterized by high efficiency, simplicity of operation, low cost of
      manufacture, and high resistance to tampering.
PAR  Numerous other objects and advantages of the invention, not at this time
      enumerated, will become readily apparent as the following description
      ensues.
PAR  The invention consists in the several novel features which are hereinafter
      described and are more particularly defined by the claims at the
      conclusion hereof.
PAR  In the accompanying two sheets of drawings forming a part of this
      specification, one illustrative form of the invention is shown.
DRWD
PAR  In these drawings:
PAR  FIG. 1 is a side elevational view, partly in section, of an armored
      cable-type lock assembly embodying the present invention, the assembly
      being shown in its operative looped condition;
PAR  FIG. 2 is a fragmentary perspective view showing the improved lock assembly
      operatively applied to a motorcycle in order to prevent theft of the
      latter;
PAR  FIG. 3 is an enlarged fragmentary perspective view of one of the end
      fittings, namely, that which constitutes the housing of the key-actuated
      lock unit;
PAR  FIG. 4 is an enlarged fragmentary sectional view, partly in elevation, of
      the assembly taken substantially centrally and longitudinally through the
      interlocked end regions of the cable-type lock assembly, the view being
      taken on the line 4--4 of FIG. 1 and in the direction of the arrows;
PAR  FIG. 5 is a transverse sectional view taken on the line 5--5 of FIG. 4;
PAR  FIG. 6 is a longitudinal sectional view taken on the line 6--6 of FIG. 4;
      and
PAR  FIG. 7 is an enlarged sectional view, partly in elevation, taken
      substantially on the line 7--7 of FIG. 1.
DETD
PAR  Referring now to the drawings in detail and in particular to FIGS. 1 and 2,
      the armored cable-type lock assembly of the present invention is
      designated in its entirety by the reference numeral 10 and it is shown as
      being operatively applied to a motorcycle which is fragmentarily shown in
      FIG. 2 and is designated by the reference numeral 13. Briefly, the lock
      assembly 10 is comprised of a length of armored cable 11, the details of
      which will be described presently, and on the end of which there are
      applied two fittings, one of the fittings being in the form of a slip
      joint which is established by the provision of a lock housing 12 and the
      other fitting being in the form of a terminal slack or lost-motion take-up
      device 14. For descriptive purposes herein, the end of the cable to which
      the device 14 is applied will be referred to as the "free" or distal end
      of the armored cable 11 and the end which has the lock assembly will be
      referred to as the proximate end of the cable.
PAR  The motorcycle 13 is illustrated as being of conventional design and
      embodies the usual factory equipment such as a frame 21, a steering fork
      assembly 23, wheels 25, an internal combustion engine assembly 27, and a
      combined saddle and gas tank component 29, only the forward section of the
      motorcycle 13 being fragmentarily shown. The armored cable-type lock
      assembly 10 may be applied to the motorcycle 13 in various ways for theft
      prevention purposes, as typical way being to pass the armored cable 11
      through the rim of the front wheel 25 and between front wheel spokes and
      then around a portion of the steering fork assembly 23, after which the
      free end of the armored cable is threaded through a transverse bore 31
      (see FIG. 4) in the lock housing 12 in order to produce or form a closed
      loop which subsequently is shrunk or drawn taut upon the motorcycle by
      pulling the free end of the armored cable through the bore 31 until the
      desired loop span is attained. As will be made clear subsequently, in
      order to pass the free end of the armored cable 11 through the lock
      housing 12, it is necessary to operate a cylinder lock 16 which is
      installed in the lock housing 12, utilizing a proper key 33 (see FIGS. 4
      and 6) to unlock the cylinder lock. After the free end of the armored
      cable 11 has been pulled through the bore 31 to the desired extent, the
      lock housing 12 may be securely locked in the medial or proximate end
      region of the armored cable by again manipulating the cylinder lock 16 and
      withdrawing the key 33 therefrom, all in a manner that will be described
      presently.
PAR  Considering now the specific nature of the lock assembly 10, and referring
      particularly to FIGS. 1 and 4 to 7, inclusive, the armored cable 11 is
      comprised of a cable proper 20 in the form of a centrally disposed length
      of flexible stranded steel cable over which there is threaded a series of
      tubular sheathe-like armored pieces including alternately arranged male
      ball members 22 and female socket members 24. All of the ball members 22
      are identical in configuration and are in the form of spherical beads of
      relatively massive or sturdy construction. Each ball member presents an
      outer spherical surface which is interrupted by a central bore 26 which
      extends diametrically through the member and receives the stranded steel
      cable 20. The opposite ends of the bore 26 in each ball member 22
      communicate with frusto-conical recesses 28 which perform a function that
      will be set forth presently. The diameter of the bore 26 is slightly
      greater than the outside diameter of the stranded steel cable 20 with the
      result that the ball member 22 will slide easily along the cable 20 during
      cable and ball member assembly operations and with the further result
      that, after the assembly is complete, the ball members will not bind
      against the cable.
PAR  All of the socket members 24 are identical, but a special combined ball and
      socket member 35 (see FIGS. 1 and 7) is interposed between the terminal
      device 14 and the next adjacent socket member 24 and serves a function
      that will be described subsequently.
PAR  Each socket member 24 is provided with an axially or longitudinally
      extending bore 30 therethrough and at each end of the bore there is formed
      a frusto-conical recess 32, the outer rim of which communicates with a
      semi-spherical socket 34 of annular configuration, the curvature of the
      socket being conformable to the curvature of the outer surface of the
      adjacent ball member 22 in the alternate arrangement of ball and socket
      members 22 and 24. The effective depth of each socket 34 is slightly less
      than the radius of a ball member 22 and, consequently, an intervening ball
      member 22 between two adjacent socket member 24, when seated within the
      opposed sockets 34, will present a limited exposed peripheral portion of
      the ball member and will maintain the adjacent socket members slightly
      spaced apart and thus establish a flexible ball and socket joint between
      such adjacent members. It is to be noted at this point that the bores 26
      in the ball members 22 and the bores 30 in the socket members 24 are of
      relatively short axial extent, specifically on the order of approximately
      twice the diameter of the bores. The slant angle of the frusto-conical
      recesses 28 at the ends of the bores in the ball members 22 and of the
      frusto-conical recesses 32 at the ends of the bores 30 in the socket
      members 24 is on the order of 30.degree., the various recesses
      constituting clearance areas which allow for relatively steep angular
      bends or curves in the assembled armored cable since there are no sharp
      rim edges that ordinarily would contact the stranded cable 20 in the
      absence of such clearance recesses. Whereas, in the absence of such
      clearance recesses, an angular flexion of approximately 45.degree. would
      be possible, when the frusto-conical recesses 28 and 32 are provided a
      flexion of as much as 55.degree. is made possible without the danger of
      cutting the cable.
PAR  It has been previously stated that the ball members 22 and the socket
      members 24 are alternately threaded upon the stranded steel cable 20,
      there being the same number of ball members as there are socket members so
      that the proximate end of the armored cable 11 will present a socket
      member 24 while the other end of the ball and socket portion of the
      armored cable will present a ball member 22. After the requisite number of
      ball and socket members have been threaded on the stranded steel cable 20
      so as to cover such cable from end to end, each end of the cable will have
      applied thereto a tubular machined retaining collar, one such collar 40
      being designed for application to the lock housing 12 and the other collar
      42 being designed for application to the slack or lost-motion take-up
      device 14. However, before application of these collars to the stranded
      steel cable 20, certain other armored cable assembly adjuncts will be
      interposed between the lock housing and its adjacent socket member 24, and
      between the slack or lost-motion take-up device 24 and its adjacent ball
      member for purposes that will be made clear presently.
PAR  Referring now to FIGS. 4 and 6 of the drawings, the retaining collar 40 is
      of cylindrical configuration and one end thereof has formed therein a
      frusto-conical axial bore 44 which merges with a cylindrical bore 45. The
      collar 40 is provided at its other end with a semi or frusto-spherical
      enlargement 46 which, in effect, constitutes a "half-ball." The latter is
      designed for cooperation with the adjacent semi-spherical socket 34 in the
      endmost socket member 24 on the stranded steel cable 20. The outer
      cylindrical surface of the collar 40 is provided with a medial external
      annular groove 48 which cooperates with a snap ring 50 in securing said
      collar permanently within the confines of the lock housing 12, the outer
      portion of the snap ring being adapted normally to fit in a hereinafter
      mentioned annular groove (see FIGS. 4 and 6) in the cylindrical socket in
      which the collar 40 fits. The collar 40 is applied to the adjacent or
      fixed end of the stranded cable 20 by initially inserting such end of the
      cable into the bores 44 and 45 until it becomes flush with the outer end
      face 52 of said collar 40, after which a plurality of tapered wedges 54
      are driven endwise into the adjacent end of the cable 20 in order to
      spread the steel strands thereof outwardly and against the tapered wall of
      the bore 44 much in the manner that a wedge is driven into the distal end
      of the wooden hammer handle in order fixedly to maintain the same in the
      eye of the head of the hammer. By this expedient, any tension which may be
      applied to the cable 20 will enhance the wedging action of the wedges 54
      and prevent withdrawal of the stranded steel cable from the bore 44 in the
      retaining collar 40 and, consequently, from the lock housing 12.
PAR  Referring now to FIG. 7 of the drawings, it will be observed that the
      retaining collar 42 is similar to the collar 40 except for the fact that
      it is of smaller diameter and is devoid of an external groove therearound,
      as well as of the ball enlargement thereon. It is applied to the free or
      distal end of the stranded steel cable 20 in the same manner as the collar
      40 is applied to the fixed end of the cable, i.e., by means of tapered
      wedges 56 which force the strands of the cable 20 against the wall of the
      frusto-conical axial bore 58 which is formed in and extends through the
      retaining collar 42. The collar 42 constitutes a reaction member for one
      end of a helical compression spring 60 which surrounds the free end of the
      cable 20, the other end of the spring bearing against the inner end face
      62 of a cylindrical guide collar 64 having formed therein a longitudinal
      bore 65 through which the stranded steel cable 20 slidingly extends. The
      guide collar 64 is formed with a medial external annular groove 70 within
      which a snap ring 71 is seated, the groove and snap ring serving to lock
      the guide collar 64 within the terminal slack or lost-motion take-up
      device 14. The outer portion of the snap ring 71 is adapted normally to
      fit in the hereinafter described countersocket in the device 14 as shown
      in FIG. 7.
PAR  The outer end face of the guide collar 64 is formed with a semi-spherical
      recess 66 which bears against a semi-spherical half-ball 67, the latter
      being formed integrally on the outer end of the aforementioned ball and
      socket member 35. Such member 35 is provided with a frusto-conical recess
      68 and a semi-spherical socket 69 which receives the adjacent ball member
      22 on the stranded steel cable. The ball and socket member 35 is provided
      with a longitudinal bore 72 through which said stranded steel cable 20
      extends.
PAR  During assembly of the armored cable 11, the retaining collar 42 is applied
      to the free end of the stranded steel cable 20 in such a manner that the
      compression spring 60 exists under compression so that the half-ball 67 is
      forced against the guide collar 64 with a moderate but yielding degree of
      pressure, thus transmitting pressure successively between the adjacent
      ball and socket members 22 and 24 throughout the entire length of the
      armored cable, the two retaining collars 40 and 42 constituting terminal
      reaction members which assimilate or contain such pressure. The thus
      assembled armored cable 11 of the assembly 10 constitutes an individual or
      unitary cable lock component which may be inventoried by the retailer in
      predetermined lengths for subsequent application thereto of the two end
      fittings, namely, the lock housing 12 and the slack or lost-motion take-up
      device 14.
PAR  Considering now the nature of the lock housing 12 of the armored cable-type
      lock assembly 10 and referring particularly to FIGS. 4 and 6 of the
      drawings, this housing is in the form of a pear-shaped body, the large end
      of which has formed therein a cylindrical lock-receiving socket 73 while
      the small end has formed therein a socket 74, the two sockets being
      coaxial with the lock housing 12. The socket 74 serves to receive the
      retaining collar 40. An internal annular groove 78 in the socket 74
      registers with the external annular groove 48 in the collar 40 so that
      when the latter is inserted endwise in the socket 74, the snap ring 50
      will fall in place between the two grooves and thus anchor the fixed end
      of the armored cable 11 to the lock housing 12 so that it is incapable of
      removal therefrom.
PAR  According to the present invention, the aforementioned transverse bore 31
      in the lock housing 12, instead of being truly cylindrical as are the
      transverse bores in the lock housings of the armored cable-type lock
      assembly of my previously mentioned U.S. Pat. Nos. 3,696,647 and
      3,765,196, is only generally cylindrical in that, while its upper portion
      80 is semi-cylindrical, its lower portion is milled so that it slants
      downwardly and inwardly from its opposite outside rim regions as indicated
      at 81 (see FIG. 6). The diameter of the bore 31 at the opposite ends
      thereof is approximately equal to the external diameter of the various
      socket members 24 so that the armored cable may be passed through the bore
      31, while the over-all diameter of the central region of the bore 31 is
      appreciably larger than that of the outer end regions thereof. This bore
      is designed for reception therethrough of a selected medial or distal end
      region of the armored cable 11 in order that a variable size loop may be
      established for vehicle-locking purposes. After pulling the armored cable
      through the bore 31 until the desired size loop is attained, the cylinder
      lock 16 is operated in such a manner as to lock the armored cable 10 to
      the lock housing, utilizing the key 33 for this purpose. This locking
      operation is effected under the control of a locking bolt 82 (see FIGS. 4
      and 6) which has a tapered or conical outer or lower end 84 and is
      associated with the cylinder lock 16. When the locking bolt 82 is
      projected towards the small end of the housing 12 in connection with
      manipulation of the cylinder lock 16 into its locked position, it engages
      the rim regions of a pair of adjacent socket members 24 and forces the
      same downwardly as viewed in FIG. 6, thus "cocking" such socket members
      with respect to each other so that they assume out-of-alignment positions,
      and thereby automatically forcing the cylindrical side portions thereof
      hard against the slanting or V-shaped lower portions 81 of the bore 31,
      while at the same time forcing the upper surfaces of the socket members
      hard against the opposite open rims of the bore. In this position of the
      locking bolt 82, both adjacent socket members 24 in the bore 31 are
      securely wedged in position, so to speak, within the lock housing and the
      armored cable 10 is incapable of endwise sliding movement through the bore
      37, thus relieving the locking bolt 82 from lateral strain in the event an
      attempt is made by an unauthorized person to open the lock assembly 10 by
      force.
PAR  Various forms of cylinder locks are capable of being installed within the
      lock housing 12, the only requirement being that such lock be provided
      with a locking bolt similar to the bolt 82 and capable of performing its
      intended function. The exemplary lock disclosed herein is of the "pop-up"
      axial tumbler type and involves in its general organization a composite
      lock cylinder embodying two telescopic cylinder parts in the form of a
      front or outer part 86 and a rear or inner part 88, the latter part being
      telescopically received within the former part and being permanently and
      fixedly secured thereto by means of transversely extending drive pins 90.
      Rim flanges 92 and 94 on the two parts 86 and 88 establish therebetween an
      annular recess 96 which receives therein a snap ring 98. The latter also
      seats within an internal groove 100 in the lock-receiving socket 72. The
      entire lock cylinder 16 is shiftable vertically between retracted and
      advanced positions wherein the snap ring 98 engages the rim flanges 92 and
      94, respectively, the retracted position being shown in dotted lines in
      FIG. 4. Springs 102 in sockets 104 in the cylinder part 88 bear upwardly
      or outwardly against the cylinder lock and normally urge the latter to its
      projected position. The locking bolt 82 is integral with the rear cylinder
      part 88 and projects through the bottom wall of the socket 73 so that when
      such bolt is projected inwardly or downwardly as shown in FIGS. 4 and 6 of
      the drawings, it will press the adjacent ends of the adjacent socket
      members 24 within the bore 31 of the lock housing 12 downwardly as
      previously set forth so as to prevent withdrawal thereof from the bore 31.
      An additional component of the cylinder lock 16 includes a rotatable
      barrel part 112 having an outwardly extending annular flange 114 which, in
      combination with a fixed inner barrel part 115, establishes an interfacial
      plane 116 which normally is intersected by annular series of split
      tumblers 118. When all of the tumbler splits lie in the common interfacial
      plane 116, the outer barrel part 112 may be rotated, otherwise not.
PAR  Rotation of the outer barrel part 112 is accomplished by means of the key
      33. The latter is tubular, has tumbler-engaging shoulders 124, and is
      adapted to be telescopically received over the barrel part 112 as is
      customary in connection with conventional axial tumbler-type locks.
PAR  In order releasably to latch the cylinder lock 16 in its retracted position
      within the socket 73, and thus, project the locking bolt 82 for armored
      cable-anchoring purposes, a latch bolt 130 (see FIGS. 4 and 5) is slidable
      in a bore 132 in the cylinder part 88. An eccentric pin 134 on the lower
      end of the barrel part 112 projects into a recess 136 in the latch bolt
      130 so that rotational movement of the barrel part 112 is translated into
      sliding movement of the latch bolt. A compression spring 140 serves to
      urge the latch bolt to a projected position within a recess 144 (see FIG.
      4) which is cut in the wall of the socket 73 in the lock housing 12, thus
      maintaining the cylinder lock 16 in its retracted position and maintaining
      the locking bolt 82 projected against the adjacent socket members 24 in
      the bore 31.
PAR  Referring now to FIG. 7, the end fitting or slack take-up device 14 is in
      the form of an elongated thimble-like construction and, in effect,
      constitutes a terminal armor or thimble section. The latter defines a
      relatively deep socket 150 and an enlarged countersocket 152 which define
      therebetween an annular shoulder 154. An annular groove 156 in the wall of
      the countersocket 152 cooperates with the aforementioned groove 70 in the
      guide collar 64 to receive the snap ring 71 so that when the guide collar
      is projected into the countersocket 152, the parts snap together and
      disconnection thereof is impossible. The open rim of the thimble section
      is formed with a semi-spherical recess 158 which, in effect, constitutes a
      continuation of the aforementioned ball-receiving recess 66 in the guide
      collar 64.
PAR  In the operation of the herein described armored cable-type lock assembly
      10, assuming that the same is to be applied to a motorcycle such as the
      illustrated motorcycle 13, the elongated armored cable 11 is passed
      through appropriate openings in the motorcycle frame 21 and one of the
      wheels 25 and, thereafter, the terminal device 14 on the free or distal
      end of the cable is passed through the transverse bore 31 in the lock
      housing 12 and the latter is caused to slide on the armored cable to
      shrink the loop which has been established in encircling relationship with
      respect to the selected portions of the motorcycle 13. After the desired
      loop size has been approximately attained, care must be taken to insure
      that the adjacent ends of a pair of socket members 24, together with their
      contained ball member 22, is in alignment with the tapered locking bolt
      82. This may readily be ascertained by causing the two socket members 24
      to project equally from the opposite sides of the lock housing 12. It will
      be assumed that the cylinder lock 16 in the lock housing 12 has been left
      in its "popped-out" position from a previous unlocking of the same and,
      therefore, when such socket member and locking bolt alignment has been
      effected as set forth above, the cylinder lock may be pushed manually to
      its operative or locked position within the lock-receiving socket 73. As
      soon as this has been done, the latch bolt 130 (see FIG. 5) will snap into
      its projected position and enter the recess 144 in order to maintain the
      cylinder lock in such operative position. Such pushing of the lock
      cylinder will force the locking bolt 82 against the opposed edge regions
      of the two adjacent socket members 24 as previously described, thus
      forcing the same, together with the interposed ball member 22, downwardly
      and establishing an obtuse angular relationship between the adjacent
      socket members 24 as shown in FIG. 6 so that the armored cable 11 is no
      longer capable of being slid through the bore 31. Release of the armored
      cable 11 is accomplished by inserting the key 33 into the cylinder lock 16
      and turning the same in such a manner as to withdraw the latch bolt 130
      from the recess 144 in order to allow the cylinder lock 16 to snap to its
      popped-up position as shown in dotted lines in FIG. 4, whereupon the
      locking bolt 82 will be withdrawn from the transverse bore 31, thus
      freeing the armored cable 11 for sliding movement in the bore and complete
      removal therefrom. By reason of the fact that when the lock bolt 82 is in
      its operative position, the adjacent socket members are in what may be
      termed a "caked" condition due to the particular shape of the transverse
      bore 31 in the lock housing 12, unauthorized opening of the lock assembly
      10 as a whole is effectively prevented without placing undue strain on the
      lock bolt. By reason of the fact that the special ball and socket member
      35 which is interposed between the slack or lost-motion take-up device 14
      and the endmost bolt member on the free or distal end of the stranded
      steel cable 20 embodies the integral half-ball 67, sharp tilting of the
      device 14 with respect to the special ball and socket member 35 will not
      expose the portion of the stranded steel cable 20 which is between the
      half-ball 67 and the semi-spherical recess 158 and, consequently, it is
      impossible to sever such portion of the stranded steel cable by way of a
      hacksaw or the like.
PAR  The invention is not to be limited to the exact arrangement of parts shown
      in the accompanying drawings or described in this specification as various
      changes in the details of construction may be resorted to without
      departing from the spirit of the invention. For example, although a
      particular form of cylinder lock 16 has been shown and described herein,
      other forms of cylinder locks may be employed if desired, the only
      criterion being that such locks be provided with a shiftable locking bolt
      which is similar to the bolt 82 and, in addition, is capable of similar
      cooperation with adjacent socket members 24 within the bore 31. Therefore,
      only insofar as the invention is particularly pointed out in the
      accompanying claims is the same to be limited.
CLMS
STM  Having thus described the invention what I claim as new and desire to
      secure by letters patent is:
NUM  1.
PAR  1. An armored cable-type lock assembly comprising an elongated flexible
      stranded steel cable having a fixed end and a free end, a lock housing
      secured to said fixed end, an end member secured to said free end, a
      series of tubular sheathe-like armor sections threadedly received over
      said cable in bead-like fashion and forming with said stranded cable an
      armored cable assembly, said armored cable assembly including alternately
      arranged cylindrical tubular socket members and intervening ball members,
      each ball member, in combination with the adjacent tubular socket members,
      establishing a ball and socket joint between such adjacent socket members
      to allow limited flexing of the armored cable accompanied by corresponding
      angular displacement between adjacent socket members, said lock housing
      being provided with a transverse bore therein and adapted slidingly to
      receive therethrough axially aligned adjacent cylindrical socket members
      on the free end region of the cable in order to produce a closed variable
      size loop, one side wall portion of the bore being formed with a shallow
      internal concave relief area which is V-shaped from end to end, and
      releasable key-actuated locking means mounted in the lock housing and
      including a locking bolt disposed opposite to the relief area, extending
      at right angles to the bore, and slidable between a projected position
      wherein it extends into said bore and engages the opposed end edges of a
      pair of adjacent socket members in the vicinity of a ball and socket joint
      and displaces said adjacent socket members angularly and presses such
      joint into said relief area, said locking bolt being provided with a
      tapered end surface to the end that it makes linear contact with the
      adjacent end regions of the housing-enclosed socket members when it is
      fully projected and thus binds and kinks the armored cable within the bore
      and relief area, and a retracted position wherein the thus kinked region
      of the armored cable is relieved so that the armored cable may be
      withdrawn from the confines of the bore, thus releasing the cable and its
      associated armor sections for sliding movement through the bore.
NUM  2.
PAR  2. An armored cable-type lock assembly as set forth in claim 1 and wherein
      the transverse bore defines opposite end openings which are approximately
      circular and of the same diameter as that of the socket members, one side
      of the wall portion of the bore is semi-cylindrical throughout, and the
      other side of the wall portion of the bore slopes inwardly from said
      circular end openings, thus establishing said V-shaped relief area.
NUM  3.
PAR  3. An armored cable-type lock assembly as set forth in claim 2 and wherein
      said other side of the wall portion presents inwardly and sloping bottom
      portions which are semi-cylindrical in transverse cross section and have
      radii of curvature equal to the radius of the cylindrical socket members.
NUM  4.
PAR  4. An armored cable-type lock assembly as set forth in claim 1 and wherein
      said lock housing is adapted in certain instances to extend substantially
      vertically and has a cylindrical socket formed in the lower end thereof,
      the wall of said socket being provided with an internal annular groove
      therearound, a cylindrical retaining collar is mounted on the fixed end of
      the cable and fits snugly in telescopic fashion within said socket, is
      provided with an external annular groove therearound in register with said
      internal annular groove, a snap ring seats within said grooves and serves
      permanently to retain the collar within the socket, the collar projects
      outwardly beyond the confines of the lock housing and is formed with an
      integral half-ball on its projecting end, and said half-ball cooperates
      with the adjacent socket member on the cable to establish a ball and
      socket joint in the immediate vicinity of the lock housing.
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ABST
PAL  A handle set door lock comprised of an outer assembly with a handle, a
      thumb piece actuator, a key operated cylinder, a latch bolt and operating
      mechanism, and a selective control member is disclosed. When the selective
      control member is in a first position, depression of the thumb piece
      actuator engages the operating mechanism causing the retraction of the
      latch bolt. When the selective control member is in a second position, the
      thumb piece actuator is disengaged from the operating mechanism permitting
      depression of the thumb piece actuator but without causing retraction of
      the latch bolt. The latch bolt can always be retracted by the conventional
      key operated cylinder located on the outer assembly when the selective
      control member located on the inner knob is in either the first or second
      position. In addition, a unique gear driven key operated assembly provides
      improved mechanical advantages, and combined with the above described
      latch bolt retraction means, provide a simple and more compact mechanism
      not requiring extra openings in the door for mechanism clearance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the field of door locks and, more
      particularly, to handle door lock types.
PAR  2. Prior Art
PAR  In the past, external door locks utilizing a thumb piece actuator and key
      mechanism were normally locked by blocking operation of the external thumb
      piece actuator. When one attempted to force open a door with a lock which
      was in the locked position, all that was needed to damage the lock was to
      press down the thumb piece actuator with more force than the blocking
      mechanism was constructed to withstand. This would cause the lock
      mechanism, which is generally activated by the thumb piece actuator, to
      bend or break, thereby permitting illegal entry, or to become inoperative
      resulting in the necessity of complete removal of the lock mechanism and
      replacement of the bent or broken parts. In addition, especially during
      the construction phase of buildings having multiple lock installations,
      the thumb piece actuator has become a prime subject of vandalism. For
      example, a vandal would attempt to enter into the locked area by striking
      the thumb piece actuator. In most instances, the thumb piece actuator will
      merely bend or break and entry will not be achieved. However, the thumb
      piece actuator, as well as other parts, may have to be completely
      replaced. Consequently, it has long been the practice in the prior art to
      use expensive and bulky thumb piece actuators and blocking mechanisms in
      an attempt to eliminate, or at least substantially reduce the vandalism
      encountered in forceable entry attempts. Of course, this is expensive and
      does not completely prevent vandalism and illegal entry inasmuch as a
      vandal is likely to strike the thumb piece actuator with a heavy blunt
      instrument. If such was the case, the lock mechanism itself may be severly
      damaged requiring the complete door lock to be removed and repaired or
      replaced. The necessity of complete removal accentuates the problems
      associated with the prior art thumb piece actuators which are immovable
      when the lock mechanism is in the locked position.
PAR  Another aspect of prior art external door locks is that they require at
      least two holes to be drilled in the door so as to communicate with the
      outside escutcheon; one hole for the door knob and a second hole for the
      lock cylinder assembly. The second hole is necessary inasmuch as the prior
      art lock cylinder assemblies are too large to fit into the outside
      excutcheon. The prior art lock cylinder assemblies consist of a
      complicated series of metal bars and levers which are activated and set
      into motion when the lock cylinder is rotated. These bars and levers are
      expensive, subject to malfunction, and take up much of the space in the
      escutcheon housing. Because of the exactness required for placement of the
      holes in the door, expensive equipment is also required to drill the
      required holes for the lock assemblies. In addition, there is considerable
      time required for determining the exact location of the holes, and
      therefore, any extra holes can add significantly to the cost and
      complexity of installation. This problem is especially acute when one
      considers that an improperly drilled hole can cause the entire lock
      mechanism to be rendered inoperative. Further, expensive repairs may be
      required to patch an undesired hole in the door before a second attempt of
      installation can be made. It is thus apparent that any prior art door lock
      which requires extra holes to be drilled in the door for the lock cylinder
      mechanism suffers severe shortcomings.
PAR  The present invention encompasses novel improvements for a door lock which
      offers desirable characteristics heretofore lacking in the prior art
      locks.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention relates to a door lock comprised of a lock mechanism
      which has a reciprocating latch bolt disposed in the mechanism. The latch
      bolt is adapted so as to be engaged by a latch driving assembly means.
      When the latch driving means is activated by an actuating member, for
      example, by a thumb piece actuator, the latch driving means effects
      movement of the latch bolt between retracted and extended positions. The
      lock mechanism also has a selective control member disposed in it. When
      the selective control member is in a second position, the thumb piece
      actuator is disengaged and may be fully depressed while the latch bolt
      remains in the extended position without causing the latch bolt to move
      into the retracted position. When the selective control member is in a
      first position, the thumb piece actuator engages the latch driving means
      so as to cause the latch bolt to move into the retracted or unlocked
      position. The latch bolt can also be activated by a key and associated
      lock cylinder assembly irrespective of whether the selective control
      member is in the first or the second position. Another important aspect of
      the present invention is that the lock cylinder assembly activates a
      unique gear driven system which causes the movement of the latch bolt.
      Because the gear driven system does not protrude inwardly beyond the
      escutcheon on which the invented lock mechanism is mounted, there is no
      requirement for a hole to be drilled in the door for the lock cylinder
      assembly. Using the door lock mechanism of the present invention, a vandal
      proof and jam retardant lock which may be easily installed is achieved. It
      is, therefore, an object of the present invention to provide a door lock
      which enables full depression of the thumb piece actuator while the latch
      bolt is in the extended position without causing the latch bolt to
      retract.
PAR  Another object of the present invention is to allow the latch bolt to be
      retracted by the use of a key means or a thumb piece actuator when the
      lock mechanism is in the unlocked position.
PAR  A third object of the present invention is to provide a door lock which can
      be easily installed and which does not require the drilling of an
      additional hole for the lock cylinder assembly.
PAR  Finally, another object of the present invention is to provide a gear drive
      means which is activated by a key and associated lock cylinder assembly,
      and which causes the latch bolt to reciprocate between extended and
      retracted positions.
PAR  The novel features which are believed to be characteristic of the
      invention, both as to its organization and method of operation, together
      with further objectives and advantages thereof, will be better understood
      from the following description considered in connection with the
      accompanying drawing in which a presently preferred embodiment of the
      invention is illustrated by way of example. It is to be expressly
      understood, however, that the drawing is for the purpose of illustration
      and description only, and is not intended as a definition of the limits of
      the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of an outside escutcheon containing the invented
      door lock mechanism mounted on a door frame;
PAR  FIG. 2 is a side view of the door frame showing the escutcheon and lock
      mechanism of FIG. 1 on one side of the door frame and an inside door knob
      on the other side;
PAR  FIG. 3 is a cross-sectional view of the escutcheon and lock mechanism of
      FIG. 2 taken through section lines 3--3 showing the invented mechanism in
      the unlocked position mounted on the inside of the escutcheon;
PAR  FIG. 4 is a cross-sectional view of the escutcheon and lock mechanism of
      FIG. 3 taken through section lines 4--4 showing the invented gear drive
      means;
PAR  FIG. 5 is a further cross-sectional view of the escutcheon and lock
      mechanism of FIG. 3 showing the mechanism in the unlocked position with
      the key rotated 180.degree.;
PAR  FIG. 6 is a partial cross-sectional view taken through section lines 6--6
      of FIG. 5 showing the action of the thumb actuator;
PAR  FIG. 7 is a partial cross-sectional view of the escutcheon and lock
      mechanism of FIG. 3 showing the mechanism in the unlocked position and
      with the thumb actuator depressed;
PAR  FIG. 8 is a cross-sectional view of FIG. 3 taken through section lines 8--8
      showing the action of the latch bolt, a control button and an inside door
      knob;
PAR  FIG. 9 is a cross-sectional view of the escutcheon taken through section
      lines 9--9 of FIG. 3 showing the partial view of a latch driving assembly
      and a latch engaging cam;
PAR  FIG. 10 is a partial cross-sectional view of the escutcheon taken through
      section lines 10--10 of FIG. 9 showing a solid spindle engaged in a pin
      engaging cam;
PAR  FIG. 11 is a further partial cross-sectional view of the escutcheon and
      lock apparatus shown in FIG. 2 showing the mechanism in the locked
      position and the pin track disengaged from the latch driving assembly;
PAR  FIG. 12 is a partial cross section of the escutcheon and lock mechanism of
      FIG. 3 showing the thumb actuator depressed without engaging the latch
      driving assembly;
PAR  FIG. 13 is a further cross-sectional view of the escutcheon and lock
      mechanism of FIG. 3 showing the mechanism in the locked position with the
      latch driving assembly activated by a lock cylinder assembly and the
      associated key.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention is a door lock which prevents illegal entry by
      forcing or the breaking of the outside actuating member, for example, a
      thumb piece actuator, in the event that the actuating member is forceably
      depressed when the lock assembly is in the locked position. The present
      invention is intended for use primarily in outer doors of such
      installations as apartment houses, homes, motels, etc. where a lock
      assembly would be a likely target of vandalism and forced entries, or
      where highly demanding treatment and abuse of the lock assembly may have a
      tendency to cause the lock mechanism to break, bend, or jam. Broadly, the
      invented door lock comprises a lock mechanism, a latch bolt, a latch
      driving means, an outside actuating member, and a selective control
      member. The selective control member and the latch bolt are coupled so as
      to allow the latch bolt to be selectively activated by the outside
      actuating member. When the selective control member is in a first
      position, the latch bolt can be retracted via the latch driving means by
      depressing the outside actuating member. The latch driving means is
      disposed in the lock mechanism so as to effect movement of the latch bolt
      from extended to retracted positions. When the selective control member is
      in a second position, the outside actuating member may still be fully
      depressed but the latch bolt does not retract; rather it remains in the
      extended position. Thus, illegal entry or damage to the lock mechanism is
      substantially prevented when the selective control member is in the second
      position inasmuch as depression of the thumb piece actuator does not
      activate or otherwise set into motion the latch bolt. Another aspect of
      the present invention is that the latch bolt may also be activated in the
      normal fashion by a key and associated lock cylinder assembly which causes
      the latch bolt to reciprocate between the retracted and extended positions
      by a novel driven system. Thus, the key and associated lock cylinder
      assembly cause the latch bolt to reciprocate irrespective of whether the
      selective control member is in the first or second position.
PAR  The lock cylinder assembly of the present invention can be fully disposed
      in a typical escutcheon without any inner protrusion, thereby allowing the
      escutcheon and lock mechanism to be mounted on a door without the need for
      a separate hole which is usually required to be drilled for receiving a
      protruding lock cylinder assembly. This feature is made possible by a
      unique gear driven system. The gear driven system is compact, jam
      retardent and enables the action of the lock cylinder assembly to be
      effectively and efficiently transmitted to the latch bolt. Thus, the lock
      cylinder of the present invention may be disposed on the escutcheon
      without the need for increasing the dimensions of the escutcheon or
      drilling an additional hole in the door in order to receive the lock
      cylinder.
PAR  Referring first to FIGS. 1 and 3, the escutcheon 20 houses the inner
      working of the entire invented lock mechanism. In the presently preferred
      embodiment, the invented lock mechanism is mounted on the inside surface
      of the escutcheon 20. However, it is within the scope of the present
      invention to use other mounting means such as plates and the like for
      mounting the lock mechanism to the door. In the presently preferred
      embodiment, the lock mechanism 19 is attached to the escutcheon 20 by
      means of a lock assembly bracket 52 and screw means 53a, 53b and 54 which
      are received in threaded holes, as shown in FIG. 3. In the upper center of
      the escutcheon 20 is an outer protrusion 28 which contains the lock
      cylinder assembly 40 within its perimeter. Of course, the outer protrusion
      28 may be of various shapes and sizes as is known in the art. The
      actuating member is comprised of a thumb piece actuator 21 and a grooved
      pin movement arm 49. The thumb piece actuator 21 is generally disposed
      beneath the lock cylinder assembly 40, however, in other embodiments of
      the present invention, the thumb piece actuator 21 may be disposed above
      or to the side of lock cylinder assembly 40 as desired. There may also be
      various types of handle means H disposed at various locations on the door
      to provide the user with an easy gripping means for opening and closing
      the door.
PAR  In FIG. 2, a cross-sectional view of the door 99 is shown so as to point
      out the relative positions of the various elements in the presently
      preferred embodiment of the present invention. A door knob assembly means
      25 is disposed on the inner side of the door 99, and the escutcheon 20 is
      disposed on the outer side of the door 99. An inside rosette 24 aids in
      aligning the door knob assembly 25 to the door 99, and in covering the
      hole on the inside of the door.
PAR  Referring to FIGS. 4 and 8, a control member 26 is shown as axially
      disposed in the inside door knob assembly 25. In the preferred embodiment
      the selective control member takes the form of a control button member 26,
      which may be rotated from a first position to a second position although
      other selective control means, are within the scope of the invention. The
      control button member 26 is disposed through the door 99 into the lock
      mechanism 19 and is comprised of a spring 26a  and a rotatable member 26b.
      A solid spindle 30 is disposed in the rotatable member 26b and rotates
      when member 26b is rotated. While the control button member 26 is
      illustrated to be actuated by rotation, it can be actuated by a push
      button action, if desired. When the control button member 26 is in the
      first position, depressing thumb piece actuator 21 causes the latch bolt
      22, mounted in the latch face 23, to retract and to move into an unlocked
      position enabling one to open the door. When the control button member 26
      is in the second position, the latch bolt 22 can only be retracted from
      the outside by rotating key 27 in the associated lock cylinder assembly
      40.
PAR  Referring now again to FIG. 3, there is shown the lock mechanism 19
      disposed within and mounted on the escutcheon 20. FIG. 3 shows the lock
      mechanism 19 in the "unlocked position". By the unlocked position it is
      meant that the control button member 26 shown in FIGS. 4 and 8, is in the
      first position. This allows the thumb piece actuator 21, when depressed,
      to cause the latch bolt 22 to retract and move into an retracted position
      which permits one to open the door. As will be pointed out with
      specificity hereinafter, when the lock mechanism is in the unlocked
      position, the latch bolt 22 may also be retracted and moved to the
      unlocked position by rotation of the key 27 in the associated lock
      cylinder assembly 40. It should be noted that when the lock mechanism 19
      is in the unlocked position, the solid spindle 30 is in an upright or
      vertical position.
PAR  Referring again to FIG. 3, a latch driving assembly means 32 for engaging
      the latch bolt 22 is shown as comprising (i) an arm 33, (ii) a notch 34 in
      the arm 33, (iii) a latch engaging cam 35 disposed at one end of the arm,
      (iv) a pin 36 disposed near the end of the pin arm 37, and (v) an arm
      ledge 60 disposed near the opposite end of the arm 33 with respect to the
      cam 35. The latch driving means 32 is cooperatively coupled in the lock
      mechanism 19 between the segment gear arm 44, which is disposed on the
      segment gear 43, and the hollow spindle 29. In the presently preferred
      embodiment, the segment gear 43 and segment gear arm 44 are disposed near
      the top of the escutcheon 20, and the cam 35 and hollow spindle 29 are
      disposed near the bottom of the escutcheon. The arm ledge 60 is disposed
      on or near the segment gear arm 44 such that when the segment gear arm 44
      moves in the upward position, the gear arm 44 engages the arm ledge 60 and
      thus, the latch driving assembly 32 also travels upward as is best shown
      in FIG. 5. The hollow spindle 29 has a square cross section in the
      presently preferred embodiment which is disposed into a square cut area of
      substantially the same size and shape which has been disposed through
      latch engaging cam 35. As the latch driving means 32 travels upward, the
      cam 35 (disposed on swivel rivet 38a) and the hollow spindle 29, are
      caused to partially revolve as clearly shown in FIG. 5. Because the cam 35
      is coupled to the latch bolt 22 via the hollow spindle 29 and a latch bolt
      activating apparatus, shown as latch bolt driving bar 64 in FIG. 8, by
      revolving the hollow spindle 29, the latch bolt driving bar causes the
      latch bolt 22 to move into the retracted position. Hence, one way to cause
      the latch bolt 22 to move into the retracted position, as more fully
      described hereinafter, is to move the latch driving means 32 upward by
      rotation of segment gear 43 and segment gear arm 44.
PAR  Another way to retract the latch bolt 22 is to depress the thumb piece
      actuator 21, as shown in FIG. 7, which communicates with the pin 36 on the
      pin arm 37 by means of the grooved pin movement arm 49. In the presently
      preferred embodiment, the pin arm 37 is disposed under the arm 33 near the
      top of the latch driving means 32 by means of a swivel rivet 38 and is
      moveable from a position near the center of the mechanism 19 to an outward
      position, as shown in FIG. 11. As the arm 49 is moved upward by depressing
      the thumb piece actuator 21, the pin 36 is engaged and forces the pin arm
      37 upwardly. Inasmuch as the pin arm 37 is coupled to the latch driving
      means 32 by means of swivel rivet 38, the latch driving means is also
      driven into an upward position. As the latch driving means is driven
      upward, the cam 35 is again rotated which causes the hollow spindle 29 to
      rotate. The rotation of the hollow spindle 29 causes the latch bolt 22 to
      retract (shown in FIG. 8) as previously discussed.
PAR  Referring now to FIG. 4, a cross-sectional view of the lock mechanism 19 is
      shown. The control button member 26, made up of spring 26a and rotatable
      member 26b, is shown as axially disposed through the door knob 25 and as
      coupled to the solid spindle 30. When the control button member 26 is
      rotated by depressing the rotatable member 26b into the door knob 25 and
      rotating it to a second position, the solid spindle 30 is caused to rotate
      in the same direction as the spring loaded member. The solid spindle 30 is
      also engaged by the solid spindle cam 39 shown in FIGS. 5 and 9, and as
      the solid spindle rotates, so does the cam 39. The solid spindle 30 is
      disposed axially through hollow spindle 29, such that hollow spindle 29
      does not rotate upon rotation of the solid spindle 30 since only the solid
      spindle is coupled to the rotatable member 26b. Also in FIG. 4 is the lock
      cylinder gear 41, referred to as the first gear, shown as disposed
      vertically and axially on lock cylinder assembly 40. Rotation of the key
      27 causes the lock cylinder gear 41 to rotate and to transmit the rotation
      to a transmitter gear means 42, also referred to as the second gear. The
      transmitter gear means 42 is comprised of two integral gears, 42a and 42b.
      Gear 42b engages the lock cylinder gear 41 and gear 42a engages the
      segment gear 43, the latter gear also referred to as the third gear.
PAR  In FIG. 5, the effect of rotating the key in the lock cylinder 40 when the
      lock mechanism 19 is in the unlocked position is most clearly shown.
      Rotation of the key activates the gear driven system which causes the
      latch bolt 22 to move into the open position as hereinafter described. In
      the presently preferred embodiment, the lock cylinder assembly 40 is
      disposed in and mounted to the escutcheon by means of lock cylinder
      bracket 55 and screw 56. The housing 76 which contains integral segment
      gear 43 and gear arm 44, is disposed within the outer protrusion 28 as
      shown in FIG. 4. FIG. 5 clearly shows that transmitter gear 42a in the
      present embodiment is disposed adjacent to and under transmitter gear 42b.
      Transmitter gears 42a and 42b provide for an unexpectedly smooth extending
      and retracting of the latch bolt 22. As the key in the lock cylinder
      assembly 40 is rotated (causing the lock cylinder gear 41 to rotate), the
      rotation is transmitted via transmitter gears 42a and 42b, to segment gear
      43. And as segment gear 43 rotates, the gear arm 44, radially disposed
      adjacent to gear 43 and along the periphery of housing 76, is caused to
      engage the arm ledge 60 of the latch driving assembly 32. In the presently
      preferred embodiment, segment gear 43 is axially disposed around lock
      cylinder assembly 40 and contains gear teeth on only about one fourth of
      its circumference as seen in FIGS. 3 and 5. In other embodiments, the
      segment gear 43 can contain teeth along more or less of the circumference
      depending on the rotation required. In the presently preferred embodiment,
      the gears 41, 42a, 42b, and 43 are made of molded nylon, but other
      plastics and metals may be used as castings or moldings and are within the
      scope of the invention.
PAR  Comparing FIG. 5 with FIG. 3, one can see in FIG. 5 that as the lock
      cylinder assembly 40 is rotated, the gear arm 44 has engaged the arm ledge
      60 causing the entire latch driving means 32 to be driven upwardly. As the
      segment gear 43 rotates, it compresses segment gear spring 59 shown in
      FIG. 3. After the user turns the key, thereby causing the latch bolt 22 to
      move into the retracted position, and then releases the key, the key and
      latch bolt 22 automatically return to the extended position they initially
      occupied because of the action of the spring 59. Thus, another desirable
      feature of the present invention is achieved, namely automatic return of
      the latch bolt 22 to the extended position when the key is released.
PAR  In the presently preferred embodiment, the gear ratios of gears 41, 42a,
      42b, and 43 are selected such that a rotation of the key 27 of
      approximately 180.degree. causes the gear arm 44 mounted on segment gear
      42 to rotate approximately 60.degree.. Various gear ratios, as well as
      different physical configurations of gears are a matter of choice to one
      of skill in the art and should be selected based upon the mechanical
      advantage desired. It should be noted that in FIG. 5, as the latch driving
      means 32 is driven upwardly, the latch engaging cam 35 is caused to rotate
      about the swivel rivet 38a. Rotation of cam 35 causes the hollow spindle
      29, which is disposed through cam 35, to rotate. Rotation of hollow
      spindle 29 activates the latch bolt driving bar 64 which causes the latch
      bolt 22 to be disposed into the retracted position, as shown in FIG. 8.
PAR  Also shown in FIG. 8 is the solid spindle 30 axially disposed in the
      control button member 26. One can see that the hollow spindle 29 is
      actually made up of two separate sections. By rotating the door knob 25
      the hollow spindle 29 is also caused to rotate inasmuch as the spindle 29
      is coupled to the door knob through an alignment member 75. The section of
      the hollow spindle 29 that is disposed to the door knob 25 is also
      disposed into the hollow spindle holder 70. When the door knob is rotated,
      the spindle holder 70 is also caused to rotate which activates the latch
      bolt driving bar 64. The latch bolt driving bar 64 is disposed between a
      first support means 65 and a second support means 66. The latch bolt
      driving bar 64 is also reciprocatably disposed to the latch bolt 22. As
      the latch bolt driving bar 64 is moved, the latch bolt 22 is caused to
      withdraw into cavity 71 (in the retracted position) thereby allowing the
      door to open.
PAR  There is also a section of the hollow spindle 29 that is disposed between
      lock mechanism 19, and hollow spindle holder 70a. As this section of the
      hollow spindle 29 is rotated (because of an upward movement of means 32),
      the same effect on the latch bolt 22 is achieved, namely, the latch bolt
      22 is caused to move into the retracted position. In effect, rotation of
      hollow spindle 29 in holder 70a causes the latch bolt driving bar 64 to
      move the latch bolt 22 into the retracted position. The first and second
      support means 65 and 66, respectively, of the latch bolt driving bar 64
      are supported by a suitable mounting means, e.g., by mounting screws 62
      and threaded members 61. In the presently preferred embodiment, the
      threaded members 61 are joined to a back plate 68. The back plate 68 is
      mounted to the escutcheon 20 when the screws 62 are disposed through the
      rosette 24. Thus, the door knob 25 and the escutcheon are joined together
      to make up the door lock of the present invention.
PAR  In FIG. 5, pin 36 is shown as engaging the grooved pin movement arm 49 at
      groove 50 as the lock cylinder assembly 40 is rotated. The pin movement
      arm 49 is driven into an upward direction and rotates about the pin
      movement of rivet 51 as the pin 36 engages the arm 49. As the movement arm
      49 moves upwardly, it begins to disengage the thumb piece actuator 21 from
      the pin movement tongue 58. However, the action of the movement arm 49 is
      passive and has no effect on extending or retracting the latch bolt 22.
      When the key 27 is rotated as shown in FIG. 5, the thumb piece actuator
      21, seen clearly in FIG. 6, may travel upwardly as the pin movement tongue
      58 passively travels upwardly and disengages the thumb piece actuator. Any
      movement of the thumb piece actuator 21, however, is also passive when the
      key (and therefore the gear driven system) is used to activate the latch
      bolt 22. However, because of tension placed on the pin movement spring 57
      as the movement arm 49 is disposed upwardly, when the key is released, the
      spring 57 causes the movement arm 49 and the movement tongue 58 to return
      to their original positions.
PAR  Referring now to FIG. 7, the control button 26 is still in the first
      position and thus, the solid spindle 30 has not been rotated. It can be
      seen that the latch driving means 32 may also be actuated by the
      depression of the actuating member (comprised of thumb piece actuator 21
      and grooved pin movement cam 49). When the thumb piece actuator 21 is
      depressed, it engages the pin movement tongue 58. Movement tongue 58 is
      mounted on the grooved pin movement arm 49. As the grooved pin movement
      arm 49 is forced upwardly by the depression of the thumb piece actuator
      21, the pin movement groove 50 engages the pin 36 on the pin arm 37 and
      forces the entire latch driving means 32 upwardly. (The entire latch
      driving means is forced upward since the pin arm 37 is positioned to the
      top of the latch driving means by swivel rivet 38a). As the latch driving
      means 32 is forced upwardly, the latch engaging cam 35 is rotated about
      the swivel rivet 38a, and the hollow spindle 29, disposed through the
      latch engaging cam 35, is thereby rotated. Rotation of the hollow spindle
      29 causes the latch bolt 22, as shown in FIG. 8, to be moved into the
      retracted position as previously discussed. Note that in FIG. 7 the
      depression of the thumb piece actuator 21 does not cause the gears 41,
      42a, 42b, or 43 to be rotated. When the thumb piece actuator 21 is used to
      selectively activate the latch bolt 22, the lock cylinder assembly 40
      becomes the passive element of the invented lock mechanism.
PAR  FIGS. 9 and 10 show the solid spindle 30 disposed inside the hollow spindle
      29. FIGS. 9 and 10 also show the relative positions of the pin track
      protrusion 48, disposed along the pin track 45 and the solid spindle
      engaging cam 39. One can see that the solid spindle 30 is free to rotate
      inside the hollow spindle 29, and that only the solid spindle 30 is
      disposed in the solid spindle cam 39, while the hollow spindle 29 is
      engaged only by the latch engaging cam 35. When the solid spindle 30 is
      rotated to a second position, the lock mechanism is now in the "locked
      position". The solid spindle 30 is rotated by rotation of the control
      button member 26 shown in FIGS. 4 and 8 from the first position to the
      second position. Referring again to FIG. 9, when the control button member
      26 is rotated to the second position, the solid spindle 30 causes the
      solid spindle cam 39 to push against the protrusion 48 disposed on the pin
      track 45. The cam 39 is held in position by cam holder 72 and screw means
      54. Rotation of the cam 39 against the protrusion 48 by rotation of the
      control button member 26 forces the entire pin track 45 to an outward
      position and disengages the thumb piece actuator 21 and the grooved pin
      movement cam 49.
PAR  Referring to FIG. 11, the effect of rotation of the control button member
      26 to the second position and the relationship of the pin track 45 to the
      other elements of the assembly can be clearly seen. Notice that the solid
      spindle 30 is in a horizontal position when the control button member 26
      is in the second position. The pin track 45 is shown as coupled to the
      latch driving assembly 32 via pin 36. The rotation of the control button
      member 26 causes the solid spindle 30, disposed in cam 39, to rotate and
      thus, cam 39 is caused to move into a second position. Pin 36 is also
      engaged by the track slot 46 because the pin 36 is disposed through the
      pin arm 37. Thus, the pin 36 engages the pin movement groove 50 on the pin
      movement arm 49 (as best shown in FIG. 7) when the control button member
      26 is in the first position, and the same pin 36 is also disposed in and
      engaged by the track slot 46 as shown in FIGS. 11 and 12. As the pin arm
      37 is operatively coupled to the control button member 26, the pin arm 37
      is caused to swing to the outward position because of swivel rivet 38 when
      said control button member is moved into the second position. By causing
      the pin 36 to swing outwardly from the assembly, it can no longer be
      engaged by the pin movement groove 50. When the pin track 45 is in the
      second and outward position (by placing the control button member 26 in
      the second position), tension is placed on the pin track spring 47. This
      spring 47 causes the pin track 45 to return to the first position shown in
      FIGS. 9 and 10 when the cam 39 is rotated to its first upright position.
PAR  In FIG. 12 the thumb piece actuator 21 has been depressed causing the
      grooved pin movement arm 49 to move in an upward position. Note, however,
      that because the pin 36 is disposed in an outward position from groove 50,
      depressing the thumb piece actuator 21 does not activate the latch driving
      assembly 32 (as the arm 49 can no longer engage the pin 36) and thus, does
      not cause the latch bolt 22 to retract. This is another novel and
      important aspect of the present invention. The thumb piece actuator 21 can
      be fully depressed without causing the opening of the door. As pointed
      out, prior art locks did not allow the thumb piece actuator to be fully
      depressed without activating the lock mechanism causing the door to open.
      Releasing the thumb piece actuator 21 will cause the grooved pin movement
      arm 49 to return to its original position because of the tension placed on
      spring 57.
PAR  As shown in FIG. 13, even though the track slot 46 has caused the pin 36 to
      be positioned into the outward position (and no longer engaged by the pin
      movement groove 50), the latch bolt 22, shown in FIG. 8, can still be
      moved into the retracted position. When the lock cylinder assembly 40 and
      the gears 41, 42a, 42b, and 43 are again rotated as previously described,
      the gear arm 44 engages the latch driving means 32 at the arm ledge 60 and
      causes the latch driving means 32 to be disposed in the upward position.
      As previously discussed, the upward movement causes the latch engaging cam
      35 to rotate, which in turn activates the latch bolt 22 and causes the
      bolt 22 to be moved into the retracted position (see FIG. 8). Thus,
      another important aspect of the present invention is demonstrated, namely,
      that when the control button member 26 is in the second position, the
      latch bolt 22 can be activated by the lock cylinder assembly 40 and a gear
      driven system but cannot be activated by the thumb piece actuator 21. Note
      in FIG. 13 that as the notched arm 33 is moved in the upward position, the
      pin arm 37 is also moved in the upward position. The pin 36 may rise up to
      the pin movement arm 49 and engage it causing the pin movement arm 49 to
      be positioned in the upward position. However, the action of the arm 49 is
      passive with respect to the lock mechanism and has no effect on the
      operation of the lock mechanism. The arm 49, if engaged by the upward
      travel of the pin 36, merely goes along for the ride.
PAR  The door lock mechanism of the present invention may be installed in a door
      with conventional equipment and without the need for an additional hole to
      accommodate the lock cylinder assembly 40. The specific equipment used for
      installation is well known in the art and is not part of the present
      invention. Once installed, the inside door knob 25 may always be rotated
      and used to open the door irrespective of the position of the control
      button member 26.
PAR  The detailed description of the preferred embodiment of the present
      invention has been presented; it is to be understood that modifications
      and variations thereof may be made by one skilled in the art for
      adaptations to the present invention to door lock mechanisms of other
      designs without departing from the scope and spirit of the present
      application.
CLMS
STM  I claim:
NUM  1.
PAR  1. A door lock comprising:
PA1  a. a lock mechanism, said lock mechanism having disposed therein, a
      reciprocating latch bolt, a latch driving means for engaging said latch
      bolt, and a rotatable lock cylinder assembly, said latch driving means
      effecting movement of said latch bolt from extended to retracted
      positions, said lock cylinder assembly having at least a first, second and
      third gear means for actuating said latch driving means, said first gear
      means is coupled to said lock cylinder assembly and engages said second
      gear means, said second gear means engages said third gear means, and said
      third gear means is arranged and configured such that rotation of said
      lock cylinder assembly causes said third gear means to engage said latch
      driving means thereby effecting movement of said latch bolt;
PA1  b. an actuating member coupled to said latch driving means to selectively
      cause said latch driving means to effect movement of said latch bolt; and
PA1  c. a selective control member, said selective control member and said latch
      driving means cooperatively coupled in said lock mechanism such that when
      said selective control member is in in a first position, said actuating
      member, when activated, engages said latch driving means and causes said
      latch bolt to move into said retracted position, and when said selective
      control member is in a second position, said latch driving means is
      disengaged from said actuating member, whereby said actuating member may
      be activated without causing said latch bolt to move into said retracted
      position.
NUM  2.
PAR  2. The door lock as defined in claim 1, wherein said lock cylinder assembly
      is rotated by an associated key.
NUM  3.
PAR  3. The door lock as defined in claim 1, wherein said lock cylinder assembly
      effects movement of said latch bolt when said selective control member is
      in said first or said second position.
NUM  4.
PAR  4. The door lock as defined in claim 1, wherein said third gear means
      comprises an arm member which engages said latch driving means.
NUM  5.
PAR  5. The door lock as defined in claim 4, wherein said arm is positioned
      radially and along the periphery of said third gear means.
NUM  6.
PAR  6. The door lock as defined in claim 4, wherein said third gear means has
      gear teeth covering approximately one fourth of its circumference.
NUM  7.
PAR  7. The door lock as defined in claim 1, wherein said gears are made from a
      material selected from the group consisting of metal and plastic.
NUM  8.
PAR  8. The door lock as defined in claim 1, wherein said gears are made as a
      casting or molding.
NUM  9.
PAR  9. The door lock as defined in claim 1, wherein said third gear means is
      axially disposed in said lock mechanism around said lock cylinder
      assembly.
NUM  10.
PAR  10. The door lock as defined in claim 1, wherein said second gear means
      comprises a first and second transmitter gears, said first transmitter
      gear engaged by said first gear means and said second transmitter gear
      engaged by said third gear means such that rotation of said lock cylinder
      assembly causes said third gear means to rotate.
NUM  11.
PAR  11. The door lock as defined in claim 10, wherein said first and second
      transmitter gears have gear ratios which cause said third gear means to
      rotate approximately 60.degree. when said first gear means rotates
      approximately 180.degree..
NUM  12.
PAR  12. The door lock as defined in claim 1, wherein said latch driving means
      comprises an arm having an arm ledge, said arm and arm ledge being engaged
      by said third gear means such that when said lock cylinder assembly is
      rotated said third gear means engages said arm ledge and arm whereby said
      latch bolt is caused to move into said retracted position.
NUM  13.
PAR  13. The door lock as defined in claim 12, wherein said latch driving means
      comprises, in addition thereto, a latch engaging cam, said latch engaging
      cam being operatively coupled to said latch bolt and to said arm and arm
      ledge such that when said third gear means engages said arm ledge, said
      latch engaging cam is caused to rotate whereby said latch bolt is caused
      to move into said retracted position.
NUM  14.
PAR  14. The door lock as defined in claim 1, wherein said latch driving means
      for engaging said latch bolt comprises:
PA1  a pin arm and a pin disposed thereon, said pin arm and pin being
      operatively coupled to said selective control member such that when said
      selective control member is in said first position, depression of said
      actuating member causes said actuating member to engage said pin and pin
      arm whereby said latch bolt is caused to move into said retracted
      position; and when said selective control member is in said second
      position, said pin arm and pin cannot be engaged by said actuating member.
NUM  15.
PAR  15. The door lock as defined in claim 1, wherein said latch driving means
      for engaging said latch bolt comprises:
PA1  an arm with a latch engaging cam mounted thereto, said latch engaging cam
      being operatively coupled to said selective control member and to said
      latch bolt by means of a spindle member such that when said selective
      control member is in said first position, depression of said actuating
      member causes said actuating member to engage said arm, said arm causes
      said latch engaging cam to rotate and thereby revolve said spindle member,
      whereby said latch bolt is caused to move into said retracted position;
      and when said selective control member is in said second position, said
      arm and latch engaging cam cannot be engaged by said actuating member.
NUM  16.
PAR  16. The door lock as defined in claim 12, wherein solid spindle member is
      disposed in said selective control member, said solid spindle member being
      coupled to and effecting movement of said spindle cam.
NUM  17.
PAR  17. The door lock as defined in claim 1, wherein said selective control
      member is coupled to a said spindle cam, engaging said latch driving means
      and effects movement of said latch driving means such that when said
      selective control member is in said first position, said spindle cam
      causes said latch driving means to be engaged by said actuating member;
      and when said selective control member is in said second position, said
      spindle cam causes said latch driving means to be disengaged from
      actuating member.
NUM  18.
PAR  18. The door lock as defined in claim 17, wherein said selective control
      member has a solid spindle disposed therein, said solid spindle effecting
      movement of said spindle cam.
NUM  19.
PAR  19. The door lock as defined in claim 1, wherein in addition thereto, a
      rotating hollow spindle member is disposed in said mechanism, said hollow
      spindle operatively coupling said latch driving means and said latch bolt.
NUM  20.
PAR  20. A door lock comprising:
PA1  a. a lock mechanism, said lock mechanism having a reciprocating latch bolt
      disposed therein;
PA1  b. a latch driving means disposed on said lock mechanism for effecting
      movement of said latch bolt from extended to retracted positions, said
      latch driving means having an arm and latch engaging cam mounted at one
      end of said arm;
PA1  c. a rotating hollow spindle member having longitudinal axial rotation
      disposed on said lock mechanism, said spindle member operatively coupling
      said latch driving means and said latch bolt;
PA1  d. an actuating member coupled to said latch driving means to selectively
      cause said latch driving means to effect movement of said latch bolt; and
PA1  e. a selective control member, said selective control member and said latch
      driving means being cooperatively coupled in said lock mechanism such that
      when said selective control member is in a first position, said actuating
      member, when activated, engages said arm which causes said latch engaging
      cam to rotate thereby rotating said hollow spindle member which causes
      said latch bolt to move into said retracted position, and when said
      selective control member is in a second position, said arm and latch
      engaging cam are disengaged from said actuating member, whereby said
      actuating member may be activated without causing said latch bolt to move
      into said retracted position.
NUM  21.
PAR  21. The door lock as defined in claim 20 wherein said latch driving means
      for engaging said latch bolt comprises:
PA1  a pin arm mounted at the other end of said arm with a pin disposed therein,
      said pin arm and pin being operatively coupled to said selective control
      member such that when said selective control member is in said first
      position, depression of said actuating member causes said actuating member
      to engage said pin and pin arm, and said pin arm causes said arm to effect
      motion of said latch engaging cam and said hollow spindle member whereby
      said latch bolt is caused to move into said retracted position; and when
      said selective control member is in said second position, said pin arm and
      pin cannot be engaged by said actuating member.
NUM  22.
PAR  22. The door lock as defined in claim 20, wherein a solid spindle member is
      disposed in said hollow spindle, said hollow spindle being coupled to a
      spindle cam, said spindle cam disposed in said door lock so as to engage
      said latch driving means and to effect movement of said latch driving
      means such that when said selective control member is in said first
      position, said spindle cam causes said latch driving means to be engaged
      by said actuating member; and when said selective control member is in
      said second position, said spindle cam causes said latch driving means to
      be disengaged from actuating member.
NUM  23.
PAR  23. The door lock as defined in claim 20, wherein said actuating member
      comprises a thumb piece actuator and a pin movement arm, said pin movement
      arm is coupled to said latch driving means such that when said selective
      control member is in said first position, said thumb piece actuator, when
      activated, engages said pin movement arm, causing said pin movement arm to
      engage said latch driving means, whereby said latch bolt is caused to move
      into said retracted position; and when said selective control member is in
      said second position, said thumb piece actuator and said pin movement arm
      cannot engage said latch driving means.
NUM  24.
PAR  24. The door lock as defined in claim 20, wherein said selective control
      member is rotatable from said first position to said second position.
NUM  25.
PAR  25. The door lock as defined in claim 20, wherein said selective control
      member is coupled to a spindle cam, said spindle cam engages said latch
      driving means and effects movement of said latch driving means such that
      when said selective control member is in said first position, said spindle
      cam causes said latch driving means to be engaged by said actuating
      member; and when said selective control member is in said second position,
      said spindle cam causes said latch driving means to be disengaged from
      said actuating member.
NUM  26.
PAR  26. The door lock as defined in claim 21, wherein said actuating member
      comprises a thumb piece actuator and pin movement arm; said thumb piece
      actuator, when activated, engages said pin movement arm, said pin movement
      arm being disposed in said door lock mechanism between said thumb piece
      actuator and said pin, such that depression of said thumb piece actuator
      causes said pin movement arm to engage said pin when said selective
      control member is in said first position; and when said selective control
      member is in said second position, said thumb piece actuator and said pin
      movement arm cannot engage said pin.
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ABST
PAL  A key holder consisting of a flat sheet and a bifurcated fastener that
      holds one or more keys to the sheet by its bendable legs passing through a
      rectangular slot to thereby prevent rotation of the fastener while
      permitting relative rotation of the key. A rack holds a plurality of key
      carrying holders in at least one row with the holders being inclined to
      enable identifying indicia to be visible and to facilitate removal and
      replacement of the holder in the rack.
BSUM
PAR  The present invention relates to a key holder to which one or more keys are
      attached and a rack for storing a plurality of holders.
PAR  Generally, where a plurality of lock operating keys are stored together,
      some form of information pertaining to each key is necessary to enable a
      user to identify the key with the lock which it operates. In many
      instances this has taken the form of a tag that is secured to the key and
      on which the information is recorded. The tags are capable of being
      attached in many suggested ways, some of which require substantial
      dexterity thereby inhibiting attachment, disengagement and substitution of
      new keys on the holder. Moreover, the storage of tagged keys has generally
      heretofore been somewhat troublesome or inconvenient either being quite
      simple but yet normally hindering the selection of the desired key or if
      enabling ready identification being somewhat expensive and awkward.
PAR  It is accordingly an object of the present invention to provide a key
      holder which may be easily attached and detached to one or more keys and
      on which identifying indicia may be recorded.
PAR  Another object of the present invention is to provide a key holder which
      while achieving the above object enables a key to be readily positioned
      for either storage or use or any one key if a plurality of keys are
      attached to the holder while minimizing the possibility of harm to a user.
PAR  A further object of the present invention is to provide a rack for holding
      a plurality of key holders which stores the key holders in a manner which
      enables ready selection of a desired key, is compact and convenient to
      store and in which each key holder is easily and conveniently capable of
      being removed or replaced.
PAR  In carrying out the present invention, there is provided a key holder
      consisting of a rectangular sheet of substantially rigid material and a
      brass fastener of the type heretofore used to bind paper pages by being
      passed through a punched hole in the pages. Particularly, the fastener has
      a head and a pair of legs with the legs being bendable to form in effect a
      head on the reverse side. The sheet is formed to have a rectangular slot
      through which the fastener legs pass. Thus, with the legs passing through
      the slot and also an aperture in the key and being bent on the obverse
      side of the holder, the key is secured to the holder by the head and bent
      legs.
PAR  One or more keys may thus be secured to the same holder and yet each is
      capable of being pivoted to either a position wherein it is within the
      confines of the holder for storage or a position in which it extends
      outwardly from the holder for use. The slot is specifically dimensioned to
      prevent rotation of the fastener in the sheet to thereby obviate possible
      harm to the user by having an end of the bent leg project beyond the
      periphery of the sheet. The sheets have a rectangular periphery and rack
      means are provided to store the key holders in at least one row with the
      holders being somewhat inclined to thereby enable a portion of each holder
      to be readily visible. Accordingly, the rack means is formed by two sides
      with each having a plurality of parallel channels into each pair of which
      the side edges of each key holder are capable of being readily inserted
      and removed. In addition, opposite each pair of channels is a surface on
      which is preferably written an identifying indicia which corresponds to
      similar indicia written on the visible portion of each holder. Thus, by
      mating the rack indicia with the holder indicia and with each holder and
      channel pair having a unique indicia, a user may thus select and replace
      with ease and convenience a holder in its proper place in addition to
      readily ascertaining if any holders are either absent or not in their
      proper place in the rack.
PAR  Other features and advantages will hereinafter appear.
DRWD
PAR  Referring to the drawing
PAR  FIG. 1 is a plan of a flat sheet forming one part of the key holder of the
      present invention.
PAR  FIG. 2 is a plan partly in section, of a brass fastener that constitutes
      the other part of the holder.
PAR  FIG. 3 is a plan showing a key attached to the holder,
PAR  FIG. 4 is a side view thereof.
PAR  FIG. 5 is a plan of the obverse side of the holder.
PAR  FIG. 6 is a detail, somewhat enlarged, showing the relationship between the
      fastener legs and the slot in the sheet.
PAR  FIG. 7 is a side view, with a portion broken away, of a rack for holding a
      plurality of key holders.
PAR  FIG. 8 is a section of a portion of the rack taken on the line 8--8 of FIG.
      7.
PAR  FIG. 9 is a top view of a further embodiment of a rack.
DETD
PAR  Referring to the drawing, the key holder of the present invention is
      generally indicated by the reference numeral 10 and includes a flat sheet
      11 having a rectangular shape shown that is preferably formed from plastic
      material such as high impact sytrene to be rigid yet resistant to
      shattering or fracturing. A rectangular slot 12 is formed adjacent the top
      edge 13 thereof. The other part of the holder consists of a brass fastener
      14 of the type normally utilized to bind paper pages together and which
      has a head 15 and a pair of parallel, bifurcated legs 16 and 17 formed of
      bendable sheet metal.
PAR  The fastener 14 is utilized to hold and secure a key 18 to the sheet 11 by
      having the legs of the fastener pass through an aperture 19 formed in the
      key and through the slot 12 of the sheet 11 until the head 15 abuts the
      key. The portion of the legs projecting from the obverse side of the sheet
      are oppositel;y bent as shown in FIG. 5 to lie flush against the sheet.
PAR  With the key secured in this manner, the key is capable of being positioned
      in a storage position where it is shown in solid lines in FIGS. 3 and 4
      and wherein it lies flush with the sheet within the periphery thereof.
      However, it is capable of being pivoted with respect to the sheet to an
      operating position wherein it projects outwardly from the top edge 13 of
      the sheet as partially shown in dotted lines in FIG. 3 so that it may be
      used to operate its lock.
PAR  The fastener legs 16 and 17 are preferably of a length which enables a
      plurality of keys to be secured onto the sheet 11, the only effect being
      to somewhat decrease the extent of the legs that are capable of being bent
      after passing through the keys and slot. Thus, as shown in FIG. 4, in
      dotted lines, additional keys may be mounted by the fastener to the sheet
      with perhaps two or so keys on the front side of the sheet and perhaps one
      key on the obverse side of the sheet. Irrespective of the number of keys
      contained, however, it will be clear that each key is capable of being
      individually pivoted to project beyond the top edge for use and to assume
      its storage position wherein it lies within the confines of the periphery
      of the sheet 11.
PAR  As the slot 12 must be located near the top edge 13 in order to enable
      lock-operating usage of each key, and as it is desired to provide a
      fastener having long legs so that more than one key may be fastened to the
      sheet 11, the present invention minimizes the possibility of harm to a
      user which the ends of the bent over legs could cause if they extended
      beyond the sheet periphery, by preventing rotation of the fastener.
      Accordingly the rectangular slot 12, as shown in FIG. 6, is sufficiently
      wide so as to receive the portions of the two legs located therein but yet
      narrow enough to prevent rotation of the legs in the slot. Thus, the slot
      maintains the bent over legs of the fastener essentially in their position
      shown in FIG. 5 wherein the legs are bent transversely to the slot
      elongation which extends from the top edge 13 towards the center of the
      sheet.
PAR  Shown in FIGS. 7, 8 and 9 are two embodiments of rack means which are
      utilized to hold a plurality of key holders. One embodiment of the rack
      means is shown in FIG. 7 and 8 and indicated by the reference numeral 20.
      It includes a container 21, such as a file card box having a pivoted lid
      22 with the lid 22, at least, being preferably formed of transparent
      material to permit visibility to the interior of the container when the
      top is down. As shown in FIG. 8, the container includes a partition that
      forms a top flat surface 23 and a recess 24 with the latter having side
      members 25a and 25b. The members 25a and 25b are symmetrical and
      preferably shaped from sheet plastic material so as to provide a plurality
      of inclined parallel channels such as the channel 26a formed in the side
      member 25a and a corresponding channel 26b formed in the side member 25b.
PAR  With a rack means 20 so constructed, each pair of channels is capable of
      receiving a key carrying key holder by merely sliding the side edges of
      the holder into the two channels. By reason of the configurations of the
      channels, the key holders are accordingly spaced apart and vertically
      inclined in a row so that the upper edge portion of each is visible. The
      present invention preferably provides an identifying indicia such as a
      number 10 on the sheet 11 as shown in FIG. 3 and a similar identifying
      number indicated by the reference numeral 28 on the surface 23. The
      surface 23 is preferably delineated to provide a writing space opposite
      each pair of channels to receive identifying indicia information which may
      be found desirable to the user of the keys, such as an indication of the
      whereabouts of the lock which the key attached to such an identified key
      holder operates.
PAR  The sheet 11 is preferably formed of material on which information
      pertaining to the key may be written. Also the writing is preferably
      easily erasable to thereby enable the information to be changed to
      correspond to the key which is currently attached to the holder. The
      identifying indicia may be permanently marked on the sheet if desired.
PAR  Shown in FIG. 9 is a rack which is capable of holding a larger number of
      key holders than the rack shown in the embodiment of FIGS. 7 and 8.
      Accordingly, the rack 29 includes a container 30 having a recess 31 formed
      between a side of the container and a partition having a top surface 32.
      The rack 29 as shown, includes a plurality of aligned side members 25a and
      25b, four of each being shown and thus is capable of holding a row of
      twenty key holders. The surface 32 permits marking opposite each pair of
      channels, identifying indicia as shown. It will be understood that while a
      plurality of side members have been shown one unitary member may be
      employed for each side, if desired.
PAR  The rack 29 is further formed to have a pair of compartments 33 and 34 with
      the compartment 33 preferably being shaped to accommodate paper inserts
      which may be shaped similar to the shape of the sheet 11 for insertion
      into the channels to enable information of the key to be placed with the
      key holder but not be written on the holder. Extra fasteners may be
      contained within the compartment 34 if desired.
PAR  While the rack shown in FIG. 9 merely shows one row of key holders it is
      contemplated that another row together with another surface like the
      surface 32 may be formed on the other side of the compartments 33 and 34
      or that a plurality of rows and surfaces may be formed adjacent each
      other. It is moreover noted that in FIG. 8 only a little more than half
      the key holder rack 20 is shown, the other half being essentially a mirror
      image of the portion shown.
PAR  With the present invention a user can glance at the rack and immediately
      determine if a key is missing by there being a void in a pair of channels.
      Moreover, the utilization of identifying indicia both on the rack and on a
      place on each key holder which is visible by reason of the parallel,
      inclined and spaced apart positioning of the holders, enables the user to
      easily select the key desired and also to enable the key to be easily
      replaced in the pair of channels from which it was removed.
PAR  It will accordingly be understood that there has been disclosed a key
      holder and rack means therefor which is composed of a single rectangular
      sheet of plastic material and a heretofore known fastener. The sheet is
      formed with a rectangular slot which enables the legs of the fastener to
      pass therethrough and to be bent on the obverse side of the sheet to
      secure one or more keys against the surface of the sheet. However, each
      key may be pivoted from a flush position within the confines of the sheet
      for storage or to a position where it projects therefrom for use. The
      utilization of a brass fastener having substantially long legs enables the
      holder to maintain a plurality of keys to the sheet but yet by
      dimensioning the slot with respect to the cross-sectional shape of the
      fastener legs, the fastener is prevented from rotating with respect to the
      sheet. Thus the ends of the legs are forced to lie within the confines of
      the sheet thereby obviating the possibility of harm caused by a projecting
      end to a user.
PAR  A plurality of holders are held in a row in parallel, spaced apart and
      vertically inclined relationship by a rack which enables visible
      identifying indicia to be placed on each key holder and also adjacent to
      each key holder a surface on which similar identifying indicia may be
      marked thereby enabling each key to be identified with its proper position
      for ease of selection and replacement.
PAR  Variations and modifications may be made within the scope of the claims and
      portions of the improvements may be used without others.
CLMS
STM  I claim:
NUM  1.
PAR  1. A key holder to which a key having an aperture is securable comprising a
      flat sheet of essentially rigid material having a periphery at least as
      large as the key, an elongate rectangular slot formed in the sheet
      adjacent one edge thereof and a fastener having a head larger than the key
      aperture and essentially parallel bifurcated legs with said legs being
      rectangular in cross-section and formed of bendable material, said slot
      being dimensioned to permit passage of the parallel legs therethrough but
      to resist relative rotation of the fastener with respect to the flat sheet
      whereby the fastener legs are adapted to pass through the key aperture and
      the slot from one side of the sheet to the other side and be bent flat
      against the other side to secure the key to the sheet while permitting the
      key to be rotated with respect to the sheet.
NUM  2.
PAR  2. The invention as defined in claim 1 in which the legs of the holder have
      a length such when bent flat the ends remain within the periphery of the
      sheet.
NUM  3.
PAR  3. The invention as defined in claim 2 in which there are a plurality of
      keys, each having an aperture and in which the legs of the fastener are
      sufficiently long to pass through the plurality of apertures.
NUM  4.
PAR  4. The invention as defined in claim 1 in which the slot is elongate in a
      direction from one edge of the sheet towards the center of the sheet and
      in which the legs are bent to extend in a direction perpendicular thereto.
NUM  5.
PAR  5. The invention as defined in claim 1 in which there is a plurality of
      identical key holders and there are rack means for supporting the holders
      in a row with the holders being parallel, inclined and spaced from each
      other in the row whereby a corresponding portion of each is visible.
NUM  6.
PAR  6. The invention as defined in claim 5 in which the rack means includes a
      pair of aligned, spaced apart side members, and in which each member has
      means defining a plurality of parallel, inclined and spaced apart channels
      whereby the side edges of each holder are adapted to be positioned in
      opposite channels on the side members.
NUM  7.
PAR  7. The invention as defined in claim 5 in which each holder is adapted to
      be held by the rack to have a visible corresponding portion of each holder
      adjacent the one edge of the sheet in which identifying indicia is
      positioned on the corresponding portion of each holder, and in which the
      rack means includes means for forming an essentially flat surface adjacent
      the row of holders and of a length substantially coextensive therewith
      whereby identifying indicia may be marked on the surface adjacent each
      pair of channels.
NUM  8.
PAR  8. The invention as defined in claim 7 in which the means forming the flat
      surface locates the surface adjacent the top edges of the row of holders
      and in which there are means defining at least one compartment on the
      other side of the flat surface forming means from the row of holders.
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ABST
PAL  A method and an apparatus for carrying out the method for straightening
      sections of elongated workpieces such as bars and tubes in a bending,
      forging and/or straightening machine having at least one straightening
      roll which can be moved radially relative to the workpiece and at least a
      second roll for determining the straightening gap end face. During the
      initial and end phase of the straightening process the head and tail
      sections of the workpiece, respectively, are affected by a roll which
      moves in accordance with a preselected mathematical function or sequence.
BSUM
PAR  The invention relates to a method and apparatus for straightening elongated
      material such as bars or tubes, in a bending-and/or forging-straightening
      machine, wherein the straightening gap is altered during the straightening
      operation by radial adjustment of at least one straightening roll.
PAR  Deformation of the front and tail sections of elongated workpieces occurs
      quite regularly when such workpieces are bent. Particularly,
      forge-straightening, on a two-roll straightening machine, is
      disadvantageous because it results in workpieces having ends which do not
      satisfy tolerance requirements. For this reason, these ends, which are
      approximately on the order of 100 mm in length, are often unusable. The
      present invention is primarily directed to improving two-roll
      straightening machines. With constantly increasing demands for dimensional
      stability and accuracy in straightening, this problem is becoming
      increasingly more important. It is especially noteworthy that accuracy in
      straightening and dimensional stability have trended in opposite
      directions, i.e., neither presents a problem per se, but the combination
      of the two has hitherto been unattainable. It is also to be noted that the
      phenomena of deformed ends may exceed tolerance limitations in either
      direction.
PAR  The tail end of a bar or tube is formed with a conical section the diameter
      of which increases towards the middle section of the bar. This conical
      section may be slightly curved, concave or convex, in such a manner that
      this section projects downwardly from acceptable tolerance field, whereas
      the next adjacent section of the workpiece may have a similarity to a
      spherical zone and project upwardly from the tolerance field.
PAR  Various methods are known for straightening workpieces which rotate about
      their longitudinal axes, in which the straightening force may be varied
      during the straightening operation. For example, German Patent Publication
      DOS No. 1,752,406 describes a straightening machine and a method which can
      be carried out by the machine, in which the straightening force is
      controlled in direct relation to the straightening operation. However, the
      teaching in the German Publication specifically defeats the shortcomings
      which the present invention obviates. The German Publication states that
      the "control can become effective only when the entire length of the
      machine is occupied by the workpiece", see page 6, lines 13-15. However,
      the lack of positive control over the end pieces and deformation resulting
      therefrom arises during that portion of the straightening operation when,
      according to the said German disclosure, the workpiece has passed the
      first regulating device (12) but has not yet reached the second regulating
      device (13).
PAR  Another machine that has been suggested (see German Utility Patent No.
      1,996,031) pre-loads the "frame of the machine", in order that
      non-circular material can also enter the enlarged straightening gap. This
      prevents that the edge of the end face of the out of round workpiece
      against the straightening rolls, which are held in spring bias and
      therefore the workpiece first has to push the rolls apart against the
      increasing, periodically surging, straightening force which reaches its
      rated value as the straightening gap widens. The prior art does not
      however resolve the problem obviated by the invention, nor does the prior
      art teach ways and means to provide a solution.
PAR  It is the primary object of the present invention to provide a method and
      an apparatus for carrying out the method which makes it possible to
      manufacture sections of elongated materials in which the tolerances for
      diameter and straightening accuracy are maintained over the entire length
      of the workpiece and, more particularly, to maintain the end segments of
      the bars or tubes within the predetermined tolerances, while retaining
      surface quality.
PAR  In accordance with one aspect of the present invention the object is
      achieved by providing that during the inlet and outlet phase of each
      elongated workpiece, at least one of the straightening rollers for the
      bending and/or forging the forward or tail end segment is advanced or
      withdrawn in accordance with a pre-selectable mathematically expressed
      sequence function. This makes it possible to control and adapt the
      straightening force to respond to various factors related to the
      characteristics of the workpiece, such as hardness, elastic limit,
      diameter, and the required bending. Similarly, the straightening force can
      be increased or decreased to take into account mechanical factors, such as
      the arrangement and configuration of the rolls and the rotational velocity
      thereof. Between the inlet and outlet phases the straightening force is
      constant. The controlled application of the straightening force ensures
      that the edge of the end face, at the inlet end of the workpiece, remains
      almost in its original shape, thus is without any detrimental deformation.
      This method avoids the conical end section and eliminates the danger of
      the conical end section of the workpiece exceeding the tolerance
      limitations. It also facilitates the displacement of the average diameter
      in the tolerance field towards the lower tolerance limits, which the
      conical section now no longer reaches, so that the subsequent
      barrel-shaped convex area, depending upon the width of the tolerance
      field, can also be shifted completely into the tolerance range. In
      addition, in the absence of squeezing the forward end face, the front
      section of the barrel-shaped convex segment is also less affected.
      Depending upon the relationship between the tolerance range and the
      deformation of the end sections, either the average diameter range can be
      lowered in the tolerance field so that it approaches the lower tolerance
      limit, or the tolerance range can be narrowed by this shifting of the
      average diameter.
PAR  In the event that the desired tolerance still cannot be maintained, another
      aspect of the present invention provides that, in the case of a
      forging-straightening machine with means for adjusting the bend, the
      adjustment for bending takes place independently of the adjustment of the
      forging, and is carried out during the straightening operation. There are
      various ways of adjusting the bend and forging. In the case of
      conventional two-roll rolling mills, separate control for forging and
      bending may be achieved by adjusting for forging the entire hyperbolic
      roll carrier radially of the workpiece, whereas adjustment for bending is
      carried out by rotating the other roll carrier and roll when the workpiece
      enters the machine, i.e., when the straightening operation is already in
      progress. Where the straightening rolls are arranged above the other, it
      is preferable to rotate the hyperbolic upper roll.
PAR  Another way of controlling the bending independently of the forging is to
      sub-divide the hyperbolic roll. A three-piece hyperbolic upper roll is
      provided, in which the two outer members -- each with one apex of the
      bending triangle at the points of contact with the workpiece -- may be
      lowered at a preselectably variable speed, thus increasing or decreasing
      the bending in the workpiece.
PAR  The purpose of altering the bending while the workpiece is entering the
      machine is to ensure plastic bending of the first and last sections of the
      workpiece. This is achieved by applying permissible surface-pressure
      values to the end face edge of one of the two outer ends of the workpiece.
      During this operation, the polishing or forging effect is to be maintained
      over the whole section of the elongated workpiece.
PAR  Whereas free bending produces a change in diameter (see "Stahl und Eisen"
      1962, pages 836/46 and "Stahl und Eisen" 1968, pages 1027/36, especially
      page 1029), and the deformation of the workpiece in a two-roll
      straightening machine, after it leaves the forging zone, is comparable to
      free bending, the bulge adjacent the cone is attributed to particularly
      sharp bending in the first and last sections of the workpiece. However,
      against a constant, theoretically ideal bend over the entire workpiece one
      must consider the fact that, because of the short lever arm, bending the
      first very short section as it leaves the forging area, requires very high
      pressure in order to impart thereto the desired bending load. Thus the
      objective of a uniform bending load over the entire length of the
      workpiece causes difficulties in principle, and is in contradiction to the
      excessively high pressure, also arising in practice, on the first section
      of the workpiece leaving the forging area. The cause of this very high
      pressure is related to the deformation of the end section.
PAR  Therefore, another aspect of the present invention provides that, in a
      two-roll straightening machine, not only the forging force but also the
      bending force is applied in accordance with a mathematical function,
      reaching their full value only when the beginning of the workpiece has
      already left the bending triangle, i.e., when the inlet phase has ended.
      The bending and forging forces are therefore decreased at the end of the
      workpiece. This harmonious application of the forging force, and the
      subsequent application of the bending force, also results in high surface
      quality at the ends of the workpiece, since the forging operation is
      carried out over the whole of the workpiece while, over a minimal end
      section, the workpiece is not straightened. This section, however, bears
      no relationship to the end portion left unstraightened in a three-roll
      straightening machine. Herein the end section amounts to less than
      one-half the length of the hyperbolic roll. Moreover, the significance of
      such a very short unstraightened section, or rather of a section not
      straightened with the full bending, is very slight, since the deviation of
      the centerline of the workpiece from the ideal straight line has very
      little effect, inasmuch as the potentially curved section would be very
      short.
PAR  In a still further aspect of the invention, provision is made for
      controlling the straightening force in relation to the time required for
      the end portion of the workpieces (i.e., either forward or rear) to travel
      over the distance between a signal station (e.g. a light barrier, an
      induction coil, etc.) and the subsequent straightening station, and at a
      given straightening speed. This approach has been found advantageous since
      it operates without contact sensors and is time-wise also sufficiently
      accurate. The required control devices are mass-produced electromechanical
      or electronic components and are therefore more economical than mechanical
      components which have to be specifically adapted to the system.
PAR  According to another aspect of the present invention, the straightening
      force in free bending reaches its maximum rated value only when the
      bending triangle has assumed its final configuration. Thus for example,
      when the workpiece enters the machine, this final configuration of the
      bending triangle occurs as soon as the initial segment of the bar, and
      more particularly the annular edge of the end face of the bar, no longer
      forms the third point of contact with the straightening roll, but rather
      with its peripheral surface. As long as the edge of the end face forms the
      third point of contact with the straightening roll, it moves with the edge
      on the straightening roll into its final position. The bending triangle
      assumes its final configuration only when the first section of the
      workpiece leaves the straightening roll.
PAR  In one embodiment of the invention, there is provided that the forging
      force is controlled in such a manner that the surface pressure on the end
      sections of the workpiece when compressed and varied in length as it
      enters and leaves the machine, always remains constant. As a result, the
      first section of the workpiece entering the forging area need not absorb
      the same force as a section occupying the entire forging area. Instead,
      the forging force increases or decreases proportionally with the length of
      the portion of the workpiece in the forging region.
PAR  In view of the foregoing, the function is a linear time-dependent function,
      or an e-function approximating that function. Although in principle a
      linear function achieves the desired effect, it, however, is inferior to a
      closely approximating e-function, which results from the rotation of for
      instance the tie-rod of the straightening machine because, in the case of
      an e-function it is not essential to maintain the starting time exactly
      since the increase in the e-function at that moment is less. An
      e-function, therefore, provides greater leeway for the time of applying
      the straightening force.
PAR  For free bending it has been found advantageous to design the function in
      the form of an inclined sine line. This configuration is adequately known
      from mechanics especially kinematics. It provides particularly favorable
      acceleration conditions, avoiding impact and irregular or sudden advance
      and withdrawal of the rolls.
PAR  The straightening machine is characterized by an electronic control system
      for at least one straightening roll for each group of rolls pre-selectable
      characteristics for increasing and decreasing the straightening force.
      Electronic control is preferred to mechanical control for economic
      reasons, size, and weight. It also makes possible the rapid interchange of
      individual components (plug-in cards), for adapting the special inlet
      function to other required conditions and to enable various kinds of
      material to be straightened in one machine. This ensures that the
      interchangeable cards, which may also be used by unskilled labor if
      adequately identified, do not cause the electronic control to reduce the
      possible number of ways in which the machine may be used.
PAR  A still further aspect of the present invention resides in combining a
      hydraulic overload protector with means for transferring the control
      signals. Herein, the electronic control system is connected to
      straightening-force limiting valve. This eliminates the need for
      additional means for adjusting the controllable straightening roll. The
      hydraulic safety devices which are usually available can also be used to
      control the inlet and outlet phase of the workpiece.
PAR  In order to provide separate mechanical control over the forging and
      bending operation of a two-roll straightening machine, the machine
      comprises one hyperbolic and one cylindrical straightening roll, so that
      at least the hyperbolic roll is mounted to rotate, during the
      straightening operation, about an axis at right angles to the workpiece
      and to the longitudinal axis of the hyperbolic roll. The longitudinal axis
      of the hyperbolic roll can be adjusted in relation to the workpiece during
      the straightening operation, i.e., under load, which makes it possible to
      increase or decrease the bending at the beginning or end of the workpiece
      smoothly, and thus avoid causing the ends to be conically enlarged by
      varied bending stresses and by crushing of the end section. A relatively
      unimportant disadvantage does occur in that a small section at the
      beginning and end of each workpiece is not completely straightened.
PAR  For a better understanding of the present invention, together with other
      and further objects thereof, reference is had to the following description
      taken in connection with the accompanying drawings, and its scope will be
      pointed out in the appended claims.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic illustration of the circuit in accordance with the
      present invention;
PAR  FIG. 2 shows a peripheral segment of a straightened bar end;
PAR  FIG. 3 is an illustration similar to FIG. 1 showing a separate control for
      the bending and forging force;
PAR  FIG. 4 is a schematic illustration of a segment of a workpiece entering
      between three rolls;
PAR  FIG. 5 is a view similar to FIG. 4, illustrating the rolls of a two-roll
      straightening machine and an entering workpiece;
PAR  FIG. 6 is a vertical side view, generally schematic and partly in section
      showing a two-roll straightening machine in accordance with the present
      invention, provided with pre-selectable straightening forces and the bend
      being adjustable during the straightening operation; and
PAR  FIG. 7 is a plan view partly in section showing means for rotary adjustment
      of an upper-roll carrier.
DETD
PAR  Referring now to the drawings, there is shown in FIG. 1 a pump 1, driven by
      an electric motor 2, to establish pressure in a cylinder 3. A pre-set
      safety valve limits excessive straightening-forces to protect a machine 5
      (see FIG. 6), which houses hydraulic cylinder 3, against overload. A
      remote-controlled pressure-limit valve 6 transfers the electrical signals,
      which vary in current intensity, from electronic function or sequence
      transmitter 7 to straightening-force-limit valve 4. Adjustable
      potentiometers 8 and 9 allow the values for determining the
      straightening-speed and maximal-straightening-force to flow into the
      sequency function-transmitter 7 whereby the pressure in line 14 is
      controlled.
PAR  The signal for applying the straightening force, which is released by a
      signal generator 10 in the form of a coil or a light barrier, is delayed
      by time switches 11, 12 according to the quotient of the path between the
      signal generator and the straightening rolls, and straightening speed.
      Various delays may be provided for the inlet and outlet, hence there are
      provided two time switches. Moreover, the straightening force may be
      increased and decreased to facilitate different operational sequences
      (functions), as indicated in the electronic function transmitter. The
      number of possibilities may be increased by means of interchangeable
      function transmitter 7a. The potentiometer 8 feeds in the straightening
      speed by means of which the function or operational sequence in electronic
      function-transmitter 7 is stretched or contracted in the direction of the
      abscissa. The same stretching or contraction is produced by potentiometer
      9 which determines the maximal current intensity (max. straightening
      force) in the direction of the ordinate.
PAR  The remote-controlled pressure-limiting valve 6 converts the current
      signals from the electronic function-transmitter 7 into analoguous
      pressure fluctuations in line 13. The line 13 acts as a control line for
      pre-selectable pressure-limiting valve 4. Thus the pressure in line 14 and
      in cylinder 3 is increased or reduced in accordance with a pre-selectable
      mathematical expression or function. In addition to the adjustability of
      the operational sequence (function) in the electronic
      function-transmitter, which is preferably in the form of a linear
      function, or a closely approximating e-function, workpiece characteristics
      and other mechanical factors may be taken into account. The time required
      for starting and ending the workpiece travel between the distance of
      signal station 10 and subsequent straightening rolls 15, 16, at a given
      straightening speed, may be adjusted by means of time-switches 11, 12.
PAR  As electronic control system is provided for at least one straightening
      roll for each group of straightening rolls. It is conventional to provide
      more than one group of rolls in machines of this nature.
PAR  Referring now to FIG. 2 there is shown the contour of a workpiece 19 after
      it has been forged by a controlled force and contour of workpiece 18
      subsequent to a conventional straightening step. The potential tolerance
      field 17, for the workpiece according to the invention, and that in
      accordance with the prior art -- see 20 -- indicate that by avoiding a
      conical section, see 21, i.e., by harmonious application of the
      straightening and forging force, tolerance field 20 may be sharply
      reduced, as is evident from field 17. However, a short conical-zone-like
      section 19a still remains. However, as shown in the drawing, such section
      is of considerably less importance, when the relative dimensions of the
      conical section starting at edge 18a are considered. The conical-zone-like
      section of the workpiece extends around the periphery of the workpiece.
      Accordingly, a workpiece straightened in accordance with the present
      invention, either has less variation from the desired configuration, or
      section 21 projecting from the tolerance field is eliminated.
PAR  If the deviation or tolerance 17 from the norm is to be even closer, it is
      necessary to eliminate bulge 19b by separating the bending control still
      further from the control for the forging force. As shown in FIG. 3, the
      circuit diagram may be very similar to that in FIG. 1, however a parallel
      branch has been added. Thus two additional time switches 22, 23 are used,
      and these delay the pulse released by signal generator 10 for a longer
      period of time than time switches 11, 12, since the bending is carried out
      only after the forging force has been applied. In this case, the
      mathematical function is obtained from an electronic function-transmitter
      24, which may be replaced by equivalent components 24a having other
      functions which are shown staggered behind component 24. By means of
      signals obtained from electronic function-transmitter 24, and thereafter
      converted by means not shown, a motor 61, preferably or direct-current, is
      controlled. This motor 61 may be used to adjust the angle of upper roll 15
      during the straightening operation or while the workpiece is entering or
      leaving by conventional means, e.g., a worm gear drive, a V-belt drive, or
      an infinitely variable drive. The adjustment of the angle of the upper
      roll may, of course, also be carried out by hydraulic means.
PAR  In addition to linear and e-functions, it is possible to use as functions
      for electronic function-transmitter 24 sinusoidal curves, or similar
      functions having flat inlet and/or outlet phases.
PAR  The FIG. 4 shows the front segment of a workpiece 30 bent between three
      rolls 27, 28, 29, the final bending triangle being formed by points 31,
      32, 33. The entering workpiece 30a, shown in dotted lines, bears first
      against rolls 28, 29, at contact points 34, 35. The edge of the end face
      of the workpiece bears against roll 27. The point of contact 36 between
      roll 27 and the edge of the end-face of the entering workpiece forms the
      provisional bending triangle with contact point 35 on roll 29 and contact
      point 34 on roll 28. As workpiece 30a advances, contact point 36 travels,
      in a conventional mode for straightening, on the periphery of roll 27
      until it reaches its final position at point 31. At the same time, contact
      point 34 of the entering workpiece travels, with roll 28, towards final
      contact point 33. Contact point 35 also moves towards subsequent final
      contact point 32. As a result of the unsatisfactory impingement of the
      facial edge of the workpiece 30a upon roll 27, the workpiece is deformed
      at that point. The deformation is prevented in accordance with this
      invention by providing that when the workpiece enters, roll 27 moves under
      spring bias or is withdrawn under control in an upward direction to
      position 27a, the straightening force in roll 27 being applied only when
      the forward section of the workpiece, shown in dotted lines, no longer
      forms, with the annular edge of its end-face, a third contact point 37
      with the straightening roll, but forms this point with its peripheral
      surface. Rapid application of the straightening force in roll 27 bends the
      forward section of the workpiece in a downward direction, and contact
      point 37 moves towards contact point 31. When roll 27a has been fully
      lowered, the bending triangle for workpiece 30 reaches its final
      configuration with points 31, 32, 33. In principle, this procedure also
      takes place during free bending in a two-roll straightening machine.
PAR  In FIG. 5 there is shown part of a two-roll straightening machine with the
      lower part of a hyperbolic upper roll 15a and the upper part of a slightly
      convex lower roll 16a, and a section 39 of workpiece 38 between the two
      rolls. In the section 39, as defined by the arrows, the two peripherally
      opposite sides of the workpiece bear against two rolls 15a, 16a. Since the
      entering end 39a of workpiece 38 does not fully occupy stationary forging
      area 39, provision must be made, for the purpose of maintaining a constant
      surface pressure (kp/cm.sup.2), for the force to be applied to the
      entering and outgoing section 39a of the workpiece which varies linearly
      between the maximal value and zero. For this reason, the pressure in
      cylinder 3 (see FIG. 1) must increase proportionally to compress length
      39a of the workpiece. The forging force increases or decreases
      proportionally with the length 39a of the section of the workpiece already
      in the forging area.
PAR  FIG. 6 shows a two-roll straightening machine 5 having a table 40 with side
      members 41, 42 which for simplicity of illustration are shown in section,
      and a cross head 43. Located between cross head 43 and table 40 are driven
      upper roll 15 and driven lower roll 16, with their drive shafts 44, 45. A
      section 46 of the workpiece is introduced between rolls 15, 16 and extends
      through an induction coil 47 which is electrically connected to electronic
      control system 7. The induction coil 47 provides the delay signal for the
      application of the straightening force and the bending force. Shown
      diagrammatically below table 40 is a hydraulic overload-protection device
      comprising pre-controllable pressure-limit valve 4 and hydraulic cylinder
      3. The lower roll 16 rests upon piston and cylinder 3. The
      remote-controlled pressure-limiting valve 6, controlled by electronic
      function-transmitter 7, permits the pressure in hydraulic line 14 to be
      raised or lowered. Since a hydraulic overload-protection device is in any
      case generally provided in any modern two-roll straightening machine, no
      additional means are required for adjusting the lower roll radially. The
      position of the upper roll is adjustable radially relative to the
      workpiece to alter the width of the straightening gap and rotatable in the
      direction of arrow 62. Adjustment of bending force is independent of that
      of the upper roll and can be accomplished during the straightening
      operation, especially when the workpiece is entering or leaving the
      machine. The conventional devices that are used for adjusting the angle
      between the longitudinal axis of the upper roll and the longitudinal axis
      of the workpiece are reinforced in such a manner to facilitate the
      adjustment of the angle of the upper roll during the straightening
      operation.
PAR  The angular adjustment of the upper roll in a two-roll straightening
      machine is generally illustrated in FIG. 7. FIG. 6 shows in section a
      cross head or traverse 43 housing an upper roll carrier 53 for roll 15 and
      its adjusting mechanism. In this embodiment, the adjusting mechanism
      comprises an operating arm 54 projecting from upper-roll carrier 53. The
      arm terminates in a threaded nut 55 which is rotatably mounted on a
      threaded shaft 56 carrying in spaced relation a V-belt pulley 57. Also
      mounted on shaft 56 and abutting pulley 57 is a brake 58. The end of shaft
      56 opposite to nut 55 is held in a bearing 59. The V-belt pulley 57 is
      driven by V-belts 60 from motor 61. The rotary speed of the shaft 56 need
      not be controlled by the motor 61 but a clutch and brake unit can also be
      utilized. However, the motor control together with the electronic control
      system 24, is preferred. When adjusting the height of upper roll 15 only
      carrier 53 is raised. The V-belt pulley 57 is hardly moved up or down, and
      the motor is stationary. When the height of upper roll 15 is adjusted, the
      shaft 56 becomes slightly inclined. However, such angularity of the shaft
      position is relatively unimportant when viewed in the context of the
      diameters of thw workpieces to be straightened in the machine. The shaft
      nut 55 allows the shaft 56 to rotate in all three dimensions in relation
      to arm 54. The shaft is also mounted rotatably in bearing 59 in three
      directions, to that it may follow the height as well as angular
      adjustments of upper-roll carrier 53.
PAR  While there have been described what are at present considered to be the
      preferred embodiments of this invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the invention, and it is aimed, therefore,
      in the appended claims to cover all such changes and modifications as fall
      within the true spirit and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for straightening sections of elongated workpieces, especially
      bars and tubes in a bending, forging and/or straightening machine having
      at least one straightening roll movable radially relative to the workpiece
      and at least a second roll for determining the straightening gap and
      force, comprising the steps of:
PA1  placing a section of a bar or tubing between the rolls;
PA1  moving one such roll into working position during the initial phase of
      straightening the forward section of the elongated workpiece in accordance
      with a predetermined mathematical work sequence function;
PA1  and straightening the intermediate section between the forward section and
      tail section of said workpiece by moving one roll into working position in
      a predetermined sequence which is independent of and substantially
      different from said work sequence for said forward and tail sections.
NUM  2.
PAR  2. A method according to claim 1 for straightening sections of elongated
      material and having means for adjusting the bend in the bars or tubes,
      wherein said bend is adjusted during the straightening operation.
NUM  3.
PAR  3. A method according to claim 2, and adjusting the forging force, with the
      adjustability of the bend being independent of the operation for adjusting
      the forging force.
NUM  4.
PAR  4. A method according to claim 1, wherein the straightening force is
      related to the time required for the front or tail section of the
      workpiece to travel the distance between an initial signal station and a
      subsequent straightening station and at a given straightening speed.
NUM  5.
PAR  5. A method according to claim 4, wherein during at least the initial phase
      of straightening a bar or tubing the workpiece assumes a bending triangle
      relative to the rolls, and during free bending the straightening force
      reaches its maximum rated value when said triangle has reached its final
      configuration.
NUM  6.
PAR  6. A method according to claim 5, wherein the mathematical expression of
      the control sequence is sinusoidal in graphical form.
NUM  7.
PAR  7. A method according to claim 1, wherein the preselectable mathematical
      sequence function establishes during forging that the surface pressure
      upon the tail section of the workpiece in the forging area of the machine
      remains constant.
NUM  8.
PAR  8. A method according to claim 7, wherein the last mentioned sequence is a
      linear time-dependent value or function.
NUM  9.
PAR  9. A method according to claim 7, wherein the last mentioned sequence is,
      substantially, an e-function.
NUM  10.
PAR  10. In a metal working machine, particularly for workpieces such as bars
      and tubes, comprising: a group of straightening rolls, an electronic
      control system effective to control the movement of at least one roll of
      said group in accordance with a pre-selectable work sequence for the
      straightening force to be exerted against the forward and tail sections of
      the workpiece, and further including a separate work control sequence for
      controlling at least one roll between the forward and tail sections to
      effect the working of the intermediate section in a sequence different
      from said work sequence for said tail and forward sections, whereby there
      is imparted to the total lengths of the workpiece a substantially uniform
      geometric configuration.
NUM  11.
PAR  11. A machine according to claim 10, and overload protection means
      comprising means for transferring control signals associated with one
      roll.
NUM  12.
PAR  12. A machine according to claim 10, wherein said electronic control system
      is connected to a pressure limiting valve.
NUM  13.
PAR  13. A machine according to claim 10, wherein said group includes a
      hyperbolic and a cylindrical or slightly convex roll, and means for
      rotatably moving at least said hyperbolic roll during the straigtening
      operation about an axis at right angle to the workpiece and to its own
      longitudinal axis.
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ABST
PAL  A tool for installing an internally threaded tubular rivet. A pair of
      levers are pivotally connected together with one of the levers having a
      portion with a hole therein. A tubular anvil is received in the hole and
      is secured to the lever. A rod extends axially through the anvil and is
      relatively movable with respect to the anvil. A knob or the like is
      mounted on the rod and is spaced axially from the anvil for rotating the
      rod relative to the anvil. The knob has an abutment thereon which engages
      the other lever so that a relative movement between the two levers will
      effect a relative movement between the rod and the anvil.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a tool and, more particularly, to a tool for
      installing an internally threaded tubular rivet.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention arose out of a need to improve existing tools for installing
      internally threaded rivets. Some of the tools which are known in this art
      are those illustrated in U.S. Pat. Nos. 2,069,907, 2,430,563 and
      2,641,378. The tools illustrated in those patents are either awkward to
      handle or are very expensive to manufacture. Accordingly, it is an object
      of this invention to provide a tool for installing internally threaded
      tubular rivets which is both durable and inexpensive to manufacture. It is
      a further object of this invention to provide a tool, as aforesaid, which
      is easy to handle and which will facilitate a very rapid installation of
      the tubular rivets.
PAR  Other objects and purposes of this invention will be apparent to persons
      acquainted with apparatus of this general type upon reading the following
      specification and inspecting the accompanying drawing.
PAC  SUMMARY OF THE INVENTION
PAR  In general, the objects and purposes of the invention are met by providing
      first and second relatively movable levers with the first lever having a
      portion with means defining a hole therein, the second lever having
      surface means thereon spaced above the hole and axially aligned therewith.
      A tubular anvil is mounted in the opening and releasable fastening means
      are provided for releasably securing the tubular anvil to the first lever.
      A rod extends axially through the tubular anvil and both the rod and the
      tubular anvil are capable of axial movement relative to each other.
      Rotating means on the rod is spaced axially from the anvil for rotating
      the rod relative to the anvil. The rotating means has an abutment thereon
      engaging the surface means so that a relative movement between the first
      and second levers will effect a relative movement between the rod and the
      anvil.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevational view in exploded form showing the structure
      which embodies the invention;
PAR  FIG. 2 is an assembled longitudinal central sectional view of the tool;
PAR  FIG. 3 is a sectional view like FIG. 2 but with the levers pivoted to
      effect a deformation of the tubular rivet;
PAR  FIG. 4 is an end elevational view of the structure illustrated in FIG. 3;
      and
PAR  FIG. 5 is a top view of the tool without the anvil member.
PAR  Certain terminology will be used in the following description for
      convenience in reference only and will not be limiting. The words "up",
      "down", "right" and "left" will designate directions in the drawing to
      which reference is made. The words "in" and "out" will refer to directions
      toward and away from, respectively, the geometric center of the device and
      designated parts thereof. Such terminology will include the words above
      specifically mentioned, derivatives thereof and words of similar import.
DETD
PAC  DETAILED DESCRIPTION
PAR  A tool 10 for installing an internally threaded tubular rivet 11 is
      illustrated in the drawing. The tool 10 is composed of a pair of levers 12
      and 13 which are pivotally interconnected by a bolt 14. The lever 12
      consists of a pair of generally parallel arms 16 and 17 (FIG. 4), each of
      which are L-shaped. The long arm of the L-shaped arms 16 and 17 define a
      first handle. The free ends of the short legs of the L-shaped arms 16 and
      17 are interconnected by a generally horiziontally aligned surface or
      bight portion 18. A hole 19 extends through the bight portion 18. In this
      particular embodiment, the axis of the hole 19 extends generally parallel
      to the longitudinal axis of the short legs of the arms 16 and 17. Further,
      the bolt 14 extends through aligned holes in the longer legs of the arms
      16 and 17.
PAR  The lever 13 is U-shaped having a pair of parallel arms 21 and 22 (FIG. 5).
      The spacing between the arms 21 and 22 adjacent the free ends thereof is
      maintained by a spacer member 23 illustrated in FIGS. 3 and 5. The spacer
      23 and the arms 21 and 22 each have a hole therethrough adapted to receive
      the bolt 14 therethrough. A pair of washers 24 are utilized for
      maintaining a proper spacing between the arms of the lever 12 and the arms
      of the lever 13. The free ends of the arms 21 and 22 are laterally spaced
      from each other and have along their upper edge a pair of notches 26 and
      27 therein. The surfaces 28 and 29 in the notches 26 and 27, respectively,
      are generally arcuate for a reason which will be explained in more detail
      below.
PAR  A tubular anvil member 31 has an enlarged polygonal-shaped head 32, here a
      hex-shaped head, at its upper end and an externally threaded portion 33
      extending downwardly therefrom. A barrel portion 34 having a smooth
      external surface extends downwardly below the lower extremity of the
      thread 33. The diameter of the externally threaded portion 33 and the
      barrel 34 is slightly smaller than the internal diameter of the hole 19.
      The enlarged head 32 is, however, larger in diameter than the hole 19 so
      that when the tubular anvil member 31 is inserted into the hole 19, the
      enlarged head 32 will limit the location of the anvil 31 relative to the
      lever 12. A knurled nut 36 having an internal thread therein is threadedly
      engaged with the external thread 33 on the anvil 31 on the opposite side
      of the bight portion 18 from the enlarged head 32. The knurled nut 36 is
      tightened so that the bight portion 18 is clamped between the enlarged
      head 32 and the knurled nut 36.
PAR  As is illustrated in FIG. 4, the lateral spacing between the parallel
      surfaces on the enlarged head 32 is just slightly smaller than the lateral
      spacing between the opposed surfaces of the arms 16 and 17 of the lever
      12. Thus, the tubular anvil member 31 will not be able to rotate relative
      to the lever 12 due to the points on the enlarged head engaging the
      opposed surfaces of the arms 16 and 17.
PAR  A rod 37 has a diameter slightly less than the internal diameter of the
      opening through the tubular anvil member 31. The rod 37 extends through
      the central portion of the tubular anvil member 31 and is relatively
      movable with respect thereto. A thread 38 is provided on the lower end of
      the rod 37. The thread 38 is of an appropriate dimension to threadedly
      engage the internal thread in the rivet 11. A knurled knob 39 is secured
      to the upper end of the rod 37. A nut 41 defines an abutment on the lower
      surface of the knurled knob 39. A sleeve 42 is sleevably mounted over the
      rod 37 and is secured in position by a setscrew 43 between the upper
      surface of the enlarged head 32 and the abutment nut 41. The upper surface
      44 of the sleeve 42 is spaced below the lower surface 46 of the abutment
      nut 41.
PAC  OPERATION
PAR  Although the operation of the device embodying the invention will be
      apparent to skilled persons, said operation will be described in detail
      hereinbelow for convenience.
PAR  The levers 12 and 13 are designed to accomodate a variety of different
      tubular anvil members 31 each having a different diameter rod 37 therein
      to facilitate the deformation of different sized internally threaded
      tubular rivets 11. However, only one size of tubular anvil member 31 has
      been illustrated in the drawing. The tubular anvil member 31 is inserted
      into the hole 19 in the bight portion 18 of the lever 12. The knurled nut
      36 is threaded onto the externally threaded portion 33 of the anvil 31 to
      clamp the bight 18 between the enlarged head 32 and the knurled nut 36.
      During this assembly operation, the lever 12 is swung from the position
      illustrated in FIG. 1 to the position illustrated in FIG. 2 so that the
      lower surface 46 of the abutment nut 41 engages the surfaces 28 and 29 in
      the notches 26 and 27, respectively. Next, an internally threaded tubular
      rivet is screwed onto the thread 38 on the lower end of the rod 37. This
      can be accomplished either by holding the knurled knob 39 in one hand and
      turning the internally threaded rivet 11 with the other or by holding the
      rivet 11 stationary and turning the knurled knob 39. The rivet is screwed
      onto the thread 38 by a sufficient amount so that the upper end of the
      rivet 11 will engage the lower surface of the barrel 34 of the anvil 31.
      Further, the rivet 11 must be screwed onto the thread 38 sufficiently far
      so that the levers 12 and 13 will be at an angle with respect to one
      another to facilitate a displacement of the rivet material in a hole in a
      surface S.
PAR  The tool 10 is then grasped by the operator by the handles 12 and 13 and
      moved to a location so that the rivet 11 can be inserted into a hole in a
      surface S, such as is illustrated in FIG. 2. The operator can then apply
      pressure to the lever 13 to move it to a position generally parallel with
      the lever 12, such as is illustrated in FIG. 3. During this movement, the
      surfaces 28 and 29 in the notches 26 and 27, respectively, will slide
      relative to the lower surface 46 of the abutment nut 41. Since the
      surfaces 28 and 29 are arcuate, the sliding transition will be smoothly
      accomplished. Similarly, the surfaces 28 and 29 will be pivoted upwardly
      about the axis of the bolt 14 to move the rod 37 upwardly relative to the
      anvil member 31. Thus, the material of the rivet will be deformed as at 47
      so that the enlarged head 48 of the rivet 11 and the deformation 47 will
      clamp the surface S having the hole therein therebetween.
PAR  Thereafter, the knob 39 may be grasped by the operator and rotated to
      unscrew the thread 38 from engagement with the internal thread in the
      tubular rivet 11. Thus, the operator may thereafter screw another new
      rivet 11 onto the thread 38 and the aforementioned procedure can again be
      repeated.
PAR  When it is desired to locate a larger or smaller sized rivet, the anvil
      member 31 may be removed by removing the knurled nut 36 from engagement
      with the thread 33. The anvil 31 can thereby be removed from the hole 19
      and a new anvil having the desired diameter rod associated therewith
      inserted into the hole 19. Thus, the assembly procedure discussed above
      may be repeated.
PAR  Although a particular preferred embodiment of the invention has been
      disclosed in detail for illustrative purposes, it will be recognized that
      variations or modifications of the disclosed apparatus, including the
      rearrangement of parts, lie within the scope of the present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A tool for installing an internally threaded tubular rivet, said tool
      comprising:
PA1  first and second relatively movable levers, said first lever having a
      portion with means defining a hole therein, said second lever having
      surface means thereon spaced above said hole and axially aligned
      therewith;
PA1  a tubular anvil having a portion received in said opening, said tubular
      anvil having enlarged head means defining a radially outwardly extending
      shoulder thereon, said shoulder engaging said portion of said first lever
      encircling said hole to locate said anvil relative to said first lever and
      a threaded portion adjacent said shoulder, said threaded portion being
      received in said hole and nut means larger in diameter than said hole and
      having a thread thereon engaged with said threaded portion on said anvil,
      said nut means engaging said anvil on the opposite side of said portion of
      said first lever so that said portion of said first lever is clamped
      between said shoulder and said nut means;
PA1  releasable fastening means for releasably securing said tubular anvil to
      said first lever;
PA1  a rod extending axially through said tubular anvil, said rod and said
      tubular anvil having axial movement relative to each other; and
PA1  rotating means on said rod spaced axially from said anvil for rotating said
      rod relative to said anvil, said rotating means having an abutment thereon
      engaging said surface means whereby a relative movement between said first
      and second levers will effect a relative movement between said rod and
      said anvil.
NUM  2.
PAR  2. A tool for installing an internally threaded tubular rivet according to
      claim 1, wherein said first lever comprises a pair of laterally spaced
      arms joined together adjacent one end by said portion having said hole
      therein; and
PA1  wherein said second lever has a bifucated portion adjacent one end for
      straddling said rod below said abutment; and
PA1  wherein said surface means is defined by a pair of surfaces, one surface on
      each of said bifurcated ends.
NUM  3.
PAR  3. A tool for installing an internally threaded tubular rivet according to
      claim 2, wherein said first and second levers are pivotally secured to
      each other.
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ABST
PAL  A method of stretch wrapping metallic panels, particularly honeycomb
      structure sandwich panels, in which the panel is heated by passing an
      electrical current through it during the forming step. A pair of electrode
      tabs are joined to opposing edges of the panel and are gripped in gripper
      jaws which are slidable between tapered blocks so that as more tension is
      created in the panel, the jaws tighten. The electrical connections are
      made to the tapered blocks and current flows to the panel across the
      sliding joint and through the jaws.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the field of stretch wrapping of panels and more
      particularly to methods for electrically heating panels to be stretch
      wrapped.
PAR  2. Prior Art
PAR  Prior art methods of stretch wrapping of panels, such as honeycomb panels,
      involve the welding of tabs to the panel to provide a member through which
      tension may be applied during the wrapping process, and also to provide an
      electrical contact so that heating current can be passed through the
      panel. The tab and panel must be long enough to allow relatively large
      sized electrical bus bars to be connected to the panel, since it is common
      to require 10,000 to 15,000 amperes of current for heating the panel to
      the proper forming temperature.
PAR  The electrical connections have previously been made by clamping bus bars
      directly to the panel to be stretch wrapped. Difficulties have been
      encountered with the prior art methods of making the electrical
      connection, which the present invention is intended to overcome. Due to
      the large conductors and currents involved, it is is difficult to get a
      sufficient clamping area to prevent localized overheating of the panel.
      Achieving a sufficient number of good connections between the bus bars and
      the panel to provide even heating of the entire panel is also a problem
      which has had no easy solution in the prior art.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a panel to be stretch wrapped has
      electrode tabs attached to two substantially parallel edges of the panel
      as by welding, preferably resistance seam welding. When a honeycomb
      structure panel is to be formed (i.e. a sandwich comprised of a honeycomb
      core resistance welded to upper and lower face sheets), the core of the
      panel is sealed against the entry of air and an inert gas is circulated
      therethrough to prevent oxidation during the wrapping operation. The
      electrode tabs are then grasped by a plurality of insulated gripper jaws
      which serve not only to pull on the panel, creating tension, but also to
      act as the electrical connections to the tabs, thereby eliminating the
      need for separate electrical connections.
PAR  The gripper jaws are constructed so that as tension in the panel is
      increased, the clamping action increases, improving the electrical
      connection to the electrode tabs.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of an edge of a panel to be formed showing
      one method of attaching the electrode tab;
PAR  FIG. 2 is a cross-sectional view of an edge of a panel to be formed showing
      an alternate method of attaching the electrode tab;
PAR  FIG. 3 is a cross-sectional view of an edge of a panel to be formed showing
      still another method of attaching the electrode tab;
PAR  FIG. 4 is a frontal view of a portion of a preferred stretch wrapping
      apparatus or machine showing a panel ready to be formed in accordance with
      the invented method and being held by the gripper assemblies;
PAR  FIG. 5 is a top view of the portion of the machine shown in FIG. 4 with a
      panel ready to be formed;
PAR  FIG. 6 is a top view of the portion of the machine as in FIG. 5, showing
      the panel fully formed;
PAR  FIG. 7 is a partial rear view of the apparatus of FIG. 4, showing the means
      for creating tension in the panel;
PAR  FIG. 8 is a more detailed partial front view of the apparatus showing the
      area of line 8--8 of FIG. 4;
PAR  FIG. 9 is a cross-sectional view of one of the gripper assemblies, taken at
      9--9 of FIG. 8;
PAR  FIG. 10 is a cross-sectional view of one of the gripper assemblies taken at
      10--10 of FIG. 9.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention may be most easily understood by referring first to FIGS. 1,
      2 and 3, wherein one edge of a honeycomb material panel 10, 10' or 10",
      which is to be stretch wrapped, is shown, having electrode tabs 11, 11' or
      11" attached. The figures show three alternative methods of attachment of
      the electrode tab, but as will be appreciated by those skilled in the art,
      other methods may be employed within the spirit of the invention. An
      electrode tab, such as is shown in FIGS. 1, 2 and 3, is attached to each
      of two substantially parallel edges of the panel 10 as may be seen in the
      plan view of a panel ready to be formed in FIG. 1.
PAR  In FIG. 1 the edge of the panel which is to receive the tab is crushed
      symmetrically on the tab 11, and resistance seam welded thereto. The area
      of the seam weld 12 should be large enough to withstand the stretch forces
      applied during forming. These forces can be quite large; for example, in
      forming a typical titanium honeycomb panel with 0.030 inches face sheets,
      a stretching force commonly used in 3,200 pounds per inch width of panel.
      The electrode tab 11 itself must also be made heavy enough to withstand
      such force. The electrode tab should be made of a relatively heavy sheet
      for another reason and this is so that excessive heating does not occur in
      the tab due to current flowing in it. It is desirable, for the same
      reason, that the electrode tab should be made of the highest conductivity
      material available, consistent with other requirements such as cost,
      weldability, strength, etc. The electrode tab need only be long enough to
      be grasped in the clamp jaws as will be described below. Since the current
      is introduced through the jaws, no extra length of tab is required for the
      electrical connection.
PAR  While the present invention is described as applied to stretch wrapping of
      honeycomb panel, it will be apparent to those skilled in the art that the
      method and preferred apparatus described herein would also be suitable for
      stretch wrapping of other metallic sheet materials and other panel
      constructions.
PAR  FIG. 2 shows an alternate electrode tab arrangement. Here the edge of the
      panel 10' is crushed and two tabs 11', one on each side of the crushed
      edge, are resistance seam welded to the panel.
PAR  In FIG. 3, still another alternate arrangement is shown. One side of the
      panel 10" is shown crushed unsymmetrically against the other side and
      electrode tab 11" is resistance seam welded thereto.
PAR  The invented method will be described with respect to the honeycomb panel
      as shown in FIG. 1 but it will be understood that the same steps are
      applicable to the alternate tab attachment methods of FIGS. 2 and 3 and
      many of the steps are applicable to the stretch forming of plain sheets
      panels.
PAR  The electrode tabs 11 are gripped by a plurality of gripper assemblies 20
      preparatory to the heating and stretch wrap operation. FIG. 4 shows a
      panel 10 with its electrode tabs 11 being gripped by eighteen gripper
      assemblies 20 and 20', nine on each tab just prior to the heating and
      wrapping of the panel around the form block 50.
PAR  The form block 50 is fastened securely at top and bottom to the main frame
      51 of the forming machine and is made of a strong heat resistant
      refractory material. One suitable material is called "Glassrock" and is
      made by Glassrock Products, Inc. of Santa Monica, Calif. Since substantial
      forces are involved in the stretch wrapping process, the form block 50
      must be made quite sturdily. The surface contours of form block 50 is made
      so as to conform to the desired finished panel contour. FIGS. 5 and 6 show
      the manner in which the panel is formed around the form block to provide
      the finished panel contour.
PAR  Each gripper assembly 20 or 20', as shown in cross section in FIGS. 9 and
      10, comprises a body 21 having a substantially rectangular cavity 22
      adjacent a front opening 23. A pair of jaw guides 24 and 25 are retained
      in the cavity by lips 26 and 27 at the front of the cavity, and jaws 28
      and 29 slide thereon.
PAR  A hydraulic actuator comprised of cylinder 30, piston 31, and push rod 32
      is used to cause jaws 28 and 29 to grip the electrode tab initially and to
      release the tab after forming. Head 33 on push rod 32 fits into recesses
      in the jaws so that both push and pull actions can be effected by the
      actuator. When pressure is applied behind piston 31, through port 34, the
      jaws are forced forward and the inclined surfaces of jaw guides 24 and 25
      cause the jaws 28 and 29 to close. Conversely, pressure in port 35 will
      cause the jaws to open.
PAR  The clamping surfaces C of jaws 28 and 29 are knurled or otherwise
      roughened in order to keep the tab from sliding when tension is applied,
      and to improve the electrical connection to the tab. The inclined surfaces
      between the jaws 28 and 29 and the jaw guides 24 and 25 causes a wedging
      action as tension is applied to the tab increasing the grip of the jaws on
      the tab 11.
PAR  Electrical heating energy is coupled to the tabs, and hence to the panel 10
      to be formed, through the jaws 28 and 29. Both the jaws and the jaw guides
      24 and 25 are electrically "hot " and must be insulated from the body 21
      which is not insulated from ground. The insulation is accomplished by
      sheets 40 and 41 of thin insulating material, such as glass filled
      melamine, and piston insulators 42, which also may be fabricated of glass
      filled melamine. Insulating sleeves 43 and washer 44 insulate studs 37 and
      links 36 which serve to introduce the electrical energy to the gripper
      assembly. All of the jaws gripping one of the electrode tabs are connected
      in parallel and the heating current flows from one tab to the other,
      heating the panel being formed, so that the material will yield and
      conform to the contours of the form block 50.
PAR  Pivoted substantially even with the top surface of form block 50 (at 66),
      and symmetrically on each side of the centerline of the block, are yokes
      60 and 60'. The wrapping machine is symmetrical with respect to the
      centerline of the block so that, while only the components assembled to
      yoke 60 will be described, it is to be understood that similar components
      related to yoke 60' exist on the opposite side of the machine. The yoke 60
      comprises a pair of arms 64, one adjacent each end of form block 50, and a
      cross member 65 pivoted at the end of arms 64.
PAR  The cross member 65 carries a pair of hydraulic cylinders 62 which drive
      beam 61. A plurality of gripper assemblies 20 are attached to beam 61 as
      shown in FIG. 8 so that as hydraulic pressure is applied to cylinders 62,
      and 62' on the opposing yoke 60', tension will be applied to panel 10, as
      best shown in FIG. 7 with respect to cylinders 62.
PAR  Another pair of hydraulic cylinders 63, attached to the frame of the
      wrapping machine, are coupled to the arms 64 so that as these cylinders
      are actuated, the yoke 60 will rotate about its pivot 66 and the panel 10
      will be formed around form block 50. FIG. 6 shows the position of the
      various parts when cylinders 63 and 63' are in their fully extended
      position with panel 10 having assumed the shape of form block 50. Form
      block 50 is shown as a section of a circular cylinder for purposes of
      example only, and it will be obvious to those skilled in the art that
      other forms could as easily be used so that the panel 10 could be formed
      into relatively intricate or complex shapes using the invented process.
PAR  As previously been alluded to, the panel 10 is electrically heated prior to
      the forming step by passing a large electrical current through the panel
      from one set of gripper assemblies 20 to the other. The temperature which
      should be attained for best results depends upon the particular materials
      from which the panel is fabricated. A titanium honeycomb structure, for
      example, is best stretch wrapped when the temperature of the panel is in
      the range of 1,100.degree. F to 1,150.degree. F.
PAR  Many materials such as, for example, titanium, oxidize at the desirable
      forming temperature and in such cases, if the panel is a honeycomb
      structure, it would be very difficult to remove the oxidation from the
      interior portion. When such material is being formed, therefore, the
      interior is filled with a relatively inert gas such as helium or argon. To
      accomplish this, the entire periphery of the panel is sealed as by welding
      and a tube 70 which communicates with the interior of the panel is
      installed. The interior of the panel is then evacuated through the tube 70
      and back filled with the inert gas and maintained at a positive pressure
      until forming is completed.
PAR  What has been described is a novel and useful method of stretch wrapping
      metal panels, including honeycomb structures, economically and
      conveniently. Summarizing the steps of the invented method, a pair of
      electrode tabs are first welded to two substantially parallel edges of the
      panel to be formed in order to provide a uniform clamping area and means
      for introducing heating current to the panel. If the panel is a honeycomb
      structure, the edges are then sealed and the interior is filled with an
      inert gas. The panel is then clamped in the wrapping apparatus with a
      plurality of gripper assemblies which contain jaws electrically insulated
      from the frame of the apparatus and connected to a source of substantial
      electrical power. The jaws are preliminarily tightened by means of
      hydraulic actuators within the gripper assemblies and stretching force
      applied also by hydraulic means. The gripper jaws are arranged to grip the
      panel, tighten as tension is applied and thus insure good electrical
      contact. The panels are then brought up to forming temperature and the
      panel wrapped around the form block so as to form the panel to the
      contours of the block. Various modifications and adaptations of the steps
      disclosed will occur to those skilled in the art and such are intended to
      be within the spirit of the invention as measured by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of stretch forming a honeycomb structure sandwich panel which
      comprises:
PA1  a. joining a pair of electrode tabs to opposing edges of said panel;
PA1  b. sealing the periphery of said panel;
PA1  c. gripping each of said electrode tabs between two groups of pairs of
      jaws, each of said pair of jaws being slideable between a pair of tapered
      blocks, whereby the clamping force between each pair of jaws will increase
      as tension is applied to said panel;
PA1  d. applying force to separate said groups of pairs of jaws, whereby tension
      will be created in said panel;
PA1  e. coupling a source of electrical current to said tapered blocks, all of
      said tapered blocks gripping one of said electrode tabs being coupled in
      parallel;
PA1  f. circulating an inert gas through the interior of said panel while said
      panel heated by said electrical current; and
PA1  g. wrapping said panel about a form block wherey said panel will assume the
      contours of said form block.
NUM  2.
PAR  2. The method of claim 1, wherein said electrode tabs are joined to said
      panel by welding.
NUM  3.
PAR  3. A method of forming a honeycomb sandwich panel in a stretch forming
      apparatus which comprises the steps of:
PA1  a. attaching a pair of metallic sheets to two spaced edges of said panel;
PA1  b. sealing the periphery of said panel and filling the interior of said
      panel with an inert gas;
PA1  c. gripping substantially parallel edges of said metallic sheets between
      two groups of pairs of jaws, each of said groups of jaws being
      electrically insulated from the frame of said apparatus of said jaws being
      arranged to grip said panel with increasing force as tension is applied to
      said panel;
PA1  d. applying force to separate said groups of pairs of jaws whereby tension
      will be created in said panel;
PA1  e. applying an electrical potential to said metallic sheets and panel
      between said groups of pairs of jaws, each pair of jaws within each group
      being coupled;
PA1  f. wrapping said panel about a form block, whereby said panel will assume
      the contours of said form block.
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ABST
PAL  The problem of producing small openings in a relatively thick wall, such as
      a pipe wall of a working cylinder of a shock absorber, is solved in
      accordance with the invention by placing the wall on a die with an opening
      that is the same or substantially the same as the opening that is to be
      produced, and forcefully penetrating the wall with the conical tip of a
      tool aligned with the die opening, the depth of penetration corresponding
      substantially to the thickness of the wall at the point of penetration.
      This forces part of the material of the wall into the die opening, and,
      upon further penetration to approximately the thickness of the wall, the
      material forced into the die opening is sheared off at the edge of the die
      opening, such that the sheared material can detach from the wall before
      the conical tip is seated in the die opening. Openings produced
      successively in this manner are almost identical, and the operation does
      not leave burrs, the wall face which was lying against the die remaining
      smooth.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a method or process for producing a small opening
      in a relatively thick metallic sheet or pipe wall, especially the wall of
      automobile shock absorber pipes.
PAC  BACKGROUND AND SUMMARY
PAR  In hydraulic shock absorbers as known, for instance, from German
      Offenlegungsschrift No. 2,146,222, for braking the shock on structural
      parts of automotive vehicles, there are small openings in the relatively
      thick inner pipe wall of a working cylinder, the cylinder being made of
      very strong material, and the openings being successively covered by a
      working piston upon actuation of the shock absorber, and thus determining
      the characteristic of the braking force. Cutting type production (e.g.,
      boring) or these openings, which commonly are of 0.4 to 1 mm diameter, for
      example, is normally too expensive for series manufacture of shock
      absorbers in large numbers, because of considerable wear on the small
      boring tools, and because of the need to remove the burrs in a subsequent
      work step. Non-cutting production by stamping with punch and die in the
      customary way, wherein the punch diameter is substantially the same as the
      hole diameter, is out of the question if holes of the exemplary diameters
      previously mentioned are to be produced where the wall thickness is two to
      three mm, as occurs in the particular example given. Under such
      circumstances, the punch immediately bends and becomes unusable from the
      forces involved.
PAR  The problem confronted by Applicants, namely production of small openings
      in a relatively thick pipe wall, is solved in accordance with the instant
      invention in that the wall lies on a die with an opening that is the same
      or substantially the same as the opening that is to be produced, and a
      conical tip of a working tool is forcefully guided to penetrate into the
      wall in alignment with the die opening, the depth of penetration
      corresponding approximately to the wall thickness.
PAR  From German Pat. No. 958,800, a process is known for production of a small
      opening in a platelike object by means of a tool or mandrel. In this
      process, there is borne on an incompressible plastic mass a metallic
      intermediate plate, and then on this another metallic intermediate plate
      is placed, and the object to be formed with an opening is placed on the
      upper intermediate plate. A mandrel with a conical tip is pressed into the
      object so far that a through opening is produced in it by tearing. There
      is the drawback that there is no guarantee of freedom from burrs, or of
      preciseness of opening dimensions. This known process entails a conical
      bending of the platelike object, and would not be suitable for the
      purposes of the present invention, where there is to be no supplementary
      deformation on the opening side of the sheet or pipe wall that is to be
      provided with an opening, as in a shock absorber, which must remain round.
PAR  The process or method of the instant invention offers substantial cost
      advantages as opposed to cutting production of small holes in a thick
      wall. In the process, there is necessarily a conical widening of the wall
      opening, which is desired in the case of the shock absorber mentioned
      previously. In a simple way, there are produced shutterlike jet openings
      for the stream of liquid flowing outward from a working cylinder, the
      openings having a stable flow characteristic that is slightly dependent
      upon viscosity. Such a flow characteristic is a condition to uniform
      action of a shock absorber.
PAR  In the process of the invention, there first is an impression of the sheet
      or pipe wall with the conical tip of the tool. The tip penetrates into the
      wall, whereby the material is caused to flow. With further penetration of
      the conical tip, part of the material of the wall is forced into the die
      opening. With still further penetration, corresponding approximately to
      the thickness of the wall, the lump of material forced into the die
      opening is sheared off at the edge of the die opening, whereby the lump
      can detach from the wall before the conical tip is seated in the die
      opening. Hereby the actual opening is produced, its size being determined
      by the size of the die opening. The shearing off of the lump of material
      below the punch occurs surprisingly and advantageously so uniform that
      openings successively produced are almost identical, and without burrs.
      Different opening cross sections can be produced by suitable
      configurations of the conical tip.
DRWD
PAR  Further characteristics, features, advantages and the like of the invention
      will be apparent to those skilled in the art from the ensuing description
      taken in conjunction with the appended drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a sheet or pipe wall on a die, in section, with the conical
      tip penetrating somewhat into the wall.
PAR  FIG. 2 shows the parts as in FIG. 1, with deeper penetration of the conical
      tip.
PAR  FIG. 3 shows the parts as in FIG. 1 after penetration to a depth that
      corresponds to the thickness of the wall.
PAR  FIG. 4 shows a pipe in cross section, with a ring die incorporated therein,
      and with three conical tips pressing into the wall from the outside.
PAR  FIGS. 5 and 6 show examples of different opening cross sections which can
      be made by the process of method of the instant invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings, the parts illustrated in FIGS. 1-3, namely a
      tool 4 with conical tip 5 and a die 2 with small opening 3, are held
      guided in a conventional device which is not illustrated, whereby conical
      tip 5 is movable in the direction toward opening 3 of die 2. A relatively
      thick sheet or pipe wall 1 that is to be provided with a small opening is
      placed on die 2, the distance from conical tip 5 to die 2 being then
      greater than the thickness of wall 1. In the illustrated position of FIG.
      1, conical tip 5 has penetrated somewhat into wall 1 and has produced a
      small impression ridge 6 against the pressed direction of tool 4 on wall
      1.
PAR  In FIG. 2 the conical tip 5 has penetrated more deeply into wall 1, whereby
      there is a higher impression ridge 7, and a small amount of material 8 of
      wall 1 has been forced into opening 3 of die 2.
PAR  In FIG. 3, conical tip 5 has penetrated by an amount that corresponds to
      the thickness of wall 1, so that there is a still higher impression ridge
      10, and a lump of material 11 has been detached from wall 1, with
      formation of shearing surfaces 12. To illustrate this clearly, lump 11 has
      been shown more closely hatched than wall 1.
PAR  Lump 11 can now fall through die 2, or in production of another opening in
      the wall it will be pushed out by the same tool or by another tool.
      Impression ridge 10 is functionally insignificant in most cases, and
      therefore does not require removal, particularly in the case of shock
      absorber pipes as previously mentioned.
PAR  In the embodiment shown in FIG. 4, three openings, 22, 23 and 24 are
      simultaneously produced in the wall of a pipe 21, where three tools 25, 26
      and 27 with concial tips are guided and moved by an unillustrated device
      that may be considered conventional, against a die ring 28. Here the die
      ring 28 does not need separate support to counter the tool pressure of
      conical tips 25, 26 and 27.
PAR  In FIGS. 5 and 6, openings 33 and 34 of exemplary different cross sections
      are shown produced in walls 31 and 32 by the method of the invention,
      using, for instance, suitably shaped removable conical tips.
PAR  Using the same tools, it is possible according to the invention to produce
      a large number of close tolerance openings in a steel wall, up to the
      point at which the strength of the conical tip or the die is exceeded. The
      tools then have to be either exchanged or reworked. In some circumstances
      there can be a further work step, for example, a simple calibrating
      operation.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method for producing a small opening in a relatively thick metallic
      wall, the steps comprising placing one face of the wall on a die formed
      with an opening corresponding substantially to the opening that is to be
      produced in the wall, positioning a tool formed with a generally conical
      tip adjacent the other face of the wall such that the conical tip is
      aligned with the opening in said die, and forcing said conical tip into
      said wall to a penetration depth approximately equal to the thickness of
      the wall at the point of penetration to force a portion of the wall metal
      into the die opening and shear it from the metallic wall.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein said metallic wall is the wall of
      a shock absorber pipe, and said one and other faces are respectively the
      inner and outer surfaces of the pipe.
NUM  3.
PAR  3. A method as claimed in claim 2 wherein said pipe is cylindrical and said
      die is cylindrical and disposed inside the pipe.
NUM  4.
PAR  4. A method as claimed in claim 3 wherein said die is formed with a
      plurality of openings, and a corresponding plurality of tools are provided
      to produce a plurality of openings simultaneously.
NUM  5.
PAR  5. A method as claimed in claim 1 wherein the point of said conical tip is
      substantially smaller in diameter than the diameter of the opening in said
      die and the conical tip flares outwardly therefrom to a diameter
      substantially greater than the diameter of said die opening.
NUM  6.
PAR  6. A method as claimed in claim 5 wherein the axial distance between the
      point of said conical tip and the area thereof which initially exceeds the
      diameter of said die opening is less than the thickness of the wall at
      said point of penetration such that a substantial portion of the conical
      tip which penetrates said wall is of greater diameter than said die
      opening.
NUM  7.
PAR  7. A method as claimed in claim 6 wherein the penetrating movement of said
      tool is stopped short of the point at which said conical tip would be
      seated in the die opening.
NUM  8.
PAR  8. A method as claimed in claim 7 wherein said one face of said wall
      corresponds closely in configuration to the surface of said die and lies
      against said die surface, and said opening in said die opens abruptly into
      the die surface, such that the configuration of said one face of said wall
      surrounding the opening formed therein remains substantially unaltered
      after formation of said opening.
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ABST
PAL  An improved method is disclosed for controlling the snap-action
      characteristics of thermally expansive bimetallic members. The improvement
      comprises heating the bimetallic member during the forming operation which
      provides the member with said snap-acting characteristics to a temperature
      substantially greater than the upper temperature limit which defines said
      characteristics.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the manufacture of thermally expansive bimetallic
      members and more particularly to the manufacture of thermally expansive
      bimetallic members having snap action capabilities.
PAR  Thermally expansive bimetallic members incorporating a snap action response
      are primarily utilized in switching mechanisms of the thermostatic
      variety. Perhaps the best known of these devices are thermostatic switches
      which utilize a bimetallic material having low and high expanding sides
      joined together along a common interface. Snap action bimetallic switches
      typically possess two positions of stability with each of these positions
      responsive to an established temperature. When the temperature of the
      device is below one (the lower) of these established temperatures, the
      device is in one of the stable positions. Accordingly, as the ambient
      temperature about the member is raised to a second (higher) temperature,
      the thermally responsive member snaps to a second position of stability
      and remains in this position provided the temperature remains at or above
      this second level. Should the ambient temperature now be lowered to the
      first (lower) temperature, resulting in a corresponding lowering of the
      temperature of the member, the member will snap back to its original
      position. The difference in temperature between the two described
      temperatures corresponding to the respective positions of stability is
      known as the differential temperature.
PAR  A known method of manufacturing snap-action switches of the variety
      described has included a forming operation in which the thermally
      expansive member is positioned between two opposingly positioned shaping
      or die members with the members then being actuated to engage the
      expansive member to provide it with the desired configuration needed to
      achieve snap action. Such a configuration usually consists of a knee
      and/or corresponding bowed portion, a dimpled portion or portions, a
      series of ridges, etc. An example of this type of formation is described
      in U.S. Pat. No. 3,748,888 wherein a snap action bimetallic disc is
      provided with a series of scallops which serve as stiffening members.
      These members in turn are designed to limit the previously described
      differential temperature range of the bimetallic article.
PAR  While the above and similar methods have proven successful in reducing the
      differential temperature, none to date have been capable of varying the
      differential range of the articles during their manufacture without
      requiring rather extensive modifications to the equipment making the
      member or to the member itself. That is, there has never been developed a
      method capable of changing the snap action characteristics of
      consecutively produced thermally expansive members without requiring
      either a complete change in the defining die members or substantial
      modification thereto. Such alterations to the snap action characteristics
      are often necessitated as a result of varying operational requirements.
      For example, it may be desirous to produce a bimetallic snap action member
      having a differential temperature range of about 40.degree.F with an upper
      limit or "ON" temperature (2nd stable position) of 100.degree.F and a
      corresponding lower limit or "OFF" temperature (1st stable position) of
      60.degree.F. To now provide a similar bimetallic member with an "ON" of
      105.degree.F and an "OFF" of 65.degree.F has previously required a
      complete change in the defining die bodies or the thicknesses of the
      expansive members being formed. In effect, what is now produced is an
      entirely different bimetallic member. Further, to provide a second
      bimetallic member having similar thickness dimensions with a broader or
      more narrow differential range has necessitated the previously described
      modifications to the dies to provide deeper (or more narrow) dimples,
      scallops, etc. As can be appreciated, the above described changes have
      resulted in both added costs and time required to produce said articles.
PAR  It is believed therefore that an improved method for controlling the snap
      action characteristics of thermally expansive bimetallic members during
      their manufacture without requiring extensive modifications or changes in
      the equipment which provides these characteristics or in the configuration
      of the members themselves would constitute an advancement in the art.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is therefore a primary objective of the present invention to provide an
      improved method for controlling the snap action characteristics of
      thermally expansive bimetallic members during the manufacture of these
      members.
PAR  It is an even further object of the invention to provide a method as
      described which will eliminate the necessity for extensive modifications
      to the forming equipment which defines said members or to the
      configurations of the members themselves.
PAR  In accordance with one aspect of the invention, there is provided an
      improved method for manufacturing a thermally expansive bimetallic member
      having snap action characteristics. The improvement comprises heating the
      bimetallic member during the formation operation which provides the member
      with the described snap action characteristics. As described, the member
      is heated to an established temperature substantially above the upper
      limit of the predetermined temperature range corresponding to the
      mentioned snap action characteristics.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an isometric view of a forming apparatus for use in the method of
      the present invention;
PAR  FIG. 2 is an isometric view of a thermally expansive bimetallic member
      having snap action capabilities as provided by the apparatus of FIG. 1;
      and
PAR  FIGS. 3-5 are graphical illustrations of test results relating to snap
      action characteristics for thermally expansive members as manufactured in
      accordance with the method of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  For a better understanding of the present invention, together with other
      and further objects, advantages and capabilities thereof, reference is
      made to the following disclosure and appended claims in connection with
      the above-described drawings.
PAR  With particular reference to FIG. 1, there is illustrated a forming
      apparatus 10 for forming a thermally expansive bimetallic member having
      snap action characteristics. More specifically, forming apparatus 10 is
      particularly adapted for providing a thermally expansive bimetallic member
      11 with said characteristics when member 11 is positioned therein.
PAR  Apparatus 10 is shown to comprise a pair of opposing shaping or die members
      13 and 15 which are adapted for providing member 11 with a desired number
      of indentations which, when provided, assure snap action. Thermally
      expansive member 11 is substantially flat in form and therefore only
      possesses normal thermal expansive properties. That is, bimetal 11 will
      deflect in a non-snap action type movement when the member is subjected to
      either a heated or cooled ambient environment.
PAR  The first step in providing member 11 with the desired snap action
      characteristics is to position the member between shaping members 13 and
      15. Thereafter, each member is actuated in the direction indicated to
      engage member 11 and impart the required indentations. Shaping members 13
      and 15 are shown as being joined to a pair of corresponding shaft members
      (17 and 19, respectively) which in turn are operatively joined to a drive
      means (not shown). Such a drive means can be powered hydraulically,
      electrically, etc. Because several of the mentioned types of drive means
      are well known in the art, further description is not believed necessary.
PAR  It has been established practice in the formation of many snap action type
      thermally expansive members to provide such members with the required
      operating characteristics in a forming apparatus such as described.
      However, the apparatus as described were somewhat limitive in nature in
      that there has never been known a means whereby the operating capabilities
      of the expansive member could be varied or controlled while in the
      apparatus. For example, if it were desired to change the ON-OFF
      temperature parameters, it was necessary to perform modifications to the
      shaping members, the thicknesses of the materials used, or the materials
      themselves. More often than not, this resulted in an extensive alteration
      to the configuration of the bimetal as ultimately produced.
PAR  As can be appreciated, modifications of the variety described have been
      both time consuming and costly in terms of manufacturing dollars. Die
      changes required a complete shut down of machinery, readjustments, and
      subsequently, a complete retesting program. Furthermore, modifications of
      design require alterations to the corresponding housing or assembly in
      which the manufactured bimetal is to be positioned. The method of the
      present invention eliminates the necessity for the above-described
      alterations to equipment, bimetal, etc. The snap acting thermally
      expansive member produced in accordance with the preferred method to be
      described can be provided with any of several different temperature
      differentials and/or ON-OFF temperature parameters without the unnecessary
      modifications as described. The unique features as mentioned are provided
      by an improved forming method incorporating a pair of heated shaping
      members which serve to heat the bimetal during the forming operation. That
      is, shaping members 13 and 15 are each provided with heating means 21 and
      21' in order that they may be heated to an established temperature when
      they engage member 11 to provide the required snap action characteristics.
      Means 21 and 21' are each shown as being electrically connected to the
      shaping members and comprise a series of imbedded resistive heaters
      strategically positioned within members 13 and 15. Accordingly, heating
      means 21 and 21' are each electrically joined to a power source (not
      shown) which provides the desired source of electrical power. It is to be
      understood that the illustrated electrical heating means represent but one
      of several methods capable of heating members 13 and 15. For example, a
      series of externally positioned electrically powered hot air guns or
      fuel-powered burner assemblies could provide the required heating.
      Additionally, heating can be provided by circulation of a hot fluid media
      through each of the shaping members.
PAR  It is to be understood that the preferred method of the present invention
      can successfully form practically any bimetallic article having two layers
      and capable of thermal expansion. A preferred bimetal successfully used in
      the present invention is well known in the art as Chace 2400 bimetal,
      manufactured by the W. M. Chace Company of Detroit, Mich. Chace 2400 has a
      high expanding side consisting essentially of about 22 percent by weight
      nickel, 3 percent by weight chromium, and the remainder iron.
      Additionally, Chace 2400 has a low expanding side consisting essentially
      of about 36 to 42 percent by weight nickel with the remainder iron.
      Further characteristics of this bimetal include a strip deflection
      constant of about 76 .times. 10.sup.-.sup.7 for temperature ranges of
      0.degree. F to 300.degree.F and a modulus of elasticity of about 25
      .times. 10.sup.6 lbs./in.sup.2. The bimetal also has a useful deflection
      temperature range of about -100.degree.F to about 700.degree.F.
PAR  In FIG. 2, expansive member 11 is shown to now include the desired snap
      action characteristics as provided by appartus 10. Member 11 has been
      provided with at least two upstanding knee (or dimple) portions 23 and
      23'. Knee portions 23 and 23' are each located within an outside leg
      portion (25 and 25' respectively) of member 11 and are formed as a result
      of each leg having been engaged by shaping members 13 and 15 in the manner
      indicated. More particularly, member 13 is provided with a pair of
      recessed portions 27 and member 15 is provided with a corresponding pair
      of upstanding portions 28 which mate with legs 25 and 25' respectively
      when member 11 is positioned therebetween.
PAR  As can be understood, when member 11 is provided with the illustrated knee
      portions 23 and 23', there is created a stress within the member's center
      leg portion 29. This stress in turn results in leg 29 being bowed upward
      in the manner illustrated. Accordingly, when member 11 is positioned
      within a heated environment and leg 29 is thermally deflected in an
      opposing manner to that illustrated, snap action is provided as a result
      of outer legs 25 and 25' maintaining their substantially shorter lengths.
PAR  As has been described, snap action bimetallic members provide several
      useful purposes, some major ones being utilization in thermostatic
      switching devices for electric appliances, home heating, electric
      blankets, heating pads and automotive electric choke assemblies for
      automobiles. Assemblies of the latter type are commonly associated with
      many carburetion systems in today's internal combustion engines. As is
      known, such a switching member is designed to trigger an electrical
      circuit at a relatively low temperature range to assure that electrical
      current is provided the choke assembly to in turn cause a relatively rapid
      opening of the carburetor's throat valve during engine warmup. This action
      assures a better air-fuel ratio, resulting in less waste of hydrocarbons
      and other toxic or poisonous byproducts of internal combustion. The
      switching member is further designed for returning to its normally closed
      (or OFF) position once the established lower temperature is again reached.
      This normally occurs after the engine has been turned off for a period of
      time.
PAR  FIGS. 3-5 represent a series of test results obtained when subjecting
      several Chace 2400 bimetallic members each similar in configuration to
      bimetal 11 in FIG. 1 to the preferred forming operation of the present
      invention. The thicknesses for these members were all within the range of
      0.006 to about 0.010 inches. As illustrated, each of the respective graphs
      for FIGS. 3-5 have as an ordinate the preferred (or acceptable) "ON" and
      "OFF" limit parameters for the articles being formed. As previously
      described, the "ON" range represents the second (or upper) stable position
      for the bimetal while the "OFF" range designates the first (or lower)
      stable position. For the particular example to be described, an acceptable
      upper limit ("ON") range is from about 80.degree.F to about 110.degree.F
      while an acceptable lower limit ("OFF") range is from about 56.degree.F to
      about 64.degree.F. These ranges are of course established by the
      maanufacturer who eventually will utilize the formed bimetals. In the
      examples represented in FIGS. 3-5, this utilization is for the previously
      described automatic choke assemblies for internal combustion engine
      carburetion systems. Accordingly, it has been determined that successful
      operation of the automatic choking mechanism can be achieved when using
      the illustrated "ON" -- "OFF" range parameters.
PAR  The abscissa of each of the graphs of FIGS. 3-5 represents the temperature
      ranges (.degree.F) to which the forementioned die or shaping members are
      heated. As stated, this also substantially represents the temperature to
      which each of the bimetals will be heated. During the forming operation,
      each of the bimetals was positioned within apparatus 10 and provided with
      the described snap action characteristics in the manner shown in FIG. 1.
      The graphs of FIGS. 3-5 illustrate the results of utilizing various
      temperatures for shaping members 13 and 15 during this operation.
PAR  During the testing represented in FIG. 3, shaping members 13 and 15 were
      varied from a high temperature of about 230.degree.  F to a low of about
      200.degree. F. Actually, this was accomplished by first heating the
      members to the higher temperature and permitting them to subsequently cool
      at their own rate. During this "cooling" period, several forming
      operations on a corresponding number of substantially identical Chace 2400
      bimetals were performed. In FIG. 3, each of the vertical designates having
      an upper and lower defining point (a and b, respectively) represents the
      triggering temperatures for each of the bimetallic members formed.
      Accordingly, the difference between these points represents the resulting
      temperature differentials. As stated, the thicknesses for each of these
      bimetals were approximately 0.006 - 0.010 inches. The forementioned
      triggering temperatures were determined from a series of subsequent tests
      performed on the formed articles after each had cooled for an established
      period at normal ambient temperatures, i.e., room temperature (70.degree.
      F).
PAR  As clearly illustrated, varying the temperatures of the shaping members
      during the forming process resulted in corresponding variations of the
      .-+.ON-OFF" limit parameters as well as variations in the temperature
      differentials for each bimetal. This first series of tests clearly
      indicate that the snap-action characteristics for similar bimetals can be
      modified substantially by altering the temperatures of shaping members 13
      and 15.
PAR  As further evidenced in FIG. 3, once these temperatures exceeded an
      established point, the corresponding acceptable ranges were also exceeded,
      particularly those in the lower or "OFF" limit range. Because these ranges
      are considered critical for the particular application, it has therefore
      been determined which die temperatures are acceptable for utilization in
      the forming process when using the described bimetal. It can also be seen
      in FIG. 3, that as the die temperatures approached approximately
      230.degree. F, the lower or "OFF" limit range was again exceeded.
      Accordingly, it has been readily determined which die temperatures
      resulted in acceptable results for this particular application.
PAR  It can be understood from the results obtained in FIG. 3 that the
      parameters which define the snap-action characteristics of the bimetal
      formed and the respective temperature differential can be modified during
      the described forming operation without requiring extensive modification
      to the shaping members 13 and 15. Further, FIG. 3 illustrates that if the
      defining criteria for these snap-action characteristics is changed by the
      manufacturer, it is now only necessary to alter the temperatures of the
      shaping members during the forming process to achieve these new ranges.
      The above remains true for practically any bimetallic member formed within
      apparatus 10. That is, once the described configuration and thickness is
      established, modification to the snap-action defining parameters can be
      achieved by a corresponding altering of the die temperatures utilized.
PAR  Similar to FIG. 3, FIGS. 4 and 5 illustrate the results of several tests
      performed on snap-action bimetallic members formed at established die
      temperatures. In FIG. 4, the die temperatures were controlled within a
      temperature range of approximately 220.degree. F to about 230.degree. F.
      As in FIG. 3, the dies were heated to approximately 230.degree. F and
      thereafter permitted to lower in temperature. However, the rate of this
      lowering was reduced substantially in comparison to the rate of FIG. 3.
      The subsequent test results indicate a relatively stable range for "ON"
      and "OFF" parameters and corresponding temperature differentials. Again it
      is evident that as the die temperature lowered only a few degrees, the
      above parameters were also modified slightly. It is submitted that the
      results obtained in FIG. 4 are clearly indicative that a precisioned
      forming operation has been provided by the present invention. Upper and
      lower parameters and temperature differentials may be varied by only a few
      degrees (F) as a result of corresponding changes in the temperature of the
      shaping members. It has also been shown that these temperatures may be
      maintained within such minimal limitations by a corresponding maintaining
      of the described die temperatures.
PAR  The testing data illustrated in FIG. 5 was achieved as a result of
      maintaining the shaping member temperatures at an established temperature,
      that being approximately 230.degree. F. In this series of tests, the upper
      and lower parameters were maintained within the acceptable ranges as
      defined by the manufacturer.
PAR  In summary, the above provided test data clearly indicates that acceptable
      "ON" and "OFF" parameters and corresponding temperature differentials may
      be achieved during a forming operation providing snap action
      characteristics as a result of a corresponding maintainence of the
      temperatures for the shaping members used. For Chace 2400 bimetals having
      a thickness within a range of about 0.006 to about 0.010 inches, an
      acceptable upper range of about 80.degree. F to about 110.degree. F and an
      acceptable lower range of about 56.degree. F to about 64.degree. F can be
      achieved by maintaining the shaping member temperatures within the range
      of about 220.degree. F to about 230.degree. F. It is also understood from
      the above results that the defining parameters of other bimetals of
      different compositions and/or thicknesses can also be controlled using the
      method of the present invention. However, it would probably be necessary
      to utilize different die temperatures depending on the components used. It
      can also be summarized from the above tests that the preferred
      temperatures for the die members substantially exceeded the "ON" or upper
      limit parameters which define the snap action characteristics for the
      bimetal. In the particular tests represented, the die temperature and
      therefore the temperature of the bimetal during the forming operation was
      preferably established at a ratio to the upper limit parameter of at least
      2:1. This is not meant however to be limitive to the broad concept of the
      present invention as it is easily understood that different bimetals
      having correspondingly different characteristics may in turn require
      substantially different die temperatures.
PAR  In all of the tests performed above, the bimetallic members formed were
      positioned within apparatus 10 for only a relatively brief period. This
      brief period, which ranged from about 1 second to about 3 seconds, is
      further indicative of the described method being readily adaptive to mass
      production.
PAR  It is also preferred to provide a subsequent step in the forming process
      described although this is not considered essential and therefore not
      within the broad concepts of the present invention. This step involves
      heating each of the formed members to a temperature within the range of
      about 390.degree. F to about 450.degree. F for a period of approximately
      one hour. This heating step is primarily desired as a "stabilization"
      function and is accomplished after the formed articles have cooled for an
      established period at normal ambient temperatures, such as room
      temperature of approximately 79.degree. F.
PAR  It has been determined that such a step results in improved stability of
      the operating characteristics of the formed articles with little tendency
      for these characteristics to vary during subsequent operation. As stated,
      the above step is preferred only as an added function and therefore does
      not constitute what is considered the broad aspects of the invention. That
      is, bimetals formed without the inclusion of this subsequent heating
      process have fully met the operating requirements established.
PAR  Thus there has been shown and described an improved method for forming a
      thermally expansive member having snap-action characteristics. The
      improvement comprises heating bimetal as a result of a corresponding
      heating of the shaping members which form the bimetal to an established
      temperature above the upper limit operating range of these
      characteristics.
PAR  While there has been shown and described what are at present considered the
      preferred embodiments of the invention, it will be obvious to those
      skilled in the art various changes and modifications may be made therein
      without departing from the scope of the invention as defined by the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved method for controlling the snap action characteristics of a
      thermally expansive bimetallic member during the manufacture of said
      bimetallic member wherein said snap action characteristics are defined by
      a predetermined temperature range having upper and lower limits, said
      bimetallic member being provided said characteristics during a forming
      operation utilizing at least two opposing shaping members for engaging
      said bimetallic member for an established time period when said bimetallic
      member is positioned therebetween and imparting a predetermined shape
      thereto, said improvement comprising: heating said bimetallic member to an
      established temperature substantially above said upper limit of said
      predetermined temperature range for said snap action characteristics
      during said period of engagement by said opposing shaping members.
NUM  2.
PAR  2. The improvement according to claim 1 wherein said established
      temperature for heating said bimetallic member is at least twice said
      upper limit of said predetermined temperature range for said snap action
      characteristics.
NUM  3.
PAR  3. The improvement according to claim 1 wherein said established
      temperature for heating said bimetallic member is within the range of from
      about 220.degree.F to about 230.degree.F.
NUM  4.
PAR  4. The improvement according to claim 1 wherein said established time
      period for engagement of said bimetallic member by said shaping members is
      from about 1 second to about 3 seconds.
NUM  5.
PAR  5. Improvement according to claim 1 further including heating said
      expansive member to a predetermined temperature after said expansive
      member has been permitted to cool to normal ambient temperature.
NUM  6.
PAR  6. The improvement according to claim 5 wherein said predetermined
      temperature to which said expansive member is heated after said cooling is
      within the range of about 390.degree.F to about 450.degree.F.
NUM  7.
PAR  7. The improvement according to claim 6 wherein said predetermined
      temperature is maintained for approximately one hour.
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ABST
PAL  A method for manufacturing a unit piece for a `V` pulley of the type in
      which a pair of unit pieces of the same configuration are assembled in
      back-to-back relation to each other into a single complete pulley, said
      unit piece having a central flat portion and a circumferential `V` groove
      forming portion continuous with the flat portion, characterized by the
      steps of preparing a forging stock of a disk form of which the outer
      diameter is equal to the outer diameter D.sub.1 of said pulley unit peice
      and the thickness is equal to the thickness T of the flat portion of said
      pulley unit piece; and cold-forging said forging stock for deforming an
      outer circumferential portion thereof so that the thickness of the portion
      is gradually reduced radially outwardly to define a cylindrical portion of
      height L as well as an outermost circumference of thickness T.sub.1 and n
      innermost circumference of thickness T.sub.2 (T.sub.1 &lt;T.sub.2) to form
      said circumferential V groove forming portion whereby the pulley unit
      piece is formed in such an efficient manner that the material of the
      forging stock of disk form is effectively plastic-deformed into the unit
      piece.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for manufacturing a unit piece of a V
      pulley, and more particularly to a method for manufacturing a unit piece a
      pair of which are assembled in back-to-back relation into a single
      complete V pulley which is well adapted for use in a small-sized rotary
      machine.
PAR  It has been a common practice in manufacturing a V pulley for use such as
      in a vehicle electric charging generator to machine a cast-iron block or
      steel block to a desired shape. In case of the cast-iron, a metal stock is
      melted under heat for casting the same into a cast mold, so that such a
      method surffers from an increasing amount of material expenses, heat and
      light expenses and expenses for man power which are all required for
      melting and casting the material. In addition, the machining cost required
      for cutting the casting to desired accuracy by a device such as lathe is
      increased, with the accompanying increase in energy required for melting
      the metal stock as well as in energy required for machining the casting,
      thus resulting in considerable disadvantages.
PAR  On the other hand, there is known a steelplate pulley which is manufactured
      by subjecting a circular steel-plate having a thickness T to drawing to
      thereby provide a pulley unit piece of a dish form. However, such an
      attempt is also confronted by shortcomings in that, since the thickness of
      the pulley unit piece is uniformly equal to the aforesaid thickness, the
      weight of the assembled pulley is considerable and the pulley, when in
      use, produces resonance with the vibration in a rotary machine, and in
      that since the thickness T is relatively large, there has been increased
      the inertia of the pulley. Those shortcomings are apparently undesirable
      from every viewpoint in a pulley.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a method for
      manufacturing a unit piece of a V pulley with less amount of a material
      and a minimized man power.
PAR  According to the present invention, there is provided a method for
      manufacturing a unit piece of a V pulley, comprising the steps of
      preparing a forging stock of a disk form which has an outer diameter equal
      to the outer diameter of the pulley unit piece and a thickness equal to
      the thickness of a flat portion of the unit piece, and cold-forging the
      forging stock so as to define an outer circumferential portion thereof
      into such a V groove forming portion that the thickness thereof is
      gradually reduced radially outwardly whereby said pulley unit piece is
      formed in such an efficient manner that the material of the forging stock
      of disk form is effectively plastic-deformed into a form of the pulley
      unit piece with the accompanying saving in material and energy required.
PAR  In this specificaiton, meant by the words "unit pieces of V pulley" as used
      herein should be understood to be right and left-hand parts which are
      symmetrical to each other and which, when assembled, forms a single
      complete V pulley having a V groove in its circumference. Thus, it will be
      noted that one unit piece gives right or left-hand half of the intended
      pulley.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional view of a pulley assembly consisting a pair of
      right and left-hand pulley unit pieces which are manufactured according to
      the method of the invention;
PAR  FIG. 2 is a cross sectional view of a pulley unit piece in which the unit
      piece is being subjected to forging according to the method of the present
      invention; and
PAR  FIG. 3 is a perspective view of a forging stock of the pulley unit piece
      embodying the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Description will now be given in attempt to explain the method of the
      present invention with reference to FIGS. 1 to 3. Referring to FIG. 1,
      shown at 1 is a body proper of a rotary machine, at 2 a bearing element,
      and at 3 a V pulley mounted on a rotating shaft 4. The V pulley 3 is
      composed of a pair of pulley unit pieces 31 and 32 which are assembled in
      a back-to-back relation into a single complete one. The unit pieces 31 and
      32 are symmetrical to each other, i.e., the so-called right and left-hand
      parts. The pulley thus assembled has an outer diameter D.sub.1, pulley
      groove inner diameter D.sub.2, pulley groove width W, pulley groove angle
      .theta. and radius of curvature at its circumferential edges R. If
      desired, a fan 5 may be mounted on the shaft 4 for cooling the body of the
      machine. The pulley assembly 3 is secured to the end portion of the
      rotating shaft 4 through the fan 5, a spacer 6, and a spring washer 7 by
      means of a nut 8. Shown at 9 is a V belt which is entrained around the
      pulley along its V groove. The V belt has a wedge form in its cross
      section and thus produce a frictional transmitting force onto the surface
      of the V groove to serve as driving force for the pulley assembly. Due to
      this wedge form, there will be produced a force which tends to spread the
      pulley unit pieces in such a direction as to avert oneself from each
      other, but this force will be counteracted by the nut 8 so that the unit
      pieces are stably secured in place. In addition, for withstanding a load
      acting onto the pulley assembly and for reducing an inertia of same as
      well as for presenting light weight, it is desirable to design the pulley
      unit piece so that the thickness thereof becomes T &gt; T.sub.2 &gt; T.sub.1, as
      shown in FIG. 2.
PAR  Turning now to the method for manufacturing the unit pieces 31 and 32,
      there is provided a flat steel plate of a thickness T and an outer
      diameter D.sub.1, as shown in FIG. 3.
PAR  In FIG. 2, shown at 10 is a cold-forging die that is used for manufacturing
      the pulley unit pieces 31 and 32. The cold-forging die 10 consists of a
      pair of upper and lower halves 101 and 102 which are engraved respectively
      to configurations of the pulley unit pieces 31 and 32. The lower half 102
      is formed to include a portion having a circumferential inner wall of a
      diameter substantially equal to the outer diameter D.sub.1 of the forging
      stock to hold the forging stock of outer diameter D.sub.1 and serves to
      define a V groove forming portion of the pulley unit piece into a
      dimension of pulley groove width W, pulley groove angle .theta. and radius
      of curvature at its circumferential edges R. The upper half 101 is so
      formed that upon forging operation, the thickness of the forging stock
      portion within a range of a diameter equal to the groove inner diameter
      D.sub.2 of the pulley unit piece is maintained as it is, and a V groove
      forming portion of the stock, that is the stock portion within a range
      from a diameter equal to the groove inner diameter D.sub.2 of the unit
      piece to a diameter equal to the outer diameter D.sub.1 of same is
      gradually reduced in its thickness radially outwardly, i.e., toward the
      diameter D.sub.1. In this connection, it should be noted that there is a
      relation T &gt; T.sub.2 &gt; T.sub.1 in said thickness.
PAR  In the method using the above mentioned forging die for manufacturing a
      pulley unit piece, the outer diameter of the forging stock of a disk form
      is taken as being equal to the outer diameter D.sub.1 of the pulley unit
      piece, so that the forging stock is securely received in the lower half
      102 in concentric relation thereto while being shaped under pressure into
      a unit piece by the upper half 101.
PAR  In addition, the thickness of the forging stock portion covered by a
      diameter equal to the groove inner diameter D.sub.2 of the unit piece is
      taken as being equal to the thickness of the flat portion of the pulley
      unit piece, so that during forging operation, only the V groove portion
      and cylindrical portion 33 are securely subjected to forging with a
      central portion 34 of the stock held in position and thus the plastic
      deformation of metal material is performed in the manner that the material
      flows steadily towards the cylindrical portion 33, that is an outer
      circumferential portion which is necessary to outwardly gradually decrease
      the thickness. In addition, the surfaces A, B, C, and D of the pulley unit
      piece which is each required a suitable flatness are manufactured to the
      flatness less than 0.05 mm by a single operation of cold-forging, thereby
      eliminating further machining operation which would be otherwise
      necessary. Thus, it will be noted that the metal material of the forging
      stock is utilized 100 percent effectively.
PAR  It will be noted that if it is required to provide a pulley unit piece of
      the following dimensions;
PA0  outer diameter D.sub.1 = 74 mm: pulley groove inner diameter D.sub.2 = 42
      mm: inner diameter D.sub.3 = 69 mm: pulley groove width W = 10 mm: pulley
      groove angle .theta. = 34.degree.: radius of curvature R = 15 mm: height
      of outer circumferential face L = 5 mm: thickness of pulley flat portion T
      = 4 mm: and thickness of V groove forming portion T.sub.1 and T.sub.2 =
      2.5 and 3.5 mm, respectively,
PAL  It will be satisfactory to employ a foring stock of an outer diameter 74 mm
      equal to the outer diameter of the pulley unit piece to be forged and of a
      thickness 4 mm equal to that of the flat portion of same.
PAR  The advantages of the pulley unit piece according to the above mentioned
      method are as follows;
PAR  1. The stable positioning of a forging stock may be achieved during forging
      operation, and thus the flow of plastic deformation of the metal material
      is very smooth. 2. The material of the forging stock can be utilized 100
      percent effectively without producing waste material. The flatness of the
      mating surface A, fixing surface B, V groove surface C and fan attaching
      surface D may be maintained within the flatness less than 0.05, which
      leads to no need of further machining. These permits saving both in
      material and in energy. 3. The thickness of the portion having the V
      groove surface C is forged to a thickness smaller than the thickness of a
      forging stock, so that there may be achieved a work-hardening effect
      therein. For instance, when the hardness of the forging stock which is
      soft enough for being subjected to forging is in a range of 100 to 120 in
      micro-Vickers hardness, the hardness of the C surface portion obtained is
      proved to be within a range of 150 to 190 in micro-Vickers hardness,
      thereby presenting good wear-resistance against the sliding movement of a
      V belt thereon. 4. The thickness of a unit piece is gradually reduced as
      it goes closer to the outer circumferential portion thereof (to the outer
      diameter D.sub.1) with having a relationship of T &gt; T.sub.2 &gt; T.sub.1. As
      a result, the thickness of a unit piece portion which is close to a center
      thereof and receives a wedge force by the V belt may be increased to a
      maximum extent and thus a mechanically stable pulley assemble is
      presented. In addition, a V pulley receives vibration from the rotary
      machine and tends to cause resonance like a disk plate having a fixed
      axis, but since the pulley unit piece has a reduced thickness in the outer
      diameter portion but an increasing thickness toward its center, the V
      pulley assembly is mechanically very tough. In other words, the resonance
      frequency is high and the stress acting on the shaft-fixed portion is
      less. In addition, the unbalancing degree of a pulley depends on the
      non-uniformity in its thickness and eccentricity, but since the thickness
      of the pulley unit piece is outwardly reduced and the weight is light,
      there results little unbalancing degree according to the present
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for manufacturing a unit piece for a V pulley of the type in
      which at least a pair of unit pieces of the same configuration are
      assembled in back-to-back relation to each other into a single complete
      pulley, said unit piece having a central flat portion and a
      circumferential V groove forming portion continuous to the flat portion,
      characterized by the steps of preparing a forging stock of a disk form of
      which the outer diameter is equal to the outer diameter D.sub.1 of the
      pulley unit piece and the thickness is equal to the thickness T of said
      flat portion of the pulley unit piece; and cold-forging said forging stock
      by means of at least a pair of upper and lower halves of a forging die for
      deforming an outer circumferential portion thereof so that the thickness
      of the portion is gradually reduced radially outwardly to form said
      circumferential V groove forming portion.
NUM  2.
PAR  2. A method for manufacturing a unit piece for a V pulley as set forth in
      claim 1, wherein one half of said forging die includes a portion having a
      circumferential inner wall of a diameter substantially equal to the outer
      diameter D.sub.1 of said forging stock for the pulley unit piece, said
      forging stock being held by said circumferential inner wall during said
      forging operation.
NUM  3.
PAR  3. A method for manufacturing a unit piece for a V pulley as set forth in
      claim 1, wherein said forging stock is subjected to forging so as to form
      a portion of said stock within a range from a diameter equal to the groove
      inner diameter D.sub.2 of the pulley unit piece to a diameter equal to the
      outer diameter D.sub.1 of the same into said V groove forming portion so
      that the thickness thereof is gradually reduced radially outwardly.
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ABST
PAL  A cold rolling method for producing a high magnetic flux density grain
      oriented electrical steel sheet or strip having remarkably excellent
      B.sub.8 characteristics, comprising subjecting a hot rolled steel sheet or
      strip a combination of heavy cold rolling with annealing during which the
      steel sheet or strip is held at a temperature between 100.degree. and
      350.degree.C at an interim sheet thickness stage during the heavy cold
      rolling.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method for producing a grain-oriented
      electrical steel sheet or strip (hereinafter referred to as sheet) having
      the grain orientation {110}&lt;001&gt; which is easily magnetizable in the
      rolling direction.
PAR  The grain oriented electrical steel sheet is required to have a high
      magnetic flux density and low watt loss characteristic.
PAR  Recently, great importance has been put on the minimization of size as well
      as the improvement of performance of transformers, etc., and for this
      purpose it is necessary to reduce the weight of iron cores for such
      applications. In general, in order to reduce the iron core weight, the
      iron core must be used in a range of high magnetic flux density so that a
      material having good magnetization characteristics, namely a high B.sub.8
      (a magnetic flux density at a magnetizing force 800 AT/cm), must be used
      for the iron cores.
PAR  Meanwhile, when it is used at a high magnetic flux density, the watt loss
      will increase and in this case it is noticeable that the watt loss of a
      material having higher B.sub.8 is far much smaller than that of a material
      having a lower B.sub.8 in a high magnetic flux zone, and yet the
      increasing rate of the watt loss accompanying the increase of the magnetic
      flux density is lower in the case of the material having high B.sub.8.
PAR  The present invention provides a method which can produce steel products
      satisfying the above requirements, namely a high magnetic flux density
      grain-oriented electrical steel sheet having remarkably excellent
      excitation characteristic, namely an excellent B.sub.8 characteristic of
      more than 1.90 wb/m.sup.2 as compared with a conventional grain-oriented
      electrical steel sheet.
PAC  PRIOR ART
PAR  As for the production of a high magnetic flux grain oriented electrical
      steel sheet, such steel sheet can be obtained from a steel containing a
      small amount of acid soluble aluminum (hereinafter referred to as
      aluminum) as disclosed in Japanese patent publications No. 33-4710, No.
      40-15644 and No. 46-23820 for example, and the feature of these prior
      patents reside in that AlN is used and a strong reduction is effected in
      the final cold rolling step.
PAR  In the production of a grain-oriented electrical steel sheet, in general,
      it is possible to obtain a steel product having {110}&lt;001&gt; orientation,
      namely the so-called Goss texture, and an excellent magnetization
      characteristic in the rolling direction due to the secondary
      recrystallization phenomenon in the final annealing. In this case,
      precipitates produced by added elements, such as nitrides, sulfides and
      oxides play an important role.
PAR  It has been conventionally considered that these precipitates are finely
      dispersed in the matrix to inhibit the grain growth of the matrix and
      improve the secondary recrystallization but, as disclosed in the Japanese
      Pat. publication No. 46-23820, these precipitates are precipitated in a
      specific orientation in respect to the matrix, and thereby selectively
      promote only the grains of the specific orientation, so that the
      orientation of the secondary recrystallization grains is strictly
      controlled and a steel product having very excellent orientation, namely a
      good B.sub.8 characteristic, can be obtained.
PAC  SUMMARY OF THE INVENTION
PAR  The present inventors have found that the cold rolling conditions of the
      above heavy reduction have important effects on the magnetic
      characteristics of the final steel product in case of the production of a
      high magnetic flux density grain oriented electrical steel sheet utilizing
      the effects of AlN.
PAR  More specifically, it has been discovered that when the steel sheet, in the
      course of the cold rolling, is held at a temperature between 100.degree.
      and 350.degree.C for more than one minute and then is again rolled into a
      final thickness and the combination of the cold rolling and the
      low-temperature heat treatment (hereinafter referred to as aging) is
      repeated until the final sheet thickness, a steel product having a better
      B.sub.8 characteristic and lower watt loss, as compared with a
      conventional high magnetic flux density electrical steel sheet, can be
      obtained.
PAR  It is considered that the above improvement of properties are brought about
      by the fact that the solid solution nitrogen gathers at the defect
      portions of the steel sheet formed during the rolling when the aging is
      done in the course of the cold rolling and this gathering of nitrogen
      causes a change in the deformation mechanism during the subsequent rolling
      and thus varies the cold rolled texture of the final sheet thickness.
      Also, the solid solution nitrogen, which is uniformly dispersed in the
      matrix, prevents excessive coarsening of AlN during the subsequent
      annealing and contributes to formation of favourable fine AlN. These facts
      cause a change in the orientation of the primary recrystallization grains
      and the growth of the specific secondary recrystallization grains is
      promoted by the favorable fine AlN.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The steel composition to which the present invention is applied must
      satisfy the following conditions which are required for a high magnetic
      flux density electrical steel sheet.
PA1  Si : 2.5 to 4.0 percent
PA1  C : 0.085 percent maximum
PA1  Al(acid soluble): 0.010 to 0.065 percent
PAR  Silicon contents of more than 4 percent are not desirable because they
      cause difficulties in the cold rolling, but on the other hand, silicon
      contents below 2.5 percent bring about the disadvantages of lowered
      electric resistance and increased watt loss.
PAR  Carbon must be present, depending on the silicon content, in an amount
      sufficient to cause tranformation in at least in part of the steel. When
      the carbon content exceeds 0.085 percent, not only it is impossible to
      obtain a high magnetic flux density steel sheet, but also it is difficult
      to accomplish complete decarburization.
PAR  Aluminum is a basic element for assuring a high magnetic flux density steel
      sheet in the present invention, and aluminum contents outside the above
      range render the secondary recrystallization unstable, and thus a high
      magnetic flux density steel sheet cannot be obtained.
PAR  Other than the above basic elements, elements such as sulfur may be
      contained so far as they do not deviate from the objects of the present
      invention or adversely affect the steel.
PAR  Nitrogen is normally contained in an amount more than 0.0020 percent in
      ordinary commercial steel, and this level of nitrogen content is enough
      for forming AlN in the present invention.
PAR  Any steel ingot or slab which is prepared by conventional steel making,
      melting and ingot or slab making practice may be used in the present
      invention.
PAR  The steel ingot or slab is first hot rolled into a hot rolled steel coil.
PAR  According to the present invention, the cold rolling is done by one step,
      and a heavy reduction of 81 to 95 percent is required to obtain a high
      magnetic flux density grainoriented electrical steel sheet.
PAR  Prior to this heavy reduction cold rolling, AlN precipitation annealing is
      effected by heating the steel at a temperature between 950.degree. and
      1200.degree.C for 30 seconds to 30 minutes and rapidly cooling the steel
      from a temperature range from 750.degree. to 950.degree.C down to
      400.degree.C in a time from 2 to 200 seconds.
PAR  If the annealing temperature, time and the cooling conditions are outside
      the above respective range, the secondary recrystallization become
      unstable, and high magnetic flux density can not be obtained.
PAR  The most important feature of the present invention lies in the above heavy
      reduction cold rolling step. This heavy reduction cold rolling may be done
      by any conventional cold rolling mill, but the cold rolling method is
      critical in the present invention.
PAR  Thus, in order to attain the heavy cold rolling of 81 to 95 percent
      reduction by one step, the final sheet thickness is obtained normally by
      plural passes of rolling through various interim sheet thicknesses. During
      this rolling step, the coil must be held at a temperature between
      100.degree. and 350.degree.C for 1 minute or more to effect the aging
      treatment.
PAR  In this cold rolling method, when the combination of the rolling and the
      aging is repeated as shown here under, the magnetic properties of the
      steel product are further improved. Hot Rolling - Rolling - Aging -
      Rolling - Aging . . . Rolling
TBL  (starting               (final                                            

      thickness)              thickness)                                       

     Strong Reduction Rolling                                                  

     (81 to 95%)                                                               

PAR  If the aging treatment conditions are outside the above temperature and
      time ranges, not only can no improvement of the product properties be
      expected, but they tend to deteriorate the product properties.
PAR  In the conventional cold rolling method, the rolls are cooled by applying
      coolant thereon in order to prevent the burning of the steel sheet and to
      give lubricity. Therefore, the conventional cold rolling method does not
      suggest the technical thought and thermal effects of the intermediate
      aging between 100.degree. and 350.degree.C in the present invention. The
      thermal effects in the present invention can be attained by appropriately
      controlling the amount of the coolant during the cold rolling, for example
      by reducing the coolant nozzle, or may be attained by providing a heat
      retaining or heating device in the course of the cold rolling step to give
      the thermal effects to the steel sheet. It is possible to prevent the
      burning of the steel sheet and the rolls and shortness of lubricity and
      improve the magnetic properties of the steel sheet by controlling the
      supply of coolant depending on the type of cold rolling mill used.
PAR  As the upper limit of the aging is set at 350.degree.C, the productivity is
      not lowered at all by the aging so that a great advantage can be obtained.
      Although some effect can be obtained by the aging even at 50.degree.C,
      remarkable effect on improvement of the magnetic properties can be
      obtained when the aging is done at 100.degree.C or higher.
PAR  In any event, it is necessary to provide enough temperature and time for
      causing aging of the steel coil.
PAR  Meanwhile no specific limitation is required during the cold rolling.
PAR  If the aging treatment is done prior to the beginning of the cold rolling,
      the magnetic properties of the product is poor, as explained hereinafter.
      Also if the aging treatment is done at the time of the final sheet
      thickness, no improvement of the properties is obtained.
PAR  Meanwhile, after the aging the steel coil may be cooled to an ordinary
      temperature and rolled, or may be rolled directly after the aging without
      cooling.
PAR  The steel coil which has been reduced to its final sheet thickness by the
      cold rolling is then subjected to decarburization annealing at a
      temperature between 700.degree. and 900.degree.C for 30 seconds to 30
      minutes to lower the carbon content to 0.005 percent or less.
PAR  After the decarburization annealing, an annealing separator is applied to
      the surface of the steel sheet for prevention of burning of the steel
      sheet during a final finishing annealing.
PAR  The final finishing annealing should be done at a temperature and time
      coefficient to assure satisfactory development of the Goss orientation,
      namely the secondary recrystallization grains of {110}&lt;001&gt;.
PAR  For this purpose, it is necessary to anneal the steel at a temperature not
      lower than 1000.degree.C for at least 5 hours in an H.sub.2 or N.sub.2
      atmosphere.
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The present invention will be more clearly understood from the following
      descriptions of the examples of the present invention with reference to
      the attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph showing the magnetic properties of the steel product
      obtained by Example 1.
PAR  FIG. 2 is a graph showing the magnetic properties of the steel product
      obtained by Example 2.
PAR  FIG. 3 is a graph showing the magnetic properties of the steel product
      obtained by Example 3.
PAR  FIG. 4 is a graph showing the magnetic properties of the steel product
      obtained by Example 4.
PAC  EXAMPLE 1
PAR  Steel material containing 0.04% C, 2.9% Si and 0.03% Al was hot rolled into
      a sheet thickness of 2.3 mm.
PAR  This hot rolled steel sheet coil was subjected to continuous annealing
      followed by rapid cooling and acid pickling, and cold rolled into a final
      sheet thickness of 0.30 mm under the following conditions.
TBL  __________________________________________________________________________

     Starting                                                                  

           Partway Thickness                                                   

                        Aging*   Final Remarks                                 

     Thickness                                                                 

             (in mm)             Thickness                                     

     (in mm)                     (in mm)                                       

     __________________________________________________________________________

     2.3                         0.30  (Conventional)                          

     "                  200.degree.C.times.5 hrs.fwdarw.                       

                                 "                                             

     "     2.1          "        "                                             

     "     2.0          "        "                                             

     "     1.0          "        "                                             

     "     0.40         "        "                                             

     "     0.30(Final thickness)                                               

                        "        --                                            

     __________________________________________________________________________

       *Aging was done by holding the steel at the indicated temperature for th

      indicated time.?                                                         

PAR  Thus obtained cold rolled steel sheet was subjected to decarburization
      annealing at 850.degree.C and then a final annealing at 1200.degree.C to
      obtain final products.
PAR  The magnetic properties of the products thus obtained are shown in FIG. 1.
PAR  It is understood from FIG. 1, that the aging effects in the course of the
      cold rolling are remarkable, and it is also understood that the properties
      of the products are considerably deteriorated when the aging is done prior
      to the cold rolling, and that the aging treatment at the final sheet
      thickness stage does not contribute to improve the properties of the
      product at all.
PAC  EXAMPLE 2
PAR  The same steel material which was hot rolled, continuously annealed and
      acid pickled in the same way as in Example 1 was cold rolled to a final
      sheet thickness of 0.30 mm under the following conditions.
     __________________________________________________________________________

     Starting                                                                  

           Partway Thickness                                                   

                       Aging* Final Remarks                                    

     Thickness                                                                 

           (in mm)            Thickness                                        

     (in mm)                  (in mm)                                          

     __________________________________________________________________________

     2.3                      0.30  (Conventional)                             

     "     1.0         25.degree.C.times.5 hrs.                                

                              "                                                

     "     "           50  "  "                                                

     "     "          100  "  "                                                

     "     "          150  "  "                                                

     "     "          200  "  "                                                

     "     "          250  "  "                                                

     "     "          300  "  "                                                

     "     "          350  "  "                                                

     "     "          400  "  "                                                

     __________________________________________________________________________

      *Aging was done by holding the steel at the indicated temperature for the

      indicated time.                                                          

PAR  The same decarburization annealing and final annealing as in Example 1 were
      done. The magnetic properties of the products are shown in FIG. 2.
PAR  The aging effects are observed when the aging at the interim sheet
      thickness is done at a temperature between 100.degree. and 350.degree.C.
      Meanwhile no effects is observed by the aging at the final sheet
      thickness.
PAC  EXAMPLE 3
PAR  The same steel material hot rolled, continuously annealed and acid pickled
      as in Example 1 was cold rolled to a final sheet thickness of 0.30 mm
      under the folliwng conditions.
     __________________________________________________________________________

     Starting                                                                  

           Partway Thickness                                                   

                      Aging*    Final Remarks                                  

     Thickness                                                                 

           (in mm)              Thickness                                      

     (in mm)                    (in mm)                                        

     __________________________________________________________________________

     2.3                        0.30  (Conventional)                           

     "     1.0        150.degree.C.times.0.5                                   

                             min.                                              

                                "                                              

     "     "          1      "  "                                              

     "     "          5      "  "                                              

     "     "          30     "  "                                              

     "     "          1      hr "                                              

     "     "          5      "  "                                              

     "     "          24     "  "                                              

     "     "          48     "  "                                              

     __________________________________________________________________________

      *Aging was done by holding the steel at the indicated temperature for the

      indicated time.                                                          

PAR  The same decarburization and final annealing as in Example 1 were
      conducted. The magnetic properties of the products are shown in FIG. 3.
      The effects are observed when the aging is done for 1 minute or more.
PAC  EXAMPLE 4
PAR  The same steel material hot rolled, continuously annealed and acid pickled
      as in Example 1 was cold rolled to a final sheet thickness of 0.30 mm
      under the following conditions.
     __________________________________________________________________________

     Conditions                                                                

           Starting                                                            

                   Aging*    Final  Remarks                                    

           Thickness         Thickness                                         

           (in mm)           (in mm)                                           

     __________________________________________________________________________

     A     2.3               0.30  (Conventional)                              

     B     "     Partway thickness:                                            

                 1.0 mm;150.degree.150.degree.C.times.5 hrs.                   

                             "     &lt;One time                                   

                                   aging&gt;                                      

     C     "     Per each cold rolling                                         

                 pass;150.degree.C .times. 5 min.                              

                                   &lt;Per each pass                              

                                   aging&gt;                                      

     __________________________________________________________________________

      *Aging was done by holding the steel at the indicated temperature for the

      indicated time.                                                          

PAR  The same decarburization and final annealing as in Example 1 were effected.
PAR  The magnetic properties of the products are shown in FIG. 4. It is clear
      from the figure that the properties of the products are more remarkably
      improved when the combination of the rolling and the aging is repeated.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a cold rolling method for producing a high magnetic flux density
      grain oriented electrical steel sheet or strip comprising the steps of hot
      rolling a silicon steel material containing 2.5 to 4.0% Si, not more than
      0.085% carbon and 0.010 to 0.065% acid soluble Al, annealing the hot
      rolled steel sheet at a temperature between 950.degree. and 1200.degree.C
      and rapidly cooling the steel sheet to precipitate AlN, subjecting the
      steel sheet to a one-step heavy cold rolling at a reduction rate between
      81 and 95 percent to obtain a final sheet thickness, decarburization
      annealing of the cold rolled steel sheet, and final annealing, the
      improvement which comprises obtaining the final steel sheet or strip
      thickness by a plurality of rolling passes of the heavy cold rolling
      through various interim sheet thicknesses and holding the steel sheet at a
      temperature between 100.degree. and 350.degree.C for at least 1 minute
      during the heavy cold rolling step at least one time between the above
      plurality of rolling passes.
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ABST
PAL  A gun for upsetting the shank terminal of a metallic rivet projecting
      through work is operable after back-up force is applied to the rivet head.
      An anvil may be employed to form the upset in such manner that the rivet
      shank in the work bore, and the bore itself, may be controllably expanded.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part of Ser. No. 455,555 filed Mar.
      28, 1974.
BSUM
PAR  This invention relates generally to riveting apparatus and systems, and
      more particularly concerns riveting equipment facilitating more rapid and
      efficient riveting with associated substantial reduction in noise levels.
PAR  At the present time there are many problems involved in the riveting of
      panels, as for example in aircraft fabrication. Among these are the
      requirement for the delivery by a rivet gun of a large number of blows or
      impacts to the rivet head, in order to gradually upset the rivet shank
      terminal, a so-called heavy mass or "bucking bar" being held against that
      terminal to form the upset. Not only is this procedure extremely noisy,
      but it also produces rapid oscillation of the rivet back and forth in the
      panel bore during the riveting process, which tends to gall the bore and
      remove anodizing on the rivet shank due to back and forth frictional
      contact of the shank with the bore. Further, the impact shock loading or
      hammering is repeatedly delivered via the rivet head to the work panels,
      tending to separate them slightly at their interface, and resulting in an
      undesirably loose riveted connection and/or buckling of one or both
      panels, in many instances. Additional problems include unwanted flattening
      and cracking of rivet heads, marring of the panels, so-called clinching of
      the upset and tipping or cutting of the driven head.
PAC  SUMMARY OF THE INVENTION
PAR  It is a major object of the invention to provide solutions to the above
      problems, through the provision of the riveting equipment and system to be
      described. Basically, certain apparatus applies back-up force to the rivet
      head tending to keep the rivet in fully inserted position in the work,
      with the rivet head urged toward the work; and, other apparatus delivers
      an impact to the protruding rivet shank terminal in a direction to urge
      the terminal toward the bore in the work, the impact delivered with such
      high impact velocity as to radially expand and axially shorten the bulk of
      the terminal, thereby to form an upset engaging the side of the work
      opposite the head, while the head remains in close adjacency to the work.
      As will be seen, safety means prevents operation of the gun until the
      bucking bar is applied to the work. Accordingly, major impact force is not
      transmitted to the work via the head, but is rather employed to directly
      form the upset, at such high speed that the rivet head is not undesirably
      displaced relatively away from the work. As will appear, the upset is
      preferably formed in response primarily to only a single impact, to reduce
      the noise levels to a minimum and to virtually eliminate rapid endwise
      oscillation of the rivet in the work during upset formation. Also, initial
      force (prior to impact) is exerted of applied against the work opposite
      sides in order to prevent separation of work panels during upset formation
      as described.
PAR  Other objects include the provision of an anvil for confining the tip of
      the rivet terminal against radial expansion while the bulk of that
      terminal undergoes radial expansion, thereby to form a centering indicator
      at the tip of the upset; the control of rivet shank expansion; the
      provision of control means including a valve operated by the worker
      holding a bucking bar, to prevent operation of the upset forming gun until
      back-up force is applied to the rivet head; the provision of a trigger
      operated valve at the gun to control application of control pressure to a
      control valve which in turn releases working pressure to a plunger driving
      piston; the provision of a safety valve to prevent application of
      pneumatic pressure to the piston of the gun until the gun has been applied
      to the work; and the provision of means to adjust the length of the gun
      barrel to thereby adjust the plunger stroke and subsequently to strike the
      anvil with controllable impact.
DRWD
PAR  These and other objects and advantages of the invention, as well as the
      details of an illustrative embodiment, will be more fully understood from
      the following description and drawings, in which:
PAC  DRAWING DESCRIPTION
PAR  FIG. 1 is a side elevation showing a riveting system incorporating the
      invention;
PAR  FIG. 2 is an enlarged fragmentary elevation, taken in section of the
      forward portion of the riveting gun shown in FIG. 1, and prior to
      application to a fastener inserted into a work bore;
PAR  FIG. 3 is a section taken on lines 3--3 of FIG. 2, and partially broken
      away to show interior details;
PAR  FIG. 4 is an enlarged vertical section showing application of the FIG. 1
      system components to a rivet inserted into a work bore;
PAR  FIG. 5 is an enlarged elevation like that of FIG. 2, showing the gun
      components during force application to the rivet;
PAR  FIG. 6 is an enlarged fragmentary elevation showing system components in
      relation to a rivet, prior to riveting;
PAR  FIG. 7 is a view like FIG. 6 showing system components applied to the rivet
      and work, but prior to rivet deformation;
PAR  FIG. 8 is a view like FIG. 7 showing system components applied to the rivet
      and work during rivet deformation; and
PAR  FIGS. 9 to 12 show modifications, including a rivet.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the drawings, the work is shown in the form of two panels or skins 10
      and 11 to be interconnected as by a rivet or rivets 12; however, the work
      may take other forms. The rivet is shown as inserted into a bore 13 that
      extends through both panels, with the rivet head 14 at one side of the
      work. The shank 15 includes a portion 15a within the bore, a terminal
      portion 15b protruding from the bore at the opposite side of the work, and
      a tip at 15c. The rivet may have loose fit, push fit or other fit in the
      bore as desired.
PAR  In this environment, a system for securing the rivet to the work includes
      first means at one (right) side of the work applying back-up force to the
      rivet head tending to urge the head toward the work. Such first means may
      for example include a so called bucking bar 16, having heavy metallic mass
      or body portions 16a and a terminal 16b that may be concavely recessed at
      16c to fit the domed curvature of the rivet head. Force exerted via the
      bucking bar, as indicated by arrow 17, is transmitted to the head 14, and
      then to the work panel 11 tending to keep the inner face 14a of the head
      engaged with side 11a of that panel. Such steady force may, for example,
      be less than 50 pounds.
PAR  The system also includes second means at the opposite (left) side of the
      work for delivering an impact to the rivet shank terminal 15b in a
      longitudinal axial direction (indicated by arrow 18) tending to urge that
      terminal toward bore 13, and with sufficient impact velocity as to
      radially expand and axially shorten the bulk of the terminal, thereby to
      form an upset (as at 15b' in FIGS. 5 and 8) engaging the opposite side of
      the work (as at 19 in FIGS. 5 and 8) while the head 14 extends or remains
      closely adjacent the one side of the work, as at surface 11a. The upset is
      preferably formed in response primarily to only a single impact, as
      described, so that the rivet does not oscillate in bore 13, and the time
      required to form the upset is minimized. Also, impact force is utilized to
      form the upset rather than being substantially dissipated by transmission
      via the rivet head to the work, as in the past. Note that the head surface
      14a remains engaged against the work surface 11a during completion of
      upset formation, whereby a tight rivet connection to the work is always
      assured. These conditions may be met when the velocity of impact exceeds
      about 800 to 1,000 feet per second. Merely as illustrative, the materials
      of the rivet and panels may be selected from the group consisting of
      aluminum, aluminum alloys, titanium and titanium alloys, and other ferrous
      and non-ferrous metals and alloys.
PAR  The referenced second means may, with unusual advantage, include a gun 22
      having structure such as anvil 20 for engaging the tip 15c of the rivet
      shank terminal, and a plunger 21 to deliver the high velocity impact to
      the anvil at inner surface 20a thereof for impact transfer to the rivet
      head. The illustrated gun 22 also includes a body 23 and a pair of handles
      24 and 25 enabling it to be held by a worker, using both hands. Pneumatic
      means including a piston is provided to drive the plunger or striker
      forwardly, such means including for example a compressed air source 27
      seen in FIG. 1 as supplying air via line 28, air pressure regulator,
      cleaner and lubricator 29, and line 30 to the gun 22 via handle 24. Within
      the latter, air flows via duct 31 to air reservoir 34. From that
      reservoir, air passes via duct 35 to a poppet type safety valve generally
      indicated at 36, in FIG. 5, and which, when opened, passes air pressure to
      a trapped air chamber 38 via duct 37. A trigger controlled valve,
      indicated at 39 in FIG. 1, controls sudden release of pressurized air from
      chamber 38 to the main cylinder or bore 40 to drive piston 41 therein
      forwardly. The elongated striker or plunger 21 has an enlarged section 21b
      connected via nut 41a and screw 42 to the center of the piston.
PAR  With regard to safety valve 36, it is openable to pass pneumatic pressure
      to chamber 38 only in response to application of the gun to the work, as
      for example forward movement of the gun body 23 relative to an outer
      barrel 43 carried by the body. The barrel 43 includes sections 43a and 43b
      which have threaded interconnection at 44, make-up being limited by an
      inner sleeve 44a. Section 43b is carried for guided, limited axial
      movement in bore 45 of body nose section 46, a flange 47 on that barrel
      section being alternately engageable with shoulder 48 on nose section 46
      and shoulder 49 on adapter block 50 to limit such movement. A compression
      spring 51 normally urges barrel 43 forwardly relative to the body, as seen
      in FIG. 2, allowing the poppet valve plunger 52 to be spring urged
      downwardly to close position, a large ball 53 coupling mechanically
      between that plunger and the cam surface 54 on the barrel rear flange 47.
      The poppet valve plunger works within a cylinder 55 to open and close
      communication between ducts 35 and 37, as via a side duct 56 in valve
      cylinder 55, and auxiliary duct 57 in block 50, as seen in FIG. 3.
      Cylinder 55 is resiliently urged at 58 against stop 59, and air pressure
      exerted on the poppet head 158 normally urges the plunger 52 against ball
      53. When the forward end 60 of barrel section 43a is held against the work
      surface 10a, and the gun body 22 advanced toward the work and relative to
      barrel 43, the rear flange 47 displaces ball 53 radially outwardly to also
      move plunger 52 outwardly opening the safety valve by unseating the poppet
      head 158. Flange 47 works within a bore 50a in block 50. Accordingly,
      working air pressure can flow to chamber 38 only after the gun has been
      applied to the work.
PAR  The barrel 43 may be considered as an element of tubular means carried by
      the body to project forwardly, such tubular means also including the anvil
      20 for receiving the plunger or 21 striker. The anvil has slidable
      reception within the bore 62 of the barrel forward section 43a, and a
      compression spring 63 urges the anvil forwardly so that normally an anvil
      flange 64 engages step shoulder 65 formed by barrel section 43a. The
      opposite ends of spring 63 engage flange 64 and a ring 69 retained in
      block 50, as shown, that ring also seating one end of spring 51.
PAR  A further aspect of the invention concerns the provision of means to
      confine the tip 15c of the rivet terminal against radial expansion while
      the bulk of the terminal 15b undergoes such expansion to form the upset,
      thereby to form a centering indicator at the tip of the rivet. See in this
      regard the example of such an indicator at 15c' in FIG. 8. An inspector
      can very quickly ascertain, by viewing such an indicator 15c', whether it
      is concentric as related to the expanded upset 15b'. If the latter is
      concentric, the upset is correctly formed, whereas if it is not
      concentric, (as for example oval shaped) the existence of an out-of-round
      condition of the upset and its azimuthal bulge direction, are immediately
      evident, in relation to the location of the indicator 15c' which always
      remains centered.
PAR  For the above purpose, the anvil end wall 20b typically forms a centered
      recess 20c shaped to receive and confine the rivet tip 15c during the
      impact delivery, via that tip, to the rivet terminal portion 15b subjected
      to radial expansion and axial compression. Annular tapered wall 20d of the
      recess blocks radial expansion of the tip during the formation of the
      upset.
PAR  Maintenance of the recess 20c in centered and centering engagement with the
      tip 15c may be achieved, in unusually advantageous and simple manner as
      described below. Firstly, preliminary interfitting of the anvil and rivet
      shank tip, as described, as aided by compression spring 63, urges the
      anvil toward the rivet. Note that the end of spring 63 engages the anvil
      flange 64, which is guided by a counterbore wall 66 in tubular part of
      barrel 43a for axial movement; also, the anvil skirt 67 may have axial
      guided engagement with bore wall 62 in the part 43a for centering
      purposes. Initially, therefore, the anvil recess 20c receives the rivet
      tip 15c  and the barrel 43 is thereby centered in relation to the rivet as
      the barrel terminal 60 is pushed into forcible engagement with the work
      surface 10a. Such engagement is thereafter forcibly maintained during
      formation of the upset 15b' and the force transmitted between barrel
      terminal 60 and wall 10a develops frictional force resisting lateral
      displacement of the barrel, anvil and rivet terminal during upset
      formation, further facilitating the maintenance of the centered conditions
      as described. Accordingly, problems of malformation of the upset are
      eliminated or minimized.
PAR  Control means is provided to effect application against the piston 41 of
      fluid pressure sufficient to drive the plunger 21 forwardly in one stroke
      to substantially fully upset the rivet shank terminal. Such control means
      includes a trigger 70 operable to open valve 39 to pass control air
      pressure from line 71 and duct 72 in body 23 to duct 73 in that body. Such
      pressure shifts spool valve elements 74 and 75 to the left, thereby
      unblocking the passage of pneumatic pressure from chamber 38 to the main
      cylinder or bore 40 for driving the piston 41 forwardly. Pressure delivery
      to line 71, as from source 76, may be valve controlled at 77 at the side
      of the work panels opposite the gun 22 and plunger 21, so that the worker
      who applies the bucking bar 16 can control application of impact force to
      the rivet, preventing inadvertent impact delivery to the rivet prior to
      his application of the bar 16 to the rivet head; otherwise, such impact
      delivery could "shoot" the rivet from the work and possibly injure
      personnel. Valve 77 may be carried in the handle 78 of a bucking tool 79,
      and to which the bar 66 is attached, as shown. A thumb trigger 80
      pivotally attached to the handle 78 at 81, controls the valve 77.
PAR  Finally, means is provided to adjust the effective stroke of the plunger 21
      in its travel to strike the anvil, so that the rivet end may be upset to
      desired extent, such adjustment allowing use of the gun 22 to form rivet
      upsets of different sizes and materials in relation to the work wherein
      the bores may also vary. Such means may with unusual advantage include
      means to retain the barrel sections 43a and 43b at a selected adjustment
      (at telescopic interconnection 44) corresponding to a selected overall
      length of sections 43a and 43b. This in turn controls the spacing between
      the forward terminal of the plunger (which strikes the anvil) and the
      elastomer cushion or pad 82 which is compressed by the piston at the end
      of its strike.
PAR  As shown in FIGS. 2 and 5, a keeper ring 100 is slidable along the barrel
      section 43b, with keys 101 riding in keyways 102 to block ring rotation. A
      spring 103 urges the ring forwardly to teeth 104 may penetrate selected
      annularly spaced slots 105 in the enlarged left end of the section 43a,
      blocking relative rotation of the sections 43a and 43b. Such relative
      rotation, for adjustment of overall length of these sections, may be
      effected after rearward displacement of ring 100 against spring 103 to
      disengage teeth 104 from the slots, followed by reengagement of the teeth
      in other slots. Note retainer rings 120 and 121, functioning as shown.
PAR  FIG. 9 shows a modified gun barrel 130 containing a forwardly movable
      plunger 131. Elastomeric means, as for example a rubber O-ring 132, is
      carried at the forward end of the barrel to engage the work panel and
      resist sideward slippage or movement of the barrel relative to the work
      panels 133 and 134 during forward travel of the plunger. The latter has a
      substantially flat forward end face or surface 131a to strike the rivet
      shank terminal, forming the upset 135. The head 136 of the rivet 137 is
      retained by bucking bar 138 against the surface 139 of the work 134. Note
      that some expansion of the rivet shank 140 occurs, producing corresponding
      expansion of the work bore 141 producing radial compression and peripheral
      tension, as is desirable.
PAR  A greater degree of bore expansion can be achieved using the anvil 20
      previously described. It is found that the extent of such expansion can be
      controlled by controlling the conical angle .alpha. of the anvil surface
      20d appearing in both FIGS. 7 and 10, i.e. the more acute the angle, the
      greater the expansion of the work bore, also indicated at 141 in FIG. 10.
      Such angularity controls the concentration of at least a portion of the
      impacting at the center portion of the shank terminal 15b in FIG. 10,
      during upset formation, to transmit sufficient force into the rivet within
      the bore so as to controllably expand the rivet shank in the bore. In
      addition, the modified anvil of FIG. 10 shows an interior frusto-conical
      recess 143 deeper than the frusto-conical recess formed by surface 20d and
      having a conical wall 144 the cone angle .beta. of which is normally less
      than the angle .alpha.. That recess and wall 144 contribute along with
      surface 20d to enhancement and greater control of expansion of the rivet
      shank in the bore, during upset formation. For example, controllable hole
      expansion between 0.002 and 0.010 inches in overall diameter may be
      achieved, using a rivet metal softer than the metallic material of the
      work panels (for example, a 33,000 ksi rivet in a 72,000 ksi panel).
PAR  FIG. 11 shows in greater detail the design of the modified anvil 20a as
      shown in FIG. 10. The angle .alpha. lies between 30.degree. and
      80.degree., and the angle .beta. lies between 5.degree. and 50 .degree..
      In addition, the angle .theta. lies between 25.degree. and 75.degree.,
      where the angled line 150 connects points 151 and 152 at the innermost and
      outermost edges of the recesses. For a rivet diameter ranging between 1/16
      and 13/32 inch, the dimension "K" lies between 0.025 and 0.200 inch.
PAR  Curved and broken lines 154 and 155 indicate optional inner and outer
      recess walls where the radius R.sub.1 of spherical wall 154 is
      approximately equal to one-half the rivet diameter, and where the radius
      of curved annular surface 155 is indicated at R.sub.2. Surface 154 is
      forwardly concave whereas surface 155 is forwardly convex.
PAR  A typical rivet formed by the anvils of FIGS. 10 or 11 is seen in FIG. 12.
      Note that the upset 200 has surfaces 201 and 202 corresponding to and
      formed by anvil surfaces 20d and 144, respectively. Thus, the
      frusto-conical angularity of surface 201 exceeds that of surface 202.
      Concentration of force into the rivet shank 215 upon formation of the
      upset 200 results in expansion of the shank to form reverse frusto-conical
      taper at 216, and which tends to lock the rivet to panel or skin 210.
      Taper 216 flares toward the upset 200. If panel or skin 211 is of
      sufficiently soft material, a localized reverse taper tends to form at 217
      adjacent the head 218, and locking the rivet to panel 211. Typical rivet
      materials include aluminum, Monel, stainless steel, copper and brass.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a gun for upsetting the shank terminal of metallic rivet projecting
      through work, the rivet also having a head spaced from said terminal, the
      combination comprising
PA1  a. structure including a plunger to be driven forwardly for transmitting
      upsetting force to be delivered to said terminal,
PA1  b. means including a piston to drive the plunger forwardly after back-up
      force is applied to the rivet head,
PA1  c. a chamber to store working fluid pressure, a control valve, and a
      trigger actuated valve for releasing the passage of control fluid pressure
      to operate the control valve for releasing working fluid pressure to
      actuate the piston,
PA1  d. said structure including a forwardly extending tubular barrel, and an
      anvil element carried by and movable relative to the barrel between the
      plunger and rivet terminal to receive said upsetting force and to transmit
      same to the rivet terminal, there being a spring urging the anvil element
      forwardly relative to the plunger, the anvil extending in front of the
      plunger, the anvil element having generally frusto-conical recess means to
      receive and confine the tip of the rivet terminal during upset formation,
      said recess means including first and second conical recesses, the first
      recess located between the second recess and the forward end of the anvil,
      the first and second recesses defining respective generally conical angles
      .alpha. and .beta., and wherein .alpha. is substantially greater than
      .beta..
NUM  2.
PAR  2. The gun of claim 1 wherein said gun includes a gun body carrying said
      chamber, said control valve and said trigger operated valve.
NUM  3.
PAR  3. The gun of claim 1 wherein the gun includes a body which carries the
      barrel so that the body is movable axially forwardly to limited extent
      relative to said barrel when the barrel forward terminal engages the work,
      and a safety valve openable to pass plunger operating pneumatic pressure
      to a holding chamber within said body in response to said body forward
      relative movement.
NUM  4.
PAR  4. The gun of claim 3 wherein the gun includes a block containing said
      safety valve, the block having a bore receiving rearward extent of the
      barrel for relative movement therein, and there being a mechanical
      coupling between the safety valve and said rearward extent of the barrel
      to open the safety valve when the block moves forwardly relative to the
      barrel and to close the safety valve when the block moves rearwardly
      relative to the barrel, there being means resiliently biasing the barrel
      forwardly relative to the block.
NUM  5.
PAR  5. The gun of claim 1 including a source of said working fluid pressure
      communicating with said storage chamber, said working fluid pressure being
      sufficient to drive the piston and plunger toward the rivet at a velocity
      of at least about 800 to 1,000 feet per second.
NUM  6.
PAR  6. The combination of claim 4 including the work in the form of panels, one
      of which is urged toward the other by the barrel for effecting opening of
      said safety valve.
NUM  7.
PAR  7. The gun of claim 1 including elastomeric means at the end of the barrel
      to engage the work to resist sideward slippage of the barrel relative to
      the work during forward travel of the plunger within the barrel.
NUM  8.
PAR  8. The gun of claim 7 wherein the plunger has a substantially flat forward
      end surface to strike the rivet shank terminal.
NUM  9.
PAR  9. The combination of claim 1 wherein said first and second recesses are
      defined by first and second annular surfaces, the first surface being
      located between the second surface and the forward end of the anvil, said
      first surface merging with the forward end of the anvil and also with said
      second surface.
NUM  10.
PAR  10. In a gun for upsetting the shank terminal of a metallic rivet
      projecting through metallic work, the rivet also having a head spaced from
      said terminal, the combination comprising
PA1  a. a barrel and a plunger to be driven forwardly therein,
PA1  b. and an anvil located in the barrel to be struck and driven forwardly by
      the plunger, the anvil having generally frusto-conical recess means
      opening forwardly to concentrate impact at the center of the rivet
      terminal during upset formation to effect controllable expansion of the
      rivet shank in the work, said frusto-conical recess means including first
      and second conical recesses, the first recess located between the second
      recess and the forward end of the anvil, the first and second recesses
      defining respective conical angles .alpha. and .beta., and wherein .alpha.
      is substantially greater than .beta. and .alpha. is between 30.degree. and
      80.degree. and .beta. is between 5.degree. and 50.degree..
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ABST
PAL  A calibration standard for an ultrasonic inspection system used to test
      components having curved surfaces. Several embodiments are disclosed, all
      having at least one curved surface and a calibration hole providing an
      internal controlled geometry reflector surface having a body axis which
      conforms to the curvature of the surface. The several embodiments can be
      manufactured by several methods, one of which comprises securing a block
      of electrically conductive material having the desired curved surface in a
      fixture, placing a moveable electrically conductive electrode adjacent the
      block to form a gap therebetween, applying a high voltage to the block and
      the electrode to cause an electrical discharge across the gap while
      bathing the gap in a dielectric fluid, and advancing the electrode into
      the interior of the block along a curved path having a center of curvature
      common to the center of curvature of the curved surface to form an
      internal bore therein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to ultrasonic inspection of materials. More
      particularly, this invention relates to calibration standards employed
      with ultrasonic testing systems.
PAR  Ultrasonic inspection is widely used for the non-destructive testing of
      many types of materials, such as pipes, pressure vessels, welds, conduits
      and the like. In a typical ultrasonic testing procedure, a transducer
      operable in the ultrasonic range is placed on a surface of the component
      being tested and repeatedly energized to create pulsed ultrasonic waves
      which are coupled to the interior of the component. The waves travel
      through the interior of the component, and are reflected at surfaces or
      interior discontinuities and subsequently detected by either the same
      transducer operated in a receiving mode or a second transducer at the same
      location as the generating transducer or a different location spaced
      therefrom. By noting the arrival time and intensity of the received sound
      waves, cracks, fissures, or other inhomogenieties in the interior of the
      component can be detected.
PAR  In order to correctly interpret the received waves, the inspection
      apparatus must be calibrated by means of a calibration standard. A typical
      calibration standard is constructed from the same or a similar material to
      that from which the components to be tested are fabricated, and is
      provided with a controlled geometry reflector, such as a cylindrical hole
      of precise dimensions. In use, the transducer of the inspection system to
      be calibrated is placed on a surface of the calibration standard at a
      known distance from the calibration reflector and energized to generate
      pulsed ultrasonic waves in the interior of the calibration standard. By
      measuring the time interval between pulse generation and reception of the
      reflected wave, the speed of the waves in the particular material can be
      determined. This information enables the distance between the transducer
      and a reflector surface in a component under inspection to be determined
      from the time interval between pulse generation and reception. In
      addition, by measuring the attenuation of the wave in traveling through
      the calibration standard from the sending transducer to the reflector and
      to the receiving transducer, a calibration scale showing the attenuation
      of the ultrasonic waves with distance in the material, commonly termed "a
      distance amplitude correction scale" or DAC, can be plotted.
PAR  While existing calibration standards of the above type have been found to
      be adequate for components having planar surfaces, in applications
      requiring the ultrasonic inspection of components having curved surfaces
      such standards have been found to lead to inaccurate results. In known
      calibration standards used with curved surfaces, the calibration hole
      containing the controlled geometry reflector surfaces is a cylindrical
      bore passing through the body of the calibration standard. Due to the
      internal geometries of the curved calibration standard reflecting
      surfaces, the resulting DAC plot obtained is much less accurate than that
      obtained when planar surfaces are involved.
PAR  The present day practice of using a straight calibration hole in a curved
      calibration standard thus exhibits three serious disadvantages. Firstly,
      the amplitude of ultrasonic waves reflected from the controlled geometry
      reflector surface is a function of transducer position with respect to the
      line of symmetry perpendicular to the calibration hole. Secondly, a
      continuous DAC plot cannot be obtained due to unavoidable focusing and
      defocusing of the beam caused by the curved calibration standard surfaces.
      Lastly, the location of the reflector surface within the calibration
      standard material cannot be accurately determined since the transducer to
      reflector distance varies across the width of the ultrasonic beam. Efforts
      to overcome these disadvantages in the past have not met with wide
      success.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises an ultrasonic calibration standard having at least
      one curved surface and a calibration hole having a body axis which
      conforms to the curvature of the surface. In a first embodiment of the
      invention, the calibration standard comprises an arcuate segment of
      cylindrical pipe with a calibration hole having an axis lying on a
      circular path whose center of curvature is substantially equal to the
      center of curvature of the inner and outer cylindrical pipe surfaces. In a
      second embodiment, the calibration standard comprises a pipe section
      having a U-bend with a calibration hole which follows the curvature of the
      inside radius wall of the U-bend. In still another embodiment, the
      calibration standard comprises a block of material having inner and outer
      curved surfaces of different contours and a pair of calibration holes each
      following the curvature of a different one of the inner and outer
      surfaces. In still another embodiment, the calibration standard comprises
      a generally spherical cap with a calibration hole having a curvature
      substantially equal to the curvature of the sphere. In still another
      embodiment, the calibration standard comprises a block of material having
      a cylindrical hole with a calibration hole which follows the contour of
      the hole wall surface. In still another embodiment, the calibration
      standard comprises a block of material having a spherical depression with
      a calibration hole in the material which follows the contour of the
      sphere. In still another embodiment, the calibration standard comprises a
      cylindrical pipe section with a spiral calibration hole in the annular
      regions thereof, the calibration hole curvature following the curvature of
      the pipe walls.
DRWD
PAR  For a fuller understanding of the nature and advantages of the invention,
      reference should be had to the ensuing detailed description taken in
      conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view illustrating a known curved calibration
      standard having a straight hole;
PAR  FIG. 2 is a sectional view taken along lines 22 of FIG. 1;
PAR  FIG. 3 is a perspective view partially in section showing a first
      embodiment of the invention;
PAR  FIG. 4 is a DAC plot comparing the prior art with the instant invention;
PAR  FIG. 5 is a schematic view of an apparatus for fabricating the FIG. 2
      embodiment; and
PAR  FIGS. 6-12 illustrate alternate embodiments of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Turning now to the drawings, FIGS. 1 and 2 illustrate a typical calibration
      standard of the type currently employed to calibrate an ultrasonic
      inspection apparatus prior to the testing of pipe sections or similar
      cylindrical objects. The standard comprises an arcuate section 10 having
      outer and inner wall surfaces 11, 12, respectively, with substantially the
      same center of curvature C. The calibration hole 13 is a straight
      substantially cylindrical hole formed in material 10 at substantially
      right angles to the body axis of the material.
PAR  In use, a conventional ultrasonic transducer 15 having a pair of leads 16,
      17 coupled to a conventional ultrasonic inspection apparatus is placed on
      outer surface 11 and the apparatus is calibrated by pulsing transducer 15,
      sensing the reflected waves from the reflector surface of calibration hole
      13, and measuring the travel time and amplitude of the ultrasonic waves at
      spaced locations L.sub.1, L.sub.2, and L.sub.3 along surface 11 in a
      conventional manner. As suggested by arrows 18, 19, depending on the
      location of transducer 15 relative to the axis of symmetry S of the
      calibration standard, a major portion of the ultrasonic waves reflected
      from the surface of calibration hole 13 are reflected at such a large
      angle that the returning waves corresponding thereto do not strike the
      sensing face of transducer 15. As a result, the amplitude of reflected
      waves which are received by transducer 15 varies with position L and the
      angle subtended by axis S and transducer 15, which renders the resulting
      DAC plot inaccurate.
PAR  FIG. 3 shows a first embodiment of the invention suitable for use in
      calibrating an ultrasonic inspection apparatus prior to the testing of
      circular pipe or similar cylindrical objects. An arcuate section of
      material 20 has inner and outer walls 21, 22, respectively, with the
      center of curvature of both wall surfaces 21, 22, coincident with the body
      axis 23. Unlike the prior art standard, calibration standard 20 is
      provided with a calibration hole 25 which is preferably substantially
      cylindrical in cross section and which has a contour which follows the
      contour of wall surfaces 21, 22. Calibration hole 25 may terminate
      internally of material 20 as depicted, or may extend entirely from edge 24
      to edge 26.
PAR  FIG. 4 shows a pair of DAC plots obtained with the prior art calibration
      standard shown in FIGS. 1 and 2 and the first embodiment of the invention
      shown in FIG. 3. In FIG. 3, the ordinate represents the amplitude of
      reflected pulses received by transducer 15 while the abscissa represents
      the distance of transducer 15 from the calibration hole along the body
      axis of the calibration standard measured in node points. Curve 31 is a
      DAC plot obtained with the straight hole calibration standard shown in
      FIGS. 1 and 2, while curve 32 illustrates the DAC plot obtained with the
      calibration standard shown in FIG. 3. A comparison of these two curves
      shows that not only signal strength but also the apparent position of the
      calibration hole are inaccurately registered with the prior art standard.
      The DAC plot obtained with the FIG. 3 embodiment, on the other hand,
      accurately depicts both transducer position and signal attenuation in
      traveling through the material 20.
PAR  FIG. 5 is a schematic elevational view illustrating a fixture for
      fabricating a calibration standard of the type shown in FIG. 3. A curved
      solid block of material 20 preformed with inner and outer walls 21, 22 is
      secured in a suitable clamp 40 constructed from an electrically conductive
      material. Clamp 40 is provided with a conductive electrode 41 coupled via
      a conductor 42 to ground potential of an associated high voltage power
      supply (not illustrated). Clamp 40 is mounted on a rigid base member 43 by
      means of a pair of bolts 44.
PAR  Secured to an insulated mounting post 45 supported by base member 43 is a
      pivotable electrode arm 46 having a suitably configured clamp 47 at the
      free end thereof for supporting an active electrode 48. Electrode 48 is a
      hollow conductive member preformed to the desired arcuate shape (e. g.
      circular arcuate) and is coupled to a conventional source of dielectric
      fluid by means of hollow tubing 49. Electrode arm 46 is provided with a
      high voltage connector 50 which is coupled via a conductive lead 51 to the
      high voltage output terminal of the high voltage source.
PAR  In operation, material 20 is placed in clamp 40 and secured thereto.
      Electrode 48 is then positioned in clamp 47 at a radial position along arm
      46 corresponding to the desired position of the calibration hole 25 to be
      formed in material 20. The associated dielectric fluid supply is then
      actuated to supply a flow of dielectric fluid through electrode 48 to the
      tip thereof, after which high voltage is applied via elements, 51, 50, 46,
      47 and 48 to the tip of electrode 48. Arm 46 is then maneuvered in the
      counterclockwise direction at a controlled rate to position the tip of
      electrode 48 closely adjacent the end surface 24 of material 20 to
      establish a small discharge gap thereacross. The resulting spark discharge
      melts a portion of the material 20 which is flushed away by the dielectric
      fluid flowing in electrode 48. Thereafter, electrode 48 is advanced at a
      predetermined rate to form calibration hole 25. This process continues
      until calibration hole 25 has achieved the desired length, after which the
      high voltage is removed from electrode 48, and electrode 48 is withdrawn
      from the now formed hole.
PAR  If desired, the FIG. 5 apparatus may be modified so that electrode 48 is
      stationary and material block 20 is movable with equally beneficial
      results.
PAR  The calibration standard may also be manufactured by other known methods.
      For example, a rectangular block of material of the desired thickness may
      first be provided with a bore by drilling. Thereafter, the material is
      heated to a temperature at which the material will readily creep, usually
      a temperature in the neighborhood of 0.5 T.sub.m, where T.sub.m is the
      melting temperature of the material, after which the rectangular block may
      be formed to the desired curved shape. In another method of fabricating
      the calibration standard, a block of material having the desired curved
      shape is electro-chemically machined to form the calibration bore.
PAR  FIGS. 6-12 illustrate alternate embodiments of the invention suitable for
      use as calibration standards for components of various curved shapes. FIG.
      6 illustrates a calibration standard 60 for cylindrical materials in which
      the axis of the inner cylindrical wall surface 61 is offset from the axis
      of the outer cylindrical wall surface 62. In this embodiment, a pair of
      calibration holes are provided: a first hole 63 having a curvature which
      follows the curvature of the inner wall surface, and a second hole 64
      having a curvature following the curvature of the outer wall surface.
PAR  FIG. 7 illustrates a calibration standard 70 suitable for use with pipes
      having a U-bend. In this embodiment, the calibration hole 71 follows the
      curvature of the inside radius wall 72 of the U-bend.
PAR  FIG. 8 illustrates a calibration standard 80 suitable for use with
      spherical cap materials having concentric inner and outer wall surfaces
      81, 82. In this embodiment, the calibration hole 83 follows the curvature
      of the concentric spherical wall surfaces.
PAR  FIG. 9 illustrates a calibration standard 90 for use with both cylindrical
      wall surfaces and spherical depressions.
PAR  As will be apparent to those skilled in the art, the calibration holes
      provided in the FIG. 6-9 embodiments can all be formed with the apparatus
      shown in FIG. 5.
PAR  FIG. 10 illustrates still another embodiment of the calibration standard
      100 in which the calibration hole 101 is in the shape of a helix
      symmetrically formed with respect to the center of curvature of the inner
      and outer cylindrical wall surfaces 102, 103. This type of calibration
      hole may be formed with a modified version of the apparatus formed in FIG.
      5 supplemented with an axial feed device for feeding arm 46 into the plane
      of the Fig. at a predetermined rate.
PAR  FIG. 11 illustrates a calibration standard 110 in which the calibration
      hole 111 is formed in a rectangular block of material to the desired
      curved shape, the hole extending from the top surface of the block,
      interiorly thereof, and terminating in a side wall.
PAR  FIG. 12 shows a calibration standard having a helical bore 121 extending
      from the top surface, internally of the block of material and terminating
      in the bottom surface.
PAR  As will now be apparent, calibration standards constructed in accordance
      with the teachings of the invention provide an accurate means for
      calibrating an ultrasonic inspection system prior to testing components
      having curved surfaces. As will be apparent to those skilled in the art,
      the invention may be employed with other curved surfaces than cylindrical
      or spherical surfaces. For example, if desired, calibration holes having
      parabolic, hyperbolic or other curved shapes may be provided to meet the
      requirements of particular applications. Calibration holes of this type
      may be most readily fabricated by the creep forming process noted supra.
PAR  While the above provides a complete disclosure of the preferred embodiments
      of the invention, various modifications, alternate constructions and
      equivalents may be employed without departing from the true spirit and
      scope of the invention. For example, the fixture shown in FIG. 5 may be
      provided with an automatic feed mechanism, if desired, to control the
      movement of arm 46 and active electrode 48. In addition, holes having
      other cross-sectional shapes than circular, e.g. square, rectangular,
      star-shaped and the like, may be provided if desired to meet the
      requirements of a particular application. Accordingly, the above
      description and illustrations should not be construed as limiting the
      scope of the invention which is defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved ultrasonic calibration standard for use in calibrating an
      ultrasonic inspection system for testing components fabricated from a
      component material having known ultrasonic wave propagating properties,
      said standard comprising a solid monolithic block fabricated from a
      material having ultrasonic wave propagating properties substantially
      similar to said component material, said block having at least one curved
      surface of predetermined curvature and means for providing an internal
      controlled geometry ultrasonic wave reflector surface, said means
      including a bore formed internally of said block and having a curved
      longitudinal axis, the curvature of said longitudinal axis following the
      curvature of said curved surface so that the perpendicular distance
      between said curved surface of said block and all points lying on a line
      on the surface of said bore drawn parallel to said longitudinal axis is
      substantially constant.
NUM  2.
PAR  2. The device of claim 1 wherein the curvature of said curved surface and
      the curvature of said longitudinal axis of said bore are substantially
      right circular cylindrical with a common center of curvature.
NUM  3.
PAR  3. The device of claim 1 wherein said curved surface is substantially
      partially spherical and the curvature of the longitudinal axis of said
      bore is circular arcuate, said curved surface and said axis curvature
      having a common center of curvature.
NUM  4.
PAR  4. The device of claim 1 further including a second curved surface and a
      second internally formed bore, the curvature of the longitudinal axis of
      said second bore following the ccurvature of said second curved surface.
NUM  5.
PAR  5. The device of claim 4 wherein said first curved surface and the
      curvature of said longitudinal axis of said first bore are substantially
      right circular cylindrical with a common center of curvature, and wherein
      said second curved surface is substantially partially spherical and the
      curvature of said longitudinal axis of said second bore is circular
      arcuate, said second curved surface and the axis of said second bore
      having a common center of curvature.
NUM  6.
PAR  6. The device of claim 4 wherein said first curved surface and the
      curvature of said longitudinal axis of said first bore are substantially
      right circular cylindrical with a common center of curvature, and wherein
      said second curved surface and the curvature of the longitudinal axis of
      said second bore are substantially right circular cylindrical with a
      common center of curvature, the center of curvature of said first curved
      surface and the axis of said first bore being different from said center
      of curvature of said second curved surface and the axis of said second
      bore.
NUM  7.
PAR  7. The device of claim 1 wherein said calibration standard comprises a
      substantially cylindrical annular member having a U-bend along a portion
      thereof, said first curved surface comprising the inner wall of said
      annular member along said U-bend portion and the axis of said first
      internally formed bore following the curvature of said inner wall.
NUM  8.
PAR  8. The device of claim 1 wherein said calibration standard comprises a
      cylindrical annular member, said first curved surface comprises the inner
      wall surface of said annular member, and said internally formed bore forms
      a helix whose center of curvature is common to the center of curvature of
      said inner wall surface.
NUM  9.
PAR  9. A method of fabricating a calibration standard for use in calibrating an
      ultrasonic inspection system, said calibration standard having at least
      one curved surface conforming to a curved surface of components to be
      inspected by said system, said method comprising the steps of:
PA1  a. securing a block of electrically conductive material having said curved
      surface in a fixture;
PA1  b. placing a moveable electrically conductive electrode adjacent said block
      to form a gap therebetween;
PA1  c. applying a high voltage to said block and said electrode to cause an
      electrical discharge across said gap while bathing said gap in a
      dielectric fluid; and
PA1  d. repeating said step (c) while advancing said electrode into the interior
      of said block along a curved path having a center of curvature common to
      the center of curvature of said curved surface to form a bore within said
      block providing a controlled geometry reflector surface.
NUM  10.
PAR  10. The method of claim 3 wherein said curved surface is substantially
      right circular cylindrical and said step (d) includes the step of
      advancing said electrode along a substantially right circular cylindrical
      path.
NUM  11.
PAR  11. The method of claim 10 wherein said step (d) further includes the step
      of translating said electrode along the axis of said cylindrical surface
      to form a helical bore in said block.
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ABST
PAL  A pre-programmed electronic calculator and method for "proving" gas meters
      and the like by controlling a prover bell, receiving electrical clock
      pulses relating to unit volumes respectively measured from a prover bell
      and from a gas meter under test attached to the prover bell whereby exact
      unit volumes are measured as units of time, calculating the relationship
      (ratio) of one measured volume to the other and displaying the numerical
      quantity of this ratio as a percentage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Typically in the method of testing gas meters, air from a proving bell is
      passed through a meter until a unit volume is measured by the meter. The
      proving bell is stopped and the calibration is accomplished by comparing
      the known volumn passed from the proving bell to the meter reading. The
      meter accuracy, expressed as Percent Proof, is the ratio of the actual
      volume indicated by the position of the prover bell to the registered
      volume shown on the meter index. Generally the calibration is performed at
      100 percent of rated meter flow and at 20 percent of the rated meter flow.
PAR  Prior art relating to this method of testing gas meters, utilize various
      mechanical attachments to the prover bell and/or meter to provide an
      indication of the small incremental volumes by which the prover bell and
      meter differ when the proving bell is stopped. The attachments to the
      meter and bell actuate various electro-mechanical circuits to operate
      solenoid valves to take the prover bell and meter through a proving cycle.
      The more sophisticated art involves the attachment of a potentiometer to
      the prover bell wheel shaft to provide an analog signal indicative of bell
      position. The mechanical attachment of the potentiometer to the prover
      wheel shaft has been shown to develop a mechanical set making it difficult
      to mechanically adjust. The analog circuitry associated with the
      potentiometer has been generally shown to have a tendency to drift
      electrically because of aging and/or temperature changes so that their
      accuracy is poor, requiring frequent calibration.
PAR  It is commonly accepted in the proving of meters that for meters operating
      at a constant rate of flow, time may be used to indicate the volume that
      the meter is measuring. The time required to measure a unit volume of a
      prover bell operation at a constant rate of flow, and the time to measure
      a unit volume of a meter connected to the prover bell may be substituted
      for volume in the calibration equation:
      ##EQU1##
PAC  SUMMARY
PAR  Briefly, this invention comprises a practical digital calculator and method
      capable of operating and controlling a prover bell, while at the same time
      providing greater accuracy and repeatability in the testing or proving of
      gas meters. The present invention is illustrated but not limited to an
      embodiment in which a digital electronic calculator is pre-wired to
      calculate the accuracy of a domestic gas meter connected to a five cubic
      foot prover bell, the calculator receiving electrical signals representing
      predetermined unit volumes as increments of the time measured by the gas
      meter and by the prover bell, and calculating the accuracy of the gas
      meter in terms of Percent Proof to an accuracy of about one part in one
      thousand. More specifically, the present embodiment controls a proving
      cycle in which a domestic gas meter, with an index equipped with a
      one-half foot proving pointer, is automatically tested for accuracy at two
      different flow rates, the results being stored and visually displayed as
      Percent Proof.
PAR  The calculator utilizes optical means to give a measure of unit volume from
      the prover bell and meter thereby avoiding mechanical attachments to the
      moving parts of the prover bell or meter. Problems of mechanical friction
      and binding are thus eliminated and the meter operates under its normal
      running condition. The invention also provides a prover calculator that is
      additionally self checking as well as one that controls the prover bell
      and meter in such a fashion so as before and after the unit volumes of the
      prover bell and gas meter are measured, all valves connected to the prover
      bell and meter have operated and the prover bell and meter are operating
      at a constant flow rate. Thus the gas meter is proved at actual operating
      conditions.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A-1B disclose a composite electrical-mechanical diagram illustrative
      of the present invention;
PAR  FIG. 2 is an electrical block diagram illustrative of the arithmetic unit
      utilized for performing the calculations;
PAR  FIG. 3 is a chart illustrative of a simple calculation performed by the
      arithmetic unit;
PAR  FIGS. 4A-4B illustrate a detailed electrical block diagram of the
      embodiment of FIG. 1 being further illustrative of the logic control
      circuitry; and
PAR  FIG. 5 is a diagram helpful in understanding the binary logic elements
      utilized by the subject invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The prover bell, associated piping and solenoid valves used with the
      present invention is typical of meter proving systems. Referring now to
      FIGS. 1A & 1B, the system comprises a tank or tub 10 having a bell 11
      mounted therein for vertical movement. The space 12 between the tank and
      bell is filled with a fluid, such as oil, and the tank has connected
      thereto a pipe 13 through which air can be evacuated from the bell or
      admitted to the bell from the meter 14 under test as will be explained
      later. The bell has a scale 15 on the surface to indicate the volume of
      air in the bell in the various positions thereof. As the bell 11 is
      evacuated of air, it drops vertically and is guided in its vertical
      movement by rollers 16 mounted on the top of the bell and cooperating with
      the guide rails 17 disposed above the tank. A counterweight 18 is
      connected by a cable 19 to the top of the bell, which cable passes over a
      wheel 20 mounted on an upper platform 21 disposed over the bell.
PAR  The gas meter 14 to be proved is connected to input pipe 22 and output pipe
      23. A retro-reflective photoelectric scanner 24 is directed onto the meter
      index 25 so that a spot of light from a light source within the scanner
      will fall on the white plate 26 of the 0.5 cu. ft. meter index and be cut
      by the revolving pointer 27 each time the pointer revolves. The change in
      intensity of light reflected from the index when the dark colored pointer
      is cutting the light beam will be sensed by a photoelectric amplifier
      incorporated in the scanner 24 to perform various digital functions
      described later.
PAR  Mounted on the tank 10 is a light source and photocell assembly 28 of
      standard design mounted in such a fashion that the light source is
      directed at the photocell. As the bell 11 is evacuated or filled with air,
      flags 29, 30, 31 and 32 graduated to read volume interrupt the beam of
      light to the photocell assembly 28. The light interruptions will be sensed
      by the photocell to produce an electrical pulse signal coupled to circuit
      lead 34 for causing various digital functions as will also be described
      later.
PAR  External control elements mounted on the frame supporting the wheel 20 for
      the calculator such as manually operable START and LEAK pushbutton
      switches 35 and 36, a fill limit switch 37 and photoelectric output
      signals appearing on leads 34 and 38 are connected to the calculator
      through suitable interface circuits generally designated by reference
      numeral 39. These circuits provide signal conditioning to provide reliable
      signal levels compatible with state of the art electrical binary digital
      logic circuit elements. They may be of various types well known to the art
      such as R-S flip-flops or optically coupled isolators such as a Monsanto
      type MCT2. The interface circuits 39 of the external control elements are
      connected to a control logic section 40 comprises of a plurality of AND,
      NAND, OR and NOR logic gates, to be considered in detail subsequently such
      that predetermined control signals are selected at the appropriate time in
      accordance with the operation of a counter type programmer 41 per an
      indexing pulse applied on the circuit lead 42. At all other steps in the
      program the external control elements are disabled with the exception of
      the STOP/RESET pushbutton switch 43 which may be activated to shutdown the
      proving cycle at any time. The programmer 41 consists of a decade counter
      having a plurality of output leads 44 through 50 connected to the control
      logic section 40 such that a count at the resepective output leads
      activates selected logic gates (FIGS. 4A-4B) in the control logic section
      40 to permit signals generated either externally or internally of the
      calculator to perform the function designated. At the completion of each
      function the control logic increments i.e. indexes the programmer 41 to
      generate output signals for performing the next designated function.
PAR  The digital arithmetic required in the illustrated embodiment of this
      invention is performed in an arithmetic unit 51 which includes a binary
      coded decimal (BCD) rate multiplier 52 shown in FIG. 2. This is a standard
      well known digital integrated circuit, a typical example being Motorola
      type 14527. The characteristics of this type of circuit is such that the
      number of output pulses is a product of a BCD input number and a selected
      number of input pulses. For example if 2 is the BCD input number, there
      will be two output pulses for every ten input pulses, ten input pulses
      constituting one complete cycle.
PAR  Expressed algebraically:
EQU  OUTPUT PULSES = CYCLES .times. BCD INPUT NUMBER            (1)
PAL  simple digital arithmetic may be performed by arranging and interconnecting
      BCD counters for the parameters in the above expression. For the
      application required in this embodiment, division may be accomplished by
      re-arranging the expression to read:
      ##EQU2##
PAR  Referring now to FIG. 2, which is partially illustrative of the arithmetic
      unit 51, the BCD input number to the rate multiplier 52 is provided by a
      meter clock counter 53. The BCD counters comprising the bell clock counter
      54 and output pulse counter 55, together with comparator 56 comprise the
      numerator of the expression set forth in equation (2). The decade counter
      57 and the cycle counter 58 serve to store the quotient. With BCD numbers
      representing measured volumes stored in meter clock counter 53 and bell
      clock counter 54, division is accomplished by cycling the rate multiplier
      52 with clock pulses from a compute clock oscillator 59, until the output
      pulses recorded in output pulse counter 55 equal the number stored in bell
      clock counter 54. The quotient, or number of cycles, is stored in the
      cycle counter 58, with the remainder stored in the decade counter 57. In
      order to more fully understand this operation, FIG. 3 is a tabulation of a
      simple division of six divided by two wherein a BCD number 6 is stored in
      the bell clock counter 54 and BCD number 2 being stored in the meter clock
      counter 53. Cycling the rate multiplier 52 until equivalence occurs in the
      comparator 56 results in the quotient of 3 stored in cycle counter 58.
PAR  For simplicity only a single stage of the arithmetic unit 51 is illustrated
      in FIGS. 2 and 4. For the accuracy required by this embodiment, the
      resolution of the measurements is increased by incorporating for example
      five identical stages. The frequency of a measure clock oscillator 60,
      typically 120Hz, is such that in the period during which a unit volume is
      being measured, at least four digit numbers are recorded in the bell and
      meter clock counters 54 and 53.
PAR  Referring back now to FIG. 1, operation is initiated by activating the
      stop-reset pushbutton 43 effecting a reset signal to clear to step 1 of
      the programmer 41 and a reset signal through OR gate 61 to clear to zero a
      bell unit volume counter 62, the prover bell clock clunter 54, a meter
      unit volume counter 63, the meter clock counter 53 and the arithmetic unit
      51. Step 1 of the programmer 41 enables the START pushbutton switch 46.
      Actuating the START switch 35 increments the programmer 41 to step 2. With
      the programmer's count in step 2, the fill limit switch 37 is enabled and
      concurrently the control logic section 40 activates solenoid driver
      circuits 64, 65, and 66 for operating the fill valve 67, the by pass valve
      68 and the rate valve 69. Solenoids 70, 71 and 72 connected to these
      drivers open the respective valves causing the vacuum source not shown
      connected to pipe 73 to evacuate prover bell 11 through pipes 74 and 13.
      The prover bell 11 begins to drop vertically into the tub 10. The by pass
      and rate valves 68 and 69 being open while the leak valve 76 is normally
      open, the same vacuum source causes meter 14 to operate through pipes 73,
      76, 77, 78, 23, 22 and 79.
PAR  Leak test pushbutton 36 is mechanically arranged in such a way that one set
      of contacts operates before the other. The first set of contacts is
      adapted to close leak valve 76, sealing off pipe 79 from atmosphere. A
      negative pressure is developed within the meter 14, as measured by
      manometer 81. Depressing LEAK test pushbutton 36 to the end of its travel
      operates the second set of contacts within the switch which is adapted to
      deenergize the by pass solenoid 68 causing the by pass valve 68 to close.
      A negative pressure is now trapped in meter 14 by the run valve 82, the by
      pass valve 68 and the lead valve 76 all of which are closed. Should a leak
      be present in the meter or in the connections of pipe 22 and 23 to the
      meter, the manometer 81 will measure the return of the interior of the
      meter to atmospheric pressure. Should the manometer 81 indicate no leak,
      the LEAK test button 36 is released, and valves 68, 69, and 76 open and
      the meter 14 again begins to operate.
PAR  Still under control of step 2 of the programmer 41 the bell 11 continues to
      be drawn down into the tub 10 by the vacuum source until fill limit switch
      37 mounted on the wheel frame is operated by pawl 83 mounted on the prover
      wheel 20. The pawl 83 is adjusted to operate the limit switch 37 at
      approximately the zero volume point on scale 15. The operation of fill
      limit switch 37 now increments the programmer 41 to step 3. Continued to
      be operated by step 3 by way of the control logic section 40 are the
      solenoids 71 and 72 for the by pass valve 68 and rate valve 69. No longer
      activated, however, is fill valve 67. The bell 11 thus halts its travel
      but the meter 14 continues to run. Also activated by step 3 is the meter
      photoscanner 24. At the first interruption of the light beam of the
      photoscanner by the pointer 27 of meter index 26, the programmer 41 is
      incremented to step 4.
PAR  Considering now step 4, the by pass valve 68 is closed while the run and
      rate solenoid valves 82 and 69 are opened by means of the control logic
      section 40. The run valve is actuated by the solenoid 83 coupled to the
      driver 84. The bell 11 now starts to rise being lifted by counterweight 18
      and cable 19 looped around the prover wheel 20. Air is thus drawn into the
      bell through pipe 13, run valve 82, rate valve 69, pipes 77 and 78, pipe
      23, meter 14, pipe 22, leak valve 76 and pipe 79. The meter and prover
      bell are now connected in series and are operating together. Also
      activated by step 4 is a logic gate, not shown, coupled to the meter
      photoscanner 24 which will be sensitive to the second light interruption
      from the index pointer 27. Activated also by step 4 is another logic gate,
      not shown, sensitive to the first light interruption of the bell photocell
      system 28 caused by flat 29 mounted on the prover scale 15.
PAR  The distance between the point on the scale 15 at which the bell reaches
      its lowest or filled point and hence the pawl 83 strikes the fill limit
      switch 37, and the flag 29 corresponds approximately to one revolution of
      the meter index pointer 27 being sensed by the meter photoscanner 24, i.e.
      0.5 cubic feet. Consequently as the bell 11 begins to rise again due to
      the signal generated by the first light interruption from the meter index
      pointer, the second light interruption by the meter index pointer 27 and
      the light interruption from flag 29 upon the prover bell photocell system
      28 will occur substantially simultaneously. The signal on circuit lead 34
      from the bell photosystem 28 is gated during step 4 to the bell unit
      volume counter 62. Gated also by step 4 is the first signal to occur in
      step 4, from the meter photoscanner 24 and appearing on circuit lead 38 to
      the meter unit volume counter 63. Upon receiving the first count of the
      unit volumes of which they are to measure, logic gates 85 and 86 coupled
      to the measure clock oscillator 60 permit clock pulses from the oscillator
      to enter the bell clock counter 54 and the meter clock counter 53. Clock
      pulses continue to enter the clock counters 54 and 53 until the unit
      counters 62 and 63 have determined that unit volumes of two cubic feet
      have been measured. For the bell unit counter 62 this occurs when flag 30
      interrupts the bell photocell assembly 28 and disables logic gate 85. For
      the meter unit counter 63 four interruptions of the pointer 27 following
      the initial zero interruption will result in two cubic feet being
      measured. With both unit counters having determined that unit volumes (2.0
      cubic feet) have been measured, a MEASURE COMPLETE signal is generated by
      the control logic section 40 and carried to the arithmetic unit 51 on line
      87.
PAR  The arithmetic unit 51 now calculates the ratio of prover bell 10 volume to
      the meter 14 volume from the date stored in the counters 54 and 53
      respectively. At the completion of the calculation the result is stored
      and displayed on the display 88. The arithmetic unit 51 generates a
      CALCULATION COMPLETE signal which appears on line 89. This signal is
      carried to control logic section 40 and through OR gate 61 to reset the
      arithmetic unit 51 and clear to zero all counters with the exception of
      the programmer 41 and the visual display 88. The calculation complete
      signal also causes the programmer 41 to be incremented to step 5.
PAR  Step 5 of the programmer initiates an adjustable time delay be means of the
      time delay circuit 90. This time delay is to permit the meter 14 to
      operate at 100 percent of its rated flow rate for almost one complete
      revolution of the meter index pointer 27. At the completion of the desired
      time delay, a signal is generated and fed back to the control logic
      section 40 and the programmer 41 is incremented to step 6.
PAR  Step 6 continues to operate the run valve driver 84 but deactivates the
      rate valve 69. Air drawn through the meter 14 by the prover bell now is
      restricted by the orifice 91 located in pipe 78 to approximately 20
      percent of the meters rated capacity. Step 6 also reactivates prover
      photocell assembly 28 and the meter photocell assembly 24. The bell unit
      counter 62 and meter unit counter 63 are prepared to receive the first
      pulse generated by the light interruptions caused by flag 31 and the meter
      index pointer 27 of the gas meter 14. Each unit volume counter upon
      receiving its first pulse activates its respective gate and clock pulses
      begin to enter the clock counters 53 and 54 as before. As in step 4, the
      measure cycle continues until unit volumes have been measured, this being
      determined by the light beam of the prover bell photocell assembly 28
      being interrupted by flag 32 and the meter index pointer 27 having made
      sufficient revolutions to equal the same unit volume measured by the
      prover bell. The completion of the measure cycle as determined by the unit
      counters 62 and 63 again generates a MEASURE COMPLETE signal on line 87 to
      the arithmetic unit 51. As in step 4, the arithmetic unit 51 again
      calculates the ratio of prover volume to meter volume from the data stored
      in clock counters 54 and 53, respectively. The result of the calculation
      is stored and displayed on the digital display 91. At the completion of
      this calculation, a signal is generated on line 89 to increment the
      programmer 41 to step 7. A reset signal is generated in the control logic
      section 40 and applied through OR gate 61 to reset the arithmetic unit 51
      and clear to zero all counters except the programmer 42 and the digital
      displays 88 and 91. Step 7 of the programmer 41 constitutes the STOP
      position. The prover bell and meter 14, however, maintain their position
      since solenoid drivers 64, 84 and 65 are not operated and therefore the
      respective valves are closed. The operator then removes the meter 14 from
      pipes 22 and 23 and either adjusts or approves the meter based on the
      results displayed on visual displays 88 and 91.
PAR  Referring now to FIGS. 4A & 4B and again following through a complete cycle
      of operation but in greater detail, in order to illustrate the control
      logic section comprised of the four basic types of binary logic gates
      (AND, NAND, OR and NOR) shown in FIG. 5, the cycle begins with an output
      generated by depressing STOP/RESET pushbutton 43. The reset signal so
      generated resets the current of the programmer 41 to step 1. The reset
      signal is also applied through OR gate 61 to clear to zero the rate
      multiplier 52, visual displays 88 and 91, and all counters 53, 54, etc.
      The five inputs of NAND gate 92 are normally in a binary 1 condition.
      Should any input change from binary 1 to binary 0, the output of the gate
      appearing on lead 42 coupled to the programmer 41 will change from 0 to 1
      incrementing the count of the programmer. NAND gate 94 is enabled by 1
      from the step 1 output appearing on lead 44 from the programmer 41.
      Depressing START pushbutton 35 causes a 1 appearing on lead 96 to be
      applied to the second input of NAND gate 94. The output of gate 94 will
      fall to 0 and the output of NAND gate 92 will change from 0 to 1, stepping
      the programmer to step 2. The 1 condition on the step 2 output lead 45 is
      applied to the base of transistor 98 causing the transistor to conduct and
      activate the solenoid driver 64. Connected to solenoid driver 64 is the
      fill valve solenoid 70. With the solenoid driver activated, 120 volts, not
      shown, is applied to the solenoid causing it to operate. Solenoid driver
      64 is typical of all the solenoid drivers 64 . . . 80 used in this
      embodiment. It is an optically coupled solid state relay of standard
      design available from several manufacturers, a typical example being the
      Monsanto type MSR100.
PAR  The 1 condition of the step 2 output lead 45 is also applied through OR
      gate 99 to the AND gate 100 where output is coupled to the base of
      transistor 101. With transistor 101 conducting, solenoid driver 65 is
      turned on, which in turn operates by pass valve solenoid 71. The 1
      condition appearing on the output of OR gate 99 due to the step 2 output
      is also applied through a three input OR gate 102 whose output is applied
      to the base of transistor 103, turning on transistor 103 and the solenoid
      driver 66 connected to it. The rate valve solenoid 72 is operated by the
      solenoid driver 66. As described earlier, the prover bell (FIG. 1) beings
      to drop vertically into the tub 10. The fill, by pass and rate solenoid
      valves 67, 68 and 69 being operated, and with the leak valve 76 being
      normally open, the vacuum source coupled to pipe 73 causes meter 14 under
      test to operate.
PAR  The operator of the prover bell next checks the meter 14 and connections
      for leaks by depressing the LEAK pushbutton 36. As noted earlier, LEAK
      test pushbutton 36 is mechanically arranged such that one set of contacts
      operates before the other. In actuating the pushbutton 36, the first
      operated set of contacts, through interface circuit 39 causes the
      condition of lead 104 and the base of transistor 105 to which it is
      connected, to change from 0 to 1. The transistor conducts activating
      solenoid driver 80, operating leak valve solenoid 75 for sealing off pipe
      79 from atmosphere. A negative pressure is developed within the meter as
      measured by manometer 81 shown in FIG. 1. Depressing LEAK test pushbutton
      36 to the end of its travel operates a second set of contacts within the
      switch causing the condition of lead 106 to change from 1 to 0 disabling
      AND gates 100 and 107. With the programmer 41 in step 2, disabling AND
      gate 100 will cause the bypass valve solenoid 71 to deenergize. A negative
      pressure is now trapped in meter 14 by the normally closed run valve 82,
      the deactivated bypass valve 68 and the closed leak valve 76. Should a
      leak be present in the meter 14 or in the connections of pipes 22 and 23
      to the meter, the manometer 81 will measure the return of the interior of
      the meter to atmospheric pressure. Should the manometer 81 indicate no
      leak, the LEAK test pushbutton 36 is released. Valves 82, 68 and 76 open
      and the meter 14 again begins to operate. In steps 4, 5 or 6, the run
      valve solenoid 83 is normally operated opening the valve 82 while the
      bypass solenoid 71 is deenergized closing the valve 68. Should the LEAK
      test pushbutton 36 be depressed with the count of the programmer 41 in
      either of the three steps, the leak solenoid 75 is energized, AND gate 107
      is disabled deenergizing the run solenoid 83 thereby trapping the negative
      pressure within the meter.
PAR  Under the control signal of step 2, the bell 11 continues to be drawn down
      into the tub 10 by the vacuum source until fill limit switch 37 is
      operated by pawl 83 mounted on the prover wheel 20. NAND gate 108 is
      enabled by the 1 condition of step 2. The 1 condition produced by the
      closure of fill limit sweitch 37 causes the output of NAND gate 108 to
      fall from 1 to 0. This condition being coupled to NAND gate 92 by lead 109
      causes the output of gate 92 to rise from 0 to 1 and the programmer 41 is
      indexed to step 3 by the transition of 0 to 1 at the output of gate 92.
      The binary 1 signal is removed from the base of 98, fill valve solenoid 70
      is deenergized, and the bell 11 halts its downward movement into the tub.
      Step 3 of the programmer 41 continues to operate bypass valve solenoid 71
      with a 1 condition applied to the base of transistor 101 via OR gate 99
      and enabled AND gate 100. The rate valve solenoid 72 also continues to be
      operated, the base of its associated driver transistor 103 having a 1 from
      step 3 output lead 46 applied through OR gates 99 and 102. The meter 14
      continues to run. Also enabled by the binary 1 signal of step 3 is NAND
      gate 111 and 112. Connected to the second input of NAND gate 111 is meter
      photoscanner 24. When the light beam from the photoscanner 24 is
      interrupted by the revolving pointer of meter index 26, a binary 0 to 1
      transition is generated via the interface circuitry 39 to NAND gate 111.
      The output of gate 111 changes from 1 to 0 and is coupled to the time
      delay circuit 113. However, time delay circuit 113 is sensitive to 0 to 1
      transition only and no change takes place on the delay circuit output. As
      the index pointer rotates output of the light beam, the input to delay
      circuit 113 changes from 0 to 1 causing the output to change from 0 to 1.
      The 1 condition applied to enabled NAND gate 112 is connected via lead
      114, is disabled by the 0 input, causing the output to rise from 0 to 1
      and incrementing the programmer 41 to step 4. In accordance with the step
      4 output signal appearing on lead 47, the bypass valve solenoid 71 is no
      longer activated.
PAR  The 1 condition of the step 4 signal on lead 47 is applied through OR gate
      102 to the base of transistor 103 keeping the transistor on and with it
      the associated rate valve solenoid 72. Step 4 also actuates the run valve
      solenoid 83 by applying the binary 1 signal through OR gate 116, enabled
      AND gate 107 to the base of transistor 117 turning it on as well as its
      associated solenoid 83. The bell 11 now starts to rise being lifted by
      counter weight 18 and cable 19 looped around the prover wheel 20. Air is
      thus drawn into the bell through pipe 13, run valve 82, rate valves 69,
      pipes 77 and 78, pipe 23, meter 14, pipe 22, leak valve 76, and pipe 79.
      The meter 14 and prover bell are now connected in series or tandem and are
      operating together. The binary 1 signal of step 4, applied through OR gate
      118 will enable NAND gates 119 and 120. Gate 120 will therefore pass
      signals generated by meter photoscanner 24 to NAND gate 121. Similarly
      gate 119 will pass signals generated by bell photocell assembly 28 to NAND
      gate 122.
PAR  Step 4 of the programmer 41 initiates the actual measurement cycle in which
      clock pulses relating to a two cubic foot unit volume as measured between
      flags 29 and 30 (FIG. 1) of the prover bell, and a two cubic foot unit
      volume as measured by four revolutions of the one-half cubic foot pointer
      27 on the meter index 26 of the meter 14 are recorded and calculated. Bell
      unit volume counter 62 has been reset to zero by the initial actuation of
      STOP/RESET pushbutton 43. The 0 output terminal of the counter therefore
      presents a binary 1 to the "D" input terminal of flip-flop 123. It is the
      nature of a D type flip-flop to transfer to the "Q" output terminal the
      date present at the D input upon a binary 0 to 1 transition of the input
      applied to input terminal "C." Terminal 2 of the counter 62 is a binary 0.
      This condition is inverted by the logic inverter 124 to a 1 and presented
      to NAND gate 122 enabling the gate for pulses from the bell photocell
      system 28 via enabled NAND gate 119. The first pulse effected by flag 29
      causes the output of NAND gate 122 to change from 0 to 1. This transition
      increments the bell unit volume counter 62 to "one" and changes the Q
      output condition of flip-flop 123 from 0 to 1. The Q output terminal of
      flip-flop 123 is coupled via lead 125 to AND gate 85. With the Q terminal
      at 1, AND gate 85 is enabled and pulses from measure clock oscillator 60
      pass through the gate to be counted by bell clock counter 54. With one
      count from flag 29 recorded in the bell unit volume counter 54, the O
      terminal of the bell unit volume counter 62 presents a 0 condition to the
      D input of flip-flop 123. As the bell continues to rise, flag 30 next
      produces a pulse causing the output of NAND gate 122 to again rise from 0
      to  1. The binary 0 present at the D input of flip-flop 123 is transferred
      to the Q output thereof. This condition, being coupled to AND gate 85,
      inhibits the gate to further pulses from the measure clock oscillator 60.
      With two counts now in the bell unit volume counter 54, the 2 terminal of
      the counter 62 is at a 1. This condition is inverted by inverter 124 and
      coupled to NAND gate 122 inhibiting the gate to further pulses from the
      bell photo system 28. The binary 1 condition at the 2 terminal is also
      presented to AND gate 127, signifying that the prover bell two cubic foot
      unit volume has been measured.
PAR  Meanwhile, meter unit volume counter 63 has also been reset to zero by the
      initial actuation of STOP/RESET pushbutton 43. The 0 terminal therefore
      exhibits a binary 1. The 0, 1, 2 and 3 terminals of the meter unit volume
      counter 63 are presented to the D input terminal of flip-flop 128 through
      OR gate 129. The 5 terminal of the counter 63 is at 0. This logic
      condition is inverted by inverter 130 to a 1 and applied to NAND gate 121,
      enabling the gate to pass pulses from the meter photoscanner system 24 via
      enabled NAND gate 120. The first pulse effected by the index pointer 27
      causes the output of NAND gate 121 to change from 0 to 1. This transition
      indexes the meter unit volume counter 63 to "one" and changes the Q output
      of flip-flop 128 from 1 to 0. The binary 0 condition of the Q output of
      flip-flop 128 produces a 1 on the output of enabled NOR gate 131. The 1
      condition is passed through OR gate 132 to enabled AND gate 86. Pulses
      from measure clock oscillator 60 pass through AND gate 86 to be counted by
      meter clock counter 53. The first pulse from the meter photoscanner 24 to
      meter unit volume counter 63 and from the bell photo system 28 to the bell
      unit volume counter 62 occur approximately at the same time. After one and
      one-half cubic feet have passed through the meter 14, four counts will be
      in the meter unit volume counter 63. The D input of flip-flop 128 will be
      at 0. Upon the counter receiving the fifth pulse, two cubic feet will have
      been measured by the meter 14, and the 0 to 1 transition at the C input of
      flip-flop 128 will change the condition of Q from 0 to 1. The binary
      output of NOR gate 131 will change from 1 to 0 thereby inhibiting AND gate
      86 to further pulses from measure clock oscillator 60. With five counts
      now in the meter unit volume counter 63 the 5 terminal will exhibit a
      binary 1. This condition is inverted by inverter 130 to a binary 0 which
      inhibits NAND gate 121 to further pulses from the meter photoscanner 24.
      This same 0 condition also inhibits NAND gate 134 causing its output to
      rise to a 1 signifying that the meter unit volume has been measured.
PAR  With both two cubic foot unit volumes having been respectively measured by
      the bell unit volume counter 62 and by the meter unit volume counter 63,
      the output of AND gate 127 will be a binary 1 signifying MEASURE COMPLETE.
      This binary signal is applied via circuit lead 87 to enable AND gate 136
      in the arithmetic unit 51. Pulses from the compute clock oscillator 59
      operating at typically an 800KHz rate pass through AND gate 136 to the
      rate multiplier 52 and the calculation of the accumulated data begins as
      described earlier. At the completion of the calculation, a binary 1 occurs
      on circuit lead 89 signifying a CALCULATION COMPLETE. NAND gate 138 is now
      enabled by the binary 1 signal on the MEASURE COMPLETE lead 87 and the 1
      on CALCULATION COMPLETE lead 89. The output of NAND gate 138 now presents
      a 0 to the D input of D-type flip-flop 139. The continuous train of pulses
      at the C input of flip-flop 139 from compute clock 59 applied via lead 140
      immediately transfers the binary 0 from the D input of the flip-flop to
      its Q output. The 0 condition of the Q output of flip-flop 139 is coupled
      by means of circuit lead 141 to NAND gate 92 causing the output of the
      gate to rise from 0 to 1. This transition increments programmer 41 to step
      5.
PAR  With the Q output of flip-flop 139 at 0, Q will be at 1. This condition is
      applied as a reset signal through OR gate 61 to all counters and registers
      with the exception of the programmer 41. With meter unit volume counter 63
      and bell unit volume counter 62 reset to zero, the signal on the MEASURE
      COMPLETE lead 87 is a 0 inhibiting NAND gate 138 and causing its output to
      rise to a 1. This 1 condition coupled to the D input of flip-flop 139 will
      be immediately transferred to the Q output by the continuous pulse train
      from the compute clock 59 being applied to the C input of flip-flop 139.
      The output of NAND gate 92 then returns to 0. The reset line 142 is also
      at 0, it being connected via OR gate 61 to the Q output of flip-flop 139
      by means of circuit lead 143. The 0 to 1 transition of the step 5 output
      signal from the programmer 41 appearing on circuit lead 48 reverses the Q
      and Q output of flip-flop 145 inhibiting AND gate 146 and enabling AND
      gate 147. Pulses from the compute clock 59 appearing on circuit lead 148
      thus may enter the cycle counter 150 for the second run computation.
PAR  Continued to be energized by the 1 of step 5 signal are rate valve solenoid
      72 via OR gate 102, and run valve solenoid 83 via OR gate 116 and enabled
      AND gate 107. The prover bell 11 thus continues its upward travel and the
      meter 14 continues to run. With the programmer 41 in step 5, the
      adjustable time delay 90 (FIG. 1) is initiated by the binary 1 signal of
      step 5. This time delay is to permit the meter 14 to operate at the 100
      percent flow rate for almost one complete revolution of the meter index
      pointer 27 before the flow rate is reduced to 20 percent of rated meter
      flow for the second calibration. At the completion of the time delay the
      output on circuit lead 151 from the adjustable time delay 90 will fall
      from 1 to 0. Being connected to NAND gate 92 this transition will cause
      the output of the gate 92 to rise from 0 to 1 and increment programmer 41
      to step 6.
PAR  Step 6 continues to operate solenoid 87 for the run valve 82 but releases
      the rate valve 69 which closes. Air drawn through the meter 14 by the
      prover bell now is restricted by the orifice 91 located in pipe 78 to
      approximately 20 percent of the meter's rated capacity. As in step 4 the
      measurement cycle is again initiated. OR gate 118 also having an input of
      the step 6 output signal appearing on circuit lead 49 and performing the
      OR function from step 4 or step 6, will enable NAND gate 119 and NAND gate
      120. Gate 120 will therefore pass signals generated by meter photoscanner
      24 to NAND gate 121 and gate 119 will pass signals generated by bill
      photocell system 28 to NAND gate 122. The completion of the measure cycle
      as determined by the unit volume counters 62 and 63 again generates a
      MEASURE COMPLETE signal on lead 87 to enable AND gate 136. Pulses from the
      compute clock 59 pass through AND gate 136 to the rate multiplier 52 and
      the calculation of the accumulated data begins. At the completion of the
      calculation a 1 occurs on line 89 signifying a CALCULATION COMPLETE. As in
      step 4 the programmer 41 is incremented, this time to step 7 which is the
      stop position, and all counters except the programmer 41 and the digital
      displays 88 and 91 are reset to zero. The displays receive separate reset
      signals via circuit lead 153.
PAR  A "self-checking" feature is also included to determine if the arithmetic
      and control units are functioning properly. Operation of a COMPUTE-TEST
      switch 154 transfers the meter clock counter 53 from the control of the
      meter unit volume counter 63 to the bell unit volume counter 62. Therefore
      at the completion of a unit volume measurement cycle the contents of the
      meter clock counter 53 and the bell clock counter 54 are identical and the
      arithmetic unit will calculate a quotient of one, with the digital display
      showing 100 percent Proof. With switch 154 in the "test" position the Q
      output of flip-flop 155 is at 1 and the Q output is a binary 0. NOR gate
      131 is coupled to the Q output and is therefore disabled to any lever
      changes originating from flip-flop 128 and meter unit volume counter 63.
      With the Q output of flip-flop 155 coupled to NOR gate 156, at a binary 0,
      NOR gate 156 is enabled to level changes which might occur from flip-flop
      123 and bell unit volume counter 62. Accordingly with the programmer 41 in
      step 4 or step 6, the first pulse effected by flag 29 or flag 31 will
      change the condition of flip-flop 123 to a 1 on the Q output and a 0 on
      the Q output. A binary 0 on the Q output of flip-flop 123 will produce a 1
      on the output of NOR gate 156. This 1 condition applied through OR gate
      132 will enable AND gate 86 and clock pulses from measure clock 60 will
      begin to enter meter clock counter 53. Simultaneously the 1 condition of
      the Q output of flip-flop 123 will enable AND gate 126 and clock pulses
      from measure clock 60 will begin to enter bell clock counter 54. Clock
      pulses from measure clock 60 will continue to enter meter clock counter 53
      and bell clock counter 54 until a unit volume has been measured from the
      prover bell. With the programmer 41 in step 4 or step 6, this will occur
      as flag 29 or 32 passes through bell photocell system 28.
PAR  The output of NAND gate 134 is at 1, the gate being disabled by the 0 of
      the Q output of flip-flop 155. The 1 of the output of NAND gate 134 is
      applied to AND gate 127. With a unit volume having been measured, the 2
      lead of bell unit volume counter 62 is at 1. This condition is coupled to
      AND gate 127 enabling the gate and signifying MEASURE COMPLETE on line 87.
      As before, the 1 on line 87 enables AND gate 136, whereupon pulses from
      the compute clock 59 pass through gate 136 to the rate multiplier 52 and
      the calculation of the accumulated data begins. With the data accumulated
      in meter clock counter 53 and bell clock counter 54 being identical, the
      calculation will result in a quotient of 1.0. Should there be a
      malfunction in any of the circuit elements comprising the measuring,
      control or arithmetic units the quotient will be something other than 1.0
      and circuit checks may be initiated by the operator.
PAR  Thus basically what has been shown and described is a digital system for
      proving gas meters and the like whereupon the initiation of a proving
      cycle, independent photocell assemblies 24 and 28 for the meter under test
      14 and a standard (prover bell), respectively, are actuated by their
      volume measurement indicators i.e. the revolving pointer 27 and the scale
      15. The photocell assemblies provide electrical output pulses which are
      adapted to index unit volume digital counters 63 and 62 for the meter 14
      and prover bell, respectively. When the first pulse from the photocell
      assembly 28 is received by the unit volume counter 62 for the prover bell,
      the counter enables the gate circuit 85 which permits pulses from the
      measure clock 60 to be fed to the bell clock digital counter 54. When a
      unit volume has been measured and indicated by the prover bell the
      photocell assembly 28 will cause the unit volume counter 62 to inhibit the
      gate circuit 85. The counter 54 will then have a pulse count (units of
      time) indicative of a standard unit volume.
PAR  Likewise, when the first pulse from the photocell assembly 24 is received
      by the unit volume counter 63 for the meter 14, the counter enables the
      gate circuit 86 which permits pulses from the same measure clock 60 to be
      fed to the meter clock digital counter 53. When an equal unit volume has
      been measured as indicated by the pointer 27 and corresponding pulses
      received by the unit volume counter 63, the counter will inhibit the gate
      circuit 86 and the meter clock counter 53 will have a pulse count (units
      of time) also indicative of the same standard unit volume as measured by
      the prover bell.
PAR  The respective pulse count in both counters 53 and 54 are next entered into
      the arithmetic unit 51 operated by the compute clock 59 whereupon the
      ratio of the pulse count in the bell clock counter 54 to the pulse count
      in the meter clock counter 53 is computed and an output thereof visually
      displayed for example as a percentage.
PAR  Accordingly, having set forth what is at present considered to be the
      preferred embodiment of the subject invention,
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of proving gas meters and the like comprising the steps of:
PA1  measuring a unit volume of a selected fluid in a proving standard and
      providing an electrical output signal consisting of a first plurality of
      pulses generated in accordance with the measurement reading of said unit
      volume provided by said standard's volume indicator, said pulses
      corresponding to predetermined unit measures of time;
PA1  measuring the same unit volume of said selected fluid in a meter under test
      and providing another electrical output signal consisting of a second
      plurality of pulses generated in accordance with the measurement reading
      of said unit volume as provided by said meter's volume indicator, said
      second pulses also corresponding to said same predetermined unit measures
      of time;
PA1  entering said first and second plurality of pulses into computing
      apparatus, said computing apparatus then operating to provide a signal
      output comprising the correlation ratio of said first plurality of pulses
      to said second plurality of pulses; and
PA1  displaying said signal output as a measure of calibration between the
      proving standard and the meter under test;
PA1  said step of measuring a unit volume in said proving standard and providing
      an electrical output signal consisting of enabling a first pulse gate
      circuit upon initiation of the measuring step, feeding pulses of
      predetermined frequency from a measure clock oscillator to a pulse counter
      until said unit volume is measured and then inhibiting said pulse gate
      circuit, and thereafter maintaining the pulse count in said counter until
      the step of entering said pulses into said computing apparatus occurs; and
PA1  said step of measuring said unit volume in said meter and providing another
      electrical output signal consisting of enabling a second pulse gate
      circuit upon initiation of the respective measuring step, feeding pulses
      of said predetermined frequency from the same said measure clock
      oscillator to another counter circuit, inhibiting said pulse gate circuit
      when said unit volume measurement reading is provided by said meter's
      volume indicator, and thereafter maintaining the pulse count in said
      second pulse counter until said step of entering said second plurality of
      pulses into said computing apparatus occurs.
NUM  2.
PAR  2. The method as defined by claim 1 and wherein said step of entering said
      first and second plurality of pulses into said computing apparatus
      consists in entering the pulse count of both counters into digital
      computing apparatus and computing the ratio of said first plurality of
      pulses to the second plurality of pulses by the rate multiplier method of
      digital calculation.
NUM  3.
PAR  3. Electrical apparatus for proving gas meters and the like, wherein the
      improvement comprises:
PA1  a proving standard and a meter under test, each having measured volume
      indicator means associated therewith;
PA1  fluid conduit means interconnecting said standard and said meter under
      test;
PA1  control means coupled to said conduit means for controlling fluid flow in
      said fluid conduit means;
PA1  first and second transucer means having a selectively gated output
      respectively responsive to the volume indicator means of said standard and
      said meter, providing electrical output signals in response to the volume
      measurement provided by said indicator means;
PA1  a clock oscillator providing a train of pulses of a predetermined
      frequency;
PA1  a first and second unit volume counter respectively coupled to said first
      and second transducer means, each providing an electrical output signal at
      the beginning and end of a measured unit volume;
PA1  a first and second pulse gate circuit respectively coupled to said first
      and second unit volume counter, and being responsive to the electrical
      output signals therefrom to pass pulses applied from said first oscillator
      from the beginning to the end of the respective unit volume measurement
      and thereafter inhibiting pulses;
PA1  a first and second clock counter coupled to said clock oscillator
      respectively through said first and second pulse gate circuit and being
      operable to count the number of pulses applied thereto, said pulses
      accordingly being unit measures of time by which said clock counters
      measure elapsed time between the beginning and end of a respective unit
      volume measurement;
PA1  an arithmetic unit coupled to said first and second clock counter and being
      selectively operable to calculate the ratio of the pulse count in the
      first clock counter to the pulse count in the second clock counter and
      provide an output signal indicative thereof; and
PA1  means coupled to said arithmetic unit and being responsive to the output
      signal thereof to provide an indication of said ratio.
NUM  4.
PAR  4. The apparatus as defined by claim 3 wherein said first and second
      transducer means comprise photo-electric transducers.
NUM  5.
PAR  5. The apparatus as defined by claim 3 wherein said standard comprises a
      prover bell having an indicator scale with light interruption means
      selectively located thereon and said meter includes a meter index having a
      dial pointer, and wherein said first and second transducer means comprises
      photoelectric transducers respectively responsive to and operated by said
      light interruption means and said pointer.
NUM  6.
PAR  6. The apparatus as defined by claim 5 wherein said first photo-electric
      transducer comprises a light source directing a beam of light past said
      indicator scale to a photocell and said second photo-electric transducer
      comprises a retroreflective photo-electric scanner.
NUM  7.
PAR  7. The apparatus as defined by claim 3 and additionally including
      electrical programming means and digital control logic circuit means for
      automatically controlling the operation of the apparatus throughout a
      proving cycle.
NUM  8.
PAR  8. The apparatus as defined by claim 7 wherein said programming means
      comprises a step counter adapted to index through a plurality of operating
      states in response to consecutive input signals applied thereto and
      providing selected output signals to said digital control logic circuit
      means.
NUM  9.
PAR  9. The apparatus as defined by claim 7 wherein said first and second unit
      volume counters comprise binary counters and additionally including
      respective selectively enabled digital logic gates coupled between said
      counters and the respective transducer means coupled thereto.
NUM  10.
PAR  10. The apparatus as defined by claim 9 and wherein said first and second
      pulse gate circuit each comprises digital logic gates controlled
      respectively by said first and second unit volume binary counters.
NUM  11.
PAR  11. The apparatus as defined by claim 3 wherein said first and second clock
      counters are comprised of binary counters and said arithmetic unit
      includes rate multiplier circuitry providing the binary division function.
NUM  12.
PAR  12. The apparatus as defined by claim 3 and additionally including another
      clock oscillator having an enabled output, at the end of respective unit
      volume measurements, comprising a train of pulses of a predetermined
      frequency, wherein said first and second clock counters comprises digital
      counters, and wherein said arithmetic unit includes a digital rate
      multiplier circuit being coupled to the count output of the second clock
      counter and operated by said train of pulses from said another clock
      oscillator, a rate multiplier output pulse counter coupled to the rate
      multiplier, a comparator circuit coupled between said rate multiplier
      output pulse counter and the count output of the first clock counter, said
      comparator being operable to provide a termination signal inhibiting the
      output of said another clock oscillator at the end of the ratio
      calculation, and counter means selectively enabled in accordance with the
      operation of said comparator, coupled to said another clock oscillator
      receiving pulses therefrom providing a digital representation of said
      ratio calculation.
NUM  13.
PAR  13. The apparatus as defined by claim 12 wherein said indication means
      comprises visual display means coupled to said last recited counter means
      to provide a visual indication of said ratio calculation.
NUM  14.
PAR  14. The apparatus as defined by claim 3 and additionally including self
      checking means including selectively operated circuit means operating said
      second clock counter in accordance with the operation of said first unit
      volume counter.
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ABST
PAL  The present invention provides a sensor which is operative to sense the
      partial pressure of oxygen in the exhaust gases of combustion processes
      having air/fuel combustion mixture ratios in excess of the stoichiometric
      ratio. The sensor according to the present invention relies upon the
      direct and generally linear change in the logarithm of the resistance of
      cobalt monoxide ceramic material as a function of the partial pressure of
      oxygen in the environment of the sensor element at elevated temperatures
      for partial pressures of oxygen which coincide with the partial pressures
      of oxygen in the exhaust gases of fuel-lean combustion mixtures. The
      present invention provides a generally cylindrical cobalt monoxide ceramic
      sensor element, supported within a housing formed of a compatible ceramic
      material such as alumina, and arranged so that the change in the
      electrical resistance between the ends of the cylinder of the sensing
      element may be measured. When the sensor is situated within the exhaust
      system of an internal combustion engine, the change in electrical
      resistance is a measure of the partial pressure of oxygen within the
      exhaust system and is also indicative of the air/fuel ratio of the
      combustion mixture which has produced the exhaust gases of the environment
      of the sensor. Such indication is usable to maintain the combustion
      mixture at a desired air/fuel ratio.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed to the field of internal combustion
      engine analyzers. More particularly, the present invention is directed to
      that portion of the above-noted field which is concerned with the analysis
      of the air/fuel ratio of the combustion mixture provided to the engine.
      More particularly still, the present invention is directed to that portion
      of the above-noted field in which analysis of the chemistry of the exhaust
      gases produced by the engine results in a determination of the air/fuel
      ratio of the combustion mixture being provided to the engine. With greater
      particularity still, the present invention is directed to that portion of
      the above-noted field which is concerned with the provision of a sensor
      for accurately sensing the air/fuel ratio of a combustion mixture by
      changing an electrical characteristic in response to changes in the
      partial pressure of oxygen present in the exhaust gases resulting from the
      combustion process where the air/fuel ratio for the combustion mixture is
      to be maintained at a value in excess of the stoichiometric value.
PAR  2. Description of the Prior Art
PAR  The need for analyzing the operation of an internal combustion engine to
      improve or maintain the efficient operation thereof is well recognized. It
      has been suggested, at least as early as 1937, that the air-to-fuel ratio
      of a combustible mixture provided to an internal combustion engine may be
      determined by analyzing the composition of the exhaust gases produced from
      combustion of the mixture. An example of such a system appears in U.S.
      Pat. No. 2,077,538 -- "Exhaust Gas Analyzer For Automotive Vehicles"
      issued in the name of L. S. Wait. According to the system disclosed in the
      Wait patent, a variable resistance element is situated in the exhaust
      stream of an internal combustion engine and arranged within an electrical
      bridge network, such as for example a Wheatstone bridge, so that the heat
      dissipative qualities of the variable resistance element will respond to
      changes in the chemistry of the exhaust gases to provide an indication of
      the air/fuel ratio of the combustion mixture being provided to the engine.
PAR  More recently, the efforts to reduce the pollution of our atmosphere have
      prompted implementation of stringent controls upon an automotive engine
      exhaust emissions. In efforts to reduce the amount of pollutants injected
      into our atmosphere by mobile internal combustion engines, it has become
      apparent that accurate and self-adjusting control of the air/fuel ratio of
      the combustion mixture provided to such engines is desirable. For example,
      copending commonly assigned U.S. Pat. No 3,868,846, issued on Mar. 4, 1975
      in the names of T. Kushida et al. and titled "Circuit For Converting A
      Temperature Dependent Input Signal To A Temperature Independent Output
      Signal" discloses one system wherein a titania exhaust gas sensor is
      responsive to changes in the exhaust gas chemistry, caused by excursions
      of the air/fuel ratio of the combustion mixture being provided to the
      engine from a selected value at, or richer, in fuel than, the
      stoichiometric value, to automatically and reliably control a controller
      means to maintain the air/fuel ratio of the combustible mixture at the
      selected value. It is also known that zirconia-based sensors may be
      similarly used. Other materials for use as exhaust gas sensor elements
      responsive to departures of a combustion mixture from a fuel rich value to
      a fuel lean value, and vice versa, by passing through the stoichiometric
      value are known.
PAR  The exhaust gases produced by fuel-rich combustion form an atmosphere which
      may be viewed as a reducing atmosphere. Many materials are known to
      respond electrically to changes in the chemistry of a reducing atmosphere.
      Exhaust gas sensors responsive to departure of a combustion mixture from
      the stoichiometric value to a fuel-rich or fuel-lean condition to produce
      a large scale change in an electrical characteristic are also known. Some
      of the reducing gas sensing materials also demonstrate this change which
      may ideally represent a step-function change. An example of this
      phenomenon is discussed in copending, commonly assigned U.S. Pat. No.
      3,886,785, issued June 3, 1975 in the names of H. L. Stadler et al. The
      value of the stoichiometric responsive materials resides in this large
      scale excursion of an electrical parameter which may be utilized to
      directly and rapidly sense departure of the air/fuel ratio of the
      combustion mixture from stoichiometry.
PAR  It has become apparent that operation of an internal combustion engine with
      a combustion mixture at the stoichiometric value results in a combination
      of gas pollutants which combination is expensive and difficult to correct
      by means of exhaust gas reactors. For example, combinations of two or more
      such reactors are known to be required to effectively reduce the exhaust
      gas pollutants produced under such conditions to values which the
      Environmental Protection Agency of the United States Federal Government
      asserts to be an environmentally safe in internal combustion engine
      exhaust. While operation of the engine under either fuel-rich or fuel-lean
      conditions can overcome this difficulty, the presently available exhaust
      gas sensors function under fuel-rich conditions and the resulting excess
      consumption of fuel is most undesirable. Operation of the engine under
      fuel-lean conditions is therefore preferrable since the wasteful excess
      consumption can be avoided. The exhaust gases produced under such a
      situation constitute an oxidizing atmosphere and it is therefore a
      specific object of the present invention to provide a sensor capable of
      operation in an oxidizing environment to function as an air/fuel ratio
      sensor.
PAR  The operation of an internal combustion engine in the "lean regime," (that
      is, with an air/fuel ratio of from about 15 to about 22) and particularly
      at high values of the air/fuel ratio results in automatic lessening of the
      major exhaust gas pollutants (CO, HC and NO.sub.x). Removal of residual
      amounts of any of the major pollutants is therefore relatively simple.
      This relative simplicity of operation is predicated upon maintenance of
      the air/fuel ratio at a selected and precisely controlled value.
      Heretofore, reliable operation of the internal combustion engine within
      the lean regime at any one selected air/fuel ratio has been made virtually
      impossible due to the lack of a suitable sensor which could respond to
      variations in the air/fuel ratio from its selected value within the lean
      regime. It is therefore a specific object of the present invention to
      provide a sensor which is operative for combustion mixtures within the
      lean regime and which may be used to accurately and reliably monitor the
      air/fuel ratio of the combustion mixture provided to an internal
      combustion engine. It is a further object of the present invention to
      provide such a sensor, and an electrical system responsive to the sensor,
      to produce a control signal which may be used to maintain a desired, known
      exhaust gas chemistry. It is a still further object of the present
      invention to provide such a sensor which has an approximately linear
      change in the logarithm of resistance in response to changes in the
      exhaust gas chemistry, and in particular to changes in the partial
      pressure of oxygen within the exhaust gas. More particularly still, it is
      an object of the present invention to provide a sensor suitable for
      positioning within the exhaust system of an internal combustion engine and
      having a sensing element or member with an electrical characteristic which
      varies in a controllable and predictable fashion in the presence of
      changes in the exhaust gas chemistry produced by variations in the
      air/fuel ratio of a fuel-lean combustion mixture provided to the engine.
      It is also an object of the present invention to provide an electrical
      system, including the sensor of the present invention, for controlling an
      operational amplifier to produce an output signal which may be used to
      control or modulate the air/fuel ratio of a combustion mixture.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides an exhaust gas sensor having, as its active
      element, a cobalt monoxide ceramic member arranged so that its electrical
      resistance may vary in response to changes in the exhaust gas chemistry
      which variations may be measured electrically. The sensor is also provided
      with means for generating heat in the vicinity of the cobalt monoxide
      element to provide for rapidly heating this element to a temperature in
      excess of its minimum operating temperature. The cobalt monoxide active
      element of the present invention is provided in a substantially
      cylindrical form having a pair of electrodes applied to the axially
      opposite ends of the cylinder. A pair of electrical wires is coupled to
      the electrodes for application of a controlled electrical current from
      which a voltage signal indicative of variations in the resistance of the
      cobalt monoxide sensing element may be derived. The electroded ends of the
      cylindrical element are supported within a compatible ceramic housing
      material, such as alumina, which is provided with a transverse aperture to
      assure a flow of exhaust gases in close proximity to the surface of the
      sensing element. The heater wire is arranged in a helix wrapped about the
      housing structure and a cover member may be provided to protect the heater
      wire, the housing members, and the sensing element.
PAR  The present invention also provides an electrical circuit, including the
      cobalt monoxide ceramic sensing element of the present invention, for
      providing a pair of inputs to an operational amplifier such that the
      output signal of the operational amplifier may indicate by its magnitude
      the magnitude of any variation of the air/fuel ratio of the combustion
      mixture and, by its polarity, the quality of any variation in air/fuel
      ratio. Quality is intended to mean whether the excursion of the air/fuel
      ratio is an increase in fuel content or a decrease in fuel content from
      the fuel content at the selected air/fuel ratio.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic illustration of an internal combustion engine showing
      the installation of the present invention in the exhaust system thereof.
PAR  FIG. 2 is a diagrammatic view showing the sensor according to the present
      invention in section and including a block diagram of an electrical system
      associated with the sensor for deriving a useful output.
PAR  FIG. 3 is an electrical circuit illustrating one embodiment of the block
      diagram system shown in FIG. 2.
PAR  FIG. 4 is an exploded view of one embodiment of the sensor according to the
      present invention.
PAR  FIG. 5 is a graph illustrating the electrical behavior of the present
      invention in terms of engine operation.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing wherein like numbers designate like structure
      throughout the various views thereof, FIG. 1 is an illustration showing an
      internal combustion engine 10 having an associated combustion mixture
      intake system 12 and an exhaust system 14. Intake system 12 is comprised
      of an intake manifold 16 fixedly coupled to the engine 10 and is arranged
      to provide a flow of the combustible air/fuel mixture to the intake ports,
      not shown, of the engine 10. An air/fuel mixture preparation device 18 is
      fixedly coupled to the intake manifold 16 upstream from the intake ports
      of the engine 10 and may be, for example, a carburetor or any other form
      of device for producing an air/fuel mixture. An intake air cleaner 20 is
      illustrated as being upstream from the mixture preparation device 18 and
      is of notoriously well known construction.
PAR  Air/fuel mixture preparation device 18 preferably includes an electrical
      means for modulating either the air or the fuel content of the air/fuel
      mixture in order to controllably vary the mixture ratio. The mixture ratio
      may be controllably varied electrically through the use of a continuous
      flow fuel delivery device having an electrically controllably metering
      orifice in conjunction with a carburetor or fuel injection system or
      through a scheduling control arranged to modulate the injector valve open
      time in an intermittent injection fuel injection system. Alternatively,
      the air content of the combustion mixture may be varied by an electrically
      controlled air valve within intake system 12. It will be appreciated that
      this brief description is intended to be merely illustrative and that a
      large variety of means and mechanisms is available to accomplish the
      desired result of modulating either the air or the fuel content of the
      air/fuel mixture in accordance with an electrical input signal derived as
      described hereinbelow with reference to FIGS. 2 and 3.
PAR  Exhaust system 14 includes an exhaust manifold 22 and an exhaust conduit
      24. Exhaust conduit 24 may communicate with an exhaust gas reactor of the
      thermal or catalytic variety and may also communicate with an exhaust
      silencer such as a muffler in conducting the combustion by-product exhaust
      gases from the combustion chambers of the engine 10 to the atmosphere
      while reducing the gaseous and noise pollutants which are also by-products
      of the combustion process. An exhaust gas sensor 26 according to the
      present invention is threadedly received by a wall portion of conduit 24
      so that the active portion of the exhaust gas sensor 26 extends into the
      interior region of conduit 24. First and second pairs of electrical leads
      28, 30 extend from the exhaust gas sensor 26 and communicate with
      electrical apparatus as described herinbelow with reference to FIGS. 2 and
      3. The precise placement of sensor 26 will depend upon temperature and
      other considerations such as accessibility, vibration and availability of
      electrical energy.
PAR  It will be appreciated that the various mechanical constituents of this
      system as hereinabove briefly described may be held in assembled
      relationship by any suitable means such as the well known and presently
      employed bolting of the various components together with the use of
      gaskets between adjacent components whereever necessary to avoid
      uncontrolled leakage at these joints. As thus described, internal
      combustion engine 10 with its air/fuel mixture intake system 12 and its
      exhaust system 14 may be a reciprocating piston internal combustion engine
      or may also be the more recently developed rotary internal combustion
      engine.
PAR  Referring now to FIGS. 2 and 4, the exhaust gas sensor 26 according to the
      present invention is illustrated in section view with an electrical block
      diagram (FIG. 2) and in an exploded view of the sensor per se (FIG. 4).
      The exhaust gas sensor 26 is comprised of a sensing element 32 supported
      at its ends by housing members 34, 36. As illustrated in FIGS. 2 and 4,
      sensing element 32 comprises a substantially cylindrical block or unit of
      cobalt monoxide ceramic material which is adapted on its axial ends for
      receipt of the pair of electrical leads 28a, 28b. For example, the axially
      remote ends of the generally cylindrical sensing element may be provided
      with an electrode forming coating of platinum paste material and the ends
      of wires 28a, 28b, which in this instance are preferably also platinum,
      are bonded to these surfaces. It will be appreciated that other sensing
      element geometrys and sensor configurations are contemplated. For example,
      the wafer geometry and configuration of the above-noted Stadler et al.
      U.S. Pat. No. 3,886,785 is considered to be feasible and to produce
      results comparable with those of the illustrated sensor 26.
PAR  In the illustrated embodiment, housing members 34, 36 are generally
      cylindrical members with housing member 36 sized to be received within a
      suitable axially extending bore provided within housing member 34. Housing
      member 36 is provided with a support recess arranged to receive one axial
      end of the sensing element 32. Housing member 34 is provided with an
      axially extending bore 38 which is sized to permit passage of, and
      receive, sensing element 32 upon insertion of sensing element 32 and
      housing member 36 within housing member 34. Housing member 34 is also
      provided with transverse bore 40 which is arranged to extend completely
      through housing member 34 and to be positioned to expose sensing element
      32, intermediate the ends thereof, to the gaseous environment of the
      sensor 26. Transverse bore 40 is therefore operative to provide for
      communication of a flow of exhaust gases around, and in close proximity
      to, sensing element 32. Housing member 34 is also provided with a mounting
      flange 42 having a through passage 44. Hollow support member 46 is
      received within through passage 44. One lead, 28a, of the first pair of
      electrical leads 28 is arranged to extend through the hollow support
      member 46 for electrical communication with one end of sensing element 32
      while the other electrical lead, 28b, of the first pair of electrical
      leads 28 communicates electrically with the other end of sensing element
      32.
PAR  Heating coil 48 is arranged to surround housing member 34. Each end of
      heating coil 48 communicates with one lead of the second pair of
      electrical leads 30. This communication may be through flange portion 42
      through cover member 52, or through hollow support member 46. The
      electrical leads 30 are arranged to communicate with an electrical power
      supply 50 for flow of a heating current through heating coil 48. aligned
PAR  Cover member 52, as shown in FIG. 4, is arranged to encapsulate heater coil
      48 and housing member 34. Cover member 52 therefore provides for
      protection of the heating coil 48 and of the sensing element 32 to permit
      ease of handling of the sensor 26 during its installation in the exhaust
      system 14. Cover member 52 also proves for isolation of heater coil 48
      from the cooling effects of the major flow of the exhaust gas stream.
      Cover member 52 is provided with a pair of transversely aligned windows 54
      which are positioned to be in registry with the transverse bore 40 when
      cover member 52 engages mounting flange portion 42. Thus, cover member 52
      will not hinder or impede the flow of gases around the sensing element 32.
PAR  With particular reference now to FIG. 2, sensor 26 is shown in a sectional
      view with cover member 52 removed. An electrical system operative with the
      sensor 26 of the present invention is also illustrated in a block diagram.
      The first pair of electrical leads 28 and the power supply 50 communicate
      with resistance responsive controller means 56. Upon the application of
      electric power to heating coil 48, heating coil 48 will operate to elevate
      the temperature of the sensing element 32 to assist in rapid heating of
      sensing element 32 to its minimum operating temperature of approximately
      900.degree.C.
PAR  At temperatures below about 900.degree.C and at partial pressures of oxygen
      in the exhaust system 12 characteristic of operation of an internal
      combustion engine in the lean regime, cobalt monoxide undergoes a phase
      change to a form of oxide which does not exhibit the desired resistance
      variations. Heating coil 48 enables rapid heating sufficient to encourage
      the phase change to the monoxide phase of any surface material which may
      have converted during the previous cool-down. However, the exhaust system
      14 of an internal combustion engine cools sufficiently rapidly that the
      total mass of material converting to the desired oxide phase will be
      slight.
PAR  We have determined that the logarithm of the electrical resistance of
      cobalt monoxide ceramic material varies in a generally linear fashion in
      response to changes in the partial pressure of oxygen in the exhaust gas
      by-products of lean regime combustion when the temperature of the sensing
      element is maintained above about 900.degree.C. Furthermore, this
      resistance change is repeatable, predictable and occurs with a response
      time of less than about 1 second. The region of partial pressures of
      oxygen over which this resistance change occurs corresponds to the partial
      pressures of oxygen predicted by chemical computation to occur as the
      exhaust gas by-products of combustion of a mixture having an air/fuel
      ratio in the lean regime.
PAR  We have determined that the electrical resistance of cobalt monoxide
      ceramic is related to the partial pressure of oxygen by the expression
EQU  R .varies. Po.sub.2.sup..sup.-1/4  e .sup..sup.+ E/(K T)
PAL  where R is the resistance in ohms, Po.sub.2 is the partial pressure of
      oxygen in Atmospheres, e is the base of the natural logarithm, E is the
      activation energy of the material in electron volts, T is the temperature
      in degrees Kelvin and K is the Boltzmann constant in electron volts per
      degree. As the partial pressure of oxygen drops below about 10.sup..sup.-6
      Atmosphere the power in the above expression changes gradually from -1/4
      to -1/6 . For cobalt monoxide ceramic material, E is approximately equal
      to one-half (0.5) of an electron volt and the dependence of the expression
      upon temperature can be seen to be slight. Thus, accurate temperature
      control above about 900.degree.C is not required. By providing a known
      voltage potential between leads 28a, 28b of the first pair of electrical
      leads 28 and by measuring the amount of current flowing therethrough, the
      partial pressure of oxygen of the gaseous environment of sensing element
      32 can be determined.
PAR  In order to maintain operation of internal combustion engine 10 at a
      selected air/fuel ratio within the lean regime, i.e., where uncombusted
      and therefore excess oxygen may exist within the exhaust gases produced as
      by-products of the combustion process, the partial pressure of oxygen of
      the exhaust gas stream must be maintained substantially constant at a
      selected value. By electrically monitoring resistance changes of the
      sensing element 32 variations in this partial pressure of oxygen may be
      detected. By suitably operating upon detected changes in the resistance
      measurements, resistance responsive controller means 56 may be arranged to
      provide an electrical signal, at output terminal 58, which may be made
      representative of the amount of change necessary in either the air, or the
      fuel, content of the air/fuel mixture provided by mixture preparation
      device 18 to maintain a selected partial pressure of oxygen within the
      exhaust system 14.
PAR  Referring now to FIG. 3, an electrical schematic of the resistance
      responsive controller means 56 of FIG. 2 is shown. The circuit of this
      figure also includes a representation of power supply 50 in the form of a
      battery and incorporates the variable electrical resistance of sensing
      element 32 as variable resistance 132. The circuit of FIG. 3 includes
      limit resistor 60 and zener diode 62 which are cooperative to provide a
      regulated voltage across the conductors 64, 66. Reference voltage divider
      68 is comprised of a fixed resistance 70 and a variable resistance 72,
      such as a potentiometer, connected electrically in series between
      conductors 64, 66. Sensor voltage divider 74 is similarly comprised of a
      fixed resistance 76 connected electrically in series with the variable
      resistance 132 formed by sensing element 32. The reference voltage
      junction 78, formed by the junction of fixed resistance 70 with variable
      resistance 72, is communicated to one input terminal of operational
      amplifier 80. Sensor voltage junction 82, formed by the junction of fixed
      resistance 76 with variable resistance 132, is communicated to the other
      input terminal of operational amplifier 80. Operational amplifier 80 may
      be, for example, a type .mu. 741 operational amplifier. This type of
      operational amplifier is available through a large number of sources under
      the identifying number .mu. 741.
PAR  The variable resistance 72 in the reference voltage divider portion of the
      network of FIG. 3 may be calibrated to provide a voltage at reference
      junction 78 which is exactly equal to the voltage appearing at sensor
      voltage junction 82 when the partial pressure of oxygen in the atmosphere
      in which sensor 26 is immersed is exactly equal to that corresponding to
      operation of the internal combustion engine with the combustion mixture at
      the desired air/fuel ratio. By arranging operational amplifier 80 to
      produce at its output terminal 58 a voltage signal which is a selected
      multiple of the difference between the voltage values appearing on its
      input terminals, operation of the internal combustion engine 10 at the
      precisely desired air/fuel ratio will result in a zero voltage signal
      appearing on the output terminal 58. Any excursion in the air/fuel ratio
      of the combustion mixture away from the desired value will result in a
      shift in the voltage value appearing at sensor voltage junction 82 which,
      when compared with the voltage appearing at reference voltage junction 78,
      will result in an output signal appearing at terminal 58. Thus, the signal
      appearing at output terminal 58, including a zero signal, will indicate
      the electrical resistive value of sensing element 32 relative to a
      preselected value and hence the partial pressure of oxygen in the
      environment of the sensor 26. The magnitude of the signal appearing at
      terminal 58 will therefore be indicative of the magnitude of the variation
      of the air/fuel ratio from the desired value while the polarity of the
      signal appearing at output terminal 58 will be indicative of the nature or
      quality of the excursion. For example, a positive polarity signal
      appearing at junction 58 may indicate that the air content of the air/fuel
      mixture is excessive resulting in an increase in the air/fuel ratio while
      a negative polarity signal appearing at output terminal 58 may indicate
      that the air content of the air fuel mixture is inadequate producing a
      decrease in the air/fuel ratio of the combustion mixture. The magnitude
      and the polarity of the output signal generated by operational amplifier
      80 may be readily tailored to be directly compatible with the particular
      modulation device selected for inclusion in intake system 12 such that the
      polarity and the magnitude of signal appearing at output terminal 58 will
      automatically command the proper corrective measures to maintain the
      air/fuel ratio of the combustion mixture at the selected value. It will be
      appreciated that the specific electrical network illustrated in FIG. 3 is
      representative only and that other electrical networks may also be
      utilized with the present invention to achieve beneficial results. For
      example, a network comparable to that illustrated in FIG. 3 of the
      above-noted Kushide et al U.S. Pat. No. 3,868,846 may be utilized.
PAR  Referring now to FIG. 5, a graph is shown illustrating, by curve 84, the
      relationship of the partial pressure of oxygen present in volume percent
      in the exhaust gases produced by combustion of various air/fuel ratio
      combustion mixtures. FIG. 5 also includes a graph illustrating, by curve
      86, typical resistance value for sensing element 32 at the various
      illustrated air-to-fuel ratios. It will be appreciated that the ohmic
      values given for various resistances are illustrative only and that
      specific resistance values will depend upon the particular geometry and
      dimensions employed for sensing element 32. However, the illustrated
      differential resistance, in percent, is typical. For example, the
      resistance of the cobalt monoxide ceramic sensing element 32 is larger, by
      approximately 70 percent, at an air/fuel ratio of 15 than it is at an
      air/fuel ratio of 20. Curve 86 is linear if graphed on a logarithmic
      scale.
PAR  Thus it can be seen that the present invention readily accomplishes its
      stated objectives. By utilizing a cobalt monoxide ceramic sensing element,
      fabricated from commercially available forms of pure cobalt monoxide
      according to any of the well known ceramic formation techniques, a sensor
      which demonstrates a repeatable and uniquely defined resistance value for
      differing partial pressures of oxygen results. By supporting the ends of a
      cylinder of cobalt monoxide ceramic sensor material with a compatible
      ceramic material such as alumina the properties of the cobalt monoxide
      ceramic do not demonstrate any long term changes which would effect the
      electrical characteristics of the cobalt monoxide ceramic material and the
      sensing element is well supported against vibration. By utilizing a
      surrounding heating coil 48, the cobalt monoxide ceramic material may be
      brought rapidly to its operating temperature so that the sensor 26 may
      become functional in a shorter amount of time from an internal combustion
      engine startup and may be maintained above 900.degree.C during operation
      so that the monoxide phase of the cobalt oxide ceramic may be maintained.
      Use of the cover member 52 facilitates handling and provides for
      protection of the device when being handled while providing insulation
      against thermal shock and any cooling of the sensing element 32 or the
      heating coil 48 caused by the absorption of heat by the flow of the
      exhaust gas stream.
CLMS
STM  We claim:
NUM  1.
PAR  1. A sensor for sensing the partial pressure of oxygen gas within a gas
      conduit system for exhausting the gaseous combustion by-products of
      fuel-lean combustion from a combustion chamber of an engine, comprising in
      combination:
PA1  a cobalt monoxide ceramic sensing element having an electrical resistive
      path;
PA1  electrically conductive means attached to said sensing element at opposite
      ends of said electrical path, operative to provide a flow of electric
      current through said sensing element generally along said electrical path;
PA1  housing means for receiving and supporting said sensing element, said
      housing means including means for attachment to a wall portion of the gas
      conduit system and being arranged to expose a substantial portion of the
      surface of said sensing element to the gaseous combustion by-products
      within the gas conduit system; and
PA1  electrical means communicating with said conductive means for generating an
      electrical signal having a magnitude and polarity indicative of the
      electrical resistance value of said sensing element along said electrical
      path whereby the partial pressure of oxygen within the gaseous combustion
      by-products and hence the air/fuel ratio of the combustion mixture may be
      defined.
NUM  2.
PAR  2. The sensor of claim 1 wherein said electrical means comprise:
PA1  reference means for generating a reference voltage value indicative of a
      desired air/fuel ratio for the combustion mixture; and
PA1  comparison means for comparing said reference value with the value
      indicative of the electrical resistance of the sensing element, said
      comparison means operative to generate said electrical signal whereby said
      generated electrical signal is also indicative of the magnitude and
      quality of the excursion of the air/fuel ratio from the desired air/fuel
      ratio.
NUM  3.
PAR  3. The sensor of claim 1 including cover means attached to said housing
      means and arranged to surround and protect said housing means and said
      sensing element.
NUM  4.
PAR  4. The sensor of claim 3 wherein said cover means include means defining at
      least two apertures arranged to provide a flow of the gaseous combustion
      by-products over the surface of at least a portion of said sensing
      element.
NUM  5.
PAR  5. The sensor of claim 1 including heating means, auxiliary to the
      combustion by-products, for heating said sensing element to a temperature
      above about 900.degree.C.
NUM  6.
PAR  6. In a system for monitoring the air/fuel ratio of the combustion mixture
      provided to an internal combustion engine intended to operate under steady
      state conditions at a preselected air/fuel ratio wherein an exhaust gas
      sensor is situated within the stream of exhaust gases produced by the
      engine and is arranged to produce an electrical signal indicative of the
      partial pressure of oxygen in the exhaust gases and including electrical
      means communicating with and responsive to the sensor and arranged to
      generate an electrical signal indicative of the air/fuel ratio of the
      combustion mixture, the improvement wherein the exhaust gas sensor is
      comprised of a cobalt monoxide ceramic sensing element connected
      electrically in series with a source of electrical energy and the
      electrical means are arranged to respond to the current flow through said
      cobalt monoxide sensing element to generate an output signal having a
      magnitude and polarity indicative of excursion of the air/fuel ratio of
      the combustion mixture from a selected value in the lean regime.
NUM  7.
PAR  7. The system of claim 6 wherein said electrical means comprise:
PA1  reference means for generating a reference voltage value indicative of a
      desired air/fuel ratio for the combustion mixture; and
PA1  comparison means for comparing said reference value with a value indicative
      of the electrical resistance of the sensing element, said comparison means
      operative to generate said electrical signal, whereby said generated
      electrical signal is also indicative of the magnitude and quality of the
      excursion of the air/fuel ratio from the desired air/fuel ratio.
NUM  8.
PAR  8. The system of claim 6 including cover means attached to said housing
      means and arranged to surround and protect said housing means and said
      sensing element.
NUM  9.
PAR  9. The system of claim 8 wherein said cover means include means defining at
      least two apertures arranged to provide a flow of the gaseous combustion
      by-products over the surface of at least a portion of said sensing
      element.
NUM  10.
PAR  10. The system of claim 6 including heating means, auxiliary to the exhaust
      gases, for maintaining the temperature of the cobalt monoxide above about
      900.degree.C in operation.
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ABST
PAL  A gas detector, comprises a housing having an interior cavity with a wall
      having a testing tube receiver with an opening therethrough into the
      cavity. Spaced above the wall and in alignment therewith, is a test tube
      receiving tube and, when a test tube is placed in the receiving tube, it
      actuates a switch to actuate a fan to draw a gas sample through the
      testing tube for testing purposes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  FIELD OF THE INVENTION
PAR  This invention relates in general to the construction of gas detecting
      devices and, in particular, to a new and useful device for detecting gases
      of predetermined types which includes means for mounting a testing tube on
      a housing over a receiver having an opening therethrough and with a sleeve
      mounted above the opening in a position so that when a testing tube is
      positioned in the sleeve, a switch is actuated to operate a fan to draw
      air through the tube.
PAC  REFERENCE TO PRIOR APPLICATION
PAR  This invention is an improvement over the invention described and claimed
      in application Ser. No. 376,291, filed on July 5, 1973 by inventors Kurt
      Leichnitz, Bernd Mussmann and HOrst Rabenecker, now abandoned.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Gas detectors are known, and the present invention is an improvement over
      U.S. application Ser. No. 376,291 which comprises a gas detector having an
      electrically driven air propelling device or fan and a connection for an
      indicator tube which tube is positioned over a cavity in a housing
      containing the fan and which is effective to draw air in through the tube
      when testing is to take place. The aforementioned patent application also
      describes a portable type gas detector which includes a housing adapted to
      be carried on the body of the user and a battery operated small size fan,
      as well as a connection for the insertion of an indicator tube in position
      over a cavity in the housing. The patent application is directed to a
      lightweight gas detector which is simple in construction and which may be
      carried along, for example, by a working team for example, in a mine, and
      gives an instant indication of noxious substances contained in the air of
      the entered space.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is an improvement over the previous application
      inasmuch as it provides a means for centering a testing tube over a cavity
      of the housing and which includes means associated with the centering
      means for turning on a fan for circulating the testing air through the
      testing tube. The construction is such that when the tube is inserted in a
      sleeve, a switching circuit is closed to actuate the fan. The invention
      has the advantage of further simplifying the construction of the known
      detector, and it assures that when the tube is in place, the air
      propelling device is switched on, and while the testing tube is removed,
      the air propelling device will be switched off. In a particularly simple
      embodiment of the invention, the switching element is arranged so that
      when the tube is connected to the housing containing the fan, the
      switching circuit is closed.
PAR  In accordance with a feature of the invention, the housing includes a back
      wall which closes a compartment containing a battery or dry cell for
      operating the fan and which continues behind an exposed corner of the
      housing behind a support wall for supporting a testing tube which is held
      in an upright position by a holding tube or sleeve supported on a bracket
      affixed to the back wall. The back wall also forms a shield between the
      testing tube and the user's body or garment.
PAR  Still another construction is useful in which the guideway shields the
      opened top of the testing tube so that any damage which might be caused by
      this open top glass end is avoided.
PAR  In order to facilitate carrying of the device by the user, the back wall is
      provided with a holding clip.
PAR  Accordingly, it is an object of the invention to provide a gas detector
      which comprises a housing having a battery operated fan with a receiver
      opening communicating to the interior of the housing and with means at the
      receiver opening for receiving a testing tube having switching means for
      actuating the fan whenever the testing tube is in position.
PAR  A further object of the invention is to provide a device for testing a
      surrounding gas such as the surrounding air of the atmosphere which is
      simple in design, rugged in construction and economical to manufacture.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its uses, reference
      should be had to the accompanying drawing and descriptive matter in which
      there is illustrated a preferred embodiment of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a transverse section of a gas detector constructed in accordance
      with the invention;
PAR  FIG. 2 is a section taken along the line 2--2 of FIG. 3 with the testing
      tube removed; and
PAR  FIG. 3 is a front end perspective view of the device shown in FIGS. 1 and 2
     .
DETD
PAC  GENERAL DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the drawings in particular, the invention embodied therein,
      comprises a housing, generally designated 1, which includes a cavity 10
      containing a small size fan 12, arranged at a spaced location from a power
      cell or battery 14. The battery 14 is connected to operate fan 12 to cause
      it to draw air in through a receiver opening 16 having a receiver fitting
      6 for receiving testing tube 7. Testing tube 7 is of a known indicator
      type which has a material, which for example gives a visual change when it
      is exposed to gases of certain types. The top of testing tube 7 is open to
      permit the inflow of a gas sample when fan 12 is operated.
PAR  In accordance with the invention, a holding tube or sleeve 19 includes
      switch means 24 associated therewith, which is connected to battery 14 in
      order to connect the battery to fan 12 to operate it. In the embodiment
      illustrated, housing 1 includes a back wall or shield 17 which provides a
      protection between testing tube 7 and the user of the device, and the wall
      is provided with a clip 18 in order to permit the device to be secured,
      for example, to a user's clothing. Directly ahead of back wall 17 is a
      support wall 26 having the receiver 6 thereon.
PAR  In accordance with a feature of the invention the switch means 24 is
      located in an opening 22 which extends into the bore or passage 21 of the
      holding tube or sleeve 19 so that its actuator extends outwardly into the
      passage 21 of the holding tube in a position to be contacted by the
      testing tube 7 which is positioned so that its upper portion extends
      therethrough. Holding tube 19 is mounted on a bracket 23 arranged above
      and in alignment with the support wall 26. Testing tube receiver means
      includes the holding tube 19 which receives the upper end of the testingg
      tube 7 and the receiver fitting 6 having an opening therethrough which is
      aligned with the receiver opening 16 in the support wall 26 and supports
      the bottom of the testing tube 7. The space above the support wall 26 is
      opened frontally, to one side and upwardly so as to permit insertion and
      removal of the testing tube on the receiver fitting 6 and through the
      holding tube 19. The switch member 24 is connected by a cable 28 to the
      battery 14. When a testing tube 7 is placed in a position to extend within
      the bore 21 of the holding tube 19 with its base supported on the receiver
      fitting 6, it actuates switch member 24 to actuate fan 12 and causes air
      to be circulated downwardly through opening 20 of the tube 7 and through
      the opening 16 of the support wall 26 into the interior cavity 10 of the
      housing. The air which is drawn into the cavity 10 is moved over the fan
      12 and a support bracket or spider 12a and is charged out of the cavity 10
      through a series of openings 30 located between the battery 14 and the fan
      12.
PAR  Holding tube or sleeve 19 is sized and spaced from receiver fitting 6 so
      that it covers the opened end 20 of the testing tube and thus, this opened
      or broken end is protected.
PAR  Switch 24 is actuated when a testing tube 7 is positioned in holding tube
      19 to start fan 12 and it is deactuated when the testing tube is removed
      from holding tube 19 to cause fan 12 to stop.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gas detector for use with a gas testing tube into which the gas is
      delivered and which indicates the presence of preselected gases,
      comprising a housing having an interior cavity and a support wall having a
      testing tube receiver fitting with an opening therethrough into the
      cavity, means for holding the testing tube over the receiver fitting, a
      fan in said housing for drawing a gas sample through the testing tube and
      receiver fitting and into said cavity, a power cell in said housing, and
      switch means associated with said testing tube holding means and
      responsive to insertion of the testing tube therein to connect said power
      cell to said fan to operate said fan, said testing tube holding means
      comprising a sleeve carried on said housing and located in alignment with
      and spaced above said receiver fitting.
NUM  2.
PAR  2. A gas detector, according to claim 1, wherein said switch means is
      located within said sleeve.
NUM  3.
PAR  3. A gas detector, according to claim 1, wherein said power cell comprises
      a flash light battery located in said cavity in spaced relationship to
      said fan, at least one opening in said housing between said fan and said
      battery for the discharge of air.
NUM  4.
PAR  4. A gas detector for use with a gas testing tube into which the gas is
      delivered and which indicates the presence of preselected gases and
      adapted to be worn by a user of the detector, comprising a housing having
      an interior cavity and a support wall having a testing tube receiver
      fitting with an opening therethrough into the cavity, means connected to a
      back wall of said housing for holding the testing tube over the receiver
      fitting, a fan in said housing for drawing a gas sample through the
      testing tube and receiver fitting and into said cavity, a power cell in
      said housing, and switch means associated with said testing tube holding
      means and responsive to insertion of the testing tube therein to connect
      said power cell to said fan to operate said fan, means on said back wall
      for clipping said housing to the user of the gas detector, said back wall
      providing a personal shield between said testing tube and the user.
NUM  5.
PAR  5. A gas detector for use with a gas testing tube into which the gas is
      delivered and which indicates the presence of preselected gases and
      adapted to be worn by a user of the detector, comprising a housing having
      an interior cavity and a support wall having a testing tube receiver
      fitting with an opening therethrough into the cavity, means for holding
      the testing tube over the receiver fitting, a fan in said housing for
      drawing a gas sample through the testing tube and receiver fitting and
      into said cavity, a power cell in said housing, and switch means
      associated with said testing tube holding means and responsive to
      insertion of the testing tube therein to connect said power cell to said
      fan to operate said fan, said testing tube holder means comprising a
      sleeve carried on said housing spaced from said receiver fitting and in
      alignment therewith and being at a height above the fitting such that it
      covers the top of the testing tube held thereby.
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ABST
PAL  A system has been invented for the continuous determination of density of
      cryogenic liquids such as LPG and LNG to within .+-. 0.1% or better using
      differential capacitance measurements. This system would allow the
      detection of incipient density inversions in storage tanks and the
      accurate determination of quantities transferred from ship to shore to
      customers.
BSUM
PAR  This invention relates to the utilization of capacitance probes for the
      continuous monitoring of the thermodynamic (density) conditions of
      cryogenic liquids such as LPG, LNG, ethane, propane or butane contained in
      a storage tank. In one aspect, the invention is a safety system capable of
      determining the existence of unstable conditions leading to the hazardous
      rollover phenomenon which is normally accompanied by the sudden evolution
      of large quantities of highly flammable and potentially explosive gases.
      In another aspect, the invention is a highly accurate method of
      determining actual density of the subject material and thereby facilitates
      accurate determination of quantities sold to customers insuring a higher
      degree of equity than is currently available.
PAR  Normally, it is a rather routine matter to determine the density of a
      liquid. It is considerably more difficult to carry out such a
      determination when dealing with liquefied gas, cryogenic liquids, such as
      mixtures of C.sub.1 through C.sub.5 hydrocarbons, in LNG or LPG, or
      mixtures of liquefied noble gases. These measurements are further
      complicated if frequent measurements are desired such as while
      transferring such liquids from ship to shore to customer so as to insure
      equity in billing. Also, these determinations are desirable on a
      continuous basis for safety reasons when dealing with large storage tanks.
      In these storage tanks it has been noted that density inversions can occur
      which, when left unchecked, can lead to sudden emission of large
      quantities of highly flammable gases and hence to explosions. This
      phenomenon, known as Rollover, typically occurs when the following
      sequence of events arise. A cryogenic tank containing a heel of some tens
      of thousands of bbls of LNG in a stable condition of low tank pressure and
      light composition is subsequently filled with a cargo of some hundreds of
      thousands of bbls of LNG from a tnaker, said LNG being of high tank
      pressure, higher temperature and heavy composition as a result of
      continuous boil-off of light components during shipping and heat
      absorption while waiting to offload. When this heavier, hotter, higher
      vapor pressure cargo from the tanker is transferred to the storage tank
      via bottom loading nozzles, the dense offloaded caargo stays on the
      bottom. The lighter, colder, lower vapor pressure initial tank heel is
      displaced upwards in the storage tank with only minimal mixing with the
      offloaded cargo. The static pressure of the initial tank heel suppresses
      vaporization of the higher vapor pressure cargo in the tank bottom.
PAR  During transfer, thorough mixing would result in the generation of many
      hundreds of thousands of pounds of vapor which would be vented to the
      atmosphere or recirculated through a cooling system. However, absent
      mixing, this potential vapor remains trapped in the contents of the tank
      and this situation presents an explosion hazard.
PAR  The ship's cargo was more dense than the tank heel even though it was
      warmer. This temperature difference between the layers causes a rapid
      transient transfer of heat from the bottom layer to the top layer. The
      ship's cargo cannot equilibrate to the tank pressure until its density is
      equal to or less than the density of the initial tank heel. The transfer
      of heat to the upper layer causes it to increase in temperature and
      density due to boil-off of lighter components and the consequent
      concentration of heavier components. The lower layer is simultaneously
      cooled by this heat transfer but at a rate offset by heat flow perhaps
      from the bottom and sides of the tank. This results in the top layer
      increasing in density faster than the lower layer and the two layers
      attaining equal density before the temperature can equilibrate. At this
      point, the now more dense upper layer collapses into the less dense lower
      layer and intense mixing occurs which causes tremendous volumes of vapor
      to be generated. To avoid this eventuality, it is necessary to know when
      an unstable density gradient exists in the tank.
PAR  Numerous techniques currently exist for determining the density of a
      liquid. The majority of these techniques are direct ones, that is, they
      measure the weight of a known volume of material. These measurements get
      more difficult if they have to be carried out on volatile liquids and they
      are extremely complex when operation at cryogenic temperatures is
      required. Hydrometers measure the liquid volume displaced by a known
      weight and the read-out scale is obtained by calibration with respect to
      reference systems at the temperature of common usage. This system suffers
      from the inherent disadvantage of requiring that a sample be taken for
      testing which exposes the sample to ambient air temperature and
      volatilization and thereby to inaccuracy. The Fixed Volume method attempts
      to balance the buoyance forces of the liquid acting on a body of known
      volume. Of particular interest are the levitation devices which use an
      external means to compensate the buoyancy forces acting on a float. Such a
      system requires elaborate experimental set ups such as electromagnets to
      achieve the desired precision. They further require that samples be taken
      and, therefore, are not suitable for continuous monitoring safety systems.
PAR  Differential pressure methods use two bubblers tubes which are inserted in
      the sample liquid so that the end of one tube is lower than that of the
      other. Hence, the pressure required to bubble air into the fluid is equal
      to the pressure of the fluid at the ends of the tubes, the pressure
      difference between the two tubes will be the same as the weight of a
      constant height column of the liquid of known volume. The differential
      pressure can be represented directly as density.
PAR  Under cryogenic conditions there occurs icing as well as volume changes in
      the tubes which can lead to erroneous density measurements and requires
      frequent recalibration of the units. Further, the physical movement
      necessitated by such bubblers (i.e. inserting the tubes and forcing air to
      bubble in the liquid) introduces inherent inaccuracy and finally the
      system cannot be directly mounted on or in the tank for use on a
      continuous basis.
PAR  Vibrating or resonating methods operate on the principle that the resonant
      frequency of an object depends on the total mass of the oscillating
      system. The fluid's density will therefore alter the frequency of
      oscillating of a cylinder when the latter is immersed in the liquid. This
      system has the drawback of requiring the presence of moving parts in the
      cryogenic liquid. Dip tube samples were also utilized which were
      inherently inaccurate due to mixing problems and volatilization of the
      sample. These samples were then analyzed by Gas chromatography to
      determine exact composition which introduced more error. Then the percent
      contribution of each component to density was determined and summed and a
      final density was arrived at. This procedure is time consuming and again
      suffers from the necessity of taking a sample and exposing it to ambient
      air temperatures and the additional step of G. C. Further, it has an
      accuracy of at best .+-. 0.5%. For the purpose of monitoring density
      inversion, it is necessary to know the density at various points in the
      tank to at least .+-. 0.2%, preferentially to .+-. 0.1% or better.
      Further, dip tube cannot be considered a continuous monitoring system
      which is desirable for rollover by triggering pumps and circulators.
PAR  Kuntz (U.S. Pat. No. 3,222,918) teaches the use of a capacitance cell to
      determine the density and basic sediment and water content of oil; it is
      an oil quality determinator. The process is specifically practiced by
      removing samples of oil from tank or pipeline and subjecting this test
      sample to controlled conditions of temperature, pressure and pretest
      preparation. The patent does not teach an in situ probe device for testing
      the absolute density of a material in a tank nor for the taking of a
      density profile of the contents of a tank to create a safety system.
PAR  Patterson (U.S. Pat. No. 3,698,513) utilizes a sonar type device which
      determines composition by measuring the velocity of sound passing through
      the material. The property measured is, therefore, different from the one
      measured by the instant invention as Patterson measures a chemical
      property by means of a physical (velocity of sound) method rather than a
      physical property by means of an electrical (capacitance dielectric
      constant) method. Further, Patterson's device is not a means of
      introducing safety into an operation whereas the instant invention is a
      system which senses density variations and remedies hazardous conditions.
PAR  Petrick (U.S. Pat. No. 3,474,337) discloses the determination of the
      properties of a liquid by passing "DC pulses" down a transmission line and
      measuring the time it takes for a return pulse to "bounce" off a
      discontinuance. For this system to work, it is necessary that recognizable
      interfaces exist between layers. This system could not measure density
      variations in a uniform homogeneous liquid wherein the density differences
      are not sufficient to form actual layers. By the time an appreciable layer
      interface has formed in a LPG LNG Tank which could be measured and
      determined by the Petrick system rollover conditions are present and
      possibly beyond the scope of preventive measures. Further, the physical
      implementation of this system is obviously different from the instant
      invention. The instant invention measures a physical constant, the
      dielectric constant and does so very accurately. The Petrick system
      depends on pulse echo return from a discontinuance and hinges upon
      measuring time differentials. Therefore, the system depends on data inputs
      which are subject to errors which, when present, are magnified when
      calculations are made. Finally, the fast rise time required to generate
      the D.C. Pulse makes it impossible to make the system "intrinsically safe"
      since low impedance circuits must be utilized along with high voltage in
      the vicinity of the probe itself which creates a spark hazard which is
      obviously unacceptable when dealing with liquefied natural and petroleum
      gases.
PAR  Nagel (U.S. Pat. No. 3,226,615) discloses the use of a capacitance probe to
      measure dielectric constant changes in the flow of a gas stream due to
      variations in dust content. The probe used is stationary with the material
      to be measured flowing past the probe. Therefore it is not determining a
      profile of the contents of a tank and as such would be of no use in a
      cryogenic system as a means of determining density variations in
      anticipation of rollover situations.
PAR  It has now been found, and forms the basis of the invention, that the
      density profile of cryogenic liquids, such as LNG, LPG, ethane, propane or
      butane at temperatures from -40.degree..fwdarw.-215.degree.C., can be
      continuously determined electrically by the use of differential
      capacitance measurements. The invention comprises the steps of
      continuously determining the dielectric constant of the cryogenic liquid,
      measuring the temperature of the cryogenic liquid, calculating the density
      of the cryogenic liquid to an accuracy of .+-.0.1% or better in a single
      operation by using the dielectric constant in the Clausius-Mosotti
      equation. For this purpose, numerous dielectric cells of known empty
      capacitance are used and are either suspended vertically at some
      predetermined interval in the tank thereby taking numerous simultaneous
      measurements of dielectric constant of the contents of the tank attacked
      to a drum or winch is moved slowly (i.e. no more than 10 feet/min.)
      vertically through the cryogenic liquid thereby taking sequential readings
      of dielectric constant. In this way, a continuous reading of the
      dielectric constant of the contents of the tank is obtained and the
      density profile of the cryogenic liquid in the tank can be computed. An
      operator or computer continuously monitors the density thus obtained and
      triggers a pump or circulation system upon monitoring any density
      variations in the tank, thereby preventing rollover.
PAR  The individual density measurements making up the continuously monitored
      density profile are reproduceable to an accuracy of .+-.0.01% of the
      relative density of the cryogenic liquid in the tank.
PAR  The principle underlying this invention is the well known relationship
      between dielectric constant and density as defined by the Clausius-Mosotti
      equation:
      ##EQU1##
      where C is the Clausius-Mosotti constant, .epsilon. = dielectric constant
      and .rho. = density. The value of C is given by the expression:
      ##EQU2##
      .alpha. = molar polarizability m.sub.i = mole fraction
PA1  M.sub.i = mole weight,
PA1  N.sub.A = Avogadro's number
PAR  While it is known to use the dielectric constant measured by means of
      capacitors to calculate density, the novel concept of the present
      invention is to take continuous simultaneous or sequential readings of
      density in a cryogenic tank so as to monitor density changes and thereby
      obtain a density profile of the content of the tank creating a safety
      system to avoid the occurrence of rollover. In this utilization of the
      invention, the interest is not directed solely to the determination of
      density per se but to keep a constant alert monitor on density and density
      changes and thereby anticipate hazardous conditions sufficiently in
      advance to take preventive measures.
PAR  In the area of billing and inventory control, the instant constant monitor
      system will be a marked advance in the state of the art in cryogenic
      measurement and will enable marketers to determine the amount sold with
      remarkably improved accuracy independent of absolute knowledge of the
      exact composition of the LNG or LPG involved.
PAR  With the instant invention, we eliminate the necessity of taking samples
      and subjecting them to test. Here the dielectric constant is determined
      instantaneously by means of sensors in the tank, shielded by the very
      contents of the tank from error introduced by exposure of samples to
      ambient air temperatures and from the dielectric constant, density is
      calculated. The instant invention could not be practiced with as high a
      degree of accuracy by using a capacitor probe in a flow line since density
      changes would be introduced by the pumping action and also by heat take up
      in the pipes. Knowledge of exact composition of the material is
      unimportant since the cell reads the dielectric constant of the material
      present and the absolute density of the subject material is thereby
      determined.
PAR  Further, exact composition is not necessary since LNG is sold by density or
      by heat content/unit volume and to determine this, exact knowledge of
      composition is unnecessary. A buyer is not interested in knowing exact
      composition, but in getting fair volume charges and knowing what the BTU
      content/unit volume is. No prior method is known which will give this
      information with the accuracy and ease of the current invention.
PAR  The capacitors used in the process may be hung in multiples in the tank at
      predetermined intervals or mounted on a pole or rod at set intervals and
      then the entire pole or rod is introduced into the tank through existing
      flanges and access panels on the top of the tank without interrupting tank
      operation. Alternatively, when the tank is subjected to overhaul or is in
      the process of construction, the capacitors can be built right into the
      inside wall at the predetermined intervals. These multiple cells give
      continuous and simultaneous readings of the dielectric constant at many
      points in the tank from which density can be readily determined yielding a
      density profile which will warn of density inversions and rollover
      conditions.
DETD
PAC  EXAMPLE 1
PAR  Experiments were carried out in the 400,000 bbl LPG tank at the Everett
      Terminal of Exxon Company, U.S.A. Initially, three probes were installed
      in the tank at different levels to determine the existence of possible
      density gradient that could lead to rollover problems. The three
      commercially available stainless steel capacitance cells together with
      platinum resistance thermometers were introduced into the tank through an
      existing six-inch flange which was modified with a gate valve thereby not
      disrupting tank operation. Once installed the unit is sealed to prevent
      any escape of gas from the tank.
PAR  Preliminary calibration of the components used was performed in the
      laboratory and the dielectric constant of pure propane (C.sub.3) and n- as
      well as isobutane (C.sub.4), were determined between -45.degree. and
      -55.degree.C. A mixture containing 90 mole % C.sub.3, 5 mole % n-butane
      and 5 mole % isobutane (C.sub.4) was tested. The G.C. analysis of these
      samples, however, proved difficult. Whereas the error in reading
      capacitance was less than 0.05%, (the dielectric constant value was
      estimated to be good to .+-.0.05%), the analysis of the major gas
      components proved to be at best within .+-.3.0%. Calculation however
      predicted that the maximum error introduced by the use of an average
      typical LPG composition (95 mole % C.sub.3 and 5 mole % C.sub.4) rather
      than the actual composition would be .+-. 0.1%. This meant that one could
      predict the density of any mixture containing between 90 to 100 mole %
      C.sub.3 and from 10 to 0 mole % C.sub.4 from linear mixing laws to within
      .+-. 0.1%. That is, the constant relating the dielectric constant to the
      density changed only by 0.2% over this broad range of composition. See
      Table I.
PAC  TABLE I
PAC  Computation of Density and Dielectric Constant, .epsilon., at -44.5C for
      LPG Case
PAR  For pure C.sub.3 .epsilon. = 1.8066 and for pure C.sub.4 .epsilon. =
      1.8964 from laboratory measurements. Using
      ##EQU3##
      where
      ##EQU4##
      for a pure material, we compute .delta. = 0.5810 for C.sub.3 and .delta. =
      0.6450 for C.sub.4. To obtain .epsilon. and C for a mixture we use
      .epsilon..sub.X =  m.sub.1 .epsilon..sub.1 +  m.sub.2 .epsilon..sub.2
      where m.sub.1 and m.sub.2 are mole fractions of C.sub.3, C.sub.4
      respectively. C is obtained similarly using
      ##EQU5##
      where .alpha..sub.i and M.sub.i are the polarizability and mole weight of
      the i'th species.
TBL                Table I                                                     

     ______________________________________                                    

     Composition                                                               

     Mol Percent                                                               

     C.sub.3   C.sub.4           .epsilon.                                     

                                          .intg.                               

     ______________________________________                                    

     0         100               1.8964   0.6450                               

     90        10                1.8156   0.5876                               

     93        7                 1.8129   0.5857                               

     95        5                 1.8111   0.5847                               

     96        4                 1.8102   0.5839                               

     97        3                 1.8093   0.5830                               

     98        2                 1.8084   0.5823                               

     100       0                 1.8066   0.5810                               

     ______________________________________                                    

PAR  The three probes were hung in the tank at three levels, 5, 35 and 65 feet
      off the bottom of the tank. Tables II and III summarize the results of the
      test.
PAR  It was recognized that the density difference indicated by the middle probe
      could be the result of calibration error. Such error was plausible because
      of the difficulty encountered in the laboratory in producing constant
      temperature conditions at the low temperatures. The Everett tank on the
      other hand represented a much more stable temperature system.
TBL                                    Table II                                

     __________________________________________________________________________

     Dielectric Constants (.epsilon.) Read From Probes in LPG Tank             

     (Liquid Level at 68 Ft.)                                                  

     Bottom                   Middle               Top                         

     (.about.5 ft. from bottom)                                                

                              (.about.35 ft. from bottom)                      

                                                   (.about.65 ft. from         

     __________________________________________________________________________

                                                   bottom)                     

     Temp., .degree.C.                                                         

                 .epsilon.    Temp., .degree.C.                                

                                      .epsilon.    Temp., .degree.C.           

                                                            .epsilon.          

     __________________________________________________________________________

     6/26                                                                      

         -44.43 1.8082        -44.52 1.8109        -44.52  1.8091              

                1.8083               1.8110                1.8091              

                1.8083               1.8110                1.8091              

                1.8083               1.8111                1.8094              

                1.8084               1.8111                1.8096              

                1.8091               1.8111                1.8096              

                1.8092               1.8112                1.8097              

                1.8085               1.8114                1.8098              

                1.8089               1.8112                1.8099              

                1.8085.+-.0.0002     1.8111.+-.0.0002      1.8094.+-.0         

     6/27                                                                      

         -44.38 1.8080        -44.47 1.8109        -44.57  1.8092              

                1.8080               1.8108                1.8090              

                1.8084               1.8110                1.8089              

                1.8081               1.8116                1.8091              

                1.8080               1.8106                1.8099              

                1.8080               1.8108                1.8089              

                1.8079               1.8109                1.8089              

                1.8081.+-.0.0002     1.8109.+-.0.0002      1.8091.+-.0         

     __________________________________________________________________________

TBL                Table III                                                   

     ______________________________________                                    

     Temperature and Density Distrubtion in LPG Tank at Everett                

     6/26   Bottom    Middle     Top      Average                              

     ______________________________________                                    

     T,C    -44.43    -44.52     -44.62   -44.52                               

     .rho.  0.5823    0.5847     0.5830   0.5833                               

     6/27                                                                      

     T,C    -44.38    -44.48     -44.57   -44.47                               

     .rho.  0.5821    0.5845     0.5829   0.5831                               

     ______________________________________                                    

     Average composition 96.5 mol % C.sub.3 and 3.5 mol % C.sub.4.             

     Analysis reported to Everett from GC analysis of sam-                     

     ple removed 6/25: 3.4 % C.sub.2, 94.4% C.sub.3 and 3.2% C.sub.4.          

PAR  To alleviate and mitigate the problem, it was decided to run another set of
      tests in which one probe would be moved gradually vertically through the
      liquid to obtain a density profile which would not be influenced by any
      error in calibration. The probe was lifted by six foot increments and
      permitted to measure dielectric constant at each stop. Table IV summarizes
      the results of this test and shows that no significant density gradient
      exists as can be seen from the uniform dielectric constants which were
      measured.
TBL                Table IV                                                    

     ______________________________________                                    

     Profile of Dielectric Constants in LPG Tank Everett                       

     Temp. (-44.2.+-.0.1) C Liquid Level at.about.62 ft. from                  

     bottom, 7/23-24/74                                                        

             Dielectric Constant                                               

     Position  Probe 3      Probe 2     Probe 1                                

     ______________________________________                                    

     A         1.8098                                                          

     B         1.8098                                                          

     C         1.8098                                                          

     D         1.8097                                                          

     E         1.8097                                                          

     F         1.8097       1.8097                                             

     G         1.8097       1.8098                                             

     H         1.8096       1.8097                                             

     I         1.8096       1.8097                                             

     J         1.8095       1.8096                                             

     K         1.8096       1.8096      1.8096                                 

     ______________________________________                                    

     Position A = .about.5 ft. off the bottom. All others 6                    

     feet apart except K which is at.about.61 feet off bottom,                 

     i.e., 2 ft. from J.                                                       

     For .epsilon. = 1.8097.   .intg. = 0.5835.                                

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for obtaining continuous and simultaneous multiple density
      measurements of cryogenic liquids at temperatures between -40.degree. to
      -215.degree.C. in storage tanks yielding an accurate density profile of
      the cryogenic liquid stored in the tanks to avoid rollover and obtain
      accurate billing data consisting of the steps of making numerous
      simultaneous measurements of the dielectric constant and temperature of
      the cryogenic liquid by means of numerous probes spaced vertically in the
      tank at some predetermined interval, determining the density using the
      dielectric constant in a single step independent of knowledge of the
      absolute material composition of the cryogenic liquid, continuously
      monitoring the density profile and triggering a pump or circulation system
      upon monitoring density stratification or inversion in the tank to avoid
      the occurrence of rollover.
NUM  2.
PAR  2. A process for obtaining continuous and sequential density measurements
      of cryogenic liquids at temperatures between -40.degree. to -215.degree.C
      in storage tanks yielding an accurate continuous density profile of the
      contents of the tank to avoid rollover and obtain accurate billing data
      consisting of the steps of making numerous sequential measurements of the
      dielectric constant and temperature of the cryogenic liquid by means of a
      moving probe which probe moves vertically through the cryogenic liquid at
      no more than 10 feet per minute, calculating the density using the
      dielectric constant in a single step independent of knowledge of the
      absolute material composition of the cryogenic liquid, continuously
      monitoring the density profile and triggering a pump or circulation system
      upon monitoring density stratification or inversion in the tank to avoid
      the occurrence of rollover.
NUM  3.
PAR  3. A process for obtaining continuous and simultaneous multiple density
      measurement of cryogenic liquids at temperatures between -40.degree. to
      -215.degree.C. in storage tanks yielding an accurate density profile of
      cryogenic liquids stored in tanks to avoid rollover and obtain accurate
      billing data consisting of the steps of making numerous simultaneous
      measurements of the dielectric constant and temperature of the cryogenic
      liquid by means of numerous probes spaced vertically in the tank at some
      predetermined interval, determining the actual density to an accuracy of
      at least .+-.0.1% using the dielectric constant in a single step
      independent of knowledge of the absolute material composition of the
      cryogenic liquid, continuously monitoring the density profile, wherein the
      individual density measurement making up the continuously monitored
      density profile are reproduceable to an accuracy of .+-.0.01% of the
      relative density of the cryogenic liquid in the tank, and triggering a
      pump or circulation system upon monitoring density stratification or
      inversion in the tank to avoid the occurrence of rollover.
NUM  4.
PAR  4. A process for obtaining continuous and sequential density measurements
      of cryogenic liquids at temperatures between -40.degree. to -215.degree.C
      in storage tanks yielding an accurate continuous density profile of the
      contents of the tank to avoid rollover and obtain accurate billing data
      consisting of the steps of making numerous sequential measurements of the
      dielectric constant and temperature of the cryogenic liquid by means of a
      moving probe which probe moves vertically through the cryogenic liquid at
      no more than 10 feet per minute, calculating the actual density to an
      accuracy of at least .+-.0.1% using the dielectric constant in a single
      step independent of knowledge of the absolute material composition of the
      cryogenic liquid, continuously monitoring the density profile wherein the
      individual density measurements making up the continuously monitored
      density profile are reproducible to an accuracy of .+-.0.01% of the
      relative density of the cryogenic liquid in the tank and triggering a pump
      or circulation system upon monitoring density stratification or inversion
      in the tank to avoid the occurrence of rollover.
NUM  5.
PAR  5. A process according to claim 1 wherein the cryogenic liquid is LNG.
NUM  6.
PAR  6. A process according to claim 1 wherein the cryogenic liquid is LPG.
NUM  7.
PAR  7. A process according to claim 1 wherein the cryogenic liquid is ethane.
NUM  8.
PAR  8. A process according to claim 1 wherein the cryogenic liquid is propane.
NUM  9.
PAR  9. A process according to claim 1 wherein the cryogenic liquid is butane.
NUM  10.
PAR  10. A process for obtaining continuous and simultaneous multiple dielectric
      constant measurement of cryogenic liquids at temperatures between
      -40.degree. to -215.degree.C. in a tank which comprises making numerous
      simultaneous measurements of the dielectric constant of the cryogenic
      liquid by means of numerous probes spaced vertically in the tank at some
      predetermined interval which measurements are accurate to within 0.05% of
      actual dielectric constant and are reproduceable to within .+-.0.0002.
NUM  11.
PAR  11. A process for obtaining continuous and sequential multiple dielectric
      constant measurements of cryogenic liquids at temperatures between
      -40.degree. to -215.degree.C in a tank which comprises making numerous
      sequential measurements of the dielectric constant of the cryogenic liquid
      by means of a moving probe which probe moves vertically through the
      cryogenic liquid at no more than 10 feet per minute, which measurements
      are accurate to within 0.05% of actual dielectric constant and are
      reproducible to within .+-. 0.0002.
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ABST
PAL  Apparatus for detecting a leak in a pipeline, e.g. in an oil filled
      pipeline extending from a shoreline to an underwater location below a
      ship, e.g. a tanker. The location of the leak is then detected in a unique
      manner by determining a water pressure and a liquid pressure difference.
      Although prior systems have incorporated a complicated and expensive
      controlled vacuum, it is very advantageous that the pressure difference
      determination need not employ such a device. It is also very advantageous
      that the pressure difference determination makes it possible to obtain the
      location of a leak in the pipeline independent of changes in atmospheric
      pressure, and independent of changes in tide level.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to underwater pipeline leak detection systems, and
      more particularly to a leak point locator.
PAR  In the past it has been the practice to find a leak in a sealed, oil-filled
      pipeline for ship-to-shore, or vice versa, oil delivery by drawing oil
      into an auxiliary tank and sounding an alarm when the oil in the auxiliary
      tank rises above a predetermined level. The location of the leak point is
      then determined by accurately controlling the vacuum pressure above the
      oil level in the auxiliary tank.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the apparatus of the present invention, the
      above-described and other disadvantages of the prior art are overcome by
      determining the water pressure and oil pressure difference.
PAR  Although prior systems have incorporated a complicated and expensive
      controlled vacuum, it is an outstanding feature of the present invention
      that the pressure difference determination need not employ such a device.
      Other outstanding features of the present invention are that the pressure
      difference determination makes it possible to obtain the location of a
      leak in the pipeline independent of changes in atmospheric pressure, and
      independent of changes in tide level.
PAR  The above-described and other advantages of the present invention will be
      better understood from the following detailed description when considered
      in connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings which are to be regarded as merely illustrative:
PAR  FIG. 1 is a diagrammatic view of a ship or tanker afloat in, for example,
      an ocean, approximately one mile from shore, having a connection to a
      hollow pipe section which, in turn, is connected to a pipeline via a
      valve;
PAR  FIG. 2 is a diagrammatic view of one embodiment of the present invention;
PAR  FIG. 3 is a longitudinal section view through a pressure sensor;
PAR  FIG. 4 is a longitudinal section view through a portion of a pipeline and
      through a pressure sensor;
PAR  FIG. 5 is a diagrammatic view of the grade line of the pipeline illustrated
      in FIGS. 1 and 2;
PAR  FIG. 6 is a table illustrating typical elevations of the pipeline shown in
      FIGS. 1 and 2 at individual points illustrated in FIG. 5; and
PAR  FIG. 7 is a diagrammatic view of an indicator shown in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is a diagrammatic view of a ship or tanker afloat in, for example,
      an ocean, approximately one mile from shore, having a connection to a
      hollow pipe section 21 which, in turn, is connected to a pipeline 10 via a
      valve 11. Pipeline 10 is inclined upwardly to the right toward the shore.
      Pipeline 10 is approximately one mile long and sinks from an elevation as
      shown in FIG. 2 to a depth in the ocean of, for example, the depth Z below
      the lowest tide level as shown in FIG. 2. Depth Z may be, for example, 42
      feet or 500 inches or 504 inches. Depth Z is shown in FIG. 1.
PAR  The tanker is illustrated at 22. The connection from tanker 22 to pipe
      section 21 is entirely conventional.
PAR  In a typical arrangement, tanker 22 is connected to pipe section 21 by a
      flexible elastic or rubber hose, the upper end of which is provided with a
      valve that is closed when the hose is not in use. Valve 11 likewise is
      closed while the hose is not in use. Typically, the upper end of the hose
      is connected to a chain which is dropped downwardly into the water. The
      upper end of the chain is then connected to a buoy.
PAR  In FIG. 1, the lowest expected tide level is indicated at 23. A typical
      water line is indicated at 24.
PAR  A shore installation 25 is illustrated in FIG. 2 with pipeline 10. A
      bracket 26 is fixed to pipeline 10. A pressure sensor 14 is fixed to
      bracket 26. Typically, sensor 14 may be located 12 inches below the lowest
      expected tide level 23.
PAR  The continental shelf is indicated at 27.
PAR  A differential pressure unit is provided at 28. Differential pressure unit
      28 may be any conventional differential pressure unit. Differential
      pressure unit 28 may be identical to that disclosed in any one of the
      patents contained in the following list:
PAR  U.S. Pat. Nos. 2,400,048; 2,590,324; 2,632,474; 2,664,749; 2,752,949;
      2,814,458; 2,917,081; 2,925,096; 2,928,425; 2,945,510; 2,989,084;
      3,756,126.
PAR  A pressure sensor 15 is connected to pipeline 10 at a point P.sub.o.
      Pressure sensor 14 detects the water pressure at an elevation 29. Pressure
      sensor 15 detects the pressure of oil in pipeline 10 at point P.sub.o.
PAR  Differential pressure unit 28 has inlet tubes 16 and 17 connected
      respectively from pressure sensors 14 and 15. Inlet tubes 16 and 17 are
      hollow and are both full of a fill fluid. The fill fluid may be entirely
      conventional.
PAR  A main storage tank 30 is provided into which oil is pumped from tanker 22
      through pipe section 31, a valve 13 and a pipe section 32.
PAR  After main storage tank 30 has been filled, valve 13 is closed as well as
      valve 11. It is at this time that a leak is detected. Depending on the
      characteristics of the oil pumped through the line, as aforesaid, the line
      may be flushed and filled with a displacement oil before it is ready to
      sit idle and the leak detector used. (This may be necessary in most of the
      cases.) The flushing of the pipeline is a standard practice. A leak is not
      detected during the time that oil is being pumped from tanker 22 to main
      storage tank 30. Pipeline 10 may be used infrequently as once a week or
      once a month, for example.
PAR  An auxiliary storage tank is provided at 33 connected to pipeline 10 via
      pipe section 34 and a valve 12. Auxiliary storage tank 33 holds an
      additional supply of oil at 35. The oil at 35 is desired or necessary
      because when tanker 22 pumps oil into main storage tank 30, the
      temperature of the oil in pipeline 10 may be raised to a substantially
      elevated value. Thus, when valves 11 and 13 are shut off, the oil in
      pipeline 10 contracts, and the oil 35 in auxiliary storage tank 33 keeps
      the pipeline 10 full. A vacuum pump 36 is connected from auxiliary storage
      tank 33 by a conduit 37 which connects with auxiliary storage tank 33
      above the upper surface of oil 35. In general, conduit 37 will enter
      auxiliary storage tank 33 at an elevation high enough so that oil 35 will
      never enter conduit 37.
PAR  Valve 12 is normally open. An alarm is provided at 38. A float switch 39 is
      provided inside auxiliary storage tank 33. Float switch 39 is connected
      both to valve 12 and alarm 38. Thus, when the upper level of oil 35 rises
      to the level of float switch 39, valve 12 is turned off, and alarm 38 is
      sounded. Alarm 38 is employed to announce a leak in pipeline 10 at any
      appropriate location where personnel can be made aware of the leak. It is
      at this point that the present invention is employed. Everything shown in
      FIG. 2 may be entirely conventional, if desired, except for bracket 26,
      pressure sensors 14 and 15, inlet tubes 16 and 17 and differential
      pressure unit 28. However, an indicator is provided at 40 which is
      connected from differential pressure unit 28 that is not employed in the
      prior art.
PAR  In FIG. 3, pressure sensor 14 is shown including a hollow tubular extension
      41 which is open at both ends, and allows sea water to enter a right end
      42 thereof.
PAR  Pressure sensor 14 has a housing 43 with a hollow interior into which sea
      water can enter, the sea water entering open end 42 of tubular extension
      41, and entering the hollow interior of housing 43 at the left open end 44
      of tubular extension 41. A hollow bellows 45 is provided inside housing 43
      and is spaced from the walls thereof except for a wall 46 to which it is
      sealed. Housing 43 has a bore 47. Bellows 45 is sealed around bore 47.
      Inlet tube 16 is sealed in bore 47.
PAR  In FIG. 4, pressure sensor 15 is shown. Pressure sensor 15 may be identical
      to pressure sensor 14, and thus will not be described in considerable
      detail. However, pressure sensor 15 does have a tubular extension 48
      identical to tubular extension 41 shown in FIG. 3. Tubular extension 48 in
      FIG. 4 extends through a hole 49 in the wall of pipeline 10 and is sealed
      and welded to pipeline 10 at 50. The bellows of pressure sensors 14 and 15
      have hollow interiors in communication with the interiors of inlet tubes
      16 and 17, respectively.
PAR  The grade line of pipeline 10 is illustrated at 51 in FIG. 5. Typically,
      points P1, P2, P3, P4, P5 and P6 may lie on the grade line, the first five
      of the last-mentioned points lying, for example, on vertical lines in the
      same plane parallel to a y axis 52. The numbers at the top of these lines
      represent the distance from the y axis 52 in thousands of feet.
PAR  An x axis is illustrated at 53.
PAR  The grade line 51 will, of course, be known, since, after the pipeline 10
      has been laid, its location and inclination can be surveyed.
      Alternatively, if it is laid to specifications, and it is accurately laid,
      the points P1 to P6 will be known.
PAR  Typical elevations of points P1 to P6 may be as shown in FIG. 6.
PAR  Indicator 40 may be as illustrated in FIG. 7 including a disc 54 which
      remains stationary except for a zero adjustment which may be made by
      rotation of a worm 55 which meshes with a worm gear segment 56 fixed
      relative to disc 54.
PAR  Disc 54 carries an index 57 which, when matched with indicia 58 on a scale
      59, can adjust a constant to calibrate the system of the present
      invention. Rotation of worm 55 provides a zero adjustment W shown in FIG.
      7. The zero adjustment W is equal to a constant referred to hereinafter as
      the constant V.
PAR  The indicator of FIG. 7 may have an entirely conventional span adjustment.
      One such adjustment is illustrated in U.S. Pat. No. 3,602,046. The entire
      contents of this patent is, by this reference hereto, incorporated herein
      hereat. The same is true of all of the following four copending
      applications. Another span adjustment is disclosed in copending
      application Ser. No. 402,336 filed Oct. 1, 1973, by L. T. Garnett for
      MECHANICAL SPAN AND ZERO ADJUSTMENT APPARATUS FOR PRESSURE TRANSMITTER.
PAR  The said copending application Ser. No. 402,336 may be made according to
      and used with all the structures disclosed in the following three
      copending applications, namely, copending application Ser. No. 402,361
      filed Oct. 1, 1973, by L. T. Garnett and LaVerne Dean Lyon for PRESSURE
      SENSOR APPARATUS AND TRANSDUCER THEREFOR, copending application Ser. No.
      402,035 filed Oct. 1, 1973, by LaVerne Dean Lyon for FLUID PRESSURE
      SENSING SYSTEM AND DIFFERENTIAL PRESSURE UNIT THEREFOR, and copending
      application Ser. No. 402,036 filed Oct. 1, 1973, by R. P. Granada for COLD
      WORKING PROCESS.
PAC  OPERATION
PAR  In the operation of the present invention, sea water normally has a
      specific gravity of about 1.024. Oil normally has a specific gravity of,
      for example, 0.9.
PAR  When float switch 39 closes valve 12 (the closure of valve 10 need not be
      automatic, but may be manual) and float switch 39 sounds alarm 38, with
      valves 11, 12 and 13 closed, indicator 40 will indicate the difference
      between the pressure of the water at elevation 29 and the pressure of the
      oil at point or elevation P.sub.o. This indication will be directly
      proportional to the depth of the leak. Thus, in FIG. 7, disc 54 may have
      indicia 60 with which, with a pointer 61, the depth location of the leak
      may be indicated.
PAR  Pointer 61 is integral with a needle 20 fixed to a shaft 19. Shaft 19 may
      be the conventional output shaft of differential pressure unit 28. Shaft
      19 rotates through an angle directly proportional to the difference in
      pressures in inlet tubes 16 and 17 at the elevation of differential
      pressure unit 28. The inclination and location of pipeline 10 shown in
      FIGS. 1 and 2 does not change. The grade line 51 in FIG. 5 thus does not
      change. Thus, the same disc 54 may be provided with indicia 62 so that a
      pointer 63 may be employed in conjunction therewith to indicate the
      distance the leak is from the y axis. The indicia 62 may be located in
      accordance with the grade line 51 shown in FIG. 5 of pipeline 10 shown in
      FIGS. 1 and 2. Pointer 63 may, as before, be integral with needle 20.
PAC  ADVANTAGES
PAR  It is one outstanding advantage of the present invention that a complicated
      and expensive controlled vacuum in auxiliary storage tank 33 above the
      level of oil 35 therein is not required to determine the location of any
      leak in pipeline 10 shown in FIGS. 1 and 2.
PAR  It is another outstanding advantage of the present invention that the
      location of the leak (the word "location" as used herein means depth
      and/or distance from shore) may be determined independent of changes in
      atmospheric pressure. Atmospheric pressure may change, for example, by one
      inch of mercury, which is equal to about 13 inches of water.
PAR  It is a still further outstanding advantage of the present invention that
      an accurate measure of the depth and/or distance to shore of a pipeline
      leak may be determined independent of changes in tide level. The location
      of the elevation or high tide above the lowest expected tide may be as
      much as 96 inches to 100 inches.
PAR  The manner in which an accurate determination of leak depth and/or distance
      from shore is determined independent of both atmospheric pressure and tide
      level is that both of the pressure sensors 14 and 15 receive these same
      pressures or pressure components.
PAR  Pressure sensor 14 may be located at the lowest tide level 23 shown in FIG.
      2 and need not be located 12 inches therebelow, or any distance below the
      said lowest tide level 23, if desired. Moreover, the locations of pressure
      sensors 14 and 15 are by no means critical. Pressure sensor 14 must be
      located in the water. In practice it must be located below lowest tide
      level a distance such that it lies below the lowest expected trough level
      of a wave to avoid wave action.
PAR  Typically, pressure sensor 15 or point P.sub.o may be located a vertical
      distance above pressure sensor 14 equal to about 180 inches. However, as
      stated previously, this is by no means critical. Pressure sensor 15 may be
      buried at the same elevation as pressure sensor 14, if desired.
PAR  Differential pressure unit 28 may be located at a distance of 360 inches
      above the lowest tide level, but this distance is by no means critical.
      For example, differential pressure unit 28 may be located at or below the
      lowest tide level 23 shown in FIG. 2 so long as cavitation does not exist.
PAR  The symbol ".DELTA.P" shown in FIG. 7 represents the phrase "pressure
      difference." Span adjustment means are indicated at 64 in FIG. 7. Span
      adjustment means 64 may be of the type described hereinbefore.
PAR  In FIG. 7, indicia 60 is normally linear, but the linearity thereof need
      not be maintained. Depending upon the maximum angular rotation of
      differential pressure unit shaft 19 in FIG. 7, indicia 60 may be
      non-linear.
PAR  Indicia 62 shown in FIG. 7 may be linear or considerably non-linear,
      depending upon the curvature of pipeline 10 shown in FIGS. 1 and 2 and
      grade line 51 shown in FIG. 5.
PAR  The present invention may be described as "liquid delivery apparatus."
PAR  As stated previously, pipeline 10 is inclined relative to the horizontal as
      shown in FIG. 1. Pipeline 10, when valves 11, 12 and 13 in FIG. 2 are
      closed, is full of oil when there is no leak. This oil may be described as
      a "liquid." The density of the oil may be described as a "first
      predetermined density T."
PAR  The upper end of pipeline 10 may be described as "one end" thereof "mounted
      in a fixed position in proximity to the shore of a body of water." The
      water, whether sea water, fresh water or otherwise, may be described as
      "having a second predetermined density S greater than said first
      predetermined density."
PAR  The lower end of pipeline 10 may be described as the "other end" thereof
      "located in the water below the elevation of said one end."
PAR  Valves 12 and 13 in FIG. 2 and/or other structure may be described as:
      "First means to seal off said one pipe end."
PAR  Valve 11 and/or other structure may be described as: "Second means to seal
      off said other pipe end."
PAR  Pressure sensor 14, pressure sensor 15, inlet tube 16, inlet tube 17 and/or
      differential pressure unit 28 or any one or more or all of these
      structures or other structures may be described as: "Third means submerged
      in the water and fixed relative to and adjacent the shore, and also
      connected from said one pipeline end to produce an output directly
      proportional to the difference between the pressures in the water and
      pipeline."
PAR  As explained previously, differential pressure unit 28 has an output shaft
      illustrated at 19 in FIG. 7 to which needle 20 is fixed, shaft 19 rotating
      in direct proportion to the difference between the pressures of fluids
      filling inlet tubes 16 and 17 at the elevation of differential pressure
      unit 28. The output of the said third means thus is taken at the shaft 19
      shown in FIG. 7.
PAR  The structure shown in FIG. 7 may be described as: "Fourth means to
      indicate the magnitude of said third means output."
PAR  The said third means may be described as including: "A first pressure
      sensor fixed relative to the shore and connected to said pipeline, a
      second pressure sensor fixed relative to the shore a vertical distance V
      beneath the lowest expected tide level, said first pressure sensor being
      located a vertical distance U above said second pressure sensor, a
      differential pressure unit having first and second inlet tubes connected
      from said first and second pressure sensors, respectively, said first and
      second inlet tubes containing a fill fluid, said differential pressure
      unit having an output shaft rotatable through an angle R in direct
      proportion to the difference in pressure inside said first and second
      inlet tubes at the elevation of said differential pressure unit." In the
      last quotation, the "first pressure sensor" may be pressure sensor 15, if
      desired. The "second pressure sensor" may be the pressure sensor 14, if
      desired. The "differential pressure unit" may be the differential pressure
      unit 28. The "pipeline" may be the pipeline 10. The "output shaft" may be
      shaft 19.
PAR  Inlet tubes 17 and 16 may be described as: "First and second inlet tubes,"
      respectively.
PAR  The said "fourth means" may be described as "being connected from said
      output shaft." The "output shaft" last mentioned may also be the shaft 19
      shown in FIG. 7.
PAR  In accordance with the foregoing, pipeline 10 is capable of developing a
      leak, although that is, of course, not the purpose of the present
      invention. Pipeline 10 may develop a leak at a hole somewhere along the
      length thereof between valve 11 and valves 12 and 13. The hole may extend
      through the wall of the pipeline 10, or the leak may be created in some
      other way. At any rate, the leak, if created at the depth y and a distance
      x from shore, x and y may be described as unknown variable Cartesian
      coordinates, the said fourth means being calibrated to read in one or
      both, but at least one of the said variables x and y
PAL  where
EQU  y = AR - B
PAL  and
EQU  x = f(y),
PAL  f(y) being determined by the grade line and location of said pipeline, and
      where
      ##EQU1##
      and U is the density of said fill fluid.
PAR  R = .DELTA.P sensed at DPU 28.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Liquid delivery apparatus comprising: an inclined pipeline full of a
      liquid having a first predetermined density T and having one end mounted
      in a fixed position in proximity to the shore of a body of water having a
      second predetermined density S greater than said first predetermined
      density, said inclined pipeline having its other end located in the water
      below the elevation of said one end; first means to seal off said one pipe
      end; second means to seal off said other pipe end; third means submerged
      in the water and fixed relative to and adjacent the shore, and also
      connected at a point P.sub.o from said one pipeline end to produce an
      output directly proportional to the difference between the pressure of the
      water and that of the liquid in the pipeline; and fourth means to indicate
      the magnitude of said third means output.
NUM  2.
PAR  2. The invention as defined in claim 1, wherein said third means includes a
      first pressure sensor fixed relative to the shore and connected at said
      point P.sub.o to said pipeline, a second pressure sensor fixed relative to
      the shore a vertical distance V beneath the lowest expected tide level,
      said first pressure sensor being located a vertical distance (Q - N) above
      said second pressure sensor, a differential pressure unit having first and
      second inlet tubes connected from said first and second pressure sensors,
      respectively, said first and second inlet tubes containing a fill fluid,
      said differential pressure unit having an output shaft rotatable through
      an angle R in direct proportion to the difference in pressure inside said
      first and second inlet tubes at the elevation of said differential
      pressure unit, said fourth means being connected from said output shaft,
      said pipeline being capable of developing a leak at a hole through the
      wall thereof or otherwise at a depth y and a distance x relative to the
      shore, x and y being unknown variable Cartesian coordinates, said fourth
      means being calibrated to read in one or both of said variables
PAL  where
EQU  y = AR - B
PAL  and
EQU  x = f(y),
PAL  f(y) being determined by the grade line and location of said pipeline, and
      where
      ##EQU2##
      ##EQU3##
      and Q is the density of said fill fluid.
NUM  3.
PAR  3. The invention as defined in claim 2, wherein said first means includes
      an auxiliary tank containing the said liquid connected from said pipeline
      one end above said point P.sub.o, fifth means to evacuate the space above
      the liquid level in said auxiliary tank, a float device in said auxiliary
      tank, an alarm connected from said float device, said alarm being actuated
      by said float device when the liquid in said auxiliary tank rises above a
      predetermined level.
NUM  4.
PAR  4. The invention as defined in claim 3, wherein said first means also
      includes a normally open auxiliary valve connected between said point
      P.sub.o and said auxiliary tank.
NUM  5.
PAR  5. The invention as defined in claim 4, wherein said auxiliary valve is
      closed by said float device when said alarm is actuated.
NUM  6.
PAR  6. The invention as defined in claim 5, wherein a main storage tank is
      provided, and conduit means including a main valve connected from said
      pipeline at a point between said second means and said auxiliary valve in
      proximity to the latter.
NUM  7.
PAR  7. The invention as defined in claim 1, wherein said first means includes
      an auxiliary tank containing the said liquid connected from said pipeline
      one end above said point P.sub.o, fifth means to evacuate the space above
      the liquid level in said auxiliary tank, a float device in said auxiliary
      tank, an alarm connected from said float device, said alarm being actuated
      by said float device when the liquid in said auxiliary tank rises above a
      predetermined level.
NUM  8.
PAR  8. The invention as defined in claim 7, wherein said first means also
      includes a normally open auxiliary valve connected between said point
      P.sub.o and said auxiliary tank.
NUM  9.
PAR  9. The invention as defined in claim 8, wherein said auxiliary valve is
      closed by said float device when said alarm is actuated.
NUM  10.
PAR  10. The invention as defined in claim 9, wherein a main storage tank is
      provided, and conduit means including a main valve connected from said
      pipeline at a point between said second means and said auxiliary valve in
      proximity to the latter.
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ABST
PAL  The dynamic mechanical properties of polymeric materials can be measured
      either in uniaxial compression or in flexure as a function of frequency
      over a wide frequency as well as temperature range, by using a
      piezoelectric driver to apply a displacement to a sample and a
      piezoelectric pickup to pick up the forces transmitted through the sample
      together with electrical circuitry whereby the amplitude ratio and phase
      angle between drive and pickup signals may be read.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to apparatus used for measuring compression and/or
      flexure properties of materials and more particularly to improvements
      therein.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide apparatus that can measure the
      dynamic mechanical properties of polymeric materials over a wide frequency
      and temperature range.
PAR  Another object of this invention is the provision of a novel and useful
      apparatus and system for measuring the dynamic mechanical properties of
      polymeric materials.
PAR  These and other objects of the invention are achieved in an arrangement
      wherein a displacement is applied to a specimen, whether in compression or
      in flexure, by means of a piezoelectric transducer comprising a stack of
      ceramic discs. The force resulting from the application of this
      displacement to the specimen are detected by a second piezoelectric
      transducer comprising a ceramic cylinder. The input and the output signals
      are processed by suitable phase and amplitude comparing circuitry and are
      then applied to a display device, such as a cathode ray tube, whereby the
      ratio of the amplitudes and the phase angle between the two signals may be
      readily seen and measured.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross sectional view of a dynamic rheometer in accordance with
      this invention.
PAR  FIG. 2 is a cross sectional and fragmentary view illustrating an
      arrangement for testing a specimen in flexure in accordance with this
      invention.
PAR  FIG. 3 is a block diagram, illustrating the electrical circuitry which may
      be employed with this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, there may be seen a cross sectional view of an
      embodiment of this invention comprising the dynamic rheometer for testing
      a specimen in compression. This includes an upper housing portion 10,
      having a cavity hollowed out of the center into which the pickup and
      driving equipment to be described will fit. A central housing portion 12
      may be threaded, as by threads 12A, into the upper housing portion. A
      lower member 14, which essentially provides an inertial mass, is attached
      by bolts, not shown, which fit through bolt holes 14A, passing through the
      lower portion 14 into the threaded bolt holes 12B in the central housing
      portion 12.
PAR  Into a cavity in the central housing portion, there is threaded a pressure
      plug which is a solid block of metal 18. A keyed disc 20 is fitted on top
      of this block. The block is centrally located.
PAR  On the keyed disc 20 there is placed a stack of ceramic discs 22. This
      stack of discs constitutes the main element of the driving transducer for
      the invention. Electrical leads for applying a driving voltage to the
      discs may be brought to the discs through a slot 24, in the top of the
      lower member 14, and then through suitable slots 26, 28, as represented by
      the dotted lines on the drawing.
PAR  The ceramic discs are stacked so that adjacent faces of adjacent discs have
      a like polarity. Portions of the disc faces and sides may be coated with a
      conductive material so that connection may be made with the wires leading
      from a power supply. The technique for connecting wires to a stack of
      piezoelectric discs is well known and will not be described further here.
PAR  Integral with the intermediate housing section 12 is a thin walled
      cylindrical enclosure section. This enclosure section consists of a top
      plate 23 and thin side walls 25 acting as a restoring spring.
PAR  The stack of ceramic discs is placed into the enclosure section 23, 24, the
      keyed disc 20 is inserted and the pressure plug 18 is screwed to apply a
      desired pressure. Bolts are then used to bolt the lower member and the
      intermediate housing portion together.
PAR  The upper housing portion will include an opening 26 to afford access to
      the top plate 23 of the piezoelectric stack housing. In compression, the
      sample or specimen 28 is disc-shaped or cylindrical so that a sample or
      specimen 28 may be placed on the top plate 23. The piezoelectric stack
      fills the enclosure section 24 and the top disc abuts the underside of the
      top plate 23.
PAR  A cylindrical opening in the upper housing portion 10 permits sliding
      motion therein of a monitor support 30. The monitor support is a
      cylindrical piece of metal having a flat face on one side and having the
      pick up transducer 32 mounted at one end thereof. By way of illustration,
      the pick up transducer here is a piezoelectric cylinder 32, which is
      insulatingly attached to the monitor support 30, and its cylindrical axis
      aligned with the cylindrical axis of the monitor support 30. Between the
      piezoelectric pickup 32 and the sample 28, there is placed a monitor plate
      34. The piezoelectric force pickup fits into a complementary circular
      opening in the monitor plate, and the opposite end of the monitor plate
      has a flat surface for engaging the sample to be tested.
PAR  The end of the monitor support opposite to the end at which the
      piezoelectric force pickup is mounted, has an opening therein large enough
      to receive and provide free rotation of the screw-like head of a
      micrometer screw 36. The micrometer screw is threaded through a micrometer
      barrel 38, which is inserted in the central opening in the upper housing
      portion. The position of the micrometer barrel may be fixed by means of a
      set screw 40, which is threaded through the upper housing. The micrometer
      screw is used to adjust the position of the piezoelectric force pickup as
      well as to apply an optional static pressure to the sample. When this
      adjustment has been made, a set screw 44 is turned to move a clamping shoe
      48 against the flat face of the monitor support to clamp the monitor
      support 30 in position. The monitor support 30 has an opening drilled
      therethrough to communicate between the piezoelectric force pickup 32 and
      a slot 46, represented by dotted lines, whereby the leads to the
      piezoelectric force pickup may be brought out.
PAR  FIG. 2 is a sectional view illustrating how this embodiment of the
      invention may be used for testing in flexure. Similar functioning parts
      will bear the same reference numerals as are shown in FIG. 1A. The top
      plate 23 of the piezoelectric stack housing 24 bears two knife edges 56,
      58. These knife edges may always be in place, and are not shown in FIG. 1
      to simplify the drawing. In compression the specimen is small enough to
      clear the knife edges. In flexure, a bar-shaped specimen is placed across
      these knife edges. The monitor assembly is moved until the knife edge 59
      abuts the portion of the specimen 28B which is centrally located with
      respect to the portions contacted by the knife edges 56, 58.
PAR  FIG. 3 is a block diagram generally illustrative of the electrical
      components which may be employed with the embodiment of this invention. A
      function generator 60 provides oscillations having a desired wave shape
      and frequency for the kind of test desired. The output of the function
      generator is applied to a power amplifier 62, to be amplified for driving
      the piezoelectric stack 22 of the rheometer 64. The output of the function
      generator 60 is also applied to phase and amplitude comparator circuits
      66.
PAR  The output voltage from the force pick up of the rheometer 64 is fed to a
      charge amplifier 68 and passes through a preamplifier 70 to the phase
      angle and amplitude comparator 66. The outputs of the phase angle and
      amplitude comparator consisting of the suitably processed signals are
      applied to some suitable measuring device such as, for example, a cathode
      ray oscilloscope 70. In this way, the phase angle and amplitude ratio
      between the two signals may be determined. Suitable methods for doing this
      are known in the art.
PAR  The apparatus shown herein may be calibrated by using stainless steel
      "Morehouse" rings of known elastance and negligible loss in place of a
      sample specimen.
PAR  The dynamic mechanical response functions, i.e. the storage modulus,
      E'(.omega.), loss modulus, E"(.omega.), storage compliance, D'(.omega.),
      loss compliance, D"(.omega.), and loss tangent, E"(.omega.)/E'(.omega.) =
      D"(.omega.)/D'(.omega.) where .omega. is the radian frequency, are
      calculated from measurements of the amplitude ratio and phase angle.
PAR  The apparatus described hereinabove is able to measure the mechanical
      properties (Young's modulus) of polymeric materials either in uni axial
      compression or in flexure as a function of frequency from about 0.1 to
      2000 Hz over a temperature range from -100.degree. to +150.degree.C. The
      test specimen is subjected to extremely small deformations, an advantage
      which insures that measurements can be made within the linear range of
      most materials. Low modulus, (rubbery) materials are measured in
      compression. Typically, discs of 0.25 to 0.5 inch diameter, 0.1 to 0.2
      inch high, are used as test specimens. High modulus materials (plastics)
      are measured in flexure. Strips typically 1 .times. 0.25 .times. 0.05 inch
      in dimensions are used as test specimens. The modulus range of the
      apparatus is very wide. Values as low as 50 psi and as high as 10 million
      psi are within its range.
PAR  Temperature control may be provided if desired by some suitable heating and
      cooling arrangement. The temperature in the cavity 26 and the central
      housing 12 may be measured by two thermocouples in a manner well known in
      the art.
PAR  From the foregoing, it will be seen that there has been described a novel,
      useful, and wide range capability test rheometer.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dynamic rheometer comprising:
PA1  a support base,
PA1  a piezoelectric transducer means supported on said support base,
PA1  means for supporting a specimen to be tested on said piezoelectric
      transducer means,
PA1  a force pickup transducer,
PA1  means for supporting said force pickup transducer on top of said specimen
      to be tested for generating signals responsive to motion of said specimen,
PA1  power means for driving said piezoelectric transducer means for causing
      compression deflections and flexure deflections to said specimen, and
PA1  means for comparing the phase and amplitude of the signals applied by said
      power means to said piezoelectric transducer means and the signals
      generated by said force pickup means in response to compression and
      deflection of said specimen.
NUM  2.
PAR  2. A dynamic rheometer as recited in claim 1 wherein said piezoelectric
      transducer includes a stack of piezoelectric discs and said support base
      includes wall means for elastically enclosing the sides of said stack of
      piezoelectric discs.
NUM  3.
PAR  3. A dynamic rheometer as recited in claim 1 wherein said piezoelectric
      transducer means is a stack of piezoelectric discs, and
PA1  said force pickup transducer is a piezoelectric cylinder.
NUM  4.
PAR  4. A dynamic rheometer as recited in claim 2 wherein there is included a
      top plate on said stack of piezoelectric discs having two upstanding
      wedge-shaped members for supporting a specimen for testing in flexure, and
PA1  said force pickup transducer has a plate thereon with a wedge-shaped member
      positioned to contact said specimen midway between said two upstanding
      wedge-shaped members and on the side opposite to the one supported by said
      two wedge-shaped members.
NUM  5.
PAR  5. A dynamic rheometer as recited in claim 1 wherein said means for
      supporting said force pickup transducer on said specimen to be tested
      includes a support block having said force pickup transducer attached to
      one end thereof, and
PA1  micrometer means coupled to the other end of said support block for
      positioning said support block and said force pickup transducer means at a
      desired location.
NUM  6.
PAR  6. A dynamic rheometer as recited in claim 5 wherein there is included
      housing means having an opening therein, wherein said piezoelectric
      transducer means, said specimen, said force pickup transducer means and
      said means for supporting said force pickup transducer means are
      supported, and
PA1  means supported by said housing means for clamping said micrometer means at
      a desired location.
NUM  7.
PAR  7. A system for measuring the dynamic mechanical properties of material in
      either compression or in flexure as a function of frequency comprising a
      dynamic rheometer including:
PA1  a support base,
PA1  a stack of piezoelectric discs mounted on said support base,
PA1  means for supporting a specimen to be tested on said stack of piezoelectric
      discs,
PA1  a cylindrical piezoelectric force pick up transducer,
PA1  means for supporting said cylindrical piezoelectric force pick up
      transducer on said specimen to be tested, with its cylindrical axis normal
      to the plane established by said specimen to be tested,
PA1  a source of signals having a desired frequency and amplitude,
PA1  means for applying signals from said source to said stack of piezoelectric
      discs for applying flexure deflections and compression deflections to said
      specimen,
PA1  means for measuring the phase angle and amplitude ratio between the signals
      applied to said stack of piezoelectric discs and signals generated by said
      cylindrical force pickup transducer responsive to deformations of said
      specimen, and
PA1  means for applying signals from said source and from said cylindrical
      piezoelectric force pickup to said means for measuring.
NUM  8.
PAR  8. A dynamic rheometer as recited in claim 7 wherein said support base
      includes wall means for elastically enclosing the sides of said stack of
      piezoelectric discs,
PA1  said means for supporting a specimen to be tested on said stack of
      piezoelectric discs includes a plate on said elastic walled housing means
      on which said specimen is placed.
NUM  9.
PAR  9. A dynamic rheometer as recited in claim 7 wherein said plate has a pair
      of spaced upstanding wedge-shaped members for supporting a specimen for
      testing in flexure, and
PA1  said force pick up transducer has a plate thereon with a wedge-shaped
      member positioned to contact said specimen midway between said two
      upstanding wedge-shaped members on the side to the one supported by said
      two wedge-shaped members.
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ABST
PAL  Vibration testing apparatus in which the driver bar interconnecting the
      slip plate and shaker head in vibration transmitting relation supports the
      slip plate more closely adjacent the shaker head and in cantilevered
      fashion, opposite the locus of free-sliding engagement of the slip plate
      and its support block, and free of such locus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention has to do with vibration test apparatus of the type
      generally employed to evaluate the resistance to shock or vibration
      failure of test pieces such as electronic and mechanical devices. Such
      vibration testing apparatus comprising a shaker head, a slip plate and a
      support block is known. The shaker head typically is pivotally mounted to
      oscillate in either a horizontal or vertical direction. The shaker head
      includes a mounting plate to which the slip plate is fastened generally by
      a plurality of bolts in a vertically and horizontally distributed pattern.
      Since the slip plate is a square or rectangular sheet of lightweight metal
      of small thickness relative to the bolt hole pattern in the mounting
      plate, an interconnecting means, adapted to be secured to the slip plate
      and to the mounting plate portions of the shaker head, known as a driver
      bar, is provided.
PAR  The invention particularly relates to improvements in the driver bar
      component of such apparatus enabling a shorter coupling of the shaker head
      and the slip plate for more faithful transmission of head vibration
      through slip plate movement to the test piece device. There is accordingly
      provided a cantilever driver bar attachment of the slip plate to the
      shaker head which permits the driver bar to extensively overlie the locus
      of engagement of the slip plate and support block without encroaching on
      the locus, by virtue of the interconnection being at the upper surface of
      the slip plate while the locus of support block engagement is at the lower
      surface of the slip plate.
PAR  Moreover, the driver bar, typically mounted for pivoted movement with the
      shaker head structure, and being free of attachment to the slip plate
      underside may be readily pivoted out of its plane of attachment to the
      slip plate for adjustments to the test piece, slip plate or shaker head,
      without need of horizontal shifting relatively of the shaker head
      structure and the slip plate.
PAC  PRIOR ART
PAR  Driver bars in the past have comprised a base member having bolt holes
      arranged to register with the bolt holes in the shaker head mounting and a
      U-shaped member into which the slip plate was fitted to be secured by
      bolts and in some instances expansion pins adapted to transmit force in
      shear from the driver bar U-member to the slip plate, thus to produce
      vibratory oscillation of the slip plate and test piece carried thereby.
      With this arrangement, shifting of the test piece or slip plate relative
      to the shaker head structure for optimum test conditions, for example,
      involved, in addition to the unbolting of the slip plate and driver bar,
      the cumbersome lateral separation of these two components until the slip
      plate cleared the U-member of the driver bar.
PAR  It is accordingly an object of the present invention to provide a shaker
      head slip plate assembly in which the slip plate adjustment is facile and
      not cumbersome.
PAR  The slip plate is generally supported for free-sliding movement on a
      support block of granite having an oil-film surface. In previously known
      vibration test apparatus, the shaker head has been spaced some distance
      from the slip plate because the lower arm of the drive bar U-member
      extending under the slip plate interfered with the support block. The
      driver bars were thus unduly long and vibration transmissions especially
      at high frequencies were subject to unacceptable losses through the long
      driver bar.
PAR  It is further object of the present invention to provide a close coupling
      of the slip plate to the shaker head through the use of a short coupling
      driver bar which overlies the locus of free-sliding engagement of the slip
      plate and support block for most effective transmission of vibrator
      oscillation, without incursion into the support block space below the slip
      plate.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects to become apparent hereinafter are realized
      according to the present invention, in general, in vibration testing
      apparatus comprising a shaker head carried for high frequency vibration in
      a horizontal plane, a horizontally disposed slip plate adapted to carry a
      test piece opposite the shaker head, and a slip plate support block having
      a locus of free-sliding engagement with the undersurface of the slip
      plate, in which there is provided, the improvement comprising driver bar
      means interconnecting the slip plate and shaker head in vibration
      transmitting relation opposite the support block and freely of said
      engagement locus.
PAR  The apparatus typically will include a driver bar means which comprises a
      base adapted for attachment to the shaker head and a flange adapted for
      attachement to the slip plate. The base is normally vertically disposed
      and the flange normally horizontally disposed. The base defines plural
      fastening means distributed horizontally and above and below the
      horizontal plane of the flange for fastening together the driver bar base
      and the shaker head. The driver bar flange defines plural fastening means
      adapted for fastening the flange to the slip plate. The apparatus may
      typically further comprise the driver bar being pivotally supported for
      movement relative to the slip plate and vertically disposed pin means
      transmitting force in shear between the driver bar and the slip plate.
PAR  In specific preferred forms of the apparatus the driver bar base fastening
      means are arranged to register with fastening means on the shaker head,
      the driver bar flange projects normally from the bar base intermediate the
      base fastening means and is provided with fastening means adapted to
      register with the slip plate fastening means. Generally the flange and
      slip plate are apertured in registered relation, and the apparatus further
      includes pin means extending through the registered apertures to couple
      the driver bar flange and slip plate in vibration transmitting relation,
      the pins having radial expansibility to tightly engage the apertures.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be further described as to an illustrative embodiment in
      connection with the attached drawing in which:
PAR  FIG. 1 is an elevational side view, partly broken away to show underlying
      parts of the vibration test apparatus according to the invention;
PAR  FIG. 2 is a view in vertical section of the driver bar of the present
      invention attached to the shaker head structure and supporting the slip
      plate in cantilever relation;
PAR  FIG. 3 is a view taken on line 3--3 in FIG. 2;
PAR  FIG. 4 is a view taken on line 4--4 in FIG. 3;
PAR  FIG. 5 is an enlarged detail view of the expansible pin connection shown in
      FIG. 2; and
PAR  FIG. 6 is an end view of the expansible pin of FIG. 5 taken on line 6--6 in
      FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, and particularly with reference to
      FIG. 1, a vibration shaker test apparatus is shown including an
      illustrative vibration shaker 10 carried for pivoted movement between
      horizontal and vertical dispositions on frame 12 controlled by handle 14.
      Shaker apparatus 10 includes a shaker head generally indicated at 16 at
      which a mounting plate 18 is secured for vibration oscillation by the
      shaker apparatus. The test piece to be subjected to vibration is shown at
      20 secured in fixture 22 which in turn is fastened to the slip plate 24, a
      horizontally disposed generally rectangular sheet of lightweight but
      strong material such as magnesium metal. The slip plate 24 rests upon
      horizontal granite support block 26 having a highly smoothed surface and
      on which an oil film (not shown) is deposited to provide minimum friction
      at the locus 28 of engagement between the slip plate and the support
      block. The support block 26 is maintained at the desired elevation by
      concrete pedestal 30 or other suitable means, the assembly of pedestal and
      support block being enclosed within a suitable metal housing 32.
PAR  Thusfar described the vibration test device comprising a vibration
      producing member, the vibration shaker 10, and the slip plate 24 which
      with the support block 26 and fixture 22 holds the test piece 20 ready for
      oscillatory vibration as determined by the shaker vibrations.
PAR  As will be evident and as noted above, it is essential to couple the slip
      plate 24 to the shaker apparatus and for this purpose a driver bar,
      generally indicated at 34 is employed. While driver bars have been used in
      the past, the illustrated driver bar is new in configuration and because
      of its single side engagement with the slip plate, highly advantageous in
      use. Considering the driver bar 34 then, in FIGS. 1 and 2 particularly, it
      will be observed that the driver bar includes a base portion 36 and a
      flange portion 38. The base 36 is normally vertically disposed (as shown)
      and the flange is normally horizontally disposed (also as shown). The
      driver bar base 36 is parallel with and fastened to the mounting plate 18
      of the shaker head 16, while the driver bar flange 38 is parallel with the
      slip plate 24, normal to the base 36 and mounting plate. A series of
      essentially triangular vertical ribs 40 of decreasing height outwardly
      from driver bar center to the bar sides braces the flange 38 and base 36
      of the bar 34 and define fastener means in the form of bolt holes 42 for
      bolts 44.
PAR  The function of the driver bar 34 is to transmit vibrational energy with as
      little loss as possible from the shaker head 16 to the test piece 20
      through the slip plate 24 and fixture 22. For this purpose, the driver bar
      configuration of the invention has been devised which is readily formed of
      a suitable metal and which is effective and uniquely advantageous in use.
      Specifically the bar flange 38 is unitary and positioned to only overlie
      the slip plate 24. There is no corresponding flange-like element below the
      slip plate 24. This enables the shaker head 16 and the base 36 of the
      driver bar 34 to be relatively closer to the support block 26, thus
      reducing the unsupported extent 46 of slip plate beyond the engagement
      locus 28 of the slip plate and the support block to less than that found
      when the slip plate is held in the U-shaped member of a driver bar
      according to the prior art. Moreover, the flange 36 actually overlies a
      portion 48 of engagement locus 28 further contributing to the faithfulness
      of vibration transmission and to the heightening of the validity of test
      results obtained.
PAR  The shaker head mounting plate 18 defines a series of fastener openings
      being suitably threaded apertures 50 distributed vertically and
      horizontally across the extent of the mounting plate. The corresponding
      bolt holes 42 or other suitable fastening means provided in the driver bar
      base 36 and extending through ribs 40 (See FIGS. 2 and 3) register with
      the tapped mounting plate openings 50 and permit insertion of bolts 44
      through the bolt holes and into the plate openings. It will be noted that
      the bolt pattern in the driver bar 34 is extended above and below the slip
      plate 24 vertical extent to fully utilize the mounting plate openings and
      maximize the extent of connection of the driver bar to the shaker
      apparatus 10, in spaced relation by spacers 18a.
PAR  The driver bar 34 further is secured to the slip plate 24 in vibration
      transmitting relation by a plurality of bolts 52 extending through bolt
      holes 54 in the bar flange 38 and seated in tapped openings 56 in the slip
      plate 24. As with the base bolts 44, the flange bolts 52 are widely
      distributed across the width of the slip plate and inward from the plate
      edge 58 a suitable distance.
PAR  In addition to the flange bolts 52, there is provided a series of expansion
      pins 60 best shown in FIGS. 2 and 3 which serve to better transmit shaker
      head vibration through the driver bar 34 to the slip plate 24. As best
      shown in FIGS. 2, 5 and 6 expansion pins 60 each comprise a split sleeve
      62 terminally internally threaded for ease of insertion and removal and
      adapted to interfit registered pin openings 64 and 66 in the bar flange 38
      and slip plate 24 respectively. Within the sleeve 62 a central bore 68 is
      provided tapering inwardly from opposite ends of the latter sleeve
      defining a cam surface 68a. A pair of annular beveled bearings 70a and
      70b, carrying anti-rotation pin 77 are seated within the sleeve in opposed
      relation and loosely captured by lock rings 72, a flanged bolt 74, having
      flange 74a, passing therethrough. Bolt 74 threadedly engages wedge 70a
      whereby clockwise rotation of the bolt draws bearings 70a and 70b together
      forcing sleeve 62 to expand diametrically at 76, intermediate its length.
      When thus expanded, pins 60 are tightly fitted in pin openings 64, 66, and
      more effectively than bolts 52 transmit shaker head 16 vibrations from the
      driver bar 34 to the slip plate 24 and thus to the test piece 20 carried
      thereby. On counterrotation integral nut 78 on bolt 74 acts on shoulder 79
      of bearing 70a to relieve diametric pressure on the sleeve.
PAR  The positioning of the slip plate 24 may be readily effected without
      lateral shifting of the shaker apparatus 10 or disassembly of driver bar
      34 from the shaker head 16 by unbolting the slip plate from the driver bar
      and pivoting the shaker apparatus on frame 12 upward to clear the driver
      bar flange 38 from the slip plate, to be returned to its normal horizontal
      disposition following slip plate adjustment. Of course, the apparatus 10
      may be used with the slip plate vertically disposed, should the test piece
      or test procedure so require, the shaker apparatus then acting to provide
      underlying support in the manner of the support block.
CLMS
STM  I claim:
NUM  1.
PAR  1. In vibration testing apparatus comprising a shaker head carried for high
      frequency vibration in a horizontal plane, a horizontally disposed slip
      plate adapted to carry a test piece opposite the shaker head, and a slip
      plate support block having a planar locus of free sliding engagement with
      the undersurface of the slip plate; the improvement comprising driver bar
      means interconnecting said slip plate and shaker head in vibration
      transmitting relation opposite said support block, said driver bar means
      comprising a normally vertically disposed base attached to said shaker
      head and a normally horizontally disposed flange attached to said slip
      plate, and freely of the plane of said engagement locus; said base
      defining plural fastening means distributed horizontally and above and
      below the plane of said flange for fastening together the driver bar base
      and said shaker head, and said flange defining plural distributed
      fastening means for fastening said flange to said slip plate.
NUM  2.
PAR  2. The vibration testing apparatus according to claim 1 including also
      vertically disposed bodily removable pin means transmitting force in shear
      between said driver bar and said slip plate.
NUM  3.
PAR  3. The vibration testing apparatus according to claim 1 in which said
      driver bar means is pivotally supported for movement relative to said slip
      plate.
NUM  4.
PAR  4. The vibration testing apparatus according to claim 3 in which said
      shaker head is provided with plural distributed fastening means, and said
      driver bar includes a base defining plural fastening means arranged to
      register with said shaker head fastening means.
NUM  5.
PAR  5. The vibration testing apparatus according to claim 4 in which said slip
      plate has plural distributed fastening means, and said driver bar flange
      has plural fastening means adapted to register with said slip plate
      fastening means.
NUM  6.
PAR  6. The vibration testing apparatus according to claim 5 in which said
      flange and slip plate are apertured in registered relation and including
      also removable pin means extending through said registered apertures to
      couple said driver flange and said slip plate in vibration transmitting
      relation, said pin having thread adjustable radial expansibility to
      tightly engage or relieve pressure on said apertures.
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ABST
PAL  A hydrostatic stress gage including a sphere of incompressible fluid having
      positioned inside a drum like structure containing a pair of
      interconnected flat spiral coils forming a self-resonant tuned circuit, a
      change in pressure on the sphere will cause a variation in distance
      between the coils whereby changing the resonant frequency, when measured
      by an appropriate device stress may be measured.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to solid propellant motors and more
      specifically to a system for measuring the response of solid propellants
      to externally imposed loads and environments.
PAR  Advancements in the field of solid propellant motors have included a
      multitude of various compositions designed to improve the efficiency and
      reliability as well as the storage and handling characteristics. The basic
      criteria for these alternative forms of solid propellant motors lies in
      the chemical makeup of the material rather than the physical properties
      expected. While the chemical aspects of composite propellants may be
      predicted with a reasonable degree of accuracy based on known data and
      experience, physical properties are more difficult to ascertain.
PAR  One of the principal drawbacks in accurately calculating the stresses,
      strains and deflections of solid propellant motor grains to externally
      imposed loads is the fact that the newness of composite propellants has
      not allowed the mechanical behavior of these grains to be fully
      understood. Hence, it is essential that these quantities be measured.
      Additional difficulties arise in the measurement of the quantities in that
      conventional transducers and the associated lead wires utilized to sense
      these mechanical states cause disturbances to the stress/strain field that
      is sought to be definined.
PAR  Therefore, a new and improved hydrostatic stress gage system has been
      invented which will overcome the disadvantages of the prior art devices
      and provide reliable, accurate means for measuring these parameters within
      a solid propellant motor
PAC  SUMMARY OF THE INVENTION
PAR  The invention consists of a pressure sensor system which can be monitored
      remotely, submerged within a container of initially pressurized fluid. The
      container is embedded within the propellant grain. Changes in the fluid
      pressure reflect the hydrostatic stresses acting between the container and
      the propellant. If volumetric properties of the container (co-efficient of
      thermal expansion and bulk modulus of elasticity) match those of the
      surrounding propellant, the indicated stress will remain unchanged by the
      gage-propellant interaction. Further, fluid pressure, and sensing will be
      unchanged by the distortioned or deviatoric stresses.
PAR  The pressure sensor is formed by mounting a coil pair to the diaphrams
      within a drum-type structure contained in a liquid filled sphere. Pressure
      forces will distend the diaphrams inward, reducing the nominal spacing
      between the coils. Changes in the face-to-face distance between the coils
      is sensed as a change in the resonant frequency of the combination.
PAR  The resonant frequency is sensed remotely by means of a modified "grid-dip
      meter" which emits energy and monitors the intensity of the return signal.
PAR  It is therefore an object of the invention to provide a new and improved
      hydrostatic stress gage system.
PAR  It is another object of the invention to provide a new and improved
      hydrostatic stress gage for use in solid propellant rocket engines.
PAR  It is a further object of the invention to provide a new and improved
      hydrostatic stress gage that operates without external connections.
PAR  It is still another object of the invention to provide a new and improved
      hydrostatic stress gage that utilizes a resonant frequency to remotely
      measure stress.
PAR  It is still a further object of the invention to provide a new and improved
      method for measuring stress in solid propellant rocket engines.
PAR  It is another object of the invention to provide a stress gage which is
      economical to produce and utilizes conventional, currently available
      components that lend themselves to standard mass production manufacturing
      techniques.
PAR  These and other advantages, features and objects of the invention will
      become more apparent from the following description taken in connection
      with the illustrative embodiment in the accompanying drawing.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the invention partially cut away.
PAR  FIG. 2 is a side elevational view of the invention with the body in
      crossection.
PAR  FIG. 3 is a block diagram of the readout system of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 there is shown the hydrostatic stress gage
      generally at 10. A housing 12 is formed of a cylinder having two end caps
      14, 16. Attached to each end cap and internally of the cylinder is a post
      18,20. Affixed to the post is a flat disc-shaped member referred to as a
      coil support 22,24. The end cap, post and coil support may be separate
      pieces and affixed in a permanent manner or alternatively they may be cast
      or machined from a single piece.
PAR  In practice it has been found that the best results are obtained from fused
      quartz or glass however the scope of the invention is not so limited to
      these materials.
PAR  Mounted on each coil support is a flat pancake shaped spiral coil 26, 28.
      The coils are connected as a single coil. (series aiding) with
      face-to-face positioning. Changes in this face-to-face distance are sensed
      as a change in the resonant frequency of the coil pair.
PAR  Concerning FIG. 2, the housing is positioned inside a plastic sphere 30.
      The sphere is filled with an incompressible fluid 32, such as distilled
      water, silicone fluid, or any other noncorrosive, highly incompressible,
      nonconductive liquid. In the invention, the end caps 14 and 16 act as
      diaphragms causing the distance between the coils 26 and 28 to vary in
      accordance with the pressure on the sphere 30. The variation in distance
      causes the resonance of the coils to vary when exposed to a self resonant
      piped circuit when exposed to a field.
PAR  FIG. 3 illustrates the operation of the invention system. The hydrostatic
      stress gage is shown at 10. A variation in the tuned circuit is measured
      with a modified grid-dip meter. The improvement in system includes
      modification of the sweep signal-generator 38 which is changed to allow a
      sweep to be interrupted and remain at the frequency at which the
      interruption has occurred and is referred to as the interrupt/hold mode.
      The modification is accomplished by the insertion of a track-and-hold
      module between the sweep and oscillator sections in the sweep generator.
      The modification is understood by those in the field.
PAR  In operation, the sweep cycle is initialed by a manual signal or
      end-of-reading signal 34 from the frequency counter 48. The signal
      generator 38 begins a sweep of frequency band in which the stress gage
      resonance will occur. Maximum absorption of power will occur when the
      signal generator is at the resonance frequency. The power detector 40
      output signal (radiated at 42) will be maximum at this time. Further
      amplification using amplifier 44 will increase the signals.
PAR  The differentiator 46 will turn the absorption signal into one in which
      maximum negative slope occurs at the resonance point. When the dc bias
      level is set at the appropriate point of this curve, the negative slope
      zero crossing is independent of signal level. The zero-crossing detector
      36 will sense this point and trigger a set-reset circuit to stop-and-hold
      the signal generator sweep. At this time the frequency counter 48 will be
      triggered to read. The cycle can be repeated at each end-of-reading
      period. The resulting frequency will be a function of pressure on the
      hydrostatic stress gage.
CLMS
STM  Having thus described our invention of a hydrostatic stress gage system we
      claim the following as our invention:
NUM  1.
PAR  1. A hydrostalic stress gage comprising: a sphere of deformable material; a
      cylinder positioned within the sphere deformable cover means located at
      each end of said cylinder for forming an enclosure; support means attached
      to each of said cover means extending into the enclosure; flat conductive
      coil means mounted on each support means, and an incompressible fluid
      filling the volume between the sphere and enclosure whereby the distance
      between said coils varies upon deformation of said sphere.
NUM  2.
PAR  2. A hydrostatic stress gage according to claim 1 wherein said cover means
      is quartz.
NUM  3.
PAR  3. A hydrostatic stress gage according to claim 1 wherein, said coils are
      spiral wound, serially connected and parallel mounted.
NUM  4.
PAR  4. A hydrostatic stress gage according to claim 1 including, system for
      generating a resonant frequency connected to the conductive coils; means
      for detecting a change in frequency, and means for recording a change in
      frequency connected through the detecting means to the generating system.
PATN
WKU  039330354
SRC  5
APN  5032954
APT  1
ART  244
APD  19740905
TTL  Installation for continuous measurement of the elastic coefficient of a
      traveling strip, wire or ribbon
ISD  19760120
NCL  5
ECL  1
EXP  Ruehl; Charles A.
NDR  2
NFG  3
INVT
NAM  Roch; Roger Henri
CTY  Lausanne
CNT  CH
ASSG
NAM  J. Bobst & Fils S.A.
CNT  CH
COD  03
PRIR
CNT  CH
APD  19730919
APN  13482/73
CLAS
OCL   73 955
EDF  2
ICL  G01N  300
FSC   73
FSS  143;144;95.5
UREF
PNO  1851895
ISD  19320300
NAM  Cornet
OCL   73 95.5
UREF
PNO  2634607
ISD  19530400
NAM  Lawson
OCL   73 95.5
UREF
PNO  3274824
ISD  19660900
NAM  Lawson et al.
OCL   73 95.5
UREF
PNO  3366299
ISD  19680100
NAM  Rose, Jr. et al.
XCL   73 95.5
FREF
PNO  841,255
ISD  19600700
CNT  UK
OCL   73 95.5
LREP
FRM  Hill, Gross, Simpson, Van Santen, Steadman, Chiara & Simpson
ABST
PAL  Apparatus for the continuous measurement of the elastic coefficient of a
      traveling strip, wire or ribbon, is characterized in that it employs first
      and second means for driving the strip arranged one behind the other in
      the direction of motion of the strip. The second driving means drives the
      strip at a speed different from that of the first driving means and first
      and second tension measuring devices are disposed in front of the first
      and second driving means, respectively, and deliver respective quantities
      which are proportional to the tensions measured thereby. A comparator
      circuit is provided for determining the difference in the measured
      tensions, this difference being proportional to the elastic coefficient of
      the strip.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to apparatus for continually measuring the elastic
      coefficient of a traveling strip, wire or ribbon.
PAR  2. Description of the Prior Art
PAR  Solutions for measuring the elastic coefficient of a strip which are based
      on the measurement of the difference in speed of the strip between two
      points at different tensions are known in the art. These systems do not,
      however, provide satisfactory results because a relatively small
      difference is being measured in comparison to the speeds of the strip at
      the points of measurement.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of the present invention is to provide a new and
      improved installation for the continuous measurement of the elastic
      coefficient of a traveling strip, wire or ribbon.
PAR  A more particular object of the invention is to provide a continuous
      measurement of the elastic coefficient of a traveling strip, wire or
      ribbon, which measurement is accurate.
PAR  The advantages of an installation of the type set forth herein, in
      particular, enables a solution of the problem of the introduction of a
      strip of paper or cardboard, taken from a reel, into a printer group, for
      example, by satisfying certain conditions which include the introduction
      of the material at a constant tension, the introduction of the material at
      a constant stretch to guarantee constant format at rest, and the
      introduction of the material at a constant stretch under predetermined
      tensioning to guarantee constant format at a given tension.
PAR  Although the invention is exemplified hereinbelow as applying to a
      traveling strip, the invention is not restricted to a particular width of
      the material or to a particular material. This structure will therefore be
      hereinafter referred to only as a strip in that there are many applicable
      cases in which continuous measurement of the elastic coefficient can
      provide valuable information. By way of example, it may be mentioned that
      quality control of a product manufactured in web form, whether paper,
      cardboard, plastic material, or metal may take advantage of the invention.
      Due to continuous measurement of the elastic coefficient it is possible to
      carry out a quality check in a continuous manner at the output of a
      machine which produces the strip. The value measured may be employed for
      ensuring automatic regulation of the producing machine.
PAR  According to the invention the installation is characterized in that it
      comprises a first means of driving the strip and a second means of driving
      the strip arranged behind the first driving means in the direction of
      motion of the strip. The second driving means drives the strip at a speed
      that is different from that provided by the first driving means. A first
      device for measuring the tension in the strip is located on the upstream
      side of the first driving means and is operable to deliver a first
      quantity which is proportional to the tension measured thereby. A second
      device for measuring the tension in the strip is located upstream of the
      second driving means and is operable to deliver a second quantity which is
      proportional to the tension measured thereby. A comparator circuit is
      connected to receive the two quanitites measured by the first and second
      tensioning measuring devices and operates to provide a quantity which is
      proportional to the difference in the tensions measured, this difference
      being proportional to the elastic coefficient of the strip.
PAR  In order to improve the quality of the measurement under dynamic operation,
      a correction factor may be introduced to take into account the time
      constant affecting propagation of a variation in the tension of the strip
      from the first tension measuring device to the second tension measuring
      device. This time constant is due to the effect upon the strip of the two
      driving means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the invention, its organization,
      construction and operation will be best understood from the following
      detailed description taken in conjunction with the accompanying drawings,
      on which:
PAR  FIG. 1 is a schematic representation of an installation constructed in
      accordance with the principles of the invention;
PAR  FIG. 2 is a schematic representation of a collection device which may be
      employed in practicing the invention; and
PAR  FIG. 3 is a schematic circuit diagram of a portion of the correction device
      for introducing the analog function 1 -e.sup.-.sup.x/l.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 a strip 1, for example a strip of paper, from a reel
      and unwound in the direction of the arrow F.sub.1 is driven by a
      mechanical assembly comprising a first draw roll 2 having a radius R.sub.1
      cooperating with a pressure roll 3 and a second draw roll 4 having a
      radius R.sub.2 cooperating with a pressure roll 5. The draw rolls 2 and 4
      are driven at the same angular velocity by a motor 6. This motor is a d.c.
      motor having a constant field excitation structure 7 which is well known
      in the art. The motor 6 includes an armature 8 which is fed by a static
      feed comprising a loop 9 for controlling the armature current. The loop 9
      is closed through an operational amplifier 10 which has an input 11 which
      may be energized with a value corresponding to the desired driving torque.
PAR  The strip 1 additionally passes over a fixed axis pulley 12, under a pulley
      13 carried by a first strip tension measuring device 14 located in front
      of the draw roll 2 and under a third pulley 15 carried on a second tension
      measuring device 16 located in front of the second draw roll 4. The
      tension measuring devices 14 and 16 are well known per se and commonly
      employed for obtaining an electrical quantity which is proportional to the
      mechanical tension exerted on a strip.
PAR  The arrangement further comprises a device 17 which introduces a time
      constant in accordance with the function 1 - e.sup.-.sup.x/l to which is
      applied, on the one hand, the electrical quantity delivered by the tension
      measuring device 14, and, on the other hand, an electrical quantity which
      is proportional to the velocity of motion v of the strip. A circuit 18
      comprising an operational amplifier is connected to receive the respective
      electrical quantities at its (+) and (-) inputs and is operable to deliver
      a signal which is proportional to the difference between these electrical
      quantities. The operational amplifier 18 feeds a divider circuit 19 which
      provides an electrical quantity which is proportional to the elastic
      coefficient of the strip 1.
PAR  The radius R.sub.2 of the draw roll 4 is slightly larger than the radius
      R.sub.1 of the draw roll 2, in the order of 1%. Inasmuch as the angular
      velocities of the draw rolls 2 and 4 are the same, this difference in
      radius imposes an increase in the velocity of the strip of 1% between the
      draw rolls 2 and 4, that is to say a predetermined increase in the
      specific stretch of the strip which is equal to R.sub.2 - R.sub.1
      /R.sub.1.
PAR  The elastic coefficient K is equal to the ratio "increase in
      tension/increase in stretch" one obtains in stationary operation
      ##EQU1##
      T.sub.1 and T.sub.2 being the mechanical tensions measured by the
      respective tension measuring devices 14 and 16.
PAR  In dynamic operation it is advisable to take into consideration the fact
      that a variation in the strip tension T.sub.1 is not instantaneously
      reflected in the tension T.sub.2, but is delayed by a "time constant" due
      to the two pairs of draw-pressure rolls 2, 3 and 4, 5.
PAR  This time constant is equal to the length of the strip 1 located between
      the two draw rolls and a disturbance .DELTA. T.sub.1 is transmitted in
      accordance with the relationship
EQU  .DELTA. T.sub.2 (T.sub.1) = (1 - e.sup.-.sup.x/l). .DELTA. T.sub.1
PAR  Therefore, in order to make a valid comparison between the two sets of
      information proceeding from the tension measuring devices 14 and 16, it is
      advisable to permit the first measurement to electronically undergo the
      same "attenuation" function as the variations in the tension T.sub.1
      undergo before arriving at the level of the tension T.sub.2.
PAR  With the introduction of this correction factor, the elastic coefficient
      under dynamic operation becomes
      ##EQU2##
PAR  By introducing this time constant there is then obtained a continuous and
      accurate measurement of the elastic coefficient K whatever the variations
      in the tension T.sub.1. The difficulty lies in going from the quantity
      "time" to the quantity "length". It has, however, been possible to achieve
      this transformation in a relatively simple manner.
PAR  If the velocity of the strip 1 is designated v and the path covered by the
      strip during the time t is designated x, one obtains the relationships
EQU  x = v.t
PAL  and
EQU  1 - e.sup.-.sup.x/l =1 - e.sup.-.sup.vt/l =1 - e.sup.-.sup.t/.sup..tau.
PAL  Consequently, it is necessary to consider by analogy a time constant which
      is a function of the velocity by producing the relationship
EQU  .tau.(v) = 1/v
PAR  The circuit 17 accurately produces the function 1 - e.sup.-.sup.x/l as a
      function of the velocity v of the strip measured by means of a tachometer.
      The circuit 18 delivers an electrical quantity proportional to
EQU  T.sub.2 - T.sub.1 (1 - e.sup.-.sup.x/l)
PAL  and the circuit 19 divides this quantity by a factor proportional to
      R.sub.2 - R.sub.1 /R.sub.1
PAR  The function 1 - e.sup.-.sup.vt/l is produced by means of the device
      represented in FIGS. 2 and 3. This device comprises an integrator 20, an
      accurate servo-potentiometer 21, an operational amplifier 22, and an
      electronic divider 23 which ensures mathematical inversion of a quantity
      proportional to the velocity v delivered by a tachometer 24 comprising a
      tachometric generator. The various elements of this circuit are per se
      well known and readily available on the market.
PAR  The circuits 22 and 23 may advantageously be constructed as integrated
      circuits. The servo-potentiometer 21 comprises a servomotor 25 which
      simultaneously drives the cursors of three variable resistors Z.sub.0,
      Z.sub.1 and Z.sub.2. The variable resistor Z.sub.0 is connected between a
      positive voltage and ground and has its cursor connected to the (-) input
      of the operational amplifier 22. At the other input (+) of the operational
      amplifier 22 a voltage is applied which is proportional to 1/v received
      from the output of the electronic divider circuit 23.
PAR  The resistors Z.sub.1 and Z.sub.2 are connected respectively in series and
      in parallel with the operational amplifier 26 of the integrator 20, as is
      made more readily apparent in the electrical schematic circuit of FIG. 3.
      A capacitor C is connected in parallel with the resistor Z.sub.2. The
      electrical quantity which is proportional to the mechanical tension
      T.sub.1 is applied to the other terminal of the variable resistor Z.sub.1.
      This circuit reproduces the function
EQU  T.sub.1 (1 - e.sup.-.sup.t/.sup..tau.) or   .tau. = Z.sub.2 C
PAL  As the time constant .tau. is proportional to the resistance Z.sub.2, and
      as the resistance Z.sub.2 varies as a function of 1/v, the function
      required is correctly obtained. The aforedescribed structure may be
      modified such that the quantities which are proportional to the tensions
      and the quantities which are calculated may be obtained or calculated,
      respectively, by means other than electrical. For example, mechanical,
      hydraulic, pneumatic or hydropneumatic means, in particular fluidic
      circuits, may be employed in practicing the invention.
PAR  Although I have described my invention by reference to a particular
      embodiment thereof, many other changes and modifications of the invention
      may become apparent to those skilled in the art without departing from the
      spirit and scope of the invention. I therefore intend to include within
      the patent warranted hereon all such changes and modifications as may
      reasonably and properly be included within the scope of my contribution to
      the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for continuously measuring the elastic coefficient of a moving
      strip, comprising:
PA1  first and second drive means for driving the strip, said second drive means
      arranged behind said first drive means with respect to the direction of
      motion of the strip and operable to drive the strip at a speed different
      from that provided by said first drive means;
PA1  first and second tension measuring devices respectively positioned in front
      of said first and second drive means and operable to continuously provide
      respective first and second quantities which are proportional to the strip
      tensions measured at those positions; and
PA1  comparison means connected to said first and second tension measuring
      devices and responsive to said first and second quantities to continuously
      provide a third quantity which is proportional to the difference in the
      measured tensions, which is proportional to the elastic coefficient of the
      strip.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein:
PA1  said first and second drive means each comprises a draw roll and a pressure
      roll to receive the strip therebetween, and
PA1  means rotating said draw rolls at the same angular velocity, and wherein
PA1  the radius of said first draw roll is smaller than the radius of said
      second draw roll.
NUM  3.
PAR  3. Apparatus according to claim 1, and further comprising:
PA1  delay means connected between said first tension measuring device and said
      comparison means,
PA1  said delay means having a time constant which is a function of the speed of
      the strip and the length of the strip between said first and second drive
      means.
NUM  4.
PAR  4. Apparatus for continuously measuring the elastic coefficient of a moving
      strip, comprising:
PA1  first and second drive means for driving the strip, said second drive means
      arranged behind said first drive means with respect to the direction of
      motion of the strip and operable to drive the strip at a speed different
      from that provided by said first drive means;
PA1  first and second tension measuring devices respectively positioned in front
      of said first and second drive means and operable to provide respective
      first and second quantities which are proportional to the strip tensions
      measured at those positions;
PA1  comparison means connected to said first and second tension measuring
      devices and responsive to said first and second quantities to provide a
      third quantity which is proportional to the difference in the measured
      tensions, which is proportional to the elastic coefficient of the strip;
PA1  delay means connected between said first tension measuring device and said
      comparison means, said delay means having a time constant which is a
      function of the speed of the strip and the length of the strip between
      said first and second drive means; and
PA1  speed indicating means for providing a fourth quantity which is
      proportional to the speed of the strip,
PA1  and wherein said delay means includes analog means connected to said speed
      indicating means and responsive to said fourth quantity to produce the
      time constant in accordance with the function 1 - e.sup.-.sup.x/l, where x
      is the path covered by the moving strip during a time t and l is the
      length of the strip between the first and second drive means.
NUM  5.
PAR  5. Apparatus for continuously measuring the elastic coefficient of a moving
      strip, comprising:
PA1  first and second drive means for driving the strip, said second drive means
      arranged behind said first drive means with respect to the direction of
      motion of the strip and operable to drive the strip at a speed different
      from that provided by said first drive means;
PA1  first and second tension measuring devices respectively positioned in front
      of said first and second drive means and operable to provide respective
      first and second quantities which are proportional to the strip tensions
      measured at those positions;
PA1  comparison means connected to said first and second tension measuring
      devices and responsive to said first and second quantities to provide a
      third quantity which is proportional to the difference in the measured
      tensions, which is proportional to the elastic coefficient of the strip;
PA1  delay means connected between said first tension measuring device and said
      comparison means,
PA1  said delay means having a time constant which is a function of the speed of
      the strip and the length of the strip between said first and second drive
      means; and
PA1  speed indicating means for providing a fourth quantity which is
      proportional to the speed of the strip;
PA1  and wherein said delay means comprises;
PA2  a divider circuit connected to said speed indicating means to invert said
      fourth quantity,
PA2  a servo-potentiometer including a servomotor and a plurality of variable
      resistors mechanically coupled to said servomotor,
PA2  a first operational amplifier having a first input connected to said
      divider circuit, a second input connected to one of said variable
      resistors, and an output connected to operate said servomotor, and
PA2  an integrator circuit including a second operational amplifier connected in
      parallel with a second of said variable resistors, said third variable
      resistor connected to said second operational amplifier and connected to
      receive said first quantity.
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ABST
PAL  A method of predicting tread-wear for pneumatic tires, the method
      incorporating laboratory measurements of pressure and traction data
      exerted by selected tires against a surface, and the collection of actual
      treadwear data from road-testing of the tires in order to establish an
      empirical relationship of certain phenomena which affect tread-wear. The
      relationship is ultimately reduced to tread-wear predicting equation
      having parameters which are associated with tabularized numerical values
      collected from the data in the laboratory and on the tire test-course. The
      foregoing abstract is neither intended to define the invention disclosed
      in the specification, nor is it intended to limit the scope of the
      invention in any way.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Although tread-wear is theoretically possible through the transference of a
      thin surface layer from the tread to the pavement, the consensus of those
      who have investigated the process is that abrasion is the phenomenon
      involved. Abrasion partly results from "combing" of asperities in the road
      surface through the viscous rubber during tread-slippage. This action
      forms horizontal shear stresses and other stress distributions. When the
      stresses are sufficiently large, the rubber ruptures, particles are
      detached from the tread, and abrasion is said to have occurred.
PAR  There is evidence that abrasion also originates in fatigue failures of the
      surface rubber, particularly as affected by oxidative degradation of its
      component polymer. Here too, the shear and tensile strains at the
      tread/road interface are controlling factors. Other influences are the
      interfacial pressure, the tread temperature and the composition of the
      tread rubber. The interfacial pressures and shear stresses involved in
      abrasion appear differently on macroscopic and microscopic scales. As may
      be observed on glass surfaces, there are elastic instabilities which
      produce variations in shear in the rubber surface from point to point.
      There are also variations in interfacial pressure. This tendency is
      aggravated for sliding motions on all kinds of surfaces. Here viscous and
      inertial phenomena cause elastic waves to develop. High local stresses
      associated with these waves create elastic instabilities, which in turn
      lead to minute ruptures or regions of appreciable fatigue. The local
      ruptures serve as foci for both stress concentrations and slip
      discontinuities, and the process tends to be self-maintaining.
PAR  Stress variations and tearing in rubberlike materials furthermore depend
      upon dynamic conditions such as slip. Thus, it has been determined that
      the presence of slip promotes abrasion far beyond that expected from the
      magnitude of the macroscopic shear stresses alone. Accordingly, the
      presence of slip is a prerequisite for significant rates of abrasion.
PAR  The greater the interfacial pressure and interpenetration of the surfaces,
      the greater the horizontal stresses have to be for slip at an interface.
      This leads to the consideration of friction limits of the ratio of
      horizontal stress to pressure, above which slip takes place and below
      which it is absent. For the sake of simplicity, the existence of a
      single-valued effective coefficient of friction indicates the existence of
      slip. The rate of abrasion as well must bear some relationship to the
      interfacial pressure during slip. In the expectation that the complexities
      of the overall analysis will far outweigh minor transgressions in detailed
      form, the present invention is based upon a simplifying concept. That is,
      the abrasion rate is proportional to the macroscopic interfacial pressure
      present during slip.
PAR  The influences of tread temperature, road surface texture and tread rubber
      composition are viewed as conditions which control the viscous drag of
      road-surface asperties through the tread material and lead to rupture.
      Furthermore, the tread temperature and rubber composition also determine
      the rate of creep and deterioration of the tread rubber due to imposed
      stress concentrations. They also establish the rubber's threshold for
      microscopic failure. All of these influences are grouped into a single
      term which is a proportionality factor (a scaling coefficient) for the
      rate of abrasion. Arguments could be put forth for other kinds of
      mathematical relationships including interaction terms, etc., but what is
      used is a first order approximation, the accuracy of which has been tested
      through experimentation.
PAR  The statistical nature of abrasion during the road test is brought into the
      predictive procedure of treadwear. The conditions at which tires operate,
      and which affect tread-wear, vary from instant to instant during the road
      tests. Irregularities in the road surface cause suspension bounce and
      changes in deflection. Even on straight highways, there is the necessity
      for corrective steering maneuvers, and there is the normal tendency of
      vehicles to wander from one side of a lane to the other. In addition, wind
      drift, path curvature, braking, accelerating, tractive efforts on hills,
      etc., all affect wear of the tread. The accommodation of all these
      disturbances is the key to the method described hereinbelow.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a method by
      which wear of a free rolling, unsteered, pneumatic tire tread may be
      predicted for operation on a predetermined test-course.
PAR  It is a further object to effect such a prediction by means of an
      empirically determined relationship of factors which effect tread-wear and
      which in part are measured in a laboratory and in part are derived from
      actual road test data.
PAR  It is still a further object to provide a new and accurate method to
      measure actual tread-wear. Accordingly, the principal aspect of the
      present invention may be characterized as a method of predicting tire
      tread-wear by rolling speciman tires on laboratory and road surfaces, and
      measuring various parameters which by their nature have varying effects on
      tread-wear. Data is then collected and tabularized to permit extraction
      therefrom of numerical values corresponding to parameters which are
      related to one another by an empirically determined equation of
      anticipated tread-wear.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming the subject matter regarded as the invention herein,
      it is believed that the invention will be better understood from the
      following description taken in conjunction with the accompanying drawings,
      in which:
PAR  FIG. 1, the sole FIGURE herein, is a perspective view of apparatus for
      measuring actual tread-wear.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The basis for the mechanics of abrasion during a road test is a free
      rolling tire at 0.degree. of steer and camber and at normal load. It has
      been determined that considerable interfacial tractions exist for these
      conditions. If the road test is of the usual kind, the actual steering
      angles experienced by the tire are in the order of 1.degree.-2.degree.,
      and accelerations and braking are generally in the order of a few tenths
      of a g.Therefore, the interfacial stresses of the tread may be treated as
      though they are primarily that of the free rolling tire but perturbed in
      some statistical manner. The nature of the perturbation is affected by the
      vehicle, the driver, the test course, and the road contour, etc. The
      distributions of the perturbations consequently are controlled by each of
      these variables, and a defined state of affairs exists only for a specific
      standardized road test. Consistent with this approach, it is well
      established that variations in drivers, test courses, speeds, etc., lead
      to different average levels of treadwear and to differing distributions of
      wear across the face of the tread.
PAR  The following rules emerge empirically for the procedure to predict
      tread-wear for a standard road test:
PA1  a. Wear only occurs when slip is present.
PA1  b. Slip is present only when the ratio of horizontal stress to interfacial
      pressure exceeds a limiting value (the effective coefficient of friction).
PA1  c. The wear rate is proportional to the interfacial pressure at the time of
      slip.
PA1  d. The conditions of slip and interfacial pressure during the road test are
      statistical perturbations of the conditions which exist for the freely
      rolling tire at zero degrees of steer and camber and at the nominal
      operating load and deflection.
PA1  e. The effects of tread temperature, rubber composition and road surface
      texture combine to form a coefficient which is proportional to the rate of
      wear.
PAR  An initial or early-stage tread-wear prediction equation (set forth below)
      has been determined and is conditioned upon the above rules. The equation
      contains two functions .phi.' and .phi." which account for the statistics
      of perturbations during a road test; a tractive ratio .tau. which is the
      ratio of the amplitude of the horizontal stress vector exerted by the
      tread against and in the plane of a surface to the interfacial pressure
      .rho. exerted by the tread normally against that surface; a coefficient
      .kappa. that incorporates tread rubber properties, temperature, and
      surface texture; and N, the number of laps around the course in a road
      test. The equation is in the form arrived at for the wear contribution
      throughout a test at a point X units into the contact patch (footprint or
      interface) from the entrance end of the patch. The subscript r designates
      a selected circumferential lateral rib. The equation is as follows:
EQU  .DELTA.W.sub.x,r =[.kappa.N.rho..sub.x,r .phi.'(.tau..sub.x,r) +
      .kappa.N.phi."(.tau..sub.x,r)].DELTA..chi.. . .           (1 )
PAL  wherein .DELTA.W.sub.x,r is an increment of volumetric tread-wear for a
      selected rib at .chi. units into the contact patch.
PAR  The distribution functions .phi.' and .phi." are too complex in origin to
      be evaluated from a theoretical analysis and must, therefore, be evaluated
      in some experimental or empirical manner. These functions summarize the
      statistical nature of a particular road-test and various consequences that
      result in the contact patch. K also must be evaluated from empirically
      derived roadtest data. On the other hand, the interfacial pressures P and
      the tractive ratios .tau. are available from interfacial stress
      measurements. For example, the interfacial pressures P and the horizontal
      stresses may be determined in a laboratory by conventional means for
      various tires. Such conventional means may, for example, be the apparatus
      as described in copending U.S. patent application No. 424,124, filed on
      Dec. 12, 1973, the subject matter of which is incorporated herein by
      reference. It appears then that if the distribution functions relating
      wear to the tractive ratios are once established, then further
      experimental evaluations of tire interfaces will more definitively lead to
      wear prediction.
PAR  In order to test for the distribution functions .phi.' and .phi.", it is
      necessary to first sum equation (1) for the contributions of wear over
      increments of X for each of the ribs r. This could be accomplished by
      integrating along the rib location X. However, an approximating shortcut
      is to consider and sum up only three representative tread-wear regions in
      the contact patch for each rib. These may respectively be the point at
      which the fore and aft traction substantially attains a forward maximum,
      the center of contact patch and the point at which the fore and aft
      traction is substantially at a rearward maximum. The first and last of the
      points capture the character of the regions in which slip is generally
      most prevalent. The midpoint has been determined as being less
      contributory to wear than the others, but nevertheless may be included.
PAR  It has been further determined that the magnitude of the function .phi." is
      small compared to .phi.', thus functions .phi.' and .phi." may be grouped
      into a single statistical distribution function .phi.. Thus, equation (1)
      may be restated as follows:
EQU  W.sub.r = .rho..sub.r,exit . .phi.(.tau..sub.r,exit) . . . . (2)
PAL  wherein,
PA1  .rho..sub.r,exit = the interfacial pressure measured in a laboratory at the
      exit end of the contact patch for a designated rib r,
PA1  .phi.(.tau..sub.R, exit) = a statistical distribution function describing
      the prevalence of a slip as it depends on perturbations and on the
      measured tractive ratio .tau..sub.r,exit, also at the exit end of the
      contact patch, for the designated rib r of a freely rolling tire, and
      W.sub.r = tread-wear of the designated rib r.
PAR  The basis for simply using the measurements of the interfacial pressure and
      stress at the exit end of the contact patch is that at that point slip,
      and thus wear, is most prevelant and greatest. What is meant by "exit end"
      of the contact patch is the first point beyond the center of the contact
      patch in the fore and aft direction at which a representative value of a
      change in fore and aft traction approaches zero, and substantially any
      point therefrom to the actual exit end of the contact patch.
PAR  Accordingly equation (2) may be utilized as a basis for predicting
      tread-wear by rolling a number of tires on a laboratory surface and
      measuring the interfacial pressures and stresses thereof at the exit end
      of the contact patch for a designated rib. Tractive ratios can thereby be
      determined and tabularized. Thereafter actual tread-wear measurements may
      be effected on a test course. With the actual measurements of wear and
      values for interfacial pressure and tractive ratios known, equation (2)
      can be solved for determining values of the function .phi.. These values
      may then be tabularized opposite their corresponding tractive ratio
      values. Then, if a tire is subsequently selected to predict the projected
      tread-wear thereof, its tractive ratio and pressure can be determined
      likewise in a laboratory, and that value can be used to enter the table of
      values for .tau. to permit selection of a corresponding value for .phi..
      The value for the function .phi. can then be extracted from the
      tabularized data, and along with the corresponding value for the pressure,
      it can be substituted in equation (2). The actual tread-wear W.sub.r of a
      designated tread rib can thereby be solved for.
PAR  It will be understood that equation (2) is not mathematically derived from
      equation (1), but is, on the other hand, an approximating equation of
      tread-wear determined from empirical study, the specific methodology of
      which study does not directly form the basis of the present invention.
PAR  It has also been empirically determined that in order to utilize equation
      (2) effectively, all tires selected should preferably have the same, or
      substantially the same, "cornering coefficient" .theta.. The cornering
      coefficient for a rolling tire is a ratio of the change of gross
      side-force of tire-against-axle, conventionally referred to as the lateral
      force, to the corresponding change of an angle formed by the rotation of
      the wheel and tire assembly about an axis passing through the wheel's
      rotational center and extending perpendicular to the road plane, the
      magnitude of this angle being defined by the relative angular orientation
      of the wheel plane with respect to the actual direction of travel, this
      ratio finally being divided by the load born by the tire. The change in
      side force is determined by steering the tire in an additional step of
      rolling at a steering angle slightly different from zero degrees, this
      giving rise to what is conventionally understood to be a "slip angle",
      allowing the tire to attain a state of equilibrium conventionally termed
      as a steady state, and determining the value of the cornering coefficient
      .theta. near the zero slip angle.
PAR  A more detailed analysis of "slip angle" and related tire characteristics
      is discussed in Society of Automotive Engineers paper No. 794C, in an
      article entitled "Structural Mechanisms of Tires Leading to the
      Development of Steering Forces", by Seymour A. Lippman, the paper given to
      the Automotive Engineering Congress, Detroit, Mich., Jan. 13-17, 1964. The
      subject matter of this paper is incorporated herein by reference.
PAR  With regard to the measurement of actual tread-wear, it is conventional for
      wear to be measured at the grooves of the tires. The depth from the
      surface of a rib to the bottom of the adjacent grooves is an indication of
      the remaining antiskid capacity of a tire at that location. Along with
      initial measurements on an unworn tire, the groove depth represents the
      degree of wear near the groove. However convenient this procedure may be
      it has not been found unsatisfactory. Interfacial measurements of stress
      across the face of a rib show that conditions near the grooves are usually
      not representative of the remainder of the rib. As might be expected,
      detailed measurements of wear also show significant variations across the
      rib. The difficulty is compounded further when the measure of wear is with
      a conventional cross-bar depth gage detecting the difference in length
      between the bottom of the grooves and the location of the cross bar.
PAR  These errors of measurement may be circumverted by obtaining plaster
      castings of the treads of inflated tires in the new and worn states. The
      castings are mounted on a bed plate so that they may be explored with a
      dial gage having, for example, a 0.0l inch round foot or plunger and a
      digitized contour is developed. The wear across the tread established in
      this way also features a continuous measurement across each rib. The
      groove bases act as reference points in the unworn and worn states. These
      points locate a base level curve for calculating the wear profile of the
      tire.
PAR  The apparatus for effecting actual tread-wear is illustrated in FIG. 1 and
      is denoted generally by the reference character 10. The apparatus 10
      includes a bed plate 12 and a pair of upstanding side walls 14,16. A gage
      18 having a rotary indicator 20 is shiftably mounted threadedly on a
      rotary worm 22 and is guided at the lower dial portion 24 thereof, in an
      upright condition, by means of a rod 26. The lower dial portion 24 may for
      example have a cut-out (not shown) for embracing the rod 26 loosely. The
      worm 22 can be turned to effect shifting of the gage 18 by means of an
      accessible rotary handle 28 fixedly secured to one end of the worm 22.
PAR  The gage 18 is furthermore provided with a tabular member 30 in which is
      endwise shiftable a spring-actuated plunger 32 which is, in a conventional
      manner, operatively associated with the rotary indicator 20 to effect
      turning of the latter when the plunger 32 is shifted upwardly or
      downwardly relative to the tubular member 30.
PAR  When a plaster casting is formed to provide an imprint of a portion of a
      tread, the casting displays raised casting ribs which constitute that
      portion of the plaster which during formation of the casting penetrated
      the tread-grooves between neighboring tread-ribs.
PAR  Thus, castings can be made of tires first in a new or unworn condition, and
      then in a worn condition. A casting, for example that denoted by reference
      character 34 in FIG. 1, may then be disposed upon the bed plate 12 between
      the side walls 14,16. The casting ribs 36 are thereby confronted by the
      plunger 32 and may be engaged by the latter.
PAR  In order to effect measurement of the tread-wear, the casting 34 is made
      from an unworn or new tread. The gage 18 is then shifted by turning the
      handle 28, and the plunger slides from an initial reference position at
      the apex of a selected one of the casting ribs 36 downwardly along the
      casting. The rotary indicator 20 thereby displays depth changes which can
      be recorded. The exact position of the gage 18 may be determined by a
      scale 38 extending across the bed plate 12 between the sidewalls 14,16.
      This procedure is then repeated using a casting made from the same tread
      after the latter is worn. Comparisons can then be made which give rise to
      actual tread wear.
PAR  It should also be emphasized that as the tread wear of a tire progresses,
      the distribution of interfacial tractions and pressures may change as a
      consequence of the loss of tread rubber. This altering of the system leads
      to modifications in the distribution of wear rates across the tire. As a
      result, it is only possible in general to predict the wear profile which
      will occur for the next moderate amount of road testing following the
      interfacial measurements. Desirable tire designs, however, maintain a
      constant wear profile and may be evaluated initially for a considerable
      portion of the tread life.
PAR  In summary, the predictive equation (2) was developed for a specific wear
      testing procedure by using the form of equation (1), by employing the
      plaster casting technique for evaluating the wear profile across the face
      of the tire, and by sampling the interfacial force values at the points
      along the contact length of each lateral rib location. A variety of tire
      designs and numerous states of wear were involved in the data set. This
      effort at correlation leads empirically to the following further
      approximating equation:
      ##EQU1##
      wherein H.sub.r,exit = the tractive stress exerted by the tread against a
      laboratory surface in the plane of the latter and at the exit end of the
      contact patch, and
PA1  .kappa..sub.1 & .kappa..sub.2 = coefficients.
PAR  The coefficients .kappa..sub.1 and .kappa..sub.2 may be determined, for
      example, by a conventional procedure known as "multiple linear regression
      analysis" and described in such books as Mathematical Handbook for
      Scientists and Engineers, Korn and Korn, McGraw Hill, 1961, pages 547
      etc., and Theory and Problems of Statistics, Spiegel, M. R. Schaum Pub.
      Co., 1961, pages 269 etc., the subject matter of each of which is
      incorporated herein by reference.
PAR  Alternatively, the coefficients .kappa..sub.1 and .kappa..sub.2 may be
      determined by plotting a graph from the tabularized data associated with
      equation (2) of the function .phi.(.tau..sub.r,exit) along a vertical axis
      and of the tractive ratio .tau..sub.r,exit along a horizontal axis. The
      slope of the line established by the latter graph constitutes the value
      for .kappa..sub.1, whereas the .tau..sub.r, exit intercept constitutes the
      value for .kappa..sub.2.
PAR  With the value for .rho..sub.r, exit determined for a tire whose tread-wear
      is to be predicted, as well as the value for H.sub.r,exit, W.sub.r of
      equation (3) can be solved for, thereby, giving rise to the prediction of
      tread-wear of a designated rib r of the selected tire.
PAR  In order to predict tread-wear of tires having different cornering
      coefficients .theta., equation (3) may be modified as follows:
      ##EQU2##
PAR  Upon determining average values for the coefficients .kappa..sub.1 and
      .kappa..sub.2, respectively, for many tires having different cornering
      coefficients .theta., and the actual rate of tread-wear for each of the
      tires, a graph may be plotted using the rate of average tread-wear for all
      of the ribs as the vertical axis and the different values for .theta. as
      the horizontal axis. A line, thus formed, gives rise to the values of
      .kappa..sub.3 & .kappa..sub.4, .kappa..sub.3 being the slope of the line
      and .kappa..sub.4 the average tread-wear intercept. The average values for
      .kappa..sub.1 and .kappa..sub.2 may then be used in equation (4), as well
      as the values for .kappa..sub.3 and .kappa..sub.4 graphically determined.
PAR  To predict tread-wear of any tire, simply then requires one to measure that
      tire's cornering coefficient, as well as the values of H.sub.r,exit and
      .rho..sub.r,exit for that tire. Equation (4) can then be solved to
      determine the anticipated tread-wear of a designated rib r of that tire.
PAR  Equation (4) has been determined to be quite accurate, but there are
      certain deviations in prediction of tread-wear from actual wear measured.
      It has been determined that there are interactions between various events
      at the exit end of the contact patch. These interactions take one of
      several forms depending on the conditions in the zone of slip. One rib
      which might not slip of its own accord can be caused to slip as a result
      of stresses and displacements transferred to it from a nearby rib.
      Retardations of slip due to adjacent conditions are also possible. In any
      event, the residual errors in the predictive equation (4) are consistent
      with interactions between adjacent ribs and are largely accounted for by
      equations corresponding to:
      ##EQU3##
      The function .beta.(.DELTA.H/.rho.)accounts for the interactions from
      adjoining ribs and depends on the tractive ratios that occur at these
      locations. The quantity .DELTA.H/.rho. is defined in three ranges as
      follows:
PA1  1. Where the rib in question is interior to the tread (surrounded on both
      sides by neighboring ribs,
      ##EQU4##
      2. Where the rib in question is the left hand outer rib,
      ##EQU5##
      3. Where the rib in question is the right hand outer rib,
      ##EQU6##
      The variable .DELTA.H/.rho. is therefore the difference in tractive ratios
      at the exit end of the contact patch between the rib for which calculation
      is being performed and the net ratios of its surrounding local
      environment.
PAR  Equation (5) may be utilized to establish interaction effects by
      substituting for W.sub.r the amount of tread-wear, actually measured and
      determined for each tire, and solving for numerical values of
      .beta.(.DELTA.H/.rho.) for each tread rib. Then, by utilizing equations
      (6), (7) and (8) via actual measurements of the appropriate tractive
      ratios H/.rho. or .tau. , numerical values of the respective values for
      .DELTA.H/.rho. may be determined.
PAR  The values for .DELTA.H/.rho. may then be tabularized opposite
      corresponding values determined for the function .beta.(.DELTA.H/.rho.)
      from equation (5). Then, by selecting a tire whose tread-wear is to be
      predicted, for a designated rib r, and using the values of the tractive
      ratios for the rib r as well as those for adjacent ribs, e.g. r-1 (a
      left-hand adjacent rib) and R+1 (a right-hand adjacent rib), its value of
      .DELTA.H/.rho. can be measured.
PAR  With its value of .DELTA.H/.rho. determined, a corresponding numerical
      value for .beta.(.DELTA.H/.rho.) can be extracted from the tabularized
      data and used in equation (5). The tire's value of .theta. can likewise be
      determined and used in equation (5). The average values for the
      coefficients .kappa..sub.1 and .kappa..sub.2 have already been determined,
      as well as the values for the coefficients .kappa..sub.3 and
      .kappa..sub.4. Equation (5) can then be solved for W.sub.r.
PAR  It will be understood that the foregoing description of a preferred
      embodiment of the present invention is for purposes of illustration only,
      and that the various structural and operational features and relationships
      herein disclosed are susceptible to a number of modifications and changes
      none of which entails any departure from the spirit and scope of the
      present invention as defined in the hereto appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of predicting tire tread-wear, comprising the steps of:
PA1  a. rolling a specimen tire freely upon a laboratory surface at
      substantially zero degrees of steer and camber;
PA1  b. measuring pressure exerted by a selected circumferential rib of said
      tire normally against said surface at substantially an exit end portion of
      the tread/surface interface;
PA1  c. measuring traction in terms of force/unit area exerted by said selected
      rib against said surface in a plane of said tread/surface interface and
      substantially at said exit end portion;
PA1  d. repeating steps (a) through (c) for additional specimen tires;
PA1  e. measuring the actual amount of tread-wear resulting from rolling each of
      said tires a selected distance over a test-course surface;
PA1  f. substituting the data collected for each said tire from steps (a)
      through (e) in an equation corresponding to:
EQU  W.sub.r = .rho..sub.r,exit .sup.. .phi.(.tau..sub.r,exit),
PAL  wherein
PA1  W.sub.r = tread-wear data collected from step (e),
PA1  P.sub.r, exit = pressure data collected from step (b),
PA1  .phi.(.tau..sub.r,exit) = a statistical distribution function incorporating
      the prevalence of tread-slip on the test-course surface,
PA1  .tau..sub.r,exit = the tractive ratio of the data collected in step (c) to
      the data collected in step (b),
PA1  r = said selected tread-rib, and "exit" = the designation for said exit end
      portion of said tread/surface interface;
PA1  g. determining numerical values of the function .phi.(.tau..sub.r,exit)
      from step (f) for each corresponding rib of each said tire;
PA1  h. tabularizing each value determined in step (g) opposite its
      corresponding tractive ratio constituted by respective ratios of the
      values measured in step (c) to the values measured in step (b);
PA1  i. selecting at least one additional tire whose tread-wear is to be
      predicted;
PA1  j. performing steps (a) through (c) for the selected tire of step (i);
PA1  k. selecting a numerical value from the tabularized data of step (h) of the
      function .phi.(.tau..sub.r,exit) corresponding to the tractive ratio of
      the latter said tire as determined from the data collected from step (j);
      and
PA1  l. substituting the numerical value for .phi.(.tau..sub.r,exit) determined
      in step (k) and the pressure value determined in step (j) in an equation
      corresponding to the equation recited in step (f) to determine anticipated
      tread-wear of the designated rib r of the selected tire of step (i); said
      step (e) comprising:
PA1  forming a plaster casting of a portion of each tread of said steps (a) and
      (d) in both a new and worn condition, the plaster during the formation of
      the castings penetrating the tread-grooves between neighboring
      circumferential tread-ribs and thereby presenting raised casting ribs;
PA1  measuring the depth of each of the corresponding new and worn-condition
      tread castings from reference points constituted of the respective raised
      casting ribs; and
PA1  comparing the relative depths of the corresponding castings to determine
      actual tread-wear.
NUM  2.
PAR  2. A method as claimed in claim 1, including selecting the tires of said
      steps (a) and (d) from a group wherein all tires of the group have
      substantially the same cornering coefficient .theta., said coefficient
      being a ratio of the change in gross side-force exerted by each tire
      against the axle supporting it, divided by the weight born by that tire,
      to the change in slip angle of that tire, the latter said force and slip
      angle being determined by steering said tires in an additional step of
      rolling at a steering angle slightly different from zero degrees.
NUM  3.
PAR  3. A method as claimed in claim 2, including omitting said steps (k) and
      (l), and performing each of said steps (a) through (j) with the exception
      that for the equation recited in said step (f) substitute the following
      equation:
      ##EQU7##
      wherein W.sub.r = tread-wear data collected from said step (e),
PA1  P.sub.r,.sub.exit = pressure data collected from said step (b),
PA1  H.sub.r,.sub.exit = traction data collected from said step (c), and
PA1  .kappa..sub.1 and .kappa..sub.2 = coefficients determined by: (3a) from the
      data tabularized in said step (h) plotting a graph of said
      .phi.(.tau..sub.r,exit) function along a vertical axis and of said
      tractive ratio .tau..sub.r,exit along a horizontal axis, (3b) utilizing
      the slope of a line formed from said graph as said coefficient
      .kappa..sub.1, and (3c) utilizing the .tau..sub.r,exit intercept as said
      .kappa..sub.2 coefficient, and further including substituting the
      numerical values determined for the coefficients and parameters in the
      last said equation to determine anticipated tread-wear of the designated
      rib r of the selected tire of said step (i).
NUM  4.
PAR  4. A method as claimed in claim 3, including modifying the last said
      equation by multiplying the right-hand side of the last said equation by
      the bracketed terms (.kappa..sub.3 .theta. + .kappa..sub.4), selecting
      further specimen tires each having a different cornering coefficient
      .theta., determining the numerical value of said coefficients
      .kappa..sub.1 and .kappa..sub.2 for the last said further specimen tires
      by said steps (3a) through (3c), determining an average value of said
      coefficient .kappa..sub.1 and .kappa..sub.2 for all tires selected,
      plotting a graph of all determined values of the cornering coefficients
      .theta. along a horizontal axis and of the rate of average tread-wear of
      all the ribs of all tires selected along a vertical axis, utilizing the
      slope of a line formed from the last said graph as the value for the
      coefficient .kappa..sub.3, utilizing the tread-wear intercept as the value
      for the coefficient .kappa..sub.4, and utilizing the determined average
      values of said coefficients .kappa..sub.1 and .kappa..sub.2 for the latter
      respectively to solve the modified equation for W.sub.r.
NUM  5.
PAR  5. A method as claimed in claim 4, including introducing a function
      .beta.(.DELTA.H/.rho.) into the last said modified equation such that the
      latter is further modified as follows:
      ##EQU8##
      said function .beta.(.DELTA.H/.rho.) accounting for interactions of
      adjacent ones of the circumferential tread-ribs, the parameter
      .DELTA.H/.rho. of the last said function having one of three forms and
      being dependent upon which rib is selected as follows:
      ##EQU9##
      for an interior rib r;
      ##EQU10##
      for a left-hand outer rib r; and
      ##EQU11##
      for a right-hand outer rib r, and further including: 5a. utilizing the
      actual tread-wear data determined in said step (e) for each tire selected,
      solving the last said further modified equation for the numerical value of
      the function .beta.(.DELTA.H/.rho.) for each tread-rib;
PA1  5b. utilizing the relationships for .DELTA..sub.1 (H/.rho.), .DELTA..sub.2
      (H/.rho.) and .DELTA..sub.3 (H/.rho.), determining the numerical values of
      the latter;
PA1  5c. tabularizing the numerical values determined in said step (5a) opposite
      corresponding values determined in said step (5b);
PA1  5d. for said tire of said step (i), determining the value of .DELTA.H/.rho.
      for a selected one of its ribs;
PA1  5e. from the tabularized data of said step (5c), selecting a value for the
      function .beta.(.DELTA.H/.rho.) which corresponds to the value of
      .DELTA.H/.rho. determined in said step (5d); and
PA1  5f. substituting the value determined in said step (5e) into the last said
      further modified equation together with the numerical values for the
      remaining coefficients and parameters already determined to determine
      anticipated tread-wear of the rib selected in said step (5d).
NUM  6.
PAR  6. A method of measuring actual tread-wear of a pneumatic tire, comprising:
PA1  6a. forming a plaster casting of a portion of a tread in both a new and
      worn condition, the plaster during formation of the castings penetrating
      the tread-grooves between neighboring circumferential tread-ribs and
      thereby presenting raised casting ribs;
PA1  6b. measuring the depth of each of the corresponding new and worn-condition
      tread castings from reference points constituted of the respective raised
      casting ribs; and
PA1  6c. comparing the relative depths of the corresponding castings to
      determine actual tread-wear.
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ABST
PAL  Device suspended from a balloon, said device including a heat-insulated
      thermostatic enclosure which is arranged within an open nacelle fitted
      inside a sheath acting as a sunshade. The outside air, having a low and
      practically stable temperature at high altitudes, is sucked into the
      device and stabilizes the temperature of an airborne equipment.
BSUM
PAR  The present invention relates to a balloon-suspended device and more
      particularly to a device which includes a thermostatic enclosure (i.e.
      within which the temperature must remain substantially constant) and which
      is adapted to be suspended from a constant-ceiling balloon.
PAR  In one specific application, to wit one involving a crystal oscillator for
      giving the position of the balloon by means of an appropriate ground-based
      or satellite-borne facility, the stability of the oscillation frequency is
      particularly affected by the temperature of the crystal, thus making it
      important to avoid unduly large crystal temperature fluctuations in order
      to prevent oscillator frequency drifts that would lead to errors in
      determining the position of the balloon. The temperature variations
      occuring inside the nacelles customarily used are due to the daily
      variations in the external radiation fluxes (solar and albedo radiation).
PAR  For such or like applications, it is common practice to use "active"
      control means, that is to say means which include a real thermostat and an
      external energy source to control it. However, such systems are complex,
      costly, heavy and dangerous to air navigation. The difficulties stem from
      the fact that the aim is usually to achieve a controlled temperature
      differing greatly from the ambient temperature. In seeking to circumvent
      these difficulties, it was realized that it was possible to make use of a
      source of air of reasonably constant temperature for a given ceiling
      altitude, to wit the surrounding air. For at a given altitude above 10,000
      feet the ambient temperature is virtually constant, and there is notably
      no difference between day and night temperatures.
PAR  Accordingly, in the subject device of this invention, the required
      temperature stability inside the enclosure of the device is obtained by
      coupling the enclosure to the cold source formed by the ambient air.
PAR  To that end, said device is formed by a thermally insulated enclosure
      arranged within a convection sheath. The function of this sheath is to
      both intercept external radiations (solar and albedo) and assist
      convection of the ambient air that continuously cools the enclosure by
      flowing around and along it. The thermal insulation of the enclosure is
      intended to augment its thermal inertia and thereby integrate rapid
      temperature fluctuations inside the enclosure resulting from variations in
      the external fluxes and instabilities in the convection phenomena. It is
      to be noted, however, that this enclosure could be associated also with
      active control means, well-known per se as already stated herein, in which
      case the thermal regulation process can be supplemented by the use of very
      small amounts of energy provided by an on-board energy source.
PAR  The description which follows with reference to the accompanying
      non-limitative exemplary drawing will give a clear understanding of how
      the invention can be carried into practice.
DRWD
PAR  In the drawing:
PAR  FIG. 1 is an axial longitudinal sectional portrayal of the subject device
      of this invention;
PAR  FIG. 2 is a cross-section taken through II--II of FIG. 1; and
PAR  FIG. 3 is a graph illustrating the results obtained.
DETD
PAR  FIG. 1 shows the general arrangement of a device according to this
      invention. The crystal oscillator schematically designated by reference
      numeral 1 is contained in an enclosure 2. The latter includes a thin
      interior casing 3 made of copper-beryllium, the function of which is to
      homogenize the temperatures inside the enclosure since the device is
      necessarily subject to thermal asymetry because one of its sides is
      exposed to the sun and the other is in shadow. Casing 3 is surrounded by a
      layer of insulating material 4 (which may be 1 cm-thick expanded
      polystyrene, for example) or by an evacuated enclosure (a Dewar flask)
      which provides good insulation and consequently enhanced thermal inertia.
      This enclosure has its entire surface coated with a thin film of aluminum
      5 which is polished to a mirror finish for insulation against radiation.
PAR  The enclosure 2 may be suspended by thermally insulating nylon cords 10
      attached to the ends of a "nacelle" to form a first sheath 6 coated
      internally and externally with aluminum polished to a mirror finish. Said
      nacelle is in turn arranged within a "sunshade" to form a second sheath 7
      likewise coated internally with mirror-finish aluminum and connected to
      said nacelle by nylon cords 11.
PAR  In one exemplary embodiment, the sunshade may be 100 cm long, the nacelle
      70 cm long and the enclosure 10 cm long. Assuming the diameter of the
      sunshade to be 12 cm, that of the nacelle may be 7 cm and that of the
      enclosure 5 cm. As FIG. 1 clearly shows, the sunshade extends beyond both
      ends of the nacelle.
PAR  The nacelle also houses the remainder of the electronic measurement and
      communications circuitry 8. Connections 9 lead underneath to a second
      device (not shown) carrying the energy generating sources (photocells).
PAR  The external surface of the sunshade is coated with a white paint which
      absorbs very little solar radiation and has a high infrared
      radiation-emitting capacity, thereby to limit daytime heating. Cooling is
      effected by convection through the open-ended nacelle 6. Similarly, the
      gap between the nacelle and the sunshade promotes air convection for
      continuous cooling of the nacelle and the sunshade. The external surface
      of nacelle 6 and the internal surface of sunshade 7 are in polished
      aluminum in order to restrict radiant-heat transfered between the sunshade
      and the nacelle. During the daytime the sunshade is at substantially
      higher than ambient temperature.
PAR  The function of the sunshade is to cut off solar and albedo radiation. It
      absorbs a minimum of radiation flux by reason of its white external
      surface and transmits a minimum back to the nacelle by reason of its
      internal polished-aluminum surface.
PAR  The polished aluminum surfaces consist of sheets of terphane or
      polyethylene aluminized in vacuo. The deposit must be thick enough to be
      virtually non-transparent, the requirement being in all cases to obtain a
      light, brittle, frangible structure that will shatter instantly in the
      event of impact with an aircraft.
PAR  An active temperature control means 12 powered by power supply 13 and shown
      schematicaly in FIG. 1 may be provided for supplementing the temperature
      control provided by the sheathed enclosure of the invention.
PAR  FIG. 3 shows the results accordingly obtainable for an altitude of 46,000
      feet. The maximum timewise temperature variation (by day, for example) is
      approximately dT/dt = 1 deg/15 min, with an ensuing day/night differential
      of approximatey 8 deg, and this with a shallow thermal gradient at the
      heart of the nacelle. The device can be used effectively at any altitude
      up to 65,000 feet.
PAR  Although the enclosure is portrayed in the drawing as being positioned
      substantially midway along the nacelle, it may in fact be advantageous to
      arrange it in a more downward position.
PAR  It goes without saying that changes and substitutions may be made in the
      exemplary embodiment described hereinabove without departing from the
      scope of the invention as set forth in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device adapted to be suspended from a tropospheric balloon in a
      substantially constant temperature environment comprising:
PA1  an apparatus which requires for its correct operation that the temperature
      thereof be maintained between narrow limits for periods in excess of 24
      hours;
PA1  means for maintaining the temperature of said apparatus between narrow
      limits for periods in excess of 24 hours, said temperature maintaining
      means comprising a thermally insulated enclosure surrounding and
      supporting said apparatus, means for providing a solar radiation barrier
      comprising a sheath open at both ends and having a greater cross-section
      and greater length than the cross-section and length respectively of said
      enclosure and connection means for attaching and suspending said enclosure
      within said sheath with a substantial clearance between the enclosure and
      the sheath extending over the entire length of the sheath, said connection
      means including a plurality of cord-like elements having a poor thermal
      conductivity whereby free circulation of the surrounding air is permitted
      between said sheath and said enclosure by natural convection.
NUM  2.
PAR  2. A device as claimed in claim 1, wherein said enclosure includes an
      evacuated casing of the Dewar flask type that provides heat insulation.
NUM  3.
PAR  3. A device as claimed in claim 1, wherein said means for providing a solar
      radiation barrier further comprises a number of additional coaxially
      arranged sheaths having different cross-sectional areas and disposed
      inside one another, each sheath being open at both ends and including
      second connection means having poor thermal conductivity for attaching and
      suspending every inside sheath to the adjacent surrounding sheath.
NUM  4.
PAR  4. A device as claimed in claim 1, wherein said enclosure is coated with
      thermally insulating material that provides heat insulation.
NUM  5.
PAR  5. A device as claimed in claim 3, wherein said number is only one.
NUM  6.
PAR  6. A device as claimed in claim 3, wherein the internal surface of the
      outer sheath of said number of additional sheaths and the internal and
      external surfaces of the sheaths disposed interiorly of the outer sheath
      are covered with a low infrared-radiation-emitting coating and wherein the
      external surface of the outer sheath is covered with a low
      solar-and-albedoradiation-emitting coating.
NUM  7.
PAR  7. A device as claimed in claim 6, wherein said low
      infrared-radiation-emitting coating is aluminum polished to a mirror
      finish and wherein said low solar-and-albedo-radiation emitting coating is
      white paint.
NUM  8.
PAR  8. A device as claimed in claim 1, wherein said enclosure is arranged at
      least substantially midway along said sheath axis.
NUM  9.
PAR  9. A device as claimed in claim 1, in which said enclosure is arranged
      within said sheath between the midpoint of the length of said sheath and
      one end thereof.
NUM  10.
PAR  10. A device as claimed in claim 1, including active control means
      operatively associated with said enclosure for regulating the temperature
      thereof and including an on-board energy source means for providing energy
      to said active control means.
NUM  11.
PAR  11. A device as claimed in claim 1, wherein the elements thereof are
      fabricated of frangible materials whereby upon impact with an aircraft the
      device will shatter substantially instantaneously.
NUM  12.
PAR  12. A device as claimed in claim 3, wherein said enclosure, said sheath and
      said additional sheaths are coaxially arranged and are generally
      cylindrically shaped and wherein the length of each sheath is greater than
      the next adjacent interiorly disposed sheath.
NUM  13.
PAR  13. A device as claimed in claim 1 wherein said apparatus comprises a
      crystal oscillator.
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ABST
PAL  The volume of liquid or gaseous media contaminated with solids is measured
      discontinuously. To this end, an accurately measured volume of a pure
      medium is passed through a measuring device intended for measuring the
      volume of a contaminated medium. The number of the pulses produced by the
      passage of the pure medium through the measuring device is stored. The
      contaminated medium is thereupon passed through the measuring device until
      the number of pulses transmitted by the measuring device corresponds to
      the stored number of pulses. To further improve the accuracy in
      measurement, it is possible for the same amount of the pure medium to be
      passed once again through the measuring device. The number of pulses
      thereby produced is stored and compared with the number of pulses produced
      and stored on the first passage of the pure medium through the measuring
      device. The number of pulses last stored is modified by half the
      difference between the two numbers of pulses stored. In the next following
      metering cycle, contaminated medium is passed through the measuring device
      until the number of pulses produced by the measuring device corresponds to
      the number of pulses modified.
BSUM
PAR  The present invention relates to a method for the discontinuous measurement
      of the volume of liquid or gaseous media contaminated with solids, and
      also to an apparatus for carrying out the method of the invention.
PAR  In the measurement of the volume of liquid or gaseous media contaminated
      with the solids the measuring devices, such as for example oval gear
      meters, are soiled by depositions to such an extent that correct measuring
      is no longer possible with these measuring devices. For media of this kind
      the expedient is frequently adopted of utilising measuring devices, such
      as for example Venturi tubes, which are less sensitive to depositions,
      even if their accuracy of measurement leaves much to be desired and may be
      still further impaired in each subsequent metering operation because of
      further depositions in the measuring device. Even frequent rinsing out of
      the measuring device between metering operations does not ensure that
      practically constant conditions are maintained in respect of deposition in
      the measuring device.
PAR  The problem underlying the invention therefor consists in providing a
      method for the discontinuous measurement of the volume of liquid or
      gaseous media contaminated with solids, and also an apparatus for carrying
      out this method, wherein the influence of fouling, which is caused by the
      contaminated medium, on the volume measurement is detected and taken into
      account for each metering cycle by corresponding correction. According to
      the invention this is achieved by first passing a pure medium, the volume
      of which has already been accurately measured, through the measuring
      device intended for measuring the volume of contaminated medium, storing
      the number of pulses produced by the flow of the pure medium through the
      measuring device, and thereupon allowing contaminated medium to flow
      through the measuring device until the number of pulses transmitted by the
      latter corresponds to the stored number.
PAR  The method of the invention may also optionally be characterised in that
      the same accurately measured amount of the pure medium is again passed
      through the measuring device, the number of pulses thereby produced is
      stored, this number of pulses is compared with the number of pulses
      produced by the measuring device and stored on the first passage of the
      pure medium, the number of pulses last stored is modified by half the
      difference between the two stored numbers of pulses, and in the following
      metering contaminated medium is passed through the measuring device until
      the number of pulses thereby produced by the latter corresponds to the
      modified number of pulses.
DRWD
PAR  The apparatus for carrying out the method will first be explained with the
      aid of the accompanying drawings in which:
PAR  FIGS. 1-3 are schematic diagrams including apparatus which is one
      embodiment of this invention and binary functional diagrams illustrating
      operation of one embodiment of the process invention thereby;
PAR  FIG. 4 is a schematic diagram similar to FIGS. 1-3 for modified forms of
      the apparatus and process invention;
PAR  FIGS. 5-8 are binary functional diagrams of the operation of this invention
      where the measuring conditions vary only to a slight amount during
      measurement of the pure and contaminated mediums; and
PAR  FIGS. 9-19 are binary functional diagrams of the operation of this
      invention where the measuring conditions vary considerably during
      measurement of the pure and contaminated mediums.
DETD
PAR  In the latter, FIGS. 1 to 4 shows on the left-hand side a diagram of piping
      with fittings, while on the right-hand side in each case different binary
      linked function modules are indicated diagrammatically. The piping
      diagrams and fittings are identical in FIGS. 1 to 3, while in FIG. 4 a
      modified arrangement for a special kind of metering is shown. An
      installation of the kind shown in FIG. 3 is used when it is desired to
      meter amounts of pure medium K1 and medium K2 contaminated with solids
      which are not equal in magnitude. With the aid of the presetter VE2 it is
      then possible to preselect the additional amount of pure medium K1. The
      comparator VG4 compares the quantity pulses recorded in the meter Z1 with
      the residual amount of pure medium K1 preselected in presetter VE2, and
      closes the valve 3 when equality of the two values is determined.
PAR  An installation of the kind shown in FIG. 4 is used when only contaminated
      medium K2 is to be metered or measured, in which case the pure medium K1
      necessary for the comparison measurement is branched off from the pipe 7
      with the aid of the three-way valve 11 and discharged through the pipe 12.
PAR  The pipe 1 contains an oval gear meter 2 and, downstream in the direction
      of flow, a valve 3 adapted to be automatically operated. A pipe 4 contains
      a valve 5 adapted to be automatically operated. The pipes 1 and 4 lead
      into another pipe 6 containing a Venturi tube 7 with an analog pulse
      converter 13. Downstream of the Venturi tube 7 the pipe 6 may additionally
      contain a three-way valve 11 which is adapted to be automatically operated
      and has a lateral pipe 12 (FIG. 4). In this case the pipe 1 can receive
      pure medium K1 and the pipe 4 medium K2 contaminated with solids. Whereas
      the medium K2 always leaves the system by way of pipe 7, the medium K1 may
      either pass out there (FIGS. 1 to 3) or leave the system by way of the
      pipe 12 (FIG. 4).
PAR  A processing unit 8 contains a counter Z1, a comparator VG1, and a
      presetter VE1 (FIGS. 1, 2 and 4); in addition, another comparator VG4 and
      another presetter VE2 (FIG. 3) may be provided. In this arrangement the
      oval gear meter 2 is connected to the counter Z1 and the comparator VG1 or
      the comparators VG1 and VG4 is or are connected to the valve 3 which is
      adapted to be automatically operated.
PAR  A processing unit 9 contains a comparator VG2, which is linked to a counter
      Z2 and a register R1, the counter Z2 being fed by the analog pulse
      converter 13 with quantity pulses from the preceding measuring arrangement
      (Venturi tube 7) and the comparator VG2 automatically triggering the
      operation of the valve 5.
PAR  A processing unit 10 contains a register R2, a counter Z3, a comparator
      VG3, a divider DT, and a clock generator TG, the register R2 and the
      divider DT being connected to the counter Z2 in the processing unit 9
      (FIGS. 2 and 3).
PAR  More specifically, the installation for carrying out the method of the
      invention is characterised by a pipe 1 containing a flowmeter suitable for
      the accurate metering of a pure medium K1 and an automatic valve 3; by a
      pipe 4 containing an automatic valve 5, the pipes 1 and 4 leading into
      another pipe 6 in which is provided a flow meter 7 suitable for metering a
      contaminated medium K2; by a processing unit 8 containing a counter Z1, a
      presetter VE1, and a comparator VG1, the counter Z1 being connected to the
      flowmeter 2 and the comparator VG1 to the automatic valve 3, while the
      comparator VG1 is connected to the counter Z1 and the presetter VE1 and
      closes the automatic valve 3 when the amount of pure medium adjusted in
      the presetter VE1 has passed through the flowmeter 2; and by a processing
      unit 9 containing a counter Z2 a register R1, and the comparator VG2, the
      counter Z2 being connected to the flowmeter 7 and the comparator VG2 to
      the automatic valve 5, while the comparator VG2 is connected to the
      counter Z2 and the register R1 and closes the automatic valve 5 when the
      amount of contaminated medium which has flowed through the flowmeter 7 has
      produced the number of pulses which is equal to the number of pulses
      stored in the register R1 from the preceding passage of the amount of pure
      medium through the flowmeter 7.
PAR  The installation is further characterised by a pipe 1 containing a
      flowmeter 2 suitable for the accurate metering of a pure medium K1 and an
      automatic valve 3; by a pipe 4 containing an automatic valve 5, the pipes
      1 and 4 leading into another pipe 6 containing a flowmeter 7 suitable for
      metering a contaminated medium K2; by a processing unit 8 containing a
      counter Z1, a presetter VE1 and a comparator VG1, the counter Z1 being
      connected to the flowmeter 2 and the comparator VG1 to the automatic valve
      3, while the comparator VG1 is connected to the meter Z1 and the presetter
      VE1 and closed the automatic valve 3 when the amount of pure medium
      adjusted in the presetter VE1 has passed through the flowmeter 2; by a
      processing unit 9 containing a counter Z2, a register R1, and a comparator
      VG2, the counter Z2 being connected to the flowmeter 7 and the comparator
      VG2 to the automatic valve 5, while the comparator VG2 is connected to the
      counter Z2 and the register R1 and closes the automatic valve 5 when the
      amount of contaminated medium which has passed through the flowmeter 7 has
      produced the number of pulses which is equal to the number of pulses
      stored in the register R1 from the preceding passage of the amount of pure
      medium through the flowmeter 7; and by a processing unit 10 containing a
      register R2, a counter Z3, a comparator VG3, a clock generator TG and a
      divider DT, the divider DT being connected to the clock generator TG, the
      counter Z3, and the counter Z2 of the processing unit 9, and the register
      R2 being connected to the counter Z3, the comparator VG3, and the register
      R1 and also to the counter Z2 of the processing unit 9, while the
      comparator VG3 is connected to the clock generator TG.
PAR  In addition, the installation may selectively be characterised in that:
PAR  a. in the processing unit 8 another presetter VE2 and another comparator VG
      4 are provided, the comparator VG4 being connected to the presetter VE2,
      the counter Z1, and the comprator VG1 and also to the automatic valve 3;
PAR  b. a downstream of the flowmeter 7 the pipe 6 contains an automatic
      three-way valve 11 with a pipe 12, the three-way valve 11 connected to the
      comparator VG1 diverting the medium into the pipe 12 when the automatic
      valve 3 is open;
PAR  c. the flowmeter 2 is an oval gear meter;
PAR  d. the flowmeter 2 is an annular piston meter;
PAR  e. the flowmeter 7 is a Venturi tube, while between the latter and the
      counter Z2 of the processing unit 9 an analog pulse converter 13 is
      connected;
PAR  f. the flowmeter 7 is an orifice, an analog pulse converter 13 being
      connected between the orifice and the counter Z2 of the processing unit 9.
PAR  The operating cycle will be explained more fully with reference to FIGS. 5
      to 19. FIGS. 5 to 8 illustrate the operating cycle for the case where the
      measuring conditions vary only slightly during a measurement of the
      contaminated medium, whereas FIGS. 9 to 19 illustrate the operating cycle
      in cases where the variation of measuring conditions during a measurement
      of the pure and contaminated medium is not negligible.
PAR  In FIGS. 5 to 19 the various function modules in operation in the
      processing units are hatched; the references have the same meanings as in
      FIGS. 1 to 4. The process according to FIGS. 5 to 8, in which an
      installation of the kind shown in FIG. 1 is used, takes place as follows:
PAR  FIG. 5: A quantity, for example 50 litres, is first preselected in the
      presetter VE1. The valve 3 thereupon opens and pure medium K1 flows until
      50 litres have passed through the oval gear meter 2, which is detected by
      the comparator VG1 which then effects the closing of the valve 3. This
      amount of pure medium K1 has however also passed through the Venturi tube
      7 and by means of the analog pulse converter has recorded a quantity value
      MW1 in the counter Z2, for example 705 pulses.
PAR  FIG. 6: The quantity value MW1 is transferred from the counter Z2 to the
      register R1.
PAR  FIG. 7: After the valve 5 has been opened, contaminated medium K2 flows
      through the Venturi tube 7 until the quantity valve MW2 counted in the
      counter Z2 corresponds to the valve MW1 stored in the register R1. The
      comparator VG2 thereupon gives the command for the closing of the valve 5.
PAR  FIG. 8: All stored measurements are erased. The installation is thereupon
      ready for operation for a new metering cycle.
PAR  The process according to FIGS. 9 to 19, in which an installation of the
      kind shown in FIG. 2 is used, takes place as follows:
PAR  FIG. 9: As in the case of FIG. 5, a preselected amount of pure medium K1,
      for example 50 litres, first passes through the oval gear meter 2 and the
      Venturi tube 7, so that in the counter Z2 a quantity value MW1, for
      example 705 pulses, is counted.
PAR  FIG. 10: The quantity value MW1 is transferred from the counter Z2 to the
      registers R1 and R2.
PAR  FIG. 11: After the opening of the valve 5, contaminated medium K2 flows
      through the Venturi tube 7 until the quantity value MW2 counted in the
      counter Z2 corresponds to the value MW1 stored in the register R1. The
      comparator VG2 then closes the valve 5.
PAR  FIG. 12: The quantity value MW1 is transferred from the register R2 to the
      counter Z3. The counters Z1 and Z2 and also the registers R1 and R2 are
      cleared. In the presetter VE1 the previously preselected amount in
      accordance with FIG. 9, for example 50 litres, remains adjusted.
PAR  FIG. 13: On the passage of this same amount of pure medium K1 through the
      Venturi tube 7 as in the case of FIG. 9, a different quantity value MW3,
      for example 711 pulses, is counted in the counter Z2 as the result of
      depositions in the Venturi tube 7.
PAR  FIG. 14: The correction for the next metering of the contaminated medium K2
      is prepared by the transfer of the quantity value MW3 to the register R2.
PAR  FIG. 15: With the aid of the clock generator TG and of the comparator VG3
      the difference between the pulses stored in the register R2 and in the
      meter Z3, for example 6 is determined and fed to the divider DT. The
      output pulses of the divider DT, that is to say half the input pulses in
      the case of the dual divider, namely three pulses in the example given,
      are added. The new quantity value is designated MW4.
PAR  FIG. 16: The corrected number of pulses MW4 of the counter Z2, for example
      714 pulses, is transferred to the register R1. The counters Z2 and Z3 are
      cleared.
PAR  FIG. 17: After the opening of the valve 5, contaminated medium K2 then
      flows through the Venturi tube 7 until the quantity value MW5 counted in
      the counter Z2 corresponds to the value MW4 stored in the register R1, for
      example 714 pulses, which is detected by the comparator VG2. The
      comparator VG2 then closes the valve 5.
PAR  FIG. 18: The quantity value MW3 is transferred from the register R2 to the
      counter Z3. The other function modules are cleared.
PAR  FIG. 19: When a preselected amount of pure medium K1, for example 50
      litres, again passes through the Venturi tube 7, once again a different
      quantity value of MW6, for example 717 pulses, is counted in the counter
      Z2 as the result of further depositions.
PAR  The method of the invention can for example be applied to the metering of
      contact mass suspended in inert liquid (contaminated medium K2) which is
      used for the polymerisation of unsaturated hydrocarbons, in which case the
      inert liquid used may be motor spirit. Motor spirit then also serves as
      pure medium K1.
PAR  The method of the invention may for example also be used for volume
      measurement of carbide furnace gas charged with dust and moisture
      (contaminated medium K2), in which case the measuring device is calibrated
      from time to time with nitrogen (pure medium K1).
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for the discontinuous measurement of the volume of liquid and
      gaseous media, respectively, contaminated with solids, by alternately
      flowing a pure medium of an accurately measured volume and a contaminated
      medium of unknown volume which is to be measured through a measuring
      device delivering its measured results in the form of pulses; storing the
      number of pulses delivered by the passage of said pure medium through the
      measuring device; flowing contaminated medium through the measuring device
      until the number of pulses delivered by the measuring device corresponds
      to the number of stored pulses; flowing said pure medium through the
      measuring device and storing the number of pulses delivered; comparing the
      last number of pulses stored with the number of pulses delivered and
      stored on the previous passage of said pure medium through the measuring
      device; modifying the number of pulses last stored by half the difference
      between the two stored numbers of pulses; and passing, in the next
      following metering cycle, contaminated medium through the measuring device
      until the number of pulses delivered by the measuring device corresponds
      to the modified number of pulses.
NUM  2.
PAR  2. An apparatus for the discontinuous measurement of the volume of liquid
      and gaseous media, respectively, contaminated with solid matter, the
      apparatus comprising
PA1  a. a first pipe provided with a first flowmeter permitting the supply of
      metered quantities of a pure medium and with a first automatically
      actuated valve; a second pipe provided with a second automatically
      actuated valve, the first pipe and the second pipe leading into a third
      pipe provided with a second flow meter permitting the supply of metered
      quantities of a contaminated medium;
PA1  b. a first processing unit comprised of a first counter connected to the
      first flow meter in said first pipe; a first presetter, and a first
      comparator; said first comparator being connected to the first
      automatically actuated valve, to the first counter and to the first
      presetter, and closing the first automatically actuated valve in said
      first pipe when a quantity of pure medium adjusted in the first presetter
      has passed through the first flowmeter;
PA1  c. a second processing unit comprised of a second counter connected to the
      second flowmeter in said third pipe, a first register, and a second
      comparator; the second comparator being connected to the second
      automatically actuated valve, to the second counter and to the first
      register, and closing the second automatically actuated valve in said
      second tube when an amount of contaminated medium which has passed through
      the second flowmeter in said third pipe has produced a number of pulses
      which is equal to the number of pulses stored in the first register from
      the previous passage of the quantity of pure medium through the second
      flowmeter;
PA1  d. a third processing unit comprised of a second register, a third counter,
      a third comparator, a clock generator, and a divider, said divider being
      connected to the clock generator, to the third counter, and to the second
      counter of the second processing unit; the second register being connected
      to the third counter, to the third comparator, to the first register, and
      to the second counter; and the third comparator being connected to the
      clock generator.
NUM  3.
PAR  3. The apparatus as claimed in claim 2, wherein the first processing unit
      comprises a second presetter and a further comparator being connected
      together, to the first counter, and to the first comparator and to the
      first automatically actuated valve in said first pipe.
NUM  4.
PAR  4. The apparatus as claimed in claim 2, wherein said third pipe is provided
      downstream of the second flowmeter with an automatically actuated
      three-way valve terminating in a tubular-structure, said three-way valve
      being connected to the first comparator delivering the medium into the
      said tubular structure when said first automatically actuated valve in
      said first pipe is open.
NUM  5.
PAR  5. The apparatus as claimed in claim 2, wherein the first flowmeter is an
      oval gear meter.
NUM  6.
PAR  6. The apparatus as claimed in claim 2, wherein the first flowmeter is an
      annular piston meter.
NUM  7.
PAR  7. The apparatus as claimed in claim 2, wherein the second flowmeter is a
      Venturi tube, and wherein an analog pulse converter is provided between
      the Venturi tube and the second counter of the second processing unit.
NUM  8.
PAR  8. The apparatus as claimed in claim 2, wherein the second flowmeter is an
      orifice, and wherein an analog pulse converter is provided between the
      orifice and the second counter of the second processing unit.
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PAL  A circuit for detecting flow pulses in a fluid stream includes a thermistor
      placed in the fluid stream for sensing changes in the flow rate, an R-C
      filter in circuit with the thermistor for passing pulses having a
      specified minimum flow rate change, and a square wave generator for
      producing an output signal when the filter passes a pulse.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This application is related to a co-pending application entitled "Pulsed
      Injection System" filed together herewith.
PAR  The invention relates to detecting pulses in fluid flow.
PAR  Thermistors, which are temperature variable resistors, are often used to
      detect the flow of fluids. A thermistor carrying a heat generating current
      is placed in a fluid stream, which removes the heat at a rate dependent
      upon the rate of flow of the fluid. A high flow rate will remove a large
      amount of heat and thus raise the resistance of the thermistor while a low
      flow rate will remove little heat and conversely lower its resistance.
      This principle is illustrated in U.S. Pat. No: 2,728,225 by Skibitzke.
PAR  One current method of converting thermistor resistance to flow rate is to
      place the thermistor in the well-known bridge configuration with other
      resistors. The thermistor's instantaneous resistance is determined by
      balancing the bridge with a calibrated variable resistor and calculating
      the resistance from the known values of the other resistors in the bridge.
      The thermistor resistance is then converted to flow rate by the
      application of an experimentally-determined conversion factor.
PAR  The bridge configuration is sufficient when only the instantaneous flow
      rate need be determined. There are other situations however in which it is
      important to know that a change in the rate of flow has occured rather
      than to know the precise value of the flow rate itself. One example of
      this situation occurs in the co-pending application entitled "Pulsed
      Injection System," which may be used to inject odorants into odorless fuel
      gases.
PAR  It is critically important to detect pulses, or rapid changes, in the rate
      of such fluid flow in such apparatuses as that disclosed in the co-pending
      application. Odorless fuel gases, such as propane, pose a danger to users
      in the event of leaks. Users may be overcome by leaking gases without
      prior warning of the danger. To provide a danger signal, odorants, such as
      mercaptans, are injected into the gas as it flows from a storage area. The
      injection process must be continually monitored to provide assurance that
      the odorant is acutually being added to the gas. In a digital pulse
      injection system, the optimum monitoring device is a pulse flow detector
      in the odorant fluid stream.
PAR  It is therfore an object of the invention to fill the need for a thermistor
      flow detector that senses pulses in fluid flow.
PAC  SUMMARY OF THE INVENTION
PAR  With this and other objects in view, the invention contemplates a
      thermistor disposable in a fluid stream in circuit with a pulse filter to
      sense rapid changes in fluid flow and a square wave generator to provide a
      pulse indicator signal.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention may be more fully understood with reference to the exemplary
      embodiments illustrated in the following drawings and subsequent
      description:
PAR  FIG. 1 illustrates a fluid injection system in which the invention may be
      used;
PAR  FIG. 2 shows a thermistor flow sensor mounted in a fluid stream;
PAR  FIG. 3 shows a pulse detector circuit embodying the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention may be used in a system such as the fluid injection system
      shown in Figure 1. An injection pump 10, which may be of the reciprocating
      type with a diaphragm head, has a cam 12 mounted on a shaft 14. A switch
      16 is mounted on the side of pump 10 and situated such that it may be
      engaged by cam 12.
PAR  The pump 10 pumps a fluid, e.g. gaseous ordorant, about a circuitous path
      from a supply tank 19; through a strainer, or filter 20; through a
      pressure solenoid valve 22; through a pressure relief valve 24; and
      finally back into tank 18. The fluid may also flow along another path from
      valve 22; through a pulse flow detector 26; through a check valve 28; and
      into a main fluid stream 30.
PAR  Valve 22 has an inlet port 32, a normally open outlet port 34 and a
      normally closed outlet port 36. The operation of valve 22 is controlled by
      circuitry 38, which communicates with pump 10 and switch 16. As the pump
      10 operates, cam 12 closes switch 16 on every revolution, sending a pulse
      signal to digital electronic circuitry 38. A turbine meter 39 generates a
      pulse signal in proportion to the rate of flow in main stream 30 and also
      sends it to control circuitry 38. Circuitry 38 generates a control signal
      after having received both signals, which causes output port 36 of valve
      22 to open and outlet port 34 to close. This allows a pulse of fluid from
      tank 18 to enter main stream 30. Circuitry 38 also communicates with pulse
      flow detector 26 by means of lead 82 to allow the circuitry to actuate an
      alarm if it fails to deliver fluid to the main stream 30.
PAR  FIG. 2 shows the sensor portion of the pulse flow detector 26 shown in FIG.
      1. A thermistor 40 is mounted in a carrier 42 that is connected to a pipe,
      or other fluid carrying means 44. A tip portion 46 of thermistor 40
      protrudes into the fluid stream, whose flow is designated by arrow 48.
      Electrical leads 50 provide communication with the associated circuitry
      shown in FIG. 3.
PAR  In FIG. 3 thermistor 40 may connect in series by means of leads 50 to a
      current limiting resistor 52. Resistor 52 may also be configured as two
      discrete resistors to provide standby protection for thermistor 40 should
      one of the two fail.
PAR  Thermistor 40 communicates with a pulse filter comprising resistor 54 and
      capacitor 56. These two components are selected to pass only pulses whose
      frequency components correspond to the pulses provided by pump 10 of FIG.
      1.
PAR  The output of the pulse filter is coupled to an amplifier 58 by means of
      resistor 60 and enters the amplifier through a resistor 66. A feedback
      resistor 68 couples this input and output of amplifier 58. The
      amplification factor of the amplifer is, according to well known
      principles, the ratio of resistor 68 to the sum of resistor 60 and the
      paralleled value of resitors 62 and 64.
PAR  The output of amplifier 58 passes through a limiting resistor 70 into a
      transistor 72, which may be of the PNP type, that is biased by a resistor
      74. A collector resistor 76 limits the current in the collector-emitter
      circuit of transistor 72. Transistor 72 is biased and the signal provided
      by amplifier 58 is sufficiently large to operate in the saturated mode.
      Transistor 72 thus provides a square wave flow indicator pulse 82 to an
      output resistor 78 for every input temperature pulse to thermistor 40. The
      output pulse signal 82 at resistor 78 communicates with control circuitry
      38 (Figure 1) to indicate that a pulse of fluid has entered the main
      stream. To protect the small current levels associated with the thermistor
      portion of the circuit from the large currents in the indicator square
      wave portion, a voltage regulator 80, can be inserted in the circuit at
      the power supply to isolate the two portions.
PAR  While particular embodiments of the invention have been shown and
      described, it is obvious that changes can be made without departing from
      the true spirit and scope of the invention. It is the intention in the
      appended claims to cover all such modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a fluid injection system having an injection pump which periodically
      produces fluid pulses in a fluid stream, a fluid pulse flow detector
      circuit comprising:
PA1  a. a power supply for producing a first power supply voltage;
PA1  b. a voltage regulator coupled to said power supply for producing a second
      power supply voltage which is relatively low compared to said first power
      supply voltage;
PA1  c. a thermistor disposed in the fluid stream and coupled to said second
      power supply voltage with the thermistor being heated by the flow of
      current through it and cooled by fluid pulses in the fluid stream, and
      with the cooling resulting in a decreased resistance in the thermistor;
PA1  d. a limiting resistor coupled in series with said thermistor across said
      second power supply voltage, said limiting resistor functioning to limit
      the current through the thermistor, and the limiting resistor and
      thermistor functioning as a voltage divider network with the voltage
      across the thermistor varying with its resistance in dependence upon
      temperature, whereby each fluid pulse which cools the thermistor results
      in a voltage pulse across the thermistor;
PA1  e. a pulse filter means, coupled to the output of said thermistor and
      including a series coupled resistor and capacitor, for passing only pulses
      having frequency components corresponding to the pulses provided by the
      injection pump;
PA1  f. a feedback amplifier, coupled to the output of said pulse filter means,
      for amplifying the output of said pulse filter;
PA1  g. a series coupled limiting resistor and biasing resistor coupled to the
      output of said amplifier; and
PA1  h. a transistor means, coupled to said first power supply voltage and
      further coupled to receive the voltage across said biasing resistor as an
      input, for being driven to saturation by each voltage pulse across the
      biasing resistor to produce a squarewave pulse output across an output
      load resistor in response to each voltage pulse across the biasing
      resistor, whereby the output of the circuit is a squarewave pulse for each
      fluid pulse produced by the injection pump.
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ABST
PAL  A flowmeter for measuring the quantitative flow of fluids such as gases
      passing therethrough is disclosed and includes a housing forming at its
      upper end a centrally located tubular guide. The housing has a centrally
      located chamber which terminates at its upper end at the tubular guide.
      The chamber is in communication with a gas outlet. A gas tube is mounted
      in the chamber and has a fluid escape slot which opens to the chamber. The
      gas tube communicates at its lower end with a gas inlet. A float is
      provided which is adapted to slidably move up and down within the gas tube
      and the tubular guide of the housing. A sight glass is mounted on the
      upper portion of the housing co-axial with the float for viewing movement
      of the upper portion of the float therein. The sight glass is sealed at
      its upper end forming fluid shock absorbing means to accommodate and
      compensate for rapid upward and downward movement of the float.
BSUM
PAC  BACKGROUND
PAR  This invention relates to a fluid flowmeter of the variable orifice-type.
      More particularly, this invention relates to an improved flowmeter for
      measuring the quantitative flow of fluids such as gases passing
      therethrough which is characterized by a piston-like float member which
      closely fits in a float guide to eliminate undesirable oscillations and
      cooperates with a shock absorbing chamber in the form of a sealed sight
      glass above the piston-like float for compensating for rapid upward and
      downward movement of the float.
PAR  Orifice-type fluid flowmeters are well-known in the art. Meters of this
      type operate on the principal of measuring the pressure drop across a
      restrictive orifice placed in the flow line. Such meters may use a fixed
      size orifice, such as a hole in a plate, in which case there is a pressure
      drop of the fluid from a point in front of the plate to a point behind the
      orifice. This pressure drop is a function of the flow.
PAR  It is also known to construct orifice flowmeters with a variable orifice
      and a constant pressure drop. In such meters the size of the orifice is a
      function of the flow. Such variable orifice-type meters have been
      constructed with a tapered tube, in which a fixed size "float" such as a
      spherical ball is placed. The float is urged upstream in the tapered tube
      by a predetermined force. The inside diameter of the tube tapers in such a
      direction as to be larger downstream. Normally, meters of the variable
      orifice type are made so as to function in a vertical position with the
      direction of flow upwards through the tube thereby relying on the force of
      gravity to urge the float downward.
PAR  Another type of variable orifice flow meters are those using a tube with a
      constant diameter and a vertical fluid escape slot or row of holes. These
      tubes are used with an elongated float which slides up and down inside the
      constant diameter tube. U.S. Pat. No. 341,841 to Gleason of May 11, 1886,
      and U.S. Pat. No. 1,238,498 to Dawley of Aug. 28, 1917, describe
      flowmeters of this general type.
PAR  Fluid flowmeters of the type referred to above and exemplified in the
      Gleason and Dawley patents have not been entirely successful from a
      commercial standpoint for several reasons. One is that the elongated float
      member is susceptible to oscillation due to the action of a fluid, such as
      a gas, passing through the meter. This makes an accurate reading of the
      meter difficult and in instances where precise metering is required, this
      operates as a serious drawback.
PAR  Another problem encountered is the rapid upward movement of the indicator
      member due to a surge of in-flowing gas. This can cause uncontrolled rapid
      upward movement of the indicator resulting in damage to the meter itself
      and loss of calibration. Uncontrolled downward movement of the indicator
      when the gas flow stops can have similar undesirable effects.
PAR  The present invention overcomes drawbacks encountered with prior flowmeters
      by providing an improved construction which eliminates oscillation and
      provides shock absorption means for accommodating and compensating for
      rapid upward and downward movement of a float member.
PAC  SUMMARY
PAR  The present invention provides an improved flowmeter for quantitatively
      measuring the flow of fluids such as gases passing therethrough and
      comprises:
PAR  a. a housing forming at its upper end a centrally located tubular guide
      which extends in the axial direction a suitable length so as to provide a
      good sliding-sealing contact surface;
PAR  b. the housing having a centrally located chamber terminating at its upper
      end at the tubular guide and communicating with the gas outlet;
PAR  c. a gas tube mounted in the chamber having a fluid or gas escape slot
      opening to the chamber in the housing and communicating at its lower end
      with a gas inlet;
PAR  d. a float adapted to slidably move up and down within the gas tube and the
      tubular guide of the housing; and
PAR  e. a sight glass mounted on the upper portion of the housing co-axially
      with the float for viewing the movement of the upper portion of the float
      therein, said sight glass being sealed at its upper end forming a fluid
      shock absorbing chamber to accommodate and compensate for rapid upward and
      downward movement of the float.
PAR  In a preferred embodiment means are provided to change the axial position
      of the gas tube in the housing chamber for calibrating the flowmeter.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The present invention will be more fully understood from the following
      description taken in conjunction with the accompanying drawing wherein:
PAR  FIG. 1 is a vertical sectional view partly broken away of an improved
      flowmeter according to the invention;
PAR  FIG. 2 is a sectional view taken along line 2--2 of FIG. 1; and
PAR  FIG. 3 is a vertical sectional view partly broken away showing an alternate
      embodiment of the flowmeter of the invention.
DETD
PAC  DESCRIPTION
PAR  Referring now to the drawing and in particular to FIGS. 1 and 2 thereof,
      the improved flowmeter of the invention is shown to include a housing 10
      which is preferably generally vertically positioned. The housing 10 forms
      tubular guide 12 at its upper end. According to a preferred embodiment,
      the tubular guide 12 extends axially a suitable length d.sup.1 so as to
      provide a good sliding-sealing contact surface. For instance, d.sup.1
      preferably is at least 0.1 times diameter d.sup.2. The housing 10 has a
      centrally located chamber 30 which terminates at its upper end at the
      tubular guide 12 and communicates with gas outlet 14.
PAR  Gas tube 16 is mounted centrally of chamber 30 and has a vertical gas
      escape slot 18 which opens to chamber 30 (note especially FIG. 2 of the
      drawing).
PAR  The gas tube 16 is mounted centrally of the housing chamber 30 by means of
      a lower collar member 11 and an upper collar member 17 each of which is
      sealed against the leakage of gas by means of O-rings 9 between the gas
      tube 16 and the respective collar members 11 and 17 and the housing itself
      10. Lower collar member 11 is provided with a vertical slot 15 into which
      pin member 13 fits to orient the gas tube 16 and the outlet slot 18 in a
      desired direction, for instance in the direction of the gas outlet 14 as
      shown in FIG. 1.
PAR  At the lower end of the housing 10 is gas inlet 28 which communicates with
      the lower end of the gas tube 16 via adjustable collar 26. Collar 26,
      which screws into the lower portion of the housing 10 via internal threads
      27 makes it possible to change the axial position of the gas tube 16 and
      the starting position 18 of the slot 18 thus changing and calibrating the
      fluid flowmeter of the invention. A pre-load spring 19 is positioned
      between the housing 10 and the upper collar member 17 to securely hold the
      gas tube 16 in place centrally of the chamber 30 while permitting axial
      movement of the gas tube 16 for calibration of the fluid flowmeter.
PAR  A float member 20 is provided which is generally piston-like in
      configuration. The float 20 can have an enlarged lower portion 22 which
      slidably fits within the gas tube 16. The portion 24 of the float 20 above
      the enlarged portion 22 can have a constant diameter as shown in FIG. 1
      which is less than the inside diameter of the gas tube 16. The portion 24
      of constant diameter of the float 20 is adapted to slidably fit within the
      tubular guide 12 in the upper portion of the housing 20. If desired, the
      float 20 can be uniform, i.e., the same diameter throughout, and move up
      and down within the tube 16 and the guide 12 which in this instance would
      have the same diameter.
PAR  A lower stop collar 29 is positioned so as to arrest downward movement of
      the float 20 and insure that it comes to rest at a predetermined level
      when the gas flow ceases. The collar is preferably somewhat soft, e.g.,
      made of nylon or the like to cushion and protect the float 20 when it
      drops down.
PAR  A sight glass 32 is mounted on the upper portion of the housing 10 by means
      of block member 36 which is supported by frame members 34 which extend
      downwardly along the sides of the housing 10. The sight glass 32 is sealed
      at its upper end in block 36 by way of O-ring 9 and the lower portion is
      sealably mounted in the housing 10 itself via O-ring 9.
PAR  Because of the close sliding fit between portion 24 of the float 20 and the
      tubular guide 12 in the upper portion of the housing 10, oscillation of
      the float 20 while gas is flowing through the meter is not possible.
PAR  The sight glass 32 because of its sealed relationship to the housing 10 and
      the sliding fit between the float 20 and the tubular guide 12, form a
      shock absorbing chamber providing a fluid cushion which accommodates and
      compensates for rapid upward and downward movement of the float member 20
      due to an in-rush of gas via inlet 28 and termination of the gas flow. In
      other words, glass chamber 32 damps out oscillations of the float 20.
PAR  The upper portion of the float 20 can be hollowed out as shown in FIG. 1 to
      adjust the weight and dimensions of the float 20 itself.
PAR  A pointer member 38 is mounted on one of the frame members 34 via thumb
      screw member 39 for indicating a predetermined flow.
PAR  The flowmeter is calibrated by using different size stop collars 29 and/or
      by turning calibration collar 26 in a direction so as to raise or lower
      the axial position of the gas tube 16.
PAR  In an alternate embodiment as shown in FIG. 3, the meter of the invention
      can be calibrated by means of a by-pass conduit 42 which connects the gas
      inlet 28 and the housing chamber 30. The conduit 42 has valve means such
      as needle valve means 40 for regulating and interrupting the flow of gas
      through the conduit 42. In this instance, it should be noted that the gas
      escape slot 18 is oriented away from the gas outlet 14. The slot 18 can be
      oriented in any direction desired.
PAR  In operation, the flowmeter of the invention is connected via inlet 28 to a
      source of flowing gas for purposes of measuring the quantitative flow of
      such gas. The flow of such gas is continued downstream of the meter via
      gas outlet 14. As gas enters the meter, the flow force thereof causes the
      float 20 to rise and as the incoming gas escapes through the portion of
      the slot 18 in the tube 16, exposed by upward movement of the float 20,
      equilibrium is quickly reached and the float comes to rest at a point
      within the gas tube 16 depending on the flow force of the gas passing
      through the inlet and the exposed portion of the slot 18 and the tube 16.
      The amount of gas flowing through the meter can be calibrated and
      calculated using known physical relationships which can then be directly
      transcribed to a scale or other such indicia on or associated with the
      sight glass 32.
PAR  Because the sight glass 32 is sealed between upper block member 36 and the
      housing 10, there is provided a shock absorption chamber to compensate for
      rapid upward and downward movement of the float 20. The sight glass 32 and
      float member 20 are able to function this way because of the sliding fit
      between the portion 24 of the float 20 and the tubular guide 12 over the
      distance d.sup.1. This sliding fit permits air or other gases to move past
      this sliding fit area to compensate for the position of the float 20.
PAR  The present invention also embodies a process for measuring the
      quantitative flow of fluids utilizing the flowmeter described herein.
PAR  The flowmeter of the present invention has several advantages over prior
      flowmeter devices especially from a process standpoint, for example, in
      wire spraying equipment which consumes large quantities of air, i.e.,
      2,000 cubic feet per hour. Prior flowmeter devices capable of handling
      large flows of air have been found to be bulky and expensive whereas
      smaller, less expensive devices utilizing a shunt bypass have been found
      to be inaccurate. The flowmeter of the present invention overcomes the
      deficiencies encountered in prior devices by being able to accommodate
      large flows of air and other gases and fluids while at the same time being
      compact and relatively low in cost per unit.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Flowmeter comprising:
PA1  a. housing means forming at its upper end a centrally located tubular guide
      means;
PA1  b. said housing means having a centrally located chamber terminating at its
      upper end at said tubular guide and communicating with a gas outlet;
PA1  c. gas tube means mounted in said chamber having a gas escape slot opening
      to said chamber and communicating at its lower end with a gas inlet,
      calibration means carried by said housing means to change the axial
      position of the gas tube means;
PA1  d. float means adapted to slidably move up and down within said gas tube
      means and said tubular guide means, said tubular guide means having a
      length at least 0.1 times the diameter of said float means so as to
      provide a good sliding contact surface for the float means as it moves up
      and down therein; and
PA1  e. sight glass means mounted on the upper portion of the housing means
      co-axial with the float means and said tubular guide means for viewing
      movement of the upper portion of the float means therein, said sight glass
      means being sealed at its upper end forming shock absorbing means to
      compensate for movement of the float means therein.
NUM  2.
PAR  2. Flowmeter of claim 1 wherein said float means has a lower enlarged
      portion adapted to slidably move up and down within the gas tube means,
      the portion of the float means above said enlarged portion having a
      constant diameter less than the inside diameter of the gas tube means,
      said portion above being adapted to slidably fit in the tubular guide
      means.
NUM  3.
PAR  3. Flowmeter of claim 1 wherein stop means are provided to arrest downward
      movement of the float means.
NUM  4.
PAR  4. Flowmeter of claim 1 wherein a by-pass conduit connects said gas inlet
      and said chamber, said conduit means having valve means associated
      therewith for regulating and interrupting the flow of gas therethrough.
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ABST
PAL  A system and method for measuring the level of bulk material stored in a
      bin, tank, silo or the like. A multiple link chain is disposed along an
      axis between two vertically displaced reference points with the chain
      having an upper end above and a lower end below the top surface of bulk
      material in a bin. All chain links above the top surface of the bulk
      material are free to rotate with respect to their adjacent links about the
      chain axis by a predetermined angular displacement before interferingly
      engaging the adjacent links. A rotational driving means is coupled to the
      upper end of the chain, said driving means having a predetermined torque
      limit. The driving means rotates the upper end of the chain about its axis
      until it encounters a torsional impedance exceeding its torque limit, that
      impedance being due to bulk material in contact with the lateral surfaces
      of the chain links which are below the top surface. At this time, the
      upper end of the chain is angularly displaced by an amount equal to the
      sum of the individual angular displacements of all links which are
      disposed above the top surface of the bulk material and thus free to
      rotate. The angular displacement of the upper end of the chain provides a
      measure of the level of bulk material in the bin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to measurement instrumentation and, more
      particularly, to means for measuring the level of bulk material stored in
      a bin, tank, silo, or the like.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  It is well known in the art to utilize electromechanical systems for
      measuring the material level in a bulk storage bin. Generally,
      conventional systems employ a plumb bob which is lowered into the bin by
      means of a cable or tape, from a reference point near the top of the bin
      to a depth where the plumb bob first contacts the material surface. The
      cable is then reeled back to return the plumb bob to the reference point
      while a counting circuit measures the retracted cable length, thereby
      providing a measure of the distance between the reference point near the
      top of the bin and the level of material stored in the bin. However,
      practical measurement systems, which require mechanical means for
      retraction of a cable or tape, further require means to scrape, wipe or
      clean the cable or tape during retraction in order to eliminate
      contamination of the cable take-up reel drive mechanism by the material in
      the bin.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a bulk material level
      measuring system having an improved bulk material level sensor which is
      motionless along a vertical axis.
PAR  In accordance with the present invention, a bulk material level measuring
      system includes a multiple link chain which is disposed along an axis
      between two vertically displaced reference points and has an upper end
      above and a lower end below the top surface of bulk material in the bin.
      All chain links above the top surface of the bulk material are free to
      rotate, with respect to their adjacent links, about the chain axis by a
      predetermined angular displacement before interferingly engaging the
      adjacent links. A rotational driving means having a predetermined torque
      limit is coupled to the upper end of the chain. The torque limit of the
      driving means is less than the resistive torque encountered (upon rotation
      of the upper end of the chain about its axis) by the lateral surfaces of
      those chain links which are below the top surface of the bulk material in
      the bin.
PAR  In operation, the driving means alternately rotates the upper end of the
      chain about its axis in first one and then the other direction, in each
      case continuing that rotation at least until it stalls with the chain
      upper end being angularly displaced by an amount equal to the sum of the
      individual angular displacements of all chain links which are free to
      rotate, i.e. those disposed above the top surface of the bulk material in
      the bin.
PAR  During each portion of the cycle, the maximum angular displacement of the
      upper end of the chain is proportional to and provides a measure of the
      distance from the top of the chain to the top surface of the bulk material
      in the bin, i.e. the level of bulk material in the bin.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention may be more readily described by reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a sectional view of a material supply hopper showing the bulk
      material level measuring system of this invention;
PAR  FIG. 2 is a sectional view of the topworks drive and sensor assembly for
      the system of FIG. 1;
PAR  FIG. 3 shows a front elevation of two links of chain for the system of FIG.
      1;
PAR  FIG. 4 shows an end view of two links of chain for the system of FIG. 1;
PAR  FIG. 5 shows an exemplary cycle programmer for the system of FIG. 1;
PAR  FIG. 6 shows an exemplary programmed limit switch time-graph;
PAR  FIG. 7 shows an exemplary wiring diagram in schematic form for the system
      of FIG. 1;
PAR  FIG. 8 shows a front elevation of an exemplary operator's indicating panel
      for the system of FIG. 1;
PAR  FIG. 9 shows a front elevation of two links of chain for an alternative
      embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring more particularly to the drawings by characters of reference,
      FIG. 1 discloses a hopper 1 containing bulk material 5, said hopper having
      a top panel 2, material feed inlet 3 and discharge gate 4.
PAR  This exemplary bulk material level measuring system includes a topworks
      drive and sensor assembly 7 (attached to hopper top panel 2) and a
      multiple link chain 6. The chain 6 is supported from the topworks assembly
      7 and extends into hopper 1 along a vertical axis 10 through the regions
      in hopper 1 where a material level indication is desired. The bottom link
      of chain 6 is attached to a short cable 8 which in turn is anchored via
      anchor bolt 9 to a lower extremity of the hopper 1 in a manner assuring
      that the chain 6 is fully extended along a vertical axis. In alternative
      embodiments, the chain axis may be non-vertical provided the chain has an
      upper end above and a lower end below the top surface of the bulk
      material. In addition, the lowermost link may be rotationally fixed with
      respect to the chain axis.
PAR  FIG. 2 shows a sectional view of the topworks drive and sensor assembly 7
      together with the two topmost links 12 and 15 of chain 6. The link 12 is
      supported from a slotted chain drive shaft 17 by means of bolt 19 and
      locknut 20 so that link 12 is constrained to rotate about axis 10 as shaft
      17 rotates. Shaft 17 is supported by bearing 21 which permits axial
      rotation of shaft 17 while counteracting the downward thrust on shaft 17
      due to the weight of chain 6.
PAR  The chain drive portion of assembly 7 includes a fluid transmission cup 23
      containing viscous fluid 25 and a drive pulley 27, both being rigidly
      connected to the top portion of shaft 17. A reversible drive motor 31 is
      flange mounted to a top plate 33 which in turn is supported on a base
      plate 35 via standoff posts 37. The drive shaft 39 of a motor 31 passes
      through an oversized clearance hole in top plate 33 and is axially aligned
      and rigidly connected to the extension shaft 43 by the shaft coupling
      means 41. A plurality of outward extending rods 45 are connected to
      extension shaft 43 to form a fluid drive impeller in viscous fluid 25. By
      this fluidic coupling means, the drive motor 31 can rotate the chain drive
      shaft 17 (though not necessarily at an identical speed) as long as chain
      link 12 attached to the chain drive shaft 17 is free to rotate. If chain
      link 12 is not free to rotate, the chain drive shaft 17 stalls even though
      the drive motor 31 continues to rotate the extension shaft 43. It will be
      understood that by varying the viscosity of viscous fluid 25, or by
      varying the shape, size or number of rods 45, or by a combination of these
      things, the value of torque at which the chain drive shaft 17 stalls (i.e.
      the torque limit of the coupling means 41) may be adjusted to a
      predetermined value, substantially independent from the torque capacity of
      drive motor 31. In alternative embodiments, the driving means may comprise
      a motor having a predetermined stall torque limit together with a rigid
      coupling means in lieu of the motor with viscous coupling described for
      the present embodiment.
PAR  The sensor portion of assembly 7 includes a second grooved pulley 47
      mounted on stub shaft 49, which in turn is supported from base plate 35 in
      bushing 50. The sensor portion of assembly 7 is coupled to the drive
      portion by a belt drive means (indicated in FIG. 2 by the dashed line 35)
      connecting pulleys 27 and 47. With this coupling, the angular rate of
      rotation of pulley 47 is proportional to that of pulley 27. A permanent
      magnet 51 having a north and a south pole is affixed to the top of pulley
      47. A leaf switch 53 (having output terminals 57 and 59 and being
      encapsulated in a glass container having an inert gas atmosphere) is
      mounted at a predetermined distance from the magnet 51. Such a switch is
      well known to the art and is commonly referred to as a "reed switch." The
      switch 53 is responsive to its relative alignment to magnet 51 so that the
      switch contacts close whenever the magnet 51 is aligned with the leaves in
      the switch 53 and those contacts are open otherwise. Accordingly, this
      alignment condition is attained twice for each revolution of pulley 47.
      The number of contact closures of switch 53 is therefore related to the
      number of revolutions of chain drive shaft 17 as follows:
      ##EQU1##
      where N is the number of contact closures of switch 53, R is the number of
      revolutions of shaft 17, and D.sub.27 and D.sub.47 are the respective
      diameters of pulleys 27 and 47. When the contacts of switch 53 close, a
      conductive path is established between terminals 57 and 59 which are
      electrically connected to a counter circuit which will be further
      described below.
PAR  FIGS. 3 and 4 depict the two topmost links 12, 15 of chain 6 and, it will
      be understood that the other links of chain 6 are substantially identical
      to links 12 and 15. Each link consists of a rectangular plate of thickness
      t having a narrow rectangular slot 63 which has length L and width W. Each
      link further includes a second slot 65 disposed at right angles to slot
      63, and to one side thereof, for use in joining and disjoining of the
      individual links of chain 6 as may be required in making up a desired
      length of chain. The width W of slot 63 is greater than the thickness t
      for each link so that, when two links are interconnected as shown in FIGS.
      3 and 4, the first link e.g. link 12 is free to rotate with respect to the
      second link e.g. link 15 through a predetermined angle .theta..sub.c about
      axis 10. With this configuration, the cumulative rotational freedom of a
      multiple link chain .theta..sub.f is equivalent to the product of the
      number of links of chain, n, and individual link freedom for each pair,
      .theta..sub.c :
EQU  .theta..sub.f = n .sup.. .theta..sub.c
PAR  Since each of the n links has a predetermined chain pitch, L, the
      rotational freedom of any length of non-restricted chain may be
      alternatively expressed as:
      ##EQU2##
PAR  It will be understood that in other embodiments, alternatively shaped links
      may be used in keeping with the present invention. For example, the
      corners of each link may be sheared off to form a tapered link in order to
      provide less resistance to the bulk material flow as it flows downward in
      the hopper toward the discharge gate 4.
PAR  In operation, the motor 31 is alternately controlled to rotate shaft 39 for
      a first time period in a clockwise direction and then for a second time
      period in a counter-clockwise direction in a manner described below in
      conjunction with FIGS. 5 and 6. The duration of each time period is
      controlled to be equal to or exceed the time required for motor 31 to
      rotate shaft 17 (via the fluidic coupling described above) in the amount
      of the maximum angle of rotational freedom, .theta..sub.f, for chain 6
      when all its links are unimpeded in their rotary motion by material 5 in
      the hopper 1. It will be understood that with bulk material 5 in the
      hopper, that portion of chain 6 lying below the top surface of the
      material is not free to rotate and that the links that are free to rotate
      are only those  above that surface. As shown in FIG. 1, for example, the
      lowermost eleven links of chain 6 are not free to rotate since the
      resistive torque (due to the material 5) encountered by lateral surfaces
      of those links exceeds the stall torque associated with the fluid coupling
      means 41. Accordingly, the free length of chain extending between the
      shaft 17, and the surface of the bulk material 5 (e.g., in FIG. 1, the
      topmost six links of chain 6), will wind up through its rotational freedom
      alternately in a clockwise direction and in a counter-clockwise direction
      in response to the drive motor 31.
PAR  Since the angular rotation of shaft 17 during each portion of the
      repetitive cycle, is proportional to the number of unimpeded links of
      chain 6, i.e. the free length of chain extending from the shaft 17 to the
      material surface below, the number of contact closures occurring at switch
      53 within each of the same time periods is also proportional thereto. The
      constant of proportionality relating the number of contact closures to the
      length of unimpeded chain is determined by the diameter ratio,
      ##EQU3##
      of pulleys 27 and 47. By appropriately selecting the pulley diameter
      ratio, and connecting a resettable electro-magnetic counter across
      terminals 37 and 39 of switch 53, to be responsive to the change in
      conductivity between those terminals, an output signal is provided which
      is indicative of the length of free chain, and hence, the distance between
      shaft 17 and the material 5 surface within the hopper 1.
PAR  As thus described, the count state of the counter following each portion of
      the cycle is an inverse measure of the level of material 5 in the hopper,
      i.e. a measure of the depth of the empty space in hopper 1 above the
      material 5. Alternatively, a predetermining counter may be connected
      across terminals 37 and 39, replacing the above-described counter, to
      provide a measure of the distance from the hopper discharge gate 4, up to
      the top surface of the material 5. Using such a counter, a predetermined
      count state is set into the counter, representative of the full distance
      between discharge gate 4 and shaft 17 prior to each portion of the
      operating cycle. Each change in conductive state of switch 53 then
      controls the counter to increment downward from the preset count state
      toward "zero," in effect subtracting the "empty" depth of hopper 1 from
      the total depth, yielding the remaining depth of material 5.
PAR  The above-described cycle of alternately driving the shaft 39 in a
      clockwise direction and then in counter-clockwise direction may be
      provided, for example, by utilizing a two limit switch programmer as shown
      in FIG. 5. Programmer drive motor 67 is a single speed motor having input
      power lines 67a and b. Motor 67 drives shaft 69 in a continuous manner in
      the direction indicated. Cams 71 and 73 are mounted on shaft 69, together
      with limit switches 71a and 73a, respectively. By a suitable selection of
      contours for the cams 71 and 73, and by appropriately selecting a drive
      motor speed, the limit switches 71a and 73a may be alternately actuated by
      the cams in combination with associated relays to provide control signals
      for motor 31. For the embodiment depicted in FIG. 6, a clockwise signal
      (provided by switch 71a when lever arm 71b is depressed by cam 71) may
      energize motor 31 in a clockwise direction, and a counter-clockwise signal
      (provided by switch 73a when lever arm 73b is depressed by cam 73) may
      energize motor 31 in a counter-clockwise direction. The time periods T1,
      T2 and T3 as shown in FIG. 6 are determined by the contours of cams 71 and
      73 and their relative alignment on shaft 69. As described above, the cams
      are selected so that periods T1 and T3 match or exceed the time required
      to displace shaft 31 through the angle .theta..sub.f when there is no
      material in the hopper.
PAR  FIG. 7 shows a control circuit in schematic form for the exemplary system
      described above. FIG. 8 shows an exemplary panel 77 which contains a power
      on-off switch 79 and a predetermining counter-display 81.
PAR  Referring to FIG. 7, lines L.sub.1 and L.sub.2 denote the incoming 117 volt
      a.c. power lines. Switch 79 provides operator means for connecting power
      to the control circuitry for the system. With switch 79 closed, power is
      applied to the programmer drive motor 67, thereby cycling the limit
      switches 71a and 73a. A relay 83 is actuated to close contacts 83a and
      open contacts 83b when the contacts 73a are closed by cam 73. Similarly, a
      relay 85 is actuated to close contacts 85a and open contacts 85b when the
      contacts 71a are closed by cam 71. The alternate closure of a one of
      switches 71a and 73a, and actuation of the associated one of relays 83 and
      85 provides clockwise and counter-clockwise control signals for motor 31,
      as shown in the timegraph of FIG. 6. There is a short duration dwell
      period, T2, which is programmed by cams 71 and 73 to occur between each
      limit switch actuation. During this dwell time, the contacts of relays 83
      and 85 remain in their " normal" state (i.e. contacts 83a and 85a are open
      and contacts 83b and 85b are closed as shown in FIG. 7).
PAR  In operation, either relay 83 or relay 85 may be initially energized to
      activate the reversible drive motor 31. Assuming that at the initiation of
      power via switch 79, limit switch 71a is first closed by its associated
      cam 71, thereby energizing control relay 85 and applying power across
      terminals 93 and 95 of the motor 31, motor 31 rotates in a clockwise
      manner, driving the chain 6 by way of the viscous liquid 25 and shaft 17.
      As shaft 17 rotates, pulley 27 drives pulley 47 and magnet 51 by means of
      belt 35 and in turn causes the contacts of the magnetically operated
      switch 53 to open and close in response thereto. Each contact closure by
      switch 53 provides power to the count terminal 75a of the predetermined
      counter 75 which causes the counter to count downward toward a "zero"
      count state. Because the duration in which limit switch 71a is held closed
      by cam 71 is longer than that necessary to cause the chain 6 to wind up
      its total rotational freedom, shaft 17 will stall owing to the torsional
      loading caused by the contacting bulk material prior to switch 71a being
      opened. At the time limit switch 71a is opened, the rotationally free
      links chain 6 are fully wound, thereby establishing the reference from
      which the first meaningful count cycle may be initiated.
PAR  Following the opening of limit switch 71a and prior to the closure of limit
      switch 73a, power is applied via the normally closed contacts of relays 83
      and 85 to the count preset terminal 75b of the predetermining counter 75
      to reset that counter to the reference count state. When limit switch 73a
      is closed, thereby energizing control relay 83, power is applied across
      terminals 91 and 93 of motor 31 and that motor is driven in its
      counter-clockwise direction, thereby winding the chain 6 in the opposite
      direction from that of the previous portion of the cycle. As the chain
      winds up, count pulses arising from the magnetically induced closure of
      the contacts of switch 53 direct the predetermined counter to count down
      from its preset count state toward zero until shaft 17 again stalls
      against the torsional load caused by the bulk material 5 in the hopper 1.
      When shaft 17 has come to rest, the count state of the predetermining
      counter is representative of the material level in the hopper 1. Following
      the opening of switch 73a, power is applied via the normally closed
      contacts of relays 83 and 85 to reset the counter 75 to its reference
      count state. Thereafter, each alternate cycle of reversible drive motor 31
      updates the material level reading associated with counter 75 so that a
      continuous "sample and hold" count display is provided by display 81.
PAR  FIG. 9 shows an alternative embodiment of the chain 6 wherein a plurality
      of U-shaped links (two of which are shown in FIG. 9 i.e., links 97 and 98)
      are rigidly connected with spacing L along a cable 99 (or wire, or rope)
      of known torsional deflection characteristics. The top end of cable 99 is
      rotated in the same manner as the first chain link 12 in the
      above-described embodiment. Again the uppermost links (above the bulk
      material surface) are rotationally displaced along axis 10 until each link
      interferingly engages with the next lower link of the chain. It will be
      understood that the torque required to further rotate the links below the
      material level is in excess of the stall torque of the fluid coupling. At
      the point of full rotation of all links above the material level, the
      cumulative rotational displacement of the top end of cable 99 provides a
      measure of the level of bulk material in the hopper.
PAR  The invention may, of course, be embodied in other forms without departing
      from the essential characteristics thereof. The present embodiment is
      therefore to be considered in all respects as illustrative and not
      restrictive, the scope of the invention being indicated by the appended
      claims rather than by the foregoing description.
CLMS
STM  I claimed:
NUM  1.
PAR  1. Apparatus for measuring the level of bulk material comprising, in
      combination,
PA1  an elongate member, each lengthwise element of said member being rotatable
      through a predetermined angle about a lengthwise axis relative to each
      adjacent element, each element being adapted for transmitting torque to
      said adjacent elements at the limits of said angle, and formed to develop
      appreciable resistance to rotation about said axis by reaction against
      said bulk material,
PA1  means to suspend said member with said axis extending between points
      displaced vertically to subtend the levels to be measured,
PA1  means to apply a drive torque about said axis to the upper end of said
      member, said torque having sufficient magnitude to rotate the portion of
      its length above the level of said bulk material but insufficient
      magnitude to rotate the portion reacting against said material,
PA1  and means to measure the angle of rotation of said upper end.
NUM  2.
PAR  2. Apparatus according to claim 1, in which the means to apply the drive
      torque comprise
PA1  a motor having a torque at least as great as said drive torque, and
PA1  a torque limited coupling driven by said motor and driving said upper end
      of said member.
NUM  3.
PAR  3. Apparatus according to claim 2, in which the coupling has an input shaft
      driven by said motor, an output shaft driving said upper end of said
      member, and fluid drive means interconnecting said input and output
      shafts.
NUM  4.
PAR  4. Apparatus according to claim 1, in which the means to apply the drive
      torque are adapted to reverse direction after the portions above said
      level have transmitted torque to a portion below said level.
NUM  5.
PAR  5. Apparatus according to claim 4, in which the means to apply the drive
      torque rotate between limits each defined by the transmission of torque to
      a portion below said level by the portions above it.
NUM  6.
PAR  6. Apparatus according to claim 1, in which the means to apply the drive
      torque comprise
PA1  a torque limited motor for generating the drive torque, and
PA1  means for coupling said motor to said upper end.
NUM  7.
PAR  7. Apparatus for measuring the level of bulk material comprising, in
      combination,
PA1  a chain having a plurality of links, each link being rotatable through a
      predetermined angle about a lengthwise axis relative to each adjacent
      link, each link being adapted for for transmitting torque to each of said
      adjacent links at the limits of said angle, and formed to develop
      appreciable resistance to rotation about said axis by reaction against
      said bulk material,
PA1  means to suspend the chain with said axis extending between points
      displaced vertically to subtend the levels to be measured,
PA1  means to apply a drive torque about said axis to the uppermost link, said
      torque having sufficient magnitude to rotate the links above the level of
      said bulk material but insufficient magnitude to rotate a link reacting
      against said material,
PA1  and means to measure the angle of rotation of said uppermost link.
NUM  8.
PAR  8. Apparatus according to claim 7, in which the means to apply the drive
      torque comprise
PA1  a motor having a torque at least as great as said drive torque, and
PA1  a torque limited coupling driven by said motor and driving said upper end
      of said member.
NUM  9.
PAR  9. Apparatus according to claim 8, in which the coupling has an input shaft
      driven by said motor, an output shaft driving said upper end of said
      member, and fluid drive means interconnecting said input and output
      shafts.
NUM  10.
PAR  10. Apparatus according to claim 7, in which the means to apply the drive
      torque are adapted to reverse direction after the links above said level
      have transmitted torque to a link below said level.
NUM  11.
PAR  11. Apparatus according to claim 10, in which the means to apply the drive
      torque rotate between limits each defined by the transmission of torque to
      a link below said level by the links above it.
NUM  12.
PAR  12. Apparatus according to claim 7, in which the chain is suspended with
      said axis vertical.
NUM  13.
PAR  13. The combination of claim 7 with means to display a signal
      representative of the angular displacement of said uppermost link.
NUM  14.
PAR  14. Apparatus according to claim 7, in which the lowermost link is
      rotationally fixed with respect to said axis.
NUM  15.
PAR  15. Apparatus according to claim 7, in which the means to apply the drive
      torque comprise
PA1  a torque limited motor for generating the drive torque, and
PA1  means for coupling said motor to said upper end.
NUM  16.
PAR  16. A method for measuring the level of bulk material in a storage bin
      comprising the steps of:
PA1  A. extending a multiple link chain along an axis through said bulk material
      with said chain having an upper end disposed at a reference point above
      the top surface of said bulk material and having a lower end below said
      top surface,
PA1  B. driving said upper end to rotate about said axis with an applied torque
      less than a torque having sufficient magnitude to overcome the torsional
      impedance imposed by said bulk material on any one of said links below
      said top surface, said applied torque being continuously applied until a
      portion of the lateral surface of the links of said chain above said top
      surface are interferingly engaged.
NUM  17.
PAR  17. The method of claim 16 including the further step of measuring the
      angular displacement of said upper end following the termination of said
      applied torque.
NUM  18.
PAR  18. The method of claim 16 wherein said step of driving said upper end is
      repetitively performed with an alternately directed applied torque.
PATN
WKU  039330427
SRC  5
APN  4581563
APT  1
ART  244
APD  19740405
TTL  Water level gauge
ISD  19760120
NCL  9
ECL  1
EXA  Ciarlante; Anthony V.
EXP  Gill; James J.
NDR  3
NFG  8
INVT
NAM  Rector; Norwood H.
CTY  Baton Rouge
STA  LA
INVT
NAM  Fredericks; Rodney G.
CTY  Baton Rouge
STA  LA
ASSG
NAM  The United States of America as represented by the Secretary of the Navy
CTY  Washington
STA  DC
COD  06
CLAS
OCL   73304C
XCL   73304R
EDF  2
ICL  G01F 2326
FSC   73
FSS  304 C;304 R
FSC  324
FSS  61 P;65 P
UREF
PNO  2258063
ISD  19411000
NAM  Meyer
OCL  324 65P
UREF
PNO  2375084
ISD  19450500
NAM  Coroniti et al.
OCL   73304C
UREF
PNO  2381875
ISD  19450800
NAM  Bryant
OCL   73304R
UREF
PNO  2485579
ISD  19491000
NAM  Elliott
OCL   73304C
UREF
PNO  2864981
ISD  19581200
NAM  DeGiers
OCL   73304C
UREF
PNO  2866336
ISD  19581200
NAM  Hitchcox
OCL   73304C
UREF
PNO  3042060
ISD  19620700
NAM  Lindemann
OCL   73 65
FREF
PNO  454,901
ISD  19680600
CNT  CH
OCL   73304R
LREP
FR2  Sciascia; R. S.
FR2  O'Neill; R. E.
ABST
PAL  The invention disclosed in the specification is directed towards an
       impro device for measuring liquid levels and specifically provides a pair
      of capacitance probes, one of which is coated with a dielectric material,
      positioned in a stilling well which is coupled to a conical housing for an
      entrance orifice to provide controlled level changes; and, in addition is
      provided with electronic circuitry and recording equipment and power pack.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAR  The field of oceanography requires that among other things investigators be
      able to determine liquid levels of oceans, rivers and bays with increasing
      precision and accuracy, This becomes extremely difficult under actual
      working conditions since there are a variety of factors controlling
      instantaneous levels.
PAR  For example, wave action, tides, seiche, wind velocity, all play
      interacting roles in determining an average water level at any given time.
      Since many studies involve average effects, it is necessary to keep a
      record of these levels. In some instances, reading every 5, 10 and 15
      minutes are sufficient to give the desired information and at other times
      a continuous record is imperative.
PAR  Additionally, since the equipment necessary to make these readings must
      operate under most weather conditions, ruggedness and durability are
      required without prohibitive costs. Multiple pieces of equipment may of
      necessity be required to record an average over an area under certain test
      conditions which places a further burden of inexpensiveness upon the
      equipment.
PAR  It is therefore an object of this invention to provide an improved liquid
      level gauge for determining the average level of liquid in a system.
PAR  It is yet a further object of this invention to provide an improved water
      level gauge for determining levels of water in a given body under a
      variety of real situations.
PAR  Another object of this invention is to provide an improved variable
      capacity water level gauge for measuring the level of rivers, streams,
      lakes and oceans under varying ambient conditions.
PAR  Still a further object of this invention is to provide an improved liquid
      level gauge including a stilling well, a pipe tower for retaining the
      stilling well at a fixed position in relationship to the water level to be
      measured, a capacitance probe inside the stilling well and means for
      admitting liquid into the stilling well at a predetermined rate and
      electronic circuitry for placing a signal on the probe.
PAR  It is yet a further object of this invention to provide an improved liquid
      level gauge of the variable capacitance type comprising, a stilling well,
      means for retaining the stilling well in a predetermined relationship with
      respect to a liquid whose level is to be measured, a first probe inside of
      the stilling well, a dielectric coating on the first probe, a second probe
      in the stilling well spaced from the first probe, means for retaining said
      first and second probes in a predetermined fixed, spaced relationship to
      each other, a conical end member coupled to the stilling well for
      admitting liquid whose level is to be measured into the stilling well,
      means for applying an electrical signal to the first and second probes and
      means for measuring the signal between the probes, which is related to the
      change in capacitance between the first and second probes depended upon
      the amount of liquid in the stilling well.
DRWD
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a vertical view of the water level gauge shown in place for
      measuring water levels.
PAR  FIG. 2, is a cross sectional view thru lines 2--2 in FIG. 1.
PAR  FIG. 3, is a cross sectional view along lines 3--3 in FIG. 1.
PAR  FIG. 4, is a cross sectional view along lines 4--4 in FIG. 1.
PAR  FIG. 5, is a section view along lines 5--5 in FIG. 1.
PAR  FIG. 6, is a vertical section of the lower portion of the level gauge.
PAR  FIG. 7, is a wiring diagram for the level gauge.
PAR  FIG. 8, is a schematic diagram of the successful embodiment of the
      invention.
DETD
PAR  FIG. 1, shows the invention in a water environment ready for use.
PAR  The invention essentially consists of a pipe tower 10, mounted in the
      bottom of a stream bed 11, with a peg member 12, actually in the bottom of
      the stream.
PAR  The pipe tower 10 has an eye bolt arrangement 13 and its upper end which
      provides means for guy wires 14, 15 and 16 are coupled to individual
      stakes 17 (only one is shown for the sake of convenience) for retaining
      the liquid level gauge in a vertical position. A stilling well 20 is shown
      made of a clear plastic material and is selected to have a diameter of
      such dimensions for incorporation within the liquid, in this case, water
      to be measured.
PAR  The stilling well 20 is shown mounted via clamps 21, 22, and 23 to the pipe
      tower.
PAR  FIGS. 2, 3, 4, and 5 are a series of cross sketched "U's" taken along the
      stilling well 20 and the pipe tower 10 to show detailed construction of
      the probes.
PAR  FIG. 6, is a section view along the axis of the stilling well in a plane to
      include the two probes, shows in addition the details of the end conical
      member 25. The purpose of the conical member is to allow liquid to enter
      the stilling well thru an orifice and is conical in shape to prevent any
      solid matter from settling on the conical interface 27 and thus prevents
      plugging of the orifice.
PAR  The probe member 30 with its outer covering 31, in this case a plexiglass
      tube, is rigidly retained in position within the stilling well 20 by the
      lower member 32. The liquid ground member 33 is similarly retained in
      member 32 rigidly within the stilling well 20. The upper end of the probe
      30 and ground 33 are retained rigidly in relationship to the stilling well
      by member 34. The plexiglass tube 31 extends down into retaining member 32
      and seals the lower end of the probe from contact with the liquid. A
      series of holes 37 in member 32 allows water to rise and fall within the
      stilling well 20 and the diameter is selected in conjunction with the
      orifice 26 to adjust the gauge to the type and rate of level change to be
      measured. That is, it allows the gauge to react to waves with their
      periodic variations or tides or longer level period fluctuations.
PAR  The power pack electronic circuitry are located at the top of the stilling
      well and shown as a block 40 in FIG. 1. Generally, this includes means for
      generating the electronic signal in the range of 200 kilohertz to 1
      megahertz, means for detecting the signal, a battery pack, a timing device
      and a recording device. It is generally designed to be removable so that
      work may be performed on it either on-site or a remote location.
PAR  FIG. 7 and FIG. 8 show the electronic circuitry and interconnection with
      the timer and recorder. A power supply 50 consists of a series of
      batteries and an inter-connecting plug 51 which supplies the necessary
      voltages to the circuitry and other devices. FIG. 8, shows one successful
      embodiment of the invention wherein there is incorporated the necessary
      electronic circuitry coupled with printed circuitry techniques to
      successfully operate the water level gauge. A list of components used
      therein is set forth in the schematic.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  We claim:
NUM  1.
PAR  1. An improved liquid level gauge of the variable capacitance type
      comprising:
PA1  a. a stilling well;
PA1  b. means for retaining said stilling well in a predetermined relationship
      with respect to a liquid whose level is to be measured;
PA1  c. a first probe inside said stilling well;
PA1  d. a dielectric coating on said first probe;
PA1  e. a second probe in said stilling well spaced from said probe;
PA1  f. means for spacing said first and second probes in a predetermined fixed
      spaced relationship to each other;
PA1  g. a conical end member coupled to said stilling well for admitting liquid
      whose level is to be measured into said stilling well having a
      funnel-shape orifice located along the longitudinal axis at the bottom;
PA1  h. means for applying an electrical signal to said first and second probe;
      and,
PA1  i. means for measuring the signal between said probes which is related to
      the change in capacitance between said first and second probes depended
      upon the amount of liquid in said stilling well.
NUM  2.
PAR  2. The improved liquid level gauge of claim 1 wherein said stilling well is
      substantially cylindrical in shape and composed of an electrical
      insulating material.
NUM  3.
PAR  3. The improved liquid level gauge of claim 2 wherein the retaining means
      consists of a pipe tower including means for mounting said pipe tower in a
      fixed relationship to the liquid level to be measured.
NUM  4.
PAR  4. The improved liquid level gauge of claim 3 wherein said second probe is
      electrically at ground with respect to the liquid.
NUM  5.
PAR  5. The improved liquid level gauge of claim 4 wherein said spacing means
      include a member having passageways therein for admitting liquid into said
      stilling well.
NUM  6.
PAR  6. The improved liquid level gauge of claim 5 wherein said conical end
      member has an orifice therein with a predetermined diameter for
      controlling the rate of flow of liquid into said stilling well for the
      purpose of providing the level gauge the capacity of measuring level
      changes having different periods.
NUM  7.
PAR  7. The improved liquid level gauge of claim 6 wherein said electrical
      signal is in the range of 200 kilohertz to 1 megahertz.
NUM  8.
PAR  8. The improved liquid level gauge of claim 7 wherein said measuring means
      coupled between said probes is mounted to the top of said stilling well
      and includes a timing device and a recording device coupled thereto.
NUM  9.
PAR  9. The improved liquid level gauge of claim 8 wherein said measuring means
      includes means for transmitting the measured level to a remotely placed
      recording device.
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ABST
PAL  An air quality sensing apparatus for measuring, monitoring and controlling
      temperature and air relative humidity of air interior a room, including an
      apertured housing enclosing temperature and humidity sensing devices and
      an asperating tube fluidly interconnecting the interior of the housing and
      a return air system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to devices for sensing the quality of air,
      and more particularly to devices for determining the temperature and
      relative humidity of air in a room.
PAR  Air temperature and humidity sensing devices are usually located on a wall
      of a room, or in a return air system of a recirculating-type air
      conditioning system which services the room. Heretofore known wall mounted
      devices are capable of only slowly measuring the conditions of the air
      local to the device, usually only within eight (8) feet thereof because
      the air in the room is somewhat stagnant and not circulated past the
      device. Return air duct-mounted devices provide better temperature
      averaging measurements of the room air conditions, but because of the lag
      time required for the room air to reach the return duct, accurate room air
      temperature and relative humidity measurements and, therefore, accurate
      temperature and humidity control are precluded.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention recognizes these difficulties of the past and
      recognizes a need for a relatively inexpensive air and relative humidity
      sensing device which is capable of quickly measuring the temperature of a
      broad region of room air and measuring the relative humidity of the air in
      a room with a minimum of lag time. The present invention then provides an
      air quality measuring apparatus which satisfies the above-mentioned needs
      including a sensor housing which constantly draws room air over the
      sensing instruments located therein.
PAR  More particularly, the present invention provides an air quality sensing
      apparatus for determining predetermined qualities of air within a room
      having a return air system, comprising: a sensor housing disposed within
      the room and adapted to contain air quality sensing means, the housing
      having aperture means to provide communication between the interior of the
      room and the interior of the housing; and siphon means operatively
      interconnecting the interior of the sensor housing and the return air
      system of the room whereby air flowing in the return air system of the
      room creates a siphonage of air from the interior of the housing causing
      air to flow from the room through the apertures into the interior of the
      housing and over the sensing devices.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the invention can be had by reference to the
      accompanying drawings in which like numerals refer to like parts
      throughout the several views and in which:
PAR  FIG. 1 is a cross-sectional view of the present invention connected to a
      wall of an enclosure;
PAR  FIG. 2 is a perspective view of a housing of the present invention; and,
PAR  FIG. 3 is a front view of the present invention with the housing removed.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The Figures illustrate an air quality sensing apparatus, generally denoted
      by the numeral 10, for measuring the quality, such as temperature and
      relative humidity, of air within an enclosure, such as a room 12. The
      apparatus 10 comprises air quality sensing means, such as an air
      temperature measuring instrument 14 and a relative humidity measuring
      instrument 16 (see FIG. 3), various embodiments or details of which are
      well known in the art and therefore only disclosed schematically here. The
      instruments 14 and 16 are mounted to a mounting plate 18 which is adapted
      to be connected to an interior wall 20 of the room 12 by, for example, a
      screw 22. A sensor housing 24 having a plurality of apertures 26 is
      removably connected to the mounting plate and encloses the air quality
      measuring instruments 14 and 16 (see FIGS. 1 and 2).
PAR  With particular reference to FIG. 1, the apparatus 10 further includes
      siphon means 28 operatively interconnecting the interior of the sensor
      housing 24 and a room air return passage 30. The return air passage 30 is
      illustrated as an air space defined between the interior wall 20 and an
      exterior wall 32 of the room 12. The siphon means 28 consists of an
      asperating tube 34 in the form of a cylindrical duct open at one end 36 to
      the interior of housing 24, closed at its other end 38 and having a
      plurality of apertures 40 formed in its wall. The tube 34 is disposed
      within the return air passage 30 such that the apertures 40 are exposed to
      the room air flowing in the air return passage 30.
PAR  The measuring instruments 14 and 16 electrically or pneumatically relay
      temperature and humidity data to air quality modifying means, such as a
      furnace, air conditioner and the like via appropriate controls (not shown)
      by means of electric or pneumatic control circuitry 42 routed through the
      tube 34, the tube end 38 being fluidly sealed around the circuitry 42 by,
      for example, a rubber gromet 44.
PAR  The operation of the apparatus 10 is best described with reference to FIG.
      1. Return air, denoted by arrows "A", flowing in the return air system 30
      flows past the tube 34 in route from the room 12 to the air quality
      modifying means (not shown) producing low pressure zones at the apertures
      40, thus, creating a siphonage interior the tube 34 and housing 24. The
      siphonage continuously draws room air into the housing 12 through the
      apertures 26, see arrows "B", and over the measuring instruments 14 and
      16. The air temperature and humidity measuring instruments 14 and 16 make
      their respective measurements and transmit an electric or pneumatic
      control signal to the appropriate control device of the air quality
      modifying means by means of the control circuitry 42. The measured room
      air siphoned into the tube 34 is exhausted into the return air passage 30
      through the apertures 40 in the tube 34 as denoted by arrows "C".
PAR  By continuously drawing room air, the apparatus 10 quickly measures a more
      representative sample of air within the room than is measured by
      heretofore known air temperature and humidity measuring devices. In
      addition, because the present invention does not use a complicated
      mechanism to draw room air it is inexpensive to manufacture and maintain.
PAR  The foregoing detailed description is given primarily for clearness of
      understanding and no unnecessary limitations should be understood
      therefrom, for modifications will be obvious to those skilled in the art
      upon reading this disclosure and may be made without departing from the
      spirit of the invention or the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An air quality sensing apparatus for determining predetermined qualities
      of air within a room having a return air system, comprising:
PA1  a sensor housing disposed within the room and adapted to contain air
      quality sensing means, said housing having a plurality of aperture means
      to provide fluid communication between the interior of the room and the
      interior of said housing; and,
PA1  siphon means comprising a conduit open to the interior of said housing,
      said conduit having a plurality of apertures formed in its wall and said
      apertures in the wall of said conduit being disposed in the return air
      stream such that return air flowing in the return air system flows past
      said apertures creating low air pressure areas at said apertures in the
      wall of said conduit to draw air from the interior of said housing through
      said conduit and hence from the interior of the room into the interior of
      said housing.
NUM  2.
PAR  2. The apparatus defined in claim 1, wherein said conduit is generally
      cylindrical tube having one of its ends open to the interior of said
      housing and closed at its opposite end.
NUM  3.
PAR  3. The apparatus defined in claim 2, wherein said tube is adapted to
      receive electrical circuitry operatively interconnecting the air quality
      sensing means and means for modifying the quality of the air interior the
      room.
NUM  4.
PAR  4. The apparatus defined in claim 2, wherein said tube is adapted to
      receive pneumatic circuitry operatively interconnecting the air quality
      sensing means and means for modifying the quality of the air interior the
      room.
NUM  5.
PAR  5. The apparatus defined in claim 1, wherein said sensor housing is
      attached to a wall of said room interior thereto.
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ABST
PAL  Careful and accurate indication of regeneration temperatures of catalysts
      associated with the refining of hydrocarbons such as occur in
      catalyst-aided hydrocracking and catalyst-aided reforming processes--in
      real time--occurs by monitoring the infrared energy, say in a frequency
      range greater than 300 .times. 10.sup.9, but not more than 10.sup.15 Hz,
      emitted from a plurality of distributed metallic studs mounted as by
      welding to the exterior surface of the sidewall of a vessel undergoing
      catalytic regeneration. The dynamic temperature variation of such energy
      rays readily indicate regeneration temperatures of the catalyst interior
      of the vessel. The studs extend through the insulation of the vessel, but
      do not penetrate its interior. Where the regeneration process is
      cyclically occurring, not only is there a marked decrease in the time
      required for regeneration, but there is also better statistical certainty
      that full regeneration of the catalyst has occurred. Further, real-time
      thermograms have been found to have surprising value as histograms for
      prognosticating optimum regeneration conditions.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  Reference should also be made to a copending application for "METHOD AND
      APPARATUS FOR MONITORING TEMPERATURES DURING CATALYTIC REGENERATION FROM A
      CONTINUOUSLY MOVING INFRARED SCANNING AND DETECTION UNIT FIXEDLY MOUNTED
      ABOARD AN AIRCRAFT," filed concurrently with the present application on
      Mar. 15, 1973, Ser. No. 341,649, in the name of Armand C. Comfort,
      assigned to the assignee of the present application.
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a method and apparatus for improving the
      efficiency of catalyst regeneration associated with the refining of
      hydrocarbons such as occur in catalyst-aided hydrocracking and
      catalyst-aided reforming processes. More particularly, this invention
      relates to an infrared scanning method and apparatus for improving
      catalytic regeneration in such refining operations through careful
      monitoring of temperatures within vessels associated with the regeneration
      process.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with method aspects of the present invention, accurate
      indication of regeneration temperatures of catalysts--in real
      time--instantaneously occurs by monitoring the infrared energy, say in a
      frequency range greater than 300 .times. 10.sup.9, but not more than
      10.sup.15 Hz, emitted from a plurality of distributed metallic studs
      mounted as by welding to the exterior surface of the sidewall of a vessel
      undergoing catalytic regeneration. The dynamic temperature variations of
      such energy rays readily indicate regeneration temperatures of the
      catalyst interior of the vessel. The studs extend through the insulation
      of the vessel, but do not penetrate its interior. Where the regeneration
      process is cyclically occurring, not only is there a marked decrease in
      the time required for regeneration, but there is also better statistical
      certainty that full regeneration of the catalyst has occurred. Further,
      real-time thermograms have been found to have surprising value as
      histograms for prognosticating optimum regeneration conditions.
PAR  In accordance with apparatus aspects of the present invention, real-time
      thermograms of the regeneration cycle are provided by an infrared scanning
      and detection unit mounted to the bed of a pickup truck positioned
      adjacent to the vessel associated with the regeneration process. The
      scanning and detection unit includes a camera unit for detecting infrared
      energy emitted from studs welded to the vessel. As infrared radiation is
      emitted from the studs, the camera unit detects the energy by means of an
      infrared detector. The detector converts the infrared signal to electrical
      signals. The latter, after amplification, can be used to control the beam
      of the cathode-ray tube mounted within a console also carried on the
      pickup bed. The sweep of the cathode-ray tube is matched to that of the
      camera, so that the resulting image is readily structured to yield both
      temperature and locational information related to the regeneration
      process. A recording camera attached adjacent to the screen of the
      cathode-ray tube photographs the image of the screen. In this way,
      important regeneration parameters, viz. temperatures, are recorded for
      future study. Also, by adjusting the temperature sensitivity of the
      infrared camera unit, wave-front catalyst temperature differences can be
      indicated over a rather wide range of operating temperatures, say from
      1.degree. to 1,360.degree.F.
PAR  Still further in accordance with apparatus aspects of the present
      invention, one or more infrared scanning units can also be mounted to a
      vertically extending support rail permanently located adjacent to, but
      horizontally spaced from, a vessel associated with a continuously
      occurring regeneration process. A column of studs welded to the vessel
      defines a vertical plane passing through the rail and scanning unit. The
      camera unit is mounted on an H-frame support which, in turn, is movably
      mounted to the rail. A drive unit is electrically connected to a control
      and detection circuit permanently affixed at the base of the rail, the
      circuit automatically monitoring and initiating operations through a
      series of switches and other circuit elements, so as to control
      rectilinear movement of the scanning unit along the rail as a function of
      time. As a result, a series of thermograms can be generated from different
      viewing stations adjacent to the vessel undergoing regeneration.
PAC  BACKGROUND OF THE INVENTION
PAR  Catalytic processes play a heavy role in refining carbonaceous materials.
      Likewise, regeneration of the involved catalyst logically occupies a
      correspondingly large amount of a process engineer's time and efforts. For
      example, in the conversion of high-boiling, nongasoline hydrocarbons into
      lower-boiling gasoline components, the catalyst-aided process steps of
      treating, decomposition, fractionation, gasoline stabilization and
      absorption polymerization requires, for the most part, cyclic or
      occasional regeneration of the involved catalysts. See for example,
      Kirk-Othmer, Encyclopedia of Chemical Technology, 2nd Edition, Vol. 15,
      "Petroleum (Refinery Processes)," page 15 et seq.
PAR  Catalysts are usually classified by function--fixed bed, movable bed, or
      fluid bed--and by process conditions, three typical process examples being
      set forth below to better illustrate the nature of atalyst-aided processes
      in general and regeneration techniques in particular:
PAR  1. Early catalytic crackers were usually of the fixed-bed type, but today
      most catalytic cracking is carried out in moving or fluid beds.
      Regeneration temperatures and pressures in moving and fluid beds are
      usually in the ranges of 1,000.degree.-1,210.degree.F. and 8-30 psig,
      respectively;
PAR  2. Modern hydrocrackers employed in hydrocracking (an efficient,
      low-temperature catalytic method for converting refractory middle-boiling
      or residue streams to high-octane gasoline or jet fuel, etc.) use
      fixed-bed processing for the most part. After hydrogen has been mixed with
      the feed, the mixture is heated and contacted with a catalyst in a
      separate fixed-bed reactor at specified hydrogen partial pressures.
      Regeneration pressures and temperatures of the catalysts are usually
      within the ranges of 400.degree.-800.degree.F. and 10-2000 psig,
      respectively; and
PAR  3. Modern catalytic reformers associated with catalytic reforming
      (upgrading naphthas into high-grade components for fuel blending or
      petroleum usage in which molecules are rearranged to give a higher
      antiknock quality at the expense of yield) also employ fixed beds in the
      main, i.e., it is estimated that less than 5% of U.S. reforming capacity
      utilizes fluid- or moving-bed processes. Temperatures and pressures for
      regeneration of catalysts involved in reforming are in the ranges of
      800.degree.-1500.degree.F. and 200-400 psig, respectively.
PAR  In controlling regeneration temperature and pressure conditions within the
      above processes, it has been found that the aforementioned variables are
      usually not monitorable in a direct fashion. Safe engineering practices
      dictate against the use of internal sensors, for the most part, because
      associated control and energization elements must in some manner penetrate
      the sidewalls of the vessels undergoing regeneration. Instead,
      temperatures and pressures of associated regeneration fluids flowing
      relative to the vessel are monitored, and temperatures of the catalytic
      regeneration process are inferred from temperature and pressure values
      measured at external sensing locations.
PAR  Although infrared scanning techniques have been used in many refinery
      applications, such applications of which I am aware have been limited in
      scope and function. Moreover, such techniques were thought not to have the
      capability of monitoring regeneration processes to which the present
      invention is directed to the extent of detecting and differentiating
      adjacent temperature stations within catalyst beds of vessels undergoing
      regeneration, since such vessels are for the most part heavily clad with
      insulation, so that metallic sidewalls (which could be associated with
      interim regeneration temperature characteristics) are almost totally
      hidden from camera view.
PAC  OBJECT OF THE INVENTION
PAR  An object of the present invention is the provision of a novel method and
      apparatus for improving efficiency of regeneration of catalysts employed
      in catalytic processes in general and catalytic hydrocracking and
      reforming processes in particular, through the careful infrared monitoring
      of temperatures associated with catalytic regeneration within reactors or
      within separate regeneration facilities of vessels associated with the
      regeneration process.
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PAR  Further objects and features of the present invention will become more
      apparent to those skilled in the art in the following detailed description
      of preferred embodiments, wherein:
PAR  FIG. 1 is a perspective view of a vessel undergoing catalytic regeneration,
      such vessel being monitored by means of an infrared scanning and detection
      unit mounted on a pickup truck bed, such unit detecting infrared energy
      emitted from a plurality of metallic studs mounted to the sidewall of the
      vessel extending through the insulation thereof;
PAR  FIGS. 1A and 1B are detailed drawings of alternate metallic stud patterns
      positioned on the side wall of the vessel of FIG. 1;
PAR  FIG. 2 is a schematic diagram of the infrared scanning and detection unit
      of FIG. 1;
PAR  FIG. 3 is a thermogram produced by the infrared scanning and detection unit
      of FIG. 2, in which temperatures associated with the plurality of studs in
      FIG. 1 are indicated;
PAR  FIG. 4 is a side elevation of another vessel undergoing catalytic
      regeneration in which fixed-catalyst-bed temperatures are automatically
      monitored by means of a cyclically repeating infrared scanning and
      detection unit, such unit including a vertical traveling infrared camera
      unit, movable along an upright support rail extending parallel to the
      vessel to be monitored;
PAR  FIG. 5 is a schematic diagram of the scanning and detection unit of FIG. 4;
PAR  FIG. 6 is a side elevation, slightly enlarged of the scanning unit of FIG.
      4;
PAR  FIG. 7 is a sectional view of the scanning unit of FIG. , taken along line
      7--7 of FIG. 6;
PAR  FIGS. 8 and 9 are sections taken along 8--8 and 9--9, respectively, of FIG.
      6; and
PAR  FIG. 10 is yet another section, taken along line 10--10 of FIG. 9.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, temperatures interior of vessel 10 undergoing
      catalytic regeneration are quickly and easily indicated by infrared
      scanning and detection unit 11. Vessel 10 is associated with the refining
      of hydrocarbons in general, and in hydrocracking and reforming processes
      in particular. Since the temperatures interior of vessel 10 are indicative
      of the catalytic regeneration process and such temperatures dynamically
      vary the function of catalyst position within the vessel, scanning and
      detection unit 11 must be able to dynamically detect slight temperature
      variations from position to position along the vertical extent of vessel
      10.
PAR  In accordance with the present invention, scanning and detection unit 11
      provides the required temperature resolution in the vertical plane of
      vessel 10, and includes control console 12. Console 12 comprises
      cathode-ray tube display unit 13 and recording camera 14. Briefly, in
      operation, images at cathode-ray tube display unit 13 are produced at a
      stationary viewing station by infrared camera 16 mounted on pedestal 17,
      journaled in turn at bed 18 of truck 19 in position adjacent to console
      12. The vertical extent of camera image, and hence to available vessel
      scanning region, is variable by movement of truck 19 so as to allow
      infrared camera 16 to scan the entire vessel, say when vessel 10 is used
      as a separate regeneration facility in a fluid-bed or moving-bed
      regeneration process, or scan only a section of vessel 10, say when the
      vessel is associated with a fixed-bed process.
PAR  The temperatures interior of the vessel are indicated by series of studs
      20. The shape of studs 20 can vary, but are preferably of a circular
      cross-section for ease of manufacture. In accordance with the present
      invention, studs 20 are mounted as by welding to the exterior of sidewall
      21 of vessel 10, and protrude through insulation 22 so that ends 20a are
      visible to the naked eyes of the human operators of scanning and detection
      unit 11.
PAR  Orientation of studs 20 varies in a preselected manner --say along a
      vertical, discontinuous column coextensive with insulation 22, having one
      "edge" thereof defined by a straight vertical line intersecting unattached
      ends 20a of studs 20, but terminating at ends coincident with base stud
      20b and overhead stud 20c. Thus, it is apparent that the studs themselves
      define a series of exterior, equidistant locations coincident with a
      common vertical plane passing through both stud ends 20a and axis of
      symmetry A--A of vessel 10.
PAR  Associated with the aforementioned series of exterior locations is a set of
      imaginary, equidistant temperature stations interior of vessel 10, not
      shown. Such set of imaginary stations also lies in the aforementioned
      vertical plane and intersects that plane along a vertical line that is
      tangent to the interior surface of sidewall 21. The interior stations of
      each set are also laterally offset from corresponding exterior locations
      by a distance equal to at least the thickness of sidewall 21 and the
      thickness of insulation 22. In addition, if the length of each stud is
      above the exterior surface of insulation 22, such incremental length must
      also be added to obtain the aforementioned lateral offset distance. But if
      the stud height is coincidental with the outer surface of insulation 22,
      it is apparent that the previously mentioned plane of reference will
      intersect stud ends 20a along a vertical line that also would be tangent
      to the outer surface of insulation 22.
PAR  Study patterns other than the aforementioned discontinuous column
      arrangement of FIG. 1 could also be used. For example, studs 20 can be
      oriented in a series of vertically extending, cyclically repeating 5-spot
      patterns. See FIG. 1A. Each 5-spot pattern would be positioned on an
      imaginary curve section, such sections intersecting outer end surfaces 20a
      of studs 20 and having an axis of formation coincident with the axis of
      symmetry A--A of vessel 10. As a still further modification of the stud
      pattern of FIG. 1, it is also contemplated that studs 20 could be oriented
      in a series of sinusoidal patterns having as a principal reference axis a
      vertical line tangent with the outer surface of insulation 22 of vessel
      10. See FIG. 1B. Note that in the aforementioned sinusoidal pattern,
      remote ends 20a of the studs would be positioned in imaginary curve
      section having an axis of formation also oincident with the axis of
      symmetry A--A of vessel 10.
PAR  It should be apparent that in all of the examles of possible stud patterns
      described above, studs 20 do not extend interior of sidewall 21 of vessel
      10. However, because of the solid heat transfer characteristics of the
      metal of the studs, there is still sufficient proximity of location
      adjacent to temperature stations interior of the vessel during
      regeneration that catalyst temperature can be clearly indicated by the
      surface temperatures of remote ends 20a of each stud 20. Moreover, since
      the temperatures can be most easily detected if remote ends 20a of the
      studs are visible to the human eye, as previously mentioned, the length of
      each stud is accordingly preferably at least equal to the thickness of
      insulation 22.
PAR  While the spacing and number of studs 20 are dependent upon stud pattern,
      as described above, other factors of interest should be mentioned,
      including bed length and heat transfer characteristics of sidewall 21 and
      studs 20. As a minimum, the stud number per unit length of vessel must be
      sufficient to insure full top-to-bottom temperature information of each
      catalyst bed during each regeneration cycle. I.e., the vertical extent of
      the image of infrared camera unit 16, say as indicated by phantom lines
      23, must be sufficient to indicate full top-to-bottom regeneration
      temperature variations as a function of time.
PAR  The process of mounting studs 20 to vessel 10 is straightforward: after
      each stud has been correctly positioned in any of the aforementioned
      patterns, welding of the studs is carried out using conventional welding
      techniques. Vessel 10 can then be stress-relieved.
PAR  FIG. 2 illustrates operation of scanning and detection unit 11 of the
      present invention in more detail.
PAR  As indicated, infrared camera unit 16 includes focusing spherical mirror
      25. Mirror 25 is seen to be centrally disposed within housing 26. Infrared
      radiation enters through optic window 27 and is focused by mirror 25. The
      camera scans the total viewable space in two ways: vertically with
      oscillating mirror 28, and horizontally with multisided prism 29. The
      resulting scan radiation then propagates through lens system 30 to
      infrared detector 31. Infrared detector 31 converts the radiation signals
      to electrical video signals using a photovoltaic effect, as provided by,
      say, an indium antimonide photovoltaic detector. Liquid nitrogen housed
      within cooling system 33 provides required cooling of detector 31.
PAR  After amplification by amplifier 32, the signals from detector 31 enter
      console 12 and are again amplified, say by amplifier 34. The amplified
      signal is then used as a modulating signal for cathode-ray tube display
      unit 13. Cathode-ray tube display unit 13 is seen to have cathode-ray-tube
      screen 36. The intensity of the image provided at screen 36 is, of course,
      a function of the variation in modulating signal provided by amplifier 34.
      The resulting flickering image (intensity modulation) is photographed by
      recording camera 14 (see FIG. 1) in time and geometric synchronism with
      the raster sweep of camera unit 16 over the viewable space of interest.
      Control circuit 38 connected between cathode-ray tube display unit 13 and
      infrared camera unit 16 controls the entire infrared scanning and
      detection operations, as explained in detail below.
PAR  The principle of operation of scanning and detection unit 11 is relatively
      simple. Hot objects, such as studs 20 mounted to vessel 10 of FIG. 1, give
      off higher frequencies of infrared rays than do other objects. In
      detecting the rays, say in an infrared frequency range greater than 300
      .times. 10.sup.9, but not more than 10.sup.15 Hz, primary optics window 27
      and spherical mirror 25 form an image of the object at prism 29. With
      regard to horizontal resolution of the object, assume prism 29 is an
      8-sided prism, and is rotating at about 200 revolutions per second.
      Accordingly, it follows that 1600 horizontal lines of identifying
      information could be scanned each second of operation of camera unit 16.
      Likewise, if each scan frame on screen 36 contains 100 vertical lines,
      then 16 frames of information are produced each second of camera
      operation. With regard to temperature resolution, such values are usually
      determined by comparing the object's infrared radiation to that of its
      surrounding background radiation or to that of a reference source, as
      expressed in the following equation:
EQU  P = .epsilon..sigma.T.sup.4 /.pi.                          (1)
PAL  wherein:
PA1  T is the absolute temperature in degrees Kelvin;
PA1  .epsilon. is the emissivity of the surface of the plane; and
PA1  .sigma. is the Stefan Boltzmann constant of 5.6697 .times. 10.sup.-.sup.8
      watts/M.sup.2 .degree.K.sup.-.sup.4.
PAL  The video signal derived from a scene based on the difference in power
      being radiated from different areas of the scene may be expressed by
      taking the partial derivative of equation (1) above with respect to
      temperature, T, and emissivity, .epsilon..
      ##EQU1##
      Emissivity of the object may be considered to be a constant equal to
      unity, with equation (2) becoming:
      ##EQU2##
      with
EQU  .DELTA.T = (T.sub.2 - T.sub.1)
PAL  in which the power change (.DELTA.P) from one object has an emissivity of
      unity (.epsilon. = 1) and a temperature T.sub.1, as compared to that of a
      second object with an emissivity of 1 (.epsilon. = 1) and a temperature of
      T.sub.2.
PAR  Of course, the ratio of horizontal and vertical scanning frequencies of the
      final image of the objects can be altered, if desired. I.e., the line
      raster can move slowly in a vertical direction, if need be. Thus, the
      photograph of screen 36, taken with an exposure time of 0.5 seconds or
      longer, will have superimposed upon itself several frames of the same
      viewable space, so that line pattern of the moving images on the screen is
      not noticeable. The resulting multiframe photograph is referred to as a
      histogram. It should be apparent that the number of superimposed frames
      per histogram can be varied. By increasing the number, for example, a
      degree of noise immunity may also be achieved. In this regard, it should
      be noted that sophistocated statistical techniques may also be used in
      determining the threshold number. Furthermore, techniques related to the
      classical problem of image enhancement and image detection are, of course,
      also available for inclusion with the apparatus of the present invention.
      Of particular interest in this regard are techniques using the ditigal
      computer, many of which are detailed in the book "Computer Techniques in
      Image Processing," Harry C. Andrews, Academic Press (1970).
PAR  Timing synchronization between control circuit 38, cathode-ray tube display
      unit 13 and camera unit 16 can be critical. Not only must control circuit
      38 provide for control of the contrast and brightness of cathode-ray tube
      display unit 13 (contrast being variable as a function of temperature
      range; brightness being variable as a function of temperature level), but
      it also must coordinate the sweep of camera unit 16 to that of the display
      unit. In this regard, as indicated in FIG. 2, drive means 41 is
      mechanically attached to both mirror 28 and prism 29. Note also that
      synchronization sweep signals are generated by the interaction of driver
      means 41 with photocell circuits 42 and 43 and pass through circuit 38 to
      control operation of cathode-ray tube display unit 13.
PAR  Within each field of view of camera 16, the intensity of images (detected
      frequency) can also be compared, visually, with thermograms of objects of
      known temperatures, so as to predict the temperature of the images at
      screen 36. However, with regard to the use of camera 16 to measure the
      temperatures interior of vessel 10 of FIG. 1, it should be recalled that
      the heat transfer characteristics of each catalyst bed of the vessel vary
      rapidly with time and location. Hence, the frequencies of scan of camera
      16 must be high enough to provide for such indications as a function of
      time throughout each regeneration cycle. In this regard, it has been found
      that thermograms 40 can be generated rapidly enough to provide the
      required information to optimize the regeneration process, if camera 16 is
      provided with the aforementioned horizontal and vertical scanning
      characteristics.
PAR  FIG. 3 illustrates a typical thermogram 40 in more detail. As indicated,
      the temperature differences between the images of the studs attached to
      the vessel undergoing regeneration appear--in real time--as a
      black-and-white image. These images appear as flickering lines upon screen
      36 of cathode-ray tube display unit 13 of FIG. 2 in time and geometric
      synchronism with the sweep of camera unit 16. In that way, the resulting
      images effectively depict the studs in this true geographic perspective
      with respect to the scanning station. Sensitivity of each resulting
      thermogram 40 is indicated by scales 44 and 45 placed to the left and
      right sides of the thermogram as viewed in FIG. 3 (gradation: 1-1000). A
      gray scale is presented at the bottom of the thermogram at 46 and
      represents a scale in which a shade of grey equals .sqroot.2 times the
      intensity of the next preceding level. Not only are visual methods
      available to determine temperature levels of each thermogram 40, but also
      automatic machine comparison techniques can be used to analyze the
      informational content of each thermogram 40. For example, a digital
      comparison circuit (not shown), say located internally of control circuit
      38, could be used to automatically analyze a series of thermograms without
      need for human intervention, such circuit using a binary scale (ONE and
      ZERO) in which the ONE state is a black dot and the ZERO state is a white
      dot after analog-to-digital conversion of the signals from detector 31 has
      occurred. Each ONE or ZERO state can be determined over a selected range
      of temperatures. Shades between the ZERO and ONE states reflect gradations
      of temperature levels within the selected range. Also, the resulting
      thermograms can be compared--line by line--with previously obtained
      thermograms which represent instances in the regeneration cycle in which
      exceptional response levels occur. In that way, optimization of the
      currently occurring regeneration process can be obtained.
PAC  Modification
PAR  FIG. 4 illustrates a modification of scanning and detection unit 11 of FIG.
      1 for viewing vessel 10 from a series of cyclically repeating view
      stations, i.e., say from view stations A and B of FIG. 4.
PAR  As shown, reference numeral 50 indicates the modified scanning and
      detection unit in detail, scanning and detection unit 50 being seen to
      include camera unit 51 movable along support rail 53 and detection and
      control circuit 52 fixed in position at the base of rail 53. Rail 53 is
      parallel but laterally offset from a plurality of metallic studs 54 of
      vessel 10 and is held at its ends by catwalk 55 and by base plate 56.
      Movement of the camera unit along rail 53 is provided by a drive unit,
      generally indicated 57.
PAR  In operation, as set point conditions occur, as indicated by control unit
      52 as explained hereinafter, camera unit 51--on command--moves in a
      vertical direction along rail 53. When camera unit 51 is at scan station A
      or B, however, movement of the camera unit ceases and the camera is
      activated to detect the emission of infrared energy from studs 54. In that
      way, temperatures within associated sets of locations within fixed
      catalyst bed 58 interior of vessel 10 can be determined in the fashion as
      previously described with reference to FIG. 1. Note that each scanning
      station is fixed at a selected but different height above base 56. Thus,
      at each of stations A or B, the focal lengths of camera unit 51 can be
      accurately controlled so that the total field of view (as defined by
      phantom lines 59 of camera 51) is equal to at least the vertical extent of
      each catalyst bed 58. In that way, temperature rises occurring within each
      catalyst bed 58 can be easily indicated and recorded as a function of
      time.
PAR  FIG. 5 schematically illustrates operation of modified scanning and
      detection unit 50 in more detail. As schematically illustrated, camera
      unit 51 and junction box 60 move along rail 53 by operation of driving
      unit 57. Driving unit 57 includes motor 61. Motor 61 has a shaft connected
      through pinion gear 62 to rack 63 mounted to rail 53. Windings 68 and 69
      of motor 61 are selectively activated to control rectilinear movement of
      camera unit 16 in the manner described below. Support for camera unit 51
      and junction box 60 is also described in detail below.
PAR  Motor 61 can be appropriately connected to a source of energy through
      operation of timing wheel 66 in conjunction with double-elemented control
      switch 67 forming elements of control unit 52. Briefly, in the ON state,
      double -elemented switch 67 allows current flow to either winding 68 or 69
      of motor 61. Rotation of the shaft of motor 61 is either in a clockwise or
      a counterclockwise direction, such rotation being converted through pinion
      gear 62 to rectilinear movement of camera unit 51. Rectilinear movement is
      either in an upward direction from station A to station B or in a downward
      direction from station B to station A, depending on which switch element
      93a or 93b of switch 67 is connected, as explained below.
PAR  Control unit 52 also is seen to include recorder 70 alternatively connected
      to camera unit 51 through cooperation of a second double-elemented
      infrared control switch 71. Infrared control switch 71 is placed in
      cooperative contact with timing wheel 66 at a peripheral location adjacent
      to that of double-elemented switch 67. Briefly, in operation, timing wheel
      66 is seen to be connected to drive motor 72 through gear reducer 73.
      Cooperative rotation of timing wheel 66 and switches 67 and 71 changes the
      switching status of the latter so as to provide selected control of drive
      unit 57 and camera unit 51 as follows:
PAR  i. drive unit 57 and camera unit 51 stationary at station A, camera unit 51
      is in an ON state;
PAR  ii. drive unit 57 and camera unit 51 in rectilinear motion in a first
      direction traveling from station A to station B, camera unit 51 is an OFF
      state;
PAR  iii. drive unit 57 and camera unit 51 stationary at station B, camera unit
      51 is in an ON state;
PAR  iv. drive unit 57 and camera unit 51 in reverse rectilinear movement
      between station B and station A, camera unit 51 is an OFF state.
PAR  Operative steps i-iv will now be described in more detail with reference to
      FIG. 5.
PAR  Step (i): Assume switches 64 and 65 have been activated. Timing wheel 66 is
      in rotation in the direction of arrow C through operation of drive motor
      72 and gear reducer 73. Roller 75 of double-elemented infrared switch 71
      is placed in rolling contact with node 76 a of timing rack 76 of timing
      wheel 66. Under such conditions, electrical signals provided by camera
      unit 51 can be applied, after amplification by amplifier 74 into measuring
      unit 77 of recording unit 70. Signals from measuring circuit 77 are
      converted through balancing motor 78 to rotational movement of shaft 78a
      connected to pen 79 of recording unit 70. Pen 79 moves laterally across
      chart 80 as a function of signal intensity from camera unit 51. When
      activated, chart motor 81 is seen to advance chart 80 in direction D.
      However, chart motor 81 is not initially activated. Only when limit switch
      82 is tripped (through interaction of bar 79a of pin 79 and lever arm 84
      of mechanical limiter 83) does chart motor 81 become operative. Chart
      motor 81 continues to operate, once activated.
PAR  It should be noted that mechanical limiter 83 is also provided with second
      lever arm 86. When activated by lever arm 86, contact switch 85 is seen to
      be tripped, which in turn activates relay 89. Relay 89 includes plunger
      contact 87, which, when activated, connects horn 88 with source of energy
      (not shown). It should be apparent that relay 89 allows horn 88 to sound a
      warning to alert operators within the area that a maximum set point
      temperature of regeneration has been reached interior of vessel 10.
      Simultaneously, as relay 89 is operative, there is deactivation of the
      following: motor 72, connected to timing wheel 66 and chart motor 81. It
      should also be apparent that when horn 88 is activated, camera unit 51
      remains fixed at either station A or B so that the overheated catalytic
      bed of the vessel can be readily identified.
PAR  Step (ii): As infrared controls switch 71 is opened by its roller 75
      entering dwell regions 76b of track 76 of timing wheel 66, control switch
      67 is activated: roller 90 contacts node 91a of track 91. When this
      occurs, switch element 93a is placed across contact points 94a. Thus,
      travel motor 61 becomes energized.
PAR  As motor 61 rotates, pinion gear 62 likewise rotates and is caused to
      travel with respect to rack 63. Since pinion gear 62 and motor 61 are
      mechancically linked to camera unit 51, the latter is caused to travel
      from station A to station B.
PAR  Since infrared switch 71 is inactive during this time, pen 79 of recording
      unit 70 falls to a level which places switch 82, controlled by mechanical
      limiter 83, in an inactive state. Such inactive state in turn deactivates
      chart motor 81.
PAR  Step (iii): With drive unit 57 positioned at station B, camera unit 51
      operates in the same manner as previously described with reference to step
      (i) above. That is, camera unit 51 is operative to provide infrared
      signals at recording unit 70 through closure of infrared switch 71, i.e.,
      by placement of its roller 75 in rolling contact with node 76c of timing
      track 76 of timing motor 66.
PAR  Step (iv): As infrared control switch 71 is again opened, i.e., opened by
      its roller 75 entering a second dwell region 76d, roller 90 of control
      switch 67 enters reversing dwell section 91b on timing track 91. It is
      apparent that as a result of roller 90 entering reversing dwell section
      91b, switch element 93b of switch 67 is placed across contact points 94b.
      Travel motor 61 becomes energized; however, such energization is in a
      reverse mode to that previously described, since the direction of current
      flow relative to windings 68 and 69 is reversed. This causes, in turn,
      reverse rotation of pinion gear 62 relative to rack 63, which causes
      travel of camera unit 51 from station B to station A. Camera unit 51 and
      drive unit 57 return to station A, at which time a second scanning cycle
      can be initiated, if desired.
PAR  FIG. 6, along with detail drawings FIGS. 7, 8, 9 and 10, illustrates the
      manner in which drive unit 57 and camera unit 51 are supported relative to
      rail 53.
PAR  As indicated in FIGS. 6 and 7, camera unit 51 and drive unit 57 are
      supported by H-frame support 95, having upright sides 96a and 96b. Upright
      sides 96a and 96b slideably connect to rail 53 and include a cantilevered
      section (FIG. 6) which extends away from rail 53 so as to form a support
      region for camera unit 51. At a more central region of H-frame 95, side
      96a is also seen in FIG. 7 to provide support for junction box 60 and
      travel motor 61. Electrical energy is provided to camera unit 51 and to
      travel motor 61 through cooperative connection of electrical connector 98
      to a source of electrical energy within control circuit 52 at the base of
      support rail 53 (see FIG. 4). Sides 96a and 96b of H-frame 95 also
      support, at its interior, a series of balance rollers which provide a
      balance roller unit, generally indicated at 97 in FIG. 6. The purpose of
      balance roller unit 97 is to prevent rotation of H-frame support 95
      relative to rail 53 about axis C--C (FIG. 6) and axis D-- D (FIG. 8) while
      still allowing rectilinear movement of H-frame 95 along axis B--B (FIG.
      6).
PAR  FIG. 8 illustrates balance roller unit 97 in more detail. In this regard,
      note that the structure of rail 53 is designed to snuggly accommodate
      roller unit 97 for the previously expressed purpose of preventing rotation
      about axes C--C and D--D, but allowing rectilinear movement along axis
      B--B. In more detail, rail 53 is seen to be a conventional I-beam design
      such that web section 53a is snuggly positioned between rollers 97a-97d of
      roller unit 97. While rectilinear travel of H-frame support 95 along the
      rail is permitted, note that rotation about web section 53a is not
      allowed. Remaining rollers comprising roller unit 97 prevent rotation
      about the remaining principal rotation axis C--C of FIG. 6 in the
      following manner: rollers 97e-97h of FIG. 8 prevent movement of H-frame 95
      in the direction of end section 53b of rail 53, while similarly positioned
      rollers of roller unit 97 (two of which being indicated at 97i and 97j of
      FIG. 6) prevent movement in the opposite direction, i.e., toward section
      53c of rail 53.
PAR  FIGS. 9 and 10 illustrate the operation of travel motor 61, pinion gear 62
      and rack 63 in more detail. As shown in FIG. 9, travel motor 61 includes
      shaft 61a journaled at sidewall 96b by bearing 98. At a central region of
      shaft 61a, pinion gear 62 is affixed. Gear teeth are seen to be in mating
      contact with rack 63 attached to rail 53. Thus, rotation of motor 61
      relative to gear 62 is directly converted into rectilinear travel of
      H-frame 95 in the direction of axis B--B of FIG. 10. Of course the gear
      ratio of the rack and pinion gear must be designed such that movement
      along axis B--B is smooth but stable.
PAR  Since it is also desirable in some circumstances to remove camera unit 51
      from H-frame 95 so as to effect repair, support frame 99 of FIG. 10 is
      arranged to have aperture 99a open at one end, through which camera unit
      51 can be loaded. Snug contact of camera unit 51 and interior of H-frame
      99 is provided by having its sidewalls 99b in snug contact with similarly
      oriented walls of camera unit 51. A lock (not shown) is used to releasably
      connect camera unit 51 relative to frame 99.
PAR  Although certain embodiments of the present invention have been illustrated
      and described, the invention is not meant to be limited by those
      embodiments, but by the scope of the following claims. E.g.: (1 ) rather
      than use internal-combustion-engine-power truck 19 in the embodiment of
      FIG. 1, a nonpolluting mode of transportation could be substituted, if
      desired; and (2) rather than using only two viewing stations, as depicted
      in the embodiment of FIG. 4, a greater number may be employed in some
      applications. With regard to (2) above, note that in such multistation
      viewing there must be sufficient reversing time of drive unit 57 to allow
      camera unit 51 to move from its position at the last-of-cycle scanning
      station back to its original position at the first-of-cycle scanning
      station before the cycle is repeated.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for monitoring the regeneration of a catalyst located within
      an insualtion-clad vessel involving elevating the temperature interior of
      said vessel after production of hydrocarbon products such as
      petrochemicals, gasoline, light fuel oils, and the like, has been
      terminated, comprising:
PA1  1. a plurality of metallic stud means affixed to the metallic sidewall of
      said vessel associated with a similarly oriented spatial position interior
      of said vessel, for defining a true temperature gradient for catalyst
      regeneration interior of said vessel as said vessel is utilized in a
      catalyst regeneration operating mode;
PA1  2. an infrared scanning and detection unit responsive to infrared energy in
      a frequency frange from about 300 .times. 10.sup.9 to 10.sup.15 Hz, for
      the purpose of detecting said infrared energy emitted from said plurality
      of stud means during operation of said vessel in said regeneration mode,
      and displaying said energy as a function of geometric and time variables
      indicative of the geographic positions of said stud means as viewed from a
      scanning station exterior of said vessel, said infrared scanning and
      detection unit including:
PA2  A. infrared camera means for generating electrical signals as a function of
      detected infrared energy;
PA2  B. means for allowing said infrared camera means (A) to be movably
      positioned at a series of vertically separated viewing stations along a
      pathway extending upwardly from ground level, each being horizontally
      adjacent to a selected group of said stud means of said vessel;
PA2  C. control means fixably positioned relative to said vessel but
      electrically connected to said motion allowance means (B) and camera means
      (A) for controlling movement of said camera means (A) along said vertical
      pathway, said control means also including first cooperative switch means
      for controlling operation of said camera means (A) to allow detection of
      said infrared signals at least when said camera means (A) is stationary
      relative to said vessel at each of said viewing stations;
PA2  D. recording circuit means also fixedly positioned relative to said vessel,
      but electrically connected to said camera means (A) for recording said
      electrical signals generated by said camera means (A) due to the detection
      of infrared energy emitted from said plurality of stud means of said
      vessel.
NUM  2.
PAR  2. The apparatus of claim 1 in which said plurality of metallic stud lie in
      a series of vertically extending, cyclically repeating 5-spot patterns,
      each pattern positioned on a common curved arcuate section whose axis of
      formation is common to the axis of symmetry of said vessel.
NUM  3.
PAR  3. The apparatus of claim 1 in which said plurality of metallic stud means
      lie in a series of vertically extending, cyclically repeating sinusoidal
      patterns, each pattern positioned on a common curved arcuate section whose
      axis of formation is common to the axis of symmetry of said vessel.
NUM  4.
PAR  4. The apparatus of claim 1 in which said motion allowance means (2) is
      further characterized by rail means attached to the earth and extending
      vertically along said vertical pathway offset from said stud means,
      H-frame support movably mounted on said rail means to which said camera
      means (1) is fixedly mounted, reversible drive means permanently affixed
      to said H-frame support means but movably positioned relative to said rail
      means, said drive means being in circuit with said control means (3)
      through a second switch means so as to control rectilinear travel of said
      camera means (1) and said H-frame support means between said series of
      viewing stations in sequence, along said vertical pathway as well as to
      reverse rectilinear travel of said camera means (1) and said H-frame
      support means after said camera means (1) has been located at a
      last-of-scan station and to return said camera means (1) to a
      first-of-scan station, where reinitiation of the scanning cycle can occur,
      if desired.
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ABST
PAL  The temperature within a body is measured by covering an area of the body
      surface with a layer of thermal insulation, measuring the temperature with
      two sensors located respectively at the insulation/body surface interface
      and at the opposite side of the insulating layer to indicate any
      temperature gradient along a path from within the body through the
      sensors, and applying heat over the insulating layer/sensor sandwich to
      annul any such gradient. This effectively exteriorises the desired deep
      body temperature, which is then indicated by the sensors. It is important
      that the insulation extend laterally beyond the sensors to guard against
      peripheral temperature gradients affecting the sensor region and to take
      account of any inherent thermal irregularities in the body. This last
      point is particularly relevant to clinical use on human subjects with
      irregularities caused by vascular channels. Similar considerations lead to
      use of a thin film or similar uniform heating element over the relevant
      area.
BSUM
PAR  This invention concerns temperature measurement and more particularly the
      measurement of an elevated temperature relative to ambient at a site to
      which direct access is difficult for one reason or another.
PAR  The invention has been more particularly developed for medical use to
      measure the deep body temperature of a patient through the intact skin.
      Deep body temperature measurement is in fact carried out as a routine
      clinical practice in hospitals since the results are of considerable value
      in certain conditions. However such practice conventionally involves
      siting of a suitable sensor in a body cavity and this is only tolerable
      for a relatively short period of time by a conscious patient, and
      continuously by an unconscious patient. A more particularly useful factor
      in such measurements is an indication of variation in deep body
      temperature, but clearly from the preceding comment this is not always
      available since a relatively long period of detection is involved.
PAR  An object of the present invention is to reduce this and similar
      difficulties, and there is accordingly provided a method of measuring
      temperature within a body which comrises measuring the temperature at a
      first location on the surface of said body and at a second location spaced
      from the first in the direction away from the body, while maintaining a
      layer of thermal insulating material over the body surface around and
      between said locations, and heating said layer remotely from the body
      surface to substantially equate the temperature measurements at said
      locations.
PAR  This method serves to substantially annul heat loss from within the body in
      a path passing through the two temperature measurement locations whereby
      the deep body temperature is effectively exteriorised.
PAR  The invention also provides apparatus for carrying out the above method and
      such apparatus preferably comprises a sandwich assembly of two temperature
      sensors separated by a layer of thermal insulating material which extends
      laterally beyond the sensors and which sandwich is superposed by an
      electrical heating element.
DRWD
PAR  In order that the invention may be more fully understood, the same will now
      be described by way of example with reference to the accompanying drawings
      in which:
PAR  FIG. 1 graphically illustrates the mode of operation of the invention,
PAR  FIG. 2 diagrammatically illustrates an embodiment of the invention,
PAR  FIG. 3 schematically illustrates a control system for use with the
      invention, and
PAR  FIGS. 4, 5 and 6 graphically illustrate results obtained with use of the
      invention.
DETD
PAR  The graph of FIG. 1 illustrates in an idealised manner the temperature
      gradient due to outward heat loss from a body through an apparatus
      assembly as indicated above. The temperature within the body is denoted as
      the core temperature T.sub.c, that at the body surface or skin adjacent
      the innermost sensor is denoted as T.sub.1, and that at the outermost
      sensor as T.sub.2. If heat is applied externally as denoted by arrow T to
      equate the temperature at the two sensors, this involves equating the
      inward heat flow with the outward heat loss such that the temperature
      gradient between the two sensors is substantially zero. Clearly, when this
      is achieved, the whole of the temperature gradient of FIG. 1 is
      substantially zero and T.sub.1 = T.sub.2 = T.sub.c.
PAR  The embodiment of FIG. 2 diagrammatically illustrates a preferred
      embodiment of apparatus for use in carrying out this measurement
      operation. The two temperature measurement sensors are denoted 1 and 2
      separated by a first layer 3 of insulating material and overlaid with a
      second layer 4 of insulating material. The layers of insulating material
      extend beyond the sensors in an annulus therearound. A thin film
      electrical heating element 5 is disposed over the second layer 4 of
      insulating material and the element 5 is overlaid by a third layer 6 of
      thermal insulating material. This third layer can overlap the edges of the
      heating element, and the overall assembly can be covered by a thermal
      reflecting material except for the exposed face of the insulating layer 3
      and the sensor 1. Also, while basically a sandwich, and therefore
      laminated structure, moulding operations can be used for application of at
      least some of the insulating material during manufacture.
PAR  It is clearly desirable that the sensors to not significantly influence the
      temperature gradient through the assembly by virtue of their thermal
      capacity and other characteristics. Also, it is to be noted that the
      insulating material extends laterally beyond and around the sensors so
      that the sensors are not significanatly affected by temperature gradient
      variations in the lateral sense such as will occur in the peripheral and
      edge regions of the assembly. A furher reason for this ringing of the
      sensor region with insulating material is that any inherent irregularities
      in temperature gradients within the body, such as will be caused by the
      presence of vascular channels, are rendered less significant.
PAR  In a prototype assembly which has been used successfully to obtain results
      as discussed hereinafter, these considerations are met by the use of
      thermistors as sensors in a pad-like assembly measuring about 6 .times. 6
      cms. The thermisors are, of course, of very small bead-like dimensions
      compared to that of the pad. However, other sensor arrangements, such as
      of thin film resistance-type, can be used and this may be advantageous in
      allowing a greater area of zero average heat transfer to be established to
      take account of inherent thermal irregularities in a body to be examined,
      although a more complex electronic control system will then be required.
      Even then, an insulating ring is still required to guard the measurement
      area against edge effects, and the lateral dimensions of the insulating
      layer will normally be at least one order greater than that of the
      sensors.
PAR  It is also clearly desirable that the heating element apply heat
      substantially uniformly over the insulating layers adjacent the sensors so
      as not to introduce undesirable temperature gradient variations. It is for
      this reason that reference is made above to the use of a thin film
      element. In the prototype assembly also referred to above, such a film
      comprises a strip of constantan etched on a plastics material film in a
      closely spaced rectangular waveshape thereover and having about 100 ohms
      total resistance. The material of the thermal insulating layers around
      this element can serve to electrically insulate the same, while thermal
      insulation is desirable between the element and nearer sensor to avoid
      directly heating the latter, and over the element to improve thermal
      efficiency.
PAR  Additional points to note are that the sensors should be closely matched in
      respect of temperature response. Also, the insulating material layers, the
      heating element, and the sensors (if appropriate) should preferably be
      flexible to facilitate compliance to different body surface contours. This
      last point is of particular relevance to medical use.  In this last case,
      and possibly others, attachment to the body surface can be effected by use
      of appropriate adhesive tape or by formation of the assembly as a suction
      cup. Also, the device need not necessarily be of relatively flat, square
      pad from as in the prototype.
PAR  Turning to the control system of FIG. 3: this has been designed more
      particularly for use with a transcutaneous deep body temperature
      measurement device such as described above, although its mode of operation
      may be useful in other applications of the invention. The basic part of
      the control system is relatively straight-forward and shows the two
      sensors 1 and 2 connected to a sequence of a differential amplifier 10, a
      trigger circuit 11, and the heater 4, while one of the sensors (preferably
      the innermost) is connected through a measurement circuit 12 to an output
      circuit 13 which can be coupled to a visual output indicator and/or
      recorder 14. The amplifier operates to trigger the heater on and off to
      maintain the temperature difference within a predetermine range, of not
      greater than about .+-.0.5.degree.C. for medical application, say.
PAR  In practice it is desirable that the rate of heating be controlled in such
      a way as to reduce any tendency for overshoot to the required temperature
      balance range, such as by use of a unity duty cycle, that is to say by use
      of an operative cycle in which the heater is alternately energised and
      de-energised during successive equal intervals of time. However, this may
      lead to delay in the initial warming up period when temperature T.sub.2
      will be normally somewhat less than T.sub.1, and similarly as between
      T.sub.1 and T.sub.c. Accordingly, a comparator 15 is provided whereby
      control of the heater by the amplifier and trigger circuit is inhibited,
      while heating is effected continuously until the measured temperature
      attains a first predetermined high level. This first high temperature
      level is set close to the normal deep body temperature. A suitable high
      temperature level is 37.degree.C. Once this high temperature level is
      reached, a switch 16 is activated to modify the comparator for operation
      with reference to a second predetermined low temperature level, and
      thereby to free the amplifier and trigger circuit for heater control. This
      second, low temperature level is adjustable to determine a temperature
      significantly lower than that of the high level, at which lower
      temperature continuous heating can occur again. The low temperature level
      will, in fact, normally be set at a value below the deep body temperature
      range at hand so that continuous heating only occurs during the initial
      phase of any one measurement operation.
PAR  This mode of control is suited both to longer term monitoring or periodic
      routine temperature measurements. However, in the latter case, where a
      sequence of measurements are taken on different subjects in one routine
      session, it will probably be preferable that the heating be arranged to
      attain and maintain the high temperature level during the intervals
      between successive measurements, rather than attain this level and then
      automatically switch to another, with the user effecting switching to and
      from the measurement control upon application of the device to and from
      each subject.
PAR  Also, in this last case, it is desirable that the device have as small a
      thermal capacity as possible, consistent with other considerations leading
      to larger pad-like form, in order to reduce the time required for each
      measurement. In this connection, reduction of the above-mentioned
      prototype to about 2.5 x 2.5 cms size is practicable.
PAR  Such control systems are well automated in operation and, when combined
      with a skin attachment device as already described, provide an apparatus
      which is readily usable by personnel such as nurses without the need for
      significant specialised training.
PAR  Lastly, it is useful to indicate the relative accuracy and usefulness of
      the invention, at least for medical purposes, in the context of known
      variations in deep body temperature compared to skin temperature. Various
      tests have been carried out during development of the invention and some
      of the associated results are indicated by the graphs of FIGS. 4 to 6.
PAR  The results of FIG. 4 were derived from tests on subjects in a wind tunnel
      with wind speed at approximately 100ft/min., relative humidity about 4%
      and fixed ambient temperatures of 15.degree.C., 25.degree.C. and
      35.degree.C. in successive trials. Temperature measurements were made
      after 45 minutes in each trial at sites at the right lower rib cage and
      upper sternum by use of the present invention, these being denoted by
      respective solid lines A and B. Control measurements were also taken to
      indicate deep body temperature using conventional techniques at the left
      ear, and average skin temperatures were taken, as respectively denoted by
      the broken and chain lines.
PAR  Similar trials with successive changes in the ambient temperatures give
      temperature measurements plotted against time configuring the general
      indications of FIG. 4.
PAR  The results of FIG. 5 were derived from a test on a subject in a fixed
      environment at 28.degree.C. and injected after 35 minutes with Pyrogen to
      simulate a fever. Temperature measurements were taken at 5 minute
      intervals to indicate deep body temperature by conventional techniques at
      the left ear and right ear (broken lines C and D, respectively), by "radio
      pill" (dotted line), and by use of the invention (solid line). Average
      skin temperature and single site skin temperature measurements were also
      taken (chain lines E and F, respectively).
PAR  The results of FIG. 6 were derived from a test on a subject in a controlled
      environment at temperatures of 30.degree.C., 41.degree.C., 45.degree.C.
      and 15.degree.C. during successive periods of time. Temperature
      measurements were taken at intervals of about 5 minutes to indicate deep
      body temperatures by conventional techniques at the left ear and right ear
      (broken lines G and H, respectively), and by use of the invention (solid
      line). Average skin temperature measurements were also taken (chain line).
PAR  These results indicate that use of the invention gives as accurate a
      measure of deep body temperature as any conventional technique, and
      affords a comparable monitoring facility. In addition, the invention
      presents little or nothing in the way of discomfort to a patient, even
      when conscious, and is not limited in use to particular body sites. This
      last point is of practical significance in that a deep temperature
      measurement could be made in a limb, such as a damaged limb possibly
      suffering impaired blood flow which would affect the relevant temperature,
      and compared with measurement at the colateral site.
PAR  Also the invention may be useful for detection of a region of high
      metablolism, e.g., a tumor, located below the skin, and may be preferable
      to the infra-red techniques currently used for this purpose.
PAR  In conclusion, it is to be noted that the invention has been described with
      more particular reference to medical applications since this has been the
      context of the initial development. However, the invention should find
      application in other circumstances where there is difficulty in obtaining
      access to a deep body or core site for temperature measurement and where
      the temperature in question cannot be adequately calculated from
      measurement of the surface temperature of the body.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for measuring the core temperature within a body, in a region
      thereof which is inaccessibly remote from the outer surface of the body,
      in an instance where the body exhibits a fall in temperature from said
      region to said surface, comprising:
PA1  a sandwich assembly of two temperature sensors separated by a layer of
      material resistant to thermal conduction which extends in continuous
      manner laterally beyond the sensors to form an annulus around said sensors
      having lateral dimensions of at least equal order to those of said
      sensors;
PA1  said sandwich being superposed by an electrical heating element; control
      means operable in response to a temperature measurement differential
      indicate by said sensors to energise said heating element to annul said
      differential, said control means comprising means to energise said heating
      element continuously to elevate the temperature at one of said sensors to
      a predetermined high level; and
PA1  switch means operable thereafter to put said temperature differential
      annulling operation into effect.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said switch means is operated
      automatically in response to attainment of said high level temperature by
      said one sensor.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said control means is operable to
      re-establish continuous energisation of said heating element, following
      operation of said switch means, in response to attainment of a
      predetermined low level temperature by one of said sensors.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said one sensor is that further
      from said heating element.
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PAL  By including four resistors and a capacitor in a bridge and connecting the
      bridge to the input terminals and the output terminals of a comparator
      amplifier a relaxation oscillator is obtained the square-wave frequency of
      which depends logarithmically upon the ratio of two resistances.
      Linearization is obtained by using a measuring-value transducer the
      resistance of which depends exponentially upon a physical quantity, such
      as temperature, as one of the resistors. The converter may be used in
      frequency-analog transmission of measuring values and in measuring
      instruments for measuring-value indication without the need for
      linearizing steps.
BSUM
PAR  The invention relates to a logarithmic resistance-to-frequency converter in
      which the period of a generated square wave is proportional to the natural
      logarithm of a resistance ratio.
PAR  It is known to include resistors in the frequency-determining network of an
      oscillator circuit to influence the frequency of the oscillator. An
      example of such a circuit is the Wien-bridge oscillator. However, in this
      oscillator there is a square-law relation between the frequency and an
      adjustable resistance value. On the other hand, by means of control
      circuits, a linear relation between the resistance and the frequency or
      the period is obtainable.
PAR  When a logarithmic relation between resistance and frequency or period is
      desired, additional provisions must be made to realize this function. For
      this purpose, logarithmic amplifiers or function-generating networks may
      be used in an analog part of the circuit.
PAR  In particular when the variable resistor is a measuring-value transducer
      the resistance of which depends upon a physical quantity, it may be
      advantageous to introduce a logarithmic or exponential function.
PAR  Examples of such measuring-value transducers are temperature transducers
      using negative temperature coefficient resistors or semiconductor
      single-crystal resistance thermometers which have exponential
      characteristics. Such exponential characteristics can be used to provide
      an indication of the measured physical quantity by using suitably
      graduated scales. However, this requires special scales and moreover the
      electric signal cannot be linearized. Linearization is obtainable by means
      of particular non-linear networks of the aforementioned type in which, for
      example, the exponential current-voltage characteristic of at least one
      semiconductor diode is utilized. However, a satisfactory degree of
      accuracy is only obtainable by complex means because, in particular, owing
      to the temperature dependence of the diode characteristics, expensive
      compensating provisions are required.
PAR  It is an object of the invention to provide a circuit arrangement which
      includes an oscillator the period of which depends logarithmically upon
      the ratio of two resistors. This is achieved by providing four ohmic
      resistors and a capacitor which form a bridge circuit three arms of which
      comprise a first resistor, a second resistor and a third resistor,
      respectively, while a fourth arm comprises the series combination of a
      fourth resistor and a capacitor. Two opposite bridge supply points are
      connected to the two output terminals of a voltage comparator that may
      comprise a differential amplifier followed by a bistable circuit, e.g., a
      Schmitt trigger. The use of a Schmitt trigger to convert a sine wave into
      a square wave is described in U.S. Pat. No. 3,217,144 in the name of H. D.
      Hinnah. The two input terminals of the comparator are connected to the two
      opposite measuring points of the bridge in a manner such that the circuit
      is self-oscillating and a square wave can be derived from the differential
      amplifier output terminals. The resistance ratio is determined by the
      ratio of the values of the first and second resistors situated between the
      bridge supply  points. Thus a relaxation oscillator is obtained the
      frequency of which in principle depends only on the parameters of linear
      passive elements which may be considerably more stable than the parameters
      of non-linear and active elements such as, for example, diodes and
      transistors. In this manner a high-accuracy output signal of digital
      nature is obtainable by simple means.
PAR  Except where the logarithmic relation is necessary, for example when sound
      levels are to be measured or frequency characteristics are to be
      determined, it may be useful to convert a large resistance variation into
      a comparatively small frequency variation capable of being transmitted via
      telecommunication channels.
PAR  The converter according to the invention may also be used to advantage in
      analog or digital measuring instruments in which a measured value is
      displayed either on a pointer instrument having a linear scale or directly
      in digits. No linearization is required when the relation between the
      physical quantity to be measured and a resistance has an exponential
      character.
PAR  Furthermore it is of advantage that a frequency-analogous indication of
      measurements greatly simplifies transmission between galvanic or
      capacitive isolated points. These are required in particular in process
      control (protection against explosions) and in medical electronics.
DRWD
PAR  An embodiment of the invention will now be described, by way of example,
      with reference to the accompanying drawing the single FIGURE of which is a
      circuit diagram of a circuit arrangement according to the invention.
DETD
PAR  In the FIGURE the series combination of the resistance measuring-value
      transducer R.sub.1 and the fixed resistor R.sub.2 form one bridge arm
      which lies between input terminals a and b of the bridge. The second
      bridge arm is formed by the series combination of two fixed resistors
      R.sub.3 and R.sub.4 and a capacitor C, which capacitor is connected to the
      same input terminal b of the bridge as is the transducer R.sub.1. Output
      terminals c and d of the bridge form the junction points between the
      resistors R.sub.2 and R.sub.1 and between the resistors R.sub.3 and
      R.sub.4.
PAR  These output terminals of the bridge are connected to the input terminals
      of a comparator amplifier K the output terminals of which are connected to
      the input terminals a and b of the bridge. The comparator K is a
      commercially available high gain differential amplifier which reverses the
      polarity of the output voltage U.sub.A when the voltage at its input
      terminals passes through zero and changes sign. The connections between
      the bridge circuit and the comparator are made so as to produce a
      self-oscillating circuit, i.e., the bridge forms a positive feedback path
      for the comparator.
PAR  First it is assumed that the output voltage from the comparator has a
      polarity such that the input terminal a of the bridge is positive with
      respect to its input terminal b. It is further assumed that the capacitor
      C has completely been discharged. Suitable proportioning of the resistors
      R.sub.1 to R.sub.4 enables the output terminal c of the bridge to be more
      positive than its output terminal d. For example, the values of the two
      resistors R.sub.3 and R.sub.4 may be equal and in the resistance range to
      be converted the value of the resistor R.sub.2 always is greater than that
      of the transducer R.sub.1. The capacitor C is charged via the resistors
      R.sub.3 and R.sub.4 so that the voltage at the output terminal d becomes
      increasingly more positive. As soon as this voltage becomes so positive
      that the bridge output voltage, i.e., the voltage U.sub.E between the
      terminals c and d passes through zero and changes sign, the polarity of
      the output voltage U.sub.A of the comparator is reversed. Since the
      capacitor C has been positively charged, the voltage at the output
      terminal c is considerably more negative than the voltage at the terminal
      d. As a result, the capacitor C is negatively charged via the resistors
      R.sub.3 and R.sub.4 until the bridge output voltage U.sub.E again passes
      through zero. Thus the circuit operates as a relaxation oscillator the
      frequency of which depends upon the absolute values of the resistors
      R.sub.3 and R.sub.4 and of the capacitor C and upon the ratio of the
      resistances of R.sub.1 and R.sub.2.
PAR  An accurate computation of the complete oscillation period .tau..sub.o of
      the oscillator results in the following expression:
      ##EQU1##
      where 1n is the logarithm to the base e. If R.sub.3 = R.sub.4, the
      expression is simplified to:
      ##EQU2##
      In the case of a resistance thermometer which operates on the dependence
      of the intrinsic conductivity upon the absolute temperature T in
      semiconductor materials, the dependence of the resistance upon the
      temperature is
EQU  R.sub.1 = R.sub.0 e.sup.K/T,                               (3)
PAL  where R.sub.0 and K are constants, R.sub.1 is the resistance value and T is
      absolute temperature in degrees Kelvin. This characteristic is accurately
      maintained in particular in resistance thermometers consisting of highly
      pure single-crystal semiconductors. From the equations (2) and (3) it
      follows that the oscillator frequency f.sub.0 becomes proportional to the
      absolute temperature, if R.sub.2 = R.sub.0 :
      ##EQU3##
      Deviations from the ideal characteristic, for example for correcting small
      deviations of the transducer characteristic from the ideal exponential
      behaviour, are obtainable by means of inequality of the resistors R.sub.3
      and R.sub.4 and/or R.sub.2 and R.sub.0. The finite switching time of the
      comparator amplifier may similarly be compensated for.
PAR  For further processing the output frequency f.sub.0 of the oscillator may
      be applied to an indicator device 10. For an analog indication, the device
      10 may consist of a frequency-to-voltage converter, which, for example, in
      known manner produces a voltage proportional to the frequency by
      generating pulses having a constant voltage-time characteristic and by
      averaging these pulses via a filter. Digitization of the frequency f.sub.0
      may readily be achieved in the device 10 by the use of pulse counters.
      This is effected by applying the pulses from the oscillator to a counter
      in the zero position for a given time so that, at the end of this time,
      the counter reading is a measure of the measured value which, if a
      conventional binary counter is used, is directly available in coded form.
PAR  A modification renders the circuit arrangement approximately linearly
      sensitive to very small relative variations of the input quantity, for
      example of the temperature T. If R.sub.2 is chosen to exceed R.sub.0 and
      is proportioned so that
EQU  1n R.sub.2 /R.sub.0 = K/T.sub.0                            (5)
PAL  then with
EQU  T = T.sub.0 - .DELTA. T
PAL  the period becomes
      ##EQU4##
      The period .tau..sub.0 can be measured with means similar to those used
      for measuring the frequency.
PAR  In the embodiments described the use of a high gain differential amplifier
      having two output terminals is assumed, the polarity of the voltage
      between these terminals being changed in accordance with the input signal.
      However, differential amplifiers having a single output terminal are
      available in which the voltage at this output terminal assumes one or the
      other or two fixed voltage values in accordance with the value of the two
      input voltages. In this case, for example, the upper input terminal a of
      the bridge may be connected to this output terminal, while to the lower
      input terminal b of the bridge is applied a fixed voltage which is equal
      to the mean of the two output voltage values to obtain a symmetrical
      output voltage.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A logarithmic resistance-to-frequency converter which produces a
      square-wave signal whose period is proportional to the natural logarithm
      of a resistance ratio comprising, a comparator amplifier having two input
      terminals and two output terminals, a first resistor, a second resistor
      connected in series with said first resistor to form first and second arms
      of a bridge circuit with said resistance ratio being determined by the
      resistance ratio of said first and second resistors, a third resistor, a
      fourth resistor, a capacitor, means connecting the third resistor in
      circuit to form a third arm of the bridge and the series combination of
      said fourth resistor and said capacitor as the fourth arm of the bridge,
      means connecting the bridge input terminals to the comparator amplifier
      output terminals and the bridge output terminals to the comparator
      amplifier input terminals so that the junction of the first and second
      bridge arms supplies a positive feedback voltage to the comparator
      amplifier input terminal to which it is connected whereby the circuit
      arrangement will self-oscillate to produce a square-wave signal at the
      comparator amplifier output terminals whose period varies as the natural
      logarithm of the resistance ratio of said first and second resistors.
NUM  2.
PAR  2. Converter as claimed in claim 1 wherein the third and fourth resistors
      have equal resistance values and the first resistor comprises a
      measuring-value transducer.
NUM  3.
PAR  3. Converter as claimed in claim 2, characterized in that the
      measuring-value transducer comprises a temperature transducer the
      resistance value R.sub.1 of which satisfies the relation R.sub.1 = R.sub.0
      e.sup.K/T, where R.sub.0 and K are constants and T is the absolute
      temperature in degrees Kelvin.
NUM  4.
PAR  4. A converter as claimed in claim 2, characterized in that a counter is
      connected to the output terminals of the comparator amplifier and a
      counter reading recorded in a predetermined time interval is a measure of
      the measuring value.
NUM  5.
PAR  5. A converter as claimed in claim 1 wherein said first resistor is of the
      type that exhibits a non-linear resistance variation as a function of a
      physical parameter.
NUM  6.
PAR  6. A converter as claimed in claim 1 wherein said first resistor exhibits
      an exponential resistance variation as a function of a physical parameter
      and the bridge components are selected so that the period of the
      square-wave signal is determined by the absolute values of the third and
      fourth resistors and the capacitor and the natural logarithm of the
      resistance ratio of the first and second resistors.
NUM  7.
PAR  7. A converter as claimed in claim 1 wherein the bridge forms a positive
      feedback circuit for the comparator amplifier to sustain oscillations and
      the bridge output terminals are connected to the comparator amplifier
      input terminals so that the junction of said first and second resistors is
      connected to the non-inverting input of the comparator amplifier and the
      junction of the third and fourth bridge arms is connected to the inverting
      input of said comparator amplifier.
NUM  8.
PAR  8. A logarithmic converter which produces a square wave signal whose period
      is proportional to the natural logarithm of a resistance ratio comprising,
      a voltage comparator having two input terminals and two output terminals
      and means responsive to the zero passage of the voltages at the two input
      terminals for switching the voltage at the two output terminals between
      first and second fixed values of voltage, a first resistor, a second
      resistor connected in series with said first resistor to form first and
      second arms of a bridge circuit with said resistance ratio being
      determined by the resistance ratio of said first and second resistors,
      third and fourth resistors having the same value of resistance, a
      capacitor, means connecting the third resistor in circuit to form a third
      arm of the bridge and the series combination of said fourth resistor and
      said capacitor as the fourth arm of the bridge, means connecting the
      bridge input terminals to the voltage comparator output terminals and the
      bridge output terminals to the voltage comparator input terminals so that
      the circuit arrangement will self-oscillate to produce a square-wave
      signal at the voltage comparator output terminals whose period varies as
      the natural logarithm of the resistance ratio of said first and second
      resistors.
NUM  9.
PAR  9. A converter as claimed in claim 8 wherein said voltage comparator
      comprises differential amplifier means for comparing the voltages at said
      two input terminals and for producing at its output terminals said first
      and second fixed values of voltage, said first and second voltages being
      of opposite polarity as a function of the relative magnitudes of the
      voltages at the two input terminals, and the voltage at the bridge output
      terminal formed by the junction of said first and second bridge arms
      provides positive feedback and operates as a reference voltage for the
      zero passage of the voltage at the other bridge output terminal and which
      varies exponentially with the charge and discharge of said capacitor.
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ABST
PAL  There is disclosed herein a method and means for the collection and
      introduction of sample gases into a mass spectrometer gas analyzer.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to gas analysis by means of mass
      spectroscopy and is more particularly concerned with an improved method
      and means for the collection and introduction of gas samples into mass
      spectrometers.
PAR  The quantitative and qualitative analysis of gases by mass spectroscopic
      techniques is a well-developed and actively pursued art. In mass
      spectroscopic gas analysis the interior of the mass spectrometer is
      maintained at a relatively extremely low pressure, for instance, of no
      more than about 10.sup.-.sup.2 Torr. Accordingly, in operations of a
      generalized mass spectrometer gas analyzer, the sample gas under test is
      admitted, under vacuum, into the ion source of the mass spectrometer
      wherein the sample gas is ionized such as by electron bombardment thereof.
      The resulting ion beam is then projected downstream, usually through a
      preliminary set of "defocussing" slits, through an analyzer which
      generally comprises a controllable magnetic field oriented perpendicularly
      to the axis of the ion beam. The magnetic field thus acts to "focus" or
      cause each specie of ion or ion fragment forming part of the iron beam to
      describe a definite characteristic trajectory, the radius of trajectory
      being dependent upon the mass-to-charge ratio of the particular ion or ion
      fragment specie being acted upon by the magnetic field. Stationed at the
      end of the ion beam path is an ion collector which, in association with
      appropriate electronics, is responsive to the impact thereagainst of those
      ions and ion fragments not segregated out of the beam by the analyzer. By
      scanning the analyzer over a range or spectrum of magnetic field
      strengths, the ion collector is made to quantitatively respond to
      different ion mass species in the sample gas ion beam.
PAR  Variations on the above-outlined theme of mass spectrometer gas analyzer
      operations are also known. For instance, time of flight mass spectrometers
      depend upon accelerator components which accelerate the ions and ion
      fragments formed in the ion source. Here, the ion beam is subjected to
      controlled acceleration forces generated by a dynamic electric field. For
      a gas sample containing various charged ion species, each mass-to-charge
      specie of the sample has associated with it a unique flight time in the
      dynamic electric field, which time is measured. Accordingly, the various
      particles are resolved according to their mass-to-charge ratios by
      recording differences in their flight times in the dynamic electric field.
      Whatever the precise mode of operations employed in mass spectrometer gas
      analyzers, however, all are characterized by their operations under
      relatively extremely low pressure, by their application of an ionizing
      charge to the sample gas molecules undergoing analysis and by their
      selective measurement of parameters which are directly relatable to
      mass-to-charge relationships of the ionized species of the sample gas.
PAR  In view of society's intense concerns relating to pollution control, the
      preservation of health of industrial workers and environmental protection,
      it has become of paramount importance to provide gas analyzing apparatuses
      which are capable of resolving and detecting trace quantities of
      adulterant gases in ambient air volumes. While mass spectroscopy has long
      been employed in the analysis of trace gases, the application of this
      technique to ambient air and pollution-related investigations has
      heretofore been generally limited due to the fact that prior art mass
      spectroscopy generally requires relatively arduous and time consuming gas
      sampling techniques and preparation of gas samples for introduction into
      the relatively high vacuum environment of the mass spectrometer. Thus,
      despite known benefits of accuracy and sensitivity of mass spectroscopic
      analysis of gases, the use of mass spectroscopy in analyzing ambient air
      samples has suffered from the fact that the analytical information outputs
      of such apparatuses are nor normally available within a sufficiently short
      time subsequent to sampling of the gas. Generally, there exists a
      requirement that the analysis be substantially within real time, in other
      words, within a few seconds of sampling. In view of the present invention,
      however, these and other problems related to mass spectroscopic analysis
      of gases have been resolved or at least substantially ameliorated.
PAC  OBJECTS OF THE INVENTION
PAR  It is a principal object of the invention to provide a novel method for
      introduction of sample gases into a mass spectrometer gas analyzer.
PAR  It is another object of the invention to provide a novel method for
      sampling of gases at atmospheric pressures and introducing compositionally
      representative samples thereof into a mass spectrometer gas analyzer.
PAR  It is another object of the invention to provide a rapid and accurate
      method for continuously sampling gases at atmospheric pressures and
      introducing such samples into a mass spectrometer gas analyzer in such a
      manner as to obtain rapid response to changes in the composition of the
      gas being sampled.
PAR  It is another object of the invention to provide a rapid method for
      continuously sampling gases and introducing a continuous accurate gas
      sample flow into a mass spectrometer gas analyzer, which method is
      characterized by its freedom from deleterious occlusionary phenomena and
      its relative temperature insensitivity.
PAR  It is another object of the invention to provide a method for continuously
      sampling gases at atmospheric pressure and introducing samples thereof
      into a mass spectrometer gas analyzer wherein essentially linear pressure
      to flow relationships are maintained.
PAR  It is another object of the invention to provide a novel gas sample
      inletting device for mass spectrometer gas analyzers.
PAR  It is another object of the invention to provide a novel gas sample
      inletting device for mass spectrometer gas analyzers which provides for
      continuous and rapid sampling and introduction of compositionally
      representative gas samples into the gas analyzer.
PAR  It is still another object of the invention to provide a novel gas sample
      inletting device for mass spectrometer gas analyzers which provides for
      continuous sampling of gases under atmospheric pressure and introduction
      thereof into a gas analyzer while maintaining essentially linear pressure
      to flow relationships and stable analyzer working conditions.
PAR  It is yet another object of the invention to provide a novel gas sample
      inletting device for continuously sampling gases and delivering
      compositionally representative samples thereof into a mass spectrometer
      gas analyzer, which device is characterized by rugged construction;
      freedom from occlusionary phenomena and relative insensitivity to
      temperature variation.
PAR  Other objects and advantages of the invention will in part be obvious and
      will in part appear hereinafter.
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  The method of the invention generally comprises extracting sample gas from
      the source environment and flowing it through an enclosed zone of
      intermediate reduced pressure, the flow of said gas into and out of said
      zone being under critical flow conditions, while causing a portion of the
      sample gas in said zone to flow under free molecular flow conditions into
      an ion source generator of a mass spectrometer gas analyzer.
PAR  The apparatus of the invention generally comprises an intermediate vacuum
      chamber equipped with a sample inlet orifice and a sample outlet orifice
      and means to place said outlet orifice in operative communication with a
      fore pump. Said fore pump and sample inlet and outlet orifices are adapted
      to provide critical flow of the sample gas through each of said inlet and
      outlet orifices. Additionally, there is provided a separate sampling port
      adapted for free molecular flow of sample gas from the interior of said
      vacuum chamber into the ion source of a mass spectrometer gas analyzer.
DRWD
PAC  THE DRAWING
PAR  The drawing forming part hereof is a schematic, longitudinal, partly
      sectional view of the gas sampling device of the invention shown in
      cooperative arrangement with a mass spectrometer gas analyzer.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawing, the gas sample inletting device of the
      invention generally comprises vacuum chamber 2 equipped with inlet orifice
      4 and outlet orifice 6. Outlet 6 is in operative communication, through
      tubulation 7, with a vacuum fore pump 8. In operations, it is essential
      that the sample gas flow through both inlet orifice 4 and outlet orifice 6
      under critical flow conditions in order to assure (a) preservation of an
      essentially linear relationship between sample gas source pressure and the
      pressure in chamber 2, and (b) extraction of compositionally
      representative gas samples from the source environment. Failure to
      preserve said linear relationship and/or said compositionally
      representative sample in chamber 2 can, of course, lead to faulty and/or
      more difficult analysis of the gas. For the purposes of the present
      invention, "critical flow" is defined as that gas flow rate through
      orifices 4 and 6 which cannot be further increased simply by further
      decreasing the pressure on the low pressure sides of each of orifices 4
      and 6. Critical flow can also be said to involve the achievement of sonic
      linear velocity of the gas flowing through the throats of the respective
      inlet and outlet orifices 4 and 6. For operations over a wide range of
      Reynold's numbers, it is also desirable that the internal diameter of the
      enclosing apparatus immediately downstream of each orifice, i.e., chamber
      2 and tubulation 7, be at least five times that of the diameter of its
      associated upstream orifice. Further, it will also be apparent that
      critical flow through orifices 4 and 6 is achievable only when sufficient
      threshold pressure drops are generated thereacross. Accordingly, it is
      also important that the vacuum fore pump 8 associated with the inletting
      device of the invention be of sufficient capacity as to develop these
      threshold pressure drops. Critical flow of the sample gas through orifices
      4 and 6 serves to isolate the intermediate low pressure in the chamber 2
      from both the relatively high pressure of the source from which the sample
      gas is extracted and the pressure downstream of orifice 6, thereby to
      establish the linear relationship between the gas source and chamber 2
      pressures, mentioned above.
PAR  The minimum pressure ratio which must be maintained across each of the
      orifices 4 and 6 for critical flow to occur therethrough is:
      ##EQU1##
      where k is the ratio of specific heats of the gas; p.sub.1 is the
      pressure, in Torr, of the sample gas upstream from the orifice and p.sub.2
      is the pressure, in Torr, of the sample gas downstream of the orifice.
      Thus, in the present invention, each of the inlet and outlet orifices are
      operated under critical flow conditions and the pressure in chamber 2
      between said orifices will be directly proportional to the pressure of the
      atmosphere being sampled. Where the gas to be sampled is air, the value
      for k is about 1.405. Thus, where air at, say 100.degree.C, is to be
      sampled, the flow, W, thereof through orifice 4 can be generally
      approximated by the equation:
EQU  W = 8 d.sup.2 p.sub.e Torr liters per second
PAL  where d is the orifice 4 diameter given in centimeters and P.sub.e is the
      pressure, in Torr, of the sample gas in the environment from which it is
      extracted, in other words, the pressure upstream of orifice 4. Thus,
      bearing the above information in mind, it will be possible for the
      practitioner of the invention to suitably design and dimension the chamber
      2, inlet orifice 4, outlet orifice 6, tubulation 7 and fore pump 8 so as
      to provide the requisite critical flow conditions for any given gas
      intended to be sampled.
PAR  Also, in considering the specific characteristics of these structural
      elements, it is further well to take into account that, in order to
      achieve the relatively rapid response times of which the present invention
      is capable, the volume of chamber 2 is preferably chosen so as to provide
      a sample gas flow rate therethrough sufficient to achieve substantially
      complete exchange or purge of resident sample gas within about one second
      or, even more preferably, within about 0.5 second.
PAR  It is the principal function of the chamber 2 to provide a substantially
      continuous supply of compositionally representative sample gas under
      conditions suitable for admission of a portion thereof into the mass
      spectrometer analyzer 20 under free molecular flow conditions. Said
      chamber 2, by virtue of the relatively lower pressure therein as compared
      to the sample gas pressure of the environment from which it is extracted,
      results in a considerable and highly desirable lengthening of the mean
      free path of the gas molecules forming part of the sample. This condition
      is conducive for the subsequent introduction of a relatively minute
      proportion of this relatively low pressure gas sample into the mass
      spectrometer gas analyzer 20 under free molecular flow conditions. In
      turn, the necessity for free molecular flow of the sample gas from chamber
      2 into the mass spectrometer 20 is essential in order that the partial
      pressure gas relationships in chamber 2 be maintained equal to partial
      pressure relationships existing in gas analyzer 20.
PAR  Thus, it is additionally essential that the sample gas admission port 10,
      which establishes communication between chamber 2 and the mass
      spectrometer gas analyzer 20, be adapted to provide for free molecular
      sample gas flow therethrough. To this end, therefore, admission port 10
      comprises one or more passages 11, each of which bears a characteristic
      dimension no larger than the mean free path of the sample gas in chamber 2
      passing through port 10 into high vacuum analyzer 20. Preferably, the
      characteristic dimension(s) of each passage 11 will be less than about
      one-third of the mean free path of the sample gas in chamber 2. By "mean
      free path" is meant the mean distance traveled between successive
      collisions of one sample gas mollecule with another. For a more complete
      discussion of the concept of mean free path and suitable equations for
      determination thereof, reference is specifically made herein to The
      Kinetic Theory of Gases, Leonard B. Loeb, Third Edition, Dover
      Publication, Inc., New York, 1961, Chapters III and IV. For information
      concerning specific mean free paths of various gases, reference is also
      made to Appendices I and III of the above-identified work. As mentioned
      before, one beneficial role played by vacuum chamber 2 is to increase the
      mean free path of the sample gas extracted from the source environment.
      This, of course, aids markedly in solving the problem of providing free
      molecular flow of a portion of the sample gas in chamber 2 into analyzer
      20, since the effectively lengthened mean free path of the sample gas
      allows for use of admission port 10 dimensions which are sufficiently
      large as to be practicably fabricated. Thus, admission port 10 may take
      the form of one or more pinhole apertures through a thin metallic
      diaphragm or may be formed of a porous material such as glass or ceramic
      frit or sintered bronze or stainless steel powders. Each of these
      above-mentioned general port 10 embodiments is possessed of some
      combination of attributes and deficiencies. For instance, in the case of
      the pinhole apertured metallic diaphragms, there is provided an admission
      port 10 system which is desirably rapidly responsive to composition
      changes in trace gas concentrations in the sample gas. However, said
      system also tends to be highly temperature sensitive and, moreover,
      apertures in metallic diaphragms are generally found to be readily
      occluded by condensed vapors or very small particulate matter which may be
      ingested with the gas sample. Contrarily, the porous frits and sintered
      powder metallurgy wares are normally found to be quite temperature
      insensitive; but they suffer from generally long response times of from
      about 1 to several seconds and from susceptibility to occlusion by
      condensed vapors.
PAR  I have discovered that one embodiment of admission port 10, possessed of
      substantially all of the advantages and none of the disadvantages outlined
      above, can be had by use, under free molecular flow conditions, of one or,
      preferably, a plurality of capillary passages 11. Where only one capillary
      is employed, the mass flow rate of the sample gas into the analyzer 20
      will, of course, be quite small and could be found deficient in the
      provision of sufficient sample gas for precise analysis at high
      signal-to-noise ratios therein. Where a plurality of capillaries are
      employed, however, the mass flow rate of sample gas into the mass
      spectrometer gas analyzer 20 can be quite considerable and rapidly
      responsive and the multiple capillary arrangement will be substantially
      less sensitive to deleterious occlusion phenomena. A particularly suitable
      capillary system for use as the admission port 10 in the present invention
      is fully disclosed in U.S. Pat. No. 3,645,298, Roberts et al., Feb. 29,
      1972, wherein there is disclosed a flow control device comprising a bundle
      of highly collimated, exquisitely arranged capillary passages, each
      passage being of a preselected small cross-sectional area and wherein the
      passages have a preselected aspect ratio of cross-sectional area to
      length. Taking into account that adsorption of sample gas on the surfaces
      of a multiple metallic capillary admission port 10 will not normally be
      significant, the time constant, .tau., for sample gas flow therethrough is
      approximated by the equation:
      ##EQU2##
      where 1 is the capillary length in centimeters and D is the diffusion
      constant. In turn, the diffusion constant, D, is derivable by use of the
      equation:
EQU  D = 2/3 rv
PAL  where r is the capillary radius in centimeters and v is the mean molecular
      velocity in centimeters per second. Where air is the sample gas to be
      admitted into the mass spectrometer gas analyzer 20, the preferred
      multiple capillary admission port 10 arrangement may have a capillary
      length of 0.12 centimeters and a capillary radius of 0.0006 centimeters.
      The mean molecular velocity of air is approximately 4 .times. 10.sup.4
      centimeters per second. Accordingly, substituting these dimensions and
      velocity into the time constant equation above yields a time constant,
      .tau., of 1.5 .times. 10.sup.-.sup.4 second. Said constant is sufficiently
      small as to ensure substantially instantaneous mass spectrometer response
      to changes in composition of the sample gas introduced into chamber 2.
PAR  The sample gas, flowing under free molecular flow conditions through
      admission port 10, is conducted into ion source 22 of mass spectrometer 20
      wherein it is ionized and the resulting ions and ion fragments projected
      downstream through analyzer section 24 to collector section 26. Vacuum
      pump 28 serves to establish the working pressure within mass spectrometer
      20, which working pressure will, of course, be less than that of chamber
      2, for instance as low as 10.sup.-.sup.2 Torr and often as low as
      10.sup.-.sup.4 Torr or even lower. The specific design of the mass
      spectrometer gas analyzer 20 is not normally critical in the practice of
      the present invention. Accordingly, gas analyzer details pertaining to
      ionization of the sample gases, treatment of the ionized sample gas in
      order to separate the ions and ion fragments by means of mass-to-charge
      phenomenon and ion collection, measurement and data processing do not form
      essential elements of the invention. Suffice it to say, therefore, that
      mass spectrometer gas analyzers generally suitable for use in the present
      invention are disclosed in such patent literature as: U.S. Pat. No.
      3,582,648, Anderson, June 1, 1971; U.S. Pat. No. 3,586,853, Vestal, June
      22, 1971; U.S. Pat. No. 3,596,088, Cohen et al., July 27, 1971; U.S. Pat.
      No. 3,596,091, Helmer et al., July 27, 1971; U.S. Pat. No. 3,601,607,
      Wasserburg et al., Aug. 24, 1971; U.S. Pat. No. 3,610,291, Major, Jr.,
      Oct. 5, 1971; U.S. Pat. No. 3,610,922, Werner, Oct. 5, 1971; U.S. Pat. No.
      3,617,736, Barnett et al., Nov. 2, 1971; U.S. Pat. No. 3,621,242, Ferguson
      et al., Nov. 16, 1971; U.S. Pat. No. 3,641,339, McCormich, Feb. 8, 1972;
      U.S. Pat. No. 3,641,340, Van Der Grinten et al., Feb. 8, 1972; U.S. Pat.
      No. 3,648,046, Denison et al., Mar. 7, 1972; U.S. Pat. No. 3,654,457, Yano
      et al., Apr. 4, 1972.
PAR  A working example of the sample gas inletting system of the invention,
      adapted specifically for sampling of ambient air under a pressure of
      approximately 760 Torr, is as follows:
PA1  Material of construction -- stainless steel
PA1  Inlet orifice 4 diameter -- 0.025 centimeter
PA1  Chamber 2 diameter -- 1.7 centimeters
PA1  Chamber 2 length -- 9.5 centimeters
PA1  Outlet orifice 6 diameter -- 0.336 centimeter
PA1  Tubulation 7 diameter -- 1.68 centimeters
PA1  Fore pump 8 capacity -- 2.66 liters/second
PA1  Resident time in chamber 2 -- 0.1 second
PA1  Working pressure chamber 2 -- 4.2 Torr
PA1  Admission port 10 -- comprises a stainless steel bundle of 2500 parallel
      capillaries 11, each of 0.00065 centimeter diameter and 0.065 centimeter
      length
PA1  Vacuum pump 28 -- diffusion type -- capacity -- 10 liters/second at ion
      source 22
PA1  Ion source working pressure -- 2 .times. 10.sup.-.sup.5 Torr
PAR  In another preferred embodiment of the invention, heating means 30 are
      provided for maintaining the sample gas in chamber 2 at above the dewpoint
      thereof. This last-mentioned feature, of course, mitigates against
      condensation of the sample gas components as they flow through admission
      port 10, thereby aiding in the prevention of blockage of said port 10 as
      well as further insuring that the composition of the sample gas flowing
      into the mass spectrometer gas analyzer 20 will be compositionally
      representative of the sample gas of the environment from which it is
      originally extracted. Of course, the admission port 10 may itself be
      equipped with heating means (not shown) adapted to carry out a similar
      function.
PAR  Obviously, many changes and modifications may be made in the operations and
      design of the gas sample inletting system explicitly described above
      without departing from the intended scope and spirit of the invention. For
      instance, the sample gas may be treated in a number of ways prior to
      admission into the chamber 2, such as by chromatographic or other
      separations of one or more components thereof in order to prevent
      interferences during mass spectrographic analyses thereof. Also, if
      condensible components of the sample gas are not desired to be determined
      by mass spectrographic analysis, it is also within the purview of the
      invention to pre-treat the environmental gas sample by condensation prior
      to entry into chamber 2.
PAR  It should, therefore, be noted that the several specific embodiments of the
      invention specifically described hereinbefore are to be considered in all
      respects as illustrative and not limiting, and all changes coming within
      the meaning and equivalency range of the appended claims are intended to
      be embraced therein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for sampling gas from an environment of comparatively high
      pressure and introducing same into a mass spectrometer gas analyzer under
      relatively low pressure which comprises: providing an enclosed zone having
      an inlet in communication with said environment, an outlet and a separate
      sample admission port in communication with said mass spectrometer;
      maintaining the pressure in said enclosed zone intermediate that of said
      environment and that of said mass spectrometer; causing sample gas from
      said environment to flow through said inlet and said outlet under critical
      flow conditions; and causing a portion of sample gas contained in said
      enclosed zone to flow through said sample admission port under free
      molecular flow conditions and into said mass spectrometer gas analyzer.
NUM  2.
PAR  2. The method of claim 1 wherein said inlet and said enclosed zone are each
      of essentially circular cross-sectional geometry and wherein the diameter
      of said enclosed zone is at least five times the diameter of said inlet.
NUM  3.
PAR  3. . The method of claim 1 wherein said sample gas is flowed through said
      enclosed zone at a rate sufficient to effectuate a substantially complete
      exchange thereof within one second.
NUM  4.
PAR  4. The method of claim 1 wherein said sample gas is flowed through said
      enclosed zone at a rate sufficient to effectuate a substantially complete
      exchange thereof within 0.5 second.
NUM  5.
PAR  5. The method of claim 1 wherein the pressure in said enclosed zone is
      maintained sufficiently below that of the environmental pressure as to
      substantially lengthen the mean free path of the sample gas introduced
      thereinto.
NUM  6.
PAR  6. The method of claim 1 wherein said sample admission port comprises a
      plurality of capillary passages each having a diameter smaller than the
      mean free path of the sample gas contained in said enclosed zone.
NUM  7.
PAR  7. The method of claim 1 wherein said sample gas is air, said environment
      has a pressure of about 760 Torr and said mass spectrometer gas analyzer
      is operated at a maximum pressure of about 10.sup.-.sup.2 Torr.
NUM  8.
PAR  8. The method of claim 7 wherein said enclosed zone is maintained at a
      pressure of about 4.2 Torr.
NUM  9.
PAR  9. A gas sampling and inletting device for mass spectrometer gas analyzers
      which comprises a vacuum chamber having separate sample gas inlet, outlet
      and analyzer admission port means; said inlet means and outlet means each
      being adapted to foster critical flow of sample gas therethrough; said
      outlet means being adapted for communication with vacuum pumping means;
      said analyzer admission port means being stationed intermediate said inlet
      and outlet means, being adapted for communication with the ion source of a
      mass spectrometer gas analyzer and being adapted to foster free molecular
      flow therethrough of sample gas from said vacuum chamber.
NUM  10.
PAR  10. The gas sampling and inletting device of claim 9 in combination with
      vacuum fore pump means in communication with said outlet means, said
      vacuum fore pump means being of sufficient capacity to reduce the pressure
      in said vacuum chamber and to establish critical flow of sample gas
      through said inlet and outlet means.
NUM  11.
PAR  11. The gas sampling and inletting device of claim 9 wherein each of said
      inlet means, outlet means, said vacuum chamber and means for establishing
      communication between said outlet means and vacuum pumping means are
      essentially circular in cross-sectional geometry and wherein the diameter
      of said vacuum chamber is at least five times the diameter of said inlet
      means and wherein the diameter of said means for establishing
      communication is at least five times the diameter of said outlet means.
NUM  12.
PAR  12. The gas sampling and inletting device of claim 9 wherein said analyzer
      admission port means comprises a thin metallic diaphragm having one or
      more pinhole apertures therethrough.
NUM  13.
PAR  13. The gas sampling and inletting device of claim 9 wherein said analyzer
      admission port means comprises a porous ceramic or sintered metallic
      powder ware.
NUM  14.
PAR  14. The gas sampling and inletting device of claim 9 wherein said analyzer
      admission port means comprises at least one capillary.
NUM  15.
PAR  15. The gas sampling and inletting device of claim 14 wherein said analyzer
      admission port means comprises a plurality of highly collimated, parallel
      capillaries.
NUM  16.
PAR  16. The gas sampling and inletting device of claim 9 wherein said inlet
      means consists of one or more orifices.
NUM  17.
PAR  17. The gas sampling and inletting device of claim 9 wherein said outlet
      means consists of one or more orifices.
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ABST
PAL  A pipette having a first piston means for aspirating a predetermined volume
      of liquid into a liquid reservoir, and a second piston means for
      delivering a relatively high volume of air to expel liquid from the liquid
      reservoir.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to pipettes and especially to pipettes that insure
      the discharge of the entire volume of liquid aspirated during the pipette
      filling operation.
PAR  In recent years manual pipettes have largely supplanted mouth pipettes in
      laboratory procedures. By the term manual pipette is meant a plunger type
      pipette which is used simply by driving a piston between two limiting
      positions to aspirate a liquid being pipetted into a reservoir, usually a
      disposable unit forming no part of the pipette proper, and thereafter to
      expel the liquid from the reservoir. Usually the depression and release of
      the piston will draw a quantity of liquid into the reservoir and a second
      depression of the piston will expel the liguid, although pipettes have
      been provided in which depression of the piston will fill the reservoir
      and release of the piston will expel the liquid. The reasons for the
      current popularity of manual pipettes are manifest. For example, the
      manual skill required to pipette a precise quantity of liquid is less
      demanding with manual pipettes since the precision is built into the
      pipette during the manufacture thereof. Moreover, since manual pipettes
      are generally used with disposable pipette tips into which the liquids are
      drawn, the pipette itself need not be cleaned or sterilized between uses
      since the liquid never is drawn into the pipette proper.
PAR  The utility of many laboratory procedures requires the precise measurement
      of a small volume of liquid. Thus, it is not uncommon to require the
      accurate dispensing of volumes of less than ten milliliters. Even for
      larger volumes it is desirable that the accuracy of the measurement be
      assured and that it be repeatable over many pipetting operations. The
      design of manual pipettes generally assures that a precise predetermined
      volume of liquid is aspirated into the pipette reservoir, but the
      discharges of that precise volume is not always achieved. Quite often, a
      small quantity of the liquid remains after the discharge stroke of the
      piston is completed. The liquid remaining may be a droplet formed at the
      orifice of the pipette tip which is not blown out with the rest of the
      liquid. This often results because the air in the reservoir above the
      liquid level is a compressible fluid that cannot positively expel all of
      the liquid when the pipette piston is depressed to expel the liquid.
      Attempts to minimize the consequences of the compressible air column lead
      to a pipette design that reduces the air volume between the piston and the
      liquid level in the reservoir. But this means that the piston is near the
      liquid level and perhaps will be contacted by the liquid in some
      operations. This, of course, is undesirable since cross contamination
      between samples being pipetted can occur. Also, the orifice of the pipette
      tip can be designed to minimize the formation of droplets of liquid
      thereon. Thin layers of liquid may ahdere to the walls of the liquid
      reservoir, i.e., the disposable pipette tip. This tendency is greatly
      reduced by the use of non-wetting plastics for pipette tips.
PAR  It will be appreciated from the foregoing, however, that the accurate
      measurement of liquids in manual pipettes is an important consideration in
      the use of such pipettes for critical laboratory procedures. This is
      especially true where small volumes, in the order of ten milliliters or
      less, are being measured. In such cases, the volume of a droplet remaining
      on a pipette tip will be an appreciable part of the volume initially
      aspirated. So much so has this become a consideration that a great deal of
      inventive effort has been directed towards the provision of pipettes that
      will expel essentially all of the liquid initially drawn into the pipette.
PAR  These efforts have generally resulted in a pipette having two different
      strokes, one for filling the pipette reservoir with a measured volume of a
      liquid, and a second longer stroke for discharging the liquid. In a manual
      pipette, the piston is usually spring biased to a normal or home position
      and moved from that position, against the force exerted by the spring, to
      a position determined by a stop. This movement expels a fixed volume of
      air from the pipette top so that when the piston is restored to its home
      position by the action of the spring a like volume of liquid is aspirated
      into the pipette tip. The liquid is then expelled by a second depression
      of the piston. If the stop referred to is not a fixed stop, but a stop
      formed by a relatively stiff spring, then the filling stroke of the piston
      would take place against the force exerted by a relatively light spring
      and would be arrested when the technician tactilely encountered the heavy
      spring. The second or expelling stroke would simply be made with
      sufficient force to overcome the effects of the stiff spring. It should be
      clear that such an arrangement requires discernment on the part of the
      technician since the accuracy of the pipetting operation depends on
      stopping the first or filling stroke the instant the stiff spring is felt.
      Any compression of the stiff spring on the filling stroke destroys the
      accuracy of the pipette. Obviously, such a solution is not satisfactory.
PAR  Others have overcome the deficiencies of the pipettes just alluded to by
      making the stop that controls the filling stroke a fixed stop. But then,
      before the discharge stroke is made, an element of the pipette is rotated
      so that the stop can be cleared or by-passed as the piston is driven a
      longer distance to discharge the liquid contained in the pipette tip.
      This, also, is an unsatisfactory solution since it imposes an additional
      burden on the technician in that he has to perform the awkward task of
      rotating the pipette piston before each discharge and filling stroke. When
      a large number of pipetting operations are to be performed, this becomes
      arduous and annoying.
PAC  SUMMARY OF THE INVENTION
PAR  It, therefore, is the object of the present invention to provide an
      improved pipette which assures the complete discharge of all the liquid
      aspirated into the pipette reservoir.
PAR  It is another object of the invention to provide a pipette having a fixed
      stroke in which more air is expelled from the pipette during a discharge
      stroke than is aspirated by the measuring piston during a "filling"
      stroke.
PAR  It is still another object of the invention to provide a pipette in which
      that volume of air expelling liquid from the pipette is not dependent on
      the volume displaced by the measuring piston.
PAR  Yet another object of the invention is to provide a pipette in which the
      displacement of a measuring plunger controls the quantity of a liquid
      aspirated into the pipette and in which the aspirated liquid is expelled
      from the pipette by a pulse of high pressure air.
PAR  Another object of the invention is to provide a pipette in which the air
      pressure in a fluid reservoir is reduced to a level which allows a
      pre-determined volume of liquid to be aspirated into the reservoir, and in
      which the liquid is expelled from the reservoir by a large volume of high
      pressure air.
PAR  In carrying out the invention there is provided a pipette having a fixed
      stroke for both filling and discharging the pipette. The filling stroke
      aspirates a predetermined volume of liquid into the pipette by moving a
      measuring piston between two limiting positions in a small volume plenum.
      The volume of liquid aspirated depends on the area and the stroke of the
      piston. The discharge stroke provides, in addition to the air trapped in
      the small volume plenum, a large quantity of air from a second plenum
      which assists in blowing the aspirated liquid from the pipette. The second
      plenum is separated from the small volume plenum by valve means which
      close the fluid passageway between the two plenums during a filling
      stroke, and which open the fluid passageway during a discharge stroke so
      that a piston moving in the second plenum can move air from the second to
      the small volume plenum.
PAR  Features and advantages of the invention may be gained from the foregoing
      and from the following description of a preferred embodiment of the
      invention.
DRWD
PAR  In the drawing:
PAR  FIG. 1 is a side elevational view, partly in section, of a pipette
      embodying the present invention;
PAR  FIG. 2 is a sectional view taken lengthwise through the pipette of FIG. 1;
PAR  FIG. 3 is a front elevational view of a nozzle insert;
PAR  FIG. 4 is a sectional view taken along line 4--4 of FIG, 3;
PAR  FIG. 5 is a side elevational view, partly in section, of a small volume
      pipette embodying the present invention; and
PAR  FIG. 6 is a sectional view taken lengthwise through the pipette of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Reference is now made to FIG. 1 which illustrates one embodiment of the
      invention. The pipette 10 comprises basically a tubular barrel 11, the
      forward or bottom end of which is internally threaded to accommodate a
      nozzle member 12. The opposite end of barrel 11 also is internally
      threaded so that a terminal member 13, which is externally threaded as
      shown, can be connected securely to the barrel. A delivery piston 14, the
      displacement of which causes the drawing of the liquid being pipetted into
      the nozzle or preferably into a disposable tip press fitted onto the
      nozzle, is shown extending from within nozzle member 12 to a plunger knob
      15 slideably positioned at the extreme end of terminal member 13. In broad
      principal, depression of knob 15 and piston 14 (i.e., movement thereof to
      the left in the drawing) expels a quantity of air from nozzle so that when
      the knob is returned to its normal position, as by a biasing spring as
      will be described hereinafter, a like quantity of liquid, into which the
      nozzle member is inserted, will be aspirated into the nozzle member. As
      mentioned, a disposable tip is preferably used so that it is inserted into
      the liquid and the liquid is drawn up into the tip only. In this way the
      pipette itself is never touched by the liquid, and thus can never be
      contaminated thereby or cause cross-contamination when different samples,
      especially of biological fluids, are being pipetted.
PAR  At its forward end piston 14 is guided in nozzle member 12 by the annular
      guide ring 16 formed internally in member 12 during its manufacture.
PAR  Towards its other end where it initially passes through member 13, piston
      14 is provided with a groove 17 into which fits a snap washer 20. A
      bearing washer 21 is placed between snap washer 20 and the end surface of
      member 13. The spring means, comprising compression springs 22 and 23,
      bias piston to the position illustrated which is determined by the
      location of groove 17 and washer 20. While one spring could have been used
      instead of the two shown, the latter arrangement is preferred since a
      single long spring would have a tendency to bow when being compressed and
      rub against the barrel or piston to cause a squeaking sound. Springs 22
      and 23 bear against nylon bushings 24 and 25, which fit loosely over
      piston 14, and against a flanged cylinder 26. The cylinder in turn bears
      against tube 27 and the tube against the circumferentially grooved disk
      30. An "O" ring 31 is mounted in groove of disk 30, the disk itself being
      provided with a central aperture through which piston 14 passes with ample
      clearance. It will be apparent that disk 30, tube 27, and cylinder 26 can
      simply be fitted within barrel 11 since they all are held snugly in
      position by the action of springs 22 and 23.
PAR  Within member 13, piston 14 passes through a metering block 32 which is
      restrained against lengthwise travel along piston 14 by its engagement
      with washer 21 and knob 15, the latter of which is threaded or forced down
      on piston 14 until block 32 is moved into abutting relationship with
      washer 21. A button 33 is pressed into the end of knob 15 to give it a
      finished appearance. The button may be of a plastic material and color
      coded to indicate the volumetric capacity of the pipette. In this
      particular, the barrel 11 may also be of a plastic material and similarly
      color coded for the same purpose. Also, an "O.revreaction. ring 36 serves
      as a low friction bearing member guiding knob 15 along the internal
      diameter of member 13. The "O" ring is not intended to provide an
      air-tight seal.
PAR  It will be clear from the description so far that the piston 14 will be in
      the one limiting position illustrated by the action of springs 22 and 23.
      When the piston is depressed, as by pressure on knob 15 the piston will
      move until the end 34 of the wider diameter portion of block 32 strikes
      the shoulder 35 formed on the inside of member 13. Thus the volumetric
      capacity of the pipette will be determined by the area of piston 14, or
      more precisely, since the diameter of the piston may be different along
      its length, the area of the delivery part of piston 14 within nozzle 12
      and the length of the stroke of the piston. The latter, of course, is
      determined by the abutment of the end 34 of block 32 with shoulder 35. To
      vary the capacity of the pipette, a different block (not shown) would be
      used, the different block having the same overall length as block 32 but
      having a wider diameter part of shorter or longer length. In this way a
      different length stroke would be provided.
PAR  Attention is now directed to those components of the pipette which insure
      that all the liquid aspirated into the pipette will be expelled during a
      discharge operation. A sealing ring 37 is positioned in annular groove 40
      formed on the circumference of piston 14. Spaced a short distance along
      piston 14 from ring 37 is the overblow piston 41. This piston 41 is formed
      with an annular groove 42 which receives an "O" ring 43 that provides an
      air-tight seal as piston 41 slides along tube 27. Overblow piston 41 is
      provided with an axial bore 44 through which piston 14 can slide with
      sufficient clearance to allow air to flow from one end of piston 41 to the
      other. A snap ring washer 45 on piston 14 and washer 46 bear against
      overblow piston 41 and move it to the right (as viewed in the drawing) to
      the position shown. It will be observed that piston 41 moves
      longitudinally relative to piston 14 between positions determined by snap
      washer 45 and seal ring 37. The reason for this will become clear as the
      description progresses, as will the reason for a notch or keyway slot 47
      formed in tube 27.
PAR  A check valve 50 in the form of a quad ring 51, washer 52, and compression
      spring 53 is provided between piston 41 and disk 30. Spring 52 is a
      relatively light spring the only purpose of which is to cause quad ring 51
      to make an air tight seal between piston 14 and disk 30. However, the
      spring is weak enough to allow pressure on the remote side of disk 30 to
      compress spring 53 thus opening valve 50 and allowing air to flow down
      around piston 14 and out nozzle 12.
PAR  Attention is now directed to nozzle insert 60 the details of which are
      shown in FIGS. 3 and 4. It will be appreciated that in the ordinary
      pipette, the volume of liquid aspirated will be equal to the volume of air
      initially expelled from the pipette chamber 54 by movement of the delivery
      piston, and this is equal to a volume equal to the area times the stroke
      of piston 14. This is a theoretical result since, due to the
      compressibility of the air in chamber 54 more liquid may enter the pipette
      tip than is expected. Also, since the liquid is expelled from the tip by
      the column of air between the liquid and the tip of the delivery piston,
      compression of this column of air may result in failure to expell all of
      the liquid. The greater the ratio between the volume swept through by
      piston 14 and the initial volume of chamber 54, the more accurate will be
      the correspondence between the volume of the expelled air and the
      aspirated liquid, and also the expulsion of all of the aspirated liquid.
      Nozzle insert 60 reduces the volume of chamber 54 and, therefore, it
      increases the ratio just mentioned. Insert 60 is initially bent as shown,
      so that when it is placed in the bore of nozzle member 12, it will be
      frictionally held there. The reduction of the volume of chamber 54 is
      brought about without bringing the tip of piston 14 near the level of
      liquid drawn into the pipette, so there is little liklihood of
      contaminating the pipette. Air will enter and leave chamber 54 by flowing
      along the reduced diameter semi cylinder 61 of stem 62 and through
      transverse aperture 63 in head 64. Insert 60 has the further advantage
      that it reduces the liklihood of a pipetted liquid inadvertently entering
      the pipette. Moreover, it protects the tip of nozzle member 12 from damage
      should the pipette be dropped.
PAR  Having thus described the construction of the pipette, its operation will
      now be considered. Pipette is generally grasped by a technician with his
      four fingers surrounding barrel 11 and his thumb resting on knob 15. It
      is, of course, immaterial how the pipette is grasped, and any method
      comfortable and convenient to the technician will suffice. Knob 15 is
      depressed until end 34 of block 32 strikes shoulder 35 thus driving piston
      14 down into chamber 54 to supplant a predetermined column of air. The tip
      of the pipette 10 or preferably a disposable tip 55 mounted on nozzle 12
      is then inserted into the liquid being pipetted. Thumb pressure is
      released from knob 15 whereupon springs 22 and 23 moves piston 14 to the
      right (as shown in the drawing) until washer 21 strikes the end of member
      13. As piston 14 moves to the right liquid is aspirated into pipette tip
      55. At the end of its rightward travel, the parts of the pipette will be
      as illustrated and a predetermined volume of liquid will be in pipette tip
      55.
PAR  The interior of the pipette to the right of disk 30 will contain air at
      atmospheric pressure since that portion of the pipette to the right of
      seal ring 37 is not of air tight construction. In fact, a small aperture
      56 could be provided in barrel 11 to insure that air does leak into the
      interior of the pipette. Note especially that piston 41 is spaced from
      seal ring 37 so that air will leak past seal ring 37 and through bore 44
      of piston 41 to the air chamber 57 between disk 30 and piston 41. Note
      also that check valve 50 prevents any air leakage around delivery portion
      of piston 14.
PAR  Now to discharge the liquid from pipette tip 55, knob 15 is again
      depressed. Initially, overblow piston 41 does not move because of its free
      fit on piston 14 and because of the relatively snug air-tight engagement
      with the internal wall of tube 27 provided by "O" ring 43. During this
      initial relative movement between piston 14 and overblow piston 41, washer
      45 moves away from the left hand end of piston 41. However, as piston 14
      continues its movement to the left, seal ring 37 engages the right hand
      end of piston 41 and thereafter, overblow piston will move as a unit with
      piston 14. Chamber 57 is now sealed, and air pressure therein builds up as
      the volume of the chamber is decreased by the leftward movement of
      overblow piston 41. At a position in the leftward movement of piston 41,
      the pressure in chamber 57 reaches a level sufficient to overcome the
      force exerted by spring 53 thus opening check valve 50 and allowing the
      compressed air in chamber 57 to expand into chamber 54 and expel the
      liquid in tip 55. Just prior to piston 41 reaching the bottom of its
      stroke, "O" ring 43 on overblow piston 41 reaches notch 47 thus permitting
      the air pressure in chamber 57 to equalize with that in the interior of
      the pipette around springs 22 and 23. Of course, as pressure in chamber 57
      is restored to normal, check valve 50 closes. This particular feature is
      significant not so much when liquid is being discharged from the pipette
      as when piston 41 is being depressed prior to aspirating liquid into
      pipette tip 55. In this latter operation, if the air pressure in chamber
      54 has not returned to atmospheric pressure (as by chamber 54 being in
      communication with the chamber 57 containing high pressure air) at the
      time tip 55 is inserted in the liquid being pipetted, an inexact volume of
      liquid would be aspirated into the tip. This for the reason that liquid
      would not enter the tip until the piston has moved a distance sufficient
      to reduce the air pressure in chamber 54 to atmospheric pressure.
PAR  After piston 14 reaches its terminal position as determined by the
      engagement of member 32 with shoulder 35, thumb pressure is removed from
      knob 15 and springs 22 and 23 return piston 14 to its other limiting
      position. During the initial movement of piston 14, overblow piston 41
      does not move since it must first be engaged by washers 45 and 46 which at
      this point are separated from the piston. During the relative movement
      which brings washer 46 into engagement with piston 41, seal ring 37 is
      moving away from the opposite end of piston 41 to the relative position
      shown in the drawing. Piston 14 and piston 41 continue their movement in
      unison until such time as washer 21 engages the end of member 13. The
      pipette is then in its quiescent state as shown and ready for further use.
PAR  The effectiveness of the present invention may be summed up in general
      terms as follows. The volume of liquid drawn into the pipette tip is
      controlled by the displacement of a small volume of air. That is, by the
      volume represented by the area and stroke of the delivery portion of
      piston 14 whereas the expulsion of the liquid from the pipette tip is
      effected by the displacement of a comparatively large volume of air, i.e.,
      by the volume determined by the area and stroke of overblow piston 41.
      Overblow piston 41 has an area many times the area of piston 14, hence,
      much more air is available to expel the liquid from the pipette tip. In
      the ordinary pipette the volume of liquid aspirated is controlled by the
      area and stroke of a piston, e.g., piston 14, and the expulsion of the
      liquid is effected by the displacement of the same piston. In certain of
      the prior art disclosures, the stroke of the piston is increased when
      expelling the liquid, but this is not as efficient as increasing the
      effective area of the piston many times as in the present invention.
PAR  Attention is now directed to FIGS. 5 and 6 which show a different
      embodiment of the invention. The embodiment shown is particularly useful
      for extremely small volume pipettes, for example, pipettes having a
      delivery of 10 micro liters or less.
PAR  The pipette 70 is shown comprising two separate pistons as in the previous
      embodiment, a metering or delivery piston 71 and an overblow piston 72.
      Now, however, the pistons are carried on separate plungers for a reason
      that will become clear as the description progresses. The distal end of
      piston 71 is fitted within the narrow bore of nozzle member 73 and guided
      within the central aperture of connecting member 74 which is threaded into
      nozzle member 73. A seal 75 insures that the joint is air-tight. A eheck
      value 76 comprising a compression spring 77, a washer 80, and a guad ring
      81 is provided for a purpose later described. For the present, it will
      suffice to say that quad ring 81, when urged against member 74 by spring
      77, provides an air-tight seal between piston 71 and member 74. The
      opposite end of member 74 is brazed into the piston stroke controlling
      member 82. Member 82 is provided with a central aperture which is stepped
      to provide three different diameter bores. The smallest bore, which is of
      a diameter greater than that of the aperture in member 74 carries plunger
      rod 83 into which delivery piston 71 is press fitted. Further on, the
      aperture diameter is increased to accommodate the wider diameter portion
      84 of plunger 83, a stop shoulder 85 being formed at the point the
      aperture diameter changes. The plunger 83, after being reduced to its
      original diameter next passes through an adjusting nut 86 which is
      threaded into member 82 and projects into chamber 87. A compression spring
      90 placed between the ends of members 74 and 83 urges plunger 83, and
      piston 71, to an initial position determined by the engagement of the end
      of plunger portion 84 with the face of adjusting nut 86. By turning nut 86
      in member 82, the initial position of plunger 83 can be controlled and
      calibrated. The other terminal position of plunger 83 is determined by the
      engagement of the other end of plunger portion 84 with stop shoulder 85.
      Since this position is fixed it is apparent that the stroke of plunger 83,
      and piston 71, is determined by the adjusted position of nut 86.
      Consequently, the volume capacity of pipette 70 is determined by the
      stroke of piston and its area.
PAR  Since the present pipette is intended for such minute volumes, i.e., from 1
      to 10 microliters, the diameter and stroke of piston are equally minute.
      And, of course, the bore in nozzle member 73 is equally minute. This
      generally will prevent the use of an insert similar to insert 60 used in
      the FIG. 2 embodiment, but if desired a suitable insert could be provided.
      However, the distal end of nozzle member 73 can itself be likened to an
      insert to be placed in pipette tip 92. Thus, member 73 terminates in a
      solid cone, and the bore of the member extends only as far as transverse
      aperture 93.
PAR  A pipette barrel 93 is internally threaded at one end for connection to
      member 82 and at its other end for connection to terminal member 94.
      Within barrel 93 overblow piston 72 is slideably positioned at the end of
      plunger 95 and is restrained thereon by a washer 96 snapped into a groove
      formed on plunger 95. Piston 72 is provided with an annular groove 97,
      which accommodates an "O" ring 100 that makes an air-tight seal with the
      inner surface of tubular member 101 which extends between the end of
      member 82 and an internal ridge 102 in barrel 93. A notch or keyway slot
      103 is provided in tubular member 101. A seal ring 104 is mounted in an
      annular groove on plunger 95 a short distance from the end of piston 72.
PAR  Further along plunger 95, a "C" washer 105 is snapped into a groove
      machined on plunger 95 and a bearing washer 106 is placed between it and
      the end of terminal member 94. A compression spring 107 placed between
      spring scats 110 and 111, the latter bearing against washer 105, therefore
      urges plunger 95 to its limiting position determined by the engagement of
      washer 106 with the end of member 94. The plunger 95, after passing
      through a filler piece 112 is threaded into, or, otherwise connected to,
      thumb knob 113. The end of knob 113 may be finished in any suitable way or
      it may be fitted with a plastic button 114 which may be color coded to
      indicate the volumetric capacity of the pipette. An "O" ring 115 is
      provided so that knob 113 slides smoothly within member 94, but it is not
      intended, nor should it, provide an air-tight seal.
PAR  Inasmuch as many pipettes, especially those used for biological purposes,
      are provided with disposable tips so that pipetted liquids never enter the
      pipette itself, the pipette illustrated with the present embodiment of the
      invention is also shown with a tip removal mechanism. It is to be
      understood, however, that such mechanism need not be provided on the
      pipette. It should also be understood that such tip removal mechanism
      could be provided on the pipette illustrated in FIGS. 1 and 2.
PAR  The tip removal mechanism 116 comprises a sleeve member 117 that is
      slideably positioned over barrel 93. An internally threaded flanged
      cylinder 120 is brazed or otherwise secured to the inside of sleeve member
      117, and into it is threaded the tip removing member 121. A snap washer
      122 fitted into a groove on the external surface of member 82 together
      with washer 123 serves as a seat for compression spring 124. The spring
      urges the tip removal mechanism 116 to the right (as viewed in the
      drawing) until sleeve member 117 strikes the lip of terminal member 94.
      The engagement of the flange of cylinder 120 with member 82 could, in the
      alternative, serve as the stop for mechanism 116.
PAR  In operation, the pipette 70 is grasped in the palm of the hend with four
      fingers around sleeve member 116 and the thumb on button 114, and a
      disposable tip 91 is placed on nozzle member 73. Knob 113 is depressed by
      thumb pressure driving plunger 95 downwardly (to the left in the drawing).
      Plunger 95 continues downwardly, its end striking the end of plunger 83
      and driving plunger 83 downwardly until the end of portion 84 strikes
      shoulder 85 and arrests the movement of both plungers. Thus, piston 71 is
      driven a distance determined by the movement of portion 84 between the
      face of adjusting nut 86 and shoulder 85. The pipette tip is then inserted
      into the liquid to be pipetted. When thumb pressure is released, both
      plungers return to the positions shown in the drawing, plunger 84 being
      urged by spring 90, and plunger 95 by spring 107. When plunger 83 returns
      to its biased position, a volume of liquid is aspirated into the pipette
      tip commensurate with the stroke and area of piston 71.
PAR  The air in chamber 87 will be atmospheric pressure since the pipette to the
      right of the chamber is not air tight, and air can seep past piston 72 in
      view of the clearance between plunger 95 and the piston. To insure that
      air does leak into the interior of the pipette, a small aperture may be
      provided in the wall of barrel, but in general it will not be necessary.
PAR  Now, when knob 113 is depressed to expel the liquid from pipette tip 91,
      the initial movement of plunger 95 moves seal ring 104 into engagement
      with the end of piston 72, thus closing off chember 87 from the interior
      of the pipette and atmospheric air. Consequently, as plunger 95 continues
      to the left accompanied by piston 72 driven by seal ring 104, the air
      trapped in chamber 87 is compressed and its pressure builds up. At some
      point in the build up, depending on the force exerted by spring 77, check
      valve means 76 is opened and the air from chamber 87 is released through
      nozzle member 73 to expel the liquid from tip 91. It does not matter
      whether this occurs before or after piston 71 is moved since its movement
      contributes very little (due to its small area and stroke) to the
      expulsion of the liquid. However, the normal practice will be to maintain
      thumb pressure until the movement of the plungers is arrested by the
      engagement of portion 84 and shoulder 85. By this time, "O" ring 100 would
      have been brought into alignment with notch 103 to relieve the pressure in
      chamber 87 and allow spring 77 to close check valve 76. When thumb
      pressure is released, spring 90 returns plunger 83 to its normal position,
      as shown, and spring 107 returns plunger to its normal position. Since
      seal ring 104 moves away from piston 72, chamber 87 is again in
      communication with the interior of the pipette and atmospheric pressure.
PAR  To remove the pipette tip 91, the technician, without removing his finger
      grip around sleeve 117, places his thumb nail under the projecting rim or
      arm 125 of member 94 and moves his thumb upwardly. This action moves the
      entire pipette, including nozzle member 73 on which tip 91 is mounted, to
      the right while the tip removal mechanism remains stationary. Thus, the
      end of tip 91 is brought into contact with the end of member 121 and
      pushed off nozzle member 73 by continued upward movement of the pipette
      proper.
PAR  Having thus described the invention, it is clear that many apparently
      widely different embodiments thereof could be provided without departing
      from its spirit and scope. Many different constructions could be made in
      the internal configuration of parts or certain features could be omitted
      while retaining the general principle of operation. For example, instead
      of overblow piston 41 being slideable relative to seal ring 37 so as to
      allow air to enter chamber 57 when piston 41 is in its normal position, a
      notch in tube 27, similar to notch 47, could be provided for the same
      purpose, in which case the piston would be firmly secured to plunger 14 in
      an air-tight relationship, and seal ring 37 omitted. Or, the wide diameter
      of piston 41 could be extended lengthwise with respect to the pipette, and
      "O" ring 42 replaced by an "O" ring mounted on the internal wall of barrel
      11. In this latter arrangement, notches similar to notch 47 and the
      additional one mentioned above would be provided on piston 41 to provide
      air leaks past the "O" ring mounted on barrel 11 at both extremes of
      travel of piston 41. Also, the pipette could be configured so that by
      depressing the thumb knob, liquid is aspirated into the pipette or tip,
      and by releasing the knob the liquid is expelled from the pipette or tip.
      Of course, whether or not a disposable tip is used is optional with the
      user, and will generally depend on the use to which the pipette is put. A
      check valve of different configuration could be used in place of valve 50.
      Or a washer-like member could be placed between quad ring 51 and disk 30.
      This member would have an area relatively much greater than that of the
      part of quad ring 51 subject to the pressure buildup in chamber 57. The
      member would be provided with an "O" ring that formed a face seal against
      disk 30. The arrangement would be such that the force needed to crack
      check valve 50 would be distributed over the relatively large area of the
      member rather than over a small part of the quad ring. The invention could
      also be used in automatic or power actuated pipettes in which the pistons
      are moved by power driven cams, or the like, rather than in manual
      pipettes as described. Therefore, it is intended that the specification
      and the drawing be interpreted as illustrative rather than in a limiting
      sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pipette for aspirating a predetermined volume of liquid into a
      reservoir and thereafter discharging said liquid from the reservoir, said
      pipette comprising, a first air chamber, a first piston movable in said
      air chamber, said piston being movable a set distance to aspirate a
      predetermined volume of liquid into a reservoir, a second air chamber, a
      second piston movable in said second air chamber, said second piston being
      movable to expel liquid from the reservoir, the piston area of said second
      piston being substantially greater than the piston area of said first
      piston, actuating means movable between two limiting positions for moving
      said first and said second pistons in said air chambers, a first fixed
      stop for arresting said actuating means in one limiting position, a second
      fixed stop for arresting said actuating means in the other limiting
      position, and means for connecting said second air chamber to said first
      air chamber as said actuating means approaches said first stop whereby air
      in said second air chamber aids in expelling liquid from the reservoir and
      for separating said air chambers when said actuating means is arrested by
      said first fixed stop so that the volume of liquid aspirated into the
      reservoir is controlled only by the movement of said first piston in said
      first air chamber.
NUM  2.
PAR  2. A pipette according to claim 1 wherein said connecting means comprises
      spring biased check valve means and wherein movement of said second piston
      means in said second air chamber increases the pressure therein to open
      said check valve means, whereby the increased pressure air flows into said
      first air chamber to expel aspirated liquid from the reservoir.
NUM  3.
PAR  3. A pipette for aspirating a predetermined volume of liquid into a
      reservoir and for discharging the liquid therefrom, said pipette
      comprising means for forming a first air chamber and a second air chamber,
      a fluid passageway connecting said chambers, first piston means movable
      between two limiting positions and within said first chamber for
      aspirating a predetermined volume of liquid into a reservoir, second
      piston means movable within said second chamber to insure that all liquid
      aspirated into the reservoir is discharged therefrom, means for actuating
      said first and said second piston means, said actuating means being
      movable between a discharge terminal and a second terminal remote
      therefrom, fixed stop means for arresting said actuating means at the
      discharge terminal, second fixed stop means for arresting said actuating
      means at the remote terminal, and valve means for closing said fluid
      passageway when said actuating means is arrested by said first fixed stop
      means and for opening said passageway when said actuating means is moving
      towards said first fixed stop means.
NUM  4.
PAR  4. A pipette according to claim 3 wherein said means for actuating said
      piston means includes a common plunger means on which said first piston
      means and said second piston means are mounted for reciprocable movement.
NUM  5.
PAR  5. A pipette according to claim 4 including spring means for biasing said
      plunger means to said second fixed stop means.
NUM  6.
PAR  6. A pipette according to claim 3, including a second fluid passageway,
      said second passageway extending from said second chamber to the exterior
      of said pipette, means for sealing said passageway during the initial
      movement of said actuation means toward said first fixed stop means.
NUM  7.
PAR  7. A pipette according to claim 6, including means providing a third fluid
      passageway from said second chamber to the exterior of said pipette during
      the terminal portion of the movement of said actuating means towards said
      first fixed stop means.
NUM  8.
PAR  8. A pipette according to claim 7, wherein said valve means comprises
      spring biased check valve means, and said third passageway forming means
      allows said check valve means to close said fluid passageway between said
      first and said second chambers.
NUM  9.
PAR  9. A pipette according to claim 6, wherein said means for actuating said
      first and said second piston means includes plunger means on which said
      second piston means is mounted for limited sliding motion, and wherein
      said second passageway extends through said second piston means, and
      wherein said sealing means is carried on said plunger means and is moved
      into sealing position when said plunger means is moved relative to said
      second piston means in a fluid expelling direction.
NUM  10.
PAR  10. A pipette according to claim 9, including means mounted on said plunger
      means for engaging said second piston means shortly after said plunger
      means starts its return stroke from a fluid expelling operation, thereby
      moving said sealing means away from said second fluid passageway.
NUM  11.
PAR  11. A pipette according to claim 10, wherein said plunger means is directly
      connected to said first piston means.
NUM  12.
PAR  12. A pipette according to claim 10, wherein said first piston means is
      guided for movement between two limiting positions, spring means for
      biasing said first piston means to one of said limiting positions, and
      wherein said plunger means moves from one limiting position to an
      intermediate position wherein it engages said first piston means and,
      thereafter, in abutting relationship with said first piston means, to a
      second limiting position determined by said first stop means.
NUM  13.
PAR  13. A pipette according to claim 3 wherein said second piston means
      comprises a disk member slideable within said second chamber between two
      limiting positions, means for providing an air-tight seal as said member
      slides within said second chamber, said second chamber having a by-pass
      around said seal means at both limits of travel of said disk member,
      whereby said second chamber is vented to the exterior of the pipette when
      said disk member is at its terminal positions within said chamber.
NUM  14.
PAR  14. A pipette comprising, a housing assembly having a first chamber and a
      second chamber, a fluid passageway connecting said first and said second
      chambers, first piston means movable between a first and a second limiting
      position so as to displace a predetermined quantity of air in said first
      chamber and thereby control the quantity of liquid drawn by the pipette,
      plunger means movable between a first limiting position and a second
      limiting position for moving said first piston means to its second
      limiting position, fixed stop means for arresting said first piston means
      and said plunger means in their second limiting positions, additional
      fixed stop means for arresting said first piston means and said plunger
      means in their first limiting positions, spring means for biasing said
      first piston means and said plunger means to their first limiting
      positions, second piston means movable by said plunger means between a
      first and a second limiting position within said second chamber, said
      second piston means having a piston area substantially greater than the
      piston area of said first piston means, spring biased valve means normally
      closing said fluid passageway connecting said first and said second
      chambers but operable by air pressure in said second chamber when said
      second piston means approaches its second limiting position, and means
      providing an air passageway from said second chamber to the exterior of
      the pipette when said second piston means is at its first limiting
      position remote from said fluid passageway.
NUM  15.
PAR  15. A pipette according to claim 14, including means providing an
      additional air passageway from said second chamber to the exterior of the
      pipette when said second piston means is at its other limiting position.
NUM  16.
PAR  16. A pipette according to claim 14 wherein said plunger means is directly
      connected to said first piston means.
NUM  17.
PAR  17. A pipette according to claim 14 wherein said additional fixed stop
      means comprises separate stop members for independently arresting said
      plunger means and said first piston means in their first limiting
      positions, and wherein said spring means comprises separate spring members
      for biasing said plunger means and said first piston means independently
      to their first limiting positions.
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ABST
PAL  A decompression analog computer and indicator includes an ambient pressure
      sensing chamber exposed to hydrostatic pressure as experienced by the
      diver. The pressure in sensing chamber produces a flow of fluid between
      the sensing chamber and a pair of parallel connected second chambers via
      the intermediary of first and second diffusion membranes introducing a
      delay to simulate different tissues of the body. Each of the second
      chambers has a movable wall portion operatively connected to a spring
      biased pressure responsive indicating piston. The indicating pistons move
      to and fro in a track overlying at indicating scale visible to the diver.
      The indicators indicate uptake and release of nitrogen by different
      tissues within the body and indicate to the diver when decompression is
      necessary.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates in general to decompression indicating
      instruments for divers and more particularly to such instruments employing
      an analog decompression computer and indicating means and having the
      capability of computing the effect of repeat dives.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Heretofore, pneumatic analog decompression instruments have been proposed
      for use in calculating and indicating decompression schedules. These
      devices have utilized a semipermeable membrane through which a gas was
      caused to diffuse, in response to hyperbaric exposure of underwater
      excursions, into a time-constant chamber in simulation of the uptake and
      release of nitrogen by a diver's body tissue. A plurality of such
      time-constant chambers and different semipermeable membrane structures
      have been provided for simulating the various different body tissues of
      the diver.
PAR  Pressure measuring means have been used for measuring the pressure of gas
      in the time-constant chamber and springs have been employed for spring
      biasing the pressure measuring means to allow for the ability of the human
      body tissue to withstand an internal over-pressure without nucleating gas
      bubbles, i.e., causing the bends.
PAR  Examples of such prior art decompression computers and instruments are
      found in U.S. Pat. Nos. 3,759,108 issued 18, Sept. 1973; U.S. Pat. No.
      3,757,586 issued Sept. 11, 1973 and U.S. Pat. No. 3,759,101 issued Sept.
      18, 1973.
PAR  In these prior art decompression computers, the delay time constant for the
      simulation of uptake of gas by the various tissues was approximately equal
      to the delay time constant for simulation of outgassing of gas from the
      tissues. In a repeat dive situation, the diver, after accumulating a
      certain amount of gas in his tissues, generally ascends to the surface in
      preparation for his next dive. Because the pressure differential is
      generally lower between the pressure in the time-constant chamber and the
      ambient pressure at the surface than was experienced during the dive, the
      outgassing of the time-constant chamber normally takes considerably longer
      than the dive time.
PAR  Accordingly, scales have been provided on the indicator dial face, of prior
      art devices, to partially take into account the residual gas within the
      tissue of the diver such scale having letter indicia corresponding to the
      various letters in the Navy repeat dive table. The idea is that the diver
      could read off the indicated letter scale indicia of his decompression
      meter and use the letter indicia for entry into the Navy repeat dive
      tables to permit a calculation of the time and depth of his next dive so
      as to be able to determine whether decompression would be required and if
      so the appropriate schedule.
PAR  The meter reading could not be used directly, i.e., without reference to
      the Navy repeat dive tables and computations based thereon, because the
      repeat dive tables are based upon a tissue outgassing half time of 120
      minutes or in excess thereof, whereas the Navy tables are based upon
      tissue uptake half times of 20, 40, 80 and 120 minutes and tissue ratios
      of 2.5/1 to 1.8/1.
PAR  The tissue ratio relates to the fact that human tissue can withstand, to
      varying degrees, an internal over pressure, i.e., super saturation during
      decompression without nucleating gas bubbles. This is referred to as a
      tissue ratio and is given by the expression:
PAR  Tissue Ratio = Safe Maximum Tissue Pressure/Ambient Pressure with the
      pressure given on an absolute scale.
PAR  Thus, the prior art decompression computers have used a plurality of
      different delay times for delaying the diffusion of gas from the ambient
      chamber into the time-constant chambers. These delay times have been
      arranged to approximate the 20, 40, 80 and 120 minute half times of the
      body tissues in accordance with the standard Navy decompression tables.
PAR  However, the standard Navy repeat dive decompression tables are based upon
      outgassing half time tissues having half times of 120 minutes or in excess
      thereof. Thus, the prior art decompression meters which have been based
      upon tissue half times which were equal for the uptake as well as the
      outgassing of the tissue had insufficient outgassing memory to yield
      readouts on repetitive dives that would correspond with the Navy
      decompression repeat dive tables. Accordingly, for repeat dives, the diver
      was required to utilize the Navy tables making a number of calculations
      therefrom rather than being able to rely upon meter readings of his
      decompression instrument.
PAR  Others have proposed use of a virus filter material in lieu of the
      semipermeable membrane material for providing a resistance to flow of air
      between the ambient pressure sensing chamber and the respective time
      constant chamber. In such an arrangement the different tissue half times
      have been simulated by connecting a number of such resistors and time
      constant chambers either in parallel with each other or in series with
      each other. Such a decompression computer is disclosed in U.S. Pat. No.
      3,457,393 issued July 22, 1969.
PAR  The virus filters are formed of a microscopic mesh of synthetic plastic
      fibers having a mean pore diameter of the order of five times
      10.sup.-.sup.6 centimeters (0.05.mu.) and that they were characterized by
      three different types of fluid flow therethrough. In one regime they
      provide free molecular flow, in another regime they provide viscous flow
      and still another regime they exhibited slip flow. Slip flow is nonlinear
      with pressure differential across the medium and is believed that it is in
      this region of their flow characteristic that the porous medium filter was
      found to operate in the decompression computer application.
PAR  When a virus filter of the above type is employed as the pneumatic resistor
      in the flow passageway between the ambient sensing chamber and a
      respective time constant chamber the filter material provides a longer
      tissue half time constant for the flow of fluid from the time constant
      chamber back to the ambient sensing chamber than for the flow from the
      ambient sensing chamber to the time constant chamber. As it turns out this
      is a fortuitous flow condition since it was found, particularly in the
      series connected version utilizing four series connected tissue half time
      time constant chambers that the outgassing simulation of such a computer
      closely simulated the outgassing characteristics of human tissue in
      response to hyperbaric exposure of underwater excursions. As a result, the
      series computer utilizing the porous virus filter medium as the pneumatic
      resistor could be utilized for automatically computing the decompression
      for random profile dives and repetitive exposures. Such a decompression
      computer is described in a book titled "Physiology and Medicine of Diving
      and Compressed Air Work" edited by P.B. Bennett and D.H. Elliott published
      in 1969 by Bailliere, Tindall & Cassell in London, see Chapter 16,  pages
      386-413.
PAR  Moreover, the prior art instruments employed a Bourdon gauge mechanism for
      reading out the pressure in the time-constant chamber. Generally speaking,
      a Bourdon type pressure gauge mechanism requires a substantial amount of
      mechanical amplification or multiplication between the movement of the
      Bourdon tube and the indicator needle. This mechanical multiplication
      results in making the Bourdon gauge relatively sensitive to shcok and
      vibration and therefore the instruments were relatively fragile. It would
      be desirable to have a more rugged and reliable pressure indicating means
      for indicating the pressure in the time-constant chamber.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of the present invention is the provision of an
      improved decompression indicating instrument for divers.
PAR  In one feature of the present invention, the decompression indicating
      instrument includes an analog decompression computer employing one or more
      delays corresponding to one or more tissue half times for simulating the
      uptake of gas by the tissues of the body and employing a substantially
      longer tissue half time delay for computing the outgassing of gas from the
      tissues, whereby the decompression instrument may be employed for
      indicating decompression requirements for repetitive dives without resort
      to the Navy decompression repetitive dive tables and computations based
      thereon.
PAR  In another feature of the present invention, the decompression analog
      computer includes an indicating member operatively connected to a movable
      wall of the time-constant chamber, such indicating member moving to and
      fro for directly indicating the necessity, if any, for decompression of
      the diver, whereby a more rugged and more reliable indicating means is
      obtained.
PAR  Other features and advantages of the invention will become apparent upon a
      perusal of the following specification taken in connection with the
      accompanying drawings wherein:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view of a decompression computer
      incorporating features of the present invention,
PAR  FIG. 2 is an enlarged plan view of a portion of the structure of FIG. 1
      taken along lines 2--2 in the directions of the arrows,
PAR  FIG. 3 is a sectional view of the structure of FIG. 2 taken along line 3--3
      in the direction of the arrows, and
PAR  FIG. 4 is an end view of a portion of the structure of FIG. 1 taken along
      line 4--4 in the direction of the arrows.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, there is shown a decompression computer 1
      incorporating features of the present invention. The computer includes a
      submersible housing 2, as a Lexan plastic material. The housing 2 is
      perforated with perforations 3 at one end thereof to allow fluid
      communication with an ambient pressure sensing chamber 10 defined by a
      generally cupped shaped bladder 4 as of neoprene rubber (see FIG. 4). The
      cup shaped bladder 4 is sealed at its lip 5 to an end closing membrane
      plate 6, as of Lexan plastic. The housing 2 includes a bladder cap portion
      7 which is held against the membrane plate 6 by means of four bolts, not
      shown, passing longitudinally of the housing 2 at the four corners of the
      housing 2 when considered in transverse section.
PAR  A generally rectangular valve plate 8 is captured between the membrane
      plate 6 and a valve block 9. The membrane plate 6 and valve plate 8 each
      includes four axially directed and aligned bores 11, 12, 13 and 14,
      respectively, communicating between the ambient pressure sensing chamber
      and a pair of time-constant chambers 16 and 17 formed in the valve block
      9.
PAR  The outer ends of the time-constant chambers 16 and 17 are closed off via
      deformable diaphragms 18 and 19, respectively, as of neoprene rubber. The
      diaphragms are generally circular and sealed at their periphery to the
      valve block 9 at 21, and 22, respectively by being captured in compression
      between the valve block 9 and a cylinder block 23.
PAR  Diaphragms 18 and 19 are fixedly secured to the inner ends of elongated
      indicator pistons 24 and 25, respectively. The indicator pistons are
      coaxially disposed of cylindrical longitudinal extending bores 26 and 27
      in the cylinder block 23. Compression springs 28 and 29, respectively, are
      disposed in the bores 26 and 27 for spring biasing the respective
      indicating pistons 24 and 25 inwardly of the time-constant chambers 16 and
      17, respectively. A clear plastic viewing cap 31, as of clear Lexan, is
      hermetically sealed over the end of the cylinder block 23 via an O-ring
      seal 32.
PAR  A dial label 33 is affixed within the viewing cap 31 on the bottom side
      thereof with three transverse longitudinally spaced different colored
      zones defining indicia thereon. In a typical example, the first zone 34 is
      green, the second zone 35 is yellow and the third zone 36 is red. The
      indicating plungers 24 and 25 move to and fro in longitudinally directed
      tracks overriding the indicating zones 34, 35 and 36. Stop bosses 37
      project inwardly from the end wall of the viewing cap 31 in axial
      alignment with the respective indicating plungers 24 and 25 for limiting
      the maximum outer axial translation of the plungers 24 and 25 at the
      innermost extent of travel of the plungers 24 and 25 into the respective
      time-constant chambers 16 and 17, the outer ends of the elongated plungers
      at 38 are in transverse registration with the beginning portion of the
      green region 34 of the dial label 33. Air at atmospheric pressure is
      sealed within the indicating chamber 30 formed by the hollow region of the
      viewing cap 31 and the cylindrical bores 26 and 27 in the cylinder block
      23.
PAR  A semipermeable membrane structure 41 is interposed in series with each of
      the fluid flow passageways 11-14 for providing a certain predetermined
      delay to the flow of fluid from the ambient pressure sensing chamber 10 to
      the respective time-constant chambers 16 and 17. The membrane structure 41
      is contained within a rectangular recess 42 in the membrane plate 6. The
      membrane structure 41 includes a semipermeable membrane member 43
      sandwiched between the bottom of the recess 42 and raised land portions of
      a membrane mat 44 which in turn abuts against the valve plate 8.
PAR  Referring now to FIG. 2, the membrane mat 44 is shown in greater detail.
      The membrane mat 44 is generally rectangular having a generally
      rectangular sealing land 45 extending around the periphery of the mat 44.
      A second generally rectangular land 46 circumscribes a longitudinally
      directed bore 47 disposed in axial alignment with bore 13 in the membrane
      and valve plates 6 and 8, respectively. Likewise, a third generally
      rectangular land 48 circumscribes a larger recessed region 49 of the mat
      which is in gas communication with a second axial bore 51 passing through
      the mat 44 and disposed in axial alignment with bores 12 in the membrane
      and valve plates 6 and 8, respectively. A pair of relatively small
      diameter generally circular lands 52 and 53 are coaxially disposed of
      bores 54 and 55 in mat 44 which in turn are in axial alignment with bores
      11 and 13, respectively.
PAR  The membrane 43 comprises, for example a 0.0003 inch thick layer of
      silicone rubber supported upon a porous cellulose acetate backing having a
      thickness of 0.004 inch. The effective area of the membrane which is
      connected in series with each of the respective bores 11-14 inversely
      determines together with spring constants of springs 28 and 29 the amount
      of delay for the flow of fluid from the ambient pressure sensing chamber
      to the respective time-constant chambers 16 and 17. More particularly, the
      upper time-constant chamber 16 and flow path 12 via membrane area 49 are
      dimensioned for analog computation of a tissue half time of 5 minutes,
      whereas the lower time-constant chamber 17 and flow path 14 via membrane
      area 40 are dimensioned for analog computation of tissue uptake for a
      tissue having a half time of 35 minutes. Therefore, less delay is desired
      in the flow path for the upper time constant chamber 16 and therefore the
      largest area 49 of the membrane is connected in series for flow of fluid
      through bore 12. Similarly, the relatively small rectangular recess
      portion 40, bounded by land 46, is in communication with bore 14 to
      approximate an analog computation of a tissue half time of 35 minutes. The
      annular areas bounded by circular lands 53 and 52 are much smaller and are
      dimensioned to approximate an analog computation of a membrane having a
      tissue half time of 250 minutes to form an analog computation of simulated
      outgassing of human tissue as employed for the basis of the Navy's repeat
      dive decompression tables.
PAR  A pair of check valve assemblies 61 and 62 are provided in series with the
      uptake gas passageways 12 and 14, respectively, communicating with the
      time-constant chambers 16 and 17, respectively. Each of the check valve
      assemblies 61 and 62 comprises a circular pliable valve diaphragm 63, as
      of neoprene rubber. The diaphragm includes an outer peripheral sealing
      ring portion 64 for being captured in sealing engagement between the valve
      block 9 and valve plate 8 to provide a hermetic seal to the respective
      time-constant chambers 16 and 17. In addition, the diaphragms 63 include
      centrally apertured raised land portions 65 disposed in axial alignment
      with axial bores 11 and 13, respectively in the membrane and valve plates
      6 and 8. Each of the land portions 65 of the valve diaphragms 63 is spring
      biased against the opposed surface of the valve plate 8 via compression
      springs 66 and centrally apertured valve discs 67. The compression springs
      66 are captured at one end by an inner lip of the respective time-constant
      chamber and at the other end by the outer peripheral portion of the valve
      disc 67.
PAR  In operation, the ambient pressure sensing chamber 10 is filled with a
      suitable working fluid such as air, although other working fluids may be
      employed, such as hydrocarbon liquids that would also be permeable to the
      particular membrane material selected. As the diver descends, the
      hydrostatic pressure builds up and this pressure is transmitted to the
      ambient pressure sensing chamber 10 by compressing the gas therein due to
      deformation of the bladder 4. The working fluid, such as air, then flows,
      primarily, through bores 12 and 14 and through the membrane areas 49 and
      40 into the annular regions behind the check valve diaphragms 63. As an
      alternative to the use of an imperforate permeable membrane, porous
      material may be employed.
PAR  As soon as that pressure overcomes the light spring pressure of compression
      springs 66 and springs 28 and 29 the respective valve is unseated at 65
      allowing the fluid to flow through the central aperture in the respective
      diaphragms 63 into the respective time-constant chamber 16 and 17. As the
      pressure builds up in the respective time-constant chamber the respective
      indicating piston is caused to be axially displaced and to move in the
      direction to cross the zones of the indicating dial 33.
PAR  It has been found that the Navy diving table data can be closely
      approximated by use of only two decompression analog computers, one being
      an analog computer of a half time tissue of 5 minutes and the other being
      an analog computer of a half time tissue of 35 minutes. The 35 minute
      computer yields satisfactory indications from 40 feet to approximately 100
      feet, whereas the 5 minute half time tissue computer yields satisfactory
      indications from 100 to approximately 190 feet.
PAR  In the 5 minute one half time tissue computer, which is the upper computer
      in the drawings of FIG. 1, the pressure continues to build up in the
      time-constant chamber 16 producing a corresponding translation of the
      indicator rod 24 until such time as the pressure builds up to
      approximately 45 psi above one atmosphere. At this time the time-constant
      chamber 16 is expanded to its maximum extent and the indicator piston 24
      has reached the red zone 36. Similarly, in the 35 minute half time tissue
      computer, which is the lower analog computer in the structure of FIG. 1,
      the pressure builds up in the time-constant chamber 17 until such time as
      the pressure therein reaches approximately 18 psi above one atmosphere at
      which time the end of the indicating piston rod 25 has reached the red
      zone 36.
PAR  The tissue ratio springs 28 and 29 are chosen to have spring constants for
      approximating tissue ratios of 3.96 for the 5 minute tissue computer and
      2.25 for the 35 minute tissue computer. These springs 28 and 29 oppose
      displacement of the pistons 24 and 25, respectively, which are coupled to
      the time-constant chamber so that the movement of the indicator piston is
      less than it would otherwise be and allowance is made for the ability of
      the human body tissue to withstand an internal overpressure without
      nucleating gas bubbles.
PAR  As the diver ascends to the surface an ambient pressure will be sensed in
      the chamber 10 which is less than the pressure within either of the
      respective time-constant chambers 16 and 17. When this condition occurs,
      the check valves 61 and 62 will close off bores 12 and 14 such that the
      return flow of fluid from the respective time-constant chambers must flow
      to the ambient pressure chamber through the centrally disposed bores 11
      and 13, respectively. This return flow, which simulates tissue outgassing,
      must diffuse through the relatively small area of the membrane bounded by
      lands 53 and 52, respectively. Thus, the time constant for the computer
      when simulating the outgassing of the half time tissues is chosen to have
      a relatively long half time, as of 250 minutes, to approximate the
      relatively long half time tissue assumption utilized in calculating the
      standard Navy decompression tables for repetitive dives.
PAR  Thus, as the gas in the time-constant chambers, under the influence of its
      own pressure and under the influence of the return springs 28 and 29,
      flows from the respective time-constant chambers 16 and 17 back to the
      ambient pressure sensing chamber the respective indicating plungers
      pistons 24 and 24 are retracted. In this manner, outgassing of the human
      tissues is simulated such that repetitive dives can be made and the
      computer 1 will automatically simulate the outgassing of human tissues
      upon the same basis as employed for the Navy repeat decompression tables.
PAR  Thus, the diver may make as many repeat dives as desired and can avoid
      decompression by merely monitoring the indicating pistons and avoiding
      operation in the red zone.
PAR  In a typical example, the decompression computer 1 has an overall length of
      approximately 3.75 inches, a width of 2.25 inches and a thickness of 1.125
      inches. The longitudinal bores 11-14 have diameters of 0.031 inches and
      the ambient pressure sensing bladder 4 has an axial depth of approximately
      1.0 inch, a width of approximately 1.6 inches and a thickness of
      approximately 0.75 inch. The indicating pistons 24 and 25 have a maximum
      axial translation of approximately 0.5 inches.
PAR  The advantage of the decompression computer of the present invention is
      that it automatically computes for repeat dive decompression due to the
      outgassing tissue half time simulation of 250 minutes, such outgassing
      tissue half time being substantially longer than the simulated uptake
      tissue half times. Thus, repeat dive decompression warning is
      automatically computed by the decompression computer without having to
      make reference to the standard Navy decompression repetitive dive tables.
PAR  In addition, the indicating pistons are coupled directly to a movable wall
      of the time constant chamber without the requirement of any mechanical
      multiplication. Thus a reliable, rugged and simple indicating means is
      provided for indicating the output of the respective decompression analog
      computers.
PAR  As an alternative to the pistons 24 and 25 moving across an indicator dial
      33, the indicator zones may be printed or painted in rings on the
      respective pistons so that as the piston moves outwardly of the time
      constant chamber and cylinder bore 26 or 27 it uncovers successive green,
      yellow, and then red zone rings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a decompression indicating instrument for divers:
PA1  ambient pressure sensing chamber means containing a working fluid therein,
      said working fluid being subjected to hydrostatic pressure when the
      instrument is submerged in water;
PA1  time-constant chamber means;
PA1  fluid communication means disposed intermediate said sensing and
      time-constant chamber means for providing fluid communication
      therebetween;
PA1  delay means operatively associated with said fluid communication means for
      delaying the flow of fluid from said sensing chamber to said time-constant
      chamber with a first half time delay characteristic to simulate uptake of
      gas by human tissue of a first tissue half time, and for delaying the flow
      of fluid from said time-constant chamber to said ambient sensing chamber
      with a second half time delay characteristic longer than said first tissue
      half time delay characteristic to approximate outgassing of human tissue
      under the ambient hydrostatic pressure of the instrument, said delay means
      including a check valve means in said fluid communication means, said
      check valve means being connected for passing fluid from said ambient
      sensing chamber to said time-constant chamber with a first resistance to
      flow of fluid therebetween while providing a second resistance to fluid
      flow from said time-constant chamber to said ambient sensing chamber, said
      second resistance to fluid flow being greater than said first resistance
      to fluid flow, and
PA1  indicating means operatively associated with and responsive to the fluid
      pressure in said time-constant chamber for indicating to the diver whether
      decompression is necessary.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said check valve means includes a valve
      member movable between a seated and an unseated position for variably
      restricting the flow of fluid through said fluid communication means, and
      means for spring biasing said movable valve member towards the seated
      position against the flow of fluid from said ambient sensing chamber means
      to said time-constant chamber means, such that when the pressure in said
      ambient sensing chamber means is sufficiently higher than the fluid
      pressure in said time-constant chamber means, said valve member is pushed
      open by said pressure differential against said spring biased force to
      provide flow of fluid to said time-constant chamber means, whereas when
      the pressure in said time-constant chamber means is higher than that of
      said ambient sensing chamber means said valve member is biased to the
      seated or high resistance position.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said time-constant chamber means
      includes a movable wall portion and wherein said indicating means
      includes, piston means operatively coupled to said movable wall of said
      time-constant chamber means such that said piston is caused to move to and
      fro in response to pressure changes in said time-constant chamber means,
      and decompression indicia scale means operatively associated with said
      movable piston so that the position of said movable piston serves as a
      decompression indicator for the diver.
NUM  4.
PAR  4. The apparatus of claim 3 including, means for spring biasing said piston
      inwardly of said time-constant chamber with a certain predetermined spring
      constant, said spring constant being chosen to approximate a certain
      physiological internal overpressure of human tissue which can be tolerated
      without nucleation of gas entrapped in the tissue.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said spring constant corresponds to a
      tissue ratio falling within the range of 2.0 to 2.5.
NUM  6.
PAR  6. The apparatus of claim 4 wherein said spring constant corresponds to a
      tissue ratio falling within the range of 3.5 to 4.5.
NUM  7.
PAR  7. The apparatus of claim 4 wherein said spring constant is chosen such
      that when the pressure in said time-constant chamber builds up to a
      pressure in excess of 50 psi said indicator indicates decompression is
      necessary.
NUM  8.
PAR  8. The apparatus of claim 4 wherein said spring constant is such that when
      the pressure in said time-constant chamber builds up to a pressure in
      excess of 20 psi said indicator means indicates decompression is
      necessary.
NUM  9.
PAR  9. The apparatus of claim 1 wherein said second tissue half time is in the
      range of 15 to 100 times larger than said first tissue half time.
NUM  10.
PAR  10. The apparatus of claim 1 wherein said second tissue half time is in the
      range of 40 to 60 times larger than said first tissue half time.
NUM  11.
PAR  11. In a decompression indicating instrument for divers:
PA1  ambient pressure sensing chamber means subjected to hydrostatic pressure
      when the instrument is submerged in water and containing a working fluid
      therein;
PA1  time-constant chamber means having a movable wall portion;
PA1  fluid communication means disposed intermediate said ambient pressure
      sensing and time-constant chamber means for providing fluid communication
      therebetween;
PA1  delay means for delaying the flow of fluid via said fluid communication
      means between said ambient pressure sensing and second time-constant
      chamber means to approximate the gas content of human tissue under the
      ambient hydrostatic pressure experienced by the instrument, said delay
      means including an imperforate fluid diffusion membrane means interposed
      in said fluid communication means for impeding the fluid flow
      therethrough;
PA1  indicator means responsive to the fluid pressure in said time-constant
      chamber means for indicating to the diver whether decompression is
      necessary; and
PA1  wherein said indicating means includes, piston means operatively coupled to
      said movable wall portion of said time-constant chamber means such that
      said piston is caused to move to and fro along a rectilinear path in
      response to pressure changes in said time-constant chamber means, and
      decompression indicia scale means operatively associated with said movable
      piston for indicating the requirement of decompression for the diver.
NUM  12.
PAR  12. The apparatus of claim 11 including, means for spring biasing said
      piston inwardly of said time-constant chamber means with a certain
      predetermined spring constant, said spring constant being chosen to
      approximate a certain internal overpressure of human tissue.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said spring constant corresponds to a
      tissue ratio falling within the range of 2.0 to 2.5.
NUM  14.
PAR  14. The apparatus of claim 12 wherein said spring constant corresponds to a
      tissue ratio falling within the range of 3.5 to 4.5.
NUM  15.
PAR  15. The apparatus of claim 12 wherein said spring constant is chosen such
      that when the pressure in said time-constant chamber means builds up to a
      pressure in excess of 50 psi said indicator means indicates decompression
      is necessary.
NUM  16.
PAR  16. The apparatus of claim 12 wherein said spring constant is chosen such
      that when the pressure in said time-constant chamber means builds up to a
      pressure in excess of 20 psi said indicator means indicates decompression
      is necessary.
NUM  17.
PAR  17. A self contained decompression instrument for use by a diver
      comprising:
PA1  a submersible housing having an optically transparent portion and a water
      permeable portion;
PA1  an ambient pressure fluid chamber disposed in said housing adjacent said
      water permeable portion such that ambient water pressure is transmitted to
      said ambient pressure sensing chamber for causing the pressure therein to
      track with the ambient water pressure;
PA1  pressure responsive means disposed in said housing and movable relative to
      said housing in response to fluctuations of pressure sensed by said
      pressure responsive means;
PA1  delay means in said housing operatively associated with said ambient
      pressure sensing chamber means and said pressure responsive means and
      including an imperforate fluid diffusion membrane means to delay
      transmission of said ambient pressure in said ambient pressure sensing
      chamber to said pressure responsive means in accordance with a first
      tissue half time simulating the uptake of gas by a diver's tissue during
      an underwater excursion and for delaying the transmission of pressure from
      said pressure responsive means to said ambient pressure sensing chamber
      with a second tissue half time substantially longer than said first tissue
      half time to simulate the release of gas by a diver's tissues during an
      underwater excursion; and
PA1  indicator means in said housing having indicia visible through said
      optically transparent portion of said housing and operatively associated
      with said pressure responsive means for indicating to the diver when
      decompression is necessary.
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ABST
PAL  An apparatus for measuring the velocity of a vehicle traveling between
      first and second measured points. The apparatus includes a cylindrical
      housing having an open top for receiving a transparent disk. Indicia
      representing speed calibrations is circumferentially spaced adjacent an
      outer perimeter of the disk. A stopwatch is carried in the housing below
      said disk and has a rotatable hand which rotates at a predetermined rate
      under the indicia. A lamp is carried below the stopwatch for illuminating
      the indicia carried on the transparent disk. The stopwatch is started when
      the vehicle passes a first reference point and stopped when the vehicle
      passes the second reference point. Thus, when the hand is stopped, such
      points to the calibrated indicia on said disk indicating the velocity of a
      vehicle.
GOVT
PAC  ORIGIN OF THE INVENTION
PAR  The invention described herein was made by employees of the United States
      Government and may be manufactured and used by or for the Government for
      governmental purposes without the payment of any royalties thereon or
      therefor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a speed calculator and more particularly to an
      apparatus for measuring the velocity of a vehicle traveling between two
      given points.
PAR  Various methods and devices have been utilized by highway patrolmen and the
      like for measuring the speed of vehicles on highways. Such devices operate
      satisfactorily; however, the most sophisticated systems such as radar is
      expensive. The radar system also must be set up outside the vehicle
      requiring a certain amount of setup time. While the existing devices have
      proven to be satisfactory, there is a definite need of providing an
      inexpensive, simple and accurate device for checking the speed of
      vehicles. Since the device constructed in accordance with the present
      invention is relatively inexpensive, it can be made available to both
      highway patrolmen and policemen who are stationed on foot in areas such as
      school zones and the like.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises an apparatus for measuring the velocity of a
      vehicle traveling between first and second measured points. The apparatus
      includes a cylindrical housing having an open top with a transparent disk
      carried adjacent thereto. Indicia representing speed calculations is
      circumferentially spaced adjacent an outer perimeter of the disk. A
      stopwatch is carried in the housing below the disk. The stopwatch has a
      rotatable hand which rotates at a predetermined rate under the indicia
      when started. A pushbutton is provided for starting the rotation of the
      hand from a reference point when the vehicle passes the first point and
      for stopping the rotation of the hand when the vehicle passes a second
      point. Thus, the hand, when stopped, points to the calibrated indicia on
      the disk indicating the velocity the vehicle was traveling between the
      first and second measured points. A lamp is carried in the cylindrical
      housing below the stopwatch for directing light upwardly and outwardly
      towards the indicia carried on the disk for illuminating the indicia so
      that such can be readily read. A compartment is provided in the bottom
      portion of the cylindrical housing for storing a plurality of the
      transparent disks calibrated for measuring the speed of vehicles traveling
      between reference points of various distances.
PAR  Accordingly, it is a general object of the present invention to provide a
      relatively simple and inexpensive speed calculator.
PAR  A more specific object of the invention is to provide a speed calibrator
      which is small in size and requires very little skill to operate.
PAR  Another important object of the present invention is to provide a speed
      calibrator which includes a lamp for illuminating indicia so that the
      velocity of a vehicle traveling between two reference points can be
      readily determined.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a plan view illustrating the top of an apparatus constructed in
      accordance with the present invention for calibrating the speed of
      vehicles and the like. FIG. 2 is a cross-sectional view taken along line
      2-2 of FIG. 1,
PAR  FIG. 3 is an enlarged, perspective view expanded to show various components
      carried within the apparatus illustrated in FIG. 2, and
PAR  FIGS. 4, 5 and 6 are plan views of disks calibrated for measuring the
      velocity of vehicles traveling between reference points of various
      distances.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring in more detail to the drawings there is illustrated an apparatus
      constructed in accordance with the present invention which includes a
      cylindrical housing 10 constructed of any suitable material such as cast
      metal. The housing has internal threads 12 adjacent the top thereof and
      internal threads 14 adjacent the bottom thereof. A cylindrical cup-shaped
      member 16 which has threads 18 adjacent the bottom thereof is threaded
      within the internal threads 12 of the cylindrical housing 10. Integral
      with an upper portion of the cup-shaped member 16 is an outwardly
      extending flange 20 which has a flange 22 extending upwardly therefrom.
      The circumferential flange 22 has threads 24 on an outer surface thereof
      for securing a circular cover 26 thereto. The cover 26 has an inwardly
      extending flange 28 for holding a transparent disk 30 on top of the
      upwardly extending flange 22.
PAR  A cylindrical transparent member 32 is carried within the cup-shaped member
      16 with a lower portion thereof resting on an inwardly extending flange 34
      threaded within the cylindrical housing 10. Integral with an upper portion
      of the wall of the transparent member 32 is a circular transparent flange
      37 which has a circular opening provided therein through which a face
      portion of a stopwatch 36 extends. A vertical slot 40 is provided in the
      wall of the transparent member 32 for receiving a shank portion 42 of a
      plunger 44 which is used for stopping and starting the rotation of a hand
      46 of the stopwatch 36. Another vertical slot 48 is provided in the wall
      of the transparent member 32 for permitting a reset plunger 50 of the
      stopwatch 36 to extend therethrough. Corresponding slots are provided in
      the cup-shaped member 16 for permitting the plunger 44 and the reset
      plunger 50 to extend outside the housing as shown in FIG. 2.
PAR  The stopwatch 36 may be any suitable conventional stopwatch and the one
      illustrated in the drawing is calibrated so that the hand 46 rotates one
      complete revolution each three seconds.
PAR  Positioned on top of the transparent flange 37 is a translucent plastic
      disk 52 which disperses light causing such to impinge on indicia 54
      carried on a transparent disk 56. An upwardly extending pin 57 is carried
      within the flange 37 of the transparent member 32 for properly positioning
      the translucent disk 52 and transparent disk 56 thereon. A hole 58 such as
      shown in FIG. 1, extends through the translucent disk 52 and the
      transparent disk 56 for properly positioning the disks relative to the
      rotating hand 46 of the stopwatch 36.
PAR  The stopwatch 36 is held in position with an upper portion flush against
      the flange 37 by means of a plexiglass disk 60 which has threads on a
      perimeter thereof for securing such within the cup-shaped transparent
      member 32 which also has internal threads thereon. The disk 60 has a
      frusto-conical opening 62 provided in the center thereof which gathers
      light emitted from a bulb 64 and transfers such through the disk 60 up
      through the transparent member 32 to the transparent disk 56. The lamp 64
      is carried within a metallic housing which includes a convex circular
      reflector 66. The reflector 66 has a downwardly extending cylindrical
      portion 68 provided with internal threads therein. A plug 70 is threaded
      within the cylindrical portion 68 of the disk for securing the lamp 64
      therein. A rim of the lamp 64 is in electrical contact with the metallic
      disk 66. An electrode 71 is carried on the bottom of the lamp 64 in
      contact with an electrical plug 72. The plug 72 is coupled by means of a
      wire 74 to a terminal 76 which is, in turn, connected by means of a copper
      member 78 to the positive end of a battery 80. Wire 82 is coupled between
      the metallic reflector 66 and one terminal 84 of a push button switch 86.
      Another terminal 88 of the pushbutton switch 86 is connected by means of a
      wire 90 to a terminal 92. The terminal 92 has extending downwardly
      therefrom a spring-biased conductive member 94 which engages the bottom
      side of the battery 80.
PAR  The battery 80 is secured within the housing by a pair of arcuate shaped
      spring-biased members 96 which are secured by a screw 98 to a plate 100
      carried within the housing. The plate 100 may be attached by any suitable
      means to the inner walls of the cylindrical member 10.
PAR  A compartment generally designated by the reference character 102 is
      provided adjacent the bottom of the cylindrical housing 10 for
      accommodating a plurality of the disks 56. The compartment is defined by a
      cylindrical cup-shaped member 104 which is secured to the bottom of the
      cylindrical housing 10 by threads carried on an upwardly extending flange
      106. A downwardly extending flange 108 has threads thereon for receiving a
      removable cover 110. The disks 56 carried within the compartment 102 are
      spare disks having indicia 54 provided thereon calculated for measuring
      the speed of vehicles between two reference points of various lengths. For
      example, in FIGS. 4, 5 and 6 (only a portion of the indicia 54 is shown)
      the indicia 54 is calculated for measuring the speed of vehicles traveling
      between points which are 300, 400, and 500 feet apart.
PAR  In operation, the operator of the apparatus first selects a highway or road
      that has been previously marked off with white lines in predetermined
      distances. For example, the distance between the first and second painted
      line on the highway may be 200 feet so as to use the disk shown in FIG. 1.
      When the vehicle passes the first painted line, the operator depresses the
      plunger 44 starting the stopwatch. When the vehicle passes over the second
      painted line on the highway, the plunger 44 is depressed to stop the
      stopwatch. The hand 46 begins rotating upon depressing the plunger 44 the
      first time and stops when the plunger 44 is depressed the second time. The
      indicia 54 printed on the face of the disk 56 is calibrated for directly
      reading the speed of the vehicle traveling between the first and second
      line. The stopwatch 36 provided for use with the disk 56 shown in FIGS. 1,
      4, 5 and 6 rotates one complete revolution each three seconds.
PAR  When it is desired to measure the speed of a vehicle between two points of
      a different distance such as 400 feet, then the cap 110 is unscrewed and
      the appropriate disk, as shown in FIG. 5 is selected. The top cap 26 is
      screwed off the top of the cylindrical member 10 and the disk 56 shown in
      FIG. 5 is placed on top of the translucent disk 52 with the pin 57
      extending through the hole 58. The purpose of the pin 57 and the hole 58
      is to align the disk 56 with the starting point of the stopwatch 36.
PAR  When the device is used at night the switch 86 is depressed causing light
      from lamp 64 to be directed by plexiglass disk 60 and by cylindrical
      member 32 upwardly for illuminating the indicia 54 on disk 56 so as to
      take a reading.
PAR  While a preferred embodiment of the invention has been described using
      specific terms, such description is for illustrative purposes only, and it
      is to be understood that changes and variations may be made without
      departing from the spirit or scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for measuring the velocity of a vehicle traveling between
      first and second measured points comprising:
PA1  a cylindrical housing comprising a separable, cylindrical, cup-shaped, top
      portion having an open top end;
PA1  a separable, removable transparent disk carried adjacent said open top end
      of said top portion;
PA1  indicia representing speed calibrations circumferentially spaced adjacent
      an outer perimeter of said disk;
PA1  a stopwatch carried in said cup-shaped top portion below said disk;
PA1  said stopwatch having a rotatable hand which rotates at a predetermined
      rate under said indicia when started;
PA1  a separable cylindrical member encompassing said stop watch and supported
      within said cup-shaped top portion;
PA1  an upwardly extending reference element carried on said cylindrical member
      at the upper end thereof;
PA1  said transparent disk having an opening therein into which said upwardly
      extending reference element extends for positioning said transparent disk
      in a predetermined position relative to said stopwatch;
PA1  means for starting the rotation of said rotatable hand from a reference
      point when said vehicle passes said first measured point and for stopping
      the rotation of said hand when said vehicle passes said second measured
      point;
PA1  whereby said hand when stopped points to said calibrated indicia on said
      disk indicating the velocity said vehicle was traveling between said first
      and second measured points;
PA1  a removable cover engaging said top portion and comprising a transparent
      central portion overlying said stopwatch and said disk whereby said cover
      may be removed and said disk readily replaced with an alternate disk.
NUM  2.
PAR  2. The apparatus as set forth in claim 1 wherein said open top end of said
      top portion comprises an outwardly extending flange, said cylindrical
      member having an outwardly extending flange supported on said flange of
      said top portion, said transparent disk being supported on said flange of
      said cylindrical member, said upwardly extending reference element carried
      on said outwardly extending flange of said cylindrical member.
NUM  3.
PAR  3. The apparatus as set forth in claim 1 further comprising:
PA1  a. a lamp carried in said cylindrical housing below said stopwatch,
PA1  b. said cylindrical member being transparent,
PA1  c. means for selectively energizing said lamp, and
PA1  d. means for directing illumination produced by said lamp when energized
      through said transparent cylindrical member to said transparent disk for
      illuminating said indicia carried on said disk.
NUM  4.
PAR  4. The apparatus as set forth in claim 3 wherein:
PA1  a. said means for directing illumination includes a convex reflector having
      a hole in the center thereof, and
PA1  b. said lamp extending through said hole for directing light upwardly and
      outwardly for illuminating said indicia carried on said transparent disk.
NUM  5.
PAR  5. The apparatus as set forth in claim 1 further comprising:
PA1  a. a compartment provided in a bottom portion of said cylindrical housing
      for storing a plurality of said transparent disks with indicia provided
      thereon representing various speed calibrations, and
PA1  b. a removable cover carried by a bottom portion of said compartment for
      providing access to said disks.
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ABST
PAL  A closed loop fluidic angular rate gyro having a single sensitive axis. The
      gyro is comprised of a supporting member, fluidic means for sensing
      movement of the gyro about the sensitive axis, and means for pivotally
      mounting the sensing means to the supporting member and about a torsional
      axis which is perpendicular to the sensitive axis to maintain the sensing
      means in a normal null position and allow limited rotation of the sensing
      means about the torsional axis in response to the angular velocity of the
      gyro about the sensitive axis. The gyro is further comprised of fluidic or
      electrostatic means responsive to movement of the sensing means for
      providing a restoring torque to return the sensing means to the normal
      null position and for producing an output signal proportional to movement
      of the sensing means about the torsional axis, whereby the output signal
      is proportional to the angular velocity of the gyro about the sensitive
      axis. The gyro is fixed within an oil filled enclosure, and a flat damping
      plate is laterally positioned between the upper surface of the enclosure
      and the sensing means to stabilize the closed loop operation of the gyro.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of The Invention
PAR  This invention relates to an angular rate gyro, and, more particularly, to
      a closed loop fluidic angular rate gyro for sensing the angular velocity
      of the gyro about a single sensitive axis.
PAR  2. Description of the Prior Art
PAR  Current state of the art angular rate gyros having no moving parts
      unfortunately have sluggish response time and poor sensitivity, thereby
      limiting their diversity of application and extent of use. Other types of
      conventional angular rate gyros, which use mechanical rotating fly wheels,
      have limited life expectancy and are subject to mechanical damage if
      exposed to a wider than rated operating range, or if subject to hostile
      environments which product excessive shock and vibration. Furthermore,
      most gyros are not adaptable to provide output signals which are
      compatible with either hydraulic or hybrid electric hydraulic systems.
PAC  OBJECTS OF THE INVENTION
PAR  It is therefore an object of this invention to provide a low cost rugged
      angular rate gyro which is capable of withstanding excessive shock and
      vibration, and which is also capable of being exposed to angular
      velocities in excess of rated operation.
PAR  It is another object of this invention to provide an improved angular rate
      gyro capable of operating over a wider range with greater sensitivity and
      dynamic response than current state of the art gyros having no moving
      parts.
PAR  It is another object of this invention to provide an angular rate gyro
      which is capable of generating output signals that are compatible with
      either a hydraulic or a hybrid electric hydraulic system.
PAR  Other objects of the invention will be pointed out hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  According to a broad aspect of the invention, there is provided a closed
      loop fluidic angular rate gyro having a single sensitive axis. The gyro is
      comprised of a supporting member, means for sensing movement of the gyro
      about the sensitive axis, and means for pivotally mounting the sensing
      means to the supporting member and about a torsional axis which is
      perpendicular to the sensing axis to maintain the sensing means in a
      normal null position and allow limited rotation of the sensing means about
      the torsional axis in response to the angular velocity of the gyro about
      the sensitive axis. The gyro is further comprised of fluidic or
      electrostatic means responsive to movement of the sensing means for
      providing a restoring torque to return the sensing means to the normal
      null position and for producing an output signal proportional to movement
      of the sensing means about the torsional axis, whereby the output signal
      is proportional to the angular velocity of the gyro about the sensitive
      axis.
PAR  The sensing means is comprised of a coil in the form of a multiple turn
      spiral having a fluid flowing therethrough in a plane substantially
      parallel to the plane established by the intersection of the torsional
      axis and the sensitive axis when the coil is in the normal null position,
      whereby the angular momentum of the fluid flowing through the coil causes
      an angular displacement of the coil about the torsional axis in response
      to the angular velocity of the gyro about the sensitive axis. The assembly
      of the supporting member, the coil, and the pivotally mounting means is
      fixed within an oil filled enclosure, and a flat damping plate is
      laterally positioned between an upper surface of the enclosure and the
      coil to stabilize the closed loop operation of the gyro. The sensing means
      is structured to be of equal weight to an equal volume of oil to render
      the gyro insensitive to shock and vibration.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an angular rate gyro according to the
      invention wherein the gyro enclosure is shown broken away so as not to
      obstruct the view of the remainder of the gyro;
PAR  FIG. 2 is a cross sectional view of the gyro shown in FIG. 1 taken along
      lines 2--2;
PAR  FIG. 3 is a cross sectional view of the gyro shown in FIG. 1 taken along
      lines 3--3;
PAR  FIG. 4 is an exploded perspective view of the sensing means of the gyro;
PAR  FIG. 5 is a schematic view of the gyro having a fluidic output;
PAR  FIG. 6 is a schematic view of the gyro having an electrical output; and
PAR  FIG. 7 is a top elevational view of an alternative form of a lamination of
      the sensing means which is depict as surrounding the pivotally mounting
      means, rather than being positioned between the pivotally mounting means
      as shown above in FIGS. 1 to 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention will now be explained with reference to FIGS. 1 to 7 of the
      drawing.
PAR  Referring particularly to FIGS. 1 through 3, a closed loop fluidic angular
      rate gyro 10 having a single sensitive axis 12 is comprised of a
      supporting member 14, means 16 for sensing movement of the gyro about
      sensitive axis 12, and means for pivotally mounting sensing means 16 to
      supporting member 14 and about a torsional axis 18 which is perpendicular
      to sensitive axis 12. The pivotally mounting means maintains sensing means
      16 in a normal null position (shown in FIGS. 1, 2 and 3) and allows
      limited rotation of sensing means 16 about torsional axis 18 in response
      to the angular velocity of the gyro about sensitive axis 12. Gyro 10 is
      further comprised of fluidic (shown in FIG. 5) or electrostatic (shown in
      FIG. 6) means responsive to movement of sensing means 16 for providing a
      restoring torque to return the sensing means to the normal null position
      and for producing an output signal proportional to movement of sensing
      means 16 about torsional axis 18, whereby the output signal is
      proportional to the angular velocity of the gyro about the sensitive axis.
PAR  Supporting member 14 is comprised of a rigid solid rectangular structure
      which is fixed to a bottom surface (not shown) of an enclosure 20 for the
      gyro.
PAR  Sensing means 16 is comprised of a coil 22 (shown in FIG. 4) having a fluid
      flowing therethrough in a plane which is substantially parallel to a plane
      established by the intersection of torsional axis 18 and sensitive axis 12
      when the coil is in the normal null position. The fluid which flows
      through the coil may be a suitable liquid or gas. In this instance, by way
      of example only, the fluid will be considered to be a liquid, such as oil.
      Coil 22 is comprised of top and bottom respective cover plates 24 and 26,
      and respective first and second sections 28 and 30 which are separated by
      a coupling plate 32.
PAR  Section 28 is comprised of first and second respective lamination sheets 34
      and 36. Lamination 34 is comprised of an elongated slot 38 extending
      through an end portion 40, and a hole 42 extending through an oppositely
      situated end portion 44. Lamination 34 further includes a multiple turn
      spiral passageway 46 having an outer end 48 fluidically coupled to slot 38
      and an inner end 50 terminating within a central rib portion 52. Spiral
      passageway 46 is interrupted by respective spokes 54, 56 and 58 which are
      spaced 120.degree. apart from each other. Similarly, lamination 36 is
      comprised of an elongated slot 60 in an end portion 62, and a hole 64 in
      an opposite end portion 66, wherein slots 60 and 38 are aligned and in
      fluidic communication with each other, while holes 64 and 42 are also
      aligned and in fluidic communication with each other. Lamination 36 is
      further comprised of a multiple turn spiral passageway 68 having an outer
      end 70 fluidically coupled to slot 60 and an inner end 72 terminating
      within a central rib portion 74. Lamination 36 also has three respective
      spokes 76, 78 and 80 which interrupt spiral passageway 68, and which are
      also spaced apart from each other by approximately 120.degree.. Spiral
      passageway 68 is concentrically aligned and in fluidic communication with
      spiraling passageway 46. However, the spokes in lamination 36 are out of
      alignment with the spokes in lamination 34 to insure that the spiral
      formed by the combination of spiral passageways 46 and 68 of respective
      laminations 34 and 36 is continuous, and that the oil flowing through the
      spiral will not be interrupted. It should also be noted that the spokes
      are necessary to insure that the respective spiral passageways can be
      definitively maintained within a single plane.
PAR  Coupling plate 32 is comprised of first and second holes 82 and 84 within
      respective end portions 86 and 88, and a coupling slot 90 within a central
      portion 92. Hole 82 is aligned and in fluidic communication with slot 60
      in lamination 36, and hole 84 is aligned and in fluidic communication with
      hole 64 in lamination 36. Coupling slot 90 is aligned and in fluidic
      communication with inner end 72 of spiral passageway 68 in lamination 36.
PAR  Second section 30 is comprised of substantially identical and concentric
      laminations 94 and 96. Lamination 94 is comprised of a hole 98 in an end
      portion 100, a slot 102 in an opposite end portion 104, and a multiple
      turn spiral passageway 106. An outer end 108 of passageway 106 is
      fluidically coupled to slot 102, and an inner end 110 of passageway 106
      terminates in a central rib portion 112 of lamination 94. Similarly,
      lamination 96 is comprised of a hole 114 in an end portion 116, a slot 118
      in an opposite end portion 120, and a multiple turn spiral passageway 122.
      An outer end 124 of passageway 122 is fluidically coupled to slot 118 and
      an inner end 126 of passageway 122 terminates in a central rib portion 128
      of lamination 96. Holes 114 and 98 in respective laminations 96 and 94 are
      aligned and fluidically coupled to hole 82 in coupling plate 32. Slots 118
      and 102 in respective laminations 96 and 94 are aligned and fluidically
      coupled to hole 84 in coupling plate 32. Similarly, respective spiral
      passageways 122 and 106 in laminations 96 and 94 are concentrically
      aligned and fluidically coupled together, and respective inner ends 126
      and 110 of respective passageways 122 and 106 are fluidically coupled to
      coupling slot 90 in coupling plate 32. Laminations 96 and 94 are also
      provided with respective spokes 130, 132 and 134, 136 (the third spoke in
      each lamination is not shown) wherein spokes 130 and 132 are not aligned
      with spokes 134 and 136, whereby when the laminations are positioned
      together, they define a single uninterrupted spiral.
PAR  It should be noted that lamination 34 can have slotted regions 140 and 142
      located on opposite sides of central portion 52 and between the innermost
      turn of the spiral passageway of that lamination. Similarly, each of the
      other laminations can have identical slotted regions located in virtually
      the same place, whereby when the laminations, the coupling plate and cover
      plates are assembled together, the slotted regions form air filled pockets
      or cavities of predetermined volume. It should also be noted that each of
      the laminations, the coupling plate and cover plates can be chemically
      etched or stamped, and can then be assembled in a stacked configuration
      using standard diffusion bonding techniques. While two laminations per
      section were illustrated, it should be understood that the number of
      laminations can either be increased or decreased, depending upon the
      design requirements of the gyro. Additionally, the actual number of spiral
      turns per lamination is also selected in accordance with specified design
      requirements of the gyro. While two sections of laminations are shown by
      way of illustration, it should be understood that additional sections
      could be provided as required. The reason that two sections have been
      shown, is that since the coil is in the form of multiple turn spiral
      passageways, it is necessary to have at least two sections in order to
      allow the oil to flow into the spiral from the outer ends of the spiral
      passageways of one section and out of the outer ends of the spiral
      passageways of the other section.
PAR  It should also be noted that the spiral passageways in the laminations of
      the first and second sections are aligned in a manner to insure that the
      liquid flows through the coil in one direction (i.e. counterclockwise with
      reference to the bottom perspective view of FIG. 4, and clockwise with
      reference to a top perspective view shown in FIG. 1). This flow in a
      single direction is required so that the fluid flows in a plane
      substantially parallel to a plane established by the intersection of the
      torsional axis and the sensitive axis when the coil is in the normal null
      position shown in FIGS. 1 and 3. The fluid flowing through the coil has an
      angular momentum which is proportional thereto. The angular momentum
      causes an angular displacement of the coil about the torsional axis in
      response to any angular velocity of the gyro about the sensitive axis. For
      example, referring to FIG. 1, if the angular velocity of the gyro about
      sensitive axis 12 is in the clockwise direction as shown, then sensing
      means 16 will be angularly displaced proportionally thereto in the
      clockwise direction about torsional axis 18, while the fluid is flowing
      through the sensing means in the clockwise direction. Similarly, if the
      angular velocity of the gyro is in the counterclockwise direction with
      respect to sensitive axis 12, then sensing means 16 will be proportionally
      displaced in the counterclockwise direction about torsional axis 18 while
      the fluid flowing through the coil is still in the clockwise direction.
PAR  Referring to FIGS. 1 and 2, the pivotally mounting means is comprised of
      first and second posts 144 and 146, and first and second tubular flexure
      springs 148 and 149 having respective passageways 150 and 151
      therethrough. Posts 144 and 146 are fastened to supporting member 14 using
      standard fastening techniques. One end of respective flexure springs 148
      and 149 are fixed within and fluidically coupled to respective passageways
      152 and 154 within respective posts 144 and 146. The other end of
      respective flexure springs 148 and 149 are fixed within and fluidically
      coupled to respective input and output passageways 156 and 158 of sensing
      means 16. In this instance, passageways 156 and 158 are formed by
      machining respective channels in opposite ends of the diffusion bonded
      stacked configuration which comprises coil 22 shown in FIG. 4. The channel
      which defines passageway 156 is comprised of respective slots 160, 162 and
      164 in respective end portions 100, 86, and 62 of respective lamination
      94, coupling plate 32, and lamination 36, wherein these slots are
      fluidically coupled to respective outer ends 70 and 48 of respective
      spiral passageways 68 and 46 of respective laminations 36 and 34 via
      respective holes 98 and 82 and slots 60 and 38 in respective lamination
      94, coupling plate 32 and laminations 36 and 34. Similarly, the channel
      defining passageway 158 is comprised of slots 166, 168, and 170 in
      respective end portions 104, 88, and 66 of respective lamination 94,
      coupling plate 32 and lamination 36, wherein the slots are fluidically
      coupled to respective outer ends 124 and 108 of respective spiral
      passageways 122 and 106 of respective laminations 96 and 94 via respective
      holes 64 and 84 and slots 102 and 118 in respective lamination 36,
      coupling plate 32 and laminations 94 and 96. Passageway 152 in post 144 is
      fluidically coupled to a source of oil via a tubing 172, and passageway
      154 in post 146 is fluidically coupled to an oil reservoir via a
      passageway 174 in supporting member 14 and a tubing 176. Flexure springs
      148 and 149 tend to maintain the coil in the normal null position, while
      allowing it to have limited angular displacement about torsional axis 18
      in response to the angular velocity of the gyro about the sensitive axis.
      The oil flows from the source of supply through tubing 172, passageway 152
      in post 144, passageway 150 in flexure spring 148, and then through spiral
      passageways 68 and 46 in laminations 36 and 34 via holes 98 and 82 and
      slots 60 and 38 in respective lamination 94, coupling plate 32, and
      laminations 36 and 34. The oil then flows through spiral passageways 68
      and 46 and out of their respective inner ends 50 and 72 and into inner
      ends 110 and 126 of spiral passageways 106 and 122 of laminations 94 and
      96 via coupling slot 90 in coupling plate 32. Then the oil flows through
      spiral passageways 106 and 122 and out of their respective outer ends 108
      and 124 and into passageway 151 of flexure spring 149 via slots 118 and
      102 and holes 84 and 64 in respective laminations 96 and 94, coupling
      plate 32 and lamination 36. The oil then returns to an oil reservoir via
      post passageway 154, supporting member passageway 174 and tubing 176.
PAR  Referring to FIG. 3, enclosure 20, which houses the assembly of supporting
      member 14, the pivotally mounting means and sensing means 16, is filled
      with oil 178, and a damping plate 180 is attached to an inner surface of
      the top 182 of enclosure 20. Plate 180 is laterally positioned between the
      top of enclosure 20 and a top surface 184 of sensing means 16. The
      combination of the oil filled enclosure and damping plate 180 serve to
      stabilize the closed loop operation of the gyro.
PAR  Referring to FIGS. 3 and 5, the fluidic responsive means is comprised of
      means for applying first and second fluidic signals to sensing means 16 at
      respective points equidistant from and on opposite sides of torsional axis
      18. The applying means is further comprised of first and second flapper
      nozzles 186 and 188 positioned within an upper surface 190 of supporting
      member 14 for directing the first and second fluidic signals to opposite
      sides of an undersurface 192 of sensing means 16. The fluidic signals, in
      this instance, are generated by the flow of pressurized oil, which flows
      from a supply 194 via respective flow restrictors 196 and 198 through
      respective tubings 200 and 202 to respective flapper nozzles 186 and 188.
PAR  When sensing means 16 is in the normal null position, the first and second
      pressure signals applied to the undersurface of sensing means 16 from
      respective nozzles 186 and 188 are of equal magnitude, and the
      differential pressure taken between respective back pressure output
      terminals 204 and 206 is zero, while the torque applied to the sensing
      means by the first and second signals is also zero. Referring to FIG. 5,
      when sensing means 16 is angularly displaced in the clockwise direction
      about torsional axis 18, the back pressure at output terminal 206
      increases, while the back pressure at output terminal 204 decreases,
      thereby generating a differential output pressure signal which is
      proportional to angular movement of the sensing means about the torsional
      axis. Similarly, when the sensing means is displaced about its torsional
      axis in the counterclockwise direction, the back pressure across terminal
      204 increases, and the back pressure across terminal 206 decreases thereby
      again generating a differential output pressure signal proportional to the
      angular movement of the sensing means about its torsional axis, whereby
      this signal is proportional to the angular velocity of the gyro about
      sensitive axis 12. This resultant differential pressure signal also is
      applied from nozzles 186 and 188 to the underside of sensing means 16 to
      provide the restoring torque necessary to return sensing means 16 to the
      normal null position.
PAR  Referring to FIG. 6, the electrostatic responsive means is comprised of two
      tank circuits. The first tank circuit is comprised of a series combination
      of an inductor 208 and a capacitor 210, and the second tank circuit is
      comprised of an inductor 212 and a capacitor 214. Capacitor 210 is
      comprised of a flat plate electrode 216 and the electrically grounded
      undersurface 192 of sensing means 16. Electrode 216 is separated from
      undersurface 192 by a distance of approximately 0.002 to 0.005 inch, and
      is electrically isolated from supporting member 14 and enclosure 20 by
      standard insulative means 218. Similarly, capacitor 214 is comprised of an
      identical flat plate electrode 220 and undersurface 192 of sensing means
      16. Electrode 220 is also separated from the undersurface of the sensing
      means 16 by a typical distance of approximately 0.002 to 0.005 inch, and
      is electrically isolated from supporting member 14 and enclosure 20 by
      standard insulative means 222. The oil within enclosure 20 comprises the
      dielectric material for capacitors 210 and 214. The electrical juncture
      between electrode 216 and inductor 208 is electrically connected to an
      anode of a blocking diode 224. The cathode of diode 224 is electrically
      connected to one of the respective terminals of a load resistor 226 and a
      filtering capacitor 228. The other respective terminals of resistor 226
      and capacitor 228 are electrically connected to the circuit ground.
      Similarly, the electrical juncture between electrode 220 and inductor 212
      is connected to an anode of a blocking diode 230. A cathode of diode 230
      is electrically connected to one of the respective terminals of a load
      resistor 232 and a filtering capacitor 234. The other of the respective
      terminals of resistor 232 and capacitor 234 are electrically connected to
      the circuit ground. One output terminal 236 is electrically connected to
      the cathode of diode 224, and another output terminal is electrically
      connected to the cathode of diode 230. The differential output potential
      for the gyro is generated between terminals 236 and 238, while each of the
      tank circuits is excited by a voltage source 240 which is electrically
      connected between the juncture of inductors 208 and 212 and the circuit
      ground. Since the absolute value of each of capacitors 210 and 214 is
      inversely proportional to the distance of separation between each of the
      electrodes and undersurface 192 of sensing means 16, when the sensing
      means is in the normal null position, the capacitance of capacitors 210
      and 214 is equal, and when the sensing means is angularly displaced about
      torsional axis 18, the capacitance of one of the sensing capacitors
      decreases while the capacitance of the other capacitor increases. The
      value of the inductances and their series capacitors is selected so that
      the series resonant frequency of each tank circuit is somewhat lower than
      the frequency of voltage source 240 when sensing means 16 is in the normal
      null position. When sensing means 16 is angularly displaced about
      torsional axis 18 in the clockwise direction (with reference to FIG. 6)
      the capacitance of capacitor 214 increases, while the capacitance of
      capacitor 210 decreases. This causes a shift in the resonant frequency of
      each of the tank circuits, thereby resulting in a rapid increase in
      voltage across capacitor 210 and a rapid decrease in voltage across
      capacitor 214. The electrostatic forces across the plates of capacitors
      210 and 214 are thus sufficiently unbalanced to apply a restoring torque
      to sensing means 16 to return the sensing means to the normal null
      position. At the same time, an output voltage is generated across output
      terminals 236 and 238 which is proportional to the angular velocity of the
      gyro about its sensing axis 12. Once sensing means 16 returns to the
      normal null position, the differential voltage between terminals 236 and
      238 returns to zero, as the potential of electrode 216 is then equal to
      the potential of electrode 220. Of course, if sensing means 16 rotates
      about torsional axis 18 in the counterclockwise direction, the capacitance
      of capacitor 210 increases and the capacitance of capacitor 214 decreases.
      The voltage across capacitor 210 then decreases, and the voltage across
      capacitor 214 increases, thereby applying the restoring torque necessary
      to return sensing means 16 to the normal null position. Again, the
      generated differential output voltage appearing across terminals 236 and
      238 is proportional to the angular velocity of the sensing means about
      sensing axis 12.
PAR  At this point it should be noted that flexure springs 148 and 149 can be
      comprised of a suitable material such as stainless steel, while all of the
      remaining elements of gyro 10 can be comprised of a suitable material such
      as aluminum. It should also be noted that the air cavities in the stacked
      assembly which comprises coil 22, and other air cavities (not shown for
      the sake of clarity) have a predetermined volume so that the sensing means
      is of equal weight to an equal volume of oil, thereby rendering gyro 10
      substantially insensitive to shock and vibration. Furthermore, while the
      embodiment depicted in FIG. 1 shows the sensing means positioned between
      posts 144 and 146, there may be times when it is necessary to have a
      smaller gyro. Under these circumstances the size of the gyro could be
      reduced by having coil 22 surround posts 144 and 146 as shown in FIG. 7,
      whereby the coil is still pivotally mounted to the posts by respective
      flexure springs 148 and 149.
PAR  In summary, the fluid flows through sensing means 16 in a clockwise
      direction with reference to FIG. 1, and if the angular velocity of the
      gyro is in the clockwise direction, then the sensing means rotates about
      its torsional axis in the clockwise direction. If the responsive means is
      fluidic, or in this instance hydraulic, then referring to FIG. 5, the back
      pressure at the exit of nozzle 188 increases while the back pressure at
      the exit of nozzles 186 decreases, thereby applying the necessary
      restoring torque to the sensing means to return it to the normal null
      position. At the same time, a differential output pressure signal is
      generated between output terminals 204 and 206, which signal is
      proportional to the angular velocity of the gyro about its sensitive axis.
      Alternatively, if the responsive means is electrostatic, the voltage
      across capacitor 214 decreases and the voltage across capacitor 210
      increases, thereby again applying the necessary restoring torque to
      sensing means 16 to return it to its normal null position, while
      generating a differential output voltage across terminals 236 and 238,
      which voltage is proportional to the angular velocity of the gyro about
      its sensitive axis. Again referring to FIG. 1, if the angular velocity
      about sensitive axis 12 is in the counterclockwise direction, the angular
      momentum of the oil flowing through coil 22 causes sensing means 16 to
      rotate in the counterclockwise direction about torsional axis 18. Under
      these circumstances, the fluidic and electrostatic responsive means
      operate in the manner previously described above to apply a restoring
      torque to the sensing means, and to generate a differential output signal
      which is proportional to the angular velocity of the gyro about its
      sensitive axis. It is the application of the restoring torque to the
      sensing means by the electrostatic or fluidic responsive means which
      advantageously provides the gyro with its closed loop operation.
PAR  Although the invention has been described with reference to specific
      embodiments thereof, numerous modifications are possible without departing
      from the invention, and it is desirable to cover all modifications falling
      within the spirit and scope of this invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A closed loop fluidic angular rate gyro having a single sensitive axis,
      comprising:
PA1  a. a supporting member;
PA1  b. means for sensing movement of said gyro about said sensitive axis;
PA1  c. means for pivotally mounting said sensing means to said supporting
      member and about a torsional axis which is perpendicular to said sensitive
      axis to maintain said sensing means in a normal null position and allow
      rotation of said sensing means about said torsional axis in response to
      the angular velocity of said gyro about said sensitive axis;
PA1  d. means responsive to movement of said sensing means for providing a
      restoring torque to return said sensing means to said normal null position
      and for producing an output signal proportional to movement of said
      sensing means about said torsional axis, whereby said output signal is
      proportional to the angular velocity of said gyro about said sensitive
      axis; and
PA1  e. said sensing means being comprised of a coil having a fluid flowing
      therethrough in a plane substantially parallel to a plane established by
      the intersection of said torsional axis and said sensitive axis when said
      coil is in the normal null position, whereby the angular momentum of said
      fluid flowing through said coil causes an angular displacement of said
      coil about said torsional axis in response to the angular velocity of said
      gyro about said sensitive axis.
NUM  2.
PAR  2. A closed loop fluidic angular rate gyro according to claim 1, wherein
      said coil is comprised of a multiple turn spiral.
NUM  3.
PAR  3. A closed loop fluidic angular rate gyro according to claim 2, wherein
      said coil is further comprised of at least first and second concentric
      adjacent sections fluidically coupled together.
NUM  4.
PAR  4. A closed loop fluidic angular rate gyro according to claim 2, wherein
      said coil is comprised of a plurality of laminations fastened together,
      each of said laminations having a passageway defining the shape of said
      coil.
NUM  5.
PAR  5. A closed loop angular rate gyro according to claim 1, wherein said fluid
      flowing through said coil is a liquid.
NUM  6.
PAR  6. A closed loop angular rate gyro according to claim 5, wherein said
      liquid is comprised of oil.
NUM  7.
PAR  7. A closed loop fluidic angular rate gyro according to claim 1, wherein
      said pivotally mounting means is comprised of:
PA1  a. first and second posts fixed to said supporting member; and
PA1  b. first and second flexure springs mechanically coupling said coil to said
      respective first and second posts.
NUM  8.
PAR  8. A closed loop fluidic angular rate gyro according to claim 7, wherein
      said first and second flexure springs each has a passageway therethrough
      fluidically coupled to a respective end of said coil, and said first and
      second posts each has a passageway therethrough fluidically coupled to a
      respective one of said flexure spring passageways, whereby said fluid
      flows into said first post passageway through said first flexure spring
      passageway, said coil, said second flexure spring passageway and out of
      said second post passageway.
NUM  9.
PAR  9. A closed loop angular rate gyro according to claim 7, wherein said coil
      is positioned between said first and second posts.
NUM  10.
PAR  10. A closed loop angular rate gyro according to claim 7, wherein said coil
      surrounds said first and second posts.
NUM  11.
PAR  11. A closed loop angular rate gyro according to claim 1, wherein the
      assembly of said supporting member, said coil and said pivotally mounting
      means is fixed within an oil filled enclosure.
NUM  12.
PAR  12. A closed loop angular rate gyro according to claim 11, further
      comprising a flat damping plate laterally positioned between an upper
      surface of said enclosure and said coil to stabilize the closed loop
      operation of said gyro.
NUM  13.
PAR  13. A closed loop angular rate gyro according to claim 11, wherein said
      sensing means is of equal weight to the weight of an equal volume of oil,
      whereby said gyro is rendered insensitive to shock and vibration.
NUM  14.
PAR  14. A closed loop fluidic angular rate gyro having a single sensitive axis,
      comprising:
PA1  a. a supporting member;
PA1  b. means for sensing movement of said gyro about said sensitive axis;
PA1  c. means for pivotally mounting said sensing means to said supporting
      member and about a torsional axis which is perpendicular to said sensitive
      axis to maintain said sensing means in a normal null position and allow
      rotation of said sensing means about said torsional axis in response to
      the angular velocity of said gyro about said sensitive axis;
PA1  d. means responsive to movement of said sensing means for providing a
      restoring torque to return said sensing means to said normal null position
      and for producing an output signal proportional to movement of said
      sensing means about said torsional axis, said output signal being
      proportional to the angular velocity of said gyro about said sensitive
      axis, said responsive means being comprised of means for applying first
      and second fluidic signals to said sensing means at approximately equal
      respective distances from said torsional axis, the resultant pressure
      differential applied to said sensing means providing the restoring torque
      necessary to return said sensing means to the normal null position, and
      causes the generation of a differential output pressure signal
      proportional to movement of said sensing means about said torsional axis.
NUM  15.
PAR  15. A closed loop fluidic angular rate gyro having a single sensitive axis,
      comprising:
PA1  a. a supporting member;
PA1  b. means for sensing movement of said gyro about said sensitive axis;
PA1  c. means for pivotally mounting said sensing means to said supporting
      member and about a torsional axis which is perpendicular to said sensitive
      axis to maintain said sensing means in a normal null position and allow
      rotation of said sensing means about said torsional axis in response to
      the angular velocity of said gyro about said sensitive axis; and
PA1  d. means responsive to movement of said sensing means for providing a
      restoring torque to return said sensing means to said normal null position
      and for producing an output signal proportional to movement of said
      sensing means about said torsional axis, said output signal being
      proportional to the angular velocity of said gyro about said sensitive
      axis, said responsive means being comprised of means for applying first
      and second electrostatic signals to said sensing means at approximately
      equal respective distances from said torsional axis, whereby upon movement
      of said sensing means about said torsional axis, the resultant
      electrostatically induced force differential applied to said sensing means
      provides the restoring torque necessary to return said sensing means to
      the normal null position, and causes the generation of an output
      differential voltage signal proportional to movement of said sensing means
      about said torsional axis.
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ABST
PAL  A pressure compensated, hermetically sealed transmission system is
      described which includes, basically, a hermetic rotary coupling. Rotary
      motion is applied through a casing, wherein a cylindrically shaped input
      shaft having a circular inner bearing race affixed to one end is coupled
      to a generally spherical shaped wobble plate by means of roller or ball
      bearings. In similar fashion, an output shaft is similarly coupled to the
      spherical shaped wobble plate at the opposite end. The inner races of the
      shafts are positioned at an angle and located eccentrically from the
      respective shaft center line. Both shafts are supported at their outer
      ends by combination journal thrust bearings, which are coupled to the main
      casing. The wobble plate is prevented from rotating about the common axis
      of the two shafts. Thus, as one shaft rotates, the wobble plate rocks, due
      to ball bearing action, but does not rotate. Likewise, due to the bearing
      action, as the wobble plate rocks the output shaft rotates. Overall, a
      system is described which provides for equalization of pressure across
      imperforate flexible membranes which increase the reliability of the
      imperforate flexible membranes by providing for pressure feedback through
      a loop to insure equal pressure on both sides of the imperforate flexable
      membranes so as to increase the integrity thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the invention
PAR  This invention relates to pressure compensated hermetically sealed
      transmission systems. Accordingly, the general object of the invention is
      to provide new and improved systems of such character.
PAR  2. Description of the Prior Art
PAR  In accordance with preliminary novelty searches performed on behalf of the
      applicant, specifically for the following concepts: (1) Bearings on both
      sides of a wobble plate, wherein as the wobble plate rocks, the output
      shaft rotates; and (2) bellow systems with the foregoing, with pressure
      feedback through an upper loop to insure equal pressure on both sides of
      the bellows, the following patents of interest were found:
PA1  U.s. pat. No. 2,119,955 -- LITTON
PA1  U.s. pat. No. 2,137,303 -- NELSON
PA1  U.s. pat. No. 2,770,139 -- SHEN et al
PA1  U.s. pat. No. 2,771,787 -- RANSON
PA1  U.s. pat. No. 2,779,197 -- EMBREE
PA1  U.s. pat. No. 3,010,887 -- BAUMGARTEN et al
PA1  U.s. pat. No. 3,028,761 -- COLE, JR.
PA1  U.s. pat. No. 3,049,931 -- LANG, JR. et al
PA1  U.s. pat. No. 3,424,017 -- HASQUENOPH et al
PAR  Litton U.S. Pat. No. 2,119,955 and Lang, Jr. et al., U.S. Pat. No.
      3,049,931 combine the rocking type of action in a coupling with sealing
      means and in the case of the Litton patent with a bellows type of seal.
PAR  Cole, Jr. U.S. Pat. No. 3,028,761 also discloses use of wobble plates with
      bellows for hermetic sealing.
PAR  Nelson, U.S. Pat. No. 2,137,303, discloses rotating shafts with a bellows
      type of seal.
PAR  Baumgarten et al., U.S. Pat. No. 3,010,887, also discloses rotation of a
      shaft and the use of bellows seals.
PAR  Embree, U.S. Pat. No. 2,779,197, discloses bellows as seals with pressure
      compensation.
PAR  The remaining U.S. patens set forth above are further examples of bellows
      used as seals in rotary systems.
PAR  Other articles of interest include the following two publications:
PA1  1. "Look at Forged Valves for Nuclear" by A. K. Velan Power September 1973
      pp. 44-45
PA1  2. "Operating Experience with Valves in Nuclear Power Plants," by K. H.
      Arriens. Combustion February 1974 pp. 31-36
PAR  No prior art was found suggesting the use of equalized pressure bellows
      systems with rotating shafts.
PAC  SUMMARY OF THE INVENTION
PAR  This invention includes a combination of concepts which provide a solution
      to the problem of hermetically sealing a motion or power transmitting
      device at high pressure. More specifically, the present invention finds
      application in high pressure stem seals for valves, actuators, indicators,
      pumps, and the like.
PAR  One feature of the invention involves a mechanical device for transmitting
      torque or rotary motion hermetically between two rotatable elements, where
      the two elements are physically separated into different pressure or fluid
      environments. The hermetic seal is achieved by using a flexible membrane,
      such as a bellows or a diaphragm to separate the two rotatable elements.
PAR  The second feature of the invention equalizes or minimizes the pressure
      across the sealing membrane or membranes by sealing with a liquid and a
      standard or conventional type shaft seal, such as a packing case, friction
      type mechanical seal, or a magnetic liquid, O-ring seal, while
      compensating for a change in liquid volume. The second feature also
      applies to any hermetic motion or power transmitting device using flexible
      sealing membranes other then the first feature disclosed hereinabove, such
      as, but not limited to the patents cited above and linear motion or power
      transmission devices such as hermetically sealed bellows or diaphragm type
      valves.
PAR  One advantage of this invention permits the use of very thin and/or
      flexible imperforate membranes at high operating pressures by eliminating
      or drastically reducing the stress caused by the high pressure. The
      sealing membranes serve the purpose of separating and sealing against
      fluids not at high pressure.
PAR  Another advantage of this invention allows the use of many different types
      of materials for sealing membranes, such as very thin gauge metal, rubber,
      plastics, and the like which would normally be unsuitable to seal against
      high pressure.
PAR  Another advantage of this invention includes the use of very large and/or
      unusually shaped sealing membranes, such as cylindrical or tapered type
      bellows, bladders of all types, flat diaphragms, free floating pistons and
      the like.
PAR  Another advantage of this invention is to provide an opportunity for a seal
      comprised of standard, readily available and easily machined parts.
PAR  Thus, it is an object of this invention to provide a novel hermetic rotary
      coupling system, which is simple in design, utilizing symmetrical parts to
      facilitate manufacture.
PAR  Another object of this invention is to provide a novel power transmission
      device which provides rotary, torsional, or linear motion or power, while
      maintaining a true hermetic seal.
PAR  Another object of this invention is to provide a novel power transmission
      device which provides a high mechanical efficiency in the rotary seal by
      using shafts and bearings as the power transmitting members.
PAR  Yet another object of this invention is to provide a novel power
      transmission device which provides a rotary seal that has negligible
      backlash for accurate positioning, regardless of direction or change of
      direction, such as for use in controls or control valves.
PAR  One object of this invention is to provide a novel power transmission
      device which utilizes a standard type seal to seal against pressure
      regardless of whether the processing fluid is a gas or a liquid.
PAR  Further advantages of this invention include the provision of a means of
      adding a sealing fluid which can leak through the standard seal without
      affecting the integrity of the hermetic seal containing the process fluid.
PAR  Other advantages include the following: A design that can easily have
      redundant seals and compartments to provide a backup seal in the event one
      of the sealing membranes fails or leaks; a hermetic seal is provided to
      transmit rotary or linear motion by utilizing external drivers or
      actuators that can be changed or repaired without affecting the integrity
      of the piping or vessel holding the process fluid; a hermetic seal can be
      provided that can sustain pressure surges without affecting the integrity
      of the hermetic seal; a sealing liquid can be used that can be easily
      cooled by various methods and still maintain a hermetic seal when the
      process fluid is at high temperatures; a hermetic seal can be provided
      that can be easily monitored to indicate a failure of an internal sealing
      membrane by monitoring the movement of the volume compensating sealing
      membrane; a hermetic seal can be provided to handle a variety of problem
      process fluids such as radioactive sodium, poisonous gases, expensive
      gases such as helium, flammable gas and corrosive fluids such as high
      pressure steam; a standard pressure seal can be separated from the process
      fluid to eliminate corrosion or other problems at the standard seal;
      multiple packing cases can be eliminated along with vacuum seal gas
      systems as used in conventional seals; and a hermetic seal can be provided
      that is reasonably compact although somewhat larger than a conventional
      type seal.
PAR  In accordance with one embodiment of this invention a power transmission
      device includes a hermetically sealed chamber having a first opening in a
      first wall of the chamber. A second opening is provided in an opposing
      rear wall of the chamber. The two openings having a common axis. A rigid
      transmission means, capable of being wobbled and rotatably engaging the
      interior wall of the chamber, is arranged so as to wobble about a
      substantially fixed point which lies substantially along the common axis.
      A first flexible imperforate membrane engages the transmission means and
      seals the first opening. Likewise, a second flexible imperforate membrane
      engages the transmission means and seals the second opening. A rotatable
      driving member, external to the chamber, extends through the first opening
      of the chamber, whereas, a driven member, external to the chamber, extends
      through the second opening of the chamber. Means are provided for coupling
      the driving member to the transmission means for converting the rotary
      motion of the driving member into a wobbling motion of the transmission
      means. Means are provided for coupling the transmission means to the
      driven means for converting the motion of the transmission means into a
      rotating motion of the driven means.
PAR  In accordance with another embodiment of the invention, a power
      transmission system device for transmitting power from an external
      environment to an internal environment includes a housing for separating
      the external environment from the internal environment. The housing has a
      first opening in a first wall which communicates with the external
      environment. The housing also has a second opening in an opposing rear
      wall which communicates with the internal environment. The two openings
      are aligned along a common axis and form the ends of a first chamber
      within the housing. A third opening in the first wall and a fourth opening
      in the rear wall form a second chamber within the housing. Transmission
      means within the first chamber of the housing are adapted to wobble about
      a fixed point which lies substantially in the common axis. A rotatable
      driving member extends from the external environment through the first
      opening of the housing. Means are provided for coupling the driving member
      to the transmission means for converting the rotary motion of the driving
      member into a wobbling motion of the transmission means. A first bearing
      housed within the first chamber supports the driving member. A driven
      member external to the housing extends from the internal environment
      through the second opening of the housing. Means are provided for coupling
      the transmission means to the driven means for converting the wobbling
      motion of the transmission means into a rotary motion of the driven means.
      A second bearing housed within the first chamber supports the driven
      member. A first flexible imperforate membrane engages the transmission
      means and seals the first opening at the first bearing. Likewise, a second
      flexible imperforate membrane engages the transmission means and seals the
      second opening at the second bearing. A third flexible imperforate
      membrane affixed to an inner wall of the second chamber seals, in
      communication, the third opening and a fifth opening which extends from
      the second chamber to the first bearing on the external environmental side
      thereof. A fourth flexible imperforate membrane is affixed to the inner
      wall of the second chamber and seals the fourth opening, while permitting
      a sixth opening to be unsealed between the first chamber and the second
      chamber. Pressure sensitive means cover the third opening.
PAR  In accordance with yet another embodiment of the invention, apparatus for
      detecting the reliability of a hermetically sealed torque transmission
      system, wherein the system includes a first shaft extending from an
      external environment into the system and a second shaft extending from an
      internal environment therein, includes a first housing which extends from
      the external environment to the internal environment and forming a chamber
      therewithin. The housing includes a first opening at an external
      environmental side thereof, a second opening at an internal environmental
      side thereof, and a third opening extending through to the interior of the
      system. A first flexible imperforate diaphragm engages an inner wall of
      the chamber and seals the first opening. A second flexible imperforate
      diaphragm engages the inner wall of the chamber and seals the second
      opening, whereby the diaphragm jointly seal the third opening from
      normally free communication with either of said first or second openings.
      A pressure checking means covers the first opening whereby, with constant
      pressures in said external and internal environments, a change in chamber
      volume detected by said pressure checking means occurs upon one or more of
      the following conditions: (1) a leak or rupture of the first flexible
      imperforate diaphragm; (2) a leak or rupture at the second flexible
      imperforate diaphragm; (3) failure of seal at the first opening by said
      pressure checking means; or (4) failure of reliability the hermetically
      sealed torque transmission system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, advantages, and features of this invention will become more
      apparent from the following specification, when read in conjunction with
      the accompanying drawing, in which: the FIGURE is a cross sectional
      diagram of one embodiment of the invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring to the FIGURE, which is a longitudinal cross-section
      illustrating, in diagrammatic view, one embodiment of the invention, there
      is shown an input or driving shaft 11 and an output or driven shaft 12,
      each of which has a circular inner bearing race 13, 14, respectively,
      attached or machined on the ends of the shafts, respectively, for bearings
      16, 17, respectively These inner races 13, 14 are positioned at an angle
      and located eccentrically from the common center axis of the shafts 11,
      12. Both shafts 11, 12, are positioned and supported at their outer ends
      by typical combination journal thrust bearings 18, 19. Though the bearings
      16, 17 are illustrated as roller bearings, ball or other type of bearings
      can be used in lieu thereof.
PAR  A wobble plate 21 is machined from a solid ball so as to hold and become
      the outer bearing races 22, 23 for the bearings 16, 17. A slot 24 is
      machined into the spherical surface of the wobble plate 21 and is
      positioned by a ball or guide member 26 which acts to inhibit the wobble
      plate 21 from rotating, but not from wobbling in the main bore 27 of the
      main casing or housing 28.
PAR  As rotary motion is applied to the input or driving shaft 11, such motion
      is transferred through to the wobble plate 21 to the output or driving
      shaft 12. Such action occurs due to the direct moment provided by the
      eccentrically located inner bearings races 13, 14, and due to a wedging
      action caused or contributed by the angle of the shafts 11, 12 with
      respect to the wobble plate 21.
PAR  Flexible imperforate membranes, such as flexible diaphragms or bellows 30,
      31, are attached to the wobble plate 21 and to its respective journal
      thrust bearing support 32, 33. A packing gland 34, packing 36, and a
      packing case 37 together act as a standard shaft packing seal although a
      mechanical or magnetic fluid shaft seal may serve a similar purpose.
PAR  A separate bore 38 in the casing 28 has flexible imperforate membranes such
      as flexible diaphragms or bellows 40, 41 located therein. The bellows 40
      encloses the leftmost portion of the bore 38, while the bellows 41
      encloses the rightmost portion of the bore 38. These bellows 40, 41 have
      end plates 42, 43, respectively, which act to form a seal for the center
      portion of the bore 38, and thus provide two separate cavities or chambers
      from the pressurized side of the output shaft seal to the opposite side of
      the input shaft seal. One cavity includes that space (at the top left of
      the drawing) enclosed by the bellows 40, the left passageway (unnumbered)
      leading to the journal thrust bearing 18, and the space enclosed (bottom
      left of the drawing) by the bellows 30. The other cavity includes that
      space in the separate bore 38 (at the top center of the drawing) outside
      of the bellows 40, 41. The two vertical passageways (unnumbere and that
      space in the main bore 27 which lies outside of the bellows 30, 31 form a
      portion of such other cavity. These cavities or chambers are filled with
      any suitable liquid or lubricant depending upon the temperature, pressure
      and duty of the seal. The journal thrust bearings 18, 19 are not seals
      and, hence, fluid is permitted to flow into the bellows or flexible
      membranes 30, 31. The journal thrust bearing 19 permits the process gas or
      liquid being sealed to enter into the bellows or flexible membrane 31 and
      encompass the bearing races 14, 23.
PAR  As pressure is applied to the inside of the bellows or flexible membranes
      31, 41 by the process fluid, it is equalized by the liquid throughout the
      central cavity or chamber consisting of the volume on the outside of all
      four bellows or flexible membranes 30, 31, 40, 41. Pressure is transmitted
      by the liquid through the bellows or flexible membrane 40 through the
      cavity or chamber consisting of the inside of the bellows or flexible
      membranes 40 and 30. This eliminates stress due to differential pressure
      across all the bellows or flexible membranes 30, 31, 40, 41.
PAR  As the sealing liquid leaks through the packing 36, the bellows or flexible
      membranes 40, 41 move to compensate for the loss of liquid by reducing the
      volume of liquid. Such movement can be monitored to indicate packing
      leakage. The relative movement of bellows or flexible membranes 40, 41 to
      each other can be monitored to indicate an internal leak or membrane
      failure and where the leak is located.
PAR  A pressure checking means, including a standard ball check valve 44, covers
      an opening 46 in the main casing, which opening 46 is enclosed by the
      bellows 40.
PAR  With constant pressures on either the external or internal environments on
      both sides of the housing 28, a change in pressure indicated by the
      pressure checking means occurs upon one or more of the following
      conditions: (1) a leak or rupture of the bellows 40; (2) a leak of rupture
      of the bellows 41; (3) failure of seal of the check valve 44 of the
      opening 46; or, (4) failure of reliability of the hermetically sealed
      torque transmission system overall shown in the figure.
PAR  Although a standard ball check valve 44 is depicted in the figure, other
      check valves can be used in lieu thereof. The check valve 44 permits
      additional sealing liquid to be added to the system while the seal is
      operating to compensate for any leakage that may occur through the packing
      36.
PAR  The pressure checking means, desirably, further includes a position
      detection means 47 for detecting the positions of the end plates 42, 43 of
      the bellows 40, 41. Such position detection means 47 may be optical,
      mechanical, magnetic, electrical, or any combination thereof, in
      character, depending upon the process fluids involved. The side wall of
      the casing 28 may be transparent, in certain applications, so that the
      positions of the end plates may be optically viewed. Desirably, however,
      automatic alarm system should be provided, such as an electrical system,
      to reduce operator error.
PAR  It will be appreciated by those skilled in the art that several concepts
      described herein can be used either separately or in combination with each
      other. For example, one concept involves the transmission of power by a
      driving shaft to a drive shaft using a wobble plate for the conversion of
      rotary power to wobbling motion, and from wobbling motion to rotary
      motion, whereas another concept invloves an apparatus for detecting the
      reliability of the hermetically sealed torque transmission system
      utilizing pressure checking means in a combination apparatus as set forth
      more specifically in the appended claims.
PAR  It will be appreciated that many variations may be performed without
      departing from the spirit and scope of this invention. In particular,
      various materials may be used for bellows, or membranes, depending upon
      the environmental conditions. Bellows or membranes can be formed of
      rubber, plastic, metal and the like. Likewise, the bellows or membranes
      need not form any specific configuration; other types of diaphragms can be
      used in lieu thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A power transmission device comprising
PA1  a. a hermetically sealed chamber having a first opening in a first wall of
      said chamber, and a second opening in an opposing rear wall of said
      chamber, said openings having a common axis;
PA1  b. rigid transmission means, capable of being wobbled, nonrotatably
      engaging the interior wall of said chamber, said transmission means being
      arranged to wobble about a substantially fixed point lying substantially
      along said common axis;
PA1  c. a first flexible imperforate membrane engaging said transmission means
      and sealing said first opening;
PA1  d. a second flexible imperforate membrane engaging said transmission means
      and sealing said second opening;
PA1  e. a rotatable driving member external to said chamber and extending
      through said first opening of said chamber;
PA1  f. a driven member external to said chamber and extending through said
      second opening of said chamber;
PA1  g. means coupling said driving member to said transmission means for
      converting the rotary motion of said driving member into a wobbling motion
      of said transmission means; and
PA1  h. means coupling said transmission means to said driven means for
      converting the motion of said transmission means into a rotating motion of
      said driven means.
NUM  2.
PAR  2. A power transmission device for transmitting power from an external
      environment to an internal environment comprising
PA1  a. a housing for separating said external environment from said internal
      environment, said housing having a first opening in a first wall
      communicating with said external environment, said housing having a second
      opening in an opposing rear wall communicating with said internal
      environment, said openings being aligned along a common axis and forming
      the ends of a first chamber within said housing, a third opening in said
      first wall and a fourth opening in said rear wall forming a second chamber
      within said housing;
PA1  b. transmission means within said first chamber of said housing being
      adapted to wobble about a fixed point lying substantially in said common
      axis;
PA1  c. a rotatable driving member extending from said external environment
      through said first opening of said housing;
PA1  d. means coupling said driving member to said transmission means for
      converting the rotary motion of said driving member into a wobbling motion
      of said transmission means;
PA1  e. a first bearing housed within said first chamber for supporting said
      driving member;
PA1  f. a driven member external to said housing and extending from said
      internal environment through said second opening of said housing;
PA1  g. means coupling said transmission means to said driven means for
      converting the wobbling motion of said transmission means into rotary
      motion of said driven means;
PA1  h. a second bearing housed within said first chamber for supporting said
      driven member:
PA1  i. a first flexible imperforate membrane engaging said transmission means
      and sealing said first opening at said first bearing;
PA1  j. a second flexible imperforate membrane engaging said transmission means
      and sealing said second opening at said second bearing;
PA1  k. a third flexible imperforate membrane affixed to an inner wall of said
      second chamber and sealing in communication said third opening and a fifth
      opening extending from said second chamber to said first bearing on the
      external environmental aide thereof;
PA1   l. a fourth flexible imperforate membrane affixed to said inner wall of
      said second chamber and sealing said fourth opening, while permitting a
      sixth opening to be unsealed between said first chamber and said second
      chamber; and
PA1  m. pressure sensitive means covering said third opening.
NUM  3.
PAR  3. Apparatus for detecting the reliability of a hermetically sealed torque
      transmission system, wherein said system includes a first shaft extending
      from an external environment into said system, and a second shaft
      extending from an internal environment into said system, comprising
PA1  a. a housing extending from said external environment to said internal
      environment, and forming a chamber therewithin including
PA2  1. a first opening at an external environmental side thereof;
PA2  2. a second opening at an internal environmental side thereof; and
PA2  3. a third opening extending through to the interior of said system;
PA1  b. a first flexible imperforate diaphragm engaging an inner wall of said
      chamber and sealing said first opening;
PA1  c. a second flexible imperforate diaphragm engaging said inner wall of said
      chamber and sealing said second opening, whereby said diaphragms jointly
      seal said third opening from normally free communication with either of
      said first or second openings; and
PA1  d. pressure checking means covering said first opening, whereby with
      constant pressure in said external and internal environments, a change in
      pressure detected by said pressure checking means occurs upon one or more
      of the following conditions;
PA2  1. a leak or rupture of said first flexible imperforate diaphragm;
PA2  2. a leak or rupture of said second flexible imperforate diaphragm;
PA2  3. failure of seal of said first opening by said pressure indicating means;
      or
PA2  4.
NUM  4.
PAR  4. failure of reliability of said hermetically sealed torque transmission
PAR   system. 4. Apparatus as recited in claim 3, wherein fluid can be added via
      said pressure checking means to compensate for fluid loss from said
      housing.
NUM  5.
PAR  5. Apparatus as recited in claim 2 wherein fluid can be added via said
      pressure sensitive means to compensate for fluid loss past said first
      bearing.
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ABST
PAL  A multi-phase drive system is provided in a ditcher having a non-axially
      supported digging wheel comprising spaced rim assemblies. Each rim
      assembly carries a double segment of teeth. A pair of double sprockets
      drive each rim assembly. The land of each double sprocket functions as a
      bearing to support the digging wheel. The drive systems for the rim
      assemblies are interconnected by a common shaft. The system functions to
      drive an unusually large and heavy digging wheel.
PARN
PAR  This is a division of application Ser. No. 343,107, filed Mar. 20, 1973,
      now U.S. Pat. No. 3,863,988.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a ditcher of the type used to excavate pipeline
      trenches and the like.
PAR  A conventional ditcher generally comprises a carrier, usually a crawler
      tractor, carrying a rotatable digging wheel at its rear. More
      particularly, the carrier supports an upstanding, rigid suspension frame.
      This suspension frame includes one or two substantially vertical beams at
      its rear end. Each vertical beam carries a slide guide. The digging wheel
      is held in a rigid wheel frame, which is generally rectangular in shape
      and extends around the wheel. The front end of this wheel frame is
      pivotally attached to a slide member. In turn, the slide member is mounted
      on the beam slide guide and can slide up and down thereon to alter the
      elevation of the wheel. A substantially vertical hydraulic cylinder is
      suspended from the upper end of the suspension frame and attached at its
      lower end to the slide member. Contraction and expansion of this cylinder
      moves the wheel frame between the elevated travelling position and the
      lowered digging position. A cable is attached to the rear end of the wheel
      frame. It extends over a sheave, carried by the suspension frame, to a
      drum on the carrier. This cable functions to suspend the wheel frame
      horizontally when the ditcher is digging a trench. It also serves to
      rotate the wheel frame upwardly, about its front pivot connection, to the
      elevated travelling position. The tractor is equipped with a motor, and
      suitable hydraulic systems and drives for operating the digging wheel and
      actuating the lifting cylinders. It will be noted that the conventional
      ditcher in use today relies on the sheer weight of the digging wheel to
      obtain penetration into the soil -- although it has been suggested by
      others that the cable may be replaced with a hydraulic cylinder to force
      the wheel down (see U.S. Pat. Nos. 3,226,856 and 3,510,970).
PAR  At the present time there is a need for a ditcher which can operate in the
      Arctic to excavate trenches for the laying of large-diameter pipelines.
      Existing ditchers are not suitable for this service, as will be recognized
      from the following discussion.
PAR  Many areas of the Arctic are covered with permafrost. This is a hard
      mixture of ice and organic material, such as peat. The permafrost may
      extend from a depth of several feet to several thousand feet. At its
      surface, the permafrost is frequently covered with a surface mat of
      vegetation, such as grass or lichen. This surface mat may vary in
      thickness from a few inches to a foot or more. In summer, the surface mat
      insulates the permafrost from the heat of the Arctic sun. If the surface
      mat is not present, the permafrost will, of course, melt in the summer. An
      example will serve to bring out the seriousness of this thermal erosion
      problem: A trench having a width and depth of one foot, and length of
      twenty feet was cut into the permafrost about five years ago. Today this
      trench has a width of about twenty feet, a length of several hundred
      yards, and a depth of approximately fifty feet.
PAR  In pipeline practice, it is necessary to excavate a trench having a level
      bottom. Otherwise the pipe will lie against the wall of the trench, which
      is undesirable. It is therefore conventional to precede the ditcher with a
      bulldozer which cuts a level right-of-way across side hills and the like.
      This practise is unacceptable for the Arctic, as the surface mat will be
      removed. It is possible to replace a strip of mat having a width of a few
      feet with wood chips -- however it is important to do this across a width
      of approximately twenty feet. In any case, the permafrost is so hard that
      a bulldozer cannot shave it down in a reasonable period of time.
PAR  With the foregoing comments in mind, it is one object of this invention to
      provide a ditcher having the combined capabilities of being able to: (1)
      force the digging wheel into the hard permafrost and hold it there while
      trenching; and (2) tilt the digging wheel, when the ditcher is operating
      on a side hill, so that the trench walls are always vertical and its
      bottom is horizontal.
PAR  As described below, hydraulic cylinders or their mechanical equivalents are
      preferably used in this invention to hold the wheel frame and its
      associated wheel in place so that this wheel assembly cannot ride up out
      of the trench when operating in hard permafrost. There is a liklihood that
      the wheel will periodically encounter particularly hard material when
      digging and, if rigidly connected to the hold down cylinder, it will exert
      excessive forces on the cylinder, eventually damaging it. In addition, in
      passing over bumps in the hard terrain, vertical misalignment will occur
      between the carrier and the digging wheel assembly, thereby also creating
      a strain on the hold down cylinder.
PAR  It is therefore another object of this invention to provide a limited
      amount of "play" or float capability at the connection between the hold
      down cylinder and the wheel frame so that, while the cylinder does
      constrain the wheel frame substantially in the digging position, a limited
      range of movement of the wheel frame about its pivot connection with the
      suspending frame is still permitted. This "play" serves another function,
      as explained below, in that it makes it possible to tilt the wheel frame.
PAR  The Arctic ditcher is required to excavate a uniquely large trench through
      extremely hard material. With this in mind, it is another object of the
      invention to provide a ditcher which is powered by twin engines -- one of
      which drives the digging wheel only while the other engine drives the
      remaining hydraulic components. In this manner, the power available to the
      digging wheel is not diminished due to periodic heavy load conditions
      affecting other parts of the machine.
PAR  The ditcher is called on to operate under extremely severe weather
      conditions. Temperatures below -60.degree.F are not uncommon. Under these
      conditions, the frequency of mechanical breakdown is enormously increased.
      It is therefore another object of this invention to incorporate an
      emergency cross-over system into the hydraulic circuitry of the machine so
      that, in the event that one engine breaks down, the other engine can take
      over sufficient functions to enable the ditcher to lift its wheel, move
      off the right of way, and return to the base camp for repair, or continue
      operating at a reduced production rate.
PAR  It is another object of the invention to provide a ditcher having an engine
      -- hydraulic circuit system which can be warmed up without load on
      starting the machine.
PAR  The carrier's tracks must be capable of bracketing the wide trench which is
      excavated -- yet the carrier should still be capable of being loaded on a
      conventional truck bed. It is therefore another object of the invention to
      provide a carrier having tracks which can be spread apart or brought
      together, even when the machine is standing on the ground.
PAR  It is another object of the invention to provide a ditcher having a digging
      wheel drive which is designed to reduce the high-stress input between the
      sprocket and wheel segment teeth, thereby reducing the liklihood of
      failure at low temperatures due to brittleness of the metal.
PAR  It is another object to provide a ditcher having a braking system to enable
      it to operate successfully on down-hill terrain.
PAR  It is another object of the invention to provide the digging wheel buckets
      with teeth whose digging angle is substantially greater than that of the
      conventional ditchers, thereby improving the excavating rate to a
      surprising extent.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with one aspect of the invention, a ditcher is provided
      having the dual capabilities of being able to exert a hold down force on
      the wheel frame and to tilt the wheel frame relative to the plane of the
      main frame of the carrier. These capabilities make if possible for the
      ditcher to trench in hard material and to excavate a vertical trench when
      moving across a side hill.
PAR  According to the preferred form of the invention, a pair of spaced,
      parallel, independently operable lifting cylinders are suspended at their
      upper ends from the rear upper section of the suspension frame. At their
      lower ends, these cylinders are connected by spherical bearing couplings
      to the front end of the wheel frame. A pair of spaced, parallel hold down
      cylinders are connected at their front ends by spherical bearing couplings
      to the rear upper section of the suspension frame. At their rear ends, the
      hold down cylinders are connected by spherical bearing couplings to slide
      structures, of limited length, each slide structure being associated with
      one side of the wheel frame. Preferably these slide structures each
      comprise a pin, attached to the cylinder end, transversely disposed in a
      short slot formed in the wheel frame. Each slot extends lonitudinally
      substantially parallel to the longitudinal axis of the wheel frame. It
      will be seen, therefore, that there is a solid connection between each
      hold down cylinder and the wheel frame when the pin is at either end of
      the slot; yet there is a bulit-in float capability in that the pins can
      slide back and forth within the short slots. In operation, the wheel frame
      can be lifted or lowered by expanding or contracting the two sets of
      cylinders. To tilt the wheel frame, the lifting cylinders are actuated to
      make them uneven in length. The spherical bearing couplings enable the
      joints affected by tilting of the wheel frame to accomodate the movement.
      The slots enable the tilting movement to take place, even though the
      lengths of the hold down cylinders are not adjusted. In other words, as
      tilting takes place, there would be a jamming effect if the equally long
      hold down cylinders were rigidly attached to the wheel frame. The slots or
      slide solve this difficulty by permitting limited relative movement
      between the wheel frame and the hold down cylinders. The slots also
      function to accomodate minor vertical misalignments between the carrier
      and the wheel assembly, as will occur when the machine is passing over
      undulating terrain. The hold down cylinders can be engaged to restrain the
      wheel frame from rotating about its pivot connection with the suspension
      frame and can be actuated to press the wheel assembly into the ground.
PAR  Broadly stated, the invention is an improvement on a ditcher comprising a
      carrier, having a main frame and an upstanding suspension frame secured to
      said main frame, and a rigid wheel frame, supporting a rotatable ditching
      wheel, pivotally connected at its front end to the suspension frame and
      movable thereon between a lowered position and an elevated position. The
      improvement comprises the combination of: means, connecting the wheel
      frame and suspension frame, for raising and lowering the wheel frame along
      the suspension frame; means, associated with the wheel frame and
      suspension frame, for tilting the wheel frame relative to the plane of the
      main frame; and means, associated with the wheel frame and suspension
      frame, adapted to be engaged to constrain the wheel frame from rotating
      about its pivot connection with the suspension frame; and means,
      associated with the wheel frame and suspension frame, adapted to rotate
      the wheel frame downwardly about its pivot connection with the suspension
      frame to force the ditching wheel into the ground.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a general arrangement side elevation view of the ditcher
      depicting both the twin-engine power system and the wheel assembly shown
      in the digging position and in the transport position in phantom lines.
PAR  FIG. 2 is a top plan view of the carrier, with parts removed to show the
      detail of part of the track adjusting system.
PAR  FIG. 3 is a front view showing a portion of the carrier with the track
      adjusting system in place -- the phantom lines show the adjustment
      capability of the track system.
PAR  FIG. 4 is a rear elevation showing the hoisting-tilting assembly mounted on
      the carrier.
PAR  FIG. 5 is a view similar to that of FIG. 4, showing the carrier in a
      side-hill position, with the assembly in the tilted position.
PAR  FIG. 6 is a front view, in section, of the spherical bearing used in
      conjunction with the ditcher.
PAR  FIG. 7 is a schematic hydraulic circuit system of the ditcher.
PAR  FIG. 8 is a top plan view of the ditcher.
PAR  FIG. 9 is a side elevation of the ditcher.
PAR  FIG. 10 is a perspective view showing the track-spreading system.
PAR  FIG. 11 is a side elevation, with parts broken away, depicting the drive
      sprocket wheels and the segment drive of the digging wheel.
PAR  FIG. 12 is an end view, with parts broken away, showing the double segment
      drive for the wheel and the drive sprockets.
PAR  FIG. 13 is a top plan view, with parts broken away, of the wheel drive
      system.
PAR  FIG. 14 is a perspective view of the hoisting-tilting assembly.
PAR  FIG. 15 combines top and side elevations showing the spherical bearing
      connection of the hold down cylinder with the slot member.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In general, the ditcher comprises a carrier A having a wheel assembly B
      suspended therefrom. The carrier A has a horizontal main frame 1 to which
      is rigidly secured an upstanding suspension frame 2. The main frame 1
      includes the track assembly C shown in FIG. 11. This track assembly C
      comprises extendable transverse members 9, and longitudinally extending
      track frames 90, which support the track system. Hydraulic cylinders 44
      are provided to extend and retract the track frames 90. Front and rear
      engines 12, 13 are mounted on the main frame 1 and drive the various
      hydraulic circuits described in detail below. A reservoir tank 23 supplies
      hydraulic fluid to the circuits. The wheel assembly B comprises a wheel
      frame 25. This wheel frame 25 carries a sub-frame 109, equipped with
      rollers 37, and sprocket wheels 38. The digging wheel 33 is rotatably
      mounted on the rollers 37 and sprocket wheels 38. At its front end, the
      wheel frame 25 is pivotally attached to slide members 28. These slide
      members 28 move along slide rails 101 carried by the rear beams 8 of the
      suspension frame 2. Lifter cylinders 27 connect the suspension frame with
      the wheel frame 25 and function to raise and lower the latter. Hold down
      cylinders 30 connect the upper section of the suspension frame 2 with the
      rear end of the wheel frame 25 -- they function to force the digging wheel
      into the ground and hold it in place.
PAC  The hoisting-tilting assembly
PAR  This assembly is shown isolated in FIG. 15 and appears in FIGS. 1, 4, 5, 9
      and 10. It includes the upstanding suspension frame 2 which, in the
      embodiment shown, is rigidly secured to the main frame 1. The frame 2
      includes a pair of substantially vertical, parallel, spaced slide beams 8.
      Each beam 8 includes an integral slide rail 101 positioned on its rear
      face. A horizontal cross bar 102 connects the slide beams 8 at their upper
      ends. The truss members 3, 4, 5, 6, 7 complete the structure.
      Functionally, the frame 2 provides an upward extension, of the carrier A,
      from which the wheel assembly B is suspended and on which it can slide
      between digging and travelling positions.
PAR  A pair of spaced, parallel lifting cylinders 27 are attached at their upper
      ends by trunnion joints 89 to brackets 31, which form part of the upper
      rear portion of the suspension frame 2. The cylinders 27, as will be
      brought out in the description of the hydraulic system which follows
      below, are adapted to be independently linearly contracted or expanded
      between fully open and fully closed positions and locked at any position
      intermediate said positions.
PAR  The wheel frame 25 is pivotally connected at its front end to the
      suspension frame 2. This wheel frame 25 is generally rectangular in form,
      being comprised of slide beams 103 and cross beams 104, welded together to
      form a rigid unit. A pair of ears 29 extend forwardly from the front
      corners of the wheel frame 25. Each of these ears 29 is connected by first
      coupling means to the lower end of one of the lifting cylinders 27. The
      first coupling means comprises a slide member 28, a first spherical
      bearing means 105 connecting the ear 29 to the slide member 28, and a
      second spherical bearing means 106 connecting the slide member 28 to the
      cylinder 27. Each slide member 28 is connected to a slide rail 101 and is
      movable thereon.
PAR  As shown in FIG. 6, each spherical bearing means comprises a spherical
      bearing and the conventional attachment means.
PAR  A bracket member 32 is firmly attached to each side of the wheel frame's
      upper section 26. A slot 40, having end faces 106, is cut in each member
      32. The slots 40 extend longitudinally substantially parallel to the
      longitudinal axis of the wheel frame 25.
PAR  A pair of spaced hold down cylinders 30 are attached at their rearward ends
      to the bracket members 31 by third coupling means. Each third coupling
      means comprises a pin member 41 and a fourth spherical bearing 107. Each
      pin member 41 extends into the adjacent pair of slots 40 and can slide
      back and forth within them. At their forward ends, the cylinders 30 are
      connected to the brackets 31 at the upper end of the suspension frame 2 by
      second coupling means, namely the third spherical bearing means 108.
PAR  From the foregoing it will be understood that the lifter cylinders and
      their connections provide means, connecting the wheel frame and suspension
      frame, for positively raising and lowering the wheel frame along the
      suspension frame. The operative lifter cylinders cooperate with the
      spherical bearing connections to provide means for tilting the wheel frame
      relative to the plane of the main frame. The operative hold down cylinders
      and their connections can be engaged or locked to provide means for
      constraining the wheel frame from rotating about its pivot connection with
      the suspension frame and can be further actuated to force the digging
      wheel into the ground.
PAR  The digging wheel 33 is rotatably supported by the wheel frame 25. More
      particularly, the wheel 33 is mounted on a plurality of rollers 37,
      carried by a sub-frame 109 attached to the wheel frame 25, and the drive
      sprockets 38 which are suitably journalled in the wheel frame 25.
PAR  In operation, with the digging wheel 33 in its raised position and with the
      ditcher either stationary or moving, the operator, actuates lifting
      cylinders 27 to extend together to lower the slide members 28 and thus to
      lower the forward end of the wheel frame 25. As the wheel 33 commences its
      digging action in the ground, the operator causes the hold down cylinders
      30 to extend, thus lowering the rearward end of the wheel frame 25
      relative to its forward end and allowing the digging wheel 33 to excavate
      deeper into the ground. As digging progresses, the operator lowers the
      wheel 33 to obtain the desired depth of trench by alternately operating
      cylinders 27 and 30. The independent operation of cylinders 27 and 30
      enables the operator to move wheel frame 25 into a horizontal position, as
      depicted in FIG. 1. This permits the conveyor system 39 to operate
      efficiently, since if the ditcher was operated with the wheel frame 25,
      and thus the conveyor 39, at an angle to the horizontal, the excavated
      earth would tend to slide to one side or other of the conveyor as it was
      being removed.
PAR  The raising of the wheel assembly from the ground is a reverse of the above
      procedure, with cylinders 27 and 30 being operated independently or
      together to effect the lifting motion.
PAR  The positioning of the wheel in the vertical sense, and thusly the control
      of the digging depth, is accomplished by extending or retracting the
      cylinders 27, cylinders 30 being extended or retracted in turn to maintain
      the wheel frame 25 in a generally horizontal position.
PAR  The wheel frame locating elements facilitate the tilting of the wheel 33.
      The tilting of the wheel frame 25, and its digging wheel 33, is
      accomplished by the independent extension or retraction of one cylinder 27
      relative to the other cylinder 27; thus the wheel frame 25 is given an
      angular displacement relative to the plane of the main frame 1.
PAR  The upper cylinders 30 are not actuated in the tilting procedure and cannot
      be actuated independently one relative to the other. Thus when the wheel
      frame 25 is tilted, the pin member 41 on the relatively higher side of
      frame 25 will slide rearwards in its slot 40; the pin member 41 on the
      relatively lower side of frame 25 will slide forwards in its slot 40. If
      pin members 41 engaged closely-fitting circular holes in bracket member
      32, rather than slots, the tilting motion would only be possible with the
      independent operation of cylinders 30 relative one to the other as well as
      the existing independent operation of cylinders 27. This would eliminate
      the floating action which is provided by means of the slots. The
      advantages of the floating action are, as previously described:
PA1  1. To enable the angularity between the forward crawler section and the
      rearward wheel section to exist to a minor degree so that small
      undulations of the terrain are absorbed, thus providing a smooth-bottomed
      trench of constant depth.
PA1  2. To enable the wheel to rise slightly over nonditchable objects at the
      extreme lower area of the ditching depth.
PAR  The slots 40 allow the floating action with the wheel in its normal digging
      position or in any tilted digging position.
PAR  When the wheel frame 25 is being raised or lowered and is not supported
      directly by the ground, the pin members 41 slide to the extreme forward
      side of the slots 40 due to the action of gravity upon the wheel assembly
      B and therefore the hold down cylinders 30 directly support part of the
      weight of the wheel assembly B and enable the raising or lowering action
      to proceed.
PAR  When the wheel assembly B is in a digging position, the pin members 41 are
      positioned approximately halfway between the ends of the slots 40 to allow
      the floating action. In this position, the cylinders 30 exert a downward
      force through the pin members 51 on the wheel frame 25. Since the slots 40
      are located rearwardly of the centre of the wheel 33, this downward force
      acts at a substantial leverage distance.
PAR  While a slot and sliding pin arrangement is shown, the invention is not to
      be limited to such a structure. Essentially, the slot 40 provides a short
      slide for the end of the hold down cylinder 30. The same end could be
      achieved, for example, by substituting a slide rail having stop faces at
      each end and attaching the cylinder end to the rail. Alternatively, one
      could incorporate a free float control valve in the hydraulic cicuit
      controlling the cylinders 30. This latter system will permit the wheel to
      "float", however it has a shortcoming in that in the float position the
      cylinders 30 will not maintain a positive hold down on the wheel frame.
PAR  Spherical bearings are provided at all points marked S (FIG. 7) to allow
      the simultaneous angular and rotational movement necessary for the
      raising, lowering and tilting of the wheel frame. The angular movement is
      depicted in FIG. 5 and the rotational movement is depicted in FIG. 7. It
      will be understood that, while spherical bearings are preferred for these
      connections, ball joints and other equivalents could also be used.
PAC  Track width adjust system
PAR  This system is illustrated to FIG. 11. First and second transverse members
      9 are part of the main frame 1. First and second sleeve members 11 are
      rigidly secured at the front and rear ends of the spaced, parallel,
      longitudinally extending track frames 90. The transverse members 9 extend
      into the sleeves 11 and can slide therein. A first pair of outwardly
      extending hydraulic cylinders 44 are each connected at their inner ends to
      the first transverse member at about its mid-point. At their outer ends,
      the first hydraulic cylinders are each connected to one of the track
      frames above its longitudinal centre line. A second pair of outwardly
      extending hydraulic cylinders 44 at each connected at their inner ends to
      the second transverse member at about its mid-point. At their outer ends,
      each second hydraulic cylinder is connected to one of the track frames
      below its longitudinal centre line. Means for independently actuating each
      hydraulic cylinder are provided, as described in the following discussion
      of the hydraulic systems incorporated into the ditcher.
PAR  The track width adjust system used on this ditcher contains innovations
      which permit the mechanism to operate in a satisfactory manner. Firstly,
      referring to FIGS. 1 and 2, it is seen that there is an appreciable
      distance "L" between the front and rear cylinder centre lines. Secondly,
      referring to FIG. 3, it is seen that there is an appreciable angle between
      the centre lines of the front and rear cylinders when viewed from the
      front. Thirdly, by means of the control valves in valve block 43, the
      operator is able to control each cylinder 44 individually and separately.
PAR  If there was only one control valve provided for the pair of front and rear
      cylinders 44 on each side, or one control valve for all four cylinders 44,
      the system would not work. This is because the forces resisting the action
      of each cylinder 44 are unequal due to varying friction between the
      sleeves 11 and transverse members 9, and unequal distribution of the
      ditcher weight among the sliding members. These unequal forces would
      enable the cylinder pushing against the least resistance to extend to the
      point at which the sleeves 11 were so misaligned on the transverse member
      9 as to bind and resist further motion. At this point, the operator would
      be unable to complete the track adjustment. It is impossible to control
      these friction forces to obtain equal movement of both front and rear
      cylinders. Therefore it is desirable to provide a separate control valve
      for each cylinder 44 -- the skewing and jamming tendencies of the sleeves
      11 require individually controllable forces (provided by cylinders 44) to
      overcome them, although it would be possible to operate the system with
      one valve controlling the pair of cylinders either above or below the
      track frame centerline.
PAR  The angle between the centerlines of the front and rear cylinders 44
      accomplishes two things. Firstly, the downward slops of the front
      cylinders establishes a vertical force component which removes a part of
      the vertical supporting force from, and thereby reduces friction between,
      sleeves 11 and transverse members 9. This reduces the lateral force
      required to move the track assemblies outward. Secondly, a separation in a
      vertical plane, denoted "D" in FIG. 3, is created between the points of
      force application of the front and rear cylinders. This enables a couple
      to be created in a vertical plane by the alternate application of
      hydraulic pressure to the front and rear cylinders 44 in order to reduce
      friction forces on the horizontal mating surfaces of sleeves 11 and
      transverse members 9. Similarly, the longitudinal separation of the
      cylinders enables a couple to be created in a horizontal plane, which is
      effective to reducing the friction force on the vertical mating surfaces
      of sleeves 9 and transverse member 11.
PAC  Hydraulic System
PAR  The hydraulic system of the ditcher comprises three main sub-systems:
PA1  A. rear engine-driven duplex pump system.
PA1  B. rear engine-driven pump-motor system.
PA1  C. front engine-driven pump-motor system.
PAR  A. Rear Engine-Driven Duplex Pump System
PAR  The duplex pump 22 powers all mechanisms on the ditching machine which are
      actuated by hydraulic cylinders and are not in continuous motion when the
      ditcher is in operation. The duplex pump 22 also supplies pressure to the
      crawler brakes 49 and hoist 79. The duplex pump 22 is driven from the
      front crankshaft system of engine 13.
PAR  1. Forward, Smaller Section of Duplex Pump 22
PAR  The operator, from within the operator compartment 42, and by manipulating
      four separate valves in valve block 43 (one for each cylinder 44) can
      actuate individually and independently each track adjusting cylinder 44
      and can shift the tracks inwardly or outwardly from the centerline of the
      ditcher by using the front track adjusting cylinders and rear track
      adjusting cylinders alternately or together. To be able to move the tracks
      inwardly or outwardly at all, the operator should be able to "wiggle" them
      by operating each front and rear cylinder 44 individually.
PAR  Flow divider 45 is supplied with high pressure hydraulic fluid from the
      forward section of pump 22 through valve block 43. The flow divider is
      adjustable by the operator to supply high pressure hydraulc fluid either
      to valve block 48 or to hoist 79, but not to both at once. Hoist 79 is
      normally used when the ditcher is stationary to assist in the installation
      or removal of buckets (FIG. 1), the raising of the conveyor extensions,
      and any work, to which the hoist can reach, which requires a heavy lifting
      capability.
PAR  The operator, by means of a control valve in valve block 48 can select the
      low, digging ground speeds, the faster, transport ground speed or neutral
      by activating the hydraulic cylinders 46 which move shift forks within the
      travel gear boxes 47 to select the appropriate gear or neutral.
PAR  The operator, by means of a control valve in valve block 48 can apply
      pressure to the brake units 49 embodied in each crawler final drive
      housing, and also release said pressure. Another valve 50 is provided to
      hold pressure in the brake pressure apply lines and thereby to maintain
      the brakes in the applied condition and so prevent the machine from moving
      if it is stationed on a surface such as a hill on which it would move
      without the use of its own power.
PAR  Valve block 43, and (through flow divider 45) valve block 48 and hoist 79
      are supplied with hydraulic fluid under pressure from the forward smaller
      section of duplex pump 22, which draws fluid from the hydraulic reservoir
      tank 23 through the fluid supply line 51 and filter P3. Exhaust hydraulic
      fluid from the valve blocks 43 and 48 returns to the reservoir through two
      lines 67, filter F8 and main fluid return line 52. It is not an imperative
      feature that the four valves which independently operate the crawler
      trackwidth adjust system be mounted together in the same valve block 43.
      They can each be separate, in pairs, etc. The shift control valve and
      brake control valve which comprise valve block 48 can be separate instead
      of being contained within the same valve block.
PAR  2. Rearward, Larger Section of Duplex Pump 22
PAR  The rearward, larger section of the duplex pump 22 draws hydraulic fluid
      from the same supply line as the forward, smaller section of the same
      pump, and supplies fluid under pressure to valve block 53. The operator
      may, by operating a valve in valve block 53, extend or retract the upper
      cylinders 30, which operate equally and in parallel as described in
      previous sections. The length to which the two upper cylinders 30 are
      extended at any moment in time is maintained equally the same by the use
      of a flow divider 54 which maintains equal fluid flow to and from each
      cylinder 30.
PAR  There is the possibility that the operator may at some time wish to apply
      individual and separate control to each hydraulic cylinder 30, for example
      if he wishes to apply more downward force to one side of the digging wheel
      than the other to compensate for irregularities in the material being
      trenched. This capability would be useful with respect to digging wheels
      wider than that used on the invention at the present time. The individual
      control of each cylinder 30 is accomplished by removing flow divider 54
      and installing lines 80, shown dashed in FIG. 8, to connect the spare
      control valve which exists in valve block 53 with one cylinder 30. The
      other cylinder 30 is then actuated by the control valve in valve block 53
      which is shown in FIG. 8 as supplying flow divider 54.
PAR  Valve block 53 also incorporates two valves, one for each cylinder 27, by
      means of which the operator may extend or retract the two slide cylinders
      27 independently and individually, or together. The independent operation
      of the two slide cylinders 27 enables the operator to adjust the tilt of
      the digging wheel for digging on side hills, in which case one cylinder 27
      is extended more than the other cylinder 27 to create the desired angle,
      as shown in FIG. 5.
PAR  The valves incorporated together in valve block 53 can each be mounted
      separately or in pairs without effecting the operation of the hydraulic
      cylinders 27 and 30. Exhaust fluid from the hydraulic systems controlled
      by valve block 53 is returned to the reservoir 23 through line 68, filter
      F8 and main fluid return line 52.
PAR  In the event that any part of the hydraulic circuits supplying hydraulic
      fluid to cylinders 27 and 30 should fall causing fluid to escape from the
      system to the atmosphere, automatic check valves 55 on each cylinder 27
      and 30 prevent displacement of the hydraulic fluid within the cylinders 27
      and 30 and therefore prevent movement of the pistons in the cylinders.
      This is an important safety feature as it prevents the digging wheel
      assembly from falling downwardly from the raised position and causing
      possible injury to workers.
PAR  It is not necessary to operate front engine 12 and pumps 17 to perform any
      of the functions described in section A above, except as noted under
      "Cross-Over System" below.
PAR  B. Rear Engine - Driven Pump Motor System
PAR  The rear engine 11 as previously described drives four
      variable-displacement pumps 21 by mechanical means. The pump-motor systems
      described below are of hydrostatic type.
PAR  1. Conveyor Drive Pump-Motor System
PAR  The forward pair of variable-displacement pumps 21 is connected each one to
      a fixed-displacement hydraulic motor 61 by pressure lines 69. The
      hydraulic motors 61 drive the conveyor mechanism which removes excavated
      material from the machine and deposits it on unexcavated terrain. By
      adjusting the swashplate mechanism of the forward pair of pumps 21
      remotely from within the compartment 42, the operator can adjust the speed
      of the conveyor mechanism to match the amount of material being excavated
      and he can also, by means of the same control, reverse the sense of
      rotation of the motors 61 to permit the conveyor system to discharge the
      excavated material to either the left hand side or the right hand side of
      the trench. By adjusting the swashplate mechanism of the forward pair of
      pumps 21 to the neutral position so that no pumping takes place the
      operator can stop the conveyor mechanism when it is not required -- for
      example when the ditcher is moving under its own power to or from a work
      site and no ditching is being performed. The conveyor system would
      otherwise operate since the front pair of pumps 21 must rotate when the
      crawler mechanism is operating due to the continuous mechanical
      connections between the pumps in gear box 20.
PAR  When the ditcher is being transported by means other than its own, it is
      common to separate the forward crawler portion of the ditcher from the
      rearward digging wheel and its associated frame and mechanism to enable
      the two portions to be transported separately. Since the pumps 21 are on
      the forward crawler portion of the ditcher and the motors 61 are on the
      rearward digging wheel assembly, the hydraulic lines 69 and 70 between the
      pumps 21 and motors 61 can be separated by means of couplers 62 without
      loss of hydraulic fluid.
PAR  The hydraulic lines from the forward pair of pumps 21 are cross-connected
      between the two high pressure lines and cross-connected between the two
      low-pressure lines, this cross-connection being effected by hoses 71
      located just in front of couplers 62. The duplication of pumps and
      circuits is a fail-safe feature so that it one pump should malfunction,
      the other is able to drive the conveyor system at reduced speed and
      trenching can proceed at a slower rate. This back-up capability is of
      great importance from a standpoint of reliability in view of the difficult
      digging conditions likely to be encountered in the Arctic and also in view
      of the maintenance and supply difficulties associated with the Arctic, and
      which becomes critical with wintertime operation.
PAR  It is necessary to be able to move the forward crawler portion of the
      trencher by means of its own power, separate from the digging wheel
      assembly, when it is being manoeuvered for transportation to or from work
      sites. To accomplish this, the rear engine 13 must be running in order
      that the rear pair of pumps 21 operate the crawler mechanism. However, the
      forward pair of pumps 21 must also operate if the rear pair of pumps are
      operating because of the continuous mechanical connection between the
      pumps in gear box 20. the conveyor pump-motor circuits are incomplete
      since the hoses 69 and 70 have been separated at couplers 62 in order to
      remove the digging wheel assembly. This means that the front pair of pumps
      21 would pump into lines which are closed and sealed at the couplers 62.
      In this instance, extremely rapid pressure rise would cause failure
      through hydraulic lock in the front pumps 21 or the hoses connected to
      them. To eliminate this possibility, automatic flow control valves 63,
      which are normally closed, open in order to complete the circuit and
      permit the front pair of pumps 21 to rotate normally. It is noted that it
      would be possible to operate the crawler mechanism with rear engine 13
      running, and without the automatic flow control valves 63, by placing the
      swashplate mechanisms of the forward pair of pumps 21 (conveyor drive) in
      the exact neutral position so that no pumping occurred in these pumps. The
      automatic flow control valves 63 are a safety feature which ensures that
      no damage will occur if the operator's swashplate control levers for the
      front pair of pumps are in any position other then neutral.
PAR  2. Track-Laying (Crawler Drive) Pump-Motor System
PAR  The right-rear variable-displacement pump 21 drives a fixed-displacement
      motor 64 which in turn drives, through the travel gear box 47, the
      track-laying (crawler) mechanism on the right-hand side of the ditcher,
      and thereby propels the ditcher along the ground. The left-rear
      variable-displacement pump 21 drives a fixed-displacement motor 64 which
      in the same manner drives the track-laying mechanism on the left-hand side
      of the ditcher. The operator is able to steer the ditcher by independently
      controlling the swashplate mechanism of each rear pump 21 and thereby
      speed up or slow down the track mechanism on one side relative to the
      other. The operator is also able to adjust the ground speed of the ditcher
      and to cause the ditcher to move in either a forward or a rearward
      direction by operating the swashplate mechanism of the two rear pumps 21
      in unison. He can also steer and adjust the speed of the ditcher by a
      combination of the above-mentioned adjustments, and he can also operate
      the ditching mechanisms with the ditcher stationary, for example when
      beginning a trench, by adjusting the swashplate mechanisms of the two rear
      pumps 21 to neutral.
PAC  Common Features of the Conveyor Drive and Track-Laying Pump-Motor Systems
PAR  Hydraulic fluid is provided from the main fluid supply line 51, through
      filters F4, F5, F6, and F7 to small charge pumps "C" on the ends of, and
      integral with all four pumps 21 to make up for leakage in the conveyor
      drive and track-laying (crawler drive) pump-motor systems. Leakage flow
      from the motors 61 and 64 is returned to pump cases 21 by means of
      free-flow (non-pressurized) lines 70 and 72, and from the pumps 21 to the
      reservoir 23 through lines 73, filter F8 and the main fluid return line
      52.
PAR  All four pumps 21 incorporate pressure relief valves to protect the
      hydraulic components from high pressures which would otherwise occur due
      to possible overloading of the conveyor or track-drive mechanisms.
PAR  The swashplate mechanisms which enable the operator to vary the speed of
      the conveyor drive and crawler drive mechanisms also permit him to adjust
      the speed of engine 13 to any desired value up to maximum to obtain the
      best engine efficiency or power for the particular operating conditions.
      The engine is then maintained at that speed by its governor control. The
      adjustment of the swashplate mechanisms does not in itself change the
      rotational speed of engine 13.
PAR  It is not necessary to operate front engine 12 and pumps 17 to perform any
      of the functions described in section B above, except as noted in
      "Cross-Over System" below.
PAR  C. Front Engine-Driven Pump-Motor System
PAR  The front engine 12 as previously described drives two
      variable-displacement hydraulic pumps 17 by mechanical means. The flow
      from the two pumps 17 is delivered to a common manifold 56 by separate
      lines 73 and thence by separate lines 74 from the manifold 56 to the
      fixed-displacement digging wheel drive motors 57. The manifold ensures a
      supply of hydraulic fluid of equal flow and equal pressure to each
      hydraulic motor 57, to equalize the load carried by each motor. Each motor
      57 drives independently through a gear box to a chain which turns the
      digging wheel 33 (FIG. 1) through the sprocket-segment gearing system. The
      four motors 57 are arranged two to each side of the digging wheel. The
      return flow of hydraulic fluid from motors 57 is through separate lines 75
      to manifold 58 and is returned to the low pressure side of the two pumps
      17 by hoses 76. All hoses 75 and 76 between the manifolds 56 and 58 and
      the hydraulic motors 57, and free flow return lines 77, can be
      disconnected at motors 57 by means of couplers 66 without loss of
      hydraulic fluid. This facilitates the removal of the rearward digging
      wheel portion of the ditcher from the forward crawler portion for
      transport purposes. This pump-motor system is of hydrostatic type.
PAR  The duplication of pumps 17 and circuits is a fail-safe feature in that if
      one pump should fail, the other is able to drive the digging wheel at
      reduced speed and trenching can proceed at a slower rate. Trenching is
      also possible should one or two of the hydraulic motors 57 and/or their
      associated circuits and drive mechanisms malfunction. This back-up
      capability is of great importance from a reliability standpoint as
      previously discussed in section B.
PAR  Pressures which exceed the normal working pressures of this pump-motor
      system may be caused, for example; when the digging wheel hits something
      extremely hard, causing the motors 57 to slow down or even stall
      momentarily. To allow for this, and for any malfunction which could cause
      pressures to exist which exceed the operating limits of the circuit,
      pressure relief valves 59 and one-way check valves 60 are provided to
      divert the flow from pumps 17 in the direction from manifold 56 to
      manifold 58 or vice-versa and thence back to the pumps. These valves are
      in addition to pressure relief valves which are incorporated in pumps 17.
      Pressure relief valves 59 are manually adjustable to enable the maximum
      operating hydraulic pressure of the digging wheel drive pump-motor
      circuits to be varied over wide limits. This feature is useful at initial
      start-up, for example, when the pressure relief setting is adjusted to a
      low value to enable the operation of the hydraulic pumps, motors, and
      digging wheel drive system to be checked with the least risk of damage due
      to faulty hydraulic connections, etc. The operator may, by adjusting the
      relief valves, vary the maximum power developed by the motors 57 to suit
      any digging requirements.
PAR  Fluid is provided from the main fluid supply line 51 through filters F1 and
      F2 to small charge pumps "C" on the ends of, and integral with, pumps 17
      to make up for leakage in the system. Leakage flow from the motors 57 is
      returned to the pumps 17 by means of free-flow lines 77, and from the
      pumps 17 to the reservoir 23 through lines 78, filters F9 and F10 and the
      main fluid return line 52.
PAR  It is desirable to be able to adjust the rotational speed of the digging
      wheel 33 in fine increments without adjusting the rotational speed of the
      front engine 12. This is to enable front engine 12 to operate at a pre-set
      optimum speed to obtain the best engine efficiency and/or power for a
      particular operating condition. The engine is then maintained at that
      speed by its governor control. The adjustment of the digging wheel speed
      is accomplished by means of swashplate mechanisms incorporated in the
      pumps 17 and which are remotely adjustable by the operator from within the
      compartment 42 to provide a digging wheel speed infinitely variable
      between 0 and maximum. The swashplate mechanisms vary the displacement of
      the pumps 17 and therefore the amount of hydraulic fluid delivered to the
      motors 57, thus directly varying the speed of the motors 57. The operator
      is able to adjust the swashplate mechanism of the pumps 17 individually as
      well as in unison, and therefore obtain very fine control of digging wheel
      speed. By means of the swashplate mechanism the operator is also able to
      reverse the flow of fluid to the motors 57 and thereby reverse the
      rotation of the digging wheel if necessary. The adjustment of the
      swashplate mechanisms does not in itself change the rotational speed of
      engine 12.
PAR  The functions performed by the hydraulic circuits described in section C
      above are not dependent on rear engine 13 and pumps 21. Motors 12 and 13
      power separate and different portions of the ditcher's machinery, except
      as described in "Cross-Over System" below, and as such increase the
      reliability of the equipment.
PAC  Cross-Over System
PAR  The basic feature of having two separate engines to drive the ditcher is
      utilized so that the front engine 12, in an emergency, can take over some
      of the functions of the rear engine 13. In the event that there occurs
      some malfunction in the rear engine 13, pump drive components 18, 19, 20,
      any of the pumps 21, or pump 22, it must still be possible to lift the
      digging wheel out of the trench and more the machine under its own power
      off of pipeline right-of-way to a location where it can be repaired. This
      is extremely important in that a stalled ditcher would halt the entire
      pipeline operation behind it, a situation which is undesirable from the
      standpoints of cost and time. It is mandatory in such a situation that the
      stalled ditcher be moved quickly away from the right-of-way and another
      trencher take its place.
PAR  It is an object of the invention to incorporate a cross-over system that
      would enable the front engine 12, through pumps 17, to power the
      crack-laying (crawler drive) motors 64 and the various hydraulic cylinders
      27, 30, 44, 46, and the crawler brakes 49 -- all these devices being
      normally powered by rear engine 13 through the rear pair of pumps 21 and
      duplex pump 22. The cross-over system is shown in FIG. 8 in dashed lines.
PAR  To effect the cross-over, flow dividers 65 are operated to divert the flow
      in lines 73 and 76 from the motors 57 to the cross-over circuit. To effect
      the cross-over, it is also necessary to open the two valves 81, which are
      normally closed to prevent cross-connection between the different
      hydraulic systems. It is necessary to isolate manifolds 56 and 58 from
      pumps 17 by means of the flow dividers 65 since the output from each of
      the two pumps 17 must be independently adjustable by means of the
      swashplate mechanisms in order to steer the ditcher (see description in
      section B, above, of crawler pump-motor system). With the cross-over
      system shown in FIG. 8 it is possible to operate all hydraulic devices on
      the ditcher except the conveyor drive motors 61 and the digging wheel
      drive motors 57.
PAR  It is noted that the plurality of hydraulic pumps used on the invention is
      of great advantage because, in the event of a failure in part of some
      hydraulic circuit, any one of these pumps may be coupled relatively
      conveniently, by means of flexible hoses and standardized fittings, to
      power a hydraulic device which is, in the normal operation of the machine,
      powered by some other hydraulic pump. This versatility of power
      application and connection contributes to the overall reliability of the
      machine. Therefore, many cross-over hydraulic supply systems are possible,
      in addition to the one described above and shown in FIG. 8. For example,
      in the event of a malfunction in the crawler drive pumps, conveyor drive
      pumps, or both, one or two pairs of lines 74 and 75 may be disconnected
      from motors 57 to power the malfunctioning circuits. Output from pump 22
      can also be diverted for the same purpose. In these instances, separate
      control valves and circuits for the left-hand and right-hand crawler
      brakes would be required for steering purposes.
PAC  Twin Double Segment Drive
PAR  As shown in FIGS. 7, 12, 13 and 14, the non-axially supported digging wheel
      assembly 33, incorporating the spaced rim assemblies 34, the double
      segment teeth assemblies 35, and buckets 36 is driven by engine 12 through
      a hydraulic-mechanical system.
PAR  Engine 12 drives hydraulic pumps 17 which in turn supply high-pressure
      hydraulic fluid to four hydraulic motors 57 mounted two on each side of
      the wheel frame 25. The motors 57 each drive a reduction gear box 82 which
      in turn drives through chains 83 to the two shafts 84 and shaft 85,
      supported by bearings 86. A double sprocket 38 is rigidly attached to each
      shaft 84 and to each of the ends of common shaft 85. Each rim assembly 33
      carries a row or segment 35 of spaced teeth projecting from its inner and
      outer faces adjacent its circumference. The double rows of teeth of each
      sprocket 38 engage the teeth of the segments 35 of the adjacent rim
      assembly 33 and function to drive it. The land 88, located between the
      spaced rows of teeth of each double sprocket 38, bears against the smooth
      inner surface of the rim assembly 33, in similar fashion to rollers 37,
      and helps to locate and support the digging wheel, as well as relieving
      the gear teeth from stresses resulting from bearing the weight of the
      wheel.
PAR  Shaft 85 is driven by two motors 57 and is supported by two bearings 86
      mounted directly on wheel frame assembly 24. The two shafts 84, driven by
      one motor 57 each, are supported at their outboard ends by two bearings 86
      mounted directly to frame assembly 24, and at their inner ends by two
      bearings 86 mounted on support member 87 which is attached to wheel frame
      assembly 24.
PAR  The shaft 85 drives to both rims 34 of wheel assembly 33 and therefore
      prevents any relative rotation of the two rims which might occur if the
      drive systems to the two sides were totally separate. Such relative
      rotation would impart a twisting stress to the buckets connecting the two
      rims; such stress cannot occur in this design.
PAR  Whereas the usual trencher designs employ one row of segments per rim, this
      invention employs two rows per rim (FIGS. 13, 14); and, instead of one
      sprocket per row of segments, this invention employs two sprockets per row
      of segments. Therefore, each segment row of this design transmits only
      half the power transmitted by one row in previous designs; each sprocket
      transmits only 1/4 the power transmitted by one sprocket in previous
      designs. This load-sharing, brought about by a multiplicity of segment
      rows and sprockets, contributes greatly to the overall reliability which
      is an objective of this design.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a ditcher comprising a wheel frame having a non-axially supported
      digging wheel rotatably mounted thereon, said wheel having a pair of
      spaced rim assemblies, each said rim assembly having inwardly and
      outwardly directed side faces,
PA1  the improvement which comprises:
PA1  a row of spaced teeth projecting from each of said side faces adjacent the
      circumference of said rim assembly to provide a double segment tooth
      assembly for accepting torque input from a drive sprocket;
PA1  at least two double drive sprockets rotatably mounted on the wheel frame
      adjacent each rim assembly and engaging said rows of teeth to drive the
      wheel; and
PA1  means for rotating the drive sprockets.
NUM  2.
PAR  2. The improvement as set forth in claim 1 wherein:
PA1  each drive sprocket has a land between its rows of drive teeth, which land
      functions as a bearing to help support the digging wheel.
NUM  3.
PAR  3. The improvement as set forth in claim 1 wherein:
PA1  a common shaft connects a drive sprocket associated with each rim assembly,
      thereby interconnecting said rim assemblies.
NUM  4.
PAR  4. In a ditcher comprising a wheel frame including a digging wheel, having
      spaced rim assemblies, and being rotatably mounted in the wheel frame,
PA1  the improvement which comprises:
PA1  double segment teeth assemblies mounted on each rim assembly;
PA1  twin double sprockets mounted on the wheel frame and engaging each double
      segment teeth assembly; and
PA1  means for powering the sprockets.
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ABST
PAL  A toroidal traction drive with a pair of spaced discs having opposed
      annular grooves and mounted in the casing for independent but interrelated
      coaxial rotation, a plurality of rollers positioned between the discs for
      frictional engagement with both discs, independent hydraulic control means
      for shifting each of the rollers with respect to the discs for varying the
      drive ratio, and a plurality of fixed cam means associated, one with each
      of the rollers, for bringing the roller axis of each roller to an
      intersecting relation with the drive axis to establish a steady state
      condition for the drive.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a toroidal traction drive and, particularly, to
      such a mechanical drive whereby a control system may vary the drive ratio
      and, if desired, control the drive ratio whereby variable input speeds
      give a constant output speed from the drive.
PAR  Early work in the field of toroidal traction drives is shown in the Hayes
      U.S. Pat. Nos. 1,865,102 and 2,123,006. The patents describe the action of
      rollers between discs having annular grooves whereby tangential shift of
      the rollers results in rocking or precessing of the rollers to vary the
      drive ratio.
PAR  More recently, there has been published material with respect to a toroidal
      traction drive wherein a plurality of rollers are positioned between discs
      and with each roller mounted in a carrier. All the carriers are connected
      to a movable cam ring whereby movement of the cam ring causes movement of
      the rollers to vary the drive ratio. In such a device, all of the rollers
      are caused to be positioned through a common mechanical structure and,
      therefore, the positioning is subject to variations in the components of
      the mechanical structure.
PAR  The Magill et al. U.S. Pat. No. 3,413,864 discloses a toroidal traction
      drive wherein a plurality of drive rollers are each independently mounted
      and with hydraulic control means associated with each drive roller and
      acting on the roller in a manner to cause rocking of the drive rollers to
      vary the drive ratio.
PAR  An additional prior art patent is Armstrong U.S. Pat. No. 3,345,882 which
      discloses a toroidal traction drive wherein a plurality of drive rollers
      spaced between discs has fluid-operating devices associated with both ends
      of the roller mountings.
PAC  SUMMARY
PAR  A primary feature of the invention disclosed herein is to provide a new and
      improved toroidal traction drive wherein the drive rollers are simply
      mounted and each independently associated with hydraulic control means for
      obtaining load division equally between the drive rollers by shift of the
      drive rollers to a predetermined drive ratio position and with the rollers
      brought to equilibrium by cam means fixed to the casing of the drive which
      function to bring the roller axes into intersecting relation with the
      drive axis of the drive.
PAR  Another feature of the invention is to provide a toroidal traction drive
      wherein each of the drive rollers is mounted for rocking or precessing
      movement by pivotal mounting to an arm which is rotatably mounted on an
      extensible rod operated by the hydraulic control means and a cam follower
      extending coaxially to the roller axis engageable in an elongated cam slot
      having a midpoint coincident with the drive axis, and sections of the cam
      slot at either side of the midpoint extending at equal and opposite angles
      to the drive axis whereby rocking of the drive roller shifts the cam
      follower along one of the cam slot sections whereby the inclination
      thereof functions to bring the roller axis back into intersecting relation
      with the drive axis.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical central section taken longitudinally of the toroidal
      traction drive;
PAR  FIG. 2 is a vertical section, taken generally along the line 2--2 in FIG.
      1;
PAR  FIG. 3 is a section, taken generally along the line 3--3 in FIG. 2; and
PAR  FIG. 4 is a section, taken generally along the line 4--4 in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The toroidal traction drive has a casing with a generally cylindrical shell
      10 with a pair of end plates 11 and 12 fitted to opposite ends of the
      shell 10 and secured by threaded fastening members 14 to rings 15 suitably
      secured as by welding to the shell 10. A pair of spaced-apart discs 20 and
      21 are positioned within the casing and are independently mounted for
      coaxial rotation about a drive axis D, indicated in FIG. 2, by respective
      bearings 22 and 23 supported by the casing shell 10. The disc 20, which
      may be a drive disc, has a cylindrical extension 25 extending through a
      central opening in the end plate 11 and splined for attachment to an input
      shaft (not shown). The disc 21, which may be a driven element, has a
      cylindrical extension 26 extending outwardly through the end plate 12 and
      is splined for connection to an output shaft (not shown). Each of the
      discs 20 and 21 has an annular groove 30 and 31, respectively, with each
      groove being part of a torus and partially circular in cross section, as
      seen in FIG. 1.
PAR  A plurality of drive rollers 40, 41, and 42 is positioned between the discs
      20 and 21 and with the curved peripheral surface thereof in frictional
      engagement with the grooves of the discs whereby rotation of the disc 20
      imparts rotation to the drive rollers about a roller axis R (FIG. 1)
      which, in turn, impart rotation to the driven disc 21. The rollers 40-42
      each have a radius the same as that of the cross-sectional curvature of
      the grooves 30 and 31.
PAR  The bearing 23 is urged to the left in FIG. 1 by fluid pressure acting on
      pistons 43 to urge the disc 21 toward the disc 20 and squeeze the drive
      rollers 40-42 therebetween.
PAR  Each of the drive rollers 40-42 is mounted for movement tangentially of the
      grooves 30 and 31, which, through motion inherent in a toroidal drive and
      as explained in the aforesaid mentioned Hayes patents results in rocking
      or precessing of the drive roller to a position either clockwise or
      counterclockwise for roller 40, as shown in FIG. 1, to vary the drive
      ratio between the discs 20 and 21.
PAR  The rocking action for the structure disclosed herein results from a
      mounting and hydraulic control means for each of the drive rollers, with
      the structure for each drive roller being the same and described with
      respect to drive rollers 40 and 41 in FIGS. 1 and 2. The mounting of the
      drive rollers for rocking or precessing movement includes an arm 45 of a
      shape to have an end 46 thereof connected rotatably by a pin 47 to a drive
      roller. The pin 47 is rotatable within a sleeve 49 carried by a cam
      follower arm 50 fitted within an inner race of a bearing 48. The cam
      follower arm 50 extends outwardly of the drive roller along the drive
      roller axis R and terminates in a spherical end 50a. The opposite end 52
      of each of the arms 45 is formed as a cylindrical sleeve for rotatable
      mounting on an extensible rod 51 having a rod axis extending
      longitudinally thereof and with the rod being extensible along said axis
      under the control of the hydraulic control means to be described. The rod
      axis of the rod 51 extends to intersect with the center of rotation of the
      drive roller associated therewith whereby movement of the extensible rod
      51 along the rod axis functions to shift the associated drive roller
      generally tangentially of the grooves 30 and 31.
PAR  In a toroidal drive, this generally tangential movement of the drive
      rollers results in precessing or rocking movement of the drive rollers to
      vary the drive ratio between the discs 20 and 21. This rocking movement is
      permitted by rotation of the arm 45 about the rod axis of the rod 51.
PAR  The hydraulic control means for obtaining the position of the drive rollers
      includes the cavities 60, 61, and 62 formed in a casing part 63 secured
      around the shell intermediate its ends. Referring particularly to the
      hydraulic control means associated with the drive roller 41 and shown in
      detail in FIG. 2, the cavity 61 has a sleeve 65 fitted therein and with a
      piston 66 movable within the sleeve. The piston 66 has an outer face which
      is partly spherical to engage against a similarly-shaped partly spherical
      face of an end 67 of the rod 51. The rod 51 extends through the center of
      the piston 66 and the piston has a tubular extension 68 extended through
      the base of the sleeve 65.
PAR  With the drive disc 20 rotating counterclockwise, as shown in FIG. 2,
      tangential load forces on a roller by frictional contact tend to move the
      drive roller 41 and the mounting arm 45 therefor downwardly, as viewed in
      FIG. 2, to move the piston 66 toward the lower end of the cylinder sleeve
      65. The actual position of the piston 66 and, therefore, of the extensible
      rod 51 operatively connected thereto through the spherical connection
      between the piston 66 and the rod end 67 is controlled by the value of
      control pressure supplied within the cylinder sleeve to act upwardly
      against the lower side of the piston 66. This control pressure is supplied
      through passage means including a groove 69 through openings 69a in the
      wall of the sleeve 65 whereby control pressure is applied to the underside
      of the piston 66. Thus, the value of the pressure supplied to the
      hydraulic control means determines, in opposition to the forces resulting
      from rotation of the toroidal traction drive, the position of the drive
      rollers at a location generally tangentially of the grooves 30 and 31 to
      obtain a precessed position of the drive rollers for a desired drive
      ratio.
PAR  A portion of the cavity 61, at the outermost end thereof, communicates
      across the end of the cylindrical sleeve 65 with the cylinder interior
      whereby charge pressure at a value less than control pressure may act on
      the outer end 67 of the rod and maintain the rod end 67 in contact with
      the coacting spherical surface of the piston 66.
PAR  As stated previously, the hydraulic control means for each of the drive
      rollers is identical and with the common application of control pressure
      thereto an equal shift of the drive rollers results for equal loading
      thereof in transmitting the drive from the disc 20 to the disc 21.
PAR  In order to have any single discrete position of the control piston 66 of
      the hydraulic control means and, therefore, of the rod 51 provide a
      specific drive ratio for the toroidal traction drive, it is necessary to
      bring the precessed drive rollers to a steady state condition wherein the
      roller axis R extends into intersecting relation with the drive axis D.
      This function is accomplished by cam means including the cam followers 50
      extending outwardly from the drive rollers along the axes R. The cam means
      includes a cam associated with each drive roller and fixed to the casing
      shell 10. The cam is in the form of a slot or groove 70 formed in a block
      71 and secured to the casing part 63 by fastening elements 72. With the
      block 71 assembled to the casing as shown in FIGS. 1 and 2, the cam slot
      70 faces inwardly and has a pair of side walls closely adjacent to the
      spherical end 50a of the cam follower. The cam slot 70 has a midpoint P in
      line with the drive axis D whereby when the drive rollers are horizontal,
      as shown by drive roller 40 in FIG. 1, the cam follower 50 has a position
      with the roller axis R radially directed into intersecting relation with
      the drive axis D. Sections 70a and 70b (FIG. 4) of the cam slot extend at
      equal and opposite angles relative to the drive axis D whereby as the
      drive rollers precess to a new drive ratio setting, the spherical end 50a
      of each roller cam follower moves along either of the sections 70a or 70b
      to pivot the cam follower and, therefore, the drive roller about the axis
      of the mounting pin 47 to bring the roller axis R back into intersecting
      relation with the drive axis D.
PAR  In operation, and referring initially to FIG. 2, if the roller 40 is
      shifted tangentially of the drive disc 20 responsive to fluid pressure,
      for example, in a direction toward the right in FIG. 2, and the disc 20 is
      rotating in a counterclockwise direction, the axis of the roller 40 will
      be moved to a position where it no longer intersects the axis D. Since the
      roller axis is anchored at the spherical end 50a, the roller axis will be
      pivotedly inclined relative to spherical end 50a. The roller 40 will no
      longer be tangent to the disc 20, and at the place where the roller and
      disc engage each other, the two surfaces must move in exactly the same
      direction if slippage at the contacts is to be prevented but the velocity
      vectors for rotation of each member about its axis are not congruent.
      Thus, there will be a component of velocity and a resultant frictional
      force (see bh in FIG. 8 of Hayes U.S. Pat. No. 1,865,102), which tends to
      pivot the roller about the rod 51 outwardly on the driving disc 20 and
      inwardly on the driven disc. Pivotal movement of the roller responsive to
      such frictional force establishes a drive ratio which is different from
      one to one, and the speed of the driven disc will be increased relative to
      the speed of the input.
PAR  The movement of the roller 40 about the axis of rod 51 to change the drive
      ratio also results in motion of the cam follower spherical end 50a along
      the inclined cam slot 70 in a manner to return the axis of the roller to
      intersect the axis D in a steady state condition. That is, the pivotal
      movement of the roller about axis 40 produces motion of spherical end 50a
      along slot portion 70a, and the roller axis moves to a position
      intersecting axis D.
PAR  With the structure disclosed herein, a common control pressure may be
      applied to the hydraulic control means associated one with each of the
      drive rollers whereby the application of equal pressure results in
      positioning of the drive rollers for equal load division therebetween and
      with the fixed cam slots coacting with the cam followers associated with
      the rollers to assure a specific drive ratio for each discrete position
      established by the hydraulic control means.
CLMS
STM  I claim:
NUM  1.
PAR  1. A toroidal traction drive comprising a casing, a pair of spaced discs
      with toroidal grooves mounted in said casing for independent coaxial
      rotation about a drive axis, a plurality of rollers positioned between
      said discs and with each roller rotatable about a roller axis and in
      rolling frictional engagement with both of said grooves, means
      independently mounting each of said rollers for rocking movement including
      an arm for each roller and an extensible rod movable linearly along a rod
      axis intersecting a roller axis and with the arm mounted on said rod for
      rotation about said rod axis to tilt the roller axis and determine the
      locations of engagement of the roller with said grooves, and means for
      maintaining all of the roller axes directed to intersecting relation with
      said drive axis in all positions of the rollers including a cam follower
      extending axially of each roller and a plurality of elongate cams fixed to
      the casing and associated one with each of said cam followers.
NUM  2.
PAR  2. A toroidal traction drive as defined in claim 1 including a
      hydraulically operable piston associated one with each extensible rod for
      positioning the rod and the associated roller.
NUM  3.
PAR  3. A toroidal traction drive as defined in claim 2 wherein each of said
      elongate cams comprises a slot receiving the associated cam follower and
      said slot having a length with a midpoint in line with the drive axis and
      sections at either side of said midpoint extending at equal and opposite
      angles to said drive axis whereby a roller in a position normal to the
      grooves has the associated cam follower at said midpoint and with rocking
      of a roller causing movement of the associated cam follower along one of
      said cam slot sections to direct the roller axis toward the drive axis.
NUM  4.
PAR  4. A toroidal traction drive comprising a casing, a pair of spaced discs
      with toroidal grooves mounted in said casing for independent coaxial
      rotation about a drive axis, a plurality of rollers positioned between
      said discs and with each roller rotatable about a roller axis and in
      rolling frictional engagement with both of said grooves, means
      independently mounting each of said rollers for rocking movement to tilt
      the roller axis and determine the locations of engagement of the roller
      with said grooves, means for maintaining all of the roller axes directed
      to intersecting relation with said drive axis in all positions of the
      rollers including a cam follower extending axially of each roller and a
      plurality of elongate cams fixed to the casing and associated one with
      each of said cam followers, and a plurality of hydraulically operated
      pistons associated one with each of said rollers and a rod extending
      therefrom which is positionable along a rod axis, and said means mounting
      a roller for rocking movement includes an arm carrying a roller and
      mounted on said rod for rotation about the rod axis.
NUM  5.
PAR  5. A toroidal traction device as defined in claim 4 including a
      part-spherical joint connecting said piston to said rod to permit shift of
      said rod relative to the piston.
NUM  6.
PAR  6. A toroidal traction drive as defined in claim 5 including passage means
      for applying fluid pressure to the piston in opposition to a tangential
      load force exerted on a roller by frictional contact with said discs, and
      passage means for directing a fluid pressure against a section of said
      part-spherical joint sufficient to maintain the sections of the spherical
      joint in engagement.
NUM  7.
PAR  7. A toroidal traction drive comprising a casing, a pair of spaced discs
      with grooves mounted in said casing for independent coaxial rotation about
      a drive axis and each groove having a partially circular cross section, a
      plurality of rollers positioned between said discs and with each roller
      rotatable about a roller axis and in rolling frictional enagement with
      both of said grooves, means independently mounting each of said rollers
      for adjustment tangentially of said grooves to result in rocking movement
      to tilt the roller axis and determine the locations of engagement of the
      roller with said grooves, an additional pivot axis for said rollers normal
      to said roller axis, a plurality of fluid operated pistons associated one
      with each of said rollers for adjusting said rollers tangentially, and
      means for maintaining all of the roller axes directed toward said drive
      axis in all positions of the rollers by movement about said additional
      pivot axis including a cam follower extending axially of each roller and a
      plurality of elongate cams fixed to the casing and each having a cam slot
      extending in the direction of and at an angle to said drive axis to
      receive a cam follower.
NUM  8.
PAR  8. A toroidal traction drive as defined in claim 7 including an extensible
      rod connected to a piston and movable along a rod axis which extends into
      intersection with the center of a roller, and said mounting means includes
      an arm pivotally mounted on said rod for rotation about said rod axis and
      means interconnecting said arm to the roller at the roller center
      including pivot means whereby the roller can pivot about said additional
      pivot axis normal to said roller axis to have said roller axis point
      toward the drive axis.
NUM  9.
PAR  9. A toroidal traction drive as defined in claim 8 wherein each of said
      elongate cam slots has a length with a midpoint in line with the drive
      axis and sections at either side of said midpoint extending at equal and
      opposite angles to said drive axis whereby a roller in a position normal
      to the grooves has the associated cam follower at said midpoint and with
      tangential advance of a roller and resulting rocking of a roller causing
      movement of the associated cam follower along one of said cam slot
      sections to direct the roller axis toward the drive axis.
NUM  10.
PAR  10. A traction drive comprising,
PA1  a casing,
PA1  a pair of spaced discs coaxially mounted in the casing for independent
      rotation about a drive axis and each having a partially toroidal groove,
PA1  a plurality of angularly spaced rollers positioned between said discs, each
      rotatable about a roller axis and in rolling frictional engagement with
      both of said grooves,
PA1  reciprocal means independently mounting each of said rollers for adjustment
      along an axis extending tangentially of said grooves normal to the roller
      axis,
PA1  each reciprocal means including an arm mounted for rocking movement about
      the tangential axis to adjust the contact of the roller radially relative
      to the discs,
PA1  means mounting each roller on the associated arm for pivotal movement about
      a fourth axis normal to the roller axis and tangential axis and parallel
      to the drive axis when the roller engages both discs equidistant from the
      drive axis, and
PA1  means for maintaining the roller axis intersecting the drive axis.
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ABST
PAL  A drive chain is trained about drive and driven sprockets and is kept in
      proper tension by a tensioning device comprising a tensioning member
      located between the sprockets and extending transversely to the line of
      centers passing through the axes of rotation of the sprockets, the
      tensioning member including first and second spaced abutment surfaces
      facing toward the line of centers and engaging the opposite runs of the
      drive chain. A part of the tensioning member extends between the first and
      second abutment surfaces and is provided with an elongated aperture which
      is received on a pin located on the line of centers of the sprockets
      whereby as one of the chain runs tightens during operation it will move
      the tensioning member so as to effect tensioning of the other run.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a device for maintaining proper tension in
      flexible drive elements, such as chains or belts and the like, employed in
      machines or mechanisms of any kind for the purpose of transmitting a
      driving effort between drive and driven sprockets or pulleys and the like.
PAR  The present invention concerns a tensioning means intended for use with a
      flexible drive element in which each of the two runs or sides thereof is
      liable to be alternatively tensioned and relaxed, one run being tensioned
      and the other being slack during normal driving in one direction during
      acceleration, but said first-named run becoming slack and the other
      becoming tensioned in the event of overrun occurring in the mechanism or
      in the event of the drive being reversed.
PAR  Heretofore it has been the practice in the art to provide tensioning means
      of the type described which either incorporated some sort of manually
      adjustable means, which required relatively frequent adjustment in order
      to compensate for wear in the drive components (see, for example, U.S.
      Pat. No. 3,060,760 granted to Minnis on Oct. 30, 1962), or incorporated a
      spring or other mechanical or hydraulic biasing means to maintain proper
      tension without manual adjustment (see, for example, U.S. Pat. No.
      3,673,884 granted to Southiere on July 4, 1972). Of course, relatively
      frequent manual adjustment is bothersome and not desirable and the
      tensioning means incorporating biasing means are relatively complicated,
      somewhat unreliable due to spring failure and/or are relatively expensive.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a novel tensioning
      device for maintaining the opposite runs of a flexible drive element in
      proper tension regardless of which run is tensioned and relaxed during
      operation of the machine or mechanism in which the drive element is
      embodied.
PAR  A broad object of the invention is to provide a tensioning device of
      reliable, relatively simple construction which requires infrequent manual
      adjustment to compensate for wear endured by drive components.
PAR  Another object of the invention is to provide a tensioning device including
      a tensioning member having first and second abutment surfaces respectively
      in constant engagement with the opposite runs of a flexible drive element
      to be tensioned and the tensioning member being mounted such that the
      tensioned run of the drive element will bias the tensioning member against
      the slack run and the frictional engagement of the drive element with the
      first and second abutment surfaces will cause the tensioning member to
      automatically assume a position for compensating for wear endured by the
      drive components.
PAR  A more specific object is to provide a one-piece tensioning member having a
      generally rectangular mounting part joining first and second legs
      respectively having the first and second abutment surfaces thereon, the
      mounting part having at least one elongated opening therein arranged so as
      to normally extend transversely of the line of centers of the axes of
      rotation of a pair of drive members about which the flexible drive element
      is trained, and a mounting pin mounted on or adjacent the line of centers
      being received in the opening.
PAR  Still a more specific object is to provide a tensioning member, as
      described in the foregoing paragraph, wherein more than one elongated
      opening is provided therein for selective mounting on the mounting pin so
      as to adjust the tensioning member along the line of centers so as to
      change the tensioning abilities of the tensioning member in cases wherein
      the flexible element is trained about drive and driven members of
      different sizes.
PAR  These and other objects will become apparent from reading the ensuing
      description in conjunction with the appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a left side elevational view of a snowmobile having parts broken
      away to expose a schematically depicted drive embodying a tensioning
      device constructed according to the present invention.
PAR  FIG. 2 is a left side view of the tensioning member shown in FIG. 1, but
      with the member rotated counterclockwise from its FIG. 1 position.
PAR  FIG. 3 is a right side view of the tensioning member, as shown in FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  While the present invention has a wide range of application, it is shown
      here embodied in a snowmobile designated in its entirety by the reference
      numeral 10. The snowmobile 10 is of a conventional type supported at its
      front end by a pair of skis 12 (only one shown) and at its middle and rear
      portions by a groundengaging flexible track 16. The weight of the
      snowmobile is here shown supported on a slide rail suspension comprising a
      plurality of links 18 connected between left and right depending frame
      walls 20 and 22 and a pair of slide rails 24 (only one shown) engaging the
      inside of the track 16.
PAR  The track 16 is driven in a conventional manner by one or more sprocket
      wheels 26 mounted on a transverse shaft 28 and engaged with the inside of
      the track 16.
PAR  An engine (not shown) disposed within a hood 30 is drivingly connected,
      through means of a conventional variable speed transmission shown
      partially at 32, to a transverse shaft 34 having a drive sprocket 36
      mounted thereon for rotation therewith. Mounted on the transverse shaft 28
      beside the track drive sprocket wheel 26 is a driven sprocket 38; and
      trained about the drive and driven sprockets 36 and 38 is a flexible drive
      element in the form of a chain 40 having opposite runs 42 and 44
      respectively located forwardly and rearwardly of a line of centers X
      passing through the axes of rotation of the sprockets 36 and 38. Thus, it
      will be appreciated that torque developed by the engine will be
      transmitted to the track 16 via the transmission 32, shaft 34, drive
      sprocket 36, chain 40, driven sprocket 38, transverse shaft 28 and
      sprocket wheel 26.
PAR  Due to normal wear of itself and other drive components, the chain 40 tends
      to slacken. The slack of the chain 40 is more or less evenly distributed
      in the opposite runs 42 and 44, as illustrated in FIG. 1, when the
      snowmobile 10 is at rest, but tends to be wholly present on one side or
      the other depending on the operation of the snowmobile drive. For example,
      when the drive is operated to accelerate the snowmobile in the forward
      direction, the chain 40 will be rotated counterclockwise and the run 44
      thereof will thus be tensioned while the run 42 is slack. On the other
      hand, when the snowmobile is decelerating and the track 16 overruns the
      engine, the run 42 will be tensioned while the run 44 becomes slack.
PAR  To ensure that the slack of the chain 40 is always taken up such that the
      chain 40 is properly tensioned so as to prevent it from jumping off the
      sprockets 36 and 38, a tensioning device 46 is provided. The tensioning
      device 46 includes a one-piece tensioning member 48 which preferably is
      made of a wear-resistant, low-friction material such as an acetal resin or
      the like. One known material of the desired type is sold by DuPont under
      the trademark, Delrin. The tensioning member 48 is generally U-shaped and,
      as viewed in FIG. 1, comprises front and rear legs 50 and 52 respectively
      provided with arcuate abutment surfaces 54 and 55 engaged with the
      respective outer sides or peripheries of the chain runs 42 and 44, the
      legs 50 and 52 being integral with a plate-like mounting part 56. For the
      purpose of adjustment, as will be further explained below, the mounting
      part 56 is provided with first and second parallel elongated apertures or
      holes 57 and 58 located equidistant from the abutment surfaces 50 and 52.
      The first aperture 57 is elongated along a line Y connecting respective
      axes of generation of the surfaces 50 and 52 and the second aperture 58 is
      spaced along a line Z extending perpendicular to the line Y and passing
      crosswise to the length of the apertures 57 and 58 at central locations of
      the apertures. Fixed to one wall 60 of a chain case or housing 62
      enclosing the sprockets 36 and 38 and the chain 40 is a mounting pin 64
      located on the line of centers of the sprockets 36 and 38. As shown in
      FIG. 1, the pin 64 is received in the aperture 57 of the tensioning member
      48 and thus serves, in conjunction with the aperture 56, as means mounting
      the tensioning member for shifting and rotating movement relative to an
      axis defined by the pin 64.
PAR  Thus, it will be appreciated that when the run 44 of chain 40 becomes taut
      during acceleration of the snowmobile 10, the run will urge the tensioning
      member 48 rearwardly, in FIG. 1, so as to cause the slack in the run 42 to
      be taken up. Also, the frictional engagement of the surfaces 50 and 52
      with the rotating chain 40 will cause the member 48 to pivot
      counterclockwise on the pin 64. As the chain 40 stretches or otherwise
      becomes slacker because of wear of the drive components, the member 48
      will pivot further to automatically take up the slack.
PAR  In the event that the chain becomes so slack that the pivotal and shifting
      movements of the tensioning member 48 are ineffective to maintain proper
      chain tension, the member 48 may be manually adjusted by mounting it such
      that the aperture 58 receives the pin 64 instead of the aperture 57. The
      tensioning member 48 will then be located in a new position displaced
      downwardly along the line of centers X from its positions shown in FIG. 1
      and due to the fact that the drive sprocket 38 is larger than the drive
      sprocket 36, the abutment surfaces 50 and 52 will have an increased
      tensioning effect on the chain 40.
PAR  Also, by providing the just-described adjustment, it is possible to change
      sprocket sizes to accomplish different drive speed ratios without having
      to resort to a different tensioning member.
PAR  It is to be understood that while the present invention has been described
      as used in conjunction with a chain drive, it would be equally as
      applicable to a belt drive or any other drive where a flexible drive
      element is used to transmit torque between rotatably driven generally
      cylindrical members about which the drive element is trained.
CLMS
STM  We claim:
NUM  1.
PAR  1. In combination with a drive of a type including a support on which
      generally cylindrical drive and driven members are mounted for rotation
      about parallel axes, a flexible drive element trained about said drive and
      driven members so as to form first and second runs located on opposite
      sides of a line of centers passing through said axes, a tensioning device
      comprising: a tensioning member located between said drive and driven
      members and extending transversely to said line of centers; said
      tensioning member including first and second abutment surface means
      disposed such that said first and second runs extend therebetween and are
      respectively engaged therewith; at least one aperture located in said
      tensioning member between said first and second abutment surface means and
      elongated so as to extend transversely to said line of centers; and a pin
      extending through the aperture and pivotally mounting the tensioning
      member on said support between said first and second runs.
NUM  2.
PAR  2. The combination defined in claim 1 wherein one of said drive and driven
      members is larger than the other and a second aperture is located in said
      tensioning member and is elongated in parallel relationship to said one
      aperture, whereby said tensioning member may be mounted on said support
      with the pin received in a selected one of the one and second apertures so
      as to adjust the tensioning effect the tensioning member has on the
      flexible drive element.
NUM  3.
PAR  3. The combination defined in claim 1 wherein said tensioning member
      includes first and second legs joined by a connecting portion so as to
      define a generally U-shaped member; and said first and second abutment
      surface means being respectively formed on said first and second legs of
      said tensioning member.
NUM  4.
PAR  4. The combination defined in claim 3 wherein said first and second
      abutment surface means are respectively formed arcuately about first and
      second points located on a line passing centrally lengthwise through said
      one aperture.
NUM  5.
PAR  5. The combination defined in claim 1 wherein the tensioning member is a
      unitary molded piece of a synthetic acetal resin having wear-resistant and
      low-friction characteristics.
NUM  6.
PAR  6. The combination defined in claim 1 wherein said pin is located on said
      line of centers.
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ABST
PAL  An automatic slack adjuster is proposed which has an internally geared
      input member and an externally geared output member which is slightly
      eccentrically mounted within the input member and meshes with it and
      adjustment is achieved by moving the centre of the output member relative
      to the centre of the input member to effect relative rotative adjustment,
      the movement of the centre of the output member being achieved by rotation
      of eccentric bushes in which it is mounted.
BSUM
PAR  This invention relates to slack adjusters and relates especially but not
      exclusively to automatic slack adjusters for use in a brake operating
      linkage for a vehicle. according
PAR  According to the present invention there is provided a slack adjuster
      including an angularly movable output member one member being mounted
      eccentrically with respect to the other member and having external teeth
      mutually intermeshing with internal gear teeth of the other member and
      adjustment means for moving the centre of one said member in relation to
      the centre of the other said member to reduce slack in a mechanism when
      connected thereto.
PAR  It will be appreciated that since movement of the centre of one member is
      effected relative to the centre of the other member, and the two members
      are intermeshed, the effect is a rotation of one member relative to the
      other. Such relative rotation is effective to reduce slack.
PAR  Preferably, the member having external gear teeth is the output member and
      the member having internal gear teeth is the input member.
PAR  The externally geared member may be journalled in an eccentric bush mounted
      for movement which is co-axial with the externally geared member.
PAR  The eccentric bush may be provided with further gear teeth which mesh with
      the adjustment means.
PAR  The adjustment means may include a pinion meshing with said further gear
      teeth for effecting adjustment.
PAR  The said pinion wheel may be provided with a pawl mechanism by which when
      relative movement between it and the input member occurs which is more
      than a given amount, rotation of the pinion is effected by a subsequent
      return movement of the input member.
PAR  The pawl of the pawl mechanism may be mounted upon an arm provided with
      means for coupling it to a reference position such that the relative
      movement between the pawl mechanism and the input member can occur.
PAR  Again, the invention is more especially but not exclusively concerned with
      slack adjusters for vehicles where it is desired to provide for adjustment
      of slack in a brake linkage up to a prescribed loading being imposed on
      the linkage so that the adjustment tends to remove true slack but not
      stretch in the mechanism. In this case, the input member is mounted to be
      actuable by a main member, a predetermined permitted movement relative to
      which under more than a predetermined load is provided for.
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PAR  In order that the invention may be more clearly understood and readily
      carried into effect, the same will be further described by way of example
      with reference to the accompanying drawings of which,
PAR  FIG. 1 shows a sectional view through a slack adjuster in accordance with
      one embodiment of the invention,
PAR  FIGS. 2 and 3 shows views on sections of the adjuster of FIG. 1 to show
      more clearly the construction of the intermeshing input and output members
      (FIG. 2) and the eccentric bush and pawl mecahnism (FIG. 3) and
PAR  FIGS. 4, 5, 6, 7, 8 and 9 illustrate views of sections of a modified form
      of a slack adjuster according to the invention.
DETD
PAR  Referring to FIGS. 1 to 3 of the drawings, it will be desirable to refer to
      these drawings together in order to clarify the description of the slack
      adjuster.
PAR  The slack adjuster comprises a main member in the form of a lever arm 1
      within which there is a splined output shaft 2. Externally the slack
      adjuster has the general appearance of a brake operating lever such as is
      employed for actuating the brakes of a vehicle from an actuator rod such
      as the rod 3 which is journalled via a clevis pin 4 to the arm of the
      member 1. Within the main body of the lever arm 1 there is also housed an
      input member denoted by the reference 5. This input member is such as to
      be rotatable within the housing over a small predetermined rotational
      distance set by the clearance between a projection 6 and a slot 7 into
      which 6 projects in the arm of the lever 1. In an unloaded condition, the
      projection 6 is biassed into the position shown by a loading means
      comprising a button 8 which is spring-loaded via belleville washers 9 and
      a screw-adjustment 10. This provides a load sensing facility. The input
      member 5 is provided with internally formed gear teeth 5a which are of a
      special form to mesh with a substantial number of gear teeth 11a of an
      output member 11 which is eccentrically journalled between eccentric
      bushes 12 and into which output member 11 the output shaft 2 is splined.
      The bushes 12 are provided with external gear teeth 13 and from FIG. 1 it
      is seen that these eccentric bushes are located on either side of the
      input and output members. In addition, the peripheral teeth 13 of the
      eccentric bush mesh with a toothed pinion 17 which is rotatably journalled
      within the projection 6 on the input member. The teeth of the pinion 17
      serve a dual funtion 5 of gear teeth on the one hand and ratchet teeth on
      the other and a pawl 18 is shown in FIGS. 1 and 3 which is mounted upon an
      arm 19 pivotally engaged with a spigot extending from the pinion wheel 17.
      The outer end of the arm 19 is provided with a clevis 20 by which it is
      connected via a resilient linkage to a fixed position (not shown) on the
      back plate of the braking mechanism or a point on the vehicle chassis. By
      such means, the pawl 18 can be arranged to remain more or less in a fixed
      position during movement of the arm 1 of the arrangement and the other
      parts carried thereby, including the pinion 17. The arm 19 is provided
      with an abutment part with a notch 21 which is engageable with a stop part
      22 mounted on the main body of the adjuster such that depending upon the
      amount of slack which is present in a mechanism using the device, the stop
      part 22 either engages a position 23 or the notch 21 and thereby
      determines whether slack is removed by the mechanism or not on a return
      stroke. In either case, the stop part 22 has the function of limiting the
      amount of movement which is permitted of the lever 19 relative to the arm
      1 accordiing to whether it engages positions 21 or 23 of the abutment
      part.
PAR  In operation of the slack adjuster, assuming it is employed for operating
      the brakes of a vehicle, a brake actuator moves the connecting rod 3 to
      the left as shown in FIGS. 2 and 3 and therefore anti-clockwise motion of
      the lever 1 occurs about the centre of the output shaft 2, applying a
      torque via the meshing teeth 5a, 11 a of the internally and externally
      geared input and output members 5 and 11, to the splined output shaft 2.
      Initially, the arm 19 is retained in a given position and the pawl 18
      tends to ride up a tooth of the pinion wheel 17. When a braking load is
      encountered, for a certain value thereof as set by the adjustment of the
      belleville washers the main member 1 moves in relation to the projection 6
      of the input member and if the brake is in need of adjustment, the
      movement of the actuating lever is sufficient to permit the pawl to reach
      the crest of a tooth of the pinion 17. Also, the stop part 22 will enter
      the notch 21 of the arm 19 thereby allowing the pawl 18 to travel over the
      first tooth. On return movement of the rod 3, the arm 1 rotates in a
      clockwise direction about the centre of the shaft 2 and since the pawl 18
      has travelled over a tooth of the pinion 17, the return motion of the arm
      19 relative to the arm 1 causes anti-clockwise rotation of the pinion 17
      and subsequent clockwise rotation of the eccentric bushes 16. A slight
      clockwise orbiting motion is therefore produced of the centre of the
      output member 11 which is carried by the eccentric bushes, about the
      centre of the input member 5 and this in its turn provides a small
      anti-clockwise rotation of the output member 11 by virtue of the gearing
      thereof with the input member 5.
PAR  Return motion of the rod 3 therefore has the effect of advancing the output
      shaft 2 relative to its previous starting position such as to reduce the
      amount of slack in the system. Repeated operations such as described
      effect successive elemental reductions in the amount of slack until a
      situation is reached where upon the next operation of the arm 1 in an
      anti-clockwise direction, negligible movement of the input member 6 occurs
      before loading of the button 8 is such as to depress the belleville
      washers. Under these circumstances, a reduced amount of motion of the arm
      19 relative to the arm 1 occurs before engagement of the stop part 22 with
      the arm 19. Thus the stop part 22 abuts at the notch point 23 with the arm
      19 and subsequent movement of the arm 1 carries with it the arm 19 against
      the effect of the resilient spring in the linkage 20. In this case, the
      relative movement of the main member 1 and the arm 19 is not sufficient to
      permit the pawl 18 to pass over the crest of a tooth on the pinion 17. On
      the return stroke, the pinion 17 is not then driven around by the pawl 18
      and no adjustment of slack is effected.
PAR  From the foregoing, it will be appreciated that adjustment of the slack
      adjuster can be effected by determining the loading at which the
      belleville washers 9 are compressed during movement of the main member 1.
PAR  It will be observed moreover that the effect of providing the resilient
      connection 20 between the arm 19 and a fixed point, is to enable the arm
      19 and the stop part 22 to limit the amount of slack which is adjusted at
      each operation to that amount which corresponds with a single tooth pitch
      of the pinion 17. This is so since excessive slack in the system, cannot
      produce more than a predetermined amount of movement of the arm 19 in
      relation to the arm 1 in one operation.
PAR  A modified arrangement of slack adjuster according to the invention is
      shown in FIGS. 4, 5, 6, 7, 8 and 9 which show sectional and other
      diagrammatical views of the modified arrangement. This is essentially
      similar to the arrangement of FIGS. 1, 2 and 3 but instead of the main
      member 1 extending around the input member 5 of the previous arrangement,
      the main member which is now denoted by the reference 31 is mounted by
      means of a pivot pin 32 to the input member 35 as shown more particularly
      in FIGS. 4 and 6. The input member is again provided with internal meshing
      teeth 35A and the output member is mounted eccentrically within the input
      member and meshes with it in exactly the same way. Again, the output
      member is carried by eccentric bearing bushes such as 42 which again are
      provided with external gear teeth 43 which mesh with an adjustment
      ratchet/pinion 47 similar to the pinion 17 of the arrangement of FIG. 3.
      The sectional view of FIG. 9 shows these quite clearly. Mounted to be
      angularly movable about the same centre as the pinion 47, there is a
      reference arm denoted by the reference 49 and this is connected via a
      clevis 51 to a rod 52 which by virtue of being slideable in an adjustable
      sleeve 53, is an extendable but not a compressable link. The arm 49
      carries a pawl 48 which engages with the pinion 47 similarly to the pawl
      18 and pinion 17 of FIG. 3. The section B--B of FIG. 6 is shown in FIG. 5.
      Likewise, the section C--C of FIG. 6 is shown in FIG. 9.
PAR  Referring now to FIG. 7, which shows a section through the arrangement
      behind the arm 49, it will be seen that mounted on the same centre as the
      pinion 47 and the arm 49, there is a stop part denoted by reference 54
      which is angularly movable together with the arm 49 in relation to the
      input path 35 of the slack adjuster. A sectional view D--D from FIG. 9 is
      shown in FIG. 7 and from this it is seen that pivoted to be angularly
      movable in relation to the main part and the input part and about the
      pivot 32, there is provided an abutment member denoted by reference 55
      between a projection 56 on which and the end of the crevice 51 which is
      connected to the arm 49, there is a tension spring 57. This spring
      normally retains the abutment part in a fixed position relative to the
      main part 31, this position being adjustable by a stop screw 58. It will
      be appreciated however that in the event of an excessive thrust being
      exerted on the part 55 tending to rotate it in a clockwise direction, the
      spring 57 will permit such rotation such as to avoid strains.
PAR  Referring now to the main part 31 and the input part 35, it will be seen
      more particularly from FIG. 4, which corresponds to section AAA of FIG. 9
      that by virtue of an adjustable thrust spring arrangement denoted
      generally by the references 38, 39 and 40 corresponding to the parts 8, 9
      and 10 of FIG. 2 the main member and the input member are urged angularly
      such as to maintain a preset clearance between shoulders 58 and 59. This
      provides a load sensing facility.
PAR  Referring now to the operation of the modified form of slack adjuster of
      FIGS. 4 to 7, as previously, the reference arm 49 is tied to a fixed part
      of the vehicle via the crevice 51 and in this case the adjustable
      connection via 53. In the relaxed condition, where the brake is released,
      the slack adjuster is in a condition with the stop part 54 and the
      abutment part 55 relatively positioned as shown in FIG. 7 with the preset
      clearance existing between shoulders 58 and 59. Assuming that there is a
      substantial amount of slack existing in the brake linkage, movement of the
      main part 31 in an anti-clockwise direction causes similar rotation of the
      input part 35 and because of the intermeshing of the input and output
      parts, corresponding rotation occurs of the output part 36. With such an
      amount of slack present, this movement occurs whilst still maintaining the
      clearance between shoulders 58 and 59 due to the relatively high force
      which is present in the spring arrangement 39 to ensure this. When the
      linkage tightens and a braking load is sensed, a value of braking load is
      reached when spring arrangement 39 compresses and the space between
      shoulders 58 and 59 closes. Under these conditions with a relatively large
      amount of slack in the brake linkage, the stop part 54 which rotates with
      the reference arm 49 will have cleared the nearest point of the abutment
      part 55 before the gap between 58 and 59 closes. Under these conditions,
      the pawl 48 will have ridden over at least one tooth of the pinion wheel
      47 and on the return stroke, the pinion wheel 47 is rotated to effect an
      elemental amount of adjustment of slack in precisely the same manner as
      was achieved in the arrangement of FIGS. 1 to 3.
PAR  Considering now a case where there is no slack in the linkage, so that when
      the main part 31 is moved in an anti-clockwise direction for purposes of
      effecting a brake application, a load is almost immediately encountered
      and a point is rapidly reached when the clearance between shoulders 58 and
      59 closes such that the abutment part 55 moves in an anti-clockwise
      direction relative to the input part 35 such as to on reaching it, engage
      the stop part 54 which is being rotated relative to the input part 35 is
      thereby inhibited in spite of possible continued movement towards an
      increasingly higher brake application. Such further movement of the input
      part is made possible by the fact that the rod 52 can for such movement
      slide outwardly from the adjustment part 53. It being remembered that up
      to this point, parts 52 and 53 are retained in fixed relationship by
      virtue of the presence of the tension spring 57. Under such conditions,
      the pawl 48 does not ride up over the crest of a tooth of the pinion 47 so
      that on the return stroke, no adjustment of slack is effected.
PAR  Whilst both the preferred form of slack adjuster of FIG. 4 to 7 and the
      slack adjuster of FIGS. 1 to 3 have both been specifically described to be
      automatic the basic concept of the present slack adjuster as claimed may
      readily be employed in non-automatic. In addition, whilst load sensing is
      an additional feature of the above described slack adjusters, the
      invention is by no means limited to slack adjusters with such load
      sensing.
CLMS
STM  Having thus described our invention what we claim is:
NUM  1.
PAR  1. A slack adjuster including an angularly movable input member and an
      angularly movable output member a one member being mounted eccentrically
      with respect to the other member and having external gear teeth mutually
      intermeshing with internal gear teeth of the other member and adjustment
      means for moving the centre of one said member in relation to the centre
      of the other said member to reduce slack in a mechanism when connected
      thereto.
NUM  2.
PAR  2. A slack adjuster as claimed in claim 1, the input member having internal
      gear teeth and the output member having external gear teeth.
NUM  3.
PAR  3. A slack adjuster as claimed in claim 1 the adjustment means having means
      associated therewith for sensing slack in a forward motion of the input
      part and in response thereto effecting the adjustment during a return
      motion thereof.
NUM  4.
PAR  4. A slack adjuster as claimed in claim 1, the gear teeth being profiled to
      provide close meshing of several teeth at the same time.
NUM  5.
PAR  5. A slack adjuster as claimed in claim 1, the output member being mounted
      for rotation within eccentric bushing means which is itself rotatably
      housed relative to the input member.
NUM  6.
PAR  6. A slack adjuster as claimed in claim 5, the bushing means having
      external gear teeth which mesh with a pinion rotatably carried by the
      input member and by which the eccentric bushing means is rotatable.
NUM  7.
PAR  7. A slack adjuster as claimed in claim 6 the gear teeth of the pinion
      serving also as ratchet teeth which co-operate with a pawl movable over at
      least one tooth in a forward movement to give rise to an adjustment in the
      subsequent return movement of the input means.
NUM  8.
PAR  8. A slack adjuster as claimed in claim 7, the pawl being carried by an arm
      pivoted at one end about the centre of the pinion and provided with means
      for tying at the other end to a reference point.
NUM  9.
PAR  9. A brake mechanism slack adjuster as claimed in claim 3 having a further
      main operating member which is coupled to the input member for effecting
      movement thereof and resilient means between the main and input members
      which under load permits a predetermined relative movement therebetween
      for enabling the slack adjuster to distinguish between true slack and
      movement of the main member under load.
NUM  10.
PAR  10. A slack adjuster as claimed in claim 9, including means operable to
      inhibit slack adjustment in the event of less than a predetermined
      movement of the main member in a forward motion prior to relative movement
      between the main and input members.
NUM  11.
PAR  11. A slack adjuster as claimed in claim 10 including means which inhibits
      as aforesaid by preventing movement of the said arm relative to the input
      member.
NUM  12.
PAR  12. A slack adjuster as claimed in claim 11, including a stop part fixed to
      move with said arm and an abutment part movable with the main member
      relative to the input member into the path of the stop part.
NUM  13.
PAR  13. A slack adjuster as claimed in claim 12, the abutment part being
      resiliently biassed towards the stop part and a fixed position relative to
      the main member.
NUM  14.
PAR  14. A slack adjuster as claimed in claim 12 the resilient bias being
      provided by a tension spring between the abutment part and said arm.
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ABST
PAL  A shift control mechanism is provided for a multipleforward-speed manual
      transmission with controlled operation of the shift lever between the
      reverse drive position and one forward drive position to prevent
      inadvertent shifting which might damage the transmission. A transmission
      lever whose movement is controlled through the shift lever is formed with
      a first projection extending therefrom which is adapted to engage a second
      projection extending from a housing. The housing is rotatably and linearly
      movable under the biasing force of spring means and when the shift lever
      is moved to the neutral position, engagement between the first and second
      projections will cause rotative movement of the housing. When the shift
      lever is moved to the one forward drive position, the spring means will
      rotate the housing back to its initial position thereby placing the second
      projection within the path of movement of the first projection. Any
      subsequent attempt to move the shift lever from the one forward drive
      position to the reverse drive position will be blocked in a manner which
      will not interfere with otherwise appropriate shifting of the
      transmission. The control mechanism may be configured to prevent erroneous
      shifting in both directions between the reverse drive position and the one
      forward drive position or, alternatively, shifting may be blocked in one
      direction only.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to automotive vehicle transmissions and more
      particularly to a shift control mechanism for a manual transmission
      involving a plurality of forward drive positions and a reverse drive
      position. The control mechanism is specifically involved with controlling
      movement of the shift lever between one of the forward drive positions and
      the reverse drive position wherein these two positions lie in a linear
      path through which the shift lever moves therebetween. Erroneous shifting,
      which might occur if the shift lever were to be moved directly through
      said linear path from said one forward drive position to the reverse
      position, is prevented.
PAR  As is well known, a shift mechanism for a manual transmission having five
      forward drive positions and a reverse drive position is usually arranged
      with a shifting pattern wherein the shift lever is moved along three
      linear paths, with two drive positions being located at the opposite ends
      of each linear path. Thus, shifting of the transmission between a first
      and a second speed ratio is effected by moving the shift lever between two
      positions lying at the ends of one of said linear paths, with the third
      and fourth speed ratios being obtained by moving the shift lever to
      positions lying at the ends of a second linear path. The fifth speed ratio
      position and the reverse drive position are usually located at the ends of
      a third linear path of the shift lever, and when it is intended to
      downshift the transmission from the fifth or highest forward speed ratio
      during high speed vehicle operation, the shift lever could inadvertently
      be moved into the reverse drive position, thereby causing serious
      transmission damage and dangerous vehicle operating conditions.
PAR  Various mechanisms have been proposed to prevent such misshifting, among
      them being one which requires that the shift lever be pressed downwardly
      or pulled upwardly when it is to be moved into the reverse drive position.
      Another proposal has been to require manipulation of a button or the like
      independently of but concurrently with manipulation of the shift lever. In
      either case, however, such manipulation will present difficulties and
      require some skill on the part of a vehicle operator and it thus becomes
      difficult for the operator to accomplish such manipulations with ease
      during operation of the vehicle with the operator sitting at a normal
      position in the driver's seat. Moreover, the structure of such a
      transmission mechanism will inevitably involve undesirable complexity.
PAR  Accordingly, the present invention is intended to provide an improved shift
      control mechanism for use with a multiple forward speed manual
      transmission in which a transmission lever is activated by manipulation of
      a shift lever to selectively operate one of a plurality of fork shafts of
      the transmission in order to effect a reverse speed ratio and one forward
      speed ratio each of which lie at opposite ends of a linear path forming a
      part of the shifting pattern of the shift lever.
PAR  The invention provides a mechanism of the above type which operates to
      control the shifting operation which occurs between the reverse drive
      position and the one forward speed ratio position and, in one aspect
      thereof, the control mechanism is structured to prevent downshifting
      directly along a linear path of movement of the shift lever from the one
      forward drive position to the reverse position.
PAR  Furthermore, the mechanism of the invention operates to control shifting in
      the manner previously described without requiring other concurrent
      manipulative efforts, such as depression of a button or axial movement of
      a shift lever.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention may be described as a control mechanism for
      a manual multiple-forward-speed vehicle transmission having transmission
      means shiftable between a reverse speed ratio and a plurality of forward
      speed ratios, a manual shift lever controlling the transmission means by
      movement thereof through a shift pattern of selection positions which
      includes a neutral position, said shift lever being connected to shift the
      transmission means to the reverse speed ratio and to one of the forward
      speed ratios by movement of the shift lever, respectively, to a pair of
      selection positions which lie in a substantially linear path extending
      across the neutral position, and a transmission lever operatively
      connected between the shift lever and the transmission means to enable
      shift control by manipulation by the shift lever. More specifically, the
      control mechanism of the invention is directed to a misshift preventive
      mechanism for controlling movement of the shift lever along the linear
      path extending between the selection positions for reverse drive and said
      one forward drive, said misshift preventive mechanism comprising a first
      projection extending from said transmission lever and arranged to be moved
      through a range of motion including a prescribed path corresponding to
      movement of said shift lever through said linear path, a housing, guide
      means mounting said housing for rotative movement and for linear movement
      transversely of said rotative movement, with the range of movement of said
      housing being defined to include an initial position, a second projection
      extending from said housing and arranged to be located within said
      prescribed path of said first projection when said housing is in said
      initial position, spring means biasing said housing toward said initial
      position, said first projection being configured to effect initial
      engagement with said second projection to rotate said housing against the
      force of said spring means out of said initial position when said shift
      lever is moved into said linear path through said neutral position, with
      subsequent disengagement between said first and said second projections by
      movement of said shift lever within said linear path operating to enable
      said spring means to return said housing to said initial position to place
      said second projection within said prescribed path of said first
      projection to cause said housing to undergo said linear movement as a
      result of reengagement between said first and said second projections, and
      stopper means for limiting said linear movement of said housing thereby to
      prevent misshifting of said transmission which might occur by movement of
      said shift lever between said selection positions for said one forward
      speed ratio and said reverse drive directly through said linear path.
PAR  The invention involves several specific embodiments which are particularly
      involved with the structure for mounting the housing and for guiding and
      limiting the rotational and linear movement thereof. In one aspect of the
      invention, the movement of the shift lever from the one forward drive
      position to the reverse drive position directly along the linear path is
      prevented while movement in the opposite direction, i.e., directly along
      the linear path from the reverse drive position to the one forward drive
      position, is not prevented.
PAR  In another aspect of the invention, there is prevented direct shifting
      along the linear path in both directions either from the one forward drive
      position to the reverse position or from the reverse position to the one
      forward drive position.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and descriptive matter in which
      there are illustrated and described preferred embodiments of the
      invention.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the Drawings:
PAR  FIG. 1 is a longitudinal sectional view showing a transmission mechanism in
      which a shift control mechanism according to the present invention is
      incorporated;
PAR  FIG. 2 is a diagrammatic outline depicting the shift pattern through which
      the shift lever may be moved in a transmission to which the present
      invention is applied;
PAR  FIG. 3 is a sectional view taken along the line III--III of FIG. 1 showing
      a first embodiment of the present invention;
PAR  FIG. 4 is a view in side elevation partially in section looking in the
      direction of the arrow IV of FIG. 3;
PAR  FIG. 5 is a sectional view taken along the line V--V of FIG. 4;
PAR  FIG. 6 is a sectional view taken along the line VI--VI of FIG. 1 showing a
      second embodiment of the present invention;
PAR  FIG. 7 is a view in side elevation partially in section looking in the
      direction of the arrow VII of FIG. 6;
PAR  FIG. 8 is a sectional view taken along the line VIII--VIII of FIG. 7;
PAR  FIG. 9 is a sectional view taken along the line IX--IX of FIG. 1 showing a
      third embodiment of the present invention;
PAR  FIG. 10 is a view in side elevation looking in the direction of the arrow X
      of FIG. 9;
PAR  FIG. 11 is a sectional view taken along the line XI--XI of FIG. 10;
PAR  FIG. 12 is a sectional view taken along the line XII--XII of FIG. 1 showing
      a fourth embodiment of the present invention;
PAR  FIG. 13 is a view in side elevation looking in the direction of the arrow
      XIII of FIG. 12;
PAR  FIG. 14 is a sectional view taken along the line XIV--XIV of FIG. 13;
PAR  FIG. 15 is a sectional view taken along the line XV--XV of FIG. 1 showing a
      fifth embodiment of the present invention; and
PAR  FIG. 16 is a view in side elevation looking in the direction of the arrow
      XVI of FIG. 15.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring not to the drawings, wherein like reference numerals refer to
      similar parts throughout the various figures thereof, there is shown in
      FIG. 1 an example of a manual transmission mechanism involving five
      forward speed ratios and a reverse drive. A transmission gear mechanism
      (not shown) is accommodated at the rear of a gear casing 1 having mounted
      thereon a extension housing 2 through which an output shaft 3 extends. At
      the upper portion of the housing 2 there is secured, by means of bolts 4,
      a retainer 5 which supports a shift lever 6. The shift lever 6 includes an
      upper rounded portion 6a which is urged into contact with a rounded seat
      portion 5a of the retainer 5 by means of the biasing force of a spring 7.
      A lower rounded portion 6b of the shift lever 6 is fitted or engaged in a
      shift lever housing 8 connected to one end of an intermediate rod 10 which
      is inserted to extend the gear casing 1 through a bore 9 formed in the
      housing 2.
PAR  The shifting and selection operations of the transmission are transmitted
      from shift lever 6 as axial and revolving motions, respectively, to a
      transmission lever 11 by way of the intermediate rod 10. The arrangement
      depicted enables selective shifting operation of the transmission by
      movement or rocking of the shift lever 6 in longitudinal and transverse
      directions, respectively. The shift lever 6, when not otherwise urged
      either by a manipulative effort or by engagement of the transmission
      gearing, is automatically returned by the action of a selection 18 to a
      central or neutral position at which its use is most frequently effected.
      The likelihood of seepage of deleterious material, such as dust, into the
      retainer 5 may be effectively prevented by a boot 19 which is interposed
      between the shift lever 6 and the open end of the retainer 5.
PAR  As shown in FIG. 3, the lever 11 is formed at its rearwardly extending end
      with a pawl portion 11a which is adapted to be selectively engageable with
      engagement grooves 15, 16 and 17 formed on fork shafts 12, 13 and 14,
      these being shown, by way of example, as comprising three in number. The
      fork shaft 12-14 are arranged within the gear casing 1 above the
      transmission gear mechanism in a manner to be moved axially thereof.
PAR  Accordingly, by movement of the shift lever 6 to its respective selection
      positions, the extending portion 11a will be operated to engage one of the
      grooves 15-17. During the shifting operation, one of the fork shafts 12-14
      is moved backwardly and forwardly through engagement between the pawl
      portion 11a and the corresponding one of the grooves 12-14. Thus, the
      first and second speed ratios are obtained through the fork shaft 12, and
      the third and fourth speed ratios are obtained through the fork shaft 13.
      Moreover, the fifth and reverse speed ratios are obtained through the fork
      shaft 14. The resultant shift pattern through which the shift lever 16 is
      moved in its selective operation of the transmission is depicted in FIG.
      2.
PAR  The present invention is adapted to be incorporated for use within the
      structural arrangement hereinbefore described to control movement of the
      shift lever after it has been shifted to the neutral position through a
      releasing operation involving the highest or fifth speed ratio and the
      reverse drive position. The shift control mechanism of the invention will
      be described hereinafter in connection with the five embodiments thereof
      which are shown in FIGS. 3-12.
PAR  Referring now to the first embodiment of the invention which is illustrated
      in FIGS. 3-5, the transmission lever 11 is formed to include on the right
      hand side thereof as viewed in FIG. 3, a projection 11b extending
      integrally from the lever 11.
PAR  In the vicinity of the projection 11b there is formed in the gear casing 1
      a bore 21 within which a guide shaft 20 is mounted. The shaft 20 is
      adapted for rotational and axial movement within the bore 21 and at the
      right end of the shaft 20, as viewed in FIG. 4, there is attached by means
      of a locking pin 25 a housing 24 which includes a second projection 24a
      located to be engageable with the first projection 11b of the lever 11. In
      the arrangement shown, the second projection 24a is engaged by the first
      projection 11b when the lever 11 is is revolved in a counter clockwise
      direction, as viewed in FIG. 3.
PAR  Between the gear casing 1 and the housing 24 there is interposed a torsion
      spring 26 which has its intermediate portion wound about the guide shaft
      20 with its end portions fitted, respectively, in bores 27 and 28 located
      in the gear casing 1 and in the housing 24. The torsion spring 26 is
      maintained under compression and as a result, a biasing force is applied
      to the housing 24 tending to revolve the housing in a counter clockwise
      direction, as viewed in FIG. 3, with the second projection 24a being urged
      toward the first projection 11b. The spring 26 is also adapted to be
      placed under longitudinal compression by movement of the housing 24 as
      will be described further hereinafter.
PAR  The guide shaft 20 is formed to define a slot 22 within which there is
      fitted a pin 23 arranged to have its axis extend in a direction
      perpendicular to the direction of the axis of the bore 21. Accordingly,
      the slot 22 in cooperation with pin 23 operates to regulate the axial
      sliding movement and the rotational displacement of the guide shaft 20
      relative to the casing 1. Axial displacement of the guide shaft 20 is
      controlled by abutment of the pin 23 against the ends of the slot 22. As
      best seen in FIG. 5, in view of the fact that the upper side of the slot
      22 includes a surface 22a which may be moved to extend transversely to the
      direction of the axis of the pin 23, the housing 24 and the shaft 20 may
      be moved through a limited range of rotational movement relative to the
      casing 1.
PAR  In the construction of the mechanism according to the present invention,
      certain dimensional relationships are developed between certain parts of
      the mechanism including the projection 11b of the lever 11, the projection
      24a of the housing 24, the slot 22 and the pin 23.
PAR  Since a distance S.sub.D between a front end surface 24b of the housing
      projection 24a and a rear end surface 11d of the lever projection 11b is
      made larger than the shift stroke which is effected during shifting
      operation to the reverse drive position of the shift lever 6, the surface
      11d will not move leftwardly, as viewed in FIG. 4, beyond the surface 24b
      when a shifting operation to the reverse drive position is effected. The
      distance S.sub.C between a front end surface 11c of the projection 11b and
      a rear end surface 24c of the projection 24a is made slightly smaller than
      the shift stroke which is effected when there is achieved a shifting
      operation to the fifth speed ratio, and as a result the surface 11c will
      move beyond the surface 24c during shifting operation to the fifth speed
      ratio. The distance S.sub.C is preset to be equal to the distance S.sub.N
      which extends between the end of the slit 22 and the corresponding side of
      the pin 23.
PAR  The rotational displacement of the housing 24 and of the guide shaft 20 is
      limited as a result of the configuration of the release surface 22a formed
      in the slot 22 and by the operational engagement which occurs between the
      engagement ends 22b and 22c of the surface 22a and the pin 23. The relief
      surface 22a is arranged to have its engagement point 22b brought into
      contact with the pin 23 in order to locate the projection 24a slightly
      apart from the projection 11b. The housing 24 is able to revolve together
      with the lever 11 when the pin 23 changes its contact point with the slot
      22 from the one engagement point 22b to the other engagement point 22c.
PAR  In a situation where the transmission lever 11 is located at the position
      shown in solid line in FIG. 3, with its pawl portion 11a engaging the
      groove 16 of the fork shaft 13, and where it is turned in the clockwise
      direction, as shown by the dotted line A of FIG. 3, with its pawl 11a
      engaging the groove 15 of the fork shaft 12, the projection 11b will be
      maintained out of engagement with the projection 24a, thus making it
      possible to obtain the first-through-fourth speed ratios in a manner
      similar to that which occurs during the operation of conventional
      transmission mechanisms.
PAR  However, in the case where the lever 11 is turned in a counter clockwise
      direction, as shown by the dotted line B of FIG. 3, with its pawl portion
      11a engaging the groove 17 of the fork shaft 14, the projection 11b will
      be brought into abutment with the projection 24a against the biasing force
      of the torsion spring 26 so that housing 24 will be turned slightly in the
      clockwise direction. Accordingly, when it is intended to establish the
      reverse speed ratio, the lever 11 will be moved leftwardly from the
      neutral position which is depicted in solid line in FIG. 4, and a shifting
      operation can be accomplished with the projections 11b and 24a being
      maintained in engagement by virtue of the fact that the surface 11d will
      not move beyond the surface 24b.
PAR  However, when the lever 11 is moved rightwardly, as indicated by the line C
      of FIG. 4, so as to obtain the fifth speed ratio, surface 11c will move
      past surface 24c and the projection 11b will be released from its initial
      engagement with the projection 24a thereby enabling the housing 24 to
      revolve and be returned again to its initial position of revolution by the
      action of the spring 26.
PAR  When the transmission is to be shifted out of the fifth speed ratio, the
      lever 11 will be returned to a position corresponding to the neutral
      position of the transmission and during this mode of operation, the
      housing 24 and the shaft 20 will be moved in a direction axially of the
      shaft 20 by the subsequent engagement which will occur between end surface
      11c of the projection 11b and the rear end surface 24c of the projection
      24a. Thus, as the projection 24a is moved axially by the projection 11b
      against the biasing force of the spring 26, the spring 26 will be
      compressed axially between the casing 1 and the housing 24. When the shift
      lever 6 reaches the neutral position, the lever 11 will have moved to a
      position where its further movement will be blocked as a result of the
      action of the stopper means consisting of the slot 22 and the pin 23. This
      position of the lever 11 is shown by the dotted line D of FIG. 4. When the
      housing 24 and the shaft 20 have reached the position where the rightmost
      side of slot 22 is in engagement with the rightmost side of the pin 23,
      the shift lever 6 will be in the neutral position and further motion
      thereof toward the reverse drive position will be blocked. This occurs by
      virtue of the fact that the lever 11 cannot be moved further toward a
      shift position representing the reverse drive position of the shift lever
      6, and only downshifting of the transmission is possible through clockwise
      rotation of the lever 11. With such rotation of the lever 11, the end
      surfaces 11c and 24c will be released from engagement, and the housing 24
      will be restored to its initial axial position by operation of the spring
      26, thus releasing the misshift preventive action of the mechanism of the
      present invention thereby allowing the transmission to be subsequently
      shifted to the reverse speed ratio.
PAR  From the foregoing description of the structural configuration of the
      present invention, it will be seen that during the operation of the
      transmission, when the shift lever 6 is moved into the linear path which
      extends between the fifth speed ratio and the reverse drive position, the
      projection 11b will abut the projection 24a in a side-by-side engagement
      thereby causing housing 24 to be rotated against the action of the spring
      26 out of its initial position. When, by virtue of motion of the shift
      lever 6 along a linear path between the fifth speed ratio position and the
      reverse drive position, the projection 11b is moved relative to the
      projection 24a, the projection 24a will be maintained out of its initial
      position so long as the configurations of the two projections are such
      that they are maintained in their initial contacting engagement. However,
      if the projection 11b slides out of engagement with the projection 24a,
      the housing 24 will be snapped back to its initial position by operation
      of the spring 26 thereby bringing the projection 24a into the linear path
      which is travelled by the projection 11b when the shift lever is moved
      between the fifth forward drive ratio position and the reverse drive
      position. In the first embodiment of the present invention described
      above, this occurs when the shift lever 6 is moved to the fifth speed
      ratio position and as a result, subsequent motion directly into the
      reverse drive position is blocked. However, if after being moved to the
      neutral position, the shift lever is actuated to rotate the projection 11b
      out of engagement with the projection 24a, the spring 26 will cause axial
      displacement of the housing 24 back to its initial position and upon
      subsequent rocking of the shift lever 6, the housing 24 will be rocked to
      rotate out of its initial position thereby freeing the projection 11b to
      move along the path corresponding to the path of movement of the shift
      lever 6 between the fifth drive ratio position in the reverse position.
PAR  It will be noted that in the first embodiment hereinbefore described, the
      housing 24 is fixed relative to the shaft 20 and both these members are
      arranged to be movable axially and rotatably relative to the casing 1.
      Furthermore, it will be seen that the stopper means consisting of the slot
      22 and the pin 23 are interposed between the shaft 20 and the casing 1 and
      that these elements operate to control and limit both the rotational
      movement of the housing 24 and its axial displacement.
PAR  A second embodiment of the present invention is shown in FIGS. 6-8 with the
      basic operation of this second embodiment being essentially similar to
      that of the first embodiment. In the second embodiment of FIGS. 6-8, the
      guide shaft 20 is inserted into the bore 21 of the gear casing 1 in a
      manner similar to that of the first embodiment. However, the slot 22' is
      formed differently and does not include a relief surface such as the
      relief surface 22a depicted in FIG. 5. A coil spring 29 is interposed
      between the gear casing 1 and the housing 24, and the depth of the slot
      22' is made to be substantially the same as the height of the exposed
      portion of the pin 23 so that the guide shaft 20 may be moved axially
      relative to the casing 1 with a regulated axial stroke. Thus, it will be
      seen that the guide shaft 20 is arranged to be rotatably fixed relative to
      the casing 1 while being axially movable relative thereto.
PAR  The housing 24, on the other hand, is mounted to be rotatable relative to
      the shaft 20 and in order to regulate the rotation of the housing 24 the
      guide shaft 20 is formed on its outer peripheral surface with a cam groove
      30 which comprises an L-shaped cross section. A bore 31 is also formed on
      the outer periphery of the housing 24 at the opposite side of the cam
      groove 30. Between the cam groove 30 and the bore 31 there is interposed a
      ball 32 which acts to axially fix the guide shaft 20 and the housing 24
      relative to each other. Between the ball 32 and a cotter pin 33 there is
      interposed a spring 34 which coacts with the ball 32 in order to locate
      the housing 24 at its initial position with regard to its relative
      rotational motion with the shaft 20. When the housing 24 is rotated in a
      clockwise direction, as viewed in FIG. 6, the ball 32 will be pushed
      outwardly against the action of the spring 34 in order to create a spring
      biasing force in the counter clockwise direction.
PAR  Accordingly, referring to the basic mode of operation of the control
      mechanism previously described, when the projection 11b engages the
      projection 24a by movement of the lever 11 to the selecting position
      corresponding to a position between the fifth speed ratio and the reverse
      drive position, and when their respective side surfaces go out of
      engagement by shifting of the lever 11 to the fifth speed ratio position,
      then the housing 24 will be allowed to rotate in the appropriate
      directions as heretofore described to control the shifting operations.
PAR  Thus, it will be seen that in the second embodiment of the invention
      depicted in FIGS. 6-8, the shaft 20 is axially movable relative to the
      casing while the housing 24 is rotatably movable relative to the shaft 20.
      Again, as in the first embodiment, only direct shifting from the fifth
      speed ratio position to the reverse drive position is blocked, and the
      stopper means limiting axial movement of the housing 24 comprise the slot
      22' and the pin 3 interposed between the shaft 20 and the casing 1 while
      the stopper means limiting the rotational movement between the housing 24
      and the shaft 20 are interposed therebetween and comprise the groove 30
      and the ball 32.
PAR  As shown in FIG. 8, rotational movement between the shaft 20 and the casing
      1 is prevented by the configuration of the slot 22' with the projections
      11b and 24a being brought into and out of engagement by movement of the
      shift lever 6 in a manner similar to that previously described in
      connection with the first embodiment.
PAR  A third embodiment of the present invention is depicted in FIGS. 9-11. In
      this embodiment, the guide shaft 20 is again inserted into the bore 21 of
      the gear casing 1 in a manner similar to that of the previously described
      embodiments but, contrary to the configuration of the second embodiment,
      the shaft 20 is prevented from axial movement relative to the casing 1 but
      is permitted to accomplish relative rotational movement therewith. A bolt
      35 is fitted into a slot 22" with the slot 22" having a larger depth than
      the height of the exposed portion of the bolt 35. As a result, and as best
      seen in FIG. 11, the engagement which occurs between the upper surface of
      the slot 22" and the bolt 35 will be such as to enable relative rotation
      between the shaft 20 and the casing 1 while controlling such relative
      rotation between prescribed limits.
PAR  In order to guide axial movement of the housing 24, the guide shaft 20 is
      formed with a cut-away surface 36 which contacts a rotation preventive pin
      25. The housing 24 is prevented from moving beyond the rightmost end of
      the shaft 20, as viewed in FIG. 10, by a snap ring 37 and, as a result of
      the engagement between the surface 36 and the pin 25, the housing 24 is
      capable of moving axially relative to the shaft 20. A stopper bolt 39
      having an adjusting lock nut 38 is mounted upon the gear casing 1 at a
      position where it will be engaged by the housing 24, with a spacing
      S.sub.N being provided between the front end surface 24b of the projection
      24a and the end of the bolt 39.
PAR  Accordingly, when the shift lever 6 is moved in a releasing operation from
      the fifth speed ratio position, the housing 24 will, by virtue of
      engagement between the projections 11b and 24a, be moved axially along the
      guide shaft 20 in a manner to compress the spring 26 until the surface 24b
      abuts the stopper bolt 39. Such abutment will occur at the neutral
      position of the shift lever 6 thus preventing overshifting of the
      transmission to the reverse speed ratio position directly from the fifth
      speed ratio position through the linear path of the shift lever 6 which is
      established therebetween. It should be noted that, since the stopper means
      of this embodiment may be adjusted by operation of the nut 38, the
      required distance S.sub.N may be readily obtained even with the existence
      of tolerance errors occurring due to the machining operations in the
      manufacture of the transmission.
PAR  In a fourth embodiment of the present invention depicted in FIGS. 12-14,
      the guide shaft 20' is mounted to be fixed relative to the extension
      housing 2 by means of a bolt 40. This mode of mounting is different than
      that of previous embodiments inasmuch as the shaft 20' is fixed both in
      the axial directions and in the rotational directions relative to the
      housing 2. The housing 24, however, is mounted to be movable both
      rotatably and axially relative to the guide shaft 20' by means of the
      configuration of the slot 22 and its mode of engagement with the pin 25
      whose operative cooperation is similar to that of the first embodiment
      with the exception that these elements are interposed between the housing
      24 and the shaft 20' instead of between the shaft 20' and the casing 1.
      Between the housing 24 and a snap ring 41 secured to the left hand end of
      the guide shaft 20' as seen in FIG. 13, there is interposed a torsion
      spring 26 which acts upon the housing 24 upon shifting operations to the
      fifth speed ratio and the reverse drive position. In the fourth embodiment
      of FIGS. 12-14, the housing 24 will be moved to rotate by the side-by-side
      engagement between the projections 11b and 24a and it will be axially
      movable by engagement between their end surfaces in the manner previously
      described. The housing 24 will be biased to be returned to its initial
      position by the spring 26 and the cooperation between the slot 22 and the
      pin 25 will operate to limit both the rotational and axial movement of the
      housing 24. Thus, it will be seen that the fourth embodiment of FIGS.
      12-14 will operate in essentially the same manner as the first embodiment
      of FIGS. 3-5 with the exception of the fact that the stop means are
      interposed between the housing 24 and the shaft 20' instead of between the
      shaft 20 and the casing 1, as in the first embodiment.
PAR  In the four embodiments described thus far, overshifting from the fifth
      speed ratio to the reverse drive is prevented, as indicated by the arrow
      H.sub.R shown in FIG. 2. Moreover, shifting operations between the fifth
      speed ratio and the other forward speed ratios, and between the reverse
      speed ratio and the forward speed ratios including the fifth speed ratio,
      as shown by the arrows F, G and H.sub.5 respectively, may be accomplished
      in the four embodiments described above.
PAR  However, in a fifth embodiment of the present invention, the overshifting
      operation depicted by the arrow H.sub.5 is additionally prevented in order
      to enhance operation of the transmission from the standpoint of safety.
PAR  In the fifth embodiment of the present invention depicted in FIGS. 15 and
      16, the housing 24 is mounted on the guide shaft 20' in a manner similar
      to that of the fourth embodiment. The guide shaft 20' is attached to the
      extension housing 2 by a bolt 40 and the housing 24 is arranged to be
      rotatably and axially movable relative to the shaft 20' by the
      interfitting engagement between the pin 25 and a slot 22'", with two
      identical spacings S.sub.N being provided on both sides of the pin 25
      between the pin and the ends of the slot 22'" so that movement of housing
      24 during shifting operations between the fifth speed ratio and the
      reverse drive position may be controlled.
PAR  A distance S.sub.D.sub.' between the rear end surface 11d of the projection
      11b' and the front end surface 24b of the projection 24a' is made slightly
      smaller than the shift stroke for the shifting operation to the reverse
      speed ratio, so that the engagement therebetween may be released during
      the particular shifting operation. Although the ball 32 is interposed
      between the guide shaft 20' and the housing 24 in a manner similar to that
      of the second embodiment, the cam groove 30', which is formed in the guide
      shaft 20', is shaped to have a conical surface in order to permit axial
      movement of the housing 24. Between the housing 24 and the gear casing 1,
      and between the housing 24 and the extension housing 2, there are
      interposed two coil springs 29 each of which has the same spring force.
      Accordingly, even upon shifting to the reverse speed ratio, engagement
      between the projections 11b' and 24a' will be released in order to bring
      the rear end surface 11d into contact with the front end surface 24b. As a
      result, the housing 24 will be moved to prevent overshifting operation to
      the fifth speed ratio by operation of the stopper action of the slot 22'"
      and the pin 25.
PAR  As has been described above, in accordance with the present invention,
      since the transmission lever 11 is blocked after it has been shifted to
      the neutral position from the fifth speed ratio, possible erroneous
      shifting operation from the fifth speed ratio to reverse drive, which is
      located at the opposite shifting position on the line shared with the
      fifth speed ratio, can be completely prevented. This misshift preventive
      action is automatically released upon downshifting operation from the
      fifth speed ratio. Moreover, since the shifting operation to the reverse
      speed ratio can be accomplished without requiring additional operations
      such as pulling of the shift lever 6, the operations involved can be
      simplified and the feeling imparted to the driver during shifting is
      accordingly improved. In the case where the torsion spring 26 is employed
      in the five embodiments previously disclosed, the structure of the present
      shift control mechanism may be simplified with a reduction in the number
      of parts because of the compressive and torsional action of the spring 26.
      Furthermore, it should be appreciated that in the case where the guide
      shaft 20' is attached to the extension housing 2, the assembly may be
      advantageously simplified. Furthermore, it will be seen that in the fifth
      embodiment improved safety features are provided by virtue of the fact
      that direct shifting along the straight line path of the shift lever 6 is
      prevented both from the fifth speed ratio position to the reverse drive
      position and vice versa, from the reverse drive position to the fifth
      speed ratio position.
PAR  In the foregoing description of the present invention there has been
      provided a disclosure involved solely with a five forward speed manual
      transmission having its reverse drive shift lever position and its fifth
      speed ratio position located at opposite ends of an identical line of
      shift pattern. However, it should be noted that the present invention
      could also be applied with similar advantage to the case where the reverse
      speed ratio is located at the opposite end of a shift line having another
      of the forward speed ratios located thereupon. Moreover, the shift control
      mechanism accordingly may be attached directly to the shift lever if
      desired.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a manual multiple-forward-speed vehicle transmission having
      transmission means shiftable between a reverse drive and a plurality of
      forward speed ratios, a manual shift lever controlling said transmission
      means by movement through a shift pattern of selection positions including
      a neutral position, said shift lever being connected to shift said
      transmission means to said reverse drive and to one forward speed ratio by
      movement thereof, respectively, to a pair of selection positions lying at
      the ends of a substantially linear path extending across said neutral
      position, and a transmission lever movable with said shift lever and
      operatively interconnected between said shift lever and said transmission
      means; a misshift preventive mechanism for controlling movement of said
      shift lever along said linear path between said selection positions for
      said reverse drive and said one forward speed ratio, said misshift
      preventive mechanism comprising a first projection extending from said
      transmission lever and arranged to be moved through a range of motion
      including a prescribed path corresponding to the movement of said shift
      lever through said linear path, a housing, guide means mounting said
      housing for rotative movement and for linear movement transversely of said
      rotative movement, with the range of movement of said housing being
      defined to include an initial position, a second projection extending from
      said housing and arranged to be located within said prescribed path of
      said first projection when said housing is in said initial position,
      spring means biasing said housing to said initial position, said first
      projection being configured to effect initial engagement with said second
      projection to rotate said housing against the force of said spring means
      out of said initial position when said shift lever is moved into said
      linear path through said neutral position, with subsequent disengagement
      between said first and said second projection by movement of said shift
      lever within said linear path operating to enable said spring means to
      return said housing to said initial position to place said second
      projection within said prescribed path of said first projection to cause
      said housing to undergo said linear movement as a result of reengagement
      between said first and second projections, and stopper means for limiting
      said linear movement of said housing thereby to prevent misshifting of
      said transmission which might occur by movement of said shift lever
      between said selection positions for said one forward speed ratio and said
      reverse speed ratio directly through said linear path.
NUM  2.
PAR  2. A mechanism according to claim 1 wherein said guide means include a
      guide shaft having said housing mounted thereon.
NUM  3.
PAR  3. A mechanism according to claim 2 wherein said transmission means
      includes a casing and wherein said guide shaft is mounted for axial and
      rotative movement relative to said casing with said housing being fixedly
      mounted upon said guide shaft.
NUM  4.
PAR  4. A mechanism according to claim 3 wherein said spring means is interposed
      between said housing and said casing and is configured to apply both a
      torsional spring force rotatively biasing said housing and said guide
      shaft relative to said casing and a compressive force axially biasing said
      guide shaft relative to said casing.
NUM  5.
PAR  5. A mechanism according to claim 4 wherein said stopper means is
      operatively interposed between said casing and said guide shaft and
      operates to limit in both directions axial movement of said guide shaft
      and rotative movement of said guide shaft relative to said casing.
NUM  6.
PAR  6. A mechanism according to claim 5 wherein said stopper means comprise a
      slot formed in said guide shaft and a pin operatively interposed in
      cooperative relationship with said slot.
NUM  7.
PAR  7. A mechanism according to claim 6 wherein said pin is mounted in a fixed
      position relative to said casing and extends generally perpendicularly to
      the axis of said guide shaft and wherein said slot comprises an enlarged
      configuration permitting movement thereof relative to said pin and a
      relief surface permitting said guide shaft to rotate within fixed limits
      relative to said pin.
NUM  8.
PAR  8. A mechanism according to claim 2 wherein said transmission includes a
      casing and wherein said guide shaft is mounted for axial movement relative
      to said casing with said housing being mounted for rotative movement
      relative to said guide shaft but being fixed axially thereof, said spring
      means being interposed between said housing and said casing.
NUM  9.
PAR  9. A mechanism according to claim 8 wherein said stopper means comprises
      axial limit means interposed between said guide shaft and said casing for
      limiting axial displacement therebetween and rotational limit means
      interposed between said housing and said guide shaft to restrict within
      fixed limits rotative movement therebetween.
NUM  10.
PAR  10. A mechanism according to claim 9 wherein said axial limit means
      comprise a slot formed in said guide shaft and a pin fitted for engagement
      within said slot and extending generally perpendicularly to the axis of
      said guide shaft.
NUM  11.
PAR  11. A mechanism according to claim 9 wherein said rotational limit means
      comprise a cam groove formed in said guide shaft and a ball mounted for
      engagement within said cam groove, with a limit spring extending between
      said housing and said ball to bias said ball into engagement within said
      cam groove.
NUM  12.
PAR  12. A mechanism according to claim 2 wherein said transmission includes a
      casing and wherein said guide shaft is mounted for rotative movement
      relative to said casing but is axially fixed thereupon, with said housing
      being arranged to be rotatably fixed relative to said guide shaft but
      axially movable therealong, said spring means being interposed between
      said casing and said housing.
NUM  13.
PAR  13. A mechanism according to claim 12 wherein said stopper means include
      rotational limit means interposed between said casing and said guide shaft
      to permit relative rotational motion therebetween within fixed limits, and
      axial limit means interposed between said housing and said guide shaft to
      enable axial movement of said housing along said guide shaft within fixed
      limits.
NUM  14.
PAR  14. A mechanism according to claim 13 wherein said rotational limit means
      comprise a slot formed in said guide shaft and a bolt fixed relative to
      said casing and extending to within said slot, said slot being dimensioned
      to engage said bolt to enable limited rotational movement between said
      guide shaft and said casing but to prevent relative axial movement
      therebetween.
NUM  15.
PAR  15. A mechanism according to claim 2 wherein said transmission includes a
      casing and wherein said guide shaft is fixed relative to said casing with
      said housing being mounted for relative axial and rotational movement
      relative to said guide shaft, said spring means being interposed between
      said housing and said guide shaft.
NUM  16.
PAR  16. A mechanism according to claim 15 wherein said stopper means are
      interposed between said housing and said guide shaft.
NUM  17.
PAR  17. A mechanism according to claim 1 wherein said first projection is
      configured to become disengaged from said second projection when said
      shift lever is moved to a selection position corresponding to said one
      forward drive position after said initial engagement, thereby to enable
      said spring means to place said second projection to within said
      prescribed path of said first projection, said stopper means being
      arranged to permit said shift lever to be moved along said linear path
      from said one forward drive position to said neutral position but to
      prevent further movement of said shaft lever directly along said linear
      path towards said reverse position.
NUM  18.
PAR  18. A mechanism according to claim 17 wherein said first projection is
      configured to maintain said initial engagement when said shift lever is
      moved, subsequent to said initial engagement, from said neutral position
      to said reverse position thereby maintaining said second projection out of
      said prescribed path of said first projection.
NUM  19.
PAR  19. A mechanism according to claim 1 wherein said first projection is
      configured to become disengaged from said second projection when said
      shift lever is moved in either direction from said neutral position
      towards one forward drive position or towards said reverse position after
      said initial engagement thereby to enable said spring means to place said
      second projection to within said prescribed path of said first project,
      said stopper means being arranged to permit said shift lever to be moved
      along said linear path towards said neutral position from both said one
      forward drive position and said reverse position but to prevent further
      movement therealong said neutral position directly along said linear path.
NUM  20.
PAR  20. A mechanism according to claim 5 wherein said transmission includes a
      casing and wherein said guide shaft is fixed relative to said casing with
      said housing being mounted for axial and rotatable displacement relative
      to said guide shaft, said spring means being arranged on opposite sides of
      said housing to return said housing to said initial position when
      displaced therefrom in either direction axially of said guide shaft, said
      stopper means being interposed between said housing and said guide shaft
      with said first projection being dimensioned to become disengaged from
      said second projection after said initial engagement therebetween whenever
      said shift lever is moved either from said neutral position towards said
      one forward drive position or from said neutral position towards said
      reverse position.
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ABST
PAL  A support for effecting limited universal adjustment of a part, comprising
      a universal joint member formed of moldable vibration absorbing material
      and comprising an elongated body having bearing means thereon for
      pivotally mounting the joint on a support for pivotal movement in one
      plane, and having a mounting plate adjacent an end of the body for
      attachment to the part to be adjusted, with a flexible connection to the
      body, for pivotal mounting of the part to be adjusted in another plane.
      The support is especially useful for mounting a rear view mirror on a
      vehicle for adjusting movement in both a horizontal plane and a vertical
      plane.
BSUM
PAR  This invention relates to a universal support for effecting limited
      universal adjustment of a part to be adjusted, and more particularly a
      universal joint of moldable vibration absorbing material, for providing
      for adjusting movement of the part to be adjusted in a plurality of
      planes. The support is especially adapted for mounting a rear view mirror
      for universal adjusting movement on a motor vehicle.
PAC  BACKGROUND OF THE INVENTION
PAR  Many types of universal supports for effecting limited adjustment of a
      part, such as a rear view mirror of a vehicle, are known in the prior art.
      Most of these prior art arrangements are formed of metal components. Such
      metallic arrangements are not only more expensive, but deteriorate due to
      corrosion and the like and have very little, if any, vibration absorbing
      capability.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a novel support for an item or part to be
      adjusted, such as for instance an adjustable rear view mirror for mounting
      on the exterior of a vehicle, and which support includes a molded joint
      member which is interposed between the member adapted to be adjusted and a
      support member, for providing for adjusting movement of the part to be
      adjusted in a plurality of planes.
PAR  Accordingly, an object of the invention is to provide a mounting support
      for a part to be adjusted which support includes a universal joint member
      formed of moldable vibration absorbing material.
PAR  Another object of the invention is to provide a support for movement of the
      part to be adjusted in a plurality of planes, and wherein the molded
      member comprises an elongated body having means projecting laterally
      thereof for pivotally mounting the member on a supporting member for
      pivotal movement of the attached item to be adjusted in one plane, and
      including mounting means adjacent an end of the moldable member adapted
      for coupling to the member to be adjusted, and which is flexibly coupled
      to the body portion for adjusting or swinging movement of the part to be
      adjusted in another plane.
PAR  Another object of the invention is to provide a novel movable support for a
      rear view mirror for a vehicle which rear view mirror is adapted for
      mounting exteriorly of the vehicle, and which is adapted for limited
      adjusting movement both in a vertical plane and in a horizontal plane.
PAR  A still further object of the invention is to provide a support for a rear
      view mirror which includes a supporting member in which the rear view
      mirror is disposed, with the support including an elongated universal
      joint made of moldable vibration absorbing material, and pivotally mounted
      on the support member for pivotal movement of the mirror in one plane, and
      having portions thereof flexibly coupled to the body of the universal
      joint adapted for attachment to the mirror, for pivotal movement of the
      mirror in another plane.
PAR  Other objects and advantages of the invention will be apparent from the
      following description taken in conjunction with the accompanying drawings
      wherein:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational, partially broken view of the support of the
      invention, showing the latter attached to a mirror;
PAR  FIG. 2 is a top plan, partially broken view showing in phantom lines a
      position to which the mirror can be swung in a generally horizontal plane;
      a manual actuator and control cables are shown attached to the mirror for
      selectively moving the latter;
PAR  FIG. 3 is a side elevational, partially broken view showing the pivotal
      movement of the vehicle mirror in a vertical plane;
PAR  FIG. 4 is a sectional view taken generally along the plane of line 4--4 of
      FIG. 2, looking in the direction of the arrows;
PAR  FIG. 5 is an enlarged, side elevational view of the molded hinge joint
      member in the support of the invention;
PAR  FIG. 6 is a plan view of the FIG. 5 joint member;
PAR  FIG. 7 is an end elevational view taken from the right-hand end of FIG. 5;
PAR  FIG. 8 is a sectional view taken along the plane of line 8--8 of FIG. 5
      looking in the direction of the arrows.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now again to the drawings, the support is shown in connection
      with a mirror adapted for adjustable mounting on a vehicle, such as for
      instance in a rear view mirror for an automobile. The structure comprises
      a part 10, in the form illustrated of a mirror, adapted to be adjustably
      mounted in a support housing member 12. The support member 12 includes
      projecting, generally bifurcated bearing post 14 which provides spaced
      segmental bearing seats 14a, for movably supporting the universal joint
      member 18, which operates to provide for limited adjusting movement of the
      mirror member 10 in both a horizontal plane and in a vertical plane.
      Housing 12 may have structure 19 for mounting the support on a vehicle.
PAR  Mirror 10 has backing structure 20 secured to the reflecting portion 22
      (FIG. 1) which backing structure 20 is adapted to be secured to the
      universal joint 18, for movement of the mirror 10 with movement of the
      universal joint member 18. Backing structure 20 has a pair of spaced
      openings 24 formed therein, for receiving means securing the universal
      joint 18 to backing structure 20 in a manner to be hereinafter described.
PAR  Joint member 18 may be formed of any suitable material, but is preferably
      formed of plastic material such as for instance nylon. Member 18 comprises
      an elongated body portion 26 (FIGS. 6 and 7) having laterally projecting
      pivots 28 extending from opposite sides of body portion 26. The lower
      portion of body portion 26 of the universal joint member 18 is adapted to
      be received in the slotted area 29 of the bearing post 14 on support
      member 12, for guiding pivotal movement of the universal joint with
      respect to bearing seats 14a, during adjusting movement of the mirror in a
      generally horizontal plane, on the support. Pivots 28 preferably have a
      semi-cylindrical configuration 29a (FIG. 5) and are adapted for bearing
      coaction with aforementioned bearing seats 14a.
PAR  Adjacent the ends of the body portion 26 of the universal joint 18 are
      disposed a pair of plate sections 30,30a, secured to the body portion by
      means of notched hinge sections 32 as can be best seen in FIG. 7. The
      notched sections 32 are preferably formed with approximately a 90.degree.
      angle X (FIG. 7) and provide a flexible connection of each of the mirror
      attaching plate sections 30,30a to the body portion 26 of the universal
      joint. The attaching plate sections 30,30a are preferably pivotable
      approximately 60.degree. (30.degree. to either side of the center plane)
      to give adjustment movement to the mirror in a generally vertical plane,
      as illustrated for instance in FIGS. 3 and 4 of the drawings.
PAR  Projecting outwardly from the frontal surface of each of the plates 30,30a
      are projection means 34 for attaching the universal joint to the backing
      structure 20 of the mirror assembly. As can be best seen in FIG. 2,
      projecting means 34 comprises a central projections 34a of approximately
      the same width dimension as the dimension of the minor axis of
      aforementioned opening 24 in backing structure 20 of the mirror assembly,
      and end projections 34b and 34c. Projection 34b is adapted to abut the
      corresponding end of opening 24 at the major axis of the latter, while
      projection 34c has a hook-like head for overlapping coaction with backing
      structure 20, as can be seen in FIG. 2. The projection means is adapted to
      be pushed or forced through the confronting opening 24 in the backing
      structure 20 into snap fastening coaction to position the mirror assembly
      with respect to the universal joint 18. Projection 34c of the group 34
      includes oblique surface 34c' on the hook-like portion thereof, which is
      adapted for camming coaction with the confronting defining periphery of
      the opening 24 in the backing plate 20 whereby the projection passes
      forcibly through the opening and then springs back to normal position, to
      lock the associated plate section 30 or 30a of the universal joint member
      to the backing structure 20 of the mirror assembly. Since the projection
      means 34 have a certain amount of flexibility or "give," the projections
      can be forced through the opening in the backing structure 20, after which
      the hook-like projections 34c overlap the interior of the backing
      mechanism 20 in generally snug relation, to retain the universal joint to
      the mirror assembly.
PAR  The central portion of joint member 18 preferably includes anti-overload
      beam section 40 which is adapted to engage the mirror assembly backing
      member 20, as shown in FIG. 2, and prevent over-loading of the notched
      hinged sections 32, thereby preventing premature failure of the latter
PAR  The pivotal movement of the mirror assembly 10 and attached joint 18 with
      respect to the support member 12, may be limited by engagement of the body
      26 of the joint with the widened base portion 42 of the bearing post 14,
      or may be limited by engagement of the mirror assembly with a confronting
      interior surface of support member 12.
PAR  Any suitable mechanism may be provided for causing actual adjusting
      movement of the mirror assembly with respect to the support member 12.
      Many such arrangements, both manual and power operated are known in the
      art.
PAR  In the embodiment illustrated, a manual arrangement 44 (FIG. 2) is shown
      including movable spring loaded actuating wires 46, attached as at 46a to
      the mirror backing 20 in a triangular-like pattern about indentation
      section 48 of the mirror backing member. Such movable wires 46 are housed
      in and pass through flexible housing cable 50, and then are anchored as at
      52 (FIG. 2) to manually pivotable actuator knob 54, which is spring
      loaded, as at 56 in known manner, to maintain tension on the wires 46. The
      tensioned wires thus hold the pivots 28 of the universal joint 18 against
      the pivot seats 14a of the support member 12. U.S. Pat. No. 3,013,392
      issued Dec. 19, 1961 discloses another spring arrangement for holding a
      mirror assembly in place.
PAR  From the foregoing description and accompanying drawings it will be seen
      that the invention provides a novel support for providing limited
      universal adjustment of a part, such as for instance a rear view mirror
      for a vehicle, and which includes a universal joint member formed of
      moldable vibration absorbing material which has bearing means thereon for
      pivotal movement of the mirror and attached joint in one plane and which
      has coupling means flexibly attached to the body of the joint for pivotal
      movement of the mirror in another plane. The flexible vibration absorbing
      joint can be expeditiously produced using mass production techniques.
PAR  The terms and expressions which have been used are used as terms of
      description and not of limitation, and there is no intention in the use of
      such terms and expressions of excluding any equivalents of any of the
      features shown or described, or portions thereof, and it is recognized
      that various modifications are possible within the scope of the invention
      claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a support for effecting limited adjustment in a plurality of planes
      of a part to be adjusted, comprising, a first supporting member, a second
      member generally spaced from the first member, a universal joint means
      connecting said members and effecting limited movement in a plurality of
      planes therebetween, said joint means being formed of vibration absorbing
      material and comprising pivotal bearing means coacting with bearing means
      on said first member for swinging movement of said second member and said
      joint means relative to said first member in one plane, and said joint
      means including flexible means for swinging movement of said second member
      relative to said first member in another plane.
NUM  2.
PAR  2. A support in accordance with claim 1 wherein said second member
      comprises a rear view mirror for a vehicle and said first member comprises
      a housing for said mirror, said housing including means for mounting said
      housing on the vehicle.
NUM  3.
PAR  3. A support in accordance with claim 1 wherein said joint means comprises
      a member formed of plastic material, said joint member including an
      elongated body, said pivotal bearing means comprising pivots projecting
      laterally of said body for pivotal movement of said joint member and said
      second member in said one plane, and said flexible means comprising
      sections of reduced thickness formed on said joint member and operably
      coupled to said second member for permitting swinging movement of said
      second member relative to said first member in said other plane.
NUM  4.
PAR  4. A support in accordance with claim 3 wherein said joint member is formed
      of nylon and includes mounting plates adjacent opposite ends thereof, said
      sections of reduced thickness comprising V-shaped notches formed in said
      member adjacent the ends thereof and securing said mounting plates to said
      body, said mounting plates having means thereon for attachment to said
      second member whereby said mounting plates swing with said second member
      and relative to said body upon movement of said second member in said
      other plane relative to said first member.
NUM  5.
PAR  5. A support in accordance with claim 3 wherein said mounting plates each
      comprise projections extending therefrom received through an opening in a
      backing portion of said second member, said opening being of elliptical
      configuration and one of said projections being of a width substantially
      equal to the minor axis of said opening, other of said projections being
      disposed adjacent the ends of the major axis of the respective opening,
      and means on at least one of said end projections for engaging in
      overlapping coaction with the periphery of the opening, to retain the
      joint member assembled with said backing portion.
NUM  6.
PAR  6. A support in accordance with claim 3 wherein said body of said joint
      member includes anti-overload means thereon, for preventing overloading of
      said flexible sections of said joint member by the force exerted by said
      second member on said joint member.
NUM  7.
PAR  7. A support in accordance with claim 3 wherein said bearing means on said
      first member includes means for guiding the pivotal movement of said joint
      member and thus the pivotal movement of the attached second member with
      respect to said bearing means on said first member.
NUM  8.
PAR  8. A support in accordance with claim 6 wherein said anti-overload means
      comprises a beam section on said joint member engaging with said second
      member so that the force of said second member against said flexible
      sections of said joint member is limited by said beam section.
NUM  9.
PAR  9. A support in accordance with claim 1 wherein said joint means comprises
      an elongated body portion, said pivotal bearing means comprising arms
      projecting laterally from said body portion and defining semi-cylindrical
      bearing surfaces thereon adapted for bearing coaction with said bearing
      means on said first member, said joint means having mounting means
      including projections for coupling said joint means to said second member
      in snap fastened relation, said flexible means flexibly connecting said
      mounting means to said body portion and comprising notched sections
      possessing flexibility for movement of said mounting means relative to
      said body portion thereby providing for swinging movement of said second
      member relative to said first member in said other plane.
NUM  10.
PAR  10. A universal hinge joint for use in a support for effecting limited
      adjustment in a plurality of planes of a part to be adjusted comprising, a
      member formed of vibration absorbing material, said member including a
      body, mounting means adjacent at least one end of said body for supporting
      a part to be adjusted, bearing means on said body for pivotally mounting
      said hinge joint on a support for pivotal movement in one plane, and
      flexible means coupling said mounting means to said body for pivotal
      movement of said mounting means in another plane.
NUM  11.
PAR  11. A hinge joint in accordance with claim 10 wherein said mounting means
      comprises plate sections formed adjacent opposite ends of said body, said
      plate sections having means thereon for coupling the part to be adjusted
      to the respective plate section, and said bearing means comprising
      semi-cylindrical laterally projecting pivots adapted for bearing coaction
      with complementary bearing means on said support for pivotally mounting
      said hinge joint on the support for movement in said one plane.
NUM  12.
PAR  12. A hinge joint in accordance with claim 11 wherein said flexible means
      comprises an area of reduced width flexibly connecting the respective of
      said plate sections to said body, said means for coupling the part to be
      adjusted to the respective plate section comprising projections formed on
      said plate sections and projecting outwardly therefrom.
NUM  13.
PAR  13. A hinge joint in accordance with claim 12 wherein said projections
      comprise means for hook fastening coaction with the part to be adjusted,
      for coupling the latter to said plate sections of the hinge joint.
NUM  14.
PAR  14. A hinge joint in accordance with claim 10 wherein said bearing means
      comprises laterally spaced arms extending laterally from opposite sides of
      said body generally centrally thereof in a lengthwise direction, said arms
      being of semi-cylindrical configuration in end elevation with the
      semi-cylindrical surface being disposed on the same side of each of said
      arms, said semi-cylindrical surface being adapted for bearing relation
      with a support member for adjustment of a part to be adjusted relative to
      the support member, said flexible means comprising a notched section
      disposed between said body portion and said mounting means and coupling
      the latter together in flexible relation.
NUM  15.
PAR  15. A hinge joint in accordance with claim 14 wherein said notch section
      defines an angle of approximately 90.degree. in end elevation.
NUM  16.
PAR  16. A hinge joint in accordance with claim 12 including anti-overload means
      on said body for preventing overloading of said flexible sections.
NUM  17.
PAR  17. A hinge in accordance with claim 10 wherein said hinge joint is formed
      of polymeric material such as for instance nylon.
NUM  18.
PAR  18. In a support for effecting limited adjustment of a part to be adjusted
      in a plurality of planes comprising, a supporting part, universal joint
      means coacting between said parts for effecting limited movement of said
      adjustable part relative to said supporting part, said joint means being
      formed of vibration absorbing material and comprising bearing means
      coacting with bearing means on one of said parts for swinging movement of
      said adjustable part relative to said supporting part in one of said
      planes, said joint means including flexible means for swinging movement of
      said adjustable part relative to said supporting part in another plane.
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PAL  This invention is directed to a deep bore hole drilling machine which is
      designed for portability so that each part of the system can be broken
      down into subassembly units which are of less than 4,000 pounds total
      weight. Thus, the entire drilling system can be transported by helicopters
      which are capable of carrying a total weight of 4,000 pounds.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a divisional application of the copending application
      Ser. No. 194,182, filed Nov. 1, 1971, now U.S. Pat. No. 3,767,329,
      entitled "Deep Drilling Machine Demountable For Helicopter Transport," of
      the same inventor and the same assignee.
BSUM
PAR  The critical design of such a system comes in two areas; namely, in the
      power compound and in the drawworks. One of the principle elements of the
      invention involves the use of only two speed changes in the drawworks with
      all other speed changes taking place at the high speed of the engine by
      means of four-speed, stepdown, transmission units between the engine and
      the power compound. This gives great fixibility in speed control, but with
      reduced total weight due to the fact that at high speeds the multiple
      speed gearing can be taken care of with much lighter apparatus.
PAR  Four engines are used, each of which is tied to a drive subassembly, the
      four of which are coupled together to provide a total drive compound. Each
      drive subassembly includes an engine, a transmission, internal drive means
      for coupling all engines together. In three of the drive assemblies the
      engine shaft is connected through a clutch to a pump. Means are provided
      to divide the three pumps into two groups, one pump driven by one engine
      for one purpose, the other two remaining pumps driven by two or three
      engines for another purpose. Alternatively, all four engines can be
      coupled together to provide a power output from the compound which is the
      sum of all engine outputs.
PAR  The drawworks comprises a single output shaft, which carries the cable
      reel. There are two separate input shafts, which are normally coupled
      together to drive as a unit. Each input shaft carries a clutch and
      sprocket by means of which it can drive the output shaft at a selected
      speed. The output shaft forms a single transportable unit and the input
      shafts with their clutches each provide a separate transportable unit.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is in the field of deep bore hole drilling machines. More
      particularly, it is concerned with the drilling of oil wells to depths of
      the order of 8 to 25,000 feet. It is concerned, moreover, with a design of
      drilling apparatus which is demountable into many small subassemblies,
      each of which has a total weight of its own, of less than 4,000 pounds, so
      that it can be carried by a helicopter.
PAR  While it has been common in the area of small drilling machines, such as
      used for geophysical operations, to build these in separate, small units
      so that they could be transported easily by backpack or by pack mule into
      remote areas, it has never been practical heretofore to design a drilling
      rig which is required to drill to great depths, in the form of a
      demountable system with the limitations on each part to be under 4,000
      pounds.
PAC  SUMMARY OF THE INVENTION
PAR  In studying the overall design of such a drilling system, it became clear
      that two of the most difficult parts of the drilling system to design on a
      demountable basis were the power compound and the drawworks. These will
      necessarily involve many parts and heavy pieces of equipment, such as
      engines, pumps, etc., and the heavy reel of cable and the drive shafts for
      the drawworks.
PAR  However, by designing the system so that the speed range could be taken
      care of at high (engine) speed, it now becomes practical to reduce the
      number of drive shafts and chains, in the drawworks, so that a single drum
      shaft and a single drive shaft, (which is demountable into two parts) was
      all that would be required in the drawworks. The additional speed changes
      needed are obtained in separate gear transmissions at each of the drive
      engines.
PAR  Each engine is coupled through a gear transmission to a drive subasssmbly,
      which incorporates a drive shaft and a pump shaft carrying a clutch with a
      chain drive between them. Thus, three of these subassemblies each provide
      a complete engine, speed change and pump system. Means are provided to
      have at least two separate pump systems; one including single pump and a
      single engine, and the other including two pumps and two or three engines.
      Alternatively, when pumping is not required, all four engines can be tied
      together to an output shaft to drive the drawworks.
PAR  It is an object of this invention to provide a simple, easily demountable
      drilling assembly which when assembled can be used for drilling bore holes
      to depths of the order to 8 to 25,000 feet, and which can be demountable
      into small units and subassemblies, each of which weighs less than 4,000
      pounds.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and a better understanding of the principles of
      this invention will be evident from the following description taken in
      conjunction with the appended drawings, in which:
PAR  FIGS. 1 and 2 represent schematically in plan view and in elevation the
      power compound and the drawworks of the drilling system of this invention.
PAR  FIG. 3 represents schematically in plan view one of the power
      subassemblies.
PAR  FIG. 4 represents an elevation view of FIG. 3 taken along the line 4--4 of
      FIG. 3.
PAR  FIG. 5 represents schematically the drive system of the drawworks.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and in particular to FIGS. 1 and 2, the
      numeral 10 indicates generally the power compound and the numeral 12
      indicates generally the drawworks, both of which are drawn schematically.
PAR  The power compound is made up of a plurality of subassemblies such as 14,
      16, and 18, each of which includes, as will be described more fully in
      connection with FIGS. 3 and 4, an engine, a transmission, a drive means
      inside a housing, a pump shaft, pump clutch, and pump.
PAR  The four engines are lined up on one side of the compound and three pumps
      on the other side. Means are provided for joining these subassemblies at
      junction flanges 15, 17, and 19, respectively. There are covers, such as
      53, on the top of each of the subassemblies so that access is provided to
      the inside of the subassemblies and to the drive means therein located.
PAR  The coupling 26 is for the purpose of joining the transmission to the drive
      subassembly. Numeral 28 indicates the clutch in the drive to the pump, and
      numeral 30 indicates the coupling between the pump shaft and the pump,
      which is not shown. Coupling 26' on unit 20 does not have a corresponding
      pump. Normally, one engine will be driving the rotary table while three
      engines will be driving pumps in the mud line.
PAR  Means are provided for coupling together all of the engines and shafts, so
      that when maximum total power is required for the drawworks, all engines
      can be applied to that load.
PAR  The engine drives terminate at the output shaft 34 and a chain sprocket 36
      which goes to drive the sprocket 40 on input shaft 42 of the drawworks.
      The shaft 42 also supplies power to the rotary table through means which
      are not shown in these figures. The output shaft 48 which carries the
      cable drum 50 and the cable 51 is driven by the input shaft 42 through
      means which will be described in connection with FIG. 5.
PAR  Numeral 44 indicates a chain guard over the chain 38 between the power
      compound and the drawworks. Numeral 46 indicates the housing of the
      drawworks.
PAR  Referring now to FIG. 3, there is shown represented by numeral 14 the same
      drive subassembly indicated in FIG. 1. The top cover plate 53 is removed
      disclosing through the opening 53' a shaft 60 with sprocket 61, clutch 64
      and sprocket 62. Shaft 60 is coupled by means of coupling 26 to the power
      transmission 56 which provides four ratios of speed change downward from
      the input shaft at coupling 57 coming from the engine 58. Shown more
      clearly in FIG. 4, is the engine shaft 60 with sprocket 61 driving a
      sprocket 66 through chain 74. Sprocket 66 is mounted on clutch 67. The
      clutch mechanism 28 is extending to the outside of the subassembly housing
      14.
PAR  The drive is from sprocket 61 through chain 74 to sprocket 66 through
      clutch 28 to pump shaft 68 to coupling 70 and then to the pump 72, all of
      which are shown schematically. Thus, the engine 58 can drive the pump 72
      through four speeds by means of the clutch 28. The sprocket 62 on the
      drive shaft is shown driving chain 76 which drives horizontally to the
      corresponding drive shaft (not shown) in the adjacent drive subassembly
      16, which also drives the subassembly 18, which also drives the
      subassembly 20. Thus, by means of the horizontal chains, such as 76, all
      of the engines driving shafts corresponding to shaft 60 can be coupled
      together to provide a single output shaft 34 and sprocket 26 carrying the
      total drive power of the four engines. The clutch 64 is a jaw clutch,
      which can be opened, and which will isolate the sprocket 62 and chain 76
      from the shaft 60.
PAR  Referring now to FIG. 5 in which is shown in schematic fashion cable drum
      85 supported on an output shaft 86 which is supported in bearings 87 and
      88. Sprockets 89 and 90 are provided, one on each end of the drum shaft
      which, in conjunction with chains 116 and 118 and sprockets 110 and 114,
      respectively, can be driven from either shaft 92 or shaft 93 which are
      coupled together by coupling 94. The shafts 92 and 93 comprise the input
      shaft which, when it is coupled by coupling 94, and driven by chain 100 to
      sprocket 99 provides an input power from the sprocket 36 on shaft 34 of
      the power compound.
PAR  Each of the two shafts 92 and 93 are separately supported in bearings 95,
      96 for shaft 92 and 97, 98 for shaft 93. The drive sprockets 110 and 114
      are each supported on clutches 106 and 112, respectively. Thus, when power
      is on the sprocket 99 and the coupling 94 is in position closing either
      clutch 106 or 112 will drive the cable shaft 86 through sprocket 89 or 90,
      respectively, at a speed determined by the ratios of sprockets 110 to 89
      or 114 to 90.
PAR  By making the input shaft in two pieces, the drawworks can be dissassembled
      so that one component subassembly will be shaft 92 with sprocket 99,
      clutch 106, and sprocket 110, all of which will weigh less than the
      required maximum and similarly for shaft 93 and clutch 112.
PAR  The clutch 106 is shown in detail as comprising a portion 104 which is
      fastened directly to the drive shaft 92 and a portion 109 which is an
      expansible portion, which surrounds the portion 104 and drives between the
      outer surface of 104 to the inner surface of a surrounding drum 106 which
      is supported on shaft 92 by means of bearings of 108. Thus, when the
      expansion element 109 is relaxed, the shaft 92 can turn freely without the
      outer drum 106 moving. While it is supported from the shaft 92 it does not
      necessarily turn with it because of the bearings 108. Thus, with the
      system shown in FIG. 5, two speed changes can be provided between the
      input sprocket 99 and the drum shaft 86. Clutches 106, 112 are slip
      clutches, as contrasted to jaw clutches, since they can be closed or
      opened, (energized or de-energized) under load, and while the shafts 92
      and 93 are turning. In this respect, they differ from jaw clutches which
      cannot be engaged while the shafts are turning and under load.
PAR  While the invention has been described with a certain degree of
      particularity, it is manifest that many changes may be made in the details
      of construction and the arrangement of components. It is understood that
      the invention is not to be limited to the specific embodiment set forth
      herein, by way of exemplifying the invention, but the invention is to be
      limited only by the scope of the attached claim or claims, including the
      full range of equivalency to which each element or step thereof is
      entitled.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. In a drilling apparatus for drilling small diameter bore holes deep into
      the earth, said apparatus designed, for transportation purposes, to be
      demountable into a plurality of subassemblies, each having a weight less
      than a specified magnitude, the improvement comprising:
PA1  a. a plurality of separate drive subassemblies, each of said drive
      subassemblies comprising;
PAR  1. a drive subassembly housing;
PA2  2. an engine;
PA2  3. a speed transmission means operable at the high speed of said engine,
      said transmission means including gear means to provide a plurality of
      reduced output speeds;
PA2  4. means to couple said engine to said transmission, and said transmission
      to drive means in said drive subassembly;
PA2  5. pump means;
PA2  6. means including clutch means to connect said pump means to said drive
      means in said subassembly;
PA2  7. means to connect said housings of a plurality of said subassemblies into
      a single compound assembly housing; and
PA2  8. means to connect a plurality of said drive means in a plurality of said
      subassemblies to a single output drive shaft;
PA1  b. a drawworks comprising;
PA2  1. a drawworks housing;
PA2  2. an output drive shaft, including cable reel means on said output drive
      shaft;
PA2  3. input drive means comprising two separate drive shafts;
PA2  4. separate drive means, including clutch means, for coupling drive shaft
      to said output shaft; each of said drive means of different step-down
      speed ratio;
PAR  5. means to couple said two input drive shafts to turn together; and
PA1  c. means to couple the output drive shaft of (a) to the input drive means
      of (b).
NUM  2.
PAR  2. The drilling apparatus as in claim 1 in which said output drive shaft,
      is demountable as a separately transportable unit.
NUM  3.
PAR  3. The drilling apparatus as in claim 1 in which each separate drive shaft
      and its corresponding drive means are demountable as separately
      transportable units.
NUM  4.
PAR  4. The drawworks means as in claim 1 in which said first and second slip
      clutch means comprises pneumatic clutch means.
NUM  5.
PAR  5. The drawworks means as in claim 1 in which said first and third sprocket
      means and first chain means comprise a first speed ratio different from
      the second speed ratio of the said second and fourth sprocket means and
      second chain means.
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ABST
PAL  An automatic lathe comprising a workpiece spindle, a compound slide
      embodying a longitudinal slide and a cross-slide, two primary cam disks
      seated on a primary control shaft, and transmission levers individually
      associated with said primary cam disks. The longitudinal slide and said
      cross-slide each are controlled by said primary cam disks through the
      agency of the individually associated transmission levers. At least two
      lathe tool supports are arranged adjacent one another at the compound
      slide. A control mechanism is provided which can be switched-on during a
      portion of each work cycle of the automatic lathe for carrying out a
      thread chasing operation by means of a thread chasing tool clamped in one
      of the lathe tool supports. The control mechanism embodies an auxiliary
      control shaft which is or can be placed in driving connection with the
      workpiece spindle and two auxiliary control cam disks fixedly seated upon
      said auxiliary control shaft. The auxiliary control shaft is displaceable
      into an axial position for thread chasing in which the first of such
      auxiliary control cam disks carries out the control of the movements of
      the longitudinal slide by means of a plunger associated with said first
      auxiliary control cam disk and the transmission lever associated with the
      longitudinal slide and in which the second of the auxiliary control cam
      disk acts upon the cross-slide by means of a plunger associated with said
      second auxiliary control cam disk and an additional transmission lever
      member in order to raise-off the cross-slide from the transmission lever
      associated therewith for the time duration of each rapid return movement
      of the longitudinal slide controlled by the first auxiliary control cam
      disk between successive thread chasing operations in order to lift-off the
      thread chasing tool from the workpiece.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention broadly relates to automatic machine tools and, in
      particular, concerns a new and improved construction of automatic lathe.
PAR  By means of so-called thread chasing or thread cutting operations it is
      possible to produce at turning machines or lathes of the most different
      species very accurate threads with high surface. The predominent type of
      thread chaser mechanisms are assemblies which, for instance, can be
      attached to a slide or a turret of a lathe or turning machine. The tool
      --a thread cutting or thread chaser chisel-- is attached to a chaser slide
      belonging to such assembly and to which there is imparted by means of
      guide cams repetitive longitudinal and transverse movements.
PAR  Particularly in the case of automatic face or front lathes and similar
      turning machines which possess a compound slide as the tool support the
      mounting of a thread chaser mechanism --especially the construction of a
      chaser slide-- is extremely problematic. The chaser slide requires a great
      deal of space and thus considerably reduces the work space of the machine.
      Due to the deficiency in space additionally the chaser slides and the
      associated guides are oftentimes too small and of insufficient robust
      construction for the high cutting forces which arise during thread
      chasing.
PAR  In the case of automatic face lathes or the like in which the longitudinal
      and transverse movements of the compound slide and the tools secured
      thereon are controlled by primary control cams, it would be possible
      through the use of the latter to simulate a thread chasing operation as
      part of a work cycle; this has the advantage that there are eliminated the
      drawbacks associated with a chaser slide. However, there would be only
      possible very few chaser strokes since for the control thereof it would be
      necessary to provide a great deal of space at the primary control cams, in
      other words there would remain only very little space for the control of
      other turning or lathe operations at the same workpiece during one
      chucking.
PAC  SUMMARY OF THE INVENTION
PAR  The invention proceeds from an automatic lathe embodying a workpiece
      spindle and a compound slide, the longitudinal and transverse slides of
      which are each controllable by one of two primary cam disks seated upon a
      primary control shaft and through the agency of transmission levers
      individually associated with such primary cam disks and wherein at least
      two lathe tool supports are arranged adjacent one another on the compound
      slide.
PAR  It is a primary object of the present invention to further construct an
      automatic lathe of such species or type in a manner that while using the
      compound slide as the support for a thread chaser tool or chisel it is
      possible to carry out an actual thread chaser operation without resorting
      to the use of the primary control cams for generating the repetitive
      longitudinal and transverse movements which are typical for thread
      chasing.
PAR  Now in order to implement this object and others which will become more
      readily apparent as the description proceeds, the invention contemplates
      providing a control mechanism which can be switched-on during a part of
      each work cycle of the automatic lathe in order to carry out a thread
      chasing operation by means of a thread chaser tool which is clamped in one
      of the aforementioned lathe tool supports. The control mechanism possesses
      an auxiliary control shaft which is or can be placed in driving connection
      with the workpiece spindle. Fixedly seated on the auxiliary control shaft
      are two auxiliary control cam disks. The auxiliary control shaft is
      displaceable into an axial position for the thread chasing in which the
      first of such auxiliary control cam disks assumes the control of the
      movements of the longitudinal slide by means of a plunger associated with
      said first auxiliary control cam disk and the transmission lever
      associated with the longitudinal slide --and which transmission lever is
      constructed as a three-arm structure for this purpose-- and wherein the
      second of the auxiliary control cam disks acts upon the cross-slide by
      means of a plunger associated with said second auxiliary control cam disk
      and an additional transmission lever, in order to liftoff the cross-slide
      from the therewith associated transmission lever for the time duration of
      each rapid return movement of the longitudinal slide between successive
      thread chaser operations --which rapid return movement is controlled by
      the first auxiliary control cam disk-- for the purpose of lifting the
      thread chaser tool off of the workpiece.
PAR  Due to such construction there results as a primary advantage that, on the
      one hand, there is eliminated every special slide or chaser slide and the
      therewith associated drawbacks, yet on the other hand, because the simple
      feed movement control at the one primary control cam only requires very
      little space there remains quite considerable space (i.e. part of a
      revolution) for the control of other turning operations belonging to the
      same work cycle. Hence, there are combined all of the advantages which
      result from the elimination of actual chaser slides with those advantages
      known for quite some time to those skilled in the art which are inherent
      to thread chasing as concerns the movement control and renders possible
      the saving of a great deal of space at the primary control cams.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein:
PAR  FIG. 1 is a schematic perspective illustration of the invention; and
PAR  FIG. 2 is a partial illustration similar to the showing of FIG. 1 in which
      certain parts are portrayed in a different operating position.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings it is to be understood that as a matter of
      convenience in illustration only enough of the automatic lathe of this
      development has been shown in order to enable those skilled in the art to
      fully comprehend the underlying concepts of this invention. Hence,
      referring particularly to FIG. 1 it is to be understood that reference
      character 1 designates a workpiece spindle which is driven by a suitable
      drive motor 2 and which carries a chuck 3 in which there is clamped a
      workpiece W. A compound slide embodies a (lower) transverse or cross-slide
      4 and a (upper) longitudinal slide 5; belonging to such is a support
      portion 5a at which there are secured tool supports 6 and 7 adjacent one
      another. In these tool supports 6 and 7 there are clamped the lathe tools
      or chisels 8 and 9, wherein the tool 8 is assumed to constitute a thread
      chaser or thread cutting tool.
PAR  There is further provided a primary or main control shaft 13 driven by a
      suitable drive motor 10 through the agency of a toothed belt drive 11 and
      a worm drive 12. The main or primary control cam disks 14, 15 and the
      rotor of a (electric) program device 16 are fixedly seated upon the
      primary control shaft 13. The program device 16 controls different
      auxiliary functions, of which several thereof will be further mentioned
      hereinafter, in conventional manner during the course of a work cycle
      (i.e. one revolution of the primary control shaft 13). During a major
      portion of each work cycle of the machine the primary control cam disks
      14, 15 control the movements of the transverse or cross-slide 4 by means
      of a transmission lever 17 and those of the longitudinal slide 5 by means
      of a transmission lever 18, as such is conventional for an automatic face
      lathe. In this regard the springs 19, 20 normally serve the purpose of
      maintaining the frictional connection. It is also quite well known to
      provide at a stationary machine part 21 impact or stop screws or the like,
      as indicated by reference character 22, in order to determine the end or
      terminal positions of the cross-slide.
PAR  The motor 10 is operatively connected with the motor 2 for instance by
      means of a so-called "electrical shaft", and specifically in such a manner
      that with variable rotational speed of the spindle drive motor 2 it is
      additionally also possible to change within a certain range the
      transmission or reduction gear ratio i between the drive motor 2 and the
      motor 10, in other words between the workpiece spindle 1 and the control
      shaft 13, wherein for instance i.sub.max /i.sub.min = 8.
PAR  In order to render possible a thread chasing operation, for instance with
      the thread chaser tool 8 during a part of each work cycle, that is to say,
      during each revolution of the primary control shaft 13 there are provided
      the following additional measures.
PAR  Primarily there is provided an additional control mechanism which renders
      possible, during slower rotational movement of the primary control shaft
      13 related to the spindle 1, imparting to slides 4 and 5 of the compound
      slide the movements which are typical for thread chasing and which repeat
      in a rapid sequence; in this regard the main or primary control cam disk
      14 together with the associated transmission lever 17 acts as stop means
      at the cross-slide 4 during the thread chasing strokes of the longitudinal
      slide 5 and controls the feed movement. In the terminal phase of the
      thread chasing operation there then still comes into play the stop screw
      22 which determines the thread diameter.
PAR  With the schematically illustrated exemplary embodiment of the invention
      the workpiece spindle 1 drives the driving axially fixed portion 31 of a
      coupling through the agency of the change gears or change gearing drive
      23-28 and the worm drive or worm gearing 29, 30. The driven portion or
      part 32 of such coupling is fixedly seated upon an auxiliary control shaft
      33 which can be brought selectively into the position of FIG. 1 or that of
      FIG. 2 by carrying out an axial displacement by means of for instance a
      double-acting piston and cylinder unit 34, 35 which is operated for
      instance with compressed air. In the position shown in FIG. 1 the coupling
      31, 32 is engaged and two auxiliary control cam disks 36, 37 fixedly
      seated upon the auxiliary control shaft 33 are located in their working or
      effective position with respect to the therewith associated transmission
      plungers 38 and 39 respectively. In the position shown in FIG. 2 the
      coupling 31, 32 is disengaged and the auxiliary control cam disks 36, 37
      are laterally shifted or offset with respect to the plungers 38, 39 and
      assume an ineffectual position. The plunger 38 acts upon a third arm 18a
      of transmission lever 18 and thus upon the longitudinal slide 5. The for
      instance four raised control portions of the associated auxiliary control
      cam disk 36 each possess an approximately spirally ascending curve or cam
      section for carrying out a thread chaser stroke, and it is for this reason
      that the course of this curve section must be determined such that there
      results a constant pitch at the threading to be produced while taking into
      account the transmission kinematics. The four raised control portions of
      the auxiliary control cam disk 36 furthermore have a respective steep
      curve or cam section for the rapid return of the slide 5.
PAR  Continuing, it will be recognized that the auxiliary control cam disk 37
      has raised portions which act through the agency of the plunger 39 and a
      lever 40 upon the cross-slide 4. Specifically such occurs in the manner
      that in each case at the end of a thread chaser stroke of the longitudinal
      slide 5 the cross-slide 4 is raised-off of the transmission lever 17 --for
      the purpose of retracting the thread chaser tool out of the workpiece--
      during the rapid return of the longitudinal slide 5 is held raisedoff and
      prior to the start of the next following thread chaser stroke in
      conjunction with the spring 20 is again shifted back until it comes to
      bear at the transmission lever 17. These operations which are brought
      about by the auxiliary control cam disks 36, 37 repeat --as such is
      typical for thread chasing-- with a rhythm or cadence which is dependent
      upon the rotational speed of the workpiece spindle 1, the reduction ratio
      of the gearing 23-28 and 29, 30 and the number of raised portions at the
      auxiliary control cam disks 36, 37. The position of the cross-slide 4,
      that is, the penetration depth of the thread chaser tool 8 into the
      workpiece W during the thread chaser strokes of the longitudinal slide 5
      --therefore also the advance or feed movement of the cross-slide 4 and
      thread chaser tool 8 during the entire thread chasing operation-- are
      controlled by an associated special section of the profile of the primary
      control cam disk 14 which spirally ascends with a weak pitch. In this
      regard there is advantageously contemplated that the program or
      programming device 16 insures that --while acting upon the "electric
      shaft" between the motors 2 and 10-- the primary control shaft 13 rotates
      considerably slower during the entire thread chasing operation than during
      the remainder of the work cycle. Furthermore, there is advantageously
      provided that at the end of a thread chasing operation and the advance or
      feed movement of the cross-slide 4 the latter bears against the stop or
      impact screw 22 for exactly determining the final penetration depth of the
      thread chaser tool 8 into the workpiece W and the longitudinal slide 5
      then still carries out one or two thread chaser strokes.
PAR  The displacement of the auxiliary control shaft 33, required for the thread
      chasing operation, from the position according to the showing of FIG. 2
      into the position of FIG. 1, as already mentioned, is brought about by the
      piston and cylinder unit 34, 35; the control of the compressed or
      pressurized air for this purpose or the otherwise employed operating
      medium or means occurs by means of the program device 16; the same also
      holds true if after completion of a thread chasing operation the auxiliary
      control shaft 33 is adjusted back into the position according to FIG. 2.
      In order that during the first mentioned displacement the auxiliary
      control cam disks 36, 37 do not impact against the plungers 38, 39 and the
      associated feeler rollers 38', 39' --advantageously also when the
      displacement occurs from the position of FIG. 1 into that of FIG. 2--
      there must be insured that in each instance the plungers 38, 39 are
      shifted out of the operable or effective range of the auxiliary control
      cam disks 36, 37. The primary control cam disks 14, 15 thus must possess
      appropriate raised portions and additionally there must be provided not
      particularly here illustrated means which insure that the plunger 38
      remains in contact with the arm 18a of the lever and that also the lever
      40 remains in contact with the cross-slide 4 and the plunger 39 remains in
      contact with the lever 40. Such means, which have not been shown to
      preserve clarity in illustration, can consist for instance of springs
      acting upon the plungers 38, 39.
PAR  As far as the described exemplary embodiment of the invention is concerned
      it is to be specifically understood that many different modifications and
      changes can be carried out. The coupling 31, 32 could be omitted. In such
      case the auxiliary control shaft 33 would always be in driving connection
      with the workpiece spindle 1. Further, the displacement of the auxiliary
      control shaft 33 could occur electromagnetically instead of pneumatically.
PAR  Furthermore, it is conceivable that the thread chasing is completely
      independent of the primary control cam disks in that, among other things,
      the advance or feed movement would occur by means of an hydraulic piston
      and cylinder unit.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto but may be otherwise variously embodied and practiced
      within the scope of the following claims.
CLMS
STM  Accordingly, what is claimed is:
NUM  1.
PAR  1. An automatic lathe comprising a workpiece spindle, a compound slide
      arrangement embodying a longitudinal slide and a cross-slide, a primary
      control shaft, two primary cam disks seated on said primary control shaft,
      transmission levers individually operatively associated with said primary
      cam disks, said longitudinal slide and said cross-slide each being
      controlled by said primary cam disks through the agency of the respective
      individually associated transmission lever, at least two lathe tool
      supports arranged adjacent one another at the compound slide, a control
      mechanism which can be switched-on during a portion of each work cycle of
      the automatic lathe for carrying out a thread chasing operation by means
      of a thread chasing tool clamped in one of said lathe tool supports, said
      control mechanism embodying an auxiliary control shaft for driving
      connection with the workpiece spindle, two auxiliary control cam disks
      defining first and second auxiliary control cam disks fixedly seated upon
      said auxiliary control shaft, a respective plunger operatively associated
      with each slide and auxiliary control cam disk, means for displacing said
      auxiliary control shaft into an axial position for thread chasing in which
      the first of said auxiliary control cam disks carries out the control of
      the movements of the longitudinal slide by means of the plunger associated
      with said first auxiliary control cam disk and the transmission lever
      associated with the longitudinal slide and in which the second of the
      auxiliary control cam disks acts upon the cross-slide by means of the
      plunger associated with said second auxiliary control cam disk and an
      additional transmission lever member in order to raise-off the cross-slide
      from the transmission lever associated therewith for the time duration of
      each rapid return movement of the longitudinal slide controlled by the
      first auxiliary control cam disk between successive thread chasing
      operations in order to lift-off the thread chasing tool from the
      workpiece.
NUM  2.
PAR  2. The automatic lathe as defined in claim 1, wherein the transmission
      lever associated with the longitudinal slide is constructed as a three-arm
      transmission lever arrangement.
NUM  3.
PAR  3. The automatic lathe as defined in claim 1, wherein during the thread
      chasing operation the primary control cam disk operatively associated with
      the cross-slide controls, through the agency of the associated
      transmission lever, the feed movement of the cross-slide and thus the
      thread chasing tool.
PATN
WKU  039330613
SRC  5
APN  485781&
APT  1
ART  324
APD  19740705
TTL  Apparatus for hydraulically operating the chuck of the hollow spindle of
      a lathe
ISD  19760120
NCL  9
ECL  1
EXP  Vlachos; Leonidas
NDR  2
NFG  3
INVT
NAM  Link; Helmut
CTY  Esslingen
CNT  DT
PRIR
CNT  DT
APD  19730710
APN  2334940
CLAS
OCL   82 30
XCL  279  4
ICL  B23b 1902
ICL  B23b  522
FSC   82
FSS  30
FSC  279
FSS  4
UREF
PNO  2809612
ISD  19571000
NAM  Highberg
XCL  279  4
UREF
PNO  3439925
ISD  19690400
NAM  Sampson
OCL  279  4
UREF
PNO  3807259
ISD  19740400
NAM  Buck
OCL   82 30
LREP
FR2  Low; Richard
ABST
PAL  A hydraulic double acting chuck motor comprising a hollow cylinder and
      piston mounted at the rear end of a working spindle of a lathe operates a
      collet or chuck by pushing or pulling on a hollow operating shaft. The
      chuck motor is arranged in an enclosed housing attached to the rear end of
      the head stock of the lathe and which is fitted with a drainage
      connection. The hollow piston of the chuck motor is operatively controlled
      through a hollow cylinder extension attached to the cylinder and which is
      provided with a pair of fluid supply ducts, each of which communicates
      with a chamber of the chuck motor. The ducts open on the outer peripheral
      surface of the cylinder extension. A slidable annular collar surrounds the
      cylinder extension and defines therewith an annular space. The collar is
      connected by a conduit to a source of fluid under pressure and is axially
      shiftable by a control means into communication with one or the other of
      the openings to the ducts leading to the chambers of the chuck motor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to automatic lathes having a hollow spindle
      for receiving an elongated workpiece and in particular to means for
      hydraulically operating a chuck located within the mouth of the spindle
      for selectively clamping the workpiece.
PAR  It has been known to provide a hollow spindle with a collet or a chuck
      which is operable by an axially movable hollow shaft located within the
      spindle and which is selectively reciprocated by a hollow tubular
      hydraulic double action chuck motor. The hollow central passage of the
      operating shaft and of the chuck motor make it possible for the lathe to
      receive an elongated workpiece. In general the hollow chuck motor is
      located in a housing fixed on the supporting wall for the lathe spindle
      and comprises a hollow cylinder rotatable conjointly with the spindle and
      a hollow piston connected to the shaft. The cylinder and piston provide a
      double acting hydraulic mechanism capable of pushing and pulling on the
      shaft dependent upon the supply of hydraulic media, such as oil or the
      like to the respective chambers of the cylinder. To supply such hydraulic
      media, the cylinder of the chuck motor is provided with a hollow
      cylindrical extension axially arranged therewith in which two supply ducts
      are formed, communicating respectively with the chambers of the chuck
      motor. The supply ducts open on the periphery of the cylinder extension
      and are axially offset with respect to each other. Surrounding the
      cylinder extension are two annular fluid connecting members fixed by
      suitable means to the surrounding housing. Each of the two annular
      connecting members are in communication with a source of hydraulic fluid
      under pressure by suitable conduit means. The cylinder extension is
      journaled in a suitable roller bearing fixed within the housing to pass
      rotatably through the fluid connecting members. Each of the fluid
      connecting members is provided on its inner surface with a ring-shaped
      groove aligned in a transverse plane with the respective opening of one of
      the supply ducts. A slide valve is interposed in the conduits leading from
      the connecting members to the source of hydraulic fluid so that the flow
      of fluid can be regulated and controlled to one or the other of the
      connecting members and thereby to one or the other of the pressure
      chambers of the chuck motor.
PAR  In order to insure that the supply of the pressurized fluid medium is
      properly delivered to the correct chamber of the chuck motor, the hollow
      cylinder extension must be journaled within the fluid connecting members
      precisely. As a result a small bearing gap is created between the
      stationery annular fluid connecting members and the rotating cylinder
      extension. Due to the arrangement of the ring-shaped grooves a total of
      three such annular bearing gaps is formed. These gaps are sealed by the
      passage of hydraulic fluid medium axially outward between the stationery
      and rotating members. To maintain this precise arrangement relatively
      large diameter roller bearings are required. As a result of such
      construction severe limits are set to the spindle velocity so that the
      high rotational speeds required in modern automatic lathes cannot be
      obtained. Moreover, the pressurized hydraulic media flowing through the
      bearing gaps becomes overheated at high rotational speeds, so that the
      energy used to heat the hydraulic fluid tends to significantly reduce the
      working torque of the spindle. It would indeed be possible to provide
      better operating conditions, in this respect, by increasing the cross
      section of the bearing gaps, however, this would cause a flow of large
      volume of hydraulic fluid through the roller bearings which would also
      result in an inadmissible heating of the hydraulic fluid.
PAR  It is the object of the present invention to provide a lathe of the type
      described which is provided with means for hydraulically actuating the
      chuck in which the disadvantages and defects of the prior art
      constructions are avoided.
PAR  It is a further object of the present invention to provide apparatus of the
      type described which permits extremely high rotational speed of the
      working spindle while avoiding excessive heating and torque loss.
PAR  It is a further object of the present invention to provide apparatus of the
      type described which is simpler in design and more economical to construct
      and to use than the prior devices. It is still another object of the
      present invention to provide apparatus of the type described wherein loss
      of operating capacity is prevented even in the event of large leakage of
      hydraulic fluid, due to storage, occurs.
PAR  The foregoing objects, other objects, together with numerous advantages of
      the present invention are set forth and will be apparent from the
      following disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention an annular collar having a radially
      inwardly directed flange at each end is slidably mounted about the
      cylinder extension. The collar defines with the outer surface of the
      cylinder extension an annular space bounded by the flanges which form a
      bearing gap at each end of the space. The annular space is in
      communication with the source of pressurized hydraulic fluid, such as oil,
      by a flexible conduit connected to the annular collar. Actuating means
      such as a small hydraulic motor is provided to axially shift the collar
      from one duct opening to the other so that the pressurized hydraulic fluid
      can be selectively supplied to one or the other chamber of the chuck
      motor.
PAR  With the foregoing design, a fixed installation of the fluid connecting
      members to the surrounding housing is avoided and therefore the use of
      roller bearings are no longer needed to precisely journal the rotating
      cylinder extension within the connecting members. Indeed, the slidable
      collar, replacing the fixed connecting members, also forms an accurate
      slide valve, carried by the cylinder extension itself, for controlling the
      flow of pressurized fluid to the chuck motor. With this form of
      construction, it is possible therefore to dispense with stationary
      surrounding parts and heavy pillow block means for roller bearings.
      Further, the diameter of the cylinder extension can be maintained much
      smaller than heretofore required since the slidable collar is carried by
      the extension hydrostatically because of the flow of hydraulic fluid
      through the narrow bearing gaps formed between the radial flanges and the
      surface of the cylinder extension. To a large extent a hydraulic centering
      effect is obtained by the continual leakage of the hydraulic fluid through
      the bearing gap. Even with a relatively large leakage of hydraulic fluid
      the capacity for operation of the chuck motor is in no way impaired, as
      the structure of the present invention permits a high systemic pressure of
      any level. This in turn makes it possible to produce the required working
      pressures within the chambers of the chuck motor with relatively small
      piston diameters. As a result it is possible to make the structure of the
      present invention with extremely small dimensions.
PAR  Because of the reduction in the diameter of the cylinder of the chuck
      motor, made possible by the present invention, and in particular because
      of the reduction of the diameter of the cylinder extension, the masses to
      be moved for control of the chuck motor are significantly reduced.
      Consequently there is a significant reduction in the power requirement for
      the spindle drive rotating the spindle. A further important advantage of
      the present invention resides in the fact that, during the roation of the
      working spindle considerably less heat is developed than in the heretofore
      known designs. The reason for this reduction in heat arises from the fact
      that the slidable collar, unlike the fixed annular fluid connecting
      members has only two bearing gaps, which are in the form of annular rings.
PAR  Since further, the annular collar also forms a slide valve, it is no longer
      necessary, in contrast to the known devices, to provide a separate
      exterior way valve in the supply conduits from the pressure source to the
      annular fluid contacting members. The pressurized hydraulic fluid which is
      exhausted from the non-pressurized chamber of the chuck motor, can flow
      directly into the housing rather than into the return pipes necessary in
      the prior designs. This arrangement leads to a significantly smaller flow
      loss of hydraulic fluid which, with the altogether higher pressure level
      in combination in particular with a low clutch motor clamping pressure,
      greatly shorten the otherwise normally very long loading and unloading
      times of the clutch motor.
PAR  The actuating means for shifting the slidable collar between the duct
      openings may be of any design. It is, however, particularly favorable for
      the slide adjustment to be of a hydraulic nature so that in a preferred
      embodiment it may be formed by a cylinder and piston unit to which a
      pre-control valve is connected in series. The slidable collar thus forms
      together with the cylinder piston unit, to some extent, a main valve which
      can be controlled with a very small servo control valve. Moreover, the
      cylinder unit serving to adjust the slidable collar can be made extremely
      small due to the fact that the quasi-hydrostatic mounting of the slide
      collar requires only a very small or slight adjustment force to effect the
      proper shifting.
PAR  In order to pass the pressurized hydraulic fluid to the two chambers of the
      chuck motor it is advantageous to provide each chamber with several supply
      ducts. A plurality of ducts arranged parallel to the axis of the cylinder
      extension and having their openings in the same transverse plane will
      enable the effective filling and emptying of the chuck motor chambers as
      quickly as possible. Further, a simple construction is provided wherein
      the chuck motor is formed from an annular cylindrical chamber and a piston
      formed by a hollow tube having a radially outwardly extending flange
      located within the cylinder chamber. The cylinder extension extends
      axially away from the piston. In this construction it would be an
      advantageous design if the supply ducts through the cylinder extension are
      connected with the cylinder chamber formed on the far side of the piston
      flange by individual tubes passing through the piston flange and arranged
      with their axes parallel to the axis of the cylinder. The communication of
      this far sided cylinder chamber can thus be maintained in an axial
      direction without any angular deviation in the flow of the hydraulic
      fluid. Thus relatively small flow losses will occur. At the same time the
      connecting tubes prevent the rotation or twisting of the hollow piston
      within the cylinder chamber.
PAR  It is further advantageous to provide the radial flanges of the slide
      collar with bearing surfaces opposite the peripheral surface of the
      cylinder extension so that they taper conically in the direction of the
      flow of the hydraulic medium. That is the outer axial ends of the bearing
      gaps are smaller than the inner axial ends thereof. By shaping the bearing
      surfaces in this manner a particularly intensive centering effect is
      obtained. The cross section of the bearing gaps maintain a more uniform,
      equal spacing, automatically and of its own accord in all of the
      peripheral zones and make any contact between the gap forming inner edge
      of the flanges of the slide collar and the peripheral surface of the
      cylinder extension impossible.
PAR  Full details of the present invention are set forth in the following
      description of its preferred embodiment and in the practical example
      represented in the drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a longitudinal sectional view through the head stock of a lathe
      showing a working spindle equipped with the chuck motor and control means
      of the present invention,
PAR  FIG. 2 is an enlarged detail view of a portion of FIG. 1 showing the
      structure and movement of the slide collar, and
PAR  FIG. 3 is a graph illustrating the pressure curves of differently designed
      bearing gaps between the slide collar and the peripheral surface of the
      cylinder extension.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In FIG. 1 the head stock of an automatic lathe, generally denoted by the
      numeral 10, is shown in which a working rotatable spindle 12 is mounted.
      At the head end 14 of the spindle 12 there is inserted a collet or chuck
      16 which can be clamped or opened in the well known manner by its axial
      movement. A compression spring 18 is coordinated with the chuck so as to
      normally bias the chuck in its open position. Surrounding the chuck 16 is
      a pressure sleeve 20 against which is abutted the end of an elongated
      actuating shaft 22 which extends through the spindle 12. The actuating
      shaft 22 is mounted to be axially movable within the spindle. The rear end
      of the hollow actuatitng shaft 22 is keyed to a hollow piston 24 located
      within the cylinder of a double acting chuck motor generally denoted by
      the numeral 26. The cylinder of the chuck motor is flanged and secured to
      the rear end of the spindle coaxially with the latter so as to be
      rotatable conjointly therewith. The spindle extends through an assembly
      plate on the rear wall of the head stock 10 and the hollow chuck motor is
      located inside a housing 30 secured to the assembly plate 28. The housing
      30 is provided with an oil drainage connection 32 on its lower wall.
PAR  The cylinder of the chuck motor 26 is provided with a hollow cylinder
      extension 34 on its rearward end facing away from the spindle. The piston
      24 comprises a hollow tube having a radially outwardly extending
      flange-like or disc member extending within the cylinder 26. The hollow
      piston 24 thus divides the cylinder 26 into two pressure chambers 36 and
      38. Leading respectively to each of the pressure chambers 36 and 38 are
      two sets of ducts formed in the cylinder extension 34. One set of ducts
      comprise openings 40 facing radially outward on the outer periphery of the
      cylindrical extension 34 to which are connected uniformly spaced axially
      extending parallel ducts 44 which open into the pressure chamber 36. The
      other set of ducts comprise openings 42 also radially outward to the outer
      periphery of the extension 34 and corresponding axially aligned parallel
      ducts 46. The ducts 46 are connected to tubular connecting members 48
      which pass freely through the flange of the piston 24 to the opposite or
      far pressure chamber 38. Whereas the supply ducts 44 form a direct
      communication with the pressure chamber 36 the supply ducts 46 are
      indirectly connected by the tubular members 48 to the pressure chamber 38.
      These tubular connectors 48 serve also to prevent twisting or rotation of
      the hollow piston 34 by freely extending parallel to the axis of the
      piston 24 through its radially outer flange.
PAR  In order to control the flow of hydraulic fluid, such as oil, into one or
      the other of the cylinder chambers 36 and 38, a connecting member in the
      form of an axially movable slide collar 50 is arranged about the cylinder
      extension 34. The slide collar 50 is axially movable but is held against
      rotation relative to the cylinder extension as will be later described.
      The slide collar is provided with radially inwardly extending flanges 52
      and 54 at each of its axial ends so as to define with the outer surface of
      the cylinder extension 34 an annular ring-shaped space 52. The inner edge
      surfaces of the flanges 52 and 54 are spaced from the surface of the
      cylinder extension 34 so as to provide a very small ring-shaped bearing
      gap. As seen more clearly in FIG. 2 the openings 40 and 42 of the two sets
      of ducts extending through the cylinder extension lie in respective
      transverse planes to the axis of the spindle, which planes are axially
      offset from each other. The axial length of the slidable collar 50 is
      maintained less than the axial distance between the transverse planes in
      which the openings 40 and 42 lie so that only one is communicated with at
      a time. The annular space 56 communicates with a source of fluid under
      pressure by a connecting nipple 60 secured to the slide collar 50, a
      flexible conduit 62, and a connecting nipple 64 secured in the wall of the
      surrounding housing 30. A suitable conduit 68 extends from the fixed
      nipple 64 to a hydraulic pump 65 via an adjustable regulating valve 66,
      which serves to adjust the required pressure of the hydraulic fluid.
PAR  The slidable collar 50 is shifted over the selected ducts 40 or 42 by
      actuating means comprising an arm 70 secured to the flange 54 of the
      collar. The arm 70 is connected to the end of a piston rod 72 extending
      from a piston 76 located in a hydraulic cylinder 74 provided with a pair
      of opposed cylinder chambers 78 and 80. The cylinders 78 and 80 are
      connected via corresponding conduits 82 and 84 with a servo-control valve
      86 connected to the pump 65 with a return to the fluid reservoir. The
      servo valve may be hydraulically, pneumatically or even
      electromagnetically controlled to provide selective operation and passage
      of hydraulic fluid to the actuating means.
PAR  The connection of the collar 50 with the actuating means represented by the
      arm 70 and piston rod 72, maintains the collar against rotation relative
      to the spindle or the cylinder extension 34.
PAR  FIGS. 1 and 2 show the two extreme end positions of the slide collar 50
      which end positions are at the same time the end positions of the piston
      76 of the actuating means. In one position the openings 40 leading to the
      pressure chamber 36 of the chuck motor are exposed to the annular space 56
      and thus in communication with the source of hydraulic fluid while the
      openings 42 to the far pressure chamber 38 are open to drainage via the
      surrounding housing 30 and the drainage conduit 32 (FIG. 1). In the other
      position the slide collar 52 exposes the openings 42 to the space 56 and
      thus to the hydraulic fluid under pressure while opening the openings 40
      to drainage via the housing and the conduit 32 (FIG. 2). The extreme
      positions of the slide collar 50 are monitored by two switches 88 and 90
      mounted in the wall of the housing on the plane of the driver arm 70 and
      at an appropriate distance from one another. The arm 70 secured to the
      collar 50 is provided at its free end with a curved portion 92 which is
      adapted to engage the movable member of the switches 88 and 90. While the
      slidable collar is prevented from rotation relative to the axis of the
      spindle it is freely movable axially with respect to the cylinder
      extension so as to easily control the flow of hydraulic fluid under
      pressure from the pump 65 through the flexible conduit 62 into either one
      of the pressure chambers 36 and 38. Because the dimension of the slidable
      collar 50 is less than the axial distance between the openings 40 and 42
      fluid under pressure can be delivered only to one of the pressure
      chambers.
PAR  As seen more clearly in FIG. 2 the inner edge surfaces 93 and 94 of the
      flanges 52 and 54 respectively are tapered in the direction of the fluid
      pressure in the annular space 56. That is, the conical taper of the
      surfaces 93 and 94 is such that their outer edges has a smaller diameter
      than their inner edges. As a result of this taper the hydrostatic fluid
      effect between the edges of the flanges and the outer surface of the
      cylinder extension 34 is created. This maintains, as previously described
      the collar 50 in a uniform and equal spacing concentrically about this
      outer peripheral surface of the cylinder extension 34 and causes the
      collar 50 to ride easily on a fluid film. Consequently, the actuating
      means for axially shifting the collar 50 can be relatively small as
      previously described and the corresponding dimensions of the cylindrical
      extension can likewise be relatively small.
PAR  Operation of the device described is as follows:
PAR  In each of the two end positions of the slidable collar 50 shown
      respectively in FIGS. 1 and 2, either the openings 40 or 42 of the supply
      ducts 44 or 46 are exposed to the annular space 56. Hydraulic pressurized
      fluid is continuously supplied via the conduit 68 and the flexible conduit
      62 to the chamber 56 so that it can immediately flow into one or the other
      of the pressure chambers 36 or 38. Because the nonpressurized chamber 36
      or 38 is simultaneously open to the surrounding housing 30 the compressed
      oil exhausted during the movement of the piston 24 caused by the
      introduction of the pressurized hydraulic fluid into the other chamber,
      passes outwardly of the respective duct and may be drained through the
      connection 32 to the fluid reservoir. As indicated above the slide collar
      50 is arranged axially movable on the cylindrical extension, however the
      conical taper of the edges 93 and 94, in the direction of the flow of
      pressurized oil has the effect of sealing the chamber 56 and enables a
      small drainage stream to continuously flow through the bearing gaps. This
      continuous drainage stream automatically acts to create a bearing film
      causing the collar 50 to be centered exactly concentrically about the
      cylinder extension 34. The cross section of the bearing gap is maintained
      equal throughout the periphery of the gap and throughout the operation of
      the apparatus. There can therefore be no metal to metal contact of the
      elements forming the bearing gap. Furthermore to some extent the
      hydrostatic support of the slide collar 50 created by the hydraulic film
      enables the axial shifting and adjustment of the slide collar to be
      effected with an extremely small expenditure of force. For this reason the
      actuating unit formed by the cylinder 74 and the piston 76 can be made
      relatively small. The servo control valve 86 can similarly be designed in
      extremely small dimensions.
PAR  FIG. 3 shows the pressure curves of differently designed bearing surfaces
      93 and 94 formed on the flange edges of the slide collar 50. It will be
      evident from this graph that the conical design selected for the bearing
      surfaces 93 and 94 can be made to provide optimum bearing conditions,
      since the centering effect is based upon the fact that the pressure
      gradient of a lamina gap flow increases with the third power of the gap
      height.
PAR  The pressure diagram in FIG. 3 shows three curves; curve a formed by a
      cylindrical shaped bearing gap having a surface 93 or 94 parallel to the
      peripheral surface of the cylinder extension 34, a curve b formed with a
      preferred tapering surface 93 or 94 having a small gap at its outer edge,
      and a curve c in which the peripheral surfaces of the collar flanges have
      a tapering surface in which the outer edge has a narrowest point barely in
      contact with the peripheral surface of the cylinder extension. According
      to the present invention it is preferable to form the surfaces 93 and 94
      in such a way that they correspond to the pressure conditions developed
      under the curve b. That is, they are formed throughout the length of their
      surface with a conical taper having a small but not minimal gap to provide
      a liquid pressure curve which brings about the desired centering of the
      slide under automatic or self-regulating conditions.
PAR  The arrangement of the slidable collar on the cylinder extension and the
      special nature of its mounting enable an optimal choice of the amount of
      drainage fluid and fluid pressure drop to be made so that only a slight
      amount of heat is generated in the fluid between the rotating cylinder
      extension 34 and the axially movable but rotatably stationary slidable
      collar 50. Since the slide collar is carried solely by the hollow cylinder
      extension itself it is possible to keep it small in diameter. Thus a
      smaller power requirement for mass acceleration of the chuck motor is
      required. It is moreover possible to operate the chuck motor at high
      pressures, as a result of which the cross section of the chuck motor
      cylinder chambers can be made as small as possible since reduced volumes
      of fluid are necessary to operate the clutch motor. This again can be
      utilized advantageously to shorten the switching times and the times
      necessary to load and unload the pressure chambers of the chuck motor.
PAR  It will be seen from the foregoing description that the objects and
      advantages enumerated earlier in the specification have been easily and
      advantageously obtained. Various changes, modifications and alternate
      embodiments have been suggested in the description, other modifications
      and changes will be obvious to those skilled in the present art. It is
      intended therefore that the present disclosure be taken as illustrative
      only and not as limiting of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a lathe having a hollow spindle for receiving an elongated workpiece,
      an axially operable chuck located at its forward end for selectively
      clamping said workpiece, a hollow shaft located within said spindle and
      axially reciprocal with respect to said spindle to operate said chuck, a
      double acting chuck motor comprising a cylinder secured to said spindle
      and a piston secured to said hollow shaft, said cylinder having two
      pressure chambers and a cylinder extension coaxially extending to the rear
      thereof, first duct means in said extension communicating with one of the
      pressure chambers, second duct means within said extension communicating
      with the other pressure chamber, each of said ducts having an opening on
      the peripheral surface of said cylinder extension axially offset from each
      other, a slidable sleeve surrounding said cylinder extension, said
      slidable sleeve having radially inwardly directed flanges along its axial
      edges defining with said extension member an annular space, conduit means
      secured to said sleeve connecting said space to a source of fluid under
      pressure, and means for axially shifting said sleeve between the first and
      second duct means to selectively supply fluid under pressure to one or the
      other of said pressure chambers thereby actuating said piston to
      reciprocate said shaft and operate said chuck.
NUM  2.
PAR  2. The apparatus according to claim 1 including an enclosed housing
      surrounding said cylinder and cylinder extension for receiving hydraulic
      fluid from said chuck motor and an exit port for draining said hydraulic
      fluid from said housing.
NUM  3.
PAR  3. The apparatus according to claim 1 wherein the cylinder of said chuck
      motor comprises an annular hollow ring open at its inner wall and said
      piston comprises a tubular member axially aligned on the end of said
      operating shaft and having a radially outward annular flange extending
      within said hollow ring, said piston tube forming the inner wall of said
      cylinder and being slidably sealed therewith.
NUM  4.
PAR  4. The apparatus according to claim 1 wherein the bearing surfaces of said
      slide collar define with the peripheral surface of the cylinder extension
      bearing gaps and are tapered conically inwardly in the direction of flow
      of the hydraulic fluid through said space.
NUM  5.
PAR  5. The apparatus according to claim 4 wherein the axial length of the
      bearing surfaces of said slide collar are substantially equal.
NUM  6.
PAR  6. The apparatus according to claim 4 wherein the taper of the bearing
      surfaces of slide collar are substantially equal to each other.
NUM  7.
PAR  7. The apparatus according to claim 1 wherein said slide collar actuating
      means comprises a cylinder and piston and is provided with servo control
      valve interposed between said cylinder and the source of fluid under
      pressure.
NUM  8.
PAR  8. The apparatus according to claim 1 including a flexible conduit
      connecting said slide collar to the source of hydraulic fluid.
NUM  9.
PAR  9. The apparatus according to claim 1 wherein said cylinder extension lies
      axially to one side of said chuck motor adjacent one chamber thereof and
      said chuck motor includes at least one tube arranged along an axis
      parallel to the central axis of said piston through said piston in
      communication with the other chamber and the supply ducts located in said
      cylinder extension.
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ABST
PAL  Plastic ring-like members are press-fitted over elongated work stock
      members to be fed into a screw machine for operation thereon by the screw
      machine. The elongated work stock members with attached plastic ring-like
      elements are received in stock tubes associated with a screw machine. The
      ring-like members rotate with the work stock members within the stock
      tubes and function as sound deadening means preventing rattling and
      scraping of the work stock members within the stock tubes. Additionally,
      the ring-like members reduce damage to the work stock members, stock tubes
      and screw machine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Screw machines may have a number of spindles, as from one to eight. These
      machines perform a plurality of operations such as drilling, threading,
      reaming, knurling, and slotting on elongated work stock. The elongated
      work stock extends outside of the screw machine into work stock tubes
      which support the portion of the work stock which is not being operated
      upon by the screw machine. Only the inner end portion of the work stock is
      worked upon at a given time. When all of the operations have been finished
      on this inner end portion, the finished portion is cut off. A feed
      mechanism then draws the work stock further into the machine whereupon the
      operations are repeated on a new portion of the work stock. In a multiple
      spindle machine, several operating stations are provided for simultaneous
      work on a plurality of work stock members. In operation of a screw
      machine, the work stock rotates.
PAR  Conventionally, in a multiple spindle automatic screw machine, the work
      stock tubes are cylindrical members which are supported in angularly
      spaced relation by means of supporting plates. These tubes have an inner
      diameter capable of receiving and supporting the largest diameter work
      stock which the particular screw machine is capable of working upon.
      However, smaller diameter work stock is also receivable in such tubes,
      screw machines being capable of operating on work stock from a maximum to
      a minimum diameter. The forward end of the work stock is held by means of
      collet chucks. The work stock rotates at high speed in the work stock
      tubes. The work stock tends to rattle and bump against the inner surface
      of the work stock tubes thereby creating considerable noise. Additionally,
      wear and damage may be caused to the screw machine, work stock tubes and
      work stock as a consequence of this contact between the work stock and the
      inner surface of the work stock tubes.
PAR  The noise and wear problems, above mentioned, have been a long standing
      problem in connection with the operation of screw machines. Various
      proposals have been made in the past for minimizing this problem. For
      example, metal sleeves or bushings have been attached to the work stock by
      means of set screws. The work stock tubes have been lined with plastic
      stock tube liners. The work stock tubes have been wrapped externally to
      reduce vibration and muffle sounds. Other techniques have been proposed,
      as for example, in U.S. Pat. Nos. 1,786,876; 2,534,811; and 3,022,691. The
      various techniques used in the past have not been entirely satisfactory.
      For example, use of plastic stock tube liners, while effective, is very
      expensive. Others of the method have had the disadvantage of not reducing
      the noise level to the desired threshold. Still others have not functioned
      satisfactorily because of additional frictional drag which has been placed
      upon the screw machine.
PAR  Recently, it has become necessary for most machine shops using screw
      machines to suppress noise in some fashion as a consequence of regulations
      promulgated by the federal agency responsible for implementation of the
      Occupational Health and Hwalth Act of 1970, commonly referred to as
      O.S.H.A. Regulations promulgated by O.S.H.A. are being enforced. Machine
      shops, particularly small machine shops, have encountered difficulty in
      following such regulations because of the high cost involved.
PAR  In accordance with the present invention, plastic ring-like members are
      provided for press-fitting onto work stock. These plastic ring-like
      members may be supplied in various diameters with different center hole
      sizes for use on different sized screw machines and different sized work
      stock. In operation, the ring-like members are automatically removed form
      the work stock by abutment against screw machine structure during
      operation of the screw machine. Furthermore, the ring-like members are
      relatively inexpensive and, being fabricated of plastic, cause minimal
      damage if inadvertently engaged by working parts of the screw machine.
      Further, the ring-like members are believed to reduce the noise level of
      screw machines sufficiently to meet the current requirements of O.S.H.A.
PAC  SUMMARY OF THE INVENTION
PAR  Means and method are provided for deadening sound during operation of a
      screw machine of the type which includes at least one elongated work stock
      tube which normally receives and supports an elongated work stock member
      for feeding into the screw machine. A ring-like member is provided for
      press-fitting onto the elongated work stock member. The ringlike member is
      fabricated of a plastic material and has a central opening therethrough.
      This opening is preferably oval in cross-section. The ring-like member
      preferably has a relatively long axial dimension with reference to the
      outside diameter thereof. In the method of use of the ring-like member, at
      least one ring-like member is press-fitted onto an elongated work stock
      member adjacent one end thereof. The work stock member is placed into a
      work stock tube with the ring-like member located in the tube. The other
      end of the work stock member is operatively connected with the screw
      machine. Successive portions of the work stock member are then machined in
      the screw machine while rotating the work stock member in the work stock
      tube. The ring-like member prevents contact of the work stock member with
      the inner surface of the work stock tube. The work stock member is drawn
      into the screw machine as work is completed on successive portions of the
      work stock member. Ultimately, the ring-like member is abutted against
      fixed structure and drives off the work stock member when the work stock
      member has been reduced to a relatively short length. In some cases, at
      least two ring-like members are press-fitted onto the work stock member at
      spaced apart locations to provide additional support.
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PAC  IN THE DRAWINGS
PAR  FIG. 1 is a side elevational view illustrating the ring-like members of the
      present invention applied to a work stock member shown in operative
      relationship to a screw machine;
PAR  FIG. 2 is a view in perspective of one embodiment of a ring-like member in
      accordance with the present invention;
PAR  FIG. 3 is an end view of the ring-like member of FIG. 2 illustratively
      mounted upon a cylindrical work stock member;
PAR  FIG. 4 is an end view of the ring-like member of FIG. 2 illustratively
      mounted upon a work stock member having an hexagonal cross-section;
PAR  FIG. 5 is a view in perspective of a ring-like member wherein the center
      opening has an hexagonal shape to receive a work stock member having an
      hexagonal configuration; and
PAR  FIG. 6 is an end view of the ring-like member of FIG. 2 illustratively
      mounted on a work stock member having a square cross-section.
DETD
PAR  Referring to FIG. 1, a work stock member 10 is mounted in a screw machine
      12 to be acted thereon. The work stock member 10 is an elongated piece of
      stock. The inner end portion 14 is machined by the screw machine. The
      machining operations are, for example, drilling, threading, reaming,
      knurling, slotting and the like. The specific machine operations performed
      on the work are predetermined during set-up of the machine. Screw machines
      come in various configurations ranging from a single spindle device to
      devices having a multiplicity of spindles for simultaneous operations on a
      plurality of workpieces. After completion of the machining operations, the
      forward end of the work stock member is normally severed from the
      remaining portion of the stock. A new end portion is then fed into the
      screw machine by means of a feed mechanism 16 which is illustrated
      diagrammetically. Various machines have differently designed feed
      mechanisms. The present invention will work in conjunction with any of the
      variety of screw machines which are extant. Operation of the invention
      does not depend upon the design of a particular screw machine inasmuch as
      the invention does not alter the functional characteristics of the
      machine.
PAR  The work stock member 10 is originally an elongated piece of stock. The
      stock may be of various cross-sectional configurations. Conventionally,
      such stock has a cross-section which is circular, hexagonal or square.
      However, the invention will function satisfactorily on other
      non-conventional shapes inasmuch as operation of the invention does not
      depend upon the cross-section of the work.
PAR  The work stock member extends into an elongated work stock tube 18. The
      tube 18 is supported adjacent to the screw machine 12. In the case of a
      single spindle screw machine, only one tube 18 is provided. However, in
      the case of the multiple spindle screw machine, there are as many tubes 18
      as there are spindles. Six, eight or more spindles may be provided. The
      bank of tubes 18 is adapted to be indexed to different operating stations
      of the screw machine. Such indexing is also accomplished with a single
      spindle machine. The advantage of a multiple spindle machine is that more
      than one workpiece may be operated upon during the work cycle of the
      machine.
PAR  As it will be noted in FIG. 1, three ring-like plastic members 20 are
      mounted on the member 10 at spaced apart locations. The members 20 have an
      outer diameter which is slightly less than the inner diameter of the tube
      18 so that they will not form a drag on the machine during operation of
      the machine. In operation of a screw machine, the work is rotated rapidly
      during machining operations. The members 20 rotate along with the work and
      if strong frictional engagement were made with the inner surface of the
      tube 18, a frictional drag would result which could be detrimental to
      functioning of the machine. However, it will be appreciated that the work
      stock member 10 is not free to move any considerable distance in the
      radial direction within the tube 18. Thus, the work stock member 10 does
      not contact the inner surface of the tube 18 and cause a noise problem or
      damage to the tube or work.
PAR  As it will be appreciated from viewing FIG. 1, the outer diameter of the
      work stock member 10 is considerably less than the inner diameter of the
      tube 18. Therefore, without provision of the members 20, the work stock
      member would be free to move around within the tube 18 and cause the noise
      and damage previously referred to. The number of members 20 provided on a
      particular length of work depends to some extent upon the relative
      diameter and weight and strength of the work. For example, wire size work
      (which is defined as a work member which has a diameter less than 25% of
      the machine capacity, i.e., in a one-inch machine, wire stock sizes are
      one-quarter inch (1/4 inch) or less) bends more easily than larger
      diameter stock and therefore it is desirable to place additional members
      20 along the length of the stock. If the stock is of larger diameter, it
      will bend less easily and in some cases it is necessary to provide only
      one of the members 20 at the outer end of the stock adjacent the outer end
      of the tube 18.
PAR  As the work stock member 10 is drawn into the screw machine 12 as a
      consequence of completed machining operations on successive inner end
      portions of the member 10, the members 20 eventually abut against
      structure of the screw machine and are driven back on the member 10. As
      the last portion of member 10 is drawn into the machine 12 the members 20
      are forced off the end of the member 10 and fall towards the ground.
      Depending upon the structure of the machine 12, these members may be
      caught in a sump provided on the underside of many screw machines, they
      may fall to the floor or a basket or the like may be provided to catch
      them. In a particular screw machine, if normal structure of the screw
      machine does not provide a convenient abutment surface to drive the
      members 20 back on the member 10, ancillary structure may be secured to
      the screw machine for this purpose. However, the majority of screw
      machines have available structure which adequately serves the purpose.
PAR  The ring-like member 20 is illustrated in FIG. 2. As it will be noted, the
      member 20 is a bushing-like relatively long cylindrical member. It is
      fabricated of a plastic, preferably a relatively soft plastic. The
      material may be, for example, polyethylene. However, other plastics such
      as nylon, and the like are suitable for the invention. A central opening
      22 is provided through the member 20. The opening 22 is preferably oval in
      cross-section, a 60.degree. ellipse being illustrated. The purpose of the
      ellipse is to permit the member 20 to accommodate differently configured
      work stock members as, for example, cylindrical, hexagonal and square
      stock members.
PAR  FIGS. 3, 4 and 6 illustrate the manner in which the member 20 may be used
      upon differently configured work stock cross-sections. In FIG. 3, the work
      stock member 24 has a circular cross-section. The member 20 is forced onto
      the member 24 as by a press-fit. The short diameter of the opening 22 is
      somewhat less than the diameter of the stock member 24 thereby insuring
      frictional engagement at points 26, 28. This is sufficient to hold the
      member 20 on the member 24 during the machining operation.
PAR  FIG. 4 illustrates the member 20 press-fitted onto a work stock member 30
      which has an hexagonal cross-section. The points 32, 34, 36, 38 engage the
      opening 22 with a frictional engagement. However, the points 40, 42 of the
      member 30 define a diameter which is larger than the short diameter of the
      opening 22. These points actually cut small grooves in the inner surface
      to thereby provide a relatively positive engagement of the member 20 with
      member 30.
PAR  Referring to FIG. 6, it will be noted that the member 20 is press fitted
      onto a work stock member 44 which has a square cross-sectional
      configuration. Again, points 46, 48, frictionally engage the opening along
      the long diameter thereof. Points 50, 52, cut shallow grooves into the
      surface at points defined by the ends of the short diameter of the
      ellipse. Thus, again, a relatively positive connection between the member
      20 and member 44 is provided.
PAR  FIG. 5 illustrates another embodiment of the invention. In FIG. 5, the
      ring-like member 54 is a relatively thin disc as opposed to the
      cylindrical member 20 having a relatively long axial dimension. The FIG. 5
      embodiment is also modified in that opening 56 is hexagonal in shape for
      reception on a hexagonal stock member. It has been found that while
      relatively thin discs such as the member 54 do operate satisfactorily,
      longer axis cylindrical members such as the member 20 are preferred. As it
      will be appreciated, the ring-like members may be provided with different
      exterior and interior diameters to fit work stock tubes having different
      inner diameters and to fit work stock members having different outside
      diameters. The use of the ellipse as in the member 20 is advantageous in
      that this member is capable of being used on at least three different
      configured work stock members. For example, a member 20 in which the short
      diameter of the opening 22 is 0.480 inch is receivable on a work stock
      member having a circular cross-section of 1/2 inch, a work stock member
      having an hexagonal cross-section measuring 7/16 inch between oppositely
      disposed flats, and a work stock member having a square configuration
      measuring 3/8 inch between two oppositely disposed sides.
CLMS
STM  Having thus described my invention. I claim:
NUM  1.
PAR  1. The combination comprising an elongated work stock member for feeding
      into a screw machine, an elongated work stock tube receiving said
      elongated work stock member, and at least one ring-like member
      press-fitted onto said work stock member, said ring-like member being
      fabricated of a plastic material and having a central opening
      therethrough, said central opening being oval in cross-section, said
      ring-like member being located at a point remote from the end of the work
      stock member which is to be operated upon by a screw machine, said
      ring-like member further being located within said work stock tube.
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PAL  A multiple shaft, turret roll-slitting machine having a slitting knife
      mounted for movement along a path parallel to the axis of a roll to be
      slit and for radial movement into the roll at selected axial locations.
      The machine has at least two shafts upon which rolls of material are to be
      mounted and those shafts are movable from a cutting station to a loading
      and unloading station and are mounted on a turret to achieve such
      movement. When a first shaft is in the cutting station, it is oriented
      relevant to the slitting knife such that it can be slit into narrow width
      tape or ribbons by the slitter. At the same time, a second shaft is
      located in the loading and unloading station such that a previously slit
      roll can be removed and a new roll can be loaded into the shaft while the
      roll on the first shaft is being cut. The turret is then indexed reversing
      the positions of the first and second shafts.
BSUM
PAR  The present invention relates generally to production equipment used to cut
      wide width rolls of sheet material into narrower rolls of tape or ribbon.
      The present invention contemplates a machine of that type in which there
      are provided a multiple number of roll shafts which are mounted on a
      turret such that while a cutting operation is being performed on a roll
      mounted on a shaft at a cutting station, an unloading and loading
      operation may be performed on a shaft at another station. The turret
      enables the shaft to be moved between the cutting and the loading
      stations.
PAR  A wide variety of sheet-like materials are manufactured in relatively wide
      widths but are used as consumer products, or as raw materials for further
      manufacturing operations, in relatively narrow widths. Examples are
      numerous and include paper, plastic films, adhesive backed materials, and
      woven and non-woven textiles. Machines have been developed to cut wide
      rolls of sheet materials into rolls of tape or ribbon and many of such
      machines have achieved commercial success in the marketplace. A number of
      such machines have achieved commercial success in the marketplace. A
      number of such machines have been disclosed in U.S. patents including U.S.
      Pat. Nos. 3,161,097 and 3,320,841 issued to David N. Judelson and assigned
      to Oscar I. Judelshon, Inc.
PAR  In the typical operations of existing roll-slitting machines, a roll is
      mounted on the main shaft of the machine and is rotated about its own
      axis, the cutter blade is positioned for a first cut at a selected axial
      location and is advanced into the roll to cut the same. Upon the
      completion of the first cut, the knife is withdrawn and moved axially to
      the next desired location for a second cut and the second cut is made.
      Successive cuts are made thereafter until the entire roll has been slit
      into smaller rolls of the desired widths. Cutting operations are then
      halted while the individual rolls of narrow lengths are removed from the
      machine. A new wide roll is then threaded over the main shaft of the
      machine and positioned and chucked into place and a repeat of the
      operations is performed. Between each cutting cycle, therefore, there is
      an unloading and loading cycle during which the actual productive
      processes of the machine are halted. The efficiencies of manufacturing
      operations which preceded the introduction of those machines is
      nevertheless unsatisfactory. An absolute limitation on the efficiency of
      the machine is the "downtime" or the idle period which exists while the
      unloading and fresh loading operations are being performed. In the highly
      competitive and highly cost-conscious marketplace which exists, the
      inefficiencies of substantial periods of nonproduction are intolerable and
      it is the purpose of the present invention to eliminate or at least to
      minimize these inefficiencies.
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved construction for roll-slitting machines or single knife cutters
      which produce markedly increased manufacturing efficiencies. More
      specifically, it is an object of the present invention to provide a
      roll-slitting machine with multiple spindles mounted on a turret so that
      cutting or slitting operations can be performed on a virtually continuous
      basis with loading and unloading operations being performed simultaneously
      therewith.
PAR  It is among the objects and features of a machine constructed in accordance
      with the present invention that multiple spindles or shafts are provided
      on a turret-like mounting to move those spindles between a cutting station
      and an unloading station. While a first spindle is moved from the cutting
      station to the loading station, another spindle is moved in the reverse
      travel. By such multiple spindle and turret-mounting features, a roll
      mounted on a first spindle can be cut into desired small segments while,
      simultaneously therewith, previously cut material may be removed from a
      second spindle and a new uncut roll may be loaded onto that second
      spindle. Upon relatively quick movement of the turret, a freshly loaded
      spindle is moved to the cutting location to be operated on by the cutting
      mechanism and a freshly cut roll of material is moved to the loading and
      unloading station. Efficiency can be further increased by providing a
      turret in which pairs of spindles are moved into the stations such that
      two spindles are in the cutting station at the same time thereby doubling
      the amount of material that can be cut on one machine.
PAR  Broadly stated, it is an object of the present invention to provide a new
      and improved roll-slitting mechanism which eliminates or reduces
      disadvantageous features found in prior art machines and which offers an
      increase in manufacturing efficiency as compared with prior art units.
PAR  In accordance with one illustrative embodiment of the present invention,
      there is provided a roll-slitting mechanism which includes a multiple
      number of spindles or shafts on which rolls of material are mounted to be
      slit in combination with a knife slitter which is mounted for movement
      along the length of the rollers and for movement radially into the roll
      such that the rolls can be cut at selected axial locations. The multiple
      spindles are mounted on a turret which effectively transports them between
      a cutting station and a loading and unloading station. Both the knife
      mechanisms and the spindle turret mechanisms are mounted on a unitary
      frame and drive means are also mounted on that frame to power the movement
      of the knife mechanisms and the movement of the turret and the spindles.
      Control means are provided to control the operations of the cutter both in
      its movements along the length of the cutting station and its radial
      movement into a roll mounted on the spindles as well as for rotation of
      the cutting blade. Control means also control the position of the turret
      and effectively control the drive means which moves the turret to
      transport spindles between the cutting station and the loading and
      unloading station.
DRWD
PAR  The above brief description, as well as further objects, features and
      advantages of the present invention, will be best understood by reference
      to the following detailed description of one presently preferred
      embodiment of the invention when taken in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is a front elevational view of a turret roll-slitting machine, with
      portions broken away for the purpose of clarity, and with protective
      covers removed for the same purpose;
PAR  FIG. 2 is a sectional view taken along the line 2--2 of FIG. 1 of the
      turret roll-slitting machine showing the drive mechanism for the
      individual spindles and showing the air lines going to the individual
      chucks on the spindles as well as illustrating the mounting mechanism for
      the cutting means;
PAR  FIG. 3 is an end view of the machine taken from the head end of the machine
      illustrating the cutting operation and showing the position and
      orientation of the spindles in the cutting station and in the unloading
      and loading station;
PAR  FIG. 4 is a sectional view taken along the line 4--4 of FIG. 1 looking in
      the direction of the arrows illustrating the cutting operation and showing
      the position and orientation of the spindles in the cutting station and in
      the unloading and loading station;
PAR  FIG. 5 is an enlarged end view of the support and orientation mechanisms
      which support the free ends of the spindle when in the cutting station;
PAR  FIG. 6 is a partial elevational view of the operation of the clamping units
      in the spindle support and orientation mechanisms; and
PAR  FIG. 7 is a sectional view taken along the lines 7--7 in FIG. 3
      illustrating the manifold connection by which air is delivered to the
      machine for operation of the spindle chucks.
DETD
PAR  Referring now to the drawings, there is shown in FIG. 1 a turret, multiple
      roll-slitting machine generally designated by the numeral l0 which
      comprises a main frame 12 on which are mounted the individual elements of
      the machine. Generally, the frame includes a right-hand or head-end main
      frame member 14 and a left-hand or tail-end main member 16 connected by
      appropriate cross rails, 20 and tie rods 22, 24 (see FIGS. 2, 3).
PAR  The main components of the machine 10 mounted on the frame 12 are the
      cutter assembly, generally designated by the numeral 26, and the turret
      and spindle assembly generally designated by the numeral 28. In the
      illustrative machine described herein, the cutter assembly 26 is of
      generally conventional construction and a brief description of it will be
      given at this point, however, it should be understood that any
      conventional or future devised cutting mechanism can be used in the
      machine 10 for affecting the actual cutting of the rolls of material. It
      will be appreciated that the turret and spindle assembly 28 provides at
      least one spindle at a cutting station on which the roll of material R is
      mounted for rotation about its own axis as it is being cut by the cutting
      mechanism 26. Our brief discussion of the cutting mechanism proceeds in
      the following paragraph.
PAR  The cutting mechanism 26 includes a main carriage 30 which in turn is
      mounted by appropriate rollers 32 on top of the cross rails 18, 20 thus
      allowing the cutting mechanism 26 to move from one end of the machine 10
      to the other parallel to the axis of the roll R which is to be cut. The
      rollers 32 are mounted in appropriate shirts 34 which bridge and surround
      the cross rails 18, 20. The carriage 30 is driven in its lengthwise
      movement of the machine through the lead screw 36 journaled appropriately
      in a mounting and transfer lug 38 on the bottom of the carriage 30, and
      lead screw 36 is driven by the positioning motor 40 which is mounted on
      the right-hand main frame 14 and is connected to the lead screw by an
      appropriate coupling device 42. The cutting mechanism includes a secondary
      carriage 44 which mounts the actual cutting knife for movement radially of
      the roll R. The secondary carriage 44 is mounted on a pair of cross bars
      or rails 46, 48 by appropriate sliding bearings. The secondary carriage 44
      is moved toward and away from the axis of a roll R by means of a piston
      and cylinder assembly 52 mounted on the main carriage 30 and connected to
      the secondary carriage 44 at 54. An adjustment knob 56 and an adjustment
      lead screw 58 are provided to allow for accurate positioning of the depth
      of cut in a manner which will be described below. Mounted on the secondary
      frame 44 is a cutter motor 60 which is connected through a belt 62 to a
      circular cutting blade 64. Energization of the cutter motor 60 directly
      causes the rotation of the circular knife cutter 64 which, upon movement
      of the secondary frame 44 toward a roll R at the machine cutting location,
      will cause a penetration of the knife blade 64 into the roll R.
PAR  The spindle and turret assembly 28 includes four spindles, each with an
      associated chuck, all mounted on a turret such that two of the spindles
      are positioned in the cutting station and two in the loading and unloading
      station and that their respective positions can be reversed upon rotation
      of the spindle. Drive mechanisms are provided to rotate the spindles when
      in the cutting station and to rotate the turret when desired. In FIG. 4,
      the cutting station has been designated by the rotation CS and the loading
      and unloading station has been designated by the rotation LS.
PAR  As may be best seen in studying FIGS. 1, 2 and 4, the turret 66 is mounted
      on the frame 12 on the main turret axle 68 which is mounted for rotation
      about its own axis by means of the bearing 70 secured in the right-hand
      main frame member 14. As will be explained in further detail below, the
      turret axle 68 may be rotated within its bearing 70 by the turret motor 72
      operating through the chaim 74 to the chain pulley 76 which is fixed to
      the portion of the turret axle which protrudes outwardly from the end of
      the right-hand frame member 14. The turret 66 is constructed of a pair of
      parallel circular plates 78, 80 the latter of which has locating
      extensions 82, 84 which are used to define the stopping points for the
      rotation of the turret 66. The turret plates 78, 80 are spaced apart from
      each other a short distance and are used to mount six bearings, four of
      which are spindle bearings 86 and two of which are drive shaft bearings
      88. The spindle bearings 86 support four roll spindles 90, 92 forming the
      first pair of roll spindles and 94, 96 forming the second pair of roll
      spindles. Each of the roll spindles has an associated air chuck 90A, 92A,
      94A and 96A. In FIG. 1, chucks 90A and 92A are visible, their counterparts
      in the second pair are directly behind them and are therefore hidden from
      view. Also in FIG. 1, we see the spindles 90, 92 in the foreground (note
      that spindle 92 is somewhat longer than spindle 90) and behind them are
      visible rolls of material R mounted on spindles 94, 96. Due to the
      variation in the length of the spindles, the end portion of spindle 96 is
      visible behind spindle 90.
PAR  The air chucks 90A, 92A, 94A, 96A are of a type more completely described
      in pending U.S. application Ser. No. 448,056 entitled IMPROVED AIR CHUCK
      FOR ROLL SLITTING MACHINE, filed on Mar. 4, 1974. It is sufficient for the
      present explanation of the machine 10 to note that the gripper members 98
      (see FIGS. 1 and 4) of the chuck members, under the influence of pneumatic
      pressure, grip the conventional cardboard core of the rolls R. The chucks
      are driven about their respective spindles which remain stationary and
      thus rotate the rolls of material R about those stationary spindles. As
      can be seen in FIG. 4, a portion of the face of each of the spindles 90,
      92, 94, 96 is flattened to provide a clearance space for the blade 64 to
      penetrate through the core of the roll R thereby to cut that core.
      Pneumatic pressure for the air chucks is delivered through the air tube
      100 to a manifold 102 (see FIG. 7) which functions to deliver pressurized
      air to those chucks which are in the cutting station CS and to bleed air
      from those chucks whick are moved into the loading and unloading station
      LS. As may be best seen in FIGS. 7 and 2, two air lines 104, 106 extend
      from the manifold into the turret axle 68 and branch off into lines
      leading to the respective air chucks.
PAR  The turret 66, when rotated by the turret motor 72 and is accurately
      positioned by means of the locating members 82, 84. Specifically, a
      turret-loading piston and cylinder assembly 108 is located on a bracket
      110 on the right-hand frame member 114 (see FIG. 1) and includes a piston
      rod 112 which has a conically shaped locating ram 114. The locating ram
      114 is sized to be complementary to the notches formed in the locating
      members 82, 84. The timing mechanisms and control mechanisms associated
      with the machine 10 are such that the piston rod 112 is retracted when the
      turret 66 is rotated and is extended into the position shown in FIG. 1
      during the cutting cycle of the machine. The locating ram 114 is driven
      between the bifocated sections of the locating members 82, 84 thus
      accurately positioning turret 66 and maintaining it in rigid position
      during the cutting operation.
PAR  The drive for the rotation of the air chucks and rolls R is best shown in
      FIGS. 1 and 2. A roll-driving motor 116 is positioned on an appropriate
      bracket 118 on the frame 14 and driving force is transmitted through an
      appropriate control clutch 120 and through a bearing 122 in the right-hand
      frame member 114 to the driving portion 124 of a 2-part drive clutch. The
      other portion of the drive clutch is located on the moveable turret 66 and
      is changeable as the turret rotates through its 180.degree. rotation. In
      FIG. 1, the second portion of the clutch is the driven clutch member 126,
      but when the turret is rotated, from the other side of the turret 66 the
      driven clutch member 128 is mated with the driving member 124. Clutch
      portion 126 is effective to drive air chucks 94A and 96A whereas, member
      128 drives the other two air chucks 90A and 92A. Specifically, driven
      clutch member 126 connects to a transmission shaft 130 mounted in the
      drive bearing 88 on the turret 66. Rotational movement of the transmission
      shaft 130 is transmitted through a belt 132 and appropriate pulleys to the
      shaft 134 which is mounted in one of the spindle bearings 86 and which is
      connected to air chuck 94A. The similar shaft 135 for air chuck 96A is
      connected to the shaft 134 by means of the belt 136 (see FIG. 2) such that
      the two air chucks 94A and 96A rotate at the same time.
PAR  When the turret 66 is rotated, driven portion 128 of the detachable chuck
      is brought into contact with the driver portion 124 in order to drive the
      air chucks 90A and 92A. As may be seen in FIGS. 1 and 2, driven portion
      128 is attached to a shaft 138 mounted in bearing 88 and through an
      appropriate belt 140, drives the shaft 142 associated with air chuck 90A.
      Air chuck 92A is driven at the same time and at the same speed and
      direction by means of the belt 144 which is connected to the shaft 146
      which is associated with that air chuck. It will thus be appreciated that
      driving means are provided through the motor 116 to those air chucks which
      are located in the cutting station CS of the machine to rotate those air
      chucks at the same speed and in the same direction of rotation. The two
      air chucks and spindles which are on the loading and unloading station of
      the machine 10 will not be connected to the drive motor 116 since their
      drive train will be connected to the driven clutch member 124. When the
      turret is rotated through its  180.degree. movement, the first pair of air
      chucks will be disengaged from the power source and the second set will be
      engaged. Simultaneously with the disengagement of one drive chain and
      engagement of the other, the first set of air chucks will be depressurized
      releasing the roll of materials thereon and the other set of air chucks
      will be pressurized to engage the rolls of material R which have been
      loaded thereon. As can be seen in FIG. 7, the manifold 102 has a pressure
      line from the supply 100 and a bleed line alternatively engageable with
      the air lines 104 and 106 respectively. The manifold is stationary and the
      turret assembly pivots at the connection 148 and is sealed by the O ring
      as shown. Appropriate mating sliding connections for the air lines are
      provided as shown such that the lines 104 and 106 are alternatively
      pressurized and relieved upon rotation of the turret 66.
PAR  The spindle shafts 90, 92, 94, 96 are each mounted within their respective
      air chucks on bearings which allow the shafts to remain stationary as
      rolls R are rotated around them under the influence of the respective
      rotating chucks. The shafts are maintained in non-rotating condition with
      their clearance faces 150, formed along the length of each roll (see FIGS.
      4, 5 and 6), properly aligned facing directly into the axis of the
      slitting blade 64. As is well understood by those having knowledge of the
      art, it is desirable to cut the cardboard core of the roll R as well as
      the material on the core in order that each of the smaller cut rolls also
      are provided with a core. The spindle shafts, when in the cutting station
      CS, are held in proper orientation and are also supported at their free
      ends by means of the shaft support and orientation mechanism generally
      designated by the numeral 152 and best shown in FIGS. 5 and 6.
PAR  The orientation and support mechanism 152 is mounted on the left end frame
      member 16 by means of a vertical support 154 which is mounted in tracks
      156 for vertical movement. Extending from the vertical support arm 154 is
      a lower horizontal support arm 158 and, above it, an upper horizontal
      support arm 160. These horizontal support arms each provide the mounting
      for the mechanisms which directly engage the free ends spindle shafts in
      the cutting station CS. The entire assembly is movable vertically under
      the impetus of a piston and cylinder assembly 162 consisting of a
      pneumatic cylinder 164 with an internal piston which drives the piston rod
      166, the end of which is connected to a connecting arm 168 attached to the
      vertical support arm 154. When the piston and cylinder assembly 162 is
      extended, the vertical and horizontal support arms 154, 158 and 160 move
      upwardly into engagement with the spindle shafts for support of same and
      when the piston and cylinder assembly 162 is contracted, the entire
      orientation and support mechanism 152 moves downwardly to a clearance
      position out of engagement with the spindle shafts.
PAR  At the end of each of the horizontal support arms 158, 160 of the
      orientation and support mechanism 152, there are provided the specific
      elements which serve to engage the spindle shafts for support and
      orientation. Description will be made of one of the two pairs of these
      mechanisms and it will be understood that the other pair is constructed
      and functions in the same manner. A lower pair of rollers 170 is mounted
      on an appropriate bifurcated bracket 172 at a point extending into the
      bifurcated region such that the outer face of the spindle shaft is cradled
      and supported by the rollers 170. The rollers 170 for the upper spindle
      shaft are mounted directly on the vertical support arm 154 which is
      bifurcated at its upper end in the same manner as the bracket 172. A third
      roller 174 is mounted above the lower rollers 172 to maintain the shaft 94
      tightly in position. This third or upper roller 174 is mounted on a pivot
      lever 176 which is pivoted at 178 on the bracket 172 (or the arm 154 for
      the upper unit) and is powered for movement toward and away from the lower
      rollers 170 by a piston and cylinder assembly 180 connected at one end to
      the lever 176 and at the other end to a bracket 182 on the bracket 172.
      The opened and closed positions of the roller 174 is illustrated in the
      upper portion of FIG. 6; the solid line configuration shows the position
      of the device when a spindle shaft is firmly clamped within the three
      rollers 170, 174 and the dotted line configuration illustrates the
      assembly as it exists when the shaft is released by contraction of the
      piston and cylinder assembly 170.
PAR  After the turret 66 has been rotated to bring a fully loaded spindle shaft
      into the cutting station CS, the orientation and support mechanism 152 is
      raised into the position as shown in the drawings thus capturing the
      spindle shafts within the bifurcated regions of both the upper and lower
      support units at the ends of horizontal arms 158, 160. The piston and
      cylinders 180 are then extended to swing the upper rollers 174 over and
      above the spindle shafts to bring the unit into configuration as shown in
      FIGS. 5 and 6. The spindle shafts may not necesarily be oriented with
      their clearance faces 150 perpendicular to the radius to the center of the
      slitting blade 64 and, of course, the mechanisms as described thus far
      make no provision for maintaining such an orientation. Those functions are
      provided by a spring-loaded locating pin 184 which is mounted in a housing
      186 on the bracket 72 and which extends upwardly into engagement with the
      spindle shaft when the same is resting upon the lower rollers 172. A
      complementary opening 188 is formed in the bottom of each of the spindle
      shafts and oriented such that their respective clearance faces 150 are
      properly positioned relative to the slitting blade 64 in the cutting
      station CS. When the spindle shafts are not properly aligned, the pin 184
      is pressed downwardly into the housing 186; as the spindle shaft 150 is
      rotated and the opening 88 becomes aligned with the pin 184, the pin 184
      will move upwardly under the spring bias and engage itself into the
      opening thereby correctly orienting the clearance face 150 of the spindle
      shaft. The pin 184 is effective to maintain the orientation of the spindle
      shaft during the cutting operation.
PAR  The foregoing description of the mechanical features of the machine 10 will
      be further appreciated by considering a typical cycle of complete
      operations of the machine. Operations are commenced by loading a pair of
      rolls of material R on spindles located in the loading station LS, i.e.,
      on those two spindles which are at the point furthest removed from the
      slitting blade 64 and free of the orientation and support mechanism 152.
      The machine operator then activates those controls which are effective to
      swing the turret 66 through a 180.degree. rotation, specifically, the
      locating ram 114 is withdrawn from the locating member 82 and the turret
      motor 72 drives the turret through 180.degree. to the position shown in
      the drawings at which time the locating ram 114 engages the other locating
      member 84 on the turret. When the turret reaches this position, the two
      rolls R and the spindle shafts upon which they have been mounted, in this
      case, shafts 94 and 96, are in the cutting station CS, and the other two
      shafts are moved into the loading station LS. When the turret 66 reaches
      this position, the air line 104 is connected to the air supply 100, thus
      energizing the air chucks on spindles 94 and 96 causing them to engage the
      core of the roll R.
PAR  Upon energization of the control mechanisms for moving the turret 66, the
      spindle support and orientation mechanism 152 is disengaged from the ends
      of the spindle shafts in the cutting station and is moved to a clearance
      position. Specifically, the piston and cylinder assemblies 180 contract
      and the clamping rollers 174 are removed from the tops of the spindles and
      the entire assembly 152 is lowered by means of the piston and cylinder
      assembly 164 to a clearance position below the spindles in the cutting
      station CS. After the rotation of the turret has been completed, the
      control means in the machine 10 elevates the spindle orientation and
      support mechanism 152 back into the position shown in FIGS. 5 and 6 and is
      effective, through the piston and cylinder assemblies 180, to clamp the
      spindle shafts then located in the cutting station CS. The locating pins
      184 and spindle shaft openings 188 effectively orient the clearance faces
      150 of the shafts in proper position as shown in the drawings.
PAR  When the turret 66 is correctly positioned, the air chucks are energized
      and the support and orientation mechansim engaged with the free ends of
      the spindle shafts, the controls which commence the cutting operations are
      activated. Typically, the rolls R would be cut starting at the foot end of
      the machine (the left end as viewed in FIG. 1) with the slitting blade 64
      moving radially into the rolls R as those rolls are rotated by the force
      from the motor 116 through the clutch 124-126 and then through the
      appropriate belts, pulleys and shafts to the air chucks 94A and 96A. The
      cutting blade 64 penetrates into the rolls R to the cardboard core of
      those rolls and then through the cardboard core with clearance provided by
      the spindle shafts at their respective clearance faces 150. The slitting
      blade 64 is then retracted and the entire carriage 30 is moved through the
      next desired position for slitting of the rolls R. The slitting operation
      is performed repeatedly at each desired location along the length of the
      rolls R. By techniques known to those skilled in the art, such slitting
      operations can be governed by controls which automatically index the
      slitting mechanism to perform these cutting operations.
PAR  At the same time as the rolls are being slit on spindle shafts 94, 96 in
      the cutting station CS, previously cut rolls are removed from the spindles
      90, 92 in the loading and unloading station LS. It will be appreciated
      that when the turret 66 is moved into the position as shown in the
      drawings, air line 106 will be connected with the bleed port in the
      manifold 102, thus allowing the gripping jaws of the chucks 90A and 92A to
      open releasing the previously cut rolls and allowing for fresh rolls R to
      be threaded over the spindle shafts 90, 92. Since the spindle shafts 90,
      92, when in the loading station LS, are free of the end support mechanism
      152, it is a simple matter to thread the rolls of material R over those
      spindle shafts.
PAR  Upon completion of the cutting of the rolls R on spindles 94, 96 and the
      loading operation on spindles 90, 92, the spindle shaft orientation and
      support mechanism 152 is withdrawn to its clearance position, the locating
      ram 114 is withdrawn from the turret 66 and the turret 66 is rotated to
      transport the cut rolls R to the loading and unloading station LS and to
      transport the freshly loaded rolls on the other two spindles, 90, 92, into
      the cutting station CS. When the spindle movement has been completed, the
      locating ram 114 is reengaged with the mating locating means, the
      orientation and support mechanism 152 is moved into engagement with the
      free ends of the spindle shafts in the cutting station CS and the air
      chucks 90A and 92A are pressurized to cause the chuck jaws 98 to clamp
      onto the cardboard core of the rolls R. The machine operator then
      activates the control means to commence the next cutting operation and
      while that is in progress, the operator removes the cut rolls from the
      spindles then in the loading and unloading station LS and thereafter loads
      fresh rolls R onto those spindles. The operation proceeds on a repeating
      basis.
PAR  The control means for the various motors and piston and cylinder assemblies
      can be of a variety of different designs ranging from simple hand-operated
      switches and valves to more sophisticated logic-controlled systems. They
      are not detailed here since their arrangement is within the knowledge of
      those skilled in the art and are not considered to be the subject of
      inventive activity. For purposes of understanding the present machine,
      they can be considered to be simple hand-operated switches although, as
      described above, it is generally advantageous to provide a more
      sophisticated control means in which all or selected parts of the cycle of
      operations is automatic or semi-automatic in nature.
PAR  The above description is given for one illustrative embodiment of the
      subject matter disclosed. A number of modifications of greater and lesser
      extent can be made without departing from the spirit and scope of the
      invention. Those skilled in the art will see many variations which can be
      easily made from the particular details which are shown and described
      above.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An improved roll cutting machine for cutting rolls of sheet material at
      a cutting station in said machine while simultaneously unloading
      previously cut rolls from said machine and loading new rolls to be cut
      thereon at a loading and unloading station of said machine comprising:
PA1  a. frame means;
PA1  b. a turret assembly mounted on said frame means for rotational movement
      about a turret axis;
PA1  c. multiple spindle shafts mounted on said turret and extending parallel to
      said turret axis including means to support rolls of material to be slit
      and chuck means engageable with said rolls of sheet material when mounted
      on spindle shafts;
PA1  d. said turret being rotatable to transport at least one spindle shaft to a
      cutting station at a first location about said turret axis while
      simultaneously moving at least one other spindle shaft to a loading and
      unloading station at a second location about said turret axis;
PA1  e. cutting means mounted on said frame for longitudinal movement parallel
      to said spindle shafts and for movement in a plane perpendicular to said
      spindle shafts to affect cutting of a roll of material mounted on said at
      least one spindle shaft in said cutting station; and
PA1  f. drive means for driving said cutting mechanism.
NUM  2.
PAR  2. A roll slitting machine in accordance with claim 1 where said turret
      assembly includes, drive means for rotating said chuck means to rotate
      rolls of material mounted on said spindle shafts and control means for
      coordinating the operations of said cutting mechanism and said chuck
      means.
NUM  3.
PAR  3. A roll slitting machine in accordance with claim 1 wherein said cutting
      mechanism comprises a single circular blade mounted on a first carriage
      movable transverse to said spindle shafts and a second said carriage
      movable parallel to said spindle shafts.
NUM  4.
PAR  4. A roll slitting machine in accordance with claim 1 having four spindle
      shafts, two of which are in said cutting station at the same time and
      positioned to be engaged by said cutting means simultaneously while the
      other of two said spindle shafts are in said loading and unloading
      station.
NUM  5.
PAR  5. A roll slitting machine in accordance with claim 2 wherein each spindle
      shaft has chuck means and the chuck means of said at least one spindle
      shaft in said cutting station is automatically engaged when said spindle
      shaft is in said cutting station and the said chuck means is automatically
      disengaged when said spindle shaft is moved to said loading and unloading
      station.
NUM  6.
PAR  6. A roll slitting machine in accordance with claim 1 wherein said turret
      moves through a 180.degree. rotation transporting said spindle shafts
      between said cutting station and said loading and unloading station and
      including locating means to precisely locate said spindle at the end of
      such 180.degree. movement.
NUM  7.
PAR  7. A roll slitting machine in accordance with claim 2 wherein said spindle
      shafts at their ends opposite from chuck means are unsupported when in the
      loading and unloading station and wherein spindle shaft support means are
      provided at said cutting station for supporting the free ends of spindle
      shafts when in said cutting station.
NUM  8.
PAR  8. A roll slitting machine in accordance with claim 2 having control means
      for coordinating the operations of said drive means and said chuck means
      for performing a cycle of operations in which rolls of material mounted on
      said spindle shafts in said cutting station are cut by said cutting means
      while previously cut rolls are removed and uncut rolls are loaded onto
      said spindle shafts in said loading and unloading station and wherein,
      upon completion of cutting operations, said turret is rotated to bring at
      least one spindle shaft loaded with an uncut roll into said cutting
      station and to bring at least one other spindle shaft loaded with a cut
      roll into said unloading and reloading station.
NUM  9.
PAR  9. A roll slitting machine in accordance with claim 2 wherein said spindle
      shafts are unsupported at their ends opposite from said chuck means when
      in said loading and unloading station and wherein support means are
      provided at said cutting station, means mounting said support means for
      movement to a support location when said spindle shafts are moved by said
      turret into said cutting station and for movement to a clearance location
      prior to said turret rotating to move said spindle shafts out of said
      cutting station and control means to coordinate the movement of said
      support means and said turret rotation.
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ABST
PAL  Slabs of gum stacked in a top-loaded magazine and successively fed from the
      bottom of the magazine by a reciprocable pusher mechanism are advanced by
      line pressure along a generally predetermined first path to a rotary
      trimming and scoring mechanism which trims, scores and further advances
      each successive slab. Another pusher mechanism receives each slab advanced
      by the trimming and scoring mechanism and transfers it to a conveyor which
      carries it along another path generally normal to the first path and to a
      breaker and an associated wrapping machine. Each mechanism which advances
      the slab is driven in timed relation with the wrapping machine. The
      magazine is supported to pivot to an inactive position to facilitate
      access to the trimming and scoring mechanism.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to an improved apparatus for feeding
      slabs of gum to a wrapping machine or the like. The apparatus of the
      present invention is of the type which may include a magazine and
      associated mechanism for feeding gum slabs to and along a predetermined
      first path to a trimming and scoring mechanism wherein the ends of each
      slab are trimmed and a plurality of parallel score lines are formed
      thereon which extend in the direction of the first path to divide the slab
      into a plurality of sticks connected in side-by-side relation along the
      score line. Apparatus of the aforedescribed general type also includes an
      in-feed conveyor which receives the trimmed and scored slab and carries it
      along a second path generally normal to the first path and toward a
      breaker and wrapping machine where the slab is broken or separated into
      individual sticks which are wrapped. A problem has been encountered in
      transferring the trimmed and scored slab from the trimming and scoring
      mechanism to the in-feed conveyor. In the past, transfer rolls have been
      employed to advance the slab to the in-feed conveyor. If the transfer
      rolls operate in timed relation with the wrapping machine, no serious
      problem is encountered at the full wrapping speed, since the transfer
      rolls turn at sufficient speed to eject the slab clear of the rolls and
      onto the in-feed conveyor. However, when the wrapper is operated at jog
      speed or manually, as by a hand-wheel, the transfer rolls may not, and
      generally do not, attain sufficient speed to properly eject the slab, with
      the result that a jam or pile up of slabs may occur between the transfer
      rolls and the in-feed conveyor. This problem has been overcome, to some
      degree, by providing a separate or independent drive motor for the
      transfer rolls, so that the latter rolls operate at a constant speed at
      all times. However, the rate at which the in-feed conveyor travels will
      vary with the operational speed of the wrapping machine, as for example,
      when the wrapping machine is stopped or started. Under such conditions
      properly timed relationship between the independently driven transfer
      rolls and the in-feed conveyor cannot be maintained.
PAR  If a magazine apparatus is employed to feed slabs to the trimming and
      scoring mechanism, it is generally desirable that the distance between the
      magazine and the trimming and scoring mechanism be kept as short as
      possible to minimize feed problems in transferring slabs from the magazine
      to the latter mechanism. However, because of the closely spaced
      relationship between the magazine and the trimming and scoring mechanism,
      it becomes difficult to remove damaged slabs which may become lodged
      therebetween in the event of malfunction. The present invention is
      concerned with improvements in slab feed apparatus aimed at overcoming the
      aforedescribed general problems.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an improved gum slab feeding
      apparatus is provided which includes a mechanism, which may comprise a
      magazine for containing a supply of gum slabs and an associated pusher
      mechanism, for feeding successive slabs to and along a first path to a
      trimming and scoring mechanism which trims each slab, scores it and
      further advances it along the first path. Another pusher mechanism
      receives the trimmed and scored slab and further advances it to an in-feed
      conveyor which carries the slab toward a breaker and a wrapping machine.
      The latter pusher mechanism and various mechanisms for advancing the slab
      are driven in timed relation with the wrapping machine. When a magazine is
      utilized, it is supported to pivot to an inactive position to permit
      access to the area between the magazine and the trimming and scoring
      mechanism.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary side elevational view of magazine feed apparatus
      embodying the present invention.
PAR  FIG. 2 is a somewhat enlarged fragmentary plan view of the apparatus of
      FIG. 1.
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 2.
PAR  FIG. 4 is a somewhat enlarged fragmentary side elevational view of the
      apparatus as shown in FIG. 3, a gum slab being shown in section.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawings, a magazine feed apparatus embodying the present invention
      is indicated generally by the reference numeral 10. The apparatus 10 is
      particularly adapted to feed a substantially continuous supply of gum to a
      wrapping machine 12 (FIG. 2) and comprises a top-loaded magazine,
      indicated generally at 14, which contains a plurality of gum slabs S, S
      arranged in vertical stacked relation, an associated pusher mechanism,
      designated generally by the numeral 16, which successively feeds slabs S,
      S from the magazine 14 to and along a generally horizontal path 18 to a
      trimming and scoring mechanism 20, a transfer mechanism 22 which further
      advances the trimmed and scored slabs, and a conveyor 24 which carries the
      slabs S, S to the wrapping machine 12. The magazine 14 is disposed in
      close proximity to the trimming and scoring mechanism 20 and is arranged
      to pivot from its active or full line position in FIG. 1 to an inactive
      position, designated by broken lines, wherein it is horizontally displaced
      a substantial distance from the trimming and scoring mechanism 20 to
      permit convenient access thereto.
PAR  Considering now the apparatus 10 in further detail, it has a frame 26 which
      supports a horizontally disposed surface plate 30 to partially define a
      horizontal path 18. The magazine 14 is pivotally supported on the frame 26
      and has a pair of generally L-shaped end brackets 32, 32, each of which
      includes a horizontal leg and a vertical leg. The front wall of the
      magazine is defined by a vertically disposed front plate 34 which is
      connected to the vertical legs of the end brackets 32, 32 and extends
      transversely therebetween. The lower edge of the plate 34, designated at
      36 and best shown in FIG. 3, extends transversely of the path 18 in
      vertically spaced relation thereto when the magazine is in its active
      position. The end brackets 32, 32 are further connected by a cross member
      38 which extends transversely therebetween and carries a pair of
      transversely spaced upright members 40, 40 which project upwardly
      therefrom to define the open rear portion of the magazine 14.
PAR  The magazine further includes one end wall defined by a vertically
      extending angle bracket 42 fastened to the front plate 34 and best shown
      in FIG. 2. Each end bracket 32 is pivotally connected to an associated
      side of the frame 26 by a pivot pin 44 which is mounted on the side member
      and extends through the horizontal leg of the bracket. The forward end of
      each bracket 32 rests on the head of a vertically adjustable screw 46
      threaded into a nut 48 mounted in fixed position on the frame 26, as best
      shown in FIG. 1. Stops 50, 50 mounted at opposite sides of the frame
      cooperate with the end brackets 32, 32 when the magazine is pivoted in its
      inactive position to support it in a latter position.
PAR  The pusher mechanism 16 associated with the magazine includes a
      transversely extending pusher 52 arranged for sliding movement on the
      upper surface of the plate 30. The pusher 52 has a plurality of integral
      transversely spaced and forwardly projecting pusher fingers 54, 54 as best
      shown in FIG. 2. Each pusher finger has a forwardly facing abutment
      surface 56 at its forward end. The forward end portion of each finger 54
      is disposed at a slightly lower elevation than the rear portion thereof
      and is separated from the rear portion by another forwardly facing
      abutment surface 58. The difference in elevation between the forward and
      rear end portions of each finger is substantially equal to the thickness
      of a single slab S, as will be evident from FIG. 3. The fingers 54, 54 are
      received between a series of transversely spaced guide plates 60, 60,
      mounted on the upper surface of the plate 30 and located immediately below
      the magazine 14 when it is in its active position. The upper surface of
      each guide plate 60 is disposed at a slightly higher elevation than the
      upper surface of the forward end portion of each pusher finger 54, that
      is, the portion of each finger forward of its abutment surface 58.
PAR  Reciprocal forward and rearward movement is imparted to the pusher 52 by a
      drive mechanism which includes a bell crank 62 and a link 64 connected
      between one end of the bell crank 62 and the pusher 52. The other end of
      the bell crank is connected to a main drive or crank shaft 66 by a
      connecting rod 68.
PAR  The trimming and scoring mechanism 20 is located forward of the magazine 14
      in relatively closely spaced relation thereto. It includes upper and lower
      sets of scoring knives respectively indicated at 72 and 74. Considering
      the upper knife set 72, and referring particularly to FIG. 2, it comprises
      a transversely spaced series of rotary scoring knives or discs 76, 76
      coaxially mounted on a shaft 78 journalled for rotation about an axis
      which extends transversely of the path 18. The lower knife set 74 is
      substantially identical to the upper knife set 72, however, segments of
      the peripheral edges of the lower scoring knives project upwardly through
      slots 79, 79 in the surface plate 30 to cooperate, above the upper surface
      of the latter plate, with respectively associated scoring knives in the
      upper set.
PAR  Each of the outboard scoring knives, designated 76', 76' in FIG. 2, has a
      deflector 80 mounted generally adjacent thereto. An opening 81 is formed
      in the plate 30 immediately below each deflector 80. The upper and lower
      knife sets 72 and 74 are driven in timed relation to the pusher mechanism
      16 and are or may be driven by the main drive shaft 66.
PAR  A transverse alignment pusher 82, shown in FIG. 2 and located between the
      magazine 14 and the trimming and scoring mechanism 20, projects upwardly
      through a slot in the surface plate 30 forward of the magazine front plate
      34 and the end wall 42. The alignment pusher is arranged for reciprocal
      transverse movement from a position outward of the end wall 42 to another
      position inward thereof. The latter positions of the alignment pusher are
      respectively shown in full and broken lines in FIG. 2. A drive mechanism,
      not shown, operates the alignment pusher 82 in timed relation to the
      operation of the pusher mechanism 16. A plurality of transversely spaced
      apart holddown fingers 83, 83 (one shown in FIG. 3) are also located
      between the magazine 14 and the trimming and scoring mechanism 20.
PAR  The surface plate 30 terminates at a forward edge 84 forward of the
      trimming and scoring mechanism 20. Another surface plate 85 disposed
      adjacent the lower surface of the plate 30 extends forwardly beyond the
      edge 84 and terminates generally adjacent the in-feed conveyor 24. The
      upper surface of the plate 85 is horizontally aligned with the upper
      surface of the in-feed conveyor 24 and defines another portion of the path
      18. A transverse series of forwardly extending slots 86, 86 formed in the
      forward portion of the plate 30 and in the plate 85 open toward the
      in-feed conveyor 24. A plurality of pivoted holddown fingers 87, 87
      arranged in transversely spaced series along an axis 89 which extends
      transversely of the frame 26 are disposed above the forward end of the
      plate 30, substantially as shown in FIG. 3.
PAR  The transfer mechanism 22 includes a plurality of pusher fingers 88, 88
      equal in number to the slots 86, 86. The pusher fingers are mounted along
      a transversely extending pusher bar 90, each finger 88 being disposed in
      an associated slot 86. The bar 90 is carried by a lever assembly 92
      pivoted on a rock shaft 94 which extends transversely of the frame 26, as
      shown in FIG. 3. Roller followers 96, 96 carried by the lever 94 engage a
      conjugate cam 98 keyed to the shaft 66. Rotation of the shaft 66 causes
      reciprocal movement of the transfer or pusher mechanism 22. The latter
      mechanism is arranged to move in timed relation with the other mechanisms
      which advance the gum slabs and which comprise the feed apparatus 10.
PAR  Slabs of gum S, S are loaded in the top of the magazine 14. The open rear
      wall of the magazine facilitates loading so that the slabs S, S may be
      conveniently stacked in end engagement with the end wall 42. At the
      beginning of a cycle, when the pusher 52 is in its retracted or full line
      position of FIG. 3, the guide plates 60, 60 cooperate to define the bottom
      of the magazine. As the pusher 52 advances toward its broken line
      position, FIG. 3, the abutment surfaces 58, 58 engage the rear edge of the
      lowermost slab S in the magazine, which is then resting on the guide
      plates 60, 60, and push it in a forward direction past the lower edge 36
      and out of the magazine. The vertical position of the lower edge 36 is
      adjusted to prevent more than one slab from being fed from the magazine
      during each pusher cycle. When the pusher reaches its advanced or broken
      line position, FIG. 3, the slab rests on the forward end portions of the
      fingers beyond the forward edges of the guide plates 60, 60 and the rear
      portions of the pusher fingers 54, 54 now define the bottom of the
      magazine.
PAR  During the return stroke of the pusher 52, the forward edges of the guide
      plates 60, 60 engage the rear edge of the slab to prevent retrograde slab
      movement. The cross member or bar 38 prevents the lowermost slab in the
      magazine, now resting on the pusher fingers 54, 54 from being moved
      rearward out of the magazine during the return stroke of the pusher 52.
      When the pusher 52 attains its retracted position, the slab is disposed in
      the path 18 in general transverse alignment with the alignment pusher 82
      which then moves inwardly to its full line position to move the slab to
      position S.sub.1, FIG. 2, and align it with the trimming and scoring
      mechanism.
PAR  During the next cycle of the pusher, the abutment surfaces 58, 58 engage
      the next successive slab S at the bottom of the stack, whereas the
      abutment surfaces 56, 56 engage the slab at position S.sub.1 and advance
      it to position S.sub.2. The next successive cycle of the pusher mechanism
      16 causes the slab at position S.sub.2 to advance under line pressure
      exerted by the slab therebehind. The advancing slab is held down against
      the surface of the plate 30 and in the path 18 by the holddown fingers 83,
      83 and enters the nip between the upper and lower knife sets 72 and 74.
      The slab is then further advanced by the latter knife sets while it is
      simultaneously scored.
PAR  The scoring knives which comprise the scoring mechanism 20 cut only
      partially through the upper and lower surfaces of the slab to form
      parallel score lines thereon. As the slab passes through the trimming and
      scoring mechanism 20, the deflectors 80, 80 engage selvage at the opposite
      marginal end portions thereof and deflect it downwardly to break it away
      from the slab and cause it to drop through the openings 81, 81. In the
      manner aforedescribed, the slab is trimmed to desired length.
PAR  Each slab is further advanced by line pressure exerted by the next
      succeeding slab advanced by the trimming and scoring mechanism. The
      pivoted holddown fingers 87, 87 stabilize the slab as it passes
      thereunder. The slab continues to advance under line pressure until it
      passes the forward edge 84 whereupon it drops to the lower level of the
      path 18, as defined by the upper surface of the plate 85, a slab in the
      latter position being indicated at S.sub.3, FIG. 3. At this point in time,
      the pusher mechanism 22 is in its retracted position, the pusher fingers
      88, 88 being disposed within the slots 86, 86 and rearwardly of the
      forward edge 84. The pusher mechanism 22 dwells in the latter position
      while the slab advances to position S.sub.3 whereupon the pusher fingers
      88, 88 move to the forward position in full lines in FIG. 2 and indicated
      by broken lines in FIG. 3, to advance the slab to position S.sub.4 on the
      in-feed conveyor 24 which carries the slab in a transverse direction to a
      breaker (not shown). The breaker, which includes conventional breaker
      wheels, separates the slab into individual sticks by breaking it along the
      various score lines. The sticks are then wrapped by the wrapping machine
      12. The pusher mechanism 22, of course, operates in timed relation with
      the in-feed conveyor 24 so that each slab is advanced a sufficient
      distance by the conveyor 24 before the next successive slab is fed to the
      conveyor by the pusher mechanism 22. The entire feed mechanism which
      comprises the apparatus 10 is driven in timed relation with the wrapping
      machine 12.
PAR  In setting up the apparatus 10, it may be desirable to jog it or cycle it
      manually, as for example, by turning a hand wheel (not shown) associated
      with main drive shaft 66. In the present apparatus, this may be done
      without the risk of jam occurrence in the path of slab advance, since each
      portion of the apparatus which advances the slab operates in timed
      relation with the other portions thereof under all conditions of
      operation.
PAR  Occasionally, it may be necessary to gain access to the trimming and
      scoring mechanism 20 to clear a jam or correct a malfunction and it is for
      this reason that the magazine is arranged for pivotal movement to its
      inactive position. To assure the safety of the operator when the magazine
      is in its inactive position, a micro-switch 100 is provided which is
      activated by the magazine 14 in its active position. The microswitch 100
      is electrically interlocked with the drive motor or motors which operate
      the apparatus 10 and the wrapping machine 12. The switch 100 functions to
      disable the drive for the apparatus 10 and the wrapping maching when the
      magazine is pivoted to its inactive position. The micro-switch 100 is
      preferably connected in circuit with a reset button or the like (not
      shown), remote from the scoring and trimming mechanism, which must be
      actuated to restore power to the various motor drives. However, power
      cannot be restored to the drive unit by operating the reset button unless
      the magazine is first lowered to its active position to engage and
      activate the micro-switch 100. An electrically interlocked guard enclosure
      is also provided to cover the trimming and scoring mechanism 20, as shown
      in FIG. 1, for the further protection of the operator.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for feeding gum to a wrapping machine or the like and
      comprising means defining a substantially horizontal path of gum travel, a
      magazine feed mechanism for feeding a succession of slabs of gum to and
      along said path and including a magazine for containing a supply of gum
      slabs, means supporting said magazine for movement between an active
      position wherein it extends upwardly from said path to maintain the supply
      of slabs in vertically stacked relation and an inactive position wherein
      it is displaced a substantial distance from said active position, and
      means for successively feeding slabs from the bottom of said magazine to
      said path and advancing the slabs along said path, and a scoring mechanism
      mounted in said path for receiving each successive slab advanced by said
      feeding means and scoring it along a plurality of generally parallel score
      lines as it advances along said path.
NUM  2.
PAR  2. Apparatus for feeding gum as set forth in claim 1 wherein said
      supporting means comprises means for supporting said magazine for pivotal
      movement about an axis extending transversely of said path.
NUM  3.
PAR  3. Apparatus for feeding gum as set forth in claim 2 wherein said axis is
      horizontally spaced from said magazine.
NUM  4.
PAR  4. Apparatus for feeding gum as set forth in claim 3 wherein said apparatus
      has a frame and said supporting means comprises a pair of generally
      L-shaped end brackets pivotally connected to said frame and respectively
      supporting opposite ends of said magazine.
NUM  5.
PAR  5. Apparatus for feeding gum as set forth in claim 2 wherein said magazine
      in its active position is disposed in close relation to said scoring
      mechanism and said magazine in its inactive position is displaced a
      substantial horizontal distance from said scoring mechanism and a
      substantial vertical distance above said path.
NUM  6.
PAR  6. Apparatus for feeding gum as set forth in claim 1 including means for
      driving said scoring mechanism in timed relation to said feeding means and
      means for disabling said drive means when said magazine is moved from its
      active position toward its inactive position and while said magazine is in
      its inactive position.
NUM  7.
PAR  7. Apparatus for feeding gum as set forth in claim 6 wherein said disabling
      means comprises an electrical switch electrically connected to said drive
      means and actuated by said magazine in its active position.
NUM  8.
PAR  8. Apparatus for feeding gum as set forth in claim 1 including adjustable
      support means for holding said magazine in its active position and for
      adjusting the active position of said magazine relative to said path.
NUM  9.
PAR  9. Apparatus for feeding gum as set forth in claim 8 wherein said apparatus
      has a frame, said magazine supporting means is mounted on said frame, and
      said adjustable support means comprises a nut mounted in fixed position on
      said frame and an adjustment screw threadably engaging said nut.
NUM  10.
PAR  10. Apparatus for feeding gum as set forth in claim 1 wherein said scoring
      means comprises means for further advancing each successive slab along
      said path.
NUM  11.
PAR  11. Apparatus for feeding gum as set forth in claim 10 wherein said scoring
      means comprises a plurality of rotary scoring knives mounted in axially
      spaced series along a shaft and journalled for rotation about an axis
      extending transversely of said path.
NUM  12.
PAR  12. Apparatus for feeding gum as set forth in claim 10 including means for
      trimming the opposite marginal portions of each successive slab as it
      advances along said path.
NUM  13.
PAR  13. Apparatus for feeding gum as set forth in claim 12 wherein said scoring
      means comprises said trimming means.
NUM  14.
PAR  14. Apparatus for feeding gum as set forth in claim 10 wherein said scoring
      mechanism comprises upper and lower sets of rotary scoring knives for
      respectively engaging and cutting through the upper and lower surfaces of
      each successive slab as it advances along said path to define score lines
      therein extending across the slab and in the direction of said path.
NUM  15.
PAR  15. Apparatus for feeding gum as set forth in claim 10 wherein said
      apparatus includes transfer means for receiving each successive slab
      advanced by said scoring means and further advancing it along said path
      and to an in-feed conveyor which carries the slab toward the wrapping
      machine.
NUM  16.
PAR  16. Apparatus for feeding gum as set forth in claim 15 wherein said
      apparatus includes means for driving said feeding means, said scoring
      mechanism and said transfer means in timed relation to the in-feed
      conveyor and the wrapping machine.
NUM  17.
PAR  17. Apparatus for feeding gum as set forth in claim 15 wherein said path
      includes a first portion and a second portion at a lower elevation than
      said first portion, said magazine mechanism and said scoring mechanism are
      associated with said first portion and said transfer means is associated
      with said second portion.
NUM  18.
PAR  18. Apparatus for feeding gum as set forth in claim 17 wherein said
      transfer means comprises a pusher mechanism.
NUM  19.
PAR  19. Apparatus for feeding gum as set forth in claim 18 including holddown
      means for engaging each successive slab to maintain it generally in said
      path as it advances from said first to said second portion of said path.
NUM  20.
PAR  20. Apparatus for feeding gum as set forth in claim 19 wherein said
      holddown means comprises a transversely spaced series of holddown fingers
      supported above said path to pivot about an axis extending transversely of
      said path.
NUM  21.
PAR  21. Apparatus for feeding gum as set forth in claim 1 wherein said feeding
      mechanism comprises a pusher mechanism.
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ABST
PAL  A press control includes a pair of pushbuttons each operating a pneumatic
      pump means to form a pair of signal pulses and an integrated valve to form
      a pair of binary logic pressure signals. A press position sensor provides
      a binary pressure signal related to the press position. The pushbutton and
      sensor signals are connected to fluidic logic gate means to compare and
      detect the actuation of the pushbuttons as well as the status of such
      pushbuttons and the press cycle. The logic output is connected by a
      plurality of logic gates to actuate a flip-flop output unit to generate an
      extend output or a retract output. The flip-flop output unit has an input
      connected to a latch input control to provide automatic reset to the
      retract output if release of the button signal sources occurs during a
      hazardous portion of the extend cycle. Once the non-hazardous portion of
      the extend cycle is reached, the latch is complete for the terminal
      portion of the extend cycle. A fluidic fuse in the form of a diaphragm
      comparator monitors the extend output and the operation of the pushbuttons
      and automatically responds to terminate press operation if the logic
      signal outputs of the pusbuttons are not formed prior to creation of the
      extend signal. After creating of the extend cycle, a special bleed system
      permits release of the pushbuttons after the hazardous portion of the
      extend cycle is complete.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a fluidic control system for manually operated
      machines and the like.
PAR  In manufacturing processes, a machine is often manually loaded and
      unloaded. Additionally, the operating parts may be manually cleaned and
      otherwise maintained. Manually operated devices having elements moving in
      the work area are potentially dangerous to the operating personnel. In the
      event a control or drive system malfunctions or a human error, the moving
      work element may strike the arms or body of the personnel in the work
      area. In particular, cutting or shearing machines, punch presses and the
      like have a ram die which reciprocates in spaced cycles in a work area.
      The operating personnel often introduce their hands and arms between the
      working die and the press bed during the feeding and removal of material.
      Press control systems, and the like, have, therefore, generally required
      that the system employ a pair of manually operated electrical controls
      such as pushbutton switches which are spaced and connected such that the
      operating personnel must maintain both of his hands in engagement with the
      respective switches during the time the press work element is moving to
      engage the work to thereby protect the operator during the hazardous
      portion of the operating cycle. Such controls generally include a
      non-tie-down feature which will prevent the operator from otherwise
      latching one or both switches on in order to increase the work rate or the
      like. Also, an anti-repeat feature is generally included, that will
      guarantee that all the switches must be released by the operator and then
      actuated again in order to initiate a next work cycle of the press.
      Further, if maximum safety is to be obtained, the system must be failsafe
      and provide for automatic shutdown in the event of any malfunctioning of
      the control or operating components.
PAR  Although various electrical anti-repeat press control systems have been
      developed, they require relatively complicated electrical circuit
      controls, and are characterized by the normal electrical maintenance and
      failure characteristics.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention is particularly directed to a fluid control system
      for a cyclically operating machine which is manually controlled and is
      constructed to establish and maintain a safe operating cycle with
      continuous monitoring means to prevent defeat of the control by the
      operating personnel and to terminate operation in the event of system
      malfunction.
PAR  Generally, in accordance with the teaching of the present invention, a pair
      of fluid signal source means having manual inputs such as depressible
      buttons are provided and located for spaced operation by the hands of the
      operating personnel. Each signal source means establishes a pair of logic
      signals which, in a preferred structure, is a pulse signal and a logic
      binary signal. A fluid sensor monitors the movement of the controlled
      machine parts and produces a machine position fluid logic signal. A fluid
      logic system combines the fluid signals of the fluid signal sources and
      the sensor to detect the condition of the switches in relationship to the
      position of the moving parts and to actuate a fluidic control which is
      selectively connected to enable the operating circuit for the apparatus.
      The control particularly prevents machine operation if a proper and safe
      sequence is not followed, or maintained. The fluidic logic system and the
      fluidic control buttons are interrelated to positively prevent defeating
      of the system by tie-down of one or both of the buttons as well as
      preventing automatic repeat operations.
PAR  If any of the fluidic inputs or signals are in a wrong state, the system
      automatically terminates operation and only latches on to permit continued
      machine operation in response to the normal operation and sensing of the
      termination of the dangerous operating condition of the device. Further,
      the control output is continuously monitored in accordance with logic
      system output and if the output is not in a proper state, the system shuts
      down by, for example, terminating the fluid supply. Although any fluid may
      be employed, a pneumatic system is preferred and hereinafter referred to
      in discussion of the invention.
PAR  More particularly in a preferred novel construction of the present
      invention, each of the signal sources includes an input pushbutton or
      other manual control element operating a signal generator having a pumping
      section adapted to be manually moved to generate a signal pulse coupled
      into the logic circuit and to further provide binary logic signal, such as
      a pressure related to the actuated position of the buttons to provide a
      second interlocking signal. The output of pushbuttons and of the sensor
      are connected into a fluidic logic unit having fluidic logic gate means or
      the like to compare and detect that actuation of the pushbuttons as well
      as the status of such pushbuttons and the machine cycle to produce a
      trigger signal and a reset signal. The trigger and reset signals are
      connected to actuate a bi-stable fluidic switching circuit such as a
      triggered flip-flop unit to produce an extend logic signal and a retract
      logic signal. A pneumatic interface includes suitable logic gates
      connected to control valves which provide the operating extension and
      retraction signals such as fluid pressure to the working member drive
      means. The bi-stable circuit is only conditioned to produce a continuous
      extend signal in response to simultaneous activation of the pushbuttons
      with the machine sensor indicating a starting position and with logic
      output of the flip-flop unit in the retract state. Further, release of the
      button signal sources during the hazardous portion generates the reset
      signal and automatically resets the bi-stable circuit. This ensures that
      if the sensor or the output is in the wrong state, the trigger flip-flop
      will reset and terminate operation of the system. Once the non-hazardous
      portion of the cycle is reached, the bi-stable circuit will latch to
      complete the terminal portion of the cycle, and the operator may do other
      necessary duties. The control will recycle only by releasing the
      pushbuttons and reactivating such pushbuttons simultaneously, such that
      the system cannot be defeated by tying down of the control buttons.
PAR  Further, a fluidic fuse or sequence monitor responds to the logic or drive
      output. If the output should rise without an indication of the pushbuttons
      being held in the actuated position, the fuse automatically responds to
      terminate the operation of the main supply to the system. In particular,
      the logic signal outputs of the pushbuttons are combined and impressed
      upon the control side of a diaphragm fluid switch, the opposite side of
      which is connected in series to a system pressure and to a supply control
      valve. With the control buttons depressed prior to creation of the extend
      signal, the valve is not operated and system supply is maintained. After
      latching of the cycle control, the switches can be released, and a special
      bleed system will continue to operate as long as the proper sequence is
      maintained. If an attempt should be made to turn on the system without
      proper signals from both of the button signal sources held in the actuated
      position, the extend signal actuates the diaphragm switch which actuates
      the control valve to instantly terminate operation of the machine.
PAR  The present invention thus provides a highly improved fluidic system
      avoiding the complexity and difficulties associated with the other systems
      employing electronic circuitry, while maintaining the anti-repeat control
      with latched circuit operation following the hazardous portion of a
      machine cycle and a complete interlock during the hazardous portion. The
      system also provides a complete failsafe design which can be readily
      driven from a conventional air supply.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  The drawings furnished herewith illustrate a preferred construction of the
      present invention in which the above advantages and features are clearly
      illustrated as well as others which will be readily understood from the
      following description.
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic illustration of a fluid press control constructed
      in accordance with the present invention;
PAR  FIG. 2 is a side elevational view of a pushbutton operated signal source
      diagrammatically shown in FIG. 1, with part broken away and sectioned to
      more clearly illustrate details of construction;
PAR  FIG. 3 is a series of characteristics illustrating the output of the
      pushbutton unit shown in FIG. 2; and
PAR  FIG. 4 is a schematic illustration of the systems shown in FIG. 1 and more
      clearly illustrating a preferred construction of the present invention.
DETD
PAC  DESCRIPTION OF ILLUSTRATED EMBODIMENT OF THE INVENTION
PAR  Referring to the drawings and particularly to FIG. 1, a manually controlled
      machine such as a punch press 1 is diagrammatically shown for purposes of
      illustrating the present invention. Generally, the press is adapted to
      have a work plate 2 manually introduced and removed from the work area,
      and particularly on a die bed 3 beneath a powered punch 4. A manual
      control panel 5 is provided having a pair of manually operated control
      elements shown as pushbutton elements 6 and 7 for controlling the
      operation of the punch 4. The pair of pushbutton elements 6 and 7 require
      the operator to employ both hands simultaneously during the hazardous
      portion of the working cycle, to thereby ensure that his hands are not
      within the punch or work area of the machine 1. The pushbuttons 6 and 7
      are interconnected with a die punch position sensor 8 to control the
      operation and ensure safe operation of the machine 1 during the hazardous
      portion and to permit latched automatic operation during the non-hazardous
      portion of a press cycle.
PAR  The present invention is particularly directed to a fluidic interlock and
      control system responsive to the outputs of the pushbutton units 6 and 7
      and the sensor 8 to ensure a reliable and safe operation of the system. In
      accordance with the present invention, the fluidic control system includes
      a fluidic signal processing unit 9 having the fluidic pushbuttons 6 and 7
      and the sensor 8 as the inputs thereto and selectively accuating a retract
      control 10 and an extend control 11 for correspondingly operating of a
      main drive control 12 for retracting or withdrawing the punch 4 with
      respect to the die bed 3 and alternatively extending thereof during a
      working cycle. The controls 10 and 11 are pneumatic devices connected by a
      main control valve 13 to a suitable air supply such as conventionally
      available in commercial buildings. A fluidic fuse 14 controls valve 13 to
      terminate operation if an improper sequence is created particularly during
      the hazardous, working portion of the movement of punch 4. The supply
      valve 13 also provides a logic supply to the signal processing unit 9 such
      that the total system terminates operation in the event of a selected
      abnormal condition.
PAR  More particularly, the signal processing unit 9 includes an input logic
      unit 15 combining the inputs of pushbuttons 6 and 7 and sensor 8 as well
      as certain feedbacks. Referring particularly to FIG. 1, the pushbutton 6
      includes a fluidic signal source 16 which establishes a pair of outputs
      including a pulse signal at pushbutton actuated pulse line 17 and a
      bi-level logic signal at a on-off signal line 18. The pulse signal lines
      17 and 17' form first and second inputs to the logic unit 15 while the
      on-off signal lines 18 and 18' of units 6 and 7 are connected to a common
      input line constitute a third input to the logic unit. The sensor 8
      establishes a fluidic signal which is coupled through an input line 20 as
      a fourth input to the logic unit 15. These four inputs provide a
      continuous indication of the position of the pushbuttons 6 and 7 and the
      position of the punch 4. The four signals are processed to selectively
      control a bi-stable triggered switch 21, which is diagrammatically shown
      as a flip-flop unit. The output of the logic unit 15 includes a set signal
      line 22 and an alternate reset line 23 connected to the two inputs of
      switch 21. The triggered switch 21 establishes a pair of outputs including
      a positive output 24 and a "not" output 25. The "not" output 25 is
      connected to selectively control the retract drive unit 10 and the extend
      drive unit 11. The outputs 24 and 25 are also connected by feedback lines
      26 and 27 to the logic unit 15 to provide continuous monitoring of the
      output of the triggered switch 21 in relationship to the previously
      described inputs and to permit latching of the system after the hazardous
      portion of the cycle has been established.
PAR  The "not" output of the triggered bistable switch 21 is connected directly
      to activate the retract control 10 and is connected through a fluidic
      logic invertor 28 to activate the extend control 11. Controls 10 and 11
      produce the opposite drive signals at the output coupling lines 29 and 30
      to the main drive control 12.
PAR  The output signal condition and the pushbutton position are further
      interconnected, as signals to the fuse 14 to provide a related interlock.
      Thus, the feedback line 31 is connected between the extend output line 29
      and the fuse 14. A coupling line 32 connects the common line 19 from both
      pushbutton units 6 an 7 to the fuse 14. The fuse 14 functions to insure
      that the pushbutton units 6 and 7 are activated before creation of an
      extend signal at line 29. If this does not occur, the pneumatic fuse 14
      will automatically actuate the air supply valve 13 to terminate the supply
      of fluid to the controls 10 and 11 and the like, thereby preventing the
      continued operation.
PAR  Generally, the operator must simultaneously actuate the control pushbuttons
      6 and 7 to establish the two pulse signals in order to start punch 4 and
      further must maintain the buttons 6 and 7 fully depressed during the
      complete punch working cycle or hazardous portion of the working cycle to
      maintain the proper signal at line 19. The logic unit 15 through the
      sensing of the actuation of the pushbuttons 6 and 7 and the continued
      state thereof in combination with the output of sensor 8 of the feedback
      signals thus controls the hazardous portion of each cycle. The system
      includes an anti-repeat or tiedown feature wherein the pushbuttons 6 and 7
      cannot be tied down because both the pulse signals and the On/Off
      condition signal must be created and the pushbuttons must be held in to
      establish and maintain the operation of the machine during the hazardous
      portion but the buttons must be released and reactivated to recycle for a
      subsequent cycle. The loss of any one of the external control connections
      as a result of fuse 14 and the state of the controls 10 and 11 terminates
      system operation. The fuse 14 also terminates operation upon the loss of a
      proper pneumatic signal sequence.
PAR  Although the pushbutton units 6 and 7 can be of any suitable construction,
      a highly satisfactory and preferred construction is shown in FIG. 2 with
      the output characteristic shown in FIG. 3. Each of the pushbutton units 6
      and 7 is similarly constructed and the pushbutton unit 6 is described in
      detail with the corresponding elements of the unit 7 identified by
      corresponding prime numbers. Thus, referring to FIG. 2, the illustrated
      pushbutton unit 6 and particularly the signal source 16 includes a plunger
      33 protruding through a diaphragm 6a and sealed thereto. The plunger 33 is
      slidably mounted within a housing 34 and mechanically connected to the
      pushbutton 6 to move the diaphragm 6a. The plunger-diaphragm assembly is
      spring loaded by a suitable coil spring 35 within the housing 34. The
      inner end of the plunger is slidably disposed within a pulsing or
      volumetric chamber 36 having an output port or spigot 37 formed in the
      outer side in the side wall adjacent to the outer end of the chamber. The
      outermost end of the chamber 36 is closed by a diaphragm 38 secured to the
      outer end of the housing by a suitable cap 39. A pneumatic or fluid supply
      port 40 is provided centrally of the cap 39. With the diaphragm 38 in the
      normal space position, the air flows through the chamber 40a between the
      cap 39 and the diaphram 38 to an output or exhaust spigot or port 41. The
      inner surface of the diaphragm 38 includes an enlargement 42 aligned with
      the plunger 33. Thus the initial inward movement of the plunger-diaphragm
      assembly forces fluid outwardly through the port 37. The plunger then
      engages the diaphragm 38, forcing it downwardly into sealing engagement
      over the supply port 40 and terminating the flow from the port 40. This
      generates a back pressure within the input supply line which corresponds
      to line 18 of FIG. 2.
PAR  Referring particularly to FIG. 3, a trace 43 illustrates the movement of
      the pushbutton 6 and the attached plunger 33 between the normal extended
      position and a depressed or inward position with time. With the transfer
      portion 44 of trace 43 illustrated as a curved portion indicating the time
      required to depress the button. The output at the port 37 is an
      alternating or AC type fluid pulse 45 having an initial relatively large
      output pressure signal portion 46 followed by a very slight negative
      portion 47 indicating slight rebound of the diaphragm 6a and plunger 33
      assembly, as it engages the resilient diaphragm 38. A trace 48 of the
      signal at the supply port 40 is also illustrated and changes rapidly from
      a zero pressure to a relatively high pressure in response to the final
      movement of the plunger 33 into the closing engagement of the port 40. The
      logic signal at the common line 19 rises rapidly as at 48 during the final
      movement of the two pushbuttons when both ports 40, connected in parallel,
      are closed. The sensor 8 may be of any suitable construction, such as a
      well-known leak-port type wherein the punch 4 or some interrelated moving
      port selectively covers an output port or nozzle 49, with the back
      pressure directly controlled by the flow from nozzle 49.
PAR  The several signals 46 and 48 are combined with the sensor signal which is
      an on-off type binary signal to provide the desired anti-repeat control of
      the machine apparatus.
PAR  A preferred construction of the processing circuitry 9 is more fully shown
      in FIG. 4 wherein the logic unit 15 and the flip-flop unit 21 are shown
      including diagrammatically illustrated fluidic gates and related elements.
PAR  The main supply valve 13 is shown in a conventional symbol as a three-way
      pneumatically controlled manually reset valve normally connecting system
      supply to a logic supply regulator 50, which is used to establish a
      predetermined logic supply pressure at a logic supply line 51. The
      connection of line 51 to the several schematically illustrated elements is
      indicated by providing a common number 51 to the input side of such
      elements. The output of the valve 13 also provides a direct full pressure
      supply at the power system line 52 which is connected to supply the extend
      and retract controls 10 and 11. Each of the controls 10 and 11 is also a
      pneumatically actuated spring return, three-way valve and is illustrated
      generally similar to the valve 13.
PAR  The retract control 10 is described for purposes of clearly describing the
      present invention with the corresponding elements of control 11 identified
      by corresponding primed numbers. The three-way valve 10 normally connects
      the line 30 to an exhaust and maintains line 52 closed. The retract
      control valve 10 includes a pneumatic input unit 54 which selectively
      repositions the valve 10 to connect retract signal line 30 with the power
      system line 52 to close the exhaust line, as shown in the section 55 of
      the symbol representing the valve 10 in FIG. 4.
PAR  The control valve 11 has its input unit 54 connected to reposition the
      valve such as to couple supply line 52 to the extend line 29 as shown in
      the section 55' of its symbol in FIG. 4.
PAR  The controls 10 and 11 are coupled to the "not" output 25 of the triggered
      switch 21 as previously described and in the preferred illustrated
      embodiment of the invention a diaphragm fluidic repeater or amplifier 57
      is inserted in line 25 such that the output line is at the same level as
      the input and is identified by the same number 25. The illustrated
      diaphragm repeater may be as illustrated in U.S. Pat. No. 3,734,117 and
      generally includes a transfer output chamber having a supply port 58
      connected to the logic supply line 51 and turns an orifice 59' to a bleed
      orifice or port 59 and to the pneumatic input unit 54 of control 10 and
      through the logic inverter 28 to the pneumatic input 54' of the extend
      control 11. The orifice or port 59 projects into the housing in alignment
      with a diaphragm 60 defining an input chamber 61 to the opposite side
      thereof which is connected to the "not" output 25 of the triggered switch
      unit. A positive pressure or logic 1 signal from the bi-stable switch 21
      forces the diaphragm 60 into overlying sealing relationship to the orifice
      59 and prevents exhausting of the pressure to reference and thus provides
      a positive pressure to the inputs 54 and 54' of the pneumatic valve
      controls 10 and 11. In the absence of logic 1 signal, the repeater 57
      exhausts the supply pressure to provide a corresponding logic 0 to the
      inputs 54 and 54'. The controls and 10 and 11, therefore, are in the
      normal non-actuated position with the retract control 10 in the open
      position and the extend control 11 in the closed position as a result of
      the logic inversion provided by the logic inverter unit 28.
PAR  The logic inverter 28 is diagrammatically illustrated and may be any
      fluidic device which reverses the input condition at the output and
      particularly may be an impact modulator such as shown in U.S. Pat. No.
      3,272,215, with a single control input connected to the "not" output 25.
PAR  Conversely, when the output of the switch 21 is a logic 1 level, the
      diaphragm 61 is again set, and pressure is supplied via the amplifier 57
      to positively actuate the retract control 10 and to remove the input
      signal from control 11 which causes retraction of the punch 4.
PAR  The appropriate signal is created at the output line 25 to operate the
      controls 10 and 11 in accordance with the condition and position of the
      pushbuttons 6 and 7 and sensor 8 as well as the proper sequence of the
      operation thereof, as follows.
PAR  Referring particularly to the logic unit 15 shown in FIG. 4, an inverter 62
      has its input connected to the pulse line 17 of the pulse source means 16
      of pushbutton 6. An orifice or restricter 63 also connects the common
      connection of input and pulseline to ground or reference to provide the
      pulse characteristic or trace 45 of FIG. 3 at the input of the logic
      inverter 62. The output of the logic inverter 62 is an inverted signal
      from that illustrated in FIG. 3 and thus provides a normal logic 1 output
      which is converted to a logic 0 output in response to depression of
      pushbutton 6.
PAR  The output of the pulse generator 16' of the pushbutton 7 is similarly
      connected to an inverter 62' of the logic unit 15 with the outputs of the
      inverters 62 and 62' connected to a common signal line 64. Each output
      connection includes a similar one-way or check valve 63a and 63a'. Both of
      the pushbuttons 6 and 7 must be simultaneously depressed in order to
      generate logic 0 signal at the common output line 64. This ensures that
      the system will not respond to actuation of a single pushbutton 6 or 7, or
      if one pushbutton is tied down.
PAR  This combined pulse signal is further combined with the output of the
      sensor 8 and the output of the triggered flip-flop unit 15 to require a
      predetermined relationship before the extend signal can be created.
PAR  The sensor 8 is illustrated including a venturi passageway 65 with the
      input connected to the logic supply line 51 to establish the output stream
      at nozzle 49. The signal line 20 is coupled to the throat sections 66 of
      the venturi passageway 65. With the free flow of the stream from nozzle
      49, a relatively low pressure signal is generated at the throat section 66
      and therefore at line 20. This corresponds to a logic 0 . However, if the
      nozzle 49 is blocked, a back pressure is built up in the throat section
      66, generating a relatively high pressure logic 1 signal therein and at
      line 20. A logic inverter 67 is connected between the output line 20 and
      one input of a two input Nor logic gate 68.
PAR  The Nor logic gate 68 may be of any suitable construction and preferably is
      constructed in accordance with the structure illustrated in U.S. Pat. No.
      3,614,962, such that logic 1 at either one or both of the two inputs
      establishes a logic 0 output, and only when a logic 0 appears at both
      inputs is a logic 1 generated at the output of the gate 68.
PAR  The second input of the Nor gate 68 is connected to the extend feedback
      line 26 of the flip-flop unit 21. If the extend signal is not preset at
      line 29, the line 26 is also at a logic 0 which is fed back to gate 68 and
      the gate's output will assume a logic 1 and positively prevent the
      triggering of the trigger unit as a result of the operation of the
      pushbutton unit. In case the signal line 20 is at a logic level 1 and
      output of the inverter 67 at 0 due to a sensor's 8 failure (e.g. nozzle 49
      plugged) or due to a tampering and pinching the line connecting sensor 8
      to the venturi 65, the gate 68 positively prevents triggering. The Nor
      gate 68 thus selectively prevents actuating the trigger flip-flop 21 to
      cause the extend signal 29 to go "on" in case a sensor 8 signal (line 20)
      is at level 1 due to a failure, but doesn't prevent actuating it to cause
      the retract signal 30 to go "on" in case the sensor 8 is actuated by the
      punch 4 in extended position.
PAR  The output of the Nor gate 68 is connected by a check valve 69 to the
      common trigger signal line 22 with the pulse output signal line 64. In
      addition to a logic 0 from the pulsing network, the output of the Nor gate
      68 must be maintained at logic 0 to generate a logic 0 at the line 22 and
      thus actuate the trigger flip-flop 21.
PAR  The system thus requires pulsing at a proper time with a proper signal from
      sensor 8 in order to cycle the machine.
PAR  In addition the fluidic system is constructed with a pushbutton position
      monitoring Nor gate 70 which requires continued holding of the pushbutton
      units 6 and 7 in the actuated position during the hazardous portion of the
      cycle. The Nor gate 70 may be similar to that previously described for the
      two input Nor gate 68 but employs a greater plurality of input signal
      nozzles. In the illustrated embodiment of the invention, the gate 70 is
      illustrated as a three input gate with any one input or any combination of
      the inputs holding the output at a logic 0, and providing a logic 1 only
      when all of the gate inputs are at logic 0. The first input of gate 70 is
      connected to a venturi 71 which continuously monitors the position of the
      pushbuttons 6 and 7. The gate input is connected to the throat section
      port 72 of the sensor venturi 71. The venturi 71 has its input connected
      to the logic supply line 51 and the output connected to line 19 and thus
      to the supply ports 40 and 40' of the means 16 and 16'. With the
      pushbuttons 6 and 7 actuated, a logic 0 signal is generated at the venturi
      throat section. When and only when both of the pushbuttons 6 and 7 are
      held depressed to block the flow through the chamber 40a, the flow through
      the venturi 71 is significantly blocked and the output pressure at the
      throat section 72 rises relative to a logic 1 level thereby indicating the
      simultaneous actuated position of the buttons 6 and 7.
PAR  If either or both buttons is released during a hazardous portion of the
      cycle, the gate 70 generates a logic 1 at the output on reset line 23 and
      the system will automatically reset and retract the punch 4. During the
      non-hazardous portion an interlocking signal of the sensor 8 and the
      feedback signal 27 permit latching of the system to complete the extend
      cycle.
PAR  The second input of the Nor gate 70 is connected to the output signal line
      20 of the sensor 8 and thus to the throat section 66 of the sensor venturi
      65 and responds to the punch position logic output accordingly. The sensor
      8 produces a logic 0 output during the hazardous portion of the
      positioning of punch 4 and a logic 1 at the end of such movement. The
      third input to the feedback Nor gate 70 is connected to the retract
      feedback signal line 27 which is at a logic 0 during the extend or
      hazardous portion of the cycle and a logic 1 during the retract or
      non-hazardous portion.
PAR  Only with the three inputs to the gate 70 indicating a both hands button
      depressing position, a safe position of the punch 4 and the safe portion
      of the cycle indicated by the proper retract signal can the flip-flop unit
      21 latch to permit release of the buttons 6 and 7. If the sensor 8
      indicates a hazardous portion, its output is a logic 0. Similarly, during
      the hazardous portion, the retract signal will be a logic 0. If both hands
      are not coupled to the buttons 6 and 7, the output of the venturi button
      sensor 72 will also be a logic 0. Under these conditions the output of the
      Nor gate 70 is a logic 1, which signal is transmitted via the reset line
      23 to the trigger flip-flop unit 15 to reset the trigger switch or
      flip-flop unit 15 thereby changing the output at the "Not" signal line 25
      to a logic 0 and establishing a retract signal to activate the unit 10
      with the output pressure at line 30. The triggered bi-stable switch unit
      21 is illustrated as a multiple Nor gate circuit with a main flip-flop 74
      including a three input Nor gate 75 and a two input Nor gate 76. The
      output of the three input Nor gate 75 generates the extend related output
      signal which is a logic 1 at terminal 24 when an extend punch condition is
      produced and a logic 0 when the punch retract condition is set. The two
      input Nor gate 76 generates the control signals at the "Not" output 25
      which is of an opposite logic signal level from that of the extend output
      24. The Nor gates 75 and 76 have their ouputs interconnected to one input
      of the opposite Nor gate to provide the flip-flop latching circuitry in
      accordance with conventional connections. The three input Nor gate 75
      further has a second input connected to the reset signal line 23 from the
      logic gate 70 of the unit 15 and its third input is interconnected to the
      trigger line 22 of the logic unit 15 via an interlock signal coupling gate
      circuit 77. The two input Nor gate 76 which generates the "Not" output has
      one input connected to the output of three input Nor gate 75 and its
      second input connected by an interlocked line to the coupling circuit 77.
PAR  The coupling circuit is shown as a multiple Nor gate stage including a pair
      of three input Nor gates 78 and 79 with their outputs connected as an
      input to the opposite gate and as an input to the gates 75 and 76. Each of
      the gates 78 and 79 has a second input connected in common to each other
      and to the trigger output line 22 of the logic unit 15 for simultaneous
      and corresponding signaling. The third input of the gate 78 is connected
      to an extend feedback Nor gate 80 and the third input of gate 79 is
      connected to a retract feedback gate 81. The gates 80 and 81 each have an
      input connected to the output of the gates 78 and 79, respectively. The
      second input of the Nor gate 80 is connected to the extend signal line 24.
      The second input of the gate 81 is connected to the retract signal line
      25.
PAR  As previously described, the trigger signal is created at line 22 when both
      of the pushbuttons 6 and 7 are activated to generate the pulse signals
      which are inverted to provide a logic 0 inputs to the gates 78 and 79. The
      retract line 27 is at a logic 1 such that the second input of the feedback
      Nor gate 81 is at a logic 1. Conversely, the main output Nor gate 75 is at
      a logic 0 which provides a logic 0 to the second input of the two input
      Nor gate 80.
PAR  Thus, prior to generation of logic 0 trigger signal at line 22, both of the
      coupling Nor gates 78 and 79 are held with a logic 1 input such that the
      outputs are at a logic 0 providing the corresponding logic 0 at the
      corresponding inputs of the main flip-flop gates 75 and 76. The retract
      signal is at a logic 1 such that the unit 10 is activated. This logic 1
      requires that the second input of gate 76 also be at logic 0 which is held
      by the feed back to the coupling Nor gate 75 of the logic 1. The extend
      signal output 24 of the unit 75 is at a logic 0 which is fed back to the
      feedback gate 80, the second input of which is also at a logic 0 as a
      result of the logic 1 on the input of gate 78. This produces a latching
      logic 1 to the third input of gate 78. conversely, feedback gate 81 has a
      logic 0 input from gate 79 and a logic 1 from gate 76. This establishes
      the retract or safe cycle condition.
PAR  When the pushbuttons 6 and 7 are properly actuated to generate a logic 0,
      the corresponding inputs of coupling gates 78 and 79 go to logic 0 and
      trigger and the gate 79 to a logic 1 which triggers the output flip-flop
      74 to the alternate condition. The gate 79 has all logic 0 inputs while
      the gate 78 has the one input connected to gate 80 held at logic 1.
      Therefore, the output of gate 78 remains at logic 0 while the output of
      gate 79 changes to a logic 1 which is applied to gate 76. The output of
      gate 76, therefore, changes to a logic 0, with corresponding reset of the
      fluidic repeater 57. The logic 0 output of the repeater 57 resets the
      control unit 10 and through the inverter 28 sets the control unit 11 to
      extend the punch. Simultaneously, altering of the main flip-flop generates
      a logic 0 to the interlock input of gate 75, which has the first input at
      logic 0 from the gate 78. The third input is connected by reset line 23 to
      the output of the monitoring gate 70 of the signal processing unit 15. The
      output of the interlocked three input Nor gate 70 must be at logic 0 as
      long as the dangerous portion of the cycle exists in order to hold gate 75
      with a logic 1 output which is fed back to gate 76 to hold the logic 0
      output necessary to the extend cycle portion. Thus, when the pushbutton
      pulse signals 46 and 46' terminate, the trigger signal line 22 again is at
      a logic 1 level and both gates 78 and 79 have logic 0 outputs. The input
      to gate 76 from gate 79 has, therefore, changes to logic 0 and the second
      input of gate 76 must be held at a logic 1 from gate 75. The interlock
      signals on lines 24 and 25 are also fed back to gates 80 and 81. Gate 80
      remains with a logic 0 output in the continued presence of the logic 1 of
      the gate 75, and holds the corresponding gate input of gate 78 at logic 0.
PAR  Gate 81 has its first input held at the logic 0. The second input,
      connected to the output of gate 79, changed to log 0 as the result of the
      logic 1 from line 22 on gate 79. Gate 81 now produces a logic 1 to gate
      79.
PAR  Thus, in the proper extend position, gates 78 and 79 have logic 1 inputs
      from the line 22 to force a logic 0 outputs. These are also compared with
      the retract-extend signal line levels by gates 80 and 81 and hold the
      third input of gate 78 at logic 0 and the third input of gate 79 at logic
      1. If the pushbuttons 6 and 7 are actuated again to generate logic 0
      inputs, gate 78 is set to logic 1 while gate 79 holds at a logic 0. This
      is the opposite of the condition created to produce the extend signal and
      when applied to gates 75 and 76 causes them to reset and establish the
      retract signal.
PAR  Gate 76 would have the same logic 0 output as previously set by the extend
      cycle. Gate 75 would however now have a logic 1 input from gate 78. The
      output of gate 75 would change to a logic 0, and gate 76 would now have
      both inputs at logic 0 and generate a logic 1 output which, as previously
      described, would activate unit 10 and deactivate unit 11. The several
      logic gates, particularly gates 80 and 81, have the logic signals
      sequenced and interlocked to establish the retract position.
PAR  Thus, the operator must simultaneously depress the pushbuttons 6 and 7 to
      establish the extend cycle and must release and again depress the
      pushbuttons to establish the retract cycle.
PAR  During the dangerous portion of the extend cycle, the system continuously
      monitors the position of the punch 4 and the pushbuttons 6 and 7 to insure
      the safe operational procedures are followed by the press operator. If the
      hands are removed during such dangerous portion, the output of the three
      input Nor gate 70 changes to a logic 1 and positively drives the output of
      the three input Nor gate 75 of the output flip-flop unit to a logic 0
      which, as just described, reverses the condition of the flip-flop gates 75
      and 76 to the alternate condition to again activate the retract unit 10
      and deactivate the extend unit 11.
PAR  Thus, during the hazardous portion of the cycle, the sensor 8 produces a
      logic 0 signal to gate 70. The output of the signal line 25 is at a logic
      0 which is fed back via line 27 to the second input of gate 70. The third
      input of gate 70 which monitors the pushbuttons must, therefore, be held
      at a logic 1 to hold the Nor gate 70 at a logic 0. Release of either one
      or both of the pushbuttons 6 and 7 provides a free path for the venturi 71
      via lines 19 and 18 with a resulting logic 0 at the signal line to gate
      70.
PAR  Once the hazardous portion has terminated, the outout of the punch position
      sensor 8 generates a logic 1 to gate 70 to hold the output at a logic 0
      and the operator, may therefore, remove his hands from the pushbuttons 6
      and 7 during the final cycle of the machine.
PAR  Further, the logic 1 output of the sensor 8 is coupled through the inverter
      67 as a logic 0 to the gate 68.
PAR  Further, if an any time during the operation of the machine, the extend
      signal at line 29 is generated prior to depressing of the pushbuttons 6
      and 7, the fuse 14 is activated by a signal transmitted to the input side
      of the fuse 14 to cut off the main supply valve 13.
PAR  More particularly, the illustrated fuse 14 of FIG. 4 includes a diaphragm
      comparator 84 such as shown in U.S. Pat. No. 3,662,779. Generally, the
      comparator 84 includes a centrally located diaphragm 85 defining an input
      chamber 86 connected through a suitable fluid diode or check valve 87 and
      line 31 to the signal line 29 and separately by a diode 88 to line 32
      which senses the state of the line 19. Signal line 32 is shown connected
      to venturi 71 to transmit directly to the chamber 86 the pressure related
      to that at line 19. The extend signal line 29 is connected to a pair of
      pressure dividing restrictors 89 and 90 to reference with the junction of
      the restrictors connected to chamber 86. Thus if the pushbuttons 6 and 7
      are depressed, the output signal at the common sensing line 19 and the
      venturi 71 rises to transmit a corresponding logic signal to chamber 86 to
      reposition the diaphragm 85 with respect to an orifice 91 in a controlled
      chamber 92 to the opposite side of the diaphragm. This orifice 91 is
      connected in series with a restrictor 93 to the extend signal line 29.
      With the diaphragm 85 in the normal standby position, a control port 94 in
      chamber 92 is connected to ground or reference by a restrictor 95 and also
      directly to the operator or input 96 of the supply control valve 13. If an
      erroneous extend signal is created at line 29 prior to the simultaneous
      depression of the buttons 6 and 7, the extend signal is transmitted via
      the coupling restrictor 93 to the orifice 91, and therethrough to the
      input 96 of control valve 13. The initial pressure on the upper side of
      the diaphragm 85 will be essentially at reference pressure as the result
      of the opening of one or both of the source means 16 or 16' with
      pushbuttons 6 and 7 in the non-actuated position and finally will increase
      to a level of the extend signal 29 reduced by means of the restrictors 89
      and 90. The pressure chamber therefore in the upper chamber 86 is less
      than that in the lower chamber 92 and both pressure in the upper and lower
      chamber is acting against the same diaphragm area. Therefore, the
      diaphragm 85 stays in its upper position, opening the port 91 and the
      extend signal pressure will activate the valve 13 to turn off the main air
      supply to the system.
PAR  If, however, the buttons 6 and 7 are properly depressed prior to the
      establishment of pressure at the extend signal line 29 a positive signal
      is transmitted via the coupling line 32 to the input chamber 86 of the
      fuse 14. The positive signal pressure from the pushbutton venturi 71 holds
      the diaphragm 85 against the orifice or port 91 and thereby positively
      prevents transmission of a signal from the extend line 29 through the
      comparator 84 to the system valve 13. The signal in the line 29 is
      generated with a very slight time delay after the signal to the input
      chamber 86 has been applied. This time delay is inherent in the circuits
      15 and 21 and the valve 11. When the signal 29 is generated, the diaphragm
      85 has already closed the port 91 and therefore the pressure of the signal
      29 acts against the diaphragm only on a very small area of port 91 and
      cannot overcome the force applied to the upper side of it. As a result the
      system and logic pressure is maintained. After latching of the system into
      operation for completion of a cycle, the pushbuttons 6 and 7 can be
      released. Even though the venturi pressure now drops, the extend signal
      pressure at the junction of the restrictors will be sufficiently great to
      maintain the comparator 84 in the closed position and to thereby prevent
      turn off of the main valve 13. During the retract portion of the cycle,
      the fuse 14 resets.
PAR  During the next cycle, the pushbuttons 6 and 7 must again be activated
      before the extend signal 29 is created in order to maintain the system
      supply.
PAR  In the event the pushbuttons are tied down to maintain the positive latch
      to the comparator 84 the system cannot cycle as a result of the previous
      anti-tiedown feature provided by the pulse signal source means of the
      buttons 6 and 7 and the logic circuit processing thereof. Once the system
      turns off, the proper sequence of actuating the pushbuttons 6 and 7 prior
      to actuation of the extend output must occur to recycle and thus provides
      a protection against circuit failure.
PAR  The illustrated system embodiment of the novel fluidic control system
      continuously monitors the position of the system to distinguish between
      hazardous and safe operating periods and permits the release of the
      manually operable fluid signal source means during the safe portion of the
      cycle such that the operator can attend to other necessary matters. The
      system continuously monitors the inputs of the several manual controls and
      the sensor to terminate operation if any are disconnected, or for some
      reason or other in a wrong state. The continuous monitoring of the output
      state further guards against a wrong state in relationship to the manual
      controls and the machine. The fluidic system can be readily applied to
      punch press type machines and other cyclically operating machines and is
      particularly adapted to present day manufacturing facilities which
      generally have the necessary air supply system or which can be
      conveniently and economically provided.
PAR  Various modes of carrying out the invention are contemplated as being
      within the scope of the following claims, particularly pointing out and
      distinctly claiming the subject matter which is regarded as the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fluid machine control apparatus for a movable working element of a
      machine comprising a plurality of manually operable fluid signal source
      means having a first position and operable to a second position, each of
      said source means generating a plurality of unique fluid signals in
      response to the movement from the first to the second position to monitor
      the actuation thereof and the setting of said source means to said second
      position, sensor means for monitoring the position of the working element
      and producing a machine position related fluid output signal, a fluid
      signal logic processing means including fluid signal comparator means
      including first monitor means monitoring the operation of the source means
      and the sensor and responsive to simultaneous generation of signals of the
      source means and the output of the sensor to produce a control output to
      selectively enable the operation of the machine and second monitoring
      means monitoring the setting of the source means to the second position
      and the sensor means to selectively disable the machine in response to
      movement from said second position.
NUM  2.
PAR  2. The fluid machine control apparatus of claim 1 wherein said logic
      processing means includes a logic unit operable to generate a start
      trigger signal and a reset signal and a bi-stable switch means is
      connected to said logic unit to establish a machine operate signal and
      alternately a machine terminate signal.
NUM  3.
PAR  3. The fluid machine control apparatus of claim 1 including a sequence
      monitor means having a first input means connected to respond to said
      fluid signal source means and second input means connected to respond to
      the signal logic processing means to disable the machine in response to
      producing of the control output prior to a selected fluid signal of the
      source means.
NUM  4.
PAR  4. The fluid machine control apparatus of claim 1 wherein the logic
      processing means includes feedback means to compare the status of the
      monitor means and the fluid signals of the source means and the sensor to
      prevent locking of the source means to the second position and the
      automatic recycling of the machine.
NUM  5.
PAR  5. The machine control apparatus of claim 1 wherein each of said source
      means generates a first fluid pulse signal in response to the movement
      from the first to the second position and a second fluid binary signal in
      response to setting of said second position, said sensor means produces a
      binary signal as said machine position related fluid output signal, said
      sequence monitor means includes a diaphragm operator having an input
      chamber connected to said first and second input means and a transfer
      chamber connected to the second input means, a signal delay means
      connected to the second input means to delay transfer of the signal to the
      input chamber, said transfer chamber having an output operable to disable
      the source means in response to the control output prior to the binary
      signal.
NUM  6.
PAR  6. The fluid machine control apparatus of claim 5 wherein each of said
      signal source means includes a manual operator, a pump means operable to
      generate said first pulse signal and a fluid control valve means to
      generate said second fluid binary signal.
NUM  7.
PAR  7. A fluid machine control apparatus for controlling the cyclical operation
      of a moving element of a machine comprising a pair of manually operable
      fluid signal source means having a first position and operable to a second
      position, each of said source means generating a first pulse signal in
      response to the movement from the first to the second position and a
      second binary signal in response to setting of said second position, a
      sensor means for monitoring the position of a moving element of the
      machine and producing a machine position fluid output signal, a bi-stable
      switch means connected to control operation of the machine, a signal logic
      processing means including first and second comparator means monitoring
      the operation of the source means and the sensor, said first comparator
      means being responsive only to simultaneous generation of the first pulse
      signals and the output of the sensor to produce an enable set signal to
      the bi-stable switch means, and said second comparator means being
      responsive to the second binary signals and the output of the sensor and
      the bi-stable switch means to reset the switch means if the secondary
      binary signal is removed during a selected portion of the machine cycle.
NUM  8.
PAR  8. The fluid machine control apparatus of claim 7 wherein each of said
      signal source means includes a manual operator coupled to a pump means
      operable to generate said first pulse signal and a fluid control valve
      means to operably open and close a signal line to generate said second
      binary signal.
NUM  9.
PAR  9. The fluid machine control apparatus of claim 8 including a sequence
      monitor means having a first input means connected to respond the enable
      set signal processing means to disable the machine in response to
      producing of the control output prior to the first fluid signals.
NUM  10.
PAR  10. The control apparatus of claim 9 having a supply valve means to supply
      fluid to the control, wherein said sequence monitor means includes a
      diaphragm comparator having a dead-ended input chamber and a transfer
      chamber with a common diaphragm wall therebetween, first means connecting
      the input chamber to the binary signal means, a pressure dividing means
      connecting the input chamber to control output, a supply means terminating
      in the transfer chamber and connected to the control output, an output
      means terminating in the transfer chamber and connected to actuate the
      supply valve means.
NUM  11.
PAR  11. The fluid machine control apparatus of claim 7 wherein a venturi
      sensing element is connected in series with the supply ports to the
      control valve means of each of the binary signal means and having an
      output means establishing an Anded output connected to the second
      comparator means.
NUM  12.
PAR  12. The fluid machine control apparatus of claim 11 having a sequence
      monitor means having a first input means connected to the output means of
      the venturi sensing element and second input means connected to respond
      the enable set signal processing means to disable the machine in response
      to producing of the control output prior to the first fluid signals.
NUM  13.
PAR  13. The fluidic machine control apparatus of claim 7 wherein said sensor
      includes a back-pressure machine sensor having a nozzle position to
      establish a signal stream selectively interrupted by said machine to
      produce a binary pressure logic signal, and said source means includes a
      pair of manually operable pushbuttons, a pair of signal generators
      connected one each to each of the pushbuttons, each of said signal
      generators including a pulse means having a plunger means mounted within a
      pulse chamber and a binary signal means having a control chamber with a
      common diaphragm wall with said pulse chamber, said diaphragm wall being
      in opposed relation to the plunger and engaged by said plunger in response
      to depression of the corresponding pushbutton, said chamber having an
      output port with the movement of the plunger generating a pulse signal, a
      supply port and exhaust port terminating in said control chamber, said
      supply port being located in opposed relation to the diaphragm and sealed
      with the plunger depressed.
NUM  14.
PAR  14. The control apparatus of claim 7 wherein said logic processing means
      includes a triggered flip-flop unit as said bi-stable switch means
      establishing a second stop signal output, said drive and stop outputs
      being opposite binary signals, said flip-flop means having interconnected
      trigger inputs connected to said first comparator means and to the enable
      signal and having feedback means to selectively latch the flip-flop means
      in a set and reset state, said flip-flop means having a reset input
      connected to said second comparator means.
NUM  15.
PAR  15. The machine control apparatus of claim 14 wherein said flip-flop means
      includes a triggered flip-flop stage including first and second multiple
      input Nor gates having said first drive signal output and said second stop
      signal output, a pair of coupling Nor gates having interconnected trigger
      inputs and each having an interlocking input connected to the output of
      the opposite coupling Nor gate, the outputs of the coupling Nor gates
      being connected to inputs of the output Nor gates, a feedback Nor gate
      having an input and an output connected to the output and input of the
      first coupling Nor gate, a second feedback Nor gate having an input and an
      output connected to the output and input of second coupling Nor gate, said
      first comparator means having an output connected to the trigger inputs of
      said coupling Nor gates, said second comparator means connected to the
      flip-flop stage to reset the flip-flop stage.
NUM  16.
PAR  16. The machine control apparatus of claim 15 wherein said first comparator
      means includes logic signal combining means connected to AND the pulse
      signals and either the drive signal or the absence of the sensor signal.
NUM  17.
PAR  17. The machine control apparatus of claim 15 wherein said second
      comparator means includes a logic signal combining means connected to
      produce a reset signal in response to a corresponding logic signal from
      the sensor and the source means and the flip-flop unit.
NUM  18.
PAR  18. The control apparatus of claim 7 wherein said first comparator means is
      a logic gate means having inputs connected to the pulse means of said
      generators and to the position sensor and to the drive signal output, and
      having an output connected to the trigger inputs of said flip-flop units,
      said second comparator means is a logic gate means having a plurality of
      inputs connected to the position sensor and to the binary signal means of
      said signal generators and to said stop signal output.
NUM  19.
PAR  19. The control apparatus of claim 7 having a fluid interface means
      including fluid activated valve means connected to the enable signal
      output and oppositely responsive thereto to alternately establish a stop
      output and a drive output, a fluid supply valve means for supplying fluid
      to the apparatus, and a fuse means connected to control said supply valve
      means.
NUM  20.
PAR  20. The control apparatus of claim 19 wherein said fuse means includes a
      diaphragm comparator having a dead-ended input chamber and a transfer
      chamber with a common diaphragm wall therebetween, first means connecting
      the input chamber to the binary signal means, a pressure dividing means
      connecting the input chamber to the drive output, a supply nozzle
      terminating in the transfer chamber and connected to the drive output, and
      an output nozzle terminating in the transfer chamber and connected to
      actuate the supply valve means.
NUM  21.
PAR  21. A fluid machine control apparatus for a machine having a cyclically
      moving work element moving through a hazardous portion and a non-hazardous
      portion in each cycle, comprising a fluid sensor establishing a signal
      stream selectively interrupted by said machine to produce a binary logic
      signal, a pair of signal generators each having a manually operable
      control element, each of said signal generators including a pulse forming
      means and a binary signal forming means, a bi-stable fluid switch means
      establishing a first extend signal output and a second retract signal
      output, said extend and retract outputs being opposite binary signals,
      first and second logic coupling means having interconnected inputs and
      connected to provide binary output signals, the outputs of the coupling
      means being connected to inputs of the bi-stable fluid switch means,
      feedback means connected between the outputs of the bi-stable switch means
      and the inputs of the coupling means, a first signal combining logic means
      having a plurality of inputs connected to the pulse means of said
      generators and to the position sensor and to the extend signal output and
      having an output connected to the interconnected inputs of said coupling
      means to set the bi-stable switch means, a second signal combining logic
      means having a plurality of inputs connected to the position sensor and to
      the binary signal forming means of said signal generators and to said
      retract signal output, and said second combining logic means being
      connected to reset said bi-stable switch means in response to preselected
      release of said manually operable control elements.
NUM  22.
PAR  22. The fluid control apparatus of claim 21 wherein a fluid supply valve
      means is provided for supplying fluid to the apparatus, a fuse means is
      connected to control said supply valve means to terminate the supply if
      the extend signal is generated prior to the pulse signals of the pulse
      forming means.
NUM  23.
PAR  23. The control apparatus of claim 22 wherein said fuse means includes a
      diaphragm comparator having a dead-ended input chamber and a transfer
      chamber with a common diaphragm wall therebetween, first means connecting
      the input chamber to the binary signal means, a pressure dividing means
      connecting the input chamber to extend drive signal, a supply means
      terminating in the transfer chamber and connected to the extend drive
      output, an output means terminating in the transfer chamber and connected
      to actuate the supply valve means.
NUM  24.
PAR  24. The machine control apparatus of claim 21 wherein said signal generator
      control elements are pushbuttons, each of said signal generators including
      a plunger-diaphragm means, said diaphragm-plunger means having a plunger
      engaging the common diaphragm in response to depression of the
      corresponding pushbutton, said pulse chamber having a pulse port adjacent
      the common diaphragm with the movement of the plunger-diaphragm means
      generating a pulse signal, a control chamber mounted to the pulse chamber
      overlying said common diaphragm, a supply port and exhaust port
      terminating in said control chamber, said supply port being located in
      opposed relation to the common diaphragm and sealed with the plunger
      depressed, said binary signal forming means being connected to said supply
      port.
NUM  25.
PAR  25. The control apparatus of claim 24 wherein said bi-stable fluid switch
      means is a triggered flip-flop means including first and second Nor gates
      output establishing a main flip-flop unit having a first extend signal
      output and a second retract signal output, said extend and retract signals
      being opposite binary signals first and second coupling Nor gates having
      interconnected trigger inputs and each having an interlocking input
      connected to the output of the opposite coupling Nor gate, the outputs of
      the coupling Nor gates being connected to inputs of the output Nor gates,
      a feedback Nor gate having an input and an output connected to the output
      and input of the first coupling Nor gate, a second feedback Nor gate
      having an input and an output connected to the output and input of second
      coupling Nor gate, a first signal combining means having inputs connected
      to the pulse ports of said generators and to the position sensor and to
      the extend signal otuput and having an output connected to the trigger
      inputs of said coupling Nor gates to produce a start signal in response to
      simultaneous formation of said pulse signals in the presence of the extend
      signal or a safe position signal of the sensor, an anti-tiedown Nor gate
      having a plurality of inputs connected to the position sensor and to the
      binary signal means and to said retract signal output, fluid interface
      means including fluid activated valve means connected to the retract
      signal output and oppositely responsive thereto to alternately establish a
      retract drive output and an extend drive output, a fluid supply valve
      means for supplying fluid to the apparatus, a fuse means connected to
      control said supply valve means, said fuse means being a diaphragm
      comparator having a dead-ended input chamber and a transfer chamber with a
      common diaphragm wall therebetween, first means connecting the input
      chamber to the binary signal means, a pressure dividing means connecting
      the input chamber to extend drive output, a supply nozzle terminating in
      the transfer chamber connected to the extend drive output, an output
      nozzles terminating in the transfer chamber and connected to actuate the
      supply valve means.
NUM  26.
PAR  26. The machine control apparatus of claim 25 wherein said sensor is a
      back-pressure machine sensor having a nozzle, a venturi means connected to
      said nozzle to establish a signal stream, a machine element movable to
      interrupt the stream and produce said binary position logic signal related
      to hazardous and non-hazardous portion of the cycle.
NUM  27.
PAR  27. The fluid machine control apparatus of claim 25 wherein binary signal
      forming means includes a venturi element connected in series with the
      supply ports of each of the control chambers and establishing an Anded
      output connected to the anti-tiedown Nor gate and to the input chamber of
      said fuse means.
NUM  28.
PAR  28. A fluid control apparatus for controlling a machine having a cyclically
      moving tool element comprising a fluidic responsive machine control input
      means to selectively operate the machine to move said tool element, a
      plurality of manually operable fluid signal source means having a first
      position and operable to a second position and generating a plurality of
      unique fluid signals in response to movement between said first and second
      positions, a fluid signal logic processing means monitoring the operation
      of the source means and responsive only to simultaneous operation of said
      plurality of source means to produce a control output to said machine
      control input means and enabling the operation of the machine, and a
      sequence monitor means having a first input means connected to respond to
      operation of both said fluid signal source means to operatively disable
      the sequence monitor means and second input means connected to respond to
      the output of the signal logic processing means to actuate the input means
      and disable the machine, said monitor means responding in accordance with
      the first signal applied at the first and second input means and
      continuously monitoring the sequence of the operation of the source means
      and the presence of the control output and permitting operation only in
      response to a proper sequence including simultaneous operation of the
      source means prior in the absence of said control output and disabling of
      the machine only in response to producing of the control output at said
      second input means, prior to operation of the source means.
NUM  29.
PAR  29. The machine control apparatus of claim 28 said sequence monitor means
      includes a diaphragm operator having an input chamber connected to said
      source means and said processing means and a transfer chamber having an
      output operable to disable the apparatus in response to establishing of
      the control output prior to the signal from the source means.
NUM  30.
PAR  30. The fluid machine control apparatus of claim 29 having a signal reducer
      connected between the output of the processing means and the input means.
NUM  31.
PAR  31. The fluid machine control apparatus of claim 29 wherein each of said
      source means includes a valve means, a venturi sensing element connected
      to the valve means and having an output connected to the input chamber to
      terminate the machine operation.
NUM  32.
PAR  32. The control apparatus of claim 28 having a fluid interface means
      including fluid activated valve means connected to the signal output of
      the logic processing means and oppositely responsive thereto to
      alternately establish said control output as a stop output and a drive
      output, a fluid supply valve means for supplying fluid to the apparatus,
      said sequence monitoring means including a diaphragm comparator having a
      dead-ended input chamber and a transfer chamber with a common diaphragm
      wall therebetween, a supply nozzle terminating in the transfer chamber and
      connected to the drive output, an output nozzle terminating in the
      transfer chamber and connected to actuate the supply valve means, first
      logic means connecting the input chamber to the source means to respond to
      the simultaneous operation of the source means to position said diaphragm
      wall to engage and close one of said nozzles, and a pressure dividing
      means connecting the input chamber to the drive output of the logic
      processing means and operable to hold the diaphragm wall spaced from both
      said nozzles and thereby operatively disconnect the input chamber from
      said first logic means in response to producing the drive output prior to
      operation of the source means.
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ABST
PAL  A dual speed stacker assembly for use in connection with a high speed
      machine for slicing, stacking and weighing food products, which stacker
      has mating paddles which move at slow speed during the collection of the
      required number of slices in a stack and then are rotated at high speed to
      drop the stack of slices onto a conveyor and bring the blades into
      position to receive the next collection of slices, the said paddles being
      rotated by a low inertia D. C. motor connected by a timing belt and bevel
      gear arrangement.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In commonly assigned U.S. Pat. Nos. 3,200,864 and 3,204,676 there is
      described apparatus for stacking and weighing-while-conveying slices of
      cold cuts coming from the discharge end of the slicing machine. The
      stacker of such apparatus embodies mating paddles having vanes or blades
      which are stopped to receive a selected number of slices. When the
      selected number of slices have been deposited on the vanes by the slicing
      machine, the paddles are flipped to deposit the accumulated stacked slices
      onto the receiving surface of a weigh conveyor.
PAR  While the apparatus of the type disclosed in the foregoing patents has
      proven to be eminently satisfactory, it is desirable to upgrade their
      operation and efficiency. A dual speed stacker rotated by a clutch drive
      has been in use, but such stacker has certain shortcomings. The dual speed
      stacker assembly and motor drive of the present invention is an
      improvement over the stacker of the aforesaid patents and stackers now in
      use.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to provide a paddle stacker assembly for a
      high speed machine for slicing, stacking and weighing food products, which
      stacker has mating paddles with spaced blades adapted to rotate by means
      of a low inertia D. C. motor at a slow speed during the collection of a
      selected number of slices in a stack on the blades and then to rotate at a
      high speed to deposit the accumulated stacked slices onto a conveyor and
      bring another pair of blades into position to receive the next collection
      of slices.
PAR  It is a further object to provide in such paddle stacker a pair of mating
      paddles with blades so spaced that they can be rotated at slow speed to
      collect a tall stack of slices and at high speed to deposit such stack
      onto a conveyor without causing distruption, poor appearance or
      destruction of the stack.
PAR  It is a further object to provide in such paddle stacker a pair of mating
      paddles with the blades on each paddle spaced 120.degree. apart to permit
      the paddles to be rotated at a slow speed to collect a tall stack of
      slices on a pair of blades and at a high speed faster than the
      gravitational drop of the stack to deposit the stack on a conveyor without
      the next pair of blades striking the top corners of the stack.
PAR  It is a further object to provide in such paddle stacker a pair of mating
      paddles with the blades on each paddle positioned and rotated at a slow
      speed during the collection of the slices in a stack to cause the top
      corners of a tall stack to be much lower with respect to the center of
      rotation of the two paddles and to bring the entire stack closer to the
      scale conveyor before it is finally dropped, thereby causing less
      oscillation of the scale with a more accurate reading.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages will become apparent from the following
      detailed description of a somewhat preferred embodiment of the invention
      which is to be taken in conjunction with the accompanying drawings, in
      which:
PA1  Fig. 1 is an isometric view of the machine for slicing, stacking and
      weighing sliced food products, which machine embodies the dual speed
      stacker paddle assembly of the present invention;
PAR  FIG. 2 is a side elevational view of the paddle box, yoke and weigh
      conveyor with relation to the slicer;
PAR  FIG. 3 is a top view of the paddle box and yoke;
PAR  FIG. 4 is a side elevational view, partly in section, of the paddle box;
PAR  FIG. 5 is a sectional view of the paddle box taken along the line 5--5 of
      FIG. 4;
PAR  FIG. 6a is a sectional view of the blades of the paddle showing the
      position of the blades after the high speed flip has been completed and
      the blades are beginning to rotate at low speed and are ready to receive
      the first slice;
PA1  Fig. 6b is a view similar to that of FIG. 6a with the paddles being rotated
      at low speed and receiving additional slices;
PAR  FIG. 6c is a view similar to FIG. 6b showing the blades and stack of slices
      upon completion of the low speed rotation and preparatory to rotating at
      high speed and dropping the stack onto a conveyor for removal or weighing.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, FIG. 1, the weighing-while-conveying apparatus
      10 and stacker 11 are shown applied to the discharge end of a slicing
      machine 12, so that the sliced products from the slicing machine are
      discharged onto the stacker and from thence on to the weighing apparatus
      in accordance with the selected and established measure, whether it be
      six, eight or more slices per stacked group. The stacks are then weighed
      and segregated from the other slices coming from the slicing machine, as
      well as the stacks formed by the stacker 11. The stacks of sliced products
      are then transferred to further packaging stations by a conveyor 13 if of
      prescribed weight, or on the other hand, to a reject station, at which
      point the proper weight is made, by a reject mechanism if not within the
      preset tolerance. In this connection, the packaging station may adopt any
      one of a number of commercial wrapping or packaging apparatus or
      techniques, using Saran, cellopane or other types of film.
PAR  The blade or knife 15 is one conventional type of rotary cutter blade and
      is in the form of an eccentric disc or dished blade, which is adapted to
      be rotated at relatively high speeds (FIG. 2). Although both types of
      knives perform satisfactorily the dished blade is somewhat preferred. The
      portion of the blade having the greatest radius serves to slice the
      leading edge of the product 14 while the portion of the blade having the
      minimum radius provides clearance for the product to be fed outwardly
      thereby permitting the initiation of the next slicing operation. The
      product 14 is continuously fed forwardly by a pusher and each cycle of
      rotation of the blade produces another slice. The speed of operation of
      slicer 12 can be set for 400 to 1500 r.p.m. with the adjustment being
      somewhat dependent upon stacker efficiency and the particular product 14
      to be sliced.
PAR  The blade 15 is mounted at the end of a rotatable shaft 16, which is
      suitably journalled; and the shaft in turn may be driven by an electric
      motor through suitable drive mechanism. Such motor and mechanism are
      interconnected and synchronized with the continuous movement of the pusher
      for the meat to assure uniform thickness of the slices. There is also an
      interconnection between the speed of feed of the pusher and the
      weigh-while-convey apparatus 10 in order that the speed of feed of the
      pusher can be adjusted to correspondingly change the slice thickness and
      thereby maintain the weight of the stacked slices within the prescribed
      limits.
PAC  SLICING MACHINE
PAR  My invention may utilize any one of several different types of slicing
      machines presently existing on the market. The drawings (FIG. 1)
      illustrate one type of slicing machine 12 to which my invention is
      applicable. However, it should be understood that the illustrated slicing
      machine does not per se constitute the present invention.
PAR  One slicing machine is available commercially under the name Anco No. 832
      Cold Cut Slicer and is fully disclosed in the operating instructions for
      the Anco No. 832 Hydramatic Shear-Cut Slicer (dated Sept. 17, 1959),
      published by the manufacturer, the Allbright-Nell Co. of Chicago,
      Illinois, as well as commonly assigned U.S. Pat. No. 3,099,304. The Anco
      No. 832 is a companion of the Anco No. 827 Hydramatic Bacon Slicer fully
      disclosed in the operating instructions for this machine (revised Oct. 17,
      1960), published by the same manufacturer, as well as in commonly assigned
      U.S. Pat. No. 2,812,792 granted Nov. 12, 1957; U.S. Pat. No. 2,903,032
      granted Sept. 8, 1959; and U.S. Pat. No. 2,969,099 granted Jan. 24, 1961.
      The relevant portions of the slicing machine 12 comprise a supporting
      table having a platen or feed bed over which the product, such as meat
      loaf, luncheon meat or other varieites of cold cuts shown at 14, is fed by
      a pusher or feeder to the slicing blade 15 in order to be sliced and
      discharged onto the stacker 11, and eventually the weigh-while-convey
      apparatus 10. The forward or leading edge of the meat product is pressed
      downwardly against the bed so as to properly engage the blade for slicing.
      The blade is encased in a housing 19 which serves to protect the operator
      and particularly the operator's fingers and in addition, prevents the
      particles of sliced product from being thrown outwardly from the blade by
      centrifugal force (FIG. 2).
PAC  Stacker
PAR  The drawings illustrate a stacker embodying the present invention (FIGS. 2
      and 4). Stackers of this type are available commercially under the name
      Anco No. 834 Slice-Stacker and is disclosed in the operating instructions
      for the Anco No. 834 Slice-Stacker (dated Sept. 17, 1959), published by
      the manufacturer, the Allbright-Nell Co. of Chicago, Illinois. However,
      such conventional stacker has been modified as hereinafter described.
      Furthermore, the stacker of the present invention operates in a different
      manner, as will be set forth, from such conventional stackers.
PAR  With the foregoing in mind, it will become evident that the stacker 11 is
      driven in timed relationship with the knife shaft 16 of the slicer 12, and
      receives slices of the product 14, collects them in a stack, and, after
      the blade has cut the last slice, deposits the stack on the
      weigh-while-convey apparatus 10 (FIG. 2).
PAR  The stacker 11 includes a box 17, mounted between a pair of arms of a
      quadrant bracket 18 adjustably interconnected to the slicer knife guard 19
      as hereinafter described (FIGS. 1, 2 and 3). Extending from the paddle box
      17 is a pair of paddles 20 and 21 which are ordinarily disposed in slice
      receiving position below the slicing blade 15. When the preselected number
      of slices of food product 14 has been stacked on these paddles, the
      paddles are actuated to deposit the stacks on the weigh-while-convey
      apparatus 10.
PAR  Referring now to the construction of paddles 20 and 21, it will be noted
      that they are substantially identical and include slice receiving blades
      or vanes 20a, 20b and 20c and 21a, 21b and 21c, respectively, spaced
      120.degree. apart (FIGS. 2, 4 and 6a). Upon a signal the paddles will
      rotate (high speed flip) and virtually come to a stop with the vanes,
      i.e., 20a and 21a, in horizontal positions (low vee) or in angular
      positions with the vanes at an angle above the horizontal (high vee) (FIG.
      6a). The positions of the mating vanes will be determined by the height of
      the stacks to be placed on the stacker. Normally a small stack will have a
      low vee and a large stack will have a high vee.
PAR  After rotating (high speed flip) as described above, the paddles continue
      to move slower (low speed flip) during collection of the required number
      of slices in the stack (FIG. 6b). These blades will rotate at this slow
      speed about 30.degree. or more, depending upon the requirement for proper
      stacking. This two speed arrangement, low speed flip and high speed flip,
      is extremely important in permitting tall stacks to be accumulated and
      dropped successfully onto the scale, as illustrated in FIGS. 6a, 6b and
      6c.
PAR  In the conventional paddle stacker, which is stopped while the slices are
      being stacked, the upper corners of a tall stack would be disrupted by the
      vanes as they are rotated around to collect the next stack. This occurs
      because the rotational speed of the paddles is much faster than the
      gravitational drop of the stack and the corners of the stack remain at a
      height sufficient to be interfered with by the oncoming surfaces of the
      vanes. This causes disruption of the stack, poor appearance or destruction
      of the stack. As the vanes strike the top of the stack, the product is
      slammed down onto the scale resulting in wild errors in scaling.
PAR  In contrast, in the stacker of the present invention, as the slices are
      being accumulated the vanes are rotated slowly causing the stack, and
      especially the upper surface at the corners, to be much lower with respect
      to the center of rotation of the two paddles. In effect, the stack has
      been dropped sufficiently in height so that its gravitational downward
      fall after the paddles are rotated at high speed, permits the stack to
      avoid the oncoming surfaces of the paddles. By using this feature, it is
      possible to weigh a stack as high as 21/2 lbs. This would never have been
      possible without the twin speed feature. An additional benefit to be
      gained from this arrangement is that the stack is brought down closer to
      the scale before it is finally dropped, causing less oscillation of the
      scale and therefore resulting in a somewhat more accurate reading.
PAR  After the high speed flip, the next pair of vanes, i.e., 20b and 21b, will
      simultaneously pivot downwardly toward one another and assume the stack
      receiving position by receiving the next slice out by the blade 15 without
      cessation of operation of the feeder. Both of the paddles may include a
      series of apertures 22 in each of their vanes for purposes of increasing
      their slice gripping and retentive ability to thereby prevent sliding of
      the lowermost slice of the stack as it is thrown by the blade 15. The
      paddles 20 and 21 also include the respective mounting posts 23 and 24
      which extend into the paddle box 17 (FIG. 4).
PAR  The paddles heretofore described and illustrated in the drawings are each
      provided with three blades spaced 120.degree.  apart. Such arrangement has
      been found to be quite satisfactory and efficient for most stacking
      requirements. However, it should be understood that the two speed flips
      can be applied to one blade paddles, although clearly not too desirable,
      to the conventional four blade paddles where high stacks are not called
      for, or to two blade paddles. In other words the dual speed will operate
      with paddles having a plurality of blades evenly spaced apart.
PAR  In FIGS. 6a, 6b and 6c the edges of the paddles receiving the slices are
      shown as curved. This feature is not essential, but it does permit the
      blades to be moved closer to the slicing knife and, provides a better
      surface to receive the first slice of product, and prevents the straight
      edge from digging into the first slice. Since the curved edges of the two
      mating paddles are turned inwardly, it will be apparent that there must be
      a right and left paddle to assure that the curves are in the right
      directions. This necessitates proper mounting of the right and left
      paddles in the paddle holders of the paddle box. In such case the mounting
      posts 23 and 24 can be varied in any conventional manner to avoid improper
      insertion of the paddles in the paddle holders.
PAR  The paddle box 17 includes a housing 25 containing a motor 26 which drives
      a pulley 27 which in turn drives a second pulley 28 through a timing belt
      29 running over the two pulleys (FIG. 4). The second pulley 28 is affixed
      to and drives a shaft 30 passing through the housing from one side to the
      other. Connected to the shaft 30 are a pair of bevel gears 31 and 32 which
      engage another pair of bevel gears 33 and 34 which are connected to and
      rotate the paddle holders 35 and 36. The paddle holders have bores to
      receive the mounting posts 23 and 24 of the paddles 20 and 21. Each paddle
      post is retained within the bore by key means 37 and is biased outwardly
      by means of a compression spring 38. Other conventional means may be used
      for affixing the paddles to the paddle holders.
PAR  Affixed to the paddle box 17 is a paddle encoder 39 having a fixed cam 40
      secured to the shaft 30 which drives the paddles (FIG. 5). Affixed to the
      fixed cam 40 is an adjusting cam 41 which can be varied with respect to
      the fixed cam 40 to adjust the angles of the vanes of the paddles. As the
      two cams rotate they engage switches 42 and 43, switch 42 being the low
      speed cutoof and switch 43 being the high speed cutoff. As arranged, one
      revolution of the cams will cause one flip of the paddles and three flips
      (for the three blade paddles) will turn the paddles one revolution.
PAR  The paddle box 17 is slidably set for adjustment between a pair of arms 44
      of the quadrant bracket 18 (FIGS. 1, 2 and 3). Such arms are each formed
      with an arcuate slot 45 within which are adapted to travel rods 46
      extending from the paddle box housing 25. A threaded nut-type clamp
      assembly 47 secures the paddle box 17 relative to the arms 44 upon the
      attainment of the desired angular orientation of the paddles 20 and 21
      relative to the slicing machine 12.
PAR  The quadrant bracket 18 is slidably affixed to a pair of slotted arms 48
      projecting from a plate member 49 (FIG. 3). Screw-clamp assemblies 50
      affix the quadrant bracket 18 to the plate member 49 and permit the
      quadrant bracket to be moved inwardly or outwardly with respect to the
      slicing machine 12.
PAR  The plate member 49 is slidably affixed to a slide member 55 with
      screw-clamp assemblies 51 passing through slots in such plate member 49 so
      that the plate member 49 and attached quadrant bracket 18 can be moved
      upwardly or downwardly with respect to the blade of the slicing machine
      12. To facilitate such vertical movement the plate member 49 is provided
      with a vertical adjusting screw 52 threaded into a bracket 53 projecting
      from the top of the plate member 49. The end of such vertical adjusting
      screw is anchored in a guide block 54 affixed to the slicer knife guard
      19.
PAR  The slide member 55 is affixed to the slicer knife guard 19 with screws 56
      (FIGS. 2 and 3). Projecting upwardly from one end of the slide member 55
      is a support 57 which has a hole 58 through which passes an unthreaded end
      of a horizontal centering screw 59. Projecting upwardly from the plate
      member 49 is a plate 60 which has a threaded hole 61 through which passes
      a threaded portion of the horizontal centering screw 59. As the centering
      screw 59 is turned it moves the plate member 49 and affixed quadrant
      bracket 18 horizontally with respect to the slicing machine 12. The
      unthreaded end of the centering screw 59 is anchored against lateral
      movement with respect to support 57. Such end is provided with a handwheel
      62 spaced from the support 57 by a spacer 63.
PAR  It will thus be apparent that the heretofore described mounting for the
      paddle box provides for easy and rapid adjustment of the position of the
      paddles with respect to the slicer blade 15. Such adjustments permit
      horizontal or transverse, vertical, angular in and out movements so that
      the paddle can be conveniently set in the most desirable positions for the
      particular slicing operation. The prime purpose of such adjustments is to
      insure that the slices will land in the center of the matching paddles,
      that the slices will land in the same relative position and are not
      forming an uneven sloping stack, and that the stack will be neat in
      appearance.
PAR  The motor to rotate the paddle at dual speed is a low inertia D.C. motor
      with feedback and a built-in tachometer. This motor is an important part
      of the invention in that it permits the paddles to operate at the desired
      low speed while the slices are being stacked and be synchronized with the
      speed of the slicer and then be speeded up to the desired high speed to
      drop the stack of slices and bring the next set of blades into position to
      start another stack.
PAR  Such motor 26 for the stacker paddles is synchronized with the speed of the
      slicer. The slicer is set to run to provide the desired slice count and
      the number of stacks per minute. By synchronizing the stacker motor with
      such slicer speed the paddles, after rotating at the high speed flip, are
      in position to receive the slices from the slicer during the low speed
      flip. During such low speed flip the downward rotation of the paddles
      should approximately equal the thickness of each slice as it lands. When
      the correct stack is achieved the high speed flip occurs and the paddles
      rotate 120.degree. to bring the next pair of paddles into position to
      receive the slices for the next stack. Of course, where there are other
      than three blades on the paddles the rotation will have to be modified to
      take care of the distance such blades will travel. As heretofore pointed
      out the distance the paddles travel during the low speed flip before the
      high speed flip occurs is adjusted according to the desired stack by
      adjusting the cams on the encoder nearer or further from one another.
PAR  The operation of the stacker of the present invention in connection with
      the slicer, stacking and weighing machine for food products should be
      apparent from the foregoing description and the drawings.
PAR  Thus, the several objects and advantages are most effectively attained.
      Although several somewhat preferred embodiments of the invention have been
      disclosed and described in detail herein, it should be understood that the
      invention is in no sense limited thereby and its scope is to be determined
      by that of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination a slicing maching having a slicing blade, a feeding means
      for feeding a product to be sliced by said blade and control means for
      determining the rate of advance of said feeding means toward said blade,
      and consequently the sliced thickness, and apparatus for stacking slices
      of said product as they are discharged by said slicing machine and then
      transferring the stacks of sliced product, said apparatus comprising in
      combination:
PA1  a paddle stacker to be located adjacent to the discharge end of said
      slicing machine for receiving the slices discharged therefrom;
PA1  a low inertia D. C. motor to rotate the paddles of the paddle stacker at
      low speed as the slices are being stacked on such paddles and at high
      speed when the desired size of stack has been achieved, said motor at low
      speed being synchronized with the rate of advance of said slicer feeding
      means;
PA1  control means coupling the said motor and the paddle stacker for actuating
      said motor when the desired size of stack has been achieved and rotating
      the paddles at high speed to transfer the said stack and bring the paddles
      to the low speed position ready for reception of another stack of slices;
PA1  stack receiving means adapted to receive thereon the stacks of sliced
      product transferred by said stacker.
NUM  2.
PAR  2. The invention in accordance with claim 1 wherein the paddle stacker
      comprises a pair of mating paddles with equally spaced vanes on each
      paddle, the two paddles being positioned so that upon rotation one vane of
      one paddle will align with a corresponding vane of the other paddle to
      provide surfaces to receive the slices from the slicing machine.
NUM  3.
PAR  3. The invention in accordance with claim 2 wherein the paddles will rotate
      approximately through 30.degree. during the downward movement at low speed
      as the slices are being stacked on such paddles.
NUM  4.
PAR  4. The invention in accordance with claim 1 wherein the paddles, as the
      slices are being stacked on such paddles, will move downward for each
      slice a distance approximately equal to the thickness of such slice.
NUM  5.
PAR  5. The invention in accordance with claim 1 wherein, after the high speed
      downward movement of the paddles and preparatory to receiving the first
      slice of a stack, the aligned vanes of the two paddles form an inverted V
      on which the first slices of the stack will be received.
NUM  6.
PAR  6. The invention in accordance with claim 1 wherein, after the high speed
      downward movement of the paddles and preparatory to receiving the first
      slice of a stack, the aligned vanes of the two paddles will be
      substantially in the same plane to receive the first slices of the stack.
NUM  7.
PAR  7. The invention in accordance with claim 2, wherein each paddle has three
      equally spaced vanes and the paddles will rotate approximately 120.degree.
      during the low speed and high speed movements between the completions of
      stacks.
NUM  8.
PAR  8. The invention in accordance with claim 2 wherein each paddle has two
      equally spaced vanes.
NUM  9.
PAR  9. The invention in accordance with claim 1 wherein the control means
      comprises cam means rotatable by the motor rotating the paddles and
      electric switches engageable by the cams, which switches actuate the motor
      for high speed and low speed.
NUM  10.
PAR  10. The invention in accordance with claim 2 wherein the edges of the
      blades of the mating paddles are curved downwardly to provide a smooth
      surface to receive the first slice deposited on the paddles and to permit
      the paddles to be placed closer to the slicing blade.
NUM  11.
PAR  11. The invention in accordance with claim 1 wherein the paddle stacker is
      slidably affixed to members projecting outwardly from the slicing machine
      whereby the paddle stacker can be moved inwardly and outwardly with
      respect to the slicing machine.
NUM  12.
PAR  12. The invention in accordance with claim 1 wherein the paddle stacker is
      affixed to a member running cross-wise of the slicing machine, which
      member is provided with screw adjusting means, whereby the paddle stacker
      can be adjusted in a cross-machine direction with respect to the slicing
      machine.
NUM  13.
PAR  13. The invention in accordance with claim 1 wherein the paddle stacker is
      affixed to a member running vertically of the slicing machine, which
      member is provided with screw adjusting means, whereby the paddle stacker
      can be adjusted upwardly and downwardly with respect to the slicing
      machine.
NUM  14.
PAR  14. The invention in accordance with claim 1 wherein the said motor rotates
      the paddles of the paddle stacker through an assembly comprising a shaft
      driven by a timing belt connected to the motor and shaft and bevel gears
      connected to the shaft and paddle holders for the paddles.
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PAL  A cutter device for cutting thermoplastic material may be truck mounted,
      and includes lifting means to present articles of thermoplastic material
      to a portion of the device which receives the articles and hydraulically
      operates to transfer the article to the cylindrical portion of the device
      along which the article is pushed toward one end of the device where a
      hydraulically operated knife can selectively cut off portions of the
      thermoplastic material as desired. The device also includes conveyor means
      to transfer the cut off portions of thermoplastic materials away from the
      cutter device to an area where they are intended to be used. The conveyor
      means are hydraulically operable from the same source of hydraulic
      pressure as operates the other components of this device.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  I have invented a somewhat similar cutter device for thermoplastic material
      which is described in U.S. Pat. No. 3,180,195, issued Apr. 27, 1965.
      However, the cutter device of this instant application differs in
      considerable detail from the device described in the prior patent. For
      example, one important distinction is the manner in which guide means for
      the knife blade are arranged in this device to more efficiently, more
      accurately, and more controllably direct the movement of the knife blade
      than was provided by the knife blade guide means of my prior patent. I
      found that the guide means employed in my prior patent occasionally had a
      tendency to bind because of the geometric arrangement of the guide means
      in relation to the body frame and knife blade of the cutting device. In
      this application I have disposed the guide means for the knife blade in a
      manner that a flat side of the guide means moves slidably against a
      substantial flat side of the body frame thus eliminating the tendency to
      bind. By "binding," I mean that the knife blade would become canted in its
      movement down the frame and have a tendency to become stuck so that
      further easy movement was difficult. The present guide means causes the
      knife blade to remain in the same proper horizontal disposition during its
      downward and upward movement in the frame. Another distinction that I have
      made in this present invention is to provide a double edged knife blade,
      whereas the prior patent concerned only a single edged blade which was
      effective only in the downward cutting movement. The present blade
      provides a cutting motion both downward and upward.
PAR  Another important distinction I have made in the present invention compared
      to my prior patent is to provide a simpler and more efficient means of
      pushing the thermoplastic article along the support frame of the device.
      In the prior patent I positioned a horizontal piston rod and cylinder on
      each side of the frame to move the reciprocable plunger horizontally along
      the cylindrical chamber of the device. I have found that the device is
      simpler and more efficient in operation by providing a single piston rod
      and cylinder behind the plunger member in axial alignment therewith to
      force the horizontal movement of the reciprocable plunger and consequently
      the article of thermoplastic material. In addition to the distinctions
      described above, I have provided numerous other improvements in a cutter
      device which will be described in detail hereinafter.
PAR  The principle object of this invention is to provide a cutter device for
      thermoplastic materials which is simple in construction, easy and
      efficient to operate, and inexpensive to manufacture.
PAR  Another object of this invention is to provide a cutter device for
      thermoplastic material which has a high capacity for cutting articles of
      thermoplastic material into smaller portions, efficiently and quickly and
      with great ease in handling and moving the thermoplastic material.
PAR  Still another object of this invention is to provide means for handling
      articles of thermoplastic material which are simple in construction, easy
      to maintain, and easy to operate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further objects and advantages of the invention will become apparent from
      the following description and claims, and from the accompanying drawings,
      wherein:
PAR  FIG. 1 is a perspective view of a cutter device for thermoplastic materials
      according to this invention showing components of the device in position
      to receive a cylindrical article of thermoplastic material.
PAR  FIG. 2 is a perspective view, partly in section, showing a cutter device
      for thermoplastic material according to this invention presenting an
      article of thermoplastic material toward an area of the device where
      portions of the thermoplastic material may be cut.
PAR  FIG. 3 is a perspective view of a pair of lifting tongs according to this
      invention designed for efficient lifting of thermoplastic articles.
PAR  FIG. 4 is a perspective view of a cutting knife for thermoplastic material
      according to this invention.
PAR  FIG. 5 is a perspective view of a cutter device according to this invention
      showing the components thereof mounted upon a truck for easy transport.
PAR  FIG. 6 is a perspective view, similar to FIG. 5, showing the opposite side
      of the cutter device components according to this invention.
PAR  FIG. 7 is a schematic view of the hydraulic system of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention relates to apparatus for cutting portions of
      thermoplastic material.
PAR  Various forms of thermoplastic material are employed as coating materials
      for certain objects, for example, bituminous compositions are used for
      coating pipelines. However, the bituminous materials are generally solid
      or semisolid at ambient temperatures and must be heated prior to
      application to the pipeline in a melted condition. Usually these
      thermoplastic materials had been melted at the time they were placed in
      their containers, and since the containers are of thin, easily cut
      material, it is a simple procedure to cut the thermoplastic material into
      small portions while it is still in the container. Therefore, this
      invention comprises a cutter device mounted on a framework, having
      hydraulically operable movement means which can lift a container of
      thermoplastic material and present it to support means for the
      thermoplastic material so that pusher means which is hydraulically
      reciprocable may urge the container along the support means toward a first
      end of the support means where cutting means mounted on the frame having a
      hydraulically operable knife blade mounted in an upstanding frame may cut
      off portions of the thermoplastic material as it is pushed outwardly
      beyond an end of the support means. Preferably, the knife blade is a
      double edged, double acting blade arranged so that the cutting motion is
      effective both in a downward direction and an upward direction. Then, as
      the cut portions fall from the thermoplastic material, conveyor means
      positioned adjacent the first end of the support means will receive and
      convey the cut portions of thermoplastic material to the remote position
      where desired. Also preferably, the conveyor means are hydraulically
      operable by the selective communication of hydraulic fluid with the other
      operating components of the invention.
PAR  Referring now to the drawings in detail, FIG. 1 is a perspective view of a
      cutter device 10, generally, according to this invention as it would be
      when mounted on a truck body or other prime mover. A frame 12, generally,
      provides support means for operating components of the cutter device as
      well as means for supporting the workmen who operate the device. Adjacent
      one end of the frame is an upright pole member 14 to which is swingably
      secured a boom 16 having suitable conventional pulleys over which a cable
      18 can operate by means of a hydraulic winch 20 powered by a hydraulic
      motor 22 having an inlet 24 and an outlet 26 for hydraulic fluid. Inlet 24
      and outlet 26 are connected by suitable hydraulic lines (not shown) to a
      source of hydraulic power as described in the schematic diagram of FIG. 7.
PAR  I have found that it is of particular advantage and convenience to provide
      special lifting means for containers of thermoplastic materials for my
      cutter device as shown by the boom just described and a pair of lifting
      tongs 28, generally, as described in FIG. 3. Lifting tongs 28 include a
      pair of identical recurved leg members 30 scissorably attached to each
      other by proper means as by a bolt 32 and nut 34. Adjacent the end of the
      tongs which provide the grabbing motion, is a flat container support
      member 36 secured in position and having thereon a sharp pin member 38
      placed in the most suitable position to contact a container of
      thermoplastic material or a portion of said material when the tongs
      surround and grab the material.
PAR  A cylindrical support member 40 is positioned on the frame as by legs 42,
      44, and 46, and includes a cut away portion 48 which is arranged to
      receive therein a container or article of thermoplastic material. A
      hydraulically operable lift member 50 is swingably secured to cylindrical
      support 40 adjacent one edge of support member 40 and cutaway portion 48
      so that in operation, an article of thermoplastic material may be
      transferred from tongs 28 to lift member 50 and then transferred from lift
      member 50 to the cylindrical interior of support 40 by action of a
      hydraulic cylinder 52 swingably attached to leg 42 by one end of rod
      member 54 and pivot member 56. Hydraulic cylinder 52 includes a piston
      (not shown) and hydraulic connections 58 and 60 connected to suitable
      hydraulic lines as further described in the schematic view of FIG. 7.
      Hydraulic cylinder 52 operates against an extension member 62 secured to
      lift member 50.
PAR  Then, with an article of thermoplastic material resting in the cylindrical
      support member 40, pusher means are actuated to urge the portion of
      thermoplastic material toward a first end of the said support means. The
      pusher means includes a reciprocable pusher member 64 which substantially
      conforms to the cylindrical interior portion of cylindrical support 40 and
      which is powered reciprocably longitudinally along support 40 by means of
      a hydraulic cylinder 66 having one end thereof secured to an internal end
      of pusher member 64 by means of connection 68, which is pinned by pin 70
      to member 72, and having a piston rod 74 which operates therein pinned to
      plate 76 by pin 78 through member 80. Rod 74 has connected to an end
      thereof within cylinder 66 a piston (not shown) which is acted upon by
      hydraulic fluid entering cylinder 66 through hydraulic connections 82 and
      84 which are also connected to suitable hydraulic lines as shown in the
      schematic FIG. 7. By this means, hydraulic fluid may enter cylinder 66
      under pressure through either connection 82 or 84 and exit by the
      unpressurized connection so that pusher member 64 may be reciprocably
      operated. Pusher member 64 may then push articles of thermoplastic
      material 86 forward as described in FIG. 2 into a forepart of cylindrical
      support 40 which is in the form of a complete cylinder in order to provide
      further support to article 86 during a cutting operation. Adjacent a front
      end of cylindrical support 40 are upright frame members 90 positioned
      substantially normal to base frame 12 in a manner to provide support for a
      cutting means in the manner of a knife blade 92. Knife blade 92 is
      preferably a double edged, double acting knife blade having cutting edges
      94 and 96 to provide cutting means as the blade is moved in either up or
      down motion. Knife blade 92 includes end plates 98 having openings 100
      therein by means of which knife blade 92 may be secured between guiding
      plates 102 by securing of conventional nuts and bolts through
      corresponding openings in guiding plates 102. Guiding plates 102 are right
      angular in shape so that a flat portion of the guiding plate may move
      slidably and smoothly along a flat outer surface of support frames 90 to
      provide proper alignment for knife blade 92 to keep the knife blade in
      substantial horizontal disposition.
PAR  Hydraulic means are attached to knife blade 92 to permit the upward and
      downward force of the knife blade. Such hydraulic means are in the form of
      a hydraulic cylinder 104 secured at one end by pin 106 passing through
      member 108 of the hydraulic cylinder and member 110 secured to upper frame
      112 connecting frames 90. Hydraulic cylinder 104 includes a piston therein
      (not shown) secured to a rod 114 further attached to members 116 and
      pinned to guiding plate 102 by pin 118. Cylinder 104 further includes
      hydraulic connections 119 and 120 which are in communication with the
      general hydraulic system as shown in the schematic view of FIG. 7, and
      which permit the entrance and exit of pressurized hydraulic fluid to
      control the movement of knife blades 92.
PAR  Knife blade 92 moves slidably adjacent and in close alignment with support
      leg 46 which has a flat surface substantially normal to the longitudinal
      axis of cylindrical support 40 so that as a portion of thermoplastic
      material is pushed beyond the edge of support 40 a surface is provided
      against which knife blade 92 may slide to cut off a portion of the
      thermoplastic material. Support leg 46 has a slot 121 in its lower section
      and a slot 122 in its upper section which are contiguous with slots 124
      and 126 in cylindrical support 40 all of which are in alignment with and
      provide means for passage of a central knife blade 128 disposed centrally
      at substantial right angle to knife blade 92. Central knife blade 128 is
      approximately semi-circular in conformation and provides a vertical cut in
      the article of thermoplastic material during operation of knife blade 92
      in either the downward or upward motion.
PAR  As shown in FIGS. 1 and 2, support frame 90 may be hinged across its
      central portion and may have plates 130 attached to the separate members
      of support frane 90 to provide additional support therefor and to provide
      means for attachment of suitable hinges (not shown) by means of which the
      upper portion of support frame 90 may be lowered to rest on upstanding
      member 132 each having plates 134 thereon to support the upper portion of
      support frame 90. When support frame 90 is in the upstanding position as
      shown FIGS. 1 and 2, which is its operating mode, plates 130 are held
      together by suitable machine bolts 136 and nuts 138 attachable thereto.
PAR  Secured pivotally adjacent support frame 90 and the end of cylindrical
      support 40 by means of suitable pin 140 through entension members 142 and
      144 is a hydraulically operable conveyor 146, generally, which includes a
      lower frame 148 and side frames 150 with conveyor rollers (not shown)
      positioned bearably inside frames 150 as by means of shafts 152 positioned
      in bearings 154. A suitable conveyor belt 156 is positioned over the
      rollers to convey portions of the thermoplastic material which have been
      cut from the original article. An end roller of conveyor 146 is
      hydraulically powered by means of a suitable chain 158 transferring power
      from sprocket 160 of hydraulic motor 162 to sprocket 164 on the upper most
      conveyor roller. Suitable hydraulic connections 166 and 168 are provided
      on hydraulic motor 162 to communicate with hydraulic lines as described in
      the schematic view of FIG. 7.
PAR  To raise and lower conveyor 146 a hydraulic motor 170 is positioned on a
      support frame 172 between upright frame members 90, and operates a winch
      174 on which is wound a cable 176 passing around pulley 178 secured to
      frame 180 which is pivotally attached to extension 182 of conveyor 146. An
      end of cable 176 is secured to an eye member 184 on upper frame 112.
      Suitable hydraulic connections 186 and 187 provide means for the
      communication of the pressurized hydraulic fluid from the hydraulic lines
      to the motor 170 in either direction as desired.
PAR  As mentioned above, the hydraulic system is described schematically in FIG.
      7. However, shown in FIG. 6 are the main components of the hydraulic
      system, a gasoline powered engine 188 providing power to operate hydraulic
      pump 190 which is connected by lines 194, 196, and 198 to hydraulic fluid
      reservoir 200. Other hydraulic lines and components are described in the
      schematic view of FIG. 7.
PAR  For the sake of simplicity the various hydraulic lines and their
      communications with the operating components and the hydraulic controls
      have been eliminated from the drawings of FIGS. 1, 2, 5, and 6, and are
      shown schematically in FIG. 7. FIG. 7 also shows schematically gasoline
      motor 188 and its connection to hydraulic pump 190 as well as the
      communication by return flow line 194 which may be a combination of return
      lines 194, 196, and 198 as shown in FIG. 6. All of the hydraulic
      components shown in this invention are double acting devices and therefore
      the hydraulic lines communicating with each component become alternately
      pressure lines and return flow lines. The control valves operating each
      component are conventional hydraulic valves and may be of any type, and
      may even be electronically operated from a central control panel. In FIG.
      7 the controls are shown generically as hydraulic control system 202 with
      a pressurizabel hydraulic line 204 communicating with pump 190 and
      hydraulic control system 202 and a return flow line 206 from the hydraulic
      control system 202 communicating with line 194. Hydraulic lines 208 and
      210 communicate between hydraulic control system 202 and hydraulic
      connections 58 and 60 on hydraulic lifter 50. Hydraulic lines 212 and 214
      communicate between hydraulic control system 202 and hydraulic connections
      24 and 26 of hydraulic motor 22 operating winch 20 Lines 216 and 218
      communicate between hydraulic control system 202 and hydraulic connections
      82 and 84 respectively of cylinder 66. Lines 220 and 222 communicate
      between hydraulic connections 119 and 120 respectively of cylinder 104 and
      hydraulic control system 202. It should be noted here that although only
      one hydraulic cylinder 104 is shown in the schematic FIG. 7, two hydraulic
      cylinders are shown in FIGS. 1 and 2, and similar connections can be made
      for each cylinder. Lines 224 and 226 communicate between hydraulic
      connections 186 and 187 of hydraulic motor 170 and hydraulic control
      system 202. Lines 228 and 230 communicate between hydraulic connections
      166 and 168 respectively of hydraulic motor 162 operating conveyor 146 and
      hydraulic control system 202.
PAR  Since many different embodiments of this invention may be made without
      departing from the spirit and scope thereof, it is to be understood that
      the specific embodiments described in detail herein are not to be taken in
      a limiting sense, since the scope of the invention is best defined by the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A cutter device for cutting thermoplastic material, comprising:
PA1  a frame, including support means for portions of thermoplastic materials,
      pusher means for urging said portions of thermoplastic material toward a
      first end of said support means, an end plate on said support means,
      disposed substantially normal thereto, said end plate having a slot
      therein, a double acting knife blade slidable on said frame operable
      adjacent to and parallel to said end plate, said double acting knife blade
      having cutter means positioned thereon slidable in relation to said slot,
      power means to operate said pusher means and said knife blade, said power
      means being hydraulic means, and said hydraulic means including control
      means to operate said hydraulic means selectively, said pusher means
      including a hydraulic cylinder behind a reciprocable pusher member and in
      substantial axial alignment therewith to move said pusher member
      reciprocably, said frame including a hydraulically operable lift member
      positioned swingably adjacent said support means to receive said
      thermoplastic material and transfer said material to said support means,
      said frame including a swinging boom positioned upstandingly adjacent said
      support means and having hydraulically operable lifting means to lift
      articles of thermoplastic material and place them upon said lift member,
      said frame including a conveyor having a conveyor support frame attached
      pivotally by a first end to said frame adjacent said end plate, a cable
      having a first end attached to a second end of said support frame and
      second end attached to a hydraulically operated winch to raise and lower
      said conveyor, and a hydraulically operated conveyor belt, said conveyor
      positioned to receive cut portion of thermoplastic material and convey
      said portion to a remote location.
NUM  2.
PAR  2. A cutter device as described in claim 1, wherein:
PA1  said hydraulically operated winch and said hydraulically operated conveyor
      belt are hydraulically communicable with said hydraulic means of said
      cutter device.
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ABST
PAL  The invention deals with a trim removal system for equipment used in
      cutting biscuits from a continuously moving strip of dough. The cutter
      consists of an endless conveyor entrained over a pair of spaced sprocket
      assemblies positioned beneath the advancing dough sheet. Dough cutting
      rings project upwardly from the conveyor. As the dough is advanced it is
      pressed onto the rings. A biscuit size piece passes through the center of
      each ring and is deposited in a container positioned to receive it. The
      trim removal belt is provided with a multiplicity of holes of just the
      proper size to fit over the rings so that the upper run of the belt rests
      in contact with the upper surface of the conveyor. Guides are provided for
      bringing a belt into engagement with the upper run of the conveyor at an
      oblique angle and for raising the belt and trim from the surface of the
      conveyor at a predetermined oblique angle. The trim is then returned for
      remixing with fresh dough.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to dough processing equipment and more particularly
      to equipment used for continuously cutting an elongated or endless dough
      strip into pieces and for removing the trim which remains after the cut
      pieces have been removed.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The present invention has to do with a shortcoming of the dough cutting
      equipment described in U.S. Pat. No. 2,707,922. In this machine an
      elongated or endless strip of dough is pressed onto ring shaped cutters
      which extend upwardly from the upper run of an endless cutter that also
      functions as a conveyor for advancing the sheet. In most cases, the dough
      that remains after the pieces are removed (the trim) is sufficiently
      strong so that it can be collected rather easily and returned for
      remixing. However, in the case of relatively fragile or sticky dough
      especially dough of the kind that is used in cornbread, the tensile
      strength is so low that it is difficult to pull the dough out from between
      the cutting rings. Accordingly, the general object of the invention is to
      find a way to reliably remove the fragile and sometimes sticky dough trim
      from between the cutting rings of an endless dough cutter used in
      continuous processing.
PAR  In the course of development of the invention it was discovered that a
      perforated belt could be used for removing the trim. A steel belt formed
      from sheet metal is, however, relatively difficult to bend over the small
      radii required. It was also discovered that splicing and tension
      maintenance is a problem if satisfactory performance is to be obtained
      over a long period of time to be more specific, it was found that because
      the cutting rings engage the belt like the teeth of a sprocket engage a
      chain, they sometimes snag the belt causing it to double back on itself
      and break at the point where the belt is lifted from the surface of the
      conveyor.
PAC  THE OBJECTS
PAR  In view of these and other deficiencies of the prior art, the primary
      objects of the invention are: (a) a provision for reliably removing
      fragile or sticky dough from the interstices between the cutting rings
      used for cutting dough pieces from a continuously advancing dough sheet,
      (b) a provision for enabling the dough cutting rings to disengage the trim
      removal belt without snagging to prevent damage to the belt, (c) provision
      for maintaining satisfactory belt flexibility, (d) a reliable provision
      for splicing the ends of the belt.
DRWD
PAC  THE FIGURES
PAR  FIG. 1 is a side elevational view of a dough cutting apparatus embodying
      the invention.
PAR  FIG. 2 is a plan view of the dough cutter of FIG. 1.
PAR  FIG. 3 is a transverse sectional view taken on line 3 -- 3 of FIG. 4, and
PAR  FIG. 4 is a partial plan view of the cutting conveyor and trim removal
      belt.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  The invention deals with a new trim removal system for equipment used in
      cutting biscuits from a continuously moving strip of dough. The apparatus
      includes an endless cutting means and supporting conveyor positioned
      beneath the advancing dough sheet. Ring-shaped cutters project upwardly
      from the conveyor. As the dough sheet is advanced it is pressed onto the
      rings. A biscuit size piece is pressed through the center of each ring.
      The trim removal belt has a multiplicity of holes of just the proper size
      to fit over the rings so that the upper run of the belt rests in contact
      with the upper side of the conveyor.
PAR  In a preferred form of the invention, means is provided for bringing a belt
      into engagement with the upper run of the conveyor at an oblique angle and
      for raising the belt and the trim from the surface of the conveyor at an
      oblique angle. The trim thus removed and is then returned for remixing
      with fresh dough.
PAR  A preferred embodiment will now be briefly described. In its preferred
      form, the apparatus includes a supporting framework upon which are mounted
      at least a pair of spaced apart sprocket sets that support the endless
      cutting means. A provision is made for feeding the dough strip onto the
      upper edges of the cutting rings and a presser means is provided for
      forcing the dough strip onto the cutting rings to cut a dough piece from
      the center of each ring. The stripping belt is formed from flexible sheet
      material and is positioned to lie in the interstices between the cutting
      rings on the surface of the cutting means. The belt is brought into
      engagement with the cutting means prior to the point in which the dough is
      pressed thereagainst. Support means is provided for the ends of the loop
      formed by the stripping belt and means is provided operable with the belt
      to cause the belt to engage the cutter at a predetermined point. Means is
      also provided for lifting the stripper belt together with the trim from
      the cutter after the cut pieces of dough have been removed from the trim.
PAR  In the preferred embodiment, at least two guides are mounted at spaced
      apart locations on the framework in position to engage the inside surface
      of the belt. The guides can be moved further apart or closer together to
      change the tension on the stripper belt. Rotatable pressing elements are
      positioned centrally with respect to the guides to hold the stripping belt
      in engagement with the conveyor at two predetermined points to define a
      first obliquely inclined stripping belt section approaching the conveyor
      at one end thereof and a second oblique belt section retreating from the
      conveyor at the other end. The central ends of the oblique section
      engaging the conveyor are located centrally of the lines along which the
      conveyor is tangent to its supporting sprockets.
PAC  A DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIGS. 1 and 2 the dough cutting apparatus is indicated generally by the
      numeral 10. The cutter 10 is positioned adjacent to a roll stand 12
      provided with an arbor on which are mounted vertically spaced horizontal
      driven powered rolls 16 and 18 between which the dough strip 15 passes
      from left to right. The dough strip 15 travels from the roll stand 12
      upwardly at a shallow inclined angle e.g. 15.degree. on an infeed conveyor
      17 which is supported on rolls 19, 21, 23, 25, and 27. The infeed conveyor
      17 and its rolls are supported by side plates including two parallel
      vertically disposed plates 13a and 13b which are fastened to the framework
      of the cutter 10. The infeed conveyor is driven suitably as by an electric
      motor (not shown). From roll 21 the dough strip 15 falls onto a presser
      belt 29 entrained over rolls R.sup.1, R.sup.2, and R.sup.3 also mounted
      for rotation between the plates 13a and 13b. The dough travels a short
      distance toward the left at first on the presser belt 29 and is then
      pressed onto the rings of the dough cutter by the portion of belt 29 below
      the roll R.sup.2.
PAR  The dough cutter 10 is supported by a framework made up of vertical posts
      24 and cross member 26 suitably joined together as by welding. A pair of
      parallel plates 28 and 30 at the left-hand side of the apparatus support a
      sprocket set 32 journaled at 34 for rotation on plates 28 and 30.
      Similarly, at the right-hand side of the apparatus are vertical plates 36
      and 38 between which is a sprocket set 40 journaled at 42. The sprocket
      sets 32 and 40 are driven by a driving element including a chain 43
      connected to an intermittent drive 45 which is in turn driven by a motor
      M.
PAR  Entrained over the sprocket sets 32 and 40, each of which consists of two
      laterally spaced sprockets are drive chains 56. Cutter bars or plates 46
      that with the chains 56 define a cutter conveyor 44 are secured to the
      chains by bolts 52 and brackets 54. Projecting laterally beyond the side
      edges of the drive chains 56 are end portions 50 which extend into
      recesses 58 of a stationary guide 60 secured on each side of the framework
      24 - 26. Thus, as the chains 56 advance, the ends 50 slide in the guides
      60 thereby supporting the plates 46 at the proper elevation.
PAR  Each cutter bar 46 is provided with a multiplicity of dough cutting rings
      66 which extend upwardly a sufficient distance e.g. 3/4 inch to cut
      through the dough sheet 15 producing biscuit size pieces 70 as the dough
      sheet 15 is forced against the cutting rings 66 by belt 29. The dough
      pieces are held in place temporarily by dough ligaments that extend
      through two pairs of diametrically opposed slots 68 (FIG. 4) only a few of
      which are shown.
PAR  The cut dough pieces 70 are removed from the central bore 62 of the cutters
      by depositor heads 110 mounted at the lower end of supporting tubes 108.
      The depositor heads 110 are lowered and raised during operation while
      bores 62 are in alignment beneath the depositors by means of two crank
      arms 115 (only one of which is shown in FIG. 1) having rollers at their
      free ends engaged in slots 117 at the lower end of plunger support plates
      96 and 98 respectively on either side of the apparatus. A horizontal rod
      99 joins the plates 96 and 98 rigidly to a plunger support 106 upon which
      all of the plungers are mounted. Either vacuum or pressure is supplied to
      the plungers from lines 103 and 105 respectively, as controlled by a valve
      102 which communicates with the tubes 108 and plunger heads 110 through
      telescoping pipe 107. The vacuum supplied through line 103 holds the cut
      pieces 70 on the ends of the plungers until they have reached their
      lowermost position at which time the pressure supplied through hose 105
      frees the cut pieces from the plunger end. The valve 102 is suitably
      connected to the drive motor to operate in timed relationship with the
      drive motor M.
PAR  The trim removal belt 72 is formed from a long sheet of flexible material
      such as metal or plastic. In a preferred form of the invention, the belt
      comprises a laminated Mylar* sheet which is cut along a diagonal line
      defining cut ends 73 at each end. The belt 72 can for example be .014
      Mylar or .028 laminated Mylar. The cut ends 73 are brought into
      overlapping relationship and bonded together as by means of plastic rivets
      75. The belt is engaged with the top run of the conveyor 44 and passes
      first over a smooth surfaced sheet metal guide 118 affixed to plates 28
      and 30 above sprocket set 32. The belt then travels downwardly and toward
      the right engaging the conveyor 44 at a shallow oblique angle, e.g.
      15.degree.. Openings 71 in the belt 72 are of just the proper size and
      spacing to be engaged over the upwardly extending cutter rings 66. From
      the guide 118 the belt passes toward the right in the figures. Motion is
      imparted to belt 72 by the conveyor 44.
FNT  * Registered Trademark of the DuPont Company
PAR  Cans 76 supplied to the apparatus are open at the top as seen in FIG. 2.
      They enter a guide 78 from a supply 80 and are fed to a conveyor 82 that
      passes beneath the plunger 110. Power is supplied from the main drive
      motor M (FIG. 1), sprockets 86 and chain and sprocket assembly 88 and 90
      to parallel endless conveyor elements 92 that contain magnets engagable
      with the steel bottom covers of the cans 76 for advancing them to the
      right as seen in FIG. 2 beneath the plungers 110. The cans are positioned
      immediately below the conveyor 44 as seen in FIG. 1 to receive the cut
      dough pieces.
PAR  FIGS. 1 and 2 illustrate the trim 15a which remains after the cutting
      operation and the removal belt 72 passing below an idler roller 122
      supported for rotation upon a shaft 124. They then travel upwardly on a
      gradual incline to the top of a guide plate 126 having a rounded forward
      end 128. The roll 122 assures that the trim removal belt is in engagement
      with the cutter bars at the point where it passes beneath roll 122. In
      this way there is assurance that the belt 72 will begin to move away from
      the cutter at a predetermined point. The vertical height of the trim at
      126 and belt 72 is regulated by moving the guide up or down on bracket 129
      and appropriately tightening bracket nut 129a. Similarly, the longitudinal
      position of roller 122 can be controlled by sliding it to the left or
      right as seen in FIG. 2 and tightening nuts 127. In this way, the angle of
      incidence of the belt 72 with respect to conveyor 44 can be selectively
      changed as needed. The guide 126 lifts the belt 72 and the trim and
      supports it as it moves toward the right to a point where the trim can be
      returned for recycling.
PAR  From the guide plate 126 the belt together with the trim 15a travel toward
      the right over a curved sheet metal support and guide 132 having an upper
      curved portion 130 which extends toward the left as seen in the figures, a
      vertically disposed center section and a lower portion 134 which curves
      toward the left. The guide 132 provides a smooth support surface for the
      belt and also serves as a tension adjustment by the provision of mounting
      bolts 131a which project through a mounting bracket 131 affixed to each
      side of the apparatus (only one of which is shown in the FIG. 1). By
      loosening the bolts 131a and moving the guide 132 toward the right, the
      belt 72 will be tightened, by moving it toward the left the belt will be
      loosened. In this way the belt tension can be selectively adjusted. The
      alignment of the openings 71 in belt 72 with the cutting rings is also
      adjusted by sliding the guide 132 on the bracket 131 and thereafter
      tightening the bolts 131a.
PAR  The trim material 15a falls from the belt 72 as shown at 144 onto a
      transfer conveyor 146 with side walls 150 that returns it for mixing with
      fresh dough. From the lower end of the guide 132, the transfer conveyor
      travels toward the left along a horizontal run 136 then travels around the
      outside surface of an additional curved metal guide 112 having an upper
      portion 114 curved toward the right and a lower portion 116 curved toward
      the right. The lower run 136 of the belt 72 is supported by sheet metal
      member 137 having downwardly curved ends 140, 142 to provide a smooth
      support for the belt.
PAR  During operation, the cans 76 flow continuously onto the conveyors 92 and
      are carried beneath the plungers 110. In operation, the reciprocation of
      the plungers 110, bar 99, and the plates 96 and 98 goes on continuously
      due to the rotation of the crank arm 115. A shaft 170 extending between a
      gear box 113 of the cranks 115 and motor M supplies power to the cranks
      and coordinates the intermittent motion of intermittent drive 45 with a
      crank arm movement so that the openings 62 are in alignment with plungers
      110 when the plungers descend and remain so until the plungers again
      travel back out of the cans and pass upwardly through the openings 62.
PAR  It can thus be seen that belt 72 removes the trim material 15a from the
      interstices between the cutting rings even though the dough is quite
      sticky and the trim is and continuously advanced to a place where it can
      be returned for remixing. In addition, the trim removal belt will engage
      and disengage the dough cutting rings without being injured or snagging
      the rings.
PAR  Three major factors contribute to the effective engagement and
      disengagement of the trim removal belt with the conveyor belt 44 as
      follows: (a) provision for introducing the belt and removing the belt from
      the conveyor at a shallow angle preferably less than 45.degree. and in the
      preferred form of the invention at an angle of about 15.degree., (b)
      provision for controlling the tension of the belt 72 and finally, (c)
      provision for engaging and disengaging the belt from the conveyor between
      the points at which the conveyor 44 becomes tangent to the driving
      sprockets since the edges of bars 46 tilt with respect to one another as
      the cutter rings on either side of the separation lines 44a which would of
      course fracture the belt if the belt were then in engagement with the
      cutter. Because the belt is formed preferably from plastic resinous
      material such as laminated plastic film it has sufficient flexibility to
      pass readily around the guides at each end.
PAR  Some of the details in construction and operation of the dough cutter and
      inserting mechanism will be better understood by reference to U.S. Pat.
      No. 2,707,922 which is incorporated herein by reference.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for cutting bakery goods from an elongated strip of dough,
      said apparatus comprising a supporting framework, an endless cutting means
      including a cutting surface member having openings therein, upwardly
      extending cutting rings around the openings, means for feeding the dough
      strip onto the top of the cutting rings, means for pressing the dough onto
      the cutting rings to cut a dough piece from the center of each ring, an
      endless trim stripping belt comprising flexible sheet material in
      engagement with the cutting surface member and positioned around the rings
      in the interstices between the rings on the surface of the cutting means,
      support means for the belt and means operable with the belt to cause the
      belt to engage said endless cutting means at a predetermined point prior
      to the point at which the dough is pressed thereagainst and means for
      lifting the belt together with the trim thereon from said endless cutting
      means after the cut pieces of dough have been removed from the trim.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the support means for the stripping
      belt includes at least two guides mounted at spaced apart locations upon
      the framework in position to engage the inside surface of the stripper
      belt at spaced points whereby the spacing between the guides can be
      changed to regulate the tension on the stripping belt.
NUM  3.
PAR  3. The apparatus of claim 1 wherein first and second longitudinally spaced
      guide members are mounted on the supporting framework above the conveyor
      at each end of the conveyor and a pair of longitudinally spaced rotatable
      pressing elements are positioned between the guide members to hold the
      stripping belt in engagement with the conveyor at two predetermined
      longitudinally spaced laterally extending lines to define a first oblique
      stripping belt section approaching the conveyor at one end thereof and a
      second oblique section retreating from the conveyor at the other end
      thereof.
NUM  4.
PAR  4. The apparatus of claim 3 wherein the endless cutting means comprises a
      pair of spaced apart sprocket sets, endless chains entrained over the
      sprocket sets, cutting bars mounted to extend transversely between the
      chains and said two lines are located between those areas where the chains
      are in contact with said sprockets.
NUM  5.
PAR  5. The apparatus of claim 1 wherein the trim stripping belt is formed from
      a flat sheet of plastic resinous material.
NUM  6.
PAR  6. The apparatus of claim 5 wherein the belt comprises a resinous polyester
      plastic laminate having cut ends, said cut ends being positioned in lapped
      relationship and being rivited together.
NUM  7.
PAR  7. An apparatus for cutting bakery goods from an elongated strip of dough,
      said apparatus comprising a supporting framework, and endless cutting
      means including a cutting surface member having openings therein, upwardly
      extending cutting rings around the openings, means for feeding the dough
      strip onto the top of the cutting rings, means for pressing the dough onto
      the cutting rings to cut a dough piece from the center of each ring, an
      endless trim stripping belt comprising flexible sheet material in
      engagement with the cutting surface member and positioned around the rings
      and in the interstices between the rings on the surface of the cutting
      means prior to the point at which the dough is pressed thereagainst,
      support means for the belt and means operable with the belt to cause the
      belt to engage the cutter at a predetermined point and means for lifting
      the belt together with the trim thereon from the cutter after the cut
      pieces of dough have been removed from the trim, the support means for the
      stripping belt including at least two guides mounted at spaced apart
      locations upon the framework in position to engage the inside surface of
      the stripper belt whereby changing the spacing between the guides can be
      used to change the tension on the stripping belt, first and second guide
      means mounted on the supporting framework above the conveyor at each end
      of the conveyor, rotatable pressing elements positioned between the first
      and second guide means to hold the stripping belt in engagement with the
      conveyor at two predetermined points to define a first oblique stripping
      belt section approaching the conveyer at one end thereof and a second
      oblique section retreating from the conveyor at the other end thereof.
NUM  8.
PAR  8. An apparatus for cutting bakery goods from an elongated strip of dough,
      said apparatus comprising a supporting framework, an endless cutting means
      including a cutting surface member having openings therein, upwardly
      extending cutting rings around the openings, means for feeding the dough
      strip onto the top of the cutting rings, means for pressing the dough onto
      the cutting rings to cut a dough piece from the center of each ring, an
      endless trim stripping belt comprising flexible sheet material in
      engagement with the cutting surface member and positioned around the rings
      in the interstices between the rings on the surface of the cutting means
      prior to the point at which the dough is pressed thereagainst, support
      means for the belt and means operable with the belt to cause the belt to
      engage the cutter at a predetermined point and means for lifting the belt
      together with the trim thereon from the cutter after the cut pieces of
      dough have been removed from the trim, the endless cutting means comprises
      a pair of spaced apart sprocket sets, endless chains entrained over the
      sprocket sets and cutting bars mounted to extend transversely between the
      chains, the trim stripping belt is formed from a sheet of a resinous
      polyester plastic laminate having cut ends, said cut ends being positioned
      in lapped relationship and being rivited together.
NUM  9.
PAR  9. The apparatus of claim 8 wherein the support means for the stripper belt
      includes at least two guides mounted at spaced apart locations upon the
      framework in position to engage the inside surface of the stripper belt at
      spaced points and means for changing the spacing between the guides to
      regulate the tension on the stripper belt.
NUM  10.
PAR  10. The apparatus of claim 9 wherein a pair of longitudinally spaced guide
      members are mounted on the supporting framework above the conveyer at each
      end of the conveyor and a pair of longitudinally spaced rotatable pressing
      elements are positioned between the guide means to hold the stripping belt
      in engagement with the conveyor at two predetermined longitudinally spaced
      laterally extending lines defining a first oblique stripping belt section
      approaching the conveyor at one end thereof and a second oblique section
      retreating from the conveyor at the other end thereof.
NUM  11.
PAR  11. The apparatus of claim 8 wherein a second conveyor is positioned in
      below one end of the trim stripping belt to receive the trim removed by
      the belt and to carry the trim to a remote location for remixing with
      fresh dough.
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ABST
PAL  A camera film locating feed system for processing of film strips utilizing
      locating holes in the film that have or tend to undergo trailing edge
      damage due to mishandling of the camera when the film is being advanced
      from one frame setting to the next. In feeding such film in the processing
      device a selectable control means detects film positioning by reference to
      the leading edge of each locating hole with the film in one orientation in
      the processor, and by the lagging edge with the film inverted or
      oppositely oriented in the processor, and rejects false detection control
      signals from certain kinds of locating hole damage by the delaying action
      of a control means gate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to apparatus in which camera film or other strip
      material may be fed or advanced longitudinally by controlled amounts or
      into predetermined successive positions in processing apparatus such as
      film cutters, printers, markers or notchers. The invention is herein
      illustratively described by reference to its preferred application, namely
      as a positioning feed for camera film cutters, wherein the film is of the
      type having locating holes spaced at intervals along one edge of the film
      and utilized in operation of the camera to stop the film at each
      successive exposure frame positions. In the illustrative cutter system
      such locating holes are used to control actuation of the cutter blade as a
      function of film advance positioning.
PAR  A broad object of this invention is to devise a film strip positioning feed
      device recurringly operable in response to detection of successive film
      locating holes in such manner as to position the film accurately in the
      cutter or other processor regardless of distortion and damage of the
      locating hole edges that typically may occur with some films due to
      mishandling of the camera.
PAR  In some cameras the film strip is advanced into its first and succeeding
      exposure frame positions through manual rotation of a take-up spool until
      a dog in the camera drops into one of a series of locating holes along an
      edge of the film and thereby arrests the film against further advancement
      by continued application of torque to the take-up spool. Once the pawl
      catches the trailing edge of a locating hole, the film continues to be
      thus held until the camera shutter is actuated and thereby releases the
      pawl. Forceful attempts to advance the film further against resistance of
      the pawl will permanently tear or otherwise distort the film at the
      trailing edge of the film locating hole. Yet, persons inexperienced or
      careless in camera operation will evidently attempt to overcome resistance
      of the pawl because considerable film damage is seen in the processing
      laboratories. Although films sustaining such hole damage may be printable,
      cut and packaged if specially handled, nevertheless they present a serious
      problem to the processor desiring to do precision work using automated
      processing equipment.
PAR  Camera film of the type described is typically premounted stretched ready
      for use between supply and take-up reels enclosed in a light-proof plastic
      cassette designed for compact pocket-size cameras. In the commercial
      processing of such film the plastic cassette casings are broken open to
      remove the film, the exposed film developed, the developed film strips
      spliced end-to-end with others and wound on a large storage reel that
      feeds it through a printer. It is next advanced through a mechanized or
      automated cutter that typically severs it into lengths of four exposure
      frames each, a size that can be conveniently handled and packaged in an
      envelope for delivery to the customer.
PAR  The successive film strips are all similarly oriented when spliced together
      and wound on the storage reel. However, some processing devices are
      designed to accept the film with the emulsion side up and some with the
      emulsion side down. As a result the edge of each locating hole in the film
      which was a leading edge in advancing the film through the camera can
      become either a leading edge or a lagging edge when the film is being
      advanced through the processing device, depending upon the type of
      equipment in use. Thus locating hole edge damage presents a significant
      problem in locating the film precisely in the processor during film feed
      unless means are employed to identify and operate selectively in response
      only to the undamaged hole edges and to ignore or reject all other
      effects. Heretofore, film position feed devices attempting to work with
      such camera-damaged film have either not been designed in recognition of
      this problem or have not effectively dealt with it. As a result imprecise
      positioning of the film has caused an inferior product. For example, with
      some prior feed devices, locating hole edge damage in the film could cause
      a cutter to make it cut within the borders of an exposure instead of down
      the middle of the narrow zone between successive exposure frames as
      desired.
PAR  Therefore, a further object hereof is to provide film strip feed means
      wherein consistent reliability of film positioning through the aforesaid
      selective detection with reference to the undamaged locating hole edges
      will not be impaired by false detection signals due to jagged rents in a
      damaged edge falsely simulating the good edges of a succession of locating
      holes as sensed by the sensing means.
PAR  Still another object of this invention is to devise a camera film
      positioning feed and control means adapted for use with any of different
      commercially available film cutters or other processing devices,
      regardless of film orientation required therein.
PAR  A further object hereof is to devise a high-speed and reliable apparatus
      which itself handles the film without marring or otherwise damaging the
      film.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with this invention, locating hole edge detector means
      operable in predetermined positional relation to a film processing device
      scans the advancing strip and provides locating hole detection pulses
      including leading and lagging edge type signals selectively detected and
      utilized to actuate the cutter or other processor, the proper type signal
      being selected in accordance with a circuit setting made beforehand
      depending upon whether the emulsion side of the film is placed up or down
      in the processing equipment.
PAR  As a further feature, a delay gate is generated in timed relation to each
      processor actuation signal, which gate spans a feed interval sufficient to
      reject false or undesired hole edge detection signals received from the
      detector means. Preferably a stepping motor film feed is used and the
      duration of such gate is established through a digital count of pulses
      energizing the stepping motor.
PAR  The foregoing and other features, objects and advantages of the invention
      will become more fully evident from the description which follows by
      reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a face view of a short length of camera film strip illustrating
      the presence of locating holes along one edge of the strip in relation to
      exposure frame locations on the strip; and
PAR  FIG. 2 is a similar view with the film strip inverted so as to move through
      the processing apparatus in the same direction as in FIG. 1 but with the
      opposite end of the film leading, as it does in some processors.
PAR  FIG. 3 is an enlarged face view of a fragmentary portion of film strip
      showing one kind of locating hole edge damage that can occur in a camera
      and illustrating the relationship of incident light of a photoelectric
      sensor which detects the leading and lagging edges of the locating holes
      by scanning the line of holes as the film is being advanced through
      associated processing apparatus.
PAR  FIG. 4 is a time (film travel) diagram of an electrical signal produced by
      the photoelectric sensor in scanning a locating hole of the configuration
      shown in FIG. 3.
PAR  FIG. 5 is a simplified schematic illustrating a preferred embodiment of the
      invention applied to a film positioning feed and associated film cutter.
PAR  FIG. 6 is a time (film travel) diagram illustrating operation of the film
      positioning feed shown in FIG. 5 with delay gate C eliminated, which it
      might be for the processing of film having minimal locating hole edge
      damage or distortion.
PAR  FIGS. 7a and 7b are time (film travel) diagrams illustrating operation of
      the system shown in FIG. 5 with delay gate C acting to prevent false
      operation of the cutter due to more severe locating hole damage, such as
      by tearing as depicted in part a of the Figure, with the film being
      advanced with a first end leading; and
PAR  FIGS. 8a and 8b are similar diagrams showing the effect of delay gate C
      with the film being advanced with its opposite end leading.
DETD
PAC  DETAILED DESCRIPTION WITH REFERENCE TO DRAWINGS
PAR  As depicted in FIGS. 1 and 2, a camera film strip of the type to which the
      invention applies in this example comprises the usual elongated thin
      plastic sheet strip upon face of which there is a coating of photographic
      emulsion and along one edge of which locating holes of rectangular
      configuration are formed at regular intervals positionally related to the
      desired exposure frame areas Fe shown by dotted lines in the Figures. With
      the film advanced lengthwise with one orientation in the processing
      apparatus, the locating holes h have one positional relationship with the
      associated exposure frame areas Fe; whereas with the film inverted in the
      apparatus, thereby keeping the locating holes Fe on the same side in the
      apparatus, the locating holes occupy a different relative position to the
      respective exposure frame areas (compare FIGS. 1 and 2). Thus, the
      terminal edges of the locating holes which are the leading and lagging
      edges Le and La with the film orientation as shown in FIG. 1 become
      respectively the lagging and leading edges with the inverted orientation
      as depicted in FIG. 2. When a cartridge of such film is loaded in a camera
      of the type mentioned, however, the film is always advanced
      unidirectionally to make the successive photographic exposures, so that it
      is always the same locating hole terminal edge that becomes damaged by the
      positioning pawl or dog in the camera that stops the film in the correct
      frame exposure position for each picture to be taken. Thus, when such film
      after exposure and development is spliced together with others and fed
      through processing apparatus there would be no problem with detecting the
      position of locating holes if the detector used could be made to respond
      for example only to a leading edge or only to a lagging edge of the film,
      namely the undamaged or undistorted edge of each locating hole. In fact,
      however, the processing devices of different manufactures and for
      different applications require different film orientations. Consequently
      precise successive positionings of the film during processing in all such
      apparatus requires means to detect and operate upon the positioning of
      only the unmarred locating hole edges regardless of which end of the film
      is leading during film advancement.
PAR  In FIG. 3 there is shown a fragmentary edge portion of a film strip having
      a locating hole h having one rim edge that undamaged and its opposite rim
      edge badly torn due to excessive film tension resisted by the camera
      positioning pawl or dog. In FIG. 3 with the film to be advanced in
      processing apparatus in the direction of the arrow, the unmarred hole
      extremity La is the lagging extremity, whereas the opposite nominal
      extremity or terminal edge Le' is no longer intact but has been torn
      through, leaving a series of irregular rents variable in width and
      extending beyond the nominal hole terminus Le'. This type of damage to the
      film makes the true leading edge location of the locating hole indefinite
      as depicted by the double arrow. Each abrupt widening of the tear or rent
      thus produced, such as at locations t1 and t2 can have the effect of a
      separate locating hole leading edge as sensed by a detector, such as a
      reflected light beam sensor which projects a narrow transversely oriented
      line pattern of light upon the film as shown in the figure, which light is
      reflected and photoelectrically detected. These false locating hole
      leading edge extremities vary in distance from the lagging edge extremity
      t3 and thus signals therefrom cannot be used, and in fact must be
      rejected, for precise positioning of film advanced in processing
      apparatus.
PAR  FIG. 4 depicts approximately the photoelectrically sensed signals that
      would accrue from hole scan by a line pattern light beam reflected from
      film advanced in the manner depicted in FIG. 3. The signal steps or
      transient changes at t1, t2 and t3 in FIG. 4 correspond to the abrupt
      changes in reflectance of the film-hole areas being scanned by the
      stationary light beam pattern as shown.
PAR  In FIG. 5 the problem is overcome by apparatus in which the film strip is
      fed to a film cutter 10 actuatable by an electrical impulse applied
      through conductor 12 each time the film is to be cut transversely of its
      length. In lieu of a cutter, the apparatus may be operated in conjunction
      with other processor devices such as a printer, marker or a notcher. In
      each instance and for each application, it is of course important that the
      film being advanced through the apparatus, as in the direction of the
      arrow, be stopped precisely at the correct position or that the cutter or
      other operating element be actuated precisely in the correct timed
      relationship to advanced position of the film.
PAR  The film strip is advanced to cutter 10 by means of a power driven
      frictional roll 14 turned through progressive increments by a stepping
      motor 16 designed typically to advance the film by 64 steps or increments
      per inch of travel. Such stepping motors and stepping motor feeds are well
      known in the art. An opposing free-turning presser roller 18 establishes
      the desired friction force of film against feed roller 14 to avoid
      significant slippage in the drive. The roller 14 draws the film past
      locating hole detector means comprising a sensor device 20 which includes
      a light source 22 and an associated reflected light sensor 24. Light from
      source 22 is directed at an incline upwardly against the undersurface of
      the film strip through a transverse line array of fiber-optic elements 26
      and the resultant light incident upon the film is reflected downwardly
      form the film surface through a counterpart array of fiber-optic elements
      28 into a suitable light sensor 24 which coverts the receive light into an
      electrical effect such as voltage, current or change of resistance
      representing a detection pulse presented to circuit conductor means 30.
      The fiber-optic arrays 26 and 28 pattern the light incident upon the film
      and the reflected light received from the film in a transverse
      straight-line pattern as depicted in FIG. 3 spanning transversely across
      the path of advance of the locating holes h and preferably of a pattern
      width transverse to the film approximately equal to the locating hole
      width so as to produce a maximum excursion of signal intensity variation
      in conductor 30 each time the end extremity or edge of a locating hole
      passes the light beam.
PAR  If, for the moment, one ignores the effect of delay gate 32, later to be
      described, and assumes the signal on conductor 30 is passed directly to
      the control circuits for processing, those circuits produce a control
      pulse on conductor 34 in response selectively either to a trailing edge or
      to a leading edge of a locating hole passing the line of incidence of
      sensor light upon the reflecting lower surface plane of the advancing film
      strip. Whether it is the leading edge or the trailing edge signal from
      light sensor 24 that produces the operating pulse on conductor 34 depends
      upon the setting of a selector switch 36 applying energizing voltage to
      AND gate 38 or alternatively to AND gate 40. AND gate 38 is in the lagging
      edge control circuit channel 42, and AND gate 40 is in the leading edge
      control circuit channel 44. In lagging edge control channel 42 the
      terminal ends of the nominally rectangle-shaped impulses transmitted by
      conductor 30 from the light sensor are selectively processed so as to
      produce a control impulse on conductor 34. The leading edge circuit
      channel 44 processes the leading or initial ends of such impulses to
      produce a control impuse on conductor 34.
PAR  In lagging edge control channel 42 the nominally rectangular pulse from
      conductor 30 is divided into parallel paths, one including an inverting
      amplifier 46 and the other a delay circuit 48, respectively connected to
      the input terminals of AND gate 50, in turn delivering its output to the
      active input of AND gate 38. Similarly in leading edge control channel 44,
      the rectangular pulses delivered by conductor 30 are divided into parallel
      paths, one connected directly to one input of AND gate 52 and the other to
      the other input of such AND gate through delay circuit 54 and inverting
      amplifier 56. Preferably the amount of delay B interposed by each of
      circuits 48 and 54 is the same, and conveniently represents the time
      interval between successive pulses from the stepping pulse generator 60
      which supplies the drive initiation pulses for the stepping motor 16.
PAR  The output of AND gate 52 is passed to the active terminal of AND gate 40
      through still another delay circuit 58 which in this instance interposes a
      time delay, measured in a counted number of pulses from stepping pulse
      generator 60, corresponding to the feed distance interval t depicted in
      FIG. 1, FIGS. 1 and 2 being drawn in positionally registry for the purpose
      of illustrating the significance of the distance interval t. This distance
      interval represents the greater distance by which film must advance to the
      cutter 10 from the location of the light sensor or edge detector when the
      latter is operating upon the leading edge of each locator hole (as in the
      case of the film orientation shown in FIG. 1) than it travels when the
      system operates on the lagging edge of the locator holes, in order to have
      the correct place on the film aligned in precise registry with the cutter
      blade at the instant the cutter is actuated in response to a control or
      command pulse on conductor 34. A pulse counter in delay circuit 58 is
      designed or set to a count that achieves this exact amount of delay
      interval (distance) t.
PAR  Control pulses on conductor 34 pass to actuation circuits 62 in the control
      means of the system which in response to each such pulse initiate an
      actuation sequence utilizing any suitable or known circuit techniques for
      the purpose. The first step in that sequence is a response which stops the
      stepping motor 16 by initiating retardation and then positive arresting of
      movement such that the drive roller 14 stops turning altogether after a
      precisely measured amount of travel after application of the control pulse
      or conductor 34. Typically, eight stepping pulses from generator 60 are
      required to stop the motor 16 in response to a conductor 34 control
      signal. Assuming the stepping motor produces film travel at the rate of 64
      increments of steps per inch, the film travels precisely one-eighth of an
      inch before it stops after incidence of the control signal. A counter in
      the actuation circuit 62 then produces a cutter actuation impulse on
      conductor 64 in response to counting out the eight pulses necessary to
      stop the stepping motor 16, and the film is severed at the precisely
      established position produced in the operating sequence. A cutter feedback
      signal on conductor 66 fed to actuation circuits 62 restarts the motor 16
      by reestablishing the energizing path from stepping pulse generator 60 to
      the motor through the actuation circuits 62. In lieu of feedback through
      conductor 66 a simple counting arrangement in the actuation circuits may
      be used to restart the motor at the desired instant if desired.
PAR  The pulse sequence diagram depicted in FIG. 6 aids in the understanding of
      operation of the film positioning feed depicted in FIG. 5 absent the
      affect of delay gate 32, as aforementioned. The stepping motor drive
      pulses initiated by stepping pulse generatr 60 are depicted in line I, and
      assuming the film is moving incrementally at a steady rate and the
      locating holes being scanned by the light sensing detector 20 have clean
      or undistorted leading and lagging edges the resulting electrical pulses
      produced at conductor 30 appear as rectangular pulses in line II. the
      duration of these positive-going pules with steep leading and lagging
      edges corresponds to the film travel interval from the instant a locating
      hole leading edge passing the light beam to the instant the lagging edge
      passes the light beam. Diagram line III represents the inveerted pulse
      from conductor 30 applied to the lower terminal of AND gate 52 whereas
      line IV shows the resultant differential pulses Pe2, - - -, produced in
      sequence at the output of AND gate 52. Line V depicts the latter pulses at
      the output of delay circuit 58, delayed by the interval t, fed by AND gate
      40 to OR gate 70 which produces the control pulses on conductor 34.
PAR  In the case of leading edge control established by positioning of selector
      switch 36 in its alternative or lower position shown in FIG. 5, if switch
      36 is switched to its upper position so that the lagging edge channel
      becomes operative to produce the control pulses on conductor 34, the
      locating hole rectangular pulses appearing in graph line VI delayed in
      circuit 48 by the interval B combine in the AND gate 50 with the inverted
      but delayed pulses from amplifier 46 to produce the control pulses Pa1,
      Pa2, - - -, as depicted in line VII in FIG. 6. The alternative switching
      of the control means circuits thus automatically compensates for the
      positional shift of locating hole relative position by the interval t as
      depicted comparatively in FIGS. 1 and 2 as aforesaid.
PAR  Now in order to render the system insensitive to irregular tears or rents
      in the film strip (FIG. 3) caused by the camera stop dog, delay gate
      circuit 32 shown in FIG. 5 imposes an additional delay function or
      interval C upon the conductor 30 pulses applied to both the leading anad
      lagging edge control channels 44 and 42 respectively. In FIG. 7 the
      operating condition depicted is for film positioned in the processor for
      movement with that end leading which causes the damaged edges of the
      locating holes h to be in leading position as depicted in FIG. 7a. In the
      timing-pulse diagram depicted in FIG. 7b the light sensor output pulses
      corresponding to such damaged holes in the film are shown in diagram line
      I wheres in line II the delay gate intervals d produced in circuit 32 are
      shown in relation to those pulses. The portion of the composite hole pulse
      permitted to pass delay gate 32 is depicted in line III and will be seen
      to include the lagging hole edge portion of the pulse, which is to
      comprise the reference signal. The jagged hole signals. are blocked. The
      resultant output pulse on conductor 34 appears in line IV. To perform this
      gating function that excludes false (hole damage) signals, delay gate
      circuit 32 includes a pulse counter responsive to pulses from the stepping
      pulse generator 60. The start of the count, and initiation of the delay
      gate interval d is triggered by the control pulse on conductor 34, or
      initially by a reset (i.e., zero start) condition applied to the delay
      gate circuit 32. The duration of the count, representing the duration of
      gate interval d in terms of film advance movement, is established by the
      setting of a counter (not shown) in delay gate circuit 32 in conventional
      manner and is used to control the gate in the manner indicated. As
      depicted in FIG. 8b the same count cycle and delay gate function is
      employed when the control system is set in its alternative or hole leading
      edge control mode corresponding to the inverted position of the film in
      the processing equipment, so that the undamaged hole edges are the leading
      edges as depicted in FIG. 8a.
PAR  It will therefore be apparent that the system of control of a film
      processing device by the novel film feed positioning detector and control
      circuits achieves precise location of the film in relation to the cutter
      or other processing device used independently of whether the film is
      positioned in the processing apparatus to advance with one end leading or
      inverted and with the other end leading. Moreover, it will be apparent
      that other or similar specific implementation of the system components may
      be employed to achieve a similar result in similar manner. For example,
      the locating hole edge detection function is illustrated as being
      performed by a photoelectric light reflection technique employing a light
      beam that scans the advancing film whereas other forms of detectors may be
      used to the same end. Particular advantages are achieved with such a
      detector and use of a stepping motor and roller drive. The stepping motor
      control pulses may then be advantageously utilized in performing the
      desired timing functions by which the various film travel delays utilized
      in the apparatus are achieved. These and other variations, although less
      preferred, are deemed to be within the scope of the broad concepts of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Processing apparatus comprising in combination with feed means for
      longitudinally advancing camera film strip and the like longitudinally
      therein with either end leading, processing means at a processing station
      for performing a processing operation on the strip at each of successive
      positions of advancement thereof by said feed means, said strip having
      locating elements successively spaced lengthwise along the strip each with
      opposing first and second longitudinally spaced terminal edges,
      corresponding first ones of such edges occupying predetermined
      longitudinal positions on the strip and the corresponding opposing edges
      longitudinal positions subject to variation, edge detector means operable
      in predetermined positional relation to the processing station to scan the
      advancing strip locating elements and provide therefrom first signals from
      detection of the respective leading ones of such edges and second signals
      from detection of the respective lagging edges thereby scanned, and
      control means selectively operable to actuate the processing means in
      response to each of the leading edge signals with the strip being advanced
      with one end leading, and alternatively operable to actuate such operating
      means in response to the lagging edge signals with the strip being
      advanced with its other end leading.
NUM  2.
PAR  2. The combination defined in claim 1, wherein the strip comprises camera
      film having a succession of exposure frames spaced at regular intervals
      longitudinally of the film strip, and the locating elements comprise holes
      therein spaced along one margin at regular intervals and positionally
      related to the exposure frames, at least some corresponding edges of such
      locating holes leading in one direction of film advancement having been
      subject to deformation.
NUM  3.
PAR  3. The combination defined in claim 2, wherein the processing means
      comprises a film cutter adapted to sever the film transversely into
      predetermined lengths between exposure frames.
NUM  4.
PAR  4. The combination defined in claim 2, wherein the feed means are operable
      to advance the film in a single direction therein, and to receive the film
      in either of relatively inverted positions in said feed means so as to
      advance the film with either edge leading in said single direction of
      advance.
NUM  5.
PAR  5. The combination defined in claim 4 wherein the feed means comprises a
      stepping motor drive and a source of recurring pulses for energizing the
      drive, operable to advance the film through each exposure frame interval
      in a predetermined plurality of predetermined length increments, said
      control means including first delay means responsively connected to said
      pulse source to provide a first delay interval during which signals from
      the detector means are prevented from operating the control means, said
      delay interval approximating the locating hole interval, said delay
      interval being initiated in timed relation to each operation of the
      processing means, thereby preventing false operation of the processing
      means by signals from hole edges deformed through prior tearing of the
      film.
NUM  6.
PAR  6. The combination defined in claim 5 wherein the control means further
      includes a second delay means responsively connected to said pulse source
      and operable to selectively delay operation of the processing means by the
      control means in response to hole leading signals by an interval equal to
      the film advancement interval between the leading edge of one hole and the
      next succeeding hole's lagging edge if the latter edge is undeformed.
NUM  7.
PAR  7. The combination defined in claim 6, wherein the apparatus comprises a
      film cutter.
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ABST
PAL  A wedge actuated cutting and/or forming tool comprises a frame including
      spaced guide portions. A fixed platen is mounted on the frame and a
      movable platen is mounted on the guide portions of the frame for
      reciprocation toward and away from the fixed platen. A wedge is supported
      for lateral reciprocation with respect to a backup and thereby effects
      reciprocation of the movable platen. The wedge is driven by a hydraulic
      cylinder and switch means are provided for regulating both the separation
      between the movable platen and the fixed platen at the closest point and
      the total stroke of the movable platen. The frame further includes a
      hydraulic reservoir which receives a substantial quantity of hydraulic
      fluid. By this means the structure of the reservoir and the hydraulic
      fluid therein tend to stabilize the tool and dampen vibrations caused by
      the operation thereof.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to wedge-operated cutting and/or forming tools, and
      more particularly to an improved wedge-type drive system useful in various
      types of power presses.
PAR  By definition, power presses comprise apparatus for reciprocating a tool
      holder or platen in a work area. This motion is typically utilized to move
      a first tool mounted on the movable platen toward and away from a second
      tool mounted on a fixed platen. By this means various operations are
      carried out, including piercing, shearing, blanking, bending, forming, and
      related operations.
PAR  Various specific types of power presses have also become recognized in the
      art. Thus, a shear is a power press that is specifically designed to cut
      strip materials to length. To this end shears are almost universally
      adapted to move a pair of cutting blades past one another and thereby
      effect cutting. Typically, structure is also provided for preventing
      separation of the cutting blades during the cutting operation.
PAR  As opposed to a shear, a press brake is a power press adapted to perform
      bending and related forming operations. The tools or dies used in press
      brakes typically do not pass one another, so that structure for preventing
      separation between the tools is not required. On the other hand, the
      extent of separation between the tools at the closest point should be
      variable if the press brake is to have general utility.
PAR  A punch press is a type of power press adapted to perform a broader range
      of operations than is a shear or a press brake. To this end, punch presses
      typically incorporate structure to provide very precise control over the
      positioning of tools or dies throughout the reciprocatory cycle, as well
      as structure for varying the relative positioning of the tools at the
      closest point. One very common use of punch presses is in performing
      blanking and forming operations. Punch presses are also often utilized to
      perform various combinations of piercing, shearing, blanking, and forming
      operations, which may be carried out either simultaneously or
      progressively.
PAR  Heretofore most power presses have comprised a motor adapted to rotate a
      flywheel continuously. The flywheel is selectively coupled to an eccentric
      by means of a dog clutch, and the eccentric is in turn connected to a
      movable platen by a connecting rod. The press is actuated by tripping the
      dog clutch, whereby the eccentric is coupled to the flywheel for rotation
      through a single revolution. By this means the eccentric and the
      connecting rod operate to reciprocate the movable platen toward and away
      from a fixed platen.
PAR  At the present time the foregoing design is almost universally utilized in
      the manufacture of power presses. However, notwithstanding widespread
      usage, a number of major problems have been recognized in the design. For
      example, although the distance between the movable and the fixed platen at
      the closest point can be varied by adjusting the effective length of the
      connecting rod, the overall stroke of the movable platen cannot be changed
      without changing the eccentric of the press. The cycle time of the press
      also cannot be varied without changing substantially the entire structure
      thereof.
PAR  Another disadvantage is that once the clutch is tripped, the press must
      complete an operating cycle before the movement of the movable platen can
      be terminated. This is highly undesirable, both from a safety standpoint
      and from the standpoint of the possibility of damage to a very expensive
      set of tools should a foreign object become positioned therebetween.
      Perhaps the most important disadvantage to the eccentric and connecting
      rod type of power press is that the apparatus is very expensive to
      purchase. This high initial cost has literally prevented the use of
      shears, press brakes, and other types of power presses in various diverse
      types of small businesses.
PAR  The present invention comprises a novel drive system for power presses
      which overcomes the foregoing and other disadvantages long associated with
      the prior art. In accordance with the broader aspects of the invention, a
      wedge is supported for reciprocation by a fluid powered cylinder. The
      wedge is provided with a camming surface which engages a cooperating
      camming surface to effect reciprocation of a movable platen. By this means
      the wedge is adapted for actuation by the cylinder to move the movable
      platen toward and away from a fixed platen.
PAR  The use of the present invention provides numerous advantages over the
      prior art. Thus, power presses incorporating the invention may be
      manufactured for sale at less than one-half the price of eccentric and
      connecting rod power presses of similar capacity. Structure may be
      provided for varying both the overall length of and the terminal points of
      the stroke of the fluid powered cylinder. By this means not only the
      separation between the movable platen and the fixed platen at the closest
      point, but also the length of the stroke of the movable platen may be
      easily adjusted. Finally, the stroke of the fluid powered cylinder may be
      terminated at any time, regardless of whether or not an operating cycle
      has been completed. This is highly advantageous both from an occupational
      safety standpoint and from the standpoint of the ability to prevent damage
      to tools or dies which are actuated by the press.
PAR  In accordance with more specific aspects of the invention, the press
      further comprises a frame including guide portions which support the
      movable platen for reciprocation. The fixed platen extends between the
      guide portion to define one end of the work area. A backup is also
      provided for cooperation with the wedge to effect reciprocation of the
      movable platen under the action of the fluid powered cylinder.
PAR  The fluid powered cylinder preferably comprises a hydraulic cylinder. In
      such a case the press incorporates a self-contained hydraulic system
      including a hydraulic reservoir comprising part of the frame of the press.
      By this means the reservoir and the hydraulic fluid therein tend to add
      strength and rigidity to the frame, and tend to absorb vibrations which
      otherwise might be encountered during the operation thereof.
PAR  The hydraulic system further includes a pump which is driven by an electric
      motor. A solenoid controlled valve is provided for regulating the
      effective stroke of the hydraulic cylinder. The solenoid controlled valve
      is in turn operated under the control of switch structure which is
      responsive to reciprocation of the wedge and/or the movable platen. By
      this means complete control over the separation between the fixed and
      movable platens at the closest point and over the overall stroke of the
      movable platen is provided. A relief valve is also provided for
      terminating flow of hydraulic fluid to the hydraulic cylinder in the event
      that the movable platen becomes stalled. By this means any possibility of
      damage to the tools or dies actuated by the press is completely
      eliminated.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  A more complete understanding of the invention may be had by referring to
      the following detailed description when taken in conjunction with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a rear perspective view of a shear incorporating the invention;
PAR  FIG. 2 is a front perspective view of the shear;
PAR  FIG. 3 is an illustration of the stroke control apparatus of the shear;
PAR  FIG. 4 is a perspective view of a press brake incorporating the invention;
PAR  FIG. 5 is an illustration of the valve structure of the press brake;
PAR  FIG. 6 is a front view of a punch press incorporating the invention; and
PAR  FIG. 7 is a side view of the punch press.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the Drawings, and particularly to FIGS. 1 and 2 thereof,
      there is shown a shear 10 comprising the first embodiment of the
      invention. The shear 10 includes a frame 12 comprising a base 14 and a
      pair of risers 16 and 18 extending upwardly therefrom. A fixed platen 20
      is secured to and extends between the risers 16 and 18. A lower cutting
      blade 22 is secured to the fixed platen 20 by means of a plurality of
      bolts 24. This permits removal of the blade 22 for sharpening and/or
      replacement.
PAR  The frame 12 of the shear 10 further includes a pair of guide portions 26
      and 28 which extend upwardly from the fixed platen 20. A backup 30 is
      secured to and extends between the upper ends of the guide portions 26 and
      28. There is thus defined a work area 32 which is enclosed by the fixed
      platen 20, the guide portions 26 and 28 and the backup 30 of the frame 12
      of the shear 10.
PAR  A movable platen 34 is slidably supported on the guide portions 26 and 28
      of the frame 12 for reciprocation in the work area 32 toward and away from
      the fixed platen 20. The movable platen 34 supports an upper cutting blade
      36 which is secured to the platen 34 by means of a plurality of bolts 38.
      This permits the blade 36 to be removed from the platen 34 for sharpening
      and/or replacement.
PAR  Those skilled in the art will appreciate the fact that the function of the
      shear 10 is to cut metal and other tough materials. During such operations
      the blades 22 and 36 of the shear 10 tend to separate or spread in the
      direction extending mutually perpendicularly to the blades and the
      reciprocation thereof. To this end the guide portions 26 and 28 of the
      frame 12 are provided with reinforced portions 40. The function of the
      reinforced portions 40 is to prevent separation of the blades 22 and 36
      and thereby insure a clean cut during each actuation of the shear 10.
PAR  A bar 42 is secured to and extends transversely between the reinforced
      portions 40 of the frame 12. A block 44 is secured to the movable platen
      34 of the shear 10 by means of a plurality of bolts 46. Two or more bolts
      48 are threadedly engaged with the block 44 and extend through apertures
      formed in the bar 42. The bolts 48 are provided with heads 50, and two or
      more compression springs 52 are mounted between the heads 50 of the bolts
      48 and the bar 42. The springs 52 therefore tend to urge the movable
      platen 34 upwardly in the work area 32, whereby a gap is normally
      maintained between the blades 22 and 36 of the shear 10.
PAR  A wedge 54 is mounted between backup 30 and the movable platen 34 for
      lateral reciprocation to effect reciprocation of the movable platen toward
      and away from the fixed platen. The wedge 54 includes a surface 56 which
      is slidably engaged with a corresponding surface 58 on the backup 30. The
      wedge 54 further includes an angularly extending camming surface 60 which
      mates with a corresponding surface 62 on the movable platen 34. It will
      thus be understood that upon movement of the wedge 54 to the right (FIG.
      1), the movable platen 34 is reciprocated downwardly against the action of
      the springs 52. Strips 63 comprising a non-metallic, low friction,
      pressure resistant material are positioned between the surfaces 56 and 58
      and between the surfaces 60 and 62 to facilitate reciprocation of the
      wedge 54.
PAR  The wedge 54 is operated by a hydraulic cylinder 64. The hydraulic cylinder
      64 includes a framework 66 which is mounted on the frame 12 and a barrel
      68 which receives a piston (not shown). A piston rod 70 is connected
      between the piston of the hydraulic cylinder 64 and the wedge 54. Thus,
      upon reciprocation of the piston in the barrel 68, the wedge 54 is
      reciprocated with respect to the backup 30 and the movable platen 34.
PAR  Referring now to FIG. 2, the shear 10 further includes a self-contained
      hydraulic system 72 for operating the hydraulic cylinder 64. The hydraulic
      system 72 includes a hydraulic reservoir 74 which is mounted on and
      secured to the base 14 of the frame 12. The reservoir 74 includes a
      substantial quantity of hydraulic fluid, whereby the reservoir 74 and the
      hydraulic fluid therein add substantial strength and rigidity to the frame
      12. Furthermore, the hydraulic fluid contained in the reservoir tends to
      dampen vibrations which might otherwise occur due to the operation of the
      shear 10.
PAR  The hydraulic system 72 further includes a hydraulic pump 76 which is
      driven by an electric motor 78. Electric current for operating the motor
      78 is supplied through a junction box 80 and a motor control unit 82. The
      unit 82 includes an off-on switch 84 and other conventional control
      apparatus.
PAR  The hydraulic pump 76 functions to withdraw hydraulic fluid from the
      reservoir 74 and to supply pressurized hydraulic fluid to a relief valve
      86 and a solenoid operated valve 88. The valve 88 functions under the
      control of a treadle switch 90 to control the flow of hydraulic fluid to
      the hydraulic cylinder 64. Thus, whenever the treadle switch 90 is
      tripped, the valve 88 directs hydraulic fluid to the blind end of the
      cylinder 64 and thereby actuates the cylinder to reciprocate the wedge 54
      to the right (FIG. 1). Rightward movement of the wedge 54 in turn causes
      downward reciprocation of the movable platen 34 against the action of the
      springs 52. After the wedge 54 has been reciprocated rightwardly through a
      predetermined stroke, the valve 88 directs hydraulic fluid to the rod end
      of the hydraulic cylinder 64. By this means the cylinder 64 is actuated to
      reciprocate the wedge 54 to the left (FIG. 1). This in turn permits upward
      reciprocation of the movable platen 34 under the action of the springs 52.
PAR  The stroke of the movable platen 34 of the shear 10 is regulated by a
      stroke control apparatus 92. As is best shown in FIGS. 1 and 3, the stroke
      control apparatus 92 includes a bar 94 which is supported on the wedge 54
      for reciprocation therewith. The bar 94 in turn supports a pair of switch
      actuators 96 and 98. A pair of limit switches 100 and 102 are supported on
      the backup 30 for actuation by the switch actuators 96 and 98,
      respectively. The switches 100 and 102 are connected to the valve 88 of
      the hydraulic system 72 by electrical leads extending through a conduit
      104.
PAR  Downward reciprocation of the movable platen 34 is regulated by the limit
      switch 100 and the switch actuator 96. Thus, whenever the switch actuator
      96 engages the limit switch 100, the valve 88 is actuated to terminate
      rightward reciprocation of the wedge 54 and to initiate leftward
      reciprocation thereof. Conversely, upward reciprocation of the movable
      platen 34 is controlled by the limit switch 102 and the switch actuator
      98. Thus, whenever the switch actuator 98 engages the limit switch 102,
      leftward reciprocation of the wedge 54 is terminated. Typically, rightward
      reciprocation of the wedge 54 is not immediately reinitiated upon
      termination of leftward reciprocation thereof. Instead, the treadle switch
      90 must be reactuated in order to commence a new operating cycle of the
      shear 10. Continuous operation of the shear 10 may also be provided if
      required by a particular operation.
PAR  It will be appreciated that the movable platen 34 of the shear 10 has a
      maximum stroke which is determined by the length of the barrel 68 of the
      hydraulic cylinder 64. However, the stroke of the hydraulic cylinder 64 as
      determined by the stroke control apparatus 92 generally does not
      correspond with either end of the barrel 68. Instead, the hydraulic
      cylinder is reciprocated through a stroke which is substantially less than
      the maximum stroke and which is defined by limits intermediate the ends of
      the barrel 68. By this means both the upper and lower limits of the stroke
      of the movable platen 34 of the shear 10 are fully adjustable.
PAR  It will be further understood that due to the nature of a shear, the extent
      of downward reciprocation of the movable platen 34 is typically relatively
      fixed. Thus, it is merely necessary that the blades 36 and 22 pass one
      another in order to achieve a clean cut. On the other hand, the extent of
      upward reciprocation of the movable platen 34 depends on the thickness of
      the material to be cut. It is generally desirable to minimize the extent
      of upward reciprocation of the movable platen 34 in order to minimize the
      cycle time of the shear 10. However, in the event a longer cycle is
      desired for any reason, the extent of upward reciprocation may be
      increased by simply moving the switch actuator 98 to the left on the bar
      94.
PAR  At this point an important advantage resulting from the use of the present
      invention may be noted. The wedge 54 is designed to provide a mechanical
      advantage of about 4:1. That is, the cutting force that is applied by the
      movable platen 34 is about four times the force that is applied to the
      wedge 54 by the hydraulic cylinder 64, and the length of the stroke of the
      movable platen 34 is about one quarter the length of the stroke of the
      wedge 54. This is advantageous because a smaller motor and pump and a
      smaller hydraulic cylinder may be utilized to produce a given cutting
      force between the blades 36 and 22. At the same time the longer stroke of
      the wedge 54 is utilized in the stroke control apparatus 92 to provide
      more accurate control over the stroke of the movable platen 34.
PAR  Referring again to FIG. 2, spent hydraulic fluid from the hydraulic
      cylinder 64 and from the relief valve 86 are returned to the hydraulic
      fluid reservoir through a filter 106. The function of the relief valve 86
      is to terminate flow of hydraulic fluid to the hydraulic cylinder 64 in
      case the movable platen 34 should become jammed. For example, if a foreign
      object should be lodged between the blades 36 and 22 so that the stroke of
      the movable platen 34 could not be completed to the extent required by the
      stroke control apparatus 92, pressure would build in the blind end of the
      hydraulic cylinder 64. Then, at a predetermined pressure as determined by
      the setting of the relief valve 86, hydraulic fluid from the pump 76 is
      diverted to the reservoir 74 by the relief valve 86. This is highly
      advantageous both from a safety standpoint and in order to prevent damage
      to the blades 22 and 36 and to the remaining components of the shear 10.
PAR  The shear 10 is further provided with a guide table 108 whereby material to
      be cut is received between the blades 22 and 36. As is best shown in FIG.
      1, an output guide 110 is also provided. Those skilled in the art will
      appreciate the fact that the guides 108 and 110 are conventional in nature
      and that other types of guides may be utilized in the practice of the
      invention, if desired.
PAR  Referring now to FIG. 4, there is shown a press brake 120 comprising a
      second embodiment of the invention. The press brake 120 includes a frame
      122 having a base 124. A pair of risers 126 and 128 extend vertically
      upwardly from the base 124 of the frame 122. A hydraulic fluid reservoir
      130 is secured to and extends between the upper ends of the risers 126 and
      128.
PAR  A backup 132 is supported on the frame 122 above the hydraulic fluid
      reservoir 130. A pair of guide members 136 and 138 extend vertically
      upwardly from the backup 132. A fixed platen 140 is secured to and extends
      between the upper ends of the guide members 136 and 138. By this means
      there is defined a work area 142 which is surrounded by the backup 132,
      the guide members 136 and 138, and the fixed platen 140.
PAR  A movable platen 144 is slidably supported on the guide members 136 and 138
      for reciprocation in the work area 142 toward and away from the fixed
      platen 140. The fixed platen 140 and the movable platen 144 support a pair
      of cooperating tools or dies 146 and 148, respectively. Upon reciprocation
      of the movable platen 144, the tools 146 and 148 are adapted to bend or
      form metal bars or sheets or other materials positioned therebetween. The
      tools 146 and 148 are supported on the platens 140 and 144 by a plurality
      of bolts 150 so as to be readily removable therefrom.
PAR  A wedge 152 is positioned between the backup 132 and the movable platen 144
      for horizontal reciprocation with respect thereto. The wedge 152 includes
      a substantially horizontally disposed surface 154 which mates with a
      cooperating surface 156 on the movable platen 144. The wedge 152 further
      includes an angularly extending camming surface 158 which mates with a
      similar surface 160 on the backup 132. Thus, reciprocation of the wedge
      152 to the right (FIG. 4) results in upward reciprocation of the movable
      platen 144, and reciprocation of the wedge 152 to the left (FIG. 4)
      permits downward reciprocation of the movable platen 144 under the action
      of gravity. Such reciprocation is facilitated by strips 161 positioned
      between the surfaces 154 and 156 and between the surfaces 158 and 160 and
      comprising a nonmetallic, low friction, pressure resistant material.
PAR  The wedge 152 of the press brake 120 is actuated by a hydraulic cylinder
      162. The hydraulic cylinder 162 includes a barrel 164 having one end
      supported by a cross brace 166. The cross brace 166 is secured to and
      extends between the guide members 136 and 138 of the frame 122, and then
      leftwardly beyond the guide member 136 to support the hydraulic cylinder
      162. The hydraulic cylinder 162 further includes a piston (not shown)
      adapted for reciprocation within the barrel 164. The piston is connected
      to the wedge 152 by a piston rod 168. It should be noted that the cross
      brace 166 and the hydraulic cylinder 162 extend substantially parallel to
      the camming surfaces 158 and 160 of the wedge 162 and the backup 132,
      respectively. Thus, although the wedge 152 moves upwardly as it is
      reciprocated by the hydraulic cylinder 162, the motion of the wedge 152 is
      substantially axial relative to the hydraulic cylinder.
PAR  The hydraulic cylinder 162 of the press brake 120 is actuated by a
      self-contained hydraulic system 170. The hydraulic system 170 includes the
      hydraulic fluid reservoir 130 which is normally filled with a substantial
      quantity of hydraulic fluid. By this means the structure of the reservoir
      130 and the hydraulic fluid contained therein lend strength and rigidity
      to the frame 122 of the press brake 120. Also, the hydraulic fluid in the
      reservoir 130 tends to dampen vibrations which might otherwise occur
      during the operation of the press brake 120.
PAR  The hydraulic system 170 further includes a pump 172 which is driven by an
      electric motor 174. Power for driving the motor 174 is supplied through a
      motor control apparatus 176 including an off-on switch and other
      conventional control apparatus.
PAR  As is best shown in FIG. 5, the pump 172 of the hydraulic system 170
      functions to withdraw hydraulic fluid from the reservoir 130 and to supply
      pressurized hydraulic fluid to a relief valve 178 and to a solenoid
      controlled valve 180. The valve 180 functions to control the flow of
      hydraulic fluid to the hydraulic cylinder 162, and thereby controls the
      reciprocation of the wedge 152 and the movable platen 144. Thus, upon
      actuation of a treadle switch 182, the valve 180 actuates the cylinder 162
      to reciprocate the wedge 152 to the right (FIG. 4). This results in upward
      reciprocation of the movable platen 144. After the wedge 152 has been
      reciprocated rightwardly to a predetermined extent, the valve 180 actuates
      the hydraulic cylinder 162 to reciprocate the wedge 152 to the left (FIG.
      4). This results in downward reciprocation of the movable platen 144 under
      the action of gravity.
PAR  The reciprocation of the wedge 152 is further regulated by a stroke control
      apparatus 184. The apparatus 184 includes a limit switch 186 mounted on
      the wedge 152 for reciprocation therewith. A pair of switch actuators 188
      and 190 are supported on the cross brace 166 of the frame 122. Thus, upon
      actuation of the treadle switch 182, the wedge 152 is reciprocated to the
      right (FIG. 4) until the limit switch 186 engages the switch actuator 190.
      The direction of reciprocation of the wedge 152 is thereupon immediately
      reversed, and the wedge 152 is reciprocated to the left (FIG. 4) until the
      limit switch 186 engages the switch actuator 188. At this point
      reciprocation of the wedge 152 is typically terminated pending subsequent
      actuation of the treadle switch 182. It will be appreciated, however, that
      continuous back and forth reciprocation of the wedge 152 may be provided,
      if desired.
PAR  It will be appreciated that in the case of a press brake, the separation
      between the fixed platen and the movable platen at the closest point must
      be adjusted in accordance with particular requirements. The length of the
      stroke of the movable platen is also preferably adjustable so as to
      accommodate stock of various sizes and to regulate the cycle time of the
      press brake. To this end the positioning of both of the switch actuators
      188 and 190 on the cross brace 166 is rendered readily adjustable whereby
      the adjustment of the press brake 120 to provide particular stroke
      parameters as may be required by a particular job is provided. As was the
      case with the shear 10, the limits of the reciprocations of the wedge 152
      and the movable platen 144 as determined by the switch actuators 188 and
      190 typically do not correspond to the limits of the stroke of the
      hydraulic cylinder 152 as determined by the physical dimensions of the
      barrel 164.
PAR  As is best shown in FIG. 5, the relief valve 178 and the valve 180 return
      spent hydraulic fluid directly to the reservoir 130 through ports
      extending through the risers 126. The function of the relief valve 178 is
      to prevent damage to the hydraulic system 170 in the event of an overload
      condition. For example, if a foreign object should be positioned between
      the tools 146 and 148 so that the wedge 152 could not complete a full
      stroke as determined by the stroke control apparatus 184, pressure would
      build in the hydraulic system 170. However, as soon as the setting of the
      relief valve 178 is reached, further hydraulic fluid from the pump 172 is
      returned directly to the reservoir 130. By this means damage to the tools
      146 and 148 due to excessive force imposed thereon is prevented.
PAR  The press brake 120 may include a pair of guides mounted on opposite sides
      of the movable platen 144. The purpose of such guides is to properly
      position the stock between the tools 146 and 148 prior to actuation of the
      hydraulic cylinder 162 to effect reciprocation of the wedge 152 and the
      movable platen 144. An interesting aspect of the press brake 120 is that
      since the guides are mounted on the movable platen 144, the guides are
      reciprocated with the movable platen. Those skilled in the art will
      appreciate the fact that the guides are substantially conventional in
      nature and that other guide arrangements may be utilized in the practice
      of the invention, if desired.
PAR  Referring now to FIGS. 6 and 7, there is shown a punch press 200 comprising
      a third embodiment of the invention. The punch press 200 includes a frame
      202 comprising a base (not shown) and four legs 204 extending upwardly
      therefrom. A fixed platen 206 is secured to and extends between the upper
      ends of the legs 204. A lower die 208 is supported on the fixed platen 206
      of the punch press 200.
PAR  The frame 202 further includes four guide members 210 which extend upwardly
      from the fixed platen 206. A cylinder 212 is slidably received at each
      guide member 210, and a movable platen 214 is secured to the upper ends of
      the cylinders 212 by a plurality of fasteners 216. There is thus defined a
      work area 218 which is enclosed by the fixed platen 206, the guide members
      210, the cylinders 212, and the movable platen 214.
PAR  A movable die 220 is mounted on the movable platen 214 for reciprocation in
      the work area 218 toward and away from the fixed die 208. As will be
      appreciated by those skilled in the art, the dies 208 and 220 of the punch
      press 200 may be designed to perform piercing, blanking, forming, and
      related functions, or any combination of these functions. The dies 208 and
      220 may also comprise progressive dies of the type commonly utilized in
      punch presses.
PAR  A backup 222 is secured to the lower ends of the cylinders 212 by a
      plurality of fasteners 224. A backup 222 includes a central portion 226
      which is reinforced by a plurality of triangularly shaped members 228. A
      plurality of guide rollers 230 are mounted on the underside of the backup
      222 for engagement with the legs 204 of the frame 202.
PAR  A wedge 232 is mounted between the backup 222 and the fixed platen 206 for
      horizontal reciprocation to effect vertical reciprocation of the movable
      platen 214. The wedge 232 includes a horizontally extending surface 234
      which is slidably engaged with a corresponding surface 236 of the fixed
      platen 206. The wedge further includes an angularly extending camming
      surface 238 which mates with a corresponding surface 240 on the central
      portion 226 of the backup 222. Strips 241 comprising a nonmetallic, low
      friction, pressure resistant material are positioned between the surfaces
      234 and 236 and between the surfaces 238 and 240.
PAR  It will thus be understood that upon reciprocation of the wedge 232 to the
      left (FIG. 6) the backup 222 is reciprocated downwardly. Since the backup
      222 is connected to the movable platen 214 by the cylinders 212, this
      action also results in downward reciprocation of the movable platen 214.
      Upon subsequent reciprocation of the wedge 232 to the right (FIG. 6) the
      backup 222 is reciprocated upwardly by a small cylinder or spring 242.
      Again, since the cylinders 212 connect the backup 222 in the movable
      platen 214, this action results in a corresponding upward reciprocation of
      the movable platen.
PAR  The wedge 232 is operated by a hydraulic cylinder 244. The hydraulic
      cylinder 244 is supported on the fixed platen 206 by a framework 246, and
      includes a barrel 248 which receives a piston (not shown). A piston rod
      (also not shown) connects the piston of the hydraulic cylinder 244 to the
      wedge 232. Thus, upon reciprocation of the piston in the barrel 248, the
      wedge 232 is reciprocated horizontally to effect vertical reciprocation of
      the movable platen 214.
PAR  The punch press 200 further includes a self-contained hydraulic system
      which is substantially identical to the hydraulic systems 72 and 170 of
      the shear 10 and the press brake 120, respectively. An important feature
      of the self-contained hydraulic system comprises a hydraulic fluid
      reservoir comprising part of the frame 202. The reservoir receives a
      substantial quantity of hydraulic fluid, whereby the structure of the
      reservoir and the hydraulic fluid therein add strength and rigidity to the
      frame 202. Furthermore, the hydraulic fluid contained in the reservoir
      tends to dampen any vibrations which otherwise might occur due to the
      operation of the punch press 200.
PAR  The self-contained hydraulic system of the punch press 200 functions to
      withdraw hydraulic fluid from the reservoir and to selectively direct
      pressurized hydraulic fluid to the hydraulic cylinder 244. Suitable valve
      structure is provided for controlling the flow of pressurized hydraulic
      fluid to the hydraulic cylinder 244 and for returning spent hydraulic
      fluid to the hydraulic fluid reservoir. Relief valve structure is also
      provided for terminating the advance of the movable platen 214 in the
      event that the pressure in the self-contained hydraulic system exceeds a
      predetermined level.
PAR  The stroke of the movable platen 214 of the punch press is regulated by a
      stroke control apparatus 250. The stroke control apparatus 250 includes a
      bracket 252 which is supported on one of the legs 204 of the frame 202.
      The bracket 252 in turn supports a pair of limit switches 256 and 258. The
      switches 256 and 258 are positioned for actuation by the backup 222 upon
      reciprocation thereof under the action of the wedge 232. The switches
      function to control the upper and lower limits of the stroke of the
      movable platen 214. By this means both the relative positioning of the
      movable and fixed platens at the closest point and the total stroke of the
      movable platen 214 are regulated.
PAR  Those skilled in the art will appreciate the fact that cutting and/or
      forming tools incorporating the present invention are adapted for working
      various metals including plain carbon steel, stainless steel, aluminum,
      brass, etc. Various plastics, paper and paperboard products, and similar
      materials may also be worked with tools utilizing the invention, if
      desired. It will be further understood that the cutting blades, dies, and
      other tools that are utilized in the practice of the invention are
      conventional in nature, and may be identical to the corresponding tools
      that have heretofore been utilized in power presses incorporating
      conventional designs.
PAR  The use of the invention is highly advantageous from a number of
      standpoints. Perhaps most importantly, cutting and/or forming tools
      utilizing the invention may be manufactured at approximately one-half the
      cost of conventional eccentric and connecting rod presses of similar
      capacity. This permits the use of tools incorporating the present
      invention in many applications wherein the use of power presses has
      heretofore been prohibited due to cost considerations.
PAR  Another important advantage to the use of the invention involves the fact
      that control is provided, not only over the separation between the movable
      and fixed platens at the closest point, but also over the total stroke of
      the movable platen. This affords greater flexibility in the use of tools
      incorporating the invention, and also substantially shortens the cycle
      time of the movable platen in appropriate applications.
PAR  Still another advantage to the use of the invention involves the ability to
      terminate the cycle of the movable platen at any time. This is important
      not only to prevent damage to the cutting blades, dies and other tools
      that are utilized in conjunction with the invention, but also from a
      safety standpoint.
PAR  Although preferred embodiments of the invention have been illustrated in
      the accompanying Drawings and described in the foregoing Detailed
      Description, it will be understood that the invention is not limited to
      the embodiments disclosed, but is capable of numerous rearrangements,
      modifications, and substitutions of parts and elements without departing
      from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cutting and/or forming tool comprising:
PA1  a frame including a fixed platen and guide structure extending in a
      predetermined direction from the fixed platen for cooperation therewith to
      define a work area;
PA1  a movable platen slidably supported on the guide structure of the frame for
      reciprocation relative to the fixed platen in the work area;
PA1  a wedge supported for sliding movement in a direction extending generally
      perpendicularly to the predetermined direction and having a camming
      surface;
PA1  means defining a camming surface mounted in engagement with the camming
      surface of the wedge and adapted for cooperation therewith to reciprocate
      the movable platen toward and away from the fixed platen in response to
      reciprocation of the wedge;
PA1  fluid powered cylinder means having a predetermined stroke and operatively
      connected to the wedge for effecting reciprocation thereof and thereby
      effecting reciprocation of the movable platen in the work area; and
PA1  means including a portion mounted on the wedge for reciprocation therewith
      and a portion mounted on the frame and operatively associated with said
      cylinder for selectively varying the separation between the fixed and
      movable platens at the points of minimum and maximum separation during
      reciprocation of said movable platen.
NUM  2.
PAR  2. The cutting and/or forming tool according to claim 1 wherein the
      cylinder actuating means comprises:
PA1  a source of pressurized fluid;
PA1  valve means for controlling the flow of pressurized fluid from the source
      to the cylinder; and
PA1  switch means responsive to movement of said wedge for actuating the valve
      means and thereby controlling the stroke of the cylinder.
NUM  3.
PAR  3. The cutting and/or forming tool according to claim 2 wherein the switch
      means comprises at least one limit switch and at least one switch actuator
      adapted for relative movement with respect to the limit switch in response
      to reciprocation of the wedge and the movable platen.
NUM  4.
PAR  4. The cutting and/or forming tool according to claim 2 wherein the
      cylinder comprises a hydraulic cylinder and further including a
      self-contained hydraulic system comprising a hydraulic pump for directing
      pressurized hydraulic fluid to the valve means and a motor for operating
      the hydraulic pump.
NUM  5.
PAR  5. The cutting and/or forming tool according to claim 4 wherein the frame
      further comprises a hydraulic fluid reservoir having a substantial
      quantity of hydraulic fluid therein whereby the reservoir and the
      hydraulic fluid tend to stabilize the tool and the hydraulic fluid tends
      to dampen vibrations caused by the operation thereof.
NUM  6.
PAR  6. A cutting and/or forming tool comprising:
PA1  a frame including a base and a pair of parallel guide portions extending
      upwardly from the base and a hydraulic fluid reservoir mounted in the base
      and containing a substantial quantity of hydraulic fluid, whereby the
      reservoir and the hydraulic fluid contained therein add strength and
      rigidity to the frame and absorb vibrations;
PA1  a fixed platen extending between the guide portions of the frame at one end
      thereof;
PA1  a movable platen supported on the guide portions of the frame for
      reciprocation toward and away from the fixed platen;
PA1  a wedge supported for reciprocation in a direction extending generally
      perpendicularly to the direction of reciprocation of the movable platen;
PA1  means defining at least one pair of cooperating camming surfaces adapted to
      reciprocate the movable platen on the guide portions of the frame in
      response to reciprocation of the wedge;
PA1  said hydraulic fluid reservoir being positioned below said fixed platen,
      movable platen, wedge and camming surface means so that the reservoir and
      the fluid contained therein tend to stabilize the tool against vibrations
      caused by the operation thereof;
PA1  a motor mounted on the frame;
PA1  a hydraulic pump driven by the motor for withdrawing hydraulic fluid from
      the hydraulic fluid reservoir and for supplying pressure hydraulic fluid;
PA1  valve means for selectively directing pressurized hydraulic fluid from the
      hydraulic pump to the hydraulic cylinder and thereby effecting
      reciprocation of the wedge and of the movable platen; and
PA1  means including a portion mounted on the wedge for reciprocation therewith
      and a portion mounted on the frame and operatively associated with said
      cylinder for selectively varying the separation between the fixed and
      movable platens at the points of minimum and maximum separation during
      reciprocation of said movable platen.
NUM  7.
PAR  7. The cutting and/or forming tool according to claim 6 wherein the valve
      means is further characterized by relief valve means for limiting the
      hydraulic pressure that is applied to the hydraulic cylinder and thereby
      preventing the application of excessive force between the movable platen
      and the fixed platen.
NUM  8.
PAR  8. The cutting and/or forming tool according to claim 6 wherein the wedge
      is adapted to provide a mechanical advantage of about 4:1.
NUM  9.
PAR  9. A punch press comprising:
PA1  a frame including a base and a plurality of legs extending upwardly
      therefrom;
PA1  said base of the frame including a hydraulic fluid reservoir containing a
      substantial quantity of hydraulic fluid, whereby the reservoir and the
      hydraulic fluid contained therein add strength and rigidity to the frame
      and absorb vibrations;
PA1  a fixed platen supported on and extending between the upper ends of the
      legs of the frame;
PA1  a plurality of guide members supported on the fixed platen;
PA1  a plurality of platen support members each supported on one of the guide
      members for reciprocation with respect thereto;
PA1  a movable platen secured to and extending between the upper ends of the
      platen support members for reciprocation toward and away from the fixed
      platen;
PA1  a backup supported on and extending between the lower ends of the platen
      support members;
PA1  a wedge position between the fixed platen and the backup for lateral
      reciprocation with respect thereto;
PA1  said fixed platen, wedge and backup defining cooperating camming surfaces
      whereby lateral reciprocation of the wedge produces reciprocation of the
      backup and thereby produces reciprocation of the movable platen toward and
      away from the fixed platen;
PA1  hydraulic cylinder means for selectively effecting lateral reciprocation of
      the wedge; and
PA1  means including a portion mounted on the wedge for reciprocation therewith
      and a portion mounted on the frame and operatively associated with said
      cylinder for selectively varying the separation between the fixed and
      movable platens at the points of minimum and maximum separation during
      reciprocation of said movable platen.
NUM  10.
PAR  10. The punch press according to claim 9 wherein reciprocation of the wedge
      in one direction is effective to reciprocate the movable platen toward the
      fixed platen, and further including biasing means for reciprocating the
      movable platen away from the fixed platen in response to reciprocation of
      the wedge in the opposite direction.
NUM  11.
PAR  11. The punch press according to claim 9 wherein the hydraulic cylinder
      means is a predetermined maximum stroke and further including switch means
      responsive to relative reciprocation of the wedge, the backup and the
      movable platen for operating the hydraulic cylinder means through a stroke
      which is substantially shorter than the maximum stroke.
NUM  12.
PAR  12. The punch press according to claim 9 wherein the wedge is adapted to
      provide a mechanical advantage of about 4:1.
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PAL  A shearproof or notching or nibbling punch has an upper retainer member
      adapted to be secured to a press and a punch body. The upper body portion
      is adapted to be secured to the retainer member by bolt means and the
      lower body portion is square in cross section and has a substantially
      semi-cylindrical groove extending vertically along the center of each
      vertical face of the lower body portion. A heel for each groove has its
      lower portion flatted along its outer side to conform to the lower body
      configuration, and each heel has a cylindrical portion extending through a
      conforming aperture in the upper body portion and terminating in a head.
      Each head lies in an elongated slot in the upper body top surface, the
      slot being deeper than the height of the head. Springs lying in holes in
      the retainer member and extending into each slot bias the heels downward
      to project beyond the flat bottom surface of the lower body. Each heel
      head is flatted on diametrically opposite sides to conform its width to
      that of the slots to keep the heel from turning in its groove.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to shearproof punches which have heel elements
      forming part of the punch but are biased ahead of the punch to engage with
      the companion female die when only a portion of the punch is actually
      cutting for preventing transverse shearing movement of the punch with
      respect to the die.
PAR  Such punches are also called nibbling or notching punches and are used on
      relatively small presses for notching the edge or punching a hole in a
      metal sheet, the hole being larger than the cutting portion of the punch,
      by a plurality of strokes of the punch, the work being moved with respect
      to the punch and die between strokes or the punch and die being moved with
      respect to the work between strokes.
PAR  The bottom or cutting face of prior art punches have been rectangular,
      square, round or with rounded sides. Each punch side is provided with a
      vertically extending groove, usually at the center of the side in which a
      heel is adapted to slide. Each heel, at least along a portion of its
      length, is cylindrical with its outer side flatted, or rounded on a
      greater radius than the radius of the groove, the groove conforming to the
      cross-sectional slope of the cylindrical portion of the heel and the
      flatted or rounded face of the heel conforming to the shape of the punch
      side.
PAR  A spring for each heel is provided for biasing the heel downward and an
      upper stop is provided above each heel for limiting the upward movement of
      the heel and a lower stop is provided for limiting the downward movement
      of each heel with respect to the body of the punch. The heel may be headed
      to provide a shoulder for engaging this lower stop.
PAR  When a heel is raised against the upper stop because of the lower end of
      the heel meeting a portion of the work during a working stroke of the
      punch the lower working surface of the heel becomes a part of the working
      surface of the punch and the heel must be aligned so that its flatted or
      rounded side is aligned with the punch body side. Similarly, when the heel
      is not raised by contact with a portion of the work, its lower end enters
      the female die and means must be provided to keep the heel aligned and
      prevent it from turning so as to injure the die.
PAR  In U.S. Pat. No. 3,348,443 to Smith et al, Oct. 24, 1967, the means for
      preventing rotation of the heel is a circular strap guiding the arcuate
      outer face of the heel or four flat straps guiding the flatted side of the
      heel, the straps being bolted to the punch body. These straps limit the
      useful length of the punch, interfering with the operation of stripper
      mechanism, if used, and cutting down the useful life of the punch since
      the lower faces of the punch body and heels must be ground flat to sharpen
      the punch. Moreover, the strap securing bolts tend to work loose during
      operation of the punch.
PAR  In U.S. Pat. No. 3,742,804 to Patterson, Sept. 18, 1973, pendant spring
      fingers bearing inwardly extending pads with a flat surface bearing
      against the flatted sides of the heels are provided to keep the heels from
      turning. Similarly, in U.S. Pat. No. 2,997,907 to Constantino, Aug. 29,
      1961, the heels themselves are provided with inwardly extending pads
      having a flat surface bearing against a flat surface provided on the punch
      body. In this type of means for preventing the turning of the heels,
      hardened steel punch surfaces working against unhardened surfaces cause
      excessive wear and rapid deterioration of the punch parts. In the latter
      device, bolted-on parts of the punch body tend to shake loose.
PAR  In U.S. Pat. No. 3,269,240 to Killaly et al, Aug. 30, 1966, axially
      extending narrow grooves are provided in the heels and spring biased
      aligning pins, carried in the punch body, extend into the grooves to
      prevent the heels from turning. This type of aligning means requires a
      proliferation of parts and it has been found that the narrow grooves and
      necessarily small aligning pins become clogged with debris under working
      conditions.
PAC  SUMMARY OF THE INVENTION
PAR  This invention contemplates a punch head or upper retainer member adapted
      to be secured to and mounted in a press and a punch body having an upper
      portion adapted to be secured by bolt means to the retainer member and an
      integral lower portion, of less width than the upper portion, and whose
      bottom surface has the overall general shape of the hole it is adapted to
      initially punch in the sheet metal work. The side surfaces of the lower
      body portion have the usual vertically extending, substantially
      semicircular grooves therein for slidingly containing the lower portion of
      the heels.
PAR  The upper body portion is apertured for receiving the upper cylindrical
      portion of the headed heels and the retainer member is adapted to house
      the upper portion of springs, each aligned with a heel for biasing the
      latter downward.
PAR  To keep the heels aligned in their grooves, the heads of the heels are
      flatted on two diametrically opposite sides and lie in grooves cut in the
      upper surface of the body upper portion. The grooves are of a width equal
      to the width of the heel heads between flatted sides for angularly
      aligning the heels and the grooves are of a depth greater than the height
      of the heel heads to allow the heels to be normally spring biased in
      advance of the cutting lower surface of the body. The grooves are of such
      depth that the upper surface of the heel heads are engaged by the lower
      surface of the retainer member around each spring when a heel engages an
      uncut portion of the work for aligning the bottom surface of such heel
      with the bottom cutting surface of the punch body.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a punch embodying the invention as viewed
      from the bottom and from the side;
PAR  FIG. 2 is an exploded, fragmentary side elevational view of the punch of
      FIG. 1, a female die and a work piece, portions being in section on the
      line 2--2 of FIG. 7;
PAR  FIG. 3 is an exploded view of the punch substantially on the line 3--3 of
      FIG. 4, the heels being shown arbitrarily in side elevation, the one being
      rotated 90.degree. from the other;
PAR  FIG. 4 is a plan view of the retainer member;
PAR  FIG. 5 is a bottom plan view of the retainer member with aligning studs in
      place;
PAR  FIG. 6 is a sectional view on the line 6--6 of FIG. 4;
PAR  FIG. 7 is a sectional view on the line 7--7 of FIG. 2; and
PAR  FIG. 8 is a bottom plan view of the punch.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the punch 10 comprises a head or retainer member 11, a
      punch body 12 and four heels 13. As seen in FIGS. 2 and 3, the integral
      body has an upper and a lower portion 12a and 12b respectively. The upper
      portion 12a is round and of the same diameter as the retainer 11 and the
      lower portion 12b is square in general line and of less width than the
      upper portion.
PAR  As seen in FIG. 4, retainer 11 has two counter sunk holes 14 for bolts 15,
      one of which is shown in FIG. 3, by which the retainer 11 may be secured
      to the upper body portion 12a, and a central tapped hole 16 for the usual
      bolt for securing a T-shaped flange, not shown, by which the retainer may
      be secured to a press.
PAR  As best seen in FIG. 5, retainer 11 also has four inverted wells or
      chambers 17, also shown in FIGS. 2 and 3, for housing springs 18, and also
      has two diametrically opposite holes 19 into which aligning pins 20 may be
      forced, as shown in FIG. 6.
PAR  Referring to FIG. 7, the body top portion 12a is provided with tapped holes
      21, aligned with holes 14, for receiving the bolts 15. Also provided are
      holes or wells 22 for receiving the studs 20.
PAR  As best seen in FIG. 3, the heels 13 are headed at 23 and their lower
      portions have been flatted at 24 as is known in the art. It will be noted
      that the flatted portion 24 is not so extreme as to cut away material from
      the cylindrical leg which is flatted as far back as the axis of the leg.
      The grooves 25 of the lower body portion 12b are only substantially
      semi-cylindrical being somewhat more than semi-circular in cross section.
      The result is that grooves 25 restrain the lower portion of heels 13 from
      transverse movement out of the grooves.
PAR  There remains the problem of preventing rotation or turning of heels 13.
      Referring to FIGS. 2 and 3 the portion of each heel 13 above the flatted
      portion is cylindrical up to the head 23. This cylindrical portion 26
      projects through the conforming hole 27 in the upper portion 12a of the
      punch and the head 23 lies in a comparatively deep slot 28 in the upper
      body portion 12a.
PAR  Referring to FIG. 7, two crossing slots 28,28 are provided and the heel
      heads are flatted at 29 (FIG. 3) on diametrically opposite sides, the
      flatting in this case being down to the diameter of holes 27. It will be
      understood that the lower punch portion 12b is only 1 inch square in the
      punch shown. For larger punches, four separate slots 28 may be provided.
      It will be noted that outer edges of the flatted heads 23 are chamfered or
      flatted at 30, as best seen in FIG. 7, so that the slots 28 may be
      shorter.
PAR  Referring to FIG. 2, it will be noted that the slots 28 are deeper than the
      height of the heads 23 allowing the heels 13 to normally project below the
      cutting surface 31 of the punch. The work 33 rests on the female die 34
      which has a hole 35 therein. The work 33 already has a square hole 36
      therein and the function of punch 10, when it is again lowered is to
      elongate the hole 36 by removing the tongue or piece of metal 37, as is
      well known. Heel 13 on the right in FIG. 2, first meets tongue 37
      compressing the spring 18 until its heel head 23 meets a reference surface
      38, the bottom of retainer 11 around the spring 18. The heel 13 on the
      left in FIG. 2 has then entered the hole 35 in the female die so that
      transverse movement or shearing of the punch is prevented when the punch
      cuts off the tongue 37.
PAR  It will now be apparent that there has been provided means for preventing
      the rotation of the heels 13 in their holes 30 and grooves 25 which is
      superior to that shown in any of the prior art punches. The body portion
      12a is of hardened steel as are the heels 13. The flatted sides 29 of the
      heel heads 23 are slidingly guided by the precisely machined sides of the
      slots 28 to prevent rotation of the heels. It will be noted that two sides
      of each heel head are thus guided minimizing wear. There is no spring
      pressure biasing the sliding guide surfaces one against the other.
PAR  It will be apparent that the same anti-rotation means may be employed in
      punches of the type disclosed in the above mentioned U.S. Pat. No.
      3,269,240. The heels, instead of being flatted, as at 24, may be
      substantially cut away giving them an arcuate surface curved about a
      center, the sides of the punch, on either side of the heel grooves being
      curved about the same center, and the radius of the curvature of these
      surfaces being that of the hole which the punch is designed to form as
      described in the above patent. Punches of other known cross-sectional
      shapes may also be provided with the above described slot and flatted heel
      head means for preventing rotation of the heels.
CLMS
STM  I claim:
NUM  1.
PAR  1. A male shearproof punch having a retainer member adapted to be secured
      to a press, a unitary punch body having an upper portion removably secured
      to the retainer member and a lower portion having four vertically
      extending side surfaces, and four heels, each heel being slidably
      contained in a vertically extending groove in a lower body side surface
      and extending upward into the upper body portion, the lower body portion
      and the heels having flat bottom surfaces the edges therearound defining
      the punch cutting edge, each heel lower portion having a portion of its
      outer side surface cut away to conform to the configuration of the
      adjacent lower body side surface, wherein the improvement comprises a slot
      in the upper surface of the upper body portion for each heel, each heel
      having a head flatted on two diametrically opposite sides for sliding
      contact with the slot sides, each slot being of a greater depth than the
      heel head height, and each heel being spring-biased downward, whereby
      rotation of each heel is prevented and each heel is biased downward ahead
      of the punch body for entering a female die to cooperate with the punch
      body when not arrested by a workpiece in order to prevent deflection of
      the punch body and the heels are retractable to align their cutting edges
      with those of the punch body when arrested by a workpiece.
NUM  2.
PAR  2. The male shearproof punch defined in claim 1 wherein the cutting edge
      defined by the edges of the lower body portion and the lower portions of
      the heels is rectangular.
NUM  3.
PAR  3. The male shearproof punch defined in claim 1 wherein the cutting edge
      defined by the edges of the lower body portion and the lower portions of
      the heels is foursided with arcuate sides.
NUM  4.
PAR  4. A male shearproof punch having a retainer member adapted to be secured
      to a press, a punch body having an upper portion removably secured to the
      retainer member and a lower portion integral with the upper portion, the
      lower portion having four vertically extending side surfaces and a bottom
      surface having cutting edges, each side surface having a vertically
      extending groove therein substantially at its center, and a headed heel
      slidably contained in each groove, each heel being spring-biased downward,
      the upper body portion being wider than the lower body portion and each
      heel extending upward through a circular hole in the upper body portion,
      each heel having a flat bottom surface and having its outer side flattened
      to conform to the outward shape of the lower body portion adjacent side
      surface, wherein the improvement comprises a slot in the upper surface of
      the upper body portion for each heel head, the heel head being flatted on
      two diametrically opposite sides thereof for sliding contact with the
      sides of the slot, each slot being of greater depth than the heighth of
      the heel head whereby each heel lower end is normally biased downward in
      advance of the cutting surface of the lower body bottom surface and is
      movable upward guided by the slot sides to a position with its head
      engaged against the bottom surface of the retainer member when the heel
      engages a workpiece portion.
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PAL  Generator for producing the tones of a musical scale in electronic musical
      instruments, one master oscillator driving a chain of frequency dividers
      in a manner such that at the output of each divider a tone is produced
      which is lower by a semi-tone than the tone at the input of the divider,
      the final divider of the chain being connected to the input of the first
      divider via a frequency multiplier which multiplies by a factor of 2,
      while the master oscillator can be connected to any one of the dividers,
      in which case the connection of this divider to the preceding one is
      broken in order to permit transposition without the use of additional
      dividers.
BSUM
PAR  The invention relates to a generator for producing tones of a musical scale
      in electronic musical instruments provided with a single master oscillator
      and with a plurality of frequency converters equal in number to the number
      of the tones per octave. Each of the frequency converters each have an
      input and at least a first output. The first output of each frequency
      converter is connected to the input of the next subsequent frequency
      converter, while the input of the first converter is connected to the
      master oscillator.
PAR  Such a circuit arrangement is described in Netherlands Patent Application
      No. 7,109,138 corresponding to U.S. Pat. No. 3,808,345, issued Apr. 30
      1974. If in this circuit arrangement the scale is to be transposed, the
      tuning of the master oscillator is changed in steps. For this purpose it
      is necessary that the frequency of each step should be highly accurately
      adjustable with respect to the frequency of the other steps, which
      requires additional component parts and adjusting time.
PAR  According to the invention this is avoided by connecting the first output
      of the final frequency converter to the input of the first frequency
      converter via a frequency multiplier which multiplies by a factor of 2.
      The master oscillator can be switched to the input of any one of the
      frequency converters, which then can be disconnected from the preceding
      frequency converter. Thus it is further achieved that the intervals
      between the various steps are highly accurate and not subject to drift. If
      the frequency multiplier were omitted, the tones associated with the keys
      situated above the key corresponding to the frequency converter that is
      directly driven by the master oscillator would sound too low by an octave.
PAR  In an embodiment of a generator according to the invention the input of
      each frequency converter is connected to the input of a change-over switch
      which has a first output connected to the master oscillator and a second
      output connected to the first output of the preceding frequency converter.
      Thus the members of switches and contacts are reduced to a minimum. The
      change-over switch is a single pole, double throw switch or its electronic
      equivalent. As with any single pole double throw switch two terminals are
      connected to the stationary portions of the switch while a third terminal
      is connected to a movable member which selectively contacts either of the
      other two terminals. In order to maintain the description of the switch
      terminals consistant throughout the specification the first two terminals
      will hereinafter be called "inputs" of the switch, while the third
      terminal will be called "outputs," independent of whether signals are
      connected to or taken from the terminals.
PAR  In another embodiment of a generator according to the invention all the
      change-over switches are intercoupled while a locking device is provided
      which permits the master oscillator to be connected to only one frequency
      converter at a time. In this manner erroneous connections are avoided.
PAR  In a further embodiment of a generator according to the invention the
      switches are electronic switches which are operated by means of touch
      contacts and are mutually interlocked by electronic means. Thus a switch
      arrangement is obtained which is not subject to wear and does not present
      electrical interference from "contact bounce."
PAR  In still another embodiment of a generator according to the invention the
      input of each frequency converter is connected to the output of the
      preceding frequency converter and the master oscillator is greater than
      the output voltage of each frequency converter. As a result simple on-off
      switches can be used and there is no longer any need to break the chain of
      frequency converters, because the voltage of the master oscillator
      overdrives the frequency converter connected to it to a degree such that
      this converter responds to the latter voltage only and does not respond to
      the lower output voltage of the preceding frequency converter.
DRWD
PAR  An embodiment of the invention will now be described, by way of example,
      with reference to the accompanying diagrammatic drawings, in which:
PAR  FIG. 1 shows the circuit for a 12-tone scale in the normal non-transposed
      state,
PAR  FIG. 2 shows the same circuit transposed upward by an interval of a fourth,
PAR  FIG. 3 is a block schematic diagram of a multiplying stage,
PAR  FIG. 4 shows how the change-over switches can be electronically designed
      and operated, and
PAR  FIG. 5 shows a circuit including on-off switches.
DETD
PAR  FIG. 1 shows the positions of the switches in the normal state in which
      depression of a key causes the associated tone to be sounded in the
      untransposed state. A master oscillator M is connected to first outputs 1
      of change-over switches S.sub.1 to S.sub.12 the inputs of which are
      connected each to the input of an associated frequency converter FC.sub.1
      to FC.sub.12 respectively. Second outputs 2 of the switches S.sub.2 to
      S.sub.12 are each connected to the output of the preceding frequency
      converter FC.sub.1 to FC.sub.11 respectively, while the first output of
      the final frequency converter FC.sub.12 is connected to the second output
      2 of the first switch S.sub.1 via a frequency multiplier FM at the output
      of which a signal is produced which has twice the frequency of the signal
      applied to the input. In the state shown the inputs of all the switches
      are connected to their second outputs, except for the switch S.sub.1 the
      input of which is connected to its first output, thus establishing a
      connection between the first frequency converter FC.sub.1 and the master
      oscillator M. The frequency converters FC.sub.1 to FC.sub.12 used in this
      embodiment at their first outputs each deliver, for example, a signal
      which is lower than the signal at its input by a tempered semi-tone,
      resulting in an equal-tempered scale of 12 tones. The frequency converters
      each have a plurality of second outputs at which the musically usable
      octave tones of the signal at the input are produced. These outputs are
      connected via associated key contacts and filters to the loudspeakers of
      the musical instrument. If, for example, the C key is depressed, in the
      loudspeaker a tone at the pitch of this C is produced, and so on.
PAR  FIG. 2 shows the same circuit in the state in which the switch S.sub.6 is
      connected to its output 1 while the switches S.sub.1 to S.sub.5 and
      S.sub.7 to S.sub.12 are connected to their second outputs 2. As a result,
      the tone associated with the C key now sounds as the F of higher pitch
      than the initial C so that the entire scale is shifted upwards by a
      fourth. Similarly any desired transposition is obtainable by switching the
      associated switch S.sub.1 to S.sub.12 respectively to its first output 1.
      A locking device prevents the connection of more than one switch to the
      first output 1 and ensures that all the other switches are connected to
      their second outputs 2. Obviously as an alternative, with for example the
      switch S.sub.6 changed over, the master oscillator may be tuned so that in
      this state the tones normally associated with the keys are produced at the
      outputs of the frequency converters of FC.sub.1 to FC.sub.12 , so that
      operation of any one of the switches S.sub.1 to S.sub.5 results in
      downward transposition while depression of any one of the switches S.sub.7
      to S.sub.12 results in upward transposition.
PAR  In FIG. 3, which is a block schematic diagram of the frequency multiplier
      FM, D denotes a differentiating stage to which the output pulses from the
      final frequency converter FC.sub.12 are applied to be differentiated. The
      differentiated pulses at the output of the differentiating stage D are
      applied to a full-wave rectifier DG in which the negative or positive
      pulses are converted to pulses of opposite sign so that at the output of
      the full-wave rectifier DG a train of differentiated pulses is produced
      which has twice the frequency of the pulse-train applied to the input of
      the differentiating stage D. If the duration of the pulses is insufficient
      to drive the succeeding frequency converter FC1, the pulses may be shaped
      in a monostable multivibrator FF into square-wave pulses of durations
      sufficient to drive the frequency converter FC.sub.1 .
PAR  FIG. 4 shows the manner in which the switches S.sub.1 to S.sub.12 can be
      operated by touch contacts and can be in the form of electronic switches.
      A touch switch TC has 12 touch contacts C.sub.1 to C.sub.12. When any one
      of these contacts C.sub.1 to C.sub.12 is touched a voltage of negative
      polarity is set up at the corresponding one of the outputs U.sub.1 to
      U.sub.12 of the touch switch, a voltage of positive polarity being set up
      at all the remaining outputs. With respect to the operation of the touch
      switch TC reference may be made to Netherlands Patent Application No.
      7,014,892 corresponding to U.S. Pat. No. 3,740,651, issued June 19, 1973.
      Depending upon the polarity of the voltages and the outputs U.sub.1 to
      U.sub.12 of the touch switch TC, one of the frequency converters, for
      example FC.sub.12 , will be driven by the master oscillator M via the
      contact 1, in this case with negative polarity of the output U.sub.1,
      because the transistor T.sub.1 then is conducting and allows the pulses of
      the master oscillator M, which in this case are negative-going pulses, to
      pass, whereas the transistor T.sub.2 is non-conducting and does not allow
      the pulses from the preceding frequency converters FC.sub.11 to pass, and
      all the remaining frequency converters are driven each by the preceding
      frequency converter via the contact 2, because a voltage of positive
      polarity is set up at the associated outputs of the touch switch TC.
PAR  FIG. 5 shows how the switches S.sub.1 to S.sub.12 of FIGS. 1 and 2 may be
      replaced by simple on-off switches, the input of each frequency converter
      FC.sub.1 to FC.sub.12 being fixedly connected to the output of the
      preceding frequency converter F.sub.12, FC.sub.1 to FC.sub.11
      respectively. In this case care should be taken to ensure that the voltage
      of the master oscillator M is such that the frequency converter connected
      to the master oscillator responds to this voltage only and does not
      respond to the output voltage of the preceding frequency converter. Thus
      an even simpler circuit arrangement is obtained which is highly suitable
      for use in conjunction with touch contacts.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Generator for producing tones of a musical scale in electronic musical
      instruments of the type which comprises one master oscillator and a
      plurality of frequency converters equal in number to the number of tones
      per octave, which frequency converters each have an input and at least a
      first output, the first output of each frequency converter being connected
      to the input of the next subsequent frequency converter while the input of
      the first frequency converter is connected to the master oscillator, the
      improvement comprising a frequency multiplier that multiplies by a factor
      of 2, means connecting the first output of the final frequency converter
      to the input of the first frequency converter through said frequency
      multiplier,  and means for switching the master oscillator to the input of
      any one of the frequency converters and for disconnecting this input from
      the preceding frequency converter.
NUM  2.
PAR  2. Generator as claimed in claim 1, wherein said means for switching
      comprises a change-over switch, the input of each frequency converter
      being connected to the input of said change-over switch which has a first
      output connected to the master oscillator and a second output connected to
      the first output of the preceding frequency converter.
NUM  3.
PAR  3. Generator as claimed in claim 2, wherein all the change-over switches
      are intercoupled, and further comprising a locking device which permits
      the master oscillator to be connected to one frequency converter only.
NUM  4.
PAR  4. Generator as claimed in claim 1, wherein the switches are electronic
      switches, touch contacts for operating said switches, said switches being
      electronically interlocked.
NUM  5.
PAR  5. Generator as claimed in claim 1, wherein the input of each frequency
      converter is connected to the output of the preceding frequency converter
      and in that the voltage of the master oscillator is greater than the
      output voltage of each of the frequency converters.
PATN
WKU  039330737
SRC  5
APN  5710723
APT  1
ART  211
APD  19750424
TTL  Musical instrument capo
ISD  19760120
NCL  3
ECL  1
EXP  Franklin; Lawrence R.
NDR  1
NFG  6
INVT
NAM  Hutchins; Marvin H.
STR  10503 Ave. P
CTY  La Porte
STA  TX
ZIP  77571
CLAS
OCL   84318
EDF  2
ICL  G10D  308
FSC   84
FSS  318
UREF
PNO  620560
ISD  18990300
NAM  Averitt
OCL   84318
UREF
PNO  636850
ISD  18991000
NAM  Ritter
OCL   84318
UREF
PNO  775399
ISD  19041100
NAM  Halladay
OCL   84318
ABST
PAL  This device consists primarily of an L-shaped configurated body having one
      leg hollow and in which is slidably received a spring loaded bar carrying
      a rubber sleeve thereon for automatically depressing the strings of a
      musical instrument, downward upon the neck of the instrument and the body
      of the device is padded with foam rubber so as to prevent marring the
      finish of the neck.
BSUM
PAR  This invention relates to devices for changing the key of instruments and
      more particular to a musical instrument capo.
PAR  It is therefore the principal object of this invention to provide a musical
      instrument capo which will be of such structure, so as to be operated with
      the index finger and thumb on only one hand.
PAR  Another object of this invention is to provide a capo of the type
      described, which will not be clumsy in use as are devices of the prior
      art.
PAR  A further object of this invention is to provide a capo of the type
      described, which will enable the musician to change keys easier and
      faster.
PAR  A still further object of this inveniton is to provide a capo of the type
      described which will have an L-shaped body which is padded and is hollow
      in one leg in which is received a slide bar that is spring loaded so as to
      urge the rubber sleeve portion downwards against the strings of the
      musical instrument in order to change the key thereof.
PAR  Other objects of the invention are to provide a musical instrument capo for
      which is simple in design, inexpensive to manufacture, rugged in
      construction, easy to use and efficient in operation.
DRWD
PAR  These and other objects will be readily evident upon a study of the
      following specification and the accompanying drawing, wherein:
PAR  FIG. 1 is a side view of the present invention shown installed on the fret
      board of a guitar or other instrument, the device being shown partly
      broken away with the open position shown in phantom lines.
PAR  FIG. 2 is a top plan view of FIG. 1.
PAR  FIG. 3 is a fragmentary side view showing a modified form of the invention.
PAR  FIG. 4 is a view taken along the line 4--4 of FIG. 3.
PAR  FIG. 5 is a top plan view showing a modified form of the device.
PAR  FIG. 6 is similar to FIG. 5, but shows another modified form of the device.
DETD
PAR  According to this invention, a musical instrument capo 10 is shown to
      consist of an L-shaped configurated body made of suitable material, having
      an opening 12 through one side which slidably receives a slide bar 13 upon
      which is frictionally secured a rubber sleeve 14 for engagement with the
      strings 15 so as to urge them downwards against the fret bars 16 of the
      neck 17 of the instrument. The body 11 has adhered in a suitable manner,
      to it, foam rubber padding 18 for preventing damage to the finish of the
      neck 17. A retaining cap 19 is secured fixedly to one slide bar 13 and
      urges against one end of spring 20. The opposite end of spring 20
      springingly urges against a step 20A in body 11.
PAR  In use, the musician puts his index finger of the left hand on the top of
      the body 11 and his thumb of the same hand, under the retainer cap 19.
      Then the musician squeezes his finger and thumb together which compresses
      the tension spring 20 which raises the slide bar 13 so as to define an
      opening 13A. The musician then slips the capo 10 onto the instrument neck
      17 at the desired fret and then he releases the spring 20 tension and the
      capo 10 remains in fixed position upon the neck 17 of the instrument.
PAR  Referring now to FIGS. 5 and 6 of the drawing, it will be seen that a
      modified form of capo 10A is shown to have a rounded leg 11A in which the
      slide bar 13 is slidable. Looking now at the modified form 10B, a formed
      leg 11B is shown to receive the slide bar 13.
PAR  Referring now to FIG. 3 and 4 of the drawing, a leg 11D is circular in
      configuration and receives slide bar 13.
PAR  It will be noted that the leg 11C is semicircular in configuration.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A musical instrument capo for changing the key stringed instruments,
      comprising, an L-shaped body, an L-shaped slide bar slidably carried
      within said body with cap means and spring means for operating, a rubber
      sleeve carried upon said slide bar and protective padding secured to said
      capo for protecting the neck of the instrument.
NUM  2.
PAR  2. The combination according to claim 1, wherein one leg of said L-shaped
      body of said capo is hollow and slidably receives said slide bar, said
      body of said capo having step means in the outer peripheral apex corner,
      said slide bar having spring means thereon, said spring urging against
      said step at one end and urging against a retaining cap at the opposite
      end.
NUM  3.
PAR  3. The combination according to claim 2, wherein the opposite leg of said
      slide bar frictionally engages the interior peripheral surface of a rubber
      sleeve, said rubber sleeve urging against the strings of said instrument
      when said capo was in place upon the neck of said instrument and the
      interior peripheral area of said body of said device is secured fixedly to
      foam rubber padding which abuts with said neck of said musical instrument.
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PAL  The threads at the entrance end of a nut are interrupted by a plurality of
      circumferentially spaced axially extending flutes to form relatively
      flexible load distributing threads. The flutes extend axially across a
      limited number of threads and extend radially into the threads a distance
      short of the root of the thread. After engagement with a complimentary
      bolt, and upon the occurrence of a load on the connection, the interrupted
      threads flex axially of the nut to cushion shock on the bolt threads and
      shift the zone of maximum stress transfer axially inwardly of the nut,
      thereby materially extending fatigue life of the connection.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Fatigue failure of a nut-bolt connection characteristically occurs at the
      interface between the engaged and non-engaged threads of the bolt since
      relatively high stress levels are found adjacent the first and second
      mated threads thereof. By creating a degree of flexibility or "buffer
      zone" in the first several threads of the nut, while maintaining required
      tensile strength characteristics, the stress level at the interface
      between the engaged and unengaged portions of the bolt is reduced. Such
      flexibility effects a relatively uniform load distribution and transfer of
      stress to all of the mating threads.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a fatigue improvement nut wherein the first four
      threads are interrupted by flutes at the entrance end thereof in
      accordance with the present invention.
PAR  FIG. 2 is a side view, partially in section, of the nut illustrated in FIG.
      1.
PAR  FIG. 3 is a plan view similar to FIG. 1 of the entrance end of the nut.
PAR  FIG. 4 is an enlarged detail view of a flute taken within the circle 4 of
      FIG. 3.
PAR  FIG. 5 is a view similar to FIG. 3 of another embodiment of the invention.
PAR  FIG. 6 is a sectional view taken along the line 6--6 of FIG. 5.
PAR  FIG. 7 is a sectional view of a conventional nut and bolt combination
      illustrating a typical fatigue failure of the bolt.
PAR  FIG. 8 is a sectional view of a nut and bolt combination utilizing the nut
      of the instant invention and showing the improved fatigue failure
      characteristic.
PAR  FIG. 9 is a graph showing the improved fatigue characteristic of the nut of
      the instant invention.
PAR  FIG. 10 is a view, similar to FIG. 3, of another embodiment of the
      invention.
PAR  FIG. 11 is a view taken along the line 11--11 of FIG. 10.
PAR  FIG. 12 is a view, similar to FIG. 3, of yet another embodiment of the
      invention.
PAR  FIG. 13 is a view taken along the line 13--13 of FIG. 12.
PAR  FIG. 14 is a view taken within the circle 14 of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As best seen in FIG. 1 of the drawings, a nut 10 has a body portion 12 with
      a twelve point wrenching surface thereon and a flange 14 at one end
      thereof. The nut 10 has a central bore with a standard thread 16 therein.
PAR  In accordance with the present invention, the thread 16 is interrupted by a
      plurality of circumferentially spaced axially extending flutes 18, 20, 22
      and 24 thereby to form what may be termed load distributing threads. In
      the embodiment shown in FIG. 2, the flutes 18-24 extend axially from the
      flange 14 through four threads to approximately the midpoint of the thread
      16 in the nut 10. The radial depth of the flutes 18-24, as best seen in
      FIG. 4, is such that the dimension X is not less than approximately twenty
      percent of thread depth, thereby to minimize the possibility of a stress
      riser in the body portion 12 of the nut 10.
PAR  It has been determined that the benefits of the instant invention can be
      achieved when approximately 20 percent of the thread flank area is removed
      from the load distributing threads of the nut. Ratios between the critical
      dimension of the nut which achieve the foregoing are as follows:
TBL  Dimension             Ratio                                               

     ______________________________________                                    

     Diameter of threaded member                                               

                           25                                                  

     Circumference of threaded member                                          

                           75                                                  

     Depth of thread       1.25                                                

     Width of flute        5                                                   

     Depth of flute        1                                                   

     ______________________________________                                    

PAR  From the above ratios, any dimension can be calculated with knowledge of
      only one dimension.
PAR  Stated in another manner, since the percentage of thread desired to be
      removed from the entrance or load distributing thread is approximately 20
      percent, the formula NAW/TC can be used wherein:
PA1  N = Number of flutes
PA1  A = Depth of flute
PA1  W = Width of flute
PA1  T = Depth of thread
PA1  C = Circumference of threaded member.
PAR  An example of how the above formula applies to a 1/2-20 nut wherein it is
      desired to employ four flutes is:
      ##EQU1##
PAR  It is to be noted that the flutes have rounded axial edges 26, 28, 30 and
      32 to minimize thread cutting or "chasing" at the crest of the thread 16
      and to preclude stress risers at the root of the flutes.
PAR  Referring to FIGS. 5 and 6, a modified embodiment of the invention
      comprises a nut body 34 having six flutes 36, 38, 40, 42, 44 and 46 in the
      threads 48 therein of three different axial lengths. Opposite pairs of the
      flutes 36-46 are the same length to balance stress on the nut body 34. By
      varying the length of the flutes 36-46, progressively decreasing
      flexibility of the threads 48 is achieved in the axial direction inwardly
      of an entrance end 50 of the nut 34 thereby to gradually increase load
      transfer between the nut 34 and a bolt inwardly of the nut 34.
PAR  FIG. 7 of the drawings is an etched cutaway view of a conventional nut 52
      on a complimentary bolt 54. The nut 52 and bolt 54 combination was
      subjected to a tension-tension fatigue test resulting in failure of the
      bolt 54 along a crack 56. The failure zone, indicated by dashed lines 58
      and 60, envelopes the interface 61 between the engaged and unengaged
      threads of the bolt 54.
PAR  By way of comparison, FIG. 8 illustrates an etched cutaway view of a nut 62
      and bolt 64 combination wherein the nut 62 is provided with flutes 66 and
      68 in accordance with the instant invention. The nut 62 and bolt 64
      combination was subjected to a tension-tension fatigue test resulting in
      failure of the bolt 64 along a line 70. The failure zone of the bolt 64 is
      indicated by dashed lines 72 and 74 and is located generally at the
      midpoint of the nut 62 indicating that the zone of maximum stress transfer
      has been moved axially away from an interface 76 between the engaged and
      non-engaged threads of the bolt to a zone adjacent the inner end portions
      of the flutes 66 and 68.
PAR  Referring to FIG. 9 of the drawings, a tension-tension fatigue performance
      curve of the nut 10 of the instant invention, as compared to a
      conventional nut, demonstrates that the fatigue improvement nut 10 herein
      disclosed has a significantly superior fatigue life relative to the
      conventional nut. Tension-tension fatigue testing is the loading of a
      nut-bolt combination at a constant amplitude cyclic rate between a high
      tensile load and a low tensile load until fatigue failure occurs. Ratio of
      a high load to low load conventionally employed is R = 0.1.
PAR  Referring to FIGS. 10 and 11, another embodiment of the present invention
      comprises a nut 80 having flutes 82, 84, 86 and 88 therein which, as best
      seen in FIG. 11 of the drawings, taper from a circumferential dimension
      approximately five times the depth thereof at the entrance end of the nut
      80 to a relatively small circumferential dimension axially inwardly of the
      nut 80.
PAR  Referring to FIGS. 12 and 13 of the drawings, yet another embodiment of the
      present invention comprises a nut 90 having flutes 92, 94, 96 and 98
      therein. The flutes 92-98 are of constant circumferential width but
      decrease in depth from approximately four-fifths thread depth at the
      entrance end of the nut 90 to zero depth at a midpoint axially inwardly of
      the nut. As seen in FIG. 13, the angle of taper of the flutes 92-98 is
      designated by the angle .theta..
PAR  From the foregoing, it should be apparent that the threads at the entrance
      end of the nut of the instant invention exhibit a carefully controlled
      flexibility in the axial direction. The threads at the entrance end thus
      function as a shock absorber or buffer zone to effect gradual distribution
      of stress to the full threads of the nut, thence to the threads of a
      mating bolt thereby transferring the location of maximum stress transfer
      between the nut and bolt to a zone approximately midway of the axial
      length of the nut and away from the interface between the engaged and
      unengaged threads of the bolt.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a fatigue improvement nut comprising a generally cylindrical nut body
      with a wrenching surface on the outer periphery and a threaded central
      bore for use with a conventional bolt, the improvement comprising a
      plurality of circumferentially spaced flutes in the threads of said nut
      extending axially from the bolt entrance end thereof across at least two
      threads and radially into the threads to approximately four-fifths of
      thread depth, thereby to weaken said threads sufficiently to allow axial
      flexure thereof relative to the uninterrupted threads of said nut when
      subjected axial loads thereby to move the zone of maximum stress transfer
      between said nut and said bolt from the interface between the engaged and
      non-engaged threads of said bolt to a zone located substantially centrally
      of the axial length of said nut.
NUM  2.
PAR  2. The fatigue improvement nut of claim 1 wherein said flutes are of
      different axial length to progressively decrease flexibility of the
      threads of the nut axially inwardly thereof to progressively increase load
      transfer capability between said nut and bolt axially inwardly of said
      nut.
NUM  3.
PAR  3. The fatigue improvement nut of claim 1 wherein said flutes are of
      constant circumferential dimension but taper in radial depth from a
      maximum of approximately four-fifths thread depth at the entrance end of
      said nut to run-out midway of the axial length of said nut.
NUM  4.
PAR  4. The fatigue improvement nut of claim 1 wherein the radial depth of said
      flutes is constant at approximately four-fifths thread depth, but the
      circumferential width thereof decreases from a maximum of approximately
      five times flute depth at the entrance end of the nut to a minimum midway
      of the axial length of the nut.
NUM  5.
PAR  5. The fatigue improvement nut of claim 1 wherein approximately 20 percent
      of the flank area of the threads is removed by said flutes and said flutes
      have a dimensional relationship to the nut in accordance with the
      equation:
EQU  20% = NAW/TC
PAL  wherein:
PA1  N = Number of flutes
PA1  A = Depth of the flutes
PA1  W = Width of the flutes
PA1  T = Depth of the thread
PA1  C = Circumference of the thread.
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PAL  A self-drilling fastener includes a shank having a drill tip integrally
      formed on one end thereof and a head on the other end. The drill tip is
      defined by two concave grooves formed one on each side of the shank and
      intersecting with two planar heels formed on the end of the shank to
      define two cutting edges. Each of the cutting edges is formed with a
      positive rake angle along the entire length thereof with the rake angle
      increasing in magnitude upon progressing outwardly along the cutting edge
      and toward the periphery of the shank. The axes of the grooves are
      straight and form an acute included angle bisected by the axis of the
      shank. The heels also intersect at an angle bisected by the axis of the
      screw, the edge of intersection of the heels defining a chisel edge at the
      tip of the shank. A peripheral edge is formed where each heel intersects
      with the surface of the shank, and the grooves intersect the peripheral
      edges at points not beyond the points of maximum progression of the
      peripheral edges toward the other end of the shank.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 384,597 filed Aug. 8, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a self-drilling fastener and, more particularly,
      to a fastener in the form of a metal screw having a drill tip integrally
      formed with one end portion of a threaded shank and a head on the opposite
      end portion of the shank adapted for engagement by a driver to rotate the
      screw for boring a hole in a workpiece. In addition, the screw is provided
      with self-tapping threads so that only one operation is required to fasten
      the screw into a workpiece, the screw being threaded into the workpiece as
      an incident to drilling its own hole.
PAC  SUMMARY OF THE INVENTION
PAR  The general object of the present invention is to provide a new and
      improved drill tip for a self-drilling screw of the above general
      character which enables the screw to be used to fasten members together
      more quickly and with less effort than was possible heretofore with a
      comparable size of drill screw. In addition, provision is made of the new
      drill tip so the size of self-drilling screws suitable for use with a hand
      power tool may be increased significantly to adapt the self-drilling
      screws for a wider range of uses, providing stronger fastenings for
      holding thicker members together more securely.
PAR  A further object is to provide the drill tip to be manufactured more easily
      and less expensively, the drill tip requiring fewer and less complicated
      steps to be machined on the end portion of a screw blank.
PAR  A more detailed object is to accomplish the foregoing by cutting two
      concave grooves in opposite sides of the end portion of the screw blank,
      the grooves intersecting two planar heels on the end portion to form the
      cutting edges of the drill tip and having axes extending along two
      straight lines intersecting at an acute included angle bisected by the
      axis of the screw instead of following helical paths around the axis of
      the screw.
PAR  A further object is to form the drill tip with the rake angle of each
      cutting edge being positive along its entire length and increasing in
      magnitude upon progressing outwardly along the cutting edge from adjacent
      the axis of the screw shank and toward its periphery so that in service
      use the drill tip removes more material more efficiently.
PAR  The invention also resides in the novel angular relationships between the
      axes of the grooves and the axis of the screw so the web of material
      between the grooves becomes increasingly thinner and then thicker upon
      progressing from the end of the drill tip toward the head of the screw. In
      addition, the heels are formed in the end portion of the screw so as to
      intersect with the surface of the shank and thereby define two peripheral
      edges on opposite sides of the screw, each of the edges being generally
      U-shaped and curving toward the head of the screw. Advantageously, the
      grooves are formed to intersect with these edges at the nadirs or points
      the edges become closest to the head so each cutting edge cuts deeper to
      remove thicker chips from the workpiece with each revolution of the screw.
PAR  These and other objects and advantages of the present invention will become
      more apparent from the following detailed description when taken in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an enlarged perspective view of a fastener embodying the novel
      features of the present invention.
PAR  FIG. 2 is an enlarged end view taken substantially along line 2--2 of FIG.
      1.
PAR  FIG. 3 is a fragmentary elevational view taken substantially along line
      3--3 of FIG. 2.
PAR  FIG. 4 is a fragmentary cross-sectional view taken substantially along line
      4--4 of FIG. 2.
PAR  FIG. 5 is a fragmentary elevational view taken substantially along line
      5--5 of FIG. 2.
PAR  FIG. 6 is a fragmentary elevational view similar to FIG. 5 but showing the
      screw in a moved position.
PAR  FIG. 7 is a perspective view showing the angular relationship between the
      axis of the screw and one of the axes of the grooves in the tip of the
      screw.
PAR  FIG. 8 is an enlarged fragmentary front elevational view schematically
      showing one step in the machining operation for forming a drill tip on the
      end of the screw.
PAR  FIG. 9 is a fragmentary side elevational view taken substantially along
      line 9--9 of FIG. 8.
PAR  FIG. 10 is an enlarged fragmentary view taken substantially along line
      10--10 of FIG. 8 and showing the screw in a moved position in phantom.
PAR  FIG. 11 is a fragmentary front elevational view similar to FIG. 8 but
      showing the screw blank in a moved position for the performance of another
      step in forming the drill tip.
PAR  FIG. 12 is a fragmentary elevational view taken substantially along line
      12--12 of FIG. 11.
PAR  FIG. 13 is an enlarged fragmentary view taken substantially along line 13--
      13 of FIG. 12.
PAR  FIG. 14 is a fragmentary cross-sectional view taken substantially along
      line 14--14 of FIG. 2.
PAR  FIG. 14a is a fragmentary elevational view taken substantially along line
      14a--14a of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in the drawings for purposes of illustration, the present
      invention is embodied in a threaded fastener 20 such as a self-drilling
      screw having a drill tip 21 formed in one end portion of a shank 23
      provided with self-tapping threads 22. A head 24 is formed on the other
      end of the shank for engagement by a power hand tool (not shown) to drive
      the screw 20 to fasten two or more workpieces together in one operation,
      the screw being threaded through the workpieces to hold them together as
      an incident to drilling a hole in the workpieces to receive the screw. The
      drill tip of the exemplary embodiment includes two concave grooves 25
      formed in opposite sides of the shank and the grooves are separated from
      each other by a web 26 (FIG. 2) of material extending generally along the
      axis 27 (FIG. 4) of the screw. As shown in FIGS. 1 and 2, the lower ends
      of the grooves intersect two planar heels 29 formed on the lower end of
      the shank so as to define two generally radially extending cutting edges
      30 for the removal of material as the screw is drilled through the
      workpieces. The heels intersect each other at an included angle A (FIG. 3)
      which is bisected by the axis 27 of the screw. The intersection of the two
      heels defines a chisel edge 31 (FIG. 2) extending across the axis of the
      screw and diagonally between the grooves at the lower end of the web so
      the drill tip is pointed sharply for penetration of the surface of the
      upper workpiece to a sufficient depth so as to permit the cutting edges to
      cut away material as the screw is rotated by the driving tool. As the
      screw is rotated by the tool, the chips of material being cut from each of
      the workpieces flow upwardly through the grooves permitting the screw to
      be pushed even further into the hole to cut away even more material until
      the hole eventually is cut through the workpieces.
PAR  In accordance with the primary aspect of the present invention, the drill
      tip 21 is constructed in a novel manner so that the screw not only is
      simpler and less expensive to manufacture but also can drill through the
      workpieces more quickly and with less effort on the part of the operator
      of the power hand tool. For these purposes, axes 33 of the grooves 25 are
      formed along straight lines each of which, as viewed in FIG. 3, defines an
      angle B relative to the axis 27 of the screw 20 so the included angle
      between the groove axes is bisected by the axis of the screw. With this
      arrangement, the web 26 (see FIG. 4) becomes increasingly thinner and then
      thicker upon progression upwardly along the axis of the screw from the
      tip. By virtue of this construction, the rake angle R (see FIGS. 14 and
      14a) remains positive along the entire length of each cutting edge 30 and
      increases in magnitude upon progressing outwardly along the cutting edge
      from adjacent the axis 27 of the screw and toward the periphery of the
      shank 23 so the cutting edge more easily cuts the workpiece when drilling
      with the screw. In addition, peripheral edges 34 (FIG. 1) defined by the
      intersections of the heels 29 and the surface of the shank are intersected
      by the grooves at points which are located not beyond the nadirs 35 (FIG.
      5) or points of maximum progression of the peripheral edges toward the
      head 24 of the screw so each cutting edge 30 cuts deeper to remove thicker
      chips from the workpieces. Accordingly, less axial pressure is required to
      cut deeper with the cutting edges so that upon each revolution of the
      screw more material is removed from the workpiece thereby decreasing
      drilling time. Also, because of the foregoing unique construction, the
      screw may be made larger than the prior self-drilling screws while still
      being suitable for use with hand power tools thereby enabling the
      self-drilling screw to be used for a wider range of applications.
PAR  In this description and in certain of the claims, the various axes, edges
      and surfaces comprising the drill tip 21 are described in relation to
      vertical planes in order to facilitate understanding of the angular
      relationships between these parts of the drill tip. It will be appreciated
      that the axes, edges and surfaces may be formed with respect to reference
      planes other than the ones chosen herein and, therefore, the use of the
      reference planes should not be construed in any way to limit the inventive
      concept involved. Accordingly, as shown in FIG. 7, the axis 27 of the
      screw 20 is positioned within a vertical plane X and is slanted downwardly
      to the right to form an acute angle C with respect to a vertical line L
      within the plane X. The line L is defined by the perpendicular
      intersection of the plane X with a second vertical plane Z within which
      lies the axis 33 of the front one of the grooves 25. Thus, when viewed
      from the direction indicated by the line 11--11, the angle C is defined by
      the included angle between the axis of the front groove and the axis of
      the screw.
PAR  The axis 33 of the groove 25 formed on the front side of the screw defines
      a vertical line within the plane Z, the axis extending parallel with the
      line L when viewed from the direction indicated by the line 12--12. With
      this arrangement, the axis of the front groove and the axis of the screw
      define the angle B which, as viewed in FIG. 11, appears equal to angle C.
      The axis of the groove formed on the backside of the screw is located
      similarly relative to the axis of the screw, the angle between the axis of
      the back groove and the axis of the screw being equal to but measured in
      an opposite direction from the axis of the screw in comparison to the
      corresponding angle locating the groove on the front side of the screw.
      Accordingly, as viewed in FIGS. 3 and 11, the axes of the two grooves
      define an acute included angle bisected by the axis of the screw, each
      half of the besected angle forming the angle B between the axis of the
      screw and one of the grooves.
PAR  Preferably, each of the grooves 25 in present screw 20 is formed to a depth
      slightly less than the radius of the shank 23. As a result, at the tip of
      the screw, the web is made quite thin so as to enable the screw to readily
      penetrate into the surface of the upper workpiece with less axial
      pressure. In addition to forming the grooves 25 to a depth slightly less
      than the radius of the shank 23, it also is desirable for the grooves to
      be formed so as to intersect the nadirs 35 of the peripheral edge 34 of
      the heels 29. This construction provides sufficient mass behind each
      cutting edge 30 to keep the tip from being broken easily while also taking
      full advantage of the clearance provided by the angular relationship
      between the plane of each heel 29 and the horizontal (see FIG. 6). This is
      because the shank material removed by the grooves is not present to engage
      the bottom of the hole being drilled and thus is kept from limiting the
      depth to which the cutting edge may penetrate. If the grooves were formed
      to intersect the peripheral edges of the heels at points, such as the
      point P in FIG. 6, the clearance represented by the vertical distance V
      between the chisel edge 31 and the nadir 35 would be reduced by the
      vertical distance V.sub.1 between the point P and the nadir. Accordingly,
      during drilling, the material in the shank (represented by the
      cross-hatched area M) between the point P and the adjacent nadir would
      engage the bottom of the hole thereby reducing the depth to which the
      cutting edges 30 may cut.
PAR  In the exemplary screw, it has been found that the best drilling
      performance, that is, the shortest possible drilling time for the least
      axial pressure applied, is obtained by forming the grooves 25 so that, as
      viewed from the end of the screw (see FIG. 2) each groove appears to
      remove approximately one third of the end surface area of the shank 23.
      Although each groove in the exemplary screw is formed in cross section
      generally as a segment of a circle having a radius approximately equal to
      the radius of the shank of the screw, the grooves may be of various
      cross-sectional shapes. It, however, is particularly desirable that the
      wall portions of the grooves intersect with the heels 29 to form the
      positive rake angle R and the cutting edges 30 so that rake angle
      increases in magnitude and the cutting edges are curved both in a
      generally radial direction and in a longitudinal direction relative to the
      axis 27 of the screw. In this way, the point angle E (FIG. 5) of the
      screw, the included angle measured between the cutting edges of the screw,
      also increases in magnitude upon progressing outwardly along the cutting
      edges from the axis of the screw. As measured in FIG. 5, the point angle E
      is sharpest (about 115 degrees) adjacent the opposite ends of the chisel
      edge 31 to permit easy initial penetration of the screw into the workpiece
      without the screw walking or skittering across the surface of the
      workpiece. But, upon progressing outwardly from the ends of the chisel
      edge, the point angle widens to about 150 degrees to reduce the area cut
      by the cutting edges over that area which would be cut by the cutting
      edges on a screw having a narrower point angle. As a result, less axial
      pressure is required for drilling because of the shorter cutting edges
      provided by the wider point angle, the amount of work required of the
      wider angled cutting edges being less than that of narrower angled cutting
      edges for drilling to equal depths within a workpiece.
PAR  As shown in FIGS. 14 and 14a, a rake angle in a cutting tool such as the
      exemplary drill screw is, generally speaking, that angle which is measured
      between a line perpendicular to a horizontal work surface and the leading
      surface of the tool adjacent its cutting edge. A positive rake angle is
      obtained when the leading surface is inclined to face upwardly or
      generally away from the work surface while a negative rake angle occurs
      when the leading surface is inclined to face in a generally downward
      direction or generally toward the work surface. To provide for easier
      cutting of the workpiece, the rake angle R in the present instance
      increases from a magnitude of about 15.degree. (see FIG. 14) adjacent the
      end of the chisel edge 31 to approximately 20.degree. adjacent the
      periphery of the shank 23 (see FIG. 14a). By virtue of this construction,
      the cutting edges remove material from the workpiece more efficiently to
      further ease drilling.
PAR  From the foregoing, it will be appreciated that the drilling performance of
      the present screw 20 is increased greatly over the performance of prior
      similar screws. Advantageously, this enables the screw to be made
      significantly larger than prior screws without causing a corresponding
      increase in the effort required on the part of a user to drill a hole with
      the screw. By way of summary, these purposes are achieved in the exemplary
      screw by forming the grooves 25 so both the point angle E and the rake
      angle R increase in magnitude upon progressing outwardly along the cutting
      edges 30 toward the periphery of the shank 23. This is achieved by forming
      the grooves so at least that wall portion of each groove which intersects
      with the heels to define the cutting edges 30 is curved in cross section.
      As a result, the cutting edges are curved in two directions causing the
      point angle E to widen upon progressing upwardly from opposite ends of the
      chisel edge 31. In addition, the web 26 first decreases in thickness and
      then increases in thickness upon progressing away from the tip of the
      screw thereby to define the unique positive rake angle R for each cutting
      edge. To further promote superior performance of the exemplary drill, the
      grooves 25 are formed so as to intersect the nadirs 35 of the peripheral
      edges 34 of the heels 29 to aid in making deeper cuts upon each revolution
      of the drill.
PAR  Advantageously, the exemplary screw 20, by virtue of its novel yet simple
      shape, lends itself to be manufactured quite easily by simply cutting each
      groove 25 to a depth slightly less than the radius of the shank 23 with
      the axis 33 of each groove defining a straight line angled with respect to
      the axis 27 of the screw. One way of forming the drill tip 21 on the screw
      20 is shown schematically in FIGS. 8 through 13 wherein the screw is
      five-sixteenth of an inch in diameter. For example, in a right-hand,
      self-drilling screw 20 whose shank 23 diameter is 0.292 inches, the screw
      is held by a holder 36 within a vertical plane, such as the plane X in
      FIG. 7, so the axis 27 of the screw forms an included angle F (FIG. 8) of
      40.degree. with respect to vertical, the angle F being measured in a
      clockwise direction from the axis of the screw to vertical. While the
      screw is held in this position, a milling wheel 37 is moved in a
      horizontal direction perpendicular to the plane so as to intersect the
      axis of the screw at the end surface 39 thereof to machine a flat 40 on
      the end portion of the screw thereby partially forming one of the heels 29
      and its corresponding peripheral edge 34. Thereafter, the screw is turned
      about its axis 180 degrees and the wheel again is advanced to machine a
      second flat 40 (shown in FIG. 10) to partially form the other heel 29 and
      peripheral edge 34. The two flats thus formed intersect each other at the
      included angle A, herein 100 degrees, to partially form the chisel edge
      31.
PAR  After the flats 40 are formed, the screw 20 is again turned about its axis
      27 in a clockwise direction as viewed in FIG. 10 a preselected number of
      degrees, herein 22 1/2.degree., as indicated by G. In addition, the screw
      is swung within the plane X in a clockwise direction (see FIG. 11) to a
      second position so the axis of the screw forms the angle C relative to
      vertical, the angle C in this instance being 25.degree.. The grooves 25
      then are formed in the opposite sides of the tip of the screw by a second
      milling wheel 41, the screw being turned about its axis 180.degree. after
      the first groove is cut in preparation for cutting the second groove.
PAR  As shown in FIGS. 11 and 12, the edge 43 of the milling wheel 41 cuts the
      grooves 25 in the screw 20 and, when cutting each groove, the wheel is
      advanced in a downward direction such that the groove axis 33 generated by
      the milling wheel is located vertically within plane Z (see FIG. 7).
      Herein, the edge of the milling wheel is curved on a radius of 0.156
      inches which is approximately equal to the radius of the screw shank 23.
PAR  To cut one of the grooves 25 in the shank 23 so the groove intersects with
      the nadir 35 of the peripheral edge 34 of the heel 29, the milling wheel
      41 initially is positioned relative to the axis 27 of the screw 20 (see
      FIG. 13) by moving the wheel to engage the end edge 44 of an uncut screw.
      Then, the wheel is moved in an inward direction indicated by the arrow H
      relative to the screw a distance I of 0.350 inches. When cutting the
      screw, the wheel is advanced in the direction of the arrow J a distance K
      of 0.136 inches, also measured from the end edge of the blank, to locate
      the axis 33 of the groove 25 so that, when the wheel is advanced along the
      axis 33, the groove is cut to a depth slightly less than the radius of the
      shank 23 and intersects with the nadir 35 of the peripheral edge 34. Once
      the first groove is formed, the screw is turned 180.degree. about its axis
      27 and the second groove is formed in the same manner. After both grooves
      are completed, the resulting web 31 is of a thickness of approximately
      0.040 inches at the tip of the screw and becomes increasingly thinner (to
      approximately 0.020 inches) and then increasingly thicker upon progressing
      further toward the head 24 of the screw.
PAR  Thus, it is seen from the foregoing, that once the milling wheel 37 is set
      up in position for cutting, the tip of the screw 20 may be manufactured
      easily and quickly by milling first the one flat 40 forming one of the
      heels 29, turning the screw 180 degrees around its axis 27 and milling the
      other flat to form the other heel. Then, once the screw is positioned for
      the grooves 25 to be cut, the second milling wheel 41 is advanced to cut
      one of the grooves on one side of the shank 23, the screw thereafter being
      again turned 180.degree. about its axis for cutting the other groove on
      the opposite side of the shank 23 to complete formation of the tip of the
      screw 20.
CLMS
STM  I claim:
NUM  1.
PAR  1. A self-drilling fastener including a generally cylindrical, threaded
      shank, a drill tip integrally formed on one end portion of said shank,
      first and second concave grooves formed in opposite sides of said end
      portion, each groove having a straight axis and appearing to intersect
      with the axis of the other groove at an acute included angle as measured
      in a plane extending parallel to the axis of said shank, said angle
      appearing to be bisected by the axis of said shank as measured in said
      plane, first and second planar heels formed on said one end between said
      grooves and intersecting each other at an included angle bisected by the
      axis of said shank, a chisel edge on the end of said shank defined by the
      intersection of said heels, first and second cutting edges defined by the
      intersections of said first and second grooves with said first and second
      heels, respectively, said cutting edges each being curved concavely both
      in a direction generally radially of said shank and in a generally axial
      direction toward the other end of said shank, each of said cutting edges
      being formed with a positive rake angle along the entire length thereof
      and said rake angle increasing in magnitude upon progressing along said
      cutting edge from adjacent said chisel edge and toward the surface of said
      shank, and first and second peripheral edges defined by the intersections
      of the planes of said first and second heels, respectively, with the
      cylindrical surface of said shank, said first and second grooves
      intersecting said second and first peripheral edges, respectively, at
      first and second points not beyond the points of maximum progression of
      said peripheral edges toward the other end of said shank, said first and
      second points being angularly spaced from the outer ends of said second
      and first cutting edges, respectively, at an obtuse included angle.
NUM  2.
PAR  2. A self-drilling fastener including a generally cylindrical, threaded
      shank, a drill tip integrally formed on one end portion of said shank,
      first and second concave grooves formed in opposite sides of said end
      portion, each groove having an axis extending along a straight line and
      the axis of one groove lying within a first plane spaced from and
      extending parallel with a second plane within which lies the axis of the
      other groove, said axes appearing to intersect with each other at an acute
      included angle as measured in a third parallel plane, said angle appearing
      to be bisected by the axis of said shank as measured in said third plane,
      first and second planar heels formed on said one end between said grooves
      and intersecting each other at an included angle bisected by the axis of
      said shank, a chisel edge on the end of said shank defined by the
      intersection of said heels, first and second cutting edges defined by the
      intersections of said first and second grooves with said first and second
      heels, respectively, said cutting edges each being curved concavely both
      in a direction generally radially of said shank and in a generally axial
      direction toward the other end of said shank, each of said cutting edges
      being formed with a positive rake angle along the entire length thereof
      and said rake angle increasing in magnitude upon progressing along said
      cutting edge from adjacent said chisel edge and toward the surface of said
      shank, and first and second peripheral edges defined by the intersections
      of the planes of said first and second heels, respectively, with the
      cylindrical surface of said shank, said first and second grooves
      intersecting said second and first peripheral edges, respectively, at
      first and second points not beyond the points of maximum progression of
      said peripheral edges toward the other end of said shank, said first and
      second points being angularly spaced from the outer ends of said second
      and first cutting edges, respectively, at an obtuse included angle.
NUM  3.
PAR  3. A fastener as defined by claim 2 including a web defined by the material
      between said grooves, said web becoming increasingly thinner and then
      thicker within the drill tip upon progressing toward the other end of the
      shank from said chisel edge.
NUM  4.
PAR  4. A fastener as defined by claim 3 wherein the crosssectional area of the
      tip of said screw between said grooves is approximately one-third the
      cross-sectional area of said shank.
NUM  5.
PAR  5. A fastener as defined by claim 4 wherein the included angle between said
      heels is about 100.degree..
NUM  6.
PAR  6. A fastener as defined by claim 5 wherein said acute angle measured
      within said third plane between the axes of said grooves is about
      50.degree..
NUM  7.
PAR  7. A fastener as defined by claim 6 with each of said grooves having a wall
      portion curved in cross section along a radius from the axis of said
      groove, said radius being approximately equal to the radius of said shank.
NUM  8.
PAR  8. A fastener as defined by claim 7 wherein said grooves intersect said
      peripheral edges approximately at the points of maximum progression of
      said peripheral edges toward said other end of the shank.
NUM  9.
PAR  9. A fastener as defined by claim 8 including a point angle which increases
      in magnitude upon progressing outwardly from said chisel edge.
NUM  10.
PAR  10. A fastener as defined by claim 9 wherein said point angle increases
      from a magnitude of approximately 115.degree. as measured adjacent said
      chisel edge to a magnitude of approximately 150.degree. as measured
      adjacent the periphery of said shank.
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ABST
PAL  Disclosed is a screw grommet which is used to bolt an object to a plate or
      the like. The unique structure of a screw grommet according to this
      invention permits frictionless insertion of the leg of the grommet in an
      aperture of the plate and at the same time, positive engagement with the
      circumferential edge of the aperture of the plate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a screw grommet made of a plastic material which
      is used to bolt printed circuit boards and various other parts to an
      electric machine or apparatus, an automobile chassis or other bodies.
PAR  A variety of plastic screw grommets have been hitherto proposed. One screw
      grommet which is widely used is a headed article having an inserting leg
      and a collar-shaped head integrally connected to the inserting leg. The
      leg has a tapped longitudinal hole and raised portions on the outer
      surface thereof. In use the grommet is pushed into an aperture of a plate
      which constitutes a part of an electric machine or apparatus or an
      automobile chassis. The leg of the grommet is pushed in the aperture,
      yieldingly reducing the diameter of the raised portion of the leg in
      passing through the aperture and allowing the raised portion of the leg to
      return to its original shape and size at the under surface of the plate.
      The grommet is positively fixed to the plate by sandwiching the thickness
      of the plate in between the head of the grommet and the raised portion of
      the leg of the grommet. An object to be fixed is laid on the head of the
      grommet, and a bolt is inserted and screwed in an aperture of the object,
      the aperture of the head and the tapped hole of the leg of the grommet.
      The bolt when driven into the tapped hole of the leg of the grommet, will
      cause the leg of the grommet to enlarge in diameter, thus positively
      preventing the grommet from slipping out from the aperture of the plate.
PAR  As mentioned above, the grommet is fixed in an aperture of a plate by
      yieldingly reducing the diameter of the bulge portion of the leg as it
      passes through the aperture of the plate. The plate, however, is usually
      made of a metal, and therefore it is likely that the bulge portion of the
      leg will be cut off and removed by the circumferential edge of the
      aperture of the plate. Consequently, the bulge portion of the leg cannot
      be raised as much as required for positive anchoring with the undersurface
      of the plate. In some instances it is very difficult to insert the bulge
      portion of the leg into an aperture of a plate against the resistive
      friction between the leg and the edge of the aperture.
PAR  The object of this invention, therefore, is to provide a screw grommet
      which can be easily fitted in an aperture of a plate and can still assure
      positive engagement with the plate.
PAC  SUMMARY OF THE INVENTION
PAR  To attain this object a screw grommet according to this invention
      comprises: an inserting leg having a tapped hole made along the axial
      direction from the upper center portion of said leg, said leg having
      projections symmetrically provided on two opposite sides of said leg with
      the axis of said leg therebetween; a flange head overhanging the upper
      periphery of said leg, said flange head having arm plates extending from
      two opposite edges of the flange head via a first hinge portion and
      resting on the point of its corresponding projection; and a pop-up piece
      extendedly provided on the free end of each of said arm plates through a
      second hinge portion.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  This invention will be better understood from the following description
      which is made with reference to the accompanying drawings:
PAR  FIG. 1 shows a perspective view of a screw grommet according to this
      invention;
PAR  FIG. 2 shows a longitudinal section of the screw grommet which is inserted
      midway in the aperture of the plate;
PAR  FIG. 3 shows a plane section of the screw grommet taken along the line
      III--III in FIG. 2;
PAR  FIG. 4 shows a side view of the screw grommet, partly in section; and
PAR  FIG. 5 shows, in section, the manner in which the screw grommet is used to
      fix an object to a plate.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, 1 is an inserting leg having a tapped
      longitudinal hole 2. The leg is square in section and a head 3 is
      integrally connected to the top of the leg 1 and extends from the top
      periphery of the leg 1. The leg 1 has two mountain-shaped projections 4
      symmetrically provided on two opposite sides of the leg.
PAR  The flange head 3 is square-shaped. The head has arm plates 6 extending
      from two opposite edges of the square head via first hing portions 5. The
      arm plate 6 is long enough for the free end thereof to reach and rest on
      the point of the mountain-shaped projection. A pop-up piece 8 is
      extendedly provided on the free end of each arm plate 6 through a second
      hinge portion 7.
PAR  The arm plate 6 is long enough to reach the point of the mountain-shaped
      projection and at the same time it is as long as the flange extension of
      the head. Therefore, the arm, if folded at the first hinge portions 5,
      will be laid on the underside of the flange extension of the head 3.
PAR  In the normal position the two arm plates converge so that their free ends
      rest on the points of the mountain-shaped projections, whereas the pop-up
      pieces lie on the lower slopes of the projections. (See FIG. 1.) Thus, in
      the normal position the flange extension of the head, the arm plate 6 and
      the upper slope 4a of the mountain-shaped projection 4 together constitute
      an isosceles triangle space, and the pop-up piece lies on the lower slope
      4b of the mountain-shaped projection 4. When the arm plate is folded at
      the first hinge portion and when the arm plate 6 is laid on the
      undersurface of the flange extension of the head 3, the second hinge
      portion 7 is moved from the point of the mountain-shaped projection 4 to
      the upper slope 4a thereof and at the same time the pop-up piece is pulled
      up along the upper slope of the mountain-shaped projection, thus causing
      the free ends of the pop-up pieces to diverge. This movement of the arm
      plate and the pop-up piece is performed when the grommet is fitted in an
      aperture 9 of a panel, as described hereinafter in more detail.
PAR  A panel P is, for instance, a part of an automobile chassis, and an
      aperture 9 of the plate is of such a size and shape that the leg of the
      grommet can be tightly fitted in the aperture 9. The grommet is inserted
      in the aperture 9 with the pop-up pieces laid on the lower slopes 4b of
      the mountain-shaped projections 4 of the leg 1. The leg 1 of the grommet
      is smoothly inserted in the aperture 9 by allowing the circumferential
      edge of the aperture 9 to slide on the slope surfaces of the pop-up pieces
      8 up to the second hinge portions 7. Then, the arm plates 6 extending from
      the flange head 3 prevent further insertion of the leg of the grommet in
      the aperture. When a strong downward force is applied to the head of the
      grommet, the second hinge portion 7 is shifted from the top of the
      mountain-shaped projection 4 to the upper slope 4a thereof, thus causing
      the arm plates 6 to bend at the first hinge portions 5 until the arm
      plates are laid on the undersurfaces of the flange extensions of the head
      3. At the same time, the pop-up pieces 8 are shifted to the upper slopes
      of the mountain-shaped projections 4 and are bent at the second hinge
      portions 7 to diverge toward their free ends. Thus, the circumferential
      edge of the aperture is tightly clamped between the arms and the diverging
      pop-up pieces, and in this position the grommet is preliminarily fixed to
      the plate prior to the bolting operation.
PAR  An object P' to be fixed is laid on the upper surface of the flange head,
      and a bolt 11 is inserted in an aperture 10 of the object and the aperture
      of the head 3 of the grommet, and then the bolt 10 is driven in the tapped
      hole 2 of the leg 1 of the grommet. The invasion by the bolt into the
      longitudinal hole of the leg of the grommet causes outward expansion of
      the leg, thus completely preventing the descent of the second hinge
      portions 7 and at the same time, further diverging the pop-up pieces 8.
      Thus, the grommet is completely prevented from slipping out of the
      aperture 9 of the plate.
PAR  In this particular embodiment, the leg of the grommet has two longitudinal
      slots 2' with a view to making it easy for the leg to enlarge as the bolt
      further invades the longitudinal hole of the leg.
PAR  As mentioned above in detail, when a screw grommet according to this
      invention, is inserted in an aperture of a panel, the arm plates extending
      from two opposite edges of the head are bent at the first hinge portions,
      and are laid on the under surfaces of the flange extensions of the head,
      whereas the pop-up pieces which are integrally connected to the free ends
      of the arm plates via the second hinge portions, are pulled up and
      diverged in such a way that the pop-up pieces cooperate with the folded
      arm plates to grip the circumferential edge of the aperture, and when a
      bolt is driven in the tapped hole of the leg, the leg is accordingly
      enlarged, thus causing its bulge portions to further enlarge so as to
      diverge and push the pop-up pieces against the circumferential edge of the
      aperture thus providing a positive gripping of the panel. When the leg of
      the grommet is inserted in an aperture of a panel, the leg is smoothly
      inserted until the opening edge reaches the second hinge portion, and when
      the leg is pushed and further inserted in the aperture, the opening edge
      while continuously staying on the second hinge portion, climbs and passes
      over the point of the mountain-shaped projection, and hence there is no
      substantial friction between the leg and the opening edge. This
      friction-less insertion results from the sliding of the second hinge
      portion over the projection of the leg. (The plastic-to-plastic contact
      reduces friction to a minimum.) Also, the unique structure of this
      invention permits, in designing, the enlargement of the bulge portion of
      the leg of the grommet, so as to assure positive catching of the opening
      edge of the plate. This friction-less insertion is very advantageous in
      grommet-fixing work.
PAR  The grommet according to this invention can be integrally molded from a
      plastic material, and hence it can be produced with ease and at a reduced
      cost.
PAR  In the embodiment as shown in the drawings the projections of the leg of
      the grommet are formed in the shape of mountains. This shape is
      advantageous because it facilitates the change in the incline direction of
      the pop-up piece from converging to diverging when the arm plates are
      folded at the first hinge portion and are laid on the flange extensions of
      the head. The lower and upper slopes of the mountain-shaped projections
      only assure the smooth progress of the pop-up pieces along the contour of
      the projections. Therefore, this sloping is preferable but not necessary,
      and what is important is that the projections are as high as required for
      the purpose.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A one-piece plastic screw grommet for use in a complimentary
      polygonal-shaped panel aperture, said grommet including a leg having a
      polygonal cross section and a head at one end which extends laterally in
      at least two opposite directions from said leg a predetermined distance
      terminating in a pair of opposite edges, a bore traversing said head and
      extending axially into said leg, said leg having a first pair of slopes
      diverging outwardly in the same two opposite directions from its juncture
      with said head to a point intermediate its length and then converging
      inwardly along a second pair of slopes toward its opposite end to provide
      a pair of shoulders at the juncture of said slopes which project outwardly
      from said leg in the same directions as the edges of the head, the
      distance from each of said edges to the adjacent shoulder on the leg being
      substantially equal to said predetermined distance from said edge to the
      juncture of said head and leg, a pair of first planar means each hingedly
      connected to one of said edges and each initially extending angularly from
      one of said edges to its adjacent shoulder, second planar means hingedly
      connected to each of said first planar means and initially lying generally
      in the direction of and along said second pair of slopes, whereby when
      said grommet leg and said second planar means are inserted into said panel
      aperture and axial pressure applied to move said first planar means from
      its initial angular position to a position juxtaposed to said head, said
      hingedly connected second planar means are angularly moved into engagement
      with said first pair of diverging slopes and caused to underlie said panel
      aperture edges in opposition to said head.
NUM  2.
PAR  2. A screw grommet of the type claimed in claim 1 wherein said first pair
      of planar means are provided with a beveled free end opposite its hinged
      connection to the head, said beveled edge being adapted to fit upon said
      panel during insertion of the grommet.
NUM  3.
PAR  3. A screw grommet of the type claimed in claim 2 wherein the second planar
      means at the point of its hinged connection to said first planar means is
      relieved to accommodate its movement from a converging initial position to
      a diverging final mounted position.
NUM  4.
PAR  4. A screw grommet of the type claimed in claim 1 wherein said bore
      terminates short of the end of said leg and said bore further being
      relieved to assist in expansion of said grommet upon insertion of a screw
      therein whereby said leg expands against said second planar means to
      insure its engagement with the apertured edge.
NUM  5.
PAR  5. A screw grommet of the type claimed in claim 1 wherein said head extends
      laterally from said leg in all directions, said first planar means being
      generally co-extensive with the edges of said head and being greater than
      the dimension of said aperture, said second planar means being less in
      width than said first planar means and being not greater than the width of
      said leg and thereby being readily acceptable within said panel aperture.
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ABST
PAL  A device for converting a conventional Spanish guitar into an instrument
      which can be played like a Hawaiian guitar. The device comprises a spacer
      member in the form of a rod of substantial thickness that is slipped
      underneath the strings of the guitar to raise them above the frets in the
      upper surface of the guitar neck, and rigidly attached to said spacer
      member is a pressure member likewise in the form of a rod provided with a
      cover of a resiliently yieldable material that is to engage the strings of
      the guitar from above to hold them against the spacer member; and
      detachable means are provided to secure the pressure member to the neck of
      the guitar. The same device may also be used as a capotasto on Hawaiian
      type guitars.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the type of stringed musical instrument
      known as guitars. On such instruments a plurality of strings extend in
      parallel juxtaposition along the upper surface of a long slender neck.
      These strings are plucked by the player with the fingers of one of his
      hands, and the different notes are established by pressure of the finger
      tips of his other hand against the strings at different points
      longitudinally thereof. There are different types of guitars; the most
      prevalent one is the Spanish guitar in which the upper surface of the neck
      is provided with many frets that extend transversely across the neck of
      the guitar and which are spaced from each other in a direction
      longitudinally of the neck. The strings in such guitars are arranged to
      extend slightly above these frets and the frets assist the player in
      locating the proper place for his fingers for establishing a certain note,
      which he does when he presses his finger or fingers against selected frets
      or against the upper surface of the neck of the guitar at a point slightly
      in front of a selected fret (i.e., in front as viewed in a direction
      looking toward the "bridge" of the guitar). Another type of guitar is the
      Hawaiian guitar. These guitars differ from the conventional Spanish
      guitars in that the strings are arranged to extend at such an altitude
      above the neck of the guitar that they cannot conveniently be brought into
      contact with the neck of the guitar by finger pressure on the player's
      part. Due to this difference the player may slide an implement know as
      "steel" longitudinally along the strings during play producing a peculiar
      sobbing sound effect that is typical for Hawaiian type music.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the invention to provide an appliance for conventional
      type guitars, that converts such guitars into instruments on which
      Hawaiian type music be played and Hawaiian type sound effects may be
      obtained.
PAR  It is another object of the invention to provide such a converter appliance
      that is of simple and inexpensive construction and which may easily be
      applied to the neck of conventional guitars.
PAR  Hawaiian type guitars are difficult to provide with capotastos. Capotastos
      are clamp-like devices which are applied to the necks of stringed
      instruments, especially guitars, mandolinas and banjos to shorten the
      effective length of the strings. This makes it easier for players of
      limited experience to play higher keys since the same fingering may be
      used in the higher keys established by the capo as the basic key. In
      Hawaiian type guitars it is difficult to install a capotasto effectively
      because of the great vertical distance between the strings and the top
      surface of the neck, as it would require placing an excessive strain upon
      the strings to bring them into contact with the neck.
PAR  It is another object of my invention to provide a capotasto for use on
      Hawaiian type guitars.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  In the drawings
PAR  FIG. 1 is a perspective of an embodiment of the device of my invention;
PAR  FIG. 2 is a fragmentary side elevation, partly in section of the neck of a
      conventional Spanish guitar to which the device of the invention has been
      applied to convert it into a Hawaiian guitar;
PAR  FIG. 3 is a section taken along line 3 -- 3 of FIG. 2 and viewed in the
      direction of the arrows associated with said line;
PAR  FIGS. 4 and 5 are end views of modified embodiments of the spacer member
      that forms part of the device of the invention; and
PAR  FIG. 6 is a fragmentary side elevation, partly in section of a Hawaiian
      guitar to which the device of my invention has been applied to act as a
      capotasto.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  The device of the invention has a combined spacer and support member for
      insertion underneath of the strings of the guitars to raise them above and
      out of contact with the frets in the guitar neck; and attached to it is a
      pressure member for application upon the strings to urge them into contact
      with the spacer member, and there is also means provided for detachably
      securing said pressure member under pressure to the neck of a guitar.
PAC  DETAILED DESCRIPTION OF CERTAIN PREFERRED EMBODIMENTS OF THE INVENTION
PAR  The device of the invention illustrated in FIG. 1 comprises a U-shaped
      carrier member 10 whose lower leg 12 carries a sleeve 14 to increase its
      thickness so that when slipped under the strings 15 of a Spanish guitar of
      conventional design (FIG. 2) it will raise these strings sufficiently high
      above the frets 16 in the neck 17 of the guitar to make it possible to
      play it in the manner of a Hawaiian guitar. For this purpose the leg 12
      must be of a sufficiently large diameter or may carry the above mentioned
      sleeve 14 which is of sufficient diametrical thickness as shown in FIGS. 1
      and 2. It may have a cylindrical outer surface but may also be of
      polygonal cross sectional contour as shown in FIG. 4. Its outer surface
      may be provided with grooves 18 for the reception of the strings. Sleeve
      14 may be arranged to be replacable so that it can be exchanged for
      sleeves of different wall thickness to establish selectively different
      distances above the frets 16 depending upon the dimensions of the neck and
      the frets of a particular guitar. The other leg 19 of the carrier element
      10 is provided with a thickwalled sleeve 20 of a resiliently yieldable
      material, such as rubber ro a suitable plastic, and means are provided to
      attach the pressure member 19/20 to the neck of the guitar in a position
      overlying the strings in such a manner that it urges them against the
      spacer member 12/14 and holds the whole device securely upon the neck of
      the guitar. For this purpose an elastic strap or band 22 provided with
      sutiably located holes 24 may be engaged over the upper leg 19 of the
      carrier member 10 at either side of sleeve 20 as shown in FIG. 3 and the
      free elongated end 26 of said strap is brought underneath and around the
      neck of the guitar and engaged over the free elongated end 28 of the upper
      leg 19 of the carrier member 10, as best shown in FIG. 3.
PAR  If the owner of a conventional Spanish guitar wishes to play his instrument
      in the manner of Hawaiian guitar, i.e. with the strings of the guitar out
      of contact with the frets in the neck of the guitar, he slips the spacer
      member 12/14 under the strings of the guitar above the top surface of the
      neck of the instrument as shown in FIGS. 2 and 3 which raises the strings
      markedly above the frets 16, making sure that the sleeve 20 of the
      pressure member 19 comes to rest upon the strings from the outside. He
      then pulls the free end 26 of the elastic band 22 underneath and around
      the neck of the guitar exerting some pull upon the band to elongate it,
      and he engages a suitable hole 24 in the respective end of the band over
      the free end 28 of carrier 19 of the pressure member, and releases both
      the pressure member and the free end of the band. The device of the
      invention is now securely tied to the neck of the guitar with the strings
      of the guitar raised out of contact with the frets on the keyboard of the
      guitar neck. The instrument may now be played in the manner of a Hawaiian
      guitar, with the player sliding a "steel" along the strings thus producing
      the peculiar sobbing sound for which Hawaiian guitars are renowned.
PAR  To adjust the appliance of may invention to instruments of different design
      or dimensions, its spacer or support element 12/14 may be constructed to
      be of adjustably variable diammetrical dimension. For instance, the
      arrangement may be such that the sleeve 14 on the lower leg 12 of the
      carrier member 10 may be exchanged for sleeves of greater or lesser wall
      thickness, as has been pointed out hereinbefore. Alternatively, the sleeve
      may be of other than circular outer contour, such as shown in FIG. 5 where
      it is of elliptic outer contour with areas of its long and short sides
      flattened as indicated at 29 and 30, respectively. Hence, by turning a
      sleeve thus shaped on the lower leg 12 of the support member, the distance
      by which the device will raise the strings 15 above the neck of the guitar
      may be increased or decreased, as desired.
PAR  The device of the invention has an additional utility. It may be used on a
      Hawaiian guitar as a Capotasto. Usually it is difficult to apply a
      capotasto to a Hawaiian guitar due to the fact that the strings of a
      Hawaiian guitar are located rather high above the top surface of the neck
      of the guitar; and it would require a considerable amount of force and may
      envolve excessive stretching of the strings to bring the strings thus
      raised into contact with the neck of the instrument to render a capo
      effective. FIG. 6 illustrates the manner in which the device of the
      invention may act as a capotasto on a Hawaiian guitar. The reference
      numerals 12/14 identify again the spacer member which now acts merely as a
      support against which the pressure member 19/20 presses the strings 15 of
      the instrument, that are normally held in a higher position than in the
      Spanish type guitar due to the vertical depth of the nut 23. The means for
      attaching the device to the neck of the Hawaiian instrument are
      analogically the same as described in connection with its use as a
      converter.
CLMS
STM  I claim:
NUM  1.
PAR  1. A converter for Spanish guitars comprising a spacer member for insertion
      underneath the strings of the guitar to raise and strings higher above the
      top surface of the neck of the guitar, said spacer member carrying
      rotatably mounted thereon a sleeve of elliptical cross-sectional contour,
      a pressure member supported from said spacer member for application over
      the strings of the guitar to urge them against said sleeve, and means for
      detachably securing said pressure member to the neck of the guitar.
NUM  2.
PAR  2. A converter according to claim 1 wherein said rotatable sleeve of
      elliptical cross sectional contour has flattened areas in its outer
      surface.
NUM  3.
PAR  3. A converter for Spanish type guitars comprising a U-shaped carrier
      member, a spacer member in the form of a sleeve rotatably mounted upon one
      of the legs of said carrier member for insertion underneath the strings of
      the guitar to raise said strings higher above the stop surface of the neck
      of the guitar, the outer surface of said sleeve being of elliptical
      cross-section, a pressure member of resiliently yieldable material mounted
      upon the other leg of said carrier member for application over the strings
      of said guitar, and means engaging the opposite ends of said last
      mentioned leg for securing it to the neck of the guitar.
NUM  4.
PAR  4. A converter according to claim 3 wherein said sleeve of elliptical cross
      section sectional contour has flattened areas formed in its outer surface.
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ABST
PAL  A horn incorporates improvements in tubing support and sealing, water bleed
      control, valve stoppers, tone holes, tubing cross section, switch valve
      construction, finger key supports and connections, flexible valve
      elements, mouthpiece receiver and lead pipes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the construction and operation of wind
      instruments, and more particularly concern solutions to longstanding
      problems which result from the conventional construction of such
      instruments.
PAR  Among such problems are the difficulty of assembling and disassembling the
      tubing sections, crooks, bends, and valves of brass instruments; the
      difficulty of playing reed instruments due to structional discontinuities
      in the tubing bores; the difficulty of finger actuation of keys of brass
      instruments due to conventional placement of such keys; and other
      problems.
PAC  SUMMARY OF THE INVENTION
PAR  It is a major object of the invention to provide solutions to the above
      problems, as well as improvements in construction and mode of operation of
      wind instruments, as will be seen.
PAR  Basically, the invention is embodied in a horn having multiple valve
      modules, and tubes defining straight path sections and crooks, and
      includes a support frame, and means removably retaining the tubing at
      multiple locations to the support frame. As will appear, such means may
      advantageously comprise elastomeric O-rings extending between the frame
      and tubing at such locations, there being sleeves fitting about the tubing
      and forming annular recesses receiving the rings so that the tubing is
      non-rigidly coupled to the frame, and rings may be individually installed
      during assembly and disassembly. Alternatively, removable wedge structure
      may be located between the frame members and the tubing.
PAR  Another feature of the invention comprises the provision of a tapered valve
      stopper plugging a side opening in the tubing, the inner end of the
      stopper extending substantially flush with the tubing bore so that bore
      continuity is not disrupted. The stopper is usable for water bleed or tone
      control, and is mounted for movement toward and away from a tapered seat
      at the side opening, as will appear. Alternatively, as will be seen,
      tubing of rectilinear section may be used together with conventional tone
      control openings to greatly reduce bore discontinuity suffered with round
      sections. A further feature concerns the provision of a switch valve
      containing dual passages, and movable to alternately and selectively
      communicate one passage between a mouthpiece receiver pipe and one lead
      pipe, and another passage between the receiver pipe and the other lead
      pipe of the instrument as will be seen.
PAR  Other objects and advantages include the provision of a valve casing having
      stub tubing integral therewith, such tubing having telescopic interfit
      with another portion of the straight tubing of the instrument to
      facilitate quick assembly and disassembly of the tubing relative to the
      frame; the provision of adjustable loops or crooks for pitch control
      having O-ring seals; the provision of tension cord and spring urged rotary
      valve bodies with provision for their remote actuation by finger keys
      displaceable along convergent paths, and in a manner approximating the
      natural stroke of the individual fingers; and the provision of tapered
      adapters removably received by the instrument lead pipe so as to receive a
      mouthpiece stem, in the manner to be described.
DRWD
PAR  These and other objects and advantages of the invention, as well as the
      details of illustrative embodiments will be more fully understood from the
      following description and drawings, in which:
PAC  DRAWING DESCRIPTION
PAR  FIG. 1 is a plan view showing brass instrument tubes and valves mounted on
      a support frame,
PAR  FIG. 2 is an enlarged section taken on line 2--2 of FIG. 1;
PAR  FIGS. 2a, 2b and 2c are enlarged fragmentary sections showing alternate
      construction details;
PAR  FIG. 3 is a section on lines 3--3 of FIG. 2 showing a modified valve
      casing;
PAR  FIG. 4 is a schematic showing of a means for actuating a valve body;
PAR  FIG. 5 is a layout of remotely located finger keys;
PAR  FIG. 6 is a vertical section through a driven pulley as used in FIG. 4;
PAR  FIG. 7 is a vertical elevation through a modified water valve; and FIG. 7a
      is an elevation showing a water valve as conventionally employed, for
      comparison;
PAR  FIGS. 8a and 8b are sections through a lead pipe switch valve;
PAR  FIGS. 9a and 9b are sections through a modified lead pipe switch valve;
PAR  FIGS. 10a, 10b and 10c are sections through a further modified lead pipe
      switch valve;
PAR  FIGS. 11a and 11b are sections through a further modified lead pipe switch
      valve;
PAR  FIG. 12 is a section through a mouthpiece adapter connection to a brass
      instrument lead pipe;
PAR  FIG. 12a is a view of a conventional mouthpiece and receiver;
PAR  FIG. 13 is a section through a tone-hole valve construction;
PAR  FIG. 13a is a conventional tone-hole detail; and
PAR  FIG. 14 is a vertical section taken through a modified tone-hole valve
      construction; and
PAR  FIG. 15 is an elevation showing application of the invention to a French
      horn.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows a horn 10 having multiple valve modules 11, 12 and 13, and
      tubes defining straight path tubing sections 14-22 and tubing loops 23-25.
      The valve modules may include casings and valve bodies rotatable therein,
      as by means of finger actuators schematically shown at 26-28. For example,
      valve 11 may include a casing 11a and a cylindrical valve body 11b
      rotatable therein to interconnect section 14a with loop 23 and the latter
      with section 16, in one valve body position, and alternatively to
      interconnect straight path tubing sections 14 and 14a and straight path
      tubing sections 15 and 16 in the "rotated" body position. See for example
      the description in my copending application Ser. No. 371,126, filed June
      18, 1973. Likewise, in one position body 12b interconnects section 19 with
      loop 25, and the latter with section 22, whereas in rotated position it
      connects sections 18 and 19, and connects sections 21 and 22; and in one
      position body 13b connects sections 16 with loop 24, and the latter with
      section 19, whereas in rotated position body 13b connects sections 16 and
      17 as well as sections 19 and 20.
PAR  In accordance with an important aspect of the invention, a support frame is
      employed, as for example by parallel rigid frame members 30 and 31, and
      means is provided to removably retain the tubing at multiple locations to
      the support frame. Extending the description to FIG. 2, elastomeric or
      rubber O-rings 32 and 33 are provided between an annular portion 30a of
      frame member 30 and a sleeve 33 on the tubing section, there being
      suitable O-ring grooves on these elements, as shown. This construction
      occurs at multiple locations where the straight tubing sections approach
      the frame members, as seen in FIG. 1, and the latter accordingly provides
      a lattice forming bores to receive the O-rings, one such bore appearing at
      35 in FIG. 2. Adjustable tubing crooks as at 36 and 36a are located
      "outside" the space formed between the members 30 and 31. As a result, the
      tubing sections may be easily disassembled, after removal of these crooks
      and prying out or otherwise removing the O-rings, then displacing
      lengthwise the straight tubing sections to free them from the members 30
      and 31, the O-rings supporting remaining sections accommodating slight
      angular displacement of the tubing sections as required to accomplish such
      disassembly.
PAR  In the modification seen in FIG. 2b, a single O-ring 37 is located between
      a sleeve 38 on the tubing 39, and an annular portion 40 of the frame
      member 41. That O-ring consists of an elastomer injected via a hole 42 in
      portion 40, and cured in situ. In FIG. 2c, removable wedge means, as for
      example wedge rings 43 and 44, is substituted for the O-rings, to
      removably retain the tubing 45 to the frame 46. Such wedges may have
      threaded engagement at 47 and 48 with the sleeve 49 on the tubing, and may
      have wedge surface engagement at 50 and 51 with the annular portion 52 of
      the frame. As seen in FIGS. 2 and 3, the valve casing 11a may include
      truncated external fins 53 spaced therealong, for stiffening the casing.
      This acts to provide efficient carry through of bending stresses between
      the tubing sections, and ensuring casing roundness to prevent binding of
      the rotary bodies 11b-13b.
PAR  Examination of FIG. 2 will show the provision of stub tubing or tubings, as
      at 55 and 56, integral with the casing 11a. The stub tubing has telescopic
      interfit with the straight tubing sections 15 and 16 and elastomeric
      O-rings 57 and 58 engage and seal-off between the stub tubings and the
      tubing sections as described. This construction also facilitates rapid
      assembly and disassembly of the horn structure. In the FIG. 2a
      modification, suitable elastomeric O-ring sealant may be injected into a
      space 59 formed between tubing section 16 and modified stub tube 60, as
      via access hole 61.
PAR  When tubing crooks (as for example 36 and 36a in FIG. 1) are provided with
      elastomeric O-rings in suitable grooves (see 58a FIG. 2) and loose
      telescopic fit, multiple advantages are obtained: leakage associated with
      the clearance in conventional telescopic slip-joints, which increases with
      wear, is eliminated; need for grease, which contaminates the instrument
      and its moving parts, is removed; "creep" of slides or unplanned changes
      in adjustment are avoided; possibility of "buzz" from loose parts
      vibrating is reduced by being damped.
PAR  Referring to FIGS. 4-6, a rotary valve body 62 usable as described above is
      rotatable relative to a bearing cap 63 suitably carried by the associated
      casing 64, there being a trunnion 65 on the body 62 projecting into a cap
      bore 66. Spring means, as for example a torsion spring 67, is connected
      between the cap and body to urge the body in one rotary direction. In
      addition, finger actuated means including a remote key (as at 68) is
      operable to oppose the spring via a tension strand and displace the body
      62 in the opposite rotary direction. Such means may include a driven
      pulley 69 integral with the body, by means such as eccentric screw 69a, a
      drive pulley drive roller 70 proximate the key, a cord or line 71 wound on
      the driven pulley and drive pulley so that the two rotate together, and a
      suitable means such as friction or rack type connection or, as shown, a
      cord 72 between a stem 68a on the key and the drive pulley, so that the
      latter is rotated when the key is depressed. Suitable stop pins 73 and 74
      may project into grooves 75 and 76 in the pulley to limit its rotation at
      locations corresponding to the above described modes of operation of the
      valve body to connect, or not to connect, the tubing section with the
      crooks. Such an actuation system, with all forces transmitted in tension
      between keys and valves, has the dual advantages of low inertia and
      accommodation of extreme dispersion of valves from the source of control.
PAR  Observation of the key assembly shown in FIG. 4, comprised of elements 68,
      68a, 72, drive pulley-guide roller 70, and guide rollers 70a and 70b, in
      relation to the human finger represented therewith, will show that the
      movement of the key provided conforms closely to the locus of the finger
      through a natural stroking movement wherein the knuckles are allowed to
      flex. FIG. 5 shows multiples of such keys for displacing multiples of the
      valve bodies, as from remote locations. Also, the keys have convergent
      paths of depressed movement, as indicated by lines 77, to accommodate to
      natural movement of the player's fingers, as controlled by the separate
      tendons converging at the wrist for ease of playing the instrument.
PAR  Improved "spit" or water drainage control means is embodied in the FIG. 7
      showing. The tubing 80 is seen to have a side opening 81 defined by insert
      82. A tapered valve stopper 83 engages tapered seat 82a to plug the
      opening, with the inner end 83a of the stopper substantially flush with
      the tubing bore 84. Means is provided to mount the stopper for movement
      toward and away from that side opening, such means advantageously
      comprising the insert body 82, and an auxiliary tubular body 85 attached
      to the insert and containing the stopper. When the stopper is moved away
      from the side opening, as for example by pivoting of lever 86 to which the
      stopper stem 87 has universal bearing attachment at 87a, a side opening 88
      in auxiliary body 85 drains the water expelled from the tubing 80 via the
      opening 81. Bleed capability is thereby afforded without disruption of the
      sectional continuity of the tubing, such is not the case in FIG. 7a, a
      showing of a water key as conventionally employed, wherein the tubing
      sectional volume is augmented by that contained in tubular insert 94. A
      lever 90 is pivoted at 91 to retract a stopper 92 away from a seat 93 on
      the extremity of insert 94. Seat 93 is also formed by a tubular insert 94
      suitably attached to tubing 95.
PAR  In accordance with another aspect of the invention a cord 96 (FIGS. 7 and
      7a), or other suitable means, may be provided for interconnection with
      multiples of such bleed valves, or between other type valves employed for
      this purpose, connecting a conveniently located finger key, providing
      highly advantageous capability for simultaneous and timely scavenging of
      water from many locations throughout an instrument.
PAR  FIG. 13 illustrates another type of tapered stopper assembly, configured to
      perform the acoustic function of opening and closing ports, or "tone
      holes", in the tubing of wind instruments. A stopper 100 is provided for
      plugging a side opening 101 in tubing 102 when the stopper engages tapered
      seat 103. Means mounting the stopper for such movement includes an
      auxiliary body 104 having threaded attachment to a boss 105 on the tubing,
      a stopper stem 106 projecting upwardly through auxiliary body 104, and a
      compression spring 107 about the stem and confined between the top of the
      body 104 and a finger key 108 or cap accommodating other actuating means
      on the stem. Accordingly, the spring urges the stopper toward retracted
      position away from seat 103. Body 104 contains multiple tone holes 109
      spaced about its circumference providing communication between the tubing
      interior and the exterior. Bleed control structure at the opposite side of
      tubing 102 in FIG. 13 and in FIG. 13a corresponds to the conventional
      showing in FIG. 7a, and is used here to close tone holes. In a feature of
      the invention, the rectilinear shape of tubing 102 provides that
      enlargement of the sectional area imposed at port 102a is confined to
      essentially the area comprised of the tubing thickness. In contrast, FIG.
      13a illustrates the conventional practice, wherein a large chimney 102c is
      required to accommodate the flat sealing surface at 102d in conventional
      round tubing section 102e.
PAR  The tone control structure in FIG. 14 is similar to that in FIG. 13,
      excepting that the compressing spring 111 is there confined between the
      stopper 112 and a boss 113 on the auxiliary body 114 to urge the stopper
      against tapered annular seat 115. Communication between the interior of
      tubing 116 and the exterior via tone holes 117 in the body 114 is then
      blocked off; however, when remote actuating means, as for example a
      pivoted arm and roller 118 is operated, the stopper is elevated via its
      stem 119 for communication via the tone holes. The above construction and
      that described in FIG. 13 minimizes acoustical disturbance of the air
      column in the tubing, and provides an expanding acoustical taper from the
      orifice in the tubing air column to the outside air, in the space formed
      by the seat and stopper, which condition is thought to be advantageous
      acoustically.
PAR  Another feature of the invention provides that multiple tone holes be
      introduced in horn tubing on or near the same lateral station along the
      instrument's longitudinal axis, to be opened or closed either
      progressively or simultaneously in conjunction with playing the same
      musical note (See FIG. 14 showing of multiple stopper assemblies for
      example). The result of this feature acoustically is to make possible
      extending the maximum breeching of the tubing at one location to 50% and
      more of the circumference, greatly extending the total acoustic effect
      obtainable through such tone hole means.
PAR  A further feature of the invention concerns the provision of a mouthpiece
      stub or mouthpiece receiver pipe (as for example at 120, 121, 122 and 123
      in FIGS. 8, 9, 10 and 11 respectively); multiple lead pipes (as for
      example at 124 and 125 in FIG. 8, 126 and 127 in FIG. 9, 128, 129 and 129a
      in FIG. 10 and 130 and 131 in FIG. 11), and a switch valve. The latter
      designated at 132 in FIG. 8 has first and second passages 133 and 134; the
      valve 135 in FIG. 9 has first and second passages 136 and 137; the valve
      138 in FIG. 10 has single passage 139, and the valve body 140 in FIG. 11
      has an integral flexible element 142 with passage 141. In FIGS. 8 and 9
      the switch valve is rotatable to alternately communicate the first passage
      between the receiver pipe and one of the lead pipes (see FIGS. 8a, and
      9a), and the second passage between the receiver pipe and the other of the
      two lead pipes (see FIGS. 8b, and 9b). In FIG. 8, the switch valve axis of
      rotation 144 is perpendicular to the axis 145 of the receiver pipe and to
      the plane of the lead pipes (i.e. the plane defined by the axes 146 and
      147 of pipes 124 and 125); in FIG. 9 the switch valve axis 148 is
      perpendicular to the lead pipe axis 149, and parallel to the plane defined
      by the lead pipe axes 150 and 151. In FIG. 10, the switch valve is
      rotatable to communicate the single passage between the receiver pipe and
      any one of two or more lead pipes (see FIG. 10b for example of
      communication with third lead pipe 129a). The switch valve has one axis of
      rotation 152 which is co-incident to the axis 153 defined by the receiver
      pipe. In FIG. 11, the flexible element is moveable to communicate passage
      141 between the receiver pipe and one of the two lead pipes (see FIGS. 11a
       and 11b). The element is comprised of a helical spring with elastomeric
      covering, integral with suitable actuating and guiding means, as for
      example slider 143, as shown. My copending application Ser. No. 371,126
      describes the functions of the lead pipe stub or mouthpiece receiver pipe,
      switch valve and lead pipe elements, in relation to a French horn with
      multiple sections, as for example one tuned in F baritone, and the other
      tuned in F alto. In addition to the function referred to above, the valve
      configurations in FIGS. 8, 9, 10 and 11 may also be applied advantageously
      to the main body of a wind instrument for the purpose of introducing
      elongating loops or "crooks" in the fashions also described in this same
      copending application. The above switch valve constructions provide
      minimum acoustical deflections from the straight path in all
      configurations, and when employed in switch valves, enable provision of
      wholly separate lead pipe tapers for sections of different length, making
      brass or wind instruments easier to play, with better tone and improved
      intonation.
PAR  Finally, the invention also concerns the provision of means for causing
      mouthpieces of varying external stem taper and diameter to accurately
      interface or fit the fixed lead pipe taper of a particular instrument,
      without producing a "step" in the resultant bore profile or seating at
      different points longitudinally. A typical conventional configuration is
      shown in FIG. 12a with steps 166 and 166a, at different seating positions
      167 and 167a. FIG. 12 shows such an adapter 154 with a stem 155 received
      in a straight counterbore 156 in the lead pipe or lead pipe segment 157,
      there being a button or flange 158 on the adapter for ease of insertion
      and withdrawal of same. The typical mouthpiece 159 or 159a has a tapered
      stem 160 or 160a interfitting the adapter along a tapered seat or bore 161
      or 161a thereof, there being no resultant step between the bore 162 of the
      mouthpiece and the bore 163 of the lead pipe. Further, by providing an
      additional joint 164, creating a lead pipe segment, or second adapter, a
      step due to variations in thickness of the mouthpiece tip 165 may be
      eliminated as well.
PAR  In FIG. 15 the invention is shown as applied to a French horn 200. The
      frame members 30 and 31 of FIG. 1 are shown as attached at 201-204 to the
      horn tubing.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a horn in the form of a brass instrument having multiple valves and
      tubes defining straight path sections and crooks, the combination
      comprising
PA1  a. a support frame having elongated metallic members and generally annular
      portions integral therewith, said portions receiving the tube straight
      path sections therethrough,
PA1  b. means removably retaining the tube straight path sections to said frame
      annular portions, and
PA1  c. the tube straight path sections having removable telescopic connection
      with said crooks.
NUM  2.
PAR  2. The combination of claim 1 wherein said means comprises elastomeric
      O-rings extending between the frame and tubing at said locations.
NUM  3.
PAR  3. The combination of claim 2 including members fitting about the tubing at
      said locations, there being annular recesses between said members and
      tubing and receiving the O-rings.
NUM  4.
PAR  4. The combination of claim 3 wherein said means comprises removable wedge
      structure located between the frame member and the tubing.
NUM  5.
PAR  5. The combination of claim 1 wherein said support frame includes at least
      two spaced sections, the tubing extending between and through said
      sections and including bends at the outer sides of said sections.
NUM  6.
PAR  6. The combination of claim 1 wherein the valves include valve casings
      having external ribs.
NUM  7.
PAR  7. The combination of claim 1 wherein the horn has a valve casing, there
      being stub tubing integral with the casing and having telescopic interfit
      with another portion of a first mentioned tube integral with another
      casing.
NUM  8.
PAR  8. The combination of claim 7 including elastomeric O-rings engaging the
      stub tubing and said other portion of the tube and sealing off
      therebetween.
NUM  9.
PAR  9. The combination of claim 1 wherein the horn has a valve casing, there
      being stub tubing integral with the casing and having telescopic interfit
      with a relatively long tubing section.
NUM  10.
PAR  10. The combination of claim 1 wherein a valve module comprises a casing
      and a valve body movable therein, spring means to urge the body in one
      direction, and finger actuated means including a remote key and tension
      strand to urge and displace the body in the opposite direction.
NUM  11.
PAR  11. The combination of claim 10 wherein at least one key is carried for
      arcuate movement conforming to finger stroking movement.
NUM  12.
PAR  12. The combination of claim 11 wherein there are multiple of said keys for
      remotely diplacing multiple of said valve bodies, and the keys having
      convergent paths of actuating movement.
NUM  13.
PAR  13. The combination of claim 1 wherein the horn has a lead pipe, and
      adapters removably received into the entrance end of the lead pipe to
      receive a mouthpiece stem, whereby the inner tapers of mouthpieces of
      varying external taper, but of the same inner taper, may be caused to
      register with the lead pipe taper.
NUM  14.
PAR  14. The combination of claim 13 wherein a second adapter is comprised of an
      additional lead pipe segment formed to register smoothly the lead pipe
      taper with that of mouthpieces whose external tapers are the same but
      whose internal tapers terminate in different diameters.
NUM  15.
PAR  15. The combination of claim 1 wherein there are at least two of said frame
      elongated members which are spaced apart and extend in generally parallel
      relation, the valves located in the space between said members and the
      crooks located at the opposite sides of said members from said space
      therebetween.
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ABST
PAL  The embodiment of the invention disclosed herein is directed to a wind
      instrument made of tubular metal and having an initial straight portion
      beginning at a mouthpiece receiving end and terminating in a
      sound-emanating bell portion. The wind instrument is provided with a
      plurality of piston valves to be manipulated to produce a multitude of
      different musical notes. A pair of spaced apart tubes is held in a fixed
      relation relative to one another and to the wind instrument. These tubes
      have terminating ends extending in a direction opposite that of the
      mouthpiece receiving end portion. A slide member has a U-shaped end
      portion which leads into a pair of straight parallel spaced apart portions
      having open ends fitted over the terminating ends of the tubes and is
      movable therealong to enable a player to obtain a multitude of different
      musical notes without manipulation of the piston valves. Lock means is
      provided between the slide member and the fixed tubes to lock the slide
      member in a fixed nonmovable position during one instance and to allow
      release of the slide member for playing of different musical notes during
      another instance. The sound-emanating bell portion is bent upwardly to
      allow clearance for movement of the slide member. The mouthpiece receiving
      end portion is provided with a single slidably adjustable tube portion
      telescopically inserted therein to provide pitch adjustment for the wind
      instrument. The singular slidably adjustable tube member is held in a
      fixed relation by a split-ring clamp associated with the mouthpiece
      receiving end portion of the wind instrument.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to musical wind instruments of the brass type, and
      more particularly to trumpets, or the like, having a plurality of piston
      keys to be manipulated to produce a multitude of different musical notes.
PAR  Heretofore, wind instruments such as trumpets have been provided with
      U-shaped end members or turning slides frictionally movable relative to
      one another to provide means for adjusting the musical length of the tube
      which, in turn, adjusts the musical tone or note obtained from the
      trumpet. These U-shaped members are generally difficult to move, and are
      intended to be so, so that once the desired adjustment is obtained it is
      maintained during normal handling of the musical instrument.
PAR  Other wind instruments, such as trombones, provide a slide member which
      enables the user to obtain a multitude of different musical notes by
      positioning of the slide member at different locations along its length of
      travel. The trombone enables the user to obtain an infinite number of
      tones because of the infinite number of different positions obtainable
      along its length of travel in contrast to the discrete number of notes
      obtained from a trumpet as a result of manipulation of its piston valves.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a wind
      instrument, such as a trumpet, having the musical range of a trumpet but
      which allows the user to obtain an infinite number of musical notes by the
      use of a slide member.
PAR  Another object of this invention is to provide a new and improved wind
      instrument with novel locking means between a slide member and a fixed
      portion of the wind instrument to securely hold the slide member when the
      wind instrument is to be played by the use of piston valves.
PAR  Still another object of this invention is to provide a compact musical
      instrument such as a trumpet, with a slide member which is capable of a
      relatively long length of travel without interfering with the
      sound-emanating bell portion of the musical instrument.
PAR  Still another object of this invention is to provide a wind instrument
      which includes a single slidably adjustable tube member telescopically
      inserted into the mouthpiece receiving portion of the musical instrument
      to enable pitch adjustment thereof.
PAR  Briefly, a trumpet, constructed in accordance with this invention, is
      provided with a hand slide that alters the basic pitch by four semi-tones,
      similar to the first four positions of a slide trombone and is capable of
      varying all tones played through the standard piston assembly to any
      degree the player desires. The slide and pistons used at the same time
      provide unlimited variation of all tones obtainable from the instrument.
PAR  The sound-emanating bell portion of the trumpet is curved up to provide
      clearance for the hand slide when it is extended with either the right
      hand or the left hand, depending on whether the player prefers fingering
      the piston assembly with the left hand or right hand. The basic pitch of
      the musical instrument is established by a unique telescopic mouthpiece
      receiving tube element telescopically inserted into the mouthpiece
      receiving portion of the wind instrument. The tube element operates inside
      the top tube portion of the hand slide, thereby permitting the use of the
      full length of the mouthpiece taper to produce the proper acoustical
      compensation for a B.music-flat. trumpet, for example. The hand slide is
      locked by a unique rotary collar which is fashioned to prevent inadvertent
      removal from the trumpet.
PAR  Many other objects, features and advantages of this invention will be fully
      realized and understood from the following detailed description when taken
      in conjunction with the accompanying drawings wherein like reference
      numerals throughout the various views of the drawings are intended to
      designate similar elements or components.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a wind instrument constructed in accordance
      with the principles of this invention;
PAR  FIG. 2 is another perspective view of the wind instrument of FIG. 1 but
      with a hand slide member shown in its extended position;
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 1;
PAR  FIG. 4 is an enlarged fragmentary sectional view of the lock member
      associated with the slide portion of the musical instrument and taken
      along line 4--4 of FIG. 6;
PAR  FIG. 5 is an enlarged fragmentary view illustrating the operation of the
      slide member of the musical instrument of this invention;
PAR  FIG. 6 is a bottom view of the portion of the trumpet shown in FIG. 5;
PAR  FIG. 7 illustrates the mouthpiece receiving end portion of the trumpet and
      the straight telescopically adjustable slide member associated therewith
      for adjusting the pitch of the musical instrument; and
PAR  FIG. 8 is an end sectional view taken along line 8--8 of FIG. 7.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT
PAR  Referring now to FIGS. 1 and 2 there is seen a musical wind instrument
      designated generally by reference numeral 10. Preferably, the wind
      instrument here illustrated is a trumpet. The trumpet is formed of tubular
      metal 11 having a mouthpiece receiving end portion 12 to receive a
      mouthpiece 13 in a standard manner. The tubular metal 11 is fashioned in
      the usual form, having a substantial length of substantially constant
      diameter and ultimately extending along a gradually opening diameter
      portion which forms a sound-emanating bell 14.
PAR  In a conventional manner a plurality of piston valves 16, 17 and 18 are
      provided substantially centrally of the wind instrument 10 and include
      finger keys 16a, 17a and 18a, respectively, associated therewith. As the
      finger keys are manipulated up and down, and the user blows through the
      horn, different musical notes will be produced. A finger ring 19 is
      positioned to enable the user to hold the musical instrument 10 with the
      right hand while manipulating the finger keys 16a, 17a and 18a. A second
      finger ring 20 is positioned on the other side of the musical instrument
      to enable the user to use his left hand to hold the instrument and
      manipulate the finger keys 16a, 17a and 18a.
PAR  In accordance with one aspect of this invention a pair of parallel spaced
      apart tubes 21 and 22 extend in a direction opposite that of the
      mouthpiece receiving end portion 12. The parallel spaced apart tubes 21
      and 22 are considered to be held in a fixed relation relative to the wind
      instrument. A slide member 23 has a U-shaped end portion 24 leading into a
      pair of straight portions 26 and 27 which fit over the ends of the tubes
      21 and 22, respectively. A cross bar 25 is provided between the straight
      portions 26 and 27 and a pair of finger rings 28 and 29 are secured
      thereto to enable the user to hold the slide member 23 and manipulate the
      same with either the right or left hand.
PAR  To facilitate longitudinal movement of the slide member 23 the bell portion
      14 of the musical instrument 10 is turned upwardly, as seen in FIGS. 1 and
      2, to provide sufficient clearance for the slide member when in the
      extended position, as best seen in FIG. 2. While the bell portion 14 is
      here illustrated as being turned upwardly relative to normal holding
      position of the musical instrument while it is being played, it will be
      understood that the bell portion 14 can also be turned to the left if
      desired.
PAR  A first lock means 30 is provided between the lower tube 21 and the
      lowermost straight portion 26 to hold the slide member in a closed
      position. The lock means 20 is best illustrated in FIGS. 3, 4, 5 and 6 and
      includes a rotatable collar 32 having an arm 33 secured thereto and
      extending forwardly to engage an angularly disposed boss member 34 secured
      to the straight portion 26. The arm 34 has a turned end 36 which forms a
      tab-like portion to engage the boss 34 for locking the slide member in
      place. Most advantageously, the collar 32 is threadedly secured to a
      threaded end portion 37. To prevent inadvertent removal of the collar 32 a
      plurality of threads 37 are provided in uniform fashion with an endmost
      thread 38 being somewhat larger. This provides a reduced inside diameter
      only at one end portion of the collar to prevent unthreading thereof.
      Other means may be provided to prevent removal of the locking collar 32
      such as by upsetting the last thread thereof.
PAR  As seen in FIGS. 5 and 6 a boss member 40 receives an adjustable slide rod
      41 which has a turned end 42 selectively positioned so as to limit the
      length of travel of the slide member 23. A rubber bumper 44 is secured to
      the slide member through an eyelet element 46. The slide rod 41 is locked
      in position by a thumb screw 47 threadedly engaging the boss member 40.
      FIG. 5 illustrates the bumper 44 in phantom line engaging the turned-in
      element 42 to illustrate the limiting travel of the slide member.
PAR  A water key 50 is illustrated in one portion 51 of the tubular metal 11 and
      is provided in the usual manner to expel accumulated moisture. Other water
      keys may be provided in the wind instrument but which are not specifically
      illustrated herein.
PAR  In accordance with another aspect of this invention the mouthpiece
      receiving end 12 has a singular slidably adjustable tube element 60. The
      extent to which the tube element 60 is withdrawn from the mouthpiece
      receiving end 12 determines the adjustment of the pitch of the wind
      instrument. A tab 61 is provided on the slidable tube element 60 to
      facilitate grasping the tube and pulling it outwardly for adjustment. To
      lock the tube element 60 in a firm position at the mouthpiece receiving
      end of the musical instrument, a split ring clamp 64 is provided
      immediately adjacent the terminating end of an outer sleeve 66. A pair of
      diametrically opposed spaced apart boss elements 67 and 68 are threaded to
      receive a thumb screw element 69. The mouthpiece 13 is then inserted
      directly into the single slidably adjustable tube member 60.
PAR  What has been described is a novel wind instrument construction adapted
      particularly to trumpets, and the like, and which enables the user to
      obtain a multitude of different musical notes either by operating a
      plurality of piston keys or by operating a slide element either
      individually or simultaneously as desired. Accordingly, it will be
      understood that variations and modifications of this invention may be made
      without departing from the spirit and scope of the novel concepts
      disclosed and claimed herein.
CLMS
STM  The invention claimed is as follows:
NUM  1.
PAR  1. In a wind instrument formed of tubular material having an initial
      straight portion beginning at a mouthpiece receiving end and terminating
      in a sound-emanating bell portion the combination comprising a plurality
      of piston valves for the playing of different musical notes, a pair
      parallel spaced apart tubes held in a fixed relation to the wind
      instrument and having terminating ends extending in a direction opposite
      that of the mouthpiece receiving end portion, a slide member having a
      U-shaped portion leading into a pair of straight parallel spaced apart
      portions having open ends telescoping with said terminating ends of said
      pair of parallel spaced apart tubes to slide therealong for the playing of
      different musical notes, and a bar adjustably secured to said wind
      instrument substantially parallel to said one of said parallel spaced
      apart tubes and its associated one of said pair of spaced apart straight
      portions, said bar having terminating end means to engage said slide
      member thereby limiting the extent of travel of said slide member.
NUM  2.
PAR  2. A wind instrument as set forth in claim 1 wherein the terminating end
      means of said bar comprises a laterally bent tip thereon.
NUM  3.
PAR  3. In a wind instrument formed of tubular material having an initial
      straight portion beginning at a mouthpiece receiving end and terminating
      in a sound-emanating bell portion, the combination comprising; a pair of
      parallel spaced apart tubes held in a fixed relation to the wind
      instrument and having terminating ends extending in a direction opposite
      that of the mouthpiece receiving end portion, a slide member having a
      U-shaped end portion leading into a pair of straight parallel spaced apart
      portions having open ends fitted over the terminating ends of said pair of
      said parallel spaced apart tubes to slide therealong for the playing of
      different musical notes, a bent portion formed in said tubular material
      immediately adjacent said sound emanating bell portion sufficient to
      provide clearance for said slide member to enable said slide member to be
      moved beyond said bell portion, and a bar adjustably secured to said wind
      instrument substantially parallel to said one of said parallel spaced
      apart tubes and its associated one of said pair of spaced apart straight
      portions, said bar having terminating end means to engage said slide
      member thereby limiting the extent of travel of said slide member.
NUM  4.
PAR  4. A wind instrument as set forth in claim 3 wherein the terminating end
      means of said bar comprises a laterally bent tip thereon.
NUM  5.
PAR  5. A wind instrument as set forth in claim 3 wherein said sound emanating
      bell portion is bent at an angle whereby said slide member when extended
      passes closely adjacent to said bell portion.
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ABST
PAL  A piston-in-cylinder type pneumatic actuator is provided with an automatic
      cushioning facility to prevent the piston from returning to its fully
      retracted position at velocities exceeding a predetermined maximum
      velocity. Integrally-housed in the actuator is a velocity transducer
      arranged to sense the pressure in a cylinder working volume, which
      pressure is related to the piston velocity and is used to control the
      operation of an exhaust valve operable to vary the rate of flow of gas
      from the cylinder thereby to vary the rate of return of the piston.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a pneumatic actuator and is particularly, but not
      exclusively, concerned with the sensing and subsequent control of the
      velocity of an output element of a pneumatic actuator.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  In order to control the velocity of the actuator output element, typically
      a piston, it is necessary to employ some form of velocity transducer which
      is arranged to produce an analogue output of the velocity in question
      which is then fed as an input to a suitable controller arranged to control
      the velocity.
PAR  A suitable form of velocity transducer is one which operates pneumatically
      and which essentially comprises a piston-in-cylinder device with an
      orifice in the cylinder of such size that the pressure developed within
      the cylinder is a predetermined function of the piston velocity.
PAR  It is an object of the present invention to achieve an arrangement for
      providing automatic control, for example cushioning, of a pneumatic
      actuator whereby a movable output element such as a piston, of a pneumatic
      actuator is limited to a predetermined velocity at or near an extremity of
      its movement in order to prevent an unacceptably high deceleration at said
      extremity.
PAR  According to the present invention, a pneumatic actuator has an output
      element which is coupled to a piston of a piston-in-cylinder type of
      velocity transducer so arranged that the pressure developed in a cylinder
      working volume by said transducer piston is a function of the velocity of
      said output element of said pneumatic actuator, said pressure being fed as
      an input to controller means arranged to control a supply of air to or
      from said pneumatic actuator whereby to adjust the velocity of said output
      member to within a predetermined range.
PAR  In embodiments of the invention where said pneumatic actuator is of the
      piston-in-cylinder type, and the piston thereof is directly coupled to the
      piston of said velocity transducer, said pneumatic velocity transducer may
      form an integral part of said pneumatic actuator, a common operating
      piston and cylinder being employed.
PAR  Preferably, in order to achieve automatic cushioning of the velocity of a
      piston of a pneumatic actuator, the common operating piston and cylinder
      are shaped to define two separate working volumes, to one of which is
      connected an exhaust port with exhaust valve means whereby said one volume
      is operable as a cushion volume to limit the piston velocity according to
      the setting of said exhaust valve means, and the other of which working
      volumes is provided with an outlet orifice controllable by pressure relief
      valve means whereby said outlet orifice is of fixed effective
      cross-sectional size only at pressures below a pressure corresponding to a
      predetermined maximum piston velocity, which pressures are thereby a
      predetermined function of piston velocity; said exhaust valve means being
      operable in response to pressures in said other working volume to close
      said exhaust port when the piston velocity is above said predetermined
      maximum velocity to render the cushioning action of said one volume
      operative and to open said exhaust port at piston velocities at or below
      said predetermined maximum to at least partially reduce cushioning action
      of said one working volume.
PAR  Desirably, the dimensions of said exhaust port are such as to allow, in the
      open condition of said exhaust valve, a predetermined rate of expulsion of
      air from said one working volume associated with a piston velocity at or
      below said predetermined maximum piston velocity.
PAR  Conveniently, said cylinder includes a region of reduced cross-section and
      said piston includes a boss locatable within said region of reduced
      cross-section at or near one extremity of its range of possible movement,
      said other working volume being defined between said boss and the cylinder
      walls in said region of reduced cross-section and said one working volume
      being defined between a shoulder of the piston beyond said boss, the walls
      of said boss and the walls of the cylinder beyond said region of reduced
      cross-section.
PAR  In some embodiments said exhaust valve means and said pressure relief valve
      means are combined in a single valve operable to open and close the
      exhaust port and outlet orifice in accordance with the pressure conditions
      in said working volumes. In one such embodiment said single valve
      comprises a piston-in-cylinder type valve, the housing being defined by a
      casing integral with the cylinder of the actuator and connected directly
      to said exhaust port and said outlet orifice, the single valve being
      operable between a first condition in which discharge through said outlet
      orifice is permitted and also through said exhaust port and a second
      condition in which said exhaust port is obstructed, preventing the escape
      of gas from the cushion volume, whilst said outlet orifice remains
      unobstructed. As a further modification to inhibit any tendency for
      over-cushioning to occur there is preferably provided an additional
      cushion relief valve between said exhaust port and said exhaust valve
      means operable to effectively close the exhaust port when the pressure in
      said cushion volume is below a predetermined value. Desirably said cushion
      relief valve is set to open at the supply pressure for the pneumatic
      actuator.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  There now follows a description of several alternative pneumatic actuators
      embodying the invention, by way of example only, with reference to the
      accompanying diagrammatic drawings, in which:
PAR  FIG. 1 shows a simple pneumatic velocity transducer for a pneumatic
      actuator;
PAR  FIG. 2 shows the pneumatic velocity transducer of FIG. 1 modified for
      operation only below a predetermined maximum velocity;
PAR  FIG. 3 shows the pneumatic velocity transducer of FIG. 1 modified to
      operate only above a predetermined velocity;
PAR  FIG. 4 shows a schematic arrangement illustrating the principle employed in
      the invention of coupling a velocity transducer directly to a pneumatic
      actuator to achieve a closed loop control;
PAR  FIG. 5 shows part of one form of pneumatic actuator embodying the invention
      and incorporating a velocity transducer arranged to provide automatic
      cushioning of piston velocity;
PAR  FIG. 6 shows a modification of the pneumatic actuator shown in FIG. 5, and
PAR  FIG. 7 shows a modification of the pneumatic actuator shown in FIG. 6.
DETD
PAC  DETAILED DESCRIPTION OF THE PRESENT INVENTION
PAR  In FIGS. 5 to 7 of the drawings only sufficient portion of the pneumatic
      actuator has been shown to give a clear understanding of the invention,
      the remainder of the pneumatic actuator being of any suitable known form.
PAR  Referring to FIG. 1, a basic pneumatic velocity transducer comprises a
      cylinder 11 within which is slidably fitted a piston 12. The cylinder 11
      is provided with an outlet orifice 14 of such cross-sectional size that
      the pressure P within the working volume 13 of the cylinder is an analogue
      of the piston velocity. An outlet port 10 is also provided for connecting
      the pressure P to a suitable controller (not shown in FIGS. 1, 2 and 3).
      In practice, the piston 12 of the pneumatic velocity transducer is coupled
      to the output member of a pneumatic actuator. The latter will usually take
      the form of a piston-in-cylinder device, in which case the pistons of the
      actuator and transducer can be directly interconnected in the manner
      illustrated in FIG. 4. Here, the pressure analogue P of the piston
      velocity available at the outlet port 10 is fed as an input to a
      controller 25 which in turn controls the supply of air to the working
      volume of a piston-in-cylinder type of pneumatic actuator. The piston 19
      of the pneumatic actuator is coupled through a bridge-piece 21 to the
      piston 12 of the velocity transducer which consequently monitors the
      velocity of the piston 19. The controller 25 may be of a suitable known
      construction and will not be described further.
PAR  In practice, a pressure change in the velocity transducer due to a velocity
      change will not occur instantaneously, the resulting lag in response being
      referred to as the transducer response time. In order to reduce this
      response time and thereby achieve more effective monitoring of velocity,
      it is necessary to to take into account the cross-sectional size of the
      outlet orifice 14, the instantaneous working volume 13 and the magnitude
      of change in piston velocity. Once the maximum transducer volume and the
      outlet orifice cross-sectional size have been determined by design
      considerations, the only remaining variable is the range of velocities
      employed. Thus the lowest possible response time may be achieved by
      reducing to a minimum the range of velocities to be sampled.
PAR  The basic velocity transducer of FIG. 1 may be adapted to provide a
      velocity analogue signal only below a predetermined maximum velocity. FIG.
      2 shows how this may be achieved by incorporating a simple pressure relief
      valve which is connected to the working volume 13 of the transducer
      through a valve port 15. The pressure relief valve includes a piston 17
      which is biased by a spring 18 into a position such that the valve port 15
      is disconnected from an exhaust port 16. When the velocity of the piston
      12 exceeds a predetermined value, the pressure P within the working volume
      13, and available as an input to a suitable controller from the outlet
      port 10, is such that the spring 18 is compressed and the pressure relief
      valve opens to discharge air from the working volume 13 through the port
      16. When the velocity of the piston 12 falls back to the predetermined
      maximum velocity or below, the pressure relief valve closes and the
      pressure P in the working volume 13 of the cylinder 11 again becomes a
      predetermined function of the piston velocity. The orifice 14 may be
      incorporated in the relief valve itself in which case the valve is
      effectively always open, but the size of the outlet from the cylinder 11
      is effectively varied from a minimum when the piston velocity is at or
      below a predetermined maximum to a maximum when the piston velocity
      exceeds the predetermined maximum.
PAR  FIG. 3 shows a pneumatic velocity transducer adapted to generate a pressure
      analogue of velocity only for velocities at or above a predetermined
      minimum velocity. Below this minimum velocity a pressure relief valve,
      similar to that employed in the pneumatic velocity transducer described
      with reference to FIG. 2, is not fully open and thus the pressure in the
      working volume 13 is maintained approximately constant. At velocities
      equal to and above the predetermined minimum velocity, the pressure relief
      valve is fully open and the cylinder 11 has an outlet of fixed area
      whereby the pressure P in the working volume 13, and available at the port
      10 as an input to a suitable controller, is a predetermined function of
      the piston velocity.
PAR  FIG. 5 illustrates how the pneumatic velocity transducer described with
      reference to FIG. 2 may be incorporated in a practical pneumatic actuator
      device to provide an automatic cushioning action for a common actuator and
      transducer piston.
PAR  Essentially, the object of the cushioning action is to prevent the piston
      of the pneumatic actuator reaching an extremity of its range of possible
      movement at a velocity greater than a predetermined maximum value, which
      would otherwise result in unacceptable high decelerations of the piston
      and any member connected thereto.
PAR  Referring to FIG. 5, the velocity transducer section of a pneumatic
      actuator comprises a stepped piston 35 with a boss which is locatable
      within a region of a cylinder 26 of reduced cross-section when the piston
      is at or near one extremity of its movement. If, at this extremity of its
      movement, the piston has a velocity which exceeds a predetermined maximum
      velocity, then the pressure which builds up in a working volume 33 defined
      between the crown of the piston boss and the walls of the region of
      reduced cross-section in the cylinder 26 is sufficient to open a pressure
      relief valve including a spring-loaded piston 38 which communicates with
      the working volume 33 through a port 30. Thus air in the working volume 33
      is exhausted through a comparatively large port 30, through an orifice 14
      in the piston 38 to a combined inlet and exhaust port 31. The orifice 14
      in the piston 38 is equivalent to the outlet orifice 14 employed in the
      arrangements described with reference to FIGS. 1, 2, 3 and 4. The pressure
      of air in the working volume 33 is also communicated through an orifice 29
      to an exhaust valve 36 which is biased by a spring 37 into an open
      position such as to open a passage 27 communicating with another working
      volume 34 of the cylinder 26. In the closed position of this exhaust
      valve, as shown in FIG. 5, the piston 36 obstructs the passage 27 and
      consequently, no air can be expelled from the working volume 34 and the
      resulting compression serves to slow down the piston. Thus the volume 34
      acts as a cushion volume. When the piston velocity drops to an acceptable
      predetermined level, the pressure developed in the working volume 33 is no
      longer sufficient to overcome the bias on a spring 39 operating on the
      piston 38 of the pressure relief valve and the effective orifice
      cross-sectional area is at a minimum. In this condition of the pressure
      relief valve, a sufficient amount of air may be displaced form the working
      volume 33 to allow a piston velocity of, say, three inches per second.
      When the velocity of the piston falls to, say, 2.5 inches per second, the
      exhaust valve is arranged to open. The exhaust valve opens because the
      pressure developed in the working volume 33 is insufficient to overcome
      the force of the spring 37 on the piston 36 of the exhaust valve and thus
      the piston 36 moves into a position where the passage 27 is no longer
      obstructed and air is displaced from the cushion volume 34 through an
      exhaust port 28. The dimensions of the passage 27 are such as to allow the
      piston to move at or below the predetermined maximum velocity, a typical
      value being, for example, two inches per second.
PAR  The arrangement described with reference to FIG. 5 may be modified to
      produce a more compact arrangement illustrated in FIG. 6. Referring to
      FIG. 6, a single valve, combining the functions of the two valves employed
      in the arrangement of FIG. 5, is employed in a housing integral with the
      cylinder 26. This single valve comprises a piston 45 slidably fitted
      within a chamber 44 and biased into an extreme left hand position, as seen
      in FIG. 6, by a coil spring 47. The chamber 44 communicates with the
      working volume 33 of the cylinder 26 through a port 40 and also with the
      cushion volume 34 through a passage 27 comprising the cushion exhaust
      gallery as before.
PAR  For simplicity, corresponding parts in the arrangements illustrated in
      FIGS. 5 and 6 have been accorded identical reference numerals.
PAR  The valve chamber 44 also communicates with a port 41 through a discharge
      orifice 46 in the piston 45 and also with a further exhaust or low
      pressure supply through a port 43. The discharge orifice 46 is of such a
      size as to allow a predetermined rate of discharge therethrough and is
      equivalent to the orifice 14 described previously with reference to FIGS.
      1 to 5. The valve chamber 44 is divided into two distinct portions by the
      piston 45 and the left hand part of the valve assembly controls the
      exhaust of air from the working volume 33 through the port 40 into the
      port 41 and the right-hand portion of the valve assembly controls the
      exhaust of air from the cushion volume 34 through the passage 27 and into
      the port 43. Thus, in operation, a rapid return movement of the piston 35
      will result in a pressure rise in working volume 33 which will be
      communicated through port 40 to the left of the valve piston 45, which
      will thereby be subjected to a force tending to move it to the right, as
      seen in FIG. 6. The right-hand movement of piston 45 obstructs the passage
      27 and prevents escape of gas from the cushion volume 34. In consequence,
      the piston 35 is slowed down considerably and so the pressure in the
      working volume 33 falls correspondingly. The pressure in working volume 33
      is prevented from rising excessively, at any time, by the relief action of
      the valve piston 45 exposing an appropriate area of port 41. In this way
      the valve piston 45 can respond rapidly to sudden changes in the velocity
      of the piston 35. When the pressure in working volume 33 has fallen to a
      magnitude corresponding to a predetermined velocity of the piston 35,
      typically 3 ins/sec, the pressure on the left of the valve 45 falls also,
      with the result that the valve returns to the left until the passage 27 is
      again uncovered.
PAR  In order to inhibit any tendency for the pneumatic actuator described with
      reference to FIGS. 5 and 6 to produce over-cushioning, as hereinafter
      explained, a further modification may be incorporated. One such
      arrangement, being a modification of the arrangement described with
      reference to FIG. 6, is shown in FIG. 7. Referring to FIG. 7, those parts
      which correspond to parts already described with reference to FIGS. 5 and
      6 are given identical reference numerals. The arrangement of FIG. 7
      includes an additional cushion relief valve in the passage 27. This
      cushion relief valve includes a piston 52 movable in a chamber 51 and
      biased into a position towards the right as seen in FIG. 7 by a coil
      spring 50. In this extreme right-hand position of the piston 52 the
      passage 27 is effectively sealed from the cushion volume 34 until the
      pressure therein exceeds a predetermined level. At all pressures greater
      than this predetermined level the cushion volume 34 is in free
      communication with the passage 27 and air is allowed to pass therefrom.
      The predetermined pressure level is typically the supply pressure for the
      pneumatic actuator. The use of the cushion relief valve described above
      prevents over-cushioning which may tend to occur in certain circumstances
      with the arrangements described with reference to FIGS. 5 and 6. In this
      over-cushioning condition the pressure in the cushion volume 34 could rise
      to a value sufficient to cause reversal of the direction of piston
      movement. During this reversal, air continues to escape along the passage
      27 until the pressure in the cushion volume 34 reaches a value just below
      the supply pressure, sufficient to allow piston acceleration in a
      direction to the left as seen in FIG. 7 under the influence of the supply
      pressure acting on the other side of the piston. Consequently there is a
      tendency for the piston velocity to fall in an oscillatory manner and the
      cushion relief valve acts to dampen this oscillatory motion. The action of
      the cushion relief valve in preventing the pressure in the cushion volume
      34 from falling below the supply pressure regardless of whether or not the
      passage 27 is uncovered by the piston 45, serves to prevent piston
      acceleration to the left as seen in FIG. 7. At the same time excessively
      high pressures in the cushion volume 34 are rapidly relieved by the
      opening of the cushion relief valve and the consequent exhaust of air
      through the passage 27. The latter is of larger cross-section than that in
      the arrangement described with reference to FIGS. 5 and 6 and essentially
      is more in the nature of a `dump orifice` than a piston velocity limiter.
      When the pressure inside the cushion volume falls below the predetermined
      value, for example the supply pressure, further discharge from the cushion
      volume 34 is prevented by the closure of the cushion relief valve and
      therefore re-acceleration cannot occur.
CLMS
STM  What I claim as my invention and desire to secure by Letters Patent of the
      United States is:
NUM  1.
PAR  1. An actuator comprising a cylinder and a piston within said cylinder, a
      wall of said cylinder being stepped to define a region of reduced
      cross-section at one end of the cylinder, said piston also being stepped
      to define a boss provided at one end adjacent said region of reduced
      cross-section to be disposed within said region at one extremity of its
      range of possible movement within the cylinder, a first working chamber
      defined in said cylinder in said region, an inlet and exhaust passage in
      said chamber, an orifice in said passage and in communication with said
      first working chamber, and a pressure relief valve mounted in said passage
      and operable to control the size of said orifice so that upon a
      predetermined pressure being produced in said first working chamber said
      orifice has a fixed cross-sectional orifice exhausting said first working
      chamber whereby upon said predetermined pressure being produced the
      pressure in said first working chamber is dependant upon the velocity of
      said piston in said first working chamber, a second working chamber
      defined in said cylinder and separated and sealed from said first working
      chamber by said piston boss when said boss is located in said region to
      act as a cushion volume to limit the piston velocity, an exhaust passage
      in communication with said second working chamber, an exhaust valve in
      said exhaust passage, biasing means biasing said exhaust valve towards an
      open position, an outlet orifice in said exhaust passage closable by the
      exhaust valve, and a connecting passage communicating pressure from said
      first working chamber to said exhaust valve to operate said valve against
      the action of said biasing means and close said outlet orifice upon a
      predetermined pressure being produced in said first working chamber.
NUM  2.
PAR  2. An actuator comprising a cylinder and a piston within said cylinder,
      said piston and said cylinder being stepped to define a piston boss and a
      cylinder region of reduced cross-section to divide said cylinder into
      first and second working chambers when said stepped portions are engaged,
      said chambers being fluidly separated from one another when the piston is
      near one extremity of its range of possible movement in the cylinder, the
      first working chamber having a first inlet and exhaust passage with an
      orifice for exhausting from the first chamber and a presssure responsive
      inlet and exhaust valve means in said first passage whereby the pressure
      in the first chamber is dependent on the velocity of said piston in the
      first working chamber, the second working chamber having a second exhaust
      passage, valve means in said second passage communicating with the first
      chamber by a connecting passage to actuate the valve means by the pressure
      in the first chamber, and a second outlet orifice which is closed by the
      valve means actuated by pressure from the first chamber to prevent the
      second chamber from exhausting if the pressure in the first chamber
      exceeds a predetermined value, the second working chamber thereby
      functioning as a cushion for said piston when said piston moves at a
      predetermined velocity.
NUM  3.
PAR  3. An actuator comprising a cylinder and a piston within said cylinder said
      piston being stepped to form a boss and cooperating with a reduced
      diameter portion of said cylinder to divide said cylinder into a first
      working chamber and a second working chamber when said boss and reduced
      diameter portion are engaged, said first and second chambers being fluidly
      separated from each other when the piston is near one extremity of its
      range of possible movement in the cylinder, a first inlet and exhaust
      passage with a first orifice for exhausting fluid from said first chamber,
      a pressure responsive inlet and exhaust valve in said first passage
      including an orifice therethrough, a second exhaust passage with a second
      outlet orifice for exhausting fluid from said second chamber, and valve
      means movable between a first and second position disposed in said second
      exhaust passage, said valve means including biasing means to bias said
      valve towards said first position which first position permits
      unobstructed fluid flow through said second exhaust passage, said valve
      means includes means for fluid communication with said first chamber so
      that said valve means moves to said second position when the fluid
      pressure in said first chamber exceeds a predetermined value, said second
      position of said valve means being operable to obstruct said second
      exhaust passage so that the second working chamber functions as a cushion
      for said piston when the pressure in said first chamber exceeds a
      predetermined value.
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ABST
PAL  A fluid control circuit for a radio controlled vehicle for operating an
      engine, transmission, steering, movable elements of earth-moving machines
      and braking device of the vehicle by means of radio control. The control
      circuit has plural shuttle valves interposed between brake cylinders and
      solenoid operated valves for controlling the brake cylinders. A circuit
      changing valve is interposed between a conduit communicating with the
      source of fluid under pressure and conduits communicating with operating
      cylinders for the engine, transmission, steering, earth-moving machines
      and braking devices through respective solenoid valves and the shuttle
      valves. Circuit changing valve is manually operable for selectively
      feeding fluid in pressure from the source thereof to either conduit
      communicating with the respective operating cylinders. Thus, the remote
      control of the vehicle can be simply changed to a manual one or vice versa
      by a single operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to a fluid control circuit for a radio controlled
      vehicle.
PAR  2. Description of the Prior Art:
PAR  Generally in a radio controlled vehicle, there is provided a remote
      controlling system by means of radio control and a manual controlling
      system for a driver on the vehicle. When control changes from the remote
      control to the manual control, the pneumatic or hydraulic circuit used for
      the remote control is transferred to a float operation and after brake
      cylinders or fluid cylinders for the respective operations operated by
      operating fluid under pressure upon radio control are released, they are
      manually operated.
PAR  However, heretofore, in a radio controlled vehicle of this type, such
      operation was inconvenient since several solenoid operated valves and
      manual cocks had to be switched every time manual operation was desired to
      transfer the pneumatic to hydraulic circuit to a condition permitting
      manual operation.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide a fluid
      controlled circuit for a radio controlled vehicle which may be simply
      transferred from remote controlling to manual or vice versa by a single
      operation.
PAR  One advantageous feature of the fluid controlled circuit of a radio control
      vehicle according to the present invention for operating an engine,
      transmission, steering, earth-moving machines, braking devices, etc., by
      means of radio control resides in the fact that shuttle valves are
      interposed between brake cylinders and solenoid controlled valves for
      controlling the brake cylinders. A conduit means communicates with the
      shuttle valves at respective inlet port sides thereof, and a circuit
      changing valve is interposed between a conduit means communicating with
      the source of fluid under pressure and conduit means communicating with
      operating cylinders for the engine, transmission, steering, earth-moving
      machines, braking devices, etc., through respective solenoid operated
      valves and the shuttle valves. The circuit changing valve is manually
      operable for selectively feeding fluid under pressure from the source
      thereof to either conduit communicating with the respective operating
      cylinders. A manual switching valve having a manual operating lever is
      connected to the circuit changing valve through a pilot circuit for
      actuating the circuit changing valve.
PAR  This and other objects, features and advantages of the hydraulic control
      circuit of the radio controlled vehicle according to the present invention
      will become more fully apparent from the following description taken in
      conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fluid circuit diagram of the entire pneumatic control system of
      the radio controlled vehicle;
PAR  FIG. 2 is an explanatory view of the operation of an essential part of the
      fluid control circuit;
PAR  FIG. 3 is a fluid circuit diagram of another embodiment of an essential
      part of the radio controlled vehicle; and
PAR  FIG. 4 is a fluid circuit diagram of the entire radio controlled vehicle
      hydraulic control system.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, which shows one embodiment of the fluid control
      circuit of the radio controlled vehicle of the invention in a pneumatic
      control system, numeral 1 illustrates an air compressor, 2 an air tank, 3
      an air pressure regulating device for setting the air pressure of the
      compressed air from the air compressor 1 and for mixing oil therewith.
      Numeral 4 indicates a circuit changing valve connected through a conduit 5
      to the air pressure regulating device 3 and having transfer positions 4a
      and 4b for selectively feeding the compressed air from the conduit 5 to
      the conduits 6 and 7. Numeral 8 is a manually operable switching valve
      which has transfer positions 8a and 8b for communicating and connecting or
      disconnecting the conduit 5 and a pilot circuit 9 by a manual operating
      lever 8c mounted in a cab (not shown). This pilot circuit 9 communicates
      with the circuit changing valve 4 for switching the circuit changing valve
      4 by the pilot pressure. Numeral 10 is a transferring solenoid operated
      valve for a parking brake device connected to the circuit changing valve 4
      through the conduit 6 in a manner that when the vehicle is travelling,
      this solenoid operated valve is switched so that the brake is disengaged
      as shown in FIG. 1. Numerals 11 and 12 are transferring solenoid operated
      valves for right and left steering brake devices connected to the
      transferring solenoid operated valve 10 for the parking brake device, 13
      and 14 are cylinders for operating right and left steering brake devices.
      These cylinders 13 and 14 for braking disengage the brake devices when the
      compressed air from the transferring solenoid operated valves 11 and 12
      for braking is fed to the respective ports 13a and 14a and engage the
      brake devices when the compressed air is released from 13 and 14 by
      springs 13b and 14b. Elements 15 and 16 are shuttle valves interposed in
      the conduits between the transferring solenoid operated valves 11 and 12
      for controlling the brake cylinders 13 and 14. The respective inlet ports
      15a and 16a of the respective shuttle valves 15 and 16 are communicated
      through conduits 7 with the circuit changing valve 4, while other ports
      15b and 16b  are communicated with the transferring solenoid valves 11 and
      12 for controlling the braking operation.
PAR  On the other hand, numeral 17 is a cylinder for adjusting fuel for the
      engine, 18 and 19 are cylinders for operating the right and left steering
      clutches, 20 and 21 are cylinders for operating the transmission to shift
      the transmission of a planetary gear hydraulic operating type device, and
      22 to 28 are transferring solenoid operated valves for selectively feeding
      compressed air from the conduit 6 to the respective cylinders. Numerals 29
      and 30 are cylinders for operating the moveable elements of the
      earth-moving machine, and 31 to 34 are transferring solenoid operated
      valves for selectively feeding the compressed air from the conduits 6. In
      the respective ports 21a, 21b, 21c and 21d of the cylinder 21 for
      operating the transmission, the compressed air is fed to the ports 21a and
      21d in a neutral position of valves 27 and 28, to the ports 21b and 21d in
      a first speed position of said valves, to the ports 21a and 21c in a
      second speed position of said valves, and to the ports 21b and 21 c in a
      third speed position of said valves. In the respective ports 29a, 29b, 29c
      and 29d of the cylinders 29 for operating the movable elements of
      earth-moving machine, the compressed air is fed to the ports 29a and 29c
      for moving upwardly a movable element of the earth-moving machine, and to
      the ports 29b and 29c for permitting said movable element to float. The
      respective transferring solenoid operated valves are operated by the radio
      control in the remote control operation mode.
PAR  FIG. 1 shows the circuit diagram when the vehicle is parked in the state of
      radio control operation, and in order to transfer this state to a manual
      controlling operation, the manually operable switching valve 8 is moved to
      its FIG. 2 position, and pilot pressure is applied to the circuit changing
      valve 4 to move it to its FIG. 2 position. Thus, the circuit changing
      valve 4 is switched as shown in FIG. 2, and the compressed air from the
      conduit 5 is fed through the conduit 7 to the inlet ports 15a and 16a of
      the shuttle valves 15 and 16, respectively. The compressed air applied to
      brake cylinders 13 and 14 shuttle valves 15 and 16 releases the brakes. On
      the other hand, by moving the circuit changing valve 4 as above, the
      compressed air in the cylinders for operating the engine, steering,
      transmission, and further the movable element of the earth-moving machine,
      etc., is drained through the conduit 6, and these respective cylinders
      change to a floating state. Therefore respective operating elements
      operated by these operating cylinders upon the remote controlling
      operation become in free state so that the manual controlling operation
      can be applied at driver's option.
PAR  Through the circuit changing valve 4 interposed between the conduit 5 and
      the conduits 6, 7 is moved by the pilot pressure from the manually
      operable switching valve 8 in the above embodiment, as shown in FIG. 3, a
      manually operated lever 35 may be connected directly to the circuit
      changing valve 4 so as to directly operate the circuit changing valve 4.
PAR  Further, when hydraulic pressure is used as the fluid pressure, the
      constitution of the circuit diagram may be as shown in FIG. 4, numeral 1'
      being a hydraulic pumping device, 2' an oil filter, 3' hydraulic pressure
      regulating device, and other reference numerals are common to those in the
      first embodiment shown in FIG. 1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fluid control circuit of a radio controlled vehicle for operating an
      engine, transmission, steering, movable elements of an earth-moving
      machine and braking devices of the vehicle by means of radio control,
      comprising a plurality of shuttle valves communicating at the output side
      thereof with a brake cylinder; a first conduit means communicating with
      said shuttle valves at respective inlet port sides thereof; a circuit
      changing valve means communicating with a source of fluid under pressure
      through a second conduit means, said circuit changing valve means being
      interposed between said second conduit means and said first conduit means
      communicating with said shuttle valves; and a third conduit means
      communicating with operating cylinders for the engine, transmission,
      steering, movable elements of an earth-moving machine and braking devices
      of the vehicle through respective remotely controlled solenoid operated
      valves for controlling said operating cylinders, said circuit changing
      valve means being manually operable between a first position for feeding
      fluid under pressure from said source to said first conduit means
      communicating with said shuttle valves and a second position for feeding
      fluid under pressure from said source to said third conduit means
      communicating with said operating cylinders through said solenoid operated
      valves, whereby said operating cylinders may be remotely controlled by the
      remote operation of said solenoid operated valves only when said circuit
      changing valve means is in said second position.
NUM  2.
PAR  2. The fluid control circuit of claim 1, wherein said circuit changing
      valve means comprises a circuit changing valve; a pilot valve operatively
      coupled to said circuit changing valve; and a manually operated lever for
      controlling said pilot valve, whereby movement of said lever controls the
      movement of said circuit changing valve through said pilot valve.
NUM  3.
PAR  3. The fluid control circuit of claim 1, wherein said circuit changing
      valve means comprises a circuit changing valve and a manually operated
      lever directly connected to said circuit changing valve, wherein movement
      of said lever moves said circuit changing valve.
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ABST
PAL  An axial piston machine has a cylinder barrel mounted on a shaft and
      rotatable with respect to a portion of the casing. Between the cylinder
      block and the casing portion is a disc. The side of the disc adjacent the
      casing portion is concave and abutting casing portion is correspondingly
      convex. The disc is restrained against rotation and forms part of the
      valving means for the cylinder barrel. In one embodiment the casing and
      shaft are in two articulated sections. The shaft sections lie in a common
      plane and are pivotable with respect to each other about a point and the
      casing sections are pivotable about an axis normal to that plane and
      offset with respect to the shaft pivot point. In another embodiment the
      casing and shaft are each a single unit.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to an axial piston type machine comprising a
      cylinder barrel mediately or immediately journaled in a casing portion or
      a part associated with the casing and mounted for axial movement therein.
      The cylinder barrel has axial cylinder bores. Axial pistons are mounted
      for sliding movement in the cylinder bores. Connecting passages extend
      from the cylinder bores and open at an end face of the cylinder barrel.
      There is a valving surface on the casing portion engaged by said end face
      of said cylinder barrel due to its axial movability. The valving surface
      has a pair of arcuate valving recesses adjacent the openings of said
      connecting passages. These valving recesses are connected to a high
      pressure connection and a low pressure connection, respectively. There is
      a stroke plate adjacent the opposite end face of said cylinder barrel. The
      axis of said stroke plate forms an angle with the axis of the cylinder
      barrel. The stroke plate is engaged by the axial pistons to produce a
      reciprocating movement of said axial pistons upon relative movement
      between cylinder barrel and stroke plate.
PAR  In one type of prior art axial piston type machine (which can be either a
      pump or a motor) the casing portion is a barrel support which is pivotable
      together with the cylinder barrel. The stroke disc is connected with a
      machine shaft, and the pistons are linked to the stroke disc. The piston
      rods are in positive articulated connection to the pistons at one end and
      to the stroke disc at the other end. The cylinder barrel is, in such
      arrangement, held centered to a fixed pivot point located on the shaft
      axis.
PAR  In prior art axial piston type machines of this kind, efforts have been
      made to make the pivot angle, through which the barrel support is
      pivotable relative to the machine axis, as large as possible, in order to
      minimize the dimensions of the machine having a given capacity. In prior
      art machines the centering of the cylinder barrel is achieved by using a
      concavespherical end face on the cylinder barrel in abutment with a
      convex-spherical surface of the barrel support. These also serve as the
      valving surface for connecting the cylinder bores alternatingly to high
      and low pressure. There are various problems:
PAR  With large pivot angles rather large centrifugal torques are exerted on the
      cylinder barrel due to the pistons extending more or less into the
      cylinder bore. On one side of the cylinder barrel the pistons extend only
      a short distance into the cylinder bore. On the opposite side the pistons
      extend deep into the cylinder bore. The centrifugal forces acting on the
      pistons radially outwards thus form a force couple having a level arm
      equal to the piston stroke. The larger the pivot angle that is used the
      greater this lever arm becomes. Thus the effective centrifugal torques are
      increased, and these torques can be substantial.
PAR  Further torques occur due to the fact that slideway forces are exerted by
      the oil pressure due to the piston rods not being parallel to the barrel
      axis. These slideway forces result in torques which act in the same sense
      as the centrifugal torques.
PAR  Furthermore inertial forces occur with quick changes of the pivot angle.
PAR  These torques and forces have to be taken up by the spherical valving
      surface, which results in problems.
PAR  In another type of axial piston type machine, the cylinder barrel is
      mounted for rotation in the casing, and the axial pistons slidingly engage
      a swash plate at one end of the cylinder barrel. The mounting of the
      cylinder barrel in the casing is usually effected by supporting the
      cylinder barrel on a shaft. The shaft is rotatably mounted in the casing
      and means are provided for preventing rotation of the cylinder barrel
      relative to the shaft. Usually, the axial pistons slidingly engage the
      swash plate through shoes which are articulated on the pistons by means of
      ball-and-socket joints.
PAR  In axial piston type machines of this kind, the hydraulic forces acting on
      the pistons are resolved in the plane defined by the centers of the
      ball-and-socket joints at which the shoes are articulated on the pistons.
      One force component acts at a right angle to the swash plate and is
      balanced by a balancing hydraulic pressure area provided below the shoe.
      Another force component acts in said plane. This latter force component
      has a radial and tangential component, these components, as acting on a
      selected piston, being variable during the rotation of the cylinder
      barrel. In the top and bottom dead center positions of the pistons (the
      "North" and "South" position), the tangential component becomes zero and
      the radial component is at a maximum. In the positions angularly spaced
      therefrom by 90.degree. (the "East" and "West" positions), the radial
      component becomes zero and the tangential position is at a maximum. The
      tangential components of the hydraulic forces acting on the plane of the
      centers of the ball-and-socket joints produce a resultant torque, which
      becomes effective on the cylinder barrel through the pistons. This torque
      is produced when the axial piston type machine operates as a motor, i.e.,
      if oil under pressure is supplied to the high pressure side of the
      machine, and must be exerted when the axial piston type machine operates
      as a pump in order to deliver oil at a selected pressure. The radial
      components of the hydraulic forces add up to a resultant radial force
      which acts on the center of the circle defined by the circular array of
      centers of the ball-and-socket joints.
PAR  In a prior art machine of this type, the cylinder barrel is rigidly
      supported on a shaft, which, in turn, is mounted for rotation in the
      casing, whereby this resultant radial force is taken up by the shaft and,
      through the shaft, by the casing. It is thereby necessary that the
      cylinder barrel have a fixed orientation in the casing. There is however
      the further requirement that the cylinder barrel sealingly engage a valve
      surface on the casing. This is necessary to connect the cylinder bores
      alternatingly to the high and low pressure side of the machine. These
      requirements cannot be met merely by high precision manufacturing,
      particularly since the shaft will deform due to the high hydraulic forces.
PAR  Therefore in prior art axial piston type machines the valving means for
      alternatingly connecting the cylinder bores to the high and low pressure
      sides of the machine used a disc or the like which is held in the casing
      for limited movement. This disc is pressed against the end face of the
      cylinder barrel by plungers or the like, which are exposed to high
      pressure or to low pressure, respectively. Thereby the disc aligns itself
      with the end face of the cylinder barrel. In this type of axial piston
      machine the valving surface is pressed against the cylinder barrel with
      insufficient balance of the hydraulic forces, because the pulsating force,
      which acts between valving means and cylinder barrel -- with an odd number
      of cylinders -- and which tends to separate these parts, must be balanced
      by a simply constant pressing force. And therefore no complete balancing
      is possible.
PAR  In still another axial piston type machine of this kind, the cylinder
      barrel is supported for pivotal and limited axial movement in the center
      of the circle defined by the circular array of centers of the
      ball-and-socket joints or where the shaft axis intersects the plane
      defined by this circular array. This can be done by means of spherical
      gear means. Thereby the support and the shaft take up the radial force
      described above, with no torques acting on the cylinder barrel. Thus the
      cylinder barrel is free to align itself with the valving surface of said
      valving means.
PAR  This design, too, suffers from certain disadvantages: Besides the radial
      forces resulting from the described resolution of hydraulic forces there
      are other forces acting on the cylinder barrel, for example, forces due to
      friction or centrifugal forces. These other forces, which, in practice,
      are not at all negligible produce tilting torques on the cylinder barrel.
      These tilting torques cannot be taken up by the pivotal support but tend
      to swing the cylinder barrel away from the valving surface. In addition,
      this type of prior art machine requires high precision of manufacture in
      order to make sure that, on one hand, the end face of the cylinder barrel
      sealingly engages the valving surface and, on the other hand, the cylinder
      barrel is supported exactly in the plane of the circular array of joint
      centers, where the resultant radial or lateral force acts. With the large
      forces involved a small offset of the support point relative to this plane
      results in rather large tilting torques.
PAR  It is an object of the invention to provide an axial piston type machine of
      the type initially defined, which guarantees, with rather low requirements
      as to the precision of manufacture of the elements involved, satisfactory
      taking-up of resultant radial or lateral forces of other torques and also
      safe and sealing engagement of the cylinder barrel with an abutment or
      valving surface on the casing or on a casing portion.
PAR  In accordance with the invention this object is achieved in an axial piston
      type machine of the type initially defined in that the cylinder barrel
      mediately or immediately journaled in said casing portion or said part
      associated to the casing, respectively, is rotatably supported in two
      places and an intermediate disc is located between said cylinder barrel
      and an abutment surface on said casing portion, said intermediate disc
      contacting said end face of said cylinder barrel adjacent said valving
      surface, on one side and said abutment surface, on the other side, with
      spherical contact surfaces curved about different centers of curvature,
      said abutment surface and said end face being shaped complementary to the
      respective contact surfaces of said intermediate disc.
PAR  In accordance with the invention, the cylinder barrel is supported, on one
      hand, in two places, while it is, on the other hand, mounted for axial
      movement in such a way as to maintain the engagement with the end face. By
      supporting the cylinder barrel in two places, all lateral forces and
      torques are absorbed by the casing or casing parts, in which the cylinder
      barrel is mounted. By making the cylinder barrel axially movable, the
      cylinder barrel will be urged towards the abutment surface on the casing
      or casing parts by the hydraulic forces acting in axial direction. The
      alignment problems occurring thereby are solved by means of the
      intermediate disc having different radii of curvature on both sides, of
      which one radius may be infinite because the intermediate disc is adapted
      to align itself in such a manner that there is compensation for
      misalignments of the other parts.
PAR  Advantageously the surface of intermediate disc that contacts the cylinder
      barrel is shaped to form said valving surface for alternatingly connecting
      said cylinder bores to high pressure and low pressure, respectively, and
      the disc is held against rotation relative to said casing portion by a
      retaining means. The retaining means can be an annular disc located in an
      annular groove in said casing portion, the annular groove surrounding said
      abutment surface on said casing portion. The annular disc has four
      peripheral recesses which are angularly spaced by 90.degree.. There are a
      first pair of axial projections on said intermediate disc which engage a
      diametrically opposed pair of recesses on said annular disc. A second pair
      of projections which are on said casing portion engage the diametrically
      opposite pair of recesses angularly spaced by 90.degree. relative to said
      first pair. Such retaining means hold the intermediate disc against
      rotation about the shaft axis but permit otherwise free angular and radial
      alignment of the intermediate disc with the abutment surface on the casing
      and with the cylinder barrel.
PAR  Preferably said recesses in the annular disc form pairs of parallel planar
      guide surfaces, between which said projections are guided with
      corresponding planar side surfaces in a manner to permit limited radial
      movement.
PAR  The intermediate disc is unsymmetrically loaded by hydraulic pressure. This
      pressure exerts a torque in the intermediate disc tending to tilt it.
      Compensation for this torque is provided by balancing pressure areas on
      the circumferential surface of said intermediate disc, said pressure areas
      communicating with the high and low pressure side, respectively, of the
      machine.
PAR  In one embodiment of the invention the center of curvature of the contact
      surface of said intermediate disc adjacent said cylinder barrel is in
      infinity. This arrangement allows short bores to form the conduits
      connecting the pressure areas to the high pressure and low pressure side
      of the machine, respectively.
PAR  Advantageously said cylinder barrel is mounted for axially sliding movement
      on the barrel shaft, which in turn is mounted in said casing portion on
      both sides of said cylinder barrel, said intermediate disc having an
      aperture through which said barrel shaft extends, there being a gap
      between said barrel shaft and the wall of said aperture to permit limited
      movement of said intermediate disc.
PAR  The invention is adapted to be used in similar ways and with the same
      advantage in different general types of axial piston type machines.
PAR  One possibility is that said stroke disc is affixed to or integral with a
      machine shaft mounted in a machine casing, the casing portion forming the
      barrel support being mounted for pivotal movement relative to said machine
      casing and stroke disc, and said axial pistons being linked to said stroke
      disc through piston rods, and further characterized in that said barrel
      shaft on one hand is pivoted about a fixed break point located on the axis
      of said machine shaft and on the other hand is supported, with its end
      projecting through said intermediate disc in said barrel support in a
      manner permitting axial and pivoting movement.
PAR  This has the result that the cylinder barrel is supported through the
      barrel shaft in two places, namely in the shaft pivot point and in the
      pivot center of the shaft bearing in the barrel support. Torques acting on
      the cylinder barrel are absorbed with a large lever arm. This type of
      mounting, however, avoids the danger of redundancy and compulsive forces.
      The longitudinal mobility and the intermediate disc guarantee both
      satisfactory contact beween intermediate disc and the end face of the
      cylinder barrel and satisfactory contact between the intermediate disc and
      the abutment surface on the casing portion, i.e., in this case the barrel
      support. Thereby both manufacturing tolerances and slight relative
      movements resulting from the kinematics of the pivoting movement are
      compensated for.
PAR  In an axial piston type machine of the invention the barrel support may be
      pivotable about an axis passing through the shaft pivot point. With this
      type of pivoting of the barrel support, there is, however, a constant,
      rather large dead volume in the cylinder bores. In order to avoid this
      dead volume, in prior art machines the barrel support is pivotable about
      an eccentric pivot axis, whereby in each pivot position a substantially
      negligible compression space in the cylinder bores is achieved in the top
      dead center position of the pistons.
PAR  In order to achieve these advantages with an axial piston type machine of
      the present kind while retaining the capability of the parts to align
      themselves relative to each other without compulsive forces, said barrel
      support is pivoted about an axis which is at a right angle to the plane
      containing machine and barrel axes and is spaced from said shaft pivot
      point, and which, at least approximately, intersects the angle bisector of
      the axes of sid machine shaft and said cylinder barrel, at maximum
      deflection of said barrel support. Advantageously the distance of said
      pivot axis from the shaft pivot point is equal to the radius of the circle
      determined by the pivotal points of said piston rods on said stroke disc.
      This makes it possible that in one of the pivotal end positions of said
      barrel support, the center of the spherical contact surface between said
      intermediate disc and said barrel support is located on the axis of said
      barrel support.
PAR  In axial piston type machines comprising a cylinder barrel mounted in a
      barrel support, and a stroke disc to which the pistons are positively
      linked, the cylinder barrel has to be driven by the rotation movement of
      the stroke disc. The centering of the cylinder barrel about a fixed pivot
      point located on the axis of the stroke disc, which is achieved with the
      construction of the invention, permits the cylinder barrel to be driven
      solely through the pistons and piston rods. Particularly large pivot
      angles with satisfactory drive connection between stroke disc and cylinder
      barrel can be achieved, in that said piston rods, at least if subjected to
      bending load, engage directly the walls of said cylinder bores guiding
      said pistons of said cylinder barrel, said cylinder barrel being driven by
      said stroke disc solely through said piston rods.
PAR  Preferably each piston rod has generally double-conical shape. A preferred
      embodiment of the invention is characterized in that each of said piston
      rods has a recessed portion in the area of the junction of the two cones
      forming the double-conical shape, there being hollow-conical end faces at
      each end of said recessed portion, and that a sleeve-shaped piston member
      is slidably guided in said cylinder bore and has spherical end faces,
      curved about a common center, in annular contact to said end faces of said
      recessed portion. A projecting narrow annular surface is formed on the
      bottom of said recessed portion, said sleeve-shaped piston member being
      supported on said annular surface midway between its end faces.
PAR  In a device of this type the double-cones of the piston rods transmit, in
      the kinematically effective angular ranges, the rotary movement to the
      cylinder barrel. By pivotably supporting the sleeve-shaped piston member
      on the spherical annular surface of the piston rod, the sleeve-shaped
      piston member guides the piston rod in its central position and transmits
      slideway pressures to the wall of the cylinder bore. By the abutment of
      the spherical end faces of the piston member on the end faces of said
      hollow conical recessed portions, the cylinder space is sealed.
PAR  The large pivot angles cause axial forces to be applied to the bearings of
      the machine shaft in excess of the capacity of roller bearings. Therefore
      axial bearings provided with hydrostatic balancing pressure areas are used
      in prior art machines. Such axial bearings, however, suffer from the
      disadvantage that they are very sensitive to contamination which tend to
      cause scoring in such bearings.
PAR  In accordance with one aspect of this invention an axial hydraulic
      balancing of the shaft bearings is used to avoid the aforementioned
      problems. To this end a ring having a spherical end face is mounted on the
      machine shaft and abuts a shoulder of said machine shaft. The center of
      curvature of said spherical end face is eccentric with respect to the
      machine shaft axis. There is also a support disc on the machine shaft. On
      one side, this disc has a correspondingly spherical end face accommodating
      said spherical end face of said ring for axially supporting said machine
      shaft and, on the other side, has a planar end face. Hydraulic balancing
      pressure areas are formed on both end faces of said support disc. The
      support disc engages a surface on said casing, which surface is slightly
      inclined with respect to the axis of the machine shaft.
PAR  Due to the small eccentricity of the rotation spherical surface, a slight
      movement of the support disc on the slightly inclined surface of the
      casing occurs. This causes friction of movement permitting slow free
      rotation of the support disc. Thus by the slow rotation of the disc, the
      abutment is continuously changed similar to the optical process of lapping
      spherical surfaces. The limiting diameters of the spherical and planar
      surfaces can be selected in such a manner that no zone remains free from
      this contacting process. While normally substantially circumferential
      rotation with slowly varying contact surfaces take place, the support disc
      can be caused to suddenly rotate at full speed, if there is a contact
      disturbing the normal running such as might be due to contamination or
      thermal influences. The sliding movements of the support disc are then
      also radial due to the inclined abutment, whereby the contamination is
      dissipated or the local overheating is reduced, the cause thereof being
      distributed over the whole bearing surface. Thereafter, the original slow
      rotation will be restored. The relapping process will be finished and the
      support disc is restored into its original state comprising an amorphous
      surface.
PAR  The invention can, however, be used advantageously in an axial piston type
      machine of another general type, wherein the cylinder barrel is rotatably
      mounted relative to a casing or reference member, and wherein the axial
      pistons slidingly engage a swash plate, which is pivoted in the casing or
      on the reference member. Preferably said cylinder barrel is supported for
      solely axial movement on said barrel shaft with the barrel shaft being
      mounted for rotation in said casing and means being provided for
      preventing rotational movement of said cylinder barrel relative to said
      barrel shaft.
PAR  In such a construction, a satisfactory mounting of the shaft can be
      achieved advantageously in that said cylinder barrel has exactly guiding
      bore portions at both of its ends, said barrel shaft being guided by said
      bore portions, said means for prevention of rotational movement comprising
      spline means on said barrel shaft and cylinder barrel between said bore
      portions.
PAR  In order to avoid one-sided mechanical and thermal loading of the pistons
      in the cylinder bore and to cause a slow rotational movement of the
      pistons, it is furthermore advantageous that shoes are articulated on said
      pistons by means of ball-and-socket joints and that said swash plate has a
      slightly convex surface on the side of said shoes. Thereby the shoe
      supported on the slightly convex-spherical surface has to execute a
      permanent small joint movement which results in a slow rotational movement
      of the pistons.
PAR  In order to hydraulically balance the shoes, on the one hand, and to avoid
      the risk of the shoes lifting off the swash plate on the low pressure
      side, provision can be made that each of the shoes has a sliding surface
      provided with a recess forming a central circular balancing pressure area,
      which recess communicates with the respective cylinder bore through
      connecting passages in said shoe and said piston; and that said shoes have
      edge portions and are held in contact with said swash plate by means of an
      apertured disc extending over said edge portions, said apertured disc
      having an axially positioned spherical bearing surface which rides on a
      convex-spherical surface of a spring biased pressing bearing, said
      convex-spherical surface being curved about the point of intersection of
      the barrel shaft axis and the plane defined by the centers of the balls of
      said ball-and-socket joints.
PAR  A further advantageous modification of the invention is characterized in
      that sliding surfaces of said shoes are planar, whereby the planar edge
      portions of said sliding surfaces and the spherical surface of said swash
      plate form wedge shaped gaps all around.
PAR  With such a construction of the shoes, there is a kind of "aquaplaning,"
      i.e., the shoe is lifted hydrodynamically on the leading side of the
      respective direction of movement, so that it is easily movable. Thereby,
      the originally slightly underdimensioned hydraulic balancing pressure
      areas below the sliding surface of the shoe is increased by leaking oil
      under pressure, whereby it substantially balances the force exerted by the
      piston. On the trailing side of the respective direction of movement, the
      inner sealing area of the planar side surface around the recess is urged
      against the swash plate and is thus, at first, subjected to certain wear.
      Due to this wear, however, the effective area of the hydraulic balancing
      pressure area will be increased until eventually the pressure area
      completely balances the piston force and there will be no more wear.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal section of an axial piston type machine in
      accordance with the invention and pivoted to a pivot angle of 42.degree.;
PAR  FIG. 2 is a section through the embodiment of FIG. 1 and shows a detail of
      the valving means and of the hydraulic balancing of the intermediate disc;
PAR  FIG. 3 is a sectional view of the arrangement of FIG. 2;
PAR  FIG. 4 is a longitudinal section of a second embodiment and shows an axial
      piston type machine wherein the barrel support is pivoted about an
      off-center axis;
PAR  FIG. 5 is a fragmentary section through a cylinder block and shows a detail
      of the design of the piston with the associated piston rod in the cylinder
      bore;
PAR  FIG. 6 is a schematic illustration of the embodiment of FIG. 4 and shows
      the pivoting kinematics;
PAR  FIG. 7 is a fragmentary elevational view, partially broken away, of the
      embodiment of FIG. 4 and shows a detail of the pivotal mounting of the
      barrel support;
PAR  FIG. 8 is a transverse cross sectional view of the pivotal mounting in
      which the pivot axis passes, in accordance with FIG. 1, through the break
      point;
PAR  FIG. 9 is a partial transverse section showing an off-center pivot axis in
      accordance with FIG. 4;
PAR  FIG. 10 is a longitudinal sectional view of an axial piston type machine
      having a pivotable swash plate;
PAR  FIG. 11 shows in enlarged scale the shoe in contact with a convex swash
      plate;
PAR  FIG. 12 shows the valve plate used in the embodiment of FIG. 10; and
PAR  FIG. 13 illustrates the retaining of the intermediate disc in the casing.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAR  The following disclosure is offered for public dissemination in return for
      the grant of a patent. Although it is detailed to ensure adequacy and aid
      understanding, this is not intended to prejudice that purpose of a patent
      which is to cover each new inventive concept therein no matter how others
      may later disguise it by variations in form or additions or further
      improvements.
PAR  In FIG. 1 there is an axial piston machine having a drive flange (stroke
      disc) 1. Piston rods 2 are connected to the drive flange 1 on a circle
      (stroke circle). A cylinder barrel 3 is guided in axially movable manner
      on a barrel shaft 5. The barrel shaft 5 is articulated on the drive flange
      1 about a point 4. A spherical surface 13 is provided on a barrel support
      8, said spherical surface 13 being curved about a point 14. This surface
      13 is an abutment surface on the barrel support. An intermediate disc 7
      engages the spherical surface 13 with a corresponding bi-spherical
      surface. The intermediate disc 7 is provided with a planar end face
      adjacent the cylinder barrel, this end face forming a valving surface. The
      intermediate disc 7 is held against rotation relative to the barrel
      support 8 by a pin 11 which engages a peripheral recess of the
      intermediate disc 7. The end face of the cylinder barrel 3 is pressed
      against the planar end face of the intermediate disc 7 by a compression
      spring 6.
PAR  The barrel shaft 5 extends through a central aperture 12 of the
      intermediate disc 7, there being a gap between the barrel shaft 5 and the
      walls of the disc 7 defining the aperture 12. The barrel shaft 5 is
      mounted in a bearing 9 in the barrel support 8. This is done in such a
      manner that, on one hand, an axial movement of the barrel shaft 5 in the
      bearing 9 is possible and, on the other hand, a pivotal movement about a
      point 10 is permitted.
PAR  Passages 15 are provided in disc 7 for the oil to pass to and from the
      cylinders. Due to these passages, the intermediate disc 7 is relieved from
      axial hydraulic forces. Due to the spherical shape of the contact surface
      13, there are, however, also radial forces. The radial forces are balanced
      by hydraulic balancing pressure areas 16, which communicate with the
      passage 15 through bores 17. Thus there is a complete hydraulic balancing
      of the hydraulic forces acting on the intermediate disc 7, whereby the
      latter is movable for the alignment movement.
PAR  In the axial piston type machine shown in FIGS. 1 to 3 the barrel support 8
      pivots about an axis at a right angle to the plane of the paper in FIG. 1
      and passing through the pivot point 4. The various elements permitting an
      alignment movement have the function of compensating for errors due to
      manufacture and assembly.
PAR  FIG. 4, in contrast thereto, shows an axial piston type machine in which
      the cylinder barrel 3 pivots about an offcenter pivot axis 18. The pivot
      axis 18 is at a right angle to the plane of the paper in FIG. 4, thus at a
      right angle to the plane defined by the axes of the drive shaft and of the
      barrel shaft 5. The pivot axis 18 is located to substantially intersect
      the angle bisector between drive shaft axis and axis of barrel shaft 5 at
      maximum pivot position of the barrel support 28 (or a line normal to the
      angle bisector W, if the angle bisector relates to the actue angle between
      the axes). The distance of the pivot axis 18 from the pivot point 4 is
      preferably substantially equal to the radius of the stroke circle, i.e.,
      the circle on the drive flange 1 on which the ball joints of piston rods
      22 are located. By this position of the pivot axis 18 the pistons 23 have,
      in all pivot positions, the same top dead center position which can be
      selected to provide a minimum dead space in the cylinder bore 21.
      Furthermore provision is made thereby that the adjustment of the
      intermediate disc relative to the cylinder barrel 3 requires only small,
      uncritical alignment movements 20 (FIG. 6) about the point 14 of the
      barrel support 28. The aperture 12 permits sufficient play for the barrel
      shaft 5. As can be seen from FIG. 4, the barrel shaft 5 moves in the
      bearing 9 through half the distance through which the piston stroke is
      variable during the pivoting movement.
PAR  The piston rod has a double-conical shape comprising truncated cones 22 and
      22'. It is located in the cylinder bore 21 the wall of which it contacts
      with the double cone 22, 22' in order to drive the cylinder barrel. The
      sphere on the right end of the barrel shaft 5 secures the pivot point 4
      for the kinematic process of driving the cylinder barrel 3. A
      sleeve-shaped piston member 23 is supported on a spherical annular surface
      24 which permits a pivotal movement of the piston member 23 relative to
      the piston rod 2.
PAR  The end faces of the sleeve-shaped piston member 23 are spherical surfaces
      which are curved about a common center. These spherical end faces 25 are
      held between hollow-conical end faces 26, 26' of a recessed portion of the
      piston rod 2. The hollowconical end face 26' is provided on the cone 22'.
      Cone 22 is held on the piston rod by a flange 27 in such manner, that the
      piston member 23 is easily movable.
PAR  The contact between the conical end faces and the spherical end faces form
      the inner sealing zone of the piston 23 which, with correct dimensioning
      of the construction, has a minimum annular space defined by the pressure
      surfaces. This contact is only slightly loaded in axial direction, while
      the main axial force is transmitted directly through the piston rod 2.
PAR  The schematic representation of FIG. 6 shows how the off-center barrel
      support 18 supports the barrel shaft 5 through the pivotal bearing 9 at
      its center 10. The barrel shaft 5 slides in the bearing 9 during movement
      of the barrel support 28 without affecting the drive connection of the
      piston rods. The barrel support is guided by the pivot point 4. The barrel
      support 28 executes a pivotal movement relative to the barrel shaft 5.
      This movement is such that a fixed line 29 with respect to the barrel
      support passes in the zero position of the barrel support 28 through the
      pivot point 4 and is aligned with the axis 31 of the drive flange. At
      maximum pivot position this line 29 passes again through the pivot point
      4. During the intermediate pivoting movement, the center 14 of the
      spherical surface 13 carries out a small movement which results in a
      correcting movement of the intermediate disc. This movement is permitted
      by the play of the barrel shaft 5 in the aperture 12.
PAR  FIGS. 7, 8 and 9 show the mode of supporting the barrel support 8 or 28,
      respectively. The barrel support conducts oil, as conventional with this
      type of machine, and is held by a bifurcated casing portion with a bearing
      33 or 33', respectively, therebetween. The bearings 34 or 34', which are
      prevented from rotation by pin 35, are provided with plastic coatings. In
      the outside fit of the bearing boxes, there are sealing steel sleeves 36,
      36'. Having play with respect to the bearings 33, 33' they engage conical
      disc 37, 37' axially through a cone-cone-surface contact, whereby an axial
      seal is achieved. This is a simple pivot mounting, which is independent of
      the tolerances of a bearing box having a plastic layer.
PAR  FIGS. 1 and 4 show an axial bearing support disc 19 of which supports a
      ring 38 on the shaft. This ring has a spherical end face. The center 39 of
      the spherical end face is slightly eccentric with respect to the shaft
      axis 31. The eccentricity e (FIG. 4) causes a vibrating movement of the
      support disc 19 on a planar surface 40 which is slightly inclined with
      respect to the shaft axis, there being a slow rotation of the support disc
      19. The spherical surfaces of the two bodies 19 and 38 are dimensioned in
      such a way as to being slightly pushed apart under the action of a strong
      oil flow and transmit the thrust through a supporting oil film. In order
      to prevent scoring on the bearing surfaces due to contamination or
      deformation, the described provisions are made, whereby any wear caused by
      microscopic particles in the oil is distributed over the whole bearing
      surface by means of the relative dimensioning of the diameters, the
      spherical shape being maintained.
PAR  In the embodiment of FIGS. 10 to 13, there is a machine casing 41 having an
      internal chamber which is closed by a cover 42. A shaft 44 is mounted in
      bearings 46 and 48 in the machine casing 41 and in the cover 42,
      respectively. The machine casing 41 has a spherical abutment surface 50.
      Around this spherical abutment surface there is a groove 52. A cylinder
      barrel 54 having cylinder bores 56 is supported on shaft 44. The cylinder
      bores 56 communicate with passages 58, which open at the left end face (as
      viewed in FIG. 10) of the cylinder barrel. Axial pistons 60 are slidable
      in the cylinder bores 56. The cylinder barrel 54 is provided near both its
      ends with exactly guiding central bosses 62, 64, which fit closely to the
      shaft 44, whereby the cylinder barrel 54 is held exactly on the shaft.
      Intermediate the exactly guiding bosses 62 and 64 there is a spline
      connection 66 between shaft 44 and the cylinder barrel such that the
      cylinder barrel 54 is guided on the shaft 44 in an axially movable manner
      but is restrained against rotation relative to the shaft.
PAR  A swash plate support 68 is pivoted in casing 41 about an axis 70. The
      swash plate support 68 supports a swash plate or stroke disc 72, the left
      surface of which 74 (as viewed in FIG. 1) adjacent the cylinder barrel 54
      is of slightly convexspherical shape. The pistons 60 engage the swash
      plate 72 through shoes 76. The left end face of the cylinder barrel 54
      bears against an intermediate disc 78 which in turn bears against the
      spherical abutment surface 50.
PAR  Upon rotational movement of shaft 44 with cylinder barrel 54, the axial
      pistons 60 are caused to reciprocate in the cylinder bores 56 in
      well-known manner. By valving means at the left of the barrel 54, the
      cylinder bores 56 are alternatingly connected to a high pressure or a low
      pressure connection 80 through passages 58, whereby, with pump operation,
      oil is sucked in through the low pressure connection and is discharged
      through the high pressure connection.
PAR  The shaft 44 and the guiding by means of bosses 62 and 64 cause the
      orientation of the cylinder barrel 54 to be fixed with respect to the
      casing. There is no means for the left end face of cylinder barrel 54 to
      align itself with the abutment surface 50 on the casing. It is not
      possible to make sure by mere precision of manufacture that the cylinder
      barrel 54 with its given orientation presses against the abutment surface
      50 in a sealing manner. Therefore, an intermediate disc 78 is provided.
      This intermediate disc has on its two end faces spherical surfaces, the
      radius of curvature of the left surface in FIG. 1 being equal to the
      radius of curvature of the abutment surface 50 and the radius of curvature
      of the right surface in FIG. 1 being equal to the radius of curvature of
      the end face of the cylinder barrel. In the embodiment shown, the latter
      radius of curvature is infinite, i.e., the right end face of the
      intermediate disc 78 and the left end face of the cylinder barrel 54 are
      planar. However, there may also be a finite curvature of these two
      surfaces, provided the radii of curvature of the left and of the right end
      face of the intermediate disc 78 and thus of the abutment surface 50 and
      the end face of the cylinder barrel 54, respectively, are different. If
      the intermediate disc 78 is free with regard to its radial and tilting
      movements, differences in the orientation of the abutment surface 50 and
      of the cylinder barrel 54 are exactly compensated for by the intermediate
      disc 78.
PAR  The invention permits supporting the cylinder barrel 54 rigidly on the
      shaft 44, whereby all laterally acting forces on the cylinder barrel 54
      are absorbed by the shaft 44 and thus by the casing 41. On the other hand,
      a safe and sealing engagement of the cylinder barrel 54 with its left end
      face on a valving means non-rotatable with respect to the casing is
      ensured.
PAR  The intermediate disc 78 is, as in the embodiment of FIGS. 1 to 9, formed
      as valving means and has a valving surface with two kidney-shaped control
      openings 82 and 84 which communicate with the high pressure and low
      pressure connections, respectively. For this purpose, the intermediate
      disc 78 is retained as to its position about the axis of shaft 44. This
      retaining is, however, effected in such a manner that an alignment of the
      intermediate disc 78 with both the abutment surface 50 and the end face of
      the cylinder barrel 54 will be possible. For this purpose an annular disc
      86 is located in the annular groove 52. The annular disc 86 is provided
      with four recesses 88, 90, 92 and 94 which are spaced by 90.degree. apart.
      See FIG. 13. A pair of projections 96, 98 engage two (i.e., 88 and 92) of
      the diametrically opposite recesses. These projections are mounted on pins
      100, 102 secured to the casing 41. A pair of diametrically opposed
      projections 104, 106 is provided on the intermediate disc 78. These
      projections engage the diametrically opposite recesses 94 and 90,
      respectively. Each of the recesses 88 to 94 has a pair of planar side
      faces in which the projections 96, 98 and 104, 106, respectively, are
      exactly guided; however, a limited radial movement of the projections in
      the recesses is permitted. By this arrangement, the angular position of
      the intermediate disc 78 about the axis of the shaft 44 is exactly fixed,
      an aligning movement including a limited radial movement being permitted
      however.
PAR  Thus the intermediate disc 78 has the function of the valving means. It is
      positioned by oil pressure on one side. Thereby a torque is exerted on the
      intermediate disc 78 which tends to tilt the latter. In order to
      counteract this torque, hydraulic balancing pressure areas 108, 110 are
      provided on the periphery of the intermediate disc 78. These pressure
      areas communicate through channels 112, 114 with the control openings 82
      and 84, respectively. The intermediate disc 78 has a central aperture 116,
      through which shaft 44 extends at a distance from the walls defining the
      aperture. Thereby the shaft 44 does not interfere with the alignment
      movement of the intermediate disc 78.
PAR  The pistons 60 bear against the swash plate through ball joints formed by
      balls 118 on the ends of the pistons and shoes 76. These balls are held in
      sockets 120 of the shoes. The shoes have peripheral flanges 122 extending
      beyond the sockets 120. These flanges have a planar side surface 124.
      There is a central recess 126 in the planar slide surface 124. The
      diameter of this recess is substantially equal to the diameter of the
      cylinder bore 56. This recess 126 is connected with the cylinder bore 56
      through passages 128 and 130, so that a hydraulic balancing pressure field
      is formed in the recess, which balances the hydraulic force acting through
      piston 60. A flat 132 on the end of the joint ball 118 provides (in
      conventional manner) communication between passages 128 and 130 with
      various pivot positions of the swash plate 72.
PAR  Due to the slightly convex-spherical surface 74 the inclination of the
      shoes 76 relative to the piston 60 is changed continuously. Thus an
      additional slow rotatory movement of the pistons 60 within the respective
      cylinder bore results.
PAR  An apertured disc 134 extending over these edge portions 122 of the shoes
      urges the shoes 76 into engagement with the swash plate 72. The apertured
      disc 134 has a concave-spherical bearing surface 136 which fits about a
      convex-spherical surface of a bearing 138. This convex-spherical surface
      is curved about the point of intersection of the shaft axis through the
      plane defined by the centers of the joint balls 118. The bearing 138 is
      slidable on shaft 44 and is biased by springs 140. Thereby the shoes 76
      are held in positive engagement with the surface 74 of the swash plate 72
      on the low pressure side also.
PAR  The centers of the joint balls 118 follow an elliptical course on the
      slightly spherical surface 74 of the inclined swash plate 72. Also, the
      holes of the apertured disc 134 are sufficiently large to permit the
      flanges 122 of the shoes to follow this course. The intersection point of
      the axis of the shaft 44 through the plane defined by the centers of the
      joint balls 118 thus centers the apertured disc 134, the disc having a
      concave abutment surface curved corresponding to the radius of surface 74
      for engagement on the flange-shaped edge portions 122.
PAR  The ratio of the radius of curvature of surface 74 of swash plate 72 to the
      radius of the hydraulic balancing pressure field 126 is above 200 : 1. The
      surface 74 of the swash plate 72 is, therefore, only slightly curved, so
      that a wedge-shaped gap 142 exists between the planar portions of the
      slide surface 124 and the surface 74.
PAR  In the embodiment of FIGS. 10 to 13 the swash plate 72 is pivotable about
      an axis 70 passing through said intersection point and intersecting the
      axis of shaft 44. However, the system described would also permit a
      pivotal movement of the swash plate 72 about an axis with a certain
      parallel offset from axis 70 and therefore not intersecting said axis of
      shaft 44.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an axial piston machine comprising a casing having a portion about a
      primary axis with high and low pressure openings therein, a cylinder
      barrel journaled in the casing at two spaced points along its axis for
      axial and rotary motion about said primary axis with respect to the
      casing, said cylinder barrel having two ends with axial cylinder bores
      extending inwardly from one end and connecting passages extending from the
      cylinder bores to the other end, said other end being adjacent said
      portion, valving means for valving the flow of fluid to and from said
      cylinder bores, whereby with said rotation said passages communicate with
      said openings through said valving means, said valving means including
PA1  said portion, said other end and an intermediate disc between the barrel
      and said portion of the casing, said disc having two sides with one side
      in contact with the casing and the other side in contact with said other
      end of the barrel, said sides having different centers of curvature, said
      other end of the barrel and said portion of the casing having shapes
      complementary to the respective side of the disc which they contact, and
      means for rendering said disc stationary with respect to said casing,
PAL  a stroke plate positioned adjacent said one end of the cylinder barrel,
      said stroke plate having an axis which is at an angle to the primary axis,
      and axial piston means having portions within said cylinder bores and
      portions contacting said stroke plate to produce a reciprocating movement
      thereof upon relative rotational movement between the cylinder barrel and
      the stroke plate, the improvement comprising:
PA1  said means for rendering said disc stationary including a retainer member,
      first guide means engaging said casing and said retainer member for
      guiding said retainer member relative to said casing in a first direction
      normal to said primary axis, second guide means engaging said retainer
      member and said intermediate disc for guiding said intermediate disc
      relative to said retainer member in a second direction normal to said
      first direction, said first and second guide means permitting movement of
      the intermediate disc in the direction of said primary axis and angular
      movements about axes parallel to said first and second directions.
NUM  2.
PAR  2. In a machine as set forth in claim 1, wherein said casing defines an
      annular groove about said portion, said retainer member being an annular
      disc having a periphery, said disc having a first pair of diametrically
      opposed recesses in the periphery thereof and second pair of diametrically
      opposed recesses in the periphery thereof and spaced ninety degrees from
      said first pair of recesses, a first pair of opposed projections extending
      from said casing into said first pair of recesses, and a second pair of
      diametrically opposed projections extending from said casing into said
      second pair of recesses, said first pair of recesses and said first pair
      of projections forming said first guide means, said second pair of
      recesses and said second pair of projections forming said second guide
      means.
NUM  3.
PAR  3. In a machine as set forth in claim 2, wherein said annular disc at each
      of said recesses forms pairs of parallel planar guide surfaces, each
      projection having corresponding planar side surfaces in juxtaposition to
      said guide surfaces of the respective recess, said recesses and said
      projections being positioned and proportioned to permit limited radial
      movement of the projections in the recesses.
NUM  4.
PAR  4. In an axial piston machine comprising a casing having a portion about a
      primary axis with high and low pressure openings therein, a cylinder
      barrel journaled in the casing for axial and rotary motion about said
      primary axis with respect to the casing, said cylinder barrel having two
      ends with axial cylinder bores extending inwardly from one end and
      connecting passages extending from the cylinder bores to the other end,
      said other end being adjacent said portion, valving means including said
      portion and said other end for valving the flow of fluid to and from said
      cylinders whereby with said rotation said passages communicate with said
      openings through said valving means, a swash plate positioned adjacent
      said one end of the cylinder barrel at an angle to the primary axis, and
      axial piston means having portions within said cylinder bores and shoes
      slidingly engaging a face of said swash plate to produce a reciprocating
      movement thereof upon rotational movement of said cylinder barrel, each
      shoe having a planar surface in contact with said face and a central
      recess in said surface and forming a balancing pressure area, the
      respective axial piston means having a passage extending from said
      pressure area to the interior of the respective cylinder bore, the
      improvement comprising:
PA1  said face of the swash plate being slightly convex whereby the flat shoes
      in contact with said slightly convex face results in the inclination of
      the shoes relative to the piston being constantly changed and the shoes
      are supported dynamically by a kind of "aquaplaning" effect.
NUM  5.
PAR  5. In a machine as set forth in claim 4, wherein each piston means includes
      a ball and socket joint at the respective shoe, said joints having centers
      positioned in a plane intersecting the primary axis at a point, each shoe
      has a flange, the swash plate includes an apertured disc with the shoes
      extending through the apertures thereof with the apertured disc bearing
      against the flanges, bearing means forming a convex bearing surface on
      said shaft and movable axially on the shaft, said apertured disc defines a
      central concave-spherical bearing surface positioned on said convex
      bearing surface, said concave-spherical bearing surface being curved about
      the point of intersection of the primary axis and said plane, and means
      engaging said bearing means and resiliently urging said apertured disc
      away from said barrel.
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ABST
PAL  A variable displacement cylindrical pump is provided having a sectional
      housing and a cam plate having trunnions and trunnion bearings. A first
      generally annular pump housing section is provided having oppositely
      disposed recesses formed in its inner periphery that have semi-circular
      portions at one end for axially receiving the cam plate trunnions and
      trunnion bearings. The trunnion bearings are secured in their recesses by
      the assembly of a second adjoining pump section housing and by biasing
      springs disposed between the trunnion bearings and the second housing
      section.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to variable displacement cylindrical pumps or
      motors, and while the invention is subject to a wide range of
      applications, it will be particularly described as applied to a variable
      delivery pump.
PAR  The present invention is an improvement over the system disclosed for
      journalling trunnions of a cam plate in the prior Budzich U.S. Pat. No.
      3,093,081 granted June 11, 1963 and assigned to the same assignee as the
      present invention. In this patent, and in general practice, variable
      delivery is provided by a cam plate having trunnions supported along an
      axis normal to and intersecting an axis of rotation of the main shaft of
      the pump. Seats for trunnion bearings are provided in machined through
      openings at opposite sides of a pump casing, these openings being
      accurately machined to provide a proper fit for trunnion bearings or
      trunnion pins in order to prevent vibration of the cam plate. It is
      necessary that these openings be sealed with plugs and/or O-rings to
      prevent leakage of fluid. The original installation and maintenance of
      these seals and plugs, and the cost of machining the openings is
      expensive.
PAR  An object of the present invention is to provide a variable displacement
      cylindrical pump which substantially simplifies the described prior art
      arrangements.
PAR  Another object of the present invention is to provide a variable
      displacement cylindrical pump wherein no through openings are required in
      a pump casing for journalling a cam plate.
PAR  Other objects, purposes and characteristic features of the present
      invention will be in part obvious from the accompanying drawings and in
      part pointed out as the description progresses.
PAC  SUMMARY OF THE INVENTION
PAR  A variable displacement cylindrical pump is provided comprising a sectional
      housing and a cam plate having trunnions and trunnion bearings wherein
      oppositely disposed recesses are formed in an inner periphery of a first
      generally annular pump housing section, each of the recesses having
      semi-circular portions at one end for axially receiving the cam plate
      trunnions and trunnion bearings within the housing section. The trunnions
      and trunnion bearings are secured within the recesses by a second
      generally annular pump housing section adjoining the first housing
      section. The trunnion bearings are spring biased against the semi-circular
      portions of the recesses to prevent vibration of the cam plate.
PAR  For a better understanding of the present invention, together with other
      and further objects thereof, reference is had to the following
      description, taken in connection with the accompanying drawings, while its
      scope will be pointed out in the appending claims.
DRWD
PAC  IN THE DRAWINGS
PAR  FIG. 1 is an axial sectional view with some parts broken away of a variable
      displacement cylindrical pump according to a preferred embodiment of the
      present invention;
PAR  FIG. 2 is an enlarged view taken along the line 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged view taken along the line 3--3 of FIG. 1;
PAR  FIG. 4 is a modification of FIG. 2 to illustrate the use of a modified hold
      down spring arrangement;
PAR  FIG. 5 is a modification of FIG. 3 to further illustrate the use of the
      modified hold down spring arrangement of FIG. 4.
PAR  FIG. 6 is another modification of FIG. 2 to illustrate the use of another
      modified hold down spring arrangement for biasing each of the trunnion
      bearings; and
PAR  FIG. 7 is another modification of FIG. 2 to illustrate the use of another
      modified hold down spring arrangement for biasing each of the trunnion
      bearings.
DETD
PAR  With reference to FIG. 1, a variable displacement cylindrical pump 10 is
      disclosed having a sectional housing 11 and a cam plate 12. The cam plate
      12 has oppositely disposed trunnions 13 and trunnion bearings 14 for
      journalling the trunnions 13. A first generally annular pump housing
      section 15 has oppositely disposed recesses 16 formed therein in its inner
      periphery as by cores in a diecasting. These recesses have semi-circular
      portions 16a (see FIG. 2) for axially receiving the cam plate trunnions 13
      with their associated bearings 14 assembled thereon. The trunnions 13 and
      trunnion bearings 14 are secured within the recesses 16 by assembly of a
      second generally annular pump housing section 17 adjoining the first
      housing section 15. The trunnions 13 and trunnion bearings 14 are biased
      toward the semi-circular portion 16a by hold down springs 18 (see FIGS. 1,
      2 and 3) for preventing vibration of cam plate 12.
PAR  With reference to FIGS. 2 and 3, the recesses 16 are illustrated as having
      a semi-circular lower portion 16a which is connected by a slot 16b to the
      upper edge 15a of the first housing section 15. Recesses 19 are formed in
      the sides of the slot 16b near the top for locating ends of springs 18 as
      is shown in FIG. 3.
PAR  The springs 18 are preloaded leaf springs having their opposite ends
      located in opposite recesses 19 and terminating in preloaded coils 18a. It
      will be noted that the ends of the springs 18 are so disposed as to be
      free of contact with the housing 11, and thus the flexing of the springs
      18 cannot wear the housing 11, which is preferably formed of a relatively
      light metal such as aluminum.
PAR  With reference to FIG. 3, the spring 18 bears with substantially uniform
      pressure upon the upper periphery of bearing 14 to strongly bias the
      bearing 14 in a unform manner against the semi-circular seat 16a in the
      housing section 15. The coiled ends 18a of spring 18 act in a wedge-like
      manner to restrain the bearing 14 uniformly at its opposite sides in the
      recess slot 16b. The circular ends 18a of spring 18 are illustrated as
      being disposed transversely of the slots 16b and being maintained under
      compression because of three points of contact, namely, in the slots 19,
      on the outer periphery of the associated roller bearing 14 and against the
      inner surface of a gasket 20 disposed between the housing sections 15 and
      17. The springs 18 are preferably of a width slightly less than the width
      of the slot 16b as is illustrated in FIG. 3. The recesses 19 center the
      springs 18 within the sides of the slot 16b.
PAR  Although it will be readily apparent that the invention as described is
      applicable to a number of different variable delivery pump and motor
      structures, the preferred embodiment shown in FIG. 1 comprises a drive
      shaft 21 for rotating a cylinder block 22 having the usual pistons 23 for
      the communication of fluid through a valve face 24 connected to high and
      low pressure ports 25 and 26. In the operation of the pump, fluid is
      retained within the pump housing 11, and there can be no leakage through
      the casing section 15 of fluid around the trunnions of the cam plate
      because it is no longer necessary to provide openings adjoining these
      trunnions through the housing section 15 for the machining of journals
      and/or assembly of cam plate trunnions 13 and trunnion bearings 14 within
      the housing section 15.
PAR  With reference to FIGS. 4 and 5, a modified spring hold down arrangement
      can be provided using independent single turn preloaded springs at
      opposite sides of the slot 16b similarly disposed relative to the ends 18a
      of spring 18 shown in FIGS. 1, 2 and 3, to provide a biasing force
      comparable to spring 18, the springs 30 must be of heavier construction.
      They should be accurately formed, with no overlap to provide a sharp edge
      that could wear the housing 11 in case the springs 30 should become
      rotated so that their ends would contact a portion of the housing 11.
PAR  FIG. 6 shows a modified form of a bearing hold down system comprising a
      single spring 27 for retaining a trunnion bearing 14 secured within a
      recess 16. As shown in FIG. 6, this spring is an integral strip of
      resilient material extending substantially horizontally across the top of
      bearing 14 and having its ends coiled upwardly to be disposed in opposite
      recesses 19 in a slot 16b in housing section 15. This structure biases the
      trunnion bearing 14 through a point of contact near its center against the
      semi-circular base 16a of the recess 16 to prevent vibration of the cam
      plate 12. Spring 27 must be much heavier than spring 18 because all of the
      biasing force must be applied at a single point of contact.
PAR  With reference to FIG. 7, a further modification of a bearing hold down
      system for the trunnion bearing 14 is illustrated having a substantially
      rigid retaining plate 28 with a central arcuate portion 28a bearing on the
      top of the trunnion bearing 14 near its center. The plate 28 is biased
      against the trunnion bearing 14 by vertically disposed compression springs
      29 bearing on opposite ends of the plate 28. As in the other forms of the
      invention that have been described, the springs 29 and the bearing plate
      28 are located partly within recesses 19 formed in the side of the slot
      16b.
PAR  Having thus described a variable displacement cylindrical pump having
      improved journalling of its cam plate as a preferred embodiment of the
      present invention, it is to be understood that various modifications and
      alterations may be made to the specific embodiment shown without
      department from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A variable displacement cylindrical pump comprising a sectional housing
      and a cam plate within the housing having trunnions and trunnion bearings
      wherein improved means for journalling the trunnions in a sectional
      housing comprises;
PA1  a. an integral first generally annular pump housing section having
      oppositely disposed recesses formed from one end thereof only in its inner
      periphery and not penetrating the outer periphery of the integral housing
      section for permitting the cam plate with its trunnions and trunnion
      bearings assembled thereon to be inserted within the first housing section
      from said one end with its bearings journalled in the recesses,
PA1  b. securing means including a second generally annular pump housing section
      adjoining the first housing section for securing the cam plate trunnions
      and trunnion bearings within the recesses, and
PA1  c. resilient means disposed between the second housing and each trunnion
      bearing for preventing vibration of the cam plate.
NUM  2.
PAR  2. A variable displacement cylindrical pump according to claim 1 wherein
      the recesses include slots of a width corresponding to the outside
      diameter of the bearings extending to one end of the first housing section
      from semi-circular recess portions for permitting assembly of the cam
      plate trunnions with the trunnion bearings assembled thereon within the
      first annular pump housing section.
NUM  3.
PAR  3. A variable displacement cylindrical pump according to claim 2 wherein
      recesses are formed in sides of the slots for locating the resilient
      means.
NUM  4.
PAR  4. A variable displacement cylindrical pump according to claim 1 wherein
      the resilient means comprises hold down springs disposed between each of
      the trunnion bearings and the second pump housing for preventing vibration
      of the cam plate.
NUM  5.
PAR  5. A variable displacement cylindrical pump according to claim 4 wherein
      the resilient means includes spaced coil springs for biasing opposite
      sides of each of the cam plate trunnion bearings against the semi-circular
      portion of the associated recess.
NUM  6.
PAR  6. A variable displacement cylindrical pump according to claim 5 wherein
      the coil springs have several turns each, are disposed longitudinally
      relative to each recess and are seated on a substantially rigid strip of
      material bearing at an intermediate point on an associated trunnion
      bearing.
NUM  7.
PAR  7. A variable displacement cylindrical pump according to claim 5 wherein
      the coil springs are formed by approximately a single turn of flat
      resilient material of a width slightly less than the depth of the
      recesses.
NUM  8.
PAR  8. A variable displacement cylindrical pump according to claim 6 wherein
      each of the springs is maintained under compression by points of contact
      with the periphery of one of the bearings, one side of one of the recesses
      and one end of the second housing section.
NUM  9.
PAR  9. A variable displacement cylindrical pump according to claim 7 wherein
      the springs in each recess are integrally connected by a preloaded leaf
      spring that bears on a substantial portion of the periphery of an
      associated trunnion bearing.
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ABST
PAL  Squeezing-shredding machine for tomato pulp comprises a conveyor at one end
      of which a suitable cutters cut the tomatoes along a longitudinal axis
      into halves and a separator device downstream of each cutter which
      positions each half tomato on a perforated flat conveyor which passes
      beneath idle pressure rollers which are suitably spaced apart.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  At the present time, various tomato processing systems are available
      designed to process the best quality product, namely the most perfectly
      shaped tomatoes, which provided they do not undergo damage during the
      washing, scalding or peeling operations, are canned in the form of whole
      peeled tomatoes.
PAR  These canned products must look perfect to the consumer in terms of their
      shape and appearance; consequently the percentage of rejects in the
      various operations is very high and influences processing costs and the
      cost of the final product.
PAR  One disadvantage of a technical character relative to the peeling is that
      excessive "scalding" of the skin can harm a thin film of tomato pulp and
      damage the sugary layers present immediately under the skin, favouring the
      formation of an organic liquid which degrades the product.
PAR  A further disadvantage is that as the peeled tomato is canned whole, it
      retains all its seeds inside it, and obliges the housewife to clean the
      product for use in cooking.
PAR  At present the pulp of imperfect tomatoes unsuitable for canning as "peeled
      tomatoes" is used for producing "tomato concentrate," which is however
      uneconomical and inconvenient to produce for the industry, as it
      represents a process based on recovery and not on production.
PAR  From the foregoing, it is evident that a process which enabled tomatoes not
      of the highest quality to be used and which enabled the raw and seed-free
      product in question to be used in an analogous manner to the peeled
      tomato, so eliminating all the disadvantages inherent in normal processes,
      would be useful and economical.
PAR  The object of the present invention consists of a machine for preparing
      tomato pulp for canning in the aforementioned manner, using also partially
      damaged tomatoes.
PAR  Furthermore according to the invention said machine comprises means for
      separating the seeds from the pulp.
PAR  The machine according to the invention consists substantially of a first
      frame supporting a belt system for conveying the just washed tomatoes.
      Circular blades driven by a motor project between these belts at their
      ends and cut the tomatoes on their centre line without however obstructing
      their progress towards the separator devices supported by a bracket fixed
      to said frame.
PAR  These separator devices each consist of a dihedral of sheet metal bent in
      the form of a V, the vertex of which points upwards, their purpose being
      to separate the two parts of the previously cut tomato and make them slide
      by their flat faces on to a stainless steel conveyor belt supported by a
      further support frame.
PAR  Said steel belt, mounted with its axis horizontal, is provided with a
      plurality of circular holes regularly distributed over its entire surface,
      and is rotated by suitable means. Two pressure rollers are mounted
      suitably spaced apart above its upper surface, the first of which can move
      elastically in the vertical direction and remain raised from the belt in
      order to press the tomatoes conveyed on the belt by the necessary amount
      to expel the seeds, which fall through said circular holes downwards into
      a discharge screw.
PAR  The purpose of the second roller is to squeeze the already cleaned tomatoes
      by exerting a sufficient pressure to force the pulp to pass through the
      said circular holes, the actual purpose of these latter being to shred the
      pulp and so prepare it for canning once it has been conveyed by a screw to
      the canning machine.
PAR  A brush the width of the perforated belt is provided to remove the tomato
      skins which stick to the outer surface of the conveyor belt, together with
      any other refuse.
PAR  A scraper carries out this operation on the inner surface.
DRWD
PAR  The operational and constructional merits and characteristics of the
      invention will be more evident from the detailed description of a
      preferred embodiment thereof given hereinafter purely by way of example,
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a plan view of the squeezing-shredding machine;
PAR  FIG. 2 is a section taken along the line II--II of FIG. 1.
DETD
PAR  Said figures show a first frame 1 on which are mounted the belts 2 for
      conveying the tomatoes 3, which meet the circular cutting blades 4
      projecting from the surface of the end part of the belts 2, and which cut
      the tomatoes 3 approximately in half.
PAR  A bracket 5 projects from the frame 1 and supports the individual metal
      separator devices 6, shaped as a dihedral in the form of an inverted V,
      which separates the two cut parts of the tomato and causes them to slide
      by their flat face on to the conveyor belt 7. This latter is driven
      between two rollers 8 and 9 supported horizontally by the frame 10, which
      constitutes a further support for the metal support and lateral guide
      channels 11 for the conveyor belt 7.
PAR  This belt comprises a plurality of circular holes 12 through which the
      seeds to be expelled and the shredded pulp of the tomatoes pass.
PAR  A sheet metal plate 120 arranged between the ends of the belts 2 prevents
      the cut halves of the tomatoes from falling downwards.
PAR  A roller 13, supported elastically by two supports 14 fixed to the frame 10
      presses the tomatoes 3 downwardly by the amount necessary to cause the
      seeds present in them to pass through the circular holes 12 in the
      conveyor belt, and fall into an expulsion screw 15 for this refuse.
PAR  A second presser roller 16 also pressed elastically on to the belt 7 by the
      spring 166 adjusted by the screw 167 squeezes the tomatoes so that the
      pulp present in them becomes shredded by passing through the circular
      holes in the belt and falls into the screw conveyor 17 which conveys the
      pieces of pulp to the canning machine.
PAR  If the said pulp remains attached to the conveyor belt, a scraper 18 having
      the same length as the width of the belt 7 causes it to fall into the
      screw.
PAR  A cleaning brush 19 then cleans the conveyor belt of the tomato skins
      adhering to it and any other processing refuse which falls into the
      channel 190 from which they are removed, for example by washing with
      water.
PAR  Because of the length of the conveyor belt 7 and the stresses which it is
      subjected to, it is advantageously further supported, particularly under
      the presser rollers, by a plurality of rollers 20 supported by the channel
      guide 11 which supports the conveyor belt.
PAR  A conventional geared motor 21 drives the conveyor belt 7, the cleaning
      brush 19 and screw conveyors 15 and 17 by way of a suitable chain belt
      system.
PAR  The invention is not limited to the single embodiment heretofore described,
      and modifications and improvements may be made to it without leaving the
      scope of the invention, the fundamental characteristics of which are
      summarised in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Machine for squeezing and shredding tomatoes and the like which
      comprises in combination:
PA1  at least one pair of continuous parallel conveyor belts defining
      therebetween a channel for supporting and advancing tomatoes from an input
      to an output end,
PA1  a knife positioned between said belts to cut tomatoes advanced along said
      belts in half,
PA1  a perforated conveyor belt downstream of said parallel conveyor belts,
PA1  means for guiding cut tomatoes from the output end of said parallel
      conveyor belts onto said perforated conveyor belt,
PA1  a first pressure roller positioned above said perforated conveyor belt and
      resiliently biassed toward said belt with a force sufficient to urge the
      seeds in said cut tomatoes through the perforations in said belt, and
PA1  a second pressure roller positioned above said perforated conveyor belt
      downstream of said first pressure roller and pressing downwardly on said
      perforated belt with a force sufficient to drive the pulp of said tomatoes
      through said perforations.
NUM  2.
PAR  2. Machine according to claim 1, in which the first pressure roller is
      disposed slightly spaced apart from the perforated conveyor belt and moves
      elastically in the vertical direction without applying a braking
      resistance to the tomatoes.
NUM  3.
PAR  3. Machine according to claim 1 in which the second pressure roller is kept
      elastically pressed on the conveyor belt, and is supported by two supports
      fixed to a frame supporting the perforated conveyor belt.
NUM  4.
PAR  4. Machine according to claim 1 comprising means for conveying the seeds
      and the shredded tomato pulp, consisting of two screw conveyors extending
      transversely beneath the conveyor belt at each of the two idle pressure
      rollers.
NUM  5.
PAR  5. Machine according to claim 1 comprising means for supporting the
      perforated conveyor belt in the area of the pressure rollers, consisting
      of a series of idle horizontal rollers beneath said perforated belt.
NUM  6.
PAR  6. Machine according to claim 1 comprising means for guiding and supporting
      the perforated conveyor belt, consisting of two lateral channel sections
      along the upper edges of the said conveyor belt.
NUM  7.
PAR  7. Machine according to claim 1, in which the guide means for the cut
      tomatoes consists of a series of V-shaped strips with their vertices
      facing upwards, so as to position the two cut parts of the tomato on the
      perforated conveyor belt.
NUM  8.
PAR  8. Machine according to claim 1 comprising a cleaning brush disposed in a
      collection channel for the refuse, which extends the full width of the
      tomato conveyor belt and which is positioned to clean the upper face of
      said belt.
NUM  9.
PAR  9. Machine according to claim 1, comprising a scraper beneath and
      transversely of the perforated conveyor belt downstream of the second
      pressure roller, and equal in length to the width of the belt.
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ABST
PAL  An apparatus is provided for coring potatoes which comprises the supporting
      framework upon which is mounted a potato coring knife and a conveyor for
      transporting potatoes toward the knife and through the plane of the knife.
      The framework has an inlet end and the conveyor is mounted between the
      coring knife and the inlet end of the framework. A drive means such as a
      motor is mounted on the framework and connected to the conveyor for
      running the conveyor in the proper direction to transport the potatoes to
      the coring knife. The conveyor includes potato contacting members adapted
      to engage the potatoes and advance them toward the knife. The coring knife
      is of annular or endless configuration with an opening in its center. As
      the potatoes are forced through the plane of the knife by the conveyor,
      the center or core portion is removed. The potatoes are then transferred
      to a potato core holding guide with at least one bore therethrough
      defining a pocket which is open at each end. Cutting blades are mounted on
      the apparatus adjacent to the ends of the pockets for removing portions of
      the core ends which project from the pocket when relative motion is
      established between the knives and the pockets.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to potato processing and more particularly to
      equipment for removing the center portion or core from potatoes.
PAC  THE PRIOR ART
PAR  In certain potato processing operations such as the manufacture of frozen
      french fries, frozen julienne potatoes, frozen hash browns and scalloped
      potatoes, it is frequently desirable to start with a large potato piece of
      uniform size and shape. To supply this requirement, the center portion or
      core of the potato is presently removed commercially by an apparatus which
      employs a stream of water to force the potatoes against a stationary ring
      shaped knife. This apparatus requires a large supply of water for
      operation and results in substantial fluid effluents which are undesirable
      because of the environmental effect. The pumping of water also requires
      substantial energy and the equipment is expensive.
PAC  OBJECTS OF THE INVENTION
PAR  The main objects are: (a) to remove the potato cores from whole potatoes in
      a dry condition, (b) provide an option for washing away accumulated starch
      and potato pieces with a small amount of water, (c) provision for
      positioning the potatoes accurately so that their centers are in alignment
      with the center of the coring knife, (d) an optional provision for
      removing the core ends from the cores, (e) the provision in two successive
      steps of removing the cores from the potatoes and the core ends from the
      cores in which the latter operation is capable of handling the entire
      output of the core removal operation, (f) provision of a dual means for
      aligning the potatoes on the center of the coring knife axis prior to
      passage through the plane of the knife; (g) the provision of potato
      engaging teeth adapted to handle all sizes of potatoes within a wide
      range, (h) a provision for shifting the potato cores to a selected
      position prior to removing their ends by the combined action of gravity
      and centrifugal force and (i) provision for making the cores as long as
      possible by removing ends of a constant length from each core.
DRWD
PAC  THE FIGURES
PAR  FIG. 1 is a semi-diagrammatic side elevational view of the invention.
PAR  FIG. 2 is a horizontal cross sectional view taken on line 2--2 of FIG. 1,
      and
PAR  FIG. 3 is a partial vertical sectional view taken on line 3--3 of FIG. 2.
PAR  FIG. 4 is a side elevational view of the escapement on an enlarged scale
      relative to FIG. 1 and
PAR  FIG. 5 is a view on line 5--5 of FIG. 4.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, an apparatus is provided for coring potatoes which comprises the
      supporting framework upon which is mounted a potato coring knife and a
      conveyor for transporting potatoes toward the knife and through the plane
      of the knife. The framework has an inlet end and the conveyor is mounted
      between the coring knife and the inlet end of the framework. A drive means
      such as a motor is mounted on the framework and connected to the conveyor
      for running the conveyor in the proper direction to transport the potatoes
      to the coring knife. The conveyor includes potato contacting members
      adapted to engage the potatoes and advance them toward the knife. The
      coring knife is of annular or endless configuration with an opening in its
      center. As the potatoes are forced through the plane of the knife by the
      conveyor, the center or core portion is removed. In a preferred form of
      the invention, the potatoes are then transferred to a potato core holding
      member with at least one bore therethrough defining a pocket which is open
      at each end. Cutting blades are mounted on the apparatus adjacent to the
      ends of the pockets for removing portions of the core ends which project
      from the pocket when relative motion is established between the knives and
      the pockets.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Shown in the figures is a supporting framework 10 made up of posts 12,
      horizontal cross members 14 and vertically spaced conveyor support plates
      16 and 18. Suitably mounted upon the plates 16 and 18 for example, by
      means of brackets 20 and 22 (not all of which are shown) are two pairs of
      mutually perpendicular chain conveyors 24a and 24b and 26a and 26b, the
      pair 24a and 24b being mutually co-planar and the pair 26a and 26b also
      being mutually co-planar and each pair arranged at right angles relative
      to the other to define a vertically disposed transfer channel indicated
      generally by the numeral 27 between the inward run of each of the
      conveyors which are spaced 90.degree. apart as seen from above. The
      conveyors 24-26 each include vertically spaced conveyor sprockets and
      endless chains entrained thereover. The conveyors are suitably driven in
      the indicated direction by a motor drive means 28 acting through a gear
      box 30 as seen in FIG. 2, mutually perpendicular shafts 32 and 34, right
      angle gear boxes 36 and 38 and shafts 40 and 42 which for simplicity are
      indicated by a dotted line 44 and 45 in FIG. 1. Some of the sprockets of
      the conveyors 24 to 26 are larger than others merely for the purpose of
      accomodating specific commercially available gear boxes. It should be
      understood, however, that all of the conveyor chains travel at the same
      speed and in the same direction within the flow-path 27.
PAR  Each of the chains of conveyors 24a-26b are provided with laterally
      projecting teeth comprising flanges 46 having sharpened outer edges which
      extend normal to the axis of the chains in an outward direction from the
      chain whereby they project toward the center of the transfer channel 27
      thereby engaging the potatoes 50 soon after the potatoes enter an opening
      in plate 18 which serves as the inlet end of the apparatus. The chains
      convey the potatoes in a downward direction through the transfer channel
      27 and through the plane of the core removal knife 52. The blades 88 are
      positioned in vertical alignment with the guides 60a to 62b and are thus
      located intermediate the chains 24a to 26b. It should be noted that the
      shaft of each of the conveyor sprockets is positioned at the proper
      distance from the others to cause the inner run of each chain to converge
      slightly proceeding downwardly from the inlet end 51 to the core removing
      knife 52. This causes the teeth 46 to gradually converge towards one
      another thereby aiding in orienting potatoes 50 so that their longitudinal
      axis as indicated at 50a (FIG. 1) is aligned with the longitudinal axis of
      the transfer channel 27 and the center of the core removal knife 52.
PAR  As best shown in FIGS. 2 and 3, a second potato orienting means is provided
      consisting of a plurality of downwardly directed leaf springs 60
      comprising a first pair 60a-60b on opposite sides of the transfer channel
      27 and a second mutually perpendicular pair 62a-62b also on opposite sides
      of the transfer channel 27. It will be seen that the upper end of each of
      the leaf springs is rigidly secured at its upper end to slightly incline
      brackets 66 mounted rigidly between plates 16 and 18. The lower ends of
      the springs are positioned closest to the center of the transfer channel
      to urge and project portions of the potatoes towards the center of the
      channel as they travel downwardly. The potatoes are thus aligned with the
      central axis at the channel and the cutting knife 52 by the dual action of
      the leaf springs 60a-60b and the convergence of the conveyor chains
      24a-26b.
PAR  The endless coring knife 52 is defined by the upper sharpened edge 52a of
      the tube 80 supported upon a bracket 82 which is fastened at 84 to one of
      the cross pieces 14 of framework 10. The upper sharpened edge 52a of the
      blade 52 is in this instance circular but may be square, hexagonal, or
      some other shape such as octagonal provided it is substantially closed
      upon itself or nearly so whereby an elongated central core portion such as
      those indicated at 86 is removed from each of the potatoes 50. Supported
      on the upper end of the knife 52 are radially extending horizontally
      disposed knives 88 arranged in two mutually perpendicular pairs in this
      case, each 90.degree. apart with sharpened edges that are directed
      upwardly to slice the outer part of the potato into four pieces which fall
      into a collection bin or trough (not shown in the drawings for the sake of
      clarity). Any suitable catching arrangement can be provided. As shown in
      FIG. 3, the inner surface of the knife 52 is relieved somewhat, making the
      inner diameter of tube 80 larger than the diameter at the cutting edge 52a
      so that the cores will fall easily through the tube 80.
PAR  Below the tube 80 is a vertically disposed guide consisting of vertical
      rods defining a guide 90 that define a channel to carry the cores to the
      end removal assembly 92, composed of a pocketed wheel 94 with a central
      axial bore driven as indicated diagrammatically by dotted line 96 by a
      variable speed indexing drive means 98. The pocketed wheel is journaled
      for rotation on a horizontal axis and is provided with a plurality of
      radially extending pockets 100 each having a cylindrical bore being open
      at its inward and outward ends so that the potato core 86 will be free to
      fall from the guide 90 into a pocket each time the pocketed wheel 94 is
      stopped below the guide 90. The indexing drive 98 adapted to move the
      pocketed wheel 94 adapted to a transfer pocketed wheel 94 such that each
      successive pocket comes into alignment with the guide 90 and stops
      momentarily from about 100 to 500 times per minute in a typical operation.
      Within the bore 102 at the center of the wheel is provided a fixed stop
      104 mounted on framework 10 on which the lower end of the core 86 rests
      when the core is passed all the way through the uppermost pocket 100.
      During the next index to position 106 the inward end of the core is
      removed by an end removing blade 108 which is also affixed to the
      framework adjacent to the periphery of bore 102 and the inward end of each
      successive pockets 100 as they move relative thereto. A second stop
      comprising a curved plate 110 is mounted upon the framework adjacent the
      outward ends of the pockets 100 and spaced slightly therefrom. This stop
      prevents the cores 86 from being thrown outwardly beyond a predetermined
      point as the wheel 94 rotates. Affixed to the framework 10 is a second
      blade 112 positioned adjacent to the outer openings of each of the pockets
      100 in a position adapted to remove the outer end of each of the cores and
      an adjustment 114 as provided for selectively changing the distance of the
      stop 110 from the edge of wheel 94 to control the length of the pieces cut
      from the end of the core 86 by blade 112. It should be understood that as
      the wheel 94 rotates the outward shifting of each of the cores is
      accomplished both by gravity and by centrifugal force thereby reliably
      throwing them against stop 110. The slices of potato are removed from the
      outward end of each of the cores shown at 116 and the cores themselves are
      free to fall out of the wheel 94 as shown at 118 and are caught in a
      suitable container or conveyor (not shown).
PAR  The apparatus can be operated in a number of ways but in a preferred
      embodiment, the variable speed indexing drive 98 locates each successive
      pocket in a position below the guide 90 to receive each successive core
      and then advance the pocket past the blades 108 and 112. The drive 98 is
      preferably run at a continuous speed and the motor drive unit 28 is varied
      in speed as controlled by photocell 120 sensing a light beam from the lamp
      122 which feeds the signal via conductor 124 to a controller 126 that
      looks for a blocked beam longer than a selected time period T, and if the
      light is blocked for a time period greater than time T the operation of
      the motor drive unit 28 is interrupted temporarily. Washing of the
      apparatus is accomplished by spray-heads 128 and 130 which spray out just
      sufficient water to clear away the starch and other foreign materials from
      the coring knife 52.
PAR  Refer now to FIGS. 4 and 5 with reference to the escapement used for
      holding the potatoes temporarily until the pocketed wheel 94 has indexed
      to a position in which one of the pockets is directly beneath the potato
      guide chute.
PAR  Mounted on the side of the wheel 94 are a plurality of laterally projecting
      circumferentially spaced cams 150 and include a cam lobe portion 150a.
      Each of the cams 150 is provided with a base or mounting plate 150b having
      a slot 152 therein allowing the cam to be slid circumferentially on the
      wheel 94 where it is held in position by a thumb nut 154.
PAR  The escapement is supported upon a collar 155 affixed to the outer edges of
      the rods which make up the guide 90. The escapement includes a cam
      follower lever 156 that extends downwardly beyond the lower edge of the
      guide to the plane of each one of the successive cams 150 in position to
      engage a cam and to be pivoted in a counterclockwise direction about a
      pivot 158 as seen in FIG. 4. Lever 156 has secured to it a yoke 159 which
      is generally C-shaped as seen from above. The free ends of the yoke are
      pivoted by means of pins 160a and 160b on either side of the collar 155 to
      a similar yoke 161. The yoke 161 is pivoted to the collar 155 at 162.
PAR  Secured rigidly to the respective yokes 159 and 161 are two potato
      retaining arms 164 and 165 the ends of which project centrally to engage
      the bottom of the potato when the arms are in their inward solid line
      positions. In their deflected positions (at the time the follower 156
      strikes the cam lobe 150a the free ends thereof are free of the potato P
      which is then able to slide downwardly into one of the pockets 100. The
      next potato P' is held in position at this time by snubbers 166 and 167
      formed from resilient sheet metal strips affixed to and extending upwardly
      from the upper ends of the retaining arms 165 and 164 respectively. The
      snubbers include at their upper ends portions adapted to engage the sides
      of the potatoes P' when the lower end of lever 156 is pivoted outwardly.
      The escapement is normally biased to the solid line position of FIGS. 4
      and 5 with the lower ends of the retaining arms 164 and 165 in a potato
      engaging position by springs 163 secured at their upper ends to lugs 163a
      and at their lower ends to a pair of elevating tongues 171 fastened to the
      pivot pins 160a and 160b. The snubbers and the retainers are both
      bifurcated at their free ends to extend on opposite sides of the vertical
      rods which make up the guide 90.
PAR  During operation it will be understood that as the cams 150 are moved into
      contact with the lever arm 156, the yokes will pivot on their pins 158 and
      162 lowering the pins 160a and 160b against the tension of the springs 163
      and spreading the free ends of the retainers 165 and 164. This allows the
      lowermost potato P to fall into the pocket 100 immediately below it while
      the wheel 94 is stopped. At the same time, the snubbers 166 and 167 engage
      the sides of the potato piece P' to prevent it from moving as the
      lowermost piece of potato falls into one of the pockets 100. After the cam
      has moved past lever 156, it will be returned to the solid line position
      by springs 163 and piece P' will fall into engagement with the retainer.
      The escapement may, therefore, be thought of as being operatively
      associated with the pocketed member to operate in timed relationship with
      it and having means for releasing the potato piece closest to the pocketed
      member to move into one of the pockets when the pocket is aligned with the
      guide and for simultaneously temporarily restraining the next adjacent
      potato piece to prevent it from transferring to the pocket with the other
      potato piece.
PAR  It will be seen that the cores are removed in a substantially dry state not
      considering the small amount of water introduced by the sprayhead. The
      potatoes are, moreover, reliably aligned with the center of the coring
      knife two ways, viz. by the convergence of the chains and also by the
      pressure of the leaf springs 60a-62b. Moreover, the sensor such as
      electric eye 120, will reliably allow the core end trimming assembly 92 to
      handle the entire output of the coring knife 52. It should also be noticed
      that the teeth 46 of the conveyor will handle potatoes of all sizes within
      a predetermined selected range before entering the apparatus and provide a
      much greater driving force than pinlike teeth. It should also be noted
      that because the ends trimmed from the core by blades 108 and 112 are of
      the same length. The cores are as long as can be obtained from the
      particular potato being processed, i.e., longer potatoes will result in
      longer cores.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for coring potatoes comprising a framework having a potato
      inlet, a coring knife mounted on the framework, a conveyor between the
      knife and the inlet, a conveyor drive connected to the conveyor for
      imparting motion thereto, said conveyor including potato contacting
      members for engaging each potato to advance the potato on the framework
      towards the knife and force the potato through the plane of the knife
      whereby the knife removes a central core portion from each potato, a
      moveable potato core holding member with at least one bore extending
      therethrough to define a pocket which is open at each end, each such
      pocket having a cross sectional size slightly larger than the size of the
      core so that the core is free to slide therethrough, cutting blades
      associated with the holding member for trimming the ends from the core
      when the holding member is moved relative to the cutting blades, guide
      means having an inlet end adjacent the knife and an outlet end adjacent
      the holding member to facilitate transfer of each core to a pocket in the
      holding member, the guide being larger in diameter than the diameter of
      the core and being disposed vertically so that the potato cores are free
      to slide from the knife to the holding member through the guide, an
      indexing drive means connected to the holding member for moving the
      holding member relative to the outlet end of the guide means at uniform
      intervals whereby each successive potato core will fall into one of the
      pockets, sensing means operatively associated with the guide and
      positioned to sense the presence or absence of potato cores within the
      guide, the sensing means being connected to said conveyor drive whereby
      the conveyor drive unit is varied in speed as controlled by the sensing
      means thereby coordinating the speed of the conveyor and the speed of the
      holding member.
NUM  2.
PAR  2. The apparatus of claim 1 wherein an escapement means is operatively
      connected to the apparatus adjacent to the holding member for holding the
      potato cores temporarily until the pocketed holding member has indexed to
      a position in which one of the pockets is aligned with the outlet end of
      said potato guide.
NUM  3.
PAR  3. An apparatus for coring potatoes comprising a framework having a potato
      inlet, a coring knife mounted on the framework, a conveyor between the
      knife and the inlet, said conveyor including potato contacting members for
      engaging each potato to advance the potato on the framework towards the
      knife and force the potato through the plane of the knife whereby the
      knife removes a central core portion from each potato, a potato core
      holding wheel mounted in spaced relationship to the knife, said wheel
      having a plurality of radially extending pockets therein, a drive shaft
      supporting the wheel for rotation upon an axis at the junction of lines
      extending centrally from each pocket, a guide means between the knife and
      the wheel for guiding the potato cores from the knife to the outer open
      ends of the pockets extending through the wheel, each of the pockets
      through the wheel being open at its outer and inner ends, first and second
      stationary cutting blades at the inner and outer ends of the pockets
      respectively, a first stop mounted adjacent the inner ends of the pockets
      for supporting the potato with its inward end extending a predetermined
      distance beyond the inward end of each pocket when the pocket is rotated
      past the first cutting blade, drive means connected to the wheel for
      rotating the wheel, a second fixed stop mounted radially outward from the
      wheel whereby the rotation of the wheel causes an outward shifting of each
      of the cores due to centrifugal force thereby throwing the potato cores
      outwardly against said second stop means so that the outer end of each
      potato core projects through the outer open end of each pocket in position
      to be removed by the second cutting blade.
NUM  4.
PAR  4. An apparatus for coring potatoes comprising a framework having a potato
      inlet, a coring knife mounted on the framework, a conveyor between the
      knife and the inlet, a conveyor drive connected to the conveyor for
      imparting motion thereto, said conveyor including potato contacting
      members for engaging each potato to advance the potato on the framework
      towards the knife and force the potato through the plane of the knife
      whereby the knife removes a central core portion from each potato, a
      moveable potato core holding member with at least one bore extending
      therethrough to define a pocket which is open at each end, each such
      pocket having a cross sectional size slightly larger than the size of the
      core so that the core is free to slide therethrough, cutting blades
      associated with the holding member for trimming the ends form the core
      when the holding member is moved relative to the cutting blades, guide
      means having an inlet end adjacent the knife and an outlet end adjacent
      the holding member to facilitate transfer of each core to a pocket in the
      holding member, and an escapement comprising a pair of yokes pivoted to
      the guide, an operating cam engaging lever connected to one of the yokes
      and extending downwardly in a position engagable with the pocketed member,
      restraining arms connected to the yokes to engage the potato piece closest
      to the pocket to prevent entry thereinto, resilent means biasing the
      escapement to the potato retaining position and snubbers connected to the
      yokes for engaging the potato piece adjacent the piece closest to the
      pocket when the retainers are moved to the potato releasing position.
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ABST
PAL  An apparatus is described for separating blocks of dried fruit composed of
      individual fruit pieces such as raisins which are bonded or cohered to one
      another. One or more pairs of rotating high friction surfaces, such as
      rolls having rubber projections on their surfaces, are mounted on a
      framework such that the fruit pieces pass between the surface pairs, being
      conducted downward sequentially through the pairs when more than one pair
      is employed, and are separated into individual fruit pieces by the action
      of the differential speed of the surfaces.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to fruit handling and particularly dried fruit
      separation.
PAC  THE PRIOR ART
PAR  The invention has as its general purpose the efficient separation of large
      e.g. 30 pound blocks of dried or sticky fruit such as raisins into
      individual raisins at the rate of about 100-300 pounds per minute without
      macerating or otherwise damaging the individual pieces. One method
      previously employed was to soak the blocks in water, but the added 1% - 5%
      moisture that results from this procedure is unsatisfactory in some end
      products. As a result, hand separation has been resorted to in spite of
      its slowness, high labor cost and inefficiency. Moreover, hand separation
      has a tendency to produce a substantial number of small clumps.
PAC  THE OBJECTS
PAR  The general objects of the invention are: (a) to provide an apparatus for
      separating aggregates of dried fruit without wetting, heating, chemically
      modifying or contaminating the product, (b) the ability to separate the
      raisins efficiently at rates of from at least about 100 -300 pounds per
      minute, (c) the ability to produce virtually all single fruit pieces, (d)
      to separate the fruit pieces without injuring or macerating them, (e) the
      optional capacity to feed the fruit to other processing equipment at a
      uniform rate thereby functioning as a metering device for continuous
      processing, and (f) to separate the aggregates into individual pieces in
      one or more stages.
DRWD
PAC  THE FIGURES
PAR  FIG. 1 is a perspective view of an apparatus embodying the invention.
PAR  FIG. 2 is a cross-sectional view taken on line 2--2 of FIG. 1.
PAR  FIG. 3 is an enlarged partial sectional view of one of the rolls.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  An apparatus is provided for separating dried or sticky individual fruit
      pieces from blocks of aggregated fruit pieces. One or more pairs of
      movable abrading surfaces are mounted on an appropriate framework. At
      least one of the abrading surfaces has high friction characteristics to
      provide a high coefficient of friction with the block of dried fruit such
      that the block of fruit is abraded without cutting or macerating the
      individual fruit pieces. These abrading surfaces are mounted on a
      framework for movement in the same direction along a path converging
      toward a zone of minimum clearance and thereafter away from the zone of
      minimum clearance. A drive means is provided to impart motion to the
      abrading surfaces so that each surface moves in the same direction through
      to the zone of minimum clearance but at a different speed. The blocks
      placed between the abrading surfaces are subjected to shearing forces
      which are sufficient to deaggregate the block into individual fruit
      pieces. The minimum clearance between abrading surfaces is from about one
      half to two times the diameter of the individual fruit pieces and
      preferably is about the same as the diameter of the individual fruit
      pieces.
PAR  A hopper wall or other guide is preferably provided above the abrading
      surfaces for keeping the blocks centered between them and gravity is
      preferred for forcing the blocks into the nip. The speed differential can
      be provided in any suitable way, for example, by driving rolls of equal
      size at different speeds using gears or sprockets of different sizes or,
      in the alternative, rolls can be driven at the same rotational speed if
      they are of different diameters to provide the needed surface speed
      differential.
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Refer now to FIGS. 1, 2 and 3 which illustrate a deaggregating apparatus
      indicated generally by the numeral 10 including a supporting framework in
      the form of a rectangular housing 12 having four vertically disposed
      sidewalls 14, 16 17 and 18 secured together by welding. At the upper end
      of the framework is provided a hopper or guide defined by two downwardly
      and centrally inclined plates 20 and 22 which help to keep blocks 24 of
      aggregated dried fruit such as dried raisins 25 centered between the
      abrading surfaces to be described below. The housing 12 is mounted by
      flanges 26 and 28 at its lower end upon a base 30 above a takeaway
      conveyor 32.
PAR  Mounted for rotation upon the framework are two pairs of vertically aligned
      horizontally spaced transversely extending parallel rolls 34, 36 and 38,
      40 the first two of which carry out the first stage of the deaggregating
      operation and the second two of which perform the second stage of the
      deaggregating operation. The rolls 34, 36 are mounted at their ends in
      suitable journal bearings supported on the housing 12 only two of which
      are shown, the bearing 43 of roll 36 and the bearing 43 of roll 40. The
      bearings 43 for the roll 36 are mounted at each end in a laterally
      extending slot 42 provided for the purpose of allowing spacing adjustment
      between the roll pair 34 and 36 by tightening releasable fasteners such as
      bolts 44, 46 to securely retain the bearing block 43 and an indentical
      bearing block (not shown) at the opposite end of roll 36 in its selected
      position.
PAR  The rolls 34, 36 are provided with drive sprockets 48 and 50 respectively
      and an idler sprocket 52 is mounted for vertical adjustment to allow the
      tension to be adjusted in a drive chain 54 entrained around idler sprocket
      52, sprocket 50 and engaging the lower edge of sprocket 48. The chain 54
      is also entrained over drive sprocket 56 which is mounted on the shaft of
      a drive motor M1. The drive chain and sprockets for the lower set of rolls
      38 and 40 are identical to those for the upper set and the same numerals
      have been used for the identical parts except for the drive motor which is
      designated M2.
PAR  The surface configuration of each roll 34, 36-38 and 40 can be best seen in
      FIG. 3. Each roll has a steel wall 60 with a surface layer of an elastic
      material such as rubber bonded thereto. The rubber layer 62 is provided
      with a series of surface irregularities 64, in this case ribs extending
      longitudinally of the roll and perpendicular to the direction in which the
      roll surfaces travel. The ribs are in this example one quarter of an inch
      between centers and have dimensions of 1/8 in. .times. 1/8 in. as seen in
      cross-section. The ribs thus give the rolls high friction characteristics
      and at the same time make the surface elastic thereby virtually
      eliminating a chance for the raisins to be torn apart or otherwise
      injured.
PAR  In a typical application, the zone of minimum clearance between the rolls
      i.e. the nip or rolls 34, 36 if from 1 to 6 inches and between the lower
      pair 38 and 40 the nip is about 3/8 in. in width. It will be seen that the
      difference in the size of the sprockets produces speed differential
      between the rolls in the same set. With the speed of roll 34 from 20-50
      rpm., the speed of roll 36 will typically be about 100-250 rpm. When the
      lower roll 38 is set to run at 30-40 rpm. the roll 40 is run at about
      150-200 rpm.
PAR  During operation, as best seen in FIG. 2, the large blocks placed in the
      hopper between the plates 20, 22 will be deaggregated due to the abrasion
      produced by the differential speed of the rolls 34, 36 and the smaller
      pieces which fall between these rolls will be reduced to individual
      raisins by the shearing forces produced by rolls 38 and 40.
PAR  The abrading surfaces can take a number of different forms. They can, for
      example, comprise rubber belts entrained over spaced apart roll sets. One
      belt can be entrained over a pair of parallel rolls mounted at the same
      elevation. A second pair of rolls having a similar belt entrained
      thereover can be mounted parallel to one another and at the same elevation
      as the first two rolls. In this instance the zone of minimum clearance
      i.e. the nip between the belts, would be at a point located intermediate
      the two center rolls.
PAR  In another form of the invention, the abrading surfaces are formed from
      woven, open mesh screen coated if necessary or desirable with an
      elastomeric material to prevent injury that might be caused to the dried
      fruit pieces. The screens, when used, can be mounted in the same manner as
      the belts described above. In all cases, one of the abrading surfaces is
      driven at a faster surface speed than the other to create a speed
      differential so that one side of the block is retarded somewhat with
      respect to the other side thereby establishing a shearing force within the
      block.
PAR  The invention will be better understood by reference to the following
      examples.
PAC  EXAMPLE I
PAR  Midget raisin aggregates provided in 30 pound blocks are deaggregated in
      one step by passage through a single set of rolls similar to the top set
      in FIGS. 1 and 2 with the clearance between the rolls set at about 3/8
      in., and both rolls having a diameter of 6 inches. One roll is run at 30
      rpm. while the other is run at 150 rpm. The operation produces single
      raisins, virtually none of which are macerated.
PAC  EXAMPLE II
PAR  Select raisins (approximately 1150 raisins per pound) are provided in 30
      pound blocks, two pairs of 6 in. diameter rolls are provided as in FIGS. 1
      and 2. The nip of the top pair is set at 2 and 1/4 in. and the rolls are
      run at the rate of 7 rpm. and 35 rpm. The lower pair has a clearance of
      3/8 in. One is rotated at 30 rpm. and the other at 150 rpm. The center
      distance between the top and the bottom rolls is 11 in. Single raisins
      without injuries are produced as in Example I.
PAC  EXAMPLE III
PAR  Aggregated dates are separated as in Example II except that the first set
      of rolls has a clearance of 4 in. and the second has a clearance of 1
      inch.
PAC  Example IV
PAR  Apricots are separated in the same manner as the dates in Example III.
PAC  EXAMPLE V
PAR  Currants are separated the same as in Example II.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for separating blocks of aggregated dried fruit into
      individual food pieces comprising:
PA1  a. a supporting framework,
PA1  b. a pair of parallel deaggregating rolls mounted upon the framework,
PA1  c. the surfaces of both the deaggregating rolls being formed from rubber,
PA1  d. substantially uniformly spaced apart rubber projections over
      substantially the entire surface of each of the rolls of the pair,
PA1  e. the projections being integral with each of the roll surfaces,
PA1  f. the height and width of the projections being less than an inch,
PA1  g. the space between the projections being on the same order as the width
      thereof,
PA1  h. the rubber projections frictionally engaging the dried fruit pieces on
      the surface of the aggregate,
PA1  i. the deaggregating rolls being mounted on the framework for rotation in
      opposite directions such that points on the surfaces move toward one
      another and thereafter away from one another through a zone of minimum
      clearance between the rolls,
PA1  j. the width of the clearance zone between the rolls being from about l/2
      to 2 times the average diameter of the food pieces,
PA1  k. a drive means operatively connected to both of the rolls to impart
      rotation thereto in opposite directions and at different surface speeds
      such that a speed differential is established therebetween to provide a
      shearing action upon the fruit,
PA1  l. the blocks of aggregated fruit upon being placed on the rolls between
      the surfaces being thereby subjected to shear forces sufficient to reduce
      the aggregated blocks into individual fruit pieces as the rolls rotate
      thereby separating the fruit aggregate into individual fruit pieces
      without macerating or otherwise damaging the fruit pieces.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the rolls comprise the top pair of a
      plurality of vertically spaced pairs of rolls and the clearance between
      the rolls of each pair of rolls decreases proceeding from the top pair to
      each subsequent lower pair and the rolls of each pair are driven in
      opposite directions to receive the fruit from the next higher pair and
      carry it downwardly.
NUM  3.
PAR  3. The apparatus of claim 1 wherein the projections are formed from rubber
      that are provided upon the abrading surfaces to increase the coefficient
      of friction between the abrading surfaces and the blocks of dried fruit
      without injuring them, the ribs extend perpendicular to the direction of
      movement of the surface and the abrading surfaces comprise two vertically
      disposed pairs of cooperating rolls positioned one above the other with
      the clearance between the upper being wider than the clearance between the
      lower pair.
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ABST
PAL  Standard baler machines use a plurality of wires to tie the bales. Each
      wire is fed from a coil which is transported from the wire works in a
      paperboard carton which is rectangular in shape and appropriately scored
      on either of its two broad sides to enable the centers of the sides to be
      removed in circular cutouts. The lead end of the coil of wire is drawn out
      of one cutout and threaded through appropriate guides to the tie
      mechanism. The tail end of the coil is usually drawn out of the opposite
      cut-out and spliced to the lead end of a second coil in a second carton.
      The two cartons are usually installed back to back in a rack on the baler
      with a space between the adjacent broad sides. In accordance with the
      present invention, each carton is scored or otherwise weakened from the
      top of one cut-out, over the top of the carton to the top of the opposite
      cut-out. Thus, when the coil has been fed out of the first carton, the top
      is conveniently laid open, the first carton removed from the wire, the
      second carton moved on the rack to the place of the former first carton,
      another carton placed in the rack behind the second, and the tail end of
      the second coil spliced to the lead end of the third.
PARN
PAR  This is a continuation of application Ser. No. 316,111, filed Dec. 18,
      1972, now abandoned.
BSUM
PAR  This application contains information included in Disclosure Document No.
      008395 of January 8, 1972.
PAR  This invention relates to a new and improved baler wire carton and system.
PAR  Conventional baling machines consume successive coils of wire when the
      machine is used over a prolonged period of time. A quantity of wire is
      formed at the wire works in a coil which is enclosed in a carton for
      transportation and dispensing purposes. When the wire is to be used,
      circular cut-outs are provided on the front and back broad surfaces of the
      rectangular carton; and when the material which has previously occupied
      these cut-outs is removed, access to the interior of the carton is
      provided. There are two ends of the coil exposed, usually identified by
      one or more tags. The leading end of the wire is pulled out through one of
      the cut-outs and the trailing end is pulled out through the opposite
      cut-out. At the beginning of installation of the baling wire, the leading
      end is pulled through various guides (pulleys, etc.) including wire tieing
      mechanism of the baler chamber. This is a time consuming operation, and it
      is desirable that the number of times that the wire must be installed
      through the guides be reduced. Accordingly, it is common practice to
      splice the trailing end of the first coil of wire on to the leading end of
      the next coil of wire to be used. Hence, unless there is a breakage of the
      wire, there is no necessity for threading the wire through the guides and
      wire tieing mechanism more than once. Accordingly, two cartons are stored
      in a rack back to back in an appropriate place on the machine, the wire
      being drawn out of the first carton and the trailing end of the first
      carton being spliced to the leading end of the second carton. When the
      contents of the first carton are exhausted, the second carton is moved on
      the rack to the position formerly occupied by the first carton, another
      carton is installed behind the second carton, and the wires in the second
      and third cartons spliced together. However, this still leaves the first
      carton encircling the wire between the rack and the guides which direct
      the wire into the tieing mechanism. The present invention provides a
      carton and a system which facilitate removal of the exhausted first carton
      from any contact with the wire.
PAR  In essence, the present invention provides a convenient means for breaking
      open the top of the exhausted carton so that the carton may be pulled away
      from the wire and discarded. Heretofor, it has been necessary to break
      open the carton either by considerable manual effort (by reason of the
      strong construction inherently required in the carton) or by using various
      tools such as saws and knives. The present invention eliminates these
      prior methods of opening the exhausted carton.
PAR  Accordingly, it is a principal purpose of the present invention to enable
      empty cartons to be removed from position encircling wire with very little
      effort and no tools.
PAR  A further feature of the invention is the fact that use of the carton and
      system speeds operation of the baler, reduces the physical labor required
      and also reduces danger of injury to personnel while improving the
      efficiency of the baling operation.
PAR  A further feature of the present invention is the fact that very little
      change is required in the construction, or fabrication, of the carton and
      the production of the cartons is not slowed or otherwise adversely
      affected.
PAR  Other objects of the present invention will become apparent upon reading
      the following specification and referring to the accompanying drawings in
      which similar characters or reference represent corresponding parts in
      each of the several views.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a schematic top plan view showing a portion of a baler machine
      with which the present invention may be used having a rack for storing six
      wire cartons, two for each of the three wires of the baler.
PAR  FIG. 2 is an enlarged perspective view of one of the cartons.
PAR  FIG. 3 is a perspective view showing an empty carton broken open to permit
      removal of wire which is shown attached to the coil in the next carton.
PAR  FIG. 4 is a view similar to FIG. 2 of a modified construction.
DETD
PAR  In FIG. 1 there is shown schematically one type of commercially available
      hay baler, it being understood that the present invention may be used with
      a variety of balers. In the baler 11 shown in FIG. 1, three wires 26a, b,
      c are used, it being understood that in some baling machines two wires or
      more than three wires may be employed. The present invention is readily
      adaptable to other baling machine constructions as will readily occur to
      one skilled in this art. For purpose of convenience in illustration and
      description, it is assumed that the baler 11 has a baling chamber 12
      adjacent its discharge end and forwardly of chamber 12 is a front chamber
      13 into which cross-feed 14 discharges. In the angle between chamber 12
      and cross-feed 14 it is customary to install a rack 16 for the baling
      wire. Again, these racks differ in construction depending upon the
      manufacturer's design and the rack 16 here illustrated is merely typical.
      As shown, there is an inner longitudinal side 17 and an outer longitudinal
      side 18 with a partition and support 19 there-between. Ends 20 are
      disposed at either end of the rack. Extending inward from the sides 17, 18
      are brackets 21 which space the cartons apart and prevent their
      unintentional dislodgement.
PAR  Disposed in the rack 16 are six cartons 27-27e, inclusive, there being two
      cartons for each wire 26a, 26b, 26c which are directed by guides (not
      shown but well understood in this art) around to the front of the baling
      chamber 12 and into appropriate wire tieing mechanism (also not shown).
      Directing attention to FIG. 2, the carton 27 as received from the factory
      is rectangular and has broad front and back faces 28F, 28B. Each said face
      has a circular cut-out 29F, 29B, respectively, which is either left open
      during transportation from the factory or is opened in the field by
      removing circular cut-outs. Removal is facilitated by means of score lines
      which outline the circular cut-outs so that it is merely necessary to wrap
      the center of the cut-outs with the hand to cause the opening of the
      holes. An important feature of the novelty of the present invention is the
      fact that across the top 31 of carton 27 is a score line 32 and on the
      front 28F there is a score line 33 which extends down to the top of the
      cut-out 29F. Similarly, there is a vertical score line 34F from the score
      line 32 to the top of the cut-out 29b on the back 28b. As is shown in FIG.
      3, because of the score lines 32, 33, 34, it is quite easy to break open
      the carton 27 at the top.
PAR  Ordinarily, the wire is formed in a coil inside the carton 27. The leading
      end of the first carton 27 (see FIG. 1) is pulled out of cut-out 29F and
      fed into the wire guides. The trailing end 37 of the coil within the first
      carton 27 extends out through the back cut-out 29B. A second carton 27a is
      installed in rack 16 behind carton 27. Its leading end 36a is attached to
      the trailing end 37 of the first carton 27 with a splice 38.
PAR  In use, the trailing end 36 is pulled out of the carton 27 and the
      operation continues until the carton 27 is exhausted. By reason of the
      existence of splice 38, when this occurs, the baler begins to consume wire
      from the second carton 27a. After this has continued for a period of time,
      at some convenient stopping point, the operator stops the baler. He
      fractures the carton 27 along the score lines 33, 32, 34 and breaks open
      the box as shown in FIG. 3. This permits the box 27 to be removed from the
      wire and discarded. The second carton 27a is then removed from the
      position which it is shown occupying in FIG. 1 to the position formerly
      occupied by carton 27. A third carton (not shown) is then installed behind
      the newly located carton 27a and spliced thereto. This permits the cartons
      to be used consecutively without ever needing to rethread the wire unless
      there should be a breakage. Although not separately described herein, it
      will be understood that the other two of the three baling wires are
      handled in the same manner.
PAR  FIG. 4 shows a modification. A tear strip having a finger grip 41 is
      applied at the top of cut-out 29F of front face 28F of modified carton
      27g. Such tear strips are well known in the carton art, usually consisting
      of a reinforced fabric which is glued to the underside of a strip in the
      carton which is to be opened. By pulling tab 41, the carton may be severed
      up along line 42 on front 28F, then along line 43 across top 31g and
      thence down to cut-out 29G along a line (not shown) corresponding to line
      42. In other respects, this carton is the same as that of FIG. 2 and
      corresponding reference numerals are used.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for the purpose described comprising a rack mounted on a baling
      machine, said rack having brackets for positioning first and second
      rectangular cartons side by side with a gap between said cartons, each
      said carton being formed of paperboard and initially having a closed front
      and back each formed with a central circular first score line adapted to
      be manually severed without the use of tools to form a cut out and four
      sides interconnecting said front and back, one said side comprising a top
      when said carton is installed in said rack, a coil of wire in each said
      carton having a leading and a trailing end, said leading end of said coil
      in said first carton extending out through the back cutout in said first
      carton, said leading end of said coil in said second carton extending out
      through the front cutout of said second carton and being spliced to said
      trailing end of said coil in said first carton, said cartons being
      insertable in and removable from said brackets, the top of each said
      carton initially being completely closed, each said top being formed with
      a second score line across said top and down said front and back to
      intersect said cutouts of said front and back, said carton being easily
      manually severable along said second score line without use of tools to
      lay open said top and permit removal of said carton from encirclement of
      wire.
NUM  2.
PAR  2. A carton for use on a rack mounted on a baling machine, said rack having
      brackets for positioning two of said cartons side by side with a gap
      between said cartons said carton being insertable in and removable from
      said brackets, said carton being rectangular and being formed of
      paperboard and initially having a closed front and back, said carton being
      formed with central circular front and back score lines adapted to be
      manually severed without the use of tools to form front and back cut outs
      and four sides interconnecting said front and back, one said side
      comprising a top when said carton is installed in said rack, a coil of
      wire in said carton having a leading and a trailing end, said leading end
      of said coil being adapted to extend out through said front cut-out, said
      trailing end of said coil being adapted to extend out through said back
      cutout, the top of said carton initially being completely closed, said top
      being formed with a second score line across said top and down said front
      and back to intersect said front and back cutouts, said carton being
      easily manually severable along said second score line without use of
      tools to lay open said top and permit removal of said carton from
      encirclement of said wire.
NUM  3.
PAR  3. A carton according to claim 2 in which said carton has a tear strip of
      reinforced material underlying said second score line and a pull tab on
      one end of said tear strip whereby on pulling said tab and pulling said
      strip off said carton said carton is laid open.
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ABST
PAL  A newspaper and magazine storage device for storing and disposing of a
      plurality of newspapers and magazines comprises a rectangular plate-like
      support member. A pair of tubular members are affixed to the top of the
      support member and cross each other on top of the support member at right
      angles to each other. Each tubular member extends along a corresponding
      axis of the support member. Each tubular member has a U-shaped
      configuration with a head part affixed to the support member and a pair of
      arms extending perpendicularly from the ends of the head part and
      extending perpendicularly to the plane of the support member. Each of the
      tubular members has a slit formed therein along the length thereof for
      accommodating cord-like binding material in each of the tubular members,
      and each of the tubular members is curved at both its free ends in a
      substantially hook-like configuration.
BSUM
PAC  DESCRIPTION OF THE INVENTION:
PAR  The present invention relates to a newspaper and magazine storage device.
PAR  More particularly, the invention relates to a newspaper and magazine
      storage device for storing and disposing of a plurality of newspapers and
      magazines.
PAR  Objects of the invention are to provide a newspaper and magazine storage
      device of simple structure, which is inexpensive in manufacture, provides
      temporary storage for newspapers and magazines, permits disposal of
      newspapers and magazines with facility and convenience, permits bundles of
      newspapers and magazines to be stored with facility, convenience, neatness
      and rapidity, and is efficient, effective and reliable in operation.
DRWD
PAR  In order that the invention may be readily carried into effect, it will now
      be described with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is a side view of an embodiment of the newspaper and magazine
      storage device of the invention;
PAR  FIG. 2 is a view, taken along the lines II -- II, of FIG. 1;
PAR  FIG. 3 is a view, taken along the lines III -- III, of FIG. 1;
PAR  FIG. 4 is a view of part of one of the tubular members of the newspaper and
      magazine storage device of the invention; and
PAR  FIG. 5 is a view, on an enlarged scale, of the intersection of the tubular
      members at the top of the support member of the storage device of the
      invention.
DETD
PAR  In the FIGS., the same components are identified by the same reference
      numerals.
PAR  The newspaper and magazine storage device of the invention stores and
      disposes of a plurality of newspapers and magazines 1 (FIGS. 1 and 2).
PAR  The storage device of the invention comprises a substantially rectangular
      plate-like support member 2 (FIGS. 1 to 3).
PAR  A pair of tubular members 3 and 4 (FIGS. 1 to 3) are affixed to the top of
      the support member 2 and cross each other on top of the support member at
      substantially right angles to each other. Each tubular member 3 and 4
      extends along a corresponding axis of the support member. Each tubular
      member 3 and 4 has a substantially U-shaped configuration with a head part
      affixed to the support member 2 and a pair of arms extending substantially
      perpendicularly from the ends of the head part and extending substantially
      perpendicularly to the plane of the support member. Thus, the tubular
      member 3 is of substantially U-shaped configuration with a head part 5
      (FIG. 1) affixed to the support member 2 and a pair of arms 6 and 7
      extending substantially perpendicularly from the ends of the head part 5
      and extending substantially perpendicularly to the plane of the support
      member. The tubular member 4 is of substantially U-shaped configuration
      with a head part 8 affixed to the support member 2 and a pair of arms 9
      and 10 extending substantially perpendicularly from the ends of the head
      part and extending substantially perpendicularly to the plane of the
      support member as shown in FIG. 3.
PAR  Each of the tubular members 3 and 4 has a slit 11 and 12, respectively,
      formed therein along the length thereof, as shown in FIG. 5. Thus, as
      shown in FIG. 4, arm 7 of the tubular member 3 has a slit 11 formed along
      its length.
PAR  Each of the tubular members 3 and 4 is curved at both its free ends in a
      substantially hook-like configuration. Thus, as shown in FIGS. 1 and 2,
      the free ends of the tubular member 3 are curved in substantially
      hook-like configurations 13 and 14. As shown in FIGS. 2 and 3, the free
      ends of the tubular member 4 are curved in substantially hook-like
      configurations 15 and 16.
PAR  The slits 11 and 12 of the tubular members 3 and 4 accommodate cord-like
      binding material 17 and 18. The binding material 17 and 18 may comprise
      any suitable cord-like material, such as, for example, cord, string, wire,
      twine, rope, ribbon, and the like.
PAR  Since, as clearly shown in FIG. 5, the slits 11 and 12 open upward, the
      bundle 1 of newspapers and magazines lies thereover so that a cord, or the
      like, 17 in the tubular member 3 need merely be tied around the bundle in
      one direction and a cord, or the like, 18 in the tubular member 4 need
      merely be tied around the bundle in the direction at right angles to the
      cord 17, as shown in FIG. 2, to provide a securely bound bundle. The
      tubular members 3 and 4 hold a plurality of binding material, so that a
      plurality of bundles may be tied therewith. Each bundle is tied with a
      corresponding binding material or cord from the tubular member 3 and
      binding material or a cord from the tubular member 4.
PAR  A plurality of legs 19, 20, 21 and 22 may be affixed to the bottom of the
      support member 2 to raise the support member above a supporting surface 23
      (FIG. 3). The legs 19 and 20 are shown in the view of FIG. 1 and the legs
      20 and 21 are shown in the view of FIG. 3. The leg 22 is not shown in the
      FIGS.
PAR  The tubular members 3 and 4 are affixed to the top of the support member 2,
      as hereinbefore mentioned, by any suitable means such as, for example,
      screws. The tubular members 3 and 4 are maintained at substantially right
      angles to each other by the support member 2. The tubular members 3 and 4
      may be separate members or may comprise an integral member.
PAR  While the invention has been described by means of a specific example and
      in a specific embodiment, I do not wish to be limited thereto, for obvious
      modifications will occur to those skilled in the art without departing
      from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A newspaper and magazine storage device for storing and disposing of a
      plurality of newspapers and magazines, said storage device comprising
PA1  a substantially rectangular plate-like support member; and
PA1  a pair of tubular members affixed to the top of the support member and
      crossing each other on top of the support member at substantially right
      angles to each other, each tubular member extending along a corresponding
      axis of the support member and each tubular member having a substantially
      U-shaped configuration with a head part affixed to the support member and
      a pair of arms extending substantially perpendicularly from the ends of
      the head part and extending substantially perpendicularly to the plane of
      the support member, each of the tubular members having a slit formed
      therein along the length thereof for accommodating cord-like binding
      material in each of the tubular members, and each of the tubular members
      being curved at both its free ends in a substantially hook-like
      configuration.
NUM  2.
PAR  2. A newspaper and magazine storage device as claimed in claim 1, further
      comprising a plurality of legs affixed to the bottom of the support member
      and raising the support member above a supporting surface.
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ABST
PAL  Safety apparatus for a press or the like having dies which are movable
      relative to each other and which define an open area therebetween for
      receiving an article includes a gate that is pivotable about a primary
      pivot axis from an open position to expose the open area to a closed
      position to shield the open area, and a secondary pivot axis that is
      parallel to and spaced from the primary axis. In the closed position, the
      gate engages a normally closed switch means and thereby enable the dies to
      move towards each other. When the gate is in the closed position and an
      obstruction is aligned with the gate, movement of the dies causes the
      obstruction to contact the gate which is pivoted about the secondary pivot
      axis, whereby the switch means closes and movement of the dies is
      interrupted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to safety devices for machine tools. More
      particularly, it comprises a press guard which can be interposed between a
      worker and a press to prevent the worker from being injured by the press.
PAR  With the usual press, the press operator is required to sequentially and
      continuously place parts into the die or a mold between the platens with
      his hands. The operator than removes his hands from the die area and
      usually trips the press operating valve with his hand or foot. This
      tripping of the press, acting through a valve mechanism, actuates the ram
      of the press to do work on the mold and/or parts therein. If the operator
      fails to remove his hand or hands, an accident causing serious personal
      injury results. If the part or mold is placed incorrectly on the die or
      press, or an obstruction is otherwise between the platens or dies, and the
      press is tripped, costly damage to equipment as well as personal injuries
      to the operator could result.
PAR  Safety devices to protect the press operator, and/or guard against damage
      to the press and dies, are known, but such devices have not been entirely
      satisfactory. Most prior art press guards are screen-type guards which
      allow no access to the press area, thereby preventing injuries. In order
      to obtain any access to the press area, the screen must be removed.
      Usually, a special switch is provided which turns off the machine when the
      screen is removed. Unfortunately, there are many circumstances in which it
      is desirable to obtain at least partial access to the press area without
      removing the press guard. Consequently, the screen-type guards are a
      nuisance since they must constantly be removed before access can be
      obtained. Accordingly, many press operators simply remove the screens and
      risk injury in order to maintain ready access to the press area.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a safety apparatus for a machine such as a
      press that has dies or molds which are movable relative to each other by a
      fluid ram and which define an open area therebetween for receiving an
      article. The safety apparatus includes a gate that is pivoted about a
      primary pivot axis during normal operation, and is automatically pivotable
      about a secondary pivot axis to stop the press when there is an
      obstruction, such as the operator's arm, aligned with the gate.
PAR  The safety apparatus includes a protective pneumatic circuit that prevents
      movement of the ram when the gate is not in a closed position protecting
      the open area. The protective circuit includes two or more pneumatic
      valves in the pneumatic-hydraulic operating circuit for the ram and the
      valves are normally held in a closed position preventing hydraulic fluid
      from being supplied to the ram. The pneumatic valves are positioned in
      series in a pneumatic circuit which operates the hydraulic press actuating
      valve and are normally closed. These normally closed valves in the
      pneumatic circuit are opened only when the gate is in a protective
      position and must be open to supply fluid through the hydraulic circuit
      and actuate the ram.
PAR  There are at least two normally closed valves or switch means in the
      pneumatic circuit so that if the operator attempts to operate the press
      with the guard gate up, he must use both hands and thus will be safe from
      injury. Should the operator remove either hand from contact with the
      valve, the press will open.
PAR  The normally closed valves in the pneumatic circuit are preferably actuated
      by cams on the gate, thus engaging the levers that actuate the valves as
      the guard gate is brought down. The levers and cams are positioned so that
      the cams move beyond free ends of the levers when the gate is pivoted
      about the secondary pivot axis and latch in this position. The gate must
      then be opened manually before the pneumatic control valve in the
      hydraulic circuit can again be opened.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view of the safety guard apparatus of
      the present invention which is mounted in front of the opening of the
      machine or other apparatus whose opening is to be guarded;
PAR  FIG. 2 is a schematic illustration of the pneumatic and hydraulic circuits
      of the machine and safety apparatus illustrated in FIG. 1;
PAR  FIG. 3 is a fragmentary side elevational view of the safety apparatus of
      FIG. 1 in the position assumed when an obstruction contacts the gate; and
PAR  FIG. 4 is a view similar to FIG. 3 showing the safety apparatus in the
      position assumed when the gate in the open position for loading the
      machine.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As illustrated in the drawings, the present invention may be effectively
      embodied in any well-known and conventional press 10 or other machine
      having relatively movable dies or platens 13 defining an open area 11
      between them for receiving an article. The safety apparatus 14 may
      comprise a main frame 12 placed in front of mating dies or platens 13,
      which define an open area therebetween for receiving an article. The dies
      are moved relative to each other by a ram means 15 which is generally of
      heavy weight and is moved or operated by fluid supplied through a
      hydraulic circuit, to be described later.
PAR  The safety apparatus 14 of the present invention includes a gate 16 which
      pivots about a primary pivot axis A--A during normal operation from an
      open position (FIG. 4) to a closed position (FIG. 1), and about a
      secondary pivot axis B-B when an obstruction is aligned with the gate
      (FIG. 3), thereby interrupting the movement of the dies to prevent them
      from mating, as will be described in more detail later. When gate 16 is in
      the open position, the open area between the dies is exposed; when the
      gate is in the closed position, the open area between the dies is shielded
      by the gate.
PAR  Referring now to FIGS. 1, 3 and 4, main frame 12 includes a bracket portion
      18 which supports gate 16 which is illustrated as an L-shaped member which
      is preferably spaced above and in front of the open area 11 defined by the
      two dies or press platens 13. Secondary pivot means 20 includes a
      plurality of sockets 22 secured to bracket 18. Arm or plate 24 has a first
      edge 25 adjacent L-shaped bracket 18, and has a plurality of sockets 26
      secured along a peripheral portion of the plate adjacent edge 25. Pivot
      pins 28 are inserted into sockets 22 and 26 so that plate 24 pivots about
      pivot pins 28, with secondary pivot axis B--B passing through the center
      line of pivot pins 28. Pivot pins 28 may be separate members, or can be
      permanently attached to sockets 22 or sockets 26.
PAR  Plate 24 has a second edge 29 which is parallel to first edge 25. A
      plurality of sockets 30 are secured to plate 24 along a peripheral portion
      of the plate adjacent edge 29. Sockets 30 form a part of primary pivot
      means 32. Gate 16 has a plurality of sockets 34 along one end thereof, and
      a plurality of pivot pins 36 permanently attached to sockets 34.
      Alternatively, the pivot pins can be permanently attached to sockets 30 or
      may comprise separate members. Primary pivot axis A--A intersects the
      center line of pivot pins 36. Gate 16 is thereby pivotable about pivot
      pins 36 and can be rotated with respect to safety apparatus 14 and plate
      24.
PAR  Gate 16 may be made of any suitable material, such as hard rubber, plastic
      or metal, preferably in the shape of a rectangular plate. Gate 16 may be a
      solid plate, or, as illustrated in FIG. 1, may have a grating 37
      positioned in a central portion of the gate to provide a window through
      which an operator may view the dies when the gate is in the closed
      position.
PAR  Gate 16 cooperates with switch means 40 that forms part of a protective
      circuit that prevents actuation of the hydraulic ram when the gate is in a
      position other than the closed position illustrated in FIG. 1.
PAR  The protective circuit, which prevents movement of the hydraulic ram when
      gate 16 is open, is illustrated schematically in FIG. 2. As stated above,
      the dies are moved relative to each other by a hydraulic ram or other
      hydraulic powered means which has fluid supplied thereto through a
      hydraulic circuit 54 having a normally closed control valve 50. Valve 50,
      which is preferably a pneumatic valve, but can be electric, is normally
      held in a closed position by spring 52 and air pressure within, thus
      preventing fluid from being supplied to the hydraulic ram through circuit
      54. Pneumatic circuit 55 is connected to control valve 50 through a
      pressure responsive valve 58. When there is sufficient air pressure in
      pneumatic circuit 55 to open pressure responsive valve 58, valve 50 opens,
      enabling fluid to be supplied to the slidable ram to actuate ram 15 or
      other hydraulic powered equipment.
PAR  Pneumatic circuit 55 includes source of air 60 connected to valve 58
      through conduit 62 which has two or more switch means 40 positioned in
      series therein. When both switch means 40 are opened, air is permitted
      through conduit 62 in pneumatic circuit 55 to pressure responsive valve
      58, which enables control valve 50 to open so that hydraulic fluid may be
      supplied to actuate the ram. As indicated above, two switch means 40 are
      located in circuit 55. Both switch means must be actuated simultaneously
      if hydraulic fluid is to be supplied to actuate the ram. The switch means
      are actuated by the cams when gate 16 is lowered but can be actuated by
      the operator holding both hands on the switch levers simultaneously, the
      operator thereby having both hands out of the operating area. Since both
      switch means are identical in construction, one being located at either
      end of gate 16, only one has been illustrated in detail in the drawings.
PAR  Referring now to FIGS. 1, 3 and 4, switch means 40 includes a normally
      closed valve consisting of a valve housing 70 which is mounted on frame 12
      and has a valve stem 72 protruding outwardly through valve housing 70. In
      FIG. 4, valve stem 72 is illustrated in the fully extended closed
      position, to which it is normally biased, by a spring (not shown) and air
      pressure from within. Switch means 40 also includes an actuator lever 74
      adjacent valve stem 72. Lever 74 is pivotable about pivot pin 76 which may
      be secured directly to frame 12, or to arm 78 which is fastened to valve
      housing 70. The rotatable free end of lever 74 has a roller 80 attached
      thereto by a pivot pin 82. The movement of lever 74 is controlled by
      pivotal movement of gate 16 between open and closed positions. This
      movement is preferably accomplished by a cam 90 connected to gate 16.
PAR  The operation of apparatus 10 and safety apparatus 14 is as follows. When
      gate 16 is closed (FIG. 1), the open area between the dies or platens is
      shielded and cam 90 is in contact with roller 80 and lever 74 is pressed
      against valve stems 72 to open switches 40, thereby permitting operating
      air to pass to pressure responsive valve 58. When there is sufficient air
      pressure, pneumatic valve 50 is opened and hydraulic fluid can be supplied
      to the ram to actuate the ram through the actuation of valve 50 in the
      hydraulic circuit.
PAR  When gate 16 is manually pivoted about primary pivot axis A--A to the
      position illustrated in FIG. 4, in which cam 90 has released roller 80,
      valve stem 72 is in the fully extended position so that switch means 40 is
      closed. In this position pressure responsive valve 58 connects valve 50 to
      atmosphere and pneumatic valve 50 is thus closed and the ram is
      inoperative. Therefore, the ram can only be operated when gate 16 is in a
      completely closed position shown in FIG. 1.
PAR  The safety function of safety apparatus 14 is best illustrated in FIG. 3.
      When gate 16 is rotated about primary pivot axis A--A from the open
      position of FIG. 4 to the closed position of FIG. 1, control valve 50 is
      opened and hydraulic fluid is permitted to flow to the slidable ram so
      that the ram may move toward the opposite die-carrying member. If an
      obstruction is aligned with gate 16, such as an operator having his arm
      positioned between the dies, the obstruction will move upwardly as the
      lower die rises and the obstruction will contact the lower edge 84 of gate
      16 and lift gate 16 and plate 24, causing them to pivot about secondary
      pivot axis B--B. As the gate and plate are pivoting, outwardly spring and
      air pressure biased stem 72 moves outwardly, so that lever 74 moves
      outwardly in the direction of arrow D and roller 80 extends under cam 90
      to thereby lock gate 16 and plate 24 in the safety position illustrated in
      FIG. 3. Cam 90 is thereby moved to a position beyond the free end of lever
      74, allowing valve 58 to close and connect valve 50 to the atmosphere to
      stop the upward movement of the ram. Pressure responsive valve 58 is
      preferably a "quick release" valve so that movement of the ram will stop
      instantly.
PAR  The ram will remain in this position until the operator releases the safety
      by rotating gate 16 about primary pivot axis A--A in the direction of
      arrow E (FIG. 3) until cam 90 is moved beyond roller 80 and safety
      apparatus 14 assumes the open position illustrated in FIG. 4. Apparatus 10
      can then be normally operated in the usual manner by rotating gate 16
      about primary pivot axis A--A to close the gate so that cam 90 engages
      roller 80 and lever 74 depresses valve stem 72 to activate valve 50.
PAR  In order for gate 16 to pivot about secondary pivot axis B--B when gate 16
      is contacted by an obstruction, the plane formed between the primary pivot
      axis A--A and the secondary pivot axis B--B is angularly related to the
      plane of gate 16, and is preferably perpendicular when the gate is in the
      closed position of FIG. 1.
PAR  Only a portion of apparatus 10 and safety apparatus 14 are illustrated in
      FIG. 1. Preferably, as indicated above, safety apparatus 14 includes a cam
      90 on each end of gate 16, with a corresponding switch means 40 which can
      be activated by cam 90. Having cams 90 and switches 40 positioned at both
      ends of gate 16 and spaced a distance requires the operator to use both
      hands to operate the press when gate 16 is raised to give the operator a
      clearer view of the mating of the die or mold parts.
PAR  Similarly, on a two man press, safety apparatus 14 is installed on each
      side of apparatus 10 to protect the area between each ram and stationary
      member. Cams 90 and switch means 40 are positioned at both ends of each
      gate 16. Air supplied from source 60 is circuited through all four of the
      corresponding switches 40 in series, so that one operator cannot activate
      the ram to move upwardly if the other operator has gate 16 in the open
      position of FIG. 4 with the open area 11 between the dies or platens
      exposed.
PAR  The safety apparatus is depicted herein for a press wherein the vertically
      slidable ram moves upwardly to contact the stationary member. However, the
      safety apparatus of the present invention is equally adaptable to other
      types of presses.
PAR  While this invention is susceptible of embodiment in many different forms,
      there is shown in the drawings and described herein in detail a preferred
      embodiment of the invention, with the understanding that the present
      disclosure is to be considered as an exemplification of the principles of
      the invention and is not intended to limit the invention to the embodiment
      illustrated.
CLMS
STM  I claim:
NUM  1.
PAR  1. Safety apparatus for a press or the like having relatively movable dies
      defining an open area therebetween for receiving an article, comprising a
      gate;
PA1  primary pivot means on said gate defining a primary pivot axis adjacent
      said open area about which said gate is movable from an open position to
      expose said open area to a closed position to shield said open area;
PA1  secondary pivot means defining a secondary pivot axis generally parallel to
      and spaced from said primary pivot axis;
PA1  normally closed switch means cooperating with said press;
PA1  said switch means being positioned to be opened by said gate when said gate
      is moved about said primary axis from said open position to said closed
      position and to allow said switch to close when moved about said primary
      axis from said closed position to said open position to interrupt the
      movement of said dies; and
PA1  said gate pivoting about said secondary pivot axis when an obstruction is
      aligned with said gate to allow said switch means to close and interrupt
      the movement of said dies.
NUM  2.
PAR  2. Safety apparatus as defined in claim 1, wherein said gate is generally
      planar, and
PA1  a plane formed by said primary pivot axis and said secondary pivot axis is
      angularly related to said plane of said gate when said gate is in said
      closed position.
NUM  3.
PAR  3. Safety apparatus as defined in claim 1, wherein said switch means
      comprises at least two valves which have a valve element biased to a
      closed position and moved to an open position by said gate.
NUM  4.
PAR  4. Safety apparatus as defined in claim 3, wherein said dies are moved
      relative to each other by hydraulic power means having fluid supplied
      thereto through a hydraulic circuit having a normally closed control valve
      means therein, further including a pneumatic circuit having said at least
      two valves therein, said pneumatic circuit being connected to said control
      valve means and supplying pneumatic fluid thereto when said at least two
      valves are in an open position to hold said control valve means in an open
      position.
NUM  5.
PAR  5. Safety apparatus as defined in claim 4, in which said pneumatic circuit
      has at least four normally closed valves therein, said apparatus having at
      least two gates, each said gate having first and second cams secured
      thereto for holding said valves in an open position when each said gate is
      in said closed position.
NUM  6.
PAR  6. Safety apparatus as defined in claim 3, further including a lever
      pivoted adjacent said at least two valves and having a free end, and a
      roller mounted on said free end of said lever, and a cam secured to said
      gate for engaging said roller.
NUM  7.
PAR  7. Safety apparatus as defined in claim 6, in which said cam is moved to a
      position beyond the free end of said lever when said gate is pivoted about
      said secondary pivot axis.
NUM  8.
PAR  8. Safety apparatus for a press or the like having relatively movable dies
      defining an open area therebetween for receiving an article, comprising a
      gate;
PA1  primary pivot means on said gate defining a primary pivot axis adjacent
      said open area about which said gate is movable from an open position to
      expose said open area to a closed position to shield said open area;
PA1  secondary pivot means defining a secondary pivot axis generally parallel to
      and spaced from said primary pivot axis;
PA1  said dies being movable relative to each other by hydraulic power means
      having fluid supplied thereto through a hydraulic circuit having a
      normally closed control valve means;
PA1  normally closed switch means including at least two switches spaced apart
      and connected in series to said valve means;
PA1  said switches being opened and thereby opening said valve means when said
      gate is moved about said primary pivot axis from said open position to
      said closed position, and said switches closing and thereby closing said
      valve means when said gate is moved about said primary pivot axis from
      said closed position to said open position; and
PA1  said gate pivoting about said secondary pivot axis when an obstruction is
      aligned with said gate to allow said switch means to close and interrupt
      the movement of said dies.
NUM  9.
PAR  9. Safety apparatus as defined in claim 8, wherein each said switch means
      comprises a valve having an element biased to a closed position and
      movable to an open position by said gate.
NUM  10.
PAR  10. Safety apparatus as defined in claim 9, wherein said dies are moved
      relative to each other by hydraulic power means having fluid supplied
      thereto through a hydraulic circuit having a normally closed control valve
      means therein, further including a pneumatic circuit having therein said
      valve for each said switch, said pneumatic circuit being connected to said
      control valve means and supplying pneumatic fluid thereto when said both
      said valves are in an open position to hold said control valve means in an
      open position.
NUM  11.
PAR  11. Safety apparatus as defined in claim 10, in which said gate has a cam
      secured thereto for each said switch for holding each of said valves in an
      open position when said gate is in said closed position.
NUM  12.
PAR  12. Safety apparatus as defined in claim 9, further including a lever
      pivoted adjacent said valve for each said switch and having a free end,
      and a roller mounted on said free end of each said lever, and a cam
      secured to said gate for each said switch for engaging said roller.
NUM  13.
PAR  13. Safety apparatus as defined in claim 12, in which each said cam is
      moved to a position beyond the free end of said lever when said gate is
      pivoted about said secondary pivot axis.
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ABST
PAL  This invention relates to an apparatus for efficiently and automatically
      cutting a length of tubing into a shorter length or lengths of tubes. The
      apparatus includes automatic devices to actuate and deactuate the tube
      cutters as well as printers used to code the cut tube lengths.
PARN
PAR  This is a division of application Ser. No. 391,303, filed Aug. 24, 1973.
BSUM
PAR  It is an object of the invention to provide a new and novel apparatus to
      cut a tube member into a shorter length or lengths of tube.
DRWD
PAR  Other objects of the invention will become readily apparent as the
      specification proceeds to describe the invention with reference to the
      accompanying drawings, in which:
PAR  FIGS. 1-3 illustrate schematically various illustrative types of tubes
      which can be cut on the apparatus of the invention;
PAR  FIG. 4 is an overall schematic view of the apparatus;
PAR  FIG. 5 is a top view of the new and improved apparatus;
PAR  FIG. 6 is a cross-section view taken on line 6--6 of FIG. 5 shown with the
      printers removed for clarity;
PAR  FIG. 7 is a view taken on line 7--7 of FIG. 5;
PAR  FIG. 8 is a view taken generally on line 8--8 of FIG. 5;
PAR  FIG. 9 is a partially cross-section view showing the cooperation and
      construction of the tube pusher and the mandrel;
PAR  FIG. 10 is an enlarged top view of the tube breaker mechanism;
PAR  FIG. 11 is a side view of FIG. 10;
PAR  FIG. 12 is an enlarged side view of the tube divider shown in FIG. 4;
PAR  FIGS. 13-17 are generally cross-section views taken on line A-A of FIG. 6
      showing the sequence of operation of the apparatus; and
PAR  FIG. 18 is the electrical circuit diagram of the new and improved apparatus
     .
DETD
PAR  Looking now to the drawings and especially FIG. 1, the reference numeral 10
      illustrates a tube cut from a larger tube 12. In the preferred form of the
      invention illustrated in the drawings we use fine equally spaced cutter
      blades 14, as illustrated in FIG. 2, to provide five equal length tubes 10
      from a larger tube 12. It is preferred to take a long round paper tube and
      cut it into a plurality of smaller length round tubes but it is within the
      scope of the invention to cut other shape tubes of other materials
      simultaneously or singularly into various length smaller tubes depending
      on the shape of the cutting mandrel and the spacing of the cutter blades.
      You will note that in FIGS. 1 and 3 individual tubes 12 are cut to form
      smaller tubes while in FIG. 2 a long integral tube is cut into a plurality
      of smaller tubes. In FIG. 1 it is contemplated that tube 12 will be cut
      individually into the desired tube 10 while in FIG. 3 a plurality of tubes
      12 is cut simultaneously to provide a plurality of tubes 10. It should be
      noted that in all the preferred forms of the invention both ends of the
      larger tube 12 are cut to eliminate rough or mis-shaped tube ends.
PAR  Looking now to FIGS. 4 and 5 the overall apparatus is shown supported by a
      frame 16. The apparatus basically consists of a movable lower platform 17,
      a tube support tray 18, a tube carrier 20, a plurality of printers 22, a
      plurality of cutters 14 and a rotably mounted mandrel 24 to support the
      tubes 12 to be cut.
PAR  The movable platform 17 is reciprocated by a cylinder 26, suitably
      connected to the frame, which drives the cylinder rod 28 back and forth
      pushing and pulling the depending support member 30 connected at the lower
      end to the rod 28 and at the upper end to the bottom of the platform 17.
      The platform 17 slides back and forth on rods 32 and 34 which are rigidly
      secured in support members 36 and 38, respectively, secured to the frame
      16 at one end and other support members (not shown) at the other end.
PAR  Connected to the lower platform 17 at one end is a plate member 40 with
      upstanding flanges 42 pivotally supporting a cylinder 44. Cylinder 44 has
      a cylinder rod 46 therein which contacts the bar 48 depending from bar 50.
      Bar 50 has reduced portions 52 and 54 (FIG. 9) in one end thereof to
      connect the bar member 50 to the cup member 56. Mounted in the cavity 58
      of the cup member 56 is a bearing 60 which abuts the reduced portion 54
      and is secured around the reduced portion 52 by snap rings 62 and 64 to
      allow the cup 56 to rotate with respect to the bar 50. The other end of
      the cup member 50 has a cavity 66 which conforms to and mates with the
      rounded end of the mandrel 24 for reasons hereinafter explained.
PAR  As hereinafter described the bar 50 and the cup member 56 are reciprocated
      into and out of the tube receiving chamber 68 of the tube support tray 18.
      The tube support tray 18 and tube receiving chamber 68 are rigidly secured
      to the frame 16 by a suitable support member 70 mounted thereon. Operably
      associated with the tube receiving chamber 68 is the arcuate shaped tube
      divider 72, the position of which is controlled by the pair of pistons 74
      mounted on the horizontally extending plate member 76 connected to the
      face of the tube receiving chamber 68.
PAR  Slidably mounted in the tube receiving chamber 68 is the tube carrier 20
      which is slid in and out by the action of cylinders 78 mounted by suitable
      support members 80 to the tube receiving chamber 68. When the cylinders
      are actuated the cylinder rods 82 will project forward causing the flanges
      84 to pull the tube carrier forward.
PAR  For the sake of discussion the portion of the machine nearest the bottom of
      the drawing is considered the front of the machine. Both at the front and
      back of the machine the frame 16 includes an elongated rectangular bar
      member 86 on which are supported various machine components such as
      switches 88 and 90. Also mounted on the bar member 86 is the tube break
      unit (FIGS. 5, 10 and 11), generally designated 92. The tube break unit 92
      consists of two upright plate members 94 and 96 mounted on the bar member
      86 with an upper horizontal plate member 98 and a lower L-shaped plate
      member 100 connected therebetween. Screwed or otherwise connected to the
      upper plate member 98 is an elongated pivot plate 102 which coincides with
      plate portion 103 of the L-shaped plate member 100. The pivot plate 102
      and the plate portion 100 each have an opening to accommodate the pivot
      pin 104 connected to the tube break and deflector member 106. A pair of
      support members 108 are mounted on the plate 100 and pivotally support the
      cylinder 110 which has a cylinder rod 112 connected through suitable
      linkage 114 to member 106 to pivot same to the dotted line position when
      the cylinder 110 is activated to guide the cut tubes 10 into the discharge
      chute 116.
PAR  Also mounted on the bar member 86 are a plurality of spaced pairs of
      upstanding support members 118 pivotally supporting therebetween adjacent
      the top thereof cylinders 120 connected to the pivotally mounted cutter
      support 122. Cutters 14 are rotably mounted at the end of the cutter
      supports and each driven by a motor 124 connected to the cutter shaft. The
      number of cutters 14 is dependent upon the desired number of cuts to be
      made in a preselected larger tube.
PAR  Bar member 86 also supports a plurality of L-shaped members 126 on top of
      which is mounted a bearing member 128 to rotably support the shaft 130 on
      which is mounted a plurality of elongated elliptical shaped supports 132
      and lever arm 134. Print rolls 136 and ink rolls 138 in contact with the
      print rolls are rotably supported by the support 132. The lever arm 134 is
      fixed to the shaft at one end and pivotally connected to the cylinder rod
      140 of the cylinder 142 at the other end to rotate the shaft 130 in one
      direction or the other to raise or lower the print roll 136 away from and
      into contact with the tubes being cut on the mandrel. Looking at FIG. 8 it
      can be seen that the print roll shaft has been extended and has a cam 144
      attached thereto which periodically engages switch 146 for reasons
      hereinafter explained.
PAC  OPERATION
PAR  In the preferred form of the invention disclosed all the cylinders are
      double acting hydraulic cylinders controlled by the various air switches
      as described hereinafter. FIGS. 13-17 show various positions of the
      machine components and FIG. 18 schematically represents the basic
      electrical circuit for the machine.
PAR  Assuming now that the tube cutting machine is at rest and the tube support
      tray 18 is loaded with tubes 12 ready to be cut, the operation of the
      machine will be explained. In this position the pneumatic machine switch
      (not shown) is in the off position and the pneumatic operation switch (not
      shown) is in the stop position. Looking at FIG. 18 the start button 148
      will be depressed completing the circuit to the starter coil 150 for the
      hydraulic motor 153 through the switch 152 from the power supply.
      Energization of the coil 150 will pull in the relay contact 154
      maintaining the coil 150 energized when the start button 148 is released.
      A stop button 156 is provided to break the circuit to the coil 150, when
      depressed, to shut off the hydraulic power and components of the machine
      serviced thereby.
PAR  Since the tube support tray 18 is loaded with tubes 12 and the limit switch
      157 is open the tube tray sensor 158 (FIG. 6) will actuate a control valve
      (not shown) to supply hydraulic fluid to the cylinders 74 and 78 to
      retract the tube divider 72 to allow a tube to drop onto the tube carrier
      20 which is extended outwardly by the cylinder 78. The apparatus at this
      stage has moved from the position shown in FIG. 13 to that shown in FIG.
      14.
PAR  As the tube divider 72 retracts the cam 160 opens the limit switch 162
      (FIG. 12) causing the flow of hydraulic fluid to the cylinder 74 to be
      reversed to return to the position shown in FIG. 12. As the tube divider
      72 is returning to the closed position the cam 160 opens the limit switch
      164 to supply hydraulic fluid to one end of the cylinders 26 and 44
      causing the lower platform 17 to move to the left (FIGS. 4 and 5) to push
      the tube 12 onto the mandrel 24 for cutting as shown in FIG. 15. As the
      platform 17 reaches the extreme left position the cam 166 mounted on the
      platform 17 opens the switch 168 to reverse the supply of hydraulic fluid
      to the cylinders 78 to retract the tube carrier 20 and to supply hydraulic
      fluid to one end of the cylinder 142 to lower the printers into position
      on the tube 12 to print the desired information thereon as shown in FIG.
      16. Since the mandrel is rotably driven the printing rolls 136 will be
      rotated one revolution until the cam 144 (FIG. 8) opens the limit switch
      146 to reverse the flow of hydraulic fluid to cylinder 142 to pivot
      upwardly and rearwardly to retract the print rolls 136. When the print
      rolls 136 are retracted the lever arm 134 will contact the limit switch
      170 to open same to supply hydraulic fluid to the cylinders 120 to pivot
      the cutters 14 into cutting position against the tube 12 as shown in FIG.
      17. The cutters 14 are driven continuously by suitable motors 172. When
      each of the cutters 14 has cut through the tube 12 the respective cutter
      14 completes a circuit through the mandrel to close its respective switch
      174 (FIG. 18) to energize the respective valve 176 to cause the cylinder
      120 for the respective cutter to retract the cutter that has completed its
      cut of the tube 12. When all the cutters have been retracted the flow of
      hydraulic fluid to the cylinders 26 and 44 is reversed and the lower
      platform 17 starts to retract or move to the right as shown in FIGS. 4 and
      5. As the lower platform 17 retracts the mandrel support 178 mounted
      thereon moves the therewith and pushes the cut tubes 10 toward the
      discharge chute 116. At the same time the cam 166 engages the switch 90 to
      open same to supply hydraulic fluid to the cylinder 110 (FIGS. 10 and 11)
      to pivot the tube break 106 outwardly to the dotted line position shown in
      FIG. 10 to cause the cut sections 10 of the tube to be broken from the
      rest of the tube 12 and to be directed into the tube discharge chute 116.
      When the lower platform 17 has retracted to a predetermined position where
      all the cut tubes have been doffed from the mandrel the cam 166 opens
      limit switch 88 to reverse the flow of hydraulic fluid to the cylinder 110
      to pivot the tube breaker 106 back to its rest or solid line position
      shown in FIG. 10 to open the limit switch 157. The apparatus is now again
      in the position in FIG. 13 ready for another cycle of tube cutting.
PAR  Then when all the desired cutting of tubes has taken place the operation
      switch (not shown) will be turned to stop to allow the machine to complete
      its present cycle. Then the machine switch will be turned to stop to cause
      all the components to return to the stop position of FIG. 13 and the stop
      button 156 will be depressed to cut off the hydraulic power.
PAR  As described above this invention provides apparatus to automatically
      divide or sever long tubes into tubes of shorter length with a minimum
      expense of time and labor.
PAR  Although I have described the preferred embodiment of my invention, I
      contemplate that changes may be made without departing from the scope or
      spirit of the invention, and I desire to be limited only by the scope of
      the claims.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A machine to automatically cut a larger tube into a smaller tube or
      tubes comprising: a frame, a mandrel rotably mounted on said frame, a
      platform slidably mounted on said frame, a plurality of cutter blades
      rotably mounted on said frame and operably associated with said mandrel, a
      tube storage tray mounted on said frame adjacent said platform, tube
      receiving means mounted on said frame receiving tubes from said tube
      storage tray, means mounted on said platform to deliver tubes from said
      tube receiving means, means operably associated with said tube storage
      tray to allow tubes to be delivered to said tube receiving means, means
      mounted on said platform to place a tube from said tube receiving means on
      said mandrel, means to slide said platform to place a tube on said
      mandrel, means to pivot said cutter blades into contact with the tube
      placed on said mandrel, control means to automatically pivot said cutter
      blades away from said mandrel and doff the tube cut on said mandrel when
      said cutter blades cut through said tube, and a printing means mounted on
      said frame to print desired information on the tube prior to cutting
      thereof by said cutting blades.
NUM  2.
PAR  2. A machine to automatically cut a larger tube into a smaller tube or
      tubes comprising: a frame, a mandrel rotably mounted on said frame, a
      platform slidably mounted on said frame, a plurality of cutter blades
      rotably mounted on said frame and operably associated with said mandrel, a
      tube storage tray mounted on said frame adjacent said platform, tube
      receiving means mounted on said frame receiving tubes from said tube
      storage tray, means mounted on said platform to deliver tubes from said
      tube receiving means, means operably associated with said tube storage
      tray to allow tubes to be delivered to said tube receiving means, means
      mounted on said platform to place a tube from said tube receiving means on
      said mandrel, means to slide said platform to place a tube on said
      mandrel, means to pivot said cutter blades into contact with the tube
      placed on said mandrel, control means to automatically pivot said cutter
      blades away from said mandrel and doff the tube cut on said mandrel when
      said cutter blades cut through said tube, said control means including a
      means to ensure that the cut tubes are broken from one another as they are
      being doffed, said last mentioned means including a pivotally mounted
      plate member and a means to pivot said plate member into the path of
      travel of the tubes being doffed from said mandrel, and a printing means
      mounted on said frame to print desired information on the tube prior to
      cutting thereof by said cutting blades.
NUM  3.
PAR  3. The machine of claim 1 wherein said means to place a tube on said
      mandrel includes a rod member and a cup shaped member rotably connected
      thereto, said cup shape of the cup shaped member conforming to the contour
      of the end of said mandrel.
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ABST
PAL  Apparatus for printing on the exterior surface of a generally round
      container such as a plastic or glass bottle or the like includes several
      stations that perform or cooperate to print the container. The stations
      are in line with each other and preferably are in line with both the
      production fabricating and the production filling lines of the container
      as well. There are four basic sections, the first of which is the loading
      section that successively receives and transports the individual
      containers towards a printing station. Before reaching the printing
      station, the containers may be flame-treated. After being imprinted, the
      containers, which up until this time are in horizontal condition pass
      through a first drying section and then are automatically rotated
      90.degree. to a vertical position prior to entering the production filling
      line. When necessary, a second drying station may be provided immediately
      downstream of the 90.degree. turn mechanism and just prior to entering the
      filling production line. While moving through the flame-treating station,
      the printing station and at least the first drying station, the containers
      are continuously rotated about their own longitudinal axis. Actuation of a
      squeegee device in the printing station is prevented when no container is
      present.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to high speed printing machines and more
      particularly to in-line printing apparatus for containers such as bottles
      or the like that are being successively moved along a predetermined path
      between a container production line and a container filling line.
PAR  2. Description of the Prior Art
PAR  The prior art printing apparatus generally employs intermittent motion in
      which the containers are first loaded, then moved step-wise, then stopped
      for the printing step and then linearly indexed away from the printing
      station. Prior art devices presently available are limited to a completion
      rate of about 60 to 80 containers a minute. Higher speeds have been
      claimed but have not been attained in practice. It will be readily
      apparent that the prior art mode of operation is excessively time
      consuming and therefore relatively costly. It will be equally apparent
      that an automated printing process that is integrated with both the
      container fabricating and the container filling production lines would be
      much more advantageous. The prior art devices, because of their
      "start-stop" mode of operation, interfere with the continuous running of
      the production line. More important, the limited speed of prior art
      printers prohibit an in-plant, in-line installation because most lines,
      especially for smaller size containers, fill at a rate of between 100 to
      600 containers per minute.
PAR  As is well known in the industry, preprinted containers require average
      procurement lead time of from 6 to 8 weeks. Preprinted containers, of the
      type referred to, include plastic or glass bottles such as used by
      manufacturers of cosmetics, household items or foods or the like. Because
      of the wide variety of products that any particular manufacturer may be
      producing, it is necessary to have a large supply of containers of each
      size on hand at all times. For example, a manufacturer of cosmetics or
      household items may package from 10 to 15 items in identical containers in
      the usual sizes of 1/2 pint, 1 pint, 1 quart, etc. A full supply of each
      size container must be on hand covering at least the procurement lead
      time.
PAR  It will be appreciated that because of the wide variety of products that
      any one particular manufacturer may produce, it is necessary to have a
      large supply of containers of each size on hand at all times. For example,
      each item and each size container may be packaged under as many as 40
      different distributor and private labels. The need for large inventories
      will become more apparent when it is realized that the quantities are
      based on projected sales schedules and that the actual sales may vary from
      these estimates. Further, when a specific item is ordered on a rush basis,
      it has, in the past, been necessary to wait until the containers were
      preprinted and, as mentioned above, this frequently takes 6 to 8 weeks.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an in-plant, in-line automatic and
      continuous container printer the advantage of which will be recognized
      when it is considered that many super markets sell a large percentage of
      merchandise under their own brand name and without preprinting of the
      containers. It is virtually impossible for any supplier to have a
      sufficiently large inventory of each brand name, in order to accommodate
      the sales requirements for each supermarket chain. The economics possible
      with an in-plant, in-line printer may be up to 75 percent of present costs
      for those products normally found in a supermarket, for example. This
      results in a substantial benefit to both the consumer and the
      manufacturer. By the use of an in-line printing station having a readily
      removable and changeable printing screen, preprinted containers are not
      necessary.
PAR  The fully automated operation of the present invention does not require a
      full time printer in attendance. Simplicity of operation of this invention
      permits regular line operators, whose main function is to lend a hand when
      automation misses occasionally and to make periodic adjustments, to also
      attend the improved bottle printer comprising this invention.
PAR  In its broadest aspect, the present invention provides a loading section
      for receiving successive individual containers, such as plastic or glass
      bottles or the like, and for moving them in a timed relationship through a
      flame-treating station, where necessary, and then towards and past a
      semicircular printing station having a plurality of squeegees that imprint
      the containers as they pass a stationary screen. Should a container be
      absent from the container transport mechanism, sensing means will detect
      the absence and prevent the squeegee from contacting the screen so that
      ink cannot be applied to the printing screen. The importance of the no
      container/no print feature of the present invention will become evident
      when it is realized that an empty station could cause excess ink supply
      through the screen thus causing smearing of the next 15 to 20 bottles
      until the excess ink has been used up. In a production line that runs for
      example, at the rate of 220 containers a minute, as many as 20 containers
      could have unsatisfactory printing without the no container/no print
      feature of the present invention.
PAR  The present invention provides container printing apparatus that is
      particularly useful in the economical printing of no deposit-no return
      round containers regardless of the size, or material of the container. The
      present invention provides production economies in that it is suitable for
      in plant-in production line installation and meets the production speed of
      the container filling lines that are presently in existence.
PAR  Container manufacturing equipment such as blowmolders are, by nature of
      their operation, slower than their associated filling line. However, it is
      practical to install several container molders whose combined capacity
      meets the filling line speed. In a container manufacturing plant, such as
      incorporated in a typical dairy filling line may utilize the improved
      printer of this invention to service as many as five blow molders, thus
      greatly reducing capital investment, space requirements and labor cost.
      Presently available prior art devices may require a printer for each
      molder. Moreover, in-plant molding requires in-plant printing.
PAR  Accordingly it is an object-of the present invention to provide improved
      apparatus for automatically and continously printing the outer surface of
      a no deposit/no return container such as a plastic or a glass bottle.
PAR  It is another object of the present invention to provide apparatus, as
      described above, that may be used inline with existing container
      fabricating and filling installations.
PAR  A further object of the present invention is to provide printing apparatus,
      as described above, having synchronized means for transporting the
      containers therethrough.
PAR  Still another object of the present invention is to provide printing
      apparatus, as described above, including means for preventing the
      application of printing ink onto a screen when no container is present.
DRWD
PAR  These and other objects, features and advantages of the invention will, in
      part, be pointed out with particularity, and will, in part, become obvious
      from the following more detailed description of the invention, taken in
      conjunction with the accompanying drawing, which forms an integral part
      thereof.
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the various figures of the drawing, like reference characters designate
      like parts. In the drawing:
PAR  FIG. 1 is a schematic, fragmentary side elevational view illustrating one
      embodiment of the present invention;
PAR  FIG. 2 is an end elevational view, taken along line 2--2 of FIG. 1
      illustrating two side-by-side printing machines comprising the present
      invention;
PAR  FIG. 2A is a fragmentary elevational view, on an enlarged scale
      illustrating a component shown in FIG. 2;
PAR  FIG. 2B is a fragmentary elevational view illustrating an alternative
      construction for the component shown in FIG. 2A with certain components
      omitted for clarity.
PAR  FIG. 3 is an enlarged, fragmentary elevational view illustrating the
      loading section comprising the present invention;
PAR  FIG. 4 is a transverse sectional view of the loading section taken along
      line 4--4 of FIG. 3;
PAR  FIG. 5 is an enlarged side elevational view of the combined flame treating
      and printing sections comprising the present invention;
PAR  FIG. 5A is a perspective view of an oblong rack used in the printing
      sections shown in FIG. 3 and FIG. 5;
PAR  FIG. 5B fragmentarily and schematically illustrates an alternative oblong
      rack assembly together with the cam rail and idler gears associated
      therewith;
PAR  FIG. 6 is a fragmentary side elevational view illustrating a first drying
      section of the present invention;
PAR  FIG. 7 is a fragmentary plan view taken along line 7--7 of FIG. 6;
PAR  FIG. 8 is an end elevational view of the structure shown in FIG. 6;
PAR  FIG. 9 is an enlarged fragmentary elevational view, partially in section,
      illustrating the printing section of the present invention;
PAR  FIG. 9A is a schematic end elevational view illustrating alternative sensor
      means;
PAR  FIG. 10 is a side elevational view of the structure shown in FIG. 9; and
PAR  FIG. 11 is a fragmentary elevational view of the unloading section of the
      present invention that may be positioned between the first and second
      drying sections.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, and in particular to FIG. 1, there is shown
      the improved container decorating machine 20 comprising the present
      invention. The container decorating machine 20 is adapted to be placed
      immediately downstream of the container fabricating apparatus which is
      conventional and which is not shown. Similarly, the container decorating
      machine 20 is adapted to be placed immediately upstream of the container
      filling machine which is also conventional and which is not shown.
PAR  Basically, the container decorating machine 20 of this invention comprises
      four sections. The first section is a loading station 22. The second
      section is a printing station 24 which includes a flame treating station
      25 having a safety valve, thermocouple and pilot light at the input end
      thereof. The flame treating station is particularly advantageous for the
      plastic containers to ensure that the subsequently applied ink will hold.
      The third section is the relatively short, first drying station 26 which
      is located immediately downstream of the printing station 24, and to the
      right thereof as shown in FIG. 1 for eliminating most of the volatile
      fumes which are exhausted outwardly by any suitable means. Finally, the
      fourth section is an unloading station 28 which is downstream of and to
      the right of the drying station 26, as shown in FIG. 1.
PAR  Where plastic containers are to be decorated, only a single drying station
      26 is needed. Where glass bottles are to be decorated, a relatively
      longer, second drying station in the form of a heated tunnel 29 is
      required and is positioned immediately downstream of the unloading station
      28 (FIG. 1). The second drying tunnel 29 may have to be longer and wider,
      for example 8 feet wide by 30 feet long, so as to contain as many as 2,000
      bottles at the rate of 250 bottles per minute for eight minutes of drying
      and cooling. An elongated, serpentine path may be provided for the bottles
      in the second tunnel 29. This is necessary when the bottles are washed
      after printing and before filling. A special ink must be used for a
      caustic bath of 6 percent solution at 140.degree. for 6 minutes. The ink
      must be cured sufficiently to withstand the washing without damaging the
      printing. By way of comparison, the first drying station 26 shown in FIG.
      1 may be 5 feet long whereas the second drying tunnel 29 may be 30 feet
      long.
PAR  Turning now to the loading station 22, reference may be had to FIGS. 3 and
      4 in particular. There is provided a chute 30 for delivering a stream of
      round bottles B to a conveyor that is generally designated by the
      reference character 32. The bottles B are individually fed to a plurality
      of pairs of laterally spaced apart U-shaped brackets 34 that are spacedly
      carried along on first endless belt means in the form of a pair of
      laterally spaced apart hollow pin chains 36 which will be described more
      fully hereafter. The brackets 34 are closely spaced so that a container
      cannot fall therebetween. A first plurality of roller means in the form of
      sprockets 38, 40 and 42 define a generally triangular and generally
      counterclockwise path for the chains 36. Drive means for the sprockets 38,
      40 and 42 may be had by right angle bevel gear means 43 which are coupled
      to a drive motor (not shown). Immediately to the left of and below the
      chute 30 and in the direction of the counterclockwise travel of the chains
      36, a housing 44, preferably with plastic guide rails to avoid scoring
      glass containers, is provided in order to retain the bottles B during
      their travel.
PAR  After being carried by the brackets 34 and the hollow pin chains 36, the
      bottles B travel into the printing station 24 (FIGS. 2 and 5) which is
      supported by track means 45 and roller means 45a so that the the entire
      section may be moved when different size containers are to be printed.
      Each side of FIG. 2 is set up for a particular size bottle. FIG. 2 is
      particularly suitable for a filling plant handling two sizes on a single
      common line. All line equipment is changed over to accommodate a specific
      size. The change over of the printer neccessitates loosening only four
      bolts, connecting the 90.degree. turn shown in FIG. 1 to the main drying
      tunnel or regular conveyer line, moving the required size side in line
      with the main line and refastening the bolts. A clutch engages the side
      needed. The unit just described will have two loading stations 22 (FIG.
      3), two first drying stations (FIG. 1) and two 90.degree. turn stations 28
      (FIG. 1). Bottle manufacturers often have small runs of many different
      sizes that require a single row model and a set of bottom ware holders for
      each size bottle. Limitation of size variation of the bottles is 2 inches
      in length and 1 inch in diameter. To accommodate different size bottles
      adjustments are made by a cam rail and adjusting blocks for correct screen
      contact adjustment. Where only one size is run, the adjusting blocks are
      still necessary to insure hair line contact with the printing screen.
PAR  Second endless belt means in the form of a pair of laterally spaced apart,
      endless hollow pin chains 46 are trained about second roller means which
      are in the form of a plurality of sprockets 48 that travel along a
      generally rectangular and generally clockwise path as shown in FIGS. 1 and
      5. Sprocket 48b is a driving member that tends to pull, not push, the
      chain 46. The sprocket 48b is driven by a belt and pulley system 49 and a
      motor (not shown). Referring now to FIG. 2 and to FIG. 2A, it will be seen
      that the two hollow pin chains 46 are connected to each other by means of
      pins 49a that are coupled to a plurality of transverse connecting tie bars
      50 and flight brackets 51 on each of which is mounted a rotatable nose
      cone 52 and a spaced apart bottom ware holder in the form of a cup-shaped
      base member 54. The nose cone 52 and the base member 54 are arranged to
      releasibly engage the mouth and the base, respectively, of the bottles B.
      As the bottles B approach the sprocket 40 in the loading station 22, for
      example adjacent the sprocket designated 48a in FIGS. 1 and 5, they pass
      between one nose cone 52, for example made of Teflon or stainless steel,
      and its associated cup-shaped base member 54, at which time the nose cone
      52 is biased to the left as shown in FIG. 2. A non-rotatable, linear
      bushing supported, spring biased shaft 55 on which the nose cone 52 is
      mounted assures smooth operation even for glass bottles whose height
      dimension may vary as much as .+-.1/8 inch. At its opposite end, the shaft
      55 is provided with a first cam follower 56 that is arranged to engage a
      fixed but adjustably positionable cam rail 58 so that the nose cone 52
      will be urged to the left as shown in FIG. 2A. In this manner the tapered
      nose cone 52 enters the open end of the bottle B and thereby seats the
      bottles B in the cup 54. A variation of the standard nose cone 52 will be
      discussed later.
PAR  An enlarged detail of the standard bottle holder nose cone 52 and
      cup-shaped base member 54 is shown in FIG. 2A. The nose cone 52, which is
      made of Teflon, glass, stainless steel or plastic, is rotatably journalled
      by ball bearings 53 and is biased (FIG. 2A) by a compression spring 57. It
      will also be seen that integral with each cup-shaped base member 54, there
      is provided a spur gear 60 and a mating pinion 61 whose function will be
      described more fully hereinafter. In addition, there is also provided a
      second pair of second cam followers 63 that are supported on an arm 64 and
      which cooperate with first and second rigid bars 65a and 65b in the
      printing station 24 so as to provide a steadying effect on the bottle B as
      it passes through the printing station. The bars 65a follow a semicircular
      path around the printing screen which will be described subsequently and
      the cam followers 63 are secured in a groove so as to provide the
      steadying effect. The bars 65b, on the return path, serve to prevent chain
      whip under high speed and will prevent vibration from being set up. A
      resilient pressure pad 66 is formed in the cup-shaped base member 54 as is
      an ejector pin 68 that is axially biased by a spring 69 as shown in FIG.
      2A. The bottle B is thus transported to the flame treating station 25 by
      the nose cone 52 and the cup-shaped base member 54 and then through the
      printing station 24 shown in FIG. 5 and in greater detail in FIGS. 9 and
      10.
PAR  The standard nose cone assembly 52 may be varied by replacing the ball
      bearing 53 with a needle bearing and by placing the compression spring 57
      intermediate the transverse base wall of the nose cone 51 and a shoulder
      formed on the shaft 55.
PAR  The printing station 24 is comprised of a fixed, arcuate screen means 70
      that has the desired design formed thereon in a conventional manner. The
      bottles B pass the screen means 70 in tangential contact therewith. A
      rotating squeegee assembly, generally designated by the reference
      character 72 is mounted on a transverse shaft 74 to which is secured
      additional roller means in the form of an idler sprocket 75 (FIGS. 2 and
      5) and includes a plurality of axially displaceable radially extending
      arms 76 each of which includes a squeegee 78 at the radially outer end
      thereof. Lock nuts 77 hold the arms in place but when the lock nuts 77 are
      loosened the arms can be moved radially for adjustment purposes. The ink
      is forced through the screen means 70 onto the surface of the bottles B by
      means of the rotating squeegees 78 which may be made of a plastic material
      or a 40 durometer butyl rubber. Coupling means 74a (FIG. 2) join the shaft
      which supports the sprockets 48b of two side-by-side container printing
      machines 20 so that containers of different sizes may be printed
      simultaneously on one common production line. The bottle and lateral
      surface of the screen means 70 are synchronized while bottle B travels
      through the printing station. Any change of speed will affect each
      component proportionately and will maintain precision alignment at any
      speed.
PAR  Concurrently the pinion 61 engages a fixedly positioned rack 80 shown
      schematically in FIG. 5A. The teeth of rack 80 define an outline that is
      congruent with the path of hollow pin chains 46 so that bottles are
      rotated as they are advanced. In actual practice the rack 80 is in the
      form of a continuous path from point 202b, and clockwise to point 202a.
      Between points 202b and 202a spur gears 60 engage a half gear 200 to
      continue counter-clockwise rotation of bottle B. Points 202a and 202b
      overlap the half gear 200 for several of its teeth so that smooth transfer
      can be had.
PAR  The no container/no print feature of the present invention is shown best in
      FIGS. 9 and 10. When a bottle is missing for any reason, a signal from an
      appropriate sensor, for example a photo electric cell 82 shown
      schematically in FIG. 9, actuates an air cylinder 84 and thereby moves a
      connecting bar 86 from the position shown in solid outline to the position
      shown in dotted outline in FIG. 9. The photocell 82 is applicable to
      substantially opaque containers. Alternatively a mechanical arrangement
      could be used such as a pivotally mounted flat feeler 82' that is wider
      than the center distance between adjacent bottle holders. An empty station
      will cause the feeler 82' to drop and thereby actuate a switch 87 as shown
      in FIG. 9A. A link 88 is connected to an arcuate, flexible cam rail 90
      which is moved between the solid and dotted outline shown in FIG. 9 when
      the air cylinder 84 is actuated. When a bottle is present, two rollers 92,
      one on each side, that are integral with each of the arms 76 will ride on
      the radially outer surface of the cam rail 90. However, when a bottle is
      absent, the radially inner surface of the deflected cam rail 90 will
      engage the rollers 92 to thereby prevent the squeegee 78 from contacting
      the inside surface of the screen means 70 and in this manner will prevent
      ink from being deposited and remaining on the screen in the absence of a
      bottle B. A spring 79 normally maintains the arms 76 in their radially
      outer positions so that the rollers 92 engage the outer surface of the cam
      rail 90 when a bottle is present. Spring 79 also maintains contact
      pressure with the screen means 70.
PAR  When traveling at the printing station 24, as shown in FIG. 5B the spur
      gears 60 that are integral with the cup-shaped base members 54 engage the
      half gear 200. In this manner positive bottle rotation is provided as the
      bottles B traverse the stationary screen 70. The alternative oblong rack
      80 is made up of a plurality of linear sections 94 interconnected by
      arcuate corner segments 96 and an arcuate, central section 98. Rack 80,
      without the arcuate central section 98, together with half gear 200 form
      an endless path. Hollow pin chains 46 move in a clockwise direction while
      the rack 80 and the half gear 200 are stationary. Pinion 61 engages the
      rack 80 and the spur gear 60 engages the half gear 200 to ensure
      counter-clockwise rotation of the bottles B. Also, rotation of the bottles
      B throughout the entire forward and empty return path ensures smooth and
      vibration-free operation as opposed to a gear and rack engagement at the
      beginning of the working cycle with consequent jarring and abnormal gear
      wear.
PAR  Preferably there are three times the number of container holding stations
      (each station being defined by a nose cone 52 and a cup-shaped base member
      54) as there are squeegees 78. Only three container holding stations need
      by synchronized with each squeegee 78. There may, for example, be eight,
      nine or ten squeegees 78 and the idler sprocket 75 may have a pitch
      diameter of 12 to 28 inches which pitch diameter is determined by a
      multiple of center distances between the bottles B and the number of
      squeegees 78. Sprocket 75 must have a number of teeth that are a multiple
      of the center distance of tie bars 50. That multiple determines the number
      of squeegees 78. This may allow more than one bottle in the print station
      at one time. Locating sensor 82 or 87 as shown in FIGS. 9 and 9a,
      respectively, insures that only empty stations will retract a squeegee 78.
      This is necessary in order to allow the printing speed to coincide with
      the speed of the filling container so that the present invention performs
      its function automatically when integrated with the conventional conveyor
      line between the container supply and filling stations. The positive and
      mechanical rotation of the individual bottles B prevents even the
      slightest slipping between the screen means 70 and the container B to
      thereby avoid smearing ink on a container B. This also prevents smearing
      of ink on the screen means 70 which, should it occur, would cause the next
      several bottles B to be improperly imprinted because of an excess of ink.
PAR  From the printing station 24, the bottles B enter the drying station 26
      which is shown in FIGS. 6, 7, and 8. The drying station 26 is defined by a
      housing 100 that is open at both ends. Infra-red heating means 102 are
      mounted within the housing 100. Quartz heaters are preferred for plastic
      containers since they heat and cool almost instantaneously in contrast to
      metal elements which take a long time to heat up and cool off. Thus there
      is little chance of burning a plastic container should there be a line
      stoppage when there are containers in the drying station 26. If desired,
      the infra-red heating means 102 may be positioned both above and below the
      path of the bottles B as shown in FIGS. 6 and 8. Two heaters 102 are
      particularly advantageous when the art work covers more than 180.degree.
      of the circumference of the container. There is also provided a hollow pin
      endless chain 104 having a plurality of pairs of generally U-shaped
      brackets 106 secured thereto. The bottles B are not rotated in the drying
      station 26. After the nose cone 52 is retracted and the ejector pin 68,
      which is urged by the spring 69, axially displaces a bottle B
      approximately at the position of the sprocket designated by the reference
      character 48b in FIGS. 1 and 5, the bottle B is deposited on a connecting
      ramp 108 and then onto a bracket 106 and is thereby carried through the
      drying station 26.
PAR  After leaving the drying station 26, the bottles B are received in a
      plurality of laterally spaced apart rods 110 having arcuate portions that
      gently turn the bottles B from the horizontal position in which they are
      mounted in the loading, printing and drying sections 22, 24 and 26,
      respectively, to a vertical position so that the printed bottles B may be
      delivered to the filling machinery that is downstream thereof. Where
      plastic bottles are printed, only a single drying station is required.
      Where glass bottles are printed, the second drying 29 station, downstream
      of the rods 110 receive the bottles B for further heating.
PAR  Special problems are encountered where plastic containers are to be
      decorated. More particularly, the surface of the container should be
      rigidized so that they do not buckle when the squeegees are applied
      thereto. The present invention provides means for at least temporarily
      inflating the plastic containers.
PAR  As shown best in FIGS. 2 and 2A, each nose cone support shaft 55 is hollow
      and is in fluid communication via passageways 149a and 149b with its
      respective inflation assembly each of which is comprised of a first valve
      150 such as a Schrader valve (part number 7796SP5). Conduit means 152
      fluidly couple the valve 150, through a passageway 153 and a common rotary
      swivel joint 154, that is, in turn, fluidly coupled to a remote source of
      pressurized air (not shown). A fixed cam 156 is arranged so as to be
      engaged by a contact 158 on each valve 150 that is associated with each
      nose cone support shaft 55. When the bottles B are in the printing station
      24 adjacent the screen means 70, the bottles B will be inflated or charged
      with air at the time when the squeegees 78 press against the screen means
      70. The air pressure admitted to bottles B in the printing station 24 is
      regulated and has a constant flow throughout the printing cycle. This is
      necessary because blow molded bottles are trimmed of flash after molding
      and this often causes an imperfect neck seat that causes leakage, thus
      nullifying the principle of one shot air held by means of a check valve.
PAR  Turning now to FIG. 2B there is shown an alternative embodiment for
      supporting and transporting the bottles B through the printing station 24.
      Each tie bar 50 is replaced by a pair of flight pins 160 which are
      suitably secured to the chains 46 by inserting flight pins 160 into the
      holes on the pitch line of the hollow pin 160 chains. A first shaft 162 is
      secured to each flight pin by means of brackets 164 and 166 together with
      flat head screws 168.
PAR  A stud 170 threaded at each end positions the brackets 164 and 166 to a
      desired center distance. Moreover the stud 170 holds brackets 164 and 166
      rigid in a vertical position. A pair of cam rollers 63 mounted on the
      studs 170 engage the print guide rail 65a to rigidize the assembly so as
      to prevent even the slightest rocking or dipping action of the hollow pin
      chains 46 which would alter the necessary hairline contact of the bottle B
      and the screen means 70. The construction shown in FIG. 2B compensates for
      length variations of glass bottles which may be as much as .+-.1/8 inch,
      is less expensive than the construction shown in FIG. 2a and is used where
      space is not critical.
PAR  The roller 56 is secured to one end of the first shaft 162 which is
      comparable to the shaft 55 in the embodiment of FIG. 2B. A first
      compression spring 172 extends between the bracket 164 and a first stop
      174. A second compression spring 176 extends between a nose cone support
      178 and a second stop 180. Screw 182 secures the support 178 to the first
      shaft 162 such that a needle bearing 184 may be positioned therebetween.
      Nose cone 186 is secured to the support 178 in any suitable manner, such
      as by adhesives, and is provided with a conical bore 188 that is arranged
      to receive a relatively small bottle with a relatively small open end such
      as is used for hair tonic or for a closed container having no open end.
      The spring 176 serves the purpose of compensating for length variations
      (.+-.1/8 inch) of glass bottles.
PAR  Referring now to FIG. 5B there is shown an alternative construction for the
      rack 80. In this embodiment the arcuate section 98 of the oblong rack 80
      is replaced by a stationary half gear 200. The cam rail 58 which has not
      previously been shown in side elevation is the same as in the previous
      embodiment. Preferably, the flight pins 160 for supporting the nose cone
      52 and the cup-shaped member 54 are used in this embodiment.
PAR  Normally the pinions 61 engage the straight rack sections 202 and the
      arcuate corner sections 204. At the end of straight rack section 202a the
      pinions 61 disengage and the spur gears 60 engage the half gear 200. The
      pinions 61 engage the end of rack section 202b when the gears 60 disengage
      from the half gear 200. Rotation of the bottles B will be continuously
      counter-clockwise. Rotation of the bottles B, even through the return path
      (to the left in FIG. 5B) eliminates having to start rotation of the
      pinions 61 at high speed at the pick up station which would cause
      excessive gear wear and jarring of the line that would impair printing
      quality.
PAR  It should be particularly noted that the rack sections 202a and 202b are
      synchronized with the stationary half gear 200 and overlap by two to three
      teeth. The half-round screen 70 and the half-gear 200 eliminate any
      critical geometry.
PAR  There has been disclosed heretofore the best embodiment of the invention
      presently contemplated. However, it is to be understood that various
      changes and modifications may be made thereto without departing from the
      spirit of the invention.
CLMS
STM  What I claim as new and desire to secure by Letters Patent is:
NUM  1.
PAR  1. An in-line automatic and continuous container printer adapted to be
      positioned colinearly with and intermediate container production and
      container filling lines, said printer comprising:
PA1  a. a loading station including a first plurality of roller means, first
      endless belt means trained about said first roller means and first means
      for driving one of said first roller means for receiving and transporting
      a plurality of successive containers;
PA1  b. a printing station including a second plurality of roller means, a
      second pair of laterally spaced apart endless belt means trained
      thereabout and means for driving at least one of said second roller means
      for receiving successive containers from said loading station, said
      printing station further including stationary, arcuate screen means having
      an outer surface past which the containers are transported in tangential
      contact, a plurality of squeegees normally in tangential contact with the
      inner surface of said screen means for driving such squeegees over the
      inner surface of said screen means whereby a supply of ink passes through
      said screen means, said second roller means being positioned such that
      said second belt means are moved along a generally rectangular path, one
      of the longer legs of said rectangular path including an arcuate path
      portion, there being further included a shaft and additional roller means
      mounted on said shaft for maintaining the shape of said arcuate path
      portion, said arcuate screen means being coaxial with said arcuate path
      portion of said second belt means, there being still further included a
      plurality of arms extending radially from said shaft, one of said
      squeegees being mounted on the radially outer end of each said arm, said
      second means for receiving the successive containers comprising a
      plurality of pairs of nose cone assemblies and cup-shaped base member
      assemblies, each said nose cone assembly in said pair being coupled to one
      of said second belt means in said printing station, each said base
      assembly in said pair being secured to another one of said second belt
      means in said printing station and means for urging said nose cone
      assemblies toward said base member assemblies and into the open end of the
      containers;
PA1  c. means for rotating the containers about their own longitudinal axes
      during transport thereof past said screen means, said means for rotating
      the containers comprising a gear coaxial and integral with each said base
      member assembly and a cooperating, generally oblong rack that is at least
      partially congruent and coaxial with said second belt means in said
      printing station;
PA1  d. means for detecting the absence of a container in said printing station,
      said detecting means being positioned adjacent said screen means for
      preventing contact between selected ones of said squeegees and said screen
      means; and
PA1  e. a drying station for receiving the containers after the printing
      thereof.
NUM  2.
PAR  2. The printer according to claim 1 wherein there is further included a
      plurality of generally U shaped brackets carried by said first endless
      belt means for receiving and transporting the containers in and through
      said loading station.
NUM  3.
PAR  3. The printer according to claim 1 wherein said first roller means are
      sprockets and said first belt means are a pair of laterally spaced apart
      chains in engagement with said sprockets.
NUM  4.
PAR  4. The printer according to claim 1 wherein said first roller means are
      positioned such that said first belt means are moved along generally
      triangular paths that are parallel to each other.
NUM  5.
PAR  5. The printer according to claim 1 wherein said second roller means are
      sprockets and said second belt means are chains in engagement with said
      sprockets.
NUM  6.
PAR  6. The printer according to claim 1 wherein said additional roller means
      comprises a pair of coaxial sprockets.
NUM  7.
PAR  7. The printer according to claim 6 wherein each said arm includes a roller
      thereon and said means for detecting the absence of container and for
      preventing contact of said associated squeegees with said screen comprises
      sensing means for generating a signal in the absence of a container,
      cylinder means having an arm that is movable in response to said signal,
      and a cam coupled to said arm, said cam having first and second surfaces
      whereby, in the absence of a container and in response to a signal
      indicating said absence, said cam is displaced whereby said rollers engage
      said second cam surface to thereby displace said squeegee in a direction
      away from said screen, said rollers normally engaging said first cam
      surface when a container is present in said printing station and in
      opposition to said associated squeegee.
NUM  8.
PAR  8. The container according to claim 1 wherein there is further included
      means for adjustably biasing said squeegees in a radial direction towards
      said screen.
NUM  9.
PAR  9. The printer according to claim 1 wherein each said cup-shaped base
      member assembly includes means for ejecting the container therein after
      printing.
NUM  10.
PAR  10. The printer according to claim 1 wherein each said cup-shaped base
      member assembly includes a resilient pad.
NUM  11.
PAR  11. The printer according to claim 1 wherein there is further included a
      fixed cam and each said hose cone assembly includes a first cam follower
      for engaging said fixed cam whereby said nose cone assembly is urged into
      the open end of the container.
NUM  12.
PAR  12. The printer according to claim 1 where there is further included a
      rigid bar and each said nose cone assembly includes a roller for engaging
      said bar whereby the containers are steadied during printing thereon.
NUM  13.
PAR  13. The printer according to claim 1 wherein each said nose cone assembly
      is hollow and wherein there is further included means for introducing
      pressurized air into said nose cone assemblies to thereby inflate the
      containers in said printing station.
NUM  14.
PAR  14. The printer according to claim 13 wherein said means for introducing
      pressurized air comprises valve means in fluid communication with the
      interior of each said nose cone assembly and with the source of
      pressurized air, valve actuating means integral with each said valve
      means, a fixed cam adapted to be engaged by successive ones of said valve
      actuators whereby said valve means are successively opened and air is
      introduced into the containers when the containers are in said printer
      station.
NUM  15.
PAR  15. The printer according to claim 1 wherein there is further included
      means intermediate said loading station and said printing station for
      pre-heating the containers.
NUM  16.
PAR  16. The printer according to claim 1 wherein there is further a flame
      trating station intermediate said loading station and said printing
      station.
NUM  17.
PAR  17. The printer according to claim 1 wherein said drying station includes a
      housing that is open at two opposed ends thereof, endless conveyor means
      in said housing, means integral with said conveyor means for receiving the
      containers from said printing station, drive means for said conveyor means
      whereby the containers are moved between said opposed housing ends and at
      least one heating means positioned above the path of the containers within
      said housing.
NUM  18.
PAR  18. The printer according to claim 17 wherein said first heating means are
      quartz heaters.
NUM  19.
PAR  19. The printer according to claim 17 wherein there are two heating means
      positioned above and below the path of the containers.
NUM  20.
PAR  20. The printer according to claim 19 wherein said first and said second
      heating means are quartz heaters.
NUM  21.
PAR  21. The printer according to claim 1 wherein the containers are in a
      horizontal position in said loading station, said printing station and
      said drying station, there being further included erecting means
      downstream of said drying station for turning the containers to a vertical
      position.
NUM  22.
PAR  22. The printer according to claim 21 wherein said erecting means comprises
      a plurality of laterally spaced apart, curved rod for receiving the
      containers.
NUM  23.
PAR  23. The printer according to claim 21 wherein there is further included
      second drying means downstream of said erecting means.
NUM  24.
PAR  24. The printer according to claim 1 wherein there are two side-by-side
      loading stations, printing stations, means for rotating the containers
      about their own longitudinal axes, means for detecting the absence of a
      container and for preventing contact between said associated squeegee and
      said screen and said drying station, there being further included means
      for coupling said side-by-side printing stations.
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ABST
PAL  There is disclosed printing apparatus having a pivotally mounted print head
      which cooperates with a platen, a cam shaft to which a cam is secured for
      actuating the print head and to which another cam is secured for driving
      an operating lever. The operating lever is coupled to a slide which drives
      a feed finger and cam means for actuating an inker. The travel of the feed
      finger is selectively variable by changing the position of the pivot on
      which the lever is mounted. The cam means is part of a lost-motion
      connection which couples the slide to the inker. As the operating lever is
      cammed in one direction to move the feed finger forward, the inker is
      moved into and out of inking cooperation with the print head assembly.
      Because of the lost-motion connection adjustment of the pivot does not
      affect the length of travel of the inker. When the inker is in inking
      position the inker is supported at both sides of the platen thereby
      leaving the platen accessible during threading of the apparatus with the
      web of record members. The print head assembly includes a pair of print
      heads, each print head having at least one series of rotatably mounted
      drive wheels and a support. A plurality of printing bands having different
      printing elements are trained about the support and respective drive
      wheels. Each support of each print head is adjustable by exerting forces
      at opposite ends of the support so that all the printing elements at the
      support are disposed in a common plane parallel to the platen. The print
      heads are rigidly interconnected by plates. Set screws threadably received
      by one of the plates are accessible from about the print head and act on
      adjusting plates which exert forces at opposite ends of the respective
      supports.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the art of printing apparatus.
PAR  2. Brief Description of the Prior Art
PAR  Prior art printing apparatus employing feed fingers for feeding a web of
      record members to a printing position between a print head and a platen,
      include drive mechanisms comprising a cam, an operating lever driven by
      the cam and an adjustably mounted pivot, such that adjustment of the pivot
      will change the relative position between the cam and the follower carried
      by the operating lever to vary the stroke of the operating lever and the
      feed finger so that record members of different lengths can be
      successively adjusted to the printing position. In such an apparatus the
      drive for the inker has been coupled directly to the operating lever so
      that a change in the stroke of the operating lever will change the
      distance through which the inker travels. Prior art U.S. patent to
      Pabodie, U.S. Pat. No. 3,767,098, patented Oct. 23, 1973 discloses a cam
      actuated inking mechanism.
PAR  Print head assemblies comprising a plurality of print heads are known in
      the prior art, as in U.S Pat. No. 3,601,042 to Hamisch, Sr., patented Aug.
      24, 1971.
PAR  U.S. Pat. No. 570,264 to Otteson, patented Oct. 27, 1896 discloses a hand
      stamp having a support or block. Nuts are provided for adjusting the
      position of the frame with reference to the block.
PAC  SUMMARY OF THE INVENTION
PAR  The purpose of the invention is to provide an improved printing apparatus
      having structural features which enable it to provide good quality
      printing. Adjustment of the feeding stroke of the feed finger is
      accomplished without affecting the travel of the inker. This is
      accomplished by means of a lost-motion connection between a slide, which
      carries the feed finger, and the inker. The lost-motion connection is
      provided by a cam mechanism having inclined and dwell portions so that the
      inker is only actuated during the central or intermediate portion of
      travel of the slide. Consequently the ink pad of the inker will be
      presented between the print head assembly and the platen at the proper
      time in the cycle and will be returned to its home position before the
      print head assembly prints on a record or record members disposed on the
      platen in that the length of travel of the inker is always the same. A
      relatively narrow ink pad can be used in that the position which the ink
      pad occupies during inking of the print head assembly does not change
      irrespective of the length of travel of the feed finger. The inker
      comprises a carrier and a low cost ink pad which is removably mounted to
      the carrier. The carrier is guided and supported by suitable structure
      disposed on one side of the platen and when the ink pad is in the inking
      position the carrier is also supported by a support at the other side of
      the platen, thereby allowing ready access to the platen which facilitates
      threading of the apparatus with the web of record members. A decelerator
      is used to decelerate the carrier and the ink pad which it carries and to
      deaden any noise resulting from the abrupt stopping of the carrier when it
      reaches the home position. The print head assembly is of rugged
      construction. The print head assembly comprises one and preferably more
      print heads each of which is secured to a plate of an actuator. Each print
      head has a series of rotatably mounted drive wheels and a movably mounted
      support. Printing bands having different printing elements are trained
      about the support and respective drive wheels. According to the invention,
      means are provided to orient the support so that the printing elements are
      positioned parallel to the platen. Moreover, the printing elements of one
      print head can be adjusted relative to the printing elements of the other
      print head or heads so that all the printing elements are in a common
      plane. Specifically, an adjusting plate is disposed between an endmost
      drive wheel of the series and the adjacent side plate. The adjusting
      plates exert forces on the opposite ends of the support to properly orient
      the support. The adjusting plates have flanges at their upper ends. The
      adjusting plates can be adjusted by means of screws acting on the flanges.
      The screws are preferably threadably received in a structural plate which
      interconnects the print head. The adjusting plates can be adjusted from
      above the print head assembly. It is also preferred to provide another
      plate keyed to the ends of the side plates opposite the actuator. The
      structural plates and the actuator plate lock the print heads into a rigid
      assembly. It is also preferred to lock the supports in their adjusted
      position by means of slight clamping force applied to the side plates.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partly exploded perspective view of printing apparatus in
      accordance with the invention;
PAR  FIG. 2 is a fragmentary left-side elevational view of the apparatus;
PAR  FIG. 3 is a view taken generally along line 3--3 of FIG. 2;
PAR  FIG. 4 is a fragmentary side elevational view showing a portion of the
      structure of FIG. 2, but with the ink pad being shown in the inking
      position;
PAR  FIG. 5 is a sectional view taken generally along line 5--5 of FIG. 1;
PAR  FIG. 6 is a front elevational fragmentary view showing the upper portion of
      the apparatus, the print head assembly, the feed finger and the inker
      being in their home positions;
PAR  FIG. 7 is a view similar to FIG. 6, but showing only a fragmentary portion
      of the print head assembly, with the print head assembly raised, the ink
      pad being between the print head assembly and the platen and the feed
      finger being almost entirely in its forward position;
PAR  FIG. 8 is a view similar to FIG. 7, but showing the print head assembly
      lowered to receive ink from the ink pad and with the feed finger being in
      its fully forward position;
PAR  FIG. 9 is a view similar to FIGS. 7 and 8, but showing the print head
      assembly in its printing position with the feed finger and the ink pad
      being fully retracted;
PAR  FIG. 10 is an exploded perspective view showing fragmentary portions of the
      print head assembly of the apparatus;
PAR  FIG. 11 is a top plan view of the print head assembly with the printing
      bands removed;
PAR  FIG. 12 is a view taken generally along line 12--12 of FIG. 6, with the
      printing band being omitted for the sake of clarity;
PAR  FIG. 13 is a view similar to FIG. 12, but showing the printing band
      received about a drive wheel of the support;
PAR  FIG. 14 is a front elevational view of one of the print heads with the
      printing bands broken away for clarity;
PAR  FIG. 15 is a sectional view taken generally along the line 15--15 of FIG.
      2; and
PAR  FIG. 16 is a sectional view taken generally along line 16--16 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to FIG. 1, there is shown a printing apparatus 20 in
      accordance with the invention. The apparatus 20 is shown to include a
      frame 21, an electric motor 22 suitably secured to the frame 21, a speed
      reducer 23 coupled to the electric motor 22, and a clutch 24 coupled to
      the speed reducer 23. The clutch 24 is connected as indicated by a broken
      line 25 to a sprocket 26. The sprocket 26 is shown to drive a roller chain
      27 which in turn drives a sprocket 28. The sprocket 28 is secured to cam
      shaft 29 to which a plate-like cam 30 having a continuous cam groove 30'
      and a barrel cam 31 are secured. The cam shaft 29 is suitably rotatably
      mounted by the frame 21. The cam 31 has a continuous cam groove 32. A
      roller 33 mounted by a plate 34 is received in the groove 32. The plate 34
      is pivotally mounted by a post 35 secured to the frame 21. A link 37 is
      connected to the plate 34 by a pin 38 and to an actuator, generally
      indicated at 39 in the form of a lever 40, by a pin 38'. The actuator 39
      is pivotally mounted on a pin or pivot 41 suitably mounted to the frame
      21. A plate 44 is bolted to lever 40 by bolts 45. The plate 44 can be
      considered to be part of the actuator 39. A print head assembly generally
      indicated at 46 is secured to the plate 44. The print head assembly 46
      includes a print head 47 illustrated as having one row of printing bands
      48 and another print head 49 having two rows or printing bands 48. An ink
      cartridge generally indicated at 50 is suitably secured to the print head
      assembly 46 as by screws 51.
PAR  A roller 52 rotatably mounted to a lever 53 is captive in cam groove 30'.
      The lever 53 is pivotally mounted at its lower end by a pin 54 carried by
      a bracket 55. The bracket 55 has an upstanding portion 56 and a
      perpendicularly extending flange 57. The flange 57 has a pair of elongated
      slots 58. Bolts 59 pass through slots 58 and are threaded into holes 60'
      in upper wall 60 of the frame 21. It is apparent that the position of the
      bracket 55 and of the pivot 54 can be changed by loosening the bolts 59
      and shifting the bracket 55 and then tightening the bolts 59.
PAR  The upper end of the lever 53 is fork-shaped as indicated at 61. A slide 62
      is slideably mounted for movement to the left and to the right as viewed
      in FIGS. 6 through 9. The slide 62 has a pin 63 received in the
      fork-shaped end 61. The slide 62 carries a feed finger generally indicated
      at 64. The feed finger 64 is shown to be comprised of a pair of finger
      elements 65. Each finger element has a projection 66 for engaging a notch
      N in a web W of record members R. The record members can for example be
      tags interconnected in strip or web form or pressure sensitive labels
      removably carried on a web of supporting material. It is apparent that as
      the cam shaft 29 makes one complete revolution upon tripping of the
      single-revolution clutch 24, the cam 30 first pivots the lever 53 in the
      counterclockwise direction (FIG. 1) to move the feed finger 64 from the
      home position shown in FIG. 6 through the position shown in FIG. 7 to the
      fully forward or extended position shown in FIG. 8. During the remainder
      of the cycle the cam 30 drives the feed finger 64 from the position in
      FIG. 8 through the fully retracted position shown in FIG. 9 and thereafter
      the cam 30 pivots the lever 53 counterclockwise through a small arc to
      return the feed finger 64 to the home position shown in FIG. 6. The slide
      62 carries a pin 68 on which a roller 69 is rotatably mounted. A lever 70
      mounted on the pivot 71 secured to the frame 21 has a cam track generally
      indicated at 72. The cam track 72 is shown to be formed by a slot 73
      formed in the lever 70. The roller 69 is received in the slot 73. The
      lever 70 has a forked end 74 which receives a roller 75 (FIG. 16) mounted
      on a post 76 to provide a pin and cut-out connection. The post 76 is
      secured to a plate-like carrier 77. The carrier 77 is guided in oppositely
      facing channel sections or guides 78 and 79. The channel sections 78 and
      79 are secured to plates 80 and 81 secured to the frame 21.
PAR  As the lever 53 pivots during an operating cycle and while the feed finger
      64 is being driven as indicated above, the roller 69 cooperates with the
      cam track 72 to pivot the lever 70 generally counterclockwise as viewed in
      FIG. 1 and thereafter to pivot the lever 70 clockwise. Thus, the carrier
      77 which carries an ink pad generally indicated at 83 is first moved from
      the retracted or home position shown in FIGS. 1 and 2 to the extended or
      inking position shown in FIG. 4. In the inking position, the ink pad 83 is
      disposed between the print head assembly 46 and platen 84 which comprises
      part of the platen structure. The print head assembly 46 is shown in the
      same position in both FIGS. 4 and 7. The cam 32 is configured to initially
      raise the print head assembly 46 slightly so that the carrier 77 and its
      ink pad 83 can be moved to the extended position in the gap between the
      print head assembly 46 and the platen 84. Thereafter, when the carrier 77
      is in the extended position, the profile of cam 32 causes the print head
      assembly 46 to be driven into ink receiving contact with the ink pad 83
      and thereafter the profile of the cam 32 causes the print head assembly 46
      to be raised, that is, driven away from the ink pad 83. While the print
      head assembly 46 is raised, the lever 53 begins its retracting movement
      and thus the roller 69 cooperates with the cam track 72 to return the
      carrier 77 and the ink pad 83 to the home position. As soon as the ink pad
      83 and its carrier 77 have moved (to the left as viewed in FIG. 4) clear
      of the print head assembly 46 and cam 32 drives the print head assembly 46
      to the printing position shown in FIG. 9. In the printing position the
      record members R are printed and the ink pad 83 is simultaneously inked by
      means of the cartridge 50.
PAR  In accordance with a feature of the invention the length of travel of the
      feed finger 64 can be adjusted without affecting the travel of the carrier
      77 and the ink pad 83. Adjustment of the bracket 55 to the left will
      decrease the stroke of the lever 53 and consequently the stroke of the
      feed finger 64, whereas shifting of the bracket 55 to the right will
      increase the strokes of the lever 53 and the feed finger 64. It is noted
      that the cam track 72 is comprised of rise or inclined portion 84' and
      dwell portions 85 and 86. Adjustment of the bracket 55 will change the
      initial position of the roller 69 in the cam track 72. More particularly
      the roller 69 will be positioned either generally to the left or generally
      to the right of the position shown in FIG. 1 depending upon the adjustment
      of the plate of the bracket 55. The adjustment of the bracket 55 is
      necessarily limited. The dwell portions 85 and 86 are so selected that
      irrespective of the length of stroke through which the lever 53 and the
      slide 62 are set to move, the roller 69 will only contact the rise portion
      84' during the central or intermediate portion of the forward and retract
      travel of the slide 62. The cam track 72 and the roller 69 constitute a
      lost-motion connection between the slide 62 and the inker which includes
      the carrier 77 and the ink pad 83.
PAR  When the ink pad 83 and the carrier 77 are in the position shown in FIG. 4,
      the carrier 77 is supported by a support 85 mounted to the platen
      structure 82 in front of the platen 84. Screws 86' which pass through
      elongated slots 87 adjustably secure the support 85' in position. Screws
      86' enable the support 85' to be positioned optimally relative to the
      carrier 77 by enabling the support 85' to be adjusted either to the left
      or to the right as viewed in FIG. 4. As seen in FIG. 4, when the print
      head assembly 46 moves into ink-receiving contact with the ink pad 83, the
      carrier 77 is supported not only at its left end (FIG. 4) by the channel
      sections 78 and 79, but also at its right end by the support 85'.
      Accordingly, the ink pad 83 and the carrier 77 are well supported while
      the print head assembly 46 is in ink-receiving contact with the pad 83 and
      yet neither the channel sections 78 and 79 and the associated plate 81 nor
      the support 85' interfers with easy access to the platen 84 as is
      beneficial for instance during threading of the apparatus 20 with a web W
      of record members R.
PAR  With reference to FIG. 15, there is shown an inker body 88 having a
      rectangular recess 89 for receiving a rectangular pad-like section of
      porous ink-receptive material 90. The inker body 88 has a handle 91 and a
      pair of flexible resilient fingers 92 formed integrally therewith. The
      fingers carry oppositely facing projections 93 which are shown to extend
      through holes 94 in the carrier 77 and releasably engage with the
      underside of the carrier 77. By positioning the ink pad 83 over the
      carrier 77 so that the fingers 92 are in alignment with the holes 94 and
      by depressing the ink pad 83, the fingers 92 will enter the holes 94 and
      the projections 93 will releasably hold the ink pad 83 in position.
PAR  With reference to FIGS. 2 and 3, there is shown a decelerator generally
      indicated at 95 which comprises a plate 96 having an upstanding flange or
      abutment 97. The plate 96 has elongated slots 98 through which screws 99
      extend and are threadably secured to the plate 80. A cushion in the form
      of a flexible resilient O-ring 100 is received about the abutment 97. The
      O-ring 100 is in alignment with the rear face 101 of the carrier 77. As
      the lever 70 returns the carrier 77 to its home position shown in FIG. 3,
      the end 101 of the carrier 77 is driven against the O-ring 100, thereby
      bringing the carrier 77 to a stop with a minimum of vibration being
      transmitted to the remainder of the apparatus 20. The cushioning provided
      by the O-ring 100 is particularly advantageous in that there is slight
      clearance between the forked end 74 and the roller 75.
PAR  With reference to FIG. 11, which shows the print head assembly 46 minus
      plates 102 and 103 and printing bands 48, it is apparent that each print
      head 47 and 49 is comprised of a pair of spaced-apart side plates 104 and
      105, and 106 and 107, although conceivably adjacent print heads can share
      a common side plate. Plates 104 and 105 have flanges 108 and 109 which
      extend toward each other, and the side plates 106 and 107 have flanges 110
      and 111 that extend toward each other. Each of the flanges 108, 109, 110
      and 111 has a pair of tapped holes 112, as best shown in FIG. 12.
PAR  With reference to FIG. 10, the side plate 104 has holes 113, 114, 115, 116,
      117, 118 and 119 and an elongated slot 121. The side plate 105 has holes
      123, 124, 125, 126, 127 and 128 and an elongated slot 129.
PAR  An annular shaft or rod 130 having reduced annular ends or end portions 131
      and 132 received in respective holes 117 and 124 passes through elongated
      slots 133 in adjusting plates 134 and in elongated slots 135 in spacer
      plates 136. An annular rod or shaft 137 having reduced diameter end
      portions 138 and 139 received in respective holes 118 and 125 passes
      through cutouts 139' in adjusting plates 134 and through holes 140 in
      toothed drive wheels 141. A selector shaft 142 is mounted in a bushing 143
      secured to the plate 104. The selector shaft 142 has a plurality of
      spaced-apart annular rings 144 which cooperate with a detent disposed in a
      tubular member 145 which opens into the bore of the bushing 143. The
      selector shaft 142 carries a gear 146 which can mesh with any one of the
      gears 141. An indicator generally indicated at 147 includes a
      longitudinally extending portion 148 which extends parallel to the axis of
      the drive wheels 141 and carries a pointer 149. The indicator 147 also
      includes a radially extending portion 150 joined to the longitudinally
      extending portion 148. The portion 150 is secured to the selector 142
      between the bushing 143 and a knob 151. As shown in FIG. 14, the pointer
      149 is aligned with the gear 146 and with the drive wheel with which the
      gear 146 cooperates, thereby in the position shown in the drawings,
      indicating that rotation of the knob 151 will cause rotation of the
      printing band 48 which is trained about the endmost drive wheel 141. By
      shifting the selector 142 to the left (FIG. 14) using the knob 151, the
      gear 146 can be meshed with any selected drive wheel 141. In that the gear
      146 and the pointer 149 move as a unit, the pointer 149 will always be
      aligned with the gear 146 and will always indicate the drive wheel and
      consequently the printing band 48 with which the gear 146 is in driving
      cooperation.
PAR  A support generally indicated at 152 comprises a body 153 composed of
      plastics material. The upper end of the body 153 has a U-shaped portion
      154 defining an open-ended channel 155 which is also open at the top 156.
      The body 153 mounts a shaft 157 which rotatably mounts wheels 158 which
      correspond to respective drive wheels 141. Spacers 159 separate adjacent
      wheels 158 from each other. The spacers 159 are large enough to separate
      adjacent printing bands 48 adjacent the printing zone Z. An individual
      detent 160, comprising a member 161 and a spring 162, acts on each
      respective wheel 158. The body 153 has integrally formed lugs 164 (FIG. 2)
      and 165 (FIG. 10) which are guidingly received in respective slots 121 and
      129. Screw 166 passes through a hole 119 in the plate 104 and through the
      channel 155 and is threadably received in a threaded hole 167.
PAR  The plate 102 has a pair of flanges 168 and 169. The flange 168 has holes
      170 and 171 and the flange 169 has holes 172 and 173. A plate portion 174
      is integrally joined with the flange 169. The plate 102 has a pair of
      offset flanges 175 and 176 and the plate portion 174 has flanges 177 and
      178. The flange 178 has a hole 179 aligned with the hole 123. The plate
      102 is disposed at the tops of the side plates 104, 105, 106 and 107.
      Screws 180 pass through holes 170 and 171 and are threadably received in
      threaded holes 113 and 114. Screws 181 pass through holes 172 and 173 in
      the flange 169 and are threadably received in threaded holes in the side
      plate 106. Screw 182 extends through the hole 179 and is threadably
      received in the hole 123. As best seen in FIG. 1, the side plate 104 is
      snugly received in an opening 168' between the flange 168 and the flange
      175, the side plate 105 is positioned against a face 183 of the flange
      175, the side plates 105 and 106 are snugly received in an opening 187'
      between the flanges 177 and 178, and the side plate 106 is snugly received
      in openings 184 between the flanges 169 and 176 and 177. The plate 103 has
      flanges 185 and 186. The flange 185 has holes 187 and the flange 186 has
      holes 188. The plate 103 also has four flanges 189, 190, 190' and 192. The
      flanges 185 and 189 are laterally spaced apart so that shoulders 104a and
      104b of the plate 104 can fit against respective shoulders 103a and 103b
      on the plate 103. The plates 105, 106 and 107 have shoulders 105a and
      105b, 106a and 106b, and 107a and 107b. The flanges 186 and 192 are
      laterally offset to provide an opening 195 in which the side plate 106 can
      be snugly received. The plate 103 also has shoulders 103c through 103h.
      The shoulders 105a and 105b abut respective shoulders 103c and 103d, the
      shoulders 107a and 107b abut respective shoulders 103e and 103f, and
      shoulders 106a and 106b abut respective shoulders 103g and 103h. The
      plates 104, 105, 106 and 107 are constructed identically except as
      otherwise noted. It is thus apparent that the plates 44, 102 and 103
      rigidly structurally interconnect the plates 104, 105, 106, 107 into a
      sturdy head assembly 46.
PAR  With reference to FIGS. 1 and 10, set screws 201, 202, 203, 204, 205, and
      206 are threadably received in respective threaded holes 201' through
      206'. As shown in FIG. 14 for example, screws 201 and 202 contact flanges
      207 and 208 of respective adjusting plates 134. The flanges 207 and 208 of
      the adjusting plates 134 of the print head 47 extend toward each other
      laterally of respective side plates 104 and 105. Flanges 209 and 210 of
      the adjusting plates 134 extend toward each other laterally of respective
      side plates 107 and 106. The adjusting plates 134 includes a projection
      211 received in the channel 155 in the U-shaped end 154 of the support
      body 153. In that the support 152 is guided for straight line movement by
      means of its lugs 164 and 165 received in respective slots 121 and 129 and
      because the rod 130 is received in elongated slots 133, the plates 134 are
      also guided for straight line movement. The print head 47 has a pair of
      adjusting plates 134 disposed between and in contact with the side plates
      104 and 105 and endmost drive wheels 141. It is apparent from FIG. 14 that
      adjustment of screws 201 and 202 will cause respective ends 152' and 152"
      of the support 152 to be moved selected distances against the forces
      exerted by the printing bands which are under tension. More particularly,
      the adjusting plates 134 exert downward forces on the ends 152' and 152"
      and the printing bands 48 acting against the wheels 158 exert an upward
      force on the support so therefore in the event that set screws 201 and/or
      202 are rotated to move in an upward direction as viewed in FIG. 14, the
      forces which the printing bands 48 exert upwardly on the wheels 158 will
      prevent the forked end 154 from losing contact with the adjusting plates
      134 and will prevent the flanges 207 and 208 from losing contact with
      respective set screws 201 and 202. In FIG. 14, the support 152 has been
      oriented exaggeratedly but in parallel relationship with respect to the
      upper surface of the platen 84 by use of adjusting screws 201 and 202.
      Once this adjustment has been made, screw 166 is tightened, thereby
      clamping the support 152 securely in the adjusted position. There is
      enough clearance between the plates 104 and 105 so that the support 152
      can be skewed relative to the plates 104 and 105 as shown exaggeratedly in
      FIG. 14. In order to change the adjustment, the screw 166 is loosened and
      set screws 201 and 202 are adjusted until the printing elements 48' on
      bands 48 are correctly oriented with respect to the platen and thereupon
      screw 166 can be tightened again. The same adjusting procedure applies to
      the print head 49.
PAR  With respect to the print head 49 which can print two rows of data, there
      are two sets of printing bands 48, two sets of drive wheels 141, two
      supports 152, two sets of adjusting plates 134, and associated components.
      Accordingly, the print head 49 differs to the extent that the side plates
      106 and 107 are provided with two slots 212 for receiving lugs 164 and
      165. The plates 106 and 107 also have the necessary holes for
      accommodating the selector shafts 142 and rods 130 and 137. The plate 107
      has internally threaded bosses 213 for threadably receiving respective
      screws 166. Bosses 166 extend into clearance holes 127 and 128 in the
      plate 105. The plate 107 also has a clearance hole 214 for receiving the
      internally threaded boss 167 of the plate 105.
PAR  Other embodiments and modifications of this invention will suggest
      themselves to those skilled in the art, and all such of these as come
      within the spirit of this invention are included within its scope as best
      defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Printing apparatus, comprising: a platen, a print head cooperable with
      the platen, a feed finger, means for driving the feed finger in a forward
      direction from a home position to feed a web of record members to a
      printing position between the print head and the platen and for driving
      the feed finger in the return direction to the home position, an inker,
      means driven by the driving means for actuating the inker into and out of
      inking cooperation with the print head, and manually settable means for
      varying the stroke of the driving means to vary the travel of the feed
      finger, the actuating means including means to effect travel of the inker
      through the same distance irrespective of the stroke of the driving means
      as determined by the setting of the settable means.
NUM  2.
PAR  2. Apparatus as defined in claim 1, wherein the driving means comprises a
      lever connected to the feed finger, a follower carried by the lever, a
      pivot for pivotally mounting the lever, and a cam for driving the
      follower, wherein the actuating means comprises cam means driven by the
      lever and coupled to the inker, wherein the manually settable means
      comprises means for adjusting the position of the pivot.
NUM  3.
PAR  3. Apparatus as defined in claim 1, wherein the actuating means comprises a
      cam having an inclined portion and a dwell portion at each end of the
      inclined portion.
NUM  4.
PAR  4. Apparatus as defined in claim 1, wherein the actuating means comprises a
      lever, means for pivotally mounting the lever at its one end, means
      connecting the lever to the inker at the other end of the lever, a cam
      track carried by the lever, a roller driven by the driving means and
      cooperable with the cam track, the cam track having an inclined portion
      and a dwell portion at each end of the inclined portion.
NUM  5.
PAR  5. Apparatus as defined in claim 1, wherein the inker comprises an ink pad,
      a carrier for mounting the ink pad, means disposed at one side of the
      platen for guiding the carrier into inking position between the print head
      and the platen and for supporting the platen, and means disposed at the
      other side of the platen for supporting the carrier while the print head
      is in inking position relative to the ink pad, wherein the platen is
      readily accessible in the region between the respective supporting means
      to facilitate threading of the apparatus with a web of record members.
NUM  6.
PAR  6. Apparatus as defined in claim 1, wherein the inker includes a
      reciprocably mounted carrier, the actuating means comprising a pivotally
      mounted lever, a pin-and-cutout connection between the lever and the
      carrier, the lever being movable to drive the carrier from a home position
      to a position between the print head and the platen and to drive the
      carrier back to the home position, and a decelerator for stopping the
      slide at the home position.
NUM  7.
PAR  7. Apparatus as defined in claim 6, wherein the decelerator comprises an
      abutment, and a resilient O-ring received about the abutment.
NUM  8.
PAR  8. Printing apparatus, comprising: an electric motor, a speed reducer
      driven by the electric motor, a cam shaft driven by the speed reducer, a
      first cam secured to the shaft, a platen, a print head cooperable with the
      platen, a first lever, a pivot for mounting the first lever, a follower
      carried by the first lever and driven by the first cam, a feed finger for
      feeding a web of record members to a printing position between the print
      head and the platen, an inker comprising an ink-receptive member, a second
      pivotally mounted lever for driving the ink-receptive member into and out
      of inking position relative to the print head, cam means for driving the
      second lever, means for drivingly connecting the first lever to the feed
      finger and to the cam means, a second cam secured to the cam shaft for
      actuating the print head into and out of cooperation with the platen, and
      means for varying the position of the pivot to vary the stroke of the
      first lever and consequently the stroke the feed finger, the cam means
      being effective only during the central portion of the stroke of the feed
      finger so that variation in the stroke of the first lever does not affect
      the length of travel of the ink-receptive member.
NUM  9.
PAR  9. Printing apparatus, comprising: a print head and a cooperable platen, a
      feed finger for feeding a web of record members to a printing position
      between the print head and the platen, an inker having an ink-receptive
      member movable into and out of an inking position between the print head
      and the platen, means for driving the feed finger, means for varying the
      stroke of the driving means and hence the stroke of the feed finger, and
      means including a lost-motion connection connecting the driving means and
      the inker for driving the inker through the same distance irrespective of
      the stroke of the feed finger.
NUM  10.
PAR  10. Printing apparatus, comprising: a print head and a cooperable platen, a
      carrier, an ink pad carried by the carrier, means disposed at one side of
      the platen for guiding the carrier for reciprocable movement from a
      location in which the ink pad is out a gap between the print head and the
      platen to a position in which the ink pad is in the gap and for supporting
      the carrier, and a support disposed at the other side of the platen for
      supporting the carrier while the ink pad is in the gap to enable inking of
      the print head, wherein the platen is readily accessible in the region
      between the guiding and supporting means and the support to facilitate
      threading of the apparatus with a web of record members.
NUM  11.
PAR  11. Apparatus as defined in claim 10, including a decelerator for stopping
      the carrier, the decelerator comprising a resilient member.
NUM  12.
PAR  12. Apparatus as defined in claim 10, wherein the ink pad comprises a
      holder, ink-receptive material carried by the holder, resilient fingers on
      the holder for removably snap-fitting the holder to the carrier.
NUM  13.
PAR  13. Printing apparatus, comprising: an actuator, a pair of plates secured
      to the actuator, means for holding the plates in fixed generally parallel
      relationship to each other, a plurality of drive wheels, means mounted by
      the plates for rotatably mounting the drive wheels between the plates, a
      selector for selectively driving the drive wheels, a support disposed
      between the plates, means mounting the support for movement toward and
      away from the drive wheels, a plurality of printing bands trained about
      the support and respective drive wheels, each band having a plurality of
      different printing elements, and independent means acting on the support
      at spaced-apart locations for orienting the support to position the
      printing elements parallel to a platen.
NUM  14.
PAR  14. Apparatus as defined in claim 13, including means for locking the
      support in the selected position.
NUM  15.
PAR  15. Printing apparatus, comprising: a print head comprising a pair of side
      plates, a series of drive wheels rotatably mounted between the side
      plates, a support mounted between the side plates, a series of printing
      bands trained about the support and respective drive wheels, each band
      having a plurality of different printing elements, an adjusting plate
      between each side plate and a respective endmost drive wheel of the
      series, the adjusting plates being capable of exerting independent forces
      against opposite ends of the support, and means for individually adjusting
      the adjusting plates to cause the ends of the support to move through the
      desired distances so that the support and consequently the printing
      elements are oriented in parallel relationship to a platen.
NUM  16.
PAR  16. Apparatus as defined in claim 15, wherein each adjusting plate has an
      elongated slot, and a rod extending through the slots and mounted at its
      opposite ends by the side plates, the support and the side plates having
      cooperable means for guiding the support for movement toward and away from
      the drive wheels, the one ends of the adjusting plates being captive by
      the support and the other ends of the adjusting plates being guided by the
      rods so that the adjusting plates move in a substantially straight line.
NUM  17.
PAR  17. Apparatus as defined in claim 15, wherein each adjusting plate has an
      elongated slot, a rod extending through the slots and mounted at its
      opposite ends by the side plates, the support and the side plates having
      cooperable means for guiding the support for movement toward and away from
      the drive wheels, the one ends of the adjusting plates being captive by
      the support and the other ends of the adjusting plates being guided by the
      rods so that the adjusting plates move in a substantially straight line,
      each adjusting plate having a flange, and a separate adjusting screw for
      bearing against each flange to provide individual adjustment for the
      adjusting plates.
NUM  18.
PAR  18. Apparatus as defined in claim 15, each adjusting plate having a flange,
      each adjusting means comprising a screw bearing on the respective flange,
      the flanges and the support being disposed in opposite directions from the
      drive wheels.
NUM  19.
PAR  19. Apparatus as defined in claim 15, wherein the adjusting means are
      disposed above the drive wheels to be accessible from above the print
      head.
NUM  20.
PAR  20. Printing apparatus, comprising: a print head having a pair of side
      plates, a series of drive wheels rotatably mounted by and between the side
      plates, a support mounted by and between the side plates, a plurality of
      printing bands trained about the support and respective drive wheels, each
      band having a plurality of different printing elements, a separate
      adjusting plate disposed between each side plate and a respective endmost
      drive wheel of the series, the adjusting plates having respective flanges
      and being in contact with opposite ends of the support, and separate means
      cooperable with the respective flanges for actuating the adjusting plates
      to cause the ends of the support to be moved relative to the drive wheels
      by different amounts to enable the printing elements to be oriented in
      parallel relationship with respect to a platen, the flanges being above
      the drive wheels and the support being below the drive wheels.
NUM  21.
PAR  21. Apparatus as defined in claim 20, wherein each actuating means
      comprises a screw accessible from above the print head.
NUM  22.
PAR  22. Printing apparatus, comprising: a print head having a pair of side
      plates, a series of drive wheels rotatably mounted by and between the side
      plates, a support mounted by and between the side plates, a plurality of
      printing bands trained about the support and respective drive wheels, each
      band having a plurality of different printing elements, and individual
      means accessible from above the drive wheels to exert forces on opposite
      ends of the support for orienting the support to position the printing
      elements in parallel relationship with respect to a platen.
NUM  23.
PAR  23. Printing apparatus, comprising: an actuator, a print head comprising a
      pair of separate spaced-apart side plates secured to the actuator, a
      series of drive wheels rotatably mounted by and between the side plates, a
      support mounted by and between the side plates, a plurality of printing
      bands trained about the support and respective drive wheels, each band
      having a plurality of different printing elements, a first structural
      plate keyed to the ends of the side plates opposite the actuator and a
      second structural plate disposed at the tops of the side plates and
      secured to the side plates, the first and second structural plates and the
      actuator locking the plates in predetermined relationship relative to each
      other.
NUM  24.
PAR  24. Apparatus as defined in claim 23, further comprising means including
      separate members carried by the second structural plate for orienting the
      support to position the printing elements in parallel relationship
      relative to a platen.
NUM  25.
PAR  25. Apparatus as defined in claim 23, further comprising means including a
      pair of screws threadably received in the second structural plate for
      orienting the support to position the printing elements in parallel
      relationship relative to a platen.
NUM  26.
PAR  26. Printing apparatus, comprising: a print head assembly including at
      least two print heads; each print head having means for mounting a series
      of drive wheels, a support, a plurality of printing bands trained about
      the support and respective drive wheels, each band having a plurality of
      different printing elements, and individual means to exert forces on
      opposite ends of the support for orienting the support relative to the
      drive wheels to position the printing elements in a plane with respect to
      the printing elements of each other print head.
NUM  27.
PAR  27. Apparatus as defined in claim 26, wherein the print heads include
      spaced-apart side plates, a first plate disposed above the drive wheels
      and a second plate disposed at the one ends of the side plates for
      securing the side plates in a predetermined position relative to each
      other.
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ABST
PAL  A rotary screen printing machine of the type including at least one
      cylindrical stencil, each with a squeegee blade for forcing a printing
      fluid such as paint or paste through apertures in the stencil onto a
      textile web or sheet of paper. The squeegee of the present invention is
      formed as a thin flexible metal strip having a thickness less than 1% of
      the width of the portion of such strip protruding from its holder. The
      squeegee blade is suspended at two locations mounted in a holder, at least
      one location having transverse slot permitting lateral expansion and
      contraction to compensate for vertical deflection of the blade or of the
      holder.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of the copending application
      Ser. No. 811,787 filed on Apr. 1, 1969, now abandoned by the same-named
      applicant.
BSUM
PAR  The invention relates to a rotary screen printing machine provided with
      supporting members for the ends of one or more cylindrical stencils and
      with suspension members for a squeegee device disposed within the stencil
      and consisting of a squeegee holder with a fitting for a flexible squeegee
      blade, and with means for guiding the material to be printed. Different
      embodiments of such a machine are known in which it is always desired to
      construct the machine as wide as possible in order to permit the printing
      of a broad web or loose sheets.
PAR  However, there have been limits to the broader construction of the machine
      because to the deflection of the squeegee. This deflection causes a
      difference in the squeegee pressure of the central portion with respect to
      the outer portions of each cylindrical stencil. A second difficulty was
      experienced in that owing to the great length of the squeegee, its weight
      increased in such a way that trouble was encountered on pulling the
      squeegee device from and sliding it again into the cylindrical stencil,
      which is occasionally required.
PAR  It is an object of the invention to provide a machine provided with a
      light-weight squeegee device so that a very wide machine can be assembled
      therewith. This object is attached according to the invention in that the
      squeegee blade consists of a very thin steel strip the thickness of which
      is less than 1% of the width of the portion of the strip which freely
      protrudes from the fitting and greater than 0.1% of this width.
PAR  It has appeared by experiment that this squeegee blade can easily curve or
      deform in the direction of rotation of the stencil, whereby a low
      frictional resistance with the inner side of the stencil is produced. This
      deformation of the squeegee is already possible at a minor pressure, so
      that consequently the deflection of the squeegee holder under this
      pressing force is limited to a minimum.
PAR  It has further appeared that the new squeegee blade allows for an ideal
      deformation so that an angle of pressure ranging from 90.degree. to
      3.degree. can be adjusted, which range is beyond the limits usually
      obtainable with the conventional squeegees. The squeegees blade is no
      longer liable to chemical corrosion due to solvents in the printing mass.
      The steel squeegee blade is naturally stiffer in its own plane than the
      previously used rubber squeegee blade, so that also in this respect a
      lighter construction can be applied, but, nevertheless, a sufficient
      bending strength (rigidity) in a vertical plane is obtained.
PAR  The invention relates especially to a machine in which each squeegee holder
      cooperates with suspension members situated outside both ends of the
      stencil. A machine constructed in this way is distinguished in that the
      squeegee blade with its fitting is supported by the squeegee holder at two
      locations. By a correct selection of the suspension points, the deflection
      of the squeegee holder in a vertical plane will be minimal when the
      squeegee is downwardly loaded. The mass inertia moment of the squeegee
      holder may now be taken considerably smaller than that of the conventional
      squeegee holder. Since the load owing to the squeegee pressure is smaller
      with the invention than in the conventional construction, the total load
      is considerably smaller than previously so that for that reason a lighter
      construction is possible and therefore a greater breadth of the machine
      can be achieved while maintaining a uniform pressure of the squeegee along
      the entire length of the cylindrical stencil which is generally about 1.5
      meters and preferably 2.0 or even 2.4 meters.
PAR  It is a further object of the invention to provide means to position the
      pressure area of the squeegee blade permanently in essentially a fixed
      desired zone of the stencil notwithstanding adjustments in the pressure
      angle of the blade. This zone may lie either exactly above the zone of
      contact between the stencil and the web or at a short distance before or
      behind that zone.
DRWD
PAR  The aforementioned and further objects of the invention will hereinafter be
      described with reference to the accompanying drawings which are exemplary,
      showing a few embodiments of the squeegee device according to the
      invention, wherein:
PAR  FIG. 1 shows a cross-section of a stencil provided with this squeegee
      device according to a first embodiment;
PAR  FIG. 2 shows to a considerably smaller scale a side elevation of a complete
      squeegee device;
PAR  FIG. 3 is another embodiment of the squeegee device in a section
      corresponding to FIG. 1;
PAR  FIG. 4 shows a detail of the squeegee device according to a third
      embodiment;
PAR  FIGS. 5 and 6 show a front view of the two suspension points of the
      squeegee with its fitting to the holder in the embodiment according to
      FIG. 4;
PAR  FIGS. 7-9 show the influence of the location of the pressure area of the
      squeegee; and
PAR  FIG. 10 are diagrams showing the deflection of the blade in the prior art
      (a) and according to the present invention (b).
DETD
PAR  The rotary screen printing machine to which this invention relates is of
      the type as described, e.g. in the U.S. Nos. 3,291,044, 3.304,860,
      3,313,232 and 3,420,167. In such a machine e.g. twelve or sixteen
      juxtaposed supporting members are provided for the ends of as many
      cylindrical stencils. For the sake of simplicity all this is not
      represented in the drawings.
PAR  The machine is likewise provided with suspension members 1 for the squeegee
      device 2 within each stencil. The latter device consists of a squeegee
      holder 3 provided with a fitting 4 for a flexible squeegee blade 5. The
      machine is further provided with means such a roller 6 for guiding the
      material to be printed. When this material is sufficiently rigid in
      itself, it may directly bear on the means 6 embodied as supporting
      rollers, but in the case of weak material, like e.g. textile, a supporting
      belt 7 can be applied in the usual way.
PAR  In the previously known machines the squeegee blade mostly consists of
      rubber or other such flexible material. According to the present invention
      the squeegee blade 5 consists of a thin metal strip of stainless steel or
      spring steel the thickness of which is less than 1% of the generally
      vertical width of the portion of the strip which freely protrudes from the
      fitting 4, and greater than 0.1% of this width. If desired, it is also
      possible to apply a strip of synthetic material, provided this material
      has an elastic flexibility analogous to that of metal. Such a material may
      be Vulkolan or Teflon, depending on the type of paste or paint used.
PAR  The suspension members 1 each consist of a pneumatic cylinder (see FIG. 2)
      the piston of which is pivotally secured to the squeegee device by
      suitable bearing means, by which means the squeegee device 2 can be lifted
      and lowered in order to release the squeegee blade 5 from the cylindrical
      stencil 8 or bring it again into contact therewith. The lower position of
      the squeegee device 2 and as a consquence the angle at which the blade 5
      exerts its printing function is adjusted by the aid of the adjusting nut
      9.
PAR  As is visible in FIG. 2, each squeegee blade 5 is via its fitting 4
      supported at two locations 10 and 11 by the squeegee holder 3. This holder
      is constructed as a tube serving as a printing paste or paint feeding
      conduit.
PAR  The locations 10 and 11 are so selected with respect to the ends of the
      holder 3 that the deflections (d.sub.2) at the ends of the blade 5 are
      almost equal to the deflection (d.sub.3) of the blade at its center. Both
      of these values of deflection are considerably less than the maximum
      deflection (d.sub.1) resulting when the blade 5 is secured along its
      entire length to the holder 3. These deflection relationships can be best
      seen in FIG. 10.
PAR  Means 12 are provided in each squeegee device 2 cooperating with the
      squeegee holder 3 in order to displace the latter in a generally
      horizontal direction during its height adjustment in such a manner, that
      the pressure area 13 of the squeegee blade 5 is always situated in a
      substantially fixed zone of the stencil that is to say the zone which is
      in touch with the material to be printed, or a region at a short distance
      before or after that zone. These means 12 consist of an arm 14 outside at
      least one end of the stencil 8.
PAR  This arm 14 is connected at its one end 15 with the squeegee holder 3, and
      is pivotally supported at its other free end 16. Since in this embodiment
      the suspension members 1 exclusively allow a vertical displacement of the
      squeegee holder 3, the end 16 of the arm 14 can undergo, via the bracket
      17, a limited shifting in a direction parallel to the travel of the
      material to be printed, that is to say, of the belt 7. This construction
      causes a turning of the squeegee holder 3 on lowering the squeegee device
      2 and a tilting of the supporting locations 10 and 11 and consequently of
      the fitting 4 in such a manner that the pressure area 13 of the squeegee
      blade 5 remains within the correct region.
PAR  In the embodiment according to FIG. 3 the suspension members 1 are pivoted
      at 18 to the frame of the machine. Each suspension member 1 is secured to
      the squeegee holder 3 by means of a clip 19 which loosely surrounds the
      holder 3 and permits striding rotational movement thereof relative to the
      dip 19. These clips are situated outside the ends of each stencil 8 and
      are each pivotally connected with one end of an arm 21 through a tenon 20.
      Each arm 21 has at its free end 22 a point of support 24 pivotable about a
      fixed axis which however is adjustable by means of a nut 23. These
      elements 19-24 constitute an equivalent of the means 12, as described with
      reference to FIG. 1.
PAR  FIG. 4 shows an embodiment of one of the supporting locations 10 or 11 at
      which the fitting 4 of the squeegee blade 5 is supported by the squeegee
      holder 3. FIG. 5 shows a view of the supporting location 10 at which the
      fitting is fixed to the holer 3 for rotation therewith. The supporting
      location 11 depicted in FIG. 6 is provided with an elongated hole 25 in
      the connecting strips 26, so that there is a limited possibility of
      longitudinal movement between the fitting 4 and the holder 3 to allow for
      differences in the bowed lengths of these under vertical pressure.
PAR  This limited possibility of relative displacement is of importance because
      the vertical deflection of the squeegee holder or paint feeding conduit 3
      is generally different from the corresponding vertical deformation of the
      combination fitting 4 with squeegee blade 5 resulting in different lengths
      of these when bowed by application of vertical pressure against the
      stencil 8.
PAR  FIG. 7 shows the situation in conformity with the FIGS. 1 and 3, a paint
      imprint 28 being formed on the web 27 to be printed, the imprint being
      partially on and in the web (see FIG. 7A). When the layer of paint should
      be entirely on the web and the penetration of the paint into the web
      should be reduced to a minimum, the pressure area of the squeegee 5 should
      be slightly shifted to behind or beyond the point according to FIG. 7.
      This situation is attained by unscrewing slightly the nut 23 from the
      construction according to FIG. 3. Should it be desired for the paint to be
      entirely pressed into the web, then the arm 21 of FIG. 3 is slightly
      shortened so that the conditions according to FIG. 9 occur.
PAR  The advantages of the machine according to the invention can be summarized
      as follows:
PA1  the occurring forces and the weight of the squeegee device can be reduced
      in such a considerable manner, that the width of the machine can be
      increased without the risk of a harmful vertical deflection of the
      squeegee that is to say without light and dark coloured zones being
      produced on printing,
PA1  the friction between the steel squeegee and the nickel stencil is less than
      with a rubber squeegee, which is favorable from the viewpoint of wear and
      tear and consequently for the life of the squeegee device and the stencil,
PA1  the metal squeegee allows a particularly great variation in pressure angle
      ranging between 90.degree. and about 3.degree.,
PA1  using a metal squeegee requires a much smaller force for applying the same
      amount of paint than in case of a conventional squeegee, which contributes
      to obtaining a light weight construction,
PA1  the two-point suspension of the squeegee results in smaller maxima of the
      deflection of the squeege than with the conventional securing of the
      squeegee along its entire length,
PA1  no chemical corrosion is produced in the case of a metal squeegee because
      stainless steel can be utilized, but also spring steel which has been
      subjected to a special surface treatment, such as a surface coating to
      reduce chemical corrosion.
PAR  It will be understood that this invention is susceptible to modification in
      order to adapt it to different usages and conditions, and accordingly, it
      is desired to comprehend such modifications within this invention as may
      fall within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A rotary screen printing machine having a frame, supporting members for
      the ends of one or more cylindrical stencils and with suspension members
      mounted on the frame for a squeegee device disposed within the stencil and
      consisting of a squeegee holder with a fitting for a flexible squeegee
      blade, and with means for guiding the material to be printed; the
      improvement consisting in that the squeegee blade consists of a thin
      flexible metal strip, the thickness of which is less than 1% of the width
      of the portion of the strip which freely protrudes from the fitting, said
      squeegee holder being supported at least on one end by suspension members,
      and the squeegee blade with its fitting being supported by the squeegee
      holder at two spaced locations, the suspension members of each squeegee
      holder comprising means for adjusting the height of the squeegee blade
      within the stencil, and further comprising means connecting the squeege
      holder with the frame and permitting displacement of the holder in a
      generally horizontal direction, parallel to the guiding direction of the
      material to be printed during the adjustment for height, in such manner
      that the pressure area of the squeegee blade is situated permanently in a
      substantially fixed desired zone of the stencil.
NUM  2.
PAR  2. A machine according to claim 1 whereby said lastnamed means comprises an
      arm outside at least one end of the stencil, said arm being connected at
      one end thereof, to said squeegee holder and being pivoted at the other
      end thereof to the frame.
NUM  3.
PAR  3. A machine according to claim 2, wherein the suspension members
      exclusively permit a vertical displacement of the squeegee holder, said
      one end of said arm being rigidly secured to said squeegee holder, said
      other end of said arm being slidingly mounted in said frame for limited
      sliding movement in a generally horizontal direction as well as pivoting
      movement.
NUM  4.
PAR  4. A machine according to claim 2, wherein said one end of said arm is
      pivotally secured to said squeegee holder, said other end of said arm
      being pivotally connected to the frame by a fixed pivot.
NUM  5.
PAR  5. A machine according to claim 4, further comprising means for shifting
      the position of said pivot.
PATN
WKU  039330940
SRC  5
APN  4173554
APT  1
ART  337
APD  19731119
TTL  Substrate having colored indicia thereon for read-out by infrared
      scanning apparatus
ISD  19760120
NCL  6
ECL  1
EXP  Coughenour; Clyde I.
NDR  1
NFG  1
INVT
NAM  Murphy; Joseph M.
CTY  Wilbraham
STA  MA
INVT
NAM  Lafler; Robert E.
CTY  Charlton City
STA  MA
ASSG
NAM  United States Envelope Company
CTY  Springfield
STA  MA
COD  02
CLAS
OCL  101426
XCL   35  9G
XCL  106 23
XCL  2091115
XCL  229 68R
XCL  235 6111E
XCL  235 6112N
XCL  250341
EDF  2
ICL  B07C  5342
ICL  G06K  712
ICL  B65D 2700
FSC  235
FSS  61.11 E;61.12 N
FSC  106
FSS  23
FSC  250
FSS  338;340;341
FSC  209
FSS  111.5
FSC   35
FSS  9 G
UREF
PNO  2350893
ISD  19440600
NAM  Hofgaard
OCL  197  1
UREF
PNO  2546666
ISD  19510300
NAM  Fleischer
OCL   35  9C
UREF
PNO  2612994
ISD  19521000
NAM  Woodland et al.
OCL  101DIG.12
UREF
PNO  2751433
ISD  19560600
NAM  Linger
OCL  178 23
UREF
PNO  2784392
ISD  19570300
NAM  Chaimowicz
OCL  340174
UREF
PNO  2936247
ISD  19600500
NAM  Francis et al.
XCL  106 23
UREF
PNO  3400156
ISD  19680900
NAM  Milionis et al.
OCL  260576
UREF
PNO  3440257
ISD  19690400
NAM  Susi et al.
OCL  260440
UREF
PNO  3462285
ISD  19690800
NAM  Thompson
XCL  117 21
UREF
PNO  3561003
ISD  19710200
NAM  Lanham et al.
XCL  106 23
UREF
PNO  3566120
ISD  19710200
NAM  Lane
XCL  250341
UREF
PNO  3596062
ISD  19710700
NAM  Street et al.
OCL  235 61.11E
UREF
PNO  3598964
ISD  19710800
NAM  Dell et al.
OCL  235 61.6R
UREF
PNO  3705043
ISD  19721200
NAM  Zabiak
XCL  106 23
FREF
PNO  1,228,557
ISD  19710400
CNT  UK
OCL  101211
LREP
FRM  McCormick, Paulding & Huber
ABST
PAL  In a method for making a business reply envelope having binary bar code
      indicia imprinted thereon for identification or read-out by infrared
      scanning apparatus, the steps of providing a plurality of printing inks,
      each of said inks being of a color which in combination with the envelope
      substrate yields a Print Contrast Signal substantially less than 50
      percent when measured in the wavelength range of 800 to 900 nanometers as
      determined by the equation Print Contrast Signal = Rw-Rb/Rw .times. 100
      wherein Rw is the percentage reflectance of the unprinted substrate of the
      envelope and Rb is the percentage reflectance of the printed area of the
      envelope, adding a material comprising a metallic compound to only one of
      said inks in quantity sufficient to increase the Print Contrast Signal of
      said one ink color and said substrate to at least 50 percent, imprinting
      at least said indicia on said substrate with said one ink, and imprinting
      further material on said substrate with the other of said inks.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to substrates having indicia imprinted
      thereon for read-out by infrared scanning apparatus and relates more
      particularly to improved methods for making coded envelopes, flexible
      packages, and the like printed in color and adapted for identification
      and/or sorting at some future time by infrared scanning apparatus.
PAR  Heretofore, methods for making envelopes, flexible packages and other items
      having coded information imprinted thereon for read-out by infrared
      scanning apparatus utilized inks which contain, as necessary ingredient,
      carbon black and which, as a result, were either black or of a dull hue.
      Where ink of a color other than black has been employed, the graduation of
      color has been generally determined by the concentration of carbon black
      pigment incorporated in the ink to provide required contrast between the
      printed area and the substrate. When brightly colored printing and/or
      printed designs were desired, as for advertising purposes, it has
      generally been necessary to employ printing apparatus provided with
      multiple printing stations. More specifically, a printing press has been
      required which includes one or more stations for imprinting the brightly
      colored materials and at least one additional station for imprinting the
      coded material in black or at least a dull color. The limitations imposed
      by the required black or dull color of the coded material detracted from
      the aesthetic quality of the finished product, had a detrimental effect on
      customer acceptance, and thereby reduced the market for such items.
PAR  Accordingly, it is the general aim of the present invention to provide
      improved printing materials wherein brightly colored inks are utilized in
      the printing process compatible with the requirements of infrared scanning
      apparatus used to process the item.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a substrate having indicia
      thereon for identification on read-out by infrared scanning apparatus is
      provided and made by a method which comprises the steps of adding a
      colored pigment to a colored ink having a ratio of reflectance less than
      50 percent as compared with the reflectance of the substrate to increase
      the aforesaid reflectance ratio to at least 50 percent when measured
      within the wavelength range of 800 to 900 nanometers and imprinting the
      indicia on the substrate with the ink after the colored pigment has been
      added thereto. The ink is used to imprint at least the indicia but may be
      used to imprint other matter on the substrate after the colored pigment
      has been added thereto.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing shows a front view of a business reply envelope having a bar
      code thereon and printed in accordance with the method of the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In accordance with the broad concept of the invention, a method is provided
      for imprinting colored material on a substrate and which includes indicia
      for identification by infrared scanning apparatus sensitive to radiation
      in the wavelength range of from 800 to 900 nanometers. Ideally, it is
      desirable to attain the highest possible reflectance from the substrate
      and the lowest possible reflectance from the indicia thereon in the
      aforesaid wavelength range to assure sensing of the indicia by the
      scanning apparatus. This difference in reflectivity is called contrast and
      may be further expressed as a print contrast ratio or print contrast
      signal which will be hereinafter further discussed. Where there is
      insufficient contrast between the substrate and the indicia thereon, as
      for example, where brightly colored inks are employed to imprint the
      indicia, the scanning apparatus will not provide satisfactory response to
      identify or read the indicia. In accordance with the present method, a
      material containing a metallic compound is added to the ink used to
      imprint the indicia to impart to the ink the required absorbance in the
      near-infrared range to assure scanner response. However, when a brightly
      colored ink is used, the added material does not cause the ink to assume a
      dull or dark hue as is the usual result when a sufficient quantity of
      carbon black is added to impart the desired absorbance.
PAR  Referring now to the drawing, a method of the present invention is
      illustrated and described with reference to a business reply envelope
      indicated generally at 10. The envelope 10 has a front panel 12 which
      includes an address area bearing the name and address of a recipient, the
      name being indicated at 14 and imprinted in one color and the address
      being designated at 16 and imprinted in another color. Indicia or coded
      material designated generally at 18 is imprinted in a clear read zone,
      free of any extraneous printing, and spaced from the bottom and righthand
      edge of the envelope front panel 12. The illustrated coded material 18 is
      preferably printed in either the color of the name 14 or the color of the
      address 16 and comprises an indicia bar code of a type approved by the
      U.S. Postal Service. The illustrated bar code 18 comprises a horizontal
      series of vertically elongated bars printed in a predetermined arrangement
      to impart binary code information. More specifically, the bars include
      long bars which represent one bits and short bars or zero bits of binary
      information. The bar code 18 will not be discussed in detail, however, it
      provides a considerable amount of detailed data which may, for example,
      include such information as a recipient's postal zip code, his street
      address, house number and name, and such additional information as may be
      required to properly sort and full process the envelope. Before
      considering the instant methods for imprinting the material on the
      envelope 10, the equipment used for reading the code 18 will be briefly
      described.
PAR  The Standard Bar Code Scanner ("Single Position Machine") presently
      employed by the U.S. Postal Service for reading bar codes, such as the
      code 18, comprises a light source which is beamed into the read zone of an
      envelope. The radiant energy reflected from the envelope paper and the
      code imprinted thereon passes through a preselected filter and is
      thereafter converted to electrical energy by a transducer, which may, for
      example, comprise a photodiode, whereby the code is read by the apparatus
      in a manner well known in the art. In the present instance, the chosen
      spectral response of the apparatus has an 850 nanometer peak, which is in
      the near infrared range.
PAR  A fundamental requirement of an infrared sensing apparatus or bar code
      scanner, such as aforedescribed, is that there be adequate contrast
      between the envelope paper which comprises the substrate and the indicia
      or bar code. As previously noted, the optimum condition exists where there
      is maximum reflectivity from the paper and minimum reflectivity from the
      printed material thereon to be sensed by the scanning apparatus.
PAR  The contrast between the reflectivity of the paper and the reflectivity of
      the printed material thereon is expressed as a Print Contrast Signal
      (PCS). A PCS value is obtained by a simple equation:
      ##EQU1##
      wherein Rw is the percentage of light reflected by the paper and Rb is the
      percentage of light reflected from the printed material, the latter values
      being obtained by the measurement of reflectances on a suitable
      instrument, such as a spectrophotometer. To assure adequate bar code
      readability, the USPS has established specifications which require that
      the reflectance of the paper be at least 50 percent or greater and that
      the Print Contrast Signal be 50 percent or greater.
PAR  At present, the USPS also employs Alpha Numeric Optical Character Readers
      which are capable of reading both letters of the alphabet and numerals.
      However, this apparatus is also capable of reading bar codes and is
      currently used as back-up equipment for the Infrared Bar Code Scanners.
      Thus, in a post office handling large quantities of bar coded business
      reply envelopes, an Optical Character Reader may be used to process bar
      coded mail if an Infrared Bar Code Scanner is not immediately available.
PAR  The Optical Character Reader presently employed in processing U.S. mail
      operates generally within the visible wavelength range of 400 to 700
      nanometers and has a peak response at 530 nanometers. If the teachings of
      the present invention are to be employed in the making of business reply
      envelopes, it is essential that the ink/paper combinations yield a Print
      Contrast Signal of at least 50 percent when measured in the wavelength
      range of 400 to 700 nanometers and as determined by the aforesaid PCS
      equation. However, the present invention is more immediately concerned
      with methods of printing envelopes and the like which satisfy the
      requirements of the infrared scanning apparatus such as the bar code
      reader aforedescribed.
PAR  In accordance with the method of the present invention, printing ink is
      provided of a color which in combination with the envelope substrate
      yields a Print Contrast Signal less than 50 percent when measured in the
      wavelength range of 800 to 900 nanometers and as determined by the
      aforesaid PCS equation. Flexographic and oil based ink compositions of
      bright color are preferred in practicing the invention. Further, and in
      accordance with the invention, material comprising a metallic compound is
      added to the colored ink used to imprint the bar code 18 to increase its
      infrared absorbent qualities without appreciably darkening or dulling it.
      The material to be added to the ink may contribute as a colorant.
      Therefore, the amount of material to be added may be determined, at least
      to some degree, by the shade of ink desired. If necessary, titanium
      dioxide, usually added in the form of a pigment dispersion, may be used to
      lighten the color. It has been found that material comprising a metallic
      compound containing iron may be used as an ink additive and permits the
      use of inks in a wide range of colors which provide satisfactory read-out
      in infrared scanning apparatus operating in the aforesaid range, as for
      example, Iron oxide Fe.sub.2 O.sub.3. Both inorganic and metallo-organic
      compounds containing iron have proven highly satisfactory.
PAR  Certain pigments comprising iron compounds have been suitable for effecting
      desired improvement in the infrared absorption characteristics of ink used
      in practicing the invention and include the following pigments further
      identified by Colour Index Number in Colour Index Volume 3, Second
      Edition, 1957, American Association of Textile Chemists and Colorists:
PA1  Iron Blue -- Pigment Blue 27 -- Colour Index No. 77510 a complex ferric
      ferrocyanide with the approximate composition FeK --Fe (CN).sub.6 --
      cited on p. 3621 of Colour Index as being:
EQU  Fe.sub.4.sup.III --Fe.sup.II (CN).sub.6 -- . .times. H.sub.2 O
PAL  or
EQU  Fe.sup.III --Fe.sup.II Fe.sup.III (CN).sub.6 --  . .times. H.sub.2 O
PAL  commonly called: Prussian Blue -- violet undertone.
PA1  Milori Blue (lighter in hue and softer in texture than Prussian Blue)
PA1  Gas Blue
PA1  Chinese Blue -- greenish undertone
PA1  Bronze Blue -- bronzy sheen
PA1  Steel Blue -- greenish variety
PA1  Antimony Blue
PA1  C.i. pigment Green 8 Colour Index No. 10006
PAR  The use of Pigment Blue 27, Colour Index 77510 or Milori Blue as an ink
      additive in practicing the invention has yielded most satisfactory
      results. Incorporation of this pigment into inks reduces the Rb values of
      the printed ink films to a satisfactory degree without imparting an
      objectional dull tone to the ink.
PAC  EXAMPLE
PAR  Two samples of PMS 285 blue were made. Sample A was formulated as follows:
TBL  5-S-28 Blue Dye        22.80%                                             

     5-S-29 Blue Dye        9.20%                                              

     Varnish                28.00%                                             

     Solvent                40.00%                                             

                            100.00%                                            

PAR  Sample B was formulated as follows:
TBL  5-S-28 Blue Dye         4.60%                                             

     5-S-32 Blue Dye         2.30%                                             

     Milori Blue Dispersion  29.00%                                            

     Varnish                 29.00%                                            

     Solvent                 35.10%                                            

                             100.00%                                           

PAR  The resultant reflectance values at 850 Nm. on identical white wove paper
      were as follows:
TBL  Sample A     Rw          Rb           PCS                                 

     ______________________________________                                    

                  81%         73%          11%                                 

     Sample B     81%         27%          66%                                 

     ______________________________________                                    

PAL  The effect of the Milori Blue in lowering the Rb value, thereby yielding a
      satisfactory PCS of 66% is apparent.
PAR  Similar tests with inks of other colors and using Pigment Blue 27, Colour
      Index 77510 or Pigment Green 8, Colour Index 10006 also yielded highly
      satisfactory results.
PAR  However, it should be understood that since the aforesaid pigments alter
      the color of an ink the amount of pigment to be added to a given ink will
      be determined, at least in part, by the shade of ink desired.
PAR  Compounds of the following formula have also proven satisfactory as ink
      additives in practicing the invention:
      ##SPC1##
PAL  wherein R is an alkyl of 2 to 5 carbon atoms and X.sup.- is an anion
      selected from the group consisting of hexafluoroantimonate or
      hexafluoroarsenate.
PAR  Such compounds are manufactured and marketed by American Cyanimid Company
      under U.S. Pat. Nos. 3,400,156 and 3,440,257 and identified as CYASORB
      H-99, H-177 and H-165. The aforesaid compounds are provided for use where
      it is desired to protect against potentially injurious infrared radiation,
      as for example, for use as infrared absorbers in protective optical
      filters such as sunglasses, welder's goggles, window glass and the like.
      The aforesaid compounds are particularly suitable for use in organic
      plastic substrates used in the manufacture of items of the aforedescribed
      kind.
PAR  The use of CYASORB H-99 has yielded most satisfactory results.
      Incorporation of this compound into alcohol-based dye inks reduces the Rb
      values of the printed ink films to a satisfactory degree without any
      substantial change in the visible shade of the ink when compared to a
      control sample not having the additive.
PAC  EXAMPLE
PAR  Two four-pound samples of dye-based PMS 192 red were laboratory
      manufactured. To one of the four-pound samples four ounces of H-99
      absorber was added under high speed agitation. The other four-pound sample
      was unaltered and used as a control.
PAR  Both inks were adjusted to 18 seconds viscosity with a No. 2 Zahn Cup.
PAR  Both inks were printed on the same lot of 24 White Wove paper on the same
      press, the control being run first.
PAR  Reflectance values taken at 850 Nm. on a Macbeth Model I Spectrophotomer
      were as follows:
TBL  PMS 192 Control                                                           

                    Rw          Rb         PCS                                 

     ______________________________________                                    

                    81%         77%        5%                                  

     PMS 192 + H-99 81%         13%        84%                                 

     ______________________________________                                    

PAL  As is indicated, the use of the H-99 reduced the Rb values to 13%, thereby
      yielding a PCS value above 50%, namely 84%.
PAR  Sample inks PMS 199 Red, PMS 285 Blue, PMS 354 Medium Green and PMS 375 a
      Light Green, have been successfully formulated with H-99 rendering them
      readable at 850 Nm. when printed on 24 White Wove envelope paper. Control
      samples of the same inks without the H-99 additive did not pass because of
      their high reflectance values at 850 Nm.
CLMS
STM  We claim:
NUM  1.
PAR  1. A substrate having indicia thereon for read-out by infrared scanning
      apparatus and made by a method comprising the steps of providing a
      printing ink of a color which in combination with the substrate yields a
      Print Contrast Signal substantially less than 50 percent when measured in
      the range of 800 to 900 nanometers as determined by the equation
      ##EQU2##
      where Rw is the percentage reflectance of the unprinted substrate and Rb
      the percentage reflectance of the printed area, adding a pigment
      dispersion comprising Pigment Blue 27 -- Color Index 77510 to said ink in
      quantity sufficient to increase said Print Contrast Signal to at least 50
      percent when measured within said range, and imprinting said indicia on
      said substrate with said ink after said material has been added thereto.
NUM  2.
PAR  2. A business reply envelope having indicia thereon for identification by
      infrared scanning apparatus, made by a method comprising the steps of
      providing at least one printing ink of a color which in combination with
      the envelope substrate yields a Print Contrast Signal substantially less
      than 50 percent when measured in the range of 800 to 900 nanometers as
      determined by the equation
      ##EQU3##
      where Rw is the percentage reflectance of the unprinted envelope substrate
      and Rb is the percentage of reflectance of the printed area of the
      envelope substrate, adding a pigment dispersion comprising Pigment Blue --
      Color Index 77510 to said one ink in quantity sufficient to increase the
      Print Contrast Signal of said one ink color and said substrate to at least
      50 percent, and imprinting said indicia on one portion of said substrate
      and additional matter on another portion of said substrate with said one
      ink.
NUM  3.
PAR  3. A business reply envelope as set forth in claim 2 wherein after the step
      of imprinting said indicia the combination of said substrate and said
      indicia has a Print Contrast Signal not less than 50 percent when measured
      in the range of 400 to 700 nanometers as determined by said equation.
NUM  4.
PAR  4. A substrate having indicia thereon for read-out by infrared scanning
      apparatus and made by a method comprising the steps of providing a
      printing ink of a color which in combination with the substrate yields a
      Print Contrast Signal substantially less than 50 percent when measured in
      the range of 800 to 900 nanometers as determined by the equation
      ##EQU4##
      where Rw is the percentage reflectance of the unprinted substrate and Rb
      the percentage reflectance of the printed area, adding a pigment
      dispersion comprising Pigment Green -- Color Index 10006 to said ink in
      quantity sufficient to increase said Print Contrast Signal to at least 50
      percent when measured within said range, and imprinting said indicia on
      said substrate with said ink after said material has been added thereto.
NUM  5.
PAR  5. A business reply envelope having indicia thereon for identification by
      infrared scanning apparatus, made by a method comprising the steps of
      providing at least one printing ink of a color which in combination with
      the envelope substrate yields a Print Contrast Signal substantially less
      than 50 percent when measured in the range of 800 to 900 nanometers as
      determined by the equation
      ##EQU5##
      where Rw is the percentage reflectance of the unprinted envelope substrate
      and Rb is the percentage of reflectance of the printed area of the
      envelope substrate, adding a pigment dispersion comprising Pigment Green
      -- Color Index 10006 in quantity sufficient to increase the Print Contrast
      Signal of said one ink color and said substrate to at least 50 percent,
      and imprinting said indicia on one portion of said substrate and
      additional matter on another portion of said substrate with said one ink.
NUM  6.
PAR  6. A business reply envelope as set forth in claim 5 wherein after the step
      of imprinting said indicia the combination of said substrate and said
      indicia has a Print Contrast Signal not less than 50 percent when measured
      in the range of 400 to 700 nanometers as determined by said equation.
PATN
WKU  039330958
SRC  5
APN  4332776
APT  1
ART  221
APD  19740114
TTL  Delayed action striking device which may be utilized for the priming of
      detonators
ISD  19760120
NCL  2
ECL  1
EXA  Jordan; C. T.
EXP  Pendegrass; Verlin R.
NDR  1
NFG  2
INVT
NAM  Engeli; Federico
CTY  Lugano
CNT  CH
ASSG
NAM  Technical Arco Establishment-Schaan
CNT  FL
COD  03
PRIR
CNT  CH
APD  19730305
APN  3211/73
CLAS
OCL  102 70R
XCL  102  8
EDF  2
ICL  F42C  702
FSC  102
FSS  70 R;8
UREF
PNO  2667838
ISD  19540200
NAM  Cook
OCL  102  8
UREF
PNO  2678604
ISD  19540500
NAM  Walker
OCL  102 70R
UREF
PNO  2941472
ISD  19600600
NAM  Lee et al.
OCL  102 70R
UREF
PNO  3282212
ISD  19661100
NAM  Romano
OCL  102  8
UREF
PNO  3344244
ISD  19670900
NAM  Mettler
OCL  102 70R
LREP
FRM  McGlew and Tuttle
ABST
PAL  The delayed action striking device comprises, in combination with a
      pressure cap beneath which there is a not air-tight closed air chamber,
      defined on the other side by a stiff diaphragm and in communication with a
      member delaying the bursting, a firing pin which can slide against the
      bias of a spring into a small cylinder carried by the diaphragm and
      controlled through a lever which is acted on by a safety catch. Two
      bursting charges are concentrically placed, of which the inner one
      contains the detonator which rests beneath the firing pin. The safety
      catch comprises a small rod, inserted within the casing of the mine
      between a flap carried by the control of the firing pin and a projection
      integral with the casing of the mine.
BSUM
PAR  The instant invention relates to a delayed action striking device which may
      be utilized for the priming of detonators of mines and the like.
PAR  With regard to other devices of the kind already known the present device
      provides advantages such as that of being made up of a reduced number of
      pieces, very sturdy, which are assembled in a very small space, of having
      two explosive charges of materials the one different from the other and a
      unique firing pin and a safety system which is very simple and of a
      perfect efficiency.
PAR  The device comprises in combination with a pressure cap beneath which there
      is provided an air chamber, not airtight closed, defined on the other side
      by a stiff diaphragm and in communication with an expansible small lung
      and making up the device which delays the blast, a firing pin which may
      slide against the bias of a spring in a small cylinder carried by the
      diaphragm, and controlled through a lever which is acted on by the safety
      device (safety catch); two bursting charges which are placed
      concentrically with the inner one thereof containing the detonator which
      rests beneath the firing pin.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other structure and operation features of the device which is the object of
      the invention, will be more apparent from the following disclosure, which
      should be read making reference to the accompanying drawings, in which:
PAR  FIG. 1 is a cross section of a mine on which there is applied the device of
      the instant invention,
PAR  FIG. 2 is a diametral section of the same mine.
DETD
PAC  DESCRIPTION OF THE PREFERRED ENBODIMENT
PAR  As is apparent from the drawings, a mine formed with the members of the
      instant invention, comprises an outer casing 1, preferably made of
      plastics, closed on a side by a pressure cap 15, which is acted on usually
      by the pressure which makes the mine burst. Below cap 15 there has its an
      air-chamber 5 which is bottom closed through a carrying diaphragm 2 which
      engages the opposite bottom of the casing 1, through a gasket 19, and
      which encloses in its interior both the bursting charges 18 and 17, toric
      shaped and placed within one the other, the smaller one being center bored
      and containing the detonator 23, carried by an outer plug 24, which is
      held in place through a gasket 22. Above the detonator 24 there is placed
      the firing pin 11 slidable within a hollow small cylinder 9, against the
      bias of a spring 10. Beside the assembly of the firing pin there is an
      expansible member 3 which is the member which determines the delay of the
      control of the firing pin. This expansible member, provided with a sealing
      ring 4, is in communication with the chamber 5 through a hole, so as to
      allow or to prevent, depending on the pressure of the air contained
      thereon, the displacements of the lever 12, which controls the firing pin
      11 and therefore the blasting of the mine.
PAR  The aim of the expansible member 3, like that of other devices of the same
      kind, is to give rise to a delayed action, according to a predetermined
      time spell, of the control of the firing pin 11, that is to say, to delay
      the bursting of the mine.
PAR  The lever 12, too, is provided with a wing 25 which is adapted to contact
      the projection 26 integral with the sheath of the mine. Between the flap
      25 and the projection 26, when the mine should not burst, there is placed
      the so-called "safety catch" which in this case is made up of a small rod
      27, protruding to the outside of the sheath 1 and which is interposed
      between elements 25 and 26. By removing the small rod 27, the lever 12 is
      allowed to carry out the necessary displacement needed for making the
      firing pin 11 free. Indeed, in the presence of such conditions, when a
      pressure is being applied to the pressure cap 15, after the calculated
      delay, due to the expandible member 3, when the safety catch 27 is
      removed, the lever 12 turns, carrying out the displacement which is needed
      for freeing the firing pin, 11, which pin urged by the spring 10, moves to
      strike the detonator 23 which ignites the first bursting charge 17, inside
      which the detonator is incorporated, and charge 17 ignites the other
      bursting charge 18 which causes the mine to burst.
PAR  Of course the details, the dimensions and the materials making the
      different members, could be modified according to the circumstances
      without however departing from the scope of the instant invention.
CLMS
STM   What I claim is:
NUM  1.
PAR  1. A delayed action striking device for priming detonators of mines and the
      like, comprising, in combination, an outer casing; a pressure cap closing
      an end of said casing; a relatively stiff diaphragm seated in said casing
      and defining, with said pressure cap, an air chamber which is not closed
      airtight; an expansible lung in said casing in communication with said air
      chamber, and constituting a bursting delay device; two concentric annular
      bursting charges seated in said casing; a detonator seated centrally in
      the inner one of said bursting charges; a cylinder carried by said
      diaphragm in axial alignment with said detonator and spaced axially
      therefrom; a firing pin slidable in said cylinder; spring means in said
      cylinder biasing said firing pin toward said detonator; a displaceable
      lever controlled by said delay device and normally blocking movement of
      said firing pin to impact said detonator; said delay device, responsive to
      pressure on said pressure cap, effecting a delayed release of said lever
      to release said firing pin to impact said detonator to ignite successively
      the inner and outer bursting charges; a retractible safety device engaged
      with said lever and preventing movement of said lever in a direction to
      release said firing pin; said safety device comprising a rod insertable
      substantially radially into said casing with its inner end in engagement
      with said lever to restrain said lever from moving to a position releasing
      said firing pin; a first projection fixed on said casing and a second
      projection carried by said lever; said rod being engageable between said
      first and second projections to prevent movement of said lever in a
      direction to release said firing pin.
NUM  2.
PAR  2. A delayed action striking device, as claimed in claim 1, in which said
      first projection constitutes a limit stop engageable by said second
      projection to limit movement of said lever in a direction to release said
      firing pin.
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ABST
PAL  A gyroscopic rate switch is held in an open position by a torsionally
       resined gimbal in a pressurized compartmentalized housing. Run-up of the
      rotor, uncaging of the gimbal, and actuation of electrical switches is
      accomplished by controlled release of pressurized gas from the housing
      through operatively positioned orifices in the gimbal to an exhaust port.
      A temperature compensated by-pass valve in the housing makes the rate
      switch operation insensitive to and independent of environmental changes
      in temperatures by providing an alternate gas escape route for the gas
      available for rotor spin-up.
PAL  The rate switch is functionally operated by the precession of the uncaged
      gimbal upon spin-up of the rotor and spin of the missile.
GOVT
PAC  GOVERNMENTAL INTEREST
PAR  The invention described herein may be manufactured, used and licensed by or
      for the Government for governmental purposes without the payment to me of
      any royalty thereon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various means have been used in the prior art to function a gyroscopic rate
      switch. In the past the rotor of the gyroscopic switch was run-up and
      maintained at constant speed by the use of an electric motor. The prior
      art devices using electrically driven rotors have been unsatisfactory
      because of the difficulty in bringing the rotor speed up to a constant
      value in less than 0.4 seconds and for maintaining it constant for a
      period of more than 10 seconds without the use of relatively large size
      heavy auxiliary batteries. Guided missiles, using the aforementioned prior
      art rate switches for determining spin rate, have had to sacrifice
      valuable warhead size and reduced lethality because of the necessity of
      carrying an external power source for the operation of the gyroscope.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an improved pneumatically operated
      gyroscopic rate switch whose input axis is axially aligned with the
      longitudinal axis of a missile. A gimbaled rotor is operatively positioned
      in one of two compartments of a pressurized housing.
PAR  The torsionally restrained gimbal is uncaged when a frangible exhaust cap
      is ruptured by an explosive squib. The suddenly opened exhaust port
      permits gas to flow from a first pressurized compartment of the housing to
      a gimbal housing through a pair of rotor spin-up orifices. The sudden
      reduction of gas pressure in a first pressurized volume causes a
      spring-biased piston to be activated by the higher pressure of a second
      pressurized compartment. In addition residual high pressure gas from the
      second compartment, which is fed to the first lower gas pressure
      compartment through a calibrated orifice, permits the rotor to maintain
      near constant speed for 10 seconds. Movement of the piston uncages the
      gimbal housing and activates electrical interlock safing and arming
      switches connected thereto. The ratio of gas input to the rotor in
      relation to the spin rate of the missile causes the gimbal housing to
      precess and in turn activate a rate switch which is operatively attached
      to the rate switch housing and the gimbal housing. When both compartments
      of the rate switch housing have attained equal pressures therein, the
      biased piston will recage the gimbal and return the rate switch to its
      original position.
PAR  One of the objects of this invention is to provide a pneumatic gyroscopic
      rate switch which will function when the missile to which it is affixed
      reaches a specific spin velocity.
PAR  Another object of the present invention is to provide a gyroscopic rate
      switch which does away with the requirement for electrical power to
      operate a rotor.
PAR  Another object of the present invention is to provide a gyroscopic rate
      switch which has a self-contained pneumatic power source.
PAR  Another object of the present invention is to provide a pneumatic
      gyroscopic rate switch which is independent of environmental temperature
      variations.
PAR  Another object of the present invention is to provide a pneumatic
      gyroscopic rate switch which is capable of maintaining constant rotor
      speed for 10 seconds minimum regardless of environmental temperature
      changes.
PAR  Another object of the present invention is to provide a pneumatic
      gyroscopic rate switch whose rotor is automatically uncaged and recaged.
PAR  A further object of the present invention is to provide a pneumatic
      gyroscopic rate switch whose rotor run-up time is less than 0.4 seconds.
DRWD
PAR  For a better understanding of the present invention together with other and
      further objects thereof reference is made to the following description
      taken in connection with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial cross-sectional view of a gyroscopic rate switch
      embodying the invention, showing the gimbal rotor, exhaust release means,
      and the caging means.
PAR  FIG. 2, is a partial cross-sectional view of the switch taken along line
      2--2 as illustrated in FIG. 1.
DETD
PAR  Throughout the following description like reference numerals are used to
      denote like parts in the drawings.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2, a rate switch housing 10 is divided into
      two separate internal chambers, a first chamber or boost chamber 12 and a
      second chamber or sustaining chamber 14. The device is oriented in a
      missile 13 to which it is attached so that the input axis 15 is axially
      aligned with the longitudinal axis of the missile. The two aforementioned
      chambers are pneumatically interconnected through common housing wall 16
      by a calibrated orifice 18. A gimbal housing 20 is rotatably supported in
      bearings 22 and has completely enclosed within the gimbal housing 20 a
      rotor 24. The gimbal housing 20 is torsionally restrained from the housing
      10 by an exhaust bellows 26 and an adjustable spring assembly 28. The
      gimbal housing 20 is held in a caged position by a spring
      biased-piston-bellows caging assembly 30. A conically shaped gimbal stop
      32 is mounted on cage piston shaft 34 which is slidably held in piston
      housing 31, and is integral with cage piston 36 which is in turn held and
      forced downward by a biased cage spring 38 and cage bellows 40. The
      function or rate switch 42 is activated by gimbal housing 20 precession. A
      fragible exhaust cap 44 is ruptured by piston actuator 46 which is moved
      in a downwardly direction by electrically fired explosive squib motors 48
      when a firing signal is received through electrical conductors 50. When
      exhaust cap 44 is ruptured gas from the first chamber 12 passes through
      gimbal housing input ports 52 causing the rotor 24 to reach its maximum
      speed in approximately 0.4 seconds. The gas from the gimbal housing 20
      vents to the exhaust bellows 26 and through gimbal housing exhaust port 27
      and thence through the housing 10 via housing exhaust port 53.
      Simultaneously with the rupturing of the exhaust cap 44, cage piston 36 is
      forced upward by the higher pressure in the second chamber 14, thereby
      causing electrical switch closure to a pair of uncaging interlock output
      switches 54 and physically uncaging the gimbal housing 20 by moving the
      inverted conically shaped gimbal stop 32 away from gimbal rod 56. The
      upward movement of the inverted conically shaped gimbal stop 32 has the
      effect of presenting to gimbal rod 56 a conical camming surface having a
      smaller diameter than was previously in contact therewith, thus providing
      a free precessing space therebetween. The gimbal housing 20 may now
      precess, in response to the forces exerted thereon by the missile angular
      velocity and the rotor speed, thereby causing activation of the function
      switch 42. For 10 seconds after actuation of the rotor 24 gas from the
      second chamber passes through the calibrated orifice 18, through the
      gimbal orifices 52 thereby maintaining the speed of rotor 24 relatively
      constant. Near constant rotor speed is essential, since variation in rotor
      speed produces a corresponding error in the recognized switching rate. At
      the end of the rate switch's useful life, which is 10 seconds after
      actuation, the cage piston 36 returns by the force of cage spring 38 to
      its original position due to dissipation of the second chamber gas
      pressure, and then by cam action recages the gimbal housing 20. Since
      temperature variations cause corresponding pressure variations in a closed
      chamber, and pressure variations in this device will cause rotor speed
      variations at run-up, a temperature compensating valve assembly 58 is
      provided to regulate the rotor run-up gas pressure. A NYLON expansion rod
      60 has a threaded first end 62 threadedly attached to the by-pass valve
      housing 63, and a movable free valve end 64 which by expansion opens and
      restricts the passage of gas from the valve input orifice 66 so that more
      or less gas, as a function of temperature, can be by-passed to the exhaust
      port 53 through the by-pass exhaust port 68. Since the valve assembly 58
      has an effective orifice area which is a function temperature, the
      gyroswitch when fired at high ambient temperature expels more of the
      stored gas to the exhaust port 53 than is the case of when the missile is
      subjected to a low ambient temperature. Thus the valve assembly 58
      regulates rotor speed by allowing some of the gas to by-pass the rotor and
      to be expelled directly into the exhaust port 53.
PAR  Prior to missile launch the first and second chambers 12 and 14 are charged
      with a high pressure gas such as dry nitrogen through the high pressure
      valve assembly 70 which communicates directly with the second chamber 14
      and with the first chamber 12 through orifice 18.
PAR  Safing against accidental closure of the rate function switch 42 is
      provided by having its terminals electrically connected in series with the
      uncaging interlock switches 54 so that the circuit connected to the
      function switch 42 can only be completed when the gimbal housing 20 is
      uncaged and has precessed.
PAR  In the event that gas from the first and/or second chambers 12 and 14
      respectively should slowly leak out of housing 10 by some accident, the
      uncaging piston 36 will not function since the first and second chamber
      pressures will equalize through the calibrated orifice 18. In the event
      the device should accidently be exposed to an excessively high
      temperature, as by fire, soft solder hermetic seals will melt and release
      the gas slowly.
PAR  While there has been described and illustrated specific embodiments of the
      invention, it will be obvious that various changes, modifications and
      additions can be made therein without departing from the field of the
      invention which should be limited only by the scope of the appended
      claims.
CLMS
STM  Having thus fully described the invention, what is claimed as new and
      desired to be secured by letters Patent of the United States is:
NUM  1.
PAR  1. A pneumatic gyroscopic rate switch for arming and safing a spinning
      missile which comprises:
PA1  hermetically sealed housing means having an input axis axially aligned with
      the longitudinal axis of said missile, a transversely positioned common
      housing wall having a calibrated orifice therein dividing said housing
      means into a first and a second chamber, said first and second chambers
      containing a pressurized gas therein and communicating with each other
      through said calibrated orifice;
PA1  pneumatic valve means fixedly attached to said housing means for
      pressurizing said housing means;
PA1  pneumatic gyroscopic means rotatably supported by said housing means within
      said first chamber;
PA1  frangible exhaust means, operatively connected to said housing means,
      pneumatically communicating with and torsionally restraining said
      gyroscopic means;
PA1  pneumatic caging means operatively positioned in said housing means for
      caging and uncaging said gyroscopic means, having a pair of electrical
      interlock switches affixed to said caging means, said interlock switches
      being closed by said caging means in response to a pressure differential
      in said first and second chambers;
PA1  temperature compensating pneumatic by-pass valve means operatively
      positioned in said housing and communicating with said first chamber and
      said exhaust means, said valve means controlling the gas flow rate from
      said first chamber to said exhaust means as a function of temperature; and
PA1  an electrical switch operatively attached to said housing means and said
      gyroscopic means, said switch closing in response to the precessing motion
      of said gyroscopic means thereby arming said missile.
NUM  2.
PAR  2. A gyroscopic rate switch as recited in claim 1 wherein the gyroscopic
      means comprises:
PA1  a hollow gimbal housing having its axis of rotation lying in a plane
      perpendicular to said input axis, said gimbal housing having a plurality
      of input ports communicating with said first chamber and an exhaust port
      communicating with said exhaust means; and
PA1  a rotor operatively supported by said gimbal housing having its axis of
      rotation perpendicular to said gimbal axis of rotation and perpendicular
      to said input axis, said rotor being driven by the flow of said gas from
      said first and second chambers through said gimbal housing input ports and
      exhaust ports.
NUM  3.
PAR  3. A gyroscopic rate switch as recited in claim 1 wherein the caging means
      comprises:
PA1  a piston housing operatively positioned in said common housing wall;
PA1  a piston slidably held in said piston housing and disposed adjacent said
      gimbal housing;
PA1  an inverted conically shaped gimbal stop fixedly attached to the shaft end
      of said piston, said stop being in contact with said gimbal housing when
      said gimbal housing is caged;
PA1  a coil spring biasedly holding said piston so that said gimbal housing is
      caged when said frangible exhaust means has not been initiated and when
      the gas pressure in said first and second chambers are equal;
PA1  a bellows having one end hermetically sealed to the other end of said
      piston and the other end of said bellows hermetically sealed to said
      piston housing so that said gas in said second chamber cannot leak through
      said piston housing to said first chamber; and
PA1  a pair of uncaging interlock output switches operatively mounted on said
      piston and said piston housing, for safing said missile so that said rate
      switch remains open when said gimbal housing is caged, said rate switch
      arming said missile when said gimbal housing is uncaged and has precessed.
NUM  4.
PAR  4. A gyroscopic rate switch as recited in claim 1 wherein the frangible
      exhaust means comprises:
PA1  an electrical explosive squib motor;
PA1  a piston actuator operatively connected to the output of said squib motor;
      and
PA1  a frangible exhaust cap connected to said housing exhaust port and to said
      piston actuator, whereby said exhaust port is opened when said explosive
      squib motor is initiated causing said piston actuator to move downwardly
      and rupture said cap.
NUM  5.
PAR  5. A gyroscopic rate switch as recited in claim 1 wherein said pressurized
      gas is dry nitrogen.
NUM  6.
PAR  6. A gyroscopic rate switch as recited in claim 1 wherein the temperature
      compensating by-pass valve means comprises:
PA1  a valve housing having a valve input orifice and a valve exhaust port
      therein which communicate with each other, wherein said valve input
      orifice communicates with said first chamber and said valve exhaust port
      communicates with said housing exhaust port;
PA1  a rod having a fixed end attached to said valve housing and a free movable
      end operatively positioned intermediate said valve input orifice and said
      valve exhaust port for regulating the passage of gas through said by-pass
      valve means as a function of temperature through expansion and contraction
      of said rod free end so that it opens and closes said valve means.
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PAL  A system using two concentric fuzing beams in warhead implementation to
       mure the effective length of the target relative to the missile along the
      trajectory to prevent drop out of small targets.
BSUM
PAC  BACKGROUND
PAR  The present invention relates to fixed angle fuzes and more particularly to
      fixed angle fuzes which arm on the drop out of small targets. In fuzing
      systems where two concentric fixed conical detection beams have been used,
      the warhead is detonated either by loss of the target signal from the fore
      beam or by the elapsing of the time delay based on the relative
      missile-target velocity initiated upon detection in the aft beam. As a
      result, targets will normally drop out and the time delay equation need
      only be optmized for large targets. These systems lack the means for
      optimizing the time delay for different size targets.
PAC  SUMMARY
PAR  The present invention provides a means for determining range to the targets
      by optimizing the time delay of the time delay equation. This is done by
      utilizing information already present from the missile guidance system.
      The effective length of the target is computed to determine the
      appropriate time delay
DRWD
PAR  Many of the attendant advantages of this invention will become readily
      appreciated as the same becomes better understood by reference to the
      following detailed description when considered in connection with the
      accompanying drawings wherein:
PAR  FIG. 1 is a graph showing the geometry involved in target detection and
      dropout in the fore beam of a missile target detecting device.
PAR  FIG. 2 is a circuit diagram utilized for generating a signal proportional
      to the effective target length.
DETD
PAR  As shown in FIG. 1, the equation for determining the length of target 10
      is:
      ##EQU1##
      WHERE V.sub.MT is relative missile target velocity supplied as a voltage
      level at terminal 20 (FIG. 2) from the missile guidance;
PA1  .theta. is the long range line of sight angle supplied as a voltage at
      terminal 30 (FIG. 2) from the missile guidance;
PA1  .alpha..sub.1 and .alpha..sub.2 are the polar angles defining the leading
      and trailing edges of the detection cone 12 respectively and hence are
      constant;
PA1  R.sub.1 is the range at which initial target detection occurs on the
      leading edge of fuze detection cone 12 and is supplied as a voltage to
      terminal 32 (FIG. 2) from the missile guidance;
PA1  R.sub.2 is the range at which target dropout occurs on the trailing edge of
      fuze detection cone 12 and is supplied as a voltage to terminal 34 (FIG.
      2) from the missile guidance;
PA1  t.sub.1 is the time at which first detection occurs at R.sub.1 and a pulse
      is received from the missile guidance at terminal 36;
PA1  t.sub.2 is the time at which target dropout occurs at R.sub.2 and a pulse
      is received from the missile guidance at terminal 36.
PAR  By referring to FIG. 1, it can be seen that V.sub.MT (t.sub.2 -t.sub.1) is
      the distance a given point on target 10 moves parallel to the relative
      trajectory during the time the target 10 is in the fore beam 12. This
      distance must be equal or greater than the projected length of target 10
      on the relative trajectory. If target 10 only has extent along the
      relative trajectory, the target length, L, is equal to V.sub.MT (t.sub.2
      -t.sub.1). If the target also has extent normal to the relative
      trajectory, the target remains in beam 12 longer due to its extent normal
      to the relative trajectory.
      ##EQU2##
PAR  Referring to FIG. 2 the V.sub.MT voltage received at terminal 20 is fed to
      gate circuit 22 which is gated by the signals received at terminal 36. The
      gated output voltage from gate circuit 22 is amplified by integrating
      amplifier 24 and is proportional to V.sub.MT (t.sub.2 -t.sub.1). The
      .theta. voltage received at terminal 30 is fed to a functional amplifier
      26 having a gain of 1/.sqroot.2 which produces an output signal
      proportional to .theta./.sqroot.2. This signal is fed into a square law
      circuit 28 which produces an output signal proportional to -.theta..sup.2
      /2. The output signal from square law circuit 28 is combined in summing
      circuit 29 with a voltage having a relative value of one to provide an
      output signal of
      ##EQU3##
      which is approximately equal to cos .theta.. The two range voltages,
      R.sub.1 and R.sub.2 received at terminals 32 and 34 are respectively fed
      through functional amplifiers 31 and 33 to produce output signals -
      R.sub.1 cos .alpha..sub.1 and R.sub.2 cos .alpha..sub.2 and are combined
      in summing circuit to produce a signal proportional to R.sub.2 cos
      .alpha..sub.2 - R.sub.1 cos .alpha..sub.1. The signal out of summing
      circuit 35 is coupled to a field effect transistor 37 where it is
      controlled by the signal out of summing circuit 29 to produce the signal
      ##EQU4##
      Resistors 39 and 41 are to provide the proper bias and load respectively.
      The signal from the field effect transistor 37 is combined in summing
      circuit 43 with the output signal from integrating amplifier 24 to produce
      the desired output signal at terminal 45 which is proportional to the
      target length.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for determining the effective target size in a guided
      missile-target encounter, the combination comprising:
PA1  a. gate circuit means having a first input adapted to receive a voltage
      representing the closing velocity between the missile and target, a second
      input adapted to receive gating pulses and having an output,
PA1  b. a first function generating means having an input adapted to receive a
      voltage proportional to the target long range line-of-sight angle and
      providing an output signal proportional to the cosine of the target long
      range line-of-sight angle,
PA1  c. a second function generating means having a first input adapted to
      receive a voltage proportional to the missile to target range upon the
      first detection of the target and a second input adapted to receive a
      voltage proportional to the missile to target range upon loss of the
      detection of the target for generating an output signal proportional to
      the difference in missile to target range along the relative trajectory
      between the missile and target,
PA1  d. signal adding circuit means having a first input coupled to the output
      of said first function generating means and a second input coupled to the
      output of said second function generating means for providing an output
      signal which is proportional to the difference in range signal divided by
      the output signal from said first function generating means,
PA1  e. summing circuit means having a first input coupled to the output of said
      signal adding circuit means and having a second input coupled to the
      output of said gate circuit means for providing an output signal
      proportional to the effective length of the target.
NUM  2.
PAR  2. The system of claim 1 wherein said signal adding circuit means includes
      a field effect transistor having its base coupled to the output of said
      first function generating means whereby the difference in range voltage is
      modified to provide a difference in range divided by the output signal
      from said function generating means.
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ABST
PAL  A solid cylindrical centripetally burning propellant element comprises four
      lobes, the cross-section of each lobe comprising a convex arc tangential
      to a right circular cylinder circumscribing the element, of radius R, the
      radius of the arc being equal to the combustion thickness e of the
      element. The element has only two combustion residues by which it may be
      secured in the combustion chamber of a rocket engine.
PARN
PAR  This application is a continuation-in-part of U.S. Ser. No. 396,389, filed
      Sept. 12, 1973, now abandoned.
BSUM
PAR  The present invention relates to a solid propellant element which is
      designed to burn from the outside or centripetally and which exhibits very
      high performance. The invention also relates to the manner of manufacture
      and the fixation in a propulsion device. The invention also relates to the
      application of the solid propellant bloc to a rocket engine or other
      propulsion device.
PAR  With propellants of this type, it is in general desirable to achieve the
      most satisfactory performance, namely to achieve:
PA1  1. a good effective filling coefficient of propellant devices (ratio of
      volume of the bloc less the volume of the residue over the volume of the
      cylinder which circumscribes it) for the purpose of increasing the ratio
      of the propellant, that is the
      ##EQU1##
      2. A SMALL RESIDUE AT THE END OF THE COMBUSTION (PORTION OF THE PROPELLANT
      BLOC REMAINING AT THE TIME WHEN THE COMBUSTION ENDS OR SLOWS UP
      CONSIDERABLY DUE TO AN ABRUPT DECREASE IN SURFACE) FOR THE PURPOSE OF
      INCREASING THE EFFECTIVE FILLING COEFFICIENT;
PA1  3. a decrease of the surface of combustion which is moderate (ratio of
      initial and instantaneous surfaces of combustion) for the purpose of
      limiting the variation in thrust developed by the the propulsion device
      and particularly the total decrease (ratio between the initial and final
      combustion surfaces).
PAR  Several known combustion blocs designed to burn from the outside are
      generally utilized for the achievement of propellants of low cost. It is
      specially important to achieve, on one hand, a simple mode of fabrication
      by avoiding internal channels in the bloc or by avoiding external lateral
      coatings and on the other hand to achieve a mode of fixation in the low
      cost propulsion device by limiting the number of residues at the end of
      the combustion because each residue must be fixed to the propulsion
      device.
PAR  In the case of cylindrical or prismatic blocs designed to burn externally
      with entirely convex surface, the surface of combustion which diminishes
      by one half at the most, decreases substantially and the thrust exerted by
      the combustion gas decreases substantially during the course of the
      trajectory of the propulsion devices. The total decrease may reach values
      between 7 and 10. In order to remedy this disadvantage, partial
      compensation may be achieved by means of a partial coating of the lateral
      external surface of the element with a combustion inhibitor. This
      inhibitor permits the creation during the combustion of areas of concave
      portions which at least partially compensate for the decrease of areas of
      convex surface. However, the design of a propellant bloc with such an
      inhibitor substantially increases the manufacturing cost. Moreover, the
      application of the inhibitor involves a delicate fabrication step. In
      addition the inhibitor reduces the space for the propellant, a fact which
      decreases the filling coefficient.
PAR  Another approach which has been used to limit the decrease of the surface
      of combustion of the propellant bloc resides in arranging for the external
      combustion surface to include progressively concave surfaces in order to
      compensate for the decrease of the other surfaces of the bloc.
PAR  Propergol blocs designed to burn from the outside, which have a combustion
      surface decreasing to a sufficiently small extent, with the external
      surface being inscribed in a cylinder, are known. The transversal
      cross-section of these blocs presents n identical lobes, with the axis of
      the circumscribing cylinder in the order of n.
PAR  These known propergol blocs, however, present the following disadvantages:
PA1  1. the decrease in combustion area is particularly large when the
      combustion thickness of the element (the depth of material consumed) is
      quite high. For example, when the combustion thickness is equal to
      one-half the radius of the cylinder circumscribing the element, the
      decrease in combustion ares is of the order of 2.
PA1  2. the number of combustion residues left (the result of fragmentation of
      the element at a certain stage of combustion) is high because it is equal
      to n + 1, n being the number of lobes of the bloc. This requires
      multiplying the zones of fixation between the bloc and the propulsion
      device.
PA1  3. the ratio of the volume of these residues to the total volume of the
      element is high and this causes a waste of propellant.
PA1  4. it is not possible to change continuously the relative combustion
      thickness e/R (e being the combustion thickness of the element before
      extinction of any part of the combustion surface leaves the combustion
      residues and R being the radius of the cylinder circumscribing the
      element) and the only possible change is in discontinuous fashion by
      changing the number of lobes.
PA1  5. the preparation of elements of low relative combustion thickness e/R
      presents great difficulties. Indeed, this may be achieved by increasing
      the number of lobes, but this would also increase the size and number of
      residues.
PAR  The object of the present invention is to avoid the disadvantages mentioned
      hereinabove and to provide a propellant element capable of centripetal or
      external combustion having
PA1  1. limited decrease in the surface of combustion,
PA1  2. a reduced number of combustion residues and reduced size of the
      residues, factors which permit simple fixation and high effective filling
      coefficient,
PA1  3. a relative combustion thickness which varies at a continuous rate for a
      determined number of the lobes, the general configuration of the element
      remaining constant.
PAR  This permits the achievement of blocs having a wide range of relative
      combustion thickness.
PAR  In accordance with the present invention, the propellant element capable of
      centripetal combustion has the external sufface inscribed in a cylinder,
      the radius of which is R and the cross-section of the combustion surface
      of the element comprises four similar lobes. The element presents two
      perpendicular axes of symmetry and the external contour of each lobe
      comprises an arc of a circle of radius e whose center is at a distance
      (R-e) from the axis of the cylinder, where e is equal to the combustion
      thickness of the element and R is the radius of a cylinder circumscribing
      the element, said arc being tangential to said cylinder of radius R. Two
      points of the external contour of closest approach of the cross-section to
      the axis are situated at a distance e from the center of the cylinder of
      radius R.
PAR  The propellant element with the characteristics discussed hereinabove
      presents a combustion surface with limited decrease and even more
      significant, offers the advantage that the number of combustion residues
      is limited to 2, which is equal to the order of symmetry of the axes of
      the elements. In addition, the size of the residues is very small.
PAR  The shape of the elements in accordance with the invention permits to
      achieve very high filling coefficients and a thickness of relative
      combustion e/R which varies in a continuous fashion over a wide range,
      without changing the number of lobes. The manufacture of the propellant
      elements according to the invention does not present special difficulties.
PAR  In accordance with the invention, the thickness of combustion e of the
      block is substantially such that: 0.15R&lt; e&lt; 2 R13 and preferably 0.2R&lt; e&lt;
      0.4R. The shape of the blocks is, in fact, equally compatible with
      thicknesses of combustion as low as 0.15R and with thicknesses as high as
      2 R/3. When the thickness is greater than 0.5R, the surface decrease
      becomes greater than 2 but this disadvantage is compensated to the extent
      that the blocs according to the invention exhibit a percentage of residues
      substantially inferior to the percentage of residues substantially
      inferior to the percentage of residues of the blocs known in the art prior
      to the invention. The invention also contemplates the application of the
      blocs to the manufacture of propulsion devices.
PAR  In use, the propellant element is preferably fixed against the front base
      of the combustion chamber in a propulsion device by means of two anchoring
      rods, each of which penetrates into the location of a residue of
      combustion of the element. In this manner, the bloc is so firmly fixed in
      the combustion chamber that the useful volume of propellant is not limited
      by the means of attachment nor by the inhibitor coatings.
DRWD
PAR  Embodiments of the invention will now be described by way of example with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic view in transverse cross-section of a solid
      propellant element in accordance with the invention,
PAR  FIGS. 2 to 9 are diagrammatic views in partial transverse cross-section of
      other solid propellant elements in accordance with the invention;
PAR  FIG. 10 is a view in longitudinal cross-section of a propulsion device in
      accordance with the invention,
PAR  FIG. 11 is a view in transverse cross-section along the line XI--XI of FIG.
      10, and
PAR  FIG. 12 is a view in partial longitudinal cross-section of a variant of the
      propulsion device.
DETD
PAR  Referring first to FIG. 1, in transverse cross-section, the combustion
      surface of the solid propellant element shown has a contour comprising
      four similar lobes 1, 2, 3 and 4, which are mirror-symmetrical relative to
      two orthogonal planes passing through the axis 0 of a circumscribing
      cylinder 5 of radius R. The exteranl contour of each lobe 1, 2, 3 or 4
      comprises an arc of a circle AF, A.sub.1 F.sub.1 . . . or A.sub.3 F.sub.3
      tangential to the circle 5 and of radius e equal to the combustion
      thickness of the block, the centres M, M.sub.1 . . . M.sub.3 of which are
      situated at a distance (R-e) from 0.
PAR  The arcs AF, A.sub.1 F.sub.1 . . . or A.sub.3 F.sub.3 are connected by two
      broken identical arcs FGF.sub.3 and F.sub.1 G.sub.1 F.sub.2 consisting of
      arcs of a circle of radius 2e tangential to the above mentioned arcs, and
      at the other end by segments of a straight line AA.sub.1 and A.sub.2
      A.sub.3, which intersect the plane OX at the points of closest approach of
      the contour to the axis O.
PAR  The external surface area of this propellant element consequently consists
      of concave and convex surface areas which increase and decrease
      respectively during combustion and which permit to limit the decrease of
      the combustion surface.
PAR  The position of the combustion residues 6 and 7, the external contour 9 of
      which is situated at a distance e from the external contour of each lobe,
      has also been denoted in this Figure by cross-hatched areas. The residues
      are two in number and are arranged symmetrically relative to the axis 0.
PAR  The solid propellant element which has just been described functions as
      follows:
PAR  After igniting the external surface 8 of the element, the combustion
      surface travels towards the interior of the block. This combustion surface
      always remains parallel to itself, until the thickness of combustion e is
      consumed. For example, FIG. 1 shows in broken lines the combustion surface
      8a produced when the thickness e/2 has been consumed. Due to the contour
      of the external surface of the bloc, the combustion surface presents a
      limited decrease which is a function of the thickness consumed and the
      total decrease is limited to 1.55.
PAR  When the entire thickness e has been consumed, the resulting combustion
      surface is the external surface 9 of the residues 6 and 7. Beyond this
      limit, the combustion area decreases very rapidly or disintegrates if the
      thermodynamic conditions and the composition of the propellant allow the
      combustion to continue.
PAR  Various particular cases of this general contour will now be described in
      more detail.
PAR  For simplicity, only the transverse cross-section of one of the four lobes
      of each element will be described, the three other lobes being identical.
      In FIGS. 2 to 9 each lobe AG is shown delimited by the two perpendicular
      planes OX and OY, O being the intersection of the axis of the cylinder of
      radius R with the plane of the Figure.
PAR  In all these examples, the external contour of the lobe AG comprises an arc
      AG or AF of a circle having a radius e, the arc being tangential to the
      circumscribing circle of radius R. One of the ends of this arc is extended
      in certain cases by another circular arc. The other end may optionally be
      extended by a straight portion or by an arc and a straight portion
      depending on the relative thickness of combustion (e/R) desired.
PAC  EXAMPLE I (see FIG. 2)
PAR  In this embodiment, the external contour of the lobe AG consists of a
      convex arc tangential to the circle of radius R and center 0. This arc has
      a radius e equal to the thickness of combustion of the block and, as the
      center, a point M situated at a distance (R-e) from 0. The end A of the
      arc is situated at a distance e from 0.
PAR  This embodiment, which is particularly simple, is suitable for relatively
      high thicknesses of combustion e, such that:
EQU   R/2 .ltoreq. e &lt; 2 R/3
PAR  When e is greater than 2 R/3 it is found that the surface area of
      combustion decreases too much for most purposes and the block does not
      perform satisfactorily.
PAR  When e is equal to R/2, it leads to the following embodiment.
PAC  EXAMPLE II (see FIG. 3)
PAR  This example corresponds to the limiting case:
EQU  e = R/2
PAR  In this case, the arc AG is a semi-circle of center M situated at a
      distance e from 0 and the angle between OM and OA is equal to 60.degree..
PAC  EXAMPLE III (see FIG. 4)
PAR  In this embodiment, the external contour of the lobe AG comprises a
      semi-circle AF tangential to the circle of radius R and center 0. The
      semi-circle AF has a radius e equal to the combustion thickness of the
      element and a center M situated at a distance (R-e) from 0. The end A of
      the semicircle AF is situated at a distance e from 0 in the plane OX. The
      other end F of the semi-circle AF is extended to the plane OY by an arc of
      a circle FG having a radius of 2e and, as its center, the end A of the
      semi-circle AF.
PAR  This embodiment is suitable for average combustion thicknesses e, such
      that:
EQU  R/(1 +.sqroot.2)  .ltoreq. c&lt; R/2
PAR  The elements which fulfill the above characteristics generally exhibit
      ratios of initial to final combustion areas even closer to unity, that is
      with the combustion surface decreasing even less than in the preceding
      embodiments (Examples I and II).
PAR  The case wherein e = R/2 is that wherein F and G are identical (see Example
      II). When e = R/(1 +.sqroot. 2), it leads to the following example.
PAC  EXAMPLE IV (see FIG. 5)
PAR  This example corresponds to the limiting case:
EQU  e = R/(1 +.sqroot. 2)
PAL  of the preceding embodiment.
PAR  In this case, the circle of center M is tangential to OY and to OX at A.
PAC  EXAMPLE V (see FIG. 6)
PAR  In this embodiment, the external contour of the lobe AG comprises a
      semi-circle CF tangential to the circumscribing circle of radius R and
      center O, the semi-circle having a radius e, the center M of which is
      situated at a distance (R-e) from 0. The semi-circle CF is tangential to a
      straight line parallel to OX situated at a distance d from OX. The end C
      of the semi-circle CF is extended to the plane OX by a straight portion CA
      parallel to OY, situated at a distance e from OY. The other end F of the
      semi-circle CF is extended by an arc of a circle FG having a radius 2e
      and, as its center, the end C of the semi-circle CF.
PAR  This embodiment is suitable for combustion thicknesses e which are
      substantially such that:
EQU  0.315 R .ltoreq. e &lt;R/(1 +.sqroot. 2).
PAR  The distance d is chosen according to the method of manufacturing the
      element but is preferably greater than 0.03 R to prevent the combustion
      from being too erosive in the zone beteeen two adjacent lobes of the
      element, and preferably less than 0.06 R so as not to decrease too much
      the filling coefficient of the element.
PAR  This element provides the preferred combustion characteristics for most
      purposes; in particular, the combustion surface decreases little, the
      ratio of initial to final combustion areas is quite close to unity, the
      filling coefficient is high and the proportion of the residues is low.
PAC  EXAMPLE VI (see FIG. 7)
PAR  This example corresponds to the limiting case in which C and F are on the
      axis OM. Here e/R is very close to the value 0.315 which changes very
      little as a function of the distance d. In the extreme cases, when d is 0,
      e/R is defined by the equation:
EQU  (Z.sup.2 -  1) (Z + 1).sup.2 =  Z.sup.2
PAL  in which
      ##EQU2##
      Essentially here e/R is 0.315
PAC  EXAMPLE VII (see FIG. 8)
PAR  In this embodiment, the external contour of the lobe AG comprises a
      semi-circle CF tangential to the circle of radius R and center O, having a
      radius e and the center M of which is situated at a distance (R-e) from O.
      C and F are the ends of the diameter aligned on OM. The semi-circle CF is
      tangential to a straight line parallel to OX, situated at a distance d
      from OX. The end C of the semi-circle CF is extended by an arc CB of a
      circle having, as its center, the point N situated on the straight line
      OM.
PAR  The arc CB is extended by a straight portion BA parallel to OY and situated
      at a distance e from OY, it being possible for this straight portion BA to
      be tangential to the arc CB (FIG. 8). The other end F of the semi-circle
      CF is extended by an arc FG of a circle centered on the point N.
PAR  This embodiment is suitable for low combustion thicknesses e, substantially
      such that:
EQU  0.15 R&lt;  e &lt;0.315R
PAL  and preferentially such that:
EQU  0.20 R&lt;  e &lt;0.315 R
PAR  The element also has a combustion surface which decreases very little and a
      ratio of initial to final combustion areas which is close to unity and a
      small proportion of residues, but its filling factor is less than in the
      preceding embodiments.
PAC  EXAMPLE VIII (see FIG. 9)
PAR  This embodiment differs from the preceding example in that the center N' of
      the arcs CB' and FG is situated on the straight portion B'A. The arc FG
      with center N' ends at G, situated at a distance e from OY, and is
      connected to another arc of a circle of radius 2e centered at B'.
PAR  This embodiment is also suitable for low combustion thicknesses e, which
      are substantially such that:
EQU  0.15 R &lt; e &lt;0.315 R,
PAL  and preferably such that
EQU  0.2 R &lt; e &lt;0.315 R.
PAR  The table below gives some combustion characteristics of some of the
      examples of solid propellant elements given above.
PAR  In this table, k denotes the ratio of the initial combustion perimeter
      P.sub.o (perimeter of the cross-section of the element) to the perimeter
      of the circumscribing cylinder of radius R.
PAR  P.sub.f denotes the final combustion perimeter of the element, when the
      thickness e has been consumed.
PAR  P.sub.m denotes the combustion perimeter of the block when the thickness
      e/2 has been consumed.
PAR  It can be shown that:
PA1  P.sub.o /P.sub.f is equal to k/ (k - e/R )
PAL  and
PA1  P.sub.o /P.sub.m is equal to k/ (k - e/2 R )
PAR  P denotes the effective filling factor of the element:  It is equal to 100
      times the ratio of the volume of the element less the volume of the
      residues to the volume of the circumscribing cylinder.
PAR  P is also equal to 100 (2 k e/R - e.sup.2 /R.sup. 2) q% is the proportion
      of residues and is equal to 100 times the ratio of the volume of the
      residues to the volume of the circumscribing cylinder.
TBL  __________________________________________________________________________

     number of                                                                 

           limit                                                               

     example                                                                   

           value                                                               

                III   V     V     VII   VII   VIII VIII VII                    

     __________________________________________________________________________

      e/R       0.45  0.40  0.35  0.31  0.275 0.25 0.20 0.15                   

      k    1    1.045 1.12  1.233 1.43  1.45  1.5  1.94 1.665                  

      Po/Pf                                                                    

           2    1.75  1.55  1.395 1.272 1.235 1.2  1.13 1.10                   

      Po/Pm                                                                    

           1.33 1.265 1.218 1.165 1.121 1.105 1.09 1.06 1.065                  

     p(residue                                                                 

           75   73.8  73.7  75.9  78.7  72.1  68.7 65.5 47                     

     excluded)                                                                 

     % of  3.5  2.8   2.5   2     1.1   1.5   1.4  0.7  1.7                    

     residue                                                                   

     Number of                                                                 

           2    2     2     2     2     2     2    2    2                      

     residues                                                                  

     __________________________________________________________________________

PAR  It will be seen that the ratios P.sub.o /P.sub. f and P.sub.o /P.sub.m have
      a limit value of 2 and 1.33 respectively, a fact which shows that the
      combustion surface of the blocks of relative thickness lower than 0.5, in
      accordance with the invention, presents a limited decrease. These ratios
      are particularly important when the elements have a thickness of average
      or low value and particularly when the thickness is between 0.20 and 0.40R
      because they exhibit simultaneously very satisfactory percentage of
      residue and filling coefficient.
PAR  The values of p demonstrate that in every case the effective filling
      coefficient is high. The best coefficient p is achieved when the value e
      is average or close to 0.31R. In addition, the proportion of the residue
      remains very low.
PAR  The values indicated for p show that, in every case, the effective filling
      factor is high; the best coefficient p, however, being obtained for
      average values of e in the range of 0.31R. Moreover, the proportions Q of
      residues remain very low.
PAR  These combustion characteristics are better than would be the case for an
      element comprising n identical symmetrical lobes which exhibit a ratio to
      the axis in the order of n.
PAR  Moreover, as the examples which have been described show, the elements also
      possess the advantage of having characteristics which can be varied
      continuously during design, without changing the number of lobes.
PAR  In particular, it is possible to change the ratio e/R between widely
      different values such as, for example, 0.10  and 1/3 whilst keeping the
      number of lobes equal to 4.
PAR  The elements can be manufactured without difficulty by suitable processes
      of moulding or extrusion from known compositions of propellant materials,
      moulding being preferably used in the case of thick blocks and extrusion
      in the case of thin blocks.
PAR  FIGS. 10 to 12 of the drawings show a propulsion device 10 comprising a
      head 11 and a body 12, in the interior of which is located one of the
      elements 13 shown in FIGS. 1 to 9 of the drawings.
PAR  The body 12 of the propulsion device comprises a front base 14 which
      separates it from the head 11. According to one embodiment of the
      invention, the element 13 is fixed to the front base 14 of the body 12 of
      the propulsion device by means, preferably comprising two anchoring rods
      15, which penetrate into the two combusion residues 16 of the element.
PAR  This arrangement makes it possible to fix firmly the solid propellant
      element 13 in the interior of the body 12 of the propulsion device,
      without in any way decreasing the useful volume of propellant in the
      element.
PAR  In order that combustion take place only perpendicularly to the axis of the
      element and in order that the decrease in combustion area during firing be
      low, the bases of the latter are coated with a combustion inhibitor 17a
      and 17b, especially in the case of relatively thick and short elements.
      However, it is possible to dispense with the inhibitor 17 in the case of
      longer elements.
PAR  Moreover, it is necessary for the rods 15 themselves to be intimately
      welded to the propellant by an inhibiting coating 18, it being possible
      for this inhibitor to be limited to the vicinity of the parts of the
      anchoring rods which penetrate into the block, so as to form a joint.
PAR  Certain applications require that the propellant element 13 be wedged in
      the interior of the body 12 of the propulsion device. This wedging can be
      achieved by direct contact or by means of a coating 19 of a refractory
      material which adheres to the body and is in contact with the block 13.
PAR  Various modifications to the embodiments which have just been described
      will occur to those skilled in the art. For example, the transverse
      cross-section of the blocks can be altered. The arcs FG and BC can
      especially be arcs other than arcs of a circle, but nevertheless
      approaching the latter rather closely, although they should still be
      tangential to the circular arc CF and equidistant from one another and 2e
      apart.
CLMS
STM  what is claimed is:
NUM  1.
PAR  1. A solid elongated externally burning propellant element, the external
      configuration being such that the element retains its general
      configuration during combustion, the configuration of the element being
      such that the element may be inscribed in a cylinder of radius R, the
      cross section of the element having a contour comprising four identical
      connected lobes, said element having a first and a second perpendicular
      planes of symmetry, said element exhibiting mirror-symmetry with respect
      to said first and a second perpendicular planes passing through the axis
      of said cylinder of radius R, each lobe comprising a convex arc of a
      circle of radius e whose center is at a distance (R - e) from the axis of
      the cylinder, where e is the combustion thickness of the element, said arc
      being tangential to said cylinder, and each arc contains only one point at
      the minimum distance e from the axis of the cylinder, the four points of
      the arcs at said distance e being symmetrical with respect to the axis of
      the cylinder, the thickness of relative combustion e/R varying at a
      continuous rate during combustion, whereby the combustion of the element
      leaves only two combustion residues.
NUM  2.
PAR  2. A propellant element as claimed in claim 1 wherein the combustion
      thickness e is such that
EQU  0.15R &lt; e &lt; 2 R/3
NUM  3.
PAR  3. A propellant element as claimed in claim 1, wherein the combustion
      thickness e is such that
EQU  0.2 R &lt; e &lt; 0.4 R
NUM  4.
PAR  4. A propellant element according to claim 1 wherein each lobe consists of
      an arc of radius e and
      ##EQU3##
NUM  5.
PAR  5. A propellant element according to claim 4 wherein
      ##EQU4##
      and said arc is a semicircle of center M which is located at a distance e
      from 0, 0 being the center of said cylinder of radius R.
NUM  6.
PAR  6. A propellant element as claimed in claim 1, wherein the combustion
      thickness e is such that r/ (1 +.sqroot. 2).ltoreq.e &lt; R/2 and wherein
      said arc of radius e of each lobe is semi-circular, the first end of said
      arc being in said first plane at distance e from the center of said
      cylinder of radius R and the other end of said arc being extended by a
      further arc of a circle of radius 2e, centered on said first end.
NUM  7.
PAR  7. A propellant element according to claim 6, wherein
EQU  e =  R/(1 +.sqroot. 2)
NUM  8.
PAR  8. A propellant element according to claim 1, wherein the combustion
      thickness e is such that
EQU  0.315R .ltoreq. e &lt; R/(1 + .sqroot. 2)
PAL  each lobe AG comprises arc CF and arc FG, said arc CF has radius e, is
      semi-circular, is tangential to a straight line parallel to one of said
      symmetry planes with center situated at a distance R - e from the center
      of the cylinder, said arc FG having radius 2e and having as its center the
      end C of said arc CF.
NUM  9.
PAR  9. A propellant element according to claim 8 wherein e is about 0.315 R.
NUM  10.
PAR  10. A propellant element as claimed in claim 1 wherein the combustion
      thickness e is such that 0.15R &lt; e &lt;0.315 R and wherein each of said lobes
      consists of a first arc of radius e which is semi-circular, is tangential
      to a straight line parallel to one of said symmetry planes, is extended at
      one end by a second arc of circle centered on the straight line joining
      both ends of said first semi-circular arc, said second arc being extended
      by a straight portion parallel to the other symmetry plane and spaced from
      the latter by e, and the first arc is extended at the other end by a third
      arc of a circle which is concentrical with said second arc.
NUM  11.
PAR  11. The propellant element according to claim 10, wherein 0.2 R &lt; e &lt;0.315
      R
NUM  12.
PAR  12. A propellant element as claimed in claim 10, wherein said straight
      portion passes through the center of said second arc.
NUM  13.
PAR  13. A propellant element as claimed in claim 10, wherein said straight
      portion is tangential to said second arc.
NUM  14.
PAR  14. A propellant element as claimed in claim 8 wherein the straight line
      tangential to said arc CF is parallel to said symmetry plane and the
      distance d between said symmetry plane and said straight line is
EQU  0.03R .ltoreq. d &lt;0.06 R
NUM  15.
PAR  15. A propellant element according to claim 1 wherein e/R is less than 0.5.
NUM  16.
PAR  16. A propellant element according to claim 1, wherein the ratio
      So/S.sub.f, in which So is the initial combustion surface and S.sub.f is
      the final combustion surface, does not exceed a value of about 3.5.
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ABST
PAL  Control apparatus for guiding one or more vehicles along a closed transport
      system having a plurality of routes and a plurality of junctions each
      allowing a choice of two directions. The system is illustrated as
      comprising a number of interconnected sub-systems or networks. Each
      junction has associated therewith a transmitter which sends out a coded
      signal comprising at least two words, one of which indicates the direction
      to be taken from the junction to reach the different networks and also
      indicates the networks which the paths from the junction lead to. The
      second word does likewise for the route segments of the network or
      networks to which the paths from the junction lead. A like destination
      code is stored in the vehicle, and the vehicle compares the stored code
      and the successive received codes and obeys the word instructions from
      each successive junction till it arrives at the destination network. It
      then obeys the word 2 instructions till it arrives at the destination
      route segment or zone within that network. It may then count pulses
      generated by route-associated equipment till it arrives at a desired
      position on the destination route segment, where it can be halted.
PARN
      This is a continuation of application Ser. No. 275,876, filed July 27,
      1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the invention
PAR  This invention relates to control apparatus for a closed transport system
      comprising a plurality of routes, a plurality of route junctions which
      each allow a choice of two directions and at least one vehicle arranged to
      travel along the routes. More particularly the invention relates to
      apparatus for controlling passage of at least one vehicle through the
      system to a destination route segment.
PAR  The invention may be used with transport systems which are sub-divided into
      a plurality of interconnected networks, or with systems which are not so
      divided. In the following description the term "division" is used to
      denote a directional decision junction within a network, and the term
      "branch" is used to denote a directional decision junction where a network
      is connected to an adjacent network of the system.
PAR  Such a transport system can be equipped with rails and with divisions
      and/or branches which are set in a predetermined direction and can be
      changed into another direction, or it can be rail-less, having marked
      paths to guide the vehicles, which paths are defined either by guide
      rails, if required inserted in the floor, or by cables laid below the
      floor and which develop an electromagnetic field which effects control
      means on the vehicles, which are equipped with suitable receiving
      equipment. Optical paths can also be used, control being effected by
      stroboscopic rays which are reflected by mirrors on the vehicles. In a
      rail-less embodiment, the vehicle may have a steering device which is set
      up in a certain way in the branches and leads the vehicle to the chosen
      course by known control means.
PAR  2. Description of the prior art
PAR  In the last method an arrangement of markings on the path of movement is
      known, for example in the form of magnetic or electromagnetic fields or in
      the form of mechanical profiles, which are detected by a probe on the
      vehicle, whereby on the vehicle a recording apparatus records the number
      of markings and after a certain number gives a steering signal.
PAR  Such apparatus has already been proposed in German Patent Application P 15
      30 894.
PAR  Furthermore, a vehicle according to German Patent Application P 19 55 758
      can be adapted for use in an embodiment of the present invention.
PAR  These known methods require an important part of the control apparatus in
      the vehicle. Moreover, in these methods, the path is marked passively, so
      that the whole control coding must be recorded in the vehicle,
      particularly as it alters, according to the point from which a vehicle
      departs. The range of application of such control apparatus is thus
      limited.
PAR  A further disadvantage of such control apparatus is the inflexibility of
      the system. Alterations in the system or completion of the system require
      major alteration in the recording devices of the vehicles or cannot be
      carried out at all without altering the whole system.
PAR  Furthermore, in these known apparatuses it is impossible to remove a
      vehicle from the path of travel and guide it again into the path of travel
      at another place, since control of its path is obtained by recording
      elements in the path of movement in order to reach the predetermined
      destination or goal.
PAC  SUMMARY OF THE INVENTION
PAR  Various preferred forms of the present invention described in detail
      hereinafter have been designed with the objects of:
PAR  1. overcoming the inflexibility of the above-mentioned known systems and
      obtaining greater flexibility;
PAR  2. simplifying considerably the parts of the control apparatus both
      included in the vehicle and installed along the routes in the path of
      travel, thereby raising the level of safety of operation;
PAR  3. providing control apparatus which allows the vehicles to be taken from
      any desired point on the path of travel, for example by leading them away
      with the aid of a manual control device, and to guide the vehicles again
      into the path of travel at any other place, without any alteration of the
      destination coding of the vehicle being necessary;
PAR  4. providing a control apparatus whose elements enable operation which is
      both considerably decentralised and yet may be remote-controlled from a
      central point; and
PAR  5. providing a control apparatus in which a vehicle at any point of the
      system is provided with a target or destination coding whereby, dependent
      on this coding, after the start of the vehicle, a directional choice is
      made for the destination, or an automatically following setting of
      divisions for the destination is effected. In this is included the
      facility that several networks can be combined to form the system.
PAR  According to the present invention, there is provided control apparatus for
      a closed transport system comprising a plurality of routes, a plurality of
      route junctions which each allow a choice of two directions, and at least
      one vehicle arranged to travel along the routes, the apparatus comprising
      a transmitter associated with each said junction, each transmitter being
      arranged to transmit a particular coded signal indicating the direction to
      be taken at the associated junction to proceed towards various route
      segments, drive means for moving the or each vehicle, and a respective
      destination selection device connected to control the drive means of the
      or each vehicle, said device comprising a store on the or each vehicle in
      which may be entered a code indicative of a destination route segment for
      the associated vehicle, a receiver on the or each vehicle for receiving
      the coded signal transmitted from the transmitter associated with an
      approaching junction, a respective comparator on the or each vehicle
      connected to the associated store and receiver for comparing the stored
      destination signal and the received signal, and respective control means
      for the or each vehicle responsive to the output of the associated
      comparator to select the direction to be taken at the junction.
PAR  It should be understood that the transmitters are generally located a short
      distance in advance of the divisions or branches to allow for the time
      taken to accomplish the change of direction, i.e. so that either the
      junction can be switched, if necessary, before the arrival of the vehicle,
      or so that any necessary operation of the steering device on the vehicle
      takes place in such a way that the selected route from the division can be
      followed.
PAR  The terms "transmitter" and "receiver" may refer to radio, optical or sonic
      devices, or to devices operating on any other principle suitable for
      obtaining the desired result. In a preferred embodiment of the invention,
      a diode matrix is used to effect the desired coding. The matrix permits
      alteration of the coding of the transmitter by altering its structure,
      i.e. by merely soldering on or off diodes. Furthermore, in another
      embodiment it is possible to influence the coding of the transmitter from
      a distance, preferably from a central point.
PAR  According to an embodiment of the invention, the or each vehicle is
      provided with a steering device and the control means is operative on the
      steering device to cause the vehicle to take the selected direction. In
      another embodiment, the or each control means is operative on means
      associated with the junction such that the junction remains in one
      position or switches to another position. Preferably, the control means is
      mounted on the vehicle to choose the direction.
PAR  In a further advantageous form of the invention the control means includes
      a timing circuit which, after switching the junction or after alterating
      the direction of the steering device, frees it and moves it back into the
      original position. This feature is not indispensable since other types of
      control means can also be effective for the restoration function,
      dependent on the type of transport system.
PAR  Preferably, the transmitter associated with each junction is arranged to
      send the coded signal in the form of a fixed series of signal elements
      each associated with a particular route segment, and on the or each
      vehicle the receiver and comparator are arranged to function with the same
      number of signal elements. It can be advantageous for technical reasons to
      form the transport system from several interconnected networks, whereby
      regions with various tasks can be connected. Particularly for economic
      reasons, construction in this way is preferred. In this case, each
      transmitter is arranged to send also an additional series of signal
      elements corresponding at least to the number of networks.
PAR  Preferably, each transmitter is arranged to send a destination marking
      together with any signal element associated with a network or route
      segment, as the case may be, which will be reached on leaving the
      associated junction.
PAR  In a particular embodiment of the invention a counter is arranged on the or
      each vehicle, which is started when the vehicle enters its destination
      route segment and counts off markings present on the path of movement, is
      compared with a given number and, if it agrees, produces a switching
      signal, with whose aid further desired functions of the vehicle can be
      released. In particular, the drive motor of the vehicle may be responsive
      to this switching signal so that it stops the vehicle on reaching this
      point.
PAR  Thereby, control of the vehicle is possible even after is has reached
      desired route segment, which is particularly important in so far as the
      coding for divisions and branches provides only destination networks and
      route segments whereas the system in fact allows an infinitely variable
      path of movement.
PAR  According to an advantageous embodiment of the invention, the comparator on
      the or each vehicle has two parts, of which a first part is arranged to
      compare said additional series of network signal elements with the
      destination coding and, on detecting conformity with the network part of
      the destination coding, causes operation of the second part in which the
      series of route segment signal elements is compared, and said control
      means is responsive to detection of conformity with both the network and
      route segment parts of the coding, indicating that the desired destination
      route segment is approaching, to cause operation of other functions of the
      vehicle. The or each vehicle may be provided with a counter, as mentioned
      before, the counter having an input connected to receive pulses indicative
      of the extent of travel of the vehicle and an output connected to control
      the vehicle drive means, and said control means is operative to enable the
      counter to measure the extent of travel of the vehicle along the
      destination route segment. In this way a comparatively simple control
      apparatus is provided together with an advantageous division for the
      network and route segment choices, whereby by means of the counter the
      choice of a certain point in the destination route segment as a final
      destination is possible. The counter and the transmitter provided for it
      on the path of movement can correspond in structure to the previously
      mentioned devices. They can moreover be used as a secondary control, since
      they emerge from a fixed reference point which is first chosen by the
      destination marking. They may switch the vehicle motor or effect an
      engagement via the control means which releases any other desired
      functions of the vehicle.
PAR  The expression "route segment" may indicate a zone of a particular network,
      which is limited generally by two divisions. According to requirements,
      such segments can be comparatively long so that it may be desirable to
      provide a sub-division. It is advantageous for this purpose that, in
      addition to the transmitters associated with the divisions or branches, an
      additional signal device is provided on a route between two junctions,
      such transmitter being arranged to send a signal consisting of a series of
      network and zone signal elements with a destination marking accompanying
      one of the zone signal elements in order to mark a certain point on the
      route. With such an additional signal device, no division or branch
      function is necessary.
PAR  A particularly advantageous arrangement is provided if coded signal
      elements are time-spaced and assigned respective successive time slots and
      said markings are each provided by an additional signal within a free
      space in the time slot of the associated signal element.
PAR  Preferably each transmitter sends out a series of coded signal elements
      signal in a continuous succession with beginning or end markings between
      each transmission, the comparator having synchronising means arranged to
      detect such markings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention may be more readily understood from the following description
      and the accompanying drawings which are given purely by way of example. In
      the drawings:
PAR  FIG. 1 is a schematic view of one network of a transport system showing
      divisions within the network and route spurs leading to other networks of
      the system;
PAR  FIG. 2 illustrates schematically a coding scheme for controlling the
      passage of vehicles through the transport system of which part is shown in
      FIG. 1;
PAR  FIG. 3 shows by way of example a sequence of decision steps involved in a
      path of movement towards a desired destination in the system shown in FIG.
      1;
PAR  FIG. 4 is a waveform diagram of a series of "O" signal pulses used in
      transmission of the words shown in FIG. 2;
PAR  FIG. 5 is a waveform diagram of a series of "L" signal pulses used in
      transmission of the words shown in FIG. 2;
PAR  FIG. 6 is a waveform diagram corresponding to FIG. 4, but having a
      destination marking in a particular signal element time slot;
PAR  FIG. 7 is a waveform diagram of a signal consisting of 32 successive pulses
      making up a pair of network (word 1) and zone (word 2) words as shown in
      FIG. 2 and indicating a desired destination network and zone in the
      transport system of which part is shown in FIG. 1;
PAR  FIG. 8 is a block diagram showing vehicle-mounted and fixed control devices
      which cooperate to control movement of a vehicle through the transport
      system to a desired destination;
PAR  FIG. 9 is a schematic plan view of the vehicle which mounts part of the
      circuit of FIG. 8; and
PAR  FIG. 10 is a schematic side view of the vehicle of FIG. 9.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1 a dotted border 1 indicates the boundaries of a network 3 forming
      part of a transport system. The network 3 is provided with spurs 2, 3 and
      4 connecting it, respectively, to further networks 1, 2 and 4. The spurs
      each consist of two routes which are followed, respectively, only in the
      directions given by the arrows which have been drawn in. Also, inside the
      network 3 as well, the indicated routes can only be followed in one
      direction as shown by the arrows drawn on the lines. In this way a
      transport system is obtained in which at every point there is a one-way
      rule for the direction of travel. The network 1 has twelve "divisions" W1
      - W12. The expression "division" in the following is also used for a
      "branch" in the sense explained at the beginning of this specification.
      The two routes leading from each division are designated "O" and "L",
      whereby there is always assigned to a direction "O" a certain signal which
      is the same for all divisions, and to a direction "L" another signal which
      is also the same for all divisions at a certain point in a series of
      signals. Furthermore, zones are indicated numerically on certain route
      segments, whereby it can be seen that zones 1 to 12 are present. These
      zones are called destination route segments, into which a vehicle can be
      brought to a halt if such a zone is selected.
PAR  The prior apparatus already shows that because of pressure, certain courses
      to certain destination zones, chosen in practice according to the length
      of the routes, can be chosen and pre-programmed.
PAR  In FIG. 1, because the zones 5 and 7 come into direct contact with one
      another on a journey from division W6 in the "O" direction, in the region
      of the junction of zones 5 and 7 an additional signal device ZI is
      arranged. This device has a particular coding, as has each division W1 -
      W12, in order to be able to choose as a destination a particular point in
      zone 7 spaced from the additional signal device ZI, for example by means
      of a pulse counting device.
PAR  FIG. 2 shows the signal coding for the twelve divisions W1 - W12 and also
      for the additional signal device ZI. Each signal is sub-divided into two
      words, word 1 and word 2, of which word 1 is a series of network signal
      elements and word 2 is a series of zone signal elements. On the left, in a
      vertical column, the divisions W1 to W12 are indicated as 1 - 12. Words 1
      and 2 are each sub-divided into successive signal elements 1 - 16.
      Division 12 shows an additional system formation.
PAR  For technical reasons each word is preferably sub-divided into 16 signal
      elements. However, any other number can be chosen in accordance with the
      construction of the system. For example, when there are only four
      networks, the word 1 could consist of only four signal elements, and on
      using only twelve zones in each network, the word 2 could consist of
      twelve elements, one for each zone.
PAR  The signal elements may comprise pulses. As shown in FIG. 4, the signal
      pulses "O" may be, for example, of a short duration, and the signal pulses
      "L" may be of a longer duration, as illustrated in FIG. 5. Each signal
      pulse commences at the beginning of a time slot assigned to a signal
      element, and the short signal pulses "O" 5 (FIG. 4) constitute, for
      example, 1/10 of the duration of the slot, whilst the "L" signal pulses 6
      (FIG. 5) constitute 4/10 of the duration of slot.
PAR  In FIG. 2, various signal pulses are designated by an upper bar symbol of
      the type used to designate a negative quantity in Boolean algebra, but not
      having the same meaning here. The bar designates that the associated
      signal element time slot includes a destination marking. Such a marking is
      shown in FIG. 6 by a signal 7 interspersed in a series of "O" signal
      pulses 5. This signal pulse 7 begins after 4/10 of the duration of a
      signal element time slot and has a length of 5/10 the duration thereof.
      For example, a destination marking together with an "L" signal pulse 6
      according to FIG. 5 would together provide a signal pulse of 9/10
      duration. By means of such arrangement, before the beginning of a signal
      pulse in a time slot, at least 1/10 of the slot remains free of signal.
PAR  FIG. 7 shows a series of pulses for a pair of words 1 and 2, the pulses
      being numbered 1 to 32. In word 1, in the first three time slots, "O"
      signal pulses are provided together with a network destination marking in
      the third slot, while in the fourth to the sixteenth slots "O" pulses are
      provided. The word 2 pulses are 17 to 32. Pulses 17 to 19, 21 to 24 and 26
      to 32 are "O" pulses and a destination marking is included in the time
      slot of pulse 21. Pulses 20 and 25 are "L" pulses. The large spacing
      between pulse 32 and the first pulse of a consecutive signal indicates the
      beginning and end of a signal for synchronisation purposes.
PAR  This signal shown in FIG. 7 illustrates by way of example a destination
      signal indicating that network 3 should be controlled, this being with
      zone 5 as a destination. If the vehicle is, for example, moving at the
      point "Q" (FIG. 1), this results in that on the vehicle reaching division
      1, in word 1, the same destination network marking is received, so that
      there is a change-over to word 2.
PAR  Continuing with the example according to FIG. 7, for an understanding of
      FIG. 2 it is emphasised that the word 1 is assigned to the network
      destination choice. Each division, on at least one of whose branches a
      destination zone makes contact with the network 3, has a destination
      marking in work 1 in the third signal element time slot assigned to the
      network 3. For example, zone 1 makes contact with division 1. Following
      this, and because this zone only is a destination zone from division 1,
      word 2 also has a goal marking in the first signal element time slot,
      which is programmed with a signal pulse "L" corresponding to the
      alteration in direction.
PAR  Between division 2 and division 3 there is no destination zone. For this
      reason, for division 2 the zone signal in word 2 is not provided with a
      destination marking. If the spur leading from the branch formed by
      division 2 were taken, network 1 would be reached, for which reason,
      according to FIG. 2 both the first and third steps in word 1 contain
      destination markings, since after moving along the spur, network 1 is
      reached.
PAR  Control of the spurs 2, 3, 4 connecting illustrated network 3 to the
      networks 1, 2 and 4 and of the non-branching internal divisions of network
      3 is provided in like manner as in the above example. The drawings which
      show sixteen signal elements for the signal formed from word 1 and word 2,
      makes it clear that for each network and each destination zone only one
      signal element is required at a time. In the present example, the signal
      elements 5-16 in word 1 and 13-16 in word 2 remain unused.
PAR  Entry of a desired destination marking into a store arranged on a vehicle
      is determined according to FIG. 2. From this figure it is clear that two
      series of markings are to be entered, whereby however a continuous marking
      with signal elements 1 to 32 is possible throughout. In this case, a
      variable device is provided which sub-divides the signal elements 1 to 32
      into two words of any size corresponding to the formation of the system.
      To enter the destination marking a selector is used. The selector may be
      in the form of a telephone dial or a keying device, which is provided with
      sixteen positions or keys corresponding to the present example.
PAR  If, for example, a destination zone in network 3 is desired, then according
      to the coding scheme a sign "O" or, according to the choice of coding, a
      sign "L" is written in with the destination marking (7 in FIG. 6) in the
      time slot of the third signal element in word 1. The same process is used
      to encode word 2 to mark the destination zone. If several stopping points
      are provided within a zone, then the stopping point in a particular zone
      chosen as a destination is marked at the appropriate place in a third word
      (3) which is not described herein, but may be of the same form as words 1
      and 2.
PAR  In the example of FIG. 7, the following markings are chosen as destination
      coding: network 3, zone 5. Basically, any point on the path of movement
      can be chosen as a starting point. If, for example, a vehicle is located
      at point p on network 3 and is to be moved to the desired destination,
      this vehicle first reaches the transmitter at division 4. Comparison of
      the vehicle destination coding with the coding transmitted by division 4
      is carried out for word 1, and shows by means of the destination marking 7
      (FIG. 6) in the time slot of the third signal element that network 3, i.e.
      the destination network, has been reached. This having been established,
      the comparison process for word 2 is automatically started, since now the
      destination zone 5 must be found within the network 2. This second
      comparison shows from examination of the fifth signal element time slot of
      word 2 firstly that zone 5 has not yet been reached, since there is no
      destination marking, and secondly that at division 4 the "L" direction
      must be taken in order to reach zone 5. The next decision to be made in
      this example is at division 5. Examination of word 1 again shows that the
      vehicle is already in network 3, and examination of work 2 that the "O"
      direction must be used taken from division 5 in order to reach goal zone
      5. At division 6, the same code examinations are used. Two sets of
      information are contained in the fifth signal element time slot in word 2.
      Firstly, in order to reach zone 5, the "O" direction from division 6 must
      be taken, and secondly, the long pulse forming the destination marking in
      position 5 provides the information "zone 5 reached", whereby at the same
      time, as already described, further functions of the vehicle can be
      brought about.
PAR  It is clear that the signal pulses for the destination zone marked
      according to FIG. 7 in the destination coding as 17 to 32 correspond to
      word 2 in FIG. 1 in such a way that under the above-mentioned numbers of
      the destination zone, the signal pulses in the series transformed from
      above to below. It then follows that the coding of the destination signal
      then follows with signal pulses corresponding to the vertical rows under
      the identification number of the chosen network in word 1, and under the
      identification number for the destination zone on word 2. A destination
      zone choice is thereby possible by simple means. In a preferred
      arrangement, a counter can be installed, which records additionally
      defined markings on the path of movement and can be compared to
      information fed in previously in word 3 of the destination code, whereby a
      particular stopping position within the destination zone can be
      programmed.
PAR  If the additional destination zone 7 were to be chosen instead of zone 5,
      the vehicle would first of all follow the same route -- as FIG. 2 shows at
      word 2. Only on approaching the region of the additional signal device ZI
      is a signal pulse "destination zone reached" obtained, so that the final
      stopping position destination coding of word 3 can then be examined. The
      additional signal device is provided additionally to the transmitters at
      the divisions or branches, and in order to mark a certain point on the
      route has a coding consisting of a network and zone signal element series
      with a corresponding destination marking in the second series of signal
      elements (see ZI in FIG. 2).
PAR  Another example of a route only schematically shown is illustrated in FIG.
      3 in the form of a table, whereby the destination stored in the vehicle is
      marked 8. The vehicle proceeds according to word 1 along the spur 3 to
      network 2 and there reaches a destination zone 2 not illustrated in FIG.
      1. From the above illustrations it will be seeen that if the vehicle
      proceeds, for example, from point q in network 3, it will travel via
      divisions 1 to 3 in the "O" direction, via division 4 in the "L" direction
      and via divisions 5 and 6 in the "O" direction to division 7, whereby the
      programmed movement direction "L" is at the same time given a destination
      marking, so that there is a change-over on word 2 of the comparator.
      Because the second signal element time slot in word 2 then has no
      destination marking, the movement is continued in network 2.
PAR  It is clear that with the arrangement described, every destination zone can
      be attained by means of simple application of a destination marking of any
      point on the route. It is furthermore clear that additional route segments
      can be subsequently added from any point to any point of the route. To
      accomplish that it is only necessary to alter the coding, for example by
      altering a diode matrix at the divisions or branches which are differently
      or no longer used through the new route direction, in order to give access
      to a certain goal zone.
PAR  In such manner the coding of the transmitters can be simply altered in any
      way so that new route directions are given to a destination point, and
      route segments are added or removed, whereby the comparator in the vehicle
      remains uncharged. Alterations in the transmitters are comparatively easy.
PAR  In the route network according to FIG. 1, the dotted line leading from
      division 12 designates a subsequently added connection to network 4. In
      this case, the individual alteration in applying the new code transmitter
      consists of division 12.
PAR  After it has reached the destination, a clearing device on the vehicle may
      be arranged to clear the code comparison apparatus so that a new
      destination code can be fed therein.
PAR  However, the clearing device can instead be disconnected and a repetition
      system connected, which automatically controls return of the vehicle to
      the previously entered exit point, whereby the repetition device can bring
      about an adjustable repetition of such movements. Furthermore, remote
      control of the vehicle coding may be provided by a transmitter at a
      central point which has the same coding action as the above-mentioned
      manual coding means in the form of selector dials or keys. With such a
      precautionary measure, priorities can be included in the course of the
      movement program or repetition of certain movement programs can be carried
      out. It can be understood that in such a system having several vehicles, a
      key coding is assigned to each vehicle so that, if required, a transmitted
      (e.g. a radio) coding reaches only the desired vehicle.
PAR  In connection with such vehicle key codings, a priority signal can be sent,
      which releases or replaces previously given goal destination instructions
      in order that the vehicle will firstly go to the subsequently instructed
      priority destination. Advantageously, the new destination coding
      transmitted from the centre causes the present coding to be entered into a
      store provided on the vehicle, whereby replacement then takes place as
      long as priority codings are present. In this way, reintroduction of the
      originally present coding takes place in dependence on a particular signal
      or automatically, wherein a particular signal pulse is included in the
      last coding provided with a priority signal to release the store for the
      purpose of entering the original destination coding into the comparator.
PAR  The control apparatus may be arranged to apply a new destination coding to
      a vehicle from a distance so is that it can receive the new coding at any
      point in the whole transport system both during movement and while
      stationary. In a particular apparatus, the conversion of the new
      destination coding should only take place at the stopping point on the
      transport system. In another apparatus a few stopping points (information
      points) are located at important parts of the system and serve exclusively
      to transfer a new destination code from the central point to a vehicle. To
      this end, the control apparatus may be arranged so that after reaching a
      programmed route stopping point, the previous destination code stored in
      the vehicle is dispensed with and the coded address of an information
      point which is stored in the vehicle is applied as a new destination code,
      so that the vehicle will go to the information point and there receive the
      next destination instruction from the centre. In a particular apparatus,
      in each network only one information point is provided, which is
      destination coded in the same manner as a normal destination zone. The
      coding is the same for every network and is fed into the vehicle. After
      reaching the programmed destination, the code of the information point is
      regarded as a new destination, and the vehicle moves to the information
      point within the network in which it is then present. There, the receipt
      of a new destination code is possible.
PAR  The movement operation in a complicated route network with several vehicles
      shows that in practice, there are stopping points or route segments which
      are frequented to a greater degree than others, so that obstructions and
      queues arise, which include vehicles which do not have the blocked
      segments as destinations. For these vehicles it is desirable that means be
      provided for avoiding the obstructions. In a particular embodiment of the
      present invention, this problem is solved in that all the transmitters of
      the transport system are connected to a central point so that the coding
      of each transmitter can be altered, and a checker in the centre detects
      the obstruction, while the route segments employed by the vehicles are
      displayed on an indicator board, e.g. by lighting up lamps. On changing
      the code signals on suitable individual divisions from the centre, the
      routes of the vehicles which are approaching the obstruction and do not
      have the obstructions as their destination are altered, whereby the
      obstruction is avoided by diversions.
PAR  In a further embodiment of the present invention an increase in the degree
      of automisation of the whole moving operation is achieved, in that each
      vehicle receives a starting code which is characteristic only of that
      vehicle and a destination code, which are stored in the vehicle in
      suitable stores. The starting code serves only to set the vehicle in
      motion from the centre. Numerous transmitters on divisions, branches and
      additional signal devices are connected to the centre and their coding can
      be altered in any way from there.
PAR  According to this embodiment, each vehicle present in the transport system
      is advantageously provided with its own constant starting code and
      destination code, and after the vehicle has started with the aid of the
      starting code, the constant destination code characteristic of the vehicle
      is replaced from the centre with the code of the desired destination, and
      all divisions and branches are so coded from the centre that the vehicle
      reaches its destination whilst avoiding a conversion and special storage
      of a genuine destination coding in the vehicle, i.e. dependent on the
      original formation of the network or path of movement.
PAR  After receiving the starting code, the vehicle uses its own constant
      destination code as a fictitious destination, while in the centre, the
      fictitious destination of the vehicle is replaced by the desired
      destination. Course control is achieved in that the centre alters the
      transmission coding of the transmitter, which occurs on the vehicle on the
      course from the starting point to the destination, so that by comparing
      the code information received in the vehicle with the fictitious
      destination information, the shortest way to the real destination is
      taken.
PAR  Even with only a few vehicles using the transport system at the same time,
      operation of the centre by hand is generally no longer possible, so that
      in this case a process calculator or a similar calculating apparatus is
      provided in the centre, which because of its high speed of operation is
      able to carry out the necessary number of coding operations.
PAR  FIG. 8 is a block diagram showing vehicle-mounted and fixed parts of
      control apparatus in accordance with the invention for guiding a vehicle
      through a transport system to a required destination. In this figure,
      reference numeral 100 indicates a route which may be sub-divided for
      clarity into individual segments 101, 102, 103. Segment 102 contains a
      division 104. This division signifies in the present case a possible
      alteration in the direction of the route. Interaction between the vehicle
      and route in the example according to FIG. 8 is accomplished by a
      non-contact conductor arrangement through guiding wires laid in the floor,
      which are fed with electrical energy, for example at a frequency of 10kHz,
      and whose course makes contact with vehicle-mounted receivers 105 (FIGS. 9
      and 10) connectd by rotating stands or steering devices in the vehicle in
      order to guide the vehicle along the path 100 which is indicated by the
      wires laid in the floor.
PAR  As is shown, route segment 101 is energised via a conductor 106 from a
      generator 107, which operates in a block flip-flop 106a via a transformer
      and is energised by switches 108 and 109 arranged at the beginning and end
      of the segment, respectively.
PAR  The supply lines, one of which is marked 106, are connected via the block
      flip-flop 106a and corresponding flip-flops 113, 118, and lines 169, 170,
      171, to a closed control line 172.
PAR  Switches 108 and 109 associated with the route segment 101 can be
      magnetically actuated switches laid in the floor, which are actuated by a
      counter switching element (magnet) 168 in the vehicle passing above. In
      this way the advantage arises that energy for guiding the vehicle is only
      used if a vehicle moves over that route section.
PAR  The counter switching element 168 can also be, for example, a permanent
      magnet.
PAR  Switches corresponding to the switches 108, 109 are also arranged on the
      other segments 102, 103, but are not shown in FIG. 8.
PAR  Before the division 104 in segment 102 there is arranged a switch 110, for
      example a magnetically actuable, reed switch embedded in the floor of the
      route, for whose operation an actuating magnet 111 is arranged on the
      vehicle. From this switch a conductor 112 leads to a transfer flip-flop
      switching unit 113, which corresponds to the unit 106a, but not only has
      leads 114, 115 connecting it to the segment 102 but also a lead 116
      connecting it to the divided route segment 117. According to the actuation
      of the switch 110, energy is directed either along the segment 102 (line
      a) or along the segment 117 (line b). It should be understood from the one
      lead 114 common to both segments that, in the direction of movement shown
      by an arrow 175, the first part of the segment 102 extends up to the
      division 104.
PAR  Correspondingly, on the block flip-flop switching unit 118, not only are
      leads 119, 120 provided for the segment 103, but further leads 121, 122
      are directed to a route segment 120, which is an extension of segment 117.
      Since the segments 103 and 120 are arranged at a distance from one
      another, both can be energised at the same time, although, dependent on
      actuation through switches similar to 108 or 109, preferably only one of
      the segments is energised.
PAR  In the route segment 103 a special stop coil is provided, as for example is
      illustrated by 123, by which the amount of energy used is altered, for
      example raised. This concerns so-called stopping points, as is shown in
      FIG. 1 by ZI. Such stopping points serve the purpose of keeping the
      vehicle, if required, at a certain point along a route. It thereby
      concerns the so-called additional signal devices.
PAR  The parts arranged on the vehicle shown in FIGS. 9 and 10 are illustrated
      in FIG. 8 within the border 124. As can also be seen from FIG. 9, the
      vehicle is provided with two antennae 125, 126, in addition to the
      receiver 105, which effects the steering of a rail-less vehicle.
PAR  The antennae 125, 126 are set up near to the surface of the route, in order
      to receive certain signals. Furthermore, corresponding to the actuating
      magnet 111, a release arrangement for one switch laid on the route is
      arranged before a branch, which is however provided in the vehicle on a
      transmitter.
PAR  Before such a branch or division 104 there is besides this laid on the
      route a transmitter loop 127, which is connected to a pulse generator 128,
      which sends out the characteristic coding of the relevant division, which
      is sensed by the vehicle antenna 125. The pulse generator 128 operates,
      for example, at 70kHz, so that its signals can be received independently
      of the route signals. This pulse generator can also be turned off by a
      switch in the route segment 102 corresponding to the switch 108, if the
      vehicle reaches the route segment 102 with the division 104.
PAR  The antenna 125, which by means of discriminators 174 is tuned to receive
      signals sent at 70kHz, passes this pulse information to the equipment on
      the vehicle. The antenna 126 is on the other hand tuned by means of
      discriminators 129 to a signal pulse frequency in the order of 10kHz. Both
      antennae can be arranged on the lower side of the vehicle next to or
      behind one another.
PAR  On the vehicle is provided a destination memory or store 130, in which the
      destination coding can be entered in the manner already described or by
      means of a magnetic card or punched card or also by a press button.
      Furthermore, there is a receiver 131 on the vehicle, to which the antenna
      125 is connected for introducing the received series of pulses. This
      receiver is formed as a series/parallel converter, which converts the
      series pulses received from the division transmitter into pulses for
      feeding into a comparator signified by the border 132. In the comparator
      132, a coincidence comparator 133 is fed both with the signal from the
      converter 131 and with the destination coding signal in the memory 130.
      The coincidence comparator 133 provides three output signals, of which one
      is directed via a lead 134 into a network memory switch 135, another via a
      lead 139 into a zone logic switch 136 for choosing the zone or choosing a
      segment of a route, and the third via a lead 137 into a stop counter 138
      for controlling the operation of the vehicle.
PAR  In this connection it should be remembered that the destination coding
      signal is distributed into word groups, of which the first word designates
      by a series of signal elements the destination network of the transport
      system. The second word designates in a network the movement via certain
      divisions to zones of the network, and the third word of the coding
      designates the stopping point on a certain zone in a network.
PAR  In order to employ the destination coding correctly, the signal received by
      the antenna 125 is fed also into a program distributor 140. This program
      distributor divides into word groups the signals led via leads 134, 137,
      139, by means of leads 141, 142, whereby, after receiving and working on
      the network destination word of the coding, the network memory switch 135
      is disabled and the zone logic switch 136 is brought into action. After
      the word for zone movement has been released, the switch 136 is disabled
      via lead 141, so that the signal on lead 137 is made effective.
PAR  The network memory switch 135 is fed with the destination network code. If
      agreement is obtained therein with the signal on lead 134, a further
      signal is fed via a lead 143 to a network/zone decoder 173, while the
      signal which has been stored can then be sent. On the exit 144 of the
      comparator 132 this signal which can be sent is then fed into an output
      transfer unit 145, in order to actuate the switch 110 if required. This
      can hereby effect actuation of the branches, as shown in FIG. 1 by W2, W7
      and W11. The corresponding coding ensures then that the correct signal is
      led through.
PAR  If a certain network has already been arrived at and a certain point has
      already driven along, the signal chosen via the zone logic switch 136 is
      fed via lead 147 into a zone memory or store 148, in which the route
      segments or zones of a certain network are fed. This then concerns the
      zones marked 1 to 12 in FIG. 1. If agreement is reached between a signal
      fed into the store 148 and the given signal, a corresponding signal is
      passed via lead 149 to decoder 173, which then feeds the unit 145. In this
      case, the switch 110 is actuated in the way already described, so that the
      transfer flip-flop switching unit 113 is changed between its loops in such
      a way that for example the route segment 117 is selected.
PAR  If the series of signals for the zone is given off and a corresponding
      effect follows through the program distributor 140 as a result of
      recording the signal elements, the signal is fed via the lead 137 to the
      stop counter 138 for stopping the vehicle. This counter is fed at the same
      time via lead 149 by the antenna 126, in order to count the stopping
      signals on the route. On agreement of the programmed number with the
      number of stopping points driven past, the signal is transferred to a stop
      logic switching unit 150, from which stop output unit 152 is stimulated
      via output lead 151 of the unit 150, the unit 152 supplying signal via
      leads 153, 154 to a brake unit 155 and to a motor drive control 156, in
      order to stop the vehicle.
PAR  Both units 155, 156 are connected via a lead 157 to the memory 130, this
      being with the purpose of releasing the units 155 and 156 by newly coding
      the arrangement to reach a new goal.
PAR  FIGS. 9 and 10 show schematically a vehicle construction having a framework
      160, a steerable front drive wheel 161 and rear wheels 162, 163. Other
      parts of the vehicle are designated with the reference numerals already
      mentioned. A steering and drive unit 164 for the front wheel 161 can be
      rotated about a vertical axis in a known way, whereby a forwardly-directed
      support 166 is connected with the receiver 105. Steering is effected in a
      known way via a steering motor 167.
PAR  The individual groups can be constructed from commercially used structures
      and elements, as obtainable, for example, from Texas Instruments, Sescosen
      or RCA.
CLMS
STM  I claim:
NUM  1.
PAR  1. For a closed transport system comprising a plurality of routes, a
      plurality of route junctions which each allow a choice of two directions,
      and at least one vehicle arranged to travel along said routes, a control
      apparatus comprising: a transmitter associated with each said junction,
      each transmitter being adapted to transmit a particular coded signal
      indicating the direction to be taken at the associated junction to proceed
      towards various route segments; drive means on each of the one or more
      vehicles for moving each of the one or more vehicles; and a respective
      destination selection device on each of the one or more vehicles connected
      to control the drive means of such vehicle, each said device comprising: a
      store in which may be entered a code indicative of a destination route
      segment for the vehicle; a receiver for receiving the coded signal
      transmitted from the transmitter associated with an approaching junction;
      a comparator connected to the associated store and receiver for comparing
      said stored destination signal and said received signal; and control means
      responsive to the output of the associated comparator to select the
      direction to be taken by the associated vehicle at the junction each
      transmitter including sending means to send said coded signal in the form
      of a fixed series of signal elements each associated with a particular
      segment and destination marking together with any said signal element
      associated with a route segment which will be reached on leaving the
      associated junction, and on the vehicle said receiver and comparator
      including operating means to function with the same number of signal
      elements.
NUM  2.
PAR  2. Control apparatus according to claim 1, wherein each of the one or more
      vehicles is provided with a steering device and said control means is
      operative on the steering device of the associated vehicle to cause such
      vehicle to take the selected direction.
NUM  3.
PAR  3. Control apparatus according to claim 1 wherein each control means is
      operative on means associated with an approaching junction such that the
      junction either remains in one position or switches to another position,
      according to the direction to be taken.
NUM  4.
PAR  4. Control apparatus according to claim 1 for use with a transport system
      which is sub-divided into a plurality of interconnected networks, wherein
      each transmitter is arranged to send an additional series of signal
      elements corresponding at least to the number of said networks, and the
      code entered in the or each store is also indicative of a destination
      network.
NUM  5.
PAR  5. An apparatus as in claim 4, wherein said comparator means responds to
      agreement between the destination signal of the receiver and the store by
      causing said control means to steer the vehicle, said transmitter and said
      store assigning the destination signal at each signal step whenever a
      destination can be reached immediately beyond the junction of the
      transmitter.
NUM  6.
PAR  6. An apparatus as in claim 5, wherein each transmitter is adapted to
      repetitively send out said series of coded signal elements as a continuous
      succession of signal elements with beginning or end markings between each
      said series, and said comparator has a synchronizing means arranged to
      detect such markings.
NUM  7.
PAR  7. An apparatus as in claim 6, wherein each transmitter is adapted to send
      an interval between each series of pulses to indicate the beginning and
      end of a series.
NUM  8.
PAR  8. A system as in claim 4, wherein the destination marking is provided by
      an additional signal within a signal step in a region left out by the
      signal pulses.
NUM  9.
PAR  9. Control apparatus according to claim 4 wherein each transmitter is
      adapted to transmit a destination marking together with any of said
      additional series of signal elements associated with a network which will
      be reached on leaving the associated junction.
NUM  10.
PAR  10. Control apparatus according to claim 4, wherein the comparator
      associated with each of the one or more vehicles includes first means
      operative to cause comparison of said additional series of received
      network signal elements with the network part of the destination coding to
      detect conformity therebetween, and second means connected to said first
      means and responsive to detection of conformity by said first means to
      cause comparison of the received series of route segment signal elements
      with the route segment part of the destination coding to detect conformity
      therebetween, said control means being responsive to detection of
      conformity with both the network and route segment parts of the coding by
      said first and second means respectively, indicating that the desired
      destination route segment is approaching, to cause operation of other
      functions of the vehicle.
NUM  11.
PAR  11. Control apparatus according to claim 10, wherein each of the one or
      more vehicles is provided with a counter having an input connected to
      receive pulses indicative of the extent of travel of the vehicle and an
      output connected to control the vehicle drive means, and said control
      means is operative to enable said counter once the destination route
      segment has been arrived at to measure the extent of travel of the vehicle
      along the destination route segment.
NUM  12.
PAR  12. Control apparatus according to claim 11, wherein said counter on each
      of the one or more vehicles is adapted to generate a signal once a desired
      count has been reached, and means is provided responsive to said signal to
      cause stopping of the vehicle.
NUM  13.
PAR  13. Control apparatus according to claim 10, wherein a signal device having
      a transmitter is provided on a route between two junctions, such
      transmitter being adapted to send a signal consisting of a series of
      network and zone signal elements with a destination marking accompanying
      one of the zone signal elements in order to mark a certain point on the
      route.
NUM  14.
PAR  14. Control apparatus according to claim 1, wherein each transmitter is
      adapted to send said coded signal such that said signal elements are
      time-spaced and assigned respective successive time slots, said markings
      each being provided by an additional signal within a free space in the
      time slot of the associated signal element.
NUM  15.
PAR  15. Control apparatus according to claim 14 wherein each transmitter is
      adapted to send said coded signal such that said signal elements are of
      two different lengths, each length indicating a respective direction to be
      taken from the associated junction to proceed towards the associated route
      segment.
NUM  16.
PAR  16. Control apparatus according to claim 1 wherein each transmitter is
      adapted to repetitively send out said series of coded signal elements as a
      continuous succession of signal elements with beginning or end markings
      between each said series, and said comparator has synchronising means
      arranged to detect such markings.
NUM  17.
PAR  17. Control apparatus according to claim 16 wherein each transmitter is
      adapted to send an interval between each series of pulses to indicate the
      beginning and end of a series.
NUM  18.
PAR  18. Control apparatus according to claim 1 including means for varying the
      coding of each transmitter in order to give new route directions to a
      destination and to add or remove route segments.
NUM  19.
PAR  19. Control apparatus as claimed in claim 1 wherein means is provided at at
      least one stopping point on the system for altering the destination coding
      of a vehicle thereat.
NUM  20.
PAR  20. An apparatus as in claim 1, wherein said comparator means responds to
      agreement between the destination signal of the receiver and the store by
      causing said control means to steer the vehicle, said transmitter and said
      store assigning the destination signal at each signal step whenever a
      destination can be reached immediately beyond the junction of the
      transmitter.
NUM  21.
PAR  21. An apparatus as in claim 1, wherein each store includes a destination
      code and each vehicle has its own starting code, said comparator comparing
      the starting code with the code of the desired destination and said
      junctions being coded so that the vehicle reaches its destination.
NUM  22.
PAR  22. An apparatus as in claim 1, wherein the sending means in each
      transmitter forms each signal element so as to produce a mark and a space
      with the length of the mark indicating one or another signal, and forms
      the destination marking in any one signal element as an additional mark
      within the space.
NUM  23.
PAR  23. For a closed transport system comprising a plurality of routes, a
      plurality of route junctions which each allow a choice of two directions,
      and at least one vehicle arranged to travel along said routes, a control
      apparatus comprising: a transmitter associated with each said junction,
      each transmitter being adapted to transmit a particular coded signal
      indicating the direction to be taken at the associated junction to proceed
      towards various route segments; drive means on each of the one or more
      vehicles for moving each of the one or more vehicles; and a respective
      destination selection device on each of the one or more vehicles connected
      to control the drive means of such vehicle, each said device comprising: a
      store in which may be entered a code indicative of a destination route
      segment for the vehicle; a receiver for receiving the coded signal
      transmitted from the transmitter associated with an approaching junction;
      a comparator connected to the associated store and receiver for comparing
      said stored destination signal and said received signal; and control means
      responsive to the output of the associated comparator to select the
      direction to be taken by the associated vehicle at the junction each
      transmitter including sending means to send said coded signal in the form
      of a fixed series of signal elements each associated with a particular
      segment and destination marking together with any said signal element
      associated with a route segment which will be reached on leaving the
      associated junction, and on the vehicle said receiver and comparator
      including operating means to function with the same number of signal
      elements each of said control means being operative on means associated
      with an approaching junction such that the junction either remains in one
      position or switches to another position, according to the direction to be
      taken; each control means including a timing circuit, which, after said
      control means has caused switching of a junction, is operative to cause
      said means associated with the junction to return the junction to its
      original position.
NUM  24.
PAR  24.
PAR  For a closed transport system comprising a plurality of routes, a plurality
      of route junctions which each allow a choice of two directions, and at
      least one vehicle arranged to travel along said routes, a control
      apapratus comprising; a transmitter associated with each said junction,
      each transmitter being adapted to transmit a particular coded signal
      indicating the direction to be taken at the associated junction to proceed
      towards various route segments; drive means on each of the one or more
      vehicles for moving each of the one or more vehicles; and a respective
      destination selection device on each of the one or more vehicles connected
      to control the drive means of such vehicle, each said device comprising; a
      store in which may be entered a code indicative of a destination route
      segment for the vehicle, a receiver for receiving the coded signal
      transmitted from the transmitter associated with an approaching junction;
      a comparator connected to the associated store and receiver for comparing
      said stored destination signal and said received signal; and control means
      responsive to the output of the associated comparator to select the
      direction to be taken by the associated vehicle at the junction each
      transmitter including sending means to send said coded signal in the form
      of a fixed series of signal elements each associated with a particular
      segment and destination marking together with any said signal element
      associated with a route segment which will be reached on leaving the
      associated junction, and on the vehicle said receiver and comparator
      including operating means to function with the same number of signal
      elements, means for varying the coding of each transmitter in order to
      give new route directions to a destination and to add or remove route
      segments; a central control unit, said transmitters being connected to
      said central control unit for alteration of selected transmitter codings
      therefrom to modify vehicle paths to avoid obstructions or blockages of
      the transport system.
NUM  25.
PAR  25.
PAR  For a closed transport system comprising a plurality of routes, a plurality
      of route junctions which each allow a choice of two directions, and at
      least one vehicle arranged to travel along said routes, a control
      apparatus comprising: a transmitter associated with each said junction,
      each transmitter being adapted to transmit a particular coded signal
      indicating the direction to be taken at the associated junction to proceed
      towards various route segments; drive means on each of the one or more
      vehicles for moving each of the one or more vehicles; and a respective
      destination selection device on each of the one or more vehicles connected
      to control the drive means of such vehicle, each said device comprising: a
      store in which may be entered a code indicative of a destination route
      segment for the vehicle; a receiver for receiving the coded signal
      transmitted from the transmitter associated with an approaching junction;
      a comparator connected to the associated store and receiver for comparing
      said stored destination signal and said received signal; and control means
      responsive to the output of the associated comparator to select the
      direction to be taken by the associated vehicle at the junction each
      transmitter including sending means to send said coded signal in the form
      of a fixed series of signal elements each associated with a particular
      segment and destination marking together with any said signal element
      associated with a route segment which will be reached on leaving the
      associated junction, and on the vehicle said receiver and comparator
      including operating means to function with the same number of signal
      elements; a central control unit, each of the one or more vehicles being
      in communication with said central control unit so that the destination
      coding in said store can be altered at any point in the system.
NUM  26.
PAR  26. Control apparatus according to claim 25 wherein said one or more
      vehicles in communication with said central control unit include a second
      store and means for transferring the code in the first-mentioned store
      into said second store for retaining the replaced code until a priority
      code entered into the first-mentioned store from said central control unit
      is executed.
NUM  27.
PAR  27. For a closed transport system comprising a plurality of routes, a
      plurality of route junctions which each allow a choice of two directions,
      and at least one vehicle arranged to travel along said routes, a control
      apparatus comprising: a transmitter associated with each said junction,
      each transmitter being adapted to transmit a particular coded signal
      indicating the direction to be taken at the associated junction to proceed
      towards various route segments; drive means on each of the one or more
      vehicles for moving each of the one or more vehicles; and a respective
      destination selection device on each of the one or more vehicles connected
      to control the drive means of such vehicle, each said device comprising: a
      store in which may be entered a code indicative of a destination route
      segment for the vehicle, a receiver for receiving the coded signal
      transmitted from the transmitter associated with an approaching junction;
      a comparator connected to the associated store and receiver for comparing
      said stored destination signal and said received signal; and control means
      responsive to the output of the associated comparator to select the
      direction to be taken by the associated vehicle at the junction each
      transmitter including sending means to send said coded signal in the form
      of a fixed series of signal elements each associated with a particular
      segment and destination marking together with any said signal element
      associated with a route segment which will be reached on leaving the
      associated junction, and on the vehicle said receiver and comparator
      including operating means to function with the same number of signal
      elements each of the one or more vehicles being in communication with a
      central control unit and is provided with means for storing a respective,
      individual code and a fixed destination code and means responsive to
      receipt of a desired destination code from said control unit to replace
      said fixed destination code with such received code, whereby after the
      vehicle has started with the aid of said fixed destination code, said
      fixed destination code can be replaced from said central control unit with
      the code of the desired destination.
NUM  28.
PAR  28. For a closed transport system comprising a plurality of routes, a
      plurality of route junctions which each allow a choice of two directions,
      and at least one vehicle arranged to travel along said routes, a control
      apparatus comprising: a transmitter associated with each said junction,
      each transmitter being adapted to transmit a particular coded signal
      indicating the direction to be taken at the associated junction to proceed
      towards various route segments; drive means on each of the one or more
      vehicles for moving each of the one or more vehicles; and a respective
      destination selection device on each of the one or more vehicles connected
      to control the drive means of such vehicle, each said device comprising; a
      store in which may be entered a code indicative of a destination route
      segment for the vehicle; a receiver for receiving the coded signal
      transmitted from the transmitter associated with an approaching junction,
      a comparator connected to the associated store and receiver for comparing
      said stored destination signal and said received signal; and control means
      responsive to the output of the associated comparator to select the
      direction to be taken by the associated vehicle at the junction each
      transmitter including sending means to send said coded signal in the form
      of a fixed series of signal elements each associated with a particular
      segment and destination marking together with any said signal element
      associated with a route segment which will be reached on leaving the
      associated junction, and on the vehicle said receiver and comparator
      including operating means to function with the same number of signal
      elements, each of the one or more vehicles being in communication with a
      central control unit and is provided with means for storing a respective,
      individual code and a fixed destination code and means responsive to
      receipt of a desired destination code from said control unit to replace
      said fixed destination code with such received code, whereby after the
      vehicle has started with the aid of said fixed destination code, said
      fixed destination code can be replaced from said central control unit with
      the code of the desired destination; and comparator means responding to
      agreement between the destination signal of the receiver and the store by
      causing said control means to steer the vehicle, said transmitter and said
      store assigning the destination signal at each signal step whenever a
      destination can be reached immediately beyond the junction of the
      transmitter; the comparator associated with each of the one or more
      vehicles including first means operative to cause comparison of said
      additional series of received network signal elements with the network
      part of the destination coding to detect conformity therebetween, and
      second means connected to said first means and responsive to detection of
      conformity of said first means to cause comparison of the received series
      of route segment signal elements with the route segment part of the
      destination coding to detect conformity therebetween, said control means
      being responsive to detection of conformity with both the network and
      route segment parts of the coding by said first and second means
      respectively, indicating that the desired destination route segment is
      approaching, to cause operation of other functions of the vehicle.
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ABST
PAL  This application discloses a sliding gate the top surface of which is
      tapered so that as it is closed the top surface will compress against a
      first elastomeric sealing means to eliminate lading leakage, and move away
      from the lading as the gate is opened, reducing the force required to open
      the gate. A cam assist mechanism is combined with the inclined gate to
      further reduce the required opening torque. The gate may be mounted on
      rollers, which also aid to reduce the opening force required. However, a
      low friction track may also be utilized to support the gate. In addition
      to the first elastomeric sealing means, a second elastomeric sealing means
      may be provided, preferably spring-loaded, at the back edge of the gate to
      close the gap between the gate and the second sealing means when the gate
      is opened.
PAL  The gate may be fabricated from metal plates or utilize a honeycomb
      sandwich type of construction. The gate may be fabricated so that a rack
      which is part of the drive mechanism for the gate is imbedded in the
      honeycomb core so that the outer surface of the rack is flush with the
      bottom edge of the gate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Sliding gate gravity outlets have been used on covered hopper cars for many
      years. However, it often occurs that these outlets are very difficult to
      open. Gravity outlets also have caused problems due to leakage of lading,
      both while the cars are in transit and while they are being unloaded. The
      AAR has recently proposed a specification which will require that future
      gravity outlets have improved leakage characteristics and greatly reduced
      torque requirements to open the gates (not more than 400 foot pounds). It
      is most preferred that the torque required be even less, not more than
      about 300 foot pounds.
PAR  The methods presently used to lower the opening torque include various
      types of gear drives. If gearing is used to reduce the required opening
      torque, the angular shaft rotation required per inch of gate travel is
      increased throughout the entire travel of the gate an amount equal to the
      ratio in the gear system.
PAR  It is an object of the present invention to provide a gravity outlet in
      which the force required to open the gate is reduced.
PAR  Another object of the present invention is to provide an assembly for
      reducing the torque required to open the gate which does not increase the
      angular shaft rotation required throughout the entire gate travel from
      closed to open position.
PAR  Another object of the present invention is to provide a substantially
      leak-tight closure for the bottom of the hopper.
PAR  Other objects will be apparent from the following description and drawings.
DRWD
PAC  THE DRAWINGS
PAR  FIG. 1 is a plot of the torque required to move a gravity outlet against
      the distance the outlet moves from the closed to open position;
PAR  FIG. 1A is schematic representation of the lading "lodging" and the lading
      frictional force applied to an inclined gate;
PAR  FIG. 2 is a side elevation of a covered hopper railway car having a
      plurality of bottom outlet structures comprising the present invention;
PAR  FIG. 3 is a side elevational view of the gravity outlet of the present
      invention;
PAR  FIG. 3A is an enlarged detailed view of the first elastomeric sealing
      means;
PAR  FIG. 3B is a detailed view of the second elastomeric sealing means;
PAR  FIG. 3C is a sectional view along the lines 3C--3C in FIG. 3;
PAR  FIG. 4 is a top view of the gravity outlet of the present invention along
      the lines 4--4 in FIG. 3;
PAR  FIG. 5 is a section taken generally along line 5--5 of FIG. 4;
PAR  FIG. 6 is an exploded perspective of the cam assist mechanism for opening
      the sliding gate;
PAR  FIG. 7 is a section taken generally along line 7--7 of FIG. 6 and
      illustrates the cam mechanism for initially breaking the gate open with
      the gate in fully closed position;
PAR  FIG. 8 is a section similar to FIG. 7 but illustrating the gate and cam
      mechanism after the gate has been initially opened by the cam mechanism;
PAR  FIG. 9 is a perspective view illustrating the honeycomb structure that may
      be utilized for fabrication of the gate according to one embodiment of the
      present invention;
PAR  FIG. 10 is a sectional view along the lines 10--10 in FIG. 9.
PAC  SUMMARY OF THE INVENTION
PAR  This invention comprises a sliding gate, the top surface of which is
      tapered so that as it is closed the top surface will compress against a
      first elastomeric sealing means to reduce or eliminate lading leakage, and
      move away from the lading as the gate is opened reducing the force
      required to open the gate. A cam assist operating mechanism is combined
      with the inclined gate to further reduce the initial torque required to
      start the gate moving from open to closed position. The gate may be
      mounted on rollers, which also aid to reduce the opening force required.
      However, a low friction track may also be utilized to support the gate.
PAR  The first elastomeric sealing means may comprise a lip which is oriented so
      that the lading pressure will force it against the gate, providing
      additional sealing. A second elastomeric sealing means may be provided,
      preferably spring-loaded, at the back edge of the gate to close the gap
      between the gate and the second sealing means when the gate is opened,
      which is created due to the taper of the gate when it is opened.
PAR  The gate may be fabricated from metal plates or utilize a honeycomb
      sandwich type of construction. The honeycomb structure may comprise a
      metal skin on the top, bottom and sides, bonded to a honeycomb core. The
      gate may be fabricated so that a rack which is part of the drive mechanism
      for the gate is imbedded in the honeycomb core so that the outer surface
      of the rack is flush with the bottom edge of the gate.
DETD
PAC  DETAILED DESCRIPTION
PAR  The opening force or rotational torque required to open the gate in a
      gravity outlet when the hopper is loaded, as shown in FIG. 1, is maximum
      just as the gate starts to move. However, after the gate starts to move,
      the required torque to keep the gate moving toward a fully open position
      is reduced. In the case of a flat gate, the decrease in opening force is
      rather gradual (Curve No. 1). In the case of an inclined or wedge-shaped
      gate (Curve No. 2) the opening force drops off much more rapidly.
PAR  It can also be seen from FIG. 1, if a flat gate is initially opened with a
      cam having a mechanical advantage, for example, as disclosed and claimed
      in U.S. Pat. Nos. 3,387,570 and 3,397,654, the required torque is much
      less (Curve No. 3). Curve No. 4 shows the torque required when a
      mechanical advantage cam assist is combined with an inclined gate.
      Comparison of Curves 3 and 4 reveals that after the cam assist is no
      longer operative to reduce the torque required to open the gate, the
      inclined gate continues to reduce the torque required to open the gate.
      After the cam has opened the gate the first few inches, the gate can then
      be opened the remaining amount with a conventional rack and pinion
      arrangement. Curve 5 shows the proposed AAR maximum allowable torque.
PAR  Referring to FIG. 2, a covered hopper railway car is generally designated 1
      and has a plurality of hoppers 2 separated by partitions or bulkheads 4. A
      truck assembly 6 is arranged at each end of car 1. Spaced along the top of
      car 1 are hatch covers 8 for loading of the car with finely-divided
      materials, such as corn, wheat, granulated potash. Hopper sheets 9 of each
      hopper structure 2 slope downwardly to a bottom discharge opening defined
      by outer peripheral flanges 7.
PAR  Referring to FIGS. 3-5 of the drawings, the outlet 10 may comprise a pan 12
      having a flange 14 for removably affixing the outlet to flanges 7 of
      hoppers 2 with fasteners 15.
PAR  Secured to peripheral flange 7 beneath each bottom discharge opening is a
      frame structure generally indicated generally at 124. Each frame structure
      124 comprises an end member 125 having an upper generally rectangular
      peripheral flange 128 and a front support 127, for example, of channel
      shape. The gate is supported on the sides with low friction track side
      support members 126.
PAR  The sliding gate 20 may comprise a fabricated or cast plate or be
      fabricated utilizing a honeycomb sandwich type of construction described
      hereinafter.
PAR  The top surface 22 of the gate is tapered so that as the gate is closed the
      top surface 22 will compress against a first sealing means indicated
      generally at 30 to reduce or eliminate lading leakage. Sealing means 30
      may comprise an elastomer 31 which may be bonded to pan 12 or be removably
      affixed with fasteners 34. In addition to the seal created from
      compression of the elastomer 31, as shown in FIG. 3A, a lip 32 may be
      provided which is oriented so that the lading pressure will force it
      against the gate, providing additional sealing. As the inclined gate is
      opened, it moves downwardly, away from the lading, reducing the force or
      torque required to open the gate. Furthermore, many ladings tend to bind
      together or "bridge". It is believed that after the inclined gate moves
      downwardly, away from the lading, many ladings tend to "bridge" and thus
      become self sustaining. Since the frictional force (F) acting upon the
      gate is equal to U N, where U is the coefficient of friction between the
      lading and the gate and N is the normal force, if the lading "bridges" and
      becomes self-sustaining (supported by the hopper slope from the side) the
      force required to open the gate is less due to the reduction in the normal
      force. Also the force N which is normal to the inclined gate has a
      component H which is horizontal and in the direction to aid in opening the
      gate as shown in FIG. 1A. Thus the inclined gate reduces the force or
      torque required to open the gate due to bridging and due to the horizontal
      component of the lading force which is normal to the inclined gate.
      Preferably the gate is inclined 2.degree. to 15.degree. to the horizonal.
PAR  In addition to first sealing means 30 a second sealing means 36 may be
      provided at the back edge of the gate to close the gap 37 between the gate
      and the seal when the gate is opened, which is created due to the taper of
      the gate when it is opened. As shown in FIG. 3B, second sealing means 36
      may comprise an elastomeric sealing strip 38 held in place with fasteners
      39 which is preferably resiliently biased with resilient means 40, for
      example, by means of spring 42.
PAR  The gate may be mounted on rollers 44 affixed to the outlet frame structure
      with fasteners 46 (FIG. 3C). The rollers aid to reduce the opening force
      required. If the gate is supported on rollers, the outlet structure is
      contoured so that there are no ledges or protrusions which will permit
      lading to hang up. Alternatively, the gate may be mounted on a low
      friction track as shown in FIG. 5 at 126.
PAR  An important feature of the present invention is the combination of the
      inclined gate 20 with a cam assist indicated generally at 50.
PAR  The cam assist arrangement may be as described in ACF U.S. Pat. Nos.
      3,387,570 and 3,397,654 hereby incorporated into the present application
      by this reference, where cams are used to open flat gates. The preferred
      arrangement is disclosed in U.S. Pat. No. 3,387,570, which will be
      described as an example.
PAR  Secured to opposed side edges of gate 20 are blocks 136 supported on the
      upper surface of low friction truck 126 and adapted to move therealong
      with gate 20. Stub shafts 138 may be secured to gate 20 and blocks 136.
      Mounted for pivotal movement on the outer end of each stub shaft 138 is a
      rack 140 provided for sliding movement with gate 20 along the upper
      surface of the subjacent end track member 126. A rack retainer slip 141
      may be provided and if so, secured to each end track member 126 to guide
      the associated rack 140 as shown in FIGS. 4 and 5.
PAR  A bearing support bracket 142 is secured to the underside of each end track
      member 126 and has a bearing 144 thereon. A pinion shaft 146 is mounted in
      bearings 144 for rotation and has a capstan 148 fixed to each end thereof.
      A suitable handspike (not shown) or the like may be inserted in suitable
      openings of capstans 148, or if desired, a suitable source of rotational
      power (not shown) affixed to capstan 148 to rotate shaft 146 for opening
      and closing gate 20.
PAR  To provide a mechanical advantage and a relatively high force for initially
      opening gate 20, the present invention comprises a cam 51 fixed to pinion
      shaft 146 adjacent each side thereof and acting against an adjacent block
      136. A pinion 52 adjacent each end of shaft 146 is mounted for free
      rotation on shaft 146 and has a pair of lugs 56 extending therefrom. Fixed
      to shaft 146 are drive rings 58 each having a lug 60 adapted to engage an
      associated lug 56 for driving the adjacent pinion 52. As shown in FIG. 7,
      an opening 62 in the horizontal leg of each side member 26 beneath cam 51
      receives cam 50 upon rotation thereof. Positioned adjacent cam 51 on each
      block 136 is a roller 64 mounted on an axle 66 for rotation and in
      engagement with cam 51 for minimizing frictional contact between cam 51
      and block 36.
PAR  Means 67 are provided to secure gate 20 in closed position. For example, a
      latch rod 68 is mounted for rotation on track members 126 and has latch
      bars 70 thereon adapted to swing behind an adjacent stub shaft when gate
      20 is in closed position to prevent opening of the gate. Latch bars 70 are
      supported on tabs 72 in the closed position of the gate indicated in FIG.
      4 and on tabs 74 in the open position of gate 20 shown in FIG. 4.
PAR  For initially opening gate 20 from the fully closed position shown in FIG.
      4, latch rod 68 is rotated to the position of FIG. 8 and pinion shaft 146
      is rotated manually by a suitable handspike in capstan 148 or by a
      suitable rotational power source from either side of gate 20.
PAR  Initial rotation of shaft 146 rotates cams 51 in a counterclockwise
      direction as viewed in FIG. 7. Cams 51 are in engagement with rollers 64
      and urge blocks 136 outwardly to move gate 20 in an opening direction.
      Pinions 52 since mounted for free rotation on shaft 146, are rotated by
      the movement of racks 140 upon the initial opening of gate 20 with the
      rotational movement of pinions 52 equal to the linear movement of gate 20.
      Upon rotation of cams 51 around 350.degree. as shown in solid lines in
      FIG. 8, gate 20 opens a distance of around 2 inches. The outer
      circumferences of pinions 52 are rotated a distance of 2 inches by racks
      140 upon the initial opening of gate 20 by cams 51 and thus, lugs 56 on
      pinions 52 are moved around 45.degree. from their initial position shown
      in FIG. 7 to the position of FIG. 8 in which lugs 60 engage lugs 56 in
      driving relation. The position of cams 51 when pinions 52 are engaged by
      drive lugs 60 is indicated in broken lines in FIGS. 8 and thereafter, gate
      20 opens at a relatively high rate of speed as cams 51 are out of
      engagement with rollers 64. The mechanical advantage of cams 51 may vary
      as desired, for as low as 2 to 1 up to 20 to 1 or higher so a large
      opening force is obtained for initially breaking gate 20 open.
PAR  When the gate 20 is fully opened and it is desired to move the gate toward
      a closed position, shaft 146 is rotated in an opposite direction and lugs
      60 then engage the opposite side of lugs 56 to drive pinion 52 and to move
      gate 20 toward closed position.
PAR  When gate 20 reaches its remaining 2 inches of movement, lugs 60 and cams
      51 are positioned so that cams 51 will be rotated into the position of
      FIG. 7 upon the full closing of gate 20. Thus, the positioning and
      dimensions of lugs 56 and 60 are such that cams 51 move into the position
      of FIG. 7 upon the full closing of gate 20. Therefore, when gate 20 is
      fully closed, cams 51 are in proper position for again opening gate 20.
PAR  If desired, as shown in FIGS. 9 and 10, the gate may comprise a honeycomb
      structure indicated generally at 80. The honeycomb structure may comprise
      metal sheets on the top 82, bottom 84 and sides 86 bonded to a honeycomb
      core 88. One or more racks 140 for the gate drive mechanism may be
      imbedded in the honeycomb core so that the outer surface 92 of the rack is
      substantially flush with the bottom edge 83 of the gate.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gravity outlet comprising:
PA1  a pan having flange means for attachment to a hopper and sides inclined
      inwardly and downwardly to define an opening for lading discharge;
PA1  a gate movable horizontally between a closed position wherein said gate
      closes said opening and an open position wherein lading may discharge
      through said opening;
PA1  said gate having an upper surface which is inclined downwardly toward said
      first side acting to reduce the torque required to open said gate by
      moving away from the lading as the gate opens;
PA1  means for moving said gate horizontally between said open and closed
      positions comprising cam means for initiating movement of said gate from
      said first side, and drive means separate from said cam means for moving
      said gate to a desired open position and for moving said gate to closed
      position;
PA1  said cam means and said inclined upper surface acting together to effect a
      reduction in the starting torque required to open the gate until said cam
      means is no longer operative to reduce the torque required to open said
      gate, after which said inclined upper surface continues to reduce the
      torque required to open the gate.
NUM  2.
PAR  2. A gravity outlet according to claim 1 wherein sealing means are provided
      on at least one side of said outlet, and wherein said sealing means close
      the gap created by said inclined surface when the gate is opened.
NUM  3.
PAR  3. A gravity outlet according to claim 1 wherein said gate comprises a
      plate.
NUM  4.
PAR  4. A gravity outlet according to claim 1 wherein said drive means comprises
      at least one rack and at least one pinion engageable therewith.
NUM  5.
PAR  5. A gravity outlet according to claim 1 wherein a low friction track is
      mounted on said outlet which track supports said gate as it is moved
      between open and closed positions.
NUM  6.
PAR  6. A gravity outlet comprising:
PA1  a pan having flange means for attachment to a hopper and sides inclined
      inwardly and downwardly to define an opening for lading discharge;
PA1  a gate movable horizontally between a closed position wherein said gate
      closes said opening and an open position wherein lading may discharge
      through said opening; said gate in closed position engaging first sealing
      means mounted on a first side of said outlet; said gate having an upper
      surface which is inclined downwardly toward said first side acting to
      reduce the torque required to open said gate by moving away from the
      lading as the gate opens;
PA1  resiliently biased second sealing means provided in said outlet on a second
      side opposite to said first side for closing the gap created by the
      inclined surface when said gate is opened;
PA1  means for moving said gate horizontally between said open and closed
      positions comprising cam means for initiating movement of said gate from
      said first side, and drive means separate from said cam means for moving
      said gate to a desired open position and for moving said gate to closed
      position;
PA1  said cam means and said inclined upper surface acting together to effect a
      reduction in the starting torque required to open the gate until said cam
      means is no longer operative to reduce the torque required to open said
      gate, after which said inclined upper surface continues to reduce the
      torque required to open the gate.
NUM  7.
PAR  7. A gravity outlet according to claim 6 wherein said first sealing means
      comprises a lip which is engaged by said gate in closed position.
NUM  8.
PAR  8. A gravity outlet according to claim 6 wherein rollers are mounted upon
      said outlet which support said gate as it is moved between open and closed
      positions.
NUM  9.
PAR  9. A gravity outlet according to claim 6 wherein said second sealing means
      comprises an elastomeric strip.
NUM  10.
PAR  10. A gravity outlet according to claim 9 wherein said elastomeric strip is
      spring loaded.
NUM  11.
PAR  11. A gravity outlet comprising:
PA1  a pan having flange means for attachment to a hopper and sides inclined
      inwardly and downwardly to define an opening for lading discharge;
PA1  a gate comprising a honeycomb sandwich movable between a closed position
      wherein said gate closes said opening and an open position wherein lading
      may discharge through said opening; said gate in closed position engaging
      first sealing means mounted on a first side of said outlet; said gate
      having an upper surface which is inclined downwardly toward said first
      side;
PA1  resiliently biased second sealing means provided in said outlet for closing
      the gap created by the inclined surface when said gate is opened;
PA1  means for moving said gate between said open and closed positions
      comprising cam means for initiating movement of said gate from said first
      side; and drive means separate from said cam means for moving said gate to
      a desired open position and for moving said gate to closed position.
NUM  12.
PAR  12. A gravity outlet according to claim 11 wherein said drive means
      comprises at least one rack and at least one pinion engageable therewith
      and wherein said rack is imbedded in said honeycomb sandwich.
NUM  13.
PAR  13. A gravity outlet according to claim 12 wherein said rack is
      substantially flush with the bottom surface of the gate.
NUM  14.
PAR  14. A gravity outlet comprising:
PA1  a pan having flange means for attachment to a hopper and sides inclined
      inwardly and downwardly to define an opening for lading discharge;
PA1  a gate movable on rollers between a closed position wherein said gate
      closes said opening and an open position wherein lading may discharge
      through said openings; said gate in closed position engaging first sealing
      means mounted on a first side of said outlet said gate comprising a
      honeycomb sandwich having an upper surface which is inclined downwardly
      toward said first side;
PA1  resiliently biased second sealing means provided in said outlet for closing
      the gap created by the inclined surface when said gate is opened;
PA1  means for moving said gate between said open and closed positions
      comprising cam means for initiating movement of said gate from said first
      side;
PA1  and drive means separate from said cam means for moving said gate to a
      desired open position and for moving said gate to closed position, said
      drive means comprising at least one rack and at least one pinion
      engageable therewith and wherein said rack is imbedded in each honeycomb
      sandwich.
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ABST
PAL  Anchoring mechanism for aircraft freight decks. Normally erect anchoring
      devices are provided on the freight deck of an aircraft which devices will
      automatically yield to the passage of freight containers or pallets across
      same and will automatically become reerected after such have passed. There
      is provided in a suitable recess in the deck of the aircraft a first lever
      system for sensing and responding to the presence of a pallet or container
      and a second lever system including a hook which when desired can be
      caused to enter into an appropriate recess in a container for holding same
      snugly to such deck. Such lever systems are interconnected in such a
      manner that pivotal movement of the first such system against a resilient
      force in response to the presence of a container or pallet will
      automatically fold the second lever system into its retracted position and
      then release same for return to operating position upon the passage of
      such pallet or a container. A spring-loaded claw holds the second lever
      system normally in its operating position within the floor recess but when
      released permits sufficient pivotal withdrawal of the locking hooks to
      expose rollers mounted on vertical axes for the guidance as desired of
      pallets or containers without engagement therewith by the clamping hooks.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to an anchoring mechanism with a pivotal locking hook
      for anchoring of freight containers, in particularly in an aircraft.
PAC  BACKGROUND OF THE INVENTION
PAR  When freight containers, for example pallets or shipping containers, are
      loaded into an aircraft, the surface of the freight deck must be free of
      obstacles. For this reason the locking hooks of common anchoring
      mechanisms are constructed pivotally so that they can be retracted below
      the surface of the freight deck. The pivoting of each individual locking
      hook is in the present practice done manually. Since in one freight
      aircraft there are installed up to some hundreds of such anchoring
      mechanisms, this is a time consuming and expensive operation.
PAR  In order to arrange the anchoring mechanisms in such a manner that they do
      not lie above the deck of the cargo compartment, it has already been
      suggested to provide guides for said anchoring mechanisms. However, these
      add weight and require additional room. To avoid these disadvantages, a
      further known suggestion (DAS) 1 531 387) provides for a cover which
      extends along the fuselage and is used to receive the locking members of
      the anchoring device. Same projects beyond the fuselage deck to the
      outside of each laterally outer longitudinal support. Projections are
      provided in the cover, which projections grip over the side edges of the
      pallets introduced into the freight compartment and secure said pallets
      against movement. This known device has the disadvantage that one often
      cannot fully use the deck of the freight compartment, because pallets of
      differing widths cannot be loaded.
PAR  The basic purpose of the invention is to produce an anchoring mechanism of
      the above-mentioned type which does not need to be retracted individually
      and again erected by the operators. Furthermore the anchoring mechanism is
      intended to permit the loading of the aircraft with freight containers of
      various widths without requiring changes in the cargo compartment.
PAC  SUMMARY OF THE INVENTION
PAR  This purpose is attained according to the invention by constructing the
      anchoring mechanism in such a manner that it is lowered automatically when
      freight containers are moved in and when it contacts said freight
      containers and automatically is erected again after the freight containers
      have passed.
PAR  Such a construction of the anchoring mechanism can, according to an
      exemplary embodiment of the invention, be obtaind by providing a bar on
      one arm of a pivotally mounted, two-arm lever, which bar is located above
      the surface of the freight deck and has two inclined contact faces, so
      that an approaching freight container pivots the lever about its pivotal
      axis, and by providing that the other arm of the lever is rotatably
      connected to the swingable locking hook in such a manner that it pivots
      the locking hook about its axis of rotation and thus moves it below the
      surface of the freight deck. The anchoring mechanism can contain guide
      rollers in a conventional manner, along which move the freight containers.
      In order to assure that, when several loading lines are used comprising
      freight containers of differing widths, the guide rollers are retracted
      simultaneously with the locking hook below the surface of the freight
      deck, the invention provides that on both sides of the locking hook there
      are provided rollers which are rotatable about vertical axes, same being
      held in roller holders which are pivotal about horizontal shafts. Said
      shafts are in alignment with the axis of rotation of the locking hook. A
      catch which is connected to the locking hook is received into slots of the
      roller holders, so that the roller holders are carried along during
      pivoting of the locking hook.
PAR  The independent reerecting of the anchoring mechanism is achieved according
      to the invention by placing the lever under the initial tension of a
      spring which exerts a pressure on said lever in the direction of its
      initial erected position.
PAR  It may sometimes be necessary, for example when containers with pockets are
      loaded onto the aircraft, to tilt the locking hook temporarily somewhat
      backwardly in order to keep the front edge of the guide rollers free from
      obstacles. This is achieved according to a further embodiment of the
      invention by supporting the locking hook in a fork which is pivotal about
      the axis of rotation of the lever, which fork can be locked by a rotatable
      claw and can be swung in unlocked condition under a spring tension
      sufficiently that the nose of the locking hook will lie behind the front
      edge of the guide rollers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is illustrated in the drawings, in which:
PAR  FIG. 1 is a side view,
PAR  FIG. 2 is a front view of the anchoring mechanism;
PAR  FIG. 3 illustrates the anchoring mechanism in folded, or retracted,
      position;
PAR  FIG. 4 illustrates the anchoring mechanism in unlocked position;
PAR  FIG. 5 is a section taken on line V--V of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIGS. 1 and 2, reference numeral 1 illustrates a freight container, for
      example a container which has pockets 2 at various points over its
      periphery. The deck 3 of the freight compartment is advantageously formed
      by a number of rollers or ball elements (not illustrated), which permit an
      easy movement of the freight containers.
PAR  The inventive anchoring mechanism contains a two-arm lever 4, which has the
      arms 5 and 6 and which is pivotal about the axis 7. A bar 8 with two
      inclined contact faces 9 and 10 is provided on the arm 6 of the lever 4.
      As can be seen from FIG. 2, the contact faces 9 and 10 are so arranged
      that they are pressed down by contact during loading or unloading of the
      freight container 1 and the freight container thereby pivots the lever 4
      about its horizontal axis 7.
PAR  A locking hook 11 has a nose 12 and is pivotal about the horizontal axis 13
      which lies at the same height as the pivot axis 7 of the lever 4. The
      locking hook 11 and the lever 4 are hingedly connected by a pin 14 which
      is arranged in a slotted hole 15 of the arm 5 of the lever 4.
PAR  On both sides of the locking hook 11, rollers 16 and 17 with vertical axes
      18 and 19 are arranged in roller holders 20 and 21. These roller holders
      are pivotal about horizontal shafts 22 and 23, which are in alignment with
      the axis of rotation 13 of the locking hook 11. A catch 24 which is fixed
      to the locking hook 11 is received into slots 25 and 26 of the roller
      holders 20, 21, so that the roller holders 20, 21 are carried along during
      a pivoting of the locking hook 11.
PAR  A torsion spring 27 is secured on the lever 4 so that its initial tension
      urges the lever 4 toward its erected initial position, as illustrated in
      FIG. 1.
PAR  The locking hook 11 is supported in a pivotal fork 28, which in turn is
      pivotal about the axis of rotation 7 of the lever 4. A claw 29, which is
      pivotally supported in the housing of the anchoring mechanism, engages a
      groove 30 of the fork 28 and locks it in the position illustrated in FIG.
      1.
PAR  When the claw 29 is released manually or by a foot lever (not illustrated),
      the locking hook 11 pivots under the action of a spring (not illustrated)
      sufficiently to the right that its nose 12 will lie behind the front edge
      of the guide rollers 16, 17. This permits movement of freight containers
      with pockets along the rollers 16, 17 and after they reach their desired
      position, the noses 12 of the locking hooks 11 engage the pockets 2 of the
      freight containers.
PAR  FIG. 3 illustrates the anchoring mechanism in folded position or the
      position when retracted in the floor of the freight compartment. The lever
      4 is swung in such a manner that its arm 5 is directed upwardly, whereby
      it has acted through the pin 14 to pivot the locking hook 11 about its
      axis 13 sufficiently that same will lie below the floor 3 of the freight
      compartment.
PAR  FIG. 4 illustrates the position of the anchoring mechanism in which the
      claw 29 is swung out of the groove 30. The pivotal fork 28 is here pivoted
      by spring force about the axis of rotation 7 sufficiently to the right
      that the nose 12 of the locking hook 11 will lie behind the front edge of
      the guide rollers 16, 17.
PAR  A freight container with pocket 2 is illustrated by reference numeral 1 in
      FIG. 4; it can be seen from the dash-dotted position of the nose 12 that
      it can be swung into the pocket 2 of the container when same is in its
      final position.
PAR  Although a particular preferred embodiment of the invention has been
      disclosed above for illustrative purposes, it will be understood that
      variations or modifications thereof which lie within the scope of the
      appended claims are fully contemplated.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An anchoring mechanism having a pivotal hook for engaging and anchoring
      freight containers to flooring in an aircraft, comprising:
PA1  a two arm lever pivotally supported for movement about a first pivot axis
      having a bar secured to one arm and extending above the surface of said
      flooring, said bar having a pair of inclined contact faces for engaging a
      moving freight container, said moving freight container effecting a
      pivoting of said lever about said first pivot axis when said freight
      container engages said two arm lever, the other arm of said two arm lever
      being rotatably connected to a locking hook pivotally supported on said
      flooring for movement about a second pivot axis between positions above
      and below said surface of said flooring, said locking hook being pivotal
      in response to a pivoting movement of said two arm lever to effect a
      movement of said locking hook to a position below the surface of said
      flooring.
NUM  2.
PAR  2. An anchoring mechanism according to claim 1, wherein rollers are mounted
      on both sides of said locking hook in roller holders, said rollers being
      rotatable about vertical axes in said roller holders, said roller holders
      being pivotally supported for movement about horizontal axes parallel to
      said second pivot axis for said locking hook;
PA1  wherein a catch is fixed to said locking hook and is adapted to be received
      in slots in said roller holders, so that said roller holders are moved in
      response to a pivoting of said locking hook.
NUM  3.
PAR  3. An anchoring mechanism according to claim 1, wherein said two arm lever
      is under an initial tension of a spring which exerts a force on said two
      arm lever in the direction of an initial erected position of said two arm
      lever.
NUM  4.
PAR  4. An anchoring mechanism according to claim 1, wherein said second pivot
      axis for said locking hook is mounted in a fork which is pivotal about
      said first pivot axis for said two arm lever; and
PA1  including a pivotally supported claw resiliently urged into releasable
      engagement with said fork to hold said two arm lever and said roller
      holders together, said claw, when released from engagement with said fork
      against said resilient urging facilitating a relative movement between
      said locking hook and roller holder so that a nose of said locking hook
      will lie behind the front edge of said rollers.
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ABST
PAL  A display rack extension having an elongated vertical leg and an elongated
      horizontal shelf support secured at its center to the upper end of the
      vertical leg and generally perpendicular thereto. A locking member is
      carried at the lower end of the vertical leg to secure the rack extension
      to the upper end of an upright support of a display rack.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to the art of display devices and more
      particularly to a display rack extension having a horizontal shelf support
      secured at its center to the upper end of the vertical leg of a display
      rack for supporting a shelf on both sides of the vertical leg of the
      display rack extension.
PAR  2. Prior Art
PAR  Display racks, having a pair of spaced upright supports, have become quite
      commonplace in retail outlets throughout the United States. The upright
      supports generally support a number of shelves therebetween which are
      adapted to display merchandise.
PAR  The display rack thus far described has enjoyed great commercial success
      and has been generally accepted by retailers for displaying their wares
      and goods. The display racks, however, do suffer the disadvantage that the
      space above the display rack is generally wasted. Since space in a retail
      outlet is not only limited but also expensive, a number of display rack
      extensions have been previously known to extend or increase the height of
      the display rack.
PAR  One form of previously known display rack extensions typically takes the
      form of a right angle shelf support. One end of the right angle support
      attaches to the upper end of the upright support for the display rack so
      that the lower leg of the extension is generally vertical while the upper
      leg of the rack extension is horizontal and forms a support for a shelf in
      an elevated position above the display rack. It will be appreciated that
      two rack extensions are normally required for each display rack, i.e. one
      extension per upright support.
PAR  The previously known display rack extensions suffer many disadvantages
      unknown to the present invention. Primarily, the previously known
      extensions are unstable and a slight jolt to the display rack often
      results in merchandise falling to the floor. Falling merchanise not only
      damages the merchandise but also presents a safety hazard to the
      retailer's customers.
PAR  Previously known display rack extensions also have had a tendency to sag
      downwardly due to the weight of merchandise on the shelf thereby causing
      the merchandise to drop to the floor and resulting in the same
      abovementioned problems.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention overcomes the above mentioned disadvantages of the
      previously known display rack extensions by providing a T-shaped rack
      extension. The vertical segment of the "T" of the extension attaches to
      the top of the display rack upright support by hooks in a conventional
      fashion. The upper horizontal shelf support, unlike previously known rack
      extensions, is adapted to support a shelf or shelves on both transverse
      sides of the vertical leg of the T-shaped rack extension. The dual
      shelves, i.e. a shelf on each side of the vertical leg of the extension,
      not only adds rigidity to the rack extension, but in addition the weight
      of the shelf plus its merchandise on one side of the vertical leg of the
      rack extension counterbalances the weight of the shelf plus its
      merchandise on the other side of the vertical leg of the rack extension
      thereby eliminating the aforementioned sagging of the prior art rack
      extensions and the subsequent problems of falling merchandise.
PAR  The rack extension of the present invention preferably includes a number of
      cross pieces between the horizontal shelf support and the vertical leg of
      the rack extension to further increase the rigidity of the rack extension.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The display rack extension of the present invention will be more clearly
      understood by reference to the following detailed description when read in
      conjunction with the accompanying drawing, wherein like reference
      characters refer to like parts throughout the several views, and in which:
PAR  FIG. 1 is an elevated side perspective view of the showing the rack
      extension of the present invention assembled onto a display rack;
PAR  FIG. 2 is an elevated side perspective view of the rack extension of the
      present invention with parts broken away and enlarged for clarity;
PAR  FIG. 3 is an enlarged, partial cross-sectional view showing the locking
      means of the present invention; and
PAR  FIG. 4 is an enlarged perspective view showing the locking means of the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 1, a display rack 10 is shown comprising a pair of
      vertical spaced upright supports 12 adapted to support a number of shelves
      11 therebetween in any conventional manner. The upright supports 12 are
      elongated and typically constructed of square tubular metal so that each
      upright support 12 has four sides. At least one side of the upright
      support 12 includes a number of elongated slots 14 therethrough in spaced
      parallel pairs so that the longitudinal axis of the slots 14 is
      substantially parallel to the longitudinal axis of the upright supports
      12. Numerous shelves 11 may, of course, be attached between the upright
      supports 12 and the retailer's merchandise is then placed on the shelves
      11 for display.
PAR  As can best be seen in FIG. 2, the rack extension 20 of the present
      invention generally comprises a vertical leg 22 and an upper horizontal
      shelf support 24. Both the vertical leg 22 and the shelf support 24 are
      preferably constructed of metal rods although other materials and
      construction may be used without deviating from the spirit of the present
      invention.
PAR  The vertical leg 22 is joined at its upper end to the center of the shelf
      support 24, preferably by welding, so that the vertical leg 22 is
      generally perpendicular to the shelf support 24. Two cross members 26 are
      fastened between the outer ends of the shelf support 24 and below the
      center of the vertical leg 22 to rigidly hold the horizontal shelf support
      24 to the vertical leg 22. The cross members 26 are also preferably welded
      to the shelf support 24 and the vertical leg 22 although other fastening
      means, such as screws or the like, may also be used. The cross members 26
      may also be of integral construction with each other thereby forming a
      single V-shaped cross piece.
PAR  Still referring to FIG. 2, a small and generally rectangular plate 28 is
      welded or otherwise fastened to the upper surface of the shelf support 24
      on each end thereof so that the top surface of the plate 28 lies
      substantially in a horizontal plane. Each plate 28 preferably has a pair
      of apertures 30 therethrough, one aperture on each side of the junction
      between the plate 28 and the shelf support 24, so that a shelf may be
      secured to the rack extension 20 in a manner to be later described.
PAR  Two locking members 32 for attaching the rack extension 20 to the display
      rack upright supports 12 are fastened, again preferably by welding, to the
      lower end of the vertical leg 22 with one locking member disposed above
      the other. The locking member 32, as best shown in FIG. 4, is generally in
      the form of a U-shaped channel 34 having parallel sides 36 and 38 and a
      base 37 intermediate the sides. Preferably the inner radius of the channel
      base 37 is substantially the same as the outer radius of the rack
      extension vertical leg 22 so that the channel base 37 snugly fits around
      the vertical leg 22 with the elongated portion of the base 37 disposed
      around the vertical leg 22. With the channel base 37 thus positioned
      around the vertical leg 22, the two sides 36 and 38 of the U-shaped
      channel 34 protrude out from the periphery of the vertical leg 22 and the
      sides 36 and 38 form a pair of vertically disposed parallel flanges. In
      the preferred embodiment, the plane of the flanges formed by the sides 36
      and 38 is substantially parallel to the plane defined by the vertical leg
      22 and the horizontal shelf support 24.
PAR  Each side 36 and 38 includes a pair of hooks 40 as an integral part of the
      side 36 or 38. The hooks 40 and the two locking members 32, are spaced
      between each other and spaced along the rack extension of the vertical leg
      22 so that all eight hooks 40, i.e. four hooks on both the top and bottom
      locking member 32 will register with eight slots 14 in the display rack
      upright support 12.
PAR  In the preferred embodiment, the vertical leg 22 of the rack extension 20
      is bent above the upper locking member 32 to form an upper vertical
      segment 44, an angled middle segment 46, and a lower vertical segment 48
      of the vertical leg 22 which is parallel to, but offset from, the upper
      segment 44 of the vertical leg 22. The purpose of the angled segment 46 of
      the vertical leg 22 will now be described in conjunction with the
      operation and construction of the present invention.
PAR  To assemble the display rack extension of the present invention, the hooks
      40 on the locking members 32 are inserted into receiving slots 14 on the
      front or rear of the upright supports 12 of the display rack 10, and then
      pushed downward as shown by arrows 45 in FIG. 3 until the inner edge 48 of
      the hook 40 abuts against the bottom 49 of the respective slot 14. The
      side of the upright support 12 is thus firmly locked between edges 50 and
      52 of the hooks 40. A second rack extension 20 is fastened in a similar
      manner to the other upright support 12. The angled segment 46 of the rack
      extension vertical leg 22 serves to maintain the upper segment 44 of the
      rack extension vertical leg 22 in alignment with the vertical upright
      support 12 to both increase the stability of the rack extension 20 and to
      enhance its beauty.
PAR  An upper shelf 54 is then placed upon the four plates 28 on the ends of the
      two shelf supports 24 and firmly secured thereto by screws 58 through
      apertures 30. It will be appreciated that other means may be utilized to
      secure the shelf 54 to the plates 28, particularly if the shelf 54 is
      constructed of a fragile material, such as glass. Merchandise 56, or the
      like, may then be placed on the shelf 54 for display.
PAR  It will also be appreciated that the shelf 54 can be attached to the
      extensions 20 prior to attaching the hooks 40 to the upright supports 12.
PAR  As thus described, the rack extension of the present invention distributes
      all the weight on the top shelf 54 across both sides of the rack extension
      vertical leg 22 thereby eliminating the disadvantageous sagging of the
      previously known display rack extensions. In addition, due to the widely
      displaced four point support for the shelf 54, the present invention
      achieves stability unknown in previous rack extensions.
PAR  It should also be understood that although the present rack extension has
      been described as functional in conjunction with a display rack, the
      present invention is not limited to such use. Rather the rack extension of
      the present invention may be used to support a shelf above a cash
      register, counter, or in any other desired elevated position.
PAR  Having thus described my invention, many modifications and alterations
      thereto will be apparent to those skilled in the art to which the
      invention pertains without departing from the spirit of the invention as
      defined by the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The combination of a display rack and a display rack extension, said
      display rack having spaced and vertical upright supports, said supports
      having a plurality of sides, at least one of said sides being provided
      with vertically spaced slots, said display rack extension comprising
      spaced and vertical legs, said legs being spaced to coincide with said
      supports, hooked portions carried on said legs for engaging said upright
      supports of said display rack through said slots to lock said display rack
      extension to said supports whereby said display rack extension is disposed
      above said display rack, a shelf support secured to the upper ends of said
      vertical legs, and a shelf carried by said shelf support in a horizontal
      position above said display rack and said vertical legs each having an
      angled portion providing a lower segment having said hooked portion and an
      upper segment carrying said shelf support, said upper segment being offset
      from said lower segment by said angled portion by an amount which
      positions the axis of said upper segment substantially co-axial with the
      axis of said support of said display rack whereby said shelf is supported
      directly above said supports.
NUM  2.
PAR  2. The combination as defined in claim 1 and in which said shelf support
      comprises a pair of plates carried at the upper end of each of said
      vertical legs.
NUM  3.
PAR  3. The combination as defined in claim 2 and including a support rod
      extending horizontally between each of said pairs of plates and a cross
      member extending downwardly from each end of said support rod with the
      opposite end thereof being secured to a corresponding one of said vertical
      legs.
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ABST
PAL  A sluice arrangement for sluicing out clinker and uncombusted residue from
      combustion furnaces such as rotary kilns and the like. A steel plate duct
      having a cross-section at least equal to that of an ash pit is attached to
      the lower end of the ash pit in a downwards steeply slanting position and
      is provided with an upper and lower mechanically operated swinging flap.
      By manually or automatically controlling the closed/opened positions of
      the flaps relative to each other an effective sluice is provided. A pilot
      system for the sluice wherein the motive power for operation of each of
      the flaps is controlled by separate changeover devices is also provided
      wherein the changing over effects the required closing/opening sequence of
      the flaps to provide an effective sluice.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a sluice arrangement for the sluicing out of
      clinker and uncombusted residue from combustion furnaces, i.e. the
      residual material which is discharged from the discharge end of a
      fuel-transporting grate, or from a rotary kiln.
PAR  The arrangement is well suited for furnaces fired with poor solid fuels,
      especially incinerator furnaces for household refuse, but may be used for
      any furnace where clinker and slags are discharged.
PAR  2. Description of the Prior Art
PAR  In one-furnace plants, the material in question usually is discharged
      either directly to a clinker or ash pit, or to conveyor means,
      transporting the material to the clinker or ash pit.
PAR  In multi-furnace plants, there may be separate clinker or ash pits for each
      furnace, or the material may fall onto conveyor means which discharge the
      material into a common clinker or ash pit.
PAR  The arrangement according to the invention is usable in one-furnace as well
      as multi-furnace plants at the place where the hot residual material
      discharged from one or more furnaces is transferred to the store which it
      is sooner or later removed from the plant.
PAR  From the prior art it is known to sluice out the residual matter, such as
      slags and clinker, through a siphon trap. The discharged material flows
      through a shaft, the end of which dips down under the water surface in a
      water-filled basin; the material is cooled through contact with the water
      and then settles on the bottom of the basin from where it is removed by
      suitable conveyor means such as a scraper conveyor.
PAR  This system has the advantage of ensuring an effective cooling of the
      discharge uncombusted material and providing for an effective seal,
      preventing false draught to the flue gas ducts. However, the erection as
      well as the operation costs are rather high. Also, it is rather
      water-consuming and difficult to repair during operation. Moreover, fine
      particles contained in the discharged material or split off from layer
      clinker dropping into the water may collect as a slurry-like mass on the
      surface of the water, from where it must be removed, and the conveyor
      means are subject to heavy wear.
PAR  It is also known to perform the sluicing-out without the use of a water
      trap, for instance by means of a screw conveyor mounted in a tube-formed
      guide, or by a system of push-pistons, pushed along a duct which has its
      base in the side wall of the ash pit, near the bottom, and whose cross
      section is the same as that of the pistons. These conveyor means can,
      however, hardly stand temperatures as high as 900.degree.-1000.degree.C
      which may well be reached, and by this known dry-sluicing it is
      furthermore difficult, or impossible, to attain a sufficient degree of
      tightness, which may unintentionally cause false draught through the ash
      pit to the flue ducts.
PAR  In instances in which the material which has fallen down in the pit
      contains voluminous elements such as scrap, which is common occurrence in
      incinerator plants for household refuse and the like, none of the above
      sluicing-out systems are suited, as such parts either cannot be sluiced
      away in the manner described, or will entail great risks of the system
      being jammed or damaged.
PAR  It is a purpose of the invention to procure a sluicing-out arrangement of
      the kind described in the preamble, and moreover an arrangement which does
      not have the defects outlined above, which can be installed at relatively
      low costs, and which permits a safe and particularly advantageous
      operation.
PAR  Furthermore, the invention includes a method for the operation of the
      above-mentioned arrangement and a pilot system for automatic control of
      the arrangement during this operation.
PAC  SUMMARY OF THE INVENTION
PAR  In the following text, the term "ash pit" has been used to name the shaft
      through which the uncombusted material leaves the proper furnace, be it
      either directly from the grate or a rotary kiln or after having been
      conveyed in the hot state to be discharged at a far remote place.
PAR  According to the invention, the arrangement comprises a steel plate duct
      having a cross section at least equal to that of the ash pit, being
      attached to the lower end of the ash pit in a downwards steeply slanting
      position, and being equipped with an upper and a lower mechanically
      operated swinging flap, the flaps in their closed positions forming a
      sluicing chamber within the duct, and in their open positions exposing the
      full cross section of the duct; in the side walls of the duct nozzles
      being mounted between the two flaps for spraying water into the sluicing
      chamber; a discontinuously working transport bucket being arranged for
      directly beneath the lower rim of the duct for chargewise removal of
      material discharged from the duct.
PAR  The arrangement according to the invention has been built on the well-known
      principle of a chamber sluice with two sluice gates. The arrangement thus
      offers the advantages of this system in the form of tightness during the
      sluicing out operation. By the application in question, it furthermore
      provides for the possibility of procuring -- when desired -- an unimpeded
      flow of fresh air up through the ash pit and into the furnace in a simple
      way, viz. by opening both gates.
PAR  By means of a limited quantity of water sprayed through the nozzles, the
      uncombusted material is cooled effectively, and present or developing dust
      laid, so that the sluiced-out material does not contain any great surplus
      of water and can be moved to a bin or pile in a correspondingly cleanly
      way.
PAR  In the operation step of the arrangement, the upper gate will be open and
      the lower one closed, so that the material discharged falls through the
      ash pit and down on the lower gate. After a certain time the next steps
      follow, whereby the upper gate is closed then the lower one is opened
      whereby the material contained in the sluice chamber will fall down in the
      conveyor means arranged below for further transport. During these two
      steps the material which has fallen down into the ash pit is held back by
      the closed, upper gate. After the emptying of the sluicing chamber, the
      lower gate is again closed and the upper one opened, and the cycle just
      described is repeated.
PAR  During normal operation of the furnace, it is important that only one of
      the gates or flaps is open at a time. Furthermore, it should only be
      possible to open the lower gate or flap for emptying when the conveyor
      bucket is placed directly under the discharge opening. According to this,
      the movement of the gates or flaps of the sluice chamber may, according to
      the invention, be controlled in such a way that one gate or flap cannot be
      opened without the other being closed, and the the lower one is only
      opened when the conveyor bucket is placed in its receiving position. This
      compulsory control of the movements of the gates or flaps may, of course,
      be abolished when it is desired that both of them should be opened to make
      a draught up through the ash pit; and according to the invention, the
      interdependence of movement may be abolished in such a way that both gates
      may be kept open at the same time and independent of the position of the
      transport bucket.
PAR  In order for instance to avoid damage to the parts working during the
      operating of the gate, especially in the case of refuse incineration where
      possibly heavy lumps of refuse during their fall may hit the gates, for
      instance during the opening/closing movements of the latter, this movement
      can according to the invention be carried out in a way know per se, by
      pneumatic means so that the effect of the possible impact is caught
      elastically. The use of pneumatic means entails the advantage that
      operation stops are avoided in the case of possible brief compressor stops
      due to the fact that the compressed-air receiver connected to the
      compressor acts as accumulator for the air compressed by the compressor.
PAR  The system according to the invention gives optimum safeguarding against
      the penetration of false air to the flue ducts of the furnace. Furthermore
      it makes it possible to work with a minimum consumption of water for
      cooling down uncombusted material and laying the dust which, in its turn,
      gives minimum pollution of buildings and sewer outfalls and makes it
      possible to feed a maximum quantity of air to the flue ducts of the
      furnace through the ash pit when this is desirable, for instance in case
      of priming of the boiler. The operation costs are small due to the small
      amount of movable components and the fact that they are relatively lightly
      loaded.
PAR  By a preferred operation method for the system, the lower flap is,
      according to the invention, closed, and the upper one open during a
      certain fill-up period, such as 5-15 minutes, during which time a
      comparatively small quantity of water is sprayed into the sluice chamber
      through the nozzles to lay the dust and keep the nozzles clean, whereas
      the transport bucket before the end of this period is brought to its
      receiving position under the discharge opening of the sluice. Thereafter
      the upper flap is closed and during a cooling period of for instance 1-2
      minutes, a greatly increased quantity of water corresponding to the
      cooling of the slags to about 200.degree.C, is sprayed into the sluice
      chamber. After this cooling period, the increased water feeding is stopped
      and the lower flap is opened and is kept open during a period of
      discharge, such as half a minute, whereupon after discharge into the
      transport bucket it is closed again and the upper flap is opened, and the
      bucket with the discharged material is removed. The procedure is then
      repeated. Furthermore, both flaps may be kept open at the same time
      without considering the above-mentioned functional interdependency, if
      required for instance in the case of priming of the boiler.
PAR  The above procedure is preferably controlled automatically by means of a
      suitable pilot system governing the movement of the movable parts,
      dependent on pre-selected periods and signals indicating the operational
      state of the incinerator.
PAR  Such a pilot system for a sluice system, in which the motive power for the
      operation of each of the flaps is controlled by a separate change-over
      device which by changing over effects the closing/opening respectively of
      the flaps, may according to the invention be arranged in such a way that
      the change-over devices for the motive power are governed by signal
      emitters which latter are actuated by the open/closed position of the
      flaps respectively and activate electric switches so that they, dependent
      on a signal from a signal emitter which in its turn is activated by the
      transport bucket in its receiving position, activate time relays to effect
      a switch of the above-mentioned change-over devices, and opening/closing
      respectively of the water feed to the sluice chamber in the working cycle
      as stated by the procedure.
PAR  According to the invention, such a pilot system may be connected to a
      mechanism effecting a compulsory action by the change-over devices, so
      that both flaps are swung in open position, which mechanism goes into
      action in the case of abnormal conditions, such as priming of a boiler in
      the furnace.
PAR  Further, the pilot system may, according to the invention contain an alarm
      mechanism, know per se and reacting on abnormal incidents in the control
      system.
PAR  A preferred embodiment of a pilot system according to the invention,
      serving the above pilot functions, is described in the specification
      below, and its different characteristics are listed in the claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be further elucidated below where an embodiment of a
      sluice system according to the invention and the appurtenant pilot system
      have been described with reference to the drawing where:
PAR  FIG. 1 represents the sluice arrangement proper, in longitudinal section.
PAR  FIG. 2 the system -- as seen from the left in FIG. 1.
PAR  FIG. 3 a diagram of the automatic pilot system, and
PA1  Fig. 4 a diagram of the positions of the sluice gates in the course of a
      working cycle.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The lower end of the end of the shaft 1 is provided with a knee section 2,
      made of steel plate, preferably with a lining of special wear-resistant
      cast iron plates.
PAR  The lower part of the knee section 2 ends within the upper part of a
      slanting duct 3, forming the sluice chamber.
PAR  The duct 3 is rectangular in cross section and made of steel plate and
      lined with wear-resistant cast iron plates. The downward facing side of
      the duct 3 is plane, and the lower end of the duct has an approximately
      even cross section. From about the middle of the duct, its cross section
      has been enlarged, giving space for a flap A, mounted on a swinging axle
      5. The latter is supported in not shown bearings, arranged on each side of
      the side walls of the duct 3 at its top, and moreover positioned in such a
      way that the flap can swing either clockwise to a position -- shown in
      dotted line -- in the enlarged portion of duct 3, or counter-clockwise to
      a position -- shown in full line -- where it closes the mouth of knee
      section 2.
PAR  The duct 3 opens into a hopper 4, at the top of which is arranged a flap B
      similar to the way in which flap A has been mounted. Flap B is mounted on
      a swinging axle 6, carried by not shown bearings on each side of the
      hopper 4. Flap B can be swung either clockwise to the position shown in
      dotted line, or counter-clockwise to the position shown in full line,
      where it closes the month of the duct 3.
PAR  The movements of the two flaps A and B are brought about by two pneumatic
      cylinders A.sub.1 and B.sub.1 respectively, the piston of cylinder A.sub.1
      being hingedly connected to an arm 7 fixed to and extending from the axle
      5, and the piston of cylinder B.sub.1 being hingedly connected to an arm 8
      fixed to and extending from the axle 6.
PAR  Below the sluice arrangement just described, a skip hoist 9 is provided
      with a bucket 11 running on rails 10. The bucket is shown in its end
      position ready to receive clinkers and the like residue discharged from
      the hopper 4. The bucket 11 and the rails 10 are so mounted that the upper
      rim of the bucket is almost level with the lower rim of the hopper.
      Thereby the risk that dust originating from the clinker and residue should
      spread and stir up from the bucket during the discharge operations is
      considerably minimized. To avoid the risk that residues, such as large
      clinker, not molten and partly molten metal parts, projecting above the
      rim of the bucket, should catch the wall of the hopper and be jammed,
      thereby damaging the hopper or the bucket or both, the lower portion 12 of
      the hopper wall facing the travelling direction of the filled bucket is
      formed as a swing flap connected at its upper edge to the upper part of
      said wall to its lower edge.
PAR  The sluicing arrangement, comprising the knee section 2, the duct 3 with
      flat A, the hopper 4 with flap B and the pneumatic cylinders A.sub.1 and
      B.sub.1 fixed to the upper wall of the duct 3, is suspended from the end
      of the shaft 1 and the furnace base in the following way. The upper end of
      knee section 2 is provided with a flange which is fastened to the
      brickwork of shaft 1 by vertical bolts. The knee section 2 is connected to
      the duct 3, which again is connected to the hopper 4, so that the parts
      then form a unit. The hopper 4, moreover, is carried by adjustable
      suspension rods 14.
PAR  In the side walls of the sluice chamber, i.e. the duct 3, nozzles 15 are
      provided through which water is sprayed over the contents of the chamber.
PAR  In the upper wall of the duct a tight fitting inspection door 16 is
      provided.
PAR  The operation of the sluice system is cyclic and has four steps as shown in
      FIG. 4, viz. step 1: both of the flaps A and B closed; step 2: upper flap
      A open, lower flap B closed; step 3: both flaps A and B closed; and step
      4: upper flat A closed and the lower flap B open. Thus the positions of
      the flaps, as shown in FIG. 1 in line, correspond to the 1st or 3rd step.
      During step 1 the clinker and residue from the combustion falling down
      through shaft 1 collect in the knee section 2.
PAR  During step 2 the collected material falls down into the sluicing chamber,
      i.e. the duct 3.
PAR  During step 3 the quantity of water sprayed through the nozzles is
      considerably increased with the effect that the clinker and residue now
      resting in the sluicing chamber is properly cooled down.
PAR  During the entire cycle, a minimum quantity of water is fed to the water
      nozzles by means of an adjustment valve, the said quantity of water being
      just sufficient to lay the dust and keep the nozzles free of clogging by
      ashes and clinker dust.
PAR  The transition from one step to the next one is performed by operating
      adjustment valves controlling the introduction of compressed air to the
      cylinders A.sub.1 and B.sub.1 respectively. This adjustment is made by
      means of air pilot, the flow of which is controlled by a valve which is
      activated by the position of the pistons in the cylinders, and by signals
      from electric relays respectively. Also the supply of additional water to
      the nozzles in the sluice chamber is controlled by air pilot.
PAR  In a diagram in FiG. 3 is shown a pilot system (certain parts being left
      out) for automatic control of the sluicing arrangement. The system may be
      switched over to manual operation. In the diagram the shown positions of
      the pistons in the two cylinders A.sub.1 and B.sub.1 correspond to step 1.
      This step follows step 4, the discharge operation, at the end of which the
      lower flap is closed and step 1 -- as shown -- comes into play, being
      maintained for only a short time before under step 2, the upper flap A is
      opened.
PAR  As motive power is used compressed air entering through feed pipe L and
      flowing to a manually operated two-way valve V.sub.1, adjustable either to
      manual or automatic operating position. Valve V.sub.1 is shown adjusted to
      automatic operation and allows compressed air to the main piping of the
      system L.sub.1, shown in bold line. From the system L.sub.1 the compressed
      air can flow to the distribution pipes shown in fine line, according to
      the position of the various valves described in detail below.
PAR  The upper sluice flap A, and the lower one B, are moved for opening and
      closing separately by a pneumatic working cylinder A.sub.1 respectively
      B.sub.1, whose functions are reversed by reversing valves V.sub.4 and
      V.sub.5 respectively, which are pneumatically operated and each adapted to
      make connection between a feed line and one or the other end of the
      cylinder, at the same time airing the other end of the cylinder. When the
      sluice flap A is in closed, respectively open position, the flap will
      engage the change-over valve V.sub.7, respectively V.sub.8, forcing it
      against a spring load, which returns the valve when the flap's position is
      changed.
PAR  In the same way flap B cooperates with similar valves V.sub.9 and V.sub.10.
PAR  In their two positions, the above-mentioned change-over valves are adapted
      to connect a feed and discharge line, respectively close the feed line and
      air the discharge line.
PAR  A pneumatically adjustable change-over valve V.sub.6 which is built like
      the change-over valves V.sub.4 and V.sub.5, connects a feed line with
      either the change-over valve V.sub.9 or a pneumatically operated electric
      switch V.sub.27.
PAR  In various places in the main line net and the distribution line net for
      the compressed air single-acting non-return valves V.sub.20, V.sub.21,
      V.sub.22 and V.sub.23 and double-acting non-return valves V.sub.17,
      V.sub.18, V.sub.19 and V.sub.25 with T-junctions have been inserted. Other
      valves and instruments belonging to the system will be mentioned in
      connection with the following description of the functions of the system
      during a full cycle of movement of the sluice flaps, the different
      positions of which during such a cycle appear from FIG. 4, as mentioned
      above.
PAR  Prior to the change-over from position 4 to position 1, where the lower
      flap B was open and V.sub.10 activated, a compressed air impulse passed
      through V.sub.10 and V.sub.18 to V.sub.6 which thereby was forced left to
      the position shown, its left end having been aired through V.sub.8. When B
      closes, and A is still closed as shown, both flaps are in position 1 (FIG.
      4) and V.sub.9 is activated by flap B. A compressed air impulse then
      passed from the main line through V.sub.6 and V.sub.9 to a delay air
      receiver R.sub.1 and further to a spring-loaded, pneumatic change-over
      valve V.sub.12. When the pressure has been built up in R.sub.1 with a
      delay of say 30 seconds V.sub.12 will react and permit a compressed air
      impulse to pass on to V.sub.24 and then to the change-over valve V.sub.4
      which changes over thereby allowing air from the main line to the bottom
      of cylinder A.sub.1 with the effect that flap A will open, the other end
      of valve V.sub.4 having been aired through V.sub.17 and a spring-loaded
      change-over valve V.sub.14.
PAR  When thus the upper flap A is opened, whereby V.sub.8 is activated, the
      flaps are in position 2. Generally speaking it is so that the working
      cylinders A.sub.1 and B.sub.1 when being changed over are aired through
      V.sub.22 and V.sub.23 respectively, and by the change-over valve V.sub.1
      when this valve is adjusted for automatic operation.
PAR  Through the now activated change-over valve V.sub.8 a compressed air
      impulse passes to V.sub.6 which changes over whereby the air receiver
      R.sub.1 and a similar air receiver R.sub.2, inserted before a change-over
      valve V.sub.13, are aired, so that the corresponding change-over valves
      take up their original positions, as shown. Furthermore, through V.sub.6
      pressure is passed to a pneumatically operated electric switch V.sub.27,
      by which an electric current is switched on for the start of an adjustable
      timer T.sub.1 which after the expiration of the adjusted period, for
      instance after 5-30 minutes, by means of an electric impulse activates the
      change-over valve V.sub.14 causing a compressed air impulse to pass
      through V.sub.17 to the change-over valve V.sub.4. This valve thereby
      moves to the position shown so that flap A will close, corresponding to
      position 3. When flap A is in closed position valve V.sub.7 is activated
      and allows air to flow from the main line through valve V.sub.6 -- now in
      position opposite the position shown -- through V.sub.7 to a pneumatically
      operated electric switch V.sub.28 to close a current through this switch.
      The current, however, will not flow before the conveyor bucket is in
      receiving position under the slag sluice, where it causes the closing of
      an electric switch, inserted in a series with V.sub.28. When the current
      flows through V.sub.28, an adjustable timer T.sub.4 is started which
      immediately sends current to a magnet valve V.sub.29. This valve opens for
      the increased water supply to the nozzles 15 in the sluice chamber. After
      the adjusted period has expired, for instance after 1 to 300 seconds,
      T.sub.4 switches off the current to V.sub.29 which in its turn shuts off
      the increased supply of water and activates an electrically operated,
      spring-loaded change-over valve V.sub.11. Thereby a compressed air impulse
      passes through V.sub.25 to the change-over valve V.sub.5 which changes
      over to opening of the lower flap B, i.e. position 4.
PAR  In this position V.sub.10 is activated and allows a compressed air impulse
      through V.sub.18 and to V.sub.6 which changes over to the position shown.
      By this, a compressed air impulse passes through V.sub.6 to the delay air
      receiver R.sub.2 and on to V.sub.13 which for instance with a delay of 30
      seconds is activated and permits a compressed air impulse to pass on to
      V.sub.19 and on to the change-over valve V.sub.5 which changes over to the
      position shown, i.e. closing the lower flap B. By this, V.sub.9 is
      activated, and the cycle described starts again.
PAR  After the contents of the sluice chamber have been emptied into the
      transport bucket, and the lower flap B has been closed, the skip hoist is
      started, an electric switch K being closed by the closing of B, activating
      a relay U which reacts only at the moment when K closes the current, and
      which by its activation starts an adjustable timer T.sub.5. After the
      adjusted period has elapsed, for instance after maximum 30 seconds,
      T.sub.5 will start the skip hoist.
PAR  In case the moving cycle of the sluice flaps for some reason or other is
      stopped, an alarm will go off after a certain time when an adjustable
      timer T.sub.2 runs out. The latter will, however, normally, automatically
      be adjusted to its zero position before the adjustment period expires, as
      described below, to start its period afresh.
PAR  At the expiration of its period of adjustment, the timer T.sub.1 starts an
      adjustable impulse relay T.sub.3 which after say 1 to 180 seconds puts the
      running alarm clock T.sub.2 back in its zero-position and restarts it. In
      case this zero-impulse fails to come through, T.sub.2 -- after the
      expiration of its adjustment period, such as 2 to 60 minutes -- activates
      an alarm S through a pneumatic electric switch V.sub.26 which is
      constantly switched on by means of the air pressure in the system's
      network. By adjusting the change-over valve V.sub.1 to manual operation,
      the pressure in the line is abolished and V.sub.26 is cut off, whereby the
      alarm is disengaged.
PAR  In case of priming, the priming thermostat of the boiler activates a
      spring-loaded change-over valve V.sub.16 and a compressed air impulse
      passes through the latter and the non-return valves V.sub.24 and V.sub.25
      respectively to the change-over valves V.sub.4 and V.sub.5 which thus
      change over to opening of both sluice flaps A and B.
PAR  By the switch-over to manual operation, the change-over valve V.sub.1 is
      changed over from the position shown in the drawing to its other position.
      Hereby the main power net L.sub.1 is cut off from connection with the feed
      line L and is aired, whereby the spring-loaded valve V.sub.15 changes over
      from the position shown as it goes back to its original position by means
      of its restoration spring. By this, a compressed air impulse passes
      through the change-over valves V.sub.17 and V.sub.19 respectively to each
      of the change-over valves V.sub.4 and V.sub.5  which take up positions
      corresponding to the closing of the sluice flaps A and B, and furthermore
      a compressed air impulse passes through V.sub.18 and V.sub.6 which takes
      up positions as shown, whereby V.sub.17 is aired and the contact is
      broken. By switching over to the automatics again, the system will thus
      start in position 1.
PAR  When V.sub.1 is adjusted for manual operation, opening and closing of the
      sluice flaps A and B follow by manual operation of the valves V.sub.2 and
      V.sub.3 for A and B respectively. These valves can from the neutral
      position shown be changed over to one or another of the two active
      positions in which they-- through a network not shown -- establish direct
      contact between the feed line L and one end or other of the cylinders A
      and B respectively, as indicated by the letters x and y respectively z and
      u.
PAR  By adjustment to manual operation when the pressure in the network L.sub.1
      disappears, the switch V.sub.26 will-- as mentioned earlier -- be
      disconnected so that the alarm S is not released even if the alarm clock
      T.sub.2 is still running. Also the valve V.sub.16, which is activated by
      priming, remains inactive.
PAR  Instead of a single working cylinder, two parallel working cylinders may be
      in play for each sluice flap.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An apparatus for removing burnt material such as clinker or uncombusted
      residual material and the like from a combustion furnace having means
      communicating with the furnace for discharging said material which
      comprises:
PA1  a. a duct attached to the discharge means and having a cross-section at
      least equal to that of the discharge means, said duct defining a sluice
      chamber therewithin and being oriented in a generally downward direction
      relative to a horizontal plane;
PA1  b. and upper flap rotatably mounted with respect to the upper end portion
      of the duct and having a first open position which exposes substantially
      the full cross-section of the duct to the discharge means and a second
      closed position in which the flap defines an upper wall portion of said
      sluice chamber;
PA1  c. a second flap rotatably mounted with respect to the lower end portion of
      the duct and having a first open position which exposes substantially the
      full cross-section of the lower portion of the duct and a second closed
      position in which said second flap defines the lower wall of said sluice
      chamber; and
PA1  d. at least one nozzle mounted in a side wall of said duct between said
      upper and lower flaps and connected to a liquid supply means and capable
      of introducting a liquid into the sluice chamber at least at introducing
      minimum rate at least sufficient to contain dust in the sluice chamber and
      to maintain the nozzle in a relatively dust free condition at least when
      the lower flap is in a closed position and the upper flap is in an open
      position and material from the furnace is permitted to enter the sluice
      chamber, said nozzle and liquid supply means being capable of introducing
      said liquid at a relatively increased rate sufficient to cool material
      accumulated within the sluice chamber at least when the upper and lower
      flaps are in closed positions,
PAL  said flaps being selectively rotatable to said opened and closed positions
      such that simultaneously maintaining the lower flap in a closed position
      and the upper flap in an open position permits material discharged from
      the furnace to accumulate to a predetermined level within the sluice
      chamber while said liquid is introduced into the sluice chamber at least
      at said minimum rate and closing the upper flap while maintaining the
      lower flap in said closed position while introducing said liquid into said
      sluice chamber at said relatively increased rate provides cooling of the
      material accumulated therein and selectively opening the lower flap causes
      discharge of the material accumulated within the sluice chamber.
NUM  2.
PAR  2. The apparatus according to claim 1 further comprising means for
      receiving material discharged from said sluice chamber, said receiving
      means capable of being selectively positioned below the lower flap such
      that when the lower flap is rotated to said open position and the material
      discharges into said receiving means.
NUM  3.
PAR  3. The apparatus according to claim 2 wherein said duct is oriented in a
      downward and sloping direction with respect to a vertical plane so as to
      define a slanted sluice chamber therewithin.
NUM  4.
PAR  4. The apparatus according to claim 3 further comprising a plurality of
      said nozzles positioned in the sidewalls of said duct, said nozzles and
      said liquid supply means being adapted to introduce water into said sluice
      chamber and said material receiving means comprises a transport bucket
      having means for selectively transporting the bucket to said position
      beneath said lower flap of said sluice chamber and for removing the bucket
      to transport material therein away from the sluice chamber.
NUM  5.
PAR  5. The apparatus according to claim 4 wherein said discharge means
      communicating with the furnace for discharging material into the sluice
      chamber comprises a shaft connected to the discharge end portion of the
      furnace and to a duct having a knee-bend configuration defining an ash pit
      which accumulates material when the upper flap is in a closed position,
      said knee-bend duct communicating with said sluice chamber.
NUM  6.
PAR  6. The apparatus according to claim 5 wherein said upper and lower flaps
      are capable of being selectively and simultaneously rotated to an open
      position to permit the flow of air to the furnace through said sluice
      chamber to said ash pit.
NUM  7.
PAR  7. The apparatus according to claim 2 having means for selectively
      controlling said flaps which comprises:
PA1  a. a double-acting pneumatically operated cylinder operatively connected to
      each flap to produce rotation of each flap from a closed to an open
      position and from an open to a closed position;
PA1  b. a supply of compressed air to actuate said cylinders;
PA1  c. pneumatically adjustable valve means associated with each pneumatic
      cylinder to selectively control the introduction of compressed air to each
      cylinder as required to produce selective rotation of said flaps;
PA1  d. a plurality of air pilot valve means operatively connected to
      selectively control the flow of compressed air to each cylinder in
      accordance with a predetermined sequence and to control the flow of liquid
      through said nozzles to said sluice chamber;
PA1  e. valve means positioned and activated in accordance with the position of
      each flap to control the flow of compressed air to said air pilot valve
      means; and
PA1  f. electrical relay means capable of producing signals in relation to the
      position of at least one of said flaps and said material receiving means
      to control the flow of compressed air through said air pilot valve means
      and to said cylinders.
NUM  8.
PAR  8. The apparatus according to claim 4 having means for selectively
      controlling the flaps which comprises:
PA1  a. means for providing motive power to said flaps for rotating said flaps
      to their open and closed positions;
PA1  b. pneumatic means for selectively controlling the motive power to each
      flap for selectively closing and opening said flap in accordance with a
      predetermined sequence;
PA1  c. a pilot system for selectively automatically or manually controlling
      said flaps and said water supply and said transport bucket in time
      relation to selectively fill and sluice chamber to a predetermined level
      while introducing water into said sluice chamber at a minimum rate
      sufficient to contain dust and to maintain said nozzles in a relatively
      dust free condition and for thereafter increasing the rate of introduction
      of water sufficient to cool the material in said sluice chamber and for
      transferring said material from said sluice chamber to said transport
      bucket and for transporting said bucket from said sluice chamber, said
      pilot system further having means to control the rotational movement of
      said flaps in timed relation to a signal produced when said transport
      bucket is in a material receiving position.
NUM  9.
PAR  9. The apparatus according to claim 4 having a pilot system for selectively
      controlling the flaps which comprises:
PA1  a. means for providing motive power to said flaps for rotating said flaps
      to their respective open and closed positions;
PA1  b. means for selectively controlling the motive power to each flap rotating
      means for selectively closing and opening said flaps;
PA1  c. signal emitting means capable of producing at least one signal to
      control the direction of power from said power control means to said
      flaps;
PA1  d. at least one signal emitting means associated with said transport bucket
      and adapted to emit a signal when said transport bucket is in its material
      receiving position beneath said sluice chamber;
PA1  e. electrical switching means positioned and adapted to be actuated by said
      flaps in their open and closed positions and controlled by said signal
      emitting means associated with said transport bucket in its receiving
      position; and
PA1  f. at least one time relay activated by said signal emitting means
      associated with said transport bucket to selectively direct power as
      required for opening and closing said flaps and for activating said water
      supply to said sluice chamber.
NUM  10.
PAR  10. The apparatus according to claim 9 further comprising means to direct
      power to said flap rotating power means in a manner which produces
      rotation of both flaps to their open positions in response to abnormal
      conditions in the furnace requiring ventilation of said furnace.
NUM  11.
PAR  11. The apparatus according to claim 10 further comprising an alarm
      mechanism capable of emitting an alarm in response to abnormal conditions
      within the pilot system.
NUM  12.
PAR  12. The apparatus according to claim 4 having means for controlling said
      flaps which comprises:
PA1  a. a double-acting pneumatically operated cylinder operatively associated
      with each flap to produce rotation of said flaps by movement in at least
      one of two directions;
PA1  b. first change-over valves associated with each flap and operatively
      connected to control compressed air from a feed line to each respective
      cylinder;
PA1  c. second change-over valves adapted to be activated when said flaps are
      rotated to their closed positions;
PA1  d. third change-over valves mounted respectively to be activated when said
      flaps are rotated to their open positions, said third change-over valves
      thus activated, being adapted to complete a connection between a
      compressed air feed line and a discharge line, said second and third
      change-over valves having an inactive position which blocks the feed line
      and airs the discharge line;
PA1  e. said flaps being mounted such that when they are rotated to a closed
      position, activate the second change-over valves while the compressed air
      feed line to at least one of said second change-over valves is aired
      through a primary change-over valve communicable with said compressed air
      feed line and adjustable to a position to direct a compressed air impulse
      through at least one of said second change-over valve associated with said
      lower flap when said lower flap is in a closed position;
PA1  f. a compressed air accumulating means associated with said upper flap and
      adapted to activate an associated third change-over valve, said third
      change-over valve being activatable to a position which permits compressed
      air impulses through a non-return valve to change-over said first
      change-over valve associated with said upper flap to rotate said upper
      flap to its open position and to activate said associated third
      change-over valve, said associated third change-over being adapted to
      direct a compressed air impulse to said primary change-over valve, said
      primary change-over valve thereby airing said accumulating means
      associated with said upper flap at least partially through the activation
      of said second change-over valve associated with said lower flap in a
      closed position whereby the change-over valve associated with said
      accumulating means is activated to its inactive position and
      simultaneously permits a compressed air impulse to be directed to a
      pneumatically operated electrical switching means, said switching means
      being connected to activate a timing means, said timing means being
      capable of delaying activation of a fourth change-over valve, said fourth
      change-over valve being capable of directing a compressed air impulse
      through a fifth change-over valve adapted to change-over said first
      change-over valve associated with said upper flap to actuate the
      associated pneumatic cylinder to rotate the upper flap to a closed
      position, and activating said second change-over valve associated with
      said upper flap permits a compressed air impulse through said primary
      change-over valve and said second change-over valve asociated with said
      upper flap to close a pneumatically operated electrical switching means,
      which in turn activates an adjustable timing means for controlling said
      cooling water to said sluice chamber and to delay the change-over of said
      first change-over valve associated with said lower flap to delay opening
      of said lower flap; and
PA1  g. said first change-over valve associated with said lower flap being
      activated to direct compressed air to the pneumatic cylinder associated
      with said lower flap to rotate said lower flap to its open position
      whereby said lower flap activates said third change-over valve associated
      with said lower flap to direct a compressed air impulse through a fifth
      change-over valve, said fifth change-over valve being adapted to
      change-over the primary change-over valve whereby a compressed air impulse
      is directed through said primary change-over valve and through at least
      one accumulating means associated with said lower flap to produce delayed
      activation of a change-over valve associated with said lower flap air
      accumulating means to direct a compressed air impulse through said
      non-return valve associated with said lower flap to produce rotation of
      said lower flap to the closed position.
NUM  13.
PAR  13. The apparatus according to claim 12 wherein said circuit for delaying
      the opening of said lower flap is activated by said pneumatically operated
      electrical switching means and deactivated by an electrical switch
      positioned to be switched to its off position by said transport bucket in
      its material receiving position beneath said lower flap thereby
      deactivating said delaying circuit, and an electrical switching means is
      positioned to be activated to its active position by the closing movement
      of said lower flap, said last mentioned electrical switching means being
      connected to an electrical relay adapted to simultaneously activate an
      adjustable timing means when said electrical switch is deactivated by said
      transport bucket, said timing means being adapted to initiate movement of
      said transport bucket away from the sluice chamber upon expiration of a
      predetermined time period said predetermined time period being sufficient
      to permit a full cycle of the sluice operation.
NUM  14.
PAR  14. The apparatus according to claim 13 further comprising a priming
      thermometer associated with the boiler of said furnace and a spring biased
      change-over valve adapted to be activated by a signal from said priming
      thermometer to permit a compressed air impulse to pass through said
      non-return valves to change-over said first change-over valves associated
      with said flaps for opening said flaps.
NUM  15.
PAR  15. The apparatus according to claim 14 further comprising an alarm device,
      a continuously operating second timer adapted to automatically return to
      its start position upon receiving an electrical impulse from said first
      timer through said pneumatically operated electrical switching means
      associated with said upper flap, said alarm device being adapted to be
      electrically activated at the expiration of the time period set for said
      second timer, said last mentioned pneumatically operated electrical
      switching means being activated by said primary change-over valve by the
      movement of said upper flap to its open position, and an electrical
      connection between said second timer and alarm device being completed by a
      pneumatically operated electrical switch in the compressed air line.
NUM  16.
PAR  16. The apparatus according to claim 15 further comprising a manually
      operated change-over valve to produce a change-over from automatic to
      manual operation of said sluice flaps, said valve being adapted to
      complete a connection between a direct feed line and a main supply line of
      said compressed air supply, a spring-biased change-over valve connected to
      said main supply line and maintained in a first position by the pressure
      of compressed air in said feed line whereby the connection to the main
      line is blocked, said manually operated change-over valve having a second
      position which blocks the connection between the main supply line and
      direct feed line and airs the feed line whereby said spring-biased valve,
      through its spring action, changes over to a position which completes a
      connection between the main supply line and said first change-over valves
      associated with said flaps, said change-over valves being thereby
      maintained in positions corresponding to closed flaps, two manually
      operated change-over valves each having neutral positions and two active
      positions, one active position allowing compressed air to one end of the
      corresponding flap pneumatic air cylinder while airing the other end, and
      the other active position allowing air to the other corresponding flap
      pneumatic air cylinder while airing the other end thereof.
NUM  17.
PAR  17. An apparatus for removing burnt materials such as cement clinker from a
      furnace such as a rotary kiln or uncombusted residual materials and the
      like from a furnace such as a rotary kiln, said furnace having an ash pit
      defined by a shaft which communicates with an appropriate discharge end
      portion and a conduit communicating with the shaft for discharging said
      material from the furnace which comprises:
PA1  a. a duct having a substantially rectangular cross-section connected to
      said shaft and having a cross-section approximately equal to that of the
      ash pit and attached to the lower end portion thereof, said duct being
      oriented in a generally slanted and downward direction relative to
      vertical and horizontal planes, said duct having an internal lining formed
      for relatively wear-resistant plates which define a sluice chamber
      therewithin;
PA1  b. a first flap rotatably mounted to the upper end portion of the duct and
      having a first open position which exposes substantially the full
      cross-section of the duct to the ash pit communicable therewith, and a
      second closed position which substantially seals the upper end portion of
      the duct and defines an upper wall portion of a sluice chamber defined
      within said duct;
PA1  c. a second flap rotatably mounted with respect to the lower end portion of
      a duct and having a first open position which exposes substantially the
      full cross-section of the lower end portion of the duct so as to permit
      discharge of material accumulated within a sluice chamber and a second
      closed position which substantially seals the lower end portion and
      defines the lower wall of said sluice chamber within said duct;
PA1  d. water nozzles positioned in the side walls of said duct between said
      upper and lower flap and connected to a water supply means and capable of
      continuously introducing water into the sluice chamber at a minimum rate
      at least sufficient to contain dust in the sluice chamber and to maintain
      said nozzles in a relatively dust free condition at least when the lower
      flap is in a closed position and the upper flap is in an open position and
      material from the ash pit is permitted to enter the sluice chamber, said
      nozzles and water supply means further being capable of introducing water
      into said sluice chamber at a relatively increased rate sufficient to cool
      material accumulating therewithin at least when the upper and lower flaps
      are in closed positions;
PA1  e. pneumatically operated actuating means connected to each flap, said
      actuating means being operatively connected by an electrical-pneumatic
      control system to selectively open and close said flaps so as to rotate
      the lower flap to its closed position and the upper flap to its open
      position so as to permit material discharged from the furnace to
      accumulate up to a predetermined level within the sluice chamber while
      said nozzles introduce water into said sluice chamber at a rate at least
      sufficient to contain dust therein and to maintain the nozzles in a
      relatively dust free condition, said pneumatic system and actuating means
      being capable of closing the upper flap while maintaining the lower flap
      in a closed position while said nozzles introduce water into said sluice
      chamber at said relatively increased rate to provide cooling of the
      material accumulated therein, said pneumatic system and actuating means
      further being capable of opening the lower flap to cause discharge of the
      material accumulated within the sluice chamber; and
PA1  f. a transport bucket capable of being selectively positioned beneath the
      lower flap for receiving material discharged from the sluice chamber and
      means operatively associated with said transport bucket to delay opening
      of the lower flap for a predetermined time period corresponding to a full
      cycle of the sluicing operation and means for transporting said bucket
      from said sluice chamber to another location when it at least partially
      filled to a predetermined level.
NUM  18.
PAR  18. A method for operating a sluice system for removing hot material such
      as cement clinker from a furnace such as a rotary kiln or uncombusted or
      slag material and the like from a furnace through an ash pit communicating
      with a discharge opening of the furnace and having a steel plate duct
      having a cross-section at least equal to the cross-section of the ash pit,
      said duct being connected to the ash pit and positioned in a downward,
      relatively steeply slanted position, an upper rotatably mounted flap
      having an open position exposing substantially the full cross-section of
      the duct to the ash pit and a closed position at least substantially
      sealing communication between the duct and the ash pit and defining the
      upper wall of a sluicing chamber within the duct, a lower rotatably
      mounted flap having an open position exposing substantially the full
      cross-section of the lower end portion of the duct and having a closed
      position at least substantially sealing the lower end portion of the
      sluicing chamber within said duct and defining the lower wall of said
      sluicing chamber, nozzle means mounted in the side wall of the duct
      between said upper and lower flaps and connected to a water supply means
      and adapted for introducing water into said sluicing chamber defined
      within said duct comprising:
PA1  a. positioning a material receiving means in a material receiving position
      below the discharge end portion of the sluicing chamber;
PA1  b. closing the lower flap and opening the upper flap for a time period
      sufficient to permit a predetermined amount of said material from the ash
      pit to enter the sluicing chamber while simultaneously introducing water
      through said nozzle means and into said sluicing chamber at least at a
      minimum level sufficient to contain dust and to maintain the nozzle means
      in a dust free condition;
PA1  c. closing the upper flap and introducing water through said nozzle means
      at a rate greater than the rate of introduction of water utilized to
      contain the dust in the sluice chamber and sufficient to further cool the
      hot material in said sluicing chamber;
PA1  d. discontinuing the introduction of cooling water at said greater rate;
      and
PA1  e. opening the lower flap while simultaneously permitting the relatively
      cooled material to be discharged from the sluicing chamber into the
      material receiving means.
NUM  19.
PAR  19. The method according to claim 18 further comprising reducing said rate
      of introduction of water into said sluicing chamber to said minimum level
      sufficient to contain dust and to maintain said nozzle in a dust free
      condition when said upper and lower flaps are in a closed position and a
      predetermined amount of water has been introduced into said sluicing
      chamber at said greater rate and said material is cooled sufficiently
      prior to discharge thereof from said sluicing chamber.
NUM  20.
PAR  20. The method according to claim 19 further comprising positioning a
      transport bucket below the material discharge end of said sluicing
      chamber, closing the lower flap when said bucket is filled with discharge
      material to a predetermined level and thereafter removing the bucket away
      from its position below the sluicing chamber to transport the relatively
      cooled material therefrom.
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ABST
PAL  A trimming mechanism for an overedge sewing machine includes an elongated
      cutter arm driven in oscillatory movement to drive a movable cutting blade
      which cooperates with a fixed cutting blade to trim material passed
      through the sewing machine. An improved cutting blade mounting means is
      provided for simultaneously mounting the movable cutter blade on the
      driven cutter arm and automatically aligning the movable blade for
      cooperation with the fixed blade.
PARN
PAR  This is a division, of application Ser. No. 354,714, filed Apr. 26, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to sewing machines and more particularly
      to an improved high speed industrial sewing machine of the type employed
      to produce a seam along and around the edge of a workpiece as it is
      progressively fed through the machine.
PAR  2. Background of the Invention
PAR  Overedge sewing machines are widely used, particularly in industrial sewing
      operations, to form a one, two, or three thread seam along the free edge
      of the workpiece. In operation, these machines pass successive loops of a
      needle thread through the workpiece at spaced intervals along a line
      spaced inwardly from and parallel to the edge of the workpiece, with the
      successive loops being either interlooped with themselves or with one or
      two looper threads around the edge to complete the overedge seam.
PAR  As with any commercial operation, the speed of an industrial sewing machine
      is an important consideration. This factor has been largely responsible
      for the widespread acceptance of the overedge machine which traditionally
      has been a high speed machine. While refinement in existing machine
      designs has made possible the operation of overedge machines at rates in
      excess of seven thousand stitches per minute, practical limitations both
      as to stress and acceptable noise levels, made it clear that further
      substantial increases in speed were not practical with the prior art
      machine designs. It is, therefore, a primary object of the present
      invention to produce an improved high speed overedge sewing machine.
PAR  Another object of the invention is to provide such a machine capable of
      operating at very high speeds without the production of excessive noise or
      vibration.
PAR  Another object is to provide such a machine in which shaft driven
      connecting rods mounted in fixed planes are employed to drive the working
      elements of the machine.
PAR  Another object is to provide such a machine employing an improved material
      feed mechanism for feeding the work material through the machine.
PAR  Another object is to provide such a machine including an improved means for
      lubricating relative inaccessible components thereof.
PAR  Another object of the invention is to provided such a machine employing a
      main input shaft and a miter gear driven auxiliary shaft for driving the
      working components of the machine.
PAC  SUMMARY OF THE INVENTION
PAR  In the attainment of the foregoing and other objects, an important feature
      of the invention resides in the use of a main input shaft and a miter gear
      driven auxiliary shaft extending at right angles to the main shaft to
      enable the use of bearing mounted connecting rods, each supported in its
      own fixed plane, for driving the material cutter, the feed mechanism, and
      the cooperating stitch forming elements of the machine. The right angle
      shafts eliminates the need for spatial or ball-jointed linkages or axial
      cams to drive the stitch forming elements as in the prior art overedge
      machines.
PAR  The four-motion feed dogs of the machine are driven in their horizontal
      movement through an eccentric crank on the projecting end of the main
      shaft, and in their vertical movement by a connecting rod mounted on and
      driven by the main shaft. The feed drive arrangement includes means for
      stabilizing the feed dogs against canting movement under load of the
      machine's presser foot, and means for shifting the feed carriers during
      actuation thereof to move the feed dogs in a substantially elliptical path
      having its major axis in the horizontal direction. A shaft mounted,
      floating pump is provided to pump oil through the main input shaft to
      lubricate portions of the feed carrier drive assembly. Means are also
      provided for automatically aligning the plane of the material cutter of
      the machine with the main input shaft to thereby greatly facilitate
      installation and alignment of the cutter knife.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing objects and advantages of the machine according to the
      present invention will become more apparent from the following detailed
      description, taken with the drawings, in which:
PAR  FIG. 1 is a front elevation view of the machine, with portions thereof
      removed to more clearly illustrate other portions;
PAR  FIG. 2 is an end elevation of the machine shown in FIG. 1 and illustrating
      the feed carrier drive mechanism;
PAR  FIG. 3 is a plan view, partially in section, illustrating the drive
      mechanism of the machine;
PAR  FIG. 4 is a fragmentary sectional view, in plan, illustrating the feed
      carrier drive mechanism;
PAR  FIG. 5 is an elevation view taken on line 5--5 of FIG. 4;
PAR  FIG. 5A is a diagrammatic view, slightly enlarged, illustrating the
      eccentric drive imparting the horizontal movement to the feed carrier of
      FIG. 5;
PAR  FIG. 6 is an elevation view taken along line 6--6 of FIG. 4 and
      illustrating the front feed dog carrier drive;
PAR  FIG. 6A is a view similar to FIG. 6 and illustrating the eccentric cam
      drive adjusted for maximum horizontal stroke;
PAR  FIG. 7 is a sectional view taken along 7--7 of FIG. 4 and illustrating the
      feed raising drive mechanism;
PAR  FIG. 8 is a sectional view taken on line 8--8 of FIG. 4;
PAR  FIG. 9 is a sectional view taken on line 9--9 of FIG. 2 and illustrating
      the shaft mounted oil pump;
PAR  FIG. 10 is a sectional view taken along line 10--10 of FIG. 9;
PAR  FIG. 11 is an exploded view of the feed carrier drive eccentric;
PAR  FIG. 12 is a fragmentary view illustrating the machine cutter drive
      mechanism;
PAR  FIG. 13 is a front elevation view of the cutter mechanism shown in FIG. 12;
PAR  FIG. 14 is a fragmentary top plan view of the structure shown in FIG. 12;
PAR  FIG. 15 is a sectional view taken along line 15--15 of FIG. 14;
PAR  FIG. 16 is a fragmentary end elevation view showing the needle drive
      mechanism;
PAR  FIG. 17 is a fragmentary sectional view illustrating the upper looper drive
      mechanism; and
PAR  FIG. 18 is a fragmentary elevation view of the lower looper drive mechanism
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings in detail, a sewing machine embodying the
      present invention is illustrated as including a housing 10 consisting of a
      main frame 12 and top and bottom cover plates 14, 16, respectively. The
      main drive components of the machine are supported by the main frame 12
      within the open chamber 18 of the housing and an oil sump 20 (FIG. 9) in
      the bottom of the housing provides a supply of lubricating oil for the
      moving parts. The housing is supported on a suitable surface such as a
      conventional sewing table by resilient mounting feet 22 which provide
      maximum vibration dampening between the machine and its support.
      Preferably frame 12 is a single piece casting, although obviously the
      frame could be assembled from a plurality of components secured together
      in accurately aligned relation to form the fluit-tight compartment 18.
PAR  As seen in FIGS. 1 and 2, the top cover plate 14 includes a support arm 24
      which carries thereon a presser foot loading and release assembly 26 for
      releasably urging the presser foot arm 28 in a direction to apply a
      downward force to a workpiece passing through the machine. Since the
      presser foot and its related components are of conventional construction
      and form no part of the present invention they will not be described in
      detail here. These structures have long been used on the well-known Merrow
      overedge sewing machine as illustrated, for example, in U.S. Pat. No.
      2,827,869 and known to those skilled in the art. Also, conventional thread
      tensioning devices, not shown, are mounted on the cover plate 14 and
      support arm 24.
PAR  Referring now to FIG. 3, it is seen that the machine drive system includes
      a main input shaft 30 journalled for rotation about its horizontal axis by
      main anti-friction bearing 32 supported in an opening 34 in the right end
      wall 36 of frame 12 and by an anti-friction needle bearing 38 mounted in
      an opening 40 in the left end wall 42 of the frame. Shaft 30 is also
      journalled intermediate its ends by a needle bearing 44 mounted within an
      opening 46 of a vertical, transversely extending wall 48 integrally formed
      with and projecting inwardly from the back wall 50 of frame 12.
PAR  The main input shaft 30 is driven about it longitudinal axis by a suitable
      motor acting through a V-belt, not shown, engaging a pulley 52 rigidly
      mounted on the outwardly projecting end of shaft 30 as by lock nut 54. A
      fan 56 may also be mounted on the shaft 30 between end wall 36 and the
      V-belt pulley 52, to provide a flow of cooling air over the portion of the
      frame adjacent the main bearing 32 during operation of the machine.
PAR  Although all anti-friction bearings in the external walls of frame 12 are
      illustrated in the drawings as being unsealed bearings, in practice
      suitable seals are provided to prevent the escape of lubricating oil to
      the outside of the housing. Since such seals are well-known and form no
      part of the invention, a detailed description and illustration of the
      seals has been omitted to simplify the disclosure.
PAR  An auxiliary drive shaft 60 is mounted within frame 12 by a needle bearing
      62 positioned within an opening 64 in the front wall 66 of the frame and
      by a ball bearing 68 mounted within an opening 70 in a longitudinally
      extending inner wall 72 integrally formed with the inner wall 48 and the
      end wall 36. Shafts 30 and 60 are located within a common horizontal plane
      and extends at right angles to one another, with the inner end of shaft 60
      being positioned closely adjacent shaft 30. Preferably, the inner walls
      48, 72 do not extend the full height of frame 12 so that lubricating oil
      is free to pass both beneath and over the top of these walls to provide
      lubrication for the components located within the generally rectangular
      area 74 defined by these inner walls and the adjacent portion of end wall
      36 and back wall 50.
PAR  Still referring to FIG. 3, it is seen that a first miter gear 76 is mounted
      on shaft 30 as by a key, not shown, in inwardly spaced relation to the
      main bearing 32, and a split ring clamp 78 mounted on the shaft between
      gear 76 and bearing 32 accurately spaces the gear with respect to the end
      wall 36. A second miter gear 80 is mounted on the end of shaft 60, as by
      key 82 and shims 84 which retain the gear in five spaced relation to the
      inner race of bearing 68. The miter gears 76, 80 mesh together so that
      rotation of shaft 30 by pulley 52 drives the shaft 60 at the same rate and
      in synchronization with shaft 30.
PAR  A counterweight 86 is also mounted on the shaft 30 within the rectangular
      space 74 by a split ring clamp 88 and a pair of bolts 90. This
      counterweight 86 acts to reduce vibration and noise by balancing forces
      exerted on the frame 12 by the driven components of the machine during
      operation thereof.
PAR  As shown in FIGS. 2, 3 and 16, a curved sewing needle 92 is mounted, as by
      clamp 94, on the distal end of a needle carrier arm 96 which, in turn, is
      rigidly mounted on the end of a rock shaft 98 for movement therewith to
      oscillate the needle through a workpiece passing over the needle plate 100
      and beneath the presser foot 102 at the stitch forming station of the
      machine. The needle arm rock shaft 98 is journalled by a bushing 104
      within an opening 106 in the end wall 42 of the frame, and by a second
      bushing, not shown, mounted in a bore in an enlarged portion 108 of the
      inner wall 48. A split rocker arm 110 is rigidly clamped, as by bolt 112,
      on the shaft 98 and is connected by pin 114 to one end of connecting rod
      116. The connecting rod 116 has its other end rotatably mounted, as by
      clamp 118 and bolts 120, to an eccentric crank portion 122 of shaft 30.
      Thus, seen in FIG. 16, rotation of shaft 30 about its longitudinal axis,
      indicated at 124, will move the eccentric crank portion 122 in a circular
      orbital path thereby causing the rod 116 to impart oscillatory movement to
      the rocker arm 110 about shaft 98 to drive the needle 92 through an
      arcuate path from its raised position shown in FIG. 2 downwardly to a
      lowered position penetrating the material on the needle plate 100 and back
      to the raised position upon each rotation of the shaft 30. Although the
      rod 116 is illustrated in FIG. 16 as being journalled directly upon the
      eccentric crank 122, an anti-friction bearing 125 is actually employed as
      shown in FIG. 10.
PAR  As a loop of sewing thread is passed through a workpiece and carried below
      the needle plate 100 by the needle 92, the loop is picked off the needle
      by a lower looper 126 mounted, as by set screw 128, in the free end of a
      looper arm 130. The looper arm 130 has a split ring clamp integrally
      formed thereon and is rigidly mounted, as by bolt 132, on the end of a
      rock shaft 134 projecting outwardly from the front wall 66 of frame 12.
      The rock shaft 134 is journalled adjacent its outwardly projecting end by
      a suitable bushing or sealed bearing, not shown, in the front wall 66 and
      has its rear end journalled by a suitable bushing within an opening in an
      inwardly projecting protrusion 136 on the end wall 42.
PAR  Referring particularly to FIGS. 3 and 18, the lower looper rock shaft 134
      is oscillated about its longitudinal axis by a crank arm 138 having one
      end rigidly mounted on the shaft 134 by a set screw 140 and has an
      integrally formed fork 142 at its other end. A pin 144 extending through
      the fork 142 pivotally supports one end of a connecting rod 146 which, in
      turn, has its other end mounted, as by split clamp 148 and bolts 150, to
      an eccentric crank portion 152 of auxiliary shaft 60. An anti-friction
      needle bearing 154 is provided between the eccentric crank portion 152 and
      the rod end 147 to minimize friction therebetween during operation of the
      machine. Since the eccentric crank 152, the bearing 154, the rod 146 and
      the crank arm 138 lie in a common plane, there will be no tendency for the
      rod 146 to rotate or oscillate about its longitudinal axis during
      operation to apply uneven loads to the bearings. Thus, it is seen that,
      upon rotation of the shaft 60, the eccentric crank portion 152 thereof
      will move in a circular orbital path to cause the rod 146, acting through
      pin 144, to oscillate the arm 138 about the axis of the rock shaft 134.
      Since arm 138 is rigidly clamped on the shaft 134, this oscillation will
      produce a similar oscillating movement of the lower looper 126 from a
      position in which the free end point of the looper is spaced to the left
      of a vertical plane parallel to the axis of shaft 134 and passing through
      the needle 92 (as viewed in FIG. 1) to a position to the right of this
      plane and back again upon each revolution of the input shaft 30. Further,
      since the auxiliary shaft 60 and input shaft 30 are driven in
      synchronization, movement of the lower looper 126 will be in timed
      relation with the needle 92 so that the looper will be in position to pick
      a loop of thread from the needle as the needle passes below the needle
      plate. Continued rotation of the shafts will move the lower looper to the
      right to the position shown in FIG. 1 and hold the loop of thread in
      position to be picked off by an upper looper 156 and carried into position
      above the needle plate 100 to be penetrated by the needle upon the next
      downward movement. Alternatively, as is well-known in the overedge sewing
      machine art, either the lower and upper looper may also carry a thread
      which is interlooped with the needle thread around the edge of the fabric
      being sewn to form a two or three thread overedge seam in the edge of the
      material.
PAR  Referring now particularly to FIGS. 3 and 17, it is seen that the upper
      looper 156 is mounted on the end of a looper rod 160 by a clamp nut 162.
      The looper rod 160 is slidably mounted in an axial bore of an elongated
      bearing sleeve 164 mounted in and projecting through an opening 166 in an
      inwardly offset, inclined portion 168 of the front wall 166. A set screw
      170 firmly clamps the sleeve 164 in position, and a suitable packing
      gasket 172 provides a seal between the sleeve and the opening in the
      housing to prevent escape of lubricating oil.
PAR  The upper looper bearing sleeve 164 is supported in a vertical plane
      parallel to and spaced forwardly of the axis of input shaft 30 and is
      inclined at an angle of approximately 30.degree. with respect to the
      horizontal so that reciprocation of the looper rod 160 through the bearing
      sleeve 164 moves the end of the upper looper 156 from a retracted position
      substantially level with the work support plate 100 to an extended
      position projecting substantially above the work support plate as seen in
      FIG. 1.
PAR  The upper looper rod 160 has a reduced diameter portion 170 adjacent its
      lower end and a first smooth hardened bearing washer 172 and a back-up
      washer 174 are mounted thereon in position abutting the snoulder (not
      shown) at the junction of the main body of the looper rod 160 and the
      reduced diameter portion 170. A second bearing washer 176 is mounted on
      the end of the reduced diameter portion in axially spaced relation to
      bearing washer 172, with the second bearing washer 176 being retained in
      position by a split ring clamp 178 and clamp bolt 180. The rounded,
      bifurcated end 182 of a rocking lever 184 is positioned between the
      bearing washers 172, 176 and cooperates therewith to provide a sliding
      swivel joint between the ends of the rocking lever and the looper rod. The
      upper end of the rocking lever 184 is pivotally mounted by a pin 186
      fixedly mounted within openings in the front wall 66 and the interior wall
      72, with the axis of pin 186 being parallel to and spaced from the axis of
      rotation of auxiliary shaft 60.
PAR  The rocking lever 184 is oscillated about the axis of pin 186 by a
      connecting rod 188 having a bifurcated end connected by rod pin 190 to the
      rocking lever 184 intermediate its ends. Connecting rod 188 has its other
      end connected, as by split clamp 192, bolts 194 and needle bearing 196, to
      an eccentric crank portion 198 of auxiliary shaft 60. Thus, upon rotation
      of the auxiliary shaft 60, the eccentric crank portion 198 will move in a
      circular orbital path around the shaft's axis of rotation, indicated at
      200, and will impart oscillatory motion to the rocker arm 184 about the
      axis of pin 186. Oscillating movement of the rocking arm 184 will cause
      the curved bifurcated end portions 182 to swing through an arc while
      bearing on the face of the bearing washers 172, 176 and thereby impart
      reciprocating movement to the upper looper rod axially through the looper
      carrier bearing sleeve 164. The opposed parallel faces of the bearing
      washers 172, 176 will readily accommodate limited sliding motion between
      the end of the rocker arm and the washers as the rocker arm moves along
      its arcuate path.
PAR  The upper looper sleeve has an elongated spiral slot 202 formed therein,
      with the slot extending through the wall of the sleeve to the central bore
      thereof. The radially extending side walls of slot 202 form a spiral cam
      track which engages and guides a cam follower 204 which is mounted on
      looper rod 160 and projects radially outward therefrom through the slot
      202. The configuration of the spiral slot 202 is such that, upon axial
      reciprocation of the looper rod 160, cam follower 204 will be constrained
      to follow the spiral path defined by the cam slot and thereby impart
      oscillatory rotary movement to the looper rod 160 and the looper 156
      carried thereby. The sliding swivel joint between the rocker arm 154 and
      the looper rod 160 readily accommodates this limited oscillatory rotary
      movement.
PAR  As most clearly seen in FIG. 3, the looper 156 has an offset shank portion
      so that the thread-engaging point thereof is substantially offset from the
      longitudinal axis of the looper rod 160. This looper configuration, in
      combination with the rotary action imparted to the looper rod 160 and the
      angle of inclination of the looper sleeve 164, imparts substantial
      vertical movement to the point of the looper 156 upon each reciprocating
      movement thereof. This vertical movement enables the thread to be carried
      from the lower looper up and around the edge of a workpiece and positioned
      above the material where it is penetrated by the loop of thread carried by
      the needle on the next downward stroke thereof.
PAR  As is conventional with overedge machines, the machine of the present
      invention includes a cutter mechanism for automatically trimming the edge
      of a workpiece sewn thereon at a predetermined distance from the line
      along which the needle penetrates the workpiece to form the series of
      overedge stitches. Thus, a seam formed on such machines is always uniform
      and extends inward a fixed distance from the edge of the workpiece.
PAR  Referring to FIGS. 1-3 and 12-15, the cutter mechanism of the instant
      invention includes a fixed knife element 206 mounted, as by screw 208 on a
      structural member of the machine frame, and a movable knife 210 supported
      for substantially vertical reciprocating movement in contact with blade
      206. The movable cutter blade 210 is in the form of a structural angle
      supported by a clamp 212 and screw 214 on a mounting bracket 216, with one
      leg of the structural angle projecting downwardly and remaining in contact
      with the vertical surface of the fixed cutter blade 206. The laterally
      extending leg of the angle defines the cutting or shearing edge of the
      movable cutter blade 210 and cooperates with the horizontal edge of the
      fixed cutter blade 206 to shear the edge of the workpiece along a straight
      line as the workpiece passes through the machine.
PAR  Movable cutter blade 210 is firmly clamped onto the mounting bracket 216
      with a vertical surface of the cutter blade in contact with a flat
      vertical surface 218 which, in turn, is accurately formed in precise
      relation to an aligning surface 220 on the mounting bracket 216. A pair of
      flanges 222, 224 are integrally formed on the bracket 216 and project
      laterally from the aligning surface 220 in vertically spaced relation to
      one another for clamping the mounting bracket 216 onto the distal end of a
      cantilevered cutter arm 226. As best seen in FIG. 15, bracket 216 is
      supported on arm 226 by a pair of vertically spaced parallel flanges 228,
      230 having parallel smooth faces adapted to engage the surface 220 of
      bracket 216 to accurately position the bracket on the arm. The pair of
      flanges 222, 224 on the bracket 216 are space apart a distance
      substantially equal to the thickness of the flange 230, and the pair of
      flanges 228, 230 on the arm 226 are spaced apart a distance substantially
      equal to the thickness of flange 224 so that the bracket 216 fits in snug
      tongue-and-groove relation on the end of the cutter arm.
PAR  Flanges 228 and 230 are provided wih vertically aligned elongated slots
      232, 234, respectively, for receiving a clamping bolt 236. The bolt 236
      has a threaded lower end portion 238 adapted to be threadedly received
      into an opening 240 in the flange 222 and an enlarged body portion 242
      adjacent its upper end, with a tapered cone-shaped central portion 244
      joining the threaded portion and the enlarged body. The tapered
      cone-shaped central portion 244 of the bolt 236 is adapted to engage a
      correspondingly tapered wall in an elongated opening 246 in the flange 224
      as the bolt is threaded into the opening 240. This cams the bracket 216
      toward the arm 226 and brings the vertical face 220 into firm contact with
      the end face 248 of the cutter arm 226 as defined by the ends of the
      flanges 228, 230.
PAR  As can be seen from FIG. 15, the vertical center line of the opening 232 is
      spaced from the face 248 a distance slightly greater than the vertical
      center line of the cone-shaped opening 246 from the aligning surface 220.
      Also, the transverse dimension of the elongated slots 232, 234 is slightly
      greater than the diameter of the adjacent portion of bolt 236 so that, as
      the bolt 236 is turned into the threaded opening 240, the body portion 242
      of the bolt will bear against the side of slot 236 closest the end of
      cutter arm 226, and at the same time bear against the opposed surface of
      the cone-shaped opening 246 to cam the bracket 216 into firm contact with
      the end of the cutter arm. Further tightening of the screw 236 will result
      in the flange 230 being firmly clamped between the flanges 222 and 224 to
      thereby firmly and accurately position the bracket 216 and the cutter
      knife 210 carried thereby in relation to the support means for the cutter
      arm 226.
PAR  The cutter arm 226 is fixedly mounted on the end of an elongated mounting
      sleeve 250, as by key 252, for rotation therewith. The sleeve 250 is
      mounted on the presser foot mounting shaft 254, and is supported for
      rotation about its longitudinal axis by a mounting bushing 256 positioned
      within an opening in end wall 42, and a second bushing, not shown, mounted
      in an opening in the inner wall 48. Referring to FIG. 12, it is seen that
      the mounting sleeve 250 is oscillated about its longitudinal axis and
      comprises the fourth link of a four-bar linkage including a carrier lever
      258 having a split end rigidly clamped on the sleeve by bolts 260 and
      having its other end connected, as by pin 262, to the end of a connecting
      rod 264. Rod 264 is, in turn, rotatably mounted on an eccentric crank
      portion 270 of main input shaft 30 by clamp 266 and bolts 268. Thus,
      rotation of shaft 30 about its longitudinal axis 124 will carry the end of
      the connecting rod 264 around a circular orbital path to thereby impart
      oscillating motion to the cutter lever 258 and raise and lower the knife
      210 upon each revolution of the input shaft 30.
PAR  Work material is fed through the machine past the cutter mechanism and the
      stitch forming mechanism intermittent increments equal to the length of
      the successive stitches formed therein by aligned front and rear feed dogs
      274, 276. The front feed dog 274 is mounted, as by screw 278, on the
      forward end of the front feed carrier 280, and the rear feed dog 276 is
      mounted as by screw 282 on the rear feed carrier 284. As seen from FIGS. 5
      and 6, feed carriers 280, 284 are substantially identical except for their
      length, the front feed carrier 284 being slightly longer to position the
      front feed dog 274 ahead of and in line with the rear feed dog 276 in the
      direction of feed through the machine. Thus, feed carriers 280, 284 are
      provided with elongated, horizontally extending, open ended guide slots
      286, 288, respectively, on their forward ends, with the guide slots being
      adapted to closely engage and slidably receive a feed raising block 290
      which, in turn, is rotatably mounted on an eccentric crank portion 292 of
      a feed raising shaft 294. Feed raising shaft 294 extends in parallel
      spaced relation to input shaft 30 and is journalled for rotation about its
      longitudinal axis by a bushing 296 in the end wall 42, and a second
      bushing 298 in a rearwardly projecting protrusion 300 on front wall 66.
      The feed carrier block 290 is retained on the eccentric crank portion 292
      with its inwardly directed end in contact with the end of bushing 296 and
      a radially extending shoulder 302 on shaft 294 by a split ring clamp 304
      as best seen in FIG. 8.
PAR  The feed raising block 290 is provided with flanges 306, 308 on its upper
      and lower edges, respectively, which engage the outer vertical face of the
      feed carrier 284. The feed carriers 280, 284 are dimensioned so that their
      combined thickness is equal to or just slightly greater than the length of
      the feed raising block from the flanges 306, 308 to the opposite end
      thereof so that these flanges act to hold the two feed carriers in close
      contacting relation with one another and with the vertical surface of the
      front feed carrier 280 in contacting relation with a guide surface 310 on
      the end wall 42. As most clearly seen in FIGS. 3 and 4, the front feed dog
      274 is offset from the vertical plane of the front feed dog carrier 280 so
      that pressure exerted by the work material and by presser foot 102 on this
      feed dog during operation of the machine exerts a counterclockwise moment
      (viewed from the front of the machine) on the feed dog carrier 280. The
      stabilizing effect of the flanges, 306, 308, bearing on the outer surface
      of the feed dog carrier 284, resists this turning moment and stabilizes
      the feed dogs against any canting or tilting movement about the
      longitudinal axis of the feed dog carriers.
PAR  The feed raising block 290 is driven in its orbital path by a lever 312
      having one end rigidly clamped, by bolt 314, on feed raising shaft 294 and
      its other end connected, by pin 316, to one end of a connecting rod 318
      having its other end rotatably mounted by bearing 320 on an eccentric
      crank portion 322 of input shaft 30. The connecting rod 318 also includes
      a rearwardly and downwardly projecting arm 324 having a stub shaft 326
      mounted on the bifurcated distal end thereof. A generally rectangular
      guide block 328 is rotatably mounted on the shaft 326 and is slidably
      received within an elongated guide channel 330 of an arm 332. The arm 332
      is rigidly clamped by bolt 334 onto a feed carrier pivot shaft 336 which,
      in turn, is supported for rotation about it longitudinal axis parallel to
      input shaft 30 by a bushing 338 mounted within an opening in the end wall
      42 and a second bushing 340 supported in an inwardly directed bracket 341
      on rear wall 50. Pivot shaft 336 terminates at its outer end in an
      eccentric crank portion 342 which rotatably supports a generally
      rectangular pivot block 344. The pivot block is received in the open
      ended, rearwardly extending guide channels 346, 348 of the feed carriers
      280, 284, respectively to provide vertical support for the rear end of the
      feed carriers while permitting limited fore-and-aft and pivotal movement
      thereof.
PAR  Referring to FIGS. 4 through 6, it is seen that the feed carriers 280, 282
      are driven in their horizontal work feeding movement through substantially
      identical scotch yoke assemblies by an eccentric crank portion 350 on
      shaft 30 projecting outwardly from the end wall 42. The scotch yokes each
      consist of a generally rectangular guide block 352 supported for relative
      vertical sliding movement within a generally rectangular opening 354 in
      the body of the respective feed carriers, with the guide blocks 352 being
      restrained against horizontal movement relative to the feed carriers by
      the vertical walls of the rectangular openings 354. The guide blocks 352
      are each provided with a large, concentric circular opening extending
      therethrough for rotatably receiving a circular bushing 356 having an
      eccentric axial bore 358 extending therethrough and mounted by key 359 on
      the eccentric crank portion 350 of shaft 30. In order to facilitate the
      explanation of the function of eccentric bushing 356, this element is
      illustrated in FIGS. 5 and 5A as having zero eccentricity and in FIGS. 6
      and 6A as having substantial eccentricity. Thus, in the configuration
      illustrated in FIGS. 5 and 5A, it is seen that upon each rotation of shaft
      30 about its longitudinal axis 124, the center of the eccentric crank
      portion 350 and of the center of the concentric bore 358 will coincide at
      360 and will move about the circular path indicated by the broken line
      362. This action will impart horizontal movement to the feed carrier 284
      indicated by the arrow 364 in FIG. 5A, with the extent of the horizontal
      movement equal to two times the eccentricity of crank 350.
PAR  When it is desired to impart a greater horizontal stroke to the feed
      carriers, an eccentric cylinder 356 having a bore 358 formed therein which
      is offset with regard to the center of the cylindrical bushing is
      employed. In this configuration, as illustrated in FIG. 6A, the
      eccentricity of the bore 358 is added algebraically to the eccentricity of
      the crank portion 350 so that the center of the cylindrical eccentric
      sleeve 356 follows the circular path indicated by the broken line 366,
      thereby imparting a greater horizontal stroke as indicated by the arrow
      368. Oviously, by rotating the cylinder 356 through 180.degree., a
      substantially shorter horizontal stroke is obtained.
PAR  It is apparent that, in use of the machine, cylindrical bushings having the
      same eccentricity and orientation will normally be employed for both of
      the feed carriers to thereby impart identical horizontal strokes to the
      feed dogs 274, 276. However, when it is desired to provide differential
      movement between the two feed dogs, as during a shirring operation, the
      cylindrical bushings can be employed to impart greater movement to the
      front feed dog to produce the desired shirring effect in the work
      material.
PAR  Since the feed raising shaft 292 is driven by input shaft 30, the feed dogs
      274, 276 are raised and lowered by the feed raising block 290 in timed
      relation to the horizontal movement imparted thereto by the scotch yoke
      assembly, it is seen that the feed dogs travel in a substantially
      elliptical path. Further, since shaft 336 is oscillated about its
      longitudinal axis by an extension of the connecting arm 318 which drives
      the feed raising shaft 294, the feed carrier guide block 344 is shifted
      vertically in timed relation with the feed raising block 290. By providing
      the desired degree of eccentricity to the crank portion 342 of shaft 336,
      it is apparent that the feed carriers 280, 284 may be maintained in an
      essential horizontal attitude so that the longitudinal axis of the
      elliptical path ascribed by the feed dogs is truly horizontal rather than
      canted as is the case where the feed carriers are pivoted about a fixed
      axis at the rear portion thereof. This action enables a more uniform
      pressure to be applied to the material during feeding thereof beneath the
      presser foot with the results that more uniform and accurate feeding is
      possible.
PAR  Referring now to FIGS. 9 and 10, a shaft mounted pump assembly 370 is
      mounted on and supported by shaft 30 to provide lubricating oil to the
      main shaft bearing 44, the feed raising bearing 125, and the feed carrier
      crank 350. The pump 370 includes a generally cylindrical body made up of
      two half-sections 372, 374 held in rigidly assembled relation by a pair of
      bolts 376 between a pair of radially extending shoulders 378, 380 on the
      shaft 30. The pump body has a concentric axial bore extending
      longitudinally therethrough and dimensioned to receive and closely fit
      onto and be freely rotatable on the shaft 30 between the shoulders 378,
      380. An eccentric arcuate groove 382 is formed in the shaft between and
      equally spaced from shoulders 378, 380 and extends approximately
      180.degree. therearound. The width of the groove 382 along the length of
      shaft 30 is substantially less than the axial length of the pump body, and
      a radial bore 384 is formed in the shaft near the trailing end of the
      groove 382 relative to the direction of rotation of the shaft 30. Radial
      bore 384 communicates with a longitudinally extending axial bore 386
      formed in shaft 30 from the end thereof extending through wall 48.
PAR  A radially extending threaded bore 388 is formed in pump body portion 372
      and a tubular oil supply nipple 390 is threaded into the bore to provide
      an oil supply passage to the concentric bore 392 of the pump body. A
      flexible plastic tube sleeve 394 is received in telescoping relation on
      the oil supply nipple 390 and extends downwardly therefrom terminating
      within the oil supply sump 20 adjacent the bottom of the machine housing.
      Preferably the lower end of the plastic sleeve 394 is disposed within an
      upwardly directed open recess 396 within the bottom cover plate 16 of the
      housing, with the walls of the recess 396 acting as stops to restrain the
      pump assembly against free rotation about the axis of the shaft 30.
PAR  A second radially extending bore 398 is formed in pump body portion 372,
      and an elongated cylindrical piston 400 is slidably mounted within this
      bore. Bore 398 is positioned in closely spaced circumferential relation to
      and ahead of bore 388 relative to the direction of shaft rotation so that
      the bore 384 in shaft 30 passes the bore 398 immediately before passing
      over the bore 388 during normal operation of the pump. The piston 400 has
      a diameter substantially equal to the width of the eccentric arcuate
      groove 382 and is positioned in radial alignment therewith so that upon
      relative rotation of the shaft 30 and the pump body, the radially inward
      end of piston 400 is pressed into engagement with the surface of the shaft
      and of the eccentric arcuate groove 382 by the leaf spring 402 resiliently
      engaging the radially outer end of the piston. As seen in FIG. 9, spring
      402 is firmly clamped on the pump body by one of the bolts 376.
PAR  As shown in FIG. 9, the pump 370 hangs free on the shaft 30, with any
      slight tendency for the pump to be rotated with the shaft (due to
      frictional contact) being resisted by engagement of the tube 394 with the
      walls of the recess 396 within the oil reservoir. Rotation of the shaft 30
      from the position shown in FIG. 9 will cause a progressive shifting of the
      open space formed between the groove 382 and the cylindrical bore 392 of
      the pump body past the piston 400 and over the open end or radial bore
      388. The springs 402 keep the piston 400 pushed inward into contact with
      the surface of the groove 382 so that the expanding volume of the space
      passing over the bore 388 creates a suction drawing a finite volume of oil
      through the oil inlet nipple 390 to trap the volume of oil between the
      undercut eccentric portion of the shaft and the concentric bore of the
      pump. Further rotation of the shaft will move the radial bore 384 past the
      oil inlet tube 390 and pressure exerted by spring 402 on the piston 400
      will tend to force the trapped oil from eccentric arcuate groove radially
      inward through the bore 384 for delivery into bore 386. The oil then
      progresses axially along bore 386 and outward through radially extending
      bore 404 to lubricate bearing 125, bore 406 to lubricate bearing 44, and
      bore 408 to lubricate the bearing surfaces between the eccentric crank 350
      and the eccentric bushings 356. Also, metering screws 410, 412 and bleed
      opening 410a may be provided to limit the volume of oil pumped by the
      device or supplied to any point of oil consumption.
PAR  Referring to FIG. 11, it is seen that the feed carrier eccentric cylinders
      356 are provided with radially extending grooves 414 to provide an escape
      path for a limited volume of oil to lubricate the interface surfaces of
      the feed carriers and the adjacent frame surfaces. By providing the
      metering screw 412 to allow only a minimum amount of oil to enter this
      area, excessive oil loss is avoided.
PAR  Lubrication of the major portion of the moving parts of the machine
      contained within the housing 10 is supplied by an oil slinger spoon 416
      mounted by bolts 150 on the end of the lower looper drive connecting rod
      146 in position to dip into the oil reservoir in the bottom of the housing
      upon each revolution of the auxiliary drive shaft 60. Additional
      lubrication is provided by the splashing effect of the lower end of the
      upper looper carrier arm 160 which is driven axially into the oil upon
      each revolution of the auxiliary shaft. Oil splashed and slung in this
      manner can readily be directed over the top of the inner walls, 48, 72 to
      provide lubrication for the miter gears and associated bearings.
      Alternatively, if positive lubrication is desired for the main shaft
      bearings, the axial bore 386 in the main shaft 30 can be extended
      therethrough with suitable radial bores being provided to supply
      lubricating oil from the pump 370.
PAR  In summary, the invention involves the combination of a number of novel
      features which cooperate in their overall operation to produce an
      improved, high speed overedge sewing machine. Thus, for example, the novel
      concept of employing right angle shafts in an overedge machine makes it
      possible to balance the machine with much greater accuracy, thereby
      substantially reducing one of the prime causes of vibration, noise, and
      wear. This shaft arrangement also greatly simplifies the drive mechanism
      by making it possible to employ simple articulated bar linkage mechanisms,
      each mounted in its own fixed plane, for driving the individual components
      of the machine. These planar linkages make possible the greater
      utilization of anti-friction bearings and generally avoid the known
      disadvantages of spatial linkages and cams as basic drive components.
PAR  The simple drive structure also makes it feasible to drive the feed
      carriers in a mode to move the four-motion feed dogs in a path more
      closely approximating a true ellipse rather than the egg-shaped path
      resulting from restraining one end of the feed carriers against vertical
      movement as in the conventional machines. Similarly, the novel drive shaft
      arrangement facilitates the mounting of the upper looper for reciprocation
      in a path extending upwardly from within the machine housing. This angular
      arrangement reduces the rotational movement required to carry a loop of
      thread around the edge of the workpiece in position to be penetrated by
      the needle. Further, lubrication of the entire mechanism is simplified by
      use of the inclined upper looper rod as an oil slinger. Thus, while I have
      disclosed and described a preferred embodiment of my invention, I wish it
      understood that I do not intend to be restricted solely thereto, but that
      I do intend to include all embodiments thereof which would be apparent to
      one skilled in the art which come within the spirit and scope of my
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A trimming mechanism for sewing machines including, in combination, an
      elongated oscillatory cutter arm supporting a movable cutting blade for
      movement in a fixed plane, a fixed cutter blade positioned to cooperate
      with said movable cutter blade to trim a workpiece on the machine, a flat
      end surface on said cutting arm, a groove formed in the flat end surface
      dividing the end portion of said cutting arm into a pair of parallel
      spaced flanges, a cutter mounting bracket for supporting said movable
      cutter blade mounted on the end portion of said cutter arm, said mounting
      bracket having a flat reference surface adapted to engage said flat end
      surface on said cutting arm to position said movable cutter blade, a
      flange on said mounting bracket extending outwardly from and perpendicular
      to said reference surface and projecting therefrom a distance slightly
      less than the depth of said groove, a screw fastener extending through and
      cooperating with the flanges on said cutter arm and said mounting bracket
      for rigidly mounting said mounting bracket on said cutter arm, and
      cooperating cam means on said screw fastener and said flange on said
      bracket operable to cam said flat end surface and said reference surface
      into firm surface-to-surface contact to accurately align said bracket on
      said cutter arm upon tightening said screw.
NUM  2.
PAR  2. The trimmer as defined in claim 1 further comprising a second flange
      formed on said mounting bracket and projecting from said reference surface
      in parallel spaced relation to said first flange, said first and second
      flanges on said mounting bracket being spaced apart a distance to receive
      one of said flanges on said cutting arm, a threaded aperture in said
      second flange adapted to receive said screw fastener to firmly clamp said
      mounting bracket on said cutting arm.
NUM  3.
PAR  3. The trimmer as defined in claim 2 further comprising an elongated slot
      formed in and extending through each of said flanges on said cutter arm
      for receiving said threaded fastener whereby said mounting bracket can be
      adjusted on said cutter arm in a direction parallel to said flanges.
NUM  4.
PAR  4. The trimmer as defined in claim 2 wherein said cooperating cam means
      comprises a substantially cone-shaped section on said screw fastener
      adapted to engage a complementary cone-shaped opening in said one flange
      of said mounting bracket.
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ABST
PAL  A system of manufacturing shirt front assemblies is disclosed wherein a
      connected series of center plait pattern parts and a series of shirt front
      pattern parts are fed simultaneously to a sewing machine and sewn together
      to form a connected series of shirt front assemblies. The connected series
      of shirt front assemblies are conveyed away from the sewing station
      through a buffering system to a cutting station where the center plait
      pattern parts are cut apart and trimmed so as to have their ends
      coextensive with the edges of the shirt front pattern parts, and the
      cut-apart series of shirt front assemblies are stacked.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation of application Ser. No. 467,052, filed
      May 6, 1974 entitled "SHIRT FRONT ASSEMBLY, METHOD AND APPARATUS", which
      application is a continuation-in-part of application Ser. No. 391,645,
      filed Aug. 27, 1973 entitled "SHIRT FRONT ASSEMBLY, METHOD AND APPARATUS",
      now U.S. Pat. No. 3,871,309 issued Mar. 18, 1975; which application is a
      division of application Ser. No. 243,753, filed Apr. 13, 1972, entitled
      "SHIRT FRONT ASSEMBLY METHOD AND APPARATUS", now U.S. Pat. No. 3,780,682,
      issued Dec. 25, 1973; which application is a continuation-in-part of
      application Ser. No. 79,031, filed Oct. 8, 1970, entitled "GARMENT CUTTING
      AND STACKING METHOD", now U.S. Pat. No. 3,675,604, issued July 11, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  When the center plait or buttonhole strip of a garment, such as a man's
      shirt or a woman's dress, is connected to the shirt front pattern part,
      the center plait pattern part is usually folded under along its side edges
      and its ends are placed in overlying relationship with respect to the
      shirt front pattern part. When the center plait is sewn to the shirt front
      pattern part to form the shirt front assembly, the ends of the center
      plait extend beyond the top and bottom edges of the shirt front pattern
      part. In the past, after the center plait had been attached to the shirt
      front pattern part to form the shirt front assembly, a bundle of shirt
      front assemblies was allowed to collect at the sewing station and another
      worker transferred the bundle to another station where the ends of the
      center plait of each assembly were trimmed by a third worker so that the
      cut ends of each center plait were approximately even or coextensive with
      the edges of the shirt front pattern part. The upper end of the center
      plait, usually the leading end as the pieces are processed through the
      sewing machine, were cut with a curved cut or an angled cut to match the
      neck opening of the garment, while the lower or trailing end of the center
      plait was cut with a straight cut that matched the lower edge or tail of
      the garment.
PAR  In order to fabricate the shirt front assemblies it was necessary to first
      attach the center plait to the shirt front panel, stack the shirt front
      assemblies in a bundle at the sewing station, transfer the bundles to a
      cutting station cut the ends of each center plait, restack the shirt front
      assemblies, and transfer the cut bundle to a subsequent work station where
      subsequent stitching and other garment fabricating functions were
      performed. The manual steps of sewing, stacking, transferring, cutting and
      restacking the garment parts in the process of applying the center plaits
      to the garment panels is onerous, expensive, and there is some likelihood
      of misplacing bundles of garment parts or individual garment parts in the
      manufacturing process. Moreover, the more times the shirt fronts are
      manually handled in the separate sewing and cutting operations, the more
      likely is the tendency toward non-uniformity in the finished products.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly described, the present invention comprises a method and apparatus
      for fabricating shirt front assemblies in a connected series by forming a
      connected series of center plait pattern parts and connecting the shirt
      front pattern parts to the series of center plait pattern parts. The
      resulting connected series of shirt front assemblies is conveyed away from
      the sewing station by conveying the connected series of center plait
      pattern parts with the shirt front pattern parts hanging from the center
      plait pattern parts. The connected series of shirt front assemblies is
      conveyed through a buffering system to a cutting station where the
      connected series is intermittently fed to a cutter and the connected
      series of shirt front assemblies is cut apart and the individual shirt
      front assemblies are stacked. A conveyor assembly located between the
      sewing station and the cutting station functions as the buffer between the
      sewing station and the cutting station so that the speed of operation at
      the sewing station normally is independent of the speed of operation at
      the cutting station, and the cutting function at the cutting station is
      terminated when the supply of connected series of shirt front assemblies
      is low. The shirt front pattern parts are automatically fed from a stack
      of pattern parts to the sewing station and folded as they approach the
      needles in the sewing station. In a similar manner, the series of center
      plait pattern parts is guided from a supply toward the sewing station and
      folded as they approach the needles and the movements of the center plait
      pattern parts and shirt front pattern parts toward the sewing station are
      regulated so they are sewn together in the proper relationship.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic illustration of the process of forming shirt front
      assemblies.
PAR  FIG. 2 is a schematic illustration of the method of forming a connected
      series of center plait pattern parts.
PAR  FIG. 3 is a detail illustration of the pattern parts and the manner in
      which they are sewn together.
PAR  FIG. 4 is a perspective view of the apparatus for forming shirt front
      assemblies.
PAR  FIG. 5 is a perspective view of the fabric cutter.
DETD
PAC  DESCRIPTION OF AN EMBODIMENT
PAR  Referring now in more detail to the drawing, in which like numerals
      indicate like parts throughout the several views, FIG. 1 shows a process
      10 in which shirt front assemblies 11 are manufactured. A stack of shirt
      front panels or pattern parts 12 is formed, usually from a bunch of
      pattern parts received from a cutting area, and the top ply or pattern
      part 13 is lifted from the stack 12 and moved in the direction indicated
      by arrow 14 over to a path where the pattern parts are to be conveyed and
      passed through a sewing station. Each pattern part 13 is moved in the
      direction indicated by arrow 15 toward a sewing station 16. Sewing station
      16 includes a fabric connecting means which functions to connect together
      layers of fabric, and can include various adhesive, fusing, sewing, or
      other conventional fabric connecting means. By way of example, sewing
      machine needles 26 and 27 are illustrated. As each shirt front pattern
      part 13 moves in the direction indicated by arrow 15, the straight or
      shirt front edge 17 of the pattern part is folded over as indicated at 18.
      As the shirt front pattern part approaches the sewing station 16, a
      connected series of center plaits 19 is fed from a supply 20 to the same
      sewing station.
PAR  As is indicated in FIG. 2, the connected series of center plaits 19 are
      formed by fusing, sewing or otherwise connecting together a continuous
      length of center plait lining material 21 and center plait pattern parts
      22. The center plait pattern parts 22 are placed in end-to-end
      relationship along the length of the lining material 21, and after the
      supply of center plait pattern parts have been connected to the lining
      material and accumulated in a reel or supply 20, the reel 20 is
      transferred to the process illustrated in FIG. 1. The center plait pattern
      parts 22 are usually placed in spaced end-to-end relationship along the
      length of the lining material; however, the pattern parts 22 can be in
      abutting relationship, or even in overlapping relationship with respect to
      the lining material, if desired.
PAR  As the connected series of center plait pattern parts 19 approaches sewing
      station 16, the ends of each center plait pattern part will be moved into
      overlying relationship with respect to the ends of each shirt front
      pattern part 13 so that the center plait pattern parts protrude beyond the
      shirt front pattern parts. In addition, the edges of both the lining
      material and center plait pattern parts are folded inwardly toward each
      other as indicated in FIG. 3 to form folds 18, 24 and 25. The needles 26
      and 27 form the stitching 28 and 29 along the folded edges of the
      connected series of center plait pattern parts and through the folds of
      the mated plies of material so that the shirt front pattern parts become
      connected to the connected series of center plait pattern parts, thus
      forming a connected series of shirt front assemblies 30.
PAR  After the connected series of shirt front assemblies has been formed at
      sewing station 16, they are handled by conveying means 31 and passed
      toward cutting means 32 at a cutting station 61. The connected series of
      center plaits 19 is handled by the conveying means 31 by orienting the
      shirt front center plaits in an upwardly extending attitude with the shirt
      front pattern parts hanging in a downward direction and trailing freely
      from the center plait pattern parts. The connected series of shirt front
      assemblies 30 are cut apart by cutting means 32, and each shirt front
      assembly 34 is stacked in stacks 35 at a stacking station.
PAR  As is illustrated in FIG. 4, the apparatus 11 for forming the shirt front
      assemblies includes a fabric feeder which is schematically illustrated at
      38. Fabric feeder 38 is of conventional construction and the details of
      its construction form no material part of this invention. Fabric feeders
      of the type suitable for use with the apparatus disclosed herein include
      Fabri-feed series 10 manufactured by U.S.M. Industrial Machinery, a
      division of United Shoe Machinery of Boston, Mass. Fabric feeder 38 is
      arranged to transfer shirt front pattern parts 13 from the stack 12 onto
      conveyor 36. The fabric feeder applies a suction through the suction heads
      39 to the top ply of material in the stack 12, the suction heads lift the
      top ply away from the stack, moves the top ply laterally over to conveyor
      36, and then deposits the fabric on the conveyor. Conveyor 36 includes a
      pair of belts 40 which are arranged to move across the top surface of a
      work table 41 toward sewing station 16. A photoelectric cell 42 is
      positioned beneath the table surface in registration with an elongated
      slot 44 and is arranged to be repositioned along the slot, as necessary. A
      source of light (not shown) is located above the table surface 41 and
      arranged to emit light to the photoelectric cell 42. Photoelectric cell 42
      is arranged to control the operation of conveyor 36, as will be explained
      later.
PAR  Feeder assembly 45 is located above the surfaces of work tables 41 and 43
      at sewing station 16 and comprises single acting pneumatic ram 46 which is
      spring-urged to its retracted position. Arm 47 of ram 46 includes a
      gripping head 48 that communicates through conduit 49 with a source of low
      pressure air. The operation of feeder assembly 45 is controlled by
      photoelectric cell 42, which causes the distension and retraction of arm
      47 and the suction and release of gripping head 48. Feeder assembly 45
      functions to grasp a shirt front pattern part 13 and urge the pattern part
      into the folder 50 and toward the needles at sewing station 16. The feeder
      assembly 45 is adjustably connected to work table 41 and is angled so as
      to move the shirt front pattern part in the proper direction for forming
      the desired fold and to meet the needles 26 and 27 at the sewing station.
      The relationship between conveyor 36 and feeder assembly 45 is such that
      the pattern parts 13 first moving with conveyor 36 are subsequently
      engaged by feeder assembly 45 and the feeder assembly 45 continues to
      carry the pattern parts from work table 41 onto work table 43 after the
      conveyor belt 40 of conveyor 38 begins to move back beneath the work table
      41.
PAR  The reel 20 of connected series of center plait pattern parts is mounted on
      a bracket 52 from work table 43, and the portion of the supply of
      connected series of center plait pattern parts feeding away from the reel
      is directed beneath U-shaped guide 54 toward angle guide 55 and through
      folder 56 toward sewing station 16. Photoelectric cell 58 is located
      beneath work table 46 and is in registration with slot 59 between U-shaped
      guide 54 and angle guide 55. A source of light (not shown) is located
      above work table 46 and arranged to emit light toward photoelectric cell
      58. The photoelectric cell 58 is arranged to control the operation of
      sewing machine 60 at sewing station 16.
PAR  Photoelectric cells 42 and 58 can be positioned at the needles of sewing
      machine 60, or a time delay circuit (not shown) can be used with the
      photoelectric cells and the photoelectric cells can be positioned back
      along the paths of the pattern parts, as indicated in FIG. 4. Fabric
      feeder 38 is adjusted to feed the shirt front pattern parts onto conveyor
      36 at closely spaced intervals, preferably with the shoulder portion of
      the pattern part overlapping the tail portion of the preceding pattern
      part as the pattern parts move along the path 15 of the conveyor toward
      the sewing station. The photoelectric cell 42 at conveyor 36 is arranged
      to detect the leading and trailing edges of each shirt front pattern part
      as the shirt front pattern moves toward the sewing station. In a similar
      manner, the photoelectric cell 58 is arranged to detect the leading and
      trailing ends of the center plait pattern parts through the lining
      material 21 as the connected series of center plait pattern parts progress
      toward the sewing station. When both photoelectric cells 42 and 58 detect
      darkness, which indicates that both a shirt front and a center plait are
      ready at the sewing station, both conveyor 38 and sewing machine 60
      operate at normal operating speeds and both pattern parts will be
      processed through the sewing station and sewn together as illustrated in
      FIGS. 1, 3 and 4. When the pattern parts have been attached to each other
      and the photoelectric cells 42 and 58 both detect light, which indicates
      the absence of the pattern parts at the sewing station, both conveyor 36
      and sewing machine 60 will continue to operate at normal operating speeds.
      Because of the longer length of the center plait pattern parts than the
      shirt front pattern parts and the spacing of both pattern parts as they
      approach the sewing station, the photoelectric cell 58 usually will detect
      darkness or the presence of a center plait pattern part before
      photoelectric cell 42 detects darkness or the approach of a shirt front
      pattern part. Sewing machine 60 will begin to stop its sewing function and
      the feeding of the connected series of center plait pattern parts, thus
      sewing only onto the leading edge of the next-to-be sewn center plait
      pattern part and waiting for the approach of a shirt front pattern part.
      When photoelectric cell 42 detects the presence of the oncoming shirt
      front pattern part, sewing machine 60 will resume its normal operation to
      sew together the two pattern parts.
PAR  While the preceding operation is considered to be the normal operation of
      the assembly, there are instances when the spacing between the series of
      center plait pattern parts is greater than the spacing between the
      oncoming series of shirt front pattern parts. In this situation
      photoelectric cell 42 will cause conveyor 36 to begin to stop as sewing
      machine 60 continues to operate and the oncoming leading edge of the
      next-to-be sewn center plait pattern part will thus reach the needles of
      the sewing machine ahead of the oncoming shirt front pattern part. When
      photoelectric cell 58 detects the leading end of the next-to-be sewn
      center plait pattern part, the operation of conveyor 36 will resume.
PAR  The now-connected series of shirt front assemblies 30 is guided from sewing
      station 16 by conveying means 31 toward cutting means 32 at cutting
      station 61. Conveying means 31 includes oscillating arm 62 which is urged
      by spring means 64 in a counterclockwise direction. A truncated cone 65 is
      rotatable on the downwardly extending leg 66 of oscillating arm 62, and
      the connected series of shirt front assemblies 30 is guided about cone 65.
      The connected series of center plait pattern parts 19 engages cone 65
      while the shirt front pattern parts 13 droop in a downward direction. A
      motor driven roller 68 rotates on stationary support 69, and spring biased
      roller 70 rotates on stationary support 71 and engages motor driven roller
      68. Motor driven roller 68 and spring biased roller 70 are arranged to
      clamp and drive the connected series of shirt front assemblies from the
      oscillating cone 65 toward cutting station 32. Oscillating wand 72 is
      positioned between driving rollers 68 and 70 and cutting means 32. Since
      cutting means 32 operates intermittently and at a different rate of speed
      than sewing machine 60, oscillating cone 65 and its related elements
      function as a first buffering means and accumulates and dissipates the
      connected series of shirt front assemblies between the sewing station and
      driving rollers 68 and 70, and oscillating wand 72 and its related
      elements function as a second buffering means and accumulates and
      dissipates the connected series of shirt front assemblies between driving
      rollers 68 and 70 and the cutting station. Switches 73a and 73b which are
      actuated by cams 74a and 74b mounted on the downwardly extending leg of
      oscillating arm 62 function to indicate the length of the connected series
      of shirt front assemblies accumulated between sewing station 16 and
      driving rollers 68 and 70, and switch 75 at the base of wand 72 functions
      to indicate the length of the connected series of shirt front assemblies
      accumulated between driving rollers 68 and 70 and cutting means 32, and
      together the switches 73a, 73b and 75 control the operation of the
      elements at cutting station 61.
PAR  While the cutting means 32 at cutting station 61 is schematically
      illustrated in FIG. 4, FIG. 5 illustrates the cutting means in more
      detail. Fabric cutter 80 functions as cutting means and includes a work
      table 78 across which the connected series of shirt front assembly 30 move
      in the direction as indicated by arrow 79. Bearing plate 81 is formed in
      work table 78 and is fabricated of hardened metal. Bearing plate 81 is
      positioned so that the connected series of center plait pattern parts 19
      moves across the bearing plate. Feed roller 82 engages the connected
      series of shirt front assemblies 30 against work table 78 and urges the
      center plait pattern parts 19 across the bearing plate 81.
PAR  Fabric cutter 80 includes movable table 85 supported on work table 78 by a
      plurality of rollers 86. Movable table 85 is also pivotally supported by
      work table 78 by a pivot pin (not shown) so that movable table 85
      oscillates on work table 78 as indicated by arrows 87 and 88. Bearing
      blocks 89 and 90 are rigidly mounted on movable table 85, and
      reciprocatable driving block 91 is positioned forwardly of bearing block
      89 while reciprocatable tie block 92 is positioned behind bearing block
      90. Tie rods 94 extend through aligned openings in bearing blocks 89 and
      90 and are rigidly connected at their ends to reciprocatable driving block
      91 and reciprocatable tie block 92. Pneumatic ram 95 has its cylindrical
      housing mounted in bearing blocks 89 and 90 and its ramrod 96 extends from
      bearing block 89 and is connected at its end to reciprocatable driving
      block 91. Ram 95 is a double acting ram, and air under pressure is
      alternately supplied to opposite ends of the ram through conduits 98.
      Valve 99 is mounted on one end of bearing block 90, and the valve button
      100 is engaged by the end portion of reciprocatable tie block 92. Valve 99
      functions to indicate when the reciprocatable driving block 91 has been
      fully distended by the ram 95, so that pneumatic ram 95 will shift and the
      driving block will be retracted, as will appear more fully hereinafter.
PAR  Disc cutter 101 is positioned over bearing plate 81 and is held by disc
      cutter support 102. Disc cutter support 102 includes a pair of downwardly
      extending legs 104, and an axle 105 extends through aligned openings in
      the legs 104 and through a central opening (not shown) in disc cutter 101.
      Disc cutter support is mounted on reciprocatable driving block 91 and is
      pivotal about a vertical axis extending upwardly through the central
      portion of the disc cutter support 102 and the driving block 91. Coil
      tension spring 106 has its ends connected to a pin 108 projecting from the
      surface of disc cutter support 102 and pin 109 extending from
      reciprocatable driving block 91, so as to continuously urge disc cutter
      support 102 and disc cutter 101 to their return positions as indicated in
      FIG. 5, where the disc cutter 101 moves perpendicularly across the
      connected series of shirt front assemblies 30 as they extend across
      bearing plate 81.
PAR  Pivot control arm 110 is connected to disc cutter support 102 and extends
      approximately parallel to the longitudinal axis of rotation of axle 105 of
      disc cutter 101. A socket 111 is mounted on pivot control arm 111. Socket
      rocker arm 112 includes a rounded protrusion 114 at its distal end for
      mating with socket 111 of pivot control arm 110. Socket rocker arm 112 is
      mounted intermediate its ends on support yoke 115, and pneumatic ram 116
      has its ramrod 118 connected to the base of rocker arm 112. Pneumatic ram
      is controlled by pressurized air through conduits 119, and the distension
      and retraction of ramrod 118 causes socket rocker arm 112 to oscillate in
      the directions as indicated by arrow 120. Rocker arm 112 can be lengthened
      or shortened by loosening and retightening set screw 121 and sliding the
      smaller distal portion of the rocker arm out of or in to its larger base
      portion. Support yoke 115 can be moved along its supporting framework 122
      by loosening and retightening bolt 124 and moving the bolt through its
      slot 123 in framework 122. Thus, the enlarged protrusion 114 at the end of
      socket rocker arm 112 can be repositioned across the length of the
      connected series of shirt front assemblies 30 or repositioned along the
      length of the connected series of shirt front assemblies 30. In a similar
      manner, pivot control arm 110 and its socket 111 can be moved through disc
      cutter support 102 by loosening and retightening clamp bolt 125 protruding
      from the top surface of reciprocatable driving block 91.
PAR  Fabric holding plate 126 functions as a holding means for holding the
      fabric against bearing plate 81. Fabric holding plate 126 is mounted on
      the distal end of holding plate rocker arm 128. Rocker arm 128 is
      supported intermediate its ends by support yoke 129, and its base end is
      driven by pneumatic ram 130 and its ramrod 131. Support yoke 129 is
      mounted on framework 122 in the same arrangement as support yoke 115 and
      can be moved along the length of support frame 122 by loosening and
      retightening its bolt 132 and the rocker arm can be lengthened or
      shortened by loosening and retightening set screw 133 and sliding the
      smaller portion of the rocker arm into or out of the larger base portion.
      When the ramrod 131 of ram 130 is distended, fabric holding plate 126 is
      moved downwardly against bearing plate 81 to clamp and hold the fabric in
      a static position with respect to the bearing plate. When the ramrod 131
      is retracted, fabric holding plate 126 will be lifted upwardly away from
      the bearing plate 81 and allow the connected series of shirt front
      assemblies 30 to move across the bearing plate 81.
PAR  Continuous streams of air are applied to the cutting station by means of
      air supply conduit 134, air header 135, and air pipes 136. The streams of
      air tend to urge the fabric on through the cutting station and clear the
      cut-away portions of the fabric out of the path of the on-coming fabric.
PAR  Pneumatic ram 138 is positioned at the rear of movable table 85 and is
      supported at its base from a stationary support, such as from work table
      78, and its ramrod 139 is operatively connected to movable table 85
      through slotted bracket 137. Coil tension spring 140 is connected at one
      of its ends to work table 78 by means of stanchion 141, and at the other
      of its ends to movable table 85. Coil tension spring 140 tends to rotate
      movable table 85 in the direction indicated by arrow 87 and hold movable
      table 85 in the position illustrated in FIG. 5, so that the disc cutter
      101 is aimed and will roll directly across bearing plate 81,
      perpendicularly with respect to the series of shirt front assemblies 30
      extending across the work table. When ram 138 causes its ramrod 139 to be
      retracted, movable table 85 will shift or pivot in the direction indicated
      by arrow 88 by the slot of slotted bracket 137 pulling against the lower
      protrusion of pin 143 against the bias of coil tension spring 140. When
      ram 138 is de-energized, coil tension spring 140 urges movable table 85 to
      shift back or pivot in the direction indicated by arrow 87. Thus, spring
      140 and ram 138 function as shifting means for shifting movable table 85.
PAR  Bearing plate 81 has an indentation or recess 142 located beneath disc
      cutter 101 when the disc cutter has been retracted or moved rearwardly out
      of the path of the connected series of shirt front assemblies 30. Thus,
      the disc cutter 101 does not engage the bearing plate 81 until it begins
      its forward movement across the bearing plate. When the disc cutter 101 is
      in its retracted position, it can be shifted in the directions indicated
      by arrows 87 and 88 by ram 138 and spring 140, and the shifting of the
      disc cutter 101 will not cause it to scrape or bind upon the bearing plate
      81.
PAR  Fabric holding plate 126 includes a tapered or rounded edge 144 and a
      relatively straight opposite edge 145. The narrowed end 146 of holding
      plate 126 is positioned adjacent the indentation 142 in bearing plate 81.
      When disc cutter 101 is shifted by coil tension spring 140 in the
      direction indicated by arrow 87, disc cutter 101 will tend to move
      adjacent the relatively straight edge 145 of fabric holding plate 126
      against bearing plate 181 as the disc cutter moves across the bearing
      plate. If the disc cutter is shifted by ram 138 in the direction indicated
      by arrow 88, the disc cutter will be moved slightly beyond curved edge 144
      of holding plate 126 at the narrowed end 146 of the holding plate and move
      on bearing plate 81 along the rounded edge 144 of fabric holding plate
      126. The slot of slotted bracket 137 of ram 138 allows the movable table
      to shift further in the direction of arrow 88 as the disc cutter finds its
      own track across bearing plate 81 under the guiding influence of pivot
      control arm 110 and rocker arm 112.
PAR  Photoelectric cell 149 is located below bearing plate 81 and is positioned
      in the path of the connected series of shirt front assemblies 30, beside
      the connected series of center plait pattern parts 19, so as to detect the
      movement of the leading and trailing edges of each shirt front panel 13
      across the bearing plate. The photoelectric cell 149 is interconnected
      into the control circuitry (not shown) of the fabric cutter 80 so as to
      initiate the functions of the several controlling elements of the fabric
      cutter. The control circuitry includes a time delay which allows the feed
      roller 82 to continue to operate for a short time interval to allow the
      portion of the shirt detected by the photoelectric cell to reach the
      fabric cutter before the feed roller stops and the functions of the system
      begin. Different time delays are used to position the leading or neck
      portions of the shirt and the trailing or tail of the shirt.
PAR  When photoelectric cell 149 detects darkness, as when the leading or next
      edge of a shirt panel 13 is moving onto bearing plate 81, the cycle of the
      fabric cutter begins. At the beginning of the cycle, driving roller 82
      terminates its rotation after a short time delay so that the neck opening
      of the shirt panel 13 is located at the curved edge 144 of fabric holding
      plate 126. Pneumatic ram 130 causes its ramrod 131 to distend and move
      fabric holding plate 126 downwardly toward bearing plate 81, thus clamping
      and holding the center plait pattern part and shirt front panel 13 in the
      connected series of shirt front assemblies 30 on the bearing plate beneath
      disc cutter 101. In the meantime, pneumatic ram 116 is controlled so that
      its socket rocker arm 112 is in its upward position and its protrusion 114
      will be in alignment with socket 111 of pivot control arm 110. Also,
      pneumatic ram 138 is controlled so that its rod 139 is retracted and it
      functions to shift movable table 85 in the direction indicated by arrow
      88, so that disc cutter 101 is shifted in the recess of bearing plate 81
      so as to move to the curved side 144 of fabric holding plate 126. After a
      short time delay, pneumatic ram 95 causes its ramrod 96 to distend, moving
      reciprocatable driving block 91 across bearing plate 81, which causes disc
      cutter support 102 and disc cutter 101 to move from its recess 142 into
      rolling and cutting contact with bearing plates and across the bearing
      plate. Socket 111 of pivot control arm 110 moves with disc cutter support
      102 and socket 111 engages protrusion 114 on the end of socket rocker arm
      112, causing socket 111 to stop its movement across bearing plate 81. In
      the meantime, disc cutter support 102 will continue its movement across
      bearing plate 81, but disc cutter support 102 will now be forced to pivot
      against the bias of coil tension spring 106 about its upwardly extending
      axis, which causes disc cutter 101 to pivot about a vertical axis as it
      rolls across bearing plate 81. Since socket 111 is stopped by protrusion
      114 of socket rocker arm 112, disc cutter 101 will tend to rotate about
      protrusion 114 and socket 111, so that it tends to roll or walk in a
      curved path across bearing plate 81 to follow along the curvature of the
      curved edge 141 of fabric holding plate 126. The slot in slotted bracket
      137 of shifting ram 138 at the rear of movable table 85 allows the movable
      table to rotate further in the direction of arrow 88 and allow the
      direction of movement of disc cutter 101 to be controlled by pivot control
      arm 110 and the engagement of disc cutter 101 with bearing plate 81. Thus,
      ram 138 and its slotted bracket 137 function to initially shift movable
      table 85 and disc cutter to the curved cut position and the ram
      subsequently loses control of the further rotational movement of table 85
      in the direction of arrow 88 as the disc cutter 101 moves across bearing
      plate 81 and as its socket 111 engages the rounded protrusion 114 of
      socket rocker arm 112.
PAR  As disc cutter 101 reaches the end of its cutting stroke, reciprocatable
      tie block 92 at the rear of the assembly engages the valve button 100 of
      valve 99, which causes the control circuitry to reverse the flow of air to
      ram 95, causing ram 95 to retract its ramrod 96 and move reciprocatable
      driving block 91, disc cutter support 102, and disc cutter 101 back across
      bearing plate 81. As disc cutter 101 moves to its retracted position, it
      follows the same path that it followed when it was moving forwardly across
      the bearing plate, since coil tension spring 106 keeps socket 111 in
      engagement with the rounded protrusion 114 of socket rocker arm 112 until
      disc cutter 101 has resumed its initial attitude with respect to driving
      block 91, whereupon socket 111 then begins to move away from socket rocker
      arm 112.
PAR  At the end of the curved cut cycle, the air pressure to shifting ram 138
      will be reversed so as to distend the ramrod and allow coil tension spring
      140 to shift movable table 85 in the direction indicated by arrow 87,
      causing disc cutter 101 to move laterally through the depression 142 in
      bearing plate 81 to resume its position in alignment with the relatively
      straight edge 145 of fabric holding plate 126. As disc cutter 101 is
      shifted back to its original position, pneumatic ram 130 reverses and
      causes fabric holding plate 126 to lift upwardly away from bearing plate
      81, so that the fabric is now free to move across bearing plate 81 under
      the influence of roller 82. Roller 82 then drives the connected series of
      shirt front assemblies 30 on across bearing plate 81 toward a stacking
      station.
PAR  As the tail of the connected series of shirt front assemblies 30 reaches
      bearing plate 81, photoelectric cell 149 will detect the appearance of
      light as the tail passes across the photoelectric cell, which causes the
      straight cut cycle of the fabric cutter to begin after a time delay
      sufficient to allow the feed roller 82 to move the tail of the shirt in
      proper position for the fabric cutter. Photoelectric cell 149 again causes
      fabric holding plate 126 to move in a downward direction to clamp and hold
      the shirt front panel 13 and its center plait pattern part 19 against
      bearing plate 81. On this cycle, the movable table 85 will not be shifted
      but will remain in its unshifted position under the influence of coil
      tension spring 140. Also, pneumatic ram 116 of socket rocker arm 112 will
      cause the protrusion 114 at the distal end of the rocker arm to move in a
      downward direction beneath socket 111, so that the socket 111 will not
      engage the rocker arm as the disc cutter 101 moves across bearing plate
      81. The control circuitry causes pneumatic ram 95 to distend it ramrod 96
      and move reciprocatable driving block 91 across bearing plate 81, thus
      moving disc cutter support 102 and disc cutter across the bearing plate.
      Disc cutter 101 will move adjacent the relatively straight edge 145 of
      fabric holding plate 126 and into rolling engagement with bearing plate 81
      and cut the trailing end of a center plait pattern part 19 adjacent the
      tail end of the shirt front panel 13. Again, when the disc cutter 101
      reaches the outward end of its stroke, valve button 100 of control valve
      99 will be engaged by the reciprocatable tie block 92, causing the control
      circuitry to reverse and begin to move disc cutter 101 rearwardly toward
      its retracted position across bearing plate 81. Thus, disc cutter 101
      again retraces its steps. When disc cutter 101 approaches its fully
      retracted position, fabric holding plate 126 is lifted and roller 82 again
      begins to drive the connected series of shirt front assemblies 30 on
      across bearing plate 81 toward the stacking station.
PAR  If the curvature of the neck opening of the connected series of shirt front
      assemblies is changed to a flatter curve or to a more rounded curve,
      socket 111 can be moved toward or away from disc cutter support 102 and
      socket rocker arm 112 likewise can be moved along the length of frame
      member 122 so that its rounded protrusion 114 will again mate with socket
      111. This tends to shorten or lengthen the radius of the curve traveled by
      disc cutter 101, so that the disc cutter can cut along virtually any
      curvature desired. In some situations it may be necessary to exchange the
      fabric holding plate 126 for another fabric holding plate that has a
      different curvature 144.
PAR  Cutting station conveyor 156 is located above work table 78 and is movable
      in a downward direction under the influence of doubleacting ram 158 (FIG.
      4) so as to be biased toward contact with the top surface of the work
      table. Cutting station conveyor 156 comprises one or more continuous bands
      159 extending about rollers 160 and 161, and the rollers 160 and 161 are
      supported by framework 162. A motor (not shown) drives roller 161 through
      gears 164.
PAR  One edge 165 of work table 78 includes a pair of spaced-apart slots 166 and
      167 which are in alignment with the normal path of travel of the center
      plait pattern parts from fabric cutter 80. Stacker 169 includes an
      oscillating stacking arm 170 driven by double-acting ram 171 back and
      forth from work table 78 and stacker conveyor 172. The upper end of
      stacking arm 170 extends laterally across stacker conveyor 172 at a height
      approximately level with work table 78, and jaws 174 and 175 protrude from
      stacking arm 170. Jaws 174 and 175 open and close in response to ram 176
      which is springloaded so that jaws 175 normally remain open. When ram 176
      is pressurized, jaws 174 and 175 close. Jaws 174 and 175 are arranged so
      as to register with slots 166 and 167 of work table 78 when oscillating
      stacking arm 170 is moved by its ram 171 toward work table 78. When
      oscillating arm 170 is moved to its other position over stacker conveyor
      172, jaws 174 and 175 will be disposed on the opposite sides and above the
      stacker conveyor. Stacker 169 can be operated in timed relationship with
      fabric cutter 80 or stacker 169 can include its own detection system for
      detecting the presence of on-coming shirt front assemblies. When a shirt
      front assembly is present at the jaws of the stacker, jaws 174 and 175 of
      stacking arm 170 are closed under the influence of ram 176 and reach
      through slots 166 and 167 to grasp the cut away shirt front assembly 11,
      and oscillating stacking arm 170 begins to swing away from work table 78
      toward stacker conveyor 172 under the influence of its ram 171. When
      oscillating stacking arm 170 reaches the outward limit of its movement,
      cam 179 at the axle of stacking arm 170 depresses bleeder valve 180 which
      shifts the air flow to rams 171 and 176, causing gripper jaws 174 and 175
      to open and to drop the shirt front assembly onto stacker conveyor 172 and
      begin the return movement of stacking arm 170 toward work table 78.
PAR  Cutting means 32 and the remaining elements at the cutting station and
      stacker 169 function in response to the signal provided by photoelectric
      cell 149 and the functions taking place at the cutting station are thus
      independent of those taking place at sewing station 16. The speed at which
      the shirt front assemblies are processed at the cutting station is at
      least as fast as and usually faster than the maximum speed at which the
      shirt front assemblies are processed at sewing station 16 and the
      connected series of shirt front assemblies can be cut and stacked at a
      rate equal to or faster than the rate at which they can be formed at
      sewing station 16. Conveying means 31 is therefore arranged to accumulate
      predetermined lengths of the connected series of shirt front assemblies by
      the outward movement of oscillating arm 62 before the operation at cutting
      station 61 is allowed to begin. When switches 73a and 73b at the upright
      portion of oscillating arm 62 are both closed by oscillating arm 62 moving
      out a predetermined distance and accumulating a predetermined length of
      the connected series of shirt front assemblies between sewing station 16
      and cutting station 61 and when oscillating wand moves down far enough to
      actuate its switch 75, the elements at cutting station 61 are actuated.
      After the operation of the elements at cutting station 61 is initiated,
      the system will continue to operate until the lengths of connected series
      of shirt front assemblies at conveying means 31 is depleted to the point
      where oscillating arm 62 is drawn into a position where both switches 73a
      and 73b are opened. When switch 73a opens, the operation at cutting
      station 61 is terminated until a supply of the connected series of shirt
      front assemblies from the sewing station is provided to conveying means
      31, whereupon both switches 73a and 73b are again closed to cause the
      operation of the elements at cutting station 61 to resume.
PAR  Driving rollers 68 and 70 override oscillating arm 62 and pull the series
      of shirt front assemblies against the spring action of the oscillating arm
      62. Driving rollers move the shirt front assemblies toward the cutting
      station at a rate faster than the fabric cutter can accept. The switch 75
      of oscillating wand is a double throw switch and when the wand is in its
      down position as when a large length of shirt front assemblies has been
      accumulated, the driving rollers 68 and 70 will stop and allow fabric
      cutter 80 to reduce the accumulation. If the length of shirt front
      assemblies between driving rollers 68 and 70 and fabric cutter 80 should
      be reduced so that not enough length of material is accumulated to supply
      the fabric cutter for one cycle of operation, then oscillating wand 72
      will be in its up position and its switch 75 will temporarily deactuate
      fabric cutter 80 until more shirt front assemblies can be accumulated.
PAR  Stacker conveyor 172 comprises a pair of spaced-apart continuous conveyor
      belts 182 and 183 which are arranged about the pairs of sheaves 185, 186
      and 187 supported by a framework (not shown), and motor 188 is arranged to
      drive the pair of sheaves 185. Motor 188 is driven intermittently, usually
      upon the closing of a switch by an operator who detects the accumulation
      of a bundle 35 of shirt front assemblies on the stacker conveyor. An
      operator usually will be in the vicinity of one or more of adjacent ones
      of the systems for forming the shirt front assemblies so as to monitor the
      operation of the apparatus, supply the needed stacks 12 of shirt front
      pattern parts and reels 20 of connected series of center plait pattern
      parts, and occasionally retrieve one or more stacks 35 of shirt front
      assemblies which have been fabricated by the apparatus.
PAR  While this invention has been described in detail with particular reference
      to preferred embodiments thereof, it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention as described hereinbefore and as defined in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for forming shirt front assemblies or the like comprising
      connecting means for connecting together a connected series of center
      plait pattern parts and a series of shirt front pattern parts, and
      conveying means for conveying the connected series of center plait pattern
      parts with the shirt front pattern parts connected thereto away from the
      connecting means as the connecting means connects the parts together and
      toward a subsequent work station with the shirt front pattern parts
      hanging from and being moved by the center plait pattern parts.
NUM  2.
PAR  2. The apparatus of claim 1 and wherein said means for conveying the
      connected series of center plait pattern parts comprises means for
      orienting the center plait pattern parts in an upwardly extending plane
      and under tension along the lengths of the center plait pattern parts with
      the shirt front pattern parts hanging freely in a downward direction from
      the center plait pattern parts.
NUM  3.
PAR  3. The apparatus of claim 1 and wherein said connecting means comprises a
      sewing machine.
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ABST
PAL  A low inertia presser device for overedge sewing machine. A horizontally
      disposed presser bar arm and a similarly disposed presser bar arm leaf
      spring are mutually pivoted at one end on substantially horizontal and
      vertical pivots to permit vertical movement and swing out capability. A
      main pressure spring acts on the presser bar arm; which in turn, through
      an arm extension to the presser bar arm approximately midway its pivoted
      end and the point of action of the main spring, applies pressure
      approximately midway along the presser bar arm leaf spring. A presser foot
      is supported on the end of the leaf spring opposite its pivoted end.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a low inertia presser device specifically intended
      for an overedge sewing machine wherein the presser device may be swung out
      of the way for better access to the sewing instrumentalities. Such a
      swing-away presser device is disclosed in the U.S. Pat. No. 2,419,494,
      Apr. 22, 1947, to N. Knaus, which discloses a presser device pivoted on
      horizontal and vertical pivots to permit the presser device to be elevated
      to insert work fabric or elevated and swung out of the way, for example,
      to thread the sewing needle. As is typical in overedge sewing machines, a
      horizontally disposed presser device is used which is less sensitive to
      inertia effect in that the entire mass of the device is not equally
      effected. However, with the increase in speed capability of overedge
      machines, due to better manufacture and more sophisticated design, coupled
      with the increased popularity of synthetic fabrics and knits, which are
      more susceptible to pucker due to increased presser bar pressure, low
      inertia presser devices have become more desirable in overedge sewing
      machines as they have in other types of industrial sewing machines. It is
      most desirable that this end be achieved in an overedge sewing machine
      without design compromise.
PAC  Summary of the Invention
PAR  The above desired end is achieved in this invention by utilizing an
      elongate presser bar arm leaf spring to support the presser foot, the leaf
      spring and presser bar arm being coupled at one end to pivot on horizontal
      and vertical pivots. The presser bar arm is urged, as before, by a main
      pressure spring towards the overedge machine bed. An arm extension to the
      presser bar arm, located approximately midway between the horizontal and
      vertical pivots and the point of application of the main pressure spring,
      carries an adjustment screw which impinges on the presser bar arm leaf
      spring approximately midway between its pivot point and the presser foot.
      The adjustment screw is utilized to alter the inclination of the presser
      bar arm leaf spring for the purpose of having the sole of the presser foot
      lie flat on the work material. In operation virtually all of the motion
      imparted to the presser foot by the feed dog of the sewing machine is
      accommodated by the elongate leaf spring due to its low inertia as
      compared to the presser bar arm and main pressure spring assembly.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  Having in mind the above and other objects that will be evident from an
      understanding of this disclosure, the invention comprises the devices,
      combinations and arrangements of parts as illustrated in the presently
      preferred embodiment of the invention which is hereinafter set forth in
      such detail as to enable those skilled in the art to readily understand
      the function, operation, construction and advantages of it when read in
      conjunction with the accompanying drawings in which:
PAR  FIG. 1 is an end elevation of an overedge sewing machine showing the
      presser device of the invention in operative position;
PAR  FIG. 2 is a partial view in plan of the overedge machine of FIG. 1 with the
      presser device shown in the swing-away position;
PAR  FIG. 3 is an assembled perspective view of the presser device indicating
      the interrelation of the various component parts;
PAR  FIG. 4 is a sectional view taken substantially along the line 4--4 of FIG.
      1 indicating the construction of the vertical pivot; and
PAR  FIG. 5 is a sectional view taken substantially along the line 5--5 of FIG.
      1 indicating the construction of the adjustable torque transfer point.
DETD
PAR  In FIG. 1 is shown an overedge sewing machine 10 having a sewing needle 11
      fastened to a needle carrier 12 which is supported for reciprocation, by
      instrumentalities not shown, on a needle carrier support bar 13. A hinged
      cover 15 shrouds the reciprocation mechanism. The sewing needle 11
      cooperates with sewing instrumentalities (not shown) in a bed 17 of the
      overedge sewing machine in the formation of sewing stitches.
PAR  Also apparent in FIG. 1 is a presser device 20 subject of this patent
      application. At one extremity of the presser device 20 is located a
      presser foot 21 adjustably attached by an integral clevis 22 to a rod 23
      on the extremity of a swivel block 24. The clevis 22 is clamped to the rod
      23 by a screw 25. The swivel bolck is attached by screws 26 to a presser
      bar arm leaf spring 27, the screws passing through clearance holes in the
      leaf spring. Thus the presser foot 21 may be rotated about the rod 23 to
      obtain sideways seating of the presser foot with the bed 17 and may be
      adjusted to the extent of the clearance holes in the presser bar arm leaf
      spring 27 to obtain alignment with feeding dogs 30 protruding through the
      bed 17 during a feeding cycle. The sewing needle 11 operates through a
      needle groove 31 in the presser foot 21.
PAR  Referring to FIGS. 1 and 3 it will be noted that the presser bar arm leaf
      spring 27 is horizontally disposed adjacent a presser bar arm 35 and is
      joined therewith on the end of the leaf spring opposite the presser foot
      21 (see FIG. 4). The presser bar arm 35 is fashioned on its rear extremity
      with a pair of oppositely disposed ears 36 and 37 between which is
      captured the rear extremity 28 of the presser bar arm leaf spring 27 and a
      lug extremity 38 of a rock shaft 39 having operative connection to a knee
      lifter (not shown). The knee lifter may be shifted to rotate the rock
      shaft 39 which through the lug extremity 38 will rotate the presser bar
      arm 35 and the presser bar arm leaf spring 27 counterclockwise as viewed
      in FIG. 1. Thus the rock shaft 39 forms a horizontal pivot axis for the
      presser device 20. A shouldered screw 40 is clamped by nut 41 to the ear
      37 and retains the presser bar arm 35 and presser bar arm leaf spring 27
      vertically rotatable on the lug extremity 38 of the rock shaft 39. Thus
      the shouldered screw 40 forms a vertical pivot for the presser device 20.
PAR  An arm extension 42 (see FIGS. 3 and 5) to the presser bar arm 35 extends
      about the presser bar arm leaf spring 27 and supports in a threaded hole
      an adjusting screw 43 whose position with respect to the arm extension 42
      may be locked by nut 44. The end of the adjusting screw 43 impinges on the
      presser bar arm leaf spring 27 approximately midway its length and is
      adjusted by means of screwdriver slot 45 to obtain front to back seating
      of the presser foot 21 with work material being stitched.
PAR  Also visible in FIGS. 1 and 3 is a presser bar arm pressure adjusting screw
      47 which may be threaded into screw threads in a bore (not shown) in the
      overedge sewing machine 10, and have a bullet nose 48 and a shoulder 49
      which insert into and impinge on a pressure spring 50 also supported in
      the bore. A bifurcated head 53 supporting a pin 54 straddles the presser
      bar arm 35 and is supported in the bore (not shown) in the sewing machine
      10. The pressure spring 50 presses against the head 53, which is urged by
      the spring to apply force on the presser bar arm 35. A pressure spring
      lifter 58 cooperates with an extension (not shown) to the bifurcated head
      53 to lift the head 53 and pin 54 from contact with the presser bar arm 35
      when the pressure spring lifter is rotated clockwise as viewed in FIG. 1.
PAR  In operation the pressure spring 50 exerts force on the extremity of the
      presser bar arm 35 creating a torque about rock shaft 39. This torque is
      transmitted by adjusting screw 43 to the presser bar arm leaf spring 27
      thereby urging the presser foot 21 connected to its extremity against the
      work material. The rising and falling action imparted to the presser foot
      21 by the feeding dogs 30 or by the action of a cross seam passing beneath
      the presser foot is taken up almost exclusively by flexure of the presser
      bar arm leaf spring 27 owing to its low inertia as compared to the inertia
      of the complete presser device 20 including presser bar arm 35, arm
      extension 42, rock shaft 39, lug extremity 38, bifurcated head 53 and
      pressure spring 50. The greater the force applied by the pressure spring
      50, the larger the movement of the presser foot 21 which can be
      accommodated before the inertia effects of the above included parts of the
      presser device 20 affect the control of the materials being sewn.
PAR  When required, the effects of the pressure spring 50 may be removed from
      the presser bar arm 35 by clockwise rotation as viewed in FIG. 1 of the
      pressure spring lifter 58, whereupon the presser bar arm 35 may be lifted
      by shift of the knee lifting device (not shown) to rotate rock shaft 39
      counterclockwise as viewed in FIG. 1, and the presser bar arm and presser
      bar arm leaf spring 27 may be rotated about its vertical pivot from the
      position indicated in phantom in FIG. 2 to that shown in solid to permit
      ready accessibility to the sewing instrumentalities.
CLMS
STM  I claim:
NUM  1.
PAR  1. For an overedge sewing machine having a frame, a presser device
      comprising:
PA1  a presser bar arm having two ends, means pivotally supporting one end of
      said presser bar arm relatively to said frame on substantially horizontal
      and vertical pivots, means on the other of said ends for receiving a force
      for depressing said presser bar arm,
PA1  a leaf spring located substantially parallel to said presser bar arm and
      having two extremities, means supporting one extremity of said leaf spring
      together with said presser bar arm for pivotal motion therewith, a presser
      foot carried at the other extremity of said leaf spring, and
PA1  a lateral projection formed on said presser bar arm extending over and
      contacting a portion of said leaf spring intermediate the leaf spring
      extremities.
NUM  2.
PAR  2. For an overedge sewing machine, a presser device as claimed in claim 1
      wherein said means pivotally supporting said presser bar arm together with
      said leaf spring for pivotal motion includes a horizontally disposed rock
      shaft mounted in said sewing machine frame, said rock shaft having a lug
      extremity with a bore therethrough vertically disposed, a pair of
      oppositely disposed ears extending from said pivotally supported end of
      said presser bar arm and embracing said lug extremity of said rock shaft
      and said one extremity of said leaf spring, said ears and said one
      extremity of said leaf spring having bores therethrough aligned with said
      bore in said lug extremity, a pivot pin and means retaining said pivot pin
      in said bores through said ears, said lug extremity and said one extremity
      of said leaf spring.
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ABST
PAL  A sewing machine is provided with a lubricating pump that is operated when
      work feed members of the machine are engaged or released whereby a
      quantity of lubricating fluid is delivered to the machine mechanism
      immediately before the mechanism begins to run. A reciprocatory pump is
      used and supplies the fluid to a manifold having multiple feed apertures
      over required lubrication locations for the fluid issuing from the
      apertures to fall onto said locations. The manifold is displaceable as a
      unit to give access to the mechanism below it.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to sewing machines and is concerned particularly,
      but not exclusively, with sewing machines of the kind sometimes known as
      "cup overseaming machines" used to sew such materials as fur, skins and
      pelts (both natural and synthetic), felt, carpeting, plastics and
      knitwear.
PAR  The lubrication of the internal mechanisms of sewing machines can present
      problems. If it must be done manually by the operator, for example
      employing a drip feed from a pre-filled reservoir, the quantities of oil
      required at many locations may necessitate frequent fillings. Such an
      arrangement is very susceptible to human error, particularly as the
      operator may not have any special mechanical knowledge or skills and in
      industrial use it is frequently impossible without elaborate precautions
      to ensure that the lubrication is maintained.
PAR  This difficulty can of course be obviated by a forced feed of lubrication
      from a motor-driven pump, using mist lubrication techniques for example,
      but such a solution calls for complex and expensive mechanical adaptation
      and would be justified only in high-speed machines where there is a
      specific need for a high rate of circulation of lubricating fluid.
PAR  The present invention provides a means of lubrication that feeds the fluid
      intermittently but automatically, so that lubrication failure through
      operator error can be avoided, while at the same time said means are of a
      form that can be incorporated in a sewing machine in a more economical
      manner than a motor-driven forced feed lubrication system.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, in a sewing machine comprising feed members for
      progressing the material to be sewn and means for relative displacement of
      said members between their operative position and an inoperative position
      for the insertion and/or removal of the material, there are now provided
      lubricating means for the machine mechanism, said means being arranged to
      be fed by a pump operable through the displacement means of the feed
      members.
PAR  To minimise the need for replenishing the lubricating fluid supply,
      advantageously such an arrangement is arranged to operate as a circulatory
      system, means being provided for drainage of lubricating fluid from the
      mechanism through filtering means to a sump supplying the pump.
PAR  Particularly suited to the object of the invention as a simple and positive
      means of lubricating fluid supply, is a pump comprising a reciprocable
      plunger movable in synchronism with said relative displacement of the feed
      members.
PAR  Preferably, the lubricating means include a delivery manifold connected to
      the pump outlet and comprising a plurality of branch conduits for the
      distribution of the lubricating fluid therefrom, and at least one of said
      branch conduits has a plurality of outlet openings at spaced positions
      along its length for the lubricating fluid.
PAR  The delivery manifold can be arranged above the sewing machine mechanism
      for the supply of the fluid to the mechanism by gravity, the manifold then
      preferably being mounted in a displaceable manner permitting its
      displacement to facilitate access to the mechanism from above. Thus, the
      delivery manifold may have a detachable connection to the pump outlet so
      that it can be removed from the machine when access to the underlying
      mechanism is required. Alternatively, said movement may be permitted by a
      pivot connection, such as a banjo pipe fitting.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings illustrate one embodiment of the invention by way
      of example. In the drawings,
PAR  FIG. 1 is a partly-sectioned front elevation of the head of a fur sewing
      machine according to the invention,
PAR  FIG. 2 is a view in the direction of arrow II of FIG. 1,
PAR  FIG. 3 is a section on line III--III of FIG. 1, with the cover of the
      machine head and the forward feed wheel arm omitted,
PAR  FIG. 4 is a top plan view of the machine head with the cover omitted, and
PAR  FIG. 5 is an underplan view of the machine head.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The machine head illustrated comprises a cast casing 2 mounted on a
      workbench or table 4. A drive shaft 6 extends transversely across the
      casing through journals 7 in the casing side walls provided with
      respective lubricating wells 8, and carries respective fly-wheels 10 at
      its ends. A pulley 12 is formed integrally with one of the flywheels for a
      belt drive to the shaft 6 from a motor (not shown) mounted below the
      table.
PAR  Within the casing 2 and driven by the shaft 6 is a stitch-forming mechanism
      comprising a needle arm 14 and a looper 16 arranged to operate on a
      workpiece gripped between a pair of cups or feed wheels 18, 20. The
      stitch-forming mechanism is itself of a form that is well known in the
      art, and will not be further detailed as a description of it is
      unnecessary for an understanding of the present invention.
PAR  The first, rear cup or feed wheel 18 is mounted on a vertical shaft 22 that
      projects from the casing and that is driven from the shaft 6 in known
      manner for progressing material gripped between the wheels. The second,
      forward cup or feed wheel 20 is co-planar with the first wheel and is
      freely rotatable on a cranked arm 24 supported on the casing by a slide
      rod 26 extending rearwardly therethrough. A cross-member 28 projects
      transversely from the slide rod 26 intermediate the length of the rod,
      interconnecting it with a second parallel slide rod 26a, and a tension
      coil spring 30 is connected between the member 28 and the rear of the
      casing, drawing the slide rods rearwards and urging the second feed wheel
      20 towards the first feed wheel 18 whereby the material to be overseamed
      is gripped between the wheels. By means of a pedal mechanism 36 below the
      table 4 connected to arm 32a of a bell crank lever 32 mounted on a lug 34
      at the rear of the casing, the slide rod 26 can be urged forwardly to move
      the second feed wheel 20 away from the first feed wheel 18, against the
      action of the spring 30, for the insertion between them of the material to
      be overseamed.
PAR  A lubricating oil pump 40 comprising a reciprocating plunger or piston is
      fixed to the inside rear wall of the casing 2 and has a piston rod 42
      extending parallel to the slide rod 26 and urged forwardly by a
      compression spring 46 to abut against the rear of the second slide rod
      26a. The piston rod thus moves concurrently with the pair of slide rods
      26, 26a.
PAR  The pump draws its supply of oil from a sump comprising a transparent
      container 48, permitting ready inspection of the oil level, releasably
      screwed into a plastics cap 50 secured by screws 51 to the underside of
      the table 4 so that the container is suspended therebelow and can easily
      be detached for refilling. Suction pipe 52 extends from the pump into the
      container and passes with a clearance through a vertical tubular inner
      wall 54 of an annular, permeable carrier 56, e.g. of metal gauze, for a
      filter body 58, the carrier being located by an upper flange 57 being
      clamped between the container and its cap. Forming a base for the casing 2
      and closely fitting its bottom edge is an oil tray 59 that has its inner
      surface 61 sloping downwards to a drain tube 60 that surrounds the wall 54
      of the carrier with a clearance and that extends into the filter, for
      drainage of oil into the filter body 58.
PAR  The pump delivers its output to a vertical riser 62 into the upper end of
      which is telescopically inserted (FIG. 1) a dependent entry portion 64a of
      an oil distribution manifold 64, FIG. 3 illustrates a modified form of
      connection of the manifold by way of a banjo coupling 64b in place of the
      telescopic fitting. The manifold comprises a series of branch conduits 66
      each in communication with the entry portion and extending over the
      mechanism in the machine head. The conduits are sealed at their ends
      remote from the entry portion and apertures 68 are formed in the underside
      of their walls at points corresponding in plan to the position of elements
      of the mechanism to be lubricated. The manifold is supported by screw
      brackets 70 mounted on opposite sides of the casing.
PAR  In operation, each time the feed wheels are opened to insert or remove
      work, the pump piston rod 42 is correspondingly reciprocated and a small
      quantity of oil is delivered from the pump to the manifold 64 to escape
      through the manifold apertures onto the regions of the mechanism in the
      casing to be lubricated. This occurs without any special action or
      attention on the part of the operator and lubrication is thus ensured even
      though the rate of oil circulation need not be high. It will be noted,
      moreover, that the arrangement ensures that the machine mechanism will
      automatically receive lubrication immediately before it begins to run.
      Additional seals and gaskets may be required to ensure that the additional
      lubrication flow does not lead to any seepage of oil from the casing but
      for clarity these have not been indicated in the drawings.
PAR  When it is necessary to have access to the mechanism in the machine head
      casing for servicing, the oil distribution manifold can be released by
      releasing its brackets 70 and lifting upwards to detach it from its
      telescopic connection with the pump riser 62 (or pivoting it on the banjo
      coupling 64b) and it can be equally simply replaced.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a sewing machine comprising a sewing mechanism and feed members for
      progressing the material to be sewn and means for relative displacement of
      said members between their operative position and an inoperative position
      for the insertion and removal of the material, the improved lubrication
      means consisting essentially of a reservoir of lubricating fluid, a pump
      having inlet means communicating with said reservoir and outlet means
      separate and operatively independent from said inlet means leading to at
      least one lubrication location in the machine, an actuating member of the
      pump operatively connected with at least one of said feed members for
      displacement in synchronism with the relative displacement of the feed
      members whereby the supply of lubricating fluid to said at least one
      location is controlled by the relative movements of said members between
      their operative and inoperative positions.
NUM  2.
PAR  2. A sewing machine according to claim 1 wherein said lubricating pump
      includes a suction pipe which extends into said reservoir for receiving
      the lubricating fluid, and a plunger reciprocating in said pump to cause a
      flow of said fluid through the pump, said plunger being arranged for
      reciprocation in synchronism with the relative displacement of the feed
      members.
NUM  3.
PAR  3. A sewing machine according to claim 1 further comprising drainage means
      in communication with said reservoir for the return of lubricating fluid
      thereto, a filter device being disposed in the path of the fluid from the
      drainage means to the reservoir.
NUM  4.
PAR  4. A sewing machine according to claim 1 wherein the reservoir comprises a
      transparent container, disengageable means securing the container to the
      machine permitting the container to be detached for replenishment of the
      lubricating fluid.
NUM  5.
PAR  5. A sewing machine according to claim 1 wherein said pump outlet means
      comprises a delivery manifold comprising a plurality of branch conduits, a
      common feed conduit from the pump supplying said branch conduits for the
      distribution of fluid from the pump to a plurality of lubrication
      locations.
NUM  6.
PAR  6. A sewing machine according to claim 5 wherein at least one of said
      branch conduits is provided with a plurality of fluid outlet openings at
      spaced positions along its length for the distribution of fluid from said
      branch conduit to a plurality of lubrication locations.
NUM  7.
PAR  7. A sewing machine according to claim 5 wherein the delivery manifold is
      disposed in an operative position above the machine mechanism to supply
      the lubricating fluid thereto by gravity, means mounting the manifold in
      place to permit the manifold to be displaced from its operative position
      for facilitating access to said mechanism from above.
NUM  8.
PAR  8. A sewing machine according to claim 5 wherein a displaceable connection
      is provided in said common feed conduit to permit the manifold to be
      displaced as a unit from an operative position for facilitating access to
      the machine mechanism.
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ABST
PAL  A buoyant marine riser system adapted to extend from a floating platform to
      a subsea wellhead wherein one or more riser sections include a series of
      circumferentially spaced, elongated, hollow, closed buoyant tanks
      containing a gaseous medium to make such riser sections substantially
      buoyant.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of this invention is marine risers for offshore oil well drilling
      operations or the like.
PAR  In offshore oil well drilling operations, it is necessary to extend a
      casing from a floating drilling platform or vessel to the subsea wellhead.
      Such casing is generally known as a "marine riser". Marine riser systems
      generally consist of a series of hollow pipe sections which are connected
      both to the wellhead and to the floating platform. Examples of marine
      riser systems are found in U.S. Pat. Nos. 3,465,817 and 3,502,143.
PAR  Marine risers are subjected to severe environmental forces including the
      effects of wind, waves and current as well as hydrostatic pressure. In
      addition, the weight of a column of riser pipe sections of steel plus the
      weight of drilling fluid circulated through the riser sections tend to
      exert critical compression loading on a riser column. This compression
      column loading is generally compensated for by riser tensioners which are
      known in the art. However, several U.S. patents are generally directed to
      the use of various devices to render riser pipe sections buoyant in order
      to reduce or eliminate the need for riser tensioners. See, for example,
      U.S. Pat. Nos. 3,768,842; 3,017,934 and 3,221,817.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a new and improved marine riser system for
      offshore oil well structures for making a series of joined riser sections
      sufficiently buoyant to substantially reduce the need for riser tensioners
      or other similar apparatus for applying tension to the riser column. The
      buoyant riser system of the preferred embodiment of this invention is
      adapted to extend from an offshore drilling platform or vessel to a subsea
      wellhead for encasing the drill string therein. The buoyant riser system
      includes one or more riser sections having a cylindrical riser pipe for
      actually enclosing the drill string. A plurality of elongated, hollow,
      closed tanks having a gaseous fluid therein are mounted in a
      circumferential relationship about the cylindrical riser pipe by a
      mounting means. The mounting means of the preferred embodiment of this
      invention includes one or more pairs of semi-cylindrical mounting plates
      having the closed, elongated buoyant tanks mounted therewith, each of the
      mounting plates having lug end portions which are used to align the
      mounting plates and receive bolt connectors for mounting the
      semi-cylindrical mounting plates about the riser pipe.
PAR  The riser pipe sections have mounted thereon spaced mounting rings which
      provide an annular mounting recess therebetween for receiving
      semi-circular internal edges of aligned pairs of semi-cylindrical mounting
      plates. An annular gasket is mounted in the mounting recess and has an
      annular gasket recess therein for receiving the internal, semi-circular
      mounting plate edges.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partly schematic view of an offshore oil well drilling
      operation indicating the relative position and use of the buoyant riser
      system of the preferred embodiment of this invention;
PAR  FIG. 2 is a side view of a buoyant riser section of the preferred
      embodiment of this invention;
PAR  FIG. 3 is a partly sectional view which indicates the mounting means of
      this invention for mounting buoyant riser tanks;
PAR  FIG. 4 is a partly sectional view indicating the mounting supports for
      choke and kill lines; and
PAR  FIG. 5 is an isometric view of the semi-cylindrical mounting plates which
      support the buoyant tanks.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings and in particular FIG. 1, an offshore oil well
      network D is schematically illustrated. A derrick superstructure 10 is
      supported on a platform 11. The platform 11 may be a floating platform
      such as a drilling ship or other vessel such as a semi-submersible
      drilling rig; or, the platform may be supported on suitable leg structures
      such as is known in the art. In the embodiment illustrated in FIG. 1, the
      platform 11 is actually floating on the surface 12 of a body of water. The
      derrick super-structure 10 supports a drill string 14 which is suspended
      from a motion compensator 15 of a type known in the art. The drill string
      14 extends downwardly from the motion compensator through the rotary table
      illustrated at 16 and downwardly through marine riser system 20 of the
      preferred embodiment of this invention to a subsea wellhead 21. The subsea
      wellhead 21 includes a base 21a having mounted thereon a suitable guide
      structure 21b and a blowout preventer stack 21c. A casing hanger assembly
      23 extends downwardly into the wellbore 24 for guiding the drill bit 14a
      mounted at the bottom of the drill string 14 in a known manner. The
      wellhead base 21a is positioned at the ocean floor or mudline 25. The
      marine riser system 20 extends from the blowout preventer stack 21c
      upwardly to the derrick superstructure below the rotary table 16. The
      marine riser system 20 includes a suitable flexible joint and adapter 26
      which mounts the marine riser system 20 to the top of the blowout
      preventer stack 21c. In addition, a suitable telescopic riser joint
      generally designated as 27 mounts the marine riser system 20 below the
      rotary table 16.
PAR  The marine riser system 20 of the preferred embodiment of this invention
      includes one or more buoyant riser sections generally designated at 30
      which are illustrated in detail in FIGS. 2-5. Choke and kill lines 31a and
      31b extend from the floating platform 11 downwardly along the marine riser
      system and into fluid connection with the blowout preventer stack 21c.
PAR  The buoyant riser section 30 includes a hollow, cylindrical riser pipe 32
      having mounted therewith two, longitudinally spaced sets 34 of
      circumferentially spaced buoyant tanks 35. The riser pipe 32 is hollow for
      receiving a portion of the drill string 14 and for allowing for the
      circulation of drilling fluid between the drill string 14 and cylindrical,
      inside riser pipe wall 32a. The riser pipe section 32 may be connected to
      other buoyant riser sections by means of the male or pin end connector 36
      and female or box end connector 37. The male end connector 36 will include
      one or more annular recesses such as 36a adapted to be seated in the box
      end connector 37 of another riser pipe 32. The box end connector 37 may be
      of any suitable type adapted to receive and lock in place a male riser
      pipe end section such as 36. For example, the box end connector 37 in the
      emmbodiment illustrated in FIG. 2 has a lock ring (not shown) positioned
      therein; the lock ring is capable of being set radially inwardly into a
      pin groove such as 36a by means of a series of radial screws 37a. Such a
      box-type connection as 37 is illustrated in U.S. Pat. No. 3,647,245.
PAR  Each of the longitudinally spaced sets 34 of buoyant riser tanks 35
      includes two identical, oppositely positioned groups on assemblies 38
      (FIG. 5) of buoyant riser tanks 35. Each buoyant riser tank group 38
      includes two, spaced semi-cylindrical, identical mounting plates 39 for
      housing the tanks 35. Each semi-cylindrical mounting plate 39 includes an
      interior, semi-circular edge 39a and an exterior, semi-circular edge 39b
      which are joined by substantially flat end portions 39c which mate against
      identical end portions on oppositely positioned mounting plates 39 of
      another group 38. Each of the mounting plates 39 includes three,
      circumferentially spaced openings 39d adapted to receive three buoyant
      tanks 35. The buoyant tanks 35 are mounted in the circumferentially spaced
      openings 39d of the mounting plates 39 by welding or other suitable means.
PAR  Each mounting plate 39 further includes upstanding, lug members 39e
      extending at right angles from flat, annular surface 39f, which extends
      between semi-circular interior and exterior edges 39a and 39b,
      respectively. The lug portions 39e have bolt openings 39g therein. Thus
      when two buoyant tank groups 38 are oppositely positioned about exterior,
      cylindrical outside riser pipe surface 32b, the lug portions 39e on
      oppositely positioned mounting plates 39 may be aligned such that the bolt
      openings 39g in oppositely positioned, aligned lug portions are also
      aligned to receive bolt-type connectors 40.
PAR  The tanks 35 in each buoyant tank group 30 are elongated, hollow, enclosed
      metal tanks having therein a gaseous medium such as air at one atmosphere
      pressure. Longitudinal axis 35a of each tank 35 is positioned parallel to
      longitudinal axis 32c of the riser pipe 32.
PAR  The pipe riser 32 includes four sets of mounting rings 40a and 40b which
      are fixed onto the outside pipe riser surface 32b and appropriately spaced
      to receive the interior mounting edges 39a of the semi-cylindrical
      mounting plates 39. The mounting rings 40a and 40b in each set are welded
      or otherwise suitably attached to the cylindrical pipe riser surface 32b.
      The mounting rings 40a and 40b in each set are spaced apart to form a
      recess 40c. The recess 40c has mounted therein an annular gasket 41 to
      provide protection against galvanic corrosive action between the mounting
      plates 39 and the riser pipe 32. The annular gasket 41 positioned between
      the rings 40a and 40b in each set of mounting rings is made of suitable,
      known materials to accomplish the corrosion prevention. Each of the
      annular gaskets 41 has an annular recess 41a therein to actually receive
      the interior, mounting edge 39a of each of the semi-cylindrical mounting
      plates 39. When measured from the pipe riser center line 32c, the radial
      distance between the center line 32c and the outside edge of the mounting
      rings 40a and 40b, as identified by arrows 42a and 42b, is greater than
      the radial distance between the pipe riser center line 32c and the gasket
      recess 39a. In this manner, the interior mounting edges 39a of each of the
      mounting plates 39 is secured between the riser mounting rings 40a and 40b
      in the annular gasket recesses 41a.
PAR  Choke and kill lines such as 31a in the embodiment of the invention
      illustrated extended through the semi-cylindrical mounting plates 39 and
      are seated in choke and kill mounting plates 45. The choke and kill
      mounting plates 45 are welded or otherwise suitably attached to the
      outside riser pipe surface 32b in order to secure the positions of the
      choke and kill lines such as 31a. The choke and kill lines such as 31a
      terminate in box end connector portions 31c and in pin end connector
      portions 31d. The pin end 31d of the choke and kill line 31a is located at
      the same end as the pin end 36 of the pipe riser 32. Similarly, the choke
      and kill line box end 31c is located at the box pipe riser end 37. Curved
      struts 45a are welded onto the choke and kill line support plates 45. The
      semi-cylindrical mounting plates 39 for the buoyant tanks 35 include
      semi-circular openings 39h for receiving the choke or kill lines such as
      choke line 31a. Although the choke and kill lines are described as being
      part of the embodiment of the invention illustrated and described herein,
      it should be understood that the choke and kill lines may be independently
      mounted in a well-known manner, if desired.
PAR  It has been discovered that the elongated, cylindrical, enclosed tanks 35
      are preferably made of aluminum alloy, which is capable of providing
      greater collapse resistance while being lighter in weight as compared to a
      steel tank of the same size. Aluminum tanks 35 are capable of exerting
      greater buoyant forces in water when compared to steel tanks of the same
      size and yet the thickness of the aluminum walls can be made greater than
      the thickness of the steel walls for the purpose of providing greater
      collapse resistance.
PAR  Utilizing thin-walled vessel formulas found in Roark Formulas for Stress
      and Strain, 4th Edition, 1965, the following analysis demonstrates that a
      stronger lighter-weight tank of aluminum is superior.
PAR  Collapse resistance (C.sub.R) is directly proportional to the modulus of
      elasticity (E) times the tank wall thickness cubed (t.sup.3).
EQU  C.sub.R .alpha. E t.sup.3
PAR  The modulus of elasticity for aluminum (E.sub.AL) is equal to approximately
      0.3 times the modulus of elasticity for steel (E.sub.ST). And the weight
      of aluminum (W.sub.AL) is approximately equal to 0.344 times the weight of
      steel (W.sub.ST).
PAR  Thus, for an aluminum tank of the same weight and size as a comparable
      steel tank, the following equations are applicable:
      ##EQU1##
EQU  C.sub.R .alpha. = 8 Et.sup.3
PAR  Thus, an aluminum tank 35 will have approximately 8 times the collapse
      resistance of a comparably sized steel tank. It has been found that
      aluminum tanks 35 having a wall thickness of 1.5 to 2 times the thickness
      of a comparably size steel tank will be (1) lighter in weight and yield
      greater buoyant force and (2) have superior collapse resistance
      characteristics.
PAR  The gaseous medium may be air, nitrogen or another suitable gas at 1
      atmosphere (14.7 LB/in.sup.2). It is also within the scope of the
      invention to provide higher pressures in the tanks 35 in order to provide
      additional support against collapse. The pressure in the tanks 35 may even
      increase with the depth of use of the marine riser section 30. Further,
      the number of tanks 35 in each group 38 may vary and even increase with
      the depth at which the particular riser section will be used.
PAR  The foregoing disclosure and description of the invention are illustrative
      and explanatory thereof, and various changes in the size, shape, and
      material as well as in the details of the illustrated construction may be
      made without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An offshore oil well buoyant riser system adapted to extend from an
      offshore drilling platform to a subsea wellhead for encasing a drill
      string, wherein at least one riser section comprises:
PA1  a cylindrical riser pipe for enclosing a portion of the drill string;
PA1  a plurality of mounting rings mounted on said riser pipe, each of said
      rings being longitudinally spaced along said riser pipe with respect to
      another of said rings to form an annular recess on said riser pipe;
PA1  an annular gasket positioned in said annular mounting recess on said riser
      pipe, said gasket preventing galvanic corrosion and including an annular
      gasket recess therein positioned inwardly with respect to said spaced
      mounting rings;
PA1  a plurality of elongated, hollow, closed tanks having a gaseous fluid
      therein;
PA1  a pair of semi-cylindrical mounting plates having said tanks mounted
      therein;
PA1  choke and kill mounting plates mounted on said riser pipe to secure choke
      and kill lines about said riser pipe;
PA1  semi-circular openings formed in each of said semi-cylindrical mounting
      plates for receiving choke and kill lines therethrough;
PA1  an internal, semicircular mounting edge on each of said semi-cylindrical
      mounting plates, said internal, semi-circular mounting edges being mounted
      into said gasket recesses and being supported by said mounting rings;
PA1  lug end portions on each of said semi-cylindrical mounting plates for
      lining said plates and receiving bolt connectors for securing said plates
      onto said riser pipe;
PA1  said pair of semi-cylindrical plates extending circumferentially around
      said riser pipe for mounting said tanks circumferentially about said riser
      pipe with said tanks extending parallel to the longitudinal axis of said
      riser pipe whereby said tanks cooperate to create sufficient buoyant force
      in the water to substantially contribute to the application of tensile
      forces on said riser system.
NUM  2.
PAR  2. The structure set forth in claim 1, including:
PA1  said elongated, closed tanks containing said gaseous fluid at approximately
      one atmosphere pressure therein.
NUM  3.
PAR  3. The structure set forth in claim 1, including:
PA1  said elongated, closed tanks containing said gaseous fluid at more than one
      atmosphere for providing additional support said tanks against hydrostatic
      underwater pressures.
NUM  4.
PAR  4. The structure set forth in claim 1, wherein:
PA1  said hollow, closed tanks are aluminum.
NUM  5.
PAR  5. The structure set forth in claim 4, wherein:
PA1  said aluminum tanks have walls of a thickness of approximately twice the
      thickness of the walls of an equivalent steel tank and weighing less than
      an equivalent steel tank and having greater collapse resistance.
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ABST
PAL  A distress buoy releasable from a submarine comprising two hemispherical
      portions sealably joined to form a hollow spherical body mounting a radio
      transmitter with deployable antenna, a radar responder with antenna, a
      beacon light, a tape recorder containing information recorded over a time
      period before release, and electrical power cells. A ring of float members
      is secured to and surrounds the spherical body.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a distress buoy for a submarine which is disposed
      in a recess open at the top in a structure mounted at the top of the hull
      of the submarine, the buoy being releasable manually or automatically in
      case of distress thereby to ascend to the surface of the water and emit
      signals to enable its discovery.
PAC  BACKGROUND
PAR  There have been utilized buoys which are released from submarines at the
      time of distress and which remain connected to the submarine by a
      conductor cable permitting communication with the interior of the
      submarine. The presence of the connection cable produces constraints which
      are eliminated in utilizing distress buoys which float freely at the
      surface.
PAR  The buoy of the invention is of the latter type.
PAR  There are known separable distress buoys essentially constituted as hollow
      bodies containing signal transmitters, for example, of visible signals
      such as smoke or luminous signals, or radio signals.
PAR  There are also known such buoys constituted by a spherical body, the
      spherical shape presenting the best resistance to crushing during
      immersion. Nevertheless, the spherical shape also presents the
      disadvantage of lacking stability when the buoy floats at the surface of
      the water and drifts, this being very serious since if the buoy capsizes,
      it can no longer be discovered.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a distress buoy which is free of
      the disadvantages as noted above.
PAR  This object is achieved by a distress buoy comprising a hollow central
      spherical body containing at least one electrical power source, such as a
      battery, a radio transmitter and/or a generator of luminous signals and a
      ring of auxiliary floating members fixed to the periphery of the spherical
      body at the upper portion thereof, i.e. above a diametral plane
      therethrough.
PAR  The auxiliary floating members are preferably spherical in shape and
      composed of a cellular or foam material.
PAR  Conventional spherical buoys are subjected to a constant bobbing movement
      i.e. a vertically oscillating movement in which the buoy is more or less
      submerged in the water, according to sea swell and surging, to cause
      deterioration of the operating apparatus and disturbance of the emissions
      to make discovery of the buoy very difficult. The ring of auxiliary
      floating members augments the floatability and stability of the buoy and
      reduces bobbing without substantially increasing the size of the recess in
      the structure at the top of the hull of the submarine which is to receive
      the buoy.
PAR  The auxiliary peripheral floating members according to the invention are
      mounted at a level below the top of antennae and signal lights carried by
      the central spherical body so as not to interfere with their transmission
      and the reception of signals by the buoy and the discovery and location
      thereof which is of ultimate importance.
PAR  The known release buoys includes means for emitting signals which permit
      location thereof to localize the area of search for the submarine, but it
      furnishes no information concerning the cause and the circumstances of an
      accident and no information can be obtained from the crew of the submarine
      as there is no connection with the submarine to enable communication
      therewith.
PAR  It is another object of the invention to provide means in a distress buoy
      furnishing information concerning the circumstances and, if possible, the
      causes of an accident and also the extent of damage.
PAR  This objective is achieved by placing a recorder in the interior of the
      central spherical body to record information measured at the interior of
      the submarine to provide a permanent record over a pre-determined period
      preceding the release of the buoy, the recorder being connected to the
      submarine by a multiconductor cable which is sheared at the time of buoy
      release, the cable being connected to the central spherical body by a
      water-tight connection.
PAR  Such recorder means is preferably constituted by a tape recorder operative
      with an endless tape comprising at least one track for voice recording.
PAR  It is already known to place recorders on board aircraft or other vehicles
      to enable reconstruction of the circumstances of an accident after its
      occurrence.
PAR  Unfortunately, the use of such recorders to furnish valuable information
      which might prevent repetition of certain accidents has not been presently
      undertaken in submarines since, in general, the vessel remains
      inaccessible.
PAR  The installation according to the invention of such a recorder in a
      releasable buoy permits using these recorders in the case of submarines to
      contribute to the discovery of the causes of accidents in order to remedy
      them.
PAR  The presence of a tape recorder in the buoy permits the crew to record by
      voice the circumstances at the imminence of an accident and such
      recordings contribute to an explanation of the causes and circumstances of
      the accident.
PAR  The use of a multiconductor cable between the buoy and the interior of the
      submarine enables it to transmit electrical energy without interruption
      from a charging source in the submarine to a row of storage batteries up
      to the time of release of the buoy.
PAR  The presence of the storage batteries constantly maintained at full charge
      assures that the buoy will have an operative electrical energy source
      after buoy release, whereas, in contrast, dry cell batteries placed in the
      buoy over a long time and not periodically checked could be dead at the
      time of release and prevent location of the buoy.
PAR  The locating of distress buoys at the surface of a body of water is known
      to be a difficult operation when such buoys are only provided with smoke
      markers, beacon lights or radio transmitters.
PAR  Another object of the invention is to place in the spherical body a radar
      responder whose antenna is situated in a dome mounted at the top of the
      spherical body.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an elevation view of a buoy according to the invention emplaced
      in a recess in a body of a submarine,
PAR  FIG. 2 is a top plan view of the structure in FIG. 1,
PAR  FIG. 3 is a sectional view taken along line III--III in FIG. 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1 therein is seen a buoy formed of two hemispherical
      portions 1a and 1b assembled in sealed relation by flanges thereon to form
      a water-tight joint 2.
PAR  The buoy is placed in a recess 3 which flares upwardly and has an open top,
      said recess being formed in a structure at the top of the hull 4 of a
      submarine. Such recess can be provided in the conning tower of the
      submarine. The buoy is secured at the bottom of the recess by means of two
      pyrotechnically operated shackles 5 which are controlled manually or
      automatically as a function of such conditions as depth of immersion, or
      the presence of water in certain compartments of the submarine.
PAR  When the shackles 5 are actuated pyrotechnically, they open and release the
      buoy which is now buoyant and free to rise to the surface of the water.
PAR  Such buoys can carry a radio transmitter to act as a beacon and send radio
      signals, such transmitters being well known in the art.
PAR  FIG. 1 shows an antenna 6 for such transmitter which is deployed
      automatically at the time when the buoy is freed.
PAR  The buoy according to the invention differs from conventional buoys by the
      construction wherein it contains not only a radio transmitter but also a
      tape recorder to permanently record information provided from the interior
      of the submarine. For this purpose, the tape recorder is connected to the
      interior of the submarine by a multiconductor cable 7.
PAR  The buoy according to the invention further comprises bright beacon light 8
      and a radar responder 9. The upper spherical portion 1b is truncated at
      its top and sealingly closed by a plate 10 on which are mounted the beacon
      light 8, the radar responder 9 and the antenna 6.
PAR  The buoy of the invention is further characterized by a ring of auxiliary
      floating members 11 at the periphery of upper spherical portion 1b. These
      floating members are constituted, for example, as balls of cellular
      material. These auxiliary floating members increase the floatability or
      buoyancy of the buoy such that at the time of release, the force of
      ascension is greatly increased, which reduces the risk of jamming of the
      buoy in its recess, for example, in the case when the submarine is
      inclined and the opening of the recess is not turned exactly straight up.
PAR  The second function of the floating members is to eliminate the phenomena
      of bobbing of the buoy when it floats at the surface of the water, i.e. to
      avoid continual variation in depth immersion of the buoy as a result of
      sea swell. The hydrostatic pressure on the buoy is augmented by the
      floating members and the buoy follows the movements of the swell at a
      substantially constant depth of immersion, the float line being situated
      above the horizontal median plane of the floating bodies.
PAR  The floating members 11 confer to the buoy a better stability of shape and
      prevent capsize thereof as is common with ordinary spherical buoys.
      Moreover, the members 11 are mounted above the median diametral plane of
      spherical body 1 but extend below the level of beacon light 8 and antennas
      6 and 9 so as not to interfere with the operation thereof.
PAR  As seen additionally in FIG. 1, there is a conventional hydraulic locking
      arrangement 12 to hold the buoy in the recess during navigation on the
      surface.
PAR  FIG. 2 shows the ring of floating members to be composed of eight members
      11 joined together. They are connected to the spherical body 1 by supports
      13 welded to the outer wall of the hemispherical portion 1b and
      terminating at fork 14. Bolts 15 pass in bores extending completely
      through the floating members 11 and are received in forks 14.
PAR  FIG. 3 shows on enlarged scale the apparatus placed in in the buoy. In this
      figure are also seen the hemispherical portions 1a and 1b assembled
      together by their flanges 2 and the floating members 11. The plate 10 is
      also visible carrying the antenna 6 of the transmitter, the beacon light 8
      and the antenna 9 of the radar responder. Further seen in detail is the
      pyrotechnical shackle 5 fixing the buoy at the bottom of recess 3 and the
      cable 7 connecting the buoy to the interior of the submarine.
PAR  At the interior of the buoy are disposed the following apparatus.
PAR  Two rows of batteries 16 which are constantly maintained at maximum charge
      by an electrical connection with a charger situated in the interior of the
      submarine and connected thereto by cable 7. The batteries 16 are, for
      example, nickel-cadmium batteries which do not emit any gases during
      charging.
PAR  A tape recorder 17 is also connected to the interior of the submarine by
      the cable 7.
PAR  The tape recorder can be of the endless band type and comprises a plurality
      of tracks permitting recording in binary form, for example, information
      from the interior of the submarine. Such information can include engine
      speed, interior pressure in the submarine, trim, course, depth, periscope
      position etc.
PAR  The tape recorder also includes one or more tracks permitting voice
      recording either continuously at certain locations or of information which
      the crew may wish to transmit in case of distress.
PAR  The tape recorder can continuously record a permanent record of information
      of the above sort over a determined period, for example, 10 hours
      preceding release of the buoy.
PAR  Thanks to this information, it is possible to reconstruct the circumstances
      and also the causes of an accident.
PAR  The buoy thus functions at times of distress in the same way as the
      so-called "black-box" of aircraft to enable determination of the causes of
      an accident.
PAR  The adaptation of such an arrangement in submarines has not been previously
      effected as it necessitated a connection by a cable between the buoy and
      the submarine which must obviously be sealed.
PAR  The electric cable 7 is automatically sheared at the time of release of the
      buoy by a pyrotechnical shearing device (not shown) of known construction.
      The cable is connected to the buoy by a sealed connector 18 which includes
      a sealed coupling 19 by which the cable enters the buoy.
PAR  In the buoy is a radio transmitter 20 which emits periodic signals at a
      determined frequency and at given intervals to permit locating the buoy.
PAR  The transmitter is fed by batteries 21, which, for example, can be mercury
      batteries which are activated automatically at the time of release of the
      buoy.
PAR  Also mounted in the buoy is a radar responder 22 provided with an antenna
      9. The radar responder, of known design, permits obtaining a radar echo of
      an object of small size such as the buoy. The responder is composed of a
      receptor which receives radar signals from an emitter and also a
      transmitter which emits at this time a responding transmission to the
      radar screen of a search vessel. The radar responder is fed by the
      batteries 16.
PAR  At the interior of the buoy is also mounted a generator 23 for feeding the
      beacon light 8. The generator is driven by the batteries 16. It is
      possible to include an automatic control to interrupt the operation.
PAR  The beacon light 8 and the antenna of the radar responder 9 are placed in
      sealed transparent covers made, for example, of methyl methacrylate.
PAR  The electric cables extend to the interior of these covers via sealed
      connections in plate 10 such that in the event of breakage of the covers,
      the interior of the buoy will not be flooded.
PAR  In order to maintain the apparatus in place in the interior of the buoy,
      padding of cellular material, such as polystyrene foam is interposed
      between the apparatus and the walls of the buoy.
PAR  At the interior of the buoy are placed diverse relays and printed circuits
      at 26 to effect the automatic control of the transmitter, the radar
      responder, and the beacon lights.
PAR  The buoy thus described essentially comprises three emitters to enable its
      discovery, two sources of electrical energy, a tape recorder of
      information, and the auxiliary floating bodies which stabilize the buoy on
      the water surface.
PAR  Numerous variations and modifications of the disclosed buoy will become
      evident to those skilled in the art within the framework of the invention
      as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A distress buoy for a submarine adapted to be mounted in an open recess
      in the top of a structure on the outside of the hull of the submarine, and
      adapted to be released to float freely at the surface of the water, said
      buoy comprising a hollow central spherical body containing at least one
      electrical power source and signal generator means connected to said
      source, a ring of auxiliary solid float members, and means fixing said
      ring of float members to said central spherical body at the upper portion
      thereof, said float members being fixed to said body to be disposed
      against the same so that said auxiliary float members are closely bound to
      follow all the movements of said central spherical body, said auxiliary
      float members being constituted of spherical blocks of cellular material
      having diametral bores, said means for fixing the float members to said
      body comprising mounting plates fixed to the upper portion of said
      spherical body between adjacent auxiliary floats and shafts mounted in
      said bores and fixed to said plates, said mounting plates being fixed to
      the upper portion of said spherical body in diametral planes of said
      spherical body.
NUM  2.
PAR  2. A distress buoy as claimed in claim 1 comprising tape recorder means in
      said spherical body for automatically recording continuous information
      concerning the operation of the submarine over a given time period prior
      to the release of the buoy, said recorder means having at least one track
      for further recording of an oral message from the submarine crew, a
      multi-conductor cable connecting said recorder means to the interior of
      the submarine and means for shearing the multi-conductor cable at the time
      of release of the buoy.
NUM  3.
PAR  3. A distress buoy as claimed in claim 1 comprising pyrotechnically
      operated shackles releasably connecting said central body and the
      structure of the submarine.
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ABST
PAL  A plural-hull craft incorporates separate hulls pivotally attached at the
      extremities of an interconnecting structure, which hulls may be rotated
      either separately or in unison to longitudinally align two or more hulls
      with substantial hydrodynamic continuity, whereby leeward hull buoyancy is
      increased to improve longitudinal stability. In such configuration, the
      aligned hulls may be horizontally counterrotated into an approximate arc
      for turning the craft, or may be counterrotated horizontally into the
      approximate shape of a cambered airfoil so as to provide sideways lift to
      counteract lateral drift. Additionally, at least one hull may be
      individually rotated about its pivotal attachment point to maneuver the
      craft.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to the field of plural-hull craft, and more
      particularly concerns an arrangement of independent hulls and
      interconnecting structure.
PAR  2. Description of the Prior Art
PAR  Plural-hull sailing craft, including outrigger canoes, proas, catamarans
      and trimarans, are often preferred over comparable monohull sailing craft
      because of their greater speed and lateral stability, and their shallower
      draft. The greater speed derives largely from the greater lateral
      stability which allows more sail to be carried than can be carried by
      comparable monohull craft.
PAR  Lateral stability, that is, stability against heeling or capsizing under
      lateral sail forces, is normally derived on monohull sailboats by a
      combination of buoyancy change with anle of Keel, ballast and/or weighted
      keels. When ballast or a weighted keel is used, as both generally are in
      larger craft, additional hull buoyancy, in the form of a larger single
      hull, is required to support the additional weight. This larger hull
      causes an increase in water drag which reduces maximum speed.
PAR  Plural-hull sailing craft, however, achieve excellent lateral stability
      almost exclusively from lateral separation of the hulls. Befor lateral
      sail forces can heeel such craft over, upwind hulls must necessarily be
      lifted from their normal buoyant positions. Buoyancy of lifted hulls is
      reduced and the resultant increased hull weight, acting at the separation
      distance from downwind hulls, exerts a restoring force which counteracts
      further heeling. Additionally, the more deeply submerged leeward hull
      exerts a buoyant righting moment. These restoring forces are macimized at
      heeeling angles which completely lift or fly the upwind hull or hulls free
      of the water.
PAR  Also, because of the comparatively light weight of at least smaller
      plural-hull craft, crew weight is commensurate with the weight of the
      craft and additional lateral stability can be achieved by optimum crew
      placement.
PAR  As plural-hull sailing craft normally do not employ weighted keels or carry
      ballast, they require less hull buoyancy than comparable monohull sailing
      craft and can use slender, shallow draft hulls with lower water drag.
      Also, inasmuch as these type craft have good lateral stability, they can
      carry much larger sails than comparable monohull craft with less danger of
      lateral capsizing. Lower hull drag and greater sail area account for the
      relatively high speed of plural-hulled craft.
PAR  Another advantage of plural-hull craft becomes apparent when theoretical
      hull speed -- a theoretical upper speed limit of hulls in knots equal to
      1.4 times the square root of hull length in feet -- is considered. At this
      theoretical speed water drag abruptly and significantly increases, and
      greatly increased driving force is required to drive the hull faster. This
      theoretical hull speed limit is generally the limiting speed for monohull
      sailboats (except when planing) because at this speed there is usualy
      insufficient sail power in reserve to overcome the increased hull drag.
      This is generally not true for plural-hull sailing craft as the generally
      more slender hulls have lower drag at their theoretical speed limits,
      which limits are reached while the relatively larger sails still have
      sufficient force to overcome the increased drag.
PAR  However, the very design characteristics which account for shallow draft,
      high speed and good lateral stability -- widely separated, slender,
      shallow draft hulls, large sail areas and relatively light overall weight
      -- cause plural-hull craft to be extremely difficult to maneuver,
      particularly in putting about, to be longitudinally unstable and to be
      subject to sideways drift.
PAR  Monohull sailing craft tend to pivot about a vertical axis at the center of
      lateral resistance in turning and consequently are easily turned. However,
      each of the several hulls of plural-hull craft has its own center of
      lateral resistance about which the craft cannot simultaneously pivot. A
      compromise is struck, and the craft is said to pivot about the bow of one
      hull and to drag the remaining hulls through the turn. The sideways
      dragging of hulls causes considerable resistance to turning, this
      resistance increasing with the number of hulls and with increased hull
      separation.
PAR  In putting about through the wind to change tack, all craft operating under
      sail power alone depend upon forward momentum to carry them through the
      turn. Because of their large resistance to turning and their comparatively
      light weight, and hence comparatively lower forward momentum, many
      plural-hull sailing craft are difficult or impossible to put about without
      auxiliary power. This is a serious disadvantage of this type of craft.
PAR  Another serious disadvantage of most popular plural-hull sailing craft is
      their susceptibility to capsizing diagonally forward under large
      longitudinal sail forces which drive the bows of leeward hulls under
      water. This is particularly the case when simultaneous large lateral sail
      forces put most or all of the craft's weight on leeward hulls by flying
      the windward hulls. This susceptibility is caused by the use of relatively
      lower displacement hulls and relatively large sails on this type of craft.
PAR  Forward capsizing is not of serious concern in modern monohull sailing
      craft, for most sea conditions, because lateral sail forces, usually
      several times greater than longitudinal sail forces, are normally the
      limiting factor. Thus, if the amount of sail carried is insufficient to
      cause monohull craft to capsize sideways, it is generally to small to
      cause them to capsize forward; although, it was not unheard of for tall
      masted clipper ships to be driven bow first under water in a gale by use
      of too much sail.
PAR  A third, less serious, defect of most plural-hull craft, is their tendency
      to drift sideways under lateral wind forces because of the relatively low
      resistance to drift of their shallow draft, keelless hulls.
PAR  Improving maneuverability of plural-hull sailing craft by shortening hulls,
      using extreme rocker (longitudinal upward curving of hulls), and spacing
      hulls closer together, decreasing sideways drift by adding keels or using
      asymmetrical hulls, and improving longitudinal stability by increasing
      hull buoyancy and reducing sail area causes corresponding reduction of
      advantageous lateral stability, speed and shallow draft. Thus, the prior
      art has attempted to effect improvements in alternative manners.
PAR  Quadra-hull craft have been designed (e.g., Dismukes, U.S. Pat. No.
      3,316,873, and Hamilton, U.S. Pat. No. 3,265,026) which are equivalent to
      craft formed by cutting both hulls of a catamaran in two along a
      transverse plane and spacing the hull segments longitudinally apart.
      Although longitudinal stability tends to be improved, in much the same
      manner as lateral hull separation improves lateral stability, water drag
      is considerably increased because of wave interference between the in-line
      hulls. Also, the number of hulls which must be driven past their
      theoretical hull speed limit, if reasonably high speeds are to be
      achieved, is doubled, as is the increased hull drag. These disadvantages
      are continuously present, even when wind forces do not require increased
      longitudinal stability.
PAR  Other designs (e.g. Barkla, U.S. Pat. No. 2,804,038) have added horizontal
      planes to the bows of forward hulls to provide additional bow lift to
      prevent bow submergence. Some (e.g., Fletcher, U.S. Pat. No. 2,238,464)
      have hinged forward hulls about transverse axes so the hulls may conform
      to wave motion to help prevent swamping by oncoming waves. However, such
      hull designs increase water drag under all sailing conditions, regardless
      of the need for additional longitudinal stability.
PAR  Some designs (e.g., Perge, U.S. Pat. No. 2,944,505 and McIntyre, U.S. Pat.
      No. 2,106,432), when sailing with the wind or on broad reaches, use an
      inclined sail to create a lifting force to counter the forces tending to
      drive the bows under water. This, however, is accomplished at a sacrifice
      of forward driving power.
PAR  Many plural-hull craft, often catamarans, outrigger canoes or proas, are
      designed with complete fore and aft symmetry (e.g., Smith, U.S. Pat. No.
      3,295,487 and Laurent, U.S. Pat. No. 3,173,395) to circumvent
      maneuverability problems. Instead of putting about to assume a new tack,
      the sail is manually repositioned and the craft is "backed" into a new
      heading, the previous stern now acting as the bow and vice versa. Fore and
      aft symmetry is not, however, good hull or sail design, and performance is
      sacrificed under all sailing conditions, even when no maneuvering is
      required.
PAR  Some trimarans have been designed with horizontally rotatable hulls so the
      craft may be "skewed" onto a new heading rather than having to be put
      about (e.g., Henderson, U.S. Pat. No. 1,303,839 and Twining, U.S. Pat. No.
      606,104). Individual hull rotation has sometimes been provided so that a
      hull or hulls may function as rudders (e.g., Creed, U.S. Pat. No.
      1,422,542, Malrose, U.S. Pat. No. 3,112,725 and Lake, U.S. Pat. No.
      1,846,602). Such craft are, however, not designed to improve longitudinal
      stability, and consequently sail area, and hence speed, cannot be
      maximized.
PAR  Resistance to sideways drift is often provided by centerboards (e.g.,
      White, U.S. Pat. No. 3,223,064) or inclined planes (e.g., McIntyre, U.S.
      Pat. No. 1,356,300). However these, unless large, are relatively
      ineffective in reducing sideways drift and they increase draft. If they
      are large, weight and draft of the craft may be considerably increased.
PAR  Accordingly, it is an object of the present invention to obtain advantages
      of plural-hull craft while minimizing their disadvantages.
PAC  SUMMARY OF THE INVENTION
PAR  In carrying out the principles of the present invention, according to a
      preferred embodiment, a plural-hull craft comprises means for increasing
      the buoyancy of a leeward hull, whether the wind is from port or
      starboard, without turning the craft end for end, so as to improve
      stability. This means for increasing leeward hull buoyancy includes
      shifting a third hull into substantial longitudinal alignment with
      whichever of a port and starboard hull is leeward. Means are provided to
      streamline the adjacent bow and stern of aligned hulls to establish
      substantial hydrodynamic continuity of the aligned hulls and form a
      "composite leeward hull." Means are provided for counterrotating aligned
      hulls into the approximation of an arc for ease in turning, or into the
      approximation of a cambered airfoil to provide sideways hull lift to
      counteract hull drift.
PAR  More specifically, in one embodiment of the invention, a first or port
      hull, a second or starboard hull, and a third hull are pivotally attached
      to an interconnect spider in mutual spaced relationship. Control means are
      provided for rotating each hull, individually or in unison, in a generally
      horizontal plane about pivotal attachment points, such that the third hull
      may be substantially longitudinally aligned astern of whichever of the
      port and starboard hulls is leeward. The configuration of the interconnect
      spider is such that the bow of the third hull and the stern of the leeward
      port or starboard hull (with which the third hull is aligned) are in close
      proximity to each other.
PA0  c. are additionally provided for achieving substantial hydrodynamic
      continuity between aligned hulls by use of conjugate shapes at the stern
      of port and starboard hulls and at the bow of the third hull.
      Alternatively, a fairing means is provided to enclose the stern of the
      aligned port or starboard hull and the bow of the third hull, whereby this
      region is streamlined to the flow of water. The aligned leeward hulls are
      thus formed into a composite leeward hull.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the preferred embodiment, showing
      longitudinal alignment of hulls 1 and 3 and a Y-shaped spider;
PAR  FIG. 2 is a top plan view of the embodiment of FIG. 1;
PAR  FIG. 3 is a top plan view of a variation of FIG. 1, showing use of dual
      Y-shaped spiders;
PAR  FIG. 4 is a top plan view of a second variation of FIG. 1, showing use of a
      T-shaped spider;
PAR  FIG. 5 is a top plan view, depicting a sequence of changes of hull rotation
      as the craft changes from a starboard to a port tack;
PAR  FIG. 6 is a top plan view, showing longitudinally aligned hulls
      counterrotated equally to turn the craft;
PAR  FIG. 7 is a top plan view, showing longitudinally aligned hulls
      counterrotated through unequal angles to combat drift;
PAR  FIG. 8 is a fragmentary top plan view of the arrangement of FIG. 2 showing
      hull attachemen and deck;
PAR  FIG. 9 is a perspective view showing hull attachment and controls;
PAR  FIG. 10 is a vertical section view along line 10--10 of FIG. 9, showing
      hull attachment and controls;
PAR  FIG. 11 is an exploded perspective view showing longitudinally aligned
      hulls with conjugate surfaces;
PAR  FIG. 12 is a fragmentary elevation view showing longitudinally aligned
      hulls with conjugate surfaces;
PAR  FIG. 13 is an exploded perspective view, showing an alternative method of
      streamlining the bow and stern region of longitudinally aligned hulls by
      use of a fairing;
PAR  FIG. 14 is a perspective view showing enclosure of the bow of the trailing
      hull in the stern fairing of a port or starboard hull; and
PAR  FIG. 5 is a fragmentary top plan view, showing deflection of the port or
      starboard hull stern fairing by the bow of the trailing hull as it comes
      into longitudinal alignment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  General Description
PAR  A preferred embodiment of the invention, illustrated in FIGS. 1 and 2,
      comprises a first (or port) hull 1, a second (or starboard) hull 2, and a
      third (or trailing or after) hull 3, maintained in mutual spaced
      relationship by a rigid Y-shaped interconnect spider 4, to which hulls 1,
      2 and 3 are pivotally attached at their approximate centers of lateral
      resistance.
PAR  Hulls 1, 2 and 3, which are each buoyant structures, are rotatable on
      spider 4, in a generally horizontal plane, such that trailing hull 3 may
      be brought into substantial longitudinal alignment with whichever port or
      starboard hull 1 or 2 is leeward, according to wind direction (with the
      three hulls mutually parallel), to increase leeward hull buoyancy and
      improve longitudinal stability. FIGS. 1 and 2 show longitudinal alignment
      of hull 3 with port hull 1, the latter of which is the leeward of hulls 1
      and 2, the wind being from the starboard direction. Similarly, when the
      wind is from the port direction, hull 3 may be aligned astern of starboard
      hull 2, the latter of which is then the leeward of hulls 1 and 2. FIG. 5
      depicts, in a series of several diagrams, the transition from the former
      alignment (i.e., hulls 1 and 3 aligned) to the latter configuration (i.e.
      hulls 2 and 3 aligned) as the craft changes tack through the wind; that
      is, as the wind direction relative to the craft changes from starboard to
      port.
PAR  The configuration of spider 4 is such that when hull 3 is longitudinally
      aligned astern of either hull 1 or 2, the bow of hull 3 is in close
      proximity with the stern of hull 1 or 2. In addition, in the preferred
      embodiment, illustrated in FIGS. 1, 11 and 12, the sterns of hull 1 and 2
      the bow of hull 3 are of conjugate shapes. This conjugate shaping, in
      conjunction with fore and aft design of hulls 1 and 2 and hull 3 which
      continues the fore and aft lines of hulls 1 and 2 into hull 3, creates a
      proximate extension forming a substantially hydrodynamically continuous
      structure of the longitudinally aligned hulls, thereby streamlining the
      flow of water around the aligned hulls in the region of adjacency and
      considerably reducing water drag.
PAR  The shfiting of hull 3 into longitudinal alignment with the leeward of the
      port and starboard hulls creates what will be referred to hereinafter as a
      "composite leeward hull" which has substantially the characteristics of a
      single hull with a buoyancy equal to the combined buoyancy of hull 1 or 2
      and hull 3 and a length equal to the combined length of hull 1 or 2 and
      hull 3. In the preferred embodiment each hull is substantially the same
      size; thus, the composite leeward hull has two thirds the buoyancy of the
      entire craft, and a length double that of the windward hull (hull 1 or 2).
PAR  This configuration of the craft with a long composite leeward hull
      laterally separated from a shorter windward hull, whose center is opposite
      that of the composite leeward hull, is very similar to that of a proa (a
      fast outrigger-type craft having laterally spaced, parallel hulls of
      different lengths to avoid wave interference between hulls). It has the
      advantageous speed and longitudinal stability of a proa without its
      disadvantage of having to be turned around, end for end (letting the
      former bow become the new stern and the former stern become the new bow),
      to maintain greater buoyancy on the leeward hull as course directions are
      changed through the wind. To put about (as more fully described below), it
      is merely neecessary to shift hull 3 from a position astern of one forward
      hull to a position astern of the other forward hull; consequently, it is
      unnecessary to have the inefficient fore-aft symmetry of a proa.
PAR  The longer leeward hull with increased hull buoyancy increases greatly the
      craft's resistance to forward capsizing under longitudinal forces which
      tend to drive the bow of the leeward of the port or starboard hull under
      water. Whereas, for example, a typical catamaran has only half the total
      hull buoyancy in the leeward hull, the preferred embodiment has
      substantially two-thirds of the entire hull buoyancy in the leeward hull
      to prevent forward capsizing. Additionally, whereas in a catamaran, when
      the windward hull is flown by strong lateral sail forces, the weight
      (ignoring the crew) on the leeward hull, tending to submerge it, is
      doubled, in the preferred embodiment the weight on the leeward hull is
      increased by only 50 percent.
PAR  An additional important advantage is that the composite leeward hull, with
      double the length of the leeward port or starboard hull, has reduced high
      speed drag and inter-hull wave interference drag due to its longer,
      relatively more slender, structure. Thus, speedwise, the craft is
      comparable to a proa, one of the fastest sailing craft.
PAR  In the aligned configuration, steering may be by means of a rudder 5,
      conventionally attached at the vertical centerline of the hull 3 stern, as
      by gudgeons and pintles (not shown). Rudder 5 is controlled by a
      conventional tiller 6, attached at one end to an upper projection of the
      rudder and extending forward along the longitudinal axis of hull 3,
      whereby a crew member may easily move the rudder to steer the craft. It
      should be noted, however, that any of a variety of means may be employed
      to move the rudder, including, for example, cables and a control wheel,
      without exceeding the scope of the invention.
PAR  The preferred embodiment, by virtue of its rotatable hulls, has the
      additional very advantageous feature of being able to turn by, in effect,
      "bending" the composite leeward hull, comprised, as described, of aligned
      hulls 1 or 2 and hull 3, into an approximation of an arc whose center is
      at the approximate center of the desired turn radius. This is
      accomplished, as depicted in FIG. 6 for a starboard turn, by
      counterrotating hull 1 or 2 and aligned hull 3 through substantially equal
      arcs in such direction that the bows and sterns of both hulls are on the
      radius of the turn. In this configuration a turn may easily be made, as
      the two leeward hulls are steered, rather than dragged, through the turn.
      In a similar manner, a turn to port may be made, and similar turns may be
      made with hulls 2 and 3 aligned.
PAR  Sideways drift of the craft, always a problem when shallow draft hulls are
      used, as they are in plural hull craft, may be prevented by
      counterrotating the aligned hulls (as depicted in FIG. 7 for aligned hulls
      1 and 3) to bend the composite leeward hull into a configuration similar
      to that of a vertical hydrofoil or cambered airfoil. This creates a "lift"
      directed horizontally sidways in a direction opposing drift. The adjacent
      bow and stern of aligned hulls are rotated to windward, with the leading
      hull 1 or 2 being rotated equally or less than hull 3 (if rotated less
      than hull 3, a tendency of the craft to turn is reduced). The angles of
      rotation of each hull may be adjusted to create an equilibruim condition
      wherein sideways drift is exactly countered by the sideways hull lift.
      Although there is some added water drag in this configuration with the
      hulls out of alignment, the cambered airfoil shape has a high lift to drag
      ratio (without the added drag of, for example, asymmetrical hulls
      sometimes used to overcome drift). Loss of forward speed is thereby
      minimized, and this slight loss of speed occurs only when the hulls are
      rotated to the airfoil configuration.
PAR  Any tendency of the craft to turn or change course as a result of the
      airfoil type hull configuration may be countered not only by unequal
      angles of hull rotation but also by use of rudder 5, or by use of sail.
PAR  The preferred embodiment, exemplifying a small craft, employs a single
      Marconi-rigged mainsail comprising a conventional, vertical mast 7, a boom
      8 and a triangular sail 9, assembled in a conventional manner. Mast 7 is
      stepped in a hub 10 which is substantially at the center of spider 4. As a
      result, the center of sail effort is advantageously located slightly aft
      of the center of buoyancy of the composite leeward hull for most wind
      directions, thereby providing easier steering and additional resistance to
      forward capsizing (FIGS. 1 and 2).
PAR  It will be appreciated, however, that any of a variety of sail systems may
      be used. Before sails, such as jibs heel staysails may be added, or a
      lateen or gaff-rigged mainsail or sails may be employed, as may plural
      mainsails or any combination of mainsails and auxiliary sails,, rigged on
      single or plural masts located on the hulls or interconnect spider or
      both, without violating the spirit of the invention. maximized heeling
PAR  FIGS. 3 and 4 illustrate two of the many possible variations of the hull
      interconnect spider which is instrumental in providing the principal
      feature of significantly increasing leeward hull buoyancy, by hull
      rotation, to greatly increase longitudinal stability, regardless of the
      wind direction and without necessity of reversing the craft.
PAR  FIG. 3 illustrates use of two Y-shaped spiders, a forward spider 11 and an
      aft spider 12 and exemplifies use of plural interconnect spiders. The bows
      of hulls 1a, 2a and 3a (corresponding to hulls 1, 2 and 3 previously
      described) are pivotally attached to the extremities of spider 11, while
      the hull sterns are pivotally attached to the extremities of spider 12.
      The hull attachments and the spiders are such that the hulls are mutually
      parallel and are constrained to move in parallel unison during rotation
      relative to the spiders.
PAR  Hulls 1a, 2a and 3a may be rotated relative to spiders 11 and 12 to achieve
      longitudinal alignment, in close proximity, of hull 3a with whichever of
      port or starboard hull 1a or 2a is leeward. Spider 11 is lower than spider
      12 to allow spider 12 to pass above spider 11 to prevent rotational
      interfernece between the two spiders.
PAR  The principal advantage of a plural hull interconnect structure is that
      each hull has two or more pivotal attachments; hence, the hulls are more
      securely and rigidly attached to the interconnecting structure. In
      addition, parallel rotation of all hulls through equal angles is
      guaranteed. Also, each individual spider may be made structurally lighter
      than is possible where only a single spider is used.
PAR  The principal disadvantage of using plural interconnect spiders is that the
      hulls cannot easily be made individually rotatable. Some relative hull
      rotation may be provided by hinging the arms of spiders 11 and 12 at their
      central ends; however, this adds cost and complexity and weakens the
      structure of the spiders. Steering of such a craft may still be
      accomplished without relative hull rotation by conventional use of a
      rudder 5a and sideways drift may be countered by use of conventional
      centerboards (not shown).
PAR  By using dual interconnect spiders, two sets of Marconi-rigged mainsails,
      similar to that used in the preferred embodiment, may be provided. For
      example, a mast 7a (carrying a boom 8a and sail 9a) may be stepped on
      forward spider 11 and a mast 7b (carrying a boom 8b and a sail 9b) may be
      stepped on aft spider 12. It is evident that alternative types of sail
      arrangement may also be employed, such as a mainsail on spider 12 and a
      jib, Genoa or spinnaker on spider 11, all sail variations being
      encompassed by the invention.
PAR  FIG. 4 exemplifies a second variation of the preferred embodiment wherein a
      trailing or after hull 3b may be positioned in longitudinal alignment and
      in close proximity astern of whichever of a port or starboard hull 1b or
      2b is leeward (hulls 1b, 2b and 3b being similar to hulls 1, 2 and 3).
      Such positioning is by a combination of horizontal translation and
      rotation of only the hull 3b. Hulls 1b and 2b then remain in static
      positions at the extremities of an interconnect spider 13 (having a cross
      member 14 and a trailing member 15). To allow hull 3b to trail in the
      direction of travel as it is shifted into alignment, hull 3b is pivotally
      attached at its bow to the aft end of member 15, which in turn is
      pivotally attached at its opposite end to a central hub 16 of cross member
      14. Member 15 is thus free to pivot either port or starboard in a
      substantially horizontal plane so that hull 3b may be shifted into
      alignment with either hull 1b or hull 2b.
PAR  A major advantage of such an interconnect spider is that strong, rigid
      attachment of hulls 1b and 2b to cross member 14 may be provided,
      particularly if member 14 is made wide and hulls 1b and 2b are attached at
      more than one point. Also, trailing member 15 need not be large, and may
      in fact be flexible if alternative means, such as ropes and cleats, are
      provided for securing aligned hulls together into a composite leeward
      hull.
PAR  A disadvantage of spider 13, however, is that regardless of the alignment
      of hull 3b, the port and starboard hulls 1b and 2b remain at all times
      abreast of each other, rather than the windward hull being shifted aft to
      be centered abreast of the composite leeward hull as it is in the
      preferred embodiment. The windward hull, when flown by lateral forces,
      will thus exert a torque on the leeward hull tending to submerge its bow.
      Also aligned hull counterrotation to change course or to counter drift is
      not possible unless hulls 1b and 2b are pivotally attached to crossmember
      14 (thereby losing the principal advantage). Steering may, however, be
      accomplished by rotation of hull 3b or by use of a rudder 5b and drift may
      be countered in a conventional manner, such as by use of a centerboard
      (not shown).
PAR  Another disadvantage is that if a mainsail 9c (supported by a mast 7c and a
      boom 8c) is carried on crossmember 14, as seen in FIG. 4, the center of
      sail effort will also be further forward than desirable for optimum
      longitudinal stability and ease of turning.
PAR  It will be understood from the foregoing illustrative examples that many
      varieties and designs of interconnect spiders may be employed to
      interconnect plural hulls in such a manner that a third hull may be
      shifted by some means, for example, by rotation or translation, or a
      combination of both, into substantial longitudinal alignment with
      whichever of a first or port and a second or starboard hull is leeward. In
      addition, the interconnect spider need not interconnect all hulls, it need
      interconnect only a port and starboard hull, as does, for example,
      crossmember 14 in FIG. 4. The thrid hull which can be aligned with either
      leeward port or starboard hull may thus include, for example, a detachable
      hull segment bolted to the bow or stern of the port or starboard hull, and
      which may be unbolted and carried or moved by some means to the opposite
      hull and attached thereto when that opposite hull becomes the leeward
      hull. This third hull may alternatively comprise, for example, inflatable
      hull sections, either permanently attached to a hull or moveable. All such
      variations are within the scope of the invention.
PAC  DESCRIPTION OF SPECIFIC ELEMENTS
PAC  a. Hulls
PAR  Hulls 1, 2 and 3 (hull 1 including hulls 1a and b, hull 2 including hulls
      2a and 2b and hull 3 including hulls 3a and 3b) are of generally
      conventional design, and are of a size and construction appropriate for
      plural hull craft. They are of unidirectional, non-symmetrical fore and
      aft construction for minimum drag, there being no necessity for changing
      sailing direction by reversing the hulls end for end. The hulls are
      preferably fabricated from a strong lightweight material such as wood,
      plywood, fiberglass or aluminum. Hulls 1 and 2 and hull 3 are so
      constructed that when hull 3 is longitudinally aligned astern of either
      hull 1 or 2, the fore and aft contours of hulls 1 or 2 are continued into
      hull 3, thereby forming a low drag, substantially hydrodynamically
      continuous structure. As seen in FIGS. 1, 11 and 12, a structure 17 on the
      sterns of hulls 1 and 2 is complementary to a structure 18 on the bow of
      hull 3 to achieve a streamlined water flow around the adjacent stern-bow
      region to further minimize water drag and maximize speed of the craft. To
      this end the hull 3 bow and the sterns of hulls 1 and 2 are preferably
      blunt with structure 18 being vertically convex downward for streamlining
      in nonaligned configurations. The structure 17 on hulls 1 and 2 is shaped
      conjugate to the curvature of structure 18 of hull 3.
PAR  However, a variety of curved surfaces may be employed on the appropriate
      bow and sterns to achieve this conjugate shaping, the only limitation
      being that hull 3 be capable of moving into position behind hull 1 or 2
      without interference between hulls. It will be apprehended, however, that
      such hull interference during alignment may be avoided as by relative
      vertical movement between the hull 3 bow and hull 1 or 2 stern during the
      alignment procedure, instead of, or in addition to, appropriate design of
      the mating surfaces.
PAR  An alternate method of achieving substantial hydrodynamic continuity of the
      mating region of longitudinally aligned hulls employs a flexible fairing
      19 which is attached at an extreme stern 17a of bluntly terminated hulls
      1c and 2c, and into which the fore and aft contours of the hulls are
      continued (FIGS. 13, 14 and 15). The length of the fairing is sufficient
      to enclose a streamlined bow 18a of hull 3c when hull 3c is longitudinally
      aligned astern of hull 1c or 2c (FIG. 14), but is not so long that the bow
      18a may not flex it aside and enter it as hull 3c swings into alignment.
      Fairing 19 is generally of an extended U-shape, open at the top for
      greater flexibility. It is constructed of a relatively stiff, yet pliable,
      material such as rubber, neoprene or soft plastic.
PAR  Fairing 19 is, however, merely exemplary of one type of fairing which may
      be used to achieve substantial hydrodynamic continuity of aligned hulls.
      Other types of fairings, either flexible or rigid, fixed, movable or
      removable, and preformed or inflatable, may be employed to achieve the
      stated objective without departing from principles of the invention.
PAC  b. Interconnect Spiders
PAR  As above described, the preferred embodiment, illustrative of merely one
      type and configuration of hull interconnect means, employs a rigid
      Y-shaped spider 4 comprising three arms 20, 21 and 22 (FIG. 1). These arms
      are of substantially identical length and radiate, equally spaced, from
      central hub 10. They terminate in pivotal hull attachment points or
      bearing hubs 23, 24 and 25, respectively. Hub 23 is at the attachment
      point for hull 1, hub 24, for hull 2, and hub 25, for hull 3.
PAR  The dual spider illustrated in FIG. 3 comprises two Y-shaped spiders 11 and
      12 which are substantially identical to spider 4. Thus, any description of
      spider 4 is to be considered equally applicable to spiders 11 and 12,
      except that because two interconnect spiders are used, spiders 11 and 12
      may be structurally lighter than spider 4 without substantial loss of
      overall interconnect strength, and except that spider 11 includes
      attachment points or bearing hubs 26, 27 and 28, for attaching,
      respectively, the bows of hulls 1a, 2a and 3a, and spider 12 includes
      attachment points or bearing hubs 29, 30 and 31, for attaching,
      respectively, the sterns of hulls 1a, 2a and 3a.
PAR  Interconnect spider 13 comprises cross member 14 and trailing member 15
      (FIG. 4). Cross member 14, comprising an arm 32 and an arm 33, (both in
      line and each attached at one end to hub 16) nonrotatably attaches to
      hulls 1b and 2b at flanges 34 and 35, respectively, flange 34 being at the
      end of arm 32 and flange 35 being at the end of arm 33. The trailing end
      of member 15 is rotatably attached to the general bow region of hull 3b by
      a bearing hub 36.
PAR  All spiders illustrated in FIGS. 1-4 share many common characteristics,
      spiders, 4, 11 and 12 having already been described as substantially
      identical.
PAR  Spider 11 comprises arms 37, 38 and 39 radiating, equally spaced, from a
      central hub 40. Spider 12 comprises arms 41, 42 and 43 radiating, equally
      spaced, from a central hub 44. Arms 20, 21 and 22 of spider 4, arms 37, 38
      and 39 of spider 11 and arms 41, 42 and 43 of spider 12 are long and
      relatively slender, preferably with hollow, tubular cross sections for
      lightness and strength. Central hubs 10, 40 and 44 of spiders 4, 11 and
      12, respectively, are relatively large, solid, vertical cylinders axialy
      bored to a sufficient depth to receive securely the foot of sail masts 7,
      7a and 7b, respectively. The three radiating arms of each spider are
      secured to the central hubs, as by welding, preferably in a manner to
      create a generally planar spider; although, the spider need not be planar,
      but may, for example, be arched upward to provide greater wave clearance.
PAR  Bearing hubs 23, 24 and 25 of spider 4, bearing hubs 26, 27 and 28 of
      spider 11 and bearing hubs 29, 30 and 31 of spider 12 are identical and
      are of vertical cylindrical shape. They are attached, as by welding, to
      the free end of the appropriate spider arm. The hulls are pivotally
      attached to the spider at these bearing hubs in a manner described below.
PAR  Cross member 14 of spider 13 is constructed in a manner similar to spider 4
      except that it has only two substantially horizontal arms, 32 and 33,
      radiating from a hub 16, which is similar to hub 10 of spider 4. The ends
      of arms 32 and 33 are generally vertical and terminate in flanges 34 and
      35, for nonrotatably mounting hulls 1b and 2b respectively, although
      pivotal mounting of hulls 1b and 2b is within the scope of the invention.
PAR  Regardless of the type spider utilized to interconnect the three hulls, the
      spider must be sufficiently strong to withstand the considerably stresses
      resulting from combined sail and hull forces. It thus must be strong in
      both bending and torsion. In small craft, exemplified in the preferred
      embodiment and its variations, the various spider arms and members are
      preferably constructed of a strong, lightweight material such as aluminum
      tubing; however, larger craft will require correspondingly stronger
      spiders.
PAC  c. Sails and Sail Supports
PAR  As previously described, the preferred embodiment and its illustrated
      variations employ a single Marconi-rigged sail comprising mast 7
      (including 7a, 7b and 7c) and boom 8 (including 8a, 8b and 8c) and sail 9
      (including 9a, 9b and 9c) supported thereby (FIGS. 1-4). Conventional mast
      and sail rigging, not shown, are utilized.
PAR  The sail support must be sufficiently strong to withstand sail forces in
      combination with hull and spider movement. For small craft, as exemplified
      in the preferred embodiment, the foot of mast 7 is stepped into a hole in
      a central hub, typified by hub 10 of spider 4. Conventional mast stays,
      not shown, may be attached from the extremities of the interconnect spider
      to the top of the sail mast and may be of a permanent type if the boom 8
      is shorter than the length of spider arms or members, or may be of a
      removable type if the boom is longer.
PAR  As there is a difficulty in installing mast stays on plural spiders whose
      arms are overlapped (as shown for arm 39 in FIG. 3), it is more
      appropriate than the forward spiders carry small sails requiring no mast
      staying.
PAR  This invention also encompasses sail support variations such as plural
      masts, stepped generally at the extremities of the interconnect spider and
      inclined to meet at their heads, or plural sails, including combinations
      of mainsails and auxiliary sails on either plural or single masts, stays
      or bowsprits, wherever and however located on the spider(s) or on the
      hulls. It also encompasses, in a craft with more than one spider, an
      interconnect structure between spiders and the mounting of single or
      plural masts and single or plural sails on such interspider structure.
PAC  d. Deck
PAR  The preferred embodiment employs a simple crew support, as best seen in
      FIG. 8, comprising a deck 45, made of some strong fabric, such as canvas
      or duck, mounted generally over spider 4 and is, therefore, generally
      triangular in outline. Deck 45 is supported along its outer edges as by
      cables 46, 47 and 48 which run between the outer ends of spider arms 20,
      21 and 22, respectively, and which are attached at their ends to the
      spider arms, as by eyes 49 (FIGS. 1, 2, 8 and 9). The edges of deck 45 are
      laced to cables 46, 47 and 48 by a lace 50 to stretch the deck tautly over
      spider 4, the spider also providing some support. A central cutout, not
      shown, is provided in the deck for clearance for mast 7 and central hub
      10.
PAR  Other deck materials, either fabric or nonfabric, and either flexible or
      rigid, may however be used, as may configurations other than triangular.
      The invention encompasses as well use of depending and superstructures as
      will not interfere with the objectives of the invention.
PAC  e. Hull Controls
PAR  FIGS. 9 and 10 illustrate one manner in which hulls 1, 2 and 3 may be
      pivotally attached to spider 4 and one manner in which rotation of these
      hulls about their pivotal attachment points may be achieved. These figures
      and the ensuing description are merely illustrative of one of the possible
      pivotal hull attachments and controls encompassed by this invention.
PAR  FIGS. 9 and 10 and the accompanying description illustrate and describe the
      attachment of hull 3 to spider 4 and the method of hull rotation at hull
      3. The Figures and description, however, also pertain, unless otherwise
      noted, to the similar attachment and controls for other pivotally attached
      hulls.
PAR  A pivotal axle 60 comprises a vertical cylindrical shaft 61, threaded for
      substantially its entire height, terminating at its lower end in a flange
      62. Flange 62, of large diameter, is securely attached to a structural
      hull member 63, at substantially the center of hull 3 lateral resistance.
      (Similar axles 64 and 65 are attached to hull 1 and hull 2, respectively,
      as seen in FIG. 1.) Attachment of flange 62 to member 63 is by use of
      several bolts 66 and nuts 67. This hull attachment must be strong, and
      axle and flange sizes may be correspondingly increased as hull size is
      increased. Axles, 60, 64 and 65 are preferably made of a strong, corrosion
      resistant material such as stainless steel.
PAR  Bearing hub 25 is internally press fit with bearing 68, into the inner race
      of which the cylindrical shaft 61 of axle 60 is press fit. Axle 60 is
      maintained in a vertical position within hub 25 by a lower washer 69 and a
      locknut 70 below the hub, and an upper washer 71 and a locknut 72 above
      the hub. Each hull is similarly supported from its respective hub such
      that all hulls are in a common, horizontal plane. Each hull is in this
      manner free to rotate horizontally, but is constrained against vertical
      movement.
PAR  In the illustrated control system, the inner bearing races of three
      pulleys, a first pulley 80, a second pulley 81 and a third pulley 82, are
      press fit, one above the other with the first pulley uppermost and the
      third pulley bottom-most, onto the cylindrical shaft 61 of axle 60, being
      separated from nut 72 by a washer 83 under pulley 82. The pulleys are
      secured against vertical movement on axle 60 by a washer 84 and a nut lock
      85 above first pulley 80. In a similar manner, first, second and third
      pulleys 86, 87 and 88 are mounted on axle 64 of hull 1 and pulleys 89, 90
      and 91 are mounted on axle 65 of hull 2 (FIG. 1). The vertical positioning
      of the pulleys on their respective axles is such that first pulleys 80, 86
      and 89 are in a common, upper horizontal plane, second pulleys 81, 87 and
      90 are in a common, middle horizontal plane and third pulleys 82, 88 and
      91 are in a common, lower horizontal plane.
PAR  For rotation of the hulls only one of the three pulleys mounted on each
      axle 60, 64 and 65 is nonrotatably pinned to its axle by a pin 92 (FIG. 10
      for axle 60, not shown for axles 64 and 65). In this manner first pulley
      86 is pinned to axle 64 of hull 1, second pulley 90 is pinned to axle 65
      of hull 2, and third pulley 82 is pinned to axle 60. The remaining pulleys
      -- pulleys 87 and 88 on hull 1 axle 64, pulleys 89 and 91 on hull 2 axle
      65, and pulleys 80 and 81 on hull 3 axle 60 -- are not pinned to their
      axles and are free to rotate, thus functioning as idler pulleys. Pin 92
      extends diametrically through the axle and the cable region of whichever
      pulley is to be nonrotatably secured to the axle and is of a length such
      that it does not extend completely through the pulley into the cable
      region. Pin 92 and the pinned pulleys are sufficiently strong that
      rotation of the pinned pulley (in a manner described below) transmits a
      rotational force to the hull via the pin and axle.
PAR  A first continuous cable 100 interconnects first pulleys 80, 86 and 89, a
      second continuous cable 101 interconnects second pulleys 81, 87 and 90 and
      a third continuous cable 102 interconnects third pulleys 82, 88 and 91.
      Each cable is wrapped around each of the three pulleys it interconnects at
      least once so that movement of the cable rotates each pulley over which it
      passes. Each cable is thus routed around the triangular periphery of the
      spider 4, interconnecting one pinned pulley in a plane to two idler
      pulleys in the same plane. As a result, a longitudinal movement of third
      cable 102, for example, will cause pulleys 82, 88 and 91 to rotate, idler
      pulleys 88 and 91 rotating freely about hull 1 axle 64 and hull 2 axle 65,
      respectively, with third pulley 82 imparting rotational motion (in respect
      to spider 4) only to hull 3 through pin 92 and axle 60. In a similar
      manner, first cable 100 imparts rotational motion only to hull 1 through
      pinned first pulley 86 and second cable 101 imparts rotational motion only
      to hull 2 through pinned second pulley 90.
PAR  As the three cables 100, 101 and 102 extend completely around the periphery
      of spider 4, rotational motion of any hull 1, 2 or 3 in respect to spider
      4 may be effected from any location with access to the cables.
PAR  FIGS. 9 and 10 also illustrate one method whereby equal angle rotation, in
      respect to spider 4, of all three hulls in unison, is achieved. A locking
      pin 103, of general U-shape, with a projecting handle 104 is vertically
      inserted through aligned holes 105 drilled in pulleys 80, 81 and 82 over
      hull 3. The holes in the pulleys are drilled in a circular pattern inside
      the cable region and are closely spaced in a symmetrical manner such that,
      with at most slight rotational adjustment of the pulleys, it is possible
      to install pin 103 vertically downward through all three pulleys. A
      vertical slot 106 is provided in an unthreaded upper end 107 of shaft 61
      to restrain the horizontal portion of pin 103 against rotation relative to
      the axle. In this manner additional locking of pulleys 80, 81 to axle 60,
      other than that by pin 92 through pulley 82, is provided.
PAR  As a result of interlocking pulleys 80, 81 and 82 at axle 60, a
      longitudinal pull of any cable 100, 101 or 102, at any location on the
      spider, will cause equal rotational motion, relative to the spider, of all
      three hulls.
PAR  To prevent rotation, in respect to spider 4, of any hull, hub 25 may be
      drilled with holes 108 in alignment with the holes 105 in pulleys 80, 81
      and 82, and locking pin 103 may be vertically extended into holes 108. By
      this means, all three hulls may be locked to spider 4 in virtually any
      desirable hull configuration. This is advantageous when a particular
      configuration of hulls is to be maintained for a period of time.
PAR  On the other hand, when pin 103 is extended through only first and second
      pulleys, 80 and 81, hulls 1 and 2 may be rotated relative to spider 4 in
      unison by pulling either cable 100 or 101, while retaining independent
      control of hull 3 through cable 102. This is useful for some types of
      maneuvering, as described below.
PAR  Slot 106 in shaft 61 is provided with three detents 109, 110 and 111 for
      securing pin 103 in any of the three above-described locking positions:
      Detent 109 restrains pin 103 when it extends only through pulleys 80 and
      81 for movement of only hulls 1 and 2 in unison, detent 110 restrains pin
      103 when it extends through all three pulleys for movement of all three
      hulls in unison and detent 111 restrains pin 103 when it extends beyond
      all three pulleys into hub 25 for non-rotatably locking all three hulls to
      spider 4. A projection 112 on handle 104 fits into detents 109, 110 and
      111 to restrain pin 103 in any of the three mentioned positions.
PAR  For convenience, locking pins substantially identical to pin 103 may be
      provided at a different hull or at all hulls, with the pulleys and bearing
      hubs at these hulls drilled to receive the locking pin in the
      above-described manner, and the vertical axles slotted to receive the pin.
      Use of locking pins at each hull will improve locking of hulls together
      for rotation relative to spider 4, and will improve nonrotatable locking
      of all hulls to spider 4, but will result in some inconvenience in
      operation.
PAR  The above illustrated and described method for effecting hull rotation
      relative to spider 4 and for locking the hulls together for rotation in
      unison, or to spider 4 for nonrotation, is merely illustrative of one of
      many possible mechanizations for manually or otherwise rotating hulls and
      for locking hulls together. For example, geared sprockets, in lieu of
      pulleys, and chain drives, in lieu of cables, may be used. Or, instead of
      hand pulled cables, cables may be moved by wheels, cranks, levers or
      motors, wherever located, and individual controls may be used at each hull
      without hull interlocking provisions.
PAR  In summary, one preferred embodiment of the invention, with two variations
      of spiders and two alternative methods of achieving substantial
      hydrodynamic continuity of aligned hulls, has been described. It has been
      emphasized throughout that the preferred embodiment, and the variations
      shown, are merely illustrative of the many possible ways in which improved
      stability of plural-hull craft may be achieved by increasing leeward hull
      buoyancy relative to windward hull buoyancy, regardless of wind direction,
      without the necessity of turning the craft around, as is necessary for
      outrigger canoes, all of which ways are within the scope of the invention.
PAR  Although the above has described and illustrated a sailing craft wherein a
      third hull is shifted into longitudinal alignment at the stern of
      whichever of port and starboard hulls is leeward, the scope of the
      invention includes longitudinal alignment of a third hull forward of
      whichever of port and starboard hulls is leeward, as might be desirable or
      necessary with trimarans with the third hull forward of the port and
      starboard hulls.
PAR  And, although the preferred embodiment is exemplary of a sail boat for use
      on water, the scope of the invention includes other types of sailing
      craft, such as ice and sand boats, wherein longitudinal stability is
      increased by increasing leeward hull (or runner) length by shifting a
      third hull (or runner) into longitudinal alignment with whichever of a
      port and starboard hull (or runner) is leeward. Even though in such
      non-water craft inccreased leeward hull buoyancy is not a factor in
      increasing longitudinal stability, the increased leeward hull (or runner)
      length and weight achieved by shifting the third hull (or runner) into
      alignment with whichever of port and starboard hulls (or runners) is
      leeward has the substantially the same beneficial effect of increasing
      resistance against forward capsizing as does increasing leeward hull
      buoyancy in water sailing craft.
PAC  Operation
PAR  The craft, once the third hull 3 is aligned with whichever of the first and
      second hulls is leeward, is sailed in the same manner, known to those
      skilled in the art, for sailing a twin hull catamaran, outrigger canoe or
      proa. Therefore only the transition from longitudinal alignment of hull 3
      with hull 1 (or 2) to longitudinal alignment of hull 3 with hull 2 (or 1)
      will be described, as will certain maneuvering steps.
PAR  Assume the craft is initially in a configuration shown in FIGS. 1 and 5(a)
      for a starboard tack, with hull 3 longitudinally aligned at the stern of
      hull 1, to the leeward of hull 2. It is desired to put about through the
      wind, as depicted in FIG. 5, to change to a port tack, with the desired
      end result than hull 3 will be longitudinally aligned astern of hull 2
      (FIG. 5(e)).
PAR  The normal manner for accomplishing this maneuver requires bringing the
      craft, by means of sail and rudder (or by contrarotation of aligned
      hulls), to within aproximately 30.degree. of the wind and then casting the
      sails loose. While the craft is still moving forward, the bows of all
      hulls are rotated, relative to spider 4, approximately 60.degree. to
      starboard, through the intermediate positions shown in FIGS. 5(b), (c) and
      (d), until hull 3 is aligned astern of hull 2. The sails are then pulled
      in in the usual mmaner (as by moving the boom about its pivotal mounting
      to the mast), the boom being repositioned to starboard, and sailing on the
      new tack is commenced.
PAR  Even should the craft be caught in irons (i.e., stopped and heading into
      the wind with all force gone from the sails), the above maneuver may be
      completed. As long as the hulls can in some manner be rotated into the
      configuration of the other tack without using forces contributed by the
      sails or the inertia of the craft, the craft can be put about. It should
      be emphasized that this maneuver is accomplished without turning any hull
      end for end.
PAR  Turning or course changing while hulls are in the aligned configuration of,
      for example, FIG. 1, may be achieved by, in effect, bending the composite
      leeward hull into an approximation of an arc, as shown in FIG. 6 for a
      starboard turn. In this configuration the bows and sterns of the two
      aligned hulls are on the radius of the turn, with the remaining hhull
      either free to trail or to rotate by itself or else fixed to spider 4. In
      tis manner the craft may easily be steered through the turn without
      dragging the relatively large composite leeward hull through the turn. A
      port turn may be accomplished in a similar manner. Turns may also,
      however, be made in a conventional manner by use of rudder 5, without
      counterrotating the aligned hulls, as would be necessary, for example, in
      craft employing plural interconnect spiders without provision for
      individual hull rotation.
PAR  To counteract sideways drift aligned hulls may be counterrotated (FIG. 7)
      with the forward hull rotated equally or less than the trailing hull to
      bend the composite leeward hull into a configuration similar to that of a
      cambered airfoil, with the curve generally directed upwind. Downwind drift
      is countered by the sideways lift provided by this airfoil configuration.
      Any tendency of the craft to turn in this configuration may be countered
      by rudder 5 or by counterrotating hull 1 or 2 less than hull 3. There is
      some increased water drag with the composite leeward hull in the cambered
      airfoil configuration, as compared to the drag with the hulls in a
      straight aligned configuration. This configuration, however, has a high
      lift to drag ratio and sideways drift is countered with less drag than by
      use of keels or asymmetrical hulls, as is often done.
PAR  In any of the above configurations all three hulls may be nonrotatably
      locked to spider 4 by full insertion of locking pin 103, as previously
      described.
PAR  In a hull configuration with hull 3 unaligned with either hull 1 or 2 (for
      example as seen in FIG 5(c)), as might be assumed for sailing when the
      wind is from astern or when it is desired to beach the craft and a two
      hull abreast configuration is desirable, the craft may be maneuvered by
      use of rudder 5, by rotation of only hull 3, or by counterrotation of hull
      3 in respect to parallel rotation of hulls 1 and 2.
PAR  Hull rotation relative to spider 4 for all of the above maneuvers is by
      longitudinally pulling the appropriate cable, as described in detail
      above.
PAR  Although the invention has been described and illustrated in detail, it is
      to be clearly understood that the same is by way of illustration and
      example only, and is not to be taken by way of limitation, the spirit and
      scope of this invention being limited only by the terms of the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A plural-hull craft comprising:
PA0  a. port and starboard hulls,
PA0  b. means for interconnecting said port and starboard hulls in
      laterally-separated relationship relative to each other,
PA0  c. means for changing the relative buoyancy of said port and starboard
      hulls to establish a condition of relatively greater buoyancy of that one
      of said hulls which is to the leeward, and
PA0  d. means for maintaining said condition of relatively greater buoyancy of
      the leeward hull independent of the course of said craft relative to the
      wind.
NUM  2.
PAR  2. The plural-hull craft of claim 1, wherein said means recited in clause
      1(d) for changing the relative buoyancy of said port and starboard hulls
      includes a third hull, and means for selectively moving said third hull
      into substantially longitudinal alignment with whichever of said port and
      starboard hulls is leeward.
NUM  3.
PAR  3. The plural-hull craft of claim 2, wherein said means for selectively
      moving said third hull into substantially longitudinal alignment with
      either of said port and starboard hulls includes means to effect rotation
      of said third hull in a generally horizontal plane and including rudder
      means for changing the course of said craft.
NUM  4.
PAR  4. The plural-hull craft of claim 2, wherein said means for selectively
      moving said third hull into substantially longitudinal alignment with
      either of said port and starboard hulls includes means to effect
      translation of said third hull.
NUM  5.
PAR  5. The plural hull craft of claim 2 including steering means for changing
      the course travelled by said craft, said steering means comprising means
      for counter-rotating said third hull and whichever of said port or
      starboard hulls is leeward to form an approximate arc.
NUM  6.
PAR  6. A plural-hull craft comprising:
PA0  a. port and starboard hulls,
PA0  b. means for interconnecting said port and starboard hulls in
      laterally-separated relationship relative to each other,
PA0  c. means for changing the relative buoyancy of said port and starboard
      hulls whereby the leeward of said port and starboard hulls may have
      greater buoyancy than the windward of said port and starboard hulls when
      the wind is from either the port or starboard side of the craft, said
      means for increasing the relative buoyancy of the leeward of said port and
      starboard hulls including a third hull, and means for selectively moving
      said third hull into substantially longitudinal alignment with whichever
      of said port and starboard hulls is leeward, and
PA0  d. means for causing said third hull, when in substantial longitudinal
      alignment with whichever of said port and starboard hulls is leeward, to
      be a substantially hydrodynamically continuous extension thereof.
NUM  7.
PAR  7. The plural-hull craft of claim 6, wherein said means for providing said
      substantially hydrodynamically continuous extension includes conjugate
      wall means at the stern of whichever of said aligned hulls is forward and
      the bow of whichever of said aligned hulls is aft.
NUM  8.
PAR  8. The plural-hull craft of claim 6, wherein said means for providing said
      substantially hydrodynamically continuous extension includes a fairing
      which encloses the stern of whichever of said aligned hulls is forward and
      the bow of whichever of said aligned hulls is aft.
NUM  9.
PAR  9. The plural-hull craft of claim 8, wherein said fairing includes a
      flexible hull extension attached at the stern of said forward hull.
NUM  10.
PAR  10. The plural-hull craft of claim 8, wherein said fairing includes
      positionable filler elements.
NUM  11.
PAR  11. The plural-hull craft of claim 1, further including means for
      propelling the craft, said means including a mast and a boom, and a sail
      supported therefrom, said mast being mounted on said interconnection means
      recited in clause 1(b).
NUM  12.
PAR  12. A plural-hull boat, comprising:
PA0  a. port and starboard hulls,
PA1  said hulls including a common hull segment which may be shifted between
      said port and starboard hulls,
PA0  b. means for interconnecting said port and starboard hulls and to cause the
      same to be in lateral separation from each other, and
PA0  c. means for shifting said common hull segment to whichever of said port
      and starboard hulls is leeward and for maintaining said shifted position
      of said common hull segment at the leeward of said port and starboard
      hulls independently of the direction of motion of said boat relative to
      wind direction.
NUM  13.
PAR  13. A plural-hull boat, comprising:
PA0  a. port and starboard hulls,
PA1  said hulls including a common hull segment which may be shifted between
      said port and starboard hulls,
PA0  b. means for interconnecting said port and starboard hulls and to cause the
      same to be in lateral separation from each other,
PA0  c. means for shifting said common hull segment to whichever of said port
      and starboard hulls is leeward, and
PA0  d. means for forming a substantially hydrodynamicaly continuous composite
      leeward hull when said common hull segment is shifted to whichever of said
      port and starboard hull is leeward.
NUM  14.
PAR  14. A plural-hull craft, comprising:
PA0  a. first, second and third hulls,
PA0  b. means for interconnecting said first and second hulls and causing them
      to be in laterally spaced relationship to each other, and
PA0  c. means for connecting said third hull to at least one of said first and
      second hulls and for causing movement of said third hull between a first
      position wherein said third hull is in substantial longitduinal alignment
      with and forms a proximate extension of said first hull, and a second
      position wherein said third hull is in substantial longitudinal alignment
      with and forms a proximate extension of said second hull.
NUM  15.
PAR  15. A plural-hull craft, comprising:
PA0  a. first, second and third hulls,
PA0  b. means for interconnecting said first and second hulls and causing them
      to be in laterally spaced relationship to each other, and
PA0  c. means for connecting said third hull to at least one of said first and
      second hulls and for causing movement of said third hull between a first
      position wherein said third hull is in substantial longitudinal alignment
      with said first hull, and a second position wherein said third hull is in
      substantial longitudinal alignment with said second hull, and
PA0  d. means for forming a substantially hydrodynamically continuous structure
      when said third hull is aligned with one of said first and second hulls.
NUM  16.
PAR  16. A plural-hull water craft, comprising:
PA0  a. first, second and third hulls,
PA0  b. means for interconnecting said first, second and third hulls in a
      generally horizontal plane with spatial separation between at least two of
      said first, second and third hulls,
PA1  said means including pivotal hull attachment points for attaching said
      first, second and third hulls,
PA0  c. means for rotating at least two of said first, second and third hulls
      into substantially longitudinal alignment with each other, and
PA0  d. means for maintaining said alignment substantially unaltered by changes
      in direction of the wind relative to said craft.
NUM  17.
PAR  17. The plural-hull water craft of claim 15, wherein said interconnection
      recited in clause 15(b) includes a rigid, Y-shaped spider having three
      substantially identical and substantially equally spaced arms radiating
      from a central hub, said arms terminating at their extremities in said
      pivotal hull attachment points.
NUM  18.
PAR  18. A plural-hull water craft, comprising:
PA0  a. first, second and third hulls,
PA0  b. means for interconnecting said first, second and third hulls in a
      generally horizontal plane with spatial separation between at least two of
      said first, second and third hulls, said interconnection means including
      dual, longitudinally spaced Y-shaped spiders, each said spider having
      three substantially identical and substantially equally spaced arms
      radiating from a central hub, said arms terminating at their extremities
      in said pivotal hull attachment points, the bows of said hulls being
      pivotally attached to said pivotal hull attachment points of one of said
      dual spiders, and the sterns of said hulls being pivotally attached to
      said pivotal hull attachment points of the other of said dual spiders,
      such that said hulls are substantially parallel.
NUM  19.
PAR  19. A plural-hull craft, comprising:
PA0  a. first, second and third hulls,
PA1  each hull including at least one vertical pivotal axle, said first and
      second hulls being substantially identical in size and shape,
PA0  b. interconnect means for rotatably interconnecting said first, second and
      third hulls at said pivotal axles and in a generally horizontal plane,
      with lateral separation between said first and second hulls, and
      longitudinal separation between said third hull and said first and second
      hulls,
PA1  said interconnect means including pivotal attachment points allowing free
      rotation of said first, second and third hulls in said plane,
PA1  said interconnect means including a rigid, Y-shaped spider having three
      substantially identical arms,
PA2  said arms radiating equally spaced from generally the center of said spider
      and terminating at said pivotal attachment points,
PA0  c. operating means for rotating said first, second and third hulls in said
      plane such that said third hull may be substantially longitudinally
      aligned with either of said first and second hulls, and d. means for
      controlling said operating means to cause said third hull to remain in
      said substantial alignment on any course and with any wind direction.
NUM  20.
PAR  20. A plural-hull craft, comprising:
PA0  a. first, second and third hulls,
PA1  each hull including at least one vertrical pivotal axle, said first and
      second hulls being substantially identical in size and shape,
PA0  b. interconnect means for rotatably interconnecting said first, second and
      third hulls at said pivotal axles and in a generally horizontal plane,
      with lateral separation between said first and second hulls, and
      longitudinal separation between said third hull and said first and second
      hulls,
PA1  said interconnect means including pivotal attachment points allowing free
      rotation of said first, second and third hulls in said plane,
PA1  said interconnect means including a rigid, Y-shaped spider having three
      substantially identical arms,
PA2  said arms radiating equally spaced from generally the center of said spider
      and terminating at said pivotal attachment points,
PA0  c. means for rotating said first, second and third hulls in said plane such
      that said third hull may be substantially longitudinally aligned with
      either of said first and second hulls, and
PA0  d. means for streamlining the region between said longitudinally aligned
      hulls such that a substantially hydrodynamically continuous structure is
      formed from said substantially longitudinally aligned hulls.
NUM  21.
PAR  21. The plural-hull craft of claim 20, wherein said means recited in clause
      18(c) for rotating said hulls includes pulley means for turning said
      hulls, said pulley means being mounted on said vertical pivotal axles of
      said first, second and third hulls, and cable means for turning said
      pulleys, said cable means being routed around said spider, said cable
      means interconnecting said pulley means.
NUM  22.
PAR  22. The plural-hull craft of claim 21, wherein:
PA0  a. said pulley means includes first, second and third pulleys, mounted one
      above the other on each of said vertical pivotal axles of said first,
      second and third hulls, said first pulleys being in a top plane, said
      second pulleys being in a middle plane and said third pulleys being in a
      bottom plane, said first pulley being nonrotatably attached to said
      vertical pivotal axle of said first hull, said second pulley being
      nonrotatably attached to said vertical pivotal axle of said second hull,
      and said third pulley beiing nonrotatably attached to said vertical
      pivotal axle of said third hull,
PA0  b. said cable means includes first, second and third cables interconnecting
      said pulleys, said first cable interconnecting said first pulleys, said
      second cable interconnecting said second pulleys, and said third cable
      interconnecting said third pulleys, and c. further including means for
      locking said first, second and third pulleys nonrotatably together at
      least at one said vertical axle, said means including a pin vertically
      passing through holes in each of said first, second and third pulleys.
NUM  23.
PAR  23. A method of sailing plural-hull craft, comprising the following steps:
PA0  a. providing a plural-hull sailing craft with at least a port and starboard
      hull and a third movable hull,
PA0  b. shifting said third movable hull into and maintaining it in
      substantially longitudinal alignment with said port hull when the wind is
      from any point on the starboard, thereby maintaining increased leeward
      hull buoyancy, and
PA0  c. shifting said third movable hull into and maintaining it in
      substantially longitudinal alignment with said starboard hull when the
      wind is from any point on the port, thereby again maintaining increased
      leeward hull buoyancy.
NUM  24.
PAR  24. A method of sailing plural-hull craft, comprising the following steps:
PA0  a. providing a plural-hull craft with a port hull, a starboard hull and a
      third hull, each pivotally attached to an interconnecting structure in
      mutual spaced relationship,
PA0  b. rotating said port, starboard and third hulls to longitudinally align
      said third hull in close proximity astern of said port hull, with all
      three said hulls mutually parallel, when the wind is form the starboard,
      thereby increasing leeward hull buoyancy without reversing the craft, and
PA0  c. rotating said port, starboard and third hulls to longitudinally align
      said third hull in close proximity astern of said starboard hull, with all
      three said hulls mutually parallel, when the wind is form the port,
      thereby increasing longitudinal stability by increasing leeward hull
      buoyancy without reversing the craft.
NUM  25.
PAR  25. A method of sailing a plural-hull craft, comprising the following
      steps:
PA0  a. providing a plural-hull sailing craft with a port hull, a starboard hull
      and a third hull, each pivotally attached to an interconnecting structure
      in mutual spaced relationship,
PA0  b. rotating said port, starboard and third hulls to longitudinally align
      said third hull astern of whichever of said port and starboard hulls is
      leeward, with all three hulls mutually parallel, thereby increasing the
      buoyancy of the leeward hull to improve longitudinal stability,
PA0  c. counterrotating said aligned leeward hulls into an approximate arc for
      turning, the center of radius of said arc being substantially at the
      center of the turn, and
PA0  d. counterrotating said aligned leeward hulls into the approximate shape of
      a cambered airfoil to counter sideways drift, the direction of hull
      rotation being such that the stern of the forward leeward hull and the bow
      of said third hull are further upwind than the bow of the forward leeward
      hull and the stern of the said third hull.
NUM  26.
PAR  26. The plural-hull craft of claim 6 including mast means mounted on at
      least one of said hulls for supporting a sail, and sail means carried by
      said mast means for propelling said hulls.
NUM  27.
PAR  27. The plural-hull craft of claim 12 including mast means mounted on at
      least one of said hulls for supporting a sail, and sail means carried by
      said mast means for propelling said hulls.
NUM  28.
PAR  28. The plural-hull craft 14 including a mast mounted on at lest one of
      said hulls, a boom pivoted to said mast, and a sail connected to said mast
      and boom.
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ABST
PAL  A method and apparatus is provided for dissipating the energy of random
      dynamic forces exerted against a pier. The dynamic forces are received by
      a bumper connected to the side of a pier. The normal components of the
      forces exerted against the bumper are cushioned and the energy of these
      forces dissipated by means of reactive forces developed incident to
      compression of a plurality of compressible, self-restoring cushions
      connecting and extending orthogonally between the bumper and the pier.
      Lateral displacement of the bumper relative to the pier in response to
      components of the dynamic forces acting parallel to the bumper is rigidly
      restrained by restraining members connecting the bumper and the pier. Once
      the normal components of the dynamic forces are dissipated, the cushions
      restore themselves to uncompressed, fully extended conditions and the
      fender is prepared to receive subsequent loads.
BSUM
PAC  GENERAL BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates generally to a method and apparatus for
      protecting a pier. More particularly, the invention relates to a
      self-supporting docking fender which hydraulically dissipates the energy
      of forces applied thereto and which is positively restrained both
      laterally and axially.
PAR  The sudden increase in the degree of industrialization and affluence
      through much of the world has resulted in burgeoning international trade.
      Great quantities of goods are being routinely transported over enormous
      distances. A portion of these goods, particularly perishable materials,
      are transported by air. A considerably larger proportion of the goods are
      transported by land. However, the major and most economical mode of
      transporting materials in world trade is by water. Thus, great quantities
      of both raw and finished materials are transported by ship and most
      commonly by large ocean going vessels.
PAR  As ocean going trade has become more voluminous, the fixed unit
      construction and operating costs of the cargo vessels have produced a
      trend toward large ships. Accordingly, facilities capable of handling
      smaller vessels suddenly have become inadequate for handling the hugh
      vessels seeking to come to port. For instance, many natural harbors which
      serve as distribution centers to inland industrial areas are simply too
      shallow to accommodate the deep draft of many modern heavily loaded ships.
      This is particularly true of those vessels referred to as supertankers
      which carry petroleum and liquified natural gas in international trade. In
      the case of these supertankers, the problem of insufficiently deep natural
      harbors is circumvented by constructing large offshore terminals where the
      water is sufficiently deep to accommodate the ship. Oil or liquified
      natural gas can be pumped to or from the terminal and loaded or unloaded
      aboard the ship.
PAR  When an offshore terminal is used, the super tankers are commonly moored
      during loading and unloading to mooring dolphins. These mooring dolphins
      consist essentially of large, slender towers extending from the floor of
      the body of water upwardly to protrude a desired distance above the water.
      In addition to being moored to the mooring dolphin, the tanker is normally
      berthed along side a number of breasting dolphins or similar pier
      structures. It should be apparent that during berthing a ship the size of
      a super tanker can impact and severely damage the breasting dolphins or
      pier. Likewise, once berthed, the motion of waves can cause the ship to
      impact or at least cyclically bear against the breasting dolphins or pier
      in a manner likely to cause considerable damage. In order to minimize
      damage which might occur incident to the exertion of dynamic forces due to
      impacts or wave motion as described above, it may be advantageous to
      provide docking fenders to dissipate the energy of the cyclic forces and
      thereby protect the breasting dolphins or pier and the hull of a ship.
PAR  It will be appreciated that similar problems occur in connection with more
      conventional facilities provided within a natural harbor. In this case, a
      ship is commonly berthed adjacent a wharf or other pier structure
      extending from the land out into the harbor. Just as in the case of
      offshore terminals, a ship may impact the wharf or pier during berthing.
      The problem of wave action, however, may be somewhat less severe since the
      harbor may be substantially more sheltered from the open sea and therefore
      less likely to receive the effects of significant wave action.
      Nonetheless, there exists an additional source of damage due to rising and
      falling tides. It should be readily appreciated that in the time required
      to load and unload a ship, the tides may raise and lower the ship several
      times and cause undesirable contact between the ship and the pier
      resulting in damage to the pier. As in the case of offshore terminals,
      damage of the sort which may be caused by dynamic forces exerted by a ship
      may be significantly reduced by the use of docking fenders to protect the
      wharf or pier.
PAR  Docking fenders of various types have been employed in attempts to
      alleviate problems of the type mentioned in the preceding. For various
      reasons these docking fenders have not been entirely successful and have
      presented a number of problems. For instance, a considerable number of the
      docking fenders presently in use employ simple, elastomeric bumpers or
      springs or other resilient elements to dissipate the energy of forces
      exerted against the fenders. While fenders of this type may be effective
      under some circumstances, they may not dissipate sufficient amounts of
      energy to satisfactorily accommodate very large vessels such as the super
      tankers mentioned in the preceding.
PAR  To increase the quantum of energy which can be dissipated, some docking
      fenders of the prior art may employ hydraulic cushions or dampers between
      the pier and a bumper intended to be contacted by the ship. While these
      devices may be more effective in dissipating energy, many such
      arrangements fail to provide a docking fender in which the bumper
      initially contacted by the ship is entirely free to translate and compress
      the hydraulic cushions or dampers. For instance, a bumper which is
      contacted by the hull of a ship may in some cases be pivoted along one
      edge and hydraulically cushioned by dampers disposed along the opposed
      edge. The energy dissipating qualities may thus be limited by the
      restricted movement of the bumper.
PAR  In other cases, while the bumper may be entirely free to move in response
      to forces exerted by the ship, the bumper may be supported and cushioned
      only by splayed, hydraulic cushions which interconnect the bumper and the
      pier. As a result, each cushion experiences less compression as the bumper
      is displaced toward the pier than if the cushions were orthogonally
      oriented between the bumper and the pier. Furthermore, in an arrangement
      in which the bumper is supported and cushioned by splayed cushions, the
      fender may be more vulnerable to the effects of glancing impacts or forces
      applied parallel to the surface of the bumper. Such impacts or forces may
      tend to displace the bumper laterally and thereby render the cushioning
      effect less effective. Additionally, lateral displacement of the bumper
      relative to the pier may cause damage to one or more of the cushioning
      units or to the connections between the cushions and the bumper or pier.
      Also, without a secondary supporting structure the splayed cushions may
      not provide sufficient vertical support to prevent vertical sagging of the
      bumper. Thus, it can be appreciated from the preceding that many docking
      fenders of the prior art which employ hydraulic cushioning units to
      dissipate the energy of forces applied to the fender may suffer the
      disadvantage that the bumper which receives the forces is not adequately
      restrained laterally against the effects of gravity and/or forces applied
      parallel to the surface of the bumper.
PAR  Somewhat related to the problem of restraining lateral displacement of the
      bumper relative to the pier is the problem of limiting displacement of the
      bumper axially away from the pier. Many fenders of the prior employing
      hydraulic cushions may make no provision for any positive limitation to
      the degree of spatial separation between the bumper and the pier. This
      lack of positive restraint may permit the cushions to be damaged should
      they be forced into a hyperextended or overtraveled condition. Similarly,
      many docking fenders of the prior art which employ hydraulic cushions to
      dissipate the energy of forces applied to the fender may provide no
      effective limitation to the degree of compression of the hydraulic
      cushions. If the fender is subjected to impacts which fully compress the
      cushions, then further impacts can not be cushioned. In other words, once
      the cushions are fully compressed, the fender becomes essentially a rigid
      structure incapable of absorbing and dissipating the energy of further
      applied forces. In this fully compressed, essentially rigid condition, the
      fender itself is as vulnerable to damage as would be an unprotected dock
      or pier.
PAR  In many offshore terminals and conventional harbor facilities alike, the
      space available for a docking fender may be somewhat limited. Thus, it can
      be appreciated that docking fenders which require large supportive or
      restraining structures may not be entirely suitable. In particular, if the
      elements which cushion, restrain, or otherwise connect the bumper and
      pier, extend from between the bumper and pier, undue amounts of space may
      be occupied. Even if space is not limited, elements extending from between
      the bumper and pier may be vulnerable to damage from impacts which may be
      received from the ship or equipment associated with the pier.
PAR  The problems enumerated in the preceding are among many which tend to
      reduce the effectiveness of previously known docking fenders. Other
      noteworthy problems may also exist, however, those presented in the
      discussion above should be sufficient to demonstrate that the docking
      fenders appearing in the art have not been altogether satisfactory. A
      docking fender according to the present invention is intended to at least
      obviate or minimize problems such as those mentioned above.
PAR  A docking fender according to the present invention receives dynamic forces
      exerted by the hull of a vessel through a generally planar, vertically
      oriented bumper which is connected in spaced relation to a side of a pier
      which is similarly generally planar and vertically oriented. As the
      dynamic forces are received, the bumper is displaced axially towards the
      pier in response to the components of the dynamic forces acting normally
      against the bumper. The energy of these normal components is dissipated by
      axially telescoping, hydraulic cushioning units orthogonally disposed
      between and connecting the bumper and the pier. The cushioning units
      dissipate the energy of these normal components by developing internal
      reactive forces which tend to resist axial compression of the cushions.
      Once the energy of the normal components of the dynamic forces is
      dissipated, the hydraulic cushions automatically restore themselves and
      return the bumper to a fully extended condition.
PAR  Lateral displacement of the bumper relative to the pier in response to
      components of the dynamic forces exerted parallel to the bumper is rigidly
      restrained at all times. This restraint is exerted by vertically inclined
      counters which exert generally lateral tensile forces between the bumper
      and the pier. The counters diagonally connect the bumper and the pier at
      points adjacent the corners within the perimeter of the bumper.
PAR  Hyperextension or overtravel of the cushions due to excessive axial
      displacement of the bumper away from the pier is prevented by means of
      axial counters which connect the bumper and the pier to positively
      restrain the bumper. This axial restraint prevents displacement of the
      bumper axially away from the pier beyond a prescribed distance at which
      the cushioning units are fully extended. At least one axial counter is
      disposed adjacent each of the cushioning units and all of the counters are
      disposed within the perimeter of the bumper.
PAR  Hypercompression or compressive overtravel of the cushioning units is
      prevented by means of a plurality of abutting members rigidly cantilevered
      from the pier. The free ends of the abutting members are coplanar and
      resilient and abut the inside surface of the bumper to prevent undue
      displacement of the bumper axially toward the pier. The positive
      limitation of displacement of the bumper axially toward the pier precludes
      excessive compression of the cushioning units.
PAR  In presenting the invention reference will now be made to a preferred
      embodiment. This preferred embodiment is by way of example and not by way
      of restriction or limitation with respect to the present invention and the
      manner in which it may be practiced.
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PAC  THE DRAWINGS
PAR  A presently preferred embodiment of the invention is illustrated in the
      appended drawings in which:
PAR  FIG. 1 illustrates a perspective view of a large floating vessel moored
      along side an offshore terminal which includes a plurality of breasting
      dolphins each protected by a plurality of docking fenders;
PAR  FIG. 2 illustrates a segmental, perspective view of a breasting dolphin
      protected by an assembly of docking fenders;
PAR  FIG. 3 illustrates a top view of a preferred embodiment of a docking fender
      according to the present invention free from the influence of any
      compressive forces;
PAR  FIG. 4, note sheet 3, illustrates an expanded perspective view of a bumper
      and base plate with associated stanchions in which the cushioning and
      restraining elements have been removed for clarity of illustration;
PAR  FIG. 5, note sheet 2, illustrates a sectional view taken along section
      lines 5--5 of FIG. 3;
PAR  FIG. 6, note sheet 3, illustrates a side view of a preferred embodiment of
      a docking fender according to the present invention free from the
      influence of any compressive forces;
PAR  FIG. 7 illustrates a side view of a preferred embodiment of a docking
      fender with the cushioning elements fully compressed.
DETD
PAC  DETAILED DESCRIPTION
PAC  Context of the Invention
PAR  Referring now to FIG. 1, a perspective view can be seen of a large floating
      vessel 10 moored along side an offshore terminal 12. The ship is of the
      type employed to transport crude oil and is of a size commonly referred to
      as a supertanker. The ship is shown berthed adjacent the offshore terminal
      in a position suitable for loading or unloading oil.
PAR  The offshore terminal is located in water of sufficient depth to
      accommodate the draft of the tanker 10 and is comprised of a loading
      platform 14, a mooring dolphin 16, and a plurality of breasting dolphins
      18. The loading platform 14, mooring dolphin 16, and breasting dolphins 18
      are all interconnected by personnel bridges 20 extending between each
      structure. The entire terminal is supported by numerous free standing
      pilings 22 which extend from the floor of the body of water upward to an
      elevated position above the surface of the water sufficient to maintain
      the loading platform, dolphins, and personnel bridges a desired distance
      above the average height of waves expected in the area.
PAR  The loading platform serves to support a complex of conduits and machinery
      which facilitates the loading (or unloading) of petroleum aboard the ship.
      Oil is conducted to or from the terminal by means of converging large
      diameter submerged pipelines in communication with one or more tank farms
      onshore some distance away. During a loading operation oil supplied from
      the tank farm passes through the complex supported by the loading platform
      and ultimately through a plurality of loading conduits 24 supported by
      pendular loading arms 25 arranged along the edge of the platform adjacent
      the ship.
PAR  Due to the location of the terminal in an offshore environment, exposed to
      fairly open sea, and due to the proximity of the ship to the loading
      platform and breasting dolphins, the platform and dolphins could be quite
      vulnerable to damage from dynamic forces which may be exerted by the ship.
PAR  Generally, two types of dynamic forces can be exerted by the ship against
      the pier structure of the dolphins. Dynamic forces of contact may be
      exerted by the ship as it is being berthed adjacent the dolphins, and
      dynamic forces may be exerted through the ship once the vessel is berthed
      by waves acting upon the hull.
PAR  It will be appreciated that as the ship is being berthed it must be
      positioned in both a longitudinal and transverse sense relative to the
      pier formed by the dolphins. In many cases, a supertanker of the type
      illustrated can be as much as 300 yards long and can thus pose very
      difficult problems in properly positioning the ship. Errors can be very
      easily made in positioning a ship and these errors very often may be
      magnified by the enormous dimensions of the vessel. In any case, the
      necessary close proximity of the ship to the breasting dolphins makes it
      highly likely that the ship will at some time contact these dolphins. In
      this connection, it should be understood that a moving vessel of such
      great mass possesses enormous momentum even if moving only very slowly. It
      will be readily appreciated that considerable potential exists for the
      ship to severely damage the dolphins and/or loading platform.
PAR  Once the ship is berthed and moored, damage can be inflicted by the vessel
      due to wave action. It will be recalled from the preceding that an
      offshore terminal may often be located in relatively open sea. The
      terminal may, therefore, be exposed to considerable wave action. As the
      waves rise and fall the ship will tend to roll in a similar manner.
      Furthermore, the passage of waves may tend to translate the ship broadside
      or may induce a rocking motion in the ship which can result in dynamic
      loading of the dolphins by the ship. Therefore, the potential for damage
      due to wave action as reflected by corresponding motion of the ship should
      be readily apparent.
PAR  To minimize or eliminate damage of the type described in the preceding,
      docking fenders such as those illustrated at 26 have been interposed
      between the ship and the pier to receive and dissipate energy of dynamic
      forces which would otherwise be exerted by the ship directly against the
      dolphins or pier. A number of different types of docking fenders have been
      employed.
PAR  It should be appreciated that the usefulness of a docking fender in
      minimizing damage to a pier is not limited to the environment of offshore
      terminals. As indicated, conventional facilities located in natural
      harbors are also vulnerable to damage from dynamic forces exerted by large
      vessels. Though there are differences, the forces exerted by a ship
      against a pier located in a natural harbor are generally similar to those
      exerted against the pier of an offshore terminal. Ships, of course, must
      be berthed adjacent a pier in a natural harbor in much the same way as
      they are berthed adjacent an offshore terminal. Thus, a pier located in a
      natural harbor may generally be subjected to forces quite similar to those
      exerted during berthing by a ship at an offshore terminal.
PAR  Because natural harbors are often significantly more sheltered than
      offshore terminals, a ship moored within a natural harbor may undergo less
      motion due to wave action. If the ship is less subject to motion due to
      wave action, the pier will be less vulnerable to damage from forces
      originating from this source. In any case, a phenomenon less pronounced in
      an offshore environment produces effects analogous to those of wave
      action. More particularly, natural harbors may be exposed to pronounced
      rising and falling tides. The loading and unloading of a large vessel may
      occupy a considerable amount of time and during this period of time, the
      tides may cyclically rise and fall several times raising and lowering the
      ship as a result. Additionally, as the tide goes out and returns the ship
      may be drawn away and then forced against the pier. It will be appreciated
      that motion of this type, i.e., rising and falling of the ship and
      movement of the ship away from and against the pier, may cause damage
      analogous to that caused by wave action in an offshore environment.
PAC  General Structure and Operation of the Invention
PAR  Referring now to FIG. 2, a segmental, perspective view of a breasting
      dolphin or other pier structure can be seen as protected by an a assembly
      of docking fenders according to the present invention. The pier 28 can be
      either a breasting dolphin of the type illustrated in FIG. 1 or a wharf of
      the type which might be located in a natural harbor. The pier 28
      illustrated is polygonal and has several generally planar, vertical side
      surfaces 30 which face a body of water.
PAR  The assembly of docking fenders is comprised of multiple bumpers or bumper
      means 32 which are of a rectangular and generally planar configuration.
      The bumpers are arranged in a parallel, spaced relation with corresponding
      side surfaces 30 of the pier 28. The bumpers are pivotally connected to
      one another at hinges 34. The hinged relation of the bumpers provides
      continuous "wrap around" protection to the pier and allows the docking
      fenders to interact to dissipate the energy of forces applied to one or
      more of the bumpers 32.
PAR  The energy of dynamic forces exerted against one or more of the bumpers 32
      is dissipated as the dynamic forces displace the bumpers toward the pier.
      The dissipation of the energy is effected by cushioning means such as the
      hydraulic cushions 36 which connect the bumpers to the pier. As will be
      more fully described in connection with the discussion of FIG. 3 to
      follow, the cushions 36 are orthogonally oriented relative to each bumper
      32 and corresponding side surface 30. The cushions 36 are telescoping and
      self-restoring. The self-restoring character of the cushions enables the
      cushions to restore the bumpers to a fully extended posture relative to
      the pier 28 once the forces tending to push the bumper toward the pier are
      removed or fully dissipated.
PAR  The dynamic forces applied by the ship to a docking fender are almost
      entirely and random and may vary in both magnitude and direction. For
      example, a ship may exert a force such as that represented by the vector P
      against the bumper of a docking fender. The force vector P is shown in
      FIG. 2 in relation to a set of coordinate axes X, Y, and Z superimposed on
      one of the docking fenders. By means of three dimensional trigonometric
      analysis, the force vector P can be resolved into three orthogonal
      components coinciding in direction to the coordinate axes. These
      orthogonal components are identified as P.sub.x, P.sub.y, and P.sub.z as
      shown.
PAR  The coordinate axes are superimposed on the bumper 32 in a manner such that
      the XY plane coincides with the plane of the bumper. Therefore the
      components P.sub.x and P.sub.y of the vector P act parallel or tangent to
      the plane of the bumper 32. The remaining component P.sub.z of the vector
      P acts normally or perpendicularly against the plane of the bumper. It
      will be recognized that the two components acting parallel to the plane of
      the bumper tend to displace the bumper laterally. Because these components
      depend principally upon the degree of frictional resistance between the
      ship and the bumper, they are usually of relatively small magnitude and
      generally to not tend to damage the pier. However, it these components of
      the vector P are not restrained, the fender, and in particular, the
      cushions, could be damaged. The cushions might also be rendered less
      effective in dissipating of the energy of the component P.sub.z as it acts
      normally against the bumper to axially compress the cushions. Because of
      its direction and relatively great magnitude, the force represented by
      P.sub.z is the most destructive force applied against the pier. The
      cushions 36 prevent damage to the pier which might be caused by this
      component by dissipating the energy thereof as the bumper or bumpers are
      displaced axially toward the pier 28 along the Z axis of the coordinate
      system and the cushions 36 are accordingly compressed.
PAC  Detailed Structure and Operation of the Invention
PAR  Referring now to FIG. 3, a top view of a preferred embodiment of a docking
      fender according to the present invention can be seen in a condition free
      from the influence of any dynamic forces tending to displace the bumper
      toward the pier and compress the hydraulic cushions. Only a portion of the
      pier 28 to which the docking fender is connected is shown. However, it can
      be seen that the surface of the pier to which the docking fender is
      connected is vertical and essentially planar. A base plate 38 is employed
      to facilitate connection of the docking fender to the pier. The bumper 32
      is a vertical, essentially planar member which is arranged in a parallel,
      spaced relation to the pier 28 and the base plate 38. A plurality of
      cushions 36 connect the bumper 32 and the base plate 38 and are arranged
      in an orthogonal posture therebetween. Any suitable cushion can be
      employed, however, cushions of the type which telescope upon compression
      and which are self-restoring are preferred. Hydraulic cushions of this
      type are particularly desirable.
PAR  The cushions 36 illustrated in FIG. 3 are each universally connected to
      both the bumper and the base plate by means of ball joints located
      generally in the ends 40 of the cushions. Rigid, annular tubes 42 of
      varying diameter surround the cushion itself and are interconnected by
      elastomeric, conical, truncated, annuli which seal and protect the cushion
      from the effects of the marine environment. The hydraulic cushion or
      damper within the rigid tubes and elastomeric annuli may be characterized
      by any of a number of different energy dissipating capacities.
PAR  Abutment means in the form of a plurality of rigidly cantilevered
      cylindrical abutment members 46 can be seen extending from the base plate
      38. The abutment members 46 are braced relative to the base plate by means
      of a plurality of fillet members 48 which strengthen the connection
      between the base plate and the abutment members. The free ends 50 of the
      abutment members 46 are coplanar and each is composed of a pad 52 of
      resilient material. These abutment members provide a positive limit to the
      degree to which the cushions can be axially compressed. By limiting the
      axial compression of the cushions, damage due to hypercompression or
      compressive overtravel of the cushion can be prevented. It will be
      appreciated that as the bumper 32 is displaced axially toward the pier 28
      in response to dynamic forces applied by the hull of a vessel, the
      cushions 36 are axially compressed. If the dynamic forces applied to the
      bumper are of sufficient magnitude and duration, the bumper may ultimately
      be displaced a distance sufficient to cause the inner surface 54 of the
      bumper 32 to abut the pads 52 of resilient material which compose the free
      ends 50 of the abutment members 46. By virtue of this abutment the bumper
      is positively prevented from further displacement toward the pier 28.
PAR  A plurality of stanchions 56, 58, 60, 62, 64, 66, 68, and 70 are rigidly
      and orthogonally cantilevered from the bumper 32 and the base plate 38
      into the space therebetween. These stanchions are employed to connect
      lateral and axial restraining means to the bumper and pier.
PAR  The axial restraining means are illustrated in FIG. 3 in the form of link
      chain counters or countering means 72, 74, 76, and 78 which extend from
      the free ends of stanchions connected to the bumper to connect with the
      base plate 38. These counters are capable of acting only in tension and
      serve to positively limit the degree to which the cushions can be
      extended. This positive limitation serves to prevent damage which might be
      caused by hyperextension or overtravel of the cushions upon excessive
      displacement of the bumper 32 axially away from the pier. The chains in no
      way interfere with movement of the bumper toward the pier but rather only
      limit extension of the cushions and displacement of the bumper away from
      the pier.
PAR  The lateral restraining means are illustrated in the form of link chain
      counters 80, 82, 84, and 86 opposed ends of which alternately connect the
      free ends of stanchions connected to the pier and the free ends of
      stanchions connected to the bumper. The stanchions are of differing
      lengths and it will be noted that stanchions 56, 60, 64, and 68 are
      relatively short and extend correspondingly short distances into the space
      between the bumper and base plate. Stanchions 58, 62, 66, and 70 are
      relatively long and extend correspondingly long distances into the space
      between the bumper and base plate. Since the chains are connected to the
      free ends of the stanchions, the varying lengths thereof result in a
      coplanar, opposed arrangement of countering chains wherein the chains are
      disposed in pairs in two different parallel planes. Chains 80 and 82 are
      disposed in a single plane in relatively close parallel relation to the
      bumper 32 while chains 84 and 86 are disposed in a second plane in
      relatively close parallel relation to the base plate 38.
PAR  The lateral countering chains described in the preceding paragraph resist
      the components of dynamic forces exerted parallel to the plane of the
      bumper. The particular manner in which these parallel forces are resisted
      will be more fully described in connection with the discussion of FIG. 5.
      However, it should be noted at this point that the lateral restraining
      means or countering chains resist all lateral displacement of the bumper
      relative to the pier. In other words, not only is horizontal displacement
      of the bumper resisted but vertical displacement is resisted as well. As
      in the case of the axial countering chains, the resistance is developed
      through tensile forces only since a chain, of course, cannot sustain a
      compressive load.
PAR  The interrelation of the stanchions extending from the pier and the bumper
      can perhaps more clearly be seen by referring to FIG. 4 where an expanded
      perspective view of a bumper, base plate, and the associated stanchions
      can be seen. The cushioning and restraining elements have been removed for
      clarity of illustration. It can be seen that an even numbered plurality of
      stanchions are employed and that an equal number are disposed on the
      bumper and the base plate. Each stanchion cantilevered from the bumper is
      diagonally connected by means of a countering chain to a stanchion
      cantilevered from the base plate. It will be noted that stanchions of
      relatively short length, viz., stanchions 56, 60, 64, and 68, are
      connected to stanchions of longer length. More particularly, stanchion 56
      is connected through chain 80 to stanchion 66. Stanchion 60 is connected
      through chain 84 to stanchion 70. Stanchion 64 is connected through chain
      82 to stanchion 58; and stanchion 68 is connected through chain 86 to
      stanchion 62. This arrangement results in the chains being disposed in
      opposed, coplanar relation between the base plate and the bumper. As
      indicated in connection with the discussion of FIG. 3, chains 80 and 82
      are coplanar and are located in closer proximity to the bumper 32 than are
      chains 84 and 86 which are also coplanar.
PAR  Referring now to FIG. 5, a sectional view taken along the lines 5--5 of
      FIG. 3 can be seen. A portion of the planar surface of the pier 28 can be
      seen with the base plate 38 attached. A plurality of cushions 36 which
      connect the bumper and base plate can be seen as they are preferably
      arranged adjacent the corners of the base plate within the perimeter of
      the bumper. A plurality of abutment members are shown as they are
      cantilevered from the base plate. The stanchions are shown arranged in
      opposed pairs on either side of each cushion adjacent the corners of the
      base plate. As indicated in connection with the discussion of FIG. 4,
      stanchions 58, 60, 66, and 68 are cantilevered from the base plate while
      stanchions 56, 62, 64, and 70 are cantilevered from the bumper. Lateral
      countering chains are alternately connected at opposed ends to the
      stanchions and extend between the bumper and the pier. Chain 80 extends
      between stanchions 56 and 66; chain 82 extends between stanchions 58 and
      64; chain 84 extends between stanchions 60 and 70; and chain 86 extends
      between stanchions 62 and 68. As indicated in connection with the
      discussions of FIGS. 3 and 4 the stanchions are of different lengths and
      the chains, therefore, are arranged in opposed parallel, coplanar
      relation. In particular, chains 80 and 82 are coplanar and chains 84 and
      86 are also coplanar. Axial countering chains illustrated in part in FIG.
      3 and indicated in this figure generally by the numerals 72, 74, 76, and
      78 and the associated arrows are hidden by the connecting fixtures which
      connect the chains to the stanchions. The particular manner in which these
      countering chains connect the stanchions of the bumper to the base plate
      will be more fully described in the discussion of FIGS. 6 and 7 to follow.
      However, it should be again noted that these countering chains prevent
      overtravel or hyperextension of the cushions due to excessive displacement
      of the bumper away from the pier.
PAR  Because the vertically inclined countering chains 80, 82, 84, and 86 are
      capable of acting only in tension, the chains alternately restrain the
      bumper. For instance, should a horizontal force such as that represented
      by the vector H.sub.1 be exerted against the bumper parallel to the plane
      thereof, then stanchions 56 and 62 would tend to translate with the
      bumper. Chains 80 and 86 would then tighten and exert tensile forces
      restraining any displacement of the bumper relative to the base plate.
      Concurrently, chains 82 and 84 would tend to relax slightly. Likewise, if
      a force should be exerted against the bumper as represented by the vector
      H.sub.r, then stanchions 70 and 64 would tend to translate with the bumper
      and chains 82 and 84 would tighten and exert tensile forces resisting
      displacement of the bumper. Concurrently, chains 80 and 86 would tend to
      relax slightly. Also, should a vertical force such as that represented by
      the vector V.sub.d be exerted against the bumper parallel to the plane
      thereof, stanchions 62 and 64 would tend to translate with the bumper.
      Chains 82 and 86 would then tighten and exert tensile forces restraining
      any displacement of the bumper relative to the base plate. Of course, if a
      diagonal force such as that represented by the vector D should be exerted
      against the bumper, parallel to the plane thereof, the countering chains
      will restrain the bumper from displacement since any diagonal vector can
      be resolved into horizontal and vertical components which can be resisted
      by a combination of the horizontal and vertical countering process
      described in the preceding.
PAR  Referring now to FIG. 6 a side view of a preferred embodiment of a docking
      fender according to the present invention can be seen in a condition free
      from the influence of any forces tending to compress the hydraulic
      cushion. A portion of the pier 28 can be seen with the base plate 38 in
      place. The base plate and pier are planar and vertically oriented as
      indicated in connection with the discussion of FIG. 3. The planar bumper
      32 also can be seen to be connected in a spaced, parallel relation to the
      pier by the cushions 36.
PAR  The abutment members 46 are orthogonally and rigidly cantilevered from the
      base plate and are braced against buckling by suitable fillet members 48.
      As indicated in connection with the discussion of FIG. 3, the free ends of
      these abutment members are coplanar and terminate in pads 52 of resilient
      material. These coplanar, resilient free ends may be abutted by the
      interior surface 54 of the bumper 32 to avoid excessive compression of the
      cushions.
PAR  As illustrated in FIGS. 3, 4, and 5, a number of stanchions are
      cantilevered into the space between the bumper and the pier to carry the
      restraining chain counters which positively limit the displacement of the
      bumper laterally and axially away from the pier. The lateral countering
      chains appear in parallel, opposed, coplanar pairs which are parallel to
      the plane of the bumper and the pier. Due to the different lengths of the
      stanchions each pair of countering chains occupies a different plane.
PAR  The axial restraining chain counters extend horizontally from the free ends
      of each stanchion cantilevered from the bumper and are connected to the
      base plate opposite the stanchion. Chain 72 connects stanchion 56 to the
      base plate; chain 78 connects stanchion 70 to the base plate; chain 74
      connects stanchion 72 to the base plate; and chain 76 connects stanchion
      64 to the base plate. These countering chains limit the displacement of
      the bumper axially away from the pier and thus protect the cushions
      against hyperextension or overtravel axially away from the pier.
PAR  Referring finally to FIG. 7, a side view of a preferred embodiment of a
      docking fender can be seen in a condition in which the bumper 32 has been
      displaced toward the pier and the cushions 36 are fully compressed or
      telescoped. The coplanar, resilient free ends of the abutment members 46
      are each in full contact with the inner surface 54 of the bumper 32. Thus,
      the bumper is positively stopped and cannot be further displaced toward
      the pier. The cushions are in this way protected against any further,
      possible damaging, compression.
PAR  The axial counters 72, 74, 76, and 78 are shown to be hanging loosely since
      the ends of stanchions 56, 72, 64, and 70 to which these counters are
      respectively connected have been displaced to positions of closer
      proximity to the base plate 38. Whereas in previous figures all four
      countering chains could not be individually seen, it is readily apparent
      from this figure that the bumper is connected to the base plate at all
      four corners adjacent each cushion.
PAR  The lateral counters in the fully compressed condition shown in FIG. 3 have
      been forced into skewed orientations due to the coplanar arrangement of
      the uncompressed configuration and since the stanchions are arranged in
      opposed pairs. In other words, displacement of the bumper toward the pier
      causes relative displacement of the members of each opposed pair of
      stanchions in opposite directions. Thus, since the chains of each opposed
      pair of stanchions are coplanar when the cushions are uncompressed, the
      chains move into a skewed configuration once the bumper is displaced
      toward the pier. It will, of course, be appreciated that the chains must
      be of greater length to assume the skewed configuration than if the chains
      were to remain parallel to the bumper and the base plate. Therefore,
      although in previous illustrations the chains have been shown to be
      stretched taut, it can now be understood that, in fact, the chains are
      somewhat loose so that displacement of the bumper toward the pier is
      restrained only by the energy dissipating action of the cushions. It
      should be noted that the chains are only loose enough to allow them to
      assume the skewed configuration illustrated in FIG. 7. It should be
      emphasized that the amount of slack required is not sufficient to cause
      any undue sagging in the chains.
PAC  SUMMARY OF MAJOR ADVANTAGES OF THE INVENTION
PAR  It can be readily appreciated at this point by those skilled in the art
      that a number of significant advantages are provided by the novel docking
      fender disclosed in the preceding. For instance, the docking fender
      provides a highly efficient hydraulic cushioning arrangement wherein the
      cushions are axially compressed upon displacement of the entire bumper as
      a unit toward the pier. The cushions are orthogonally oriented relative to
      the bumper and pier and therefore are compressed axially by an amount
      equal to the extent of the displacement of the bumper toward the pier. In
      other words, the cushions are axially compressed by an amount equal to the
      distance the bumper is displaced toward the pier. Thus, the cushions can
      undergo greater compression and can resist dynamic forces over a longer
      time and distance than if the cushions were splayed.
PAR  The lateral counters restrain and laterally stabilize the bumper relative
      to the pier. Therefore while the bumper is entirely free to be displaced
      toward the pier, the potential for damage to the cushions or for
      diminished cushioning capacity is reduced. Furthermore, the bumper is
      vertically supported without the need for any secondary structure and
      without imposing any unnecessary suspending forces upon the cushion.
PAR  The axial restraining counters positively limit the extent to which the
      cushions can be axially extended. In this way the cushions are protected
      from damage which may be caused by hyperextension or axial overtravel of
      the hydraulic cushions. Similarly, the abutting members positively limit
      the degree of compression of the cushions and thus minimize the
      possibility that the cushions may be damaged by hypercompression or
      compressive overtravel due to excessive displacement of the bumper towards
      the pier.
PAR  It is also important to recognize that all of the cushioning and
      restraining elements, including the hydraulic cushions, the axial and
      lateral counters, and the abutment members, are arranged and contained
      within the perimeter of the bumper. Thus, the space required by the
      docking fender is minimized and the cushioning and restraining elements
      are protected from damage.
PAR  In describing the invention, reference has been made to a preferred
      embodiment. However, those skilled in the art and familiar with the
      disclosure of the invention may recognize certain additions, deletions,
      substitutions or other modifications which would fall within the perview
      of the invention as defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A marine docking fender, for dissipating the energy of dynamic forces
      exerted by a floating vessel against a pier having at least one generally
      vertical side facing a body of water, said docking fender comprising:
PA1  a. bumper means for receiving dynamic forces from the hull of a floating
      vessel, said bumper means being connected in spaced relation to said side
      of said pier facing said body of water;
PA1  b. at least one compressible self-restoring cushioning means, extending
      orthogonally between and connecting said bumper means and said pier, for
      dissipating the dynamic forces; and
PA1  c. diagonal, vertically inclined countering means for exerting tensile
      forces upon said bumper means to rigidly restrain said bumper means
      against lateral displacement relative to said pier in response to the
      lateral components of the dynamic forces.
NUM  2.
PAR  2. A marine docking fender as defined in claim 1 wherein said vertically
      inclined countering means each comprise:
PA1  opposed, parallel, alternately acting link chains.
NUM  3.
PAR  3. A marine docking fender as defined in claim 2 wherein:
PA1  said vertically inclined countering means comprise an even numbered
      plurality of stanchions each rigidly extending in a cantilevered posture
      from said pier and said bumper means into the space therebetween, an equal
      number of said stanchions being connected to said pier and said bumper
      means, and
PA1  each of said chains are alternately connected at opposed ends thereof to
      the free end of a stanchion extending from said pier and the free end of a
      stanchion extending from said bumper means, said chains of each countering
      means being thereby disposed in a generally vertical plane parallel to
      said bumper means.
NUM  4.
PAR  4. A marine docking fender as defined in claim 3 wherein:
PA1  said bumper means and said side of said pier are generally rectangular,
      vertical, planar members; and
PA1  said stanchions are orthogonally cantilevered in opposed pairs from said
      side of said pier and said bumper means adjacent corners thereof.
NUM  5.
PAR  5. A marine docking fender as defined in claim 2 and further comprising:
PA1  a plurality of elongated abutting means rigidly cantilevered from said side
      of said pier for contacting said bumper means to prevent overtravel of
      said cushioning means in compression, the free ends of said abutting means
      being coplanar and composed of a resilient material.
NUM  6.
PAR  6. A marine docking fender as defined in claim 1 and further comprising:
PA1  axial countering means for exerting tensile forces upon said bumper means
      to restrain said bumper means against displacement axially away from said
      pier beyond a prescribed distance wherein said cushioning means are fully
      extended.
NUM  7.
PAR  7. A marine docking fender as defined in claim 2 and further comprising:
PA1  axial countering means for exerting tensile forces upon said bumper means
      to restrain said bumper means against displacement axially away from said
      pier beyond a prescribed distance wherein said cushioning means are fully
      extended.
NUM  8.
PAR  8. A marine docking fender as defined in claim 7 wherein said axial
      countering means comprises:
PA1  a plurality of generally horizontal link chains extending between said
      bumper means and said pier with at least one of said chains being disposed
      adjacent each of said cushioning means.
NUM  9.
PAR  9. A marine docking fender as defined in claim 6 wherein:
PA1  said lateral and axial countering means and said cushioning means are
      disposed between said bumper means and said pier entirely within the
      perimeter of said bumper means.
NUM  10.
PAR  10. A docking fender for dissipating the energy of dynamic forces exerted
      by a floating vessel against a pier having at least one generally vertical
      essentially planar side facing a body of water, said docking fender
      comprising:
PA1  a generally vertically oriented, essentially planar, rectangular bumper
      means for receiving dynamic forces from the hull of a floating vessel,
      said bumper means being connected in substantially parallel spaced
      relation to said planar side of said pier;
PA1  at least one telescoping, self-restoring, hydraulic cushioning means
      universally connected to and extending between said bumper means and said
      pier for dissipating the dynamic forces, said cushioning means being
      oriented in a generally orthogonal posture relative to said planar side of
      said pier entirely within the perimeter of said bumper means;
PA1  vertically inclined countering means for exerting tensile forces upon said
      bumper means to rigidly restrain said bumper means against lateral
      displacement in response to dynamic forces having lateral components, said
      countering means diagonally connecting said bumper and said pier at points
      adjacent the corners and within the perimeter of said bumper means; and
PA1  axial countering means extending between and connecting said bumper means
      and said pier for exerting tensile forces upon said bumper means to
      restrain said bumper means against displacement axially away from said
      pier beyond a prescribed distance wherein said cushioning means are fully
      extended, at least one of said countering means being disposed adjacent
      each of said cushioning means within the perimeter of said bumper means.
NUM  11.
PAR  11. A marine docking fender as defined in claim 10 wherein:
PA1  said vertically inclined countering means comprise vertically inclined,
      opposed, parallel, alternately acting link chains; and
PA1  said axial countering means comprise horizontal, opposed, parallel link
      chains.
NUM  12.
PAR  12. A marine docking fender as defined in claim 11 wherein:
PA1  said countering means comprises an even numbered plurality of stanchions
      rigidly and orthogonally cantilevered in opposed pairs from said pier and
      said bumper means into the space therebetween adjacent the corners and
      within the perimeter of said bumper means, an equal number of said
      stanchions being connected to said pier and said bumper means;
PA1  each of said vertically inclined chains are alternately connected at
      opposed ends thereof to the free end of a stanchion extending from said
      pier and the free end of a stanchion extending from said bumper means,
      said chains of each vertically inclined countering means being thereby
      disposed in a generally vertical plane parallel to said bumper means; and
PA1  each of said horizontal chains are alternately connected at opposed ends
      thereof to the free end of a stanchion extending from said bumper means
      and said planar side of said pier.
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ABST
PAL  A conversion kit designed to convert a standard land bus vehicle into an
      amphibious vehicle capable of propulsion on water including a removable
      roof-boat, a sealing subsection to waterproof the underside of the
      vehicle, attachments for waterproofing the front, rear and sides of the
      vehicle and a water jet power means adaptable to operate through the
      converted vehicle's power train to propel the vehicle on water.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the combination of a land and water
      vehicle and more particularly to a conversion kit for converting a
      standard mini-bus type of land vehicle into one capable of travel on
      water.
PAR  In recent years there has been a great interest in recreational type
      vehicles such as trailer campers, motor homes and various combinations
      thereof including pick-up trucks with attached camper bodies. In addition
      there has been a large upsurge in boating as a recreational passtime. Many
      individuals and families prefer to enjoy both land recreation, in the form
      of travel and camping, and water recreation in the form of boating.
PAR  By combining a water and land recreational type vehicle, an individual
      interested in water recreation may drive to a water recreational site and
      directly use his vehicle as a boat. This would provide great flexibility
      since the need of returning to a launch site to pick up a car and trailer
      is eliminated. The sailor could enter where he pleases on the lake, river
      or other body of water, while maintaining freedom of exit consistent with
      the availability of roads and/or land navigable terrain. By eliminating
      the need for two vehicles, one land and one aquatic, the need for transfer
      of persons, equipment and consumables from each no longer presents a
      problem since no transfer occurs. Not only does this save effort and
      materials of construction, but it also provides more leisure time.
PAR  An individual who primarily prefers camping, visiting national parks and
      other land based recreation would have the added feature of the ability to
      travel on water without the need for taking a boat along.
PAR  In this regard a number of combination land and water vehicles are known.
      By way of example, prior art land/water vehicles are shown in U.S. Pat.
      Nos. 3,362,373 to Mycroft, 3,421,472 to Oberg, 3,450,089 to Lippencott,
      3,486,477 to Pender and 3,548,592 to Perrine. All of these patents are
      directed to various land/water vehicles and are distinguished from each
      other by structural differences including drive means and floatation
      features. All of these vehicles have one common feature of being a unique
      vehicle particularly made and designed for combined land and water use.
      While this is the stated purpose of such vehicles, their custom design is
      reflected in extremely high cost relative to the recreational budgets of
      most of the individuals who would be inclined to use such a vehicle.
PAR  The present invention overcomes the financial unavailability of water/land
      vehicles by providing a relatively inexpensive kit which can be used for
      conversion of existing mini-bus type vehicles into water/land vehicles.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is directed to a conversion kit designed to convert a
      standard mini-bus type of land vehicle into an amphibious vehicle capable
      of travel on water or on land. The vehicle includes a removable roof-boat
      to further increase its versatility. The under section of the vehicle is
      sealed so as to become waterproof with floatation compartments. The front,
      rear and sides of the vehicle are provided with attachments to form a hull
      which permits the vehicle to float higher in water. The vehicle includes a
      water jet power means operable using the engine and gearing of the
      converted land vehicle.
PAR  Among the objects of this invention are the provision of a kit adapted to
      convert a conventional mini-bus type of land vehicle into an amphibious
      vehicle capable of travel on land and on water, the provision of a kit
      which renders the land vehicle watertight thereby providing a hull
      structure capable of floating on water without having to appreciably alter
      the basic design of the land vehicle, the provision of a kit wherein an
      amphibious vehicle is driven by means of the power train of a conventional
      land vehicle. Other objects and features of the present invention will
      become apparent from the following specification and claims.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As seen in the drawings, a conventional mini-bus or van type vehicle 10 is
      adapted to be used as a water craft. A hull is formed by the sides 20 of
      the vehicle, under plates (FIG. 1) which form a water tight seal on the
      underside of the vehicle, a bow attachment 22, forming a bow for the
      vehicle and a stern attachment 24, forming a stern for the vehicle 10. The
      top of the vehicle is formed by means of a boat 26 which serves as the
      vehicle roof when it is in place by being closely fitted and attached to
      the upper side walls 28 of the vehicle. Seals (not shown) are placed
      between the boat 26 and a combing 27 on the upper side walls 28 to provide
      a watertight connection at this point.
PAR  Windows, doors and wheels of conventional design for van type vehicles as
      well as interior seating, storage and driving apparatus are included in
      the structure of the vehicle.
PAR  When the boat 26 is removed for use as an additional water recreational
      vehicle, a temporary cover 30 is shown in FIG. 1 in its rolled up position
      is secured across the top of the upper side walls 28 by fasteners 32 to
      close the vehicle. This temporary cover may also be utilized as a cot by
      placing the rod 33 in the holder 34.
PAR  FIG. 2 illustrates the vehicle with the boat 26 in place as a roof. The bow
      attachment 22 is also shown attached to the front of the van while the
      stern attachment 24 is at the rear of the van. FIG. 3 illustrates a
      similar embodiment where the bow and stern attachments are reversed with
      respect to the van. In the later arrangement the aquatic drive train would
      be attached to the front of the engine rather than through the rear drive
      train of the van. These attachments could be removable and hence detached
      during the off-season for boating.
PAR  FIG. 4 illustrates a standard propeller type aquatic drive for a rear wheel
      engine drive including a propeller 40 attached to an engine 41 through a
      clutch system 42. For marine use the land transmission is in neutral and
      the propeller is engaged by the marine clutch. The propeller shaft 43 in
      an extension of the fanbelt shaft 44 which is shown with a fanbelt pulley
      45. The engine 41 is connected directly to the rear wheel axle 46 through
      transmission system 47.
PAR  FIG. 5 illustrates a similar rear engine water jet propulsion unit
      including a water jet drive 50 attached to the rear engine 51 through a
      clutch 52 in the same manner as described with reference to FIG. 4.
PAR  FIG. 6 shows a conventional rear wheel drive with the engine 60 in the
      front of the vehicle. A transmission 61 is connected to the rear wheel
      drive means 62. With this arrangement a propeller 63, or a water jet (not
      shown) is attached to the front of the vehicle, as shown in FIG. 3, to a
      shaft 64 coupled by a clutch 65 to the fanbelt shaft 66 also shown with a
      fanbelt pulley 67.
PAR  It will be appreciated that various arrangements of the marine propulsion
      means may be used depending upon the location of the van engine and type
      of marine propulsion unit used.
PAR  FIGS. 7 and 8 illustrate a pair of thin pontoons 70 which are designed to
      be extended from the vehicle 10 when it is in the water to increase
      stability where necessary. As can be seen from FIG. 8 the pontoons are
      adapted to fit close to the sides of the vehicle for land travel (road
      width restriction 8 feet) in an upside down position for vertical road
      clearance if necessary and extended from the vehicle in a normal position
      when the vehicle is on water. A pair of square tubular brackets 71
      attached to the vehicle body with square pins 72 attached to the pontoons
      70 to mount them. A nut and bolt arrangement secures the pontoons in
      either the stored or use position, and permits their removal during winter
      months.
PAR  FIG. 9 shows a side view of a converted van wherein structural plates 90
      are permanently welded to the inside of the door openings to provide a
      water-tight surface below the water line. With these elements in place,
      the lower portion of the door frame 91 serves as steps in order to enter
      into the vehicle over the plates 90.
PAR  FIG. 10 illustrates an additional seal at this point in the form of an
      elongated seal 100 placed around the periphery of the lower door frame
      101. The seal 100 is preferably made of resilient material into a
      generally tubular cross-section in order to hold an incompressible fluid
      which enables the seal to seat itself in the most efficient position. The
      seal may also have the ridges oriented such that the side of the door
      instead of the edge contacts the seal.
PAR  FIG. 11 illustrates the underside of the vehicle 10 which includes
      fiberglass, steel, or aluminum plates 110 welded to the underside of the
      members of the vehicle frame 111, to provide a water-tight seal at that
      point. Foamed plastic 112 is also provided at the underside of the vehicle
      to provide positive flotation inside this double bottom. A preservative
      would be applied to the body and parts requiring protection.
PAR  FIG. 12 illustrates a sectional view of the boat 26. Preferably bolts 120
      are provided to secure the boat to the top of the vehicle. Brackets 121
      are provided to mount the boat seats 122. Two brackets 121 are provided,
      one at the bottom of the boat and the second at the top. This arrangement
      permits storage of the seats at a higher point when the boat is upside
      down and forms a roof for the vehicle to provide more head room within the
      vehicle itself. Mounting loops 123 are provided to store the oars and mast
      sections when the boat is not in use.
PAR  FIG. 17 shows a further sectional view of the boat which includes storage
      cabinets 170 formed as an integral part of the boat design for use in
      either the boat when it is used separately from the vehicle as a boat or
      on the vehicle as its roof.
PAR  FIGS. 13 through 16 illustrate the various positions the boat may assume
      relative to the vehicle. The vehicle shown is a conventional van type and
      it will be appreciated the boat top design is equally applicable to such
      vehicles, travel trailers, and tent campers, as well as the above
      described water-land vehicle. FIG. 13 shows the boat in place, FIG. 15
      shows the boat used as a temporary shelter using the oars or mast sections
      as supports, and FIG. 16 shows the boat as it could be removed from atop
      the vehicle by one person.
PAR  FIG. 14 illustrates a ball and socket device used to dismount the boat from
      atop the vehicle. A socket 140 is provided on the boat which engages a
      ball 141 attached to a threaded bolt 142 which in turn is threaded into a
      correspondingly threaded cylinder 143 secured to the vehicle. The end of
      the cylinder 143 forms a nut 144 which when turned causes the threaded
      bolt 142 to be raised. This correspondingly raises the end of the boat and
      permits it to be lifted and pivoted about the ball and socket joint until
      it is free of the vehicle where it may be conveniently lowered to the
      ground.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vehicle adapted for use on dry land or in water comprising a van type
      vehicle comprising a body; drive means; sealing means attached to the
      lower sections of said body forming a bow and stern structure and
      maintaining said vehicle watertight; flotation means attached to said body
      and a roof structure including a boat which conforms to the upper section
      of said body providing a seal therebetween, said roof structure further
      including means for securing said boat to the body of said vehicle and
      dismounting means for removal of said boat from said vehicle wherein said
      dismounting means includes a ball and socket respectively attached to said
      boat and said vehicle; a threaded bolt attached to said ball; a threaded
      cylinder adapted to receive said threaded bolt, said threaded cylinder
      including a nut at its closed end, actuation of which lowers and raises
      said threaded bolt and ball attached thereto.
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ABST
PAL  A marine vessel is propelled by pumping water from a water intake line
      through a horizontal nozzle into a first generally horizontal submerged
      passageway containing a venturi section and extending from an internal
      chamber surrounding the nozzle to a submerged outlet in the hull of the
      vessel and admitting supplemental water into the chamber through a second
      generally horizontal submerged passageway extending into the chamber from
      a submerged inlet in the hull of the vessel and through a generally
      vertical passageway extending into the chamber beneath the nozzle from a
      bottom inlet in the hull of the vessel.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 293,284,
      filed in the United States Patent Office on Sept. 28, 1972, and now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention: This invention relates to the propulsion of
      marine vessels and is particularly concerned with a hydraulic system for
      providing thrust for ships and similar vessels.
PAR  2. Description of the Prior Art: Hydraulic propulsion systems in which
      seawater is discharged from an underwater passageway in a ship's hull to
      generate thrust have been used for maneuvering ships, barges and similar
      marine vessels. Such systems generally depend on an internal propeller to
      pull water into one end of a passageway and discharge it at low velocity
      from the other end. The volume of water which must be moved through the
      passageway is generally large and hence such systems are expensive to
      install and operate. It has been suggested that jet eductors might be used
      in lieu of the propellers. By pumping water through an independent line to
      an internal nozzle mounted near the centerline of the passageway adjacent
      a downstream venturi section, a differential pressure sufficiently high to
      induce the flow of additional water into the intake end of the passageway
      can be created. This results in higher mass flow and increases the thrust
      developed by the system. By using a rotatable nozzle and providing a
      venturi section on each end of the passageway, the thrust can be applied
      in either direction. If a passageway having two or more branches is used
      and provisions are made for closing off one or more branches when not in
      use, greater directional control and better maneuverability of the vessel
      can be obtained.
PAR  Although eductor systems of the type outlined above offer interesting
      possibilities, efforts to develop a practical system have not been
      encouraging. Laboratory studies and model tests have shown that the total
      thrust developed by such systems tends to be low. The additional water
      which flows into the intake end of the passageway in response to the
      differential pressure created in the venturi section normally gives an
      increase in thrust of only about 5% about that provided by water
      discharged through the internal nozzle alone. The total thrust can be
      increased by pumping more water through the nozzle but this is expensive
      and does not significantly improve the overall efficiency of the system.
      As a result, the economics of using educter-type hydraulic propulsion
      systems have been marginal at best.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved hydraulic propulsion system
      using eductors which largely overcomes the disadvantages of systems
      proposed in the past. The improved system of the invention includes a
      generally horizontal intake passageway extending from a submerged inlet in
      the vessel's hull to an internal chamber located below the waterline, a
      nozzle positioned within the chamber, a water supply line extending to the
      nozzle from a pumping system having an independent intake port, a
      generally horizontal discharge passageway which contains a venturi section
      adjacent the chamber and extends from the chamber to a submerged outlet in
      the hull, and a bottom intake passageway extending upwardly into the
      chamber below the nozzle from a bottom inlet in the hull. Tests have shown
      that admitting supplemental water into the chamber through both the
      horizontal intake passageway and the bottom intake passageway
      simultaneously results in a surprisingly higher thrust level, for a given
      water rate through the nozzle, than can otherwise be obtained. The
      increased thrust due to the influx of additional supplemental water
      through the bottom intake passageway may be as much as 60% or more of the
      basic thrust provided by the jet nozzle alone, compared with an increase
      of only about 5% in systems having a horizontal intake passageway but no
      bottom intake passageway. The reasons for this much greater thrust
      augmentation are not fully understood.
PAR  As a result of the improved thrust augmentation obtained, the system of the
      invention provides comparable thrust-to-horsepower ratios without the
      disadvantages normally associated with earlier eductor systems and
      conventional propeller-driven systems. The improved system can be
      installed at lower cost than conventional propeller-driven thrusters, is
      more efficient than eductor systems suggested heretofore, permits the use
      of small hull openings which can be positioned to remain submerged at
      light drafts without the ballast often needed to keep conventional
      propeller-driven systems operable, provides a potential gain in speed over
      the earlier eductor systems and propeller-driven type devices, and retains
      about 60% of total thrust when the thrust passageway is exposed to air,
      compared to a complete loss of thrust with the conventional
      propeller-driven device. As a result of these and other advantages, the
      system of the invention has many potential shipboard applications.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 in the drawing is a cross-sectional view of a marine vessel fitted
      with a side thruster for operation in accordance with the invention;
PAR  FIG. 2 is a graph showing the results of tests carried out in a model test
      basin with a model vessel operated in accordance with the invention;
PAR  FIG. 3 is a diagram illustrating the advantages of the system of the
      invention over conventional systems with respect to location of the
      propulsion system passageways;
PAR  FIG. 4 shows the effect of changes in vessel draft on conventional systems
      and on the system of the invention;
PAR  FIG. 5 is a diagram further illustrating the effect of submergence of the
      propulsion system passageways on conventional systems and the system of
      the invention;
PAR  FIG. 6 is a top view, partially in section, of the stern portion of a ship
      operated in accordance with the invention;
PAR  FIG. 7 is a side view, partially in section, of the vessel of FIG. 6;
PAR  FIG. 8 depicts a modification of the vessel shown in FIG. 6;
PAR  FIG. 9 is a side view of the vessel of FIG. 8;
PAR  FIG. 10 depicts still another embodiment of the invention;
PAR  FIG. 11 is a side view, partially in section, of the vessel of FIG. 10;
PAR  FIG. 12 is a top view of a vessel fitted with a stern thruster for
      operation in accordance with the invention and with conventional
      propulsion means;
PAR  FIG. 13 is a side view, partially in section, of the vessel of FIG. 12;
PAR  FIG. 14 is a schematic representation of a vessel showing the water jet
      pump and associated equipment used to provide power for the system of the
      invention;
PAR  FIG. 15 is a side view, partially in section, of the vessel of FIG. 14; and
PAR  FIG. 16 is an enlarged view of the pump and associated equipment depicted
      in FIGS. 14 and 15.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The marine vessel 11 depicted in FIG. 1 of the drawing may be an offshore
      drilling ship, a pipe laying barge, a tanker, a transportation barge or a
      similar vessel. The hull 12 of this vessel contains an internal chamber 13
      which may be located below the waterline near the stern of the vessel,
      near the bow of the vessel, or at some intermediate point. A generally
      horizontal intake passageway 14 extends into the chamber from an intake
      port 15 located below the surface of the water 16 and is provided with a
      venturi constriction or throat at its inner end as indicated by reference
      numeral 17. This throat section may be an integral part of the passageway
      or may instead be provided by means of an insert containing an orifice or
      similar opening of suitable configuration. Passageway 14 will normally be
      of circular cross-section and will usually taper inwardly toward the
      throat as shown. If an insert containing a venturi throat is provided, the
      outer portion of the passageway does not necessarily have to be of
      circular cross-section and may not be tapered. A generally horizontal,
      substantially straight discharge passageway 18 extends from chamber 13 to
      a submerged discharge port 19 and is provided with a venturi throat as
      indicated by reference numeral 20. Passageways 14 and 18 in this
      embodiment of the invention are aligned with one another and will normally
      have similar configurations so that each can be used as either an intake
      or a discharge passageway. A generally vertical bottom intake passageway
      21 extends upwardly into chamber 13 from an inlet 22 in the bottom of the
      hull. This bottom intake passageway does not necessarily have to be of
      circular cross section and instead may be of any desired cross-sectional
      configuration. The dimensions of these three passageways will depend upon
      the volume of water which must flow through them to utilize the installed
      horsepower. Knowing the horsepower rating and the efficiency of the
      particular system selected, the necessary dimensions can be calculated.
PAR  An L-shaped nozzle of similar device 23 extends into chamber 13 between the
      venturi throats 17 and 20. The dimensions of the chamber are sufficiently
      large to permit rotation of the nozzle assembly so that the discharge end
      can discharge into either of the venturi sections. The upper portion of
      the nozzle assembly extends through the top or side of chamber 13 and is
      provided with suitable bearing and packing assemblies 24 to permit
      rotation without leakage. Line 25 is connected to the upper end of the
      nozzle assembly and provided with gear 26 to permit turning of the
      assembly from one discharge position to the other. Gear 26 is driven by a
      mating gear or pinion 27 which is connected by shaft 28 to an electrical
      or hydraulic motor or similar power source 29. The upper end of pipe 25,
      which serves as the water supply line to the nozzle, is connected through
      rotatable joint 30 to line 31 containing pump 32. The intake side of the
      pump is connected by line 33 containing valve 34 to a sea chest, not
      shown, which serves as a water source. Alternatively, a water jet pump
      having an independent sea suction may be connected directly to the
      rotatable nozzle. All of the ports in the system may be provided with
      screens or grids, not shown, to keep foreign materials out of the system.
      The system shown in FIG. 1 thus includes an internal chamber 13, a
      generally horizontal intake passageway 14, a generally vertical bottom
      intake passageway 21, a generally horizontal discharge passageway 18, and
      an independent line for supplying water to the nozzle 23.
PAR  During operation of the system shown in FIG. 1, water is pumped from the
      sea through pump 32 and lines 25 and 31 to the nozzle 23, where it is
      discharged at high velocity into the center of the venturi throat of
      discharge passageway 18. This induces the flow of supplemental water
      through horizontal passageway 14 and through bottom intake passageway 21
      simultaneously. This supplemental water is discharged through passageway
      18 and port 19 along with water from the jet nozzle. It thus serves to
      augment the thrust provided by the water from the nozzle. When it is
      desired to apply thrust in the opposite direction, pump 32 is shut down
      and the nozzle is rotated through an angle of 180.degree. by actuating
      motor 29. The pump is then started again and water from the sea chest or
      other source is pumped through the nozzle and discharged into the venturi
      throat of passageway 14. The differential pressure created by the eductor
      induces supplemental water to flow into chamber 13 through horizontal
      passageway 18 and bottom intake passageway 21. This supplemental water
      augments the thrust provided by the water discharged from the nozzle. The
      system shown thus permits the application of lateral thrust to either the
      starboard or port side of the vessel.
PAR  The effect of bottom intake passageway 21 in the system shown in FIG. 1 is
      best illustrated by FIG. 2 in the drawing. This figure is a graph showing
      the results of tests carried out in a model basin. The model used in the
      tests was provided with a lateral passageway containing an eductor similar
      to that shown in FIG. 1 and with a vertical passageway extending upwardly
      from a port in the bottom of the hull into the eductor chamber beneath the
      nozzle. The model was instrumented to permit measurement of the thrust
      generated. In one series of tests, the bottom port in the hull was closed
      off by means of a cover plate and water was pumped through the nozzle with
      the model positioned at three different depths to represent changes in
      draft. The results obtained are shown by the bottom curve in FIG. 2. It
      will be noted that the thrust, shown in the figure as the ratio of the
      maximum thrust developed over the base thrust generated by the nozzle
      fluid alone, increased until the model draft reached a value of about 21/4
      inches. At this point the submergence of the passageway was sufficient to
      permit the development of full thrust. Thereafter, increasing the draft of
      the model produced little change in the amount of thrust generated. The
      thrust value was only slightly greater than 1.00, indicating that the
      supplemental water pulled in through the horizontal passageway contributed
      only slightly to the total thrust developed. Following these tests, the
      bottom plate was removed from the model to permit the influx of water
      through both the horizontal and vertical passageways. With the horizontal
      passageways only partially submerged, the thrust generated was about the
      same as that obtained with the bottom plate in place. With the horizontal
      passageway properly submerged, however, the thrust ratio increased from
      about 1.00 to nearly 1.60. A further increase in the draft of the model
      produced a slight additional increase in thrust. It can thus be seen that
      inclusion of the bottom intake resulted in a surprising increase in an
      amount of thrust obtained. This 60% increase in thrust represents a
      significant advantage for the system of the invention over earlier eductor
      systems not having a bottom intake passageway below the eductor.
PAR  Additional model tests similar to those described above have shown that the
      cross-sectional area and configuration of the bottom intake passageway are
      not highly critical. In these later tests, runs were made with a circular
      bottom intake passageway 1.625 inches in diameter, with a rectangular
      bottom intake passageway measuring 3 inches by 2.4 inches, with a
      rectangular bottom intake passageway measuring 4 inches by 2.4 inches, and
      with no bottom intake passageway. These latter tests showed that the
      thrust augmentation obtained with the three different bottom intake
      passageways was about the same, despite the differences in cross-sectional
      area, and that in each case the total thrust obtained was significantly
      higher than that developed without any bottom intake passageway.
PAR  In still another test, the model vessel was modified by arranging the jet
      nozzle and venturi section so that supplemental water could be pulled into
      the annular space between the nozzle and venturi throat from the
      surrounding body of water without passing through either a horizontal or a
      vertical intake passageway. This arrangement could be considered as one in
      which the horizontal and vertical intake passageways had unlimited
      cross-sectional areas. It was found that the maximum thrust augmentation
      obtained was about 17% of the basic thrust developed by the water passing
      through the jet nozzle alone. It appears from this that the augmented
      thrust obtained in accordance with the invention is not merely a function
      of the cross-sectional area available for the flow of additional water
      into the space surrounding the nozzle and that other phenomena are
      involved.
PAR  In still another test, the venturi constriction was removed from the
      horizontal intake passageway to determine whether this had any effect upon
      the thrust augmentation obtained. It was found that replacement of this
      venturi section by a tube of constant diameter had no measurable effect.
PAR  FIG. 3 in the drawing is a diagram illustrating the advantages of the
      system of the invention over conventional thruster systems from the
      standpoint of location of the horizontal intake passageways. The base line
      in the diagram represents the bottom of the vessel and the distance "A" is
      a minimum distance above the vessel bottom determined by the keel, ribs
      and other structural features of the vessel. The horizontal passageways of
      the propulsion system cannot be located closer to the bottom than this
      minimum distance without extensive structural modifications to the vessel
      itself.
PAR  Studies have shown that for a given horsepower input, the diameter of the
      passageways in the system of the invention need be only about two-thirds
      of those in a conventional propeller-driven thruster system and that the
      centerlines of the intake ports should be at least one diameter below the
      water's surface for maximum efficiency. It can be seen from the diagram of
      FIG. 3 that this permits a vessel equipped with the system of the
      invention to operate at shallower draft than one fitted with a
      conventional propeller-type system. This constitutes an important
      advantage for the eductor system because it eliminates the need for taking
      on ballast water to maintain the draft required for propeller-type
      thrusters.
PAR  FIG. 4 in the drawing is a diagram illustrating another important advantage
      of the system of the invention over conventional propeller-driven thruster
      systems. Two curves are shown in FIG. 4, one representing the thrust
      developed by a conventional propeller-driven system with changes in vessel
      draft and the other representing the thrust developed by the system of the
      invention with changes in draft. The lower curve shows that the
      conventional propeller-driven device does not develop any appreciable
      thrust until the intake port is substantially submerged and that the
      maximum thrust is not developed until the upper part of the port is
      one-half diameter below the water line. During unloading operations,
      vessels equipped with such devices may therefore lose the benefit of the
      thrusters and thus suffer a loss in maneuverability unless sufficient
      ballast is taken aboard to maintain the intake port at the required depth.
      The upper curve in the graph, on the other hand, shows that the water jet
      eductor device of the invention provides about 60% of the maximum
      horsepower even though the eductor pipes are fully exposed to air. When
      the draft of the vessel reaches a point about two-thirds of the minimum
      for the propeller-driven device, the thrust generated begins to increase
      rapidly and reaches the maximum rated horsepower at a point where the
      propeller-driven device is still relatively inefficient. This permits the
      maneuvering and positioning of ships fitted with the device of the
      invention regardless of their draft and eliminates the requirement for
      taking on ballast to permit thruster operations. In the shaded area
      between the two curves, the device of the invention is significantly more
      effective than the conventional device.
PAR  FIG. 5 in the drawing further illustrates the advantages of the system of
      the invention over conventional hydraulic propulsion systems. The graph
      depicts the change in thrust which takes place when vessels fitted with
      conventional propeller thrusters, with water jet devices having no bottom
      intake passageways, and with the system of the invention change from a
      loaded to an unloaded draft state. It is assumed that all three devices
      have the same installed horsepower and that the system having no bottom
      intake passageway is otherwise identical to the system of the invention.
      It can be seen that there is a complete loss of thrust with the
      propeller-driven system upon exposure of the propulsion passageways. With
      the system of the invention, the thrust augmentation due to the intake of
      supplemental water is loss when the propulsion passageways are exposed but
      the thrust obtained by the discharge of water through the jet nozzle is
      still available for maneuvering and positioning the vessel. The system
      having no vertical intake passageway for supplemental water does not
      undergo any loss of thrust with a change in draft but is less effective
      under normal loaded conditions than the propeller-driven system.
PAR  While the system of the invention has been described up to this point
      primarily in terms of side thrusters for use in maneuvering drilling
      ships, barges and similar vessels, it should be apparent that it can also
      be employed as a primary propulsion device, particularly on barges and
      other vessels of moderate speed. FIGS. 6 and 7 in the drawing illustrate
      one such application. The vessel 40 shown in FIGS. 6 and 7 is provided
      with an internal chamber 41 located in the aft portion of the hull below
      the water line. A straight, generally horizontal discharge passageway 42
      extends from the internal chamber 41 parallel to the longitudinal axis of
      the vessel to a submerged discharge port 43 in the vessel's stern.
      Generally horizontal intake passageways 44 and 45 extend inwardly from
      intake ports 46 and 47 at an angle of about 60.degree. to the longitudinal
      axis of the vessel. Each of these passageways will normally be contoured
      to provide a venturi throat near the point at which it enters chamber 41.
      Nozzle 48 is positioned in the chamber and will normally be made rotatable
      so that its position can be adjusted to permit discharge into any of the
      three horizontal passageways. The intake side of the nozzle is connected
      by line 49 to a pump or other system for supplying water under pressure
      which is not shown. Vertical passageway 50 extends upwardly into the
      chamber below the nozzle from bottom intake port 51. The intake port and
      vertical passageway may be of any desired cross-sectional configuration.
      As water is discharged through the nozzle into discharge passageway 42,
      sea water is pulled into the chamber through passageways 44, 45 and 50.
      This supplemental water augments the thrust developed by the water
      discharged from the nozzle and facilitates forward propulsion of the
      vessel. If the system is provided with means for rotating the nozzle,
      water may be discharged through either of the two other horizontal
      passageways to maneuver or position the vessel.
PAR  FIGS. 8 and 9 in the drawing illustrate another embodiment of the invention
      which may be used as a primary propulsion device. Here vessel 55 is
      provided with an internal chamber 56 located below the waterline near the
      stern of the vessel. A generally horizontal discharge passageway 57
      extends from the chamber to a discharge port 58 in the stern. This
      passageway contains a venturi throat 59 and tapers outwardly from the
      throat to the discharge port. An intake passageway 60 extends upwardly for
      a short distance from intake port 61 and then extends in a generally
      horizontal direction into chamber 56. Bottom intake passageway 62 extends
      between bottom inlet port 63 and the chamber. Located within the chamber
      is a fixed nozzle 64 which is aligned with the discharge passageway and
      positioned to act in conjunction with the venturi throat as an eductor.
      Seawater is supplied under pressure to the nozzle by means of line 65,
      connected through a suitable pump to a water intake port not shown.
      Supplemental water is pulled into the intake passageway 60 through port 61
      and into passageway 62 through port 63 as fluid is discharged through
      nozzle 64 from supply line 65. The augmented thrust thus obtained provides
      an effective means for propelling the vessel forward. Since the nozzle is
      mounted in fixed position, no means for reversing the direction of
      propulsion is provided.
PAR  FIGS. 10 and 11 in the drawing illustrate the use of two eductors for
      propelling and maneuvering a large ship or similar vessel. The hull of the
      vessel 70 contains a first internal chamber 71 located near the stern
      below the waterline. Discharge passageway 72 extends in a generally
      horizontal direction from this chamber to discharge port 73 in the ship's
      stern. The horizontal passageway is provided with a venturi throat
      configuration. Vertical bottom intake passageway 74 extends upwardly from
      bottom of inlet port 75 into the chamber beneath rotatable nozzle 76. The
      nozzle is connected to water supply line 77 which extends through a
      suitable bearing and packing arrangement to permit rotation of the nozzle
      through an angle of 180.degree.. A second internal chamber 78 is located
      below the waterline near the bow of the vessel. Horizontal passageway 79
      extends into the chamber from submerged intake port 80 in the bow. Lateral
      passageways 81 and 82 connect the chamber with submerged lateral ports 83
      and 84. Passageways 79, 81 and 82 are all provided with venturi
      configurations where they connect with the chamber. Horizontal passageway
      85, having a venturi configuration at each end, extends between the two
      chambers. Vertical bottom intake passageway 86 extends upwardly from
      bottom intake port 87 into the forward chamber. Rotatable nozzle 88 is
      positioned in the forward chamber and connected to rotatable line 89,
      which in turn is connected to a suitable high pressure water supply
      system. During normal operation of this vessel, nozzle 88 discharges aft
      into passageway 85, pulling water into the forward chamber through
      passageways 79, 81, 82 and 86. Nozzle 76 discharges aft into passageway
      72, pulling additional water into the aft chamber through passageways 85
      and 74. This use of two eductor systems in tandum will generally increase
      the thrust available for forward propulsion of the ship. When it is
      desired to maneuver the vessel to the starboard or port, the water supply
      to the forward nozzle can be interrupted and the nozzle located
      90.degree.. The discharge of fluid into the one of the lateral passageways
      and augmentation of the resulting thrust by water flowing into the chamber
      through the other horizontal passageway and the vertical passageway
      provides sufficient thrust to turn the vessel to the port or starboard. To
      slow down or reverse the vessel, the water supply to both of the nozzles
      can be interrupted long enough to permit the rotation of both nozzles
      through an angle of 180.degree. from the position shown in FIG. 10. The
      subsequent discharge of water through the nozzles and the thrust
      augmentation obtained by the entry of water through the lateral
      passageways and bottom intake passageways provides thrust towards the
      stern of the vessel and thus slows it down or stops it.
PAR  In FIGS. 12 and 13, a ship 90 having a conventional propeller 91 and
      propulsion system and a rudder 92 is equipped with a side thruster system
      located near the stern. Internal chamber 93 containing rotatable nozzle 94
      is located near the stern. Horizontal passageways 95 and 96 having venturi
      configurations extend from the chamber to lateral ports 97 and 98. A
      generally vertical bottom intake passageway 99 extends upwardly into the
      chamber from bottom intake port 100. Use of the side thrusters assists in
      turning the vessel and provides greater maneuverability than could be
      obtained by means of the rudder alone. The inclusion of passageway 99 and
      bottom intake port 100 results in augmentation of the thrust developed by
      seawater discharged through nozzle 94 and results in a more efficient
      system than if a conventional thruster were employed.
PAR  FIGS. 14 and 15 depict a vessel having a side thruster positioned at a
      point close to the bow. Chamber 105 is located in the hull below the
      normal water line and contains rotatable nozzle 106. Horizontal
      passageways 107 and 108 extend between the chamber and lateral ports 109
      and 110. Both passageways are provided with venturi throats. Bottom intake
      passageway 111 extends upwardly into the chamber from bottom port 112. The
      nozzle is connected to pump 113 and provided with a rotational system not
      shown in FIGS. 14 and 15. The pump is driven by means of a drive shaft 114
      extending to an engine or other power source 115. The intake of the pump
      communicates with a generally horizontal intake passageway 116 which
      extends into the hull in a generally horizontal direction from port 117.
PAR  FIG. 16 is an enlarged view of the pump and associated equipment of FIGS.
      14 and 15 showing the arrangement of the pump. The nozzle 106 is rotated
      by means of gears 118 and 119 which are connected to a power source not
      shown in the drawing. By rotating the nozzle through an angle of
      180.degree., seawater taken in through port 117 and passageway 116 can be
      discharged into either of the horizontal passageways 107 and 108.
      Additional water is pulled into chamber 105 through bottom port 112 and
      bottom intake passageway 111 to augment the thrust obtained. This makes
      possible significantly higher thrust values than can be obtained with
      eductor systems not provided with a bottom intake port.
PAR  It should be apparent from the foregoing that the invention provides a
      significant improvement in hydraulic propulsion systems and overcomes many
      of the disadvantages associated with propeller-driven systems and
      eductor-type systems used or proposed for use in the past.
CLMS
STM  I claim:
NUM  1.
PAR  1. A waterborne vessel comprising a hull containing an internal chamber; a
      first generally horizontal passageway extending transversely in said hull
      between said chamber and a first port in one side of the hull; a second
      generally horizontal passageway extending transversely in said hull
      between said chamber and a second port in the opposite side of said hull,
      said first and second passageways being substantially aligned with one
      another and containing venturi constrictions adjacent said chamber and
      said chamber, said passageways and said ports being below the waterline
      when said vessel is in a normal loaded condition; a nozzle positioned
      within said chamber; means associated with said nozzle for rotating the
      nozzle between a first position in which the nozzle discharges into said
      first passageway and a second position in which the nozzle discharges into
      said second passageway; means for pumping water through said nozzle; and a
      bottom intake passageway extending upwardly into said chamber beneath said
      nozzle from a bottom intake port for the continuous influx of water into
      said chamber.
NUM  2.
PAR  2. A vessel as defined by claim 1 including a third generally horizontal
      passageway extending lonitudinally in said hull between said chamber and a
      third port in said hull, said third generally horizontal passageway
      containing a venturi constriction adjacent said chamber and said means
      associated with said nozzle including means for rotating the nozzle into a
      third position in which said nozzle discharges into said third passageway.
NUM  3.
PAR  3. A vessel as defined by claim 2 wherein said third passageway extends
      forward from said chamber and said third port is located near the bow of
      said vessel.
NUM  4.
PAR  4. A vessel as defined in claim 2 wherein said third passageway extends aft
      from said chamber and said third port is located near the stern of said
      vessel.
NUM  5.
PAR  5. A vessel as defined by claim 2 including a second jet nozzle positioned
      in a second chamber located at an intermediate point along with third
      generally horizontal passageway.
NUM  6.
PAR  6. In the propulsion of a marine vessel wherein a stream of water is
      discharged from a jet nozzle into a generally horizontal discharge
      passageway which contains a venturi constriction and extends in a
      direction perpendicular to the longitudinal axis of said vessel from an
      internal chamber surrounding said nozzle to a discharge port in the hull
      of the vessel for the generation of thrust and wherein supplemental water
      is admitted into said chamber through a generally horizontal intake
      passageway extending into said chamber from an intake port in the hull of
      said vessel to increase the amount of water expelled through said
      discharge passageway, the improvement which comprises simultaneously
      admitting additional supplemental water into said chamber adjacent said
      nozzle through a bottom intake passageway extending upwardly into said
      chamber beneath the nozzle from a bottom intake port in the hull of the
      vessel.
NUM  7.
PAR  7. In the propulsion of a marine vessel wherein a stream of water is
      discharged from a jet nozzle into a generally horizontal discharge
      passageway which contains a venturi constriction and extends from an
      internal chamber surrounding said nozzle to a discharge port in the hull
      of the vessel for the generation of thrust and wherein supplemental water
      is simultaneously admitted into said chamber through two generally
      horizontal passageways extending into the chamber from two separate intake
      ports in the hull of said vessel to increase the amount of water expelled
      through said discharge passageway, the improvement which comprises
      simultaneously admitting additional supplemental water into said chamber
      adjacent said nozzle through a bottom intake passageway extending upwardly
      into said chamber beneath the nozzle from a bottom intake port in the hull
      of the vessel.
NUM  8.
PAR  8. In the propulsion of a marine vessel wherein a stream of water is
      discharged from a jet nozzle into a generally horizontal discharge
      passageway which contains a venturi constriction and extends from an
      internal chamber surrounding said nozzle to a discharge port in the hull
      of the vessel for the generation of thrust and wherein supplemental water
      is admitted into said chamber through a generally horizontal intake
      passageway extending into said chamber from an intake port in the hull of
      said vessel to increase the amount of water expelled through said
      discharge passageway, the improvement which comprises simultaneously
      admitting additional supplemental water into said chamber adjacent said
      nozzle through a bottom intake passageway extending upwardly into said
      chamber beneath the nozzle from a bottom intake port in the hull of the
      vessel and simultaneously discharging an additional stream of water from a
      second jet nozzle into said generally horizontal intake passageway at a
      point in said passageway upstream of said chamber.
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ABST
PAL  A resilient rubber self-purging nozzle for the "tell-tale" water line of a
      water cooled outboard motor. A cone shaped nozzle of soft rubber restricts
      discharge of tell-tale water stream and expands upon blockage to permit
      blocking matter to be discharged overboard.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation of Ser. No. 385,821 filed Aug. 6, 1973,
      now abandoned, entitled "Self-Purging Tell-Tale Nozzle".
BSUM
PAR  Outboard motors driven by two-cycle water cooled powerheads are typically
      provided with means for discharging a small amount of cooling water from a
      position on the engine easily observed by the operator. This stream of
      water tells the operator that his cooling system is working.
PAR  The visible stream of water, commonly referred to as the tell-tale, is
      typically provided by a tube connecting a portion of the engine water
      jacket with the desired overboard discharge point. Prior to the invention
      it was common practice to place a metering orifice at the discharge point
      of the aforementioned tube, which orifice limited the amount of cooling
      water discharge as the tell-tale.
PAR  A perennial problem with the aforementioned prior art tell-tale arrangement
      was the collection of debris behind the orifice resulting in its blockage.
      The orifice then had to be removed, which was not always possible, or a
      small diameter wire or pin repeatedly jammed in the orifice until the
      blockage was cleared little by little through the orifice and around the
      pin. When outboard motors so configured were operated in waters
      contaminated with algae and other flotsam that could be sucked into the
      water cooling system, plugging of the tell-tale orifice was common and
      often very troublesome.
PAR  It is the objective of the invention to overcome this problem by providing
      a self-purging orifice for the tell-tale line.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  Basically the invention comprises a resilient tell-tale nozzle of a
      generally funnel shape having side walls which taper toward the open end
      of the nozzle and there form an orifice of pre-selected dimension. The
      hardness of the resilient material and the taper of the side wall of the
      nozzle combine to provide an orifice which will hold its size up to
      maximum water flow therethrough, and yet sufficiently deform under
      substantially increased static water pressure to permit passage of
      blocking elements stuck within the nozzle.
PAR  The outstanding advantage of the invention, repeatedly demonstrated in
      tests, is its ability to purge itself of materials which block the
      tell-tale line in the area of the resilient nozzle.
PAR  A further advantage of the tell-tale nozzle of the invention is its
      accessibility to massage by the fingers of the operator to loosen and
      thereby aid in the expulsion of contaminants partially blocking water flow
      therethrough.
PAR  Other objectives, advantages, and various further features of novelty and
      invention will be pointed out or will occur to those skilled in the art
      from a reading of the following specification in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a tell-tale nozzle of the invention as
      it would appear under normal operating conditions with a contaminating
      particle entering the nozzle.
PAR  FIG. 2 is a cross-sectional view of the tell-tale nozzle of FIG. 1 as it
      would appear when blocked by the contaminating particle.
PAR  FIG. 3 is a cross-sectional view of the tell-tale nozzle of FIG. 2
      immediately following discharge of the contaminating particle.
PAR  FIG. 4 is a schematic view of the cooling system of a prior art outboard
      motor illustrating a tell-tale discharge.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Referring to FIG. 4, it is common practice to surround the powerhead 10 of
      an outboard motor 11 with a cooling water jacket 12. Water is drawn in
      through an inlet screen 13 by the action of a water pump 14 driven by the
      drive shaft 20 connecting the powerhead 10 to the propeller 21. The
      cooling water is circulated under pressure through an inlet passage 17 to
      the water jacket 12 by the action of pump 14. A small portion of this
      cooling water is directed from the water jacket through what is known in
      the art as a tell-tale water line 15 and discharged overboard through a
      tell-tale nozzle 3. The remainder of the cooling water may be discharged
      overboard through the engine exhaust system or through other overboard
      discharge passages known to the art (not shown and not pertinent to the
      invention). The nozzle is located above the level of the surrounding water
      on the engine so that the operator of the engine can observe the tell-tale
      discharge when the engine is running and be assured that cooling water is
      circulating through the water jacket 12.
PAR  Referring to FIG. 1, a tell-tale overboard discharge fitting 1, such as
      that illustrated, may be made of any resilient material such as neoprene
      or nitrile rubber, preferably having a durometer hardness of 40, and a
      tensile strength of 1200 PSI for long life.
PAR  The fitting 2 may be comprised of a tubular body 2 terminating in a
      restricted area 4 which forms a nozzle 3. The restriced area 4 commences
      at a point upstream of the orifice 5 a distance equal to approximately
      three times the diameter of the orifice 5. From this point to the outer
      extremity of the orifice 5, the side walls 6 of the nozzle 3 taper from a
      thickness equal to slightly less than the diameter of the orifice 5 to a
      thickness of approximately one-third the diameter of the orifice 5. The
      tubular body 2 may comprise, or connect to the tell-tale water line 15
      connecting the nozzle 3 to the water jacket 12 of the engine. An annular
      ridge 8 may be molded on a part of the fitting 1 as a means of holding the
      fitting 1 in place within the engine cowling 18.
PAR  The restricted area 4 of the nozzle commences at the same point upstream of
      the orifice as the side walls 6 begin to taper. From this point out, the
      diameter of the restricted area 4 is reduced steadily from the diameter of
      the water line 2 to the diameter of the orifice 5. For example, where a
      nitrile rubber having a durometer hardness of 40 is employed, the interior
      taper of the restricted area 4 may extend over a length of 0.38 inches
      upstream of the orifice 5 and be reduced from a maximum interior diameter
      of 0.30 inches to a minimum orifice diameter of 0.12 inches. Over the same
      distance the thickness of the walls 6 may be reduced from a maximum
      thickness of 0.10 inches to a minimum of 0.04 inches at the orifice 5.
PAR  Referring now to FIG. 2, the operation of the invention will be described.
      To assure that contaminants will not lodge within the tell-tale water line
      itself, the tell-tale water line 15 leading to the nozzle 3 is made large
      enough to easily pass contaminants which may enter the motor cooling
      system through the intake screen 13. Since the nozzle 3 and orifice 5
      constitute the points of maximum restriction within the tell-tale line,
      blockage will occur in this area. Quite often blockage will commence with
      the lodging of a small piece of shell or wood within the restricted area
      4. Mud, seaweed or algae may collect around this piece of wood or shell
      gradually restricting the flow of water until the orifice 5 is blocked. At
      this point, the water pressure within the restricted area 4 changes from
      that existing under free flow condition to the water pressure existing
      within the restricted flow of the cooling system. In the preferred
      embodiment, the tell-tale water line is connected to the output side of
      the cooling water pump 14 so as to provide maximum pressure for
      self-purging.
PAR  With the orifice blocked by a contaminant 7 as illustrated in FIG. 2, the
      static water pressure within the tube indicated by the small arrows will
      gradually expand or balloon the side walls 6 until the blocking material 7
      may pass clear through the orifice 5.
PAR  A tell-tale configured as above described has operated successfully on an
      engine wherein the static water pressure within the cooling system was 3-5
      PSI at idle, and the flow pressure 25 PSI at full RPM. However, the
      characteristics of the nozzle 3 must be tailored to the individual engine
      and water pressure output. This may be accomplished by configuring the
      orifice 5 and side walls 6 of the restricted area 4, as taught herein,
      until the following two criteria are met:
PA1  1. The orifice 5 will maintain its size under water flow with the engine at
      maximum RPM, and
PA1  2. The side walls 6 of the nozzle 3 are soft enough to permit a steel ball,
      having a diameter slightly less than the diameter of the tell-tale water
      supply line 2 tube to be pushed therethrough by the water pressure in the
      line at, or slightly above, idle speed of the engine.
PAR  Experience has indicated that the aforementioned qualities can best be
      achieved by providing the nozzle 3 with gradually tapered side walls made
      of soft rubber; however, it is probable that the same self-purging effect
      and advantages of the invention may be achieved by alternate
      configurations reached by application of the teachings of the invention. A
      high tensile strength of the rubber is desired so that the orifice 5 will
      maintain its shape over a long period of time.
PAR  While the principles of the invention have been described in connection
      with the above specific apparatus, it is to be clearly understood that
      this description is made only by way of example and not as a limitation to
      the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A marine outboard motor including a powerhead, a cowling enclosing said
      powerhead, a cooling water jacket generally surrounding said powerhead,
      water pump means driven by said motor and responsive to the operating
      speed thereof for supplying said water jacket with cooling water under
      pressure, and a tell-tale overboard water discharge line, characterized
      by; a self-purging overboard discharge nozzle for said tell-tale line,
      said nozzle comprising a self-supporting unbroken conical wall of soft
      resilient material defining a conical passage tapering in cross section
      from a wide end to an annular orifice, said conical wall diminishing in
      thickness from the wide end of said conical passage to said orifice, said
      wall being sufficiently rigid to maintain the shape and size of said
      orifice under operating conditions of selected maximum free water flow
      through said orifice at full engine and water pump speed, and said wall
      being sufficiently resilient to enable said conical passage to be
      automatically expanded by the water pressure output of said water pump
      when said engine is near idle speed and said orifice is blocked to a
      diameter substantially equal to that of said tell-tale overboard discharge
      line so as to permit the blocking matter to pass therethrough.
NUM  2.
PAR  2. The device of claim 1 wherein the thickness of said conical wall
      diminishes from a thickness substantially equal to the diameter of the
      orifice to a thickness substantially equal to one-third the diameter of
      the orifice.
NUM  3.
PAR  3. The device of claim 2 wherein such conical passage has a length equal to
      substantially three times the diameter of said orifice.
NUM  4.
PAR  4. The device of claim 2 wherein said soft resilient material is rubber
      having a durometer hardness of between 30 and 50.
NUM  5.
PAR  5. The device of claim 1 further including flange-like means extending
      radially of said nozzle for retaining said nozzle in position with respect
      to said cowling.
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ABST
PAL  A marine vessel with a spherical rolling hull having a rotatably mounted
      shaft disposed through the horizontal poles of the sphere. A frame
      assembly is rigidly fixed to the shaft on the interior of the sphere for
      carrying a propulsion apparatus and cargo. The propulsion apparatus
      operates to turn wheels supporting the frame assembly and running upon a
      pair of annular tracks on the sphere's interior surface so as to cause the
      sphere to rotate. This rotational effect propells the vessel by means of
      fins or paddles on the outer surface of the sphere. Air propellers,
      elevators, and rudders to assist in navigation are mounted on the exterior
      of a pair of elongated cabins which are detachably connected to the
      shaft's terminals at the sides of the hull. Cargo and passengers are
      carried by these cabins which also can serve as independently powered,
      seaworthy marine vessels when detached from the mother ship. To expedite
      the handling of cargo, elevators are provided in the undercarriage of each
      cabin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a SPHERICAL ROLLING HULL MARINE VESSEL and more
      particularly to vessels for moving cargo and passengers over water.
PAR  Marine vessels are generally classified as commercial, naval and
      recreational. Commercial and naval vessels are usually large by necessity
      and when moving they are retarded by energy consuming drag forces. As the
      depth of the draft increases, this resistance becomes greater and limits
      the vessel's practical speed.
PAR  Recreational vessels however, usually have a low drag profile and as a
      result high speeds are possible. However, generally they do not have the
      capacity to carry large loads of cargo or passengers and this limits their
      practical use. Marine vessels which have a revolving supporting surface
      and low drag profiles when travelling have been shown by the prior art and
      particularly by applicant's U.S. Pat. No. 1,905,345. However, these
      vessels have had limited capability for loading, unloading, and storage of
      cargo. Although these vessels can obtain high speeds by travelling on
      rather than in the water, their value for quickly transporting cargo has
      been limited. And they have not been able to pick up or drop off cargo
      rapidly. No secondary seaworthy transportation system has been provided by
      the prior art vessels for saving passenger lives and cargo in the event of
      an emergency.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention provides an improved spherical hull marine vessel for
      transporting passengers and cargo rapidly and is particularly adapted for
      quickly loading and unloading cargo.
PAR  It provides for a fast turnaround when unloading and loading cargo which
      results in a highly efficient water transportation vessel. High speeds can
      be obtained as it moves on the water and thereby creates little
      resistance, compared to its buoyancy, due to the low drag profile in water
      and the rolling action of the spherical hull.
PAR  The vessel has three cargo storage areas. They are on the main frame
      assembly, which also carries the vessel's power generating equipment,
      located on the sphere's interior, in cabins mounted exterior to the
      sphere, and on the underside of these cabins. Several tons of cargo may be
      carried underneath each cabin which are equipped with elevators adapted to
      raise a standard cargo container from a barge or a dock, to hold it
      against the bottom of the cabin during transportation, and to deposit it
      at the point of arrival. The elevator system can also be used to handle
      vehicles such as trucks or tanks, landing craft, heavy motors and other
      heavy and bulky cargo.
PAR  The cabins have releasable connections to allow the operator to disengage
      them from the spherical hull in the event of emergency. Moreover, the
      cabins have water tight bottoms, propellers, rudder mechanisms, controls,
      independent power, and in themselves provide mobility and seaworthiness
      comparable to a standard marine vessel, so they can be used as life craft.
PAR  The present invention therefore consists of a spherical supporting surface,
      a rotatably mounted shaft in the horizontal poles of the sphere with
      elongated cabins detachably connected to the shaft terminals outside the
      hull. A primary propulsion means, carried by a frame rigidly fixed to the
      shaft, is operatively connected to annular tracks on the sphere's interior
      so as to cause the sphere to rotate. An auxiliary air propulsion means is
      provided at the anterior of each cabin. Air rudders and elevators are
      located at the aft end of each cabin to assist in steering, braking, and
      stabilizing the marine vessel. To increase the vessel's speed the sphere
      is rotated faster and more power is applied to the air propulsion means.
PAR  It is therefore a principal object of the present invention to provide a
      spherical hull vessel particularly adapted for rapid and efficient
      transportation of cargo and passengers along waterways.
PAR  Another object of the present invention is to provide a marine vessel of
      the character described which is driven over the water surface by means of
      both a revolving hull and air propellers.
PAR  A further object of the present invention is to provide a marine vessel of
      the character described having a plurality of passenger and cargo
      compartments both inside and outside the hull.
PAR  A still further object of the present invention is to provide a spherical
      hull marine vessel with outside cabins which are quickly detachable, in
      case of emergency, and which have independent power propulsion and
      navigational means to act as life craft.
PAR  Another object of the present invention is to provide a spherical hull
      marine vessel with multiple locomotion means and with a sensitive
      navigational system for controlling speed and bearing.
PAR  A still further object of the present invention is to provide a marine
      vessel of the character set forth which is capable of accommodating a wide
      variety of cargo classifications.
PAR  Yet another object of the present invention is to provide a spherical
      marine vessel which may be run by a small crew and is relatively
      inexpensive to build and operate.
PAR  Another object of the present invention is to provide a marine vessel
      capable of rapidly picking up and dropping off cargo so as to provide for
      fast turnaround.
PAR  Further objects and advantages of the present invention will become
      apparent as the specification proceeds and the new and useful features
      will be fully defined in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The preferred form of the present invention is illustrated in the
      accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a marine vessel with a spherical rolling
      hull and attached elongated cabins made in accordance with the present
      invention.
PAR  FIG. 2 is a perspective view showing one of the cabins detached from the
      mother ship and floating in the water.
PAR  FIG. 3 is a side elevational view of the marine vessel showing the
      operation of cargo elevators for moving cargo between raised and lowered
      positions, with cargo shown in phantom in the raised position.
PAR  FIG. 4 is a plan sectional view, with parts broken away, taken
      substantially on plane 4--4 of FIG. 3 and showing the hull interior.
PAR  FIG. 5 is a side elevational view of the spherical hull with portions
      broken away to show the arrangement of parts in the interior of the hull.
PAR  FIG. 6 is a perspective view with parts broken away showing an alternate
      embodiment of the invention having a propeller on the aft section of the
      cabin, immediately in front of the rudder.
PAR  While only the preferred form of the invention has been shown in the
      drawings it will be apparent that changes and modifications could be made
      hereto within the ambit of the invention as defined in the claims.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to drawings in detail it will be seen that the marine vessel of
      the present invention includes a spherical hull 11 and a shaft means 12
      rotatably mounted in the horizontal poles of the sphere. Carried within
      the sphere and rigidly fixed to shafts 12 is a frame assembly 13 designed
      to carry a propulsion means 14 and cargo. A rotational means 16 is
      operatively connected to the interior surface of spherical hull 11 and to
      propulsion means 14. Elongated cabins 17 are attached to the terminal
      portions of shaft means 12 by releasable coupling means 18. A passageway
      is provided between elongated cabins 17 and frame assembly 13.
PAR  As shown here waterproof bearings 22 located at the horizontal poles of
      spherical hull 11 permit the shaft means 12 to revolve freely with respect
      to the sphere so the cabins 17 and frame assembly 13 remain relatively
      level while the sphere rolls across the water. The rotation of the
      spherical hull is provided by the propulsion means 14 carried by frame 13
      and having an engine 23 adapted to drive an electric generator 24 for
      charging storage batteries 26. Electricity is supplied by batteries 26 for
      operating electric motors 27 carried by trunks 28 and driving wheels 29.
      Any suitable form of power may be employed and electrical means is shown
      here merely as an illustration. The wheels 29 are adapted to ride upon a
      pair of annular tracks 31 rigidly fixed to the interior surface of
      spherical hull 11.
PAR  Fins or paddles 21 on the hull 11 provide for a frictional grip upon the
      water surface to propel the hull in accordance with its rotation. These
      paddles 21 are preferably disposed on the exterior of the sphere
      corresponding to the internal annular tracks 31.
PAR  To give added power for higher speed and to assist in the navigation of the
      ship, air propulsion is provided by motors 39 and propellers 41 shown in
      FIG. 1 as being mounted at the anterior ends of cabins 17. On the aft end
      of each of cabins 17 are mounted an air rudder 42 and an elevator 43. The
      propellers by throwing back a column of air upon the rudders and elevators
      create an effective means for directing the craft especially when it is
      moving at low speeds. The elevator acts to stabilize the vessel and
      permits high speeds.
PAR  Alternately, as shown in FIG. 6, the propellers 41 may be located in the
      aft ends of cabins 17, immediately in front of the rudder 42 so as to
      allow a reduction in the size of rudder required by directing a greater
      portion of the propellers flow of air over the rudder surface. This effect
      is enhanced by providing a cowling 46 encircling propellers 41 to provide
      a ducted fan configuration.
PAR  Equilibrium of the marine vessel is maintained primarily by the vertical
      flywheel effect produced by the rotation of annular tracks 31, the weight
      of frame assembly 13 and its connected components, and by stabilizing
      gyroscope 32 which is mounted upon frame assembly 13 and operated by a
      motor 33. Any suitable controls may be employed for the operation of the
      several motors.
PAR  Access to the ship's machinery and interior cargo area carried by frame
      assembly 13 is provided by a passageway 19 through shaft means 12 which is
      hollow. Ladders 38 are fixed to the frame assembly 13 to permit easy
      passage from the hollow shaft means 12 to the lower parts of the frame
      assembly.
PAR  Preferably, and as shown here, the cargo is carried both by frame assembly
      13 within the hull and in elongated cabins outside the hull. Several tons
      of cargo may be secured to the undercarriage of each cabin. Elevators 44,
      of conventional construction, are provided to raise, hold, and deposit
      these loads. This elevator is capable of handling standard cargo
      containers, is power operated, remotely controllable and is mounted in the
      undercarriage of said elongated cabins.
PAR  The spherical hull vessel of the present invention is driven by energizing
      the motors 27, which turn wheels 29 upon annular tracks 31 and thereby
      rotationally displace the frame assembly 13 and its attached components.
      These components are massive and consist of the propulsion means 14, the
      shaft means 12, and the elongated cabins 17. The composite center of
      gravity of these components is well below the center line of shaft means
      12, making the ship inherently stable. The displacement of frame assembly
      13 is along the annular tracks 31 which form an endless path on the
      interior circumference of the sphere and upon which wheels 29 ride.
PAR  The natural force of gravity acts to eliminate the described displacement,
      causing the frame assembly 13 to tend towards its stationary position
      directly under shaft means 12, thereby causing spherical hulls 11 to
      rotate as indicated by directional arrows 37, (See FIG. 5). The rotation
      of the sphere acts to lift it upon the water surface. Water drag decreases
      as the speed of rotation increases. The fins or paddles 21 provide for the
      translation of the sphere's rotary motion into the kinetic locomotion of
      the vessel. Motors 39 and air propellers 41 provide for additional
      propulsion and by throwing back a column of air upon elevators 43 and
      rudders 42 they provide for turning and stabilizing of the marine vessel
      in accordance with conventional aerodynamics.
PAR  Elongated cabins 17 are releasably connected to the terminals of shaft 12
      by coupling means 18 such as a quick release flange with explosive bolts.
      The elevators 44 are provided with similar quick releases. These cabins
      are independently powered by water propellers 34, guided by rudder
      mechanism 36, and are seaworthy marine vessels when detached from the
      mother ship.
PAR  From the foregoing it will be seen that the marine vessel of the present
      invention provides an improved means for rapidly transporting passengers
      and cargo, utilizing both a spherical revolving hull and air propulsion.
      Cabins are provided which serve as life ships to save passengers and cargo
      in an emergency. Provisions have been included to permit the
      transportation of large payloads of cargo and for rapid elevating, holding
      and lowering of cargo for fast turnarounds.
CLMS
STM  I claim:
NUM  1.
PAR  1. A marine vessel for rapidly transporting passengers and cargo,
      comprising
PA1  a spherical hull,
PA1  a hollow shaft means rotatably mounted in the horizontal poles of said
      spherical hull,
PA1  a frame assembly rigidly fixed to said shaft means in the interior of said
      sphere,
PA1  a propulsion means carried by said frame assembly and operatively connected
      to the interior of said spherical hull to effect rotation thereof,
PA1  elongated enclosed cabins mounted to said shaft means exteriorly of said
      hull,
PA1  said hollow shaft means providing a passageway formed to communicate
      through said hull between said frame assembly and said cabins,
PA1  said cabins being buoyant and seaworthy, and
PA1  selectively detachable coupling means on said shaft for instantaneous
      decoupling of the cabins therefrom.
NUM  2.
PAR  2. A marine vessel as described in claim 1 and wherein said coupling means
      comprises a quick-release flange assembly with explosive bolts.
NUM  3.
PAR  3. A marine vessel as described in claim 1 and where said detachable,
      elongated cabins are provided with auxiliary guidance and water propulsion
      means whereby said cabins are independently navigable as marine vessels.
NUM  4.
PAR  4. A marine vessel as described in claim 1 and wherein said auxiliary
      guidance and water propulsion means comprises a water rudder, and a
      propeller formed for operation in a standard nautical manner.
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ABST
PAL  This is a motor boat gimbal controlled propelling and steering device
      extending through the boat wall or transom. In one form the power thrust
      is substantially in direct line with the motor shaft of the inboard motor,
      the motor being at about the same angle as the propeller shaft, and, in
      another form, a horizontal inboard motor is connected by a pair of bevel
      gears at a slight angle to the propeller shaft. The propeller shaft and
      propeller are used to steer the boat, the propeller shaft being connected
      to the motor shaft through a gimbal by a universal joint sealed within a
      tubular accordion boot so that it may swing horizontally for steering
      purposes and may also swing vertically to a position to at least just
      clear the bottom hull line and propel the boat in water just enough to
      float the boat. A conventional surfacing type of propeller is used to
      provide the optimum effect, particularly in shallow water. The propeller
      end of the propeller shaft is supported through a bearing box secured on
      the bottom of an anti-cavitation plate having a vertical fin
      thereabove/and below secured thereto, and a hydraulic pressure piston and
      cylinder are used as a trim control to vertically position the propeller,
      the cylinder being connected to the fin at one end and to the top of a
      gimbal support frame which in turn is secured externally to the boat wall
      or transom. A propeller shaft bearing box is horizontally pivoted to a
      gimbal ring, which ring is vertically pivoted in the gimbal support frame.
      A tiller is secured on the gimbal ring vertical pivot shaft for swinging
      the propeller shaft horizontally for steering, and the propeller shaft
      trim control lifting and depressing control pressure cylinder is connected
      to the propeller bearing boxes and to the tiller shaft for lifting the
      propeller to above the hull line.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Inboard-outboard power drives are of many types, the most common now in use
      being a type wherein a shaft extends through the transom of the boat, and
      then is connected by a gear set to a vertical shaft and then a second gear
      set to the actual propeller shaft. Other prior art does show direct drive
      of the propeller shaft by the motor.
PAC  OBJECTS OF THIS INVENTION
PAR  It is an object of this invention to provide direct drive or substantially
      direct drive through the boat wall or transom which also provides steering
      and eliminates any separate rudder arrangement.
PAR  Still a further object of this invention is to provide a power drive
      through the transom of a boat wherein a surface type of propeller is
      preferably used and wherein the propeller may be lifted enough in shallow
      water so that it is entirely above the boat hull line, yet still provides
      a sufficient amount of power for shallow water travel.
PAR  Yet a further object of this invention is to provide a gimbal support frame
      secured externally on the boat wall or transom through which the propeller
      shaft extends and a gimbal thereon providing vertical and horizontal
      swinging of the propeller shaft for shallow water navigation and for
      steering the boat.
PAR  Another object of this invention is to provide a propeller shaft having a
      double yoke universal joint permitting the shaft to be swung both
      horizontally and vertically for steering and for shallow water navigation.
PAR  A still further object of this invention is to provide a universally
      jointed propeller shaft and a gimbal support for the propeller shaft
      therethrough and through the boat wall or transom providing both
      horizontal and vertical control both to steer the boat and provide shallow
      water drive when needed.
PAR  Still a further object of this invention is to provide a strong but
      flexible coupler between the propeller shaft and the gear box.
PAR  Another object of this invention is to provide a substantially direct drive
      propeller through the boat wall or transom yet where the propeller shaft
      is controllably swingable both horizontally and vertically.
PAR  A further object of this invention is to provide an improved substantially
      direct power drive that is an improvement over the prior art including
      U.S. Pat. Nos. 2,265,079; 2,370,212; 2,415,183; 2,961,988; 3,057,320;
      3,136,287; 3,368,516; 3,368,517; 3,382,838; 3,487,804; 3,826,219.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  With the above and related objects in view, this invention consists in the
      details of construction and combination of parts, as will be more fully
      understood from the following description, when read in conjunction with
      the accompanying drawings, wherein:
PAR  FIG. 1 is a top plan view of the boat motor drive of this invention, also
      showing the steering limits thereof.
PAR  FIG. 2 is a side elevation, including an in-line motor, on a section
      through the boat wall or transom, also showing the vertical swinging
      possibility.
PAR  FIG. 3 is a side elevation including a horizontal motor.
PAR  FIG. 4 is a partly sectional side elevation, through the gimbal support
      frame and boat transom.
PAR  FIG. 5 is a sectional plan view, on line 5--5 of FIG. 4, showing the tiller
      arrangement.
PAR  FIG. 6 is a horizontal sectional view on line 6--6 of FIG. 4, showing the
      gimbal support frame, gimbal and propeller universal joint and sealing
      boot thereabout.
PAR  FIG. 7 is a propeller end elevation view, showing a preferred type of
      surfacing or super cavitating propeller.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  There is shown at 10 the gimbal controlled motor drive of this invention,
      wherein a gimbal support frame 12 is mounted externally on the boat wall
      or transom 14 extending up from the rear of the boat hull 16. The gimbal
      support frame 12 is shaped substantially as shown, having a forward wall
      18 at an angle to its horizontal top and bottom walls 20 and 22 and
      vertical side walls 24. The forward wall 18 is provided with an aperture
      cylinder 26 therethrough aligned with a shaft opening 28 in the transom 14
      so that the propeller shaft 30 may be operatively coupled to a gear shift
      and gear reduction box 32 and thus to the motor 34. The gimbal support
      frame wall 18 is secured to the transom 14 by bolts and nuts 36 through
      the transom 14 and a reinforcing plate 38 on the inside of the transom 14,
      the plate 38 having a corresponding aperature at 40. A shaft coupler 31 is
      provided if needed to facilitate assembly.
PAR  Integrally mounted on the frame top wall 22 is a V-shaped tiller
      compartment 42 having its V opening aligned with a corresponding tiller
      opening 44 in the transom 14 and opening 46 in the reinforcing plate 32. A
      boat tiller 48 is secured through the compartment 42 on a vertical shaft
      50 journaled through the compartment 42 and the frame top wall 20 and
      secured to the top portion 52 of a vertical gimbal ring 54, the bottom
      gimbal ring portion 56 being pivotally secured to the frame bottom wall 22
      by a bottom vertical stub shaft 58. Horizontal movement of boat tiller 48
      will obviously cause horizontal rotation of the vertical gimbal ring 54.
      Pivoted by horizontal pivot shafts 59 to side portions 61 of gimbal ring
      54 is the thrust bearing box 60 through which the forward end 62 of
      propeller shaft 30 is journaled, the thrust bearing box 60 having
      extending pivot wings 64 pivotally secured to gimbal ring horizontal pivot
      shafts 59.
PAR  Rigidly secured to and extending rearwardly and substantially horizontally
      from the thrust bearing box 60 is an anti-cavitation plate 66, this plate
      66 extending somewhat beyond the super cavitating or surfacing propeller
      68 secured on the end of propeller shaft 30 by a nut 70. Secured in a
      lower center vertical fin 77 depending from the anti-cavitation plate 66
      is a propeller end bearing box 72 through which the propeller shaft end is
      journaled. A center fin 76 extends vertically upward of the plate 66 from
      the very end thereof to the front propeller shaft thrust bearing box 60,
      to which it is also secured, thus reinforcing the plate 66 and providing
      better support for the propeller shaft bearing box 72 and the propeller
      shaft 30 journaled therethrough.
PAR  The thrust bearing box 60 is horizontally pivoted at 59, as already
      described for vertical swinging movement thereon, and controlled by a
      hydraulic cylinder 74 and piston rod 78, the piston rod 78 being pivoted
      to an eye 80 extending from the upper vertical fin 76 and the cylinder 74
      is pivotally secured at 82 to a clamp 84 secured on the top end of
      vertical gimbal ring shaft 50.
PAR  A hydraulic pressure hose 85 extends from cylinder 74 to a conventional
      hydraulic pump 86 having a safety pressure release and pressure valve 88
      for vertically swinging and maintaining the piston on the piston rod 78 so
      as to position the propeller 68 at the desired angle, shown in full in
      FIG. 2 with the anti-cavitation plate 66 substantially horizontal, with a
      range of movement shown by the arrow 89 and the dotted lines in FIG. 2. At
      the top position, the surfacing type propeller 68 will have its bottom
      tip, when rotating, at least as high as the boat bottom wall or hull 16,
      so that when the boat is in shallow water just barely enough to float the
      hull 16, the propeller 68 will be still in a position to drive the boat,
      though of course not as fast as when in the optimum position.
PAR  At the forward or power receiving end 62 of the propeller shaft 30 the
      shaft 30 is connected by a constant velocity double yoke universal joint
      90 to splined shaft 92 providing a strong flexible coupler extending
      through openings 28 and 40 onto an internally splined female receptacle 94
      connected through the gear box 32 to the motor shaft of the boat engine.
      Obviously, any suitable strong flexible coupler could be used. The
      constant velocity universal joint 90 permits a greater angle in the shaft
      than the usual type universal joint which of course is not as efficient.
PAR  A sealing tubular accordion boot 96 surrounds the universal coupler 90, 92,
      94 to keep it free from water contamination, the boot 96 being sealed at
      one end to the frame wall aperture cylinder 26 and at its other end to a
      similar aperture cylinder 98 extending from the bearing box 60.
PAR  In FIG. 2, the motor 32 is shown as an in-line motor 100, mounted and
      secured in any conventional manner at an angle corresponding to the
      optimum angle of its propeller shaft 30, its coupler 90, 92, 94 permitting
      any necessary horizontal and vertical swinging movement steering, usually
      about with 30.degree. either side as shown in FIG. 1, and vertical
      swinging as shown by arrow 89.
PAR  In FIG. 3, the motor 34 is shown as a horizontal motor 102, and in addition
      to the conventional speed reduction gears and gear shafts therein (not
      shown) the gear 32 also contains bevel gears 104 and 106 at an angle to
      compensate for the slight angle between the motor shaft 108 and the
      propeller shaft 30 so that its coupler will have to flex only when its
      propeller shaft 30 is swung vertically by its hydraulic pressure cylinder,
      or horizontally by its steering tiller.
PAR  In the in-line motor 100, the power thrust is straight at the optimum
      angle, in the horizontal motor, the power thrust is substantially, but not
      exactly straight line to the propeller shaft.
PAC  ABSTRACT OF THE DRAWINGS
PAR  In the drawings, the numbers refer to like parts, and for the purpose of
      explication, set forth below are the numbered parts of the improved GIMBAL
      CONTROLLED POWER BOAT MOTOR DRIVE of this invention.
TBL  __________________________________________________________________________

                                  In FIGS.                                     

     10      motor drive assembly of this invention                            

                                  1-4                                          

     12      gimbal support frame 1-6, 7                                       

     14      boat wall or transom 2-6, 7                                       

     16      boat hull            2, 3, 7                                      

     18      forward slanted wall of 12                                        

                                  1, 4, 6                                      

     20      frame top wall       1, 2, 3, 5                                   

     22      frame bottom wall    2, 3, 5                                      

     24      vertical side walls of 12                                         

                                  2, 3, 5, 6                                   

     26      aperture cylinder in frame forward                                

                                  4, 6                                         

             wall 18                                                           

     28      shaft opening in transom 14                                       

                                  2, 3, 4, 6                                   

     30      propeller shaft      2, 3, 4, 6, 7                                

     31      shaft coupler        4                                            

     32      gear shift and gear reduction box                                 

                                  2, 3, 4, 6                                   

     34      motor                2, 3                                         

     36      frame securing bolts and nuts                                     

                                  4                                            

     38      reinforcing plate inside transom 14                               

                                  2-6                                          

     40      corresponding aperture in plate 38                                

                                  2, 3, 4, 6                                   

     42      V-shaped tiller compartment on top                                

                                  1-5, 7                                       

             of frame 12                                                       

     44      tiller opening in transom 14                                      

                                  2-5                                          

     46      tiller opening in plate 32                                        

                                  2-5                                          

     48      boat tiller          1-5                                          

     50      tiller shaft         1-5                                          

     52      top portion of ring 54                                            

                                  4                                            

     54      vertical gimbal ring 4, 6, 7                                      

     56      bottom gimbal ring portion                                        

                                  4                                            

     58      vertical bottom stub shaft for 54                                 

                                  4                                            

     59      horizontal pivot shafts for bearing                               

                                  2, 3, 4, 6, 7                                

             box wings 64                                                      

     60      thrust bearing box   1, 2, 3, 4, 6, 7                             

     61      side portions of vertical gimbal                                  

                                  4                                            

             ring 54                                                           

     62      forward end of propeller shaft 30                                 

                                  3, 4, 6                                      

     64      pivot wings of 60    1, 2, 3, 4, 6                                

     66      horizontal anti-cavitation plate                                  

                                  1-5, 7                                       

     68      surfacing propeller  2, 3, 7                                      

     70      nut on 30 for 68     2, 3, 7                                      

     72      propeller shaft end bearing box                                   

                                  2, 3                                         

     74      hydraulic cylinder   1, 2, 3, 7                                   

     76      center vertical upper fin                                         

                                  1-5, 7                                       

     77      center vertical lower fin                                         

                                  2, 4, 7                                      

     78      piston rod           1, 2, 3                                      

     80      eye on fin 76        1, 2, 3                                      

     82      cylinder pivot       1-4                                          

     84      clamp                1-4                                          

     85      hydraulic pressure hose                                           

                                  1, 2, 3, 7                                   

     86      pressure pump        2, 3                                         

     88      pressure valve       2, 3                                         

     89      arrow showing vertical movement of 66                             

                                  2                                            

     90      double yoke universal joint                                       

                                  3, 4, 6                                      

     92      splined shaft        3, 4, 6                                      

     94      internally splined female receptacle                              

                                  3, 4, 6                                      

             or sleeve                                                         

     90, 92, 94                                                                

             strong flexible coupler                                           

                                  3, 4, 6                                      

     96      sealed tubular accordion boot                                     

                                  1-6, 7                                       

     98      aperture cylinder from bearing box 60                             

                                  4, 5, 6                                      

     100     in-line motor        2                                            

     102     horizontal motor     3                                            

     104 and 106                                                               

             bevel gears          3                                            

     108     motor shaft          3                                            

     __________________________________________________________________________

PAR  Although this invention has been described in considerable detail, such
      description is intended as being illustrative rather than limiting, since
      the invention may be variously embodied within the scope of what is
      claimed.
CLMS
STM  Having thus set forth and disclosed the nature of this invention, what is
      claimed is:
NUM  1.
PAR  1. A unitary direct in-line propelling and steering assembly (10) for an
      inboard motor (34) of a power boat, said assembly comprising a gimbal
      support frame (12) to be secured externally to the boat wall or transom
      (14), a vertically extending gimbal ring (54), pivot shaft means (50, 58)
      vertically pivoting said ring (54) in said gimbal support frame (12), a
      propeller shaft thrust bearing box (60), means for pivoting said thrust
      bearing box (60) on horizontal pivot means (59), in said vertical gimbal
      ring (54) for vertically swinging said thrust bearing box (60) in said
      gimbal ring (54), a single propeller shaft (30) journaled through said
      thrust bearing box (60), a single flexible coupler (90, 92, 94) secured
      directly on the forward end (62) of said single propeller shaft (30) for
      connecting said single propeller shaft (30) through an opening (26) in
      said gimbal support frame (12) and through an aligned opening (28) in the
      boat transom (14) for connection to the inboard boat motor (34), a second
      bearing box (72), a common means (66) for mounting said second bearing box
      (72) spaced from and secured to said first thrust bearing box (60), said
      single propeller shaft (30) being also journaled through said second
      bearing box (72) adjacent its propeller rear end, a propeller (68) secured
      directly on said single propeller shaft (30) rear end, said bearing boxes
      (60, 72) and said common mounting means (66) maintaining said single
      propeller shaft (30) in alignment with said single coupler (90, 92, 94),
      lifting and depressing control means (74, 78, 80, 82, 84, 85, 86, 88)
      secured to said bearing boxes common mounting means (66) for vertically
      swinging said single propeller shaft (30), and a tiller (48) secured to
      said gimbal ring pivot shaft (50) for horizontally swinging said bearing
      boxes (60, 72), said common mounting means (66), and said single propeller
      shaft (30) journaled therethrough.
NUM  2.
PAR  2. The assembly of claim 1, and a tubular accordion sealing boot (96)
      sealed about said gimbal support frame opening (26) and to said thrust
      bearing box (60) and enclosing said single flexible coupler (90, 92, 94)
      therewithin.
NUM  3.
PAR  3. The assembly of claim 1, said common means (66) for mounting said second
      bearing box (72) secured to and spaced from said thrust bearing box (60)
      comprising an anti-cavitation plate (66) secured to said thrust bearing
      box (60), said second bearing box (72) depending from said anti-cavitation
      plate (66).
NUM  4.
PAR  4. The assembly of claim 3, and a vertical fin (76, 77) extending
      vertically along said anti-cavitation plate (66).
NUM  5.
PAR  5. The assembly of claim 4, said lifting and depressing control means being
      secured (80) to said vertical fin (76) at one end and on said tiller pivot
      shaft (50) at its other end.
NUM  6.
PAR  6. The assembly of claim 5, said propeller shaft lifting and depressing
      control means comprising a hydraulic pressure cylinder (74) and piston,
      and hydraulic pressure supply (86) and control means (88) connected to
      said hydraulic pressure cylinder (74).
NUM  7.
PAR  7. The assembly of claim 1, said gimbal support frame (12) having a
      V-shaped horizontal pocket (42) with its apex about said tiller pivot
      shaft (50) and its open end complementary to a corresponding tiller
      passage opening (44, 46) through the boat wall or transom (14), said V
      pocket (42) being approximately 60.degree. in horizontal width.
NUM  8.
PAR  8. The assembly of claim 1, said propeller being a surfacing propeller
      (68).
NUM  9.
PAR  9. The assembly of claim 1, and a tubular accordion sealing boot (96)
      sealed to and secured to said gimbal support frame (12) about said frame
      opening (26) and to said thrust bearing box (60) about said single
      propeller shaft (30) forward end (62) therethrough and enclosing said
      single flexible coupler (90, 92, 94) therewithin.
NUM  10.
PAR  10. The assembly of claim 9, said flexible coupler including a single
      universal joint (90).
NUM  11.
PAR  11. The assembly of claim 1, said flexible coupler including a splined
      shaft (92) and an internally splined sleeve (94).
NUM  12.
PAR  12. The assembly of claim 1, said flexible coupler including a single
      universal joint (90) of the double yoke type.
NUM  13.
PAR  13. The assembly of claim 1, said single flexible coupler comprising a
      double yoke universal joint (90) and a splined shaft (92) and an
      internally splined sleeve (94) receptacle for said splined shaft.
NUM  14.
PAR  14. The assembly of claim 4, said vertical fin extending above (76) and
      below (77) said anti-cavitation plate (66).
NUM  15.
PAR  15. The assembly of claim 14, said second bearing box (72) being secured to
      and depending from said lower vertical fin (77).
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NCL  1
ECL  1
EXA  Yasich; Daniel M.
EXP  Queisser; Richard C.
NDR  1
NFG  5
INVT
NAM  Maietta; Peter J.
STR  609 E. Wheelock Parkway
CTY  St. Paul
STA  MN
ZIP  55101
CLAS
OCL  116 28R
XCL  116114AJ
XCL  116173
XCL  350 97
EDF  2
ICL  B60Q  126
FSC  116
FSS  28 R;173;114 AJ
FSC   33
FSS  264
FSC  350
FSS  97;98;109
FSC   40
FSS  145 R;129 C
FSC  248
FSS  161
FSC  403
FSS  107
FSC  285
FSS  303
FSC  280
FSS  289
UREF
PNO  219098
ISD  18790900
NAM  Jewell
XCL  285303
UREF
PNO  479909
ISD  18920800
NAM  Hurley
XCL  285303
UREF
PNO  1365851
ISD  19210100
NAM  Reynolds
XCL  285303
UREF
PNO  3320920
ISD  19670500
NAM  Lusebrink
OCL  116 28R
UREF
PNO  3421473
ISD  19690100
NAM  Weichenrieder
OCL   40145R
UREF
PNO  3433203
ISD  19680300
NAM  Sharkey et al.
OCL  116 28R
LREP
FR2  Gordon; Marden S.
ABST
PAL  A distress warning device intended for use on vehicles and the like and
      including a suction cup base with a telescopic mast affixed thereto and
      projecting upwardly therefrom and terminating in a hollow elongated
      cylindrically shaped ball member having hemi-spherical dome shaped ends
      and having its exterior surface coated with an iridescent reflective type
      paint so that the cylinder will be highly visible in both daylight and at
      night when subjected to light rays such as from a beam of light off an
      approaching vehicle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to vehicles and more particularly to a
      novel vehicle accessory device providing a distress warning signal adapted
      to be readily secured at any desired position on the vehicle by means of a
      suction cup base and projecting above the level of the vehicle to be
      clearly visible in all directions therearound. In addition, the distress
      warning device of the present invention is envisioned for use on boats,
      motorcycles, and any other form of conveyance wherein an individual may
      have need for using a distress type warning device signal.
PAR  2. Description of the Prior Art
PAR  Heretofore, distress warning and signalling devices for use in vehicles,
      boats, and other forms of conveyances have been relatively complex to use
      and expensive to manufacture thereby making their general acceptance among
      the consuming public somewhat less than desirable. Emergency signs and the
      like have heretofore taken many forms but generally they have included
      some type of sign designed to be attached to the conveyance and to convey
      a message indicating the nature of the distress.
PAR  Travel on the interstate highway systems throughout various countries
      requires that automobiles travel at a relatively high rate of speed, and
      it is often necessary that the driver of the vehicle on this type of
      highway system be on the alert for unexpected occurrences on the roadway
      ahead. One type of unexpected occurrence is the disabled vehicle along the
      side of the highway, or in some cases in the middle of the high speed lane
      of the roadway. It is not always possible for the driver of the oncoming
      vehicle to clearly discern whether the vehicle on the shoulder or on the
      highway is moving or standing still until he realizes that he is
      approaching the vehicle at a relatively fast closing rate. Thus, the
      driver of the oncoming vehicle must make a last minute effort to move to
      one side or the other of the highway to prevent colliding with the
      standing vehicle, this posing the risk of the moving vehicle striking a
      vehicle in an adjacent lane when having to take such defensive tactics. It
      would therefore be desirable to have a distress warning device clearly
      indicating to oncoming traffic that a distress condition exists so that
      such oncoming traffic can have sufficient time to take corrective action
      in a manner preventing injury and damage to both drivers and vehicles
      respectively.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention recognizes the need for an operator of a conveyance
      to be able to signal of a distress condition either to warn other
      individuals away therefrom to avoid further complicating the distress
      condition or to signal the need for help by such individuals, and
      accordingly the present invention provides a novel solution thereto in the
      form of a compact and easily usable distress warning device having a
      suction cup base so that it may be readily attached at any desired portion
      of the conveyance, such as the roof of an automobile, the foredeck of a
      boat, and the like to clearly signal to all around of the distress
      condition.
PAR  It is a feature of the present invention to provide a distress warning
      device.
PAR  A further feature of the present invention provides a distress warning
      device which is relatively simple in its construction and which therefore
      may be readily manufactured at a relatively low cost and by simple
      manufacturing methods so that it may be retailed at a sufficiently low
      price to encourage widespread use thereof.
PAR  A further feature of the present invention provides a distress warning
      device which is possessed of few parts and which therefore is unlikely to
      get out of order.
PAR  Still a further feature of the present invention provides a distress
      warning device which is of a rugged and durable construction and which
      therefore may be guaranteed by the manufacturer to withstand many years of
      intended usage.
PAR  Yet still a further feature of the present invention provides a distress
      warning device which is aesthetically pleasing and refined in appearance
      while being easy to use and reliable and efficient in operation.
PAR  Other features and advantages of this invention will be apparent during the
      course of the following description.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings forming a part of this specification, and in
      which like reference characters are employed to designate like parts
      throughout the same:
PAR  FIG. 1 is a perspective view of a vehicle having the distress warning
      device of the present invention temporarily attached thereto;
PAR  FIG. 2 is a front elevational view of the distress warning device of the
      invention illustrated in its fully extended position;
PAR  FIG. 3 is a front elevational view of the distress warning device of the
      invention illustrated in its partially collapsed position;
PAR  FIG. 4 is an enlarged fragmentary front elevational view of a portion of
      the supporting shaft of the distress warning device illustrating details
      thereof; and
PAR  FIG. 5 is an enlarged cross-sectional view taken along Lines 5--5 of FIG. 4
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail there is illustrated a preferred
      form of a distress warning device constructed in accordance with the
      principles of the present invention and which is designated generally in
      its entirety by the reference numeral 10 and which is comprised of three
      component parts, namely a suction cup base 11, a telescopic mast or post
      12, and a hollow cylindrically shaped signalling member 13.
PAR  The suction cup base 11 is of a hollow flexible member, preferably
      manufactured of rubber, having a flat disc shaped top surface 21 with
      cylindrical side walls 22 depending downwardly therefrom and terminating
      at bottom edge 23 with there being defined interiorly thereof a hollow
      chamber 24 opening out of the bottom end of the suction cup. In use, the
      suction cup is placed on a flat surface 25 with chamber 24 facing the
      surface in confronting relationship such that depressions centrally of the
      suction cup forces air out of the chamber 24 past bottom edges 23 with the
      resultant vacuum effecting the suction attachment of the suction cup to
      the surface 25. The suction cup has an overall diameter of about three
      inches.
PAR  The signalling member 13 consists of an elongated hollow cylindrically
      shaped body member having cylindrically shaped side walls 31 terminating
      at the top and bottom end in hemi-spherical or dome shaped top and bottom
      ends 32 and 33 respectively. The exterior surfaces of sidewalls 31, top
      end 32, and bottom end 33 are coated with a vivid color which is
      iridescent so as to otherwise of a glowing and colorful nature and to be
      reflective of light such that it will be highly visible at long distances
      in both daylight as well as in the night when subjected to light rays
      striking the same, such as the light rays emitted from the beams of
      oncoming vehicles. The signal member 13 has an overall length of about 5
      inches with the diameter of the cylindrical side walls 31 being about 21/2
      inches.
PAR  The post, mast, or shaft 12 is formed of hollow elongated tubular segments
      41, 51 and 61 which are disposed in telescopic relationship relative to
      each other, segment 41 defining the base segment, segment defining the
      middle or intermediate segment, with segment 43 defining the top segment.
      The mast 12 extends between the suction cup base 11 and the bottom end 33
      of the signal member 13 to support the signal member on the base. The
      overall telescopically extended length of the mast 12 is about two feet.
PAR  The segment 41 is of an axially elongated cylindrical member having
      cylindrical side walls 42, a closed bottom end 43, and an open top end 44
      with there being an elongated passageway 45 defined interiorly thereof and
      opening out of the top end thereof. Bottom end 43 is affixed concentric
      with suction cup base 11 on the top surface 21 thereof with the segment 41
      projecting axially upwardly therefrom. A slot 46 extends longitudinally
      through side wall 42 from a position inwardly of end 43 and terminates at
      a position inwardly of top end 44 where it is joined with circumferally
      extending slot 47 which extends at a right angle to the slot 46 and
      terminates a short distance therefrom. Slots 46 and 47 are of the same
      width with slot 47 extending horizontally and parallel to top end 44.
PAR  Segment 51 is of an axially elongated hollow tubular configuration having
      cylindrical side walls 52, a bottom end 53, an open top end 54, and a
      passageway 55 extending completely therethrough interiorly of the side
      wall 52. The exterior diameter of sidewall 52 is substantially equal to
      the interior diameter of passageway 45 such that the bottom end portion 53
      of segment 51 is telescopically inserted through top end 44 of segment 41
      and is axially reciprocally movable relative thereto in a telescoping
      manner into and out of the same. A slot 56 extends longitudinally through
      side wall 52 from a position inwardly of bottom end 53 to a position
      inwardly of top end 54 where the slot is joined to a circumferally
      extending slot 57 which is the same width as slot 56 and extends at a
      right angle thereto for a short distance therefrom and parallel to the top
      end 54.
PAR  Extending radially out of side wall 52 at a position adjacent bottom end 53
      is a solid rod shaped pin member 58 of a diameter less than the width of
      slots 46 and 47 and adapted to be received in the slots 46 and 47 to guide
      the reciprocal telescoping movement of segment 51 relative to segment 41.
      The pin 58 when in slot 46 permitting axial movement of segment 51
      relative to segment 41, with rotation of segment 51 relative to segment 41
      effecting engagement of pin 58 in slot 47 to lock the segment 51 in a
      telescopic extended position relative to segment 41.
PAR  Segment 61 is of an elongated hollow tubular configuration having
      cylindrical side walls 62, a bottom end 63, a top end 64, a passageway 65
      extending axially completely therethrough between the sidewalls 62. The
      exterior diameter of side wall 62 is slightly less than the interior
      diameter of passageway 55 of segment 51 such that segment 61 is
      telescopically received in segment 51 for reciprocal telescopic movement
      inwardly and outwardly thereof through open top end 54.
PAR  A pin member 68 projects radially outwardly of side wall 62 in a position
      adjacent bottom end 63 and is of a diameter to be movably received in
      slots 56 and 57 of segment 51 and operates therein in the same manner as
      aforementioned pin 58 in slots 46 and 57 so as to selectively control the
      telescopic movement of segment 61 between a maximum extended position and
      a fully collapsed position.
PAR  In operation when a distress condition is present, an individual removes
      the warning device 10 from its position of storage wherein all of the mast
      segments 41, 51 and 61 are telescopically collapsed inwardly of each
      other, the individual placing suction cup base 11 on suitable surface 25
      and then effecting the telescopic extension of the mast segment to place
      the signal member 13 in a clearly visible position to warn other
      individuals of the distress situation.
PAR  It is to be understood that the form of this invention herewith shown and
      described is to be taken as a preferred example of the same and that this
      invention is not to be limited to the exact arrangement of parts shown in
      the accompanying drawings or described in this Specification as various
      changes in the details of construction as to shape, size, and arrangement
      of parts may be resorted to without departing from the spirit of the
      invention, the scope of the novel concepts thereof, or the scope of the
      sub-joined claims.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A distress warning device intended for use on vehicles and the like, the
      device comprising, in combination:
PA1  a suction base member consisting of a flat disc shaped top member having an
      exterior surface, an interior surface, and peripheral circular cylindrical
      side wall surfaces; cylindrical side wall surfaces; cylindrical side walls
      depending downwardly from said side edges of said top member and defining
      an annular ridge surrounding said interior surface; a hollow chamber
      defined between said annular ridge and said interior surface of said top
      member and opening out of a base of said suction base member as defined
      between surrounding bottom edges of said annular ridge; said chamber
      adapted to have its base portion disposed in confronting relationship with
      a surface of the vehicle onto which said suction cup member is to be
      affixed with said bottom edges of said annular ridge engaging said
      surface; depressing centrally of said exterior surface in a direction
      inwardly of said chamber expels air from said chamber to create a partial
      vacuum therein thus detachably mounting said suction cup base member to
      said surface against which it is applied;
PA1  a ringed shaped boss member affixed centrally of said base member exterior
      surface and extending axially upwardly therefrom and defining a socket
      therein opening out of a top end thereof;
PA1  a hollow cylindrically shaped signal member including cylindrical side
      walls, a hemi-spherical dome shaped top end surface, and a hemi-spherical
      dome shaped bottom end surface;
PA1  said signal member having an exterior surface extending completely over the
      side walls and top and bottom ends;
PA1  a vivid irridescent color applied completely over the exterior surface of
      said signal member, said color having high light reflective
      characteristics providing a high level of visibility both during the
      daylight hours as well as when illuminated during nighttime hours by light
      rays falling thereon, such as encountered by headlights of passing
      vehicles;
PA1  a first mast segment consisting of an axially elongated tubular body member
      having cylindrical side walls, a closed bottom end, an open top end, and a
      passageway extending axially therethrough opening out of said top end;
PA1  a slot extending longitudinally through said side wall of said first
      segment in communication with said passageway and extending from a
      position spaced inwardly of said bottom end to a position spaced inwardly
      of said top end;
PA1  a second passageway disposed in said first segment side wall extending
      normal to said first passageway about a short portion of the circumference
      of said side wall and parallel to said top end, said second passageway
      having one end in communication with said first passageway, said first and
      second passageways each having an identical width;
PA1  said bottom end of said first segment being affixed in said socket of said
      suction cup base member with said first segment projecting vertically
      outwardly therefrom;
PA1  a second mast segment consisting of an axially elongated tubular
      configuration having cylindrical side walls, a bottom end, a top end, and
      a passageway extending axially therethrough and opening out of the top end
      thereof;
PA1  the exterior diameter of said second segment being less than the diameter
      of said first segment passageway with the bottom end portion of said
      second segment being telescopically received in the top end of said first
      segment, said second segment being reciprocally movable axially relative
      to said first segment between a collapsed position disposed inwardly of
      said first segment and a telescopically extended position extending
      outwardly of said first segment;
PA1  a rod shaped pin member extending radially from said second segment side
      walls adjacent said bottom end thereof and having a diameter to be
      slidingly received in said first and second passageways of said first
      segment for guiding the movement of said second segment relative to said
      first segment;
PA1  a first slot extending longitudinally through said second segment side wall
      in communication with said passageway therein and extending from a
      position spaced inwardly of said top end to a position spaced inwardly of
      said bottom end;
PA1  a second slot disposed in said side wall extending normal to said first
      slot and having one end in communication with said first slot, the second
      slot extending about a short portion of the circumference of said second
      segment side wall and parallel to said top end thereof, said second slot
      being of the same width as said first slot;
PA1  a third mast segment being of an axially elongated tubular configuration
      and consisting of cylindrical side walls, a bottom end, and a top end;
PA1  said third segment having an exterior diameter of said cylindrical side
      walls less than the interior diameter of said second segment passageway
      with said bottom end of said third segment being telescopically received
      through said top end of said second segment and movable axially relative
      thereto between a collapsed position inwardly of said second segment and
      an extended position extending telescopically outwardly of said second
      segment;
PA1  a rod shaped pin member extending radially outwardly from said third
      segment cylindrical side wall adjacent said third segment bottom end and
      having a diameter to be slidingly received in said first and second slots
      of said second segment for guiding the movement of said third segment
      relative to said second segment;
PA1  said pin members of said third segment and second segment retaining said
      telescopically extending positions of said segments relative to their
      respective segments when said pin members are received in said second
      mentioned slot or passageway of said segments;
PA1  said top end of said third segment being affixed centrally of said dome
      shaped bottom end of said signal member with the longitudinal axis of said
      mast being in alignment with the axis of said signal member; and
PA1  whereby said signal member may be telescopically extended by said mast
      segments to a distance disposed above said section base member to be
      clearly visible at a lengthy distance therefrom to warn vehicles in the
      surrounding area of a distress condition.
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ABST
PAL  A signal device combining a fluorescent or phosphorescent light tube and a
     eighted base designed to be thrown or dropped from a vehicle as a warning
      marker. The light tube is preferably of the chemically actuated type and
      the base preferably has four resilient legs serving to ensure that the
      device will assume an upright position when dropped.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  Reference is made to Assignees' prior U.S. Pat. No. 3,764,796 and
      co-pending application Ser. No. 340,434 filed Mar. 12, 1973, now U.S. Pat.
      No. 3,819,925 each disclosing chemical lighting devices usable with the
      Signal Device of the present invention.
PAR  Reference is also made to Assignees' co-pending applications Ser. Nos.
      454,877 and 454,876 filed of even date which disclose similar signal
      devices.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Many kinds of emergency flares, flags, reflectors and the like have been
      devised and used, for example, to warn approaching motorists that a
      disabled vehicle is present along a highway. All of the known devices,
      however, take considerable time to deploy, many are fire hazards, and most
      are susceptible to the destruction of their effectiveness when struck or
      run over by passing vehicles.
PAR  According to the present invention, a device is provided which may be
      dropped or thrown from a vehicle or otherwise placed on the roadway
      without the necessity for taking time to "set up" the device. When used
      with a chemically actuated light tube, for instance, the signal device may
      be easily seen at great distances, is fire proof, and is not easily
      rendered ineffective by being struck or run over by passing vehicles.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view of a typical bi-reactant chemical
      illuminating device usable in carrying out the present invention;
PAR  FIG. 2 is an exploded view of one embodiment of the invention;
PAR  FIG. 3 is an assembled view of the device of FIG. 2;
PAR  FIG. 4 is a view of the holder of FIG. 2 folded for storage; and
PAR  FIG. 5 is a side elevation partly in section of a second embodiment of the
      invention.
DETD
PAC  DESCRIPTION AND OPERATION
PAR  Shown in FIG. 1 generally designated by numeral 10 is a chemical lighting
      device having an outer cylindrical tube 12 of translucent material and
      containing a frangible ampoule 13 positioned inside the cylinder. The
      ampoule 13 is maintained in position by an indentation 12' in tube 12.
PAR  Tube 12 is made of a durable nonbreakable material such as clear
      radiation-crosslinked polyolefinic plastic tubing. The end 24 of the tube
      is flattened and sealed by application of heat and the flattened end may
      be pierced and the opening fitted with a grommet. The ampoule 13 contains
      an activator material and is preferably made of glass which may be easily
      broken to effect mixing with the chemiluminescent material 15 which
      substantially fills the remainder of the tube 12. The lighting device may
      also be of the type disclosed in assignee's prior U.S. Pat. No. 3,764,796
      referenced above. The chemical lighting device of the prior patent
      contains two ampoules. In other words, one ampoule contains a
      chemiluminescent material and the other ampoule contains an activator
      material. Since these chemical lighting devices are the inventions of
      others, applicants make no claim to invention of these devices per se.
PAR  Chemiluminescent materials usable as reactants in the light tube might be
      an oxalate ester such as bis (2, 4, 5-trichloro-6-carbopentoxyphenyl)
      oxalate, and a fluorescer such as 9, 10 bis (phenylethynly) anthracene.
PAR  A first embodiment of the roadside signal according to the present
      invention, is shown in FIG. 2 wherein a base generally designated by
      numeral 14 is contoured to receive the light tube 12. Base 14 comprises
      two rotatable base members 16, 18 which may be fastened together, for
      example, by means of screw 19 and nut 29. Both base members may have
      downwardly folded resilient arms 21 to aid in maintaining the device in an
      upright position. The device is assembled by placing the light tube 12 in
      cavity 22 and forcing a keeper 23 over the tabs 25 of the upper base
      member 18.
PAR  The keeper 23 may be of lead of some other heavy material to lower the
      center of gravity of the assembled device and lend stability thereto.
      Alternatively, the cavity 30 in base member 18 may be filled with heavy
      material. The two halves of the base 16, 18 are packaged fastened together
      by screw 19 and nut 29 and with keeper 23 in place. The light tube is
      packaged separately.
PAR  The fully assembled device ready for use is shown in FIG. 3. Assuming that
      the ampoule or ampoules have been broken before assembly the signaling
      device when thrown or placed on the roadway will give off light for the
      life of the chemical mixture. The base is designed to maintain the light
      tube in an upright position on the roadway even when thrown or dropped
      from a moving vehicle.
PAR  The two halves of the base are rotatable around screw 19 to present a flat
      package for storage as shown in FIG. 4.
PAR  An alternative base is illustrated in FIG. 5 wherein the cup shaped base
      member 100 is surmounted by one or more rotatable members 118 having
      resilient depending fingers 121. The cup shaped member 100 has a cavity
      130 which may be filled with heavy material for lowering the center of
      gravity as mentioned in the description of the first embodiment.
PAR  Although the base members have been illustrated in combination with a
      particular chemical light member, it is obvious that any visual
      augmentation device of a similar size and shape could be used with the
      base member herein described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A traffic signal marker comprising:
PA1  an unbreakable elongated light transmitting tube containing two manually
      miscible chemical reactants;
PA1  said reactants, when mixed, being effective to emit light from said light
      transmitting tube;
PA1  a base member securedly receiving one end of said tube;
PA1  said base member comprising first and second support members;
PA1  said support members being arcuate in form and having upwardly facing
      concave surfaces and bottom surfaces for contacting a horizontal surface;
      and
PA1  each said support member having upturned peripheral ends with attached
      resilient downwardly projecting outboard stabilizing prongs, said bottom
      surfaces and said stabilizing prongs coacting to contact a supporting
      surface at approximately right angles thereto and to maintain the light
      tube in an upright position when the signal marker is deployed on the
      horizontal surface.
NUM  2.
PAR  2. The device of claim 1 wherein said support members comprise an uppermost
      member and a lowermost member and said uppermost member comprises a
      chamber for receiving the end of said tube; and
PA1  lock means including upstanding abutment means on said uppermost support
      member and tubular retaining means fitted over said upstanding means for
      retaining the end of said tube in said chamber.
NUM  3.
PAR  3. A traffic signal marker comprising:
PA1  an unbreakable elongated light transmitting tube containing
      chemiluminescent reactant material means;
PA1  a base member securedly receiving one end of said tube;
PA1  said base member comprising first and second support members;
PA1  each said support member being arcuate in form and having upwardly facing
      concave surfaces and bottom surfaces for contacting a horizontal surface
      when deployed thereon, each end of the upwardly concave surfaces of the
      support members having a downwardly projecting resilient arm member;
PA1  said support members being rotatably fastened together at their lower
      extremities and having interlocking facing surfaces;
PA1  each support means being relatively movable from a co-linear storage
      position to an orthogonal deployment position whereat said interlocking
      facing surfaces effectively lock the two support means together.
NUM  4.
PAR  4. The device of claim 3 wherein each of said first and second support
      members are arcuate in form having upwardly facing concave surfaces: and
PA1  each said end of the support member having peripheral ends with attached
      resilient downwardly projecting outboard stabilizing prongs adapted to
      contact a supporting surface at approximately right angles thereto when
      the signal marker is deployed.
NUM  5.
PAR  5. The device of claim 4 wherein said support members comprise an uppermost
      member and a lowermost member and said uppermost member comprises a
      chamber for receiving the end of said tube; and
PA1  lock means including upstanding abutment means on said uppermost support
      member and tubular retaining means fitted over said upstanding means for
      retaining the end of said tube in said chamber.
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ABST
PAL  A foldable triangular traffic signalling device including a collapsible
      body having first, second and third leg members connected together for
      movement between an erect triangle forming position in which each leg
      member constitutes one leg of a triangle and a folded position. One of the
      leg members has a pair of spaced sidewall members, and the other leg
      members each have an inner end received in the space between the sidewall
      members and pivotally connected to the sidewall member such that the other
      leg members can be folded and stored within the space between the sidewall
      members when the device is not in use. Light reflective means is provided
      on the outer surface of the leg members to define a triangular warning
      device when the leg members are in their erect position.
PARN
PAR  This is a continuation, of application Ser. No. 273-250, filed July 19,
      1972 (now abandoned), the latter application in turn being a
      continuation-in-part of copending applications Ser. Nos. 163,734 (now
      abandoned) and 196,428 (now abandoned) filed July 19, 1971 and Nov. 8,
      1971, respectively.
BSUM
PAR  This invention relates generally to traffic warning and signalling devices,
      and is particularly concerned with triangular warning devices that can be
      conveniently stored in a vehicle in a collapsed or folded condition, and
      which can be easily erected and placed on a roadway in an upright position
      to warn approaching vehicles of a stalled vehicle or other obstruction or
      potentially dangerous situation.
PAR  The U.S. National Highway Safety Bureau has proposed a new safety standard,
      for both vehicles and equipment, that would require warning devices to be
      provided for passenger cars, multi-purpose passenger vehicles, trucks, and
      buses, and establish performance requirements for warning devices that in
      emergencies can be erected on or near the roadway to warn approaching
      drivers of the presence of a stopped vehicle. The proposed warning device
      is to have the configuration of an equilateral triangle covered on one or
      both faces with red reflex reflective material and orange flourescent
      material. The warning device must be foldable into a compact unit and must
      be constructed such that it can be erected from a folded condition and
      folded from an erect condition without the use of tools. When erected on
      or near a roadway to warn approaching drivers, the device will be
      subjected to high winds, and accordingly, the warning device is to be
      constructed so that it can maintain an erect position upon smooth concrete
      under the action of a forty mile per hour wind or more.
PAR  Foldable triangular signs and signalling devices are disclosed in U.S. Pat.
      No. 3,600,059; Canadian Pat. Nos. 678,800 and 696,573; French Pat. No.
      1,128,096 and Australian Pat. 215,000. Collapsible signal devices of other
      than triangular configuration are disclosed in U.S. Pat. Nos. 2,062,479
      and 3,056,377.
PAR  An object of this invention is to provide a collapsible or foldable
      triangular signalling device in which the components can all be
      snap-fitted together without the use of cement or adhesives.
PAR  A further object is to provide a collapsible or foldable triangular
      signalling device wherein one leg of the triangle may also be used to
      store the other two legs in the folded condition of the device.
PAR  A still further object is to provide a signalling device of triangular
      configuration wherein at least a portion of the legs of the triangle are
      covered with cube corner reflex reflectors and wherein the reflectors can
      be quickly and easily located on the legs of the triangle during
      manufacture.
PAR  A still further object is to provide a warning or signalling device of
      triangular configuration wherein a plurality of cube corner reflex
      reflector elements are secured to the legs of the triangle and are shaped
      so that they can be interchangeably mounted on either of the legs of the
      triangle to simplify the assembly and manufacture of the device.
PAR  A further object is to provide a warning device for use with stopped or
      disabled vehicles that can be erected on the roadway adjacent the vehicle
      and withstand high wind forces without collapsing from the erected
      position.
PAR  Still another object is to provide a portable, light weight warning device
      that can be erected on a roadway adjacent a disabled or stopped vehicle
      that has high resistance to being displaced or overturned by wind
      pressure.
PAR  Another object is to provide a foldable warning or signalling device of
      triangular configuration which, even in its folded condition, can serve as
      a reflective warning device, and which can be stored in its collapsed
      condition on a vehicle door or the like to provide a reflective warning
      device when the door is open.
PAR  In carrying out the foregoing, and other objects, a traffic signalling or
      warning device according to the present invention includes a body having
      first, second and third leg members connected together for movement
      between an erect, triangle forming position in which each leg member
      constitutes one leg of a triangle, and a folded position. One of the leg
      members is formed with a pair of spaced sidewall members, and the other
      two leg members each have one end received in the space between the
      sidewall members and pivotally connected thereto so that they can be
      folded into the space between the sidewall members. Interengageable means
      is provided on the foldable leg members for detachably securing the outer
      ends of the foldable leg members together in the erect position. Light
      reflective means is provided on at least one outer surface of each of the
      leg members.
PAR  The leg member having the spaced sidewalls is formed of a pair of
      complementary molded plastic shells which can be snap secured together to
      form an enclosure for receiving the other leg members in the folded
      position. The shells are formed with complementary inwardly tapered pin
      and tubular guide members so that the two shells can be fitted together by
      inserting the pins into the tubular guide members. The pivotal leg members
      are pivotally connected within the enclosure by pivot members that are
      snap-fitted onto the leg members and enclosure walls.
PAR  Support means is mounted on one of the leg members for supporting the
      device in an erect position on a roadway surface. The support means is
      movable between an active position for supporting the device in an erect
      position on a roadway surface, and an inactive, stored position adjacent
      one of the leg members. The support means includes a pair of support arms
      each of which has its inner end pivotally connected to one of the leg
      members such that it is pivotally movable with respect to the leg member
      between an extended active position to provide a wide support base and a
      retracted, stored position. In order to provide increased resistance to
      displacement or tipping from an erect, upright position on a roadway, the
      support arms are of heavy metal enclosed by an outer layer of plastic.
      Locking means is engageable between the support arms and the leg member to
      which the support arms are attached for restraining the support arms
      against movement from the active position caused by forces generated by
      wind pressure on the erect device. Sponge material is provided on the
      support arms and on the leg member on which the support arms are mounted
      for engaging the roadway surface and providing a resistance to movement
      along the roadway surface caused by wind pressure.
PAR  The light reflective means comprises a plurality of translucent plastic
      cube corner reflex reflector elements secured to the outer surfaces of the
      leg members. The reflector elements are shaped and arranged on the leg
      members to form a triangular configuration in the erect position of the
      leg members. In order to facilitate manufacture of the device, the
      reflector elements include three identical corner reflector elements and
      three identical elongated reflector elements for each surface of the
      device. In the erect position, the elongated elements each extend between
      an adjacent pair of the corner elements. Two of the corner reflector
      elements are secured to one leg member adjacent opposite ends thereof, and
      the third corner reflector element is secured to the outer end of one of
      the foldable leg members with each of the leg members having an elongated
      reflector element secured thereto. The reflector elements are each bounded
      by locating ribs projecting from the surface of the respective leg members
      to facilitate location of the reflector elements on the respective leg
      members. The reflector elements are secured to the reflective leg members
      by sonic welding which seals the reflector elements onto the plastic leg
      members of the triangle. consequently, the cube corner reflectors are not
      required to be metallized on their reverse faces so that optical
      efficiency is maintained.
PAR  In order to reduce the wind resistance of the erect device, a plurality of
      openings is formed in the leg members adjacent the reflector elements. In
      one version, the leg members have flat, planar outer surfaces adjacent the
      reflex reflector elements, and the openings comprise a series of elongated
      slots extending along the length of the leg members. In another version,
      the leg members have irregular or waffled outer surfaces adjacent the
      reflex reflector elements and a plurality of rows of openings extending
      both laterally and longitudinally along the width and length,
      respectively, of the leg members are provided to reduce wind resistance.
      In this version, the material of the leg members extending between
      adjacent pairs of the openings is of diamond configuration in
      cross-section. The material of the leg members may be fluorescent at least
      in the areas not covered by the reflector elements.
PAR  In summary, the present invention is embodied in (1) a warning or
      signalling device of triangular configuration having reflex reflector
      elements secured to an outer surface of the legs of the triangle, the
      reflex reflector elements being shaped and arranged to form a triangular
      configuration with each of the reflector elements bounded by ribs
      projecting from the surface of the leg member, and various of the
      reflector elements being of identical shape to be interchangeably mounted
      on the leg members, (2) a collapsible or foldable signalling device of
      triangular configuration in its erect position in which one of the leg
      members of the triangle forms an enclosure for receiving the other leg
      members in the collapsed or folded condition of the device, (3) a traffic
      warning or signalling device that can be erected on a roadway surface near
      a disabled or stopped vehicle to warn oncoming vehicles that has a
      foldable support means which provides high resistance to forces generated
      by wind pressure tending to displace or overturn the erect warning device
      and which can be conveniently folded to a stored position when the device
      is removed from the roadway surface, or (4) a collapsible or foldable
      traffic signalling device of triangular configuration having reflex
      reflector elements on the outer surface or surfaces of the legs of the
      triangle, and having a plurality of openings in at least some of the legs
      of the triangle to reduce the resistance of the device to wind pressure
      when it is erected on a roadway surface.
DRWD
PAR  Other objects, advantages and features of the invention will become
      apparent from the following description taken in connection with the
      accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a foldable triangular traffic signalling
      device according to the invention with the device illustrated in its erect
      position;
PAR  FIG. 2 is an elevational view of the device of FIG. 1 illustrated in its
      folded condition with the foldable leg members being illustrated in their
      erect position in phantom lines;
PAR  FIG. 3 is a top plan view taken on lines 3--3 of FIG. 2;
PAR  FIG. 4 is a bottom plan view taken on lines 4--4 of FIG. 2;
PAR  FIG. 5 is a view similar to FIG. 4, slightly enlarged, illustrating the
      parts in different positions in phantom lines;
PAR  FIG. 6 is an enlarged detail view, partially in section, of the device of
      FIG. 1;
PAR  FIG. 7 is a sectional view taken on lines 7--7 of FIG. 6;
PAR  FIG. 8 is a slightly enlarged detailed view of the apex portion formed by
      the foldable leg members of the device;
PAR  FIG. 9 is a sectional view taken on lines 9--9 of FIG. 8;
PAR  FIG. 10 is a sectional view taken on lines 10--10 of FIG. 8;
PAR  FIG. 11 is a sectional view taken on lines 11--11 of FIG. 8;
PAR  FIG. 12 is a sectional view taken on lines 12--12 of FIG. 2;
PAR  FIG. 13 is a sectional view taken on lines 13--13 of FIG. 2;
PAR  FIG. 14 is a sectional view taken on lines 14--14 of FIG. 1;
PAR  FIG. 15 is an enlarged, fragmentary elevational view of a modified version
      of the invention;
PAR  FIG. 16 is a sectional view taken on lines 16--16 of FIG. 15;
PAR  FIG. 17 is a perspective view of a modified support arm for a traffic
      signalling device according to the invention; and
PAR  FIG. 18 is a perspective view of a typical vehicle door with the folded
      signalling device according to the invention stored thereon.
DETD
PAR  Referring particularly to FIG. 1 of the drawings, reference numerals 1, 2
      and 3 collectively designate first, second and third leg members of the
      collapsible body of a foldable triangular traffic signalling device
      according to the invention. As shown in FIG. 1, the first leg member 1
      forms the base leg of the triangle, the second and third leg members 2 and
      3, respectively, being of equal length to each other and to leg member 1
      so that a traffic signalling device of equilateral triangular
      configuration is formed. As will be pointed out in greater detail
      hereinbelow, the leg members 1, 2 and 3 are connected together for
      movement between the erect, triangle forming position illustrated in FIG.
      1 in which each leg member constitutes one leg of a triangle, and a folded
      position illustrated in full lines in FIG. 2.
PAR  The first or base leg member 1 has a pair of spaced sidewall members 4 and
      6, and the second and third leg members 2 and 3 have inner ends 12 and 14,
      respectively, and outer ends 8 and 10, respectively. The inner ends 12 and
      14 are received in the space between the sidewall members 4 and 6 and are
      pivotally connected at spaced locations to the sidewall members 4 and 6.
      Each of the second and third leg members 2 and 3 are thus pivotally
      movable with respect to the first leg member 1. Leg members 2 and 3
      project angularly from the first leg member in the erect position shown in
      FIG. 1, and are received in the space between the sidewall members 4 and 6
      in the folded position as shown in FIG. 2. As illustrated more clearly in
      FIG. 14, the sidewall member 6 is formed with an inwardly projecting
      hollow cylindrical bearing member 16, and the inner end 12 of the leg
      member 2 is formed with a hollow cylindrical sleeve member 18 which is
      rotatably mounted on the bearing member 16 so that the leg member 2 is
      pivotal about the axis of the bearing member 16 between the erect
      positions shown in FIG. 1 and the folded position shown in FIGS. 2, 3, 12
      and 13. An expandible pivot fastener 20 prevents separation of the leg
      member 2 from the sidewall member 6. The expandible fastener 20 is of
      plastic material, and includes a split shank portion 21 which is
      resiliently radially compressible, a resiliently radially compressible end
      flange 22 and a head portion 23 (FIG. 14). The end flange 22, due to the
      radial resiliency of the split shank portion 21, can be pressed through
      the hollow bearing member 16 until the end flange 22 snaps outwardly to
      the position shown in FIG. 14 to axially secure the fastener 20 to the
      sidewall member 6. The head portion 23 projects radially outwardly from
      the shank portion and engages the leg member 2 as shown in FIG. 14 to
      prevent axial separation of the leg member 2 from the bearing member 16.
      The leg member 3 is secured to the sidewall member 4 in an identical
      manner by an expandible fastener 20a identical in construction to the
      fastener 20.
PAR  The base leg member 1 is made up of a pair of complementary shell members
      24 and 25 secured together to form an enclosure for receiving the leg
      members 2 and 3 in the folded position. The sidewall members 4 and 6
      constitute sidewalls of the shell members 24 and 25, respectively. The
      shell members 24 and 25 each further include end wall members 26 and 27,
      respectively, and bottom wall members 28 and 29, respectively (FIGS. 12,
      13 and 14). Drain holes 30 are formed in the bottom wall members (FIG.
      13). As shown in FIG. 12, inwardly projecting tapered pins 34 are formed
      on the shell member 24 and inwardly projecting complementary tubular guide
      members 35 are formed on the shell member 25 for frictionally receiving
      the pins 34. The shell members 24 and 25 are secured together by inserting
      the pins 34 into the corresponding guides 35.
PAR  The second and third leg members 2 and 3 are provided with interengaging
      means near their outer end 8 and 10, respectively, for detachably securing
      the outer ends together in the erect position of FIG. 1. The interengaging
      means includes a slot 36 formed in leg member 2 (FIGS. 8 and 9) and a pin
      37 integrally molded onto leg member 3 and received in the slot 36. The
      pin 37 is formed with an enlarged head portion 38 on its outer end to
      prevent the leg members 2 and 3 from being separated along the axis of pin
      37. When the pin 37 is received in the slot 36 as shown in FIGS. 8 and 9,
      the leg members 2 and 3 are secured in the erect position and extend
      angularly from the enclosure defined by the shell members 24 and 25.
PAR  Light reflective means is provided on at least one outer surface of each of
      the leg members 1, 2 and 3 and includes a plurality of translucent
      plastic, cube corner reflex reflector elements secured to corresponding
      outer surfaces of the leg members. In the illustrated embodiment, both
      outer surfaces of the leg members are provided with the reflex reflector
      elements. The reflex reflector elements are shaped and arranged on the leg
      members to form a triangular configuration in the erect position of the
      leg members. The reflector elements on one surface of the leg members, the
      surface visible in FIG. 1, include three identical V-shaped corner
      reflector elements 41, 42 and 43 for defining the triangle corners or
      apices, and three identical elongated reflector elements 44, 45 and 46,
      each of which extends between an adjacent pair of the corner elements in
      the erect position of the leg members. The first and second corner
      reflector elements 41 and 42 are secured to the outer surface of the first
      leg member 1 on the sidewall member 4 adjacent opposite ends of the leg
      member 1. One leg of each of the V-shaped corner elements is disposed in
      parallel relationship with the base leg 1, and the first elongated element
      44 is secured to sidewall member 4 and extends therebetween. The other leg
      of the V-shaped corner element 41 projects in the direction of the erect
      leg member 3, and the other leg of the V-shaped corner element 42 projects
      in the direction of the erect leg member 2. A second elongated reflector
      element 45 is secured to the second leg member 2, and the third V-shaped
      corner reflector element 43 and the third elongated reflector element 46
      are both secured to the third leg member 3. One leg of the V of corner
      element 43 extends in the direction of leg member 3, and the other leg of
      the V extends in the direction of leg member 2 when leg member 2 is erect.
      The illustrated reflector elements are formed of light transmitting
      synthetic resin material, and have smooth outer surfaces, the inner
      surfaces being formed with a plurality of cube corner reflex reflectors.
      Each of the reflector elements 41-46 are formed with an outwardly
      projecting peripheral flange surrounding the smooth outer surface, and an
      inwardly projecting peripheral flange surrounding the cube corner reflex
      reflectors and which seals against the surface of the respective leg
      members to maintain a space between the cube corner reflectors and the
      surface of the leg member. The elongated reflector elements 44, 45 and 46
      in the illustrated embodiment are of trapezoidal shape in plan with the
      longer edges constituting the outside edges of the reflective triangle.
PAR  Each of the leg members 1, 2 and 3 is formed with outwardly projecting
      locating ribs, and each of the reflector elements is bounded by the
      locating ribs for ease of assembly of the reflector elements to the leg
      members. Thus, the corner reflector element 41 is bounded by an outwardly
      projecting rib 47 which extends around the entire periphery of the
      reflector element 41 to define a recess for receiving the reflector
      element 41. Similarly, the elongated reflector element 44 is surrounded by
      an outwardly projecting rib 48 which extends around the entire periphery
      of the reflector element 44 and defines a recess for receiving the
      reflector element 44. The corner reflector element 42 is surrounded by a
      rib 50 which extends around the periphery of the reflector element 42 and
      defines a recess for receiving the reflector element 42. Similarly, the
      reflector element 45 is surrounded by an outwardly projecting rib 51
      molded onto leg member 2, and the reflector elements 43 and 46 are
      surrounded by ribs 52 and 53 molded into the leg member 3. In the
      illustrated embodiment, the opposite faces of the respective leg members
      are also provided with identical reflector elements 41a through 46a
      corresponding respectively with the reflector elements 41 through 46. The
      reflector element 43a corresponding to the corner reflector element 43 is
      located on leg member 2, and the corresponding face of leg member 3 is
      provided with only the single elongated reflector element 46a.
PAR  The reflector elements are secured to the surfaces of the respective leg
      members by sonic welding or the like to seal the reflector elements onto
      the plastic leg members 1, 2 and 3.
PAR  The leg members 2 and 3 are formed with outwardly extending tabs 54 and 55,
      respectively, that can be grasped to assist in unfolding the legs from the
      collapsed position of FIG. 2.
PAR  For supporting the device in an erect position on a roadway, support means
      is mounted on the leg member 1 for movement between an active supporting
      position and an inactive stored position. The support means includes a
      pair of support arms 56 and 57 each having its inner end pivotally
      connected to the bottom wall of the leg member 1. The support arms 56 and
      57 are pivotally movable with respect to the leg member 1 between the
      extended active position shown in FIG. 1 and an inactive stored position
      illustrated in FIGS. 2, 4 and 5.
PAR  As shown in FIG. 6, the support arm 56 is pivotally secured to the bottom
      wall of the leg member 1 by an expandable fastener 58. The support arm 56
      is formed with a mounting portion 60 having a cylindrical sleeve portion
      61 which rotatably receives the split shank 62 of the fastener 58. The
      fastener 58 has a radially outwardly extending end flange 64 which, due to
      the radial resiliency of the split shank 62, can be pressed through an
      opening 63 in the bottom wall of the leg member until the end flange 64
      snaps outwardly to secure the fastener in place. The fastener 58 is of
      similar construction to the fasteners 20 and 20a.
PAR  The device is provided with locking means for restraining the support arms
      56 and 57 against movement from the active position illustrated in full
      lines in FIG. 1 and in phantom lines in FIG. 5. The locking means includes
      a cam surface 65 formed on the mounting portion 60, a groove 66 formed in
      the cam surface 65, and spaced stop shoulders 67 and 68 formed on the
      mounting portion 60. The locking means further includes a pair of posts 72
      projecting downwardly from opposite ends of the leg member 1 and
      cooperable with the cam portion 65 of the support arms. The posts 72 are
      each formed with a projection 70 resiliently engaged with the cam surface
      65. In the inactive or retracted position of the support arm 56, the
      projection 70 engages the stop shoulder 68 as shown in FIG. 5. When the
      support arm 56 is moved to the extended active position as illustrated in
      phantom lines in FIG. 5, the cam surface 65 slides along the projection 70
      until the projection 70 resiliently snaps into the groove 66 as the
      support arm 56 reaches the phantom line position shown in FIG. 5. The post
      72 is also formed with a ledge or corner portion 74 which engages the stop
      shoulder 67 to limit the travel of the support arm 56 in the extended
      direction. Since the locking means including the posts 72 and mounting
      portion of support arm 57 is identical, it will not be described in
      detail.
PAR  The support arms 56 and 57 are of molded plastic construction having a
      metal core 76 (FIGS. 6 and 7) to add weight and stability to the warning
      device in the erect position as shown in FIG. 1. The metal core 76 is
      completely encased in the plastic material and may be of steel or other
      heavy material. The outer ends of the support arms are formed with tongue
      portions 78 which are receivable in slots 80 formed in the mounting
      portions 60 of the opposite support arms. The tongue portions 78 are each
      formed with a projection 79 on the lower surface for frictional engagement
      with one wall of the slot 80 when received in the slot 80 to frictionally
      maintain the support arms 56 and 57 in their stored positions as
      illustrated in FIG. 4.
PAR  Pads 85 of sponge rubber or similar material are secured to the bottom of
      the posts 72, and pads 86 of sponge rubber or similar material are secured
      to the support arms 56 and 57 on their underneath sides adjacent the outer
      ends thereof. The pads 86 each have leading ends 86a adjacent the
      respective ends of the arms 56 and 57 from which the tongue portions 78
      project, and extend inwardly along the lengths of the arms to trailing
      ends 86b, as illustrated in FIG. 1. The sponge rubber material provides
      high resistance to sliding movement of the device under the action of high
      winds and adds to the stability of the erect device.
PAR  As shown in FIG. 1, the leg members 1, 2 and 3 of the triangular body are
      each wider than the respective elongated reflector elements 44, 45 and 46.
      The leg members, adjacent the respective elongated reflector elements,
      have flat, planar outer surfaces. Wind pressure against one face of the
      device tends to create vacuum pressure on the opposite face and the
      resultant force tends to overturn the device. For example, when the wind
      direction is toward the face of the device having the reflector elements
      44, 45 and 46, or toward the face of the device visible in FIG. 1, a
      vacuum pressure tends to form on the opposite face due to the air flow
      around the leg members. In order to reduce this tendency of a vacuum
      pressure forming on the face of the device opposite the face exposed to
      the wind pressure, a plurality of openings 88 are provided in the second
      and third leg members 2 and 3 adjacent the reflector elements 45 and 46.
      The openings 88 in the FIG. 1 embodiment comprise a series of elongated
      slots extending along the length of the leg members 2 and 3. Consequently,
      the wind passing through the slots 88 reduces the amount of vacuum
      pressure that can form on the face of the device opposite the face exposed
      directly to the wind pressure.
PAR  As pointed out above, the device is shown in its folded position in full
      lines in FIG. 2. In order to unfold the device and set it up in its erect
      position on a roadway surface, the tabs 54 and 55 may be grasped to pivot
      the leg members 2 and 3 about their respective pivot pins or fasteners 20
      and 20a. The leg members are manipulated about the pivot members 20 and
      20a until the pin 37 is inserted into the slot 36 as illustrated in FIG.
      8. The support means is moved to its active position by pivoting the
      support arms 56 and 57 outwardly from beneath the base leg member 1 to the
      position illustrated in FIG. 1. As pointed out previously, the projection
      70 is resiliently biased into engagement with the cam surface 65 so that
      it snaps into the groove 66 with a detent action when the leg member 56
      reaches its active position. The detent action provides high resistance to
      movement of the leg member from its extended position under the action of
      wind pressure and hence provides high resistance to collapse of the device
      under wind pressure.
PAR  When the device is in the erect position as shown in FIG. 1 on a roadway
      adjacent a stalled vehicle or the like, wind pressure against the face
      visible in FIG. 1 increases the pressure between pad 86 on the support arm
      57 which in turn increases the frictional resistance between pad 86 of
      support arm 57 and the roadway surface to provide high resistance to
      sliding movement of the device.
PAR  The leg members 1, 2 and 3 are all of molded plastic material, and
      preferably are of orange, fluorescent molded plastic material.
PAR  FIGS. 15 and 16 illustrate a second embodiment of the invention wherein the
      leg members, at least the leg members corresponding to leg members 2 and 3
      of the device of FIG. 1, are of waffled configuration in the areas
      adjacent to the areas in which the reflector elements are mounted. FIG. 15
      illustrates a portion of a leg member 100 corresponding to one of the leg
      members 2 and 3 of the device of FIG. 1 having cube corner reflex
      reflector elements 101 and 101a secured to opposite sides of the leg
      member. The area adjacent to the reflector elements 101 and 101a is molded
      into a waffled configuration having a plurality of openings 104 for
      reducing wind resistance. The plurality of openings consist of horizontal
      and transverse rows of openings 104, and as illustrated in FIG. 16, the
      material between adjacent pairs of the openings in the transverse rows is
      of diamond configuration. The openings 104 serve the same function as the
      openings or slots 88 in the embodiment of FIG. 1.
PAR  FIG. 17 illustrates a modified version of a support arm corresponding to
      the support arm 56 or 57 of the embodiment of FIG. 1. The support arm 156
      in FIG. 17 is extensible and includes a stationary portion 157 which is
      pivotally mounted to the base leg member of the triangular device, and an
      extensible leg portion 160. The stationary leg portion 157 is formed with
      an elongated groove 158 and a pair of pins 159. The extensible leg portion
      160 is formed with a pair of elongated slots 161 and 162 each of which
      receives one of the pins 159. When the support arm 156 is swung outwardly
      from its stored position beneath the base leg of the triangle, the
      extensible portion 160 can be extended outwardly to increase the length of
      the support arm and hence increase the stability of the erect warning
      device.
PAR  FIG. 18 illustrates a typical car door 188 wherein the warning device in
      its folded position is stored on the door in a recess or the like formed
      on the inside of the door such that when the door is opened, the base leg
      1 of the triangle with its reflector elements are visible to traffic
      approaching from the rear of the vehicle to warn the approaching drivers.
PAR  While specific embodiments of the invention have been disclosed in the
      accompanying drawings and described in the foregoing specification, it
      should be understood that the invention is not limited to the exact
      construction shown. Alterations in the construction and arrangement of
      parts, all falling within the scope and spirit of the invention, will be
      apparent to those skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A foldable triangular traffic signalling device comprising: a
      collapsible body having first, second and third leg members connected
      together for movement between an erect triangle forming position in which
      each leg member constitutes one leg of a triangle and a folded position;
      said first leg member having a pair of spaced side wall members; said
      second and third leg members each having an inner end and an outer end
      with said inner ends being received in the space between said side wall
      members and pivotally connected at spaced locations to said side wall
      members such that each of said second and third leg members is pivotally
      movable with respect to said first leg member and projects angularly from
      said first leg member in said erect position and is received in the space
      between said side wall members in said folded position; interengaging
      means near said outer ends of said second and third leg members for
      detachably securing said outer ends together in said erect position; light
      reflective means on at least one outer surface of each of said leg
      members; said first leg member comprising a pair of complementary shell
      members secured together to form an enclosure for receiving said second
      and third leg members in the folded position, each of said side wall
      members defining a side wall of one of said shell members; said shell
      members each further including end wall members projecting inwardly from
      the opposite end edges of the associated side wall member, and a bottom
      wall member projecting inwardly from the bottom edge of the associated
      side wall member; one of said shell members being formed with inwardly
      projecting tapered pins and the other of said shell members being formed
      with complementary tubular guide members receiving said pins; including
      support means mounted on said first leg member for movement between an
      active position to support said leg members upright in their erect
      position and an inactive stored position, said support means including a
      pair of support arms each having its inner end pivotally connected to said
      first leg member such that each support arm is pivotally movable with
      respect to said first leg member between an extended active position and a
      retracted, inactive position, said support means further including locking
      means engaged between said support arms and said first leg member for
      restraining said support arms against movement from their active
      positions, said locking means comprising grooves and projections on said
      support arms and first leg member, said projections being resiliently
      received in the respective grooves when the respective support arms are in
      the extended position.
NUM  2.
PAR  2. A device as claimed in claim 1 wherein said support means further
      includes a pair of spaced support posts projecting from the bottom wall
      members of said first leg member, said projections being located on said
      support posts, and said grooves being located on said support arms.
NUM  3.
PAR  3. A device as claimed in claim 2 wherein said support arms each comprise
      elongated hollow plastic members with a metal core to add weight to the
      support arms and increase the stability of the leg members in the upright,
      erect position.
NUM  4.
PAR  4. A device as claimed in claim 3 further including pads of sponge rubber
      or the like on the underneath sides of the outer ends of said support arms
      and on said support posts.
NUM  5.
PAR  5. A device as claimed in claim 3 wherein said light reflective means
      comprises a plurality of translucent plastic reflector elements secured to
      the corresponding outer surfaces of said leg members and including three
      identical corner reflector elements for defining triangle corners and
      three identical elongated reflector elements each extending between and
      adjacent pair of corner elements in the erect position of said leg
      members.
NUM  6.
PAR  6. A device as claimed in claim 5 wherein: first and second of said corner
      reflector elements are secured to the outer surface, said first leg member
      adjacent opposite ends thereof, and a first one of the elongated reflector
      elements secured to said outer surface of said first leg member and
      extending between said first and second corner reflector elements; a
      second elongated reflector element is secured to said second leg member;
      and the third corner reflector element and the third elongated reflector
      element is secured to said third leg member such that in the erect
      position of said leg members said second elongated reflector element
      extends between said second and third corner reflector elements and said
      third elongated reflector element extends between said first and third
      corner reflector elements.
NUM  7.
PAR  7. A device as claimed in claim 6 wherein each of said reflector elements
      is bounded by locating ribs projecting from the outer surface of the
      respective leg members.
NUM  8.
PAR  8. A foldable triangular traffic signalling device comprising: a
      collapsible body having first, second and third leg members connected
      together for movement between an erect triangle forming position in which
      each leg member constitutes one leg of a triangle and a folded position;
      said first leg member having a pair of spaced side wall members; said
      second and third leg members each having an inner end and an outer end
      with said inner ends being received in the space between said side wall
      members and pivotally connected at spaced locations to said side wall
      members such that each of said second and third leg members is pivotally
      movable with respect to said first leg member and projects angularly from
      said first leg member in said erect position and is received in the space
      between said side wall members in said folded position; interengaging
      means near said outer ends of said second and third leg members for
      detachably securing said outer ends together in said erect position; light
      reflective means on at least one outer surface of each of said leg
      members; said light reflective means comprising a plurality of translucent
      plastic reflector elements secured to corresponding surfaces of said leg
      members, said reflector elements being shaped and arranged on the leg
      members to form a triangular configuration in the erect position of said
      leg members; said plurality of reflector elements including three
      identical corner reflector elements for defining triangle corners, and
      three identical elongated reflector elements each extending between an
      adjacent pair of corner elements in the erect position of said leg
      members; and wherein first and second of said corner reflector elements
      are secured to the outer surface of said first leg member adjacent
      opposite ends thereof, and a first one of the elongated reflector elements
      is secured to said outer surface of said first leg member and extends
      between said first and second corner reflector elements; a second
      elongated reflector element is secured to said second leg member; and the
      third corner reflector element and the third elongated reflector element
      is secured to said third leg member such that in the erect position of
      said leg members said second elongated reflector element extends between
      said second and third corner reflector elements and said third elongated
      reflector element extends between said first and third corner reflector
      elements; and wherein each of said reflector elements is bounded by
      locating ribs projecting from the outer surface of the respective leg
      members; and wherein said leg members are each wider than said elongated
      reflector elements, and further including a pluality of openings through
      the portion of said second and third leg members adjacent said second and
      third reflector elements, respectively, for reducing wind resistance of
      the erect leg members.
NUM  9.
PAR  9. A device as claimed in claim 8 wherein said second and third leg members
      have flat, planar outer surfaces adjacent their respective elongated
      reflector elements, and said openings comprise a series of elongated slots
      extending along the length of said second and third leg members.
NUM  10.
PAR  10. A device as claimed in claim 9 wherein said leg members are composed of
      fluorescent material at least in the areas not covered by said reflector
      elements.
NUM  11.
PAR  11. A device as claimed in claim 8 wherein said second and third leg
      members are waffled adjacent their respective elongated reflector
      elements, and said openings comprise a plurality of rows of openings
      extending both laterally and longitudinally along the widths and lengths,
      respectively, of said second and third leg members.
NUM  12.
PAR  12. A device as claimed in claim 11 wherein the material of said second and
      third leg members extending between adjacent pairs of said openings is of
      diamond configuration in cross-section.
NUM  13.
PAR  13. A device as claimed in claim 12 wherein said leg members are composed
      of fluorescent material at least in the areas not covered by said
      reflector elements.
NUM  14.
PAR  14. A foldable triangular signalling device comprising: a collapsible body
      having first, second and third leg members connected together for movement
      between an erect triangle forming position in which each leg member
      constitutes one leg of a triangle, and a folded position; said second and
      third leg members each having an inner end and an outer end; means
      pivotally connecting the inner ends of said second and third leg members
      to said first leg member, said means comprising a pair of spaced
      cylindrical bearing members projecting from said first leg member, each of
      said bearing members having an opening extending therethrough; a hollow
      sleeve member formed on the inner end of each of said second and third leg
      members, each of said hollow sleeve members being rotatably received on
      one of said bearing members, and a pair of expandable pivot fasteners each
      axially securing one of said sleeve members to the bearing member in which
      it is mounted, said fasteners each including a split, resiliently radially
      compressible shank portion, a resiliently radially compressible end flange
      on one end of said shank portion and an enlarged head portion on the other
      end of said shank portion, said shank portion being received in said
      bearing member with said end flange projecting radially outwardly of one
      end of the bearing opening to axially secure said fastener to said bearing
      member and the head portion projecting radially outwardly of the other end
      of said bearing opening and said sleeve member to axially secure said
      sleeve member to said bearing member, and interengaging means on the outer
      ends of said second and third leg members for securing said outer ends
      together in said erect position.
NUM  15.
PAR  15. A device as claimed in claim 14 further including support means mounted
      on said first leg member for movement between an active position to
      support said leg members upright in their erect position and an inactive
      stored position.
NUM  16.
PAR  16. A device as claimed in claim 15 further including locking means on said
      support means for restraining said support means against movement from its
      active position.
NUM  17.
PAR  17. A device as claimed in claim 16 wherein said support means includes a
      pair of support arms each having its inner end pivotally connected to said
      first leg member such that each support arm is pivotally movable with
      respect to said first leg member between an extended active position and a
      retracted, inactive position.
NUM  18.
PAR  18. A device as claimed in claim 17 wherein each of said support arms is
      formed with a mounting portion having a cylindrical sleeve portion with an
      opening extending therethrough, and wherein said first leg member has a
      pair of spaced openings therein, said mounting portions being pivotally
      secured to said first leg member by a pair of pivot fasteners each
      extending through one of said sleeve portions and one of said openings,
      each of said pivot fasteners comprising a split, resiliently radially
      compressible shank portion, a resiliently radially compressible end flange
      on one end of said shank portion and an enlarged head portion on the other
      end of said shank portion, said shank portion being received in the
      cylindrical sleeve portion of one of said support arms as well as one of
      the openings in said first leg member with said end flange projecting
      radially outwardly of said opening and said head portion projecting
      radially outwardly of said sleeve portion.
NUM  19.
PAR  19. A device as claimed in claim 18 wherein said support arms each comprise
      elongated hollow plastic members with a metal core to add weight to the
      support arms and increase the stability of the leg members in the upright,
      erect position.
NUM  20.
PAR  20. A device as claimed in claim 29 further including pads of sponge rubber
      or the like on the underneath sides of said support arms near the outer
      ends thereof for engaging the road surface.
NUM  21.
PAR  21. A device as claimed in claim 14 including light reflective means on at
      least one outer surface of each of said leg members.
NUM  22.
PAR  22. A device as claimed in claim 21 wherein said light reflective means
      comprises a plurality of translucent plastic reflector elements secured to
      corresponding surfaces of said leg members, said reflector elements being
      shaped and arranged on the leg members to form a triangular configuration
      in the erect position of said leg members.
NUM  23.
PAR  23. A device as claimed in claim 22 wherein said plurality of reflector
      elements includes three identical corner reflector elements for defining
      triangle corners, and three identical elongated reflector elements each
      extending between an adjacent pair of corner elements in the erect
      position of said leg members.
NUM  24.
PAR  24. A device as claimed in claim 23 wherein: first and second of said
      corner reflector elements are secured to the outer surface of said first
      leg member adjacent opposite ends thereof, and a first one of the
      elongated reflector elements is secured to said outer surface of said
      first leg member and extends between said first and second corner
      reflector elements; a second elongated reflector element is secured to
      said second leg member; and the third corner reflector element and the
      third elongated reflector element is secured to said third leg member such
      that in the erect position of said leg members said second elongated
      reflector element extends between said second and third corner reflector
      elements and said third elongated reflector element extends between said
      first and third corner reflector elements.
NUM  25.
PAR  25. A device as claimed in claim 24 wherein each of said reflector elements
      is bounded by locating ribs projecting from the outer surface of the
      respective leg members.
NUM  26.
PAR  26. A device as claimed in claim 25 wherein said leg members are each wider
      than said elongated reflector elements, and further including a plurality
      of openings through the portion of said second and third leg members
      adjacent said second and third reflector elements, respectively, for
      reducing wind resistance of the erect leg members.
NUM  27.
PAR  27. A device as claimed in claim 26 wherein said second and third leg
      members have flat, planar outer surfaces adjacent their respective
      elongated reflector elements, and said openings comprise a series of
      elongated slots extending along the length of said second and third leg
      members.
NUM  28.
PAR  28. A device as claimed in claim 27 wherein said second and third leg
      members are waffled adjacent their respective elongated reflector
      elements, and said openings comprise a plurality of rows of openings
      extending both laterally and longitudinally along the widths and lengths,
      respectively, of said second and third leg member.
NUM  29.
PAR  29. A triangular traffic signalling device comprising: a triangular body
      having first, second and third leg members each constituting one leg of a
      triangle; light reflective means on at least one outer surface of each of
      said leg members, and support means mounted on said body for supporting
      said body upright on a roadway surface or the like, said support means
      including a pair of support arms each having one of its inner ends
      pivotally connected to one of said leg members such that each support arm
      is pivotally movable between an extended active position and a retracted
      inactive position, locking means engaged between said support arms and one
      leg member for restraining said support arms against movement from their
      active positions, said locking means comprising grooves and projections on
      said support arms and one leg member, said projections being resiliently
      received in the respective grooves when the respective support arms are in
      the extended position; and wherein said support means further includes a
      pair of spaced support posts projecting from said one leg member, said
      projections being located on said support posts, and said grooves being
      located on said support arms.
NUM  30.
PAR  30. A device as claimed in claim 29 wherein said support arms each comprise
      elongated hollow plastic members with a metal core to add weight to the
      support arms and increase the stability of the leg members in the upright,
      erect position.
NUM  31.
PAR  31. A device as claimed in claim 30 further including pads of sponge rubber
      or the like on the underneath sides of the outer ends of said support arms
      and on said support posts.
NUM  32.
PAR  32. A triangular traffic signalling device comprising: a triangular body
      having first, second and third leg members each constituting one leg of a
      triangle; a plurality of cube corner reflex elements secured to at least
      one outer surface of said leg members, said plurality of reflector
      elements including three identical corner reflector elements for defining
      triangular corners, each of said corner elements having an apex portion
      and a pair of legs of equal length extending from said apex portion, and
      three identical elongated reflector elements each extending between the
      aligned legs and adjacent pair of said corner reflector elements; support
      arm means pivotally mounted on said first leg member for movement between
      an active position projecting in opposite directions from said first leg
      member such that one end of said support arm means is spaced from said
      first leg member on one side thereof and the other end of said support arm
      means is spaced from said first leg member on the other side thereof for
      supporting said triangular body in an upright position on a road surface,
      and an inactive, stored position in substantial alignment with said first
      leg member; and a pair of elongated, resilient compressible pads of sponge
      rubber or the like, each of said pads being mounted on the underneath side
      of the respective ends of said support arm means and each having a leading
      end adjacent to the respective ends of said support arm means and
      extending inwardly from said ends of said support arm means along the
      length of said support means to a trailing end of said pad for engaging
      the road surface along the entire length of the pads in the active
      position of said support arm means; the compressibility of said sponge
      rubber pads permitting tilting movement of the triangular body in its
      upright position such that wind forces will tilt the triangular body in
      its upright position and compress the pad on the end of the support arm
      means opposite the side thereof against which the wind forces applied an
      amount that progressively decreases from the leading end thereof to the
      trailing end thereof so that the entire length of the pad can remain in
      contact with the road surface upon substantial complete compression of the
      leading end thereof to provide resistance to sliding movement with respect
      to the road surface.
NUM  33.
PAR  33. A foldable triangular traffic signalling device comprising: a
      collapsible body having first, second and third leg members connected
      together for movement between an erect triangle forming position in which
      each leg member constitutes one leg of a triangle and a folded position;
      said second and third leg members each having an inner end and an outer
      end with said inner ends being pivotally connected to opposite ends of
      said first leg member such that each of said second and third leg members
      is pivotally movable with respect to said first leg member and projects
      angularly from said first leg member in said erect position and is
      disposed in substantial parallel relationship with said first leg member
      in said folded position; inter engaging means near said outer ends of said
      second and third leg members for detachably securing said outer ends
      together in said erect position; light reflective means on at least one
      outer surface of each of said leg members; support arm means pivotally
      mounted on said first leg member for movement between an active position
      projecting in opposite directions from said first leg member such that one
      end of said support arm means is spaced from first leg member on one side
      thereof and the other end of said support arm means is spaced from said
      first leg member on the other side thereof for supporting said triangular
      body in an upright position on a road surface, and an inactive, stored
      position in substantial alignment with said first leg member; and a pair
      of elongated, resilient compressible pads of sponge rubber or the like,
      each of said pads being mounted on the underneath side of the respective
      ends of support arm means and each having a leading end adjacent the
      respective ends of said support arm means and extending inwardly from said
      ends of said support arm means along the length of said support arm means
      to a trailing end of said pads for engaging the road surface along the
      entire length of the pads in the active position of said support arm
      means, the compressibility of said sponge rubber pads permitting tilting
      movement of the triangular body in its upright position such that wind
      forces will tilt the triangular body in its upright position and compress
      the pad on the end of the support arm means opposite the side thereof
      against which the wind forces applied an amount that progressively
      decreases from the leading end thereof to the trailing end thereof so that
      the entire length of the pad can remain in contact with the road surface
      upon substantial complete compression of the leading end thereof to
      provide resistance to sliding movement of the erect body with respect to
      the road surface.
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ABST
PAL  An apparatus for intermittently sounding an audible alarm when the
      temperature within a deep freezer rises to a predetermined level which is
      less than the freezing temperature of most food products so that steps can
      be taken to prevent the food products from thawing. The apparatus includes
      a remote bulb element which intermittently opens and closes a container of
      liquefied gas which is permitted to expand and sound an alarm when the
      freezer malfunctions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to alarm systems of various kinds and relates
      particularly to an alarm system associated with a deep freezer to sound an
      audible warning when the temperature within the freezer rises to a
      predetermined level.
PAR  2. Description of the Prior Art
PAR  Heretofore alarm systems of various kinds have been provided which issue a
      warning when an associated mechanism is malfunctioning or when conditions,
      such as temperature, humidity and the like, surrounding the alarm
      mechanism change. As an example, many fire alarms have been provided which
      sound an alarm when the temperature within an area rises to a
      predetermined level to warn the occupants of a building to leave
      immediately or take appropriate action, such as extinguishing the fire.
      These alarms have been operated in many different ways including
      electrically and by pressurized gas and have included horns, bells,
      sirens, flashing lights and other warning signals; however, most of these
      alarms have operated continuously once they have been started.
PAR  Some efforts have been made to provide an alarm system for a deep freezer
      to warn the occupants of a building that the deep freezer is
      malfunctioning so that the occupants can take appropriate steps to
      preserve the frozen products within the freezer before the products are
      damaged or have spoiled through thawing. Some examples of the prior art
      are the U.S. Pat. Nos. to Bean 2,439,331; Wood 2,475,069; Iketani
      3,360,165; Richardson 3,400,536; Linder 3,461,834; and Wagner 3,590,770.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is embodied in a self-contained intermittently
      operated warning system for a freezer which is operated automatically when
      the temperature within the freezer rises to a predetermined level
      substantially below the freezing temperature of the products within the
      freezer so that persons hearing the alarm can take appropriate action to
      prevent the food products within the freezer from being damaged or spoiled
      due to thawing. The warning system includes a remote bulb element having a
      bulb located within the freezer and which is connected by a capillary tube
      to a bellows or diaphragm member mounted exteriorly thereof. The capillary
      tube between the diaphragm member and the bulb is coiled about an
      evaporator to provide intermittent operation of the alarm. A connector
      which supports a container of liquefied refrigerant gas is mounted on the
      diaphragm member and communicates with the evaporator which has an audible
      alarm signal mounted thereon. When the temperature within the freezer
      reaches a predetermined level, the diaphragm member operates a valve
      carried by the container and releases liquefied refrigerant gas which is
      discharged into the evaporator where it changes state to a gas utilized
      for operating the alarm signal. The change of state from a liquid to a gas
      absorbs heat from the capillary tube of the remote bulb element and
      retracts the diaphgram of the diaphragm member which closes the valve to
      interrupt the signal. When the temperature within the freezer again causes
      the diaphragm of the remote bulb element to expand, the cycle is repeated
      until appropriate action is taken by the owner of the freezer to preserve
      the contents thereof.
PAR  It is an object of the invention to provide an alarm for a deep freezer
      including a self-contained system which intermittently sounds an audible
      alarm signal over an extended period of time when the temperature within
      the freezer reaches a predetermined level.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective illustrating one application of the invention.
PAR  FIG. 2 is an enlarged front elevation of the alarm.
PAR  FIG. 3 is a side view thereof.
PAR  FIG. 4 is an enlarged section on the line 4--4 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With continued reference to the drawing, a freezer 10 is provided having a
      body 11 and a door or lid 12. Such freezer may be either of the chest type
      having a hinged lid, as illustrated in FIG. 1, or may be an upright type
      with a front opening door. The freezer 10 is provided with conventional
      refrigerating apparatus which normally maintains the temperature within
      the freezer at any desired level and ordinarily at approximately 0.degree.
      F. Seals between the body 11 and the door or lid 12 resist the transfer of
      heat into the freezer so that the refrigerating apparatus is operated only
      intermittently to maintain a substantially constant temperature within the
      freezer. The structure thus far described is conventional in the prior art
      and forms no part of the invention.
PAR  At times a failure of electrical energy or a failure of the refrigerating
      equipment may occur without the knowledge of the owner of the freezer and
      therefore the temperature within the freezer may gradually rise to the
      point where thawing of the products within the freezer occurs in which
      case such products may be damaged or spoiled. Since most products thaw at
      approximately 32.degree. F or 0.degree. C, it is desirable to provide a
      warning system which operates before the temperature has risen to the
      thawing point to inform the occupants of the building that the freezer is
      malfunctioning and to maintain the warning signal over an extended period
      of time so that steps may be taken to prevent damage to the products
      within the freezer.
PAR  In order to do this, an alarm 15 is provided having a base or mounting
      plate 16 which can be mounted in any desired manner in a convenient
      location exteriorly of the freezer. As illustrated in FIG. 3, one or more
      ears or lugs 17 extend outwardly from the base 16 so that the mounting
      plate may be supported by the upper edge of the body 11 or the like. If
      desired an adhesive coating 18 may be applied to the rear surface of the
      base for mounting the base on a vertical surface as the side of the
      freezer. Also, one or more openings (not shown) may be provided in the
      base for supporting the base by nails, screws, hooks or the like. A
      platform or flange 19 is welded or otherwise attached to the lower portion
      of the base 16 and extends outwardly from the front face thereof.
PAR  A remote bulb element 20 is provided having a diaphragm member 21 connected
      by a capillary tube 22 to a bulb or coil 23 located within the freezer 10.
      The remote bulb element is filled with vapor, gas or liquid which is
      responsive to the temperature within the freezer so that changes in
      temperature at the bulb result in changes in pressure or volume which are
      communicated through the capillary tube to the diaphragm member. The
      diaphragm member 21 includes a diaphragm 24 which is mounted in spaced
      facing relationship with the bottom surface of the platform 19 by means of
      screws or other fasteners 25 passing through spacers 26. A connector 27
      having an operating plunger 28 is mounted on the upper surface of the
      platform 19 with the plunger being in alignment with and substantially
      contacting the diaphragm 24.
PAR  A container 29 or other source of expansible fluid or liquefied gas under
      pressure, such as freon 12 (dichlorodifluoromethane), is mounted in
      airtight relationship on the connector 27 and such container has a plunger
      type valve 30 in alignment with and operated by the plunger 28 of the
      connector 27. A capillary tube 31, having an inside diameter of
      approximately 0.003 inch, is connected to the connector 27 and such
      capillary tube communicates with an expansion member or evaporator 32 in
      the form of a metal tube which can be of any desired diameter and length
      although a diameter of one-quarter inch and a length of approximately 5
      inches has been found satisfactory. The opposite end of the expansion
      member 32 communicatess through a fitting 33 to a diaphragm type air horn
      34. When the diaphragm 24 is operated, the plunger 28 is raised and the
      container valve 30 is unseated to permit liquefied gas to flow through the
      capillary tube 31 into the expansion member 32 where it expands and
      changes state from a liquid to a gas for operating the horn 34.
PAR  In order to cause the signal to be operated intermittently over a period of
      hours using a 10 ounce container of liquefied gas, the capillary tube 22
      of the remote bulb element has a plurality of turns 35 wrapped around the
      expansion member 32 adjacent to the discharge end of the capillary tube 31
      so that the change of state from a liquid to a gas absorbs heat from the
      capillary tube 22 and thereby reduces the pressure within the diaphragm
      member 21. The reduction of pressure causes the container valve to close
      and interrupt the discharge of liquefied gas from the container 29. When
      the temperature within the freezer again raises the pressure within the
      remote bulb element, the diaphragm 24 operates the plunger 28 and the
      cycle is repeated.
PAR  If desired the length of time that the audible signal is heard can be
      controlled by providing a coil 36 having a plurality of turns along the
      length of the capillary tube 31 and the length of the signal can be
      increased or reduced by adding or removing turns from the coils 36. Also
      the length of the time interval between the signals of the air horn can be
      regulated by providing a coil 37 in the capillary tube 22 between the
      turns 35 on the expansion member and the diaphragm member 21. The time
      interval between signals can be increased or reduced by adding or removing
      turns from the coil 37. Preferably the alarm is arranged to produce an
      audible signal of from 5 to 10 seconds duration each minute so that a
      thirty ounce can of freon 12 will produce intermittent sounds of the horn
      34 for a period of from 9 to 10 hours. It is noted that a container or
      other source of expansible fluid of smaller or larger capacity can be
      provided which will reduce or extend the period of time over which the
      signal can be heard.
PAR  The apparatus is covered by a screen or an expanded metal housing 38 to
      protect the various elements of the alarm from being accidentally struck.
      As soon as the alarm signal has been recognized, the container 29 may be
      removed to preserve the remainder of the liquefied gas therein and
      appropriate action may be instituted to preserve the frozen products
      within the freezer.
PAR  In the operation of the device, the bulb 23 of the remote bulb element is
      initially placed within the freezer before the container 29 is mounted on
      the connector 27. After the bulb 23 has reached a temperature of
      21.degree. F or less, the container 29 is screwed into place on the
      connector 27 with the container valve in alignment with the plunger 28 so
      that the alarm is a self-contained unit which is ready to operate as soon
      as the temperature within the freezer exceeds 21.degree. F. If the freezer
      should malfunction for any reason, such as a failure of electrical current
      or a failure of the refrigerating apparatus, the temperature within the
      freezer slowly increases. When the temperature increases to approximately
      21.degree. F or to some other predetermined value substantially less than
      the thawing point of the products within the freezer, the pressure within
      the remote bulb element increases and causes the diaphragm 24 to expand
      and operate the plunger 28. When the plunger is operated to open the valve
      30 of the container 29, liquefied gas or other expansible fluid flows from
      the container through the capillary tube 31 and into the expansion member
      32 where it changes state from a liquid to a gas and operates the air horn
      34 to sound an audible signal.
PAR  The change of state of the liquid to a gas absorbs heat from the capillary
      tube 22 and reduces the pressure within the remote bulb element 20 so that
      the diaphragm 24 retracts and closes the container valve 30. When the
      pressure again builds up in the remote bulb element 20, the diaphragm 24
      again is operated and the cycle is repeated. When the audible signal is
      heard, the owner of the freezer recognizes that the freezer has
      malfunctioned and can take appropriate steps to preserve the contents of
      the freezer, such as by adding a block of solid carbon dioxide or dry ice
      to the freezer as a temporary measure to maintain the contents of the
      freezer in a frozen state while repairs are being made, or the owner of
      the freezer can transfer the contents to another freezer before the
      contents are damaged or spoiled by thawing.
CLMS
STM  I claim:
NUM  1.
PAR  1. A self-contained alarm for intermittently operating a signal when the
      temperature within a freezer rises to a predetermined value, said alarm
      comprising a remote bulb element having first and second portions
      connected by capillary tube means, said first portion including bulb means
      responsive to the temperature within said freezer, said second portion
      including diaphragm means located exteriorly of said freezer, a container
      of expansible fluid having valve means operatively associated with said
      diaphragm means, an expansion member communicating with said container,
      said capillary tube means of said remote bulb element having portions
      located adjacent to said expansion member, and signal means operated by
      fluid within said expansion member, whereby an increase in pressure in
      said remote bulb element caused by a rise in temperature within the
      freezer opens the valve means of said container to discharge expansible
      fluid into said expansion member where the fluid expands and operates said
      signal and the expansion of said fluid absorbs heat from said remote bulb
      element to reduce the pressure therein and close the valve means of said
      container to interrupt the flow of fluid therefrom.
NUM  2.
PAR  2. The structure of claim 1 including a second capillary tube means
      providing communication between said container and said expansion member.
NUM  3.
PAR  3. The structure of claim 2 in which said second capillary tube means
      includes a coil for regulating the length of the signal.
NUM  4.
PAR  4. The structure of claim 1 in which the portions of said capillary tube
      means adjacent to said expansion member include a plurality of turns
      around said expansion member and in engagement therewith.
NUM  5.
PAR  5. The structure of claim 1 in which said signal means includes a diaphragm
      type horn.
NUM  6.
PAR  6. The structure of claim 1 including a connector mounted on said container
      and plunger means carried by said connector and engageable with said
      container valve means and said diaphragm means to operate said valve means
      when said diaphragm means is expanded.
NUM  7.
PAR  7. The structure of claim 1 in which said capillary tube means includes a
      coil for regulating the period of time between signals.
NUM  8.
PAR  8. Apparatus for intermittently operating a signal when the temperature
      within a freezer rises to a predetermined value less than the thawing
      point of the products within the freezer comprising a base, a remote bulb
      element including bulb means responsive to the temperature within a
      freezer and a diaphragm member mounted on said base and first capillary
      tube means providing communication between said bulb means and said
      diaphragm member, said diaphragm member including a diaphragm which is
      expanded and contracted by variations in pressure within said remote bulb
      element caused by temperature changes at said bulb means, a container of
      liquefied gas mounted on said base and having valve means operatively
      associated with said diaphragm, an expansion member having signal means
      mounted thereon, and second capillary tube means providing communication
      between the valve means of said container and said expansion member,
      whereby an increase in pressure in said remote bulb element caused by a
      rise in temperature to approximately 21.degree. F within the freezer opens
      the valve of said container to discharge liquefied gas from said container
      into said expansion member where the liquid changes state to a gas which
      operates said signal and the change of state absorbs heat from said remote
      bulb element to reduce the pressure therein so that the valve means of
      said container closes and interrupts the flow of liquid from said
      container.
NUM  9.
PAR  9. A self-contained alarm for intermittently operating a signal when the
      temperature within a freezer rises to a predetermined value, said alarm
      comprising a remote bulb element having first and second connected
      portions, said first portion including means responsive to said freezer
      temperature, said second portion including means located exteriorly of
      said freezer, a source of expansible fluid having valve means operatively
      associated with said second portion of said remote bulb element, expansion
      means communicating with said valve means, said connecting means of said
      remote bulb element having portions located adjacent to said expansion
      means, and signal means operated by fluid within said expansion means,
      whereby an increase in pressure in said remote bulb element caused by a
      rise in temperature within the freezer opens the valve means of said
      source of fluid to discharge fluid into said expansion means where the
      fluid operates said signal and the fluid absorbs heat from said remote
      bulb element to reduce the pressure therein and close the valve means of
      said source of fluid to interrupt the flow of fluid therefrom.
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ABST
PAL  A TV channel number indicator used for a TV tuner has first and second
      indicators with a rotation step-down gear mechanism interposed
      therebetween, first and second intermittent locking cams rotating with
      said indicators and forming parts of said gear mechanism, spring means
      being urged into contact with the peripheries of the cams to give
      intermittent locking rotation to the cams and to the indicators.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a channel number indicator and, more particularly,
      to a TV channel number indicator of two digits adapted to be used for a
      UHF TV tuner.
PAR  It is a general object of the present invention to provide a channel number
      indicator of a novel arrangement.
PAR  It is a specific object of the present invention to provide a TV channel
      number indicator adapted to be incorporated in a TV tuner which indicates
      a channel number precisely and stably in response to operation of a tuner
      and which can be constructed in a remarkably small size and modified
      freely relative to its outer appearance.
PAR  Other objects and advantages of the present invention will become clear as
      the description proceeds.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a novel channel
      number indicator used for a TV tuner, particularly adapted to be
      incorporated in a UHF TV tuner, which comprises a drive shaft to be
      rotated by the TV tuner, a first digit indicator rotated by the drive
      shaft, a second digit indicator supported rotatably concentric with the
      first digit indicator, a first cam having one internal gear tooth rotated
      together with the first digit indicator, a second cam of essentially the
      same shape as that of the first cam having an internal gear portion
      secured to the second digit indicator, spring means urged into contact
      with the peripheries of the first and second cams to give intermittent
      locking rotation effect to the first and second digit indicators, and gear
      means in gear with the one internal gear tooth of the first place and the
      internal gear portion of the second plate for rotation at step-down
      driving of the second indicator from the first indicator, whereby every
      rotation of the first digit indicator causes a predetermined angle of
      rotation in the second digit indicator. The two indicators are arranged
      preferably in substantially the same plane, one being in ring form and
      surrounding the other, the second indicator preferably being freely
      rotatably mounted on the drive shaft, and preferably between the first
      indicator and the first cam.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of an embodiment of a channel number indicator
      constructed in accordance with the present invention with a portion shown
      in cross-sectional view;
PAR  FIG. 2 is a rear view of the indicator, looking in the arrow 2 direction in
      FIG. 1; and
PAR  FIG. 3 is an explanatory view of a gear section of a carry mechanism.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings showing an embodiment of the present invention,
      there is a first digit indicator in the form of plate 1 to which a drive
      shaft 2 is coupled. The drive shaft 2 is supported rotatably by mounting
      frame 3, being journalled in spaced frame arms 3a and 3b. It is rotated by
      a channel change-over shaft of a TV tuner through gear mechanism 4, the
      gear 4a of which is fast on shaft 2 and the gear 4b of which is adapated
      to be driven by the tuner selector mechanism (not shown). A second digit
      indicator in the form of ring-shaped plate 5 is rotatably supported on the
      drive shaft 2 by means of hub portion 5a and radially outwardly extending
      part 5b. Its digit carrying surface 5c facing outwardly, is ring-shaped to
      surround indicator 1, and preferably is in the same plane as indicator 1.
      A rearwardly extending portion 5d thereof is formed with an internal gear
      6 integral therewith. A carry gear 7 is rotatably supported by frame arm
      3b and is in gear with the internal gear 6 of the second digit indicator.
      There is another member 8 which is fixed to the drive shaft 2 by means of
      a screw 9. It has an internal gear 8' consisting of one gear tooth that is
      in operative meshing rotation with the carry gear 7, and which functions
      to rotate the second digit indicator 5 a predetermined angle for every
      rotation of the first digit indicator 1 through the intermediate carry
      gear 7. Intermittent locking cams 10 and 11, each having essentially the
      same shape with ten teeth, are provided, the cam 10 being formed on the
      exterior of the portion 5d of the second digit indicator 5 and the cam 11
      being formed on the exterior of the gear 8 carrying the single internal
      gear tooth 8'. A spring 12 is disposed in operative relation to these cams
      10 and 11. Its base portion 12a is secured to the mounting frame 3 and it
      has divided distal ends 12b and 12c which are urged against the cams 10
      and 11, respectively. The mechanism comprising the cams 10 and 11 and the
      spring 12 effectively prevents rattling or vibration of the first and
      second digit indicators 1 and 5 and to eliminate positional offset in
      indicating the first and second digits.
PAR  As will be understood from the foregoing description of the construction of
      the present invention, when the drive shaft 2 is rotated by means of the
      channel change-over shaft of a TV tuner through the gear mechanism 4, the
      first or "units" digit indicator 1 is rotated to indicate a new "units"
      digit. At this time, in response to rotation of the drive shaft 2, the
      gear 8 is also rotated; but, if the internal gear 8' does not actually
      mesh with the gear 7, the second digit indicator 5 will not rotate.
PAR  In this way, as the drive shaft 2 rotates, the indication of the "units"
      digit is effected successively by operation of the first digit indicator
      1, gear 8, cam 11, and spring 12 which is in urged contact with cam 11 to
      produce intermittent locking rotation effect. Spring 12 also acts on cam
      10 to retain the second digit indicator 5 stationary.
PAR  As the first digit indicator 1 rotates one complete rotation together with
      the gear 8, the single tooth 8' of the gear 8 comes into meshing
      engagement with the gear 7 and rotates the latter a predetermined angle.
      As a result, the second digit indicator 5, whose internal gear 6 is in
      mesh with carry gear 7, rotates a predetermined angle to change the "tens"
      indication. Accordingly, as the first digit indicator 1 and the gear 8 are
      rotated, two-digit indication is successively presented by means of the
      indicating plates 1 and 5.
PAR  When a carry is produced, the angles of rotation of the indicators 1 and 5
      are confined by the cams 10 and 11 of the gears 6 and 8 and the spring 12
      in urged contact with the cams, so that deviation of indicating positions
      of the first and second digits from desired locations is effectively
      eliminated.
PAR  As described above, according to the present invention, the channel number
      can be precisely and stably indicated because no deviation of indicating
      positions of the first and second digits occurs, the carry mechanism
      intermediate between the first and second digit mechanisms can be disposed
      in rear of the indicating plates, because the first and second indicating
      plates are arranged concentric with and in the same plane as one another,
      the overall channel number indicating mechanism can be miniaturized to
      make it simple to design a TV set or tuner, and modification of the size
      and appearance of the indicating plates can be easily achieved.
PAR  While but a single embodiment of the present invention has been herein
      specifically disclosed, it will be appreciated that many variations may be
      made therein without departing from the scope of the invention, as defined
      in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A TV channel number indicator for use with a TV tuner, said indicator
      comprising a frame, a drive shaft mounted on said frame, means for
      drivingly connecting said shaft to a TV tuner, a first digit indicator
      operatively connected to said drive shaft so as to be rotated thereby, a
      second digit indicator rotatably disposed on said frame concentric with
      said first digit indicator, a first external intermittent locking cam
      operatively connected to said drive shaft and having a first internal gear
      consisting of at least one isolated gear tooth secured to said first digit
      indicator, a second external intermittent locking cam with a second
      internal gear secured to said second digit indicating plate, spring means
      mounted on said frame and resiliently engaging said first and second cams
      to permit intermittent locking rotation action of said cams, and gear
      means mounted on said frame and in gear with said first and second
      internal gears, whereby in response to every rotation of said first digit
      indicator said second digit indicator is rotated a predetermined angle.
NUM  2.
PAR  2. A TV channel number indicator as set forth in claim 1 wherein said
      second intermittent locking cam is formed integral with said second digit
      indicator.
NUM  3.
PAR  3. A TV channel number indicator as set forth in claim 2 wherein said
      second digit indicator has a digit indicating portion facing away from one
      end thereof, said second intermittent locking cam extending therefrom in
      the direction of the other end thereof.
NUM  4.
PAR  4. A TV channel number indicator as set forth in claim 2 wherein said
      spring means is in the form of a single spring having a base portion
      secured to said frame and having a distal end portion divided into first
      and second parts that are urged into contact with said first and second
      cams, respectively.
NUM  5.
PAR  5. A TV channel number indicator as set forth in claim 3 wherein said
      spring means is in the form of a single spring having a base portion
      secured to said frame and having a distal end portion divided into first
      and second parts that are urged into contact with said first and second
      cams, respectively.
NUM  6.
PAR  6. A TV channel number indicator as set forth in claim 1 wherein said
      second digit indicator has a digit indicating portion facing away from one
      end thereof, said second intermittent locking cam extending therefrom in
      the direction of the other end thereof.
NUM  7.
PAR  7. A TV channel number indicator as set forth in claim 1 wherein said
      spring means is in the form of a single spring having a base portion
      secured to said frame and having a distal end portion divided into first
      and second parts that are urged into contact with said first and second
      cams, respectively.
NUM  8.
PAR  8. A TV channel number indicator as set forth in Claim 1, in which said
      digit indicators are in substantially the same plane, one of said digit
      indicators comprising a ring and the other comprising a part located
      inside said ring.
NUM  9.
PAR  9. A TV channel number indicator as set forth in claim 1, in which said
      second digit indicator is freely rotatably mounted on said drive shaft.
NUM  10.
PAR  10. The TV channel number indicator as set forth in claim 1, in which said
      frame comprises a part interposed between said digit indicators and said
      second intermittent locking cam, said drive shaft being rotatably mounted
      in said frame part and said gear means being mounted on said frame part.
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ABST
PAL  An apparatus for use in a process for imparting flame retardance to
      cellulose containing materials which comprises an enclosed chamber having
      means for introducing a treating gas into the chamber and maintaining the
      gas in a treatment chamber where it is in contact with a cellulosic
      textile material which has been introduced into the chamber and is passed
      therethrough. The chamber is readily adaptable to high speed commercial
      textile processing machinery.
PARN
PAR  This application is a division of application Ser. No. 244,574, filed Apr.
      17, 1972, now U.S. Pat. No. 3,846,155.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to an improved apparatus for rendering
      cellulose-containing materials flame retardant. More particularly, it
      relates to a more rapid and hence more practical apparatus for
      polymerizing tetrakis tris(hydroxymethyl)phosphonium on and in
      cellulose-containing materials with ammonia to render them durably flame
      retardant.
PAC  BACKGROUND OF THE INVENTION
PAR  In U.S. Pat. No. 3,607,356, it has been proposed to impregnate
      cellulose-containing materials with an aqueous solution containing an
      equilibrium mixture of tris(hydroxymethyl) phosphine ("THP") and
      tetrakis(hydroxymethyl) phosphonium hydroxide ("THPOH"), said solution
      having a pH of about 7 to about 8. In this process, the impregnated
      material containing from 10 to about 40 percent by weight of the monomer
      is dried to about 10 to about 20 percent moisture and then treated with
      gaseous ammonia in an enclosed cabinet to polymerize the resin monomers.
      The gaseous ammonia treatment step requires from one or two to six minutes
      exposure time depending upon the character, i.e., the weight, fibrous
      nature, etc., of the treated material. In many textile processes, the
      materials are processed in equipment operating at high speed in a
      continuous manner. Accordingly, operations involving processing times of
      several minutes duration require either static operation or units of such
      size wherein such relatively long residence times can be obtained. It is,
      therefore, desired to process such materials in equipment wherein shorter
      residence times consistent with high speed continuous operations can be
      obtained in a practical manner. Moreover, the treatment according to the
      process of U.S. Pat. No. 3,607,356, when used with available ammonia
      treatment cabinets, has been found to produce finishes on cellulosic
      materials which often tended to dust and the durability of the finished
      materials often failed to meet the stringent government standards
      (Department of Commerce Standard FF-3-71) which require that the treated
      materials withstand at least fifty home washing and drying cycles. The
      enclosed chamber for carrying out the ammonia treatment commonly used in
      this field comprises a series of perforated pipes housed in a box like
      enclosure having a large opening in the top. The partially dried
      impregnated material is passed over the perforated pipes through which
      ammonia gas is forced. The excess ammonia gas is vented through the
      opening in the top of the enclosure, and discharged into the atmosphere.
      This venting of considerable quantities of ammonia gives rise to a severe
      pollution problem. It can thus be seen that the process disclosed in U.S.
      Pat. No. 3,607,356 not only results in a highly inefficient utilization of
      ammonia but also is hardly practical for the lighter, open weave,
      materials and leaves much to be desired when processing heavier and/or
      close knit materials.
PAR  It is known, also, as disclosed in U.S. Pat. No. 2,983,623, to cure a
      further polymerizable methylol-phosphorus polymeric material containing at
      least one free methylol group attached to a phosphorus atom incorporated
      in a cellulosic material, by exposing said material in the dry state to
      the action of gaseous ammonia followed by subjecting it to an aqueous
      ammonia treatment. In this process, the further polymerizable resins
      disclosed are solutions of reaction products of
      tetrakis-(hydroxymethyl)phosphonium chloride and urea which solutions are
      relatively strongly acid and are applied in the presence of buffers which
      adjust the pH of the solutions to a pH within the range of about 3.5 to 4.
      The impregnated materials are thoroughly dried and then exposed to ammonia
      gas for about 5 to 10 or more minutes and then immersed in aqueous ammonia
      for about 10 or more minutes to complete the cure of the resin on and in
      the material. Such a process also requires relatively long time cycles of
      treatment especially in the aqueous ammonia bath and hence is hardly
      applicable with modern high speed processing techniques.
PAR  The apparatus and process of the present invention differs from these and
      other less pertinent prior art procedures in providing a more rapid,
      effective, and practical ammonia curing step and is applicable with
      currently used high speed textile processing equipment.
PAC  OBJECTS OF THE INVENTION
PAR  It is, therefore, a principal objects of the present invention to provide
      an improved process for treating cellulose-containing materials to render
      them durably flame retardant.
PAR  Another object is to provide a more rapid process for imparting flame
      retardant characteristics to cellulose-containing materials whereby said
      materials are impregnated with a solution of
      tetrakis(hydroxymethyl)phosphonium hydroxide, dried to remove
      substantially all of the retained moisture and rapidly and efficiently
      cured by gaseous ammonia.
PAR  A particular object is to provide a process which does not require in the
      curing step, prolonged exposure of the impregnated material to either
      large excesses of gaseous ammonia or aqueous ammonia or both.
PAR  Another object is to provide a suitable apparatus for the rapid and
      efficient polymerization of the resin on the cellulosic material with
      gaseous ammonia.
PAR  These and other objects will be apparent to those skilled in the art by the
      following description of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that cellulose-containing materials can be rapidly
      and economically rendered durably flame retardant by a process which
      comprises:
PAR  a. impregnating a cellulose-containing material with a solution of
      tetrakis(hydroxymethyl) phosphonium hydroxide having a pH of from about 7
      to about 9, and containing from about 10 to about 40 percent by weight of
      tetrakis(hydroxymethyl) phosphonium hydroxide.
PAR  b. drying the impregnated material, preferably under relatively mild
      conditions, to a moisture content of from about 0 to about 8 percent by
      weight, and
PAR  c. exposing the dried material for a period of at least about 5 seconds but
      less than about 45 seconds to atmosphere containing at least about 50% by
      volume of ammonia to cure the phosphorus containing resin in and on the
      material and render it durably flame retardant.
PAR  The curing step of the new process may be carried out in an enclosed
      cabinet which comprises
PAR  a housing;
PAR  gas inlet means disposed in the upper portion of said housing;
PAR  gas outlet means disposed in the lower portion of said housing;
PAR  material inlet means and material outlet means disposed in the lower
      portion of said housing above said gas outlet means;
PA1  partition means disposed in said housing between said gas inlet means and
      said gas outlet means so as to form a gas treatment chamber in the upper
      portion of said housing, said partition means including means for
      permitting the introduction into and removal from said gas treatment
      chamber of textile material to be treated in said chamber while minimizing
      the passage of gas into and from said gas treatment chamber; and
PAR  means disposed in said gas treatment chamber for supporting textile
      material to be treated.
PAR  The ammonia treated material may be washed and dried numerous times without
      substantial loss of fire retardancy.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with a preferred mode of carrying out the improved process of
      this invention, an aqueous solution of tetrakis(hydroxymethyl)phosphonium
      hydroxide containing from about 10 to about 40 percent by weight of
      tetrakis(hydroxymethyl) phosphonium hydroxide and having a pH of from
      about 7 to about 9 is prepared and used to impregnate a
      cellulose-containing material, and, after drying the impregnated material
      to about 0 to about 8 percent moisture, exposing said material for at
      least about 5 to less than about 45 seconds and preferably for about 15 to
      about 30 seconds to an atmosphere containing at least about 50 percent by
      volume of ammonia, and preferably from about 70 to about 90 percent of
      gaseous ammonia. The thus treated material containing an insoluble polymer
      of the phosphonium compound in and on the material is washed and dried.
PAR  The treatment of the dried impregnated material with ammonia, i.e., the
      curing step, is carried out in an enclosed chamber wherein the impregnated
      material is exposed to a gaseous atmosphere containing a high,
      concentration, i.e., above about 50 percent by volume, of ammonia. The
      material is preferably passed into and out of the chamber, in a continuous
      manner and at a relatively high speed, so that the material is exposed to
      the ammonia atmosphere for at least 5 seconds and preferably from about 15
      to about 30 seconds.
PAR  A particularly effective, and hence preferred, apparatus for carrying out
      the curing step of this process is illustrated by the attached drawing
      which shows a schematic view of the enclosed cabinet apparatus of this
      invention. In this drawing the housing, 1, contains a gas inlet, 2, and a
      gas outlet, 3, which is conveniently connected to a suction means, not
      shown. The housing is provided also with a material inlet, 4, and material
      outlet, 5, for admitting the dried impregnated material and exiting the
      cured material. Material guides, 6, are provided for conveying the
      impregnated material through the cabinet. Partitioning means, 7, extending
      across the interior of the housing serves to form a chamber in which the
      material is contacted with the gas. The partitioning means includes flaps,
      8 and 9, which permits the material to be treated to enter the gas
      treatment chamber and the treated material to exit from said chamber,
      while minimizing the passage of gas into and from the said chamber. A gas
      distribution device, shown here as a perforated plate, 10, is provided to
      assist in the distribution of the entering gas stream evenly throughout
      the gas treatment chamber. Sensing ports 11, are provided in the gas
      treatment chamber for removal of samples of the gaseous atmosphere for
      analysis to monitor the concentration of the treatment gas.
PAR  The housing may be provided with cooling means, not shown, to cool the
      treatment chamber and to regulate the temperature of the gaseous
      atmosphere within the treatment chamber. A liquid condensate discharge
      port, not shown, may be positioned at a convenient place in the housing
      for removal of condensate from the chamber.
PAR  The housing can be fabricated from conventional materials of construction
      such as wood, metal, glass, plastic and the like or any combination
      thereof.
PAR  The partition means, 7, may be constructed from like materials or from
      rubber. The flaps, 8, and 9, are fabricated from flexible materials such
      as rubber, leather, plastic film and are attached to the partition means
      in any convenient manner. It is important that the flaps do not impede the
      passage of the material therethrough but do substantially prevent the free
      flow of gas into and out of the treatment chamber.
PAR  In operating this apparatus, ammonia gas is fed into the unit through gas
      inlet, 1, at a rate sufficient to provide an ammonia atmosphere within gas
      treatment chamber having at least about 50 percent by volume of ammonia,
      and preferably from about 70 percent to about 90 percent ammonia by
      volume. Cellulosic material which has been impregnated with tetrakis
      (hydroxymethyl)phosphonium hydroxide and dried to contain from about 0 to
      about 8 percent moisture is admitted to the apparatus, preferably in a
      continuous manner, at inlet, 4, and is passed over material guides, 6,
      through partitioning means, 7, through flap, 8, into the gas treatment
      chamber wherein the impregnated material is exposed to the ammonia
      atmosphere. The material leaves the gas treatment chamber passing through
      flap, 9, of partitioning means, 7, and exits from the housing, 1, at
      material outlet, 5. The passage of air into the gas treatment chamber is
      minimized in part by the partitioning means and in part by the withdrawal
      of gas from the housing through gas outlet, 3, which is connected to a
      mild suction means e.g., a vacuum pump.
PAR  The rate of flow of ammonia gas into the apparatus is adjusted to provide
      at least one mol of ammonia per mole of tetrakis(hydroxymethyl)phosphonium
      hydroxide available for reaction, i.e., curing, on the impregnated
      material. Preferably about a 20 percent molar excess of ammonia is
      supplied. This amount of ammonia can be approximated by the following
      calculation:
      ##EQU1##
PAR  The treated material having the insoluble polymer deposited therein is then
      oxidized, washed and dried.
PAR  The cellulose materials which can be treated to impart flame retardant
      properties thereto in accordance with this invention include cotton,
      rayon, paper, jute, ramie, wood and mixtures thereof, as well as blends of
      cellulosics, such as cotton or rayon with synthetic materials, such as
      nylon, polyesters, acrylics, and with proteinaceous fibers, such as wool
      and the like. The process of this invention is particularly effective when
      applied to the treatment of cellulosic-containing materials such as cotton
      and rayon.
PAR  The solution used to impregnate the cellulose-containing material comprises
      tris(hydroxymethyl)phosphine and tetrakis (hydroxymethyl)phosphonium
      hydroxide as an equilibrium mixture. Such a solution is well known in this
      art and can be prepared by several known methods. Preferably these
      solutions are prepared by reacting an aqueous solution of
      tetrakis(hydroxymethyl)phosphonium chloride with an approximately
      equimolar quantity of an organic or inorganic base, preferably sodium
      hydroxide. The pH of the final solution is adjusted to from 7 to 9 and
      preferably to from 7.5 to 8.1. For the purpose of this invention, the
      active component of the aqueous solution is considered to be
      tetrakis(hydroxymethyl)phosphonium hydroxide. Hereinafter, the active
      component will be expressed in terms of this component, although it is
      probable that there is present a mixture of tris(hydroxymethyl)phosphine
      and tetrakis(hydroxymethyl)phosphonium hydroxide.
PAR  The aqueous treating solution may be applied to the cellulosic material in
      any convenient manner. For example, the solution may be applied by
      padding, dipping, spraying, and the like. After impregnation, the excess
      solution is preferably removed from the material by passing the material
      through squeeze rolls, centrifuging, wringing, or other methods. Although
      a wet-pick up of from about 50 to about 200 percent may suitably be used,
      preferably the material contains about an equal weight, i.e., about 100
      percent pick-up, of the treating solution.
PAR  The impregnated material is then dried to a residual moisture content of
      about 0 to about 8 percent and preferably from about 0 to about 3 percent.
      The drying is carried out in air or in drying oven at temperatures which
      may vary from ambient to about 100 degrees centigrade. Excessive drying
      temperatures and times are to be avoided. The drying time may vary
      according to the drying temperature and also the weight and fibrous nature
      of the material, as will be obvious to those skilled in this art. The
      moisture content of the material may be measured by a conventional
      moisture meter.
PAR  The dried impregnated material is exposed to gaseous ammonia in an enclosed
      chamber wherein the resin monomer reacts rapidly and completely to form an
      insoluble polymer within the material. The gaseous atmosphere which
      comprises at least about 50 percent of gaseous ammonia, and preferably
      from about 70 to about 90 percent or more of gaseous ammonia provides an
      effective, efficient and surprisingly rapid reactant for the resin curing
      step. It has been found that the curing step is completed, under these
      conditions, in less than about 45 seconds and generally less than about 30
      seconds, and as low as 5 seconds, whereas in prior art procedures from
      about one to about six minutes were required from substantially complete
      polymerization and curing of the impregnated composition. Under optimum
      conditions, the procedure and apparatus of this invention proceeds with
      the efficient utilization of the gaseous ammonia charged to the process
      whereas prior art processes often referred up to a 15 fold excess of the
      ammonia reactant. This huge excess of ammonia presented a serious air
      pollution problem, which in the present process and apparatus has been
      eliminated by the highly efficient utilization of the ammonia.
PAR  Following the polymerization and/or curing operation, the treated material
      is preferably oxidized, scoured or washed to remove unpolymerized
      materials and the like. Where the present invention is carried out on yard
      goods using mill apparatus, this scouring operation may be effected using
      any of the conventional scouring processes such as rope scouring, open
      width scouring, jig scouring and the like. The scouring may be
      conveniently carried out using, e.g., an aqueous soap solution containing
      small amounts of sodium carbonate, perborate or peroxide, and synthetic
      detergents. Preferably this scouring is carried out immediately after the
      curing step. The scouring step may be followed by a conventional drying
      operation and thereafter the dried treated material may be subjected to
      any normal finishing operation such as sanforizing, calendering and the
      like.
PAR  The flame retardant cellulose-containing materials treated in accordance
      with the procedures set forth above have been found to be durably flame
      retardant, even after fifty or more home laundering and drying cycles.
      Additionally, such materials are substantially free from dust and have a
      tear resistance, tensile strength, and hand which are substantially
      unchanged from those of untreated materials.
PAR  The process of this invention is readily adaptable to modern high speed
      commercial textile processing equipment. Substantial savings of time and
      of consumption of ammonia gas, in the range of about 100 to 200 percent,
      are effected by this improved process.
PAR  The following examples will illustrate the process of the present
      invention. In these examples, as well as in the above specification and
      the claims hereinafter set out, parts and percentages are by weight and
      temperatures are given in degrees Fahrenheit, unless otherwise specified.
      Flame retardancies reported were determined in accordance with the
      procedure of the American Association of Textile Chemists and Colorists,
      Test AATCC Base 34-1952.
DETD
PAC  EXAMPLE 1
PAR  An aqueous solution containing about 40 percent tetrakis (hydroxymethyl)
      phosphonium hydroxide and having a pH of 7.4 was used to impregnate strips
      of 4 oz. per sq. yd. cotton sheeting material. The impregnated material
      was passed through squeeze rolls to give a wet pick up of about 100
      percent. The strips of the impregnated material were dried from various
      times in a 200 degree oven and the dried strips were then exposed in an
      enclosed cabinet for 15 seconds to an atmosphere consisting of 80 percent
      by volume of ammonia and 20 percent by volume of air. The treated strips
      were oxidized with aqueous hydrogen peroxide, scoured, rinsed with cold
      water and dried. The resin add-on of the dried scoured material was
      determined and the flame retardant character of the treated material was
      evaluated after the dried material was heated for 45 minutes in a solution
      containing 90 parts of soap, 90 parts soda ash, and 10 parts of a
      synthetic anionic detergent in about 50,000 parts of water and rinsed in
      hot (145.degree. ) water for 15 minutes, repeating the heating and rinsing
      nine times ("9 boil cycles"). This accelerated laundering test is roughly
      equivalent to at least fifty home washing and drying cycles. Each strip
      was weighed before impregnation and after drying. The ratio of the weight
      of the dried impregnated strip and the untreated strip, as well as the
      moisture content of the dried strip is set out in the following Table:
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Ratio         Moisture                                                    

                        Minutes                                                

                              Resin                                            

                                  Char Length                                  

     Wt. Dried Cloth Strip                                                     

                   Retained                                                    

                        Dried Add-on                                           

                                  After                                        

     Wt. Initial Cloth Strip                                                   

                   %    at 200.degree.                                         

                              %   9 Boil Cycles                                

     __________________________________________________________________________

     1.84          41   0.0   10.5                                             

                                  Burns                                        

     1.77          34   0.3   15.5                                             

                                  "                                            

     1.73          30   0.5   16.6                                             

                                  "                                            

     1.59          16   0.8   19.1                                             

                                  "                                            

     1.58          15   1.0   18.8                                             

                                  "                                            

     1.50          7    1.3   20.6                                             

                                  4.0                                          

     1.39          4    1.7   22.3                                             

                                  4.0                                          

     1.35          0    2.0   20.7                                             

                                  3.5                                          

     1.33          0    2.0   21.5                                             

                                  4.0                                          

     1.29          0    4.0   22.7                                             

                                  4.5                                          

     1.28          0    4.0   20.5                                             

                                  3.5                                          

     1.27          0    6.0   20.1                                             

                                  4.0                                          

     1.25          0    8.0   18.8                                             

                                  Burns                                        

     __________________________________________________________________________

PAL  These data indicate the efficient and rapid polymerization of dried
      impregnated materials in highly concentrated gaseous ammonia atmosphere.
      They show that incomplete drying, that is about 15 percent moisture
      retention and above results in only transient fire retardancy or
      non-durable fire retardancy, whereas when the drying is carried out to
      remove all but about seven percent or less of the moisture the fire
      retardancy of the treated material is durable. However, overdrying e.g.,
      for about 8 minutes or more at 200.degree., results in a loss of resin
      add-on and fire retardant character.
PAC  EXAMPLE II
PAR  The procedure of Example I was repeated using 5.5 oz. per sq. yd. cotton
      tubular knitted material as the material treated. This knitted material is
      a heavier material than the cotton sheeting used in the preceding example
      and accordingly the tests carried in this Example are more severe tests of
      the efficiency of the present procedure. The test results are set out in
      the following table.
TBL                                    TABLE II                                

     __________________________________________________________________________

                     Moisture                                                  

                     Content                                                   

     Ratio           of Dried                                                  

                          Minutes                                              

                                Resin                                          

                                     Char Length                               

     Wt. of Dried Impregnated Mtl.                                             

                     Material                                                  

                          Dried Add-On                                         

                                     After 9                                   

     Wt. of Original Material                                                  

                     %    at 200.degree.                                       

                                %    Boil Cycles                               

     __________________________________________________________________________

     1.83            40   1     12.6 Burns                                     

     1.73            30   2     13.9 "                                         

     1.60            15   3     15.4 "                                         

     1.48            5    4     17.9 5.3                                       

     1.40            0    6     18.8 4.3                                       

     1.29            0    8     19.8 4.0                                       

     1.27            0    10    19.5 4.0                                       

     1.27            0    12    19.6 4.3                                       

     1.25            0    20    16.7 3.5                                       

     __________________________________________________________________________

PAR  These results confirm the observation made from the results of Example 1,
      viz., that at moisture contents of about 15 percent or more, durability of
      the flame retardant character of the treated material is lacking whereas
      when the moisture is reduced to about 5 percent or less, the material is
      rendered durably flame retardant. These tests also indicate that
      overdrying the material results in a reduction of the resin add-on which
      ultimately affects durability of the flame retardant character.
PAC  EXAMPLE III
PAR  This example illustrates the use of an enclosed chamber substantially as
      described above and shown on the drawing attached hereto, for the curing
      of the monomeric resin containing material with gaseous ammonia.
PAR  Cotton tubular knitted material, 100 yards, was impregnated with a 30
      percent aqueous tetrakis(hydroxymethyl) phosphonium hydroxide solution
      having a pH of 7.3. The impregnated material was passed through squeeze
      rolls to adjust the wet pick-up to 95 percent and the material was dried
      to about 0 percent moisture retention (ratio of the dried material to
      original weight of the material = 1.42) in an infrared drier at
      300.degree.. The dried material was continually exposed to an 80 percent
      gaseous ammonia-air atmosphere in the apparatus described hereinabove,
      running the material at the rate of 4 yards/minute. The residence time of
      the material in the chamber was 30 seconds (a safety factor of about 6).
      Ammonia gas was fed to the chamber at the rate of about 1.25 mols/mol of
      resin (an excess of about 25 percent). The ammonia concentration
      stabilized at about 70 to 80 percent in the treatment chamber. The treated
      material was run into an aqueous scouring bath containing about 8 percent
      hydrogen peroxide and thereafter passed through squeeze rolls to a 70
      percent pick-up. This scour oxidizes the phosphine groups to phosphine
      oxide groups which are odorless and colorless and serves to stabilize the
      cured resin in the fiber. The scoured fabric was rinsed in cold water and
      dried. After being exposed to 9 boil cycles using the standard aqueous
      soap solution, the material was still flame retardant in character.
PAC  EXAMPLE IV
PAR  This example illustrates the effect of various concentrations of gaseous
      ammonia in the polymerization step of the present process.
PAR  In a manner described in Example II above, equal sized samples of cotton
      tubular knitted goods were impregnated with a 40 percent aqueous solution
      of tetrakis(hydroxymethyl) phosphonium hydroxide, the impregnated samples,
      having a 100% wet pick-up, were dried to 0 percent moisture retention and
      then exposed for 5 seconds in an enclosed cabinet to atmospheres of
      various concentrations of gaseous ammonia. The exposed samples were
      scoured, rinsed and dried.
PAR  The results of these tests are set out in the following table.
TBL                TABLE III                                                   

     ______________________________________                                    

     Ratio                                                                     

     Wt. of dried sample                                                       

                    Vol.% NH.sub.3 Gas                                         

                                 Resin Add-On %                                

     Wt. of initial sample                                                     

     ______________________________________                                    

     1.33           20           11.3                                          

     1.32           26           11.4                                          

     1.33           39           13.2                                          

     1.36           51           19.6                                          

     1.29           80           19.8                                          

     ______________________________________                                    

PAR  As indicated by these results, the resin add-on in the samples treated in
      atmospheres having less than 50 percent NH.sub.3 is quite low indicating
      that the polymerization was incomplete whereas these last two samples,
      treated in atmospheres having more than 50 percent by volume of ammonia,
      had a high resin add-on indicating efficient and effective polymerization.
PAR  The present invention has been described and illustrated in the above
      specification and examples with reference to several specific embodiments.
      Such reference has been made for purely illustration purposes and various
      modifications in the details therein included can be made without
      departing from the scope and spirit of the invention, as will be obvious
      to those skilled in this art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for the gaseous ammonia polymerization of resin on
      cellulosic textile materials which comprises:
PA1  a housing;
PA1  a gas inlet means disposed in the upper portion of said housing;
PA1  a gas outlet means disposed in the lower portion of said housing;
PA1  material inlet means and material outlet means disposed in the lower
      portion of said housing above said gas outlet means;
PA1  partition means disposed in said housing above said gas outlet means and
      below said gas inlet means so as to form a gas treatment chamber in the
      upper portion of said housing, said partition means including means for
      the introduction into and removal from said gas treatment chamber of
      textile material to be treated in said gas treatment chamber while
      minimizing the passage of gas into and out of said gas treatment chamber;
      and
PA1  means disposed in said gas treatment chamber for supporting textile
      material to be treated, said support means being disposed below said gas
      inlet means.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein said gas inlet means is disposed
      in the top of said housing.
NUM  3.
PAR  3. Apparatus as claimed in claim 2, wherein a gas distribution means is
      disposed in said gas treatment chamber in the upper portion thereof
      between the uppermost material supporting means and the gas inlet means.
NUM  4.
PAR  4. Apparatus as claimed in claim 2 wherein the apparatus includes a vacuum
      means attached to said gas outlet means.
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ABST
PAL  A method of and a device for the epitaxial deposition of a layer on a
      monocrystalline substrate from a material in the liquid state, in which
      during the deposition process apportioned quantities of a second material
      are added to the said material in the liquid state, a jig being used
      having a plurality of vertically spaced, fixed and slidable walls for
      controlling the addition. Application inter alia for the provision of
      semiconductor layers, for example, of material of the type A.sup.III
      B.sup.V, in particular from mixed crystals.
PARN
PAR  This is a continuation, of application Ser. No. 421,045, filed Dec. 3,
      1973, which was a continuation of application Ser. No. 270,281, filed July
      10, 1972, each application now abandoned.
BSUM
PAR  The present invention relates to an apparatus for epitaxially depositing on
      a monocrystalline substrate a crystallized layer from a material in the
      liquid state, in which the substrate and the said material are placed in a
      jig which is heated by a furnace, the material being formed out of contact
      with the substrate in the liquid state, said material in the liquid state
      being then contacted with the substrate surface to be covered by the
      epitaxial layer, the epitaxial layer being then formed by deposition of
      the material in the liquid state on the substrate surface. The invention
      furthermore relates to a crystalline substrate provided with an epitaxial
      layer obtained by using the above device for the epitaxial deposition of a
      layer of crystalline material on a monocrystalline substrate by separation
      from a material in the liquid state.
PAR  According to a known apparatus described in applicant's copending
      application Ser. No. 889,026, filed Dec. 30, 1969, now abandoned, a jig
      with slidable wall was used in which in a given position of the slidable
      wall the material in the liquid state was kept out of contact with the
      substrate after which at a suitable temperature the contact between the
      material in the melted state and the substrate surface was effected by
      moving said wall. The epitaxial layer was then deposited from the liquid
      material on the substrate surface by gradual cooling, after which the
      material in the melted state was separated from the substrate by again
      moving the slidable wall. The slidable wall was connected at one end with
      a drawing mechanism so that the sliding movement of the wall could be
      operated from outside the furnace.
PAR  The separation of epitaxial layers on a monocrystalline carrier was
      developed in particular in the technology of the manufacture of
      semiconductor devices and that in particular for separating epitaxial
      layers of the type A.sup.III B.sup.V, for example, the separation of
      gallium arsenide from a solution of gallium-arsenide in melted gallium.
      However, the use of epitaxial layers deposited from the liquid phase is
      not restricted to semiconductor materials. In general, when the deposition
      of thin monocrystalline layers on a monocrystalline substrate is desirable
      and the material for such a layer can be separated from a liquid material,
      the use of liquid epitaxy is possible in principle.
PAR  For example, it is known to obtain in a monocrystalline form a thin layer
      of a material in which magnetic bubbles, sometimes termed cylindrical
      magnetic domains, can be produced, for which in particular special oxides
      may be used, by the epitaxial deposition on a monocrystalline substrate
      from a non-magnetizable material, in particular also consisting of a
      suitable oxide, from a material in the liquid state, which material in the
      liquid state consists, for example of a solution of the oxide components
      of the layer to be deposited in a low-melting point solvent, for example,
      lead borate glass.
PAR  If desirable, a material of a single or complex compound of a fixed
      composition may be deposited but in principle it is also possible in this
      manner to form a monocrystalline layer from mixed crystals, for example,
      as is usual in the last-mentioned bubble material and also in
      semiconductor materials, for example, of the A.sup.III B.sup.V type, for
      example, gallium aluminium arsenide.
PAR  The material in the melted state will in general change its composition due
      to the deposition process for the formation of the epitaxial layer. A
      result of this may be that the extra added dopings are inhomogeneously
      distributed over the layer depth. In particular in the case in which the
      deposited material consists of a mixed crystal, a considerable variation
      in the composition of the mixed crystal in the direction of the thickness
      of the epitaxially deposited layer may occur by difference in segregation
      of the composing compounds of the mixed crystal. All this may have for its
      result that the contemplated properties of the epitaxial layer are not
      obtained as is desirable or that the reproducibility is impeded. It has
      been found, for example, in manufacturing epitaxial layers from a mixed
      crystal of gallium arsenide and aluminium arsenide from a solution in
      gallium that during the deposition the aluminium arsenide segregates so
      much better that the aluminium content in the liquid material rapidly
      decreases. The aluminium content in the resulting epitaxial layer
      gradually decreases from the substrate.
PAR  One of the objects of the present invention is to influence, during the
      deposition of the epitaxial layer, the composition of the material in the
      liquid state from which said layer is deposited. A particular object is to
      compensate at least considerably for the above-described decrease of the
      content of a better segregating component of the deposited material from
      the substrate surface. According to the invention, a method of the type
      mentioned in the preamble is characterized in that the material in the
      liquid state is replenished during the deposition process and/or the
      composition of said material is varied in that, by displacing at least one
      slidable wall used in the jig, at least one apportioned quantity of a
      second material in the liquid state which is separated from the first
      material is added to the first-mentioned material in the liquid state. In
      this manner, a junction can be made in the epitaxial layer, for example a
      p-n junction in forming an epitaxial semiconductor layer, by adding a
      doping material. The depletion of a certain better segregating component
      can also be checked by the dosed addition of such a component. This latter
      method is particularly suitable to be used in depositing a layer from a
      mixed crystal, in which the larger decrease of the better segregating
      component or components of said mixed crystal in the material in the
      liquid state can be compensated for by means of the addition of the
      apportioned quantity or quantities of liquid material so that the
      composition of the mixed crystal can be kept constant within reasonable
      tolerances throughout the epitaxial layer.
PAR  When it is sufficient to add only once an apportioned quantity of the
      material in the liquid state during the epitaxial growth, it is sufficient
      to provide said apportioned quantity on the slidable wall as such and to
      give said quantity an opportunity of uniting with the material in the
      melted state by moving the wall. Preferably, two walls which are situated
      one on top of the other and are relatively movable are used, the wall
      which is situated on top of the lower wall comprising at least one
      aperture in which the apportioned quantity or quantities are provided, the
      lower wall closing the aperture or apertures on their lower side, the
      closure of the lower side of at least one aperture being removed by moving
      the walls relative to each other. It is not necessary for both walls to be
      movable. It is sufficient that only one of the walls is movable relative
      to the jig which may be either the lower wall or the wall situated
      thereabove. By pulling away the lower wall entirely below such an aperture
      in the wall situated thereabove, the quantity provided in such an aperture
      may be caused to flow to the material in the melted state. The lower wall
      preferably comprises at least one aperture and the closure of an aperture
      in the wall situated thereabove is removed by bringing an aperture in the
      lower wall below an aperture in the wall situated thereabove by means of
      the movement of the walls relative to each other. In this manner, for
      example, comparatively small movements will do. It is furthermore possible
      in this manner to cause different apportioned quantities to flow
      simultaneously to the material in the melted state. In particular when the
      material in the liquid state is used in the form of a layer of liquid, the
      latter dimensions of which are comparatively large relative to the height
      occupied by the liquid material, a few apportioned quantities can be added
      through a number of apertures in the lower wall, simultaneously and
      divided uniformly over the surface of the material in the liquid state, as
      a result of which a more rapid mixing to a homogeneous composition of the
      material in the liquid state is furthered.
PAR  Such an apportioned quantity may be provided, prior to the heating process,
      in such an aperture which can be closed from below the lower wall.
      According to a preferred embodiment, a third wall may be used on the wall
      having the apertures which can be closed from below, in which the two
      last-mentioned walls are slidable relative to each other and the third
      wall closes the upper side of the aperture or apertures destined for the
      apportioned quantity or quantities, and a space is present in the jig
      above the wall in which a melt having the composition of the quantities to
      be added is provided, in which, by the mutual movement of the two
      uppermost walls, the closure of the upper side of at least one aperture
      for the apportioned quantity is removed and the aperture with the
      apportioned quantity is filled, after which by a further mutual movement
      of the two uppermost walls an apportioned quantity of the melt situated
      thereabove is separated. The provision of the apportioned quantity or
      quantities is preferably carried out via at least one aperture in the
      uppermost wall. It is self-evident that upon filling the apertures
      destined for the apportioned quantities and situated in the centre of the
      two walls, said walls are preferably closed from below by the lower wall.
      The apportioned quantities are determined by the capacity of the apertures
      in the central wall. Of course, the upper sides of the apertures in the
      central wall are preferably closed by the uppermost wall before said
      apportioned quantities are added in the material in the liquid state. It
      is, of course, not necessary that all three walls are slidable relative to
      the jig. For example, the upper and the lower wall may be slidable, while
      the central wall is fixed in the jig. It is also possible that the upper
      and lower walls are fixed and that in such manner that the apertures
      thereof are not situated one above the other. The central wall with the
      apertures destined for the apportioned quantities may then be constructed
      so as to be slidable so that said apertures are filled in one position and
      are emptied in another position. A slidable wall is preferably used also
      for separating the material in the liquid state and the substrate, as is
      described in the above-mentioned application Ser. No. 889,026. Preferably,
      every wall slidable in the jig is connected to a drawing device by means
      of which the movements are operated. The advantage is that the jig can be
      placed centrally in a tubular furnace in which a uniform temperature can
      be better adjusted. Such a central positioning is not so readily possible
      with a known jig for liquid epitaxy which has to be operated by tilting.
PAR  The invention furthermore relates to a device for the epitaxial deposition
      of a layer of crystalline material on a monocrystalline substrate by
      deposition from a material in the liquid state, which device is
      constructed for carrying out the above-described method.
PAR  The invention may be used for the epitaxial deposition from a liquid phase,
      for example, of semiconductor compound in particular for depositing
      ternary compounds containing the elements of the columns III and V of the
      periodic system of elements. The invention is particularly suitable for
      depositing an epitaxial layer of a mixed crystal of gallium arsenide and
      aluminium arsenide from a solution in gallium to manufacture
      electroluminescent devices. However, it may also be used for depositing
      other semi-conductor materials and materials of a different nature, for
      example, materials in which so-called "magnetic bubbles" can be produced
      and moved.
DRWD
PAR  The invention will be described in greater detail with reference to the
      accompanying drawing.
PAR  FIG. 1 is a diagrammatic longitudinal cross-sectional view of an embodiment
      of a jig for use in an embodiment of the method according to the
      invention.
PAR  FIG. 2 is a diagrammatic cross-sectional view of said jig.
DETD
PAR  The device to be described herein after comprises the required means for
      the embodiment in question of the method according to the present
      invention. This device consists of a box-like jig 1 in the form of a
      substantially rectangular parallelepiped. Said jig consists of a suitable
      material which can withstand considerable temperature variations or
      temperature rises without change in structure and serious pollution of its
      contents, for examaple, boron nitride. The crucible 1 comprises a slidable
      flat wall 2 which is bent parallel to the bottom of the jig and is passed
      through a slit 3 of a corresponding cross-section and which can slide in
      the interior of the jig over two ridges 4. One or more substrates 5 which
      are to be provided with an epitaxial layer can be placed on the bottom of
      the jig. The slidable wall 2 is placed so, for example, that its lower
      surface is remote from the substrate by less than a millimeter. At the end
      of the slidable wall 2 projecting outside the jig a member (not shown) is
      provided to displace said wall, for example, a hook which can be placed in
      a hole drilled in said end. The material 6 in the liquid state from which
      the epitaxial deposition is to be effected is provided on the slidable
      wall 2.
PAR  Two walls 7 and 8 having apertures 14 and 15, respectively, which are
      slidable in an analogous manner are present above the liquid 6, said walls
      being passed through slits 11 and 12, respectively, of a corresponding
      cross-section in the jig. Both slidable walls may be connected, via a
      connection present outside the box-like space of the jig 1, to a drawing
      mechanism for controlling said walls, for example, analogous to the
      control of the slidable wall 2. The slidable wall 8 can slide in the
      interior of the jig on the ridges 9 and 10. The two slidable walls 9 and
      10 are provided on either side of and parallel to a wall 13 having
      apertures 16 which, in a given position of each of the said slidable
      walls, can be made to coincide with the apertures 14 and 15 of the
      slidable walls 7 and 8, respectively. A second material 17 in liquid form
      is provided on the slidable wall 7 and comprises the element to be added
      to the liquid in a higher concentration than in the latter, the slidable
      wall being in such a position that the apertures 14 and 15 do not
      communicate. The jig is placed in a space (not shown) having a controlled
      atmosphere, in a furnace in which the temperature can be controlled.
PAR  After providing the substrates in their locations and placing the
      constituents of the liquids 6 and 17 in the jig with the slidable wall in
      the position shown in FIG. 1, the temperature of the assembly is increased
      and that at least to the initial temperature required for epitaxy. At the
      instant and temperature chosen for the deposition, the slidable wall 2 is
      moved so that the liquid 6 drops on the substrates. The liquid 6 is then
      cooled, crystalline material being deposited, so that an epitaxial layer
      is formed on each of the substrates 5. During the deposition the liquid
      may become poorer in one of the constituents, for example, when using
      aluminium containing gallium, the gallium melt becomes poorer in aluminium
      and the concentration of the latter element has a tendency of being
      decreased in the vicinity of the junction to the epitaxial layer being
      formed. During the treatment the apertures 16 of the fixed wall 13 are
      filled with liquid 17 by temporarily bringing the appartures 14 of the
      movable wall 7 above the appartures 16 and, after filling, closing the
      appartures 16 again on their upper side by moving the wall 7. After the
      first deposition phase, when the liquid 6 is rather depleted in the better
      segregating constituent, the movable wall 8 is moved so that its
      appartures 15 become located below the appartures 16 of the fixed wall 13,
      as a result of which the contents of the latter are released and drop into
      the liquid 6, as a result of which the concentration of the better
      segregating constituent is increased to a better adapted value.
PAR  The filling of the appartures 16 and the pouring of their contents into the
      liquid 6 may be repeated as many times as is necessary. A cycle may be
      programmed and the actuation of the movable walls 7 and 8 can easily be
      automated.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An assembly for epitaxially depositing a crystallized layer on a
      monocrystalline substrate from a material in the liquid state, said
      assembly comprising a jig suitable for heating by a furnace, said jig
      comprising means for holding a monocrystalline substrate in a base portion
      of said jig, means for selectively exposing a face of said substrate to a
      first material in the liquid state including a first slidable wall member
      adapted to reciprocate in a plane substantially parallel to the base
      portion of the jig so as to control the exposure of a face of said
      substrate to a first material in the liquid state held in said jig above
      said substrate by said first slidable wall portion and side wall portions
      of said jig contiguous with said first slidable wall portion, said jig
      further comprising at least two additional wall members at least one of
      which is apertured and at least one of which is slidable and adapted to
      reciprocate in a plane substantially parallel to the base portion of said
      jig said additional wall members being positioned above said first
      material in the liquid state and below a second material in the liquid
      state and adapted by slidable movement of said additional wall members
      relative to each other of controlling the access of said second material
      in the liquid state to said first material in the liquid state through the
      apertures in said additional wall members to thereby control the flow of
      said second material in said liquid state into said first material in said
      liquid state.
NUM  2.
PAR  2. The assembly of claim 1 wherein said additional wall members include one
      apertured wall member fixed relative to the side wall portions of said jig
      and one slidable apertured wall member extending through a slot in one
      side wall member to the opposing side wall member of said jig.
NUM  3.
PAR  3. The assembly of claim 2 wherein said additional wall members include two
      slidable apertured wall members each extending through a slot in one side
      wall member to the opposing side wall member of said jig and separated
      from each other by said fixed apertured wall member.
NUM  4.
PAR  4. The apparatus of claim 1 wherein the base portion contains at least one
      recess portion suitable for the positioning of the substrate.
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ABST
PAL  Artificial habitats for rearing aquatic fauna and the like. The habitats
      comprise a plurality of structures deposited on the bed of a body of
      water. Each structure comprises longitudinal members of thermoplastic
      material characterized by a helicoidal shape and a density from 1.2 to 2.0
      g/cm.sup.3.
BSUM
PAR  The present invention relates to artificial habitats for rearing fish and
      crustaceans on the bed of the sea or of fresh water and to a method of
      making such habitats.
PAR  It is well known that wrecks of sunken ships provide very favorable
      environments for fish and crustaceans. Coastal fisherman have long taken
      advantage of this fact.
PAR  At the present time there is a tendency for the fish population in the
      fishing grounds to decrease because of the destruction of the sea bed
      environment by industrial fishing techniques and the creation of
      artificial habitats is a solution which has been suggested for
      regenerating the fish population of coastal waters.
PAR  The creation of these artificial habitats is intended to attract aquatic
      flora, crustaceans, and fish to a known location. Food may then be
      supplied to encourage rearing.
PAR  Hitherto such artificial environments have been provided by depositing
      abandoned cars or blocks of cement on the sea bed. However, car bodies
      have a limited life owing to the effects of corrosion and erosion. Blocks
      of concrete tend gradually to sink into the sea bed because of their high
      density and they have a basicity which is too high to encourage the growth
      of flora thereon.
PAR  The artificial habitats according to the present invention are intended,
      and it is, as an object of this invention, to avoid or reduce these
      disadvantages.
PAR  According to one aspect of the invention, there is provided an artificial
      habitat for rearing aquatic fauna, which comprises a plurality of
      structures deposited on the bed of the sea, lakes, rivers or the like, in
      which the structures comprise longitudinal members shaped in helicoidal
      turns composed of thermoplastic material having a density from 1.2 to 2
      g/cm.sup.3.
PAR  The members may be hollow or solid, compact or cellular and of any
      cross-section, for example rectangular, circular, elliptical or
      multilobular.
PAR  The preferred values of the dimensional parameters which characterize the
      structures, such as their length L, diameter D and the pitch 1 of the
      turns, and also the shape and dimensions of the cross-section, depend on
      the aquatic species for which the device is intended. Generally the length
      L is at least 50 cm, the diameter D is from 10 to 200 cm and the pitch 1
      from 2 to 150 cm. In the case of a circular cross-section the diameter of
      the members may be from 2 to 15 cm. A typical structure may have a length
      L of 200 cm, a diameter D of 80 cm and a pitch of 1 to 8 cm and may be
      obtained from a tubular member having a circular cross-section of 1.2 cm
      internal diameter and 4 cm external diameter.
PAR  The arrangement of the structures on the sea bed may vary accordinng to the
      aquatic species for which they are intended. In the case of fish such as
      goldfish, bass, and red mullet, it is preferable to arrange them in
      parallel rows whereas, with crustaceans, a random distribution is
      preferred.
PAR  The use of thermoplastic materials allows structures to be made having a
      rougher or smoother surface as desired depending on the flora and fauna
      which it is desired to attract. A rough surface may be obtained, for
      example, during manufacture of the members from thermoplastic material, by
      addition of appropriate filler material, such as ash, for example of the
      kind obtained from municipal incinerators and power stations.
PAR  The members may be made in known manner, such as by extrusion through a die
      of a molten mass of the thermoplastic material, optionally mixed with the
      filler material. After extrusion, the member is formed into the
      appropriate shape, then cut at intervals into pieces.
PAR  Any thermoplastic material which, alone or with the filler, yields members
      having a density from 1.2 to 2 g/cm.sup.3 may be used for making the
      members: polymers and copolymers of vinyl chloride may be used.
PAR  An important economic advantage of the invention stems from the fact that
      the members may be prepared from waste or scrap plastics material, such as
      reject material from industrial processes. The use of the invention thus
      contributes to the disposal and utilization of such waste. Before use, the
      waste material may be washed with water, ground or crushed and dried.
PAR  Embodiments of the invention will now be described, by way of illustration,
      in the following examples.
DETD
PAC  EXAMPLE 1
PAR  Waste thermoplastic sheet material, based on rigid polyvinyl chloride, is
      crushed to give particles not exceeding 1 cm in size.
PAR  A mixture is prepared of 100 parts by weight of the waste material and 30
      parts by weight of ash from municipal incinerators.
PAR  The mixture is extruded at 180.degree. C. by means of a rotating plate
      extruder, provided with two disc plates 18 cm in diameter, separated by a
      gap 1.2 cm wide, and a tubular die. The speed of the rotating plate is 130
      revs/minute and the rate of feed of material is 120 kg/hour.
PAR  The tubular member obtained which has an internal diameter of 1.2 cm and an
      external diameter of 4.0 cm is wound in helicoidal turns by means of a
      shaping device and then cut at regular intervals into shorter lengths.
      Structures are obtained having the following dimensions: length (L) = 200
      cm, diameter (D) = 80 cm, pitch (1) = 8 cm. These structures, deposited on
      the sea bed, form an artificial habitat for fish and crustaceans.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 is followed except that 20 parts by weight of
      the polyvinyl chloride waste is replaced by waste polyethylene sheet. The
      structures obtained, deposited on the sea bed, provide an artificial
      habitat for fish and crustaceans.
CLMS
STM  We claim:
NUM  1.
PAR  1. An artificial habitat for rearing aquatic fauna, which comprises a
      plurality of structures deposited on the bed of a body of water, the
      structures comprising longitudinal elongate helicoidal members of
      thermoplastic material having a density from 1.2 to 2 g/cm.sup.3
NUM  2.
PAR  2. A habitat according to claim 1 in which the members are in the form of
      solid or hollow members.
NUM  3.
PAR  3. A habitat according to claim 1 in which the members are of a
      cross-section selected from the group consisting of rectangular, circular,
      elliptic or multilobular cross-section.
NUM  4.
PAR  4. A habitat according to claim 1 in which the helical structure is
      dimensioned to have a length at least 50 cm, a diameter of from 10 to 200
      cm and a pitch of the helix from 2 to 150 cm.
NUM  5.
PAR  5. A habitat according to claim 3 in which the members are circular in
      cross-section and of a diameter from 2 to 15 cm.
NUM  6.
PAR  6. A habitat according to claim 1 in which the structures are arranged in
      parallel rows on the bed.
NUM  7.
PAR  7. A habitat according to claim 1 in which the structures are deposited at
      random on the bed.
NUM  8.
PAR  8. A habitat according to claim 1 in which the members are obtained by
      extrusion of the thermoplastic material.
NUM  9.
PAR  9. A habitat according to claim 1 in which the thermoplastic material
      comprises a polymer or copolymer based on vinyl chloride.
NUM  10.
PAR  10. A habitat according to claim 1 in which the thermoplastic material
      contains a filler capable of imparting a rough surface to the structures.
NUM  11.
PAR  11. A habitat according to claim 10 in which the filler comprises ash
      obtained from municipal incinerators, power stations and the like.
NUM  12.
PAR  12. A habitat according to claim 1 in which the members are solid.
NUM  13.
PAR  13. A habitat according to claim 1 in which the members are cellular.
NUM  14.
PAR  14. A method of making an artificial habitat for rearing aquatic fauna,
      which comprises depositing on the bed of a body of water a plurality of
      longitudinal members of helicoidal shape of thermoplastic material having
      a density from 1.2 to 2 g/cm.sup.3.
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ABST
PAL  A bedding retainer which provides a more rigid construction by providing
      means which engage the surfaces of the walls of the gutter to the stall
      and which provides a means of protecting cables or the like that are
      required or exist in most modern barns by having a plenum between the
      skirt of the retainer and the surfaces of the walls of the gutter to the
      stall.
BSUM
PAR  The present invention relates to an improved bedding retainer for use in an
      animal stall to retain bedding within the confines of the stall.
PAR  In the usual layout of modern barns there are rows of stalls on concrete
      floors with a gutter separating adjacent rows. Material such as straw is
      spread over the floor of each stall for bedding. However, the constant
      movement of the animal in the stall tends to shift the bedding backward
      into the gutter where it is spoiled for future use. Bedding material
      falling into the gutter also interferes with the cleaning of the gutter,
      especially where such cleaning is mechanised.
PAR  A retainer is often placed across the back of the floor of the stall to
      prevent the backward shift of the bedding into the gutter. Such retainer
      consists of boards, usually 2 .times. 4's, laid one on top of the other
      and nailed to the upright end posts of the stall. A structure of
      substantial strength is necessary to withstand the stress imposed upon it
      by the animal in the stall but it is cumbersome in construction and time
      comsuming to install when 2 .times. 4's are used. Recently my neighbour,
      William Langdom, obtained Canadian Pat. No. 787,677 for a "Bedding Keeper"
      which avoided some of these problems. That retainer however fails to
      provide sufficient support for the upstanding or upright portion of the
      retainer. This is primarily due to the fact that over the years, as a
      result of improved animal husbandry, the animals have tended to become
      physically larger with greater propensity that the animals are larger for
      the animal stall than for which that stall was originally designed or
      created.
PAR  It is a primary object of the present invention, therefore, to provide a
      new and improved bedding retainer for the same general type as that of
      Langdon, but which further provides enhanced rigidity and a means of
      protecting cables, such as electrical wiring and the like, which are
      additionally required and exist in most modern barns.
PAR  It is an ancillary object to provide a bedding retainer which expands the
      area of the stall.
PAR  It is a further object of the invention to provide a bedding keeper which
      permits conventional gutter cleaners to operate to clean the walkways and
      gutters of stalls and not to foul mechanical linkages of conventional
      gutter cleaners.
PAR  The invention therefore contemplates a bedding retainer for use in
      retaining bedding in an animal stall having a floor bounded by a gutter
      wall and gutter comprising a horizontally elongated upright portion, a
      flange integral with the upright portion extending laterally therefrom,
      improvement comprising a skirt depending from the upright portion below
      the plane of said defining between the skirt and gutter wall a plenum,
      said skirt flange with means disposed along the skirt below the plane for
      securing the depending skirt to the gutter whereby additional structural
      support is given to the upright portion.
PAR  Preferably the bedding retainer is formed of a single sheet of rigid
      material with upstanding portion having an inverted U shape in transverse
      cross section, the flange extending from one upright arm to form an
      extending surface by which the stall area is expanded, and the skirt
      portion expanding from the other upright arm appropriately bent or
      disposed so as to come in close proximity with the wall of the gutter
      whereby it may be secured thereto.
DRWD
PAR  The embodiments of the invention will now be described by way of example
      with reference to the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a bedding retainer according to the
      invention, being affixed to the flooring of a barn; and,
PAR  FIG. 2 is a side elevation of one embodiment of the bedding retainer in
      place in an occupied stall; and,
PAR  FIG. 3 is a perspective view showing an alternative embodiment of the
      bedding retainer in place in an occupied stall.
DETD
PAR  Referring to FIG. 1 a bedding retainer 10 is constructed of a rigid sheet
      material such as galvanized steel and consists of an upright portion 11
      formed by bending the sheet into an inverted U-shape with two downward
      depending arms 12 and 13 and an arc crown 14. The free end portion of arm
      12 is bent laterally at right angles to form an outwardly extending flange
      15 perpendicular to the upright portion 11. Preferably the outward
      extending flange 15 is of great expanse so that it will act in part as an
      extending floor for the stall (FIG. 3). The other arm 13 extends
      downwardly below the plane of the flange 15 in close proximity to the
      gutter to form a depending skirt therefor.
PAR  Preferably, in one embodiment, referring to FIG. 3, the depending skirt 16
      depends into an angular or obtuse section 19, thence into a lower section
      17 non-co-linear with the upper section 16 but parallel thereto
      interconnected by the obtuse section 19. Through the lower non-co-linear
      parallel section 17 apertures are provided through which a bolt or bolts
      22 is provided for securing the skirt portion to the side wall 20 of the
      gutter 19. The flange 15 has holes punched 7/16 inch .times. 3/4 inch
      every two feet for easy installation of the bedding retainer with lags or
      bolts.
PAR  As shown in the drawing the bedding retainer 10 is located on the flooring
      18 of a stall adjacent the gutter 19 having the vertical wall 20. The
      flange 15 is fixed to the floor 18 in a position whereby the depending
      skirt 16 bears for a portion of its length against the wall 20 of the
      gutter 19. Usually the flooring 18 and the gutter 19 are of concrete and
      the flange 15 may be secured to the flooring by suitable rivets 21 as
      provided by a rivet gun or alternatively may be bolts or lags.
PAR  Satisfactory rigidity and strength of the bedding retainer 10 of FIG. 3 may
      be obtained by fabricating the bedding retainer from galvanized sheet
      metal of at least one-eighth inch thickness. The dimensions of the bedding
      retainer 10 are suitable as follows:
PA1  Heighth of upright portion 11 - 3 inches (7.6 cm)
PA1  Radius of crown 14 - one-half inch (1.7 cm)
PA1  Width between arms 12 and 13 - one inch (2.5 cm)
PA1  Width of extended flange 15 - 7 inches (17.8 cm)
PA1  Width of lower portion of skirt 18 one and one-half inches (4.5 cm)
      disposed 3 inches (7.6 cm) below the plane of the flange 15.
PAR  In this embodiment the plenum 25 defined by the crown 14, the arms 11, 13,
      and the depending skirt portion 16 as well as a portion of the gutter wall
      20 can be used to house cables for cleaners such as electrical wiring.
PAR  Referring to FIG. 2 an alternative bedding retainer 10 may be provided
      wherein an open region 26 is disposed beneath an extending obtuse skirt
      portion 16. In such embodiment cables can be relocated through the region
      26 at will without the removal of the retainer 10. In this embodiment the
      extent of the flange 15 is not as large as that of FIG. 3 as the retainer
      does not extend the width of the stall as the embodiment of FIG. 3.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A bedding retainer for use in retaining bedding in an animal stall
      having a floor bounded by a gutter wall and a gutter, said retainer
      comprising a horizontally elongated, upright portion formed of a single
      sheet of rigid material with the upstanding portion having an inverted U
      shape in transverse cross section; a flange integral with and extending
      laterally from one upright arm of the upright portion to form an extending
      surface by which the stall area is expanded, a skirt depending from the
      other upright arm of the upright portion to a point below the level of
      said flange and defining between the skirt and the gutter wall a plenum,
      said skirt portion being appropriately bent or disposed so as to come into
      close proximity with the wall of the gutter and having means disposed
      along the skirt below the level of the flange for securing the depending
      skirt to the gutter wall whereby additional structural support is given to
      the upright portion.
NUM  2.
PAR  2. The bedding retainer of claim 1 wherein the skirt portion obtusely bends
      towards the flange and then extends into a depending portion parallel to
      the upright portion, the depending portion adapted to engage the surface
      of the gutter wall.
NUM  3.
PAR  3. A bedding retainer for use in retaining bedding in an animal stall
      having a floor bounded by a gutter wall and a gutter, said retainer
      comprising a horizontally elongated, upright portion; a flange integral
      with the upright portion extending laterally therefrom, a skirt depending
      from the upright portion to a point below the level of said flange, said
      skirt extending colinearly to the upright portion to permit a portion
      thereof to engage the surface of the gutter wall, but then into a
      depending portion angulated obtusely, to define a plenum between the
      gutter wall and the depending portion; and means disposed along the skirt
      for securing the skirt to the gutter wall whereby additional structural
      support is given to the upright portion.
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TTL  Animal exercise device
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ABST
PAL  An animal exercise device is shown. The device consists of a substantially
      circular hollow housing which is formed with a number of cirfumferentially
      disposed spaced ribs. There is a substantially centrally disposed opening
      passing through the housing. A cylindrical hub member passes through the
      central opening within the housing and has a cut-out portion thereon so
      that an animal can pass through the hub member into the circular hollow
      housing. The hub member carries a fastening ring on one side which can be
      connected to an elongated tube member and a cap is oppositely disposed to
      said fastening ring.
BSUM
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The invention can be briefly described as comprising, in combination, a
      substantially circular rotatable hollow housing, a plurality of
      circumferentially disposed spaced ribs carried by said housing, the
      housing being also provided with a substantially circumferential hub
      opening therewithin. Optionally, but not essentially, a hub member is also
      provided adapted to fit within the hub opening with the hub member
      provided with a circumferential cut-out portion thereupon. The hub member
      is provided with lateral fastening means and oppositely disposed cap
      member.
PAC  DISCUSSION OF THE PRIOR ART
PAR  Tube-type animal devices for normal burrowing-type small animals are known.
      These consist of a plurality of interconnected tubes through which the
      animal can pass. The provision of an exercise device similar to that of
      this invention attached to said tube-type devices is believed to be new.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side perspective view showing the device of this invention
      attached to a tube-type animal device.
PAR  FIG. 2 is a detail cross-sectional view of the device of this invention
      taken along lines 2--2 of FIG. 1.
PAR  FIG. 3 is a cross-sectional view of the form of device shown in FIG. 2
      taken along lines 3--3 of FIG. 2.
PAR  FIG. 4 is a detail perspective view of the hub member of this invention.
PAR  FIG. 5 is a detail cross-sectional view showing fastening means utilized to
      secure the parts of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THIS INVENTION
PAR  The invention will now be described by reference to the accompanying
      drawings.
PAR  The device 11 of this invention is formed with a substantially circular
      housing 12 which is hollow and provided with a plurality of
      circumferentially disposed ribs 13. Ribs 13 are connected by bridge
      portions 14 and 15 extending on opposite sides of said ribs. A pair of
      oppositiely disposed cover portions 16 and 17 are disposed on opposite
      sides of said ribs.
PAR  Housing 12 is also provided with a substantially centrally disposed opening
      18. A hub member 19 normally fits within opening 18 and is provided with a
      circumferential opening 20 thereupon. A cap 21 is secured on one side of
      member 19 and a fastening member 22 (FIG. 5) is disposed on the opposite
      side of member 19. Member 22 has a fastening portion 23 which is carried
      within a circumferential opening 24 within hub 19.
PAR  Member 22 is also secured to an end portion of a tube-type animal device 25
      which consists of a plurality of interconnected tubes 26.
PAR  With the foregoing specific description the operation of this invention can
      be explained.
PAR  Hub 19 is placed within opening 18 of housing 12 and cap 21 put in position
      on one side. The opposite side of hub 19 is attached to device 25. A small
      animal can now travel from tube device 25 through hub 19 into housing 12
      and can rotate housing 12 by placing his feet against ribs 13 (FIG. 2).
      This will rotate housing 12 and provide both exercise to the small animal
      and entertainment to the viewer.
PAR  The foregoing specific embodiments of this invention are for illustrative
      purposes and for purposes of example only. Various changes and
      modifications could obviously be made within the spirit and scope of this
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A small animal exercise device comprising, in combination, a
      substantially circular rotatable housing, a plurality of circumferentially
      disposed spaced ribs carried by said housing, a substantially centrally
      disposed hub opening provided within said housing, a hub member adapted to
      fit within said hub opening, said hub member having lateral fastening
      means thereupon and being provided with a circumferentially disposed
      cut-out portion thereupon, and an oppositely laterally disposed cap member
      carried by said hub member.
NUM  2.
PAR  2. A small animal exercise device as described in claim 1 said hub member
      being cylindrical.
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ABST
PAL  A simplified and continuous process for the removal of sulfur compounds and
      other impurities such as silicates from high sulfur coal or fuel oil
      during combustion in a molten salt bath containing a collector which
      reacts with the sulfur and other impurities. Sulfate and silicate
      impurities together with other by-products are removed by gravity
      separation from the molten salt bath as slurry from which the soluble
      salts may be regenerated and recycled continuously. Flue gases are
      recycled through the molten salt bath for sulfur-free emission to the
      atmosphere.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the removal of sulfur impurities during the
      combustion of sulfur-containing carbonaceous material such as coal or fuel
      oil. In one aspect, this invention relates to a process whereby high
      sulfur coal or fuel oil is burned in a molten salt bath to which a sulfur
      collector such as an alkaline-earth metal oxide or carbonate has been
      added, which collector combines with the sulfur impurities to form
      insoluble compounds that thereafter are removed from the salt bath. In
      another aspect, this invention relates to a novel process for the
      generation of steam by combustion of high sulfur coal or fuel oil
      featuring the recovery of sulfur oxides before they are emitted into the
      atmosphere.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In industrial plants where large quantities of high pressure steam are
      required for a wide variety of purposes, the steam is generated in boilers
      fired by gas, oil, coal in solid form, or pulverized coal. The flue gases
      resulting from such combustion contain impurities, the most noxious of
      which is sulfur dioxide.
PAR  Whenever a fuel contains sulfur, some sulfur dioxide will be contained in
      the gasous products of combustion. The sulfur in coal occurs in three
      forms: (1) pyritic sulfur in the form of a pyrite or marcasite; (2)
      organic sulfur, which consists of sulfur chemically combined with the coal
      substance; and (3) sulfate sulfurs, which appear as iron or calcium
      sulfates. During combustion of a coal, from 70 to 90% of the sulfur
      appears in the combustion product as sulfur dioxide.
PAR  A petroleum refinery separates certain fractions of crude petroleum to
      acquire the necessary properties for use as a fuel oil. The commercial
      fuel oil that the refiners sell is usually a blend in various proportions
      of some of the materials separated by primary distillation with some of
      the products of destructive distillation. The composition of the fuel oils
      usually ranges from 83 to 87% carbon content together with 11 to 13% of
      hydrogen content, the remainder consisting for the most part of sulfur and
      water. As in the case of coal, most of the sulfur appears in the
      combustion product as sulfur dioxide.
PAR  Based on the Environmental Protection Agency's ambient air quality
      standards, states have adopted strict laws to limit the amount of sulfur
      in fuels or the amount of sulfur dioxide in stack emissions. The mean U.S.
      Standard of sulfur in fuels is rapidly becoming .7 weight percent while
      the larger consuming areas already limit sulfur content to .5 and .3
      weight percent.
PAR  In the United States, coal is abundant and widespread. On a uniform
      calorific basis, coal constitutes 68% of the total estimated recoverable
      reserves of fossil fuels in the United States; petroleum and natural gas,
      about 16%; and oil in oil shale about 16%. Unfortunately, only 11% of the
      nation's coal reserves east of the Mississippi River have a sulfur content
      less than .7 weight percent, and most of these reserves are committed to
      steel making. The remaining coal reserves in this area have sulfur
      contents up to 4.5 weight percent. Thus, a major portion of the nation's
      energy supply is unavailable without a practical and economical process of
      removing the sulfur from the sulfur coals.
PAR  The use of fuel oil is equally restricted because of sulfur content. U.S.
      domestic crudes typically contain from 1.1 to 3.2 weight percent of
      sulfur, while imported crude oils contain from 2.2 to 5.8 weight percent
      of sulfur.
PAR  Various solutions to the problem of making the available high sulfur coal
      or fuel oil available for electric power generation under the existing
      EPA's air quality standards have been considered:
PAR  1. Gasification of high sulfur coal to produce low sulfur gas for power
      plant consumption involves not only heating the coal, as in distillation,
      but also the subsequent reaction of the solid residue with air, oxygen,
      steam, or various mixtures of each. The March 1974 issue of Scientific
      American, pages 19-25, describes methods of coal gasification which are
      commercially available, in the pilot-plant stage, or proposed. Several
      processes for the gasification of coal are currently being developed under
      sponsorship of the Office of Coal Research, but their cost appears to be
      very high.
PAR  2. Liquification of high sulfur coal to produce low sulfur liquids is
      fairly well known, but the development work is not as far along as in the
      case of coal gasification. Again, the cost of applying this method is very
      high.
PAR  3. Removal of sulfur compounds from coal prior to combustion has been
      attempted by pulverizing the coal and using conventional processes, such
      as gravity separation or flotation, to remove pyritic sulfur. Such a
      process, however, is very expensive and does not remove organically bound
      sulfur compounds. A solvent refining process to purify raw coal developed
      by the Office of Coal Research is described in The Oil and Gas Journal of
      November 6, 1972, page 32.
PAR  4. Stack gas scrubbing to remove sulfur dioxide and similar impurities
      after combustion and before venting to the atmosphere is favored by many
      researchers. Recent literature includes Stone and Webster's ionics process
      described in The Oil and Gas Journal of Aug. 7, 1972, page 34; Allied
      Chemical's stack gas scrubbing process described in The Oil and Gas
      Journal of Aug. 7, 1972, page 40: IFP's stack gas clean-up process
      described in The Oil and Gas Journal of Aug. 6, 1973, page 67; Shell's
      flue gas desulfurization process described in The Oil and Gas Journal of
      Oct. 29, 1973, page 81; General Motor's stack gas scrubbing process
      described in the Nov. 12, 1973, issue of Time magazine; and American Air
      Filter Company's mobile bed contactor-scrubber process described in The
      Oil and Gas Journal of Jan. 21, 1974, page 92. Most of these stack gas
      purification processes are very expensive because of the large volume of
      low pressure gases to be treated and the resulting high cost of auxiliary
      facilities.
PAR  5. A fluidized-bed process to remove sulfur dioxide during combustion of
      coal has been announced by ESSO Research and Engineering Company in The
      Oil and Gas Journal articles of Aug. 28, 1972, page 32, and Nov. 20, 1972,
      page 83. In this process high-sulfur coal is burned under high pressure in
      a fluidized bed of limestone granules. The limestone combines with the
      sulfur from the coal to produce calcium sulfate, which is then circulated
      from the fluid bed to be regenerated in another reactor by means of a
      stream of reducing gas.
PAR  6. Processes for both direct and indirect desulfurization of whole crude,
      vacuum gas oil, or vacuum power bottom oil are presented in a 1973 booklet
      printed by The Petroleum Publishing Company of Tulsa, Oklahoma, and
      entitled "Advances in Desulfurization of Petroleum Products". The
      processes entail the use of a fixed-bed catalytic reactor where liquid
      feed is exposed to hydrogen-rich recycle gas at moderate pressures and
      temperatures. Commercial experience shows that both iron and salts
      precipitate to the bottom rapidly in the first few feet of the catalyst
      bed and must be removed to prevent an excessive pressure drop across the
      reactor. The main desulfurization reactor may be preceded by a guard
      reactor to remove chemically bound iron and other impurities that are not
      removed in the feed filtration and desalting facilities.
PAR  The desulfurized liquid, product gases, and unreacted hydrogen leaving the
      reactor are cooled and then sent to the separation section. Most of the
      liquid product is recovered in a hot, high-pressure separator and passed
      to the product fractionator to recover naphtha and desulfurized residual
      fuel oil. The uncondensed gases from the high pressure separator are
      cooled and treated with water to remove ammonia and hydrogen sulfide
      before returning to the high-pressure reactor loop.
PAR  The present invention provides a simpler and less costly process for
      desulfurizing coal or fuel oil, whereby impurities are removed during
      combustion in a molten salt bath to which collectors have been added to
      convert sulfur dioxide to harmless compounds.
PAR  A prior art use of a molten salt bath is presented in U.S. Pat. No.
      3,642,583 issued to Greenberg on Feb. 15, 1972, relating to a process for
      the distillation of water and the combustion of waste and other
      contaminants. The contaminated liquid is introduced with forced air onto
      the surface of the molten salt bath which is maintained at a temperature
      below the normal combustion temperature of organic waste matter. The salts
      comprising the bath may be catalytically behaving neutral salts or
      chemically active salts comprising chemical oxidizers. The salt bath
      causes evaporation of the water content and catalytically induces
      oxidation of the organic waste. The heat source may be provided by
      combustion of fuel within the salt bath itself. However, the process is
      directed to the elimination of organic waste rather than inorganic
      pollutants such as sulfur. Further, the organic wastes are catalytically
      oxidized rather than directly ignited. The process disclosed in the patent
      does not include the use of a "collector" or reactant for converting
      undesirable oxides into insoluble compounds which may be removed.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a method of reducing the sulfur oxide
      emissions in stack gases by burning sulfur-containing carbonaceous
      materials such as coal or fuel oil in a molten salt bath to which a
      collector for sulfur oxides and other impurities such as silicate
      impurities has been added. More particularly, the high sulfur carbonaceous
      material is introduced with a gas comprising oxygen such as air or oxygen
      into a vessel containing a molten salt bath such as, for example, a stable
      salt or salt mixture having a melting point below about 1600.degree.F. To
      this molten salt bath, a collector, preferably an alkaline-earth metal
      oxide or carbonate such as, for example, powdered limestone, has been
      added. The collector reacts with the sulfur oxides generated during the
      combustion of the coal or fuel oil in the molten salt bath to form
      sulfates which are insoluble in the molten salt and precipitate therefrom.
      Likewise, the collector reacts with other impurities such as silicates to
      form insoluble compounds. The sulfate and silicate impurities together
      with possible valuable by-products are continuously removed by gravity
      separation as a slurry from the molten salt bath. The molten salt can be
      regenerated and recycled from the slurry in a continuous operation.
      Furthermore, a heat exchange fluid can be passed through suitable means
      such as a heat exchange coil immersed in the molten salt bath to extract
      thermal energy therefrom.
PAR  In one aspect of the invention, an airlift system is used to lift the
      accumulated slurry above the molten salt bath onto trays through which the
      flue gas will flow to be given an additional contact with the slurry prior
      to being vented to the atmosphere. The slurry is then dropped on a screen
      which removes particles of impurities such as the sulfates and silicates.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the present invention and for further
      objects and advantages thereof, reference may now be had to the following
      description taken in conjuntion with the accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic illustration of a preferred embodiment of the
      invention including a feed system, a combustion-desulfurization unit, and
      a regeneration unit;
PAR  FIG. 2 is a more detailed diagram of the combustion unit of FIG. 1; and
PAR  FIG. 3 is a diagrammatic illustration of a second embodiment of the
      invention including an airlift system to remove impurities and further
      purify the flue gases.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  FIGS. 1 and 2 illustrate a preferred embodiment of the invention comprising
      a feed system 30, a combustion-desulfurization unit 31, and a regeneration
      unit 32.
PAR  As shown in FIG. 1, feed system 30 comprises a hopper 33, nozzle 34, and
      conduit 35 for delivering the carbonaceous fuel, i.e., sulfur-containing
      comminuted coal and/or crude oil, and the impurity collector to the
      conbustion-desulfurization unit 31. In addition, feed system 30 includes a
      hopper 45 containing pulverized salt which functions to deliver salt to
      combustion-desulfurization unit 31 for the purpose of forming the initial
      molten bath of salt and any makeup quantities of salt that may be desired.
      Various salts or mixtures thereof can be used in the scope of this
      invention and will be described in detail hereinbelow.
PAR  The ratio between the impurity collector and the sulfur-containing
      carbonaceous fuel such as coal can be varied, depending upon the impurity
      content of the carbonaceous fuel. Generally, it is preferable to have a
      sufficient quantity of impurity collector to completely stoichiometrically
      react with impurities within the carbonaceous fuel. Thus, it is preferred
      that the molar equivalents of the collector used in the process at least
      equal the molar equivalents of impurity such as sulfur within the
      carbonaceous fuel. However, it is to be understood that quantities of
      collector in excess of this amount such as for example up to about twice
      this amount can be used in the process of the subject invention. For
      example, the sulfur content in sulfur-containing coal used in the scope of
      this invention will generally vary between about 0.7 and 4.5 weight
      percent thereof. Therefore, with each 100 parts by weight of the
      above-described sulfur-containing coal, then correspondingly, from about
      2.19 to about 14.1 parts by weight of a calcium carbonate collector can be
      utilized to completely react with the sulfur impurity. Furthermore, the
      particle size of the sulfur-containing coal can range from about minus 3
      to about plus 100 mesh (U.S. Standard). The corresponding particle size of
      the collector, such as limestone, can range between about minus 4 and plus
      200 mesh (U.S. Standard).
PAR  Furthermore, while the preferred embodiment shown in the drawings will be
      described in relation to removing sulfur and silicate impurities from coal
      with limestone as the collector, it is to be understood that any other
      sulfur-containing carbonaceous material, such as fuel oil, can be used as
      fuel, and any other alkaline-earth metal carbonate or oxide can be used as
      the collector in place of the limestone. The more preferred collectors
      utilized in the scope of this invention are selected from calcium
      carbonate, calcium oxide, magnesium carbonate, and magnesium oxide. As an
      example, where high sulfur fuel oil containing a sulfur content of between
      about 0.7 and 5.8 weight percent is to be desulfurized, the feed to the
      combustion-desulfurization unit 31 should correspondingly contain from
      about 2.19 to about 18.1 parts by weight of the limestone collector for
      each 100 parts by weight of fuel oil to completely react with the sulfur
      impurity. In this instance the particle size of the collector should also
      be in the range of from about minus 4 to about plus 200 mesh (U.S.
      Standard).
PAR  Continuing with the description, the bed of molten salt is maintained
      within vessel 10 to the level indicated in FIG. 1. The salt is initially
      supplied to vessel 10 via hopper 45, conveyor 46, and port 47. The
      maintenance of the molten salt bed will be described in detail below.
PAR  Compressed air is injected into nozzle 34 from where the coal-limestone-air
      mixture is blown through conduit 35 into a nozzle 16. It is noted that
      pure oxygen or any other suitable oxygen containing gas can be supplied to
      conduit 25 within the scope of the subject invention, however, the
      particular embodiment shown in the drawing will be described in relation
      to air as the oxygen supply source. Nozzle 16 is tangentially located in
      the cone-shaped bottom portion of vessel 10 in combustion unit 31.
PAR  In addition to the heavy-walled steel vessel 10 containing a molten salt
      bath 17, combustion unit 31 includes a preheating unit 37 mounted in the
      path of the desulfurized flue gases exiting through chimney 15.
PAR  Unit 37 contains a preheater assembly 19 for preheating compressed air
      which enters vessel 10 through tangentially placed nozzle 18 to provide
      complete combustion. Thus, the air or other oxygen containing gas supplied
      to vessel 10 via nozzle 18 and nozzle 16 should preferably contain at
      least enough oxygen to fully stoichiometrically react with the
      carbonaceous fuel and the oxidizable impurities therein such as sulfur.
      Generally, it is most preferred that oxygen in excess of the
      stoichiometric amount required for complete combustion be supplied to the
      molten salt bath. Unit 37 also contains a preheater assembly 22 for
      preheating feed water circulating in steam coils 24 embedded in salt bath
      17. The high pressure steam produced in coils 24 exits through port 124 to
      conduit 25 for such industrial uses as driving turbogenerators of an
      electric power plant.
PAR  Bottom outlet 12 of vessel 10 is connected to an adjustable riser pipe 13
      through which molten salt slurry containing calcium sulfate and calcium
      silicate particles, as well as other impurities, flows into water bath 39
      of regeneration unit 32. The resulting solution of soluble salt is pumped
      out of water bath 39 by pump 41 and through conduit 42 to inlet 43 of
      vessel 10. Pump 41 can be automatically energized and deenergized by means
      of a salinity-sensing device 44.
PAR  Referring now to the more detailed illustration of FIG. 2, vessel 10 is
      shown containing a molten salt bath 17 preferably comprising sodium
      carbonate, sodium chloride or potassium chloride having melting points of
      1564.degree.F, 1472.degree.F, and 1429.degree.F, respectively. In the
      practice of this invention, the use of sodium carbonate is generally
      preferred over sodium chloride or potassium chloride because of the
      non-corrosive character of its decomposition or vapor phase products.
      However, it is to be understood that many salts can be used in the scope
      of the subject invention.
PAR  The term "salt" as used in the scope of the subject invention includes
      normally solid compounds which have melting points below about
      1,600.degree.F and boiling points above about 2,000.degree.F, and which
      will not deleteriously effect the process of oxidation of the carbonaceous
      fuel, and the reaction between the collector and the impurities within the
      carbonaceous fuel. Thus, the term "salt" as used in the scope of the
      subject invention includes a group of compounds which fall within the
      classic definition of a salt (e.g., a normally solid compound derived from
      an acid by replacing the hydrogen wholly or partially with a metal or an
      electropositive radical and which is dominantly ionic in character and has
      a high melting point), as well as certain basic inorganic compounds such
      as sodium hydroxide which are not conventionally classified as salts. A
      representative but not exclusive list of other suitable salts or salt
      mixtures which can be used in the practice of this invention is given in
      Table I below. Each of the entries is water soluble, and has a melting
      point below about 1600.degree.F and a boiling point above about
      2000.degree.F to provide an environment in liquid form which is ideal for
      the combustion of coal or oil.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     SALTS                                                                     

     Sp. Gr.     Melting Point                                                 

                          Boiling Point                                        

     Salt  (g/cc)                                                              

                 .degree. C.                                                   

                     .degree. F.                                               

                          .degree. C.                                          

                                   .degree. F.                                 

     __________________________________________________________________________

     Na.sub.2 CO.sub.3                                                         

           2.51  851 1564 --       --                                          

     B.sub.2 O.sub.3                                                           

           1.84  577 1071 1860     3380                                        

     CaCL.sub.2                                                                

           2.15  772 1422 &gt;1600    &gt;2912                                       

     KBr   2.75  730 1346 1435     2615                                        

     KCl   1.98  776 1429    1500 subl                                         

                                   2732                                        

     KOH   2.04  360  681    1320-1324                                         

                                      2408-2415                                

     (KPO.sub.3).sub.6                                                         

           2.11  810 1490 1320     2408                                        

     MgCl.sub.2                                                                

           2.32  708 1306 1412     2574                                        

     MnCl.sub.2                                                                

           2.98  650 1202 1190     2174                                        

     NaBr  3.20  755 1391 1390     2534                                        

     NaCl  2.16  800 1472 1413     2575                                        

     NaOH  2.13  318  605 1390     2534                                        

     Na.sub.2 B.sub.4 O.sub.7                                                  

           2.87  741 1366 --       --                                          

     LiCl  2.07  613 1135 1353     2467                                        

     LiF   2.60  870 1598 1676     3049                                        

     Li.sub.2 CO.sub.3                                                         

           2.11  618 1144 --       --                                          

     __________________________________________________________________________

PAR  The fuel to be desulfurized and the collectors to be used constitute
      further criteria in selecting a suitable salt. The salt or salt mixture
      should have a density less than that of the alkaline-earth metal collector
      as well as the sulfates and silicates formed from the reaction between the
      collector and the impurities, and preferably a density greater than the
      coal or oil to be desulfurized. This density difference causes the coal
      and oil to spiral upward and allows the continuous removal of the heavier
      impurities by gravity separation. A representative list of alkaline-earth
      metal sulfates and silicates together with their specific gravities or
      densities is given in Table II below.
TBL                TABLE II                                                    

     ______________________________________                                    

     ALKALINE-EARTH METAL SULFATES AND SILICATES                               

               Sp. Gr.                 Sp. Gr.                                 

               or Density              or Density                              

     Compound  (g/cc)      Compound    (g/cc)                                  

     ______________________________________                                    

     BaSiO.sub.3                                                               

               4.40        MgSiO.sub.3 3.28                                    

     BaSO.sub.4                                                                

               4.50        MgSO.sub.4  2.66                                    

     CaSiO.sub.3                                                               

               2.91        SrSiO.sub.3 4.65                                    

     CaSO.sub.4                                                                

               2.96        SrSO.sub.4  3.96                                    

     ______________________________________                                    

PAR  By way of example, if a collector such as lime having a specific gravity of
      3.38 g/cc is to be mixed with coal which has a specific gravity generally
      in the range of 1.1 to 1.8 g/cc, or fuel oil which has a specific gravity
      generally in the range of 0.8 to 0.96 g/cc, then a salt having a specific
      gravity greater than the coal or oil used but less than about 2.96 g/cc
      (the specific gravity of calcium sulfate) should be used.
PAR  To contain the combustion process, vessel 10 is constructed of a steel
      capable of withstanding temperatures up to about 2500.degree.F. In
      addition, the vessel and its connected piping are heavily insulated to
      minimize heat losses. The bottom section 11 of vessel 10 is preferably
      cone-shaped to attain a cyclone effect due to the whirling motion of the
      molten salt mass resulting from the tangentially injected fuel and air.
      The cyclone effect enhances the gravity separation of heavier impurities
      from the lighter molten salt bath.
PAR  Section 11 is provided with a bottom outlet 12 to eliminate the heavy
      slurry containing particles of calcium sulfate, calcium silicate, and
      other heavy impurities and by-products. Outlet 12 is connected to disposal
      conduit 38 through riser pipe 13 and slurry conduit 14. The height of
      riser pipe 13 is adjustable to achieve the proper elimination rate of
      slurry from the system. Riser pipe 13 may also be equipped with a
      mechanical stirring device (not shown) to keep slurry particles in
      suspension.
PAR  As previously mentioned, powdered coal or fuel oil together with ground
      limestone (or another suitable collector) is injected tangentially into
      vessel 10 through nozzle 16. The centrifugal forces created by the
      tangential injection into the cone-shaped portion of vessel 10 create a
      gravitational separation effect causing the lighter coal and injection air
      to spiral upward in salt bath 17, while the sulfates, silicates, and other
      heavy impurities are forced downward towards outlet 12.
PAR  Additional air under pressure is preheated in assembly 19, which is mounted
      in the path of the desulfurized flue gases passing through a chimney 15,
      and injected tangentially into salt bath 17 through conduit 20 and nozzle
      18 to complete the combustion process in the vessel 10.
PAR  The feed-water supply is pumped through pipe 21 into preheater assembly 22
      which is also mounted in the path of the desulfurized flue gases. The
      preheated water moves through conduit 23 to steam generating coils 24
      immersed in salt bath 17 of vessel 10. After vaporizing in coils 24, the
      high pressure steam leaves the vessel 10 through port 124 and conduit 25
      to a steam driver turbogenerator plant for generation of electric power.
PAR  Two baffles 27 and 28 are provided to force the effluent gases resulting
      from combustion in vessel 10 to pass through the molten salt bath at level
      126 under baffle 28. Thus the flue gases undergo an additional cleaning
      before being released through chimney 15 to the atmosphere.
PAR  The detailed operation of a preferred embodiment of the subject invention
      will be described in relation to the combustion of coal containing a high
      sulfur content and using limestone as the collector.
PAR  In operation, vessel 10 is filled with solid salt, e.g., sodium chloride or
      potassium chloride, from hopper 45. Steam which has been heated to a
      temperature above the melting point of the salt is then circulated through
      coils 24 to melt the salt. Alternately, coal or oil can be fired in the
      furnace until the temperature is high enough to melt solid salt, and then
      the solid salt may be added from hopper 45.
PAR  Heated to its melting point, dry salt absorbs heat very rapidly and becomes
      a dense, slightly cloudly liquid with the appearance of salid oil, though
      its temperature may be running above 1600.degree.F. Having boiling points
      far above their melting points, molten salts retain their high heat and
      remain stable over a wide temperature range. Further, molten salts act as
      a catalyst at lower temperatures and pressures than would otherwise be
      required without themselves entering into the reaction. Thus, molten salts
      with their melting point in the combustion range of coal or oil, and their
      boiling point sufficiently higher to keep the entire process in liquid
      form, provide an optimum environment for burning fuel.
PAR  The high-sulfur coal together with the pulverized limestone is injected
      with air through nozzle 16 into molten salt bath 17. For complete
      combustion: additional compressed air is heated in assembly 19 and
      injected through nozzle 18 into salt bath 17.
PAR  At a temperature above the melting point of the salt bath, the injected
      coal in the presence of air will oxidize immediately, thus generating the
      heat to maintain the salt bath temperature and to generate high-pressure
      steam in coils 24.
PAR  In the presence of excess oxygen, any sulfur compounds present in the coal
      or fuel oil will oxidize into sulfur oxides. Simultaneously, the injected
      limestone particles will decompose in the salt bath to form calcium oxide
      and carbon dioxide. The released sulfur oxide then combines with the
      calcium oxide to form calcium sulfate, which is insoluble in the molten
      salt bath. Likewise, any silicate impurities will react with the calcium
      oxide to form insoluble calcium silicate.
PAR  More specifically, the specific gravity of coal is generally in the range
      of 1.1 to 1.8 g/cc. As compared to a specific gravity of 2.51 for sodium
      carbonate, 2.16 g/cc for sodium chloride and 1.98 g/cc for potassium
      chloride, any unburned coal particles rise to the surface of the salt bath
      where the combustion process is completed. The calcium sulfate with a
      specific gravity of about 2.96 g/cc and the calcium silicate with a
      specific gravity of about 2.91 g/cc drops to the bottom of the molten salt
      bath.
PAR  The whirling motion in the salt bath caused by the tangential mounting of
      injection nozzles 16 and 18 further facilitates the gravity separation
      process. Within the salt bath there will be an upwardly spiraling movement
      of burning coal particles with excess oxygen, and gaseous oxidation
      products, and a simultaneously downwardly spiraling movement of the
      heavier calcium sulfate and calcium silicate particles with other heavy
      impurities.
PAR  A slurry of molten salt mixed with the heavier impurities will accumulate
      in the bottom of vessel 10 and move through outlet 12 into riser pipe 13.
      Mechanical stirring devices in riser pipe 13 (not shown) will keep the
      mixture in motion to prevent the impurities from settling out and clogging
      the pipe orifice.
PAR  With the adjustable height of pipe 13 and being H.sub.R and the height of
      the molten salt column in vessel 10 being H.sub.V, the ratio of H.sub.R to
      H.sub.V will at equilibrium be equal to the ratio of the specific gravity
      of the salt bath to the average specific gravity of the slurry in pipe 13.
      By adjusting the height of pipe 13, the slurry can be caused to overflow
      through conduit 14 and into disposal conduit 38 as soon as an excess of
      slurry begins to accumulate inside vessel 10. The slurry overflow is
      directed through conduit 38 into a water bath 39 where the soluble salt
      dissolves and the residue of insoluble sulfates and silicates are removed.
PAR  When the salt concentration of the water bath reaches a predetermined value
      as sensed by sensor 44, the salt solution is pumped by pump 41 from bath
      39 through conduit 42 and into inlet 43 of vessel 10. In vessel 10, the
      water evaporates and the soluble salt returns to the molten salt bath 17.
PAR  Where valuable impurities such as uranium compounds are present in the salt
      slurry of vessel 10, a recovery process may be used to extract the
      impurities from the residue of bath 39.
PAR  A second embodiment of the invention is illustrated in FIG. 3 where an
      airlift system is used to lift the accumulated slurry above the molten
      salt bath to provide an additional cleansing of the flue gas and to remove
      impurities without recycling the salt slurry through a water bath.
PAR  High-sulfur coal or fuel oil together with a collector such as limestone,
      and air is injected through nozzle 16 into molten salt bath 17 filling the
      bottom part of vertical reactor vessel 200. For complete combustion,
      compressed air is injected through port 201 into preheater assembly 19,
      where the air is heated by flue gases exiting through chimney 15. The
      heated air is then transmitted through conduit 20 to nozzle 18. Nozzles 16
      and 18 are disposed tangentially to cause a whirling action and a cyclone
      effect to facilitate the gravity separation of heavy impurities to the
      bottom of molten salt bath 17.
PAR  Feed water is injected through port 202 into preheater assembly 22 to be
      heated by exiting flue gases. The feed water is then transmitted through
      conduit 203 to steam coils 24 which are embedded in the molten salt bath
      17. The salt bath vaporizes the feed water in coils 24 to generate
      high-pressure steam which exits through port 124 and conduit 25 to a
      turbogenerator plant.
PAR  In the center of vessel 200, a vertical pipe 204 is mounted with a smaller
      diameter airlift tubing 205 inserted therein and extending almost to a
      point vertically above the end of pipe 204. Circular trays 206, 207, and
      214 are connected between the inner walls of vessel 200 and the outer
      circumference of pipe 204. The trays are vertically stacked with each tray
      having loosely capped passages 208 (bubble caps) extending above the tray
      and uncapped passages 209 (down commers) extending partially above and
      primarily below the tray. The capped passages 208 for each tray are
      aligned along a common longitudinal axis, while the uncapped passages 209
      of each tray are horizontally staggered.
PAR  Conduit 210 having valve 216 disposed therein is provided to divert part of
      the compressed air in conduit 20 to airlift tubing 205. The airlift system
      comprising pipe 204 and tubing 205 causes the slurry accumulating at the
      bottom of vessel 200 to be lifted through annulus 215 to the top of pipe
      204, where it spills over onto circular tray 206.
PAR  Flue gas forming from the combustion of coal or fuel oil in salt bath 17
      will rise through bubble caps 208 to be given additional contact and
      exposure to the calcium oxide in the slurry. The slurry passes through
      down commers 209 to drop on screen 211. Screen 211 removes the particles
      of impurities such as calcium sulfate and calcium silicate from the
      slurry, and allows the soluble salt to pass therethrough and return to
      salt bath 17. The impurities filtered from the slurry by screen 211 are
      gravity-fed through port 212 and conduit 213 for waste disposal or
      regeneration.
PAR  In accordance with the invention there is provided a process for removing
      sulfur and other impurities from high-sulfur coal or fuel oil during
      combustion in a molten salt bath. An alkaline-earth metal carbonate or
      oxide is mixed with the fuel and injected with pressurized gas containing
      oxygen into a vessel having a molten salt bath where combustion occurs.
      The reaction products between the collector and impurities and/or
      oxidation product of the impurities which include sulfates and silicates
      are then precipitated by gravity separation to form a slurry at the bottom
      of the salt bath. The slurry is then cycled through a water bath or air
      lifted to be filtered through a screen to continually regenerate the
      soluble salts within the vessel.
PAR  Having described the invention in connection with certain specific
      embodiments thereof, it is to be understood that further modifications may
      now suggest themselves to those skilled in the art and it is intended to
      cover such modifications as fall within the scope of the appended claims.
CLMS
STM  In the claims:
NUM  1.
PAR  1. A method of removing sulfur from a carbonaceous fuel during combustion
      comprising:
PA1  a. providing a molten bath of a salt;
PA1  b. passing into said bath:
PA2  i. said fuel containing sulfur;
PA2  ii. a collector which will form a compound with said sulfur which is
      insoluble in said molten salt; and
PA2  iii. oxygen for combustion of said fuel;
PA1  c. allowing said fuel to combust and said compound to form in said molten
      salt bath; and
PA1  d. removing from said molten salt bath a slurry formed from vaporous
      products of combustion and said collector, said removing including the
      steps of applying pressurized air to lift said slurry above said bath,
      filtering said slurry through an inclined screen positioned above said
      bath, and removing particles of impurities by the force of gravity.
NUM  2.
PAR  2. The method of claim 1 wherein said salt is water soluble and has a
      melting point below about 1600.degree.F. and a boiling point above about
      2000.degree.F.
NUM  3.
PAR  3. The method of claim 2 wherein said salt is sodium carbonate.
NUM  4.
PAR  4. The method of claim 2 wherein said salt is sodium chloride.
NUM  5.
PAR  5. The method of claim 2 wherein said salt is potassium chloride.
NUM  6.
PAR  6. The method of claim 1 wherein said molten salt bath has a density less
      than that of said collector and said compound, and greater than that of
      said fuel.
NUM  7.
PAR  7. The method of claim 1 wherein said fuel contains other impurities which
      form reactant compounds with said collector which are insoluble in said
      molten salt bath.
NUM  8.
PAR  8. The method of claim 1 wherein said fuel comprises a sulfur-containing
      coal.
NUM  9.
PAR  9. The method of claim 8 wherein said coal is comminuted to a particle size
      between about minus 3 and plus 200 mesh (U.S. Standard).
NUM  10.
PAR  10. The method of claim 9 wherein said coal contains from about .7 weight
      percent to about 4.5 weight percent of sulfur.
NUM  11.
PAR  11. The method of claim 10 wherein the number of molar equivalents of said
      collector which is passed into said bath is at least equal to the number
      of molar equivalents of said sulfur in said coal.
NUM  12.
PAR  12. The method of claim 1 wherein said fuel comprises an oil containing
      from about .7 weight percent to about 5.8 weight percent of sulfur.
NUM  13.
PAR  13. The method of claim 12 wherein the number of molar equivalents of said
      collector which is passed into said bath is at least equal to the number
      of molar equivalents of said sulfur in said oil.
NUM  14.
PAR  14. The method of claim 1 wherein said collector is selected from
      alkaline-earth metal oxides and carbonates.
NUM  15.
PAR  15. A method of removing sulfur from a carbonaceous fuel during combustion
      comprising:
PA1  a. forming a molten bath of a salt which has a melting point below about
      1600.degree.F. and a boiling point above about 2000.degree.F.;
PA1  b. passing into said molten salt bath:
PA2  i. said fuel containing sulfur;
PA2  ii. a collector selected from alkaline-earth metal oxides and carbonates;
      and
PA2  iii. sufficient oxygen to completely oxidize said carbonaceous fuel
      containing sulfur, thereby forming vaporous products of combustion
      including sulfur oxide which is reacted with said collector to form an
      alkaline-earth metal sulfate; and
PA1  c. separating gaseous products of combustion and said alkaline-earth metal
      sulfate from said molten salt bath, said separating including the steps of
      agitating said bath to facilitate gravity separation of said slurry of
      said alkaline-earth metal sulfate and other impurities, and removing said
      slurry from said bath by applying pressurized air to lift said slurry
      above said bath and filtering said slurry through an inclined screen
      positioned above said bath.
NUM  16.
PAR  16. The method of claim 15 wherein the specific gravity of said molten salt
      is greater than said carbonaceous fuel but less than said alkaline-earth
      metal sulfate.
NUM  17.
PAR  17. The method of claim 16 wherein said carbonaceous fuel is coal.
NUM  18.
PAR  18. The method of claim 17 wherein said coal contains from about .7 to
      about 4.5 weight percent sulfur.
NUM  19.
PAR  19. The method of claim 18 wherein said coal is comminuted to a particle
      size within the range of from about minus 3 to plus 100 mesh (U.S.
      Standard) before being used in said molten salt bath.
NUM  20.
PAR  20. The method of claim 19 wherein said collector is limestone having a
      particle size from about minus 4 to about plus 200 mesh (U.S. Standard).
NUM  21.
PAR  21. The method of claim 19 wherein the number of molar equivalents of said
      collector which is passed into said bath is at least equal to the number
      of molar equivalents of said sulfur in said coal.
NUM  22.
PAR  22. The method of claim 16 wherein said carbonaceous fuel is fuel oil.
NUM  23.
PAR  23. The method of claim 22 wherein said fuel oil contains from about .7 to
      about 5.8 weight percent sulfur.
NUM  24.
PAR  24. The method of claim 23 wherein said collector is limestone having a
      particle size from about minus 4 to about plus 200 mesh (U.S. Standard).
NUM  25.
PAR  25. The method of claim 23 wherein the number of molar equivalents of said
      collector which is passed into said bath is at least equal to the number
      of molar equivalents of said sulfur in said oil bath.
NUM  26.
PAR  26. A process for removing sulfur and other impurities from a carbonaceous
      fuel during combustion, which comprises:
PA1  a. forming a molten salt bath;
PA1  b. injecting a mixture including said fuel, an alkaline-earth metal
      collector, and pressurized gas comprising oxygen into said bath;
PA1  c. agitating said bath to facilitate gravity separation of a slurry of
      combustion product impurities by retaining said bath within a vessel
      having a cone shaped bottom and injecting said mixture into said bath
      through injection nozzles mounted tangentially in the walls of said vessel
      to cause a cyclone effect when said mixture is injected into said bath;
PA1  d. removing said slurry from said bath; and
PA1  e. directing flue gases resulting from combustion of said fuel through said
      bath before venting to atmosphere.
NUM  27.
PAR  27. A process of removing sulfur and other impurities from a carbonaceous
      fuel during combustion, which comprises:
PA1  a. forming a molten salt bath;
PA1  b. injecting a mixture including said fuel, and alkaline-earth metal
      collector, and pressurized gas comprising oxygen into said bath;
PA1  c. agitating said bath to facilitate gravity separation of a slurry of
      combustion product impurities;
PA1  d. removing said slurry by applying pressurized air to lift said slurry
      above said salt bath, and filtering said slurry through a screen; and
PA1  e. directing flue gases resulting from combustion of said fuel through said
      bath before venting to the atmosphere.
NUM  28.
PAR  28. A system for removing sulfur and other impurities from fuel during
      combustion, which comprises:
PA1  a. a vertical, cylindrical vessel having an enclosed conically-shaped
      bottom and an open neck;
PA1  b. a molten salt bath filling said bottom;
PA1  c. a plurality of interconnected heat exchange coils situated within said
      vessel, some of which are positioned near said neck and the remainder of
      which are embedded in said bath;
PA1  d. a plurality of interconnected pneumatic coils situated within said
      vessel and positioned near said neck;
PA1  e. a vertical pipe mounted within said vessel extending above and below the
      surface of said bath;
PA1  f. a vertical tubing mounted within said vertical pipe extending above and
      below the surface of said bath;
PA1  g. a by-pass valve connected between said plurality of pneumatic coils and
      said vertical tubing;
PA1  h. two nozzles tangentially disposed in the walls of said vessel below the
      surface of said bath, one of said two being connected to said plurality of
      pneumatic coils;
PA1  i. a mixture comprising said fuel and an alkaline-earth metal collector;
PA1  j. a hopper directing said mixture under pressure to a second of said two
      nozzles;
PA1  k. a plurality of vertically stacked trays positioned above the surface of
      said bath and connected to the inner walls of said vessel and around the
      outer circumference of said vertical pipe; and
PA1  l. an inclined screen positioned below said trays and connected between the
      inner walls of said vessel and around the outer circumference of said
      vertical pipe above said bath.
NUM  29.
PAR  29. The system set forth in claim 28 wherein said heat exchange coils
      embedded in said bath are connected through a port to a conduit external
      to said vessel to provide thermal energy for driving remote power systems.
NUM  30.
PAR  30. The system of claim 29 wherein a heat exchange fluid is circulated
      through said heat exchange coils.
NUM  31.
PAR  31. The system of claim 30 wherein said heat exchange fluid is water,
      thereby providing high pressure steam to remote power systems.
NUM  32.
PAR  32. A process for extracting thermal energy and removing sulfur and other
      impurities from a carbonaceous fuel during combustion, which comprises:
PA1  a. forming a bath of molten salt within a retort;
PA1  b. introducing under pressure a mixture of said fuel, an alkaline-earth
      metal collector and preheated gas comprising oxygen into said bath;
PA1  c. regulating the flow of said mixture to control the reaction rate within
      said retort;
PA1  d. removing from said bath a slurry of precipitates including compounds
      formed during combustion and impurities extracted from vaporous combustion
      products by applying pressurized air to lift said slurry above said bath
      and thereafter filtering said slurry through a screen; and
PA1  e. passing a heat exchange fluid through a heat exchange zone part of which
      is the path of effluent gases and part of which is immersed in said bath.
NUM  33.
PAR  33. The process of claim 32 wherein said bath is formed from a water
      soluble salt having a melting point below about 1600.degree.F. and a
      boiling point above about 2000.degree.F.
NUM  34.
PAR  34. The process of claim 33 wherein said bath has a density less than that
      of said collector, greater than that of said fuel, and less than that of
      said slurry.
NUM  35.
PAR  35. The process of claim 32 wherein the step of removing said slurry
      includes the steps of forcing air under pressure into the center of two
      concentric and vertically disposed conduits extending partly above and
      primarily below the surface of said bath to lift said slurry through an
      annulus between said two conduits and above the surface of said bath,
      depositing said slurry from said annulus onto a plurality of vertically
      stacked bubble-capped trays positioned above said bath through which
      vaporous combustion products will flow to react with said slurry before
      being vented to the atmosphere, and filtering said slurry through a
      vertically sloped screen positioned between said plurality of trays and
      said bath to remove particles of impurities by the force of gravity
      through an outlet of said retort.
NUM  36.
PAR  36. The process of claim 32 wherein the quantity of said collector
      introduced into said bath is sufficient to completely stoichiometrically
      react with impurities within said fuel.
NUM  37.
PAR  37. The process of claim 32 wherein the quantity of preheated gas
      comprising oxygen introduced into said bath is sufficient to completely
      stoichiometrically react with said fuel and oxidizable impurities within
      said fuel.
NUM  38.
PAR  38. The process of claim 32 wherein said heat exchange fluid is water.
NUM  39.
PAR  39. A process for extracting thermal energy and removing sulfur and other
      impurities from a carbonaceous fuel during combustion which comprises:
PA1  a. providing a molten bath of salt;
PA1  b. injecting below the surface of said bath:
PA2  i. said fuel containing sulfur;
PA2  ii. a collector which will form a compound with said sulfur which is
      insoluble in said molten salt; and
PA2  iii. oxygen for combustion of said fuel;
PA1  c. allowing said fuel to combust and said compound to form in said molten
      salt bath;
PA1  d. agitating said bath to facilitate gravity separation of a slurry formed
      from vaporous products of combustion and said collector by retaining said
      bath within a vessel having a cone shaped bottom and injecting said fuel,
      collector, and oxygen into said bath through injection nozzles mounted
      tangentially in the walls of said vessel to cause a cyclone effect when
      said mixture is injected into said bath;
PA1  e. removing said slurry from said bath;
PA1  f. directing flue gases resulting from combustion of said fuel through said
      bath before venting to atmosphere; and
PA1  g. passing a heat exchange fluid through a heat exchange zone part of which
      is in the path of effluent gases and part of which is immersed in said
      bath.
NUM  40.
PAR  40. The process of claim 39 wherein said bath is formed from a water
      soluble salt having a melting point below about 1600.degree.F. and a
      boiling point of about 2000.degree.F.
NUM  41.
PAR  41. The process of claim 40 wherein said bath has a density less than that
      of said collector, greater than that of said fuel, and less than that of
      said slurry.
NUM  42.
PAR  42. The process of claim 41 wherein the quantity of said collector
      introduced into said bath is sufficient to completely stoichiometrically
      react with impurities within said fuel.
NUM  43.
PAR  43. The process of claim 42 wherein the quantity of oxygen introduced into
      said bath is sufficient to completely stoichiometrically react with said
      fuel and oxidizable impurities within said fuel.
NUM  44.
PAR  44. The process of claim 43 wherein said slurry is removed from said bath
      by a process including the steps of applying pressurized air to lift said
      slurry above said bath, filtering said slurry through an inclined screen
      positioned above said bath, and removing particles of impurities by the
      force of gravity.
NUM  45.
PAR  45. The process of claim 43 wherein said heat exchange fluid is water.
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ABST
PAL  Heat is generated by combustion of coal or like carbonaceous fuel reactant
      dissolved in molten salt. The generated heat is transferred to steam by an
      alternating sequence of direct contact heat exchanges of the salt and
      steam with a common heat transfer medium.
BSUM
PAC  BACKGROUND
PAR  This invention has to do with process and apparatus for the generation and
      recovery of heat from highly aromatic, generally refractory carbonaceous
      fuel reactants, particularly from coals and residual oils. Such fuel
      reactants may be "char" derived from pyrolysis or other rigorous treatment
      of bituminous, or sub-bituminous coals or heavy crude oil residue
      feedstocks, or be anthractie coals or like materials typically
      characterized by being predominantly carbon i.e. carbonaceous and
      predominantly aromatic rather than aliphatic in their carbon structure and
      generally refractory i.e. highly resistant to thermal decomposition.
PAR  More particularly, the invention relates to process and apparatus highly
      advantageous for obtaining maximum heat from such fuel reactants for
      production of steam useful e.g. for power turbines, while simultaneously
      precluding the release of atmospheric contaminants, particularly NO.sub.x,
      and reducing the size and complexity of capital equipment relative to
      conventional heat and steam generation facilities, and with minimum heat
      loss through the process steps. In general, the process involves
      significant breakthroughs in the generation of heat from the mentioned
      fuel reactants and numerous innovations in the handling of such heat for
      maximum benefit at minimum cost.
PAR  At the outset it must be mentioned that the process overall is readily
      conducted at relatively low temperatures i.e. less than 1000.degree. C,
      temperatures below those at which significant formation of nitrogen oxides
      takes place. Thus the process achieves the long sought goal of efficient
      conversion of e.g. coal to heat, without concomitant atmospheric
      contamination. In particular embodiments the use of nitrogen containing
      gases such as air is avoided, by the use, instead, of solid oxidizers such
      as metal bearing ores, but in all embodiments low reaction temperatures,
      possible through catalytic action and solution reaction occurring in the
      process, enable efficient combustion of fuel reactant without substantial
      co-production of NO.sub.x.
PAC  PRIOR ART
PAR  The need to obtain fully from coal and oil residues the latent heat energy
      and/or chemicals content has been long manifest, but technological and
      economic difficulties have together or separately heretofore limited heat
      and chemical production from coal and oil residues except in a few
      well-trodden areas. The science of coal combustion for maximum heat has
      been well developed, but is currently undergoing revision as stringent air
      and water pollution standards are settled upon municipalities and
      industrial users. So at a time when the country's most abundant natural
      fuel resource is most needed, to provide both chemicals and heat energy,
      owing to the vagaries of the international oil market, the contamination
      factors inherent in coal consumption i.e. sulfur oxides and nitrogen
      oxides emitted into the atmosphere are increasingly less tolerated, posing
      the dilemma of greater need and less legal ability to derive more heat and
      energy and chemicals from coal. Similarly, it is now highly important to
      make the best and highest economic use of all fractions of crude oil
      meaning that the carbonaceous residues from which all possible chemicals
      have been obtained by earlier processing must be converted as much as
      possible to usable heat, also without lessening air quality.
PAR  In general, previous efforts at meeting these needs have been directed at
      improvements in reaction rate e.g. through catalysis, downstream
      modification of exhaust gases to remove contaminants and other rather
      specific additives to the overall process which have predictably produced
      only rather specific narrow benefits. In the matter of heat transfer from
      the reaction mass to steam e.g. for turbines, conventional heat exchange
      approaches remain with all the inherent inefficiencies and temperature
      limitations of limited surface heat transfer through fixed surface heat
      exchangers.
PAR  The United States is thereby being deprived of full use of its most
      significant fuel resource: coal. Power plants in particular have
      skyrocketed in cost and complexity as utilities have been forced to add
      pollution control equipment which rivals in cost the power plant itself.
      More advanced technology such as nuclear energy has its own critics and is
      fraught with administrative and environmental delays.
PAR  It is into this area that the present invention takes a significant step.
      The present process and apparatus through adaptations of solution and
      catalytic reactions, in a recyclable salt matrix, effect heat production
      at super-rapid rates and transfer this heat with great rapidity and
      efficiency through a dispersible and reformable heat transfer fluid in
      direct contact with the salt matrix on the one hand and the steam for
      power generation on the other hand, and alternately. The rate of
      combustion of the coal or like residual feedstock is so rapid that capital
      equipment is able to be reduced in size and costs thereof are
      commensurately reduced. Moreover the temperatures of combustion are not
      favorable to NO.sub.x formation and solid contaminants such as sulfur and
      ash are retained wtihin the salt matrix and not vented to the atmosphere,
      but are removed at a selected controllable point in the process cycle for
      minimum contamination and maximum productivity.
PAC  SUMMARY
PAR  It is an object therefore of the present invention to provide process and
      apparatus in which reaction conditions and heat handling stages are
      complementary and integrated for maximum efficiency in combustion and heat
      transfer. Other objects include conducting the combustion reaction at
      temperatures and under conditions:
PAR  a. limiting generation of NO.sub.x,
PAR  b. providing readily separable ash and other byproducts,
PAR  c. capturing heat directly during combustion in the reaction medium,
PAR  d. effecting heat transfer directly from the reaction medium to a heat
      transfer medium in intimate contact therewith,
PAR  e. effecting a further transfer of heat from the heat transfer medium to
      steam directly and out of contact with the reaction medium,
PAR  f. protecting the reaction apparatus from undue heat emanations from the
      reactor while preheating reactants and/or steam; and
PAR  g. in certain embodiments simultaneously reducing a metal bearing ore while
      oxidizing the fuel reactant; and
PAR  h. differentially passing streams of reactants, products and the heat
      transfer medium to define reaction times and maximize heat transfer, and
      utilizing heat energies of exhaust gases in effecting the process.
PAR  Other objects will be evident from the following description of process
      steps and apparatus.
PA0  General Summary of the Process
PAR  In accordance with the invention the foregoing and the other objects of the
      invention are realized in the process for the generation and recovery of
      heat from highly aromatic, refractory carbonaceous fuel reactants by
      oxidizing the fuel in a molten salt matrix within a reaction zone and
      recovering heat of combustion from the salt matrix, which includes the
      step of dissolving the fuel in the salt in advance of fuel oxidation. The
      salt solution typically comprises from 2 to 10% by weight of the fuel
      reactant and has a temperature during oxidation between 600.degree. C and
      1000.degree. C. The fuel reactant may comprise coal or other feedstock
      substantially free of volatiles at 600.degree. C and 10 atmospheres.
PA0  Ore Reduction - Combustion
PAR  In one embodiment, there is contemplated adding a metal oxide to the
      salt-fuel reactant solution to effect the oxidation while effectively
      simultaneously reducing the oxide to free metal. The metal oxide is
      preferably selected form among naturally occurring metal oxides of metals
      of Group VII of the Periodic Table and particularly iron ore or nickel ore
      and the process thus contemplates obtaining free iron and/or nickel from
      the salt solution.
PA0  Oxidizing Gas Combustion
PAR  In other embodiments an oxidizing gas is passed through the salt solution
      to effect the oxidation. Such gas is typically free oxygen-containing and
      may be oxygen per se, oxygen enriched air, or air. In these embodiments,
      the oxidizing gas is generally treated by preheating and precompressing in
      advance of passage through the salt solution. For this purpose using
      exhaust gases e.g. by expanding and cooling these exhaust gases through an
      expansion motor, and compressing the oxidizing gas with the mechanical
      energy derived from the expansion. Additionally, there may be mentioned
      heat exchanging the hot combustion gases with the compressed oxidizing gas
      being passed to the salt-fuel solution, in advance of expanding and
      cooling the hot combustion gases; and further the expanded and cooled
      combustion gases may be first heat exchanged with the compressed oxidizing
      gas in advance of heat exchanges with the hot combustion gases.
PA0  Molten Salt Recycle
PAR  The process further includes recycling the molten salt solvent and reaction
      matrix for the fuel reactant to and from the reaction zone, removing heat
      from the salt outside the reaction zone, and also recharging the molten
      salt with fresh fuel reactant outside the reaction zone.
PAR  Where the fuel reactant is sub-anthracite coal e.g. bituminous,
      sub-bituminous or lignite orders of coal, the invention process may
      further include pretreating the fuel reactant in the molten salt in
      advance of the reaction zone to substantially free the reactant of
      components volatile at 400.degree. C and 10 atmospheres.
PA0  Heat Transfer
PAR  Heat transfer according to the invention may be effected by heat exchanging
      the salt outside the reaction zone with a high specific heat fluid which
      may be passed in e.g. indirect heat exchange relation over the exterior
      surfaces of the reaction zone to absorb emanated heat and protect the
      reaction zone support structure. The high specific heat fluid typically is
      liquid, immiscible with the molten salt and of a different density
      therefrom, the process including direct contact heat exchanging the salt
      and this liquid. The liquid may be metallic and the process then includes
      passing the salt and metallic liquid in contact therewith through a heat
      exchange zone. For example, the process includes in preferred embodiments
      passing the salt and metallic liquid countercurrently along an extended
      heat exchange path and differentially at opposite ends of the path to
      maintain relatively longer contact of metallic liquid with the salt at
      maximum temperature and relatively shorter contact thereof with minimum
      temperature salt along the path. In particular embodiments, the metallic
      liquid is dispersed throughout this salt in a multiplicity of different
      mass droplets, and the process provides for subjecting the droplets to
      opposing forces along the path, one of which forces is directly
      proportional to the specific mass of the droplets, and segregating the
      droplets by their specific mass for separation selectively of the greater
      mass droplets. The droplets may be subjected to gravity as the one force
      and entrainment in the salt flowing countercurrently slong the droplet
      path as the other path, and aggregating and coalescing the droplets to a
      mass sufficient to overcome the entraining force of the moving salt, for
      segregation and separation. The gravity force and the entraining force may
      be approximately balanced along the droplet path at the reaction zone
      region of maximum salt temperature to maximize metallic liquid dwell times
      and thus heat transfer from the salt to the metallic liquid in this
      region.
PAR  In other embodiments the droplets may be subjected to centrifugal force as
      the one force and entrainment in the salt flowing countercurrently along
      the droplet path again as the other force and the process then includes
      aggregating and coalescing the droplets to a mass sufficient to overcome
      the entraining force of the moving salt, for segregation and separation.
      As in the gravity embodiment, the two forces, centrifugal force and
      entraining force, may be approximately balanced along the droplet path at
      the region of maximum salt temperature to maximize metallic liquid dwell
      times and thus heat transfer from the salt to the metallic liquid in this
      region.
PA0  Steam
PAR  The high specific heat fluid being typically nonaqueous, the process
      includes following heat transfer thereto from the salt, subsequently heat
      exchanging the high specific heat fluid with steam to transfer the molten
      salt heat to the steam through the high specific heat fluid as a specific
      instance of direct contact heat exchanging a salt immiscible liquid with
      steam to transfer the molten salt heat to the steam through the immiscible
      liquid. In preferred embodiments the immiscible high specific heat liquid
      is the mentioned metallic liquid and the process further includes
      circulating the metal liquid through the salt in direct contact heat
      exchange relation and in sequence through steam, and returning the
      metallic liquid to the salt for continuing heat transfer from the salt to
      the steam thereby.
PAR  In an integrated form of the process then, the molten salt is circulated to
      and from the reaction zone to bring fresh charges of fuel reactant into
      the zone and heat out of the zone in a reaction stream loop, and the
      metallic liquid is circulated sequentially through the circulating salt in
      differential flow relation and through steam and back to the salt in a
      heat transfer loop, and, thus-heated steam is circulated to a steam energy
      consuming zone and back in a steam loop to the heat transfer loop for
      regeneration.
PAR  The process includes use of lead or the metallic liquid, and also
      ultimately dispersing the lead into droplets in the salt for reception of
      heat and coalescing for separation from the salt. Accordingly when using
      lead heat transfer medium, the invention includes maintaining the
      differential flow of salt and the lead droplets therein by balancing
      forces acting on the lead in a manner relatively increasing the lead
      exposure to maximum temperature salt and relatively decreasing the lead
      exposure to minimum temperature salt and responsive to the mass of the
      droplets so that upon coalescense of the droplets they are separable from
      the salt.
PA0  Reaction Zones
PAR  The liquid lead may be passed over the exterior surfaces of the reaction
      zone to retain heat normally emanated from the reaction zone in the
      process. In such embodiment, the process may further include passing a
      free oxygen containing gas in indirect heat exchange with the liquid lead
      at the exterior surface of the reaction zone, and the passing of the gas
      thus preheated into the reaction zone to oxidize the fuel reactant
      therein.
PAR  The reaction zone is typically vertically extended in one embodiment, and
      the process then includes within the reaction zone raining molten
      salt-fuel reactant solution in droplet form through an updraft of air as
      the oxidizing gas, and collecting molten salt containing the heat of
      combustion at the lower reaches of the reaction zone. In such a zone the
      process further includes balancing the gravitational forces acting on the
      falling molten-salt-fuel reactant solution droplets wtih the force of air
      to suspend temporarily the droplets above the lower reaches of the
      reaction zone for a time to substantially free the salt of fuel reactant.
PAR  In alternative reaction zone design embodiments, the reaction zone may be
      discoid and the process then includes introducing the molten salt-fuel
      reactant centrally thereof for outward passage through the reaction zone
      in droplet form, introducing air tangentially at the periphery of the
      reaction zone along a spiral path extending toward the center of the zone
      in a manner entraining the salt solution-fuel reactant droplets for
      passage toward the center of the zone, and simultaneously subjecting the
      droplets to centrifugal forces opposing such passage, and collecting
      molten salt containing heat of combustion at the peripheral reaches of the
      reaction zone. It is further contemplated to balance the centrifugal
      forces acting on the molten salt-fuel reactant solution droplets with the
      force of air to suspend temporarily the droplets inwardly of the reaction
      zone periphery for a time to substantially free the salt of fuel reactant.
PA0  Preferred Process Summary
PAR  In summary of one of the preferred embodiments of the process the fuel
      reactant dissolved in the salt is oxidized with free oxygen-containing gas
      in a vertically extended reaction zone, the process including within the
      reaction zone raining molten salt-fuel reactant solution in droplet form
      through an updraft of the gas, and collecting molten salt containing the
      heat of combustion at the lower reaches of the zone, the gas updraft
      balancing with the force of the gas the gravitational forces acting on the
      falling molten salt-fuel solution droplets to suspend temporarily the
      droplets above the lower reaches of the reaction zone for a time
      sufficient to substantially free the salt of fuel reactant, e.g. 0.2 to 2
      seconds.
PAR  In summary of another of the preferred embodiments of the process, the fuel
      reactant is oxidized with a free oxygen-containing gas in a discoid
      reaction zone and the process includes introducing the molten salt-fuel
      reactant centrally thereof for outward passage through the reaction zone
      in droplet form, introducing the gas tangentially at the periphery of the
      zone along a spiral path extending toward the center of the zone in a
      manner entraining the salt solution fuel reactant droplets for passage
      toward the center of the zone, and simultaneously subjecting the droplets
      to centrifugal forces opposing such passage, and collecting molten salt
      containing heat of combustion at the peripheral reaches of the reaction
      zone, thus the force of the gas balancing the centrifugal forces acting on
      the molten salt-fuel reactant solution droplets to suspend temporarily the
      droplets for a time sufficient to substantially free the salt of fuel
      reactant e.g. 0.2 to 2 seconds.
PA0  Integrated Operations Summary
PAR  In summary then, the process of the invention includes forming a solution
      in molten salt of from 2 to 10% by weight of highly aromatic, refractory
      fuel reactant, passing the salt-fuel reactant solution in dispersed form
      through a counter-flowing free-oxygen containing gas stream in a reaction
      zone at a temperature between 600.degree. C and 1000.degree. C and a
      pressure between about 1 and 25 atmospheres, and at a differential rate
      decreased in proportion to relatively greater amount of fuel reactant in
      the salt to be combusted and for a time sufficient to combust
      substantially all of the fuel reactant from the salt, recovering a major
      portion of the heat produced by fuel reactant combustion in the salt,
      collecting the salt and transferring heat from the salt to liquid metal
      heat transfer medium in direct contact therewith outside the reaction
      zone, retransferring the heat from the heat transfer medium by direct
      contact to steam for consumer operations, recirculating the molten salt
      with a fresh charge of fuel reactant to the reaction zone, recirculating
      the liquid metal heat transfer medium between direct contact alternately
      with said salt and said steam, and purging mineral wastes and atmospheric
      contaminants from the recirculating salt. The process thus defined may
      further include dispersing the salt-fuel reactant solution as droplets in
      the gas, and simultaneously subjecting the solution droplets to
      countervailing forces in relatively balanced relation to provide time for
      substantially complete combustion of the fuel reactant in the reaction
      zone e.g. a dwell time for the salt solution of the reactant of between
      0.2 and 2 seconds. Thus when the reaction zone is vertically extended, the
      countervailing force to the gas is gravitational by virtue of the
      introduction of the droplets at the top of the reaction zone to fall to
      the bottom thereof. And when the reaction zone is discoid, the
      countervailing force is centrifugal from the introduction of the droplets
      at the center of the zone and the entrainment of the droplets in spirally
      moving gas passing from the periphery toward the center of the zone. For
      this purpose the process includes jetting the salt-fuel reactant in
      angularly colliding streams within the reaction zone to fan the solution
      and form the droplets thereby. Additionally in this embodiment, the gas
      and solution droplets may travel spiral paths of different pitch, the
      spiral path of the droplets being greater and being the vector sum of the
      droplet entraining force and centrifugal force components.
PA0  Apparatus Aspects
PAR  Apparatus is provided for carrying out the foregoing process in accordance
      with the present invention. Apparatus therefore is provided for the
      generation and recovery of heat from highly aromatic, refractory
      carbonaceous fuel reactants, the fuel reactants being predissolved in a
      molten salt solvent therefor, the apparatus comprising a reactor defining
      a through passage for the salt solution of fuel reactant, means to pass a
      free oxygen-containing gas through the reactor differentially to the salt
      fuel reactant solution in combustion heat-absorbing relation, and means
      beyond the reactor to transfer the heat from the salt, including a high
      specific heat fluid, and means to recharge the molten salt with fresh fuel
      reactant following heat transfer and to return the recharged salt to the
      reactor. The apparatus may also include means to pass the high specific
      heat fluid across the external surface of the reactor to absorb heat
      emanated therefrom, and means to pass the oxygen-containing gas in
      indirect heat transfer relation with fluid, to preheat the gas for the
      reactor.
PA0  Vertical Reactor
PAR  In particular embodiments the reactor may be generally cylindrical, and
      include a first external jacket enclosing the reactor and a second
      external jacket enclosing the first jacket; the first jacket defining a
      flow passage for the heat transfer fluid; and the second jacket
      communicating with the reactor interior and defining a flow passage for
      the gas to the reactor interior. The reactor thus described may terminate
      in a salt receiving receptacle having a salt outlet opposite the salt fuel
      solution inlet and further including gas inlets adjacently inward of the
      receptacle. The invention further contemplates the reactor apparatus
      including means to disperse the salt fuel solution into droplets moving
      differentially past the gas within the reactor. The reactor may be
      extended and the salt fuel solution introduced at one terminus of the
      reactor, the apparatus then including means introducing the gas through an
      inlet at the opposed terminus of the reactor. Accordingly the reactor may
      be vertically extended and the salt fuel solution droplet-dispensing inlet
      may be located at the upper end of the reactor and the apparatus also
      include means to pass gas upward through the reactor at a rate suspending
      the droplets in dynamic equilibrium in a zone adjacent to the gas inlet to
      the reactor.
PAR  In the foregoing and other embodiments of the invention the gas introduced
      into the reactor may be preheated indirectly by heat of combustion in
      advance of its introduction into the reactor. Accordingly heat transfer
      fluid may be passed between the reactor and the gas as an indirect heat
      transfer medium by appropriate means such as a jacket enclosing the
      reactor.
PA0  Discoid Reaction
PAR  In alternative embodiments the reactor is discoid in configuration and the
      salt-fuel solution droplet dispensing inlet is located at the central
      portion of the reactor and the apparatus further includes means to pass
      the gas inward through said reactor at a rate and in a direction
      suspending the droplets in dynamic equilibrium in an anular zone adjacent
      the gas inlet to the reactor. For this purpose the discoid reactor may
      further include at its periphery a tangentially oriented gas inlet means
      and a gas outlet means at the central portion therof, each arranged to
      pass gas along a spiral path inwardly through the reactor. Accordingly the
      discoid apparatus embodiment may include opposed upper and lower salt-fuel
      solution inlet nozzles annularly related to intersect streams of the
      solution for dispersion thereof in droplet form within the reactor. Upper
      and lower plenums may be provided communicating with the solution inlet
      nozzles for the purpose of supplying fuel-salt solution thereto. There may
      be further provided salt collector means located peripherally of the
      reactor in receiving relation to salt passing through the gas.
      Additionally there may be provided means to preheat gas to be introduced
      into the discoid reactor with heat emanated from the reactor. Typically
      the reactor includes external support structure and the invention
      contemplates providing also means to pass heat transfer fluid across the
      reactor external surface to absorb heat emanated from the reactor to
      protect the external support structure, the apparatus further including
      means to transfer heat indirectly from the heat transfer fluid to the gas
      to be introduced into the reactor, to preheat the gas.
PAR  In specific embodiments then, the apparatus includes a first jacket
      generally enclosing the discoid reactor, a second jacket generally
      enclosing the first jacket, the first jacket defining a passage for the
      heat transfer fluid in heat transfer relation with the reactor; the second
      jacket defining a through passpage in heat transfer relation to the first
      passage for gas to be introduced into the reactor; and additionally a gas
      inlet port communicating the gas passage jacket with the reactor interior
      in fluid free relation through the first jacket and radially inward of the
      salt collector.
PA0  Exhaust Gas Utilization
PAR  The invention contemplates utilization of exhaust gases from the reactor
      combustion and for this purpose the apparatus includes means to pass the
      exhaust gases from the reactor, means to expand and do work with the
      exhaust gases including compression and heating of free oxygen containing
      gas to be introduced into the reactor. For this purpose there may be
      provided a turbo-expander and compressor and means to pass exhaust gases
      through the expander and means to pass free oxygen containing gas through
      the compressor, the expander being operatively coupled to the compressor
      to compress the free oxygen containing gas with the expansion energy of
      the exhaust gases. The invention further contemplates means to heat
      exchange the exhaust gases before and after their expansion with
      compressed free oxygen containing gas.
PA0  Separation of Solid Contaminants
PAR  An important aspect of the present apparatus is provision of means for the
      removal of sloid contaminants including particularly fly ash and other
      mineral matter such as separable sulfur compounds. For this purpose the
      invention provides means to separate insoluble mineral matter left in the
      salt from the reaction, from the salt, including a generally cylindrical
      settling chamber having a tangential inlet for the salt and mineral matter
      mixed therewith, and an axial outlet for the salt above the bottom of the
      chamber, means to introduce the mixture at a rate imparting a circular
      flow of the mixture and a centrifugal force driving the mineral matter
      preferentially to the chamber perimeter, and means to draw off the mineral
      matter at the chamber perimeter. In further detail the mineral matter
      separation device may include a positive displacement means communicating
      with the chamber perimeter and adapted to receive and remove mineral
      matter there. The positive displacement means may comprise a rotating
      screw.
PA0  Direct Contact Heat Exchangers
PAR  A further inportant aspect of the present invention is the provision of
      highly efficient heat transfer through direct contact heat exchanges of an
      innovative design. For this purpose the invention provides a heat transfer
      means comprising a heat exchanger and further including means to pass a
      high specific heat fluid through the heat exchanger with the salt obtained
      from the reactor, and in heat transferring relation. For this purpose the
      invention provides means to recirculate molten salt from the reactor to
      the heat exchanger. The high specific heat fluid may comprise metallic
      liquid and the apparatus may include means to pass the liquid into and out
      of exchange contact with the salt in the heat exchanger and additionally
      second heat exchange means to transfer heat from the metallic liquid to
      steam. Accordingly the invention provides loop means including the first
      and second heat exchangers and adapted to recirculate the metallic liquid
      between the heat exchangers. The first heat exchanger may be a direct
      contact heat exchanger and the second heat exchanger may also be a direct
      contact heat exchanger. In these embodiments the first heat exchanger
      comprises an extended exchange chamber and means to pass the salt and the
      metallic liquid heat transfer fluid differentially through the exchange
      chamber. Such first heat exchanger comprises a vertically elongated
      exchange chamber having a metallic liquid inlet at the upper portion
      thereof and a metallic liquid outlet at the lower portion thereof, the
      salt chamber further having a salt inlet at the lower portion thereof and
      a salt outlet at the upper portion thereof for passage of salt upwardly
      through the chamber, and means at the metallic liquid inlet to disperse
      the liquid into and through the upward moving salt and at the liquid
      outlet to recover said liquid, coalesced, and containing the transferred
      heat of the salt. In preferred embodiments the metallic liquid is molten
      lead.
PAR  The second heat exchanger comprises means to intimately interdisperse the
      metallic liquid and steam to transfer the salt heat contained in said
      metallic liquid thereby to the steam. The second heat exchanger further
      comprises means to intimately interdisperse the molten lead and steam, to
      thereby transfer the salt heat contained in the lead to the steam. The
      apparatus then further includes a steam turbine adapted to receive steam
      from a second heat exchanger, and means to recycle steam from the steam
      turbine to the second heat exchanger for reheating in a steam loop.
PAR  In particular embodiments provision is made for protecting the external
      support structure of the first heat exchanger including means to pass
      relatively cooler heat transfering metallic liquid over the external
      surface of the first heat exchanger to absorb heat emanated from the heat
      exchanger to protect the external support structure. For this purpose
      there may be provided a first jacket generally enclosing the first heat
      exchange means the jacket defining a flow passage for the metallic liquid.
      Further, means may be provided to pass processed steam in heat transfering
      relation across the external surface of the first heat exchanger.
      Therefore there may be provided a second jacket generally enclosing the
      first jacket and defining dimension to passage for process steam in heat
      transfer relation with the metallic liquid in the first jacket, the
      metallic liquid thereby acting to transfer heat emanated from the first
      heat exchanger to the process steam.
PAR  There is further provided in accordance with the invention a highly
      advantageous sealing means particularly adapted to protection of the high
      temperature, highly corrosive solutions contemplated in the invention
      against loss from process equipment having a motor driven shaft entering
      through an equipment wall, the means comprising a block surrounding a
      wall-adjacent external portion of the shaft and having spaced anular
      recesses adapted to receive first and second O-rings in sealing engagement
      with the shaft and the block, the first O-ring sealingl the process
      equipment; and a fluid channel between the recesses, and means to
      pressurize the channel and the O-rings with fluid in leakage-blocking
      relation through the first O-ring. The fluid channel for pressurizing the
      first O-ring may extend spirally within the block and coaxially with the
      shaft.
PA0  Ore Reduction Apparatus
PAR  As noted above the invention contemplates simultaneously reducing metal
      bearing ore while oxidizing the fuel reactant. For this purpose apparatus
      is provided for the reduction of metal-bearing ore with highly aromatic,
      refractory carbonaceous fuel residuals, the fuel residuals being dissolved
      in a molten salt solvent therefor, the apparatus comprising a reactor
      defining a through-passage for the fuel residual solution, means to
      disperse metal ore in the solution at temperatures between 600.degree. and
      1000.degree. C and in reducing reaction-proximity to the fuel residuals
      for a time sufficient to substantially completely reduce the ore to metal
      and to oxidize the fuel residual to gases. The apparatus may further
      include means to recirculate the molten salt to and from the reactor,
      means to make fresh additions of fuel residuals to the salt, means to
      purge the salt of mineral matter beyond the reactor, means to treat gases
      produced in the process to derive the heat energy therefrom including an
      expansion motor and means to pass the processed gases from the reactor to
      the expansion motor.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic flow sheet of the process showing major operations;
PAR  FIG. 2 is a more detailed schematic of the process;
PAR  FIG. 3 is a plan view, partly broken away, of the discoid reactor according
      to the invention;
PAR  FIG. 4 is a view in vertical section of the discoid reactor taken on line
      4--4 in FIG. 3;
PAR  FIG. 5 is a view in vertical section of the vertical reactor according to
      the invention;
PAR  FIG. 6 is a plan view, partly broken away to show underlying parts of the
      ash and mineral matter removal apparatus;
PAR  FIG. 7 is a view taken on line 7--7 of FIG. 6;
PAR  FIG. 8 is a view in vertical section of vertical direct contact heat
      exchanger according to the process;
PAR  FIG. 9 is a view in vertical section of a discoid direct contact heat
      exchanger according to the process; and,
PAR  FIG. 10 is a view generally in vertical section of a high pressure seal
      according to the invention.
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PAC  DETAILED DESCRIPTION
PA0  Introduction
PAR  It is the purpose of the present invention to make practically usable in
      the present social, economic and ecologic environment the vast quantities
      of residual carbonaceous fuel reactants derived from coal mining and
      petroleum processing. The ecological disposition of highly carbonaceous
      fuel reactants has proved difficult within the constraints imposed on fly
      ash, sulfurous gases and nitrogen oxide emissions and this has limited the
      utility of several processes intended to obtain valuable hydrocarbon
      products from coal. Thus in several of the known procedures for liquefying
      or gasifying sub-anthracite coal, there remains after the relatively more
      reactive fraction has been converted to the desired products, a residuum
      of refractory, less reactive highly carbonaceous material which,
      practically speaking, must be burned or accumulated for land fill or other
      less desirable purposes.
PAR  The present process and apparatus is adapted to taking up where existing
      technology leaves the coal or oil residual processor. By dissolving in
      molten salt the char from coal pyrolysis or other highly carbonaceous
      residual of coal or petroleum processing, and heating in accordance with
      the invention, heat in a usable form is obtained, i.e. generally from 85
      to 98 percent of the heat output is in the salt matrix where it can be
      economically put to use in producing steam by appropriate heat transfer
      steps, also described herein, and thus relatively less heat is in the
      stack gases where extensive recovery is difficult and/or not economic.
      Meantime the coal or like residuum is substantially completely burned
      leaving the salt available for reuse, following separation of ash and
      other solid e.g. sulfur products by techniques to be subsequently
      explained herein. A further benefit of the salt matrix in addition to heat
      conservation and easy separation of ash and solid contaminants is found in
      the catalytic effect of salt on the coal residuum combustion reaction.
      Thus although the salt is present in relatively large amounts e.g. at
      least 2 and generally 4 to 6 times by weight as much salt as coal or like
      residuum is present in the reactor, the salt exerts a catalytic effect
      which enables facile combustion of the residuum at temperatures below 1000
       C which temperatures disfavor formation of nitrogen oxides, even when air
      is the gas used for combustion of the residuum.
PAR  Additionally it will be observed in the ensuing description, that,
      throughout, speed of reaction or interaction is paramount enabling
      relatively smaller apparatus than otherwise and heretofore thought
      necessary for processing huge amounts of coal or like residuals.
PAR  The present process therefore integrates several procedures to achieve a
      high level of social benefit from coal. While the term "coal" will be used
      generally through the description herein as illustrative and typical of
      the present process it is to be understood that coal herein has reference
      to coal per se, i.e. high orders of coal, e.g. anthracite, or to
      bituminous or sub-bituminous coals and coal derivatives, i.e. coals which
      have been preprocessed to be substantially carbonaceous and highly
      aromatic in their carbon character, and more broadly to analogous coal
      derivative-like materials, as well to the crude oil or petroleum refining
      residuals which are highly aromatic in their carbon character, as well.
      Returning them to the process, the objective is high volumetric efficiency
      and the low capital costs realizable thereby.
PAR  A typical steam-electric power generation plant reaches peak operating
      capacity during only a fraction of the time it is operated. The daily
      cycle may run for example from about 30% to 90% of peak capacity. The feed
      rate of, e.g. a medium order of bituminous coal to produce steam for, say,
      a 50 megawatt rated generator may typically vary from 1.575 to 4.725
      kg/second over a 30 to 90% of capacity operating range. Thus a three fold
      increase in generator load may require a corresponding three fold increase
      in fuel, where the feed to the steam generator is merely coal. But it is
      possible to use much of the coal feed for higher value purposes such as
      chemicals production, without a commensurate change in power production
      because while all of the coal feed may be used for heat, most of the heat
      is derived from the more refractory portion of the coal, while valuable
      chemicals may be derived from the less refractory, more volatile portions
      of the coal. For example, if the coal is first hydrocracked in advance of
      the steam generation step, valuable chemicals are obtained and the total
      coal feed change needed for a 30% to 90% ratio of power plant operating
      capacity is increased only 30%, and not trebled as when coal is only
      burned and not first processed for chemicals. Thus, assuming an operating
      rate of 30% of capacity the fuel feed would be 10.5 kg/second where 85% of
      the feed is to be hydrocracked for chemicals and the balance used for heat
      production. At increased operating rates, e.g. to 90% the hydrocracking
      percentage can be lowered to 65% and the fuel feed need be increased only
      to 13.5 kg/second to accommodate the increased use of capacity, that is
      only about a 30% change in feed rate over the lower capacity situation.
PAR  The high volume specific efficiency of the present system relative to
      conventional steam boiler operations makes it practical to replace
      existing steam boilers with a combination synthetic petroleum plant and
      steam generator system which will have double the prior plant capacity but
      not occupy any greater area than the existing plant site.
PAR  The present process incorporates ecologically important removal operations
      e.g. sulfur compounds and and ash well in advance of the exhaustion of
      gases to the atmosphere and at process points where the concentration of
      these contaminants (unlike flue gases) is sufficiently great to make their
      recovery reasonable in cost and in some instances self-supporting through
      sale of these byproducts or derivatives thereof.
PAR  Low capital investment and absence of air pollution are dual desiderata in
      this invention and the former is realized in part through the use of
      equipment designs which enable use of lower cost standard steels in
      construction despite 600.degree. to 1000.degree. C temperatures in the
      reactor and heat exchanger. This is achieved by shielding the reactor
      support structure from reactor heat by a jacketing arrangement in which
      the jackets are filled with moving fluids used or useful in the process,
      which absorb heat emanated from the reactor, insulating the support
      structure and incidentally pre-conditioning system fluids and recovering
      otherwise wasted heat. In this aspect of the invention the high
      temperature, pressurized reactor chamber contents are thermally isolated
      from the structural components carrying the support loads. Lower cost
      steels can be thus employed and at or near their load tolerances for
      ordinary or ambient temperatures i.e. at or near maximum load factors.
      Higher cost, high temperature alloys need only be used for reactor walls
      and the like.
PAR  In the description to follow the energy convervation objectives of the
      invention are met not only through the use of jackets about the reactors,
      heat exchangers and piping to preheat the fluid inputs to the system, but
      also the enthalpy of the exhaust gases from the reactor is utilized to
      heat the input air or other oxidizer gas and/or drive a turbine, and the
      higher temperature components such as reactor and mineral (ash) separators
      are used for preheating fluids intended for subsequent use including
      molten salt, molten metal and water/steam fluid.
PA0  Carbonaceous Fuel Reactant
PAR  The terms "fuel reactant" and "carbonaceous fuel reactant" herein have
      reference to carbonaceous fuels such as coals including lignite,
      sub-bituminous, bituminous, subanthracite and anthracite coal, petroleum
      or coal derived coke, heavy petroleum residuals, tars and chars of coal,
      petroleum or materials of wood or agricultural origins.
PA0  Coal Structure
PAR  In the ensuing discussion reference will be to coal as typical and
      illustrative of the process feed material. Coal is a polymeric material of
      extraordinary complexity and at the same time an abundant source of
      numerous carbon chain fragments. The present invention maintains a single
      phase of molten salt solvent and coal polymer solute during oxidation and,
      in preferred embodiments uses coal which has been pretreated to free the
      relatively reactive portion of the coal molecule which is volatilized from
      the coal polymer complex e.g. from between 50 and 85% by weight of a
      typical coal feed is thus relatively reactive. The less reactive, more
      refractory portion of the coal is not attempted to be converted into
      volatile hydrocarbons, but is kept in solution and burned in a second
      reactor in accordance with the invention.
PAR  Within the combustion reactor, the less volatile e.g. polyaromatic
      molecules and coal fragments, herein collectively referred to as coal
      residuum or residual coal and representing the relatively non-volatile 15
      to 50% by weight of a typical coal is intimately mixed with and dissolved
      in molten salt.
PA0  Ore Reduction
PAR  Alternative to the use of an oxygen containing gas as the oxidizer in
      combustion apparataus is the use of non-gas forms of oxygen such as solid
      oxygen compounds. Particularly useful in this regard are ores of useful
      metals including specifically and notably the naturally occurring ores of
      Group VIII metals, most importantly iron and nickel ores. These materials
      exist in great abundance in the United States but the separation of the
      iron or nickel component is difficult and costly. Therefore the use of
      these ores as an oxidizer in the present process meets this great need in
      a single step. Iron, or nickel is separated from its ore by reduction, as
      char dissolved in molten salt is oxidized. The iron or nickel, freed from
      its oxygen bonding is collected from the combustion reaction apparatus by
      separation from the salt, with concomitantly less heat being recovered
      from the process overall.
PA0  Absence of NO.sub.x
PAR  At this point another, environmentally significant advantage of the present
      process may be pointed out. Bearing in mind the fact of combustion of coal
      in the dissolved state in molten salt, and the catalytic effect of the
      molten salt on the reaction, as well as the heat storage capacity of the
      salt, the temperatures within the reactor are enabled to be kept below
      those temperatures (1000.degree.C) favorable to the formation of
      environmentally obnoxious nitrogen oxides (NO.sub.x). Thus NO.sub.x is
      avoided substantially, a uniquely advantageous benefit of the present
      process over conventional, non-solution coal combustion reactions.
PA0  Coal Solution in Molten Salt
PAR  In preparing the coal or like carbonaceous fuel reactant for combustion, it
      is well to limit the phonomenon of outgassing which occurs when combining
      coal with molten salt at temperatures above about 800.degree. C to up to
      1200.degree. C. In the present process, the coal is dissolved at lower
      temperatures, e.g. 250.degree. to 500.degree.C up to about 600.degree. C
      and outgassing is avoided. In prior art processes using the aforementioned
      higher temperatures taught herein to be desirably avoided, pyrolysis of
      the coal occurs, generating gas, the gas in turn forms a boundary layer on
      the coal particle surface limiting access of the salt to the particle.
      This lessens solubilization which will otherwise occur and is a leading
      cause of much of the prior art having to do with coal-molten salt systems
      being limited to heterogeneous systems. As noted herein heterogeneous
      systems are limited in combustion rate by surface reaction considerations.
      In the present process, the use of relatively lower (than pyrolysis)
      temperatures to achieve the initial coal solution, eliminates outgassing
      and produces a homogeneous solution which may be passed to the combustion
      reactor directly or pretreated to recover volatiles of value in the coal.
PA0  Molten Salt Systems
PAR  The molten salt is inorganic, ionic and has a melting point below the range
      of reaction temperatures e.g. between 200.degree. and 500.degree. C.
      Mixtures of salts may be used, particularly to take advantage of
      eutectics. An illustrative listing of useful salts and salt mixtures
      follows:
TBL                     .degree.C Melting Point                                

     ______________________________________                                    

     KCl                                                                       

     BaCl.sub.2               345                                              

     CdCl.sub.2 380                                                            

     "                                                                         

     PbCl.sub.2 411                                                            

     LiCl                                                                      

     PbCl.sub.2 410                                                            

     "                                                                         

     SrCl.sub.2 475                                                            

     NaCl                                                                      

     CdCl.sub.2 397                                                            

     "                                                                         

     CoCl.sub.2 365                                                            

     "                                                                         

     PbCl.sub.2 415                                                            

     BaCl.sub.2                                                                

     BeCl.sub.2 390                                                            

     "                                                                         

     CdCl.sub.2 450                                                            

     CdCl.sub.2                                                                

     PbCl.sub.2 387                                                            

     ZnCl.sub.2                                                                

     SnCl.sub.2 180                                                            

     "                                                                         

     SrCl.sub.2 480                                                            

     MgCl.sub.2                                                                

     PbCl.sub.2 460                                                            

     PbCl.sub.2                                                                

     BeCl.sub.2 300                                                            

     "                                                                         

     BiCl.sub.3 205                                                            

     "                                                                         

     CaCl.sub.2 460                                                            

     "                                                                         

     CdCl.sub.2 387                                                            

     "                                                                         

     CuCl       285                                                            

     "                                                                         

     FeCl.sub.3 185                                                            

     "                                                                         

     MnCl.sub.2 405                                                            

     "                                                                         

     PbI.sub.2  310                                                            

     "                                                                         

     SnCl.sub.2 410                                                            

     "                                                                         

     TiCl.sub.4 390                                                            

     "                                                                         

     ZnCl.sub.2 340                                                            

     KBR                                                                       

     LiBr       310                                                            

     I                                                                         

     CdBr.sub.2 325                                                            

     "                                                                         

     MgBr.sub.2 350                                                            

     NaBr                                                                      

     CdBr.sub.2 370                                                            

     MgBr.sub.2 425                                                            

     PbBr.sub.2                                                                

     BiBr.sub.2 200                                                            

     "                                                                         

     CdBr.sub.2 344                                                            

     "                                                                         

     HgBr.sub.2 208                                                            

     "                                                                         

     PbCl.sub.2 425                                                            

     "                                                                         

     PbF.sub.2  350                                                            

     "- PbI     282                                                            

     ______________________________________                                    

PAL  It will be observed that typical salts are halides e.g. fluorides,
      chlorides, iodides and bromides of alkali, alkaline earth, Group II, Group
      IV, Group V, Group VII and Group VIII metals particularly potassium,
      lithium, sodium, beryllium, barium, cadmium, zinc, calcium, lead,
      strontium, cobalt, bismuth, tin, copper, iron, titanium, manganese,
      mercury, and magnesium. Additionally, the hydroxides and carbonates of
      alkali metals, being precursors of their salts, may be used, alone or in
      admixture with the aforementioned salts or others having appropriate
      melting points.
PA0  Salt Matrix
PAR  Essential to the present process is the dissolution of the carbonaceous
      fuel reactant in molten salt. In general more than 2.times. and up to
      100.times. as much salt as fuel reactant is employed, i.e. far beyond
      normally considered "catalytic" amounts. For the purpose of this
      disclosure a "solution" is a dispersion of the fuel reactant solute in the
      molten salt solvent to a degree that provides optical uniformity e.g. less
      than 600 nanometers and preferably the largest aggregates are less than
      300 nanometers in diameter. In the solvent-solute systems of the process
      reaction proceeds on the molecular level, by attack of the oxidizer gas on
      dispersed fuel reactant molecules, unlike certain prior known processes
      where the fuel reactant is particulate. Thus combustion rate is highly
      dependent on specific surface. In a solution or homogeneous system the
      specific surface is orders of magnitude greater than in conventional
      heterogeneous systems, i.e. particulate suspensions and reaction rate is
      therein limited to the particle surface reaction rate.
PAR  As a matrix for the combustion of carbonaceous fuel reactant, the molten
      salt affords these advantages over the conventional fuel-air burner. First
      the salt retains both the ash and the sulfur normally generated during the
      combustion process. That is, the ash is not carried out of the reactor by
      the exhaust gases, eliminating a major source of air pollution and a cause
      of extraordinary expense in power plant construction. The sulfur may be
      separated by e.g. CaO or other reactant, without atmospheric exposure.
      Secondly, as noted above the salt has a catalytic effect on the overall
      combustion reaction catalyzing the combustion to completeness and
      efficiently to reduce to negligibility the smoke and carbon monoxide
      generation otherwise associated with combustion of such fuel reactants.
      Thirdly, also as noted earlier herein, the reaction temperatures of not
      generally above 1000.degree.C (1300.degree.K) are highly unfavorable to
      formation of nitrogen oxides. This temperature of reaction is to be
      contrasted with the 2700.degree. - 3500.degree. C temperatures for certain
      other fuel-air systems. Fourthly, the bulk, i.e. over 50 percent of the
      heat of combustion reaction, is retained directly in the latent heat of
      the molten salt matrix where it is easily used to drive a heat engine. It
      will be recalled that molten salt has typically 500 to 1000.times. the
      volumetric heat capacity of combustion exhaust gases at 1 atmosphere
      pressure. More specifically, the instant molten salt systems have specific
      heats of about 0.2 cal./gram/.degree.C. Typical exhaust gases are
      approximately the same in specific heat. However, molten salts have a
      density more than 10.sup.3 times that of exhaust gases. Thus molten salts
      are by orders of magnitude, a more effective medium for transferring heat
      from the combustion process into a heat engine or other heat utilization
      device, than exhaust gases. Fifthly, as a function of the concentration of
      materials throughout the reaction zone, the characteristic dimension of
      the solution is likewise orders of magnitude smaller than is possible in
      the conventional fuel-air system, further enhancing the potential
      consumption of fuel.
PAR  In general the effect of dissolving coal fuel reactant in molten salt is to
      solvate the coal, swelling the coal polymer, and the cracking thereof to
      moieties of 250 to 25,000 molecular weight. A coal system with a mean
      molecular weight of 2000 has more than 100,000.times. the specific surface
      for reaction as particulate coal even as small as 0.1 mm. mean diameter.
      Coal oxidation rates in molten salt suspension may be assumed to vary in
      proportion to specific surface raised to the 2/3 power, and thus the
      importance of obtaining solutions reaction, as taught herein, is manifest.
PA0  Heater Reactor - Design Parameters
PAR  Specific apparatus has been devised and is described herein for the heater
      reactor, but it may be observed in general that in these and like
      character reactors contemplated by the invention, the design parameters
      are (1) a controlled path of travel of fuel-molten salt solution mixture
      through the oxidizer gas stream (2) extremely brief contact times e.g
      residence or dwell times (defined as reactor chamber volume divided by
      reaction mass flow rate through the reactor chamber) on the order
      typically of 0.5 to 2.0 seconds; (3) extensive interdispersion of fuel
      reactant and salt; (4) maximization of extraction of heat of combustion
      from the exhaust gases; (5) minimization of heat flux emanations from the
      reactor to the structural supports of the reactor; (6) provision of
      sufficient air-oxygen for stoichiometric conversion of C to CO.sub.2. Thus
      one kilogram of fuel reactant-molten salt solution containing 5% by weight
      carbon is provided with 0.66 kilograms of air to realize the
      stiochiometric ratio. Further one liter of fuel reactant-molten salt
      solution is provided with approximately 1 cubic meter of air at standard
      conditions.
PAR  It has been found that the foregoing ratios and other design considerations
      are best realized by spraying the fuel reactant-molten salt solutions
      countercurrently through a flowing stream of the air. The bulk of the heat
      release, from combustion, occurs some distance downstream of the inlet
      point of the molten salt solution, in general in the last 20% or so of the
      solution travel path through the reactor. This means that the "exhaust
      gases" i.e. those gases containing substantial quantities of heat from the
      last stages of reaction must traverse about 80% of the reactor travel path
      before exiting the reactor and these gases are in contact with the
      incoming molten salt solution all the while. Thus, the generated product
      gases have their heat reduced by the incoming salt solution droplets in
      coursing through the 80% of the reactor travel path. The combustion heat
      is thus kept in the reactor, and put into the salt, for recovery and use
      as will be explained.
PAR  A further heat management feature of the process is realized by jacketing
      the reactor and passing the incoming air feed over the reactor to acquire
      reactor emanated heat, for return to the reactor and precondition the air
      for more efficient combustion.
PAR  In somewhat greater detail, the disclosed reactor designs optimize the
      sensible heat increase in the molten-salt matrix as the fuel reactant is
      oxidized, while simultaneously extracting as much heat as possible from
      the produced gases. The purpose of these reaction designs, therefore, is
      to maximize .DELTA.H (of input salt solution to output salt) while
      minimizing .DELTA.H (of input gas to output gases). While the indicated
      reaction may be carried out in a simple "pot" type reactor with air being
      blown through a coalesced liquid molten salt solution, such a system is
      convenient to use where a high volume of air per unit volume of molten
      salt is desired e.g. a ratio of 1000.times. air at standard conditions
      relative to salt containing about 5% fuel. Flow rates of less than about
      1% reaction per second are required in a typical pot reactor to prevent
      simply blowing the salt out of the reactor.
PAR  Accordingly, it is preferred in the present system to disperse the molten
      salt-fuel reactant solution into a multiplicity of droplets and to spray
      the droplets through an air stream. Typically and in one embodiment hereof
      the salt solution is sprayed downwardly through an updraft of air or other
      oxidizer gas. The spray may be formed by impinging angularly directed and
      colliding jets of solution, by use of swirl cones or shower-head type
      nozzles or like apparatus and techniques for breaking a stream into
      droplets. Stream break-up by whatever suitable method will provide a
      relatively fine spray dispersed into the oxidizer gas stream.
PAR  Considering the nature of the solution spray, the spray droplets will have
      an initial spatial coordinate velocity from the momentum imparted from the
      vector components of the velocity of the injection streams. Any individual
      spray particle has a relative velocity to the gas stream which is the
      vector sum of the particle trajectory velocity and the gas stream drag
      forces. Each of the different spray developing techniques mentioned above
      has its own characteristic pattern of break-up with defined beginning and
      final break-up points, and a defined statistical distribution of spray
      droplet diameters. The mean droplet size and distribution for impinging
      "fans" are computable through known formulae as is the mass median droplet
      size for "shower-head" nozzle break-up by aerodynamic interaction.
PAR  Once the individual droplet is formed the process focuses on the
      utilization of three intersecting transport phenomena.
PAR  1. Momentum Transfer. As the droplet falls in the countercurrent air flow,
      the drag will slow the droplet. Conventionally, droplets have been treated
      as spheres wherein the "drag force" has been equated to the droplet mass
      times its acceleration to derive a drag factor C.sub.D. Values for C.sub.D
      versus Reynolds Number have been extensively measured and compare
      approximately as follows, in the range of interest:
     Reynolds Number (Re)                                                      

                      C.sub.D                                                  

     ______________________________________                                    

     0.5 &lt; Re &lt; 70    27 Re .sup.-.sup.0.84                                    

     70 &lt; Re &lt; 59,200 0.414 Re .sup.0.14 3                                     

     59,200 &lt; Re      2.0                                                      

     ______________________________________                                    

PAR  The trajectories of the droplets of different size classes may be
      calculated. The initial drop velocity and the countercurrent gas
      velocities are designated so that the fall vector of the droplet with a
      radius representing the 90th weight percentile will read zero vertical
      velocity at a height between 80 and 100% of the fall distance. After this
      point, the droplets will start to reascend until colliding and coalescing
      with other drops, falling thereinto. This slowing of the other drops fall
      and recirculation of the drops occurs most extensively in the lower 10% of
      the reactor chamber length. The spray mass, thereby, will spend over half
      of its total fall time slowing and recirculating in the lower end of the
      reactor chamber.
PAR  2. Mass Transfer. In order to carry out the combustion or more properly the
      oxidation of the dissolved fuel reactant, oxygen from the air must
      dissolve in the molten salt-fuel solution and the fuel and oxygen
      codiffuse into reaction proximity. If the intradrop diffusion processes
      (inside the droplet) are much faster than the transdrop diffusion (through
      the gas boundary layer), the reaction rate may be treated as gas boundary
      layer limited. On the other hand, if the diffusion processes through the
      gas boundary layer are much faster than the intra-drop diffusion, then
      intra-drop diffusion will be the limiting rate. If both transdrop and
      intradrop diffusion processes are of the same order, both processes must
      be considered in evaluating the reaction rate. Assuming an analogy between
      diffusion and heat transfer for highly fluid droplets, it has been shown
      elsewhere that for the assumed sphere, size and time regime, the
      distribution of heat is nearly uniform through the sphere. Further
      assuming the mentioned similitude between the heat transfer and diffusion
      in a fluid drop, the reaction rate in oxidizing the fuel in the droplet is
      determined by the diffusion rate of oxygen through the gas side boundary
      layer to the droplet. Existing mass transfer correlation thus permits the
      estimation of oxygen influx, the combustion rate, and CO.sub.2 efflux to
      and from the droplets.
PAR  3. Heat Transfer. As noted, the oxidative process occurs within the droplet
      of the molten salt-fuel reactant solution. Thus the droplet is the site of
      heat accrual. The droplets will exchange heat with the surrounding gas
      environment by these processes:
PAR  a. The largely carbonaceous fuel will react with the oxygen to yield
      CO.sub.2 on an approximately 1:1  basis. The CO.sub.2 will have the
      droplet at the instant drop temperature while O.sub.2 influx arrives at
      ambient (for the reactor) temperature. The effect is a net increase in the
      reactor gas temperataure;
PAR  b. Forced convection heat flux will have two effects. First the heat flux
      will heat up the incoming gas flow at the bottom (inlet) of the chamber
      where, as mentioned, the bulk of the oxidative reaction has occured, to
      heat up the droplets. Secondly, the heat flux will cool the heated, oxygen
      depleted exhaust gas flowing upward through the yet-to-react droplets in
      the upper 80% or so of the reactor chamber.
PAR  The heat flow due to the exchange of local gas ambient temperature O.sub.2
      for droplet temperature CO.sub.2 can be estimated from diffusion
      correlations and the correlation for forced convection heat flux from
      other equations to permit a computation of heat flow values for the
      process.
PAR  There is disclosed herein apparatus executing the principles just
      enunciated and designed to obtain high rates of energy release from the
      air-oxidation of molten salt-carbonaceous fuel reactant solutions.
      Specifically apparatus herein described enables hot exhaust gases produced
      adjacent the salt outlet- and air inlet-area of the reactor to exchange
      heat and momentum with the counterflowing droplet field, reducing the
      droplet speed to near zero-relative to any fixed point in the chamber, and
      reducing the exhaust gas temperature to near that of the molten salt fuel
      reactant solution inlet temperature (400.degree. - 600.degree. C).
PAR  Treating now with more specificity the jacketing concepts for the reactor
      which enable use of low cost steels for support work at the reactor, the
      apparatus reactor chamber may be double-walled or enclosed by tubular
      members to surround or "jacket" the reactor per se. The jacket (be it a
      walled chamber or a plurality of tubes) is filled with moving fluid at a
      temperature above the melting point of the molten salt but below the
      reactor chamber reaction mass temperatures. This jacket fluid in certain
      embodiments is the molten salt itself, e.g. at reactor chamber inlet
      temperatures (below 600.degree.C) or in other embodiments a metallic
      liquid, molten lead or high temperature organic heat exchange mediums such
      as diphenyl oxide. Beyond the jacket just described there is provided a
      second double wall or tubular layer through which air feed is flowed at
      temperatures approximately 280.degree.C. Thus the structural members
      supporting the reactor chamber and containing the pressure load thereof
      being exterior of the jackets are not subjected to thermal loads much
      beyond 250.degree.C, despite the reactor chamber interior reaching
      temperatures of nearly 1000.degree. C.
PAC  HEAT EXCHANGER DESIGN PARAMETERS
PAR  It is a signal feature of the present process that heat management
      techniques have been developed and are presented here which complement the
      innovative combination reactor and process and enable the obtaining of the
      full benefits of this technology. As will be noted from the discussion of
      the combustion reactor, the purpose there is to obtain as much heat as
      possible and to get as much of the heat obtained as can be into the salt.
      The present portion of this disclosure is concerned primarily with getting
      utility from the heat in the salt.
PAR  Several criteria have been developed for establishing heat exchanger design
      including:
PAR  1. Direct contact heat exchange between fluids of different temperature.
PAR  2. Use of mutually immiscible fluid pairs, each with good .DELTA..rho..
PAR  3. Use of jacketed apparatus.
PAR  4. Avoidance of cross contamination between the heat producing fluid (salt)
      and the heat using fluid (steam).
PAR  In general the heat exchange is accomplished by using a two-phase
      differential flow, high dispersion, high relative velocity fluid-fluid,
      direct contact heat exchanger system. Among the several advantages of
      direct contact heat exchangers over indirect heat exchangers are:
PAR  a. From one to four orders of magnitude greater specific surface;
PAR  b. From one to four orders of magnitude shorter mean molecular paths from
      any point in the heat exchange fluid to an exchange surface
PAR  c. Absence of separating walls which reduce heat flux.
PAR  As in the reactor designs above noted, heat exchange construction with
      jacketing permits the components of the vessel structure which bear the
      design stresses to function at a temperature substantially below the
      temperatures of the exchanger fluid content. The result of these combined
      design features is a heat exchange system adapted to be interposed between
      a heat source and a heat consumer or heat engine such as a steam turbine
      and by its design the heat exchange system is orders of magnitude smaller
      than a conventional steam plant boiler system of comparable output rating
      and being smaller it consumes fewer materials in its construction and
      costs less.
PA0  Principles of Heat Exchangers
PAR  The majority of heat exchangers have fixed surfaces over or through which a
      fluid moves to add or remove heat. Frequently the solid surfaces are walls
      which separate two moving fluids and confine them along a predetermined
      path while a heat flux occurs between them. Direct contact heat exchangers
      are known, e.g. evaporative coolers which commingle fluids but in these
      the fluids are exhausted and continually replaced.
PAR  In a conventional heat exchanger of the confined path type, volumetric
      specific heat flow is severely constrained by the practicalities of
      construction geometry which limit the surface area which is available for
      heat transfer operations. And the less surface area, the lower the rate of
      heat transfer other factors being equal, and the larger the heat exchanger
      needs to be to accomplish the transfer of a given quantum of heat in a
      given period of time.
PA0  Recoverable Fluids Heat Transfer
PAR  In contrast to surface indirect heat exchangers and heat exchangers of the
      evaporative cooling type, the present process utilizes fluids which are
      intimately mixed to effect heat transfer, but which being inherently
      immiscible, are recoverable and indefinitely reuseable. Importantly the
      heat transfer medium is highly dispersible to maximize heat transfer
      surface, but also readily recoalesced for ease of manipulation through the
      process. Thus the heat exchangers of the invention employ heat flux
      preferably between two immiscible, separable liquids, in general including
      a differential passage of one liquid past the other, e.g. the heavier
      liquid downward, the lighter liquid upward, with intimate interdispersion
      between the respective liquid inlets and outlets. There is subsequently
      described herein specific apparatus for the purpose, but at this point it
      may be observed that such apparatus lends itself to incorporation in a
      high volume, high efficiency power plant such as that described herein
      deriving high heat energies from combustion of certain fuels dissolved in
      molten salt, using the high heat content salt as one of the heat transfer
      fluids.
PAR  Therefore the present invention avoids the limitations of indirect contact
      heat exchangers, specifically by eliminating the walls which define
      separate fluid flow paths, and which as well limit heat conduction and
      restrict the surface area available for heat transfer. Further said prior
      art heat exchangers provide heat transfer between fluids only at the
      wall-interface which is by nature far from the bulk of the fluids in order
      to permit adequate flow rates. Only evaporative spray coolers and certain
      rocket motors have achieved the near ultimate in high volume specific
      phenomena rates, and because these systems tolerate an ultimate
      commingling of the fluids; but the fluids are nonrecoverable, and such
      systems have not been adapted to power plant heat transfer applications
      where fluid recycle is economically essential or where fluid contamination
      is intolerable, such as steam fluid for turbines.
PAR  As will be described hereinafter in greater detail, there is provided
      herein a novel construction of a heat exchange system in which a pair of
      heat exchangers are used, and coupled together in the heat transfer and
      physical sense by a nonmiscible, inert heat transfer fluid specifically in
      most preferred embodiments, liquid, molten lead. The use of this
      intermediate heat transfer medium enables utilization of a direct contact
      fluid-fluid heat exchange with all its attendant benefits, and withal
      avoids cross-contamination of the fluids. This heat is taken from the
      molten salt into the heat transfer medium and transferred from the heat
      transfer medium into steam, without the salt contacting the steam. As will
      be evident this technique of heat transfer permits use of system designs
      utilizing very high specific contact surfaces (molten lead distributed in
      molten salt and molten lead distributed in steam) and very high flow
      Reynolds numbers to thereby yield high efficiency designs for the transfer
      of heat from molten salt to steam to drive heat engines, such as turbines.
PAR  Specifically the present apparatus and process comprise a direct contact
      fluid-fluid heat exchange system using high dispersion contact, and mutual
      immiscibiiity and density differences to effect a clean separation of the
      fluid into separate effluxing streams. In a vertical apparatus, the higher
      density fluid is introduced at the upper end of the heat exchanger
      chamber, e.g. injected thereinto to flow in a highly dispersed, high shear
      manner downward through the chamber. This heavier phase falls in its
      dispersed condition until collected at the interface of the dispersed
      droplets and the coalesced mass of droplets, at or near the bottom of the
      chamber. The heavier phase is a continuous phase at the chamber bottom and
      may be recycled and redispersed. The lighter density fluid is introduced
      into the same heat exchanger chamber at the lower end thereof e.g.
      injected to pass upwardly in a highly dispersed, high shear flow relation
      through the continuous phase portion of the heavier fluid to the mentioned
      interface of the heavier fluid dispersed and continuous phases, through
      that interface, whereupon the lighter, upwardly moving phase itself
      coalesces from its initial dispersion and becomes the continuous phase
      through which the heavier phase moves dispersed. In a vertical chamber
      embodiment, the force of gravity is used to effect relative movement of
      the heavier and lighter phases, facilitated by preferably large
      differences in density of the fluids being passed differentially through
      the chamber. It will be apparent that movement of the two phases in the
      same direction, but at different speeds will also effect the differential
      passage of fluids. In certain embodiments, the separation of phases may be
      accelerated or clean-up of phases made more complete, particularly where
      fluid density differences are smaller, by passing the respective effluents
      through, e.g. cyclone separators as a supplemental step.
PAR  In other embodiments, the heat exchanger chamber may be essentially
      horizontal and disc-shaped or "discoid". In these embodiments the
      differential fluid passage is enhanced by centrifugal forces and gravity
      forces are essentially neglected. Centrifugal forces are realized by an
      induced rotary movement of the two fluids. Typically the lower density
      fluid is injected near the outer collecting volute rim for the higher
      density fluid and passed centripetally inward, while the higher density
      fluid which has been introduced radially adjacent an axially located
      discharge port for the lighter phase is passed centrifugally outward. In
      the embodiment, the two fluids rotate in the same direction; the
      centrifugally induced g field forces a countercurrent i.e. cross-current
      flow, of the lower density fluid inward to the axis and the higher density
      fluid radially outward toward the chamber periphery. As in the vertical
      embodiment, the respective fluids are first dispersed in a continuous
      phase of the other and they coalesced for recovery and to define the
      continuous phase to receive the dispersed phase adjacent each fluid inlet.
PAR  Accordingly there is provided herein a method and apparatus for direct
      contact heat exchange. Specifically there is provided a method for heat
      exchange between a relatively higher density liquid and a relatively lower
      density liquid immiscible therewith and having different heat contents,
      which includes differentially passing a dispersed phase of each liquid
      through a continuous phase of the other liquid in a heat exchange zone,
      and coalescing the dispersed phase liquids so passed to define the
      continuous phase of that liquid. The method further includes initially
      dispersing the first liquid in the continuous phase of the second liquid
      and subsequently the second liquid in the continuous phase of the first
      liquid, and subjecting the liquids to a force differentially urging the
      dispersed phases past one another and into self-coalescing proximity
      beyond the continuous phase of the liquid in which the dispersed phase was
      initially dispersed. In practice of the method, the coalescence of the
      higher density liquid continuous phase displaces the lower density liquid
      continuous phase within the heat exchange zone. That is, when the heat
      exchange zone is vertically extended and the urging force is therefore
      gravity, the lower density liquid continuous phase is displaced upwardly,
      whereas in a circular zone where the force is centrifugal the lower
      density liquid is displaced centripetally. In apparatus terms there is
      provided for direct contact heat exchange, a chamber having means to pass
      relatively immiscible, different heat content different density liquids
      differentially in direct contact through the chamber and means to recover
      each of the liquids separately, in continuous phase and substantially free
      of the other liquid. The chamber may further be provided with inlet means
      adjacent the outlets for each continuous phase liquid to introduce the
      other liquid in dispersed phase relation into the continuous phase. Where
      the chamber is vertically elongated, the inlet for the lower density
      liquid will be at the bottom and the outlet therefor at the top of the
      chamber, the inlet for the relatively higher density liquid conversely
      being at the top and its outlet at the bottom of the chamber. Where the
      chamber is discoid, the chamber has a peripheral inlet for the relatively
      lower density liquid and central outlet therefor, and conversely, a
      central inlet for the relatively higher density liquid and a peripheral
      outlet therefor.
PA0  Dispersion Aspects
PAR  As noted the two fluids are dispersed into continuous phases of one another
      and then collected as a continuous phase subsequently. The technique of
      dispersion of the phases may involve one or both of injection and stream
      break-up by impingement of angularly directed colliding streams which fan
      into droplets, or use of injection nozzles of appropriate design, e.g.
      shower heat injectors. Whatever the mode of break-up of the fluid streams
      into droplets and upon calculation of the mean drop size from available
      formulae for similar systems the droplet trajectories may be estimated,
      initially from the injection vectors and more specifically from
      consideration of drag and momentum transfers including incremental
      transfers of momentum, residual momentum and the continuingly exerted
      forces i.e. gravity in the vertical chamber or column and centrifugal
      forces in the discoid chamber. The momentum change in the discontinuous
      phase is estimated from the "drag relations", plus the effects of gravity
      loading or centrifugal loading in these respective, affected chambers.
PA0  Heat Transfer Aspects
PAR  Heat Transfer between the droplets of the discontinuous phase and the
      surrounding continuous phase occurs under "forced convection" conditions,
      estimable from known correlations of heat flux transfer to spherical
      droplets. The result of droplet forced convection, heat flux transfer
      relative to conventional heat exchange system is that the presently
      disclosed heat exchangers, have:
PAR  1. Orders of magnitude greater specific surface for the heat flux fluids;
      and
PAR  2. Orders of magnitude shorter heat flow paths from any given point in the
      heat exchange fluid to a heat exchange interface of discontinuous phase
      droplet and continuous phase matrix.
PA0  Jacketed Apparatus
PAR  In the reactor construction design, the heat exchangers of the invention
      are double-walled, tube lined or otherwise jacketed to have an inner shell
      containing the high temperature fluids (up to 1000.degree.C) with a
      negligible .DELTA..rho. across the shell, and withal a support or load
      carrying structure which can function at hot side temperatures less than
      200.degree. C. Thus the heat exchangers herein are substantially reduced
      in weight, size and materials cost and can operate at relatively higher
      pressures and/or temperatures for a given set of construction materials.
PA0  Heat Exchange Medium
PAR  The several criteria for the heat exchange medium include (1) fluidity in
      the temperature range of interest, (2) inertness to construction
      materials, and relative to the heat transferring fluid: (3) immiscibility;
      (4) substantial differences in vapor pressure at the several operating
      temperatures encountered; and (5) relatively different densities,
      particularly where separation is being effected by gravity or centrifugal
      field forces.
PAR  Among the materials which may be mentioned for use as the heat transfer
      medium, relative to the other fluids being processed are highly reactive
      metals such as sodium, lithium and potassium which may be heat exchanged
      with saturated hydrocarbons in thermally stable regimes; somewhat reactive
      metals exchanged with nonreactive molten salts; water which may be
      exchanged with various nonreactive liquids; low reactivity gases for heat
      exchange with other low volatility, low reactivity liquid; and in a
      preferred group low reactivity low melting metals, particularly lead,
      bismuth, tin and their alloy systems, which may be heat exchanged with
      water (steam) fluorocarbons, nonreacting molten salts, numerous organic
      heat exchange liquids such as diphenyl oxide, and silicone oils.
PAR  In general for a given system of molten salt containing heat to be
      transferred to steam, it is preferred to employ a different density, high
      specific heat, immiscible liquid and particularly a metal and more
      especially lead or other high density, high specific heat, low melting,
      inert, nonreactive elemental or alloy metallic material such as tin or
      bismuth and particularly the lead alloys of these two metals.
PA0  Detailed Process and Apparatus Descriptions
PAR  With reference now to the accompanying drawings, in FIG. 1 an overview of
      the several operations is provided. Air as a typical oxidizer gas is
      introduced into the process with preheating and precompression as will be
      seen (FIG. 2) along line 10 to combustion reactor 12. To the same reactor
      12 is introduced along line 14 a molten salt solution of fuel reactant,
      typically a coal residuum, or devolatilized coal product. The fuel
      reactant is oxidized by the air fed into combustion reactor 12 and there
      is obtained exhaust gases of the combustion and molten salt now
      substantially coal free but containing mineral materials herein
      collectively referred to as "ash". The salt is passed along line 16 for
      process use and ultimately venting to the atmosphere (line 48 in FIG. 2),
      and the ash being separated therefrom along line 20, e.g. by apparatus
      hereinafter described with reference to FIGS. 6 and 7. Specific
      embodiments of the combustion reactor 12 are shown in FIGS. 3, 4, and 5.
      Following separation from reactor 12 through line 16 the salt carrying
      most of the sensible heat of combustion is heat exchanged to produce steam
      by a series of heat transfer operations illustrated in zone 22, from salt,
      to liquid metal, to steam and recycled through line 23. Additionally, the
      liquid metal heat is used for air preheating along line 24 and the steam
      is cycled to steam consumer operations such as a power turbine (not shown)
      along line 26. Exhaust gases are removed via line 18.
PAR  With reference now to FIG. 2, a schematic flow sheet of the process is set
      forth. The fuel reactant feed is introduced at 14. The nature and
      composition of the molten salt solution of the several useful fuel
      reactants has been discussed in detail above. The molten salt solution
      feed in line 14 is typically at a temperature between about 850.degree.
      and 1100.degree.C and preferably 900.degree. and 1000.degree.C and at a
      pressure of between about 1 and 15 atmospheres, the specific pressure
      varying somewhat with the particular pressure conditions within the
      reactor 12, and the mode of delivery intended to be used in the reactor
      e.g. the type nozzles 27. in the FIG. 2 embodiment, the reactor 12 is a
      vertically extended cylinder 28 operated nearly hydraulically full with a
      head space 30 at the top of the cylinder, and a liquid level 32 just above
      the point of introduction of feed solution to the reactor so that the feed
      solution is introduced from line 14 submerged. Hot gases are exhausted
      from the reactor head space 30 overhead through line 34 to successive heat
      exchange stages 36, 38 to derive the maximum benefit from the heat content
      of these gases, which heat content, it will be recalled, is generally less
      than half the heat of combustion and preferably far less, the vast bulk of
      the heat having been transferred to the salt 40 within reactor 12.
      Nonetheless, the exhaust gases in line 34 do contain useful amounts of
      heat. It needs to be recalled here that these exhaust gases do not require
      precipitators or like fly ash removal treatments, or even sulfur compound
      recovery operations, since these atmospheric contaminants are trapped
      within the salt matrix 40 in the reactor 12 for subsequent separation
      without ever becoming airborne.
PAR  The exhaust gases in line 34 are typically at a temperature between
      400.degree. and 500.degree.C and a pressure between about 1 and 15
      atmospheres. These exhaust gases are passed through heat exchanger 36 for
      transfer of gas heat to incoming air feed to the reactor in line 10. From
      heat exchanger 36, the somewhat cooled, but still hot exhaust gases are
      passed along line 42 to an expansion motor, shown as turbo-expander 44,
      the hot gases being fed into the expansion horn at 45, expanded therein,
      e.g. to a pressure of about 1 to 2 atmospheres and simultaneously cooled
      to a temperature between about 150.degree. and 200.degree.C and passed
      therefrom along line 46 to the further heat exchange stage 38 after which
      heat transfer, the exhaust gases are vented to the atmosphere through line
      48.
PAR  Incoming air as the oxidizing gas is both heated and compressed in advance
      of the reactor 12, using the exhaust gases. Thus air introduced into the
      system in line 10 is passed into the compressor stages 50 of the
      turbo-expander. That is turbo-compressor 50 is operatively coupled to the
      expansion motor 44 as shown by dashed line 52 whereby the energy derived
      from the exhaust gas expansion is used to drive the compressor turbine.
      The air in line 10 is generally heated to between about 250.degree. and
      350.degree.C by this step and elevated in pressure from one atmosphere to
      between about 2 and 15 atmospheres. Following its compression and
      attendant heating in turbo-compressor 50, air in line 10 is heat exchanged
      with the exiting exhaust gases in heat exchanger 38 and heat exchanger 36
      which define progressively higher temperature zones to increase the
      temperature of the incoming air in line 10 leading to the reactor 12
      between about 275.degree. and 375.degree. C. The air, at a pressure of
      about 2 to 15 atmospheres then is introduced into the molten salt solution
      through a series of submerged inlets, nozzles 27, which distributively
      pass the air into the salt solution. Reaction ensues between the heated,
      precompressed air and the molten salt solution of fuel reactant. The
      exhaust gases are collected and employed as just described.
PAR  It will be observed that the flow of salt solution and air through the
      reactor has been countercurrent, and too this flow is very rapid,
      providing quite limited residence times within the reactor 12 of on the
      order of 0.2 to 2 seconds. The relative quantities of reactants are such
      that complete combustion of the fuel reactant is effected, and generally
      in the ranges noted earlier in the description or higher or lower for
      particular reactor, reactant and reaction situations.
PAR  The molten salt following removal therefrom by combustion of the fuel
      reactant and the concomitant generation of ash is passed out of the
      reactor 12 along line 16.
PAR  The molten salt in line 16 is generally at a temperature between
      850.degree. and 1100.degree.C and a pressure of 2 to 10 atmospheres. The
      molten salt is passed through the ash separator 54 to be described, where
      ash is mechanically removed and separated through line 56. The molten salt
      still carrying its burden of combustion heat is passed to the heat
      transfer stages of the process. It may be desirable at this point to
      increase the pressure on the molten salt to accommodate the pressure
      relationships of the heat exchangers to follow. This may be accomplished
      along line 58 with state of the art booster pumps (not shown) including
      such pumps driven by a pressure drop taken on process fluids from
      elsewhere in the process.
PAR  It is generally desirable where steam is to be the ultimate end product of
      the process, to have the pressure of molten salt in line 58 between 10 and
      50 atmospheres for commencing heat transfer operations. This enables a
      pressure drop through the heat transfer steps while still obtaining heat
      transfer to steam at useful pressures for operating a generator turbine.
PAR  The molten salt in line 58 at a pressure between about 10 and 50
      atmospheres and a temperature between 850.degree. and 1100.degree.C is
      passed through direct contact heat exchanger 60 (to be described in detail
      hereinafter) and exits the heat exhanger through line 64 at a pressure of
      about 5 to 45 atmospheres and a temperature between about 425.degree. and
      475.degree.C. The molten salt may be recycled along line 64 e.g. to the
      reactor 12 with a fresh charge of fuel reactant, as the solution feed.
PAR  Within the heat exchanger 60, typically and illustratively, a liquid metal
      introduced at a temperature of 350.degree. to 400.degree.C and a pressure
      of 10 to 50 atmospheres from line 66 acquires heat by direct contact heat
      exchange from the salt, to exit the heat exchanger at 800.degree. to
      1000.degree.C and a pressure of 5 to 45 atmospheres. Thus heated, liquid
      metal, free of salt, is passed along line 68 which together with line 66
      comprises a closed liquid metal loop, to a further direct contact heat
      exchanger 70 wherein steam is heated by direct contact with the liquid
      metal. Following heat transfer in heat exchanger 70 the liquid metal is
      returned to salt heat exchanger 60 for reheating, along line 66 of the
      liquid metal loop. The steam from heat exchanger 70 is passed along line
      72 to a turbo-generator 74 e.g. a conventional steam driven turbine
      generator for the generation of electricity, and thence returned for
      reheating to the liquid metal heat exchanger 70 through line 76, the lines
      72 and 76 defining a steam loop. In general, the steam being introduced
      into the liquid metal heat exchanger is at 50 to 200 atmospheres pressure
      and 100 to 150.degree. C temperature, while the metal exchange heated
      steam in line 72 is typically at 650.degree. to 800.degree. C and 45 to
      190 atmospheres.
PA0  Vertical Reactor Description
PAR  In FIG. 2 a vertical reactor 12 operated hydraulically full of molten salt
      is illustrated. In FIG. 5, a preferred form of vertical reactor 121 is
      depicted, one providing for the suspension of fuel reactant-salt solution
      in an updraft of air or other oxidizing gas for the required times to
      completely oxidize the fuel reactant. Additionally, numerous heat
      management features are integrated into the FIG. 5 reactor design. With
      reference then to FIG. 5, the reactor 121 comprises a reactor chamber 80
      defined by vertically extended cylindrical wall 82 having central openings
      84 at the top and 86 at the bottom thereof for an exhaust gas outlet pipe
      88 and a molten salt outlet pipe 90 respectively. The wall 82 is generally
      enclosed by a first jacket structure comprising coaxial cylindrical wall
      92 defining with reactor chamber wall 82 an inner annulus 94. The reactor
      chamber 80 and the inner annulus 94, in turn, are enclosed by a second
      jacket structure comprising the cylindrical coaxial wall 96. Wall 96
      defines with the first jacket wall 92 an outer annulus 98. An inlet port
      100 extends through the upper portion of the wall 96 of outer annulus 98
      for introduction of fluid into the inner annulus 94. The inner annulus 94
      terminates in an outlet 102 coaxial with molten salt outlet pipe 90.
PAR  A series of circularly spaced injector ports 104 is provided about the
      lower reaches 106 of the reactor chamber 80, communicating the lower
      chamber interior 106 with the outer annulus 98. An annular, downwardly
      extending baffle 108 surrounds the lower reaches 106 of the chamber 80,
      ensuring passage of fluid in the outer annulus 98 all along the length of
      the first jacket wall 92 prior to entry through injector ports 104. There
      is additionally provided a salt-fuel reactant solution distributor 110 at
      the upper end of the reactor chamber 80. Typically the solution
      distributor 110 will include an array of downwardly directed nozzles 112
      supplied molten salt solution with fresh fuel reactant dissolved therein
      from inlet line 114.
PAR  The vertical reactor 121 is operated by introducing a 5 to 20 percent
      solution of, e.g. coal in molten salt at a temperature of 400.degree.C and
      a pressure of 10 atmospheres through nozzles 112 in a downardly directed
      free-falling spray 116. Air or other oxidizing gas is passed from line 118
      through outer annulus 98 along the length of the reactor 121, increasing
      in temperature by indirect absorption of heat emanating from the reactor
      chamber 82 (and simultaneously protecting reactor chamber support
      structure, not shown, from undue heat exposure) to be at a temperature of
      250.degree.C and a pressure of 10 atmospheres at the injector ports 104.
      The introduced gas 122 generates an upward draft which carries the falling
      molten salt droplets dancingly up and down in the reactor chamber 80,
      generally at the lower 20 percent of its length, e.g. at 108, as
      heretofore described, until the coal therein is consumed and the salt
      droplets agglomerate and coalesce sufficiently to fall through the gas
      updraft. Coalesced droplets are collected in a pool 120 in receptacle 124
      for separation from the reactor chamber 80 through pipe 90.
PAR  The liquid metal, or like heat exchange medium, used elsewhere in the
      process for direct heat transfer is employed in the FIG. 5 reactor design
      as an indirect heat transfer medium. Liquid metal, such as lead, is passed
      through inner annulus 94 between the reactor wall 82 and the gas in outer
      annulus 98, to simultaneously limit heat emanation from the reactor
      chamber 80 to surrounding structure, to preheat the oxidizer gas feed from
      line 118 and/or to heat the liquid metal for other operations.
PAR  Exhaust gases produced are taken from the chamber 80 through pipe 88 for
      handling as earlier described in connection with FIG. 2.
PA0  Discoid Reactor Description
PAR  Alternative to the vertical reactor of FIGS. 2 and 5 is the discoid reactor
      221 shown in FIGS. 3 and 4. The discoid reactor 221 partakes of the same
      principles of differential flow of oxidizer gas and molten salt solution,
      and multiple jacketing of the reactor as are found in the FIG. 5, reactor
      121 embodiment. Thus, with reference to FIGS. 3 and 4, discoid reactor 221
      comprises a generally cylindrical horizontally extended chamber 200
      defined by a radially tapered wall 202 having an axial passage 204
      extending upwardly therefrom. The discoid chamber wall 202 is generally
      enclosed by a congruent wall 206 which together with the chamber wall
      defines inner interwall space 208. Beyond wall 206 is a further wall
      member 210 which also is generally congruent with the chamber wall 202 and
      which with wall 206 defines an outer interwall space 212. The inner
      interwall space 208 defines a flow space for liquid metal or other heat
      transfer fluid being used elsewhere in the process and which is passed
      along the chamber wall 202 between inlet port 214 adjacent the chamber
      axis 215, and outlet pipe 216 at the perimetrical extremity of the reactor
      chamber 200. Air, or other oxidizing gas, is furnished to the discoid
      chamber 200 through a series of relatively circularly spaced injector
      ports 218 which communicate the interior of chamber 200 with the outer
      interwall space 212 into which air or other gas is introduced through
      inlet 220. For purposes to appear the injector ports 218 are canted
      relative to the median horizontal plane of the chamber 200. As in the
      vertical reactor 121 the discoid reactor 221 is provided with a baffle 222
      to ensure full passage of the feed air along the entire extent of the
      reactor chamber wall 206.
PAR  In the discoid reactor embodiment of FIGS. 3 and 4, the molten salt-fuel
      reactant solution may be introduced by a series of nozzles and preferably
      is introduced through inlet 217 at nearly the axis 215 of the reactor
      chamber 200 and in a series of angularly directed, colliding, jets or
      streams 219 which, upon impingement, fan into a multiplicity of droplets
      to ensure break-up of the solution into readily treated, discrete
      portions. For this purpose the discoid chamber 200 is provided with a
      series of opposed pairs of angularly related jet nozzles 224 fed by upper
      and lower plenums 226 to generate a fan of the dropletized streams 223.
      The nozzle 224 like the air ports 218 are canted relative to the median
      horizontal plane of the reactor chamber 200, for purposes now to be
      explained.
PAR  The relationship of the several fluid streams is highly important.
      Initially, it will be observed that differential, counter-flow is realized
      by introducing the molten salt fuel reactant solution circularly and
      adjacent of the chamber axis 215 throug canted nozzles 224 which direct
      the solution circularly into the chamber 200, i.e. tangent to a line
      parallel to the chamber periphery 230 and salt is taken out at the chamber
      periphery through pipe 232. Air, as the oxidizing gas, is introduced at
      nearly the periphery 230 of the chamber 200 and exhaust gases are taken
      off at the axis 215 of the chamber 200. Thus, these two fluids pass
      through one another. The air, before being introduced into the reactor
      chamber 200 is passed radially outward through outer interwall space 212
      to absorb, indirectly, the heat emanated from the combustion occurring in
      discoid chamber 200, while liquid metal similarly is passed concurrently
      from nearly the chamber axis, at inlet port 214 to the periphery 230 of
      chamber 200 for exit through pipe 216; the liquid metal absorbing the
      reactor chamber heat indirectly through chamber wall 202 and transferring
      some of this heat indirectly to air or other oxidizer gas to be introduced
      into the reactor chamber 200 through injector ports 218.
PAR  The flow pattern of salt-fuel reactant droplets 223 is determined by their
      canted disposition and the relative location of their inlet 217 and outlet
      232, and the prevailing flow direction of air or like gas in the discoid
      reactor chamber 200. Recalling the suspension of droplets in the vertical
      reactor 121, it will be clear that the gravity force on the droplets 116
      there was balanced at least briefly, and in a dynamic way by the force of
      updraft air 122. Similarly, in the discoid reactor 221 the air force
      balances, briefly and dynamically, the force carrying the droplets from
      the point of introduction to the point of exit. For this purpose, the air
      injector ports 218 are canted so as to give an initially circular or more
      particularly, spiral, flow path to the injected air. In FIG. 3, this
      spiral air pattern is shown in the light dashed lines 236. Salt solution
      droplets entrained in the air stream, are carried therewith, but as they
      acquire speed, centrifugal forces come into play carrying the droplets
      outward along a different spiral path, a path of greater spiral pitch than
      the air streams 236, an illustrative path being shown by the solid line
      238. As the droplet loses fuel reactant and becomes lighter, the
      centrifugal force is decreased relatively, but the angular velocity of the
      air streams at the periphery 230 of the reactor chamber 200 is less
      relatively than inwardly of the periphery, the result being a dynamic
      suspension of the droplet, for a time enabling complete combustion of the
      fuel reactant, and coalescence of the droplets to a mass sufficient to
      separate from the air stream into peripheral pool 240 for separation
      through outlet pipe 232.
PAR  The temperatures and pressures of the several fluids in the discoid reactor
      embodiment of FIGS. 3 and 4 are the same generally as these values in the
      vertical reactor embodiments of FIG. 6.
PA0  Removal of Ash and Other Solids
PAR  It has been pointed out above that mineral matter remaining after
      combustion of the coal or like fuel reactant which matter may be generally
      referred to as ash and will include all manner of solid substances
      including oxides and sulfides of metals including for example alkali metal
      sufides produced by addition of alkali metal salts and hydroxides. With
      reference to FIGS. 6 and 7 an ash separator 250 is shown comprising a
      chamber 252 of generally circular design and centrally domed. The chamber
      252 is supported on hollow post 254 which extends upward into the interior
      256 of the chamber above the horizontal median level within the chamber,
      for purposes to appear. To one side of the chamber 252 at the median level
      of the chamber a barrel 258 is provided extending horizontally through the
      chamber to open at 260 on one side into the chamber. Barrel 258 is
      provided with a rotatable screw 262. Additionally an inlet 264 for
      delivery of ash containing molten salt (i.e. from line 16 in FIG. 2) is
      provided generally diametrically opposite the barrel 258 and aranged to
      deliver the molten salt tangentially into the chamber 252 whereby the salt
      assumes a circular, or more properly a spiral flow path through the
      chamber. The post 254 is open at the top to define a salt outlet 266
      communicating with the hollow interior 268 of the post and ultimately to
      line 58 (FIG. 2) for flowing the ash-separated molten salt to the heat
      exchange stages.
PAR  In operation the spirally flowing molten salt imparts a relatively greater
      centrifugal moment to ash and like mineral solids suspended in the salt
      whereby these materials are carried to the periphery 270 of the ash
      separation chamber 252. Screw 262 is rotated to urge peripheral
      accumulations of ash and entrained salt from the chamber 252 to disposal.
      The molten salt is passed from the chamber 252 centrally through opening
      266. Opening 266 is at a height within the chamber 252 that limits
      carryover of ash with the molten salt passing through the opening to
      provide an effective decanting of molten salt from ash accumulations and
      continual purging of the chamber of the ash accumulation by screw 262.
PAR  As shown, the ash separator 250 is jacketed by wall 272 so as to recover
      the heat of the molten salt, e.g. into liquid metal or steam to be used
      elsewhere in the process, by passing these fluids over the chamber 252
      exterior.
PAR  In a typical instance of the process, the molten ash and salt mixture in
      line 16 enters separator 250 at a temperature between about 850.degree.
      and 1100 .degree.C and at a pressure between about 2 and 10 atmospheres.
      The molten salt, now ash free leaves separator 250 with little loss of
      temperature or pressure.
PA0  Heat Transfer To Steam - Vertical Exchanger
PAR  The principles of heat transfer from molten salt to a dispersed high
      specific heat, inert heat transfer medium and from that medium to steam
      have been discussed above. With reference to FIG. 8 a form of apparatus
      for effecting the transfer of salt heat content to a liquid metal such as
      molten lead is shown at 300. The apparatus 300 comprises a vertically
      disposed elongated chamber 302 having a wall 304 of generally cylindrical
      configuration and domed at the top and bottom. The chamber 302 has a
      molten salt inlet pipe 306 leading e.g. from line 58 (FIG. 2) and a series
      of laterally distributed nozzles 308 for delivering the salt into the
      chamber interior 310 as a discontinuous phase in molten metal for passage
      upward through the chamber. In general, the molten salt delivered to the
      chamber 302 is at a temperature between about 850.degree. and 1100
      .degree.C and a pressure of 10 to 50 atmospheres. Molten lead, as typical
      and illustrative of the heat transfer medium is introduced into the top of
      the chamber 302 through inlet pipe 312 having a series of laterally
      distributed nozzles 314 which rain the liquid metal downward as a
      discontinuous phase dispersed in molten salt continuous phase through the
      upwardly moving column of molten salt. The gravity differential causes the
      lead to fall through the rising salt to coalesce in a pool 316 in the
      lower reaches 318 of the chamber 302. The coalesced molten lead displaces
      the molten salt upward and itself is drawn off through outlet pipe 320 and
      passed to the steam heat exchange step, e.g. through line 68 to heat
      exchanger 70 (FIG. 2).
PAR  The molten salt moves upwardly through the heat exchanger chamber 302
      passing from a discontinoous phase in the liquid metal to a continuous
      phase in which the metal is discontinuous, and is drawn off through outlet
      pipe 322, e.g. to recycle through line 64 (FIG. 2). There subdivision and
      dispersion of the molten lead through the salt, or vice versa is carried
      out to a degree providing the most intimate form of contact for fastest
      heat transfer given an assumed height of chamber 302. In a typical process
      the lead enters the chamber interior 310 at a temperature between
      350.degree. and 400 .degree.C and a pressure between 10 and 50
      atmospheres. The lead in outlet pipe 320 is typically increased in
      temperature to about 900.degree.C and decreased in pressure by
      approximately 2 - 5 atmospheres. Conversely the molten salt, entering at
      temperatures and pressures given just above, in outlet pipe 322 is at a
      temperature about 400.degree.C and a pressure about 10% below salt
      incoming pressure.
PAR  Consistent with the overall process approach of using heat most
      effectively, the chamber 302 is provided with surrounding jackets and
      insulated as well. Thus wall 324, congruent with chamber wall 304 and
      defining an inner annular space 326 therewith is provided. Relatively cool
      molten lead, e.g. at 350.degree.C is passed along the length of chamber
      wall 304 in inner annular space 326 upward from inlet 328 to the inlet
      pipe 312 for dispersion into the chamber interior 310, accumulating
      additional heat in such passage and also protecting the support structures
      (not shown) of the chamber 302. Outward of inner annular space a further
      congruent wall 330 is provided spaced from wall 324 and defining therewith
      an outer annular space 332 which jackets the inner annular space 326 and
      the chamber 302. Steam or other process fluid may be passed through the
      outer annular space 332 from inlet 334 to outlet 336 absorbing heat
      indirectly emanated from the chamber 302 and through the lead in inner
      annular space 326, while further protecting the chamber support structure.
      Finally a support structure, shell 338 is provided congruent with the
      chamber 302 and enclosing the walls 324 and 330, spaced therefrom by an
      insulative layer 340.
PA0  Horizontal Heat Exchanger
PAR  The heat exchange between salt and lead may be effected in a horizontal
      heat exchanger shown at 342 in FIG. 9. Analogously to the reactor of FIG.
      4, described above, the heat exchanger 342 is discoid in form and
      jacketed. Thus the heat exchanger 342 comprises a wall 344 supported
      centrally by wall 346 defining an outlet passage 348 for steam being
      heated indirectly by the apparatus, the wall 344 defining a heat exchange
      chamber 350 having a liquid metal, e.g. molten lead inlet in the form of
      plural radially spaced apertures 351 just outward of the chamber center
      line 352 and communicating the chamber interior 354 with a first jacket
      space 356 supplied relatively cool molten lead through inlet 358. The lead
      is passed the length of the chamber wall 344 in advance of inlet aperture
      351 and once through the chamber 350 is collected at outlet pipe 360, e.g.
      for passage to steam heat exchanger 70 through line 68 (FIG. 2). The lead
      is introduced tangentially to flow in a spiral through the heat exchanger
      in the manner of the salt solution in the reactor of FIGS. 3 and 4.
      Similarly, molten salt is introduced tangentially into the chanber
      interior 354 through openings 362 communicating annular plenum 364 leading
      from molten salt inlet 366 with the chamber interior. The salt is passed
      spirally inward to outlet 368 as the molten lead passes spirally outward,
      the two fluids being separated by centrifugal forces attending their
      spiraling movement, which tend to force the molten lead out and the molten
      salt in by displacement. As in the vertical embodiment the apparatus is
      jacketed by a wall 370 which defines a flow passage 372 for steam entering
      at inlet 374 and exiting at 348 which combined with the lead in space 356
      protects the chamber 342 supports and heats process fluids at the same
      time. Also as in the vertical embodiment, each fluid is introduced and
      dispersed in the other as the continous phase and then coalesced from its
      dispersion to form the continuous phase.
PAR  In practice both the vertical heat exchanger of FIG. 8 and the discoid
      embodiment of FIG. 9 contain in one portion a salt continous phase and a
      discontinuous liquid metal phase, adjacent the point of introduction of
      the liquid metal into the salt; and a liquid metal continuous phase and a
      salt discontinuous phase adjacent the point of introduction of the molten
      salt into the liquid metal. That is each fluid is introducted into the
      other by spraying or otherwise to be dispersed, and in passage through the
      heat exchanger the dispersed fluid particles or droplets coalesce and
      combine into a continuous phase. Thus the heat transfer is maximized
      between the phases. The level of the interface region between (lower)
      continuous metal phase and (upper) continuous salt phase will vary in
      particular heat exchangers, determined by the extent of displacement of
      the salt by the metal falling to the bottom of the heat exchanger.
PA0  Steam Heat Exchange
PAR  The aforedescribed salt-lead heat exchangers may be used to like effect as
      the heat exchanger 70 (FIG. 2) with steam being the relatively less dense
      fluid rather than salt. The lead if desired may be scavenged of salt
      traces prior to entering the heat exchanger 70 (FIG. 2) to avoid
      contamination of the steam which is to be used to drive a turbine
      generator. In general, the molten lead supplied to the heat exchanger 70
      from a FIG. 8 or FIG. 9 heat exchanger will be at a temperature of between
      800.degree. and 1000.degree.C and a pressure between about 40 and 200
      atmospheres. The steam entering the heat exchange will be between
      150.degree. and 250.degree.C in temperature and at the pressure of the
      lead approximately. Exiting from the heat exchanger 70 will be lead at
      between 350.degree. and 400.degree.C and 2 - 5 atmospheres lower pressure,
      and steam at about 10 - 200 atmospheres and between 650.degree. and
      800.degree.C.
PA0  Ore Smelting
PAR  As mentioned above, the source of oxygen for fuel reactant combustion can
      be an ore, such as nickel or iron ore, with the smelting of the ore
      occurring simulatneously with the combustion of the fuel reactant. For
      this purpose and with reference to FIG. 2 ore in finely comminuted form is
      introduced into the reactor 12 through line 13 to be intermixed with the
      molten salt solution, in liue of air from line 10. The reduction of ore
      proceeds and metal resulting is taken off at line 15; the combustion gases
      are separated through line 34, as in the air oxidizer embodiment.
PA0  Fluid Sealing
PAR  At various points in the process it will be desirable to have pumps and
      other apparatus which have impellers on rotating shafts in contact with
      the high pressure fluid systems described herein. To protect shaft driving
      motors and the general apparatus environment against leakage from the
      process vessels and to supplement and augment conventional O-ring seals,
      there is provided an improved shaft seal shown in FIG. 10. With reference
      to FIG. 10 the apparatus chamber 400 is illustrative of a pump housing or
      the like and includes a shaft 402 driven rotatably by a motor (not shown)
      in bearing 404. A packing gland 406 seals the shaft 402. The packing gland
      406 comprises a block 408 having a bore 410 closely surrounding the shaft
      402 and radially enlarged at 412 to accommodate a first O-ring seal 414
      which bears against the shaft in sealing relation, and spaced axially
      therefrom in radial enlargement 413 a second O-ring seal 416 which
      likewise bears against the shaft. Between the O-rings 414 and 416 there is
      provided a passageway 418 through the block 408 including an inlet portion
      420, a pair of coaxial annular recesses 422, 424, and an outlet portion
      426. In operation, a fluid under high pressure, e.g. not less than the
      fluid pressure within the chamber 400, at a lower temperature, is forced
      through the passageway 418 pressurizing the O-rings 414, 416. Leakage
      through the O-ring 414 is thus toward the chamber 400. The fluid in
      passageway 418 is selected to be compatible with the particular fluid in
      the chamber 400 and lower melting, e.g. if the chamber fluid is molten
      lead, Wood's metal may be used in the passageway; if the chamber fluid is
      molten salt, a hydrate of that salt, which is lower melting, may be used
      in the passageway. In this manner the seals 414, 416 may be fluid
      pressurized with a system-fluid compatible material, and while being
      protected against the higher temperatures of the system fluids. That is
      the salt hydrate being lower melting can be circulated through the
      passageway 418 at a temperature well below that of its nonhydrated molten
      salt, and the heat exposure therefore of the O-ring seals 414, 416 is
      correspondingly less and thus life correspondingly greater.
PA0  Example
PAR  A molten salt system comprising mixed lithium, sodium, potassium and
      magnesium chlorides and heated to a molten condition at between
      375.degree. and 400.degree. C is blended with shearing with coal of the
      bituminous type suitably prepulverized until solubilized into a single
      phase homogenate.
PAR  The dissolved coal is initially treated to drive off volatiles at
      400.degree.C and 10 atmospheres. The molten salt solution of the coal
      residuals, typically low hydrogen polynucleated aromatics is passed to the
      combustion reactor when the coal residual is burned, by passing air or
      other oxidizing gas differentially through the molten salt-fuel reactant
      oxidizing fuel and heating the molten salt to the range of
      900.degree.-1000.degree.C. The exhaust gases have their heat extracted
      through heat exchangers. The heat content of the molten salt is extracted
      by a double cascade of direct contact (fluid commingling) heat exchangers
      which transfer the heat content from salt, to liquid metal, to steam to
      produce steam for a steam turbine with the steam being continuously
      recycled. The molten salt having yielded its heat is recycled, again at
      about 375.degree. to 400.degree. to the solubilization zone for recharging
      with fresh feedstock.
PA0  Summary of Advantages
PAR  The described process and apparatus provides a novel and highly
      advantageous system particularly for the combustion of coal, coal residues
      and petroleum residues and for the transfer of heat in the most rapid and
      efficient way, to steam, for the generation of power. Among the several
      outstanding benefits of the process and apparatus are minimal size,
      weight, and cost, limited requirement for imported power to the process,
      maximal utilization of available energies through the process, and minimal
      loss of energy, i.e. heat, to the atmosphere, all while obtaining maximum
      heat from the feedstock, without air pollution hazards.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the process for the generation and recovery of heat from highly
      aromatic refractory carbonaceous fuel reactants which include oxidizing
      the fuel in a molten salt matrix within a reaction zone and recovering
      heat of combustion from the salt matrix, the steps of mixing the fuel with
      the molten salt to dissolve the fuel in the salt to form a salt-fuel
      reactant solution, and thereafter introducing the reactant solution to
      said reaction zone to effect oxidation of said fuel reactant within the
      reaction zone.
NUM  2.
PAR  2. The process according to claim 1 in which the salt solution comprises
      from 2 to 10% by weight of said fuel reactant.
NUM  3.
PAR  3. The process according to claim 1 in which the salt solution temperature
      is between 600.degree.C. and about 1000.degree.C. during oxidation.
NUM  4.
PAR  4. The process according to claim 1 in which the fuel reactant comprises
      coal substantially free of volatiles at 400.degree.C. and 10 atmospheres.
NUM  5.
PAR  5. The process according to claim 1 including also adding metal oxide to
      the salt-fuel reactant solution to effect said oxidation.
NUM  6.
PAR  6. The process according to claim 5 in which the metal oxide is selected
      from naturally occurring Group VIII metal oxides.
NUM  7.
PAR  7. The process according to claim 1 including also passing an oxidizing gas
      through said salt solution to effect said oxidation.
NUM  8.
PAR  8. The process according to claim 7 in which said gas is free oxygen
      containing.
NUM  9.
PAR  9. The process according to claim 8 in which said gas is air.
NUM  10.
PAR  10. The process according to claim 8 including also preheating and
      compressing said oxidizing gas in advance of passage through said salt
      solution.
NUM  11.
PAR  11. The process according to claim 1 including also recycling the molten
      salt to and from the reaction zone and removing heat from the salt outside
      the reaction zone.
NUM  12.
PAR  12. The process according to claim 11 including also recharging said molten
      salt with fresh fuel reactant outside said reaction zone.
NUM  13.
PAR  13. The process according to claim 12 in which the fuel reactant is
      subanthracite coal and including also pretreating said fuel reactant in
      the molten salt in advance of the reaction zone to substantially free the
      reactant of components volatile at 400.degree.C and 10 atmospheres.
NUM  14.
PAR  14. The process according to claim 11 including also heat exchanging said
      salt outside the reaction zone with a high specific heat fluid.
NUM  15.
PAR  15. The process according to claim 14 including also passing said high
      specific heat fluid in heat exchange relation over the exterior surfaces
      of the reaction zone.
NUM  16.
PAR  16. The process according to claim 15 including also passing said high
      specific heat fluid in indirect heat exchange relation over the exterior
      surfaces of the reaction zone.
NUM  17.
PAR  17. The process according to claim 14 in which said high specific fluid is
      liquid, immiscible with said molten salt and of a different density, and
      including also direct contact heat exchanging said salt and said liquid.
NUM  18.
PAR  18. The process according to claim 17 in which said liquid is metallic and
      including also differentially passing said salt and metallic liquid
      through a heat exchange zone.
NUM  19.
PAR  19. The process according to claim 18 including also passing said salt and
      metallic liquid countercurrently along an extended heat exchange path and
      differentially at opposite ends of said path to maintain relatively longer
      contact of the metallic liquid with the salt at maximum temperature and
      relatively shorter contact thereof with minimum temperature salt along the
      path.
NUM  20.
PAR  20. The process according to claim 19 in which said metallic liquid is
      dispersed throughout said salt in a multiplicity of different mass
      droplets, and including also subjecting said droplets to opposing forces
      along said path, one of which forces is proportional to the specific mass
      of said droplets, and segregating said droplets by their specific mass for
      separation of the greater mass droplets selectively.
NUM  21.
PAR  21. The process according to claim 20 in which said droplets are subjected
      to gravity as said one force and entrainment in said salt flowing
      countercurrently along said path as the other force, and aggregating and
      coalescing said droplets to a mass sufficient to overcome the entraining
      force of said moving salt, for segregation and separation.
NUM  22.
PAR  22. The process according to claim 21 in which said gravity force and said
      entraining force are approximately balanced along said path at the region
      of maximum salt temperature to maximize metallic liquid dwell times and
      thus heat transfer from the salt to the metallic liquid in this region.
NUM  23.
PAR  23. The process according to claim 21 in which said droplets are subjected
      to centrifugal forces as said one force and entrainment in said salt
      flowing countercurrently along said path as the other force, and
      aggregating and coalescing said droplets to a mass sufficient to overcome
      the entraining force of said moving salt, for segregation and separation.
NUM  24.
PAR  24. The process according to claim 23 in which said centrifugal force and
      said entraining force are approximately balanced along said path at the
      region of maximum salt temperature to maximize metallic liquid dwell times
      and thus heat transfer from the salt to the metallic liquid in this
      region.
NUM  25.
PAR  25. The process according to claim 14 in which said high specific heat
      fluid is nonaqueous and including also subsequently heat exchanging said
      high specific heat fluid with steam to transfer the molten salt heat to
      the steam through said high specific heat fluid.
NUM  26.
PAR  26. The process according to claim 17 including also subsequently direct
      contact heat exchanging said salt immiscible liquid with steam to transfer
      the molten salt heat to the steam through said immiscible liquid.
NUM  27.
PAR  27. The process according to claim 26 in which said immiscible liquid is
      metallic and including also circulating said metallic liquid through said
      salt in direct contact heat exchange and in sequence through steam, and
      returning to said salt for continuing heat transfer from said salt to said
      steam.
NUM  28.
PAR  28. The process according to claim 1 in which the fuel reactant is oxidized
      with a free oxygen containing gas in a vertically extended reaction zone,
      and including also within the reaction zone raining molten salt-fuel
      reactant solution in droplet form through an updraft of said gas, and
      collecting molten salt containing the heat of combustion at the lower
      reaches of the reaction zone.
NUM  29.
PAR  29. The process according to claim 28 including also balancing the
      gravitational forces acting on the falling molten salt-fuel solution
      droplets with the force of said gas to suspend temporarily the droplets
      above the lower reaches of the reaction zone for a time sufficient to
      substantially free the salt of fuel reactant.
NUM  30.
PAR  30. The process according to claim 1 in which the fuel reactant is oxidized
      with a free oxygen containing gas in a discoid reaction zone, and
      including also introducing said molten salt-fuel reactant centrally
      thereof for outward passage through the reaction zone in droplet form,
      introducing said gas tangentially at the periphery of said reaction zone
      along a spiral path extending toward the center of said zone in a manner
      entraining said salt solution-fuel reactant droplets for passage toward
      the center of said zone, and simultaneously subjecting said droplets to
      centrifugal forces opposing such passage, and collecting molten salt
      containing heat of combustion at the peripheral reaches of said reaction
      zone.
NUM  31.
PAR  31. The process according to claim 30 including also balancing the
      centrifugal forces acting on the molten salt-fuel reactant solution
      droplets with the force of said gas to suspend temporarily the droplets
      for a time sufficient to substantially free the salt of fuel reactant.
NUM  32.
PAR  32. Process for the generation and recovery of heat from highly aromatic,
      refractory carbonaceous fuel reactants, which includes forming a solution
      in molten salt of from 2 to 10% by weight of the fuel reactant
      substantially free of volatiles at 400.degree.C. and 10 atmospheres,
      passing the salt-fuel reactant solution in dispersed form through a
      counterflowing free oxygen containing gas stream in a reaction zone at a
      temperature between 600.degree. C. and 1000.degree.C and at a differential
      rate decreased in proportion to relatively greater amount of fuel reactant
      in the salt to be combusted and for a time sufficient to combust
      substantially all of the fuel reactant from the salt, recovering a major
      portion of the heat produced by fuel reactant combustion in the salt,
      collecting the salt and transferring heat from the salt to a liquid metal
      heat transfer medium in direct contact therewith outside of the reaction
      zone, retransferring said heat from said medium by direct contact to steam
      for consumer operations, recirculating the molten salt with a fresh charge
      of fuel reactant to the reaction zone, recirculating the liquid metal heat
      transfer medium between direct contact alternately with said salt and said
      steam, and purging mineral wastes and atmospheric contaminants from the
      recirculating salt.
NUM  33.
PAR  33. Process according to claim 32 including also dispersing said salt-fuel
      reactant solution as droplets in said gas, and simultaneously subjecting
      the solution droplets to countervailing forces in relatively balanced
      relation to provide time for substantially complete combustion of the fuel
      reactant in the reaction zone.
NUM  34.
PAR  34. Process according to claim 33 in which the reaction zone is vertically
      extended and said countervailing force is gravitational by the
      introduction of said droplets at the top of said reaction zone to fall to
      the bottom thereof.
NUM  35.
PAR  35. Process according to claim 33 in which the reaction zone is discoid and
      said countervailing force is centrifugal from the introduction of said
      droplets at the center of said zone and the entrainment of said droplets
      in spirally moving gas passing from the periphery toward the center of
      said zone.
NUM  36.
PAR  36. Process according to claim 35 including also jetting said solution in
      angularly colliding streams within said reaction zone to fan said solution
      and form said droplets.
NUM  37.
PAR  37. Process according to claim 36 in which said gas and said solution
      droplets travel spiral paths of different pitch, the spiral pitch of the
      path of said droplets being greater and a vector of droplet entraining and
      centrifugal force components.
NUM  38.
PAR  38. Apparatus for the generation and recovery of heat from highly aromatic
      refractory carbonaceous fuel reactants said apparatus comprising a
      reactor, means for mixing said fuel reactant with molten salt to form a
      salt-fuel reactant solution, means for introducing said solution into said
      reactor, said reactor defining a through passage for the salt fuel
      reactant solution, means to pass a free oxygen-containing gas through said
      reactor differentially to said salt-fuel reactant solution in combustion
      heat absorbing relation, and means beyond said reactor to transfer said
      heat from said salt including a high specific heat fluid, and means to
      recharge said molten salt with fresh fuel reactant following heat transfer
      and to return said recharged salt to said reactor.
NUM  39.
PAR  39. Apparatus according to claim 38 including also means to pass said high
      specific heat fluid across the external surface of reactor to absorb heat
      emanated therefrom.
NUM  40.
PAR  40. Apparatus according to claim 39 including also means to pass said
      oxygen containing gas in indirect heat transfer relation with said fluid
      to preheat said gas for said reactor.
NUM  41.
PAR  41. Apparatus according to claim 40 in which said reactor is generally
      cylindrical and provided with a salt-fuel solution inlet, and including
      also a first external jacket enclosing said reactor and a second external
      jacket enclosing said first jacket; said first jacket defining a flow
      passage for said heat transfer fluid; said second jacket communicating
      with said reactor interior and defining a flow passage for said gas to
      said reactor interior.
NUM  42.
PAR  42. Apparatus according to claim 41 in which said reactor terminates in a
      salt receiving receptacle having a salt outlet opposite the salt-fuel
      solution inlet and including also has inlets adjacently inward of said
      receptacle.
NUM  43.
PAR  43. Apparatus according to claim 38 including also means to disperse said
      salt-fuel solution into droplets moving differentially past said gas
      within said reactor.
NUM  44.
PAR  44. Apparatus according to claim 43 in which said reactor is extended and
      said salt-fuel solution is introduced at one terminus of said reactor, and
      including also means introducing said gas through an inlet at the opposed
      terminus of said reactor.
NUM  45.
PAR  45. Apparatus according to claim 44 in which said reactor is vertically
      extended and said salt-fuel solution droplet-dispensing inlet is located
      at the upper end of said reactor, and including also means to pass said
      gas upward through said reactor at a rate suspending said droplets in
      dynamic equilibrium in a zone adjacent the gas inlet to said reactor.
NUM  46.
PAR  46. Apparatus according to claim 45 in which said gas is preheated
      indirectly by heat of combustion in advance of introduction into said
      reactor.
NUM  47.
PAR  47. Apparatus according to claim 46 including also means passing said heat
      transfer fluid between said reactor and said gas as an indirect heat
      transfer medium.
NUM  48.
PAR  48. Apparatus according to claim 44 in which said reactor is discoid and
      said salt-fuel solution droplet dispensing inlet is located at the central
      portion of said reactor, and including also means to pass said gas inward
      through said reactor at a rate and in a direction suspending said droplets
      in dynamic equilibrium in an annular zone adjacent the gas inlet to said
      reactor.
NUM  49.
PAR  49. Apparatus according to claim 48 in which said reactor further includes
      at its periphery a tangentially oriented gas inlet means and a gas outlet
      means at the central portion thereof arranged to pass gas along a spiral
      path inwardly through said reactor.
NUM  50.
PAR  50. Apparatus according to claim 49 including opposed upper and lower
      salt-fuel solution inlet nozzles angularly related to intersect streams of
      said solution for dispersion thereof within said reactor.
NUM  51.
PAR  51. Apparatus according to claim 50 including also upper and lower plenums
      communicating with said solution inlet nozzles for supplying solution
      thereto.
NUM  52.
PAR  52. Apparatus according to claim 49 including salt collector means located
      peripherally of said reactor in receiving relation to salt passing through
      said gas.
NUM  53.
PAR  53. Apparatus according to claim 52 including also means to preheat gas to
      be introduced into said reactor with heat emanated from said reactor.
NUM  54.
PAR  54. Apparatus according to claim 52 in which said reactor includes external
      support structure and including also means to pass heat transfer fluid
      across the reactor external surface to absorb heat emanated from said
      reactor to protect said external support structure.
NUM  55.
PAR  55. Apparatus according to claim 54 including also means to transfer heat
      indirectly from said heat transfer fluid to said gas to be introduced into
      said reactor to preheat said gas.
NUM  56.
PAR  56. Apparatus according to claim 55 including also a first jacket generally
      enclosing said discoid reactor, a second jacket generally enclosing said
      first jacket, said first jacket defining a passage for said heat transfer
      fluid in heat transfer relation with said reactor; said second jacket
      defining a through passage in heat transfer relation to said first passage
      for gas to be introduced into said reactor; and including also a gas inlet
      port communicating said gas passage jacket with the reactor interior in
      fluid free relation through said first jacket and radially inward of said
      salt collector.
NUM  57.
PAR  57. Apparatus according to claim 38 in which said heat transfer means
      comprises a heat exchanger and including also means to pass a high
      specific heat fluid through said heat exchanger with said salt in heat
      transferring relation.
NUM  58.
PAR  58. Apparatus according to claim 57 including also means to recirculate
      said salt to said reactor from said heat exchanger.
NUM  59.
PAR  59. Apparatus according to claim 58 in which said high specific heat fluid
      comprises a metallic liquid and including also means to pass said liquid
      into and out of heat exchange contact with salt in said heat exchanger,
      and second heat exchange means to transfer heat from said metallic liquid
      to steam.
NUM  60.
PAR  60. Apparatus according to claim 59 including also loop means including
      said first and second heat exchangers and adapted to recirculate said
      metallic liquid between said heat exchangers.
NUM  61.
PAR  61. Apparatus according to claim 60 in which said first heat exchanger is a
      direct contact heat exchanger.
NUM  62.
PAR  62. Apparatus according to claim 60 in which said second heat exchanger is
      a direct contact heat exchanger.
NUM  63.
PAR  63. Apparatus according to claim 62 in which said first heat exchanger is a
      direct contact heat exchanger.
NUM  64.
PAR  64. Apparatus according to claim 63 in which said first heat exchanger
      comprises an extended exchange chamber and means to pass said salt and
      said metallic liquid differentially through said exchange chamber.
NUM  65.
PAR  65. Apparatus according to claim 64 in which said first heat exchanger
      compirses a vertically elongated exchange chamber having a metallic liquid
      inlet at the upper portion thereof and a metallic liquid outlet at the
      lower portion thereof, said chamber further having a salt inlet at the
      lower portion thereof and a salt outlet at the upper portion thereof for
      passage of salt upwardly through the chamber, and means at the metallic
      liquid inlet to disperse the liquid into and through the upward moving
      salt and at the liquid outlet to recover said liquid, coalesced and with
      the tranferred heat of said salt.
NUM  66.
PAR  66. Apparatus according to claim 65 in which the metallic liquid is molten
      lead.
NUM  67.
PAR  67. Apparatus according to claim 64 in which said second heat exchanger
      comprises means to intimately interdisperse said metallic liquid and steam
      to transfer said salt heat contained by said liquid thereby to said steam.
NUM  68.
PAR  68. Apparatus according to claim 66 in which said second heat exchanger
      comprises means to intimately interdisperse said lead and steam to
      transfer said salt heat contained in said lead thereby to said steam.
NUM  69.
PAR  69. Apparatus according to claim 64 in which said first heat exchanger
      includes external support structure and including also means to pass
      relatively cooler heat transferring metallic liquid over the external
      surface of said first heat exchanger to absorb heat radiated from said
      heat exchange to protect the external support structure thereof.
NUM  70.
PAR  70. Apparatus according to claim 69 including a first jacket generally
      enclosing said first heat exchange means, said jacket defining a flow
      passage for said metallic liquid.
NUM  71.
PAR  71. Apparatus according to claim 70 including also means to pass process
      steam in heat transferring relation across the external surface of said
      first heat exchanger.
NUM  72.
PAR  72. Apparatus according to claim 71 including a second jacket generally
      enclosing said first jacket and defining a passage for process steam in
      heat transfer relation with the metallic liquid in said first jacket.
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ABST
PAL  A combined liquid filtering and heating apparatus comprises a cylindrical
      filter section coaxially mounted on top of a water-jacketed combustion
      chamber section. Cold unfiltered water is fed through the filter section
      and a portion of the feed is directed through and is heated in the jacket.
      The feed water passing through the filter is heated to a lesser extent
      than the water passing through the jacket by heat transfer from the
      combustion chamber and a plurality of flues extending from the combustion
      chamber through the filter section. The filter medium may be sand,
      cartridges, bags or the like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to liquid filtering and heating apparatus. More
      particularly, it relates to liquid filter-heater combinations which have
      particular utility in connection with the operation of swimming pools.
PAR  2. Prior Art
PAR  Swimming pools, of the type wherein the same water is recirculated, have
      long had associated with them filtration apparatus for removing solid
      impurities from the water. It has also been customary to heat swimming
      pool water in those installations where it is desired to extend the length
      of the swimming season. Such heating would seek, for example, to raise the
      temperature of the swimming pool water from an ambient of 76.degree.F to a
      desired temperature of 82.degree.F. Most usually, the heating is achieved
      with a water heater generally resembling a domestic hot water heater.
PAR  More recently, it has been recognized that economies in initial equipment
      cost and subsequent operating expenses may be realized by combining a
      filter with a heater to produce what may be termed a filter-heater
      combination. Such apparatus is shown in my own prior U.S. Pat. Nos.
      3,139,067 and 3,386,419 granted, respectively, on June 30, 1964 and June
      4, 1968.
PAR  However, combined units of this type have their own particular problems.
      Since they are frequently located proximate swimming pools, as
      distinguished from in locked boiler rooms, it is important that they not
      present a hazard by virtue of hot external surfaces or high temperature
      gas emissions. While the unit can be protectively housed, this adds
      nothing but expense. Another problem has to do with condensation and
      consequent corrosion within the combustion chamber which is the natural
      result of having cold surfaces therein. Finally, if heat transfer is to be
      effected via heat exchangers (e.g. coils, fin-tubes and the like) these
      represent elements which are subject to clogging because of salt
      deposition and require periodic maintenance and replacement.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly summarized, the instant invention is a combined liquid filtering
      and heating apparatus which overcomes the deficiencies of the prior art.
      It comprises a cylindrical combustion chamber which is water jacketed. The
      jacket forms a natural insulator and causes the ambient temperatures
      present at its exterior to be safe to the touch. Furthermore, because the
      water in the jacket is warm, the internal surfaces within the combustion
      chamber do not permit the formation of condensate. Although the water
      circulated through the combustion chamber water jacket constitutes only a
      small percentage of the total water being recirculated, the principal
      percentage of heat transfer takes place in the water-jacket as opposed to
      that taking place in the filter section. The filter section is mounted
      coaxially on the combustion chamber.
PAR  In one embodiment of the present invention, all of the water coming from
      the pool or other water source enters the filter section but a small
      portion of it, on the order of magnitude of 5%, passes through a bleed
      line directly to the jacket without being filtered. The balance of the
      water passes through the filter medium. A plurality of flues extend
      longitudinally upward through the filter section and the heat from the
      combustion gases passes through the flue walls to heat the water being
      filtered. Gases leaving the unit are at a safe low temperature, having
      surrendered their sensible heat to the water in the filter section of the
      unit. Additionally, heat enters the filter section through the bottom
      thereof, which also serves as the top of the combustion chamber. Heating
      of the water is thus accomplished without the use of the heat exchange
      elements of the prior art by means of a simple and fool-proof
      construction.
PAR  In a second embodiment of the present invention, all of the water taken
      from the pool is passed through the filter section. Subsequently a portion
      of the filtered heated water is directed through the water-jacket
      surrounding the combustion chamber wherein additional heat transfer to the
      water takes place prior to returning the water to the pool.
PAR  Accordingly, it is an object of the invention to provide a combined liquid
      filter and heater wherein the combustion gases are cooled before leaving
      the unit and surrender their heat within the confines of the filter.
PAR  An additional object of the invention is to provide a liquid filter and
      heater combination having a combustion chamber which is water-jacketed,
      said jacket being utilized for heat transfer into the circulating water
      and, by virtue of the temperature of the water therein, preventing
      condensation within the chamber.
PAR  Other objects of the invention are to provide an improved filter-heater
      combination which is sturdy in construction, inexpensive to produce, has a
      low operating and maintenance cost, is highly efficient in operation and
      has external surfaces which are at low temperatures and, therefore,
      present a minimal safety hazard.
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of
      preferred embodiments of the invention as illustrated in the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical elevational view, partly in section, taken through a
      combined filtering and heating apparatus according to a first embodiment
      of the invention.
PAR  FIG. 2 is a top plan view of the apparatus of FIG. 1.
PAR  FIG. 3 is a sectional view taken on line 3--3 of FIG. 1.
PAR  FIG. 4 is a fragmentary sectional view taken on line 4--4 of FIG. 2.
PAR  FIG. 5 is a vertical elevational view, partly in section, of a second
      embodiment of the invention.
PAR  FIG. 6 is a sectional view taken along the line 6--6 of FIG. 5.
PAR  FIG. 7 is a sectional view taken along the line 7--7 of FIG. 5.
PAR  FIG. 8 is a perspective view, partly broken away of a filter cartridge of
      the type used in FIGS. 5 and 6.
PAR  FIG. 9 is a vertical elevational view, partly in section, of a third
      embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the first embodiment of FIGS. 1-4 the apparatus comprises a combustion
      chamber section A upon which is mounted a filter section B adapted to
      contain a particulate filter medium (e.g. sand).
PAR  The apparatus may be mounted on compacted earth or, preferably, a concrete
      pad 10, by utilization of adjustable legs, a leveling ring 11 or the like.
      Combustion chamber A may be characterized as a hollow cylinder and
      includes an outer wall 12 terminating in a dished bottom 13 which sits
      upon and is supported upon ring 11. Inner wall 14 is concentric with and
      spaced from outer wall 12 and terminates at the dished bottom 13. The
      annular space between walls 12 and 14 constitutes a water-jacket. Various
      materials of construction may be used for the chamber including carbon
      steel, "glass" lined steel and stainless steel.
PAR  The water-jacket is provided with a drain 15 and a peep hole 16, suitably
      faced with fireproof transparent material (e.g. mica) 17, which extends to
      the interior of the chamber so that the flame may be viewed for
      adjustment. Water enters the annular jacket via inlet 18 and leaves via
      outlet 19. Mounted on the jacket, proximate outlet 19, is a high
      temperature limit control 20 which senses outlet water temperature and
      provides a control signal to the burner.
PAR  The burner, generally indicated at 23, is mounted on the combustion chamber
      and projects its flame 21 into the interior thereof. Natural gas, propane
      and oil are among the preferred fuels. While a power gas burner may be
      used, a gun type oil burner is illustrated with oil being supplied to it
      via conduit 22. Conventional controls are used for such burners including
      the previously mentioned high temperature limit control 20.
PAR  Filter section B is a generally cylindrical vessel including sidewall 30, a
      dished head 31 and a dished bottom 32. This vessel may be made of
      stainless steel, "glass" lined steel or any material which will resist
      corrosion and provide sufficient strength. The filter is coaxially mounted
      on chamber A and dished bottom 32 serves, in effect, as the top of the
      combustion chamber and the water-jacket. Access to the interior of the
      filter section is through a hand-hole 33 having a removable cover plate 34
      kept in place with a clamp assembly 35. The filter contains a particulate
      filter medium 36 such as, for example, sand, a graded mixture of sand and
      gravel or anthracene. The top of the filter medium is indicated by the
      numeral 37.
PAR  Passing longitudinally through filter section B, from dished bottom 32 to
      dished head 31 are a plurality of flues 38 which are tubular and may be
      circular in cross-section, as shown. These conduct combustion gases from
      chamber A to the atmosphere and their walls also act as heat exchange
      surfaces for conducting heat from the combustion gases to the water which,
      during operation, fills filter section B. The tops of the flues are capped
      by a draft hood 39 supported by hooks 39' to prevent back drafts and limit
      access to the tops of the flues.
PAR  All liquid enters the apparatus via an inlet conduit 40 which connects to a
      conventional multi-port valve 41 operated by a handle 42. Onstream flow is
      from the valve, via cold water inlet conduit 43 to liquid distributing
      means, such as a spray head 44, located within the filter section B
      proximate its top. Liquid will fill the entire filter section B and passes
      downward through the filter medium 36 to liquid collecting means located
      within the filter proximate its bottom. These means are exemplified by a
      plurality of tubes 45 each of which contains a plurality of foramina 46.
      Tubes 45 are mounted in and extend radially from a hub 47 which, in turn,
      is linked to and dependently supported from a filtered warm water outlet
      conduit 48. The body of still water beneath tubes 45 serves to keep the
      surface of bottom 32 which is within the combustion chamber warm and thus
      prevents formation of condensate as would be the case were cold water to
      reach the bottom of the filter.
PAR  The shell of filter section B is also provided with a drain 49 and a
      thermostatic burner controller (e.g. Aquastat) 50 located proximate the
      water inlet level to sense the temperature of the incoming water.
PAR  In this embodiment conduit 51 links the top of filter section B with jacket
      inlet 18 to provide a supply of water to the jacket. Heated water leaves
      the jacket of combustion chamber A via outlet 19 and flows, via conduit
      52, to a "T" 53 where this fluid joins filtered water leaving the filter
      section via outlet 48. The merged water flows through a mixing riser 54
      back to valve 41 and thence, via return line 55, back to the source of the
      water such as a swimming pool. Conventional components such as a pump,
      sewage connection and fresh water source (for backwashing the filter) have
      not been shown since they form no part of the invention.
PAR  In typical operation of the filter-heater, the controller 50 is set for a
      temperature of 82.degree.F which represents the desired temperature of the
      pool water. The controls of the burner (which, typically, has a rating of
      200,000 BTU/hr) are arranged so that as long as the unit is turned on and
      the temperature sensed by controller 50 is less than the set temperature
      of 82.degree.F, the burner will operate (assuming ignition and fuel feed
      are proper). When the set temperature has been reached or exceeded, the
      unit will shut down and will recycle when the temperature drops. However,
      high temperature controller 20 which is set at between 120.degree. and
      130.degree.F and is wired in series with controller 50 can also cause a
      complete shut down at any time if the temperature in the jacket exceeds
      the set point. This would happen, for example, were the pump to fail.
PAR  It is assumed for purposes of illustrating the thermodynamics of the
      apparatus that water from the pool enters inlet 43 at a temperature of
      76.degree.F and a rate of 58 g.p.m. All of the entering water is
      distributed by head 44 and fills the totality of filter section B. There
      is no air pocket at the top because conduit 51 removes a continuous stream
      of unfiltered and substantially unheated water. There is, of course, heat
      transfer via the walls of flues 38. This heats the water and cools the
      combustion gases so that the gases are discharged at a relatively low
      temperature. There is also heat transfer to the water within filter
      section B through dished bottom 32. However, unlike prior art units,
      significant heat transfer occurs in the jacket of combustion chamber A.
      Ideally, about 60% of total heat transfer occurs in the combustion chamber
      and 40% in the filter section.
PAR  The unit is designed so that about 95% to 98% of the water entering the
      unit flows down through the filter medium while from about 2% to about 5%
      flows through the by-pass conduit 51. The conduit shown is external but it
      may also be contained within the shell of the filter. In the typical
      operation being described, 3 gallons per minute of the entering 58 gallons
      (about 5.2%) flow through the by-pass whereas 55 gallons (about 94.8%)
      flow through the filter medium. The water flowing through the filter
      experiences a temperature rise of about 2.degree. to 78.degree.F whereas
      the water flowing through the jacket experiences a 30.degree. rise from
      76.degree. to 106.degree.F. After they have passed through the mixing
      riser 54, these combined waters give 58 g.p.m. of water for return to the
      pool at a temperature of 82.degree.F, the set point of controller 50. Of
      the 58 gallons, 55 have been filtered and heated whereas 3 gallons have
      been heated but not filtered.
PAR  This mode of operation avoids prior art problems of condensation on the
      interior walls of the combustion chamber since the temperature of the
      walls is always above the dew point. The location of the inlet and outlet,
      both near the top, assures that there will always be warm water in the
      jacket when the flame cuts out. The same is true of the layer of stagnant
      water in the filter section proximate bottom 32. Furthermore, the jacket
      carries a significant share of the heat transfer load obviating the need
      for reliance upon internal heat exchange units such as coils, which
      increase both initial cost and subsequent maintenance problems.
PAR  The performance described above is achieved with minimum cost since a unit
      capable of these empirical results need be but 48 inches high with a
      combustion chamber 18 inches O.D. and a filter 24 inches O.D. Larger flow
      rates, of course, require larger units. However, the operation described
      (i.e. 58 g.p.m. circulation) is adequate for pools having about 700 square
      feet of surface area where a 20.degree.F rise in water temperature is
      sought as a design criteria.
PAR  In a second embodiment of the invention as shown in FIG. 5, the filter
      medium has been changed from particulate material to filter cartridges and
      the construction of the water-jacket combustion chamber along with the
      feed therefor has been modified. The filter section 60 is substantially
      identical to the filter section B in the previous embodiment and the flue
      pipes 62 extend therethrough in substantially the same manner. An access
      hole 64 is provided in the top 66 of the filter section 60 and a removable
      cover plate 68 is provided. A flange 70 connected to the filter section 60
      surrounds the tops of the flue pipes 62 to provide a vent space and the
      central opening of the flange 70 is closed by means of a detachable cover
      74 having a perforated rim 76 to allow for the escape of exhaust gases.
      The inlet and outlet conduits 78 and 80 are arranged similar to the inlet
      and outlet conduits 43 and 48 in the previous embodiment. However, the
      radially extending water collecting arms 82 are provided with a plurality
      of upwardly extending fittings 84 which are hollow and disposed in
      communication with the interior of the collector conduit 82. In order to
      provide for a greater number of filter cartridges a pair of branch
      conduits 86 and 88 are provided at the end of each conduit 82. As best
      shown in FIG. 6 three filter cartridges are mounted on each conduit 82 and
      a single filter cartridge is mounted on each branch 86 and 88. The filter
      cartridges 90 are all identical and may be constructed as shown in FIG. 8.
      The cartridge 90 is constructed with a perforated polypropylene
      reinforcing core 92 surrounded by an inorganic glass fiber filter medium
      94 bound with a phenolic resin and held in place by means of a
      polypropylene sleeve 96. The cartridge shown in FIG. 8 is the
      Aqua-Cel.sup.tm filter cartridge of Johns-Manville. However, any other
      suitable cartridge which is adapted to be mounted on the fittings 84 could
      readily be substituted.
PAR  The water-jacket combustion chamber 100 is provided with an inner wall 102
      having an inwardly extending flange 104 terminating in a central upwardly
      extending flange 106. The concave top member 108 is connected to the outer
      wall of the chamber 100 and is also provided with a central annular flange
      110 which is welded to the flange 106 to provide a water-jacket having a
      much larger heat exchange surface than the arrangement of FIG. 1. The
      chamber 100 is provided with aperture 112 for the reception of a burner
      unit and an aperture 114 for a sight glass similar to that disclosed in
      the previous embodiment.
PAR  The outlet conduit 80 is connected to a T-shaped fitting 116 and a single
      conduit 118 connects the fitting 116 with the water-jacket 120. A
      transverse divider plate 122 is secured within the conduit 118 and extends
      part way into the conduit 80 so that a portion of the filter water coming
      from the filter section 60 is diverted into the water-jacket 120 through
      the upper half 124 of the conduit 118. The water is returned from the
      water-jacket 120 to the conduit 80 through the lower half 126 of the
      conduit 118.
PAR  In the operation of the embodiment shown in FIGS. 5-8 all of the water
      taken from the pool through the conduit 78 passes through the filter unit
      and the temperature thereof is initially raised by a first increment due
      to the heat imparted to the water through the bottom of the filter section
      60 and through the flue pipes 62. The temperature of the water which is
      diverted through the water-jacket 120 is raised again by increment
      substantially greater than the first increment and upon being returned to
      the conduit 80 mixes with the filter water to raise the overall
      temperature thereof. The flow volumes and temperature changes for this
      embodiment are substantially identical to those set forth with respect to
      the previous embodiment with the primary difference being that the entire
      amount of water being recirculated from the swimming pool is filtered
      whereas in the previous embodiment a small percentage of the water
      bypassed the filter medium.
PAR  In the third embodiment shown in FIG. 9 a single filter bag is utilized
      instead of the particulate filter medium of the first embodiment or the
      plurality of filter cartridges of the second embodiment.
PAR  In this embodiment the water-jacket combustion chamber 120 is identical to
      that disclosed in the second embodiment and the piping connection for
      diverting a portion of the filter water through the water-jacket are also
      the same. However, the filter section 122 is substantially reduced in
      diameter from the previous embodiments and is preferably constructed with
      the same diameter as the combustion chamber 120. This is made possible by
      the use of a single filter bag 124 which is disposed in a substantially
      cylindrical basket 126 concentrically disposed within the filter section
      122. The flue pipes 128 extends through the top and bottom 130 and 132 of
      the filter section 122 in the same manner as in the previous embodiments
      to impart heat to the water. A simple intake nozzle 134 having suitable
      screen means is connected to the outlet conduit 80 in lieu of the previous
      water collecting arrangement. The perforated basket 126 is secured to the
      top 130 of the filter section 122 by any suitable means such as welding or
      the like. A portion of the basket 126 extends above the top 130 and is
      formed with a groove 136 for the reception of a snap ring 138 of any
      suitable material to secure the uppermost edge of the filter bag 124 in
      position relative to the basket 126. A flange 140 is secured to the
      uppermost portion of the basket 126 and extends outwardly over the upper
      end of the fluid pipes 128. An annular opening 142 covered by a suitable
      screening 144 is provided between the flange 140 and the uppermost end of
      the filter section 122 to allow for the escape of the combustion gases.
      The top end of the filter basket 126 is provided with a suitable cover
      146. The water inlet pipe 148 extends through the uppermost portion of the
      basket wall so that all of the water taken from the swimming pool or the
      like will pass through the filter bag as in the previous embodiments and
      be partially heated due to heat transfer from the flue pipes 128 and
      through the bottom wall 132. A portion of the filter water will then be
      diverted through the water-jacket surrounding the combustion chamber as in
      the previous embodiment to increase the temperature of the water.
PAR  The filter bag may be constructed from any suitable material and several
      bags of this type are currently available on the market.
PAR  Although three specific combinations or embodiments have been shown and
      described in the present application, it is obvious that various features
      of each embodiment may be readily interchanged to provide new and
      additional combinations. For example, the arrangements for supplying water
      to and from the water-jacket may readily be interchanged, the construction
      of the water-jacket and combustion chambers may be interchanged or the
      specific type of filter medium may be interchanged without affecting the
      scope of the present invention. It is also contemplated that other types
      of heating units, including an electric treating arrangement, could be
      utilized instead of the specific burner disclosed in the present
      application and that the heating chamber would be modified to accommodate
      a different type of heating unit.
PAR  Therefore, while the invention is particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      in the art that foregoing and other changes in form and details may be
      made therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A combined filtering and heating apparatus comprising heating chamber
      means, water-jacket means substantially surrounding said heating chamber
      means, filter means mounted on said heating chamber means, heating means
      in said heating chamber means for heating water in said filter means and
      said water-jacket means, supply conduit means for supplying water from a
      source to said filter means, additional conduit means for supplying water
      to said water-jacket means and return conduit means for returning heated
      water from said filter means and said water-jacket means to said source.
NUM  2.
PAR  2. A combined filtering and heating apparatus as set forth in claim 1
      wherein said heating chamber means and said water-jacket means have a
      substantially cylindrical configuration and said filter means is comprised
      of a substantially cylindrical filter section mounted on top of said
      heating chamber and further comprising flue means disposed in
      communication with said heating chamber means and extending upwardly
      through said filter section to provide additional heat transfer to the
      water in said filter means.
NUM  3.
PAR  3. A combined filtering and heating apparatus as set forth in claim 2
      wherein said additional conduit means is disposed relative to said supply
      conduit means to divert a portion of the water being supplied thereby to
      said water-jacket means without being filtered.
NUM  4.
PAR  4. A combined filtering and heating apparatus as set forth in claim 3
      wherein said filter section is adapted to be substantially filled with
      particulate matter and said supply conduit means is provided with a fluid
      distributing head disposed above the surface of said particulate matter
      adjacent the top of said filter section, said additional conduit means
      extending into the space above said particulate matter whereby a portion
      of the water supply to said filter section will be diverted through said
      additional conduit means to said water-jacket means and said return
      conduit means including fluid collecting means adapted to be disposed in
      said particulate filter medium adjacent the bottom of said filter section.
NUM  5.
PAR  5. A combined filtering and heating apparatus as set forth in claim 2
      wherein said return conduit means includes liquid collecting means
      disposed adjacent the bottom of said filter section comprising a plurality
      of conduits extending radially outwardly from a centrally disposed
      collector hub, a plurality of vertically extending hollow fittings spaced
      from each other on and disposed in communication with the interior of each
      of said conduits, said fittings being adapted to support elongated hollow
      filter cartridge means parallel to and spaced from said flues.
NUM  6.
PAR  6. A combined filtering and heating apparatus as set forth in claim 5
      wherein said additional conduit means is comprised of a T-shaped conduit
      fitting connected in said return conduit means so that the warm filtered
      water from said filter section passes through the conduit defining the
      cross bar of said T-shaped fitting, the conduit defining the perpendicular
      stem of said T-shaped conduit fitting being connected to said water-jacket
      means and plate means dividing the conduit defining the stem into two
      conduits and extending partially into the conduit defining the cross bar
      to divert a portion of the warm filtered water into the water-jacket
      means.
NUM  7.
PAR  7. A combined filtering and heating apparatus as set forth in claim 2
      further comprising foraminous basket means concentrically secured within
      said cylindrical filter section, said basket means including means for
      supporting a filter bag in said basket means and means for connecting said
      supply conduit means directly into said basket means.
NUM  8.
PAR  8. A combined filtering and heating apparatus as set forth in claim 7
      wherein said additional conduit means is comprised of a T-shaped conduit
      fitting connected in said return conduit means so that the warm filtered
      water from said filter section passes through the conduit defining the
      cross bar of T-shaped fitting, the conduit defining the perpendicular stem
      of said T-shaped conduit fitting being connected to said water-jacket
      means and plate means dividing the conduit defining the stem into two
      conduits and extending partially into the conduit defining the cross bar
      to divert a portion of the warm filtered water into the water-jacket
      means.
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ABST
PAL  As cold start is initiated in a spark-ignition internal, fuel injection
      combustion engine, lower molecular weight constituents fo a full-range
      gasoline are selectively eluted by an elution system including an
      adsorbent bed of adsorbent material (cold start cycle). Under such
      circumstances, the adsorbent bed forms an elution zone within a cannister
      assembly. Entry of the full-range gasoline is initiated by a valve and
      conduit network under control of a fuel injection control circuit.
      Furthermore, when the engine is in an inoperative state (vapor capture
      cycle) the same adsorbent bed is also capable of performing a second
      function: it adsorbes evaparative emissions originating from within the
      gasoline tank.
PARN
PAR  Furthermore, the subject application is a continuation-in-part of Ser. No.
      295,040 now U.S. Pat. No. 3,838,667 for "Fuel Injection Cold Start and
      Evaporative Control Method and Apparatus for Carrying Out Same" filed Oct.
      4, 1972, now U.S. Pat. No. 3,838,667, issued Oct. 1, 1974.
BSUM
PAC  RELATED APPLICATIONS
PAR  Other applications assigned to the assignee of the subject application
      containing common subject matter incorporated herein by reference,
      include:
TBL  Title                        Serial No.                                   

     __________________________________________________________________________

     Two-Stage Cold Start and                                                  

                    Sigmund M. Csicsery                                        

                                  295,029                                      

     Evaporative Control System                                                

                    and Bernard F. Mulaskey                                    

                                  Filed 10-4-72                                

     and Apparatus for Carrying   now P.N. 3,838,673                           

     Out Same                                                                  

     Cold Start Method and                                                     

                    John F. Senger                                             

                                  295,041                                      

     Apparatus for Carrying       Filed 10-4-72                                

     Out Same                                                                  

     Single Stage Cold Start                                                   

                    Sigmund M. Csicsery                                        

                                  295,028                                      

     and Evaporative Control      Filed 10-4-72                                

     Method and Apparatus for     now P.N. 3,831,572                           

     Carrying Out Same                                                         

     Two-Stage Fuel Injection                                                  

                    Sigmund M. Csicsery                                        

                                  295,030                                      

     Cold Start Method and                                                     

                    and Bernard F. Mulaskey                                    

                                  Filed 10-4-72                                

     Apparatus for Carrying       now P.N. 3,826,237                           

     Out Same                                                                  

     Single Stage Cold Start                                                   

                    Sigmund M. Csicsery                                        

                                  448,773                                      

     and Evaporative Control                                                   

     Method Using a Bimodal                                                    

     Adsorbent Bed                                                             

     __________________________________________________________________________

PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to cold starting and evaporative emission
      control of a spark-ignition, fuel injection internal combustion engine and
      has for an object the provision of a simple and effective cold start and
      evaporative control system for use in such engine
PA1  I. for selectively eluting from a full range fuel flowing to the engine,
      only the lower molecular weight constituents at cold start so as to allow
      quick starting of the engine without excessive amounts of unburned
      hydrocarbons appearing at the exhaust (cold start cycle) as well as
PA1  Ii. for adsorbing evaporative emissions from the gasoline tank when the
      engine is not operating (vapor capture cycle), without mileage loss.
PAR  Higher molecular weight constituents adsorbed during the cold start cycle
      and/or light, evaporative emissions adsorbed during the vapor capture
      cycle of the engine are subsequently purged from the engine, by
      consumption interior thereof, but only after the engine has warmed and
      full range fuel is being utilized.
PAR  In my parent application cited above, I taught how cold starting of a
      spark-ignition, fuel injection internal combustion engine could be
      enhanced, such enhancement occurring without generating unburned
      hydrocarbons at the engine's exhaust. Specifically, as cold start
      conditions occur (cold start operating mode), just enough lower molecular
      weight constituents of a full-range fuel can be dynamically eluted for
      cold starting of the engine. The described elution system includes an
      adsorbent bed of adsorbent material packed within a cannister assembly.
      Fuel flow control from a fuel reservoir is by means of a controller
      circuit acting through a valve and conduit network. Initiation of the cold
      start cycle is straight-forward, as by means of a change in state of the
      ignition switch. In addition to the aforementioned cold start
      capabilities, my system also has the added feature of being able to adsorb
      evaporative emissions originating from within the gasoline tank when the
      engine is inoperative, such emission capture occurring not within the
      above-identified adsorbent bed, but within a second adsorbent bed located
      coextensively with, but coaxially exterior thereof. However, since the
      cannister assembly supporting both first and second beds had to include an
      internal separation wall, experience has shown that the resulting
      cannister assembly could be rather costly and time-consuming to fabricate.
PAR  In accordance with the present invention, rather than requiring complex,
      double-wall construction, my cannister assembly now requires only a single
      adsorbent bed for performing the aforementioned dual functions. Thus in
      one embodiment, the cannister assembly uses only a single unitary sidewall
      to form the annular support space at its interior. Into the unitary space
      adsorbent materials are packed capable of interchangeably functioning as
      either an elution or emission capture adsorbent bed. Inasmuch as the two
      separate functions are interchangeable, it is essential that the adsorbent
      material (constituting the aforementioned adsorbent bed) be properly
      classified for these functions, viz, either polar or nonpolar or a
      combination thereof.
PAR  In many applications, a composite mixture of polar and nonpolar adsorbent
      materials is preferred. The range of the mix ratio, by volume, can be
      varied depending upon the nature of conditions encountered in the field.
      That is, in geographically humid zones of the world, such as found in the
      sourthern part of the United States, there may be a requirement for the
      use of greater amounts, by volume, of the nonpolar adsorbent constituent
      material for the purpose of increasing capture area of the cannister
      assembly. Results: increased probability of total adsorption of vapor
      emissions generated within the fuel system. Similarly, in colder climatic
      zones where start conditions are more severe, there may be some advantage
      to provide greater amounts of polar adsorbent material during the cold
      start cycle of the engine. The key requirement in both cases, of course,
      remains to provide polar and nonpolar adsorbent constituent materials in a
      combination that assures both efficient elution and capture modes of
      operation within the cannister assembly of the present invention.
PAR  Construction of the improved cannister assembly in accordance with present
      invention can vary. For example, in one embodiment a simple cylinder can
      be plugged at both ends with solid, annular pole pieces. Entry and egress
      of the engine fuel is by means of radially extending fittings connected
      through the valve and conduit network to the fuel reservoir.
PAR  All operating cycles are automatically controlled through a fuel injection
      control circuit similar to one I previously proposed and described in the
      above-identified parent application. The fuel injection control circuit,
      in turn, acts in conjunction with the valve and conduit network to allow
      (or prevent) fluid flow, depending on the operating cycle.
PAR  In more detail, during the cold start cycle, the valve and conduit network
      is arranged to allow free passage of the full-range fuel into contact with
      the adsorbent bed say through a radial inlet fitting and thence by
      percolation thereover. Selective retardation of the higher molecular
      weight compounds, vis-a-vis the lower components then occurs. Thereafter,
      the latter constituents pass from a second radial outlet fitting to each
      of a series of electromagnetic injectors in a preselected time sequence,
      as well as in a preselected air-fuel ratio. Results: the engine starts
      even under the most severe climatic conditions. Since the starting cycle
      is usually quite short, say from 1 to 15 seconds, the residence time for
      the high molecular weight compounds within the elution zone is preferably
      1 to 2 orders longer say from 1 to 3 minutes. Thus, the heavier compounds
      remain selectively adsorbed with the adsorbent bed during starting of the
      engine. Thereafter, the adsorbent bed is disconnected from direct fuel
      flow by the controller. The full-range fuel from the reservoir, then is
      forced to flow in a direct path to the electromagnetic injectors. As the
      full-range fuel is used and the cannister is disabled, it should be noted
      that the latter undergoes depressurization. Result: as the engine warms
      and hot air is passed adjacent to the cannister, adsorbed materials
      (adsorbents) within the adsorbent bed, are easily purged from the system.
PAR  In still more detail, during the inoperative state of the engine (the vapor
      capture cycle), the same adsorbent bed interior of the cannister assembly
      is automatically placed in fluid contact with the gasoline tank through
      operation of the same controller and network system. Thus, the evaporative
      emissions are free to pass into and be captured by the aforementioned
      adsorbent bed. Since studies indicate that up to 15% by volume of the
      total vapors admitted into the atmosphere during inoperativeness of I.C.
      engines are traceable to evaporative emissions originating from fuel
      sources of such engines, the present invention provides a useful solution
      to a serious environmental problem.
PAR  Since the function of the associated valve and conduit network and the fuel
      injection control conduit is to place the adsorbent bed of the cannister
      assembly in fluid flow relationship with relevant elements of the fuel
      system as required, it is apparent that after the engine has been started
      and adequately warmed, adsorbates within the adsorbent bed (due to the
      elution and capture cycles) can be automatically purged from the
      cannister; gases (either full or partial engine air or manifold exhaust
      gases) can be passed adjacent to the cannister assembly, as required.
PAR  Although the prior art has suggested both polar and nonpolar adsorbent
      materials for use in enhancing operation of I.C. fuel systems, there has
      been no suggestion of using commonly housed adsorbent materials in an
      unitary elution system to serve two functions: (i) selectively eluting
      from a full-range gasoline, only light, low molecular weight components
      thereof, to assure a smooth pollution-free start of a spark-ignition fuel
      injection internal combustion engine while alternatively (ii) providing
      for capture of evaporative emission originating from the associated fuel
      system when the engine is in an inoperative state.
PAR  Further objects, features and attributes of the present invention will
      become apparent from a detailed description of several embodiments thereof
      to be taken in conjunction with the following drawings in which:
DRWD
PAC  DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a schematic view of a portion of an engine fuel system
      incorporating the present invention illustrating a typical fuel injection
      system and air cleaner assembly interconnected between a cold start -
      evaporative emission system of the present invention, said cold start
      evaporative control emission system including a cannister assembly housed
      within the air intake line of the air cleaner assembly under regulation of
      a valve and conduit network controlled by a fuel injection controller
      circuit;
PAR  FIG. 2 is a partial cutaway of the cannister assembly of FIG. 1;
PAR  FIG. 3 is an end view taken along line 3--3 of the cannister assembly of
      FIG. 2;
PAR  FIG. 4 is another embodiment of the present invention illustratng in side
      elevation a dual flow cannister assembly mounted, as by a platform to the
      firewall of the engine compartment;
PAR  FIG. 5 is a top elevational view, partially cutaway, of the modified
      cannister assembly of FIG. 4;
PAR  FIG. 6 is a circuit diagram of the fuel injection control circuit of FIG.
      1, illustrating how the injection cycle and cold start cycle are
      interrelated;
PAR  FIG. 7 is a partially schematic view illustrating an alternate embodiment
      by which air can be heated to an elevated temperature to better desorb the
      cannister assembly of FIG. 1;
PAR  FIGS. 8 and 9 are fragmentary views of the valve and conduit network of
      FIG. 1 illustrating the position of the valve network in two positions:
      (i) after cold start has been achieved and the engine is at running
      temperature so that the cannister assembly can be desorbed by passing
      gases in heat transfer contact therewith; and (ii) after the engine has
      been placed in an inoperative state so that the cannister assembly is
      connected to the vapor zones of the fuel system (vapor capture cycle),
      respectively.
DETD
PAC  DESCRIPTION OF A SPECIFIC EMBODIMENT
PAR  Referring now to FIG. 1, there is illustrated a combustion chamber 9 of a
      spark-ignition, fuel injection I.C. engine connected to a engine fuel
      system 10 through an engine intake manifold 11. Fuel system 10 of the
      present invention includes an air intake system 13, a fuel intake system
      14, and a fuel injection control circuit 15.
PAR  To form a combustible air-fuel mixture, air enters by way of air intake
      system 13, say by way of air inlet line 13a, and is filtered at an air
      filter interior of an air filter housing 13c, before entry into intake
      manifold 11. Manifold 11 includes air temperature gauge 16, butterfly
      valve 17, vacuum sensor 18 and a mixing chamber 19 connected to combustion
      chamber 9 through intake valve 12. Also connected to the mixing chamber 19
      adjacent to the intake valve 12 is a fuel injection valve 20. The purpose
      of the fuel injector valve 20 is to allow a metered quantity of gasoline
      to be mixed with air passing into mixing chamber 19. The resulting
      fuel-air mixture passes through intake valve 12 into the engine combustion
      chamber 9 where combustion occurs.
PAR  Supplying mixing chamber 19 with a metered quantity of gasoline is by means
      of the previously mentioned fuel intake system 14. The fuel intake system
      14 includes a gas tank 21 containing a reservoir of full-range fuel (i.e.,
      a full-boiling gasoline), a filter 22, a fuel pump 23 and a pressure
      regulator 24. Pump 23 is driven through a motor 25 connected to the fuel
      injector control circuit 15 to pump fuel by way of cold start inlet valve
      26a of conduit and valve network 26. Valve and conduit network 26 is also
      seen to also include a cold start exit valve 26b, controlled mechanically
      by cold start relay means 30 through transducer 31. A second relay means
      32 is seen to control operation of evaporative emissions control valve 26c
      of valve and conduit network 26 through mechanical transducer 33.
      Transducers 31 and 33 convert rectilinear travel of the relay means 30 and
      32 to rotational motion. However, note that instead of being regulated by
      control circuit 15, the second relay means 32 is seen to be controlled by
      ignition switch 35 connected to battery 34. Thus, the condition of
      ignition switch 35 is directly reflected in operation of the evaporation
      control valve 26c connected to the relay means 32: if the switch 35 is in
      an "OFF" position, the control valve 26c assumes the position depicted in
      FIG. 9 to allow for capture of evaporative emissions originating within
      the gas tank 21 as explained in more detail below.
PAR  Fuel injection control circuit 15 is seen to be connectable to battery 34
      as ignition switch 35 is closed. At that time, the battery 34, itself, is
      connected to a generator (not shown) in conventional manner, say by way of
      a regulator.
PAR  When ignition switch 35 is closed, as described above, the control circuit
      15 becomes operational. Input information thereto is by way of the
      following transducers: air temperature gauge 16, vacuum sensor 18, engine
      temperature indicator 36, travel sensor 37, RPM and shaft angle indicator
      38. From this data the circuit 15 commands relevant parts of the fuel
      system 10 using a selected binary code of current pulses (ONE-ZERO), to
      adapt fuel requirements at the injector valve 20 to changing conditions of
      operations. That is, in this regard, the period of time of, say the ONE
      state can be used to indicate the energization period of each of a series
      of injectors 20, while the ZERO state to indicate the inactivity period of
      relevant elements of the system.
PAR  In more detail, the start of each pulse at a particular injector, say
      injector number 2 (of 8) is synchronized ("timed") to occur when a
      particular shaft angle indication is provided by shaft angle-RPM indicator
      38. After a pulse has been correctly initiated, its period (pulse width)
      is basically a function of the manifold pressure (engine load) as provided
      by vacuum sensor 18. Corrections by which pulse width is stretched or
      diminished, are a function of data supplied by the remaining sensors,
      i.e., air intake temperature, engine temperature throttle valve movement
      and engine speed.
PAR  Prior art electronic fuel injection systems have had difficulty in
      providing fuel requirement at cold start even when using a separate start
      valve attached to the intake manifold. In this application, a "cold"
      engine is one which, in attempting to assume an ambient air temperature,
      has cooled to a temperature below a selected level. This level is
      empirically determined and is the temperature below which difficulty of
      starting is increased beyond the usual capability of fuel injection
      control circuit 15. The present invention provides a cold start function
      through selective elution of a fuel range gasoline.
PAR  For this purpose, a cannister assembly 28 is seen in FIG. 1 to be mounted
      adjacent to the air intake system 13, say within air inlet line 13a. Fuel
      flow relative to the cannister assembly 28 is selectively controlled, as
      explained above, to provide suitable fuel components at the injector
      valves 20, as required by the operating conditions. For example, at cold
      start, in accordance with the present invention, lower cold start
      temperature limits for the starting of an internal, final injection
      combustion engine, are suitably extended through the selective elution of
      only light, low molecular weight liquid components of the full-range fuel,
      i.e., a full-boiling gasoline. However, note that at cold start, the
      full-range fuel, i.e., a full-boiling gasoline, having high and low
      molecular weight constituents, is conveyed from gas tank 21 through fuel
      pump 23 into the valve and conduit network 26 and thence to cannister
      assembly 28. Within cannister assembly 28, the light, lower molecular
      weight components are generated. Since a key in providing efficient cold
      starting conditions lies in the selective elution of light, lower
      molecular weight fuel components, a brief discussion of the cannister
      assembly 28 seems to be in order and is presented below.
PAC  CANNISTER ASSEMBLY 28
PAR  Construction of the cannister assembly 28 can vary. In FIG. 2, the
      cannister assembly 28 is mounted within the intake air line 13a of the air
      intake system 13. It is preferably cylindrical. Its overall diameter must
      be kept to a minimum so as to allow sufficient air to bypass into the
      intake manifold of the engine. Within its interior, a bed of adsorbent
      material indicated at 44 is provided. To accommodate the required volume
      of the aforeconstituted adsorbent material, the length of cylindrical
      housing 45 may have to be about as long as the housing of the air line
      13a. Support of the housing 45 can be brought about by welding anchors 46
      to the side wall of the housing of the air line 13a through which cold
      start inlet and outlet fittings 47 and 48 as well as evaporative fitting
      49 are attached. End pole pieces 50, 51 are welded at their edges to side
      wall 52 of the housing 45.
PAR  Each pole piece 50, 51 is a solid annulus having no opening therethrough.
      Accordingly, flow of intake air exterior of the housing 45 is not allowed
      to directly mix with fuel continuously flowing through conduit fittings 47
      and 48 of the cannister assembly 28. That is, during cold starting of the
      engine, liquid fuel flowing through the assembly 28 because of the
      operative condition of valves 26a and 26b of valve and conduit network 26
      (FIG. 1) is not permitted to mix with intake air within the air line 13a
      of the air intake system 13.
PAR  Within the adsorbent bed 44, controlled separation of the full-range fuel
      occurs so that only light molecular weight liquid constituents are eluted
      at outlet fitting 48 for subsequent mixing with air to form the cold start
      air-fuel mixture, at least during initial 1-3 minutes of the cold starting
      cycle. Since the separation of the heavy molecular weight vis-a-vis light
      groups is achieved based on the functional characteristics of the
      adsorbent bed 44 formed within the cannister assembly 28, a brief
      discussion of adsorption systems in general seems to be in order and is
      presented below. However, since the adsorbent bed 44 also functions as a
      vapor emission capture zone when the engine is placed in an inoperative
      state, i.e., when evaporative control valve 26c is in an active condition
      (FIG. 9), the didactic discussion which follows has been divided along
      similar lines.
PAR  Referring still to FIG. 2, during the cold start cycle, the side wall 52 of
      the cylindrical housing 45, forms essentially a column of a solution
      adsorption, frontal analysis chromatography as classified in accordance
      with Kirk-Othmer Encyclopedia of Chemical Technology, 2nd Ed., Volume 5,
      page 418. In accordance with Kirk-Othmer op. cit., such classification is
      essentially based on the nature of the mobile phase of the system
      percolating through an adsorbent material indicated at 53 in FIG. 2.
PAR  Initially full-boiling gasoline enters by way of inlet conduit fitting 47.
      Thereafter, it percolates through and about the adsorbent bed 44. At the
      outlet conduit fitting 48, the order of elution is a function of the order
      of polarity of the constituents of the full range constituents since the
      individual molecules of the heavier components move at a slower rate
      (between the mobile and secondary phases) than do the lighter
      constituents. Intermediate conduit fitting 49 is not free to pass
      constituents from the adsorbent bed 44 during cold state. As seen in FIG.
      1, evaporative control valve 25c prevents flow of the gasoline
      constituents therethrough, since it remains inoperative during the cold
      start cycle as previously mentioned. Within the interior of the adsorbent
      bed 44, the causes for separation of the constituents can be for a
      multiplicity of reasons, inter alia, the polarity (or non-polarity)
      characteristics of the constituents seem to be a relevant criterion for
      separation classification in that different relative velocities are
      thought to be imparted to the individual molecules of the groupings.
      Accordingly, usually the least strongly adsorbed low molecular weight
      components elute as a group at the outlet conduit 48 first, followed by a
      second grouping containing say both the light and heavy molecular weight
      constituents and so forth until all constituents have appeared.
PAR  Residence time of the lighter components within the adsorbent bed 44 is
      also a function of rather conventional engineering factors including the
      length of the cylindrical housing 45, as well as the pressure drop of the
      former during percolation of the fluids over the adsorbent material 53.
      The flow rate of the mobile phase must be slow enough to allow maximum
      transfer of the molecules of the heavier constituents into and from the
      stationary and mobile phases yet fast enough to provide ample amounts of
      lighter components for quick starting of the engine. However, care ought
      be exercised in regard to the residence time of the heavier components.
      Since selective retardation of the heavier constituents due to relative
      polar-nonpolar interaction between the heavier components and adsorptive
      material 53, can be quite long, say 1-3 minutes, while the typical
      starting cycle of a modern engine can be quite short, say from 1 second up
      to 15 seconds (except when problems of starting occurs), the heavier
      constituents usually remain adsorbed during starting. This conclusion
      assumes, of course, that the composite adsorbent material 53 constituting
      the adsorbent bed 44 is of a compatible classification to perform both
      elution and vapor capture functions as discussed below.
PAC  Classification of Adsorbent Material 53
PAR  As previously mentioned, during elution of low molecular weight liquid fuel
      constituents, competition for the heavier molecular weight groupings of
      the full-range fuel is believed to be, more or less, dependent on its
      selective polar interaction with the adsorptive material 53 constituting
      the adsorbent bed 44. The degree of interaction, in most, but not all
      cases, is believed to be directly related to the magnitude of the polarity
      of the material. The general rule seems to be the greater the polarity,
      the greater the interaction. Thus, in accordance with the present
      invention, the adsorptive material 53 should have (preferably in addition
      to a non-polar constituent, for reasons explained below) a polar element,
      say one selected from the following non-exclusive listing of popular polar
      adsorptive materials for proper operation as a cold start fuel effluent
      generator:
     Polar Adsorptive Materials                                                

                            Remarks                                            

     ______________________________________                                    

     Silica gel                                                                

     Alumina                Activated                                          

                            Preferred                                          

     Alumina gel                                                               

     Barium sulfate                                                            

     Fuller's earth                                                            

     Calcium carbonate                                                         

     Bentonite                                                                 

     Glass                                                                     

     Diatomaceous earth, forisil, attupulgus                                   

     Resins and plastics    Ion-exchange                                       

                            only                                               

     Glass                                                                     

     Quartz                                                                    

     Titania gel                                                               

     Titanium dioxide                                                          

     Metallic oxides                                                           

     Zeolites (sieves)                                                         

     Zirconia gel                                                              

     Sil X                                                                     

     Solid Support Materials Coated                                            

                            Commonly used in                                   

     with Liquid adsorbers, prefer-                                            

                            liquid-liquid                                      

     ably chemically bonded (e.g.,                                             

                            partition                                          

     chromatography                                                            

     Durapak, Solids Coated with                                               

     Octadecyl Silane, Fluoro-ethers).                                         

     ______________________________________                                    

PAR  However, during operations of the adsorbent bed 44 as an adsorber of
      evaporative emissions, i.e., when control valve 26c assumes the position
      depicted in FIG. 9, the preferred polar classification of the material 53
      should be reversed. Such assumption implies the requirement that the bed
      44 employ capture materials which possess the most effective ratio of
      capture surface per unit volume of material. Accordingly, the adsorptive
      material 53 should also comprise, say as a second element thereof, a
      nonpolar component, say one selected from the following non-exclusive
      listing of nonpolar adsorbent materials in order to most effectively carry
      out the vapor capture aspect of the present invention.
TBL  ______________________________________                                    

     Nonpolar Adsorbent Material                                               

                             Remarks                                           

     ______________________________________                                    

     Charcoal                                                                  

     Charcoal blacks                                                           

     Graphite                                                                  

     Resins and Plastics     Organic only                                      

     Paraffins                                                                 

     Stibnite                                                                  

     Sulfides                Metallic only                                     

     Talc                                                                      

     ______________________________________                                    

PAR  In forming the composite be 44, the ratio, by volume, of polar to nonpolar
      material is preferably about 1:1. In some cases, however, the ratio can be
      varied to accommodate changed conditions, e.g., where the system of the
      present invention is used in the more humid climates of the world, there
      may be a need to use greater amounts of the nonpolar constituent to
      provide a larger emission capture area within the bed 44. Also, in other
      areas of the world as where cold start conditions are more severe, it may
      be advantageous to use greater amounts, by volume, of the polar material
      as the chief adsorbent component. However, since there can be a large
      overlap of both functions within certain known adsorbent materials, the
      adsorbent material 53 constituting adsorbent bed 44 can be likewise
      classified and need not be a dual-component mixture but can utilize a
      single component system provided it can perform in both the cold start and
      vapor capture functions, as outlined above.
PAR  Of course, the adsorbent material 53 can be formulated in a variety of ways
      for use within the cannister assembly 28. For example, the adsorbent bed
      44 can be arranged in granular, pelletized or powdered form. Preparation
      is straight-forward: the adsorbent material should be calcined, acid and
      base washed, neutralized, and size graded prior to insertion within the
      housing 45, say along lines set forth in Kirk-Othmer, op. cit., Volume 1,
      page 460. Since as previously mentioned, during elution the flow rate of
      the full range gasoline within the bed must be slow enough to allow
      maximum transfer of the molecules of the heavier compounds into and from
      the stationary and mobile phases, the size of the polar component of the
      adsorbent material 53, if used, should be such as to minimize the pressure
      drop across a cannister assembly 28 without adversely affecting its
      ability to adsorb the heavier constituents. In this regard, an adsorbent
      bed 44 having about a 1-liter capacity can be filled with activated
      alumina (8 by 14 mesh) and such a bed has been found to adsorb from
      200-300 ml of aromatic constituents while yielding about 400 to 500 ml of
      light molecular weight constituents for use in the first initial minutes
      of the cold starting operation.
PAC  Modification
PAR  In FIG. 4, the support of the cannister assembly 28 differs markedly from
      that shown in FIG. 1. The cannister assembly 28 of FIG. 4 is seen to be
      mounted by shell housing 60 to a platform 61 which in turn is attached to
      a firewall (not shown) of the engine compartment. Additional space
      afforded by the platform 61 allows for a more complex constructural design
      of the cannister assembly 28.
PAR  A series of upright tubular means 62 is constructed to carry the gasoline
      entering inlet chamber 63 along a series of sinusoidal passes through the
      interior of the cannister assembly 28, such passageways resembling those
      provided in a conventional tube-and-shell heat exchanger. The series of
      sinusoidal passes made by the gasoline are indicated by solid arrows 64
      while the dotted arrows 64' indicate the direction of the air phase flow.
      In the depicted arrangement, tube-side gasoline is conveyed--during cold
      starting-- through the tubular members 62 between the inlet and exhaust
      chambers 63 and 65 respectively (multipass percolation) through adsorbent
      material 66 packed within the tubular members 62 as well as within the
      chamber 63 and 65. Due to increased total length of the tubular members
      62, the resulting adsorbent bed is likewise greatly enlarged over that
      depicted in FIGS. 1 and 2. The absolute length of the cannister assembly
      of FIG. 4 can be correspondingly reduced, if desired. Efficiency is also
      improved. At the exhaust chamber 65 the effluent has been found to consist
      essentially of low molecular weight liquid constituents to aid engine
      starting, as previously explained; also the heavier constituents remain
      adsorbed within the adsorbent material 66 until long after the engine has
      warmed up. That is to say, because the heavier constituents are retarded
      during percolation through the adsorbent material 66 for a longer time
      than required to usually start the engine, the effluent within the intake
      manifold per each starting cycle of the internal combustion engine is
      limited essentially to the lightweight, low molecular weight constituents.
PAR  Further constructural differences between the embodiments depicted in FIG.
      1 and FIG. 4 are readily apparent. For example, in FIG. 5, the shell
      housing 60 is seen to be rectangular in cross-section whereby the assembly
      forms a parallelepipedon. Also, the shell housing 60 is also seen to
      include end walls 68 and 69. Each end wall 68 and 69 includes a series of
      ports 70 to allow selective entry of hot, exhaust gases adjacent to but
      generally exterior of tubular member means 62 within interior of shell
      housing 60. End wall 69 is also seen to attach by way of fasteners to the
      air cleaner housing. End wall 68 is seen to be connected to a conduit 75
      having a remote end (not shown) connected to a source of exhaust gases,
      say the exhaust manifold of the engine.
PAR  Of course tubular members 62 need not be discontinuous so as require the
      use of intermediate chamber 76 (FIG. 4) to reverse the flow of the mobile
      phase; e.g., the tubular members 62 can be U-shaped with remote ends in
      fluid contact with inlet and exhaust chambers 63, 65, respectively.
PAR  Although the embodiment depicted in FIG. 1 utilizes intake air to the
      engine for purging of the cannister assembly, it should also be noted that
      the embodiment of FIG. 4 contemplates utilization of gases from the
      exhaust manifold for this purpose. In this regard, assume that the engine
      has been started and warmed using the full-range fuel, i.e., the inlet and
      outlet cold start valves 26a and 26b have been placed in the positions
      depicted in FIG. 8 so that the full-range fuel is free to directly enter
      the intake injector valves. Simultaneously with the utilization of the
      full-range gasoline, the adsorbent bed of the cannister assembly 28 is
      depressurized by the change in operating state of exhaust start valve 26b
      connecting the former to the intake manifold 11 of the engine. Note in
      FIG. 1 that the above-mentioned pressure flow is via fitting conduit 48,
      exhaust valve 26b and conduits 71 and 72 to intake manifold 11. In similar
      fashion the intake manifold 11 is placed in fluid contact with the vapor
      zone within the gas tank 21 since evaporative control valve 26c remains in
      an inoperative state. That is, the intake manifold 11 is placed via
      conduits 72, 73, evaporative valve 26c, and conduit 74, in fluid contact
      with the gas tank 21. In that way, as desorption of the heavier compounds
      within the cannister assembly can occur, say as warmed gases are conveyed
      in heat transfer contact with the adsorbent bed. These compounds are
      thereafter swept into the intake manifold, along with any evaporative
      emissions from the gas tank 21. It should also be pointed out that if
      evaporative vapors had been previously captured within the adsorptive bed
      of the cannister assembly, they would likewise be purged at this time,
      that is, with evaporative control valve 26c assuming the position depicted
      in FIG. 9 through the deactivation of the ignition switch.
PAR  Modification of the purging operation: in FIG. 4, the conveyance of the hot
      exhaust gases from the exhaust manifold is under control of additional
      electrical circuitry (not shown) of the fuel injection control circuit 15.
      When the temperature of the exhaust manifold reaches a selected
      temperature, a relay (not shown) is tripped to pass the purging gases
      through the cannister assembly 28 of FIGS. 4 and 5 via the conduit 75
      previously mentioned. The desorbed materials within the adsorption bed of
      the cannister assembly 28 are ultimately consumed within the combustion
      chambers of the engine.
PAR  Where the heavier compounds within the adsorption bed of the cannister
      assembly have relatively high boiling points, too high in fact to be
      renewed by passing adjacent engine air in heat transfer contact with the
      elution zone, the embodiment depicted in FIG. 4 is especially useful. In
      this regard, the adsorbent material 66 of FIG. 4 can be renewed using the
      hot exhaust gases as the purging agent. If the temperature of such exhaust
      gases ranges from 700.degree. to about 800.degree.F, only a relatively
      short desorption time is required. Temperature of the adsorbent bed can be
      a range from 400.degree.-500.degree.F with about 450.degree.F being a
      satisfactory operating temperature. Generally desorption time is quite
      short for such range setting, say being from about 2-12 minutes in
      duration. The resulting desorbed compounds then pass through the air
      intake system to the combustion chambers where they are consumed. Even
      though the cannister assembly 28 of FIG. 4 is larger than that depicted in
      FIG. 2, it provides better heat-transfer characteristics during desorption
      of the adsorption bed since the available heat transfer area (between the
      heat transferring media) is much larger. That is to say, the shell-side
      hot gases traveling through the cannister assembly 28 of FIG. 4 is in
      extremely good heat transfer contact with a multiplicity of the tubular
      member means. Also, since temperature of the gases is much higher, the
      total purge time can be reduced. However, the total flow rate of the hot
      purged gases at the air intake system should be carefully controlled so
      that the composite temperature of the inlet air to the intake manifold is
      not too hot for efficient utilization of the resulting air fuel mixture
      within the combustion chamber of the engine.
PAR  FIG. 7 illustrates yet another mode for desorbing the adsorption bed of the
      cannister assembly of FIGS. 2 and 4 of the present invention. In
      accordance with the illustrated embodiment, engine air is heated by
      passing the air adjacent to exhaust manifold 80 and thence through the
      cannister assembly where desorption occurs. The exhaust manifold 80 itself
      is provided with an exterior hood 81 having lower skirts 82 which snuggly
      fit adjacent to the exhaust manifold, yet are open to incoming air. A
      central register 83 is also provided with a nozzle 84. Nozzle 84 in turn
      is attached by flexible conduit 85 connected at a port 86 say at the air
      intake line 13a of the air intake system. At the air intake line 13a, a
      solenoid operator 87 is positioned so that damper 88 is in register with
      port 86. Opening the damper 88 allows warmed engine air to enter the
      cannister assembly (not shown).
PAC  Sequence of Operations
PAR  Reference should now be had to FIGS. 1, 2, 4-6, 8 and 9 illustrating the
      method aspects of the present invention. As previously mentioned, control
      injection control circuit 15 of FIG. 1 receives various sensory inputs
      indicative of various engine operating parameters after the circuit has
      been initialized. Of primary importance at cold start, is a signal
      indication of engine temperature, such signal appearing at the injection
      control circuit 15 of FIG. 6. Assume such signal is below a selected set
      point level, so that relay means 30 (FIG. 1) is activated as the driver
      closes ignition switch 35. The inlet and exhaust cold start valves 26a and
      26b, as well as evaporative control valve 26c, are reoriented from the
      positions shown in FIG. 9 to those positions shown in FIG. 1. As the
      engine turns over, the pump 23 conveys full-range fuel through inlet start
      valve 26a to the cannister assembly 28. Within the cannister assembly 28,
      the full-range fuel passes through inlet start valve 26a to the cannister
      assembly 28. Within the cannister assembly 28, the full-range fuel
      percolates through the elution zone culminating in the elution of low
      molecular weight components at each of a series of injector valves 20.
      Heavier components of the full-range fuel remain adsorbed. From the
      injector valve 20, a metered amount of the lightweight components is
      conveyed into the mixing chamber 19 where the fuel and air are properly
      mixed and then convey for consumption within the combustion chambers of
      the engine. After selected rise in the engine temperature, as indicated at
      terminal 90 of FIG. 6, relay means 30 becomes deactivated, resulting in
      the cold start inlet and exhaust valves 26a and 26b returning to relaxed
      positions as shown in FIG. 8.
PAR  After cold start exhaust and inlet valves 26a and 26b return to relaxed
      positions depicted in FIG. 8, the fuel intake system switches over to full
      utilization of the full-range gasoline. That is to say, fuel conveyed from
      pump 23 of FIG. 1 passes to inlet cold start valve 26a via conduit 78 and
      thence from the valve 26a through conduit 79 and exhaust cold start valve
      26b into the injector valve 20 as a function of control signals provided
      in fuel injection control circuit 15.
PAR  FIG. 6 illustrates the operation of fuel injection control circuit 15 in
      detail.
PAR  As indicated, the control circuit 15 is energized by a voltage supply
      designated as B+, as noted. In the application of this system to an
      automobile, the voltage supply B+ can be a battery and/or a battery
      charging system and additionally can provide a polarity readily reversed
      from that illustrated.
PAR  As explained previously, the control circuit 15 through designated circuit
      elements receives the following sensory inputs indicative of engine
      operating parameters.
TBL  ______________________________________                                    

                 Signal Source                                                 

                              Operational Circuitry                            

     Parameter   (FIG. 1)     (FIG. 6)                                         

     ______________________________________                                    

     Manifold pressure                                                         

                 Sensor 18    Control Circuit 110                              

     Engine temperature                                                        

                 Sensor 36    Engine temperature                               

                              circuit 115                                      

     Acceleration                                                              

                 Travel       Acceleration cir-                                

                 Sensor 37    cuit 116                                         

     Engine Speed                                                              

                 Transducer   Speed circuit 117                                

                 38                                                            

     Air Temperature                                                           

                 Sensor 16    Air Temperature                                  

                              circuit 118                                      

     Shaft Angle Transducer     --                                             

                 38                                                            

     ______________________________________                                    

PAR  In essence, the control circuit 15 generates a plurality of control pulses,
      the width of which is linearly variable with a fundamental parameter,
      namely, the manifold pressure of the engine, as well as being capable of
      being stretched or diminished by remaining engine parameters. In order to
      initiate operations, as the driver closes the ignition switch 35, a pulse
      generator (not shown) is energized. The pulse generator (not shown) is
      connected to the input terminal 91a of multivibrator circuit 92 via shaft
      angle transducer 38. In that way, the pulse generator is operative as a
      function of shaft angle so as to synchronize operation of the bistable
      multivibrator circuit 92 with angular position of the shaft of the engine.
      To provide similar synchronizing operations relative to particular
      injector valve 20, the pulse generator also provides (via transducer 38) a
      pulse signal at input terminal 91b of injection valve circuit 89.
PAR  As shown in detail in FIG. 6, multivibrator circuit 92 includes a coupling
      capacitor 93 in series with base 94 of transistor 95 via diode 96 and
      resistor 97. Shunting the couping capacitor 93 is a second diode 98
      (through which the capacitor 93 can be discharged) and a resistor 99.
PAR  A start pulse received at base 94 of transistor 95 from the pulse
      generator, will trigger the multivibrator circuit into its unstable state,
      i.e., transistor 95 into a conducting state. Mating transistor 100 of the
      multivibrator circuit is base connected via base 100b to collector 95a of
      the transistor 95 through a network comprising resistors 101 and 102 and
      capacitor 103. As transistor 95 conducts, the transistor 100 is caused to
      assume a voltage below its conduction state. However, voltage at collector
      100a of the transistor 100 will rise toward the B+ value, and that value
      will be communicated via resistors 104a and 104b to power transistor 105.
      The power transistor 105 in conjunction with an adjacent resistor network
      acts as a current source, and current is passed through thyristors 106 and
      coil 107 of one of a series of injector system 89.
PAR  It should be apparent that at each injector coil 107, selection is
      controlled through coordination of angular position of the shaft of the
      engine as provided by transducer 38. In that way, synchronization of the
      time of appearances of the control pulses provided by the pulse generator
      at the individual terminal 91b with the time of energization of the
      multivibrator circuit 92.
PAR  After the transistor 105 conducts, transistor 100 is rapidly triggered into
      conduction as voltage at its base 100b (as determined by the adjacent RC
      network) decays to the value needed for the multivibrator circuit to
      relax. As a result, transistor 95 is biased off, but it is quickly
      returned to a conducting state as the transistor 100 is biased off. To
      return the transistor 95 to a conducting state, it should be apparent that
      as conduction of transistor 100 occurs it acts in cooperation with a
      voltage supply and adjacent resistors 108 and 109 to form a current source
      to provide a base current to transistor 95 and causes the transistor 95 to
      conduct. The rate of switching between the transistors 95 and 100 is rapid
      enough that it does not affect operation of power transistor 105. That is,
      even though the multivibrator circuit is undergoing rapid switching of
      transducer 95 and 100, the power transistor 105 remains in a conducting
      state. However, the multivibrator circuit 92 can be made to relax to its
      stable state upon the receipt of a negative pulse at the base 94 of
      transistor 95, such negative pulse being generated by a separate control
      circuit 110.
PAR  Control circuit 110 is seen to include variable resistor 111, condenser 112
      and unijunction transistor 113 connected in parallel with base 94 of the
      transistor 95. When the voltage on the emitter of unitransistor 113
      (provided via a RC network comprising resistors 111 and 114 and condenser
      112), is equal to the voltage at its base 113a, the unitransistor 113 is
      energized causing a negative pulse to appear at base 94 of the transistor
      95. The result: the multivibrator circuit 92 returns to a stable state.
      Voltage at the emitter of the unitransistor 113 is seen to be determined
      by the time constant of the aforementioned RC network, while the voltage
      appearing at base 113a is a function of composite voltage generated from
      the following control circuits, (i) engine temperature circuit 115, (ii)
      acceleration circuit 116, (iii) speed circuit 117 and (iv) air temperature
      circuit 118.
PAR  Engine temperature circuit 115 operates to increase pulse width as a
      function of temperatue, but the temperature which causes circuit 115 to
      become operative must be below a selected point level, as explained below.
      Temperature circuit 115 is seen to include a voltage divider 119 formed by
      resistors 120, 121 and transistor 122. Assume the transistor 122 is
      conducting, i.e., resistor network 123, 124 and 125 at its base, connect
      to the voltage supply B+ as shown. As the transistor 122 conducts, the
      change in voltage at the collector 122a is seen to be a direct indication
      of engine temperature. In other words, the change in voltage of the
      collector 122a of the transistor 122 is reflected by the voltage divider
      119 which in turn is reflected by a change in voltage at base 113a of
      unitransistor 113.
PAR  To provide a selected set point level for operation of the temperature
      circuit 115, the resistors 123, 124 and 125 are chosen such that the
      transistor 122 saturates at a given engine temperature providing a
      balanced condition at voltage divider 119.
PAR  Air temperature circuit 118 operates in a similar manner as the engine
      temperature circuit 115. As indicated, a voltage divider 127 is formed by
      resistors 128 and 129 and transistor 130. As previously, voltage at the
      base of the transistor 130 is controlled by base resistors 131, 132 and
      133 connected to the supply B+. The air temperature is indicated by the
      internal resistance of the transistor 130 as reflected in change in
      collector voltage.
PAR  Acceleration circuit 116 is seen to include capacitor 134, resistor 135 and
      potentiometer 136 which operates in cooperation with a voltage divider 137
      comprising resistors 138, 139 and transistor 140. Arm 136a of the
      potentiometer 136 is seen to connect via transducer 136b to the butterfly
      valve of the engine via accelerator pedal 141. Thus movement of the pedal
      141 causing displacement of the wiper arm 136a changes the bias voltage
      appearing at base 140a of the transistor 140. Assume that the transistor
      140 has been driven into conduction, but the voltage divider 137 formed
      therewith is unbalanced. Thus, the change brought about by the movement of
      the arm 136a will cause a change in the collector voltage at collector
      140b as a function of pedal movement. The operation of the acceleration
      circuit 116 occurs during a variable time period dependent upon the time
      constant of the resistors 135, 145, the potentiometer 136 as well as
      capacitor 134.
PAR  Speed circuit 117 is for the purpose of correcting for a lag time of air
      flow into the engine. Aerodynamic effects lead to a decrease in the rate
      of air intake as a function of increasing engine speed. Circuit 117
      includes a potentiometer 142 having an arm 142a connected by a transducer
      142b to a tachometer (not shown) operative when a set point level is
      exceeded to change the voltage level at the base 113a of unitransistor 113
      in the manner previously described.
PAR  Now returning to the embodiment depicted in FIG. 1 under control of the
      fuel injection control circuit 15 of FIG. 6, it is apparent that controls
      are there shown which, after the engine has started and warmed and
      utilization of the full range fuel occurs via reorientation of cold start
      valves 26a and 26b to the positions shown in FIG. 8, the elution zone of
      the cannister assembly 28, as well as the vapor zone of gas tank 21, are
      placed in fluid contact with the intake manifold 11. In that way, as
      desorption of the heavier compounds occurs, say as warmed gases are
      conveyed in heat transfer contact with the elution zone and the heavier
      compounds are swept into the intake manifold 11, there can be a
      simultaneous conveyance of evaporative emissions, if any, from the gas
      tank 21 to the manifold 11. With the desorption of heavier compounds
      within the elution zone, it should also be pointed out that vapors
      previously captured within the same zone are likewise purged. It should be
      recalled with reference to FIG. 9 that such vapors were conveyed to the
      aforementioned zone via conduits 49, 74 and control valve 26c. During
      desorption, both types of desorbed materials enter the manifold 11 in the
      manner previously described.
PAR  While the certain preferred embodiments of the invention have been
      specifically disclosed above, it should be understood that the invention
      is not limited thereto as many variations will be readily apparent to
      those skilled in the art and thus the invention is to be given the
      broadest possible interpretation within the terms of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a high fuel injection system for a spark-ignition combustion engine
      of the type having a shaft, one or more cylinders each having an injector
      valve responsive to a control signal for injecting and mixing a
      predetermined quantity of full-range fuel with air to form a combustible
      mixture for delivery to such cylinders of said engine, and computing means
      including synchronizing and condition means for controlling and generating
      said control signals as a function of one or more engine operating
      parameters, said synchronizing means being operatively connected to said
      injection valves for synchronizing operation thereof as a function of
      predetermined angular position of said shaft by generating a correctly
      timed start signal for each of said injector valves, said condition means
      responsive to each of said start signals as well as to signals indicative
      of other operating parameters, for controlling the duration of
      energization of said each of said injection valves, the improvement for
      reducing exhaust pollutants of said engine by (i) dynamically varying the
      composition of said full-range fuel during cold starting of said engine
      (cold start cycle), and alternatively (ii) adsorbing evaporative emissions
      originating from vapor zones within fuel system at least during an
      inoperative state of said engine, comprising:
PA1  i. cannister means selectively connectable between said injection valves
      and a reservoir of said full-range fuel including an adsorption bed of
      adsorbent material,
PA1  ii. control means for controlling fluid flow including liquid fuel and
      vapor emission and flow between said reservoir means, said cannister means
      and said injection valves as a function of at least one of several engine
      operating parameters,
PA1  iii. said control means including at least first and second precondition
      means for alternatively (i) initiating, during said cold start cycle, flow
      of said full-range fuel from said reservoir to said cannister means and
      hence over said adsorption led so as to elute a cold start fuel effluent
      composed essentially of low molecular weight liquid constituents, said
      effluent being passed to said injection valves in sufficient amounts to
      assure starting of said engine, and (ii) permitting flow of evaporation
      vapors from said vapor zones of said fuel system to said same adsorption
      bed for capture thereon during, at least, said inoperative state of said
      engine.
NUM  2.
PAR  2. The improvement of claim 1 in which said first precondition means is
      further characterized by first and second valve means operative after said
      engine has started and warmed, to place said reservoir of fuel-range fuel
      in direct liquid flow contact with said injection valves, at least one of
      said valve means being operative to also cause depressurization of said
      cannister means so as to allow purging of adsorbents within said adsorbent
      bed of adsorbent material for ultimate consumption within said engine.
NUM  3.
PAR  3. The improvement of claim 1 in which said adsorbent material is selected
      so as to provide dual functions of:
PA1  i. efficient retardation of high molecular weight constituents of said
      full-range fuel percolating therethrough whereby essentially only low
      molecular weight constituents are eluted from said cannister means during
      cold starting of said engine, and (ii) effective capture of evaporative
      emissions originating from said vapor zones of said fuel system during, at
      least, said inoperative state of said engine.
NUM  4.
PAR  4. Apparatus for reducing exhaust and inoperative pollutants produced by a
      high speed injection system for a spark-ignition internal combustion
      engine for the type including a rotating shaft, one or more cylinders each
      having an injection valve responsive to a control signal for injecting and
      mixing a predetermined quantity of full-range fuel with air to form a
      combustible mixture for delivery to said cylinders of said engine, and
      computing means including synchronization and precondition means for
      controlling said injection valves through generation of said control
      signals as a function of one or more engine operating parameters, said
      synchronizing means being operatively connected to each of said injection
      valves for synchronizing operation thereof as a function of predetermined
      angular shaft position by generating a series of start signals for said
      injector valves, said precondition means responsive to each of said start
      signals as well as to signals indicative of other operating parameters,
      for controlling the duration of energization of said injection valves,
      comprising:
PA1  i. a cannister assembly containing adsorbent material (a) capable of
      selectively adsorbing high molecular weight constituents of said
      full-range fuel at cold start so as to provide substantially unimpeded
      elution of a cold start fuel effluent composed essentially of only low
      molecular weight constituents as well as (b) capable of selectively
      absorbing vapor constituents of said full-range fuel at least during an
      inoperative state of said engine,
PA1  ii. valve and conduit network means attached between said cannister
      assembly and a reservoir means for said full-range fuel for providing
      selective flow of said fuel including said cold start fuel between said
      cannister assembly, said reservoir means and each of said injector valves,
      said network means including a plurality of conduit and valve means
      including a multiplicity of valve means controlling flow relative to said
      cannister assembly so as to allow, (a) in a first operating state, flow of
      said full-range fuel from said reservoir means over said adsorbent bed to
      generate said cold start effluent as well as flow of said cold start fuel
      effluent from said cannister assembly to said each injector valve to
      provide for rapid starting of said engine without producing excessive
      exhaust pollutants and (b) in a second operating state, full-range fuel of
      flow directly from said reservoir means to said each injector valve in
      sequence thereby bypassing said cannister assembly after said engine is in
      a normal running conditions, while simultaneously allowing for
      depressurization of said adsorbent bed,
PA1  iii. said plurality of conduit and valve means also including separate
      valve means operatively connected between said adsorbent bed and a vapor
      zone of said fuel reservoir means for selectively conveying vapor
      evaporative emissions originating from within said fuel reservoir to said
      same adsorbent bed when said engine is in said inoperative state,
PA1  iv. control means operatively connected to said valve means of said valve
      and conduit network for changing operation states so as to direct fuel
      flow relative to said cannister assembly, said reservoir and injector
      valves as a function of one or more engine operating parameters.
NUM  5.
PAR  5. Apparatus of claim 4 in which said cannister assembly includes an
      enlarged cylindrical shell housing terminating in first and second end
      pole pieces and including a plurality of radically extending couplings
      extending through said housing, said plurality of couplings being
      connected to said reservoir means, and said adsorbent bed, through said
      valve means, including said multiplicity of valve means as well as said
      separate valve means, whereby (i) in first operating state, to allow
      direct delivery of fuel to said injection valves as a function of a
      selected engine parameter and (ii) in a second operating state to allow
      selective vapor contact therebetween whereby evaporative emissions from
      said reservoir means can be adsorbed within said same adsorbent bed and
      thereby not escape into said surrounding atmosphere.
NUM  6.
PAR  6. Apparatus of claim 4 in which said cannister assembly includes a
      multiplicity of tubular conduits each arranged parallel to each other
      within a single tubular shell housing, each conduit supporting a segment
      of said bed of adsorbent material but all terminating at central inlet and
      outlet chambers in operative contact with said valve means so as to
      provide said dual functions of: (i) cold start elution of low molecular
      weight cold start constituents and (ii) capture of evaporative emissions
      originating from said fuel system along sinusoidal paths within said
      single enlarged housing.
NUM  7.
PAR  7. Apparatus of claim 6 in which said pole pieces are perforated, one
      thereof being connected by air intake control means including conduit
      means to a source of heated gas, so as to allow selective flow of said
      heated gas through said cannister assembly for purging said adsorbent bed
      with adsorbed cold start constituents and evaporative emissions as a
      function of a function of a selected engine parameter, said purged
      constituents from said adsorbent bed being carried into and consumed
      within said combustion chambers of said engine during normal running
      operation thereof.
NUM  8.
PAR  8. Process for reducing formation of exhaust pollutants at cold start of a
      fuel-injection, spark-ignition internal combustion engine of the type
      having a fuel system, a shaft, one or more cylinders each having an
      injector valve responsive to a control signal for injecting and mixing a
      full-range fuel of said fuel system and air to form a combustible mixture
      for delivery to said cylinders without affecting full-range engine
      performance after cold starting has been concluded while simultaneously
      providing for effective capture of evaporative emissions originating from
      vapor zones of said fuel system when said engine is in an inoperative
      state, comprising the steps of:
PA1  i. during said cold start cycle, dynamically eluting from a full-range fuel
      passing through an adsorbent bed of absorbent material, a cold start fuel
      composed essentially of low molecular weight constituents,
PA1  ii. mixing said low molecular weight constituents with air at each of said
      injection valves to form an enriched fuel air mixture for delivery to
      combustion chambers of said engine during cold start where consumption
      without undue formation of exhaust pollutants occurs,
PA1  iii. terminating elution of said cold start fuel after said engine has
      started,
PA1  iv. switching flow of said full-range fuel directly to said each injection
      valve by bypassing liquid fuel flow with respect to said absorbent bed,
PA1  v. after said engine has attained a normal running condition as indicated
      by a selected engine parameter, purging with heated fluid said adsorbent
      bed of adsorbates,
PA1  vi. conveying said purged higher molecular weight constituents into said
      combustion chambers of said engine, and
PA1  vii. after said engine has been placed in said inoperative state, opening
      vapor conduit means between said same adsorbent bed, and a reservoir of
      said full-range fuel whereby any vapor emissions originating from within
      said fuel system are captured within said same adsorbent bed and thereby
      prevented from escaping into the atmosphere surrounding said engine.
NUM  9.
PAR  9. The process of claim 8 in which step (i) of elution of said low
      molecular weight constituents is further characterized by passing said
      full range fuel over an adsorbent bed formed of polar adsorbent material
      so as to provide improved retardation of said high molecular weight
      constituents vis-a-vis said low molecular weight constituents at cold
      starting of said engine.
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ABST
PAL  A rotary engine including a pair of concentric rotors one being rotatable
      within the other, one of said rotors being driven by the output shaft of
      the engine and the other rotor connected to drive said output shaft. The
      outer rotor having radially inwardly extending abutments and the inner
      rotor having radially outwardly extending abutments, the abutments of the
      two rotors defining therebetween a plurality of expansible gas chambers.
      The inner rotor having means to hold same stationary so as to provide a
      reaction member for said outer rotor and intermittent drive means driven
      by said output shaft and adapted to intermittently drive said inner rotor
      to create relative rotation between said rotors whereby expansion and
      contraction of said chambers will take place.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 388,629,
      filed Aug. 15, 1973 and now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved form of rotary engine which may
      be of any expanding gas type such as an internal or an external combustion
      engine. The unique design of the present invention includes a design of
      inner and outer rotors between which four expansible gas chambers are
      provided whereby two power expansion phases occur simultaneously in a
      balanced manner on opposite sides of the engine for each 90.degree. of
      rotation of the rotors.
PAR  An improved form of intermittent drive mechanism is provided adapted to
      drive the inner rotor at a relative rotation with respect to the outer
      rotor to create expansion and contraction of the gas chambers, by starting
      the rotation of the inner rotor slowly, moving it faster and then stopping
      the rotation abruptly as the inner rotor is about to catch up with the
      outer rotor.
PAR  The invention further includes a fan driven by the output shaft which is
      adapted to force air through the internal engine parts to provide improved
      cooling for the engine.
PAR  Further, a unique checking mechanism is provided which will operate to hold
      the inner rotor stationary to act as a reaction member when combustion
      takes place in the gas chamber.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The preferred form of the present invention is illustrated in the
      accompanying drawings wherein:
PAR  FIG. 1 is a cross-sectional view through a rotary engine incorporating the
      principles of the present invention;
PAR  FIG. 2 is a sectional view taken along the lines 2--2 of FIG. 1;
PAR  FIG. 3 is a view taken along the lines 3--3 of FIG. 1;
PAR  FIG. 4 is a view taken along the lines 4--4 of FIG. 1;
PAR  FIG. 5 is a view taken along the lines 5--5 of FIG. 1;
PAR  FIG. 6 is a view taken along the lines 6--6 of FIG. 1;
PAR  FIG. 7 is a schematic view illustrating various positions of the inner and
      outer rotors of the engine during operation;
PAR  FIG. 8 is a schematic view illustrating positions of the intermittent drive
      machanism during operation of the engine;
PAR  FIG. 9A is a cross-section view of rotors and associated ports in a
      modified form of the invention for a five chamber external combustion
      engine;
PAR  FIG. 9B is an end view of the intermittent drive mechanism for the
      modification of FIG. 9A;
PAR  FIG. 10 is an end view of a modified form of intermittent drive and holding
      mechanism;
PAR  FIG. 11 is an end view of a further modified form of intermittent drive and
      holding mechanism;
PAR  FIG. 12 is an end view of another modified form of intermittent drive
      mechanism; and
PAR  FIG. 13 is a modified form of the mechanism of FIG. 12.
DETD
PAR  Referring to FIG. 1, a cross-sectional view of a rotary engine is shown
      including a casing 12, an output shaft 14, a rotor shaft 16, a pair of
      internal rotors 18 and a pair of external rotors 20.
PAR  The engine casing 12 for the present two section rotary engine illustrated
      includes a compartment 22, a compartment 24 and a compartment 26, a
      partition 28 separates compartments 22 and 24. The output shaft 14 drives
      a pulley 32 which by means of a belt 34 drives a cooling fan 36 rotatably
      journalled on rotor shaft 16 by bearings 38.
PAR  The casing 12 has end walls 40 and 42. The end wall 42 has air ports 44 and
      46 therein and the end wall 40 has air ports 48 and 50. Each of the air
      ports has disposed therein by friction fit, air filter material 52 which
      may be of any known type. Suitable openings are provided in each of the
      partitions 28 and 30 to allow air flow therethrough and large air passages
      60 are provided in the casing to provide for air flow. As will be
      apparent, the fan will draw the air into ports 48 and 50 of end wall 40
      and the air will flow through the various parts of the engine and out
      through ports 44 and 46 in end wall 42.
PAR  As seen in FIG. 1, outer rotors 20 are drivingly connected as for example
      by splines to a gear 62 which in turn drives a small gear 64 which is
      drivingly connected to output shaft 14. Referring to FIG. 1 and 2, the
      compartment 22 contains an intermittent drive mechanism 70 and a brake
      mechanism 72. The drive mechanism 70 includes a pair of discs 74 having a
      pair of large rollers 76 and small rollers 78 mounted therebetween on
      opposite sides of the discs 74. Provided on rotor shaft 16 is a cam 80
      having four arms 82 thereon adapted to be driven by the rollers 76 and 78
      of the drive mechanism 70.
PAR  The brake mechanism 72 which comprises a one-way brake preventing counter
      clock-wise rotation of shaft 16 as illustrated in FIG. 2 includes a four
      lobe cam 90. The lobes have reaction or brake surfaces 92 thereon. A pair
      of brake arms 94 are provided on opposite sides of the cam 90 which are
      pivoted to the casing 12. A roller 96 is provided on a free end on each of
      the arms 94. Springs 98 are provided engaging each of the arms 94. Springs
      98 are provided engaging each of the arms 94 and urging the arms toward
      the cam 90 to keep rollers 96 engaged with the cam.
PAR  Referring to FIGS. 4 and 6, the structure of the outer and inner rotors 18
      and 20 is illustrated. As viewed in FIG. 1, the outer rotors 20 have
      vertical side walls 102 and an outer circular wall 104 within which the
      inner rotor 18 is confined. The outer rotor has in addition four radially
      inwardly extending abutments 106 and an inner circular sealing surface
      108. The inner rotor 18 has a central hub 110 having mounted thereon four
      radially outwardly extending hollow arms 112 which act as pistons and
      reaction members. Arms 112, arms 106, surface 108 and hub 110 define four
      combustion chambers 114 surrounding the rotary shaft 16.
PAR  Ports 120 are provided in the cylindrical wall 104 of the rotor 20 to admit
      fuel and air to chambers 114 and to allow escape of exhaust gases
      therefrom. Ports 122 are provided to admit air into each of four air
      chambers 124 which are defined between rotors 18 and 20 on the opposite
      sides of arms 112 from chambers 114. A pair of exhaust ports 130 on
      opposite sides of the engine are shown in FIG. 6 which by means of ports
      120 will allow escape of exhaust gases. The rotary shaft 16 is hollow as
      illustrated at 132 to allow a coolant to circulate through the hollow arms
      112. In addition fins 134 are provided on arms 106 of rotor 20, the fins
      being in contact with air chambers 124 whereby the engine may be
      adequately cooled.
PAR  Referring to FIG. 7, the porting arrangement for the engine is best
      illustrated showing exhaust ports 130, fuel injection ports 150 on
      opposite sides of the engine, the combustion air ports 152 on opposite
      sides of the engine, and four air cooling ports 154 in the casing 12
      disposed around the rotors. The air coolant ports 154 are in communication
      with ports 122 of rotor 20 and the combustion air ports 152 are in
      communication with ports 120 of rotor 20. A pair of spark plugs 170 are
      provided on opposite sides of the engine as viewed in FIG. 7 near fuel
      injection ports 150.
PAR  Referring to FIGS. 9A and 9B, the views of the rotors and intermittent
      locking mechanism show five abutments on each rotor of an external
      combution engine which also has five compressed gas ports 250, five
      exhaust ports 230, a five-armed cam 180 to drive the intermittent rotor, a
      five lobed cam 190 to prevent backward rotation, and drive mechanism discs
      174 supporting two single rollers 176. A six chambered rotor would use a
      six-armed cam and drive mechanism supporting three single rollers.
PAC  Operation of the Device
PAR  Referring to FIGS. 7 and 8, the operation of the engine 10 is best
      illustrated. Referring to FIG. 7 in position A, spark plugs 170 have just
      fired whereby the gas within chambers 114 on opposite sides of the engine
      expand driving outer rotor 20 toward the position illustrated in position
      B.sub.1. The inner rotor 18 remains stationary since reaction forces
      during the combustion will be held by the rollers 96 acting on surfaces 92
      of cam 90 to prevent counter-clockwise rotation of inner rotor 18. In
      position A, the chambers 114 at the upper and lower parts of the engine
      have just completed the exhaust of previously burned gases. In position
      B.sub.1 as illustrated in the upper and lower sections, the chambers 114
      at top and bottom are now expanding taking in combustion air through ports
      152. In position B.sub.1, rotor 18 remains stationary.
PAR  In position C.sub.1 rotor 20 has continued to rotate clockwise creating the
      maximum volume of chambers 114 to completely fill the chambers with air
      and exhaust gasses. The inner rotor 18 is still stationary in position
      C.sub.1. Relating FIG. 8 to FIG. 7, it can be seen that due to the
      position of driving rollers 76 and 78 the cam 80 remains stationary in
      positions A, B and C but beginning with Position C.sub.2 the roller 78
      engages an arm 82 and begins to drive the cam 80. In position D of FIG. 7,
      the drive means 70 is illustrated as beginning to drive rotor 18. Rotor 18
      begins to catch up with rotor 20 and thus begins to compress the air in
      two of the chambers 114 by reducing the volume of chambers 114. As shown
      in position E, the chambers 114 on opposite sides now approaching the
      spark plugs 170 are in communication with fuel injection ports 150 through
      ports 120 and fuel is injected into same. When the parts reach the
      positions as illustrated in position A, the chambers 114 in communication
      with spark plugs 170 are at minumum volume condition charges with
      compressed air and fuel ready for combustion. The above cycle will be
      repeated as the spark plugs ignite the fuel in chambers 114.
PAR  It should be noted that chambers 124 during the above cycles also expand
      and contract thus taking in and expelling cooling air to help cool the
      engine.
PAR  The external combustion engine is driven by compressed gas which is vented
      from an external chamber through the ports 250 into the rotor chambers 114
      where it forces the constantly moving rotor to rotate by pressing in a
      tangential manner on the abutments of this rotor, thus having a
      considerable advantage in efficiency over the inefficient reciprocating
      engine.
PAR  In the external combustion engine, no ignition plugs are used, there are no
      intake or compression phases, and there are twenty-five power pulses
      (phases) in each engine revolution.
PAR  Referring to FIGS. 10, 11, 12A and 12B, modified forms of intermittent
      drive and holding mechanisms are illustrated with parts thereof identical
      to those of FIGS. 1 and 2 carrying the same numerical designations.
PAR  Referring specifically to FIG. 10 the drive and holding mechanism 300
      includes a gear 302 driven by shaft 14. Gear 302 in turn engages a gear
      304 mounted on a shaft 306. A cam 308 is attached to gear 304 to be driven
      thereby.
PAR  Drivingly connected to shaft 16 by splines is a driving cam 310 and a brake
      or holding cam 312. Drive cam 310 has four arms 314 each having a slot 316
      therein. Slots 316 are sized to receive drive rollers 76 as they travel on
      rotating disc 74.
PAR  A brake or holding mechanism is provided for intermittently holding shaft
      16 during periods when shaft 16 is not being driven by rollers 76 as in
      the embodiement of FIGS. 1 and 2. The brake mechanism includes a brake arm
      320 pivotally mounted on a pin 322 attached to casing 12. Arm 320 carries
      a follower roller 324 in engagement with cam 308. The brake cam 312 has
      four holding grooves 326 formed therein. Brake arm 320 carries a holding
      roller 328 thereon which is adapted to engage in grooves 326. A spring 330
      engages arm 320 and urges same to pivot about pin 322 and engage roller
      328 in one of the grooves 326. It will be seen that cam 308 is properly
      positioned to pivot arm 320 counter-clockwise about pin 322 through roller
      324 to disengage roller 328 from one of the grooves 326 at the same time
      as one of the rollers 76 moves into a slot 316 and begins to drive shaft
      16. When shaft 16 has been driven through the appropriate degrees of
      rotation and roller 76 begins to leave slot 316 the cam 308 will be timed
      to allow spring 330 to pivot arm 320 to re-engage roller 328 with one of
      the grooves 326 to hold shaft 16.
PAR  Referring to FIG. 11, an intermittent drive and holding mechanism 300a is
      shown which is very similar to mechanism 300 of FIG. 10 and like elements
      carry identical numbers to those of FIG. 10. Brake arm 320 is modified and
      has a curved end 350 thereon adapted to engage in holding grooves 326 to
      hold shaft 16. Holding cam 312 in FIG. 11 has four arms 352 thereon each
      having a groove 326 therein. The device of FIG. 11 works in a similar
      manner to that of FIG. 10.
PAR  Referring to FIG. 12 another modified form of holding mechanism is shown.
      The drive mchanism of FIG. 12 is identical to that of FIGS. 10 and 11
      using rollers 76 to drive cam 310 by engagement of slots 316. The holding
      mechanism of FIG. 12 includes a large cam 400 which is adapted to be
      driven by a gear train 402 at twice the speed of shaft 14. Gear train 402
      includes a gear 410 driven by shaft 14 or disc 74 which engages a smaller
      gear 408 mounted on a stationary pin 407. Gear 408 drives a larger gear
      406 also mounted on pin 407. Gear 406 is in mesh with gear 404. Gear 404
      drives cam 400 at twice the speed of shaft 74 cam 400 being rotatably
      mounted on shaft 14. The holding cam 412 in this case includes four arms
      414, each arm having a roller 416 mounted on the end thereof. Cam 400 has
      a peripheral cam surface 420 thereon having a notched or indented portion
      422. It will be seen that as large cam 400 rotates when the notched
      portion 422 is near one of the rollers 416 as the parts rotate, the shaft
      16 can rotate. However, when notched portion is positioned such that two
      of the rollers 416 engaged peripheral surface 420, shaft 16 will be unable
      to moved and is thus held intermittently as in the other embodiments.
PAR  Referring to FIG. 13 is a modified form of holding mechanism similar to
      that of FIG. 12 is shown. The mechanism of FIG. 13 includes a cam 400a
      rotatably mounted on pin 450 mounted in casing 12. Gear 404a is similar to
      gear 404 of FIG. 12 except gear 404a is mounted on the pin 450 rather than
      on shaft 14. As in the case of FIG. 12, the gear train 402a drives cam
      400a at twice the speed of disc 74 or shaft 14. Cam 400a has a peripheral
      surface 420a which is notched or indented at 422a. Holding cam 412a
      includes four arms 414a having engaging surfaces 452 which are adapted to
      engaged peripheral surface 420a (as viewed in FIG. 13) whereby shaft 16 is
      unable to rotate. As in the FIG. 13 embodiment, when one of the arms 412a
      is in the area of notch 422a the shaft 16 is free to be rotated through
      the medium of rollers 76 engaging slots 316 on drive cam 310.
PAR  Having described various embodiments of the invention, various other
      modifications will now become apparent to those skilled in the art within
      the scope of the apended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A rotary engine comprising a casing, a rotatable output shaft mounted in
      said casing, a rotatable rotor shaft mounted in said casing, a pair of
      concentric rotors comprising an intermittently rotating and constantly
      rotating rotor in said casing, said intermittently rotating rotor
      connected to be driven by said rotor shaft, said constantly rotating rotor
      being drivingly connected to said output shaft and partly defining at
      least two rotary internal gas expansion chambers, the intermittently
      rotating rotor being disposed wholly within said constantly rotating rotor
      and having at least one reaction element thereon disposed within said
      internal chamber, said rotors both rotating about the axis of said rotor
      shaft, intermittent drive means connected between said output shaft and
      said rotor shaft and adapted to intermittently drive said rotor shaft and
      thereby said intermittently rotating rotor, separate reaction brake means
      connected to said rotor shaft, said reaction brake means adapted to hold
      said rotor shaft stationary to provide a reaction for said intermittently
      rotating rotor whereby when gas expands within said internal chamber said
      constantly rotating rotor will be driven to drive said output shaft, said
      brake means comprising cam means formed on said rotor shaft engaged by
      pivoted followers which permit only one way rotation of said rotor, a
      driving cam having arms thereon connected to said rotor shaft, a rotary
      member having a plurality of driving means thereon and driven by said
      output shaft, said driving means adapted to intermittently engage said
      driving cam arms to provide for intermittent drive of said rotor shaft,
      said driving means having two or more roller pairs, which roller pairs
      successively engage with an arm of the driving cam and thereby move said
      driving cam to start up slowly and then to stop abruptly as the inner
      rotor is about to catch up with the outer rotor.
NUM  2.
PAR  2. A rotary engine as defined in claim 1 wherein spring means are provided
      in contact with said followers and yieldably urging said followers into
      engagement with said cam means.
NUM  3.
PAR  3. A rotary engine as claimed in claim 1 wherein said casing includes air
      passage means therein, said rotor shaft having a fan rotatably mounted
      thereon, said fan connected to be driven by said output shaft and adapted
      to push air through said casing to cool said engine.
NUM  4.
PAR  4. A rotary engine as claimed in claim 1 wherein said reaction means on
      said intermittent rotor comprises radially extending abutment members
      which have relative rotation with respect to said one constantly moving
      rotor to provide for expansion and contraction of said internal gas
      chamber during operation of said rotary engine.
NUM  5.
PAR  5. A rotary engine as claimed in claim 4 wherein means are provided to
      inject fuel into said chamber and including ignition plug means adapted to
      ignite the fuel in said chamber whereby said one rotor will be driven by
      the combustion of said fuel in said chamber.
NUM  6.
PAR  6. A rotary engine as claimed in claim 5 including varying volume cooling
      chambers and displaced from said internal chambers, and means admitting
      air to said cooling chambers to cool said engine.
NUM  7.
PAR  7. A rotary engine as claimed in claim 6 wherein said means to admit fuel
      and air are radially disposed with respect to said rotors and external
      thereto.
NUM  8.
PAR  8. A rotary engine as claimed in claim 4 wherein a plurality of ports are
      provided in said casing, certain of said ports venting externally
      compressed gas into the rotary chambers, certain of said ports directing
      compressed gas into chambers of constantly changing volume, and certain of
      said ports directing compressed gas intermittently and at a slight angle
      toward the abutments of the constantly rotating rotor.
NUM  9.
PAR  9. A rotary engine as claimed in claim 8 wherein the radially extending
      abutment members of the inner rotor are made hollow and are kept cool by
      conducting a coolant through holes in the abutment members.
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ABST
PAL  In an internal-combustion engine including a fuel injection system which
      comprises a fuel injection pump, a delivery valve, a fuel line, and a fuel
      line injection nozzle, another liquid mixing-injection system
      characterized in that another liquid souce is connected to a desired point
      between the delivery valve and fuel injection orifice of the fuel
      injection system.
PARN
PAC  CROSS-REFERENCE TO COPENDING APPLICATION
PAR  This is a continuation-in-part application of Ser. No. 441,382 filed on
      Feb. 11, 1974 now abandoned, which is itself a continuation of Ser. No.
      299,617 filed on Oct. 11, 1972, now abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to another liquid-mixing injection system for
      internal-combustion engines, and more specifically to a system for mixing
      another liquid other than a fuel, such as water, in ordinary fuel oil and
      allowing the mixture to be injected into the combustion chamber of an
      internal-combustion engine.
PAR  It is known that the injection of water into the combustion chamber of an
      internal-combustion engine for lowering the combustion temperature of the
      charged fuel is very helpful in inhibiting the generation of nitrogen
      oxides (NO.sub.x) in the burning gases. According to the concept, the
      water injection system usually comprises a water pump and a water
      injection nozzle, both of special designs, mounted on an engine so that
      water under pressure can be admitted to the combustion chamber or intake
      pipe. However the arrangement involves a large consumption of water and
      the ingress of water into other parts of the engine can cause various
      troubles. With these disadvantages most of the systems thus far contrived
      or proposed have been of no practical use.
PAR  Therefore, the present invention has for its object to provide a novel
      injection system whereby a suitably controlled amount of water is
      injected, together with fuel oil, into the combustion chamber of an
      internal-combustion engine so that the emission of nitrogen oxides as
      combustion products can be minimized through concentrated cooling of the
      flame (lowering of the combustion temperature) and reduction of oxygen
      partial pressure
PAR  The system according to this invention is characterized in that, in an
      engine having a fuel injection system which includes a fuel injection
      pump, a delivery valve, fuel line, fuel injection nozzle, etc. the another
      liquid source is connected via a check valve and the fuel injection
      orifice of the nozzle, in such manner that the another liquid can be
      admitted to the fuel injection system by the negative pressure that is
      produced by the retractive action of the delivery valve and the liquid can
      then be injected together with the fuel oil through the fuel injection
      orifice into the combustion chamber of the engine.
PAR  In accordance with the present invention, water is injected so as to be
      fully atomized around the flame and the water consumption is so small that
      the disadvantages of the conventional systems are all eliminated. More
      important, the present invention needs no special pump or nozzle for the
      purpose of water injection.
PAR  The object, features and advantages of the present invention will be better
      understood from the following description taken in conjunction with the
      accompanying drawing, although it should be understood, of course, that
      the invention is not limited to the embodiment disclosed.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a vertical sectional view of a device embodying the present
      invention:
PAR  FIGS. 2 (a) and 2 (b) are vertical sectional views showing a delivery valve
      in the open and closed positions, respectively;
PAR  FIG. 3 is a graph of a theoretical model of the fuel oil pressure in a
      reserve well relative to the crank angle; and
PAR  FIG. 4 is a vertical cross-sectional view of the main part of apparatus of
      the present invention in which a valve to open and close in
      synchronization with a load on an engine is secured to a pipe between a
      check valve and a reservoir tank, with a control mechanism of said valve
      shown by a circuit diagram.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown a conventional fuel injection system
      surrounded by long dash lines generally designated F. The system F
      comprises a cam 1 for transmitting thereto the power from an engine not
      shown, a fuel injection pump 2, a delivery valve 3, a fuel line 4, and a
      fuel injection nozzle 5. Surrounded by alternate long and short dash lines
      and generally designated as W is a water injection system especially
      provided in accordance with the present invention. The system W,
      comprising a water tank 6, a valve 7, a water pipe 8, and a check valve 9,
      is connected to the fuel injection system F. In addition to a fuel oil
      passage 52 leading to a space 51 in the fuel injection nozzle 5, a similar
      passage 53 for water is provided within the nozzle 5 and is formed in
      communication with the check valve 9. In this way the fuel injection
      system F and the water injection system W are coupled together.
PAR  With the construction above described, the equipment according to this
      invention operates in the following way. A revolution of the cam 1 lifts a
      plunger 21 at the fuel injection pump 2 and the plunger exerts a pressure
      on the fuel oil in a barrel 22. At the point where the pressure exceeds a
      predetermined value, the fuel pushes the delivery valve 3 open against a
      spring 31 and flows through the line 4 and the fuel passage 52 of the fuel
      injection nozzle 5 into the space 51. There the fuel oil opens a needle
      valve 54 by forcing it upward against a spring 55 and issues out through
      an orifice 56. As soon as the barrel 22 is communicated to a spill hole 25
      through a groove 23 of the plunger 21 and a fuel retraction space 24, the
      fuel pressure is relieved and the sharp pressure drop within the barrel 22
      enables the delivery valve 3 to be forced back by the spring 31 to its
      original position. At this time, part of the fuel trapped between the line
      4 and the space 51 is retracted and a negative pressure is produced for
      the fuel in the line. This action, which is well known in the art, will be
      described in more detail hereunder with reference to FIGS. 2(a) and 2(b)
      showing the delivery valve 3 in the fuel-injecting and non-injecting
      positions, respectively. In the manner above described, the pressure drop
      of the fuel in the barrel 22 causes the delivery valve 3 to be forced back
      by the spring 31 into the cylinder 32, shifting from the position of FIG.
      2(a) to the position of FIG. 2(b). During the period in which the piston
      33 of the valve 3 moves through a seat 34 to the fuel shut-off position as
      shown in FIG. 2(b), the pumping action of the piston 33 causes the fuel in
      the fuel injection nozzle 5 to be retracted by an amount equal to the
      volume of the piston 33, thereby giving a pressure decrease in the nozzle.
      Originally the delivery valve 3 is provided to ensure a sharp "cut-off"
      following each injection of fuel. In accordance with the present
      invention, the pressure decrease that is produced by the action of the
      delivery valve 3 is taken advantage of in supplying water to the fuel
      injection nozzle 5.
PAR  The pressure decrease produced in this way in the fuel line 4, fuel passage
      52, and space 51 acts on the check valve 9 via the water passage 53 to
      open the check valve aganist the urging of a spring 91 and thereby admit a
      certain amount of water from the water tank 6 to the space 51, fuel
      passage 52 or fuel line 4. Thus, the water is mixed with the fuel for the
      next fuel injection. The amount of water corresponds to the negative
      pressure, or is approximately equal to the volume of the piston 33 of the
      delivery valve 3. It follows that an optimum amount of water to be
      injected into the engine can be obtained by adjusting the volume of the
      piston 33.
PAR  The process above described is repeated for each combustion cycle of the
      engine, and, as graphically shown in terms of fuel pressure changes in
      FIG. 3, water is supplied at intervals for the durations of pressure
      decrease (as hatched in the graph). Since water issues out from the same
      nozzle as used by the fuel, in an atomized state, either before the
      injection of the fuel or in mixture with the fuel, the advantages of the
      invention summarized in the early part hereof can be fully assured.
PAR  While the water injection system W in the embodiment being described is
      coupled to the fuel injection system F by way of the fuel injection nozzle
      5, it may be connected, instead, to any other point of the fuel injection
      system because the pressure decrease that is produced by the delivery
      valve 3 works uniformly through the fuel line 4 down to the space 51. In
      any case, it is only necessary to have the water supplied by the pressure
      decrease that the delivery valve 3 creates.
PAR  Also, while the present invention has so far been described as applied to a
      water injection system as a means for suppressing the production of
      nitrogen oxides in the combustion chamber of an internal-combustion
      engine, the system according to the invention lends itself equally well
      for the injection of any other liquid than water together with fuel oil.
PAR  Moreover, it is desirable to control the valve according to the driving
      condition of the engine.
PAR  Namely, continuous reckless water injection to answer every driving
      condition of the engine will result in making the amount of water consumed
      markedly large. As the amount of water consumed becomes large, a tank of
      corresponding volume will be required and, as a result, various
      disadvantages occur in spacing, weight and cost. Therefore, it is desired
      to carry out water injection only when its effect is to be expected. For
      instance,
PAR  1. Since NO.sub.x in large amounts is apt to be discharged at the instant
      of high-load driving and high-speed rotation, it is desirable to effect
      water injection at that time in view of its efficiency.
PAR  2. If water is mixed with fuel while the combustion chamber is in the
      warm-up condition (namely, at the time of the starting of the engine),
      gasification of the fuel is disturbed and sufficient ignition may result
      to worsen the starting-up of the engine. Such being the case, water
      injection should not be carried out at the instant of engine start. Even
      though the engine is not being started-up, when the temperature of the
      ambient air is so low that the combustion chamber has not been
      sufficiently warmed up, water injection should not be effected for the
      same reason as mentioned above.
PAR  3. When the engine is stopped under conditions of water remaining around
      the nozzle, rust is liable to occur about the nozzle. Therefore, water
      injection should be interrupted when the rotating speed of the engine
      comes short of a predetermined value at the instant of engine stop.
PAR  In order to achieve the objects of Items 1 to 3, the valve 7 has only to be
      opened or closed according to a detected value after detecting load
      condition on the engine, its rotating speed, temperature and starting
      time. Out of the above mentioned four elements of detection, the load
      condition of the engine and its starting time are of fundamental
      importance but its rotating speed and temperature may be detected in case
      of need.
PAR  When a pneumatic governor is used, load condition on the engine can be
      detected based on the position of the rack of the fuel injection pump but
      when a mechanical governor is used, it can be detected based on the extent
      of negative pressure in the air-suction pipe. In this case, detecting
      means in customary use may be adopted.
PAR  The rotating speed of the engine can be detected by a tachometer, as well
      as in terms of changes in generated volt of the electric generator. In
      this case, detecting means in customary use may be adopted.
PAR  Whether or not the engine is already warmed up can be detected by the
      temperature of cooling water of the engine in most cases. Besides, it may
      be detected by the temperature of the engine body or by the temperature of
      the exhaust gas. For such detection, usual means in customary use may be
      employed.
PAR  Also, as to the starting time of the engine, the time of rotation of the
      starter motor can be regarded as the time of starting which can be
      detected by means of a relay.
PAR  FIG. 4 shows a preferred embodiment of the control mechanism for the valve
      7.
PAR  In FIG. 4, numeral 71 indicates a temperature-detecting switch embedded in
      the water jacket of the engine. This switch, for example, is so designed
      as to set "On" at water temperature more than 60.degree.C. Numeral 72 is a
      rotation-speed-detecting switch for obtaining the rotating speed of the
      engine. It is so designed as to set On, for example, at more than 1000
      rpm. Numeral 73 is a load-detecting switch secured to the rack of a fuel
      injection pump, and it is so designed as to set On at more than
      three-fourths load.
PAR  Numeral 74 is a detecting relay at the instant of engine start. This relay
      is of the usual construction consisting of a coil 75, an iron core 76 and
      a contact point 77. When the starter motor 78 is actuated to start the
      engine, the coil 75 is adapted to attract the iron core 76 so as to set
      the contact point Off. That is to say, while the starter switch is set On,
      the detecting relay 74 at the instant of start is set Off.
PAR  Numeral 79 is a start key switch and numeral 80 is a battery. To the
      battery 80 are connected the wirings 81 and 82 in parallel while the
      switches 71, 72, 73, the relay 74 and the battery 80 in series are
      connected to the valve 7.
PAR  The valve 7 is an electro-magnetic one. While electric current is flowing,
      the pipe passage 8 is caused to open due to electromagnetic force.
PAR  Out of the above-mentioned four switches and relays 71-74, the switch 72
      can be dispensed with, if, there is almost no fear that the engine will
      stall. On the other hand, if the engine is destined to be driven after it
      has been sufficiently warmed up, the switch 71 can be omitted.
PAR  At the instant of engine start, the relay 74 is set Off, so that the valve
      7 is closed.
PAR  At the driving instant of the engine, the valve 7 is opened insofar as one
      of the switches 71, 72 and 73 is set Off.
PAR  When the temperature of cooling water comes down to less than 60.degree.C,
      the switch 71 is set Off and the control valve 7 is closed. Namely water
      cannot be injected while the engine is kept in cool condition.
PAR  Since, the switch 72 comes to Off at less than 1000 rpm of the engine,
      water does not pass to the nozzle 5 when the engine is stopped.
PAR  At the same time, since the switch 73 is set Off at less than three-fourths
      load, water cannot be supplied to the nozzle 5 before the engine stalls.
      This tendency occurs in the same manner in the case of light load on the
      engine.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an internal combustion engine provided with a fuel injection system
      comprising a fuel injection pump arranged to receive a supply of fuel, a
      delivery valve connected to said fuel injection pump for receiving fuel
      from said fuel injection pump, a fuel pipe having a first end connected to
      said delivery valve and a second end, and a fuel injection nozzle
      connected to the second end of said fuel pipe and arranged to inject fuel
      into a combustion chamber, and an apparatus for supplying water to said
      fuel injection nozzle, wherein the improvement comprises that said
      apparatus for supplying water comprises a water tank, a water pipe
      interconnecting said water tank and said fuel injection nozzle, and a
      check valve located in said water pipe, said fuel injection nozzle
      comprising an orifice through which the fuel is injected into the
      combustion chamber, said fuel injection nozzle forming a space therein in
      communication with said orifice so that the fuel flows from the space into
      said orifice, said fuel injection nozzle forming a fuel passage and a
      separate water passage with said fuel passage extending between said fuel
      pipe and said space in said fuel injection nozzle and said water passage
      extending between said check valve in said water pipe and said space in
      said fuel injection nozzle, said delivery valve comprises a piston located
      therein in the path of flow of the fuel from said fuel injection pump to
      said fuel pipe, said piston being displaceable within said valve from a
      first position blocking flow therethrough to a second position permitting
      flow therethrough, said piston having a volume approximately equal to the
      volume of water to be injected so that as it is displaced from the second
      position to the first postion a negative pressure is developed in said
      fuel pipe, said fuel passage and said space and acts in said water passage
      to open said check valve for admitting an amount of water from said water
      tank approximately equal to the volume of said piston.
NUM  2.
PAR  2. In an internal combustion engine, as set forth in claim 1, wherein said
      apparatus for supplying water comprises a valve positioned within said
      water pipe between said check valve and said water tank for controlling
      the flow of water from said water tank to said check valve, and means
      connected to said valve for detecting the driving condition of the engine
      so that said valve can be operated depending on the driving conditions of
      the engine.
NUM  3.
PAR  3. In an internal combustion engine, as set forth in claim 2, wherein said
      valve is an electromagnetic valve, and said means for detecting the
      driving conditions includes a circuit for controlling said electromagnetic
      valve and a load detecting switch and an engine start-up detecting relay
      each located in said control circuit.
NUM  4.
PAR  4. In an internal combustion engine, as set forth in claim 2, wherein said
      valve is an electromagnetic valve, and said means for detecting the
      driving conditions of the engine includes a circuit for controlling said
      electromagnetic valve and said control circuit includes an engine
      load-detecting switch, a switch for detecting the temperature of the
      engine, and a relay for detecting the start-up of the engine.
NUM  5.
PAR  5. In an internal combustion engine, as set forth in claim 2, wherein said
      valve is an electromagnetic valve, and said means for detecting the
      driving conditions of the engine includes a circuit for controlling said
      electromagnetic valve, said control circuit including a switch for
      detecting the load on the engine, a switch for detecting the rotating
      speed of the engine, a switch for detecting the temperature of the engine,
      and a relay for detecting the start-up of the engine.
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ABST
PAL  An improved fuel injector for a turbine, the injector comprising a conical
      cup adapted to be rotated and a means for depositing fuel on the internal
      surface of the cup. When the cup is rotated the fuel is caused to be
      spread uniformly over the internal surface of the cup as a thin film due
      to centrifugal force. An air blast is provided externally of the cup and
      parallel thereto, whereby the fuel reaching the lip of the cup is atomized
      and directed outwardly at a controlled spray angle. During turbine
      ignition an air blast is not utilized, thereby allowing a constant spray
      angle of 180 degrees and permitting the accurate fixed location for the
      ignition system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Rotating cup fuel injectors have been used in industrial oil burner
      applications for a large number of years and have been found to give very
      good fuel atomization at low rates.
PAR  However, such rotating cup fuel injectors have not been utilized in gas
      turbines because of two major problems, namely:
PAR  LARGE VARIATIONS IN SPRAY ANGLE MAKES IGNITION DIFFICULT AND REQUIRES LARGE
      DIAMETER COMBUSTORS; AND
PAR  FLAME STABILITY IS NOT GOOD BECAUSE OF THE HIGH AIR VELOCITIES.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the aforementioned problems by providing a
      generally frusto-conical cup which is caused to rotate. Fuel is caused to
      be deposited in droplets on the internal surface of the rotating cup and
      centrifugal forces spread the fuel fairly uniformly as a film over the
      entire internal surface of the cup. The cup diverges outwardly as it
      approaches its open end. As the cup rotates, centrifugal forces drive the
      fuel along the expanding walls of the cup to a lip from which the fuel
      departs as the mass of liquid becomes sufficient, so that the constraint
      of surface tension becomes too small to prevent momentum forces which are
      very nearly tangential to the lip of the cup from moving the liquid in a
      straight line. If there is no externally applied air blast across the lip
      of the rotating cup, the fuel is caused to leave the cup in a straight
      line, wherein the spray angle of the fuel is 180.degree.. During ignition
      the fuel is allowed to leave the cup by means of the momentum forces and
      therefore the ignition system can be located in a fixed position relative
      to the 180.degree. spray angle of the fuel in order to facilitate
      ignition. Subsequent to ignition an air blast is combined with the
      rotating cup, whereby air is blown parallel to the axis of rotation of the
      cup and across the lip of the cup, thereby causing an atomization of the
      fuel and providing a means of controlling the spray angle of the fuel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary sectional view of a portion of a turbine
      incorporating the invention.
PAR  FIG. 2 is an enlarged diagramatic representation of the rotating cup fuel
      injector.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, wherein like reference numbers designate
      like or corresponding parts, there is shown in FIGS. 1 and 2 a turbine 10
      having a combustion chamber 11. Disposed along a wall 12 of the chamber 11
      and communicating therewith is an outwardly extending annular flange 13. A
      hollow shaft 14 extends coaxially through the flange 13. The shaft
      terminates intermediate the ends of said flange 13 and has secured to the
      inner end thereof a frusto-conical cup 15. The cup 15 is rotatably secured
      to the hollow shaft 14 so that when the shaft rotates the cup also
      rotates. The cup 15 diverges outwardly as it approaches the chamber 11 to
      form an annular lip 16 at the free end of the cup 15. The lip 16 extends
      inwardly beyond the flange 13 into the chamber 11 for reasons hereinafter
      set forth.
PAR  A hollow fixed fuel tube 17 is secured within the hollow shaft 14 in
      coaxial relationship thereto. One end of the tube 17 is connected to a
      source of fuel (not shown) and the opposite end of the tube 17 has a leg
      18 which depends perpendicularly from the tube 17 at a point intermediate
      the ends of the cup 15. The tube 17 is held in fixed relationship to the
      shaft 14 so that even though the shaft and the cup 15 rotate as a unit the
      tube 17 remains in its fixed position.
PAR  Secured to the shaft 14 behind the cup 15 within the flange 13 is a fan 19.
      The fan 19 is adapted to be rotated in conjunction with the shaft 14 so
      that when the cup 15 is rotated the fan 19 rotates at the same revolutions
      per minute. The purpose of the fan 19 is to generate a high velocity
      stream of air, which air stream is directed towards the cup 15 parallel to
      the axis of rotation of the cup. As will be noted from FIG. 1 the outer
      diameter of the cup 15 upon entering the combustion chamber 11 is slightly
      smaller than the inner diameter of the flange 13, thereby providing an
      annular throat 20 through which the air generated by the fan 19 can pass
      into the chamber 11. The air in passing through the throat 20 also passes
      over the lip 16. While a common fan 19 has been illustrated for the
      purpose of showing how a high velocity stream of air can be generated, it
      will be obvious to one skilled in the art to which this invention
      pertains, that there are a number of alternative methods of providing a
      high velocity stream of air such as compressed air or bleed air from the
      turbine. In some operations it would even be preferable to utilize a
      source of air which is independent of shaft rotation; however, for the
      sake of simplicity of description a fan has been utilized.
PAR  Disposed in a wall of the combustion chamber 11 complementary relationship
      to the lip 16 of the cup 15 is a spark plug 21 which is connected to a
      suitable source of power (not shown).
PAR  In the operation of the mechanism described pressurized fuel is fed through
      the tube 17 and then issues through the leg 18 into the cup 15. When the
      shaft 14 is rotated thereby causing the cup 15 to rotate centrifugal
      forces cause the viscous fuel to spread into a film uniformly over the
      internal surface of the cup. As the fuel continues to issue from the leg
      18 into the cup 15, the centrifugal forces drive the fuel along the
      expanding walls of the cup to the lip 16 from which the fuel departs as
      the mass of fuel becomes sufficient, so that the constraint of surface
      tension becomes too small to prevent the momentum forces which are very
      nearly tangential to the lip of the cup from moving in a straight line.
      Because of the tangential forces generated as a result of the rotation of
      the cup, the fuel is caused to assume a constant spray angle of
      180.degree.. This is particularly true at low speeds when high velocity
      air is not utilized for atomization or combustion. Because of the constant
      spray angle of 180.degree. for the fuel during low speed operation,
      without high velocity air, the ignition system can be accurately located
      in a fixed complementary relationship to the fuel spray angle to
      facilitate ignition, the spray angle being independent of fuel viscosity.
PAR  After ignition, the high velocity air stream is generated by either the fan
      19 or an alternative source of air and the air stream is directed towards
      the combustion chamber 11, along a path that is essentially parallel to
      the axis of rotation of the cup 15. The air stream is caused to pass
      through the throat 20 and then over the lip 16 of the cup 15. Since the
      centrifugal forces generated by the rapidly rotating cup causes the fuel
      deposited within the cup to move outward along the inner surface of the
      cup, the fuel finally leaves the cup lip in the form of a finely atomized
      spray. The spray is immediately contacted by the high velocity air stream
      passing through the throat and they are intimately mixed together. The
      high velocity air stream also causes the fuel and air mixture to assume a
      spray angle of less than 180.degree.. The shape of the spray angle is
      determined by the volume and velocity of the air stream and can be
      accurately controlled thereby.
PAR  From a detailed consideration of this description, it will be apparent to
      those skilled in the art that this invention may be employed in a number
      of different ways through the use of routine skill in this field. For this
      reason, the present invention is not to be considered as being limited
      except by the appended claims defining the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a turbine having a combustion chamber, a variable fuel injector
      comprising:
PA1  an annular flange communicating with the combustion chamber;
PA1  a frusto-conical cup rotably mounted within said flange whereby the
      outwardly diverging end of said cup is disposed within the combustion
      chamber and a throat is formed between said cup and said flange;
PA1  means secured to one end of said cup and adapted to rotate said cup;
PA1  a hollow tube extending coaxially through said rotating means into said
      cup, the other end of said tube being disposed intermediate the ends of
      said cup, whereby fuel is deposited within said cup through said tube;
PA1  means for generating a high velocity air stream through the throat and over
      the outer lip of said cup, said air stream being substantially parallel to
      the axis of rotation of said cup;
PA1  an ignition means mounted within said combustion chamber in substantially
      normal orientation to the axis of rotation of said cup and in
      complementary relationship to the lip of said cup, said air generating
      means and said cup rotating means being operably so that when said cup is
      first rotated fuel on the inner surface of said cup is caused to leave
      said cup at a constant spray angle of 180 degrees without significant air
      blast to allow contact with the ignition means and, after ignition, to
      provide a high velocity air stream, whereby the fuel and air are
      intimately mixed and assume a spray angle of less than 180.degree..
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ABST
PAL  Reduction of NO.sub.x emissions from a four-cycle stratified charge
      internal combustion piston engine is accomplished by (a) spark ignition of
      a rich mixture in a first chamber containing residual exhaust gas,
      followed by (b) torch ignition of rich mixture in a second chamber under
      turbulent conditions, causing (c) torch ignition of a stratified charge in
      a lean mixture in the main combustion chamber. The result is a reduction
      in peak temperature in the combustion process, with consequent reduction
      in NO.sub.x emissions in the engine exhaust gases. Exhaust gas is not
      recirculated. Said first chamber, which contains residual gas from the
      previous combustion cycle, contains the spark gap between spark plug
      electrodes and the spark gap is located near a restricted connection
      between the first and second chambers and remote from a closed end of the
      first chamber. Means are provided for changing the volume of said first
      chamber while the engine is operating, in accordance with variations in
      load on the engine.
BSUM
PAR  This invention relates to internal combustion engines of the spark ignition
      piston type and is particularly directed to improvements over the
      three-valve stratified-charge engine disclosed in the copending
      application of Date et al. Ser. No. 353,786 filed Apr. 23, 1973. The
      device and method of the present invention relate to an engine of this
      type in which a lean mixture is delivered to the main combustion chambers
      and a rich mixture is delivered to auxiliary combustion chambers. Each
      auxiliary chamber is connected to its respective main chamber through a
      restricted torch nozzle. The overall air-fuel ratio is leaner than
      stoichiometric so that excess oxygen is present in the exhaust gases.
PAR  The principal object of the present invention is to provide further
      reduction of oxides of nitrogen (referred to as NO.sub.x) in the exhaust
      gases discharged into the atmosphere. The present invention enables the
      NO.sub.x emissions level to be lowered while at the same time avoiding any
      increase in carbon monoxide (CO) or unburned hydrocarbon (HC) emissions.
PAR  Conventional automobile engines presently being manufactured commonly
      recirculate considerable quantities of exhaust gas mixed with the incoming
      combustible mixture of fuel and air. However, such conventional
      recirculation of exhaust gas reduces the efficiency of the engine, and
      under variable operating conditions encountered by automobile engines an
      increase in emissions of CO and HC is brought about by such recirculation.
      Also, it is well known that "drivability" suffers when recirculation of
      exhaust gas is employed. Moreover, the recirculation manifold is subject
      to objectionable accumulation of carbon.
PAR  It is a feature of the present invention that residual exhaust gas is mixed
      with the rich mixture from each auxiliary chamber to reduce NO.sub.x
      generation, but without increasing the total residual gas volume. No
      complicated installation is required to recirculate exhaust gas, but the
      beneficial effect of reducing NO.sub.x is obtained.
PAR  In accordance with the present invention, a residual gas chamber is
      employed in addition to each auxiliary chamber. This residual gas chamber
      is located and positioned so that it has a restricted opening at one end
      communicating with the auxiliary chamber which receives the rich mixture
      by way of the "third" valve. The spark gap between the plug electrodes is
      positioned in this residual gas chamber at a location near the restricted
      opening. This comparatively simple structure and the method of operation
      reduce the production of NO.sub.x to a surprising degree, without any
      noticeable side effects or secondary phenomenon adversely affecting
      performance of the engine. Exhaust gases are not recirculated, but
      residual gases remaining in the residual gas chamber at the end of the
      exhaust stroke are employed to reduce NO.sub.x.
PAR  In the general plan of operation, residual exhaust gases remain in the main
      combustion chamber, the auxiliary chamber and in the residual gas chamber
      at the end of the exhaust stroke of the piston. During the subsequent
      intake stroke of the piston, the main intake valve opens to admit a lean
      mixture into the main combustion chamber, and the auxiliary or "third"
      valve opens to admit rich mixture into the auxiliary chamber. The exhaust
      valve in the main chamber closes. During the course of the intake stroke
      the quantity of residual gas in the residual gas chamber remains
      substantially unchanged, but rich mixture fills the auxiliary chamber and
      is drawn through the torch nozzle into the main chamber where it forms a
      region of relatively rich mixture encompassed within a larger region of
      relatively lean mixture. Some residual exhaust gases are dispersed in the
      main chamber. During the following compression stroke of the piston, the
      exhaust valve, the main inlet valve, and the auxiliary valve are closed
      and the increase in pressure in the main chamber causes reverse flow
      through the torch nozzle so that the mixture in the auxiliary chamber is
      leaner than when initially inducted, and so that the residual gas chamber
      containing the spark gap between the spark plug electrodes then contains a
      compressed mixture of air, fuel and residual gases.
PAR  At the end of each compression stroke, the total amount of residual gas in
      all three chambers is constant. However, the amount of residual gas in the
      residual gas chamber is proportional to the amount of fresh charge in that
      chamber. An ignitable fresh mixture exists around the spark gap near the
      restricted opening and remote from the end wall.
PAR  Near the end of the compression stroke, this mixture in the residual gas
      chamber is ignited by the spark plug electrodes, and the peak temperature
      of the burning mixture is lower than it would be if the residual exhaust
      gases were not present. The increase in pressure and temperature of the
      burning gases causes a first torch or flame jet to extend through the
      restricted opening to ignite the rich mixture in the auxiliary chamber.
      This burning mixture then projects a torch flame through the torch nozzle
      into the main combustion chamber to initiate burning in the relatively
      rich region and thereby ignite the larger volume of relatively lean
      mixture within the main combustion chamber. The peak temperatures
      generated in the spark plug chamber and auxiliary chamber are lower than
      the peak temperature which would have been generated if no separate spark
      plug chamber containing residual gas were employed. The turbulent mixture
      in the auxiliary chamber includes burned gas from the residual gas
      chamber, thus lowering the peak temperature.
PAR  Also, better combustion in the main combustion chamber is achieved because
      of the smaller amount of residual gas remaining in the main chamber at the
      time of ignition.
PAR  Burning of the lean mixture in the main combustion chamber continues
      throughout the power stroke. Only the main chamber has an exhaust valve
      and it is open during the exhaust stroke to allow the exhaust gases to
      leave the engine. As set forth in the copending application referred to
      above, the exhaust gases continue to burn in the exhaust system downstream
      from the exhaust valve in order that the excess air may continue to burn
      any unburned hydrocarbons (HC) and in order that carbon monoxide (CO) may
      be oxidized to carbon dioxide (CO.sub.2) before discharge into the
      atmosphere.
PAR  It is also a feature of the method and apparatus of this invention to
      provide means for varying the volume of the residual gas chamber, so that
      the volume may change in a desired manner as the load on the engine
      changes.
PAR  Other and more detailed objects and advantages will appear hereinafter.
DRWD
PAR  In the drawings,
PAR  FIG. 1 is a sectional elevation partly broken away showing a preferred
      embodiment of this invention.
PAR  FIG. 2 is a view similar to FIG. 1 showing a first modification, employing
      a spark plug with long electrodes.
PAR  FIG. 3 is a view similar to FIG. 1 showing a second modification, employing
      a liner within the residual gas chamber.
PAR  FIG. 4 is a sectional elevation showing a third modification which includes
      apparatus for changing the volume of the chamber which contains the spark
      plug electrodes, the chamber being adjusted to minimum size.
PAR  FIG. 5 is a sectional detail taken substantially on the lines 5--5 as shown
      in FIG. 4.
PAR  FIG. 6 is a view similar to FIG. 4, the spark plug chamber being adjusted
      to maximum size.
PAR  FIG. 7 is an end view taken in the direction 7--7 as shown in FIG. 4.
PAR  FIG. 8 is a diagram showing a desired relationship between the volume of
      the spark plug chamber and the load on the engine.
DETD
PAR  Referring to the drawings, the internal combustion engine generally
      designated 10 includes a water cooled block 11 having one or more
      cylinders 12 each with a piston 13 mounted to reciprocate therein. A water
      cooled head 14 is secured to the block 11 by conventional means, not
      shown, and this head is provided with a domed recess 15 cooperating with
      the piston 13 and cylinder 12 to define a main combustion chamber 16. A
      main intake valve 17 controls communication between the main intake
      passage 18 and the main combustion chamber 16. An exhaust valve, not
      shown, communicates with the main chamber 16 to control flow of exhaust
      gases therefrom.
PAR  An auxiliary combustion chamber 21 is defined with a thin wall stainless
      steel cylindrical cup 22 secured within cavity 20 provided in the water
      cooled engine head 14. One end of this cup 22 has a hemispherical shape
      and the other end is open and is provided with a terminal flange 23. A
      sleeve 24 connected by threads 25 to the engine head 14 clamps the flange
      23 between insulating washers 26 and 27 to secure the cup 22 in place. A
      first aperture 29 in the cup forms a torch nozzle which establishes
      restricted communication between the auxiliary combustion chamber 21 and
      the main combustion chamber 16. A small clearance space 30 separates the
      cup 22 from the walls of the cavity 20 and this space acts to insulate the
      cup and minimize transfer of heat from the cup to the engine head 14.
PAR  A portion 32 of the lower end of the threaded sleeve 24 projects into the
      open end of the cup 22, and this portion of the sleeve 24 carries a
      stationary seat 33. An auxiliary of third valve 34 includes a valve head
      35 which closes against the seat 33. The valve 34 controls intake of rich
      combustible mixture through the passage 36 in the engine head 14 and
      through the interior passage 37 in the threaded sleeve 24. First and
      second carburetors (not shown) supply rich mixture and lean mixture,
      respectively, through throttle controlled passageways 38 and 39 connected
      to passages 36 and 18, respectively, all as shown in the copending
      application identified above.
PAR  In accordance with the present invention, a chamber 41 for residual gas is
      formed by wall 42 of the engine head 14. The cup 22 forms one end of the
      chamber 41 and a second aperture 43 in the cup 22 establishes restricted
      communication between the chamber 41 and the auxiliary combustion chamber
      21. A conventional spark plug 45 is connected by threads 46 to walls 42 of
      the engine head 14, and the electrodes 47 are positioned within the
      chamber 41 to form a spark gap which is located near the aperture 43 and
      remote from the end wall 48.
PAR  Tests have shown that most desirable relationships between the sizes of the
      chambers 41, 21 and 16, as well as the relationships to the size of the
      apertures 29 and 43, are as follows:
      ##EQU1##
      Where: V.sub.a = volume of auxiliary chamber 21
PA1  V.sub.rg = volume of residual gas chamber 41
PA1  V.sub.m = volume of main chamber 16 at top dead center
PA1  F.sub.t = area of torch nozzle aperture 29
PA1  F.sub.rg = area of restricted opening 43
PAR  In a commercial form of the invention as embodied in a four-cylinder
      automobile engine of about 2,000 cc displacement, the following volumes
      and sizes have produced very low NO.sub.x emissions:
PA1  V.sub.a = 5.5 cc
PA1  V.sub.rg = 4.0 cc
PA1  F.sub.t = 0.5 sq. cm.
PA1  F.sub.rg = 0.5 sq. cm.
PAR  The exhaust valve (not shown), the main intake valve 17, and the auxiliary
      valve 34 are opened and closed in timed sequence by conventional cam
      mechanisms. At the end of the exhaust stroke of the piston 13, residual
      gases remain in the main combustion chamber 16 and in the auxiliary
      chamber 21 and in the residual gas chamber 41. During the subsequent
      intake stroke of the piston, the main intake valve 17 opens to admit a
      lean mixture into the main combustion chamber, and the auxiliary valve 34
      opens to admit a rich mixture into the auxiliary chamber 21. The exhaust
      valve in the main chamber closes. During the intake stroke of the piston,
      very little change occurs in the chamber 41, but rich mixture fills the
      auxiliary chamber 21 and is drawn through the torch nozzle 29 into the
      main chamber 16. Because of the shape of the main chamber 16, minimum
      turbulence is generated, and the rich mixture from the auxiliary chamber
      21 forms a region of relatively rich mixture encompassed within a larger
      region of relatively lean mixture. In other words, a stratified charge is
      formed in the main chamber 16. Some residual exhaust gases remain
      dispersed in the main chamber 16.
PAR  During the following compression stroke of the piston 13, all of the valves
      are closed and the increase in pressure in the main chamber 16 causes
      reverse flow through the torch nozzle 29 so that the mixture in the
      auxiliary chamber 21 is leaner than when initially inducted, and so that
      the residual gas chamber 41 containing the spark plug electrodes then
      contains a compressed mixture of air, fuel and residual exhaust gases. In
      the particular 2,000 cc displacement engine mentioned above, it has been
      found that the residual gas percentage in each chamber at the end of the
      compression stroke, as compared to the total amount of gas in each
      chamber, is substantially as follows when the engine is operating under
      partial load:
     Main chamber 16        12%                                                

     Auxiliary chamber 21   14%                                                

     Spark plug chamber 41  20%                                                

PAR  Accordingly, at the time of firing, the mixture in the spark plug chamber
      41 has a greater percentage of residual gas than either the auxiliary
      chamber 21 or the main chamber 16. When the spark plug is energized to
      produce a spark at the gap between the electrodes 47, the peak temperature
      of the burning mixture is lower than it would be if the residual exhaust
      gases were not present in the chamber 41. A first flame jet carrying both
      burning and residual gases is projected through the aperture 43 to ignite
      the relatively small quantity of rich mixture in the auxiliary chamber 21,
      producing high turbulence. A second flame jet or torch is then projected
      through the nozzle 29 to initiate burning of the stratified charge and
      thereby ignite the large volume of relatively lean mixture within the main
      combustion chamber 16.
PAR  The axis of the apertures 43 and 29 are purposely misaligned so that (1)
      the first flame jet passing through the aperture 43 does not also pass
      directly through the aperture 29, (2) the spark plug electrodes are not
      fouled during the compression stroke by direct infringement of a rich
      mixture jet, and (3) turbulence in the residual gas chamber 41 is
      minimized during the compression stroke to cause the main body of residual
      gas to be present under compression adjacent said end wall 48.
PAR  After completion of the power stroke, the exhaust valve opens to allow the
      exhaust gases to leave the engine, and they continue to burn in the
      exhaust system downstream from the exhaust valve. Because the overall
      air-fuel ratio is leaner than stoichiometric, excess air is present in the
      exhaust system to burn any unburned hydrocarbons and to oxidize the carbon
      monoxide to carbon dioxide before discharge into the atmosphere.
PAR  The modified form of the invention shown in FIG. 2 uses the same method of
      operation but the structure differs in that a sleeve 51 is employed in
      connection with a special spark plug 52 having exceptionally long
      electrodes 53 and 54 forming a spark gap 55 between them. The space 56
      within the sleeve 51 together with the space within the bore 57 in the
      engine head 14a cooperate to form a residual gas chamber generally
      designated 58. The sleeve 51 is fixed to the engine head 14a by threads
      59, and the spark plug 52 is fixed to the sleeve 51 by threads 60. The
      spark gap 55 is positioned in the chamber 58 close to the aperture 43a and
      remote from the rear wall 61. The axis of the aperture 43a in the cup 22a
      is misaligned from the axis of the torch nozzle 29a. The operation of this
      form of the invention is similar to that described above. This
      modification, however, has the advantage that the type of threevalve
      stratified charge engine disclosed in the copending application referred
      to above may be directly converted to use the principles of this invention
      for further reduction of NO.sub.x emissions, by simply replacing the
      standard spark plugs with the special spark plugs 52 and the sleeves 51.
PAR  The modified form of the invention shown in FIG. 3 is similar to that shown
      in FIG. 1, but with the additional feature that a thin wall stainless
      steel liner 65 is placed within a cavity 66 formed in the engine head 14b.
      A small clearance space 67 between the liner 65 and the walls of the
      engine head 14b serves to insulate the liner and minimize transfer of heat
      from the liner to the engine head. The liner 65 is held in proper position
      within the cavity 67 by means of a circular disk 68 spot welded at 72 to
      the end wall of the liner 65. This disk 68 is clamped against a shoulder
      69 by means of a plug 70 connected to the walls of the engine head 14b by
      threads 71.
PAR  A conventional spark plug 73 is connected by threads 74 to the head 14a and
      the spark plug electrodes 74 are positioned within the residual gas
      chamber 75. A portion of the spark plug including the electrodes 74, and a
      portion of the wall 76 of the head 14b both project through a lateral
      opening 77 in the wall of the liner 65. The proportions of the parts are
      such that, in the absence of the spark plug 73 and the closure plug 70,
      the liner 65 with its centering disk 68 may be moved through a curved path
      to accomplish installation within the cavity 66, and to bring the opening
      77 into position to encompass a projecting portion 76 of the wall of the
      engine head 14b.
PAR  The operation of this form of the invention is the same as that described
      in connection with FIG. 1, except that the thin wall stainless steel liner
      65 heats up rapidly under initial startup conditions and stays hot during
      operation of the engine. This has a beneficial effect on engine
      performance.
PAR  The form of the invention shown in FIGS. 4-7 includes a residual gas
      chamber which has a volume which may be increased or decreased as desired,
      during the operation of the engine. The exhaust gas chamber 81 contains
      the spark plug electrodes 82 and the chamber communicates with the
      auxiliary chamber 21c through the aperture 43c as previously described.
      However, a sliding end wall or plug 83 is received within the bore 84 in
      the walls of the engine head 14c, and this plug is movable between the
      advanced position shown in FIG. 4 and the retracted position shown in FIG.
      6. Accordingly, the minimum dimensions of the residual gas chamber 81 are
      shown in FIG. 4, while the maximum dimensions are shown in FIG. 6. Means
      are provided for adjusting the position of the sliding plug 83 within the
      bore 84, and as shown in the drawings this means includes a cylindrical
      member 85 fixed to the plug 83 in offset eccentric position and carrying a
      pair of radially projecting pins 86. Each pin is received in a helical
      groove 87 provided in a rotary actuator sleeve 88 mounted concentrically
      with the member 85. The actuator sleeve 88 may be turned through a portion
      of one revolution by means of a crank arm 89 fixed to a projecting end of
      the sleeve. A retainer plate 90 is secured to the engine head 14c by means
      of threaded fastenings 91. From this description it will be understood
      that turning of the actuator sleeve 88 by means of the crank arm 89 serves
      to advance or retract the sliding plug 83 to vary the volume of the
      residual gas chamber 81.
PAR  The graph shown in FIG. 8 shows that it is desirable to vary the volume of
      the residual gas chamber in accordance with variations of load on the
      engine. In many cases it may be desirable to increase the chamber volume
      continuously with increasing load on the engine, as shown by the graph.
      This may be accomplished by connecting the control rod 95 for the arm 89
      to either the accelerator pedal 96 or to the pressure sensitive mechanism
      97 which is operated by vacuum in the intake manifold of the engine.
PAR  Having fully described our invention, it is to be understood that we are
      not to be limited by the details herein set forth but that our invention
      is of the full scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a four-cycle spark-ignition internal combustion reciprocating piston
      engine having a main combustion chamber with a valved intake passage for a
      lean mixture, an auxiliary combustion chamber having a valved intake
      passage for a rich mixture, and a torch nozzle restriction connecting said
      chambers, the improvement for minimizing NO.sub.x in the engine exhaust
      gases comprising, in combination: a residual gas chamber having a
      restricted opening at one end communicating with the auxiliary chamber and
      having an end wall remote from said opening, a spark plug having
      electrodes forming a spark gap positioned in said residual gas chamber
      nearer to the restricted opening than to said end wall, the position of
      said restricted opening with respect to the auxiliary chamber being such
      that the suction stroke of the piston serving to draw a rich mixture into
      and through the auxiliary chamber and through the torch nozzle restriction
      into the main chamber does not substantially change the contents of the
      residual gas chamber which comprise residual burned gas from the previous
      combustion cycle of the engine, the restricted opening serving to promote
      mixing of rich mixture and residual gas in said residual gas chamber
      during the compression stroke of the piston, whereby at the time of
      ignition, the concentration of residual gas near said end wall of said
      residual gas chamber is greater than in the region containing said spark
      gap.
NUM  2.
PAR  2. The combination set forth in claim 1 in which the axis of the torch
      nozzle restriction is misaligned with respect to the axis of said
      restricted opening.
NUM  3.
PAR  3. The combination set forth in claim 1 in which the auxiliary chamber is
      formed within a thin wall metal cup of low heat capacity, the cup having a
      first aperture forming the torch nozzle restriction and a second aperture
      forming said restricted opening.
NUM  4.
PAR  4. The combination set forth in claim 1 in which the auxiliary chamber is
      formed within a thin wall metal cup of low heat capacity, the cup having a
      cylindrical portion closed by a curved bottom portion, the cup having a
      first aperture in both portions forming the torch nozzle restriction, the
      cup having a second aperture in the cylindrical portion at right angles
      thereto forming said restricted opening.
NUM  5.
PAR  5. The combination set forth in claim 1 in which said residual gas chamber
      is substantially cylindrical and extends at substantially right angles
      from a wall of said auxiliary chamber.
NUM  6.
PAR  6. In a four-cycle spark-ignition internal combustion reciprocating piston
      engine having a main combustion chamber with a valved intake passage for a
      lean mixture, an auxiliary combustion chamber with a valved intake passage
      for a rich mixture, and a torch nozzle connecting said chambers, the
      improvement for minimizing NO.sub.x in the engine exhaust gases
      comprising, in combination: a residual gas chamber having a restricted
      opening communicating with the auxiliary chamber and having an end wall
      remote from said opening, a spark plug having electrodes forming a spark
      gap positioned in said residual gas chamber, the volumes of the chambers
      being related as follows:
      ##EQU2##
      where: V.sub.a = volume of auxiliary chamber
PA1  V.sub.rg = volume of residual gas chamber
PA1  V.sub.m = volume of main chamber at top dead center.
NUM  7.
PAR  7. In a four-cycle spark-ignition internal combustion reciprocating piston
      engine having a main combustion chamber with a valved intake passage for a
      lean mixture, an auxiliary combustion chamber with a valved intake passage
      for a rich mixture, and a torch nozzle connecting said chambers, the
      improvement for minimizing NO.sub.x in the engine exhaust gases
      comprising, in combination: a residual gas chamber having a restricted
      opening communicating with the auxiliary chamber and having an end wall
      remote from said opening, a spark plug having electrodes forming a spark
      gap positioned in said residual gas chamber, the volumes of the auxiliary
      chamber and the residual gas chamber being related as follows:
      ##EQU3##
      where: V.sub.a = volume of auxiliary chamber
PA1  V.sub.rg = volume of residual gas chamber.
NUM  8.
PAR  8. In a four-cycle spark-ignition internal combustion reciprocating piston
      engine having a main combustion chamber with a valved intake passage for a
      lean mixture, an auxiliary combustion chamber with a valved intake passage
      for a rich mixture, and a torch nozzle connecting said chambers, the
      improvement for minimizing NO.sub.x in the engine exhaust gases
      comprising, in combination: a residual gas chamber having a restricted
      opening communicating with the auxiliary chamber and having an end wall
      remote from said opening, a spark plug having electrodes forming a spark
      gap positioned in said residual gas chamber, the cross section area of the
      torch nozzle being related to the volumes of the residual gas chamber and
      auxiliary chamber as follows:
      ##EQU4##
      where: F.sub.t = area of torch nozzle
PA1  V.sub.rg = volume of residual gas chamber
PA1  V.sub.a = volume of auxiliary chamber.
NUM  9.
PAR  9. In a four-cycle spark-ignition internal combustion reciprocating piston
      engine having a main combustion chamber with a valved intake passage for a
      lean mixture, an auxiliary combustion chamber with a valved intake passage
      for a rich mixture, and a torch nozzle connecting said chambers, the
      improvement for minimizing NO.sub.x in the engine exhaust gases
      comprising, in combination: a residual gas chamber having a restricted
      opening communicating with the auxiliary chamber and having an end wall
      remote from said opening, a spark plug having electrodes forming a spark
      gap positioned in said residual gas chamber, the area of the restricted
      opening as compared to the volume of the residual gas chamber being as
      follows;
      ##EQU5##
      where; F.sub.rg = area of restricted opening
PA1  V.sub.rg = volume of residual gas chamber.
NUM  10.
PAR  10. The combination set forth in claim 1 in which the spark plug electrodes
      are elongated to extend through at least a portion of the residual gas
      chamber.
NUM  11.
PAR  11. The combination set forth in claim 1 in which said residual gas chamber
      is formed in a sleeve connected by threads at one end to the engine, and
      connected by threads at the other end to the spark plug, the spark plug
      electrodes being extended to position the spark gap near said restricted
      opening.
NUM  12.
PAR  12. The combination set forth in claim 1 in which the residual gas chamber
      is formed within a thin wall liner of low heat capacity, the liner having
      an opening to receive the spark plug electrodes.
NUM  13.
PAR  13. The combination set forth in claim 1 in which means are provided for
      varying the volume of the residual gas chamber.
NUM  14.
PAR  14. In a four-cycle spark-ignition internal combustion reciprocating piston
      engine having a main combustion chamber with a valved intake passage for a
      lean mixture, an auxiliary combustion chamber with a valved intake passage
      for a rich mixture, and a torch nozzle connecting said chambers, the
      improvement for minimizing NO.sub.x in the engine exhaust gases
      comprising, in combination: a residual gas chamber having a restricted
      opening communicating with the auxiliary chamber and having an end wall
      remote from said opening, a spark plug having electrodes forming a spark
      gap positioned in said residual gas chamber, means for varying the volume
      of the residual gas chamber, said means including a plug slidably mounted
      within the residual gas chamber to define the end wall thereof, and means
      for moving said plug in accordance with engine operating conditions.
NUM  15.
PAR  15. In a four-cycle spark-ignition internal combustion reciprocating piston
      engine, the combination of: a main combustion chamber with an intake
      passage for a lean mixture, an auxiliary combustion chamber having an
      intake passage for a rich mixture, a torch nozzle restriction connecting
      said chambers, mechanically operated valves movable in timed sequence for
      controlling flow through said intake passages, a residual gas chamber
      having a restricted opening at one end communicating with the auxiliary
      chamber and having an end wall remote from said opening, a spark plug
      having electrodes forming a spark gap positioned in said residual gas
      chamber nearer to the restricted opening than to said end wall, the
      position of said restricted opening with respect to the auxiliary chamber
      being such that the suction stroke of the piston serving to draw a rich
      mixture into and through the auxiliary chamber and through the torch
      nozzle restriction into the main chamber does not substantially change the
      contents of the residual gas chamber which comprise residual burned gas
      from the previous combustion cycle of the engine, the restricted opening
      serving to promote mixing of rich mixture and residual gas in said
      residual gas chamber during the compression stroke of the piston, whereby
      at the time of ignition, the concentration of residual gas near said end
      wall of said residual gas chamber is greater than in the region containing
      said spark gap.
NUM  16.
PAR  16. For use with a four-cylinder spark-ignition internal combustion
      reciprocating engine having an auxiliary combustion chamber connected
      through a torch nozzle with a main combustion chamber, the improvement
      comprising: means forming a residual gas chamber having a restricted
      opening at one end, means for securing said gas chamber to the engine to
      establish communication with the auxiliary chamber through said restricted
      opening, said chamber having a wall remote from said opening, means on
      said chamber for connection with a spark plug so that the spark gap
      defined by the spark plug electrodes is positioned within the residual gas
      chamber nearer to the restricted opening than to said wall, the position
      of said restricted opening with respect to the auxiliary chamber being
      such that the suction stroke of the piston serving to draw a rich mixture
      into and through the auxiliary chamber and through the torch nozzle
      restriction into the main chamber does not substantially change the
      contents of the residual gas chamber which comprise residual burned gas
      from the previous combustion cycle of the engine, the restricted opening
      serving to promote mixing of rich mixture and residual gas in said
      residual gas chamber during the compression stroke of the piston, whereby
      at the time of ignition, the concentration of residual gas near said wall
      of said residual gas chamber is greater than in the region containing said
      spark gap.
NUM  17.
PAR  17. In a four-cycle spark-ignition internal combustion reciprocating piston
      engine for minimizing emissions of NO.sub.x in the engine exhaust gases,
      the combination of: a main combustion chamber having a valved intake
      passage for a lean mixture, an auxiliary combustion chamber having a
      valved intake passage for a rich mixture, means forming a torch nozzle
      restriction connecting said chambers, means forming a residual gas chamber
      having a restricted opening at one end communicating with said auxiliary
      chamber, and having an end wall remote from the restricted opening, the
      total volume of the auxiliary chamber and residual gas chamber being from
      5 to 30% of the total combined volume of all three chambers, the suction
      stroke of the piston serving to draw a lean mixture into the main chamber
      and a rich mixture into and through the auxiliary chamber and torch nozzle
      restriction into the main chamber without materially affecting the
      contents of the residual gas chamber, the shape of the residual gas
      chamber and the position of the restricted opening acting to promote
      mixing so that after the compression stroke of the piston the
      concentration of residual gas from the previous combustion cycle of the
      engine mixed with rich mixture is greater near said end wall of the
      residual gas chamber than near said restricted opening, sparking means in
      said residual gas chamber positioned nearer to said restricted opening
      than to said end wall for igniting the mixture therein whereby a first
      flame is caused to extend through the restricted opening to produce
      turbulent ignition in the auxiliary chamber, thereby causing a second
      flame to extend through the torch nozzle restriction and into the main
      chamber.
NUM  18.
PAR  18. The method of operating a four-cycle spark-ignition internal combustion
      reciprocating engine for minimizing emissions of NO.sub.x in the engine
      exhaust gases, the engine having a main chamber and an auxiliary chamber
      connected by a torch nozzle, one wall of the main chamber being formed by
      a piston, comprising the following steps: retaining in an ignition chamber
      a quantity of residual gas from the previous combustion cycle of the
      engine, inducting a lean air-fuel mixture into a main combustion chamber,
      simultaneously inducting a rich air-fuel mixture into the auxiliary
      chamber and a portion thereof through the torch nozzle into the main
      chamber, all without substantial change in the residual gas in the
      ignition chamber, the overall air-fuel ratio being leaner than
      stoichiometric, compressing the mixtures, mixing the residual gas during
      compression with a quantity of rich mixture from the auxiliary chamber,
      spark igniting the compressed mixture in the ignition chamber adjacent a
      restriction to send a flame through the restriction into the auxiliary
      chamber to ignite the contents thereof and thereby cause a flame to
      propagate through the torch nozzle into the main chamber.
NUM  19.
PAR  19. The combination as set forth in claim 15 in which throttle valves are
      positioned upstream from the said intake valves in each of said intake
      passages.
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ABST
PAL  This invention concerns an electronic controlled manifold injection system
      for internal combustion engines which provides a completely symmetrical
      flow of the air/fuel mixture to both ends of the engine, vaporizes the
      fuel by the application of heat to provide identical air/fuel charges to
      all cylinders of the engine, and by utilizing mass flow sensors in both
      the flow of air into the engine and the flow of fuel from the injection
      pump, provides a solid state control of the injection pump delivery to
      maintain a constant or programmed air/fuel ratio for all accelerating,
      decelerating and steady state operation of the engine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Modern internal combustion engines, equipped with carburetors, rely for the
      supply of fuel to the cylinders upon vacuum and air flow past a series of
      jets from which fuel is drawn in droplets, mixed with the incoming air and
      drawn into the individual cylinders. The overall air/fuel ratio is set to
      provide the cylinder with the leanest mixture a sufficient air/fuel ratio
      to secure ignition. This requirement forces some of the cylinders to
      operate on much richer mixtures, which results in poor combustion
      efficiencies in these fuel rich cylinders. In addition, manifold vacuum,
      which to a major extent governs the amount of fuel drawn into the engine,
      behaves in a manner opposed to the fuel requirements of the engine. During
      acceleration, manifold vacuum decreases causing less fuel to be drawn into
      the engine, while at the same time lowering the dew point of the air/fuel
      mixture in the manifold and causing the precipitatiin of some of the fuel
      droplets from the mixture, the amount of droplets leaving the mixture
      being somewhat dependent upon the distance from the venturi section of the
      carburetor to the cylinders. This phenomenon requires the presence of an
      accelerating pump to supply fuel to the engine in order to overcome the
      defficiency of the supply of fuel. Upon deceleration, the manifold vacuum
      rapidly increases, drawing an excess of fuel into the intake manifold and
      causing an extra-rich mixture. Even at steady state engine speed
      operation, mixture ratios vary, especially with engine load changes, and
      non-uniform mixtures from cylinder to cylinder exist due to the behavior
      of gas and liquid mixtures and the impossibility of uniformly maintaining
      them during the transport from one end of the intake manifold to the
      other.
PAR  The teachings of our invention provide means for correcting all of these
      conditions which cause excessive fuel consumption and the discharge of
      exhaust pollutants to the atmosphere. In this electronic controlled
      manifold injection system, the amount of fuel delivered to the engine
      under all under all operating conditions is determined by the speed and
      delivery of the positive displacement fuel pump. The speed of this pump is
      controlled at all operating conditions of the engine by sensing the weight
      of the air being drawn into the engine and the weight of the fuel being
      delivered by the fuel pump, and by varying the speed and hence the fuel
      delivery from the pump until the weight of the delivered fuel is at the
      pre-determined ratio to the weight of the air. The only fuel to enter the
      engine is that forced into it by this injection pump. Therefore,
      variations in manifold vacuum, engine speed and other variables such as
      temperature, humidity and atmospheric pressure are all compensated for by
      making the supply of fuel controlled by the weight of air entering the
      engine.
PAR  The art of raising liquid fuel to a temperature level, thereby causing it
      to substantially reach its distillation point, or vaporize, when it is
      introduced to a partial vacuum, is well known. Several patents involving
      this principle have been granted in the past, and the principle is now a
      part of public domain. It is also a well known fact that a gas and gas
      mixture has a chance of being a better, more stable mixture than that of a
      liquid and a gas. Some of the past carburetor designs have attempted to
      take advantage of air and vaporized fuel mixtures in internal combustion
      engines in which the air and the fuel are mixed just prior to their
      entrance to the intake manifold and transported as a mixture to the
      cylinders. These devices were conceived to deliver superior mixture of the
      air and fuel, and thereby provide enhanced distribution characteristics of
      the mixture to all of the cylinders of the engine, but they lacked a means
      for accurately controlling temperatures of the liquid or gaseous fuel and
      for accurately controlling the ratio of air to fuel. A few patents
      disclosed the use of exhaust gases for heating the fuel, and others
      utilized hot water from the cooling system or battery power from the
      electrical system to heat the fuel electrically. Each of these systems
      suffered from various disadvantages such as the time required to raise the
      fuel to its required temperature, a difficulty of controlling the
      necessary range of temperature of the fuel and, in the case of the
      electric heater, a problem of consuming large wattages, placing hardships
      on components of the electrical system. The subject invention utilizes
      either of two methods provided to heat the fuel. These methods are, (1)
      exhaust gases and electrical power through a heat exchanger or (2) hot
      water from the cooling system and electrical power through a heat
      exchanger; with either the hot exhaust gas or hot water being used to
      raise substantially the temperature of the fuel and the electrical heater
      being used incrementally to add temperature in smaller quantity but
      sufficiently to control the required temperature of the hot, liquid fuel.
      The ultimate temperature of the fuel is controlled by a solid state
      proportional electronic circuit, which is hooked up to the heating element
      of the electric heater.
PAR  The concept of using electronics to control temperature and, especially,
      air/fuel ratio in the subject invention was selected because of the
      inherent accuracies obtainable by using this method of control. In
      addition, an important feature of symmetrical conditions of air and fuel
      flow from the centrally located manifold injector is obtained by providing
      two counter-rotating intake air throttles with the fuel injection tube
      located below the twin throttles.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of this invention to provide a novel manifold
      injection system for internal combustion engines in which the amount of
      fuel supplied to the engine is directly controlled by the weight of the
      air entering the engine and the ratio of the air to the fuel being held
      closely to a predetermined value for all operating conditions of the
      engine.
PAR  Still another object of this invention is to provide an electronic
      apparatus to modify the delivery of fuel from the injection pump in
      accordance with the mass flow of air entering the engine.
PAR  Another object of this invention is to provide a device for admitting air
      and fuel to an internal combustion engine in a substantially symmetrical
      flow pattern relative to cylinders located fore and aft of the centrally
      located injection system.
PAR  Yet another object of this invention is to provide a means for controlling
      the temperature of the fuel vapor being admitted to the engine.
PAR  Another object of this invention is to provide a device which varies the
      amount of fuel admitted to the engine in proportion to the angular
      position of the throttle valve, or throttle valves, such amounts being
      pre-determined to give proper air/fuel ratios for idling and for steady
      state operation at all speeds and to vary automatically these
      pre-determined amounts of air and fuel for all other operating conditions.
PAR  Yet another object of this invention is to provide a fuel heater which
      contains a sufficient amount of vaporized fuel to provide for rapid
      increases in fuel demand due to acceleration and its attendant
      instantaneous increase in the weight of air inducted at the instant of
      acceleration.
PAR  Another object of this invention is to provide for means for manually
      adjusting air/fuel ratio and idling speeds from the driver's compartment
      of a vehicle.
PAR  An additional object of this invention is to provide an apparatus which can
      replace a carburetor on an internal combustion engine economically and
      which will substantially decrease fuel consumption and greatly reduce
      atmospheric pollution caused by incomplete and inefficient fuel
      combustion.
PAR  The foregoing and other objects will be in part apparent and in part
      specifically described and claimed with the description of the following
      drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram depicting the principal components of the
      invention and their relationships as would be utilized in an automotive
      vehicle or a stationary engine;
PAR  FIG. 2 is a section through the principal components of the injector;
PAR  FIG. 3 is a section transverse to the axes of the throttle valves;
PA1  Fig. 4 is a schematic diagram of the electronically controlled fuel
      temperature system and
PAR  FIG. 5 is a schematic diagram of the electronically controlled air/fuel
      ratio system.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, the operation of the fuel injection system is
      initiated by depressing the accelerator pedal, 18. This displaces the twin
      throttle valves, 16, and the interconnected rheostat, 17, which mainly
      controls the voltage at the fuel pump electric motor, 2. The motor
      controls the speed of the fuel pump, 3, and therefore its delivery of
      liquid fuel.
PAR  Air enters the manifold injector, 19, and flows over the air flow sensor
      transducer, 20, an electronic component which is sensitive to flow,
      temperature, humidity and atmospheric pressure, thus sensing mass flow of
      the fluid medium flowing over it. Such a transducer may be a thermistor,
      thermocouple or other type of sensor whose sensing element is excited by
      an electrical source. Referring to FIGS. 4 and 5, the transducers used are
      of the hot-wire type, and are excited by a low voltage source through
      terminals, 34, 67 and 74 and are connected to ground through terminals,
      35, 68 and 75. An electrical current is thus provided to the sensing
      element of the transducer. This current is affected by changes of velocity
      of the medium flowing over it and by changes in temperature, humidity and
      atmospheric pressure around the transducer. These changes reduce, or
      increase, the values of electrical current in the sensing element and can
      be used as error signals in the electronic circuitry, FIGS. 4 and 5.
PAR  Air flow reference transducer, 21, and fuel flow reference transducer, 5,
      are placed in their respective environments to be neutrally affected with
      respect to the flow sensor by changes in temperature, humidity and
      atmospheric pressure; they act as cancelling members to all
      characteristics except for flow in the sensor bridges as shown in FIGS. 4
      and 5. The air flow transducers form this bridge together with resistors,
      69 and 70, to provide an electrical signal proportional to air flow weight
      to an amplifier, 71. A feed-back control resistor, 72, is placed across
      the amplifier to stabilize the amplifier's output signal to the resistor,
      73, which is a component whose voltage is to compare with the
      potentiometer, 80, for purposes of establishing a value of air/fuel ratio.
      The ratios of the voltages of the outputs at the resistor, 73, and the
      potentiometer, 80, will be proportional to the flow of air and fuel, and
      thus becomes the primary control medium for the fuel system.
PAR  Referring back to FIG. 1, fuel is pumped from the fuel tank, 1, by means of
      the pump, 3, over a fuel flow sensor, 4 and fuel reference transducer, 5.
      These transducers, which are similar to the air flow transducers, 20 and
      21, with two resistors, 76 and 77, form a bridge to provide an electrical
      signal proportional to fuel flow, said signal being directed to an
      amplifier, 78, with a feed-back control resistor, 79, which is for purpose
      of stabilizing the output of the amplifier, 78. Similar to the air flow
      sensor bridge, the fuel flow bridge is hooked up between the low voltage
      source through terminals, 74, and ground through terminals, 75. The
      potentiometer, 80, adjusts the air/fuel ratio by reducing or passing
      increased signal strength to the input terminal, 85, of the amplifier, 86,
      with respect to the signal level output of resistor, 73. When the
      electrical signal values of resistor, 73, and potentiometer, 80, are equal
      and come to a balanced, or null, condition, at terminal, 85, the air/fuel
      ratio is fixed according to the value set at potentiometer, 80, and the
      response rate of the system is designed to provide a constant air/fuel
      ratio at all conditions of speed and load of the engine. Upon upward or
      downward excursions of the speed or load of the engine, the voltage at
      terminal, 85, changes momentarily in either plus or minus quantity,
      causing the amplifier, 86, to draw or to reduce voltage from the low
      voltage source through terminal, 81, through the voltage dividing network
      resistors, 83 and 84, connected to ground through terminal, 82. The
      amplifier, 86, output voltage is stabilized by a feed-back control
      resistor, 87, and the voltage, or signal, increase or decrease is directed
      to a current limiting resistor, 88. The voltage now enters a transistor
      switching network, composed of transistors, 91 and 92, and, depending upon
      the increasing or decreasing values of signal voltage from the amplifier,
      86, either of the two transistors will latch, as a relay. In the event
      that the voltage from the amplifier, 86, increases as a result of the
      voltage from amplifier, 78, decreasing, transistor, 91, will latch,
      causing voltage to flow from the power source, automobile battery, through
      terminal, 89, and on through to the motor, 2, and on to ground through
      terminal, 94. Conversely, if the voltage from amplifier, 78, increases, as
      a result of a sudden reduction of fuel flow across the transducer, 4, with
      respect to the weight of air flow across the transducer, 20, the voltage
      from amplifier, 86, will momentarily reduce, causing the transistor, 92,
      to latch, and power will be diverted from the motor, 2, by the closed
      circuit from the battery through the terminal, 93, and through the
      transistor, 92, and then to ground through terminal, 90. Changes of air
      flow, due to throttle setting changes, cause the voltage at amplifier, 71,
      to increase or decrease, according to the velocity, or weight, of air flow
      through the manifold injector, 19. These voltage changes are compensated
      for by the sudden appearance of differential voltage at terminal, 85, and
      more or less fuel flow is supplied to bring the signal voltage at
      terminal, 85, to equilibrium.
PAR  The input voltage from the transistor network, 91 and 92, to the electric
      motor, 2, is designed to provide a portion of the total power required by
      the motor. The rheostat, 17, will control a major portion of the power
      required by the motor; for example, 80 percent, while the transistor
      network, 91 and 92, would supply the remainder, 20 percent. The 20 percent
      would thus be used for trimming accurately the relationships of air and
      fuel to provide a constant air/fuel ratio, by means of utilizing the
      trimming effect or closely controlled voltage to the motor, 2.
PAR  Referring again to FIG. 1, fuel then flows through a check valve, 6,
      through an inlet port, 23, now referring to FIG. 2, into a combination
      heater, 7, through annuli, 24, and to the spring loaded valve, 13. The
      fuel is principally heated by gases from the exhaust gas manifold, 8, FIG.
      1, whose exhaust gases are drawn by way of a duct 9 through the inlet
      port, 25, then pass through the annulus area, 26, and then are exhausted
      through port, 27, into the air intake section, 22, or into the vacuum side
      15 of the manifold injector, 19. The fuel is additionally heated and the
      ultimate, desired temperature of the fuel is controlled by the electrical
      heater, 10, whose assembly is installed by means of the fitting, 28, and
      whose electrical conductors, 29 and 30, are connected to, referring now to
      FIG. 4, the power terminal, 61, and to ground through terminal, 66.
PAR  The hot gas heater, that is, the exhaust gas portion of the combination
      heater, becomes effective soon after the engine is started, and it is
      implemented to provide for a large percentage of the heat required to
      vaporize the fuel, thus saving electrical power required to operate the
      heater, 10, which is in combination with the hot gas heater, 7. The
      presence of the exhaust gas heater also saves wear on the important
      electrical components, such as the alternator/generator, voltage
      regulator, battery, etc.
PAR  At the discharge side of the electric heater, 10, which heats the fuel as
      it passes through the annuli, 24, a temperature sensing transducer 11,
      referring now to FIGS. 1 and 4, and a temperature reference transducer,
      12, form two elements of a bridge which includes variable resistor, 36,
      and fixed resistor, 37, with their respective terminations, 34, coupled to
      a low voltage source, and terminations, 35, coupled to ground. The
      transducer, 11, detects changes in fuel temperature with respect to a
      pre-set value of fuel temperature; the value is arranged to be at
      mid-point of a temperature range which is required for optimum combustion
      efficiency. Experiments have proven that a temperature range of 30.degree.
      F causes combustion to be of optimum character, and the temperature
      controller's parameters will be designed to be compliant with the required
      temperature range.
PAR  As temperature changes occur in the fuel, the bridge, components, 11, 12,
      36 and 37, produce a voltage increase or decrease, depending upon the
      direction of change, to the amplifier, 38, with the control feed-back
      resistor, 39. The transducers operate similar to the transducers used in
      the air and fuel flow bridges, and are excited from a low voltage source.
      The design point of the temperature to produce optimum combustion is set
      by the potentiometer, 36. Resistor, 40, and capacitor, 41, form a network
      to increase or decrease charging rate of the amplified signal voltage to a
      gate trigger circuit, consisting of diodes, 42 and 44, uni-junction
      transistor, 48, voltage dividing resistors, 47 and 49, switching
      transistor, 54, and pulse transformer, 53. This gate trigger circuit is
      not to be restrictive to the named components, as it will be recognized
      that there are many types of such transistor and silicon controlled
      rectifier trigger circuits. As the charging rate increases from the
      amplifier, 38, due to the increased voltage at resistor, 40, and
      capacitor, 41, the uni-junction transistor, 48, will fire, causing the
      transistor, 54, to latch in a position to reduce the voltage in the
      primary of the pulse transformer, 53, thereby causing the silicon
      controlled rectifier, SCR, or transistor, 58, to turn-off, therefore
      causing the heater, 64, referring to FIG. 4, to be opened to ground
      through terminal, 63, through the inductor winding of the commutation
      device, 60, and through the SCR, 62, to terminal, 63. As the heater
      requires more power to raise the temperature of the fuel, the opposite
      occurs; voltage is increased at the pulse transformer primary winding, and
      SCR, 58, latches to provide a closed circuit from the battery, or
      alternator/generator, to terminal, 57, through the inductor winding, 60,
      to terminal, 61, from where the voltage is directed to the heater element,
      64, and to ground through terminal, 66. The portion of the circuitry up to
      and including from the resistor, 40, to the pulse transformer, 53, is
      known as a gate trigger circuit for SCR's and transistors. The commutation
      component, 60, is a combined inductive capacitor device to provide
      turn-off pulses to the SCR's or transistors. The LC network, 60, smooths
      the switching transients and provides reliability to an otherwise problem
      of switching these power components. In the two SCR or transistor bridge
      shown, the switching mode is accomplished by each of the switching
      components turning-off the other, a conventional use of these components
      in this type of circuitry. The voltage through the power circuit to the
      heater, 10, or to the heater resistive element, 64, appears as a variable
      pulse width wave form, 65. As the requirement for heat decreases, the half
      wave pulses become thinner with respect to time, and the off periods are
      therefore lengthened. The opposite occurs when more heat is required. This
      voltage function will appear smooth to the heater element, and for
      purposes here can be considered as a proportional control of temperature.
PAR  The elctric heater, 10, is used to assist in starting the engine and to
      partially, if not completely, vaporize the fuel until the exhaust gas
      heater arrives at a sufficient temperature to substantially heat the fuel.
      The electrical heater then adds or subtracts incremental power to provide
      heat to control the ultimate temperature of the fuel within lower and
      upper limits of temperature as set by the electronic control,
      potentiometer, 36, and the inherent accuracy of the electronic control
      circuit. Sufficient heated fuel is available in the combination heater and
      the line from the heaters to provide for changes of engine condition, such
      as changes of load and/or speed.
PAR  Referring to FIGS. 1 and 2, the heated fuel is then directed to a spring
      loaded valve, 13, which is similar in construction to that of a relief
      valve. The spring load will accomplish a resistance to fuel flow with
      associated pressures in excess of 1 atmosphere, 14.7 pounds per square
      inch, absolute, and less than a pressure set above one atmosphere, for
      example, 30 psia, although the latter figure may vary from this value. The
      purpose of this pressure range is to cancel the effects of manifold vacuum
      on the spring loaded valve, and to insure that fuel flow will not be a
      function of vacuum but is soley of pump delivery, 3. As the spring loaded
      valve, 13, is opened by fuel displacement, the heated fuel, being at its
      potential distillation point, immediately vaporizes at the outlet hole of
      the injector tube, 14, which is located within a partial vacuum, 15, and
      the vaporized fuel immediately and intimately mixes with the incoming air,
      introduced in the manifold injector, 19, by means of the partial vacuum,
      15; the mixture is then drawn into the intake manifold for distribution to
      the cylinders. The optimum mixture of air and fuel thus enhances improved
      distribution of the mixture to the combustion chambers of each of the
      cylinders; hence an optimized combustion occurs.
PAR  The twin throttle valves, 16, arranged on their shafts, again referring to
      FIGS. 2 and 3, which control the level of partial vacuum below them and
      hence the volume of intake air through the manifold injector, 19, are
      actuated by a linkage from the accelerator pedal, 18, through the lever,
      32, and the gears, 31, which rotate in opposite direction with respect to
      each other. The throttle valves, being inter-connected by the gears,
      provide a symmetry of air flow by the injector tube, 14, and the mixture
      of air and fuel is thus enhanced as it flows fore and aft through the
      intake manifold, 15. The axle, or shaft, of one of the throttle valves
      includes the lever, 32, and a coupling, 33, which connects the rheostat,
      17, to the accelerator pedal. The rheostat varies the voltage from the
      electrical power source through the terminal, 93, to the electric motor,
      2, through terminal, 94, to ground.
CLMS
STM  We claim:
NUM  1.
PAR  1. An improved fuel system for an internal combustion engine comprising: a
      manifold injector for the internal combustion engine; an electric
      motor-driven fuel pump; combination heating chambers including hot gas and
      electrical heating means for heating fuel from the fuel pump; a first fuel
      passage coupling said fuel pump to the combination heating chambers; an
      electrical temperature control means connected to the electrical heating
      means for heating the fuel in the combination heating chambers; an
      injector tube mounted in the manifold injector for receiving the heated
      fuel from the heating chambers, whereupon its release from the injector
      tube the fuel is vaporized; a second fuel passage coupling the combination
      heating chambers to the injector tube; air mass flow electric sensing
      means mounted in the manifold injector; fuel mass flow electric sensing
      means mounted in at least one of the fuel passages; electronic circuitry
      coupled to the electric sensing means and to the electric motor-driven
      fuel pump and responsive to signals from the electric sensing means to
      control the speed of the fuel pump and thereby to provide a constant
      air/fuel ratio through the manifold injector; air throttle means disposed
      in the manifold injector immediately above the injector tube; a shaft
      mounted in the manifold injector, said throttle means being connected to
      said shaft; an accelerator control coupled to the shaft for rotation of
      said throttle means; a rheostat mechanically coupled to said shaft and
      electrically connected in circuit with said electronic circuitry for
      providing means for coupling and controlling electric power to said
      electric motor-driven fuel pump; a first electrical Wheatstone type of
      bridge included in circuit with said electronic circuitry and electrically
      connected to said air mass flow electric sensing means, said bridge
      producing signal voltages as a function of air mass flow in the manifold
      injector; a second electrical Wheatstone type of bridge included in said
      electronic circuitry and connected to said electric fuel mass flow sensing
      means, said second bridge producing signal voltages as a function of fuel
      mass flow; bridge output signal voltage amplifying means included in said
      electronic circuitry and preset to obtain a constant air/fuel ratio and
      adjustable for varying the air/fuel ratios; a power switching speed
      control circuit for the electric motordriven fuel pump, said amplifier
      means receiving an algebraic sum of the bridge signal voltages from the
      first and second bridges, and said amplifier means further producing a
      rising or falling voltage signal to the power switching circuit, said
      power switching circuit including switching means for conducting electric
      power from a voltage source to the electric motor-driven fuel pump or to
      dump electric power from said electric motor to ground, and said power
      switching circuit including power transmission means to add to electric
      power conducted through said rheostat to the electric motor-driven fuel
      pump.
NUM  2.
PAR  2. The fuel system set forth in claim 1, and further including electric
      heat sensing means disposed adjacent to said electrical heating means for
      sensing fuel temperatures within the fuel passages, said electric heat
      sensing means being electrically coupled to the electrical temperature
      control means for maintaining the temperature of the fuel in the heating
      chambers at a predetermined level.
NUM  3.
PAR  3. The fuel system defined in claim 1, wherein a spring loaded valve is
      placed in the second passage immediately before said injector tube, which
      disperses the heated fuel into the manifold injector, said spring loaded
      valve cancelling effects of intake manifold vacuum on fuel flow, said
      spring loaded valve opening to permit passage of heated fuel only by
      displacement of said electric motor-driven pump when the engine is in a
      starting or running operative position, said spring loaded valve further
      serving as a relief valve to bleed excess pressures developed when the
      engine is not in operation.
NUM  4.
PAR  4. An improved fuel system for an internal combustion engine comprising: a
      manifold injector for the internal combustion engine; an electric
      motor-driven fuel pump; an injector tube mounted in the manifold injector;
      fuel passage means coupling the fuel pump to the injector tube to supply
      fuel to the injector tube to be released in a vaporized state from the
      injector tube into the manifold injector; air mass flow electric sensing
      means mounted in the manifold injector; fuel mass flow electric sensing
      means mounted in the fuel passage means; electronic circuitry coupled to
      the sensing means and to the electric motor-driven fuel pump and
      responsive to signals from the sensing means to control the speed of the
      electric motor-driven fuel pump and thereby to provide a constant air/fuel
      ratio in the manifold injector; air throttle means disposed in the
      manifold injector immediately above the injector tube; a shaft mounted in
      the manifold injector for supporting the air throtttle means; manual
      control means mechanically coupled to said shaft for controlling movements
      of the air throttle means; a rheostat mechanically coupled to said shaft
      and electrically connected in circuit with said electronic circuitry for
      providing means for coupling and controlling electric power to the
      electric motor-driven fuel pump; a first electric Wheatstone type of
      bridge included in said electronic circuitry and connected to said air
      mass flow electric sensing means, said first Wheatstone bridge producing
      signal voltages as a function of air mass flow in the manifold injector; a
      second electric Wheatstone type of bridge included in said electronic
      circuitry connected to said fuel mass flow electric sensing means, said
      second Wheatstone bridge producing signal voltages as a function of fuel
      mass flow in said fuel passage means; bridge output signal voltage
      amplifying means included in said electronic circuitry and preset to
      obtain a constant air/fuel ratio and adjustable for varying the air/fuel
      ratios; a power switching speed control circuit for the electric
      motor-driven fuel pump included in said electronic circuitry, said voltage
      amplifying means receiving an algebraic sum of the bridge signal voltages
      from the first and second Wheatstone bridges, and the amplifying means
      further producing a rising or falling voltage signal to the power
      switching circuit, said power switching circuit including switching means
      for conducting electric power from a voltage source to the electric
      motor-driven fuel pump or to dump electric power from said electric motor
      to ground, and said power switching circuit including power transmission
      means to add to electric power conducted through said rheostat to the
      electric motor.
NUM  5.
PAR  5. An improved fuel system coupled to the manifold injector of an internal
      combustion engine comprising: an electric motor driven fuel pump; a
      combination heating chamber including hot exhaust gas and electrical
      heating means for heating the fuel from the pump; a first fuel passage
      coupling the fuel pump to the combination heating chamber; an electric
      temperature control means connected to the electrical heating means for
      heating the fuel in the heating chamber; an injector tube mounted in the
      manifold injector to receive the heated fuel from the heating chamber so
      as to inject vaporized fuel into the manifold injector; a second fuel
      passage coupling the heating chamber to the injection tube; air mass flow
      electric sensor means mounted in the manifold injector; fuel mass flow
      electric sensing means mounted in at least one of the fuel passages;
      electronic circuitry coupled to the sensing means and to the electric
      motor driven fuel pump and responsive to the signals from the sensing
      means to control the speed of the fuel pump and thereby to provide a
      constant air/fuel ratio in the manifold injector; a common axle shaft; a
      dual air throttle means coupled to said common axle shaft to be rotated
      thereby in the opposite direction so as to provide for symmetry of air
      flow over the said injector tube; an accelerator pedal, or other manual
      control, coupled to the common axle shaft for rotation of said dual air
      throttle means; and a rheostat mechanically coupled to said common axle
      shaft and connected in circuit with said electronic circuitry for
      providing means of coupling and controlling electric power to said
      electric motor driven fuel pump.
NUM  6.
PAR  6. The fuel system defined in claim 5, and which comprises: a first
      electrical wheatstone type of bridge included in said electronic circuitry
      and connected to said air mass flow electric sensing means; said bridge
      producing signal voltages as a function of air mass flow in the manifold
      injector.
NUM  7.
PAR  7. The fuel system defined in claim 6, and which comprises a second
      electrical wheatstone type of bridge included in said electronic circuitry
      and connected to said electric fuel mass flow sensing means, said second
      bridge producing signal voltages as a function of fuel mass flow; the
      electronic circuit further containing bridge output signal voltage
      amplifying means preset to obtain a constant air/fuel ratio with an
      adjustment for varying air/fuel ratios, and said electronic circuitry
      further containing a power switching speed control circuit for the
      electric fuel pump motor, said amplifier means receiving an algebraic sum
      of the bridge signal voltages from the first and second bridges; and the
      amplifier means further producing a rising or regressing voltage signal to
      the power switching circuit.
NUM  8.
PAR  8. The fuel system defined in claim 7, wherein the power switching circuit
      includes switching means for conducting electrical power from a voltage
      source to the electric motor driven fuel pump or to dump electric power
      from said electric motor to ground, and said power switching circuit
      further includes power transmission means to add to electric power
      conducted through said rheostat to the electric fuel pump motor.
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ABST
PAL  Cooling apparatus for cooling an engine on a motor vehicle including at
      least one heat exchanging cooler extending transversely of the motor
      vehicle and arranged below a storage compartment at one end of the
      vehicle. To enhance the flow of cooling air through the cooler, an air
      deflection member is provided adjacent the exit end of the coolers, which
      deflection member causes a vacuum suction at the exit end of the cooler in
      response to air flowing past the vehicle at high speed during driving of
      the vehicle. Adjacent the forward end of the air entrance to the coolers,
      an upwardly extending opening is provided between an endmost bumper and
      vehicle body parts forming a tire storage compartment, which upwardly
      extending opening also creates a vacuum suction effect at the entrance to
      the coolers in response to air flowing over the outside of the vehicle
      adjacent the bumper and a hood covering the storage compartment. In
      preferred embodiments, a pair of coolers are arranged which are inclined
      downwardly in the forward direction of the vehicle, with the most forward
      of the coolers being approximately one-half the vertical height of the
      most rearward of the coolers, and with the inlet air deflecting means
      being designed to direct a greater portion of inlet air to the lower half
      of the combination of coolers than to the upper half thereof. Another
      preferred embodiment with a single vertical cooler includes a blower at
      the rear of the cooler for enhancing the flow of air therethrough as well
      as a partition between the lower air deflector and the cooler.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to an improved cooling apparatus for
      vehicles, especially for passenger motor cars of the type having at least
      one cooler extending transverse to the driving direction. The present
      invention is particularly related to an arrangement for the guidance of
      the cooling air supplied to the coolers. It will be understood that these
      coolers are of the type which include a fluid medium, such as engine
      coolant and/or lubricating oil, which passes in heat exchanging
      relationship with respect to the cooling air.
PAR  A motor vehicle has been contemplated (FR-PS 1075 582) which is provided
      with a cooler in the nose or front portion and which includes a cooling
      air guide arrangement. The air guide arrangement in this vehicle is
      constructed with a channel forward of the cooler and an opening arranged
      at the topside of the vehicle provided with a flap. However, this
      arrangement has the disadvantage that the nose space construction, which
      accommodates the channel passage, is such as to make it difficult to also
      accommodate housing of aggregates and provisions of a luggage and/or
      engine space. Further, by changing the direction of the air stream to the
      opening at the vehicle topside, the internal air resistance and therewith
      also the driving resistance acting on the vehicle is increased.
PAR  The present invention contemplates overcoming the above-mentioned
      disadvantages by providing an arrangement for the guidance of the cooling
      air admitted to the coolers so as to produce a minimum amount of air
      resistance and so as not to impair the utilization of the nose space of
      the vehicle for storage and engine compartments and the like. The present
      invention further contemplates arranging the air inlet for the cooler
      entirely below a forward bumper of the vehicle, with the further provision
      of simple air deflecting means for optimizing the velocity distribution of
      the cooling air at the inlet side of the respective coolers. In preferred
      embodiments of the invention, the cooler or coolers are arranged in an
      inclined position with the bottom side of the cooler arranged forwardly of
      the topside thereof so as to maximize the cross section of the inlet to
      the cooler, while minimizing the vertical space taken up in the vehicle
      nose section. In conjunction with this inclined cooler arrangement, air
      guide devices are provided for equalizing and optimizing the distribution
      of cooling air over the inlet side of the coolers.
PAR  The present invention further contemplates provision of air guide devices
      which effect an air distribution at the side of the cooling air entrance
      and a vacuum at the cooling air exit side, which vacuum is a function of
      the vehicle driving velocity. In particular preferred embodiments, the air
      guide devices for the air exit side extend below the cooler and
      essentially perpendicular to the driving direction of the vehicle. This
      air guide device at the exit is arranged or attached at a lower closure
      wall of the vehicle body and is configured so as to assure a speed up in
      the air flowing thereby so as to create the vacuum effect at the exit side
      of the cooler.
PAR  In preferred embodiments, the air guide devices at the cooling air entrance
      side of the coolers are constructed so as to have a plurality of
      compartments of separated flow paths. These compartments are shaped such
      that the cooling air discharged therefrom to the inlet surface of the
      cooler is distributed appropriately over the surface of the cooler. In a
      particularly preferred embodiment, these compartments are formed by a
      common air inlet device inserted between the bottom wall of a storage
      compartment and the bottom wall of the vehicle body and adjacent and
      slightly rearward of a forward bumper of the vehicle.
PAR  In preferred embodiments with the coolers inclined downwardly in the
      forward direction, the coolers are directly attached at a lower closure
      wall of the vehicle body. In other preferred embodiments with a vertically
      extending cooler, a partition is provided between the lower enclosure wall
      and the cooler for closing off the space between the lower enclosure wall
      and the cooler and for accommodating attachment of a vertically extending
      cooler and a similar body construction as for the inclined coolers.
PAR  In preferred embodiments, two separate cooling units are arranged one
      behind the other in the driving direction with the front cooler being
      constructed substantially smaller in height than the rear cooler and
      covering essentially the lower region of the rear cooler. In these
      preferred embodiments, the air inlet guide devices are constructed so as
      to direct a greater portion of the inlet air to the lower portion of the
      cooler than to the upper portion.
PAR  Preferred embodiments of the invention also include an upwardly extending
      opening at the air entrance side, which upwardly extending opening, in
      conjunction with adjacent vehicle bumper and hood parts, creates a vacuum
      suction effect during driving of the vehicle.
PAR  The cooling apparatus arrangements of the present invention all exhibit
      advantages with respect to the guidance of the cooling air into
      communication with the cooler or coolers. The deflecting arrangement at
      the bottom of the vehicle for producing a vacuum at the exit side of the
      coolers assures the smooth conductance away of the cooling air from the
      coolers. Since the air guide device for creating the vacuum at the exit
      side of the coolers is formed by a simple part provided at a lower closure
      wall of the vehicle body which extends perpendicularly to the driving
      direction of the vehicle, the construction thereof is particularly
      economical and reliable. By providing that the air inlet guide devices are
      arranged exclusively below the bumper, a good distribution of the free air
      stream in front of the vehicle into the coolers is obtained. With the
      cooling air entrance being disposed below the bumper, with the inlet
      velocity distribution being varied over the vertical height thereof as a
      function of the predetermined mounting height of the bumper and the
      predetermined batter angle (angle from the point of contact of the vehicle
      wheels to the deflecting edge underneath the cooler at the exit side
      thereof), a particularly advantageous controlled design for the cooling
      apparatus can be provided by appropriate selection of the height of the
      cooler. In this connection, it is noted that the variable velocity
      distribution at the inlet disposed underneath the bumper is such that a
      higher velocity air is provided to the lower portion of the cooler. To
      maximize utilization of this phenomenon with higher velocity air in the
      lower portion of the cooler, two coolers of different size are arranged
      one behind the other in the direction of driving, in accordance with
      preferred embodiments of the invention. In these last-mentioned preferred
      embodiments, the front cooler is advantageously made smaller than the rear
      cooler so as not to obstruct the upper portion of the rear cooler.
PAR  These and further objects, features and advantages of the present invention
      will become more obvious from the following description when taken in
      connection with the accompanying drawings which show, for purposes of
      illustration only, several embodiments in accordance with the present
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic partial side view of a motor vehicle with the cooling
      apparatus of the present invention mounted thereon;
PAR  FIG. 2 is a view similar to FIG. 1 showing another preferred embodiment of
      cooling apparatus attached to a motor vehicle in accordance with the
      present invention; and
PAR  FIG. 3 is a view corresponding to FIG. 1 which illustrates a still further
      preferred embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The motor vehicle 1, the nose or front portion only being shown in the
      drawings for the sake of clarity of representation (it being understood
      that the vehicle is a passenger motor vehicle with a passenger space
      rearwardly of the portion depicted in the drawing and with a rear set of
      wheels also being provided at the rear end thereof) includes an internal
      combustion engine 2 and front wheels 3. Arrow A indicates the forward
      driving direction of the vehicle.
PAR  A cooler 4 with a housing 5 is positioned forwardly of the engine 2. This
      cooler 4 extends crosswise the vehicle essentially perpendicular to the
      driving direction A. The cooler 4 is arranged inclined in the vehicle in
      such a way that its plane of inclination B--B is inclined from the top to
      the bottom in the forward driving direction A. Coolant supply and return
      lines 6, 7, connect engine 2 with the cooler 4, and accommodate
      circulation of an engine coolant through the cooler.
PAR  A spare wheel compartment accommodating a spare wheel 8 is provided above
      the cooler 4. The spare wheel 8 is covered by a structural wall 9 of the
      vehicle body. The structural wall 9 or an adjacent wall is provided as a
      portion of an openable hood or cover to provide access to the spare wheel
      8 (the details of such hood are not illustrated in detail for clarity of
      representation of the invention). A bumper 10 forms the forward nose
      boundary of the motor vehicle. Bumper 10 and structural wall 9 are
      connected to one another in such a manner as to form a upwardly facing
      opening 11. This opening 11 is positioned in a zone of the vehicle which
      experiences a vacuum suction effect during driving of the vehicle due to
      the flow of air over the bumper and adjacent vehicle body outer parts.
PAR  Beneath the bumper 10, a cooling air entrance opening 12 is provided. The
      size of this opening 12 is determined essentially by the batter angle C
      and a mounting height D of the bumper 10.
PAR  Walls 13, 14 extend from the opening 12 to form a channel leading to the
      cooler 4 on the entrance side E of the cooler 4.
PAR  Between the walls 13, 14 in the area of the entrance opening 12, air guide
      devices 15, 16 are provided. These air guide devices 15, 16 are formed
      such that a distribution of the cooling air supplied to the slanted cooler
      4 is effected. These air guide devices 15, 16 together form an air
      entrance device 17 which is preferably made of synthetic materials,
      preferably synthetic resinous materials.
PAR  The upper area of the air inlet device 17 (the wall 13 forming the upper
      side of the inlet opening 12) is displaced in relation to the lower edge
      of the bumper 10 so as to form a gap 18 therebetween. This gap 18
      facilitates communication of air with the opening 11 so as to accommodate
      creation of the suction effect at the inlet side of the inlet opening 12
      by way of the air flow over the vehicle body adjacent opening 11.
PAR  On the wall 14 which forms a lower closing wall of the vehicle, a further
      air guide device (air deflecting portion) 19 is provided. This air guide
      device 19 is arranged below the cooler 4 and extends crosswise to the
      direction of driving along the width of the cooler 4. Due to the exterior
      configuration of the wall 14 at device 19 (in relationship to the ground),
      a vacuum is created at the cooling air discharge side F in dependence on
      the driving speed of the vehicle. This created vacuum at the exit side F
      assists in the discharge of cooling air from the cooler. That is, the
      created vacuum at the exit side F enhances the throughflow of cooling air
      through the cooler or coolers.
PAR  In the preferred embodiment illustrated in FIG. 2, two coolers 20, 21 are
      arranged one behind the other as viewed in the direction of driving. The
      front cooler 20 is provided for the cooling of lubricating oil for the
      engine, with appropriate lubricant oil inlet and discharge lines (not
      illustrated) being provided. This front cooler 20 is approximately half
      the height of the rear cooler 21, which rear cooler 21 preferably is
      constructed as a cooler for engine coolant such as water and the like, and
      essentially covers the lower area of this cooler 21. This orientation of
      the coolers 20 and 21 takes advantage of the experienced velocity
      distribution at the inlet 12, which velocity distribution includes a
      higher velocity air flow at the lower portion than at the upper portion of
      the inlet 12. This experienced velocity distribution at the inlet 12 is
      determined by the batter angle C, the size of the cooling air entrance
      opening 12, the height D of the bumper 10, and the height of the cooler
      21.
PAR  In the embodiment according to FIG. 3, a cooler 22 is provided which
      includes a blower 23 at the rear side thereof. This cooler 22 is
      positioned in a vertically extending plane which extends crosswise of the
      vehicle driving direction. In this embodiment, a partition 24 is provided
      between the wall 14 and the cooler 22 so as to provide an advantageous
      construction of the cooling air inlet side E and discharge side F for the
      cooling installation.
PAR  The operation of the cooling apparatus of the present invention is
      explained as follows with respect to the embodiment of FIG. 1. During
      driving of the vehicle, cooling air flows through the inlet opening 12 and
      is equally divided at the surface of the cooler 4 by means of the air
      guide devices 15, 16. At the same time, the air stream discharging from
      the cooler 4 downstream of the device 19, is conducted away in such manner
      downwardly towards the drive path of the vehicle that a vacuum is formed
      at the cooling air discharge side F. By means of this vacuum, the air
      stream which is passed through cooler 4 is conducted downwardly towards
      the roadway, with the slanted arrangement of the cooler 4 rendering an
      especially good cooling air discharge. The flow of the cooling air through
      the cooler 4 is also effectively increased by the opening 11 (which opens
      to a vacuum zone at the upper surface of the nose portion of the vehicle)
      and the gap 18 below the bumper 10 for communicating air to the opening
      11. Through these measures, the velocity distribution of the air,
      especially with a slanted cooler, becomes more uniform.
PAR  Since opening 11 is located in a zone of the vehicle which experiences
      vacuum during driving, the opening 18 near the top of inlet opening 12
      aides in increasing the velocity of air supplied to the top of inlet
      opening 12 (this aids in air distribution to the cooler).
PAR  In all of the illustrated embodiments the novel cooling air guidance
      apparatus of the present invention assures optimum supply of air to the
      coolers, in spite of the minimal vertical air inlet opening height
      (dicated by angle C and height D) as compared to the vertical extent of
      the coolers.
PAR  The operation of the embodiments of FIGS. 2 and 3 is analogous to that
      described above for FIG. 1, with corresponding differences due to the
      inclination of the coolers and the number of coolers arranged within the
      vehicle nose portion.
PAR  While I have shown and described several embodiments in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Cooling apparatus for cooling an engine on a motor vehicle comprising:
PA1  at least one cooler including means for exchanging heat between cooling air
      flowing therethrough and an engine cooling medium,
PA1  and cooling air guide means for guiding the flow of cooling air to and from
      said at least one cooler, said guide means including vacuum producing
      means for producing a cooling air flow inducing vacuum at said cooler in
      dependence on a driving speed of a vehicle so as to optimize the
      distribution of cooling air over said cooler,
PA1  wherein said vacuum producing means includes means for inducing a vacuum
      both the inlet side and the outlet side of said at least one cooler.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein each of said at least one
      coolers extends perpendicular to longitudinal driving direction of a
      vehicle and exhibits a cooling air entrance side which faces substantially
      in the driving direction, and wherein said guide means includes inlet air
      guide means for directing cooling air into said cooler in a direction
      opposite said driving direction and in a predetermined cooling air
      distribution over said cooling air entrance side.
NUM  3.
PAR  3. Apparatus according to claim 2, wherein said inlet air guide means is
      constructed with at least two compartment walls forming separate
      compartments for inflow of air from outside of the vehicle to said air
      entrance side.
NUM  4.
PAR  4. Apparatus according to claim 3, wherein said compartment walls are
      contoured for effecting said predetermined cooling air distribution over
      said air entrance side.
NUM  5.
PAR  5. Apparatus according to claim 4, wherein all of said compartment walls
      are formed in a single common unit formed of synthetic material.
NUM  6.
PAR  6. Apparatus according to claim 2, wherein each of said at least one
      coolers is disposed with the cooling air entrance side disposed in a plane
      which is inclined from top to bottom in said driving direction.
NUM  7.
PAR  7. Apparatus according to claim 2, wherein two of said coolers are
      provided, one immediately behind the other in said driving direction, and
      wherein the most forward of said coolers is considerably smaller than the
      most rearward of said coolers and is disposed to cover the lower area of
      said most rearward of said coolers.
NUM  8.
PAR  8. Apparatus according to claim 7, wherein the vertical height of said most
      forward of said coolers is approximately one half the vertical height of
      said most rearward of said coolers.
NUM  9.
PAR  9. Apparatus according to claim 8, wherein said most forward cooler is an
      engine lubricating oil cooler, and wherein said most rearward cooler is a
      water cooler for an engine.
NUM  10.
PAR  10. Apparatus according to claim 9, wherein said cooling air guide means
      includes means for directing a greater portion of cooling air to lower
      portions of said coolers than to the upper area thereof.
NUM  11.
PAR  11. Apparatus according to claim 1, wherein said vacuum producing means are
      arranged to equalize the distribution of cooling air over the inlet side
      of the cooler.
NUM  12.
PAR  12. Apparatus according to claim 1, wherein said at least one cooler is
      arranged in front of an engine of said vehicle with a cooler exit side
      facing in a direction toward said engine.
NUM  13.
PAR  13. Apparatus according to claim 1, wherein said at least one cooler has an
      exit side which at least partially faces a front end of an engine of said
      vehicle.
NUM  14.
PAR  14. Apparatus according to claim 1, wherein said exit side at least
      partially faces the ground.
NUM  15.
PAR  15. Apparatus according to claim 1, wherein said vacuum producing means
      comprises static means.
NUM  16.
PAR  16. Apparatus according to claim 1, wherein said cooling air guide means
      comprises facing wall means which define a cooling air conduit, and
      wherein said vacuum producing means comprise an upwardly directed hole in
      an upper body portion of the vehicle, which hole is communicated with a
      cooling air inlet defined by said wall means.
NUM  17.
PAR  17. Apparatus according to claim 1, wherein said apparatus is mounted on
      said vehicle.
NUM  18.
PAR  18. Cooling apparatus for cooling an engine on a motor vehicle comprising:
PA1  at least one cooler including means for exchanging heat between cooling air
      flowing therethrough and an engine cooling medium,
PA1  and cooling air guide means for guiding the flow of cooling air to and from
      said at least one cooler, said guide means including vacuum producing
      means for producing a cooling air flow inducing vacuum at said cooler in
      dependence on a driving speed of a vehicle so as to optimize the
      distribution of cooling air over said cooler,
PA1  wherein each of said at least one cooler extends perpendicular to a
      longitudinal driving direction of the vehicle and exhibits a cooling air
      entrance side which faces substantially in the driving direction, and
      wherein said guide means includes inlet air guide means for directing
      cooling air into said cooler in a direction opposite said driving
      direction and in a predetermined cooling air distribution over said
      cooling air entrance side,
PA1  wherein said at least one cooler exhibits a cooling air exit side which
      faces substantially opposite said driving direction, wherein said vacuum
      producing means includes exit air deflecting means extending substantially
      perpendicular to said driving direction and adjacent a bottom portion of
      said exit side, said exit air deflecting means including means for
      inducing vacuum downstream of said exit side in response to air flow
      around said exit air deflecting means.
NUM  19.
PAR  19. Apparatus according to claim 18, wherein said exit air deflecting means
      is arranged at a lower enclosure wall forming a portion of a body of the
      vehicle.
NUM  20.
PAR  20. Apparatus according to claim 19, wherein the air entrance sides of each
      of said at least one coolers extend in a vertical plane, and wherein a
      partition is provided between said exit air deflecting means and the
      respective air entrance side of one of said coolers.
NUM  21.
PAR  21. Apparatus according to claim 18, wherein said vehicle is a wheeled
      passenger motor vehicle and wherein said at least one cooler is arranged
      intermediate front wheels and a front bumper of said vehicle and below a
      storage compartment for a vehicle tire.
NUM  22.
PAR  22. Cooling apparatus for cooling an engine on a motor vehicle comprising:
PA1  at least one cooler including means for exchanging heat between cooling air
      flowing therethrough and an engine cooling medium,
PA1  and cooling air guide means for guiding the flow of cooling air to and from
      said at least one cooler, said guide means including vacuum producing
      means for producing a cooling air flow inducing vacuum at said cooler in
      dependence on a driving speed of a vehicle so as to optimize the
      distribution of cooling air over said cooler,
PA1  wherein each of said at least one cooler extends perpendicular to a
      longitudinal driving direction of the vehicle and exhibits a cooling air
      entrance side which faces substantially in the driving direction, and
      wherein said guide means includes inlet air guide means for directing
      cooling air into said cooler in a direction opposite said driving
      direction and in a predetermined cooling air distribution over said
      cooling air entrance side,
PA1  wherein said vehicle includes a bumper at the most forward end thereof, and
      wherein said vacuum producing means includes an upwardly extending opening
      between said bumper and said at least one cooler.
NUM  23.
PAR  23. Apparatus according to claim 22, wherein said vehicle includes a
      storage compartment having an openable hood at the top thereof, said
      storage compartment being arranged in front of a passenger space of said
      vehicle, each of said at least one coolers being disposed below said
      storage compartment, said upwardly extending opening communicating with
      said storage compartment and extending upwardly to outside said vehicle at
      a position intermediate the forward end of said hood and said bumper, said
      hood and bumper being configured to form a vacuum in said storage
      compartment at the inlet to said at least one cooler in response to the
      air flow over said vehicle during driving thereof.
NUM  24.
PAR  24. Apparatus according to claim 23, wherein said at least one cooler
      exhibits a cooling air exit side which faces substantially opposite said
      driving direction, wherein said vacuum producing means includes exit air
      deflecting means extending substantially perpendicular to said driving
      direction and adjacent a bottom portion of said exit side, said exit air
      deflecting means including means for inducing vacuum downstream of said
      exit side in response to air flow around said exit air deflecting means.
NUM  25.
PAR  25. Apparatus according to claim 24, wherein said exit air deflecting means
      is arranged at a lower enclosure wall forming a portion of a body of the
      vehicle.
NUM  26.
PAR  26. Apparatus according to claim 23, wherein each of said at least one
      coolers is disposed with the cooling air entrance side disposed in a plane
      which is inclined from top to bottom in said driving direction.
NUM  27.
PAR  27. Apparatus according to claim 26, wherein two of said coolers are
      provided, one immediately behind the other in said driving direction, and
      wherein the most forward of said coolers is considerably smaller than the
      most rearward of said coolers and is disposed to cover the lower area of
      said most rearward of said coolers.
NUM  28.
PAR  28. Apparatus according to claim 27, wherein the vertical height of said
      most forward of said coolers is approximately one half the vertical height
      of said most rearward of said coolers.
NUM  29.
PAR  29. Apparatus according to claim 28, wherein said cooling air guide means
      includes means for directing a greater portion of cooling air to lower
      portions of said coolers than to the upper area thereof.
NUM  30.
PAR  30. Cooling apparatus for cooling an engine on a motor vehicle comprising:
PA1  at least one cooler including means for exchanging heat between cooling air
      flowing therethrough and an engine cooling medium,
PA1  and cooling air guide means for guiding the flow of cooling air to and from
      said at least one cooler, said guide means including vacuum producing
      means for producing a cooling air flow inducing vacuum at said cooler in
      dependence on a driving speed of a vehicle so as to optimize the
      distribution of cooling air over said cooler,
PA1  wherein said vacuum producing means includes deflecting means adjacent an
      exit side of said cooler adjacent a bottom portion of an engine of said
      vehicle.
NUM  31.
PAR  31. Cooling apparatus for cooling an engine on a motor vehicle comprising:
PA1  at least one cooler including means for exchanging heat between cooling air
      flowing therethrough and an engine cooling medium,
PA1  and cooling air guide means for guiding the flow of cooling air to and from
      said at least one cooler, said guide means including vacuum producing
      means for producing a cooling air flow inducing vacuum at said cooler in
      dependence on a driving speed of a vehicle so as to optimize the
      distribution of cooling air over said cooler,
PA1  wherein said vacuum producing means includes wall means extending between a
      bottom portion of a cooling air guide means inlet and a bottom portion of
      said cooler such that a vacuum is produced at said cooler in response to
      cooling air flow around a bottom wall of said wall means.
NUM  32.
PAR  32. Cooling apparatus for cooling an engine on a motor vehicle comprising:
PA1  at least one cooler including means for exchanging heat between cooling air
      flowing therethrough and an engine cooling medium,
PA1  and cooling air guide means for guiding the flow of cooling air to and from
      said at least one cooler, said guide means including vacuum producing
      means for producing a cooling air flow inducing vacuum at said cooler in
      dependence on a driving speed of a vehicle so as to optimize the
      distribution of cooling air over said cooler,
PA1  wherein said vacuum producing means includes means for inducing a vacuum at
      least at an inlet side of said at least one cooler.
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ABST
PAL  A load follow-up device for use with an internal combustion engine equipped
      with a supercharger, comprises detector means operatively connected to the
      engine for sensing a sudden application of load to the engine; air feed
      means for feeding air into the engine cylinder; intake air relief means
      for discharging a portion of the pressurized air present within the intake
      manifold into atmosphere; means for forcedly shifting the fuel rack
      towards the fuel increasing side; and control circuit means connected to
      the detector means for operating the air feed means, intake air relief
      means and fuel rack shifting means in response to instruction from the
      detector means. The air feed means, intake air relief means and fuel rack
      shifting means are so arranged that they operate to faithfully follow up
      the application of an additional load, thereby preventing reduction in
      engine speed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a load follow-up device for an internal
      combustion engine equipped with a supercharger and, more particularly, to
      a load follow-up device which is operative to instantly follow-up a sudden
      application of load for thereby preventing the reduction in the engine
      speed.
PAR  It is commonly known that, when a load is applied suddenly to an internal
      combustion engine under low-load operation, the supercharger connected to
      the engine cannot increase its r.p.m. rapidly enough to follow-up the
      additional load, resulting in the deficiency of the intake air into the
      engine cylinder. Also the speed governor cannot follow-up the sudden
      change in the engine speed and provides a short delay, so that the fuel
      supply, which is normally effected under control of a fuel rack associated
      with the speed governor, cannot be performed properly in response to the
      additional load. At this time the engine speed will be reduced and an
      undesirably decreased speed regulation will be encountered. If the engine
      is of a generator driving type, this will result in a reduction in the
      output power frequency and a considerably extended period of time will be
      required until the engine restores its normal speed or otherwise the
      engine will stop.
PAR  It is therefore an object of this invention to provide a load follow-up
      device for use with an internal combustion engine equipped with a
      supercharger. According to this invention the load follow-up device is so
      constructed as to feed a pressurized air and inject an increased amount of
      fuel into the engine cylinder for thereby preventing the reduction in the
      engine speed and also as to have an ability to prevent surging of the
      supercharger which might otherwise be induced by the load application.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing object of this invention is attained by a load follow-up
      device for use with an internal combustion engine equipped with a
      supercharger, comprising detector means operatively coupled to the engine
      for detecting a sudden application of load; air feed means for feeding air
      into the engine cylinder; intake air relief means for discharging a
      portion of a high-pressure air present in the intake manifold; means for
      forcedly shifting the fuel rack towards the fuel increasing side; and
      control circuit means connected to said detector means for controlling
      said air feed means, intake air relief means and fuel rack shifting means
      in response to the instruction from the detector means; said air feed
      means, intake air relief means and fuel rackshifting means being so
      arranged that they are operative to faithfully follow-up the load
      application for thereby preventing the reduction in the engine speed.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic connection diagram of an embodiment according to this
      invention;
PAR  FIG. 2 is an electric circuit diagram of the control circuit device of this
      invention;
PAR  FIG. 3 is a view illustrating the revolution speed change detector of this
      invention, the detector being shown partially in section;
PAR  FIG. 4 is a sectional view taken along line A--A of FIG. 3;
PAR  FIG. 5 is a piping diagram of the air feed device and intake air relief
      device of this invention;
PAR  FIG. 6 is an elevational view for explaining the operation of the fuel rack
      shifting device of this invention;
PAR  FIG. 7 is a graphical representation of the operation characteristic of the
      load follow-up device according to this invention, the operation
      characteristic being shown in comparison with a prior art technique;
PAR  FIG. 8 is a schematic connection diagram illustrating another embodiment of
      this invention;
PAR  FIG. 9 is a block diagram of the electric load detector of this invention;
      and
PAR  FIG. 10 is a connection diagram illustrating still another embodiment of
      this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention will be described with reference to an embodiment of the load
      follow-up device shown in FIG. 1, wherein a Diesel engine E, for example,
      is coupled to a generator G, which in turn is connected by lead wires U to
      loads M.sub.1, M.sub.2, M.sub.3, etc. by way of a circuit braker D.
      Indicated at 1 is a control circuit which is arranged in such a manner as
      to apply control signals to an air feed device A, intake air relief device
      B and fuel rack shifting device C. The control circuit 1 is also connected
      by a revolution change detector 2 by means of a lead 3 for receiving a
      signal therefrom. The revolution change detector 2 mounted on one end of
      the rotary shaft of the generator G is designed in such a manner that the
      contact thereof closes when the r.p.m. of the generator G is reduced
      suddenly. The construction of the revolution change detector 2 will be
      detailed later. The air feed device A is so designed as to feed a
      pressurized air present in the air tank into the engine cylinder by way of
      a solenoid valve-actuated choke valve; intake air relief device B is so
      designed as to discharge a portion of the high-pressure air present in the
      intake manifold into the atmosphere by opening a solenoid valve arranged
      in the intake manifold in response to the signal from the air feed device;
      and the fuel rack shifting device C is so designed that the connecting rod
      extended between the speed governor and fuel rack is actuated by means of
      a solenoid, for thereby shifting the fuel rack in the fuel increasing side
      against the action of the speed governor. The above-mentioned three
      devices will be detailed hereinlater individually.
PAR  According to the first embodiment of this invention, the load follow-up
      device consists of the control circuit 1, revolution change detector 2,
      air feed device A, intake air relief device B and fuel rack shifting
      device C.
PAR  Referring now to FIG. 2 illustrating the circuit diagram of the control
      circuit 1, solenoid for actuating the air feed device A, intake air relief
      device B and fuel rack shifting device C are indicated at a, b and c,
      respectively. Indicated at 11 and 12 are timers which serves to keep
      operating the air feed device A, intake air relief device B and fuel rack
      shifting device C for a demanded duration of time after signal reception.
      Numerals 13 and 14 designate relays for holding switches 15 and 16
      respectively, 17 is a switch which is operative upon receiving a signal
      from the detector, and 18 is a switch which is operative depending on the
      value of load under normal operation or under conditions where no
      additional load being applied.
PAR  The control circuit device 1 operates as follows:-
PAR  At the moment when an additional load is applied suddenly, the switch 17
      closes in response to a signal from the revolution change detector. The
      closure of switch 17 establishes a closed circuit within the control
      circuit device, so that the solenoid valves a and b as well as a solenoid
      c start operation. This, in turn, causes the air feed device A, intake air
      relief device B and fuel rack shifting device C to start operation.
PAR  Referring now to FIGS. 3 and 4 illustrating the revolution change detector
      2, a rotary shaft 20 carries at one end thereof a flange which is coupled
      to the rotary shaft of the generator G. On the rotary shaft 20 is fixedly
      mounted a rotary ring 23 by means of a bolt 24. Said rotary ring 23
      carries projections 21 and 22. The rotary shaft 20 also has a follower
      ring 26 mounted thereon and supported by a bearing 25. The follower ring
      26 is an assembly of a disc member 26A mounted on the bearing 25 and a
      cross-shaped member 26B (of which section is best seen from FIG. 4). These
      members are put together by a bolt 27. The cross-shaped member 26B is
      provided with an opening 30 having a rectangular cross section. The
      opening 30 is defined by a pair of opposing side walls 28 and 28' and
      another pair of opposing side walls 29 and 29' so that the follower ring
      26 can receive the rotary shaft 23 in the position as shown in the
      drawing. Between the front surface 31 of the projection 21 and the
      opposite side wall 28 of the follower ring 26 is loaded a spring 32. The
      spring 32 is adjustable by means of a set screw 33. On the side wall 28'
      of the follower ring 26 is provided with a stopper 34 which is adapted to
      engage with the front surface 31 of the projection 21. Arranged between
      the rear surface of the projection 22 and the opposite side wall 28' is a
      contact device 36 which is biased by a bolt 37. Indicated at 38 and 39 are
      slip rings mounted around the extension portion of the rotary shaft 20 and
      connected to the contact device 36 by means of the lead wires (not shown)
      extending along the axial groove 40 cut in the rotary shaft 20. An
      insulating material is indicated at 42.
PAR  Now the operation of the revolution change detector 2 will be described.
      When the engine E rotates constantly under a normal load condition, the
      rotary shaft 20 rotates and the projection 21 engages with the stopper 34,
      thereby rotating the follower ring 26 for the same number of revolutions
      as the engine rotation. Under these conditions the contact device 36 is
      held open. When one or more loads such as M.sub.1, M.sub.2 and M.sub.3 are
      applied suddenly through the input operation of the corresponding switches
      S.sub.1, S.sub.2 and S.sub.3, the r.p.m. of the rotary shaft 20 reduces
      rapidly. On the other hand, because of its inertia the follower ring 26
      has a tendency to keep rotating constantly. This results in an offset
      rotation angle between the rotary shaft 20 and follower ring 26. As a
      result, the spring 32 is compressed and the contact device 36 is closed
      upon engagement with a bolt 37, thereby permitting a signal to be sent to
      the control circuit device 1 by way of the slip rings over load wires 3.
PAR  Now reference should be had to FIG. 5 illustrating the air feed device A
      and intake air relief device B. An internal combustion engine E such as,
      for example, a Diesel engine equipped with a supercharger 50 is provided
      with an intake manifold 51, an exhaust manifold 52 and a starting valve
      53. Indicated at 54 is an air tank for storing the air under pressure.
      Said air tank 54 is connected to a main starting air pipe 57 via starting
      air choke valve 55 and a starting air control valve 56, forming as a whole
      a starting air feed system X. Said main starting air pipe 57 is so
      arranged as to communicate with the engine cylinder and also connected to
      the starting valve 53 by way of a starting air distribution valve 58. To
      set up a load follow-up air feed system Y adjacent to the starting air
      feed system X, the air tank 54 is also connected by means of connection
      pipes to a decompression valve 59, solenoid valve a designed to receive a
      signal from the control circuit device 1 and load follow-up air choke
      valve 60. By the provision of such a system Y the air can be supplied into
      the engine E bypassing the starting air feed system X. Indicated at 61 is
      an operation handle for the starting air control valve 56.
PAR  An opening solenoid valve b serving as the intake air relief device B is
      arranged in a suitable position within the intake manifold 51. The opening
      solenoid valve b is operative in association with the solenoid valve a.
PAR  The air feed device A operates in the following manner:-
PAR  To start the engine E the starting air control valve 56 is first opened by
      operating the starting handle 61. This allows the pressurized air in the
      air tank 54 to flow passing through the starting air choke valve 55 and
      then starting air control valve 56 and thence into the in starting air
      pipe as shown by the dotted line arrow. At this time the starting valve 53
      is opened by a starting air distribution valve 58, permitting the
      introduction of the air into the engine cylinder. On the other hand, when
      a load is suddenly applied to the engine E the control circuit device 1,
      as mentioned previously, actuates the solenoid valve a in response to the
      load signal from the revolution change detector 2. This permits the
      pressurized air to flow out of the air tank through the decompression
      valve 59 as shown by the real line arrow. The following air then opens the
      load follow-up air choke valve 60. Under these conditions the pressurized
      air flows continuously through said load follow-up air choke valve 60 into
      the main starting air pipe 57 and thence fed into the engine cylinder.
PAR  Now the operation of the intake air relief device B will be described. When
      the control circuit device 1 operates in response to the load signal and
      when the solenoid valve a operates under control of said control circuit
      device 1 as referred previously, the opening solenoid valve b operates
      simultaneously. This makes the intake manifold 51 communicate with the
      atmosphere so that the normal supercharger air pressure may be maintained
      by discharging a portion of the pressurized air from the intake manifold
      into atmosphere. In this way the appearance of the surging phenomenon of
      the supercharger 50 can be eliminated.
PAR  Reference should be had to FIG. 6 illustrating the fuel rack shifting
      device C, wherein the rack 71 of the fuel pump 70 and a speed governor 72
      are connected together by means of a connecting rod 73. The connecting rod
      73 is designed in such a manner that irrespective of the operation of the
      speed governor 72 the rack 71 alone can be shifted in the fuel increasing
      (+) or decreasing (-) side in response to an external force, or, more
      specifically, the connecting rod 73 is provided with a cylinder 74 of
      which one end is operatively connected to the rack 71. Within the cylinder
      74 is received a piston 76 which is integral with a governor lever 75.
      Springs 77 and 78 are loaded within the cylinder 74 so that they engage
      with the opposite ends of the piston 76. Indicated at c is a solenoid
      built into the control circuit 1. As is described previously with
      reference to FIG. 2, the solenoid c actuates in response to a signal from
      the control circuit 1 for thereby shifting the rack 71 towards + side.
PAR  Now the operation of the fuel rack shifting device C will be described. As
      is mentioned previously, when a load is suddenly applied to the engine E
      the revolution change detector 2 imparts a corresponding load signal to
      the control circuit device 1 for thereby actuating solenoid valves a and b
      as well as solenoid c. The solenoid c acts on the rack 71, shifting it
      towards the fuel increasing side, or + side. It should be noted that the
      governor lever 75 or piston 76 is not influenced at all by compressing the
      spring 78 which is loaded within the connecting rod 73, and hence the rack
      71 can be shifted towards the fuel increasing side (+) irrespective of the
      operation of the governor lever 75.
PAR  An internal combustion engine E equipped with a supercharger as well as a
      load follow-up device according to the foregoing embodiment will operate
      at a constant speed under normal load. When an additional load is suddenly
      applied to the engine E, its r.p.m. will be reduced and a corresponding
      load signal will be applied instantly from the revolution change detector
      2 to the control circuit device 1. As a result, the solenoid valves a and
      b as well as the solenoid c in the control circuit device 1 start
      operation, thereby operating the air feed device A, intake air relief
      device B and fuel rack shifting device C. Then these devices immediately
      detect the application of load to the engine E and, without any time
      delay, feed a pressurized air into the engine cylinder, thereby shifting
      the fuel rack towards the fuel increasing side (+) to supply a sufficient
      fuel and then permitting a portion of the pressurized air having flown out
      of the intake manifold to discharge into atmosphere. FIG. 7 is a graph
      representing the foregoing operation in comparison with the prior art
      technique, wherein the operation according to this invention being shown
      by a real line, while the operation according to the prior art technique
      being shown by a dotted line.
PAR  It will be appreciated that by application of this invention an internal
      combustion engine, even when an additional load is applied thereto, can
      maintain a sufficient combustion characteristic enough to develop a
      desired output, so that the reduction in the engine speed can be
      minimized. Besides, the rising time after application of a load is
      shortened substantially compared with the prior art techniques. Also, the
      load follow-up characteristic can be improved extremely and the danger of
      unexpected engine stoppage can be eliminated. Furthermore, because a
      portion of the pressurized air which has flown out of the engine cylinder
      into the intake manifold is discharged into atmosphere, the danger of
      supercharger surging and abnormal increase in the air pressure within the
      intake manifold can be eliminated.
PAR  Now the follow-up device according to the second embodiment of this
      invention will be described with reference to FIG. 8. This embodiment is
      substantially equal to the foregoing first embodiment excepting that an
      electric load detector 4 is employed in place of said revolution charge
      detector 2, and hence like components are indicated by like reference
      letters and numerals.
PAR  The electric load detector 4 is arranged, by way of a current transformer
      N, in an intermediate position of the leads U extending from the generator
      G to the loads M.sub.1, M.sub.2, M.sub.3, etc. The electric load detector
      4 is connected to the control circuit device 1 over lead wires 5 and
      imparts a signal to the control circuit device 1 in response to the load
      current, or increase in the current, at the moment of load application.
PAR  With reference to the block diagram of FIG. 9 the construction of the
      electric load detector 4 will be described hereinunder. The electric load
      detector 4 consists of a higher limit indicating circuit H, lower limit
      indicating circuit L and an operating circuit O. The lower limit
      indicating circuit L has an almost similar construction to the higher
      limit indicating circuit H excepting that it is provided with a delay
      circuit 100 for providing a delay time of approximately 1 second.
PAR  The higher and lower limit indicating circuit H and L are provided with
      amplifiers 101H and 101L, respectively, for amplifying the load current
      input from the current transformer N. Subsequent to these amplifiers 101H
      and 101L are arranged comparators 102H and 102L, respectively, so that the
      amplifier load current inputs can be compared with the higher or lower
      limit reference voltages from higher or lower limit reference voltage
      device 103H or 103L. The higher or lower limit indicating circuits H and L
      include higher and lower limit relays 104H and 104L, respectively, to
      receive signals from the comparators, for thereby operating the switches
      in the operation circuit C. The higher and lower limit indicating circuits
      H and L also include rectifiers 105H and 105L, respectively, as well as
      constant voltage devices 106H and 106L, respectively.
PAR  The higher limit indicating circuit H is so constructed that, when the load
      current input exceeds the preset level of the higher limit reference
      voltage device 103H, it develops a signal from the comparator 102H to
      operate the relay 104H. Whereas the lower limit indicating circuit L is
      arranged in such a manner that, when the load current input is lower than
      the present level of the lower limit reference voltage device 103L, it
      develops a signal from the comparator 102L for thereby operating the relay
      104L.
PAR  In the operation circuit O a switch 107, SCR 108 and subsidiary relay 109
      for operating the switch 17 (see FIG. 2) in the control circuit device are
      serially connected to each other. Said switch 107 serves as an output
      contact of the relay 104H which is arranged in the higher limit indicating
      circuit H. The SCR 108 is connected in such a manner that a gate voltage
      is applied thereto only when a switch 11C, which acts as an output contact
      of the relay 104L in the lower limit indicating circuit L, is under
      operation. It will be seen from FIG. 9 that a rectifier 111 is also
      incorporated into the operation circuit O.
PAR  O.L. stands for an orange indicator lamp which grows upon operation of the
      higher limit relay 104H; G.L. a green indicator lamp which grows upon
      operation of the lower limit relay 104L; R.L. a red indicator lamp which
      grows upon operation of the subsidiary relay 109. These indicator lamps
      permit the operator to visually distinguish which of the circuits is now
      under operation.
PAR  Now the operation of the electric load detector 4 will be described. Making
      use of the self holding characteristic of the SCR 108, the subsidiary
      relay 109 is so arranged as to couple a signal with the control circuit
      device 1 only when the load current input increases suddenly, or more
      specifically within a delay time less than 1 sec. which is provided by the
      delay circuit 100, from a level lower than the preset lower limit to a
      level higher than the preset higher limit. Under these circumstances, the
      comparator 102L develops a signal and puts the relay 104L into operation
      after an interval of 1 sec. by way of the delay circuit 100. The
      comparator 102H also develops a signal to thereby directly operate the
      relay 104H. It should be noted here that the higher limit relay 104H
      starts operation preceding to the lower limit relay 104L because of the
      short rising time of the load current which is as short as less than 1
      sec. Accordingly, upon closure of the switch 107, the switch 110 lies
      closed to apply a gate voltage to the SCR 108. Even if, after 1 sec. from
      the closure of the switch 107, the lower limit relay 104L becomes
      inoperative to thereby open the switch 110, the operation circuit O will
      maintain closed state due to its self holding characteristic. It will be
      apparent that the indicator lamps O.L. and R.L. keep growing at that time.
PAR  When the load current input is reduced to a level lower than the preset
      higher level, the signal from the comparator 102H ceases and the relay
      104H becomes inoperative. Consequently, the switch 107 opens, the
      subsidiary relay 109 restores and the indicator lamps O.L. and R.L. turn
      off.
PAR  It will be understood from the foregoing that the subsidiary relay 109 does
      not become operative so long as the load current input exceeds the preset
      higher limit after an interval of longer than 1 sec. which is measured
      from the very moment when it exceeds the preset lower limit. This is
      because the switch 110 adapted to apply a gate voltage to the SCR 108
      opens before the switch 107 being closed, and the operation circuit O does
      not form a closed circuit. By use of an electric load detector, the load
      follow-up device has a wide selectivity in its control operation.
PAR  FIG. 10 illustrates still another embodiment of the load follow-up device
      according to this invention. This embodiment is substantially similar to
      the foregoing two embodiments excepting that it employs a
      contact-associating type detector 6 in place of said revolution change
      detector 2 and electric load detector 4 and, hence, like components are
      indicated by like reference letters and numerals.
PAR  The contact-associating type detector 6 consists of a contact 151 and power
      source 152 which are connected in series by means of lead wires 153. The
      contact 151 is operative in association with a switch S.sub.3 for the
      large capacity load M.sub.3, so that upon closure of the switch S.sub.3
      the contact 151 closes to give a signal to the control circuit device 1.
PAR  In this embodiment another one or more switches may be operative in
      associated with the contact depending on the capacity of the loads
      M.sub.1, M.sub.2, M.sub.3, etc. It will be apparent to those skilled in
      the art that the lost-mentioned embodiment provided a load follow-up
      operation with a very simple construction.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An internal combustion engine having at least one cylinder and equipped
      with a supercharger for feeding air into the cylinder by way of an intake
      manifold, a control member for controlling the rate of supply of fuel to
      the cylinder, and a load follow-up device which comprises:
PA1  detector means operatively connected with the engine to sense a sudden
      application of load to the engine;
PA1  air feed means operable to admit air into the engine cylinder directly,
      without passing through the intake manifold;
PA1  intake air relief means operable to vent pressurized air from the intake
      manifold to atmosphere;
PA1  actuating means operable to displace the control member to increase the
      rate of supply of fuel; and
PA1  control circuit means connected to th detector means to respond
      substantially instantly to a sensed sudden application of load by
      operating the air feed means, the intake air relief means and the
      actuating means to admit air into the cylinder directly, vent pressurized
      air from the intake manifold, and increase the rate of supply of fuel
      thereby to follow-up faithfully the application of the additional load and
      prevent reduction in engine speed.
NUM  2.
PAR  2. An internal combustion engine as claimed in claim 1, having an output
      shaft and wherein the detector means comprise a revolution change detector
      consisting of a rotary ring fixedly mounted on said output shaft and
      carrying a pair of mutually opposed projections, a follower ring rotatably
      mounted around the output shaft so that it encircles the rotary ring, a
      spring maintained under pressure between a rear surface of one of said
      projections and an abutment portion of the follower ring, and a contact
      device arranged between a rear surface of the other projection and a
      second abutment portion of the follower ring.
NUM  3.
PAR  3. An internal combustion engine as claimed in claim 1, wherein the
      detector means comprise an electric load detector provided with a
      subsidiary relay which is operative to deliver a response signal to the
      control circuit means only when a load exceeding a large preselected value
      is applied to the engine at a speed exceeding a predetermined value.
NUM  4.
PAR  4. An internal combustion engine as claimed in claim 1, having a starting
      air feed system which comprises a source of air under pressure, a control
      valve for controlling flow of air from said source, and a starting valve
      for admitting air into the engine cylinder directly, without passing
      through the intake manifold, and wherein the air feed means comprise a
      choke valve connected in parallel with said control valve whereby air can
      pass from said source to said starting valve without passing through said
      control valve, and a solenoid valve operative to open the choke valve in
      response to a signal from the control circuit means.
NUM  5.
PAR  5. An internal combustion engine as claimed in claim 4, wherein the intake
      air relief means comprise an opening valve connected to vent pressurized
      air from the intake manifold to atmosphere, the opening valve being
      arranged to open upon operation of said solenoid valve.
NUM  6.
PAR  6. An internal combustion engine as claimed in claim 1, wherein the intake
      means comprise an opening valve connected to vent pressurized air from the
      intake manifold to atmosphere, the opening valve being arranged to open
      upon operation of the air feed means.
NUM  7.
PAR  7. An internal combustion engine as claimed in claim 1, equipped with a
      speed governor and a connecting rod having one end connected to the speed
      governor and an opposite end connected to the control member, whereby the
      rate of supply of fuel can be controlled in dependence upon the position
      of said one end of the connecting rod, and wherein the connecting rod is
      constructed so that the control member can be displaced independently of
      the position of said one end of the connecting rod, and the actuating
      means comprise a solenoid mounted to be effective against the control
      member and connected to operate in response to a signal from the control
      circuit means.
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ABST
PAL  Spark distribution method and means of the variable magnetic flux type for
     nternal combustion engines comprising respective cooperative steps and
      parts in and for a spark distributor including: a spark shaft inside a
      housing with a gear on the shaft that is driven thereby and rotatably
      movable with the shaft by means of at least one integral advance wheel or
      element that may be of a centrifugal design and which is displaced towards
      a magnetic flux "captor" element which channels magnet flux towards the
      shaft, there being in the wall of the housing opposite the advance device
      a slot roughly perpendicular to the shaft and a corresponding orifice in
      said advance device which is opposite the slot so that the optimum static
      adjustment of the spark point being conducted may be accomplished by first
      positioning the gear with respect to the captor and then setting the
      distributor from without the housing to a calibrated mark on the external
      surface of the housing with matched placement therewith of the head of a
      setting device which passes through the slot to be fixed at its inner end
      in said orifice and which has a fragile break area disposed inside the
      housing allowing its outwardly extending portion to be broken off after
      the distributor setting is made and the shaft rotated. The distributor
      means is particularly useful as a component of an automobile engine.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention lies in the field of novel, readily adjustable spark
      distributors and the like for internal combustion engines.
PAR  It is known that during the functioning of a spark distributor for an
      internal combustion or the like engine an attempt is made to establish a
      precise adjustment of the spark point. In fact, such an improvement and
      fine control in the adjustment of the spark assures the best combustion of
      the gases in any internal combustion engine, especially those utilized for
      an automobile's or the like vehicles with which the spark distributor is
      associated in the engine.
PAR  Known distributors in current use generally include at least a mechanical
      breaker arranged in the primary wiring in the coil. Such systems have
      inherent disadvantages, all of which are well known in and to those
      skilled in the art. The inconveniences presented by the mentioned
      conventional type of distributor are of several types. First, they usually
      necessitate the presence of several mechanical linkages and apparatus
      which cooperate with one another for the purpose of bringing out the
      desired movement of each breaker. Secondly the repetition of the arcs of
      the spark causes wear on the plated screws ordinarily present in the
      assembly. Third, the use of purely mechanical apparatus unavoidably brings
      about certain limitations which are generally observable and manifest in
      the rate of start up of the mechanisms; all of this occurring so that, and
      in a parallel manner, a plateau or "dead end", as it were, is reached
      whenever the motor is required to accelerate which, of course, is the time
      when greatest and most instantaneous spark action and performance is
      desired and required.
PAR  Amongst the objectives of the present invention is to overcome the
      difficulties and deficiencies of prior art in the spark distributor field
      for internal combustion engines and the like, as is entirely evident in
      and from the following Specification.
PAR  In order to compensate for these various forces and causes of possible
      maladjustment of the spark points (generally due to wear and tear) and in
      order to obtain a shorter reaction time corresponding to the normal
      operation of the motor in certain cases, according to a recent technique,
      the mechanical spark breaker is replaced with a sparking device which has
      a magnetic flux variation. This latter embodiment makes it possible on the
      one hand, to eliminate all of the causes of maladjustment of a mechanical
      origin and, on the other, to assure faster speed up or acceleration of the
      engine.
PAR  The utilization of the presently contemplated flux variation technique for
      realization of a spark in internal combustion engines has been generally
      known for a number of years past. In substantiation of this, reference may
      be had to U.S. Pat. Nos. 3,145,224; 3,316,446; and 3,357,416.
PAR  The optimim static adjustment of the spark point of a distributor (which
      includes a mechanical breaker) is easily obtained. For example, it can be
      achieved by turning the shaft of the distributor until obtaining the
      opening of the breaker (such opening being possible to check in several
      ways including under lamp light, such as by so-called strobe lamps). The
      same operating technique makes it possible to obtain a later rapid
      adjustment of the distributor whenever the same may be required for any
      reason, as may be in the case when the distributor has been taken apart
      and must be again adjusted in order to function within the best conditions
      mentioned above.
PAR  The technique of adjusting the spark point of a distributor utilizing and
      having magnetic flux variation is more complex. It ordinarily
      necessitates, for example, the marking of the tooth of a gear, then the
      bringing of this tooth in front of a magnet flux "captor" made of an
      element which channels this magnetic flux towards the shaft, the said
      element or organ being connected to a permanent magnet and constituting
      the nucleus of the induction coil. For example, the adjustment of such a
      distributor may be obtained by using an external flux and by marking on a
      test bench the relative position of one tooth of the wheel and of the
      "captor" leading to the perfect adjustment of the spark point of the
      distributor. The certainty of maintaining of this relative position of the
      gear wheel and of the captor is a delicate thing both at the time of
      finishing the assembling of the distributor and whenever one proceeds with
      re-installing it, following for example the repair or change of at least
      one of any of its component parts.
PAR  The primary purpose of the present invention is to provide a simple means
      for adjusting the points of a distributor, this adjustment being capable
      of being conducted from the outside of the distributor housing by means of
      a blockage element or organ or of an easy-to-use key of an uncomplicated
      nature. The adjustment can be accomplished without any intermediate
      transformation before the final assembling of the distributor points under
      consideration so that it can be done at the time of re-assembling it
      whenever it has been necessary to repair it.
PAR  The present invention thus has as its basic object a process for the
      temporary setting (in a pre-adjusted position) and later rapid adjustment
      of an ignition distributor which has a variable magnetic flux, designed in
      particular to cooperate with an internal combustion engine for
      automobiles. This distributor includes on the inside of a housing, a spark
      shaft on which is arranged a gear moved along by the said shaft and
      movable by rotation with respect to the shaft based upon the effect of at
      least one centrifugal advance device or wheel. The said gear is displaced
      in front of a magnetic flux captor made of a device which channels this
      magnetic flux towards the shaft, this said device being connected with a
      permanent magnet and constituting the nucleus of an induction coil.
      Practice of the present invention may be characterized in that the setting
      is carried out, on the one hand, in the wall of the housing opposite an
      element of the centrifugal advance device solidly connected to the shaft
      through a slot whose average line is located roughly on a perpendicular
      plane to the axle of the distributor shaft and, on the other hand, in the
      zone of the element of the centrifugal advance device rigidly connected to
      the shaft located opposite the said slot, an orifice and by the fact that
      the optimim static adjustment is conducted for the spark points by
      positioning the gear with respect to the captor and also by the further
      fact that assembly may be made of the distributor while simultaneously
      maintaining part of a positioning and setting bar opposite the said mark.
PAR  The present invention also has as a further object the provision of and as
      a new industrial product which constitutes a device for the temporary
      setting in a preadjusted position and the rapid later adjustment of a
      spark distributor which has a variable magnetic flux, designed in
      particular to cooperate with an internal combustion motor for an
      automobile vehicle, this distributor including on the inside of the
      housing a spark shaft on which is arranged a gear which is moved by the
      said shaft and capable of being rotated with respect to this shaft under
      the effect of at least one centrifugal advance device or gear, the said
      wheel being displaced in front of a magnetic flux captor element made of a
      device which channels the magnetic flux towards the shaft, the said captor
      element being connected to a permanent magnet and constituting the nucleus
      of the induction coil; all of which is characterized by the fact that the
      wall of the housing has, with regard to the centrifugal advance device
      which is one piece with the shaft, a slot whose average line is situated
      roughly on a plane perpendicular to the axis of the distributor shaft, and
      also by the fact that the said element of the centrifugal advance device
      (which is one piece with the shaft) has an orifice which cooperates with
      the bar of a setting device whose head is held against the external
      surface of the wall of the distributor housing and which passes through
      the slot in the said wall and has a fragile break zone arranged on the
      inside of the said housing.
PAC  PARTICULAR DESCRIPTION AND CHARACTERIZATION OF THE INVENTION
PAR  In a preferred mode of embodiment or realization in practice of the present
      invention, the setting device which cooperates with the element of the
      centrifugal advance device which is one piece with the shaft, is
      advantageously made of a synthetic material, for example, nylon. The
      setting device is of the screw, bolt, or peg type. It has a threaded rod
      and the opening made in the centrifugal advance device is a threaded hole
      whose threads cooperate with the threads of the bar of the setting device.
      The setting device cooperates with the lower plate of the centrifugal
      advance device which is generally best embodied as a one piece unit with
      the spark distributor shaft.
PAR  Since the opening cooperates with the bar of the adjustment device, the
      axle is roughly radial and the slot made by the bar of the said setting
      device is accomplished roughly transversely in the lateral wall of the
      distributor housing. The orifice which cooperates with the bar of the
      setting device is perforated in a flange which is one piece with the lower
      level of the centrifugal advance device which is accordingly one piece
      with the distributor shaft. The flange is thus roughly orthogonal to the
      plane formed by the said plate and parallel to the lateral wall of the
      housing.
PAR  It can thus be readily observed that the maintaining of the relative
      position of the gear and the magnetic flux captor corresponding to the
      optimim adjusting point of the ignition is obtained from the outside of
      the distributor housing by introducing the bar of the setting device into
      the slot made in the wall of the housing, then into the opening made in
      the centrifugal advance device element which is necessarily one piece with
      the distributor. Upon connection of the bar of the adjustment device and
      the centrifugal advance device (which is one piece with the shaft) and
      tightening of the head of the said adjustment device on the external
      surface of the distributor housing wall, the desired adjustment is simply,
      quickly and most expeditiously made.
PAR  Since the distributor is generally adjusted in one of the first phases of
      its assembly, it is possible to subsequently finish and set same after
      assembly without modifying the relative position of the gear and of the
      flux captor or, in consequence, altering the optimim adjustment of the
      ignition point.
PAR  Advantageously, the position of the bar of the setting device fixed on the
      housing is marked on the outside of the wall of the housing prior to any
      starting of the motor or engine involved.
PAR  At the time of engine starting, the bar of the setting device (as is
      apparent in the present description) breaks into two pieces. One of these
      is removed outside of the housing. The other is held on the device for the
      centrifugal advance which is moved as the distributor shaft rotates. In
      this way, at the time of a possible disassembling of the distributor it is
      thus made possible to then during its reassembly merely turn the
      distributor shaft until it encounters the fragment of the bar fixed on the
      centrifugal advance device with respect to the marking point mentioned
      above, so that the motor will be sure of having the gear replaced into its
      best position relative to the magnetic flux captor.
PAR  It is then readily possible and sufficient to finish the reassembly of the
      distributor while at the same time maintaining the bar in front of the
      said marking point so that the distributor will function almost, if not
      completely, perfectly.
PAR  It is thus quite evident that during the course of the reassembly, the
      angular precision which can be assured is less than a degree. This
      precision is more than sufficient in the usual case for the automobile to
      be able to re-start and generally, in that, function with a satisfactory
      ignition. Naturally, for a mechanical adjustment which necessitates an
      angular precision in the distributor setting of less than one degree it
      may be more expedient to partially disassemble the distributor and
      readjust it after the above-described preliminary adjustment so as to
      obtain the optimum ignition point.
PAR  Still other objects, features and significant advantages of the invention,
      particularly illustrating its significant and salient possibilities, are
      most apparent in the following of this Specification and description
      considered in connection with the accompanying Drawing, in which there is
      shown a particular individual embodiment of the invention; it being
      understood that appliances and devices in full accordance with the present
      invention can be varied and have alternative features and, as indicated,
      may differ in the actual construction utilized. The invention is thus
      obviously not limited to the particular arrangement depicted in the
      accompanying Drawing; it still being understood further that no
      limitations thereon are intended therefrom.
DRWD
PAR  With particular reference to the particular appliance embodiment
      illustrated in the Drawing:
PAR  FIG. 1 is a cross-sectional view, taken longitudinally, of a classic
      ignition distributor equipped with a provisional setting device in a
      pre-adjusted position and for later quick adjustment according to the
      invention;
PAR  FIG. 2 is a top view of the distributor of FIG. 1, in which the cap placed
      on the upper part of the housing has been removed;
PAR  FIG. 3 is a perspective view, partial and simplified, of the distributor of
      FIG. 1, in which the housing has been cut away longitudinally according to
      the axis of the distributor shaft, the provisional setting device of the
      invention being represented in the non-mounted (position) on the housing;
PAR  FIG. 3 is a detailed view of the setting device of the surface immediately
      following the rotation control of the distributor shaft;
PAR  FIG. 4 is a detailed view depicting the method of marking on the external
      wall of the distributor housing of the optimim position of the setting
      device corresponding to the optimim adjustment of the ignition point; and
PAR  FIG. 5 is a detailed view showing the later rapid adjustment of the
      distributor from the marking point defined in FIG. 4.
DETD
PAR  By referring to the several FIGURES of the Drawing it will be seen that
      reference numeral 1 designates all of the spark distributor housing
      according to the invention. Reference numeral 2 designates the distributor
      shaft which turns according to the access of shaft 1, the said housing
      being maintained in the housing by a bearing 3 placed on the lower part of
      the housing. A cover 4, set over the housing 1 and fixed thereon by means
      of bolts 5, has high distribution current posts 6 delivered by the
      distributor to the spark plugs of the internal combustion engine motor
      with which the distributor is associated. Cover 4, moreover, has a post 7
      connected to the high tension feed coil. The distribution points in this
      are peripheral and the feed post 7 is central.
PAR  The shaft of the distributor is located on its lower part by element or
      sprocket organ 8 connected to the motor. The spark distributor has, on its
      lower part, a centrifugal advance device made up of a lower plate 9 which
      is one piece with shaft 2; on which plate there are symmetrically arranged
      two feed cables 10 opposite the central shaft 2, each articulated so as to
      be revolvable around axle 11 carried by lower plate 9. This plate is
      perpendicular to shaft 2, and the two axles 11 which carry it are parallel
      to the said shaft. During the course of the rotation of shaft 2, the two
      feed cables 10 are subjected to a centrifugal force. This causes them to
      spread from the shaft so as to initiate movement of two rollers 12 each
      turning around the contact piece 13 fixed to the upper plate 14 of the
      centrifugal advance device under the effect of the feed cables 10 which
      tend to extend from shaft 2; the contacts 12 themselves being supported
      during this time on their outside surface on the profile of the said
      bearings conveyed along by means of the same movement the upper plate 14
      parallel to the lower plate 9. In this sequence, this upper plate is
      shifted in an angular position with respect to the lower plate.
PAR  Feed heads 10 are maintained towards the longitudinal axis of the shaft 2
      by means of springs which (not shown) supported by the lower plate which
      is itself connected to the upper plate by means of a standard spring
      (which is also not shown). Generally, this latter-mentioned spring is
      hooked by means of one of its ends to the contact piece 13 of the upper
      plate and to the other end by a piece 15 which is one with the lower plate
      situate perpendicular thereto and roughly parallel to the side wall of
      housing 1.
PAR  In the central recess of upper plate 14 which rotates with respect to the
      distributor shaft, there can be inserted a cylindrical bushing 16,
      centered on shaft 2, which is set on its lower part by means of a holding
      device 17 on the lower plate of the centrifugal advance device so as
      consequently to be movable in a rotating manner around shaft 2. A gear 18
      is centered on and fixed to the upper part of this cylindrical bushing 16.
      For greater precision, gear 18 is made of fritted or powder iron or
      equivalent. The gear 18 generally has four identical teeth 19 arranged at
      about a 90.degree. angle to one another, the distributor represented being
      supposedly associated with a 4-cylinder, 4-cycle motor. Of course,
      appropriate changes, as will be apparent to those skilled in the art, are
      and can be made when other type engines are involved.
PAR  In any event, the gear 18 which is in one piece connection with the upper
      movable plate of the centrifugal advance device, is for the
      above-mentioned reason, rotated by shaft 2. It may have a rotating
      movement of only limited amplitude with respect to this shaft due to the
      face that the angular displacement between the lower plate and the upper
      plate of the centrifugal device. This angular displacement corresponds to
      the advance or retarding of the spark conferred by the centrifugal device
      mentioned above.
PAR  An advance depression plate 20 which is perpendicular to shaft 2 is
      centered and set on a cylindrical sleeve 41. A collar is thus formed
      around the bushing zone 16 so constituted between the upper plate 14 and
      the gear 18. A curved piece 21, welded by means of its horizontal part to
      the depression advance plate 20, carries on its vertical portion the
      bearing for a control bar. The control bar advances the depression 22
      directly activated by depression displacement pump 23 which is supported
      by a horizontal base 24 attached to the housing 1.
PAR  In a known manner, the depression advance device completes the correction
      of the advance established by the centrifugal device. There is thus and
      accordingly an automatic correction of the advance of the spark as a
      function of the rotation speed of the motor. For this purpose, pump 23 has
      a membrane which is subjected to the depression dominating within the
      inlet collector of the motor and connected to it by means of a tube system
      25.
PAR  Reference numeral 26 designates the distribution rotor of the spark
      distributor according to the invention. This rotor is preferably made of a
      molded plastic piece which is electrically insulated and on its upper
      part. The rotor carries a conductive tip 27 which is inserted during the
      molding into this plastic part.
PAR  In a known manner, this conductive tip makes it possible to conduct high
      tension current fed by the central post 7 of cover 4 in the direction of
      contact pieces 28 of the peripheral post 6; the disrupture being carried
      out parallel to the axis of the distributor between the tip 27 and the
      conductor pieces 28 each corresponding to the posts 6 of the said cover.
      The distributor 26 has at its center a hole drilled on the inside of which
      the extremity 29 of the central shaft is introduced. Rotor 26 rests on
      extremity 29 of the shaft and its drive by the shaft is assured by means
      of a drive pin 20 which penetrates into a notch made in the upper part of
      the extremity 29 of shaft 2. Naturally, the drive pin 30 is preferably
      made at the time of the molding of rotor 26.
PAR  The variable ignition distributor with magnetic flux finally has, on its
      top part of the shaft and more precisely with respect to the gear 18, a
      magnetic flux captor attached to said housing. To better illustrate this,
      the magnetic flux captor includes an induction coil 32 whose nucleus 33 is
      connected to a permanent magnet 34 conducting the flux to the shaft 2 by
      means of the advance depression plate 20. The plane of transversal
      symmetry of gear 18 is merged with the transversal plane of symmetry of
      the nucleus 33 so that the teeth of the said wheel 18 are placed exactly
      opposite nucleus 33 at the time of rotation of the wheel moved by shaft 2.
PAR  At the time of assembling of the distributor according to the invention,
      tooth 19 on which the adjustment is made is marked as is the opposite
      position 33; the maximum magnetic flux corresponding of course to the
      position of tooth 19 which is exactly opposite nucleus 33. Due to the
      difficulties that one may find after assembling the distributor, it is
      particularly advantageous to keep the positioning of the gear with respect
      to the captor. This positioning generally corresponds to the optimim
      static adjustment of the spark points. Since shaft 2 is driven by the
      motor to which the distributor of the invention is associated, it is clear
      that the unit of organs or elements centered on the shaft is temporarily
      one in rotation with shaft 2. The position desired for tooth 19 opposite
      the nucleus of coil 32 is thus capable of being marked in a definite way
      on any other element of the distributor which is centered on shaft 2. This
      particularly applies to the elements adjusted in rotation on the said
      shaft, namely the lower plate 9 of the advance centrifugal device.
PAR  On the wall of the housing there is provided a slot 35 whose average line
      is situated roughly along a level perpendicular to the axis of the
      distributor shaft. The slot 35 can be made into the lower wall roughly
      horizontal to the housing or preferably in the lateral vertical wall of
      the housing as is represented in the attached FIGURES. At the same time,
      an opening 36 is made in the area of the lower plate 9 situated opposite
      slot 35. In this particular case where the slot is made roughly
      transversally in the lateral wall of the distributor housing, orifice 36
      is an access roughly radial and which is perforated for example in a
      vertical piece 15 which is one with the lower plate 9. Finally, the shaft
      2 is set into position with respect to the wall of the distributor by
      fixing (from the outside of the said housing and on the external surface
      of wall one of this latter) the head 37 of a setting device whose bar 38
      passes through slot 35. The setting device has a fragile break area 38a
      arranged on the inside of the housing and cooperates with the
      above-mentioned orifice 36. The setting element is generally, for example,
      a screw, bolt or peg and has a type of bar whose threaded extremity
      cooperates with an internal threading produced along the lateral wall of
      orifice 36. The setting element is advantageously made of synthetic
      material, for example nylon or the like or equivalent. Whenever, by means
      of the setting device 37-38, the shaft 2 is set in rotation in the
      position corresponding to the optimim static adjustment of the spark
      points (as are defined by the relative position of the gear and of the
      flux captor) the assembly of the distributor can be finished and the
      pre-set distributor then utilized as may be desired (i.e. put into
      immediate service or stored for later use).
PAR  The distributor of the present invention is associated primarily with an
      automobile vehicle motor. Thus, in order to employ such a distributor, one
      proceeds with the starting of the motor while simultaneously keeping head
      37 of the setting device in the distributor held against the side wall of
      the housing. In this way, bar 38 of the said device breaks at the level of
      its fragile portion, as is designated by reference numeral 38a, so that,
      on the one hand, a fragment 38b of the bar remains on the inside of the
      opening 36 made into the part 15 and, on the other hand, the head 37 of
      the holding device as well as the initially associated portion or fragment
      of the bar (which is the part or fragment located ahead of the fragile
      38a) falls out of housing 1. Shaft 2 of the spark distributor is then
      freed so that fragment 38b of the bar can remain as one with part 15 of
      the lower plate 9 (which can also move since it is one with the central
      shaft 2).
PAC  ADDITIONAL FEATURES AND CHARACTERISTICS OF THE INVENTION
PAR  For the purpose of the proceeding with subsequent quick adjustment(s) of
      the spark distributor of the invention, one should and will take care
      before and during the starting of the motor associated with the
      distributor to mark on point 39 on the external surface of the wall of the
      housing the position of the setting device whenever it is held onto the
      housing. This is appropriate, since this position corresponds to the
      optimim adjustment of the spark point.
PAR  The marking of the setting device is obtained either by the marking of the
      position of bar 38 or, more easily and readily, by the marking of the
      position of head 37 on which a radial groove 40 can initially be made.
      After suitable rotation of shaft 2, the head 37 and the upper part of bar
      38 drop out and have become clear of the housing. The only remaining mark
      is then represented by the vertical groove 39 made on the external surface
      of the vertical wall of housing 1.
PAR  Whenever after disassembly of the distributor for repairs of replacement,
      it is desired to proceed with a quick adjustment of the said distributor,
      an adjustment (ordinarily and dependably sufficient for the motor to be
      able to satisfactorily re-start and operate), one turns shaft 2 until
      bringing fragment 38b of setting bar to piece 15 opposite the initial mark
      39 made on the wall of the housing.
PAR  This relative position of the fragment 38b of the bar and the mark 30
      correspond to the preferential relative position of the gear and the
      magnetic flux captor. It is then only necessary and adequate for the
      purpose to maintain fragment 38b opposite mark 39 in order to continue
      with the re-assembling of the distributor and to assure with regard to the
      completely re-assembled distributor an ignition spark adjusted in an
      almost if not completely, perfect manner.
PAR  Use of this technique permits the angular positioning of the gear and of
      the magnetic flux captor to be assured with a value which is ordinarily
      less than 1.degree., which value is generally more than sufficient for the
      creation and definition of a very good and most satisfactory spark. of
      course, an exceedingly high precision adjustment can be made with
      additional pre-adjustment (generally best done on the bench) according to
      the above-mentioned technique and procedure.
PAR  Many obvious changes of and modifications in the various features and
      elements involved in and for practice of the present invention can be
      readily entered into and realized. Therefore, it is to be fully understood
      that the invention is not to be limited to or restricted by the several
      illustrative embodiments and particulars that constitute part of the
      foregoing description and specification. Rather, knowing the stated
      intention hereof, the invention is to be interpreted and liberally
      construed in the light of what is recited and set forth according to the
      definition and meaning of the hereto appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method for obtaining optimum static adjustment in the spark point of a
      variable magnetic flux spark distributor for an internal combustion engine
      and the like, which distributor is comprised of:
PA1  a. a housing 1;
PA1  b. a spark shaft 2 inside said housing 1;
PA1  c. a gear 18 on and driven by said shaft 2 and rotatably movable with
      respect to said shaft 2; under the effect of
PA1  d. at least one advancing wheel device element 9 displaced in said
      distributor housing 1; all in relationship with
PA1  e. a magnetic flux captor element 33 which channels magnetic flux towards
      said shaft 2;
PA1  f. said captor element 33 being in connected correspondence with the
      nucleus center of an induction coil 32; all wherein there is
PA1  g. a slot 35 in the wall of said housing 1 generally disposed within the
      zone of said advancing wheel element 9, and also disposed so as to be
      substantially perpendicular to the axle of said shaft 2; wherein
PA1  h. said advancing wheel element 9 has an orifice 36 in the area located
      opposite said slot 35;
PAL  which method comprises:
PA2  A. providing for association with said advancing wheel element 9 a bar-like
      setting device 38 of sufficient length to extend from the orifice of said
      wheel element 9 through said slot 35 without said housing 1, said setting
      device 38 having a frangible head portion 37 and an intermediate fragile
      and breakable sector 38a disposed inwardly from its head 37;
PA2  B. passing said setting device 38 through said slot 35 in the housing 1 to
      engage it in said orifice 36 with said fragile and breakable sector 38a
      disposed within said housing 1; while
PA2  C. simultaneously holding from without said housing 1 the extending head
      extremity 37 of said bar-like setting device 38;
PA2  D. positioning in an optimum co-relative spacing relationship said gear 18
      and said captor element 33; upon which
PA2  E. said distributor is thereby readied for use and/or storage for
      subsequent use.
NUM  2.
PAR  2. The method of claim 1, further characterized in that the positioning
      adjustment of the bar of said setting device is accomplished by matching
      same to a fixed positioning mark provided on the external face of the wall
      of said housing of the spark distributor.
NUM  3.
PAR  3. The method of claim 1, further characterized in that the releasing of
      the spark distributor shaft is commenced with the starting of the motor
      associated with the distributor while simultaneously maintaining the head
      of said setting device held against the housing so that the bar of the
      said setting device is broken at its fragile zone leaving a fragment of
      the bar within the housing in said opening in said spark advance element
      with the outwardly extending head portion of the setting device falling
      outside of the spark distributor housing permitting free rotation of said
      shaft.
NUM  4.
PAR  4. The method of claim 2, being still further characterized in that, after
      the distributor has been assembled with a rapid adjustment thereof,
      turning the said shaft bar setting device connected with the advance
      element which is positioned opposite the mark on the wall of the housing
      so that the distributor is assembled simultaneous with maintainence of the
      extending portion of said bar setting device opposite said mark.
NUM  5.
PAR  5. The method of claim 2, being still further characterized in that the
      spark distributor shaft is released with the starting of the motor
      associated with the distributor while said head of the setting device is
      being held against the housing so that the bar of the said setting device
      is broken at its fragile zone leaving a fragment of the bar within the
      housing in said opening in said spark advance element which with the
      outwardly extending head portion of the setting device and the falling
      outside of the spark distributor housing permits free rotation of said
      shaft.
NUM  6.
PAR  6. In the method of claim 1, wherein said advancing wheel element in the
      distributor is a centrifugally advancing wheel.
NUM  7.
PAR  7. Process for the temporary setting in a pre-adjusted position and the
      later quick adjustment of a variable magnetic flux spark distributor
      designed particularly to cooperate with an internal combustion engine for
      an automobile vehicle, which distributor includes on the inside of a
      housing a spark shaft on which is arranged a gear driven by the said shaft
      and movable in a rotating manner with respect to this shaft under the
      effect of at least one advance device, the said gear being displaced
      towards a magnetic flux captor comprising means to channel magnetic flux
      towards the shaft, the said means being connected to a permanent magnet
      and corresponding to the nucleus of an induction coil, said process being
      characterized in that there is provided, on the one hand, in the wall of
      the housing opposite the advance device which is one with the shaft, a
      slot whose average line is situate roughly in a level perpendicular to the
      axle of the shaft of the distributor and, on the other hand, there also
      being provided in the said zone of the said advance device mounted on said
      an orifice positioned opposite the said slot; then making the optimum
      static adjustment of the spark point by positioning the gear with respect
      to the captor by setting same in predetermined position with respect to
      the distributor housing while simultaneously holding from without said
      housing on its external wall surface the head of a bar-like setting device
      which passes through said slot in the housing and has an intermediate
      fragile break area disposed within the housing and is internally engaged
      in said orifice; then finishing the assembly of the distributor in its
      internal part so as to ready it for use or storage.
NUM  8.
PAR  8.
PAR  A device for the temporary setting in a pre-adjusted position and later
      quick adjustment of a spark distributor particularly designed to cooperate
      with an internal combustion engine motor for a vehicle; said distributor
      including on the inside of a housing an ignition shaft on which is
      positioned a gear driven by the said shaft and rotatable with respect to
      the shaft under the effect of at least one advance device, the said gear
      being displaced toward a magnetic flux captor comprising of means to
      channel magnetic flux towards the shaft; the said captor being connected
      to a permanent magnet and constituting the nucleus of an induction coil;
      said device being characterized in that the housing has, opposite an
      element of the device which is mounted on said shaft, a slot disposed at
      least approximately in a plane perpendicular to the axis of the
      distributor shaft; the said advance device having an opening therein to
      receive and cooperate with a bar-like setting device having an
      intermediate fragile break area within said housing with an exterior head
      portion that is adapted to be held against the external wall of the
      distributor housing when said bar is passed through said slot in said
      housing wall.
NUM  9.
PAR  9. The device of claim 8, wherein said spark distributor is of the variable
      magnetic flux type.
NUM  10.
PAR  10. A variable magnetic flux spark distributor assembly adapted for use in
      conventional internal combustion engines and to be employed in association
      and combination therewith, said distributor comprising:
PA1  i. A housing for said distributor;
PA1  ii. A spark shaft within said housing;
PA1  iii. Gear means on and driven by said shaft and rotatable with respect to
      said shaft (ii);
PA1  iv. At least one advancing wheel device for movement of the integral
      internal apparatus and parts in said distributor combination;
PA1  v. A magnetic flux captor element in said distributor assembly which
      channels and conducts magnetic flux towards and to said shaft (ii);
PA1  vi. An interior induction coil in connected correspondence with said
      element (v);
PA1  vii. A slot in the wall of said housing (i) generally disposed within the
      zone of said advancing wheel device (ii) and also simultaneously disposed
      in a plane that is substantially perpendicular to the axle of said shaft
      (ii) with said shaft having thereon
PA1  viii. Said advancing wheel device (iv) which has an orifice made in the
      area located opposite said slot in said housing (i);
PA1  ix. A bar-like setting element with a frangible head portion having an
      intermediate fragile and breakable sector disposed towards its head;
PA1  x. Said setting device being adapted to be passed through said slot (vii)
      in the housing to engage its inner end in said orifice (viii) with said
      fragile and breakable sector disposed within said housing (i); and
PA1  xi. means for holding from without of said housing the extending extremity
      of said bar-like blocking and setting element so as to thereby and
      therewith position in optimum co-relative spacing relationship said gear
      means (iii) and said captor element (v).
NUM  11.
PAR  11. An assembly according to claim 10, characterized by the fact that the
      setting element which is adapted to cooperate with the element of the
      advance device mounted on said shaft is composed of a synthetic material.
NUM  12.
PAR  12. The assembly of claim 11, wherein said synthetic material is nylon.
NUM  13.
PAR  13. An assembly according to claim 10 and further characterized by the fact
      that said setting device is of the screw, bolt and peg type and that it is
      a threaded bar; and that the opening made in the element of the advance
      device is a threaded hold whose threading cooperates with the threading of
      the bar of the setting device.
NUM  14.
PAR  14. An assembly according to claim 10 and further characterized by the fact
      that the setting device is adapted to cooperate with the lower plate of
      the centrifugal advance device which is mounted on said shaft of the spark
      distributor.
NUM  15.
PAR  15. An assembly according to claim 14 and further characterized in that the
      opening which receives and is adapted to cooperate with the bar of the
      setting device is disposed in a roughly radial position and that the slot
      through which the bar of the said setting device is adapted to pass is
      roughly transversal in the side wall of the distributor housing.
NUM  16.
PAR  16. An assembly according to claim 14 and further characterized in that the
      opening cooperating with the bar of the setting device is an orifice made
      in a piece which is integral with the lower plate of said advance device,
      said piece having a roughly orthogonal shape on the level formed by the
      said plate and parallel to the lateral wall of the housing.
NUM  17.
PAR  17. An assembly according to the assembly of claim 10, wherein said
      advancing wheel device is a centrifugally advancing wheel.
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ABST
PAL  An electronic breakerless ignition system for an internal combustion
      engine. The ignition system comprises an alternating current generator
      synchronized with the engine. A rectifier circuit charges a storage
      capacitor. The storage capacitor is in series with a thyristor and the
      output of the ignition system, for example, a high tension ignition coil.
      The thyristor is triggered to discharge the storage capacitor by a voltage
      sensitive trigger circuit. One end of the trigger circuit is connected to
      the trigger terminal of the thyristor and the other end to one terminal of
      the generator.
BSUM
PAR  This invention relates to an electronic breakerless capacitive discharge
      ignition system for internal combustion engines.
PAR  It is an advantage of ignition systems according to this invention that
      there are only a minimum of moving parts. This ignition system having no
      rotating breaker cam or breaker points eliminates a weak point and source
      of inefficiency in known ignition systems. Furthermore, breaker points
      limit the voltage that may be used to cross the primary winding in the
      ignition coil. Another mechanical device (such as a pickup coil and a
      rotating vane with a configuration to create intermittent inductive
      signals for triggering discharge) has not been substituted for the breaker
      points.
PAR  A further advantage of this invention is that an electronic retard and
      advance in the timing is provided. A still further advantage in this
      ignition system is that it is self-regulatory over large range of engine
      speeds; that is, there is no need for special control elements to limit
      the voltage in the storage capacitor.
PAR  Ignition systems according to this invention have yet another advantage:
      They may be used with only one distributor and in some instances with no
      distributor whatsoever. This further minimizes the number of moving parts
      that may fail by wear and tear.
PAR  Briefly, according to this invention, an ignition system for an internal
      combustion engine comprises an alternating current generator, synchronized
      with the engine. A rectifying circuit connected to the generator charges a
      storage capacitor with a direct current. A circuit is provided for
      discharging the storage capacitor, for example, through the primary of an
      induction coil. This discharge creates a large voltage and sufficient
      energy within the secondary circuit including at least one spark plug and
      perhaps a distributor to cause sufficient potential across the spark plug
      electrodes to ionize the plug gap and produce a gaseous discharge for
      ignition of the air fuel mixture in the engine combustion chamber.
PAR  The discharge circuit comprises a storage capacitor and a thyristor. A
      thyristor is a semiconductor device (with two or more junctions) that may
      be switched between nonconducting and conducting states. Thyristors
      include, among others, silicon controlled rectifiers (SCR's), silicon
      controlled switches (SCS's), gate controlled switches (GCS's) and Triac's.
      An SCR is a unidirectional thyristor having two main terminals and one
      trigger terminal. A Triac is a bidirectional thyristor having three
      terminals. It may be switched into the conducting state by a gate or
      trigger voltage of either polarity regardless of the polarity across the
      main terminals.
PAR  A voltage sensitive circuit is provided which, for example, comprises a
      zener diode connected in series with a rectifying diode, one side of the
      generator and the trigger terminal of the thyristor. When the voltage in
      the trigger circuit reaches a threshold voltage, for example, the zener
      voltage, the thyristor is triggered discharging the capacitor, for
      example, through the primary winding of the coil as described above.
PAR  A zener diode is not the only element with a threshold voltage that may be
      used according to this invention in a voltage sensitive circuit. For
      example, a Diac may be used. A Diac is a three layer bidirectional
      avalanche diode which exhibits a negative resistance characteristic when
      the voltage across the device reaches a breakover point.
PAR  According to a preferred embodiment of this invention, the half cycles of
      the generator output have dissimilar maximum absolute open circuit
      voltages. It is preferable that the half cycle, which is fed to the
      trigger circuit, has an absolute open circuit maximum voltage two to five
      times greater than the other half cycle. This is provided by a generator
      or magneto having two windings each made up of one or more coils on a
      common core or stator. The one winding has about two to five times the
      number of turns as the other. The output of each winding is directed to a
      half wave rectifier. The rectified output of the high turn winding charges
      the capacitor and triggers the discharge of the thyristor. It provides
      most of the output at low speeds. The rectified output of the low turn
      winding only charges the storage capacitor providing most of the output at
      high speeds. This arrangement permits the advancing and retarding of the
      discharge as hereafter explained in detail.
DRWD
PAR  Further features and other objects and advantages of this invention will
      become clear from reading the following detailed description made with
      reference to the drawings in which:
PAR  FIG. 1 is a schematic diagram of one embodiment of an ignition system
      according to this invention with alternate circuits shown for the
      distribution and spark plugs.
PAR  FIGS. 2 and 3 show the wave form of the voltage at two points in the system
      shown in FIG. 1 at high and low speeds.
PAR  FIGS. 4 and 5 show the wave form of the voltage in an alternate embodiment
      at high and low speeds.
PAR  FIGS. 6 and 7 schematically show alternate magneto arrangements suitable
      for use with ignition systems according to this invention.
PAR  FIG. 8 shows an alternate ignition system according to this invention
      suitable for six cylinder engines.
DETD
PAR  Referring to FIG. 1, there is shown a schematic of a two pole magneto
      generator 1 having the permanent magnets incorporated in a rotor 2. The
      two pole rotor has adjacent pole shoes 3 and 4 and two windings on a
      straight core 5. As the two pole rotor rotates one revolution, two
      complete magnetic flux reversals occur through the straight core 5. This
      creates one positive and one negative pulse in windings L1 and L2.
      According to a preferred embodiment, windings L1 and L2 have unequal turns
      and are arranged to generate in opposite polarities with respect to a
      common tap 6.
PAR  The open circuit voltage outputs from L1 and L2 are shown in FIGS. 2a and
      3a. The time scales (horizontal coordinates) which show which winding L1
      or L2 is providing output are in relative terms; the scale for FIG. 2 is
      not the same as for FIG. 3.
PAR  Diodes D1 and D2 comprise the elements of a center tap rectifier circuit
      for charging storage capacitor C1. Due to the arrangement of the diodes in
      the rectifier circuit, succeeding voltage pulses from the windings L1 and
      L2 even though of opposite polarity both charge capacitor C1. According to
      the preferred embodiment wherein the windings L1 and L2 are of unequal
      turns, the high turns winding provides most of the output at low speeds
      whereas the low turns winding provides most of the output at higher
      speeds.
PAR  The storage capacitor is connected in series with the thyristor, for
      example, an SCR, which at the appropriate time is triggered to discharge
      the capacitor through the primary winding of the induction coil L3.
PAR  A silicon controlled rectifier has two modes of operation. It normally
      blocks flow of current in both directions but can be triggered to allow
      current to flow in the forward direction while still blocking the reverse
      current. It is triggered into conducting condition by a small pulse
      current fed to the trigger terminal 18 (sometimes called gate). Once
      conducting, a silicon controlled rectifier continues to conduct until the
      load current is reduced to almost zero or back voltage or current is
      applied.
PAR  In the ignition system according to this invention, the ringing action
      caused by discharge of the storage capacitor C1 through the primary
      winding L3 causes a reverse voltage across the SCR and the capacitor C1.
      This reverse returns the SCR to its nonconducting state.
PAR  Resistor R3 and diode D4 (in series) connected in parallel with storage
      capacitor C1 or individually connected in parallel with storage capacitor
      C1 may be used to reduce the negative voltage excursion of C1 thus
      resulting in the higher charge on C1 before the SCR is triggered.
PAR  Diode D3 and zener diode Z comprise the basic elements of a voltage
      sensitive circuit for triggering the SCR. The elements are connected in
      series between one of the output windings L1 of the magneto and the
      trigger terminal 18 of the SCR. In a preferred embodiment of this
      invention, the trigger circuit is connected to the winding with the larger
      number of turns. A zener diode is a rectifier with a well defined reverse
      breakdown at low voltages. In the reverse direction, the leakage current
      is low until the breakdown point or threshold is reached and then the
      reverse current increases very rapidly for small voltage increases. Hence,
      when the voltage in winding L1 goes positive by more than the threshold
      voltage (zener voltage) of zener diode Z, it begins to conduct thus
      triggering the SCR. The zener diode is selected with the breakdown voltage
      sufficient to provide triggering at too low a voltage.
PAR  At low speeds a high turns winding L1 will charge storage capacitor C1 to
      the zener voltage V.sub.z before the silicon controlled rectifier can be
      triggered. This results in a timing retard at low speeds as well as
      insuring a specific minimum output discharge V.sub.z through the primary
      of the high tension coil L3. As speed increases, the storage capacitor C1
      will be charged to above the zener voltage V.sub.z by winding L2.
      Triggering of the SCR will then occur just as the voltage polarity
      switches with L1 going positive.
PAR  As the angular velocity of the generator rotor increases, the charge output
      for a single revolution decreases. The total energy transferred by way of
      the magnetic fields to the coils for any revolution is approximately
      constant. However, at higher angular velocities, higher voltage
      (energy/charge) and smaller charge outputs are obtained. Furthermore, the
      larger the number of turns on a given winding, the higher the voltage and
      lower the charge output. The current output of the generator during a
      given revolution is critical as a definite amount of charge is necessary
      to fill the capacitor to a particular voltage. Of course, the generator
      voltage must be sufficient to do the work of moving the charges to the
      capacitor. Hence, by having two windings of unequal turns, sufficient
      current and voltage is assured over a large range of speeds.
PAR  Resistor R1 can be used to slow the charging rate of the winding L1 to
      prevent it from recharging to the zener voltage V.sub.z before the
      polarity switch occurs. This would result in a second unneeded (but in
      most cases unharmful) spark. The zener voltage V.sub.z is typically from
      40 to 90% of the desired full speed capacitor voltage.
PAR  Capacitor C2 and/or resistor R2 connected between the gate 18 and collector
      17 of the SCR help to stabilize its operation and turn off ability.
      Resistor R4 can be used to stabilize the initial wavefront from L1 to aid
      timing consistency.
PAR  Two distribution circuits that may be used in ignition systems according to
      this invention are shown in FIG. 1. FIG. 1a shows a dual spark transformer
      with a single primary and dual output secondary for firing two spark
      plugs. FIG. 1b shows two step-up coils connected in series to fire two
      spark plugs.
PAR  An ignition system according to this invention that will handle a
      4-cylinder, 4-cycle engine with no distributor system may comprise the two
      pole generator shown in FIG. 6. On this generator, there is shown a second
      coil (comprising windings L'1 and L'2) arranged opposite from the first
      coil (comprising windings L1 and L2). A capacitive discharge circuit such
      as shown to the right of terminals A and B in FIG. 1 would be attached
      across the terminals A and B and across the terminals A' and B' shown in
      FIG. 6. The open circuit voltage outputs for windings L1 and L2 on one
      side of the generator shown in FIG. 6 are shown in FIGS. 4a and 5a.
      Because the positioning of the poles in the rotor and because of the
      direction of the windings L1 and L2 on the core, there is a significant
      output from winding L2 twice during every revolution of the generator
      rotor but only once for winding L1. As in the embodiment described above,
      the trigger circuit is activated only when L1 is generating. Hence, as
      before, only one spark per revolution of the generator should occur. (An
      exception to this rule is when the threshold voltage is reached more than
      once during the same period when L1 is charging as explained below.) The
      wave form of the voltage across the thyristor of a capacitive discharge
      circuit attached to the generator shown in FIG. 6 is shown in FIGS. 4b and
      5b.
PAR  Ignition systems according to this invention are particularly suitable for
      small engines wherein the magnet rotor is mounted directly on the
      crankshaft. One such application is the U.S. Army Miliary Standard 11/2, 3
      and 6 horsepower engines (models 1A08, 2A016 and 4A032). In such engines a
      magneto having the alternate two pole rotor of the type shown in FIG. 6
      may be used with an ignition circuit as shown in FIG. 1 in which the
      various elements have the characteristics set forth in the following
      table:
TBL  Winding L1          10,000 turns                                          

     Winding L2           3,000 turns                                          

     Diode D1 and Diode D3                                                     

                         1N4005                                                

     Diode D2            1N4003                                                

     Zener Diode         102 V.                                                

     SCR                 TI XC34B                                              

     Storage capacitor C 4 mfd., 200V.                                         

     Resistor R2         180 ohm, 1/4 watt                                     

     Capacitor C2        0.1 mfd., 3V.                                         

     Diode D4 (optional) 1N4003                                                

     Resistor R1 (optional)                                                    

                         not used                                              

     Resistor R3 (optional)                                                    

                         not used                                              

     Resistor R4 (optional)                                                    

                         100,000 ohms, 1/2 watt                                

PAR  This system provides approximately 20.degree. retard at 200 RPM of the
      magnet rotor. As the speed is increased, the timing advances. From
      approximately 1700 RPM's to 4000 RPM's, timing is essentially constant.
      Between approximately 400 RPM's and 2500 RPM's the system may produce two
      sparks with the second one occurring around 50.degree. A.T.D.C. In no case
      does the system fire its initial spark earlier than its full advance, for
      example, about (1700 to 4000 RPM's) or later than the full retard, for
      example, about (200 RPM's). This condition causes no engine malfunction.
      Above approximately 2500 RPM's one spark only is produced and timing is
      very consistent.
PAR  FIG. 7 shows another possible AC generator. The eight pole laminated rotor
      and laminated stator with two magnets and two windings shown produces
      eight AC pulses per revolution. It will charge the capacitor and fire the
      SCR eight times per revolution. When used with an eight cylinder
      distributor (either high or low tension) and an appropriate number of
      step-up coils, this ignition system can handle an eight cylinder engine.
      The generator in this case must be synchronized with the crankshaft of the
      engine such that it turns one revolution for every two revolutions of the
      crankshaft of a 4-cycle engine; or one revolution for every revolution of
      the crankshaft of a 2-cycle engine.
PAR  FIG. 8 shows another of the many possible generator and coil distribution
      systems that may be used in ignition systems according to this invention.
      Shown is a four pole magnet rotor with alternating N and S poles and a
      conventional laminated stator. In this example, four coils positioned in
      slots 90.degree. apart comprise the stator. Two of these coils connected
      in series form each of the two windings L1 and L2 required. This
      combination produces two alternating wave forms (AC cycles) per revolution
      resulting in charging the capacitor and firing the thyristor twice per
      revolution. A single high tension coil receives the capacitor discharge
      output of the circuit. A high tension distributor runs through reduction
      gears then distributes the coil output to the various cylinders. For six
      cylinders, a 3:1 gear ratio is required; for four cylinders, a 2:1 ratio
      is required. In either case the system is synchronized to the engine so
      that the distributor rotates at one-half the crankshaft speed for a
      4-cycle engine.
PAR  The capacitive discharge circuit shown in FIG. 8 differs somewhat from that
      shown in FIG. 1. The voltage sensitive circuit comprises a Diac connected
      on one side to the trigger terminal of the SCR and at the other side to a
      voltage divider circuit comprising resistors R6 and R7 in series with
      diode D3. Capacitor C3 provides a sharp current pulse when the breakdown
      or threshold voltage is reached.
CLMS
STM  Having thus described my invention with the detail and particularity as
      required by the Patent Laws, what is desired protected by Letters Patent
      is set forth in the following claims:
NUM  1.
PAR  1. An ignition system for an internal combustion engine comprising an
      alternating current generator synchronized with the engine, said
      alternating current generator having two windings, said two windings being
      of unequal turns and of opposite polarity, at least one high tension
      ignition coil having a primary and secondary winding, at least one first
      circuit for creating and releasing a capacitive discharge through the
      primary winding, and at least one second circuit including at least one
      spark plug in series with the secondary winding, said capacitive discharge
      circuit comprising a storage capacitor, a thyristor having two main
      terminals and at least one trigger terminal, said main terminals in series
      with said capacitor and primary winding, a rectifying circuit connected to
      the alternating current generator and to the storage capacitor for
      charging the capacitor with a direct current, a voltage sensitive trigger
      circuit connected to the high turns winding of said generator and to the
      trigger terminal of the thyristor whereby when the voltage in the trigger
      circuit reaches a given threshold voltage, the thyristor is triggered
      discharging the capacitor through the primary winding of the coil.
NUM  2.
PAR  2. An ignition system according to claim 1 wherein the voltage sensitive
      trigger circuit comprises a zener diode in series with a rectifying diode.
NUM  3.
PAR  3. An ignition system according to claim 2 wherein the rectifying circuit
      comprises two diodes having common output terminals.
NUM  4.
PAR  4. An ignition system according to claim 3 wherein a circuit for
      stabilizing the operation of the thyristor is connected between the
      trigger terminal and the main terminal of the thyristor common with the
      primary winding.
NUM  5.
PAR  5. An ignition system according to claim 4 wherein the stabilizing circuit
      comprises a parallel connected capacitor and resistor.
NUM  6.
PAR  6. An ignition system according to claim 4 wherein a circuit for minimizing
      the negative voltage excursion of the storage capacitor is provided in
      parallel therewith.
NUM  7.
PAR  7. An ignition system according to claim 6 wherein the circuit for
      minimizing excursion comprises a resistor and a diode in series.
NUM  8.
PAR  8. An ignition system according to claim 4 wherein a resistor is connected
      in series with the zener diode and the storage capacitor.
NUM  9.
PAR  9. An ignition system according to claim 4 wherein a large resistor is
      connected in parallel with the high turns winding of the generator.
NUM  10.
PAR  10. An ignition system according to claim 1 in which each winding consists
      of coils wound on a common core.
NUM  11.
PAR  11. A primary circuit according to claim 3 in which each winding consists
      of coils wound on a common core.
NUM  12.
PAR  12. A primary circuit for an ignition system for an internal combustion
      engine comprising an alternating current generator synchronized with the
      engine, said alternating current generator having two windings, said
      windings being of unequal turns and of opposite polarity, a storage
      capacitor, a rectifying circuit connected to said generator and said
      storage capacitor for charging said capacitor, a thyristor having at least
      two main terminals and one trigger terminal, said main terminals connected
      in series with the capacitor and the output terminal of said primary
      circuit, a voltage sensitive trigger circuit connected to the high turns
      winding of the generator and the trigger terminal of said thyristor
      whereby when the voltage in the trigger circuit reaches a given threshold
      voltage, the thyristor is triggered discharging the capacitor to the
      output of the primary circuit.
NUM  13.
PAR  13. A primary circuit according to claim 12 wherein the voltage sensitive
      trigger circuit comprises a zener diode in series with a rectifying diode.
NUM  14.
PAR  14. A primary circuit according to claim 13 wherein the rectifying circuit
      comprises two diodes having common output terminals.
NUM  15.
PAR  15. A primary circuit according to claim 14 wherein a circuit for
      stabilizing the operation of the thyristor is connected between the
      trigger terminal and the main terminal of the thyristor common with the
      primary winding.
NUM  16.
PAR  16. A primary circuit according to claim 15 wherein the stabilizing circuit
      comprises a parallel connected capacitor and resistor.
NUM  17.
PAR  17. A primary circuit according to claim 15 wherein a circuit for
      minimizing the negative voltage excursion of the storage capacitor is
      provided in parallel therewith.
NUM  18.
PAR  18. A primary circuit according to claim 17 wherein the circuit for
      minimizing excursion comprises a resistor and a diode in series.
NUM  19.
PAR  19. A primary circuit according to claim 14 wherein a resistor is connected
      in series with the zener diode and the storage capacitor.
NUM  20.
PAR  20. A primary circuit according to claim 14 wherein a large resistor is
      connected in parallel with the high turns winding of the generator.
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ABST
PAL  An electrical ignition system for adapting a conventional, such as a
      breaker point type, ignition system of an engine to a capacitor discharge
      ignition system. A single adapter is compatible with both positive and
      negative polarity existing ignition systems.
BSUM
PAC  BACKGROUND SUMMARY OF THE INVENTION
PAR  The present invention relates to an adapter circuit for adapting a
      conventional ignition system of an engine to a capacitor discharge
      ignition system and, in particular, to an adapter circuit assembly which
      may be used with both existing positive and negative polarity systems.
PAR  The well-known advantages of a capacitor discharge ignition (CDI) system
      often render the conversion of an existing conventional ignition system to
      a CDI system desirable. Typically, the conventional ignition system
      comprises a source of electric energy which is controllably connected and
      disconnected to and from the primary winding of an ignition coil via a
      controlled conduction element such as a set of breaker points which are
      actuated at selected operating position(s) of the engine. In U.S. Pat. No.
      3,704,397 and in U.S. patent application Ser. No. 315,139, both of which
      are assigned to the same assignee as the present application, there are
      disclosed embodiments of ignition adapter circuits for converting existing
      conventional ignition systems to CDI systems. Certain features of the
      present disclosure relate to improvements in certain features of the
      ignition adapter circuits disclosed in the aforementioned patent and
      application. One of these improvements is that the present invention
      provides a novel adapter circuit which may be used with both positive and
      negative polarity existing conventional ignition systems. Accordingly, the
      present invention has the advantage of reducing the number of unique types
      of adapter circuits required for accommodating both positive and negative
      polarity existing ignition systems which are to be converted to CDI
      systems. The adapter circuit according to the present invention also
      attains the desired objective of eliminating any need for mechanical
      revision or modification of existing ignition hardware when being
      installed. In other words, the adapter circuit of the present invention is
      installable by simply mounting the adapter on the engine and remarking at
      most a few simple electrical connections.
PAR  Additionally, the particular details of certain structure of the present
      invention attain marked improvements in operational performance of
      capacitor discharge ignition systems regardless of whether these ignition
      systems are original equipment CDI systems or conventional systems which
      have been converted to CDI. One of these improvements involves a novel
      triggering circuit which provides hard triggering for a triggerable solid
      state device through which a main capacitor discharges into the primary
      winding of the ignition coil. Another improvement is that either positive
      or negative capacitor voltages can be discharged into the primary winding
      of the ignition coil. As will be seen in the ensuing detailed description
      of the preferred embodiment, the circuit construction by which these
      advantageous features and benefits are attained requires a minimum number
      of individual circuit elements, and hence the preferred adapter circuit
      assembly may be manufactured economically and can attain high reliability.
      Accordingly, the invention is also directed to attaining improved
      operational performance in capacitor discharge ignition systems in
      general, and to minimizing the costs of such systems.
PAR  The foregoing advantages, benefits and features of the invention along with
      additional features will be seen in the ensuing description and claims
      which are to be taken in conjunction with the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing illustrates a preferred embodiment of the present invention in
      accordance with the best mode presently contemplated for carrying out the
      invention and, in particular, discloses an electrical schematic diagram of
      an ignition adapter circuit according to the present invention operatively
      coupled with a pre-existing conventional ignition system of a single
      cylinder engine to render it a CDI system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawing, an ignition adapter circuit assembly 10 according to the
      present invention is coupled with a magneto ignition section 12 and an
      ignition coil and plug section 14. In the pre-existing conventional system
      for a single cylinder engine, section 12 is directly coupled with section
      14.
PAR  Section 12 is illustrated by way of example as comprising a coil 16, a
      capacitor 18 and a set of breaker points 20. Coil 16 is mounted on the
      engine typically in fixed position on a stator (not shown). The stator is
      in proximity to a flywheel (not shown) which rotates with the engine. Coil
      16 is energized by one or more sets of magnetic pole pairs (not shown)
      which rotate with the flywheel. In this way, as the flywheel turns, an
      alternating magnetic flux is developed in coil 16 which causes coil 16 to
      supply an alternating polarity output to its load. Coil 16, capacitor 18
      and points 20 are connected in paralled with each other across an output
      terminal 12a and ground G. Breaker points 20 are mounted on the engine for
      actuation in timed relation with the rotation of the engine to achieve
      properly timed engine firing. Capacitor 18 is conventionally provided to
      minimize arcing across points 20.
PAR  Section 14 comprises an ignition coil 22 and a spark plug 24. Coil 22
      comprises a primary winding 26 and a secondary winding 28 which are
      connected to a common grounded terminal 14b. Spark plug 24 is connected
      directly across secondary winding 28. In the pre-existing conventional
      ignition system, primary winding 26 is connected in parallel with points
      20, capacitor 18 and coil 16 via an input terminal 14a and ground G,
      terminal 14a being directly connected to terminal 12a. In the conventional
      system, the opening of points 20 causes the output of coil 16 to be
      supplied to primary winding 26, the opening of points 20 occurring when
      the output of coil 16 is of a certain polarity; that is, of positive
      polarity in a positive polarity type system and of negative polarity in a
      negative polarity type system. The electrical energy suddenly delivered to
      primary winding 26 by the opening of points 20 in turn causes a rapid
      change in the magnetic flux linking windings 26 and 28 and hence a voltage
      to be developed across secondary winding 28 for firing spark plug 24. Thus
      plug 24 fires in timed relation with the opening of points 20 to produce
      desired fuel ignition within the engine cylinder.
PAR  In order to convert the pre-existing conventional ignition system to a CDI
      system, the connection between terminal 12a and terminal 14a is broken and
      adapter assembly circuit 10 is connected therebetween. An input terminal
      10a of adapter 10 connects to terminal 12a, an output terminal 10b of
      adapter 10 to terminal 14a and a third terminal 10c of adapter 10 to
      ground G. Adapter 10 comprises a main capacitor 32 connected directly
      between terminal 10a and terminal 10c and hence directly as a load on
      section 12. A bidirectional triggerable solid state switch in the form of
      a triac 34 has its principal current path connected directly between
      terminals 10a and 10b with terminal 34a of triac 34 being connected
      directly to terminal 10a, and terminal 34b of triac 34 directly to
      terminal 10b. A triggering circuit for triac 34 comprises a pair of
      capacitors 36 and 38, a pair of resistors 40 and 42 and a bi-directional
      solid state breakdown device in the form of a diac 44. Capacitors 36 and
      38 are connected in series with each other, and this series circuit is
      connected directly in parallel with capacitor 32 and is hence directly
      across the output of section 12. One terminal 44a of diac 44 connects to
      the junction of capacitors 36 and 38 and the other terminal 44b of diac 44
      connects to the triggering terminal 34c of the triac. Resistor 40 shunts
      capacitor 36 and resistor 42 shunts capacitor 38. Thus the number of
      electrical circuit elements in adapter 10 is relatively small and the
      circuit may be economically fabricated. Since capacitor 32 and the series
      combination of capacitors 36 and 38 are connected directly across the
      output of section 12, positive voltage will be developed across these
      capacitors in response to positive polarity output of section 12 and
      negative voltage in response to negative output. Furthermore, since triac
      34, once triggered, has bi-directional current carrying capability, either
      positive or negative voltage on the main capacitor 32 can be used to
      energize primary winding 26.
PAR  In the existing positive polarity breaker point system, section 12 is
      arranged and constructed to operate such that when points 20 open, the
      magnetic field existing in coil 16 suddenly collapses. Upon collapse of
      the magnetic field, a positive polarity voltage is developed at output
      terminal 12a to energize primary winding 26, thereby firing plug 24. Since
      coil 16 in effect discharges into primary winding 26 when points 20 open,
      the situation is that of an inductive source discharging into an inductive
      load; necessarily, the pre-existing conventional system is relatively
      sluggish in operation and requires a more involved construction of the
      charge coil and/or the ignition coil to develop sufficient energy transfer
      to fire the spark plug. The negative polarity system is identical to the
      positive polarity system except that when points 20 open, a negative
      voltage is developed at terminal 12a to energize primary winding 26.
PAR  In contrast to the relatively inefficient conventional breaker point
      system, adapter circuit assembly 10 when interconnected between sections
      12 and 14 attains a more efficient operation and hence a more powerful
      spark is developed at plug 24. Thus with adapter circuit assembly 10
      connected in a positive polarity system, the operation is as follows. When
      points 20 open, the voltage output of coil 16 is applied to an essentially
      purely capacitive load of capacitors 32, 36, 38. (Although the use of
      resistors 40 and 42 is preferred in that they impart a certain stability,
      it is contemplated that these could be omitted in certain constructions
      without departing from the present invention.) Since the capacitive load
      presented to coil 16 when points 20 open is essentially the antithesis of
      the inductive load imposed by primary winding 26 in the former (non-CDI)
      system, energy is rapidly transferred from the collapsing magnetic field
      in coil 16 to develop positive voltage across capacitors, 32, 36 and 38.
      Note that triac 34 is blocking conduction to primary winding 26 since it
      has not yet been triggered. More particularly, when points 20 open,
      capacitor 32 and the series string of capacitors 36 and 38 suddenly and
      extremely rapidly charge toward a relatively large positive voltage.
      Capacitors 36 and 38 divide this rapidly increasing voltage such that a
      fraction thereof is supplied to the terminal 44a of diac 44. Diac 44 is in
      a blocking condition until the voltage at terminal 44a reaches a selected
      level. When this level is reached, diac 44 suddenly becomes highly
      conductive. Capacitor 38 now discharges through diac 44 into the
      triggering terminal 34c of triac 34. This triggering signal supplied to
      traic 34 causes the triac to become highly conductive. As a result,
      capacitor 32, and for that matter capacitors 36 and 38, are now connected
      directly across primary winding 26 through triac 34. Capacitor 32 has a
      relatively large capacity in comparison to capacitors 36 and 38 and
      supplies a large majority of the energy for firing spark plug 24. Hence,
      the capacitors (primarily capacitor 32) discharge to energize primary
      winding 26 and thereby cause spark plug 24 to fire. Since a capacitive
      source is discharging into an inductive load, energy is transferred very
      rapidly and efficiently and maximum spark energy is attained. When points
      20 again close, any energy which remains in the circuit is dissipated and
      hence in this way, diac 44 and triac 34 are returned to their blocking
      states before the next cycle. Capacitors 36, 38 and diac 44 are selected
      such that voltage supplied to diac 44 causes breakdown thereof at the time
      that the desired voltage to be discharged into primary winding 26 is
      developed across capacitor 32. Because of the unique triggering circuit of
      the invention, triac 34 is fired by hard triggering, and this helps to
      attain optimum response and performance,
PAR  In a negative polarity type system adapter circuit 10 operates in the same
      fashion with respect to negative voltage as it did in the positive
      polarity system with respect to positive voltages. Thus in the negative
      system when points 20 open, capacitors 32 and the series string of
      capacitors 36 and 38 charge suddenly and very rapidly toward a relatively
      large negative voltage. Since diac 44 has substantially identical
      breakdown characteristics with respect to both positive and negative
      voltages, diac 44 breaks down when the magnitude of the negative voltage
      developed at the junction of capacitors 36 and 38 reaches the same
      magnitude of the positive voltage that was sufficient to break down diac
      44 when adapter assembly circuit 10 was connected in the positive polarity
      system. At this time, the magnitude of the voltage across capacitor 32 is
      also the same as it was in the positive. Thus, too, in the negative
      polarity system, diac 44 breaks down when the voltage across capacitor 32
      reaches the desired level which is to be discharged through triac 34 into
      primary winding 26. Because triac 34 is triggerable in both first and
      third quadrants with triggering characteristics of substantially the same
      magnitude although of different sign, triac 34 in the negative polarity
      system triggers into conduction in response to breakdown of diac 44. Thus
      the negative polarity voltage developed on capacitor 32 now discharges
      into primary winding 26, thereby firing spark plug 24. When points 20
      again close, any energy remaining in the circuit is dissipated and diac 44
      and triac 34 return to their blocking states in preparation for the next
      cycle.
PAR  Thus from the foregoing description it can be seen that adapter circuit 10
      can be used in both positive and negative polarity systems and when used
      in either, attains the same fast and efficient operational performance. In
      accordance with the preferred embodiment of the invention, the values of
      capacitors 32, 36 and 38 should be selected to provide the desired voltage
      and energy requirements for both diac 44 and triac 34 as well as for
      discharging into primary winding 26. Thus capacitors 32, 36 an 38 should
      provide a load on coil 16 such that capacitor 32 can be charged to the
      desired voltage level which is to be discharged into primary winding 26.
      Capacitors 36 and 38 should be selected to provide the desired voltage
      dividing action required for breaking down diac 44 when the desired
      voltage across capacitor 32 is reached. Capacitors 36 and 38 should also
      provide the necessary power requirements for energizing triac 34 to
      initiate conduction thereof. Because of the hard triggering provided by
      the circuit of the present invention, the system has the advantage of
      providing maximum spark energy at virtually any engine operating speed. A
      further advantage of hard triggering which is believed present in the
      specific circuit disclosed in the drawing is that excessive heating in the
      triac 34, which might otherwise occur with softer types of triggering, is
      eliminated.
PAR  It is to be understood that the foregoing description is that of a
      preferred embodiment of the invention. Various changes and modifications
      may be made without departing from the spirit and scope of the invention
      as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For a single cylinder engine having an existing ignition system of the
      type comprising a source of electrical power, an ignition coil for the
      single cylinder of said engine having primary and secondary windings, a
      spark plug for the single cylinder of said engine operatively coupled with
      said secondary winding and means operatively coupling said source of power
      with said primary winding comprising a controlled conduction device
      operatively connected to the engine to be alternately changed from a
      conductive to a non-conductive condition in timed relation with the engine
      to cause said spark plug to fire, an adapter circuit assembly for
      converting the existing ignition system to a capacitor discharge ignition
      system and interconnectable between said controlled conduction device and
      said primary winding, said adapter circuit assembly comprising:
PA1  a capacitor means;
PA1  input circuit means for operatively coupling said capacitor means with said
      controlled conduction device and said source of power such that said
      capacitor means is charged from said source of power when the conduction
      of said controlled conduction device is changed; and
PA1  output circuit means including a triac having blocking and conducting
      states and comprising a trigger terminal via which said element is
      switched from the blocking state to the conducting state, and including a
      diac operatively coupling said capacitor means with said trigger terminal,
      said triac operatively coupling said capacitor means with said primary
      winding, said diac being responsive to the magnitude of charge voltage
      across said capacitor means as said capacitor means charges subsequent to
      the change of conduction of said first controlled conduction device for
      switching said triac from its blocking state to its conducting state after
      said magnitude of charge voltage has attained a predetermined level to
      discharge said capacitor means into said primary winding and thereby cause
      the spark plug to fire.
NUM  2.
PAR  2. The adapter circuit assembly of claim 1 wherein said input circuit means
      is arranged such that said capacitor means is connected directly across
      said source of power when the conduction of said controlled conduction
      device is changed.
NUM  3.
PAR  3. The adapter circuit assembly of claim 1 wherein said trigger circuit
      means comprises a capacitor network.
NUM  4.
PAR  4. The adapter circuit assembly of claim 3 wherein said capacitor network
      comprises first and second capacitors connected in series with each other
      and across said capacitor means.
NUM  5.
PAR  5. For an engine having an existing ignition system of the type comprising
      a source of electrical power, an ignition coil having primary and
      secondary windings, a spark plug operatively coupled with said second
      winding and means operatively coupling said source of power with said
      primary winding comprising a controlled conduction device actuable in
      timed relation with the engine to cause said spark plug to fire, an
      adapter circuit assembly for converting the existing ignition system to a
      capacitor discharge ignition system and interconnectable between said
      controlled conduction device and said primary winding, said adapter
      circuit assembly comprising: a capacitor means; input circuit means for
      operatively coupling said capacitor means with said controlled conduction
      device and said source of power such that said capacitor means is charged
      from said source of power when said controlled conduction device is
      actuated; and output circuit means for operatively coupling said capacitor
      means with said primary winding; said output circuit means including means
      responsive to the voltage developed across said capacitor means for
      causing said capacitor means to discharge into said primary winding and
      thereby cause the spark plug to fire comprising a solid state triggerable
      element having blocking and conducting states and comprising a trigger
      terminal via which said element is switched from the blocking state to the
      conducting state; and including trigger circuit means, comprising a
      capacitor network comprising first and second capacitors connected in
      series with each other and across said capacitor means and resistance
      means operatively coupled in circuit with said first and second
      capacitors, operatively coupling said capacitor means with said trigger
      terminal for switching said solid state triggerable element from its
      blocking state to its conducting state when the voltage across said
      capacitor means reaches a selected level whereby said capacitor means then
      discharges through said solid state triggerable element into said primary
      winding.
NUM  6.
PAR  6. The adapter circuit assembly of claim 5 wherein said resistor means
      comprises a pair of resistors each of which is in parallel with one of
      said first and second capacitors.
NUM  7.
PAR  7. The adapter circuit assembly of claim 6 wherein said trigger circuit
      means further includes a bi-directional breakdown circuit element
      operatively coupled between the junction of said first and second
      capacitors and the trigger terminal of said solid state triggerable
      element.
NUM  8.
PAR  8. The adapter circuit assembly of claim 7 wherein said bi-directional
      breakdown circuit element comprises a diac.
NUM  9.
PAR  9. The adapter circuit assembly of claim 8 wherein said solid state
      triggerable element comprises a triac.
NUM  10.
PAR  10. The adapter circuit assembly of claim 1 wherein said trigger circuit
      means includes a capacitor network operatively coupled with said capacitor
      means for supplying a fraction of the voltage developed across said
      capacitor means through said diac to the trigger terminal of said triac.
NUM  11.
PAR  11. For an engine having an existing ignition system of the type comprising
      a source of electrical power, an ignition coil having primary and
      secondary windings, a spark plug operatively coupled with said secondary
      winding and means operatively coupling said source of power with said
      primary winding comprising a first controlled conduction device
      operatively connected to the engine to be alternately changed from a
      conductive to a non-conductive condition in timed relation with the engine
      to cause said spark plug to fire, an adapter circuit assembly for
      converting the existing ignition system to a capacitor discharge ignition
      system and interconnectable between said first controlled conduction
      device and said primary winding, said adapter circuit assembly comprising:
      a capacitor means; input circuit means for operatively coupling said
      capacitor means with said first controlled conduction device and said
      source of power such that said capacitor means is charged from said source
      of power when the conduction of said first controlled conduction device is
      changed; and output circuit means including a solid state triggerable
      triac having blocking and conducting states and comprising a trigger
      terminal via which said triac is switched from the blocking state to the
      conducting state for operatively coupling said capacitor means with said
      primary winding, said output circuit means including trigger circuit means
      including a bi-directional breakdown diac and a pair of capacitors
      connected in series with each other and directly across said capacitor
      means for supplying a fraction of the voltage developed across said
      capacitor means through said diac to the trigger terminal of said triac,
      said diac being broken down to initiate triggering of said triac from its
      blocking state to its conducting state when the voltage across said
      capacitor means reaches a selected level after the change of conduction of
      said first controlled conduction device for causing said triac to conduct
      to discharge said capacitor means into said primary winding and thereby
      cause the spark plug to fire.
NUM  12.
PAR  12. For converting both positive polarity and negative polarity type
      existing ignition systems to capacitor discharge ignition systems wherein
      each polarity existing system comprises a source of electric power for
      supplying an output voltage, an ignition coil having primary and secondary
      windings, a spark plug operatively coupled with said secondary winding and
      means operatively coupling said source of power with the primary winding
      comprising a first controlled conduction device operatively connected to
      the engine to be alternately changed from a conductive to a non-conductive
      condition in timed relation with the operation of the engine to cause the
      spark plug to fire, an adapter circuit assembly for operative
      interconnection with the existing ignition system, said adapter circuit
      assembly comprising: capacitor means; input circuit means for operatively
      coupling said capacitor means with said first controlled conduction device
      and said source of power such that said capacitor means is charged to
      either a positive or a negative polarity upon actuation of said first
      controlled conduction device; and output circuit means including a
      bi-directional second controlled conduction device for operatively
      coupling said capacitor means with the primary winding, said output
      circuit means including means responsive to the attainment of both a
      positive polarity and a negative polarity voltage across said capacitor
      means of a predetermined magnitude after the change of conduction of said
      first controlled conduction device for causing said second controlled
      conduction device to conduct to discharge said capacitor means into said
      primary winding and thereby cause the spark plug to fire.
NUM  13.
PAR  13. The adapter circuit assembly of claim 12 wherein said second controlled
      conduction device is a solid state triggerable switch element comprising a
      trigger terminal via which said element is switched from a blocking state
      to a conducting state, said switch element having bi-directional
      current-carrying capability when in its conducting state; and including
      trigger circuit means operatively coupling said capacitor means with said
      trigger terminal for switching said switch element from its blocking state
      to its conducting state when the voltage across said capacitor means
      reaches a selected level whereby said capacitor means then discharges
      through said switch element into said primary winding.
NUM  14.
PAR  14. The adapter circuit assembly of claim 13 wherein said switch element
      comprises a triac.
NUM  15.
PAR  15. The adapter circuit assembly of claim 13 wherein said trigger circuit
      means includes a bi-directional breakdown circuit element which is broken
      down to initiate triggering of said switch element.
NUM  16.
PAR  16. The adapter circuit assembly of claim 15 wherein said breakdown element
      comprises a diac.
NUM  17.
PAR  17. The adapter circuit assembly of claim 16 wherein said trigger circuit
      means includes a capacitor network.
NUM  18.
PAR  18. For converting both positive polarity and negative polarity type
      existing ignition systems to capacitor discharge ignition systems wherein
      each polarity existing system comprises a source of electric power for
      supplying an output voltage, an ignition coil having primary and secondary
      windings, a spark plug operatively coupled with said secondary winding and
      means operatively coupling said source of power with the primary winding
      comprising a controlled conduction device actuatable in timed relation
      with the operation of the engine to cause the spark plug to fire, an
      adapter circuit assembly for operative interconnection with the existing
      ignition system, said adapter circuit assembly comprising: capacitor
      means; input circuit means for operatively coupling said capacitor means
      with said controlled conduction device and said source of power such that
      said capacitor means is charged upon actuation of said controlled
      conduction device; and output circuit means operatively coupling said
      capacitor means with the primary winding, said output circuit means
      including means responsive to voltage across said capacitor means for
      causing said capacitor means to discharge into said primary winding and
      thereby cause the spark plug to fire comprising a solid state triggerable
      switch element comprising a trigger terminal via which said element is
      switched from a blocking state to a conducting state, said switch element
      having bi-directional current-carrying capability when in its conducting
      state; and including trigger circuit means, including a bi-directional
      breakdown diac which is broken down to initiate triggering of said switch
      element and a capacitor network comprising a pair of capacitors connected
      in series and across said capacitor means for supplying a fraction of the
      voltage across said capacitor means to the trigger terminal of said switch
      element, operatively coupling said capacitor means with said trigger
      terminal for switching said switch element from its blocking state to its
      conducting state when the voltage across said capacitor means reaches a
      selected level whereby said capacitor means then discharges through said
      switch element into said primary winding.
NUM  19.
PAR  19. The adapter circuit assembly of claim 18 wherein said switch element
      comprises a triac.
NUM  20.
PAR  20. The adapter circuit assembly of claim 13 wherein said trigger circuit
      comprises a pair of capacitors for supplying a fraction of the voltage
      developed across said capacitor means to the trigger terminal of said
      switch element.
NUM  21.
PAR  21. The adapter circuit assembly of claim 20 wherein said switch element
      comprises a triac.
NUM  22.
PAR  22. For converting both positive polarity and negative polarity type
      existing ignition systems to capacitor discharge ignition systems wherein
      each polarity existing system comprises a source of electric power for
      supplying an output voltage, an ignition coil having primary and secondary
      windings, a spark plug operatively coupled with said secondary winding and
      means operatively coupling said source of power with the primary winding
      comprising a first controlled conduction device operatively connected to
      the engine to be alternately changed from a conductive to a non-conductive
      condition in timed relation with the operation of the engine to cause the
      spark plug to fire, an adapter circuit assembly for operative
      interconnection with the existing ignition system, said adapter circuit
      assembly comprising: capacitor means, input circuit means for operatively
      coupling said capacitor means with said first controlled conduction device
      and said source of power such that said capacitor means is charged upon
      actuation of said first controlled conduction device; and output circuit
      means including a triac for operatively coupling said capacitor means with
      the primary winding having a trigger terminal via which said triac is
      switched from a blocking state to a conducting state, said triac having
      bidirectional current-carrying capability when in its conducting state,
      said output circuit means including trigger circuit means operatively
      coupling said capacitor means with said trigger terminal for switching
      said triac from its blocking state to its conducting state when the
      voltage across said capacitor means reaches a selected level after the
      change of conduction of said first controlled conduction device for
      causing said capacitor means to discharge into said primary winding and
      thereby cause the spark plug to fire, said trigger circuit comprising a
      pair of capacitors for supply a fraction of the voltage developed across
      said capacitor means to the trigger terminal of said triac and a diac
      connected between said pair of capacitors and the trigger terminal of said
      triac.
NUM  23.
PAR  23. For an engine having an existing magneto-spark ignition system which
      comprises a coil for supplying an output waveform, an ignition coil having
      primary and secondary windings, a spark plug operatively coupled with said
      secondary winding and means operatively coupling the coil with the primary
      winding comprising a first controlled conduction device operatively
      connected to the engine to be alternately changed from a conductive to a
      nonconductive condition in timed relation with the operation of the engine
      for causing the spark plug to fire, said existing magneto-spark ignition
      system being either a positive polarity type wherein said primary winding
      is energized by a positive polarity portion of said output waveform or a
      negative polarity type wherein said primary winding is energized by a
      negative polarity portion of said output waveform, an adapter circuit
      assembly for converting either polarity type ignition system to a
      capacitor discharge ignition system and interconnectable between the first
      controlled conduction device and the primary winding, said adapter circuit
      assembly comprising: a capacitor means, input circuit means for
      operatively coupling said capacitor means with the first controlled
      conduction device and the coil such that said capacitor means is charged
      by said positive polarity portion of the output waveform of the coil when
      the adapter is coupled with a positive polarity system and is charged by
      said negative polarity portion of the coil output waveform when the
      adapter is coupled in a negative polarity system and output circuit means
      including a second controlled conduction device for operatively coupling
      said capacitor means with the primary winding, said output circuit means
      including means responsive to either the positive polarity or the negative
      polarity voltage developed across said capacitor means upon the change of
      conduction of said first controlled conduction device for causing said
      second controlled conduction device to discharge said capacitor means into
      the primary winding.
NUM  24.
PAR  24. The adapter circuit assembly of claim 23 wherein said second controlled
      conduction device is a solid state triggerable switch element comprising a
      trigger terminal via which said element is switched from a blocking state
      to a conducting state, said switch element having bi-directional
      current-carrying capability when in its conducting state; and including
      trigger circuit means operatively coupling said capacitor means with said
      trigger terminal for switching said switch element from its blocking state
      to its conducting state when the voltage across said capacitor means
      reaches a selected level whereby said capacitor means then discharges
      through said switch element into said primary winding.
NUM  25.
PAR  25. The adapter circuit assembly of claim 24 wherein said switch element
      comprises a triac.
NUM  26.
PAR  26. The adapter circuit assembly of claim 24 wherein said trigger circuit
      means includes a bi-directional breakdown circuit element which is broken
      down to initiate triggering of said switch element.
NUM  27.
PAR  27. The adapter circuit assembly of claim 26 wherein said breakdown element
      comprises a diac.
NUM  28.
PAR  28. The adapter circuit assembly of claim 27 wherein said trigger circuit
      means includes a capacitor network.
NUM  29.
PAR  29. The adapter circuit assembly of claim 28 wherein said capacitor network
      comprises a pair of capacitors connected in series and across said
      capacitor means for supplying a fraction of the voltage across said
      capacitor means to the trigger terminal of said switch element.
NUM  30.
PAR  30. The adapter circuit assembly of claim 29 wherein said switch element
      comprises a triac.
NUM  31.
PAR  31. The adapter circuit assembly of claim 24 wherein said trigger circuit
      comprises a pair of capacitors for supplying a fraction of the voltage
      developed across said capacitor means to the trigger terminal of said
      switch element.
NUM  32.
PAR  32. The adapter circuit assembly of claim 31 wherein said switch element
      comprises a triac.
NUM  33.
PAR  33. For an engine having an existing magneto-spark ignition system which
      comprises a coil for supplying an output waveform, an ignition coil having
      primary and secondary windings, a spark plug operatively coupled with said
      secondary winding and means operatively coupling the coil with the primary
      winding comprising a first controlled conduction device operatively
      connected to the engine to be alternately changed from a conductive to a
      non-conductive condition in timed relation with the operation of the
      engine for causing the spark plug to fire, said existing magneto-spark
      ignition system being either a positive polarity type wherein said primary
      winding is energized by a positive polarity portion of said output
      waveform or a negative polarity type wherein said primary winding is
      energized by a negative polarity portion of said output waveform, an
      adapter circuit assembly for converting either polarity type ignition
      system to a capacitor discharge ignition system and interconnectable
      between the first controlled conduction device and the primary winding,
      said adapter circuit assembly comprising: a capacitor means with the first
      controlled conduction device and the coil such that said capacitor means
      is charged by said positive polarity portion of the output waveform of the
      coil when the adapter is coupled with a positive polarity system and is
      charged by said negative polarity portion of the coil output waveform when
      the adapter is coupled in a negative polarity system and output circuit
      means including a triac for operatively coupling said capacitor means with
      the primary winding comprising a trigger terminal via which said triac is
      switched from a blocking state to a conducting state, said triac having
      bi-directional current-carrying capability when in its conducting state,
      said output circuit means including trigger circuit means operatively
      coupling said capacitor means with said trigger terminal for switching
      said triac from its blocking state to its conducting state when the
      voltage across said capacitor means reaches a selected level after the
      change of conduction of said first controlled conduction device for
      causing said triac to discharge said capacitor means into the primary
      winding, said trigger circuit comprising a pair of capacitors for
      supplying a fraction of the voltage developed across said capacitor means
      to the trigger terminal of said triac and a diac connected between said
      pair of capacitors and the trigger terminal of said triac.
NUM  34.
PAR  34. For an engine having means for supplying electrical power of either
      positive or negative polarity voltage and a spark plug which is fired via
      an ignition coil by energy from said source of power in timed relation
      with the operation of the engine, a capacitor discharge ignition system
      for said engine, said capacitor discharge ignition system comprising:
      capacitor means; input circuit means for operatively coupling said
      capacitor means with said source of electrical power, a triac for
      operatively coupling said capacitor means with said ignition coil, said
      switch element comprising a trigger terminal, and triggering circuit means
      comprising first and second capacitor elements connected in series with
      each other and across said capacitor means and a bi-directional breakdown
      circuit element operatively coupling the junction of said first and second
      capacitor elements to the trigger terminal of said triac for causing said
      triac to be triggered into conduction when the voltage across said
      capacitor means reaches a predetermined level whereby said capacitor means
      is discharged to cause said spark plug to fire.
NUM  35.
PAR  35. The capacitor discharge ignition system of claim 34 wherein said
      bi-directional breakdown circuit element comprises a diac.
NUM  36.
PAR  36. The capacitor discharge ignition system of claim 35 wherein said
      triggering circuit means further includes a first resistor element
      connected in shunt with said first capacitor element and a second resistor
      element connected in shunt with said second capacitor element.
NUM  37.
PAR  37. For an engine having means for supplying electrical power of either
      positive or negative polarity voltage and a spark plug which is fired via
      an ignition coil by energy from said source of power in timed relation
      with the operation of the engine, a capacitor discharge ignition system
      for said engine, said capacitor discharge ignition system comprising:
      capacitor means; input circuit means for operatively coupling said
      capacitor means with said source of electrical power, a triac for
      operatively coupling said capacitor means with said ignition coil, said
      triac comprising a trigger terminal, and triggering circuit means
      comprising first and second capacitors connected in series with each other
      and across said capacitor means and a bi-directional breakdown circuit
      element having a pair of terminals, one of said terminals of said
      bi-directional breakdown circuit element being connected to the trigger
      terminal of said triac and means coupling the junction of said capacitors
      with said other terminal of said bi-directional breakdown circuit element
      such that at least a fraction of the voltage developed across said
      capacitor means is applied to said other terminal of said bi-directional
      breakdown circuit element so that said bi-directional breakdown circuit
      element breaks down when the voltage across said capacitor means reaches
      said predetermined level whereby said bi-directional breakdown circuit
      element conducts a triggering signal to the trigger terminal of said triac
      to thereby trigger said triac into conduction for discharging said
      capacitor means and causing said spark plug to fire.
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PAL  A temperature controlled ignition circuit includes a high voltage coil,
      ignition circuitry connected thereto and a magnetic generator for
      controlling the operation of the ignition circuitry and the production of
      a high voltage at the coil. A transistor in the ignition circuitry is
      connected at its base to one terminal of the magnetic generator and is
      biased for full conduction upon provision of some predetermined positive
      voltage by said generator. A second transistor having operating
      characteristics similar to those of the first is connected to operate as a
      diode; i.e. with the base electrode being connected to the collector
      electrode thereof. The second transistor is connected between ground
      potential and the other terminal of the generator and is biased into
      forward conduction to maintain a reference voltage at the other terminal
      of the generator substantially equal to that at the base-emitter junction
      of the first-mentioned transistor such that the average current densities
      of both transistors are substantially equal. Thus, any change in the
      reference potential at the base-emitter junction of the first transistor
      due to temperature will be compensated for by a similar change in the
      reference potential at the other terminal of the generator so that the
      first-mentioned transistor operates upon application of the predetermined
      voltage by the generator despite temperature and/or power supply voltage
      changes. The predetermined voltage corresponds substantially to the zero
      crossovers of the generator output. The dynamic impedance of the second
      transistor is lower than the dynamic impedance of a conventional diode and
      as such does not raise the impedance at the base of the first transistor
      as would a conventional diode.
BSUM
PAC  BACKGROUND
PAR  This invention relates generally to zero crossing detector circuits and
      more particularly to such a circuit usable in conjunction with an
      electronic ignition system for controlling the spark timing thereof.
PAR  In an electronic type ignition system it is desirable to produce a spark at
      the spark plugs of the system at substantially fixed times which vary only
      minimally. In these systems the magnetic generator in the distributor
      normally provides a voltage varying from some positive amplitude to some
      negative amplitude; different magnetic generators producing different wave
      shapes. The voltage provided by the magnetic generator conventionally
      renders a transistor or the like semi-conductor component conductive which
      in turn operates other circuitry to produce the spark.
PAR  The biasing voltage required to render a transistor conductive varies with
      temperature so that in some instances the transistor requires a greater
      voltage than in others to become biased into conductivity. When the latter
      occurs, the spark is not produced at the same time relative to the
      movement of the magnetic generator and as such the timing of the engine
      with which the ignition system is being used is changed.
PAR  While it is known in the art to temperature control a transistor by
      providing in the biasing circuit a semi-conductor diode fabricated of a
      material similar to that of the transistor which maintains the voltage at
      the base-emitter junction of the transistor substantially constant, the
      dynamic impedance of the diode is higher than the dynamic impedance of a
      diode connected transistor as is provided in the present invention and, as
      such, raises the series impedance at the base of the controlled transistor
      resulting in poorer noise immunity. Additionally, the thermal tracking
      characteristics of a diode do not match the thermal characteristics of the
      controlled transistor as well as a diode connected transistor, as is
      provided in the present invention, resulting in inferior insensitivity to
      voltage variations caused by temperature changes and power supply
      fluctuations.
PAC  SUMMARY
PAR  Accordingly, it is a primary object of the present invention to provide a
      new and improved zero crossing circuit for electronic ignition systems.
PAR  It is another object of the present invention to provide a new and improved
      electronic ignition system with improved temperature tracking,
      insensitivity to power supply voltage variations and noise immunity.
PAR  It is another object of the present invention to provide circuitry of the
      above described type which is relatively simple, yet reliable in
      operation.
PAR  Briefly, a preferred embodiment of the temperature controlled ignition
      circuit according to the invention includes high voltage production means,
      such as, for example, a coil, which is connected through electronic
      ignition circuitry to a magnetic generator or sensor device in a
      distributor. A transistor in the ignition circuit is connected at its base
      to one terminal of the generator device and is connected to be biased to a
      more conductive state when some positive voltage is provided by the
      generator thereto. A second transistor of the same type as the
      last-mentioned transistor is coupled between the other terminal of the
      generator and ground potential. The transistor is connected to operate
      similar to diode, but has a lower dynamic impedance characteristic and as
      such does not raise the impedance at the base of the controlled
      transistor, as would an ordinary semi-conductor diode.
PAR  The controlled transistor is biased so that any positive voltage applied by
      the controlled magnetic generator at the base thereof causes the
      transistor to become fully conductive. The diode connected transistor
      compensates for any temperature change to maintain the bias voltage at the
      other terminal of the magnetic generator constant with respect to the
      reference voltage level at the base of the controlled transistor such that
      substantially at the predetermined crossover points reached by the
      generator at its one terminal, the controlled transistor is turned on and
      off, respectively. Thus, a consistent turn on of the controlled transistor
      is provided despite temperature changes.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  In the drawing:
PAR  FIG. 1 is a simple schematic diagram of the temperature controlled portion
      of the ignition circuit according to the invention; and
PAR  FIG. 2 is a schematic diagram of a preferred embodiment of the electronic
      ignition system according to the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawing in greater detail wherein like numerals have
      been employed throughout the various views to illustrate similar
      components, there is shown in FIG. 1 a simple schematic diagram of the
      temperature controlled portion 10 of the ignition circuit according to the
      invention. In FIG. 1, transistor 11 provides an output voltage at its
      collector electrode 12 which, as will be explained hereinafter, controls
      the operation of the remainder of the ignition circuit to produce a high
      voltage in the coil 60 and a resultant spark at a spark plug connected at
      terminal 14 (See FIG. 2) of the ignition circuit.
PAR  A magnetic generator 16 provided in the distributor (not shown) of the
      system and represented as an AC generator in FIG. 1, is connected to the
      base electrode 18 of the transistor 11 at one terminal 20. The magnetic
      generator provides a voltage varying from some positive amplitude to some
      negative amplitude. In the case of the transistor 11, the latter is also
      coupled at its collector electrode 12 through a resistor 22 to a DC power
      supply 24. The power supply can take the form of a battery, a rectified
      and filtered alternator output, etc., in a motor vehicle. This resistor
      22, in conjunction with the particular transistor 11 is chosen so that the
      transistor 11 at the zero crossover point of the generator is ideally
      partially conductive and becomes more conductive when any positive-going
      voltage is applied at the base 18 of the transistor 11. In practice, 0.5
      volts is required at the base for turn on. Thus, as the voltage supplied
      by the magnetic generator 16 goes through the zero crossover point from a
      negative value to a positive value, transistor 11 will be turned on and as
      the voltage supplied by the magnetic generator 16 goes through the zero
      crossover point from a positive value to a negative value, transistor 11
      will be turned off.
PAR  A change in temperature of the transistor 11 will cause its operating point
      to vary. Thus, the turn on thereof may change and not occur at the same
      time over successive operations; i.e. when 0.5 volts is applied at the
      base thereof, and as such, change the timing of the spark produced at the
      spark plugs of the ignition circuit. To compensate for this, a transistor
      30 of the same type as transistor 11; i.e. fabricated of the same
      material, etc., is connected in a diode configuration (See FIG. 1) and is
      provided between the terminal 28 of the magnetic generator and ground
      potential 32. The transistor 30 as shown has its base and collector
      electrodes coupled together and connected at junction 34 to the terminal
      28 of the magnetic generator. The emitter electrode is connected to ground
      potential 32. The transistor may also be connected with its base and
      emitter electrodes tied together and coupled electrically to terminal 28
      and with the collector electrode connected to ground potential.
PAR  The temperature compensation transistor 30 is also connected at its
      base-collector electrode through a resistor 36 to the DC power supply 24.
      The resistor 36 is chosen to provide a specified current from the power
      supply to forward bias the transistor 30 at all times. This in turn,
      provides a specific voltage, herein also 0.5 volts, at the junction 34 and
      so also at the terminal 28 of the magnetic generator 16.
PAR  With the current density of transistor 30 being the same as the average
      current density of the controlled transistor 11, all biases are proper to
      provide an output at 38 at substantially the zero crossing time of the
      magnetic generator. The proper current density can be achieved by the
      proper combination of resistor 36, the base-emitter junction area of
      transistor 30, resistor 22 and the base-emitter junction area of
      transistor 11. Accordingly, at the zero crossing time, the bias on
      transistors 11 and 30 is such that preferably the output at 38 is at the
      midpoint between ground and B+, i.e., at zero crossing time transistor 11
      is already half on and that transistor is highly sensitive to the changing
      generator output signal, a small change in the generator output signal at
      terminal 20 producing a large change in the output at collector junction
      38.
PAR  The particular manner in which the transistor 30 is connected in the
      circuit is important in achieving the zero crossing temperature tracking
      characteristic and in providing a lower dynamic impedance to ground which
      lowers the series impedance to the base of the controlled transistor 11.
      This feature improves noise immunity. It should be noted that the lower
      dynamic impedance, and improved noise immunity, temperature tracking, and
      the insensitivity to power supply voltage variations would not be achieved
      with a conventional semi-conductor diode of a similar material as
      transistor 11 connected in place of the diode-connected transistor 30.
PAR  Looking now to the preferred embodiment of the ignition circuit in FIG. 2,
      the temperature compensation portion 10 of FIG. 1 including the controlled
      transistor 11 and temperature compensation transistor 30 is shown therein
      in the dashed box. Resistor 40, is provided to serve the purpose of
      resistor 36 and resistor 44, with other loads (55 provides some loading),
      performs the function of resistor 22. Diodes 46, 49 are provided to cause
      the current load on generator 16 to be approximately equal for both
      positive and negative voltages from the generator. During large positive
      swings of generator voltage current flows through diode 46 and transistor
      11. During large negative swings of generator voltage current flows in the
      opposite direction through diode 49 and transistor 30.
PAR  Since the transistor ignition circuit can in fact take a variety of forms,
      a detailed description of all the elements of the preferred embodiment of
      the ignition circuit will not be discussed herein. In the operation of the
      preferred ignition circuit embodiment, when the magnetic generator 16
      provides some positive going voltage, transistor 11 is biased into
      conduction. An output voltage is provided at output 38 thereof to in turn
      operate transistor 48 to an off condition. The turn off of transistor 48
      causes transistor 51 to be turned on and the Darlington coupled
      transistors 50, 52 to be switched off along with transistor 54 coupled
      thereto. When the latter transistor is turned off, a voltage transient is
      produced in the ignition coil 60 of the system to provide a spark at
      electrode 14 whereat a spark plug (not shown) is to be connected. A
      capacitor 58 couples the base of transistor 48 at A to the collector of
      transistor 56 at B. With transistor 11 turned off, transistor 48 is biased
      on through resistor 55 to the bias voltage 24. The base-emitter voltage of
      transistor 48 clamps the voltage at the A side of capacitor 58. The B side
      of capacitor 58 rises in voltage as the capacitor charges through resistor
      44, thus creating a net positive charge on the B side of capacitor 58.
      When transistor 11 is turned on, point B is clamped low, as is point A
      since the voltage cannot change instantaneously across the capacitor 58.
      This turns transistor 48 off causing its collector voltage to increase
      which turns on transistor 56. Now both transistors 56 and 11 are on. The
      voltage at A rises towards the bias voltage 24 as capacitor 58 charges
      through resistor 55, at a rate determined by the RC time constant of the
      circuit, until the voltage at A reaches a point to turn transistor 48 on
      and transistor 56 off. Transistor 11 stays on until the generator 16
      output swings negative which determines the point at which the B side of
      capacitor 58 begins to charge through R44 and, consequently the amount of
      the net positive charge capacitor 58 will obtain by the time T11 is
      switched back on. That net positive charge determines the negative level
      to which the base of 48 is driven when T11 goes on, and consequently, the
      length of time that T48 stays off while capacitor 58 is being charged
      through R55 until T48 is turned back on. During the latter charge-up
      period of capacitor 58, which is the period during which discharge of the
      ignition coil is occuring, transistor 56 is on and maintains transistor 48
      in an off condition in the event transistor 11 should be prematurely
      turned off due, for example, to a negative noise voltage spike applied to
      the base of transistor 11. Thus transistor 56 ensures that the full
      duration of spark is supplied to the spark plug at electrode 14 for good
      combustion of the gasoline in the internal combustion engine with which
      the ignition circuit is used. The result is a constant percent dwell
      output at operating rpm, namely, the collector voltage of transistor 48 is
      high for a predetermined percentage of the entire cycle.
PAR  As described heretofore, the diode connected transistor 30 coupled
      electrically between ground potential and terminal 28 of generator 16,
      compensates for temperature changes in transistor 11. The transistor 30
      maintains the terminal 28 of generator 16 at a reference potential
      substantially equal to that required to switch transistor 11 despite
      temperature changes which vary the operating point of transistor 11. Thus,
      the time of switching of transistor 11 is maintained at the zero voltage
      crossing point of the output voltage provided by the generator 16.
PAR  The diodeconnected transistor 30, unlike a conventional semi-conductor
      diode has thermal tracking characteristics which will better match the
      thermal characteristics of the controlled transistor 11 and will provide
      improved insensitivity to power supply voltage variations. Moreover,
      because of the lower dynamic impedance of transistor 30 the noise immunity
      to transistor 11 is improved as well.
PAR  While the activation of the ignition circuit by the magnetic generator 16
      has been illustrated heretofore as occuring at substantially the zero
      crossing point, it is to be understood that the voltage level can be
      changed to some predetermined positive or negative level and still fall
      within the scope of the present invention.
PAR  While a particular embodiment of the invention has been shown and
      described, it should be understood that the invention is not limited
      thereto since many modifications may be made. It is therefore contemplated
      to cover by the present application any and all such modifications as fall
      within the true spirit and scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electronic ignition system comprising an ignition coil for providing
      a high voltage output, ignition circuit means connected to said coil, and
      ignition timing generator means having first and second output terminals
      and operable to provide an output voltage varying in amplitude from some
      positive to some negative voltage, said generator means being connected at
      the output terminals thereof to said ignition circuit means for initiation
      of the operation thereof, said ignition circuit means including
      temperature compensation means for detecting the zero crossing point of
      said generator means and including a first transistor having predetermined
      operating characteristics and input, output and common electrodes, the
      input of said transistor being connected to the first output terminal of
      said generator means, the common electrode of said first transistor being
      directly connected to a fixed reference potential, and biasing means
      having predetermined values connected to said first transistor for
      establishing therein a first predetermined current density when the
      generator output at the first terminal thereof is zero, and cooperating
      with the first transistor characteristic to establish at that current
      density the switching voltage at the input of said first transistor, said
      transistor being rendered conductive upon application at said input
      electrode of said switching voltage by said generator means to produce an
      output between said output and common electrodes of said first transistor
      for operating said ignition circuit means, said biasing means including a
      second transistor having operating characteristics similar to that of said
      first transistor and having input, output and common electrodes, said
      input and output electrodes being coupled together causing said transistor
      to operate effectively as a diode and being coupled to the second output
      terminal of said generator means, the common electrode of said second
      transistor being connected to the reference potential, said biasing means
      biasing said second transistor into conduction to establish therein a
      second predetermined current density substantially equal to the first
      predetermined current density when the generator output at the first
      terminal thereof is zero in order to maintain the second output terminal
      of said generator means at a voltage level substantially the same as the
      switching voltage established at the input of said first transistor and to
      maintain said first transistor in a partial state of conduction when the
      output voltage of said generator means at the first terminal thereof is
      zero, the switching voltage at the input of said first transistor changing
      with temperature or supply voltage variations and the voltage level at the
      second output terminal of said generator means being maintained in
      accordance therewith, said switching voltage of said first transistor
      substantially corresponding to the zero crossing point at the first output
      terminal of said generator means when said generator is going from a
      negative to a positive output to ensure said first transistor is turned on
      upon said generator means reaching its zero crossing point despite said
      temperature changes and said supply voltage variations, said second
      transistor having a lower dynamic impedance than a conventional diode to
      maintain a low impedance at the input of said first transistor and further
      comprising said biasing means having predetermined values establishing the
      switching voltage at a level substantially corresponding to the zero
      crossing point at the first output terminal of said generator means when
      said generator is going from a positive to a negative output to ensure
      said first transistor is turned off upon said generator means reaching its
      zero crossing point despite said temperature changes and said supply
      voltage variations.
NUM  2.
PAR  2. The electronic ignition system as claimed in claim 1 further comprising
      a first housing in which the generator means is housed and supported in
      operative relation with the engine crankshaft and a second housing
      remotely located from the first housing and in which the ignition circuit
      including the first and second transistors and the biasing means is
      housed.
NUM  3.
PAR  3. The electronic ignition system as claimed in claim 1 wherein the high
      voltage of the ignition coil is produced in response to the output of the
      generator means at the first terminal changing from negative to positive
      and the first transistor being turned on.
NUM  4.
PAR  4. An electronic ignition system as claimed in claim 1 wherein said first
      and second transistors each have a base, emitter and collector electrode,
      the base electrode of said first transistor is connected to the first
      output terminal of said generator means and wherein the base and collector
      electrodes of said second transistor are coupled together and connected to
      the second output terminal of said generator means and said emitter
      electrodes are connected at said fixed reference potential.
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ABST
PAL  An internal combustion engine, in particular a Diesel engine, comprising at
      least one inlet duct consisting of a delivery portion and an adjoining
      duct portion wound spiral-fashion around the shaft of the associated
      intake valve, the upper wall of which bulges downwardly at the point of
      transition from the delivery portion to the spiral-shaped duct portion in
      such a manner that the cross-sectional area of the inlet duct is reduced
      above the valve diameter extending at a right angle in relation to the
      axis of the delivery portion.
BSUM
PAR  The invention relates to an internal combustion engine, particularly a
      Diesel engine, comprising at least one inlet valve for each cylinder,
      arranged in eccentric relation to the cylinder axis and connected to an
      inlet duct, said inlet duct consisting of a delivery portion and a duct
      portion adjoining same and wound around the valve stem in the shape of a
      spiral.
PAR  In a known internal combustion engine of this kind it is intended to
      provide an outflow distributed over the entire circumference of the valve
      clearance, of the combustion air admitted through the spiral duct into the
      cylinder, the individual flow components at the valve clearance presenting
      in relation to the cylinder axis a direction such as to produce the
      maximum contribution to the required rotation of the cylinder charge about
      the cylinder axis. In order to achieve these flow conditions, according to
      the known design the flow chamber adjoining the delivery portion of the
      inlet duct comprises two spiral-shaped subchannels oppositely directed
      about the valve axis and extending over different peripheral areas and
      reunited again at the lowest point of the duct cover. Consequently, as a
      result of these measures a reinforced overall twist of the cylinder charge
      is produced in the known type of internal combustion engine while largely
      avoiding objectionable flow components in opposition to the direction of
      the twist.
PAR  Recent developments in engine design, strongly influenced by considerations
      relating to environmental protection produced the conviction that in order
      to assure possibly complete combustion accompanied by beneficial effects
      for the composition of the exhaust gases not only adequate rotation but
      also vigorous turbulence of the cylinder charge is essential.
PAR  On the basis of these considerations it is the object of the present
      invention to produce reinforced turbulence of the cylinder charge for the
      purpose of reducing emissions in an internal combustion engine of the kind
      hereabove described by the simplest means possible. For that purpose,
      according to the invention the upper cover of the inlet duct presents a
      downward bulge or is provided with a rib thereby reducing the
      cross-sectional area, said reduction of the cross-sectional area being
      located at the point of transition between the delivery portion and the
      spiral-shaped duct portion and approximately above the valve diameter
      forming a right angle with the axis of the delivery portion. This
      reduction of the cross-sectional area in the region of the upper cover of
      the inlet duct produces a damming effect as a result of which the
      combustion air is discharged into the cylinder in the underlying area of
      the valve clearance at approximately the same velocity as in the opposite
      portion of the valve clearance but in an opposite direction in relation to
      the cylinder axis. In contrast with the conventional inlet duct
      arrangement, this helps to produce flow components that are effective in a
      sense opposed to the intended direction of twist for the ultimate purpose
      of producing inside the cylinder a collision of air layers rotating in an
      opposite sense accompanied by the formation of flows of vehement
      turbulence. The resulting considerable improvement of the mixture
      preparation tends to influence the combustion process and the composition
      of exhaust gases as mentioned above as an object of the present invention.
PAR  According to another embodiment of the invention the upper cover of the
      inlet duct is graded in the direction of the valve plane at the point
      where the crosssectional area is reduced. This design of the reduction of
      the cross-sectional area which is most convenient for the casting process
      offers a further advantage insofar as by varying the gradation pattern it
      is possible to essentially alter the distribution and exit velocity of the
      flow components over the entire valve clearance.
PAR  In particular, it is possible according to a further embodiment of the
      invention, to provide an upper cover of the inlet duct from the delivery
      portion to the point of transition to the spiral-shaped duct portion
      falling off with an increased bend towards the valve with the section of
      the cover area located in the spiral-shaped duct portion extending in an
      approximately perpendicular relation to the axis of the inlet valve or
      with an inclination towards the plane of the valve seat, the air layers
      passing along the upper cover being deflected towards the valve to a
      greater or lesser extent depending on the inclination of the cover area.
DRWD
PAR  Further details of the invention will become apparent from the following
      description of an embodiment of the invention with reference to the
      accompanying drawing wherein
PAR  FIG. 1 shows a cross-sectional view of a cylinder head according to the
      invention, the cross-section extending through the axis of the intake
      valve,
PAR  FIG. 2 is a horizontal cross-sectional view of the cylinder head shown in
      FIG. 1,
PAR  FIG. 3 a development following the main chamber line of the inlet duct
      shown in FIGS. 1 and 2, and
PAR  FIG. 4 a diagrammatic view of the outflow conditions in an exhaust valve
      according to FIGS. 1 to 3.
DETD
PAR  The inlet duct 1 of the cylinder head only partially shown in the drawing
      is a spiral duct comprising in a manner known per se a generally elongated
      delivery portion 2 and an adjoining duct portion 3 wound spiralfashion
      about the shaft 5 of the intake valve 4 and falling off towards the valve.
PAR  The line indicated by a dot-and-dash line in FIG. 1 illustrates the usual
      pattern of the upper cover area 6 of an inlet duct 1 at the point of
      transition between the delivery portion 2 and the spiral-shaped duct
      portion 3. As the development in FIG. 3 clearly shows, the upper cover
      area 6 progressively falls off towards the valve seat 7 in an harmonic
      curve. Although spiral ducts of this conventional design produces an exit
      for the combustion air over the greater part of the valve clearance with
      several flow components flowing in opposite direction to the intended
      sense of rotation of the cylinder charge in relation to the cylinder axis,
      yet the delivery portion 2 of the inlet duct 1 imparts a certain
      unidirectional effect to the air, so that such peripheral parts of the
      valve which has produced opposite flow components will be impinged upon to
      a lesser extent only. These flow conditions met with the formerly
      prevalent requirements calling for a maximum twist of the air for
      combustion in the cylinder.
PAR  In accordance with the invention, however, the formation of flow components
      directed in opposition to the desired sense of rotation of the cylinder
      charge is to be facilitated. For the purpose, a reduction of the
      cross-sectional area is produced at the transition from the delivery
      portion 2 to the spiral-shaped duct portion 3 either by bulging the upper
      cover area 6' (indicated by a solid black line) by graded steps at this
      point in the direction of the valve 4 or by providing a rib 6" protruding
      from the upper cover area 6 towards the valve 4 and located approximately
      above the valve diameter extending at a right angle in relation to the
      axis of the delivery portion 2 of the inlet duct 1 (indicated by dash-dot
      lines in FIG. 1).
PAR  By the graded recess in the upper cover area 6' and/or by the rib 6" a
      damming effect is produced as a result of which the air for combustion
      entering via the delivery portion is partly deflected towards the
      underlying area of the valve clearance, so that the flow components 9
      emerging in the peripheral part 8 (FIG. 4) through the valve clearance are
      imparted discharge velocities which are as high as those of the flow
      components 10 emerging on the opposite side of the valve clearance and
      producing with reference to FIG. 4 a clockwise rotation of the cylinder
      charge in relation to the cylinder axis 11. Inside the cylinder 12 a
      collision occurs between the air layers produced by the flow components 9
      and 10 and flowing in opposite senses of rotation, said collision being
      accompanied by a high degree of turbulence.
PAR  The intensity of the counter-flow produced by the components 9 can be
      varied as required by the appropriate shaping of the graded recess in the
      upper cover area 6' and/or by the appropriate design and positioning of
      the rib 6".
CLMS
STM  I claim:
NUM  1.
PAR  1. An internal combustion eninge, in particular a Diesel engine, comprising
      at least one inlet valve for each cylinder, arranged in eccentric relation
      to the cylinder axis, an inlet duct connected to said inlet valve and
      comprising a delivery portion and an adjoining spiral-shaped duct portion,
      said inlet valve having a valve stem extending through the spiral-shaped
      duct portion, said inlet duct having a reduction of the cross-sectional
      area formed by a portion of an upper duct wall comprising a stepped
      portion or rib protruding into the inlet duct at the point of transition
      from the delivery portion to the spiralshaped duct portion and extending
      in transverse relation to the direction of the delivery portion.
NUM  2.
PAR  2. An internal combustion engine according to claim 1, wherein the stepped
      portion comprises a first upper duct wall portion extending from the
      delivery portion to the point of transition to the spiral-shaped duct
      portion and sloping off towards the inlet valve with an increasing
      curvature, and a second upper duct wall portion adjacent the first upper
      duct wall portion and extending approximately in a perpendicular relation
      to the axis of the inlet valve.
NUM  3.
PAR  3. An internal combustion engine according to claim 1, wherein said stepped
      portion comprises a first upper duct wall portion extending from the
      delivery portion to the point of transition to the spiral-shaped duct
      portion and sloping off towards the inlet valve with an increasing
      curvature, and a second upper duct wall portion adjacent the first upper
      duct wall portion and extending in an inclined relation to the plane of
      the valve seat.
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ABST
PAL  A combustion engine with a piston forming the combustion chamber, means for
      protecting the edge of the opening of the combustion chamber against
      cracks being arranged so that they only take effect in the peripheral
      zones of the edge which are adjacent the supporting sides of the piston.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a combustion engine of which the pistons are
      provided with a combustion chamber and which comprise means for protecting
      the edge of the opening of the combustion chamber from the formation of
      cracks.
PAR  2. Description of the Prior Art
PAR  German Pat. No.: 745,396 describes a method of protecting the edge of the
      mouth, in the case of pistons subjected to a considerable loading, by
      constructing the said edge of a material of higher thermal resistance than
      that of the piston itself. Although the edge of the mouth can be thus
      effectively protected against the formation of cracks due to the high and
      continually changing incidence of the temperature, this method
      nevertheless increases the weight of the piston. Constructions are
      therefore known in which heavy metal inserts of the aforementioned type
      are dispensed with. In German Specification No: 1,122,325 for example, the
      edge of the opening is protected by a pure aluminium layer applied by the
      building-up welding process, while German Specification No: 2,124,595
      describes a method of refining a light-metal piston, in the zone of the
      said edge, by re-melting it with a charge-carrier ray, thus rendering it
      resistant to cracks. This otherwise very useful solution, however, suffers
      from the drawback of the considerable production cost involved.
PAC  SUMMARY OF THE INVENTION
PAR  The object of this invention is to provide effective and simple means for
      protecting the edge of the opening of the combustion chamber of pistons,
      without thereby increasing the weight of these latter appreciably, if at
      all.
PAR  The solution to this problem is based on the realization that the stresses
      to which the edge of the mouth of the combustion chamber are subjected
      through mechanical and thermal factors interact in such a way that it is
      loaded to a widely varying extent over its periphery. This phenomenon can
      be explained as follows: in respect of the axis of the piston pin the
      piston has a lower moment of resistance to flexure than in respect of an
      axis perpendicular to the axis of the piston pin and to the longitudinal
      axis of the piston, as the hubs of the piston pin, and the piston pin
      mounted thereon, provide the piston head with considerable stiffening. The
      mechanical forces thus tend to bend the piston about the piston pin, as a
      result of which tensile stresses occur in the zones of the edge of the
      mouth which are adjacent to the piston pin hubs, while compressive
      stresses occur in the zones thereof which are adjacent to the supporting
      sides. Unlike these mechanical stresses, the thermal stresses have the
      same sign and approximately the same magnitude over the entire periphery
      of the mouth of the edge. As the material of which the piston pin is made,
      and which also forms the mouth of the edge, tends to expand towards the
      middle of the piston pin when subjected to a temperature rise, these
      thermal voltages subject the edge of the mouth to pressure.
PAR  When the piston is in operation the mechanical and the thermal stresses
      become superimposed on one another, i. e. they largely balance one another
      out in the zones of the edge of the mouth but become added together in the
      peripheral zones adjacent to the supporting sides.
PAR  According to the invention, the means for the protection of the edge of the
      mouth of the combustion chamber against the formation of cracks are
      arranged in such a way that they only take effect in the peripheral zones
      adjacent to the supporting sides.
PAR  According to the invention, the means for the protection of the edge of the
      mouth of the combustion chamber against the formation of cracks are
      arranged in such a way that they only take effect in the peripheral zones
      of the said edge which are adjacent to the supporting sides of the piston.
PAR  The solution adopted in the invention represents a departure from the
      measures hitherto known, in which importance was attached to protection
      for the entire edge of the mouth. It is however, precisely because the
      means intended for the protection of the edge of the mouth are no longer
      extended to the zones adjacent to the hubs of the piston pin that the
      cracking of the said edge is very efficiently prevented: the system
      ensures that the mechanical and thermal stresses, operating in opposition
      to one another, can interact without obstacle in the peripheral zones of
      the edge of the mouth which are adjacent to the hubs of the piston pin, in
      such a way as to balance one another out, whereas the remaining peripheral
      zones, in which the mechanical stresses likewise act as a compressive
      stress, are relieved of thermal stress. This ensures that the entire edge
      of the mouth is only subjected to very moderate stresses, which are evenly
      distributed.
PAR  Special advantages are offered by a version of the invention in which the
      means for the protection of the edge of the mouth are formed by covering
      screens which stand out from the cylinder head in such a way that when the
      piston occupies the upper dead centre position they extend into the
      combustion chamber, taking a parallel or approximately parallel course to
      the said edge, and at a slight distance therefrom, in the process. A
      further example of existing prior art, to which attention should be drawn
      in this connection, if provided by Ger.Fin.Discl. 1,272,620 from which a
      combustion engine with direction injection is known, direct impact of the
      jets of fuel on the wall of the combustion chamber provided in the piston
      being prevented by similar covering screens projecting into it. Their
      number, arrangement and size are thus governed by the nature of the fuel
      injection, while in the combustion engine of the present invention the
      essential point is that the said screens only take effect in the
      peripheral zones of the edge of the mouth which are adjacent to the
      supporting sides of the piston. As the greater part of the quantity of
      heat released by the combustion is converted shortly after the piston has
      reached its upper dead centre position, it is in general sufficient for
      the covering screens, in this position, to extend by two to three
      millimeters into the combustion chamber.
PAR  It has also been found that it is sufficient for the screens to extend over
      peripheral zones corresponding to an angle of 90.degree. at the most. An
      angle of 30.degree. - 60.degree. appears particularly suitable.
PAR  It is obvious that this version of the invention enables any increase in
      the weight of the piston to be avoided.
PAR  In another version of the invention the means for the protection of the
      edge of the mouth of the combustion chamber consist of curved inserts
      forming part of the said edge and made of a material of greater thermal
      resistance than that of the piston itself and firmly secured in a manner
      known per se in the said material of the piston. This solution likewise
      offers advantages from the point of view of weight, by comparison with the
      known designs with closed annular inserts.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows a longitudinal section through part of the cylinder head and
      of the piston belonging to the combustion engine of the invention and
      occupying its upper dead centre position;
PAR  FIG. 2 shows a section along the line II--II of FIG. 1.,
PAR  FIG. 3 shows a view, on a larger scale, of the edge of a covering screen
      shown in FIGS. 1 and 2,
PAR  FIG. 4 shows a longitudinal section through another version of the
      invention, and
PAR  FIG. 5 shows a top view of the piston shown in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The light metal piston 1, occupying its upper dead centre position, is
      provided with a central cylindrical combustion chamber 2 of which the edge
      3 of the mouth forms the transition to the piston head 4. The cylinder
      head 5 has two covering screens 6 and 7 projecting from it in an axial
      direction. They extend into the combustion chamber 2, taking a course
      parallel to the edge 3 of the mouth, and at a slight distance therefrom,
      thus covering part of the said edge, so that it is protected from the
      direct action of the combustion gases. The covering screens 6 and 7 are
      only situated in those peripheral zones which are adjacent to the
      supporting sides of the piston 1 and extend in the peripheral direction
      over a zone corresponding to an angle .alpha. of 40.degree. from the
      central point. The other zones, adjacent to the hubs 8 and 9 of the piston
      pin, are without the covering screens 6 and 7. The lateral ends 10 of the
      said screens 6 and 7 continue gradually and obliquely, as may be seen from
      FIG. 3, into the plane of the cylinder head 5, so that no excessive local
      temperature gradients, which would lead to harmful stress peaks, occur in
      this zone.
PAR  FIGS. 4 and 5 show an alternative version of the invention. The edge 3 of
      the mouth of the combustion chamber 2 in the piston 1 is in this case
      formed, in the zone adjacent to the supporting sides, by curved inserts 11
      and 12 which are made of an iron-nickel alloy of high thermal resistance
      and which, in a manner known per se, and via stays 13 and 14, are
      connected with an annular support 15, thus being firmly secured in the
      material of the piston. In the peripheral direction the curved inserts 11
      and 12 in this case extend over a range corresponding to an angle .alpha.
      of 60.degree. from the central point. The remaining zone is not in contact
      with the inserts, so that in this position the mechanical tensile stresses
      and the thermal compressive stresses can largely balance one another out.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a combustion engine of which the pistons are provided with a
      combustion chamber, the provision of means for protecting the edge of the
      mouth of the opening of the combustion chamber from the formation of
      cracks, said protecting means being arranged in the two peripheral zones
      of said edge adjacent the supporting sides of the piston and extending
      over an angle of not more than 90.degree. over the central point of each
      supporting side.
NUM  2.
PAR  2. Combustion engine according to claim 1, in which the angle over which
      the protecting means extends is from 30-60.degree..
NUM  3.
PAR  3. Combustion engine in accordance with claim 1, in which the protection
      means consist of curved inserts which form part of the edge of the mouth
      and which are made of a material of higher thermal resistance than that of
      the piston itself and which are firmly secured in the material of the
      piston.
NUM  4.
PAR  4. Combustion engine according to claim 1 in which the protecting means are
      in the form of covering screens which extend away from the cylinder head
      in such a way that when the piston occupies the upper dead centre position
      they enter the combustion chamber, taking a substantially parallel course
      to the edge of the mouth, and at a slight distance therefrom.
NUM  5.
PAR  5. Combustion engine according to claim 4, in which the two lateral sides
      of a covering screen are concave at the juncture of the screen and the
      cylinder head.
NUM  6.
PAR  6. Combustion engine according to claim 4, in which the two laterial sides
      of a covering screen are obliquely disposed.
NUM  7.
PAR  7. Combustion engine according to claim 4, in which the covering screens,
      when the piston occupies its upper dead centre position, extend into the
      combustion chamber by not more than 5mm.
NUM  8.
PAR  8. Combustion engine according to claim 4, in which the covering screens
      extend into the combustion chamber by from 2-3 mm.
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ABST
PAL  A barbecue grill for cooking food with charcoal fuel or the like is
      disclosed as including a housing having a lower portion including a rack
      on which the fuel to be burned is located, and an upper portion having a
      cooking grill on which food to be cooked is placed. The upper portion is
      closed in by a cover which includes an adjustable opening for controlling
      the smoke content of the grill during cooking. A novel fuel igniter is
      provided on the rack holding the charcoal and is movable between an
      upright position in which the charcoal is ignited and a second position in
      which the lighter is protected from drippings from the food being cooked.
BSUM
PAR  This invention relates to a barbecue grill and one of its aspects to such a
      grill including a novel igniter mechanism for starting charcoal fuel or
      similar fuel used for cooking. In another aspect of this invention it
      relates to such a grill which includes a novel air control mechanism for
      controlling the accumulation of smoke in the grill during cooking.
PAR  While barbecue grills of different construction are widely known, the
      lighting of charcoal where it is used as the fuel has always been and
      continues to be a problem. While electric charcoal starters have been
      provided these require connection to large amounts of current, and thus
      limit the portability of the grill, and can only start coals that actually
      lay against the element of the starter. Also, liquid starting fuels which
      are commonly used provide some element of danger, particularly since they
      burn down and hot coals have to be sprayed with the fuel to continue the
      starting process.
PAR  Thus, it is the primary object of this invention to provide a barbecue
      grill which includes a fuel igniter for causing charcoal fuel to burn
      which does not require electric power nor the spraying of a liquid starter
      directly on the charcoal.
PAR  Another object of this invention is to provide such an igniter which
      utilizes commonly available fuels, such as lighter fluid, which is
      relatively safe, and which can be economically manufactured.
PAR  Another object of this invention is to provide such an igniter which uses a
      wick and can provide a relatively even flame over a large part of an area
      in which the charcoal to be burned is located.
PAR  Another object of this invention is to provide such an igniter in which the
      wick may be rotated to a position where it is shielded from the drippings
      of cooking food after the charcoal is started.
PAR  Also, the better barbecue grills provide for low direct heat on the food
      being cooked and considerable smoking of the food. However, a difficult
      problem in these grills is a regulation of the amount of heat and smoke in
      the grill under different conditions of cooking. It is therefore another
      object of this invention to provide a barbecue grill including an improved
      mechanism for adjusting the flow of air out of the grill during cooking,
      and thus the build up of smoke in the grill.
PAR  Another object of this invention is to provide an overall construction of
      grill utilizing the above features in an attractive housing, and in which
      the parts to be cleaned can be readily removed and replaced.
PAR  These and other objects of this invention, which will become more apparent
      upon consideration of the attached claims and drawings and of the
      following detailed description, are provided in accordance with the
      preferred embodiment of this invention illustrated by a barbecue grill
      having an upright housing including a lower portion in to which a cooking
      fuel, such as charcoal or the like, is placed, and an upper portion having
      a grill on which food to be cooked is placed. A novel fuel igniter having
      an elongated trough for storage of a liquid fuel, such as lighter fluid,
      and a wick extending from the trough is provided on the bottom of a rack
      under which charcoal is to be placed. The length of the elongated trough
      is generally substantially the length of the portion of the rack on which
      charcoal is to be placed. It is preferred that the igniter be placed on
      the bottom of the rack so that it can be easily removed for fueling and
      cleaning, and also be rotated from a first position in which the wick is
      substantially upright for lighting the charcoal, to a second position in
      which the wick is turned down on its side. A shield member extends from
      the trough so that as the wick is rotated to the second position described
      it is shielded from drippings from the food being cooked by the shield
      member, and the life of the wick is increased.
PAR  It is also preferred that the upper part of the housing be enclosed by a
      cover which can be opened and closed to permit placement and removal of
      the food being cooked onto the cooking grill. Smoke and heat in the grill
      is regulated by an air control means centrally located over the grill and
      over and about an opening in the cover. In order to regulate the amount of
      smoke an adjustable plate is provided partially closing off the opening in
      the cover and the plate is adjustable between a position fully closing the
      opening and to a position in which the opening is only partially closed.
      By proper adjustment of the position of the plate over the opening, the
      amount of heat and smoke in the grill can be regulated to suit a desired
      cooking situation.
DRWD
PAR  In the drawings, wherein like reference numerals are used throughout to
      show like parts, and wherein a preferred embodiment of this invention is
      illustrated:
PAR  FIG. 1 is a view in elevation of the barbecue grill of this invention
      showing the upper cover open;
PAR  FIG. 2 is a view in elevation similar to FIG. 1, however with the upper
      cover closed;
PAR  FIG. 3 is a sectional view taken at 3--3 in FIG. 2;
PAR  FIG. 4 is a sectional view taken at 4--4 in FIG. 2.
PAR  FIG. 5 is a view in elevation of the rack and fuel igniter of this
      invention;
PAR  FIG. 6 is a view similar to FIG. 5 showing the position of the igniter
      after it has been used; and
PAR  FIG. 7 is a cross-sectional view taken at 7--7 in FIG. 5.
PAR  FIG. 8 is a view in elevation taken at one of the upper corners of the
      barbecue grill of FIG. 1.
DETD
PAR  Referring to the drawings, an upright, box like housing 10 forms the basic
      structure of the barbecue grill of this invention. Housing 10 includes
      front panels 10A and side panels 10B, as shown; an enclosed bottom 10C
      (see FIG. 3) and a cover 11 pivotally mounted at the top of housing 10 by
      hinges and movable between the open position shown in FIG. 1 and a closed
      position as shown in FIG. 2. It is preferred that box 10 be mounted on
      wheels or rollers 12 to aid its mobility. Also, front panel 10A of housing
      10 includes an opening 10D therein over which a door 13 is pivotally
      mounted on front panel 10A by hinges in order to open and close the
      opening, and to permit access to the interior of housing 10. As
      illustrated in FIG. 3 the interior of housing 10 includes a lower portion
      14 and an upper portion 15, (also partially shown in FIG. 1), so that
      access to lower portion 14 is provided by door 13 and access to upper
      portion 15 is provided by cover 11.
PAR  Housing 10 is preferably made of asbestos or other fireproof panels, such
      as panels 10A, 10B, 10C and 11, which are connected together at their
      edges by aluminum L-shaped members 16 to form a box. Rivets or screws may
      be used to provide these connections. The top edges of panels 10A and 10B
      include U-shaped aluminum brackets 17 which overlap the top edges of
      panels 10A and 10B. Also, brackets 17 are spaced from panels 10A and 10B
      on the inside of housing 10 so that slots 17A are provided around the
      inside edge of the top opening of housing 10, between the overhang of
      bracket 17 and panels 10A and 10B. L-shaped mounting brackets 18 are also
      mounted around the interior of housing 10 a short distance below the top
      opening of housing 10, as shown in FIG. 3. Four heat retaining grill like
      members 19, two along the inside of panels 10A and two along the inside of
      panels 10B, are mounted on brackets 18 around the interior of housing 10
      and extend up into the slot 17A formed between strip member 17 and the
      side panels of housing 10. Also, members 19 are bent at a right angle at
      their end opposite from that inserted in slot 17A to form a shoulder 19A
      which sits on bracket 18. In this manner each of the members 19 can be
      easily removed from housing 10 and cleaned and replaced back in the
      housing. Also, a grill 20, on which food to be cooked is placed, is placed
      in upper portion 15 of housing 10 on the shoulders formed on top of
      brackets 18 by members 19. Grill 20 is maintained loose so that it can be
      easily removed for cleaning or access to the interior of housing 10.
PAR  FIGS. 5, 6 and 7 illustrate the fuel igniter of this invention. As
      illustrated in FIG. 5 a rack 21 including a plurality of legs 22 for
      supporting it in lower portion 14 of housing 10, is provided for
      supporting a basket 23 (FIG. 6) into which a quantity of charcoal 24 is
      placed. Rack 21 is preferably an open wire structure and includes 2
      hook-like wire members 25 and 26 made of stiff wire extending below the
      rack, and these members function as a means for mounting the fuel igniter
      of this invention on and below the top surface of rack 22.
PAR  As shown in FIGS. 5 and 7, a preferred form of the fuel igniter 30 of this
      invention, having an elongated body 31, is loosely placed on and across
      members 25 and 26 so that igniter 30 may be freely moved. Igniter 30 is
      preferably made of sheet metal bent to provide an elongated trough 32 for
      the accumulation of a liquid fuel, such as lighter fluid, and includes a
      sheet metal shield member 33 extending up from the trough to provide a
      shield for an elongated wick 34 which is placed between bent portions of
      the sheet metal forming body 31, to extend from trough 32 upwardly towards
      rack 21. Absorbant packing 34a may also be provided in trough 32 for
      keeping liquid about the wick. When igniter 30 is placed on members 25 and
      26 in an upright position, such as shown in FIG. 5, liquid fuel can be
      placed in trough 32, and the fuel will be drawn up wick 34, so that a
      flame below and along the length of rack 21 will be provided when the wick
      34 is lit. A sheet metal strip 33a may be bent over shield member 33 to
      form an integral part thereof, and bent over trough 32 as shown to provide
      a cover for the trough. Thus, when basket 23 is placed on rack 21 after
      wick 34 is lit, charcoal 24 will be ignited by this flame. After this is
      done, and all of the fuel in trough 32 has been burned, igniter 30 may be
      caused to lie on its side, as shown in FIG. 6, by pulling on a chain 35
      provided for this purpose and connected to igniter 30. When this is done,
      shield members 33 and 33a will lie over wick 33 and protect the wick from
      grease and other drippings falling from the food being cooked. As shown in
      FIG. 5, wire members 25 and 26 are in the configuration of a check mark
      and inclined to permit igniter lie down as shown in FIG. 6.
PAR  Referring now to FIG. 4, the details of a preferred form of the air (smoke)
      control mechanism are shown. A rectangular opening 11A is provided in
      cover 11 and opening 11A is slightly smaller than the size of a louvered
      grill 50 mounted on the top of cover 11 over opening 11A, (FIG. 2) and
      slightly smaller than a plate 51 mounted on the bottom of lid 11 over
      opening 11A (FIG. 1). Grill 50 and plate 51 are mounted on cover 11 by the
      same mounting bolts 53 and 54 which pass through cover 11 on each side of
      opening 11A.
PAR  As shown in FIG. 4 a coil spring 55 is provided about each of bolts 53 and
      54 and between the bottom of cover 11 and the top of plate 51. Wing nuts
      56 are screwed on to bolts 53 and 54 on the bottom side of plate 51. Thus,
      springs 55 normally urge plate 51 away from a position where it shuts or
      partially shuts opening 11A closed, and the position of plate 51 over
      opening 11A can be adjusted by running wing nuts 56 back and forth on
      bolts 53 and 54. In this manner the amount of opening and closing of
      opening 11A can be easily adjusted to regulate the amount of smoke
      retained in the grill during cooking. Also, by the arrangement described
      grill 50 and plate 51 can be easily removed for cleaning as can cooking
      grill 20 and the heat retaining members 19. If desired, as an aid in
      keeping the unit clean and to prevent meat from sticking to the cooking
      grill 20, this grill and the metal component below it (basket 23 and stand
      21) can be coated with Teflon.
PAR  Also, as can be appreciated from the drawings, the grill of this invention
      is such that the cooking coals are a sufficient distance below the meat
      being cooked that by proper regulation of the opening about plate 51
      chances of burning of the meat can be avoided or reduced. Also, the size
      of basket 23 can be such that when filled with coals no more coals than
      needed to properly cook the meat are provided. Also, during construction
      of the unit it is preferred that the strip member 16 and 17 be connected
      to the panel members 10a, 10b, and 11 by rivets.
PAR  Thus, it can be readily seen that a simple, efficient cooking grill is
      provided which is easy to build, provides for easy charcoal starting, good
      regulation of air and smoke, and is relatively easy to keep clean.
PAR  From the foregoing, it will be seen that this invention is one well adapted
      to attain all of the ends and objects hereinabove set forth, together with
      other advantages which are obvious and which are inherent to the
      apparatus.
PAR  It will be understood that certain features and subcombinations are of
      utility any may be employed without reference to other features and
      subcombinations. This is contemplated by and is within the scope of the
      claims.
PAR  As many possible embodiments may be made of the invention without departing
      from the scope thereof, it is to be understood that all matter herein set
      forth or shown in the accompanying drawings is to be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  The invention having been described, what is claimed is:
NUM  1.
PAR  1. A barbeque grill for cooking food with charcoal fuel, or the like,
      comprising, in combination: an upright housing having a lower portion in
      which the fuel is burned and an upper portion in which the food to be
      cooked is to be placed; grill means in said upper portion for supporting
      the food to be cooked; a cover attached to said housing to permit access
      to said upper portion for placement of food to be cooked, said cover
      including an opening therethrough; air control means disposed on said
      cover about said opening and including means for adjusting the quantity of
      air flow through said opening for controlling the flow of smoke from said
      housing, said air control means including a louvered member mounted over
      said opening on the outside of said cover, and a plate mounted over said
      opening on the inside of said cover, and means for so mounting said plate
      while permitting movement of said plate to and from said opening, said
      means including resilient means for biasing said plate away from said
      opening; rack means in said lower portion for supporting said fuel for
      burning; and a wick type fuel igniter located in said lower portion and
      disposed to rotate from a first position for lighting said fuel, to a
      second position wherein the wick is protected from drippings from the food
      being cooked, said igniter including an elongated trough for accumulation
      of a liquid fuel, an elongated wick extending from said trough and a
      shield member extending from the side walls of said trough and extending
      over said trough to shield said wick when in second position, and further
      including mounting means for mounting said igniter on and beneath said
      rack for movement between said first and second position, and a door in
      said housing for permitting access to said lower portion thereof.
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ABST
PAL  A recirculating barbecue device which has a heat booster and smoke trap,
      the device includes a barbecue basin for holding coals, and a hood
      arranged above the basin for collecting gases and fly ash, the hood
      includes a filter for filtering the fly ash and an air fan and conduit for
      recycling collected gases and drawing additional air to the basin for
      increasing the temperature of coals in the basin and insuring a complete
      combustion of gases produced during burning of the coals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Barbecue grilling of meats and other foods is popular both in the home and
      in restaurants because of the unique flavors obtained by cooking over open
      coals. However, preparing coals is often tedious because of the time
      required to ignite the coals and raise their temperature to that proper
      for cooking. Present designs of barbecues often are such that an ideal
      broiling temperature is never achieved. Furthermore, the common
      conventional barbecue releases to the atmosphere noxious gases and
      particulate matter both during the ignition and cooking stages. This is
      particularly a problem in close areas, for example, patios where adjacent
      structures are dirtied from fly ash and oily smoke emitted during cooking.
      Additionally, where charcoals are used, there is usually a problem of
      spark release which constitutes a fire hazard, particularly in the
      environment conventional barbecues are used because of the often close
      proximity of structures. These and other problems have made the
      conventional barbecue less than satisfactory for an efficient and
      convenient charcoal grilling of meats and other foods.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a cooking device, in particular to a cooking hood
      having a heat booster and smoke trap that is used with a charcoal
      receptacle to trap particulate gases, resulting from cooking and the
      combustion of charcoals and the like. The recirculation of gases is also
      employed as an aspirator to supply a controlled quantity of preheated air
      to the coal receptacle for complete combustion of partially combusted
      gases, and for accelerating the ignition of the coals and raising the
      temperature of ignited coals, thereby maximizing the efficiency of cooking
      or grilling over open coals.
PAR  While it is preferred that the smoke trap and heat booster be constructed
      in combination with a coal receptacle for design compatibility, it is
      comtemplated that the smoke trap and heat booster may be adapted to
      conventional receptacles for accomplishing the above mentioned results.
PAR  The device in its preferred construction includes a charcoal receptacle and
      grill having a vent, preferably arranged below the coals, for example
      under a coal grate. However, in receptacles without a vent, recirculated
      gases can be directed over the top of coals with nearly equivalent
      results. Over the receptacle is a hood for collecting smoke and combustion
      gases rising from the burning coals or the cooking food. Connected to the
      hood is a flue or duct and a filter for elimating fly ash and other
      particulate matter from the rising gases. The duct is attached to an
      electric fan or gas pump which creates a partial vacuum to pull gases and
      particulate matter through the duct and filter and to a conduit for
      delivery to a vent in the charcoal receptacle. The conduit is preferably a
      semi-rigid metal, flex hose which allows adjustments in the orientation of
      the conduit which remain fixed, thereby avoiding the variety of elbows and
      other fittings and supports normally required. However, a rigid conduit
      with support attachments may be used. The connection of the conduit at the
      vent is not air tight and in fact the conduit preferably directs the gases
      at a vent of substantially large diameter than the conduit such that an
      aspirator effect is achieved drawing air into the vent. The air is mixed
      with the gases and raised in temperature before fanning the coals. The
      fanned coals increase the rate of ignition of unignited coals and
      substantially raises their temperature. In this manner partially combusted
      gases such as carbon monoxide and other hydrocarbons are recycled for
      secondary combustion thereby reducing the amount of harmful pollutants
      eventually escaping to the atmosphere.
PAR  As noted, this device substantially reduces the start-up time of coals such
      that cooking can proceed shortly after initial ignition. Further, the
      resultant temperature of the coals is greatly elevated to the high
      temperature preferred for charcoal grilling.
PAR  The cooking hood may be adapted to conventional commercial or household
      barbecues or may be constructed in combination with a barbecue charcoal
      receptacle such as a basin type barbecue shown in the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevational view of a first embodiment of a recirculating
      barbecue device.
PAR  FIG. 2 is a cross sectional view of recirculating barbecue device of FIG.
      1.
PAR  FIG. 3 is a perspective view of a second embodiment of a recirculating
      barbecue device.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the recirculating barbecue device designated generally
      by the reference numeral 10 is shown with a charcoal receptacle in the
      form of a basin 12. The basin 12 is supported by a stand 14 and includes a
      vent opening 16 at the bottom of the basin for entry of circulating air
      for burning coals in the basin.
PAR  As shown in the sectional view in FIG. 2, the basin 12 includes a grate 18
      displaced from the bottom of the basin for support of the coals. Because
      of a forced circulation in the recirculating barbecue device, the grate
      may be eliminated with nearly equivalent results. A grill 20 is arranged
      across the open top of the charcoal basin 12 for supporting meats or other
      foods for charcoal broiling. The grill may be replaced by a spit for fowl
      or other such roasting as is customary with barbecue devices.
PAR  Above the basin supported on four pins 22 is a hood 24. Each of the pins is
      set in a bracket 26 on the top edge of the basin and a opposite bracket 28
      on the hood 24. For oven type broiling where maximum achievable
      temperatures are desired, the pins 22 are removed and the hood 24 is
      seated directly on the basin 12.
PAR  The hood 24 is contoured to form a short central flue or duct 30 having a
      flanged end 32. The flanged end 32 of the flue is connected to, but
      displaced from, a flanged end 34 of a duct 36. Between the two flanged
      ends 32 and 34 is arranged a filter 38, which includes a fibre glass
      wadding 40 in an impervious ring 42. The material may, of course, be
      varied and comprise steel or other metal fibres or any other substantially
      non-combustible material suitable for filtering particulate matter from
      the rising smoke of charcoal grilling. The filter is sandwiched between
      the flanged ends, 32 and 34, by bolts 44. The duct 36 is connected to an
      inlet 46 of a fan 48 having an impeller 50 which draws air and gases
      through the filter to an exhaust outlet 52 that is connected to an adaptor
      fitting 54 of a flexible conduit 56. The flexible conduit 56 is of the
      metal flex-conduit type commonly used for gas heater connectors which can
      be flexed to a fixed configuration by manual manipulation. In this manner
      supporting attachments for the conduit can be omitted.
PAR  The conduit 56 is arranged in a downwardly directed configuration such that
      the distal end 58 of the conduit is directed at the vent opening 16 at the
      bottom of the basin 12. An electric motor 60, preferably battery operated,
      drives the fan 48 to draw air and combustion gases through the filter 38,
      where particulate matter is removed. The filtered air and combustion gases
      are subsequently delivered to the vent opening 16. Since the end of the
      conduit does not have a sealed connection with the vent opening, the
      directed gases act as an aspirator drawing and mixing additional fresh air
      into the bottom of the basin. The gas flow cycle is schematically
      illustrated by the flow arrows in FIG. 2. The aspirated mixture fans coals
      in the basin to achieve a reduced ignition time and an increased resultant
      temperature for efficient charcoal cooking.
PAR  An alternate embodiment of the invention is shown in FIG. 3, in which a
      conventional hibachi 60 has an adapted hood 62 for transforming the
      hibachi to a recirculating barbecue device with the smoke trapping and
      heat boosting features of the device shown in FIGS. 1 and 2. The hibachi
      60 is supported on wooden feet 64 and has a grill 66 for supporting foods
      over open coals contained in the hibachi. The hibachi has a side vent 68
      for providing ventilation for burning coals. The hood 62 is supported
      above the grill on four supports 70 adapted to the corners of the hibachi
      60. The supports 70 are removable for direct placement of the hood on the
      grill 60 for oven type, high temperature broiling. The hood 62 is
      pyramidal and has a flue 72 at the apex through which smoke and combustion
      gases are drawn by a reel fan 74 driven by a motor 75. In this alternate
      arrangement, the fan 74 is connected at its inlet 76 to the flue 72 and at
      its outlet 78 to a filter 80 of the same general type as described above.
      The filter 80 is joined to a flexible conduit 82 which is routed to direct
      air and filtered gases of combustion to the side vent 68. Again the
      conduit 82 does not have a sealed connection with the vent 68, but is
      arranged to function as an aspirator drawing additional fresh air over the
      coals.
PAR  The recirculating barbecue device can be adapted to commercial barbecues of
      substantially larger size by proper adjustment of the size and
      configuration of the hood and recirculating components.
PAR  While in the foregoing specification, embodiments of the invention have
      been set forth in considerable detail for purposes of making a complete
      disclosure thereof, it will be apparent to those skilled in the art that
      numerous changes may be made in such details without departing from the
      spirit and principles of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cooking device for use with a charcoal-type open receptacle having a
      charcoal burning area comprising: a hood having means for supporting said
      hood over the open receptacle; a flue connected to said hood with an
      opening for collecting smoke and gases from combustion of charcoals in
      said receptacle; filter means connected to said flue for filtering
      particulate matter from the smoke and gases of combustion, said filter
      means including fan means for conveying smoke and gases through the filter
      means; a conduit having a first end and a second end, said conduit having
      further first means for connecting the first end of the conduit to the
      filter means, and second means for directing the second end of said
      conduit at the charcoal burning area of said receptacle; and, an air
      admission vent in said receptacle proximate to said charcoal burning area,
      wherein said second end of said conduit is directed at said air admission
      vent from outside said receptacle, the end of said conduit being
      proximately arranged with said air admission vent and adapted to aspirate
      air into said vent by action of said smoke and gases conveyed into said
      receptacle from said conduit.
NUM  2.
PAR  2. A cooking device for charcoal-type cooking comprising: an open
      receptacle having a charcoal burning area; a hood having means for
      supporting the hood over the open receptacle; a duct connected to said
      hood with an opening for collecting smoke and gases from combustion of
      charcoal from said receptacle; filter means for filtering particulate
      matter from the smoke and gases of combustion, said filter means including
      fan means for conveying smoke and gases through the filter means; a
      conduit having a first end and a second end, said conduit having further
      first means for connecting the first end of the conduit to the filter
      means, and second means for directing the second end of said conduit at
      the charcoal burning area of said receptacle; and, an air admission vent
      in said receptacle proximate to said charcoal burning area, wherein said
      second end of said conduit is directed at said air admission vent from
      outside said receptacle, the end of said conduit being proximately
      arranged with said air admission vent and adapted to aspirate air into
      said vent by action of said smoke and gases conveyed into said receptacle
      from said conduit.
NUM  3.
PAR  3. The cooking device of claim 2 wherein said air admission vent is below
      said charcoal burning area.
NUM  4.
PAR  4. The cooking device of claim 2 wherein said second means for directing
      the second end of said conduit at the charcoal burning area comprises a
      metal flex-hose.
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ABST
PAL  The portable single burner campstove of this invention is characterized by
      wind resistance and high efficiency. The cooking unit, which can be
      mounted on top of a support stand, includes a reflector bowl, a burner
      within the reflector bowl, and grate means for supporting a cooking
      utensil over the burner. In addition, there is provided a burner bowl
      within the reflector bowl and surrounding the burner. The utensil
      supporting grate is formed from a plurality of vertically-oriented strips
      of sheet metal, the lower portions of which extend downwardly into the
      burner bowl and the reflector bowl for cooperating therewith to increase
      the heat transferred to the cooking utensil and to reduce the adverse
      effect of crosswinds on such transfer. Preferably, where the burner is
      gas-fired, it is mounted on an adjustable support stand, so that different
      size gas bottles may be used with the stove, legs of adjustable
      inclination forming one side of the support and a bottle of fuel gas the
      other side.
BSUM
PAR  This invention relates to portable single burner campstoves of the kind
      which can be adapted for use with bottles of liquified propane or other
      similar gaseous fuels. Portable gas-fired campstoves of the general kind
      with which the features of the present invention can be employed are shown
      in U.S. Pat. 3,405,703 and Canadian Pat. No. 869,306. Certain features of
      the present invention can also be used with liquid fuel-fired campstoves.
PAR  Such campstoves may include a support with a cooking unit mounted on top
      thereof. As shown in Canadian Pat. No. 869,306, the support stand can
      comprise a bottle of gaseous fuel, the cooking unit being mounted on top
      of the bottle. In another arrangement, a support stand may comprise
      inclined legs, and may include the fuel bottle as one side of a triangular
      support. (See U.S. Pat. No. 3,405,703). Where the bottle of fuel forms one
      side of the support stand, the fuel bottle should have a certain
      predetermined length in order to support the cooking unit, or more
      particularly the grate elements thereof, in a generally horizontal
      alignment for supporting the cooking utensil, such as pan or skillet.
      While the improved cooking unit assembly of this invention can be employed
      with support stands like those of the prior art, which either do not
      provide very stable support, or which are not adapted to use with gas
      bottles of different size or length, it is preferred to provide a support
      stand which includes leg means of adjustable inclination on one side so
      that gas cylinders of variable length may be used on the other side.
PAR  As will be appreciated by those knowledgeable in the art, campstoves of the
      kind to which the present invention are directed do not transfer the
      burner heat to the cooking utensil as efficiently as is desirable. This
      problem is particularly acute when the stove is used under cross-wind
      conditions, as it frequently will be at a campsite or on a picnic. Larger
      portable campstoves, such as the two burner-type portable stoves, are
      usually provided with wind screens, consisting of the upturned lid and
      outwardly folded side flaps, and the stoves can be positioned so that the
      upturned lid is against the direction of the wind. However, with the
      portable single burner stoves of the kind with which the present invention
      is concerned, it is not practical to provide such wind screens around the
      burner unit. The present invention is therefore concerned with
      modifications of the burner unit itself to increase its inherent wind
      resistance and promote high efficiency of heat transfer.
PAR  Heretofore, some efforts have been made to solve the problem just
      described. Grate members have been utilized which provide some wind
      resistance, but these have been employed in conjunction with conventional
      burners, such as the mushroom-type burners, which have a dome shape with
      perforations in the dome providing the gas ports. The use of a reflector
      bowl with such combination has also been of some benefit, but has still
      fallen short of a satisfactory solution to the problem. The present
      invention therefore for the first time provides the combination of a
      special burner unit, burner bowl, reflector bowl, and wind baffle grate,
      which is capable of achieving a highly efficient heat transfer from the
      burner to the cooking utensil even under extremely adverse wind
      conditions.
DRWD
PAC  THE DRAWING
PAR  The accompanying drawings, which form a part of this specification,
      illustrate a preferred embodiment of the cooking unit assembly and an
      adjustable support stand therefor. It will be understood that like
      reference characters are intended to be employed to designate like parts
      throughout the drawings and their description.
PAR  FIG. 1 is a perspective view of a campstove including a support stand (the
      gas cylinder of the stand being partially broken away) and a cooking unit
      assembly mounted on top of the stand;
PAR  FIG. 2 is a perspective exploded view of the components of the cooking unit
      as shown in FIG. 1;
PAR  FIG. 2A is a fragmentary perspective view of the tubular assembly which
      provides the burner ports;
PAR  FIG. 2B is a fragmentary top view of the central portion of the grate;
PAR  FIG. 3 is a transverse sectional view of the assembled cooking unit;
PAR  FIG. 4 is a side elevational view of the campstove of FIG. 1, illustrating
      particularly the adjustability of the support stand which permits the
      stove to be used with gas cylinders of different lengths or diameters;
PAR  FIG. 4A is a perspective view of the support bracket in the position shown
      in dotted lines in FIG. 4;
PAR  FIG. 5 is a perspective view of the adjustable leg assembly and reflector
      bowl, the upper part of the cooking unit being broken away; and
PAR  FIG. 6 is a perspective view similar to FIG. 5, except that the components
      of the adjustable support bracket are shown removed.
DETD
PAR  Looking first at FIG. 1, there is shown a cooking unit assembly A mounted
      on top of a support stand S. The stand S includes a pair of inclined legs
      10 and 11 and an inclined bottle of gaseous fuel 12. Legs 10 and 11 are
      connected by cross-braces 13 and 14. Bottle 12 includes a reduced neck
      portion 15 which is provided with external threads and screws into a valve
      housing 16. A rotatable manual control is provided by the knob 17, which
      operates a valve shaft extending through tubular housing 18 for permitting
      gaseous fuel to be supplied to the burner A, as is well-known in the art.
PAR  The cooking unit includes an outer reflector bowl 19, which is open-topped
      and has an upwardly curving outer wall portion 20. The inner surface 19 of
      reflector bowl 20 is preferably made heat-reflective, such as by polishing
      the surface thereof, or providing a mirror-like finish by plating, such as
      with nickel or chrome. If desired, the reflector bowl may be formed of
      polished aluminum, plated cold rolled steel, or polished stainless steel.
      Not only does the reflector bowl serve to reflect heat upwardly toward the
      cooking utensil, but it also tends to limit the radiation of heat
      downwardly to the space below the burner assembly.
PAR  According to the present invention, there is also provided a burner bowl 21
      which is mounted within the reflector bowl 19 and surrounds the burner 22.
      The burner bowl 21 is open-topped, and has an outer upwardly extending
      wall 23 which is located intermediately between the burner 22 and the
      reflector bowl side wall 20.
PAR  Burner 22 provides a tubular side wall 24 in opposed relation to the burner
      bowl wall 23. Burner side wall 24 provides a multiplicity of flame ports
      distributed therearound and arranged to direct the flame jets outwardly
      toward the burner bowl wall for impingement thereon.
PAR  The desired configuration is shown in FIG. 3, where the ports 25 in burner
      wall 24 direct jets of flame against the burner bowl wall 23, which
      deflects the flames upwardly. This is indicated diagrammatically by the
      flame representations F.
PAR  In accordance with the present invention, there is also provided a grate
      designated generally by the number 26. Grate 26 as shown includes four
      vertically oriented strips of sheet metal extending outwardly from the
      central portion of the assembly over the burner 22, the burner bowl 21,
      and the reflector bowl 19. The number of such grate strips may vary from 3
      to 6, but 4 strips are preferred. As shown more clearly in FIG. 3, the
      upper edges of the strips 27 are in generally horizontally alignment to
      supportingly receive a cooking utensil without undue tilting. The lower
      portions of the strips 27 extend downwardly into the interior of the
      burner bowl 21 and the reflector bowl 19, as shown particularly in FIGS. 1
      and 3. Preferably, the outer lower portions 28 extend downwardly into
      close proximity with the adjacent inner surface of the upwardly curving
      wall portion 20 of the reflector bowl. Also, it is preferred that the
      inner lower portions 29 of the strips 27 extend downwardly within the
      burner bowl 21 into close proximity with the inner bottom surface thereof
      and with the adjacent inner surface of wall portion 23. This preferred
      "profile"  is believed to optimize the desired wind baffling effect of the
      strip members 27 in the assembled grate.
PAR  To increase their stiffness, grate strips 27 may have their outer portions
      corrugated, as indicated at 30, but this is not essential. If desired,
      strips 27 may be formed of heavier metal without corrugations. A suitable
      material of construction if aluminized cold rolled steel sheet. The burner
      bowl 21 may also be formed of cold rolled steel, and may be aluminized or
      tin plated. However, such materials of construction are merely
      advantageous and not essential.
PAR  Preferably, the strips 27 are arranged radially, evenly spaced, and
      intersect near their central portions where they are united to form an
      integrated grate unit. One convenient way of uniting the strips 27 is to
      provide their inner ends with integral offset ring sections 27a, which
      terminate in outwardly extending attachment tabs 27b. The attachment tabs
      27b can be connected to the adjacent sides of the nearest adjoining strip
      27 by spot welding, riveting, etc. In the illustration given, two rivets
      are shown as forming the attachment between each of the strips 27 and the
      tabs 27b. The ring sections 27a in the united structure therefor form a
      vertically extending tubular section at the center of the grate. This
      tubular section, which is designated generally by the number 31, can be
      utilized to locate and retain the grate. One preferred method of
      accomplishing this is shown in FIG. 3. Across the open upper end of the
      burner box 32 there is weldably attached a transverse strap 33 which has a
      threaded opening 34 in the center thereof. Into opening 34 the lower
      threaded end of a stud 35 is received. This stud extends upwardly through
      the center of the burner 22 projecting through a central opening 36 in the
      burner cover plate 37. As can be seen in FIG. 3, the lower end of stud 35
      is thereby mounted below the burner 22, while extending through the burner
      and projects thereabove for receiving the grate ring 31. The threaded
      upper end of stud 35 preferably projects above ring 31, and is secured
      thereto by means of a washer 38 and a nut 39. This assembly not only
      clamps the grate 26 in place, but also clamps together the components of
      the burner 22, the burner bowl 21 and the reflector bowl 20. The central
      portion of the stud 35 can be provided with an integral nut 40, as shown,
      which bears against the top wall 37 of the burner 22, thereby locking
      together the burner assembly. (See FIG. 3).
PAR  The individual components of the burner 22 are shown more clearly in FIGS.
      2 and 2A. In a preferred embodiment, the tubular side wall 24 of the
      burner is formed from an assembly of rings, comprising alternating
      corrugated rings 41 and flat rings 42. The corrugated rings 41 thereby
      provide a multiplicity of vertically and horizontally distributed gas
      ports 25 through which the flame jets emerge and are directed against the
      outer wall 23 of the burner ring 21. To assist in centering the rings 41,
      42, the inner portion of the bottom of burner ring 21 may be provided with
      an annular ridge 43 for receiving the lowermost of the rings 41, 42.
PAR  If desired, there may also be provided around the central opening 44 in the
      burner ring 21 a plurality of circumferentially spaced upwardly-extending
      locator tabs 45. (See FIG. 2). Such tabs, however, are not essential.
      Conveniently, four such locater tabs can be provided and arranged about
      90.degree. apart. The assembly of the rings 41, 42 therefor fits over the
      tabs 45 so as to locate them in centered relation over ridge 43. As will
      be noted, the top burner plate 37 is imperforate except for the center
      hole 36 through which the stud 35 extends. With this construction, the
      flame jets are initially directed primarily outwardly, but are then
      deflected upwardly toward the cooking surface of the burner by means of
      the burner bowl wall 23.
PAR  Looking now at FIGS. 4 to 6, it can be seen that the pair of legs 10, 11
      have their upper ends pivotally connected through slots 46 to attachment
      bracket 47. Bracket 47 is secured to the underside of reflector bowl 19 by
      a sheet metal screw 48 extending through the bottom of the reflector bowl
      19 which engages a tab 49 portion of the bracket. The lower portion of the
      bracket itself is connected to the bottom of the burner box 32 by means of
      a threaded stud 50 and a nut 51.
PAR  The pivoted leg means 10, 11 provide a support of adjustable inclination on
      one side, which cooperates with the gas bottle 12 on the other side. Where
      a longer and/or smaller diameter gas bottle is used, such as bottle 12',
      means are provided permitting the legs 10, 11 to be adjusted in
      inclination to compensate for the different gas cylinder. (See FIG. 4.)
PAR  One convenient way of accomplishing this compensating adjustment is by
      means of a variable position bracket 52. At the center, cross brace 13 can
      be provided with an outwardly extending threaded stud 53 which selectively
      receives one of the two vertically spaced openings 54, 55 arranged along
      the center line of the bracket 52. Bracket 52 can provide upwardly
      extending angular support tabs 56, the inwardly extending end portion of
      which supportingly engages the underside of reflector bowl 19. (See FIGS.
      4 and 5.) It will be apparent therefore that when the upper opening 54 of
      bracket 52 is placed on stud 53, and secured thereon by means of the
      threaded attachment ring 57 that the inclination of the legs 10, 11 will
      be correspondingly greater with respect to the vertical than when the
      lower opening 55 is received on the stud 53. The bracket 52 can also be
      reversed, as indicated by the showing in dotted lines in FIG. 4 and in
      solid perspective of FIG. 4A, thereby providing additional positions of
      greater or lesser inclination for legs 10, 11. One position for a shorter
      and larger diameter bottle 12 is indicated in solid lines in FIG. 4.
      Bottle 12 may be a 16.4 ounce bottle of liquified propane fuel. As
      indicated in FIG. 6, the opening 55 is used. For a longer and smaller
      diameter bottle 12', such as a 14.1 ounce bottle, the bracket 52 is
      reversed and opening 54 is used. Such 16.4 and 14.1 ounce bottle are
      standard in the United States and Canada. If desired, a position of still
      greater inclination can be provided by removing or inverting bracket 52,
      thereby permitting the top edge of cross brace 13 to supportingly engage
      the underside of reflector bowl 19.
PAC  OPERATION
PAR  In operation, the cooking unit is set-up, as illustrated in FIGS. 1 and 4,
      the inclination of the legs 10, 11 being adjusted to cooperate with the
      size and diameter of bottle 12, 12', etc., so that the cooking unit A is
      disposed in generally horizontal alignment. In particular, the upper edges
      of the grate strips 27 should be approximately horizontally aligned so
      that the grate will supportingly receive a cooking utensil, such as a
      skillet or pot, without undue tilting. Once the campstove is properly
      set-up, the valve operator 27 is rotated to open the valve and admit gas
      from the gas cylinder to the interior of the burner box 32. In FIG. 3, the
      flow arrows indicate the gas flow from the cylinder into the open interior
      of the burner assembly 22. The gas then flows outwardly through the
      multiple ports 25 in the tubular side wall of the burner 24. The gas jets
      are lit, and the rate of gas flow is adjusted to produce a flame condition
      somewhat as shown in FIG. 3. It should be recognized that the illustration
      of the flames F are diagrammatic, but the showing does indicate that the
      flames issuing from the ports 25 designedly impinge on the bottom and
      outer sidewall of the burner bowl 21. The high velocity flames are thereby
      turned upwardly to project against the bottom of the cooking utensil
      resting on the grate 26. The flames are thus given a positive but diffused
      impingement against the bottom of the cooking utensil, which impingement
      condition is highly effective for direct transfer of heat from the flames
      to the cooking utensil.
PAR  The cooking unit A not only operates with high efficiency in still air
      conditions, but maintains good efficiency even in cross wind conditions,
      which would ordinarily seriously interfere with the transfer of heat from
      the burner to the cooking utensil. This compares with the conventional
      constructions of the prior art where even relatively light winds can blow
      between the cooking utensil and the burner, and prevent the flames and hot
      combustion gas from reaching the utensil. Such constructions, therefore,
      have been relatively useless except in still air conditions, which are
      rarely encountered in outdoor use of portable campstoves.
PAR  The high degree of wind resistance is provided by cooperation between
      several components of the baffle grate 26; including the strips 27, and
      the downward projections of these strips into the burner bowl 21 and the
      reflector bowl 19. Both of these bowls are thereby effectively divided up
      into segments, within which air is prevented from blowing across or around
      the top of the burner. The burner bowl itself also acts as a wind baffle,
      the outer wall 23 thereof shielding the gas emission ports 25 from cross
      wind coming from any direction. It is therefore apparent that this
      construction renders the burner combination of this invention much more
      wind resistant than the common mushroom burner, where the gas outlet ports
      are directly exposed to wind action.
PAR  A further feature of the construction is that the gas flames impinge on the
      burner bowl bottom and the upwardly turned wall portion 23, heating the
      burner bowl so that it will glow red and emit intense infra-red heat. Such
      radiation will be directed, in general, onto the bottom of the cooking
      utensil, and will further enhance the transfer of heat. In addition,
      radiation from the outside surfaces of the burner bowl is reflected onto
      the heat-reflective inner surface of the reflector bowl 19, which directs
      the reflected heat upwardly toward the cooking utensil. Preferably, the
      curved outer portion 20 of the reflector bowl 19 has a generally parabolic
      curvature to maximize the reflection of heat in an upward direction toward
      the cooking utensil. Infra-red heat radiated from the burner bowl 21 or
      reflected from the reflector bowl 20 will not be influenced by wind
      action, and this conjoint action of the components in increasing the
      transfer of heat as infra-red radiation further improves the wind
      resistance of the cooking unit. The combined results, therefore, is that
      the total cooking unit provides for much greater efficiency in conveying
      heat energy from the burner to the cooking utensil than has been provided
      by any prior art system, and under both still air and wind conditions.
PAR  The feature of the present invention which relate to the burner unit,
      particularly the features which provide increased wind resistance, are
      applicable to campstoves burning liquid fuel. In accordance with the usual
      practice, the liquid fuel, such as gasoline, will be vaporized in a
      generator tube, and the resulting fuel vapor can be conveyed to the
      interior of the burner unit. The operation of the burner will then be
      comparable to that previously described, and advantage may be taken of the
      combination of the grate and burner which increases the wind resistance
      and increases the transfer of heat from the burner to the cooking utensil.
      It will be understood that the particular liquid fuel is not critical, and
      that any conventional liquid fuel can be employed, such as gasoline,
      naptha, or kerosine. A storage reservoir for the liquid fuel will be
      provided, which can be pressurized, as is known in the art, for supplying
      the liquid fuel to the vapor generator. With such systems, as employed in
      combination with the grate and burner of the present invention, an
      important advantage will be that the vapor generator can be located in the
      area of the burner having the greatly improved wind resistance. As will be
      appreciated by those skilled in the art, it is important that the
      generator be kept heated under adverse wind conditions, thereby assuring
      optimum flow of vaporized liquid fuel to the burner.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a portable single burner campstove, the combination providing
      increased wind resistance and high efficiency, comprising: a cooking unit
      assembly including a reflector bowl providing an upwardly extending outer
      wall portion, a burner within said reflector bowl, and grate means for
      supporting a cooking utensil over said burner, a burner bowl having an
      outer upwardly extending wall intermediately located between said burner
      and said reflector bowl wall portion, said burner providing a tubular side
      wall in opposed relation to said burner bowl wall and having a
      multiplicity of flame ports distributed therearound and arranged to direct
      flame jets outwardly toward said burner bowl wall for impingement thereon,
      said grate means including at least three vertically oriented strips of
      sheet metal extending outwardly from the central portion of said assembly
      over said burner, burner bowl, and reflector bowl, the upper edges of said
      strips providing support for a cooking utensil, said strips having
      portions extending downwardly into said burner bowl and said reflector
      bowl for cooperating with said burner bowl wall and said reflector bowl
      wall portion to increase the heat transferred to the cooking utensil and
      to reduce the effect of crosswinds on such transfer.
NUM  2.
PAR  2. The campstove of claim 1 in which said strips have their inner ends
      connected to form a unitary grate, and the strips extend downwardly into
      close proximity with the inside surfaces of said burner bowl and said
      reflector bowl.
NUM  3.
PAR  3. The campstove of claim 1 in which said grate strips have their inner
      ends connected to form a ring, and there is also provided a vertical stud
      having a lower end mounted below said burner, said stud extending through
      the center of said burner and projecting thereabove for receiving said
      grate ring, and means are provided for releaseably connecting said ring to
      the upper end portion of said stud.
NUM  4.
PAR  4. The campstove of claim 1 in which the outer portions of said strips are
      corrugated and the inner ends thereof provide integral offset sections of
      a ring, each ring section terminating in an outwardly extending attachment
      tab, said tabs being respectively connected to the adjacent side of the
      nearest adjoining strip to unify said strips into an integral grate with a
      ring at the center thereof.
NUM  5.
PAR  5. The campstove of claim 1 which includes a support stand, said cooking
      unit being mounted on top of said stand, and said support stand including
      a gas cylinder for supplying fuel gas to said burner.
NUM  6.
PAR  6. The campstove of claim 5 in which said support stand includes leg means
      of adjustable inclination on one side and a gas cylinder on the other,
      whereby the inclination of said legs can be adjusted to compensate for gas
      cylinders of varying length.
NUM  7.
PAR  7. The campstove of claim 6 in which said leg means include two legs having
      a cross brace at the upper ends thereof beneath said reflector bowl, and a
      bracket is mounted on said cross brace to extend thereabove for supporting
      engagement with said reflector bowl, said bracket being connected to said
      cross brace by adjustable means permitting said bracket to be raised or
      lowered with respect to its projection above said cross brace, thereby
      providing said inclination adjustment.
NUM  8.
PAR  8. A portable single burner campstove characterized by wind resistance and
      high efficiency, said campstove being of the kind having a support stand
      with a cooking unit assembly mounted on top of said stand, said assembly
      including a reflector bowl providing an upwardly extending outer wall
      portion, a burner within said reflector bowl, and grate means for
      supporting a cooking utensil over said burner, wherein the improvement
      comprises in combination a burner bowl mounted within said reflector bowl
      around said burner, said burner bowl having an outer upwardly extending
      wall intermediately located between said burner and said reflector bowl
      wall portion, said burner providing a tubular side wall in opposed
      relation to said burner bowl wall and having a multiplicity of flame parts
      distributed therearound and arranged to direct flame jets outwardly toward
      said burner bowl wall for impingement thereon, said grate means comprising
      four vertically oriented strips of sheet metal extending ouwardly from the
      center of said assembly over said burner, burner bowl, and reflector bowl,
      said strips being equally spaced and arranged radially to form quandrants
      therebetween, the upper edges of said strips being horizontally aligned to
      supportingly receive a cooking utensil, said strips providing portions
      extending downwardly into said burner bowl and said reflector bowl, said
      portion extending into said reflector bowl extending to a position of
      close proximity to the inner surface of said reflector bowl outer wall
      portion, the portion of said strips extending into said burner bowl,
      extending downwardly to a position of close proximity with the inner
      surface of the bottom of said reflector bowl and the inner surface of the
      outer wall of said reflector bowl, said flame ports causing said flame
      jets to impinge on said burner bowl wall, and said burner bowl wall
      deflecting said flame jets upwardly toward the upper edge portions of said
      strips.
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ABST
PAL  An electrical applicator for applying currents that cause repeated
      involuntary contractions of the pubococcygeous muscle. The repeated
      current applications are used to treat muscle structures that have been
      damaged during childbirth and/or weakened from disuse, and which have
      contributed to the pathological formation of cyctocoel, rectocoel, uterine
      prolapse, and bladder malfunctions. A probe is provided which is connected
      to a pulse generator that applies trains of pulses at intervals such as
      every two seconds, every train lasting for about one second and containing
      pulses of a repetition rate such as 200 pulses per second. The apparatus
      further includes means for sensing the intensity of muscle contractions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to electrical applicators and to apparatus and
      methods for treating disorders in the pelvic muscle supporting structures
      of the female body.
PAR  2. Description of the Prior Art:
PAR  The urethra, vagina, and rectum are largely supported by the pubococcygeous
      muscle. This muscle originates from the symphsis pubis, a bone structure
      at the front of the abdomen, extends posteriorly, encompassing the
      urethra, the vagina, and the rectum, and inserts in the coccyx and
      inferior portion of the sacrum. The pubococcygeous muscle is sometimes
      damaged during childbirth or becomes weakened from disuse. This
      contributes to the pathological formation of cyctocoel (hernial protrusion
      of the urinary bladder through the vaginal wall), rectocoel (hernial
      protrusion of part of the rectum into the vagina), uterine prolapse
      (protrusion of the uterus through the vaginal orifice), and bladder
      malfunctions. It has been found that these pathological conditions can be
      helped when normal muscle tone is established in the pubococcygeous
      muscle.
PAR  One procedure for improving the tone of the pubococcygeous muscle is for
      the patient to repeatedly voluntarily contract the muscle. However, while
      the pubococcygeous muscle can be voluntarily contracted, patients
      sometimes find it difficult to perform such contractions or to perform
      them with substantial intensity. This may be due to the weakened state of
      the muscle and to long periods of disuse that lead to unfamiliarity in
      control of the muscle. Some types of voluntary exercises have been
      prescribed, such as the exercises developed by Dr. Arnold Kegel of the
      University of California, where the patient tries to repeatedly cease the
      outflow of urine. However, the voluntary exercises alone may not improve
      muscle tone sufficiently, particularly where the patient does not
      comprehend the intensity of contractions required.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  One object of the present invention is to provide apparatus for improving
      the condition of the pubococcygeous muscle.
PAR  In accordance with one embodiment of the present invention, apparatus is
      provided for treating disorders arising from a condition of a weakened
      pubococcygeous muscle. The apparatus includes a probe for insertion in the
      vagina, and an electronic generator connected to electrodes on the probe
      for carrying currents to it that are applied to the pubococcygeous muscle
      to contract it. The currents comprise trains of pulses at a frequency such
      as 200 pulses per second, the envelope of each pulse train rising
      gradually from zero volts to about 10 volts in about one quarter second
      and continuing at this level for about three-quarters of a second. Thus,
      each train of pulses lasts for a period such as 1 second, which is
      sufficient for the pubococcygeous muscle to substantially fully contract.
      The current is then stopped for a period such as 1 second, for the muscle
      to substantially fully relax. Another train of pulses is then delivered to
      the probe to repeat the cycle.
PAR  One method for treating pathological conditions of the pelvic supporting
      muscle structures, and particularly a weakened condition of the
      pubococcygeous muscle, involves coating the prove with an electrically
      conductive lubricant, inserting the probe into the vagina, and retaining
      the probe therein for a period such as 20 minutes while the apparatus is
      repeatedly cycled, to provide many involuntary contractions. Such
      treatment is repeated at intervals such as every several days. In
      addition, exercises are prescribed involving voluntary contractions of the
      pubococcygeous muscle, to be performed between visits to the physician
      where the probe treatment is given. The involuntary contractions during
      probe treatment not only tone the pubococcygeous muscle, but make the
      patient aware of the type of contraction and intensity which may be
      employed during voluntary exercise, or during use of the muscle in normal
      bodily functions including urination, defecation and intercourse.
PAR  The novel features of the invention are set forth with particularity in the
      appended claims. The invention will be best understood from the following
      description when read in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional side view of a portion of the female human body,
      showing the location of the pubococcygeous muscle relative to the urethra,
      vagina, and rectum;
PAR  FIG. 2 is a view of a probe and generator constructed in accordance with
      the invention;
PAR  FIG. 3 is a circuit diagram of the generator of FIG. 2;
PAR  FIG. 4 is a representation of waveforms in the generator of FIG. 3;
PAR  FIG. 5 is a detailed view of a portion of the output waveform shown at 58
      in FIG. 4;
PAR  FIG. 6 is a sectional perspective view of a probe and sensor for measuring
      the strength of muscle contractions, constructed in accordance with
      another embodiment of the invention; and
PAR  FIG. 7 is a view taken on the line 7--7 of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIG. 1, the pubococcygeous muscle M originates from the
      symphsis pubis P, extends posteriorly encompassing the urethra U, the
      vagina V, and the rectum R, and inserts in the coccyx and inferior portion
      of the sacrum S. While other muscles are employed in the support and
      functioning of the urethra, vagina and rectum, the pubococcygeous muscle
      is the main or most powerful muscle in this region of the female body. The
      pubococcygeous muscle often works in conjunction with other muscles, for
      example, the sphincter urethrae can work in conjunction with the
      pubococcygeous muscle to control urination. Many pathological conditions
      such as cystocoel, rectocoel, uterine prolapse, and bladder malfunctions
      may be caused by a weakened condition of the pubococcygeous muscle. While
      exercises involving voluntary constrictions of this muscle can help
      improve its condition, such exercises may be difficult to perform by a
      patient whose muscle is in a very weakened condition and/or who does not
      know how to correctly contract it. In addition, patients generally will
      not exercise for long, regular periods at substantial intensity, which is
      required to significantly improve the tone of the muscle.
PAR  As illustrated in FIG. 2, a probe 10 is provided to apply electrical
      currents from a generator 12 to the pubococcygeous muscle. The probe 10 is
      constructed of an electrically insulative material such as an ordinary
      plastic, but has a pair of ring-shaped electrodes 14, 16 thereon which are
      substantially flush with regions of the probe in front and behind them
      along the length of the probe. A pair of electrical conductors 18, 20 lead
      from the generator 12 and into the probe, where they are connected to the
      electrodes thereof. When the probe is inserted into the vagina V, the
      electrodes 14, 16 make electrical contact with spaced portions of the
      pubococcygeous muscle M. Currents supplied to the muscle M cause it to
      contract involuntarily, but in a manner similar to the manner in which it
      may be voluntarily contracted.
PAR  The generator 12 is constructed to provide currents in repetitious cycles,
      each cycle having a duration T such as two seconds. During a first portion
      of each cycle, which may last for a period D.sub.1 such as one second, the
      generator delivers a train of pulses at a rate such as 200 pulses per
      second. During the last portion D.sub.2 of each cycle, the generator does
      not deliver a current. These cycles may be repeated for many minutes,
      until the treatment is terminated.
PAR  A physician may administer a treatment by first coating the probe 10 with a
      lubricant which is of moderate electrical conductivity, such as a mixture
      of an ordinary medical lubricating jelly and a saline solution. He then
      turns on the generator 12, and adjusts a voltage control 24 to zero volts
      and a period control 25 to the longest period. The physician inserts the
      probe into the vagina and has the patient thereafter hold the probe in
      place with her hands. The physician then adjusts the voltage control 24 to
      a level which produces strong contractions without pain, such as 10 volts,
      and adjusts the period T of each cycle to about the shortest period that
      is still comfortable to the patient. Generally, the rest period D.sub.2 of
      each cycle must be sufficient to enable substantially complete muscle
      relaxation, in order for the treatment to be as comfortable as possible.
      After a period of at least several minutes, such as twenty minutes, the
      treatment is stopped.
PAR  Such treatments may be repeated at intervals such as every two or three
      days. The physician generally prescribes voluntary exercises to be
      performed between probe treatments. For example, the patient may be
      directed to contract the pelvic area muscle structure ten times in
      succession each morning before getting out of bed. The physician may
      advise that the muscle structure should be contracted to approximately the
      same tightness, or intensity, and in the same region of the body, as is
      achieved during probe treatment. The patient learns what effect should be
      sensed when the pubococcygeous muscle is contracted substantially, by her
      experience with the probe treatment. In addition, the probe treatment
      itself will have exercised the muscle structure.
PAR  The current pulses delivered through the probe are at a repetition rate
      such as 200 pulses per second. It has been found that with a pulse rate
      less than about 100 pulses per second, the effect on some patients is to
      induce a feeling that they must urinate. This feeling can become stronger
      as the pulse period decreases towards an unmodulated or constant level
      pulse. It also has been found that with a pulse rate greater than about
      400 pulses per second, many patients experience a burning sensation. Thus,
      it is preferable to utilize a rate within the range of about 100 to 400
      pulses per second. A rate of about 200 pulses per second or 200 Hz. is
      generally preferred. The maximum voltage of each pulse train should be
      high enough to induce moderately strong contractions. In many cases, after
      insertion of the probe, the physician immediately increases the voltage to
      about 8 or 9 volts (for a probe with electrodes 14, 16 separated by about
      3/4 inch). After about 15 minutes at this level, the voltage may have to
      be increased to 101/4 or 11 volts in order to maintain strong
      contractions. If the pubococcygeous muscle is initially very weak, the
      physician may have to begin (after insertion in the vagina) with about a
      12 volt level. In any case, the voltage should not be so high as to
      produce violent contractions. The envelope of each pulse train preferably
      rises smoothly from zero to maximum voltage, in an appreciable period,
      such as one-quarter second, and preferably during at least one-tenth of
      each pulse train (i.e., during at least five pulses in a 200 Hz pulse
      train that lasts for only one-quarter second). This is to induce smooth
      muscle contractions and avoid sudden jolts of muscle contraction.
PAR  The duration of each current pulse train should be long enough to
      substantially completely contract the muscle structure. A train of at
      least about one-quarter second duration is generally desirable to
      substantially completely contract the pubococcygeous muscle, although a
      longer duration such as up to about 11/2 seconds may be desirable in some
      individuals. In a similar manner, the rest time in each cycle, when no
      pulses are delivered through the probe, should be long enough to allow the
      muscle to substantially completely relax. A rest period of at least about
      one-quarter second is generally preferred to permit such relaxation,
      although a longer time up to about 11/2 second may be necessary in some
      individuals. Thus, each complete cycle will generally range from about 1/2
       to 3 seconds. A longer cycle period than three seconds will generally
      still be comfortable, but it wastes time. The cycle period may be adjusted
      to the shortest period which is comfortable to the patient, to best
      utilize the time. It may be noted that even for a 3 second cycle, there
      will be approximately 400 muscle contractions in a 20 minute treatment.
PAR  FIG. 3 illustrates the circuit of the pulse generator 12 which generates
      the pulses delivered to the probe. The circuit may be considered as having
      three major portions, these being a low frequency square wave generator 30
      operating at a rate of approximately 1 Hz (1 pulse per second), an emitter
      follower 32 which shapes the square wave, and a higher frequency
      oscillator 34 which modulates the shaped square wave by a higher frequency
      signal of approximately 200 Hz (200 pulses per second). The cycle rate,
      which is determined by the low frequency generator 30 can be varied within
      a predetermined range, such as between about 2 Hz and about 0.3 Hz (1/2
      second per cycle to 3 seconds per cycle) by adjusting the control 25 that
      moves the wipers of potentiometers R.sub.1 and R.sub.5. The maximum
      voltage of each pulse train can be varied by adjusting the wiper 24 of a
      potentiometer R.sub.4. The generator can be turned on and off by the
      switch 22. The circuit may be operated by a low voltage battery 36 such as
      one of 12 volts. The use of a low voltage battery instead of the common
      110 volt household supply, not only reduces the possibility of harmful
      shock in case of a short circuit, but can ease any worry of the patient
      about the possibility of a large shock.
PAR  Considering the circuit in detail and beginning with the square wave
      generator 30, potentiometer, or variable resistor R.sub.1 supplies bias
      current to transistor Q.sub.1 while resistor R.sub.2 serves as the
      collector load of Q.sub.1. Similarly, potentiometer, or variable resistor
      R.sub.5 supplies bias current to the base of transistor Q.sub.2, while
      resistor R.sub.4 serves as the collector load of Q.sub.2. Resistor R.sub.3
      and diode D.sub.1 form an isolation circuit to isolate the charging path
      of a capacitor C.sub.1 from the output of Q.sub.2. Capacitors C.sub.1 and
      C.sub.2 are connected to provide positive (regenerative) feedback to cause
      oscillations.
PAR  When switch 22 is closed, transistors Q.sub.1 and Q.sub.2 will both start
      to conduct, since their base resistors R.sub.1 and R.sub.5 supply bias
      current. One of the transistors Q.sub.1 or Q.sub.2 will start to draw
      slightly more collector current than the other, and that transistor will
      provide a signal tending to turn off the other transistor and tending to
      turn itself further on. This rapid regeneration action results in one
      transistor turning completely on (to saturation) and the other turning
      completely off. During the time one transistor such as Q.sub.1 is
      completely on, the capacitor C.sub.2 coupling its collector to the base of
      the fully off transistor discharges through the base resistor R.sub.5 of
      the fully off transistor. When that capacitor C.sub.2 is fully discharged,
      the off transistor Q.sub.2 will start to conduct and supply a signal
      through capacitor C.sub.1 tending to turn off the transistor Q.sub.1, and
      turn itself fully on. The alternate conduction and cutoff of the
      transistors is at frequencies determined by the capacitors, the time of a
      first half of a cycle being determined by the discharging time through
      C.sub.1 and R.sub.1, and the time of the second half of a cycle being
      determined by the discharging time through C.sub.2 and R.sub.5.
PAR  The voltage waveform on the collector of Q.sub.1 (see waveform 50 in FIG.
      4) is a square wave with an exponential rise on the positive-going edge
      due to the charging of capacitor C.sub.2 through R.sub.2. However, the
      voltage waveform on the collector of Q.sub.2 (shown at 52 in FIG. 4) is a
      square wave with very fast rise and fall times. The positive-going edge of
      the signal at the collector of Q.sub.2 will not be exponential because the
      charge current for C.sub.1 is supplied by R.sub.3 and not by R.sub.4.
      During the charging of capacitor C.sub.1, diode D.sub.1 is back-biased
      (non-conducting), since this diode conducts only when Q.sub.2 is
      conducting. The square wave generated by the circuit portion containing
      Q.sub.1 and Q.sub.2 is taken from the wiper of the potentiometer R.sub.4,
      and it passes to the emitter follower portion 32 of the generator where it
      is shaped.
PAR  The square wave taken from the wiper of potentiometer R.sub.4 is carried
      through resistor R.sub.6 to the base of NPN transistor Q.sub.3 and PNP
      transistor Q.sub.4. The resistor R.sub.6 also couples the square wave to
      an integrating capacitor C.sub.3. It should be noted that the C.sub.3,
      R.sub.6 combination determines the rise and fall times of the square wave
      voltages at the bases of Q.sub.3 and Q.sub.4. The waveform across
      capacitor C.sub.3 is duplicated across capacitor C.sub.4 by reason of
      emitter follower operation of transistors Q.sub.3 and Q.sub.4. C.sub.4
      serves as a storage capacitor for supplying the output transistor Q.sub.5
      and associated components of the following higher frequency oscillator
      portion 34.
PAR  The oscillator portion 34 provides a higher frequency (e.g. 200 Hz) signal
      that modulates the signal across capacitor C.sub.4. During the last half
      of a cycle period, when the voltage across C.sub.4 is zero, there is no
      power to transistor Q.sub.5 and it does not deliver pulses. However, at
      the beginning of the next cycle, when a voltage begins to appear across
      C.sub.4, transistor Q.sub.5 starts to conduct. Base current to Q.sub.5 to
      supplied through R.sub.7 and diode D.sub.2. When Q.sub.5 starts to
      conduct, its collector voltage starts to drop. The transformer 38 is wound
      so that when the end 42 drops in voltage, the opposite end 40 goes
      positive, thus increasing the current through Q.sub.5. This regenerative
      action continues until Q.sub.5 is fully saturated. Q.sub.5 remains
      saturated only so long as its collector current can increase. However,
      when the collector current of Q.sub.5 reaches a maximum the voltage at 40
      begins to fall, this drop being coupled through C.sub.5 and R.sub.7. Diode
      D.sub.2 then becomes non-conducting (back-biased) and Q.sub.5 is turned
      off. Q.sub.5 remains off until C.sub.5 discharges through R.sub.7. As soon
      as C.sub.5  is fully discharged, Q.sub.5 starts to conduct again, and the
      cycle is repeated. These cycles continue as long as there is a voltage
      across C.sub.4.
PAR  In the output of oscillator 34, whose waveform is shown at 58 with one
      pulse of a pulse train shown in FIG. 5, the width W.sub.1 of the
      modulating pulses is determined by the inductance of the transformer
      winding between end 42 and the point connected to C.sub.4. The spacing
      W.sub.2 between pulses is determined by the discharge time of C.sub.5
      through R.sub.7. The final output delivered to the probe is taken across
      the ends of transformer 38, by conductors 18 and 20 that connect to the
      probe.
PAR  A variety of circuits can be employed to generate pulse trains for
      application through the probe to the body. For example, a sinusoidal
      oscillator can be used to modulate the output of a low frequency
      generator, to provide trains of sinusoidal pulses. However, a square wave
      type of oscillator or pulse generator of the type shown in FIG. 3 at 32,
      generally can be produced at lower cost.
PAR  The generator 12 therefore provides trains of current pulses of a
      repetition rate on the order of 200 Hz, each train lasting for a period
      such as one second and being followed by a rest period such as one second
      when no appreciable pulses are delivered. The envelope of each train of
      pulses rises gradually so that there are at least about five pulses of a
      voltage less than 90% of the maximum envelope voltage in each train. The
      maximum voltage of the pulse trains is adjustable from zero to about 12
      volts, the pulse level used during treatment generally ranging between
      about 8 volts for patients with a moderately well toned muscle structure
      (for a probe with electrodes spaced about 3/4 inch) to about 12 volts for
      patients with a very poorly conditioned muscle structure or for use near
      the end of a treatment cycle. The time of each cycle, which includes a
      pulse train and a rest period, can be readily altered by the physician to
      what is comfortable to the patient, and typically ranges from about 1/2
      second to about 3 seconds.
PAR  A diameter X for the probe of about 1 inch generally readily enables
      insertion into the vagina while allowing for good electrical contact of
      the electrodes 14, 16 with the vagina walls. A length Y of about
      three-quarter inch for each electrode, and a spacing Z of about
      three-quarter inch between them has been found to provide good current
      applications.
PAR  FIGS. 6 and 7 illustrate a probe 70 constructed in accordance with another
      embodiment of the invention, which not only allows the application of
      contraction-inducing currents, but enables measurements to be made of the
      strength of the muscle contractions. The probe 70 includes one electrode
      72 constructed of a thin band of resilient material such as 0.002 inch
      thick stainless steel. A strain gauge 74 disposed between the core 76 of
      the probe and one side of the band 72, enables measurements to be made of
      contracting forces applied to that portion of the band. Strain gauge leads
      78, 80 extend through the probe to a contraction intensity meter 82. This
      meter 82 can be a bridge which employs the strain gauge as one bridge arm,
      or even a battery and voltmeter combination. The probe assembly also
      includes conductors 84, 86 that lead from the generator 12 to the
      electrodes to apply currents to them, as described above.
PAR  The prove 70 should be inserted so that the strain gauge 74 is oriented in
      the direction in which the walls of the vagina contract to the greatest
      extent. This probe can be used to measure voluntary contractions as well
      as involuntary contractions, and can be employed to measure the muscle
      tone before and in the course of a series of treatments.
PAR  While the probes are generally inserted in the vagina, they could be
      inserted in the rectum, since the pubococcygeous muscle also extends
      around the rectum. However, application to the vagina is generally more
      comfortable.
PAR  Although particular embodiments of the invention have been described and
      illustrated herein, it is recognized that modifications and variations may
      readily occur to those skilled in the art and, consequently, it is
      intended that the claims be interpreted to cover such modifications and
      equivalents.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for treating a muscle in the pelvic region comprising:
PA1  a probe of a width on the order of an inch to permit insertion into the
      adult human vagina, said probe having spaced electrode means thereon for
      applying currents to the body and strain gauge means for sensing the
      intensity of muscle contractions that tend to compress the electrodes;
PA1  a generator coupled to said electrode means, said generator constructed to
      generate trains of pulses at a repetition rate within the range of 100 per
      second to 400 per second; and
PA1  meter means coupled to said strain gauge means for providing an indication
      of the level of intensity of muscle contractions.
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ABST
PAL  A device for determining the degree of skin sensitivity on the basis of the
      persistance of a streak. At least one element is provided which is to be
      compressed against the action of an elastic system or a spring. The outer
      end of this pressure element is provided with a surface which is contacted
      with the skin to enable a standardized pressure to be applied thereto.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known that a red streak remains on the skin after irritating it with
      an object such as a fingernail, spoon handle, or laboratory spatula. The
      degree of redness or persistence duration is used as a basis for skin
      sensitivity. This rough method has the disadvantage, however, of yielding
      different results since the local pressure of the mechanical action varies
      considerably, depending on the investigator, the pressure applied and the
      object used.
PAR  A fine gradation of the degree of skin sensitivity or a reproducible
      standardized determination of the readiness of the skin to react to
      mechanical stimulation has not as yet been possible. This property of the
      skin is of particular importance, especially for skin property valuation,
      and thus a method to provide a standardized pressure to the skin must be
      found.
PAR  In dermatology and cosmetics, it is desirable to have a simple means for
      evaluating skin sensitivity. The purpose of this invention is to create
      such a device. This is accomplished according to the invention, by the
      fact that at least one pressure element projecting from a base is
      provided. This element is compressible into the base of the device,
      against the action of an elastic system or a spring element with a known
      spring force. The outer end of the pressure element is provided with an
      rough surface whose area is directly proportional to the spring tension
      and whose roughness is inversely proportional to the spring tension.
PAR  By this means, very accurate determinations of skin sensitivity can be made
      since the skin is always subjected to exactly the same definite pressure.
      Further features and advantages of the invention will be evident from the
      following description and from the claims.
PAC  SUMMARY OF THE INVENTION
PAR  A principle object of the present invention is to provide a device which
      overcomes the defects of the prior art, such as indicated above.
PAR  Another object is to provide a device for accurately measuring the
      sensitivity of the skin utilizing a standardized pressure element.
PAR  A further object is to provide a device for measuring the sensitivity of
      the skin where the pressure elements are compressed into its base against
      the action of an elastic system or spring element.
PAR  The device is placed upon the skin to be tested in such fashion that the
      spring-loaded pressure rod is pushed down into the housing at a definite
      and constant application pressure. A sweep is then made across the skin at
      the point on the skin (preferably on the inside of the forearm) to be
      tested. A red streak shows up after a short time; its persistence provides
      a criterion of the degree of sensitivity of the skin. If the streak
      produced by the device described above is, for example, still clearly and
      obviously visible after more than 10 minutes, the skin is judged to be
      sensitive. If the red streak has faded or can be seen only dimly after 10
      minutes have elapsed, the skin is rated insensitive.
PAR  Any other pressure element can be provided instead of the pressure rod,
      which can be tensioned by an elastic system or by any spring element, such
      as lamellar, rubber, or gas-spring systems, or hydraulic, or pneumatic
      spring systems. The contact or sliding surface of the pressure element can
      also have any rounded shape, and in addition, instead of the adjusting
      screw, any other device can be provided to adjust the spring tension. In
      particular, a click-stop adjustment device can be provided with several
      adjustment steps such as "weak," "medium"  and "strong."
PAR  According to a further embodiment of the invention, the device can contain
      several pressure elements. If these pressure elements have different
      spring tensions, or if they are provided with contact surfaces of
      different size or degree of roughness, after a certain time interval a
      precise statement can be made regarding the degree of skin sensitivity
      after all the rods in the device have been drawn simultaneously over the
      skin.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The following sample embodiments of the invention are shown in greater
      detail in the drawings.
PAR  FIG. 1 shows an elevational view, partly in cross-section, through a first
      sample embodiment;
PAR  FIG. 2 shows the tip of the pressure rod in the device according to FIG. 1;
PAR  FIG. 3 shows an elevational view, partly in cross-section, of a second
      sample embodiment;
PAR  FIG. 4 shows an elevational view, partly in cross-section, of a third
      sample embodiment; and
PAR  FIG. 5 shows an elevational view, partly in cross-section, of a fourth
      sample embodiment.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  According to FIG. 1, an axially displacable pressure rod 2 is located in a
      housing 1, said rod being limited in its outward travel by a stop 3
      connected to the housing. A coil spring 4 is located internally in a
      recess in the pressure rod, said spring pressing either directly on the
      housing or, as shown in FIG. 1, on an adjusting screw 5. The tension of
      the spring 4 can be adjusted by means of an adjusting screw 5 that is
      operable by a disc with a knurled edge. To ensure reproducible setting of
      the spring tension, a scale can be provided on the housing 1 or on the
      adjusting screw, the desired spring tension being readable from said
      scale.
PAR  FIG. 2 shows the tip of the pressure rod in enlarged form, which in this
      example has a diameter of 3 mm, is rounded off to a radius of 1.5 mm, and
      flattened at the tip to a diameter of approximately 1 mm. The pressure rod
      is preferably made of a polyamide, however any other material may be used.
      Given the above dimensions for the pressure rod, the tension of the spring
      4 should preferably be between 200 and 400 grams. This calculates to a
      spring pressure of 250-500 gm/mm.sup.2 when the tip of the pressure rod is
      depressed to the base surface of the housing.
PAR  According to a simplified embodiment shown in FIG. 3, the pressure rod 2 is
      installed directly into the housing without the use of a stop. One end of
      the spring 4 is connected at a junction 6, and the other end is fastened
      directly to the housing 1.
PAR  FIG. 4 shows a sample embodiment with three pressure rods, tensioned with
      different spring tensions P1, P2 and P3. FIG. 5 shows three pressure rods
      tensioned with the same spring tension P, but the surfaces of the pressure
      rods have different shapes. Pressure rod 10 is rounded, pressure rod 11 is
      conical and pressure rod 12 has a serrated surface. Pressure rod 12 will
      produce more of a skin irritation than the other two pressure rods, with
      rod 10 producing the least skin irritation of the three. All of the
      pressure elements may also have the same type of surface, but be provided
      with different surface roughnesses.
PAR  It will be obvious to those skilled in the art that various changes may be
      made without departing from the scope of the invention and the invention
      is not to be considered to what is shown in the drawings and described in
      the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for determining the degree of skin sensitivity due to the
      persistence of a scratch trace on the skin surface produced by said
      device, comprising:
PA1  a housing having a base surface;
PA1  at least one pressure element having one end extending into said housing
      and having a rounded trace producing surface on the other end thereof,
      said trace producing surface protruding from said housing at said base
      surface;
PA1  compressible means within said housing in engagement with said pressure
      element, having a predetermined spring force, for compressing said at
      least one pressure element against the skin surface at a constant pressure
      of 250-500 gm/mm.sup.2 when said trace producing surface is depressed to
      said base surface,
PA1  whereby said at least one pressure element is depressable into said housing
      at a constant pressure and therefore the pressure on the skin surface will
      be constant, thereby allowing a plurality of scratch traces to be applied
      to the skin surface at the same surface pressure.
NUM  2.
PAR  2. Device according to claim 1, further including an adjusting means
      connected to said compression means for adjusting the tension of said
      compression means.
NUM  3.
PAR  3. Device according to claim 1, wherein a plurality of pressure elements
      are provided projecting from said base surface, said elements being
      tensioned with different spring forces and being provided with similar
      outer surfaces.
NUM  4.
PAR  4. Device according to claim 1, wherein a plurality of pressure elements
      are provided, projecting from said base surface, said elements being
      tensioned with the same spring tension and provided with different outer
      surfaces.
NUM  5.
PAR  5. Device according to claim 1, wherein the trace producing surface of the
      pressure element is in the form of a rod having a diameter of
      approximately 3 mm and a rounded tip with a radius of 1.5 mm, having a
      flattened cap 1 mm in diameter.
NUM  6.
PAR  6. Device according to claim 5, wherein the trace producing surface of the
      pressure element is made of a polyamide.
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ABST
PAL  Local body heat sensing instrumentation comprises
PA1  A. a probe including a tip having a surface shaped for application in heat
      transfer proximity with a patient's body, the tip consisting of material
      characterized as electrically insulative and heat conductive, and
PA1  B. electrically energizable means carried to detect heat transfer between
      said surface and the source via said material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to instrumentation for sensing local areas
      or zones of patient body heat, and more particularly concerns such
      instrumentation effective to sense differential heating of local body
      areas, as for example skin areas proximate the spinal column.
PAR  There is a need for an easily usable, accurate, pocket-sized device that
      will operate to detect differential heating of patient skin zones. In this
      regard, it is found that the temperatures of such zones proximate
      sub-surfaces tissue or muscles in spasm, or sites of bruising or injury
      are slightly higher than the temperatures of uninjured tissue zones. In
      particular, there is need for such a device which may be readily applied
      along the spinal column of a patient to isolate zones along the vertebra
      which may be in spasm, so that such areas may be investigated.
PAC  SUMMARY OF THE INVENTION
PAR  It is a major object of the invention to provide instrumentation fulfilling
      the above need, and also providing additional advantages in construction
      and operation, as will appear. Basically, the instrument comprises:
PA1  A. a probe including a trip having a surface shaped for application in heat
      transfer proximity with a patient's body, the tip consisting of material
      characterized as electrically insulative and heat conductive, and
PA1  B. electrically energizable means carried to detect heat transfer between
      said surface and the source via said material.
PAR  As will appear, a second probe may also be provided on a carrier, the
      probes located, when extended, to straddle the patient's spinal column
      along his back; actuator means is typically provided on the carrier to
      deploy and retract the probes; and thermistors may be used in unusually
      advantageous manner within the probe tip material to detect the described
      heat transfer.
PAR  Additional objects and advantages include the provision of special probe
      tip material as will be described; the use of hollow elongated metallic
      supports associated with the probes and supporting the described tips,
      there being heat sinks associated with such supports and the thermistor
      leads extending within the supports; the provision of worm gears to rotate
      the probes in unison between retracted and deployed position, with
      thumb-wheel operated worms meshing with the worm gears; and additional
      structure as will be described to aid in such deployment and retraction.
PAR  These and other objects and advantages of the invention, as well as the
      details of an illustrative embodiment, will be more fully understood from
      the following description and drawings, in which:
DRWD
PAC  DRAWING DESCRIPTION
PAR  FIG. 1 is an elevation showing use of instrumentation embodying the
      invention;
PAR  FIG. 2 is an enlarged side elevation showing use of the FIG. 1
      instrumentation;
PAR  FIG. 3 is an enlarged frontal view of FIG. 1 instrumentation, partly broken
      away to show interior details;
PAR  FIG. 4 is a fragmentary view of a portion of the FIG. 3 instrument, showing
      probes in extended, active positions;
PAR  FIG. 5 is a side elevation of the instrument, with probes extended as in
      FIG. 4;
PAR  FIG. 6 is an enlarged section on lines 6--6 of FIG. 4;
PAR  FIG. 7 is an enlarged section on lines 7--7 of FIG. 4;
PAR  FIG. 8 is a section on lines 8--8 of FIG. 7; and
PAR  FIG. 9 is a circuit diagram.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring first to FIGS. 1 and 2, instrumentation is shown at 10 for
      sensing differential heating of local body areas or zones. For example,
      such instrumentation may incorporate a pair of like probes as at 11 and 12
      and means thereon to effect heat transfer between the probes and a
      patient's body zones toward which the probes are respectively applied. In
      the sketches, the illustrated probes include tips 11a and 12a contacting
      the skin zones 13 and 14 which run vertically at opposite sides of, and
      closely straddling, the central spinal column zone 15. The instrumentation
      includes a carrier in the form of a housing 16 from which the two probes
      project in extended or deployed positions. As will appear, the probes may
      also have retracted positions relative to the carrier, one example being
      seen in FIG. 3, to be described. It is found that differential heating of
      opposite sections of the zones 13 and 14 occurs at loci of spinal injury,
      muscle spasm or similar difficulties; that such differential heating can
      be detected as the probes are run vertically along the zones 13 and 14;
      and therefore the loci of such zone sections can be determined with
      accuracy through use of the instrumentation 10. The located sections can
      then be investigated.
PAR  Turning to FIGS. 3-8, a typical probe 11 or 12 includes a tip 11a or 12a
      having a surface shaped for application in heat transfer proximity with a
      patient's body, the tip consisting of material characterized as
      electrically insulative and heat conductive; further, electrically
      energizable means is carried to detect heat transfer between the tip
      surface and the surface via such material. In the example, the
      electrically energizable means comprises a thermistor bead embedded in the
      tip material, as seen in FIGS. 7 and 8, the tip surface 11b is outwardly
      convex, and the bead is elongated and has an elongated convex surface 17a
      oriented to be outwardly convex toward the tip surface 11b. Also, the bead
      is generally centered in the illustrated hemisphercal tip so that the
      thickness of the tip material between the surfaces 17a and 11b at the
      central axis 18 is less than the bead thickness. As a result, the tip size
      is minimized, in relation to the size of the thermistor enabling minimum
      friction skin interface contact area (this is highly desirable in skin
      areas where folds or wrinkles occurs); also, rapid and efficient heat
      transfer between the thermistor and tip surface 11b is promoted, the lens
      effects of the proximate and curved surfaces 17a and 11b enhancing this
      result. Accordingly, response time to skin temperature changes is
      minimized. Further, the tip material protects the thermistor from
      degradation which might result from contact with skin acids, alkali and
      abrasive debris. The tip material consists of a formable, semi-heat
      conductive plastic that is also electrically non-conductive, or any
      refractory that is ceramic in nature, it being the objective that the
      material be semi heat-conductive and electrically non-conductive, to
      permit rapid heat transfer and also provide electrical isolation for the
      bare thermistor and it's two electrical conductor leads. One example of a
      suitable material is polymerized epoxy resin containing dispersed finely
      divided aluminum particles in the form of a powder, such as used in the
      manufacture of aluminum paint, wherein the aluminum particles enhance the
      thermal conductivity of the material, while the epoxy resin and the
      hardener provide structure as well as electrical isolation. Such heat
      conductive epoxies are well known. Another example of a usuable carrier
      material is a refractory substance, for example is comprised of refractory
      particulate matter (such as alumina and binder mixed with water and which
      becomes a solid after heat treatment. A source of such material is AREMCO
      Products Inc., Briarcliff Manor, N.Y. Any refractory composed and
      compounded to conduct heat in a manner more favorably than glass would
      give good results.
PAR  As mentioned above, semi heat-conductive materials are used in contrast to
      very efficient heat conductors, such as metals for specific reasons. The
      semi heat-conductive material favorably retains the thermal energy in the
      immediate vicinity of the thermistor bead assembly, because the
      conductance of the material is relatively poorer than metal and this
      feature is employed to inhibit the conductance of thermal energy from the
      bead 17 to a metallic support for the tip. In this regard each probe
      includes a hollow, elongated, metallic support 19, as for example a metal
      tube. As seen in FIGS. 7 and 8, the support 19 contains an internal cavity
      20 containing ambient dead (or non-flowing) air having poor thermal
      conductivity, such air contacting the inner side 21 of the tip to inhibit
      loss of heat in the tip and from that side. Also, the exposed fine wire
      thermistor leads 22 emerge from the tip material centrally of the support
      tube 19 to extend within the dead air space 20 toward their electrical
      bond junctions at 23 with the exposed ends of heavier and stronger leads
      24, which may be insulated as shown. Leads 24 are positioned centrally
      within the support 19 as by the disc type spacer 25, there being a
      suitable bonding material 26 carried by the disc and passing the leads 24
      while bonding them to the disc. Accordingly, strain relief is provided, in
      that stressing of the exposed fine thermistor leads 22 is minimized. Disc
      25 is suitably bonded at 27 to the support 19.
PAR  It will be noted that the terminal 19a of support 19 is suitably bonded, as
      at 28, to the annular periphery of the generally hemisperical tip
      material; accordingly, terminal 19a has maximum spacing from the
      thermistor 17, so that heat conductance or loss to the support 19 is
      minimized. Conversely, when the probe is deployed into a cooler area of
      the skin, the concentration of thermal energy in the thermistor and in the
      tip material 11a is quickly and efficiently conducted into the cooler skin
      area, because the thermal energy has been confined, favorably, to
      relatively small volumetric region.
PAR  At this point, attention is called to the importance and reason for the
      metal support 19. If any thermal energy does reach the latter, such energy
      can be rapidly dispersed because of the excellent thermal conductivity of
      the support. In this manner, and in view of the heat transfer properties
      of the tip, a reasonably short response time is provided even though some
      of the thermal energy may become temporarily stored in the support metal.
PAR  With the above arrangement, the response time of the device, from some
      maximum sensed condition to zero null, is approximately one order of
      magnitude better than when a heat insulative material is used for the
      support 19.
PAR  The invention also contemplates the provision of actuator means on the
      carrier and connected with the probes to retract them from active
      positions (as for example appear in FIGS. 1, 2, 4, 5 and 6) into retracted
      positions close to the carrier (as for example is seen in FIG. 3). In this
      regard, the actuator means may for example include manually operable
      rotors, such as left and right thumb wheels 30 and 31, one for each probe
      and structure responsive to manual turning of the rotors to displace or
      return the deployed probes back toward the carrier, and vice versa.
PAR  In the example, the carrier may include a forward housing section 16a
      having a front opening 32, to receive the probes. Worm gears 33 and 34 are
      pivotally supported at 35, 36 and 36a in the housing section 16a, and are
      integrally connected, respectively, with the probes 11 and 12 for rotating
      the probes between extended and retracted positions. For this purpose, the
      probes may be connected to the worm gears 33 and 34, as shown, and the
      metal gears may have heat transfer contact or connection with the probe
      metal shanks to act as heat sinks therefor.
PAR  Two worms 37 and 38 are located in the interior 39 of the housing section
      16a to mesh with the respective worm gears 33 and 34, the worms typically
      having a common lateral axis. A central return spring 51 has opposite ends
      attached to the lateral shaft 38a and to structure 44, so as to yieldably
      urge the shaft 38a, and worms forwardly into operative engagement with the
      worm gears. The thumb wheels 30 and 31 are carried by lateral shaft extent
      38a between and integral with the worms, so as to rotate the worms 37 and
      38 as the thumb wheels are turned. Probe retraction springs (tension
      springs) 40 and 41 are operatively connected with the probes to yieldably
      resist rotation of the probes to extended position, i.e. to yieldably
      maintain the probes in retracted positions, as seen in FIG. 3. One end of
      each spring is attached to a probe in offset relation to its associated
      pivot pin, the spring partially wraps about the pin, and the opposite end
      of the spring attaches to the housing, as shown. The thumb wheels 30 and
      31 may be insulated to be thermally isolated from the probes.
PAR  Isothermal means is provided on the carrier to be contacted by the probe
      tips in their retracted positions, so that both tips when stored, are kept
      at the same temperature. For this purpose, metal clips may be provided at
      42 and 43 in the housing interior 39 to be contacted by the retracted
      probe metal shanks. The clips have interconnection as at 44 to remain at
      the same temperature. Accordingly, any extraneous thermal condition
      existing in the probes in use can be purged by simply retracting the
      probes to contact the clips or "heat sinks".
PAR  It should also be noted that the worm end shafts 45 and 46 are received in
      longitudinal slot bearings 47 and 48 in the housing side walls 49 and 50,
      respectively. This allows for rearward thumb pressure on the wheels 30 and
      31 to disengage the worms from the worm gears which in turn allows the
      probe return springs to automatically return the probes to the stored
      condition. In this manner, the probes may be returned to the stored
      position without having to rotate the thumb wheels 30 and 31. If it is
      desirable not to use the automatic feature the probes can be returned to
      the stowed condition manually by rotating the wheels 30 and 31 in the
      opposite direction from that which was used to extend them to the deployed
      position.
PAR  Turning to FIG. 9, the thermistors 17 in the two probes 11 and 12 are
      incorporated in the legs 60 and 61 of a resistance bridge 100, as
      indicated, there being other resistors 62 and 63 in leg 64 and resistors
      65 and 66 in leg 67. A trimming resistor 68 interconnects legs 64 and 67.
      Leads 69 and 70 from batteries 71 and 72 connect with the bridge at
      location 73 and via wiper 74 in sliding contact with trim resistor. Ganged
      on-off power switches 75 and 76 are provided in series with leads 69 and
      70.
PAR  A meter 77 is located on the carrier and has one terminal 77a connected
      with the battery interconnection lead 78. In addition an operational
      amplifier 79 has inputs 79a and 79b connected with the bridge points 80
      and 81 via leads 82 and 83, and the amplifier output 79c is connected with
      the meter input 77b via zero suppress network 84, and meter current
      limiting resistor 115 as shown. Various resistors 85 of different ohm
      rating may be selectively connected in feedback relation across the
      amplifier by switch 86, to select the operating range desired, i.e. low,
      medium or high. See switch 86 in FIG. 3, also.
PAR  Test switches 90 and 91 are connectible across the resistors 63 and 66,
      respectively, and gang connected at 92. When both are closed upwardly, as
      by deflection of switch knob 110 seen in FIG. 3, resistor 63 is shorted,
      and the metal deflects to one side of zero; and when both are closed
      downwardly, resistor 66 is shorted, and the meter deflects to the opposite
      side of zero. The circuitry is "zero'd" by adjustment of wiper 74, with
      both probes retracted, the on-off switches 75 and 76 being closed.
PAR  One useful amplifier 79 is Model LM308 a product of the National
      Semiconductor Corporation. A useful meter movement is the Parker Meter
      Movement, a product of Airpax Electronics, Fort Lauderdale, Fla.
PAR  Finally, as seen in FIG. 6, the end portion 19a of each support 19 is
      angled at .alpha. about 17.degree. from the probe axis 98 parallel to main
      surfaces of the receptacle 16, to provide a favorable viewing angle of the
      instrument visual indicating meter face and instrument controls, while the
      instrument is in use. Also, in addition to the angle .alpha. , the
      individual probe end portions 19a may be rotated approximately 15.degree.
      inwards toward one another, in order to maintain relative contact points
      of tangency when the instrument and the probes are deployed for use in the
      region of the patient's neck and it's attendant surface curvatures.
CLMS
STM  We claim:
NUM  1.
PAR  1. In local body heat sensing instrumentation, the combination comprising
PA1  a. first and second probes each including a tip having a frontwardly
      exposed surface shaped for application in heat transfer proximity with a
      patient's body, the tip consisting of material characterized as
      electrically insulative and heat conductive,
PA1  b. first and second electrically energizable means carried by the
      respective probes to detect heat transfer between said surface and the
      source via said material, said frontwardly exposed surface of each tip
      being generally convex,
PA1  c. each probe including an openly hollow and forwardly elongated support,
      said tip confined at the forward end of said support, said tip having a
      rearward surface facing and exposed to the hollow interior of the support,
      the outer extent of the tip connected to the support, each said means
      embedded in the tip material between said front and rear surfaces,
PA1  d. a carrier from which the probes extend in active positions to locate the
      tips for engaging a human patient's body, the carrier including a housing,
      there being rotary means including worm gear means on the carrier and
      supporting the probes for rotation between extended positions outside the
      housing and retracted positions inside the housing, there also being worm
      means on the carrier and meshing with the worm gear means, and manually
      operable means to rotate the worm means, and
PA1  e. recording means electrically connected with said electrically
      energizable means.
NUM  2.
PAR  2. The combination of claim 1 wherein said recording means comprises a
      meter carried by the carrier and is electrically connected with said
      electrically energizable means, the probes extending from the carrier in
      active positions to locate the tips for engaging a human patient's back so
      as to closely straddle the central spinal column zone.
NUM  3.
PAR  3. The combination of claim 1 wherein each said electrically energizable
      means comprises a thermistor bead embedded in said material.
NUM  4.
PAR  4. The combination of claim 3 including an electrical bridge incorporating
      said thermistor beads, said recording means comprising a meter on the
      carrier, a zero suppression network, and an operational amplifier having
      inputs connected with bridge output points and an output connected with
      the meter via said zero supression network.
NUM  5.
PAR  5. The combination of claim 4 wherein the bridge includes two resistors
      respectively in two arms of the bridge, there being shorting switches
      respectively connectible across the two resistors.
NUM  6.
PAR  6. The combination of claim 3 wherein the bead has an elongated convex
      surface oriented toward said tip surface which is also convex in a
      direction away from the bead.
NUM  7.
PAR  7. The combination of claim 1 wherein said material consists of a solid
      resin, and including heat conducting metallic particles dispersed
      throughout the resin.
NUM  8.
PAR  8. The combination of claim 1 wherein said material consists of a
      refractory substance.
NUM  9.
PAR  9. The combination of claim 1 wherein the hollow elongated supports for
      said tips are metallic, there being wires extending within the support
      hollows to the electrically energizable means, circuitry including said
      recording means electrically connected with the wires, and there being
      heat sink means coupled in heat transfer relation with the supports.
NUM  10.
PAR  10. The combination of claim 9 wherein said heat sink means comprises
      rotary gears respectively connected with the supports to rotate therewith.
NUM  11.
PAR  11. The combination of claim 1 wherein each probe includes an angularly
      deflected end portion carrying one of the tips.
NUM  12.
PAR  12. In local body heat sensing instrumentation, the combination comprising
PA1  a. first and second probes each including a tip having a surface shaped for
      application in heat transfer proximity with a patient's body, the tip
      consisting of material characterized as electrically insulative and heat
      conductive,
PA1  b. electrically energizable means carried by the probes to detect heat
      transfer between said surface and the source via said material, and
PA1  c. a carrier for said probes and from which the probes extend in active
      positions to locate the tips for engaging a human patient's back so as to
      closely straddle central spinal column zone, the carrier including a
      housing section having a front opening to receive the probes, there being
      two worm gears each of which is integrally connected with a probe end
      portion for rotating the probe between extended position outside the
      housing section and retracted position inside the housing section, two
      worms respectively meshing with the two worm gears within said housing
      section, thumb wheels connected with the worms to rotate same, and probe
      retraction springs operatively connected with the probes to yieldably
      resist rotation of the probes to extended position, and
PA1  d. recording means electrically connected with said electrically
      energizable means.
NUM  13.
PAR  13. The combination of claim 12 including guide means for allowing
      disengagement of the worms from the worm gears in response to retraction
      pressure exertion on the thumb wheels and return spring means urging the
      worms forwardly toward meshing engagement with the worm gears.
NUM  14.
PAR  14. In local body heat sensing instrumentation, the combination comprising
PA1  a. first and second probes each including a tip having a surface shaped for
      application in heat transfer proximity with a patient's body, the tip
      consisting of material characterized as electrically insulative and heat
      conductive,
PA1  b. electrically energizable means carried by the probes to detect heat
      transfer between said surface and the source via said material, and
PA1  c. a carrier for said probes and from which the probes extend in active
      positions to locate the tips for engaging a human patient's back so as to
      closely straddle the central spinal column zone, the probes also have
      retracted positions relative to the carrier, there being isothermal means
      on the carrier to be contacted by the tips in said retracted positions,
PA1  d. means to displace the probes between said active and retracted
      positions, and
PA1  e. recording means electrically connected with said electrically
      energizable means.
NUM  15.
PAR  15. The combination of claim 14 including probe retainer means on the
      carrier to retain the probes in said retracted positions.
NUM  16.
PAR  16. In instrumentation for sensing differential heating of local body
      areas, the combination comprising
PA1  a. a pair of probes and means thereon to effect heat transfer between the
      probes and a patient's body zone toward which the probes are respectively
      applied, said means including thermistors, the probes including tips
      embedding the thermistors, the tips consisting of electrically insulative
      heat conductive material
PA1  b. a carrier including a housing, and means on the carrier to move the
      probes between extended positions outside the housing and retracted
      positions inside the housing, said means including two thumb wheels, and
      intermeshing worm and worm gear elements operatively connected between
      each thumb wheel and one of the probes, and
PA1  c. circuit means electrically connected with said first named means to
      detect said heat transfer, and recording means connected with said circuit
      means.
NUM  17.
PAR  17. In local body heat sensing instrumentation, the combination comprising
PA1  a. a probe including a tip having a frontwardly exposed surface shaped for
      application in heat transfer proximity with a patient's body, the tip
      consisting of material characterized as electrically insulative and heat
      conductive,
PA1  b. electrically energizable means carried by the probe to detect heat
      transfer between said surface and the source via said material, said
      frontwardly exposed surface being generally convex,
PA1  c. the probe including an openly hollow and forwardly elongated support,
      said tip confined at the forward end of said support, said tip having a
      rearward surface facing and exposed to the hollow interior of the support,
      the outer extent of the tip connected to the support, said means embedded
      in the tip material between said front and rear surfaces,
PA1  d. a carrier carrying said probe and from which the probe extends in active
      position to locate the tip for engaging a human patient's body, the
      carrier including a housing, a thumb wheel, and intermeshing worm and worm
      gear elements operatively connected between the thumb wheel and probe to
      swing the probe relative to the carrier in response to thumb wheel
      rotation, and
PA1  e. recording means electrically connected with said electrically
      energizable means.
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ABST
PAL  An apparatus for the treatment of a victim suffering from shock includes a
      single piece, double-walled panel of flexible material forming a chamber
      adapted to receive and contain a pressurized gas. The panel has a pair of
      lower sections adapted to surround the legs of the victim, and an upper
      section adapted to surround the abdomen of the victim in the region below
      the victim's rib cage. When the panel is inflated by the introduction of
      pressurized gas into the chamber, a pressure is exerted on the legs and
      abdomen of the victim, thereby decreasing the volume of venous blood
      pooled therein and producing an increased venous return to the victim's
      heart. This external pressure also provides immobilization for the victim
      and affords to him protection and comfort while being transported from an
      accident site to a medical facility.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates generally to the emergency treatment of victims
      suffering from shock (hemorrhage or other), and in particular to a novel
      apparatus for transfusing the victim with his own stagnate blood.
PAR  Shock may be defined as a state of circulatory collapse, frequently
      associated with insufficient return of blood to the heart, and manifested
      by a persisting deficiency of blood flow to the peripheral tissues. The
      venous system becomes dilated, permitting blood to pool. Stagnation and
      clotting occur, and an insufficient amount of blood is returned to the
      heart. As this occurs, the body reacts by increasing the pulse rate, but
      without compensating for the insufficient return of blood to the heart.
      Arterial blood pressure thus decreases and the demise of the victim occurs
      unless treatment is initiated.
PAR  Emergency medical attendants, corpsmen, paramedical personnel and the like
      are taught five basic principles in the treatment of shock traumatized
      victims. These are:
PA1  1. Clear the airway.
PA1  2. Stop the bleeding.
PA1  3. Elevate the lower half of the body.
PA1  4. Administer intravenous fluids and medication.
PA1  5. Immobilization.
PAR  In addition to the above, counter pressure is sometimes applied to the
      victim's legs by wrapping the legs with elastic bandages in order to
      decrease the volume of venous blood trapped or pooled therein. However,
      this technique is time consuming and not adaptable to emergency
      situations. Moreover, paramedical personnel often do not carry blood for
      transfusion.
PAR  It is, accordingly, a general object of the present invention to provide a
      new and improved apparatus for augmenting the capability of paramedical
      personnel in the emergency treatment of victims in shock. To this end, the
      present invention provides an inflatable trouser-like garment which may be
      opened and laid flat to receive a victim, rapidly closed to surround the
      victim's legs and abdomen, and thereafter inflated to exert a pressure on
      the abdomen and legs to return venous blood pooled therein to the victim's
      heart.
PAR  A further object of the present invention is the provision of an apparatus
      which in addition to operating as an emergency autotranfusion means, also
      serves as a means of immobilizing the victim during transfer from an
      accident site to a medical facility.
DRWD
PAR  These and other objects and advantages of the present invention will become
      more apparent as the description proceeds with the aid of the accompanying
      drawings, wherein:
PAR  FIG. 1 is a view in perspective showing an apparatus embodying the concepts
      of the present invention applied to legs and abdomen of a victim's body;
PAR  FIG. 2 is a view in perspective, with portions broken away, of the
      apparatus shown in FIG. 1, in an open condition on a stretcher of
      conventional design;
PAR  FIG. 3 is a sectional view taken along lines 3--3 of FIG. 1; and,
PAR  FIG. 4 is another perspective view showing the apparatus of FIGS. 1-3
      during the application thereof to a victim's body.
DETD
PAR  Referring now to the drawings wherein like numbers designate the same parts
      throughout the several views, there is generally indicated at 10 a
      preferred embodiment of an apparatus in accordance with the present
      invention. As is best shown in FIG. 2, the apparatus includes a panel 11
      having opposed walls 12 and 14 which are joined in sealing engagement
      about their peripheral edges to enclose a chamber 16. The walls 12 and 14
      may be fabricated from any known flexible material, such as for example
      plastic, which is impervious to a gas such as air.
PAR  The panel 11 includes a pair of lower sections 18a and 18b and an upper
      section 18c. As is best shown in FIG. 4, the lower sections 18a and 18b
      are adapted to be wrapped around a victim's legs, and the upper section
      18c is likewise adapted to be wrapped around the victim's abdomen. The
      upper edge 20 (see FIG. 3) of upper section 18c is located beneath the
      victim's rib cage.
PAR  Fastening means are provided on the exterior surfaces of the panel 11 to
      hold the apparatus in its applied position on the victim's body. In the
      embodiment herein shown, the fastening means comprises strips 22a and 22b
      of "Velcro" on the exterior surfaces respectively of the wall members 12
      and 14.
PAR  The lower panel wall 14 is also preferably provided with another Velcro
      strip 24a which cooperates with a mating strip 24b (see FIG. 2) fixed to
      the support surface 26 of a stretcher. This arrangement provides an
      effective and easily releasable way of locating and holding the apparatus
      on the stretcher.
PAR  In the embodiment herein shown, the lower panel wall 14 is further provided
      with a conventional valve 28 of the type which is normally closed, and
      which opens in response to the attainment of a predetermined gas pressure
      in the chamber 16 to bleed gas therefrom and thus prevent the chamber from
      being over-pressurized. It will be understood that the type and location
      of the valve 28 is not critical, and that in fact the valve may be located
      anywhere where it is in communication with the chamber 16.
PAR  The embodiment herein disclosed further includes a flexible generally
      Y-shaped tube or conduit 30 having a pair of legs 32 connected to the
      lower sections 18a and 18b of the panel 11 and in communication as at 34
      (see FIG. 3) with the chamber 16. The legs 32 are joined as at 36 and
      terminate in an end 38 which is adapted to be removably connected to
      another flexible tube or conduit 40 leading to a foot-operated air pump 42
      of conventional design. The legs 32 also each include manually adjustable
      ON-OFF valves 44.
PAR  The apparatus is employed in the following manner: the panel 11 in a
      deflated condition, is laid out on any conveniently available surface, for
      example the support surface 26 of a stretcher as shown in FIG. 2. If
      desired, the mating Velcro strips 24a and 24b may be employed to locate
      the panel. At this stage, the lower sections 18a and 18b are open, with
      the former overlapping the latter, and the upper section 18c is also open.
      The victim is then laid on the panel 11, with the upper edge 20 of the
      upper section located just below the victim's rib cage. The victim's left
      leg is then wrapped with lower section 18a, with the Velcro strips 22a and
      22b being employed to hold the section 18a in its applied position. In a
      like manner, the other lower section 18b is applied to the victim's right
      leg, and the upper section is applied to the victim's abdomen. The tube 40
      is then connected to the end 38 of the Y-shaped conduit 30, and the pump
      42 is employed to inflate the panel by introducing pressurized air into
      the chamber 16. Inflation continues until air begins to bleed out of valve
      28, at which point the valves 44 are closed and the pump 42 disconnected.
      The victim is now ready for transport to a medical facility.
PAR  The pressure exerted on the victim's legs and abdomen by the inflated panel
      11 mobilizes the blood pooled in these areas and increases venous return
      to the heart. This external pressure also provides immobilization for the
      victim and affords to him protection and comfort while being transported
      to a medical facility. These advantages are achieved in a simple, rapid
      and convenient manner not heretofore available to paramedical personnel,
      thereby making possible a significant improvement in the treatment of
      traumatized victims.
PAR  When the victim reaches his destination, or if it is necessary to gain
      access to a wound while the victim is in transit, the apparatus can be
      opened quickly by simply opening valves 44 to deflate the panel 11 and
      thereafter rapidly disengaging the Velcro fasteners 22a and 22b.
PAR  In light of the foregoing, it will now be evident to those skilled in the
      art that numerous changes may be made to the embodiment herein disclosed
      without departing from the spirit and scope of the invention. For example,
      the Velcro fastening strips 22a and 22b may be replaced by other
      conventional fastening devices, such as buckles, straps, laces, etc. The
      chamber 16 may be subdivided into several compartments, each of which may
      be pressurized individually. The pump 42 may be replaced by a pre-charged
      gas bottle or tank, which may be connected in any convenient manner and at
      any convenient location to the panel 11.
PAR  It is my intention to cover these and any other changes or modifications
      which are within the scope of the claims appended hereto.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for transferring pooled venous blood in the lower extremities
      and abdominal area of a victim suffering from shock, said apparatus
      comprising: a doublewalled panel of flexible material forming chamber
      means, said panel having a pair of lower sections adapted to operatively
      surround the legs of the victim and an upper section adapted to
      operatively surround the abdomen of the victim in the region below the
      victim's rib cage; fastening means on the exterior surface of said panel
      for retaining said sections in their operative positions on the victim;
      gas pressurizing means adapted to be placed in communication with said
      chamber means for inflating said panel to thereby exert pressure on the
      legs and abdomen of the victim in order to decrease the volume of venous
      blood pooled therein and thus increase venous return to the victim's
      heart; and normally closed valve means communicating with said chamber
      means and being operative to open in response to the attainment of a
      selected level of gas pressure in said chamber means to bleed gas from
      said chamber means.
NUM  2.
PAR  2. The apparatus as claimed in claim 1 wherein said pressurizing means
      includes a source of pressurized gas removably connected to one end of a
      flexible conduit means, the other end of said conduit means being
      connected to said panel and in communication with said chamber means.
NUM  3.
PAR  3. The apparatus as claimed in claim 2 wherein said source of pressurized
      gas comprises a manually operable air pump.
NUM  4.
PAR  4. The apparatus as claimed in claim 2 further characterized by valve means
      in said conduit means between said chamber means and said source of
      pressurized gas, said valve means being manually adjustable between open
      and closed positions.
NUM  5.
PAR  5. Apparatus for transfusing pooled venous blood in the lower extremities
      and abdominal area of a victim suffering from shock, said apparatus
      comprising: a double-walled panel of flexible material forming a chamber,
      said panel having a pair of lower sections adapted to operatively surround
      the legs of the victim, and an upper section adapted to operatively
      surround the abdomen of the victim in the region below the victim's rib
      cage; fastening means on the exterior surfaces of said panel for retaining
      said sections in their operative positions on the victim; conduit means
      connected to said panel and in communication at one end with said chamber;
      first valve means in said conduit means, said first valve means being
      manually adjustable between open and closed positions; normally closed
      second valve means in one of the walls of said panel, said second valve
      means being in communication with said chamber and being operative to open
      in response to the attainment of a predetermined gas pressure in said
      chamber; and pressurizing means removably connected to the other end of
      said conduit means, said pressurizing means being operable when said first
      valve means is open to introduce a gas through said conduit means into
      said chamber, thereby inflating said panel to exert pressure on the legs
      and abdomen of the victim in order to decrease the volume of venous blood
      pooled therein and thus increase venous return to the victim's heart.
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ABST
PAL  A device for massaging a finger including a main support with an operable
      reciprocating member thereon together with an upper resilient pad mounted
      on the main support for reciprocal movement by the reciprocating member. A
      pair of springs normally urging the upper pad against reciprocation
      together with a lower stationary resilient pad in alignment with the upper
      pad and on which a finger is placed for intermittent contact with said
      upper pad in its reciprocating action.
BSUM
PAC  SUMMARY
PAR  The invention relates generally to a massage device and more particularly
      to a device for massaging a finger and with particular reference to
      massaging the knuckles of a victim of arthritis whereby the size and the
      ache of the knuckles may be reduced.
PAR  The device includes a stationary resilient pad and a reciprocating
      resilient pad which moves to and from the stationary pad in quick
      succession in spaced relation and contacting a finger placed upon the
      stationary pad thereby massaging the finger.
DRWD
PAR  In the drawings forming part of this application:
PAR  FIG. 1 is a perspective view of a device for massaging fingers and the
      knuckles thereof embodying the invention.
PAR  FIG. 2 is a sectional view on the line 2--2 of FIG. 1.
PAR  FIG. 3 is a sectional view on the line 3--3 of FIG. 1.
DETD
PAR  Referring to the drawings in detail, the massaging device A includes the
      body housing 10 which houses a mechanism having the reciprocating member
      12 as found in a conventional sabre saw such as "Master Craft", model
      105107, manufactured by Master Craft Engineering, Inc. of Minneapolis,
      Minn. The number of strokes per minute of the member 12 has been found to
      be preferrable at 900-1200. The housing body 10 includes the recess 14
      which produces the base portion 16 underlying the upper portion of the
      body 10.
PAR  Secured to the base portion 16 are the spaced uprights 18 and 20, and
      secured to the upper ends of the uprights is the base portion 22 of the
      U-shaped platform support 24. Extending upwardly from the cross bar
      portion 22 are the side portions 26 and 28. The base portion 22 of support
      24 has formed therethrough the spaced holes 30 and 32 which are in the
      same plane as the supports 18 and 20. The numeral 34 designates a plate
      and secured to the upper surface of the plate are the spaced guide rods 34
      and 36 which extend through the holes 30 and 32, respectively. Secured to
      the top ends of the rods 35 and 36 is the base portion 38 of the U-shaped
      support 40, the base portion formed with the depending legs 42 and 44. The
      length of the legs 42 and 44 is such that the extent of downward movement
      of the upper pad hereinafter mentioned is limited to contact of the legs
      with the base 22 as a safety feature whereby the finger cannot be harmed
      if there is a malfunction of the member 12.
PAR  Mounted on the rods 34 and 36 and interposed between the base portion 38 of
      support 40 and cross bar 22 are the coil springs 46 and 48, respectively.
      The springs 46 and 48 normally urge the support 40 upwardly against the
      reciprocating member 12. The plate 34 has secured to the underside thereof
      the flat relilient member in the form of rubber pad 50.
PAR  The numeral 52 designates a plate which has formed therethrough the holes
      54 and 56 through which the uprights 18 and 20 freely extend. Mounted in
      the top of the plate 52 is the flat resilient member in the form of the
      rubber pad 54 which is in vertical alignment with the rubber pad 50. The
      plate 52 is slidable up and down on the supports 18 and 20, and positioned
      under the plate 52 is one or more removable plates 56. Each plate 56 is
      formed with the first notch 58 at one end and a second notch 60 at the
      other end, and the plate edge portion between the notches is bevelled as
      at 62 to facilitate entry of one plate between the other plates. The end
      64 of each plate is formed with a hole which receives the mounting pin 66
      secured at its lower end in the base portion 16 for pivotal movement of
      the plates to the position shown in broken lines in FIG. 1 and retracted
      to a position with the end portion 68 of the blade within the recess 70
      for out of the way storage.
PAR  With a plate or plates 56 selectively positioned beneath the plate 52 the
      distance between the pads 50 and 54 may be adjusted when the reciprocating
      movement of the pad 50 is at its lowest point to accommodate fingers and
      knuckles thereof of different sizes. The device A is provided with the
      conventional switch 72 which actuates the machanism which operates the
      reciprocating member 12. The member 12 contacts and moves downwardly the
      support 40 which in turn moves the pad 50 downwardly towards the pad 54,
      but due to the thickness of the pads 50 and 54 and the length of the
      stroke of the member 12, the pad 50 in its downward stroke stops short of
      the pad 54 for massaging of a knuckle or finger placed between the pads
      with only the desired amount of pressure of the reciprocating pad 50 upon
      the finger placed on the pad 54. With the rapid intermittent pressure of
      the pad 50 upon a finger upon the pad 54 a massaging effect upon the
      finger or knuckle is accomplished with particular benefit to arthritis
      victims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for massaging a finger comprising:
PA1  a. a main support,
PA1  b. an operable reciprocating member mounted on said main support,
PA1  c. an upper resilient pad,
PA1  d. means mounting said upper pad on said main support for reciprocal
      movement by said reciprocating member,
PA1  e. means normally urging said upper pad against reciprocation,
PA1  f. a lower resilient pad carried by said main support,
PA1  g. means mounting said lower resilient pad on said support in alignment
      with said upper pad on which a finger is supported for intermittent
      contact with said upper pad in its reciprocating action,
PA1  h. means for adjustably positioning said lower pad relative to said upper
      pad, said adjustable means including:
PA1  i. at least one plate and
PA1  j. means for removably positioning said plate between said lower pad and
      said main support.
NUM  2.
PAR  2. A device for massaging a finger comprising:
PA1  a. a main support,
PA1  b. an operable reciprocating member mounted on said main support,
PA1  c. an upper resilient pad,
PA1  d. an upper support having
PA1  e. a pair of spaced rods connected to and dependent therefrom,
PA1  f. a platform,
PA1  g. a pair of spaced rods mounting said platform on said main support
PA1  h. said platform having openings therein and through which said rods of
      said upper support extend,
PA1  i. said upper pad connected to the lower ends of said rods of said upper
      support in alignment with
PA1  j. a lower pad slidably mounted on said rods mounting said platform.
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ABST
PAL  An intrauterine contraceptive device is provided which is inserted into a
      uterus in a collapsed position and is held in an expanded position by
      introduction of a self-hardening liquid plastic into the device after it
      is positioned within the uterus. In one embodiment the device is provided
      with an inflatable membrane for positioning it within the uterus prior to
      insertion of the liquid plastic, after which the membrane is deflated and
      in some instances removed. In another embodiment the device comprises a
      plastic tube with a resilient rod therein which may be deformed to insert
      the device in the uterus and after being positioned therein a liquid
      self-hardening plastic is introduced into the tube to hold the resilient
      rod in an expanded position that conforms to the uterine cavity. In still
      another embodiment, the rod is arranged to telescope in a tubular member
      which tubular member can be filled with self-hardening liquid plastic to
      force the rod out of the end of the tubular member and against a wall of
      the uterus and to hold it permanently in that position. In addition a
      tubular member may be provided an angular connection thereof which can be
      filled with the self-hardening liquid plastic to form a more rigid
      structure after the device is positioned in the uterus. If desired, a
      resistance heating element can be provided within the device to melt or
      soften the plastic so that the device can be removed from the uterus at a
      later time.
PARN
PAR  This application is a continuation-in-part application of my copending
      application Ser. No. 189,212, filed Oct. 14, 1971 which issued on Apr. 9,
      1974 as U.S. Pat. No. 3,802,425.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an intrauterine contraceptive device, and more
      particularly to such a device wherein a liquid plastic material is
      introduced into the device after it is positioned in the uterus and
      hardens therein to make the device substantially rigid.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  As the effects of increased population become increasingly severe,
      resulting in environmental conditions which are deteriorating at an
      alarming rate, more and more effort is being placed on means for slowing
      the increase in world population, if not entirely halting such increase.
PAR  One type of contraception which has found considerable acceptance is the
      intrauterine contraceptive device, commonly known as an IUD. The IUD is a
      device which is placed inside the uterus, a soft tissue organ made
      primarily of smooth muscle. The way in which it operates to prevent
      pregnancy is not entirely understood but it is well known that any foreign
      body placed in the uterus has a contraceptive effect which is 90 to 95%
      effective. However, some such devices which have been used have caused the
      walls of the uterus to become eroded or partially penetrated causing pain
      and bleeding to the user, thereby necessitating removal. In many instances
      the IUDs are expelled from the uterus and this is believed to be because
      they are generally too small or not sufficiently rigid. However, when
      larger IUDs are used, there is a greater instance of pain and bleeding and
      sometimes the IUD induces contractions of the uterus which may lead to
      expulsion.
PAR  IUDs have been constructed in numerous shapes and sizes and of various
      materials, but each has had certain deficiencies. One IUD was made by
      injecting silastic into the uterus which then set up to form a cast.
      However, this procedure was abandoned because of the high incidence of
      expulsions, probably due to the distention of the uterus in the
      anterior-posterior diameter. A popular form of IUD is the Lippes Loop
      which is a sinusoidal spring-like device which is stretched into a linear
      shape and inserted into the uterus after which it contracts to fill the
      uterine cavity, but lies only in one plane namely the plane of the uterine
      cavity and does not significantly expand the cavity in the
      anterior-posterior diameter. However, with resilient devices the chance of
      expulsion is greater than with more rigid devices.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention the principle of casting is used
      in order to properly fit the IUD to the uterus and substantially fill it
      in the plane thereof. Such a device has a minimum anterior-posterior
      thickness to minimize the possibility of inducing contractions of the
      uterus and has sufficient rigidity to minimize the possibility that the
      device will be expelled from the uterus. Such a device comprises a member
      insertable into the uterus in a collapsed position and movable into an
      expanded or extended position within the uterus and further includes an
      initially collapsed means for receiving a self-hardening liquid plastic
      either before or after the IUD is positioned in the uterus of a quantity
      sufficient to hold the member in the expanded position after hardening to
      form a cast. In other words, these members have at least one potential
      cavity which can be inflated with the self-hardening liquid plastic.
      Conveniently, by having the self-hardening plastic in a member within the
      uterine cavity, rather than in the uterine cavity without a covering,
      liquid plastic materials can be used which would not otherwise be suitable
      for use in a body cavity. In addition, the device will conform to the
      shape of a uterus which may be deformed by the presence of fibroids
      therein.
PAR  More particulaly, the invention comprises in one embodiment an inflatable
      membrane surrounded by a collapsible tubular plastic channel. The device
      is inserted, as by an insertion tube, into the uterus after which the
      membrane is filled with carbon dioxide to expand the device to
      substantially fill the uterine cavity and then while in an expanded
      position, the collapsed tubular member is filled with a self-hardening
      liquid plastic to expand it. After the plastic hardens to form a cast the
      inflatable member can be deflated and, if desired, removed from the
      uterus. The tubular member may taken any one of several forms, that is, it
      may extend along the longitudinal dimensions of the inflatable member or
      it may be wound therearound in a helix configuration or may consist of a
      series of tubular members extending from one end of the inflatable member
      to the other which tubular members are interconnected. In a further
      embodiment these tubular members may have a mesh configuration.
PAR  In a still further embodiment the device may comprise a sinusoidal shaped
      resilient plastic rod in the form of a Lippes Loop surrounded by a tubular
      plastic member which may be filled with self-hardening liquid plastic
      after the IUD is inserted in the uterus to minimize expulsion. In still
      another form of the invention a closed plastic loop may be provided which
      is surrounded by a tubular member which may be filled with self-hardening
      liquid plastic after the IUD is introduced into the uterus to form a cast.
      In this embodiment a membrane may extend across the closed loop.
PAR  A still further embodiment may be comprised of a rod which is extensible
      from one end of a tube which has a resilient rod attached at an angle
      thereto to form a device in the shape of the number seven. A collapsible
      tube extends over the depending rod and is in communication with the other
      tube. The legs of the seven are bent together and inserted in the uterus
      whereupon one leg snaps back to a position in which it extends generally
      across the uterus. A liquid plastic material is inserted into the
      collapsed tube which forms the depending leg of the IUD to force the rod
      in the other leg outwardly against the opposite wall of the uterus
      whereupon the liquid plastic hardens to hold the rod in position. A
      modification of this IUD can include a spring member that can be released
      after the seven is positioned in the uterus for urging the rod outwardly.
      The liquid plastic surrounds the spring and upon hardening holds the
      spring so that it will not further force the rod into the wall of the
      uterus thereby minimizing the chance of eroding the uterine wall or
      penetrating the same. Furthermore, a tubular member, which is fillable
      with a self-hardening liquid plastic, can be provided across an angle
      thereof to create a more rigid angle after the device is positioned in the
      uterus.
PAR  If desired, a resistance heating element may be included in the device
      which has connections extending into the inferior portion of the uterine
      cavity when the IUD is in place. If it is necessary at a later time to
      remove the IUD a source of electric current can be attached to these
      connection so that the resistance heating element melts or softens the
      plastic material forming the cast to permit withdrawal of the IUD.
PAR  Additional advantages of this invention will become readily apparent from
      the description which follows, taken in conjunction with the accompanying
      drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation of one form of IUD comprising the invention;
PAR  FIG. 2 is an enlarged section, taken along line 2--2 of FIG. 1, showing
      further details of the construction of the IUD of FIG. 1;
PAR  FIG. 3 is a fragmentary elevation of a sound for use within an insertion
      tube for inserting the IUD into a uterus;
PAR  FIG. 4 is a front elevation showing a further embodiment of an IUD having
      threads attached thereto for use with a different sound for insertion of
      the IUD in a uterus;
PAR  FIG. 5 is a front elevation of a further alternative embodiment wherein a
      tubular member is wrapped in helical configuration about an inflatable
      member;
PAR  FIG. 6 is a front elevation similar to FIG. 5 of a further modified
      embodiment wherein the tubular members extend longitudinally from one end
      of an inflatable member to the opposite end and are interconnected;
PAR  FIG. 7 is a front elevation similar to FIGS. 5 and 6 showing a further
      modification wherein the tubular member is in a meshed configuration
      surrounding an inflatable member;
PAR  FIG. 8 is a front elevation of an intrauterine device of this invention
      which is in the form of a Lipper Loop within a tubular member;
PAR  FIG. 9 is a front elevation of a further modification of the invention
      wherein a closed loop is provided within a tubular member having a
      membrane thereacross;
PAR  FIG. 10 is a front elevation of an IUD in the shape of the numeral seven
      when positioned within a uterus as shown;
PAR  FIG. 11 is an elevation, similar to FIG. 10, but showing an IUD having a
      spring for urging the rod toward the uterine wall;
PAR  FIG. 12 is a front elevation, similar to FIGS. 10 and 11, but showing a
      tubular portion interconnecting the two legs of the IUD for receiving
      self-hardening plastic material; and
PAR  FIG. 13 is a front elevation, similar to FIG. 9, but showing a resistance
      heating element within the rod to facilitate removal of the IUD.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In accordance with this invention a form is introduced into the uterus
      which form is made of plastic sheets or tubes, such as polyethylene, with
      barium imbedded therein to make them opaque to X-ray radiation which are
      biomedically compatible with the uterus and are used to make a cast which
      forms an IUD with minimal anterior-posterior thickness. After the form is
      introduced into the uterine cavity it is aligned in the plane of the
      uterine cavity and then filled with a liquid plastic that will harden
      quickly. An example of suitable material is a monomer such as methyl
      methacrylate and a free radical catalyst such as benzoyl peroxide or
      methyl ethyl ketone peroxide or hydrogen peroxide. Alternatively, the
      plastic material could be made of styrene monomer or unsaturated polyester
      resins plus one of the free radical catalysts referred to above. Many
      other combinations of resins and catalysts can be used for polymerization
      or crosslinking to make the self-hardening plastic. The plastic form
      consists of collapsible tubes, preferably on the order of 11/2 mm. in
      diameter which are connected to sheets of polyethylene, as will be more
      fully described below.
PAR  If desired, the free radical catalyst can be placed in the tubes prior to
      insertion of the IUD into the uterine cavity. This eliminates the
      necessity of mixing the liquid with the catalyst prior to injection and
      still allows the liquid to harden after it is injected into the tubes so
      that it will harden in the uterus. To avoid the possibility that the
      hardening will occur before the plastic has entirely filled the tubes, the
      free radical catalyst can be placed in the portions of the tube or tubes
      that the plastic reaches last when injected. A slow hardening plastic can
      even be placed in the tube or tubes prior to insertion. The tubes may have
      many different arrangements as described before but a principle which is
      important is that the plastic form which is used to make a cast that fits
      the uterus does not have excessive thickness.
PAR  An IUD is disclosed in FIG. 1 which comprises a tubular loop 4 having the
      general shape of a uterus in the plane thereof, the loop being covered by
      a pair of spaced membranes 6 and 8, as best seen in FIG. 2, which form an
      enclosed area which is adapted to be filled with air, as described more
      fully below. These membranes 6 and 8, in effect, form a balloon to which
      the tubular member or loop 4 is attached. The tube comprises a leg 10
      which is positioned in the fundus of the uterus. Leg 10 has two depending
      legs 12 and 14 which are joined at an angle at the end which is adjacent
      the cervix when the IUD is in position. The IUD is provided with a pair of
      pockets 16 and 18 respectively, which are at the cornual portions of the
      device at the juncture of legs 10 and 12 and 10 and 14, respectively.
      These pockets are adapted to receive the distal ends of tines 20 and 22
      respectively, of sound 24 for insertion of the device into the uterus. The
      tines are made of a resilient material and normally assume the spaced
      positioned shown in FIG. 3.
PAR  The IUD is placed in an insertion tube (not shown) of conventional
      structure which is of a diameter of 3 mm. or less with tines 20 and 22 in
      pockets 16 and 18. The insertion tube together with the IUD and sound 24
      is inserted into the uterus until it engages the fundus at which time the
      insertion tube is withdrawn which allows the tines to spring apart as in
      FIG. 3 to position the corners formed by the juncture of leg 10 and with
      legs 12 and 14, respectively, of tubular member 4 in the cornua of the
      uterus. Tubular member 4 is provided with an inlet tube 26 which extends
      out through the cervix and a similar inlet tube 28 is provided which
      communicates with the space between membranes 6 and 8. After the IUD is
      positioned in the uterus and the sound removed, air is introduced between
      membranes 6 and 8 by means of tube 28 to inflate the device and hold it in
      the proper position within the uterus. While still inflated, the liquid
      plastic material is introduced through inlet 26 into loop 4 which is
      filled with the plastic which plastic will become hard and rigid to form a
      plastic ring or form 30 as shown in FIG. 2. After the plastic has
      hardened, tube 28 can be opened to let the air out from between membranes
      6 and 8. Finally, the end of inlet 26 can be clipped off by a suitable
      surgical tool adjacent loop 4.
PAR  An alternative method of inserting the IUD in the uterus is disclosed in
      FIG. 4 wherein pockets 16 and 18 are replaced with threads 32 and 34
      connected adjacent the leading end of the IUD as shown and is used in
      conjunction with a sound 24' wherein the distal ends of tines 20' and 22'
      are provided with apertures for receiving the ends of threads 32 and 34.
      With this enbodiment, by maintaining tension on threads 32 and 34, the
      IUD, which is positioned in an insertion tube, can be pushed into the
      uterus by means of sound 24' into engagement with the fundus of the
      uterus. Once positioned, the sound 24' can be withdrawn and the tines will
      spring into the cornua of the uterus and the device is inflated through
      inlet tube 28 and filled with liquid self-hardening plastic material
      through inlet tube 26', as described above with respect to FIG. 1.
PAR  Furthermore, a method of inserting an IUD is contemplated which does not
      require an insertion tube. In this method a single thread is attached to
      an end of an IUD to be positioned against the fundus which thread is
      placed through an aperture in a single tine of a sound. The IUD is
      inserted by means of the sound while the thread is held taut. The thread
      is then released and the sound withdrawn. Advantageously, this method
      minimizes distension of the cervix and hence reduces any pain associated
      with the insertion of an IUD.
PAR  An alternative embodiment shown in FIG. 5 wherein a tubular member 36 is
      wound in a helical configuration around a balloon 38, and is attached
      thereto. The device when uninflated may be placed in an insertion tube,
      with a single tine sound (not shown) within the balloon, and inserted in
      the uterus after which insertion tube is withdrawn, then the sound is
      withdrawn and the balloon 38 inflated through an inlet tube 40 extending
      out through the cervix. After the balloon has been inflated liquid plastic
      can be inserted in the tubular member 36 through inlet 42. After the
      liquid plastic hardens, balloon 38 can be deflated. The balloon can be
      detachably attached to tubular member 36, as by perforations, so that it
      can be withdrawn through the cervix rather than remaining in the uterus.
PAR  A further embodiment is shown in FIG. 6 wherein longitudinally extending
      tubular members 44 extend londitudinally of balloon 38' and are
      interconnected at the fundus and are connected to an inlet 46 so that the
      tubes may be filled with liquid plastic after the balloon 38' is inflated
      through inlet 40'.
PAR  A further embodiment is shown in FIG. 7 wherein balloon 38" is covered by a
      mesh network of tubular members 48 all interconnected with each other and
      connected to an inlet 50 through which liquid plastic may be introduced
      after bag 38' is inflated through tube 40".
PAR  An alternative embodiment is shown in FIG. 8 wherein the sinusoidal rod 52,
      such as polyethylene is in the form of a Lippes Loop and is positioned
      within a similarly shaped polyethylene tubular member 54. This composite
      structure may be placed in the uterus by means of an insertion tube in a
      method well known to those skilled in the art after which a self-hardening
      liquid plastic, of the type previously described, can be introduced
      through an inlet 56 which extends into the cervix. Advantageously, the rod
      52 is resilient for insertion and has less rigidity than the Lippes Loop
      so it can adapt to the uterine cavity size but after it is positioned in
      the uterus and the tube 54 filled with the liquid plastic which hardens
      the device becomes rigid and therefor cannot easily be expelled.
PAR  A still further embodiment is shown in FIG. 9 wherein a plastic resilient
      rod 58 is provided in the form of a closed loop which is made within a
      similarly formed tubular member 60 which has a depending inlet 62. Before
      insertion into the uterus the device may be compressed so as to fit within
      an insertion tube is placed in the uterus whereupon plastic rod 58 springs
      to its open extended position as shown in FIG. 9. Afterwards
      self-hardening liquid plastic material is introduced through inlet 62
      whereupon the device becomes rigid so that it is not easily expelled by
      the uterus. In addition, a cross tube 64 may be provided for
      interconnecting the depending legs of loop 60 which tube is also filled
      with liquid plastic material to impart further rigidity to the structure.
      In addition, the loop may be covered by a plastic membrane 66 which
      minimizes the possibility that a portion of the bowel will protrude
      through the loop resulting in possible strangulation thereof if the IUD
      completely penetrates the uterine wall.
PAR  Another embodiment shown in FIG. 10 wherein the IUD 68 comprises a tubular
      member in the shape of the numeral seven, having a depending collapsible
      tubular leg 70 connected to a laterally extending leg 72 at the corner of
      the seven. To facilitate insertion, a resilient plastic rod 74 extends
      through collapsible leg 70 and is joined to leg 72 at the corner, as by a
      plurality of fingers 75 which have spaces therebetween for the passage of
      self-hardening liquid plastic as described below. Laterally extending leg
      72 is hollow and is adapted to receive a rod 76. The device is placed in
      the uterus with the legs being bent together within an insertion tube and
      with leg 70 collapsed around rod 74. As the insertion tube is withdrawn
      leg 72 snaps open to the extended position shown in FIG. 10 due to the
      resilience of the corner. A self-hardening liquid plastic material is
      inserted through inlet 78 of depending collapsed leg 70, which leg extends
      into the cervix. The liquid plastic material passes between fingers 75 and
      pushes rod 76 out of extending leg 72 until it contacts the opposite wall
      of the uterus and then hardens in the tube to effectively lock rod 76 in
      position to minimize the possibility of expulsion.
PAR  An alternative embodiment shown in FIG. 11 wherein a spring 80 is provided
      with extending leg 72' of IUD 68'. The device is inserted as described
      above with respect to FIG. 10, but in this embodiment spring 80 urges rod
      76' against the wall of the uterus. Conveniently a string or thread 81 is
      attached to the inner end of rod 76' and extends through spring 80 through
      fingers 75' and through collapsed tube 70' along side of resilient rod
      74'. During insertion, thread 81 is pulled tight to hold spring 80 in a
      contracted position and to hold rod 76' within leg 72'. After insertion,
      the thread is released so that rod 76' is pushed by spring 80 against the
      uterine wall, as shown. The liquid plastic material is then inserted
      through inlet 78' to fill collapsed tube 70'. This material passes through
      fingers 75' and surrounds spring 80 where it hardens and holds the spring
      in a fixed position so that the tendency of rod 76' to be further urged
      into the uterine wall, thereby causing erosion or penetration thereof is
      substantially reduced.
PAR  A further alternative shown in FIG. 12 wherein IUD 68" includes a tubular
      portion 82 interconnecting leg 70" with leg 72". As in the embodiment of
      FIG. 11, during insertion rod 76" is held within leg 72' by pulling tight
      on thread 81' to contract spring 80' after which the tension is released
      and spring 80' pushes rod 76' against the uterine wall. Advantageously,
      tubular portion 82 then is filled with the self-hardening liquid plastic
      material as will the other tubular members thereby causing the corner to
      be more rigid thereby minimizing the chance of expulsion.
PAR  A problem that is encountered with the use of a rigid or semi-rigid IUD is
      removal of the device from the uterus at some later time. Obviously, if it
      is too rigid, it will be difficult to remove. To overcome this problem, a
      heating element can be included within the IUD as shown in FIG. 13 wherein
      a loop of electrical wire 84 is provided within resilient plastic rod 86
      which in turn is within a tubular member 88. The wire 84 is provided with
      resistance heating elements 90 at the cornua and if desired, another
      heating element 92 in the leg of the IUD which is positioned against the
      fundus. Opposite ends of wire 84 extend through the device adjacent the
      cervical end to provide a pair of contacts 94 and 96. The device is
      inserted in the uterus in the same manner as the device of FIG. 9 and
      liquid plastic introduced into tubular member 88 through inlet 98 which
      extends into the cervix. At a later time if it is desired to remove the
      IUD a source of electric current is brought into engagement with contacts
      94 and 96 to heat elements 90 and 92 so that rod 86 and the plastic
      material within tube 88 becomes soft and pliable to facilitate withdrawal
      of the IUD from the uterus. It will be apparent to one skilled in the art
      that an electrical circuit can be provided for use in any of the other
      IUDs disclosed herein. For example, in the IUD disclosed in FIG. 8, a wire
      could be run through rod 52 which comprises a Lippes Loop and bent back
      over itself at the end and run back through the rod so that both ends of
      the wire extend out of the device adjacent the cervical end of the uterus.
PAR  From the foregoing, the advantages of this invention are readily apparent.
      A device has been provided which is flexible and compact for easy
      insertion into the uterus but which can be expanded and positioned within
      the uterus to make a rigid form by use of a self-hardening liquid plastic
      material which is received in a tubular member comprising a portion of the
      IUD. Such a device is substantially rigid and substantially fills the
      uterus in the plane thereof to minimize the possibility of expulsion due
      to size but is of minimal thickness in the anterior-posterior direction
      and conforms to the uterine size in lateral directions to minimize the
      possibility of inducing contractions of the uterus. It also is made in
      such a fashion as to substantially reduce the possibility of erosion or
      partial penetration of the uterine wall. It will also conform to the
      configuration of the uterine cavity when the cavity is distorted from its
      usual shape, such as when there are fibroids in the uterus. In addition,
      if desired, a heating element may be provided within the device for
      softening the plastic material at a later date so that the device may be
      removed from the uterus.
PAR  The invention has been described in detail with particular reference to
      preferred embodiments thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An intrauterine contraceptive device made of biomedical material and
      which conforms to the size and shape of the uterus after insertion
      therein, said device comprising:
PA1  an inflatable member having a first inlet insertable into a uterus in a
      collapsed position and movable into an expanded position within the uterus
      upon introduction of a fluid into said member through said first inlet;
      and
PA1  tubular means connected to and extending around the periphery of said
      inflatable member and having a second inlet for receiving a self-hardening
      liquid plastic so that after said device is positioned in the uterus and
      said inflatable member is expanded to position said tubular means against
      the uterine walls, the liquid plastic which has been introduced into said
      tubular means through said second inlet in said tubular means will hold
      said tubular means in position against the uterine walls after which said
      member is deflated.
NUM  2.
PAR  2. An intrauterine contraceptive device as claimed in claim 1, wherein said
      inflatable member includes:
PA1  a pair of peripherally sealed membranes which are inflatable for moving
      said member from said collapsed position to said expanded position to
      properly position said tubular means, said tubular means being connected
      to said membranes adjacent the peripheral seal thereof.
NUM  3.
PAR  3. An intrauterine contraceptive device made of biomedical material and
      which conforms to the size and shape of the uterus after insertion
      therein, said device comprising:
PA1  a pair of peripherally sealed membranes which are inflatable and have a
      broader portion with a substantially flat end and a narrower portion with
      a narrow end having the general shape and size of a uterus when inflated
      and including an inlet adjacent said narrower portion for filling the
      space between said membranes with a gas under pressure after said device
      has been placed in the uterus; and
PA1  a tubular member extending around at least a portion of said membranes and
      having an inlet adjacent said inlet for receiving a liquid material to
      position said tubular member against the walls of the uterus and hold it
      in this position as a substantially rigid member after said membranes are
      deflated.
NUM  4.
PAR  4. An intrauterine contraception device as claimed in claim 3, wherein said
      liquid material comprises:
PA1  a self-hardening liquid plastic which hardens after being placed in said
      tubular member.
NUM  5.
PAR  5. An intrauterine contraceptive device as claimed in claim 3, further
      including:
PA1  means for inserting said device in a uterus.
NUM  6.
PAR  6. An intrauterine contraceptive device as claimed in claim 5, wherein said
      inserting means includes:
PA1  at least one pocket in the broader portion of said membrane for receiving a
      sound for inserting said device.
NUM  7.
PAR  7. An intrauterine contraceptive device as claimed in claim 5, wherein said
      inserting means includes at least one thread attached to said broader
      portion of said membrane for receiving a sound with an aperture in the end
      thereof through which said thread extends during insertion of said device
      in a uterus.
NUM  8.
PAR  8. An intrauterine contraceptive device as claimed in claim 3, wherein said
      tubular member comprises:
PA1  a single closed loop extending from said narrow end around said flat end
      and having said inlet depending from said narrow end.
NUM  9.
PAR  9. An intrauterine contraceptive device as claimed in claim 3, wherein said
      tubular member comprises:
PA1  a helix extending around said membrane from said narrow end to said flat
      end and having said inlet extending from said narrow end.
NUM  10.
PAR  10. An intrauterine contraceptive device as claimed in claim 3, wherein
      said tubular member comprises:
PA1  a plurality of tubes extending longitudinally along said membrane from said
      narrow end to said broad end, being interconnected with each other at both
      ends and having said inlet extending from each of said tubes at said
      narrow end.
NUM  11.
PAR  11. An intrauterine contraceptive device as claimed in claim 3, wherein
      said tubular member comprises:
PA1  a net of tubes covering a substantial portion of the surface of said
      membrane, all of said tubes being interconnected and having an inlet
      extending from said narrow end.
NUM  12.
PAR  12. An intrauterine contraceptive device as claimed in claim 3, further
      including:
PA1  a thread connected to a portion of said membranes which is engageable with
      the fundus when said membranes are positioned within said cavity, said
      device being positionable within the uterus by passing said thread through
      an opening in the end of a tine of a sound and pushing said device into
      the uterus.
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PAL  An intra-uterine contraceptive device of the inflatable type provided with
      a plurality of protrusions for providing an unimpeded passage of the
      menstrual flow, such protrusions in one embodiment are wave-like
      configurations and in other embodiments they are arm-like extensions for
      providing also a plurality of contact regions with the inner wall of the
      uterus. Also devices are disclosed for the insertion of the contraceptive
      device.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates generally to intra-uterine contraceptive
      devices, known as I.U.D., and more particularly it relates to inflatable
      I.U.D. having improved shape and insertion possibilities.
PAC  BACKGROUND OF THE INVENTION
PAR  I.U.D.'s used for the purpose of contraception are old in art, having been
      popularized by the development of Dr. Ernst Grafenberg's silver ring.
      Since that time, almost 40 years ago, there have been many improvements in
      both the configuration and the material of the device as well as the
      efficiency and the public acceptance of the device. The configuration of
      the I.U.D.'s most frequently used today may be categorized generally as
      coils, loops, rings and bows, the best known examples being those devices
      developed by Margulies, Lippes, Ota and Birnberg, respectively.
PAR  It has long been recognized that even though I.U.D.'s are safe, reliable
      and efficient, there are still several very important structural aspects
      that can be improved. For example, the I.U.D. must be capable of insertion
      using a thin-walled cannula and a push rod without the need for dilation
      of the cervix, such as described in U.S. Pat. No. 3,628,530 issued on Dec.
      21, 1971 to Jerome Schwartz.
PAR  It has also been recognized that although the I.U.D. must be readily
      removable, if possible without surgical interference, yet it must be
      capable of resisting expulsion caused by the involuntary uterine
      contractions exhibited by the fundus muscle. These are, of course,
      diametrically opposite conditions, but which must nevertheless be met for
      the I.U.D. to be effective.
PAR  It has also been recognized that the I.U.D. for proper reliability must
      have a maximum contact with the walls of the uterus, which belief lead to
      the inflatable types closely conforming to the shape of the uterus, such
      as described in U.S. Pat. No. 3,452,749 issued July 1, 1969 to Edwin H.
      Riedell.
PAR  In U.S. Pat. No. 3,464,409 issued on Sept. 2, 1969 to James Murphy an
      I.U.D. is described which is inflatable through a tube after it has been
      inserted into the uterus and expands into a balloon-like configuration
      having pouch-like expansions around the periphery of the main balloon.
PAR  In U.S. Pat. No. 3,401,689 issued on Sept. 17, 1968 to Eugene C. Greenwood,
      a smooth-walled toroidal-shaped I.U.D. is described which is introduced
      into the uterus in a deflated condition and becomes inflated through a
      syringe.
PAR  In U.S. Pat. 3,782,376 issued on Jan. 1, 1974 to Irwin S. Lerner, an I.U.D.
      is described which is provided with spurs directed toward the cervix to
      prevent expulsion of the I.U.D.
PAR  It has not been, however, recognized that contact with the inner walls of
      the uterus is desirable rather at a plurality of smaller regions than at
      large surfaces in order to minimize irritations of the inner wall of the
      uterus and to avoid blockage of the menstrual flow. At the same time an
      I.U.D. answering the above requirements must have retained the last
      mentioned beneficial properties even under the expulsionary effects of the
      fundus and in addition assume a shape which laterally increases its size
      with respect to the cervix under the last-mentioned conditions and
      reliably prevents thereby its expulsion.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide an improved
      and novel contraceptive device, hereinafter called I.U.D. device, which
      can be inserted into the uterus relatively easily without requiring
      medical attention and which does not interfere with the normal
      physiological processes, such as the menstrual flow, of the female body
      and which is capable of resisting expulsionary forces of the uterus.
PAR  It is another object of the present invention to provide an improved and
      novel I.U.D. device of the above described type which due to its shaping
      will contact the inner walls of the uterus at a plurality of regions in a
      resilient manner instead of presenting a large homogeneous surface
      pressing against the inside of the uterus as is the case in some of the
      heretofore known inflatable I.U.D. devices.
PAR  It is still another object of the present invention to provide a novel and
      improved I.U.D. device of the above-described inflatable type which comes
      on the market in an inflated form and is ready for insertion with the help
      of an appropriate inserting device without need for the dilation of the
      cervix.
PAR  It is a further object of the present invention to provide an improved and
      novel inflatable I.U.D. device which has a fluid filling material having a
      color code which readily indicates if the I.U.D. device has burst in situ,
      by virtue of the color coded fluid leaving the uterus.
PAR  It is still a further object of the present invention to provide an
      improved and novel I.U.D. which reaches the market in a deflated form
      packed into an inserting assembly together with an inflating syringe and
      which is inflated upon insertion into the uterus and filled with a gas or
      a color coded liquid for the purpose as hereinbefore described.
PAR  It is still a further object of the present invention to provide an
      improved and novel I.U.D. device of the above described type which is
      provided with a control means extending through the cervix and which
      serves for the removal of the I.U.D. device if so desired, and which
      improved I.U.D. device according to the present invention contains an
      x-ray sensitive material lending to it a character of easy recognition of
      the I.U.D. device during an x-ray process.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will become more readily apparent from the following
      description of the preferred embodiments thereof shown in the accompanying
      drawings, in which:
PAR  FIG. 1 is a schematic illustration of one of the embodiments of the I.U.D.
      device according to the present invention in situ within the uterus;
PAR  FIG. 2 is a similar illustration as FIG. 1 illustrating another embodiment
      of the I.U.D. device according to the present invention;
PAR  FIG. 3 is an illustration of the I.U.D. device of FIG. 2 in section;
PAR  FIGS. 4 and 4a illustrate an inserting device according to the present
      invention for use with the embodiments of the I.U.D. device according to
      FIGS. 1-3;
PAR  FIGS. 5 and 6 illustrate additional embodiments of the I.U.D. device
      according to the present invention;
PAR  FIG. 7 illustrates an inserting device in section, illustrating also a
      deflated I.U.D. packed into it, for use to insert the additional
      embodiments of the I.U.D. devices according to FIGS. 5 and 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With reference to FIGS. 1-3 illustrating the so called donut-shaped I.U.D.
      devices according to the present invention, it is noted that FIG. 1 is a
      schematic representation of the uterus 1 and the adjacent parts of the
      female body, such as the internal part 2 of the uterus 1 which
      communicates by means of tubes 3 with the ovaries, not shown, and through
      the cervix 4 with the vagina 5. The first embodiment 10 of the I.U.D.
      device according to the present invention is illustrated in situ and which
      is made into donut shape and generally having the overall diameter of
      about 25 mm. The hollow internal void in the donut is made large enough,
      about 15 mm, so that the menstrual flow can pass without hindrance toward
      the cervix 4 and into the vagina 5. The donut-shaped I.U.D. 10 is made
      from flexible biologically inert synthetic material, preferably from
      teflonized rubber containing a certain amount of barium sulfate in order
      to lend x-ray sensitivity to the I.U.D. device 10 in order that it could
      be detected by x-ray. Other plastic materials which also may be employed
      are polyethylene, polypropylene, ethylene, propylene, copolymers, EPT,
      silicone rubber, etc. The I.U.D. device is made in one single molding step
      and is filled with an inert gas, but it can also be filled with air, or
      with a liquid material which preferably according to the present
      invention, is an antiseptic dye stuff having a color distinctly other than
      the menstrual flow in order to provide an indication to the user of the
      I.U.D. device in the event it has burst and the liquid has been passed.
      The shape of the donut I.U.D. device 10 is such that it is provided with a
      plurality of wave-like corrugations 11 about its entire circumference in
      order to provide a plurality of contact regions with the walls of the
      uterus 2 aiding thereby the menstrual flow and in order to avoid the
      situation that the I.U.D. device 10 would stick to the wall of the uterus
      2 over a large surface where it could prevent passage of the menstrual
      flow or cause other undesirable effects due to the large contact surface,
      such as lend itself to internal strangulations. As can be seen in FIG. 1,
      a removing or control string 12 is attached to the I.U.D. device 10 in
      order to facilitate the removal of the I.U.D. device 10 if desired. The
      removing string 12 extends through the cervix 4 into the vagina 5 and it
      is easily detectable. The nature of the material from which the I.U.D.
      device is made and due to the resilient behaviour of the inflating inert
      gases or of the liquid contained in the I.U.D. device 10, the removal of
      the donut-shaped I.U.D. device 10 is relatively painless since a strong
      pull on the removing string 12 will change the shape of the I.U.D. device
      10 into an elongated oval shape pointing downwardly and will pass through
      the cervix 4 without requiring a dilution of the cervix 4. On the other
      hand, the fact that the I.U.D. device 10 is donut shaped, any expelling
      natural process of the uterus 1 exerted onto the I.U.D. device 10 by the
      fundus of the uterus 1 will change the shape of the I.U.D. device 10 into
      an elongated oval which on the other hand, extends transversely within the
      uterus 10, therefore cannot pass through the cervix 4 since the longer
      lateral side of the I.U.D. device 10 will be facing the cervix 4 itself
      under such conditions.
PAR  With reference to FIG. 2 it is noted that the general shape of the I.U.D.
      device 10 illustrated therein is somewhat different from the donut shape
      of FIG. 1, however, it is still generally donut-like having the large
      internal void and the wave-like ondulations 11 of its shape about its
      circumference. It has also a larger corrugation or protrusion 15 at the
      top and having a leg-like protrusion 14 at the bottom to which the
      removing string 12 is attached. In order to safely attach the removing
      string 12 to the leg-like protrusion 14, it is preferred to make it solid
      from the general material of the I.U.D. device 10 so that a firmer pulling
      force could be applied to the I.U.D. device 10 through the string 12 in
      the event removal is desired. The material and characters of the I.U.D.
      device of FIG. 2 are similar to that described in connection with FIG. 1
      and it is illustrated in closer detail in cross-section in FIG. 3.
PAR  With reference to FIGS. 4 and 4a, illustrating an inserting device for the
      I.U.D. devices 10 illustrated in FIGS. 1-3, it is noted that it is in the
      form of a surgical scissor 15 made from a plastic material and readily
      disposable after the I.U.D. has been inserted therewith. The inserting
      device 15 has a pair of two-forked prongs 16 which when the I.U.D. device
      10 is placed inbetween and when the handle of the scissor is squeezed
      together, will squeeze down the I.U.D. device into an elongated oval shape
      as illustrated in FIGS. 4 and 4a, and which will not be wider than the
      normal size of the cervix 4. When the inserting device 15 is inserted
      together with the I.U.D. device 10 squeezed together in its prongs 16 up
      the neck portion 17 into the uterus 2, then it is opened up and the I.U.D.
      device 10 will pop open and leave the prongs 16 whereupon the inserting
      device is closed again and removed through the cervix 4 and disposed.
PAR  With reference to FIGS. 5-7 illustrating other embodiments of the I.U.D.
      device of the present invention including an associated different
      inserting device, it is seen that the I.U.D. device 20 of FIG. 5 when
      inserted into the uterus 2, and then becomes inflated as hereinafter
      described, expands into a generally V-shaped form with the tips and outer
      parts of the V-shape touching the internal walls of the uterus inner space
      2. The I.U.D. device 20 of FIG. 5 is provided also with bead-like
      corrugations for the same purpose as the I.U.D. device described in
      connection with FIGS. 1, 2 and 3. Before insertion into the uterus 2 in
      the packed form, the I.U.D. device 20 assumes the shape 20' within the
      inserting device 30 as hereinafter described in connection with FIG. 7.
      The I.U.D. device 20 has also a leg-like protrusion 23 connecting the
      V-shaped arms 21 through the neck portion 22 to which the removing string
      12' is attached. The bottom of the leg-like protrusion 23 contains a
      self-sealing valve mechanism which is well known in the art and which
      receives the needle of a syringe for inflation or filling purpose and when
      the needle is removed it will tightly reseal the I.U.D. device 20 so that
      it retains the inert gas or liquid inserted thereinto without loss.
PAR  With reference to FIG. 6, illustrating another embodiment of the I.U.D.
      device according to the present invention, it is seen that the I.U.D.
      device 20" illustrated therein has a generally christmas tree shape having
      a plurality of arm-like protrusions 24 and 25 which extend laterally when
      the I.U.D. device 20" becomes inflated or filled with a liquid as
      hereinafter described in connection with FIG. 7 and which come in contact
      with the walls of the uterus 2. The self-sealing valve means 23' is
      similar to the one described in connection with FIG. 5. Other similar
      parts are designated by the reference numerals 12' and 22'.
PAR  With reference to FIG. 7 it is seen that it illustrates a general inserting
      assembly 30 of an I.U.D. device 20 which can be either the one illustrated
      in FIG. 5 or in FIG. 6 and which in its deflated form is inserted into the
      pipe-like construction 31 which is plastic tubing. The plastic tubing or
      housing 31, preferably made from PVC, contains a piston or plunger 35
      guided slidably within the housing 31 and which is connected through an
      elongated cylindrical extension 34 thereof with the outside of the housing
      31 and terminates in an opening 38 which is flared to receive a syringe
      for the inflation or fluid filling of the I.U.D. device 20 as hereinafter
      described. The plunger 35 is provided with a needle 36 protruding
      therefrom to a close proximity with the I.U.D. device 20 and, more
      particularly, with the bottom portion thereof 23 containing the
      self-sealing valve means. The needle 36 communicates through the extended
      body portion 34 of the plunger 35 with the flared opening 38. The plunger
      35 together with its extended body portion 34 is adapted for sliding
      motion aided by the shoulder within the tube 31 and during the insertion
      of the I.U.D. device 20 the front portion 41 of the pipe 31 containing the
      I.U.D. 20 is inserted through the cervix 4 into the uterus 2 so that it
      abuts with the flange portion 32 against the outer walls of the uterus in
      the vicinity of the cervix 4. Then the plunger assembly 34, 35 is pushed
      forward to a small extent by means of the flange 39 whereupon the needle
      36 will pierce the self sealing valve in the bottom 23 of the I.U.D. 20.
      Thereafter the plunger 35 is pushed forward until the flange 39 will abut
      against the end flange 40 of the pipe 31 whereupon the plunger 35 forces
      out the I.U.D. 20 nearly entirely from the tube. However, the dimensions
      of the assembly 30 are such that the I.U.D. with its back leg portion 23
      is still within the front portion 41 of the pipe 31 with the needle
      inserted. At this instant the syringe containing the inert gas or the
      antiseptic dye stuff is applied through the opening 38 and the inert gas
      or the dye stuff is injected through the passage 36 a and the needle 36
      into the I.U.D. 20 and inflates it to assume the solid line illustration
      of FIG. 5 or the christmas tree-like illustration of FIG. 6 whereupon the
      I.U.D. during the inflating process will pop out and leave the front
      portion 41 of the pipe 31. The plunger 35 is returned into its state
      illustrated in FIG. 7, that is with the help of the flange 39, the plunger
      assembly 35 is pulled back so that the needle 36 will not exert a
      retention force on the I.U.D. 20. It is noted that the needle 36 during
      the entire insertion process is completely within the housing so that no
      damage can be done to any of the parts of the body. Then the front portion
      41 is removed from the cervix 4. It is noted that the slight retaining
      frictional force of the needle 36 exerted on the I.U.D. 20 during
      inflation will be overcome when the plunger 35 is returned and the fact
      that the I.U.D. 20 has not opened will not interfere with the removal of
      the assembly 30.
PAR  With further reference to FIG. 7, it is seen that the bottom portion of the
      piston or plunger 35 is provided with a groove 37 which serves for the
      guiding of the removing string 12. When the assembly 30 is removed from
      the vagina 5 the string 12 slides through groove 37 past the plunger 35
      and remains freely hanging through the cervix 4.
PAR  I wish it to be understood that I do not desire to be limited to the exact
      details of construction shown and described, for obvious modifications
      will occur to a person skilled in the art.
CLMS
STM  Having thus described the invention, what I claim as new and desire to be
      secured by Letters Patent, is as follows:
NUM  1.
PAR  1. An intra-uterine contraceptive device comprising a hollow body made from
      a biologically inert resilient material, said body including a plurality
      of adjacent free and hollow arm means adapted to expand when said
      contraceptive device is inflated by means of a fluid within the uterus,
      said arm means having free end portions rounded-off for coming into direct
      contact with the inner walls of the uterus when in the extended position
      preventing the expelling of the contraceptive device through the cervix
      due to expelling forces exerted thereon by the uterus, wherein said
      plurality of arm means extend from said body in a christmas-tree-like
      fashion laterally and retrogressively when said contraceptive device is
      inflated, said adjacent arm means leaving sufficient space when extended
      with the adjacent arm means for allowing the unimpeded passage of the
      menstrual flow therebetween, said body including a portion containing
      self-sealing valve means for the injection of said fluid into said
      contraceptive body and said valve means being adapted to tightly reseal
      itself after the injection.
NUM  2.
PAR  2. The contraceptive device as claimed in claim 1, wherein said fluid is
      air.
NUM  3.
PAR  3. The contraceptive device as claimed in claim 1, wherein said fluid is an
      inert gas.
NUM  4.
PAR  4. The contraceptive device as claimed in claim 1, wherein said fluid is an
      antiseptic dye stuff having a color other than the color of the menstrual
      flow.
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PAL  The invention provides an immobilizer for use in X-ray, and surgical
      procedures. The immobilizer has a back which is adapted to be rigid or
      bent at various positions. It also has flexible straps for securing
      different sections of a patient's body against movement in the
      immobilizer. The immobilizer comprises two parts, a radiotransparent
      backing member and a radiotransparent flexible part. The backing member is
      removably inserted under the flexible member with the backing member held
      firmly by loops and slots on the back of the flexible member. The knee and
      elbow sections can be produced so as to be used individually and have a
      unique method of restraining these appendages. The elbow and head
      restraints are adjustable for patients of different heights.
BSUM
PAR  This invention relates to immobilizers, and in particular to immobilizers
      for use in X-ray and surgical procedures.
PAR  The uncooperative patient is a problem in many hospitals today. This is
      especially so when attempting to obtain an X-ray of an infant or small
      child. If the infant or child is not maintained in an immobile posture
      during exposure, the X-ray must be re-taken, thus exposing the patient to
      additional harmful radiation, besides wasting the cost of film and the
      time of the X-ray technician. It is also difficult to restrain a subject
      during surgical procedure.
PAR  To alleviate this problem, various methods and apparatus have been devised
      to restrain the patient. Once restrained, movement of a portion or all of
      the patient's body is prevented and the necessary procedure can be
      undertaken. Present restraints used by hospitals have several
      disadvantages. An important disadvantage is that the restraining device
      could interfere with the necessary procedure. A further disadvantage is
      that once restrained, it is generally extremely difficult to change the
      position of the patient as may be required during the procedure. A further
      disadvantage is that most restraining means only restrain a portion of the
      body. To restrain additional parts of the body, a second or even a third
      method must be employed. Another disadvantage is that the restraining
      methods presently used are generally quite clumsy and may require several
      people to apply the restrainer to the patient. Yet another disadvantage is
      that most immobilizers require a considerable amount of storage space,
      which hospitals can ill afford. A further disadvantage is the high cost of
      maintaining a stock of different length restrainers, for subjects of
      different lengths.
PAR  Beyond these disadvantages, important problems are posed by the unique
      requirements of special situations. For example, during special X-ray or
      surgical procedures, it is often necessary to insert fluids and tubes into
      various parts of the body. As another example it is often necessary to
      bend the patient to different angles and degrees at different parts of the
      body. Either way, there is a problem because most restrainers cannot
      restrain the whole body and yet be contoured for various functions. It is
      not practical to use several restraining methods and devices to attain
      this end.
PAR  Hence, there is a need for an improved restrainer-immobilizer, most
      particularly one which can be contoured and used for most X-ray and
      surgical procedures.
PAR  Accordingly an object of this invention is to provide a new and improved
      restrainer for immobilizing patients during various procedures. A more
      particular object is to provide an immobilizer which can be used during
      X-ray and surgery and will not interfere with the procedure.
PAR  Still another object is to provide a restrainer which can immobilize the
      whole body of a patient or any part thereof.
PAR  Yet another object is to provide an immobilizer which is flexible enough to
      be used in almost all procedures.
PAR  A further object is to provide a restrainer which is inexpensive and can be
      used for all patients in almost any position.
PAR  Still another object is to provide an economical and efficient means of
      restraining a patient during medical procedures.
PAR  In keeping with an aspect of this invention, these and other objects are
      accomplished by providing a flexible restrainer having a removable
      radiotransparent backing member. The backing member is adjustable to be
      either rigid or partially flexible. For rigidity, radiotransparent
      connecting means are held within channel means on the back portion of the
      restrainer backing member and for flexibility all or anyone of the
      connecting means may be removed. Covering the radiotransparent backing and
      connecting means when they are in place is a one piece radiotransparent
      member having a plurality of flexible straps attached. The one piece
      flexible member has an aperture disposed in the anal region for insertion
      of tubes for various procedures. The flexible straps are adapted to be
      attached over different parts of the patient's body to assure complete
      restraint of the bodily parts. The elbow and knee restraints are provided
      with means for drawing the straps tight around each limb to secure such
      limb against movement. The elbow restraint position can be changed to
      accomodate different procedure. People of different heights are
      accomodated by a head restraint and an arm restraint which can be adjusted
      to different positions.
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PAR  The nature of the preferred embodiment will be understood best from a study
      of the attached drawings, in which:
PAR  FIG. 1 is an overview of a child in the inventive immobilizer device with
      the straps closed and the child's arms at its side;
PAR  FIG. 2 is an overview of the complete immobilizer device, having the
      restraining straps open without a child, and the elbow restraints being
      pivoted in the head position;
PAR  FIG. 3 is an overview of a child in the inventive immobilizer device with
      the straps closed and the child's arms held above its head;
PAR  FIG. 4 is a side view of a child in the inventive immobilizer in a
      horizontal position with the straps closed and the child's arms at its
      side;
PAR  FIG. 5 is a rear view of the inventive immobilizer device showing the
      radiotransparent backing member and the connecting means within the
      channels;
PAR  FIG. 6 is a general view of the elbow restraining device forming part of
      the present inventive concept;
PAR  FIG. 7 is a general view of the knee-ankle restraining device forming part
      of the present inventive concept;
PAR  FIG. 8 is a detail of the elbow restraint pivoted to a position whereby the
      child's arms are held above its head;
PAR  FIG. 8A is a detail of the elbow restraint of FIG. 8 pivoted to hold the
      child's arms at the side of its body;
PAR  FIG. 9 is a detail view of the inventive knee restraint forming part of the
      present invention;
PAR  FIG. 10 is a perspective view of the inventive immobilizer device of FIG. 2
      with all straps closed;
PAR  FIG. 11 is a side view of the inventive immobilizer device with a child
      restrained therein and bent at the knees and pelvic region;
PAR  FIG. 12 is a side view of the immobilizer device showing a child seated and
      secured against movement in the device;
PAR  FIG. 13 is a perspective view of an alternative embodiment of my invention
      including an adjustable head restrainer;
PAR  FIG. 14 is a perspective view of still another alternate embodiment of my
      invention including a sliding elbow restraint; and
PAR  FIG. 15 is a top view of a horizontally disposed child using the adjustable
      head restraint and the sliding elbow restraint of FIGS. 13 and 14, with
      the rigid backing member removed from the flexible restraining means.
DETD
PAR  Referring to the drawings, and particularly to FIG. 2, the immobilizer of
      an embodiment of my present invention is designated by the numeral 10, and
      comprises a generally longitudinal flexible radiotransparent member 12
      which is of a size to generally extend along the length of a youthful
      patient to be X-rayed or subjected to surgical procedures. Flexible member
      12 may be made of any pliable material such as canvas, cloth or the like,
      or any disposable material which provides the necessary strength to
      restrain a subject placed therein.
PAR  Extending at approximately right angles from the axial length of flexible
      member 12 are a plurality of restraining means comprising, in the
      preferred embodiment, a plurality of straps. These straps may form part of
      flexible member 12, or may be sewn or otherwise attached to the flexible
      member 12 at their midsection. The latter construction is illustrated in
      FIG. 2, whereby the straps are shown as being sewn to flexible member 12
      at their approximate midpoint.
PAR  Strap 14 is attached to the approximate upper end of flexible member 12 and
      has a pair of ends 16, 18 extending laterally outwardly. Each end 16, 18
      has self attachment means 20 on correspondingly mating sides thereof, such
      that when the ends 16, 18 are brought into overlapping contact with one
      another, they will adhere one to the other. For example, self attachment
      means can comprise Velcro fasteners. Extending vertically from the point
      of attachment of strap 14 to flexible member 12 is a head restraining
      strap 19 having self-attachment means 21 attached thereto. Self attachment
      means 21 is adapted to mate with and adhere to a self-attachment means 23
      applied to the underside of end 16 of strap 14, as seen in FIG. 2, when
      strap 14 is extended over the forehead of a patient, as will be explained.
PAR  Located at a distance below strap 14 is a similarly constructed strap 22
      having a pair of ends 24, 26 and self attachment means 28 affixed thereto
      on correspondingly mating surfaces. Strap 30, similarly constructed with a
      pair of ends 34, 34 and self attachment means 36, is affixed to flexible
      member 12 at a distance below strap 22. Similarly, strap 38, having ends
      40, 42, and self attachment means 44, and strap 46 having ends 48, 50 and
      self attachment means 52 are attached to flexible member 12 adjacent, and
      at, the lower end of the flexible member, respectively.
PAR  Located between straps 30 and 38 is strap 54 which is somewhat wider than
      the previously described straps at its points of attachment at bases 56,
      58 to flexible member 12. As seen in FIGS. 2 and 9, strap 54 has two
      tapered ends 60, 62, and self attachment means 64 affixed thereto as
      described in conjunction with the other straps of my invention. Slots 66
      are disposed adjacent bases 56 and 58 of strap 54, and are adapted to
      receive the ends 60, 62 respectively, which ends may be pulled through the
      slots to form loops through which a child's knees may pass. By pulling the
      ends 60, 62 through the slots 66, the loops may be adjusted to secure the
      knees of any size child, as will be explained.
PAR  Referring to FIGS. 2, 5, 8, and 8A, there is shown an elbow restraining
      strap 68 adapted to be disposed in two alternate positions. The strap 68
      is attached along its edge 70 (FIG. 5) to the back of flexible member 12.
      Since the straps and body of my immobilizer are made of a flexible
      material, strap 68 is adapted to pivot about edge 70, as will be further
      explained.
PAR  Referring to FIG. 2, strap 68 comprises two tapered ends 72, 74 having self
      attachment means 76 affixed to correspondingly mating surfaces thereof. At
      the bases of ends 72, 74 are a pair of slots 78 adapted to receive the
      ends 72, 74 when passed therethrough (FIG. 5). Ends 72, 74 may pass
      through slots 78 in either direction, depending upon whether the child's
      arms are to be restrained at its side, or over its head, as will be
      explained.
PAR  Referring to FIG. 5, the adjustable rigid backing member 80 of my
      immobilizer and its relation to flexible member 12 will be described. The
      rear of flexible member 12 includes a plurality of loop members 82 forming
      a passage thereunder. Toward either end of the rear of flexible member 12
      are a pair of pockets 84. A rigid backing member 80 is held in place
      adjacent flexible member 12 by being inserted beneath loops 82. The ends
      of backing member 8 are inserted in pockets 84 to restrain the backing
      member against longitudinal movement.
PAR  Backing member 80 may be a single rigid radiotransparent element, such as a
      single piece of wood, plastic, or the like. However, in the preferred
      embodiment, rigid backing member 80 is formed in three sections to permit
      the patient to bend at the pelvic region and/or knees if desired. To this
      end, referring to FIG. 5, the backing member 80 includes channel means 86
      extending along the length thereof. Connecting means 88 are adapted to fit
      into the channel means of two adjacent sections of rigid backing member
      80, and function to hold the sections together. Holes 90 are disposed in
      each of connecting means 88 to permit the connecting means to be slidably
      removed by hand by sliding same in channels 86, whereby one section of the
      rigid backing member is free to move relative to its adjacent section.
PAR  As seen in FIGS. 2 and 5, an aperture 92 is centrally located at the
      approximate longitudinal midpoint of immobilizer 10. Aperture 92 extends
      through rigid backing member 80 and flexible member 12 to permit medicinal
      materials to be inserted in the anal area of the patient while the patient
      remains restrained. In addition, tubes or other apparatus could be
      inserted in the patient through aperture 92 as required in special X-ray
      or surgical procedures.
PAR  The operation of the embodiment of my invention disclosed in FIGS. 1-5, 8,
      8A, and 9-12 is as follows: The immobilizer 10 is prepared for use in
      securing a child against movement for an X-ray or surgical procedure by
      first opening or disengaging all of the straps and laying the immobilizer
      flat on a horizontal surface, similar to the position shown in FIG. 2. If
      the child is to be restrained with its arms at its side, as illustrated in
      FIG. 1, elbow restraining strap 68 is pivoted about edge 70 (FIG. 5) such
      that it is in the position shown in FIG. 8A. The subject to be restrained
      is positioned atop the immobilizer such that the axis of flexible member
      12 extends along the length of the subject.
PAR  With the child in position on immobilizer 10, ends 16, 18 of strap 14 are
      extended forward across the subject's forehead and are held together by
      self attachment means 20. End 16 is placed atop end 18 so that self
      attachment means 23 faces upward. It is apparent that self attachment
      means 20 can secure ends 16, 18 together at any longitudinal position of
      the strap ends, thereby allowing strap 14 to accomodate children of any
      size. The same is true for the other restraining straps forming part of my
      invention.
PAR  With the forehead of the subject so restrained, strap 19 is extended
      forward across the head from the back and self attachment means 21 is
      fastened to self attachment means 23. In this manner, the subject is
      restrained from axial movement relative to immobilizer 10, and the head is
      restrained against movement.
PAR  Next, strap 22 is extended across the chest of the subject, and the ends
      thereof are held together by self attachment means 28. In similar fashion,
      strap 30 is extended forward and fastened across the subject's torso, and
      strap 38 is extended forward and fastened across both ankles of the infant
      or child. Strap 46 passes under the bottoms of the feet of the child and
      is extended forward and fastened across the feet (FIGS. 1, 4).
PAR  My invention also provides a unique and efficient means for restraining the
      elbows and knees of the subject such that each limb is individually
      restrained, and simultaneously both limbs, either elbows or knees, are
      held jointly against movement. To restrain the subject's elbows in the
      position shown in FIG. 1, ends 72 and 74 of strap 68 are extended over
      each elbow of the subject, and the ends are then passed through each
      respective slot 78. The ends 72, 74 are then drawn through slot 78 so as
      to tightly engage the elbow in the loop thus formed. It is apparent that
      in this manner, the loops formed by strap 68 can be adjusted to accomodate
      subjects of varying sizes.
PAR  Next, the ends 72, 74 of strap 68 are passed outward relative to flexible
      member 12, and extended over and around the elbows until the self
      attachment means 76 on each of the ends adhere to each other across the
      chest of the subject. FIG. 1 illustrates how the elbow restraint means
      looks with the subject in the immobilizer, while FIG. 10 illustrates how
      the straps of the immobilizer look when engaged, but with the subject
      removed for descriptive purposes. In this manner, each individual elbow is
      restrained against movement, and both elbows are secured against the side
      of the subject. With the elbow held against movement, the entire arm is
      restrained, since it is extremely difficult, if not impossible for a child
      to move any part of its arms while the elbows are so restrained.
PAR  For purposes of certain X-ray or surgical procedures, it may be desirable
      to restrain the subject's arms in position over its head. For example, in
      taking a lateral X-ray exposure of the chest or abdominal region, it is
      necessary that the bones of the arms do not appear in the negative. As
      illustrated in FIG. 3, my invention is readily adaptable to hold the
      subject's arms above its head and against movement. Prior to laying the
      subject on immobilizer 10 as previously described, strap 68 is pivoted
      upward about edge 70 such that it is in the positon shown in FIG. 8. The
      subject's arms are located over its head, and the ends 72, 74 of strap 68
      are extended over and around the elbows and passed through slots 78 as
      previously described. Ends 72, 74 are next extended outward, over the
      elbows, across the forehead of the subject, and brought into contact such
      that self attachment means 76 cause the ends to be fastened together. In
      this manner, both elbows are individually restrained against movement, and
      at the same time, are held together against the child's head.
PAR  Knee restrainer strap 54 is similar to elbow strap 68 in configuration and
      operation. Referring to FIGS. 1, 9, and 10, with the subject laying in
      immobilizer 10, ends 60 and 62 of strap 54 are extended over and around
      the subject's knees, and passed through the respective slots 66. Next, the
      ends are extended outward, over, and around each knee and joined together
      by means of self attaching means 64. In this manner, each knee is held
      against movement and both knees are restrained relative to flexible member
      12 and rigid backing member 80.
PAR  It is to be understood that immobilizer 10 is designed such that aperture
      92 is located adjacent the anal opening of the subject, such that medicine
      or surgical instruments may be applied to the subject while restrained.
PAR  Various additional embodiments of my inventive concept are disclosed in
      FIGS. 6, 7, 13, and 14. FIG. 6 discloses an individual immobilizer
      apparatus 94 for restraining the elbows and chest of a patient to be
      X-rayed comprising a strap member 96 attached to a relatively short rigid
      backing member 98. Strap 96 includes two tapered ends 100, 102, and slots
      104 adjacent the base of tapered ends 100, 102. The ends of strap 96 are
      adapted to extend through their respective slots 104 to form loops 106
      through which the elbows of the patient extend. The ends 100, 102 are
      drawn tightly through the slots 104 until the loops 106 are drawn small
      enough to tightly engage the patient's elbows. Ends 100, 102 after passing
      through slots 104 are then extended forward across the chest of the
      patient and joined together by self attaching means 108 applied to
      corresponding mating surfaces of the strap ends. In this manner,
      immobilizer apparatus 94 tightly secures the patient's elbows against its
      sides, preventing movement of the elbows and arms.
PAR  The immobilizer apparatus 110 of FIG. 7 is similarly constructed, and is
      modified to restrain the knees and ankles of the patient against movement.
      Immobilizer 110 comprises a strap element 112 fixed to a rigid backing
      member 114. Tapered ends 116, 118 pass through slots 120 and extend
      forward across the knees of the patient after being drawn tightly around
      the knees of the patient. Self attachment means 122 on correspondingly
      mating surfaces of ends 116, 118 hold the strap ends firmly together. At
      one end of backing member 114 is an additional strap member 124 with self
      attaching ends adapted to extend around and secure the patient's ankles
      against movement. By means of immobilizer apparatus 110, the knees and
      ankles, and therefore the legs and hips of the patient are held rigid for
      X-ray or surgical procedures.
PAR  In the present invention, means are provided to position the subject in
      various positions other than rigidly straight. By removing one of the
      connecting means 88 of backing member 80, the subject is allowed to bend
      backward at the knees (FIG. 11). Likewise, by removing the other
      connecting means 88, the subject is permitted to bend forward at the hips.
      In this manner, the subject may be restrained while in a seated position
      (FIG. 12), or may be placed on its side with the bent portions of the body
      providing support for retaining the subject in the lateral position.
PAR  In addition, it has been discovered that my immobilizer will restrain a
      subject against movement in some positions with backing member 80 removed
      from flexible member 12. In FIG. 15, the subject is illustrated lying on
      its side, completely strapped in immobilizer 10, with rigid backing member
      80 removed. The subject is bent at the hips and knees to form a position
      which supports the subject in the lateral position. Because the elbows and
      knees of the subject are held against individual and joint movement, it is
      very difficult for the subject to move, even through the rigid backing
      member is not used.
PAR  An alternative embodiment of the immobilizer of FIG. 2 is illustrated in
      FIGS. 13 and 14 wherein the head restraining strap is adapted for
      longitudinal displacement to accomodate subjects of varying heights.
      Referring to FIG. 13, there is shown a strap 126 looped through a pair of
      slots 128 disposed towards the head end of flexible member 12. The end of
      strap 126, designated by the numeral 130, doubles back adjacent strap 126
      and is removably adhered thereto by self attaching means 132 (FIG. 14).
      The upper portion of strap 126 includes lateral strap means 134, 136 which
      are adapted to extend around and fasten across (by self attaching means,
      not shown) the subject's forehead similar to ends 16, 18 of strap 14 of
      FIG. 2. Also, head strap 138 extends from the top of strap 126 and is
      adapted to extend over the head of the subject and be fastened to strap
      136 in the same manner that strap 19 of FIG. 2 adheres to end 16 of strap
      14.
PAR  Referring to FIG. 13, the longitudinal position of strap 126 is adjusted by
      disengaging end 130 from its mating surface of strap 126, and positioning
      strap 126 in slots 128 such that straps 134, 136 and head strap 138 firmly
      engage the subject's head and forehead. When the proper position has been
      attached, end 130 is again pressed against strap 126 and self attaching
      means 132 causes strap 126 to be maintained in place.
PAR  An additional embodiment of my invention is disclosed in FIG. 14 wherein
      the elbow restraining means of immobilizer 10 are adapted for longitudinal
      movement to accomodate subjects of varying sizes. To this end, strap 68 of
      FIG. 2 is replaced with strap 140, except that strap 140 is not directly
      affixed to flexible member 12 as is strap 68. A lengthwise strap element
      142 is attached at either end to the side of flexible member 12 adjacent
      rigid backing member 80. An additional lateral strap element 144 extends
      across strap 140 and extends over both strap element 142 and rigid backing
      member 80. It is apparent from viewing FIG. 14 that strap 140 is free to
      move along strap element 142 and backing member 80 to adjust to various
      longitudinal positions. Since strap 14 is made of a flexible material such
      as canvas or the like, it is able to pivot just above strap 144 into the
      positions shown in FIGS. 8 and 8A. Strap 140 also includes ends 146, 148
      which extend through slots 150 in the same manner, and for the same
      purpose as described previously in conjunction with the elbow restraining
      means 68 of FIG. 2.
PAR  While it is not illustrated, it is understood that knee restrainer 54 of
      FIG. 2 can be adapted for variable longitudinal movement by using the same
      construction as described in conjunction with the embodiment of FIG. 14.
      In this manner, the knee restraining means of my invention may be
      positioned to fit subjects of varying sizes.
PAR  When all straps of the restraints have been mated, the patient is totally
      immobilized. Movement by the patient of his body is substantially
      completely restricted, thereby allowing the X-ray technician or physician
      to turn the patient in any direction; to bend the patient as is necessary,
      or manipulate the patient in the necessary manner.
PAR  From the foregoing detailed description, it will be evident that there are
      a number of changes, adaptations and modifications of the present
      invention which come within the province of those skilled in the art.
      However, it is intended that all such variations not departing from the
      spirit of the invention, be considered as within the scope thereof as
      limited solely by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An immobilizer for use in X-ray or surgical procedures on a patient
      comprising:
PA1  a completely flexible radiotransparent member including flexible
      restraining means,
PA1  said flexible member having a front surface adapted to extend
      longitudinally adjacent the posterior of said patient and a posterior
      surface;
PA1  said restraining means adapted to extend around portions of said patient
      and secure said patient to said flexible member and against mvoement; and
PA1  a rigid radiotransparent backing member removably attached to one of said
      surfaces of said flexible radiotransparent member to alternatively provide
      a rigid support for said member when desired.
NUM  2.
PAR  2. The immobilizer of claim 1 wherein said rigid radio-transparent backing
      member comprises a plurality of inflexible support elements removably
      joined by radiotransparent connecting means to form, alternately, a rigid
      unitary support element for said flexible member when connected, and
      individual support elements for predetermined sections of said flexible
      member when disconnected, whereby said immobilizer is capable of flexibly
      bending between said sections when said backing member is in said latter
      configuration.
NUM  3.
PAR  3. The immobilizer of claim 2 wherein said inflexible support elements each
      include channel means,
PA1  said radiotransparent connecting means being slidably disposed in said
      channels for movement therein, whereby said connecting means are inserted
      in said channels to form said rigid unitary support element, or removed to
      permit said flexible radiotransparent member to bend.
NUM  4.
PAR  4. The immobilizer of claim 2 wherein said restraining means is adapted to
      restrain a patient by engaging and securing various portions of said
      patient's body against movement;
PA1  said connecting means including at least one slidable member which when
      removed permits said patient to bend at the pelvic region.
NUM  5.
PAR  5. The immobilizer of claim 4 wherein said connecting means includes an
      additional slidable member which, when removed, permits said patient to
      bend at the knees.
NUM  6.
PAR  6. The immobilizer of claim 1 wherein said restraining means includes:
PA1  a plurality of pairs of straps;
PA1  each strap of each said pair adapted to overlap the other strap of said
      pair in a mating relationship when said straps are extended over said
      patient; and
PA1  fastening means provided along the surfaces of said straps to secure said
      straps in said mating relationship for securing said patient in said
      immobilizer.
NUM  7.
PAR  7. The immobilizer of claim 1 wherein said flexible radiotransparent member
      includes:
PA1  loop means extending posterior of said flexible radiotransparent member and
      extending around and attaching said rigid backing member to said flexible
      member; and
PA1  pocket means fixed adjacent either end of the posterior of said flexible
      member, said pocket means receiving the uppermost and lowermost ends of
      said rigid backing member to prevent lengthwise movement of said rigid
      backing member.
NUM  8.
PAR  8. The immobilizer of claim 1 wherein said flexible member and said backing
      member comprise mating apertures located adjacent one another to provide
      access for injecting medicinal or other materials into the anal portion of
      said patient.
NUM  9.
PAR  9. The immobilizer of claim 1 wherein said flexible restraining means
      includes a plurality of flexible strap means disposed lengthwise of said
      flexible member in spaced relation adjacent portions of said flexible
      member disposed to correspond to the head region, chest region, abdomen
      region, knees, ankles, and elbows of said patient;
PA1  said chest, abdomen, knee, elbow and ankle corresponding portions of said
      restraining means each comprising a pair of strap members with mating
      means on at least one surface of said strap members to secure the ends of
      said strap members together when disposed around a portion of said
      patient;
PA1  said head region restraining means comprising an additional pair of strap
      members with mating means on at least one surface of one strap member
      adapted to extend over the forehead of said patient and fasten to the
      other head strap member.
NUM  10.
PAR  10. The immobilizer of claim 1 wherein said restraining means comprises
      pairs of straps attached to said flexible member with mating means on at
      least one surface of each strap to secure the ends of said straps together
      when disposed around a portion of said patient;
PA1  said straps disposed to correspond to the knee and elbow locations of said
      patient, said straps having slots spaced from the point of attachment to
      said flexible member;
PA1  said ends of said straps adapted to be looped through said slots to provide
      adjustable restraining means for the limbs of said patient;
PA1  said ends of each said strap extending around the region of a portion of
      the limb to be immobilized, passing through its respective slot, drawn
      tightly around said region of said limb portion, and passing again around
      and over said limb region to attach to said other of said pair of straps;
PA1  said elbow restraining means including a loop on the posterior surface of
      said flexible member and extending across said flexible member;
PA1  said loop providing slidable movement of said elbow restraining means
      relative to said flexible member.
NUM  11.
PAR  11. The immobilizer of claim 1 wherein said restraining means includes
      elbow restraining means pivotally attached to said flexible member whereby
      said elbow restraining means is alternatively disposed in a first position
      whereby the elbows of the patient are secured against movement adjacent
      and alongside the torso of said patient, and pivotally movable to a second
      position whereby the elbows of the patient are secured against movement
      alongside the head of said patient.
NUM  12.
PAR  12. The immobilizer of claim 11 wherein said elbow restraining means is
      pivotally attached along a transverse axis to the posterior of said
      flexible member and is adapted to pivot about said axis to move between
      said first position and said second position, said elbow restraining means
      including:
PA1  pairs of straps attached to said flexible member with mating means on at
      least one surface of each strap to secure the ends of said straps together
      when disposed around the elbow of said patient;
PA1  said straps having slots spaced from the point of attachment to said
      flexible member;
PA1  said ends of said straps adapted to be looped through said slots to provide
      an adjustable restraining means for the elbows of said patient.
NUM  13.
PAR  13. The immobilizer of claim 12 wherein said straps extend across a region
      of said flexible member corresponding to the chest of said patient and
      attach to each other when said elbow restraining means is in said first
      position, whereby said elbow restraining means simultaneously secures the
      elbows and the chest of said patient against movement when applied.
NUM  14.
PAR  14. The immobilizer of claim 11 including:
PA1  first strap means extending laterally across a portion of said restraining
      means;
PA1  second strap means axially fixed to said flexible member and extending
      beneath said first strap means, whereby the longitudinal position of said
      restraining means is adjusted by sliding said restraining means along said
      second strap means.
NUM  15.
PAR  15. The immobilizer of claim 1 wherein:
PA1  said restraining means extends from said flexible member and includes a
      first flexible strap positioned to secure the arms and chest of the
      patient against relative movement, and a second flexible strap positioned
      to secure the legs of the patient against relative movement, whereby the
      patient may bend at the thighs and/or knees while restrained in said
      immobilizer and said rigid radiotransparent backing member is removed from
      said flexible member.
NUM  16.
PAR  16. The immobilizer of claim 15 including:
PA1  third restraining means for securing the head of said patient against
      movement relative to said flexible member.
NUM  17.
PAR  17. The immobilizer of claim 15 including:
PA1  third restraining means adapted to secure the thighs of said patient
      against movement relative to said flexible member.
NUM  18.
PAR  18. The immobilizer of claim 15 including third restraining means adapted
      to secure the torso of said patient against movement relative to said
      flexible member.
NUM  19.
PAR  19. The immobilizer of claim 1 wherein said flexible radiotransparent
      member including said restraining means is composed of a disposable
      material.
NUM  20.
PAR  20. The immobilizer of claim 1 wherein:
PA1  said flexible member includes a pair of slots adjacent the upper portion
      thereof;
PA1  head restraining means mounted upon a longitudinal strap;
PA1  said longitudinal strap extending through said slots whereby one end of
      said strap loops back into contact with a central portion of said
      longitudinal strap;
PA1  self attachment means on said one end of said longitudinal strap to
      removably adhere said end of said strap to said central portion of said
      strap;
PA1  said head restraining means including laterally extending strap means for
      engaging the forehead of said patient; and
PA1  longitudinally extending strap means extending around the head of said
      patient.
NUM  21.
PAR  21. An immobilizer for use in X-ray or surgical procedures on a patient
      comprising:
PA1  a flexible radiotransparent member having front and posterior surfaces;
PA1  a rigid radiotransparent backing member removably attached to one of said
      surfaces of said flexible member to provide a rigid support therefore;
PA1  said flexible member including at least one pair of strap means extending
      therefrom, said strap means having self attachment means at the ends
      thereof;
PA1  said strap means also including slots which receive an end of one of said
      straps after said strap has passed around a limb of said patient, whereby
      said strap is capable of being positioned in said slot to secure any size
      limb against movement relative to said backing member.
NUM  22.
PAR  22. The immobilizer of claim 21 including an additional pair of strap means
      extending from said flexible member and adapted to extend around and be
      secured adjacent an additional portion of said patient, whereby said limb
      and said additional portion of said patient are secured against relative
      movement.
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ABST
PAL  The present invention relates to a pressure injection mechanism of the type
      which, when triggered, expresses predetermined dosages of liquid under
      high pressure from a dosage orifice at speeds enabling the same to
      penetrate an injection site which may be the skin of a human or an animal,
      the stalk or other surface of a plant and so forth. The apparatus is
      characterized by a novel triggering mechanism which assures that the
      apparatus may be triggered to effect a dosage administering cycle only
      when the dosage orifice is positioned against the injection site with a
      predetermined orientation. Furthermore, the triggering device, by
      preventing triggering unless proper orientation is achieved, enables the
      provision of a multiple dosage uniit wherein two or more dosages may be
      simultaneously administered into the same or different injection sites,
      administration of the dosages by triggering of the mechanism being
      possible only if both of the injection sites are in proper dosage
      receiving relationship to the apparatus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is in the field of pressure injectors, relating
      particularly to a mechanism for introducing effective dosages of liquid
      medicament into the skin of a human or an animal or the stalk or other
      surface of a plant and so forth without the use of hypodermic needles.
PAR  2. The Prior Art
PAR  It is known, in lieu of hypodermic needles, to administer dosages by
      directing a stream of medicament, for example, under high pressure against
      the skin of the subject.
PAR  As pointed out in co-pending application Ser. No. 380,357, now U.S. Pat.
      No. 3,859,996, the total amount of fluid expelled from the dosage orifice
      may not be effectively introduced into the body of the subject.
      Additionally, the depth of penetration and the direction of penetration of
      a dosage into a subject varies the physiological effect of the medication
      on the subject. As further noted in the above mentioned application, the
      effective dose administered may depend on the angle of the orifice with
      respect to the subject at the instant of transfer, as well as the pressure
      with which the orifice contacts the subject.
PAR  In the aforementioned application there is disclosed a novel triggering
      mechanism for a pressure inoculator which prevents discharge of the
      apparatus unless portions of the apparatus are positioned against the skin
      surface of the subject. The device, to a degree, tends to aid in the
      orientation of the orifice relative to the surface of the subject.
PAC  SUMMARY
PAR  The present invention is directed to an improved injector of the pressure
      jet type, characterized by a novel triggering mechanism which permits
      discharge of the apparatus only when the apparatus is held against the
      subject with a predetermined orientation and more particularly is
      substantially perpendicular to the skin surface of the subject. As a
      result of the improved triggering apparatus, it is possible simultaneously
      to dose two or more uncooperative subjects, triggering being automatically
      effected responsisve to the proper positioning of the subjects relative to
      the nozzle assembly.
PAR  The nozzle assembly and the triggering components thereof are so connected
      and arranged that the injecting cycle cannot be initiated unless all
      recipients are properly positioned.
PAR  The invention further relates to an improved triggering nozzle assembly for
      a device of the type described which may be manually adjusted to vary the
      pressure with which the apparatus must be forced against the subject
      before a discharge cycle is initiated.
PAR  In accordance with the invention, the dosage nozzle or orifice projects
      forwardly through the open mouth portion of an otherwise sealed chamber,
      there being defined between the orifice and the mouth portion an annular
      or parti-annular space.
PAR  A source of trigger air under predetermined pressure is introduced into the
      chamber, from which it leaks or escapes to the atmosphere through the
      space in the mouth surrounding the discharge orifice.
PAR  When the nozzle assembly is positioned against the skin of the subject, the
      discharge orifice first engages the subject since it is the forwardmost
      portion of the nozzle. As the nozzle is pressed against the subject with
      progressively increasing force, which may be extremely slight, the skin of
      the subject is deformed and flows or molds around the nozzle so as to seal
      or partially seal the mouth portion of the chamber surrounding the nozzle.
PAR  Means are provided to sense pressure build-ups in the trigger air supply
      and to trigger the injector through an operative cycle only where pressure
      build-up of a predetermined magnitude is sensed. Such build-up is, in
      turn, possible only when the nozzle has been pressed against the skin to a
      sufficient depth to permit the surrounding skin surface to seal the
      chamber.
PAR  The apparatus is suitable for use in an injector for simultaneously dosing
      two or more subjects by providing multiple nozzles with a common trigger
      air supply so connected that leakage to the atmosphere may be effected
      between alternate paths defined between the subjects and the nozzle
      assemblies, whereby triggering will be possible only after all nozzle
      assemblies have been appropriately sealed.
PAR  By varying the amount by which the orifice extends forwardly of the mouth
      portion, there is automatically varied the pressure necessary to seal the
      mouth portion surrounding the orifice.
PAR  By providing a continuous trigger air bleed area or areas surrounding the
      nozzle, or by providing leakage paths ringing the nozzle each of which
      must be sealed to achieve the requisite pressure increase, there is
      assured a precise perpendicularity between the orifice and the subject, it
      being appreciated that any tilting will permit a leakage between the noted
      parts.
PAR  Accordingly, it is an object of the invention to provide a pressure
      injector mechanism having an improved triggering device.
PAR  It is a further object of the invention to provide an improved triggering
      device for a pressure injector mechanism wherein administration of a dose
      can be effected only after the apparatus is positioned against the
      recipient so that there exists a substantial perpendicularity between the
      recipient's skin portion and the injector.
PAR  Still a further object of the invention is the provision of an injector of
      the type described having multiple nozzles fed with dosages from a common
      dosage supply chamber, the nozzles each including mutually interconnected
      triggering circuits whereby a dosage can be administered only when each of
      the nozzles is properly positioned against a subject.
DRWD
PAR  To attain these objects and such further objects as may appear herein or be
      hereinafter pointed out, reference is made to the accompanying drawings in
      which:
PAR  FIG. 1 is a perspective view of an injection apparatus in accordance with
      the invention;
PAR  FIG. 2 is a magnified front elevational view of an injector nozzle
      assembly;
PAR  FIG. 3 is a section taken on the line 3--3 of FIG. 1;
PAR  FIG. 4 is a vertical section taken on the line 4--4 of FIG. 1;
PAR  FIG. 5 is a schematic view of the injector mechanism and its connections
      with the various supply and control mechanisms;
PAR  FIGS. 6 and 7 are enlarged diagrammatic views of the positions of the
      nozzle relative to the epidermis of the subject respectively in the space
      and contacting or operative positions of the injector mechanism.
DETD
PAR  Referring now to the drawings, there is shown in FIG. 1 an injector
      mehcanism 10 comprising generally a body portion 11 having a pair of
      injector nozzle assemblies 12, 12' at one end thereof. While the
      illustrated embodiment discloses a dual system wherein there are provided
      separator injector nozzel assemblies 12, 12' for the simultaneous
      inoculation of two subjects, such as fowl, livestock, etc., it will be
      readily recognized that certain of the benefits of the instant invention
      will be realized in connection with a single nozzle device.
PAR  The high pressure injector of the instant invention, as is the case with
      the aforementioned copending application, includes a discharge nozzle 13
      having an external face 14. A discharge orifice 15 is through the nozzle
      13, said orifice opening at the face 14. Responsive to operation of the
      device, a plunger mechanism hereinafter generally described drives a
      predetermined quantity of medicament outwardly through the discharge
      orifice 15. Since the nozzle assemblies 12 and 12' are identical, a
      description of one will suffice.
PAR  As the means for supplying medicament doses under high pressure to the
      nozzles 12, 12' is fully and completely disclosed in the aforementioned
      application, now U.S. Pat. No 3,859,996, dated Jan. 14, 1975, detailed
      discussion thereof will not be here repeated. It is considered sufficient
      of note that a nipple assembly 16 is threaded into an inlet supply port 17
      formed in the body 11 of the injector mechanism. The inlet nipple is
      connected through a conduit 18 to a source of medicament, a one way valve
      19 being interposed between the conduit 18 and port 17.
PAR  20 is a chamber formed in the body portion 11, which chamber is filled with
      a measured dose of medicament responsive to retraction of the expulsion
      piston 21. A piston drive mechanism is located in the drive chamber 22,
      the drive mechanism being powered by compressed air or a like power source
      admitted to the chamber 22 through the conduit 23. A control or triggering
      assembly 24 initiates an operative cycle, as more fully explained
      hereinafter.
PAR  In the loading portion of the cycle, piston 21 is shifted to the right to
      the position shown in FIG. 4, which movement is accompanied by the
      introduction of medicament fluid through conduit 18 past one way check
      valve 19 and into the reservior or chamber 20. Upon triggering of an
      administering cycle, piston 21 is driven from right to left, displacing
      under high pressure medicament contained in the chamber 20. As more fully
      set forth in the copending application aforementioned, the dosage
      administered is a function of the amount of retractile (rightward)
      movement of the piston 21, and means are provided to control the stroke
      length and hence the dosage.
PAR  Fluids emerging from the chamber 20 pass through conduit 25, unseating high
      pressure check valve 26, whereupon they are admitted to discharge conduit
      27. In the illustrated embodiment, the conduit 27 leads to a T connection
      28, the branches of the T leading respectively to discharge conduit
      branches 29 and 29' which are operatively connected to discharge orifices
      15, 15', respectively.
PAR  The branches 29, 29' are formed in a yoke 30 threadedly connected at 31 to
      a complemental fitting 32 formed on the body portion 11. The yoke includes
      sidewisely open discharge ports 33, 33', within which ports are mounted
      the L shaped nozzle receiver conduits 34, 34'.
PAR  The nozzle receiver conduits include internal bores 35, 35', respectively,
      extending from the branches 29, 29' operatively connected to receive the
      ejected medicament, to a threaded nozzle assembly receiver fitting 36,
      36'.
PAR  The nozzle assembly 12 includes a plug member 37 having an extending
      threaded tailpiece 38 received on the complementally threaded fitting 36.
      An O ring 39 or like gasket is tightly sandwiched between the rearwardly
      facing annular shoulder 40 of the plug 37 and the forwardly facing
      shoulder 41 of the conduits 34. The plug 37 includes an axially extending
      discharge conduit 42 which, in the connected position, forms a
      continuation of the conduit 35. The plug 37, adjacent its outer end,
      includes an internally threaded bore 43, within which bore is threadedly
      connected the discharge nozzle 13, suitable packing or gasketing 44 being
      compressed between the discharge nozzle and the plug 37.
PAR  From the arrangement as thus far described, it will be understood that when
      medicament is expelled from the chamber or reservoir 20 under the
      influence of the drive piston in the course of an operative stroke, the
      same unseats the high pressure check valve 26 passing to conduit 27,
      branches 29, 29' and then to the discharge nozzles 15, 15' through the
      medium of connecting passages 30, 35, 42.
PAR  The present invention is directed principally to the improved means for
      triggering an operative or administering cycle.
PAR  Referring particularly to FIG. 3, the triggering means includes an annular
      collar member 45 having its inner end 46 internally threaded as at 47, the
      threaded portion 47 being engaged with a complemental external thread 48
      formed on the plug 37. It will be appreciated that by rotation of the
      collar 45, the same may be shifted axially forwardly and rearwardly
      relative to the plug 37.
PAR  The collar 45 preferably carries at its trailing end 49 a resilient,
      deformable gasket 50 which is threaded or deformed by the threads 58. The
      gasket 50 functions both as a pressure seal and as a means for
      frictionally resisting rotation of the collar relative to the plug 37.
PAR  As more fully set forth hereinafter, forward and rearward movement of the
      collar 45 relative to the plug 37 functions to control the pressure with
      which the outer face 14 of the discharge nozzle must be pressed against
      the subject in order to trigger an operative cycle.
PAR  Plug 37 includes a nipple 51 having an internal air conduit 52 leading to
      an exially extending air bleed bore 53. The bleed bore 53 opens to an
      annular space 54 defined between annular shoulder 55 of the plug 37 and
      rearwardly facing shoulder 56 formed on the collar 45. A sealing 0 ring or
      gasket 57 is preferably disposed between the collar and the plug.
PAR  The collar 45 includes an axially extending bore 58, terminating in a rim
      or mouth portion 59. The plug 37 includes a cylindrical extension 60 lying
      within the bore 58, the extension 60 and bore 58 being so dimensioned as
      to provide an annular space or chamber C between the plug and the collar.
      It will be appreciated that the chamber C opens outwardly at the mouth 59.
PAR  A source of trigger air is connected to the nozzle assemblies 12, 12'
      through the trigger air conduit 61. The conduit 61 includes a T fitting
      62, the branches 63, 64 of which are connected to nozzles 12, 12' by
      trigger air branch conduits 65, 66, respectively. The end 67 of conduit 65
      remote from fitting 62 is sleeved over an enlarged head portion 68 in the
      nipple 51.
PAR  Operation of the device will be apparent from the preceding description.
PAR  Trigger air conduit 61 is connected to the control assembly 24 which
      provides a source of trigger air under low pressure. The control assembly
      includes a pressure sensing mechanism operatively connected with the line
      61, which mechanism is known per se, and which is connected to trigger the
      apparatus through an operative cycle responsive to a sensed pressure
      build-up of a predetermined magnitude in the line 61.
PAR  As may be perceived from an inspection of FIG. 3, air admitted through
      conduit 61, passing through branches 65, 66, is permitted to flow through
      the bore 53 and annular chamber defined between the collar 45 and plug 37,
      out of the mouth 59 into the atmosphere. So long as the trigger air is
      permitted to bleed continuously to the atmosphere no pressure build-up is
      possible within the conduit 61. It is only when the mouth portion 59 of
      the nozzle assembly 12 and 59' of the nozzle assembly 12' are sealed or
      substantially sealed that such pressure build-up can take place. From an
      inspection of the illustrated embodiment, it will be appreciated that
      unless both of the mouth portions 59 and 59' are sealed, pressure build-up
      will not be permitted since the two mouth portions provide alternate
      access to the atmosphere.
PAR  Referring now to FIGS. 6 and 7, wherein the legend S denotes a subject to
      be dosed, it will be seen that when the nozzle 13 is touched against the
      subject, bleed air is still permitted to flow outwardly in the area
      between the mouth 59 and the subject. It is only when the nozzle assembly
      12 has been pressed sufficiently against the subject (see FIG. 7) that the
      skin of the subject is sufficiently indented by nozzle 13 that the skin
      rolls or folds into contact with the mouth 59 surrounding the nozzle 13
      that a seal of the mouth may be effected.
PAR  As previously noted, in a multiple dosing apparatus both the mouth 59 and
      the mouth 59' must be sealed before pressure build-up sufficient to
      trigger an operative cycle is developed in the conduit 61.
PAR  Several important advantages derive from the use of the assembly described.
PAR  Since the trigger air is free to bleed to the atmosphere, if any portion of
      the mouth 59' is unsealed, the described assembly precludes the
      possibility of triggering when the nozzle is tilted relative to the
      subject. In the event of any such tilt, a seal might be formed to one side
      of the mouth of a nozzle assembly but other portions of the nozzle would
      be spaced from the subject, thereby providing passage for air escape.
PAR  The pressure which is required to be exerted before sealing of the mouth
      portions 59, 59' is varied by threading the collar 45 forwardly and
      rearwardly with respect to the plug 37. If, by way of example, the collar
      is threaded forwardly so that the face 14 of the discharge nozzle is flush
      with the plane of the mouth 19', the skin of the subject will seal the
      mouth with only a relatively minor pressure, since little or no skin
      indentation is required to effect such seal. If, on the other hand, the
      collar is threaded rearwardly to increase the projection of the discharge
      nozzle forwardly of the mouth 59, it will be apparent that the force
      necessary to embed the discharge nozzle deeply enough into the subject to
      permit the surrounding skin to form a seal will be substantially greater.
PAR  In the double headed device illustrated, inoculation of two fowl, for
      instance, may be readily accomplished by fixing the position of the
      injector apparatus and manually moving the fowl against the nozzle
      assemblies 12, 12'. Since the apparatus may not be triggered until both
      mouths 59, 59' are sealed, the task of the operator is greatly simplified
      as he need not carefully position the fowl relative to the nozzles but is
      assured by the triggering of an operative cycle that proper positioning
      was effected.
PAR  Optionally, the device incorporates an indicator 69, such as a light, which
      flashes or otherwise signals the operator that a dose administering cycle
      has been completed.
PAR  While the device has been illustrated in connection with a two headed
      apparatus, it will be readily apparent that the utility thereof is not so
      limited. It is feasible to employ a single headed unit, for example, and
      derive therefrom many of the benefits hereinabove discussed in detail.
PAR  Likewise, while the illustrated embodiment incorporates a continuous
      annular space for the escape of bleed air, whereby tilting of the device
      relative to the subject prevents actuation of the device, it will be
      understood that a configuration of escape passage which provides air exits
      at spaced points surrounding the discharge nozzle will function in the
      desired manner, whether or not the bleed passage is continuous.
PAR  From the foregoing it will be understood that there is provided automatic
      triggering mechanism for a pressure injector apparatus which assures that
      the apparatus cannot be discharged unless positioned against the subject,
      with a predetermined orientation. Furthermore, as the nozzle must be
      positioned against the subject for the dose to be injected, there is a
      reduced possibility of relative movement between the subject and the
      pressure device in the course of administration of the dose. This is an
      important factor since the jet emerging from the discharge orifice acts as
      a knife and relative movement in the course of its administration may
      result in substantial trauma to the subject.
CLMS
STM  Having thus described the invention and illustrated its use, what is
      claimed as new and is desired to be secured by Letters Patent is:
NUM  1.
PAR  1. In a transdermal pressure injection mechanism including a body portion
      having a liquid reservoir, and discharge means for expelling predetermined
      dosages of liquid under high pressure from said reservoir to a discharge
      conduit, a self-triggering nozzle assembly fixed to an end of said body
      portion, said assembly comprising a collar member having an internal bore
      terminating in an outwardly facing mouth portion, a discharge nozzle
      mounted in said bore in spaced relation to said collar and extending
      substantially parallel thereto, said nozzle including a face portion
      projecting through said mouth portion, said nozzle including an orifice
      extending through said face portion and connected to said discharge
      conduit, said nozzle and collar defining therebetween a chamber opening
      outwardly through said mouth, trigger conduit means for introducing air
      under pressure into said chamber, and sensor means operatively connected
      to said trigger conduit means for energizing said discharge means to expel
      a dosage of liquid through said orifice responsive to a pressure variation
      of a predetermined magnitude sensed in said conduit means as a result of
      substantially sealing said mouth portion of said chamber by positioning of
      said mouth against an injection site.
NUM  2.
PAR  2. Article in accordance with claim 1 wherein said nozzle and the mouth
      portion of said collar define therebetween a continuous circumferential
      space surrounding said nozzle whereby said chamber may be substantially
      sealed only when all portions of said space are pressed against the
      injection site.
NUM  3.
PAR  3. Apparatus in accordance with claim 2 wherein said collar is circular in
      transverse section, said discharge nozzle is coaxially aligned with said
      collar, said nozzle and collar defining therebetween an annular space, the
      axis of said orifice coinciding with the axis of said collar.
NUM  4.
PAR  4. Apparatus in accordance with claim 3 wherein said mouth portion is
      planar in transverse section.
NUM  5.
PAR  5. Apparatus in accordance with claim 4 and including adjustment means
      interposed between said collar and discharge nozzle whereby the distance
      which said discharge nozzle projects beyond said mouth portion may be
      varied.
NUM  6.
PAR  6. Article in accordance with claim 1 including adjustment means interposed
      between said collar and nozzle for varying the distance beyond said mouth
      portion which said nozzle projects and, hence, the pressure necessary
      substantially to seal said mouth portion.
NUM  7.
PAR  7. Apparatus in accordance with claim 1 wherein said mechanism includes a
      plurality of said self-triggering nozzle assemblies in parallel spaced
      relation, and said trigger conduit means is operatively connected to the
      chambers of each of said conduit means, whereby the chambers of each of
      said nozzle assemblies must be substantially sealed in order to develop a
      pressure variation in said conduit means of the magnitude required to
      energize said sensor means.
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ABST
PAL  Refrigerating apparatus for medical use including a probe comprising two
      concentric tubes through the inner tube of which, in use of the apparatus,
      a refrigerant is forced so as to expand into the outer tube as it leaves
      the inner tube thereby refrigerating the tip of the probe by flash
      evaporation and expansion, then flowing back along the space between the
      tubes, in which there are provided two further tubes surrounding the probe
      except for the refrigerating tip and defining passageways between
      themselves and the outer tube through which the refrigerant is fed before
      being introduced into the innermost tube, to provide thermal insulation
      for the sides of the probe apart from the refrigerating tip.
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PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to refrigerating apparatus, and particularly
      to refrigerating apparatus for medical use. Such refrigerating apparatus,
      which may be used for surgical or therapeutic use, comprises a tubular
      probe within which is a capillary tube along which, in use of the
      apparatus, flows a refrigerant fluid which evaporates at a temperature
      lower than room temperature, which fluid is supplied to the capillary tube
      in the liquid state; the refrigerant is drawn in the gaseous state from a
      pressurised container and flows through a thermostatic condenser by which
      it is liquified before it is fed to the capillary tube within the probe.
      The end of the capillary tube communicates with an expansion chamber at
      the tip of the probe and flash evaporation and expansion of the
      refrigerant fluid as it flows from the capillary tube into the expansion
      chamber causes refrigeration of the walls of the expansion chamber. The
      refrigerant fluid then flows back from the expansion chamber along an
      annular conduit between the capillary tube and a second tube which
      surrounds it. From the annular conduit the refrigerant flows through a
      valve controllable by the operator and escapes to the atmosphere.
PAR  Refrigerating apparatus of this type, which is used medically to locally
      freeze body tissue for therapeutic and/or surgical purposes is often
      referred to as a cryosurgical or cryotherapeutical insturment. Such
      instruments have been successfully in use for some years, mostly in the
      fields of gynaecology, otorhinolaryngology, dermatology and ophthalmology.
PAR  One disadvantage of known medical refrigerating instruments, however, is
      the difficulty of providing satisfactory thermal insulation of the
      refrigerated tip of the probe from the remainder of the probe. In known
      cryosurgical instruments the whole of the probe and even the operator's
      hand grip can become extremely cold, and the temperature of the probe can
      approach that of the refrigerating tip after long periods of continuous
      use.
PAR  When treating skin, the fact that the probe is at a low temperature along
      the whole of its length does not cause serious difficulty and when the
      instrument is employed in fairly wide body cavities the probe can be
      provided with a thermal insulating covering along its length, except for
      the refrigerating tip, which results in an increase in cross-sectional
      size of the probe.
PAR  However, for use in narrowly restricted body regions, which is necessary,
      for example, in the ophthalmic field when operating on the retina, an
      increase in cross-sectional size of the probe is inadmissible, rather this
      size should be reduced as far as possible. If the probe is not well
      insulated along its length, however, the danger arises that the sides of
      the probe could accidentally touch parts which are not to be refrigerated
      and injure them irreparably. It is therefore clear that the use of a
      refrigerating instrument without insulated probes for eye operations
      requires a very high degree of skill by the surgeon.
PAC  OBJECT AND SUMMARY OF THE INVENTION
PAR  The object of the invention is to provide a medical refrigerating
      instrument in which the temperature of the probe walls, except for the
      operating region of the tip actually to be refrigerated, is kept at a
      temperature which is not injurious to body tissue during operation of the
      instrument.
PAR  According to the present invention, there is provided refrigeration
      apparatus suitable for medical use, of the type having a tubular probe
      carried at one end in a mounting body and being free at the other end, the
      probe comprising first and second concentric tubes, the first tube being
      positioned within the second tube and being formed as a capillary tube
      through which, in use of the apparatus, a refrigerant fluid which
      evaporates at a temperature below room temperature, is caused to flow in
      the liquid state from one end of the probe to the other, the second tube
      being closed at the said other end of the probe and surrounding the said
      other end of the first tube to form an expansion chamber into which, in
      operation of the apparatus, the refrigerant fluid expands upon discharge
      from the said other end of the first tube, to refrigerate an outer wall of
      said chamber by flash evaporation, the refrigerant fluid in a gaseous
      state then flowing along the annular passageway between the first and
      second tubes and being discharged to the atmosphere through a discharge
      valve operable by the operator, in which the second tube is surrounded by
      a third tube which is co-axial therewith and spaced therefrom to define a
      second annular passageway between said second and third tubes, and said
      third tube is surrounded in turn by a fourth tube which is spaced
      therefrom to define a third annular passageway, the second and third
      annular passageways communicating with each other at the said other end of
      the probe but not communicating with said expansion chamber, and the third
      and fourth tubes of such a length as to partly surround the expansion
      chamber leaving a part only thereof exposed, the second and third annular
      passageways being connected in series in the flow path of the refrigerant
      fluid between a source thereof and the said one end of the first tube so
      that, in use of the apparatus, the refrigerant fluid flowing therethrough
      serves as thermal insulation for the first and second tubes of the probe,
      which tubes are in thermal contact with the expansion chamber.
PAR  In one embodiment of the invention the mounting body which carries the
      probe is adapted to support a container of refrigerant fluid which serves
      as a handle by means of which the apparatus can be hand held, the mounting
      body also carrying a condenser coil and being formed with internal
      conduits linking the refrigerant fluid container to one end of the third
      annular passageway on the probe, one end of the second annular passageway
      of the probe to one end of the condenser coil, the other end of the
      condenser coil to the said one end of the first tube, and the said one end
      of the first annular passageway to the discharge valve.
PAR  The present invention also comprehends a tubular probe for refrigerating
      apparatus such as refrigerating apparatus for medical use, comprising a
      first tube formed as a capillary tube for a refrigerant in the liquid
      state which, in use of the probe, is passed through the central bore of
      the tube from one end to the other, a second tube coaxial with and
      surrounding the first tube to define therewith an annular passageway, the
      second tube extending past the said other end of the first tube and being
      closed to form an expansion chamber into which refrigerant fluid can
      expand as it leaves the said other end of the first tube, the second tube
      being surrounded by a third tube which defines therewith a second annular
      passageway and the third tube being surrounded by a fourth tube which
      defines therewith a third annular passageway, the second and third annular
      passageways communicating with each other adjacent the said other end of
      the first tube but being separated from the said expansion chamber, and
      the said third and fourth tubes being of such a length as to partly
      surround the expansion chamber leaving a part only thereof exposed.
PAR  The invention thus provides a solution to the problem of thermal insulation
      of the probe of such refrigeration apparatus without excessively
      increasing the outer diameter of the probe. Although four concentric tubes
      are used the size can nevertheless be kept small since tubes are presently
      available in which the wall thickness is only a few tenths of a
      millimeter. Such tubes make it possible for the annular passageways
      between adjacent tubes to be wide enough for satisfactory operation
      without requiring the outermost tube to be more than a few millimeters in
      diameter.
PAR  A further advantage of the invention is the possibility of providing a
      fully self-contained refrigerating instrument in which the source of
      refrigerant fluid is a container holding the refrigerant in liquid form
      under pressure, the container doing double duty as a hand grip. This
      arrangement has advantages in that it exploits the heat of the operator's
      hand holding the container for use without requiring any additional
      devices such as an electrical resistance heater for warming the
      refrigerant in the container. Embodiments of the invention have advantages
      over known such refrigeration apparatus, even if the probe is not required
      to be of a very small cross-section, in circumstances, including
      nonmedical uses, where refrigeration is required only in an accurately
      defined localized area, while refrigeration of adjacent regions, is to be
      avoided.
PAR  Further features and advantages of the invention will become apparent from
      a consideration of the following description with reference to the
      accompanying drawings, which is provided purely by way of non-restrictive
      example.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal cross-sectional view of a self-contained
      pistol-shaped refrigerating instrument according to this invention;
PAR  FIG. 2 is a longitudinal cross-sectional view on an enlarged scale showing
      the probe of the instrument shown in FIG. 1, and part of the body of the
      instrument to which it is secured.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the instrument comprises a body portion 10 which
      may be made of chromeplated brass, having secured to its forward end a
      tubular probe 11 which includes a tubular portion 12 projecting from a
      socket 14 which is held on to the body portion 10 by means of a threaded
      ring 15. The socket 14 is formed internally with a plurality of conduits
      for connection with cooperating conduits in the body portion 10. The
      distal end 13 of the tubular portion 12 of the probe 13 is formed as a
      refrigerating tip.
PAR  The rear portion of the body 10 is provided with an internally threaded
      coupling 16 for attachment of a bottle or flask 17 which also serves as a
      handle. The flask 17 contains a suitable refrigerant, such as nitrous
      oxide, carbon dioxide or the refrigerant sold under the trade name
      "Freon", at such a pressure that it is held in a liquid condition at room
      temperature. As shown, the flask 17 is provided with a conventional
      ball-valve 18 which is opened by a probe on the body portion when the
      flask 17 is screwed onto the coupling 16.
PAR  The body 10 is further provided with a poppet valve 19 biased to the closed
      position by a spring, and openable via a push rod 20, by a trigger 21
      pivotally mounted on the body portion 10 by a pivot 22 and biased by a
      spring 23. The size and arrangement of the flask 17 and the trigger 21 is
      such that when the flask is held in the hand the trigger can be easily
      reached by the fingers and operated to open the poppet valve 19 by drawing
      it towards the flask 17.
PAR  The upper portion of the body 10 is provided with a thermostatic condenser
      24 comprising a tubular coil, such as of stainless steel.
PAR  Referring to FIG. 2, the tubular portion of the probe 11 comprises four
      concentric tubes 25, 26, 27 and 28, the tube 25 being the innermost and
      the tube 28 being the outermost. The innermost tube 25 is sufficiently
      narrow to serve as a capillary tube for the refrigerant in the liquid
      state, and the tubes 26, 27 and 28 define annular passageways 29, 30 and
      31.
PAR  The outermost tube 28 is closed at the distal end 13 of the probe by a
      closure plate 32 which, in the embodiment shown, forms an end face of the
      probe tip and is inclined obliquely to the axis of the probe 11.
      Hereinafter the two intermediate tubes 26 and 27 will be referred to as
      the inner intermediate tube and the outer intermediate tube respectively.
PAR  The distal end of the inner intermediate tube 26 is spaced inwardly from
      the end of the outer tube 28 and is connected thereto by a frustoconical
      separating element 33. The small end of the frustoconoical separator 33 is
      sealingly welded to the end of the inner intermediate tube 26, and its
      large end, which is inclined to correspond in shape to the inclined end of
      the outer tube 28 is sealingly welded to the inner surface of the end of
      the outer tube 28 adjacent the plate 32. The outer intermediate tube 27
      ends a short distance from the separator 33.
PAR  With this arrangement the separator 33 forms the inner wall of an expansion
      chamber 34 the only exterior wall of which is formed by the end plate 32.
      The capillary tube 25 communicates with the chamber 24 as does the inner
      annular passageway 29, but the intermediate and outer annular passageways
      30 and 31 are separated from the chamber 34 by the separator 33. The two
      annular passageways 30 and 31 intercommunicate rearwardly of the separator
      33.
PAR  The outer intermediate tube 27 and the outer tube 28 are sealingly fixed to
      the socket 14, in a central bore 35 and a cylindrical recess 35a,
      respectively, the recess 35a being concentric with the bore 35. The inner
      intermediate tube 26 is sealingly fixed in a hole 36 in the base of a cup
      shaped intermediate element 37 which is fitted both into a recess 38 in
      the socket 14 and into a coaxial cylindrical cavity 39 in the body portion
      10. Finally, the capillary tube 25 is sealingly fixed in a sleeve 40
      mounted by means of a flange 41 in the cavity 38, behind the intermediate
      element 37. Suitable O-rings are interposed between the body portion 10
      and the socket 14, between the socket 14 and the intermediate element 37,
      between the element 38 and the flange 41, and between the flange 41 and
      the body portion 10, to isolate the various chambers and passageways
      within the body 10 from one another.
PAR  The tubes 25, 26, 27 and 28, the plate 32 and separator 33 are preferably
      made of stainless steel of narrow wall thickness, for example of the order
      of a few tenths of a millimeter, so that the outer tube 28 can be made of
      a very small diameter such as 3 mm. Although a straight probe has been
      shown, the probe could be made of any curved or bent form, and its distal
      end or tip can be of any desired shape depending upon its intended use.
PAR  The flask 17 is directly connected, through aligned conduits 42, 42a bored
      in the body portion 10 and socket 14, respectively, with the outer annular
      passageway 31. The intermediate annular passageway 30 is directly
      connected, through aligned conduits 43, 44 bored in the socket 14, and
      body portion 10 respectively, to one end of the condenser coil 24 the
      other end of which is directly connected, through a conduit 45 bored in
      the body portion 10, with the capillary tibe 25. The inner annular
      passageway 29 is connected through a conduit, not shown but having its
      inlet at 46, with the discharge valve 19 which, when open, permits gas to
      discharge to the atmosphere through a clearance between the operating rod
      20 and the passage therefor in the body portion 10.
PAC  OPERATION
PAR  The refrigerating instrument described above operates as follows: The
      surgeon or other operator grips the flask 17 to which heat is transmitted
      from his hand and this brings it up to a temperature of about 34.degree.C.
      This causes the refrigerant, which is in a liquid condition in the flask,
      to evaporate partly, and simultaneously there is a rise in the pressure
      within the flask 17.
PAR  On pressing the trigger 21, the opening of the poppet valve 19, which is
      located at the downstream end of the circuit, permits fluid in a gaseous
      state but at about 34.degree.C to flow from the flask 17 towards the probe
      tip 13 through the conduits 42, 42a and along the annular passageway 31.
      The fluid then flows back along the annular passageway 30, through
      conduits 43, 44 to the condenser 24 where it cools to ambient temperature,
      for instance, 20.degree.C, whereby under the prevailing pressure it
      liquifies all or in part. Still under the action of the pressure
      prevailing in the flask the refrigerant reaches the capillary tube 25
      through conduit 45. The capillary tube 24 acts as throttle causing a
      considerably pressure difference between the expansion chamber 34 and the
      conduit 45. On reaching the end of the capillary tube 25, the refrigerant
      vigorously expands into the chamber 34 thereby strongly reducing the
      temperature both of the plate 32 as desired and of the separator 33. The
      fall in temperature within the chamber 34 is, however, not transmitted to
      the outermost tube 28 by virtue of the interposed gaseous fluid jacket
      which acts as a thermal insulator both at the separator 33, and still more
      at the region further back from the probe tip 13, where the provision of
      the tube 27 provides a double fluid jacket.
PAR  The refrigerant fluid within the fluid jacket enters first along the outer
      annular passageway 31, so that the fluid, which is in a gaseous condition,
      is in contact with the tube 28 whilst at its warmest. It is quite possible
      that the fluid may liquify as it travels along the return conduit 30,
      ahead of the condenser 24, but this is not objectionable.
PAR  After expanding in the chamber 34 the refrigerant which is again in a
      gaseous state passes to the discharge valve 19 through the annular
      passageway 29 and the conduit 46 and finally escapes to the atmosphere.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a refrigerating apparatus suitable for medical use, of the type
      comprising:
PA1  a body,
PA1  a tubular probe projecting from said body, said probe comprising,
PA1  a first tube formed as a capillary tube, and connected by one end to a
      first conduit within said body,
PA1  a second tube surrounding said first tube and connected by one end to a
      second conduit within said body, the other end of said second tube being
      closed and forming a chamber around the other end of said first tube and
      an annular passageway between itself and said first tube,
PA1  a source of refrigerant fluid under pressure,
PA1  means defining a flow path for said refrigerant fluid from said source of
      refrigerant fluid to said first conduit, and
PA1  a control valve in said second conduit operable to connect said second
      conduit to the atmosphere whereby to permit refrigerant fluid to flow from
      said source means along said first tube from which it expands into said
      chamber at said other end of said second tube to effect refrigeration of
      the walls of said chamber by flash evaporation and expansion, and to flow
      from said chamber along said annular passageway through said control valve
      to the atmosphere,
PA1  the improvement wherein,
PA1  said second tube is surrounded by a third tube which is coaxial therewith
      and spaced therefrom to define a second annular passageway between said
      second and third tubes,
PA1  said third tube is surrounded by a fourth tube which is coaxial therewith
      and spaced therefrom to define a third annular passageway, said second and
      third annular passageways communicating with one another but not with said
      expansion chamber at said other end of said probe and said second and
      third tubes being of such a length that they surround all but a part of
      said expansion chamber, which is left exposed, and
PA1  means interconnecting said second and third annular passageways in series
      in the flow path of said refrigerant between said source and said first
      tube whereby said refrigerant acts as a thermal insulation for said first
      and second tubes which are in thermal contact with said expansion chamber.
NUM  2.
PAR  2. The refrigeration apparatus of claim 1, wherein said source of
      refrigerant under pressure is a container attachable to said body to serve
      as a handgrip for said apparatus, and wherein said means defining a flow
      path from said source of refrigerant to said first tube includes a
      condenser coil carried by said body and a plurality of conduits formed as
      drillings in said body.
NUM  3.
PAR  3. A tubular probe for refrigeration apparatus such as refrigeration
      apparatus for medical use, comprising:
PA1  a first tube formed as a capillary tube through which, in use of the probe,
      a refrigerant fluid is passed from one end to the other,
PA1  a second tube coaxially surrounding said first tube and closed adjacent
      said other end of said first tube to define an expansion chamber around
      said other end of said first tube and a first annular passageway between
      said first tube and said second tube,
PA1  a third tube coaxially surrounding said second tube and defining therewith
      a second annular passageway,
PA1  a fourth tube coaxially surrounding said third tube and defining therewith
      a third annular passageway, said second and third annular passageways
      communicating with one another adjacent said exapansion chamber but not
      communicating therewith, and said third and fourth tubes being of such a
      length that they partly surround said expansion chamber so as to leave a
      part only thereof exposed.
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PAL  An electrosurgical apparatus having a diathermy current generator connected
      to an active electrode and a two-segment inactive electrode in surface
      engagement with the patient includes a test and control device
      automatically sensing the sum of the contact impedances of the two
      inactive electrode segments and inhibiting the passage of the diathermy
      current through the patient if the sensed impedance value is too high or
      too low. The sensing of the contact impedances is effected at intervals
      during periods when no diathermy current flows and is accomplished by
      means of alternating current.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to electrosurgical apparatus and more particularly
      to a test and control device for electrosurgical apparatus.
PAR  2. Prior Art
PAR  In electrosurgery, also called surgical diathermy, current of high
      frequency, herein called diathermy current, is used for cutting tissue and
      coagulating blood to stop bleeding from cut blood vessels. The diathermy
      current is passed through the patient via two electrodes, an active
      electrode having a very small contact surface to concentrate the
      diathermmy current where it passes into the patient and inactive electrode
      having a large contact surface to reduce the current density where the
      diathermy current leaves the patient.
PAR  If the inactive electrode does not make good contact with the patient's
      skin, the diathermy current can cause severe burning of the patient at the
      inactive electrode. The patient may also be burned if the inactive
      electrode is not at all connected to the patient or to the diathermy
      current generator and any part of the patient's body makes contact with
      grounded metal.
PAR  The efficient and safe functioning of electrosurgical apparatus thus
      depends on an unimpaired return of the diathermy current through the
      inactive electrode. In order that the risk for burns resulting from
      failure to connect the inactive electrodes to the diathermy current
      generator, or from any other discontinuity between the inactive electrode
      and the diathermy current generator, may be reduced some electrosurgical
      apparatus include a circuit-testing device which upon manual actuation
      checks the electrical connection between the patient and the inactive
      electrode. In such apparatus, the inactive electrode is divided into two
      segments which are electrically insulated from each other and connected in
      parallel to the diathermy current generator. The circuit-testing device
      includes a manually actuated switch which when actuated closes a measuring
      circuit to pass a low-voltage direct current between the two electrode
      segments via the adjacent portion of the patient's skin. The magnitude of
      the current is indicative of the conductivity between the patient's skin
      and the electrode segments and, hence, the ability of the inactive
      electrode to provide a good return path for the diathermy current.
PAC  SUMMARY OF THE INVENTION OF THE DRAWINGS
PAR  The improved test and control device according to the invention functions
      during periods when no diathermy current flows through the inactive
      electrode back to the diathermy current generator to sense at intervals
      the sum of the contact impedances of two inactive electrode segments and
      to inhibit the flow of the diathermy current if the sum of the contact
      impedances is above or below a predetermined range.
PAR  In one form of the invention two silicon controlled rectifiers are
      connected in series in the energization circuit of a relay which when
      energized through the normally conducting silicon controlled rectifiers
      maintains the diathermy current circuit in a condition permitting the
      diathermy current to pass therethrough.
PAR  During the testing intervals a 15 kHz current is passed through the two
      segments of the inactive electrode via the adjacent portion of the
      patient's skin. If the resulting voltage drop over the electrode segments
      is above a first predetermined value, one of the two silicone controlled
      rectifiers is brought to nonconducting condition, resulting in
      deenergization of the relay and consequent opening of the diathermy
      current circuit, and if the voltage drop is below a second predetermined
      value the other silicon controlled rectifier is brought to nonconducting
      condition with the same result.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagrammatic view of an electrosurgical apparatus equipped with
      a test and control device constructed in accordance with the invention;
PAR  FIG. 2 a similar view including an electrical diagram of the test and
      control device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, FIG. 1 shows an electrosurgical apparatus
      including a current generator 1 producing a diathermy current I1 the
      frequency of which is about 1.5 MHz. Typical values of the voltage and
      amperage are 400 to 500 volts and 1 to 2 amperes, respectively. The
      diathermy current is fed to an active electrode 2 and passes through the
      patient and back to the current generator via an inactive electrode 3
      comprising a pair of inactive electrode segments 3A and 3B applied to a
      leg of the patient, and a test and control device 4.
PAR  The test and control device 4 funtions to automatically sense the impedance
      between the two electrode segments 3A and 3B at intervals, namely, during
      one second at intervals of about ten seconds and to inhibit the passage of
      the diathermy current I1 between the active electrode 2 and the inactive
      electrode 3 if the sensed value falls outside a predetermined range. As
      will appear from the following detailed description the sensing of the
      impedance is possible only during periods when no diathermy current flows;
      as long as diathermy current flows, the test and control device 4 is
      inoperative. The impedance value sensed by the test and control device 4
      includes the impedance of the portion of the patient's skin which is
      engaged by and extends between the electrode segments 3A and 3B. The
      latter impedance, however, is fairly small in comparison with the total
      sensed impedance and besides substantially constant, and thus the total
      sensed impedance is dominated by the sum of the contact impedances of the
      two electrode segments.
PAR  Referring now to FIG. 2, the test and control device 4 includes two leads 5
      and 6 connecting the two electrode segments 3A and 3B in parallel to the
      diathermy current generator 1 through a normally open switch 7A of a relay
      7. Inserted in the lead 6 is a switch 8A of a relay 8. In the deenergized
      condition of the relay 8, the switch 8A closes on a back contact 8AB to
      connect the electrode segment 3B to the gate of a programmable unijunction
      transistor 9 and in the energized condition of the relay, it closes on a
      front contact 8AF to permit diathermy current to pass through the lead 6.
PAR  The energization circuit of the relay 8 includes, in addition to a current
      supply 10 capable of feeding full wave rectified alternating current (50
      Hz) to relays 7 and 8, a silicon controlled rectifier 11 the gate of which
      is connected to the output of a free-running multivibrator 12. In its
      free-running condition, the multivibrator 12 operates in cycles of about
      10 seconds to maintain the silicon controlled rectifier 11 in conducting
      condition for about 9 seconds and in nonconducting condition for about 1
      second during each cycle. As long as diathermy current flows, however, the
      silicon controlled rectifier 11 is maintained in conducting condition
      irrespective of the multivibrator 12. To this end, a sensing circuit
      including a coil 13 wound around the leads 5 and 6 and rectifying and
      smoothing elements 14 is provided to sense the presence of diathermy
      current in the leads 5 and 6 and apply a firing signal to the gate of the
      silicon controlled rectifier 11.
PAR  The energization circuit of the relay 7 includes two silicon controlled
      rectifiers 15 and 16 connected in series. The gate of the silicon
      controlled rectifier 15 is connected to the programmable unijunction
      transistor 9 and the gate of the silicon controlled rectifier 16 is
      connected to the adjustable tap 17 of a potentiometer 18. In addition to
      the previously mentioned switch, the relay 7 includes a second switch 7B
      which in the deenergized condition of the relay closes on a back contact
      7BB to apply a signal to the multivibrator 12 maintaining the latter in
      the condition corresponding to the nonconducting condition of the silicon
      controlled rectifier 11.
PAR  The sensing of the impedance between the electrode segments 3A and 3B is
      effected by means of a 15 kHz oscillator 19 and the potentiometer 18. To
      this end, the oscillator 19 is connected to the electrode segment 3A, and
      one terminal of the potentiometer is connected to the other electrode
      segment 3B. The sensing circuit is completed by connecting the other
      terminal of the potentiometer to the oscillator.
PAR  Assuming that the segments 3A, 3B of the inactive electrode 3 are applied
      to the patient's skin and that the diathermy apparatus is ready for
      operation although no diathermy current flows, the operation of the test
      and control device 4 is as follows.
PAR  The oscillator 19 passes a low-voltage 15 kHz current I2 through the
      electrode segment 3A, the patient's skin, the electrode segment 3B and the
      potentiometer 18. During the first nine seconds of each sensing cycle, the
      free-running multivibrator 12 maintains the silicon controlled rectifier
      11 in conducting condition, and consequently the relay 8 is energized to
      close its switch 8A on the front contact 8AF. The programmable unijunction
      transistor 9, which may be regarded as a complementary silicon controlled
      rectifier and is conducting as long as the voltage between its anode and
      its gate is above a predetermined value, passes a firing signal to the
      silicon controlled rectifier 15 to maintain the latter in conducting
      condition. Assuming that the impedance between the electrode segments is
      sufficiently low, the voltage at the potentiometer tap 17 is sufficient to
      maintain the silicon controlled rectifier 16 too in conducting condition
      so that the relay 7 is energized to close its switch 7A and to close its
      switch 7B on a front contact 7BF.
PAR  During the sensing interval, that is, the tenth second of the sensing
      cycle, the multivibrator 12 removes the firing signal from the silicon
      controlled rectifier 11 which is thus switched to nonconducting condition,
      resulting in deenergization of the relay 8 and consequent closing of the
      relay switch 8A on the back contact 8AB. The voltage drop over the
      electrode segments is thus applied between the anode and the gate of the
      programmable unijunction transistor 9, and if this voltage drop is above a
      predetermined value corresponding to a predetermined minimum value of the
      impedance, the programmable unijunction transistor 9 maintains its
      conducting condition.
PAR  If, on the other hand, the impedance between the electrode segements should
      be higher than the value corresponding to the setting of the adjustable
      potentiometer tap 17, thereby causing the voltage drop over the electrode
      segments to fall above the maximum permissible value, the voltage tapped
      at the potentiometer 18 is insufficient to maintain the silicon controlled
      rectifier 16 in conducting condition. The relay 7 accordingly will be
      deenergized to open its switch 7A, thus inhibiting the operation of the
      diathermy apparatus, and to close its switch 7B on the back contact 7BB.
      The oscillator 19 then applies a sustained signal through te lead 5 and
      the switch 7B to the multivibrator 12 to maintain the latter in the
      condition corresponding to nonconducting silicon controlled rectifier 11
      and deenergized relay 8.
PAR  The operation of the diathermy apparatus will likewise be inhibited if the
      impedance between the electrode segments 3A and 3B falls below the minimum
      permissible value, e.g. because of an accidental short-circuiting of the
      electrode segments. In that case, the voltage between the gate and the
      anode of the programmable unijunction transistor 9 will be insufficient to
      maintain the conducting condition so that the firing signal on the gate of
      the silicon controlled rectifier 15 will be removed and the relay 7
      accordingly will be deenergized. Normally there is no need for
      adjustability of the lowest permissible impedance value but as will
      readily be appreciated by those skilled in the art, such adjustability can
      easily be provided for.
PAR  An improtant feature of the invention is the use of alternating current for
      sensing the contact impedance of the inactive electrode segments. Since
      the diathermy current is an alternating current, the use of alternating
      current in the test and control device means that the contact impedance
      that is sensed is much more representative of the impedance actually
      encountered by the diathermy current than would be the case if direct
      current were used. The frequency of the sensing current is not critical
      but should be sufficiently high to avoid activation of the patient's
      muscles.
PAR  While there has been shown and described a preferred embodiment, it is to
      be understood that various changes, substitutions or deletions may be made
      by those skilled in the art without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A test and control device for an electrosurgical diathermy current
      circuit of the type having a high-frequency diathermy current generator,
      an active electrode connected to the diathermy current generator and an
      inactive electrode comprising two spaced electrode segments connected in
      parallel to the diathermy current generator, said test and control device
      comprising:
PA1  a. a sensing circuit means for being connected in series through the spaced
      electrode segments as bridged by a patient's body including a source of
      alternating test current and an impedance, said sensing means comprising;
PA1  1. a free-running multivibrator having two operating states, and
PA1  2. a relay having a coil connected to and controlled by said multivibrator
      and a two-position switch arranged to disconnect the spaced electrode
      segments from the diathermy current circuit in one position;
PA1  b. means for automatically and repetitively sensing the resulting voltage
      drop across the electrode segments;
PA1  c. means connected to said sensing means and adapted to be connected to the
      diathermy current circuit and responsive to such voltage drop for
      inhibiting the passage of diathermy current whenever said voltage drop
      exceeds a predetermined maximum, or is less than a predetermined minimum
      said inhibiting means adapted to be connected to said electrode segments
      through the second position of the two-position switch; and
PA1  d. circuit means controlled by said inhibiting means for applying said
      alternating test current to said multivibrator to hold it in that state by
      which said relay coil is deenergized.
NUM  2.
PAR  2. A test and control device for an electrosurgical diathermy current
      circuit of the type having a high-frequency diathermy current generator,
      an active electrode connected to the diathermy current generator and an
      inactive electrode comprising two spaced electrode segments connected in
      parallel to the diathermy current generator, said test and control device
      comprising:
PA1  a. a sensing circuit means for being connected in series through the spaced
      electrode segments as bridged by a patient's body including a source of
      alternating test current and an impedance;
PA1  b. means for automatically and repetitively sensing the resulting voltage
      drop across the electrode segments; and
PA1  c. means connected to said sensing means and adapted to be connected to the
      diathermy current circuit and responsive to such voltage drop for
      inhibiting the passsage of diathermy current whenever said voltage drop
      exceeds a predetermined maximum, or is less than a predetermined minimum,
      said inhibiting means including:
PAR  1.  a relay having switch contacts adapted to be connected in the diathermy
      current circuit, and a coil, and
PA1  2. a pair of normally conducting electron switches each having a gate, and
      connected in series with said coil, one of said gates being connected to
      said impedance for opening its switch when said voltage drop exceeds said
      maximum, and the other of said gates being adapted to be connected to said
      electrode segments for opening its switch when said voltage drop is less
      than said minimum.
NUM  3.
PAR  3. A test and control device for an electrosurgical diathermy current
      circuit of the type having a high-frequency diathermy current generator,
      an active electrode connected to the diathermy current generator and an
      inactive electrode comprising two spaced electrode segments connected in
      parallel to the diathermy current generator, said test and control device
      comprising:
PA1  a. a sensing circuit means for being connected in series through the spaced
      electrode segments as bridged by a patient's body including a source of
      alternating test current and an impedance;
PA1  b. means for automatically and repetitively sensing the resulting voltage
      drop across the electrode segments; and
PA1  c. means connected to said sensing means and adapted to be connected to the
      diathermy current circuit and responsive to such voltage drop for
      inhibiting the passage of diathermy current whenever said voltage drop
      exceeds a predetermined maximum, or is less than a predetermined minimum,
      said inhibiting means including:
PA2  1. electrically controlled means having a switch adapted to be connected in
      the diathermy current circuit, and
PA2  2. a pair of circuit means powered by said alternating test current and
      normally jointly effecting energizing of said electrically controlled
      means, a first of said circuit means being responsive to a too low voltage
      on said impedance and the other of said circuit means being responsive to
      a too low voltage across said electrode segments.
NUM  4.
PAR  4. A test and control device according to claim 3 in which said first of
      said circuit means includes a normally conducting silicon controlled
      rectifier controlling said electrically controlled means and having a gate
      connected to said impedance whereby said rectifier is rendered
      non-conductive in response to an excessive voltage drop across said
      electrode segments.
NUM  5.
PAR  5. A test and control device according to claim 3 in which said other of
      said circuit means includes a normally conducting silicon controlled
      rectifier controlling said electrically controlled means and having a
      gate, an electronic switch interconnecting said source of test current
      with said gate and having a gate of its own adapted to be connected to the
      lower voltage side of said electrode segments, whereby said rectifier is
      rendered non-conductive in response to the absence of a voltage drop
      across said segments sufficient to activate said electronic switch.
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ABST
PAL  Improvements in skin closures includng a device for uniting and holding
      separable closure members and skin portions attached thereto accurately
      together and to prevent separation thereof by forces which might otherwise
      cause the united members to separate. The subject construction also
      includes portions for accurately aligning and holding the separated edges
      of a skin wound or incision together during healing in such a way as to
      minimize or prevent the formation of scar tissue. The subject closures are
      easy to apply quickly and accurately even under adverse conditions such as
      in first-aid treatment during emergencies, under disaster and wartime
      conditions, in emergency wards, in field, forest and wilderness situations
      and also under more controlled conditions such as in operating rooms and
      doctors' offices particularly as the final step in completing a skin
      closure.
BSUM
PAR  In my U.S. Pat. No. 3,863,640 I disclosed the idea of providing a zipper or
      zipper-like bandage construction or skin closure by which the separated
      side edges of a skin injury, wound, incision, laceration or the like can
      be accurately aligned, closed and held in the most advantageous position
      to facilitate healing with a minimum of scar formation. Such devices are
      particularly useful in situations where there is no access to medical
      assistance, and the prior constructions also have applications in surgical
      procedures or under emergency medical treatment procedures where time is
      limited and where other suturing means are unavailable. The present means
      may even be superior to suturing in many cases. They are also useful in
      emergency situations such as in catastrophy and in wartime where there is
      a great need to be able to quickly and accurately close injuries or skin
      separations to prevent loss of blood and for other purposes readily
      apparent to those skilled in emergency treatment. Thus the present
      construction substantially reduces or eliminates the need for suturing and
      is also useful as a means of preventing the formation of scar tissue. It
      is recognized, however, that in some surgical procedures especially where
      deep incisions are made that some subcutaneous suturing may be desired,
      but even in these situations the ability to be able to quickly and
      accurately close the incision at the skin surface may be brought about by
      use of closure means such as disclosed in this and in my previous
      copending application.
PAR  It is recognized that slide fastener type means, especially those that
      include male and female plastic or plastic like members, when pressed or
      slipped together by some form of zipper means may tend to separate when
      excessive lateral forces are exerted on the joined members thus causing
      them to open. This can also occur under stress such as movements of a
      bedpatient, clothes rubbing on the closure or fidgeting or pulling at the
      closure by the injured person. This is highly undesirable especially when
      the zipper means are being used to align and hold a wound or separation
      together, therefore, the present case discloses improved closure means to
      minimize the chance for a bandage construction or closure such as
      disclosed in my prior application to come apart after being applied. Some
      forms of the present invention additionally have application during actual
      surgical procedures.
PAR  It is therefore a principal object of the present invention to reduce or
      minimize the possibility that skin closure means such as disclosed in my
      U.S. Pat. No. 3,863,640 when used for closing a wound, incision or
      laceration will undesirably open or separate under stress.
PAR  Another object is to provide auxiliary means which are relatively easy to
      install on zipper-type skin closure devices or the like to prevent
      separation of components thereof when they have been joined.
PAR  Another object is to improve the healing conditions between separated skin
      areas along a break or tear in the skin.
PAR  Another object is to provide improved means for holding together the edge
      portions of a separable bandage or bandage like construction.
PAR  Another object is to reduce or eliminate the need for suturing,
      particularly cutaneous suturing in medicosurgical procedures.
PAR  Another object is to minimize the formation of scar tissue and keloiding in
      the closing of wounds, incisions, lacerations and other skin separations.
PAR  Another object is to teach the construction of skin closure means which are
      adaptable to be made in any lengths and widths and which can be trimmed or
      cut to facilitate use as needed or desired depending on the nature,
      location and contour of the skin at the wound to be closed.
PAR  Another object is to teach the construction and operation of zipper-type
      skin closure means which can be closed and reopened and reclosed as
      required.
PAR  Another object is to provide skin closure means which are particularly
      adaptable to use in emergency situations, which means require no special
      medical skill or training to apply.
PAR  Another object is to teach the construction of skin closure means which can
      be applied and closed without requiring any special tools.
PAR  Another object is to provide an effective skin closure which can be removed
      when it has served its purpose like an ordinary adhesive bandage.
PAR  Another object is to provide additional options for closing wounds or the
      like.
DRWD
PAR  These and other objects and advantages of the present invention will become
      apparent after considering the following detailed specification which
      discloses several different embodiments of the subject construction in
      conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a perspective view of a two part skin closure construction
      wherein severable portions thereof are joined and held together by means
      constructed according to one form of the present invention;
PAR  FIG. 2 is an enlarged cross-sectional view taken along line 2-2 of FIG. 1;
PAR  FIG. 3 is a cross-sectional view similar to FIG. 2 but showing a modified
      form of the subject closure and holder means;
PAR  FIG. 4 is an enlarged cross-sectional view showing one way for applying the
      closure and holding means of FIG. 3;
PAR  FIG. 5 is an enlarged cross-sectional view showing another modified form of
      the subject closure and holder means and a modified way of installing
      same;
PAR  FIGS. 6 and 7 are perspective views further illustrating application of the
      closure and holding means of FIG. 5;
PAR  FIG. 8 is a perspective view showing another modified form of the subject
      skin closure means;
PAR  FIG. 9 is a perspective view of another modified form of the skin closure
      means;
PAR  FIG. 10 is a cross-sectional view similar to FIG. 3 but showing another
      form of skin closure means; the device being shown in solid outline before
      completion of the closure and in dotted outline after installation;
PAR  FIGS. 11-14 are cross-sectional views showing other embodiments of the
      subject closure means;
PAR  FIGS. 15 and 16 are cross-sectional views of yet another form of the
      subject means;
PAR  FIG. 17 is a perspective view of an embodiment similar to that shown in
      FIG. 10 but wherein a zipper member is positioned for movement in one
      direction to close the subject means and in the opposite direction to open
      and separate the closure means;
PAR  FIG. 18 shows a roll of the subject closure means which can be cut off at
      any desired and lengths as desired;
PAR  FIGS. 19 and 20 are cross-sectional views showing still other shapes for
      the subject closure;
DETD
PAR  Referring to the drawings more particularly by reference numbers and
      wherein like numerals refer to like parts, number 20 in FIG. 1 indicates
      skin closure means constructed according to one embodiment of the subject
      invention. The closure means 20 includes two separable portions 22 and 24
      preferably made of a relatively flexible material, preferably a plastic or
      plastic-like material, each of which is constructed to be positioned
      having one side edge thereof extending along one side of a wound,
      incision, or other skin opening or separation to be closed. The two
      portions 22 and 24 have adhesive means for attaching it to the skin
      adjacent to the separated edges of the wound. The adhesive surface is
      indicated generally by number 26 and preferably extends over the entire
      skin contacting surfaces rather than having a gauze or other layer of
      nonadhesive material in contact with the wound as in usual bandage
      constructions. When the portions 22 and 24 are applied to the separated
      edges of the wound there will be usually some space between them
      corresponding to the distance between the separated edges of the wound,
      incision or the like. The portion 22 has formed or attached thereto means
      28 shown as a flange member having a bead or rib 32 which forms the male
      portion of the subject closure, and the portion 24 has means 30 shown as a
      flange member having a groove or recess 34 which forms the female portion
      of the construction for cooperatively receiving the rib 32. The male and
      female means on the portions 28 and 30 are constructed so that when they
      are pressed together by finger pressure or by other means such as a
      movable zipper member they will become engaged with each other and will
      thereafter resist coming apart. These members are preferably formed of a
      relatively resilient but also relatively stiff plastic or plastic like
      material so that they snap together and resist separation. Similar means
      are used on plastic slide zippers on brief cases, plastic bags, and so
      forth. As reinforcement in order to assure that the flange portions 28 and
      30 do not separate or come apart undesirably, a split resilient tube
      member 36 (FIGS. 1 and 2) is positioned extending over and around the
      attached flanges 28 and 30 as clearly shown in FIG. 2. The portions 28 and
      30 may also have notches or indentations 38 formed at the bases thereof
      also as shown in FIG. 2, and these notches cooperatively receive the edge
      portions 40 of the split tubular member 36 when it is installed to keep it
      in place and to prevent it from sliding or easily being pulled off. In
      order to position the tubular member 36 on the portions 28 and 30 it may
      be necessary to spread apart the free edges 40 thereof so that the tube
      will resiliently engage the opposite sides of the flanges 28 and 30 and
      hold them together. This is usually easy to accomplish simply by bending
      the tube 36 to start the separation, although a special tool can be
      provided for this purpose as will be explained.
PAR  FIG. 3 shows another embodiment of the subject construction wherein the two
      portions 28A and 30A of the subject members 22A and 24A are each
      positioned inside of another resilient tube or channel shaped member 36A
      which is supported by conjoined portions 28A and 30A. In this construction
      the members are held in position by means of the closure member 36A which
      is positioned thereon by spreading apart the lower leg portions 40A using
      attached flaps 42, which flaps are pulled apart or pinched to open the
      member 36A and to start to position it on the abutting members 28A and 30A
      as shown in FIG. 4. Once the closure member is started at one end it is
      usually a simple matter to complete the application by pressing down and
      applying thumb or other pressure beginning at the end that has been
      started. It may also be possible to slide the member 36A on.
PAR  FIG. 5 shows a member 44A being applied using a simple tool 46, the details
      of which are shown in FIGS. 6 and 7. The tool 46 has a portion formed with
      cam surfaces 48 which engage the closure member 44A as shown and spread
      the leg portions thereof including the leg portions 50A apart, as shown in
      FIG. 5. Thereafter the tool is moved or pulled by its operator portion 52
      which is attached to the cam portion 48 to spread the leg portions as they
      are applied to the closure. In so doing the member 44A will slip down over
      the adjacent portions 28A and 30A of the closure means to resiliently hold
      them together as clearly shown in FIG. 7. The application is completed
      while applying downward pressure on the closure member 44A as the tool is
      moved to the right as shown in FIGS. 6 and 7. The joined portions 28A and
      30A may have a construction as shown in FIGS. 3 and 4 or may have
      cooperating bead and groove means as in the construction of FIGS. 1 and 2
      as desired depending on the rigidity or flexibility of the members
      involved and the desired holding strength or the like.
PAR  FIG. 8 shows another embodiment 36B of a closure member which is similar to
      the closure member 36A. The member 36B differs from the member 36A mainly
      because of the way its leg portions are spread apart during installing.
      This construction has two upwardly extending flanges 54 and 56 which are
      extensions of the leg portions of the closure 36B and these flanges can be
      easily pressed together to spread the leg portions 40B apart at the start
      of an installation. Once the member 36B is installed the flanges can be
      cut off, if desired, to prevent them from catching on things.
PAR  FIG. 9 shows another embodiment 58 of the subject skin closure wherein the
      two separable portions 22C and 24C have alternate interlocking tubular
      side edge portions 60 and 62. The members 22C and 24C are adhesively
      applied to the skin as in the above constructions, and thereafter they are
      brought together by moving them to cooperating positions in which the
      openings 64 through the portions 60 and 62 are in alignment. In this
      position a rod, wire or cord 66 is passed through all of the aligned
      openings 64 in a manner similar to inserting the hinge pin in a hinge
      assembly to hold the members together. With this construction the pin or
      cord 66 can be relatively easily removed to reopen the injury for
      inspection and or medicating if desired. In the construction as shown the
      wire 66 has its ends twisted to keep it in position.
PAR  FIG. 10 shows an embodiment of the subject construction wherein the two
      separable portions 22D and 24D each has a flange portion 28D and 30D
      respectively which include male and female bead and groove portions which
      cooperate in a manner similar to that already described. In this
      construction the member 22D is also shown having an integral secondary
      means in the form of a multi-wall member 70 which is connected to one of
      the members 22 or 24 by a relatively thin bendable portion 72. When the
      flanges 28D and 30D are joined together as indicated above the closure
      member 70, shown having three connected wall portions, is simply pressed
      down and snapped into position completing the closure as shown in dotted
      outline.
PAR  FIG. 11 shows another embodiment of a skin closure similar to that shown in
      FIG. 10 but wherein the form of multi-wall closure means 80 has only two
      wall portions instead of three, and is connected to flange member 28E at a
      thin bendable wall portion 82 located as shown rather than being attached
      at the root of the member to be joined as in the FIG. 10 construction. In
      this construction the flange portions 28E and 30E are brought together to
      the position shown and the wall portion 80 is moved down into snapped
      together engagement with the free edge portion 84 of the wall member 80
      engaged in groove 86 provided therefor at the base or root of the member
      30E to complete the connection.
PAR  FIG. 12 shows another embodiment which is somewhat similar to the
      construction shown in FIG. 3 except that the adjacent surfaces of the two
      flange portions 28F and 30F in this construction are grooved or serrated
      to prevent relative movements therebetween or shifting between the members
      after they have been joined. The construction shown in FIG. 12 like the
      FIG. 3 construction has a separate channel shaped closure member 92 which
      must be applied to hold the members together.
PAR  FIGS. 13 and 14 show other forms for the cooperating male and female
      closure means which are provided in some constructions to hold the members
      together. The construction shown in FIG. 13 has a sidewardly extending
      arrowhead shaped flange 32G which moves into and engages a similarly
      shaped groove 34G in the flange 30G. When these members are united they
      are not easily separated and will resist coming apart even under pressure.
      Note that the groove 34G is preferably intentionally made to be somewhat
      deeper than the cooperating head portion 32G on the flange 28G. This is
      done so that the member 32G can be pressed into the groove 34G far enough
      so that the edge portions 100 of the arrowhead shaped member 32G are able
      to clear edges or shoulders 102 of the groove 34G.
PAR  In FIG. 14 engagement is made between cooperating engageable means 32H and
      34H. This construction like the arrowhead construction of FIG. 13 will
      resist coming apart under considerable pressure. Other forms of the
      cooperating means are also possible, and those shown are for illustrative
      purposes only.
PAR  FIGS. 15 and 16 show yet another embodiment wherein the mating surfaces of
      the flanges 28I and 30I are curved as at 110 and 112 so that when the
      members are united, as shown greatly exaggerated in FIG. 16, the edge
      portions 110 and 112 where they are attached to the skin will come
      together into firm abutment and may even be somewhat deformed to assure
      that the skin edges are held close together and in alignment during
      healing. This construction may offer the possibility of being somewhat
      more accurately applied to the edges of a skin separation since the
      abutting edges thereof may be somewhat easier to see since they project
      sidewardly, and therefore are easier to more accurately place along the
      edges of the skin separation.
PAR  FIG. 17 shows a construction similar to that shown in FIG. 10 but wherein a
      movable zipper closure assembly 120, used for opening and closing the
      closure means after being applied to the skin, is mounted as shown
      straddling the flanges 28D and 30D with the spaced curved side walls 122
      of the movable zipper assembly 120 formed with inturned edge portions 124
      which extend into grooves such as the grooves 38D formed at the roots of
      the flanges 28D and 30D, see FIGS. 2 and 10 for examples of such grooves.
      The movable zipper assembly 120 also has a separator portion 126 which
      moves between the flanges 28D and 30D to separate them when opening the
      closure means by moving the assembly 120 to the left as shown in FIG. 17.
      The side walls 122 on the other hand are curved or shaped to press the
      flanges 28D and 30D together and to unite them when the zipper assembly
      120 is moved to the right. The zipper assembly 120 has an operator portion
      128 which is the portion that is engaged by the one using it. The
      construction shown in FIG. 17, like the construction shown in FIG. 10, has
      an integral U-shaped closure wall portion 70 which is flexible enough to
      be easily moved out of the way to permit movement of the zipper assembly
      120 therealong and can also be snapped into closed condition as shown in
      dotted outline in FIG. 10 when the zipper has completed uniting the
      closure means. It can therefore be seen that with the construction of FIG.
      17 a person applying the subject device to an injury can close the members
      after they are adhesively applied, and can thereafter reopen the skin
      separation to inspect, apply medication or for some other reason.
PAR  It is also contemplated to make the portions 22 and 24 of the subject
      closures as wide or as narrow and as long and as short as required. If
      they are made relatively wide they will have greater adhesive attachment
      and hence greater pulling force, and if they are made relatively narrow
      they can be used on areas of the body where space is limited, such as for
      applying to forehead wounds near the brows and in other similar areas.
      Obviously, the members 22 and 24 can also be trimmed and shaped as
      desired. The subject devices may also be perforated or made of relatively
      porous materials to permit the escape of blood and other body fluids from
      the wound, and an absorbant padding can be applied over the subject
      closure means after they are applied to catch or absorb the escaping blood
      and other body fluids and to prevent soiling adjacent clothing and bed
      linens. All of this was disclosed in my U.S. Pat. No. 3,863,640.
PAR  FIG. 18 shows a roll 130 of the subject skin closure means which can be
      sterilized, placed in a sterilized container or dispenser or package and
      dispensed or cut off to the desired lengths as required in the usual
      manner for such devices. This is important for some applications
      especially where large quantities of the subject devices may be required
      such as in an operating room, in an emergency ward of a hospital, a
      disaster area where poeple are injured, in a battle field situation, and
      in other places where it is desired to be able to close a large number of
      wounds in a short period of time to prevent loss of blood and where
      suturing or stitching is too time consuming and where there is inadequate
      trained medical personnel. Even where there are adequate trained personnel
      the subject closures have a place because of the ease and accuracy with
      which they can be used and the fact that it presents or minimizes scar
      tissue formation. It is also contemplated to use the subject devices as
      the final closure means for operations such as for stomach or abdominal
      operations to mention only two of many possibilities. In these cases the
      surgeon may suture subcutaneously and then use the subject means for final
      skin closure. The roll 130 shown in FIG. 18 therefore represents an
      important and convenient way to package, handle and dispense the subject
      closure devices, and it is contemplated to maintain such rolls in sterile
      containers or packages at convenient locations. The present devices also
      have wide application for camping and other indoor and outdoor activities
      and circumstances where people may be injured, especially where it is not
      convenient or possible to get them to professional medical assistance in
      time to prevent scarring and loss of blood.
PAR  FIG. 19 shows another embodiment of the device which, when connected, makes
      a relatively smooth closure as compared to some of the other embodiments.
      In this case, the cooperation male and female means are formed on
      thickened edge portions 132 and 134 of the members to be joined, and these
      portions may have notches 136 and 138 which can be engaged by the
      fingernails or by a simple tool or closure member to bring them into
      engagement. This construction has the advantage of not being as able to
      catch on things as easily.
PAR  The construction shown in FIG. 20 is comparable to the structure of FIGS.
      15 and 16 in that it provides means which operate to assure that the skin
      edges that are joined are held as close together as possible. This is
      accomplished in the FIG. 20 construction by providing an elongated bead or
      rib 140 along one of the flange members to be joined at a location on the
      opposite side of the engage means from the skin to apply a wedging or
      twisting action in a direction to hold the edges which are the edges
      attached to the skin together.
PAR  Thus there has been shown and described additional novel closure means for
      wounds, skin separations, incisions and other skin injuries and
      lacerations which fulfill all of the objects and advantages sought
      therefor. It will be apparent from this description however, that many
      other changes, modifications, variations, and other uses and applications
      for the subject closures, in addition to those that have been disclosed,
      are possible and contemplated. All such changes, modifications, variations
      and other uses and applications which do not depart from the spirit and
      scope of the invention are deemed to be covered by the invention which is
      limited only by the claims which follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Means for closing skin separations comprising a pair of sheet-like
      elements each having opposite side surfaces and adjacent side edges, an
      adhesive substance applied to corresponding side surfaces of each of said
      elements for attaching the elements to the skin adjacent to a skin
      separation with the side edges of said elements extending respectively
      along and closely adjacent to opposite sides of the skin separation,
      cooperating means on each of said sheet-like elements extending along the
      respective side edges thereof on the opposite sides thereof from the
      adhesive substance, the cooperating means and the adjacent sheet side
      edges on said elements being movable into abutment to close the skin
      separation, and elongated channel shaped means having continuous opposed
      edges extending substantially continuously the full length of the
      cooperating means cooperatively removably engaged with said cooperating
      means on said elements to hold said cooperating means together in
      abutment, said channel shaped means applying substantially uniform
      pressure to hold the elements together along the length of the engagement
      between the channel shaped means and the cooperating abuting means on the
      adjacent sheets.
NUM  2.
PAR  2. The means defined in claim 1 wherein the elongated channel shaped means
      cooperatively engageable with said cooperating means include a channel
      shaped member having spaced side edge portions and a connecting wall
      portion extending therebetween, said channel shaped member being
      constructed and shaped to embrace the cooperating means when positioned in
      abutment.
NUM  3.
PAR  3. The means defined in claim 2 wherein said channel shaped member is
      formed of relatively resilient material.
NUM  4.
PAR  4. The means defined in claim 2 including means to separate at least a
      portion of the side edge portions of the channel shaped member to start to
      position it on the cooperating means.
NUM  5.
PAR  5. The means defined in claim 1 wherein the cooperating means on the
      sheet-like elements have relatively flat surface portions which are in
      alignment with the side edges of the respective sheet-like elements, said
      cooperating means including elongated members of uniform cross-section
      being relatively thinner adjacent to where they are attached to the
      respective sheet-like elements.
NUM  6.
PAR  6. The means defined in claim 5 wherein one of the elongated members has a
      sidewardly extending bead and the other of said elongated members has a
      groove formed extending into the side thereof, said groove being shaped to
      cooperatively receive the bead therein to hold the elongated members
      together.
NUM  7.
PAR  7. The means defined in claim 6 wherein said sidewardly extending bead
      includes an elongated stem portion and an elongated head portion which is
      wider than the stem portion and is located on the opposite side of the
      stem portion from the one elongated member, the other of said elongated
      members being constructed of a relatively resilient material, the groove
      formed in said other elongated member having a cross-sectional shape
      similar to the cross-sectional shape of the stem and head portions of the
      said bead.
NUM  8.
PAR  8. The means for closing skin separations defined in claim 6 wherein the
      side edges of said elongated members are shaped so that when the
      cooperating engageable means are engaged, portions of the side edges of
      the sheet-like elements adjacent to the adhesive substance are resiliently
      biased into engagement with each other.
NUM  9.
PAR  9. The means defined in claim 6 including a movable member having a portion
      positioned bridging the cooperating means, said movable member including
      means to unite the cooperating means when moved in one direction
      therealong.
NUM  10.
PAR  10. The means defined in claim 9 wherein the movable member includes means
      to separate the cooperating means when moved in an opposite direction
      therealong.
NUM  11.
PAR  11. The means for closing skin separations defined in claim 1 wherein said
      cooperating engageable means include a resilient channel-shaped member
      formed of a stiff but resilient material having spaced connected leg
      portions for bridging and resiliently engaging and holding the cooperating
      means on said sheet-like members together, said channel-shaped member
      being integrally connected to one of the sheet-like elements and movable
      thereon between an inoperative position in which the cooperating means can
      be separated from each other and an operative position in which the
      channel-shaped member engages and holds the cooperating means together.
NUM  12.
PAR  12. The means for closing skin separations defined in claim 1 wherein said
      pair of sheet-like elements are elongated members capable of being rolled
      up into a relatively compact roll.
NUM  13.
PAR  13. Means for closing skin separations comprising a pair of separable
      members each having a side edge adapted to be moved into edge-to-edge
      abutment, said members having opposite surfaces corresponding ones of
      which have a surface layer of an adhesive thereon for attaching it to the
      skin, abutment means on each of said members on the opposite surface from
      the adhesive and extending along and contiguous to the said respective
      side edges to be moved into edge-to-edge abutment, and other means
      including an elongated closure member constructed of a stiff but somewhat
      resilient material, said closure member having continuous opposed edges
      being shaped and constructed to embrace the adjacent abutment means
      substantially along the full length of abutment of the abutment means on
      said members to hold the abutment means and the corresponding abutting
      edges of said members together.
NUM  14.
PAR  14. The means defined in claim 13 wherein the abutment means on one of said
      members has a groove extending along the length thereof on the side that
      abuts the other abutment means, the other abutment means having means
      thereon for cooperative engagement with said groove to hold the members
      together in abutting relationship.
NUM  15.
PAR  15. The means defined in claim 13 wherein said closure member includes a
      plurality of elongated connected wall portions and a pair of opposite side
      edges, one of said opposite side edges being integrally connected to one
      of said separable members adjacent to the abutment means thereon, the
      opposite side edge thereof being movable to a position wherein said
      connected wall portions embrace the abutment means and hold them together
      and in abutment.
NUM  16.
PAR  16. The means defined in claim 13 wherein said abutment means have
      cooperative surface portions which engage each other to prevent relative
      movement therebetween when in abutment.
NUM  17.
PAR  17. The means defined in claim 13 wherein said abutment means are elongated
      members having portions thereof that are narrower than other portions,
      said narrow portions of the abutment means being located adjacent to the
      respective separable member.
NUM  18.
PAR  18. The means defined in claim 17 including a groove formed extending along
      at least one of said abutment means in position to cooperatively receive a
      portion of one of said side edges of the closure member to restrict
      relative movement thereof when positioned holding the abutment means
      together.
NUM  19.
PAR  19. The means defined in claim 13 wherein the closure member is a tube
      shaped member having a lengthwise extending slit for forming an opening in
      one side thereof.
NUM  20.
PAR  20. Means for closing a skin separation during healing comprising a
      bandage-like structure having first and second portions each including a
      strip portion having opposite surfaces and spaced side edges, a coating of
      an adhesive applied to corresponding surfaces of said portions for
      attaching the first portion to the skin extending along one side of the
      skin separation and attaching the second portion to the skin extending
      along the opposite side of the skin separation in spaced relationship to
      the first portion, said adhesive extending to the respective side edges of
      the first and second portions which are positioned to extend along
      opposite side edges of the skin separation, cooperatively engageable means
      respectively on said first and second portions on the side edges of the
      portions to be located extending along the respective side edges of the
      skin separation, said cooperatively engageable means including elongated
      flanges extending along the respective side edges of said portions, and
      means having continuous opposed edges removably engaging said flanges,
      said flange engaging means including a member formed of relatively stiff
      but resilient material extending along substantially the full length of
      the flanges to hold the flanges together.
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ABST
PAL  Using a hot melt adhesive on the strip of material uniting a mouthpiece to
      a cigarette, and hardening the adhesive while the strip is rolled around
      the assemblage by heat lost to a surface along which the assemblage is
      rolled. The rolling takes place between a rolling plate and a drum which
      is heated to reactivate the adhesive prior to rolling.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 222,568 filed Feb. 1, 1972 now abandoned.
BSUM
PAR  This invention relates to methods and apparatus for the manufacture of
      mouthpiece cigarettes in which a length of mouthpiece material e.g. a
      length of filter material, abuts a cigarette length, and is united thereto
      by an encircling band with an adhesive inner surface. The encircling band
      may be relatively narrow, or may be of sufficient width to not only effect
      the join but also extend to the full length of the mouthpiece portion.
PAR  Normally, in manufacture, two cigarettes are abutted against the opposite
      ends of a double length of mouthpiece material, and the resulting
      assemblage is severed through the middle to form two mouthpiece
      cigarettes. Two encircling bands may be used, one at each end of the
      double length of mouthpiece material, or a single encircling band of such
      width as to effect both joins, and to cover the double length of
      mouthpiece material may be used.
PAR  The encircling band may be united to the cigarette and mouthpiece by a
      rolling action, for example, between the outer surface of a drum and the
      inner surface of a rolling plate. However with such an arrangement trouble
      may be experienced if some of the adhesive gets on to a surface along
      which the assemblages are rolled and cannot be easily removed therefrom,
      particular difficulty being experienced with the removal of heat-curable
      adhesives, such as polyvinylacetate.
PAR  According to the present invention there is provided a method of making
      mouthpiece cigarettes by uniting a length of mouthpiece material to each
      cigarette in abutting relationship thereto by means of an encircling
      united band, which comprises applying molten hot melt adhesive to the
      uniting band material and, while the adhesive is sticky, rolling the
      encircling band around the abutting cigarette and mouthpiece portion along
      a surface the temperature of which is low enough to cool the adhesive to
      cause it to set.
PAR  The rolling may be carried out between two surfaces, one of which is heated
      to keep the adhesive molten before the rolling action, the encircling band
      being fed on to the heated surface and rolled around the cigarette and
      mouthpiece portion by the other surface which cools the adhesive.
PAR  Further according to the invention there is provided apparatus for making
      mouthpiece cigarettes by uniting a length of mouthpiece material to each
      cigarette in abutting relationship thereto by means of an encircling
      uniting band, comprising a rotatable drum, means to apply molten hot melt
      adhesive to a continuous web of uniting band material, means to deliver
      the web onto the drum at a temperature slightly below the melting point of
      the adhesive and at a speed less than the peripheral speed of the drum,
      severing means to sequentially cut off the successive foremost ends of the
      web on the drum to form a succession of uniting bands spaced apart by a
      gap, heating means to apply sufficient heat to the drum to re-activate the
      adhesive on the uniting bands, a rolling member having a concave
      part-cylindrical surface spaced from the drum to define a rolling passage
      therebetween, and conveyor means to directly deliver cigarette assemblages
      each with an aligned and abutted mouthpiece portion to said passage in
      timed relationship with the leading end of a re-activated uniting band so
      that said reactivated band is rolled in said passage around the preceding
      assemblage, the temperature of the rolling member being low enough to cool
      the adhesive to cause it to set.
DRWD
PAR  Apparatus according to the present invention will now be described, by way
      of example, with reference to the accompanying drawings, of which:
PAR  FIG. 1 is a side elevation of part of apparatus for making mouthpiece
      cigarettes, and
PAR  FIG. 2 is a perspective view of part of FIG. 1.
DETD
PAR  A continuous web of encircling band material 10 is fed from a reel, not
      shown, to a rotatable drum 11 which has suction ports 12 in its
      cylindrical surface, there being a stationary suction port 36 which
      communicates with the suction ports 12 commencing at the point where the
      web 10 meets the drum. The drum is rotated in a clockwise direction at
      such a speed that the peripheral speed of the cylindrical surface of the
      drum is somewhat greater than the rate of feed of the web. The web thus
      slips on the drum as it is fed to it. A rotor 13 which rotates in the
      counterclockwise direction has knife elements 14 which cooperate with the
      surface of the drum to cut off each successive foremost length of the web
      of uniting material to form a succession of uniting encircling bands 15.
      The bands or strips 15 are held to the surface of the drum by suction
      through the suction ports 12, and are spaced apart by a gap due to the
      difference in speeds between the continuous web 10 and the surface of the
      drum 11.
PAR  A fluted drum 16 rotates in the counterclockwise direction and carries in
      each of its flutes a pair of aligned cigarettes with a length of
      mouthpiece material therebetween. The mouthpiece material may be filter
      material and the lengths are double the length required for a single
      mouthpiece cigarette. The aligned cigarettes and lengths of mouthpiece
      material are abutted and are fed to the drum 16 by known means which may
      include further fluted drums. Suction is applied to the flutes of the drum
      16 through ports 17.
PAR  A rolling member or plate 18 is provided below the drum 11 and has a
      part-cylindrical rolling surface 19 spaced from the surface of the drum 11
      so as to form a rolling passage therebetween. Extending from the rolling
      member 18 are stripper fingers 18A which extend into circumferential
      channels in the drum 16 so as to remove from the flutes of the drum 16 the
      pairs of cigarettes with their associated lengths of mouthpiece material,
      suction being cut off from the flutes in the drum 16 to permit the
      transfer. The motion of the drum 11 causes the pairs of aligned cigarettes
      with the lengths of mouthpiece portions therebetween to be rolled through
      the rolling passage and then deposited in the flutes of a further fluted
      drum 20. Suction is applied through ports 21 to the flutes of this further
      drum.
PAR  The arrangement is such that each pair of cigarettes, with the length of
      mouthpiece portion therebetween, is fed into a gap between two strips 15
      of uniting band and meets the leading end of the rear of the two strips 15
      after meeting the drum 11, so that the rolling of the cigarettes and
      mouthpiece portions between the drum 11 and the rolling surface 19 causes
      the strip to be rolled around the assemblage so that adhesive on the inner
      surface of the strip unites the cigarettes and length of mouthpiece
      portion. United assemblages are thus transferred to the flutes of the drum
      20 and are later severed through the middle of the double length
      mouthpiece portion in the normal manner to form two mouthpiece cigarettes.
PAR  The apparatus as so far described is similar to that shown in the single
      figure of U.S. Pat. No. 2,963,026 where the reel of encircling band
      material is shown at 3, the rolling drum at 1, the rotating knife
      arrangement at 5, and the member having a rolling surface 7 is shown at 6.
PAR  The strip of encircling band may be wide enough to effect the joins to both
      cigarettes, or a separate encircling band may be applied to each join. In
      the latter case a wide web of encircling band material may be cut into two
      narrow webs each of which is then severed as described above to form a
      succession of encircling bands.
PAR  The adhesive applied to the encircling band material 10 is a hot melt
      adhesive (i.e. an adhesive which is heated to become molten and sticky and
      is cooled to set the joint) and is applied by the applicator shown
      generally at 22. The continuous web of uniting band material 10 passes
      around rollers 23, 24, 25, and 26 and has the adhesive applied to it by a
      nozzle 27. The continuous web 10 then passes around a further roller 28
      before proceeding to the drum 11. Hot melt adhesive is supplied under
      pressure to the unit through a pipe 29, and is heated in the heating
      chamber 30 to a temperature of about 150.degree.C as it passes to the
      nozzle 27, the heater lead being shown at 31. Air pressure is applied
      through a pipe 32 to allow the hot melt adhesive to flow from the nozzle
      27. The nozzle 27 is shown in more detail in FIG. 2. The adhesive is
      applied to the web 10 through two aligned slits 33 which are separated by
      a narrow web 34. Therefore, along the centre line of the web 10 no
      adhesive is applied, this being the place where the completed assemblage
      is eventually severed through to produce the two mouthpiece cigarettes.
      Thus, the hot melt adhesive is spaced from the extreme end of the
      mouthpiece of the cigarette which is placed in the smoker's lips.
PAR  A scraper (not shown) is provided to scrape any adhesive from off the drum
      11.
PAR  Hot melt adhesives are hard and non-sticky at normal temperatures and are
      sticky when heated to the molten state. In the present apparatus the
      adhesive on the strips 15 is molten when the strip comes into contact with
      the cigarettes and mouthpiece portions from the drum 16 and is cooled and
      hardened as the strips are rolled around the assemblages.
PAR  It has been found that for the adhesive to be molten and tacky enough
      during the rolling operation it is too hot when the continuous web 10 is
      severed into the separate strips or bands 15 by the knives 14, so that
      tendrils of adhesive, like a floss, tend to form at the knives. To
      overcome this, it is arranged for the adhesive to be at a cooler
      temperature of about 60.degree.C, that is slightly below the melting point
      of the adhesive when the web 10 is cut by the knives 14. This may be
      achieved by applying the adhesive to the continuous web 10 at a lower
      temperature, or by spacing the adhesive applicator further from the drum
      11 so that the adhesive is cooler and harder when it reaches the knives
      14, or by both such means. If necessary there can be provided additional
      means of cooling, such as a forced cooling airflow by means of a fan 36;
      or a cold member over which the web 10 runs before it reaches the drum 11.
      However, by reducing the temperature of the adhesive at the knives 14 the
      adhesive will be too cold for a good joint between the strip 15 and
      cigarettes and mouthpiece portion to be produced during the rolling
      action. The adhesive which has been cooled after application, so that the
      web can be severed without adhesive build-up on the knives 14, is
      therefore heated and re-activated by the drum 11 being heated by a heating
      element which passes in alternate directions through axial passages 35.
      Thus, the adhesive is hardened during the rolling by heat lost to the
      rolling member 18 only. The rolling member 18 may be cooled by having
      fins, and a flow of cooling air may be provided; or a cooling liquid could
      be passed through a series of passages 37 in the rolling member. If
      necessary, the member 18 could be refrigerated.
PAR  Whether the member 18 is cooled or not depends on a number of
      circumstances, such as: the design of the particular machine in which the
      invention is embodied, the ambient temperature conditions, and the choice
      of hot melt adhesives available.
PAR  With the drum 11 heated to about 90.degree.C good bonds have been obtained
      with Eastabond M3 hot melt adhesives. Alternatively with Ecusta No. 2 hot
      melt adhesive a drum temperature of about 80.degree.C has been found
      satisfactory.
CLMS
STM  What I claim as my invention and desire to secure by Letters Patent is:
NUM  1.
PAR  1. Apparatus for making mouthpiece cigarettes by uniting a length of
      mouthpiece material to each cigarette in abutting relationship thereto by
      means of an encircling uniting band, comprising a rotatable drum, means to
      apply molten hot melt adhesive to a continuous web of uniting band
      material, means to deliver the web onto the drum at a temperature slightly
      below the melting point of the adhesive and at a speed less than the
      peripheral speed of the drum, severing means to sequentially cut off the
      successive foremost ends of the web on the drum to form a succession of
      uniting bands spaced apart by a gap, heating means to apply sufficient
      heat to the drum to re-activate the adhesive on the uniting bands, a
      rolling member having a concave part-cylindrical surface spaced from the
      drum to define a rolling passage therebetween, and conveyor means to
      directly deliver cigarette assemblages each with an aligned and abutted
      mouthpiece portion to said passage in timed relationship with the leading
      end of a re-activated uniting band so that said re-activated band is
      rolled in said passage around the preceding assemblage, the temperature of
      the rolling member being low enough to cool the adhesive to cause it to
      set.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein the means to deliver the web
      comprises means to space the adhesive applying means such a distance
      upstream of the drum that the molten adhesive is cooled below its melting
      point by natural heat loss.
NUM  3.
PAR  3. Apparatus as claimed in claim 2 further comprising fan means to apply a
      forced flow of cooling air to the adhesive.
NUM  4.
PAR  4. Apparatus as claimed in claim 1 wherein the rolling member is maintained
      at said low temperature by means for passing cooling fluid therethrough.
NUM  5.
PAR  5. Apparatus as claimed in claim 1 wherein the conveyor means delivers each
      assemblage into the gap between two reactivated uniting bands, so that the
      assemblage is initially in front of said leading end of a reactivated
      uniting band which is to be rolled therearound.
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ABST
PAL  This invention concerns improvements relating to tobacco-smoke filters,
      particularly cigarette filters, and to a method and apparatus for their
      production. According to the invention in a tobacco-smoke filter composed
      of absorbent paper and a filtering composition comprising a tow of fibrous
      or filamentary material, such as cellulose acetate, fibrillated or
      filamentary polypropylene, viscose or the like, associated with the paper
      in superimposed layers which are rolled or folded substantially parallel
      to the longitudinal axis of the filter, the absorbent paper and filtering
      composition are in the form of strips extending longitudinally of the
      filter, the filtering-composition strip having a greater width than the
      paper strip and being so associated with the paper strip that it covers
      one face of the latter and is folded over along the two longitudinal edges
      of the paper strip to cover at least part and preferably the whole of the
      other face thereof.
BSUM
PAR  This invention concerns improvements relating to tobacco-smoke filters,
      particularly cigarette filters, composed of absorbent paper and a
      filtering composition associated with the paper in superimposed layers
      wound or folded substantially parallel to the longitudinal filter axis.
PAR  The invention seeks to provide a filter whose retention, permeability and
      crush-resistance properties are at least equivalent to those of existing
      filters, and which can either be made more economically than most filters
      currently in use and composed of an absorbent paper element and a
      cellulose acetate element joined end to end, or which is less expensive,
      because of the use of basic materials, namely paper and, for example,
      cellulose acetate, whose cost is less than other materials used in
      filters, for example paper having fine regular grooves, shredded or
      perforated corrugated paper and paper to which is secured a filtering
      layer in the form of a fiber flock or pad.
PAR  According to the invention, in a tobacco-smoke filter composed of absorbent
      paper and a filtering composition comprising a tow of fibrous or
      filamentary material, such as cellulose acetate, fibrillated or
      filamentary polypropylene, viscose or the like, associated with the paper
      in superimposed layers which are rolled or folded substantially parallel
      to the longitudinal axis of the filter, the absorbent paper and filtering
      composition are in the form of strips extending longitudinally of the
      filter, the filtering-composition strip having a greater width than the
      paper strip and being so associated with the paper strip that it covers
      one face of the latter and is folded over along the two longitudinal edges
      of the paper strip to cover at least part of the other face thereof.
PAR  Advantageously, the width of the filtering-composition strip is
      substantially equal to twice the width of the paper strip, so that the
      latter is completely enrobed or covered by the filtering composition.
PAR  According to the invention, a process for the production of tobacco-smoke
      filters comprises connecting together in a flat state a strip of absorbent
      paper and a strip of a filtering composition comprising a tow of fibrous
      or filamentary material, such as cellulose acetate, fibrillated or
      filamentary polypropylene, viscose or the like, having a greater width
      than the paper strip, this connection being effected by substantially
      superimposing the longitudinal axes of the two strips, supporting the
      resuultant assembly in such a manner that only the paper strip, situated
      under the filtering-composition strip, rests on the supporting means,
      guiding the latter strip so that it is folded over along the two
      longitudinal edges of the paper strip and that its two marginal portions
      are applied against the free face of the paper strip beyond the support,
      joining to the paper strip by pressure the two said portions of the
      filtering-composition strip, and folding the resultant assembly to form
      substantially a cylinder from which filters can be produced by cutting the
      cylinder at right angles to its axis.
PAR  According to the invention, an apparatus for producing tobacco-smoke
      filters comprises two spools, with parallel axes, for supporting
      respectively a reel of absorbent-paper strip and a reel of
      filtering-composition strip, at least two pressure rollers, disposed with
      their axes parallel to the axes of the spools, for connecting the strips
      together in a flat state, two guides which are disposed downstream of the
      rollers and one on each side of the connected strips, the
      filtering-composition strip being above the paper strip, and which are so
      profiled as to bear against marginal portions of the filtering-composition
      strip and to fold them downwardly along the longitudinal edges of the
      paper strip to an angle of about 90.degree. with the latter, a support
      which is disposed downstream of the said guides under the assembly of the
      two strips and is of a width such that it supports the assembly over the
      width of the paper strip only, two further guides which are disposed
      downstream of the support and one on each side of the strips and are so
      profiled as to fold in the marginal portions of the filtering-composition
      strip and apply them against the free face of the paper strip, at least
      two pressure rollers arranged downstream of the last-mentioned guides for
      causing the filtering composition to adhere completely to the paper, means
      provided downstream of the last-mentioned rollers for folding the assembly
      of strips to substantially the form of a cylinder, and means for cutting
      the latter, at right angles to its axis, to produce filters.
DRWD
PAR  A filter in accordance with the invention and a method and apparatus for
      its production will now be more fully described by way of example with
      reference to the accompanying drawing, in which:
PAR  FIG. 1 is a side view, partly broken away, of a cigarette provided with the
      filter.
PAR  FIG. 2 a section on the line II--II in FIG. 1,
PAR  FIG. 3 a diagrammatic perspective view of apparatus for producing such a
      filter, and
PAR  FIGS. 4, 5 and 6 are sections to a larger scale on the lines IV--IV, V--V,
      VI--VI respectively in FIG. 3.
DETD
PAR  The cigarette filter 1 shown in FIGS. 1 and 2 is composed of absorbent
      paper 2 and a fibrous filtering composition 3, in the example cellulose
      acetate tow, which is associated with the paper in superimposed layers and
      folded, or wound, substantially parallel to the longitudinal axis 6 of the
      filter 1. The paper 2 and cellulose acetate 3 are supplied in the form of
      strips 4 and 5 (FIG. 3) which, in the filter, extend in the direction of
      the axis 6. The cellulose acetate strip 5 has a greater width than the
      paper strip 4 and is so associated with the latter in the filter that, on
      the one hand, it covers one face 7 of the latter and, on the other hand,
      it is folded in along the two longitudinal edges 8 of the paper strip 4 so
      as to cover the other face 9 of the latter strip 4, which is thus
      completely enrobed or enclosed in cellulose acetate.
PAR  The process for the production of such filters consists, as illustrated by
      FIGS. 3 to 6, in joining together in the flat state, by pressure, the
      paper strip 4 and superimposed cellulose acetate strip 5, which has a
      width substantially equal to twice the width of the strip 4, the
      connection being made with the longitudinal central axes of the strips 4
      and 5 substantially superimposed. The assembly of the two strips thus
      produced is then supported so that only the paper strip 4, situated under
      the cellulose acetate strip 5, rests on the supporting means and the strip
      5 is so guided that marginal portions 10 are folded in along two edges 8
      of the strip 4 and applied against the face 9 of the said strip, to which
      the two said portions 10 are connected by pressure. In a manner known per
      se, the resultant assembly is then folded to form a cylinder 11, which
      will be cut at right angles to its axis to provide the filters.
PAR  Apparatus for producing the filters 1 and for carrying out the
      above-described process comprises (FIG. 3) two spools 12 and 13, with
      parallel axes 14 and 15, which support a reel 16 of paper strip and a reel
      17 of cellulose-acetate strip respectively. Two pressure rollers 18 and 19
      (FIGS. 3 and 4), disposed with their axes parallel to the axes of the
      spools 12 and 13, serve to join together, in a flat state, the paper strip
      4 and cellulose-acetate strip 5. Guides 20 disposed downstream of the
      rollers 18 and 19 and on each side of the assembly of strips 4 and 5 are
      so profiled as to bear against the portions 10 of the strip 5 and fold
      them downwardly, along the edges 8 of the strip 4, so that they are at an
      angle of about 90.degree. to the latter strip. A curved support 21 (FIGS.
      3 and 5) is provided, downstream of the guides 20, under the assembly of
      strips 4 and 5, the width of this support being substantially equal to the
      width of the paper strip 4. Two guides 22 (FIGS. 3 and 5) extending
      downstream of the support 21 and one on each side of the assembly of
      strips 4 and 5 are so profiled as to fold in the marginal portions 10 of
      the strip 5 and to apply them against the face 9 of the strip 4. Pressure
      rollers 23 and 24 (FIGS. 3 and 6) disposed, parallel to the rollers 18 and
      19, downstream of the guides 22 cause the marginal portions 10 of the
      cellulose acetate to adhere completely to the paper. Finally, the
      apparatus comprises a conical element 25, which forms the cylinder 11 in
      known manner by folding up the joined strips 4 and 5, and a known cutting
      element, not shown, which cuts the cylinder 11 at right angles to its axis
      at regular intervals to provide filters 1 or multiple filter lengths.
CLMS
STM  I claim:
NUM  1.
PAR  1. A tobacco-smoke filter composed of absorbent paper and a filtering
      composition comprising a tow of material, selected from the group
      consisting of fibres and filaments, associated with the paper in
      superimposed layers, wherein the absorbent paper and filtering composition
      are in the form of strips extending longitudinally of the filter, the
      filtering-composition strip having a width greater than the width of the
      paper strip and being associated with the paper strip to cover one face of
      the latter and having folds along the two longitudinal edges of the paper
      strip to form marginal portions covering at least part of the other face
      thereof.
NUM  2.
PAR  2. A filter according to claim 1, wherein the width of the
      filtering-composition strip is substantially equal to twice the width of
      the paper strip, so that the latter is completely enrobed by the filtering
      composition.
NUM  3.
PAR  3. A filter according to claim 1, wherein the tow comprises a material
      selected from the group consisting of cellulose acetate, polypropylene and
      viscose.
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ABST
PAL  This disclosure teaches a hair curler which includes a cylindrical drum and
      a jaw engageable thereagainst for holding and rolling hair. The jaw is
      operated from a first end manually by means of a crank. An axial shaft is
      turnable from a second end to energize a torsion spring which subsequently
      turns the drum as it deenergizes. A detent and clutch control engaging and
      releasing of the torsion spring. After the spring is wound, this curler is
      affixable using one hand.
BSUM
PAC  BACKGROUND OF INVENTION
PAR  This invention relates to hair curlers of the type designed to roll into a
      user's hair to retain the hair wound thereabout. More particularly this
      invention relates to hair curlers of the type which have means for
      retaining the hair in place on the curler as the curler rolls into the
      hair.
PAR  Many hair curlers are known in the prior art comprising a cylindrical drum
      around which hair is secured and coiled thereto by various means. All of
      these hair curlers, however, require certain practice by a user as far as
      curling the hair around the cylindrical drum is concerned. Two hands are
      necessary to operate these curlers and they do not provide reliable fixing
      of the hair thereto, particularly when the user rests her head on a pillow
      as when sleeping.
PAR  The present invention overcomes difficulties and shortcomings of the prior
      art in a particularly useful, novel, unobvious and facile way. A hair
      curler is provided which includes the traditional cylindrical drum and jaw
      engageable thereagainst and further this invention embodies automatic
      means to roll the drum. The jaw is operated manually from a first end by
      means of a crank as is known in the prior art. An axial shaft is turnable
      from a second end to energize a torsion spring which subsequently turns
      the drum as it deenergizes. A detent and clutch control energizing and
      releasing of the torsion spring. The crank and detent can be operated by a
      thumb and one other finger of the same hand. Accordingly one object of
      this invention is to provide a hair curler which, after the torsion spring
      is wound, can be applied using one hand.
PAR  Another object of this invention is to provide a hair curler which is not
      only easy to use but actually assists the user in winding the hair onto
      the curler whereby less skill and dexterity are required in its use.
PAR  Still another object is to provide a hair curler which aids in drying of
      the hair so that less time is consumed during drying.
PAR  Still another object of this invention is to provide a hair curler which
      can be manufactured in large scale at low cost so as to have a wide
      distribution and use.
PAR  Still another object of this invention is to provide a hair curler which is
      suited well otherwise to its intended functions.
DRWD
PAC  DESCRIPTION OF DRAWINGS
PAR  The foregoing and other objects, features and advantages will be seen more
      fully from a detailed description of a preferred embodiment which follows
      and from claims which also follow all viewed in conjunction with
      accompanying drawings wherein like numerals refer to like parts throughout
      and wherein:
PAR  FIG. 1 is a side and end perspective view of a hair curler according to
      this invention.
PAR  FIG. 2 is a perspective view showing the other end of the hair curler.
PAR  FIG. 3 is another perspective view with the hair curler rotated from the
      view of FIG. 2.
PAR  FIG. 4 is a partly broken sectional view taken along line 4--4 of FIG. 1 of
      the hair curler with the jaw closed and a clutch engaged.
PAR  FIG. 5 is a sectional view of the hair curler similar to FIG. 4 and showing
      movement of the jaw to its open position in dotted lines as well as the
      clutch disengaged.
PAR  FIG. 6 is a sectional view of the hair curler taken along line 6--6 of FIG.
      4.
PAR  FIG. 7 is a broken and idealized view depicting the relationship of the
      shaft, clutch and detent at one end of the hair curler.
PAR  FIG. 8 illustrates the hair curler in one hand of a user about to engage
      hair.
PAR  FIG. 9 shows the user picking a section of hair with the jaw of the hair
      curler.
PAR  FIG. 10 shows the user engaging the section of hair between the jaw and the
      cylindrical drum of the hair curler.
PAR  FIG. 11 shows the hair curler winding the section of hair.
PAR  FIG. 12 shows the hair curler in place with the section of hair wound
      thereabout.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The hair curler according to a preferred embodiment of this invention has a
      cylindrical drum 21 with an outer surface 22 which may be provided with
      openings 23 and which may be roughened for improved engagement with a
      section of hair 24. The drum 21 has an axis 25 as well as a first end 26
      spaced longitudinally from a second end 27.
PAR  The drum 21 is provided with a jaw 28 arranged longitudinally therealong
      and receivable into a trough 29. The jaw 28 is connected to the drum 21 by
      means of a pin 31 about which the jaw 28 rotates between a first closed
      jaw orientation shown in FIGS. 4 and 5 wherein the jaw 28 is urged to
      engage into the trough 29 and a second opened jaw orientation shown in
      dashed lines in FIG. 5 wherein the jaw 28 is spaced from the drum 21. The
      jaw 28 is operated by a simple crank 32 at the first end 26 of the drum 21
      and connected rigidly to the jaw 28 for rotating the jaw 28 about the pin
      31. A crank spring 33 is connected between the drum 21 and the crank 32 to
      urge the jaw 28 normally into its first closed jaw orientation as seen in
      FIG. 4. In operation a user presses the crank 32 toward the drum 21 to
      open the jaw 28 whereby it can receive the hair section 24 therein. On
      releasing the crank 32 the crank spring 33 closes the jaw 28 thus engaging
      the hair section 24.
PAR  The crux of the present invention is provision of automatic winding of the
      hair section 24 on the drum 21. Toward this objective an axial shaft 34
      coacts with a torsion spring 35, a clutch 36, a detent 37 and a knob 38.
      The first end 26 of the drum 21 is provided with a bearing 39 organized
      along the axis 25 and adapted to receive a first end 41 of the shaft 34
      journaled axially therein. A shaft biasing spring 42 is provided between
      the bearing 39 and the first end 41 of the shaft 34 normally to urge the
      shaft 34 toward the second end 27 of the drum 21. The torsion spring 35 is
      connected to the shaft at 43 and it wraps about the shaft for several
      turns and is anchored to the drum at 44. The torsion spring 35 is capable
      of storing elastic energy therein by winding of the shaft 34. The torsion
      spring 35 thereafter gives up that stored elastic energy to turn the drum
      21 about the axis 25 for rolling the hair section 24 onto the outer
      surface 22.
PAR  A second end 45 of the shaft 34 at the second end 27 of the drum 21 is
      provided with the clutch 36 which when engaged is rotatable about the axis
      25 only in a positive sense 46 of rotation as shown in FIG. 7 and is not
      rotatable in a negative sense of rotation opposite thereto. The second end
      27 of the drum 21 is provided with a clutch seat 47 having teeth 48 and
      projecting into the drum 21 for engagement with teeth 49 of the clutch 36.
      The detent 37 penetrates the drum 21 via the second ends 27 thereof along
      the axis 25. The detent 37 is connected to the clutch 36 and is moveable
      manually opposite the detent biasing spring 42 to a first detent position
      shown in FIG. 5 so as to disengage the clutch 36 from the clutch seat 47.
      The detent 37 has the knob 38 on its outward end which is used for turning
      the shaft 34 manually, thereby winding the torsion spring 35.
PAR  Accordingly for full operation of this hair curler a user turns the knob 38
      clockwise relative the second end 27 of the drum 21. The teeth 48 of the
      clutch seat 47 coact with the teeth 49 of the clutch 36 to facilitate
      winding of the torsion spring 35 in the correct positive sense 46 of
      rotation about the axis as shown in FIG. 7. The hair curler is then
      holdable between a thumb 51 and an index finger 52 of the same hand, with
      one on the detent 37 and the other on the crank 32. The crank 32 is held
      to the first ends 26 of the drum 21 as shown in dashed lines on FIG. 5 and
      in FIG. 8 until the hair section 24 is selected as shown in FIG. 9. The
      crank is released and, after the curler has been pulled to the end of the
      hair section 24 as shown in FIG. 10 then the detent 37 is pushed to its
      first detent position shown in FIG. 5 whereby the clutch 36 is disengaged.
      The shaft 34 is supported by the user's thumb 51 and index finger 52 so
      released elastic energy from the wound torsion spring 35 turns the drum 21
      about the shaft 34 and the axis 25, thereby winding the hair section 24
      onto the outer surface 22 of the drum 21.
PAR  It will be apparent to those skilled in manufacture and use of hair curlers
      that wide deviations may be made from the preferred embodiment shown and
      described herein without departing from a main theme of invention set
      forth in claims which follow.
CLMS
STM  We claim:
NUM  1.
PAR  1. A hair curler comprising in combination:
PA1  a cylindrical drum having a circumferential outer surface, the drum having
      an axis and a first end spaced longitudinally from a second end,
PA1  the drum provided with a jaw arranged longitudinally therealong and
      moveable between a first jaw orientation wherein it is urged to engage the
      outer surface of the drum and a second jaw orientation wherein it is
      spaced from the drum,
PA1  a crank connected fixedly to the jaw and connected hingedly to the drum at
      said first end, a crank spring connected between the drum and the crank to
      urge the jaw normally into said first jaw orientation,
PA1  the crank moveable manually from said first jaw orientation to said second
      jaw orientation overcoming the crank spring,
PA1  the first end of the drum provided with a bearing organized along the axis
      and adapted to receive a shaft journaled axially therein,
PA1  a shaft biasing spring connected between the bearing and the shaft normally
      to urge the shaft toward the second end of the drum,
PA1  the shaft provided at the second end of the drum with a clutch which is
      rotatable only in a positive sense of rotation about said axis and not
      rotatable in a negative sense of rotation thereabout,
PA1  the second end of the drum provided with a clutch seat projecting into the
      drum to engage the clutch,
PA1  a detent penetrating the drum via the second end thereof and along the
      axis, the detent connected to the clutch, the detent moveable manually to
      a first detent position overcoming the detent biasing spring to disengage
      the clutch,
PA1  the detent having a knob connected thereto and outward of the second end,
      the knob turnable to rotate the shaft in said positive sense, a torsion
      spring connected between the drum and the shaft to store energy on said
      rotating of the shaft in said positive sense and for giving up said energy
      to turn the drum on unwinding in said negative sense whereby a hair
      section engaged between the jaw and the outer surface of the drum is
      rolled onto the drum.
NUM  2.
PAR  2. The curler of claim 1 sized so that, after the torsion spring has the
      energy stored therein, a thumb and another finger on a single hand of the
      user can operate both the crank and the detent.
NUM  3.
PAR  3. The hair curler of Claim 2 with the outer surface of the drum having a
      trough into which the jaw is receivable.
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ABST
PAL  Apparatus for feeding coins one at a time into a coin-operated device,
      comprising a disc mounted for rotation about an axis tilted from the
      horizontal, an entry guide arranged to drop the coins onto the disc, and
      pairs of protruding pins on the disc which are arranged to engage the
      coins and carry them around the disc to an exit chute. Elongate brush-like
      guide members facing the disc are provided to insure that the coins are
      guided in the desired path and do not become superimposed on one another
      but are fed individually to the exit.
PARN
PAR  This application is a continuation-in-part of U.S. application Ser. No.
      467,875, filed May 8, 1974, now abandoned.
BSUM
PAR  This invention relates to coin feeding devices, and particularly to
      apparatus which is designed to present coins, one at a time, in a
      predetermined attitude, to a coin recognition device in a vending machine,
      for example.
PAR  Apparatus according to the invention for feeding coins in a coin-operated
      device, comprises a disc which is mounted for rotation about an axis which
      is tilted slightly from the horizontal, and is provided with at least one
      pair of pins projecting outwardly from its surface which are arranged and
      positioned so that when a plurality of coins are fed to the disc while it
      is rotating, each coin in turn is carried around by the pins to an exit
      chute.
PAR  Preferably, the two pins of each pair are spaced apart radially on the
      disc, the distance between them being slightly less than the diameter of
      the smallest coin which is to be handled. In a preferred arrangement, in
      which the disc is rotated by means of a motor at about one revolution per
      second, and the coins are to be fed from the disc at 120 millisecond
      intervals, eight pairs of pins are provided, spaced apart at 45.degree.
      intervals around the disc. A greater or smaller number of pairs of pins
      may be provided but in any case the disc must be large enough to allow
      adjacent pairs of pins to be spaced apart by a distance somewhat greater
      than two diameters of the largest coin to be handled, in order to avoid
      such coins becoming jammed between adjacent pairs of pins. This situation
      can arise when the distance is slightly less than two diameters, because
      two such coins may then "bridge" the gap between adjacent pairs of pins,
      becoming wedged at a slight angle to the surface of the disc.
PAR  The pin pairs are preferably arranged near the circumference of the disc so
      that coins can be fed on its surface in the region between the center and
      the pin pairs, and one or more additional pins may be provided in this
      area, so that it is swept at least once every revolution and coins are
      prevented from becoming jammed at the input.
PAR  In a preferred embodiment of the invention, one pin of each pair protrudes
      outwardly from the surface of the disc by a distance equal to the
      thickness of the thinnest coin to be handled, so that only one coin can be
      driven by each pair, at a time, while the other pin protrudes somewhat
      further so as to improve the "pick-up" efficiency. The outer pin of each
      pair may be the shorter. In one preferred embodiment one of the eight pair
      has the outer pin longer and the inner shorter, the remainder of the pairs
      having the outer pin shorter.
PAR  In order to present the coins in the required orientation to the pick-up
      pins, brush-like members are preferably provided at suitable positions
      extending towards the disc, so that the coins are maneuvered into the
      desired position against the pins by the rotation of the disc.
PAR  In order to retain the coins against the surface of the disc, the apparatus
      is preferably provided with a further arcuately extending retaining device
      which may also comprise a plurality of resilient members such as fibres
      forming a brush which extends towards the face of the disc. In one
      embodiment of the invention, a number of other similar retaining and
      guiding brushes may be provided at different points along the path of
      travel. A similar brush "wall" extends around the outer periphery of the
      disc, so that the disc just skims the fibres of the brush as it rotates.
      Alternatively a solid plastics wall may be provided around the periphery
      of the disc. As each pair of pins reaches top dead center, the coin
      becomes unstable and flies off in a path generally tangential to its
      previous path. At this point, a further brush may be provided to assist in
      guiding the coin in the required direction.
PAR  The disc is preferably mounted on a hinged plate, so that it can swing
      backwards if an abnormally heavy object should be thrown into it, and the
      plate is preferably normally held in position by a magnetic burst latch,
      so that it remains open until the mechanism is reset.
PAR  In a further embodiment which is not shown the hinge and magnetic burst
      latch arrangement is not used but is replaced on fixed but sprung location
      means and a clutch between the motor and disc to prevent damage to the
      pins on the disc. A further development of this arrangement is a
      self-clearing reversing and restarting cycling program in which if the
      disc jams, the polarity of the motor is reversed for half a revolution and
      then reversed to attempt to obtain normal rotation. The clutch assists in
      removing inertial stress between the motor and disc.
DRWD
PAR  Two embodiments of the invention will now be described by way of example
      with reference to the accompanying drawings in which:
PAR  FIG. 1 is a diametral cross-section taken through the disc of a first
      embodiment;
PAR  FIG. 2 is a rear elevation of a brush holder for the disc of FIG. 1;
PAR  FIG. 3 is a rear elevation of the assembled mechanism of FIG. 2;
PAR  FIG. 4 is a side elevation of the mechanism of FIG. 3;
PAR  FIG. 5 is a rear elevation of a mechanism according to a second embodiment;
      and
PAR  FIG. 6 is a cross section of a clutch taken along D--D of Figure
DETD
PAR  Referring to FIG. 1, in this embodiment the disc is 254 millimeters in
      diameter and carries eight pairs of radially-spaced apart pins. One pin of
      each pair is situated at a radius of 100 millimeters while the other is
      situated at a radius of 119 millimeters, so that the distance between
      centers of the pins is 19 millimeters, and since the pins are of 3
      millimeter diameter stainless steel, the space between the two pins of
      each pair is 16 millimeters. This allows the pair of pins to "drive" the
      smallest coin which the mechanism may be called upon to deal with (a
      British half-penny apiece of 17.2 millimeters diameter). The outer pin 6
      of each pair projects a distance of 1.5 millimeters from the other face 8
      of the disc, while the inner pin 4 projects by a distance of 5.5
      millimeters. A separate, single pin acting as a clearing pin which
      protrudes by a distance of 3 millimeters, is situated at a distance of 81
      millimeters from the center of the disc, so as to sweep the coin input
      area once in every revolution. A counterbore 6 millimeters in diameter and
      1 millimeter deep is provided at the position of each pin, so as to form a
      recess surrounding the pin, to prevent dust or other matter from building
      up around the base of the pin.
PAR  The pins may alternatively be in the form of small bolts or screws screwed
      into the disc from the back and having their ends turned down to form
      plain posts or the pins may be formed as projections which may be formed
      by moulding or casting standing out from the disc surface.
PAR  The brushes which skim the surface of the disc in use, are supported by a
      rectangular casting which has a central boss 13 around which a plastics
      retaining wall 14 is located.
PAR  On entering the apparatus, a coin drops until it engages a first short
      section of brush located at 15 on the boss 13 which positions it so that
      at least one of the pins engages against it. A longer section of brush 16
      then pushes it towards the center of the two pins of the pair.
PAR  A curved section 17 of brush, which runs parallel to the side retaining
      wall and extends over the center line of the pins, acts to separate a pair
      of coins if they are superimposed, and a short radially-extending brush 18
      acts to dislodge any coins which become lodged above one or more others
      already engaged by the pins. This may happen for example in a case where
      three coins travel around together in a "triangular" array.
PAR  A further groove 19 which is straight, and is arranged to be approximately
      tangential to the circular path of the coins, as they leave the disc at
      the top dead center position, holds a brush which guides the coins away
      from the disc. One of the advantages of using brushes is that the pins can
      press freely through them where necessary and they are not damaged by
      foreign objects.
PAR  FIG. 3 shows a diagrammatic rear view of the cabinet of the coin feeder,
      showing the positions of the parts of the mechanism when installed, and
      the position of the disc is shown by the circle 20. The position of the
      exit brush groove 19 in alignment with a chute 22 which guides the coins
      away from the disc, is also indicated to the right of the drawing. A motor
      24 is mounted at the rear of the mechanism and drives a shaft 26 upon
      which the disc is mounted, (FIG. 4) and a pair of handles 28 are also
      provided, one at each side of the cabinet to facilitate removal of the
      mechanism for servicing. The mechanism is provided with a horizontal bar
      30 near its base, the ends of which engage in slots 32 in the side plates
      34 of the mounting, and a latch 36 is provided at the top of the
      mechanism, which engages behind a bar 38 in its normal position. By
      releasing the latch 36, the mechanism can be lifted out using the handles
      28.
PAR  The backplate 40 of the mechanism, upon which the motor and the disc are
      mounted, is hinged about a vertical axis 44 at one side, the other side
      being held in engagement with the plate 42 by means of a magnetic catch
      46. Thus, if an object should be thrown into the mechanism with great
      force, the backplate 40 can swing away from the cabinet.
PAR  Although FIG. 4 shows the mechanism of the coin feeder in a vertical plane,
      and the front of the cabinet 48 tilted from the vertical, it will be
      appreciated that in use, the front of the cabinet 48 is in fact vertical,
      and the mechanism is tilted back at a corresponding angle to that shown in
      the drawing, so that coins entering the mechanism in the direction
      indicated generally by the arrows A, will fall against the disc and rest
      on it in the required attitude. It will be noted, however, that the disc
      is not tilted over so far from the vertical that coins will pile up on it.
PAR  FIG. 5 shows a second embodiment in which the disc 50 is provided with
      eight pairs of pins arranged in a similar way to the pins in the disc
      shown in FIG. 1. In the FIG. 5 disc in seven of the pairs the outer pins
      51 project 1.0 millimeter and the inner pins 52 project 5.5 millimeters
      but the eighth pair has the dimensions reversed so that outer pin 54
      projects 5.5 millimeters and inner pin 55 projects 1.0 millimeters. Also
      there are four clearing pins 56 spaced at 90.degree. at the pin pair
      positions.
PAR  The clearing pins 56 act so as to pick up a coin from a misaligned position
      resting against a brush 58 or some other misaligned position. The coin
      picked up by one of the clearing pins 56 is thrown onto one of the pairs
      of pins 51, 52 or 54, 55 to complete its normal cycle onto the exit brush
      59 and thence down a chute (not shown in FIG. 5 but equivalent to chute
      22).
PAR  In FIG. 5 can also be seen deflecting brushes 57 and 60 which are mounted
      with 59 and 58 on a main base plate 61. This base plate 61 is hinged on
      pivot pins and can be lifted out of the vending machine for repair or
      renewal. Also mounted on the base plate by means of three sprung spigots
      63 is a sub base plate 64 on which is mounted in position 65 a motor (not
      shown). The motor drives via a worm and wormwheel through a latch shown in
      FIG. 6 onto the disc 50.
PAR  In FIG. 6 can be seen details of the clutch on the disc drive shaft 66. The
      shaft 66 is fixedly pinned to an annular member 67 in which are two holes
      68. The holes receive in a clutched in condition two pins 69 urged inwards
      by springs 70 acting against plugs 71.
PAR  In the event of a jam in the mechanism such that the motor could not rotate
      the disc, the pins 69 disengage from the holes 68 and the clutch slips. A
      further safety device is arranged in the electrical circuitry of the motor
      supply so that if the disc jams, the polarity of the motor field coils 13
      reversed and the disc rotates half a revolution. The motors field coils is
      then reversed and the motor then tries again to rotate the disc in the
      normal direction. This action will continue until the disc clears itself.
PAR  It will be seen in FIG. 4 that the angle of tilt of the mechanism which
      includes the rotatable disc (shown in FIG. 1 but not visible in FIG. 4) is
      at 15.degree. to the vertical. However, 20.degree. to the vertical has
      been found to give a better performance. The angle of tilt of the disc
      from the vertical has been found in some cases to be critical and
      indications are that a variation of 2.degree. from the optimum of
      20.degree. may be unacceptable.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for feeding coins in a coin operated device, comprising
PA1  a rotatable disc,
PA1  entry guide means arranged to guide a coin onto the surface of the disc,
PA1  means mounting the disc for rotation about an axis which is tilted from the
      horizontal;
PA1  a motor drivingly connected to the disc;
PA1  at least one pair of coin-engaging pins projecting outwardly from the
      surface of the disc, the two pins of each pair being spaced apart radially
      on the disc a distance slightly less than the diameter of the smallest
      coin to be handled,
PA1  an exit chute for the coin,
PA1  whereby when a plurality of coins are fed into the guide means, each coin
      in turn is engaged by a set of pins and carried to the exit.
NUM  2.
PAR  2. Apparatus according to claim 1 having eight pairs of pins, spaced apart
      at 45.degree. intervals around the disc.
NUM  3.
PAR  3. Apparatus according to claim 1 in which the pins are arranged near the
      circumference of the disc.
NUM  4.
PAR  4. Apparatus according to claim 1 in which the guide means is positioned
      between the center of the disc and the pins.
NUM  5.
PAR  5. Apparatus according to claim 1 in which the radially outer pin of each
      pair is short and protrudes outwardly from the surface of the disc by a
      distance equal to the thickness of the thinnest coin to be driven, while
      the other pin is longer.
NUM  6.
PAR  6. Apparatus according to claim 1 further comprising
PA1  at least one elongate brush-like guide member;
PA1  mounting means to hold the guide member in a position facing the disc and
      below the entry guide means so as to guide the coins, in use, against the
      pins.
NUM  7.
PAR  7. Apparatus according to claim 1 further comprising an arcuate brush-like
      guide member, and mounting means to hold the guide member in a position
      facing the disc and parallel to the periphery of the disc, over the
      circular path of the coins.
NUM  8.
PAR  8. Apparatus according to claim 1 further comprising an elongate brush-like
      member, and mounting means locating the brush-like member adjacent the
      exit chute, whereby the coin is guided to the exit chute on leaving the
      disc.
NUM  9.
PAR  9. Apparatus for feeding coins in a coin operated device, comprising
PA1  a rotatable disc,
PA1  entry guide means arranged to guide a coin onto the surface of the disc,
PA1  means mounting the disc for rotation about an axis which is tilted from the
      horizontal;
PA1  a motor drivingly connected to the disc;
PA1  a plurality of pairs of radially spaced apart pins arranged in a circular
      array and projecting outwardly from the surface of the disc; each pair of
      pins being separated by a distance of between two and three diameters of
      the largest coin to be handled;
PA1  and an exit chute for the coin,
PA1  whereby when a plurality of coins are fed into the guide means, each coin
      in turn is engaged by a set of pins and carried to the exit.
NUM  10.
PAR  10. Apparatus according to claim 9 in which the two pins of each pair are
      spaced apart radially on the disc, the distance between them being
      slightly less than the diameter of the smallest coin to be handled.
NUM  11.
PAR  11. Apparatus according to claim 9 having eight pairs of pins, spaced apart
      at 45.degree. intervals around the disc.
NUM  12.
PAR  12. Apparatus according to claim 9 in which the pins are arranged near the
      circumference of the disc.
NUM  13.
PAR  13. Apparatus according to claim 9 in which the guide means is positioned
      between the center of the disc and the pins.
NUM  14.
PAR  14. Apparatus according to claim 9 in which the radially outer pin of each
      pair is short and protrudes outwardly from the surface of the disc by a
      distance equal to the thickness of the thinnest coin to be driven, while
      the other pin is longer.
NUM  15.
PAR  15. Apparatus according to claim 9 further comprising
PA1  at least one elongate brush-like guide member;
PA1  mounting means to hold the guide member in a position facing the disc and
      below the entry guide means so as to guide the coins, in use, against the
      pins.
NUM  16.
PAR  16. Apparatus according to claim 9 further comprising, an arcuate
      brush-like guide member, and mounting means to hold the guide member in a
      position facing the disc and parallel to the periphery of the disc, over
      the circular path of the coins.
NUM  17.
PAR  17. Apparatus according to claim 9 further comprising an elongate
      brush-like member, and mounting means locating the brush-like member
      adjacent the exit chute, whereby the coin is guided to the exit chute on
      leaving the disc.
NUM  18.
PAR  18. A device as claimed in claim 1 characterised in that the radially outer
      pin of each pair except one is short and protrudes outwardly from the
      surface of the disc by a distance equal to the thickness of the thinnest
      coin to be driven while the other pin is longer.
NUM  19.
PAR  19. A device as claimed in claim 1 characterized in that a clutch is
      drivably connected between the motor and disc.
NUM  20.
PAR  20. A device as claimed in claim 19 characterized in that a switching means
      is provided to reverse the motor field coils' polarity on the disc
      stopping the motor.
NUM  21.
PAR  21. A device as claimed in claim 1 characterized in that the disc is
      mounted so that in use it is at an angle of substantially 15.degree. to
      the vertical.
NUM  22.
PAR  22. A device as claimed in claim 9 characterized in that the radially outer
      pin of each pair except one is short and protrudes outwardly from the
      surface of the disc by a distance equal to the thickness of the thinnest
      coin to be driven while the other pin is longer.
NUM  23.
PAR  23. A device as claimed in claim 9 characterized in that a clutch is
      drivably connected between the motor and disc.
NUM  24.
PAR  24. A device as claimed in claim 23 characterized in that a switching means
      is provided to reverse the motor field coils' polarity on the disc
      stopping the motor.
NUM  25.
PAR  25. A device as claimed in claim 9 characterized in that the disc is
      mounted so that in use it is at an angle of substantially 15.degree. to
      the vertical.
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ABST
PAL  An apparatus for spray-etching includes a chamber having a surface on which
      items to be etched can be mounted. A valve has two spray nozzles to which
      an etchant solution and rinse water respectively are supplied. The valve
      is movable between a first position in which the etchant spray nozzle is
      directed at the aforementioned surface and the rinse water nozzle is
      directed into a water drain well, and a second position in which the rinse
      water is directed towards the said surface and the etchant nozzle is
      directed to an etchant drain well. Liquid from the chamber falls into an
      appropriate one of the drain wells, dependent on the position of the
      valve. The valve prevents contamination of the etchant by the rinse water.
BSUM
PAR  This invention relates to spray etching apparatus, and is principally
      concerned with such apparatus when intended for use in the production of
      etched film electrical circuits.
PAR  It is desirable, in the production of etched film electrical circuits, that
      the time during which the conductive film shall be exposed to an etchant
      spray is closely controlled. The time between shutting off the etchant
      spray and applying a rinsing fluid to the metal film, during which time
      etchant remains on the film, is preferably to be reduced to a minimum.
      Moreover, if rinsing fluid is to be introduced substantially immediately
      after shutting off the supply of etchant, the rinsing fluid must be
      prevented from draining into the etchant tank.
PAR  According to the invention a spray etching apparatus comprises a housing
      defining a chamber having a surface to which workpieces to be etched may
      be secured, a valve element movable within said housing and including
      first and second supply passages for an etchant and a rinsing fluid
      respectively, first and second spray nozzles mounted on said valve element
      and respectively communicating with said first and second supply passages,
      first and second drain wells in said housing, and means for moving said
      valve element between a first position in which said first nozzle is
      directed towards said surface, said chamber communicates with said first
      drain well and is isolated from said second drain well and said second
      nozzle communicates with said second drain well, and a second position in
      which said second nozzle is directed towards said surface, said chamber
      communicates with said second drain well and is isolated from said first
      drain well, and said first nozzle communicates with said first drain well.
DRWD
PAR  An example of the invention will now be described with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a section through a spray etching apparatus,
PAR  FIG. 2 is a section on line 2--2 in FIG. 1, and
PAR  FIG. 3 is a section on line 3--3 in FIG. 1.
DETD
PAR  The apparatus has a generally wedge-shaped spray chamber 10 having a
      removable lid 11 which can be sealingly clipped in place. Mounted on the
      lid 11 is a rotatable carrier 12 which has its inner surface 13 recessed
      so as to receive workpieces which are to be etched.
PAR  Chamber 10 can communicate, via a valve arrangement 14 with either one of
      two drain wells 15, 16. In plan, drain well 15 is generally T-shaped and
      drain well 16 is generally U-shaped. Drain well 15 has a single drain
      outlet 17 and drain well 16 has two drain outlets 18.
PAR  Valve arrangement 14 comprises a generally cylindrical control element 19
      which extends sealingly through a housing 20. Housing 20 has a port 21
      which communicates with chamber 10, ports 22, 23 which communicate with
      drain well 15, and ports 35, 36 which communicate with drain well 16.
      Control element 19 has three recesses 24, 25, 26, and is rotatable through
      180.degree. by means of a handle 27 so that in one limiting position
      chamber 10 communicates with drain well 15 via recess 24, and drain well
      16 is isolated from chamber 10. In the other limiting position chamber 10
      communicates with drain well 16 via recesses 25, 26, and is isolated from
      drain well 15.
PAR  Extending longitudinally through element 19 are passages 28, 29 having
      external connections 30, 31 through which an etchant and rinse water can
      respectively be supplied. Mounted within recess 24 is a spray nozzle 32
      which communicates with passage 28 and is arranged to direct etchant
      through port 21 onto the surface 13 when the control element 19 is in its
      first limiting position. Mounted within recesses 25, 26 are spray nozzles,
      33, 34, both of which communicate with passage 29 and are arranged, when
      element 19 is in its second limiting position, to direct rinse water
      through the port 21 onto surface 13.
PAR  With control element 19 in the first limiting position (shown) the nozzles
      33, 34 direct water through the ports 35, 36 in the housing 20, directly
      into the drain well 16. With control element 19 in its second limiting
      position nozzle 32 directs etchant through the port 23 directly into drain
      well 15.
PAR  In use, both etchant and rinse water are constantly supplied to passages
      28, 29. During etching control element 19 is in its first limiting
      position. After a predetermined etching period the control element 19 is
      moved to its other limiting position, so that rinse water is substantially
      immediately sprayed onto the workpieces. A small quantity of etchant,
      mixed with rinse water, enters drain well 16, but no water enters well 15.
      Well 15 is conveniently connected to an etchant reservoir from which
      etchant is returned by means of a pump to passage 28.
PAR  The carrier 12 is preferably rotated in use to ensure a substantially even
      distribution of etchant and rinse water over the workpieces. It will be
      understood that both element 19 and carrier 12 may be automatically
      operated in response to a timing device.
PAR  Preferably the apparatus is fabricated from a synthetic resin material, and
      there is provided, within an axial groove 37 in the housing 20, an
      elastomeric seal 38 which prevents leakage flow between drain wells 15, 16
      around the circumference of element 19.
CLMS
STM  I claim:
NUM  1.
PAR  1. A spray etching apparatus comprising a chamber having a surface to which
      workpieces to be etched may be secured, a valve element movable within a
      housing and including first and second supply passages for an etchant and
      a rinsing fluid respectively, first and second spray nozzles mounted on
      said valve element and respectively communicating with said first and
      second supply passages, first and second drain wells in said housing, and
      means for moving said valve element between a first position in which said
      first nozzle is directed towards said surface, said chamber communicates
      with said first drain well and is isolated from said second drain well and
      said second nozzle communicates with said second drain well, and a second
      position in which said second nozzle is directed towards said surface,
      said chamber communicates with said second drain well and is isolated from
      said first drain well, and said first nozzle communicates with said first
      drain well.
NUM  2.
PAR  2. An apparatus as claimed in claim 1 in which said valve element is
      substantially cylindrical.
NUM  3.
PAR  3. An apparatus as claimed in claim 2 in which said first and second
      nozzles are spaced axially of said valve element.
NUM  4.
PAR  4. An apparatus as claimed in claim 3 in which said first and second
      nozzles have different radial directions relative to the axis of said
      valve element.
NUM  5.
PAR  5. An apparatus as claimed in claim 1 which includes a third spray nozzle
      communicating with said second supply passage, said third nozzle
      communicating with said second drain well in said first position of the
      valve element, and being directed towards said surface in said second
      position of the control element.
NUM  6.
PAR  6. An apparatus as claimed in claim 1 in which said valve element is
      provided with a first recess by means of which, in said first position,
      said chamber communicates with said first drain well, and in said second
      position said chamber communicates with said second drain well.
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PAL  A portable duck blind camp cot and back pack consists of a plurality of
      telescoping frame sections each having support legs to support the cot or
      duck blind from the ground. With the frame sections telescoped together a
      pair of shoulder straps on an end section permit the device to be used as
      a back pack. A folding cover also formed of telescopic sections is adapted
      to overlay the cot to form a duck blind to completely hide the hunter and
      yet be quickly and easily removed when the hunter raises himself to a
      shooting position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to field apparatus which forms a portable
      duck blind, a camp cot and a back pack.
PAC  SUMMARY OF THE INVENTION
PAR  The instant invention included a plurality of frame sections which are
      telescoped together each having legs to support the frame section from the
      ground. When fully extended the frame sections support a canvas to serve
      as a bed or a support for the hunter using the device as a duck blind. In
      collapsed position the frame can be supported from the shoulders of a back
      pack by the use of a pair of shoulder straps. A telescoping camouflage
      cover is provided for the device for use as a duck blind and can be
      quickly and easily swung out of position when the hunter desires to raise
      to shooting position.
PAR  The primary object of the invention is to provide a combined duck blind
      camp cot and back pack which is inexpensive to manufacture, simple to use
      and effective in its use.
PAR  Other objects and advantages will become apparent in the following
      specification when considered in light of the attached drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of the invention;
PAR  FIG. 2 is a side elevation of the invention;
PAR  FIG. 3 is an end elevation of the invention;
PAR  FIG. 4 is a side elevation of the device collapsing to a back pack
      relation;
PAR  FIG. 5 is an enlarged fragmentary vertical sectional view, taken on the
      line 5--5 of FIG. 3, looking in the direction of the arrows with the
      sections partially telescoped together;
PAR  FIG. 6 is an enlarged fragmentary view similar to FIG. 5;
PAR  FIG. 7 is a transverse cross-section taken on the line 7--7 of FIG. 6,
      looking in the direction of the arrows;
PAR  FIG. 8 is a view similar to FIG. 6 with the latch in latching position;
PAR  FIG. 9 is a fragmentary plan view of the connection between the cot and the
      cover; and
PAR  FIG. 10 is a fragmentary transverse sectional view, taken on the line
      10--10 of FIG. 9, looking in the direction of the arrows.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings in detail, wherein like reference characters
      indicate like parts throughout the several figures, the reference numeral
      10 indicates generally, a portable duck blind camp cot and back pack
      device constructed in accordance with the invention.
PAR  The device 10 includes a cot portion indicated generally at 11 and a cover
      portion indicated generally at 12. The cot portion 11 has a pair of
      tubular side members 13, 14 connected by a pair of spaced parallel
      generally horizontal tubular members 15, 16. A U-shaped leg 17 is
      connected to the frame members 13, 14 and depends perpendicularly
      therefrom. An inverted concaved foot member 18 is secured to the leg
      member 17 across the lower portion thereof to prevent the leg 17 from
      penetrating the ground. A pair of spaced parallel tubular rods 19 extend
      across the U-shaped leg 17 parallel to the tubular member 15. The rods 19
      form a bottom support for the device when used as a back pack.
PAR  A second generally U-shaped leg 20 is secured to the frame members 13, 14
      in spaced parallel relation to the leg 17 as can be clearly seen in FIG.
      2. An inverted concaved foot 21 is secured to the lower portion of the leg
      20 in horizontal alignment with the foot 18.
PAR  A pair of spaced parallel tubular frame members 22, 23 are telescopically
      mounted in the frame members 13, 14 respectively and are connected
      together at their outer ends by a U-shaped leg member 20 having an
      inverted concaved foot member 21 on its lower end.
PAR  The frame members 13, 14 each have a latch slot 24 formed on the lower
      portion thereof adjacent the U-shaped leg 20. A spring latch 25 is secured
      within the frame member 22 by a rivet 26 and projects through a slot 27 in
      the frame member 22 in order to engage in the slot 24 of the frame member
      13 as can be seen in FIGS. 6 and 8. A plurality of successively smaller
      tubular frame members 22a, 22b and 22c are telescopically positioned
      within each of the next larger frame members and are provided with latches
      25 engaging in keeper slots 24 to maintain the cot portion 11 in extended
      position as it is opened. The smallest frame member 22c is not only
      connected to the frame member 23c by means of a leg 20 but has an integral
      cross member 28 extending therebetween. The frame member 22b is connected
      to the frame member 23b by means of a leg 20 and the frame member 22a is
      connected to the frame member 23a by a leg member 20 all as can be clearly
      seen in FIG. 1 and 2. A canvas support platform 29 encompasses the side
      frames and end frames of the cot portion 11 and is stretched tautly
      therebetween with the cot in its extended position to serve as a support
      for the user when in a reclining position.
PAR  A pair of shoulder straps 30 are secured respectively to the frame members
      13, 14 to engage over the shoulders of the wearer so that with the cot
      portion 11 in the collapsed position as illustrated in FIG. 4 it can be
      carried on the back with additional equipment supported on the leg 17 and
      rods 19 to be carried by a hiker.
PAR  The cover portion 12 consists of a pair of spaced parallel tubular frame
      members 31 integrally connected into a horizontal U-shaped member by a
      transverse portion 32. A pair of inverted U-shaped cover supports 33 are
      secured to the frame members 31 in spaced parallel relation. A pair of
      spaced parallel frame members 34 are telescopically received in the frame
      members 31 and are connected by an inverted U-shaped cover support 35. A
      pair of spaced parallel frame members 34a are telescopically received in
      the frame members 34 and are connected by a U-shaped cover support 35a. A
      pair of spaced parallel frame members 34b are telescopically received in
      the frame members 34a and are connected by an inverted U-shaped cover
      support 35b. A pair of spaced parallel frame members 34c are
      telescopically received in the frame members 34b and are connected by an
      inverted U-shaped cover support 35c and by a transverse cross member 36. A
      plurality of hinge members 37 are connected to the frame members 31, 34
      34b and 34c with each having a spring snap clamp 38 inwardly formed
      thereon in depending relation thereto to encompass an adjacent frame
      member 14, 23, 23b and 23c in order to secure the cover member 12 to the
      cot 11 so that the cover member 12 can be quickly thrown off as desired by
      the user.
PAR  A cover 39 is supported on the cover supports 33, 35, 35a, 35b and 35c to
      form an enclosure within which the user lies while sleeping or waiting for
      ducks. An inflatable pillow 40 is supported on the frame members 13, 14
      and the canvas 29 being secured thereto by straps 41. The pillow 40 has a
      relatively long inflating tube 42 extending outwardly therefrom to permit
      the pillow 40 to be inflated by the user after enclosing himself within
      the cover portion 12 while on the cot 11.
PAR  In the use and operation of the invention the cot portion 11 is extended
      and latched from its back pack condition as illustrated in FIG. 4 to the
      extended condition as illustrated in FIG. 2. The cover portion 12 is then
      extended and the spring clamps 38 are snapped onto the frame members 13,
      23, 23b and 23c of the cot portion 11. The hunter when using the device as
      a duck blind then raises the cover portion 12 and reclines on the cot
      portion 11 lowering the cover portion 12 so that he is hidden completely
      from the duck. He then inflates the pillow 40 to whatever pressure is
      suitable to him and rest quietly while waiting for the ducks. When ducks
      are heard and he is ready to shot he flips the cover portion 12 open
      quickly on its hinges 37 and raises to a firing position along side of the
      cot portion 11.
PAR  When using the cot portion 11 for sleeping purposes the cover portion 12
      may be discarded or it may serve as a tent to protect the user if this be
      desired.
PAR  Having thus described the preferred embodiment of the invention it should
      be understood that numerous structural modifications and adaptations may
      be resorted to without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A combined duck blind, cot and back pack comprising a plurality of
      relatively rigid frame sections having telescoping side frame members, a
      plurality of generally U-shaped legs integrally connecting each of said
      frame sections and extending generally parallel to each other, a canvas
      support secured to said frame sections for supporting an occupant, spring
      urged latch and recess means on said frame sections for locking said frame
      sections in extended position, a fabric cover member to cover the entire
      cot detachably secured to said device with said cover member being hinged
      parallel to the longitudinal axis of the cot at regular spaced intervals
      along the entire length of the device to permit the cover to be moved into
      and out of covering position with respect to said device, a plurality of
      telescopically collapsible related frame sections forming said cover
      member, and a plurality of clamping members attached to said cover, each
      clamping member adapted to releasably attach to a plurality of cot frame
      members.
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ABST
PAL  An octane analyzer for monitoring the octane of a gasoline stream in which
      a sample of the gasoline stream is periodically injected into a reactor
      containing oxygen and maintained at a temperature at which mild reaction
      results. The time required for initiation of the mild reaction or the
      severity of the mild reaction is measured and correlated with octane
      number. Means are provided to charge a reproducible sample into the
      reaction by maintaining the sample under a pressure holding it in the
      liquid phase and delivering it into a chamber in which the pressure is
      reduced to cause vaporization of the sample. The chamber is packed with
      finely divided material that holds gasoline in the liquid phase in the
      chamber.
BSUM
PAR  This invention relates to the monitoring of a characteristic of a
      hydrocarbon fuel and more particularly to a method and apparatus for
      monitoring the octane number of a refinery gasoline stream.
PAR  Gasoline is ordinarily manufactured at refineries by processing various
      petroleum fractions to produce streams, hereinafter referred to as
      "gasoline streams", having boiling points in the gasoline boiling range.
      The various gasoline streams may be straight-run gasoline, reformer
      gasoline cracked gasoline, alkylate, etc. The gasoline streams are then
      blended in proportions that will give a gasoline product meeting the
      desired gasoline specifications, and particularly having the desired
      octane number. The usual procedure is to blend the gasoline streams to
      produce a gasoline having an octane number lower than the specification
      gasoline product and make the final correction of octane number by the
      addition of tetraethyl lead.
PAR  In the operation of the refinery, an effort is made to operate each of the
      processing units to produce a gasoline stream having a target octane
      number that will balance the production of the several gasoline streams
      with the requirements for blending gasoline product of the desired
      specifications. Then the gasoline streams can be blended in-line as they
      are produced by the processing units. Ordinarily, variations in the
      feedstock or conditions in the processing units cause variations in the
      blending characteristics of the gasoline streams which limit or prevent
      in-line blending. The customary practice has been to deliver the gasoline
      streams to storage, sample the contents of the storage tanks and measure
      their octane numbers, and then blend the gasoline in an essentially batch
      process. Because of the variations in the specification of the gasoline
      streams delivered into storage over the period a storage tank is being
      filled, it is frequently necessary to mix the contents of the storage tank
      for long periods to obtain a uniform composition throughout the storage
      tank. The batch blending operation is expensive both in its requirements
      of storage capacity and manpower.
PAR  It is desirable, in order to reduce the costs of gasoline blending, to
      blend directly gasoline streams from the different processing units to
      produce a gasoline product having the desired specifications. To
      accomplish the desired in-line blending it is essential that the octane
      number of the various gasoline streams be monitored, then the proportions
      of the various gasoline streams can be altered as required by variations
      in the properties of the gasoline streams. The standard method of
      determination of the octane number of a gasoline stream in an engine is
      too costly to be an effective method of octane determination for in-line
      blending.
PAR  One process that has been developed for monitoring the octane number of a
      gasoline stream is described in U.S. Pat. No. 3,463,613 of E. R. Fenske et
      al. In the process described in that patent, a gasoline stream and an
      oxygen-containing gas are passed continuously through a reactor tube
      maintained at a temperature at which a cool flame develops as a result of
      the oxidation of the gasoline stream. The pressure maintained on the
      reactor tube is controlled to maintain the cool flame at a fixed position
      in the reactor tube. A correlation between the pressure required to
      maintain the flame at a fixed position and the octane number of the
      gasoline stream is used to convert the pressure reading to octane number.
      The process described in U.S. Pat. No. 3,463,613 is not wholly
      satisfactory. The method is highly sensitive to the quality of the
      gasoline stream. The term "quality" as used herein is used to designate
      the particular types of compounds in the gasoline stream and will depend
      upon the type of processing unit in which the gasoline stream is produced.
      Moreover, the continuous flow of gasoline through the reactor tube results
      in the formation of deposits which causes an alteration in the
      characteristics of the testing apparatus over a period of time.
PAR  Another method of monitoring the octane number of the gasoline stream is
      described in U.S. Pat. No. 3,738,810 of Clinton and Puzniak. In the
      process described in that patent, a sample of the gasoline stream is
      injected periodically into a reactor through which an oxygen-containing
      gas flows at a temperature ordinarily in the range of 275.degree. C. to
      350.degree. C. that causes a mild oxidation reaction. The severity of the
      mild reaction is safely below the range at which an explosion occurs. The
      severity and/or induction period of the mild reaction is measured and
      correlated with the octane number whereby the severity measurement or
      induction period can be used directly as an indication of the octane
      number of the gasoline stream. The induction period may be measured by
      measuring the time until the reaction is initiated, as indicated by an
      increase in the temperature in the reactor. The severity is measured as
      the magnitude of a temperature or pressure pulse. Another measure of the
      severity of reaction that can be used is a determination of the rate of
      temperature increase once the reaction is initiated.
PAR  The process described in U.S. Pat. No. 3,738,810 has been found to give an
      improved monitoring of an octane number of a gasoline stream. It is
      important to the process of U.S. Pat. No. 3,738,810 that the gasoline
      sample delivered into the reactor be reproducible in size, phase and
      concentration in the oxygen-containing gas.
PAR  This invention resides in apparatus and a method adapted to inject a sample
      of a gasoline stream periodically into a reactor containing an
      oxygen-containing gas in an oven maintained at an elevated temperature.
      The sample is displaced in the liquid phase by a carrier gas into a
      chamber filled with finely divided solid material adapted to hold in the
      chamber by capillary action that part of the gasoline that remains in the
      liquid phase and thereby prevent delivery into the reactor of droplets of
      liquid gasoline.
PAR  Following displacement of the complete sample of the gasoline into the
      chamber, carrier gas flows through the chamber and then into the reactor
      to evaporate and sweep into the reactor that part of the gasoline sample
      that is held by capillary action. The finely divided material provides a
      large surface area from which reproducible evaporation occurs.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic illustration of apparatus useful in the monitoring
      of the octane number of a gasoline stream in accordance with this
      invention.
PAR  FIG. 2 is a diagrammatic vertical sectional view of an injection valve used
      in this invention in the position it occupies between octane
      determinations.
PAR  FIG. 3 is a diagrammatic vertical sectional view of the sampling valve
      illustrated in FIG. 2 in position for injecting a sample of the gasoline
      stream into the reactor of the octane monitoring apparatus.
DETD
PAR  Referring to FIG. 1, an oven indicated generally by reference numeral 10 is
      shown enclosing a reactor 12. Oven 10 is provided with suitable heating
      and control means to maintain the oven at the desired temperature which is
      ordinarily 60.degree. C. to 90.degree. C. and preferably about 75.degree.
      C. Reactor 12 can, for example, be a stainless steel or glass sphere
      heavily insulated and provided with any suitable heating device such as
      electrical heating elements to maintain the temperature within the reactor
      at a constant temperature between 275.degree. C. and 350.degree. C.
      between sample injections. Reactor 12 is connected by an inlet line 14 to
      a sampling valve indicated in FIG. 1 generally by reference numeral 16. A
      vent line 18 from the reactor maintains the reactor at substantantially
      atmospheric pressure and provides an outlet for the reactor. A gasoline
      stream inlet line 20 is connected into the gasoline stream produced by a
      processing unit to provide a continuous flow of a slip stream through the
      sampling valve of the gasoline stream to be monitored. The gasoline
      circulated through the sampling valve is discharged through an outlet line
      22. A regulating valve 24 in the outlet line maintains the pressure in
      lines 20 and 22 high enough to prevent vaporization of gasoline at the
      temperatures existing within the oven 10.
PAR  A carrier gas supply line 26 from a source, not shown in the drawings,
      preferably at a temperature of approximately 75.degree. C., is connected
      into sampling valve 16 and communicates through passages in that valve
      with the inlet line 14. It is essential to the mild oxidation reaction
      that occurs in reactor 12 that an oxygen-containing gas be delivered into
      the reactor. It is preferred, therefore, that the carrier gas delivered to
      the sampling valve 16 be an oxygen-containing gas. Air is a preferred
      oxygen-containing gas. If a gas that does not include oxygen is used as
      the carrier gas, it will be necessary to supply oxygen into the reactor
      from a source other than the carrier gas.
PAR  A recorder 28 is provided to give an indication of the severity of the
      reaction that occurs within reactor 12. The recorder and the system for
      operating it are described in detail in U.S. Pat. No. 3,738,810 of Clinton
      et al. As indicated in U.S. Pat. No. 3,738,810, the recorder can be
      adapted to indicate the parameters of severity or induction period of the
      reaction that can be correlated with the octane number of the gasoline.
      For example, the recorder can be constructed to indicate the time required
      after injection of a sample of the gasoline stream for initiation of the
      oxidation reaction or to indicate the magnitude of a temperature or
      pressure pulse. For purposes of illustration, severity is used to indicate
      the octane number of the gasoline. The details of the recorder and the
      timing mechanism are not a part of this invention and will not be further
      described except to indicate a connection, such as by a lead line 20, of
      the recorder to a thermocouple 32 in the reactor.
PAR  Referring to FIG. 2 of the drawings, sampling valve 16 includes a sliding
      block 34 adapted to slide between a top block 36 and a bottom block 38.
      Sliding block 34 is preferably constructed of Teflon and is in the form of
      a rectangular block adapted to engage and seal against the flat top
      surface of bottom block 38 and the flat bottom surface of top block 36.
      Suitable means such as an adjustably compressed helical spring, not shown,
      engaging the top surface of top block 36 urges the blocks together to
      prevent leakage. The movement of the sliding block 34 between top block 36
      and bottom block 38 is controlled by a connecting rod 40 driven by
      suitable means. In the apparatus illustrated in the drawings utilizing
      pneumatic controls to operate the sampling valve, connecting rod 40 is
      connected to a piston 42 in a cylinder 44. Air lines 46 and 48 extend from
      cylinder 44 to air control and timing means, not shown in the drawings,
      for periodic reciprocation of the sliding block 34 between the circulating
      position illustrated in FIG. 2 and the sample injection position
      illustrated in FIG. 3.
PAR  Bottom block 38 has a gasoline passage 50 extending through it and opening
      at the top surface of the bottom block. Passage 50 is connected at its
      lower end to gasoline inlet line 20. A gasoline passage 52 in top block 36
      has an inlet in the bottom surface of the block in alignment with passage
      50 and an outlet connected with discharge line 22. A carrier gas passage
      54 connected to carrier gas supply line 26 extends through top block 36
      and has an outlet in the bottom surface of the top block. A sample passage
      56 in lower block 38 connected at its lower end with inlet line 14 to the
      reactor is in vertical alignment with carrier gas passage 54. At the upper
      end of sample passage 56 is an enlarged chamber 58 which extends to the
      upper surface of lower block 38. Chamber 58 is filled with a finely
      divided material such as glass wool, stainless steel shavings, or other
      particulate material that will provide sufficient surface and small enough
      openings to hold within the chamber by capillary action that portion of
      the gasoline sample that is not vaporized before the carrier gas following
      the sample enters the chamber 58. A permeable monolithic block can be used
      in chamber 58.
PAR  Sliding block 34 has a vertical carrier gas passage 60 and a vertical
      gasoline sample passage 62 extending through it. Those passages are spaced
      apart a distance equal to the spacing between the openings of passages 52
      and 54 through the bottom surface of the top block 36. In the preferred
      embodiment of the invention illustrated in the drawings, there is also a
      gasoline circulating passage 64 extending vertically through the sliding
      block 34 located on the side of sample passage 62 opposite passage 60 so
      that circulating passage 64 communicates with passages 50 and 52 when the
      sample valve is in the injection position illustrated in FIG. 3.
PAR  As shown in FIGS. 2 and 3, it is preferred that the diameter of passages 60
      and 64 be larger than the diameter of the passage 62. The diameter of the
      passage 62 is designed to provide a volume that will give a sample of the
      desired size. Small samples, preferably having a volume in the range of 2
      to 25 microliters, are used in the octane monitoring process. The
      dimensions of inlet line 20 and carrier gas supply line 26 are such that
      the gasoline stream flowing through passage 62 and the carrier gas flowing
      through passage 60 are substantially at the oven temperature. The chamber
      58 has a diameter and volume large enough to avoid substantial blow back
      of the gasoline sample into the carrier gas line when the pressure on the
      sample is reduced, and a surface area adequate to hold the liquid that is
      not vaporized ahead of the carrier gas in a thin film whereby droplets of
      liquid gasoline are not carried to the reactor by the carrier gas. Because
      much of the gasoline sample will remain liquid at the temperature of the
      sample valve, a chamber 58 having a diameter at least four times the
      diameter of sample passage 62 is adequate.
PAR  In the operation of the apparatus of this invention, the oven is raised to
      a temperature of approximately 75.degree. C. for a period adequate to
      raise the temperature of the valve 16 and the lines 20 and 26 to the
      desired temperature. A slip stream of the gasoline stream to be monitored
      is delivered through line 20 to the sampling valve 16 and passes through
      passages 50, 62 and 52 into discharge line 22. Pressure regulating valve
      24 maintains the pressure in line 22 high enough to prevent vaporization
      of the gasoline stream. The gasoline flowing through line 22 is discharged
      through valve 24 to suitable disposal. The carrier gas, preferably air, is
      delivered through line 26 into passage 54. The gas then flows through
      passage 60 into chamber 58 and then through passage 56 into line 14 and
      into the reactor 12. Meanwhile, the temperature of the reactor 12 is
      raised to a temperature in the range of 275.degree. C. to 350.degree. C.
      by suitable electric heating elements, not shown.
PAR  Periodically piston 42 is moved in cylinder 44 from the position shown in
      FIG. 2 to the position shown in FIG. 3 to place sample passage 62 in
      alignment and communication with carrier gas passage 54 and with chamber
      58. Gasoline trapped in sample passage 62 as the sliding block 34 moves to
      the right is displaced by the carrier gas into chamber 58. The gasoline
      interrupts the flow of carrier gas to the chamber 58 until the carrier gas
      has forced the upper surface 66 of the sample downward into chamber 58.
      The frequency of delivering a sample of gasoline into the chamber may
      range from about once every three minutes to about once every 15 minutes,
      or even less frequently. There is, of course, no limit on the length of
      the period between octane determinations, but the advantages and objects
      of octane monitoring are not fully realized if the sampling is too
      infrequent. The minimum time between samplings is determined by the time
      required for effective purging of hydrocarbons and reaction products from
      the chamber 58 and especially from the reactor 12. A frequency of one
      octane determination every five minutes will give an excellent balance of
      frequent octane determinations and effective and sure purging of the
      reactor. While the sample valve is in the injection position illustrated
      in FIG. 3, gasoline circulates through circulating passage 64 to make
      unnecessary a long period of purging sample lines after each injection.
PAR  Because of the reduced pressure in chamber 58 as compared with line 22, the
      gasoline begins vaporization immediately upon flowing into the chamber
      from passage 62. Thus, a slug of hydrocarbon vapor substantially undiluted
      by carrier gas is quickly delivered into reactor 12. The characteristics
      of the gasoline will determine the time required for the reaction between
      the gasoline and oxygen in the reactor to raise the temperature in the
      reactor to give a signal that through the correlation shows the octane
      number of the gasoline. The time required will depend upon the temperature
      at which the reactor is maintained and the octane number of the gasoline
      stream. The time for the reaction to proceed far enough to give a signal
      usually is in the range of 1 to 20 seconds.
PAR  It is a feature of this invention that the hydrocarbon vapors initially
      flowing into the reactor 12 are not entrained in the carrier gas. The plug
      of the gasoline sample in passage 62 acts as a barrier momentarily
      interrupting the flow of the carrier gas into chamber 58 when the sampling
      valve is in the position illustrated in FIG. 3. After the full gasoline
      sample has been displaced from passage 62, the carrier gas flows into
      chamber 58 and quickly evaporates and entrains to the reactor any of the
      sample of gasoline that may be remaining in the chamber. Thus, the sample
      of gasoline is delivered into the reactor in the form of a reproducible
      wave that is substantially square at its front end to provide a sharp
      starting point for the reaction with the oxygen-containing gas in the
      reactor quickly followed by a mixture rich in heavier fractions of the
      gasoline such that the hydrocarbons in the reactor during the induction
      period are indicative of the properties of the gasoline stream.
PAR  After the sample has been discharged from passage 62, the sliding block 34
      is returned from the position shown in FIG. 3 to the position shown in
      FIG. 2. A slip strem of the gasoline stream is then circulated through
      inlet line 20, the sample passage 62 in sample valve 16 and discharge line
      22 until it is time for another sample. During the period that sample
      valve 16 is in the position shown in FIG. 2, the carrier gas is delivered
      through passages 54, 60 and 56 into the reactor 12 to complete the
      reaction of gasoline delivered to the reactor 12 and condition the reactor
      for the next sample of gasoline injected into it. Reaction products and
      the carrier gas are discharged through vent line 18. If the carrier gas
      used should be an inert gas, such as nitrogen, it will then be necessary
      to provide a separate line for delivery into reactor 12 of the
      oxygen-containing gas needed for the reaction.
PAR  This invention provides means and a method for the injection into a reactor
      containing an oxygen-containing gas of reproducible samples of gasoline
      vapors having a high concentration of the gasoline vapors. The vapors
      delivered into the reactor are initially substantially devoid of carrier
      gas, thereby eliminating variations in the concentration of the carrier
      gas in the sample that might occur if the flow of carrier gas to the
      reactor were not interrupted and the carrier gas were used to sweep the
      entire sample into the reactor. The reproducibility of the front edge of
      the sample that is injected into the reactor contributes to accurate
      monitoring of the gasoline. The large surface area of the wicking material
      in the chamber speeds the evaporation of heavier fractions in the gasoline
      sample and also prevents delivery of droplets of liquid gasoline into the
      reactor. Rapid evaporation of the heavier fractions of the sample results
      in the hydrocarbons in the reactor during the induction period being
      representative of the gasoline stream sampled. It is highly desirable to
      avoid the delivery of droplets into the reactor because the size of the
      droplets cannot be controlled accurately; consequently, the droplets may
      evaporate at widely varying rates.
PAR  The octane monitor of this invention can be used to monitor the octane
      number of blended gasoline as well as to monitor the individual gasoline
      streams making up the blend. It is particularly useful in blending
      unleaded gasolines because final correction of the octane number by
      increasing or decreasing the concentration of lead tetraethyl is not
      possible.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for charging a gasoline stream to a reactor in which the
      gasoline is mildly reacted with an oxygen-containing gas for monitoring
      the octane number of the gasoline, comprising a sampling valve including a
      first guide block having a guide surface, a second guide block spaced from
      the first guide block and having a guide surface spaced from and parallel
      to the guide surface of the first guide block, a slider block between the
      guide blocks constructed and arranged to slidably and sealingly engage the
      guide surfaces on the first guide block and second guide block, gasoline
      circulating passages through each of the guide blocks opening through the
      guide surfaces thereof, a carrier gas passage extending through the first
      guide block and opening through the guide surface thereof, a sample
      delivery passage through the second guide block opening at the guide
      surface thereof, a gasoline sampling passage through the slider block
      constructed and arranged to communicate with the gasoline circulating
      passages when the slider block is in a gasoline circulating position, a
      carrier gas passage through the slider block spaced from the gasoline
      sampling passage oriented whereby the carrier gas passage in the slider
      block communicates with the carrier gas passage in the first guide block
      and the sample delivery passage in the second guide block when the slider
      block is in the gasoline circulating position, means connected to the
      slider block for periodically moving the slider block from the gasoline
      circulating position to a sample delivery position placing the gasoline
      sampling passage in the slider block in communication with the sample
      delivery passage in the second guide block and the carrier gas passage in
      the first guide block, a chamber of large volume and cross-sectional area
      relative to the volume and cross-sectional area of the gasoline sampling
      passage adjacent the guide surface of the second guide block forming a
      part of the sample delivery passage in the second guide block, and wicking
      means in the chamber.
NUM  2.
PAR  2. Apparatus as set forth in claim 1 in which the enlarged chamber has a
      diameter at least about four times the diameter of the gasoline sampling
      passage.
NUM  3.
PAR  3. Apparatus for charging a sample of a gasoline stream into a reactor
      maintained at substantially atmospheric pressure and containing an
      oxygen-containing gas for monitoring the octane number of the gasoline
      comprising a first guide block and a second guide block spaced from and
      parallel to the first guide block, a slider block positioned between the
      guide blocks and adapted to sealingly and slidably engage the guide
      blocks, means connected to the slider block for reciprocating the slider
      block between a gasoline circulating position and a sample delivery
      position, a gasoline sampling passage in the slider block, gasoline
      circulating passages through the guide blocks in communication with one
      another and with the gasoline sampling passage when the slider block is in
      the gasoline circulating position, pressure regulating means constructed
      and arranged to maintain a pressure in the gasoline circulating passages
      adapted to keep gasoline therein in the liquid phase, a carrier gas
      passage through the first guide block, a sample delivery passage through
      the second guide block, a carrier gas passage through the slider block
      positioned to communicate with the carrier gas passage in the first guide
      block and the sample delivery passage when the slider block is in the
      gasoline circulating position, conduit means extending from the sample
      delivery passage to the reactor, a chamber of large volume and
      cross-sectional area relative to the volume and cross-sectional area of
      the gasoline sampling passage in the sample delivery passage adjacent the
      slider block, and wicking means in the enlarged chamber, said gasoline
      sampling passage communicating with the carrier gas passage and sample
      delivery passage when the slider block is in the sample delivery position.
NUM  4.
PAR  4. Apparatus as set forth in claim 3 including heating and control means
      for maintaining the slider block and guide blocks at a temperature in the
      range of 60.degree. to 90.degree. C.
NUM  5.
PAR  5. Apparatus as set forth in claim 3 including a gasoline circulating
      passage through the slider block positioned to communicate with the
      circulating passages in the guide blocks when the slider block is in the
      sample delivery position.
PATN
WKU  039331660
SRC  5
APN  5591821
APT  1
ART  341
APD  19750317
TTL  Altitude compensated vacuum regulating valve
ISD  19760120
NCL  1
ECL  1
EXA  Spiegel; H. Jay
EXP  Cline; William R.
NDR  4
NFG  6
INVT
NAM  Gould; Richard H.
CTY  Troy
STA  MI
INVT
NAM  Ludwig; George
CTY  Troy
STA  MI
INVT
NAM  Walters; William J.
CTY  Milford
STA  MI
INVT
NAM  VanOphem; Remy J.
CTY  Sterling Heights
STA  MI
ASSG
NAM  The Bendix Corporation
CTY  Southfield
STA  MI
COD  02
RLAP
COD  74
APN  468859
APD  19740510
PSC  04
CLAS
OCL  137102
XCL  123117A
XCL  137109
XCL  251 614
EDF  2
ICL  G05D  700
FSC  137
FSS  102;109
FSC  123
FSS  117 A
FSC  251
FSS  61.3;61.4
UREF
PNO  3157168
ISD  19641100
NAM  Sterner et al.
OCL  123117A
UREF
PNO  3491735
ISD  19700100
NAM  Walker
OCL  123117A
UREF
PNO  3698366
ISD  19721000
NAM  Gropp
OCL  123117A
UREF
PNO  3780713
ISD  19731200
NAM  Julian
OCL  123117A
FREF
PNO  10,355
ISD  19480400
CNT  DT
OCL  251 61.4
LREP
FR2  VanOphem; R. J.
FR2  Eifler; R. J.
ABST
PAL  An altitude compensated vacuum control system for regulating the vacuum
      servo mechanism of an internal combustion engine of the type having a
      distributor with a vacuum servo controlled advance mechanism incorporating
      a positive stop for maximum spark advance, a carburetor to provide a
      source of vacuum to operate said vacuum servo mechanism and a vacuum
      control valve assembly for regulating the vacuum servo mechanism of said
      distributor. The vacuum control valve assembly receives a spark port
      vacuum signal from the carburetor to maintain a predetermined vacuum spark
      advance as the engine begins to accelerate. Upon attaining the
      predetermined vacuum spark advance and at a given speed, the control
      assembly becomes operative to sum the initial first predetermined level
      vacuum signal to a secondary altitude compensated vacuum source signal,
      which is a function of an engine operating parameter, thereby causing the
      vacuum servo spark advance mechanism in the distributor to obtain a
      maximum spark advance by moving to a positive stop within the distributor.
      This full vacuum advance is maintained independent of the degradation of
      the vacuum signals as a result of changes in altitude, provided the spark
      port signal is greater than the full vacuum spark advance signal.
PARN
PAR  This is a division of application Ser. No. 468,859, filed May 10, 1974.
BSUM
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  The present invention relates, in general, to an internal combustion engine
      vacuum controlled spark advance system. The present invention is related
      to a nonlinear vacuum spark advance system described in co-pending,
      commonly assigned U.S. application Ser. No. 329,289 entitled "Nonlinear
      Vacuum Spark Advance System", filed Dec. 2, 1973.
PAC  BACKGROUND OF THE INVENTION
PAR  A major source of atmospheric air pollution is the exhaust gas from
      automobile engines. A present approach to control this general problem is
      to modify engine operation parameters through spark timing control systems
      to alter combustion characteristics of the internal combustion engine,
      thereby reducing exhaust emissions at the disadvantage of loss of economy
      and performance.
PAR  Most prior art vacuum spark advance control systems have some sort of a
      vacuum servo controlling the advance or retard setting of the engine
      distributor as a function of carburetor spark port vacuum to provide good
      engine performance as well as fuel economy during the difference operating
      conditions of the engine. These vacuum servos, in their simplest form,
      generally consist of a housing divided into atmospheric pressure and
      vacuum chambers by a flexible diaphragm connected to the distributor
      breaker plate. The diaphragm and breaker plate are normally spring biased
      to the lowest advance or retard spark timing setting, and carburetor spark
      port vacuum normally urges the diaphragm in a spark timing advance
      direction upon opening of the carburetor throttle valve corresponding to
      increasing engine speed.
PAR  With the above construction, during rapid acceleration, the drop-in vacuum
      at the carburetor spark port permits atmospheric pressure acting in the
      opposing chamber of the distributor's servo to immediately move the
      distributor breaker plate to a lower advance setting (retarding the
      spark), that is, a setting that is best to meet engine performance
      requirements. On the other hand, however, upon return to normal operation
      and gradual reacceleration or deceleration of the engine, an increase in
      vacuum at the carburetor spark port causes an immediate return movement of
      the vacuum servo diaphragm thereby causing a higher engine spark timing
      advance. This provides a longer burning time for the fuel mixture before
      the optimum top or near top dead center position of the piston is
      attained, generally providing the most desirable economic operation.
      However, this longer time permits the build-up of higher combustion
      temperatures and pressures, which are undesirable insofar as the
      production of oxides of nitrogen and other undesirable elements of exhaust
      emissions are concerned. It can be seen, therefore, that the conventional
      spark timing control system generally provides good performance and fuel
      economy, but does not necessarily minimize the output of undesirable
      exhaust gas emissions.
PAR  Other systems are known such as the type shown in U.S. Pat. No. 3,606,871
      which created an improvement over the aforementioned devices. The
      above-mentioned patent shows a vacuum regulated mechanical device which
      includes a one-way check valve and an orifice in parallel flow circuits
      connected between the carburetor spark port and the vacuum servo
      mechanism. During rapid vehicle accelerations, the check valve unseats to
      provide a quick equalization of the pressure at the servo to the spark
      portion vacuum thereby lowering the spark advance setting to avoid
      detonation. Detonation is pre-ignition spark knock or ping and is a result
      of spontaneous ignition of the explosive gasoline-air mixture which under
      certain circumstances occurs in the cylinders of the internal combustion
      engine. Detonation reduces power output, causes overheating, unduly
      stresses the cylinder head and pistons, and is generally objectionable
      from the noise and vibration standpoint. Upon a momentary deceleration
      condition of operation, with the subsequent return toward former operating
      conditions, the orifice provides a slow build-up of the vacuum level at
      the servo to equal that at the spark port so that the advance setting only
      slowly returns to normal. This results in lower peak combustion
      temperatures and pressures and a lower emission level of engine
      pollutants. However, the above-referenced system is poor for fuel economy.
      The slower spark advance build-up due to the orifice bleed of vacuum
      causes late combustion of air-fuel mixture and this combustion is
      generally at a point past optimum efficiency, i.e., into the expansion
      cycle of the engine.
PAR  An even later patent, U.S. Pat. No. 3,698,366, overcame the disadvantageous
      function of the device described in U.S. Pat. No. 3,606,871 by providing a
      rapid return of the spark timing advance setting to essentially the former
      level, after a momentary deceleration, to improve the fuel economy.
PAR  The prior art described above utilizing vacuum as a control means has the
      additional disadvantage of suffering from a degraded performance as a
      result of changes in altitude as well as high vehicle speed. Commonly
      assigned U.S. Pat. application Ser. No. 329,289 entitled "Nonlinear Vacuum
      Spark Advance System", filed Dec. 2, 1973, provides a partially altitude
      compensated vacuum control for the distributor vacuum spark advance
      system. Compensation is accomplished by using a predetermined value of
      spark advance at moderate and low speeds using the spark port vacuum as a
      first signal source. At higher speeds this system provides a switching
      function to a secondary signal source of vacuum, namely, the EGR signal.
      The second signal source vacuum is then utilized to control or regulate
      the distributor servo vacuum spark advance. This secondary vacuum signal
      source utilized to regulate the distributor at higher speeds does not
      offer altitude compensation. Therefore, at high vehicle speeds and at
      increased altitudes, this valve does not have the capability of
      maintaining a full vacuum advance due to the degradation of the EGR vacuum
      signal, as altitude changes.
PAR  The approach discussed in the prior art devices in providing a spark
      advance vacuum signal to the distributor has resulted in significant
      reduction in fuel economy as well as a significant drop in the level of
      performance of the internal combustion engine. All automobile internal
      combustion engines suffer degraded performance when operated at higher
      speeds and at higher altitudes due to the continuous reduction in the
      spark port vacuum signal which was heretofore provided directed to the
      vacuum spark advance diaphragm mechanism. Some altitude compensation has
      been provided at low speeds by limiting the spark advance at a
      predetermined level at low and moderate speeds and then switching to a
      non-altitude compensated vacuum signal, namely, the EGR signal, thereby
      effectively providing a limited amount of altitude compensation at low and
      moderate speeds. At higher speeds, however, none of the prior art devices
      offer a regulated altitude compensated signal to provide an altitude
      compensated spark advance vacuum signal to the distributor vacuum servo.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention is an altitude compensated nonlinear vacuum spark advance
      control system which provides a means to regulate and control the
      distributor vacuum spark advance substantially independent of degradation
      of the vacuum signal due to higher speed operation or altitude at which
      the vehicle is operated. The altitude compensated nonlinear vacuum spark
      advance control system disclosed herein is insensitive to spark vacuum
      above a predetermined level and also controls the level of
      overcompensation obtainable at high speed operation. Also, the spark
      advance control system disclosed creates characteristic curves indicating
      that the optimum spark advance is obtainable regardless of the altitude at
      which the engine is operated and regardless of the degradation of the
      spark port vacuum signal due to high speed operation.
PAR  The invention is characterized by a vacuum control assembly which receives
      a first signal which is a function of air flow through the carburetor and
      provides an output second signal to the distributor vacuum advance servo
      mechanism at or below a first predetermined level. Further means are
      utilized for sensing a second vacuum source signal corresponding to an
      engine parameter related to either engine air flow or vehicle speed. This
      second source signal is then summed to the first predetermined signal to
      provide an input signal to the distributor vacuum advance servo mechanism,
      whereby the full vacuum spark advance on the distributor vacuum servo
      mechanism is obtainable at sea level and is maintained independent of
      changes in altitude of the vehicle.
PAR  It is, therefore, a primary object of the invention to provide an altitude
      compensated engine spark advance system that offers the advantage of
      increased fuel economy, while minimizing the disadvantages of a degradated
      distributor spark advance signal at high altitudes and high speed
      operation.
PAR  It is another object of this invention to provide an engine spark advance
      control mechanism which provides a controlled increasing altitude
      compensated vacuum control signal to the engine distributor breaker plate
      mechanism at high engine speed, thus preventing detonation, thereby
      resulting in better engine performance as well as a reduction in the
      emission of exhaust pollutants.
PAR  It is another object of this invention to provide an engine spark advance
      control system which utilizes the presently available carburetor spark
      port and a secondary vacuum source related to an engine parameter to
      overcome the degraded engine performance formerly caused by the exclusive
      use of carburetor spark port vacuum.
PAR  It is a further object of this invention to provide a vacuum control
      assembly for regulating a spark advance mechanism of an internal
      combustion engine distributor which is responsive to air flow through the
      engine, and by means of a vacuum sensitive valve is operative to provide a
      vacuum control signal to the distributor which is a function of carburetor
      spark port and a secondary source of engine vacuum relating to an engine
      parameter.
PAR  It is still another object of this invention to provide a vacuum control
      assembly for regulating the spark advance of an internal combustion
      engine's distributor which includes a servo-controlled mechanism utilizing
      an internal mechanical stop to limit the maximum spark advance setting to
      a predetermined level.
PAR  Another object of this invention is to provide an altitude compensated
      nonlinear vacuum spark advance system for controlling an internal
      combustion engine's distributor breaker plate servo mechanism by including
      a servo-operated cutoff valve between the carburetor spark port and
      distributor which is primarily sensitive to distributor vacuum so that any
      vacuum leakage in the distributor circuit will be compensated by
      periodically reopening the cutoff valve.
PAR  It is still a further object of this invention to provide a vacuum control
      assembly for regulating the spark advance of an internal combustion engine
      distributor which provides full advance on the distributor at a lower
      vacuum level than prior art control systems without causing preignition
      spark knock during acceleration.
PAR  It is still a further object of the present invention to provide an
      improved engine spark timing control apparatus which provides spark
      advance as the engine speed increases and which in the event of a sudden
      hard acceleration provides a means for lowering the spark advance setting
      rapidly to avoid engine detonation.
PAR  It is still a further object of the present invention to provide an
      altitude compensated engine spark vacuum advance system which offers
      improved performance of the internal combustion engine at high speed
      operation as well as improved fuel economy over its total range of
      operation and at the same time provides a reduced level of engine emission
      pollutants.
PAR  Other objects, features, and advantages of the invention will become
      apparent from the description which follows taken in conjunction with the
      accompanying drawings which show a preferred embodiment of the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 schematically illustrates a partial cross-sectional view of an
      engine spark advance system embodying a preferred embodiment of the
      invention.
PAR  FIG. 2 is a cross-sectional view of the altitude compensated control valve
      assembly.
PAR  FIG. 3 is a cross-sectional view of the altitude compensated nonlinear
      vacuum advance valve components when the distributor vacuum has reached a
      first predetermined level.
PAR  FIG. 4 is a cross-sectional view of the altitude compensated nonlinear
      vacuum advance valve components when the secondary source vacuum is
      increasing.
PAR  FIG. 5 is a cross-sectional view of the altitude compensated nonlinear
      vacuum advance valve components when the distributor vacuum has reached
      maximum advance or full advance and the secondary source vacuum is
      decreasing.
PAR  FIG. 6 graphically illustrates different operating conditions of the
      altitude compensated nonlinear vacuum advance system shown in FIG. 1.
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PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows, schematically, only those portions of an internal combustion
      engine that are normally associated with the engine distributor spark
      advance control system. The altitude compensated nonlinear vacuum spark
      advance control system is comprised of an engine air-flow sensing means,
      such as a carburetor 50, a vacuum servo-controlled distributor 100 to
      provide the movement of the distributor breaker plate 111, and a control
      valve assembly 10 which regulates the vacuum control servo mechanism. The
      spark advance control system also includes a second means for sensing a
      vacuum signal which is a function of at least one engine operating
      parameter. The sensing means responsive to an engine operating parameter
      provides an output signal to the control valve assembly. The second
      sensing means for providing a vacuum signal selected for the preferred
      embodiment as illustrated in FIG. 1, is the Recirculated Exhaust Gas (EGR)
      vacuum tap 60 on the carburetor. The second source signal can also be
      generated by obtaining a vacuum signal from the intake manifold or any
      other portion of the internal combustion engine where a vacuum is
      generated during the operation of the internal combustion engine. Further,
      the second source of vacuum can be obtained by utilizing an
      electrically-operated switch related to speed of the engine to actuate a
      vacuum actuator thereby providing a vacuum signal to the control assembly.
      For purposes of the discussion of the preferred embodiment, the EGR vacuum
      signal is selected as the secondary source of vacuum. It is understood
      that throughout the discussion of the description of the altitude
      compensated nonlinear vacuum spark advance control system any vacuum
      source, electrically-operated switching means, or pressure means, can be
      used providing a vacuum signal in place of the EGR signal.
PAR  Carburetor 50 is shown as being of the down draft type having a typical
      air-fuel induction passage 53 with an atmospheric air-inlet 54 at one end
      and mounted to the engine's intake manifold 55 at the opposite end.
      Induction passage 53 contains the typical fixed area venturi 56 and a
      throttle valve 57. The throttle valve is rotatably mounted on the lower
      portion of the carburetor body across passage 53 in such manner as to
      control the flow of air-fuel mixture into the intake manifold. Fuel is
      inducted in the venturi area of the carburetor passage from a nozzle, (not
      shown), projecting into or adjacent venturi 56. Throttle valve 57 is shown
      in the engine idle speed position substantially closing induction passage
      53 and is rotatable to a substantially vertical position essentially
      unblocking passage 53. A spark port or static tap 58 is provided at a
      point just above the idle position of throttle valve 57. Port 58 is
      traversed by throttle valve 57 as it rotates to unblock passage 53. The
      vacuum or pressure level at spark port 58 will vary as a function of the
      rotational movement of the throttle valve, spark port 58 reflecting
      essentially atmospheric pressure upon closure of the throttle valve. The
      vacuum available at spark port 58 as the throttle valve 57 opens, is
      characterized by curves S and S.sup.1 in FIG. 6 where vacuum is plotted
      against vehicle speed. Spark port 58, therefore, serves as a vacuum
      sensor.
PAR  An exhaust gas recirculation (EGR) port 60 is provided in the induction
      passage 53 of carburetor body 51 between the venturi 56 and the spark port
      58, a predetermined distance above the idle speed position of throttle
      valve 57. The vacuum sensed at EGR port 60 is characterized by curves E
      and E.sup.1 of FIG. 6. It is important to note that the selection of the
      EGR vacuum signal source in the preferred embodiment of the invention is
      not intended to limit the use to only the EGR signal as a secondary source
      vacuum. It is understood that any vacuum characteristic signal relating to
      any engine operating parameter such as intake manifold or spark port
      pressure, can be used in place of the EGR vacuum signal. As illustrated in
      FIG. 1, the vacuum sensed at EGR port 60 is also used to control the
      diaphragm actuator of an internal combustion engine's exhaust gas
      recirculation valve (not shown) in a known fashion.
PAR  As previously indicated, the distributor 110 shown in FIG. 1 includes a
      breaker plate 111 that is rotatably mounted at pivot 112 on a stationary
      portion of the distributor and movable with respect to cam 113. Cam 113
      has a plurality of peaks (114) equal to the number of cylinders of the
      engine. The preferred embodiment illustrates a six cylinder engine
      configuration corresponding to the number of engine cylinders. Each of the
      peaks co-operates with the follower 115 of a breaker point set 116 to make
      or break the spark connection in a normal manner for each 1/6, in this
      case, rotation of cam 113. Pivotal movement of breaker plate 111 in
      counter-clockwise spark retard setting direction, or in a clockwise spark
      advance setting direction is provided by an actuator 101 slidably
      extending from vacuum servo 100. A maximum advance stop 117 is placed at a
      predetermined position with respect to the movement of breaker plate 111
      so that the maximum spark advance obtainable occurs when breaker plate 111
      moves into contact with stop 117. If the force generated by actuator 101
      on breaker plate 111 is greater than that required to move breaker plate
      111 into contact with 117 no physical movement of breaker 111 beyond stop
      117 will occur. Therefore, only the maximum spark advance setting on the
      distributor is controlled mechanically, independent of the maximum vaccum
      signal characteristic applied across diaphragm 106.
PAR  Servo 100 is of conventional construction and has a hollow housing 103
      whose interior is divided into an atmospheric pressure chamber 104 and a
      vacuum chamber 105 by an annular flexible diaphragm 106. The diaphragm is
      fixedly secured to actuator 101, and is biased in a rightward retard
      direction by compression spring 107. Chamber 104 has an atmospheric or
      ambient pressure vent, not shown, while chamber 105 is connected by a
      passage, not shown, to conduit 102.
PAR  During engine-off and other operating conditions to be described,
      atmospheric pressure exists on both sides of diaphragm 106, permitting
      spring 107 to force the actuator 101 to the lowest advance or a spark
      retard setting position, position C in FIG. 1. Application of vacuum to
      chamber 105 moves diaphragm 106 and actuator 101 toward the left to an
      engine spark advance position until the maximum advance is obtained as
      breaker plate 111 comes into contact with stop 117, position A. The number
      of degrees of advance is a function of the change in vacuum level in
      actuator chamber 105. The calibration of spring 107 is determined by
      taking into consideration the desired response from full spark retard to
      full spark advance as well as the nature of the signal used to actuate the
      servo mechanism.
PAR  Although only a single diaphragm servo 100 is illustrated, it will be clear
      that it is within the scope of the invention to connect conduit 102 to the
      primary or advance chamber of the dual diaphragm servo of the type which
      is commonly known in the art.
PAR  Referring now to FIG. 2, the control valve assembly 10 of the altitude
      compensated nonlinear vacuum spark advance control system is shown. The
      control valve housing 11 has a cavity 12 with the open end adapted to
      receive cover 20 with diaphragm 40 mounted thereinbetween. The cover is
      secured to the housing by any suitable means such as staking. Disposed
      within cavity 12 and fixedly secured to diaphragm 40 is a control valve
      member 30. Diaphragm 40 and control valve member 30 divide cavity 12 into
      two separate chambers 12a and 12b.
PAR  Control valve member 30 is adapted to receive on one end spring member 80
      and adapted to stop against cover 20 on the other opposite end. Control
      member 30 has a central passage 32 with one end portion having a narrowed
      inside diameter adapted to provide a valve seat 33. Disposed within
      passage 32 is a ball check valve 90 having a first portion 91 which seats
      on valve seat 33 and a narrowed end portion 92 extending into chamber 12b
      and providing a valve seat 93 on one end of the narrowed end portion 92 of
      said ball check valve. An alternate embodiment of control valve member 30
      is shown in FIG. 3.
PAR  Housing chamber 12b is adapted to receive the first pressure signal, Ps1,
      and by means of passage 13 and conduit passage 122 (shown in FIG. 1),
      chamber 12b communicates with spark port 58 in carburetor 50. One end of
      conduit passage 13 extends into chamber 12b and is adapted to provide
      valve seat 14. Housing chamber 12b is also adapted to provide an output
      signal Pd and by means of passage 15 and conduit passage 102 (shown in
      FIG. 1), chamber 12b communicates with chamber 105 of vacuum servo 100 in
      the distributor. Housing chamber 12a is adapted to receive the second
      pressure signal, Ps2, and by means of passages 16 and 17, conduit 21,
      mounted to cover 20 by any suitable means, and conduit 132 (shown in FIG.
      1), chamber 12a communicates with a second source of vacuum to receive a
      vacuum signal, which is a function of an engine operating parameter. The
      second signal source, as described in this embodiment is the EGR valve
      port 60 in induction passage 53 of carburetor 50.
PAR  Housing chamber 12b further communicates with passage 13 through passage 71
      and a second cavity 72 formed at the bottom of cavity 12. Cavity 72 is
      adapted to receive check valve 70 which permits air-flow through passage
      71 in a first direction and prevents air-flow from chamber 12b to passage
      13 through passage 71 in a second direction.
PAC  OPERATION OF PREFERRED EMBODIMENT
PAR  Prior to starting the engine, the distributor vacuum servo chambers 104 and
      105, control valve assembly chambers 12a and 12b and induction passage 53
      of the carburetor 50, as shown in FIG. 1, are equalized and essentially at
      atmospheric pressure. Control valve member 30 is biased against cover 20
      by spring member 80 causing ball check valve body portion 90 to seat on
      valve seat 33 and to unseat the extended ball check valve body portion 93
      from valve seat 14. When the engine is started and assumes an idle speed,
      conduit 122, passage 13, chamber 12b, passage 15, and conduit 102 complete
      a circuit from the carburetor spark port 58 directly to the distributor
      servo vacuum chamber 105. At idle speed, however, throttle valve 57 is
      closed as shown in FIG. 1 and therefore breaker plate 111 is at its least
      spark advance position or at a retard setting, designated by phantom lines
      position C in FIG. 1.
PAR  As the vehicle begins to accelerate and throttle valve 57 opens and begins
      to traverse spark port 58, a vacuum signal is applied to the distributor
      servo diaphragm 106 through the above-described circuit and the breaker
      plate 111 is moved into a spark advance setting under the influence of
      actuator 101. As soon as a sufficient vacuum level is reached to overcome
      the force of spring 80, diaphragm 40 and control valve member 30 will
      begin to move downward toward valve seat 14 until ball check valve body
      portion 93 seats on valve seat 14. The vacuum level required to overcome
      spring force 80 will vary depending upon the size of the internal
      combustion engine used since engines having greater displacements can
      generate higher vacuum characteristics. The level of vacuum necessary to
      seat ball check valve body portion 93 against valve seat 14 will be
      maintained at a predetermined level. Should any leakage occur in the
      distributor vacuum circuit, this predetermined level of vacuum in chamber
      12b is maintained by ball check valve body portion 93 opening sufficiently
      under the influence of spring 80 to compensate for the loss in vacuum, due
      to leakage, and thereby resupply the vacuum necessary to maintain ball
      check valve body portion 93 against valve seat 14 at this predetermined
      level. The condition of the control valve described above is illustrated
      in FIG. 3 and this condition will be maintained providing that chamber 12a
      remains at atmospheric pressure and Ps1 remains greater than the force
      necessary to overcome the spring force generated by compression of spring
      80. The distributor spark advance signal Pd, as illustrated by curve D,
      FIG. 6, is thereby maintained at this predetermined level (7 inches of
      mercury) and will continue at this predetermined level until the force
      balance across diaphragm 40 is somehow altered.
PAR  As the engine continues to accelerate and throttle valve 57 continues to
      open, a vacuum signal is eventually created at EGR port 60 and this vacuum
      signal is communicated through conduit 132 and passages 16 and 17 to
      chamber 12a of the control valve assembly. The presence of a vacuum signal
      in chamber 12a causes the balance across diaphragm 40 to become upset
      thereby causing ball check valve body portion 93 to be moved in a
      direction away from valve seat 14. As a signal Ps2 increases and ball
      check valve body portion 93 moves away from valve seat 14, the spark port
      signal Ps1 is permitted to communicate with chamber 12b thereby increasing
      Pd and maintaining the predetermined vacuum level across diaphragm 40
      until Ps2 reaches a maximum valve whereupon ball check valve body portion
      93 again seats against valve seat 14. For example, as illustrated in FIG.
      3, ball check valve body portion 93 will seat against valve seat 14 when
      chamber 12b is at a vacuum level of 7 inches of mercury. As Ps2 increases,
      Ps1 will be at some level greater than Ps2. Therefore, if Ps2 increase to
      5 inches of vacuum, ball check valve body portion 93 will move away from
      valve seat 14 to permit 5 inches of additional vacuum signal Ps1 to enter
      chamber 12b so that a vacuum differential between chambers 12b and 12a of
      7 inches of mercury is always maintained. Of course, the vacuum signal,
      Pd, present in chamber 12b is also present in distributor vacuum servo
      chamber 105, thereby permitting actuator 101 and breaker plate 111 to be
      moved in a position of greater spark advance or in other words toward
      maximum spark advance stop 117. As Ps2 continues to increase to a maximum
      value ball check valve body portion 93 will continue to unseat and
      maintain the predetermined vacuum differential across diaphragm 40. The
      continual unseating of ball check valve body portion 93 increases Pd
      thereby indicating the vacuum in vacuum chamber 105 and causing breaker
      plate 111 to be continually moved in a spark advance position toward
      maximum spark advance stop 117. Once distributor breaker plate 111 reaches
      maximum advance stop 117 the vacuum in chamber 105 will continue to
      increase but will not generate any additional spark advance since breaker
      plate 111 cannot pivot any further. Note, the predetermined level of spark
      advance will always be maintained on the distributor breaker plate
      regardless of the degradation of the spark port signal due to changes in
      altitude or the degradation of the EGR port vacuum signal due to changes
      in altitude. Therefore, the control valve assembly maintains a full vacuum
      advance on the distributor independent of the effects of the spark port
      signal or the secondary vacuum source signal like the EGR signal as a
      result of changes in altitude providing the spark port signal is greater
      than the maximum spark advance vacuum.
PAR  As the vehicle continues to accelerate, the vacuum signal at EGR port 60
      continuously increases, thereby causing Pd to increase without any further
      effect on spark advance since breaker plate 111 has reached the maximum
      spark advance stop 117. The condition as described is indicated by FIG. 4
      where the spark port signal is greater than 12 inches and increasing and
      the EGR port signal, Ps2, is 5 inches of mercury and increasing resulting
      in a distributor port vacuum advance signal Pd which is 12 inches of
      mercury and increasing, full vacuum advance having been obtained at 10
      inches of vacuum, as illustrated by curve D.sup.1 in FIG. 6. This
      condition will be maintained until the engine reaches a steady state
      operation or until Ps1 degradates at very high speeds to a value lower
      than the maximum full vacuum advance signal equivalent to the breaker
      plate 111 position against maximum full advance stop 117.
PAR  When the vehicle is operating at a steady-state speed and suddenly is
      subject to a heavy or wide open throttle acceleration, a relatively
      unrestricted flow of air at substantially atmospheric pressure is
      permitted to return the spark setting to a normal lower spark advance
      position to avoid detonation. This is accomplished by check valve 70 in
      passage 71. When throttle plate 57 is wide open for full acceleration the
      spark port signal Ps1 approaches substantially atmospheric pressure. The
      pressure differential across check valve 70 as a result of the presence of
      a relatively high vacuum in chamber 12b and substantially atmospheric
      pressure in passage 13 causes check valve 70 to unseat and permit air to
      flow toward distributor chamber 105 when Pd drops to 7 inches of mercury
      vacuum, valve body portion 93 moves away from seat 14 and allows
      additional air flow towards the distributor through passage 13. The
      pressure in chamber 105 approaches atmospheric pressure which is
      equivalent to the chamber 104 pressure thereby causing distributor breaker
      plate 111 to be actuated to a lower advance setting or a retard position
      preventing engine detonation.
PAR  When the vehicle is decelerating from a steady-state speed, the spark port
      vacuum as well as the EGR port vacuum decreases, indicating a need for a
      lower spark advance setting at this lower speed. This is accomplished by
      causing ball check valve body portion 91 to move away from valve seat 33
      permitting air to flow through passage 32 into chamber 12b resulting in a
      decrease of vacuum in chamber 12b or chamber 105 of distributor servo 100,
      as illustrated in FIG. 5. The decrease in vacuum in chamber 105 causes
      actuator 101 to move breaker plate 111 to a lower spark advance position
      or retard position. This condition will continue until the EGR port vacuum
      becomes substantially atmospheric and chamber 12b vacuum is no longer
      sufficient to maintain a force across diaphragm 40 to overcome spring
      force 80, thereby unseating ball check valve body portion 93 from valve
      seat 14 and permitting Ps1 signal to be communicated to chamber 12b and
      distributor servo vacuum chamber 105. Again, it is emphasized that instead
      of using the EGR port vacuum to supply a vacuum source signal Ps2, any
      other vacuum source can be used, providing it is a function of an engine
      parameter. An electrical source could also be used to actuate a vacuum
      actuator, which in turn supplies the second vacuum signal in place of
      using the EGR port vacuum. For example, manifold vacuum can be used as Ps2
      and the altitude compensated nonlinear vacuum spark advance system can be
      operated equally as well through use of manifold vacuum. An electrical
      switch operated by a sensor can also be used in conjunction with a vacuum
      actuator which would in turn supply the secondary source vacuum to permit
      the vacuum spark advance valve to perform the same functional
      characteristic as described in this application. Further, an orifice
      restricted passage can be designed into passage 16 so that the application
      of Ps2 can be regulated and controlled to move from the predetermined
      vacuum level to the full vacuum advance level. This can be better seen in
      FIG. 6, which graphically represents the operation of the invention.
PAR  Although only one preferred embodiment showing the functional application
      of the invention has been illustrated in the accompanying figures and
      description in the foregoing specification, it is especially understood
      that various changes may be made to the embodiment shown and described
      without departing from the spirit and the scope of the invention as will
      now be apparent to those skilled in the art. For example, by connecting
      conduit 122 in FIG. 1 to manifold 55, Ps1 is now representative of
      manifold vacuum. Further, by connecting conduit 132 to spark port 58, Ps2,
      now represents spark port vacuum. With the control valve so connected, a
      regulated vacuum spark advance signal is provided to the distributor
      during closed throttle idle conditions when the spark port vacuum is
      vented to atmosphere or near zero. This application of the altitude
      compensated nonlinear vacuum spark advance control valve results in
      elimination of excessive engine roughness at idle by using the regulation
      features of the valve to provide a limited spark advance at idle and
      permit a full spark advance when the throttle is opened.
PAR  Accordingly, it is intended that the illustrative and descriptive materials
      herein be used to illustrate the principles of the invention and not to
      limit the scope thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. A vacuum regulating valve comprising:
PA1  a cup shaped housing having a cavity with one open end and an opposite
      closed end, said housing including:
PA2  a first conduit disposed within said cavity, said conduit having one end
      portion extending into said cavity through said opposite closed end of
      said housing, an opposite end portion protruding from said cup shaped
      housing, and a first passage communicating with said cavity, said one end
      portion of said conduit having a first valve seat, said opposite end
      portion adapted to receive a vacuum source signal;
PA2  a second conduit passage having one end portion protruding from said
      housing cavity and a second passage adapted to communicate with said
      housing cavity, said one end portion adapted to provide an output signal;
PA2  a third passage disposed in said opposite closed end, one end of said
      passage communicating with said cavity and an opposite end communicating
      with said first passage of said first conduit;
PA1  an annular member coaxially disposed in said cavity, said member having a
      central passage with one end portion having a narrowed inside diameter
      adapted to provide a second valve seat and an opposite end portion having
      an inside diameter larger than said one end inside diameter, said one end
      portion also having an annular groove coaxially disposed with respect to
      said central passage;
PA1  a circular diaphragm having an outside diameter portion and an inside
      diameter portion, said outside diameter portion adapted to be mounted to
      the open end of said housing cavity and said inside diameter portion
      adapted to be mounted to said annular member, whereby the cavity within
      said housing is separated into a first and second pressure chamber;
PA1  a cover member adapted to be mounted over the open end of said housing
      cavity and the outside diameter portion of the diaphragm, said cover
      having a passage adapted to communicate with the central passage of said
      annular member;
PA1  means for biasing said annular member a predetermined amount in a first
      direction toward said cover, said means disposed between said opposite
      closed end of said housing cavity and said annular groove in one end of
      the annular member, whereby the force generated by the biasing means moves
      said annular member in said first direction against said cover member;
PA1  a fourth conduit passage coaxially disposed with said second passage
      through said cover member, said conduit having one end extending in a
      direction away from the open end of said cavity, an opposite end portion
      adjacent said cover and means for mounting said opposite end to said cover
      member;
PA1  an umbrella-shaped check valve disposed in said third passage of the cup
      shaped housing, said check valve adapted to permit air flow in a direction
      from said first passage to said cavity and to prevent air flow in a second
      opposite direction; and
PA1  a ball-check valve body disposed within the central passage of said annular
      member, said body having a first portion which seats on said second valve
      seat on the narrowed end portion of said annular member central passage
      and a second portion extending beyond said second valve seat into said
      first chamber in the direction of said first valve seat on said one end of
      said first conduit.
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ABST
PAL  A pilot operated check valve having pressure actuated poppet valves
      positioned to limit flow in one direction through each of two flow paths
      through the valve, each poppet valve including a one-way check valve to
      control reverse flow through the two flow paths and a spool positioned in
      said valve and being responsive to inlet pressure in one or the other of
      the flow paths to open the check valve in the opposite fluid flow path
      when the pressure differential between inlet pressure and return pressure
      is within a predetermined ratio.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Pilot operated check valves are conventionally used to maintain fluid under
      pressure in a loaded hydraulic motor or cylinder. When pressure is applied
      to the pilot piston for a pilot operated check valve, a check valve is
      opened. In order to ensure that maximum system pressure will always open
      the pilot operated check valve, the area of the pilot piston is several
      times as large as the area opened by the pilot operated check valve.
PAC  SUMMARY OF THE INVENTION
PAR  The pilot operated check valve of the present invention provides a means
      for opening an area equal to the cross sectional area of the pilot piston
      while still maintaining the high ratio of cylinder port pressure acting to
      close the check valve to the pilot pressure required to open the check
      valve.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a view taken on line 1--1 of FIG. 2 showing the spool in the
      neutral position in the valve;
PAR  FIG. 2 is a view taken on line 2--2 of FIG. 1 showing the inlet poppet
      valve in the open position and the spool in a position to open the check
      valve in the discharge side of the valve;
PAR  FIG. 3 is a view similar to FIG. 1 showing the inlet poppet valve in the
      open position and the discharge check valve in the open position; and
PAR  FIG. 4 is a schematic flow diagram of a hydraulic system using the pilot
      operated valve of the present invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The pilot operated check valve 10 of the present invention is used to
      control the rate of fluid discharge from a hydraulically actuated device
      12 in response to inlet fluid pressure. In this regard and referring to
      FIG. 4, the valve 10 is shown connected to the fluid flow lines 14 and 16
      for the hydraulically actuated device 12 which is shown in the form of a
      piston and cylinder assembly. A pair of fluid pressure lines 18 and 20 are
      connected to the valve 10 and to a pump 22 and a tank 26 through a
      selector valve 24. A fluid bypass valve 25 can be provided across lines 18
      and 20 to bypass fluid to tank 26.
PAR  In the position of the selector valve 24 shown in the drawing, fluid will
      enter the valve 10 through line 20 and flow to the cylinder assembly 12
      through line 14. Fluid discharged from the cylinder assembly 12 will flow
      through line 16 to the valve 10 and through line 18 to tank 26. If the
      clinder assembly 12 is under static load, the discharge of the pressurized
      fluid from the cylinder assembly 12 is prevented until the fluid inlet
      pressure has reached a fraction of the discharge pressure. This fraction
      of discharge pressure is determined by the ratio of the cross sectional
      area of the pilot piston to the pilot operated check valve seat area. In
      this invention, this fraction is determined by the ratio of the cross
      sectional area of the pilot piston to the pilot check valve seat area,
      while the main flow will pass over an area equal to the pilot piston area.
      In this invention, the pilot piston will force the pilot check valve open.
      When the pilot check valve opens, the flow from the pressurized cylinder
      must pass through an orifice in the main poppet valve in order to pass out
      through the pilot check valve. This will cause a pressure lower than the
      pressure in the pressurized cylinder to act on the full poppet valve
      diameter. The higher pressure acting on the smaller area between the
      poppet valve outside diameter, and the main poppet valve seat diameter
      will cause the poppet valve to open a seat area equal to or greater than
      the pilot piston area at a pressure many times lower than the pressure in
      the pressurized cylinder.
PAC  Pilot Operated Check Valve
PAR  Referring to FIGS. 1, 2 and 3, the valve 10 includes a valve body 30 having
      a central bore 32 connected to the fluid pressure lines by means of a pair
      of fluid inlet passages 34 and 36. Enlarged counterbores or chambers 38
      and 40 are provided at each end of the bore 32 in axial alignment
      therewith, which terminate at shoulders 42 and 44, respectively. The
      enlarged bores 38 and 40 are connected to the fluid flow lines 14 and 16
      by means of fluid pressure ports 46 and 48, respectively.
PAR  Means are provided in each of the enlarged counterbores 38 and 40 to
      prevent fluid from flowing from the ports 46 and 48 to the passages 36 and
      34. Such means is in the form of poppet valve assemblies 50 and 52. Each
      of the poppet valve assemblies 50 and 52 is identical and the following
      description will refer to the poppet valve assembly in the left side of
      the valve in counterbore 38, it being understood that the poppet valve 52
      in the counterbore 40 is formed from identical parts.
PAC  Poppet Valve Assembly
PAR  The poppet valve assembly 50 includes a cylindrical valve member 54 having
      a reduced diameter section 56 positioned for movement into engagement with
      the shoulder 42. The section 56 includes an annular bevelled edge 58 on
      the end to sealingly engage the shoulder 42. The valve member 54 includes
      an axial bore 60 having a reduced diameter discharge port 62 at its inner
      end which extends through the reduced diameter section 56. A pressure
      reducing orifice 64 is provided in the reduced diameter section to connect
      the counterbore 38 to the blind bore 60.
PAR  The valve member 54 is biased into sealing engagement with the shoulder 42
      by means of a compression spring 66. The spring 66 is positioned between a
      spring retainer ring 68 located within the blind bore 60 and an end plug
      70 positioned in the end of the bore 38. The plug 70 is retained therein
      by means of a spring ring 72. The plug 70 includes an annular groove in
      its outer periphery and an O-ring seal 74 which is positioned to sealingly
      engage the bore 38.
PAC  Check Valve Assembly
PAR  Return flow from the ports 46 and 48 through the port 62 in the reduced
      diameter section 56 in the valve members 54 is controlled by means of
      check valve assemblies 76 located within the valve members 54. Each check
      valve assembly 76 includes a valve element 78 having a bevel valve seat 80
      on its outer periphery and a compression spring 82 positioned between the
      spring retainer ring 68 and the valve member 78. The valve member 78 is
      biased by means of the spring 82 into sealing engagement with the
      periphery of the port 62 to prevent flow from the bore 60 into the bore
      32.
PAR  Under static load conditions, the poppet valve assembly 50 will be biased
      to a closed position by means of the spring 66 and the check valve will be
      biased to a closed position by means of spring 82.
PAR  The check valves are opened by means of a spool or piston 84 which is
      mounted for axial movement in the bore 32 and is located between the
      passages 34 and 36. The spool 84 includes extensions or rods 86 and 88 at
      each end which are positioned for movement into the bore 62 in each of the
      reduced diameter sections 56 of the poppet valves 50 and 52. It should be
      apparent that on movement of the spool or piston 84 in either direction,
      one of the rods 86 or 88 will move into engagement with the corresponding
      check valve member 78. The check valve assembly will be opened if the
      pressure of the fluid in bore 32 behind the spool 84 is sufficient to
      overcome the force of the spring 82 plus the pressure in bore 60 acting on
      the area of bore 62.
PAR  In this regard and assuming fluid under pressure is entering the valve
      through the passage 36, the fluid entering the bore 32 will increase in
      pressure sufficient to open the right hand check valve assembly 76 as seen
      in FIG. 3. Fluid can then flow from cylinder 12 through line 16; through
      port 48; through orifice 64 and across valve element 78 to bore 32. This
      will allow the pressure in bore 40 to drop, and pressure acting on the
      differential area of poppet valve 52 between bore 40 and bore 32 will
      force the poppet valve 52 open. The pressure required to open the poppet
      valve 52 is normally higher than the pressure required to open the check
      valve assembly 76. However, when the pressure drops in bore 40, the
      pressure of the fluid in the space between the reduced diameter section 56
      and the bore 40 acting on the poppet valve 52 will be sufficient to
      overcome spring 66 and open the poppet valve.
PAR  If the cylinder 12 is under load, the fluid in the chamber 40 will be under
      pressure and the spool 84 will not open the check valve assembly 76 until
      the pressure of the fluid in bore 32 acting on piston 84 is sufficient to
      overcome both the spring rate of the spring 82 and pressure acting on the
      cross sectional area of the valve element 78. When the pressure in the
      bore 32 is sufficient to overcome these forces the spool 84 will open the
      check valve assembly allowing fluid to flow at a controlled rate through
      the orifice 64 into the bore 60 of the valve member 54 and through the
      port 62 into the bore 32 and out through the passage 34.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pilot operated check valve comprising:
PA1  a valve body having a longitudinally extending bore,
PA1  a chamber at each end of said longitudinal bore,
PA1  a pair of fluid flow passages connected to said longitudinal bore,
PA1  a fluid flow port connected to each of said chambers,
PA1  a poppet valve in each of said chambers for preventing flow of fluid from
      said chamber into said longitudinal bore, each poppet valve including a
      hollow tubular valve member having a reduced diameter section closing one
      end of said valve member and a spring for continuously biasing said
      reduced diameter section into sealing engagement with the end of said
      bore, the cross sectional area of the valve member between the reduced
      diameter section and the outside diameter of the valve member being
      exposed to the pressure of the fluid in the flow port,
PA1  means in said poppet valve for providing restricted fluid flow across said
      poppet valve,
PA1  a check valve in each of said valve members to control the flow of fluid
      from said valve members to said longitudinally extending bore,
PA1  and a piston positioned in said longitudinal bore between said pair of
      fluid flow passages, said piston responding to fluid pressure at one end
      of said bore and including means for opening the check valve at the
      opposite end of said bore whereby the drop in pressure in the valve member
      on opening the check valve will allow the pressure of the fluid in the
      flow port to open the corresponding poppet valve against said bias.
NUM  2.
PAR  2. The valve according to claim 1 wherein said restricted fluid flow means
      comprises an orifice in said reduced diameter section for providing fluid
      communication between said chamber and said valve member.
NUM  3.
PAR  3. The valve according to claim 1 including a port in said reduced diameter
      section, said check valve being positioned in said valve member to control
      the flow of fluid through said port.
NUM  4.
PAR  4. A pilot operated check valve comprising:
PA1  a valve body having a bore,
PA1  an enlarged counterbore at each end of said bore,
PA1  a fluid flow passage connected to each end of said bore,
PA1  a fluid flow port connected to each of said counterbores,
PA1  a poppet valve in each of said counterbores for providing one-way flow of
      fluid between the bore and the counterbore,
PA1  each of said poppet valves including a hollow cylindrical valve member
      having a reduced diameter section and an opening in the end of said
      reduced diameter section, the outside of said reduced diameter section
      being in fluid communication with said port,
PA1  a spring for continuously biasing said reduced diameter section into
      seating engagement with said bore,
PA1  an orifice in said reduced diameter section for providing restricted fluid
      communication from said port into said valve member,
PA1  a check valve assembly in each of said valve members to provide restricted
      one-way fluid flow from said valve member through said opening to said
      bore,
PA1  a piston in said bore having an extension at each end in axial alignment
      with the openings in said valve members and being responsive to fluid
      pressure in one end of said bore for opening the check valve in the poppet
      valve at the opposite end of said bore, the valve member responding to the
      pressure of fluid in the flow port on the outside of said reduced diameter
      section which overcomes the bias of said first spring to allow for
      unrestricted flow of fluid from said fluid flow port to said fluid flow
      passage.
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ABST
PAL  A liquid closure device for gas conduits includes a substantially
      vertically disposed gas inlet conduit extending into a container. A fluid
      inlet and fluid outlet having regulating valves are provided for the
      container. An efflux outlet means on the container includes a siphon with
      the arrangement being such that an orifice on the efflux outlet means is
      located above an orifice located at the lower end portion of the gas inlet
      conduit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a liquid closure device for gas conduits or pipes
      and which includes a container and a substantially vertical gas inlet pipe
      which projects at least with its lower orifice into the container.
PAR  When transporting gases in gas pipes very often the problem arises that the
      gas should pass or flow in one direction as unimpeded as possible whereas
      passage or flow in the other direction has to be absolutely prevented.
      Such a condition exists, for example, in gas pipes which connect a
      generator of inert gases (usually a combustion chamber) with an
      installation which uses inert gases (for example tanks for flammable
      liquids or explosive gases).
PAR  Liquid closure devices of this type have been described in the prior art
      publication "The Royal Institution of Naval Architects38 , WC (1971). In
      one well known arrangement, the orifices of the vertically positioned gas
      inlet pipe ends or extends below the water level of the container which is
      partially filled with water. During the normal functioning of the
      installation for the production of inert gases, that is where gas is
      transported from the generator to the installation which uses the inert
      gases, the inert gas must be pressed or passed through the water. For this
      purpose a considerable amount of energy is required which is proportional
      to the presssure drop of the gases which pass through. On the other hand,
      the gas absorbs a large amount of moisture while bubbling through the
      water and a large amount of this moisture has to be removed by the water
      separators which follow the liquid closure device. The passing of the gas
      through a water separator again causes a loss of pressure. Water will be
      pressed or passed into the vertically arranged inlet pipe if excessive
      pressure exists in the installation which uses the inert gas. The column
      of water which rises therein prevents the passage of gases into the gas
      generator. The height of the gas inlet pipe determines the maximum closure
      pressure.
PAR  In another known prior art arrangement according to Howden (see the
      publication quoted hereinabove) the inert gas passes through a Venturi
      tube after having passed through the container of the liquid closure
      device. The lower end of the vertically arranged gas inlet pipe is kept
      free of water during normal functioning of the inert gas generator by the
      pressure drop caused by this arrangement. Even this liquid closure device
      cannot operate without a considerable pressure drop, that is, a pressure
      drop in the Venturi tube.
PAR  Furthermore the gas is not entirely prevented from absorbing moisture. This
      is caused by the impinging and thereby redirecting of the inert gases upon
      the surface of the water which remained underneath the orifice of the gas
      inlet pipe. Furthermore the gas must penetrate the water in the charging
      and discharging phases when the water level is elevated. In these phases
      the takeup of moisture is particularly large.
PAR  Accordingly, an object of the present invention is to overcome the
      aforementioned disadvantages of known prior art arrangements and to
      provide a liquid closure device for gas conduits or pipes utilizing a
      container and a substantially vertically arranged inlet pipe which at
      least with its lower orifice projects into the container in such a way
      that a pressure drop does not occur any more, and that the absorption of
      moisture is prevented also during the charging and discharging phases.
PAR  According to the present invention the aforementioned objective is achieved
      by utilizing a container provided with regulating valves at the liquid
      inlet and at the liquid outlet, and also providing a fluid outlet
      containing a siphon with an outlet orifice on the fluid outlet being
      situated above the orifice on the gas inlet pipe. The container of the
      liquid closure device constructed in this manner may be kept empty during
      the whole normal working period so that the gases cannot absorb any
      moisture. No additional losses of pressure occurs within the liquid
      closure device besides the normal pressure drops normally associated with
      the passage of gas within a gas pipe.
PAR  The regulation of the valves for the inflow and for the outflow of liquids
      occurs preferably in such a way that one of both valves is closed when the
      other one is opened. When using such a regulation of the valves only one
      regulating means for both valves is needed, preferably a cylinder-piston
      arrangement.
PAR  It is also advantageous to provide a four-way valve instead of the two
      regulating valves. It is easy to fulfill the frequently needed requirement
      that the liquid flows constantly in the inflow pipe.
PAR  Other features which are considered characteristic of the invention are set
      forth in the appended claims.
PAR  Although the invention is illustrated and described in relationship to
      specific embodiments, it is nevertheless not intended to be limited to the
      details shown, since various modifications and structural changes may be
      made therein without department from the spirit of the invention and
      within the scope and range of equivalents of the claims.
PAC  SUMMARY OF THE INVENTION
PAR  A liquid closure device for gas conduits includes a substantially
      vertically disposed gas inlet conduit extending into a container. The gas
      inlet conduit has an orifice at a lower portion thereof. A fluid inlet and
      fluid outlet having regulation valves are also provided for the container.
      An efflux outlet means on the container is provided with a siphon and an
      orifice on the efflux outlet means is located above the orifice on the gas
      inlet means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is schematic elevational view of a liquid closure device with open
      circulation according to one embodiment of the invention and showing its
      functioning during normal operation.
PAR  FIG. 2 is a view similar to FIG. 1 but showing the device when it is at
      rest.
PAR  FIG. 3 is a view similar to FIGS. 1 and 2 showing the device when the
      installation which uses the gas is at an increased overpressure and also
      showing a modified arrangement of the siphons.
PAR  FIG. 4 is a schmetic elevational view of a modified liquid closure device
      having closed circulation and in which the siphon is connected to the feed
      pipe.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to the drawings there is shown a liuqid closure 1 which includes
      a container 2, a gas inlet 3, and an outlet junction 4 leading to the
      installation which uses the gas. A liquid outlet 6 is connected with a
      four-way valve 7 which is provided at the lowest point of the bottom 5 of
      the container 2. A conduit 8 for the introduction of fluid leads also into
      the four-way valve 7. Also connected to the four-way valve 7 is a pipe 10
      which leads to a siphon 9 and an outlet pipe 11. The container 2 is
      provided with another outlet 13 which leads into a siphon 12 (FIGS. 1 and
      2). An outlet aperture 14 of the outlet 13 is situated above an orifice 15
      in the gas inlet conduit 3. Above the container 2 a liquid reservoir 16 is
      arranged with a liquid conduit 23 and a pump 24. The reservoir 16 is
      connected with the four-way valve 7 by the conduit 8.
PAR  FIG. 1 shows the normal functioning stage when the container 2 is
      completely empty so that the gas can pass through the container of the
      liquid closure device without an excessive pressure drop and without
      absorption of moisture. The four-way valve 7 is opened or conducts fluid
      as indicated by the arrows 17. Thus it will be seen in FIG. 1 that the
      liquid which runs constantly through the liquid reservoir 16 and the
      conduit 8 is removed through the outlet conduit 11. Siphons 9 and 12 close
      off the container 2 from atmospheric pressure. The container 2 under
      normal working conditions is at a slightly higher pressure than
      atmospheric.
PAR  When the generator of inert gases is at rest the four-way valve 7 is in the
      position as indicated by the arrows 18 in FIG. 2. As can be seen in this
      latter Figure the liquid in reservoir 16 flows into the container 2 and
      thereby shuts or closes off the orifice 15 in the gas inlet conduit pipe
      3, the four-way valve 7 being switched from the FIG. 1 position to the
      FIG. 2 position by aid of a pneumatically operated cylinder-piston
      arrangement 19 which is regulated by a switching center.
PAR  The liquid which is constantly provided by the pipe 8 passes out through
      the outlet orifice 14 and out through the outlet 13. A column of liquid 20
      rises in the gas inlet conduit 3 corresponding to the slight overpressure
      existing in the installation or apparatus of the users of inert gases (for
      example, tanks, cofferdams, and the like) because the generator is at
      normal pressure when the installation is at rest.
PAR  The installation which uses the inert gas is at increased overpressure at
      the stage illustrated in FIG. 3. In this latter FIG. the four-way valve 7
      is positioned identically with its position at rest according to FIG. 2. A
      column of liquid 21 forms according to this overpressure in the gas inlet
      pipe 3, thereby preventing the flow of gases in the direction towards the
      generator of inert gases. The difference in height between the outlet
      orifice 14 of the outlet 13 and the orifice 15 of the gas inlet conduit 3
      is chosen in such a way that the volume of liquid determined by these
      heights is at least identical, but preferably larger than the volume of
      the highest possible column of liquid in the pipe 3 which introduces the
      gases. Thus it is assured that the amount of fluid that is contained in
      container 2 while the installation is at rest suffices for the formation
      of the highest column. This is needed when suden overpressures occur in
      the using installation.
PAR  In FIG. 3 the outlet pipes 11 and 13 and also the pipe 10 lead into a
      common siphon 22 thereby providing an arrangement which simplifies the
      construction.
PAR  In FIG. 4 the siphon 22 is connected to the feed pipe 23, so that a closed
      liquid circuit results.
PAR  While the invention has been described by means of specific examples and in
      specific embodiments, it is not intended to be limited thereto, for
      obvious modifications will occur to those skilled in the art without
      departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A liquid closure device for an inert gas comprising an upright
      container, a gas inlet means for conducting gas to said container, a
      vertical gas inlet conduit joined to said gas inlet means, said vertical
      gas inlet conduit being vertically disposed within said container, said
      gas inlet conduit having means at its lower end portion defining a gas
      inlet orifice, a gas outlet on said container located at a higher
      elevation than said gas inlet orifice, a fluid inlet and a fluid outlet
      for said container, an efflux outlet means on said container and having an
      orifice disposed above the level of said gas inlet orifice, said vertical
      gas inlet conduit having a longitudinal length selected such that the
      internal volume of said gas inlet conduit is equal to or greater than the
      volume of said container between the level of said gas inlet orifice and
      the level of said efflux orifice, whereby liquid is precluded from flowing
      through said vertical gas inlet conduit to said gas inlet means as a
      result of a higher pressure in said container relative to said gas inlet
      means, a fluid reservoir disposed above said container and having a
      capacity to fill said container above the level of said gas inlet orifice,
      a fluid conduit leading from said reservoir to said fluid inlet, valve
      means in said fluid conduit for controlling the flow of fluid from said
      reservoir to said container, said valve being closed during normal
      operating conditions of the liquid closure device such that that said
      container is empty of fluid and said gas flows freely from said container
      gas inlet to said container gas outlet, said valve being opened when it is
      desired to effect a seal such that upon opening of said valve, fluid will
      flow by gravity from said reservoir to said container to a level above the
      level of said gas inlet orifice to thereby effect the seal by the gravity
      flow of said fluid and thereby preclude flow of gas from said container to
      said gas inlet conduit, water inlet means for said reservoir, said efflux
      outlet means comprising an efflux conduit connected to said water inlet
      means, and a pump in said water inlet means between said container and the
      connection between said efflux conduit and said water inlet means whereby
      there is provided a closed system in which said water is recirculated.
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ABST
PAL  Apparatus for feeding a quantity of chemical into a stream of liquid by
      directing a jet of liquid onto a solid soluble body containing the
      chemical. A chamber receives a solid body of chemical composition which is
      soluble when exposed to a jet of water or other liquid. The feeding
      apparatus includes an elongated tube mountable at an inclined angle
      relative to a horizontal surface, and provided with a liquid inlet at a
      lowermost lower end to direct a jet of liquid in a longitudinal direction
      into the tube to impinge against a soluble body of chemical composition
      received within the tube. A liquid outlet opening is positioned at an
      uppermost elevation of the inclined tube, so that gas which is evolved
      from the chemical composition stick and which is not in solution in the
      liquid can nevertheless flow out of the feeding apparatus through the
      outlet opening.
BSUM
PAR  This invention relates in general to chemical feeding apparatus and in
      particular to apparatus for adding a quantity of chemical to a liquid
      stream by gradual erosion of a soluble chemical composition.
PAR  Chemical feeding apparatus is known to the prior art which adds a
      particular chemical substance to a liquid stream by directing the liquid
      stream onto a solid body of a soluble material which contains the desired
      chemical to be added to the liquid. One example of such apparatus is found
      in water conditioning apparatus used to add chemicals to water being
      recirculated in liquid systems such as swimming pools, by way of example,
      in which chlorine must be added to the pool water. The water to be
      chlorinated is recirculated in a path including a solid chemical
      composition containing a chlorine substance. The chemical composition
      slowly dissolves upon exposure of the flow of liquid, constantly releasing
      a controlled quantity of gaseous chlorine which becomes absorbed by the
      water being returned to the swimming pool. Other examples of
      solid-chemical feeding apparatus for adding a chemical to a stream of
      liquid are known to those skilled in the art.
PAR  Prior-art chemical feeding apparatus of the foregoing type has generally
      included some means for directing a liquid stream transversely to the
      longitudinal axis of an elongate stick of soluble chemical composition, so
      that the chemical composition stick is eroded by the impact of the water
      against the stick. Such prior-art apparatus, moreover, generally requires
      the stick of chemical composition to be maintained substantially in a
      vertical position, with the transverse stream of liquid striking the stick
      approximately near the bottom end of the vertical, so that the
      liquid-soluble stick is maintained by gravity in a position which should
      ensure exposure to the incoming stream of liquid.
PAR  The use of stick feeding apparatus of the type known to the prior art has
      certain disadvantages, among which is the requirement of a substantial
      amount of vertical space required for insulation and plumbing of such
      apparatus. Stick chemical feeding apparatus is not-infrequently installed
      in relatively cramped quarters, such as a swimming pool pump room or a
      similar location, and it is frequently difficult to find sufficient
      vertical clearance for installation of such prior-art equipment. Moreover,
      it may be difficult to obtain the desired rate of chemical dissolution
      because of the relatively small area of the chemical stick which is, at
      any given time, subject to impingement by the incoming stream of liquid.
PAR  Accordingly, it is an object of the present invention to provide an
      improved apparatus for feeding a chemical into a liquid stream.
PAR  It is another object of the present invention to provide improved apparatus
      for feeding a chemical into a liquid stream by flowing the liquid along a
      solid body of soluble chemical composition.
PAR  It is yet another object of the present invention to provide chemical
      feeding apparatus which can utilize an elongate stick of soluble chemical
      composition and which has a relatively low physical profile.
DRWD
PAR  Other objects and advantages of the present invention will be understood
      from the following description of a disclosed embodiment, including the
      drawing in which:
PAR  FIG. 1 shows a pictorial view of a disclosed embodiment of the present
      invention;
PAR  FIG. 2 shows a section view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 shows a section view taken along line 3--3 of FIG. 2;
PAR  FIG. 4 shows a section view taken along line 4--4 of FIG. 2;
PAR  FIG. 5 shows a section view taken along line 5--5 of FIG. 2;
PAR  FIG. 6 shows a broken pictorial view of an alternative disclosed embodiment
      of the present invention; and
PAR  FIG. 7 is an end elevation view of the embodiment shown in FIG. 6, with the
      lower end cap depicted partially cut away for illustrative purposes.
DETD
PAR  Stated in general terms, the present invention includes a body defining a
      chamber for receiving a solid soluble chemical composition, with the body
      being supportable on a horizontal surface so that the chamber occupies an
      inclined position relative to the horizontal surface. The lower end of the
      chamber is provided with a liquid inlet which can be connected into a
      liquid flow system, and which directs a jet of liquid to the lower end of
      the chamber in a generally-longitudinal direction. A fluid outlet opening
      is provided at the upper end of the inclined chamber, and the fluid outlet
      opening is positioned at the point of maximum elevation with the chamber.
      Gas which is evolved within the inclined chamber by erosion,
      decomposition, or other effects of the liquid jet impinging the soluble
      chemical composition within the chamber is completely removed from the
      chamber by the placement of the fluid outlet opening, even if the gas has
      not become absorbed by the water within the chamber.
PAR  Stated more specifically with respect to the disclosed embodiment of the
      present invention shown in FIGS. 1-5, there is shown a jet feeding
      apparatus indicated generally at 10 and having an elongate body member 11
      closed at the lower end by a lower end cap 12 and closed at the upper end
      by an upper end cap 13. The upper end cap 13 is provided with a support
      stand 14 which depends downwardly from the upper end cap to be received on
      a horizontal support surface 15. The lower end cap 12 simply rests on the
      horizontal surface 15 for support, causing the body 11 of the jet feeding
      apparatus to assume an inclined angular position relative to the
      horizontal surface. Although the exact angle of incline is not considered
      to be critical in the operation of the present jet feeding apparatus, an
      angle of inclination a of approximately 10.degree. has proved to be
      effective in an actual embodiment of apparatus constructed according to
      the present invention.
PAR  The body 11 in the disclosed embodiment may be generally tubular in
      construction, and may be made of any suitable material which is impervious
      to water (or any other liquid flowing therethrough) and which is not
      subject to attack by any chemicals contained in or released from the solid
      soluble chemical composition received within. In the case of a jet feeder
      apparatus used with appropriate soluble chemical compositions intended to
      add chlorine to a water circulating system, for example, the body 11 may
      be made of a material such as clear PVC tube. The body 11 defines an
      elongate internal chamber 19 of tubular cross-section and having
      sufficient diameter to allow the generally cylindrical solid sticks 20a
      and 20b of soluble chemical composition to be loosely received within the
      chamber, with sufficient clearance between the external surface of the
      sticks and the interior wall defining the chamber 19 to provide an annular
      region 21 along which fluid can flow in a longitudinal direction alongside
      the exterior surfaces of the sticks. It is apparent from FIG. 2 that the
      longitudinal extent of the body 11 is sufficient to accommodate two
      chemical sticks 20a and 20b arranged in serial manner within the chamber
      19.
PAR  Each of the chemical sticks 20a and 20b is made of a suitable solid soluble
      chemical composition which, when subjected to the flow of water through
      the chamber 19 as described below, dissolves at a controlled rate to
      release a chemical substance. The released chemical substance goes into
      solution with the water, or is carried by the water to flow out of the jet
      feeding apparatus. Specific details of the type and nature of the chemical
      compositions which may be incorporated in the chemical sticks 20a and 20b
      are available to those skilled in the art, and need not be recited herein.
PAR  Each of the chemical sticks 20a and 20b has an elongate interior passage 22
      extending therethrough, and the jet feeding apparatus can be provided with
      an elongate rod 23 extending longitudinally within the length of the
      chamber 19 in alignment with the aligned interior passages of the
      serially-positioned sticks 20a and 20b. The rod 23, which has a diameter
      substantially less than the diameter of the interior passages 22, is
      received at its lower end by a rod holder 24 which is retained within the
      lower end cap 12. The upper end of the rod 23 may be loosely received
      within the opening 25 of the removable end plug 26.
PAR  Referring to FIG. 5, it is seen that the rod holder 24 is spider-shaped to
      define a number of apertures 30 extending radially from the central
      portion of the rod holder in which the rod 23 is received. The lower end
      cap 12 includes a liquid inlet connector 31 having an inlet opening 32
      which is somewhat off-center with respect to the center of the chamber 19
      and of the lower end cap. As best seen in FIG. 5, the off-center position
      of the inlet opening 32 allows liquid flowing through the inlet opening to
      pass around the central portion of the rod holder 24, so that such liquid
      is directed into the chamber 19 substantially as a jet of liquid which is
      directed to flow in a generally longitudinal direction for impingement
      against the lower end 33 of the chemical stick 20a.
PAR  The upper end cap 13 has a fluid outlet connector 34 defining an outlet
      opening 35 in fluid flow communication with the chamber 19. The outlet
      opening 35 communicates with the chamber 19 at the uppermost portion of
      the chamber upper end, as is particularly seen in FIG. 2. The upper end
      cap 13 defines an internal opening 36 which is sufficiently large to
      accommodate the passage of the chemical sticks 20a and 20b, and which is
      selectively closed by the aforementioned end plug 26. The end plug 26 may
      be removably connected to the upper end cap 13 by any suitable connection
      such as the pipe threads 37, and an O-ring seal 38 may be provided to
      ensure a fluid-tight seal of the closed upper end cap 13.
PAR  Considering the operation of the disclosed jet feeding apparatus, the
      apparatus is connected into a particular water circulation system so that
      water flowing through the system is introduced to the jet feeding
      apparatus through the liquid inlet connector 31, with the consequence that
      the water flows into the chamber 19 of the feeder in a
      generallylongitudinal jet which impinges against the lower end 33 of the
      chemical stick 20a. The force of the water jet causes erosion of the lower
      end 33 of the stick, thereby releasing an amount of chemical composition
      from the stick to be absorbed in or carried by the water flowing through
      the jet feeding apparatus. The water also flows along the annular region
      21 outside of the sticks 20a and 20b to cause further erosion and
      dissolution of the sticks. Moreover, the sticks 20a and 20b tend to be
      forced upwardly within the chamber 19 as a result of the impact of the
      liquid jet against the lower end 33 of the stick 20a, allowing a portion
      of the inflowing jet of water to flow through the aligned elongate
      interior passages 22 of the chemical sticks. Erosion and/or dissolution of
      the chemical sticks thus occurs along three regions of the sticks, namely,
      at the point of jet impact against the lower end 33 of the stick 20a,
      along the exterior surfaces of the two sticks, and along the interior
      surfaces which define the passages 22 through the sticks. Where the
      chemical released by erosion and/or dissolution of the chemical sticks is
      released in the form of a gas which may not be immediately and entirely
      absorbed by the water within the jet feeder, the gas is allowed to be
      removed from the feeder by flowing through the uppermost-positioned outlet
      opening 35 without becoming entrapped in an upper-elevation location of
      the feeder.
PAR  The state of erosion of the chemical sticks within the feeding apparatus
      can be visually monitored by observation through the transparent body 11,
      and the chemical sticks can be replaced simply by shutting off the water
      circulation system and then removing the end cap 26 from the upper end cap
      13. A pressure release valve 39 is provided on the upper end cap 13 to
      permit the release of any hydrostatic pressure which may remain within the
      jet feeding apparatus, prior to removal of the end cap 26 for replacement
      of chemical sticks.
PAR  A modified version of the embodiment described in FIGS. 1-5 is shown in
      FIGS. 6 and 7, where components which are common to the embodiments
      depicted in FIGS. 1-5 are identified by primed reference numerals. As seen
      in FIG. 6, the jet feeding apparatus indicated generally at 10' includes a
      body 11' having a lower end cap 12', an upper end cap 13', and a support
      stand 14' depending downwardly from the upper end cap to maintain the
      feeding apparatus 10' at an angle of elevation with respect to a
      horizontal support surface. The jet feeding apparatus 10' differs from the
      previously-described feeding apparatus 10, shown in FIGS. 1-5, by having a
      plural number of chemical sticks disposed in parallel flow relation within
      the body 11', with each of the parallel-flow sticks positioned for
      impingement by a separate stream or jet of liquid entering the apparatus
      10' through a separate corresponding liquid inlet disposed in the lower
      end cap 12'.
PAR  It is seen that the lower end cap 12' is provided with a plural number of
      liquid inlet connectors 44a, 44b, 44c, 44d and 44e symetrically arranged
      around the lower end cap. Each of the liquid inlet connectors 44a-44e has
      an inlet opening 45 extending therethrough, in a manner analogous to the
      inlet opening 32 extending through the connector 31 as shown in FIG. 2.
PAR  A plurality of chemical sticks 46a-46e, are disposed within the body of the
      jet feeding apparatus 10' in predetermined position to place a separate
      one of the chemical sticks in alignment with the corresponding inlet
      opening 45 in each of the plural liquid inlet connectors. As seen in the
      cutaway portion of FIG. 7, for example, the chemical stick 46b is disposed
      behind and in alignment with the inlet opening 45 in the liquid inlet
      connector 44b, while the chemical sticks 46c and 46e are similarly aligned
      with the inlet openings 45 in the corresponding inlet connectors 44c and
      44e. The locations of chemical sticks 46a and 46d for the remaining two
      liquid inlet connectors 44a and 44d are shown in broken-line in FIG. 7.
PAR  Separate elongate rods are mounted within the body 11' of the jet feeding
      apparatus 10' to extend through the elongate passages 22' in the chemical
      sticks and to define the respective locations of each of the chemical
      sticks, with two such rods being shown at 47b and 47c in FIG. 7. It will
      be understood by those skilled in the art that suitable rod holding
      apparatus can be provided within the body 11' to locate and support the
      rods 47b and 47c, as well as the rods corresponding to the remainder of
      the chemical sticks 46a-46e. It will also be apparent to those of ordinary
      skill that the choice of five separate chemical sticks and corresponding
      liquid inlet connectors, as shown in FIGS. 6 and 7, is not critical to the
      present invention; a greater or lesser number of sticks can be provided.
      It will also be apparent, although not explicitly depicted in FIGS. 6 and
      7, that each of the chemical sticks 46a-46e may actually comprise more
      than one single stick disposed in serial fashion along the corresponding
      elongate rod, in a manner corresponding to the sticks 20a and 20b shown in
      FIG. 2.
PAR  The use of the embodiment shown in FIGS. 6 and 7 is substantially the same
      as in the previous embodiment, with the exception that the several liquid
      inlet connectors 44a-44e are connected in parallel through a suitable
      manifold or other liquid distribution arrangement to receive liquid
      flowing through a particular water circulation system. The flow of water
      or other liquid into the jet feeding apparatus 10' is preferably divided
      approximately evenly between the several liquid inlet connectors, so that
      each of the symmetrically-arranged chemical sticks will be eroded at
      approximately the same rate and will require replacement at approximately
      the same time, thereby minimizing maintenance costs and downtime of the
      jet feeder. Water flows both along the inside and the outside of each of
      the chemical sticks, in the manner described previously, and exits through
      the fluid outlet connector 34' disposed at the upper most region of the
      upper end cap 13. As discussed previously, any evolved gas which is not
      entirely absorbed by the water within the jet feeder 10' will flow to the
      upper end of the feeder for removal through the fluid outlet connector
      34'.
PAR  It will be apparent that the foregoing relates only to a preferred
      embodiment of the present invention, and that numerous alterations and
      modifications may be made therein within the scope of the invention as
      defined in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for feeding a chemical into a liquid by directing liquid
      against a soluble chemical composition, comprising:
PA1  body means defining a chamber for receiving a solid body of the soluble
      chemical composition, said chamber having a longitudinal dimension and
      being positioned for support on a horizontal surface with said
      longitudinal chamber disposed at an incline with respect to the
      horizontal;
PA1  liquid inlet means in said body means in liquid flow communication with the
      lower end of said inclined chamber; and
PA1  fluid outlet means in said body means in fluid flow communication with the
      uppermost location within said inclined chamber means to permit the
      gaseous fluid produced by dissolution of the chemical composition in said
      inclined chamber to exit through said fluid outlet means without being
      entrapped within said inclined chamber.
NUM  2.
PAR  2. Apparatus as in claim 1, wherein said liquid inlet means is aligned to
      direct a flow of liquid into said inclined chamber substantially in the
      longitudinal direction to impinge on an end of the body of soluble
      chemical composition received in said inclined chamber.
NUM  3.
PAR  3. Apparatus as in claim 1, wherein said inclined chamber is elongated in
      said longitudinal direction to receive a body of soluble chemical
      composition in the form of an elongate stick, and said liquid inlet means
      is aligned at said lower end of said inclined chamber to direct a jet of
      liquid into said inclined chamber in said longitudinal direction to
      impinge the lowermost end of the elongate stick.
NUM  4.
PAR  4. Apparatus as in claim 3, in which the soluble elongate stick has at
      least one longitudinal internal passage extending along the entire length
      of the stick, and has a wall of substantial thickness, and said liquid
      inlet means is aligned to direct the jet of liquid longitudinally into
      impingement against the lowermost end of the wall of the stick at a
      location thereon which is intermediate the internal passage and the
      exterior of the stick to allow the jet of liquid to flow longitudinally
      through the internal passage of the stick as well as longitudinally along
      the exterior of the stick, thereby increasing the area of the stick which
      is contacted by the liquid jet.
NUM  5.
PAR  5. Apparatus as in claim 1, further comprising support means associated
      with said body means for maintaining said body means and said chamber in
      said inclined position when said support means is supported by a
      horizontal surface.
NUM  6.
PAR  6. Apparatus as in claim 1, wherein said body means comprises:
PA1  a hollow longitudinally elongate tube having internal dimensions to receive
      at least one elongate stick of the soluble chemical composition;
PA1  a lower end member enclosing the lower end of said tube;
PA1  said liquid inlet means being disposed in said lower end member in position
      to direct a longitudinal jet of liquid into impingement against the lower
      end of the stick received in said hollow tube;
PA1  an upper end member enclosing the upper end of said tube and having a
      selectively closable end opening longitudinally aligned with said tube for
      inserting the soluble stick; and
PA1  said fluid outlet means being mounted in the upper side of said upper end
      member to extend therethrough into flow communication with said tube.
NUM  7.
PAR  7. Apparatus as in claim 6, wherein the elongate stick has a longitudinal
      interior passage, and further comprising:
PA1  a longitudinal rod extending within said elongate tube from said lower end
      member to said upper end member; and
PA1  said rod having a diameter substantially less than the diameter of the
      interior passage through the elongate stick and being aligned to extend
      through the interior passage.
NUM  8.
PAR  8. Apparatus as in claim 6, further including means in fluid communication
      with the interior of said elongate tube and selectively operable to
      release the pressure within the interior to atmosphere.
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ABST
PAL  An improved apparatus for securing an externally threaded line tap valve to
      the exterior of a penetrable tubing line such as that found in a closed
      refrigeration system. The apparatus is adapted to secure a line tap valve
      to a line having any of a plurality of outside diameters. The apparatus
      includes a body member having a threaded passage extending therethrough
      and a substantially square lateral cross-section. A first cylindrical
      outer surface is formed adjacent one end face of the body member and a
      second cylindrical outer surface is formed intermediate the first
      cylindrical outer surface and the opposite end face of the body member.
      The apparatus also includes a bifurcated spring clip member having an
      upwardly facing V-shaped bottom portion and inwardly facing lips formed on
      the two upwardly extending parallel leg portions having arcuately shaped
      vertical notches formed respectively therein for engaging and retaining
      either of the cylindrical outer surfaces of the body member therein when
      the apparatus is assembled. A spacer member is included for interposition
      between the clip member and the tubing to which the apparatus is to be
      secured when tubing of smaller diameter is involved. The threaded line tap
      valve is threadedly received within the threaded passage through the body
      member when the line tap valve penetrates the tubing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to improvements in valves, and more
      particularly, but not by way of limitation, to valve structure employed in
      tapping tubular members.
PAR  2. Description of the Prior Art
PAR  The prior art contains a number of teachings of apparatus for securing
      externally threaded line tap valves to the exterior of penetrable tubing
      for obtaining controlled access to the interior of the tubing,
      particularly, for accessing sealed refrigeration systems for servicing.
      Some of the prior art devices require soldering of the apparatus directly
      to the tubing which is inherently inconvenient and cannot be accomplished
      in potentially explosive environments. Other devices are known which are
      adapted to secure a line tap valve through clamping means to tubing having
      one specific O.D. These latter devices, however, require that a serviceman
      have one device of each size for each standard tubing O.D. which the
      serviceman might encounter on the job. Other apparatus are available which
      provide means for securing line tap valves to tubing of any one of a
      plurality of outer diameters, however, such apparatus are generally
      cumbersome to manipulate, unreliable in operation and difficult and
      expensive to manufacture.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates apparatus for securing an externally
      threaded line tap valve to the exterior of a penetrable tubing line having
      any of a plurality of outside diameters. The apparatus includes a body
      member having a substantially square lateral cross-section normal to the
      longitudinal axis thereof. The body member further includes a first end
      face and a second end face normal to the longitudinal axis. An internally
      threaded longitudinal passage extends between the first and second end
      faces. A first cylindrically shaped outer surface communicates with the
      first end face and is coaxial with the longitudinal passage. A second
      cylindrically shaped outer surface is formed on the body member and is
      coaxial with the first cylindrically shaped outer surface and has a
      diameter equal to the diameter of the first cylindrically shaped outer
      surface and is positioned intermediate the first cylindrically shaped
      outer surface and the second end face of the body member. The longitudinal
      widths of the first and second cylindrically shaped outer surfaces, the
      longitudinal distance between the first and second cylindrically shaped
      outer surfaces and the longitudinal distance between the second
      cylindrically shaped outer surface and the second end face of the body
      member are substantially equal.
PAR  The apparatus further includes a bifurcated clip member having a first
      lateral end face and a second lateral end face and a longitudinal length
      substantially equal to the width of the substantially square lateral
      cross-section of the body member. The clip member further includes an
      upwardly facing V-shaped bottom portion having an included angle of
      90.degree.. A pair of parallel leg portions extend upwardly from the
      respective outer ends of the upwardly facing V-shaped bottom portion. A
      pair of horizontally coplanar lips extend inwardly toward each other from
      the upper ends of the respective parallel leg portions. The inward edges
      of the lips are substantially parallel to each other and extend between
      the first and second lateral end faces of the bifurcated clip member. Each
      lip edge includes an arcuately shaped vertical notch formed therein
      intermediate the first and second end faces of the clip member. The
      notches are sized, shaped and laterally spaced from one another to
      complementarily and alternately receive the first and second cylindrically
      shaped outer surfaces of the body member therebetween. Each lip edge
      includes a laterally outwardly extending surface formed thereon adjacent
      to and communicating with the first end face and the second end face of
      the clip member, respectively. The lateral distance between the parallel
      portions of the lip edges extending between the laterally outwardly
      extending surfaces and the vertical notches of the lip edges is less than
      the diameter of the cylindrical outer surfaces of the body member.
PAR  An object of the present invention is to provide apparatus for securing an
      externally threaded line tap valve to the exterior of a penetrable tubing
      line having any of a plurality of outside diameters.
PAR  Another object of the present invention is to provide apparatus for
      securing an externally threaded line tap valve to the exterior of a tubing
      line which is simple to assemble in the field.
PAR  A further object of the present invention is to provide apparatus for
      securing an externally threaded line tap valve to the exterior of a
      penetrable tubing line which is economical to manufacture and operate.
PAR  Other objects and advantages of the present invention will be evident from
      the following detailed description when read in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of the apparatus of the present invention
      installed on a length of tubing.
PAR  FIG. 2 is an end view of the apparatus shown in FIG. 1.
PAR  FIG. 3 is an end view similar to FIG. 2 illustrating the apparatus
      installed on a length of tubing of a diameter less than that of FIG. 2.
PAR  FIG. 4 is an end view similar to FIG. 3 illustrating the apparatus
      installed on a length of tubing of a diameter less than that of FIG. 3.
PAR  FIG. 5 is an end view similar to FIG. 2 illustrating the apparatus
      installed on a length of tubing of a diameter greater than that of FIG. 2.
PAR  FIG. 6 is a side view of the apparatus of FIG. 5.
PAR  FIG. 7 is a side view of the apparatus of FIG. 1.
PAR  FIG. 8 is a top view of the apparatus of FIG. 1.
PAR  FIG. 9 is a top view of the apparatus of FIG. 4.
PAR  FIG. 10 is a top view of the apparatus of FIG. 5.
PAR  FIG. 11 is a bottom view of the apparatus of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, the apparatus of the present invention will
      be generally designated by reference character 10. The apparatus 10
      includes a body member 12 and a bifurcated spring clip member 14. In
      certain applications of the apparatus, 10, a V-shaped spacer member 16 is
      also included.
PAR  The body member 12 includes a first lateral end face 18 and a second
      lateral end face 20 each lying in a plane intersecting and normal to the
      longitudinal axis of the body member 12. The body member 12 has a
      substantially square lateral cross-section, and may be suitably formed of
      a length of square metal bar stock or the like.
PAR  An internally threaded longitudinal passage 22 extends along the
      longitudinal axis of the body member 12 and communicates at its opposite
      ends with the first lateral end face 18 and the second lateral end face
      20. A first cylindrically shaped outer surface 24 is formed on the body
      member 12 communicating with the first end face 18 and coaxial with the
      longitudinal passage 22. A second cylindrically shaped outer surface 26 is
      formed on the body member 12 intermediate the first cylindrically shaped
      surface 24 and the second end face 20. The second cylindrically shaped
      outer surface 26 is coaxial with and has a diameter equal to the diameter
      of the first cylindrically shaped outer surface 24.
PAR  The longitudinal widths of the first and second cylindrical outer surfaces
      24 and 26 are substantially equal, and are substantially equal to the
      longitudinal distance between the first and second cylindrical outer
      surfaces 24 and 26 and to the longitudinal distance between the second
      cylindrical surface 26 and the second end face 20 of the body member 12.
PAR  The clip member 14 may be suitably formed of a length of metal sheet, such
      as 16 gauge cold rolled steel, into a bifurcated spring. The clip member
      14 has a first lateral end face 28 and a second lateral end face 30,
      parallel to the end face 28. The longitudinal length of the clip member 14
      between the end faces 28 and 30 is preferably substantially equal to the
      lateral width of the square cross-section of the body member 12.
PAR  The clip member 14 includes an upwardly facing bottom portion 32 preferably
      having a V-shape with a preferred included angle 34 of 90.degree.. A pair
      of parallel leg portions 36 and 38 extend upwardly from the respective
      outer ends 40 and 42 of the upwardly facing V-shaped bottom portion 32. It
      will be understood that the bottom portion 32 may be arcuately or
      otherwise shaped rather than V-shaped, as is preferred.
PAR  A pair of horizontally coplanar lips 44 and 46 extend inwardly toward each
      other from the respective upper ends 48 and 50 of the parallel leg
      portions 36 and 38. The inward edges 52 and 54 of the lips 44 and 46 are
      substantially mutually parallel and extend between the first and second
      end faces 28 and 30 of the clip member 14. The lip edges 52 and 54 include
      arcuately shaped vertical notches 56 and 58 formed respectively therein
      interemdiate the first and second end faces 28 and 30 of the clip member
      14. The notches 46 and 58 are sized, shaped and laterally spaced from one
      another to complementarily and alternately receive the first and second
      cylindrical outer surfaces 24 and 26 of the body member therebetween when
      the clip member 14 is in the relaxed position.
PAR  The lip edge 52 includes a laterally outwardly extending surface 60 formed
      thereon adjacent to and communicating with the first end face 28 and a
      second laterally outwardly extending surface 62 formed thereon adjacent to
      and communicating with the second end face 30 of the clip member 14.
      Similarly, the lip edge 54 includes a laterally outwardly extending
      surface 64 formed thereon adjacent to and communicating with the first end
      face 28 and a second laterally outwardly extending surface 66 formed
      thereon adjacent to and communicating with the second end face 30 of the
      body member 14. The lateral distance 68 between the parallel portions of
      the lip edges 52 and 54 extending between the laterally outwardly
      extending surfaces and the vertical notches of the lip edges 52 and 54 is
      less than the diameter of the cylindrical outer surfaces 24 and 26 of the
      body member 12.
PAR  It should be noted that the vertical thickness of the horizontal lips 44
      and 46 is slightly less than the longitudinal width of the second
      cylindrically shaped outer surface 26 of the body member 12. It should
      also be noted that the lateral distance 70 between the inner walls 72 and
      74 of the parallel leg portions 36 and 38 of the clip member 14 is
      slightly greater than the lateral width of the square lateral
      cross-section of the body member 12 when the clip member 14 is in the
      relaxed position.
PAR  The V-shaped spacer member 16, shown in FIGS. 3 and 4, is preferably formed
      of a length of metallic sheet, preferably 16 gauge cold rolled steel, as
      is the previously described clip member 14. The spacer member 16 has a
      preferred included angle 76 of 90.degree. and has a longitudinal length
      preferably equal to the longitudinal length of the clip member 14 between
      the end faces 28 and 30. The spacer member 16 is slidably disposed within
      the V-shaped bottom portion 32 of the clip member 14 when employing the
      apparatus 10 to secure a line tap valve to a typical tubing line of
      smaller diameters such as 5/16 or 1/4 inch O.D., as illustrated,
      respectively, in FIGS. 3 and 4. It will be understood that the spacer
      members 16 may be arcuately or otherwise shaped rather than V-shaped, as
      is preferred.
PAR  The apparatus 10 is illustrated in FIG. 1 secured to a length of tubing 78.
      The configurations of the body member 12 and clip member 14 of the
      apparatus 10 are such that they are properly assembled as shown in FIG. 1
      when the length of tubing 78 has an O.D. of 3/8 inch. The apparatus 10 is
      positioned on the tubing 78 by first placing the clip member 14 about the
      tubing 78 with the tubing 78 engaging the upwardly facing V-shaped bottom
      portion 32 of the clip member 14. The body member 10 is then moved along
      the length of tubing 78 along a line parallel to the longitudinal axis of
      the clip member 14 until the body member 12 is received within the inner
      wall 72 and 74 of the clip member 14 and the first cylindrically shaped
      outer surface 24 of the body member 12 is snapped into engagement with the
      vertical notches 56 and 58 of the lips 44 and 46 with the end face 20 of
      the body member 12 adjacent to the exterior of the tubing 78. At this
      point a suitable externally threaded line tap valve 80 may be threadedly
      secured within the internally threaded longitudinal passage 22 of the body
      member 12 to provide access to the interior of the tubing 78 as shown in
      FIG. 2. Such a suitable line tap valve is disclosed at 14 in U.S. Pat. No.
      3,543,788 to John W. Mullins, which is incorporated herein by reference.
PAR  FIG. 3 illustrates the apparatus 10 installed on a length of tubing 82
      having an O.D. of 5/16 inch. The installation of the apparatus 10 on the
      tubing 82 is substantially identical to that described above for the
      tubing 78 with the exception that the V-shaped spacer member 16 is
      interposed between the tubing 82 and the upwardly facing V-shaped bottom
      portion 32 of the clip member 14 prior to the mutual engagement of the
      body member 12 with the clip member 14.
PAR  FIG. 4 illustrates the apparatus 10 as assembled on a length of tubing 84
      having a 1/4 inch O.D. To assemble the apparatus 10 on the tubing 84, the
      V-shaped spacer member 16 is first disposed within the upwardly facing
      V-shaped bottom portion 32 of the clip member 14 and the tubing 84 is
      positioned adjacent to and within the V-shaped spacer member 16. The body
      member 12 is inverted with the second end face 20 facing upwardly and is
      moved longitudinally within the inner wall 72 and 74 of the clip member 14
      with the second end face 20 engaging the lower edges of the horizontal
      lips 44 and 46 of the clip member 14, and with the first end face 18
      adjacent to the tubing 84. The line tap valve 80 is then threadedly
      engaged with the internally threaded passage 22 of the body member 12 in a
      manner as discussed above to penetrate the tubing 84.
PAR  FIG. 5 illustrates the apparatus 10 assembled on a length of tubing 86
      having a 1/2 inch O.D. The apparatus 10 is installed on the tubing 86 in a
      manner similar to that described above for the tubing 78 except that the
      body member 12 is installed within the clip member 14 by snapping the
      second cylindrically shaped outer surface 26 of the body member 12 into
      mutual engagement with the vertical notches 56 and 58 of the horizontal
      lips 44 and 46 with the second end face 20 of the body member 12 adjacent
      to the tubing 86. The line tap valve 80 is threadedly engaged within the
      threaded passage 22 of the body member 12 as described above to penetrate
      and gain access to the interior of the tubing 86.
PAR  It will be seen from the foregoing description that the apparatus 10
      provides novel structure for securing a threaded line tap valve to any one
      of four differing diameters of tubing depending upon the manner in which
      the apparatus 10 is assembled. The configuration of the body member 12 and
      the clip member 14 provides means for securely assembling these elements
      together prior to the installation of the threaded line tap valve in the
      body member 12 to gain access to the interior of the tubing to which the
      apparatus 10 is secured.
PAR  Changes may be made in the construction and arrangement of parts or
      elements described herein without departing from the spirit and scope of
      the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for securing an externally threaded line tap valve to the
      exterior of a penetrable tubing line having any one of a plurality of
      outside diameters, comprising:
PA1  a body member having first and second end faces and an internally threaded
      longitudinal passage extending therethrough communicating the first and
      second end faces;
PA1  a first cylindrical outer surface formed on said body member adjacent to
      the first end face thereof and coaxial with the passage therethrough;
PA1  a second cylindrical outer surface formed on said body member intermediate
      said first cylindrical outer surface and the second end face of said body
      member and coaxial with the passage therethrough;
PA1  bifurcated spring clip means having opposite ends for partially encircling
      the exterior of a penetrable tubing line and having notch means formed on
      the opposite ends thereof for yieldably releasably mutually engaging said
      first cylindrical surface and, alternately engaging said second
      cylindrical surface and securing said body member to the exterior of the
      tubing line with the second end face adjacent to the exterior of the
      tubing line and, alternately, with the first end face adjacent to the
      exterior of the tubing line.
NUM  2.
PAR  2. The apparatus as defined in claim 1 characterized further to include:
PA1  spacer member means for interposition between said bifurcated spring clip
      means and the exterior of the tubing line.
NUM  3.
PAR  3. The apparatus as defined in claim 1 wherein said body member includes:
PA1  a first substantially rectangular outer surface formed thereon coaxial with
      the passage therethrough and extending between said first and second
      cylindrical outer surfaces; and
PA1  a second substantially rectangular outer surface formed thereon coaxial
      with the passage therethrough and extending between said second
      cylindrical outer surface and the second end face thereof.
NUM  4.
PAR  4. The apparatus as defined in claim 1 wherein said bifurcated spring clip
      means is characterized further to include:
PA1  an upwardly facing bottom portion having outer ends;
PA1  a pair of parallel leg portions extending upwardly from the respective
      outer ends of said bottom portion; and
PA1  a pair of horizontal lips extending inwardly toward each other from the
      upper ends of said respective parallel leg portions, each lip having a
      notch formed therein sized and shaped to releasably secure said first
      cylindrical outer surface and, alternately, said second cylindrical outer
      surface of said body member therein between said lips.
NUM  5.
PAR  5. The apparatus as defined in claim 4 wherein said body member is
      characterized further to include:
PA1  a first substantially rectangular outer surface formed thereon coaxial with
      the passage therethrough and extending between said first and second
      cylindrical outer surfaces; and
PA1  a second substantially rectangular outer surface formed thereon coaxial
      with the passage therethrough and extending between said second
      cylindrical outer surface and the second end face thereof.
NUM  6.
PAR  6. The apparatus as defined in claim 5 wherein said first and second
      substantially rectangular outer surfaces of said body member are square in
      lateral cross-section and equal in size, and wherein the diameters of said
      first and second cylindrical outer surfaces of said body member are equal.
NUM  7.
PAR  7. The apparatus as defined in claim 6 wherein the perpendicular distance
      between said pair of parallel leg portions of said bifurcated spring clip
      means is slightly greater than the length of one side of said first
      substantially square outer surface of said body member when said
      bifurcated spring clip means is in a relaxed condition.
NUM  8.
PAR  8. Apparatus for securing an externally threaded line tap valve to the
      exterior of a penetrable tubing line having any one of a plurality of
      outside diameters, comprising:
PA1  a body member having a substantially square lateral cross-section normal to
      the longitudinal axis thereof and including:
PA2  a first end face and a second end face normal to the longitudinal axis
      thereof;
PA2  an internally threaded longitudinal passage extending therethrough
      communicating said first and second end faces;
PA2  a first cylindrically shaped outer surface communicating with said first
      end face and coaxial with the longitudinal passage;
PA2  a second cylindrically shaped outer surface coaxial with said first
      cylindrically shaped outer surface and having a diameter equal thereto and
      positioned intermediate said first cylindrically shaped outer surface and
      said second end face of said body member; and
PA2  the longitudinal widths of said first and second cylindrically shaped outer
      surfaces, the longitudinal distance between said first and second
      cylindrically shaped outer surfaces and the longitudinal distance between
      said second cylindrically shaped outer surface and said second end face of
      said body member being substantially equal;
PA1  a bifurcated clip member having a first lateral end face and a second
      lateral end face and a longitudinal length substantially equal to the
      width of the substantially square lateral cross-section of said body
      member, including:
PA2  an upwardly facing bottom portion having outer ends;
PA2  a pair of parallel leg portions extending upwardly from the respective
      outer ends of said upwardly facing bottom portion; and
PA2  a pair of horizontal lips extending inwardly toward each other from the
      upper ends of said respective parallel leg portions, the inward edges of
      said lips being substantially parallel to each other and extending between
      the first and second lateral end faces of said bifurcated clip member,
      each lip edge including an arcuately shaped vertical notch formed therein
      intermediate the first and second end faces of said bifurcated clip
      member, said notches being sized, shaped and laterally spaced from one
      another to alternately receive the first and second cylindrically shaped
      outer surfaces of said body member therebetween, the perpendicular
      distance between the parallel portions of said lip edges extending between
      the vertical notches and the first and second end faces of said bifurcated
      clip member being less than the diameter of the cylindrical outer surfaces
      of said body member.
NUM  9.
PAR  9. The apparatus as defined in claim 8 wherein said upwardly facing bottom
      portion of said bifurcated clip member is V-shaped and has an included
      angle of approximately 90.degree..
NUM  10.
PAR  10. The apparatus as defined in claim 9 characterized further to include:
PA1  a V-shaped spacer member having an included angle of approximately
      90.degree. and disposed within the V-shaped body portion of said
      bifurcated clip member intermediate said bifurcated clip member and the
      exterior of a penetrable tubing line.
NUM  11.
PAR  11. The apparatus as defined in claim 8 characterized further to include:
PA1  spacer member means for interposition between said bifurcated clip member
      and the exterior of a penetrable tubing line.
NUM  12.
PAR  12. The apparatus as defined in claim 9 wherein said pair of horizontal
      lips of said bifurcated clip member are characterized further to include:
PA1  a laterally outwardly extending surface formed on each lip edge adjacent to
      and communicating with the first end face.
NUM  13.
PAR  13. The apparatus as defined in claim 12 wherein said pair of horizontal
      lips of said bifurcated clip member are characterized further to include:
PA1  a laterally outwardly extending surface formed on each lip edge adjacent to
      and communicating with the second end face of said bifurcated clip member.
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ABST
PAL  A valve is provided for use in an anesthesia breathing circuit and is
      located between the breathing bag or ventilator and the remaining parts of
      the circuit. The valve comprises a housing having an inlet connectible to
      the bag or ventilator and an outlet which is connectible to the remaining
      circuit. The valve has essentially two parallel flow paths for gas; in one
      path there is a check valve to allow gas to pass only in a direction away
      from the bag or ventilator, and in the other path is located a diaphragm
      valve which is spring biased to a closed position and is opened at a
      predetermined pressure in that path. The valve allows the retention at all
      times of a predetermined pressure within the patient circuit and thus the
      operator can select the lowest pressure which the patient's lungs will
      reach during ventilation to insure the lungs will always be expanded to
      more than their normal resting state. The position and operation of the
      present valve also achieves its desired result without introducing
      appreciable resistance against the patient's exhalation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a valve means for use with an anesthesia
      breathing circuit, and more particularly, to a positive-end expiratory
      pressure (PEEP) valve which is adapted to maintain a predetermined minimum
      pressure at all times within the lungs of a patient during ventilation.
PAR  It is presently known that, in some patients, a positive-end expiratory
      pressure is needed during ventilation in administering anesthesia or, for
      that matter, in maintaining a patient on a respirator. With PEEP, the
      patient is allowed to exhale only to a point where a positive pressure is
      maintained within the lungs so that at all times the lungs are maintained
      at or above their normal resting volume. The maintenance of such a
      positive pressure may prevent alveolar collapse.
PAR  Various devices are currently available which do accomplish PEEP during
      respiration, however, the present devices also introduce a not
      insignificant fixed resistance into the breathing circuit so that the
      patient exhales against the resistance of the PEEP device as well as the
      other internal resistance and pressure on the downstream side of the
      circuit itself. Any additional resistance in the circuit due to the PEEP
      device is, of course, undesirable since it tends to reduce the rate at
      which exhalation occurs.
PAR  In the present invention a PEEP valve is provided for placement in a
      patient breathing circuit between the ventilator bellows or bag and the
      remaining parts of the circuit. At this point in the circuit, the gas flow
      during respiration is bidirectional. The valve has two parallel gas flow
      paths; one of which includes a check valve to preclude gas from returning
      to the bellows or bag via that path, and the second flow path provides a
      diaphragm valve which opens and closes in accordance with the pressure in
      that flow path. The diaphragm valve is adjustable to operate at a pressure
      within a range of desired minimum pressures since each patient may require
      a different residual pressure in the lungs. By the construction of the
      valve, and its particular position in the circuit, minimal resistance is
      introduced into the patient circuit itself.
PAR  Thus, a valve is provided which allows an adjustable, accurate
      establishment of a PEEP in a patient circuit without also introducing a
      further fixed resistance which could reduce the exhalation rate of the
      patient.
PAR  A basic patient breathing circuit on which the present invention is an
      improvement, is shown by U.S. Pat. No. 3,556,097, granted Jan. 19, 1971 to
      D. R. Wallace for "Disposable Anesthesia-Breathing Circuit Unit" and
      assigned to the same assignee as the present invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of an anesthesia breathing circuit containing a
      PEEP valve constructed in accordance with the present invention; and
PAR  FIG. 2 is a cross-sectional view of the PEEP valve as used in the circuit
      of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1 there is shown a schematic view of an improved anesthesia
      breathing circuit 10 in which the valve 12 of the present invention is
      utilized. In the further description, the valve 12 will be explained with
      the use of a ventilator 14 operable to supply a pressurized gas to the
      patient's lungs, however, as will be later detailed, the PEEP valve of the
      present invention may readily be used where a squeeable bag is used to
      breathe the patient.
PAR  In the patient circuit 10, as shown, the normal components include a face
      mask 16 (or endotracheal tube) to communicate with the patient. A wye
      connector 18 is attached to the mask 16 and provides two tube elements 20
      for connecting to a pair of conduits 22 and 24. As indicated by the
      arrows, conduit 22 receives the exhaled breath from the patient and
      connects to the ventilator 14 through a check valve assembly 26. The
      ventilator 14 thereby receives exhaled breath from the patient and when
      the bellows 28 moves upwardly, forces that gas further through the circuit
      10, ultimately to the patient. The means for operating the bellows 28 is
      conventional, however, it is noted that the overall circuit 10 is closed
      when the bellows 28 within ventilator 14 is collapsing to force gas
      through the system. At this time the ventilator 14 is in the inhalation
      phase. When the bellows 28 thereafter drops, the ventilator 14 is in the
      exhalation phase and the exhaled breath is exiting the patient. At the end
      of exhalation phase the system is generally open as will be later
      explained.
PAR  Following through the patient circuit 10, the gas forced from bellows 28 is
      passed through conduit 30 inasmuch as the check valve 26 prevents the gas
      from being forced backwardly through conduit 22, A pressure relief valve
      32 in conduit 30 is biased by a set spring pressure and opens to relieve
      the pressure in the circuit 10 whenever a predetermined pressure is
      exceeded. An exhalation check valve 34 is present in conduit 30 to
      maintain unidirectional flow and prevent exhalation gases from passing
      back through the circuit 10. A pressure gauge 36 may be included to read
      pressure within circuit 10. A CO.sub.2 absorber 38 in conduit 30 serves to
      absorb the CO.sub.2 from the exhalation gases and may be of conventional
      design employing soda-lime as the absorbent material.
PAR  An inlet 40 is provided to introduce fresh gas such as oxygen, nitrous
      oxide, etc. to the circuit 10. The gas flow may then pass through a
      vaporizer 42 where anesthetic vapors, as desired, are picked up by the gas
      flow for anesthetizing the patient through conduit 24. As shown, a filter
      44 may also be present to remove undesirable pathogens or the like from
      the circulating gas.
PAR  The circuit 10 shown, indicates the location and intended functioning of
      the valve 12 in a typical anesthesia breathing circuit and it is
      understood that some of the individual components may be used in other
      locations in the anesthesia circuit, or one or more eliminated completely.
      In any anesthesia circuit, however, the location of the PEEP valve 12 of
      this invention is important since it must be positioned between the
      ventilator 14 (or breathing bag) and the remaining system. At this
      particular location, the gas flow is bidirectional while throughout the
      rest of the anesthesia circuit, the flow is intended to be unidirectional.
PAR  Turning now to FIG. 2, there is shown a crosssectional view of a PEEP valve
      12 constructed for use in a breathing circuit of the character identified
      above, in accordance with this invention. The valve 12 includes a valve
      housing 46 having an inlet 48 and an outlet 50. It should be pointed out
      that the terms "inlet" and "outlet" are used herein for convenience in
      describing the valve 12, however, the gas flow through valve 12, as
      already noted, is actually bidirectional. The word "inlet" will be used to
      describe that opening in valve 12 that is connectible to the ventilator 14
      (or distensible bag) generally referred to herein as "gas delivery means",
      and "outlet" will be used to define that opening which is connectible to
      the remainder of the anesthesia breathing circuit 10. The inlet 48 is
      shown having a further tubing 52 connected thereto by lock screw 54 and
      which connects with the ventilator 14 or breathing bag.
PAR  Within the valve housing 46 are two parallel paths for the flow of gas. One
      of the gas flow paths proceeds directly through valve housing 46 through a
      check valve 56. As shown, the check valve 56 may be the flexible flapper
      type of rubber or resilient plastic material and is held in position in
      the gas flow path by a central stub 58 which is press fitted to a web 60
      positioned in the gas flow path. The check valve 56 is so positioned such
      that it freely allows the flow of gas from the inlet 48 to the outlet 50
      but prevents reverse flow. The gas, therefore, flows unidirectionally
      through this gas flow path, always from the ventilator 14 or breathing bag
      to the remaining portions of breathing circuit 10.
PAR  The valve housing 46 also defines another gas flow path which may allow gas
      to bypass the check valve 56. This path proceeds through inlet 48 and is
      diverted through opening 62 having a valve seat 64 positioned therein. A
      flexible diaphragm 66 seats against valve seat 64 to prevent gas flow
      therethrough and opens when the pressure acting on the underside of
      diaphragm 66 exceeds a predetermined value. The diaphragm 66 is retained
      in position at its periphery between a shoulder 68 formed in the valve
      housing 46 and a washer 70, which is held by an upper housing 72', joined
      to the valve housing 46 and sealed thereagainst. As shown, the flexible
      diaphragm 66 has a generally flat area 72 which moves into and out of
      contact with valve seat 64 to open and close the same, and a curved area
      74 which joins the flat area 72 to define an inverted frustum. The
      periphery of the diaphragm at the frustum base is held against the valve
      housing 46 as described above.
PAR  The flexible diaphragm 66 is thickened along the frustum or cone-shaped
      portion 76 to form an inward annular projection 78. As the diaphragm 66 is
      raised, thereby lifting the flat area 72 from valve seat 64, the inward
      annular projection 78 butts against a downwardly projecting stop 80 formed
      in the washer 70 by recess 82 and further upward movement of the diaphragm
      66 is prevented.
PAR  The diaphragm 66 is adjustably spring biased toward its closed position by
      a spring 84 which has its lower end 86 acting against the flat area 72 of
      diaphragm 66. The lower end 86 of spring 84 is held in position by spring
      guide 88 which is fitted into position within diaphragm 66 and has an
      upwardly facing button 90 which locates and retains the lower end 86 of
      spring 84 in position.
PAR  The upper end 92 of the spring 84 is retained within spring operator 94
      which itself is threaded within the upper housing 72' so that the amount
      of force exerted by the spring bias against the flat area 72 of diaphragm
      66 can be adjusted as desired.
PAC  THE OPERATION OF THE PEEP VALVE
PAR  In the operation of the PEEP valve of the present invention, the valve 12
      is located in the breathing circuit 10 as shown in FIG. 1, between the
      ventilator 14 (or breathing bag) and the remaining parts of the circuit
      10. As the ventilator 14 operates in the inhalation mode and the bellows
      28 is collapsing to force gas to the patient, the initial flow of gas
      passes through the check valve 56, FIG. 2, of the valve 12 to the
      breathing circuit 10 and then to the patient. As the continued collapse of
      the bellows 28 raises the internal pressure within circuit 10, a
      predetermined pressure is reached which overcomes the preset spring bias
      of spring 84, causing the flexible diaphragm 66 to lift from seat 64.
      Further gas then passes in a parallel flow path to the flow through the
      check valve 56 to the patient. The diaphragm 66 thereafter remains open
      until the end of the inhalation mode, at which time, the respirator 14 is
      shifted to the exhalation mode and the patient is exhaling into the
      circuit 10. Since the pressure within the breathing circuit 10 has not yet
      dropped, the initial exhalation gases pass back through the diaphragm
      valve and into the ventilator bellows 28. The return flow cannot, of
      course, pass through the check valve 56 of the PEEP valve 12. As the
      pressure during exhalation is gradually decreased, a predetermined
      pressure is reached wherein the spring bias of spring 84 overcomes the
      force of the pressure acting on the diaphragm 66, causing the diaphragm to
      drop into engagement with valve seat 64, thereby closing completely that
      flow path to the bellows 28. Since the remaining portions of the breathing
      circuit 10 are essentially closed, the pressure at which the diaphragm
      valve closes is maintained in the circuit 10 and acts as the minimum
      pressure which the lungs can reach during exhalation, thereby establishing
      a positive end expiratory pressure. The PEEP can, obviously, be changed
      for different patients by adjusting the spring bias acting against the
      diaphragm 66.
PAR  Any fresh gas added to the circuit 10 during the exhalation, i.e. when the
      diaphragm valve is closed, acts to raise the pressure within the circuit
      10 sufficiently to open the diaphragm valve, thereby allowing that
      additional flow to pass into the ventilator 14 where it is released to
      atmosphere since the ventilator 14 is conventionally open to the
      atmosphere at the end of the exhalation phase. Thus, the pressure within
      the circuit 10 is not raised by the addition of fresh gases but the preset
      PEEP is maintained. If a breathing bag is being utilized, instead of a
      ventilator, the excess flow could be vented to atmosphere by way of a
      standard Georgia valve, similar to that shown and described in U.S. Pat.
      No. 3,276,446.
PAR  As it will be seen, when the exhalation phase is terminated and the
      ventilator 14 is again switched to inhalation phase, the cycle will repeat
      itself, i.e. the initial gas flow will proceed through the check valve 56,
      gradually increasing in pressure until the diaphragm valve also opens.
PAR  Accordingly, by providing a valve of the described design and located
      between the ventilator 14 (or breathing bag) and the rest of the patient
      breathing circuit 10, the valve allows establishing a PEEP in the
      patient's lungs without introducing any significant increased resistance
      to the patient's exhalation. The diaphragm valve, open, does not offer
      such resistance and closes fairly rapidly when the circuit pressure has
      been reduced to the desired minimum PEEP valve, yet, the precise PEEP can
      be readily adjusted within a desired range of values.
PAR  While the present invention has been particularly set forth in terms of
      specific embodiments thereof, it will be understood in view of the instant
      disclosure, that numerous variations upon the invention are now enabled to
      those skilled in the art, which variations yet reside within the scope of
      the instant teaching. Accordingly, the invention is to be broadly
      construed, and limited only by the scope and spirit of the claims now
      appended hereto.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a patient breathing circuit having gas delivery means for forcing
      inhalation anesthesia gas to, and receiving exhalation gas from the
      patient, the improvement comprising a valve that is connected between said
      gas delivery means and the remainder of the breathing circuit for
      retaining positive residual pressure in the breathing circuit at the end
      of patient exhalation, said valve comprising a housing having an inlet for
      connection to said gas delivery means, and an outlet for connection to the
      remainder of the breathing circuit, said inlet and outlet being
      interconnected within the housing by first and second parallel gas flow
      paths, a check valve in said first gas flow path adapted to pass gas only
      in a direction from said gas delivery means into the breathing circuit
      during patient inhalation, and a pressure operated valve in said second
      gas flow path that is opened in response to delivered gas pressure during
      inhalation and is spring-biased to close when the pressure within the
      second gas flow path drops below a predetermined minimum value of positive
      pressure during patient exhalation.
NUM  2.
PAR  2. A breathing circuit valve as defined in claim 1 wherein said pressure
      operated valve comprises a valve seat and a flexible diaphragm subject to
      both predetermined forced inhalation pressure and to patient exhalation
      pressure to cause movement from said seat and opening of said second gas
      flow path.
NUM  3.
PAR  3. A breathing circuit valve as defined in claim 2 wherein said flexible
      diaphragm is in the form of an inverted frustum and has seated therein a
      spring that is adjustable to set the predetermined minimum value of
      pressure operable to maintain open said pressure operated valve.
NUM  4.
PAR  4. A breathing circuit valve as defined in claim 3, wherein stop means in
      the valve housing are aligned to be engaged by the frustum base to limit
      the opening movement of said diaphragm above said valve seat.
NUM  5.
PAR  5. A breathing circuit valve as defined in claim 1, wherein the check valve
      constitutes a disc that is flexible at its periphery for low resistance to
      gas flow from the gas delivery means and is fixed at its center with
      respect to the valve housing.
NUM  6.
PAR  6. A breathing circuit valve as defined in claim 1, wherein the check valve
      and pressure operated valve both are opened under gas delivery pressure to
      admit gas to the breathing circuit during forced inhalation, and the check
      valve is closed by exhalation pressure and the pressure operated valve is
      held open by exhalation pressure until it drops below the predetermined
      minimum pressure setting.
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PAL  In a pressure surge relief system wherein a valve opens to relieve the
      pipeline when line pressure overcomes a pilot chamber gas pressure and
      including an accumulator which transfers the pressure of the pipeline
      liquid to the gas in the pilot chamber, the improvement comprising a
      column of relatively inert fluid which isolates the elastomer components
      of the accumulator from the possibly corrosive pipeline fluid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In pipeline operation, starting and stopping a pump or opening or closing a
      valve will produce a surge in pressure which, under certain circumstances,
      could build up to dangerous proportions and may cause pipeline damage. In
      some pipeline installations, valves are provided which open at a
      predetermined, dangerously high pressure. However, such valves are
      necessarily installed at locations along the pipeline where surges are
      likely to be of greatest intensity, e.g., at the bottom of a steep grade,
      and not necessarily at locations convenient for inspection and service.
      Hence, it is desirable to protect against a pressure surge in a pipeline
      when pressure increases at too rapid a rate, even though pressure at the
      particular point in the pipeline has not reached an excessive level.
PAR  In one system, pipeline surges are relieved by dumping the pipeline fluid
      to a reservoir. A pressure-responsive valve in the dump line opens
      automatically when the pressure in the dump line, i.e., pipeline pressure,
      overcomes the pressure of gas in a pilot chamber. The pilot chamber is
      normally at pipeline pressure, but an orifice in the pilot load line
      retards pressure build-up in the event of a surge, producing a temporary
      imbalance between line pressure and pilot pressure, allowing line pressure
      to open the valve.
PAR  An accumulator, including a diaphragm, a bladder or similar device is
      installed in the pilot load line to maintain the pilot gas at the pressure
      of the pipeline liquid in the pilot load line. However, the diaphragm, the
      bladder or other medium for transferring pressure from pipeline liquid to
      gas may be susceptible to the corrosive properties of some liquids, such
      as crude oil.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of this invention to provide a control system for a liquid
      pipeline with means for asserting pipeline liquid pressures against a
      control component while isolating the component from the pipeline liquid.
PAR  It is a further object of this invention to provide a pipeline surge relief
      system including an accumulator for transferring pipeline liquid pressures
      to a gas with means for isolating the accumulator from the pipeline
      liquid.
PAR  It is a further object of this invention to provide a surge relief system
      including a pressure-responsive valve with a pilot gas chamber and an
      accumulator to transfer the pipeline liquid pressure to pilot chamber gas
      pressure, with a barrier to prevent exposure of the accumulator internal
      components to the pipeline liquid.
PAR  Other objects and advantages of this invention will become apparent from
      the description to follow when read in conjunction with the accompanying
      drawing.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In some pressure surge relief systems, a valve opens automatically when
      liquid pipeline pressure overcomes the pressure of the pilot gas in a
      control chamber, and dumps a quantity of pipeline liquid into a reservoir.
      Suitable for this purpose is an expansible tube valve comprising a
      flexible tube which is stretched over a barrier between inlet and outlet
      slots, with a jacket around the tube functioning as the control chamber.
      The control is normally maintained at line pressure by an accumulator
      which transfers the pipeline pressure in a pilot load line to the pilot
      gas. An orifice device in the pilot load line will retard pressure
      build-up in the event of flow velocity occurring during a pressure surge.
      Hence, the pressure surge moving through the pipeline reaches the surge
      relief valve while the pressure in the control chamber lags behind. As a
      result, the control pressure is overcome by line pressure, causing the
      valve to open and relieve the surge to the reservoir.
PAR  Being compressible, the gas will allow operation of the valve when its
      control pressure is overcome without itself being evacuated from the
      control chamber. As a result, the accumulator which transfers the liquid
      pipeline pressure to the pilot gas is a significant component of such a
      surge relief system. Therefore, in order to avoid the possibly corosive
      effects of the pipeline liquid on the elastomer materials of the
      accumulator, the barrier tank of this invention is installed in the pilot
      load line to isolate the accumulator from the pipeline liquid. In a
      preferred embodiment, the barrier tank contains a relatively inert liquid,
      which is of a different specific gravity than, and which may be relatively
      immiscible with, the pipeline liquid whereby the inert liquid and the
      pipeline liquid are largely in separate strata, though at a common
      pressure. Then, the connection to the accumulator is made from an
      elevation of the barrier tank to insure that only the inert liquid enters
      the accumulator.
PAR  In another embodiment of the relatively inert liquid is separated from the
      pipeline liquid by an elastomer diaphragm or membrane.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a schematic view of the first embodiment of the surge relief
      system embodying features of this invention; and
PAR  FIG. 2 is a schematic view of a second embodiment of the invention.
DETD
PAC  DESCRIPTIONS OF PREFERRED EMBODIMENTS
PAC  The Embodiment of FIG. 1
PAR  The pipeline 10 shown is designed to transport a liquid under conditions
      which could produce a sudden surge in pressure, as when a pump (not shown)
      is activated. The surge relieving system 12 of this invention is designed
      to relieve surges whenever the rate of pressure increase is excessive,
      even though the pressure at the location of the surge relieving system is
      not at a dangerous level. Such pressure surges are relieved through a
      valve 14 which opens automatically when the pipeline pressure exceeds the
      control pressure in a pilot chamber. A suitable valve for this purpose may
      be the type shown in Bryant U.S. Pat. No. 3,272,470 granted Sept. 13,
      1966, and comprising a cylindrical body 16 clamped between two closure
      plates 18 as by means of studs 20. The closure plates are, in turn,
      secured by any conventional means, to complementary flanges 22 in a branch
      line 23, with the inlet 24 directly exposed to the pipeline 10 and the
      outlet 25 directed to a storage reservoir (not shown). A slotted core 26
      is carried within the body 16 and includes spaced circumferential rows of
      inlet and outlet slots 28 and 30 on opposite sides of an intermediate
      barrier 32. A flexible, expansible tube 34 is stretched around a
      cylindrical sealing surface 36 of the barrier 32, and the hoop tension of
      the tube 34 is supplemented by the pressure of the control gas introduced
      into control chamber 38 through pilot gas line 40. The capacious chamber
      38 provides plenty of volume for compression of the pilot gas without
      requiring evacuation thereof, whereby the surge relief valve will open
      quickly should pipeline pressure overcome the jacket control pressure,
      such pipeline pressure being asserted against the interior of the flexible
      tube 34 through the upstream slots 28.
PAR  In operation, the control or pilot gas in the jacket 38 is normally at a
      pressure equal to that of the fluid in the pipeline 10, whereby the hoop
      tension of the stretched tube 34 will maintain a seal around the
      cylindrical surface 36 of the barrier 32. However, should the pipeline
      pressure exceed that of the jacket 38 by an amount sufficient to overcome
      such hoop tension, the expansible tube will expand outward and permit flow
      out through the upstream slots 28, around the barrier 32, and back in
      through the downstream slots 32 to the outlet 25, whereby a quantity of
      fluid producing the surge will be diverted through line 24 to a reservoir,
      thus relieving pressure in the pipeline 10 itself.
PAR  The fluid in the control jacket 38 is a gas which, being compressible,
      enables a rapid valve response should a pressure surge occur. The source
      of gas is an accumulator 42 wherein a gas may be contained an elastomer
      bag or bladder 44 which is sealed at 45 around pilot gas line 40. The
      outer surface of the bladder 44 is exposed to liquid 46 at pipeline
      pressure introduced into the accumulator chamber 42 through a pilot load
      line 48 in communication with the pipeline. Hence, the pilot pressure of
      the gas in the relief valve control chamber 38 is normally at the pressure
      in the pipeline 10, and any variations which occur in the pilot load line
      will also be transmitted to the gas in the bag 44 and jacket supply line
      40 to maintain a flexible tube 34 sealed despite pressure changes, within
      a tolerable range. However, in the event of a flow velocity in the pilot
      load line 48 accompanying a pressure surge in the pipeline 10, pressure
      build-up at the accumulator vessel 42 is retarded by flow through an
      orifice device 50, such as a variable orifice, ball or plug valve 52 with
      a manual positioning device 54.
PAR  Also installed in the pilot load line 48 is the barrier tank 56 comprising
      a feature of this invention. Contained within the barrier tank 56 is a
      relatively inert liquid 46, which is of a different specific gravity than
      the crude oil or other liquid 58 being transported through the pipeline
      10. As shown, the inert liquid 46 may be water, kerosene, ethylene glycol
      or some other liquid heavier than the crude oil 58, in which case it is
      carried in the lower portion of the barrier tank 56 and extends through
      pilot load line 48 to the accumulator vessel 42. Hence, the liquid 46
      forms an isolating barrier between the pipeline liquid 58 and the
      elastomer bladder 44 of the accumulator vessel.
PAR  Because the liquids 46 and 58 are of different specific gravity, they
      present an interface 60 within the barrier tank 56, and the barrier liquid
      46 and the pipeline liquid 58 are in distinct strata, particularly if the
      liquids are immiscible. The connection 48 from the barrier tank 56 to the
      accumulator 42 is made from that level of the tank wherein the barrier
      liquid is contained. In the illustration shown, the barrier liquid 40 is
      of a heavier specific gravity than that of the pipeline liquid 58 and the
      connection 48 from the barrier tank to the accumulator is from the bottom
      of the tank. Similarly, the connection 64 to the pipeline 10 is from the
      top of the tank 56 with the interface 60 occurring between the two
      liquids.
PAR  In the drawing, the solid line 60 represents the approximate level of the
      liquid interface when the accumulator bladder 44 is in its normal,
      semi-expanded configuration shown. The upper dashed line 60a represents
      the level of the liquid interface when the accumulator bag 44 is fully
      expanded, and the lower dashed line 60b represents the level of the liquid
      interface when the accumulator bladder is collapsed. An interface checking
      valve 66 is provided at a level of the tank 56 which occurs below the
      upper interface level 60a when the fully charged system is biased by a
      fully expanded bladder 44. Hence, a sample of the barrier liquid 46 is
      drawn off when the bladder 44 is pressurized to full expansion insures
      that a sufficient charge of the barrier liquid 46 is present in the
      system. A charging valve 68 is provided to add more of the barrier liquid
      as required. The system may be charged initially with the bag 44 fully
      expanded and if the inert barrier liquid is tapped off when the checking
      valve 66 is opened, one is assured that the accumulator 42 and the
      connection line 48 are filled and the barrier liquid 46 is at the desired
      level in the barrier tank 56.
PAR  Of course, while the barrier liquid 46 and the pipeline liquid 58 are
      generally disposed in two strata, they are at the same uniform pressure.
      Accordingly, any variations in pressure in the pipeline 10 will be
      transmitted through the barrier liquid and be asserted against the bag 44
      of the accumulator vessel 42. This liquid pressure will be transferred to
      the gas within the bag 44 to maintain the pilot gas in the chamber 38 at
      the desired pressure. However, the accumulator bag 44 will be isolated
      from the pipeline liquid to avoid the corrosive or other deteriorting
      effects thereof.
PAC  The Embodiment of FIG. 2
PAR  Referring now to FIG. 2, the surge relieving system 12 is identical to that
      in FIG. 1, including the accumulator 42 with elastomer bag 44 and barrier
      liquid 46. In this embodiment however, the barrier liquid 46 is separated
      from the pipeline fluid 58 by a suitable elastomer diaphragm or bladder 70
      of a second accumulator device 72, the bladder being sealed at 73 around
      the pilot load line 48a. Hence, the pipeline pressure is asserted against
      the exterior of the bladder 70 to maintain the barrier liquid 46 at the
      pressure of the pipeline liquid 58 whereby the same pressure is
      transmitted to the gas in the bladder 44 of the main, liquid-gas
      accumulator. While the bladder 70 of the second accumulator 72 is also
      subjected to the deteriorating effects of the pipeline fluid, it is not so
      serious in this case because the main liquid-gas accumulator 42 is still
      protected by the barrier fluid.
PAR  The system of FIG. 2 operates in much the same manner as that of FIG. 1,
      except that a wider range of liquids may be selected as the barrier
      liquid. As in the case of FIG. 1, the liquid should be relatively inert,
      but because of the physical separation provided by the bladder 70, it is
      no longer necessary that the liquid be of a different specific gravity
      than the pipeline liquid 58.
PAR  While this invention has been described in conjunction with preferred
      embodiments thereof, it is obvious that modifications and changes therein
      may be made by those skilled in the art without departing from the spirit
      and scope of this invention, as defined by the claims appended hereto.
CLMS
STM  What is claimed as invention is:
NUM  1.
PAR  1. In a pressure surge relief system for a liquidtransporting pipeline
      including:
PA1  an accumulator for transferring the pressure of the liquid in a pipeline to
      a gas; and
PA1  a pilot load duct connected between said pipeline and said accumulator;
PA1  means for isolating the interior of said accumulator from the liquid in the
      pipeline comprising:
PA1  a barrier fluid vessel connected into said pilot load duct;
PA1  a first connection of the pilot load duct opening from a first portion of
      said fluid vessel to said accumulator; and
PA1  a second connection opening from another portion of said fluid vessel to
      said pipeline;
PA1  a relatively inert liquid occupying said accumulator, said first connection
      and said first portion of said vessel;
PA1  the pipeline liquid occupying said second connection and said another
      portion of said vessel; and
PA1  means separating said pipeline liquid and said inert liquid while
      equalizing pressures thereof.
NUM  2.
PAR  2. The improvement defined by claim 1 wherein said lastnamed means
      comprises:
PA1  an elastomeric membrane dividing said fluid vessel into first and second
      compartments;
PA1  said first connection opening from said first compartment; and
PA1  said second connection opening from said second compartment.
NUM  3.
PAR  3. The improvement defined by claim 2 wherein:
PA1  said elastomeric membrane comprises a bladder sealed around said first
      connection.
NUM  4.
PAR  4. The improvement defined by claim 1 wherein:
PA1  said inert liquid and said pipeline liquid are of different specific
      gravities and said last-named means is an interface therebetween.
NUM  5.
PAR  5. The improvement defined by claim 4 wherein:
PA1  said first and second connections are at different elevations on said fluid
      vessel.
NUM  6.
PAR  6. The improvement defined by claim 4 wherein:
PA1  said liquids are relatively immiscible.
NUM  7.
PAR  7. The improvement defined by claim 5 including:
PA1  a checking tap opening from said fluid vessel at a test level intermediate
      said first and second connections to insure the presence of said inert
      liquid at said test level at a predetermined condition of said
      accumulator.
NUM  8.
PAR  8. The improvement defined by claim 7 including:
PA1  an inert liquid charging port opening into said vessel at a level
      intermediate said first connection and said test level.
NUM  9.
PAR  9. The improvement defined by claim 5 wherein:
PA1  said inert fluid is of a heavier specific gravity than said pipeline
      liquid; and
PA1  said first connection is situated near the bottom of said vessel.
NUM  10.
PAR  10. The pressure surge relief system defined by claim 1 including:
PA1  a surge relief line adapted for connection from a pipeline to a low
      pressure zone;
PA1  a surge reliever valve in said surge relief line;
PA1  a pressure-responsive member operating said surge reliever valve;
PA1  a gas chamber in said surge reliever valve disposed so that the pressure of
      gas therein urges said pressure-responsive member in one direction to
      close said surge reliever valve;
PA1  means exposing said pressure-responsive member to fluid in said surge
      relief line to bias it in the opposite direction;
PA1  said accumulator maintaining the pressure in said gas chamber at the
      pressure in said pilot load duct; and
PA1  flow restricting means in said pilot load duct.
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ABST
PAL  A check valve, comprising in combination, a valve body defining a
      cylindrical passage for fluid flow therethrough from an upstream side to a
      downstream side of said valve body; a step on said upstream side for
      retaining a disc thereon; a hollow cylindrical support with top and bottom
      portions mounted on the downstream side of said valve body around said
      defined passage with a straight retaining groove towards the top portion
      of said hollow cylindrical support for retaining a shaft; a circular disc
      valve with a disc face sized to seal off said defined passage which will
      engage said step so as to close said passage; and, a shaft tangentially
      attached to the top thereof, said shaft being retained for free pivotal
      movement in said groove, whereby, liquid flowing downstream will push open
      said disc face which will pivot open on said shaft, but said disc valve
      will close when subjected to back flow pressure.
PARN
PAR  The present application is a continuation of my copending application, Ser.
      No. 148,156, filed May 28, 1971, now abandoned and my application, Ser.
      No. 766,388, filed Oct. 10, 1968 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a liquid check valve, and more
      particularly to a small compact check valve to prevent backflow.
PAR  When forcing liquid into a pipe line, it is necessary to check back flow.
      Thus when forcing liquid forward by means of a pump, a back flow cycle
      occurs. Therefore, to feed liquid during the forward forcing cycle,
      checking back flow is necessary at the loading point. If there is no
      forcing cycle, it is necessary to provide some checking means for the
      purpose of always keeping liquid in stability in the pipe line. Various
      kinds of check valves have been conventionally used. However, the prior
      art valves are complicated in construction, and to disassemble the valve
      is troublesome. When providing such check valves in pipe lines, one of the
      requirements is to cause no loss of flowing pressure, and for this purpose
      the caliber of the valve seat should be equivalent to, or more than the
      bore of the pipe line, and the diameter of the disc valve piece is
      inevitably larger than the bore of pipe line. The use of such a large disc
      or valve section in the valve body does not permit a ready fit in the hole
      portion of the corresponding pipe line on both sides of the valve body. It
      is necessary to mount the valve assembly in a direction crossing the pipe
      line and, the fitting used to open the disc valve has a diameter which is
      larger than that of the pipe line. Further this fitting for the disc valve
      piece requires a cover and a gasket. The disc valve piece inserted in this
      way, is rotatably installed by means of arms in the rotary seat in the
      pipe opening, and the cover for the opening is held by a plurality of
      bolts and nuts. Therefore the conventional arrangement requires a lot of
      components such valve bodies, covers, disc valves, valve seats, disc valve
      seats, arms, hinges, washers, plugs, gaskets, nuts and bolts, and moreover
      the valve bodies are fairly large, the inner constructions are complicated
      and the construction is not easy, and it takes considerable troubles and
      skill for factories to control many such parts and to make them. It is
      natural that the cost is high, and moreover such complicated systems have
      disadvantages so that check valves do not always work smoothly in the
      course of operations. Efforts have been made to cancel those defects.
      Thus, ball valve have been used for example, which are rotated in the
      valve body. To insert such a ball valve into the valve body, the valve
      body, is divided into two parts, which are held by a plurality of screws,
      and further a special structure is required which allows the ball valve to
      press smoothly to the valve seat in the valve body which is larger than
      the ball valve.
PAC  THE SUMMARY OF THE INVENTION
PAR  The present invention has overcome such defects. That is to say, the basic
      object of the present invention is to decrease lost force, and moreover to
      obtain a check valve of simple construction. For this purpose, the present
      invention proposes a new valve arrangement which substantially consists of
      only three members: a valve body, a disc valve and a valve support. The
      valve body has a passage in one side thereof, the diameter of which
      corresponds to the bore of the pipe line, and a valve seat is formed in
      this passage. The other side has an inside hole in which is mounted the
      valve supporter. This valve supporter allows the disc valve to rotate. The
      construction is extremely easy and manufactures of parts or controls
      becomes simpler. Further the length of the valve body is less than
      one-half the prior valve bodies, and its height or diameter is reduced.
      Thus, the quantities of material for manufacturing check valves is greatly
      decreased. Extra space for attachment is not required. Of course the cost
      is low and profits for users are greater. In addition, the disc valve is
      attached without any difficulty to the valve seat portion and fits the
      diameter of the pipe line of the valve body in spite of the fact that the
      diameter of the disc valve is larger than the valve seat portion. The pipe
      line does not have to have special pressure.
PAR  Thus, an object of the present invention is to provide a check valve of
      easy manufacture and fabrication. It is essential for conventional kinds
      of check valves to be of bent-construction. The valve body has a passage
      running to the pipe line which crosses an opening for fitting the disc
      valve. The check valve according to the present invention consists of the
      above mentioned three members, and the construction uses a perpendicular
      cutting and grinding processes, and complicated bendings are not needed.
      Therefore each member is easily made by simple processes of cutting or
      grinding, and further the assembly is made merely mounting or fitting the
      three members thus obtained.
PAR  Another object of the present invention is to prevent the movable portions
      from gathering rust. The disc valve of the check valve must work smoothly
      and so rust on the movable portions, i.e., rotary shaft portions is a
      vital defect. In the present invention the valve body is inside, with a
      valve supporter by which the valve is rotated. Consequently this valve
      supporter uses non-rusting steel which does not become sticky, thereby
      preventing the rotary shaft from gathering rust. Since the valve supporter
      itself is only installed in the valves body, it is comparatively small and
      the larger valve body is made with usual material and so if only this
      valve supporter is made of non-rusting material of higher cost it is of
      little importance. Therefore prevention of rusting on the movable portion
      is easily attained.
PAR  Still another object of the present invention is to provide a check valve
      which can be made by mass production. It is self-evident that the check
      valve of the present invention is suitable for mass production because
      this consists of three members, and production as well as assembly are
      easy. The check valve of the present invention is, even when housing is
      utilized, readily manufactured with one piece or a two pieces of
      substantially similar type. Accordingly, this invention is appropriate for
      mass production.
PAR  Yet another object of the present invention is to provide a check valve
      which can be suitably mounted. The check valve of the present invention is
      narrow in width. Besides the valve body simply contacts the ends of the
      valve support. Therefore the present invention is and can be used as a
      substitute for the housing mechanism. The necessary parts are only the
      valve supporter and the disc valve, resulting in a more simple
      construction and easy to manufacture. The pipe line itself can be utilized
      as part of the mechanism, i.e., the end flange portion of the pipe line is
      made to be thick, and a round step is provided in this end flange.
PAR  Another object of the present invention is to decrease shock or noise when
      checking back flow, and to provide a check valve which operates so as to
      check back without mechanical bending or distortion. In some check valves,
      the disc valve strikes against the valve seat so loudly that the noise
      spreads all over the whole pipe line. Such a large impact causes bending
      of the disc valve and the valve seat, and repetitions bring about cracks
      or damage in the mechanism. Even if packing materials or other buffer
      materials are used, it is difficult to avoid such defects, and these
      members wear fast. In the present invention, components fit as one body
      together with the valve seat and are arranged so as to rotate and mold the
      valve seat components by springs or other resilient material, and in this
      manner the impact on the disc valve working area is absorbed so that noise
      distortion or damage is avoided. Therefore, smooth operation of checking
      back flow can take place for long periods of time.
PAR  Other features and concrete embodiments of this invention can be clearly
      understood with reference to the accompanying drawings in which:
DRWD
PAC  BRIEF EXPLANATION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary side view, partially in section, illustrating a
      basic embodiment of the present invention, showing the attaching
      relationship to a pipe line;
PAR  FIGS. 2 (A) and (B) are side and front views of the valve support;
PAR  FIGS. 3 (A) and (B) are perspective and front views of the disc valve;
PAR  FIG. 4 is a cross-sectional view showing another disc valve of the present
      invention;
PAR  FIG. 5 is a fragmentary side view, partially in section, showing another
      embodiment of the present invention:
PAR  FIG. 6 is a further embodiment according to the present invention;
PAR  FIG. 7 is a front partial view of FIG. 6;
PAR  FIG. 8 is a fragmentary side view, partially in section of a modified
      embodiment according to the present invention so as to be utilized in a
      threaded pipe line;
PAR  FIG. 9 is a front view of FIG. 8;
PAR  FIG. 10 is a fragmentary side view, partially in section, of another
      threaded embodiment;
PAR  FIG. 11 is a cross-sectional view along the line XI--XI of the FIG. 10;
PAR  FIG. 12 is a fragmentary side view, partially in section, of a modified
      arrangement of the present invention which can be attached directly to a
      mechanism;
PAR  FIG. 13 is an arrangement to be attached to a machine similar to the
      arrangement shown in FIG. 12, and is a fragmentary side view, partially in
      section;
PAR  FIG. 14 is a fragmentary side view, partially in section, of another
      embodiment of the present invention;
PAR  FIG. 15 is a front view of FIG. 14;
PAR  FIG. 16 is vertical sectional side view of a further embodiment of the type
      shown in FIG. 14 to be used with pipe lines with large diameters;
PAR  FIG. 17 is a front view of the FIG. 16;
PAR  FIG. 18 is front view of the means to attach the check valve system of the
      present invention into the pipe line; and,
PAR  FIG. 19 is a sectional side view of FIG. 18.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 or FIGS. 3 A and 3 B shows one basic embodiment of the present
      invention which consists of a circular valve body 1, a circular valve
      support 2 and a disc valve 3. The valve body 1 defines a passage 5
      corresponding to the inside hole of pipe line members 13, 14 and has a
      mounting concave portion 6 concentric with passage 5. It also has a
      circular valve seat portion 4 in a step between the passage 5 and a
      concave retaining portion 6. A linear shaft receiving portion 7 is
      laterally provided in one side, at the upper portion of valve supporters 2
      along a passage. As shown in FIG. 3, the valve body 3 is attached to a
      rotating shaft 10, on one side of a disc shaped body 12 by a weld 11. The
      fabrication thereof is accomplished by fitting, at first, the rotating
      shaft 10 of the valve body 3 into the shaft fitting portion 7 of the valve
      supporter 2, then inserting the thus assembled members as one piece into a
      retaining portion 6 which services as a flow way of the valve body 1, and
      fixing them by means of fixing members e.g. bolts 15 between flanges 17,
      18 of the pipe line members 13, 14 in such a manner as to contact the disc
      valve 3 to the valve seat portion 4. The relative position of the valve
      body 1 and the valve supporter 2 is fixed by proper insertions of a
      stopper 16 e.g., a small pin in the boundry between components.
PAR  To explain the functions of the embodiments shown in FIG. 1 to FIGS. 3 A
      and 3 B in case the valve body is installed as shown in FIG. 1, when fluid
      starts to flow in the directions of the arrow, the disc valve 3 rotates
      around the rotary shaft 10 to permit liquid to flow freely, and if this
      fluid begins to flow backwards, the pressure of the backward flow and the
      weight of the disc valve 3 itself press the disc valve 3 to the valve seat
      portion 4 as shown in FIG. 1, thereby checking the backward flow. The
      structure thereof is fairly simple, and consists only of three members.
      Since the fitting portion 6 which acts as a flow way is fitted with the
      valve supporter 2 which rotatably supports the disc valve 3, it is not
      necessary to form a special fitting for the disc valve 3, and therefore
      the check valve is compactly made and is also very narrow in width, and
      further fits the disc valve 3 to the valve seat portion 4. Such a thin
      check valve can be applied everywhere in the tube-line, without taking
      extra space. The disc valve 3 is supported by means of the rotary shaft
      between the valve supporter 2 and the inner step 19 of the valve body 1,
      so that a profrusion does not occur in the place relative to the valve
      seat 4. If the valve supporter 2 is made of non-rusting steel, rust is
      prevented from gathering on a portion of the rotating shaft 10, and the
      valve performs the function of check back flow for a long period and
      follows exactly the variable pressures of the liquid. Such a simple check
      valve of the present invention can be manufactured through the processes
      of perpendicular cutting and grinding or other simple processes, and it is
      obvious that the fabrication is easy, requiring neither special processes
      and material of low cost may be used.
PAR  FIG. 4 shows other embodiment of the disc valve according to the present
      invention; a concave part 12a is formed in the side of the disc valve 3
      which connects the valve seat, and the inner packing material 9 of Teflon
      or other synthetic resins are fitted. The assembly is held by a holding
      washer 12c and a nut 12d so as to act as one body, firmly screwed on a
      fixing rod 12b in the center of the valve 12. Thus, the packing materials
      9 effect a close seal to the seat.
PAR  FIG. 5 shows another varied example according to the present invention
      wherein a valve seat 4' is formed in the valve body 1, projecting a
      little, while a sealing portion 3' is also formed, projecting in a
      circular shape on the circumference of disc valve 3 to engage valve seat
      4'. These members perform a sealing function.
PAR  FIG. 6 to FIG. 13 show embodiments wherein the present invention is used
      with various mechanism or units. In FIG. 6 and FIG. 7 the pipe line unit
      is used as a valve body. The pipe line unit 31 to be the valve body has
      flanged rims 32, 32a for connections on both ends thereof, one rim 32a of
      which defines therein a comparatively thick connecting seat 33. A
      circumferencial part of the pipe provides a hub 34 of the same thickness
      and in this part a concave step 35 is formed so as to be substituted for
      the valve body 1 of the present invention. The valve supporter 2, the disc
      valve 3 and the attaching structure which are fitted in the concave step 3
      are the same as those shown in FIG. 1 to FIG. 3, and the difference
      between the two embodiments is that the circumference of the disc valve 3
      is provided with an engaging part 3a which protrudes in a circular shape.
      This part engages member 35a which also protrudes a little on the outside
      of a pipe hole 31a of concave step 35; and these components check the back
      flow, but the composition and function or effect are substantially the
      same as in FIG. 1 to FIG. 3.
PAR  FIGS. 8 and 9 show that the pipe line is formed of two units, and the check
      valve of the present invention is provided in between. The pipe line 36
      has a passage 36' with threaded connecting portion 37 in one end thereof;
      in the other end of the pipe line 36 there is an engaging step portion 38
      of a round shape, concentric with passage 36'. The valve supporter 2, the
      bore of which is larger than the diameter of passage 36', is mounted in
      this engaging step portion 36. This valve supporter 2 is rotatably
      supported with the disc valve 3, just as the other embodiments. The other
      end portion of the pipe line acts as a contacting surface to a packing so
      that said pipe line 36 connects with a second pipe line 39 having a screw
      thread in the end of the pipe. Further threads 36b are placed on the
      circumference of said pipe 36 thereby engaging a corresponding part 39b of
      the second pipe line 39 so that both pipe lines 36, 39 are held together
      with packing 40 and by means of a stopper 36c.
PAR  FIG. 10 and FIG. 11 show another embodiments with a flanged rim 41 around
      the circumference of the valve supporter 2 and the both sides of the rims
      41, respectively, have screw 42. The attaching of the disc valve 3 to the
      valve supporter 2 is the same as for the other embodiments, the pipe line
      sections 43, 43 acting as the valve bodies are of the same type. Screw
      threads are opposite each other on the both sides of the flanged rim 41,
      and said sections engage with the screw threads 42 and are held by stopper
      44. The pipe line sections 43 43 are illustrated as comparatively short in
      length, however any length may be used and both of these lengths are not
      necessarily equal.
PAR  FIG. 12 shows the case where the check valve of the present invention is
      provided in the housing of a mechanism. The check valve having the
      construction shown in FIG. 1 to FIG. 3 or FIG. 5 is installed into a
      concave section 21 in housing 20 and is held by means of a locking means
      24 so that a flanged rim 23 of pipe section 22 is attached to housing 20.
      In this case, the connecting pin 16 is not required in the boundary
      between the valve body 1 and the valve support 2, or use of the valve body
      1 may be omitted on the condition that there are stop means for holding
      pin 16, and a comparatively small concave part 21 to fit the valve support
      2 is sufficient when formed concentrically with a passage 25. In this way,
      the check valve function can be carried out.
PAR  FIG. 13 shows an embodiment wherein flanged rim 26 is formed in the middle
      of the valve body 1 so as to be attached to housing 20. There are screws
      threads 27 28 on the both sides of the flanged rim 26, and they connect
      with housing 20 and at the same time engage a pipe connecting material 30
      through a packing 29. The construction inside of such valve body 1 is the
      same as above stated. When the check valve has a flanged rim and screw
      threads on the valve body 2 as in FIG. 10, the concave part to be formed
      in the housing may be obviously made smaller.
PAR  FIG. 14 to FIG. 17 shows embodiments which are altered in order to have a
      check valve which can sustain special impacts. FIG. 14 and FIG. 15 show an
      embodiment designed so as to be installed in a conventional pipe line;
      flanged rim pieces 62 62' are provided on the both end portions of the
      valve body 51 which is connected to the pipe line by these flanged rim
      pieces 62 62'. As shown in FIG. 14, one flanged rim piece 62 connects to a
      seat 63 in the inside of the pipe line, to which seat a controlled support
      74 is attached. The controlled support 74 is fixed so as to be controlled
      freely by turning a screw 63" engaging the controlled support 74, and a
      packing attaching member 65 is formed in the middle of the controlled
      support 74, with a ring-shaped packing 66 attached to this attaching
      member 65, and further a spring receiving portion 67 protrudes in the
      point thereof. A clearance is formed between the valve body 51 and the
      outside circumference of the inside end portion of said seat 63. There is
      a cut and ground groove 68 to admit one end side of a sliding member 54
      which is in a small hole 77 and goes through from groove 68 to spring
      receiving portion 67. Seat 63 provided inside cylindrical sliding member
      54 which holds a ring-shaped packing 71 to the outer circumference of the
      valve body 51. An attaching seat 73 is provided in the inside of said
      sliding member 54 and is attached to another support 74 opposite to
      controlling support 64. Between these support 74 74 is a spring 75 and the
      attaching seat 73 is provided inside with a ring-shaped valve seat element
      76 having a suitable elasticity. This valve seat element 76 is attached at
      an attaching portion 80 on one side by means of a dog 73' of the attaching
      seat 73 and a ring-shaped screw 69 passing from another side of attaching
      seat 73. A cushioning valve seat portion 82 on the other side has an inner
      hole 83, thereby providing a suitable cushion by contacting the
      circumference of movable valve 53. For this purpose, if necessary and
      opening 84 is formed on the outside of inner hole 83, this opening 84 is
      first closed when pressed by the valve 53, and liquid is shut in the inner
      hole 83 in such a condition that cushioning is performed. A shaft
      supporting part 57 is provided having a concave shape on the top of the
      valve support 52 on which is fitted sliding member 54 by driving a stopper
      85 into the surface thereof, and which is opposite to seat 73. This shaft
      supporting part 57 accepts a rotary shaft 60 of movable valve 53. The
      shaft supporting part 57 is arranged straight (FIG. 15) and has a
      rod-shaped rotary shaft 60 in both ends thereof, and unites valve
      supporter 52, the movable valve 53 and sliding member 54 so as to have a
      mounting groove 86 in the inside of the valve body 51, into which a holder
      ring 88 is fitted. The holder ring 88 is made of suitable elastic
      material, and able to contract or shrink in diameter because of an opening
      89 in one spot. It fits onto the mounting groove 86 and expands to exactly
      mount onto the mounting groove 86 in order to prevent the sliding member
      54 from coming out.
PAR  The movable valve 53 is held with a rotary shaft 60 by valve supporter 52
      which is on sliding member 54, and rotates between the valve supporter 52
      and the attaching seat 73 to perform opening and closing operation just as
      in conventional check valves. However, with back flow because of movable
      valve 53 contact; the cushioned valve seat portion 82; the cushioned seat
      portion 82 is received by the spring 75 through sliding work of the
      sliding member 54, that is, the valve seat portion 82 is made to slide by
      spring 75 in the direction of the valve body 51, and the sliding movement
      of valve seat portion 52 and the cushioning operation of the valve seat
      portion 82 co-operates to receive movable valve 53 so that the impact is
      less, and noise at back flowing is avoided. This prevents structural
      distortion and the valve can work smoothly checking back flow for long
      periods. A small hole 77 and the groove portion 68 is provided so that
      when the sliding member 54 is forced backwards and the end portion thereof
      enters the groove portion 68, liquid in said groove portion 68 is sealed
      off and then spouts out of hole 77 thereby performing a final cushioning
      function. That is, by sliding member 54 and the attaching section 73
      liquid along the inside of the valve body 51 is led bit by bit to the
      central part of the pipe line to provide an impact buffer.
PAR  FIG. 16 and FIG. 17 show an arrangement which performs the same impact and
      buffer operation as shown in FIG. 14 and FIG. 15, and show an embodiment
      which is suitable for use in a pipe line of comparatively large diameter,
      i.e. this construction is made by crossing a second supporting portion 73a
      over a central part of the pipe line in the middle part of the attaching
      section 73 of the arrangement shown in FIG. 14 and FIG. 15. Accordingly
      two semicircular passage 90--90 are disposed symmetrically opposited in
      the upper and lower part of this supporting portion 73a; two valves 93--93
      are arranged in these passage 90--90. These valves 93--93 are as shown in
      FIG. 17, and rotary shafts 10 are supported in the receiving grooves 7 and
      7' of the valve supporter 92. In order to form this receiving groove 7' a
      supporting portion 92a is formed laterally in the middle of the valve
      supporter 92 and each of the valves 93--93 is connected with rotary shaft
      10 by a welded portion or connecting portion 11.
PAR  Since this embodiment is formed by crossing the supporting portion 73a in
      the middle of the valve supporter as above-mentioned, the pipe materials
      95 95 corresponding to the diameter of the conventional pipe line are
      provided to the attaching portion 73 furnished inside of said valve body
      91 so as to provide a valve body 91 with a larger diameter than in a
      conventional pipe line. The valve body 91 is divided into two sections so
      that the inner parts can easily be put together and they are connected
      with flanged rim portion 94 94. Flanged rim portions 96 96 are also
      provided on the outer end portions of the pipe 95 95 which are connected
      in the pipe lines as shown in FIG. 14 and FIG. 15. Supporter 64 on the
      attaching seat 63 is different from those of FIG. 14 and FIG. 15, the
      controlling and opening portion of this embodiment also are outside when
      used on and elasticity of the spring 75 is to be controlled in the
      connected condition.
PAR  According to the arrangements shown in FIG. 14 and FIG. 17, the
      contemplated valve arrangement is quite different from prior art devices.
      That is to say, while conventional valve seats are firmly fixed and disc
      valves are connected to such fixed valve seats in order to stop fluid
      flow, the valve seat of the present invention is slideable and as springs
      or other elastic materials receive such valve seat or sliding members
      assembled in one body with this valve seat, those elastic materials absorb
      impact on contacting and closing of the movable valve. This results in no
      noise as well as no distortion in the components or unsmooth work by
      operation of the movable valve.
PAR  FIGS. 18 and 19 show the preferred way for fitting the disc valve into the
      pipe line. Since the arrangement of the present invention is small with
      little thickness ans has no substantial flange for connection, the
      installation is different between pipe bodies having the usual rims,
      flanges for connection.
PAR  As shown in FIG. 18 circular flat piece 101 such as paste board is provided
      with a round hole 102 in the center for fitting the valve body 1.
PAR  Also there are holes 103--103-- for inserting the threaded components of
      the flanges 109--109 in the pipe pieces 100 100 to be connected, a handle
      portion 105 is formed on a part of the circumference 104, preferably in
      the upper part; if necessary, mounting hole 102 is surrounded with cutting
      guide line 106--106 such as perforated lines.
PAR  FIG. 19 shows one example of using this arrangement. The valve body 1 is
      mounted in said mounting hole 102 and placed between the flanges 109--109
      of the pipe bodies 108--108. As the handle portion 105 projects out,
      insertion into the narrow space between the flanges 109--109 is performed
      without difficulty; and when the valve body is placed by using the
      circumferential outline 104 and the circumference of the flange 109 the
      flat piece 101 being circular, even if the former does not fit exactly,
      appropriate alignment can be obtained. After placing the valve body 1
      between the flanges 109--109 in this way, a bolt 101 is inserted through
      the flanges 109--109 and hole 103 so as to connect to the pipe pieces
      100--100. Afterwards if necessary, the flat pieces 101 can be removed.
PAR  Although the present invention has been described in conjunction with
      preferred embodiments, it is to be understood that modifications and
      variations may be resorted to without departing from the spirit and scope
      of the invention, as those skilled in the art will readily understand.
      Such modifications and variations are considered to be within the purview
      and scope of the invention and appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a check valve comprising a valve body having a stepped bore providing
      an inlet bore, an outlet bore of greater diameter than said inlet bore and
      a wall extending laterally of and between said inlet and outlet bores,
      providing a valve seat, a circular valve support having its periphery
      detachably mating with said outlet bore and an end face positioned against
      said valve body wall, said valve support having a bore of a greater
      diameter than said inlet bore, a disc valve being of a smaller diameter
      than and positioned in said valve support bore and being of greater
      diameter than said inlet bore, the improvement in which said valve support
      end face has a straight slot thereacross facing said valve body wall, the
      axis of said slot being tangential to the bore in said support, and a
      shaft attached tangentially at the surface of said shaft to a portion of
      the periphery of said disc valve and being seated in said valve support
      slot pivotally supporting said disc valve for flap movement to and from
      said wall for closing and opening said inlet bore.
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ABST
PAL  A novel valve with a pulsation damping device is provided. The valve
      comprises a truncated valve stem and a cylinder for damping pulsation
      which, unified with the truncated valve stem, is movable longitudinally
      through a cylindrical hole formed beneath a valve seat corresponding to
      the truncated valve stem. This valve is useful as a multipurpose valve
      when inserted to a pipe connecting a fluid pressure generating apparatus
      as a reciprocating pump with a pressure gauge, because it can damp
      pulsation caused by the fluid pressure generating apparatus and regulate
      the pressure gauge and also attach and detach the pressure gauge to the
      pipe.
BSUM
PAC  THE BACKGROUND OF THE INVENTION
PAR  This invention relates to a novel valve with a pulsation damping device.
PAR  In case, in which an end-closed measuring instrument such as a pressure
      gauge is connected with a fluid pressure generating apparatus as a
      reciprocating pump by means of a pipe for measuring the pressure thereof,
      the needle of the measuring instrument fluctuates owing to the pulsation
      caused by the reciprocating pump, making the measurement of the pressure
      difficult and the measuring instrument easily broken down.
PAR  In order to prevent such influence of the pulsation on the measuring
      instrument as shown by said fluctuation of the needle thereof, generally a
      pulsation damping apparatus is inserted to the pipe.
PAR  Such conventional pulsation damping apparatus are provided with a valve
      stem having a needle-like valve part and damp pulsation by adjusting the
      gap between the valve part and the corresponding valve seat. In such a
      mechanism, the change of the throttle resistance of the gap with the
      rotation of the valve stem is shown to be curved in characteristics.
      Therefore, as will be discribed below, it is impossible to damp the
      pulsation effectively by using said conventional pulsation damping
      apparatus.
PAR  This invention has been devised to overcome the defects of the conventional
      pulsation damping apparatus as described hereinabove.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  A primary object of this invention is to provide a valve with a pulsation
      damping device which can damp the pulsation caused by a fluid pressure
      generating apparatus.
PAR  Another object of this invention is to provide a valve with a pulsation
      damping device which can regulate a pressure gauge.
PAR  A further object of this invention is to provide a valve with a pulsation
      damping device which can attach and detach a pressure gauge.
PAR  According to this invention, there is provided a valve with a pulsation
      damping device comprising a valve body 7 formed in T-form, said valve body
      7 containing a first opening 4 coupled with a pulsating fluid, a second
      opening 5 coupled with a pressure gauge 3 and a truncated valve stem 6
      opening and closing a connection between the first opening 4 and the
      second opening 5, a valve seat 10 formed in the valve body 7, said valve
      seat 10 being opened and closed by said truncated valve stem 6, a
      cylindrical hole 9 formed beneath said valve seat 10 in the valve body 7,
      the lower end of said cylindrical hole 9 being connected to the first
      opening 4, a small chamber 11 formed above said cylindrical hole 9 in the
      valve body 7, said small chamber 11 being connected to the second opening
      5, a main exhaust hole 22 formed through said truncated valve stem 6, one
      end of said main exhaust hole 22 being opened in said small chamber 11, a
      valve seat 25 and a small chamber 28 both formed at another end of said
      main exhaust hole 22 in the truncated valve stem 6, a tapped hole 24 for a
      vent screw 23 formed through said truncated valve stem 6 above the valve
      seat 25 and the small chamber 28, an auxiliary exhaust hole 27 formed
      through the vent screw 23 screwed in the tapped hole 24, one end of said
      auxiliary exhaust hole 27 being opened in the air and another end thereof
      opened in the small chamber 28, and a cylinder 20 for damping pulsation
      formed in the cylindrical hole 9 at the lower end of said valve stem 6,
      said cylinder 20 being unified with said truncated valve stem 6 and being
      movable in the longitudinal direction of said cylindrical hole 9 so as to
      have the resistance thereof proportional to the distance of the movement
      in the longitudinal direction of said cylinder 20.
PAR  The above objects and novel features of the invention will be more fully
      appear from the following detailed description and the accompanying
      drawing. It is to be expressly understood, however, that the drawing is
      for purpose of illustration only and is not intended as a definition of
      the limits of the invention.
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PAC  BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWING
PAR  FIG. 1 is an elevational view partly in vertical section of a preferred
      embodiment of this invention, illustrating schematically the piping
      mechanism thereof.
PAR  FIG. 2 is a side vertical section of the embodiment of FIG. 1.
PAR  FIG. 3 shows the relation between time and pulsating pressure in a case in
      which a valve without pulsation damping device is used.
PAR  FIG. 4 shows the relation between time and pulsating pressure in a case in
      which a valve with a needle-type pulsation damping device is used.
PAR  FIG. 5 shows the relation between time and pulsating pressure in a case in
      which the valve with a pulsation damping device of this invention is used.
PAR  The results of FIG. 3, FIG. 4 and FIG. 5 are measured by means of a
      pressure load measuring instrument using one cylinder-plunger pump (output
      pressure characteristic: pulsation frequency 64/min, max. amplitude of
      pulsation 12kg/cm.sup.2 G, min. amplitude of pulsation Okg/cm.sup.2 G,
      kerosene as fluid). In FIG. 3, FIG. 4 and FIG. 5, time is plotted as
      abscissa and pulsating pressure plotted as ordinate.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 1 and FIG. 2, a valve body 7 is formed in inverse T-form,
      which comprises a first opening coupled with a pulsating fluid, second
      opening 5 coupled with a pressure gauge 3 and a valve stem 6 opening and
      closing a connection between the first opening 4 and the second opening 5.
      The valve body 7 may also be formed in T-form or in lateral T-form.
PAR  In order to connect the first opening 4 with the second opening 5, a first
      connecting hole 8, a right cylindrical hole 9, a valve seat 10, a small
      chamber 11 and a second connecting hole 12 are formed successively from
      the first opening 4 to the second opening 5 in the valve body 7.
PAR  In order to carry out said opening and closing in engagement with said
      valve seat 10, the lower end part of the valve stem 6 is formed to be a
      truncated conical valve part 13. This truncated valve stem 6 is screwed
      into the valve body 7 movably through a regulating screw 14.
PAR  The conventional pulsation damping apparatus which are provided with valve
      stems having a needle-like valve part instead of said truncated conical
      valve part 13 and damp pulsation by regulating the gap between the valve
      part and the corresponding valve seat, have such defects as will be
      described below, thus making a correct measurement of the pressure
      impossible.
PAR  According to this invention, a right circular cylinder 20 for damping
      pulsation is provided at the lower end of the truncated conical valve part
      13 of the valve stem 6, forming a gap passage 21 having a variable length
      between said cylinder 20 and said cylindrical hole 9.
PAR  The valve of this invention is constructed to be unified with a pulsation
      damping device. Namely, at the upper part of the valve body 7 is provided
      a packing hole 15, therethrough said valve stem 6 is made to pass upwards.
      A washer 16 and a packing 17 are inserted into the packing hole 15 and are
      pressed by a gland 18 and a gland nut 19, thus making a sealing device
      formed between the valve stem 6 and the valve body 7.
PAR  A main exhaust hole 22 is provided through the whole valve stem 6, the
      lower opening thereof being opened in said small chamber 11 and the upper
      opening thereof opened at the bottom center of a tapped hole 24 for vent
      screw 23, thus forming a valve seat 25.
PAR  The lower end part of said vent screw 23 is made to be conical to form a
      valve part 26 which performs a valve action cooperatively with the valve
      seat 25. An auxiliary exhaust hole 27 is provided through the whole vent
      screw 23, the upper end thereof being opened to the air and the lower end
      thereof opened in the small chamber 28 at the lower end of the tapped hole
      24.
PAR  At the upper ends of the valve stem 6 and the vent screw 23 are formed
      respectively many-sided heads 29 and 30 which are both capable of engaging
      with a rotating tool (not shown).
PAR  Therefore, in case in which it is necessary to remove the pressure gauge 3
      from the pipe 2 owing to the faults thereof and the like or to carry out
      zero regulation of the gauge 3 in keeping it attached to the pipe 2, the
      measurement is stopped temporarily. Namely, the valve stem 6 is rotated to
      the closing direction by applying the tool to the many-sided head 29
      thereof so as to have the valve part 13 engaged with the valve seat 10.
      Thus, the first connecting hole 8 is blocked to the small chamber 11.
PAR  Next, when the upper end of the main exhaust hole 22 is connected to the
      open air through the auxiliary exhaust hole 27 by rotating the vent screw
      23, the fluid to be measured existing in the pressure gauge 3 passes
      through the second connecting hole 12, the small chamber 11 and the main
      exhaust hole 22 to be exhausted into the air, and then the gauge pressure
      becomes zero. And if necessary, the pressure gauge 3 may be removed from
      the pipe 2.
PAR  In case, in which the first connecting hole 8 is connected with the second
      connecting hole 12 through the small chamber 11 and the fluid pressure
      generated in the pressure generating apparatus 1 is measured by means of
      the gauge 3, the valve part 13 is separated from the valve seat 10 by
      closing the vent screw 23 and rotating the valve stem 6 by applying the
      rotating tool to the many-sided head 29 thereof, thereby the fluid to be
      measured can reach the pressure gauge 3, passing through the first
      connecting hole 8, the variable gap passage 21, the small chamber 11, the
      second connecting hole 12 and the pipe 2, thus enabling the fluid pressure
      generated in the apparatus 1 to be measured.
PAR  Now, in case in which the pressure generating apparatus 1 happens to be a
      reciprocating pump which generates a pulsating pressure, it is required to
      damp the pulsation thereof. In the conventional pulsation damping
      apparatus, however, which are provided with valve stems having a
      needle-like valve part and damp the pulsation by regulating the variable
      gap between the valve part and the corresponding valve seat, the change of
      the throttle resistance of the gap with the rotation of the valve stem is
      shown to be curved in characteristics. For example, in case in which the
      needle of the pressure gauge fluctuates between 8kg/cm.sup. 2 G at minimum
      and 12kg/cm.sup. 2 G at maximum owing to the pulsation, the gauge
      indication is adjusted to be 10kg/cm.sup. 2 G by regulating said gap in
      order to prevent the pulsation.
PAR  However, even when the wave form of the pressure is averaged by means of
      the conventional needle valve and the gauge indication is adjusted to be
      10kg/cm.sup.2 G in order to damp the pulsation, the needle of the gauge is
      observed to approach to 12kg/cm.sup.2 G or 8kg/cm.sup.2 G of the gauge
      indication. Namely, in case in which the pulsation is suspended at the
      level higher than 10kg/cm.sup.2 G, a standard level, the needle has a
      tendency to deviate toward 12kg/cm.sup.2 G, and in case in which the
      pulsation is suspended at the level lower than 10kg/cm.sup.2 G, the needle
      tends to deviate toward 8kg/cm.sup.2 G conversely.
PAR  In the valve of this invention, the sectional area rectangular to the axis
      of said gap passage 21 is always definite and the throttle resistance in
      the case of the pulsation damping is set up by the longitudinal length of
      the part of the cylinder 20 engaged with the cylindrical hole 9.
      Therefore, the change of the throttle resistance of the gap passage 21
      with the vertical movement of the valve stem 6 is shown to be linear in
      characteristics.
PAR  In FIG. 5, the right part shows the pulsating pressure being regulated. The
      obligue line A indicates the linear characteristic of the pulsation
      damping device of this invention, which means that the pulsating pressure
      can be regulated easily. The left part shows the pulsating pressure
      excellently damped.
PAR  Consequently, according to the valve of this invention, it is easily
      possible to regulate the pulsation damping. Namely, once the gauge
      indication is adjusted to a fixed value, for example, 3kg/cm.sup.2 G in
      FIG. 5, the needle of the gauge does not show such a deviation from the
      fixed value as shown in the case of the needle valve of FIG. 4 and
      indicates a pressure close to an effective value of the output pressure of
      the reciprocating pump.
PAR  Moreover, when the fluid to be measured which passes through the gap
      passage 21 is made to enter into the small chamber 11, it reaches the
      pressure gauge 3 through the pipe 2, resulting in an assistance of the
      pulsation damping of the gap passage 21.
PAR  The valve of this invention, as described thereinabove, is useful as a
      multipurpose valve which can attach, detach and regulate the pressure
      gauge and at the same time can damp pulsation, with the results of simple
      piping mechanism and easy operation, therefore it is industrially of great
      valve.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A valve with a pulsation damping device comprising a valve body (7)
      formed in T-form, said valve body (7) containing a first opening (4)
      coupled with a pulsating fluid, a second opening (5) coupled with a
      pressure gauge (3) and a truncated valve stem (6) opening and closing a
      connection between the first opening (4) and the second opening (5), a
      valve seat (10) formed in the valve body (7), said valve seat (10) being
      opened and closed by said truncated valve stem (6), a cylindrical hole (9)
      formed beneath said valve seat (10) in the valve body (7), the lower end
      of said cylindrical hole (9), being connected to the first opening (4), a
      small chamber (11) formed above said cylindrical hole (9) in the valve
      body (7), said small chamber (11) being connected to the second opening
      (5), a main exhaust hole (22) formed through said truncated valve stem
      (6), on end of said main exhaust hole (22) being opened in said small
      chamber (11), a valve seat (25) and a small chamber (28) both formed at
      another end of said main exhaust hole (22) in the truncated valve stem
      (6), a tapped hole (24) for a vent screw (23) formed through said
      truncated valve stem (6) above the valve seat (25) and the small chamber
      (28), an auxiliary exhaust hole (27) formed through the vent screw (23)
      screwed in the tapped hole (24), one end of said auxiliary exhaust hole
      (27) being opened in the air and another end thereof opened in the small
      chamber (28), and a cylinder (20) for damping pulsation formed in the
      cylindrical hole (9) at the lower end of said valve stem (6), said
      cylinder (20) being unified with said truncated valve stem (6) and being
      movable in the longitudinal direction of said cylindrical hole (9) so as
      to have the resistance thereof proportional to the distance of the
      movement in the longitudinal direction of said cylinder (20).
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PAL  The device of this invention was developed for utilization in a pneumatic
      oil well pump actuator. The snifter valve performs a bleeder valve
      function in the control mechanism of a piston in a cylinder. The controls
      to which this invention is particularly suited comprise a shifting
      floating pistion bleeder valve in conjunction with the improved snifter
      valve to replace a conventional button bleeder valve, in addition the
      device incorporates braking components in the snifter valve constructed to
      arrest and cushion the piston at each end of a cyclic stroke.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This invention is related to my U.S. Pat. No. 3,643,432 and to my
      co-pending application Ser. No. 209,788 filed December 20, 1971, now U.S.
      Pat. No. 3,782,249 entitled "Pneumatic Counter Balanced Oil Well Pump
      Actuator Utilizing an Improved Snifter Valve" and is a continuation in
      part of said application.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Steam, air, gas and hydraulic actuators are numerous and varied in
      construction. The art of pumps and pumping is highly developed. Your
      inventor, having devoted many years to problems of pumping and oil well
      servicing, developed my prior invention desiring to improve production in
      gaseous wells and in secondary recovery where heat is used to release
      crude oil in oil sands or porous rock strata. A desire to economize in the
      quantity of gas or air used to power actuator prompted the making of
      subject invention.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is adapted to the utilization of any fluid under pressure as
      a motive force. The preferred embodiment is particularly designed to use
      natural gas under pressure or air supplied by a compressor as the motive
      force. The context in which the invention may be employed utilizes a
      pumping cylinder in which is movably mounted a piston secured to a piston
      rod. The cylinder is connected to a power tank that may be either a
      reservoir of gas or the tank of a compressor. A single power line
      communicates with the bottom and top of the pumping cylinder. In a
      modified embodiment a first tank may be employed to over counter balance
      the bottom of the pumping cylinder and a second tank utilized to power the
      top of the pumping cylinder. In each embodiment the flow of the compressed
      air or gas is selectively controlled by the floating piston of a three-way
      valve. The movement of the piston is activated by a top and bottom snifter
      valve with associated bleeder lines. The construction of the snifter valve
      is new to the art. They are self-cleaning particularly adapted for use in
      the environment for which designed and incorporate an integral braking
      structure which eases the pumping piston to a momentary halt as the
      direction of the drive is reversed. The brake disc with seat and choke
      vent is an improved design producing desired results and operation.
PAR  For a detailed description of the construction of the operation of a
      preferred embodiment and the context in which it is utilized, reference is
      made to the attached drawings wherein like reference characters are
      utilized to refer to identical or equivalent components throughout the
      various views and the following detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation view partially schematic of a combined composite
      device in position on a well head.
PAR  FIG. 2 is an isometric view partially in section of the three-way valve
      disclosing the floating piston in the preferred porting arrangement.
PAR  FIG. 3 is a schematic illustrating the three-way valve with piston in the
      left position.
PAR  FIG. 4 is a schematic view illustrating three-way valve with a piston in
      the right position.
PAR  FIG. 5 is a detailed illustration of the construction of the compression
      loaded piston snifter valve particularly suited for deep wells.
PAR  FIG. 6 is a detailed illustration of the construction of the spring loaded
      snifter valves particularly adapted for shallow wells.
PAR  FIG. 7 illustrates another model of the snifter valve utilizing an improved
      bleeder vent and sealing means. FIG. 8 is a schematic illustration of the
      actuator system employing an isolated pumping tank and an over counter
      balance tank.
PAR  FIG. 9 is an elevation sectional view of the rod rotator partially in
      section illustrating partially the cylinder top fragmented.
PAR  FIG. 10 is an elevation view partially sectionalized and fragmented of that
      portion of the rod rotator secured to the top of the piston and the piston
      rod.
PAR  FIG. 11 is a plan view of the face of the intermeshing surfaces of the dog
      clutch taken substantially on line 11--11 of FIGS. 9 and 10 looking in the
      direction of the arrows.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For a detailed description of the construction and utilization of the
      preferred embodiment, reference is made particularly to FIGS. 1, 5, and 6.
      The device of this invention may be powered by a compressor means 10 which
      provides high pressure gas or air through a pressure regulator 11, filter
      12 and oiler 13 to the pumping cylinder 14. Appropriate porting and
      controls are mounted in the pumping cylinder bottom 15 and in the pumping
      cylinder top 16. Movably mounted in cylinder 14 is pumping piston 17 which
      is secured to piston rod 18. Pumping piston 17 is sealed to the pumping
      cylinder 14 wall by suitable means such as piston O rings 55 or sealing
      cups 56 and 57.
PAR  The actuation of the pumping piston 17 is regulated by a three-way valve 19
      (best illustrated in FIGS. 2, 3, and 4). Floating piston valves of similar
      configuration are commercially available from various sources. The
      particular valve used in the preferred embodiment is widely distributed by
      Womack Machine Company, Dallas, Texas, under the Trade name of AAA
      Products International. The usual design of these valves 19 include an air
      passage connecting the inlet to each end of the floating piston 20. Use of
      the passage is optional; it may be used or blocked by a gasket. Some
      embodiment of these valves have been patented. One example is U.S. Pat.
      No. 2,729,242 to Olson. Movement and positioning of floating piston 20,
      FIG. 2, through suitable porting and venting controls the flow of gas or
      air from the compressor 10 to the pumping cylinder 14 to accomplish the
      desired actuation of piston 17. The floating piston 20 will conventionally
      hold its position in the valve 19 due to pressure on each end until one of
      the bleeder lines 35 or 40 is vented to the atmosphere releasing pressure
      on one end of the piston 20 causing piston 20 to shift. The bottom snifter
      valve 25 and a top snifter valve 26 is mounted in their corresponding
      portions of pumping cylinder 14 for the purpose of venting the bleeder
      lines 35 and 40, respectively, to the atmosphere for shifting the piston
      20. For an illustration of the construction of the compression loaded
      snifter valves 25 and 26, reference is made to FIGS. 5 and 7. This
      embodiment of the snifter valve is constructed with a snifter cylinder 27
      in which is positioned a floating snifter piston 28 mounted on a snifter
      rod 29. In construction of the snifter valves 25 and 26, it is desirable
      to drill a small weep hole 38 in the upper extremity of cylinder 27 to
      insure that trapped gas or air does not lock piston 28 in the open
      position. The species of the snifter valve illustrated in FIGS. 5 and 7
      are particularly suited for utilization in the embodiment of the preferred
      device utilized in conjunction with pumping deep wells.
PAR  A context in which the invention is particularly useful is illustrated in
      FIG. 1. The piston 17 receives its power or activating force from a power
      tank 31 which may comprise a natural gas reserve tank or be utilized in
      conjunction with a compressor 10. Power line 32 leading through regulator
      11, filter 12 and oiler 13 communicates with a bottom power line 33
      communicating through bottom snifter valve 25 secured in the pumping
      cylinder bottom 15. Comparably, the top power line 34 communicates with
      the pumping cylinder top 16 through top snifter valve 26. Three-way valve
      19 is connected to the bottom and top snifter valves 25 and 26
      respectively by bottom bleeder line 35 and top bleeder line 40. The
      snifter valves 25 and 26 are each constructed with bleeder vents 41 which
      are sealed by the combined action of O ring 42 and O ring seats 43. The
      configuration of the snifter valves 25 and 26 in the pumping cylinder
      bottom and top 15 and 16 are identical in construction. In the species of
      the snifter valve which is compression loaded (illustrated in FIG. 5)
      bleeder vent 41 is closed and sealed by the O ring 42 and the O ring seat
      43 which is, in this species of the device, held normally in a closed
      position by the compression pressure supplied from pumping cylinder bottom
      15 through snifter pressure line 30 against snifter piston 28 moving
      snifter rod 29 to the closed position. When the rod 29 is shifted by the
      piston 17, the bleeder vent 41 is opened venting the bleeder lines 35 or
      40 to atmosphere thereby shifting the piston 20 in the valve 19. It is
      preferable to construct in top bleeder line 40 a manually operated
      overriding vent valve 39. An opening of the vent valve 39 vents bleeder
      line 40 to the atmosphere, shifting the floating piston 20 to the left,
      resulting in the power piston 17 being forced to the bottom 15 of pumping
      cylinder 14. This overriding action is beneficial in the clearing of sand
      from the ball valve seat of the bottom hole pump (not shown). In the
      species of the device illustrated in FIG. 6 which is particularly adapted
      for shallow wells, snifter rod 29 is retained in the closed position by a
      snifter tension spring 45 retaining bleeder vent 41 closed by spring
      pressure. An important feature of the device of this invention is the
      brake 47 combination illustrated in each species of the device of FIGS. 5,
      6 and 7 and is utilized in both the bottom 15 portion of the pumping
      cylinder and the top 16 portion of the pumping cylinder. This braking
      device 47 comprises a brake disc 48 which may incorporate a friction
      device such as an O ring or teflon disc contacting the snifter rod 29, the
      disc 48 is frictionally slidably mounted on snifter rod 29 and is retained
      adjacent disc seat 49 and constitutes a portion of both the bottom 25 and
      top 26 snifter valve. The brake disc 48 is retained within desired limits
      by brake yoke 50 which is an L shaped member welded to and projecting
      outward from the top 16 or bottom 15 of the pumping cylinder 14. In the
      design and utilization of the preferred embodiment, it was found desirable
      to drill two (2) 1/16 inch holes through each of the brake discs 48. These
      holes function as choke vents 51 and assist in the equalization of the
      pressure on each side of brake disc 48 to insure its movement as desired
      responsive to the travel of snifter rod 29. Snifter rod 29 should be
      sealed against the walls of snifter cylinder 27 by suitable packing means.
      In the preferred embodiment, snifter rod O ring seals 52 were utilized and
      functioned satisfactorily. Thus, when the piston 17 in the cylinder 14
      reaches the end of travel, the piston 17 will contact and move rod 29
      which, in addition to opening vent 41, will carry the brake 51 into
      position on the seat 49 closing off the escape of gas from the cylinder 14
      (except through chokes 51) and the trapped gas in the cylinder 14 will
      cushion and stop the piston 17.
PAR  The construction on the improved snifter valve of FIG. 7 varies from the
      species illustrated in FIG. 5 in that snifter piston 28 incorporates an
      internal O ring 70 and a sealing cup 71. The base 72 of the snifter valve
      is a casting secured to the pumping cylinder 14 by means of a snifter
      valve mount 73 or screws. The bleeder vent 41 comprises a phenolic or
      neoprene sealing disc 74 in lieu of O ring 42, a sealing probe 75 is also
      employed to function as seat 43. A rubber or phenolic shock absorbing
      washer 76 is juxtapositioned between the retaining collar 77 and cylinder
      27 to prevent metal to metal contact. The snifter valve base 72 is
      constructed with a brake seat 78 which projects into the power cylinder
      14. Although not specifically illustrated, the improved sealing disc 74
      and sealing probe 75 as well as the shock absorbing washer 76 may be
      incorporated in the spring loaded species of the invention illustrated in
      FIG. 6.
PAR  In construction the pumping cylinder 14 lengths and diameters might well be
      varied as conditions dictate. A typical preferred embodiment utilized a
      ten foot stroke. The cylinder was constructed of cold drawn steel having
      an interior diameter of 8 inches. The interior surface of the cylinder
      should be honed or polished to produce a smooth surface and assist in
      optimum sealing of pumping piston 17. A groove is preferably constructed
      in pumping piston 17 into which is mounted a piston O ring 55. The body of
      the piston 17 may be constructed of half inch steel plate. An upper cup 56
      and lower cup 57 are attached adjacent pumping piston 17. An upper plate
      58 and a lower plate 59 are constructed of 1/4 inch sheet metal which is
      secured in position by upper retainers 60 and lower retainer 61. Such a
      structure functioned satisfactorily. The cups 56 and 57 may be constructed
      from neoprene or fabric impregnated rubber-like substance such as a
      neo-fab material. Other plastics or rubbers could be utilized; however,
      they should be resistant to petroleum products and preferably
      substantially heat resistant. Under certain operating conditions, such as
      high pressure or high heat conditions, teflon type seals might well be
      utilized. In a typical pumping situation pump cylinder 14 would be secured
      to a well head 62 and piston rod 18 attached to sucker rods 63. This
      attachment would normally be accomplished by sucker rod clamp 64 with the
      cylinder 14 secured to well head 62 by a well head bracket 65. The
      construction of the floating piston 20 three-way valve 19 will not be
      described in detail in that the item is well known and commercially
      available. A valve 19 utilizing a 1/4 inch diameter piston 20 is
      satisfactory for shallow well pumping. For deep wells, a 1 inch to 11/2
      inch diameter piston 20 is preferable. A (10) horse power air compressor
      with a pumping capacity of (60) cubic feet per minute and a (32) cubic
      foot power tank 31 functions satisfactorily in the preferred embodiment
      and was found adequate to power adjacent pumping units. Any adequate
      source of supply of compressed gas or air may, however, be utilized.
PAR  For a description of the operation of the combination, reference is
      particularly made to FIGS. 1-4 and 8. The direction of flow of the gases
      in the system is schematically suggested by direction of flow arrows on
      FIGS. 1 and 8. After the device has been secured in position on the well
      head, and bracket 65 and the sucker rod 63 operably secured, the
      compressor 10 or power tank 31 is utilized to charge pumping cylinder 14
      with a pressure sufficient to lift pumping piston 17 and sucker rod 63
      with the associated oil and friction load. In initiating operation
      pressure regulator 11 is opened gradually a sufficient amount to activate
      the system. The pressure maintained in power tank 31 should normally be a
      few pounds per square inch over that required for lifting pumping piston
      17 to the top of the pumping cylinder 16. The pumping piston 17 will then
      contact and activate the top snifter valve 26 opening vent 41 and
      actuating brake 51. This action will shift the floating piston 20 or spool
      of the three-way valve 19 to the left which would admit air through the
      intake port of the three-way valve into the port designated as cylinder A
      and into line 34 which is the top of pumping piston 17. This admission of
      pressure to pumping cylinder 14 in conjunction with the weight of the
      sucker rods 63 causes the pumping piston 17 to move downward forcing the
      air or gas in the bottom portion of the pumping cylinder 15 out through
      the bottom power line 33 returning the gas or air to power tank 31. In
      addition, as the piston 17 moves downwardly, air in line 30 will reset the
      top snifter valve 26 by acting on the backside of piston 28 to close the
      top vent 41 and reset the top brake 51. As pumping piston 17 approaches
      the bottom of pumping cylinder 15, piston 17 strikes snifter rod 29 of the
      bottom snifter valve 25 opening bottom vent 41 causing the floating piston
      20 of the three-way valve 19 to shift to the right interconnecting
      cylinder A port and exhaust A port venting the air or gas from the top of
      the pumping cylinder 16 through line 34 through vent valve 67. This
      venting of air from the top of the pumping cylinder 16 permits the counter
      balance or pressure load in power tank 31 by action through bottom power
      line 33 to lift pumping piston 17 again to the pumping cylinder top 16.
      The piston 17 will again strike top snifter valve 26 repeating the cycle.
      In the specific configuration of this embodiment of the floating piston
      three-way bleeder valve 19, only the inlet port, cylinder A and exhaust A
      are employed. The cylinder B port and exhaust B are closed by plug 44,
      FIG. 2. To assist in regulating the rate of the pumping cycle, an
      adjustable vent valve 67 is attached to the exhaust port A of the
      three-way valve 19. A partial closing of this valve 67 will slow the rate
      of the up stroke of pumping piston 17. A second regulating valve is
      positioned in top power line 34 which is designated as cyclic rate valve
      68 which can be closed or opened to vary the rate of pumping piston 17
      down stroke. As an alternative method of construction, a regulator valve
      79 may be positioned in the power line 32 adjacent the three-way valve 19
      in addition to or in lieu of the cyclic rate valve 68 in the top power
      line 34. Cyclic rate valve 68 and regulator valve 79 may each be utilized
      with varying results in adjusting the cyclic rate of the pumping piston
      17.
PAR  It has been discovered in a test conducted with the preferred embodiment in
      the field use as well as on a test stand model that when utilizing the
      pumping pressure of 40 psi in power tank 31, 10 to 15 psi admitted to the
      pumping cylinder top 16 is adequate to move the pumping piston 17 to the
      bottom of its cyclic stroke in view of the static load placed on piston
      rod 18. This results in venting through vent valve 67 of a volume of gas
      or air equivalent to the volume of pumping cylinder 14 at approximately 10
      psi rather than venting an equivalent volume at 40 psi in a direct drive
      cycle utilizing a direct exhausting of the propelling gases from the
      pumping cylinder 14. A major portion of the gas or air utilized by the
      system is returned to power tank 31 in the system visualized in this
      invention because of the direct connection of power line 32 and bottom
      power line 33, the high pressure gas in the pumping cylinder bottom 15 is
      returned to power tank 31.
PAR  An obvious modification of the preferred embodiment described in detail
      would be to utilize a separate power tank 31 and power line 32 to over
      counter balance the pumping cylinder bottom 15 and a second power tank 31
      through a control means to intermittently power the pumping cylinder top
      16 through the top power line 34. Such an embodiment has been constructed
      and tested by your inventor. The combination system utilizing a single
      power tank 31 to over counter balance the pumping cylinder bottom and
      power the pumping cylinder top 16 is the preferred construction and method
      of operation.
PAR  For an illustration of the construction of this modified embodiment,
      reference is made to FIG. 8 which illustrates the over counter balance
      tank 81 directly connected to the pumping cylinder bottom 15 through
      bottom snifter valve 25. The function of this tank 81 is to at all times
      apply a lift more than sufficient to counter balance the weight of the
      sucker rods 63 and the fluid load. The actuation of the pumping piston 17
      is accomplished by a separate pumping tank 82 which is controlled through
      a three-way valve 19 in conjunction with the snifter valves 25 and 26 as
      previously described.
PAR  In the utilization of a pumping system in deep oil wells with high paraffin
      content rotation of sucker rods 63 is desirable. As an adjunct or
      modification of the system of this invention, a rod rotator 84 was
      developed. For a description of the construction and operation of the
      preferred embodiment of this modification, reference is made to FIGS. 8,
      9, 10 and 11. The sucker rod rotator 84 is constructed integral with or
      secured to the power cylinder top 16. The body of the device comprises a
      hollow cylindrical shaft 85 into which is mounted rotating rod 86. The top
      section 87 of the rod 86 has machined in its surface on opposite sides two
      (2) identical rotating grooves 88 extending for approximately 1/2 the
      length of the rotating rod 86 and progressively proceeding around the rod
      for approximately 180.degree. of the surface. These grooves 88 convert at
      approximately the center point 89 to a straight groove 90 in the bottom
      section 91 of the rod 86. The bottom section of the rod rotator 84 is
      secured to the power cylinder top 16 by an air tight shaft bracket 92
      which may be secured to the power cylinder top 16 by bracket 92.
      Threadably mounted on the bottom section 91 of rotating rod 86 is the top
      half 94 of dog clutch 95. The bottom half 96 of the dog clutch 95 may be
      threadably secured to the piston rod 18 in lieu of the upper retainer 60.
      The contacting surface of the top half 94 and the bottom half 96 of the
      dog clutch 95 have constructed in their mating surfaces interlocking teeth
      97. When the two surfaces contact, the teeth 97 mesh and interlock the top
      half 94 and the bottom half 96 of the dog clutch 95 together at the top
      portion of the pumping stroke as piston 17 moves upward. The surfaces
      release immediately following the initiation of the down stroke.
      Projecting through opposite sides of the cylindrical shaft 85 into the
      rotating grooves 88 of the rotating rod 86 are oppositely disposes
      rotating studs 98.
PAR  For an explanation and operation of the sucker rod rotator 84, reference is
      made to FIGS. 8 and 9. As pumping pistons 17 approach the pumping cylinder
      top 16, the rotating rod 86 would be in the lower position extending into
      cylinder 14. As the piston 17 moves up, dog clutch 95 engages and further
      upward travel of the piston 17 in the coordinative action of rotating
      groove 88 and the rotating studs 98 will rotate piston 17 to the center
      point 89 of rotating rod 86. In the travel of rod 86 through the final
      half of its movement, the studs 98 will ride in the straight grooves 90;
      therefore, no rotation occurs. The purpose of this no movement is to avert
      rotation of piston 17 while it is in contact with snifter rod 29. This
      modification to the overall combination is adaptable for utilization with
      my U.S. Pat. No. 3,643,432, and to my invention disclosed in co-pending
      application, Ser. No. 209,788 filed Dec. 20, 1971.
PAR  Having described in detail the construction and operation of the components
      of this improved pneumatic counter balanced oil well pump actuator, and
      having described the construction and operation of the preferred
      embodiment in detail and having summarized above a dual system
      modification functioning in an equivalent manner, and having described in
      detail alternative construction of snifter valves 25 and 26, what is
      desired to be claimed is all modifications of the device not departing
      from the equivalents of the concepts herein disclosed as defined in the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the controlled means for pneumatic actuated piston in a pumping
      cylinder the sub-combination of a snifter valve comprising:
PA1  a. an elongated cylindrical snifter cylinder projecting on an axis from a
      first end to the second end,
PA1  b. a snifter rod mounted for longitudinal reciprocal movement on the axis
      of said snifter cylinder,
PA1  c. a bleeder vent constructed in a first end of said snifter valve, said
      bleeder vent adapted to move alternately from an open to a closed position
      responsive to the movement of said snifter rod along the axis of said
      cylinder,
PA1  d. pneumatic pressure closing means applied internally of said snifter
      cylinder for normally urging said snifter rod into a position urging said
      bleeder vent into contact with closing means secured to said first end of
      said snifter cylinder,
PA1  e. a brake disc having a pumping cylinder side and a brake seat side, said
      brake disc slidably mounted externally of said second end of said snifter
      cylinder on said snifter rod, said brake disc constructed and arranged to
      move from an open position not in contact with said snifter cylinder to a
      braking position in contact with,
PA1  f. a brake seat secured to said second end of said snifter cylinder adapted
      to be contacted by said brake disc thereby stopping the flow of gas from
      said pumping cylinder responsive to the movement of said brake disc to a
      braking position.
NUM  2.
PAR  2. The invention of claim 1 including a choke vent penetrating said brake
      disc from said pumping cylinder side to said brake seat side thereby
      facilitating passage of gas or air equalizing pressure on the surface of
      said choke vent thereby preventing variations in the pressure from locking
      said brake disc into contact with said brake seat preventing movement of
      said brake disc from the braking position to an open position responsive
      to reciprocation of said snifter rod.
NUM  3.
PAR  3. The invention of claim 1 wherein said closing means is a spring.
NUM  4.
PAR  4. The invention of claim 1 wherein said bleeder vent comprises:
PA1  a. a seal encircling said snifter rod adjacent said first end of said
      snifter cylinder, and
PA1  b. a seat adapted to encircle said seal and be pressed against said seal
      thereby sealing said vent.
NUM  5.
PAR  5. The invention of claim 1 wherein said bleeder vent comprises:
PA1  a. a substantially circular sealing disc including an opening encircling
      said snifter rods, said disc mounted in an opening in said snifter valve
      cylinder, and
PA1  b. an elongated probe secured to said snifter rod adapted to penetrating
      the opening in said circular sealing disc closing said bleeder vent when
      said probe penetrates said sealing disc.
NUM  6.
PAR  6. The invention of claim 5 including:
PA1  a. a shock absorber washer encircling said snifter rod adjacent said
      sealing disc, said washer adapted to prevent metal to metal contact
      between,
PA1  b. a retaining collar mounted on said snifter rod adjacent said sealing
      probe when said probe penetrates said sealing disc.
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ABST
PAL  A valve for simultaneous valving in two separate hydraulic systems, the
      valve having two slides with each slide being attached to a bypass driving
      member through caged spring cartridges. If one of the slides jams the
      other slide is moved by the bypass driving member in the opposite
      direction to the direction in which the jam occurred. The jammed system
      slide includes a porting which is opened by the relative movement of the
      bypass driving member, placing that system in a bypass condition. The
      other slide is not effected and remains in full control of a tandem
      hydraulic cylinder to which such valves are connected. If each half of the
      tandem cylinder is sized for full thrust capacity, there is no degradation
      in performance during the jammed condition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Modern day aircraft are now of such size and/or fly at such airspeeds that
      power boost through the use of hydraulic actuator assemblies is required
      so the pilot is able to move the control surfaces of the aircraft.
PAR  Such control surface hydraulic actuator assemblies usually include a
      hydraulic actuator, a control valve to control the movement of the
      hydraulic actuator, means which feed commanded inputs to the control valve
      and means which feed back the actuator's position to the control valve so
      the hydraulic actuator is moved to and positioned in the commanded
      location. Unfortunately, control valves in some instances have a tendency
      to jam. This causes the valve spool or slide therein which normally
      switches the pressurized hydraulic fluid fed to the hydraulic actuator to
      move it, to remain in an undesirable fixed position. If unchecked, a spool
      jammed in a fluid transmitting position causes the hydraulic actuator and
      the control surface connected thereto to "runaway" to one or the other
      extremes of travel thereof.
PAR  Competent aircraft design and federal regulations dictate that unless a
      control valve jam can be shown to be extremely improbable, a jam must be
      protected against or the effect thereof alleviated if the jam can cause a
      flight control surface to runaway to an adverse position. Since the jam is
      probable, as aforesaid, four types of prior art valves have been developed
      to solve the runaway control problem.
PAR  One of these prior art control valves has dual concentric slides, each
      slide is designed to provide one-half of the required hydraulic flow to
      the hydraulic actuator and both slides operate in sequence. If a
      concentric slide jams near neutral approximately half the flow is
      available to feed the hydraulic actuator for the control of the control
      surface. If, on the other hand, a concentric slide jams hardover; that is,
      in a position to port maximum flow to the actuator to move it in one
      direction, both actuator cylinder pressures are ported to return and the
      actuator is in a bypassed condition. Not only is the dual concentric slide
      valve disadvantageous as causing unnecessary hydraulic flow when jammed in
      anything but a null position, it can jam near a null position and the jam
      is not detectable since up to one-half the flow is still available to make
      the hydraulic actuator operate normally. Since most flight conditions do
      not require anywhere near the full flow which would cause the dual
      concentric valves failure to be obvious, the jam may go undetected until
      the other slide therein jams. If it jams in the same direction as the
      first jammed slide there is a possibility of control surface runaway to a
      far extreme. Therefore, multiple control surfaces must be use to assure
      that in the event of a control surface runaway, sufficient authority is
      available in the other control surfaces to retain control of the aircraft.
PAR  The second prior art valve has a flow controlling slide which operates in
      conjunction with a caged outer sleeve. When the slide jams, the outer
      sleeve moves and bypasses the actuator cylinder ports.
PAR  The third prior art valve has a caged spring cartridge in the valve input
      drive. When the valve jams, the spring cartridge is overridden, tripping
      an electrical switch which, as long as electric power is available,
      energizes a solenoid operated cylinder bypass valve. It should be obvious
      that this third type prior art control valve which utilizes electric
      sensing means can lose its jam protection when an electronic failure such
      as a failed switch or the loss of the electrical system occurs. For this
      reason the electronic system must be highly redundant so the requirement
      of extreme improbability of a runaway flight control surface is met.
PAR  The fourth type is a split tandem valve as disclosed in U.S. Pat. No.
      3,757,817, which has two slides in tandem attached to a driving member
      through caged spring cartridges. If one of the slides jams, the other is
      moved in the opposite direction by the feedback means thereby preventing a
      control surface runaway by placing the controlled tandem hydraulic
      cylinder in hydraulic lock.
PAC  SUMMARY OF THE INVENTION
PAR  The present fail operative, split tandem control valve has two slides, one
      to control each of two separate and independent hydraulic systems. Each
      slide is attached to a bypass driving member through preloaded caged
      spring cartridges. If a slide jams, control feedback means from the
      controlled tandem hydraulic cylinder senses the uncommanded movement of
      the hydraulic cylinder and moves the bypass driving member and the
      unjammed slide in the opposite direction to the direction in which the jam
      occurred to correct the positioning of the tandem hydraulic cylinder.
      Since the jammed slide cannot move, portions of the associated caged
      spring cartridge are compressed to allow relative movement between the
      jammed slide and the bypass driving member. This relative movement opens
      porting between the jammed slide and the bypass driving member to place
      the jammed half of the valve and its controlled half of the actuator in a
      bypass condition. The other slide is not affected and remains in control
      of the hydraulic cylinder no matter what the position of the jammed slide.
PAR  The present valve gives an aircraft designer the option of using fewer
      independent control systems since it remains operative with up to full
      authority even in the event of a jammed condition. This, of course, is not
      the case with the fourth type prior art tandem valve discussed heretofore
      which places the cylinder in hydraulic lock. The present valve has the
      advantage over the dual concentric slide valve (first type prior art
      valve) in that when a jam occurs, only one system of the tandem actuator
      is in a full bypass condition and the second system is still available to
      control the control surface at full or reduced capacity depending upon the
      piston area. Also, the present valve is advantageous over the first and
      second prior art types because if a hardover jam occurs, both halves of
      the tandem cylinder are not in a bypass condition therefore, one system
      maintains control of the surface no matter where the jam occurs. As for
      the third type prior art valve, the present invention is advantageous
      because it is fail operative, maintaining control of the surface even
      though a jam has occurred and thus it can be used in aircraft not having
      multiple segmented control surfaces, the third and fourth type prior art
      valves being limited to such installations.
PAR  It is therefore an object of the present invention to provide a dual
      control valve which can operate a tandem hydraulic cylinder up to its full
      capacity when a jammed condition exists in the valve.
PAR  Another object of the present invention is to provide jammed valve
      protection meeting FAA's special conditions for airbuses within the
      diameter of standard valve configurations.
PAR  Another object is to provide jam protection in a control valve without
      using electronics and exposed caged spring cartridges.
PAR  Another object is to provide a control valve having jammed slide protection
      in which a jam is detectable no matter what the position of the slide when
      the jam occurred including no and full flow positions.
PAR  Another object is to provide a flow control valve which cannot produce
      runaway of a flight control to an adverse position due to one jam therein.
PAR  Another object is to provide a jam operative, split tandem valve whose
      bypass driver and slide operation can be quickly and economically checked
      by maintenance personnel.
PAR  These and other objects and advantages of the present invention will become
      apparent after considering the following detailed specification which
      covers a preferred embodiment thereof in conjunction with the accompanying
      drawings wherein:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic representation of a hydraulic actuator assembly
      including the fail operative split tandem valve of the present invention;
PAR  FIG. 2 is a cross-sectional view of the present valve with the jam
      occurring during a hardover, extend input signal thereto;
PAR  FIG. 3 is a view similar to FIGS. 1 and 2 with one slide of the valve
      jammed hardover to extend, the input returned to neutral, the jammed
      system in a bypass condition and the unjammed system controlling the
      tandem hydraulic cylinder; and
PAR  FIG. 4 is a view similar to FIGS. 1, 2 and 3 with one slide jammed hardover
      to extend, the input to the valve at retract, the jammed system in a
      bypass condition and the unjammed system controlling.
DETD
PAC  DESCRIPTION OF THE PRESENT EMBODIMENT
PAR  Referring to the drawings more particularly by reference numbers, number 10
      in FIG. 1 refers to a hydraulic actuator assembly for use as a control
      surface actuator on an aircraft. The assembly 10 includes a dual hydraulic
      actuator 12 whose output arm 14 provides the driving connection to the
      aircraft control surface (not shown) to move it. Also included in the
      assembly 10 is a fail operative split tandem valve 16 constructed
      according to the present invention. The control valve 16 controls the flow
      of hydraulic fluid from one or more hydraulic systems 18 and 20 which
      supply pressurized fluid thereto through pressure lines 22 and 24 and
      which receive hydraulic fluid therefrom by return lines 26 and 28
      respectively. The pressure lines usually include check valves 29 which
      prevent fluid from returning therethrough. The hydraulic systems 18 and 20
      usually include restrictor means which prevent more than a predetermined
      flow to and from the hydraulic actuator assembly 10. This prevents
      excessive hydraulic energy waste when a portion of the fail operative
      split tandem valve 16 is in a bypass condition.
PAR  The valve 16 has two essentially identical portions 30 and 32 which control
      the flow of pressurized hydraulic fluid from the hydraulic systems 18 and
      20 respectively to separate chambers 34 and 36 of the actuator 12. The
      similar portions 30 and 32 of the control valve 16 usually operate in
      parallel to provide hydraulic flow through lines 38 and 40 to chamber 34
      and through lines 42 and 44 to chamber 36. The chambers 34 and 36 have
      pistons 48 and 50, respectively, therein which are connected to drive the
      output arm 14. When the control valve 16 is operating normally so that
      both portions 30 and 32 are working in parallel, the control valve 16
      causes flow toward the actuator 12 in lines 38 and 42 to extend the output
      arm 14 and flow toward the actuator 12 in lines 40 and 44 to retract it.
PAR  The control valve 16 causes the movement of the actuator output arm 14 in
      response to input commands fed to the input arm 52 at the input end 54
      thereof. The input arm 52 is, in fact, a summing link with its opposite
      end 56 being connected to the output arm 14 of the dual hydraulic actuator
      12. At a position therebetween a connection 57 is provided to an input
      drive link 58 whose opposite end is connected to a crank 60 which rotates
      about axis 62.
PAR  As shown in FIG. 2, an input in the direction shown by arrow 64 applied to
      the input end 54 of the input arm 52 moves the input arm 52 to the left,
      thus also moving the input drive link 58 and the crank 60 to the left. A
      second crank 66 is connected at the axis 62 to rotate with the crank 60
      and it extends into the control valve 16 to move the bypass driving member
      68 thereof. The bypass driving member 68 is connected to flow controlling
      valve slides 70 and 72 in the valve 16 through caged spring cartridges 74
      and 76, respectively. Therefore, movement of the bypass driving member 68
      normally causes corresponding movement of the slides 70 and 72 which allow
      flow of hydraulic fluid to the hydraulic actuator 10. In response to the
      flow of hydraulic fluid in the directions shown, the output arm 14 of the
      hydraulic actuator 12 extends and moves the connected control surface in
      the commanded extend direction. The output arm 14 also moves the end 56 of
      the input arm 52 which feeds the position thereof back through the link 58
      which repositions the cranks 60 and 66 so that the bypass driving member
      68 moves the valve slides 70 and 72 back to the neutral positions shown in
      FIG. 1. When the valve slides 70 and 72 are in their neutral or null
      positions, there is no further flow to the actuator 12 and it stays in the
      commanded position. Therefore it can be seen that normally the actuator 12
      will move to and remain at the position commanded by the position of the
      input end 54 of the input arm 50.
PAR  It should be realized that although failure is extremely unlikely, the
      normal failure mode for valves such as valve 16, occurs because of a jam
      between the slide 70 or 72 and the cylinder 78 or 80 in which it slides.
      These jams are normally caused by erosion inside the valve or foreign
      matter transported by the hydraulic fluid which prevents easy sliding
      motion between the slides and the cylinder walls. In the following
      discussion it is assumed that a jam has occurred between the cylinder 78
      and the slide 70 at the position shown in FIG. 2 and one example of how
      the valve 16 copes with such a jam condition is shown. It should be
      realized that whether slide 70 jams in the cylinder 78 or slide 72 jams in
      cylinder 80 and whether the jam occurs anywhere from full extend to full
      retract, the operation of the valve 16 will be similar with the jammed
      slide 70 and 72 ultimately being placed in a bypass condition and the
      other maintaining control of the actuator 12.
PAR  In FIG. 3 the input end 54 of the input arm 52 is shown in a position
      commanding that the output arm 14 of the actuator 12 return to its
      centered location. This returns the bypass driving member 68 to what would
      be its normal null position. However, because of the jam the valve slide
      70 is unable to move with respect to the valve cylinder 78. The spring 82
      of the caged spring cartridge 74 is compressed by the force applied to the
      bypass driving member 68 by the drive linkage, allowing it to be moved
      relative to the valve slide 70. Of course, if the relative movement
      between the bypass driving member 68 and the slide 70 was in the other
      direction, spring 84 of the caged spring cartridge 74 would be the one
      that is compressed. The relative movement between the slide 70 and the
      bypass driving member 68 opens a bypass flow path for the hydraulic fluid
      from the pressure line 22 to the return line 26. This bypass path exists
      because the movement of the bypass driving member 68 with respect to the
      slide 70 opens a passageway 86 which thereafter allows the hydraulic fluid
      to enter from line 22 through the input port 88, a first slide annulus 90,
      another passageway 92 through the slide 70 and an annulus 94 formed in the
      surface of the bypass driving member 68. From there the fluid passes
      through the passageway 86 and a second slide annulus 96 to a return port
      98 which connects to the return line 26. It should be noted that the slide
      annuli 90 and 96 face the ports 88, 98 and 100 and the lines 38 and 40.
      The annuli are wide enough to always connect to the actuator feed lines 38
      and 40 yet are just smaller than the space between the input port 88 and
      the return port 98 or 100 which also connects to the return line 26. This
      is because the annuli 90 and 96 in combination with the ports 88, 98 and
      100 normally perform the valving action of the valve portion 30. The
      annulus 94 along with a second bypass driving member annulus 102, have a
      flange portion 104 formed therebetween which is just wide enough to close
      off the passageway 86. The annuli 94 and 102 are wide enough to assure
      that no matter how much the bypass driving member 68 moves away from its
      normal null position with respect to the slide 70, a flow path exists to
      bypass the jammed slide 70.
PAR  It should be noted that the flow lines 38 and 40 connected to the actuator
      cylinder 34 are also effectively bypassed since each is always in flow
      communication with the slide annuli 90 and 96 respectively. Therefore, the
      piston 48 within the chamber 34 is free to move when driven by the
      pressurized hydraulic fluid fed to chamber 36.
PAR  The hydraulic actuator 12 is, of course, controlled by the right side
      portion 32 of the valve 16 which continues to operate normally. As shown
      in FIG. 3, the valve slide 72 has moved in unison with the bypass driving
      member 68 so that the bypass passageway 106 which is similar to passageway
      86 in portion 30 is sealed by a flange 108 between the two bypass driving
      member annuli 110 and 112 which are similar to the annuli 94 and 102 in
      the left portion 30 of the valve 16. Since the valve portion 32 is in its
      null position, the slide annuli 114 and 116 thereof which correspond to
      the slide annuli 90 and 96 on the left hand portion 30 do not allow
      communication of hydraulic fluid between the pressure line 24 and the
      return line 28, thereby maintaining the piston 50 in a fixed position
      within chamber 36 fixing the position of the output arm 14.
PAR  In FIG. 4 an input has been applied to the input end 54 of the input arm 52
      in the direction shown by the arrow 118 to command a retraction of the
      output arm 14. As FIG. 4 shows, the jammed left-hand portion 30 of the
      valve 16 continues to bypass the chamber 34 while the right-hand portion
      32 applies pressurized fluid from pressure line 24 through the pressure
      port 120 thereof, the slide annulus 114 and the line 44 to the chamber 36
      to retract the arm 14. The opposite side of the chamber 36 is connected by
      line 42, slide annulus 116 and a return port 122 to the return line 28. If
      the output arm 14 was commanded to extend, pressurized fluid would be
      conducted to annulus 116 and the return flow would be conducted by means
      of annulus 114 to the other return port 124 and thereafter to the return
      line 28.
PAR  Since the valve 16 is fail operative, means must be provided to check to
      see if a jam exists within the valve. Although various methods such as
      measuring the hydraulic flow, and inspection of the spring cartridges is
      possible, the most convenient method is to turn off the connected
      hydraulic systems one at a time while exercising the assembly 10. The
      proper operation of the valve 16 can then be determined by observing the
      correspondence between the control surface position and movement with the
      position and movement of the input to the assembly 10.
PAR  Thus there has been shown and described a novel fail operative, split
      tandem valve which fulfills all of the objects and advantages sought
      therefor. Many changes, alterations, modifications and other uses and
      applications of the subject valve will become apparent to those skilled in
      the art after considering this specification and the accompanying
      drawings. All such changes, alterations, modifications and other uses
      which do not depart from the spirit and scope of the invention are deemed
      to be covered by the invention which is limited only by the claims which
      follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fail operative valve for simultaneous valving in two separate systems
      including:
PA1  a valve housing having first and second portions, said first housing
      portion having an inlet for pressurized fluid, at least one outlet for
      fluid return and a pair of ports for feeding the fluid to and from
      actuator means, said second housing portion having an inlet for
      pressurized fluid, at least one outlet for fluid return and a pair of
      ports for feeding the fluid to and from actuator means;
PA1  a first valve slide positioned in said first housing portion adjacent said
      first housing portion inlet, outlet and ports, said first valve slide
      having first and second annular passageways which are the only annular
      passageways therein, said first and second passageways normally valving
      said hydraulic fluid between said first housing portion inlet, outlet and
      ports to operate the actuator means, said first valve slide also having a
      third passageway connected to said first passageway and a fourth
      passageway connected to said second passageway;
PA1  a second valve slide positioned in said second housing portion adjacent
      said second housing portion inlet, outlet and ports, said second valve
      slide having first and second annular passageways which are the only
      annular passageways therein, said first and second passageways normally
      valving said hydraulic fluid between said second housing portion inlet,
      outlet and ports to operate the actuator means, said second valve slide
      also having a third passageway connected to said first passageway and a
      fourth passageway connected to said second passsageway; and
PA1  bypass driver means having a connection for mechanical input commands,
      first preloaded resilient means connected to move said first valve slide
      with said bypass driver means in response to the mechanical input commands
      up to a predetermined force, second preloaded resilient means connected to
      move said second valve slide with said bypass driver means in response to
      the mechanical input commands up to a predetermined force, a first pair of
      passageways positioned to complete a bypass flow channel between said
      first valve slide third and fourth passageways when the predetermined
      force is exceeded and said bypass driver means are moved by said
      mechanical input with respect to said first valve slide, and a second pair
      of passageways positioned to complete a bypass flow channel between said
      second valve slide third and fourth passageways when the predetermined
      force is exceeded and said bypass driver means are moved by said
      mechanical input with respect to said second valve slide, said first and
      second passageways of said first and second valve slides being positioned
      to always be in communication with said pair of ports for feeding fluid to
      and from the actuator means so a jam of one of said valve slides to said
      valve housing cannot produce hydraulic lock of the actuator means and said
      first and second valve slides having concentric inner and outer
      cylindrical surfaces, said first and second passageways thereof being
      annular channels in said outer cylindrical surfaces and said bypass
      driving means being positioned in contact with said inner cylindrical
      surfaces, said bypass driver means having at least one cylindrical outer
      surface, said first pair of passageways of said bypass driving means being
      annular channels in said cylindrical outer surface thereof, said fourth
      passageways of said first and second valve slides being positioned to
      always be in communication with said pairs of passageways in said bypass
      driving means and said third passageways of said first and second valve
      slides being positioned to be in communication with said pair of
      passageways in said bypass driving means only when the preload of said
      respective preloaded resilient means is exceeded.
NUM  2.
PAR  2. The valve defined in claim 1 wherein said first and second preloaded
      resilient means are caged spring cartridges.
NUM  3.
PAR  3. The valve defined in claim 1 wherein said valve housing has two outlets,
      said first and second passageways of said first and second valve slides
      are positioned with respect to said inlet and said outlets so that three
      conditions of flow are possible depending upon the position of said
      slides, a first with said inlets in communication with said first
      passageways of said slides and the outlets in communication with said
      second passageways of said slides, and a second with said inlets in
      communication with said second passageways of said slides and the outlets
      in communication with said first passageways of said slides, and a third
      preventing flow at said inlets and outlets.
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ABST
PAL  A manually controlled hand-held air inflator adaptor for use with an air
      compressor is disclosed which is suitable for molding as a single element
      and which includes an inlet port and passageway, and discharge and bleed
      ports and passageways in fluid-flow communication with said inlet port and
      passageway. The discharge port includes means for attachment to an
      inflator stem or the like, or the adaptor may be used without the inflator
      stem, such as for cleaning, etc.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to devices for inflating air inflatable objects and,
      more particularly, to a manually controlled hand-held air inflator adaptor
      for use with air compressors.
PAR  Equipment to inflate air inflatable objects, while existing for many years,
      has become more important within the past several years, especially for
      the consumer. For example, athletic devices such as basketballs,
      footballs, soccer balls, etc.; bicycle tires; air mattresses, toys and
      many other similar inflatable objects, are purchased in a deflated state
      and require inflation by the consumer. It is also becoming common for
      consumers to have sources of pressurized air, such as compressors. The
      adaptor of this invention is constructed for use with such a source of
      pressurized air for the purpose of inflating these typical consumer
      oriented products safely and with minimal risk of over inflation even by
      inexperienced users. In addition, the adaptor of this invention is
      constructed for such general use as a blow gun in maintenance, cleaning
      and dusting work. It is desirable that the adaptor be safe, inexpensive
      and easy to use.
PAR  Accordingly, it is an object of this invention to provide an air inflator
      adaptor of the character described which is inexpensive to manufacture and
      which may be held and safely controlled and operated with one hand.
PAR  Additional objects and advantages of the invention will be set forth in
      part in the description which follows, and in part will be obvious from
      the description, or may be learned by the practice of the invention. The
      objects and advantages of the invention may be realized and obtained by
      means of the instrumentalities and combinations particularly pointed out
      in the appended claims.
PAC  BRIEF DESCRIPTION
PAR  To achieve the foregoing objects and in accordance with the purpose of the
      invention, as embodied and broadly described herein, the manually
      controlled air inflator adaptor of this invention comprises a body having
      an inlet port, a discharge port and a bleed port, passageway means
      providing fluid-flow communication between the inlet port and each of the
      bleed port and discharge port.
PAR  Preferably the adaptor includes means at the discharge port to releasably
      receive a stem, or pin, for insertion in an inflatable object, the pin
      having a passageway in fluid-flow communication with the discharge
      passageway when the pin is received by the releasable means. Furthermore,
      it is preferred that the inlet port includes means for releasably
      receiving means connected to a source of pressurized fluid.
PAR  The bleed port is normally opened and prevents delivery of more than
      nominal pressure to the discharge port. However, when the bleed port is
      covered, requiring a deliberate but simple manual action, substantially
      all the pressurized air entering the inlet port is delivered to the
      discharge port and is available for work.
PAR  It is also preferred that the adaptor body be a one-piece molded plastic,
      e.g. thermoplastic, housing with tapered passageways to facilitate
      molding. However, it will be appreciated that this body can be cast of
      metal or can be constructed of more than one piece or with other than
      tapered passageways.
PAR  The invention consists in the novel parts, constructions, arrangements,
      combinations and improvements shown and described. The accompanying
      drawings, which are incorporated in and constitute a part of the
      specification illustrate one embodiment of the invention and, together
      with the description, serve to explain the principles of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Of the drawings:
PAR  FIG. 1 is a perspective view of a manually controlled air inflator adaptor
      formed in accordance with this invention and shown in its operation
      position;
PAR  FIG. 2 is a side elevational view of the adaptor of FIG. 1;
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 2; and
PAR  FIG. 4 is a view showing air inflators adapted for use with the adaptor of
      the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  Reference will now be made in detail to the present preferred embodiment of
      the invention, an example of which is illustrated in the accompanying
      drawings.
PAR  In accordance with the invention, a manually controlled hand-held inflator
      adaptor is provided which is suitable for use in inflating many different
      types of air inflatable devices. As here embodied, the adaptor, generally
      indicated at 10, comprises a body 12 having an inlet port 14 formed in an
      extension 15, a bleed port 16 and a discharge port 18.
PAR  The adaptor body 12 also includes passageways providing fluid-flow
      communication between the inlet port 14 and the bleed and discharge ports
      16, 18. Thus, an inlet passageway 22 formed by a tapered bore extending
      from inlet port 14, intersects another tapered bore forming a bleed
      passageway 19 and a discharge passageway 20. As shown, the bleed
      passageway 19 terminates in bleed port 16 while discharge passageway
      terminates in discharge port 18.
PAR  The extension 15 is formed with means, such as external threads 24, to
      permit releasable attachment to a source of pressurized fluid. FIG. 1
      illustrates a pressurized fluid line 26 having a female coupling 28 on its
      end for attachment to the adaptor 10. The pressurized fluid line 26 is
      connected at its other end to any suitable source of pressurized fluid,
      such as an air compressor (not shown).
PAR  The discharge port 18 is provided with means such as a threaded socket 25,
      to releasably receive an inflator which communicates with the interior of
      the object to be inflated. For inflating athletic balls such as
      basketballs, volley balls, soccer balls, etc. it is conventional to use an
      inflator such as shown at 30 in FIG. 4. This inflator 30 comprises a stem
      29 having an enlarged, externally threaded end 31 and a passageway running
      therethrough. For tires, an inflator 33 (FIG. 4) generally includes a
      valved chuck 35 having a threaded end 38 and is cooperably engageable with
      a stem provided on the tires. With toys, an inflator 41 having a tapered
      stem 43 having a threaded end 45 may be used. In all cases, the threaded
      end of the inflator is fitted into the threaded socket 25 in the inflator
      adaptor 10, while the other end of the inflator is fitted into or onto the
      device to be inflated.
PAR  For purposes of implicity of description in the specification and claims
      the term "stem" is used in a general sense to encompass various devices
      which are used with inflatable objects to provide the fluid-flow
      connection between adaptor 10 and the interior of the inflatable object.
PAR  As here embodied, the inflator adaptor body 12 is formed of a single piece
      and designed to be easily molded of a suitable thermoplastic material such
      as Nylon. The body 12 is molded with a pistol grip shape to allow
      comfortable holding of the adaptor 10 in one hand in such a manner that
      the user's thumb may be easily placed adjacent a flat surface 34
      immediately adjacent to the bleed port 16, while a curved recess 36
      opposite the surface 34 is shaped to receive one or more of the user's
      fingers in comfortable fashion. To facilitate molding the entire adaptor
      body 12 as a single piece, the passageway 19, 20 and the passageway 22 are
      tapered as shown in FIG. 3 and are formed by cores in the molds which are
      easily pulled because of the taper.
PAR  The passageway 22 has a relatively small degree of taper, generally
      sufficient to enable pulling of the mold core during formation of the body
      12. On the other hand, passageway 19, 20 may have a somewhat greater
      taper, with the smallest cross-section adjacent bleed port 16. With this
      construction, bleed port 16 can be manually covered and closed with little
      difficulty even when full air pressure is being supplied to the adaptor
      10. However, bleed port 16 should have a sufficiently large cross-section
      to allow sufficient air bleed therethrough when the port is open, so that
      only nominal air pressure can be delivered through discharge port 18 when
      bleed port 16 is open. This serves to closely control delivery pressure
      through port 18 and thereby prevent dangerous over inflation of any device
      with which the present invention is used.
PAR  If desired, a flexible flap 37 constructed of, for example, Vinyl, is
      mounted on extension 15 and is disposed to be engaged by the user's thumb
      for covering bleed port 16.
PAR  In use, the adaptor 10 is quickly and easily attached to a source of
      pressurized fluid, such as an air compressor line 26, by threading the
      compressor coupling 28 onto threads 24. Depending upon the object to be
      inflated, the desired stem is releasably inserted in the discharge outlet
      18, such as by threadably engaging it with the threaded socket 25. The
      adaptor 10 is now ready for use.
PAR  Assuming that an athletic ball 32 is being inflated, the stem 29 of
      inflator 30 is inserted into a self-sealing valve normally provided in the
      ball and the compressor is actuated. Air enters the adaptor inlet port 14
      and passes through the passageway 22. If the air pressure within the ball
      32 is greater than atmospheric pressure, the air will flow through the
      passageway 20 toward and out through the bleed port 16, provided nothing
      obstructs the bleed port 16. Little or no air will discharge through port
      18. In order to inflate the ball, the user, exercising a deliberate act,
      places his thumb directly over the bleed port 16, or presses the flap 37
      to cover port 16, if a flap is provided, thereby forcing the air to flow
      through the discharge port 18, the stem 30 and into the ball 32. By
      selectively covering, uncovering or partially covering the bleed port 16,
      the user can easily control the extent to which the ball 32 is inflated.
      As soon as the ball is fully inflated the user merely removes his thumb
      from the bleed port 16, and since the pressure within the ball is greater
      than atmospheric pressure, the air entering the passageway 22 will flow
      out through the bleed port 16. The adaptor 10 is then retracted from the
      ball effecting removal of the stem 29 from the self-sealing valve.
PAR  As can be seen from the structure illustrated in the drawing and the above
      description, this invention provides a manually controlled hand-held
      inflator adaptor which is inexpensive to manufacture, easy to use and
      which is small and comfortably held in one hand. Furthermore, this adaptor
      prevents overinflation of toys, balls, etc., especially by children, in
      that it requires a deliberate action, i.e., covering a bleed hole, in
      order for inflation to occur. This renders the device considerably safe in
      use and renders it inoperative when the user's hand is not in place
      thereon.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A manual, hand-held air inflator adaptor comprising a one-piece molded
      plastic body having an inlet port, a bleed port, and a discharge port; a
      flat external surface encompassing said bleed port; said inlet port and
      said discharge port being substantially equal in cross sectional area, and
      said bleed port being substantially smaller than said discharge port in
      cross sectional area; a first passageway extending longitudinally through
      said body from said bleed port to said discharge port, said first
      passageway being tapered so as to form a smooth-walled surface increasing
      in cross sectional size from said bleed port to said discharge port to
      cause the total force exerted by compressed air within said body to be
      substantially larger at said discharge port than it is at said bleed port;
      second passageway means extending internally of said body from said inlet
      port to said first passageway means to allow a normal flow of air from
      said inlet port into said second passageway and through said discharge
      port when the pressure externally of said discharge port is lower than
      that at said inlet port; said flexible closure means mounted externally on
      said body, said closure means including a planar sealing portion
      positioned adjacent said bleed port for pivotal movement by an operator
      into sealing engagement with said flat surface about said bleed port to
      cause the full pressure of compressed air at said inlet port to be applied
      to said discharge port.
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ABST
PAL  A metering apparatus for liquids containing granular solids, in particular
      lapping liquid. The stream of liquid issuing from the feed pipe is
      conveyed with a wide area against a substantially vertical wall, to run
      down thereon in the form of a thin film of uniform thickness. The
      collecting pipe is arranged on the side of the wall which is remote from
      the liquid film. The wall has an orifice therethrough in its lower zone
      for the free end of the collecting pipe which extends obliquely upwardly.
      The collecting opening has a cross section which widens with progressive
      movement of the collecting pipe through the orifice.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a metering apparatus for liquids containing
      granular solids, in particular lapping liquid, wherein the metering of the
      liquid is effected by a collecting pipe adjustable transversely of a
      stream of liquid issuing from a feed pipe, the collecting pipe having its
      collecting opening disposed transversely of the stream of liquid immersed
      in this stream to a greater or lesser degree.
PAC  BACKGROUND OF THE INVENTION
PAR  In a known metering apparatus of this kind for lapping medium, the desired
      amount of liquid is withdrawn from a stream of liquid flowing in laminar
      form in a free jet by the collecting pipe having its collecting opening
      immersed in the stream of liquid to a predetermined depth. Since, however,
      this immersion is effected from the outer boundary of the stream of liquid
      and this outer boundary may shift during such withdrawal as a result of
      possible variations in the state of flow of the liquid, this method does
      not enable the adjusted metering to be maintained.
PAR  Metering devices are also known in which the metering is effected via a
      throttling element which is installed in the feed line and which must be
      adjusted at any given time to the quantity to be metered and to the
      consistency of the lapping medium. The lapping powder, however, produces
      an erosion at the narrow parts of the throttling element, which alters the
      adjustment thereof and, moreover, renders exchange of the throttling
      element necessary after a certain time. Furthermore, throttling elements
      have a tendency to become blocked, depending upon the size of the grains
      of the lapping powder employed, which necessitates a costly device for
      keeping the bores of the throttling elements clear.
PAR  The problem underlying the invention is to provide a metering apparatus of
      the kind mentioned at the beginning which renders possible accurate and
      reliable, as well as trouble-free, metering of liquids containing granular
      solids, in particular lapping liquid.
PAR  According to the invention, this is achieved in that the stream of liquid
      issuing from the feed pipe is conveyed with a wide area against a
      substantially vertical wall, to run down thereon in the form of a thin
      film of uniform thickness, the collecting pipe is arranged essentially on
      that side of the wall which is remote from the liquid film, the wall has a
      through orifice in its lower zone for the free end extending obliquely
      upwards of the collecting pipe, and the collecting opening has a
      cross-section which widens with progressive movement of the collecting
      pipe into the through orifice.
PAR  Since the liquid is conveyed with a wide area on to the vertical wall, a
      uniform distribution of the liquid in the form of a thin liquid film takes
      place at this wall. The thickness of this liquid film is scarcely subject
      to variation. The collecting opening of the collecting pipe "cuts out" of
      the liquid film a strip whose width is dependent upon that cross-section
      of the collecting opening which is located at any given time in the region
      of the wall. In this way, a very simple and trouble-free metering
      apparatus is created which enables accurate metering of the liquid, in
      particular a lapping liquid.
PAR  There has been found to be particularly advantageous a metering apparatus
      wherein the wall is formed by a cylindrical casing with a vertical axis
      into which the coaxially arranged feed pipe extends from above, the lower
      end of the feed pipe being arranged at a distance from a horizontal
      coaxial impingement plate by which the liquid is conveyed radially
      outwards against the inner face of the cylindrical casing. By means of the
      impingement plate, the stream of liquid is converted into an
      umbrella-shaped curtain of liquid and deflected radially outwards. The
      curtain of liquid striking against the inner face of the cylindrical
      casing forms thereon a thin liquid film of uniform thickness.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is described more fully hereinafter with reference to
      embodiments illustrated in the drawings. In these drawings:
PAR  FIG. 1 is an axial section through a first embodiment;
PAR  FIG. 2 is a radial section on the line II--II in FIG. 1;
PAR  FIG. 3 is a partial axial section through a second embodiment;
PAR  FIG. 4 is a section on the line IV--IV in FIG. 3;
PAR  FIG. 5 shows another embodiment.
DETD
PAC  DETAILED DESCRIPTION
PAR  Lapping liquid is delivered from a supply tank 10 through piping 1 into a
      vertical feed pipe 1a. This feed pipe 1a is surrounded concentrically by a
      cylindrical casing 3. Arranged at a distance from the lower end 1b of the
      feed pipe 1a is a horizontal impingement plate 4. The distance A between
      the lower end 1b of the feed pipe 1a and the impingement plate 4 is
      advantageously adjustable. Moreover, the impingement plate 4 consists with
      advantage of material which is resistant to erosion by lapping medium,
      such as, for example, polytetrafluoroethylene, which is known under the
      trade mark "Teflon". Since even such material is subject to erosion after
      lengthy use, the impingement plate should be exchangeable.
PAR  To this end, the impingement plate 4 is arranged on the head of a bolt 11.
      By screwing this bolt 11 out of the holder 5 and replacing the bolt by a
      bolt with a new impingement plate, rapid exchange is possible.
PAR  Beyond the outer periphery of the cylindrical casing 3 a plurality of
      collecting pipes 7 uniformly distributed at the periphery are
      advantageously provided and in the embodiment shown there are four of
      these pipes. These collecting pipes can be shifted axially by means of an
      adjusting device 6. Each of them has a collecting opening 7a. A through
      orifice 12 is provided in the cylindrical casing 3 for each of the
      collecting pipes. The free end of a collecting pipe also extends into the
      through orifice 12 shown on the left in FIG. 1, but the collecting pipe is
      not shown for reasons of clarity, and the piping 1 is shown displaced by a
      few degrees.
PAR  As can be seen from FIG. 2, the collecting opening 7a has a cross-section
      which widens with progressive movement of the collecting pipe 7 into the
      through orifice 12. In the embodiment shown, the collecting pipe 7 has a
      circular cross-section and the collecting opening 7a has an elliptical
      cross-section which is formed by cutting the pipe off obliquely. If
      necessary, however, the collecting pipe or at least the end thereof could
      have a different cross-section, for example a triangular cross-section.
PAR  The new metering apparatus operates in the following manner:
PAR  The stream of liquid issuing from the feed pipe 1a strikes against the
      impingement plate 4 and is converted by it into an umbrella-shaped curtain
      of liquid which is symmetrical with respect to the impingement plate and
      has a radial direction of flow. This curtain of liquid strikes against the
      inner face of the cylindrical casing and runs down it in the form of a
      continuous thin liquid film of uniform thickness.
PAR  The thickness of this liquid film is only a few hundredths of a millimeter.
      This liquid film also continues in the region of the through orifices 12
      and, in designing the through orifices, it is necessary to take care that
      they do not have too large a cross-section and are also so formed at their
      edges that the liquid film is not interrupted. As can be seen in
      particular from FIG. 2, which shows the collecting pipes in two different
      positions, the collecting opening "cuts out" of the liquid film a strip
      whose width B1 and B2, respectively, is dependent upon the particular
      position of the collecting pipe. The amount of liquid picked up by the
      collecting pipe is consequently clearly defined by the thickness of the
      liquid film times the width B1 or B2 which is determined by the
      cross-section of the collecting opening located at any given time in the
      region of the cylindrical casing 3. The liquid picked up by the collecting
      pipes is then supplied to the treating or working station via the piping
      8. The amounts of liquid picked up by the four collecting pipes may be
      supplied to four different treating stations, but it is also conceivable
      to introduce the amounts of liquid picked up by the four collecting pipes
      into a common conduit and supply them to the treating station. This
      arrangement would have the advantage that even slight variations in the
      thickness of the film which might occur in certain circumstances at the
      inner face of the cylindrical casing are completely compensated. The
      liquid not picked up by the collecting pipes is collected by the
      collecting receptacle 2 and flows back through the pipe 9 into the supply
      tank 10.
PAR  The extent of the curtain of liquid deflected by the impingement plate 4 is
      dependent upon the velocity of impact and the pressure of the liquid
      flowing out of the feed pipe 1a. It must always be of such a size that the
      cylindrical casing 3 is wetted above the through orifices 12. The pressure
      and the flow velocity of the liquid are dependent, however, on its
      viscosity, the delivery pressure of the pump and the distance A between
      the lower end 1b of the pipe and the impingement plate 4. By shifting the
      feed pipe 1a and, if necessary, also the impingement plate 4 axially, the
      height of the free stream of liquid can be varied and the metering
      apparatus be thereby adapted to the various working conditions.
PAR  The flow of liquid to the treating or working station must often be
      interrupted suddenly, for example when a workpiece is changed. For this
      purpose, the pump could be turned off, but this would have the
      disadvantage of liquid continuing to flow or drip and reaching the
      treating station immediately on recommencement of the work. For this
      reason, it is advantageous that the feed pipe 1a be arranged to be swung
      away parallel to itself out of the range of the impingement plate 4, in
      accordance with the embodiment shown in FIGS. 3 and 4. To this end, a slot
      15a of radius R is provided in the cover 15 which closes the cylindrical
      casing 3 at the top. Mounted on the pipe 1 for rotation about a vertical
      axis is a swing lever 13, the end 13a of which embraces the feed pipe 1a
      in the form of a fork. The swing lever is forced by means of a spring 16
      against a stop 17. This stop serves to fix the coaxial position of the
      feed pipe 1a and the impingement plate 4. It may itself also be
      adjustable. Arranged in the stop is a piston 19 which can be shifted
      pneumatically or hydraulically when the flow of liquid is to be
      interrupted. On shifting of the piston in the direction B, the feed pipe
      is swung away out of the range of the impingement plate 4 and the liquid
      can consequently flow off downwardly unimpeded directly into the
      collecting receptacle 2.
PAR  FIG. 5 shows another embodiment in which a broad-band nozzle 18 of
      rectangular cross-section is provided at the end of the feed pipe 1a. The
      lower end 18a of the broad-band nozzle is arranged at a distance A from a
      horizontal rectangular impingement plate 4', by which the liquid is
      directed outwardly perpendicularly to the longitudinal sides of the nozzle
      and the impingement plate against two plane and vertical walls 3' arranged
      on both sides of the impingement plate at a distance therefrom. A
      plurality of through orifices 12' through which the collecting pipes 7'
      extend are provided side by side in the walls 3'. The mode of operation is
      basically the same as that of the embodiment according to FIGS. 1 and 2.
CLMS
STM  We claim:
NUM  1.
PAR  1. A metering apparatus for liquids containing granular solids, in
      particular lapping liquid, comprising: a collecting pipe adjustable
      transversely of a stream of liquid issuing from a feed pipe for the
      metering of the liquid, said collecting pipe having its collecting opening
      disposed transversely of the stream of liquid and immersed therein,
      converting means for converting said stream of liquid issuing from said
      feed pipe over a wide area against a substantially vertical wall to run
      down thereon in the form of a thin film of uniform thickness, said
      collecting pipe being arranged essentially on a side of the wall which is
      remote from said liquid film, said wall having a through orifice therein
      in its lower zone for receiving a free end of said collecting pipe
      therein, said free end extending upward of said collecting pipe, said
      collecting opening having a cross-section which widens with progressive
      movement of said collecting pipe into said through orifice.
NUM  2.
PAR  2. A metering apparatus according to claim 1, wherein said collecting pipe
      has a circular cross-section and said collecting opening has an elliptical
      cross-section which is formed by cutting the pipe off obliquely at said
      free end thereof.
NUM  3.
PAR  3. A metering apparatus according to claim 1 including adjusting means for
      adjusting said collecting pipe in the direction of its axis.
NUM  4.
PAR  4. A metering apparatus according to claim 1, wherein said wall is formed
      by a cylindrical casing having a vertical axis and coaxially receiving
      said feed pipe from above, the lower end of said feed pipe being arranged
      at a distance (A) from a horizontal coaxial impingement plate defining
      said converting means, said impingement plate causing said liquid to be
      conveyed radially outward against the inner face of said cylindrical
      casing.
NUM  5.
PAR  5. A metering apparatus according to claim 4, including variable means for
      varying said distance (A) between the lower end of said feed pipe and said
      impingement plate.
NUM  6.
PAR  6. A metering apparatus according to claim 4, including a plurality of
      collecting pipes uniformly distributed at the outer periphery of said
      cylindrical casing, said collecting pipes extending through corresponding
      through orifices in said cylindrical wall.
NUM  7.
PAR  7. A metering apparatus according to claim 4, wherein said impingement
      plate is exchangeable by being arranged on the head of a bolt.
NUM  8.
PAR  8. A metering apparatus according to claim 4, wherein said impingement
      plate consists of polytetrafluoroethylene.
NUM  9.
PAR  9. A metering apparatus according to claim 4, wherein said feed pipe
      includes means for laterally swinging said feed pipe out of the range of
      said impingement plate.
NUM  10.
PAR  10. A metering apparatus according to claim 9, wherein said feed pipe is
      embraced by a free end of a swing lever rotatable about a vertical axis, a
      stop for said swing lever being provided for fixing the coaxial position
      of said feed pipe and said impingement plate.
NUM  11.
PAR  11. A metering apparatus according to claim 1, wherein a broad-band nozzle
      of rectangular cross-section is provided at the end of said feed pipe, the
      lower end of said nozzle being arranged at a distance (A) from a
      horizontal rectangular impingement plate defining said converting means,
      said impingement plate causing the liquid to be directed outwardly
      perpendicularly to the longitudinal sides of said nozzle and the
      longitudinal sides of said impingement plate against two plane and
      vertical walls arranged on both sides of said impingement plate at a
      distance therefrom, a plurality of through orifices being provided side by
      side in said walls.
PATN
WKU  039331792
SRC  5
APN  4438310
APT  1
ART  341
APD  19740227
TTL  Water and concentrate supply valves for proportioning mixer-dispenser
ISD  19760120
NCL  10
ECL  1
EXP  Nilson; Robert G.
NDR  2
NFG  9
INVT
NAM  Hechler, IV; Valentine
STR  26 Meadow View
CTY  Northfield
STA  IL
ZIP  60093
CLAS
OCL  137635
XCL  137604
XCL  239310
XCL  239414
EDF  2
ICL  F16K 1900
FSC  137
FSS  607;604;635
FSC  239
FSS  414;415;310;317;318
UREF
PNO  1940268
ISD  19331200
NAM  Peterson
OCL  239415
UREF
PNO  2568444
ISD  19510900
NAM  Giuliano
OCL  137635
UREF
PNO  3167090
ISD  19650100
NAM  Booth et al.
OCL  137604
UREF
PNO  3698644
ISD  19721000
NAM  Nystuen
OCL  239318
LREP
FR2  Harbaugh; Watson D.
ABST
PAL  A portable mixing-dispensing device having a manual flow control valve
      means between a ventable flow control chamber and a solution-proportioning
      chamber, and a manual feed valve between the proportioning device and a
      source of concentrate supplied at a negative gauge pressure, same
      including means to selectively coordinate the operation of the valves. The
      feed valve serves also as an anti-backflow check valve for the concentrate
      supplied under a negative gauge pressure as well as maintaining the prime
      thereof without dilution when concentrate is not being supplied to the
      mixing chamber. A translucent concentrate supply tube readily visible from
      above the mixing chamber serves as a visual check as to the prime of the
      concentrate.
BSUM
PAC  CROSS-REFERENCE
PAR  Hechler, Ser. No. 418,899 filed Nov. 26, 1973 now U.S. Pat. No. 3,862,640.
PAR  Hechler, Ser. No. 333,309 filed Feb. 16, 1973, now abandoned.
PAC  BACKGROUND OF INVENTION:
PAR  In providing an anti-back-siphoning apparatus between a municipal water
      supply outlet and a solution mixing and dispensing device as described in
      the Hechler application, a manual flow control valve is provided between a
      plurality of chambers in tandem, one housing anti-backflow valves and
      vents and the other a proportioning-mixing device. The valve manually cuts
      off water supply and backflow of mixture while the vent valves
      automatically vent to atmospheric pressure when the water pressure drops
      to a critical low positive gauge pressure. Furthermore, since the mixture
      discharge orifice is continuously open to atmosphere, the venting should
      not only stop backflow contamination, but close backflow check valves at
      the water and concentrate inlets to the mixing device to prevent flow in
      either direction independently or any applied negative gauge pressure that
      remains on the concentrate that may be induced by gravity. Mixture still
      in the device can backflow and dilute the concentrate under the slight
      negative gauge pressure induced by gravity. Accordingly, means are desired
      to also prevent possible dilution and occasional loss of prime of the
      concentrate. Predominately, however, there are many occasions when it is
      repeatedly desirable to immediately alter operation and dispense pure
      water selectively as a wash between applications of the solution, or,
      apply a solution after a wash.
PAR  Furthermore, different chemicals may be dispensed through the device which
      are not compatible with the valve seals previously used and these should
      be capable of being readily flushed and changed.
PAC  SUMMARY OF PRESENT INVENTION:
PAR  Although the present invention can be used without a nozzle for soft flow,
      or with a nozzle for a hard stream discharge, it is mobile and rendered
      capable of selectively discharging plain water, or a wide variety of
      chemical solutions, in any desired pattern and orientation. It is
      illustrated with a nozzle, and not only includes cut-off valves that are
      activated while there is still an outflow of water under pressure that
      prevents contamination of a municipal water supply system, but also vent
      valves that open to atmosphere before the pressure drops to zero gauge
      pressure which might develop due to a break or vacuum occurring in the
      municipal water supply system.
PAR  The outlet from a water chamber to a mixing chamber to a mixing chamber is
      controlled preferably by a two-step, manually-opened, pilot and main valve
      assembly which opens sequentially and then become united by the Bernoulli
      effect when opened to thereby provide an unrestricted full flow condition.
      They close as a single valve with a snap action. The self-closing is
      rendered manually inoperative when the water chamber is vented to
      atmosphere and the inflow cut-off valve is closed. The invention embodies
      a concentrate supply valve that is selectively actuatable simultaneously
      with the manual flow control valve which when closed prevents a mixing
      operation, and also prevents backflow of mixture or concentrate as well as
      drip at the nozzle when the device is idle. Preferably, a small auxiliary
      chamber of concentrate is provided at the inlet of the proportioning mixer
      to provide a volume of concentrate for immediate supply and from which
      concentrate backflow may occur before a dilution becomes a danger if there
      is slight delay in manually closing the concentrate valve as upon the rare
      occasion when the main valve might be held open for a moment after the
      anti-backflow water system is actuated automatically while dispensing a
      solution.
PAR  On the other hand, a backflow of the concentrate when manually opening the
      concentrate valve alone, or a disconnection of the concentrate supply tube
      will permit a rapid emptying of the auxiliary chamber for a flush-out.
      Then when empty, the nozzle opening can be obstructed and fresh water
      under pressure can flow back through the parts contacted by concentrate
      and purge them either for use of another chemical or storage. The
      concentrate valve seals are readily replaceable, it being appreciated that
      no elastomeric seal will serve both fertilizers and insecticides without
      deterioration by one of them. Otherwise, the concentrate lift height, and
      consequently the backflow effort of the concentrate, is negligible within
      ounces and substantially constant because it is aspirated only a short
      height directly to the jet pump concentrate inlet.
PAR  The above advantages are attained and the mixing is substantially free of
      any wide pressure differentials between atmospheric pressure at the nozzle
      outlet and the pressure of the concentrate at the mixer inlet as related
      to gravity. The concentrate eduction conduit is quite large in size and
      flexible to maintain both flow friction and momentary surge effects or
      drop of operational pressure that would occur with repeated decelerating,
      starting and accelerating concentrate flow each time the dipensing
      operation is repeatedly initiated and stopped.
PAR  Also heretofore, a proportioning and mixing with a hoped for constancy of a
      solute supply in a siphon-type sprayer has involved subjecting the solute
      to a deep vacuum and then controlling the flow so that variation in the
      lift height is minimized. However, the degradation of resulting mixture
      ratios is over a wide range, as much as .+-.40%, particularly with
      pressure variations upon the solvent. The pressure efficiency varies 50%
      due to the vacuum created load thereon and metered flow. Industry has
      lived with such a wide inaccuracy as acceptable since no assured greater
      accuracy has been heretofore accomplished, except by direct volumetric
      measuring, mixing and then dispensing.
PAR  In the present invention, as already mentioned, a chamber or gap is
      provided between a solvent jet nozzle and a larger receiving opening
      aligned therewith, both of which are smaller than the gap area; and as
      noted in the Hechler application, the mixing means preferably is a
      two-stage jet pump in which converging walls leading to jet nozzles
      convert pressure on the water to jet flow energy in a direct proportion at
      a predetermined low pressure, approximately zero gauge pressure. The
      resulting jets are directed across gaps having a concentrate flowing to
      them at or just below gauge pressure and into substantially short
      cylindrical pump chambers having a larger flow potential than the nozzle.
      Thus, just beyond the receiving opening the pressure is at the same slight
      pressure drop with little, if any, loss of energy that is conventionally
      required in lifting the solute under conventional deep vacuum conditions.
PAR  The jetting water molecules transfer energy in proportion to their jet
      strength to entrain molecules of the concentrate in the gap and pump
      cylinder in relation to the differential in their relative cross-sectional
      sizes to provide predetermined proportioning ratios. Therefore, the
      relative sizes of the nozzle and receiving opening can determine the ratio
      directly in relation to solvent pressure-rate of flow condition at the gap
      and their overall sizes determine the volume.
PAR  Thereafter, the energy of the mixture is reconverted to a positive pressure
      and the mixture conducted at a pressure to a second stage where it serves
      as the solute. Here, again, the pressure on the solvent is converted to
      jet energy at a pressure present in the second stage gap, the diluted
      solute is entrained and mixed with solvent, and the energy reconverted to
      an output working pressure. The ultimate mixture solution can be
      discharged as a soft flow, or, if a hard flow is desires, the mixture is
      driven at least in the final stage through expanding walls to reconvert
      the jet energy back to pressure for ultimate dispensing through a
      dispensing nozzle having a flow area substantially less than the water
      flow area ahead of the jet pump.
PAR  With greater efficiency a substantially constant dilution ratio can be
      provided with jet pumps in tandem as where the first stage ratio is
      determined and the output of this stage is supplied to the second stage to
      ultimately dispense a highly uniform solution. Such ultimate ratios can be
      maintained rather accurately well within a 10% range over an expected
      municipal water pressure range of 25 to 80 p.s.i.g. Any ratio degradation
      is essentially confined to what may occur in the first stage where the
      most stable ratio can be provided. This is particularly true with the
      location of the concentrate supply level being close to the level of the
      jet pump. The cylindrical pumping chamber is long enough to deliver
      maximum energy exchange, yet short enough to minimize liquid flow skin
      friction along the cylindrical surface. Beyond the pumping cylinders the
      walls diverge slightly enough to reduce potential surface flow friction
      along the expanding walls.
PAR  A further object of the invention is to provide a dual flow control valve
      arrangement in a space having valve chamber which is easy to open
      sequentially as by a pilot valve which substantially equalizes pressures
      on opposite sides of the main valve for it to initially open. The
      diameters of the two valves are approximately the same to establish a
      Bernoulli effect between them whereby the main valve is then drawn quickly
      against the pilot valve to provide a more than wide open single type valve
      effect for full flow with minimum pressure drop and when closing the
      valves close as a unit with a quick action.
PAR  Other and further objects and advantages will appear from the description
      that follows relating to the drawings herein.
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PAC  IN THE DRAWINGS:
PAR  FIG. 1 is a perspective view of the device embodying the invention as
      manipulated in use and operation;
PAR  FIG. 2 is an enlarged perspective view of the device itself in the resting
      fully vented condition and valves in no-flow positions;
PAR  FIG. 3 is a longitudinal cross section on a vertical plane through the
      gun-handle portion of equipment shown in FIG. 2;
PAR  FIG. 4 is a sectional view like FIG. 3 showing the device when manually
      actuated and the valves are disposed ready for full liquid flow;
PAR  FIG. 5 is a section taken on line 5--5 of FIG. 4;
PAR  FIG. 6 is a section taken on line 6--6 in FIG. 4;
PAR  FIG. 7 is a section taken on line 7--7 in FIG. 3;
PAR  FIG. 8 is a section taken on line 8--8 of FIG. 2; and
PAR  FIG. 9 is a downstream view of the back flow check valve assembly.
DETD
PAR  Reference is hereby made to said Hechler patent for the Figs. showing the
      structure and other operative positions of the solvent vent valves.
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT:
PAR  The invention will be described as related to the utilization of municipal
      water pressure as a solvent for selectively disposing either a solvent and
      solute as a proportional solution, or, of solvent alone as a wash, and,
      further contemplates selective interchangeability of elastomeric seals for
      fertilizers or insecticide concentrates as the solute.
PAR  Referring now to the drawings and to the description in said Hechler
      application, reference to which is hereby made:
PAC  VENTING WATER RECEIVING CHAMBER WHILE STILL UNDER PRESSURE
PAR  The representative embodiment is illustrated as a manually controlled
      proportioner-mixer-dispenser gun 10 connected to the outlet of a garden
      hose 12 to utilize municipal water as a source of solvent under a
      municipal water pressure ranging from 15 to 100 p.s.i.g. The gun is
      constructed to safeguard against backflow contamination of the water
      source by any solution remaining undispensed in the device in event the
      water pressure drops below a predetermined low gauge pressure, as
      determined by an automatic self-acting resilient means. The device is
      vented wide open to atmosphere when the pressure drops below approximately
      4 p.s.i.g. well before possible vacuum is effective at the water inlet of
      the device. Thus, until zero p.s.i.g. is reached, backflow is prevented by
      forward flow pressure of fresh water while the device becomes fully vented
      and drained before the time that zero p.s.i.g. water pressure is reached.
      Above 10 p.s.i.g. the device attains and maintains its ready-to-operate
      condition for both constant and an intermittent dispensing, as controlled
      by the manual flow control valve, with or without concentrate as
      controlled by a concentrate valve selectively linked to the manual flow
      control valve.
PAC  GENERAL CONSTRUCTION
PAR  Referring now to FIGS. 1, 2 and 3, a unitary housing 14 is molded of a
      plastic and has an elongated compartment 16 therethrough with internal
      cylindrical walls defining chambers 18 and 20 at opposite ends for ease
      and orientation of assembly. Its inlet end 22 receives a hose adapter for
      securement in sealed relation with an outlet main fitting 24 that is
      conventionally provided on a garden hose 12 and opens into the valve
      chamber 18. The outlet end 26 of the housing is externally threaded with
      an unconventional thread 27 or a castellated keying system to receive only
      an intended unique outlet fitting, such as a nozzle 28, that preferably is
      open continuously for discharge to atmosphere, as at 30, form a jet pump
      unit 32. The chambers 18 and 20 are connected by a flow passageway 34.
      Proximate to its inlet opening 22, the valve chamber housing wall portion
      18 is provided with large longitudinal vent openings 36 bordered by
      reinforcement ribs 38 and an intermediate flange 40 to guide reciprocating
      parts therein. Concentrate supply opening means 42 are provided to the
      pump chamber 20 through that wall portion of the housing.
PAC  VALVE VENTING
PAR  The valve and venting means in chamber 18 is more particularly described in
      said Hechler patent and includes an adapter that internally supports a
      windowed mandrel M having a valve head 44 carrying an O-ring R. Coacting
      therewith is a snorkel valve member 46 that is slidable upon the inner
      edges of the ribs 38, as located upstream of the vent openings 36, and as
      internally sealed by a rolling seal S that seals the upstream side of the
      snorkel from the vent openings.
PAR  Beyond the upper limit of movement of the valve head H, the snorkel 46
      narrows to terminally define a throat 48 which can be of selected size to
      determine the flow capacity of the device. Marginally outward therefrom
      the effective valve area of the snorkel 46 is determined by the shoulder
      at 52 to receive a ring seal 54 fitted thereon, as held in place by a
      spring 56.
PAR  Downstream from the snorkel 46 is disposed a sleeve-type multiple valve
      member 58 defining a shoulder 60 for one valve element, and reciprocably
      mounted in the housing 14, as slidably guided by an external flange 62
      with the upstream end edge 64 coacting as a valve seat with the snorkel
      seal 54 to serve as a vent valve 66. The spring 56 between the seal 54 and
      flange 62 urges separation of the elements of the vent valve 66 at said
      low pressure, as described.
PAR  Downstream of the sleeve valve member 58 the housing 14 is reduced in
      diameter to provide a shoulder 70 facing upstream against which a valve
      member partition 74 rests at the downstream end of the vents 36. The
      partition defines a flat valve seat 76 that is engaged by the shoulder 60,
      as squared by the conical taper 78 and the cone 80 resting therein. A
      compression spring 82 interconnecting the partition 74 and the downstream
      side of the flange 62 on the sleeve 58 urges separation of the sleeve from
      its conical-guided valving contact with the partition member 74 to act as
      a vent valve at 84 and to provide an enlarging second chamber 86 vented
      through the vent opening 36 when these valve members separate.
PAR  Adjacent its downstream end the inner wall of the sleeve valve member 58
      defines an inwardly tapered valve seat and stop 88 (FIG. 4) that coacts
      with the control valve assembly 90 as a valve and a stop concentrically
      therewith in guided relation. The assembly 90 comprises a pilot valve 92
      and a main valve 94 and the taper 88 ends in a cylindrical valve seat or
      port 96 for the main valve 94. V-rings 92V and 94V are mounted to coact in
      sliding relation with respect to the ports of the pilot valve 92 and main
      valve 94. The V-ring 94V on the main valve 94 coacts with the cylindrical
      port 96 on the sleeve when in closed position and the pilot valve 92 is
      threaded onto the enlarged end of the stem 110 to coact with an internal
      cylindrical wall seat 102 in the head of the main valve 94. As later
      described a check valve 104 carries a V-ring 104V that coacts with the
      cylindrical port 100 in the partition 74.
PAR  The valves are constructed and arranged to function as follows: to provide
      a lost motion between the control valve assembly 90 and the sleeve valve
      58; to provide a take-up between the valve assembly and the sleeve valve
      58; to provide lost motion for the main valve 94 to move against the pilot
      valve 92 in the direction of the arrow 13 when open and solvent is flowing
      under pressure to further prevent the pilot valve being actuated by the
      manual control when the chambers are vented; then when the backflow check
      valve closes, to establish the chamber 86 between it and the main valve 94
      which is vented through the vent valve 84.
PAR  More particularly, the pilot valve 92 preferably is an integrated part of
      the stem assembly 110, as secured by threads 111, and limits the venting
      movement of the sleeve valve 58 so that the snorkel 46 can move farther
      and break contact therewith for opening the vent valve 66.
PAR  The check valve 104 is slidable on the stem assembly and is assembled in
      position over the enlarged end of the stem 110 before the pilot valve is
      installed. For this purpose a stop disk 108 has an off-center large hole
      106 that receives the said enlarged end therethrough and is provided with
      a hub 107 that slides along the stem 110 in a close but frictionless
      relation. The hub is radially segmented on the side of the hole 106 to
      provide a member 105 that is slipped like a key into position to hold and
      be held in place by a V-ring 112 after the assembly of the valve on the
      stem.
PAR  The check valve 104 is urged to its closed position by a spring 116
      engaging disk 108 radially inside a reinforcing flange 115. Downstream of
      the check valve 104 a cradle 118 fitted integrally with the stem 110
      supports the other end of the spring 116 whereby it urges the main valve
      and check valve assemblies towards each other and thereby to their closing
      positions to close at least one of the cylindrical ports 96 and 100. If
      adequate water pressure is present proper mixing and main valve 94 is not
      actuated manually the main valve will be closed. With the above condition
      but with the main valve manually held open the check valve 104 will be
      opened by flow. If water pressure is not present that is adequate for
      proper mixing the pilot valve may be opened (FIG. 4) to an extent limited
      by legs 113 on the cradle 118 engaging the partition 74. The water chamber
      is vented and the check valve 104 will be closed.
PAR  The upstream margins of the pilot valve 92 overlap the main valve body 94
      (FIG. 8) with a disk portion 108 to displace the pilot valve stem 110 and
      remove it from possible engagement with the manual actuator 144 when the
      device is fully vented and the check valve 104 is closed in the partition
      member 74.
PAR  The main valve 94 is provided marginally with integrally molded axial
      bosses 120 (FIG. 8) that are diametrically opposite and are radially
      slotted to provide guide arms 122, or tracks, extending axially upstream.
      The arms are longitudinally slotted at 124 over a portion of their length
      so that the remote end thereof serves as a stop 128 (FIG. 3) to engage
      radial ears 126 on the pilot valve and limit the lost motion extension
      between the valves. Stops 129 at the inner end, or on the face of the main
      valve, space the two valves slightly to equalize water pressures on both
      sides of the pilot valve 92 over a major effective area thereof for
      greater ease in opening.
PAC  MANUAL CONTROL
PAR  The inner end 130 of the stem 110 extends in an axial direction through an
      opening 134 in a cross-wall portion 136 having a recess 138 carrying a
      V-ring seal 140 therein which seals the stem as terminally exposed to
      atmosphere in a housing recess 142.
PAR  As disclosed and described in Hechler Ser. No. 333,309, for manual
      actuation of the flow control valve assembly, a push rod 144 with a
      Tshaped head 146 thereof is reciprocably mounted on the housing 14 as
      later described to engage and manually actuate the valve stem portion 130
      where it projects into the recess 142. The front end of the push rod 144
      (FIGS. 1, 2 and 4) is reversely formed to provide a thumb handle 148 which
      transmits valve actuating pressure in a compound direction that also urges
      the rod 144 to slide in the channel 150 (FIG. 5).
PAR  A full flow passage from the solvent flow control and check valve is a
      U-shaped passage 152 around the recess 142 leading to the downstream
      chamber 20 of the compartment 16 which removably receives jet pumps 154
      and 156 operating in tandem within a unitizing shell 158, for ready
      replacement, to handle different chemicals and proportions as terminally
      sealed by seals 160 and held in place by a collar 162 received on the end
      thread on the housing 14 to hold the nozzle 28 at the outlet end 26. The
      space around the jet pump assembly serves as a concentrate holding
      compartment.
PAC  CONCENTRATE SUPPLY
PAR  For the purpose of providing the constancy of the mixture ratio in the
      first stage, a depending stud 164 (FIG. 1) is provided which is
      crosskerfed at 166 and apertured at 168 to receive the fold end of a
      flexible looped hanger strip 170 secured thereto by a grommet 172. The
      strap at its free ends has a snap fastener 174 for receiving and
      supporting a conventional bottle 176 or container of concentrate solution
      depending therefrom close to its handle 178 for minimum lift height of the
      concentrate. The hanger 170 releasably engages the handle 178 of the
      bottle in supporting relationship and a translucent flexible tube 180 of
      fixed length is connected between a dip tube 182 in the bottle 176 and the
      nipple 184 on a valve unit 186 (FIG. 2) leading to the chamber 20 (FIG.
      3).
PAR  As shown in FIG. 1, the assembly may be manipulated by one hand, either
      right or left, with the fingers around the housing 14 as a handle with a
      person's thumb T disposed in place to operate the flow valve push rod 144.
      Thereby, with the garden hose 12, hanger 170 and tube 180 being flexible,
      a person can manipulate, aim and direct the spray 183 in any direction or
      orientation without moving the bottle, and without materially changing the
      lift height other than conventionally to carry it as the operator moves
      from place-to-place.
PAC  CONCENTRATE FLOW CONTROL VALVE
PAR  Although the nipple 184 could lead directly to the chamber 20 and the dip
      tube 182 be attached and detached for intermittently dispensing water
      alone, contact of some insecticides and other concentrates with a person's
      skin can cause injury or be dangerous to life itself. It is preferred to
      valve the concentrate simultaneously with the water and, for this purpose,
      a valve unit 186 is located on top of the housing just rear of the main
      valve actuator thumb handle 148.
PAR  Although the valve unit or valve housing 186 (FIGS. 5 and 6) may be made
      integral with the housing 14, it is preferred to mold it separately and
      squeeze it into securement by tapered mating surfaces for permanent
      assembly.
PAR  For this purpose, two upstanding conduit nipples 188 are molded on the
      upper side of the housing 14, the latter being in taper sealed open
      communication through 191 with the mixing chamber 20 (FIGS. 3-7). Also for
      permanent securement, four upstanding hollow studs 190 are molded on the
      housing at the corners of the housing 186 (FIG. 6) and spaced to serve as
      lateral guides for the push rod 144. The valve housing 186 has molded on
      it L-shaped conduits 192 which press fit onto the nipples 188 in sealing
      relationship and open internally at 194 upon the wall of a valve chamber
      196. Also molded on the housing 186 are bosses 198 defining tapered
      sockets 200 which frictionally grip onto the studs 190 to hold the nipples
      188 in sealed relationship and guide the push rod 144. Preferably, the
      tapers are 2.degree. tapers for radial physical seizure.
PAR  The valve chamber 196 has two cylindrical portions 202 and 204 of different
      diameters separated by a tapering shoulder 206. The larger portion 204
      opens towards the front of the gun where it receives an L-member  207
      whose inner end is of full housing diameter and flanged at 208 between
      grooves 210 assembled and rotatively sealed in the mouth 211 of the valve
      chamber under slight negative gauge pressure. The other end 212 serves as
      the nipple 184 that can be adjustably rotated over 180.degree. from
      side-to-side for the convenient attachment of semi-transparent hose 180
      where the prime of the concentrate can be visually checked at a glance.
      The inner end of the L-member 207 serves as a valve port land 214.
PAR  The concentrate openings 194 are disposed between the valve lead 214 and
      the shoulder 206. A spool-like valve member 216 carries at one end a
      poppet valve head 218 coacting with the port 214 as a cut-off valve.
      Spaced from the poppet valve 218 and slidably engaging the smaller portion
      202 of the valve chamber at all times in sealed relation is a piston 220
      carrying a V-ring seal 222 which confines communication between the
      L-member 207 and openings 194 to the larger chamber 204. The effective
      area of the piston 220 is substantially greater than the port area of the
      valve 214.
PAR  A valve stem 224 extends rearwardly out through an opening 226 in the rear
      end wall 228 of the valve housing and selectively coacts with the
      crosshead arm 234 to be latched thereto by rotary movement of the
      concentrate valve for either dispensing a mixture, if latched, or be
      unlatched from movement by the cross-head arm 234 of the push rod 144 for
      dispensing solvent alone. For this purpose, the neck 232 of the stem is
      reduced in size to pass freely between the opposing notched arms 234 of a
      forked member 236 of the cross-head 234 on the yoke 146 while the end of
      the stem is widened to form a key-head 238 which interlocks beyond the
      cross-head for back and forth movement therewith. The head 238 is long
      enough that it cannot be turned for simultaneous operation unless the push
      rod is in fully closed position, although it can be released therefrom
      anytime. When quarter-turned, the stem interlocks with the arms for
      positive control movement therewith by the narrow portions of the neck 232
      having cross ribs 247 spreading the arms 234 appreciably and snapping into
      grooves as at 248 on the opposing faces 250 of the arms 234 as shown in
      FIG. 7. Thus for interlocking purposes, the end of the key 238 serves as a
      finger grip and is flattened, and will maintain the alignment with the
      space between the arms 234 unless intentionally turned 90.degree. when the
      stem and fork overlap in their closed portions. Thus, when locked
      together, the concentrate valve is drawn open for dispensing a mixture
      when the small valve 108 is opened by the push rod 144.
PAR  Whenever a chemically different concentrate is to be used, the gun can be
      purged with the dip tube 182 disconnected, or out of the container, or the
      head 218 can be manually retracted to permit runback of concentrate
      without disconnecting the hose before the purging. The L-member 207 can
      then be removed and the spool valve easily withdrawn and replaced by a
      spool to be dispensed, some elastomeric plastics not being affected by
      some concentrates, while other elastomeric plastics are not affected by
      other concentrates.
PAR  The spool valves 216 can be coded in color and interchanged with different
      seals on them so as to be impervious to particular concentrates used in
      the gun.
PAR  A mild effort coiled spring 240 interengaging the housing end wall 228 and
      the valve wall 246 urges the valve 222 initially to hold its closed
      position and cooperates with any vacuum condition developed by the static
      solute charge under gravity and with the jetflow of water when the valve
      is not actuated by the push rod, it having been noted that the area of the
      valve wall 246 is greater than that of the concentrate valve land 214 so
      that any drop in pressure in the large cylinder 204 will also
      predominately hold the valve 218 closed. Accordingly, even with the
      chamber 20 of the main housing open to atmosphere at all times, liquid
      will not pass the valve member 218 in either direction when closed,
      thereby preventing drip or dilution of the solute supply. During
      operation, the valve chamber is under sub-atmospheric pressure which is
      quite modest unless solvent alone is being dispensed, whereupon the
      negative gauge pressure becomes quite deep and strongly retains the valve
      closed.
PAC  PROPORTIONING AND MIXING
PAR  As noted, the valve compartment 202 empties into the chamber 20 where the
      jet pump unit 32 includes pumps 154 and 156 which are arranged within a
      unitizing shell 158 for ready interchangeability to handle different
      chemicals or provide different proportions. The exterior of the shell is
      spaced as much as possible from the substantially cylindrical wall of the
      chamber 20 in the housing as sealed at opposite ends with respect thereto
      by seals 158 to provide an appreciable space or holding reservoir 256 for
      a chemical concentrate. This reservoir 256 is open to atmosphere through
      the first stage gap and the diverging walls.
PAR  A common inlet to the jet pumps for the water is at 258 and the concentrate
      is supplied to the concentrate reservoir 256 through openings 191 from the
      nipples 188 as supplied from the concentrate bottle 176 through the
      disconnectable flexible hose 180 and dip tube 182 that minimize the height
      for the lift of the concentrate, as already described.
PAR  Each pump, referring to the second stage first (FIG. 4), generally includes
      an entrance such as 260 for water under pressure followed by converging
      walls 262 terminating in a throat 264 that converts pressure into jet flow
      energy. The jet passes a short distance through a gap 266 in contact with
      concentrate therein and leading therefrom is an opening 268 to a mixing
      cylinder or chamber 270 followed by diverging walls 272 which convert flow
      energy back to pressure. The diverging walls, at least the last one, can
      be dispensed with if a soft flow discharge is desired for the mixture. In
      the arrangement illustrated, the second stage jet pump 248 for large
      capacity extends the length of the pump chamber 20 and is offset radially
      and angularly sufficiently from the axis thereof to accommodate the first
      stage pump along the side of the converging throat 262 portion of the
      second stage.
PAR  The first stage pump 249 includes the entrance 261 for the water and
      converging walls 263, a jet gap 267 receiving the primary mixture, and a
      mixing chamber 269 ending in diverging walls 267. The gap 267 of the
      primary jet pump is in communication with the reservoir 256 to ingest
      concentrate therefrom.
PAR  A first dilution proportioning is thereby accomplished in the first stage
      jet pump and the final mixture proportioning is accomplished in the second
      stage jet pump by the arrangement of converging nozzles, gaps and
      diverging walls. Thus, the concentrate is first diluted and mixed with
      diluent at one ratio, or proportion, with little change in pressure; and
      that mixture, at no change in pressure, is further diluted and mixed for
      discharge at the outlet 26 of the housing in its final proportioning ratio
      through the nozzle 28 having a flow area substantially less than the water
      flow area ahead of the jet pump. Thereby, any degradation or porportioning
      is confined to the first stage which can be closely designed and it
      isolates the second stage against degradation since pressure and flow rate
      thereto are constant.
PAR  The action of the jet pumps, accordingly, provide a quite accurately
      proportioned mixture for dispensing through a fixed but interchangeable
      spray nozzle on the output end at water pressures that are well above 5
      p.s.i.g. Below this pressure the springs and the valves in the valve
      chamber 18 act to prevent backflow, as already described, and the water
      chamber 18 is vented.
PAR  Stability and constancy of the mixture ratio throughout a wide range of
      water pressures above 10 p.s.i.g. is largely due to the relation of the
      molecular energy transfer interface area between the water jet and
      concentrate at the gaps, same being maximized and the skin friction of the
      mixing chamber wall surface upon concentrate flowing through it being
      minimized. The greater this accomplishment, the more constant the mixture
      ratio is over a wide range of municipal water pressures and wide range of
      proportions, the energized relative flow areas of the concentrate and the
      water jet determining the ratio introduced into the mixing cylinder.
PAC  SUMMARY
PAR  The phase "gauge pressure" or "p.s.i.g.", as employed herein, means a
      pressure above atmospheric or environmental pressure and is sometimes
      referred to specifically as positive gauge pressure.
PAR  From the drawings, the description relating thereto, and the appended
      claims, it will be appreciated that the advantages of the spray device
      include:
PAR  A. The jet pump provided having two or more stages for better accuracy and
      control of the proportioning ratios over the range of substantially all
      municipal water supply pressures;
PAR  B. The energy transfer process never creates any negative gauge pressure at
      the gap more than that essentially entailed in entraining the concentrate
      in the jetting water;
PAR  C. The variation of ratio with pressure changes in negligible over the
      range of pressure changes experienced with municipal water systems;
PAR  D. Wide open energy transfer chambers along with the full flow large tubing
      and fittings employed are not easily clogged by wettable powders, nor
      unduly restrictive to the passage of viscous concentrates;
PAR  E. The very high turbulence created by the energy transfer process within
      the energy converters assures homogenous blending of the output spray
      solution;
PAR  F. Wide specification limits are provided for water pressures from 10 to
      100 p.s.i.g. with narrow ratio variations, and, with water temperatures as
      high as the material of the gun parts will permit. The preferred materials
      used are polypropylene, polyvinyl acetal resin, or the like, and synthetic
      seal materials selected with regard to the chemicals handled;
PAR  G. Quick-change matched jet pumps and nozzles enable a selectably up to 1
      to 7 gallons-per-minute delivery in a housing having an internal diameter
      of 1 inch and flow area of 1/2 inch; mixture ratios up to 20:1 with a
      single stage jet pump and up to 200:1 with two-stage jet pumps; any cone
      spray up to 30.degree. and the utilization of a mixture of any viscosity
      concentrate capable of flowing;
PAR  H. A thumb-operated valve provides instant and exact control of two
      different flow rates and also control of operation selectively with or
      without solutes;
PAR  I. Automatic flow cut-off overrides the thumb operation whenever input
      pressure is insufficient for satisfactory proportioning;
PAR  J. Extra large concentrate tubing and ports and manually full opening
      valves minimize any pressure drop, particularly on concentrates;
PAR  K. A slim-line gun dispenser is easy to grip with a balance hing-like wrist
      suspension of a concentrate container below it for minimal height lift;
PAR  L. Large mouth, one-gallon, or a half-gallon, container with open mouth, or
      vented, cap can be used for suspension including original shipping
      containers with concentrate already in them; and
PAR  M. Extra large valve ports assure insignificant pressure loss through
      valves on flows up to 7.5 gallons-per-minute with a housing approximately
      1 inch in diameter, internally.
PAR  N. The main valve can easily be opened against liquid pressure after
      preliminary opening of the pilot valve and once a solvent flow begins, the
      relative drop in pressure between the two valves due to the Bernoulli
      effect draws the main valve further open so that the valve space required
      for the two valves spaced is reduced to that required for a single valve
      that opens wide for minimal drop across the valve port and closes as a
      single valve with rapidity.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a fluid mixture dispensing device having a housing defining a mixing
      compartment;
PA1  manually controlled valve means for conducing solvent to said compartment;
PA1  valve means for conducting solute to said compartment;
PA1  solvent flow control valve means between said compartment manually
      controlled valve means biased to close at a comparatively low positive
      gauge pressure upon the solvent;
PA1  negative gauge pressure responsive means normally closing said solute valve
      means under a negative gauge pressure; and
PA1  manual means actuating the solvent valve means independently and the solute
      valve means selectively simultaneously therewith.
NUM  2.
PAR  2. The device defined in claim 1 including jet pump means inducing said
      negative gauge pressure by flow of said solute at a pressure above said
      positive gauge pressure and mixing said solvent and solute in a solution
      of predetermined proportions.
NUM  3.
PAR  3. The device defined in claim 2 in which said jet pump mixing means
      comprises:
PA1  means conducting solvent at high pressure through converging walls and
      ejecting it as a column through a gap into a throat having a size greater
      than that of the column, and said solute valve means having its outlet
      connected to supply solute to said gap.
NUM  4.
PAR  4. The device defined in claim 2 including a nozzle having a flow area
      substantially less than the water flow area ahead of the jet pump means.
NUM  5.
PAR  5. The device defined in claim 1 including means for inducing said negative
      gauge pressure by flow of said solvent acting upon solute supplied through
      said solute valve means.
NUM  6.
PAR  6. The device defined in claim 1 including a jet mixing pump in said mixing
      chamber establishing by operation of the positive gauge pressure upon the
      solvent valve a negative gauge pressure upon the solute valve.
NUM  7.
PAR  7. In a mixture dispensing device having a mixing compartment;
PA1  valve means for conducting solvent to said compartment above a
      comparatively low positive gauge pressure;
PA1  valve means for conducting solute to said compartment at a mild negative
      gauge pressure;
PA1  pressure responsive means for closing said solvent valve means at said low
      positive gauge pressure;
PA1  negative gauge pressure responsive means for closing said solute valve
      means under negative gauge pressure;
PA1  manual means for actuating the solvent valve means above said low pressure
      independently and the solute valve means selectively simultaneously
      therewith; and
PA1  said solute valve means comprises a housing having an opening through one
      end, a spool valve having spaced heads received through said opening,
      conduit means connecting the space between the heads to said mixing means,
      said negative gauge pressure responsive means including a valve port
      element for supplying solute and closing said opening, one of said heads
      on its remote side when closed engaging said valve port element and being
      exposed through the valve port of predetermined size to the source of
      solute under said mild negative gauge pressure and the other head on its
      remote side being exposes to atmosphere over an effective area larger than
      said predetermined size, said one head being urged to close when said
      negative gauge pressure drops to a respective gauge pressure related to
      the restricted solute flow.
NUM  8.
PAR  8. In a portable pressure-mixing and dispensing device the combination of a
      main housing having an inlet and an outlet with spaced chambers
      therebetween for solvent flow and for solution mixing, respectively;
PA1  manually controlled valve means between said solvent flow and mixing
      chambers to control flow of solvent therebetween above a predetermined low
      positive pressure including a valve closing in the direction of pressure
      flow at the outlet of the solvent chamber and a backflow check valve in
      the mixing chamber closing communication between the solvent and mixing
      chambers at pressures below said predetermined low positive pressure;
PA1  normally closed valve means for solute including a housing having a chamber
      with an outlet to said mixing chamber and connectable at its inlet to a
      source of solute;
PA1  mixing means in said mixing chamber for receiving solvent and solute from
      said respective valves; and
PA1  manual means for controlling the solvent valve means and including a
      releasable connection for selectively controlling said solute valve
      simultaneously with the manual actuation of the solvent valve.
NUM  9.
PAR  9. The combination called for in claim 8 including a mixing means
      aspirating a solute below gauge pressure, receiving a solvent under
      positive gauge pressure,
PA1  said positive pressure being greater above gauge pressure than the
      aspirated solute below gauge pressure, and
PA1  means for discharging the mixture to atmosphere.
NUM  10.
PAR  10. In a device of the class described having contiguous housings
      side-by-side, defining compartments, on a housing having an inlet opening,
PA1  conduit means interconnecting the compartments,
PA1  an L-shaped conduit member having one end rotatable in said inlet opening
      for rotational adjustment in sealed relation through a predetermined angle
      with respect to the other housing with the other leg adapted to receive a
      supply tube thereon,
PA1  the other end of the conduit member terminating in a valve port seat,
PA1  a manually controlled valve member closing against said valve port,
PA1  a mixing device in the other compartment supplied with solute through said
      conduit means,
PA1  valve means in said other compartment for supplying solvent to said mixing
      device, and
PA1  manually actuated means controlling said valve means and selectively
      controlling said valve member for opening the valve means and valve member
      simultaneously.
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ABST
PAL  A method and apparatus is provided for continuously making fiber reinforced
      plastic pipe in which a conveyor tube is formed on an axially fixed hollow
      rotatable mandrel. A plurality of bands of resin impregnated fiber
      elements are wound on the conveyor tube as it advances to provide the pipe
      assembly. The terminal end of the generated pipe assembly is sealed with a
      plug. A fluid under pressure is fed through the hollow mandrel and out the
      forward end of the mandrel into a chamber formed by the generated pipe
      assembly, the plug, and a fluid sealing means within the pipe assembly
      being generated, thereby causing the pipe assembly to advance.
PARN
PAR  This application is a Division of Ser. No. 243,991, filed Apr. 14, 1972,
      which in turn is a Division of Ser. No. 824,153, filed May 13, 1969, now
      U.S. Pat. 3,700,519, which is in turn a CIP of Ser. No. 577,035, filed
      Sept. 2, 1966, now U.S. Pat. 3,507,412, which is in turn a CIP of Ser. No.
      387,372, filed Aug. 4, 1964, now abandoned.
BSUM
PAR  The invention relates to improvements in methods and apparatus for making
      substantially rigid, fiber reinforced plastic pipe.
PAR  A primary object of the invention is to provide a system for automatically
      and continuously making fiber reinforced plastic pipe under controlled
      conditions to thereby furnish pipe of uniform thickness having a uniform
      amount of reinforcing material and resin at all points around its
      circumference and throughout its length.
PAR  Another object of the invention is to provide an automatic, continuous
      system for fabricating fiber reinforced plastic pipe wherein the means for
      continuously advancing the pipe being generated through the system
      constitutes a fluid or air under pressure.
PAR  A further object of the invention is to provide an automatic, continuous
      system for fabricating pipe of the type under consideration wherein a
      single source of power acts to rotate the pipe assembly being fabricated
      and to operate various devices serving to incorporate material into the
      pipe assembly as it is generated and is combined with the air pressure
      means acting to longitudinally advance the pipe assembly through the
      system.
PAR  Another object of the invention is to provide a method and apparatus for
      the automatic and continuous manufacture of pipe which includes providing
      a conveyor tube acting as a base for the assembly thereon of the various
      elements which will constitute the finished pipe, wherein the conveyor
      tube is constructed to include means permitting the conveyor tube to be
      readily stripped from the completed pipe assembly.
PAR  To realize the foregoing objectives with regard to an automatic and
      continuous system for making pipe, a number of novel devices are provided
      which, while they are particularly suitable parts of the system, are also
      suitable for other applications or uses. Accordingly, another object of
      the invention is to provide novel means for controlling and synchronizing
      the linear advancement of a cylindrical endless tube or pipe in relation
      to the rate of rotation of the cylindrical body.
PAR  Still another object of the invention is to provide novel means for
      helically applying a band of parallel arranged continuous fiber elements
      to an advancing hollow tubular member and to coat the fiber elements as
      they are being applied.
PAR  Still a further object of the invention is to provide a belt system of a
      novel construction which is adapted to enable the formation thereon of a
      tube made essentially from a resinous composition.
PAR  Another object of the invention is to provide an improved device for
      coating a continuously advancing strip or sheet.
PAR  Still another object of the invention is to provide plug means insertable
      in a fluid or air filled pipe or the like which affords suitable gripping
      of the pipe and a seal preventing the loss of pressure within the pipe,
      the plug seal means being constructed so that when it is unclamped from
      the pipe the fluid under pressure is vented prior to the device releasing
      its grip on the pipe.
PAR  Still a further object of the invention is to provide an inflatable sealing
      device arranged to grip the interior of a moving pipe assembly for
      movement therewith, means being provided to return the device to inactive
      position when deflated for reactivation and movement with the pipe.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These, and other objects and advantages of the invention will be apparent
      from the following description, taken in conjunction with the drawings
      illustrating several preferred embodiments of the invention, in which:
PAR  FIGS. 1, 1A and 1B together are a schematic showing of a continuous system
      for making pipe in accordance with one embodiment of the invention;
PAR  FIGS. 2-2E together represent a top plan view of apparatus for making pipe
      in accordance with the embodiment of the invention schematically
      illustrated in FIG. 1;
PAR  FIGS. 3-3E are a side elevational view of the apparatus shown in FIGS.
      2-2E;
PAR  FIGS. 4-4D taken together are a longitudinal cross-sectional view of the
      mandrel and its associated parts;
PAR  FIG. 5 is an elevational view partly in cross-section looking in the
      direction of the arrows 5--5 of FIG. 4A;
PAR  FIG. 6 is an elevational view partly in cross-section looking in the
      direction of the arrows 6--6 of FIG. 4A;
PAR  FIG. 7 is a vertical cross-sectional view taken approximately in the plane
      of line 7--7 of FIG. 4A;
PAR  FIG. 8 is a vertical cross-sectional view taken approximately in the plane
      of line 8--8 of FIG. 4B;
PAR  FIG. 9 is a vertical cross-sectional view taken approximately in the plane
      of line 9--9 of FIG. 4B;
PAR  FIG. 10 is a front elevational view of means for coating a strip to be
      wound upon the mandrel to provide a conveyor tube component of a pipe
      assembly which in one embodiment of the invention becomes an integral part
      of the finished product;
PAR  FIG. 11 is a side elevational view looking toward the right side of the
      device shown in FIG. 10;
PAR  FIG. 11A is a partial plan view showing the manner in which a resin
      composition is applied to a carrier strip by the device shown in FIGS. 10
      and 11;
PAR  FIG. 11B is a side elevational view of the elements shown in FIG. 11A;
PAR  FIG. 12 is a side elevational view of means for guiding and impregnating
      continuous fiber elements for application to the conveyor tube in
      substantially circumferential windings;
PAR  FIG. 13 is a front elevational view of the device shown in FIG. 12, this
      view also showing the manner in which the partially fabricated pipe
      assembly is supported at this station in the apparatus;
PAR  FIG. 14 is a front elevational view of a winding head;
PAR  FIG. 15 is a side elevational view, partly in section, looking in the
      direction of the arrows 15--15 of FIG. 14;
PAR  FIG. 16 is an enlarged, partial side elevational view showing the means on
      a winding head for guiding the continuous fiber elements onto the pipe
      assembly being generated;
PAR  FIG. 17 is a section taken approximately in the plane of line 17--17 of
      FIG. 14;
PAR  FIG. 18 is a longitudinal cross-sectional view of the plug used to seal the
      forward end of the moving pipe assembly;
PAR  FIG. 19 is a view similar to FIG. 18, this view showing the seal plug in
      its released condition;
PAR  FIG. 20 is a vertical cross-sectional view taken approximately in the plane
      of line 20--20 of FIG. 18;
PAR  FIG. 21 is an end elevational view, partly in cross-section, looking in the
      direction of the arrows 21--21 of FIG. 18;
PAR  FIG. 22 is a side elevational view of the means for controlling the
      advancement of the pipe assembly through the apparatus;
PAR  FIG. 23 is a vertical cross-sectional view taken approximately in the plane
      of line 23--23 of FIG. 22;
PAR  FIG. 24 is a vertical cross-sectional view taken approximately in the plane
      of line 24--24 of FIG. 22;
PAR  FIG. 25 is a front elevational view of the device shown in FIG. 22;
PAR  FIG. 26 is a vertical cross-sectional view taken approximately in the plane
      of line 26--26 of FIG. 25;
PAR  FIG. 26A is a diagrammatic showing of means for sensing axial thrust which
      may be imposed upon the means for controlling the advancement of the pipe
      assembly;
PAR  FIG. 27 is a longitudinal cross-sectional view, partly in elevation,
      showing inflatable means cooperative with the fabricated pipe assembly to
      prevent the loss of fluid or air pressure within the pipe assembly when a
      section of the continuously fabricated pipe assembly is out off;
PAR  FIG. 28 is a view similar to FIG. 27, except that a fluid seal plug is
      shown positioned in the forward end of the continuously fabricated pipe
      assembly, whereupon the inflatable fluid sealing means cooperative with
      the pipe as shown in FIG. 27 is not exercising its function;
PAR  FIG. 29 is a vertical cross-sectional view taken approximately in the plane
      of line 29--29 of FIG. 27;
PAR  FIG. 30 is a vertical cross-sectional view taken approximately in the plane
      of line 30--30 of FIG. 27;
PAR  FIG. 31 is a vertical cross-sectional view taken approximately in the plane
      of line 31--31 of FIG. 27;
PAR  FIG. 32 is an enlarged longitudinal cross-sectional view showing the
      inflatable means cooperative with the pipe assembly when such means is
      acting to prevent the loss of pressure within the pipe assembly;
PAR  FIG. 33 is a longitudinal cross-sectional view showing the relationship of
      spring means used in conjunction with the inflatable seal means which
      allows the movement of the inflatable seal means with the advancing pipe
      assembly;
PAR  FIG. 34 is an enlarged longitudinal cross-sectional view showing the manner
      in which the spring means is anchored to the inflatable seal means;
PAR  FIG. 35 is a breakaway showing of pipe which may be made with the apparatus
      shown in FIGS. 1-34;
PAR  FIG. 35A is an enlarged section taken in the plane of line 35A--35A of FIG.
      35;
PAR  FIG. 36 is a schematic showing of means for forming a conveyor tube which
      is removable from the completed pipe assembly;
PAR  FIG. 37 is a top plan view of that portion of the apparatus for making a
      conveyor tube portion which is removable from the pipe assembly;
PAR  FIG. 38 is a side elevational view of the apparatus shown in FIG. 37;
PAR  FIGS. 39 aand 39A together are a side elevational view, partly broken away
      and in section, showing the relationship of the means for applying several
      of the components of the removable conveyor tube to the mandrel;
PAR  FIG. 40 is an elevational view partly in cross-section looking in the
      direction of the arrows 40--40 of FIG. 39;
PAR  FIG. 41 is an elevational view partly in cross-section looking in the
      direction of the arrows 41--41 of FIG. 39;
PAR  FIG. 42 is a breakaway showing of a pipe assembly made in accordance with
      the embodiment of the invention schematically illustrated by FIGS. 36, 1A
      and 1B taken together, and structurally shown in FIGS. 37, 38, 2A-2E and
      3A-3E taken together;
PAR  FIG. 42A is a vertical section taken in the plane of line 42A--42A of FIG.
      42;
PAR  FIG. 43 is a side elevation taken in partial cross section of another
      embodiment of the invention for providing an air seal within the generated
      pipe and of another embodiment of the invention for forming a conveyor
      tube on the mandrel;
PAR  FIG. 44 is a cross-sectional view taken as indicated by the lines and
      arrows 44--44 of FIG. 43;
PAR  FIG. 45 is a cross-sectional view taken as indicated by the lines and
      arrows 45--45 of FIG. 43;
PAR  FIG. 46 is a cross-sectional illustration with parts broken away
      schematically illustrating another embodiment of the invention for forming
      continuous glass-reinforced plastic pipe; and
PAR  FIG. 47 is an enlarged cross-sectional view taken through the formed pipe
      and mandrel structure of FIG. 46.
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PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention generally, substantially rigid, fiber
      reinforced plastic pipe is made automatically and continuously with a
      minimum of power requirements considering the mass of the materials
      (glass, resin, etc.) being processed and conveyed through the line. This
      is accomplished by utilizing a fluid or air under pressure to furnish an
      axially or longitudinally directed thrust to linearly advance the pipe
      assembly being fabricated. Such manner of using air pressure furnishes a
      component of force in a radial or circumferential direction with respect
      to the pipe assembly being advanced by such application of pressure, which
      assists in the various operations wherein materials are being drawn off
      and circumferentially wound into the pipe assembly.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1, 1A and 1B, the method of the invention generally
      comprises providing an air impervious tube T on an axially fixed, hollow,
      rotatable mandrel which is generally designated A. The mandrel is provided
      on the exterior thereof with means B to furnish an air seal with the
      interior of the conveyor tube as the conveyor tube is advanced over the
      mandrel. A plurality of bands a and b of resin impregnated continuous
      fiber elements are wound onto the conveyor tube T to provide a pipe
      assembly P (FIGS. 35 and 35A). The pipe assembly is rotated as the pipe
      assembly is continuously advanced through the apparatus. Air under
      pressure is directed through the mandrel and out from the forward end 50
      thereof into the interior of the pipe assembly as the assembly is being
      generated. The forward end of the pipe assembly is closed off by an end
      closure or plug seal means C so that the pipe assembly, together with the
      seal portion B of the mandrel and the plug seal means, provide a sealed
      chamber. The air under pressure within the sealed chamber imparts an
      axially directed thrust to advance the pipe assembly. In effect, the
      sealed chamber is expanded axially or longitudinally as the air under
      pressure acts to impart forward movement to the processed pipe. To
      synchronize and control the various operations involved in fabricating the
      pipe assembly, means D is provided for controlling the rate of linear
      advancement of the pipe assembly.
PAR  In greater detail, FIGS. 2-2E and FIGS. 3-3E illustrate apparatus for the
      continuous manufacture of pipe in accordance with one preferred embodiment
      of the invention. The apparatus is provided with a frame structure
      comprising transversely spaced, longitudinally extending lower support
      members 52 and a central, longitudinally extending upper support member 54
      secured together by frame members 56 in any suitable manner as by bolting
      or welding. The frame structure provides means for supporting one end of
      the mandrel A.
PAR  The mandrel A comprises means for furnishing a number of purposes and
      functions as will subsequently appear, and includes a cylindrical, hollow
      tube 57 which is fixed against axial movement and mounted for rotation.
      This tube portion of the mandrel provides the means for conveying air
      under pressure to linearly advance the pipe assembly as it is fabricated
      and to support a plurality of means for the processing of several elements
      incorporated in the pipe assembly. The tube 57 is of a structurally rigid
      material such as stainless steel. At the beginning of the line, means is
      provided for journaling one end of the tube and to provide means for
      directing fluid or air under pressure axially through its interior and out
      from the forward or opposite end 50.
PAR  Referring to FIG. 4, a stationary coupling member 58 is provided and held
      to prevent its rotation in any suitable manner. The rear end of the tube
      57 is rotatably supported within the interior or central bore 60 of the
      stationary coupling member for a portion of the member's length. Also
      positioned within the bore 60 is a rotary coupling 62 having a portion 64
      of reduced diameter which is received within the interior of the tube 57
      with a close fit. The tube and the rotary coupling are connected to one
      another for rotation together by a roll pin 66. The portion 68 of the
      rotary coupling having a larger diameter is of a diameter slightly less
      than the diameter of the bore 60 of the stationary member. O-Rings 70 and
      72 provide fluid or air sealing means between the rotary coupling and the
      associated stationary coupling member, and between the tube and the
      stationary coupling member. The rotary coupling 62 is held within the
      stationary coupling member 58 by a bolt 74 and a washer 76 at one end and
      at the other end by a collar 78 which is secured to the tube 57 by a cap
      screw 80. By the described arrangement, the tube 57 and the rotary
      coupling connected thereto are mounted for rotation together. Axial
      longitudinal movement of the tube 57 is prevented by a collar 73 secured
      to the tube by a set screw 75, the collar abutting a pillow block 77
      bolted to a plate 79 which is fixed to the standard 56.
PAR  As also shown in FIG. 4, means is provided for directing air under pressure
      axially through the interior of the tube 57 so that the air may be
      confined and pass through the tube and out from the forward end 50 of the
      mandrel, which opens into the pipe assembly as the assembly is being
      fabricated. The stationary coupling member 58 is provided with a threaded
      opening 82 extending through the wall thereof within which there is
      screwed a fitting 84 connected to a suitable source of compressed air (not
      shown). In order that the compressed air may have access to the interior
      of the hollow tube, the stationary coupling member is provided with a
      section 86 of increased inner diameter adjacent the opening 82 and
      adjacent the outer wall of the mandrel. Also, the wall of the tube is
      provided with a series of circumferentially spaced orifaces 88 adjacent
      the section 86 to place the interior of the mandrel in communication with
      the line to the source of compressed air.
PAR  As also shown in FIG. 4, a second line for conveying air under pressure is
      provided. The stationary coupling member 58 is provided with a second
      opening 90 extending through the wall thereof to receive a second fitting
      92 connected to a source of compressed air (not shown). The rotary
      coupling 62 is provided with a diametrically extending channel 94 to place
      the central bore 96 of the rotary coupling in communication with the
      second air line. A second tube 98 of substantially smaller diameter than
      the inner diameter of the tube 57 extends throughout the length thereof
      and beyond to convey the air under pressure from the second source to
      inflatable means E (FIGS. 1B and FIGS. 21-28) having the purpose and
      function to be subsequently described. One end of the tube 98 is
      force-fitted or otherwise secured within the bore of a hollow connecting
      member 100, the opposite end of the connecting member being suitably
      secured within the bore 96 of the rotary coupling 62. As shown, such
      connection may be accomplished by providing mating tapered portions on the
      rotary coupling head and on the tube connecting member and forcefitting
      the parts. By the described arrangement, the air line or tube 98 is
      connected for rotation with the rotary coupling and with the tube 57
      through which it extends.
PAR  In the embodiment of the invention illustrated in FIGS. 1, 1A and 1B, and
      FIGS. 2-3E, the air impervious conveyor tube T is a resin liner which
      becomes an integrated part of the completed pipe assembly. Accordingly,
      the mandrel A is provided with means permitting the formation of a tubular
      resin liner while allowing this form of conveyor tube to be rotated and
      advanced with respect to the mandrel without adhering to the mandrel. Such
      means, designated F, is illustrated schematically in FIG. 1 and
      structurally in FIGS. 4A, 4B, 4C, 4D and FIGS. 5-9.
PAR  Essentially, the means F comprises a system of flexible, endless belts made
      of or comprising a flexible material coated with a mold release material.
      Examples of suitable mold release materials or materials to which a wet,
      sticky resin composition will not adhere are a tetrafluoroethylene polymer
      (Teflon), polypropylene, or the like. The belts, which are not powered,
      are arranged to rotate with the mandrel and to travel longitudinally with
      their longitudinal edges slightly overlapping to, in effect, provide a
      continuous, longitudinally movable tube. Whatever longitudinal movement is
      imparted to the belts is caused by the linear advancement which is
      imparted to the pipe assembly P of which the conveyor tube is a part.
PAR  As shown in FIGS. 4A, 4B, and 5-8, the mandrel A includes a belt support
      sleeve 102 over which a plurality of belts may travel longitudinally to
      furnish a movable tube of non-adherent material. The belts which will be
      referred to as the outer belts 104 and inner belts 106, have their
      longitudinal edges slightly overlapped as they travel over the sleeve 102
      as shown in FIG. 7. The diameter of the belt support sleeve 102 is
      selected to furnish, with the added thickness of the belts, the inner
      diameter desired for the completed pipe. The belt support sleeve is
      connected to the tube 57 by a spider supporting member 108. The spider
      form of support means used here and elsewhere in connection with the belt
      system furnishes the desired supporting function while allowing the belts
      to extend and run through such form of support. The spider 108 is
      supported on its inner diameter by a sleeve 107 secured to the tube 57 by
      a set screw 109 (FIG. 4A).
PAR  As shown in FIGS. 4A, 4B and 5, the plurality of outer belts 104, here
      shown to be three in number, is supported so that at one end they pass
      around respective spaced rollers 110. The rollers are supported upon a
      spider assembly 112 having circumferentially spaced support arms 114 upon
      which the respective rollers 110 are mounted for rotation on pins 116. The
      spider assembly 112 is fastened to a sleeve 118 as by welding, the sleeve
      closely surrounding the tube 57. The sleeve and associated mounting for
      the rollers 110 may be adjusted along the length of the tube to the
      desired position and secured in place by a set screw 120 (FIG. 4A).
PAR  As shown in FIGS. 4A, 4B and 5, a similar arrangement is provided for the
      mounting of the inner belts 106 at one of their ends. As illustrated, the
      inner belts are also three in number. Rollers 122 which respectively
      support the inner belts are located however on a smaller diameter than the
      diameter prescribed by the outer belt rollers 110. The inner belt rollers
      122 are mounted upon a spider assembly 124 having circumferentially spaced
      support arms 126 upon which the respective rollers 122 are mounted for
      rotation on pins 128. Similarly, the spider assembly 124 is fastened to a
      sleeve 130 as by welding. The sleeve which closely surrounds the tube 57
      is adjustable along the length of the tube to the desired position, and is
      secured in place by a set screw 132 to locate the rollers 122 in desired
      position lengthwise of the mandrel.
PAR  As shown in FIGS. 4A and 6, guide means may be provided for the
      intermediate reaches of the belts, and this may be accomplished by
      providing a guide member 134 which, like the supporting means for the
      outer and inner rollers, is located rearward of the belt support sleeve
      102. The guide member 134 is provided with circumferentially spaced slots
      136, there being three to accommodate the three outer belts. Pairs of
      slots 138, 138' allow the inner belts to run therethrough and are thereby
      guided. The guide member 134 is maintained in fixed relationship with
      respect to the tube 57 by suspending it from an arm 140 extending
      longitudinally from the spider support 124 for the inner belt rollers. The
      connection between the arm 140 and the radially extending support 124 may
      be made by a screw connection 142.
PAR  The opposite ends of the outer and inner belts 104 and 106 run about guide
      means provided by a belt return guide assembly 143 supported upon tube 57
      and located down the line from the belt support sleeve 102. As shown in
      FIG. 4B, the largest diameter of the guide assembly 143 does not exceed
      the diameter of the belt support sleeve 102 so that the conveyor tube form
      of resin liner which will be formed on the belts may rotate and advance
      through the equipment without interference.
PAR  As shown in FIGS. 4B and B, the belt return guide assembly 143 includes an
      annular outer belt return guide member 144 provided with spaced slots 146
      to allow passage around the smoothly rounded portions 148 and the return
      of the outer belts 104. The guide assembly is also provided with an
      annular belt return guide member 150 having spaced slots 152 for the
      support and return of the inner belts 106. The guide member 150 also is
      provided with slots 153 for guiding the outer belts which have a longer
      reach than the inner belts. The annular return guide members 144 and 150
      surround the tube 57 but are not fastened thereto. The return guide
      assembly 143, of which the guide members 144 and 150 aare parts, is
      rotatable with respect to the tube 57 to prevent torque build-up in the
      belt system. Accordingly, the guide members 144 and 150 are connected to
      each other and to a bearing sleeve 154 which closely surrounds the tube 57
      but is rotatable with respect thereto. A plurality of longitudinally
      extending, circumferentially spaced fork members 156 are connected to and
      extend rearwardly from a bearing sleeve 154 to connect the guide members
      144 and 150 to one another and to the bearing sleeve. The parts are
      connected to one another in any suitable manner as by welding. The fork
      members possess the additional function of providing guide means for the
      outer belts, and if desired, a fork member 158 may be paired with each
      fork member 156 for the guiding function. The second fork member of a pair
      need not extend to the guide member 150 for connection thereto, sufficient
      structural strength being provided by the several fork members 156 which
      bridge the guide members and the bearing sleeve.
PAR  As also shown in FIG. 4B, the bearing sleeve 154, though rotatable with
      respect to the tube portion 57 of the mandrel, is mounted on the tube in a
      manner to limit its movement in a longitudinal direction. For this
      purpose, a collar 160 is positioned on the tube 57 and set in the desired
      position by means of a set screw 162. A washer 164 is positioned
      intermediate the bearing sleeve and the collar. Thus, the collar and the
      guide assembly 143 cannot move rearwardly on the tube and impart
      undesirable slack to the belt system after the collar has been properly
      positioned on the tube.
PAR  As will be evident from FIGS. 4A and 4B, the outer and inner belts 104 and
      106, after passing over the support sleeve 102, return through its
      interior. To further assist in guiding the belts, a guide ring 166 is
      positioned intermediate the support sleeve and the tube 57. Both the outer
      and inner belts run over the outer periphery of the guide ring which is
      held between collars 168, 168'. The collars are provided with respective
      set screws 170, 170' so that the guide ring may be located in desired
      position along the length of tube 57.
PAR  In order that the resin liner form of conveyor tube T formed on the sleeve
      supported flexible belts may be suitably supported and engaged by the
      aforementioned seal means B, the mandrel A includes a second sleeve 172
      down the line from the belt support sleeve 102. As shown in FIGS. 4B and
      4C, the sleeve 172 having a diameter to allow slight clearance with
      respect to the conveyor tube which will advance over it surrounds the tube
      57. Although the tube 57 may be continued through the sleeve 172, for
      convenience of assembly the sleeve 172 is provided with an inner support
      ring 174 which may be connected to the sleeve 172 as by countersunk screws
      176. The inner diameter of the support ring is connected to a coupling
      sleeve 178 fixed to the tube 57 by a set screw 179. A tube 57'
      constituting a continuation of tube 57 is screw threaded to the coupling
      sleeve 178. The support ring 174 is formed with spaced apertures 181 to
      allow any air which may escape rearwardly of the seal at B to be vented
      (FIGS. 4B and 9). As will be subsequently described, the inner seal means
      B provided by the mandrel is supported by and connected to the tube 57'
      and the sleeve 172.
PAR  To supply the resin c (FIGS. 35 and 35A) which will furnish the air
      impervious conveyor tube T and constitute an integrated part of the
      finished pipe assembly, means G is provided as shown in FIGS. 2 and 3, and
      in greater detail in FIGS. 10, 11, 11A and 11B. It is preferred to use
      thermosetting resin compositions; for example, an epoxy resin composition
      with a suitable hardener or curing agent, polyester resins, or the like.
      While the resin composition may be applied directly in liquid form to the
      described belt system, it is preferred that the resin composition be
      applied on a carrier strip d which is helically wound onto the belts. Two
      coating devices G are shown. It is within the scope of the invention to
      use but one device. Two devices are used where it is desired to obtain a
      resin liner of substantial thickness. The devices G are identical and the
      description which follows of one such device is equally applicable to the
      other.
PAR  The resin c is applied to a highly absorbent and porous strip of material
      d. The strip material is preferably 12 pound tissue paper having a width
      of approximately 1 inch. As shown in FIGS. 10 and 11, the absorbent tape
      or strip d is withdrawn from a roll 180, led around a guide pin 182 and
      around a guide roll 184 provided with suitable means for adjusting tension
      as is known in the art. The strip then runs horizontally over a guide pin
      186 immediately rearward of an endless doctor blade 188 which is mounted
      for continuous movement transversely of or over and across the path of the
      horizontally moving strip d. The doctor blade, which is in the form of a
      thin continuous band of steel, is mounted to pass around a pair of
      longitudinally spaced grooved wheels 190, 190'. To power the movement of
      the doctor blade band, one of the wheels, the wheel 190, has fixed to the
      rear thereof a gear 192 which is rotated by a gear 193 secured to the
      shaft of a fractional horsepower motor 194 connected to a suitable source
      of current (not shown). The gear ratios are selected to rotate the wheel
      190 and thereby the doctor blade band 188 around such wheel and the
      opposite idler wheel at a desired regulated and constant speed.
PAR  As also shown in FIGS. 10 and 11, the doctor blade band wheels 190, 190'
      and the doctor blade band 188 are supported in a manner to enable the
      adjustment of the angle of the band with respect to the strip to be
      coated. Also, means is provided for the adjustment of tension upon the
      doctor blade band.
PAR  The band support wheels 190, 190' are mounted for rotation on bearings
      within the respective wheels on shafts extending into support plate 196.
      The support plate is secured within a U-shaped frame 197 of a thickness
      sufficient to allow pivot pins to be extended into its sides. The plate
      and frame assembly is pivotally connected at each side by threaded pivot
      pins 198, 198' to longitudinally spaced brackets 200, 200' which are
      fixed, as by welding, to a cross frame member 202 secured to extend
      between and to one side of a pair of longitudinally spaced frame standards
      204, 204'. As shown in FIG. 10, the support plate 196 and its associated
      frame 197 is generally U-shaped to allow passage of the continuous strip
      or tape d over the base portion and between the arm portions of the
      assembly. The support plate and its frame are tiltable about the pivot
      pins 198, 198' to enable adjustment of the angle of the band 188 with
      respect to the plane of the strip d as it is drawn off the roll 180 under
      controlled tension and guided by the aforementioned guide pins. Then, the
      support member is releasably secured in position as by wing nuts
      associated with the pivot pins. In this manner, the amount of resin
      applied to the strip may be adjusted at the nip between the travelling
      doctor blade and the moving strip (FIG. 11B) for predetermined rates of
      movement of the doctor band and of the strip. Means including a screw 206
      is provided for adjusting the tension upon the doctor blade band, such
      adjustment screw being associated with the bearing for one of the doctor
      band wheels which is mounted in a manner to permit the axis of rotation of
      doctor band wheel 190' to be moved toward or away from the axis of
      rotation of the other doctor band wheel.
PAR  The liquid resinous material of a suitable viscosity is applied to the
      moving strip d in any desired manner. It is preferred, however, and as
      shown in FIGS. 10-11B, to meter the resin composition onto the strip from
      an applicator mixer 208 which, when an epoxy resin composition is used,
      mixes and meters a controlled amount of resin and hardener in desired
      proportions onto the strip. The mixer applicator or dispenser is operated
      by a fractional horse power motor connected to a suitable source of
      current (not shown). The liquid resinous composition is applied to the
      strip in the form of a stripe 210, as shown in FIG. 11A. As shown in FIG.
      11, the mixer applicator is supported upon a bracket 212 terminating in a
      hub 214 mounted for vertical adjustment upon the guide rod 216 to thereby
      permit adjustment of the mixer applicator with respect to the strip d.
      When the strip moves under the band form of doctor blade 188, the resin
      composition is spread across the width of the strip for a predetermined
      thickness determined by the angle of the doctor blade band, the rates of
      movement of the doctor blade band and the strip, and the selected rate of
      deposition upon the strip of the liquid resin composition by the mixer
      applicator. To assure that the doctor blade band is maintained in a clean
      condition after having served to spread the liquid resin composition
      across the width of the moving strip, a heater 218 positioned to surround
      the doctor blade band is mounted upon a bracket 220 fastened to the
      support member 196, as shown in FIG. 10. Preferably, an electric coil type
      of heater is used connected to a suitable source of current (not shown),
      the heater acting to burn off any resinous material which may adhere to
      the smooth surface of the doctor blade band.
PAR  In order that the device G shall not require that its operation be stopped
      when a roll of strip material is exhausted, a second or ready roll 222 is
      provided to replace the exhausted roll 180. As also shown in FIGS. 10 and
      11, one roll, the roll 180, is mounted upon a spindle 224 connected to the
      top end of a rocker arm 226 pivotally connected at its lower end to a
      shaft 228 extending between the spaced standards 204, 204'. The spindle is
      provided with the usual spaced plates to confine a roll of the strip
      material or tape between them. An arcuate member 230 is secured at one end
      to the rocker arm 226, the arcuate member being provided with a series of
      spaced apertures 232. A pin 234 is extended through the adjacent standard
      and through a selected aperture 232 in the arcuate member 230 to thereby
      furnish adjustability to the desired angular position for a roll of strip
      material. A similar arrangement is provided for the second roll 222 which
      is mounted for adjustment to desired position on like numbered parts with
      respect to the opposite standard. As will be evident from FIG. 10, when a
      roll of strip material or tape is about to be exhausted, the depleted roll
      may be pivoted around behind the ready roll which is moved into feeding
      position after splicing. Then, a new roll of strip material is placed in
      the ready position.
PAR  Where, as preferred, an epoxy resin composition is used to furnish the
      resin for a liner form of conveyor tube T, the same means for rotating the
      pipe assembly of which the conveyor tube T is a part may be used to
      synchronously pump desired amounts of resin and of hardener in regulated
      proportions to the mixer 208. For this purpose, means H is associated with
      a coating device G. Where two coating devices are used, there is one resin
      and hardener supply means for each coating device.
PAR  As shown in FIGS. 2, 2A, 3 and 3A, a tank 238 is compartmentized to contain
      an epoxy resin composition in one compartment 240 and a hardener
      composition in the other compartment 242. As shown, the tank is supported
      on legs 244 so that the tank may be located adjacent one of the
      longitudinally extending base frame members 52. A pump 246 is provided to
      convey resin from the compartment 240 to the mixer applicator 208 through
      a hose 248 and a second pump 250 delivers the hardener composition to the
      mixer through a hose 252. A hose 254 extends between the resin pump 246
      and the resin compartment and another hose 256 extends between the
      hardener compartment and its associated pump 250.
PAR  Preferably, the pumps 246 and 250 are operated by the same motor which
      operates the winding heads designated I (FIGS. 2B, 2C, 3B and 3C), which
      are located forward in the line to helically wind bands of fiber elements
      b into the pipe assembly P. The single motor for operating the pumps, the
      winding heads I, also the aforementioned means D for controlling the rate
      of linear movement of the pipe assembly, is shown in FIGS. 2D and 3D and
      is designated 258. For example, when making two inch diameter pipe, and in
      conjunction with air pressure as herein applied, the motor may be only
      approximately 1/2 H.P. Air pressure in the main air line provided by the
      tube 57 and its extensions is approximately 40 p.s.i. For 3, 4 and 6 inch
      diameter pipe, the horsepower of the motor and the air pressure are of
      course increased.
PAR  As shown in FIGS. 2D and 3D, the shaft of the motor 258 is provided with a
      pulley 260 about which passes a belt 262 cooperable with a pulley 264
      fixed to a driving shaft 266. The motor is supported upon a bracket 268
      secured to a frame member 56'. The driving shaft extends forwardly of the
      machine for cooperation with the linear advance control means D (FIGS. 2E
      and 3E). The driving shaft, which is journaled to extend through
      longitudinally spaced pillow blocks 267 secured to the longitudinally
      extending upper frame member 54 also extends rearwardly to the winding
      heads I, and through intermediate coupling means the driving shaft acts to
      drive a shaft 268 which operates the aforementioned pumps 246 and 250.
PAR  As shown in FIGS. 2B and 3B, the driving shaft 266 extends along the top of
      the machine and the driven shaft 268 extends along the base of the machine
      where the latter shaft is journaled to extend through longitudinally
      spaced pillow blocks 270 secured to the base frame member 52. This
      transfer of power from the driving shaft to the driven shaft is
      accomplished by a series of pulleys and belts. The end of the driving
      shaft 266 is provided with a pulley cooperable with a pulley on one end of
      a stub shaft 272, the two pulleys receiving a belt 274. The opposite end
      of the stub shaft is also provided with a pulley over which runs a belt
      276, the belt running over a second pulley 278 on an end of a stub shaft
      280 located below the stub shaft 272. The stub shaft 280 is located near
      the base of the machine whereas the stub shaft 272 is suitably mounted
      near the top of the machine. The opposite end of the stub shaft 280 is
      also provided with a pulley 282 cooperable with a pulley 284 on the end of
      the driven shaft 268, these latter two pulleys receiving a belt 286.
PAR  As shown in FIGS. 2, 2A, 3 and 3A, the driven shaft 268 is provided with a
      pulley 288 adjacent each device H. A belt 290 extends around the pulley
      and around a second pulley 292 keyed to the shaft of a speed control
      device 294. A shaft on the opposite side of the control device has a
      pulley 296 keyed thereto to operate a gear reducer 298, such gear reducer
      providing a shaft having a pulley 300 fixed thereto. A belt 302 extends
      around the pulleys 296 and 300 to actuate the gear reducer. The shaft
      extending through the opposite side of the gear reducer is provided with a
      centrally positioned gear 304 cooperating with a gear 306 for the resin
      pump 246, and on its opposite side with a gear 308 for the hardener
      composition pump 250. Thus, the motor 258 through the described drive
      arrangement serves to deliver resin and hardener to the mixer applicator
      208 off the same driving means which actuates a number of other operations
      in synchronism throughout the line.
PAR  The resin c carried by the absorbent strip or strips d is helically wound
      onto the tubular arranged belts 104, 106 supported on the sleeve 102. The
      power to withdraw the strip from its roll and past the doctor blade 188 is
      furnished by the rotation imparted to the pipe assembly P and conveyor
      tube portion T thereof by the driven winding heads I up the line. Between
      the coating device G and the belt system provided by the mandrel, heating
      means 310 is provided adjacent the path of the resin composition coated
      strip d to cause the resin composition to pass through the porous strip
      material to the underside thereof, whereby the resin composition is
      situated on both sides of the strip. The heater 310 is shown in FIG. 2 and
      the resultant relationship of the resin c on each of the strips d is shown
      in FIG. 35A.
PAR  After the strip d carrying the resin c is helically wound onto the tubular
      arranged, adhesion resistant belts 104, 106 to form a conveyor tube
      essentially of resin, heat is applied to partially cure to a substantial
      extent the resin composition. As shown in FIGS. 2 and 3, a heater or
      series of heaters 312 are suspended from the central upper frame member 54
      by suitable straps 314. The resin liner form of conveyor tube T, after
      having advanced beyond the reach of the belts, passes through a cooling
      device 316 and now constitutes an air impervious tube having a substantial
      measure of rigidity. The tubular resin liner is rotated and advanced in
      the machine over the aforementioned sleeve 172 where the inner surface of
      the resin conveyor tube is engaged by the seal means B as shown in FIG.
      4C.
PAR  The fluid seal means B prevents air under pressure which is conveyed out of
      the end of the mandrel at 50 (FIGS. 1, 1A and 4D) from passing rearwardly
      of the seal means. Such seal means provides one end of a closed chamber
      within the pipe assembly P as the pipe assembly is generated by the
      apparatus, the opposite end of the closed chamber being supplied by the
      aforementioned plug means C which is inserted in the forward end of the
      advancing pipe assembly.
PAR  As shown in FIG. 4C, the seal means B is in the form of a tapered,
      open-ended cup-like member 318 having an annular bead 320 at its forward
      end, the bead being of a diameter to closely engage the inner surface of
      the conveyor tube T which advances thereover and rotates with respect
      therewith. A material suitable for furnishing the desired characteristics
      of providing a seal when engaged with the interior of a conveyor tube
      while allowing sliding and rotating motion of the conveyor tube with
      respect to the bead portion is rubber or a rubber-like material such as
      silicone rubber. As illustrated, the seal member 318 is held in position
      by the clamping action thereupon of a tapered outer clamping sleeve 322
      and an inner clamping sleeve 324. The clamping sleeve 322 is preferably
      made of a tetrafluoroethylene polymer (Teflon). The inner clamping sleeve
      is internally threaded at 326 and matingly threaded around the outer
      diameter of a portion 328 of reduced diameter provided by a coupling
      member 330. The coupling member has a portion 332 which is received
      between the sleeve 172 and the air conveying tube 57'. The member 330 is
      made flush at its exterior with the outer surface of the sleeve 172 so
      that the sleeve 172, the coupling member 330 and the outer clamping sleeve
      322 provide a smooth, continuous surface. The portion 332 of the coupling
      member 330 is formed to provide a shoulder 334 against which is seated an
      internal flange 336 of the outer clamping sleeve 322. The seal member 318
      also has an internal flange 338 which is clamped between the flange 336
      and the end of the internal clamping sleeve 324 when the latter clamping
      member is threaded onto the inner tubular portion 328 of the coupling
      member. The tubular portion 328 constitutes an extension of the air
      conveyor tube 57, 57'. The taper on the upper clamping sleeve 322 and the
      uniform thickness of the seal member 318 rearward of the bead 320
      furnishes a firm but resilient mounting for the seal member's bead portion
      320.
PAR  As shown in FIG. 4D, a set screw 340 is extended through the interior
      clamping sleeve 324 and into the tubular portion 328 of the coupling
      member to thereby prevent the clamping of the seal 318 from being loosened
      from its clamped position. As also shown in FIG. 4D, a longitudinally
      extending sleeve 342 is secured to the outer surface of the tubular
      portion 324 as by welding. The diameter of the sleeve 342 is less than the
      inner diameter of the conveyor tube whereby air under pressure passing
      through the tube 57 and its extensions 57', 328 and 342 may pass out of
      the end 50 and provide an air support intermediate the pipe assembly being
      generated and the portion of the mandrel froward of the annular bead 320
      of the seal means.
PAR  As schematically shown in FIG. 1A after the conveyor tube has been provided
      on the mandrel, and preferably before the conveyor tube has passed beyond
      and over the seal means B, the tube is overwound with a layer a' (FIG. 35)
      of parallel arranged continuous fiber elements guided and impregnated with
      a resin composition by a device generally designated J. While the
      continuous elements may be of any suitable fiber, it is preferred to use
      rovings of glass. At the station where the first device J is located, the
      band of parallel arranged fiber elements is preferably applied with the
      fiber elements at an angle of approximately 82 degrees to the longitudinal
      axis of the pipe and, as indicated in FIG. 35, there are four such layers
      of windings a, a1, a2 and a3 in the finished pipe alternated with three
      layers b1, b2 and b3 of fiber elements laid down at a relatively low angle
      of approximately 16 degrees and of opposite hand. It will be understood,
      however, that the number of layers, the angles at which the fiber elements
      are laid into the pipe assembly, the amounts of fibrous material in the
      respective layers, and the amount of resin impregnant are a matter of
      choice depending upon the circumferential-axial strength ratio desired to
      provide a balanced pipe structure. The number of winding heads and devices
      for impregnating the fiber elements and applying layers of fiber elements
      wound at a relatively high angle used in the line depends upon the number
      of layers and the amounts of fiber and resin desired in the finished pipe.
PAR  Referring to FIGS. 12 and 13, the fiber element guiding and impregnating
      device J1 comprises a suitably supported tank or bath 344 containing a
      suitable liquid resin composition. A wheel supporting frame comprising a
      pair of transversely spaced, vertically extending frame members 346, 346'
      is spaced rearwardly of a guide frame member 343. An angled structural
      member 348 extends between the two spaced frame supporting means. The
      wheel frame structure also includes the converging structural members 350,
      350' extending from the upper ends of transversely spaced frame members
      346, 346' to provide an arch arrangement, as shown in FIG. 13.
PAR  In applying the first layer a of substantially circumferentially applied
      windings to the conveyor tube T, it is not necessary to preliminarily coat
      the conveyor tube. Accordingly, the first guiding and impregnating device
      J in the line may be located to the side of the line, as shown in FIGS. 2B
      and 3B, and the wheel supporting frame and the relationship of the wheels
      about to be described may be omitted at this station. However, a device J1
      will be described to include the arrangement of wheels because the wheel
      arrangement has an important function when the devices J1, J2 and J3 are
      located immediately forward of and related to the winding heads I1, I2 and
      I3, respectively. As shown in FIGS. 2B and 2C, the paired devices I1-J1,
      I2-J2 and I3-J3 are located centrally in the line beneath and surrounding
      the advancing conveyor tube T having the layer a thereon.
PAR  Where for the application of the first layer a of windings to the conveyor
      tube T, a J1 form of device is located centrally and immediately adjacent
      the conveyor tube being generated, the conveyor tube is supported and
      preliminarily coated with a resinous composition from the same bath which
      impregnates the fiber elements wound as the layer a onto the conveyor
      tube. As shown in FIGS. 12 and 13, a coating wheel 352 is suspended from
      the frame member 350' by an adjustably mounted bracket 354 providing an
      axis of rotation 356 for the wheel. The bracket is slotted to allow its
      adjustment with respect to the frame structure by screws 358 extending
      through slots in the bracket and into threaded openings in the frame
      member 350'. The coating wheel 352 has a portion thereof submerged within
      the bath 344. A support wheel 360 is journaled for rotation on a bracket
      362 connected to the frame member 350 in a manner to also allow adjustment
      of the position of this wheel. As shown, the wheels are arranged so that
      the conveyor tube T is supported by the two wheels. Rotation imparted to
      the pipe assembly and its conveyor tube portion causes the wheels, which
      are not otherwise powered, to rotate whereupon the coating wheel 352
      applies a resin coating to the conveyor tube. To confine the conveyor tube
      upon the coating and supporting wheels, a guiding wheel 364 is suspended
      from the frame structure to engage the rotating and advancing conveyor
      tube at a third point or above the areas where the tube is engaged by the
      wheels 352 and 360. Similarly, the wheel 364 is suspended from a bracket
      366 adjustably connected to the frame structure.
PAR  As also shown in FIGS. 12 and 13, immediately adjacent the described wheel
      arrangement and forward thereof, means is provided for guiding and
      impregnating the fiber elements which are wound substantially
      circumferentially onto the conveyor tube. The continuous fiber elements
      which furnish the layers a, a1, a2 and a3 are drawn off of packages which
      are stored in containers or the like (not shown) immediately to the side
      of the continuous line of equipment. The fiber elements are drawn from
      their sources and arranged side by side, parallel relationship by passing
      over a horizontally extending guide bar 368 and between upstanding
      longitudinally spaced guide pins 370 extending from the guide bar. The
      guide bar and its upstanding pins are mounted upon a horizontally
      extending frame member 372 fixed to extend between the vertical frame
      members 343 and 346'. As shown in FIG. 13, the guide bar and its pins are
      positioned rearwardly of the tank which is also suspended from the frame
      member 372 by a suitable bracket 373 secured to the tank and to the frame
      member. The continuous fiber elements then are conducted around a series
      of tensioning guide rods 374, 376, 378 and 380 arranged in vertically
      spaced relationship. The guide rod 374 is positioned within the tank so
      that the parallel arranged fiber elements passing around it are
      impregnated with the resin composition. The four horizontally extending
      vertically spaced guide rods have a common support plate 382 secured to
      the cross frame member 372. As shown in FIG. 12, the top support rod is
      curved and is removably connected to the support plate by a nut 384 to
      allow the presentation of either a concave or a convex surface to the
      impregnated band of parallel arranged fibers prior to their being wound
      onto the conveyor tube. Band width control is obtained by changing the
      orientation of the curve as provided by the adjustable guide rod in
      relation to the incident band. A convex surface provides a wider band and
      a concave surface provides a narrower band.
PAR  The coated conveyor tube now covered with a band of substantially
      circumferentially wound resin impregnated fiber elements then advances to
      the station where a layer of parallel arranged continuous fiber elements
      are helically wound into the assembly at a lower angle of opposite hand by
      the first winding head I1. The winding head is a device which supports a
      plurality of spools of continuous fiber elements and which rotates around
      the partially fabricated pipe assembly at a controlled speed acting to
      rotate the pipe assembly which, as it rotates, is advanced in an axial or
      longitudinal direction. The relative motion of the pipe assembly with
      respect to the winding head or heads establishes the angle that the fiber
      elements are wound into the pipe assembly. The relative motion between the
      pipe assembly and the rotating winding head causes the fiber elements to
      pay off the spools and cover the conveyor tube and the initial layer a of
      fiber element windings.
PAR  As shown in FIGS. 14-17, a winding head I1 (the three winding heads I1, I2
      and I3 are identical) comprises an annular U-shaped channel 386 having
      rings 387 secured as by welding to the outer ends of the channel's arms
      (FIG. 17). A pair of laterally spaced annular plates 388, 388' are welded
      to the base portion of the channel member. A series of equidistantly
      spaced, circumferentially arranged spindles 390 are secured to extend from
      the annular plate member 388 and similarly, a series of spindles 390' are
      secured to extend from the annular plate 388'. The spindles which are each
      provided at their outer ends with a washer and screw means are adapted to
      receive spools of glass rovings or the like. The comparatively large
      central opening on the inner diameter of the annular plates 388, 388' is
      provided with four equidistantly spaced, radially extending guide support
      plates 394 which are welded to an internal ring 396 bridging the inner
      ends of the annular plates 388, 388' to thereby provide guide support
      means as a part of the winding head. The four equidistantly spaced guide
      support plates 394 have the configuration shown in FIG. 15 and are secured
      as by welding to the internal ring 396. The winding head has a central
      opening 397. As shown, a portion of each plate 394 extends rearwardly of
      the channel member 386 and its associated plates 388, 388'. The major
      length of the guide support plates, however, extends forward of the
      channel member 386 and its associated plates.
PAR  As best shown in FIG. 16, the continuous fiber elements or strands, after
      being drawn off of the spools, first pass around a ring guide 398 and a
      guide 399 for the strands paid off from the spools on the rear side of the
      winding head. Then, each of the fiber elements or rovings passes through a
      ring provided with circumferentially spaced eyelets 400, one eyelet for
      each roving. The rovings then run over the ring guide 402, around the
      adjustable tension guide ring 404, over the guide ring 406 and around
      through the central opening 403 in a guide plate 408. The adjustable guide
      ring 404 is secured as by welding to brackets 405, there being one bracket
      for each plate 394. The brackets are each secured by a bolt in one of a
      series of holes 407 in the respective plates 394. The guide plate 408 is
      secured to the lower ends of the circumferentially spaced brackets 405.
      Except for the adjustably mounted guide ring 404, the guide rings 398,
      399, 402 and 406 and the ring providing the support for the eyelets 400
      are fixed to the plates 394. The center of the winding head at the opening
      403 allows the conveyor tube with the wound layer or layers thereon to
      pass centrally through the head for the application of a layer b1, or
      layers b2 and b 3, upon such generated portion of the pipe assembly.
PAR  As shown in FIGS. 14 and 15, each winding head is supported for rotation by
      a framework 410 which comprises a pair of transversely spaced, vertical
      standards 412, 412' connected by pairs of vertically spaced cross members
      414, 414' at the top and bottom. Angled bracing and load-bearing members
      416, 416' extend between the frame members 412 and 414' on opposite sides
      of the frame structure. The angled members have mounted thereon
      loadbearing rollers 418, 418', each comprising spaced pairs for engagement
      with the spaced rings 387 forming the rims of the winding head. The
      bracing members also are used to support bearing members 420, 420' which
      are received intermediate the arms of the U-shaped channel to maintain the
      winding head on center as it rotates. A third positioning bearing 420" is
      located centrally from the top cross member 414. The winding head with a
      full complement of spools mounted thereon and the described guide means
      for the plurality of fiber elements is rotated by the drive shaft 266
      which rotates a pulley 422 fixed to the shaft. A belt 424 extends around
      the pulley and is received and bears against the base portion of the
      U-shaped channel 386 to rotate the winding head at a selected rate of
      rotation depending upon the size of the pulley 422 for a given rate of
      rotation of the drive shaft 266. Preferably, a tension wheel 425 mounted
      on the cross member 414 is provided to take up any slack in the belt 424.
PAR  With the winding heads I1, I2 and I3 positively rotated about the pipe
      assembly as it is generated, and with the substantial forces to be
      overcome in drawing off the fiber elements under tension from a number of
      spools sufficient to provide the bands b1, b2 and b3 each of a width
      substantially equal to the circumference of the generated portion of pipe
      assembly, the winding heads act to rotate the rotatably mounted pipe
      assembly. The parallel arranged fiber elements drawn off each powered
      winding head pass through the central opening 403 in the form of a
      frusto-conical structure before the fiber elements are laid into the pipe
      assembly, and with a device J located immediately adjacent each winding
      head as shown, the fiber elements are engaged by the aforementioned wheels
      352, 360 and 364. As a result, a resin coating is applied to the fiber
      elements by the coating or impregnation wheel 352 as the moving tapered
      arrangement of fiber elements revolves in contact with the wheel. The same
      bath used to coat the fiber elements for a layer a coats the elements for
      a layer b. The support wheel 360 acts as a support for the generating
      pipe, and by its rotation also causes the fiber elements of the
      frusto-conically arranged, parallel fiber elements to be flexed, thereby
      assisting to force resin composition into the travelling fiber elements.
      The associated guide wheel 364 also functions to impart flexure to the
      moving fiber elements as they pass under the wheels and are wound onto the
      conveyor tube with its previously applied layers of fiber elements. At the
      pair of associated devices J1-I1, a band b1 of resin impregnated
      continuous fiber elements wound at a relatively low angle is immediately
      overwound by a band a1 of resin impregnated continuous fiber elements
      applied at a substantially high angle and of opposite hand. Similarly, the
      bands or layers b2-a2 and b3-13 are applied from the associated devices
      I2-J2 and I3-J3, respectively. The resin coating or impregnant is
      preferably a thermosetting resin composition such as an epoxy resin
      composition and a suitable hardener or a polyester composition.
PAR  When the generated pipe assembly passes the station of the last group of
      related devices I3-J3, the pipe assembly moves under a heater 426 to cure
      the resin impregnant for the fiber elements in the various layers which
      have been incorporated into the pipe assembly. As shown in FIGS. 2C-3E,
      the heater is suspended from straps 428 connected to the central upper
      frame member 54 so that the heater is located immediately adjacent the
      advancing pipe assembly. The pipe assembly then passes into an oven 430
      which may have a communicating blower 432. The pipe assembly then passes
      through a cooling device 433, whereupon the pipe assembly is in a
      condition suitable for field use. The pipe assembly however is utilized to
      furnish an operating part of the apparatus which continuously manufactures
      the pipe assembly.
PAR  As will be evident from FIGS. 1-1B and FIGS. 2-3E, the control means D and
      the inflatable seal means E are the next devices forward in the line
      provided by the apparatus. It is believed, however, that the invention may
      be best explained by now describing the functions of the air under
      pressure which is conveyed through the mandrel by means of the tube 57 and
      its extensions 57', 328 and 342. The aforementioned seal means B may be
      located anywhere beyond the station where the conveyor tube is formed on
      the mandrel. Such seal means may be provided at a point just prior to the
      location of the first device J where the layer a is applied. The conveyor
      tube is sufficiently rigid to withstand the tension of the windings
      applied from the device J. As shown in FIG. 1A, it is preferred to locate
      the seal means B forward of the first winding head I1. While the end 50 of
      the mandrel may be located at any point forward of the seal means B, it is
      preferred that the end of the mandrel be located immediately following
      that point on the mandrel where the winding head I3 is located, or
      rearward of the control means D. The air under pressure within the pipe
      assembly, and down from the mandrel, acts to resist the pressure of means
      gripping the pipe assembly provided by the control means D.
PAR  As previously indicated, the primary function of the air under pressure is
      to impart an axial thrust to the pipe assembly as it is being fabricated
      to continuously advance the assembly through the apparatus. It will of
      course be understood that when the apparatus is started, a dummy length of
      pipe may be used to initiate operation of the equipment. When the forward
      extremity of the generated pipe assembly is beyond the control means D and
      the inflatable seal means E, plug seal means C is used to seal the forward
      end of the pipe assembly so that a rigid body is provided against which
      the force of the fluid or air under pressure may exert its thrust. While
      any suitable plug means may be used, it will be apparent that a very
      strong, air-tight connection must be made between the end of the pipe
      assembly and the plug. A plug construction which is particularly
      serviceable for the purpose and which is preferred is shown in FIGS.
      18-21.
PAR  As illustrated, the plug seal means C comprises an annular bearing plate
      434 having a central, internally threaded opening 436. A hand wheel 438 is
      provided with a longitudinally extending externally threaded shaft 440
      which extends through the mating internally threaded opening 436. The hand
      wheel and the shaft are fixed for rotation together by a torque pin 442.
      The forward end of the shaft has a disk 444 fixed to it of a larger
      diameter than the diameter of the shaft for engagement with a shoulder 446
      provided by an inner plug 448. An O-Ring 450 is positioned adjacent the
      rear side of the disk for sliding sealing engagement with the wall of a
      central bore 452 extending rearwardly of the shoulder 446. The O-Ring is
      confined between the disk and an annular flange 453 formed on the shaft
      440. The plug 448 is hollow and has a counterbore 454 of larger internal
      diameter in communication with the smaller bore 452, whereby the disk 444
      has clearance when the hand wheel is turned to cause axial movement of the
      shaft 440 and the unseating of the disk from the shoulder 446. A stop
      collar 456 is fastened to the shaft 440 to limit the extent of rotation of
      the shaft to its unclamped position (FIG. 19), the collar engaging an
      internal shoulder 458 provided by the plug 448.
PAR  As shown in FIGS. 18 and 19, the plug 448 is formed to provide a
      frusco-conical outer surface whereby a ramp 460 is provided converging in
      taper from the end 462 of the plug rearwardly toward the bearing plate
      434. A split, expandible sleeve comprising a plurality of segments 464
      overlies the plug 448. As shown in FIG. 20, four split sleeve segments may
      be used, and as illustrated, each segment is connected to the bearing
      plate 434 by a bolt 466 extended through an aperture 468 in the bearing
      plate. The bolt for each segment is matingly threaded into a threaded bore
      470 provided to extend longitudinally in each segment, and locked by a set
      screw 471 so that the head of each bolt is spaced from the bearing plate.
      The apertures 468 in the bearing plate however are of a diameter to
      furnish clearance with the shanks of the bolts 466 whereby the segments
      furnishing the annular split sleeve may possess movement in a radial
      direction. An elastic retaining ring 472 of rubber or the like encompasses
      the sleeve segments to resiliently maintain the segments against the
      underlying plug 448. Each segment is formed so that its inner surface has
      a taper for mating engagement with the plug's ramp 460. The external
      surface 474 of each segment is roughened as by knurling or the like to
      furnish a gripping surface for engagement with the internal surface of the
      pipe. An elastic O-Ring 476 located to surround the plug 448 at the
      forward edge of the split, expandible sleeve assembly prevents air leakage
      between the inner plug and the pipe assembly when the plug seal means C is
      in operative position and clamped within the forward end of the pipe
      assembly P (FIG. 18). Circumferentially spaced, air venting openings 478
      are provided in bearing plate 434 to place the interior of the plug 448 in
      communication with the ambient atmosphere when the O-Ring 450 is moved out
      of the bore 452 (FIG. 19). To assure continued venting though the stop
      collar may be in engagement with the shoulder 458, vent holes 480 may be
      extended through the collar.
PAR  The operation of the plug seal means C will be apparent by a comparison of
      FIG. 18 showing the device in its pipe clamping position and FIG. 19
      showing the device in its unclamped position. With the device in its
      unclamped position, the split, expandible sleeve is on its smallest
      diameter since the segments 464 are positioned on the smaller diameter of
      the tapered ramp 460. When the hand wheel 438 is rotated to clamp, the
      plug is drawn inwardly within the split, expandible sleeve so that the
      segments 464 ride up on the ramp 460 until the knurled surfaces 474 grip
      the inner surface of the pipe assembly with a firm, air-tight seal. Such
      relative motion of the parts causes the elastic, retaining ring 472 to
      increase in diameter. In clamped position, the disk 444 engages the
      shoulder 446 and the O-ring 450 is in sealing engagement with the wall of
      the bore 452. When the hand wheel 438 is turned in an opposite direction
      to unclamp the device from the pipe, the O-ring seal 450 is unseated from
      the wall of the bore 452, and causes the venting of the air pressure
      within the pipe assembly through the communicating openings 478. The parts
      are dimensioned so that such venting takes place while the knurled
      segments still maintain their grip on the pipe assembly, thereby
      preventing the device from being blown out of the pipe. Further rotation
      of the hand wheel allows the bearing plate 434 and its connected sleeve
      segments to force out the inner plug 448, the elastic retaining ring 472
      acting to contract and thereby reduce the diameter provided by the
      gripping segments so that the grip upon the pipe assembly is released.
PAR  With the plug seal means C clamped onto the forward end of the pipe
      assembly, the air under pressure in the main air line 57 and its
      extensions passes out through the end 50 of the mandrel and into the
      generated pipe assembly to exert pressure against the plug seal means C to
      advance the pipe assembly in an axial direction. This axial force is
      opposed by the axial force component of the continuous fiber elements
      being pulled onto the pipe assembly at the stations where the devices J,
      J1, J2 and J3 are located; also, the coated strip or strips d furnish an
      opposing axial force component. The control means D located rearwardly in
      the line from the forward extremity of the pipe assembly is a device which
      synchronizes and controls the rate of advancement and the rate of rotation
      of the pipe assembly. The device engages the rotating pipe assembly to
      revolve with it; the device as a whole does not travel with the pipe
      assembly. The synchronization and control device D is constructed to add
      or substract linear work from the system by maintaining the rate of linear
      advancement of the pipe assembly in a constant relationship with respect
      to the pipe assembly's rate of rotation. Such fixed relationship
      establishes the winding angle for the fiber elements constituting the hoop
      windings in the layers a, a1, a2 and a3. When the correct relationship of
      rate of linear advancement to rate of rotation of the pipe assembly is
      established, the synchronization and control mechanism neither takes work
      out of the system to retard pipe advancement, nor does it put work into
      the system to increase the rate of pipe advancement. However, when the
      axial thrust imposed by the air pressure to advance the pipe assembly is
      not in the correct relationship to the assembly's rate of rotation, the
      synchronization and control means D, which is responsive to the rate of
      advancement of the pipe assembly, compensates the system by putting work
      in or taking work out to thereby maintain the desired constant
      relationship of linear travel to rotational movement of the pipe assembly.
PAR  As shown in detail in FIGS. 22-26, the control means D comprises an annular
      main support frame 482 in the form of a pair of spaced plates 484, 484'
      secured in desired spaced relationship by a plurality of circumferentially
      located spacers 486. The main support frame has a central opening of
      substantial size. A bolt 483 is extended through the frame plates and each
      of the spacers. The main support frame is supported for rotation within a
      load-bearing framework generally designated 490 which comprises a pair of
      transversely spaced standards 492, 492' connected to one another by the
      vertically spaced top and bottom cross frame members 494, 494'. As shown
      in FIGS. 2E and 3E, the supporting framework 490 is secured to a channel
      framework 496 which is positioned on the floor and braced by angle irons
      498, 498'. Angle bracing members 500, 500' are connected to extend between
      the standard 492 and the bottom cross frame member 494 and between the
      standard 492' and the bottom cross frame member.
PAR  As shown in FIG. 25, bracing members 500, 500' each have mounted thereon
      the load-bearing rollers 502, 502', respectively, to rotatably support the
      annular main support frame 482. To guide and maintain the support frame in
      a fixed plane of rotation, three equidistantly spaced guide rollers 504
      are mounted to extend between the frame's spaced plates 484 and 484'. As
      shown in FIG. 26, each guide roller is of the ball bearing type and is
      secured to a stub shaft or thrust rod 506 as by clamping a washer 508 to
      the inner race by a bolt 510 threaded into the end of the stub shaft. The
      opposite end of the stub shaft is fastened to the stationary framework. As
      shown in FIGS. 25 and 26, the top guide roller is bolted to a tie bar 512
      extending between spaced frame members 514, 514' which also furnishes a
      support for a pillow block 516 for the drive shaft 266 (FIG. 3d). The
      drive shaft which actuates the aforementioned winding beads 11, 12 and 13,
      also the conveyor tube forming device or devices G, also actuates the
      control means D. As shown in FIG. 25, the other two guide rollers 504 are
      mounted at the ends of their respective thrust rods 506 which are welded
      to brackets 518, 518' respectively secured to the standards 492, 492'. As
      will subsequently appear, the guide roller and thrust rod arrangements in
      the illustrated spaced relationship, additionally function to sense axial
      thrust which may be imposed upon the main annular support frame 482 by the
      control device D.
PAR  As shown in FIGS. 2E and 3E, the annular main support frame 482 is rotated
      by the drive shaft 266 through a chain 520 cooperable with a sprocket 522
      fixed to the shaft. The chain 520 extends around a plate sprocket 524
      which has a central opening of substantial size and which is of a slightly
      larger diameter than the annular frame support 482 adjacent to which it is
      mounted. The sprocket 524 may be termed the rotary control sprocket. The
      sprocket and the adjacent annular frame are connected to one another for
      rotation together in any suitable manner, and for this purpose,
      circumferentially spaced spacers 526 may be provided and held in position
      by the same bolts 488 as used for the spacers 486.
PAR  As shown in FIGS. 22 and 25, a hollow chassis 526 is positioned centrally
      of the support frame 482 and the rotary control sprocket 524. The chassis
      may be cylindrical in form. As illustrated however, it is preferred that
      the chassis be provided with intersecting sides to facilitate the assembly
      therewith of the parts to be described. As shown, the chassis is
      substantially square-shaped and has four sides so that a pair of spaced,
      longitudinally extending channel members 530, 530', 532, 532', 534, 534',
      and 536, 536' may be respectively secured to each side of the chassis. The
      channel members extend forward and rearward of the chassis (FIG. 22) and
      the hollow character of the chassis allows the pipe assembly P to pass
      through the chassis and the control device D.
PAR  Resilient annular members are mounted to grip the outer periphery of the
      pipe assembly at spaced areas about the rotating and linearly advancing
      pipe assembly P, the resilient members being mounted to revolve as a
      unitary assembly with the rotating pipe assembly and for independent
      rotation about their respective axes of rotation. As illustrated in FIGS.
      22 and 25, the resilient annular members are in the form of tires each of
      which is mounted upon the aforementioned longitudinally extending channel
      members which are fixed to rotate with the rotary support frame 482 and
      the rotary control sprocket 526. With a four-sided chassis, there are four
      pairs of longitudinally extending support channels and four pairs of tires
      540, 540', 542, 542', 544, 544' and 546, 546'. Preferably, the tires are
      of the inflatable or pneumatic type to thereby afford, by the air pressure
      in them, means for adjusting the gripping pressure upon the pipe assembly.
      It will be understood that the number of pairs of tires is a matter of
      choice. Instead of four pairs, as illustrated, the device is operably with
      three pairs or more than four pairs depending upon the diameter of pipe
      being processed. Between the channel members 530, 530', the axle for the
      rear tire 540 is journaled in pivot brackets 548, 548' secured to the
      channels 530, 530', respectively. The front tire 540' is similarly mounted
      between this pair of channel members. The tires 542, 542', 544, 544' and
      546, 546' are similarly mounted by brackets extending from the pairs of
      channel members 532, 532', 544, 544' and 546, 546', respectively. The
      channel members are each fastened as by welding to a pair of rings 550,
      550' which are bolted to each side of the rotary control sprocket 524.
      Such arrangement allows the ready replacement of a worn sprocket without
      disturbing the connected assembly of chassis, longitudinally extending
      channel members and the spaced, resilient, rotatable pipe engaging
      elements or tires.
PAR  FIG. 23 illustrates how a tire, in this case tire 546, is mounted. The
      other tires of the assembly are mounted in the same manner. An axle 552 is
      fixed to extend between the brackets 548, 548' at one end of a pair of
      channel members, in this instance, the channel members 536, 536'. A hub
      554 is rotatable about the axle, the hub having bearings 556 and 556' in
      each end. The hub has an ear 558 in the middle of its length to which
      flanges 560, 560' are bolted at 562. The flanges extend from a rim 564 for
      the annular resilient member or tire. The hub 554 is also provided with a
      flange 566 at one end thereof to which a sprocket 568 is bolted at 570.
      Each of the eight tires is similarly mounted for rotation about a fixed
      axis, and is provided with a sprocket 568.
PAR  Each of the longitudinally spaced tires 540, 540', 542, 542', 544, 544' and
      546, 546' is driven off the same drive shaft 266 which rotates the
      described rotatable assembly, which includes the tires as parts of such
      rotatable assembly, to furnish axial control of the pipe assembly P
      gripped by the tires. As shown in FIGS. 2E and 3E, a second drive is
      brought off the drive shaft 266 through a second drive chain 572. The
      chain 572 passes around a sprocket 574 fixed to the shaft 266, and as
      shown in FIGS. 22 and 25, such chain is cooperable with a sprocket 576
      which may be termed an axial control sprocket as distinguished from the
      aforementioned rotary control sprocket 524. Like the rotary control
      sprocket, the axial drive sprocket is in the form of a plate and has a
      central opening of substantial size to permit the chassis 528 to extend
      therethrough. The sprocket 576 however, also has internal teeth (FIG. 24)
      for cooperation with sprockets 578 on the input shaft of each of four
      differentials or gear reducers 580 which are circumferentially arranged
      for cooperation with the illustrated four pairs of tires. To confine the
      sprocket 576 to be fixed plane of rotation, the sprocket has guide rings
      581, 581' bolted to its sides, the rings extending to each side of the
      circumferentially arranged, equidistantly spaced sprockets 578 on the
      input shaft of each gear reducer. Each gear reducer is held in a fixed
      position on the rotatable assembly by being fastened to a side of the
      four-sided chassis 528. On the output side of each gear reducer, two
      sprockets 582 and 584 are fixed to the same output shaft. A sprocket chain
      586 extends over the sprcket 582 and the sprocket 568 for each rear tire,
      thereby driving the rear tires 540, 542, 544 and 546 in unison since the
      gear reducers are all of the same ratio. Also, a chain 588 extends over
      the sprocket 584 of each gear reducer and the sprocket 568 for each front
      tire 540', 542', 544' and 546' to drive them at the same speed as the rear
      tires.
PAR  As will be apparent from the foregoing described relationship of the parts
      of the control means D, the resilient, annular members or tires grip the
      pipe assembly advanced centrally therethrough while rotating bodily with
      the rotating pipe assembly P. The rotary motion imparted to the tires
      about their respective axes of rotation through the medium of the axial
      drive sprocket 574, its associated gear reducers or differentials 580, and
      the chain and sprocket connections to the individual tires, furnishes a
      control for the axial movement of the longitudinally advancing pipe
      assembly. Axial movement of the pipe assembly may be interrupted when
      desired by disconnect means 589, one part of which may be slidably mounted
      on the shaft 266 and the other part fixed to the sprocket 574 when a
      spline type of disconnect means is used. Under pressure, the air within
      the pipe assembly acts to resist the pressure upon the pipe assembly which
      is imposed by the tires which firmly grip the outer periphery of the
      rotating and longitudinally advancing pipe assembly.
PAR  As previously indicated, the arrangement of guide rollers 504 and their
      respective stub shafts or thrust rods 506 have an additional functions;
      they act to sense undue thrust which may be imposed upon the main support
      frame 482 and the described associated parts which are assembled
      therewith. As shown in FIG. 26, the thrust rod extends through aligned
      openings 590, 590' on opposite sides of a housing 592 suitably fixed to
      the stationary framework 490. The thrust rod is provided with a cavity 594
      extending into a side thereof intermediate its length within the housing,
      the cavity terminating in stop 596. A thrust piston 598 has a central
      shaft portion 600 the end of which is received within the cavity 594 with
      its extremity 602 engageable with the stop 596. The shaft 600 extends
      through an aperture 604 in the side wall of the housing 592. An annular,
      externally threaded mounting sleeve 606 is secured as by welding to the
      wall of the housing to surround the aperture 604. The piston 598 is
      positioned for reciprocation within a cylinder 608 which is internally
      threaded at the rear porton thereof for connecton to the mounting sleeve
      606. An O-ring 610 is postioned in a groove formed around the head of the
      piston to prevent fluid leakage. A hydraulc fluid, such as oil, is
      contained within the cylinder 608 between the head of the piston and
      flexible hoses 612 connected by suitable fittings into the internally
      threaded openings 614, 614' formed in the end wall 616 of the cylinder.
PAR  As shown diagrammatically in FIG. 26A, three assembles such as shown in
      FIG. 26 and designated D' are interconnected to one another by the hoese
      612, and a pressure sensing instrument or gauge 618 is tied into the line
      to sense any undue axial thrust which may be imposed upon or by the
      control device by the pipe assembly. Undue axial thrust is sensed when
      anyone of the three thrust rods 506 is unduly deflected about its
      cantilever connection to the stationary framework. Such deflection is
      converted through the pistons 598 into hydraulic pressure. Variance from a
      predetermined gauge reading indicated that the axial thrust imposed by the
      rollers 504 upon either of the rings 484 or 484' of the main support frame
      482 is out of balance. Appropriate correction is made by adjusting the air
      pressure acting to impart axial thrust to the pipe assembly, or by
      adjusting the tension level on the rovings being applied from the winding
      heads I, I2 and I3 which rotate the pipe assembly. The latter adjustment
      is made by changing the position of the adjustable tension guide ring 404
      on each of the winding heads. As previously indicated, the drive shaft 266
      actuates the control means D as well as serving to rotate the winding
      heads I1, I2 and I3, also the conveyor tube forming device or devices G.
      The motor 258 which rotates the drive shaft either puts energy into the
      control device or acts as a brake when the system would tend to get out of
      balance, balanced conditions being a predetermined ratio of rates of
      linear advancement and of rotation of the pipe assembly. Since the same
      motor, or its shaft, actuates the operations of aforementioned devices for
      incorporating material into the pipe assembly as well as serving to
      actuate the control device, temporary deviation from optimum balanced
      conditions does not seriously affect the pipe assembly being generated;
      the operation of all of the devices is synchronized from the same driving
      means to equally affect each device.
PAR  The aforementioned inflatable means E is positioned within the pipe
      assembly P and forward of the control means D, as shown schematically in
      FIG. 1B. The inflatable means which, in effect, is an air piston, is shown
      in detail in FIGS. 27-34. The air piston is a device which furnishes a
      temporary, longitudinally advancing, internal air seal within the pipe
      assembly a set distance rearwardly from the end of the pipe while the pipe
      is being manufactured or generated. As previously described, the pipe
      assembly in the normal course of continuous manufacture is airsealed at
      its forward moving end by the plug seal means C, the air seal B over which
      the pipe assembly is drawn furnishing the other end of the air sealed
      chamber. The air piston provided by the means E permits cutting off a
      length of the pipe assembly from the continuously manufactured product
      without the loss of air pressure within the pipe assembly, and thereby the
      ccontinuous manufacturing process need not be interrupted. Activating the
      inflatable air piston temporarily creates a linearly travelling seal
      within the pipe assembly to allow the removal of the plug seal means C
      from the end of the pipe, whereby a section or length of the otherwise
      endless pipe assembly being generated may be out on the unpressurized side
      of the travelling air seal provided by the means E. After a selected
      length of the pipe has been out from the continuously advancing pipe
      assembly, the plug seal means C is replaced in the end of the pipe whereby
      the air piston is then relieved of the air pressure which actuates or
      inflates it. While such temporary air seal is operative, axial motion of
      the pipe is maintained by the air pressure acting on this air piston form
      of device or plug. When the air seal is released, the air piston means E
      is automatically returned to its unpressurized and rest position to await
      its next activation when a predetermined length of pipe assembly is to be
      cut off from the endless pipe assembly being generated. FIGS. 27-31
      illustrate a pipe assembly P as related to the inflatable seal means E.
      For convenience of illustration, the pipe assembly is merely shown as a
      tube, for without some showing thereof the related plug seal means C as
      shown in FIG. 28 would have no visible supporting means. It will be
      understood that the pipe assembly at this point in the line has the
      construction shown in FIG. 35.
PAR  As shown in FIGS. 27-34, the temporary air seal means E comprises an
      inflatable container 620 made of an elastic material such as rubber. When
      not activated or not inflated, the container has the form of a tube closed
      at each end, and has a diameter less than the internal diameter of the
      pipe assembly which rotates and advances over it. The clearance between
      the outer side of the inflatable container and the surrounding pipe
      assembly permits the air under pressure from the main air line to exert an
      axial thrust on the plug seal means C (FIG. 28).
PAR  The inflatable container 620, for a portion of its length, surrounds a
      rigid support sleeve 622 made of aluminum or the like having a plurality
      of openings 624 in its wall to place the interior of the support sleeve in
      communication with the interior of the inflatable member. The inflatable
      member is held to surround the support sleeve by forward end clamp means
      comprising an end clamp 626 which is welded to the forward end of the
      support sleeve 622. The inflatable container is held by securing an end
      clamp 628 to the opposite side thereof, the clamping members 626 and 628
      being held and secured to one another by a bolt 630 extended through the
      clamp member 628 and threaded into the clamp member 626 through an opening
      in the inflatable air container. The opposite or rear end of the
      inflatable container is clamped between a clamp member 632 on the inner
      side and a centering guide 634 against which is pressed a clamp member 636
      by a nut 638. The nut is threaded onto an externally threaded sleeve 640
      which is secured as by welding to an air conveying tube 642.
PAR  As best shown in FIG. 32, the air conveying tube 642 is in communication
      with the apertured or perforated support 622 surrounded by the inflatable
      container 620. As shown in FIG. 33, the air line 642 is in communication
      with the tubing 98 connected to the second source of air back at the
      rotary coupling (FIG. 4). As previously described, the tubing 98 rotates
      with the mandrel A and extends beyond the mandrel's forward end 50, or the
      end where the main air line 57 and its extensions terminate. The diameter
      of the tubing 98 is smaller than the diameter of the tube 642. The end of
      the tube 98 is flared at 644 to allow relative longitudinal movement
      between the tubes, and to prevent them from being separated.
PAR  As also shown in FIG. 33, the rearward end of the tube 642 is fastened as
      by force-fitting into a guide hub 646 through which the tube 98 extends.
      The guide hub is provided with an internal groove within which is
      positioned an O-ring 648 to furnish an air seal between the hub and the
      tube so that relative longitudinal motion between the tubes 98 and 642
      does not result in a loss of air pressure. A guide 650 for centering the
      pipe assembly over which the pipe assembly passes is secured as by screws
      652 to the guide hub. As shown in FIG. 30, the guide hub is provided with
      longitudinally extending, circumferentially spaced holes 653 to allow air
      from the main line to pass through the part and around the deflated air
      container 620 for the application of thrust against the plug seal means C.
      The guide hub is also provided with a rearwardly extending annular flange
      654 of a diameter to closely surround the tube 98. The hub having the air
      tube 642 connected thereto is slidable along the tube 98. As best shown in
      FIG. 34, a coiled tension spring 656 has its forward end anchored to the
      hub member by providing the flange portion 654 with annular grooves 658
      within which several adjacent turns of the spring are force-fitted. The
      spring acts to return the air piston assembly, or the apertured support
      sleeve 622 and its surrounding air container 620, to inactive position
      after the pressure in the line provided by the tubes 98 and 642 is
      released to deflate the air container.
PAR  Accordingly, and as shown in FIGS. 27 and 28, the opposite or rear end of
      the spring 656 is anchored in the same way as the forward end, as above
      described, to a centralizer tube 660 which is secured as by welding to the
      outer periphery of the air conveying tube 98. The centralizer tube is
      secured to the air conveying tube 98 just forward of the control device D.
      The centralizer tube has mounted thereon a plurality of centralizer
      guiding ribs 622 with the ribs at their highest points having a diameter
      slightly less than the internal diameter of the pipe assembly which
      travels thereover and is guided thereby.
PAR  After a section of pipe has been cut off, the plug seal means C is clamped
      onto the forward end of the pipe assembly within the apparatus. The air
      container 620 which was inflated to frictionally grip the interior of the
      pipe assembly to rotate and travel forward therewith is deflated by
      releasing the pressure in the air line provided by the communicating tubes
      98 and 642. The spring 656 acts to return the assembly including the
      deflated container, also the guide hub 650 and its associated parts, to a
      position adjacent the centralizer tube and its guide ribs. Upon subsequent
      reactivation of the air container 620, it becomes a travelling plug
      against which the air under pressure from the main line 57 and its
      extensions may exert an axial thrust to advance the thus temporarily
      sealed pipe assembly. During such temporary seal of the pipe, the plug
      seal means C is unclamped, a section of the pipe is cut off, and the plug
      seal means is clamped into the forward cut end of the advancing pipe
      assembly without interruption of the continuous process.
PAR  An alternate embodiment of the means for providing the temporary fluid seal
      is illustrated in FIG. 43. In this embodiment the inflatable container
      620, described above, is attached to the forward end of a hollow rod 768
      which is continuous over its entire length and extends through the
      interior of the mandrel 57 and is slidably and rotatably engaged with the
      rotary joint 774, which is at the rearward end of the mandrel. The rotary
      joint 774 is attached to a supply line 814 through which a fluid, for
      example, air, is fed into the mandrel. The hollow rod 768 is attached at
      its rearward end to a rotary fitting 770. The rotary fitting 770 is
      connected to a supply line 772 through which air or another fluid under
      pressure can be fed from a source (not shown) to expand the inflatable
      seal means 620. The rotary fitting 770 is attached to one end of a cable
      776 which passes from the rotary fitting over a pulley 778 and is attached
      at its opposite end to a weight 780. The pulley 778 is attached to the
      supporting member 812 through which the cable 776 and the rotary fitting
      770 travel. The weight 780 is positioned in a well (not shown) which
      preferably is filled with a liquid such as oil, which dampens the movement
      of the weight 780. The means for providing the fluid seal, as illustrated
      in FIG. 43, is in an engaged and almost completely extended position such
      as when it is utilized for cutting off a length of the generated pipe.
      After a length of the generated pipe has been cut off and the plug seal
      means C reinserted, the pressure on the fluid fed through the supply line
      772 is released, which causes the inflatable seal means 620 to deflate and
      disengage the walls of the generated pipe assembly as previously
      described. The weight 780 in combination with the cable 776 then causes
      the assembly of the inflatable seal means 620, the hollow rod 768 and the
      rotary fitting 770 to retract to the at rest position indicated in phantom
      in FIG. 43.
PAR  The processing of pipe by the described apparatus is automatic and
      continuous. As shown in FIGS. 2A and 3A, a control panel 670 is mounted on
      the longitudinally extending central frame member 54 for indicating the
      conditions of and for controlling several devices in the system. An
      indicating potentiometer 672 is provided to control the temperature for
      the heaters 312 which serve to partially cure the resin which provides the
      conveyor tube form of resin T. A voltmeter 674 also connected to the
      heaters 312 serves as a temperature read out device. A rotary selector
      switch 676 permits temperature read out for any one of the plurality of
      heaters. Control means 678 is connected to the motor 258 to control its
      speed, and a speed indicator 680 furnishes a read out of the actual rate
      of rotation of the motor's shaft 266.
PAR  Resin lined pipe produced by the specifically described automatic,
      continuous line is illustrated in FIGS. 35 and 35A. As previously
      indicated, the pipe construction, insofar as the number of layers and the
      angles of winding of the fiber elements of the various layers, is a matter
      of choice. Changes may be made in the system for the structure of pipe
      desired.
PAR  The apparatus hereinbefore described produces pipe having a continuous
      resin coating or layer on its interior supplied by the conveyor tube T
      which was made an integrated part of the finished pipe assembly. By
      modifying a portion of the described continuous system, an air impervious
      conveyor tube T' may be provided which is removed from the pipe assembly
      after the conveyor tube has served its purpose of furnishing a base for
      the materials applied thereto in the conveyor tube's advancement through
      the apparatus. Apparatus utilizing a removable conveyor tube may produce
      pipe having a resin inner liner or a pipe which is unlined.
PAR  The portion of the continuous system for making pipe with a removable
      conveyor tube is schematically shown in FIG. 36 and the structured portion
      in FIGS. 37 and 39. When such portion of the apparatus at the beginning of
      the system is placed in line with the remainder of the system as
      schematically shown in FIGS. 1A and 1B and structurally shown in FIGS.
      2A-3D, a continuous system is provided for the automatic and continuous
      manufacture of a pipe assembly having a removable conveyor tube T'.
PAR  Essentially, the conveyor tube T' is fabricated to furnish the desired air
      impervious quality and the desired measure of rigidity to withstand the
      forces of applying windings thereon under tension. Also, as will be
      described, the conveyor tube includes as a part thereof means in the form
      of a stripping wire which enables the ready removal of the conveyor tube
      which, in this embodiment of the invention, is included in the pipe
      assembly for processing purposes only.
PAR  Referring to FIGS. 36, 37 and 38, the conveyor tube T' is formed on the
      rotatable mandrel A which, as hereinbefore described, serves to convey air
      under pressure therethrough to impose an axial thrust for the longitudinal
      movement of the pipe assembly through the system, also to support an
      auxiliary air line to the inflatable, temporary plug E. A tube of paper is
      first formed on the mandrel by applying a plurality of strips e to cover
      the mandrel. The strips, four in number in the illustrated form of the
      invention, are longitudinally applied to the mandrel from four rolls 682
      which are supported upon a sleeve holder 684 fixed as by welding to the
      mandrel or the tube portion 57 thereof as best shown in FIG. 40. The
      holder is provided with equidistantly spaced brackets 686 to which the
      spindles 688 for the rolls of paper strip are connected. The advancing
      pipe assembly of which the conveyor tube T' is a part serves to draw the
      paper strips off the rolls so that the longitudinal edges of the strips
      are in slightly overlapping relationship. The longitudinally applied
      strips are guided to assume such relationship by a guide member 690
      provided with slots 692 extended therethrough as shown in FIG. 41. The
      guide member, which is provided with a central aperture 694 to allow the
      tube portion 57 of the mandrel to extend therethrough, is suspended from
      longitudinally extending rods 696 having their rearward ends fastened or
      welded to a pair of the roll holder brackets 686 (FIG. 39).
PAR  After the plurality of longitudinally extending paper strips e has been
      laid onto the mandrel with their edges overlapped, the strips are adhered
      to one another by an adhesive coating carried by a strip f which is
      helically wound about them. The strip f prior to being wound around the
      strips e passes over a coating roll 697 positioned in an adhesive bath 698
      and is coated on one side. A heater 700 is disposed over the portion of
      the conveyor tube generated to dry or harden the adhesive. As shown in
      FIGS. 37 and 38, the heater is suspended from longitudinally spaced straps
      702 secured to the upper central frame member 54.
PAR  As also shown in FIGS. 37 and 38, a pair of strips g and h are helically
      wound in the same direction about the material previously applied to the
      mandrel, these latter two strips being drawn off of rolls 704 and 706
      mounted on stationary stands 708 and 710 adjacent the line. The strip g is
      of an air impervious material such as cellophane or vinyl resin film, and
      has an adhesive coating of a thermosetting resin, such as an epoxy resin
      composition, applied thereto by an applicator 712. The strip h is
      preferably of a porous or absorbent material such as tissue paper. When
      both strips are wound into the assembly and heat is applied as by a second
      heater 713, the resin migrates through the strip h, the layers are bonded
      to one another and the tube is air impervious.
PAR  The portion of the conveyor tube T' thus far generated is then helically
      overwound with two strips i and j, rolls of which are mounted on a
      rotating head generally designated 714. The strip i is of paper and the
      strip j is of a parting or mold release material such as a smooth tape of
      polypropylene, Teflon or the like. The paper strip i is bonded to the
      generating conveyor tube through the medium of the resin adhesive which
      has passed to the outer side of the porous strip h. The rotating head 714
      also has mounted thereon a reel 716 from which a strong filament or wire k
      is drawn off and wrapped around the generated tube to lie adjacent the
      layer provided by the wound tape i. Incorporated in the conveyor tube, the
      stripping element or wire k lies at an angle of approximately 45.degree.
      with respect to the longitudinal axis of the tube. When the pipe assembly
      of which the removable conveyor tube T' is a part has been completed,
      pulling or applying tension to the stripping wire k causes the destruction
      of the removable conveyor tube for its easy removal from within the pipe
      assembly. The mold release layer provided by the tape j prevents adhesion
      of the conveyor tube to the resin inner liner of the pipe if a resin lined
      pipe is made, or to the resin impregnant on the first layer a of
      continuous fiber elements wound into the pipe assembly at the station J
      forward in the line. Due to the staggered relationship of the strips i and
      j as they are being wound together, with the latter strip immediately
      overlapped upon the former, the mold release layer is firmly held on the
      outer side of the removable conveyor tube. The stripping wire k is beneath
      the layer formed by the mold release strip j. When, after the pipe
      assembly is completed and a pull is exerted upon the stripping wire, the
      conveyor tube beneath the mold release layer is cut or destroyed and the
      mold release layer because of the character of the material readily comes
      away from the overlying pipe structure.
PAR  As shown in FIGS. 38 and 39A, the rotating head 714 is suspended from a
      bracket 718 secured at its upper end to the frame member 54. The rotating
      head comprises a circular plate 719 having a central opening to allow the
      generated conveyor tube to advance therethrough. The rotating head plate
      has a pair of diametrically opposed rearwardly extending rods 720, 720',
      each of which is inwardly bent near their rear ends to furnish spindles
      for the rolls of tape or strips i and j. A third rod 722 is welded to the
      plate 719 and extends rearwardly and is formed to provide a spindle for
      the wire wheel 716.
PAR  In the illustrated embodiment of the invention, as represented by FIGS. 37,
      38 and FIGS. 2A-3E, also as schematically shown in FIGS. 36, 1A and 1B
      taken together, the mandrel is positively driven or rotated, whereas in
      the embodiment of the invention illustrated in FIGS. 2-3E and
      schematically in FIGS. 1, 1A and 1B, the mandrel though mounted for
      rotation is not powered or positively rotated. It is preferred to
      positively rotate the mandrel in synchronism with the rotation imparted to
      the pipe assembly in each of the illustrated embodiments of the invention.
      Where the pipe is processed upon a conveyor tube of the removable type, it
      is particularly desirable to positively rotate the mandrel by bringing the
      drive from the motor 258 rearwardly to the beginning of the line where, in
      addition to the drive mechanism coupled to the mandrel, a positive drive
      may be provided for the rotating head 714.
PAR  As shown in FIGS. 38 and 39A, the plate 719 of the rotating head is mounted
      for rotation upon a stepped hub 724. The hub has the portion thereof of
      larger diameter abutted against the bracket 718 with its portion of
      smaller diameter extended through the central opening of the plate 719. A
      plurality of circumferentially arranged screws 726 are extended through
      the bracket and screwed into the hub to affix the hub to the bracket. On
      the opposite side of the plate 719, a retaining plate 728 is secured into
      the stepped portion of the hub by screws 730. A pulley 732 having a hub
      734 is sandwiched between the plate 719 and the larger diameter portion of
      the hub 724. The pulley is fixed for rotation with the plate 719 by screws
      736 extended through the plate and into the pulley hub 734.
PAR  The winding head 714 is rotated by a belt 738 around the pulley 732 and
      around a second pulley 740 fixed to a countershaft 742 journaled in pillow
      blocks 744, 744' supported by the bottom frame 52, as shown in FIG. 38.
      The countershaft is rotated by the driven shaft 268 previously referred to
      in connection with the first described embodiment of the invention, and
      which, as previously described, is driven by the motor 258. The shaft 268
      and the countershaft 742 are provided with pulleys 746, 746' and a
      cooperating belt 748. The shaft 268 extends further rearwardly in the line
      with the end of the shaft journaled in a pillow block 750. The shaft 268
      supplies power to rotate the mandrel A through a series of pulleys and
      belts. A pulley 752 is fixed to the shaft 268 for cooperation with a
      pulley 754 fixed to a stub shaft 756. A belt 758 is cooperable with the
      pulleys 752 and 754. The stub shaft which is suitably mounted for rotation
      in pillow blocks is provided with a pulley 760 cooperable by means of a
      belt 762 with a pulley 764 fixed to the mandrel or its tube portion 57.
PAR  The described drive mechanism, all off the same motor 258, imparts rotation
      to the winding head 714 so that the rotation of the mandrel is
      synchronized with the rotation of the rotating head 714 applying the tapes
      i and j to the generating, removable conveyor tube T'. It is preferred
      that the drive means for the winding head 714 be arranged so that the
      winding head shall rotate at a faster rate than the rate of rotation of
      the mandrel to provide a wrap angle of less than approximately 45.degree.
      . As shown in FIGS. 37 and 38, the completed removable conveyor tube T'
      may be overwound by a helically applied strip l impregnated or coated on
      both sides with a thermosetting resin composition applied by resin
      applicator 766 to furnish a resin liner for the completed pipe (after the
      tube T' is removed). If desired, the resin liner layer provided by the
      impregnated strip l may be omitted, whereby the finished pipe comprises
      the plurality of layers of resin impregnated continuous fiber elements
      applied by the devices J, J1, J2, J3, I1, I2 and I3 forward of the portion
      of the line where the conveyor tube is formed on the mandrel.
PAR  Another embodiment of the invention where the conveyor tube is removable is
      illustrated in FIG. 43, the conveyor tube being designated 782. A tube
      winder 784 is rotatably mounted about the mandrel 57 on the support 786
      and is driven by a chain and sprocket drive 790. The tube winder 784
      comprises mounts 792 for holding rolls of tape 794, 796 and includes
      guides 798, 800. When the tube winder 784 is rotated about the mandrel 57,
      tapes 794, 796 are helically wound on the mandrel to provide a helically
      wound conveyor tube 782 on the mandrel. If desired, a single tape may be
      wound on the mandrel with the edge slightly overlapping to provide the
      conveyor tube.
PAR  The strip material that is employed to furnish the removable conveyor tube
      is nonadhesive on its inner surface to the mandrel 57 and is, or can be,
      readily made adhesive on its outer surface. The interior is nonadhesive so
      that the conveyor tube will be free to advance over the mandrel as the
      conveyor tube is advanced. The opposite or outer surface of the tube is
      coated with a separable adhesive, that is, an adhesive effective to adhere
      the tube to the resin composition of the pipe and which will allow
      separation of the tube from the resin composition in its polymerized or
      partially polymerized state upon treatment with a separating agent. The
      separating agent is of a character or composition which does not affect
      the polymerized or partially polymerized resin composition.
PAR  In greater detail, rolls of gummed kraft paper tape 794, 796 are loaded
      onto the tube winder 784. The tapes are then helically wound on the
      mandrel 57 with the adhesive side out and the uncoated side toward the
      mandrel. To eliminate as much of the friction as possible between the
      conveyor tube 782 and the mandrel 57, the mandrel 57 may be coated with
      Teflon. Since the adhesive surface is not adhesive in the dry state, the
      outer surface of the tube 782 is sprayed with a fine mist of water from a
      shower head 802. The water, in addition to moistening the adhesive on the
      tape, somewhat dampens the paper and makes it more plastic so that it will
      conform more smoothly to the contour of the mandrel 57. After the conveyor
      tube 782 is moistened, it is dried by advancing it through an oven 804. A
      resin liner 806 is applied to the conveyor tube from the nozzle 808. The
      resin liner 806 readily adheres to the dried adhesive surface of the
      conveyor tube 782. The conveyor tube coated with the resin liner 806 is
      then advanced into a second infra-red oven 810 in which the resin liner is
      at least partially cured, and is thereby made air impervious. The
      remainder of the glass and resin build-up is then applied to the coated
      conveyor tube. After the pipe assembly is completed the conveyor tube 782
      is removed from the finished pipe by simply soaking the pipe in warm water
      or by the use of steam  under pressure, which softens and dissolves the
      gummed adhesive and enables the paper tapes to be easily removed. If
      desired, the conveyor tube may be left in the finished pipe to protect the
      inner resin liner until the pipe is ready for installation, whereupon the
      conveyor tube is removed in the field as above described just prior to
      installation of the pipe.
PAR  It will be apparent that the above technique is not limited to the use of
      the preferred water-soluble adhesive coated kraft paper and that other
      materials having the above-noted properties may be used in lieu thereof.
      The carrier strip may be a solvent-permeable film, and the separable
      adhesive may be a solvent activatable composition, whereupon the conveyor
      tube is removed by soaking the tube lined finished pipe in a solvent bath
      in which the separable adhesive is soluble, but in which does not affect
      the finished pipe assembly. Paper tape coated with a water-soluble
      adhesive is preferred because of economy and ease of removal with water or
      steam.
PAR  The apparatus shown in FIG. 43 may also be employed to manufacture pipe in
      which the conveyor tube becomes an integral part of the finished pipe. In
      this embodiment of the invention, tapes are initially prepared by resin
      impregnating a suitable base material such as fiberglass tape. The resin
      impregnated material is then preferably cured to a B-stage. The inner
      surface of the resin impregnated tape will not adhere to the Teflon coated
      mandrel 57 when wound on the mandrel. However, in order to insure
      nonadhesion to the mandrel 57, a mold release agent such as graphite can
      be applied to the inner surface of the tape or sprinkled on the mandrel 57
      as the tapes are wound onto the mandrel 57. The outer surface of the tape
      can be made adhesive by several different techniques. The outer surface of
      the resin impregnated tape can be coated with a suitable semicured
      thermosetting adhesive resin. In addition, with certain resins, a fine
      mist of selected solvents can be applied to the conveyor tube from the
      shower head 802, which makes the outer surface adhesive in a manner
      similar to that noted above for gummed kraft paper tube. Resinous
      materials may also be employed which when initially heated in the oven 804
      will become somewhat softer and adhere to the surface of adjacent tapes
      before the resin advances in cure from the B-stage to the C-stage. An
      additional method of forming the integral air impervious conveyor tube is
      to coat the helically wound resin impregnated tape with a coating of resin
      806 from the nozzle 808, and at least partially cure the resin coating so
      as to completely seal the outer wall of the conveyor tube. Once the
      conveyor tube is formed as noted above, it is then further built up as
      indicated above to provide the finished pipe.
PAR  An additional embodiment of the present invention is illustrated in FIGS.
      46 and 47. Referring to FIGS. 46 and 47, the number 816 generally
      designates an apparatus for forming continuous glass-reinforced plastic
      pipe in accordance with the present invention. The apparatus 816 comprises
      a vertical stationary rigid supporting member 818, which may comprise a
      portion of a suitable supporting frame, not shown, said supporting member
      818 being formed with a horizontal projection 820 containing a horizontal
      bore 822. Journaled axially in the bore 822, as by means of suitable ball
      bearing assemblies 824 and 826, is a rigid tubular shaft 828 on which is
      coaxially mounted the pipe forming mandrel 830. As shown in FIG. 47, the
      mandrel 830 is located adjacent the end of the projection 820 and is
      formed with longitudinally extending supporting flanges 832 extending from
      the end of the mandrel 830 parallel to and over the projection 820. The
      longitudinally extending supporting flanges 832 are angularly spaced
      uniformly around the axis of the mandrel 830, and each longitudinally
      supporting flange 832 is formed with a radially extending supporting
      flange 834.
PAR  Journaled on the end of each outwardly projecting radially extending flange
      834 adjacent to the supporting member 818 is a feed roll 836 of adhesive
      cellophane tape such as Scotch tape, and journaled on the radially
      extending flange 834 forwardly adjacent the feed roll 836 is a feed roll
      838 of cellophane strip material. The respective feed rolls 836 and 838
      are so arranged relative to each other, and the strip material carried
      thereon is of sufficient width, so that the cellophane strips from the
      roll 838 can extend longitudinally onto the mandrel 830 with their side
      edges substantially in engagement with each other and with their side
      margins overlapping and adhesively secured on the strips of adhesive
      cellophane tape from the roll 836, which are likewise laid longitudinally
      on the mandrel 830. Thus, the strips of adhesive cellophane tape are
      designated in FIG. 46 at 840 and the side-by-side strips of cellophane
      from the rolls 838 are designated 842.
PAR  Suitably journaled adjacent to the mandrel 830 on an axis which is inclined
      at an acute angle to the axis of the mandrel is a supply roll 844 of glass
      tape 846 impregnated with a thermosetting resin. As shown in FIG. 46, the
      roll 844 is positioned so that the glass tape 846 can be helically wound
      over the air tight envelope formed by the cellophane strips 842 and the
      adhesive cellophane tape strips 840 connecting their margins, the glass
      tape 846 having its major strength in a substantially transverse direction
      so that the finished pipe is provided with the required strength in its
      axial direction.
PAR  The mandrel 830 is provided with a series of longitudinally spaced annular
      peripheral air pressure equalizing grooves 848, 850 and 852, for a purpose
      presently to be explained, the groove 848 being located nearest the left
      end of the mandrel 830, as viewed in FIG. 47. The glass tape 846 is
      applied to the mandrel at a location substantially between the groove 848
      and the adjacent groove 850.
PAR  Vertically journaled adjacent the supply roll 844 and spaced forwardly
      therefrom in the manner indicated in FIG. 46 are a plurality of
      glass-roving supply packages 854, the glass roving supply packages 854
      being spaced so that the glass strands therefrom can be converged through
      a stationary guide ring 856 mounted adjacent the forward end of the
      mandrel 830 and so that the strands, shown at 858, can be applied
      therefrom, in a desired configuration, for example, in parallel
      relationship in accordance with the horizontally elongated shape of the
      guide ring 856, onto the previously wound layer of glass tape 846. The
      parallel strands 858 emerging from the guide ring 856 are preferably
      applied in the same direction as the glass tape 846, and are thereby
      helically wound onto the subjacent helically wound layer of glass tape 846
      in the manner illustrated in FIG. 46 responsive to the rotation of the
      formed pipe, in a manner presently to be described.
PAR  Mounted forwardly adjacent the guide ring 856 and in any desired location
      around the axis of the formed pipe are a plurality of longitudinally
      arranged heaters 860 which may extend theough any desired length so as to
      apply heat to the pipe being fabricated over a corresponding length of the
      pipe, which may, in some instances, consist of one hundred feet or more of
      pipe length. The initial heat supplied from the heating units 860 softens
      the thermosetting resin of the glass tape 846 and allows the strands 858
      to becomme embedded in the glass tape 846 to form a composite laminar
      structure. The thermosetting resin is thereafter cured as the pipe
      continues to advance past the heaters 860.
PAR  Glass tape 846 from supply rolls 844 and glass strands 858 from roving
      packages 854 may be applied as many times as is necessary to build up the
      finished pipe to the required wall thickness. The heat which is applied to
      the superimposed material by the heaters 860 polymerizes the thermosetting
      resin. Depending on the rate of production, the heat may be applied over
      any desired length of the pipe being fabricated, for example, over a
      length of a hundred feet or more.
PAR  Secured to the forward end of the tubular shaft 828 is a piston assembly
      861 comprising a main cylindrical disc member 862 which is secured to the
      tubular shaft 828 by an axially extending fastening bolt 864 as shown in
      FIG. 47, and clamps a resilient deformable sealing cup 866 against an
      inner rigid washer 868. The sealing cup 866 is preferably made of
      polytetrafluoroethylene (Teflon), and provides a seal in combination with
      the inside surface of the formed pipe.
PAR  Connected to the forward end of the shaft 828, as by a rotary sealing
      coupling 870, is a compressed air supply conduit 872 which furnishes air
      under pressure through the sealed rotating connection 870 to the tubular
      shaft 828. The tubular shaft 828 is formed adjacent the piston washer 868
      with a discharge aperture 874 through which compressed air is discharged
      into the space 880 between the piston assembly 861 and the mandrel 830 and
      substantially fills said space 880 also penetrating into the
      circumferential space around the mandrel 830 to provide an air cushion
      between the mandrel 830 and the inside surface of the pipe formed thereon.
      The air pressure is equalized circumferentially around the mandrel 830 by
      the provision of the equalizing grooves 848, 850, 852 so that channelling
      of the compressed air along the peripheral surface of the mandrel is
      prevented, maintaining substantially uniform air pressure around the
      periphery of the mandrel and maintaining a substantially uniform air
      cushion between the peripheral surface of the mandrel and the inside
      surface of the formed pipe. The equalizing groove 848 communicates by
      means of radial passages 876 with an annular end cavity 878 provided in
      the mandrel 830, said cavity 878 being exposed to atmosphere, whereby the
      air is allowed to bleed through the passages 876 and escape freely so that
      air is not forced to flow out between the unsupported cellophane and the
      forming mandrel 830. The air pressure is such as to expand the pipe only
      to the amount required to support the pipe properly while it is cured and
      to provide the air cushion between the inside surface of the formed pipe
      and the periphery of the forming mandrel 830, so as to allow the pulling
      means D described above to move the pipe axially in a smooth and efficient
      manner. Thus, as the pressure builds up in the space 880, air leaks out
      between the forming mandrel 830 and the inside surface of the formed pipe,
      allowing the air pressure to automatically adjust to the desired value.
      Thus, the pipe floats freely on the forming mandrel 830 because of the
      presence of the aforementioned air cushion, sufficient air being fed into
      the pipe to cause it to then expand circumferentially to a sufficient
      degree to sustain the winding load imposed thereon from the glass roving
      strands 854 and the glass tapes 846.
PAR  The pulling frame designated by the letter D in FIG. 46 is identical in
      structure to the apparatus described above and shown in FIG. 22. The
      pulling frame D is arranged coaxially with the mandrel 830 and is spaced a
      substantial distance forwardly of the heaters 860 and a short distance
      rearwardly of the piston assembly 861, as shown in FIG. 46. The tires 540
      attached to the pulling frame D extend inwardly and frictionally engage
      the periphery of a cured pipe 882 extending from the mandrel 830. The
      rotation of the pulling frame D, as described above, causes the tires 540
      to engage the cured pipe 882 and to pull the pipe 882 forwardly, while the
      pipe 882 is simultaneously rotated by the pulling frame D.
PAR  In operation, the cellophane strips 842 are fed over the adhesive
      cellophane tape strips 840 so that their side edges are closely adjacent
      to each other to form a substantially air-tight casing on the mandrel 830.
      The glass tape 846, impregnated with a thermosetting resin, as above
      described, is fed from the roll 844 at an angle such as that illustrated
      in FIG. 46, being wound over the cellophane strips 842 in a helical
      fashion between the annular grooves 848 and 850 of the mandrel 830, as
      shown in FIG. 46. The supply roll 844 is positioned so as to provide the
      desired pitch angle for the wound glass tape 846. Similarly, the glass
      fiber roving strands 858 are furnished from the roving packages 854 and
      fed through the guide ring 856, in the manner above described, at a
      location forwardly spaced from the glass tape 846, as shown in FIG. 46,
      being helically wound on the wound tape 846 and being applied at a
      location spaced rearwardly from the groove 850 of the mandrel and being
      located adjacent to or overlying the groove 852. Both the glass tape 846
      and the glass fiber roving strands 858 are fed under adequate tension so
      as to provide a close wrap. As above mentioned, the glass tape 846 and the
      roving strands 858 may be applied as many times as is necessary to build
      up the finished pipe to the required wall thickness. It will be understood
      that the winding of the tape 846 and the glass fiber roving strands 858
      taken place because the cured pipe 882 is being rotated and simultaneously
      pulled forwardly by the action of the pulling frame D above described.
PAR  Heat is applied to the material by the heaters 860 to polymerize the
      thermosetting resin, and the heat is applied over a length of pipe
      forwardly of the mandrel 830, depending upon the rate of production. As
      above mentioned, the heat may have to be applied, in some cases, to over a
      hundred feet or more of pipe length.
PAR  The portion of the pipe between the mandrel 830 and the pulling frame D is
      held in proper shape by the air pressure supplied to the space 880 in the
      manner above described, the compressed air being fed through the tubular
      shaft 828 and discharging in the space 880 through the aperture 874. The
      pressure is sufficiently high to cause the pipe to expand
      circumferentially to sustain the winding load imposed on the pipe by the
      roving strands 858 and the glass tape 846, as above described, the
      expansion allowing the pipe to float free of the forming mandrel 830,
      enabling the puller D to move the pipe axially over the forming mandrel
      830 and the piston assembly 861 at the forward end of the shaft 828. As
      the pipe is expanded, the air leaks out between the forming mandrel 830
      and the cellophane inner casing of the pipe, the air pressure being thus
      automatically adjusted so that the pipe is expanded only to the degree
      required to adequately reduce the friction between the inner casing of the
      pipe and the forming mandrel, and so that the puller D can easily move the
      pipe axially.
PAR  The pipe and puller assembly D are supported by sprocket chains 886 and
      890, whereas the driving power is furnished by the electric motor 892.
PAR  The tubular shaft 828 is preferably slidably adjustable relative to the
      mandrel 830 to permit starting-up operation of the machine.
PAR  It will be noted that the apparatus illustrated in FIGS. 46 and 47 includes
      several important features from the standpoint of design and operation.
      First, all glass and resin delivery systems are fixed. This is a very
      important requirement for continuous production machines, particularly for
      large diameter pipe. The only revolving materials are the cellophane and
      adhesive cellophane tape rolls. Secondly, air pressure is used to balance
      the winding tensions and to support the pipe over long lengths so that the
      pipe may be passed unsupported through a long curing oven. This will allow
      the pipe to be produced at a very high production rate. The air pressure
      also reduces the friction between the cellophane release layer and the
      forming mandrel 830. By using air pressure there is no limit to the wall
      thickness to which the pipe can be fabricated, since the more material
      that is applied, the more air pressure can be furnished to balance same.
      Thirdly, the puller assembly D operates on a fully cured section of the
      pipe which is internally supported by air pressure. Thus, the puller is
      enabled to simultaneously rotate the pipe and move it axially over the
      forming mandrel 830 and through the curing oven.
PAR  Fourthly, a reinforced plastic pipe or tube may be fabricated with a thick
      resin inner liner that would be in compression during operating
      conditions. A resin coat would be applied to the cellophane casing and
      cured by suitable heaters before the overwind of glass tape and roving is
      applied. The mandrel at this point would be reduced in diameter so that
      the overwind of glass tape and roving would put the thick resin liner in
      compression. A plastic pipe with a resin liner in compression can operate
      at much higher stress levels and for longer periods of time than present
      reinforced pipe.
PAR  It will be apparent that in devising the automatic, continuous systems for
      the manufacture of fiber reinforced plastic pipe illustrated in FIGS. 1-47
      above, a number of devices have been included which possess utility for
      other purposes than as hereinbefore specifically described in connection
      with the manufacture of fiber reinforced plastic pipe. The device G has
      general utility for coating strip or sheet material. The belt system F may
      be used for forming a resin tube apart from having the tube formed on such
      system overwound with additional material or materials. The winding head I
      and the manner of coating the continuous fiber elements drawn off the head
      may be used for the application of bands or layers of fiber elements to
      any hollow article of substantial length, for example, the manufacture of
      a structural body which may have a configuration other than cylindrical.
      Also, the control device D may be used in processing any cylindrical
      member or pipe such as metal pipe. The plug seal means C, while
      particularly adapted for use in conjunction with a pipe assembly generated
      as specifically described, is also useful where it may be desired to
      process metal pipe by coating the same or otherwise treating the
      continuously advanced pipe or tubing. The air piston E may be used in
      conjunction with a rigid metal pipe or tube rather than in a system which
      fabricates the pipe as described.
PAR  It is believed that the advantages and improved results afforded by the
      invention will be apparent from the foregoing specifically described
      preferred embodiments of the invention. It will be apparent that various
      modifications and changes may be made without departing from the spirit
      and scope of the invention as sought to be defined in the claims which
      follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for sealing the end of a pipe comprising a bearing plate having
      a central, internally threaded opening, a solid threaded shaft extending
      through said opening to clamp and unclamp the device from a pipe, manually
      operable means for rotating the shaft, the forward end of the shaft having
      a disk fixed thereto of a larger diameter than the diameter of the shaft,
      an O-ring positioned adjacent the rear side of the disk, a hollow plug
      having a central bore, said O-ring being cooperable with the wall of said
      bore, said plug having a counterbore to receive said disk, the
      intersection of the bore and counterbore providing a shoulder cooperable
      with said disk in the clamped position of the device, whereby the O-ring
      is in sealing engagement with the bore's wall, the outer side of said plug
      being convergingly tapered toward said bearing plate to provide a ramp, a
      plurality of segments providing a split, expandable sleeve overlying said
      plug, said segments being matingly tapered on their inner sides for
      cooperation with said ramp, the segments being provided on their outer
      sides with means for gripping the interior of a pipe, an elastic retaining
      ring to resiliently maintain said segments against the underlying plug,
      and means connecting the segments to said bearing plate in a manner
      permitting the segments to move in a radial direction.
NUM  2.
PAR  2. A device as set forth in claim 1, wherein the bearing plate is provided
      with air venting holes in communication with said bore and counterbore,
      the parts being arranged whereby air under pressure within a pipe may be
      vented prior to the segments releasing their grip upon the pipe.
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PAL  A long-distance heating conduit comprising one or more tubes conveying the
      heating medium, which tubes are supported in the conduit by support means
      consisting of an insulating material resistant to compression and
      surrounded by a heat-insulating material also resistant to compression and
      enclosed by cover foils having holes, the size and shape of which are
      dimensioned in such a manner that water substantially cannot penetrate,
      but that they are permeable to gases and vapors.
BSUM
PAR  The invention relates to a long-distance heating conduit, in particular for
      hot water lines, comprising one or more tubes conveying the heating
      medium, which tubes are supported on support means in the conduit,
      surrounded by a heat-insulating material, and covered so that they may be
      weighted from above.
PAR  In a known heating conduit of this type, the cavity between the tubes and
      the waterproof conduit walls made of concrete are filled up with for
      example an insulation material of light-weight concrete. In this heating
      conduit, the penetration of moisture has to be absolutely avoided, since
      moisture once penetrated can be removed from the insulation only in a very
      long drying time with the known conduit construction method being
      employed.
PAR  It is, however, impossible to keep the conduit impervious continuously, as
      it may be damaged for example by too great a mechanical load, by
      accidents, or other hazards. It may also happen that the tubes conveying
      the heating medium themselves become pervious. These leakages are mostly
      minute, but still they prevent the insulating materials impregnated by the
      hot water, for example, from drying again. By this process, not only a
      great portion of the insulating effect is being lost, but also favorable
      conditions are produced for damages caused by corrosion by chlorine ions
      affecting the tubes conveying the heating medium. Such damages may lead to
      the complete destruction of the lines, which can then be repaired only at
      a very high expense.
PAR  The object on which the present invention is based lies in preventing
      occurrences of such damages. According to the present invention the
      support for the tubes conveying the heating medium comprises an insulating
      material resistant to compression, and the heat-insulating material
      surrounding the tubes is also resistant to compression and is enclosed by
      cover foils having holes, which foils touch each other or cover each other
      on the top side of the insulation layer, but not on the bottom side where
      apertures or a gap are to be provided, and above the lining of the conduit
      bed, outside of the cover foils, drain pipes are provided.
PAR  The heating conduit according to the invention dries by itself. The hot
      water tubes are laid in an insulating material, and a waterproof cover
      foil is provided above the insulating material to prevent water from
      penetrating from above. However, the insulating material according to the
      invention is not surrounded by a completely tight waterproof shell, but by
      a cover foil having small holes. Said holes are so small that they allow
      the vapor to escape which is formed upon evaporation of water, but on the
      other hand, they prevent water from penetrating through the holes into the
      insulating material. Water runs off to the lining of the conduit bed at
      the sides and reaches there the drain pipes laid at this point. According
      to the invention, therefore a more or less tight space is formed
      containing the hot water tubes and the insulating material, a gauge
      pressure being generated which results in the aforementioned effect of the
      holes in the foil. The perforated cover foils are applied along the side
      walls down to the lining of the conduit bed, without, however, covering
      each other so that the water of condension formed on the inside of the
      foils, or other water having penetrated in cases of emergency, can run off
      freely and can be drained off by the drain pipes.
PAR  As an insulating material, balls of expanded clay have proved to be
      advantageous, which clay has become known under the names "Leca"
      (light-weight expanded clay aggregates) or "Porondur" (see for example
      pages 68 and 80 of the book "Leichtbeton", volume I, by Dr.-Ing. Siegfried
      Reinsdorf, published in 1961). This material combines a good mechanical
      strength and good insulating qualities against heat losses.
PAR  It is expedient to not have the cover foils meet at their ends beneath the
      tubes, but to leave apertures or a gap so that, upon a great amount of
      water breaking in, also the water penetrating into the balls of the
      insulating material may be drained off to the drain pipes.
PAR  In another embodiment, the perforated cover foils cover each other or are
      completely tight also at the bottom. In such a case, either cover foils
      are used having holes of different sizes, i.e. for example small holes
      according to the invention on the upper side and at the sides of the
      insulating material, and larger holes on the bottom side. In cases in
      which cover foils are used having small holes everywhere, the bottom side
      has to be provided with large holes, which may be achieved by cutting or
      punching out.
PAR  For example, in the case of inundations or thunder showers, water may
      penetrate into the insulating material. The embodiment of a heating
      conduit according to the invention brings about a rapid drying, i.e. only
      a short period of impregnation occurs, which is endured in particular by
      chromium steel, but a long period of impregnation as with the known
      heating conduits does not occur. For the latter, very long periods of
      drying are necessary in the course of which, as is well known, the attack
      by corrosion is especially favored.
PAR  The essential characteristic of the heating conduit according to the
      invention is the foil having minute holes. Advantageously, the foil
      according to the invention consists of a base layer of even thickness
      provided with minute holes having a diameter of more than 0.002 inches
      (0.05 mm), preferably, however, of about 0.008 inches (0.2 mm).
      Advantageously, the foil is provided with longitudinal and transverse
      reinforcement wires or ribs which, in particular, are only on the one side
      while the other is completely smooth. Usually, the foil is made of
      synthetics resistant to aging, but it may also consist of mineral or rock
      wool or of asbestos or of other fabrics produced of materials resistant in
      the earth, which fabrics are preferably impregnated, the voids in the
      fabric corresponding to the holes of the synthetic foil. As the task of
      said foil having holes consists in keeping dry by evaporation the space in
      which the tubes conveying the hot water are positioned, naturally every
      foil material may be used which resists to the attack of moisture and
      which is resistant to aging, as for example pure aluminium, titanium,
      silicon alloy steel and the like.
PAR  A further characteristic of the present invention consists in that the tube
      joint connections which are inevitable and occur very often, are executed
      by means of gluing or welding, the gluing being preferred.
PAR  According to a further feature of the invention, the welding is most
      favorably executed by welding tube sections having a relatively thick wall
      and being annular in cross section on the ends of the tube (root face
      welding), the front surfaces being then worked mechanically so that a
      chamfer is formed which, upon joining together the tubes, makes a V-shaped
      welding groove then welded in known manner.
PAR  The gluing method is characterized in that the preformed tube ends
      according to the example which tube ends are to be joined, are prepared
      for gluing and are then protected against contamination by applying
      protective layers which are removed shortly prior to gluing, thereby
      guaranteeing a surface quality suitable for gluing. For example, this
      protective layer consists of a plastic layer pulled off prior to gluing.
DRWD
PAR  The invention will be explained in detail with reference to two embodiments
      and with the aid of the attached Figures.
PAR  FIG. 1 shows a cross section of a heating conduit with two tubes conveying
      the heating medium positioned therein.
PAR  FIG. 2 shows a cross section of a heating conduit with a different
      arrangement of the insulating material, and
PAR  FIG. 3 shows a plan view of a cover foil.
DETD
PAR  At the bottom of a heating conduit 1 drain pipes 2 are laid. The tubes 3
      conveying the heating medium lie upon a block 4 of insulating material,
      which may be continuous, but which also may consist of individual cubes
      into which the insulating material has been pressed. But also a loose fill
      of the insulating material 14 may be used. On all sides, the tubes 3 are
      surrounded by insulating material which is enclosed by two synthetic foils
      5. On the top side, said foils meet like a roof and cover one another with
      their edges 6. The foils 5 leave a gap 15 between themselves and the side
      walls of the conduit 1 which gap is expediently kept open by ledges, laths
      or the like, and, with their bottom ends, the foils go beneath the block 4
      where they do not, however, cover one another. The drain pipes 2 are
      positioned outside of the foils and may also be covered by insulating
      material 16. The space above the foils is filled up with excavation
      material up to ground level. It is also possible to cover the conduit with
      a highway surface, as the insulating layer may be weighted.
PAR  In the embodiment according to FIG. 2, the fill 14' of insulating material
      enclosed by the foils 5' comes up to only about the top edge of the tubes
      conveying the heating medium. In this case, a plate of heat insulating and
      water repellant or waterproof material 7 is positioned on top of the fill,
      which plate has a load capacity sufficient to endure the weights
      occurring.
PAR  Also in the embodiment according to FIG. 2, gaps 15' permeable to water are
      provided between the side walls of the conduit and the foils 5, through
      which gaps water may be drained off to the drain pipes 2 which may be
      covered with an insulating material 16', e.g. Leca balls.
PAR  The foils enclosing the heat insulating layer consist, as is shown in FIG.
      3, of a base layer 8 advantageously of even thickness, which layer is
      provided with minute holes 9 of more than 0.002 inches (0.05 mm) diameter
      and with reinforcement ribs 10 net-like extending over the base layer. The
      side of the foils provided with the reinforcement ribs engages the
      insulating layer.
PAR  In the case of water breaking in, the water is led along the foils to the
      conduit walls and between said walls and the foil drawn downwardly to the
      drain pipes. Also, if water is penetrating from the outside of the conduit
      wall, the foil serves to drain off the water to the drain pipes. In the
      case of large amounts of water breaking in, for example upon sudden snow
      melts, cloudbursts, extensive periods of rain and the like, water may also
      penetrate the insulating material below the cover foils and come into
      contact with the warm tubes. Then, the water is evaporated and dissipates
      up to the foils through the holes of which the vapor may escape upward and
      to the outside. Thereby, a low gauge pressure is achieved within the
      covered area. As soon as the large supply of water stops, immediately the
      drying process starts whereby water coming into contact with the tubes is
      avoided and thus the precondition for an attack of corrosion.
      Simultaneously, the full insulation effect is restored. Also the amount of
      water penetrating in a case of emergency is drained off by the drain
      pipes.
PAR  Apart from the aforementioned advantages of the heating conduit according
      to the invention, the following is pointed out:
PAR  Laying of the tubes may be executed without any auxiliary means, for
      example cranes, as the tube sections may be laid manually. For handling
      the known heating conduits also having a good insulating quality, however,
      cranes have to be used, as the individual sections are very heavy. As a
      rule, they consist of the protective pipe, the insulating material, and
      the tube sections. The plant according to the invention is considerably
      less expensive to construct than the other heating conduits referred to.
      Conclusively, possible repair works may be executed more easily and more
      simply than with the known heating conduits.
PAR  Once more, it is to be repeated that the heating conduit according to the
      invention is the only one which may be readily "drowned".
PAR  The examples shown serve only to explain, not to limit the invention.
PAR  In the drawings and in the specification, there have been set forth
      preferred embodiments of the invention and, although specific terms are
      employed, they are used in a generic and descriptive sense only and not
      for purposes of limitation, the scope of the invention being defined in
      the claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A long-distance heating conduit, in particular for hot water lines,
      comprising one or more tubes for conveying heating medium, which tubes are
      supported on supporting means in the conduit surrounded by a first heat
      insulating material and covered so that they may be weighted from above,
      wherein the support means for the tubes consists of a second insulating
      material resistant to compression, wherein the first heat insulating
      material surrounding the tubes is also resistant to compression and is
      enclosed by waterproof cover foils having holes the size and shape of
      which are dimensioned in such a manner that water substantially cannot
      penetrate, but that they are permeable to gases and vapors, wherein the
      foils touch or cover each other with their edges on a top side of the
      first heat insulating material, and wherein the foils extend along side
      walls of the first heat insulating material and therebeneath in such a
      manner that they do not cover one another but leave apertures or a gap.
NUM  2.
PAR  2. A long-distance heating conduit according to claim 1, wherein the holes
      in the foils have a diameter of more than 0.002 inches.
NUM  3.
PAR  3. A long-distance heating conduit according to claim 2, wherein the holes
      have a diameter of about 0.0008 inches.
NUM  4.
PAR  4. A long-distance heating conduit according to claim 1, wherein the cover
      foil is provided with holes of different size.
NUM  5.
PAR  5. A long-distance heating conduit according to claim 1, wherein the
      portions of the foils positioned on the top side and about halfway down
      the side walls of the first heat insulating material are provided with
      holes having a diameter of 0.0002 inches (0.05 mm) to 0.008 inches (0.2
      mm), and wherein the holes in the remaining portions of said heat
      insulating material side walls having an increasing diameter.
NUM  6.
PAR  6. A long-distance heating conduit according to claim 1, wherein the cover
      foils are provided with reinforcement means arranged longitudinally and
      transversely thereof.
NUM  7.
PAR  7. A long-distance heating conduit according to claim 6, wherein the
      reinforcement means are wires.
NUM  8.
PAR  8. A long-distance heating conduit according to claim 6, wherein the
      reinforcement means are ribs.
NUM  9.
PAR  9. A long-distance heating conduit according to claim 6, wherein the
      reinforcement means are attached only to the side of the cover foil facing
      the insulating material.
NUM  10.
PAR  10. A long-distance heating conduit according to claim 1, wherein the top
      side of the first heat insulating material is surrounded by the cover foil
      and is formed like a roof gable, and wherein gaps are left between the
      cover foils and conduit side walls.
NUM  11.
PAR  11. A long-distance heating conduit according to claim 10, wherein securing
      means are positioned between conduit side walls and cover foils in order
      to secure the gap.
NUM  12.
PAR  12. A long-distance heating conduit according to claim 11, wherein the
      securing means are ledges.
NUM  13.
PAR  13. A long-distance heating conduit according to claim 11, wherein the
      securing means are laths.
NUM  14.
PAR  14. A long-distance heating conduit according to claim 1, at least the
      first heat-insulating material consists of light-weight expanded clay
      aggregates.
NUM  15.
PAR  15. A long distance heating conduit according to claim 14, wherein the
      expanded clay aggregates consist of a plurality of balls.
NUM  16.
PAR  16. A long-distance heating conduit according to claim 1, wherein on one
      side of the cover foil, a bat of heat-insulating material is positioned.
NUM  17.
PAR  17. A long-distance heating conduit according to claim 16, wherein the bat
      of material is a member of the group consisting of flexible polyurethane,
      rock and mineral wool.
NUM  18.
PAR  18. A long-distance heating conduit according to claim 1, wherein the cover
      foil consists of a material resistant to aging and unsusceptible to
      moisture.
NUM  19.
PAR  19. A long-distance heating conduit according to claim 18, wherein the
      cover foil consists of a material selected from the group consisting of
      plastics, aluminum and titanium.
NUM  20.
PAR  20. A long-distance heating conduit according to claim 1, wherein the tubes
      conveying the heating medium consist of a material selected from the group
      consisting of rust-free ferritic chromium steel and chromium molybdenum
      steel.
NUM  21.
PAR  21. A long-distance heating conduit according to claim 1, wherein welded
      tube sections are provided at the ends of the tubes conveying the heating
      medium, which tube sections have chamfered front surfaces resulting in
      V-shaped grooves.
NUM  22.
PAR  22. A long-distance heating conduit according to claim 1, wherein the tube
      have ends which are protected by protective layers which can be removed
      prior to joining tubes.
NUM  23.
PAR  23. A long-distance heating conduit according to claim 1, wherein the tubes
      include sections which are joined by gluing.
NUM  24.
PAR  24. An underground hot fluid conveying tube arrangement comprising:
PA1  at least one tube means for conveying hot fluid,
PA1  at least one cover means surrounding said tube means for protecting said
      tube means from corrosive media,
PA1  wherein at least a portion of said at least one cover means includes holes
      of sufficient size to be permeable to gases and vapors of said corrosive
      media to permit passage of said gases and vapors from inside said cover
      means to the outside thereof, but impermeable to liquid states of said
      corrosive media to prevent passage of the liquid corrosive media from
      outside said cover means to the inside thereof,
PA1  and insulating means between said tube means and said cover means for
      insulating said tube means.
NUM  25.
PAR  25. An arrangement according to claim 24, wherein said at least one cover
      means is spaced from said tube means.
NUM  26.
PAR  26. An arrangement according to claim 25, wherein said tube means is
      supported within conduit means.
NUM  27.
PAR  27. An arrangement according to claim 26, wherein said cover means is
      spaced from said tube means such that water between said cover means and
      tube means is vaporized and passes through said cover means.
NUM  28.
PAR  28. An arrangement according to claim 27, wherein said conduit means has a
      bottom and two side walls, wherein drain pipe means are provided near the
      bottom of said conduit separated from said tube means with said cover
      means therebetween, and wherein said cover means forms at least one
      drainage gap with one of said side walls.
NUM  29.
PAR  29. An arrangement according to claim 28, whereing said cover means
      includes a top wall, and two generally vertically arranged side walls at
      least one of said side walls having holes therein which are smaller at an
      upper end than at a lower end thereof.
NUM  30.
PAR  30. An arrangement according to claim 24, wherein said portion of said
      cover means is waterproof.
NUM  31.
PAR  31. An arrangement according to claim 24, wherein said holes include
      different sizes.
NUM  32.
PAR  32. An arrangement according to claim 31, wherein said cover means has a
      lower portion having some of said holes large enough to permit the passage
      of liquid therethrough for draining any liquid from inside said cover
      means to the outside thereof.
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PAL  A duct for the circulation of a hot fluid under pressure and formed in a
      cold structure of concrete is lined with rigid heat-insulating material
      such as pumice concrete. A corrugated lining membrane is applied in close
      contact with the heat-insulating material by means of radial members which
      are disposed in uniformly spaced relation and anchored in the cold
      structure.EEEEEEEEEEEEEEEEEEEEEEEEEEEEE
BSUM
PAR  This invention relates to a corrugated hot leak-tight lining membrane,
      especially for nuclear reactor ducts.
PAR  It is known that, in the majority of nuclear reactors which are cooled by
      circulation of a fluid under pressure and in particular in boiling-water
      reactors, the functions of mechanical resistance to pressure and of
      impermeability to the fluid of the reactor pressure vessel are performed
      by separate means, namely the following:
PAR  A PRESSURE VESSEL CONSTRUCTED OF PRESTRESSED CONCRETE AND DESIGNED TO
      AFFORD RESISTANCE TO PRESSURE,
PAR  A STEEL LINING MEMBRANE PLACED WITHIN THE INTERIOR OF SAID PRESSURE VESSEL
      AND DESIGNED TO AFFORD IMPERMEABILITY TO THE FLUID.
PAR  It is also known that two types of steel lining membrane are at present in
      existence for the purpose of obtaining leak-tightness, namely the
      so-called "cold" membranes and the so-called "hot" membranes. In the first
      type, the lining membrane is directly applied against the concrete of the
      pressure vessel and a heat-insulation system which can assume a number of
      alternative forms is interposed between said leak-tight lining membrane
      and the hot primary fluid. In the second type, the leak-tight lining
      membrane is in contact with the hot fluid such as the primary fluid, for
      example, and heat-insulating material is interposed between said membrane
      and the pressure vessel.
PAR  The present invention relates to the second type of leak-tight lining
      membrane.
PAR  Among the hot lining membranes can be distinguished the "plain" membranes
      and the "corrugated"  membranes.
PAR  The lining membranes of the first type are applied against the concrete of
      the pressure vessel by anchoring systems and if necessary by the pressure
      of the fluid within the interior of the reactor. Said first membranes are
      constrained to follow the pressure-dependent dimensional variations of the
      pressure vessel and the inherent temperature-dependent expansion of these
      membranes is thus prevented. In the cold state, the danger of excessive
      separation between the concrete and the leak-tight lining membrane makes
      it necessary to have a large number of anchoring elements of substantial
      size. Aside from the fact that they increase the cost as well as the
      complexity of construction of the installation, such anchoring elements
      increase the thermal conductivity of the reactor vessel structure as a
      whole.
PAR  An example of a leak-tight lining membrane of the second type mentioned in
      the foregoing, namely the corrugated hot membrane, is disclosed, in French
      Pat. No. 70 39621 of Sept. 3rd, 1971 in respect of "Internal metallic
      lining for prestressed concrete pressure vessel".
PAR  In this patent, leak-tightness is obtained by depositing on the wall of the
      concrete pressure vessel an internal heat insulation on which is anchored
      a metal cylinder, that face of the cylinder which is directed towards the
      interior of the duct being fitted with U-section members which are
      uniformly spaced around its periphery and so arranged as to project into
      the interior of the duct. The troughs or bases of the waves of a
      corrugated leak-tight lining membrane are applied against the rounded
      portions of said U-section members. The essential disadvantage of this
      system lies in the fact that it fails to solve the problems arising from
      deformation of the lining membrane. In point of fact, the first metal
      cylinder is subjected to high thermal stresses by reason of the fact that
      there is no thermal insulation between the cylinder and the hot fluid and
      this gives rise to the same anchoring difficulties as in the case of the
      plain membrane. Deformations of said metallic cylinder are liable to cause
      deformation of the U-section members which support the corrugated lining
      membrane and may therefore set up stresses within said membrane.
      Furthermore, since the membrane is not rigidly fixed to the U-section
      members, there is a danger that the wave bases of the corrugated lining
      membrane may not return to exactly the same position on the U-section
      members when the membrane expands.
PAR  The precise aim of the present invention is to provide a leak-tight lining
      membrane for nuclear reactors which overcomes the disadvantages mentioned
      in the foregoing.
PAR  The system for sealing and heat-insulating a duct containing a hot fluid
      under pressure limited by a cold structure essentially comprises:
PAR  an internal duct lining of rigid heat-insulating material,
PAR  a cylindrical sheet-metal element of corrugated transverse section which
      completely covers said heat-insulating lining, said lining being provided
      with the same corrugations as said sheet-metal element and
PAR  means for anchoring said sheet-metal element in the cold structure and
      disposed along radii of said duct, each of the means aforesaid being
      secured at one end thereof to a wave base of said sheet-metal element and
      at the other end thereof to said cold structure, said means being
      uniformly spaced over the entire length of said duct and so arranged as to
      pass through the heat-insulating lining.
PAR  In accordance with another characteristic feature, the cold structure is of
      concrete and the heat-insulating lining is of pumice concrete.
DRWD
PAR  A better understanding of the invention will in any case be gained from the
      following specification in which a number of embodiments of the sealing
      system according to the invention are given by way of example, reference
      being made to the accompanying drawings, in which:
PAR  FIG. 1 is a sectional view taken along a plane at right angles to the axis
      of the duct and consisting of two half-views in which the bottom half-view
      represents the leak-tight lining membrane of a steam duct in that portion
      of the duct which passes through the cylindrical concrete shell of a
      nuclear reactor pressure vessel, and in which the top half-view represents
      the same lining membrane in the line of extension of said duct within the
      interior of a steel tube,
PAR  FIG. 2 is a view taken along the same sectional plane and showing a
      water-inlet pipe.
DETD
PAR  The bottom half-view of FIG. 1 represents one example of application of the
      lining membrane in accordance with the invention. There is shown first the
      duct 2 proper which is constituted by the cold concrete structure and
      affords resistance to the pressure of the fluid which circulates within
      the duct. A heat-insulation lining 4 of pumice concrete, for example, is
      applied against the wall of said duct 2. A cooling coil 6 is interposed
      between the structure 2 and the heat-insulation lining 4. The corrugated
      lining membrane 10 is placed against the internal wall 8 of the
      heat-insulation lining 4. This leak-tight lining membrane is constituted
      by a corrugated sheet-metal element, for example of stainless steel having
      a thickness of 5 mm and so arranged as to cover the entire heat-insulation
      lining 4. The sheet-metal element is maintained against the
      heat-insulation lining 4 by means of anchoring rods such as the rod 12.
      One end of each rod is rigidly fixed to a continuous sheet-metal rib 13
      which is welded to a wavetrough 14 of the corrugated membrane 10 whilst
      the other end of said rod is embedded in the structural concrete and thus
      constitutes an anchoring system. Drainage ducts such as the duct 16 which
      are parallel to the axis of the main circulation duct and serve to detect
      any possible leakage are embedded in the pumice concrete.
PAR  Owing to the fact that the corrugated membrane is anchored in the cold
      structure by means of the wave-troughs 14, the sheet metal expands towards
      the wave crests such as the crest 18 under the action of a temperature
      rise. The sheet metal thus moves away from the heat-insulation lining 4 to
      a slight extent. If the temperature begins to fall rapidly, the resultant
      shrinkage of the sheet metal element does not have the effect of
      subjecting the anchoring rods 12 to high values of stress by virtue of the
      high flexibility of said element. It is thus possible to employ anchoring
      rods of relatively small diameter.
PAR  By way of example in the case of a duct having an external diameter of 900
      mm, the corrugated sheet metal element which constitutes the lining
      membrane is of stainless steel and has a thickness of 5 mm. The internal
      diameter of the lining membrane is 615 mm and its external diameter is 650
      mm. The continuous anchoring ribs have a thickness of 2 mm and a height of
      80 mm. The anchoring rods employed have a diameter of 10 mm and are set in
      the concrete to a depth of 200 mm. Two consecutive anchoring rods are
      inclined to each other at an angle of 18.degree.. Anchoring is thus
      provided in the radial direction at intervals of 12 cm whereas anchoring
      intervals of 30 cm can be considered sufficient in the longitudinal
      direction.
PAR  The top half-view shows the same duct at the point at which it is provided
      with a supporting tube for a valve placed within the interior of said
      duct. In this case, anchoring is obtained by means of two sets of ribs in
      cooperating relation. One set consists of ribs such as 26 which are welded
      externally to the lining membrane at the wave-troughs. The other set
      consists of ribs such as 28 which are welded internally to the tube 20 and
      this latter accordingly performs the function of the cold structure which
      was previously performed by the concrete 2. The ribs are provided with
      edges which are bent back to form hooks so that, by inserting the
      prefabricated lining membrane within the interior of the tube, the ribs 26
      and 28 are thus joined together in pairs. This coupling system is endowed
      with rigidity by subsequent pouring of concrete. For the purpose of
      connecting the outer duct (top half-view) within the mass of the
      cylindrical shell of the pressure vessel, the steel tube 20 is caused to
      penetrate into said cylindrical shell over a certain length. Said tube is
      accordingly fitted externally with anchoring rods. This is shown in FIG. 2
      in the case of a duct of smaller diameter which is suitable for use as a
      water inlet duct.
PAR  A further advantage lies in the fact that the corrugations of the lining
      membrane provide the equivalent of longitudinal stiffening ribs. This
      accordingly achieves a considerable reduction in the bending effects
      between two consecutive anchoring points in the direction of the length of
      the duct. It is readily apparent that the corrugated sheet-metal elements
      must be anchored longitudinally both at the ends and at duct bends since
      they are subjected to very high stress in the longitudinal direction at
      the time of temperature variations and can in particular reach the plastic
      deformation stage at each cycle. The longitudinal rigidity afforded by the
      corrugated membrane structure makes it possible to obtain this performance
      without any cumulative deformation during cycling.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A system for sealing and heat-insulating a duct which contains a hot
      fluid under pressure and is limited by a cold structure surrounding the
      duct, wherein said system comprises:
PA1  an internal duct lining of rigid heat-insulating material,
PA1  a cylindrical sheet-metal element of corrugated transverse section having
      wave troughs within and completely covering said heat-insulating lining,
      said lining being provided with the same corrugations as said sheet-metal
      element,
PA1  means for anchoring said sheet-metal element in the cold structure and
      disposed along radii of said duct, each of the means aforesaid being
      secured at one end thereof to one wave trough of said sheet-metal element
      and at the other end thereof to said cold structure.
NUM  2.
PAR  2. A system according to claim 1, wherein the anchoring means are
      constituted by rods uniformly spaced along the length of the duct.
NUM  3.
PAR  3. A system according to claim 1, wherein the anchoring means are
      constituted by flat bars.
NUM  4.
PAR  4. A system according to claim 1, wherein the anchoring means are joined to
      the corrugated sheet-metal element by means of a plurality of continuous
      sheet-metal ribs disposed in radial planes and welded along the entire
      length of each corrugation.
NUM  5.
PAR  5. A system according to claim 1, wherein the cold structure is of
      concrete.
NUM  6.
PAR  6. A system according to claim 1, wherein the cold structure is a metal
      cylinder.
NUM  7.
PAR  7. A system according to claim 1, wherein the corrugated sheet-metal
      element is of stainless steel.
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PAL  Method of and apparatus for eliminating a chain formation of wefts not
      transferred into the beat-up position of a travelling-wave shedding loom
      with weft inserters and a rotary reed comprising discs with cutouts for
      engaging weft and displacing it to the fabric fell. An interwoven but not
      transferred weft is introduced into the cutouts of the discs of the rotary
      reed; such cutouts corresponding to the next weft inserter, in lieu of the
      weft from said next weft inserter. The weft from the next weft inserter is
      introduced into the cutouts of the discs of the rotary reed, such cutouts
      corresponding to the next following weft inserter. Due to this phase-shift
      corresponding to the distance between two weft inserters following after
      each other, all the other wefts are successively directed into the cutouts
      of the discs of the rotary reed until the loom stops.
BSUM
PAR  The present invention relates to a method of and a weft inserter for
      eliminating a chain formation of wefts not transferred into the beat-up
      position in a weaving loom having a travelling-wave shed produced by
      heddles controlled either individually or in sections. Such a loom is
      equipped with a fixed reed designed to guide warp threads and with a
      rotary reed consisting of discs engaged into warp thread spacings and
      having cutouts for engaging weft and displacing it to the fabric fell,
      said cutouts in said face-to-face arranged discs being offset with respect
      to each other so as to form in common a helical groove. Each weft inserter
      is conveyed through the shed in a shed wave which opens progressively in
      front of it and closes behind it, in synchronization with the rotary reed
      rotation.
PAR  During the weaving process it may sometimes happen that a foreign body, as
      for example, a short weft remainder left in the shed by the weft inserter,
      dust clump, or piece of broken warp thread, etc., penetrates into the shed
      angle. Upon a shed exchange, the aforesaid foreign body will be interwoven
      by the warp in the so-called transferring zone of the shed angle, i.e. in
      the space where the weft is introduced into the cutouts of the discs of
      the rotary reed. In this way, an obstacle arises to the transfer of the
      weft into the beat-up position, since the weft inserter passes the foreign
      body and lays the weft into a false position upstream of said body so that
      the weft fails to be engaged by the disc cutouts of the rotary reed.
      During the next shed exchange the aforementioned weft is interwoven within
      said transferring zone of the shed angle and produces an obstacle for the
      next weft, and so forth. This failure, that is, the weft not being
      transferred into the beat-up position, will be then repeated with all the
      weft inserters following one after another in this critical place of
      interlacing a foregin body, until an appropriate stop motion switches off
      the machine. Thus in the transferring zone of the shed angle, there is
      produced a defective fabric zone composed of woven-in but not transferred
      wefts. These wefts have to be unwoven and moreover some accompanying
      faults such as warp overruns into adjacent rotary reed spacings, warp
      thread breakages, etc., have to be corrected. It is evident that the
      unwoven wefts are missing in the fabric so that an irreparable weaving
      fault will arise.
PAR  It is an object of the invention to avoid the aforedescribed chain
      formation of untransferred wefts woven-in in the transferring zone of the
      shed angle.
PAR  In the method according to the invention, an interwoven but untransferred
      weft is introduced into the cutouts of the discs of the rotary reed, which
      cutouts correspond to the next weft inserter, while the weft from the next
      inserter is either severed or introduced into the rotary reed disc cutouts
      corresponding to the following inserter, whereupon due to this phase shift
      corresponding to the distance between two weft inserters following after
      each other, all the other wefts are successively directed into the rotary
      reed disc cutouts before the loom stops.
PAR  The weft inserter for carrying out the aforedescribed method, comprising a
      rotatable bobbin with a weft length determined for a single pick, and a
      spreading spring for spreading warp threads, is characterized according to
      the invention in that it comprises directing means for introducing an
      interwoven but untransferred weft from the preceding weft inserter into
      the cutouts of the discs of the rotary reed, said cutouts corresponding to
      the next weft inserter.
PAR  The directing means can be constituted by a spring tail provided in the
      weft inserter between the spreading spring and a weft guide.
PAR  According to a preferred embodiment, bobbin rotation blocking means are
      associated with the directing means, said means being controllable by the
      spreading spring. The bobbin rotation blocking means can be embodied as a
      ratchet wheel provided on the bobbin and as a spring-loaded pawl to
      cooperate with said ratchet wheel and received in the weft inserter so as
      to be displaced from an inoperative position of not engaging said ratchet
      wheel, into an operative position with the outstanding spreading spring,
      in which operative position said pawl is in engagement with said ratchet
      pawl. The pawl is resiliently forced against a plate received in a
      pocket-like recess in the inserter body and secured to the spreading
      spring.
PAR  The weft thread which has been laid upstream of the interwoven foreign
      body, and consequently beyond reach of the respective cutouts of the discs
      of the rotary reed, is displaced by the directing means or spring tail of
      the weft inserter with the assistance of warp threads, to the periphery of
      the rotary reed where it is engaged by the disc cutouts and transferred by
      them to the fabric fell. However, the weft thread from said next inserter
      is not introduced into the corresponding disc cutouts when it is severed
      or when it is introduced with the same shift as the preceding weft into
      disc cutouts corresponding to the next inserter. In the first mentioned
      case, the weft is severed in that the spreading spring, due to an
      obstacle, the untransferred woven-in weft having shortened the shed angle,
      for example, is deflected and forces the pawl into engagement with the
      toothed rim of the bobbin. In this manner the rotation of the bobbin
      becomes blocked so that, as the inserter proceeds in its movement through
      the shed, the weft tension between the bobbin and the fabric fell rises,
      until the weft breaks. The weft thread from the next inserter will have
      been already introduced into the corresponding disc cutouts of the rotary
      reed which will beat it up to the fabric fell.
PAR  In the second case, the weft thread laid upstream of the interwoven foreign
      body will be introduced by the directing means or spring tail of the next
      inserter only into the corresponding disc cutouts of the rotary reed.
      However, the weft from said next inserter will not break but is introduced
      into the disc cutouts corresponding to said next inserter, which is
      repeated even with other weft until the loom stops.
PAR  By using the method according to the invention, the time necessary for
      remedying the failure can be substantially shortened, since the wefts in
      the defective fabric need not be unwoven, and overruns and warp thread
      breakage need not be corrected; as a consequence the quality of the final
      product is improved.
PAR  In order that the invention may be better understood and carried into
      practice, some preferred embodiments thereof will be hereinafter described
      with reference to the accompanying schematic drawings which, however, are
      not intended to limit the invention scope in any way.
DRWD
PAR  FIG. 1 is a detail view of a travelling-wave shedding loom, partially in
      longitudinal section;
PAR  FIG. 2 is a view similar to FIG. 1, illustrating a foreign body interwoven
      downstream of a not woven-in weft, the weft inserter having been omitted;
PAR  FIG. 3 shows a first embodiment of a weft inserter in a sectional view
      taken along the line III--III in FIG. 1, and illustrates means for driving
      the inserter in the weaving shed;
PAR  FIG. 4 is a top view of the same embodiment of weft inserter as that shown
      in FIG. 3, the pawl being in its inoperative position;
PAR  FIG. 5 is a top view of the same weft inserter in the weaving shed,
      additionally illustrating the discs of the rotary reed and the pawl in its
      operative position;
PAR  FIG. 6 is a top view of a second illustrative embodiment of a weft inserter
      in the weaving shed;
PAR  FIG. 7 is a perspective detail view of a travelling-wave shedding loom
      during the chain formation of untransferred wefts, warp threads having
      been omitted;
PAR  FIG. 8 is a detail view similar to FIG. 7, showing weft inserters
      illustrated in FIGS. 3, 4 and 5, for practicing the method of the
      invention of eliminating the chain formation of the untransferred wefts;
      and
PAR  FIG. 9 is a detail view similar to FIGS. 7 and 8 showing weft inserters
      illustrated in FIG. 6, for practicing the method of eliminating the chain
      formation of untransferred wefts.
DETD
PAR  It is known that in travelling-wave shedding looms (FIGS. 1 and 2) there
      are formed successive weaving sheds 1 by means of heddles (not shown)
      which latter are controlled, either individually or in groups, so that in
      the zone passed through by an inserter 2 of weft yarn 3 the shed angle is
      always open whereupon after the inserter passage, the shed 1 becomes
      closed and exchanged to be ready for receiving the next weft yarn inserter
      2. The travelling-wave shedding loom is equipped, as a rule, with a fixed
      reed 4 (FIG. 1, 2, 3, 7, 8 and 9) for guiding warp yarns 5, and a rotary
      reed 6 consisting of discs 7 operating between adjacent warp yarns 5,
      respectively. The discs 7 of the rotary reed 6 are provided with cutouts 8
      for engaging the weft yarn 3 and displacing it to the fell of the fabric
      9.
PAR  As is apparent from FIGS. 7, 8 and 9, the cutouts 8 of the adjacent discs 7
      within the whole rotary reed 6 are offset relative to each other so as
      together to form a helical groove 10. Thus in operation, the weft
      inserters 2 are conveyed through the weaving zone of the loom so as to
      advance in the shed wave opening before them and closing after them, in
      synchronism with the rotation of the rotary reed 6.
PAR  The weft inserter 2 is in the shape of an elongated, frontally pointed
      body. In a recess provided therein, a bobbin 11 is mounted for rotation
      (FIGS. 3, 7 8 and 9) which bobbin 11 is designed to receive from a
      spooling device (not shown) a reserve length of weft yarn 3 sufficient for
      a single pick. It is to be understood that during the movement of the weft
      inserter 2 through the weaving shed 1, the weft yarn 3 is being unwound
      from the bobbin 11.
PAR  Further, the weft inserter 2 is provided with guide surfaces to mate with
      corresponding surfaces of the fixed reed 4 (FIGS. 1, 2, 3, 7, 8 and 9) and
      an upper guideway 12, the latter being disposed just above the upper shed
      sheet. The weft inserter 2 is adapted to be guided on said reed 4 and on
      said guideway 12. The means for driving the weft inserter 2 in the weaving
      shed 1 comprises a roll 13 arranged on its lower side (FIG. 3) and
      designed to cooperate with a drive roller 14 secured to a drive chain 15,
      the latter being arranged in a lower guideway 16 below the lower shed
      sheet.
PAR  During its passage through the shed 1, the weft inserter 2 periodically has
      to clear the shed angle, to make its way through the shed 1. This
      operation is necessary, for instance, in the case of so-called cottered
      ends. For this purpose, the weft inserter 2 is equipped with a spreading
      spring 17 (FIGS. 5 through 9).
PAR  Further, the weft inserter 2 is provided with a weft guide 18 (FIGS. 4, 5
      and 6) for guiding the weft yarn 3 being unwound from the bobbin 11 and
      inserted into the weaving shed 1. The weft guide 18 can be made, for
      example, as a peg.
PAR  FIG. 1 shows the weft inserter 2 as being conveyed through a shed angle
      formed from an upper sheet above which the upper guideway 12 for the weft
      inserters 2 is provided, a lower sheet below which the lower guideway 16
      for the weft inserters 2 is provided, and from the fixed reed 4. The weft
      transferring zone 19 of the shed angle, i.e. the space in which the weft
      yarn 3 is introduced into the cutouts 8 of the discs 7 of the rotary reed
      6 by which the weft yarn 3 is transferred to the fabric 9 and beaten up
      into the fell thereof, is cross-hatched in FIG. 1.
PAR  In FIG. 2 there is shown a foreign body 20 which is woven in within the
      weft transferring zone 19 of the shed angle whereby the shed 1 becomes
      shortened in the next shed wave. The weft inserter 2 passing through said
      shortened shed 1 will lay the weft yarn 3 into a position upstream of said
      foreign body 20 so that the weft yarn 3 cannot be introduced into the
      cutouts 8 of the respective discs 7 of the rotary reed 6 and is
      immediately interlaced by warp yarns 5 as early as in the weft
      transferring zone 19 of the shed angle.
PAR  Such a faulty operation arising in prior art devices after a foreign body
      20 has intruded into the shed angle is shown in FIG. 7. An untransferred
      weft yarn 3 is interwoven by the warp 5 in the transferring zone 19 of the
      warp shed angle and prevents the next weft yarn 3 from being introduced
      into the respective cutouts 8 of the discs 7 of the rotary reed 6. Such a
      weft yarn 3 constitutes an obstacle for the next weft 3, which results in
      chain-like formations of wefts 3 woven-in but untransferred into the
      beat-up position.
PAR  FIGS. 3, 4 and 5 show one of the embodiments of the present invention by
      which the aforementioned chain-like formation of the wefts 3 untransferred
      into the beat-up position is eliminated as is apparent from FIG. 8. The
      weft inserter 2, as shown in FIGS. 3, 4 and 5, is provided with a spring
      tail 21 disposed between the weft guide 18 and the spreading spring 17.
      The bobbin 11 of the weft inserter 2 is provided with a ratchet wheel 22
      associated with pawl 23 the latter being forced by a spring 24 toward a
      plate 25 attached to the spreading spring 17. The plate 25 is received in
      a pocket recess 26 provided in the body of the weft inserter 2.
PAR  As shown in FIG. 5, the weft 3 which, due to the presence of a foreign body
      20 woven-in into the shed angle, has not been engaged by the cutouts 8 of
      the rotary reed 6 in the preceding shed wave (see also FIG. 8) and
      consequently untransferred to the fabric 9, will interfere with the path
      of the next weft inserter 2 shown in FIG. 5. The weft 3 will be displaced
      toward the discs 7 by the spreading spring 17 and simultaneously exerts a
      pressure upon said spreading spring 17. The latter, by its plate 25, in
      turn forces the pawl 23 against the action of the spring 24 into
      engagement with the ratchet wheel 22 so that the rotation of the bobbin 11
      becomes blocked.
PAR  The spring tail 21 will direct the weft 3 from the preceding inserter 2 to
      the edge of the discs 7 of the rotary reed 6 which engages it by its
      cutouts 8. As the weft inserter 2 proceeds in its movement after blocking
      the bobbin 11, the weft 3 from the inserter 2 shown in FIG. 5 is
      simultaneously tensioned between the bobbin 11 and the fabric 9 until it
      breaks. As apparent from FIG. 8, the weft 3 from the next inserter 2 will
      be introduced fautlessly into the respective cutouts 8 of the discs 7 of
      the rotary reed 6. At the same time a suitable stop motion (not shown)
      switches off the loom.
PAR  As a result of the foregoing, the interwoven but untransferred weft 3, in
      accordance with the invention, is introduced into the cutouts 8 of the
      discs 7 of the rotary reed 6 belonging to the next inserter 2, in lieu of
      the weft 3 from said inserter 2 which last-mentioned weft 3 will break. In
      this way any chain-like formation of the wefts 3 interwoven but
      untransferred into the beat-up position is prevented. Alternatively, the
      weft yarn 3 can be severed by means of a suitable knife or shears (not
      shown) instead of being broken by the blocking of the rotation of the
      bobbin 11.
PAR  In the embodiment shown in FIG. 6, the weft inserter 2 is provided with the
      spring tail 21 only which is adapted to direct the untransferred weft 3
      from the preceding inserter 2 to the edge of discs 7 of the rotary reed 6
      for being engaged by the cutouts 8 belonging to the next inserter 2 as
      shown in FIG. 6.
PAR  The discs 7 engage by their cutouts 8 this preceding weft 3 and transfer it
      into the beat-up position. The weft 3 from the next inserter 2 cannot be
      transferred by the cutouts 8 of the disc 7 of the rotary reed 6 belonging
      thereto, since they transfer said preceding weft 3.
PAR  As shown in FIG. 9, the weft 3 from said next inserter 2 will be
      analogously directed as late as by the spring tail 21 of the next trailing
      inserter 2 to the edge of the discs 7 to be engaged by the cutouts 8
      belonging to said next trailing inserter 2. Due to such a phase shift
      corresponding to the distance between the inserters 2 following each
      other, all the future wefts 3 are directed into the cutouts 8 of the discs
      7 of the rotary reed 6 until the loom is switched off by a suitable stop
      motion.
PAR  Although the invention is illustrated and described with reference to a
      plurality of preferred embodiments, it is to be expressly understood that
      it is in no way limited to the disclosure of such a plurality of preferred
      embodiments, but is capable of numerous modifications within the scope of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method of eliminating a chain formation of wefts not transferred into
      the beat-up position in a travelling-wave shedding loom with weft
      inserters and a rotary seed comprising discs with cutouts for engaging
      weft and displacing it to the fabric fell, the method comprising
      introducing an interwoven but not transferred weft into the cutouts of the
      discs of the rotary reed which correspond to the next weft inserter, in
      lieu of the weft from said next weft inserter.
NUM  2.
PAR  2. The method as claimed in claim 1, comprising severing the weft from the
      next weft inserter.
NUM  3.
PAR  3. The method as claimed in claim 1, comprising introducing the weft from
      the next weft inserter into the cutouts of the discs of the rotary reed,
      which cutouts correspond to the next following weft inserter, whereupon
      due to this phase-shift corresponding to the distance between two weft
      inserters following after each other, all the other wefts are successively
      directed into the cutouts of the discs of the rotary reed until the loom
      stops.
NUM  4.
PAR  4. A weft inserter for eliminating a chain formation of wefts not
      transferred into the beat-up position in a travelling-wave shedding loom
      with weft inserters and a rotary reed comprising discs with cutouts for
      engaging weft and displacing it to the fabric fell, an interwoven but not
      transferred weft being introduced into the cutouts of the next weft
      inserter in lieu of the weft from said next weft inserter, said weft
      inserter comprising a rotatable bobbin with a weft length determined for a
      single pick and a spreading spring for spreading warp threads, the weft
      inserter comprising directing means for introducing an interwoven but not
      transferred weft from a preceding weft inserter into the cutouts of the
      discs of the rotary reed, said cutouts corresponding to the next weft
      inserter.
NUM  5.
PAR  5. A weft inserter as claimed in claim 4, wherein the directing means is
      constituted by a spring tail provided in the weft inserter between the
      spreading spring and a weft guide.
NUM  6.
PAR  6. A weft inserter as claimed in claim 4, wherein the directing means is
      associated with the bobbin rotation blocking means, the latter being
      controllable by the spreading spring.
NUM  7.
PAR  7. A weft inserter as claimed in claim 6, wherein the bobbin rotation
      blocking means are constituted by a ratchet wheel provided on the bobbin,
      and by a spring-loaded pawl adapted to cooperate with said ratchet wheel
      and received in the weft inserter for being displaced from an inoperative
      position of not engaging said ratchet wheel, into an operative position
      with the outstanding spreading spring, in which operative position said
      pawl is in engagement with said ratchet pawl.
NUM  8.
PAR  8. A weft inserter as claimed in claim 7, wherein the pawl is resiliently
      forced against a plate received in a pocket-like recess in the inserter
      body and secured to the spreading spring.
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ABST
PAL  Method of and apparatus for eliminating a chain formation of wefts not
      transferred into the beat-up position in a travelling-wave shedding loom
      provided with a rotary reed consisting of discs having cutouts for
      engaging weft and displacing it to the fabric fell into the beat-up
      position. In said method the weft laid upstream of a foreign body
      interwoven in the weft transferring zone of the shed angle is severed.
PAL  The weft inserter for carrying out such method comprises a rotationally
      supported bobbin having a weft length sufficient for a single pick, a
      spreading spring for spreading warp threads, directing means provided
      between the warp spreading spring and a weft guide, means for blocking the
      bobbin rotation formed with a ratchet wheel and a pawl controllable by
      deflecting the warp spreading spring, there being associated means for
      maintaining the pawl in engagement with the ratchet wheel, after return of
      the warp spreading spring into its starting position, until the loom
      stops.
BSUM
PAR  The present invention relates to a method of and a weft inserter for
      eliminating a chain formation of wefts not transferred into a beat-up
      position in a weaving loom with travelling-wave shed produced by heddles
      controlled either individually or in sections. Such a weaving loom is
      equipped with a fixed reed designed to guide warp threads, and with a
      rotary reed consisting of discs engaging into warp thread spacings and
      having cutouts for engaging weft and displacing it to the fabric fell,
      said cutouts in said face-to-face arranged discs being offset with respect
      to each other so as to form in common a helical groove. Each weft inserter
      is conveyed through the shed in a shed wave opening progressively in front
      of it and closing behind it, in synchronization with the rotary reed
      rotation.
PAR  During the weaving process it may sometimes happen that a foreign body such
      as, for example, a short weft remainder left in the shed by the weft
      inserter, dust clump, or a piece of broken warp thread, etc., penetrates
      into the shed angle. Upon a shed exchange, the aforesaid foreign body will
      be interwoven by the warp in the so-called transferring zone of the shed
      angle, i.e., in the space where the weft is introduced into the cutouts of
      discs of the rotary reed. In this way, an obstacle arises to the
      transferring of the weft into the beat-up position, since the weft
      inserter passes the foreign body and lays the weft into a false position
      upstream of said body so that the weft fails to be engaged by the disc
      cutouts of the rotary reed. During the next shed exchange the
      aforementioned weft is interwoven within said transferring zone of the
      shed angle and produces an obstacle for the next weft, etc. This failure,
      that is, the weft not being transferred into the beat-up position, will
      then be repeated with all the weft inserters following after one another
      in this critical place of interlacing a foreign body, until an appropriate
      stop motion switches off the loom. Thus in the transferring zone of the
      shed angle there is formed a defective fabric zone which is composed of
      woven-in but untransferred wefts. These wefts have to be unwoven and
      moreover some accompanying faults, such as warp overruns into adjacent
      rotary reed spacings, wrap thread breakages, etc., also should be
      corrected. It is evident that the unwoven wefts are missing in the fabric
      so that there arises an irreparable weaving fault.
PAR  It is an object of the invention to avoid the aforedescribed chain
      formation of untransferred wefts woven-in in the transferring zone of the
      shed angle.
PAR  In the method according to the invention the weft laid upstream of a
      foreign body interwoven in weft transferring zone of the shed angle is
      severed.
PAR  By severing the weft thread the corresponding disc cutouts will be
      disengaged, whereby the obstacle for the next weft is removed so that the
      latter can be easily introduced into the disc cutouts corresponding to the
      inserter from which said weft is unwound.
PAR  The weft inserter for carrying the afore-described method comprises a
      rotationally supported bobbin having a weft length sufficient for a single
      pick, a spreading spring for spreading warp threads, directing means
      provided between the warp spreading spring and a weft guide, means for
      blocking the bobbin rotation formed with a ratchet wheel and a pawl
      controllable by deflecting the warp spreading spring; according to the
      invention, to the pawl and the warp spreading spring there are associated
      means for maintaining the pawl in engagement with the ratchet wheel until
      the loom stops, even after return of the warp spreading spring into its
      starting position.
PAR  The weft inserter comprises a plate affixed to the warp spreading spring
      and received in a pocket-like recess in the inserter body, a reciprocatory
      control peg being resiliently forced to said plate. In a preferred
      embodiment a recess is provided in the top part of the inserter wherein
      there is received a semi-cylindrical body, the lower cylindrical surface
      of which interferes with the path of the control peg and to the top planar
      surface of which there is attached a flat spring which constitutes the
      pawl for the ratchet wheel of the bobbin and being secured by one of its
      ends in the inserter body while its other free end is in an operative
      position wherein the semi-cylindrical body is lifted by the control peg
      shifted therebeneath. A portion of said flat spring on the
      semi-cylindrical body is forced against an upper guideway for guiding the
      inserters and being in engagement with the ratchet wheel, so that the
      control peg and the semi-cylindrical body forced toward said control peg
      by said upper guideway constitute the means for maintaining the pawl of
      the flat spring in engagement with the ratchet wheel.
PAR  According to another preferred embodiment of the inserter, the pawl is
      formed by a flap pivotally supported in a recess provided in the top part
      of the inserter and adapted to be pushed from under by a blocking spring,
      and flap being provided with an opening into which, in the lower or
      inoperative position of the flap, a curved extremity of a control peg
      engages, while on shifting said control peg by the deflected warp
      spreading spring the opening of said flap is disengaged, the flap is in
      engagement with the ratchet wheel of the bobbin and is forced by said
      blocking spring toward the upper guideway for guiding the inserters so
      that the blocking spring and the flap constitute the means for maintaining
      the pawl or flap in engagement with the ratchet wheel.
PAR  The use of the afore-described means for maintaining the pawl in engagement
      with the ratchet wheel of the bobbin even after the return of the warp
      spreading spring into its starting position is necessary for the reason
      that the length of a foreign body can be so small that the weft thread in
      the inserter does not break due to an instantaneous deflection of the
      spreading spring by said foreign body.
PAR  In order that the invention may be better understood and reduced to
      practice, some preferred embodiments thereof will be hereinafter described
      with reference to the accompanying schematic drawings which, however, are
      not intended to limit in any way the scope of the invention.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a perspective detail view of a travelling-wave shedding loom,
      wherein there is illustrated the formation of wefts untransferred into the
      beat-up position, the weft yarns being omitted for the sake of clarity;
PAR  FIG. 2 is a view similar to FIG. 1 illustrating the use of the weft
      inserters according to the invention to eliminate the formation of
      untransferred wefts;
PAR  FIG. 3 is a top view of a first preferred embodiment of the improved weft
      inserter;
PAR  FIG. 4 is a sectional view taken along the line IV--IV in FIG. 3, wherein
      the upper guideway for the inserters and means for driving the inserter in
      the weaving shed are additionally illustrated, the pawl being shown in its
      inoperative position;
PAR  FIG. 5 is a sectional view taken along the line V--V in FIG. 3, wherein the
      rotary reed, the disc thereof and both the upper and lower guideways for
      the inserters are additionally illustrated, the pawl being shown in its
      inoperative position;
PAR  FIG. 6 is the same sectional view as shown in FIG. 4, the pawl being in its
      operative position;
PAR  FIG. 7 is the same sectional view as shown in FIG. 5, the pawl being in its
      operative position;
PAR  FIG. 8 is a top view of a second embodiment of the weft inserter, the pawl
      being in its inoperative position;
PAR  FIG. 9 is a sectional detailed view taken along the line IX--IX in FIG. 8,
      the pawl being shown in its inoperative position; FIG. 10 is a top view of
      the inserter with the pawl in its operative position, the fabric, warp
      yarns and rotary reed discs being additionally illustrated; and
PAR  FIG. 11 is a sectional detailed view taken along the line XI--XI in FIG.
      10, the warp yarns being omitted for clarity of illustration.
DETD
PAR  As is heretofore known, in travelling-wave shedding looms there are formed
      successive weaving sheds 1 by heddles (not shown) which heddles are
      controlled either individually or in groups so that in the zone passed
      through an inserter 2 of weft yarn 3 the shed angle is always open
      whereupon after the inserter passage the shed 1 becomes closed and
      exchanged to be ready for the next weft yarn inserter 2. The
      travelling-wave shedding loom is equipped, as a rule, with a fixed reed 4
      (FIGS. 1, 2 and 5) for guiding warp yarns 5 and a rotary reed 6 (FIGS. 1,
      2, 5 and 10) consisting of discs 7 operating between adjacent warp yarns
      5, respectively. The discs 7 of the rotary reed 6 are provided with
      cutouts 8 for engaging the weft yarn 3 and displacing it to the fell of
      fabric 9. As is apparent from FIGS. 1 and 2, the cutouts 8 of the adjacent
      discs 7 within the whole rotary reed 6 are offset relative to each other
      so as to form together a helical groove 10. Thus in operation, the weft
      inserters 2 are conveyed through the weaving zone of the loom so as to
      advance in the shed wave opening before them and closing after them, in
      synchronization with the rotation of the rotary reed 6.
PAR  The weft inserter 2 is formed as an elongated, frontally pointed body. In a
      recess provided therein, a bobbin 11 is mounted for rotation which bobbin
      11 is designed to receive, from a spooling device (not shown), a reserve
      length of weft yarn 3 sufficient for a single pick. It is to be understood
      that during the movement of the weft inserter 2 through the weaving shed
      1, the weft yarn 3 is being unwound from the bobbin 11.
PAR  Further, the weft inserter 2 is provided with guide surfaces to mate with
      corresponding surfaces of the fixed reed 4 (FIGS. 1, 2 5 and 7) and of an
      upper guideway 12 (FIGS. 4 and 6) which guideway is disposed just above
      the upper shed sheet. The weft inserter 2 is adapted to be guided on said
      reed 4 and said guideway 12. The means for driving the weft inserter 2 in
      the weaving shed 1 comprise a roll 13 arranged on its lower side (FIG. 4)
      designed to cooperate with a drive roller 14 secured to a drive chain 15
      which drive chain is arranged in a lower guideway 16 below the lower shed
      sheet.
PAR  During its passage through the shed 1, the weft inserter 2 has periodically
      to clear the shed angle, which means to make its way through the shed 1.
      This operation is necessary, for instance, in case of the so-called
      cottered ends. To this purpose the weft inserter 2 is equipped by a
      spreading spring 17 (FIGS. 1, 2, 3, 5, 7, 8 and 10).
PAR  Further, the weft inserter 2 is provided with a weft guide 18 (FIGS. 3, 8
      and 10), for guiding the weft yarn 3 being unwound from the bobbin 11 and
      inserted into the weaving shed 1. The weft guide 18 can be formed, for
      example, as a peg.
PAR  FIG. 1 shows the existing state of operation prevailing on a
      wave-travelling shedding loom after a foreign body 19 has entered the shed
      angle. The foreign body 19 is interwoven by warp 5 in the so-called
      transferring zone of the shed angle, i.e., in the space in which the weft
      3 should be introduced into the cutouts 8 of the rotary reed 6 designed to
      transfer it to the fabric 9. In view of the presence of the interwoven
      foreign body 19, however, the shed 1 becomes shortened and the inserter 2
      passing through said shortened shed 1 will lay the weft 3 into a false
      position upstream of said body 19 so that the weft 3 cannot be introduced
      into the corresponding cutouts 8 of the discs 7 of the rotary reed 6 and
      is thereupon immediately interwoven by warp yarns 5 also in the
      afore-mentioned transferring zone of the shed angle. Thus, the
      untransferred weft 3 prevents the next weft 3 from being introduced into
      said cutouts 8, which next weft 3 will in turn lay an obstacle for the
      next following weft 3, etc., which results in a chain formation of wefts 3
      not transferred into the beat-up position.
PAR  Two exemplary embodiments of the weft inserter according to the invention
      are designed to prevent this situation and are illustrated in FIGS. 3 -
      11, inclusive.
PAR  As is apparent from FIG. 3, the weft inserter 2 is provided, between the
      guide 18 of the weft 3 and the spreading spring 17, with a directing means
      such as a spring tail 20. The bobbin 11 is equipped with a ratchet wheel
      21. To the spreading spring 17 a plate 22 is attached which plate is
      received in a pocket-like recess 23 provided in the body of the inserter
      2. By means of a spring 24 a control peg 25 is forced against said plate
      22 (see also FIGS. 4 and 6). In a recess 26 provided in the top part of
      the inserter 2, there is supported on a pin 27 a flat spring 28 received
      in the body of the inserter 2. To the spring 28 a semi-cylindrical body 29
      is secured, the lower cylindrical surface of which interferes with the
      path of the control peg 25.
PAR  In FIGS. 3, 4 and 5, respectively, the flat spring 28 forming a pawl for
      the ratchet wheel 21, is shown in its inoperative position. After the
      spreading spring 17 has been compressed by the interwoven foreign body 19,
      the plate 22 will displace the control peg 25 against the load of the
      spring 24, which peg lifts the semi-cylindrical body 29. Since said
      semi-cylindrical body 29 bears at present, via the flat spring 28, upon
      the upper guideway 12 for the inserters 2, the control peg 25 is blocked
      due to a back pressure of said upper guideway 12 against the
      semi-cylindrical body 29, in its operative position shown in FIGS. 6 and
      7. The control peg 25 remains blocked even after the spreading spring 17
      has returned to its starting position.
PAR  By lifting the semi-cylindrical body 29, the flat spring 28 will be
      deflected and its free end gets into engagement with the ratchet wheel 21
      so that it blocks the rotation of the bobbin 11. The weft yarn 3 being
      tensioned between the fabric 9 and the inserter 2 with the blocked bobbin
      11, proceeds its movement until it breaks, due to the excessive tension.
      Simultaneously the foreign body 19 will be displaced by the spring tail 20
      to the periphery of the rotary reed 6 which engages it by the
      corresponding cutout 8 and transfers it to the fabric 9 whereby the
      obstacle for the weft 3 from the next inserter 2 is removed.
PAR  As soon as the loom is switched off by a suitable stop motion, the inserter
      2 is no longer forced against the upper guideway 12 so that the control
      peg 25 is disengaged, by means of the spring 24, from under the
      semi-cylindrical body 29. Thereby the flat spring 28 is returned into the
      starting or inoperative position in which the pawl in the form of the flat
      spring 28 is out of the engagement with the ratchet wheel 21 of the bobbin
      11.
PAR  After the loom has stopped and the bobbin 11 has been unblocked, the
      operator introduces the broken weft 3 into the corresponding cutouts 8 of
      the discs 7 of the rotary reed 6.
PAR  The situation prevailing in the weaving loom when applying the weft
      inserter 2 according to the invention, is apparent from FIG. 2. The weft 3
      from the first inserter 2 detecting the presence of a foreign body 19,
      breaks, whereupon the next wefts 3, before the loom stops, are introduced
      into the corresponding cutouts 8 of the rotary reed 6, said reed
      transferring them to the beat-up position.
PAR  The embodiment of the weft inserter as shown in FIGS. 8 - 11, inclusive,
      differs from the afore-described inserter in that the pawl is constituted
      by a flap 30 arranged to swing on a pivot 31 fixed in a recess 32 provided
      in the top part of the inserter 2 in FIGS. 8 - 11, inclusive. The flap 30
      is provided with an opening 33 receiving, in the inoperative position of
      the flap 30, a curved extremity 34 of a control peg 35 which control peg
      is forced by a spring 36 to the plate 22 affixed to the spreading spring
      17. The flap 30 is forced to its upper position by a blocking spring 37.
PAR  After the spreading spring 17 has been compressed by an interwoven foreign
      body 19, the curved extremity 34 of the control peg 35 is disengaged,
      overcoming the load of the spring 36, from the opening 33 of the flap 30
      whereupon the latter will be forced by the blocking spring 37 against the
      straight portion of the control peg 35. In this lift position illustrated
      in FIG. 11, in which the flap 30 is engaged by the teeth of the ratchet
      wheel 21 and blocks thereby the rotation of the bobbin 11, the flap 30
      remains until the loom is switched off by an appropriate stop motion, in
      spite of the fact that the spreading spring 17, after an instantaneous
      deflection, returns into its starting position. Although the control peg
      35 is forced toward the plate 22, the curved extremity 34 thereof is
      forced against the solid wall of flap 30 so that it cannot enter the
      opening 33 that has been displaced.
PAR  Analogously as with the weft inserter described with reference to FIGS. 3 -
      7, inclusive the weft 3 breaks between the fabric 9 and the blocked bobbin
      11 as the inserter of FIGS. 8 - 11, inclusive, proceeds in its movement
      while the spring tail 20 brings the displaceable foreign body 19 to the
      periphery of the cutouts 8 of the rotary reed 6 so that said body 19 will
      be transferred by a free cutout 8 to the fell of the fabric 9.
PAR  After the loom has been switched off by an appropriate stop motion, the
      flap 30 is compressed so that the control peg 35 is introduced by its
      curved extremity 34 into the opening 33 of the flap 30. Thereby the bobbin
      11 gets unblocked and the operator can insert the broken weft 3 into the
      corresponding cutouts 8 of the discs 7 of the rotary reed 6.
PAR  Although the invention is illustrated and described with reference to a
      plurality of preferred embodiments thereof, it is to be expressly
      understood that it is in no way limited to the disclosure of such a
      plurality of embodiments, but is capable of numerous modifications within
      the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method of eliminating a chain formation of wefts not transferred into
      its beat-up position due to the presence of a foreign body interwoven in
      the weaving shed in a travelling-wave shedding loom provided with a
      plurality of weft inserting means travelling one after the other into said
      weaving shed, the shed being closed behind each inserting means and after
      having been exchanged, being open in front of each weft inserting means,
      the loom being provided with a rotary reed consisting of discs having
      cutouts for engaging weft inserted by said weft inserting means into the
      weaving shed and for displacing it to the fabric fell into the beat-up
      position, said method comprising severing the weft laid upstream of the
      interwoven foreign body beyond the reach of the discs of said rotary reed.
NUM  2.
PAR  2. A weft inserter for eliminating a chain formation of wefts not
      transferred into the beat-up position in a travelling-wave shedding loom
      provided with a rotary reed consisting of discs having cutouts for
      engaging weft and displacing it to the fabric fell into the beat-up
      position, comprising a rotationally supported bobbin having a ratchet
      wheel and carrying a weft length sufficient for a single pick, a spreading
      spring for spreading warp threads, forming the warp shed, a weft guide,
      directing means provided between the warp spreading spring and said weft
      guide, means for blocking rotation of the bobbin comprising a pawl
      controllable by the warp spreading spring from starting position to a
      blocking position, means associated with the pawl and the warp spreading
      spring for maintaining the pawl in engagement with the ratchet wheel, even
      after return of the warp spreading spring into its starting position,
      until the loom stops.
NUM  3.
PAR  3. A weft inserter as claimed in claim 2, comprising a plate affixed to the
      warp spreading spring and received in a pocket-like recess in the inserter
      body and a reciprocatory peg control resiliently forced toward said plate.
NUM  4.
PAR  4. A weft inserter as claimed in claim 3, wherein a recess is provided in
      the top part of the inserter, a semi-cylindrical body is received in said
      recess, the lower cylindrical surface of the semi-cylindrical body
      interfering with the path of the control peg, to the top planar surface of
      the semi-cylindrical body there is attached a flat spring, the flat spring
      constituting the pawl for the ratchet wheel of the bobbin and being
      secured by one of its ends in the inserter body while its other free end
      is in an operative position wherein the semi-cylindrical body is lifted by
      the shifting of the control peg therebeneath, a portion of said flat
      spring on the semi-cylindrical body being forced against an upper guideway
      for guiding the inserters and being in engagement with the ratchet wheel,
      the control peg and the semi-cylindrical body forced toward said control
      peg by said upper guideway constituting the means for maintaining the pawl
      or flat spring in engagement with the ratchet wheel.
NUM  5.
PAR  5. A weft inserter as claimed in claim 3, comprising a plate affixed to the
      warp spreading spring, wherein the pawl is formed by a flap pivotally
      supported in a recess provided in the top part of the inserter and adapted
      to be pushed from under by a blocking spring, said flap being provided
      with an opening into which, in the lower or inoperative position of the
      flap, a curved extremity of a control peg engages, while on shifting said
      control peg by the deflected warp spreading spring, the opening of said
      flap is disengaged, the flap is in engagement with the ratchet wheel of
      the bobbin and is forced by said blocking spring toward the upper guideway
      for guiding the inserters, the blocking spring and the flap constituting
      the means for maintaining the pawl or flap in engagement with the ratchet
      wheel.
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ABST
PAL  A spill collection device is disclosed, for use with a revolving machine
      which bags material, the spill collection device comprising material
      landing means located below the position in the revolving machine where
      the material is bagged, material collection means operative to collect the
      excess material which falls onto the material landing means, and material
      return means operative to return the excess material which falls onto the
      material landing means to the revolving machine.
BSUM
PAR  This invention relates to bag filling machines and more particularly to a
      revolving machine for placing material in bags.
PAR  Many industries require fluidized or flowing powdery materials, such as
      cement, fertilizer, lime, clay, and other small granular or powdery
      fluidized materials, to be placed in bags. The Applicant has invented an
      improved bagging machine which revolves and which contains many new and
      useful innovations.
PAR  The Applicant is simultaneously filing six patent applications, of which
      this is one, covering various inventions used in the revolving bagging
      machine. The features of these inventions are all contained within this
      patent application.
PAR  An object of the present inventions is to produce a revolving bagging
      machine which can bag various materials at a high rate of speed.
PAR  Still another object of these inventions is to provide an automatic means
      for removing bags from a revolving bagging machine.
PAR  A further object of these inventions is to provide for a spill collection
      device for use with the revolving bagging machine.
PAR  Still another object of these inventions is to provide a bagger tank,
      structurally designed to aid in the bagging process.
PAR  Another object of these inventions is to provide sloped guide plate
      surfaces for forming, both, voids for various purposes and funnels to aid
      in material flow.
PAR  Still another object of these inventions is to provide a revolving means to
      revolve, both, a bagging machine and a takeoff device.
PAR  Another object of these inventions is to provide for a take-off device for
      use with a revolving machine which revolves at a speed proportionate to
      the speed of the revolving machine.
PAR  Still another object of these inventions is to provide for a housing for an
      impeller which has an enclosure with access means allowing for easy acesss
      for maintenance purposes.
PAR  Another object of these inventions is to provide an impeller shaft turning
      device comprising hydraulic means operative to control the motor which
      rotates the shaft of the impeller.
PAR  Still another object of these inventions is to provide a bag housing and
      filling device which holds the bag, when material is flowing into it, and
      releases the bag, when material is not flowing into it.
PAR  Another object of these inventions is to provide means for use with a bag
      holding and filling device which will not allow material to flow, if no
      bag is being held.
PAR  These and other objects and features of the invention will be apparent from
      the following description and appended claims.
PAR  Briefly, the invention comprises a machine for placing material in bags
      comprising machine revolving means operative to revolve the machine,
      material holding means in which the material may be held, machine support
      structure operative to physically support the machine, and material
      bagging means operative to place the material, held in the material
      holding means, into the bags. The machine may further comprise bag removal
      means operative to remove the bags from the material bagging means. The
      bag removal means may be a take-off device. The machine may further
      comprise a spill collection device operative to collect any of the
      material which might escape from the material bagging means. The material
      holding means may comprise a bagger tank. The bagger tank may comprise an
      outer surface shaped like a cylinder, an inner sloping interior shell
      surface circular at the top and bottom, and a bottom connecting the outer
      surface to the inner sloping interior shell surface. The bagger tank may
      further comprise a plurality of sloped guide plate surfaces, all of which
      emanate from the bottom and are physically connected to the outer surface
      and the inner sloping interior shell surface, each of the plurality of
      sloped guide plate surfaces with another of the plurality of sloped guide
      plate surfaces form a void in the bagger tank, whereby none of the
      material may enter. Each of the plurality of sloped guide plate surfaces
      with still another of the plurality of sloped guide plate surfaces form a
      funnel through which the material may flow. The machine may further
      comprise a cover for the bagger tank operative to prevent particles of the
      material from escaping into the atmosphere. The cover may contain a
      plurality of feeder holes through which the material may be placed in the
      bagger tank. The material holding means may further comprise a plurality
      of feeder means operative to bring the material to the feeder holes to be
      deposited in the bagger tank. The bottom may contain a plurality of dump
      openings through which the material may flow into the material bagging
      means. The machine revolving means may comprise motor means, wheel means
      operative responsive to the motor means, and machine driving means
      operative response to the wheel means. The wheel means may comprise a
      sprocket. The machine driving means may comprise a sprocket chain welded
      to the machine, whereby when the sproket is moved by the motor means, the
      sprocket will mesh with the sprocket chain causing the machine to revolve.
      The motor means may comprise an electrical motor, a speed reducer
      connected to the electrical motor, and an output shaft emanating from the
      speed reducer. The material bagging means may comprise a plurality of
      impellers, a plurality of housings operative to hold the material which
      flows from the material holding means, a plurality of impeller shafts each
      operative to support one of the plurality of impellers, a plurality of
      impeller shaft turning means each operative to turn one or more of the
      plurality of impeller shafts, and a plurality of bag holding and filling
      means operative to hold the bags and to fill the bags with the material.
      The plurality of housings is operative to house one of the plurality of
      impellers.
PAR  The take-off device for use with a revolving machine basically comprises
      revolving means operative to revolve the take-off device at a speed
      proportionate to the speed of revolution of the revolving machine, a
      plurality of bag carrying means operative to support the bags when the
      bags are taken from the revolving machine, and positioning means operative
      to place the plurality of bag carrying means in proper position to remove
      the bags from the revolving machine. The take-off device further comprises
      removal means, to remove the bags from the plurality of bag carrying
      means. the revolving means basically comprises motor means, first wheel
      means physically connected to the output of the motor means and operative
      to revolve the revolving machine, second wheel means physically connected
      to the same output of the motor means as is the first wheel means, a
      center shaft on the take-off device, and shaaft driving means connected to
      the second wheel means and operative to revolve the center shaft of the
      take-off device. The motor means basically comprises an electrical motor,
      a speed reducer, and an output shaft emanating from the speed reducer.
      First and second wheel means are physically connected to the output shaft
      of the speed reducer. The first wheel means may comprise a sprocket. The
      second wheel means may comprise a take-off device drive sprocket. The
      shaft driving means may comprise a center shaft driving wheel means which
      is attached to the center shaft of the take-off device. A drive chain may
      be driven by a shaft driving sprocket. The shaft driving means further
      comprises a drive chain support track and a shaft support structure. The
      revolving means may revolve the take-off device six times for every one
      revolution of the revolving machine or may be set up for any multiple of
      revolutions desired. The plurality of bag carrying means comprises an
      outer shaft and a plurality of holding means connected to the outer shaft.
      The plurality of holding means basically comprises a plurality of cradle
      arm supports, a plurality of swivel connections, and a plurality of bag
      cradles each connected to one of the plurality of swivel connections. The
      plurality of bag cradles may comprise a plurality of cradle support sides
      and a plurality of back and side arms. The plurality of bag cradles
      further comprises a plurality of cradle lifters, two of each being
      connected to two of the plurality of back and side arms which are
      connected to one of the plurality of cradle support sides. The plurality
      of holding means further comprises a plurality of cradle arms braces. The
      plurality of holding means further comprises a plurality of rigid
      supports. The positioning means basically comprises movement allowing
      means which is operative so that the plurality of bag carrying means
      revolves with the take-off device proportionate to the speed of revolution
      of the revolving machine, but allows each of the plurality of bag carrying
      means to be capable of movement up and down. The positioning means further
      comprises up and down movement means operative to move the plurality of
      bag carrying means up and down. The up and down movement means basically
      comprises a base located at the bottom of the take-off device and circling
      the take-off device, and guiding track resting on the base. The up and
      down movement means further comprises a plurality of wheels which are
      operative to ride on the guiding track. The guiding track is structured to
      provide up and down movement of the plurality of wheels. The guiding track
      is structured so that a graph of movement of any one of the plurality of
      wheels versus the time of movement would be a sinusoidal graph. Movement
      allowing means basically comprises a slot located in the outer shaft and a
      key located on the center shaft and fitting through the slot on the outer
      shaft, whereby the key causes the outer shaft to revolve with the center
      shaft, but allows up and down movement of the outer shaft along the slot.
      The take-off device may be located with respect to the revolving machine
      so that each pair of the plurality of cradle lifters on the take-off
      device may remove a bag from one of a plurality of bag supports on the
      revolving machine. The cradle lifters will go underneath the bag which is
      resting on the stool and stool supports, and due to the up and down
      movement will lift the bag from the stool and stool support and carry it
      around the take-off device.
PAR  The housing for the impeller, which is mounted on the impeller shaft and is
      capable of moving material, basically comprises an enclosure within which
      the impeller, mounted on the impeller shaft, may be placed. The enclosure
      has a plurality of shaft openings through which the impeller shaft may
      extend. A plurality of shaft opening packing means or gland nuts are
      secured to the enclosure at each of the plurality of shaft openings. A
      plurality of packing material, such as wool or fiber packing, is placed
      within each of the plurality of shaft opening packing means and around the
      impeller shaft. The molded top of the impeller housing has an opening
      through which material may be placed in the enclosure or impeller housing.
      The molded top with the opening comprises material entrance means.
      Material exit means comprises a spout opening through which material may
      exit from the housing. Access means in the enclosure allows access for
      maintenance purposes within the enclosure. Access means comprises an
      access door, attachment means connecting the access door to the enclosure
      and securing means holding the access door onto the enclosure. The
      attachment means comprises a hinge which connects the access door to the
      enclosure or impeller housing. The securing means comprises a bracket and
      a securing or opening bolt. The access means further comprises sealing
      means to keep any of the material from escaping through the access door.
      The sealing means comprises a gasket. The securing means further comprises
      an impeller housing support molded onto the enclosure and a plurality of
      mounting bolts to secure the bracket to the impeller housing supprt.
PAR  The spill collection device for the revolving machine, which bags material,
      includes material landing means located below the position in the
      revolving machine where the material is bagged. The excess material will
      fall into the material landing means. Material collection means is
      operative to collect the material which falls into the material landing
      means. Material return means is operative to return the excess material
      which falls onto the material landing means to the revolving machine. The
      material collection means comprises a plurality of collectors, and a
      plurality of collector drag means. The material collection means further
      comprises a plurality of sweep means. The plurality of sweep means may
      comprise a plurality of sweep arms. The material collection means further
      comprises a plurality of sweep drag means. The material collection means
      further comprises a plurality of balance means, each connected to one of
      the plurality of collectors and operative to maintain proper balance for
      the plurality of collectors. Cone brag bars comprise a plurality of
      balance means. The plurality of collectors may comprise a plurality of
      cones. The plurality of collector drag means may comprise a plurality of
      chains. The plurality of sweep means may comprise a plurality of sweep
      arms. The plurality of sweep drag means may comprise a plurality of
      chains. The plurality of balance means may comprise a plurality of drag
      bars. The material landing means may comprise a circular trough, a
      circular inner sloping surface connected to the trough, and a circular
      outer sloping surface connected to the side of the trough opposite from
      the inner sloping surface. The plurality of cones is dragged through the
      circular trough. The plurality of sweep arms is dragged on the surface of
      the circular outer sloping surface. The material return means may comprise
      a plurality of spill removal holes, a plurality of spill removal means,
      and a plurality of elevating means. The spill removal holes are located in
      the material landing means. The plurality of spill removal means may be a
      plurality of conveyors. The plurality of elevating means, which are
      operative to elevate the excess material and return the excess material to
      the revolving machine, may be a plurality of elevators.
PAR  The plurality of impeller shaft turning devices is used to turn the various
      impellers in the invention. Looking at one impeller shaft turning device,
      it is used in rotating the shaft of an impeller within a housing in a
      revolving machine, to aid in impelling material into a bag. The impeller
      shaft turning device comprises motor means operative to rotate the shaft
      of an impeller, and hydraulic means operative to control the motor means.
      The motor means may be a hydraulic motor. The hydraulic means may comprise
      a fluid supply means which provides a flow of fluid to the hydraulic
      means, start and stop control means operative to start and stop the flow
      of the fluid to the hydraulic motor, and flow control means operative to
      control the quantity of fluid to the hydraulic motor after the start and
      stop control means allow flow of the fluid to the hydraulic motor, whereby
      the flow control valve controls the speed of rotation of the shaft. The
      impeller shaft turning device has hydraulic means further comprising
      pressure relief means operative to maintain constant speed of the
      hydraulic motor when a plurality of hydraulic motors is operated using the
      same fluid supply means. The start and stop control means may comprise a
      directional control valve. The flow control means may comprise a flow
      control valve. The fluid supply means may comprise a pressure header from
      which fluid flows to the hydraulic motor and a return header to fluid
      flows from the hydraulic motor. The start and stop control means may
      comprise starting means operative to start the flow of fluid to the
      hydraulic motor and stopping means operative to stop the flow of fluid to
      the hydraulic motor. The starting and stopping means, both, may comprise a
      solenoid. Both the start and stop solenoids may be activated by
      microswitches. The start solendoid may be activated by a microswitch
      located on the revolving machine, when the shaft of an impeller should be
      rotated to aid the revolving machine to impel the material into the bag.
      The stop solenoid may be activated by a microswitch located on the
      revolving machine when a pre-determined amount of the material has entered
      the bag. The pre-determined amount may be determined by a scale beam
      balance scale system. The flow control means is adjustable to control the
      flow of the fluid to the hydraulic motor to a pre-determined amount per
      time interval and is thereby operative to control the speed of the
      hydraulic motor to a pre-determined speed and to be adjusted to control
      the speed of the hydraulic motor to aid in impelling the material into the
      bag, which may be necessitated by material of varying particle size any by
      atmospheric conditions. The fluid supply means may comprise a fluid source
      means operative to provide a source of fluid, a pressure header from which
      the fluid may flow to the hydraulic motor, and a return header to which
      fluid may flow from the hydraulic motor. The fluid source means may
      comprise a hydraulic pump means connected to the pressure header and
      operative to pump the fluid to the pressure header, pump motor driving
      means operative to control the hydraulic pump means, a reservoir operative
      to hold a supply of fluid, pressure relief means connected to said
      hydraulic pump means and operative to relieve pressure, and cooling means
      connected to the return header and operative to cool the fluid when it is
      returned to the reservoir from the return header. The pump motor driving
      means may comprise an electrical start and stop switch. The fluid source
      means further comprises a suction strainer located between the hydraulic
      pump and the reservoir operative to strain the fluid. The fluid source
      means may further comprise a filter located between and connected to the
      return line header and the reservoir to aid in purifying the fluid being
      returned to the reservoir. The cooling means may comprise a heat
      exchanger. The pump motor driving means may be an electrical motor. The
      impeller shaft turning device may further comprise a coupling connected to
      the output of the motor means and connecting to the shaft of the impeller.
      The impeller shaft turning device may further comprise a universal joint
      operative to connect the shaft of an impeller to a second shaft of another
      impeller, whereby the second shaft of another impeller may be rotated by
      the same motor means as the shaft of an impeller. The impeller shaft
      turning device is a sealed system and is impervious to dust and
      atmospheric conditions.
PAR  The revolving machine comprises a plurality of bag holding and filling
      devices, for placing material into bags. A bag holding and filling device,
      for placing material into a bag, comprises bag clamping means operative to
      hold the bag onto the device and pinch means phusically connected to the
      bag clamping means operative to control the flow of the material into the
      bag, whereby when the pinch means allows the material to flow into the
      bag, the bag clamping means will hold the bag onto the device and when the
      pinch means does not allow the material to flow into the bag, the bag
      clamping means will release the bag. The bag holding and filling device
      further comprises bag insert interlock contact means operative to cause
      the pinch means not to allow the material to flow when no bag is being
      held by the bag clamping means. The bag holding and filling device further
      comprises weight evaluating means operative when the material in the bag
      reaches a pre-determined weight to activate the pinch means to stop the
      flow of the material into the bag. The bag holding and filling device
      further comprises a material flow hose through which the material flows.
      When the material flow hose is pinched and the material is stopped from
      flowing by the pinch means, the pinch means operates to stop the flow of
      material into the bag. The bag holding and filling device further
      comprises a spout connected to the material flow hose through which the
      material flows into the bag. The pinch means may be a pinch valve
      mechanism. The pinch valve mechanism may comprise an air cylinder, an air
      cylinder control valve operative to control the air cylinder, and a
      plurality of linkage bars operative response to the air cylinder, whereby
      when the pinch means operates to stop the flow of the material into the
      bag, the plurality of linkage bars pinches the material flow hose. The bag
      clamping means comprises a clamping mechanism apparatus operative to clamp
      the bag against the spout when the bag clamping means is holding the bag
      onto the device. The bag holding and filling device further comprises a
      lever rod connected to one of the plurality of linkage bars and to the
      clamping mechanism apparatus, whereby when the pinch means operates to
      allow flow of the material into the bag, the lever rod is positioned to
      press the clamping mechanism against the spout. The bag insert interlock
      contact means may comprise an electrical contact in the clamping mechanism
      apparatus, whereby when the clamping mechanism apparatus is pressed
      against the spout, an electrical connection is made, and a bag insert
      interlock solenoid valve activated when the electrical contact makes an
      electrical connection with the spout and operative to activate the air
      cylinder control valve to cause the plurality of linkage bars to pinch the
      material flow hose and stop the flow of material, whereby the material
      will not flow unless a bag, acting as an insulator, prevents an electrical
      connection between the electrical contact and the spout. The bag holding
      and filling device further comprises bag support means operative to hold
      the bag to be filled with the material. The bag support means may comprise
      a bag channel support connected to the revolving machine, stool support
      apparatus connected to the bag channel support, and a stool connected to
      the stool apparatus operative to hold a bag to be filled with the
      material. The stool support apparatus may comprise a stool support arm
      connected to the bag channel support, an ajusting stool support connected
      to the stool and adjustably connected to the stool support arm, and a
      plurality of height adjusting nuts operative to hold the adjusting stool
      support at a pre-determined height, whereby a bag may be placed on the
      stool and may be raised or lowered by the adjusting stool support to be
      properly positioned to receive the material into the bag.
DRWD
PAR  The invention will be more fully understood from the following detailed
      description and appended claims when taken with the drawings in which:
PAR  FIG. 1 is a perspective view of one side of the bagging machine, without
      the cover on the bagger tank, further showing the take-off device and
      drive mechanisms.
PAR  FIG. 2 is a perspective view of the other side of the bagging machine
      showing the cover and one feed conveyor.
PAR  FIG. 3 is a top view of the bagging machine, cut-away to show support
      members and leveling devices, also showing the position of cam 422 with
      respect to the bagging machine.
PAR  FIG. 4 is a section view of the bagging machine taken at points A--A of
      FIG. 3.
PAR  FIG. 5 is a top view taken from a point below the machinery platform of the
      bagging machine.
PAR  FIG. 6 is a section view taken at points B--B in FIG. 5.
PAR  FIG. 7 is a section view taken at points C--C in FIG. 6.
PAR  FIG. 8 is a plane front view showing a portion of the bagging machine's
      impeller housings drive shafts, supporting mechanisms, and impeller
      hydraulic control mechanisms showing a cut-away view of a void containing
      the hydraulic control mechanisms.
PAR  FIG. 9 is an elevation view taken from the side of impeller housing 274,
      further showing the associated bag clamping mechanisms.
PAR  FIG. 10 is a section view taken at points D--D in FIG. 9, which is from the
      rear of impeller housing 274, showing the interior of said impeller
      housing.
PAR  FIG. 11 is a section view showing the clamping mechanisms and balance scale
      mechanisms associated with impeller housing 274.
PAR  FIG. 12 is a top view of the machinery platform 110 showing the hydraulic
      system and air compressor thereon, in a black box format, further showing
      twelve triangular voids.
PAR  FIG. 13 is an isometric view of the bagging machine drive mechanism and the
      take-off device drive mechanism.
PAR  FIG. 14 is an isometric view of the lower section of the take-off device.
DETD
PAR  Referring now to the drawings, FIG. 1 is a perspective view of one side of
      the bagging machine, without the cover on the bagger tank, further showing
      the take-off device and drive mechanisms. FIG. 2 is a perspective view of
      the other side of the bagging machine showing the cover and one feed
      conveyor. FIGS. 1 and 2 will be discussed together.
PAR  The complete bagging machine consists of many individual structural pieces,
      an upper support structure 3 comprises upper support to which the center
      shaft 4 of the bagging machine is attached. Electrical brush rigging 5 is
      attached onto center shaft 4 of the bagging machine. Supporting beams 7,
      8, 9, 10, 11, 12, 13, and 14 (see FIG. 3) emanate from the center shaft 4.
      The bagger tank is formed with outside cylindrical surface 1, inner
      sloping interior shell surface 15, and bottom 315. Inside rim 6 of the
      shell structure rests on top of the sloping interior shell surface 15 of
      the bagger tank. Supporting beams 7, 8, 9, 10, 11, 12, 13, and 14 are
      physically connected to the inside of outer surface 1, the inside rim 6,
      and the top of sloping interior shell surface 15 for purposes of
      stability. For further support, supporting beam 7 is attached to
      structural support 219, supporting beam 9 is attached to structural
      support 218, supporting beam 11 is attached to structural support 221, and
      supporting beam 13 is attached to structural support 220.
PAR  FIG. 2 is shown with a cover 177 on the bagger tank. Attached to outer
      surface 1 of the bagger tank are various supports for pinch valve air
      start control valves and hydraulic motor start microswitches. Support 16
      supports air start valve 28, support 17 supports air start valve 29 and
      start microswitch 40, support 18 supports air start valve 30, support 19
      supports air start valve 31 and start microswitch 41, support 20 supports
      air start valve 32, support 21 supports air start valve 33 and start
      microswitch 42, support 22 supports air start valve 34, support 23
      supports air start valve 35 and start microswitch 43, support 24 supports
      air start valve 36, support 25 supports air start valve 37 and start
      microswitch 44, support 26 supports air start valve 38, support 27
      supports air start valve 39 and start microswitch 45.
PAR  On this bagging machine which has 24 spouts, 12 more supports, such as
      supports 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, and 27, will be
      located on the back of the bagging machine, not shown in FIGS. 1 and 2.
      Below each support 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, and 27 is a
      bag channel support and a spout. Below support 16 is a bag channel support
      46 and spout 58, below support 17 is bag channel support 47 and spout 59,
      below support 18 is bag channel support 48 and spout 60, below support 19
      is bag channel support 49 and spout 61, below support 20 is bag channel
      support 50 and spout 62, below support 21 is bag channel support 51 and
      spout 63, below support 22 is bag channel support 52 and spout 64, below
      support 23 is bag channel support 53 and spout 65, below support 24 is bag
      channel support 54 and spout 66, below support 25 is bag channel support
      55 and spout 67, below support 26 is bag channel support 56 and spout 68,
      and below support 27 is bag channel support 57 and spout 69.
PAR  Details of various apparatuses in the area of the bag channel supports and
      spouts are not shown in FIGS. 1 and 2, for purposes of clarity. FIGS. 9,
      10, and 11 show these areas in detail, many of these details which would
      be observable when viewing the bagging machine from the views taken in
      FIGS. 1 and 2.
PAR  Located at the bottom of the bag channel supports are a stool and stool
      supports. Connected to bag channel support 46 is stool and stool supports
      70, connected to bag channel support 47 is stool and stool supports 71,
      connected to bag channel support 48 is stool and stool supports 72,
      connected to bag channel support 49 is stool and stool supports 73,
      connected to bag channel support 50 is stool and stool supports 74,
      connected to bag channel support 51 is stool and stool support 75,
      connected to bag channel support 52 is stool and stool supports 76,
      connected to bag channel support 53 is stool and stool supports 77,
      connected to bag channel support 54 is stool and stool supports 78,
      connected to bag channel suport 55 is stool and stool supports 79,
      connected to bag channel support 56 is stool and stool supports 80,
      connected to bag channel support 57 is stool and stool supports 81, the
      apparatus in connection with stool and stool supports 70, 71, 72, 73, 74,
      75, 76, 77, 78, 79, 80, and 81 is not shown in detail in FIGS. 1 and 2.
      Details of the stool and stool supports are shown in FIG. 11.
PAR  A rolled tee-bar 113 circles the upper portion of the outer surface 1 of
      the bagger tank. Welded sprocket chain 112 is welded to rolled tee-bar
      113. The drive mechanisms for the bagging machine revolve the bagging
      machine through the meshing of the welded sprocket chain 112 with sprocket
      114, which is driven by speed reducer 115 and electrical motor 116. Speed
      reducer 115 and electrical motor 116 are mounted on supporting beam 117.
      The take-off device 2 is driven by electrical motor 116 and speed reducer
      115 through take-off device drive sprocket 118 which is physically
      connected to an output shaft of speed reducer 115 below sprocket 114 and
      is not shown in FIG. 1 but is detailed in FIG. 13.
PAR  Take-off device drive chain 119 is physically attached to take-off device
      drive sprocket 118 an to shaft driving sprocket 121 which is rigidly
      connected to the take-off device center shaft 122. Take-off device drive
      chain 119 is supported on drive chain support track 120. Center shaft 122,
      shaft driving sprocket 121, and drive chain support track 120 are
      supported by take-off device shaft support structure 123. Outer shaft 124
      fits around center shaft 122. Outer shaft 124 contains slot 125. Key 126
      is attached to center shaft 122 and fits within slot 125 which is in outer
      shaft 124. Key 125 within slot 125 allows outer shaft 124 to rotate in the
      same manner as the center shaft 122. Slot 125 in outer shaft 124 allows
      for up and down movement of outer shaft 124 with respect to base 411 and
      center shaft 122. The various track arms, track arm braces, cradle arm
      supports, and cradle arm braces and swivel connections and other portions
      of the take-off device are not numbered in FIG. 1 for the purpose of
      clarity. These various parts of the take-off device are shown in detail in
      FIG. 14. The take-off device drops bags into conveyor belt 174 which is on
      conveyor frame 173.
PAR  Below the level of the bottom surface 315 and around the center shaft 4 of
      the bagger tank lies the machinery platform 110. As shown in FIG. 4, the
      machinery platform 110 is supported by spoke-like supports 224,225, 226,
      and one more not shown which support the machinery platform and the
      balance scale system which is shown in FIG. 11. Rolled channel beam 87 is
      circular beam connected to the ends of spoke-like supports 224, 225, 226,
      and the spoke-like support not shown. The balance scale mechanism is
      supported on rolled channel beam 87, as shown in FIG. 11. Balance scale
      lower end support 355 is a rolled, round shaped angle iron which also
      rests on spoke-like supports 224, 225, 226, and the support not shown. The
      rolled channel beam 87 has an upper flange 108 and a lower flange 109.
PAR  Various parts of the sweep up or spill collection device are shown in FIGS.
      1 and 2, including trough 82, sweep arm 83, cone collector 84, outer
      sloping surface 85, inner sloping surface 86, cone drag chain 88, sweep
      arm drag chain 89, drag bar 90, sweep arm 93, cone collector 96, sweep arm
      drag chain 99, and cone drag chain 102 and other portions of the sweep up
      or spill collection device are shown in detail in FIGS. 5, 6, and 7.
PAR  The spill collection device drops the sweep up material into spill removal
      dump hole 106 onto spill removal means 107 which may be a conveyor. The
      material in spill removal means 107 is then deposited in elevating means
      175 which may be a conveyor or elevator to raise the material to the level
      of feed conveyor 176 where the material is deposited back into a feed
      conveyor for recycling to the bagging machine. Cover 177 of the bagger
      tank contains a feeder hole 178. The material is deposited from the
      conveyor 176 through the feeder hole 178 in cover 177 back into the bagger
      tank. Cover 177 does not rotate with the bagger tank and is held by cover
      support members 179, 180, 181, and 182. Cover support members 179 and 180
      are attached to support beam 183 which is rigidly attached to upper
      supporting structure 3. FIG. 2 shows this cover on, but FIG. 1 does not
      show the cover on so that inner supporting structures may be shown.
      Supporting structure for cover 177 on the left and the right side is shown
      in detail in FIG. 4, other additional support structures for cover 177 are
      contemplated, but are not shown in the drawings. Supporting structure for
      the bagger tank, including support brace 185, pillow block bearings 186
      and 187, angle frame foundation 194, upper foundation support 223, bearing
      shaft 198, are shown in detail in FIGS. 3 and 4.
PAR  FIG. 3 is a top view of the bagging machine, cut-away to show support
      members and leveling devices, also showing the position of cam 422 with
      respect to the bagging machine. FIG. 4 is a section view of the bagging
      machine taken at points A-A in FIG. 3. The bagging machine has further
      support and means for leveling the bagging machine, balance scale and
      machinery platform, including a plurality of turnbuckle tie rods which are
      connected between structural reinforcing supports and rolled channel beam
      87. Turnbuckle tie rod 210 is connected to rolled channel beam 87 by nut
      anchor 227 and to structural reinforcing support 218 by bolt and nut
      anchor 235. Turnbuckle tie rod 211 is connected to rolled channel beam 87
      by nut anchor 228 and to structural reinforcing support 218 by bolt and
      nut anchor 235. Turnbuckle tie rod 212 is connected to rolled channel beam
      87 by nut anchor 229 and to structural reinforcing support 219 by bolt and
      nut anchor 236. Turnbuckle tie rod 213 is connected to rolled channel beam
      87 by nut anchor 230 and to structural reinforcing support 219 by bolt and
      nut anchor 236. Turnbuckle tie rod 214 is connected to rolled channel beam
      87 by nut anchor 231 and to structural reinforcing support 220 by bolt and
      nut anchor 237. Turnbuckle tie rod 215 is connected to rolled channel beam
      87 by nut anchor 232 and to structural reinforcing support 220 by bolt and
      nut anchor 237. Turnbuckle tie rod 216 is connected to rolled channel beam
      87 by nut anchor 233 and to structural reinforcing support 221 by bolt and
      nut anchor 238. Turnbuckle tie rod 217 is connected to rolled channel beam
      87 by nut anchor 234 and to structural reinforcing support 221 by bolt and
      nut anchor 238. Structural reinforcing support 218 is rigidly connected
      between supporting beam 9 and the junction of the sloping interior shell
      surface 15 of the bagger tank and the bottom surface of the bagger tank
      which is intersection 412. Structural reinforcing support 219 is connected
      between supporting beam 7 and the intersection of the sloping interior
      shell surface 15 of the bagger tank and the bottom surface labeled as
      intersection 413. Structural reinforcing support 220 is rigidly connected
      between supporting beam 13 and the intersection of the sloping interior
      shell surface 15 of the bagger tank and the bottom surface of the bagger
      tank labeled as intersection 414. Structural reinforcing support 221 is
      rigidly connected between supporting beam 11 and the intersection of
      sloping interior shell surface 15 of the bagger tank and the bottom
      surface 315 of the bagger tank labeled as intersection 415.
PAR  FIG. 3 shows the center shaft 4 of the bagging machine. Supporting beams 7,
      8, 9, 10, 11, 12, 13, and 14 emanate from the center shaft. Structural
      reinforcing supports 218, 219, 220, and 221 are connected between various
      supporting beams and various points at which the sloping interior shell
      surface 15 of the bagger tank and the inner flange of bottom surface 315
      of the bagger tank intersect. Turnbuckle tie rods 210, 211, 212, 213, 214,
      215, 216, and 217 are connected between the various structural reinforcing
      supports 218, 219, 220, and 221 and rolled channel beam 87.
PAR  FIG. 4 shows upper supporting structure 3 from which support beams 183 and
      184 are attached. Cover support member 179 is connected between support
      beam 183 and cover 177. Cover 177 is donut shaped and covers the bagger
      tank. Cover support member 180 is connected to support beam 183 and cover
      support member 179. The cover 177 is rigidly attached to cover support
      member 180. Similarly, cover support members 181 aand 182 are connected to
      support beam 184. Cover 177 is rigidly attached to cover support member
      182 as well as cover support member 180. Rolled tee-bar 113 is rigidly
      connected to outer surface 1 of the bagger tank. Welded sprocket chain 112
      is welded onto rolled tee-bar 113 and is used to form a ring or bull gear
      with sprocket 114 as the pinion gear, forming the driving mechanism for
      the bagging machine.
PAR  Upper foundation supports 222 and 223 along with two other supports not
      shown, form further foundation for the support of the bagging machine. As
      seen in FIG. 4, resting on upper foundation support 223 is angle frame
      foundation 194 to which pillow block bearings 186 and 187 are bolted.
      Bearing shaft 198 runs through pillow block bearings 186 and 187 and is
      connected to support wheel 202. Rolled tee-bar 113 rests on support wheel
      202 and receives support therefrom. Rolled tee-bar 113 also receives
      support from support wheel 203 along with two other support wheels not
      shown. Angle frame foundation 195 rests on upper foundation 222. Pillow
      block bearings 188 and 189 are bolted onto angle frame foundation 195.
      Bearing shaft 199 runs through pillow block bearings 188 and 189 and
      connects to support wheel 203. Rolled tee-bar 113 rests on support wheel
      203 as well as the other three support wheels previously mentioned, and is
      supported thereon.
PAR  FIG. 3 shows a top view of the four supporting structures which support
      rolled tee-bar 113, only two of which are shown in FIG. 4. Angle frame
      foundation 196 rests on an upper foundation support (not shown). PIllow
      block bearings 190 and 191 are bolted onto angle frame foundation 196.
      Bearing shaft 200 runs through pillow block bearings 190 and 191 to a
      support wheel (not shown) which provides additional support for rolled
      tee-bar 113. Support braces 185 and 423 provide further support for the
      support beams.
PAR  Angle frame foundation 197 rests on an upper foundation support (not
      shown). Pillow block bearings 192 and 193 are bolted onto the angle frame
      foundation 197. Bearing shaft 201 goes through pillow block bearings 192
      and 193 and connects to a support wheel (not shown) which helps support
      rolled tee-bar 113.
PAR  FIG. 4 shows the base of center shaft 4 of the bagging machine which rests
      in thrust bearing 208. Thrust bearing 208 rests in foundation support 209.
      The center shaft 4 of the bagging machine rotates with the entire machine
      in operation.
PAR  FIGS. 5, 6, and 7 show in detail the sweep up or spill collection device of
      the bagging machine. FIG. 5 is a top view taken from a point below the
      machinery platform of the bagging machine. FIG. 6 is a section view taken
      at points B--B in FIG. 5. FIG. 7 is a section view taken at points C--C in
      FIG. 6. The sweep up or spill collection device comprises four sets of
      chains, a cone, and a sweep arm. The cones have a drag bar behind for
      balance so that the cone will stay in an upright position. The cone is
      dragged around the tank and tends to sweep up any spilled material that is
      spilled from and around the bags and spouts. The purposes of the sweep up
      or spill collection device is to return the spilled material back into the
      bagger tank. Each section that is dragged around the circumference of the
      bagging machine has a sweep arm, a cone collector, a sweep arm drag chain,
      a cone drag chain, and a cone drag bar. FIG. 5 shows cone collector 96
      with its associated cone drag bar 105, cone drag chain 102, sweep arm 93,
      and sweep arm drag chain 99. Cone 95 has cone drag bar 104, sweep arm 92,
      sweep arm drag chain 98, and cone drag chain 101. Cone collector 94 has
      cone drag chain 100, cone drag bar 103, sweep arm 91, and sweep arm drag
      chain 97. Cone collector 84 has drag bar 90, sweep arm 83, cone drag chain
      88, and sweep arm drag chain 89. Spill removal dump hole 106 and spill
      removal means 107 are also shown in FIG. 5. The cones or cone collectors
      are dragged through trough 82 which is rigidly connected to inner sloping
      surface 86 and outer sloping surface 85. Trough 82, inner sloping surface
      86 and outer sloping surface 85 may be made of one piece construction with
      varying slopes and designs providing only that any material dropped
      thereon, would tend to settle in trough 82.
PAR  The drag chains for the cones are connected to rolled channel beam 87. When
      the rolled channel beam 87 is rotated along with the bagging machine, the
      cone is dragged along the trough 82 to pick up excess material in trough
      82. The excess material gathered by the cone collectors is dropped into
      spill removal dump hole 106. The material then falls upon spill removal
      means 107 which may be a conveyor and is then conveyed back up into the
      bagger tank by elevating means 175, feed conveyor 176, and feeder hole 178
      in cover 177. There may be more than one spill removal dump hole and more
      than one spill removal means. They may be placed at different locations
      wherever convenient under the bagger tank to carry spilled material onto
      mechanisms that will feed the material back into the bagger tank.
      Elevating means 175 may be a standard bucket type elevator or any small
      elevating means which would carry the spilled material back up to the tank
      where it could be fed onto feed conveyors, such as feed conveyor 176, or
      other feed mechanisms that feed the main bagger tank in order to recycle
      the spilled material back into the system. The cone may be just an
      ordinary sheet metal cone and the chain may be ordinary logging chain. The
      drag bar maintains the balance of the cone so that the cone will stay in
      an upright position, being dragged on the outer edge of the cone for
      maximum efficiency in scouping up material.
PAR  In the configuration of this invention shown in the drawings, four sets of
      cones and supporting apparatus are placed at ninety degree angles around
      the spill collection device.
PAR  The spill collection device for the revolving machine, which bags material,
      includes material landing means located below the position in the
      revolving machine where the material is bagged. The excess material will
      fall onto the material landing means. Material collection means is
      operative to collect the material which falls onto the material landing
      means. Material return means is operative to return the excess material
      which falls onto the material landing means to the revolving machine.
PAR  The material collection means comprises a plurality of collectors, such as
      cone collectors 96, 95, 94, and 84, and a plurality of collector drag
      means, such as cone drag chains 102, 101, 100, and 88. The material
      collection means further comprises a plurality of sweep means, such as
      sweep arms 92, 93, 91, and 83. The material collection means further
      comprises a plurality of sweep drag means, such as sweep arm drag chains
      89, 97, 98, and 99. The material collection means further comprises a
      plurality of balance means, each connected to one of the plurality of
      collectors and operative to maintain proper balance for the plurality of
      collectors. Cone drag bars 105, 104, 103, and 90 comprise a plurality of
      balance means.
PAR  The plurality of collectors may comprise a plurality of cones. The
      plurality of collector drag means may comprise a plurality of chains. The
      plurality of sweep means may comprise a plurality of sweep arms. The
      plurality of sweep drag means may comprise a plurality of chains. The
      plurality of balance means may comprise a plurality of drag bars.
PAR  The material landing means may comprise a circular trough, such as trough
      82, a circular outer sloping surface, such as outer sloping surface 85
      connected to the side of trough 82 opposite from the inner sloping surface
      86. The plurality of cones is dragged through circular trough 82. The
      plurality of sweep arms is dragged on surface of circular outer sloping
      surface 85.
PAR  The material return means may comprise a plurality of spill removal holes,
      a plurality of spill removal means, and a plurality of elevating means.
      The spill removal holes are located in the material landing means, such as
      spill removal dump hole 106, located in trough 82. The plurality of spill
      removal means may be a plurality of conveyors, such as spill removal means
      107. The plurality of elevating means which are operative to elevate the
      excess material and return the excess material to the revolving machine.
      Other embodiments to perform the means functions may occur to those
      skilled in the art and are contemplated by this invention.
PAR  FIG. 8 is a plane front view showing a portion of the bagging machine's
      impeller housings and impeller hydraulic control mechanisms showing a
      cut-away view of a void containing the hydraulic control mechanisms. FIG.
      8 shows voids 239, 240, and 241. Void 239 is shown in a cut-away view in
      order to show the hydraulic control mechanisms that are situated in the
      void. The hydraulic control mechanisms in void 239 are used with hydraulic
      motor 242. Every other void on the bagging machine has hydraulic control
      mechanisms because a hydraulic motor, such as hydraulic motor 242, is only
      required for every other impeller housing unit. FIG. 8 shows two voids
      with the hydraulic control mechanisms, void 239 being a cut-away, and void
      241 showing portions of the hydraulic mechanisms. Alternate voids not
      containing the hydraulic control mechanisms, such as void 240, may be used
      as storage areas for various air and electrical lines used within this
      invention. Void 239 is formed by sloped guide supports 302 and 303. Void
      240 is formed by sloped guide supports 304 and 305. Void 241 is formed by
      sloped guide supports 306 and 307. These sloped guide supports are formed
      at an angle so that the fluidized material to be bagged will flow
      relatively easily and smoothly down the sides of the sloped guide supports
      into the impeller housings. For example, fluidized material will flow down
      the sloped guide support 303 and 304 and sloping interior shell surface 15
      into impeller housing 274. Material will flow down the sides of sloped
      guide supports 305 and 306 into impeller housing 275. These guides form a
      triangular shaped void space furnishing ideal locations for the hydraulic
      air and electrical control mechanisms.
PAR  In void 239, is shown hydraulic line 285 which comes from hydraulic
      pressure line header 284 and leads to hydraulic flow control valve 279.
      Hydraulic line 286 leads from hydraulic flow control valve 279 to
      hydraulic four-way directional control valve 282. Hydraulic four-way
      directional control valve 282 has start solenoid 293 and stop solenoid
      294. Hydraulic lines 291 and 291 lead from hydraulic four-way directional
      control valve 282 to hydraulic return line 288. Hydraulic return line 288
      connects hydraulic motor 242 with hydraulic return line header 283.
      Pressure relief valve 280 is connected by hydraulic line 289 to hydraulic
      line 287 and is connected by hydraulic line 290 to hydraulic return line
      288.
PAR  Void 241 contains a similar hydraulic control mechanism set-up as in void
      239, ad as would be in every other similar void on the bagging machine.
      Shown in FIG. 8 is hydraulic line 297 leading from hydraulic motor 243 to
      hydraulic return line header 283. Hydraulic line 296 leads from a
      directional control valve (not shown) to hydraulic motor 243. Pressure
      relief valve 281 is connected by hydraulic line 298 to hydraulic line 296
      and by hydraulic line 299 to hydraulic line 297. Hydraulic line 300 leads
      from a directional control valve (not shown) to hydraulic line 297.
      Hydraulic line 301 leads from the directional control valve (not shown) to
      hydraulic line 297. Hydraulic line 295 leads from the hydraulic pressure
      line header 284 to the flow control valve (not shown). The control valve
      can be classified as a flow control valve or a speed control valve. The
      flow control valve may be a Miller fluid power flow control valve 1/8ths
      of an inch, port size, No. CFGO3-8.0G-E10 or any other comparable valve
      used in the same manner. This valve is a calibrated vernier scale flow
      control valve. The purpose of the flow control valve is to control, limit,
      or adjust the amount of hydraulic fluid going to the hydraulic motors. The
      valve can control and adjust and therefore vary the speed desired for the
      motors.
PAR  The ability to vary the speed of the impellers by changing the speed of the
      hydraulic motors over a wide range, permits the use of this bagging
      machine for bagging materials which vary in consistency and grain size.
      The machine may, also, be compensated for varying atmosphere conditions
      which could affect material flow by varying the speed of the impellers.
PAR  The hydraulic four-way directional control valves 282 in void 239 may be a
      Brown and Sharpe four-way double solenoid control valve. It is used as an
      off and on valve for the hydraulic motor 242. The solenoid may be actuated
      by cam microswitch 42. The stop solenoid 294 is actuated when the bag
      weight of the bag being filled by or through spout opening 277 reaches
      specified limits and the balance scale tips or pivots on the knife-edge of
      the balance scale mechanism. Microswitch 356 is then actuated which causes
      the solenoid to shut off hydraulic fluid to the hydraulic motor thereby
      shuttng down or stopping the motor. This process would tend to prevent
      spillage of material out of the bag and will also prevent material from
      becoming packed in the spout.
PAR  Motors, such as hydraulic motors 242 and 243, turn the impellers in
      impeller housngs 274 and 275. The speed of each motor is controlled by a
      flow control valve, such as 279, associated with each hydraulic motor.
      Start and stop control means, such as four-way directional control valves
      282 control the hydraulic motors. With motor 242 is associated pressure
      relief valve 280. The pressure relief valves function to relieve fluid
      pressure on the rotating motors that are operating to fill bags, when some
      of the motors are stopped by their respective bags being filled.
PAR  On the twenty-four spout machine with twelve hydraulic motors, only six or
      seven of these motors will be operating at any one time under normal
      operating conditions. When one motor stops, by action of a stop
      microswitch, the hydraulic fluid that was required to drive the motor will
      no longer be needed. Without the motor pressure relief valves 280 and 281,
      this extra hydraulic fluid and pressure on the hydraulic pressure header
      would tend to cause the motors, still running, to receive more hydraulic
      fluid under more pressure, thereby speeding up the motors.
PAR  When other motors start up, the reverse situation might occur, with the
      already running motors tending to slow down. The pressure relief valves
      work to eliminate these problems.
PAR  Hydraulic motor 242 connects into coupling 244 which drives impeller shaft
      246. Impeller shaft 246 is supported by pillow block bearing 248. Pillow
      block bearing 248 is supported by bearing support bracket 252. Hydraulic
      motor 242 is supported by motor support bracket 256. Impeller shaft 246
      leads into impeller housing 274. Impeller housing shaft gland nut 258
      seals the impeller shaft 246 within impeller housing 274. Spout opening
      277 in impeller housing 274 is the point at which the fluidized material
      comes into the bag. Impeller shaft 246 goes through impeller housing 274
      and comes out of the other side. Impeller housing shaft gland nut 259
      seals the impeller shaft on the other side of impeller housing 274.
      Impeller housing shaft gland nuts 258 and 259 keep material from flowing
      out around impeller shaft 246 as the shaft is rotated. Impeller shaft 246
      is then supported by pillow block bearing 249. Pillow block bearing 249 is
      supported by bearing support bracket 253. Impeller shaft 246 then leads
      into universal joint 276. From universal joint 276, impeller shaft 247
      leads into impeller housing 275. Impeller shaft 247 is supported by pillow
      block bearing 250 and bearing support bracket 254. Impeller housing shaft
      gland nut 260 seals impeller shaft 247 within impeller housing 275.
      Impeller shaft 247 goes through impeller housing 275 and impeller housing
      shaft gland nut 261 seals impeller shaft 247 on the other side of impeller
      housing 275. At that point, the impeller shaft 247 is supported by pillow
      block bearing 251. Pillow block bearing 251 is supported by bearing
      support bracket 255. Hydraulic motor 243 is shown under void 241, and is
      supported by motor bracket 257. Coupling 245 is shown connected to
      hydraulic motor 243. Each hydraulic motor, such as 242 and 243, will drive
      impellers in two bagger housings by use of a universal joint, for example,
      hydraulic motor 242 drives the impellers in impeller housings 274 and 275.
      Hydraulic motor 243 would drive the impellers in two bagger housings which
      are not shown. If the bagging machine has twenty-four spouts, then twelve
      motors will be required. Other similar bagging machines with different
      numbered spouts would require differing numbers of motors. One factor
      which needs to be evaluated upon considering the quantity of motors
      required would be the degree of bend for the shaft in the universal joint.
PAR  FIG. 9 is an elevation view taken from the side of impeller housing 274,
      further showing the associated bag clamping mechanisms. FIG. 10 is a
      section view taken at points D--D in FIG. 9 which is from the rear of
      impeller housing 274, showing the interior of impeller housing 274.
PAR  FIG. 9 shows sloped guide support or surface 303. impeller housing 274 is
      attached to the bottom surface 315 of the bagger tank. Impeller housing or
      enclosure 274 is attached to bottom surface 315 by mounting bolts, such as
      mounting bolts 316, 317, and 318. Only three mounting bolts are shown in
      FIG. 9 although eight actually exists for each impeller housing. Mounting
      bolts 316, 317 and 318 are placed through molded top 319 of impeller
      housing 274 and through bottom surface 315 to attach impeller housing 274
      to bottom surface 315. Impeller housing 274 has access door 308 which is
      connected to molded top 319 by hinge 309. Bracket 310 holds access door
      308 in a closed position and is secured by opening bolt 311. Mounting
      bolts 312 and 313 hold bracket 310 onto impeller housing 274 by attaching
      bracket 310 to impeller housing support 314 which is in a fixed position
      on impeller housing 274. FIG. 9 shows impeller shaft 246 and impeller
      housing shaft gland nut 259. Gasket 320 seals access door 308 and impeller
      housing 274 to prevent any material from escaping through the crack or
      joint around access door 308. Access door 308 is a molded door which is
      hinged by use of hinge 309 to allow easy opening. Removal of one bolt,
      opening bolt 311 allows the hinged access door 308 to open for easy access
      into the impeller housing for removal or replacement of the impeller
      blades or for other maintenance. Impeller housing support 314 can be
      molded along with the access door and impeller housing.
PAR  Impeller housing shaft gland nut 259 and 258 are shown in FIG. 10, the
      impeller housing shaft gland nut 258 is cut-away to show cut-away sides
      264 and 265. Impeller housing shaft gland nut 259 is cut-away to show
      cut-away sides 262 and 263. Impeller housing shaft gland nut 258 and its
      cut-away sides 264 and 265 hold packing material 267 in impeller housing
      274, and prevent the material being bagged from spilling out or flowing
      out arounnd the shaft. Impeller housing shaft gland nut 259 and its
      cut-away sides 262 and 263 hold packing material 266 in impeller housing
      274. Packing material 266 and 267 may be wool or fiber packing which fits
      on the inside of the gland nuts and prevents the material being bagged
      from spilling out or flowing out around the shaft. This packing material
      can be packed and re-packed by loosening the gland nut.
PAR  FIG. 10 shows an impeller blade within impeller housing 274. In the
      cut-away of the impeller, replaceable impeller blade tips 268 and 269 are
      shown. Replaceable impeller blade tip 268 is connected to impeller blade
      tip holder 270 by impeller blade tip mounting bolt 272. Replaceable
      impeller blade tip 269 is attached to impeller blade tip holder 271 and
      held by impeller blade tip mounting bolt 273. The impeller is held on by
      bolts not shown in FIG. 10. The impeller fits around the shaft at the
      center of impeller housing 274. The impeller turns with the shaft in a
      counter clockwise direction, as viewed in FIGS. 9 and 11, and throws the
      material to be bagged out through the spout opening 277. The material goes
      out spout opening 277 and through spout hose 337, out spout 63, and into
      bag 324. The impeller may be any standard paddle wheel type impeller which
      would fit upon a turning shaft and perform the function of moving or
      impelling material to be bagged through the impeller housing and out the
      spout opening. FIG. 10 also shows the molded top 319 of the impeller
      housing 274 and coupling 244 along with impeller shaft 246. The coupling,
      such as coupling 244, may consist of any standard shaft coupling device.
PAR  Replaceable blade tips 268 and 269 can be replaced by removing impeller
      blade tip mounting bolts 272 and 273 and removing the blade tips 268 and
      269 from the impeller blade tip holders 270 and 271. New replaceable
      impeller blade tips can be, then, inserted into the blade tip holders and
      mounted by use of the blade tip bolts 272 and 273. The number of impeller
      tips and impeller design can be any standard impeller and can be left to
      the manufacturer's choice of design. U-bracket 321 is attached to the
      outer surface of the bagger tank 1. Attached to U-bracket 321 is scale
      support channel hook 322 which attaches the channel U-bracket 323 to bag
      channel support 51.
PAR  The housing for the impeller, which is mounted on the impeller shaft and is
      capable of moving material, basically comprises an enclosure, such as
      impeller housing 274, within which the impeller, mounted on impeller shaft
      246, may be placed. The enclosure has a plurality of shaft openings
      through which the impeller shaft 246 may extend. A plurality of shaft
      opening packing or gland nuts 259 and 258 are secured to the enclosure at
      each of the plurality of shaft openings. A plurality of packing material,
      such as wool or fiber packing, is placed within each of the plurality of
      shaft opening packing means and around the impeller shaft.
PAR  Molded top 319 of impeller housing 274 has an opening throuh which material
      may be placed in the enclosure or impeller housing 274. The molded top
      with the opening comprises material entrance means. Material exit means
      comprises spout opening 277 through which material may exit from the
      housing.
PAR  Access means in the enclosure allows access for maintenance purposes within
      the enclosure. Access means comprises access door 308, attachment means
      connecting the access door 308 to the enclosure and securing means holding
      the access door onto the enclosure. The attachment means comprises a hinge
      which connects the access door 308 to the enclosure or impeller housing
      274. The securing means comprises bracket 310 and securing bolt or opening
      bolt 311. The access means further comprises sealing means to keep any of
      the material from escaping through the access door. The sealing means
      comprises gasket 320. The securing means further comprises an impeller
      housing support 314 molded onto the enclosure and a plurality of mounting
      bolts, such as mounting bolts 312 and 313 to secure the bracket 310 to the
      impeller housing support 314. Other embodiments to perform the means
      functions may occur to those skilled in the art and are contemplated by
      this invention.
PAR  FIG. 11 is a section view showng the clamping mechanisms and balance scale
      mmechanisms associated with impeller housing 274. FIG. 11 may be examined
      along with FIGS. 9 and 10 for a more complete view. Air cylinder control
      pilot valve 325 controls air cylinder 326. Cylinder opening air pilot line
      339 and cylinder closing air pilot line 340 along with connecting base 341
      are shown between the air cylinder control valve 325 and air cylinder 326.
      Chopper of pinch valve linkage connection bolt 338 holds air cylinder 326
      to top chopper valve linkage bar 334. Also, shown is bottom chopper or
      pinch valve linkage bar 335 and spring 336.
PAR  The clamping mechanism lever rod is shown in a clamped position, as rod 330
      and in an unclamped position, as clamping mechanism lever rod 331. The
      clamping mechanism lever rod 330 pivots about the pivot pin 333. One end
      of the clamping mechanism lever rod supports and has attached to it the
      clamping mechanism, clamping mechanism apparatus 327. Apparatus 327 is
      attached by means of adjusting bolt 418 and adjusting bolt 332. Clamping
      mechanism lever rod 330 is also attached to chopper or pinch valve linkage
      bar 334. When chopper valve linkage bars 334 and 335 operate from the
      unclamped to the clamped position on spout hose or material flow hose 337,
      the clamping mechanism lever rod also moves because of the direct
      connection. Air cylinder 326 is supported rigidly to bag channel support
      51 by means of air cylinder support bracket 421.
PAR  In the unclamped position, adjusting bolt 418 is shown for clamping
      mechanism apparatus 419. The clamping mechanism apparatus may consist of a
      bolt and a pad or other attaching means or devices. In the bottom of the
      clamping mechanism apparatus 327 is shown electrical contact 328. The
      electrical contact 329 is shown at the bottom of clamping mechanism
      apparatus 419. Electrical contacts and wires 328 and 329 serve the purpose
      of making electrical contact with spout 63, so that if no bag is present
      on the spout 63, an electrical contact is therefore made with spout 63.
PAR  With the electrical connection to spout 63 completing the electric circuit,
      this electrical signal actuates the air solenoid valve 358 which
      immediately causes the air chopper valve, consisting of 325, 339, 341,
      340, 326, 338, 334, 335, and 336, to operate to pinch the spout hose 337,
      thus preventing any material from flowing out of spout opening 277 and
      spout 63, thereby preventing material to be sprayed out of spout 63 when
      no bag, such as bag 324, is inserted on spout 63. When a bag, such as bag
      324, is inserted on spout 63, the bag serves as insulation preventing the
      completion of the electrical circuit between spout 63 and electrical
      contacts 328 and 329. The electrical contact made when no bag is present
      activates air control solenoid valve 358 which shifts four-way control
      valve 325 to force the air chopper valve to the pinching position.
PAR  In the operation of the revolving bagging machine, a bag may be inserted on
      spout 63 by some bag inserting means, including mechanical or human means.
      Air start valve 33 contacts a rigid stationary cam 422, located and
      positioned approximately eight feet past the take-off device and at a
      height required for contact with support 21, which supports air start
      valve 33 and hydraulic start microswitch 42. The conntact of the air start
      valve 33 with the rigid stationary cam 422 activates the air control
      four-way valve 325, shifting its control mechanism to retract the air
      cylinder 326 of the chopper valve to a position where the chopper valve is
      not pinching spout or material flow hose 337. This action of air cylinder
      326 through the chopper valve clamping mechanism linkage connections 416
      and 417 separates chopper linkage bars 334 and 335, thus relieving all
      pressure on spout or material flow hose 337. Spout or material flow hose
      337 then may assume a natural round shape with a round hollow center
      opening through which material to be bagged may be impelled by the
      centrifugal force caused by the rotating impeller in the impeller housing
      274.
PAR  The rigid stationary cam 422, also, contacts the operating lever arm
      actuator of hydraulic start microswitch 42, causing completion of an
      electrical circuit from microswitch 42 to the hydraulic four-way control
      valve start solenoid 293. The completion of the electrical circuit
      actuates solenoid 293 causing the operating mechanisms of the hydraulic
      four-way control valve 282 to shift, permitting flow of hydraulic fluid to
      hydraulic motor 242. The flow of hydraulic fluid to the hydraulic motor
      242 causes the shaft of motor 242 to rotate, thereby rotating shaft 246
      through connection by coupling 244.
PAR  In FIGS. 1 and 2, it may be noticed that on each support 16, 17, 18, 19,
      20, 21, 22, 23, 24, 25, 26, and 27, there is an air start valve 28, 29,
      30, 31, 32, 33, 34, 35, 36, 37, 38, and 39. However, there is a start
      microswitch 40, 41, 42, 43, 44, and 45, on every other support 16, 17, 18,
      19, 20, 21, 22, 23, 24, 25, 26, and 27. The air start valves are necessary
      to operate the pinch valves which open up each spout, and therefore, one
      is required for each spout. The start microswitches activate the hydraulic
      motors and there is only one hydraulic motor for each two spouts since one
      hydraulic motor drives two spouts through the use of a universal joint,
      such as 276. As the bagging machine rotates, the hydraulic motor turns the
      impeller shaft, the material to be bagged is forced out through the
      spouts, and the bags are filled. The turning of the impeller pushes the
      material into the bag along with air that is pushed into the bag, the bag
      has air bleed holes 410 which allow the air to bleed out of the bag
      slowly. When the bag has reached a pre-determined weight, the balance
      scale system is pivoted on knife-edges, such as 348, 349, and 350, by the
      weight of the bagged material, over balancing a pre-determined weight on
      counter weights, such as counter weight 352. The balance scale system then
      makes contact with scale balance support arm contact 420 which may
      activate a stop air valve on each balance scale and a stop microswitch on
      alternate balance scales. The stop microswitch stops the hydraulic motor,
      and the stop air valve causes the pinch valve to pinch the spout hose and
      stop the flow of material into the bag.
PAR  In FIG. 11, bag 324 sits on stool 359. Adjusting stool support 360 holds
      stool 359 and adjusts the height of stool 359, adjusting stool support 360
      being secured by height adjusting nuts 361 and 362. Stool support arm 363
      and brace 364 form a support for adjusting stool support 360. Stool
      support arm 363 and brace 364 attach to bag channel support 51. Attached
      to bag channel support 51 is balance scale knife-edge channel bracket 343
      which is supported by support shaft 342 for knife-edge channel bracket
      343. Fitting into knife-edge channel bracket 343 is knife-edge point 344
      of lower knife-edge bracket 345 which is attached to balance scale support
      arm 346. Balance scale support arm brace 347 ties support arm 346 to a
      similar support arm on the other side of support arm 346. A similar
      arrangement exists on the other side of the bag channel support 51 with
      support shaft 342, extending through bag channel support 51, for
      knife-edge channel bracket, a knife-edge, and a lower knife-edge bracket
      along with a balance scale support arm. All are identical to 342, 343,
      344, 345, 346, and 347. Balance scale support arm 346 and the balance
      scale support arm (not shown) connect to balance scale platform upper
      knife-edge bracket 350 in which fits balance scale platform lower
      knife-edge bracket 348. Balance scale platform lower knife-edge bracket
      348 rests on upper flange 108 of rolled channel beam 87. Also, shown is
      lower flange 109 of rolled channel beam 87 and the cone drag chain 88
      attached thereto. Balance scale platform lower knife-edge bracket 348,
      resting on upper flange 108 of rolled channel beam 87, would be in a
      similar location for every balance scale as in FIG. 11. The balance scale
      mechanism shown happens to concur with the positioning of spoke-like
      support 225. There is a balance scale mechanism for each spout and the
      balance scale mechanism does not lie above a spoke-like support in every
      case.
PAR  Balance scale counter weight 352 is adjusted for lever arm length from
      knife-edge 349 by balance scale counter weight adjusting screw 351.
      Counter weight 352 slides on an extension of balance scale support arm
      346. Balance scale support arm end bracket 353 supports the end of balance
      scale counter weight adjusting screw 351 and balance scale support arm 346
      and one balance scale support arm not shown, similar to balance scale
      support arm 346. When the bag 324 reaches a pre-determined weight, the
      balance scale system is tipped or pivoted by the weight of the bag causing
      the balance scale support arm 346 end to rise and for balance support arm
      contact 420 to hit or activate the lever arm of stop microswitch 356 and
      stop air valve 357. Alternately, the balance scales will have a stop
      microswitch to stop the hydraulic motor. Each of the balance scales will
      have a stop air valve to cause the pinch valve to pinch the spout or
      material flow hose and stop the flow of material into the bag.
PAR  When the bag 324 reaches the pre-determined weight, it presses down causing
      the knife-edge channel bracket 343 to press onto the knife-edge point 344
      and causing the knife-edge channel bracket on the other side of bag
      channel support 51 which is not shown, to press down on the knife-edge not
      shown. This causes balance scale upper knife-edge bracket 350 to pivot on
      balance scale platform knife-edge 349 causing the balance scale support
      arm 346 to rise causing balance support arm contact 420 to make contact
      with stop air valve activator 357 and stop microswitch activator 356.
PAR  The balance scale mechanism is essentially a fulcrum or scale beam balance
      system which may be adjusted for differing weights of bagged material by
      varying the distance from knife-edge 349 to counter weight 352 by the
      balance scale counter weight adjusting screw 351 of balance scale counter
      weight 352. When the desired weight is reached, the balance scale moves
      causing contact with switches that turn off the hydraulic motors and close
      the pinch valve and spout or material flow hose to the spout, thereby
      de-activating that spout apparatus.
PAR  FIG. 12 is a top view of the machinery platform 110 showing the hydraulic
      system thereon in a black box format. FIG. 12 shows triangular shaped
      voids from which hydraulic lines to hydraulic pressure line header 284,
      and hydraulic return line header 283 connect. There are a total of 24
      voids around the bagging machine; however, as previously discussed,
      hydraulic lines are only required in every other void in order to activate
      the 12 hydraulic motors required to drive the twenty-four impeller shafts.
      Void 239 connects to hydraulic pressure line header 284 by hydraulic line
      285 and to hydraulic return line header 283 by hydraulic line 288. Void
      241 connects to hydraulic pressure line header 284 by hydraulic line 295
      and to hydraulic return line header 283 by hydraulic line 297. Void 365 is
      connected to hydraulic pressure line header 284 by hydraulic line 385 and
      to hydraulic return line header 283 by hydraulic line 375. Void 366 is
      connected to hydraulic pressure line header 284 by hydraulic line 386 and
      to hydraulic return line header 283 by hydraulic line 376. Void 367 is
      connected to hydraulic pressure line header 284 by hydraulic line 387 and
      to hydraulic return line header 283 by hydraulic line 377. Void 368 is
      connected to hydraulic pressure line header 284 by hydraulic line 388 and
      to hydraulic return line header 283 by hydraulic line 378. Void 369 is
      connected to hydraulic pressure line header 284 by hydraulic line 389 and
      to hydraulic return line header 283 by hydraulic line 379. Void 370 is
      connected to hydraulic pressure line header 284 by hydraulic line 390 and
      to hydraulic return line header 283 by hydraulic line 380. Void 371 is
      connected to hydraulic pressure line header 284 by hydraulic line 391 and
      to hydraulic return line header 283 by hydraulic line 381. Void 372 is
      connected to hydraulic pressure line header 284 by hydraulic line 392 and
      to hydraulic return line header 283 by hydraulic line 382. Void 373 is
      connected to hydraulic pressure line header 284 by hydraulic line 393 and
      to hydraulic return line header 283 by hydraulic line 383. Void 374 is
      connected to hydraulic pressure line header 284 by hydraulic line 394 and
      to hydraulic return line header 283 by hydraulic line 384. Hydraulic line
      403 connected hydraulic return line header 283 to heat exchanger 395 where
      the hydraulic fluid is cooled. Hydraulic line 404 connects the heat
      exchanger 395 to the return line filter 396 where the oil is filtered.
      Hydraulic line 405 connects the return line filter 396 to the hydraulic
      oil reservoir 397. The oil comes out of the reservoir into a suction
      strainer 398 and is carried through hydraulic line 406 to hydraulic pump
      401. Hydraulic pump 401 is controlled by hydraulic pump electrical motor
      400. Hydraulic pump 401 is connected to the hydraulic pressure line header
      284 by hydraulic line 408. Hydraulic line 408 also connects to hydraulic
      line 409 which leads to the main pressure relief valve 402. Hydraulic line
      407 leads from main pressure relief valve 402 back into hydraulic oil
      reservoir 397. Air compressor and tank 399 is shown on the machinery
      platform 110. Air is available therefrom for operation of all pinch valve
      air cylinders and other purposes desired, such as tank vibrators, material
      agitation air pads, and similar devices.
PAR  FIG. 13 is an isometric view of the bagging machine drive mechanism and the
      take-off device drive mechanism. Welded sprocket chain 112 is welded onto
      rolled tee-bar 113. Sprocket 114 drives machine driving means, such as
      welded sprocket chain 112 which by its connection to rolled tee-bar 113
      form a ring or bull gear, being the main driving force for the bagging
      machine. Take-off device drive sprocket 118 drives take-off device drive
      chain 119 which is supported on drive chain support track 120. Take-off
      device drive chain 119 connects to shaft driving sprocket 121 which is
      rigidly connected to center shaft 122 of the take-off machine. Center
      shaft 122 and shaft driving sprocket 121 are supported by take-off device
      shaft support structure 123. Speed reducer 115 and electrical motor 116
      are supported by supporting beam 117. The speed reducer 115 which drives
      the bagging machine causing it to rotate, and also drives the take-off
      device, could be a standard speed reducer, such as a Falk Manufacturing
      Company type FZB, class 2, size 51-60 FZB 4. It has an output low speed
      shaft of 13.6 rpms. The speed reducer may have an output or low speed
      shaft drive sprocket 114 which is a Dodge Manufacturing Corporation No.
      B1232 11/2 inch circular pitch sprocket with a suitable bore. This would
      be sprocket 114 which meshes with welded sprocket chain 112 to cause the
      bagging machine to rotate. The speed reducer or low speed shaft also has a
      second sprocket located just beneath it which is a smaller sprocket 118.
      This may be a Dodge Manufacturing Corporation sprocket No. B642 3/4 inch
      circular pitch sprocket with a suitable bore. This sprocket drives the
      take-off device. The take-off device is driven through a No. 60 3/4 inch
      pitch sprocket chain which may be a Dodge Manufacturing Corporation chain
      or equal standard sprocket chain, which is take-off device drive chain
      119. The driven sprocket for this take-off device, shaft driving sprocket
      121, may be a Dodge Manufacturing Corporation No. A684 3/4 inch circular
      pitch sprocket with a C40-4040 Bushing with bore to suit. The arrangement
      of chains and sprockets is synchronized so as to turn the take-off device
      six revolutions for every one revolution of the bagging machine. The
      speeds are synchronized through the sprocket chains. The main bagging
      machine may be driven at a set speed in a circular motion caused to rotate
      while the take-off device is also driven by the same speed reducer 115.
      The take-off device takes six complete revolutions for each one revolution
      of the main bagging machine. Therefore, on a twenty-four spout bagging
      machine, four spouts of the bagging machine pass the take-off device for
      one complete revolution of the take-off device.
PAR  Drive chain support track 120 becomes necessary since the sprocket chain,
      take-off device drive chain 119, is in a horizontal plane in operation.
      Drive chain support track 120 helps keep take-off device drive chain 119
      from running off the sprocket 121 and 118.
PAR  FIG. 14 is an isometric view of the lower section of the take-off device.
      The lower section of the take-off device and many other parts of the
      bagging machine and associated devices were shown in FIG. 1. FIG. 14 shows
      the take-off device in greater detail. Outer shaft 124 fits around center
      shaft 122. Outer shaft 124 contains slot 125. Key 126 is attached to
      center shaft 122 and fits within slot 125 which is in outer shaft 124. Key
      126 within slot 125 causes outer shaft 124 to rotate in the same manner as
      center shaft 122. Slot 125 in outer shaft 124 allows for up and down
      movement of outer shaft 124 with respect to base 411. On base 411 is
      guiding track 127. Connected to outer shaft 124 are cradle arm supports
      137, 138, 139, and 140 and track arms 129, 130, 131, and 132. At the end
      of track arm 129 is flanged wheel 128. A wheel is on the end of track arms
      130, 131, and 132; however, they are not shown in FIG. 14. Flanged wheel
      128 and the three wheels not shown ride on track 127. Track arm brace 133
      braces track arm 129 to outer shaft 124. Track arm brace 134 braces track
      arm 130 to outer shaft 124. Track arm brace 135 braces track arm 131 to
      outer shaft 124. Track arm brace 136 braces track arm 132 to outer shaft
      124. Cradle arm brace 141 braces cradle arm support 137 to outer shaft
      124. Cradle arm brace 142 braces cradle arm support 138 to outer shaft
      124. Cradle arm brace 143 braces cradle arm support 139 to outer shaft
      124. Cradle arm brace 144 braces cradle arm support 140 to outer shaft
      124. Swivel connection 145 connects cradle arm support 137 to cradle
      support side 168. Swivel connection 146 connects cradle arm support 138 to
      cradle support side 169. Swivel connection 147 connects cradle arm support
      139 to cradle support side 170. swivel connection 148 connects cradle arm
      support 140 to cradle support side 171. Back and side arms 160 and 161 are
      connected to cradle support side 168. Cradle lifters 154 and 155 are
      connected to back and side arms 160 and 161. Back and side arms 162 and
      163 are connected to cradle support side 169. Cradle lifters 152 and 153
      are connected to back and side arms 162 and 163. Back and side arms 164
      and 165 are connected to cradle support side 170. Cradle lifters 159 and
      one not shown are connected to back and side arms 164 and 165. Back and
      side arms 166 and 167 are connected to cradle support side 171. Cradle
      lifters 156 and 157 are connected to back and side arms 166 and 167. Rigid
      support 149 connects swivel connection 148 to cradle support side 171.
      Rigid support 150 connects swivel connection 145 to cradle support side
      168. Rigid support 151 connects swivel connection 147 to cradle support
      side 170. A rigid support (not shown) connects swivel connection 146 to
      cradle support side 169. The take-off device has in essence four cradles
      consisting of the various cradle support sides, back and side arms, and
      cradle lifters. The take-off device in FIG. 14 is shown as it would be in
      operation. The take-off device rides on guiding track 127 with wheels,
      such as wheel 128 on the guiding track 127. The guiding track 127 is
      designed so that the take-off device rides in an up and down motion. At
      the low point, the cradle rides below the bag as it sits on the stool. In
      FIG. 14, stool and stool supports 71 are shown holding bag 207. Cradle
      lifters 154 and 155 will ride at a position where as the take-off device
      is rotated it will rise underneath the bag and take bag 207 from stool and
      stool support 71, and from spout 59 at the peak of its sinusoidal path.
      The cradle arms will then hold the bag and carry it around the take-off
      device, such as bag 205 is being carried on cradle arms 158 and 159 (not
      shown). The outside cradle lifter will hit the tip cam 172 as the cradle
      lifter 152 already has in FIG. 14. Bag 204 has dropped onto conveyor belt
      174 and is carried away to be distributed as desired. Conveyor belt 174 is
      on conveyor frame 173. Bag 206 is shown having already been taken from
      spout 58 in FIG. 1 and stool and stool support 70. Since take-off device
      and the bagging machine are driven from the same speed reducer and
      properly synchronized, the cradle lifter will be able to remove the bags
      from the spouts and the stool and stool supports at the proper times. Any
      size bagging machine and associated take-off device could be designed
      using varying speed ratios. The present take-off device is designed for a
      twenty-four spout bagging machine, and has four cradles.
PAR  The take-off device for use with a revolving bagging machine basically
      comprises revolving means operative to revolve the take-off device at a
      speed proportionate to the speed of revolution of the revolving machine, a
      plurality of bag carrying means operative to support the bags when the
      bags are taken from the revolving machine, and positioning means operative
      to place the plurality of bag carrying means in proper position to remove
      the bags from the revolving machine. The take-off device further comprises
      removal means, such as cam 172, to remove the bags from the plurality of
      bag carrying means.
PAR  The revolving means basically comprises motor means, first wheel means
      physically connected to the output of the motor means and operative to
      revolve the revolving machine, second wheel means physically connected to
      the same output of the motor means as is the first wheel means, a center
      shaft on the take-off device, and shaft driving means connected to the
      second wheel means and operative to revolve the center shaft of the
      take-off device.
PAR  The motor means basically comprises an electrical motor, such as electrical
      motor 116, a speed reducer connected to the electrical motor, such as
      speed reducer 115, and an output shaft emanating from the speed reducer.
      First and second wheel means are physically connected to the output shaft
      of the speed reducer 115. The first wheel means may be sprocket 114. The
      second wheel means may be take-off device drive sprocket 118.
PAR  The shaft driving means may comprises a center shaft driving wheel means,
      such as shaft driving sprocket 121, which is attached to the center shaft
      122 of the take-off device. A drive chain, such as take-off device drive
      chain 119, is driven by shaft driving sprocket 121. The shaft driving
      means further comprises a drive chain support track, such as drive chain
      support track 120, and a shaft support structure, such as take-off device
      shaft support structure 123. The revolving means may revolve the take-off
      device six times for every one revolution of the revolving machine or may
      be set up for any multiple of revolutions desired.
PAR  The plurality of bag carrying means comprises an outer shaft, such as outer
      shaft 124, and a plurality of holding means connected to the outer shaft.
      The plurality of holding means basically comprises a plurality of cradle
      arm supports, such as cradle arm supports 137, 138, 139, and 140; a
      plurality of swivel connections, such as swivel connections 145, 146, 147,
      and 148; and a plurality of bag cradles each connected to one of the
      plurality of swivel connections. The plurality of bag cradles may comprise
      a plurality of cradle support sides, such as cradle support sides 168,
      169, 170, and 171, and a plurality of back and side arms 160, 161, 162,
      163, 164, 165, 166, and 167. The plurality of bag cradles further
      comprised a plurality of cradle lifters, such as cradle lifters 154, 155,
      152, 153, 159, 156, and 157, two of each being connected to two of the
      plurality of back and side arms which are connected to one of the
      plurality of cradle support sides. The plurality of holding means further
      comprises a plurality of cradle arm braces, such as cradle arm braces 141,
      142, 143, and 144. The plurality of holding means further comprises a
      plurality of rigid supports, such as rigid supports 149, 150, and 151.
PAR  The positioning means basically comprises movement allowing means which is
      operative so that the plurality of bag carrying means revolves with the
      take-off device proportionate to the speed of revolution of the revolving
      machine, but allows each of the plurality of bag carrying means to be
      capable of movement up and down. The positioning means further comprises
      up and down movement means operative to move the plurality of bag carrying
      means up and down. The up and down movement means basically comprises a
      base, such as base 411, located at the bottom of the take-off device, and
      a guiding track, such as guiding track 127, resting on base 411. The up
      and down movement means further comprises a plurality of wheels, such as
      wheel 128, which is operative to ride on guiding track 127. Guiding track
      127 is structured to provide up and down movement of the plurality of
      wheels. The guiding track is structured so that a graph of movement of any
      one of the plurality of wheels versus the time of movement would be a
      sinusoidal graph.
PAR  Movement allowing means basically comprises a slot, such as slot 125,
      located in outer shaft 124, and a key, such as key 126, located on center
      shaft 122 and fitting through slot 125 on outer shaft 124, whereby the key
      126 causes the outer shaft 124 to revolve with the center shaft 122, but
      allows up and down movement of the outer shaft 124 along slot 125. The
      take-off device may be located with respect to the revolving machine so
      that each pair of the plurality of cradle lifters on the take-off device
      may remove a bag from one of a plurality of bag supports on the revolving
      machine. The cradle lifters will go underneath the bag which is resting on
      stool and stool supports, such as stool and stool supports 171, and due to
      the up and down movement will lift the bag from the stool and stool
      support and carry it around the take-off device. Other embodiments to
      perform the means functions may occur to those skilled in the art and are
      contemplated by this invention.
PAR  The invention comprises a machine for placing material in bags comprising
      machine revolving means operative to revolve the machine, material holding
      means in which the material may be held, machine support structure
      operative to physically support the machine, and material bagging means
      operative to place the material, held in the material holding means, into
      the bags. The machine may further comprise bag removal means operative to
      remove the bags from the material bagging means. The bag removal means may
      be a take-off device. The machine may further comprise a spill collection
      device operative to collect any of the material which might escape from
      the material bagging means. The material holding means may comprise a
      bagger tank. The bagger tank may comprise an outer surface shaped like a
      cylinder, an inner sloping interior shell surface circular at the top and
      bottom, and a bottom connecting the outer surface to the inner sloping
      interior shell surface. The bagger tank may further comprise a plurality
      of sloped guide plate surfaces, all of which emanate from the bottom and
      are physically connected to the outer surface and the inner sloping
      interior shell surface, each of the plurality of sloped guide plate
      surfaces with another of the plurality of sloped guide plate surfaces form
      a void in the bagger tank, whereby none of the material may enter. Each of
      the plurality of sloped guide plate surfaces with still another of the
      plurality of sloped guide plate surfaces form a funnel through which the
      material may flow. The machine may further comprise a cover for the bagger
      tank operative to prevent particles of the material from escaping into the
      atmosphere. The cover may contain a plurality of feeder holes through
      which the material may be placed in the bagger tank. The material holding
      means may further comprise a plurality of feeder means operative to bring
      the material to the feeder holes to be deposited in the bagger tank. The
      bottom may contain a plurality of dump openings through which the material
      may flow into the material bagging means. The machine revolving means may
      comprise motor means, wheel means operative responsive to the motor means,
      and machine driving means operative responsive to the wheel means. The
      wheel means may comprise a sprocket. The machine driving means may
      comprise a sprocket chain welded to the machine, whereby when the sprocket
      is moved by the motor means, the sprocket will mesh with the sprocket
      chain causing the machine to revolve. The motor means may comprise an
      electrical motor, a speed reducer connected to the electrical motor, and
      an output shaft emanating from the speed reducer. The material bagging
      means may comprise a plurality of impellers, a plurality of housings
      operative to hold the material which flows from the material holding
      means, a plurality of impeller shafts each operative to support one of the
      plurality of impellers, a plurality of impeller shaft turning means each
      operative to turn one or more of the plurality of impeller shafts, and a
      plurality of bag holding and filling means operative to hold the bags and
      to fill the bags with the material. The plurality of housings is operative
      to house one of the plurality of impellers.
PAR  The plurality of impeller shaft turning devices is used to turn the various
      impellers in the invention. Looking at one impeller shaft turning device
      which is used in rotating the shaft of an impeller within a housing in a
      revolving machine, to aid in impelling material into a bag. The impeller
      shaft turning device comprises motor means operative to rotate the shaft
      of an impeller, and hydraulic means operative to control the motor means.
      The motor means may be a hydraulic motor. The hydraulic means may comprise
      a fluid supply means which provides a flow of fluid to the hydraulic
      means, start and stop control means operative to start and stop the flow
      of the fluid to the hydraulic motor, and flow control means operative to
      control the quantity of fluid to the hydraulic motor after the start and
      stop control means allow flow of the fluid to the hydraulic motor, whereby
      the flow control valve controls the speed of rotation of the shaft. The
      impeller shaft turning device has hydraulic means further comprising
      pressure relief means operative to maintain constant speed of the
      hydraulic motor when a plurality of hydraulic motors is operated using the
      same fluid supply means. The start and stop control means may comprise a
      directional control valve. The flow control means may comprise a flow
      control valve. The fluid supply means may comprise a pressure header from
      which fluid flows to the hydraulic motor and a return header to which
      fluid flows from the hydraulic motor. The start and stop control means may
      comprise starting means operative to start the flow of fluid to the
      hydraulic motor and stopping means operative to stop the flow of fluid to
      the hydraulic motor. The starting and stopping means, both, may comprise a
      solenoid. Both the start and stop solenoids may be activated by
      microswitches. The start solenoid may be activated by a microswitch
      located on the revolving machine, when the shaft of an impeller should be
      rotated to aid the revolving machine to impel the material into the bag.
      The stop solenoid may be activated by a microswitch located on the
      revolving machine when a pre-determined amount of the material has entered
      the bag. The pre-determined amount may be determined by a scale beam
      balance scale system. The flow control means is adjustable to control the
      flow of the fluid to the hydraulic motor to a pre-determined amount per
      time interval and is thereby operative to control the speed of the
      hydraulic motor to a pre-determined speed and to be adjusted to control
      the speed of the hydraulic motor to aid in impelling the material into the
      bag, which may be necessitated by material of varying particle size and by
      atmospheric conditions. The fluid supply means may comprise a fluid source
      means operative to provide a source of fluid, a pressure header from which
      the fluid may flow to the hydraulic motor, and a return header to which
      fluid may flow from the hydraulic motor. The fluid source means may
      comprise a hydraulic pump means connected to the pressure header and
      operative to pump the fluid to the pressure header, pump motor driving
      means operative to control the hydraulic pump means, a reservoir operative
      to hold a supply of fluid, pressure relief means connected to said
      hydraulic pump means and operative to relieve pressure, and cooling means
      connected to the return header and operative to cool the fluid when it is
      returned to the reservoir from the return header. The pump motor driving
      means may comprise an electrical start and stop switch. The fluid source
      means further comprises a suction strainer located between the hydraulic
      pump and the reservoir operative to strain the fluid. The fluid source
      means may further comprise a filter located between and connected to the
      return line header and the reservoir to aid in purifying the fluid being
      returned to the reservoir. The cooling means may comprise a heat
      exchanger. The pump motor driving means may be an electrical motor. The
      impeller shaft turning device may further comprise a coupling connected to
      the output of the motor means and connecting to the shaft of the impeller.
      The impeller shaft turning device may further comprise a universal joint
      operative to connect the shaft of an impeller to a second shaft of another
      impeller, whereby the second shaft of another impeller may be rotated by
      the same motor means as the shaft of an impeller. The impeller shaft
      turning device is a sealed system and is impervious to dust and
      atmospheric conditions.
PAR  The revolving machine comprises a plurality of bag holding and filling
      devices, for placing material into bags. A bag holding and filling device,
      for placing material into a bag, comprises bag clamping means operative to
      hold the bag onto the device and pinch means physically connected to the
      bag clamping means operative to control the flow of the material into the
      bag, whereby when the pinch means allows the material to flow into the
      bag, the bag clamping means will hold the bag onto the device and when the
      pinch means does not allow the material to flow into the bag, the bag
      clamping means will release the bag. The bag holding and filling device
      further comprises bag insert interlock contact means operative to cause
      the pinch means not to allow the material to flow when no bag is being
      held by the bag clamping means. The bag holding and filling device further
      comprises weight evaluating means operative when the material in the bag
      reaches a pre-determined weight to activate the pinch means to stop the
      flow of the material into the bag. The bag holding and filling device
      further comprises a material flow hose through which the material flows.
      When the material flow hose is pinched and the material is stopped from
      flowing by the pinch means, the pinch means operates to stop the flow of
      material into the bag. The bag holding and filling device further
      comprises a spout connected to the material flow hose through which the
      material flows into the bag. The pinch means may be pinch valve mechanism.
      The pinch valve mechanism may comprise an air cylinder, an air cylinder
      control valve operative to control the air cylinder, and a plurality of
      linkage bars operative responsive to the air cylinder, whereby when the
      pinch means operates to stop the flow of the material into the bag, the
      plurality of linkage bars pinches the material flow hose. The bag clamping
      means comprises a clamping mechanism apparatus operative to clamp the bag
      against the spout when the bag clamping means is holding the bag onto the
      device. The bag holding and filling device further comprises a lever rod
      connected to one of the plurality of linkage bars and to the clamping
      mechanism apparatus, whereby when the pinch means operates to allow flow
      of the material into the bag, the lever rod is positioned to press the
      clamping mechanism against the spout. The bag insert interlock contact
      means may comprise an electrical contact in the clamping mechanism
      apparatus, whereby when the clamping mechanism apparatus is pressed
      against the spout, an electrical connection is made, and a bag insert
      interlock solenoid valve activated when the electrical contact makes an
      electrical connection with the spout and operative to activate the air
      cylinder control valve to cause the plurality of linkage bars to pinch the
      material flow hose and stop the flow of material, whereby the material
      will not flow unless a bag, acting as an insulator, prevents an electrical
      connection between the electrical contact and the spout. The bag holding
      and filling device further comprises bag support means operative to hold
      the bag to be filled with the material. The bag support means may comprise
      a bag channel support connected to the revolving machine, stool support
      apparatus connected to the bag channel support, and a stool connected to
      the stool support apparatus operative to hold a bag to be filled with the
      material. The stool support apparatus may comprise a stool support arm
      connected to the bag channel support, an adjusting stool support connected
      to the stool and adjustably connected to the stool support arrm, and a
      plurality of height adjusting nuts operative to hold the adjusting stool
      support at a pre-determined height, whereby a bag may be placed on the
      stool and may be raised or lowered by the adjusting stool support to be
      properly positioned to receive the material into the bag.
PAR  Cover 177 for the revolving bagging machine tank reservoir may consist of
      sheet metal, shaped to enclose the area between outer surface 1 of the
      bagger tank and inside rim 6. The outside vertical side of cover 177 will
      extend to a point just inside of the outer surface 1 of the bagger tank
      and have a lip molded to fit over the top edge of the outer surface 1 of
      the bagger tank, but not in contact with the top edge. The inner rim of
      the cover 177 will mate with the top edge of inside rim 6 in a similar
      manner to the outside vertical side with the outer surface 1 of the bagger
      tank. This donut-shaped cover 177 will serve the purpose of preventing
      particles of the material to be bagged from escaping into the atmosphere.
      The cover 177 will have a plurality of feeder holes, such as feeder hole
      178, and a plurality of feeder means, such as feed conveyor 176, as deemed
      desirable by the user of the bagging machine. The plurality of feeder
      holes and feed conveyors will enable the bagging machine to bag different
      grades or types of materials at different times. With the turning action
      of the machine, the plurality of feeder holes and feed conveyors will act
      to provide blending of different materials in the tank reservoir. The
      blending action can be controlled proportionately by controlling the rate
      of feed from each of the plurality of feeder means.
PAR  The cylindrical outer surface 1 of the bagging machine along with the
      sloping interior shell surface 15, which is circular at the top and
      bottom, and may be sloped at approximately sixtyfive degrees to aid in the
      flow of the fluidized material; the bottom surface 315 of the bagger tank;
      and sloped guide supports or surfaces 302, 303, 304, 305, 306, 307, and
      others not shown, form the main bagger tank reservoir where the material
      to be bagged is held. The sloped guide supports 302, 303, 304, 305, 306,
      307, and others not shown, along with sloped interior shell surface 15,
      funnel the material to be bagged down into the impeller housings. The
      sloped guide supports 302, 303, 304, 305, 306, 307, and others not shown,
      also add strength to the bagger tank being rigidly attached to the bottom
      surface 315, the inside of outer surface 1, and the sloping interior shell
      surface 15. The sloped guide supports 302, 303, 304, 305, 306, 307, and
      others not shown, form the void spaces between the spout assemblies in
      which hydraulic control apparatuses, air hoses, pipe connections and
      electrical wiring controls pass. The combination of the inner and the
      outer flanges of the bottom surface 315 and the area in the voids beside
      of each dump opening into impeller housings permits the impeller housings
      to be bolted to the bottom surface 315 without bolts and nuts, such as
      316, 317, 318, and others not shown, being located inside of the bagger
      tank and being covered with material. The outside of interior shell
      surface 15 of the bagger tank is the location and support for the
      hydraulic pressure header 284 and the hydraulic return header 283, and
      also an excellent location for various electrical controls required.
PAR  The material to be bagged is funneled down into the impeller housings, such
      as impeller housings 274 and 275. The impellers in the impeller housings,
      such as impeller housings 274 and 275, are rigidly attached to the
      impeller shafts, such as impeller shafts 246 and 247, respectively. The
      impeller shafts in each of the twenty-four impeller housings on the
      bagging machine, having twenty-four spouts, such as spouts 62 and 63, are
      coupled together in pairs by the universal joints, such as universal joint
      276. The impeller shafts, such as impeller shafts 246 and 247, are rotated
      within the impeller housings, such as impeller housings 274 and 275, by
      the hydraulic motors, such as hydraulic motors 242 and 243, through the
      shaft couplings, such as shaft couplings 244 and 245.
PAR  Immediately after the filled bags, such as bag 324, are removed from the
      bagging machine spouts, such as spouts 62 and 63, by the take-off device,
      the pinch valve, operative with the spout hose on spout 62, and the pinch
      valve, operative with the spout hose 337 on spout 63, will be in the
      clamped position. The clamped position is when the cylinder rods of the
      pinch valve air cylinders, such as air cylinder 136, are extended through
      the pinch valve linkage mechanisms, such as linkage connections 416 and
      417, and will move the pinch valve linkage bars, such as linkage bars 334
      and 335, close together; and therefore, pinching the sides of the spout
      hoses, such as spout hose 337, together and stopping the flow of material.
      The bag clamping mechanisms for the spouts, such as spouts 62 and 63, will
      be in the unclamped position. The bag clamping mechanisms, such as bag
      clamping mechanism lever rod 331; pivot pin for clamping mechanism, such
      as pivot pin 333; clamping mechanism apparatus, such as clamping mechanism
      apparatus 419; and adjusting bolt, such as adjusting bolt 418; have a
      pivoting connection (not shown) with the pinch valve linkage bars, such as
      pinch valve linkage bar 334, and will be in the unclamped position. The
      same bag clamping mechanisms are shown in the full line drawing with the
      bag clamping mechanism lever rod shown as clamping mechanism lever rod
      330, pivot pin 333, clamping mechanism adjusting bolt, such as adjusting
      bolt 332, and clamping mechanism apparatus 327, in the clamped position.
      Thus, when the pinch valve, operative with spout hose on spout 62, and the
      pinch valve, operative with spout hose 337 on spout 63, are in the clamped
      or pinched position, the bag clamping mechanisms, such as the bag clamping
      mechanisms operative with spouts 62 and 63, are in the unclamped position.
PAR  The hydraulic motor 242 which drives the impellers in the impeller housings
      274 and 275, will be stopped and the impellers, attached to the shafts 246
      and 247, will not be rotating.
PAR  When the bagging machine revolves, moving spout 62, channel support 50, and
      steel and stool support 74, to a point approximately four feet past the
      position of the take-off device, a bag, such as bag 324, is inserted on
      spout 62 by a bag insertion means. When spout 63, channel support 51, and
      stool and steel support 75, reach the same point in their travel around
      the bagging machine, then a bag, such as bag 324, is inserted on spout 63.
      When spout 62 is moved approximately 4 feet farther, past the position
      where a bag was inserted on it, then start air valve 32, mounted on
      support 20 in approximate vertical alignment with spout 62, will contact
      stationary cam 422, supported by the surrounding building structures and
      positioned to contact all start air valves, such as start air valve 32,
      and all start microswitches, such as start microswitch 42, mounted on
      supports, such as support 21. Start air valve 32 is activated by contact
      with stationary cam 422 and actuates air control valve to control the
      pinch valve associated with the spout hose, similar to spout hose 337, and
      spout 62. The actuation of the air control valve will unclamp the pinch
      valve associated with spout 62. The unclamping of the pinch valve
      associated with spout 62 will move the bag clamping mechanism associated
      with spout 62 to the clamped position, thereby holding the bag securely to
      spout 62. The unclamping of the pinch valve will open the spout hose for
      spout 62, and the material to be bagged will be free to flow into the bag
      inserted on spout 62.
PAR  Further revolving action of the bagging machine will move spout 63 to the
      position for contact with start air valve 33, supported by support 21, and
      stationary cam 422. When stationary cam 422 contacts and actuates start
      air valve 33, then the control mechanisms in air cylinder control valve
      325 will cause the pinch valve, operative with spout hose 337, to unclamp,
      thus allowing the material to be bagged to be free to flow into a bag,
      such as bag 324, on spout 63.
PAR  Also, mounted on support 21 and positioned to contact stationary cam 422 at
      approximately the same time that start air valve 33 contacts the
      stationary cam 422, is start microswitch 42. Start microswitch 42 actuates
      start solenoid 293 which shifts the control mechanisms in the hydraulic
      four-way directional control valve 282, and thereby allowing the flow of
      the pressurized hydraulic fluid to the hydraulic motor 242, causing the
      motor shaft to rotate. The speed of all of the hydraulic motors can be
      adjusted to a pre-determined revolution per minute by the flow control
      valves, such as flow control valve 279.
PAR  The rotating hydraulic motor 242, through shaft coupling 244, and universal
      joint 276, drives impeller shafts 246 and 247, and the impellers for the
      impeller housings 274 and 275. The rotating impellers, in the impeller
      housings 274 and 275, impel the material to be bagged through the spout
      openings 277 and 278, through the spout hose associated with spout 62,
      through spout hose 337, and spouts 62 and 63, into a bag inserted on spout
      62 and into bag 324 on spout 63. The filling operation of the bags
      continues until the bag on spout 62 reaches a pre-determined weight, at
      which time, the weight of the bagged material causes the balance scale
      system associated with spout 62 to tip or pivot on the knife-edge points,
      such as knife-edge point 344, and balance scale platform knife-edges, such
      as balance scale platform knife-edge 349, lifting and over balancing the
      weight of the counter weight, such as balance scale counter weight 352.
      The operation of the end of the balance scale mechanisms causes balance
      support arm contact, such as balance support arm contact 420 associated
      with the balance scale system and operative with spout 62, to contact and
      thereby actuate the stop air valve, such as stop air valve 356, operative
      with the balance scale system on spout 62. The actuation of the stop air
      valve, associated with the balance scale system and operative with spout
      62, will shift the control mechanism in the air control valve for the
      pinch valve associated with the spout hose for spout 62. The shifting of
      the control mechanisms, in the air control valve for the pinch valve
      associated with spout 62, will operate the pinch valve on the spout hose
      for spout 62, and thereby will shift the pinch valve on the spout hose for
      spout 62 to the clamped position, stopping the flow of the material into
      the bag inserted on spout 62.
PAR  When the weight of the bagged material in bag 324 on spout 63 reaches the
      pre-determined weight, the balance scale system associated with spout 63
      is tipped or pivoted. The counter weight 352 is lifted along the
      associated balance scale support arms, such as support arm 346, and its
      associated end brackets causing balance scale support arm contact 420 to
      contact and actuate stop air valve 357 and stop microswitch 356.
PAR  When stop air valve 357 is actuated, it operates air control valve 325 for
      air cylinder 326 to extend the cylinder rod of air cylinder 326 through
      the pinch valve linkage connections, such as linkage connections 416 and
      417, then moves the linkage bars 334 and 335 to the pinched position on
      hose 337, and thereby stops the flow of the material through hose 337 and
      spout 63 into bag 324.
PAR  When stop microswitch 357 is actuated, it operates stop solenoid 294 to
      shift the control mechanism in the hydraulic four-way directional control
      valve 282 and to shut off the flow of the hydraulic fluid to the hydraulic
      motor 242, and thereby stopping the hydraulic motor 242. The action of
      stopping the hydraulic motors, such as hydraulic motor 242, will tend to
      prevent the material from becoming packed in the impeller housings, spout
      hoses, and spouts, such as spouts 62 and 63.
PAR  The interval of time between the time when the bags are filled and the
      de-activation of the filling operation, and the time when the take-off
      device starts to remove the bags from the bagging machine spouts, will,
      through air holes, such as holes 410 in bag 324, permit the air which is
      impelled into the bags, such as bag 324, along with the bagged material,
      to escape.
PAR  The operation of the bagging machine and the take-off devive is
      synchronized so that four spouts of the bagging machine pass the position
      where the bags, such as bags 204, 205, 206, and 207, are removed from the
      spouts, such as spouts 58, 59, 60, and 61, and others, for each revolution
      of the take-off device. The bagging machine and the take-off device drive
      system are synchronized so that the position of removal of a bag, such as
      bag 206; a track arm, such as track arm 132; a flange wheel, attached
      thereto; a cradle arm support, such as cradle arm support 140; and the
      attached cradle mechanisms, supported thereby, will be aligned between the
      center shaft 4 of the bagging machine and the center shaft 122 of the
      take-off device. The guide track 127, supported by the base of the
      take-off device 411, is designed and positioned so that the wheel on the
      track arm support, such as track arm support 132, is at the low point on
      the sinusoidal path of travel at the time when the cradle lifters, such as
      cradle lifter 156 and 157, and the back and side arms, such as back and
      side arms 166 and 167, are in full contact with a bag, such as bag 206.
      The position referred to above is the position of the removal of a bag.
      The cradle lifters, such as cradle lifters 156 and 157, will be positioned
      under a bag, such as bag 206, and on each side of a stool and stool
      support, such as steel and steel support 70. As the bagging machine and
      the take-off device revolve, the flange wheels, such as the flange wheel
      attached to a track arm support, such as track arm support 132 move and
      climb on the ascending section of the guide track 127. The climbing action
      lifts the outer shaft 124 and all the mechanisms supported thereby, thus
      lifting the bag, such as bag 206, off of its supporting stool, such as
      stool and stool support 70. The bagging machine and the take-off device
      revolve so that the bags are moved away from the bagging machine, after
      the bags start being removed from the bagging machine by the take-off
      device. The cradle lifters, such as cradle lifter 157, are carried up and
      over the top of the stool and stool support, such as stool and stool
      support 70, by the tangential movement of the bagging machine and the
      take-off device away from each other, after the bags, such as bag 206, are
      removed.
PAR  The bags, such as bag 206, are carried around on the takeoff device by the
      cradle mechanisms, such as the cradle mechanisms attached to the cradle
      arm supports, such as cradle arm support 140, to a position where the
      cradle lifters, such as cradle lifter 157, contacts the tip cam 172. Tip
      cam 172 is positioned so as to contact the cradle lifters on the take-off
      device, and by the rotating action of swivel connections, such as swivel
      connection 148, will cause the bags, such as bag 206, to be dumped on
      conveyor belt 174 to be carried away for further processing. The removal
      of each bag is a repeated cycle of the operation described above.
PAR  The same general configuration of the 24 spout bagging machine and its mode
      of operation is easily adapted to machines of different numbers of filling
      spouts. Most of the individual parts and members could be identical in
      size and function.
PAR  However, several items would need to vary primarily in size on machines of
      different numbers of filling spouts. On the 18 spout machine, the angle
      between spouts would be 20.degree. in lieu of fifteen degrees for the 24
      spout machine. On the 12 spout machine, the angle between the spouts would
      be 30.degree. in lieu of fifteen degrees for the 24 spout machine. The
      main driving speed reducer and sprocket would be sized for the best
      adaption to the particular machine, and therefore, speed ratios of units
      would need to be adjusted. The overall diameter of the driving ring gear
      and tank reservoir would need to be changed to maintain proper spacing of
      the spouts in the distance around the tank reservoir. The number of
      impeller driving hydraulic motors would need to be changed. This change
      would be caused by the fact that the bending of the universal joints more
      than fifteen degrees at a speed of 12,000 r.p.m.s is not feasable with the
      universal joints presently on the market today. The size of the hydraulic
      pump and other hydraulic accessory equipment would need to be sized to
      suit the requirements of the desired machine.
PAR  While the invention has been described with reference to specific
      embodiments, the description is illustrative and is not to be construed as
      limiting the scope of the invention. Various modifications and changes may
      occur to those skilled in the art without departing from the spirit and
      scope of the invention as defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A split collection device, for a revolving machine which bags material,
      comprising:
PA1  a. material landing means located below the position in said revolving
      machine where said material is bagged, whereby excess material will fall
      onto said material landing means;
PA1  b. material collection means mechanically operative in accordance with said
      revolving machine to collect said excess material which falls onto said
      material landing means;
PA1  c. material return means operative to return said excess material which
      falls onto said material landing means to said revolving machine.
NUM  2.
PAR  2. A spill collection device according to claim 1 wherein said material
      collection means comprises:
PA1  a. a plurality of collectors;
PA1  b. a plurality of collector drag means connecting each of said plurality of
      collectors to said revolving machine,
PAL  whereby said plurality of collectors will revolve, in accordance with said
      revolving machine, over said material landing means.
NUM  3.
PAR  3. A spill collection device according to claim 2 wherein said material
      collection means further comprises:
PA1  a. a plurality of sweep means operative to sweep said excess material into
      said plurality of collectors;
PA1  b. a plurality of sweep drag means each connected to one of said plurality
      of sweep means and operative to drag said plurality of sweep means around
      said material landing means in accordance with said revolving machine.
NUM  4.
PAR  4. A spill collection device according to claim 3 wherein each of said
      plurality of sweep drag means is connected to one of said plurality of
      collector drag means which is connected to said revolving machine.
NUM  5.
PAR  5. A spill collection device according to claim 2 wherein said material
      collection means further comprises a plurality of balance means each
      connected to one of said plurality of collectors and operative to maintain
      proper balance for said plurality of collectors.
NUM  6.
PAR  6. A spill collection device according to claim 2 wherein said plurality of
      collectors is a plurality of cones.
NUM  7.
PAR  7. A spill collection device according to claim 6 wherein said plurality of
      collector drag means is a plurality of chains.
NUM  8.
PAR  8. A spill collection device according to claim 3 wherein said plurality of
      sweep means is a plurality of sweep arms.
NUM  9.
PAR  9. A spill collection device according to claim 8 wherein said plurality of
      sweep drag means is a plurality of chains.
NUM  10.
PAR  10. A spill collection device according to claim 5 wherein said plurality
      of balance means is a plurality of drag bars.
NUM  11.
PAR  11. A spill collection device according to claim 7 wherein said plurality
      of sweep means is a plurality of sweep arms.
NUM  12.
PAR  12. A spill collection device according to claim 11 wherein said plurality
      of sweep drag means is a plurality of chains.
NUM  13.
PAR  13. A spill collection device according to claim 12 wherein said material
      collection means further comprises a plurality of balance means each
      connected to one of said plurality of collectors and operative to maintain
      proper balance for said plurality of collectors.
NUM  14.
PAR  14. A spill collection device according to claim 13 wherein said plurality
      of balance means is a plurality of drag bars.
NUM  15.
PAR  15. A spill collection device according to claim 1 wherein said material
      landing means comprises:
PA1  a. a circuit trough;
PA1  b. a circular inner sloping surface connected to said trough;
PA1  c. a circular outer sloping surface connected to the side of said trough
      opposite from said inner sloping surface.
NUM  16.
PAR  16. A spill collection device according to claim 14 wherein said material
      landing means comprises:
PA1  a. a circular trough;
PA1  b. a circular inner sloping surface connected to said trough;
PA1  c. a circular outer sloping surface connected to the side of said trough
      opposite from said inner sloping surface.
NUM  17.
PAR  17. A spill collection device according to claim 16 wherein said plurality
      of cones is dragged through said circular trough.
NUM  18.
PAR  18. A spill collection device according to claim 17 wherein said plurality
      of sweep arms is dragged over the surface of said circular outer sloping
      surface.
NUM  19.
PAR  19. A spill collection device according to claim 18 wherein said circular
      inner surface is sloped so that any of said excess material landing
      thereon will fall into said circular trough.
NUM  20.
PAR  20. A spill collection device according to claim 1 wherein said material
      return means comprises:
PA1  a. a plurality of spill removal holes in said material landing means into
      which said excess material is brought by said material collection means;
PA1  b. a plurality of spill removal means placed under each of said plurality
      of spill removal holes operative to move said excess material after said
      excess material has passed through said plurality of spill removal holes;
PA1  c. a plurality of elevating means into which said plurality of spill
      removal means places said excess material, said plurality of elevating
      means operative to elevate said excess material and return said excess
      material to said revolving machine.
NUM  21.
PAR  21. A spill collection device according to claim 20 wherein said plurality
      of spill removal means is a plurality of conveyors.
NUM  22.
PAR  22. A spill collection device according to claim 21 wherein said plurality
      of elevating means is a plurality of elevators.
NUM  23.
PAR  23. A spill collection device according to claim 14 wherein said material
      return means comprises:
PA1  a. a plurality of spill removal holes in said material landing means into
      which said excess material is brought by said material collection means;
PA1  b. a plurality of spill removal means placed under each of said plurality
      of spill removal holes operative to move said excess material after said
      excess material has passed through said plurality of spill removal holes;
PA1  c. a plurality of elevating means into which said plurality of spill
      removal means places said excess material, said plurality of elevating
      means operative to elevate said excess material and return said excess
      material to said revolving machine.
NUM  24.
PAR  24. A spill collection device according to claim 19 wherein said material
      return means comprises:
PA1  a. a plurality of spill removal holes in said material landing means into
      which said excess material is brought by said material collection means;
PA1  b. a plurality of spill removal means placed under each of said plurality
      of spill removal holes operative to move said excess material after said
      excess material has passed through said plurality of spill removal holes;
PA1  c. a plurality of elevating means into which said plurality of spill
      removal means places said excess material, said plurality of elevating
      means operative to elevate said excess material to said revolving machine.
NUM  25.
PAR  25. A spill collection device according to claim 24 wherein said plurality
      of spill removal holes is located in said circular trough.
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ABST
PAL  Disclosed is a protective housing unit for a liquid sample container. Basic
      components include an outer housing member and an inner housing member,
      which are defined by cylindrical sections. The outer member has an open
      top, an opening in the side wall, and a bottom which connects to a drain
      line. Positioned within the outer member is a plate for supporting a
      liquid sample container, such as a bottle. The inner member has an open
      top, an open bottom, and an opening in the side wall. Also, the inner
      member is adapted to fit down into the outer member and to rotate within
      the outer member. A liquid sample is directed into the container through a
      fill pipe, which connects to an inlet line and which extends through the
      top of the inner member and down into the container. During filling, the
      sample container can be completely enclosed by rotating the inner member
      to mis-align the side wall openings in each member. After filling, the
      inner member is rotated to a position which aligns the openings, to permit
      removal of the container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to containers for obtaining liquid samples. More
      specifically, the invention describes a protective housing unit for a
      liquid sample container.
PAR  In a chemical plant it is an every day routine to sample various liquid
      chemicals for product analysis. A common technique for collecting the
      sample is for an operator to manually drain a small amount of the liquid
      from a line or a tank into a container, such as a bottle. Frequently, the
      sample is a highly corrosive and/or a toxic material, which is obtained
      directly from an open line at a point immediately beyond a sample valve.
      There are obvious disadvantages in obtaining samples of hazardous
      chemicals from an open line. For example, the operator must frequently
      wear special clothing and equipment to protect himself from escaping
      vapors and spilled liquid.
PAR  One attempt to make this procedure safer has involved enclosing the sample
      container in a rectangular box. On one side the box has a hinged door, for
      removing the sample container. The door also includes a window for
      observing filling of the container. These box enclosures are usually
      constructed of heavy rigid materials, such as wood, metal alloys, or heavy
      plastic resin materials. A major disadvantage of this type of enclosure is
      the high cost of the construction. Another drawback is that fabrication of
      the enclosure is difficult and time-consuming.
PAC  SUMMARY OF THE INVENTION
PAR  The protective housing unit of this invention comprises basically an outer
      housing member and an inner housing member, defined by cylindrical
      sections which have a single side wall. The outer section has an open top,
      an opening in the side wall, and the bottom is adapted to connect into a
      drain line. A support plate, for holding a sample container, is positioned
      inside the outer section, near the bottom. The inner section has an open
      top and open bottom and an opening in the side wall. Also, the inner
      section is of smaller diameter than the outer section, so that it can fit
      down into the outer section and rotate within the outer section.
PAR  The housing unit includes a fill pipe for directing a liquid sample into
      the container. The fill pipe is connected at its upper end to an inlet
      line and the lower end extends down through the top of the inner section
      and into the container. When the container is being filled, it can be
      completely enclosed by rotating the inner section such that the side wall
      openings in the inner and outer sections are out of alignment. To remove
      the container after filling, the inner section is rotated to a position
      such that the side wall openings in each section are in alignment.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The single FIGURE shown herein is an exploded view, partly in section, of
      one embodiment of a protective housing unit and sample container according
      to this invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the drawing, one of the basic components of the protective
      housing unit comprises an outer housing member, as indicated generally by
      numeral 10. The outer housing member 10 is defined by a cylindrical
      section, preferably constructed of a transparent material. The member 10
      has a single side wall 11, which includes a rectangular opening 12. In
      addition, the member 10 includes an open top 13 and a closed bottom 14,
      which is adapted for connection into a drain. In the embodiment shown
      herein the bottom 14 is specifically defined by a neck portion 14a, which
      is coupled to the drain conduit 15 by a flange connection.
PAR  A support plate 16 is positioned within the outer housing member 10 near
      the bottom 14. The purpose of plate 16 is to support a container 17, such
      as a glass bottle, which is adapted for collecting a liquid sample. Plate
      16 includes several perforations 18, which serve as drain holes for liquid
      which might be spilled onto plate 16. Another basic component of the
      protective housing unit is provided by an inner housing member, indicated
      generally by numeral 19. Inner housing member 19 is defined by a
      cylindrical section which, preferably, is also constructed of a
      transparent material. It is desirable that both the outer housing member
      10 and the inner housing member 19 be fabricated of a transparent
      material. This requirement is not critical, however, as will be explained
      later in this text.
PAR  Member 19 is further defined by a single side wall 20, with a rectangular
      opening 21 therein. As shown, the inner housing member 19 has an open
      bottom 22 and the top is preferably defined by a neck portion 23, which is
      open. The outer diameter of side wall 20 of housing member 19 is slightly
      smaller than the inner diameter of side wall 11 of outer housing member
      10. This construction enables the inner housing member 19 to be fitted
      down into the outer housing member 10, so that the member 19 will rotate
      within member 10. The purpose of adapting the inner housing member 19 to
      rotate within the outer housing member 10 will be explained later in this
      description. The preferred means for rotating the member 19 is for the
      operator to grasp the handle member 24 and rotate the member 19. As shown,
      the handle 24 is fastened to the upper part of member 19 by a band or
      other suitable fastening means.
PAR  A fill pipe 25 provides means for filling the sample bottle 17 with the
      liquid to be sampled. More specifically, the fill pipe 25 is made up of a
      small diameter open end pipe, which includes a flange fitting 26 at the
      upper end of the pipe. The flange 26 on pipe 25 mates with a similar
      flange 27 to connect the upper end of pipe 25 into a liquid inlet line 28.
      The lower end of pipe 25 thus extends down into the inner housing member
      19 through the open neck 23. A valve 29 is installed in line 28 above the
      flange connection with fill pipe 25. Valve 29 is for the purpose of
      regulating flow of liquid into the sample container 17.
PAR  As shown in the drawing, the open neck 23 of inner housing member 19 is
      coupled to the inlet line 28 by a tee fitting 30. Specifically, the upper
      end of tee fitting 30 has a flange 31, which mates with flange 26 on fill
      pipe 25. The lower end of tee fitting 30 seats down into the open neck 23,
      so that the tee fitting forms a loose friction fit with the inner housing
      member 19. The branch 32 of fitting 30 includes a flange 33. Flange 33
      mates with a similar flange to connect branch 32 into a vent line 35.
PAR  Referring again to the drawing, it will be noted that a common connection
      is formed by the flange 31 on tee fitting 30, the flange 26 on filler
      nozzle 25, and the flange 27 on inlet line 28. By connecting the fill pipe
      25 in this manner the pipe is fitted within the bore of tee fitting 30, so
      that an annular passage 30a is formed between the pipe and the tee
      fitting. The passageway 30a provides a means for directing escaping vapors
      from sample container 17 through the branch line 32 and into the vent line
      35. A valve 36 installed in the vent line 35 provides means for opening
      and closing this line.
PAR  The intended use for the protective housing of this invention is in a
      liquid sampling operation. A typical sampling operation will now be
      described to illustrate the practice of the invention. In operating
      position, the inner housing member 19 is fitted down into the outer
      housing member 10, such that the bottom edge 22 of member 19 rests on
      support plate 16 of member 10. The inner member 19 is then rotated so that
      the opening 21 is aligned with opening 12 in the outer member 10. The
      empty sample container 17 is then placed on support plate 16 by inserting
      it through the aligned openings 12 and 21. The inner member 19 is then
      rotated either left or right, far enough so that the opening 21 in member
      19 does not align with opening 12 in member 10. Rotation of the inner
      member thus seals the openings in both members, which prevents the liquid
      from splashing outside the protective housing and also prevents the escape
      of the vapors into the atmosphere.
PAR  In a typical installation, the line 28 is usually connected directly into a
      tank or another line, which contains the liquid product to be sampled. For
      simplicity in the drawing the tank or line into which inlet 28 is
      connected is not shown. When in operating position, the fill pipe 25
      extends down into the neck of container 17. By opening valve 29,
      therefore, a portion of the liquid is allowed to drain into container 17.
      The amount of liquid directed into container 17 can be regulated by
      observing the liquid level through the walls of the housing members 10 and
      19, if both members are fabricated of a transparent material. If one
      housing member is fabricated of a non-transparent material, the filling of
      container 17 can be observed through the opening (either 12 or 21) of the
      non-transparent member and the transparent wall of the other member.
PAR  Once the sample container 17 is filled, the inner housing member 19 can be
      rotated back to a position in which the opening 21 will line up with the
      opening 12 in outer housing member 10. The aligned openings thus provide
      an access port for removing the sample container from the protective
      housing. If container 17 should overflow while being filled, the excess
      liquid will drain through holes 18 in support plate 16 and down into the
      drain pipe 15. To avoid waste, the liquid which drains into pipe 15 is
      usually recirculated back into the tank or line from which the sample was
      withdrawn. Alternatively, the drain pipe 15 may be connected into a waste
      sewer (not shown) or other disposal system. In the usual installation the
      outer housing member 10 will be fastened to a suitable support (not
      shown), so that it sits above the ground level or floor level at a
      convenient working height.
PAR  The protective housing of this invention has certain advantages not found
      in the prior protective enclosures. One advantage is that the interior of
      the housing unit can be easily cleaned when it becomes contaminated with
      coated material from liquid spills or from particulate matter. For
      example, in a typical sampling operation the inner member 19 will be
      contaminated more readily than the outer member 10. Member 19 can be
      easily removed for cleaning by disconnecting the inlet line 28 at valve 29
      and vent line 35 at valve 36. This enables the entire piping assembly
      comprising tee fitting 30, inlet line 28 and vent line 35, to be lifted
      free of inner member 19.
PAR  The member 19 can then be pulled upward out of the outer housing member 10
      and immersed in a cleaning solution, or sprayed or scrubbed with a
      cleaning solution. Alternatively, the contaminated housing member can be
      discarded, and replaced with a new member, since the cost of this
      component is nominal. Also, once the inner member 19 is separated from the
      outer member 10, the outer member can be easily cleaned or discarded, as
      desired. Another advantage is that additional lighting, such as a light
      bulb, can be set up behind the outer member 10 if more light is needed to
      observe filling of sample container 17. This is made possible because of
      the transparent properties of the housing unit.
PAR  Various structural details of some components of the protective housing
      unit will now be described. Regarding the outer housing member 10 and
      inner housing member 19, the preferred materials of construction are
      plastic resins. The general requirements are that the plastic resin should
      be a material which is rigid, chemically inert, thermally stable, and
      transparent. Fabrication of the plastic resin housing members can be done
      by various techniques such as blow molding, vacuum forming, or injection
      molding. Plastic materials which are particularly suitable for blow
      molding fabrication include polyvinyl chloride, polyvinylidene chloride,
      polyethylene, polypropylene, polycarbonate, polymethylpentene and
      fluorinated polyethylene-propylene, (Teflon FEP). Other suitable
      thermoplastic resins include cellulosic plastics, methacrylates, and other
      vinyl plastics.
PAR  For the inlet line 28, the vent line 35 and the drain line 15, it is
      preferred to use steel pipe lined with a plastic resin material, such as a
      Teflon (brand) resin. A preferred material for the fill pipe 25, including
      flange 26, is also a Teflon (brand) resin. Suitable materials for the
      support plate 16 include plastic resin materials, such as those mentioned
      above, metal alloys or porcelain. The vent tee fitting 30 can be
      constructed of plastic-lined steel pipe or suitable metals, or metal
      alloys. In practice, the protective housing unit of this invention may be
      used to enclose a container in which various organic or inorganic liquids
      are collected. For example, this housing unit might be employed in
      conjunction with sampling of liquids such as chloroacetic acid,
      o-sec-butylphenol and hydrochloric acid.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A protective housing unit for a liquid sample container, which comprises
      the combination of:
PA1  an outer housing section defined by a cylindrical section which has a
      single side wall, an open top, a bottom which connects into a drain line,
      and an opening in the side wall;
PA1  a support plate for supporting a liquid sample container, the plate being
      positioned within the outer housing section near the bottom of the
      section;
PA1  an inner housing section defined by a cylindrical section which has a
      single side wall, an open bottom, an open top, and an opening in the side
      wall, the inner section being positioned within the outer housing section,
      and the inner section being rotatable within the outer housing section;
PA1  a tee fitting which has an upper end in communication with a liquid inlet
      line, which has a lower end in communication with the open top of the
      inner housing section, and which has a branch end in communication with a
      vent line;
PA1  a fill pipe which is positioned lengthwise within the tee fitting, such
      that an annular space is defined between the fill pipe and the tee
      fitting, the fill pipe having an open upper end in communication with the
      liquid inlet line and an open lower end which extends into the sample
      container, the annular space defining a passageway for diverting vapors
      from the sample container into the vent line;
PA1  the inner housing section being rotatable to a first position which will
      seal the opening in the outer housing section and enclose the sample
      container, and to a second position in which the opening of the inner
      housing section will be in alignment with the opening of the outer housing
      section, to permit the sample container to be inserted and removed from
      the said housing unit.
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ABST
PAL  Apparatus and method for the uniform dispensing of a conductive epoxy
      binder in hybrid microcircuit applications. A method is disclosed of
      uniformly pressurizing a conductive epoxy binder through a small orifice
      until a droplet of fixed volume forms, setting a predetermined gap size
      between a contact pad and the droplet in order to control the shape and
      size of the epoxy droplet left on the pad as the droplet touches it, and
      then releasing the pressure while reciprocating the dispenser from the
      pad. Also, apparatus, including a cylindrical limiting means attached to
      the dispenser tip, is disclosed for ensuring the gap size is constant.
      Other embodiments of the limiting means provide for the use of a relieved
      section which assists in preventing contamination and for adjusting means
      operable to vary the gap size.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains generally to the assembly of microcircuitry and
      more specifically to the mounting, by means of a conductive epoxy bonding
      resin, of a plurality of miniature transistor chips on a hybrid circuit
      base having contact pads thereon.
PAR  The manufacture of hybrid circuits resembles, on the one hand, integrated
      circuit technology and, on the other, discrete component technology, hence
      the name hybrid. The hybrid technology is similar to the discrete
      component manufacturing process in that each active device or transistor
      chip is assembled independently onto a larger circuit base and is
      different from the discrete technology because the active device remains
      unencapsulated until the entire circuit is assembled.
PAR  Circuitry of the hybrid type resembles the integrated technology more
      closely in that the basic circuit is etched onto a ceramic base covered
      with a thin gold film. The film is approximately 300 A thick and defines
      most of the circuit connections that fit onto a ceramic base small enough
      to be encapsulated into a standard size dual in-line package. This allows
      compatability with integrated circuit technology while still retaining the
      flexibility of discrete component circuitry, a basic advantage of hybrid
      technology.
PAR  The small active component chips (10.times.10 mils) in each circuit are
      usually individually bonded with a conductive epoxy to somewhat larger
      gold areas (20.times.10 mils) normally called contact pads. The conductive
      epoxy is generally applied to the pads by epoxy dispensing machines having
      a long cylindrical dispensing tip for making dots of epoxy. The machines
      in the prior art known to be available for this type of application are
      those manufactured and sold by Motion Dynamics Research Inc., Mech-El Ind
      Inc. and Laurier Associates.
PAR  There have been some problems using these prior art machines in the
      assembly of the beforementioned hybrid circuits for which the invention
      provides a solution. One problem has been contamination of the circuitry
      by the dispensing tip. If the dispenser touches the circuitry, any
      accumulation of dust or other foreign particulate matter on the sides and
      edges thereof may contaminate the surface of the gold etching. It is
      particularly critical that this not happen since the circuit has yet to be
      encapsulated into a protective plastic container. The contaminants may
      have the undesirable effect of altering the electrical characteristics of
      the circuitry. Any epoxy left on the dispensing tip following each
      dispensing operation provides an environment conducive to such
      contamination.
PAR  Another problem with prior art machines has been the separation of the
      conductive epoxy binder into its respective components. The conductive
      epoxy binder is formed by the suspension of conductive particles such as
      gold or silver (filler) in a resin type binder (carrier). This type of
      suspension tends to become unbalanced or separated into its individual
      components of carrier and filler in response to any friction between the
      filler and the inner dispenser wall. Such unbalancing or separation is a
      function of two variables -- (1) the particulate size of the filler and
      (2) the diameter of the orifice through which the binder is dispensed.
PAR  If the orifice is too small or the filler particles to large, the particles
      will drag along the inner walls of the dispenser causing a bunching effect
      and a resulting unbalance in the ratio of filler to resin deposited. The
      bunching of the filler particles left behind eventually causes the
      cylindrical orifice of the dispenser to clog and thereby causes production
      time losses. More importantly, the unbalanced deposited epoxy is less
      conductive than before since it has many less conductive particles than is
      desirable in the amount deposited. The resulting higher resistance of the
      deposited epoxy is undesirable as it becomes an unpredictable circuit
      parameter caused by the construction and assembly. The prior art has
      partially solved this problem by providing epoxies with smaller particle
      sizes and by the use of larger dispenser orifices. However, the larger
      sized orifices that are needed to produce acceptable results in terms of
      proper binder composition are much more difficult to control as to the
      reproducibility in size of the epoxy dot or drops deposited.
PAR  It is extremely important that the epoxy dot deposited be reproducible as
      to shape and size. A dot that is of a larger area than usual will flow or
      be squeezed by a chip being bonded thereon onto other circuitry and cause
      unwanted electrical connections since the epoxy is a conductive
      suspension. If the area of the conductive epoxy deposited is smaller than
      usual, the electrical connection between the chip and the mounting pad may
      be of higher resistance than can be tolerated. The mechanical bond between
      the chip and mounting pad may also be weakened by
      smaller-than-designed-for dot areas.
PAR  One of the better ways to ensure reproducibility of a dot of conductive
      epoxy having a uniform area and size would be to regulate the gap distance
      between the work and the orifice tip of the dispenser. Most of the
      dispensing machines available have a micrometer control on the dispenser
      for attempting to effect a uniform gap distance, but fail to do so for a
      number of reasons. After the gap has been set on the micrometer dial,
      changes in height of the work holder may cause the dot size to vary as the
      dispenser is moved to different contact pads on the ceramic hybrid circuit
      base. The hybrid circuit base itself may change in thickness as it is
      quite difficult to manufacture the ceramic base uniformly over large
      areas. Even the pitch or slant of the work holder will cause these dots to
      be non-uniform across the entire work piece.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The invention relates to a method and apparatus for reproducing small dots
      of conductive epoxy (5 mils in diameter or less) on a plurality of etched
      contact pads spaced apart on a ceramic hybrid circuit base. The method
      consists of forcing the conductive epoxy through a dispenser under gas
      pressure until a drop of a predetermined size begins to form on the tip of
      the dispenser. The drop barely touches a mounting pad as the dispenser is
      kept at a uniform distance from the pad. Next the pressure is released and
      the dispenser reciprocated to shear a uniform epoxy deposit away from the
      dispenser. The shearing takes place because the surface of the pad adheres
      to the epoxy that touches it. Finally, a semiconductor chip is placed onto
      the epoxied contact pad. The bonding process is continued by moving the
      dispenser to a different contact pad on the ceramic base and depositing
      another epoxy dot uniform in size and volume with the first epoxy dot
      without necessitating the resetting of the gap size. The method continues
      until the desired number of pads are epoxied and have chips attached
      thereto on the hybrid circuit base.
PAR  The invention also includes means for ensuring the uniformity of the gap
      size. One embodiment of this aspect of the invention uses a cylindrical
      spacing stop that contacts the surface of the hybrid circuit base before
      the dispenser tip. This novel spacing stop solves the problem of filler
      separation and uniform dot size by creating a reproducible gap each time a
      drop of epoxy is dispensed. The reproducible gap also allows a larger
      orifice size to be used, thereby reducing the problem of filler separation
      to a negligible amount, since the dispenser then can be controlled by
      limiting the travel of the tip precisely and thereby selectively controls
      the amount of droplet area that touches the pad.
PAR  A second embodiment of this aspect of the invention includes an elongated
      apex formed on the cylindrical stop by relieving a section of the
      cylinder. Provision of the apex reduces the problem of contamination even
      further as only a small part of the apex touches the hybrid circuit base.
      This aspect also facilitates the inspection of the dispensing tip and
      provides clearance for cleaning the tip when needed.
PAR  A third embodiment of this aspect of the invention provides means for
      presetting the gap distance of the stop. This aspect is useful in varying
      the epoxy dot size from circuit base to circuit base while maintaining
      uniform dot size on each base.
PAR  Accordingly, it is an object of the present invention to provide a method
      and apparatus for insuring reproducibility of epoxy dot sizes of 5 mils or
      under in diameter that will not vary more than .+-. 1/2 mils.
PAR  It is a further object of this invention to prevent filler separation from
      the carrier of the conductive epoxy used in bonding.
PAR  Still another object of this invention is to prevent contamination of the
      hybrid circuitry on the ceramic base before encapsulation.
PAR  Other objects, features and advantages of the present invention will become
      apparent from the following description of the preferred embodiments,
      taken together with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an epoxy bonder which utilizes the method
      and apparatus of the invention.
PAR  FIG. 2 is an enlarged view of the dispenser in segmented time frames using
      the method provided by the invention.
PAR  FIG. 3 is an enlarged sectional view of the dispenser tip of the bonder
      shown in FIG. 1 including means to limit the dispenser travel.
PAR  FIG. 4 is an enlarged sectional view of the dispenser tip of the bonder
      shown in FIG. 1 including another embodiment of the limiting means shown
      in FIG. 3.
PAR  FIG. 5 is an enlarged view, partially in side elevation and partially in
      cross-section, of the dispenser tip of the bonder shown in FIG. 1
      including a third embodiment of the limiting means shown in FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1, which illustrates the apparatus and method of the invention to
      advantage, shows an epoxy bonding machine 10 having a base 12 and a
      sliding work platform 14. An observation mechanism, such as a microscope
      16, is provided for the operator of the bonding machine 10 to allow the
      visual inspection of the area adjacent to a matrix 18, which contains a
      plurality of semiconductor chips or dice 20 and which is supported by a
      matrix holder 22 resting on the work platform 14. Associated with the
      matrix 18, containing a plurality of minute semiconductor chips 20, is a
      vacuum pickup 24 having an internal vacuum regulation solenoid (not
      shown).
PAR  Spaced laterally from the vacuum pickup 24 and above the platform 14 is an
      epoxy dispenser 30 that is operable to deposit epoxy on a contact pad 32
      etched on the surface of a ceramic base 34. The ceramic base 34 is held in
      place in a recess (not shown) on a work holder 36 resting on the work
      platform 14. The flow of epoxy, which has been mixed and placed in the
      dispenser 30, is controlled by pressurized (typically 10-100 p.s.i.) clean
      air or nitrogen gas which flows into the dispenser 30 from a supply (not
      shown) via a tube 43 (which is regulated by the combination of an epoxy
      pressure dial 26 and a time adjustment knob 38) and by a micrometer dial
      40.
PAR  The operator effects the epoxy bonding of one of the transistor
      semiconductive chips 20 to the contact pad 32 in the following manner. The
      operator moves the work platform 14 to a completely left stopped position
      in which the work holder 36 is positioned such that the contact pad 32 to
      be epoxied is positioned directly below the vacuum pickup 24. When the
      contact pad 32 is precisely positioned beneath the vacuum pickup 24, the
      work holder 36 may be locked into position on the platform 14 by
      depressing a vacuum button 25 which energizes a pump (not shown) which
      creates a vacuum activating a vacuum line 41 (which communicates with a
      recess disposed below the work holder 36) and thereby supplies a holding
      force between the work holder 36 and the platform 14.
PAR  The platform 14 is then moved to a completely right stopped position where
      the contact pad 32 is disposed directly beneath the dispenser 30. The
      movement of the platform 14 between the left stop 27 and the right stop 29
      provides the correct lateral positioning of the contact pad 32 below the
      dispenser 30 and the pickup 24, respectively.
PAR  After the epoxy dispenser 30 has been suitably positioned at a
      predetermined height above the work holder 36 and contact pad 32 by
      appropriately setting the micrometer dial 40 and the pressure dial 26 and
      time adjustment knob 38 have been adjusted for the desired flow of epoxy,
      the dispenser 30 is then lowered to deposit a drop of epoxy having a
      predetermined size on the contact pad 32 of the ceramic base 34 by a first
      operation of a control lever 39 in the conventional manner. The settings
      of the pressure-time adjustments 26, 38 provide a drop of epoxy that has a
      predetermined volume as it forms on a dispenser tip 42. As long as the gap
      distance between the dispenser tip 42 and the contact pad 32 remains
      constant, the size and shape of the drop deposited can be controlled
      within limits to a reasonable certainty. The dispenser 30 is then
      reciprocated from the contact pad 32 after the deposition of the
      conductive epoxy onto the surface of the contact pad.
PAR  The first operation of the control lever 39 also lowers the vacuum pickup
      24 from its home position into the matrix 18 to lightly pick up a chip 20
      and the pickup 24 then automatically reciprocates into its home position.
      Next the work holder 36 is moved on the platform 14 to the left stopped
      position ready to receive a chip 20. The pickup 24 is then lowered to
      place and the transistor chip 20 held onto its tip is dropped onto the
      contact pad 32 by releasing the vacuum holding the chip to the pickup 24
      by a second operation of the control lever 39 in the conventional manner.
      The process is repeated until the desired number of transistor chips have
      been epoxied to different contact pads 32. Of course it is obvious that
      the bonding technique may be accomplished by reversing some of the steps
      described above or even completing a series of identical steps such as
      epoxying all pads 32, before the other steps are taken if other types of
      available bonders are used.
PAR  A more detailed illustration of the deposition of the conductive epoxy on
      the contact pad 32 is shown in FIG. 2. The figure has been segmented into
      five time frames A-E. The time parameter increases from left to right
      across the figures with FIG. 2A being the first in time.
PAR  A pressure source (not shown) is used to force a conductive epoxy drop 43
      to form below the dispenser tip 42 of the bonding machine 10 while the
      dispenser 30 is being lowered toward the contact pad 32. The dispensing
      tip 42 is lowered until the lower edge of a spacing means 46 (which is
      fixed to and surrounds the lower end of the dispenser 30) contacts the
      surface of the circuit board and ensures the discontinuance of the
      vertical axis travel of dispenser 30. As FIG. 2B illustrates, the gas
      pressure within dispenser tip 42 is continued for a predetermined amount
      of time, which allows the drop 43 to barely touch the contact pad 32.
      Because the spacing means 46 maintains a constant gap between the
      dispenser tip 42 and the contact pad 32, a controlled amount of epoxy can
      be deposited on the contact pad 32. The amount deposited may be varied
      over a small range as long as the gap size (G) remains constant, by
      varying the amount of pressure within the dispenser tip 42 and the time it
      is applied by the pressure dial 26 and the time adjustment knob 38,
      respectively. The drop 43 adheres to the contact pad 32 and the gas
      pressure is released after the controlled amount has been dispensed as
      shown in time segment FIG. 2C. Thus it is seen a controlled amount has
      been deposited because the surface area of the drop 43 touching the
      surface has been precisely determined by the constant gap (G). The main
      determinant of the amount of epoxy deposited is the spacing defined by the
      gap (G). The dispenser 30 is reciprocated from the surface, and the
      deposited epoxy adheres to the contact pad 32 as shown in FIGS. 2D-E.
      Typically, the drop 43 deposited by this method is about 5 mils .+-. 1/2
      mils in diameter or smaller with an elevation of approximately 1 or 2 mils
      above the contact pad 32. The drop 43 is now ready to bond a semiconductor
      chip to the contact pad 32 as hereinbefore described.
PAR  FIGS. 3-5 illustrate three embodiments of the novel spacing means used to
      ensure that the gap distance between the contact pad 32 and the dispenser
      orifice remains constant. FIG. 3 shows the dispenser 30 filled with epoxy
      and having a dispenser tip 42 with a dispenser orifice 44. An annular
      spacing means 46 is attached to the dispenser 30 by a weld or epoxy at 47
      and extends beyond the dispenser tip 42 by a gap (G) and a radial
      clearance (L). The gap size may be varied depending upon the size of the
      drop of conductive epoxy required to be dispensed with a typical gap size
      for a 5 mil in diameter drop being approximately 1 mil. The lateral
      clearance is provided in order to protect the dispenser tip 42 from
      clogging and further to provide enough distance between the tip 42 and
      spacing means 46 so that epoxy does not collect on and contaminate the
      lower end 48 spacing means that must come into contact with the surface of
      the ceramic base 34. The clearance generally corresponds to the
      differences between needles of a No. 20 size and a No. 28 size.
PAR  Another embodiment of the spacing means 46 is illustrated in FIG. 4. A
      portion of the cylinder has been removed leaving a substantially planar
      edge 50 and an apex 52 where the planar edge intersects the outer
      circumference of the spacing means end 48. The apex 52 is truncated to
      form a planar surface 54 for stopping the dispenser 30 when it makes
      contact with the circuitry disposed on the ceramic base 34. The planar
      surface 54 actually forms an acute arc of the cylinder portion that is
      truncated. This relieved portion of the spacing means 46 has two purposes,
      that of facilitating the access to the dispenser tip 42 for inspection and
      cleaning and that of minimizing the amount of stopping area (planar
      surface 54) required to come into contact with the circuitry, thereby
      reducing contamination. This configuration also provides the same gap (G)
      and clearance (L) as the cylindrical spacer embodiment shown in FIG. 3
      while maintaining a great deal of strength in the structure. The planar
      surface 54 is then analogous to the spacing means end 48 in the embodiment
      of FIG. 3.
PAR  Still another embodiment of the spacing means 46 is shown in FIG. 5, in
      which a calibration means 56 is provided to allow the spacing means 46 to
      be adjusted up or down, which permits each dispenser 30 to be used to
      provide more than one size of epoxy drop. The calibration means 56
      includes adjustment means 58 that may be rotated to raise or lower the
      spacing means 46 and a calibration line 60 for allowing adjustment in
      discrete increments of a known distance.
PAR  The specific embodiments and methods disclosed herein are intended to be
      merely illustrative and not restrictive of the invention since various
      modifications readily apparent to those familiar with the art to which the
      invention pertains can be made without departing from the scope and spirit
      of the invention as claimed hereinbelow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with an epoxy bonding machine of the type including a
      tubular dispenser movable in a substantially vertical direction and having
      at one end thereof a pressure activated tubular dispensing tip for
      dispensing upon a substantially horizontal surface conductive epoxy in the
      substantially vertical direction generally along the longitudinal axis of
      the dispenser, an improvement comprising:
PA1  generally annular spacing means attached to the dispenser, movable in the
      substantially vertical direction, having an inner surface spaced a
      substantially constant distance laterally from and extending generally
      parallel to the outer surface of the dispenser, having a longitudinal axis
      which is substantially coincident with the longitudinal axis of the
      dispenser and including a generally annular spacing means end surface
      which is substantially parallel to the end of the dispensing tip and which
      extends a predetermined gap distance substantially in the vertical
      direction beyond the end of the dispenser such that during dispensing said
      predetermined gap exists between said dispensing tip and said horizontal
      surface.
NUM  2.
PAR  2. The improvement as defined in claim 1 wherein said spacing means include
      a relieved portion formed such that only an acute arc of said spacing
      means end remains.
NUM  3.
PAR  3. The improvement as defined in claim 2 wherein said spacing means
      includes calibration means adapted to allow said gap distance to be
      incrementally adjustable over a calibrated range.
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ABST
PAL  An apparatus for severing the root system of a tree from the tree trunk
      during tree felling comprising a grapple mechanism for gripping the tree
      which, in operation, is clamped to the tree trunk and a cutting part
      suspended from the gripping mechanism for cutting the roots. The cutting
      part includes cutting knives arranged to encompass the tree trunk and
      movably mounted relative to the gripping part for cutting the roots. The
      power mechanism interconnecting the tree gripping mechanism and the tree
      cutting part moves the latter relative to the gripping mechanism in a
      direction longitudinally of the tree during a severing operation. The
      device may also be used to sever limbs from trees.
BSUM
PAR  This invention relates to a method and an apparatus for severing the root
      system of a tree from the tree trunk during a tree falling operation. The
      apparatus comprises a grapple assembly mounted on a frame and a tree root
      severing mechanism suspended from the grapple assembly and movable
      relative thereto by a power actuated mechanism.
PAR  The principal object of the present invention is to provide an improved
      tree root severing mechanism of the foregoing type and which is
      accomplished by mounting at least some of the cutting members on the
      grapple mechanism for movement therewith during opening and closing of the
      grapple jaw.
PAR  A tree root severing mechanism of the general type is disclosed in U.S.
      Pat. No. 3,738,401 issued June 12, 1973 to Martin Wiklund et al entitled
      "Apparatus for Severing the Root System of the Tree From the Trunk during
      the Tree-Felling Operation". In the patented arrangement, there is
      provided a tree grapple mechanism mounted on a frame and having a tree
      severing mechanism suspended from the frame on which the grapple is
      mounted and located vertically below the grapple in a tree felling
      operation. The present device is an improvement thereover having the tree
      severing mechanism suspended from the grapple mechanism rather than the
      frame of the grapple as in the patented device.
PAR  Accordingly there is provided in accordance with the present invention a
      tree cutting device comprising in combination a frame, a grapple
      comprising arms movably mounted on said frame for positively gripping a
      longitudinally extending object such as a tree and cutting members movably
      mounted on said grapple in spaced relation relative thereto for movement
      in a direction toward and away therefrom longitudinally along the object
      grasped by the grapple, said cutting member having a cutting edge facing
      in a direction away from said grapple and at least one of said cutting
      members being connected to a movable arm of the grapple for movement in
      unison therewith during opening and closing of the grapple jaw to
      respectively receive and grasp the stem of a tree.
DRWD
PAR  The invention is illustrated by way of example with reference to the
      accompanying drawings wherein:
PAR  FIG. 1 is front elevational view of a felling head constructed in
      accordance with the present invention;
PAR  FIG. 2 is a vertical side elevational view taken substantially along
      section 2--2 of FIG. 1;
PAR  FIG. 3 is a top partial sectional view taken along section 3--3 of FIG. 1;
      and
PAR  FIG. 4 is a partial sectional view illustrating details of the mounting of
      one set of grapple gripping members on the frame.
DETD
PAR  Referring now in detail to the drawings, shown therein is a felling head
      100 consisting of a frame 200 having a grapple assembly 300 mounted
      thereon and a tree root severing mechanism 400 suspended from the grapple
      mechanism 300.
PAR  The frame 200 is a box-like assembly 201 having a rear wall 202, respective
      top and bottom walls 203 and 204 and opposite side walls 205. The box
      assembly is open at the front and rear wall 202 and has a pair of mounting
      brackets 206 spaced apart from one another with aligned apertures 207 to
      receive a pivot pin serving as a pivotal attachment to boom B or component
      of a boom. A further pair of aligned apertures 208, in bracket members
      206, are provided to receive a further pivot pin for connecting a power
      actuated hydraulic cylinder assembly thereto by a linkage L to pivot the
      felling head assembly about a pivot pin in apertures 207.
PAR  The grapple mechanism consists of a pair of jaw members 301 and 302
      pivotally mounted on the box frame 200 respectively by pivot pins 303 and
      304. Each jaw member 301 and 302 has respectively an upper bar member 305
      and 306. The upper and lower bars 305 and 306 of the respective jaw member
      are interconnected by a sleeve 307 and pivot as an integral unit about
      their respective pivot pins 303 and 304. Each sleeve 307 is provided with
      a pair of bracket bar members 308 secured to the sleeve and projecting
      therefrom into the box member 200. The free end of each bracket member 308
      is provided with an aperture for receiving a pivot pin 309. A hydraulic
      cylinder assembly 310 is connected respectively at opposite ends by pivot
      pins 309 to the respective jaw members 301 and 302. Actuation of the
      hydraulic cylinder assembly 310 to extend and retract the same pivotally
      moves the respective jaws 301 and 302 about their pivot pins 303 and 304
      to open and close the jaw of the grapple.
PAR  The grapple 300 further includes a plurality of gripping members
      circumscribing a central area designated generally 350. There are three
      pairs of gripping members, the upper one of the respective pairs being
      designated respectively 351, 352 and 353 and which are clearly seen in
      FIG. 3. Each gripping member 351, 352 and 353 has an arcuate tree engaging
      inner surface 354 consisting of a plate having a smooth, spiked or
      otherwise arranged surface for suitable gripping the surface of a tree
      trunk. The lower set of gripping members designated 351A, 352A and 353A
      are mounted for unitary movement with respective gripping members 351,
      352, and 353. The upper and lower pairs of gripping members are identical
      and, accordingly only the upper set will be described, the bottom
      differing only in that an aperture is provided in each of the respective
      members allowing a hydraulic cylinder assembly to pass therethrough and
      the purpose of which will become clear hereinafter. Each gripping member
      351, 352 and 353 has an arm portion 356 apertured at 357 to receive a
      sleeve and which is secured to the arm by welding or the like. Each
      gripping member 351, 352 and 353 is further provided with an arm portion
      358 apertured to receive respective pins 359, 360 and 361. Gripping member
      352 is further provided with a pair of arms designated respectively 362
      and 363 apertured to receive respective pivot pins 364 and 365.
PAR  The upper gripping member 351 and corresponding lower gripping member 351A
      are interconnected by a sleeve 366 journalled for rotation at respective
      opposite ends in bearing members 367 and 368. The respective bearing
      members 367 and 368 are secured to the free end of respective arms 305 and
      306 of the jaw member 301. The respective upper and lower gripping members
      351 and 351A are secured to the sleeve 366 to rotate therewith through
      actuation of a hydraulic cylinder and linkage mechanism to be described
      hereinafter. A shaft 369 is slidably mounted for longitudinal movement in
      a telescopic fashion within the sleeve 366, the lower end of the shaft 369
      projecting downwardly from the gripping members and jaw for a purpose
      which will become apparent hereinafter. The shaft 369 has a longitudinally
      extending, square in cross-section, key 370 secured thereto slidably
      arranged in a longitudinal groove 371 in the internal surface of the
      sleeve. The key 370 causes shaft 369 to rotate with sleeve 366 during
      rotation thereof in its respective upper and lower journals 367 and 368.
PAR  Gripping members 353 and 353A are similarly pivotally mounted on the free
      end of arm 302. The gripping members 353 and 353A are secured to a sleeve
      366A journalled in respective upper and lower bearings 367A and 368A. A
      shaft 369A is slidably arranged in the sleeve 366A and connected thereto
      for rotation therewith by a longitudinally extending key 370A slidably
      arranged in a longitudinally extending groove 371A in the inner surface of
      the sleeve 366A.
PAR  From the foregoing it will be clear that a pair of upper and lower gripping
      members are mounted on respective sleeves 366 and 366A which in turn are
      journalled for rotation on respective ones of the grapple jaw members 301
      and 302. The upper and lower gripping members 351 and 351A on jaw member
      301 and the upper and lower gripping members 353 and 353A on grapple jaw
      member 302 are rotatable on the respective jaw members and synchronized in
      pivotal movement by link members 372 and 373. Link member 372 is connected
      at one end by pivot pin 359 to the bracket projecting from sleeve 366 and
      at the other end pivotally connected by the pivot pin 360 to bracket
      member 358 mounted for rotation with gripping member 352. Link member 373
      is pivotally connected at opposite ends by respective pins 361 and 365 to
      brackets 358 of respective gripping members 353 and 352.
PAR  Upper and lower gripping members 352 and 352A are mounted on a sleeve 366C
      journalled for rotation on the respective upper and lower walls 203 and
      204 of the box frame 200. For this purpose, the upper and lower walls 203
      and 204 have a forwardly projecting portion 209, one of which is
      illustrated in phantom in FIG. 3. The sleeve 366C of gripping members 352
      and 352A is journalled for rotation in the walls 202 and 204 by journals
      374. One journal 374 is shown in FIG. 4 and is essentially the same as
      journals 368, 368A, 367 and 367A. A shaft 369B is slidably mounted in
      sleeve 366C in the same manner as previously described shafts 369 and
      369A. The sleeve 366C has the bracket member 358 rigidly secured thereto
      and in which respective pivot pins 360, 364 and 365 are mounted. A
      hydraulic cylinder assembly 377 is pivotally connected at one end by pivot
      pin 364 to the bracket 358 and, at the opposite end, by a pivot pin 378 to
      the rear wall 202 of the frame by a bracket 379. Through actuation of the
      hydraulic cylinder 377 the gripping members are pivoted about their
      respective pivotal mountings opening and closing as an iris about the
      central opening 350. The gripping face 354 of the respective gripping
      members are spaced apart circumferentially from one another about the
      opening 350 allowing for movement toward and away from one another to grip
      trees of various sizes.
PAR  The cutting device 400 is suspended from, and located vertically below, the
      grapple mechanism 300. The cutting device 400 consists of cutting members
      401, 402 and 403. Each cutting member 401, 402 and 403 has an arcuate
      plate 404 terminating at the lower end in a cutting edge 405. The arcuate
      plates extend longitudinally of the axis of the central area 350 and the
      respective cutting edges 405 are located at a position remote from the
      grapple mechanism device 300. Cutting members 401 and 403 are secured to
      the lower end of respective shafts 369 and 369A by respective brackets 406
      and 407. Cutting member 402 is similarly suspended from shaft 369B in the
      same manner. The shafts 369, 369A and 369B, being longitudinally movable
      in their respective sleeve members, permit moving the cutting members
      vertically as viewed in FIG. 1 relative to the grapple mechanism 300. Such
      movement of the respective cutting devices 401, 402, 403 longitudinally of
      the axis of area 350, is effected by respective hydraulic cylinders 408,
      409 and 410. Hydraulic cylinder assembly 409 is pivotally connected at one
      end by a pin 411 to a bracket 412 on the cutting member 402. The opposite
      end of the hydraulic cylinder is pivotally connected by a pin 413 to the
      lower part of the upper gripping member 352 by a bracket 380. The lower
      gripping member 352A has an aperture 381 through which the hydraulic
      cylinder assembly 409 passes.
PAR  The hydraulic cylinder assembly 410 similarly is connected at one end by a
      pivot pin 414 to a bracket 415 on the cutting member 403. The opposite end
      of the hydraulic cylinder assembly 410 is pivotally connected by a pivot
      pin 416 to the upper gripping member 353 by a bracket 381.
PAR  Hydraulic cylinder assembly 408 is similarly connected at one end by a
      pivot pin to cutting member 401 by a bracket 417 and at the opposite end
      by a bracket 382 to the upper gripping member 351.
PAR  By the foregoing arrangement the respective cutting members 401 and 403 are
      pivotally suspended from the free end of respective jaw members 301 and
      302 and located at a position vertically therebelow. The orientation of
      the cutting members 401 and 403 about the central opening 350 corresponds
      to the respective gripping members 351 and 353 which, as previously seen,
      each consists of an upper and a lower member. The cutting member 402
      depends from the frame 200 on shaft 369B and is located about the central
      opening 350 vertically below the gripping members 352 and 352A. The
      cutting members 401 and 403 accordingly are movable toward and away from
      one another by movement of the respective arms 301 and 302. Movement of
      the pairs of gripping members 351, 351A and 353, 353A is further provided
      by their pivotal mounting on the respective arms 301 and 302 and which
      pivotal movement, as previously described, is controlled through actuation
      of hydraulic cylinder assembly 377. Movement of the arms 301 and 302 is
      effected through actuation of hydraulic cylinder 310. Through this
      arrangement the cutting members 401 and 403 move simultaneously with the
      respective gripping members associated therewith by movement of arms 301
      and 302 and further they move simultaneously with pivoting the respective
      gripping members associated therewith on the arms.
PAR  Cutting member 402 pivotally moves in synchronism with the pairs of
      gripping members on the respective arms through linkages 372 and 373.
PAR  In operation of the device described in the foregoing to fell trees, the
      entire assembly is pivotally attached to the free end of an extendible and
      retractable boom B by a pivot pin and controllably pivoted thereabout by a
      hydraulic piston cylinder assembly P.
PAR  Through actuation of hydraulic cylinder 310 the arms 301 and 302 may be
      moved effectively to open the jaw and thereby permit entry of a tree into
      the area designated 350. Movement of the arms 301 and 302 away from one
      another simultaneously therewith moves the gripping members 351 and 353
      away from one another. When a tree has been placed in the area 350,
      actuation of hydraulic cylinder 310 closes the jaw placing the gripping
      members around the tree. Actuation at that point of hydraulic cylinder 377
      moves the pairs of gripping members 351, 351A, 352, 352A and 353, 353A
      into gripping relation with the trunk of the tree. Thereafter, actuation
      of hydraulic cylinders 408, 409 and 410 may be effected moving the cutting
      assembly 400 in a direction vertically downwardly as viewed in FIG. 1,
      i.e. a direction away from the clamping and tree gripping device, the
      cutting edges 405 severing the tree trunk from its roots. After the trunk
      has been severed from its roots, the entire assembly may be raised through
      actuation of the extendible and retractable boom lifting the tree from its
      growing position and thereafter through suitable hydraulic controls not
      shown, the entire assembly is pivoted by the power unit P felling the tree
      to the ground.
PAR  The foregoing device is applicable not only for felling trees but also may
      be used to process trees by removing the limbs therefrom. The device in
      such instance may also be pivoted on the free end of an extendible and
      retractable boom and moved along the length of a tree trunk by movement of
      the vehicle and/or extension and retraction of the boom so as to move the
      cutting members longitudinally along the tree severing the branches in a
      stripping type delimbing operation. For severing heavy limbs the device
      may be used as described in the foregoing manner with respect to severing
      the roots utilizing the gripping members to clamp the tree in the grapple
      and thereafter actuate the hydraulic cylinders 408, 409 and 410 to move
      the cutting members relative to the grapple assembly to sever the limbs.
      This would provide an intermittent type of feed operation, the length of
      stroke being dependent upon the telescopic arrangement of shafts 369, 369A
      and 369B in their respective sleeves. After full extension of the
      respective shafts in their sleeves, it would be necessary to move the
      gripping device to another location on the tree trunk and repeat the step.
PAR  In an alternative arrangement, the foregoing device may be mounted on a
      mobile vehicle or similar frame and used as a processing assembly with
      feed devices associated therewith to propel a tree endwise through the
      opening 350. The size of the opening may be varied as described in the
      foregoing through suitable actuation of the hydraulic cylinder assemblies
      and as the tree is propelled through opening 350, cutting edges 405 remove
      the limbs from the tree. In such use of the device it may be mounted so
      that the opening for inserting trees may be either at the bottom, at the
      side or at the top, thus permitting various arrangements facilitating
      inserting trees into the device by opening the jaw provided by arms 301
      and 302. In an arrangement of this type, feed rolls or other conveying
      mechanisms, all of which are well known, may be utilized. As an example
      reference may be had to Canadian Patent No. 860,080 issued Jan. 5, 1971 to
      Douglas D. Hamilton et al entitled "Modified Processor and components". In
      the arrangement disclosed therein the present device may be substituted
      for the stripper delimber and tree severing unit utilizing the tree
      propelling mechanism as a feed for the present device. Similarly, feed
      rolls of a circular type may be used to propel trees endwise through the
      present device and in this regard, reference may be had to the feed rolls
      disclosed in Canadian Patent No. 870,394 issued May 11, 1971 to Douglas D.
      Hamilton et al entitled "Tree feed means incorporating correlation of
      contact pressure and propelling forces". In such an arrangement the
      correlation of contact pressure and propelling forces may be optionally
      used.
PAR  The device described in the foregoing may also be used to strip the limbs
      of trees before felling the same. In such an arrangement the entire
      assembly may be attached to the free end of an extendible and retractable
      boom through a universal joint permitting rotating the entire assembly to
      an inverse position as shown in FIG. 1 placing the cutting device
      vertically above the grapple assembly. In such an arrangement the boom may
      be controlled from the vehicle to move the entire assembly vertically
      upwardly along the tree to strip the limbs therefrom and thereafter it may
      be utilized to fell the tree in a manner described in the foregoing.
PAR  It will also be evident that the arrangement as illustrated in FIG. 1 may
      be used to strip the limbs from trees by a vertical downward motion
      starting at the top of a tree and removing limbs as it is moved down the
      standing tree, movement of the device from the top of the tree to the
      bottom part being effected by control of the extendible and retractable
      boom. As the device reaches the bottom of the tree, the gripping mechanism
      may then be clamped onto the tree and actuation of the severing device as
      described in the foregoing will sever the roots from the standing tree.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for cutting appendages projecting from the stem of a tree such
      as roots or the like comprising in combination:
PA1  a. a frame;
PA1  b. a grapple having arms movably mounted on said frame for positively
      gripping the stem of a tree; and
PA1  c. a cutting device movably mounted on said grapple in spaced relation
      relative thereto for movement in a direction toward and away therefrom
      longitudinally along the stem of a tree grasped by said grapple, said
      cutting device having a cutting member connected to an arm of the grapple
      movably mounted on the frame for movement in unison therewith toward and
      away from the stem of the tree during grasping and releasing of the same
      by said grapple, said cutting member having a cutting edge facing
      longitudinally of the stem of the tree grasped by the grapple for severing
      appendages projecting outwardly from the stem of the tree.
NUM  2.
PAR  2. A device as defined in claim 1 including gripping members movably
      mounted on said grapple arms.
NUM  3.
PAR  3. A device as defined in claim 2 wherein said gripping members are
      pivotally mounted on said grapple arms for movement about an axis
      generally parallel to the longitudinal axis of the stem of a tree grasped
      by the grapple.
NUM  4.
PAR  4. A device as defined in claim 3 including means synchronizing pivotal
      movement of the gripping members on the respective arms of the grapple.
NUM  5.
PAR  5. A device as defined in claim 1 including a gripping member pivotally
      mounted on each of the arms of said grapple and a further gripping member
      pivotally mounted on said frame, said gripping members being arranged
      circumferentially in spaced relation relative to one another around a
      common area.
NUM  6.
PAR  6. A device as defined in claim 5 including means synchronizing pivotal
      movement of said gripping members.
NUM  7.
PAR  7. A gripping device as defined in claim 6 including power means for
      effecting pivotal movement of said gripping members.
NUM  8.
PAR  8. A device as defined in claim 7 wherein each of said gripping members
      comprises a pair of members spaced longitudinally apart from one another
      and interconnected for pivotal movement in unison about a common axis.
NUM  9.
PAR  9. A tree cutting device as defined in claim 1 wherein said grapple
      comprises a pair of arms pivotally mounted on said frame and including
      means pivotally mounting a cutting member on respective ones of said arms
      adjacent the free end thereof and means slidingly and guidingly mounting
      said cutting members for movement in a direction toward and away from the
      respective arm associated therewith.
NUM  10.
PAR  10. A device as defined in claim 9 including a further cutting member
      pivotally and slidingly mounted on said frame.
NUM  11.
PAR  11. A device for securing to the free end of an extendible and retractable
      boom for use in severing trees from their roots while the same are in a
      growing position comprising in combination:
PA1  a. a frame;
PA1  b. a grapple including at least one pair of arms forming a jaw, each of
      said arms being pivotally secured to said frame;
PA1  c. a first and second tree gripping member pivotally secured to respective
      ones of said pair of arms;
PA1  d. at least a third tree gripping member pivotally secured to said frame
      and arranged to co-operate with said first and second tree gripping
      members for gripping a tree;
PA1  e. link means interconnecting said tree gripping members to move the same
      relative to one another and said frame;
PA1  f. power means connected to said tree gripping members for moving the same
      relative to said frame;
PA1  g. power means connected to said grapple for moving said arms thereby
      opening and closing said jaw;
PA1  h. cutting means movably mounted on each of said tree gripping members and
      movable therewith relative to said frame, said cutting means being movable
      toward and away from said tree gripping members;
PA1  i. power means for moving said cutting means relative to said tree gripping
      members; and
PA1  j. means guiding said cutting means during movement thereof toward and away
      from said tree gripping means.
NUM  12.
PAR  12. A device for securing to the free end of an extendible and retractable
      boom for use in severing trees from their roots while the tree is in a
      growing position comprising in combination:
PA1  a. a frame;
PA1  b. a grapple secured to said frame, said grapple including at least three
      tree gripping members each movably mounted on said frame for movement
      relative to one another, each of said members being movable toward and
      away from a common axis respectively to grip and release a tree
      therebetween;
PA1  c. a tree severing device mounted on said grapple and disposed at a
      position spaced therefrom, said severing device including at least three
      cutting members, means movably mounting said cutting members for movement
      toward and away from said common axis; and
PA1  d. power means for moving said tree gripping members and said cutting
      members relative to said tree.
NUM  13.
PAR  13. A device as defined in claim 12 including means movably mounting said
      severing device for sliding movement toward and away from said grapple
      longitudinally along a tree gripped by said grapple.
NUM  14.
PAR  14. A method of severing a tree from its roots while the tree is in a
      growing position comprising the steps of: positively gripping said tree by
      positioning grasping members of a grapple symmetrically about the
      periphery of the trunk of said tree to generally encircle the same, urging
      each of said grasping members toward said tree to grip the tree and in
      response thereto simultaneously in unison therewith positioning a
      plurality of cutting members symmetrically about and adjacent to the
      periphery of said trunk at a position between said grasping members and
      the roots of said tree; moving said cutting members in a direction away
      from said grapple longitudinally along said tree to sever the roots of the
      tree adjacent the trunk thereof.
NUM  15.
PAR  15. A tree cutting device comprising in combination:
PA1  a. a frame;
PA1  b. a gripping device including arms movably mounted on said frame for
      movement from and toward one another respectively to receive a
      longitudinally extending object therebetween such as the stem of a tree,
      and positively grip the same;
PA1  c. a cutting device including at least one cutting member mounted on an arm
      of said gripping device for movement with such arm and positioined
      adjacent the tree gripped by said arms, said cutting members having a
      cutting edge facing in a direction generally parallel to the length of the
      tree gripped by said arms;
PA1  d. means mounting the cutting members on said arms for movement in a
      direction generally parallel to the length of the gripped tree and guiding
      the same during such movement; and
PA1  e. power means interconnecting the cutting member and movably mounted arm
      associated therewith for moving the cutting member longitudinally along
      the tree gripped by said arms.
NUM  16.
PAR  16. A tree cutting device as defined in claim 15 wherein said arms comprise
      two arms pivotally mounted on said frame to provide a grapple and power
      means operatively connected to effect pivotal movement of such arms.
NUM  17.
PAR  17. A tree cutting device as defined in claim 15 wherein said cutting
      members and the cutting edges thereof extend in an arc about the
      circumference of a tree grasped by said arms.
NUM  18.
PAR  18. A device for securing to the free end of an extendible and retractable
      boom for use in severing trees from their roots while the same are in a
      growing position comprising in combination:
PA1  a. a frame;
PA1  b. a grapple including at least one pair of arms forming a jaw, each of
      said arms being pivotally attached to said frame;
PA1  c. a first and second tree gripping member pivotally attached to respective
      ones of said pair of arms;
PA1  d. a third tree gripping member pivotally attached to said frame and
      arranged to co-operate with said first and second tree gripping members
      for gripping a tree;
PA1  e. link means interconnecting said tree gripping members synchronizing
      pivotal movement of the same;
PA1  f. power means connected to said tree gripping members for pivotally moving
      the same on said frame;
PA1  g. power means connected to said grapple for moving said arms to open and
      close the jaw provided by such arms respectively to receive and grasp the
      stem of a tree;
PA1  h. cutting means connected to respective ones of said tree gripping members
      for movement in unison therewith during opening and closing of the grapple
      jaw, and means mounting the same thereon for guided reciprocal movement
      toward and away from said tree gripping members; and
PA1  i. power means connected to said cutting means for moving the same toward
      and away from said tree gripping members.
NUM  19.
PAR  19. A device for securing to the free end of an extendible and retractable
      boom for use in severing trees from their roots while the tree is in a
      growing position comprising in combination:
PA1  a. a frame;
PA1  b. a grapple secured to said frame, said grapple including two or more tree
      gripping members movably mounted on said frame for movement toward and
      away from one another respectively to grip and release the stem of a tree
      therebetween;
PA1  c. a cutting device movably mounted on said grapple and disposed at a
      position spaced therefrom, said cutting device comprising a cutting member
      reciprocally mounted on respective ones of said gripping members for
      movement longitudinally along the stem of a tree gripped by said gripping
      members;
PA1  d. power means connected to said gripping members for moving the same to
      receive and grip the stem of a tree; and
PA1  e. power means connected to said cutting members for moving the same toward
      and away from the gripping member associated therewith.
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ABST
PAL  A noise reducing cutterhead for planers which includes a cylindrical
      cutterhead member having a plurality of circumferentially spaced axial
      grooves therein receiving cutter blades, the blades having an axial length
      less than the length of the cutter head, the blades being spaced from one
      another in each groove and the blades in successive grooves being
      staggered in axially offset relationship, the blades being held in place
      in the cutterhead by a wedge lock member and being adjustably received in
      the grooves.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to power tools and more particularly to a wood
      planer cutterhead.
PAR  2. Prior Art
PAR  Wood planers generally comprise an axially elongated cylindrical cutterhead
      having one or more blades running the axial length thereof. The cutterhead
      revolves at relatively high speed with the blade contacting the surface of
      the wood to be planed. Each time the blade or blades contact the wood
      surface, considerable noise is created.
PAR  Recently, there has been additional emphasis placed upon noise reduction in
      various types of machinery and in particular with respect to historically
      high noise level machinery. It has been known to reduce the noise of a
      planer cutterhead by spiralling the blade on the cutterhead. However, such
      constructions are quite expensive to manufacture, particularly spiral
      blades, and, generally they cannot be manufactured in smaller sizes. Thus,
      spiral cutterheads have found but limited acceptance in the art and then
      only in connection with relatively large planers.
PAR  It would therefore be an advance in the art to find a method of reducing
      planer cutterhead noise which would be applicable to both small and large
      width planers and which would be economical to manufacture and operate.
PAC  SUMMARY OF THE INVENTION
PAR  Our invention provides a noise reducing cutterhead. The basic principle of
      our cutterhead involves a reduction in the amount of blade contacting the
      wood at any given instance. However, this is accomplished without
      reduction of the efficiency of the cutterhead.
PAR  Our cutterhead consists of a shaft carried cylinder having a plurality of
      axially extending circumferentially spaced grooves therein. Because the
      grooves are axial of the cutterhead, they are relatively inexpensive to
      machine. Each groove receives a plurality of axially spaced blades, the
      blades being held in place by a wedge lock and being adjustable by means
      of an adjustment screw. Adjacent each slot, the cutterhead is formed with
      a chip breaker.
PAR  Because the blades in each slot are axially spaced from one another, less
      than the full width of the board to be planed is contacted by the blades
      of each slot. In order to provide full width cutting, the blades in each
      slot are axially staggered from the blades of the adjacent slots. In this
      manner, although the blades are straight, the cutterhead can act in the
      manner of a spiral bladed cutterhead. Tests have shown that a cutterhead
      constructed according to these principles substantially reduces the noise
      level encountered with standard heads.
PAR  It is therefore an object of this invention to provide an improved planer
      cutterhead.
PAR  It is a further object of this invention to provide a planer cutterhead
      capable of operating at reduced noise levels while utilizing straight
      blades.
PAR  It is another and more particular object of this invention to provide a
      planer cutterhead having a plurality of circumferentially spaced rows of
      blades, with a plurality of axially spaced blades in each row, the blades
      in adjacent rows being axially offset from one another.
PAR  It is yet another and most specific object of this invention to provide a
      noise reducing, economical planer cutterhead having a plurality of
      circumferentially spaced axially extending grooves receiving a plurality
      of axially spaced straight blades, the blades offset from one another in
      adjacent grooves, the blades being adjustable in the grooves by an
      adjustment means which aids in maintaining the blades in the slots and
      wedge shape locking means contacting each blade utilizing centrifugal
      force to lock the blades in the slots with the cutterhead formed with an
      integral chip breaker surface configuration.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of a preferred embodiment thereof,
      taken in conjunction with the accompanying drawings, although variations
      and modifications may be effected without departing from the spirit and
      scope of the novel concepts of the disclosure and in which:
PAR  FIG. 1 is a fragmentary plan view of a cutterhead according to this
      invention without the blades in position;
PAR  FIG. 2 is a fragmentary view similar to FIG. 1 on an enlarged scale with
      the blades received in the head;
PAR  FIG. 3 is a cross sectional view of the cutterhead of FIG. 1 taken along
      the lines III--III of FIG. 1;
PAR  FIG. 4 is a fragmentary enlarged view similar to FIG. 3 with the blades
      shown received in the slots;
PAR  FIG. 5 is an end plan view of a wedge locking device according to this
      invention;
PAR  FIG. 6 is a side plan view of the device of FIG. 5;
PAR  FIG. 7 is an end plan view of a blade according to this invention; and
PAR  FIG. 8 is a top plan view of the blade of FIG. 7.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a machine cutterhead according to this invention without
      the blades and blade adjusting and locking devices inserted. The
      cutterhead 10 has a cylindrical body portion 11 which is integral with
      shaft means 12 at either axial end. The shaft means 12 are dimensioned to
      be received within a planing machine and may, for example, be splined or
      otherwised keyed to a prime driver. Normally the shafts are bearing
      supported and the cutterhead in operation will be driven at a high rpm.
      The cutterhead has a plurality of circumferentially spaced axially
      extending grooves 14 which extend from end 15 to end 15' of the
      cylindrical portion 11.
PAR  As best illustrated in FIG. 3, the grooves 14 are formed non-radially into
      the body of the cutterhead and are equally circumferentially spaced around
      the periphery 17 of the cutterhead. As shown in FIG. 3, clockwise of the
      grooves and immediately adjacent thereto, the periphery 17 of the
      cutterhead is formed  with chip breaker contours 19. The chip breaker
      contours comprise shallow groove areas of the periphery extending axially
      of the cylindrical portion from end 15 to end 15' immediately in front of
      the grooves 14 in the operating direction of rotation. As illustrated, the
      chip breaker grooves 19 are curved but are not pure radius depressions in
      the periphery 17 but taper towards the leading edges thereof.
PAR  A plurality of cutting blades 25 are received in the grooves 14. The
      cutting blades have an axial length less than the axial length of the
      cylindrical portion 11 and are positioned in each groove 14 in axially
      spaced relation to one another. In the embodiment illustrated in FIG. 1,
      three blades will be received in each row and the blades in each row are
      axially staggered from the blades in the circumferentially adjacent rows.
      As shown, the axial staggering has been chosen such that the blades will
      be axially aligned every three rows. For example, in a cutterhead having a
      cylindrical portion 11 with a length of 181/4  inches and a diameter of
      3.62 inches, nine rows may be provided circumferentially. Each row can
      then receive three 21/4 inch long blades. This provides for a blade
      overlap as shown in FIG. 2 where the axial end portions of each blade
      overlap the axial end portions of blades in the circumferentially adjacent
      rows.
PAR  It will be appreciated that the above dimensions, spacings, number of rows
      or grooves and number of blades illustrate only one embodiment and that
      other constructions can be used. A principal advantage of this design is
      that it is adaptable to small cutting circle cutterheads. Prior art noise
      reducing cutterheads, such as spiral cutterheads, are not adaptable
      commercially to small cutting circle heads such as for example, those
      smaller than a five-inch cutting circle. The present invention, however,
      is usable on considerably smaller cutterheads and, for example, can be
      used successfully on 31/8 inch cutting circle heads.
PAR  The blades 25 are anchored in place in the grooves 14 by a wedge lock 30.
      In the embodiment illustrated, two such locks 30 are provided for each
      blade 25. As best illustrated in FIG. 3, two spaced apart bores 31 are
      provided circumferentially ahead of each groove 14 at the point where each
      blade is to be located in the groove. The bores 31 extend into the
      cutterhead from the periphery thereof in the area of the chip breaker 19
      and are formed blind. A wedge lock member 30 is received in each of the
      bores 31. Each wedge lock member comprises, basically, a cylinder having a
      flat tapered face 32 cut from the outer surface of the periphery and from
      one axial end 35 to the other axial end 36. A bore 37 extends through the
      wedge lock axially thereof and is threaded to receive a bolt 37 as best
      illustrated in FIG. 5. The bolt 37 may be formed with an Allen wrench end
      38. The wedge lock is received in the bore 31 with its large diameter end
      adjacent the bottom.
PAR  It will be noted that the bores 31 intersect the grooves 14 and are formed
      at an angle to the grooves whereby each bore 31 has a tapered opening 40
      at the groove 14. The taper is determined by the difference in the angle
      of the bore 31 in respect to the angle of the groove 14. The face 32 of
      the wedge lock is formed at a mating taper. It has been found that a
      15.degree. angle is satisfactory to insure a positive wedge lock of the
      blade in the groove. After insertion of the wedge lock 30 and the blade
      25, the bolt 37 is tightened to bottom against the bottom wall 42 of the
      bore 31 thereby raising the wedge lock 30 towards the periphery 17 of the
      cutterhead. In this manner, the wedge lock 30 is tightened against the
      blade 25 forcing the blade against the opposite wall 50 of the groove to
      lock the blade into the groove. As the cutterhead revolves, centrifugal
      force will tend to urge the wedge lock 30 further out of the bore 31. This
      will result in a tightening of the wedge lock maintaining the blade 25 in
      place. It should be appreciated that because of the mating taper of the
      face 32 on the wedge lock and the angle of projection of the blade 25 with
      respect to the bore 31, the wedge lock is effective to lock the blade in
      place irrespective of the degree of insertion of the blade into the slot.
      In this manner, it is possible to provide an adjustable blade which can be
      adjusted inwardly and outwardly in the slot for a greater or lesser amount
      of blade projection beyond the periphery 17 of the cutterhead. After the
      blade has been adjusted to its desired amount of projection, the bolt 37
      can then be tightened to lock the blade in place by means of the wedge
      lock 30.
PAR  Our invention also provides a method of adjusting the degree of projection
      of the blade. Circumferentially behind each groove in the area in which a
      blade is to be placed, a pair of countersunk threaded bores 55 are
      provided. As can be seen from FIGS. 1 and 2, in our illustrated
      embodiment, we have chosen to provide the threaded countersunk bores 55
      axially aligned with the wedge lock bores 31 to further insure positive
      lock. The blades, as illustrated by dotted lines in FIG. 7 and as shown in
      FIG. 8, are provided with radius depressions 56 in one face thereof. In
      the embodiment illustrated, the radius depressions are in the back face of
      the blade with regard to the operating rotation of the cutterhead. The
      countersunk threaded bores 55 are therefore provided circumferentially
      behind the grooves 14. The bores 55 have a large diameter countersunk
      portion 57 extending from the periphery 17 to the bottom 59 of the grooves
      the countersunk portions being open to the back wall 50 of the grooves.
      The threaded portions extend into the cutterhead from the bottom 59 of the
      grooves 14 with which they are associated. A headed bolt 60 can then be
      threaded into the portion 58 with the bolt having a head dimensioned to
      fill the countersunk portion 57 and index with the radius depressions 56
      of the blade. As is shown, the head of the bolt 60 may be provided with an
      Allen wrench opening 61. Thereafter by threading and unthreading the bolts
      60, the blade 25 will be moved inwardly and outwardly with respect to the
      periphery 17 of the cutterhead. The bolt head also provides a backup to
      the wedge lock in maintaining the blade in the groove.
PAR  The noise reduction of a cutterhead constructed according to the above
      teachings as compared with a standard cutterhead is relatively large as is
      shown by the following table which compares a standard non-staggered blade
      cutterhead with a staggered blade cutterhead constructed according to the
      above teachings. Each cutterhead was tested at idle and while planing
      various sizes and types of woods. The planer was set to make a 1/16 inch
      cut at 25 S.F.M.
TBL                TABLE A                                                     

     ______________________________________                                    

                 Standard  Staggered Blade                                     

                 Cutterhead                                                    

                           Cutterhead                                          

     ______________________________________                                    

     Idle          79 DbA.     72 DbA.                                         

     1" .times. 4" pine                                                        

                   87 DbA.     83 DbA.                                         

     2" .times. 4" pine                                                        

                   88 DbA.     81 DbA.                                         

     1" .times. 6" pine                                                        

                   93 DbA.     84 DbA.                                         

     2" .times. 6" pine                                                        

                   94 DbA.     85 DbA.                                         

     1" .times. 10" dry ash                                                    

                   104 DbA.    90 DbA.                                         

     3" .times. 10" dry oak                                                    

                   106 DbA.    90 DbA.                                         

     ______________________________________                                    

PAR  It can therefore be seen from the above that our invention achieves
      significant noise reduction without substantially increasing manufacturing
      costs. In addition, operating advantages can be found in that damage to a
      single blade would result only in the necessity of replacing a small blade
      rather than a large blade and, especially when used in connection with
      wide cutterheads, simplify blade maintenance. Further, because of the use
      of axially spaced blades in each groove, less than the entire width of the
      workpiece is contacted at any one time, thus the power requirement can be
      less than with a non-staggered blade head.
PAR  Although the teachings of our invention have herein been discussed with
      reference to specific theories and embodiments, it is to be understood
      that these are by way of illustration only and that others may wish to
      utilize my invention in different designs or applications.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A planer cutterhead comprising a cutterhead member having an axially
      elongated cylindrical portion, the cylindrical portion provided with a
      plurality of circumferentially spaced blade grooves extending into the
      cutterhead from the periphery thereof, the grooves extending continuously
      from adjacent one axial end to adjacent the other axial end, and having a
      circumferential dimension to receive a cutting blade, a plurality of
      cutting blades received in each groove in axially spaced relation to one
      another, the cutting blades in circumferentially adjacent grooves being
      axially staggered with respect to the blades in adjacent grooves, and
      means securing the blades in the grooves.
NUM  2.
PAR  2. The cutterhead of claim 1, wherein the blades in adjacent blade grooves
      are staggered in a spiral relationship.
NUM  3.
PAR  3. The cutterhead of claim 2, wherein the outer diameter of the cylindrical
      portion of the cutterhead has chip breaker grooves formed therein adjacent
      each blade groove circumferentially ahead of the blade groove in the
      operating direction of rotation of the cutterhead.
NUM  4.
PAR  4. The cutterhead of claim 2 wherein wedge locks are provided for each
      blade, the wedge locks including taper faced plugs received in bores
      extending into the cutterhead, the bores intersecting with the grooves in
      the area of each groove receiving a blade, the plugs being selectively
      adjustable in the bores with a tapered face thereof engaging a blade face
      to force the blade against an opposite wall of the blade groove.
NUM  5.
PAR  5. The cutterhead of claim 4, wherein adjusting means are provided for each
      blade effective to selectively adjust the amount of projection of the
      blade from the blade groove, the adjusting means including a threaded
      member received in a threaded bore in the cutterhead, the threaded member
      operatively coupled with a blade and effective to move the blade both
      inwardly and outwardly with respect to the periphery of the cylindrical
      portion.
NUM  6.
PAR  6. In a planer cutterhead having cutting blades received in a plurality of
      circumferentially spaced axially continuous grooves, the improvement of
      providing a plurality of axially spaced apart blades in each groove, the
      blades in each groove being axially staggered from the blades in adjacent
      grooves.
NUM  7.
PAR  7. The improvement of claim 6, wherein the blades in each groove have end
      portions axially overlapping end portions of blades in adjacent groove.
NUM  8.
PAR  8. A planer cutterhead comprising a shaft with a cylindrical cutterhead
      portion operatively connected thereto, the cutterhead portion having an
      outer diameter, a plurality of circumferentially spaced axial grooves
      extending continuously into the body of the cutterhead from the outer
      diameter from adjacent one end of the cylindrical portion to adjacent the
      other end of the cylindrical portion, a plurality of blade receiving areas
      axially spaced along each groove, a cutter blade received in each groove
      at each blade receiving area, each groove having a circumferentially front
      and a circumferentially back wall, a wedge lock receiving bore extending
      into the body of the cutterhead from the periphery thereof
      circumferentially in front of each blade receiving area, intersecting the
      front wall of the groove at an angle at least one adjusting bore extending
      into the cutterhead adjacent each blade receiving area, the adjusting bore
      open to the groove at each blade receiving area at the circumferential
      back wall of the groove, a chip braking groove extending axially of the
      cutterhead in the outer periphery of the cylindrical portion thereof
      circumferentially forward of each groove, a tapered plug received in each
      wedge lock bore having a face thereof in wedged contact with a blade in
      the groove, and an adjusting bolt received in each adjusting bore having a
      head portion thereof projecting into a depression in a back side of a
      blade, the depression radially overlying opposed axial faces of the head
      portion, the adjusting bolt effective to adjust the degree of projection
      of a cutting surface of said blade above the periphery, adjustable means
      on said tapered plug for selectively urging said plug against a front wall
      of said blade to wedge the blade against the back wall of the groove, and
      the blades in each row axially staggered from the blades in adjacent rows.
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ABST
PAL  A method for producing shell molds for the investment casting and
      subsequent directional solidification of nickel and cobalt based
      superalloys is described. The shell mold is composed of high purity
      alumina and characterized by the presence of silica in trace form only.
      The shell mold of the present invention is nonreactive with molten nickel
      and cobalt base superalloys even during exposures of up to 12 hours.
      Additionally the alumina shell mold of the present invention has a unique
      combination of mechanical strength and stability at elevated temperatures.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Investment casting, also referred to as the lost wax process, is a casting
      process particularly suited for the production of small metal parts with
      extreme dimensional accuracy. The investment casting process is widely
      used for the fabrication of turbine and stator blades for gas turbine
      engines. Blades produced by this process have the advantage of requiring
      only minimal machining following casting. This process is discussed in
      U.S. Pat. Nos. to Earl, 1,831,555; Watts, 3,590,905; Horton, 3,686,006 and
      Moren, 3,179,523 and 3,196,505.
PAR  Turbine efficiency is closely related to operating temperature. Demands for
      improved efficiency have resulted in the development of more heat
      resistant alloys. These alloys are generally characterized by containing
      quantities of highly reactive alloy additions. The development of such
      improved alloys has required concurrent improvements in mold materials so
      as to reduce the interaction between the casting alloy and the mold
      surface. This type of interaction is highly undesirable since it results
      in surface defects in the cast product which can lead to failure either
      through corrosion or mechanical fatigue.
PAR  Another technique which has been employed to improve the high temperature
      properties of superalloys is directional solidification. In this technique
      a molten casting is slowly solidified at a controlled rate so that the
      interface between the molten and solidified alloy passes slowly along the
      longitudinal axis of the part. One result of this technique may be to
      produce a series of columnar grains with the longitudinal axis of the
      grains being oriented with the longitudinal axis of the casting. Improved
      longitudinal high temperature properties are obtained as a result of the
      reduction in grain boundary area perpendicular to the longitudinal axis.
      This technique is described in the VerSnyder U.S. Pat. No. 3,260,505. The
      solidification rates used in the directional solidification process can be
      relatively low, on the order of 0.1 to 1 inch per hour. Accordingly,
      substantial time periods of up to 12 hours may be required for the total
      solidification of a part produced by this process. The mold material
      adjacent to that part of the directionally solidified casting which
      solidifies last may therefore be exposed to the molten material for time
      periods of up to 12 hours. For this reason it has been found that many
      conventional mold materials which in the past have been found wholly
      satisfactory for nickel and cobalt superalloys, do not provide adequate
      performance when employed in the directional solidification process,
      particularly with some of the more advanced superalloys like those of the
      family of directionally solidified eutectics. Accordingly, it is the
      purpose of the present invention to describe a mold material and
      fabrication technique suited for the production of directionally
      solidified nickel and cobalt castings and other high temperature alloys.
PAC  SUMMARY OF THE INVENTION
PAR  The invention discloses a method for the production of shell molds suitable
      for the directional solidification of nickel and cobalt superalloys.
      Essential features of the method include the fact that in its final form,
      the mold material is composed of high purity alumina, essentially free
      from silica, and the fact that improved high temperature mold properties
      are obtained through control of the particle size of the refractory
      aggregate from which the mold is formed. The method includes highly
      specific composition limits and process limitations which provide optimum
      mold performance.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a micrograph, at a magnification of 200.times., showing the
      mold-metal interface between an all alumina mold and a directionally
      solidified nickel base eutectic alloy. FIG. 2 is a micrograph, at a
      magnification of 200.times., showing the mold-metal interface between a
      silica bonded alumina mold and a directionally solidified nickel base
      eutectic alloy.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention relates to a method for the production of shell molds
      for investment casting and directional solidification of superalloys.
PAR  Castable ceramic materials such as those used in mold production are
      generally composed of refractory particles, hereinafter called refractory
      aggregates, which are held together by a binder component. The prior art
      has disclosed the use of alumina in both the aggregate component and
      binder component. The alumina in the binder component is initially present
      in the form of a compound such as an aluminate which is transformed to
      alumina upon heating. U.S. Pat. Nos. to Earl 1,831,555 and to the Watts
      3,590,905 disclose the use of alumina in the refractory aggregate,
      however, both of these patents view alumina as generally equivalent to
      other refractory materials including silica. Likewise, U.S. Pat. Nos.
      3,196,505 to Morin and U.S. Pat. No. 3,321,005 to Lirones disclose the use
      of aluminate type compounds as a binding component, however, neither of
      these patents recognize the combination of refractory aggregate and binder
      component which are both silica free. British Pat. No. 924,510 granted to
      Hunter discloses the use of an alumina refractory with an aluminate type
      of binder, however, the Huntner patent does not disclose the particular
      method of production which will be disclosed below, and further the patent
      fails to disclose the particular size of refractory aggregate which has
      been found to provide maximum high temperature mechanical properties.
PAR  The method of the present invention involves the formation of a ceramic
      mold about the exterior of a pattern made from wax or similar material.
      Briefly, the mold is formed by repetitively dipping the pattern into a
      liquid ceramic slurry, applying a dry particulate ceramic material, and
      allowing the coating to dry. This process is repeated until a mold of the
      desired thickness is obtained. The present invention resides in the slurry
      composition, the particulate size, and also resides in the particular
      sequence of steps.
PAR  A wax pattern is initially dipped into a slurry containing:
PA1  A. from 15 to 25 parts of an aqueous solution containing about 50 percent
      aluminum polyoxychloride
PA1  B. from 6 to 10 parts water
PA1  C. from 8 to 14 parts of a binding agent such as latex
PA1  D. from 25 to 35 parts of alumina having -325 mesh particle size
PA1  E. from 7 to 12 parts of alumina having a -100 mesh particle size
PA1  F. from 10 to 20 parts of alumina having a -38/+100 mesh paticle size
PA1  G. from 0.5 to 1.5 parts of pH control agent such as a 2 percent aqueous
      solution of HCl.
PAR  It is critical to the success of the present invention that the overall
      silica level of the slurry set forth above be les than 0.3 percent.
PAR  The aluminum polyoxychloride serves as a binding agent and upon high
      temperature exposure the aluminum polyoxychloride decomposes to form
      alumina. An optional added element to the above slurry is from 0.5 to 1.5
      parts of calcium nitrate. The calcium nitrate aids the sintering of the
      alumina and permits this sintering to occur at substantially lower
      temperatures. However calcium nitrate is not essential to the proper
      functioning of the slurry or subsequently formed shell mold.
PAR  The latex component serves as a low temperature binder and gives low
      temperature strength prior to the high temperature heat treatment.
PAR  The essential key to the improved high temperature strength which
      characterizes the mold material of the present invention is the particular
      mixture of coarse and fine alumina particles used in fabricating the mold.
      Coarse alumina particles are considered to be those on the order of -100
      mesh or larger and fine alumina particles are those on the order of -325
      mesh. Within the ranges set forth for the slurry optimum high temperature
      mechanical properties are obtained when the ratio of fine alumina to
      coarse alumina is from 6:1 to 1:1. A slurry with a greater proportion of
      fine alumina particles is too viscous to provide a satisfactory slurry and
      further a mold made from this type of material lacks high temperature
      strength. Slurries with too great a proportion of coarse alumina particles
      will not provide the mold density and strength levels necessary for good
      results. Additionally a slurry lacking in fine particles will not provide
      as smooth a casting surface as will a slurry containing fine particles.
PAR  A dilute hydrochloric acid solution is used to maintain the desired slurry
      viscosity. It has been found that a pH of 3 or less is necessary for
      proper results from the above described slurry. When the pH is from 4-9
      the slurry is too viscous for proper functioning.
PAR  An an optional added element the slurry may contain 0.05 to 0.25 parts of a
      conventional wetting agent. A wetting agent will improve the mixing of the
      slurry and will improve the adherence of the slurry to the wax pattern.
PAR  After the pattern is dipped in the slurry and withdrawn a layer of the
      slurry material will adhere to the surface of the pattern. This surface
      layer is allowed to dry, usually at room temperature. After the first
      slurry coat has dried the pattern is dipped into the slurry a second time
      and withdrawn. After the pattern is withdrawn a layer of dry alumina
      particles having the size of -38 +100 mesh is applied and the pattern is
      then allowed to dry. The dried pattern is then dipped in ethyl alcohol,
      then into the slurry, and then a layer of alumina particles having a size
      of -28 to +48 mesh is applied. The ethyl alcohol dip, slurry dip and
      -28/48 mesh alumina particle treatment is repeated a plurality of times
      when intervening drying steps until the desired mold thickness is
      obtained. This mold thickness is usually in the range of from 0.1 to 0.5
      inches. For thicker molds, coarser alumina such as -14/50 mesh may be used
      during the later coating steps.
PAR  When the desired mold thickness is obtained the wax pattern is removed by
      heating the wax to above its melting point and allowing it to flow from
      the mold. The wax removal temperature is usually in the range of from
      400.degree. to 500.degree.F.
PAR  Following the removal of the wax the mold is heated to a temperature of
      from 2100.degree. to 2700.degree.F to remove all traces of the wax pattern
      and to consolidate and sinter the mold material through the decomposition
      of the aluminum polyoxychloride. During this heating step the low
      temperature latex binder decomposes and vaporizes.
PAR  It is critical to the proper function of the shell mold that the silica
      content be minimized. The silica level must be controlled so as to be less
      than 0.3%. Silica should be avoided even in the outer portion of the mold
      since it may decompose into gaseous silicon monoxide which may diffuse
      through the mold and react with the metal.
PAR  The range of alumina particle size used in the production of the shell mold
      and the order in which the various size particles are applied have been
      carefully selected so as to provide optimum mechanical properties at the
      elevated temperature to which the mold will be subject in service. Molds
      made according to the present invention will have a significant amount of
      porosity which tempers the effect of thermal shock.
PAR  The resultant mold is extremely resistant to attack by molten superalloys
      even after extended exposure of as much as 12 hours. Accordingly molds
      made according to the method of the present invention are particularly
      suited in the production of directionally solidified metal castings and
      single crystals wherein portions of the mold must withstand exposure to
      molten metal for extended periods of time. The present invention will be
      made more clear through reference to the following illustrative examples.
PAC  EXAMPLE I
PAR  Shell molds were formed using two different methods. The first method was
      according to the preferred embodiment of the present application while the
      second method was essentially equivalent to that disclosed in examples 8
      or 9 of the British Pat. No. 924,510.
PAR  Four shell molds were formed around a 3/4-inch square wax rod. The sequence
      of steps used was identical to that disclosed as the preferred embodiment
      in the present application. The resultant mold had a thickness of
      one-eighth inch. Dewaxing was successfully performed using a high
      temperature, high pressure steam autoclave, and the final mold was
      suitable for superalloy casting.
PAR  Four further molds were formed as follows:
PAR  350 grams of H.sub.2 O and 150 grams of aluminum polyoxychloride were
      vigorously mixed. To this mixture was added 1,000 grams -325 mesh alumina
      (surface area approximately 13,500 cm.sup.2 /gram) and 1,000 grams of +200
      mesh alumina. This composition was thoroughly mixed to obtain a thick
      slurry. Four shell molds were prepared by repetitively dipping a 3/4-inch
      square wax rod into the slurry. The slurry was allowed to air dry between
      dips. Six dips were required to attain a 1/8-inch thickness. After the
      final coat, the molds were air dried. One of the four molds cracked during
      air drying. The three intact molds were then dewaxed in an autoclave under
      the same conditions as the molds made according to the preferred
      embodiment. Each of the three molds failed catastrophically due to the
      stresses which occurred during dewaxing.
PAC  EXAMPLE II
PAR  Samples of the mold material of Example I were evaluated for porosity by
      weighing before and after saturating the samples with water. The samples
      from the mold made according to the present invention had 12% more
      porosity than the molds made according to the prior art.
PAC  EXAMPLE III
PAR  Two shell molds were prepared. One mold was made from alumina bonded with
      alumina as taught in the preferred embodiments of the present application
      while the other mold was made from alumina bonded with silica as known
      from the prior art. A nickel-base eutectic alloy containing about 4%
      aluminum, about 23% columbium, balance essentially nickel, was cast in
      these molds at a temperature of about 3,000.degree.F. This alloy is
      described in U.S. Pat. No. 3,554,817, to Thompson and assigned to the
      assignee of the present application. The alloy was solidified at a rate of
      approximately 1 inch per hour with portions of the metal remaining molten
      for up to about 8 hours. FIGS. 1 and 2 are photomicrographs of castings
      from the all alumina mold and the alumina-silica mold respectively. The
      photomicrographs were taken from those parts of the casting which were
      last to solidify and thus were the most likely to interact with the mold
      material. The light area is the cast metal. (The light surface layer in
      FIG. 2 is a layer of nickel plate which was applied to protect the surface
      during metallographic preparation.) FIGS. 1 and 2 were both taken at
      magnifications of 200.times.. FIG. 1 shows a sample which was etched to
      show microstructural details while FIG. 2 shows an unetched sample. In
      FIG. 2 there is definite visual evidence of metal-mold interaction
      extending as far as about 0.015 inch into the casting. In a thin section
      casting such as a gas turbine blade, such a degree of reaction would be
      intolerable. Virtually no metal-mold interaction is visible in FIG. 1.
PAC  EXAMPLE IV
PAR  Two molds were made as described in Example III, one all alumina, made
      according to the preferred embodiments of the present invention and the
      second made of alumina bonded with silica. A nickel-base superalloy having
      a nominal composition of 23.5% chromium, 10% nickel, 7% tungsten, 3.5%
      tantalum, 0.5% carbon, 0.45% zirconium, 0.25% titanium, balance
      essentially nickel, was melted and cast into the molds at a temperature of
      2750.degree.F. The castings were allowed to solidify normally, i.e. not
      directionally solidified, and then examined metallographically. The
      casting from the all alumina mold showed no evidence of mold-metal
      interaction, but the casting made in the alumina-silica casting had
      reaction products which extended into the mold approximately 0.001 inch.
PAR  Although the invention has been shown and described with respect to
      preferred embodiments thereof, it should be understood by those skilled in
      the art that various changes and omissions in the form and detail thereof
      may be made therein without departing from the spirit and the scope of the
      invention.
CLMS
STM  Having thus described typical embodiments of our invention, that which we
      claim as new and desire to secure by Letters Patent of the United States
      is:
NUM  1.
PAR  1. A method for the fabrication of shell molds suited for use in the
      production of directionally solidified components made from nickel and
      cobalt base alloys, comprising the steps of
PA1  A. providing a pattern which duplicates the size and shape of the desired
      final product, said pattern being made of wax or similar material;
PA1  B. providing a slurry containing
PA2  from 15 to 25 parts of an aqueous solution containing about 50% aluminum
      polyoxychloride, from 6 to 10 parts water, from 8 to 14 parts of a binding
      agent such as latex, from 25 to 35 parts of -325 mesh alumina, from 7 to
      12 parts of -100 mesh alumina, from 10 to 20 parts of -38/+100 mesh
      alumina, and from 0.5 to 1.5 parts of a pH control agent such as a 2%
      aqueous solution of HCl;
PA1  C. dipping the pattern into the slurry so as to coat the pattern with the
      slurry;
PA1  D. drying the coated pattern;
PA1  E. dipping the coated pattern into the slurry and then applying dry
      -38/+100 mesh alumina;
PA1  F. drying the coated pattern;
PA1  G. dipping the coated pattern into ethyl alcohol, then into the slurry, and
      then applying dry -28/+48 mesh alumina;
PA1  H. drying the coated pattern;
PA1  I. repeating steps G and H a plurality of times;
PA1  J. removing the wax by heating the coated pattern to a temperature in
      excess of the melting temperature of the pattern material;
PA1  K. firing the mold at an elevated temperature to remove all pattern residue
      and consolidate the shell mold;
PA2  whereby the resultant shell mold is composed of substantially pure alumina
      and is resistant to attack by molten nickel and cobalt alloys during
      exposures of up to 12 hours.
NUM  2.
PAR  2. A method as in claim 1 wherein the slurry contains from 0.5 to 1.5 parts
      calcium nitrate in addition to the elements recited.
NUM  3.
PAR  3. A method as in claim 1 wherein the slurry contains from 0.05 to 0.25
      parts of a wetting agent in addition to the elements recited.
NUM  4.
PAR  4. A method as in claim 1 wherein the ratio of fine alumina to coarse
      alumina in the slurry is from 6:1 to 1:1.
NUM  5.
PAR  5. A method as in claim 1 wherein the firing temperature is from
      2100.degree. to 2700.degree.F.
NUM  6.
PAR  6. A slurry material suitable for the production of alumina shell molds,
      for casting superalloys, consisting of:
PA1  A. from 15 to 25 parts of an aqueous solution containing about 50 percent
      aluminum polyoxychloride;
PA1  B. from 6 to 10 parts water;
PA1  C. from 8 to 14 parts of a binding agent such as latex;
PA1  D. from 25 to 35 parts of alumina having -325 mesh particle size;
PA1  E. from 7 to 12 parts of alumina having a -100 mesh particle size;
PA1  F. from 10 to 20 parts of alumina having a -38/+100 mesh particle size;
PA1  G. from 0.5 to 1.5 parts of pH control agent such as a 2 percent aqueous
      solution of HCl.
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ABST
PAL  Method and apparatus for containing the molten reaction products of a
      reactive cladding process, such as an aluminothermic reduction cladding
      process, in which a refractory-lined perimeter rests on either a sand bed
      or a steel base. A second perimeter surrounding the inner perimeter and
      forming an annular space therewith is also situated on either the sand bed
      or the steel base. Sand placed in the annular space between the two
      perimeters chills any molten reaction products which escape the confines
      of the inner perimeter, preventing any spread of this material.
PARN
PAR  This is a division, of application Ser. No. 332,869, filed Feb. l5, l973,
      and now U.S. Pat. No. 3,856,076.
BSUM
PAR  This invention relates to the cladding of metals and metal alloys to steel
      substrates by a reactive cladding process, such as the aluminothermic
      reduction (ATR) method, and more particularly to a method and apparatus
      for containing the reaction products of such a process.
PAR  Procedures for cladding metal and metal alloys to steel substrates by the
      aluminothermic reduction of metal oxide ores are well known. However, the
      containment of super-heated reaction products is an especially severe
      problem when cladding large substrates. We have found that cast ceramic
      perimeters which are used satisfactorily on small pilot plant scale
      cladding operations are cumbersome, unreliable and totally inadequate when
      scaled up to commercial sized applications.
PAR  The following prior art patents disclose molds for containing the molten
      ATR reaction products: U.S. Pat. Nos.  Carpenter et al. 2,515,191; Burke
      3,113,359; Funk 3,264,696; Funk 3,396,776; Guntermann 3,421,570.
PAR  Both of the Funk patents disclose molding sand for containing his molten
      reaction products. Burke requires packing to prevent leakage. Guntermann
      discloses no details of his mold 3. Carpenter's box 12 has a refractory
      lining 14 and an interior steel lining against and extending to the bottom
      of substrate 10. We have found that such a mold or containment apparatus
      allows the molten reaction products to move downwardly along the sides and
      ends of the substrate, coating not only the sides and ends but also
      washing out the sand beneath the substrate and forming irregular thin
      coatings on the bottom of the substrate.
PAR  The substrate is ordinarily preheated to enhance adherence of the reaction
      product. Because prior art molds are complex and exact-fitting, they are
      placed prior to heating of the substrate. Preheating then raises the
      temperature of both the substrate and the containment apparatus.
PAR  We have invented an apparatus for containing the molten reaction products
      which includes a refractory-lined inner perimeter situated around that
      portion of the substrate to be clad, and a larger outer perimeter placed
      around the inner perimeter and substrate, and forming an annular space
      with the inner perimeter. This annular space is filled with sand.
      Unexpectedly, we have found that any molten reaction product, which
      escapes from the inner perimeter by passing beneath it, solidifies
      immediately upon coming in contact with the sand forming a barrier to the
      migration of any additional molten reaction product through the same
      passage. Our perimeters are emplaced after the substrate has been
      preheated, and thus are at a lower temperature than the substrate.
PAR  It is the primary object of the subject invention to provide an apparatus
      for containing the molten reaction products of aluminothermic reduction
      cladding processes on the surface to be clad.
PAR  It is another object of our invention to provide a means for halting the
      migration of any molten reaction product immediately upon its escape from
      the container apparatus.
PAR  It is also an object to provide such apparatus which is readily and
      inexpensively fabricated.
PAR  It is another object to provide such apparatus which is quickly and easily
      installed and removed.
PAR  It is another object to provide a reliable containment apparatus that does
      not require an exact fit.
PAR  It is also an object to provide a reusable containment apparatus.
PAR  It is a further object to provide a containment apparatus, installation of
      which is completed after the substrate is preheated.
PAR  It is a still further object to provide an apparatus for preventing carbon
      pickup by low carbon steels during the reactive cladding process.
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PAR  These and other objects will become more readily apparent by reference to
      the following detailed specification and the appended drawing in which:
PAR  FIG. 1 is a cross-sectioned elevational view of a substrate to be clad,
      positioned on a steel base, and showing our invented apparatus for
      containing the molten reaction products.
PAR  FIG. 2 is a cross-sectioned elevational view similar to FIG. 1, of an
      alternative embodiment of our invented apparatus, which includes a sand
      bed rather than a steel base.
DETD
PAR  As shown in FIG. 1, a ferrous metal substrate (10) is preheated, if
      desired, then placed on a steel base (12). Inner refractory perimeter
      (14), which may be a bottomless steel box having upstanding sides (16)
      lined interiorly with graphite plates (18), is placed on the substrate
      around the portion of the substrate to be clad. Outer perimeter (20) is
      placed on base (12) around the substrate (10) and the inner perimeter
      (14), and forms, with the inner perimeter, an annular space (22), which is
      filled subsequently with sand (24). Lifting members (26) are attached to
      the perimeters to facilitate their positioning and removal by overhead
      cranes. The sand provides a movable seal which can flow into any
      irregularities and fill in any gaps which may exist between the perimeter
      (14) and the substrate (10). The perimeters can be fabricated to any
      desired size or shape and still effect a reliable seal for the molten
      products (28) produced in the reactive cladding process.
PAR  In the alternative embodiment of FIG. 2, a cold or preheated ferrous metal
      substrate (40) rests in a sand bed (42) which has been leveled at line
      (43) even with the upper surface of the substrate. Outer perimeter (44),
      which may have a refractory lining (46) if desired, is positioned on the
      sand bed as shown, prior to leveling the sand. Inner refractory-lined
      perimeter (48) has interior dimensions identical with the dimension of the
      substrate (40), thus the perimeter (48) is resting on the sand bed (42)
      outside the substrate but in extremely close proximity thereto. The inner
      perimeter (48) forms an annular space (50) with the outer perimeter. This
      annular space is then filled with sand (52). A powdered exothermic
      reaction mixture, such as aluminothermic reduction charge (54), is placed
      on the substrate (40) inside the inner perimeter (44). Charge (54) may be
      covered by refractory plates (56), such as graphite, if desired, to
      contain the heat of reaction of the charge and force such heat into the
      substrate to enhance the adherence of the cladding material. A torch or
      flare can be inserted through hole (58) to initiate the ATR reaction. The
      plates (56) also prevent splashing during the reaction.
PAR  We have found that the assemblies need not be accurately fitted, i.e., it
      is unnecessary to machine the bottoms of the perimeters to establish an
      intimate contact between the perimeter and the base or bed on which it
      rests. It is also unnecessary to place luting material or caulking around
      the bottom of the perimeter to form a tight seal. Further, since neither
      perimeter is preheated along with the substrate, the molten reaction
      product tends to be chilled as it contacts the relatively cool perimeter.
PAR  We have also found that direct contact of the superheated reduced metal
      product from ATR reactions that take place in containment apparatus having
      thin graphite walls or thin graphite linings on metal walls resulted in
      carbon contamination that was unacceptably high for certain grades of
      stainless steels and thus limited the applicability of the process.
      Attempts to provide a barrier between the graphite walls and molten metal
      by coating the walls with refractory materials, such as zirconium silicate
      and zirconium oxide, were generally unsuccessful.
PAR  We have discovered that increasing the thickness of the graphite wall 18
      (FIG. 1) dramatically lowers the carbon contamination of the reduced metal
      phase. During one series of experiments, it was established that
      increasing the wall thickness from 1 inch to 2 inches reduced the average
      carbon content of the metal phase by a factor of 3. The exact cause of
      this mechanism is unknown. The theory of this effect to which we
      subscribe, but do not wish to be held is as follows:
PAR  Immediately after the ATR reaction is completed, the reaction products are
      in the form of a molten slag phase containing small spheres of the liquid
      metal phase. Upon contacting the cold graphite wall 18 of our inner
      perimeter, the high-melting slag-metal phase instantly solidifies to form
      a thin layer of solid material or skull on the wall surface. If this skull
      remains intact on the graphite wall, it forms a natural barrier between
      the reduced metal phase and the graphite wall. However, during the ensuing
      time required for the bulk of the ATR products to solidify, much of the
      heat of the reaction is passed into the graphite wall, and the temperature
      of the wall surface rises precipitously. If this heat is not conducted
      into an adequate heat sink, the temperature of the skull-coated wall
      surface an rise to the point where the skull remelts permitting the direct
      contact of the molten metal with the graphite. Severe carbon contamination
      of the metal phase can thus result. However, when the graphite wall is
      sufficiently massive (greater than 2 inches in thickness), the heat is
      transferred continuously into the bulk of the graphite and the skull
      temperature does not rise above its melting point. When the skull remains
      intact, molten metal cannot contact the graphite and carbon contamination
      is thereby minimized.
PAR  To obtain the lowest possible carbon contents, the contacting graphite wall
      should be as thick as practicable. Experiments indicate that minimum
      2-inch thick graphite walls prevents carbon contamination of stainless
      steels and other low-carbon steels from reaching unacceptable carbon
      levels. With only a moderate amount of care, these perimeters can be
      reused many times, thus these perimeters are economically feasible for
      commercial cladding processes.
PAR  It can readily be seen from the foregoing that we have invented a method
      and apparatus for containing the molten reaction products of an
      aluminothermic reaction process, which apparatus will prevent material
      loss from the migration of such molten products onto surfaces from which
      their removal is time consuming and may be extremely difficult. We have
      also invented a method and apparatus which will prevent carbon pickup from
      a graphite-lined mold by low carbon and stainless steels during the
      reactive cladding process.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for producing an exothermic reduction-deposited metal clad
      coating on a planar surface of metal substrate, comprising:
PA1  a. supporting the substrate on a bed of a first particulate insulating
      refractory material extending around the substrate to the plane of the
      substrate surface to be clad;
PA1  b. forming a metal deposition zone defined by a solid refractory wall
      enclosing the substrate at the edges thereof and extending to the
      aforesaid surface plane;
PA1  c. surrounding the metal deposition zone with a second particulate
      insulating refractory material extending at least to said surface plane
      and providing a sealing medium flowable into any irregularities between
      said substrate and said solid wall and containing fluid cladding reaction
      products escaping therefrom during cladding, and
PA1  d. igniting a particulate exothermic cladding material on the substrate
      surface to be clad, thereby forming fluid cladding reaction products and
      cladding said metal substrate.
NUM  2.
PAR  2. A method in accordance with claim 1, wherein the solid refractory wall
      is constructed of graphite.
NUM  3.
PAR  3. A method in accordance with claim 2, wherein said metal substrate is a
      low-carbon steel and said graphite wall has a thickness of at least about
      2 inches, said method reducing carbon contamination of said substrate
      during cladding thereof.
PATN
WKU  039331920
SRC  5
APN  4655524
APT  1
ART  322
APD  19740430
TTL  Semi-continuous casting method for flat ingots
ISD  19760120
NCL  3
ECL  1
EXP  Baldwin; Robert D.
NDR  2
NFG  4
INVT
NAM  Rodenchuk; William Simon
CTY  Montreal
CNT  CA
INVT
NAM  Eccles; Anthony Garth
CTY  Oakville
CNT  CA
ASSG
NAM  Alcan Research and Development Limited
CTY  Montreal
CNT  CA
COD  03
PRIR
CNT  UK
APD  19730430
APN  20553/73
CLAS
OCL  164 89
XCL  164 82
XCL  164280
EDF  2
ICL  B22D 1116
FSC  164
FSS  82;87;273;280
UREF
PNO  3125786
ISD  19640300
NAM  Savage
XCL  164280
UREF
PNO  3667534
ISD  19720600
NAM  Kanokogi et al.
OCL  164 83
FREF
PNO  1,191,070
ISD  19700500
CNT  UK
OCL  164 82
FREF
PNO  32,173
ISD  19720800
CNT  JA
OCL  164273
LREP
FRM  Cooper, Dunham, Clark, Griffin & Moran
ABST
PAL  In the direct chill semi-continuous casting of an ingot of rectangular
      cross-section, the formation of convexly curved surfaces on the wider
      faces of the ingot is avoided, along the full length of the ingot, by
      progressively increasing the gap at least between the mid-points of the
      longer sides of the rectangular mould, without substantially altering the
      gap between the ends of said sides, as the rate of advance of the ingot
      through the mould increases from a relatively low initial speed. The mould
      is cooled and coolant is applied directly to the surface of ingot emerging
      from the mould. In an apparatus for putting the above method into
      practice, means is provided for varying the curvature of the long side
      walls of the mould progressively during a casting operation by the
      application of a flexing force arranged symmetrically with respect to the
      mid-point of each of the long sidewalls, the ends of the said side walls
      being restrained from transverse movement.
BSUM
PAR  The present invention relates to apparatus for the production of metal
      ingots, particularly aluminium and aluminium alloy ingots, by the direct
      chill semi-continuous casting process, that is to say, to a process in
      which ingots are produced by pouring metal into an open-ended mould and
      applying coolant, usually water, directly to the solidified surface of the
      metal as it emerges from the mould.
PAR  In the production of large rectangular-section ingots for the production of
      rolled products, it is customary to impart a small amount of convex
      curvature to the long side walls of the mould to counteract the greater
      metal shrinkage which takes place near the middle of the wide faces of the
      ingot during solidification as compared with locations near the narrow
      faces of the ingot. By the use of these conventional moulds in which the
      distance between the wide faces is greatest at their mid-points, the upper
      parts of the wide faces of the ingot are controlled to an acceptable
      condition of flatness. However, the butt end of the ingot is formed when
      the rate of pouring molten metal is relatively low and, as a consequence,
      in the butt portion of the ingot the wide faces exhibit an undesirable
      amount of convexity when the above-mentioned conventional moulds are
      employed. Before an ingot is rolled it is customary to scalp the surface
      to remove surface defects and thus form a relatively smooth rolling face.
      The presence of a thick convex butt end frequently makes it necessary to
      scalp the wide faces of the ingot at the butt end to remove this convexity
      before a rolling face scalp cut can be made. The presence of the convexity
      near the butt end also leads to a safety hazard when the unscalped ingots
      are stacked.
PAR  In order to overcome this difficulty, according to the present invention,
      each wide side wall of a mould for casting a rectangular-section ingot by
      the D.C. (direct chill) semicontinuous casting process is made flexible
      and is provided with means for controlling the bowing of the side wall.
      Such means most conveniently takes the form of a screw jack acting on the
      side wall at one or more positions symmetrically disposed in relation to
      the mid-point of the wall, by the operation of which bowing may be
      progressively applied to the side wall to flex it from an initial flat or
      slightly bowed condition at the beginning of the casting operation to an
      appropriately more pronounced bowed contour by the time the maximum
      dropping rate of the casting table has been reached. Alternatively the
      bowing function may be performed by hydraulic means. Indeed many other
      mechanical, electro-mechanical and pneumatic devices suggest themselves
      for this purpose. Whatever expedient is adopted, it is preferred that the
      device for flexing the mould wall is automatically controlled so that the
      amount of bowing is kept in step with the rate at which the casting table
      is lowered.
PAR  Each flexible mould wall member is associated with a means for applying
      sub-mould cooling, i.e. the application of coolant directly to the
      solidified surface of an ingot emerging from the mould and means are also
      provided for cooling the mould wall itself. For this purpose the flexible
      mould wall member may be associated with, but relatively movable in
      relation to, a water supply conduit, which is formed with at least one
      aperture in the form of a continuous slit or row of orifices for directing
      water onto the reverse face of the flexible wall member.
PAR  Where the ingot cast is of generally square section or where the difference
      in dimension between the wider faces and narrower faces is small it may be
      advantageous for the four wall members, defining the rectangular mould
      aperture, to be flexible and provided with means for applying a
      controllable amount of bowing. More usually it is satisfactory for the
      production of rolling ingots, of which the thickness is relatively small
      in relation to the wide face, to provide the mould with a pair of rigid
      end wall members to define the narrow end faces of the ingot. The end wall
      members may be in the form of conventional water boxes with conventional
      water-emission slots or jets for the application of sub-mould cooling.
      These end members may be fixed or may be constructed so as to be movable
      towards and away from each other. The flexible side wall members of the
      mould, which define the wide rolling faces of the ingot, preferably take
      the form of thick strips of a metal having high heatconductivity, such as
      copper or aluminium. Conveniently the side members are about 3/8 inch
      thick. The means for bowing the side members should be capable of
      deflecting the middle of the side wall member by up to 1/2 inch or, in
      some cases, even more.
PAR  Since the flexing of the side wall members is accompanied by a small amount
      of longitudinal movement in the region of their ends, it is preferable to
      provide a rubbing seal to maintain the gap between the side members and
      independently mounted end members at such a value that surface forces
      prevent the escape of molten metal. In general it is considered that the
      maintenance of this gap at a value of 1/32 inch or below is sufficient to
      prevent such escape. In a preferred arrangement, the side wall members are
      biased against coacting surfaces on the end members and some form of
      roller bearing device is provided to permit the necessary amount of end
      movement.
PAR  Whilst it is usually preferred that the faces of the opposed side wall
      members of the mould should be truly parallel to the axis of ingot
      movement, it may in some instances be desirable to incline them slightly
      so that the gap between the outlet edges of the side wall members is
      slightly less than the gap at the inlet edges.
PAR  The provision of a mould with flexible side walls has various advantages in
      the direct chill semi-continuous casting process. In addition to the
      primary object of substantially eliminating butt-convexity, it enables
      ingots of different composition to be cast without change of mould. In
      conventional practice it is frequently necessary, when casting a different
      alloy, to change the mould for a mould of different convexity, because of
      the varying shrinkage characteristics of various alloys and different
      casting speeds employed. In a construction in which the side wall members
      and end wall members are separate from each other and the end wall members
      are movable towards and away from each other, one mould may be employed to
      cast a full range of ingots of different widths at the rolling face. By
      employing a series of end members of different facial width, ingots of
      different thicknesses may be cast with the same apparatus. In some
      instances a longitudinally tapered ingot may be desired. This may be
      produced by progressive inward or outward movement of the end members
      during the casting operation.
PAR  In one test ingots 18 .times. 42 inches for the production of aluminium
      sheet were produced. Various casting speeds and appropriate mould bows
      produced ingots with flat rolling faces. The following example was one
      such practice:
TBL  Volume of water  :      100 gallons per minute                            

     Casting speed    :      23/4" per minute                                  

     Metal head       :      3"                                                

     Basin temperature                                                         

                      :      680.degree.C                                      

     Furnace temperature                                                       

                      :      695.degree.C                                      

PAR  Casting started with straight parallel mould side walls and each was bowed
      out at the rate of 1/32 inch per 22 seconds until a bow of 12/32 inch per
      wall or 24/32 inch total bow was obtained.
PAR  An ingot of these dimensions, cast in a conventional mould, would have a
      butt-convexity of approximately 3/8 inch per face. However, as the width
      is increased, so is the convexity, so that, an ingot 18 .times. 80 inches
      would have more than 1/2 inch of convexity.
PAR  In other tests casting speeds up to 5 inches/minute have been employed.
      Very satisfactory results have been obtained at speeds up to 33/4
      inches/minute. As in other D.C. casting procedures, it is found generally
      preferable to operate with small metal heads so as to ensure minimum delay
      between cooling by contact with the mould and cooling by means of coolant
      applied directly to the surface of the ingot below the mould (sub-mould
      cooling).
PAR  In another series of tests ingots for the production of rolled products and
      having the dimensions 18 .times. 56 inches were cast by the method of the
      present invention in three different alloys in accordance with the
      following practices.
TBL  Alloy       Commercial Purity Al                                          

                               Al-Mn 1%   Al-Mg 1%                             

     __________________________________________________________________________

     Casting Speed                                                             

      Start      13/4"/min. over                                               

                             13/4"/min. over                                   

                                        11/4"/min. over                        

                 80 seconds  80 seconds 80 seconds                             

      Increased  to 5"/min. during                                             

                             to 5"/min. during                                 

                                        to 43/4"/min. during                   

                 180 seconds 180 seconds                                       

                                        180 seconds                            

     Water Volume                                                              

      Start      165 gal./min.                                                 

                             165 gal./min.                                     

                                        125 gal./min.                          

                 over 80 seconds                                               

                             over 80 seconds                                   

                                        over 80 seconds                        

      Increased  to 200 gal./min.                                              

                             to 200 gal./min.                                  

                                        to 200 gal./min.                       

                 during 180 secs.                                              

                             during 180 secs.                                  

                                        during 180 secs.                       

     Mode of Application                                                       

      Constant during                                                          

                 70 seconds  70 seconds 90 seconds                             

      Changed during                                                           

                 90 seconds  90 seconds 90 seconds                             

      to pulsed on-off                                                         

      Cycle       2 seconds   2 seconds  2 seconds                             

      % off      50%         50%        50%                                    

     Metal Head in Mould                                                       

                 13/4 to 21/8 ins.                                             

                             13/4 to 21/8 ins.                                 

                                        13/4 to 21/8 ins.                      

     Metal Temperature                                                         

                 690 .+-. 5.degree.C                                           

                             690 .+-. 5.degree.C                               

                                        690 .+-. 5.degree.C                    

     Mould Opening Start                                                       

                  100 secs. after                                              

                             100 secs. after                                   

                                        120 secs. after                        

                 casting start                                                 

                             casting start                                     

                                        casting start                          

     Mould Opening Rate                                                        

                 1/8"/min. per face                                            

                             1/8"/min. per face                                

                                        1/8"/min. per face                     

                 for 7 mins. for 7 mins.                                       

                                        for 7 mins.                            

     __________________________________________________________________________

PAR  The ingots produced in these tests had acceptably flat surfaces at their
      butt ends.
PAR  The procedure of the present invention may be employed in conjunction with
      the procedure in U.S. Pat. No. 3,326,270, in which the upper parts of the
      mould surfaces of a continuous casting mould are lined with a flexible
      thermal insulation sheet material.
PAR  We have found that a particular advantage of the present invention is that
      it enables the shape of the ingot to be controlled where it has become
      necessary to reduce the casting speed. Reduction of casting speed may be
      required because of unscheduled increase in metal temperature or lack of
      metal supply. During the slowdown the formation of a convexity in the
      rolling faces of the ingot sides can be avoided by reducing the bow in the
      mould walls.
DRWD
PAR  Referring now to the accompanying drawings:
PAR  FIG. 1 is a plan view of one form of mould constructed in accordance with
      the present invention,
PAR  FIG. 2 is a section on A--A of FIG. 1,
PAR  FIG. 3 is a section on B--B of FIG. 1, and
PAR  FIG. 4 is a section on C--C of FIG. 1.
PAR  Although in the description of the accompanying drawings the invention is
      described with reference to an axially vertical mould, it is to be
      understood that the principles of the invention may be equally applied to
      an axially horizontal mould.
DETD
PAR  In the apparatus shown in FIGS. 1 to 4, the mould is provided with a
      co-operating stool, carrying a stool cap 2 and supported on a vertically
      movable base plate 3. The stool cap 2 initially closes the outlet end of
      the axially vertical mould in the conventional manner.
PAR  The mould is connected to and supported by a surrounding frame 4, which
      also constitutes a water header circuit. The mould itself is constituted
      by side wall members 5 and end wall members 6. Water jackets 7 extend
      substantially parallel to and serve to support the side wall members 5 and
      communicate with the water header conduit 4. The end wall members 6 (FIG.
      3) are in the form of a simple water box, having an outlet slit 8 for
      directing water for sub-mould cooling. A flexible hose 9 connects the
      water box 6 with the header conduit 4. In this instance the end wall
      members 6 are stationary, being secured by studs 11 to cross members 10
      connected between the water jackets 7. However, the end wall members 6
      could be mounted so as to be longitudinally movable on guides by simple
      modification of the structure. This would permit variation of the width of
      the side faces of the ingot produced in the mould.
PAR  The side wall members 5 each consist of a thick strip of a heat conductive
      metal, preferably aluminium or copper, which is supported by a pair of
      links 12, slidably mounted in the wall of the water jacket 7, as shown in
      FIG. 2. The links 12 are connected to the side wall members 5 through
      swivel pins 14. At their outer ends the links 12 are connected to a yoke
      bar 15. The bowing or flexure of the side wall member is effected by means
      of a manually-actuated screw jack device 16, connected between the yoke
      bar 15 and an anchorage 17 on the frame 4. The amount of flexure is
      indicated by the co-operation of a pointer 18 and a scale 19 inscribed on
      the yoke bar 15. In order to achieve flexure of the side wall members 5
      the ends of these members are restrained against outward movement by
      rollers 20 carried on brackets 21, which are adjustably secured to the end
      wall members 6 so as to permit adjustment of the width of the space
      between a roller 20 and the adjacent vertical edge of an end wall member
      6. It will be noted also from FIG. 4 that the side wall members 5 are
      slidingly supported on guides 22 secured to end wall members 6.
PAR  The system for the application of coolant to the side wall members 5 and
      for the associated sub-mould cooling of the wide faces of the ingot is
      shown in FIG. 2. This consists of the already-mentioned water jacket 7,
      which has a series of closely spaced orifices 23, which are arranaged to
      direct water somewhat downwardly onto the reverse face of the side wall
      member 5. A deflector 24 is secured to the front of the water jacket 7 to
      check upward movement of water. The space between the side wall member 5
      and water jacket 7 is closed off at the top by flexible sliding seal
      members 25 and 26, the water being free to escape downwardly after
      impinging on the reverse surface of side wall member 5 to perform its
      cooling function. The sub-mould cooling is achieved by the use of a spray
      pipe 27, having a series of orifices 28 positioned to direct water jets
      very close to the edge of the side wall member 5. The spray pipe 27 draws
      water from the water header conduit 4.
PAR  In operation the stool cap 2 initially closes the bottom of the mould
      cavity defined by the end wall members 6 and side wall members 5. At this
      stage the side wall members 5 are substantially unflexed so that the mould
      cavity has a substantially rectangular cross-section. The pouring of metal
      is then commenced and the lowering of the stool 1 is then performed in a
      conventional manner, that is to say, initially slowly during the formation
      of the butt end and then more rapidly. As the dropping rate of the stool 1
      is increased the screw jack 16 is actuated to apply an amount of flexure
      which is dependent on the dropping rate and the characteristics of the
      metal being cast.
PAR  It will be understood that the stool constitutes the means for withdrawing
      the ingot from the mould and would be replaced by other conventional
      structures when a mould in accordance with the invention is arranged with
      its axis in a horizontal or inclined position.
PAR  It will be appreciated that the supply of metal to the mould may be
      effected in any convenient way, i.e. via a conventional float-controlled
      dip tube or other conventional metal feeding devices employed in the art
      to maintain a substantially constant metal head during the casting
      operation.
CLMS
STM  We claim:
NUM  1.
PAR  1. Procedure for direct chill semi-continuously casting a substantially
      rectangular-section metal ingot including the steps of
PA1  a. supplying molten metal to the inlet end of a mould having an open outlet
      end and a substantially rectangular passage therethrough and maintaining a
      head of molten metal in said mould during said casting operation,
PA1  b. cooling the mould for solidifying the peripheral portion of the metal
      therein,
PA1  c. advancing the ingot through the mould at a relatively low initial speed
      and then increasing the rate of advance of the ingot through the mould,
PA1  d. applying coolant directly to the surface of the ingot emerging from said
      mould,
PAL  wherein the improvement comprises increasing the gap at least between the
      mid-points of the opposed longer sides of the rectangular mould without
      substantial alteration of the gap between said sides at the ends thereof
      when the rate of advance of the ingot through the mould is increased above
      the relatively low initial speed whereby the sides of the solidified ingot
      are controlled to an acceptable condition of flatness throughout their
      length.
NUM  2.
PAR  2. Procedure according to claim 1 further including progressively
      increasing the curvature of the walls of said longer sides to increase the
      gap between the mid-points of said sides.
NUM  3.
PAR  3. Procedure according to claim 1 further including subsequently reducing
      the rate of advance of the ingot through the mould and simultaneously
      reducing said gap from its increased size.
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ABST
PAL  In the casting of aluminium and other metals having a relatively low
      melting point, the metal is cast between a pair of belts, which are caused
      to move along precisely defined paths by means of externally applied
      attractive forces, which hold the outer surface of at least the upper of
      the belts against closely spaced support surfaces. The attractive force is
      preferably achieved by sub-atmospheric pressure conditions on the reverse
      side of the belts, although magnetic forces may be employed for the same
      purpose. The belts are preferably arranged to provide a casting cavity of
      decreasing thickness to maintain close contact between the belt and the
      solidifying metal to secure rapid transfer of heat from the metal to the
      belts throughout the length of the casting zone. The cooling of the belts
      is preferably achieved by directing jets of coolant substantially normally
      to the belt at closely spaced localities.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 426,046 filed Dec. 19, 1973, and now abandoned which had been
      copending with and was a continuation of our application Ser. No. 225,979,
      filed Feb. 14, 1972, and now abandoned.
BSUM
PAR  The present invention relates to continuous casting of metals in the form
      of strip and in particular it relates to methods and apparatus for casting
      metals, such as aluminium (including aluminium alloys) and zinc and other
      metals which melt at a similar or lower temperature, between a pair of
      moving surfaces, which are constituted by flexible metallic bands or
      belts.
PAR  It has long been apparent that significant economies should be attainable
      in the production of aluminium strip and sheet if wide thin slab for hot
      rolling or wide thick strip for cold rolling, could be cast at high rates,
      and hence at low cost, and with the high surface and sub-surface quality
      necessary to provide the final rolled product quality when the as cast
      stock is rolled without surface treatment for removal of casting defects.
PAR  In operation, existing casting apparatus employing a pair of spaced
      flexible metallic bands to define a casting zone or mould space do not
      satisfy these requirements. Although existing apparatus may be operated to
      give high production rates, the cast stock tends to be of uneven thickness
      and to have surface imperfections caused by surface exudates of material
      differing markedly in composition, and hence in properties, from material
      of the average composition of the cast stock. This is accompanied by
      sub-surface variations of metallurgical structure which are likewise a
      source of variation of properties. These surface exudates and sub-surface
      defects arise from variations of freezing rate between one part of the
      cast slab or strip surface with respect to other parts. Such variations
      are believed to arise from the development of gaps between parts of the
      cooling surface of the casting and the adjacent area of the moving belt
      surface. Into these gaps, between the belts and the consequently uncooled
      adjacent casting surface, low melting liquid can exude to form the above
      mentioned surface exudates. The present invention eliminates these surface
      and sub-surface defects by a means which also provides a solution to the
      problem of inconsistency of cross-sectional shape of the cast stock for
      satisfactory strip shape control in subsequent rolling operations.
PAR  It is the principal object of the present invention to provide an apparatus
      for the continuous casting of metal, such as aluminium, in which the belts
      move on a precisely controlled path, which is arranged so that the metal
      cast in the mould space remains in close contact with the belt during the
      casting operation so that heat may be removed through the belt in a
      uniform manner and so that any gaps developed between the belt and the
      freezing strip are so small as to have no adverse effects on the surface
      or sub-surface quality of the cast strip or slab.
PAR  Many constructions of apparatus have been put forward in which a pair of
      moving, water-cooled parallel belts are employed for the purpose of
      defining a mould space, the narrower side edges of which are closed by
      edge dams. Whilst in the practical application of such apparatus it has
      been found preferable to employ flexible or articulated side dams which
      move with the belts, in some early forms of such apparatus a stationary,
      water-cooled edge dam was employed so that the metal at the sides of the
      mould space solidified more rapidly than the metal at the middle with the
      result that the emerging strip tended to be thicker at the edges than at
      the middle.
PAR  To counteract that difficulty it was proposed in U.S. Pat. No. 2,640,235,
      in an apparatus primarily designed for casting steel, to produce an
      outward bowing of one or both of the upper and lower belts in the zone in
      which molten metal is poured. The distance apart of the belts at the
      middle of the space is thereafter progressively decreased while the
      spacing at the edge of the belts is maintained constant. The use of
      magnetic force to act on the belts during part of their travel through the
      zone in which they form the boundaries of the mould space was proposed,
      but this was in conjunction with exceptionally heavy tension in the belts
      required to cause the bowing of the belts at the critical portion of the
      casting zone and in fact the effect of such magnets in controlling the
      path of the belts could only be minimal since the belts are indicated as
      being spaced from the magnets by non-magnetic spacers of such dimensions
      as to leave the requisite water passages between the magnet and the belt
      and it is found experimentally that no substantial magnetic force can be
      obtained in that way. Moreover, since the centre of the belts is less
      heavily tensioned than the edges it is to be expected that the center of
      the belt would sag away from the spacers. Since the object of that
      apparatus was primarily to obtain strip of more uniform gauge than
      previously without imposing pressure on it between the bands, such sagging
      might be of little importance. By contrast with U.S. Patent No. 2,640,235
      the apparatus of the present invention relies on guiding the casting belts
      in very closely defined paths so as to ensure that at any position in the
      casting zone the rate of heat removal is substantially equal across the
      full width of the casting zone and that the longitudinal taper (if any) is
      substantially constant at all positions across the width to ensure rapid
      removal of heat at all positions in the casting zone and thus to avoid the
      formation of exudates.
PAR  In its broadest aspect the present invention provides an apparatus for the
      continuous casting of metal in strip form in which molten metal is poured
      into a mould space defined by a pair of movable bands or belts, the path
      of which is controlled by applying forces in a direction perpendicular to
      the path of the band or belt to maintain it in contact with mould
      cavity-defining supports at closely spaced positions and precisely
      machined so as to be in a common plane in the casting zone. Such forces
      may be effected in various ways. Where the band or belt is of
      ferromagnetic material (as it almost invariably is) the force can be
      produced by magnetic attraction between the band or belt and a series of
      closely spaced pole pieces, which also comprise the precision machined
      supports for defining the mould cavity. Alternatively the force can be
      produced by establishing a differential pressure between the opposite
      faces of the belt, which may readily be achieved by drawing cooling water
      through the space behind the belt by means of a suction pump at the outlet
      end of the space. This is our preferred method of applying our invention
      and of the several possible ways of achieving this differential pressure,
      while at the same time cooling the belt or band efficiently and uniformly,
      we prefer the jet cooling system operating at sub-atmospheric pressure
      which is described later, since by that means particularly rapid and
      uniform extraction of heat from the belt may be obtained and thus the
      temperature rise in the belt and the temperature variation across the belt
      width are minimised. In consequence the risk of thermal distortion of the
      belt is minimised. Even with uniform heat extraction across the width, the
      temperature gradient through the belt produces a thermal stress tending to
      buckle the belt, but with our very efficient cooling system this stress is
      held to low levels and is easily counteracted by a relatively small
      differential pressure.
PAR  Since the alloys which it is desired to cast continuously by the present
      method contract by several percent during solification, it is highly
      desirable to provide means for reducing progressively the space between
      the two opposed faces of the mould space so as to maintain any space
      between the belts and the surfaces of the strip at a very low value whilst
      the metal is passing through the zone in which solidification takes place.
      The use of fixed magnetic pole pieces or belt supports against which the
      belt is held by differential pressure, permits any desired profile to be
      applied very simply to the mould space. In shaping the unit, of which the
      pole pieces or belt supports form part, the mould space may be arranged so
      as to close progressively in the zone in which the metal undergoes
      solidification. The amount by which the mould faces must progressively
      approach each other will vary with the thickness of the strip and in the
      case of the thinnest strip the variation may be no more than a few
      thousandths of an inch. It is possible to provide rotatable elements which
      control the profile of a moving belt to this order of accuracy and such
      devices are within the scope of the invention but in the preferred form of
      apparatus the belt is made to slide over suitable machined stationary pole
      pieces or belt supports, because these can be made and maintained to
      closer dimensional tolerances than rotatable elements. With either type
      the belt is made to conform closely with its profiled backing by magnetic
      attraction or by differential pressure, created, for example, by sucking
      cooling water through water cooling spaces of which the belt back surface
      constitutes one boundary so that the sub-atmospheric pressure behind the
      belt provides the force required to pull the belt into intimate contact
      with its accurately machined support.
PAR  The heat transfer from the cast slab or strip to the cooling water via an
      interposed metal band or belt is characterised by a very large temperature
      drop at the metal/belt interface, a modest temperature drop through the
      metal band or belt, and another modest but larger temperature drop at the
      belt/water interface. The mean temperature of the metal band or belt is
      thus higher than that of the water coolant and it is desirable to minimise
      this difference in temperature between the belt and the coolant, and
      particularly to minimise variations of the belt temperature rise at
      various positions along the length, and more particularly across the width
      of the belt or band because this minimises the thermal stresses which
      might otherwise cause the belt or band to buckle and leave its intended
      precisely defined path. Increasing the heat transfer coefficient at the
      belt/water interface lowers the belt mean temperature for a given rate of
      heat transfer through the metal/belt interface. Even when the belt or band
      is free of an insulating coating at the surface adjacent to molten
      aluminium we have found it possible to achieve belt/water heat transfer
      coefficients sufficiently high to keep the mean belt temperature rise to
      modest levels which are compatible with the need to avoid thermal buckling
      and again we prefer our jet cooling system as the most conveniently
      practicable way of providing both efficient belt cooling and the
      differential pressure on the belt. We find that the physical dimensions
      and other characteristics of our jet cooling system are readily compatible
      with our provision of closely spaced belt path supports because with metal
      belts or bands of the thicknesses which are consistent with flexibility
      requirements on the one hand, and dent resistance requirements on the
      other, we are able to constrain the belts into sliding contact with
      supports spaced apart by distances which are only of the order 30 to 50
      times the belt thickness. This constraint effectively makes the flexible
      belt or band extremely resistant to buckling and in combination with our
      efficient belt cooling system provides a moving heat exchanging membrane
      which follows its intended path to the precision required to achieve the
      prime objective of our invention.
PAR  In apparatus of this class the belts which define the broad faces of the
      mould or casting zone within which a strip or thin slab of metal is cast
      each constitute a heat exchange surface through which heat from the
      solidifying metal is transferred to water on the opposite side of the
      belt. The rate at which sheet or slab of a given thickness may be cast is
      dependent upon the rate at which heat can be transferred through the belt
      to the coolant water and it is therefore important that the arrangement
      for heat transfer from the cast metal to the coolant shall be efficient.
PAR  In one well known form of casting apparatus of the present type, each of
      the belts is supported by end pulleys for drive and tensioning purposes.
      The length of each belt lying in the casting zone is backed by several
      rows of thin, spaced discs, each row of discs being mounted on a common
      spindle. The back of each belt is cooled by means of a rapidly moving
      sheet of water, the flow of which is only slightly affected by the discs.
      The discs serve as virtual point supports for the back of the belt, so
      that substantially the whole of the rear surface of the belt is available
      for heat transfer from the belt to the coolant.
PAR  The flow of coolant lengthwise of the belt is normally established by
      projecting a sheet of water at a shallow angle of about 10.degree. against
      the back of the belt by directing jets of water onto an inclined surface
      extending across the belt between two rows of discs and having an edge in
      close proximity to the surface of the belt. Each such sheet of coolant is
      largely removed by a scoop as its velocity decreases and is replaced by a
      fresh rapidly moving sheet of water, created in the same way, so that in
      effect the whole rear surface of the belt is covered by a rapidly moving
      sheet of water.
PAR  In the known apparatus, referred to above, it is usual to apply a thermal
      insulation coating to the surface of the belt in contact with the cast
      metal to prevent excessive temperature rise of the belts. This expedient
      is required because the unconfined sheet of water in contact with the
      reverse surface of the belt is unable to take up heat at the water/belt
      interface sufficiently rapidly.
PAR  To improve the heat exchange it is necessary to increase the turbulence in
      the boundary layer at the belt/water interface and we find that the jet
      cooling system, most preferably employed in the apparatus of the present
      invention, is a particularly effective method of increasing such
      turbulence. In our preferred system, jets of water are directed at a large
      angle to the surface of the belt (such angle being very conveniently
      90.degree.). We have found that by projecting a sufficiently large volume
      of water in the form of jets directed at a large angle to the surface
      through an array of closely spaced orifices onto the back of the belt,
      heat may be removed about three times more rapidly from the belt than is
      the case with the conventional system with the result that it is possible
      to avoid excessive temperature rise of the belt without the use of a
      thermally insulating coating on the metal side of the belt.
PAR  Since the volume of eater applied is very large, means must be provided for
      collecting the water applied to each belt and with this object in view a
      casting apparatus of the present type is provided with a belt cooling
      system co-operating with those areas of the belts which define the casting
      zone, the belt cooling system comprising, for each belt, an enclosed
      casting which is maintained in substantially sealed relation with the belt
      at or outwardly of the periphery of the casting zone, the casing having
      belt-support portions which are maintained in sliding or rolling contact
      with the belt surface and which form a minor proportion of the area of the
      casing facing the belt, water channels lying between said belt-support
      portions and extending over a major proportion of the area of the casing,
      water-jet orifices being arranged in the floor of said water channels and
      being arranged to direct jets of water, drawn from a water supply, at a
      large angle onto the surface of the belt and drain passages to drain off
      water from said water channels to a water outlet. Preferably the inlet
      water is supplied to a first plenum chamber, from which it is directed
      onto the belt through orifices formed in the thickness of the metal,
      forming the floor of the water channels, a second, outlet, plenum chamber
      being provided outwardly of the inlet plenum chamber and being connected
      with the water channels by large diameter drain tubes which extend through
      the inlet plenum chamber. The belt-support portions of the casing are
      preferably arranged so that all areas of the belt directly opposite the
      cast metal are in direct contact with water during a major proportion of
      the time they are in the casting zone. Most preferably the belt supports
      are formed of narrow bars of anti-friction material extending transversely
      of the casing, the jet orifices being arranged in one or more transverse
      rows between adjacent bars. The jet orifices in different rows are
      preferably staggered in relation to each other. The interval between jet
      orifices in the same lateral row preferably does not exceed 1 inch and the
      size of and distribution of the orifices is such that when a small
      pressure difference, for example 4 p.s.i., is maintained between the inlet
      plenum chamber and the outlet plenum chamber, water is applied to the
      surface of the belt at the rate of 50-150 gallons/sq.in./hr.
PAR  Whilst the arrangement of the apparatus above-described may be employed
      with the water maintained at superatmospheric pressure in the inlet plenum
      chamber, special advantages are obtained when the water is drawn through
      the system by the application of suction to the outlet plenum chamber,
      since this produces a differential pressure to the opposed surfaces of the
      belt and presses the belt against the belt-supporting bars, so that the
      belt is held to a closely defined path and is drawn through the apparatus
      in contact with such bars to maintain a closely defined, stable mould
      cavity or casting zone. This jet cooling system finds exceptional utility
      in apparatus in which the space on the water side of the belt is
      maintained at subatmospheric pressure, although, as already indicated, its
      usefulness is not confined to such systems.
DRWD
PAR  Referring now to the accompanying drawings:
PAR  FIG. 1 is a diagrammatic side view of one form of casting apparatus in
      accordance with the invention,
PAR  FIG. 2 is a plan view of one form of arrangement for supporting the belts
      by differential pressure and applying coolant,
PAR  FIG. 3 is a plan view of the encircled portion of FIG. 2 on a larger scale,
PAR  FIG. 4 is a section of FIG. 2 on line 4--4,
PAR  FIG. 5 is a section of FIG. 2 on line 5--5,
PAR  FIG. 6 is a part plan view of the launder,
PAR  FIG. 7 is a side view of the launder in operative position,
PAR  FIG. 8 is an underneath plan view of a magnetic belt support,
PAR  FIG. 9 is a section on line 9--9 of FIG. 8, and
PAR  FIG. 10 is a section on line 10--10 of FIG. 8 with the casting belt added.
DETD
PAR  The apparatus illustrated in FIG. 1 comprises a fabricated support frame 1,
      on which is mounted upper and lower casting belt drive pulleys 2. A
      variable speed drive motor 3 drives a shaft 4 through chain 5 and sprocket
      6. Drive is taken from shaft 4 to the lower casting belt drive pulley 2
      via sprockets 7 and 8 and drive chain 9. Drive is taken from the lower
      casting belt drive pulley 2 to the upper pulley 2 by chain 11 which passes
      round upper and lower sprockets 12 and idlers 14, one of which is carried
      on a pivoted arm 14' for tensioning chain 11. The casting belts 15
      respectively pass around their drive pulleys 2 and tensioning pulleys 16,
      which are rotatably mounted in slides 17, guided in slide frames 18, which
      are pivotally connected by pivots 19 to main frame 1 and to which a
      predetermined casting belt tensioning force may be applied by means of
      pneumatic cylinders 20. The slides 17 are longitudinally movable in the
      frames 18 by means of adjusters 21 for the purpose of tracking te casting
      belts.
PAR  The upper belt 15 carries a pair of edge dams 22, which are in the form of
      belts of resilient heat resisting and thermally insulating material. Such
      edge dams are slightly compressible so as to provide a satisfactory seal
      in the casting zone when it is arranged to taper longitudinally as
      explained above. One form of material suitable for such edge dams is in
      the form of a white metal or rubber core which is wrapped with a woven
      asbestos cloth and is supplied for use as steam gasket. The arrangement of
      the edge dams 22 in relation to the launder 23 is shown in FIGS. 6 and 7
      and will be described in greater detail below. The arrangement for support
      and cooling of the casting belts 15 in the casting zone is illustrated in
      FIGS. 2 to 5. The belts 15 are cooled by water applied to them by means of
      the coolant casings 26, which will be described below. Water is drawn into
      the casings 26 through supply conduits 27 by means of suction pumps (not
      shown) connected into outlet conduits 29 so as to maintain reduced
      pressure on the water side of the belts.
PAR  The casing 26 is formed as a rigid, enclosed structure having a window 30
      in its top surface (considering the casing as supporting the lower belt in
      FIG. 1). The casing has a horizontal partition 31, which divides an inlet
      plenum chamber 32 from an outlet plenum chamber 33. Water is supplied to
      plenum chamber 32 through supply conduit 27 and sucked out from plenum
      chamber 33 through the outlet conduit 29 by the suction pump.
PAR  The plenum chamber 32 is bounded by a thick upper partition 34, the outer
      surface of which is slightly recessed in relation to the surface 35 of the
      casing surrounding the window 30. The shaded portion of the surface 35
      (FIG. 2) is coated with an anti-friction material. Narrow belt-support
      bars 36 extend across the full width of the window 30 and the upper
      surface of these bars are ground so as to be level with the adjacent area
      of the surface 35. Between the points A and B the surface 35 and the upper
      surface of the bars 36 are ground to form a flat surface, preferably with
      an accuracy of the order of 2 .times. 10.sup.-.sup.4 inches in the
      longitudinal direction. The casting zone extends only between the points A
      and B.
PAR  Shallow water channels 37 extend between the support bars 36, the outer
      surface of the partition 34 and the overlying belt 15. Closely spaced jet
      orifices lead from the inlet plenum chamber 32 into the floor of the
      channels 37 and are arranged to direct jets of water substantially
      perpendicularly onto the surface of the belt 15. Relatively deep water
      collection channels 39 extend transversely to the length of channels 37
      and are connected by tubes 40 with outlet plenum chamber 33.
PAR  As will be seen, in the illustrated apparatus there are two rows of
      relatively staggered jet orifices 38 between each pair of belt support
      bars 36. The longitudinal spacing between the bars 36 is about 3/4 inch
      and it will be seen that the spacing between adjacent orifices 38 in the
      same row is similar. The diameter of the individual orifices 38 is about
      3/16 inch.
PAR  When a pressure difference of the order of 4 p.s.i. is maintained between
      plenum chambers 32 and 33, it is found that water is applied to the back
      of the belt at a rate of approximately 60 gallons/sq.in./hr. and, in the
      casting of aluminium slab, this leads to a heat transfer of about 2200
      BThU/sq.in./hr. Even when the spacing of the jets is decreased and the
      rate of coolant water application is substantially increased, the rate of
      heat extraction is only increased by about 10-20 percent.
PAR  The apparatus is designed so that even with the designed reduced pressure
      conditions in the rear side of the belt, there shall be substantially no
      sag of the belts between adjacent supports, so that the belt is not drawn
      out of heat exchange contact with the solidifying metal in the casting
      zone. In order to achieve this condition the spacing between the
      antifriction support bars 36 is preferably limited to not more than 50
      times, preferably 20-50 times, the thickness of the steel belt 15, which
      is itself of a thickness of 0.020 to 0.060 inch.
PAR  The above described cooling system is effective to maintain the thermal
      gradient in the belt at a value of about 30.degree.C. In that case it is
      calculated that a differential pressure of about 2 p.s.i. is required to
      maintain the upper belt 15 in contact with the bars 36 across the full
      width of the belt. However it is preferred to arrange that the outlet
      plenum chamber 33 be maintained at a pressure of at least 4 p.s.i. below
      atmospheric pressure to provide an adequate safety factor.
PAR  In FIG. 1 the spacing between the belts 15 at the entrance to the casting
      zone is coarsely controlled by means of packing placed as spacers at the
      casing support and further finely controlled by means of adjustment screws
      acting on tie bars 41 so as to spring the frame so that check plates 42
      may be raised and lowered. The upper casing 26 is mounted in trunnions 43,
      the axis of which is co-incident with the point B of the casing, between
      the check plates, so that the taper of the mould cavity between the belts
      15 may be varied by angular movement of the upper casing 26 in its
      trunnion bearings 43 by means of lever arm 44, which is pressed downwardly
      by means of pneumatic cylinder 45 to bring a stop plate 46 into contact
      with an adjustable abutment 47. An upper abutment 48 is provided as a
      safety stop. It will be appreciated that one of the advantages of this
      arrangement is that if the abutment 47 is set to provide excessive taper
      of the mould space the solidified metal at the outgoing end of the mould
      space will tilt the casing 26 upwardly against the resilient loading of
      the cylinder 46. The abutment 47 can then be reset to provide optimum
      surface properties for the strip issuing from the mould space.
PAR  The launder 23 (FIG. 6) is provided with a nose portion 50 which is
      arranged, in its operative position, to extend into the space between the
      belts as far as point B on the upper and lower coolant casings 26. Side
      dam guides 51 are secured to the side of the launder 23 and possess slight
      resilience so as to press the incoming side dam 22 (FIG. 7) against the
      side of the launder nose portion 50 thus forming a seal at the entrance to
      the casting zone, so that an appropriate feeding head or pool of metal may
      be maintained within the launder 23 during the casting operation.
PAR  Whilst as already stated the coolant application system illustrated in
      FIGS. 2 to 5 is most preferably employed with sub-atmospheric pressure in
      the plenum chambers, it also provides satisfactory results when water is
      supplied to the plenum chamber 32 at a pressure of about 2 p.s.i. above
      atmospheric pressure, providing other means are used to keep the belt in
      contact with the support bars 36. This could be achieved by employing
      ferromagnetic support bars 36 or other magnetic or magnetisable supports,
      preferably of low friction material. It will be appreciated that this
      coolant application system can be employed in apparatus in which the
      casting zone is arranged in a vertical direction or is steeply inclined.
      In such case the pressure of liquid metal may be employed to assist in
      holding the belts in contact with the supports. When the belts are
      employed in a horizontal position, as shown in the apparatus of FIG. 1, it
      is preferred to operate with the inlet plenum chamber 32 at 0-4 p.s.i.
      below atmospheric pressure and a pressure difference of about 4 p.s.i.
      between the inlet plenum chamber 32 and the outlet plenum chamber 33 to
      draw jets of water through jet orifices 38.
PAR  It is possible to contemplate that only the upper belt 15 would be held in
      contact with the support bars 36 by differential pressure, the weight of
      metal on the lower belt serving to keep the lower belt in contact with the
      lower set of support bars. It is, however, obviously preferable to apply
      suction to the outlet plenum chambers of both upper and lower casings 26.
PAR  In FIGS. 8 to 10 there is illustrated apparatus which may be substituted
      for that of FIGS. 2 to 5 for the purpose of supporting and cooling the
      belts. In the casting zone defined by the mould cavity the path of the
      belt 15 is controlled by an array 116 of magnetic pole pieces associated
      with an array 117 of laminated magnets. The belts 15 are cooled by water,
      which may contain a water-dispersible lubricant, circulated through
      channels in the arrays of pole pieces 116, so that the back of the belts
      in the casting zone are in direct contact with the cooling water. Where
      the coolant water contains a lubricant it is recirculated through an
      associated heat exchanger (not shown). Alternatively when no lubricant is
      employed the coolant water may be discarded.
PAR  The magnet unit 117 may be a conventional magnetic chuck, built up from
      strip-like permanent magnets, separated by brass spacers.
PAR  The array 116 of pole pieces is similarly constructed and comprise steel
      plates 121, separated by aluminium spacers 122. The projecting ends or
      edges of the plates 121 are tapered as shown in FIG. 10 and there is thus
      defined a series of channels 123 for the passage of coolant in contact
      with the back of the belt 15. The plates 121 and 122 are preferably 1/4
      inch thick, the plates 121 tapering to 1/8 inch at their edge. The
      channels 123 are arranged to be about 1 inch deep.
PAR  At each side of the array 116 are provided side plates 124, which taper
      longitudinally, as shown in FIG. 8, so that the pole piece plates 121 are
      arranged at a slight angle of inclination to the direction of the belt 15
      to equalise the wear on the back of the belt as it moves over the pole
      pieces.
PAR  Coolant water, which is employed contra-flow to the direction of belt
      travel, enters via a plenum chamber 125 formed in a box 126 and exits
      through plenum chamber 127 in a box 128.
PAR  At the water inlet end the pole pieces 116 have a curved external profile
      and the waterway leading from plenum chamber 125 has a correspondingly
      shaped internal profile to direct the coolant water onto the inner surface
      of the belt. The pole pieces and waterway at the water outlet end have a
      similar external and internal profile, save that spacers 122 are arranged
      so that the belt is water-cooled over part of the curved profile at the
      belt (and molten metal) entry end. This ensures that the belt is fully
      cooled immediately prior to contact with the molten metal and avoids the
      belt distortion which could otherwise occur should the molten metal
      contact the belt prior to application of the cooling water.
PAR  In one arrangement the magnet unit 117 was a commercially available
      Walker-Hagon Limited Model No. 20 magnetic chuck, providing an average
      magnetic flux density of 120 gauss at the contact of each plate 121 with
      the belt 15.
PAR  It has been found that with this arrangement a pressure of about 3 lbs/sq.
      inch may be retained behind the belt without significant leakage. With a
      pressure drop of 3 lbs/sq. inch it is found possible to maintain water
      flow along the channels 123 at a rate sufficient to maintain the
      temperature rise of the belt within about 80.degree.C. over the
      temperature of the coolant water. To equalise the temperature across the
      belt, and hence minimise distortion, hot water is preferably supplied to
      those channels 123, opposite the cold, outer band of the belt, i.e.
      outwardly of the edge dams 22. The temperature of the water is arranged to
      be similar to that of the belt in contact with metal and will generally be
      in the range 70.degree. - 90.degree.C. Thus those areas of the belt which
      are not heated by contact with the cast strip are, instead, heated by the
      circulating hot water. Suitable design of the inlet and outlet plenum
      chambers allows the number of cold water channels to be varied to
      accommodate different widths of cast strip. The length of the casting zone
      between the belts in the illustrated construction is about 9 inches (22.5
      cms) and this will allow production of strip at rates of about 30
      ft./minute (9 meters/minute) at 0.1 inch thickness (9 meters/minute at 2.5
      mms thickness) and 10 ft./minute at 0.3 inch thickness (3 meters/minute at
      7.5 mms thickness). At these rates solidification takes place within about
      the first 6 inches of the casting zone.
PAR  With this arrangement it is found possible to draw the belt over the
      surface of the pole pieces with a pull of about 10 lbs/inch width of the
      array of pole pieces 116 and this may be reduced by the use of a suitable
      lubricant dispersed or dissolved in the coolant water. Lubricant carried
      over on the surface of the belt helps to lubricate it and reduce friction
      as it is drawn over the curved outer surfaces of the plenum chamber boxes
      126 and 128 at the ends of the casting zone.
PAR  It will be appreciated that this coolant application and support system may
      be altered or modified in various ways. Thus the magnetic pole pieces and
      water channels may be arranged transversely instead of longitudinally of
      the belt.
PAR  In some instances, where the desired rate of heat extraction through the
      belt is low, the steel plates 121 are not tapered and the edges of the
      aluminium plates 122 are level with the edges of the plates 121. Heat may
      then be removed by the provision of water channels within the assembly,
      such channels being formed by means of grooves in the side faces of the
      plates 121 and 122. The edge portions of the aluminium plates thus act as
      conductors for the transfer of heat from the belt to the coolant passing
      in the internally defined passages.
PAR  It will be understood that the relative inclination of upper and lower
      magnetic units 117 and pole piece arrays 116 may be controlled in the same
      manner as indicated in FIG. 1 by means of air cylinder 45 and its
      associated stops and lever arms.
PAR  The apparatus illustrated in FIGS. 1 to 7 has been utilised most
      successfully to cast aluminium and aluminium alloy strip having excellent
      surface qualities.
PAR  Where the material cast is a commercial quality aluminium which solidifies
      within a very narrow temperature range it was found possible in the
      apparatus of FIG. 1, in which the length of the casting zone between the
      points A and B is about 9 inches to cast the material at a rate of 9
      ft./minute at a thickness of 0.475 inches and arranging that the
      separation of the belts was about 0.025 inches less at the outgoing end of
      the casting zone than at the ingoing end.
PAR  Where the abutment stop 47 was set so as to maintain the belts 15 strictly
      parallel through the casting zone it was still found possible to obtain
      material of good surface quality i.e. free from exudation, when the
      material was cast at a rate of 5 ft./minute. If higher speeds were
      attempted the strip was found to be "hot short" and started to break up as
      it left the apparatus. This demonstrates that the solidifying strip was
      contracting away from the upper belt before reaching point A with
      consequent reduction in the rate of heat extraction from the strip and
      indicates the special advantage obtainable from the facility for adjusting
      the relative inclination of belts which themselves follow closely
      controlled linear paths.
PAR  Where the material cast was an aluminium alloy having different components
      which solidify at temperatures within a wide range of, for example,
      110.degree.C, it was found that alloy strip of a thickness of 0.475 inches
      could be cast at a rate of 71/2 ft./minute without appearance of surface
      exudates when the gap between the belts was about 0.020 inches less at the
      outgoing end than at the ingoing end.
PAR  Examples of alloys which have been cast satisfactorily at 0.475 inch
      thickness:
     (i)   Commercial purity 99.6% aluminium                                   

                                  Freezing range                               

           Casting speed 9 ft./min.                                            

                                   20.degree.C.                                

     (ii)  Al -- 5% Cu alloy      Freezing range                               

           Casting speed 71/2 ft./min.                                         

                                  110.degree.C.                                

     (iii) Al -- 4% Mg alloy      Freezing range                               

           Casting speed 71/2 ft./min.                                         

                                  100.degree.C.                                

     (iv)  Al--Cu--Zn--Mg--Mn alloy (AA3105)                                   

                                  Freezing range                               

           Casting speed 8 ft./min.                                            

                                   40.degree.C.                                

PAR  In all cases the cast strip shape was good and no indication of surface
      exudation was visible at a magnification of 200 times. The cast strip had
      a uniformly very fine grain structure.
PAR  It will be understood that the precise machining or equivalent shaping of
      the belt-facing surfaces of the support elements to lie in a common plane
      for each belt can be effected to provide any minor or localized contour of
      the common area that may be wanted, e.g. within the general connotation of
      a plane. For example, it may be desirable to have a very slight
      longitudinal curvature (such as with a radius of 50 meters) of the
      belt-guiding surfaces, e.g. convex toward the mold space so that such
      surfaces in effect curve apart, from output to input, in addition to or
      instead of a small straight taper. Other contour variation for the
      profile-defining surfaces may include a very slight relieving (widening of
      mold space) close to the longitudinal edges of the belt paths, at and
      approaching the output end and merging to zero such departure of contour
      at the input end and throughout nearly all of the surface area between the
      edge regions. As will be appreciated, these very slight departures from
      absolute plane surfaces can be deemed the equivalent (being indeed
      substantially plane) especially in the light of a basic feature of the
      invention in providing a multiplicity of closely spaced support elements
      having faces very precisely shaped to form a surface of selected shape,
      against which the belt is urged; the major aspect being that the belt is
      precisely guided by the precision of the shaped surface.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for the continuous casting of metal in strip form
      comprising a pair of movable heat conducting metal belts, defining
      therebetween a mould space, means for applying coolant to the reverse
      faces of said belts adjacent said mould space, said apparatus including at
      opposite faces of said mould space a plurality of belt supports at closely
      spaced positions lying in a surface defining a path for the adjacent belt,
      and means effective independently of head of metal in the mould space for
      applying to each of said belts during transit through said mould space an
      outwardly directed force in a direction perpendicular to the path of that
      part of the belt to hold the same in a closely defined path in contact
      with said belt supports, including means for applying a subatmospheric
      pressure to the rear surface of at least one of said belts during its
      transit through said mould space, said apparatus further comprising at
      said casting zone a system for the application of coolant and differential
      pressure to the reverse face of at least one of said belts, said system
      comprising a rigid casing, a belt contacting surface on the outside of
      said casing, an opening in said casing lying within and surrounded by said
      surface, an inlet plenum chamber separated from said opening by a first
      partition, a water inlet passage to said plenum chamber, a plurality of
      closely spaced jet orifices formed in said first partition, the axes of
      said jet orifices being at a large angle to the belt in contact with said
      belt contacting surface, an outlet plenum chamber separated from the inlet
      plenum chamber by a second partition, closely arranged belt support
      members being arranged in said opening and supported by said first
      partition, said support members being level with the surrounding belt
      contacting surface of the casing, recessed water passages lying between
      said support members, the said jet orifices opening into said water
      passages for directing individual closely spaced jets of water onto the
      reverse surface of the belt in the casting zone, drain passages leading
      from said water passages to said outlet plenum chamber whereby the
      application of suction to the outlet plenum chamber draws water into said
      inlet plenum chamber and directs closely spaced individual water jets onto
      the reverse surface of the belt and simultaneously creates reduced
      pressure conditions in said water passages between said belt support
      members to draw the belt against said support members to define the path
      of the belt through the casting zone.
NUM  2.
PAR  2. An apparatus according to claim 1 in which said belt support members
      comprise a series of transversely arranged bars, the spacing between
      adjacent bars being about 20 - 50 times the thickness of the associated
      casting belt.
NUM  3.
PAR  3. An apparatus according to claim 1 in which said casing is mounted to
      pivot about a transverse axis to permit the plane of the belt in contact
      therewith to be adjusted in relation to the plane of the other belt in the
      casting zone.
NUM  4.
PAR  4. An apparatus according to claim 3 in which a pair of edge dams are
      provided at the side edges of the casting zone, said side dams being
      connected for transport with one of said belts and comprising an endless
      band of a resilient, thermally insulating and heat resistant material.
NUM  5.
PAR  5. An apparatus for the continuous casting of metal in strip form
      comprising a pair of movable heat conducting metal belts, defining
      therebetween a mould space, means for applying coolant to the reverse
      faces of said belts adjacent said mould space, said apparatus including at
      opposite faces of said mould space a plurality of belt supports at closely
      spaced positions lying in a surface defining a path for the adjacent belt,
      and means effective independently of head of metal in the mould space for
      applying to each of said belts during transit through said mould space an
      outwardly directed force in a direction perpendicular to the path of that
      part of the belt to hold the same in a closely defined path in contact
      with said belt supports, further comprising, at said casting zone for
      application of coolant and force in a direction perpendicular to its path
      to at least one of said belts, magnet means, an array of closely spaced
      ferromagnetic pole pieces associated with said magnet means, said array of
      closely spaced pole pieces presenting a plane surface and forming a
      plurality of belt supports for said belt, said magnet means and pole
      pieces being constructed and arranged to pull the belt against said pole
      pieces, and water cooling passages associated with said array of pole
      pieces for withdrawal of heat from said belt.
NUM  6.
PAR  6. An apparatus according to claim 5 in which said array of pole pieces
      comprises a series of ferromagnetic plates separated by non-magnetic metal
      plates, said ferromagnetic plates projecting beyond said non-magnetic
      plates towards the associated belt to provide water passages defined
      between the reverse surface of the belt and a pair of adjacent
      ferromagnetic plates.
NUM  7.
PAR  7. An apparatus according to claim 6 in which said array is mounted to
      pivot about a transverse axis to permit the plane of the belt in contact
      with said pole pieces to be adjusted in relation to the other belt in the
      casting zone.
NUM  8.
PAR  8. In an apparatus for the continuous casting of metal in strip form
      comprising a pair of movable, heat-conducting metal belts, defining
      therebetween a mould space, the improvement which comprises providing
      means including space-enclosing casing means abutting the reverse surface
      of each belt, for forming an essentially water-filled cooling space at
      said reverse surface of each belt at the mould space, a series of closely
      spaced jet orifices directed substantially perpendicular to the reverse
      surface of each belt travelling through the casting zone defined by the
      mould space, for projecting water into said water-filled cooling space and
      towards the belt, the spacing between adjacent jet orifices being not more
      than 1 inch and said orifices being arranged to maintain coverage of the
      major part of the reverse surface of said belt with water by means of jets
      of water delivered onto said belt through said orifices, and
      water-withdrawing means comprising drain means for removing water from
      said cooling spaces, including a series of drain passages closely
      adjacent, respectively, to each of said jet orifices.
NUM  9.
PAR  9. An apparatus according to claim 8 in which all of the jet orifices
      directed at one belt are apertures formed in the wall of a supply plenum
      chamber forming a boundary of said water-filled cooling space, the outlet
      end of the orifices being held in spaced relation to said belt by
      associated belt guiding means.
NUM  10.
PAR  10. An apparatus for the continuous casting of metal in strip form
      comprising a pair of movable heat conducting metal belts, defining
      therebetween a mould space extending from a first locality where molten
      metal enters between the belts to a second locality where solidified metal
      strip departs from the belts, means for applying coolant in
      heat-conducting relation to the reverse faces of said belts adjacent said
      mould space, and belt guiding means distributed over the reverse face of
      each belt substantially throughout the entire extent of said mould space
      between said localities and disposed to determine a predetermined size of
      said mould space between the belts, each said belt guiding means
      comprising a multiplicity of closely spaced, beltsupporting elements lying
      in a surface defining a path for the adjacent belt, said apparatus being
      constructed and arranged so that each belt, during transit through the
      mould space, is forced in a direction outwardly of the mould space against
      the corresponding guiding means and is thereby caused to lie in the
      surface defined by said last-mentioned guiding means substantially
      throughout said mould space, said construction and arrangement of the
      apparatus comprising means effective independently of head of metal in the
      mould space for applying force on at least one of the belts in said
      outward direction to hold said last-mentioned belt against its guiding
      means, and said force-applying means comprising means, including
      ferromagnetic composition of said last-mentioned belt and of said
      last-mentioned guiding means, for magnetically drawing said last-mentioned
      belt against said last-mentioned guiding means.
NUM  11.
PAR  11. Apparatus as defined in claim 10, which further comprises structures
      respectively corresponding to the belts for carrying the belt guiding
      means, means mounting said structures to provide longitudinal taper of
      said belts toward each other in the direction of metal travel from said
      first locality of said second locality, said mounting means including
      provision for varying the mutual inclination of the belts to vary the
      taper, and means for loading one supporting structure toward the other
      into a selected position of taper, said loading means being resilient to
      permit increase of spacing between the belts when required by solidified
      metal at the said second locality of the mold space.
NUM  12.
PAR  12. An apparatus for the continuous casting of metal in strip form
      comprising a pair of movable heat-conducting metal belts, defining
      therebetween a mold space, a plurality of belt-guiding means distributed
      adjacent to the reverse faces of said belts over the extent of said mold
      space, for defining the paths of the belts, and belt cooling means which
      comprise space-enclosing casing means at the reverse face of each belt for
      applying coolant water to said reverse face at said mold space, and
      associated means, including coolant water supply and withdrawal means,
      said casing means being constructed and arranged to provide an essentially
      water-filled cooling space along said reverse face, for maintaining a
      selected pressure in each casing means at said reverse face, to apply a
      differential pressure to each belt such that the pressure at the reverse
      face is lower than the pressure in the mold space, for urging each belt
      toward its guiding means, and said associated means for applying a
      differential pressure to each belt being constructed and arranged for
      maintaining such differential pressure sufficient to urge each belt
      against its guiding means before introduction of molten metal into the
      mold space.
NUM  13.
PAR  13. An apparatus for the continuous casting of metal in strip form
      comprising a pair of movable heat conducting metal belts, defining
      therebetween a mold space, a plurality of belt guiding means distributed
      adjacent to the reverse faces of said belts over the extent of said mold
      space, for defining the paths of the belts, and belt cooling means which
      comprises space-enclosing casing means at the reverse face of each belt
      for forming an essentially water-filled cooling space at said reverse face
      over the extent of said mold space, and associated water-circulating means
      for supply and withdrawal of coolant water in each said casing means,
      including means for maintaining subatmospheric pressure in the casing
      means at the reverse face of each belt, to hold such belt in the path
      defined by the guiding means.
NUM  14.
PAR  14. Apparatus as defined in claim 13 in which the water-circulating means
      includes means for directing the water in a multiplicity of jets
      substantially perpendicularly against the reverse face of each belt.
NUM  15.
PAR  15. An apparatus for the continuous casting of metal in strip form
      comprising a pair of movable heat conducting metal belts, defining
      therebetween a mold space, a plurality of belt guiding elements
      distributed adjacent to the reverse faces of said belts over the extent of
      said mold space, the elements at each said reverse face being narrow,
      closely spaced and having belt-abutting plane faces fixed to lie in a
      common surface for defining the path of the corresponding belt, and belt
      cooling and retaining means which comprises space-enclosing casing means
      disposed at the reverse face of each belt at said mold space to receive
      coolant water, including structure directing such water against the belt
      and providing withdrawal of water, and including means for maintaining a
      subatmospheric pressure in each said casing over the enclosed reverse belt
      face to hold the belt against the corresponding guiding elements.
NUM  16.
PAR  16. Apparatus as defined in claim 15 in which said water-directing
      structure comprises, in each casing means, a multiplicity of closely
      spaced jet orifices between the guiding elements for projecting water
      substantially perpendicularly toward the reverse face of the belt.
NUM  17.
PAR  17. An apparatus for the continuous casting of metals in strip form
      comprising a pair of movable heat-conducting metal belts, defining
      therebetween a mold space, means for applying coolant to the reverse faces
      of said belts adjacent said mold space, said apparatus including, at
      opposite faces of said mold space, structures respectively associated with
      the reverse faces of the belts for supporting the moving belts in desired
      opposing positions, means at one end of the mold space for introducing
      molten metal therein for delivery of solidified strip at the other end,
      and means mounting said structures to provide taper of said belts toward
      each other from said one end, including provision for movement of one
      structure toward and away from the other to alter said taper and provision
      for urging the structures together in a direction of increase of said
      taper for keeping the belts in contact with the metal in the mold space,
      said coolant-applying means comprising space-enclosing casing means at the
      reverse face of each belt throughout said mold space, wherein coolant
      water is distrubuted on said reverse face, including means for maintaining
      subatmospheric pressure in each casing means to urge each belt toward its
      supporting structure, for maintaining the belts in said desired positions.
NUM  18.
PAR  18. An apparatus for the continuous casting of metal in strip form
      comprising a pair of movable heat conducting metal belts of predetermined
      thickness, defining therebetween a mold space, a plurality of belt guiding
      elements distributed adjacent to the reverse faces of said belts over the
      extent of said mold space, the elements at each said reverse face being
      narrow, closely spaced and having belt-abutting, narrow, plane faces fixed
      to lie in a common, flat surface for defining the path of the
      corresponding belt, cooling means comprising means for circulating coolant
      water on the reverse face of each belt in the spaces between the elements,
      the narrowness of the elements and the spaces between them being such that
      water circulating means covers, collectively in the spaces, the major part
      of the reverse surface of each belt with water, and the spaces between the
      elements being sufficiently close, not more than fifty times the thickness
      of each belt, so that there is substantially no sag of the belt between
      adjacent elements.
NUM  19.
PAR  19. Apparatus as defined in claim 18 in which the cooling means comprises
      space-enclosing casing means over the reverse face of each belt at the
      mold space, wherein said coolant water is applied, including means for
      maintaining subatmospheric pressure in each casing means to urge each belt
      toward its corresponding guiding elements to keep the belt in its defined
      path.
NUM  20.
PAR  20. Apparatus as defined in claim 18 wherein the metal belts have a
      thickness in the range of 0.02 to 0.06 inch, the water circulating means
      comprises a multiplicity of jet orifices distributed throughout the spaces
      between the guiding elements of each belt for directing coolant water
      substantially perpendicularly toward the reverse face of the belt,
      adjacent cooling orifices being spaced no more than one inch apart over
      the extent of the mold space, and the guiding elements being spaced apart
      by distances in the range of 20 to 50 times the belt thickness.
NUM  21.
PAR  21. In apparatus for the continuous casting of metal in strip form
      comprising a pair of movable heat-conducting metal belts, defining
      therebetween a mold space, said apparatus including at opposite sides of
      said mold space a plurality of belt supports defining the path of the belt
      in contact therewith, said apparatus being constructed and arranged so
      that each belt is forced outwardly of the mold space against its belt
      supports, said construction and arrangement of the apparatus comprising
      means for applying subatmospheric pressure to the reverse face of at least
      one of said belts at said mold space to hold said belt in contact with its
      said belt supports, and means for applying coolant to the reverse faces of
      said belts at said mold space.
NUM  22.
PAR  22. An apparatus for the continuous casting of metal in strip form
      comprising a pair of movable heat-conducting metal belts, defining
      therebetween a mold space, said apparatus including at opposite sides of
      said mold space a plurality of belt supports defining the path of the belt
      in contact therewith, said apparatus being constructed and arranged so
      that each belt is forced outwardly of the mold space against its belt
      supports, said construction and arrangement of the apparatus comprising
      means independent of metal in the mold space for establishing a pressure
      difference on opposite faces of at least one of said belts at said mold
      space such that the pressure at the reverse face is lower than the
      pressure in the mold space, to hold said belt in contact with its said
      belt supports, and means for applying coolant to the reverse faces of said
      belts at said mold space.
NUM  23.
PAR  23. Apparatus as defined in claim 22, which further comprises structures
      respectively corresponding to the belts for carrying the belt supports,
      means mounting said structures to provide longitudinal taper of said belts
      toward each other in the direction of metal travel from one end of the
      mold space which is the entrance for metal to be cast, said mounting means
      including provision for varying the mutual inclination of the belts to
      vary the taper, and means for loading one supporting structure toward the
      other into a selected position of taper, said loading means being
      resilient to permit increase of spacing between the belts when required by
      solidified metal at the outgoing end of the mold space.
NUM  24.
PAR  24. In apparatus for the continuous casting of metal in strip form between
      a pair of movable heat-conducting cooled metal surfaces following defined
      paths so as to define therebetween a mold space wherein the metal is cast,
      against said surfaces, to solidify into the form of strip moving with the
      surfaces, the combination of a movable heat conducting metal belt
      providing one of said surfaces facing the mold space, a plurality of
      closely spaced belt guiding means distributed adjacent to the reverse face
      of said belt and having belt-facing portions lying in a common surface for
      defining the path of the belt, and means, comprising space-enclosing
      casing means at the reverse face of the belt and associated means for
      supply and withdrawal of liquid coolant, arranged to provide an
      essentially liquid-filled cooling space along said reverse face and to
      provide a selected pressure in said space, for establishing a pressure
      difference on opposite faces of the belt such that the pressure at the
      reverse face of the belt is lower than the pressure in the mold space, to
      force the belt outwardly of the mold space for holding it in its desired
      path conforming with said common surface of the guiding means, said means
      for establishing a pressure difference on opposite faces of the belt being
      constructed and arranged for maintaining such pressure difference
      sufficient to urge the belt against the guiding means before introduction
      of molten metal into the mold space.
NUM  25.
PAR  25. Apparatus according to claim 24 in which the coolant supply means
      comprises a multiplicity of closely spaced jet orifices directed to
      project liquid coolant into said cooling space substantially perpendicular
      to the reverse face of the belt, to provide coolant jets toward said
      reverse face.
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ABST
PAL  A pattern plate device for vacuum sealed molding, being applied with a
      negative pressure to the surfaces of said device, covered with a flexible
      film on said surfaces tightly, on which a molding flask having a reducing
      structure is set, and then being used for performing a vacuum sealed
      molding operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the vacuum sealed molding process, a molding flask is fitted onto a
      pattern plate device to the surfaces of which a flexible film is being
      sucked to be in tight contact therewith. Then, the molding flask is filled
      with a particulate material and the upper opening of the molding flask is
      covered with a flexible film. Subsequently, the particulate material is
      hardened by the application of a negative pressure to the interior of the
      molding flask, and the pattern plate device is drawn apart from the
      molding flask. FIG. 11 shows a pattern plate device conventionally used
      when carrying out the above operation. In this pattern plate device, a
      pattern 2 is formed on a box-shaped pattern plate 1 integrally therewith,
      and in the pattern plate 1 there is provided a reduced pressure chamber 3
      which can be connected to a vacuum pump (not shown). The interior of said
      reduced pressure chamber 3 is placed in communication with the surfaces of
      the pattern 2 by means of small-diameter holes 4, so that a sucking action
      is provided on the surfaces of the pattern 2 and a flexible film is sucked
      and placed in tight contact with said surfaces. In this pattern plate
      device having the above construction, it is needed to form the pattern
      plate 1, the pattern 2, and the reduced pressure chamber 3 as an integral
      unit, resulting in an increased manufacturing cost. In addition, a large
      amount of work and a high degree of skill are required when boring a
      multiplicity of the small-diameter holes 4 about 1 mm. in diameter at
      necessary positions on the pattern 2 including the corners thereof. These
      problems constitute serious disadvantages.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has been completed to solve the problems described
      above.
PAR  An object of the present invention is to provide a pattern plate device in
      which a pattern plate is detachably attached to said pattern plate device
      so that various pattern plates can be used with said pattern plate device
      by changing said various pattern plates one after another.
PAR  Another object of the present invention is to provide a pattern plate
      device in which a pattern can be readily attached to and removed from a
      pattern plate to which the pattern is attached.
PAR  Still another object of the present invention is to provide a pattern plate
      device in which sucking structures at the corners of a pattern can be
      manufactured readily.
PAR  A further object of the present invention is to provide a pattern plate
      device in which a flexible film can be surely placed in tight contact with
      the surfaces of a pattern at the corners of said pattern.
PAR  A further object of the present invention is to provide a pattern plate
      device in which a flexible film sucked and placed in tight contact with
      the surfaces of a pattern can be prevented from peeling off from said
      surfaces.
DRWD
PAR  These objects and features of the present invention will become more clear
      by the following description of preferred embodiments taking reference
      with the attached drawings, in which:
PAR  FIG. 1 is a sectional front view showing a first embodiment of the present
      invention;
PAR  FIG. 2 is a plan view illustrating the embodiment of FIG. 1;
PAR  FIG. 3 is a sectional front view showing a second embodiment of the present
      invention;
PAR  FIG. 4 is a plan view illustrating the embodiment of FIG. 3;
PAR  FIG. 5 is a sectional front view showing a third embodiment of the present
      invention;
PAR  FIG. 6 is a partly broken away plan view showing the embodiment of FIG. 5;
PAR  FIG. 7 is an enlarged view illustrating the important part of the
      embodiment of FIG. 5;
PAR  FIG. 8 is a sectional front view illustrating a fourth embodiment of the
      present invention;
PAR  FIG. 9 is a plan view showing the embodiment of FIG. 8;
PAR  FIG. 10 is an enlarged view illustrating the important part of the
      embodiment of FIG. 8; and
PAR  FIG. 11 is a sectional front view showing a conventional pattern plate
      device for vacuum sealed molding.
DETD
PAR  Hereunder an explanation will be given on the details of the present
      invention with reference to the embodiments shown in FIGS. 1 through 7.
PAR  Referring to FIG. 1 illustrating a first embodiment of the present
      invention, a fitting bed 12 which is in the shape of a shallow box and
      securely fixed on a table 11 by means of bolts 13, has a box frame portion
      16 with an upper opening 15 onto which a pattern plate 14 can be fitted
      with a minor amount of space 15a being formed therebetween. A recess 18 is
      formed by an encircling projection 17 in the central part of the bottom of
      the box frame portion 16. A sealing member 19 such as an O-ring is
      embedded in the upper surface of the encircling projection 17. To the
      recess 18 is connected an inner air passage 22 communicating with a vacuum
      pump (not shown) through a hose 20 and a change-over valve 21. On one side
      of the box frame portion 16 a suction pipe 24 pierces into said box frame
      portion 16 and communicates with a vacuum pump (not shown) through a
      change-over valve 23. The pattern plate 14 fitted onto the upper opening
      15 has on the lower surface thereof an encircling rib 25 in contact with
      the encircling projection 17. A partition plate 26 is disposed inside the
      rib 25 to cover the recess 18 and form a sealed chamber. A suitable number
      of through holes 27 are provided at suitable positions on the rib 25, so
      that the sucking action of the suction pipe 24 is applied to all area of
      the lower surface of the pattern plate 14. The pattern plate 14 has air
      vents 28 extending vertically through said pattern plate 14. A pattern
      body 30 is attached to the upper surface of the pattern plate 14 through
      washers 29 with a space 31 being formed between the pattern body 30 and
      the pattern plate 14. The space 31 is in communication with air vents 28.
      The pattern body 30 is provided with air vents 32 corresponding to the air
      vents 28 and extending vertically through said pattern body 30. Sub
      pattern bodies 34 are attached to the upper surface of the pattern body 30
      through washers 33 at positions just above the air vents 32 to form a
      given pattern 35 together with the pattern body 30. Spaces 36 are formed
      between the sub pattern bodies 34 and the pattern body 30. The washers 29
      have a thickness of about 0.5- 1.0 mm. and are placed at suitable
      positions under the pattern body 30 which is fixed securely on the pattern
      plate 14 by suitable fastening means such as bolts 41. The sub pattern
      bodies 34 may be fixed securely on the pattern body 30 by means of the
      bolts 41 and the like in the same manner as the pattern body 30 securely
      fixed to the pattern plate 14 using the bolts 41.
PAR  Turning to FIG. 3 showing a second embodiment of the present invention, a
      concave air chamber 42 is formed on the lower surface of a pattern body 30
      and communicates with air vents 28. Also on the lower surface of the
      pattern body 30 there are arranged a suitable number of vent grooves 43
      extending radially to communicate with said air chamber 42, so that spaces
      31 are formed between a pattern plate 14 and the lower surface of the
      peripheral portion of the pattern body 30. In the same manner as described
      above, sub pattern bodies 34 respectively have air chambers 44 and vent
      grooves 45, and spaces 36 are formed between the sub pattern bodies 34 and
      the pattern body 30. In the embodiments illustrated in FIGS. 1 and 3, the
      pattern plate 14 is fitted onto the upper opening 15 of the fitting bed 12
      with a minor amount of space 15a being formed between the peripheral edge
      of the pattern plate 14 and the peripheral edge of the upper opening 15,
      so that an encircling groove is formed along the periphery of the pattern
      plate 14.
PAR  Referring to FIG. 5 showing a third embodiment of the present invention, a
      fitting bed 12 is identical with the fitting bed 12 of the embodiment
      illustrated in FIG. 1 except that the inner air passage 22 and the recess
      18 are removed, and that the rib 25 and the through holes 27 are formed
      integrally with the fitting bed 12. A pattern plate 14 is attached to a
      stepped opening 15b of the fitting bed 12 by means of bolts 37. In this
      embodiment, a space 15a formed between the fitting bed 12 and the pattern
      plate 14 does not extend vertically the full thickness of the pattern
      plate 14. For this reason, as illustrated in FIG. 7, vent grooves 46 may
      be arranged on the stepped fitting portions of the fitting bed 12 to which
      the peripheral edge of the pattern plate 14 is fitted, so that a film can
      be sucked and placed in tight contact with the surface of the periphery of
      the pattern plate 14. The vent grooves 46 may alternatively be disposed on
      the stepped fitting portions of the pattern plate 14. In the figures, the
      numerals 38 through 40 respectively indicate guide pins, a hollow chamber,
      and small-diameter holes.
PAR  In the first and second embodiments of the present invention, if the
      change-over valve 21 is operated to place the hose 20 in communication
      with the vacuum pump (not shown) after the pattern plate 14 has been
      fitted to the fitting bed 12 as shown in FIGS. 1 and 3, the pressure in
      the sealed chamber defined by the recess 18 of the fitting bed 12 and the
      partition plate 26 of the pattern plate 14 is reduced, so that the pattern
      plate 14 is brought into tight contact with the fitting bed 12 by vacuum
      suction. Then, the change-over valve 23 is operated to reduce the pressure
      in a hollow chamber 39 definned by the box frame portion 16 of the fitting
      bed 12 and the pattern plate 14. With this operation, a sucking action is
      applied through the air vents 28 and the space 31 or through the air
      chamber 42 and the vent grooves 43 to the lower surfaces of the pattern
      body 30 and the sub pattern bodies 34. The sucking action is also applied
      to the space 15a between the fitting bed 12 and the pattern plate 14. At
      this point, the surface of the pattern plate 14 is covered with a flexible
      film for forming vacuum sealed molds, so that the flexible film is sucked
      and placed in tight contact with the surface of the pattern plate 14. The
      flexible film is sucked to the spaces 31 and 36 under the lower surfaces
      of the pattern body 30 and the sub pattern bodies 34 and to the vent
      grooves 43 and 45, with the result that the flexible film is brought into
      tight contact with the surfaces of the pattern 35 consisting of the
      pattern body 30 and the sub pattern bodies 34 and is formed to the shape
      of said surfaces of the pattern 35. The flexible film is sucked to the
      space 15a  and come into tight contact with the periphery of the pattern
      plate 14. After this point of operation, conventional vacuum sealed
      molding steps are followed for producing a finished mold. When forming a
      mold with another shape, the change-over valve is operated to terminate
      the pressure reducing action applied to the sealed chamber, and the sealed
      chamber is placed in communication with the outside atmosphere. Then, the
      pattern plate 14 is removed from the fitting bed 12 and another pattern
      plate 14 is attached to the fitting bed 12. Thereafter, the sequence of
      operations described above is repeated.
PAR  In the third embodiment of the present invention, the change-over valve 23
      is operated for producing a sucking action to draw the flexible film when
      the whole pattern plate device is in a state shown in FIG. 5. In this
      case, the space 15a is not extending vertically the full thickness of the
      pattern plate 14, however, the flexible film can be drawn to the upper
      surface of the pattern plate 14 by the sucking action of the space 15a if
      the vent grooves 46 are provided in the stepped fitting portions of either
      the pattern plate 14 or the fitting bed 12 as described previously. The
      pattern plate 14 can be changed with another pattern plate by removing the
      bolts 37.
PAR  FIGS. 8 through 10 show a fourth embodiment of the present invention. In
      this fourth embodiment, the relationship between a pattern body 30 and a
      pattern plate 14 is identical with that in the third embodiment while a
      different method is employed in sucking the flexible film to the upper
      surface of the pattern plate 14. An encircling bank 47 with a small
      thickness is disposed on the upper surface of the pattern plate 14 along
      the peripheral edge of said upper surface. The encircling bank 47 may be
      either formed integrally with the pattern plate 14 or produced separately
      and thereafter mounted on the pattern plate 14. Small-diameter holes 40
      are arranged all over the pattern plate 14 as in the third embodiment and
      are additionally provided along the inner edges of said encircling bank 47
      at given intervals. As illustrated in FIG. 10, when the pattern plate 14
      is covered with the flexible film F, the flexible film F is not placed in
      tight contact with the surface portions along the peripheral edge of the
      pattern plate 14 where the upper surface of the pattern plate 14 comes
      into contact at right angles with the vertical surfaces of the inner edge
      of the encircling bank 47. An encircling tubular space 15c defined by the
      flexible film F, the upper surface of the pattern plate 14, and the
      vertical surfaces of the inner edge of the encircling bank 47, is thus
      formed on said surface portions along the inner edges of the encircling
      bank 47. This space 15c is utilized to produce a sucking action. Since the
      space 15c is in communication with a hollow chamber 39 thanks to the
      small-diameter holes 40, a sucking action is applied through the space 15c
      to the flexible film F, so that the flexible film F is placed in tight
      contact with the peripheral edge of the pattern plate 14. Thus, the
      flexible film F is surely brought into tight contact with the upper
      surface of the pattern plate 14. Said encircling bank 47 can be provided
      on the pattern plate 14 or the fitting bed 12 of the pattern plate device
      illustrated in FIG. 1 through FIG. 6.
PAR  In the present invention, as has been explained in the foregoing with
      reference to the embodiments thereof, the pattern plate 14 is so
      constructed that it can be separated from the fitting bed 12, and thanks
      to this feature a large number of different pattern plates 14 can be
      readily used with the same fitting bed 12 by changing the pattern plate 14
      one after another. Needless to say, this leads to a greatly reduced
      manufacturing cost. The pattern 35 consisting of the pattern body 30 and
      the sub pattern bodies 34 is attached to the upper surface of the pattern
      plate 14 using the washers 29 and 33 or with the vent grooves 43 and 45
      extending on the lower surfaces of the pattern body 30 and the sub pattern
      bodies 34, so that the spaces 31 and 36 are formed. With these
      constructions, a sucking action to be applied to the flexible film can be
      readily provided at the lower surfaces of the pattern body 30 and the sub
      pattern bodies 34. Further, the pattern plate 14 is supported at the lower
      surface thereof by the rib 25 having the through holes 27 and is fitted
      onto the upper opening 15 of the fitting bed 12. This construction boasts
      a high degree of stability. The pattern plate 14 may be attached to and
      removed from the fitting bed 12 by starting and stopping the application
      of a reduced pressure to the sealed chamber defined by the inner air
      passage 22 leading to the vacuum pump, the recess 18, and the partition
      plate 26. In this case, the attachement and removal of the pattern plate
      14 can be carried out more readily and surely. Since the pattern plate 14
      is fitted onto the upper opening 15 of the fitting bed 12 with a minor
      amount of the space 15a being formed between the upper opening 15 and the
      pattern plate 14, the flexible film can be sucked in a very sure manner,
      so that the flexible film never peels off from the peripheral edge of the
      pattern plate 14. Thus, the present invention enjoys various advantages as
      described above and can serve the industry by bringing about a great deal
      of benefit.
CLMS
STM  We claim:
NUM  1.
PAR  1. A pattern plate device for forming vacuum sealed molds in which a
      flexible film is sucked to the surfaces of said pattern plate device and
      placed in tight contact therewith comprising a frame body having a bottom
      plate and an encircling side wall to form an opening above the bottom
      plate, a pattern plate adapted to be detachably attached to said frame
      body, to cover said opening and to define a hollow chamber inside said
      encircling side wall, said pattern plate being provided with first
      communicating means along the periphery of said pattern plate for
      communicating the upper surface of the pattern plate with said hollow
      chamber and at least one through hole for communicating the upper surface
      of the pattern plate with said hollow chamber, a pattern provided on the
      upper surface of said pattern plate, and pressure reducing means disposed
      in said frame body and adapted to render a reduced pressure to said hollow
      chamber for producing a sucking action in said first communicating means,
      so that said flexible film is sucked and placed in tight contact with the
      upper surface of the pattern plate along the periphery thereof, said
      pattern including second communicating means, forming spaces between the
      lower surface of said pattern and the upper surface of said pattern plate,
      said second communicating means adapted to communicate with at least one
      of said through holes and to form open ends at positions along the
      peripheral edge of the lower surface of said pattern, so that said
      flexible film is adapted to be sucked and placed in tight contact with the
      peripheral edge of the lower surface of said pattern by said reduced
      pressure.
NUM  2.
PAR  2. A pattern plate device for forming vacuum sealed molds in accordance
      with claim 1 in which said pattern is attached to the upper surface of
      said pattern plate through washers.
NUM  3.
PAR  3. A pattern plate device for forming vacuum sealed molds in which a
      flexible film is sucked to the surfaces of said pattern plate device and
      placed in tight contact therewith comprising a frame body having a bottom
      plate and an encircling side wall to form an opening above the bottom
      plate, a pattern plate adapted to be detachably attached to said frame
      body, to cover said opening and to define a hollow chamber inside said
      encircling side wall, said pattern plate being provided with first
      communicating means along the periphery of said pattern plate for
      communicating the upper surface of the pattern plate with said hollow
      chamber and at least one through hole for communicating the upper surface
      of the pattern plate with said hollow chamber, a pattern provided on the
      upper surface of said pattern plate, and pressure reducing means disposed
      in said frame body and adapted to render a reduced pressure to said hollow
      chamber for producing a sucking action in said first communicating means
      so that said flexible film is sucked and placed in tight contact with the
      upper surface of the pattern plate along the periphery thereof, said
      pattern consisting of second communicating means adapted to communicate
      with at least one of said through holes and to form open ends at positions
      along the peripheral edge of the lower surface of said pattern, so that
      said flexible film is adapted to be sucked and placed in tight contact
      with the peripheral edge of the lower surface of said pattern by said
      reduced pressure.
NUM  4.
PAR  4. A pattern plate device for forming vacuum sealed molds in accordance
      with claim 3 in which there is provided on the lower surface of said
      pattern an air chamber having an opening in communication with at least
      one of said through holes, and said plurality of grooves are in
      communication with said air chamber and extend radially from said air
      chamber to the peripheral edge of the lower surface of said pattern.
NUM  5.
PAR  5. A pattern plate device for forming vacuum sealed molds in which a
      flexible film is sucked to the surfaces of said pattern plate device and
      placed in tight contact therewith comprising a frame body having a bottom
      plate and an encircling side wall to form an opening above the bottom
      plate, a pattern plate adapted to be detachably attached to said frame
      body, to cover said opening and to define a hollow chamber inside said
      encircling side wall, said pattern plate being provided with first
      communicating means along the periphery of said pattern plate for
      communicating the upper surface of the pattern plate with said hollow
      chamber, a pattern provided on the upper surface of said pattern plate,
      and pressure reducing means disposed in said frame body and adapted to
      render a reduced pressure to said hollow chamber for producing a sucking
      action in said first communicating means, so that said flexible film is
      sucked and placed in tight contact with the upper surface of the pattern
      plate along the periphery thereof, wherein said frame body has on said
      bottom plate an encircled projecting wall to form another opening above
      said bottom plate, said projecting wall having a sealing member thereon,
      said pattern plate has on the lower surface thereof covering means adapted
      to cover the another opening formed by said projecting wall, so that a
      sealed hollow chamber is defined inside said encircled projecting wall,
      and said frame body includes second pressure reducing means adapted to
      render a reduced pressure to said sealed hollow chamber, so that said
      pattern plate is sucked and attached to said frame body.
NUM  6.
PAR  6. A pattern plate device for forming vacuum sealed molds in accordance
      with claim 5 in which the periphery of said pattern plate is in a shape
      that permits said pattern plate to fit onto the opening of said frame body
      for being attached thereto, and a space in communication with said hollow
      chamber is adapted to be formed between the periphery of said pattern
      plate and the encircling side wall, so that said flexible film is adapted
      to be sucked and placed in tight contact with the surface portions along
      said periphery of said pattern plate by said reduced pressure.
NUM  7.
PAR  7. A pattern plate device for forming vacuum sealed molds in accordance
      with claim 5 in which said pattern plate is provided on the upper surface
      thereof with an encircling bank located along and outside said first
      communicating means.
NUM  8.
PAR  8. A pattern plate device for forming vacuum sealed molds in accordance
      with claim 5 in which said encircling side wall is provided on the upper
      portion thereof with an encircling bank located along and outside said
      first communicating means.
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ABST
PAL  A high efficiency liquid-liquid heat exchanger is made by imbedding 1 mill
      polyester plastic film in a mass of quartz pebbles. The quartz pebbles are
      0.125 to 0.25 inches in diameter and are placed in 0.25 to 0.5 inches
      thick layers between the plastic sheets. The two liquids flow on alternate
      sides of the sheets and the flows of the liquids are given a 90.degree.
      angular spiral flow in relation to each other by strips of plastic
      cemented between the sheets. In this way a stream tube, or small division
      of the main flow of one of the liquids, is heated by short elements of a
      large number of stream tubes of the other liquid and the effects of uneven
      placement of the pebbles and the resulting channeling of the liquids are
      overcome. Heat transfer coefficients as high as several hundred BTU's per
      degree Fahrenheit per hour per square foot of plastic surface have been
      easily obtained with very low pressure drops. The plastic sheets and
      quartz pebbles are very cheap and the heat exchanger is easily assembled.
      The heat exchanger can be operated, if desired, at relatively high flow
      rates and pressure drops, and higher heat transfer rates obtained.
BSUM
PAR  Many very important processes would be greatly cheapened if there was a
      cheaper method for heating cold liquids by means of hot liquids. For
      example it would be highly desirable to sterilize the effluent water from
      sewage plants by heating it. However it would be necessary that a highly
      efficient but very cheap liquid-liquid heat exchanger be provided that
      would heat up the cold germ-filled sewage effluent water, by means of the
      hot sewage water that had been sterilized by heating it to at least
      200.degree. Fahrenheit. Also in the production of methane (synthetic
      natural gas) a cheap liquid-liquid heat exchanger would greatly cheapen
      all existing processes. It is necessary to remove the gaseous sulfur
      compounds and the carbon dioxide from the gasified coal. Also it would be
      very desirable to just partially convert the purified gas, from coal, to
      methane and then remove the methane as product and recycle the gas from
      which the methane had been removed. In all of these steps it is possible
      to use suitable cold solvents to separately absorb the various compounds
      mentioned. However each solvent would have to be separately heated to a
      temperature at least 100.degree.  Fahrenheit hotter in order to boil off
      the absorbed compound. The difficulty is that in the preferred cases the
      solvents that must be used are not good solvents and relatively large
      amounts of the solvents must be used. This necessary heating of the
      solvents formerly has required very expensive amounts of heat and
      equipment since the heat exchangers available have been expensive and not
      very efficient. It is the object of this invention to provide very cheap
      and relatively efficient heat exchangers to provide cheap means for
      carrying out the above operations besides many others that will be obvious
      to chemical engineers.
PAR  The extreme cheapness of plastic films, if they could only be used for heat
      exchangers, has long been appreciated by others. The reader is referred to
      an article entitled "Plastic Film Heat Exchangers" by J. M. Weaver in the
      magazine Chemical Engineering Progress, Vol. 56, page 49 et seq. (1960).
      The fact was emphasized that at least in theory plastic films like 0.002
      inch thick polyester film can be substituted for expensive metal tubing
      like Monel tubing which costs 340 times as much per square foot. However
      it is also emphasized that the plastic film is so much weaker than metal
      that it was impractical at that time to use plastic film with any
      appreciable pressure differential across the film. In summarizing the work
      up to that time Weaver just concluded that, while the use of plastic films
      in heat exchangers offered interesting possibilities, there was nothing
      that had been developed that was very practical in the field.
PAR  Since Weaver's article I have invented the method of imbedding plastic
      films in masses of pebbles which act as supports for the plastic films and
      allow high pressure differentials across the plastic films. This allows
      the use of very thin films to be used with very high heat transfer
      properties. This was specifically used in my patent entitled
      MULTIPLE-STAGE EVAPORATOR, Ser. No. 91,511, now U.S. Pat. No. 3,654,092,
      which has been granted but not yet published.
PAR  It may be thought that by just imbedding parallel plastic films in a mass
      of pebbles and that by passing parallel flows of two liquids in opposite
      directions on opposite sides of the films that a satisfactory heat
      exchanger may be obtained. However this was found not to be the case.
      After considerable work it was found that in this method of construction
      it was necessary to place the plastic films at extremely precise distances
      apart or the liquid flow on one side of a long narrow section of the film
      would not equal the flow of liquid on the other side of the film and heat
      and material balances showed that it was impossible for efficient heat
      transfer to occur. This effect is quite similar to the loss of efficiency
      in distillation and gas absorption packed columns when the phenomenum
      called "channeling" occurs.
PAR  It was found that the needed extreme precise fabrication of a pebble
      supported heat exchanger was completely impractical where the flow of the
      two liquids was parallel through in opposite directions. However it was
      found that, by having the directions of flow of the two liquids at an
      angle with each other, this necessity for extreme precise fabrication was
      overcome. In considering this it is convenient to use the term "stream
      tube" as defined by Dodge and Thomson in their book Fluid Mechanics,
      McGraw-Hill Book Co., New York, 1937, pages 74-76. In this book, a flow of
      a stream of fluid is considered in the imagination as divided up into a
      very large number of very small parallel streams of fluid, the flow in the
      length of a stream tube being constant. In parallel flow of the two
      liquids on opposite sides of the plastic film it is necessary for the
      flows of the two stream tubes on the opposite sides of the plastic film to
      be nearly equal. Or from mathematical calculations if you need N transfer
      units to conduct the heat transfer you desire in a heat exchanger your
      heat exchanger will require excessive surface per transfer unit if there
      is more difference between the stream tubes on the opposite sides of the
      plastic film than 1/2N times the size of the smaller stream tube. In the
      common case of liquid-liquid heat transfer where the same liquid is being
      cooled that was heated by the heat exchanger, (N+1)= the total
      temperature, that the cooler liquid is heated, divided by the temperature
      difference, between the two liquid streams at a point in the heat
      exchanger. Since in many liquid-liquid heat exchanges it is desired to
      recover all most all the heat or N is desired to be greater than 10 or
      even 100 it can be seen that the relative difference allowable between the
      stream tubes can be extremely small.
PAR  However if the directions of the two liquids on opposite sides of the
      plastic film are at an angle a given stream tube crosses and receives heat
      from a very large number of short lengths of different stream tubes on the
      opposite side of the film. This effect is true for all the stream tubes on
      both sides of the plastic film. From a theoretical standpoint this
      procedure has great advantages for heat transfer through films imbedded in
      a mass of pebbles. In placing the film between the pebbles you will
      obviously make some layers of pebbles between the films at places too
      thick and at other places too thin and as a result the flow in some stream
      tubes will be too big and the flow in others will be too small. But from
      the laws of probability the average of a large number of stream tubes will
      be nearly correct as desired. And since you are now dealing with a stream
      of liquid from a large number of combined stream tubes it is now possible
      to put orifices in the inlets for these large combined streams to correct
      any error in overall equality of flow.
PAR  It has been further found that by using crystalline nonmetallic pebbles,
      for supporting and imbedding the plastic films in, that the rate of heat
      transfer of the heat exchanger can be roughly doubled. This is because
      crystalline pebbles, instead of blocking the transfer of heat to and from
      the plastic film as ordinary pebbles do, actually act as fins that assist
      in the heat transfer to and from the plastic film.
PAR  The special behavior of crystalline materials is well summarized by Jakob
      in his book Heat Transfer, Vol. I, published in 1949 by John Wiley & Sons,
      New York, page 95. Jakob writes as follows.
PAR  "Comparison of heat conduction by the so-called amorphous or glassy and the
      crystalline substances is of particular interest because of their entirely
      opposite behavior. As Euken (1911) seems to have stated first, the thermal
      conductivity of amorphous bodies is small at low temperature and increases
      with increasing temperature, whereas that of crystals is high and
      decreases with increasing temperature."
PAR  Examples of the thermal conductivity in the temperature range of 32.degree.
      Fahrenheit to 212.degree. Fahrenheit have been abstracted from Jakob's
      book, just cited, pages 95-98, from Heat Transmission by McAdams, 2nd.
      Ed., 1942, McGraw-Hill Book Co., New York, pages 382-384, and from Perry's
      Chemical Engineers' Handbook by Perry, Chilton and Kirkpatrick,
      McGraw-Hill, New York, Fourth Edition, 1963, page 23-59.
TBL  __________________________________________________________________________

     I. Noncrystalline Materials                                               

                        Thermal Conductivity                                   

     __________________________________________________________________________

     Asphalt          0.43 Btu/(hr)(sq.ft.)(deg.F. per ft.)                    

     Glass            0.2-0.73                                                 

                              "-Lava 0.49 "                                    

     Granite (Probably containing                                              

      some crystals)  1.0-2.3 "                                                

     Limestone        0.54    "                                                

     Slate            0.86    "                                                

     Fused Quartz that was rapidly                                             

      chilled after fusion                                                     

                      1.2     "                                                

     __________________________________________________________________________

TBL  II. Nonmetallic Crystalline Materials                                     

                       Thermal Conductivity                                    

     __________________________________________________________________________

     Mullite (3Al.sub.2 O.sub.3.2SiO.sub.2)                                    

                       3.2 Btu/(hr)(sq.ft.)(deg.F per ft.)                     

     Corundum (Al.sub.2 O.sub.3)                                               

                       5.5      "                                              

     Periclase (MgO)   21.0     "                                              

     Carborundum (SiC) 37.0     "                                              

     Graphite (30% Voids)                                                      

                       75       "                                              

     *Anthracite carbon (21% Voids)                                            

                       8.7      "                                              

     *Petroleum Coke (% Voids                                                  

      not given)       3.4      "                                              

     Quartz Crystals (SiO.sub.2)                                               

                       6.5 average                                             

                                "                                              

     __________________________________________________________________________

      *Carbon formed by heating a carbon containing material, which is the     

      process known as coking, gives carbon in a crystalline form but the      

      crystals are much smaller than the crystals known as graphite.           

      Graphitization is merely a process in which by heating the size of such  

      crystals are made to grow. See Chemistry of Coal Utilization by Lowry,   

      Editor, John Wiley & Sons, New York, 1945, Vol. I, pages 904-905. The    

      thermal conductivity of graphite, and carbon formed by heating, (that is 

      coke), is greatly affected by the percentage of voids, the thermal       

      conductivity varying roughly as the third power of the volume percentage 

      of the solid material present per unit volume of pebble. Obtaining carbon

      or graphite by calcining anthracite, which has a low percentage of       

      volatile matter to lose when heated, is the preferred method for obtainin

      carbon and graphite since it gives pebbles with a low fraction of voids. 

      Graphite is carbon calcined at temperatures usually over 2000.degree.    

      Centigrade and sometimes over 3000.degree. Centigrade. Graphite has a    

      greasy nature and anthracite graphite is especially greasy. It is        

      preferred over carbon where there is considerable pressure exerted across

      the plastic sheets since it does not have sharp edges that may pierce the

      plastic sheets. Since carbon is hard it is best used with low pressure   

      differentials exerted across the plastic sheets.                         

PAR  The preferred material for pebbles in my heat exchanger is quartz crystals.
      These are particularly attractive since there are big deposits where
      rivers have tumbled quartz crystals until the sharp corners have been
      rubbed off. A particularly large and convenient deposit of such quartz
      pebbles is owned by the North American Refractories Company of Cleveland,
      Ohio. The deposit is in Eastern Pennsylvania near Womelsdorf. A 700 pound
      run-of-mine sample was sieved and over 40% of the sample was in the
      preferred 1/8 inch to 1/4 inch fraction.
PAR  I prefer to limit the use of crystalline materials, for the use in pebbles,
      to those materials that are nonmetallic. This is because metals are much
      more expensive and are subject to corrosion. I define nonmetallic
      materials in this patent as materials that do not add oxygen and form an
      alkaline substance.
DRWD
PAR  FIG. 1 shows an elevation view of one form of my heat exchanger.
PAR  FIG. 2 shows a plan view of my heat exchanger at the elevation 2--2 of FIG.
      1. FIG. 2 also may be used to show the plan view at the elevation 2'-2' of
      FIG. 1 by merely changing the numbers. The numbers 53, 51, 49, and 45 are
      changed to 21, 19, 27, and 33, respectively and the numbers of parts 62,
      61 and 65 are omitted.
PAR  FIG. 3 shows a plan view of my heat exchanger at the elevation 3--3 of FIG.
      1. FIG. 3 may also be used to show the plan view at the elevation 3'-3' of
      FIG. 1 by merely changing the numbers. The numbers 59, 57, 56, 52, 47, 48,
      and 44 are changed to 13, 14, 24, 22, 25, 28, and 34, respectively and the
      numbers of parts 69, 41, 63, and 64 are omitted.
PAR  FIG. 4 shows a plan view of my heat exchanger at the elevation of 4--4 on
      FIG. 1. FIG. 4 may also be used to show the plan view at elevation 4'-4'
      of FIG. 1 by merely changing numbers. The numbers 59, 57, 56, 54, 50, 46,
      and 43 are changed to the numbers 13, 14, 24, 20, 26, 32, and 31
      respectively. Numbers 69, 41, 63, and 64 are omitted.
PAR  FIG. 5 shows a plan view at elevation 5--5 on FIG. 1.
PAR  FIG. 6 shows an elevation of my heat exchanger at 6--6 perpendicular to
      FIG. 1.
DETD
PAR  Referring to the drawings and particularly to FIG. 1 there is an outer
      rectangular vessel or case at 10. Liquid is shown entering at 11. The
      liquid then passes through manifold plate 12 by orifice-controlled pipes
      13 and 59. Taking the lower orifice-controlled pipe 59 we find as shown in
      FIGS. 3 and 4 that the liquid passes on through distributor or rather
      supports 69 and then as shown on FIGS. 1 and 6 divides into two streams to
      flow on both sides of plastic sheet 55. The lower stream flows through
      pebbles 47 as shown on FIG. 6 and FIG. 1. The upper stream flows through
      pebbles 43 as shown in FIG. 6 and FIG. 1. Plastic barriers 52, 48 and 44
      on FIGS. 3 and 1, and plastic barriers 54, 50 and 46 in FIGS. 4 and 1 give
      the two streams of liquid that have entered by 59 a counter-clock like
      spiral motion, within plastic sheet 56, around plastic sheet 55 in FIG. 6.
PAR  As shown in FIGS. 3 and 4 the liquid streams just mentioned flow out
      between the supports 64 and pass around vertical baffle 60 as shown in
      FIG. 3 and FIG. 4. Then the liquid is heated by electric heater 40 in the
      present example. The liquid is then mixed by rotary mixer 39 and passes
      back through the heat exchanger.
PAR  As shown in FIG. 1 and FIG. 2 half of the above liquid stream passes
      through suports 61 into the bottom layer of the heat exchanger. As shown
      in FIGS. 1 and 5 the other half of the liquid above mentioned flows back
      through the heat exchanger at the level shown by FIG. 5 through supports
      67. Here again the liquid is given a spiral motion though this time in a
      clock-wise manner when viewed in the direction of flow. That is by plastic
      barriers 45, 49, and 53 as shown in FIG. 2 and FIG. 1 and by plastic
      barriers 35, 29, and 23 as shown in FIG. 5 and FIG. 1 the liquid in the
      bottom portion of pebbles 42 in FIG. 6 and the liquid in the pebbles shown
      as 51 in FIG. 6 rotate in a clock-wise spiral manner around plastic sheet
      56. These liquids just mentioned pass out of the heat exchanger through
      supports 62 in FIG. 2 and supports 68 in FIG. 5 and then together through
      bottom outlet 58 in FIG. 1.
PAR  The flow of liquid through-orifice controlled pipe 13, in FIG. 1, through
      the jacket of plastic film 24, in FIG. 6, and that is rotated around
      plastic film 30, in FIG. 6, by plastic barriers 22, 28, 34, 20, 26, and 32
      is identical as previously described for the liquid entering by
      orifice-controlled pipe 59, though the liquid is rotated in a clock-wise
      spiral in pebbles 25 and 31. This flow initially through
      orifice-controlled tube 13 and then through the plastic jacket 24 in FIG.
      6 passes out by vertical baffle 60 and then is heated by electric heater
      40 and mixed by mixer 39. It then splits into two streams that pass back
      in pebbles 19 and 42 on both sides of the jacket 24, as shown in FIG. 6,
      and is given a counter-clock wise spiral rotation, as viewed in the
      direction of flow, by plastic barriers 33, 27, 21, 35, 29, and 23 through
      pebbles 19 and 42. The two streams pass on out through the pebbles in the
      open space to the right of manifold plate 12 and then the streams pass out
      of the apparatus by bottom outlet 58.
PAR  It should be stressed that the apparatus was surprizingly easy to
      fabricate. Or at least good results were obtained from my heat exchanger
      when there was no special effort to keep the layers of gravel exactly
      equal in depth. I would just line them up with my eye and did not use a
      straight edge to level up the gravel layers. The plastic barriers
      mentioned were made out of polyurethane foam strips 3/4 inches wide and
      1/4 inches thick with adhesive on both sides. This material is
      manufactured by Minnesota, Mining & Manufacturing Co., St Paul, Minn. The
      material comes in rolls like ordinary pressure sensitive adhesive tape
      with the two-faced tape being prevented from having its top face sticking
      on everything too soon by a strip of paper. You apply the double-faced
      tape like ordinary pressure sensitive tape with adhesive on one side. Then
      your remove the strip of paper from its top face. This latter operation is
      done after you put the surrounding layer of pebbles in place. That is when
      you put a layer in place, as for example anyone of the layers shown in
      FIGS. 2, 3, 4, and 5, you first put down the two-faced tape with the top
      face protected by its strip of paper. Then you sprinkle in enough pebbles
      to roughly fill up to the level of the tops of the tape. Then you remove
      the paper strips on the tops of the tape and you are ready to put down the
      plastic sheet for the bottom of the next higher layer.
PAR  For the layer of pebbles in FIG. 5 that is twice as thick as the other
      layers, two layers of the 1/4 inch thick two-faced pressure sensitive
      plastic tape was used. For the longitudinal seals of the plastic heat
      transfer surfaces 24 and 56, in FIG. 6, two faced adhesive tape 3/4 inch
      wide and of very thin thickness was purchased from Sears Roebuck under
      their label and was used. The seals around the orifce-controlled pipes 59
      and 13 were made by making metal molds out of thin sheet metal and
      inserting the pipes in the molds and filling up the open parts of the
      molds around the pipes with epoxy plastic putty brought from Sears
      Roebuck. This putty set to a very hard material bonding strongly to the
      metal molds and the pipes.
PAR  It is very desirable that the top of the top layer of pebbles 19 be held
      down with an even pressure. This is very conveniently done by having a
      sheet of plastic film 18 lain on top of the top layer of pebbles 19 which
      film is held up at the sides by the outer container 10, as shown in FIG.
      6, and is held up at the ends by bricks 17 and 38 wrapped in plastic films
      16 and 37 respectively. Plastic film 18 in this manner makes a container
      in which water 70 as shown in shown in FIG. 6 is placed that holds down
      the internal liquid pressure within the apparatus.
PAR  The plastic two-faced pressure sensitive adhesive tapes used are described
      as lasting indefinitely and can be used in permanent installations.
      However, if desired the longitudinal seals may be made by heat or sonic
      sealing of the plastic sheets 24 and 56 in the conventional manner.
      Instead of two-faced thick plastic foam tape for the plastic barriers
      there may be used bands of fine sand through which the liquid flows only
      slowly. In this way acids may be used to remove gypsum and calcium
      carbonate scales though it is believed that by just using 2 inch wide foam
      tapes the adhesive on the tapes will last long enough to give seals
      through a practical life of the apparatus. Also the normal pressure down
      on the springy foam tape will very probably give enough seal to give the
      desired spiral motion to the liquid flows through the apparatus.
PAR  It is admitted that it will be rarely practical to take my heat exchanger
      apart and clean it mechanically. However the two common types of scale
      that cause fouling of heat exchangers can easily be removed by hot
      concentrated hydrochloric acid. The hydrochloric acid reacts directly with
      any calcium carbonate scale and the hot concentrated acid will dissolve
      gypsum. The gypsum will precipitate out of the hot acid when the hot acid
      is cooled and the acid can be used over again. The cellulose in biological
      fouling and sewage solids can be removed by very concentrated hydrochloric
      acid also. Cleaning with hot concentrated hydrochloric acid is rarely
      practical with prior heat exchangers. The fats and oils can be removed by
      organic solvents. Silica and most clays can be removed easily by
      hydrofluoric acid if graphite or carbon pebbles are used. Crystalline
      calcium fluoride pebbles are an alternative also in this case. Therefore
      my heat exchanger in about all cases will be cheaper to keep clean than
      conventional metal heat exchangers. However since my heat exchanger is so
      cheap a large excess of area can be used and the heat exchanger can be
      allowed to foul up.
PAR  The types of plastic film preferred for a given heat exchanger will of
      course depend on the liquids and temperatures encountered. For example
      with water up to 140.degree. Fahrenheit one mill thick polyester is
      normally preferred. For higher temperatures with water polypropylene film
      one mill thick is preferred. It is claimed that the newer varieties of
      polyethylene film will be satisfactory at quite high temperatures. Also
      poly(vinylfluoride) is good at temperatures nearly to the boiling point of
      water. The highly fluorinated plastics are are expensive but are quite
      advantageous for high temperatures with corrosive liquids. Silcone rubber
      films can stand water and many other liquids at temperatures of at least
      450.degree. Fahrenheit. For liquids that do not contain water polyester
      film can be used to temperatures over 220.degree. Fahrenheit.
PAR  The number of plastic films that can be used is large when considering heat
      exchangers that handle liquids at temperatures below the freezing point of
      water. Usually one mill thick polyester film is preferred.
PAR  In this patent the term "plastic" is defined as any material made by
      joining together or polymerizing together at least 10 molecules of a
      single organic compound into one larger molecule.
PAR  In this patent the term "organic compound" is defined as a compound having
      a molecule in which there is at least one hydrogen atom or halogen atom
      attached directly to a carbon atom.
PAR  In this patent the term "pebble" is defined as a piece of solid material
      whose maximum diameter is less than 6 inches. While smaller pebbles are
      preferred pebbles up to this diameter can give superior results than
      conventional heat exchangers. Pebbles are preferably but not necessarily
      free of voids.
PAR  The plastic films or sheets are preferably but not necessarily thin. That
      is of a thickness of less than 0.005 inch. Normally films as thin as 0.001
      inch or 1 mill can be used and provide heat exchangers with high rates of
      heat transfer. But films may be as thick as 0.1 inch and still in some
      cases give superior results to conventional equipment. Therefore I define
      my sheets or films of plastic as being less than 0.1 inch thick.
PAC  EXPERIMENTAL
PAR  A 50 square foot heat exchanger was built and used to heat cold water at
      58.degree. Fahrenheit up to 113.degree. Fahrenheit by water at
      116.5.degree. Fahrenheit. The heat exchanger was 65 inches long and 14
      inches wide. There were 8 horizontal heat transfer surfaces. That is two
      units like that shown in FIG. 1 of the drawing were built one unit over
      the other unit. The angle of the plastic baffles was 45.degree. like that
      shown in the drawing. Quartz pebbles 0.125 to 0.25 inches in diameter were
      used in 0.25 inch thick layers except for the two layers, like FIG. 5 in
      the drawing, that were 0.5 inches thick. The rate of liquid flow was
      calculated from the heat balance at the hot end and was about 1000 pounds
      of water per hour apiece for both streams of water. Therefore a heat
      transfer coefficient of over 250 Btu(hr)(sq.ft.)(deg.F.) of heat transfer
      surface was obtained. In actual operation this should be considerably
      increased since the flow rate should be easily doubled and the heat
      transfer rate of this heat exchanger, like other heat exchangers, is
      proportional to some power of the flow rate. The pressure drop through the
      heat exchanger from right to left in FIG. 1 in the experimental model was
      of the order of 0.25 inches of water as expected. However the supports 69,
      in FIGS. 3 and 4, were left out and a bottle neck to flow there was
      observed. That is the overall pressure drop of the liquid from left to
      right in FIG. 1 was 3 inches of water pressure drop instead of the 0.25
      inches of water pressure drop as calculated for liquid flow through beds
      of pebbles and as actually measured for the return flow from right to left
      in FIG. 1. This was checked by the fact that the excess pressure did not
      occur far into the bed of pebbles from the left since the film holding the
      water 70 did not rise. The orifices in the inlet pipes 59 and 13 were not
      used though it is possible that such use might have raised the rate of
      heat transfer.
PAR  It was also found that the heat exchanger did not take as much water to
      fill as calculated and it is believed that venting was not complete. The
      only venting used in the example built was due to a slow flow of water
      pushing the air out and the sloping of the heat exchanger about 1.25
      inches upward towards the end of the heater. It is highly recommended that
      the slope upwards should be at least 10 times as much and the use of a
      higher rate of water flow should be very beneficial.
PAR  In this patent the word "helix" is given the meaning of Webster's
      dictionary where it is defined as a nonplane curve whose tangents are
      equally inclined to a given plane. A flattened helix is a helix that is
      flattened on the sides and is substantially like as shown for the flow of
      the liquids in the drawings of the patent.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for indirectly heating a cold liquid with a hot liquid which
      comprises passing the cold liquid on one side of a sheet of plastic, said
      cold liquid touching the sheet, passing the hot liquid on the other side
      of the sheet, said hot liquid touching the sheet at a spot, said spot
      being on the opposite side of the sheet from the spot where it was
      mentioned as being touched by the cold liquid, said plastic sheet being
      imbedded in a mass of pebbles and being held in place by the mass of
      pebbles, the direction of flow of the cold liquid and the direction of
      flow of the hot liquid, when taken over the distance of five times the
      maximum dimension of the heaviest pebble at the spots mentioned, being at
      an angle to each other, the directions being measured at the spots
      mentioned.
NUM  2.
PAR  2. A method according to claim 1 in which the angle between the direction
      of flow of the hot liquid and the direction of flow of the cold liquid is
      between 5.degree. and 175.degree..
NUM  3.
PAR  3. A method according to claim 1 in which the angle between the direction
      of flow of the hot liquid and the direction of flow of the cold liquid is
      between 25.degree. and 155.degree..
NUM  4.
PAR  4. A method according to claim 1 in which the pebbles are made of a
      crystalline nonmetallic material.
NUM  5.
PAR  5. A method according to claim 2 in which the pebbles are made of a
      crystalline nonmetallic material.
NUM  6.
PAR  6. A method according to claim 3 in which the pebbles are made of a
      crystalline nonmetallic material.
NUM  7.
PAR  7. A method according to claim 4 in which the crystalline nonmetallic
      material is quartz.
NUM  8.
PAR  8. A method according to claim 5 in which the pebbles are made of quartz.
NUM  9.
PAR  9. A method according to claim 6 in which the crystalline nonmetallic
      material is quartz.
NUM  10.
PAR  10. A method according to claim 4 in which the crystalline nonmetallic
      material is graphite.
NUM  11.
PAR  11. A method according to claim 5 in which the crystalline nonmetallic
      material is graphite.
NUM  12.
PAR  12. A method according to claim 6 in which the crystalline nonmetallic
      material is graphite.
NUM  13.
PAR  13. A method according to claim 4 in which the crystalline nonmetallic
      material is carbon.
NUM  14.
PAR  14. A method according to claim 5 in which the crystalline nonmetallic
      material is carbon.
NUM  15.
PAR  15. A method according to claim 6 in which the crystalline nonmetallic
      material is carbon.
NUM  16.
PAR  16. A method according to claim 1 in which the flow of one of the two
      liquids is in the form of a flattened helix.
NUM  17.
PAR  17. A method according to claim 2 in which the flow of one of the two
      liquids is in the form of a flattened helix.
NUM  18.
PAR  18. A method according to claim 3 in which the flow of one of the two
      liquids is in the form of a flattened helix.
NUM  19.
PAR  19. A method according to claim 4 in which the flow of one of the two
      liquids is in the form of a flattened helix.
NUM  20.
PAR  20. A method according to claim 5 in which the flow of one of the two
      liquids is in the form of a flattened helix.
NUM  21.
PAR  21. A method accoding to claim 6 in which the flow of one of the two
      liquids is in the form of a flattened helix.
NUM  22.
PAR  22. A method according to claim 7 in which the flow of one of the two
      liquids is in the form of a flattened helix.
NUM  23.
PAR  23. A method according to claim 8 in which the flow of one of the two
      liquids is in the form of a flattened helix.
NUM  24.
PAR  24. A method according to claim 9 in which the flow of one of the two
      liquids is in the form of a flattened helix.
NUM  25.
PAR  25. A method according to claim 1 inn which the flows of both of the
      liquids are in the forms of flattened helix.
NUM  26.
PAR  26. A method according to claim 2 in which the flows of both of the two
      liquids are in the forms of flattened helix.
NUM  27.
PAR  27. A method according to claim 3 in which the flows of both of the two
      liquids are in the forms of flattened helix.
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ABST
PAL  Movable shutting up elements are provided for eliminating the diminishing
      effect of the wind on cooling equipment erected in open air. The movable
      openings shutting up elements are adjusted by a control or regulating
      device according to actual wind conditions, to effect a damming of
      pressure in the path of the streaming air in front of the heat exchanging
      surface, enabling the wind energy to be used to aid in increasing the
      cooling effect. The opening and closing of elements rotatable around a
      vertical axis may be used to utilize to a greater extent the wind energy
      in addition to their wind reflecting effects.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is well known that in certain technologies, especially those which
      require thermal power stations, important quantities of heat are
      transferred to the surroundings. In order to convey this heat quantity
      into the ambient air, cooling equipment based on various principles have
      been developed.
PAR  Because such cooling apparatus requires large dimensions they are always
      located in open air. Thus they are exposed to various atmospheric
      conditions, of which wind is the most significant. In such cooling
      apparatus the streaming through of air which serves to cool such air is
      effected in a forced manner (by ventilators), or by a chimney working in
      combination with a natural draft, utilizing the lower specific weight of
      the heated air. In both types of equipment, the quantity of air streaming
      through the cooling apparatus is lowered by the action of the wind, thus
      reducing the cooling effect thereof.
PAR  Reduction in the quantity of air is due to the air flowing around the
      cooling equipment, producing unfavorable streaming conditions as compared
      with wind still conditions. One effect of such wind is the non-uniform air
      distribution at the entrance and a second is the additional resistance
      (turbulence and distortion of streaming) inside cooling apparatus in the
      path of the draft. Unevenness of air distribution cause the heat exchanger
      to receive air which has been warmed up already in another part of the
      apparatus, which also lessens the cooling effect.
PAR  Certain methods have been used to reduce the harmful effect of the wind.
      One such method uses various partition and guide walls built into the
      cooling apparatus, which partitions and guide walls are designed to make
      the air entrance uniform. Such attempts however when practically tested
      have had limited results because such solutions do not ameliorate the
      unfavorable streaming conditions which arise from the wind flowing around
      the cooling equipment.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, movable openings
      closing up elements are provided for eliminating the wind effect and using
      the wind energy to increase the cooling effect. This is achieved by
      placing at the entrance of the cooling equipment the shutting up elements
      to effect a damming up field, in which the action of the wind causes an
      increase in air pressure and consequently a rise in the quantity of air
      flowing through the heat exchanger. An essential part of the inventive
      concept is utilization of the principle of controlling or adjusting the
      wind by actuating the shutter elements at any time in a manner
      corresponding to the direction and intensity of wind, to thereby insure a
      maximum cooling effect.
PAR  Accordingly, it is an object of this invention to provide an improved heat
      exchanger capable of eliminating detrimental wind effects thereupon.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specifications and drawings.
PAR  The invention accordingly comprises the features of construction, a
      combination of elements, an arrangement of parts which will be exemplified
      in the construction hereinafter set forth, and the scope of the invention
      will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description to be taken in connection with the accompanying
      drawings, in which:
PAR  FIG. 1 is a sectional view of cooling equipment including a heat exchanger
      constructed in accordance with a preferred embodiment of the instant
      invention.
PAR  FIGS. 2a and 2b are sectional views taken along the line 2--2 in FIG. 1
      with the shutter elements shown in different adjusted positions;
PAR  FIG. 3 is a sectional view of an alternative embodiment of a heat exchanger
      in combination with a chimney constructed in accordance with the instant
      invention; and
PAR  FIG. 4 is a sectional view of still another alternative embodiment of a
      heat exchanger coupled to a chimney constructed in accordance with the
      instant invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1, 2a and 2b the cooling equipment illustrated
      therein is of the natural draft variety and includes as its essential
      element a chimney 1. A heat exchanger 2 is so arranged that air,
      illustrated by arrows 7, streams through it horizontally. Movable openings
      shutter elements 3 are positioned to rotate about a vertical axis and form
      a cylindrical jacket by encircling the damming-up field, illustrated
      herein as ring shaped.
PAR  As depicted in FIG. 2a with the chimney 2 removed, the direction of the
      wind is shown by arrows 6, and as is appreciated, movable openings shutter
      elements are made to rotate about a vertical axis to most favorably direct
      the wind into the damming-up field illustrated as 4.
PAR  Adjustment of the openings shutter elements is effected in any well known
      manner such as hydraulic, pneumatic or hand operated controls or adjusting
      apparatus, which receive impulses from devices sensing both the speed and
      direction of the wind, and data which characterizes the performance of the
      apparatus (e.g. temperature of the cooling water) to thereby effect the
      most favorable cooling affect by the adjustment of the openings shutting
      up elements. During windstill conditions, the openings closing up elements
      are fully opened.
PAR  In a strong wind, the adjustment as shown in FIG. 2b is used, the essential
      element of which is that the shutters on the side opposite to the wind
      direction are totally closed, and the remaining shutters are adjusted to
      angles varying along the circumference so as to direct the wind toward the
      inside room. Thus as is appreciated, the directing effect of shutters is
      utilized as well. As a result of shutting up the side opposite to the wind
      direction, the motion of the wind is transformed into a damming up
      pressure damming field 4. Since the air 7 entering the cooling equipment
      cannot escape elsewhere, it flows through the heat exchanger and the
      chimney into the open air. Thus the damming up pressure of the wind is
      added to the draft and ameliorates the working condition of the cooling
      equipment.
PAR  In weaker winds the effect of closing up the side opposite to the wind
      direction is poor, and in such cases the increasing pressure of the dam
      point which rises upon the action of the wind flowing around the cooling
      apparatus on the side opposite to the direction to the wind is utilized by
      opening some of the shutters proximate to the dam point as is depicted in
      FIG. 2b.
PAR  Reference is now made to FIG. 3 wherein a further embodiment of the instant
      invention is illustrated. The openings shutter elements 3 established from
      the damming up field 4 are connected to the feet which support the
      chimney. The heat exchanger 2 is located at the base of chimney 1 and as
      the air is passed into the chimney vertically through the heat exchanger
      2, such configuration provides the same results as hereinabove mentioned.
PAR  Still another embodiment of the instant invention is illustrated in FIG. 4
      in which cooling equipment is shown which includes a forced draft, the
      essential part of which is a ventilator 5 established at the top of
      chimney 1. As is illustrated therein the air streams 7 are inclined
      through heat exchanger 2 by means of openings shutter elements which are
      displaced on a horizontal axis and effect a damming up field 4 by
      arranging the shutter elements along the plane walls.
PAR  It will thus be seen that the objects set forth above, and those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in the above constructions without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description that are shown in the
      accompanying drawings shall be interpreted as illustrative and not a
      limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of heat transfer in cooling equipment including a heat
      exchanger, a chimney for drawing cooling air through said heat exchanger
      and selectively movable openings closing elements surrounding said heat
      exchanger for controlling air flow through said heat exchanger and up said
      chimney, an improved method comprising selectively setting the positions
      of said elements in response to existing conditions of wind direction,
      strength and cooling equipment operating conditions to define a damming
      area of preselected extent between said heat exchanger and said elements
      whereby to control said flow of cooling air.
NUM  2.
PAR  2. In the method as claimed in claim 1, wherein setting of the positions of
      the elements includes complete opening of the elements on the side facing
      into the direction of the wind, the closing of the elements on the side
      facing away from the wind, and partially opening of each element on the
      sides intermediate the sides facing into and away from the wind, the
      number of totally closed elements and the degree to which each of the
      partially opened elements is opened being determined in response to
      conditions of wind direction and cooling apparatus operating conditions.
NUM  3.
PAR  3. In the method claimed in claim 1, wherein each element is independently
      set to define said damming area in response to said existing conditions of
      wind direction, strength and the cooling equipment operating conditions.
NUM  4.
PAR  4. In the method claimed in claim 3, wherein the selective setting of said
      elements is effected by rotating same about a vertical axis through a
      range of 180.degree..
PATN
WKU  039331970
SRC  5
APN  470567&
APT  1
ART  342
APD  19740516
TTL  Control of heating and cooling available from central sources to a
      multi-zone temperature controlled space
ISD  19760120
NCL  8
ECL  1
EXA  Liles; James D.
EXP  Davis, Jr.; Albert W.
NDR  4
NFG  8
INVT
NAM  Zimmer; Darrel E.
CTY  North Park
STA  IL
INVT
NAM  Brace; Paul H.
CTY  Rockford
STA  IL
ASSG
NAM  Barber-Colman Company
CTY  Rockford
STA  IL
COD  02
CLAS
OCL  165  2
XCL  165 22
XCL  165 27
XCL  236 46R
EDF  2
ICL  F25B 1300
FSC  165
FSS  22;29;27;12
FSC  236
FSS  46 R;1 C
UREF
PNO  3724534
ISD  19730400
NAM  Weatherston
OCL  165 22
UREF
PNO  3785432
ISD  19740100
NAM  Kabat et al.
OCL  165 22
LREP
FR2  Koch; A. Richard
ABST
PAL  Incremental heating and cooling sources are energized and deenergized as
      required to meet the maximum heating and cooling demands of any of the
      zones in a temperature controlled space. Common references and comparators
      are employed for both heating and cooling controls.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is concerned with automatic control of heating and cooling
      available from a central heating and cooling system as required to meet
      the maximum heating and cooling demands from a plurality of temperature
      controlled zones.
PAR  In heating and cooling a plurality of rooms or other zones from a central
      heating and cooling source, some zones have different requirements than
      others. The heating and cooling demands in zones along an exposed wall of
      a building will vary with outside air temperature, the position of the
      sun, direction and velocity of wind, the window area, the insulating
      properties of the wall, the use of the space comprising the zone, and the
      personal preferences of the occupants. Interior zones are insulated by the
      exterior zones from the effects of outside temperature, sun, wind, window
      area, and wall insulation. They usually demand only cooling to remove heat
      generated by lights, persons and other heat producers. Exterior zones may
      require either heating or cooling dependent upon prevailing conditions. As
      a result of these differing requirements, it has been found necessary,
      when a central heating and cooling system is employed, to make both
      heating and cooling available to the individual zones at the same time.
PAR  A preferred method for modulating the temperature in the zones involves
      making both heating and cooling media available to each zone and mixing
      the media in proportions determined by the temperature deviation from the
      setpoint in the zone, the flow of mixed media being held substantially
      constant. In some systems the temperatures of the heating and cooling
      media has been controlled by the zones having the greatest demand for
      heating and cooling respectively. In the past, after the zone with the
      greatest demand for heating had been determined, a heating media control
      system regulated the temperature of the heating media to produce the
      required correction in that zone when only heating media was being
      delivered thereto. An entirely separate cooling media control system
      operated in similar manner to meet the requirements of the zone with the
      greatest cooling demand.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention the heating and cooling media control
      systems are not independent, but utilize common components. The media
      control systems increase and decrease the temperatures of the media in
      predetermined increments. The incremental changes may occur in timed
      sequence. Analog techniques are employed in the early stages and digital
      techniques in later stages of the control. The hot deck temperature is
      reset as a function of greatest heat demand. The mixed air temperature is
      reset as a function of greatest cooling demand. Both hot and cold deck
      temperatures may be reset by a power demand limit. The amount of outside
      air used may be adjusted according to its enthalpy.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of a typical multi-zone heating-cooling system
      to which this invention may be applied.
PAR  FIG. 2 is a graph showing how the hot and cold damper positions vary with
      the zone temperature.
PAR  FIG. 3 is a graph showing how the position of the outdoor air damper varies
      with mixed air temperature.
PAR  FIG. 4 is a block diagram of a central control in accordance with this
      invention.
PAR  FIG. 5 and 6 together are a circuit diagram of a central control in
      accordance with this invention.
PAR  FIG. 7 is a graph showing how heating stages are energized in response to
      the greatest demand for heating.
PAR  FIG. 8 is a graph showing how cooling stages are energized in response to
      the greatest demand for cooling.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a plurality of zones such as 10, 11, 12 as separate rooms
      although this is not necessary. For convenience we will assume the time is
      during the heating season, that zone 10 is the exterior room requiring the
      greatest amount of heat to replace that lost through conduction and
      radiation to the outside, that zone 12 is the interior room requiring the
      greatest amount of cooling to remove heat generated by its occupants,
      lights, machinery, etc., and that zone 11 has intermediate requirements.
      Heat is available to each zone from a hot deck 13 and cooling is available
      to each zone from a cold deck 14. The amount of heat and cooling supplied
      to each zone is controlled by dampers such as 15, 16 controlling air flow
      from the hot and cold decks respectively into the controlled zone such as
      10. These dampers are reversely positioned by a reversible motor 17 under
      control of a zone thermostat 18. FIG. 2 shows how the damper positions
      vary with temperature deviation. Air is exhausted from each zone through a
      return air duct 19. Circulation is provided by a fan 20 moving the return
      air through heat exchangers 21, 22 to the hot and cold decks 13, 14
      respectively. Ventilation and perhaps cooling is supplied by outside air
      delivered through an intake 23 and mixed with the return air. The
      proportions of outside and return air being mixed are determined by
      outside and return air dampers 24, 25 positioned reversely by a reversible
      motor 26 under the control of a mixed air thermostat 27. FIG. 3 shows how
      the outdoor air damper position varies with deviation of mixed air
      temperature from a set point. In many installations a minimum open
      position of the damper 24 is required to be maintained to assure
      sufficient ventilation. The return air damper 25 is closed when outdoor
      air damper 24 is open and open when the latter would be closed. There is
      no return air minimum position. The amount of heating supplied to the hot
      deck 13 is determined through a central control 28 by the zone (10 in this
      example) having the greatest heat demand and a hot deck temperature sensor
      29. The amount of cooling supplied to the cold deck 14 is determined by
      the zone (12 in this example) having the greatest cooling demand through
      the central control 28. The central control also resets the mixed air
      temperature by limited control over the damper motor 26.
PAC  METHOD
PAR  In the central control 28 as seen in FIG. 4, the zone temperature sensors
      18 each provide an input over respective lines 18a, 18b, . . . 18 n to a
      low signal selector 30, which selects the lowest input as representative
      of the heat requirement of the zone (10 in FIG. 1) having the greatest
      heating demand. This lowest input is delivered to a hot deck control 31,
      which combines it with a signal from hot deck sensor 29 to control the hot
      deck temperature. Each of the zone temperature sensors 18 also provides an
      input to a high signal selector 32, which selects the highest input as
      representative of the cooling requirement of the zone (12 in FIG. 1)
      having the greatest cooling demand. This highest input is delivered to a
      cold deck control 33 to control the amount of mechanical cooling supplied
      by heat exchanger 22 to the cold deck 14. The highest input is also
      delivered to a mixed air control 34 where it resets the control by the
      mixed air thermostat 27 of the damper control 35. The hot and cold deck
      controls 31, 33 do not directly control the heating and cooling of air in
      the hot and cold decks 13, 14. Signals from the hot and cold deck controls
      are fed to an analog gate 36 controlled by a clock programmer 37 to pass
      alternately as a single demand signal the signals from the hot and cold
      deck controls to a comparator 38, which determines whether an increase or
      a decrease in the available heating or cooling is required. Determinations
      of the comparator pertaining to available heating are transferred to a
      heating memory 39, which sequentially increases or decreases the number of
      its output signals to heating controllers 40 that energize and deenergize
      the heating stages 41. Determinations of the comparator pertaining to
      available cooling are transferred to a cooling memory 42 which
      sequentially increases or decreases the number of its output signals to
      cooling controllers 43 that energize and deenergize the cooling stages 44.
      Both heating and cooling memories 39, 42 provide feedbacks to the
      comparator 38 to reset the reference values employed.
PAR  Apparatus to employ this method is shown in FIGS. 5 and 6 and described
      later. It will be seen that the FIG. 5 portion employs analog techniques
      and the FIG. 6 portion employs digital techniques.
PAC  MIXED AIR CONTROL 34
PAR  As seen in FIG. 5, a heat sensitive resistor 27 in the mixed air is
      connected in series with a fixed resistor 46 between a direct voltage
      source + and ground to produce at junction 47 a voltage as a function of
      mixed air temperature. A potentiometer 48 connected between the same
      voltage source + and ground provides at its wiper 49 a voltage as a
      function of a selected nominal set point. These mixed air temperature and
      set point voltages are coupled to summing point 50 at the inverting
      terminal of an inverting amplifier 51. The input signal provided is
      proportional to the difference between the measured and set point mixed
      air temperatures and of a polarity determined by the sense of the
      deviation. The non-inverting terminal of the amplifier is connected to a
      fixed tap 52 on a voltage divider 53 between the same voltage source + and
      ground to provide a base voltage. As the enthalpy of outdoor air rises, it
      is less effective as a cooling agent and finally becomes useless. It is
      under these circumstances desirable to limit the amount of outdoor air
      mixed with the return air. This may be accomplished by shunting the lower
      portion 54 of voltage divider 53 with an NPN transistor 55 controlled by
      an enthalpy on-off input delivered to its base through an enthalpy input
      line 56.
PAC  DAMPER CONTROL 35
PAR  The output of inverting amplifier 51 is fed into the base of an NPN
      transistor 58, the collector of which is connected to a DC power supply V
      while the emitter is coupled to ground, to the inverting terminal of a
      positive feedback inverting amplifier 59 and to the non-inverting terminal
      of a positive feedback non-inverting amplifier 60. A constant current
      generator 61 supplies current to a fixed resistor 62 and a feedback
      potentiometer 63 connected in series between the generator and ground. The
      non-inverting terminal of amplifier 59 is coupled to the junction 64
      between resistor 62 and potentiometer 63, while the junction 65 between
      generator 61 and resistor 62 is connected to the inverting terminal of
      amplifier 60. The resistor 62 thus establishes a fixed dead band between
      the operating points of the amplifiers. The outputs of amplifiers 59, 60
      are coupled to gate terminals of triacs 66, 67 respectively. As shown
      these triacs selectively close the shading coils 68, 69 of a reversing
      shaded-pole motor 70 which controls the position of dampers 24, 25 in the
      outside and return air ducts 23, 19 respectively and resets the feedback
      potentiometer 63. The motor 70 is connected to open the outdoor air damper
      24 and close the return air damper 25 as the sensed temperature of the
      mixed air increases. A minimum outdoor air position for the damper 24 may
      be established by the setting of wiper 71 on a minimum outdoor air set
      point potentiometer 72 connected between power supply V and ground. The
      wiper is coupled to the base of transistor 58 through a diode 73, which
      along with diode 74 between the output of amplifier 51 and the base of
      transistor 58 forms a highest signal selector.
PAC  HIGH SIGNAL SELECTOR 32
PAR  The incoming lines 18a, 18b, . . . 18n are connected through respective
      forward connected diodes 76a, 76b, . . . 76n to a bus 77, which is coupled
      to ground through a resistor 78 and to the base of a PNP transistor 79
      connected in emitter follower configuration with a resistor 80 between the
      emitter and power supply. All of the diodes 76a, 76b, . . . 76n, except
      that one conducting current from the line 18a, 18b, . . . or 18n at the
      highest potential, will be back biased. The forward voltage drop in the
      emitter-base circuit of transistor 79 will be substantially the same as in
      each of the diodes 76a, 76b, . . . 76n, so that the voltage at the summing
      point 81 is substantially identical to that of that line 18a, 18b, . . .
      or 18n at the highest potential.
PAR  The mixed air control 34 is reset to a limited extent by the demand for
      cooling as indicated by the variable output at the summing point 81. The
      summing point is coupled to the inverting input terminal of an inverting
      amplifier 83. The non-inverting input terminal is coupled to the wiper 84
      of a potentiometer 85 connected between power supply V and ground. The
      output of amplifier 83 is coupled to the summing point 50. This results in
      more outside air being drawn in as the demand for cooling increases.
PAC  COLD DECK CONTROL 33
PAR  The cold deck control comprises a non-inverting amplifier 87, having its
      non-inverting input terminal coupled to summing point 81 and its inverting
      input terminal coupled to a fixed tap 88 on voltage divider 89 connected
      between power supply V and ground. The output of amplifier 87 is connected
      to ground through an output voltage divider 90 having a fixed tap 91. This
      output voltage divider is not required if the numbers of heating and
      cooling stages are equal. If there are more cooling than heating stages it
      would be inserted at the output of the hot deck control 31 instead.
PAC  LOW SIGNAL SELECTOR 30
PAR  The incoming lines 18a, 18b, . . . 18n are connected through respective
      reverse connected diodes 93a, 93b, . . . 93n to a bus 94, which is coupled
      to power supply v through a resistor 95 and to the base of an NPN
      transistor 96 connected in emitter follower configuration between power
      supply v and ground, with a resistor 97 between its emitter and ground.
      All of the diodes 93a, 93b, . . . 93n, except that one conducting current
      from the line 18a, 18b, . . . or 18n at the lowest potential, will be back
      biased. The forward voltage drop in the base-emitter circuit of transistor
      96 will be substantially the same as in each of the diodes 93a, 93b, . . .
      93n, so that the voltage at the summing point 98 is substantially
      identical to that of that line 18a, 18b, . . . or 18n at the lowest
      potential.
PAC  HOT DECK CONTROL 31
PAR  The summing point 98 is coupled to the non-inverting input terminal of a
      non-inverting amplifier 100, having its inverting input terminal coupled
      to a fixed top 101 on voltage divider 102 connected between power supply V
      and ground. The output of amplifier 100 is connected to a summing point
      103 at the inverting input terminal of an inverting amplifier 104. The
      non-inverting input terminal of the amplifier is connected to a fixed tap
      105 on a voltage divider 106 connected between power supply V and ground.
      A heat sensitive resistor 29 in hot deck 13 is connected in series with a
      fixed resistor 107 between a direct voltage source + and ground to produce
      at junction 108 a voltage as a function of hot deck temperature. A
      potentiometer 109 connected between the same voltage source + and ground
      provides at its wiper 110 a voltage as a function of a selected hot deck
      set point. These hot deck temperature and set point voltages are coupled
      to summing point 103. The input signal provided is proportional to the
      difference between the measured and set point hot deck temperatures and of
      a polarity determined by the sense of the deviation.
PAC  Gate 36
PAR  Resistors 112, 113 are connected between the power supply V and junction
      114, 115 at the collectors of NPN transistors 116, 117 respectively. The
      emitters of the transistors are grounded so that the transistor-resistor
      combinations are in parallel paths. The bases of the transistors are
      alternately energized by the clock programmer 37, as will be described
      later. The output of amplifier 104 is coupled through a reverse connected
      diode 118 to junction 114 and the fixed tap 91 is coupled through another
      reverse connected diode 119 to collector 115. The collectors 114, 115 are
      coupled through diodes 120, 121 respectively to a summing point 122. The
      amplifiers 104, 87 are such that they hold their output steady regardless
      of load. When no control signal is applied to the base of transistor 116,
      the voltage at its collector 114 is equal to the output voltage of
      amplifier 104 plus the forward voltage drop of diode 118. This collector
      voltage minus the forward voltage drop of diode 120 appears at summing
      point 122. Since the forward voltage drops of the diodes 118, 120 are
      substantially identical, the voltage at the summing point 122 is
      substantially the same as at the output of amplifier 104. When a control
      signal is applied to the base of the transistor 116, the voltage at its
      collector 114 is equal only to the voltage drop in the transistor. Since
      the transistor acts as a gate, its voltage drop is substantially the same
      as the forward voltage drop in diode 120, so the voltage at summing point
      122 would be substantially zero, if dependent solely upon conduction by
      transistor 116. In like manner it can be shown that the summing point
      voltage would be equal to the voltage at tap 91 when transistor 117 is not
      conducting and substantially zero when transistor 117 is conducting, if
      dependent solely upon conduction by transistor 117. The diodes 120, 121
      act as a highest voltage selector, the diode connected to the collector
      having a lower voltage than the other being back biased and so
      non-conducting. The summing point voltage is inverted and calibrated by an
      inverting amplifier 123, the non-inverting terminal of which is connected
      to wiper 124 of a potentiometer 125 between the power supply V and the
      ground. The output of amplifier 123 is supplied to line 126 as an analog
      signal varying according to the maximum demand for heating and cooling
      alternately.
PAC  CLOCK PROGRAMMER 37
PAR  As seen in FIG. 6, a clock 128 provides periodic pulses to interconnected J
      and K terminals of a J-K flip-flop 129, producing alternating
      complementary 0 and 1 signals at the Q and Q terminals 130, 131 at half of
      the frequency of the clock pulses. The flip-flop 129 therefore serves as a
      frequency divider and will hereinafter be referred to as such. Another J-K
      flip-flop 132 receives its J and K inputs from Q terminal 130 and acts as
      a second frequency divider, producing alternating complementary 0 and 1
      signals at Q and Q terminals 133, 134 at a quarter of the frequency of the
      clock pulses.
PAC  Comparator 38
PAR  As shown in FIG. 6, a constant current generator 136 delivers current
      through series connected resistors 137-141 to ground with resistor 141
      connected to ground. Junction 142 at the upper end of resistor 137 is
      connected to the inverting terminal of a non-inverting positive feedback
      amplifier 143, the non-inverting terminal of which is coupled to line 126.
      When the output of amplifier 123 delivered by line 126 exceeds the voltage
      at junction 142, a saturated positive output (a digital 1) appears at the
      output terminal of amplifier 143. This occurs only when an increase in
      available heating or cooling is required. At all other times the output of
      amplifier 143 is zero (0). Junction 144 at the lower end of resistor 137
      is coupled to the non-inverting terminal of an inverting positive feedback
      amplifier 145, the inverting terminal of which is connected to line 126.
      When the output of amplifier 123 delivered by line 126 falls below the
      voltage at junction 144, a saturated positive output (a digital 1) appears
      at the output terminal of amplifier 145. This occurs only when a decrease
      in available heating or cooling is required. At all other times the output
      of amplifier 145 is zero (0 ). When the outputs of both amplifiers 143,
      145 is 0, no change is required. The resistor 137, by establishing
      separate reference voltages for amplifiers 143, 145, determines the
      deadband between their operating points.
PAR  The resistors 138-141 are equal in number to the greatest of the number of
      heating or cooling stages 41, 44 being controlled. The resistors 138-141
      are of equal fixed value. A pair of NAND gates 147, 148 have their outputs
      connected to junction 149 between resistors 140, 141 so that
      simultaneously and alternately with respect to NAND gates 148, 151, 154,
      156. The other 1 inputs to NAND gates 147, 150, 153 are received
      respectively as the cooling stages 44 are energized, as will be explained
      later. It will be seen that the reference voltage at junctions 142, 144
      are reset lower by equal increments as the resistors 141-138 are
      sequentially shorted. The demand for an increase in heating or cooling
      must therefore be that much greater in order to produce a 1 output from
      amplifiers 143, 145.
PAR  The Q terminal 133 also energizes the base of transistor 117 through
      conductors 158, 160, so that heating control signals are received over
      line 126 while the NAND gates 148, 151, 154, 156, corresponding to heating
      stages resistor 141 is shorted whenever either of the NAND gates produces
      a 0 output. NAND gates 150, 151, with their outputs connected to junction
      152, may similarly short resistor 140. NAND gates 153, 154, with outputs
      connected to junction 155, are adapted to short out resistor 139. Lastly
      NAND gate 156 with its output connected to junction 157 is enabled to
      short resistor 138. The NAND gates 148, 151, 154, 156 receive one of their
      1 inputs from Q terminal 133 through conductor 158, so that all of them
      are enabled periodically and simultaneously. The other 1 inputs to NAND
      gates 148, 151, 154, 156 are received respectively as the heating stages
      41 are energized, as will be explained later. The NAND gates 147, 150, 153
      receive one of their 1 inputs from Q terminal 134 through conductor 159,
      so that they are enabled 41a, b, c, n respectively, are enabled. The Q
      terminal 134 also energizes the base of transistor 116 through conductors
      159, 161, so that cooling control signals are received over line 126 while
      the NAND gates 147, 150, 153, corresponding to cooling stages 44a, b, m
      respectively, are enabled.
PAR  A NAND gate 162 receives as one input the output of amplifier 143. A NAND
      gate 163 receives the output of amplifier 145 as one input. The other
      input to each of the NAND gates 162, 163 is provided by Q terminal 131, so
      that both are enabled simultaneously. The outputs of NAND gates 162, 163
      are joined at junction 164, where they provide an input to NAND gate 165.
      This input will be a 1 except when a change in available heating or
      cooling is called for and then only while a 1 is present at Q terminal
      131, at which time junction 164 is grounded to provide a 0.
PAC  HEATING MEMORY 39
PAR  The output of NAND gate 165 is delivered as an input to each of NAND gates
      167, 168. If the other input to NAND gate 165 is a 1 when a 1 appears at
      junction 164, the outputs of both NAND gates 167, 168 will be a 1. NAND
      gate 167 receives another input from Q terminal 133 through conductor 158,
      while NAND gate 168 receives an input from Q terminal 134 through
      conductor 159. Since the outputs at terminals 133, 134 are complementary,
      one or the other of the NAND gates 167, 168 will be producing a 1 output
      at all times. Each of NAND gates 167, 168 also receives an input from
      clock 128 through an inverter 169. Because the clock output is a periodic
      1 pulse, the inverter 169 will provide a 1 to the NAND gates except for
      the brief pulse time when a 0 is delivered to the NAND gates, thus
      assuring a 1 output from both NAND gates for that brief period. A delay
      circuit 170, described later, also provides an input to NAND gate 168. The
      outputs of both NAND gates 167, 168 are delivered to NAND gate 171 as
      inputs. The output of NAND gate 171 is supplied as an input to NAND gate
      165 through an inverter 172. Since the outputs of both NAND gates 167, 168
      can be 1s only during the brief clock pulse, a 1 input can be delivered to
      NAND gate 165 only during that period. This results in a 0 output from
      NAND gate 165 and insures that only one 0 pulse is delivered by NAND gates
      167, 168.
PAR  Since Q terminal 133 simultaneously supplies a 1 to both the base of
      transistor 117 and NAND gate 167, the heating demand signal will be passed
      by gate 36 only while NAND gate 167 is enabled to produce a 0 output. In
      like manner the cooling demand signal will be passed only while NAND gate
      168 is enabled to produce a 0 output. NAND gates 167, 168 are therefore
      responsive to heating and cooling demands respectively.
PAR  The heating right-left shift register 174 shifts upon receipt of a 0 from
      NAND gate 167. The direction of the shift depends upon a mode control
      signal received from the inverting positive feedback amplifier 145 through
      an inverter 175. As previously explained amplifier 145 produces a 1 output
      when a decrease in available heating or cooling may be made -- otherwise
      the output is 0. It will be seen that after inversion there will be a 1
      delivered as a mode control signal to shift register 174 when no decrease
      in demand for available heating or cooling is indicated and a 0 will be
      delivered when a decrease in demand for available heating or cooling is
      indicated. When there is a demand for increased available heating there
      will be a 1 mode control signal present when a 0 shift signal is received
      from NAND gate 167. This will result in a 1 output being continuously
      produced at an additional output terminal 176 of shift register 159. When
      there is a demand for decreased available heating, there will be a 0 mode
      control signal present when a 0 shift signal is received from NAND gate
      167. This will result in a 1 output being removed from one of the output
      terminals 176. The output terminals 176a, b, c, n have 1 output signals
      produced in fixed sequence -- 176a being first to produce a 1 output and
      176n being last. The 1s are removed in reverse order. The number of output
      terminals 176 provided must at least equal the number of heating stages 41
      to be controlled.
PAR  The output terminals 176a, b, c, n are connected as inputs to NAND gates
      148, 151, 154, 156 respectively, so that as the outputs are sequentially
      energized the gates sequentially short the resistors 141-138 to reset the
      reference voltages of the positive feedback amplifiers 143, 145, as
      previously explained.
PAC  Heating Controllers 40
PAR  The heating controllers 40 receive the outputs from the heating shift
      register 174, the output from each of the terminals 176a, b, c, n
      controlling respective ones of the heat controllers. Since all of the
      heating controllers are identical, only one will be described. The output
      terminal 176a is coupled to the base of an NPN transistor 178 which has
      its collector joined to a positive voltage source +. The emitter is
      coupled to the gate of a triac 179 in series between one of the heating
      stages 41, as by line 41a, and ground to control the closing and opening
      of the heating stage circuit.
PAC  Cooling Memory 42
PAR  The cooling right-left shift register 181 shifts upon receipt of a 0 from
      NAND gate 168. The direction of the shift depends upon the mode control
      signal received from the inverting positive feedback amplifier 145 as in
      the heating memory 39. When there is a demand for increased cooling there
      will be a 1 mode control signal present when a 0 shift signal is received
      from NAND gate 168. This will result in a 1 output being continuously
      produced at an additional output terminal 182. When there is a demand for
      decreased available heating, there will be a 0 mode control signal present
      when a 0 shift signal is received from NAND gate 168. This will result in
      a 1 output being removed from one of the output terminals 182. The output
      terminals have 1 output signals produced in fixed sequence -- 182a being
      first and 182m being last. The 1s are removed in reverse order. The number
      of output terminals must at least equal the number of cooling stages 44 to
      be controlled.
PAR  A 1 appearing at output terminal 182a, or any other desired output terminal
      182, is coupled to the base of transistor 55 through line 184 to disable
      the mixed air control 34 and cause the outside air damper 24 to assume its
      minimum open position when the cooling stage 44 energized in response to a
      1 at the selected output terminal is energized. FIG. 7 shows how the
      heating stages are energized and de-energized as the heating demand
      increases and decreases.
PAC  Cooling Controllers 43
PAR  The cooling controllers 43 are identical to heating controllers 40, so they
      will not be separately described. It will be noted that the cooling stages
      44 are energized through lines 44a, b, m as a result of continuous 1s
      appearing at output terminals 182a, b, m, respectively. FIG. 8 shows how
      the cooling stages are energized and de-energized as the cooling demand
      increases and decreases, the solid lines showing increasing demand and the
      dashed lines showing decreasing demand.
PAC  Delay Circuit 170
PAR  In the delay circuit 170 a binary counter 186 receives trigger signals from
      NAND gate 187. The outputs of counter 186 provide all of the inputs to a
      NAND gate 188, so that the latter normally supplies a 1 output as an input
      to NAND gate 187--a 0 being supplied only when the counter is full. A
      second 1 input to NAND gate 187 is periodically provided by the output
      from Q terminal 133. NAND gate 187 would then provide a periodic falling
      trigger signal to increase the count whenever the input from Q terminal
      133 changed from 0 to 1 until the count was full, at which time trigger
      signals would cease. Provision of a trigger signal is also inhibited
      whenever cooling is being supplied. When a 1 is produced at output
      terminal 182a to energize the first cooling stage 44 through line 44a, the
      1 is also delivered by conductor 189 to inverter 190, which then supplies
      a 0 as an input to NAND gate 187 to prevent a 0 output therefrom. The
      counter 186 receives a reset signal from output terminal 182a through
      conductors 189, 191 and another from NAND gate 192. Reset of the count to
      0 is accomplished when both reset signals become 1s. The reset signal from
      output terminal 182a is 1 as long as any cooling stage is energized. The
      reset signal from NAND gate 192 becomes 1 only when there is a full count
      in counter 186 while a cooling stage is energized. The output of NAND gate
      192 is also delivered on an input to NAND gate 168, as previously
      mentioned, so that the latter can provide a 1 output only when the count
      is full.
PAR  If the clock 128 provides a pulse every 5 seconds, the frequency divider
      129 will provide an output change every 10 seconds and frequency divider
      132 will change output every 20 seconds. If a 16 count binary counter 186
      is employed, it will produce a full count every 320 seconds or
      approximately every 5 minutes. Since NAND gate 168 can supply a 0 input to
      shift register 181 only when all inputs to NAND gate 168 are 1s, it will
      be seen that shift register 181 can energize and de-energize cooling
      stages 44 only at approximately 5 minute intervals.
PAC  Power Demand Limit
PAR  It is sometimes necessary or desirable to limit the amount of power drawn
      from supply lines. This may result from the size of the conductors, from
      peak load premiums, or other considerations. Provision is made for
      reducing the power drawn for heating and cooling to meet such
      requirements. A DC power demand signal received over conductor 194 is
      delivered to the base of a PNP transistor 195, the emitter of which is
      connected to tap 196 of a voltage divider 197 connected between power
      supply V and ground. The collector of transistor 195 at junction 198 is
      connected to ground through a resistor 199 and to the summing point 98
      through diode 200. The tap 196 is connected through diode 201 to summing
      point 81.
PAR  When a power demand signal appears on conductor 194, transistor 195
      conducts current from emitter to collector in proportion to the difference
      between the voltage at tap 196 and the conductor 194. This current reduces
      the voltage at tap 196 and increases the voltage at junction 198. If the
      voltage at tap 196 is lower than at summing point 81, diode 201 will
      become conductive, lowering the voltage at summing point 81 to
      substantially the voltage at tap 196 and thus overriding the greatest
      cooling demand. If the voltage at junction 198 is higher than at summing
      point 98, diode 200 will become conductive, raising the voltage at summing
      point 98 and thus overriding the greatest heating demand. The power demand
      signal could be at a fixed or variable DC voltage and could be controlled
      manually or automatically as in response to a power consumption
      measurement.
PAC  CONCLUSION
PAR  The control above described is merely a preferred embodiment of the
      invention, the scope of which is defined by the claims. It will be obvious
      to those skilled in the art that many variations, substitutions, etc. may
      be made in the described circuit without changing the inventive concept.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for automatically controlling the amounts of heating and
      cooling simultaneously available from a central location to heat and cool
      a plurality of temperature controlled zones, said method comprising the
      steps of determining separately the representative heating and cooling
      demands of said zones, comparing said heating and cooling demands
      alternately with respective reference values provided by a single means,
      controlling the amount of heat available as a function of the result of
      said heating demand comparison, and controlling the amount of cooling
      available as a function of the result of said cooling demand comparison.
NUM  2.
PAR  2. A method according to claim 1 additionally comprising the steps of
      resetting the heating reference value in response to the amount of heat
      available during said heating demand comparison, and resetting the cooling
      reference value in response to the amount of cooling available during said
      cooling demand comparison, both of said resetting steps being accomplished
      by a common means.
NUM  3.
PAR  3. A method according to claim 1 whereby said amounts of heating and
      cooling available are increased and decreased in fixed increments.
NUM  4.
PAR  4. A method according to claim 3 whereby said increments are determined by
      separately energizing stages of heating and cooling.
NUM  5.
PAR  5. A method according to claim 1 additionally comprising the steps of
      storing the results of said heating and cooling demand comparisons, and
      employing said stored results of the heating and cooling demand
      comparisons to control the heating and cooling respectively available.
NUM  6.
PAR  6. A method according to claim 5 additionally comprising the steps of using
      the stored results of said heating and cooling comparisons to control the
      common means for resetting said respective reference values in synchronism
      with the comparisons of said heating and cooling demands respectively.
NUM  7.
PAR  7. A method according to claim 5 wherein said heating and cooling memories
      provide binary outputs to operate the control means.
NUM  8.
PAR  8. A method according to claim 1, in which said representative heating and
      cooling demands are obtained by selecting from the heating and cooling
      demands of each of said zones the greatest of the heating and cooling
      demands.
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ABST
PAL  A heat transfer device comprises two kinds of liquid having different
      boiling points and specific gravities, said two kinds of liquid being not
      mutually dissolvable and charged in a vessel so as to form two layers
      therein in superimposed relation to each other. In the heat transfer
      device, a large amount of heat is transferred at temperatures above a
      certain temperature but unidirectionally, while no heat transfer is
      effected at temperatures below the aforesaid certain temperature. The heat
      transfer device is suited for use in such apparatus or machines which
      require a thermally valving function, especially for use in a
      refrigerator.
BSUM
PAR  This invention relates to a heat transfer device.
PAR  Hitherto, for transferring heat from one place to another, it has been
      commonly practised that a material superior in thermal conductivity is
      placed to extend between those places so as to transfer heat due to
      thermal conductivity of the material. To improve the thermal conductivity,
      the use of a heat pipe has been proposed. In these devices, so far as
      there exists a temperature difference between two places, heat
      proportional to that temperature difference is necessarily transferred
      from the place higher in temperature to the place lower in temperature. If
      a temperature difference between two places is reversed, it follows that
      the direction of heat flow is reversed, and heat is transferred in like
      manner. In those conventional methods, thermal energy to be transferred is
      dependent on only a temperature difference between two places rather than
      an absolute value of temperature.
PAR  Stated otherwise, the conventional heat pipe ensures transfer of a large
      amount of heat where a temperature difference between two places is small,
      but such a heat pipe can not afford a thermal switching function, in which
      heat transfer does not take place at a temperature below a certain
      temperature detected, even if a temperature difference between two places
      is large, while at temperatures above that temperature, transfer of a
      large amount of heat is possible. Furthermore, the heat pipe of the type
      described fails to prevent reversed heat flow resulting from the reversed
      temperature difference relationship between two places. For affording the
      thermal switching function for the conventional methods, it is required
      that a thermal detector be provided, and outputs of the thermal detector
      be electrically amplified, so that part of the heat conductive material
      may be removed depending upon the signals produced, otherwise, in case of
      the use of a heat pipe, it is necessary that according to the signals
      produced by the thermal detector, a valve be closed so as to block vapor
      flow or liquid flow. These disadvantageously result in increase in size of
      the device as well as complicated construction, with the lowered
      reliability and increase in expense.
PAR  It is accordingly a primary object of the present invention to provide a
      heat transfer device, wherein the shortcomings described are avoided, a
      thermally valving function is afforded and a large amount of heat may be
      transferred with ease.
PAR  A second object of the present invention is to provide a heat transfer
      device, wherein a thermally valving function is afforded, the operating
      temperature may be set to a desired value and a large amount of heat may
      be transferred with ease.
PAR  A third object of the present invention is to provide a refrigerator,
      wherein a heat transfer device as has been described is incorporated
      therein, and two or more compartments thereof are maintained perfectly
      independent from one another in the sense of air circulation, with a
      temperature in individual compartment being set to a desired value,
      without causing air circulation therebetween or thereamong.
PAR  According to the present invention, there is provided a heat transfer
      device comprising; a thermal transfer medium (for example, refrigerant)
      for transferring heat from a heating section to a cooling section; and
      liquid having a specific gravity smaller than the thermal transfer medium
      and being sufficiently low in vapor pressure at a boiling temperature of
      said thermal transfer medium, said liquid being not dissolvable in the
      thermal transfer medium, said thermal transfer medium and said liquid
      being charged (for example, sealingly charged) in a vessel under a proper
      pressure which is determined in accordance with an operating temperature
      of the device as well as a saturated vapor pressure of said thermal
      transfer medium, thereby forming two layers therein in superposed relation
      to each other. The level of said liquid forming an upper layer of the two
      layers is maintained without being salient into the cooling section in a
      non-operation condition. In the operation of the heat transfer device thus
      constructed, a large amount of heat may be transferred at temperature
      above a given temperature but unidirectionally, while at temperatures
      below that temperature no heat transfer takes place.
DRWD
PAR  FIG. 1 is a sectional view diagrammatically showing a preferred embodiment
      of the present invention;
PAR  FIG. 2 is a plot representing an operating characteristic of the device of
      FIG. 1;
PAR  FIG. 3 is a sectional view diagrammatically showing another embodiment of
      the present invention;
PAR  FIGS. 5 through 20 are longitudinal cross-sectional views illustrating the
      outline of further embodiments; and,
PAR  FIGS. 21 through 31 are longitudinal cross-sectional views showing the
      outline of examples, in each of which the heat transfer device of the
      present invention is incorporated.
DETD
PAR  FIG. 1 is a sectional view showing the outline of a heat transfer device
      according to an embodiment of the present invention. Shown at 1 is a
      vessel, in which a thermal transfer medium is charged and which serves as
      a heat passage. Denoted at 2 is a heat transfer medium, for example a
      refrigerant, for transferring heat from a heating section A of the heat
      transfer device to a cooling section B, at 3 liquid having a specific
      gravity smaller than the heat transfer medium 2 and being sufficiently low
      in vapor pressure at a boiling point of the heat transfer medium, said
      liquid being not dissolvable in the heat transfer medium 2. The heat
      transfer medium 2 and the liquid 3 are charged or sealingly charged in the
      vessel 1 under an adequate pressure which is determined in accordance with
      an operation temperature of the device as well as a saturated vapor
      pressure of the heat transfer medium 2, thereby forming two layers therein
      in which an upper layer is said liquid 3 and a lower layer is said heat
      transfer medium 2. A level of said liquid forming the upper layer of two
      layers is maintained without being salient into the cooling section in an
      inoperative condition of the device. The liquid layer 3 is placed on the
      heat transfer medium 2 in superposed relation thereto and has such a
      thickness that boiling bubbles generating in the heat transfer medium 2
      may pass through the liquid layer 3 without being condensed by the liquid
      3. 4 is non-condensable gas such as air which covers the two layers of
      heat transfer medium 2 and liquid 3 as shown. The charging pressure is
      established, for example, by use of the non-condensable gas 4.
PAR  In operation, if a temperature in the refrigerant 2 rises due to heat
      applied from a certain heat source to the heating section A of the vessel
      1, neither boiling of the refrigerant 2 will be caused until the saturated
      vapor pressure thereof is raised to a level more than a level of the
      charged pressure, nor evaporation of the refrigerant will be caused
      because of being suppressed by the upper layer of liquid 3. Therefore, if
      refrigerant 2 is heated, no vapor which travels in the vessel to the upper
      space thereof generates as far as a temperature of the refrigerant does
      not reach a certain degree where boiling is caused, and hence the heat is
      transferred only by way of walls of the vessel 1 due to the thermal
      conductivity thereof without risk of the heat of being transferred by
      vapor to the upper portion of the vessel. If the vessel 1 is made of a
      material presenting a low thermal conductivity and has a thin wall in
      thickness, heat energy transferred to the upper space will be reduced to a
      greater extent.
PAR  When refrigerant 2 is heated to a temperature above a certain temperature,
      and the saturated vapor pressure rises to a level more than the level of
      the charged pressure, the refrigerant 2 starts boiling, whereupon boiling
      bubbles will be produced therein. The bubbles thus produced start
      ascending due to their buoyancies through the liquid layer 3 superposed on
      the refrigerant layer 2, and eventually reach the upper space of vessel 1.
      Since vapor involves latent heat of vapor, the flow of refrigerant vapor 2
      from the lower portion A of vessel 1 to the upper portion B thereof will
      result in the fact that heat is transferred from the lower portion A to
      the upper portion. In this case, if proper heat rejection means is
      provided in the upper portion of vessel 1, it follows that heat is
      transferred from the heat source in the lower portion to the heat
      rejection means in the upper portion.
PAR  It is well known such as in the case of the heat pipe that by utilizing the
      boiling phenomenon in the refrigerant, a large amount of heat may be
      transferred efficiently. Accordingly, it will be readily understood that
      heat is scarecely transferred when the refrigerant temperature is below
      the boiling point, while at the temperatures above the boiling point,
      transfer of heat of a large amount rapidly takes place. It is known that
      vapor produced from the boiling refrigerant becomes condensed for
      liquidization when cooled in the upper portion of the vessel. The
      refrigerant thus liquidized drops due to its gravity, past the liquid
      layer 3, down-to the refrigerant layer 2 to be recovered therein. Thus,
      the refrigerant 2 circulates within the vessel.
PAR  FIG. 2 shows a plot obtained through the test carried out by using
      fluoro-carbon as refrigerant 2 and silicon oil as the liquid 3, wherein
      temperature T is given as the abscissa and an amount of heat to be
      transferred Q is given as an ordinate. The results show that the
      performance has been satisfactory. Since the refrigerant 2 remains
      unboiled, even if the upper portion of vessel 1 is heated, then there
      occurs no vapor flow in the vessel 1, and hence no heat transfer is caused
      between the upper and lower portions of vessel 1. Thus, it will be
      understood that the heat transfer device presents a characteristic akin to
      the electric diode characteristic with respect to heat flow, without
      resorting to a thermal detector or a valve, thus resulting in simplified
      construction.
PAR  The vessel 1 may be made of any material and in any shape, because the heat
      transfer device is independent of such factors. For example, a metallic
      material, such as steel, may be availed as a material for the vessel, if a
      thickness may be reduced to a greater extent, while ceramics or glass may
      be used. The requirement for the vessel is such that the vessel can
      withstand the charged pressure and saturated vapor pressure of refrigerant
      within a range of operating temperatures. The vessel may be of any
      configuration, such as a cylinder or prism. Or otherwise, a shallow box
      shape is acceptable as shown in FIG. 5. It is also possible to use two
      sheets of corrugated plate, in which case the two sheets of corrugated
      plate are bonded together in a manner to form flute-like channels
      therebetween so that two kinds of liquid may charged in each of channels,
      as shown in FIG. 6. The upper portion and the lower portion of the vessel
      may be different in cross-sectional area. For instance, as shown in FIG.
      7, the lower portion in which the refrigerant and the liquid are charged
      is reduced in cross sectional area, with the upper space being relatively
      large. Such configuration will bring about advantages that a quantity of
      liquid required is small, and that should the heat transfer device be
      heated to an abnormally high temperature, there would be no risk of
      causing an abnormal rise in the internal pressure, and hence the safety is
      ensured. The longitudinal length of the vessel may be increased. However
      long the vessel may be, heat will be transferred over the entire length
      thereof instantly and substantially at a uniform temperature due to vapor
      flow.
PAR  In the foregoing, the vessel is described as if the use of a sealed vessel
      would be a requisite. However, where it is allowable to expose the
      refrigerent 2 to atmosphere, the vessel need not be sealed. Through the
      tests, it has been proven that in case of an open vessel being used, the
      curve of FIG. 2 presents a sharp upright portion and the characteristic is
      improved.
PAR  In the foregoing, fluoro-carbon and silicon oil are used as a refrigerant 3
      and as a liquid 2, respectively. However various combinations of
      refrigerant 2 and liquid 3 are possible. For example, a combination of
      alcohol or water and insulating oil is available as a combination of the
      refrigerant and the liquid, respectively.
PAR  The refrigerant should preferably be great in latent heat of vapor, and the
      type of refrigerant is dependent on the operational temperature condition.
      Only the requirement for the refrigerant is that the specific gravity
      thereof is greater than the liquid 3. The requirement for the liquid 3 is
      such that the liquid to be used be not dissolvable in the refrigerant used
      2, has a specific gravity smaller than the refrigerant 2 and be low in
      vapor pressure at an operating temperature.
PAR  The charged pressure is established by the use of non-condensable gas or
      the like. In the foregoing, the case is shown where air is used. The use
      of air is no limitative but inactive gas may be used.
PAR  In the embodiments described, the cases are shown in which the two kinds of
      liquid are charged in a single pipe. As shown in FIG. 8, another pipe 5
      may be separately provided for recovering the liquid from the upper
      portion of the vessel to the lower portion. The number of the recovery
      pipe 5 may be plural. The provision of a plurality of pipes will bring
      about advantageous that these pipes serve as fins for heat-exchange, and
      at the same time, the descending liquid flow may be separated from the
      ascending vapor flow, with the freedom of interference therebetween, with
      the result of facilitating the recovery of the refrigerant. In FIG. 8, a
      large quantity of liquid is used, and the performance of the heat transfer
      device of the present invention is independent of the quantity of liquid.
PAR  Further embodiments will hereunder be referred to.
PAR  The heat transfer device shown in FIG. 9 comprises a plurality of heat
      transfer pipes 1' and an upper and lower pipes 25 and 26 which
      interconnect these pipes. The two kinds of liquid are sealingly charged in
      these heat transfer pipes. This contributes to providing an increased heat
      transfer area. FIG. 10 shows the heat transfer device of an endless
      ring-shape, in which vapor from the boiling refrigerant charged in the
      lower portion of pipe ascends through the heat transfer pipe 1' towards
      the upper space, for being subjected to condensation and is returned as
      liquid through the other pipe 1" to the refrigerant layer 2. In this case,
      the vapor passage is provided separately from the liquid passage for
      avoiding the interference between the vapor flow and the liquid flow, such
      that fluid resistance will be reduced. The heat transfer device of FIG. 10
      may be arranged in a manner as shown in FIG. 9. In the embodiment of FIG.
      10, the heat transfer pipes 1' and 1" are arranged in parallel relation to
      each other, and either of pipes may be inclined at a certain degree to the
      horizontal direction. Both pipes 1' and 1" may be made of a material of
      quite the same composition or may be made of a material of totally
      different composition. In either case, the performances resulting are
      quite the same.
PAR  The heat transfer device shown in FIG. 11 comprises a horizontally arranged
      pipe. The horizontal pipe may be slightly inclined for facilitating vapor
      circulation. Such arrangement of pipe, even if it is adopted from the
      viewpoint of improvements in its outer appearance, will not impair the
      features and function of the device of the present invention.
PAR  In the heat transfer device of FIG. 12, the vessel 1 is of a shallow box
      type having a rectangular, circular or any desired shape in cross section,
      in which the refrigerant 2 and the liquid 3 are sealingly charged in
      superposed relation to each other. Where reduction in size of the device
      is desired, a single or plural fins 19 or 19' may be attached to one side
      or both sides of the device. Where a large size of device is desired, such
      a fin need not be attached thereto.
PAR  In the heat transfer device of FIG. 13, the vessel 1 consists of pipes
      arranged in zig-zag relation to each other. If the pipes are slightly
      declined, with respect to the horizontal line, the heat transfer device
      will provide the same result as the device of FIG. 12. In addition, the
      heat transfer device of FIG. 13 is free from the shortcoming experienced
      with that of FIG. 12 that the two kinds of liquid charged in the device
      may be admixed with each other when vibration is given to the device,
      resulting in the failure to effect heat transfer.
PAR  It will be clearly understood from the foregoing that according to the
      present invention, the heat transfer device is simple in construction and
      afforded a thermally valving function which detects a temperature with
      respect to flow of heat as well as a check valving function.
PAR  In the heat transfer device as shown in the preceding embodiments, since
      the boiling point of refrigerant 2 is basically determined according to
      the charged pressure in the vessel, it is impossible to alter or adjust
      the boiling point of refrigerant 2 after pressure has been charged in the
      vessel. For adjusting the boiling point, the vessel must be opened to
      remove non-condensable gas therefrom.
PAR  The following embodiments are so designed that pressure in the vessel may
      be varied, with the refrigerant 2 and other liquid being sealingly charged
      therein.
PAR  In a heat transfer device of FIG. 3, the vessel 1 is partly made of a
      flexible pipe or plate 7, on which is applied a force by any suitable
      pressing means 6 such as a rod or plate. Since the boiling point of the
      refrigerant is determined to a given value according to the internal
      pressure, where the set temperature, i.e. the set internal pressure, is
      desired to be altered after the refrigerant 2, the liquid 3 and
      non-condensable gas 4 have been sealingly charged in given amounts in the
      vessel 1, the pressing means 6 is operated so as to urge the flexible
      portion 7 downwards or to pull same upwards. If the flexible portion 7 is
      urged downwards by the pressing means 6, the non-condensable gas in the
      vessel will be compressed, and thus pressure in the vessel will rise.
      Consequently, the saturated temperature of the refrigerant 2 will rise,
      resulting in rise in the set temperature. If the pressing means 6 is
      pulled upwardly, the set temperature becomes lowered, in like manner.
PAR  The results of the test carried by using fluoro-carbon and silicon oil as
      refrigerant 2 and as the liquid 3, respectively, are given in FIG. 4,
      wherein the temperature is given as an abscissa and the quantity of heat
      transfer Q is given as an ordinate. A temperature, at which a valving
      action takes place, varies, as shown by the dotted lines, with changes in
      the condition of the flexible portion 7.
PAR  FIGS. 14 through 16 show further embodiments of the present invention. The
      heat transfer device of FIG. 14 is so constructed that a movable plug 8
      such as a piston is inserted to a certain extent in the vessel by
      operating the pressing means 6 so as to vary the pressure of
      non-condensable gas in the vessel. Shown at 9 is a flexible cover. In FIG.
      15, a flexible, relatively small vessel 10 is provided in the vessel 1, in
      which small vessel 10 is charged liquid or air from outside the vessel.
      The liquid pressure or air pressure in said small vessel is controlled so
      as to vary the volume of said small vessel 10, thereby varying the
      pressure of non-condensable gas 4. In the embodiment of FIG. 16, a coiled
      pipe connected to the vessel 1 is unwound so as to vary the inner volume
      of the vessel 1. In place of the coiled pipe, the vessel 1 may be formed
      to a tubular shape as a dental-cream tube variable in its volume. The
      vessel 1 may be formed to a box shape.
PAR  The embodiments described are the cases that the upper space of vessel
      varies in various ways. The same result will be obtained by raising the
      liquid level.
PAR  Further embodiments are shown in FIGS. 17 through 20, in which the liquid
      level is changed for varying the volume of upper space of the vessel.
PAR  The heat transfer device of FIG. 17 has the vessel 1 having a flexible
      lower portion 7. The flexible lower portion 7 is forced upwards or pulled
      downwards by the use of the pressing means 6, whereby the liquid level in
      the vessel changes. FIG. 18 shows a further modification of the present
      invention, wherein a valve 13 is provided in a portion of vessel 1. In the
      condition of FIG. 18(a), the valve 13 is maintained close, such that the
      refrigerant 2 and the liquid 3 remain in the mid portion of the vessel,
      with the liquid level being positioned at a level higher than the other
      embodiment. On the other hand, in the condition of FIG. 18(b), the valve
      13 is maintained open such that the refrigerant 2 and the liquid 3 are
      lowered, with the refrigerant 2 reaching the bottom of vessel, whereby the
      liquid level is lowered. In the embodiment of FIG. 18, the two different
      values of temperature may be determined by inverting the vessel 1. The
      device of FIG. 19 is so constructed that a relatively small vessel 14
      having an open lower end is inserted in the vessel 1, and the shaft 15 is
      pressed downwardly or pulled upwardly so as to shift the liquid level
      downwardly or upwardly. FIG. 20 shows a construction that the refrigerant
      3 and the liquid 2 are all or partly charged in another liquid tank 17
      connected by way of a connecting pipe 18 to the vessel 1, and another
      liquid tank 17 is urged by the pressing means 6 so as to adjust the liquid
      level in the vessel 1.
PAR  With the constructions as shown in FIG. 3 and FIGS. 14 through 20, the
      volume of inner space of vessel 1 is changed for adjusting pressure in the
      vessel so as to vary the saturated temperature. According to the test
      carried out by using the heat transfer device having the construction
      shown in FIG. 3, the saturated temperature was variable within a range
      from -2.degree.C to +5.degree.C.
PAR  As is apparent from the embodiments described, the saturated temperature is
      determined to a desired value, without impairing the function of the heat
      transfer device using the two kinds of liquid.
PAR  The embodiments described are merely shown for exemplification. Any
      construction, so far as it is so designed as to vary the pressure in the
      inner space of vessel, will be available for changing the temperature
      which provides a valving function.
PAR  The heat transfer device of the present invention is suited for a
      refrigerator. Embodiments will be given hereunder.
PAR  In case a refrigerator is incorporated in the heat transfer device of the
      present invention which is simple in construction and performs a
      satisfactory control function, a power required for the refrigerator will
      be greatly reduced, and the ease in the use of the refrigerator will be
      enhanced.
PAR  FIG. 21 illustrates a principle of a refrigerator in which the heat
      transfer device of the present invention is incorporated. The heat
      transfer device extends through a freezing compartment 27 and a
      refrigerating compartment 28, piercing through a partitioning wall
      provided therebetween, with its lower portion being located in the
      refrigerating compartment and with its upper portion being positioned in
      the freezing compartment. The heat transfer device to be incorporated in
      the refrigerator has no particular limitation either in size or in
      position with respect to the refrigerator. In the embodiment of FIG. 21, a
      greater part of the heat transfer device is located in the refrigerating
      compartment 28, while only a small part thereof is located in the freezing
      compartment 27, whose wall is in contacting relation to the wall of
      evaporator. Thus, the freezing compartment 27 and the refrigerating
      compartment 28 are maintained independent from each other from the
      viewpoint of circulation of air. With the construction, heat from the
      freezing compartment 27 is subjected to cooling in the evaporator 24. Let
      us consider that the temperature in the refrigerating compartment 28 is
      raised to a value above the specified value. The specified value, in most
      cases, is determined in consideration of the function required for a
      refrigerator and usually ranges from 2.degree. to 5.degree.C. But in the
      embodiment, such a specified temperature may be of any value. When the
      temperature in the refrigerating compartment 28 is raised to a value above
      the specified value, the refrigerant 2 charged in the heat transfer device
      starts boiling, and vapor reaches the upper space 4' of heat transfer
      device located in the freezing compartment 27, whereby heat in the
      refrigerating compartment 28 is transferred to the upper space of heat
      transfer device located in the freezing compartment 27 and then applied to
      the evaporator through the wall of the device. Thus, heat in the
      refrigerating compartment is cooled by the evaporator 24, whereby the
      temperature therein is lowered. When temperature in the refrigerating
      compartment is lowered to a value below the specified value, the upper
      portion of heat transfer device is thermally intercepted from the lower
      portion, such that the freezing compartment and the refrigerating
      compartment are completely thermally intercepted from each other, and
      hence there is no risk that the refrigerating compartment will be cooled
      to a temperature below the specified value. Shown at 31 is a pipe.
PAR  In the refrigerator shown in FIG. 21, the freezing compartment is
      maintained independent of the refrigerating compartment in the sense of
      air circulation, and neither thermal detector nor control circuit is
      needed, since the heat transfer device itself serves as a thermal detector
      and as a control device with respect to heat flow. The refrigerator thus
      obtained is lessened in the frost formations, well controllable and
      reduced in manufacturing cost.
PAR  In the embodiment of FIG. 21, the heat transfer device is arranged in the
      refrigerator, with its upper portion maintained contacting relation to the
      evaporator. This is for the sake of reducing a thermal resistance between
      the heat transfer device and the evaporator. The heat transfer device need
      not be positioned in contacting relation to the evaporator but may be
      positioned anywhere. The heat transfer device need not be of a single pipe
      but of a plurality of pipes arranged in parallel relation to each other.
      The configuration of the vessel need not be of a tubular shape but may be
      of a square shape in cross section.
PAR  FIG. 22 is a longitudinal cross-sectional side elevational view of a
      refrigerator, illustrating the outline thereof, in which the heat transfer
      device shown in FIG. 9 is incorporated. Shown at 21 is a thermal
      insulating wall which surrounds the outer periphery of the refrigerator.
      In this embodiment, the heat transfer device is composed of a plurality of
      heat transfer pipes 11 extending between the freezing compartment 27 and
      the refrigerating compartment 28, and the upper and lower pipes 25 and 26
      which are connected to said plurality of pipes so as to communicate same
      with one another. The two kinds of liquid are charged in said pipes, as
      set forth in conjunction with FIG. 9. This contributes to providing an
      increased heat transfer surface.
PAR  FIG. 23 is a longitudinal cross-sectional side elevational view of a
      refrigerator in which the heat transfer device shown in FIG. 10 is
      incorporated. In the embodiment, the heat transfer device consists of a
      ring-shaped or an endless single pipe, in which vapor from the refrigerant
      ascends by way of the heat transfer pipe 1' towards the upper space, then
      is subject to condensation therein and returned as droplets by way of the
      heat transfer pipe 1" located on the other side to the refrigerant layer.
      This is an example in which the vapor passage is separated from the liquid
      passage for avoiding interference between vapor and liquid, so as to
      reduce fluid resistance. The heat transfer device of the type may be
      arranged in a manner as shown in FIG. 22.
PAR  FIG. 24 illustrates a further embodiment, in which there is shown a
      refrigerator of three-compartment type, although in the preceding
      embodiments there are shown refrigerators of a two-compartment type only.
      In the embodiment, there are incorporated two types of heat transfer
      devices which are different in an operating temperature, such that three
      compartments may be maintained individually differently in a temperature
      condition, or otherwise two compartments 28 and 32 may be maintained in
      the same temperature condition but different in a moisture condition, i.e.
      the refrigerating compartment 32 is maintained in a high moisture
      condition for providing a condition suited for storage of vegetables and
      fruits. In this case, a thermal insulating treatment should preferably be
      applied to a portion of the heat transfer device which is positioned in
      the refrigerating compartment 28. It will be apparent that the different
      types of heat transfer devices in combination are applicable for a
      three-compartment type refrigerator, without the use of a thermal detector
      and a control circuit.
PAR  FIG. 25 shows a further embodiment of a refrigerator in which the heat
      transfer device shown in FIG. 11 is incorporated. In the preceding
      embodiments, the heat transfer device is arranged in vertical relation to
      the refrigerator, while in the embodiment, the heat transfer device is
      arranged with its lower portion extending horizontally in the
      refrigerating compartment 28. The lower portion of heat transfer device
      should preferably be slightly inclined with respect to the horizontal
      surface of refrigerator, so as to facilitate circulation of vapor from
      boiling refrigerant. Where it is desired to arrange the lower portion of
      heat transfer device horizontally, from the viewpoint of the function of a
      refrigerator or improvement in an outer appearance thereof, without a risk
      of impairing the features and functions of the present invention.
PAR  FIG. 26 illustrates a further embodiment, in which the evaporator 24 is
      housed in a small compartment 33, whose peripheral wall is surrounded by a
      thermal insulating wall 34, although the evaporator 24 is exposed to air
      of the freezing compartment 27 in the preceding embodiments. The two types
      of heat transfer device are independently housed in the small compartment
      33, with one heat transfer device extending in the freezing compartment
      and the other extending by way of the freezing compartment to the
      refrigerating compartment. Such arrangement reduces the space which is to
      be defined by a thermal insulating wall, such that an insulating material
      superior in the thermal insulating property may be used for the wall, with
      the result of reduction in a power for cooling a small compartment. The
      small compartment is maintained air-tight so as to prevent ingress of
      atmosphere thereinto, such that the frosting on the evaporator surface
      will be avoided. This will contribute to improving performance of the
      evaporator, rather than reducing coefficient of thermal conduction in the
      evaporator surface. These factors also permit reduction in capacity of a
      compressor 35 as well as permit a continuous operation of the compressor,
      without the necessity of interrupting its operation. Since the on-off
      control for the compressor is not necessary, neither thermal detector, nor
      a control means, nor switch means is needed, and thus a refrigerator low
      in manufacturing cost and with reliability in performance may be provided.
      Even if the on-off control type compressor is used in the refrigerator of
      this embodiment, an electric power required for the compressor is greatly
      reduced, as compared with that for the conventional one. This contributes
      to diminishing a size of the control means. The heat transfer device to be
      incorporated in the refrigerator may be of any configuration and may be
      arranged in a desired manner, as described in FIG. 25. In addition, the
      heat transfer device may be used either for a two-compartment type
      refrigerator or for a three-compartment type refrigerator.
PAR  FIG. 27 shows a further embodiment of a refrigerator, in which the heat
      transfer device shown in FIG. 12 is incorporated. In the preceding
      embodiments, vertically elongated type heat transfer devices are used,
      while in the embodiment, a horizontally elongated, shallow box type is
      used. The shallow box type heat transfer device is quite the same in the
      heat transfer characteristic, which is apparent from a principle and the
      test heat transfer device described in the foregoing. In this embodiment,
      the vessel 1 of heat transfer device is of a shallow box type having a
      rectangular, circular or any other shape in cross section, and the
      refrigerant 2 and the liquid 3 are charged therein in superposed relation
      to each other. The heat transfer device, in this embodiment, is disposed
      on the boundary between the freezing compartment 27 and the refrigerating
      compartment 28 in a manner to constitute part of a partition wall provided
      therebetween or to extend over the entire length thereof for substituting
      for the partition wall. For reducing a size of the heat transfer device, a
      single or plural fins 19 or 19' may be provided on either side or both
      sides of heat transfer device. Where a large size of heat transfer device
      is desired, such a fin need not be provided. With such arrangements, the
      heat transfer device will start operating immediately the air heated
      ascends upwards from the lower portion of refrigerator, and then the air
      cooled descends downwards, such that the uniform temperature distribution
      in the refrigerator will be ensured.
PAR  FIG. 28 shows a still further embodiment of a refrigerator, in which the
      heat transfer device shown in FIG. 13 is incorporated. In the device of
      FIG. 27, the two kinds of liquid charged in the heat transfer device may
      be probably admixed with each other due to agitation resulting from
      vibration at high level if it is given to the refrigerator or the device
      itself. To avoid such a shortcoming described, a plurality of tubular heat
      transfer devices are disposed in zig-zag relation to span the respective
      fins 19 and 19' arranged in side by side relation to each other, with one
      of tubular heat transfer device extending between opposed fins. If these
      devices are slightly inclined with respect to respective fins, there will
      be obtained the same performance as in the device of FIG. 27, with the
      freedom of the above-described shortcoming.
PAR  In the refrigerators exemplified in the foregoing, the boiling point of the
      refrigerant 2 is principally determined according to the pressure at the
      time of non-condensable gas charging. Accordingly, for changing or
      adjusting the boiling point of the refrigerant after non-condensable gas
      has been charged, it is necessary to open the vessel for adjusting the
      pressure of non-condensable gas. It is a requirement for a refrigerator
      that adjustment of a determined temperature be permitted. To meet the
      requirement, the above-described shortcoming must be overcome.
PAR  In the following, there will be given examples of a refrigerator so
      constructed that, with the refrigerant 2 and the liquid being sealingly
      charged in the vessel 1, the internal pressure in the vessel 1 may be
      adjusted, i.e. a determined temperature may be adjusted.
PAR  FIG. 29 shows an embodiment of a refrigerator in which the heat transfer
      device shown in FIG. 3 is incorporated. The heat transfer device pierces
      through the partition wall to extend between the freezing compartment 27
      and the refrigerating compartment 28, with its upper portion being located
      in the freezing compartment 27 and with its lower portion being positioned
      in the refrigerating compartment 28. The feature of the embodiment lies in
      that the vessel 1 has a flexible portion in its upper portion and pressing
      means 6 attached to the upper end of said flexible portion. As set forth
      in conjunction with FIG. 3, if the pressing means 6 is pressed downwards,
      the determined temperature may rise, while if the pressing member 6 is
      pulled upwards, the temperature may be lowered. According to the results
      of the test carried out by using fluoro-carbon R-114 as the refrigerant 2,
      the volume of non-condensable gas was changed by 4 percent.
PAR  FIG. 30 shows a further embodiment of a refrigerator, in which the heat
      transfer device as shown in FIG. 17 is incorporated. In this embodiment,
      the vessel 1 has a flexible lower portion 7, and the pressure of
      non-condensable gas in the vessel is changed by shifting the liquid level
      upwardly or downwardly by the operation of the pressing means attached to
      the lower end of flexible portion. The result was quite the same as the
      embodiment of FIG. 29.
PAR  FIG. 31 shows an embodiment of a three-compartment type refrigerator,
      although a two-compartment type, two temperature system refrigerator is
      shown in the preceding embodiments. In this case, two heat transfer
      devices different in an operating temperature may be used so as to provide
      a different temperature for individual compartment. The temperature in
      individual compartment will be adjusted independently from one another by
      expanding or contracting the flexible portion 7 of each vessel 1.
PAR  Throughout the specification, although a flexible portion 7 is shown as a
      flexible tube (for example, a bellows) for descriptive convenience, the
      flexible portion is not limitative to a bellows, but may be of any desired
      shape such as a piston shape, a rubber-made spherical member, a spiral
      shape or a member of a check-valve shape.
PAR  For the convenience of illustration, only a tubular type vessel is shown,
      and a vessel of any configuration is applicable.
PAR  As is apparent from the foregoing, the basic requirement for the
      refrigerator incorporated in a device of the present invention is to use a
      heat transfer device containing therein two kinds of liquid, and hence the
      configuration of a heat transfer device itself is optional. For example,
      whether or not to provide a fin in the heat transfer device or to provide
      a fan in a refrigerator -- it depends upon the function required for the
      refrigerator. The function of the heat transfer device of the present
      invention is independent of whether or not such a fan or fin is provided
      therein. According to the refrigerator incorporated therein the device of
      the present invention, the freezing compartment is perfectly independent
      of the refrigerating compartment in the aspect of air circulation, such
      that the frosting is lessened, and foods are maintained in a good
      refrigerating condition, free from being dried up. The heat transfer
      device of the present invention is particularly suited for provided a
      refrigerator which is superior in performance and simple in construction,
      without the use of a thermal detector, an expensive control circuit.
PAR  The application of the heat transfer device of the present invention is not
      limitative to a refrigerator but the device is available for various
      apparatus where a thermal valve function is needed, such as various types
      of air conditioner and ice making machines.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a heat transfer device, the improvements comprising; a vessel having
      a heating section and a cooling section; a thermal transfer medium for
      transferring heat from said heating section to said cooling section; and a
      liquid body having a specific gravity smaller than said thermal transfer
      medium and being low in vapor pressure at a temperature corresponding to
      the boiling point of said thermal transfer medium, said liquid being not
      dissolvable in said thermal transfer medium; said thermal transfer medium
      and said liquid being charged in said vessel under an adequate pressure
      which is determined in accordance with an operating temperature of the
      device and a saturated vapor pressure of said thermal transfer medium,
      thereby forming two layers therein, a level of said liquid forming an
      upper layer of said two layers is maintained without being salient into
      said cooling section.
NUM  2.
PAR  2. In a heat transfer device, the improvements comprising; a vessel
      consisting of a heating section and a cooling section; a thermal transfer
      medium for transferring heat from said heating section to said cooling
      section; and a liquid body having a specific gravity smaller than said
      thermal transfer medium and being low in vapor pressure at a temperature
      of boiling point of said thermal transfer medium, said liquid having
      property of non-admixing with said thermal transfer medium; said thermal
      transfer medium and said liquid being charged in said vessel under an
      adequate pressure which is determined in accordance with an operating
      temperature of the device and a saturated vapor pressure of said thermal
      transfer medium, thereby forming two layers therein, and two layers having
      a liquid surface a level of which is maintained without being salient into
      the cooling section, said thermal transfer medium producing boiling
      bubbles when heat is applied to said heating section, said boiling bubbles
      passing through the upwardly located liquid layer without being condensed
      due to a direct heat exchange, entering said cooling section and then
      being condensed therein, whereby heat is transferred from said heating
      section to said cooling section.
NUM  3.
PAR  3. A heat transfer device as defined in claim 1, wherein there is provided
      means for varying internal pressure in said vessel, with two kinds of
      liquids which form two layers, being charged in said vessel.
NUM  4.
PAR  4. A heat transfer device as defined in claim 3, wherein said means
      consists of a flexible member provided as a portion of said vessel, said
      flexible member being adapted to be deformed so as to adjust the internal
      pressure in said vessel.
NUM  5.
PAR  5. A heat transfer device as defined in claim 1, wherein heat is
      transferred from said heating section to said cooling section without a
      boiling surface of said two-liquid layers reaching said cooling section.
NUM  6.
PAR  6. A heat transfer device as defined in claim 1, wherein a non-condensable
      gas is charged in said vessel and covers the two layers of said heat
      transfer medium and said liquid therein.
NUM  7.
PAR  7. A heat transfer device as defined in claim 2, wherein there is provided
      means for varying internal pressure in said vessel, with two kinds of
      liquids which form two layers, being charged in said vessel.
NUM  8.
PAR  8. A heat transfer device as defined in claim 7, wherein said means
      consists of a flexible member provided as a portion of said vessel, said
      flexible member being adapted to be deformed so as to adjust the internal
      pressure in said vessel.
NUM  9.
PAR  9. A heat transfer device as defined in claim 2, wherein heat is
      transferred from said heating section to said cooling section without a
      boiling surface of said two-liquid layers reaching said cooling section.
NUM  10.
PAR  10. A heat transfer device as defined in claim 2, wherein a non-condensable
      gas is charged in said vessel and covers the two layers of said thermal
      transfer medium and said liquid therein.
NUM  11.
PAR  11. In a heat transfer device, the improvement comprising: a vessel having
      a heating section and a cooling section; a thermal transfer medium for
      transferring heat from said heating section to said cooling section; and a
      liquid body having a specific gravity smaller than said thermal transfer
      medium and being low in vapor pressure at a temperature corresponding to
      the boiling point of said thermal transfer medium, said liquid being not
      dissolvable in said thermal transfer medium; said thermal transfer medium
      and said liquid being charged in said vessel under an adequate pressure
      which is determined in accordance with an operating temperature of the
      device and a saturated vapor pressure of said thermal transfer medium,
      thereby forming two layers therein, a level of said liquid forming an
      upper layer of said two layers is maintained without being salient into
      said cooling section wherein heat transfer is effected by ebullition and
      condensation of said thermal transfer medium in which the medium condensed
      in said cooling section circulates by gravity into said heating section in
      which ebullition thereof takes place.
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ABST
PAL  This invention discloses the combination of (1) a liquid temperature
      conditioning apparatus located exteriorly of a potential explosion
      sustaining zone, (2) an explosion proof air-liquid heat exchange device
      located within a potential explosion sustaining zone, and (3) air ducts
      interconnecting the air-liquid heat exchange device with the interior of a
      compartment open to the ambient and containing explosion sustaining
      vapors, such as the interior of an integral fuel tank compartment in an
      aircraft containing vapors arising from highly volatile hydrocarbon fuels
      normally carried therein. This combination further includes a closed-loop
      liquid circuit interconnecting the liquid temperature conditioning
      apparatus exterior of the explosion sustaining zone and the air-liquid
      heat exchange device located within the explosion sustaining zone, along
      with a blower means associated with the air-liquid heat exchange device
      whereby air ambient to the air-liquid heat exchange device within the
      explosion sustaining zone is temperature conditioned by being blown
      through an air-liquid heat exchange coil and supplied to the compartment
      interior.
PAL  By appropriate control of the liquid temperature conditioning apparatus,
      the compartment interior can be continuously supplied by temperature
      conditioned air that is either cooled or heated.
PARN
PAR  This is a division of application Ser. No. 223,282, now U.S. Pat. No.
      3,848,662 filed Feb. 3, 1972.
BSUM
PAR  This invention concerns a method and apparatus for supplying a flow of
      temperature conditioned air to the interior of a compartment containing
      explosion sustaining vapors, the compartment being open so as to produce
      an explosion sustaining zone ambient to the compartment such as is
      occasioned when an aircraft integral fuel tank or compartment is open to
      permit maintenance or service personnel entry into the fuel tank
      compartment.
PAR  With some present day aircraft fuel compartments ranging in sizes up to a
      holding capacity of several thousands of gallons of highly inflammable
      liquid fuel of high volatility capable of producing extremely hazardous
      explosion sustaining vapors within the compartment, and once the fuel
      compartment is opened to produce a potential explosion sustaining zone
      ambient to the compartment, the need for providing a temperature
      conditioned airflow to the interior of the compartment for the comfort and
      fresh air safety for working personnel having to be located within the
      compartment represents an important personnel safety goal. By temperature
      conditioning, it is to be recognized that such conditioning can be of
      either a cooling or a heating nature in that an aircraft parked outside on
      a hot, sunny day can encounter temperatures as high as 140.degree.F within
      the fuel compartment so as to be substantially higher than the ambient
      temperature, while on the other hand, on a severely cold day, while the
      temperature within the compartment may be just slightly above the external
      temperature ambient to the compartment, it may still be sufficiently low
      enough to require the supply of a warming airflow into the compartment for
      comfort and ease of the working personnel to accomplish their work in a
      more efficient manner.
PAR  Because of the explosion sustaining zone ambient to the aircraft once the
      fuel compartments are open, the location of any temperature conditioning
      equipment within such explosion sustaining zone is almost a necessity to
      be of an explosion proof construction for personnel safety reasons, as
      believed obvious. Explosion proofing of temperature conditioning equipment
      of the size to supply the amount of necessary airflow to the fuel
      compartments becomes quite substantial from a cost viewpoint, as well as
      substantially large, heavy, and cumbersome equipment would be necessary so
      as to make portability for movement to an aircraft position rather
      difficult. Thusly, by locating the air temperature conditioning apparatus
      within the explosion sustaining zone ambient to the compartment, and at a
      location sufficiently proximate the open compartment for the delivery of
      the temperature conditioned air thereto, while at the same time locating
      the liquid temperature conditioning apparatus which is the portion of the
      overall combination presenting the greatest hazard for explosions outside
      of the explosion sustaining zone, a much cheaper and lighter weight (and
      thus greater portability) assembly or combination is attained for the
      indicated purpose and function.
PAR  Thusly, it is an object of this invention to provide a safe method and
      apparatus for providing temperature conditioned air to the interior of an
      open compartment containing explosion sustaining vapors.
PAR  It is a further object of this invention to provide a safe method and
      apparatus for providing such a temperature conditioned airflow to such a
      compartment that is located in an ambient explosion sustaining zone.
PAR  Still a further object of this invention is to provide a method and
      apparatus for providing a temperature conditioned air flow to the interior
      of a compartment containing explosion sustaining vapors, whether such
      temperature conditioning is by a heated airflow, or by a cooling airflow.
PAR  Yet another object of this invention is to provide a temperature
      conditioned airflow to an open compartment of an explosion sustaining
      atmosphere in an ambient explosion sustaining zone by apparatus that has a
      high degree of portability, of minimal or lightweight construction and
      thus at minimum cost, and yet with a high degree of safety.
DRWD
PAR  Other objects and advantages of this invention will become apparent from
      the following description taken in conjunction with the accompanying
      drawings in which:
PAR  FIG. 1 represents a general schematic arrangement of one embodiment of this
      invention showing the relative lay-out of the apparatus to accomplish and
      practice this invention when located relative to an aircraft having an
      open fuel cell compartment;
PAR  FIG. 2 is a perspective view of the liquid temperature conditioning
      apparatus located outside of the explosion sustaining zone involved in the
      accomplishment and practice of this invention; and
PAR  FIG. 3 is a perspective of the air-liquid heat exchange device located
      within the explosion sustaining zone involved in the accomplishment and
      practice of this invention.
DETD
PAR  Generally stated, this invention comprises a method and apparatus for
      supplying temperature conditioned air to an explosion sustaining vapor
      containing compartment open to the ambient whereby a potential explosion
      sustaining zone ambient to the compartment is susceptible; the temperature
      conditoned airflow supply accomplished by a liquid conditioning apparatus
      located outside of the explosion sustaining zone and connected to an
      explosion proof air-liquid heat exchange device located within the
      explosion sustaining zone through a closed loop liquid circulating
      circuit. Ambient air in the explosion sustaining zone is blown over heat
      exchange coils containing the temperature conditioned liquid, and from
      there ducted by one or more flexible air ducts into one or more
      compartments. By appropriate regulation of the liquid temperature
      conditioning apparatus, the circulated liquid may be cooled or heated
      whereupon cooled or heated air, respectively, is delivered to the
      compartment interior.
PAR  More particularly, there is shown in FIG. 1 an aircraft 1 with a typical
      integral fuel cell compartment 2, which when open to the atmosphere
      presents an ambient explosion sustaining vapor proximate the aircraft due
      to the high volatility of the fuel conventionally kept within the fuel
      cell or compartment 2 which is normally closed during conventional
      operation of the aircraft. When compartment 2 is open, the presence of the
      explosion sustaining vapors proximate aircraft 1 establishes an area or
      zone proximate the aircraft defined by safety boundary lines 3 which in
      turn defines a susceptible explosion sustaining zone 4; the practicality
      of safe operation being that operating equipment permitted within the
      explosion sustaining zone 4 defined by safety boundary limits 3 should be
      explosion proof equipment.
PAR  The fuel cell compartment 2 has need and occasion to be opened for
      maintenance or repair personnel to enter the compartment to perform such
      functions as replacement of equipment contained within the compartment,
      repair or overhaul of the sealing systems therein, etc., and with residual
      fuel and vapors within compartment 2 being present within the compartment
      at temperatures which are uncomfortable for the personnel, the delivery of
      a temperature conditioned fresh air (relative to the compartment
      atmosphere and temperature) flow is desirable. In this regard, there is
      provided a liquid temperature conditioning apparatus 5 located outside of
      the explosion sustaining zone 4 and interconnected by a supply and return
      pair of liquid hoses 6 to an air-liquid heat exchange apparatus 7 located
      within the explosion sustaining zone 4. An appropriate explosion proof
      motor controlled fan or blower supplies ambient air from within the
      explosion sustaining zone 4 to the interior or compartment 2 through one
      or more flexible air ducts 8 extending from the air-liquid heat exchange
      apparatus 7 to compartment 2.
PAR  Referring to FIG. 2, the liquid temperature conditioning apparatus 5
      consists of a heating and/or chilling unit for liquid of any appropriate
      and conventional structure with a heating and/or cooling capacity
      appropriate for the desired or appropriate level of heating and/or
      cooling; the specific constructional details of this heating-chilling unit
      9 not involved or concerned in the details of this invention other than it
      preferably provide selective operational control whereby the degree or
      level of temperature conditioning can be varied and/or controlled. The
      circulating liquid is supplied to unit 9 through an intake or supply line
      10 by a pump 11; the line 10 connected by connector 12 to one of the
      liquid hoses 6 interconnecting apparatus 5 with the air-liquid heat
      exchange apparatus 7. The supply of temperature conditioned liquid is
      accomplished through delivery line 13 which in turn is connected through
      connector 14 to one of the liquid hoses 6 interconnecting apparatus 5 with
      the air-liquid heat exchange apparatus 7.
PAR  An expansion tank 15 located in the intake or supply line 10 compensates
      for temperature expansion and contraction of the liquid volume contained
      in the closed circuit or loop. Likewise, appropriate pressure and
      temperature indicators 16 may be located within lines 10 and 13 as desired
      and appropriate, as well as any other liquid flow controls, such as
      valves, pressure regulators, etc.
PAR  As shown in the drawing, the liquid temperature conditioning apparatus 5
      may be mounted in any appropriate manner on a base 17 which could
      constitute the frame of a wheeled vehicle, the same as any such base 17
      could be of a nature to be mounted on the bed of another vehicle for
      portability.
PAR  Referring now to FIG. 3, the air-liquid heat exchange apparatus 7 comprises
      a compartmented air-liquid heat exchange coil receiving temperature
      conditioned liquid through supply delivery line 18 connected to the liquid
      temperature conditioning apparatus 5 by a liquid hose 6 and connector 19,
      with the liquid being returned to the liquid temperature conditioning
      apparatus 5 through return line 20, connector 21 and a liquid hose 6. An
      explosion proof electrical motor 22 is connected to an appropriate blower
      (not shown) duct contained within apparatus 7 located adjacent or
      proximate the coil to suck or blow external ambient air into apparatus 7
      and over the air-liquid coil for delivery to an airflow manifold 23 having
      at least one airflow delivery nozzle 24 directed therefrom, each of which
      is controlled by a separate or independent damper 25. For the ultimate in
      safety, yet not mandatory to the practice of this invention, it may be
      preferable to utilize a blower of the non-sparking type. An appropriate
      flexible air duct 8 (see FIG. 1) is connected or mounted upon the air
      delivery nozzles 24 with the air ducts 8 being of a length sufficient to
      extend into the fuel cell compartment 2 for delivery of temperature
      conditioned airflow thereto as discussed above.
PAR  The air-liquid heat exchange apparatus 7 can be mounted on a base or truck
      bed 26 for portability in the same manner as discussed above relative to
      the liquid temperature conditioning apparatus 5 being mounted on its base
      or truck bed 17, and the delivery line 18 and return line 20 can
      incorporate any appropriate pressure-temperature indicators 16 in the same
      manner as lines 10 and 13 associated with the liquid temperature
      conditioning apparatus 5 described above.
PAR  The liquid utilized in the closed circuit described above may be water or a
      water-glycol mixture, or any other appropriate liquid capable of
      functioning as a liquid heat exchange medium.
PAR  In operation, the liquid temperature conditioning apparatus 5, located
      outside of the potential explosion sustaining zone 4, is operated to
      prepare and supply temperature conditioned liquid (chilled if a cool
      airflow relative to the ambient temperature is to be supplied to
      compartment 2 or heated if a warm airflow relative to the ambient
      temperature is to be supplied to compartment 2) to the explosion-proof
      air-liquid heat exchange apparatus 7 located within explosion sustaining
      zone 4. As the temperature conditioned liquid flows through a liquid coil
      in apparatus 7, air from zone 4 ambient to apparatus 7 is mechanically
      directed over the coil in a heat exchange relationship by which it is
      warmed or cooled, and then directed into the interior of compartment 2.
      Thusly, with an aircraft parked outside during a normal summer day whereby
      it would not be uncommon for the temperature of a fuel compartment to
      reach as high as 140.degree.F., a cooling airflow may be supplied, while
      on the other hand, during a period in which the aircraft has been parked
      in cold or sub-freezing temperatures, a warming airflow may be supplied to
      the compartment. In either case or extreme, a temperature conditioned
      airflow supply is accomplished with a high degree of safety and
      portability, and yet at minimal equipment complexity, cumbersomeness and
      cost, by practice of this invention.
PAR  It is further to be recognized that this invention may be practiced whether
      the aircraft is located in the open outdoors, or located within the
      interior or confines of a large aircraft hangar.
PAR  While one particular embodiment has been illustrated and described, it will
      be apparent to those skilled in the art that various modifications and
      changes may be made without departing from the invention, and it is
      intended to cover in the appended claims all such changes and
      modifications that come within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Portable apparatus for supplying temperature conditioned, ambient air to
      the interior of a compartment open to the ambient and containing explosion
      sustaining vapors at a compartment temperature in the range of from
      approximate the ambient temperature up to approximately 50.degree.F. above
      the ambient temperature, said open compartment further producing an
      explosion sustaining zone ambient to the compartment, said apparatus
      comprising in combination:
PA1  a liquid temperature conditioning means located exteriorly of the explosion
      sustaining zone;
PA1  an explosion proof heat exchange means located remote from the liquid
      temperature conditioning means and within the explosion sustaining zone,
      including an air-liquid heat exchange coil;
PA1  a liquid supply and return means interconnecting said liquid temperature
      conditioning means and said heat exchange means and completing a closed,
      liquid circulating circuit;
PA1  means circulating liquid within said circuit whereby temperature
      conditioned liquid flows from said liquid temperature conditioning means
      to said heat exchange means for passage through said heat exchange coil
      and back to said liquid temperature conditioning means;
PA1  explosion proof blower means associated with said heat exchange means to
      supply explosion sustaining zone which is air ambient to said heat
      exchange means into contact with said heat exchange coil containing
      temperature conditioned liquid; and
PA1  at least one flexible, air flow duct interconnecting said heat exchange
      means and the compartment interior whereby temperature conditioned ambient
      air from the explosion sustaining zone is supplied to the compartment.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein said temperature conditioning of
      the liquid is cooling and cooled ambient air is supplied to said
      compartment.
NUM  3.
PAR  3. Apparatus as in claim 1 wherein said temperature conditioning of the
      liquid is heating and heated ambient air is supplied to said compartment.
NUM  4.
PAR  4. Apparatus as claimed in claim 1 wherein said temperature conditioned
      liquid is water.
NUM  5.
PAR  5. Apparatus as claimed in claim 1 wherein said temperature conditioned
      liquid is a water-glycol mixture.
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ABST
PAL  The invention relates to apparatus for conditioning the temperature of an
      elongated tubular member, and the contents therein, and comprises a
      plurality of cast metal shoes adapted to be connected in side-by-side
      relation about the periphery of the member. Certain of the shoes contain
      cooling means and certain other of the shoes contain electric heating
      means. The invention provides for identical construction of all of the
      shoes, apart from the contained cooling and heating means, and includes
      means for connecting the shoes in side-by-side relation without the need
      of special tools.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  The improved apparatus is particularly suited for heating and cooling of
      the plasticizer tube of an extruder for thermoplastics, although it will
      be appreciated that it may have other applications. In extruders of the
      type mentioned, control of the temperature of the plastic is important
      since although initially the extruding chamber may require heat to soften
      the plastic to extrudable condition, consideration must be given to the
      heat energy developed as a result of the friction of the plastic particles
      driven fowardly by the extruding screw. Thus, unless the temperature of
      the plasticizing tube is not carefully controlled, an excess amount of
      heat may have an adverse effect on the plastic being extruded.
PAR  Heating and cooling arrangements for extruding apparatus are within the
      prior art but in some cases require adaptation of the extruding tube to
      accomodate the same. Band type arrangements have also been proposed but
      these, insofar as I am aware, utilized heat sink structures, like metallic
      shoes, between the heating and cooling means and the extruder tube, and
      therefore required a number of parts which were expensive to produce and
      difficult to assemble.
PAR  My invention utilizes a plurality of identical cast metal shoes, and thus
      eliminates need for a plurality of different molds, as well as storage of
      multiple parts. The heating or cooling means are embedded in the casting
      to provide the ultimate in thermal transfer. Each of the shoes has means
      at its opposite sides to provide for quick and easy connection of the
      shoes in side-by-side relation to form a band about the plasticizer tube.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings accompanying this specification and forming part of this
      application, these are shown, for purpose of illusration, several
      embodiments which my invention may assume, and in these drawings:
PAR  FIG. 1 is a transverse sectional view through an elongated tubular member
      (such as the plasticizer tube of an extruder for thermoplastics), showing
      one embodiment of my invention,
PAR  FIG. 2 is a perspective view of one of the shoes and splines shown in FIG.
      1,
PAR  FIG. 3 is an enlarged fragmentary sectional view showing the spline
      connection,
PAR  FIG. 4 is a fragmentary transverse view through an elongated tubular
      member, showing another embodiment of my invention,
PAR  FIG. 5 is a fragmentary perspective view of one of the shoes in FIG. 4, and
PAR  FIG. 6 is a fragmentary transverse sectonal view through the connection of
      adjoining shoes.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The cylindrical member 10 shown in transverse section in FIG. 1 may
      represent any type of container, the contents of which are to be
      selectively heated or cooled. As before pointed out, my invention is
      particlarly suited to heat and cool the plasticizer tube of an extruder
      for thermoplastics, and such tubes may be in the order of 12 to 20 feet
      long, and of stepped diameters.
PAR  The shoes 11 forming a part of my invention may be in the order of ten to
      twenty inches long and therefore a plurality of shoe assemblies may be
      disposed in spaced relation longitudinally of the plasticizer tube. At the
      present time the shoes 11 are cast of a suitable aluminum alloy, although
      other alloys, such as bronze alloy, may be used.
PAR  As seen in FIGS. 1 and 2, each shoe has an unbroken inner surface 12 which
      has a slight transverse curvature so as to be complementary to the outer
      transverse surface of the tube 10 and therefore closely fit thereagainst
      for the entire length of the shoe. An electric heating element 14, or a
      cooling tube 15, are embedded within the shoes by casting the latter
      thereabout.
PAR  An electric heating element 14 is shown embedded in the shoe illustrated in
      FIG. 2 and may be of any commercially available kind, such as type TRI
      sold under the trademark Chromalox by the Edwin L. Wiegand Division of
      Emerson Electric Co. The heating element has a incoloy tubular sheath and
      is bend to hair-pin formation, as shown, with terminal portions 16--16
      extending outwardly of the shoe and having terminal pins 17--17 for
      connection to a supply of electrical energy. Instead of a heating element,
      a steel tube may be embedded within a shoe to constitute the cooling means
      15, the tube having terminal portions 18 extending from the shoe in the
      same manner as the terminal portions 16 of the heating element, and such
      terminal portions 18 may be connected to a source of cooling fluid.
PAR  As seen in FIG. 1, the shoes are connected in side-to-side relation, with
      the shoes carrying the heating and cooling means preferably alternately
      arranged. Apart from the fact that the shoes carry heating or cooling
      means, they may otherwise be of identical construction. Referring
      particularly to FIG. 2, each shoe has a longitudinal recess 20 entering
      from its outer transverse surface, and each recess 20 is preferably
      T-shaped to provide hook-like fingers 21.
PAR  At each side, the shoe is formed with a longitudinal groove 22 which, as
      best seen in FIG. 3, is slightly greater than half a circle in
      cross-section. A metal spline 23 is provided to connect adjoining sides of
      adjacent shoes and the spline has a figure eight transverse outline to
      provide circular side enlargements 24--24 which closely fit within
      respective grooves 22. This construction provides a slight amount of
      swinging adjustment of the adjacent shoes relative to the spline.
PAR  As seen in FIG. 1, the shoes are disposed in band fashion about the tube
      10. Since it is preferable to tension the shoes about the tube, certain
      adjacent shoes, like the ones at the top and bottom in FIG. 1, are
      connected by a suitable tensioning means, although such connection may be
      made only at one place, with the other shoes connected by the splines. The
      tensioning means may be of any suitable commercially available type, such
      as the drawhook type shown at 25, manufactured and sold by Rexnord, Inc.
      The fastener 25 is slightly modified so that its base is formed with a
      hook 26 which fits around the finger 21 of a shoe. The catch of the
      drawhook is also modified to provide a hook 27 which fits around the
      finger of the adjacent shoe. Preferably, the tensioning means are disposed
      at longitudinally opposite ends of the shoes. The longitudinal recess 20
      on the back side of each shoe will provide a certain degree of transverse
      flexibility of the shoe, especially since the cast alloy has relatively
      low strength at elevated temperatures of 500.degree. Fahrenheit or higher.
      Thus the tensioning means will have a tendency to closely conform the shoe
      inner surface to the periphery of the tubular member 10.
PAC  DESCRIPTION OF OTHER EMBODIMENT
PAR  The shoes 30 shown in FIGS. 4 through 6 eliminate the need of a separate
      spline for connecting purposes, but in other respects are similar to the
      shoes heretofore described. Thus, each shoe is an alloy casting, certain
      having a tubular electric heating element 31 embedded therein, and certain
      others have a cooling tube 32 embedded therein.
PAR  Each shoe is formed with longitudinally extending ledges 33,34 at its
      opposite sides, which form respective longitudinally extending grooves
      35,36 with the shoe side. The ledge and groove on one side of the shoe are
      in inverted relation with the ledge and groove on the opposite side of the
      shoe so that the ledges and grooves on adjoining sides of adjacent shoes
      interconnect, as seen in FIG. 6. This interconnection firmly holds the
      shoes in band fashion about the tubular member 37, but permits a limited
      amount of rocking of one shoe relative to the other.
PAR  As before, each shoe has an inner surface 38 transversely curved to be
      complementary to the transverse peripheral surface of the tubular member
      37. Each shoe also has a central, longitudinally extending recess 39 in
      its outer surface to function in the same manner as the recess 20
      heretofore described. Tensioning means, not shown, but similar to the
      means heretofore described, may be utilized to hold the shoes in band
      fashion about the tubular member 37.
CLMS
STM  I claim:
NUM  1.
PAR  1. A thermal transfer unit for extruder barrels and other elongated tubular
      members, comprising:
PA1  a jacket adapted to be clamped around the barrel, said jacket being formed
      of more than two elongated metal shoes adapted to be disposed lengthwise
      of the barrel and in side-to-side relation thereabout,
PA1  at least certain shoes having temperature conditioning means and each
      having an inner transverse arcuately-shaped surface which is substantially
      complementary to the outer transverse surface of a selected barrel and
      adapted to lie in close contact therewith throughout the major part of the
      length of a respective shoe,
PA1  a longitudinally extending groove in each shoe extending inwardly of the
      outer transverse surface intermediate the shoe sides, said groove
      providing for transverse flexing of the shoe,
PA1  clamp means between at least one pair of adjacent shoes and having portions
      respectively seating within the longitudinally extending grooves in the
      same, said clamp means being constructed to draw together adjoining sides
      of said pair of shoes,
PA1  and means at adjoining sides of adjacent shoes, except said adjoining sides
      of said pair of shoes, for interconnecting the same in band-forming
      relation about the barrel, said clamp means providing a tensioning force
      to draw the arcuate transverse inner surfaces of all shoes against the
      barrel peripheral surface.
NUM  2.
PAR  2. The construction according to claim 1 wherein certain of said shoes
      contain cooling means and certain other of said shoes contain heating
      means.
NUM  3.
PAR  3. The construction according to claim 2 wherein all of said shoes are
      identical in exterior formation.
NUM  4.
PAR  4. The construction according to claim 1 wherein each of the opposite sides
      of each shoe is formed with a longitudinally extending ledge defining a
      longitudinally extending groove with the respective side of the shoe, the
      ledge and groove on one shoe side being parallel to but inverted with
      respect to the ledge and groove on the opposite shoe side, the ledge and
      groove on one shoe side interlocking with an inverted ledge and groove at
      the adjoining side of an adjacent shoe to connect such shoes.
NUM  5.
PAR  5. The construction according to claim 1 wherein each of said shoes has a
      longitudinally extending groove in each of its opposite sides, the grooves
      being parallel,
PA1  and an elongated connector spline having opposite side portions seating in
      the grooves in adjoining sides of adjacent shoes for connecting the same.
NUM  6.
PAR  6. The construction according to claim 5 wherein each of said grooves has a
      cross-sectional shape of slightly more than a half circle,
PA1  and wherein said spline has parallel enlargements at its side portions,
      each enlargement in cross-section being complementary to the shape of a
      groove.
NUM  7.
PAR  7. A thermal transfer unit for extruder barrels and other elongated tubular
      members, comprising:
PA1  a jacket adapted to be clamped around the barrel, said jacket being formed
      of more than two elongated metal shoes adapted to be disposed lengthwise
      of the barrel and in side-by-side relation thereabout,
PA1  at least certain shoes having temperature conditioning means and each
      having an inner transverse arcuately-shaped surface which is substantially
      complementary to the outer transverse surface of a selected barrel and
      adapted to lie in close contact therewith throughout the major part of the
      length of a respective shoe,
PA1  each of the sides of each shoe being formed with a longitudinally extending
      ledge defining a longitudinally extending groove with the respective side
      of the shoe, the ledge and groove on one shoe side being parallel to but
      inverted with respect to the ledge and groove on the opposite shoe side,
      the ledge and groove on one shoe side interlocking with an inverted ledge
      and groove at the adjoining side of an adjacent shoe to connect the same.
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ABST
PAL  An improved anionic waterflood additive is prepared by alkylating an
      aromatic hydrocarbon such as benzene with a branched-chain alkene having
      about 10 to about 35 carbon atoms such as a propylene tetramer
      dimerization reaction product in the presence of an alkylation catalyst
      such as AlCl.sub.3 ; sulfonating the thus formed alkylate product or a
      fraction thereof to form a sulfonic acid; converting the sulfonic acid to
      a sulfonate by reacting with a base component such as an alkali metal
      hydroxide, ammonium hydroxide, or an alkali metal carbonate; and
      overbasing the sulfonate by admixing with an excess of base component such
      that the ratio; "weight of excess base component/weight of sulfonate" is
      about 0.03 to about 3.0. The anionic waterflood additive is injected into
      a petroliferous formation, the formation is waterflooded, and oil is
      recovered.
PARN
PAR  This is a division of application Ser. No. 350,552, filed Apr. 30, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  In one aspect, this invention relates to an anionic waterflood additive.
PAR  In another aspect, this invention relates to a process for the recovery of
      hydrocarbons from a petroliferous formation involving injecting into a
      petroliferous formation an improved anionic waterflood additive plus
      water.
PAR  2. Brief Description of the Prior Art
PAR  A large percentage of the oil in petroliferous formations is held within
      the rock of the formation by the surface forces between the formation
      rock, the oil therein, and the aqueous liquid in the formation. As a
      result, a substantial portion of such oil usually remains in the formation
      even when the wells traversing the formation are no longer productive.
      Various secondary recovery techniques, such as thermal recovery, gas
      injection, and waterflooding have been suggested for the recovery of this
      fixed oil which remains in the formation after primary recovery methods
      are no longer feasible to produce additional oil. As a secondary recovery
      technique, waterflooding is quite commonly employed, and a multiplicity of
      methods have been suggested for improving efficiency and economy of oil
      recovery by the practice of waterflooding. Such methods frequently include
      incorporation of a water-soluble surfactant in the waterflood liquid which
      is injected into the petroliferous formation. A number of typical
      surfactants have been proposed for this purpose, including alkyl
      pyridinium salts, sodium lauryl sulfate, certain sulfonates, glycosides,
      sodium oleate, quaternary ammonium salts, and the like. The use of such
      surfactants has arisen because it is widely recognized that a low
      interfacial tension between the surfactant flood water and the reservoir
      crude oil is beneficial to the improvement of recovery efficiencies and
      feasibilities.
PAR  Recently, it has been proposed that nonionic surfactant solutions, such as
      a polyoxyethylene-polyoxypropylene copolymer containing solution be
      injected into the formation through a first of a series of two well bores
      to thereby displace the hydrocarbons in the formation toward a second well
      bore. The nonionic surfactant flood is then followed by an injection of a
      slug of aqueous caustic mixture into the formation through the first well
      bore to displace the hydrocarbon of the formation and the injected
      surfactant toward the second well bore. The caustic slug has a basicity of
      at least 1.5 pH levels greater than that of the native formation waters.
      However, use of a nonionic surfactant has not fully met the needs of the
      industry as a desirable waterflood surfactant composition, and new
      compositions are constantly being sought which will allow recovery of the
      residual oil remaining in the formation following primary oil recovery
      operations. Also, the surfactant materials of the prior art have on
      occasion suffered from lack of availability or from nonfeasibility due to
      excessive costs, and thus have not entirely satisfied the long-felt need
      of the industry for a feasible method to recover oil remaining in
      subterranean petroliferous formations.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the invention is to provide an improved waterflood additive
      and a method of using the waterflood additive in the recovery of secondary
      hydrocarbons from petroliferous formations.
PAR  These and other objects, advantages, and features of this invention will
      become apparent to those skilled in the art from a reading of the
      following detailed description and claims.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, we have now found an improved anionic
      waterflood additive which comprises an overbased sulfonate derived from an
      alkylate product which in turn is derived from a branched-chain alkene
      mixture having about 10 to about 35 carbon atoms per molecule and an
      aromatic hydrocarbon.
PAR  Further, according to the invention, we have found that injection of the
      improved anionic waterflood additive plus water into a petroliferous
      formation results in recovery of substantial yields of hydrocarbons
      therefrom.
PAR  One method of employing the anionic waterflood additives of the instant
      invention includes a first step of injecting a slug of an aqueous mixture
      containing about 0.5 to about 25 weight percent of the overbased sulfonate
      into a formation through an injection well and thence recovering displaced
      hydrocarbons from the formation through a production well. Additional
      hydrocarbons can be recovered, if desired, by injecting an effective
      amount of an aqueous slug of base component into the petroliferous
      formation after the overbased sulfonate slug has been injected.
PAR  Another method of recovering the hydrocarbons from a petroliferous
      formation involves injecting a first slug of an aqueous mixture containing
      about 0.5 to about 25 weight percent of the sulfonate derived from the
      alkylate product into the petroliferous formation followed by an amount of
      an aqueous base component containing mixture sufficient to overbase the
      sulfonate such that the overbased sulfonate is formed in situ by
      contacting of the aqueous sulfonate containing slug and the aqueous base
      component containing slug.
DETD
PAC  DESCRIPTION OF THE PREFERRED EBMODIMENTS
PAR  The instant invention relates to an improved anionic waterflood additive.
      The waterflood additive is prepared by alkylating an aromatic hydrocarbon
      with a branched-chain alkene having about 10 to about 35 carbon atoms per
      molecule in the presence of an alkylation catalyst; sulfonating the thus
      formed alkylate product or a fraction thereof to form a sulfonic acid;
      converting the sulfonic acid to a sulfonate by reacting with a base
      component; and overbasing the sulfonate by admixing with an excess of base
      component such that the ratio: "weight of excess base component/weight of
      sulfonate" is about 0.03 to about 3.0.
PAR  The instant invention also relates to injecting the improved anionic
      waterflood additive with water into a petroliferous formation to promote
      the recovery of oil from the formation.
PAR  The branched-chain alkene which is employed to alkylate the aromatic
      hydrocarbon to derive the alkylation product from which the sulfonates of
      the instant invention are derived can include any branched-chain alkene
      having about 10 to about 35 carbon atoms. A presently preferred
      branched-chain alkene is a propylene tetramer dimerization reaction
      product having predominantly about 20 to about 30 carbon atoms per
      molecule. Such propylene tetramer dimers can be formed by the process
      described in U.S. Pat. No. 3,410,925.
PAR  Such products are highly branched-chain isomeric compounds and are usually
      much more so than the theoretical propylene polymer structure shown below:
      ##EQU1##
PAR  The aromatic hydrocarbon that is alkylated with the branched-chain alkene
      can be represented as follows:
EQU  Ar--(R').sub.n
PAL  wherein Ar is a benzene or naphthalene ring having a valence of n; wherein
      R' is methyl or ethyl; and wherein n is 0, 1, or 2. Some examples of
      suitable aromatic hydrocarbons include benzene, naphthalene, toluene,
      xylenes, ethylbenzenes, diethylbenzenes, diethylnapthalenes, and the like.
      Benzene is a particularly suitable aromatic hydrocarbon for forming the
      alkylates.
PAR  The alkylation reaction temperature to produce the alkylates can vary
      considerably, ranging from about 10.degree. to about 100.degree.C. A
      temperature range which is particularly suitable is about 20.degree. to
      about 50.degree.C.
PAR  The ratio of aromatic hydrocarbon to the branched-chain alkene can be
      varied over a wide limit. For example, ratios such as about 1 to about 25
      moles of the aromatic hydrocarbon per mole of the branched-chain alkene
      can be employed. Ratios of about 5:1 to about 10:1 are particularly
      desirable.
PAR  The amount of alkylating catalyst, such as aluminum chloride which is
      employed for effecting alkylation, can conveniently be based upon the
      weight of the branched-chain alkene present in the reaction environment.
      On this basis, about 1 to about 10 percent by weight of aluminum chloride
      or other Friedel-Crafts catalyst is suitable. Any Friedel-Crafts
      alkylation catalyst can be employed. Aluminum chloride is particularly
      suitable. The use of aluminum chloride sludge for recycle is advantageous
      to the process. By recycling the sludge, less fresh aluminum chloride
      needs to be added to the reaction environment. This results in
      considerable savings. Also, better product yields are obtained since less
      of the reactants and products are complexed with the catalyst and lost
      thereby. Recycled sludge can amount to about 10 to about 100 weight
      percent or more of the branched-chain alkene charged. Preferably, about 50
      to about 100 weight percent of recycle sludge is charged based upon the
      weight of the branched-chain alkene charged.
PAR  The alkylation reaction can be effected in a continuous or batch-wise
      manner. Effective contact time between catalyzed reactants is desirably
      about 10 to about 60 minutes. The precise time needed for effecting
      alkylation is dependent upon a number of factors, including amount of
      catalyst used, the ratio of aromatic hydrocarbon to branched-chain alkene
      employed, the temperature, and the like. Those skilled in the alkylation
      art can readily optimize such parameters.
PAR  The alkylation reaction product is charged to a separator where the
      catalyst sludge is removed upon completion of the desired degree of
      alkylation. When the sludge has been removed, the alkylate is washed, and
      the excess benzene is removed. Thereafter, the alkylate product can be
      sulfonated per se or can be subjected to fractional distillation to
      recover particularly desired fractions which are then subjected to
      sulfonation.
PAR  Alkylation of aromatic hydrocarbons with branched-chain alkenes as
      described heretofore is well-known to those skilled in the art. The
      foregoing disclosure of the alkylation conversion is provided for the
      purpose of defining those alkylates which are suitable to form sulfonic
      acids from which the sulfonates of the instant invention are derived.
PAR  According to one presently preferred embodiment the alkylation product
      formed by alkylating benzene, wherein about 5 to about 10 moles of benzene
      per mole of propylene tetramer dimer having about 10 to about 30 carbon
      atoms per molecule were employed, is subjected to fractional distillation
      to derive a cut of alkylate distillation products having a molecular
      weight of about 200 to about 275, plus another distillation cut of the
      total alkylate product having a molecular weight of about 300 to about
      475. A mixture of such distillation cuts, particularly wherein about 0.5
      to 2.0 parts by weight of the alkylate distillation product having a
      molecular weight of about 200 to about 275 are employed for each part by
      weight of the alkylate distillation product having a molecular weight of
      about 300 to about 475, is particularly suitable as an alkylation product
      to be sulfonated and employed according to the invention. Mixtures of such
      alkylate distillation products, other distillation cuts, as well as the
      entire alkylate product, or any mixture thereof, can be sulfonated and
      employed.
PAR  Once the alkylation conversion has been carried out and the desired
      alkylate products recovered, the alkylate products are sulfonated to form
      a sulfonic acid. As pointed out heretofore, the alkylate product which is
      sulfonated can be the total alkylate product formed in the alkylation
      reaction, can be certain distillation cuts of the alkylation product, or
      can be mixtures of such alkylate products. Also, certain other high
      molecular weight alkylatable hydrocarbons such as the precursors to
      mahogany sulfonates can be admixed with such alkylate products if desired.
PAR  The sulfonation conversion of the alkylate product to the sulfonic acid
      derivatives thereof can be by any procedure heretofore known to the art
      for the sulfonation of a sulfonatable hydrocarbon. A number of sulfonation
      procedures are known in the art wherein SO.sub.3, sulfuric acid or oleum,
      mixtures of SO.sub.3 and SO.sub.2, or organic sulfonating agents
      containing SO.sub.3 are employed as a sulfonating agent. Furthermore, the
      sulfonation can be carried out in either a batch-type process or a
      continuous falling film reaction process. When SO.sub.3 is employed as a
      sulfonating agent, the mole ratio of SO.sub.3 to alkylate product is
      suitably about 1:1 to about 1.5:1. Thus each molecule of the product
      should have on the average about 1 or more sulfonic acid groups thereon
      following the sulfonation reaction.
PAR  The sulfonic acids formed by the sulfonation reaction are then converted to
      the respective sulfonates by reacting with a base component. The
      conversion to the sulfonates is readily effected by simply admixing the
      base component with the sulfonic acids. This can be accomplished by any
      means known to the art for the conversion of sulfonic acids to sulfonates.
      Such procedures are well-known to those skilled in the art.
PAR  The base component employed in this invention is selected from the alkali
      metal hydroxides, ammonium hydroxides, and the alkali metal carbonates.
      Examples of such base components include: NaOH, KOH, LiOH, Na.sub.2
      CO.sub.3, NaHCO.sub.3, NH.sub.4 OH, K.sub.2 CO.sub.3, and the like. Sodium
      hydroxide is presently particularly preferred as a base component.
PAR  The improved anionic waterflood additives of the instant invention are
      overbased alkylate product sulfonates, wherein the sulfonates are derived
      as heretofore set forth.
PAR  Other high molecular weight natural or synethetically derived sulfonates
      can be added to the alkylate sulfonates of this invention if desired. Such
      high molecular weight sulfonates include those which are water-insoluble
      and oil-soluble, generally having molecular weights in the range of about
      400 to about 600. If such high molecular weight sulfonates are admixed
      with the alkylate sulfonates of the instant invention, preferably about
      0.2 to about 1.0 parts by weight of the high molecular weight oil-soluble
      sulfonate are employed for each part by weight of branched-chain
      alkylaromatic alkylate sulfonate employed.
PAR  The overbased sulfonates have excess base components added beyond that
      needed to neutralize the sulfonic acid precursors to the sulfonates such
      that the ratio: "weight of excess base component/weight of sulfonate" is
      about 0.03 to about 3.0. Overbased sulfonates wherein the ratio is about
      0.20 to about 1.0 are presently particularly preferred.
PAR  Thus, when the sulfonates are merely neutralized and injected as an aqueous
      mixture of the neutralized product into the petroliferous formation, a
      sufficient amount of the aqueous base component must be added in a second
      slug to insure that the waterflood additive composition formed in situ in
      the formation is over-based and is in the prescribed ranges.
PAR  In describing the use of the anionic waterflood additives of the instant
      invention, two methods of injecting the additives into a petroliferous
      formation will be discussed. However, it should be understood that neither
      method is presently particularly preferred over the other, and that the
      particular method which is chosen of a particular application will depend
      to a large extent upon the facilities available at the well site.
PAR  One method of employing the anionic waterflood additives of the instant
      invention involves injecting an aqueous slug containing about 0.5 to about
      25 weight percent of the alkylate product sulfonate through a well bore
      into a petroliferous subterranean formation from which additional
      hydrocarbon is to be recovered. After the sulfonate slug has been
      dispersed into the formation, an effective amount of an aqueous base
      component mixture in the form of a second slug is introduced into the
      formation to form an aqueous mixture in situ in the subterranean formation
      containing about 0.5 to about 25 weight percent of the overbased
      waterflood additive composition. When employing such a method, a
      sufficient amount of the base component containing mixture must be
      injected into the formation to assure that the waterflood additive will be
      overbased such that the "ratio" is about 0.03 to about 3.0. If sufficient
      base component is not added to reach the lower minimum ratio of about
      0.03, desirable results are not obtained. Likewise, problems of viscosity
      and handling of materials are encountered when the amount of overbasing is
      above the upper ratio value of about 3.0.
PAR  A second system which can be employed in employing the anionic waterflood
      additive compositions involves producing the overbased sulfonate, admixing
      with water, injecting the aqueous mixture containing from about 0.5 to
      about 25 weight percent of the overbased alkylates product sulfonate
      directly into the petroliferous formation as one slug. When employing this
      procedure, the same limitations as to the overbasing ratio applies as to
      the procedure heretofore described.
PAR  While the overbased sulfonates demonstrate remarkable properties as
      waterflood additives in the second system described, additional tertiary
      oil can be recovered from the subterranean petroliferous formation by
      injecting an effective amount of an aqueous mixture containing a base
      component into the formation which has previously been contacted with the
      overbased sulfonate composition. The amount and concentration of the
      aqueous base component containing mixture employed can vary widely.
      However, desirable results are obtained when the concentration of the base
      component in the mixture is about 0.5 to about 50 percent by weight and
      the amount of mixture injected into the formation is about 10 to about
      1000 volume percent based on the amount of sulfonate containing slug
      injected into the formation.
PAR  As heretofore stated, the material injected into the petroliferous
      formation is an aqueous mixture containing about 0.5 to about 25 weight
      percent of the overbased alkylate product sulfonate waterflood additive.
      Particularly desirable results are obtained when the aqueous mixture
      injected into the formation contains about 3 to about 15 weight percent of
      the overbased sulfonate.
PAR  Difficulties are sometimes encountered in the formation of the aqueous
      mixture due to the solubility characteristics of the anionic waterflood
      composition. When such solubility problems are detected, one can add an
      effective amount of any suitable water-soluble solubilizing agent to
      promote solubility. The amount of water-soluble solubilizing agent
      required in such instances will vary widely, but will generally be within
      the range of about 0.5 to about 25 weight percent based on the weight of
      the total composition. Examples of some suitable water-soluble
      solubilizing agents include lower alcohols such as methanol, ethanol,
      2-propanol, and the like; aryl sulfonates, such as sodium benzene
      sulfonate, sodium xylene sulfonate, sodium toluene sulfonates, sodium
      hexylbenzene sulfonates, sodium octylbenzene sulfonates, and the like;
      alcohol ethoxylates wherein the molecule contains about 30 to about 90
      weight percent of ethylene oxide and the alcohol constituent contains
      about 2 to about 20 carbon atoms; lower olefin derived sulfonates derived
      from alkenes such as butenes and pentenes and the like; and ethoxylated
      alkylphenols, such as octylphenol.
PAR  It is to be understood that any sulfonates added as such water-soluble
      solubilizing agents are not to be taken into account in determining the
      ratio: "weight of excess base component/weight of sulfonate." However, any
      high molecular weight oil-soluble sulfonates admixed with the alkylate
      product sulfonate are to be taken into account in determining the ratio.
PAR  In order to more fully explain the present invention, the following
      examples are provided. However, it is to be understood that the examples
      are not intended to function as a limitation on the invention as described
      and claimed in the application.
PAC  EXAMPLE 1
PAR  Exemplarily, a propylene tetramer is prepared according to the following
      procedure:
TBL  Dimerization of Propylene Tetramer Olefin                                 

     ______________________________________                                    

     (a)  Conditions for maximum conversion:                                   

          Sludge/Dodecene Ratio       3.0/l                                    

          Maximum Reaction Temp.      120.degree.F                             

          Post Stir, Minutes          60                                       

     (b)  Typical Charges:                                                     

          Dodecene, gms.              600                                      

          Recycle Sludge, gms.        1800                                     

     ______________________________________                                    

PAR  The dodecene is charged to a baffled stirred reactor equipped with a
      dropping funnel. The desired quantity of stock alkylation sludge is
      weighed and transferred to the dropping funnel, equipped with a silica gel
      packed breather.
PAR  Agitation of the dodecene is started and addition of alkylation sludge is
      started at an even rate so as to require 30 .+-.  1 minutes. The reaction
      mass is maintained at the desired temperature by means of a cold water
      bath. After all of the sludge is added, the reaction mass is stirred for
      one hour. At the end of this period, the entire mass is transferred to a 4
      liter separatory funnel and allowed to settle for two hours. The crude
      dimer is separated from the sludge and each portion is weighed.
PAR  The crude dimerization reaction product mixture is generally used as-is to
      alkylate benzene. It has a typical composition as follows:
TBL  Benzene (from recycle sludge)                                             

                              32%                                              

     Pre-dimer Light Olefin                                                    

      (non-dimerized)         14%                                              

     Dimer Olefin             54%                                              

     Alkylation of Crude Dimer Olefin Mixture                                  

     (a)  Reaction Conditions:                                                 

          Benzene/Dodecene Ratio  3/1 by weight                                

          % AlCl.sub.3 on Dodecene                                             

                                  7                                            

          % Water on AlCl.sub.3   4                                            

          Max. Reaction Temp., .degree.F                                       

                                  100                                          

PAR  The required benzene is charged to a 5 liter flask equipped with a stirrer,
      thermometer and dropping funnel. The required amount of AlCl.sub.3
      catalyst and water and all of the dimer sludge separated in the
      dimerization step is weighed. The crude dimer phase is transferred "as is"
      to a dropping funnel and the level in the funnel is marked with a wax
      crayon into four equal portions.
PAR  Agitation of the benzene is started and the temperature is adjusted to
      85.degree.F. Fifty percent of the dimer sludge is added to the benzene
      followed by 50 percent of the total required AlCl.sub.3 and then 50
      percent of the total required water.
PAR  The dimer from the dropping funnel is fed at an even rate so as to require
      30 .+-.  2 minutes to complete the addition of the entire charge. The
      reaction mass is maintained at the desired temperature by means of a cold
      water bath.
PAR  A portion of dimer sludge, AlCl.sub.3 and water (about 16.7 percent) of the
      required total of each is charged after one-fourth, one-half, and finally
      three-fourths of the dimer is added to the reaction flask as indicated by
      the level in the dropping funnel. After the end of the dimer addition,
      stirring is stopped, and the reaction mass is allowed to settle for 30
      minutes.
PAR  The crude layer is decanted from the AlCl.sub.3 sludge and the weight of
      each recorded.
PAR  Using 93% sulfuric acid, the acid crude layer is treated for 10 minutes,
      followed by settling for 10 minutes. The acid crude alkylate is decanted
      from the sulfuric acid sludge and neutralized by mixing for 10 minutes
      with a 25 percent solution of caustic. Settling for 30 minutes is
      effected.
PAR  The neutralized crude alkylate is charged to the TBP stills and
      fractionated using the following cut-points:
TBL  Benzene, .degree.F at Atm.                                                

                                0-290                                          

     DEBISOL (low MW alkyl aromatics)                                          

     .degree.F at 20 mm         0-225                                          

     AB-515 product, .degree.F at 20 mm                                        

                               225-390                                         

     H-380-D product           Pot Bottoms                                     

     On a benzene-free basis, the crude alkylation                             

     product mixture has the following typical composition:                    

     Low MW alkyl aromatics, % Wt.                                             

                               17                                              

     Dodecylbenzene (AB-515)   47                                              

     H-380 Alkylbenzene        36                                              

PAR  A blend of 1.25 parts by weight of the AB-515 product heretofore described
      per 1.0 part by weight of the H-380-D product heretofore described was
      sulfonated in a batch reactor with a stream of vaporized SO.sub.3 plus
      air. Thirty-four grams of SO.sub.3 was employed per 100 g of the mixture
      comprised of the AB-515 plus the H-380-D product mixture. The mixture of
      the alkylate distillation fractions was placed in the reactor and the
      vaporized SO.sub.3 plus air stream (about 5 weight percent SO.sub.3 in the
      air) was bubbled slowly into the alkylate distillation product mixture.
      Temperature was controlled at 45.degree.C. The SO.sub.3 plus air
      introduction was continued for 40 minutes.
PAR  The sulfonic acid mixture produced from the alkylate distillate mixture was
      neutralized by adding it to a 10 percent aqueous solution of sodium
      hydroxide to a pH 8-9 end point. The resulting sulfonate product had the
      following analysis:
TBL  Wt. % Active Sulfonate   42.0                                             

     Wt. % Nonsulfonated Oil  6.0                                              

     Wt. % Sodium Sulfate     1.7                                              

     Wt. % H.sub.2 O          50.3                                             

     Average Equivalent Wt. of                                                 

      Sodium Sulfonate        382                                              

PAR  A series of runs was conducted to evaluate the oil recovery properties of
      the anionic waterflood additives as prepared. In each run, 12  .times. 2
      .times. 2 inches Berea sandstone cores were evacuated under vacuum and
      then saturated with 1 percent sodium chloride brine. The brine saturated
      cores were reduced to irreducible water saturation with Blandol product (a
      highly refined mineral oil) and then waterflooded to residual oil
      saturation with the sodium chloride brine solution.
PAR  The waterflood additives were then injected into the cores as aqueous
      mixtures containing amounts of sodium sulfonate and having overbasing
      ratios as noted in the following table. A quantity of each aqueous mixture
      corresponding to two pore volume percent of the core was injected. This
      was followed by a 10 percent pore volume slug of the 1 percent sodium
      chloride brine, followed by a 2 percent pore volume slug of 4 weight
      percent sodium hydroxide in aqueous solution. Tertiary waterflood was then
      conducted at 40 cc of brine per hour, a flow rate equivalent to 6-7 feet
      per day of reservoir flooding, to determine the effectiveness of the
      overbased anionic waterflood additives as oil recovery agents. The oil
      recovery runs were conducted at 130.degree.F. A total of 1.5 pore volumes
      of brine was injected. In the following table, the column entitled
      ".DELTA.S" is the volume of oil produced as a percent of pore volume. The
      column entitled "ratio" is the value of the ratio "weight of excess base
      component/ weight of sulfonate."
PAR  Data are presented in the following, Table I.
TBL  ______________________________________                                    

     Run                                                                       

     No.       Sulfonate        Ratio    .DELTA.S                              

     ______________________________________                                    

     1    3.72% Sulfonate derived from                                         

                                0.6      2.1                                   

          H-380-D product plus 2.98%                                           

          sulfonate derived from ABS-                                          

          515 product.                                                         

     2    4.7% of sulfonate product                                            

                                0.6      11.6                                  

          derived from alkylate mix-                                           

          ture of H-380-D product plus                                         

          ABS-515 product plus 2%                                              

          Witco Petronate C sulfonate                                          

          product*.                                                            

     ______________________________________                                    

      *Witco Petronate C product is a 500-550 average molecular weight natural 

      oil-soluble sulfonate derived by treating a lubricating oil refinery     

      fraction with sulfuric acid.                                             

PAR  This example demonstrates that the overbased anionic waterflood additives
      of the instant invention are effective to recover additional oil. Run 2
      further demonstrates that addition of a high molecular weight sulfonate to
      the overbased anionic waterflood additives recovers even more oil.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for recovering hydrocarbons from a petroliferous formation,
      said process comprising:
PA1  a. injecting into said formation an effective amount of an aqueous mixture
      containing from about 0.5 to about 25 weight percent of an overbased
      waterflood additive; and
PA1  b. recovering displaced hydrocarbons from said formation, said waterflood
      additive consisting essentially of:
PA1  c. a base component selected from the group consisting of NaOH, KOH, LiOH,
      Na.sub.2 CO.sub.3, NaHCO.sub.3, NH.sub.4 OH, K.sub.2 CO.sub.3 and mixtures
      thereof;
PA1  d. a branched-chain alkylaromatic alkylate sulfonate, prepared by
PAR  1. alkylating an aromatic hydrocarbon, said aromatic hydrocarbon being
      represented by the formula
EQU  Ar--(R).sub.n
PAL  wherein Ar is benzene or a naphthalene ring having a valence of n, wherein
      R is methyl or ethyl and wherein n is 0, 1, or 2, with a propylene
      tetramer dimer product containing from about 20 to about 30 carbon atoms
      per molecule, said aromatic hydrocarbon being employed in an amount equal
      to from about 1 to about 25 moles of said aromatic hydrocarbon per mole of
      said propylene tetramer dimer product to produce a branched-chain
      alkylaromatic alkylate;
PA2  2. separating from said alkylate a first portion having a molecular weight
      from about 200 to about 275 and a second portion having a molecular weight
      from about 300 to about 475;
PA2  3. sulfonating said alkylate to produce a sulfonic acid derived from a
      mixture containing from about 0.5 to about 2.0 parts by weight of said
      first portion per part of said second portion and from about 0.2 to about
      1.0 parts by weight of a high molecular weight oil-soluble sulfonate
      precursor per part of said second portion; and,
PA2  4. neutralizing said acid with said base component, said waterflood
      additive being overbased such that the ratio "weight of excess base
      component/weight of sulfonate" is about 0.03 to about 3.0.
NUM  2.
PAR  2. The process of claim 1 wherein said aromatic hydrocarbon is benzene and
      wherein said benzene is employed in an amount equal to from about 5 to
      about 10 moles of said benzene per mole of said propylene tetramer dimer.
NUM  3.
PAR  3. The process of claim 1 wherein said base component is sodium hydroxide.
NUM  4.
PAR  4. The process of claim 1 wherein said high molecular weight oil-soluble
      sulfonate precursor is a mahogany sulfonate precursor.
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ABST
PAL  Running apparatus is releasably connected to a packing assembly, the
      combination being lowered on a tubular running string until the packing
      assembly is disposed between a hanger body and a surrounding wellhead
      underlying a body of water. The apparatus is responsive to weight to
      effect setting of the packing in the annular space between the hanger body
      and wellhead. Test pressure is applied to the packing and more firmly sets
      it. The apparatus is rotated relative to the packing to shift a locking
      nut to lock the packing in place, the apparatus then being retrieved to
      the drilling rig at the water surface.
BSUM
PAR  The present invention relates to well apparatus, and more particularly to
      apparatus for effecting a seal in the region between a hanger body and a
      surrounding wellhead housing disposed at the upper end of the well bore.
PAR  In the drilling of oil and gas wells at an underwater location, a casing
      string is run into a well bore, the casing string being supported on a
      hanger body resting on a companion seat in a surrounding wellhead. The
      casing string is cemented in place and a suitable packing or seal assembly
      actuated to pack off the annular region between the hanger body and
      wellhead. Apparatus for performing the above method is illustrated in a
      number of United States patents, including Applicant's U.S. Pat. Nos.
      3,468,558, 3,468,559, 3,489,436, and 3,492,026.
PAR  In general, the packing is supported upon a running and setting tool
      operable so that the weight of the running pipe string or a downwardly
      extended weight string beneath the running and setting tool initially
      effects longitudinal motion of the packing and deforms the packing into
      sealing engagement in the annular space between the hanger body and the
      wellhead housing. Thereafter, fluid pressure is applied to the packing via
      the kill or choke line of the blowout preventer above the wellhead housing
      to test the efficacy of the seal, and more tightly sets the packing.
PAR  The initial packoff weight is generally provided by heavy drill collars
      since the drill pipe, in many instances, may not have adequate weight. In
      other cases, the initial packoff may be effected by rotating the pipe
      string to drive the packing support rotatively on a threaded connection
      with the casing hanger body.
PAR  In the case of the present invention, the packing assembly and the locking
      nut are assembled on a running tool to be lowered on a running pipe string
      into the subsurface housing. When the packing is in place in the annular
      space between the wellhead housing and a previously landed casing hanger,
      the lock nut engages the casing hanger, and the weight of the running
      string and drill collars causes the packing to be deformed into sealing
      engagement with the housing and the hanger. During setting of the packing,
      it and the locking nut are released from the running tool which has keyed
      engagement with the locking nut to turn the nut onto the casing hanger
      thread by rotation of the running string.
PAR  Accordingly, the invention provides a novel and simple running and setting
      tool for effecting the pack off and locking of the packing in the
      subsurface housing.
DRWD
PAR  The invention possesses many other advantages and has other purposes which
      may be made more clearly apparent from a consideration of a form in which
      it may be embodied. This form is shown in the drawings accompanying and
      forming a part of the present specification. It, and its method of use,
      will now be described in detail for the purpose of illustrating the
      general principles of the invention; but it is to be understood that such
      detailed description is not to be taken in a limiting since.
PAR  Referring to the drawings:
PAR  FIG. 1 is a view in elevation showing a subsurface wellhead assembly
      through which well completion operations are performed from a floating
      vessel;
PAR  FIG. 2 is a fragmentary longitudinal section showing the packing assembly
      on the running tool and being lowered into the wellhead housing;
PAR  FIG. 3 is a view similar to FIG. 2, but showing the assembly initially
      landed between the wellhead housing and the casing hanger;
PAR  FIG. 4 is another view similar to FIGS. 2 and 3, but showing the packing
      initially set in sealing engagement between the wellhead housing and the
      casing hanger;
PAR  FIG. 5 is still another view similar to FIGS. 2 through 4, but showing the
      packing locked in place;
PAR  FIG. 6 is a horizontal section as taken on the line 6 through 6 of FIG. 4;
PAR  FIG. 7 is a horizontal section as taken on the line 7 through 7 of FIG. 5;
PAR  FIG. 8 is an enlarged section as taken on the line 8 through 8 of FIG. 6
      showing the packing initially packed off; and
PAR  FIG. 9 is a view similar to FIG. 8, but showing the packing locked in place
      responsive to rotation of the running tool.
DETD
PAR  FIG. 1 is a diagrammatic illustration of a well bore A drilled below a body
      of water B from a drilling vessel C floating at the surface of the water,
      a marine riser pipe D extending from the drilling vessel downwardly to a
      suitable connector E attached to a blowout preventer stack F, which is
      connected through a suitable connector G to a wellhead housing H disposed
      within a base J mounted on the floor K of the body of water.
PAR  As illustrated in the drawings, a casing hanger body 10 has been lowered on
      a running tool T into the wellhead housing H, this body 10 having a
      landing ring 11, which has a tapered surface, adapted to rest upon a
      companion seat 12 in the wellhead housing H, in order that the hanger body
      can support a string of well casing M threadedly secured thereto and
      extending downwardly into the well bore. A split lock ring 13 is disposed
      adjacent to a peripheral groove 14 in the hanger housing and is adapted to
      be expanded outwardly to prevent upward movement of the casing string M
      and the hanger body 10 with respect to the wellhead housing.
PAR  Circumferentially spaced longitudinal flow passages or grooves 15 are
      provided in the lower portion of the hanger body 10 to permit circulating
      fluid and cement slurry to flow upwardly through the interior of the
      landing shoulder 11 and into the annulus 16 between the hanger body 10 and
      wellhead housing H. The lower portion of this annulus is defined between
      an external peripheral surface 17 on the hanger body above the flow
      passages 15 and an opposed internal cylindrical sealing surface 18 in the
      wellhead housing. A packing assembly P is shown in FIG. 2 as having been
      run into the wellhead housing H on the running and setting tool T and
      disposed above the upper portion of the annulus 16.
PAR  It is to be noted that the casing hanger body 10 has an internal left-hand
      thread 19 and an internal groove 20, either of which can be operatively
      associated with a running tool (not shown) for lowering the hanger body 10
      and casing M into the well bore and wellhead housing. Moreover, a
      cylindrical internal sealing surface 21 is provided in the hanger body
      below its threads 19 for a purpose to be described hereinbelow. It should
      further be noted that the upper external portion of the hanger body is
      provided with an external right-hand thread 22 which coacts with the
      packing assembly P in effecting the locking of the packing P in sealing
      relation against the opposed cylindrical surfaces 17, 18 on the hanger
      body 10 and wellhead H.
PAR  After the well casing M and hanger body 10 have been lowered into their
      appropriate position in the well bore and wellhead, and the circulating
      and cementing operations have been completed, the annular region between
      the external and internal sealing surfaces 17 and 18 on the casing hanger
      body and wellhead are to be engaged by the packing assembly P, which is
      releasably connected to the running and actuating tool T, which includes a
      body structure, the upper portion 23 of which is threadedly secured by a
      sub 24 to the lower end of a tubular running string by means of which the
      running and actuating tool and packing assembly combination are lowered
      toward the previously set hanger body 10 from the drilling vessel.
PAR  At the lower end of the body of the tool T is a threaded connection 24a
      with a downwardly extended pipe string 25, which may be composed of heavy
      drill collars to add to the weight of the running string 25 useful to set
      the packing assembly and seal off the annular space 16. The body also has
      a number of vertically spaced external seal rings 26, one or more of which
      is adapted to sealingly engage within the bore or sealing surface 21 in
      the casing hanger 10 to enable the application of test pressure to the
      packing P, as will be later described.
PAR  Depending from the upper tool body section 23 is an outer skirt 27. Carried
      by the skirt 27 are the packing means P and a locking nut 28. More
      particularly, the locking nut 28 has an upper cylindrical portion 29
      extending into the body skirt 27 and releasably connected to the skirt leg
      by a number of circumferentially spaced shear pins 30. The nut section 29
      and the skirt 27 have companion axially extended grooves 31 and keys 32
      forming a splined connection by which the nut is actuated, as will be
      later described, to lock the packing in place in the annulus 16. The
      locking nut 28 also has a downwardly extending cylindrical section 33
      received by an upper cylindrical neck 34 of a packing support sleeve 35,
      the neck 34 having an internal shoulder 36 enabling retrieval of the
      packing assembly leg by a suitable retrieving tool, not shown. The packing
      assembly is more particularly disclosed in U.S. Pat. No. 3,797,864,
      granted Mar. 18, 1974, for COMBINED METAL AND ELASTOMER SEAL. As shown,
      the support sleeve has a dovetailed connection 37 with an elastomeric,
      resiliently deformable packing sleeve 38 having a lower abutment ring 39
      connected thereto by a dovetailed connection 40.
PAR  Releasable shear pin means 41 connect the packing supporting sleeve 35 to
      the lock nut 28, with suitable bearing inserts disposed between the parts.
      One bearing insert 42 is disposed between the lower end of the body skirt
      27 and the upper end of the packing support sleeve 35 and between the
      upper nut and the support sleeve 35. The other bearing insert 43 is
      disposed between the lower end of the lock nut 28 and an inner thrust
      shoulder 44 on the packing sleeve 35.
PAR  These bearing inserts 42 and 43 reduce friction when the locking nut 28 is
      being rotated by the tool T to lock the packing means P in place in the
      annulus 16. Internally, the locking nut 28 has a thread 45 engageable with
      the outer thread 22 of the hanger body in response to rotation of the nut
      by the tool T. In order to provide a downward bias on the nut 28 to assist
      it to engage the thread 22 of the casing hanger, the body section 23
      carries a thrust ring 46 in the annulus 47 between the body section 23 and
      the skirt 27. Interposed between the thrust ring 46 and the upper body
      flange 47' are a number of circumferentially spaced coiled compression
      springs 48 engaged in opposed seats 49 in the ring 46 and 50 in the body
      flange 47' to urge the ring 46 downwardly into engagement with the upper
      end 51 of the nut section 29. A stop ring 52 installed about the upper
      tool body section 23 initially holds the thrust ring 46 against
      displacement during assembly of the apparatus.
PAR  At the upper end of the lock nut section 29 are a number of J-slots 53
      adapted to receive a suitable retrieving tool or a protector sleeve, as is
      well known.
PAR  In the use of the apparatus, the tool T, with the packing and locking means
      assembled therein by the shear pins 30 and 41, is lowered into the housing
      14, as seen in FIG. 2. Fluid can bypass the tool through suitable
      circumferentially spaced longitudinal flow passages 54 in the body section
      23.
PAR  As seen in FIG. 3, continued downward movement of the apparatus causes the
      lower thread 45 on the nut 28 to land on the upper thread 22 of the casing
      hanger 10.
PAR  Therefore, as seen in FIGS. 4 and 8, as the tool T moves further
      downwardly, under the weight of the running string 24 and the weight
      string 25, the shear pins 30 and 41 are sheared as the skirt 27 of the
      tool body pushes downwardly on the packing support sleeve 35, thus moving
      the packing 38 into the annulus 16 to deform it radially into sealing
      engagement with the opposed cylindrical walls 17 and 18 of the casing
      hanger and the housing H, respectively. Also, in response to such downward
      movement of the tool body, the lower expander ring 39 on the packing 38
      engages and causes the lock ring 13 to be expanded outwardly into the
      locking groove 14, to lock the casing hanger 10 against upward movement.
PAR  At this time, the blowout preventer rams can be closed on the running
      string 24 and fluid under pressure can be supplied from the drilling
      vessel through the usual choke and kill line of the blowout preventer to
      test the efficiency of the seal. Such fluid pressure also acts on the
      differential tool area X (See FIG. 3) between the seals 26 in the hanger
      10 and the sealing diameter of the blowout preventer rams on the running
      string to provide a further downward force to move and tightly set the
      packing in place in the annulus 16.
PAR  Next, as seen in FIGS. 5 and 9, the running string is rotated so that the
      locking nut 28 is correspondingly rotated through the splined connection
      31, 32 to engage the thread 45 of the locking nut with the thread 22 of
      the casing hanger. Initial threaded engagement is assured by the downward
      force applied to the nut by the bias springs 48.
PAR  The running string and tool are then retrieved to the vessel, leaving the
      packing P locked in place.
PAR  Accordingly, it will now be seen that the present invention provides novel
      and simple, yet effective, apparatus for running, weight setting and
      torque locking the packing unit in place between the housing and the
      casing hanger.
CLMS
STM  I claim:
NUM  1.
PAR  1. Underwater apparatus for forming a seal in an annulus between a
      subsurface wellhead housing and a casing hanger seated in said housing,
      locking packing means for forming a seal in said annulus, lockking means
      for locking said packing means in said annulus, and running tool means
      connectable to a running string for setting said packing means in said
      annulus and operating said locking means, said running tool means
      including a body connectable to said running string, means releasably
      connecting said locking means and said packing means to said body, said
      locking means including means engageable with the casing hanger, actuator
      means on said body responsive to the weight of said running string for
      releasing said releasable means upon initial engagement of said locking
      means with the casing hanger and for setting said packing means in said
      annulus, and means on said setting tool for actuating said locking means
      into locked engagement with said casing hanger.
NUM  2.
PAR  2. Underwater wellhead apparatus as defined in claim 1, wherein said body
      has seal means engageable with said casing hanger to form a differential
      area responsive to pressure above said packing means to force said body to
      more tightly set said packing.
NUM  3.
PAR  3. Underwater wellhead apparatus as defined in claim 1, wherein said
      releasable means include first shearable means connecting said locking
      means to said actuator means and second shearable means connecting said
      packing means to said locking means.
NUM  4.
PAR  4. Underwater wellhead apparatus as defined in claim 1, wherein said
      releasable means include first shearable means connecting said locking
      means to said actuator means and second shearable means connecting said
      packing means to said locking means, said locking means including a
      threaded nut, and said means for actuating said locking means including
      rotary drive means between said actuator means and said nut.
NUM  5.
PAR  5. Underwater wellhead apparatus as defined in claim 1, wherein said
      releasable means include first shearable means connecting said locking
      means to said actuator means and second shearable means connecting said
      packing means to said locking means, said locking means including a
      threaded nut and said means for actuating said locking means including
      rotary drive means between said actuator means and said nut, said rotary
      drive means including a longitudinally extended splined connection between
      said actuator means and said nut.
NUM  6.
PAR  6. Underwater wellhead apparatus as defined in claim 1, wherein said
      releasable means include first shearable means connecting said locking
      means to said actuator means and second shearable means connecting said
      packing means to said locking means, said locking means including a
      threaded nut and said means for actuating said locking means including
      rotary drive means between said actuator means and said nut, said rotary
      drive means including a longitudinally extended splined connection between
      said actuator means and said nut, and further including spring means
      biasing said nut towards engagement with said casing hanger.
NUM  7.
PAR  7. Underwater wellhead apparatus as defined in claim 1, wherein said
      releasable means include first shearable means connecting said locking
      means to said actuator means and second shearable means connecting said
      packing means to said locking means, said locking means including a
      threaded nut and said means for actuating said locking means including
      rotary drive means between said actuator means and said nut, and also
      including bearing means between said nut and said packing means.
NUM  8.
PAR  8. Underwater wellhead apparatus as defined in claim 1, wherein said
      releasable means include first shearable means connecting said locking
      means to said actuator means and second shearable means connecting said
      packing means to said locking means, said locking means including a
      threaded nut and said means for actuating said locking means including
      rotary drive means between said actuator means and said nut, and also
      including bearing means between said nut and said packing means, and
      bearing means between said actuator means and said packing means.
NUM  9.
PAR  9. Underwater wellhead apparatus as defined in claim 1, wherein said
      packing means includes a support sleeve, a resilient deformable packing
      sleeve carried beneath said support sleeve, said locking means including a
      threaded nut engageable with said casing hanger, and said releasable means
      including shearable means connecting said support sleeve with said nut and
      shearable means connecting said nut with said actuator means.
NUM  10.
PAR  10. Underwater wellhead apparatus as defined in claim 1, wherein said
      packing means includes a support sleeve, a resilient deformable packing
      sleeve carried beneath said support sleeve, said locking means including a
      threaded nut engageable with said casing hanger, and said releasable means
      including shearable means connecting said support sleeve with said nut and
      shearable means connecting said nut with said actuator means, said
      actuator means and said nut housing a splined rotary drive connection
      whereby said nut can move longitudinally of said body while being rotated.
NUM  11.
PAR  11. Apparatus for forming a seal in an annulus between an underwater
      wellhead housing and a casing hanger installed therein comprising: a
      running tool having a body connectable to a running pipe string to be
      lowered thereby into the housing, said body having an actuator portion,
      packing means actuatable to form a seal between the housing and casing
      hanger, packing locking means for locking said packing in sealing
      condition, first shearable means connecting said packing locking means to
      said actuator portion, second shearable means connecting said packing
      means to said locking means, said actuator portion being engaged with said
      packing means to shear said shearable means upon movement of said body
      when said locking means initially engages said casing hanger to prevent
      movement of said locking means with said body.
NUM  12.
PAR  12. Apparatus as defined in claim 11, wherein said packing locking means
      includes a nut threadedly engageable with said casing hanger, and said
      actuator portion and said nut have campanion rotary drive means for
      rotating said nut and allowing longitudinal movement of said nut.
NUM  13.
PAR  13. Apparatus as defined in claim 11, wherein said packing locking means
      includes a nut threadedly engageable with said casing hanger, and said
      actuator portion and said nut have campanion rotary drive means for
      rotating said nut and allowing longitudinal movement of said nut, and
      including bearings between said nut and said packing means and between
      said actuator portion and said packing means.
NUM  14.
PAR  14. Apparatus as defined in claim 11, wherein said body has a sealing
      portion engageable in said casing hanger and larger than the running
      string to provide a differential area responsive to fluid pressure to move
      said actuator portion in a direction to actuate said packing means to form
      a seal.
NUM  15.
PAR  15. Apparatus as defined in claim 11, wherein said packing locking means
      includes a nut threadedly engageable with said casing hanger, and said
      actuator portion and said nut have campanion rotary drive means for
      rotating said nut and allowing longitudinal movement of said nut, and
      spring means between said body and said nut for biasing said nut towards
      said casing hanger.
NUM  16.
PAR  16. Apparatus as defined in claim 11, wherein said packing means includes a
      support sleeve, said support sleeve having an abutment shoulder therein,
      said packing locking means comprising a nut engaged with said shoulder and
      having a thread engageable with a companion thread on said casing hanger.
NUM  17.
PAR  17. Apparatus as defined in claim 11, wherein said packing means includes a
      support sleeve, said support sleeve having an abutment shoulder therein,
      said packing locking means comprising a nut engaged with said shoulder and
      having a thread engageable with a companion thread on said casing hanger,
      said actuator portion engaging said support sleeve.
NUM  18.
PAR  18. Apparatus as defined in claim 11, wherein said packing means includes a
      support sleeve, said support sleeve having an abutment shoulder therein,
      said packing locking means comprising a nut engaged with said shoulder and
      having a thread engageable with a companion thread on said casing hanger,
      said actuator portion engaging said support sleeve, said body also having
      spring means acting on said nut to bias said nut in a direction for
      engagement with said companion thread of said casing hanger.
NUM  19.
PAR  19. Apparatus as defined in claim 11, wherein said body is an elongated
      member having an enlarged sealing section sealingly engageable in said
      casing hanger, said actuator portion comprising a skirt on said body, said
      packing means having a packing support sleeve engaged by said skirt, said
      packing locking means comprising a nut having a thread engageable with a
      companion thread on said casing hanger, said nut and said support sleeve
      having abutting portions, said first shearable means connecting said nut
      to said skirt, said second shearable means connecting said support sleeve
      to said nut.
NUM  20.
PAR  20. Apparatus as defined in claim 11, wherein said body is an elongated
      member having an enlarged sealing section sealinglyengageable in said
      casing hanger, said actuator portion comprising a skirt on said body, said
      packing means having a packing support sleeve engaged by said skirt, said
      packing locking means comprising a nut having a thread engageable with a
      companion thread on said casing hanger, said nut and said support sleeve
      having abutting portions, said first shearable means connecting said nut
      to said skirt, said second shearable means connecting said support sleeve
      to said nut, said body and said skirt defining an annular space
      therebetween, a thrust ring in said annular space engaged with said nut,
      and spring means in said annular space acting between said thrust ring and
      said body to force said thrust ring and said nut towards said companion
      thread on said casing hanger upon shearing of said shearable means.
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PAL  An elastomer centralizer for a production string includes an elastomer body
      having a central opening extending longitudinally therethrough and a split
      in the body with the split extending to the opening in the body. A
      plurality of circumferentially spaced longitudinally extending projections
      are integrally formed on the body for positioning a production string
      within a well casing and an annular rib extends between predetermined
      pairs of the longitudinal projections with openings therein to provide an
      arrangement for supporting control lines extending from the earth's
      surface downwardly into the well bore.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Various types of centralizers are provided and are in use to position
      production strings in casing in a well bore. Control valves are provided
      in the production string for closing off flow through the production
      string should some malfunction occur so as to inhibit loss of fluid flow
      from the producing formation and to inhibit pollution should some
      malfunction occur.
PAR  Such control valves are generally operated or actuated from the earth's
      surface and at the present time are secured to the production string as
      the production string is connected and run into the well bore
PAR  Quite often during such installation procedure, or during running of tools
      in the well, such control lines become fouled or damaged to the extent
      that they are rendered substantially inoperative so far as actuating the
      control valves in the production string when desired.
PAR  An object of the present invention is to provide a centralizer for the
      production string which is used in a well bore, which centralizer includes
      support means for supporting the control lines connected to one or more
      control valves in the production string.
PAR  Still another object of the present invention is to provide a centralizer
      for a production string in a well bore including an elastomer body having
      a split extending longitudinally thereof with a central longitudinal
      opening in the body also communicating with the split. The body includes a
      plurality of circumferentially spaced longitudinally extending projections
      with an annular rib extending between predetermined pairs of the
      projections, and openings through the rib which openings are aligned
      axially parallel to the longitudinal central opening in the body for
      receiving control lines therein to support such control lines in position
      in the well bore.
DRWD
PAR  Other objects and advantages of the present invention will become more
      readily apparent from a consideration of the following description and
      drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view illustrating a portion of a well bore with a
      casing therein and a production string positioned in the casing by means
      of the centralizer of the present invention and with a control line
      positioned in the rib opening in the centralizer of the present invention
      and connected to a control valve in the production string; and
PAR  FIG. 2 is a sectional view on the line 2--2 of FIG. 1 illustrating further
      details of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Attention is first directed to FIG. 1 of the drawings wherein a well casing
      is shown at 6. The production string 8 is positioned within the casing 6
      and extends downwardly through a packer 10 to the producing formation for
      conducting well fluids to the earth's surface in a manner well known in
      the art.
PAR  The centralizer of the present invention is referred to generally by the
      numerical 15 in FIG. 1 and as shown in FIG. 1 is positioned at
      longitudinally spaced intervals of the production string to position the
      production string within the casing 6.
PAR  The structural details of the centralizer are better illustrated in FIG. 2
      wherein the centralizer 15 is shown as being formed of a suitable
      elastomer such as polyurethane or the like and includes an annular body 16
      which is split as illustrated at 17 to enable the centralizer to be
      positioned about the production string.
PAR  The body 16 is also provided with a central opening 18 for fitting about
      the production string 8 and the opening 18 communicates with the split 17
      as shown in FIG. 2 of the drawings.
PAR  The body 16 includes a plurality, and as illustrated, two reinforcing rings
      20 which are longitudinally spaced within the body 16 and are embedded in
      the elastomer body 16 immediately adjacent the opening 18 extending
      longitudinally therethrough. The annular or ring reinforcing members 20
      may be formed of any suitable material such as metal, or other suitable
      reinforcing material and include a portion 21 at each end of the ring
      which extends substantially at right angles to the ring and to the body
      adjacent the split 17 formed in the body. The portions 21 of the
      reinforcing rings 20 each include openings 22 therein for receiving a
      suitable nut and bolt or other suitable means such as illustrated at 23 to
      lock the elastomer centralizer in position on the production string.
PAR  Each elastomer centralizer 15 also includes a plurality of longitudinally
      extending and circumferentially spaced projections represented generally
      by the numeral 30. As a practical matter, it has been found that three
      projections 30 serves the purpose quite well to position the production
      string 8 within the casing 6 while providing sufficient room between the
      projections 30 for passage of well tools.
PAR  It will also be noticed that the projections 30 are spaced equidistant
      circumferentially of the body 16 as shown in FIG. 2 of the drawings. In
      addition, the uppermost edge 31 of each of the projections 30 is inclined
      downwardly relative to the longitudinal axis of the annular body 16 and
      the lower edge 32 is inclined upwardly as shown in FIG. 1 of the drawings.
PAR  Each of the projections 30 have a pair of longitudinally extending side
      surfaces 35 and 36 within each side surface 35 and 36 including a first
      portion 37 extending at an angle from the body 16 to a predetermined point
      such as represented at 38 and an additional portion 39 extending parallel
      from the termination 38 of each of the first portions and in planes
      perpendicular to the body 16 as better seen in FIG. 2 of the drawings. The
      portions 37 are wider at their juncture with body 16 and converge
      outwardly to their termination at 38.
PAR  It will be noted that the split 17 in the body 16 and the portions 21 of
      the reinforcing rings 20 are positioned between a pair 30a and 30c of the
      projections 30 as shown in FIG. 2 of the drawings, and extending between
      each of the projections 30a and 30b and between 30c and 30b is an annular
      rib referred to generally at 50. The annular rib 50 between each of these
      projections extends in a plane substantially perpendicular to the
      elastomer body 16 and is provided with an outer circumferential edge 51 as
      shown in FIGS. 1 and 2 of the drawings. The annular rib 50 in effect
      extends between a pair of the projections 30 since the projection 30a and
      30b form one pair between which the annular rib 50 extends, and the
      projection 30b along with the projection 30c defines another pair of
      projections between which the annular rib 50 also extends.
PAR  It can be appreciated that the elastomer body 16, projections 30 and
      annular rib 50 are integrally formed, as is the covering referred to at
      16a for the portions 21 of the reinforcing rings 20.
PAR  The annular rib 50 formed on the body 16 includes a plurality of openings
      and it will be noted that each rib 50 between the projections is provided
      with a pair of openings 55 and 56, the central axis of which is parallel
      to the central axis of the longitudinal opening 18 in the body 16.
PAR  Each opening 55 and 56 is provided with a split 58 and 59 respectively
      extending from the outer edge of such opening to the circumferential edge
      51 on the annular rib 50. Preferably, the splits 58 and 59 diverge
      outwardly from their intersection with the openings 55 and 56 respectively
      as shown in the drawings to provide a portion 61 of the annular rib
      between the splits which may be grasped and twisted out of the plane of
      the rib 50 to enable a control line to be selectively positioned in the
      openings 55 and 56.
PAR  For example, referring to FIG. 1, a control line 63 is shown which extends
      to the earth's surface, and normally a separate control line is provided
      for opening and closing of each safety valve, one of which is referred to
      generally at 70 in FIG. 1 in the production string 8. Also, it is
      generally the accepted practice to provide a plurality of such control
      valves in a production string and thus, a separate line may be received in
      each of the openings 55 and 56 of each annular rib 50 of the device shown
      in FIG. 2 of the drawings.
PAR  After the control lines have been positioned in the openings 55 and 56, the
      portion 61 reassumes its position relative to the circmferential edge 51
      of the annular member 50 and serves to retain the control line in position
      adjacent the production string 8.
PAR  From the foregoing, it can be seen that the inner end of the splits 58 and
      59 adjacent their innersection with the openings 55 and 56 respectively
      form a converging angle whereas their outer ends adjacent the
      circumferential edge 51 of the annular rib 50 form a diverging angle to
      enable the portion 61 to be flexed for positioning of the control lines 63
      in each of the respective openings in the annular ribs.
PAR  This arrangement prevents the control lines from being fouled or tangled,
      and inhibits damage thereto during installation and during subsequent use
      in the well bore.
PAR  The foregoing disclosure and description of the invention are illustrative
      and explanatory thereof, and various changes in the size, shape, and
      materials as well as in the details of the illustrated construction may be
      made without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An elastomer centralizer for a production string comprising:
PA1  a. an elastomer body having a split extending longitudinally thereof;
PA1  b. said body having a longitudinally extending, central opening
      communicating with said split;
PA1  c. a plurality of longitudinally spaced rings molded in said body adjacent
      said longitudinal opening, said rings being split to coincide with the
      split in said elastomer body and having portions extending substantially
      at right angles to said rings at said split with an opening therethrough
      whereby said elastomer body may be closed and positioned on the production
      string;
PA1  d. said elastomer body having a plurality of projections extending
      longitudinally of said body in circumferentially spaced relationship;
PA1  e. an annular rib extending in a plane substantially perpendicular to said
      elastomer body between predetermined pairs of said projections and having
      a circumferential outer edge;
PA1  f. said rib having a plurality of openings extending therethrough in a
      plane parallel to the axis of the central opening through said elastomer
      body; and
PA1  g. said rib having a separate split therein from its circumferential outer
      edge to each of the respective openings in said rib.
NUM  2.
PAR  2. The invention of claim 1 wherein said body has three projections spaced
      equidistant circumferentially of said body; and wherein the split in said
      body is between two of the projections and wherein said annular rib
      extends from said two projections to the third projection.
NUM  3.
PAR  3. The invention of claim 2 wherein each of said projections has a pair of
      longitudinally extending side surfaces with each side surface including a
      first portion extending at an angle from said body to a predetermined
      point and a continuous additional portion extending parallel from the
      termination of each of the first portions in planes perpendicular to said
      body.
NUM  4.
PAR  4. The invention of claim 2 wherein two openings are provided in the
      annular rib between said two projections and said third projection.
NUM  5.
PAR  5. The invention of claim 4 wherein the split in said annular rib to each
      of the openings extends to each of openings therein at a converging angle
      from said circumferential outer edge of said rib and in spaced
      relationship to enable the portion of the annular rib therebetween to be
      twisted relative to the plane of said rib for access to the pair of
      openings.
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ABST
PAL  A subterranean region is plugged by flowing into it an aqueous emulsion
      containing an epoxy-resin-forming polyepoxy polymer, an
      acrylic-resin-forming polycarboxy polymer, and a material for controlling
      the rate of the interaction of said polymers, with the proportions of said
      materials arranged to cause the emulsion to become a resinous plug after
      being emplaced.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to decreasing the permeability of a subterranean
      region, such as a region in or around a permeable earth formation that is
      encountered by the borehole of a well.
PAR  The need for decreasing the permeability of various subterranean regions
      has long been known and numerous processes have been proposed for doing
      so. For example, U.S. Pat. No. 3,195,630 describes an aqueous solution of
      urea and a salt of a metal from which a gel is formed; the T. J. Robichaux
      U.S. Pat. No. 3,308,884 describes an aromatic solvent solution of epoxy
      amino resin-forming components, which solution subsequently becomes a
      flow-resistant gel; and the H. J. Sommer, Jr. and W. C. Simpson U.S. Pat.
      No. 3,324,041 describes an emulsion that contains an asphalt, a polyamide,
      and a polyepoxy polymer, and subsequently becomes a highly viscous
      material; etc. The prior processes that are capable of plugging loose
      sands by converting them to consolidated, compression-resistant plugs tend
      to be undesirably expensive. The less costly prior processes that form
      gels or viscous fluids tend to fail in unconsolidated reservoir sands
      because the plugged portions of the sands are displaced into the well
      and/or to fail in reservoirs of low permeability because portions of the
      emulsions are too large to penetrate into the pores of the reservoir.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to an improvement in a well treating process
      in which a subterranean permeable region is plugged by flowing into it a
      pumpable fluid that subsequently becomes immobile. The improvement
      comprises the following. An aqueous emulsion is compounded so that it
      contains water, an epoxy-resin-forming polyepoxy polymer, an
      acrylic-resin-forming polycarboxy polymer and a material for controlling
      the rate of interaction of the polymers. The proportions of the
      ingredients are correlated with the temperature and flow properties of the
      subterranean region to be plugged so that, after being flowed into that
      region, the emulsion becomes a resinous plug that has a selected amount of
      compressive strength.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIGS. 1, 2 and 3 are illustrative of graphs of variations in viscosity with
      time of various emulsions of the present invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention is, at least in part, premised on the discovery that
      the proportions of the present self-curing emulsions (of water, polyepoxy
      and polycarboxy resin-forming polymers and reaction rate-controlling
      material) can be correlated with the temperatures and flow properties of
      subterranean regions so that the emulsions form resinous plugs having
      significant amounts of compressive strength after they have been flowed
      into the regions to be plugged. For example, a mass of loose sand having a
      permeability of 10 darcys and substantially no compressive strength was so
      treated to form an impermeable consolidated mass having a relatively high
      compressive strength, of about 650 pounds per square inch. A tight
      unconsolidated Brazos River sand core (which had been sieved and remixed
      to give a 240 md permeability) was so treated and, after gellation of the
      emulsion in the core, the core permeability was zero and the compressive
      strength was about 100 psi. Field tests have indicated that a significant
      compressive strength, preferably at least about 100 psi, is desirable to
      prevent failure of plugs in unconsolidated reservoir sands. Cores of sands
      that have been plugged and consolidated by the present process have
      remained substantially unchanged while being subjected to the action of
      saturated steam at 340.degree. for more than 5 days.
PAR  In the present plugging process a subterranean region can be plugged,
      without the expense of pre-treatment, by injecting a relatively low-cost
      emulsion in which the chemical cost is minimized by the absence of organic
      solvents. In addition, tests have indicated that the resinous plugs formed
      by the present emulsions do not adhere to metal conduits in a
      liquid-filled environment, such as a borehole of a well; and, this avoids
      the expense of cleaning the conduits. However, particularly where the
      present emulsions contain a water-soluble silane, good bonds are obtained
      between the cured resins and siliceous sand formations.
PAR  An epoxy-resin-forming polyepoxy polymer suitable for use in the present
      process can comprise substantially any such polymer that contains a
      plurality of reactive epoxy groups and is adapted to react in the presence
      of conventional epoxy resin curing agents, to form a cured epoxy resin.
      Examples of suitable polyepoxides are described in the book "Epoxy Resins"
      by H. Lee and K. Neville, McGraw-Hill, New York, 1957; in U.S. Pat. No.
      2,633,458; etc. Particularly suitable polyepoxy polymers comprise those
      available as Epon 815 or Epon 828 from Shell Chemical Company or
      emulsifiable surfactant-containing "epoxies" available as Genepoxy M200,
      M205, or the TSX-679 Emulsion (50% by weight polyepoxide-in-water
      emulsion) from General Mills.
PAR  Acrylic-resin-forming polycarboxy polymers suitable for use in the present
      process can comprise substantially any such polymers which contain a
      plurality of reactive carboxy groups and are adapted to react in the
      presence of the usual acrylic resin curing agents to form cured acrylic
      resins. In general, such polymers comprise the lower molecular weight
      alcohol esters of acrylic or methacrylic acid and/or the partially
      hydrolized polymers of acrylonitrile or methacrylonitrile. Particularly
      suitable polycarboxy polymers include those available as Carboset 512,
      514H, 525, and the like, from B. F. Goodrich Company, and the low
      molecular weight styrene-maleic anhydride half-ester polymers available,
      as SMA 3840A Resin, from ARCO Chemical Company. Other polycarboxy polymers
      which are suitable and commercially available include the Acrysol and
      Rhoplex emulsion series from Rohm and Haas Company.
PAR  The material for controlling the rate of interaction of the polyepoxy and
      polycarboxy polymers in the present process can be substantially any
      material that is compatible with the emulsions of the polymers and is
      effective in either accelerating or decelerating the rate of the
      resin-forming reaction. Reaction rate accelerating materials include
      curing rate accelerators for epoxy resins, such as alkali metal
      hydroxides, e.g., potassium hydroxide, phenolic compounds, like phenol,
      resorcinol, amines, e.g., benzylmethylamine,
      alpha-methybenzyldimethylamine, aminophenolic compounds, e.g.,
      dimethylaminomethyl phenols (available as DMP-10 from Rohm and Haas) or
      2,4,6-tri-(dimethylaminomethyl) phenols (available as DMP-30 from Rohm and
      Haas); alkali metal salts of salicylic acid; polyvalent metal salts of
      relatively high molecular weight fatty acids, e.g., chromium octoate; the
      acid salts of polyamines, e.g., tetraethylene tetraacetate; alkali metal
      salts of halogen acids, e.g., sodium chloride; or alkali metal salts of
      other acids, e.g., Na.sub.2 SO.sub.4 and Na.sub.2 CO.sub.3 ; or the
      tri-2-ethylhexoate salt of 2,4,6-tri-(dimethylaminomethyl) phenol
      (available as Epon Curing Agent D, from Shell Chemical Company). The
      halide anions, such as those present in water solutions of alkali metal
      halides, e.g., sodium chloride, have been found to be particularly
      effective as a reaction rate accelerator.
PAR  The polymerization reaction rate controlling material used in this
      invention can also be one that retards the rate of reaction. The reaction
      rate retarders generally can comprise ketones, such as acetone; aldehydes,
      such as cyclohexanone; water that is free of the reaction accelerating
      solutes silicon compounds such as aminoalkyl silanes capable of reacting
      with carboxy and/or epoxy groups; or water-thickening materials such as
      cellouse ethers, polysaccharides, water-soluble gums, dissolved salts of
      polyvalent metals, e.g., calcium chloride or barium chloride, in
      concentrations such that the metal ions block some of the carboxy groups
      of the polymers without precipitating the salts of the polymers, or the
      like.
PAR  Where the water to be used in compounding the emulsion contains relatively
      small proportions of such polymerization rate-controlling ions, a selected
      gel time can be obtained by overpowering the effects of such ions with a
      relatively strong accelerator, such as sodium chloride, or a relatively
      strong retarder, such as an aminopropyl silane. The relative proportions
      to use can readily be determined by test-tube tests of such systems
      containing various proportions.
PAR  The proportions of the resin-forming polymers are preferably sufficient to
      provide enough solids to gel and solidify substantially the total volume
      occupied by the emulsion. In general, this requires an amount of
      resin-forming material equivalent to at least about ten parts by weight of
      resinous solid in 100 parts by weight of emulsion (i.e., 10% by weight).
      The viscosity of such emulsions increase with increases in polymer
      concentration. The polymer concentration is preferably kept below about
      30% by weight in order to maintain a viscosity of less than about 500
      centipoises. In general, both the compressive strength of the solidified
      mass produced by the emulsion and the rate of the polymerization reaction,
      (at a given temperature and rate controlling material concentration) are
      increased with increased polymer concentration.
PAR  The relative proportions of polyepoxy and polycarboxy polymers can vary
      from an excess to a deficiency of either relative to the stoichiometric
      proportions for crosslinking substantially all of the epoxy and carboxy
      groups. The stoichiometric proportions depend on the acid number of the
      polycarboxy polymer (i.e., the milligrams of KOH equivalent to each gram
      of polymer) and the epoxide equivalent weight of the polyepoxy polymer.
      The compressive strength of the cured resin is generally greatest when the
      stoichiometric proportions are equal. The preferred weight ratio of
      polycarboxy polymer to polyepoxy polymer is from about 2 to 3. The order
      of mixing the polyepoxy and polycarboxy polymers and water can be varied
      substantially as desired. The reaction rate controlling material (unless
      it is simply a polymerization reaction rate retardant, such as an
      electrolyte-free water) is preferably added to an emulsion that contains
      both polymers just prior to injecting the emulsion into a well.
PAR  In treating subterranean regions having temperatures of from about
      140.degree. to 200.degree.F., the gel times of the present type of
      emulsions can readily be varied to range from several days to less than 1
      hour after the compounding of the emulsions, by simply varying the
      concentration of sodium chloride in the aqueous phase of the emulsion. For
      example, such concentration can range from about 0 to about 5000 parts per
      million (ppm) for temperatures of from about 180.degree. to 200.degree.F
      and can be increased to concentrations of at least about 15,000 ppm for
      temperatures of about 120.degree. to 160.degree.F.
PAR  In a preferred procedure for compounding an aqueous emulsion of the present
      invention for use in a particular subterranean region determinations are
      made of the temperature and flow properties of the region to be treated.
      As known to those skilled in the art, such determinations can be made in
      numerous ways, such as the running of temperature and/or fluid-injectivity
      logs, correlations with other wells that encounter similar reservoirs, and
      the like. Where the permeability of the region to be treated is relatively
      low, the rate at which fluid can be caused to flow into that region is
      relatively low and the time-temperature exposure of the inflowed fluid
      (relative to that flowing at a faster rate into a region of the same
      temperature) is relatively long. Where the region to be treated contains
      an aqueous solution of electrolytes that might accelerate the rate of
      reaction, their affects on the gel time can be reduced by preceding the
      emulsion with a slug of fresh water and/or increasing the viscosity of the
      emulsion (which reduces the rate of diffusion of the electrolytes into the
      emulsion), or using a relatively low proportion of, or low activity of,
      reaction rate accelerator, or increasing the proportion of reaction rate
      decelerating material, etc., in order to provide an emulsion that will
      yield a desired amount of compressive strength without being gelled too
      soon.
PAR  In a preferred embodiment of the present invention, the catalytic
      (polymerization reaction rate accelerating) effects of commonly
      encountered anions such as chloride ions, are utilized to enhance the
      selectivity of the placement of the emulsion-formed plugs within
      subterranean regions of non-uniform permeability. For example, in a
      reservoir interval that includes a brine-containing aquifer, that acquifer
      can be selectively plugged by injecting into the reservoir interval a slug
      of the present emulsion that (as injected) is relatively slowly reactive
      at the reservoir temperature and keeping the injected emulsion static
      within the reservoir interval long enough for gelation to occur in the
      portions that have contacted and mixed with the halide ions in the
      brine-containing aquifer. In such a procedure the selectivity of the
      plugging can be enhanced by injecting a relatively small slug of such an
      emulsion which is positioned ahead of an inert fluid (such as fresh water)
      within the well conduits and, after allowing time for the gelation,
      displacing the unreacted portions of the emulsion away from the well in
      response to an injection pressure that is too small to displace the gelled
      portions. Alternatively, in a reservoir interval of non-uniform
      permeability in which substantially all layers contain an aqueous saline
      solution (which occurred naturally or was emplaced by injecting a brine),
      substantially all portions of the reservoir interval can be plugged to
      substantially the same reduced permeability by relatively slowly injecting
      an emulsion of the present invention that is relatively slowly reactive at
      the reservoir temperature. The frontal portion of such an injected
      emulsion tends to flow into the most permeable layers of the reservoir
      interval; but, as the emulsion becomes mixed with halide ions, it is
      relatively quickly gelled, so that it becomes relatively immobile. The
      later-arriving portions of the emulsion are therefore diverted into the
      less permeable layers of the interval, where they are subsequently gelled.
      In such a procedure, the uniformity of the plugging is enhanced by
      positioning a slug of the emulsion ahead of a relatively inert fluid,
      maintaining a relatively constant and slow rate of injection until the
      pressure required to maintain that rate reaches a selected value (less
      than the fracturing pressure) and then circulating any unreacted portions
      of the emulsion out of the well through the conduits within the well.
PAR  In the emulsions of the present invention, silanes or other silicon
      compounds which are reactive with either carboxy or epoxy groups, exhibit
      a threefold function of (a) increasing the bond strength between the
      resinous plugging materials and sand grains, (b) reducing the rate of the
      polymerizing (or curing) of the polymers, and (c) reducing the syneresis
      or shrinking of the polymerizing emulsion. Examples of silanes which can
      suitably be used include the hydroxy or amino group-containing silanes of
      the type described in the T. F. Miki U.S. Pat. No. 2,843,560, which
      relates to silicone-containing polyepoxy polymers that form resins having
      increased coating and bonding strengths; the silanes described in patent
      3,150,116 on forming similar silane-modified epoxy resins from polyepoxy
      polymers containing a plurality of hydroxyl groups; etc. Suitable silanes
      for use in the present process include the aminopropyltriethoxy silanes
      such as the gama-amino-propyltriethoxy silane that is available from Union
      Carbide under the trade name Silane A-1100.
PAR  In a particularly suitable emulsion compounding procedure, a resin-forming
      emulsified polycarboxy polymer, such as Carboset 514H, is utilized. Such
      an acrylic-resin-forming material is available as a polymer-in-water
      emulsion having a pH of about 7 and containing 40 weight percent polymer.
      A liquid epoxy-resin-forming polyepoxy polymer, such as Epon 815, can be
      mixed directly into the acrylic-resin-forming emulsion concentrate or,
      alternatively, the polyepoxy polymer can be first emulsified with water
      and nonionic surfactants and then mixed with the polycarboxy polymer
      emulsion. Particularly suitable surfactants for use in such operations
      comprise the polyoxyethylene lower alcohol ethers available from Atlas
      Chemical Company as BRIJ 30 and BRIJ 35 (in a concentration from about
      0.5-2 parts per 100 parts by weight of the epoxy resin). Similarly, Span
      20/Tween 20 mixtures can be used as surfactants for the emulsification of
      epoxies. Cellulosic thickeners such as hydroxyetheyl cellulose can be
      added to act as a protective colloid and improve stability of the
      emulsions by increasing the viscosity of the water phase. An equally
      suitable alternative is to use a commercially available epoxy emulsion
      such as the General Mills Chemical Company product TSX-679. Also, the
      water emulsifiable epoxies of liquid diglycidyl ethers of bis-phenol A
      containing the appropriate surfactants, such as the General Mills Chemical
      Company emulsifiable epoxies Genepoxy M200 or M205 can be used. Although,
      in the latter cases, high shear mixing equipment such as a colloid mill or
      a Cowles mixer may be required to make the epoxy emulsion. This is not
      usually required when the liquid epoxies are mixed directly into the
      concentrated polycarboxy polymer emulsions such as Carboset 514H, where a
      simple mixing is usually sufficient to disperse and emulsify the liquid
      epoxy.
PAR  A typical formulation of an emulsion of the present invention is shown in
      Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     MIXING FORMULATION FOR ACRYLIC/EPOXY                                      

     EMULSION SYSTEM                                                           

                 Weight           Volume                                       

                 Percent                                                       

                        Lb/gal    Percent                                      

     ______________________________________                                    

     Resin                                                                     

     Concentrate Emulsion                                                      

                   37.5     8.18      38.4                                     

     (40 percent solids)                                                       

     Epoxy Emulsion                                                            

                   8.7      9.09      8.0                                      

     (50 percent solids)                                                       

     Water + NaCl  53.8     8.33+     53.6                                     

                   100                100                                      

     ______________________________________                                    

PAR  Sand pack plugging tests were conducted with emulsions typified by those of
      Table I with the proportions of water and sodium chloride adjusted to
      provide emulsions containing about 20% wt acrylic-resin-forming material.
      In such tests the emulsions were injected into packs of sand at rates
      representative of those used in injecting fluids into subterranean
      reservoir sands. No differences were apparent when the sand packs
      initially contained substantially fresh or an electrolyte-containing water
      or brine when the emulsions were injected behind a slug of fresh water. In
      such tests, an unconsolidated sand pack having a permeability of 10 darcys
      was consolidated and completely plugged by treatment at 180.degree.F. The
      compressive strength of the resultant consolidated core was 650 lbs. psi.
      The boiling of that core in water for two days did not appear to weaken
      it. The gel or resinous plugs formed by such emulsions were tough, hard
      but flexible, acrylic epoxy resins and the plugged cores were
      substantially completely impermeable. A similar core formed by such a
      procedure was subjected to the action of saturated steam at 340.degree.F
      and 51/2 days and underwent no visible deterioration and maintained a
      compressive strength of 350 lbs. per square inch.
PAR  FIG. 1 shows a graph of the results of a series of test-tube tests of the
      effect of sodium chloride concentration on emulsion gel time of emulsions
      containing about 20 wt. percent of acrylic-resin-forming polymers, at
      temperatures of 180.degree.F and 200.degree.F. The polyepoxy polymer used
      was Genepoxy TSX-679 and the polycarboxy polymer was Carboset 514H. The
      emulsion contained about 20 % by wt. of the Carboset polymer and 12% by
      wt. of the Genepoxy emulsion with the balance being water containing the
      indicated amounts of sodium chloride. The viscosity scale on FIG. 1 is
      that indicated in Table II.
TBL                                    TABLE II                                

     __________________________________________________________________________

     QUALITATIVE VISCOSITY SCALE USED IN GEL TIME TESTS                        

                  Brookfield Viscosity                                         

     Qualitative Viscosity                                                     

                  Range (cps)       Comments                                   

     __________________________________________________________________________

     P "pours"    10 -  5,000   Test tube wall drains clean                    

     T "thick"    6,500 -  9,000                                               

                                Coats test tube wall                           

     T+ "thick plus"                                                           

                  10,500 - 13,000                                              

                                Builds meniscus before flow                    

                                starts                                         

     G.sup.- "gel minus"                                                       

                  14,000 - 30,000                                              

                                Soft gel                                       

     G "gel"      30,000        Immobile gel                                   

     __________________________________________________________________________

PAR  In the tests the emulsions were compounded, placed in capped test tubes and
      maintained in an oil bath for the indicated times and temperatures. The
      viscosities of the gelling or interacting emulsions were observed by
      periodically tipping the test tubes to observe the pouring tendencies of
      their contents.
PAR  The tests shown in FIG. 1 indicate that at 200.degree.F, with no sodium
      chloride in the system, the gel time was about 10 hours. With the 2500 ppm
      sodium chloride concentration at the same temperature, the gel time was
      reduced to 30 minutes. At 180.degree.F with a 2500 ppm sodium chloride
      concentration the gel time was 75 minutes which, incidently, is about the
      time-temperature exposure involved in treating a 10,000 foot well into
      which the fluid can be injected at a rate of about one barrel per minute.
PAR  FIG. 2 shows the results of similar tests on an emulsion containing 10%
      Carboset 514H polycarboxy polymer and 2.9% Epon 815 polyepoxy polymer,
      with the balance consisting of water containing the indicated amount of
      sodium chloride. In these tests the temperature was 140.degree.F and the
      ratio of the weight of polycarboxy polymer to polyepoxy polymer was 3.45.
      It will be apparent from FIG. 2 that the gel time decreases with
      increasing chloride ion content. Similar tests at about 20 and 30 weight
      percent polycarboxy polymer contents indicate that, at lower resin
      concentrations, long gel times are obtained for a given sodium chloride
      concentration. For example, at 5,000 ppm sodium chloride in a 10% resin
      system the gel time was 400 minutes while at the same salt concentration
      and temperature with a 20% resin content, the gel time was 120 minutes,
      and with a 30% resin concentration, the emulsion gelled almost
      immediately.
PAR  FIG. 3 shows the results of similar tests at 180.degree.F with emulsions
      containing the indicated amounts of the silane A-1100. The emulsions were
      compounded in the following way: 81.18 parts by weight of Carboset 514H,
      resin emulsion (containing 40% polymer) was mixed with 18.82 parts of Epon
      TXS-679 emulsion (50% polymer), to form 100 parts of emulsion concentrate.
      Then 61.6 parts of weight by the emulsion concentrate were mixed with 38.4
      parts by weight of brine comprising an aqueous solution of 7292 ppm sodium
      chloride and the indicated proportions of the silane A-1100. This provided
      100 parts of the tested emulsion (which contained 2800 parts per million
      sodium chloride). It will be apparent from FIG. 3 that the gel time at a
      given sodium chloride concentration can be varied by varying the
      concentration of a silane such as A-1100. In general, it may be preferable
      to use such silanes in concentrations of less than about 1% by weight of
      the emulsion since, as indicated in the tests with 3% A-1100 in the brine
      (a weight percent of 1.15% of the emulsion), the gel tends to remain soft,
      rather than to become a firm solid having a significant compressive
      strength.
PAR  The emulsions of the present invention can advantageously contain an
      emulsified asphalt. The resulting asphalt/resin emulsion gels tend to
      retain a significant proportion of water, evidently bound in the polymer
      matrix that is formed by the crosslinking polymerization. The
      polycarboxy-polyepoxy crosslinking reactions of the asphalt-containing
      emulsions of the present invention have relatively long gel times compared
      to the asphalt epoxy emulsions of the W. C. Simpson U.S. Pat. No.
      3,324,041. The gel times of the present asphalt resin emulsions can be
      shortened to substantially any desired times by the addition of a
      rate-controlling agent such as sodium chloride. The use of asphalt in the
      present emulsions has the advantage of extending the nonaqueous phase with
      a relatively inexpensive hydrocarbon material. The asphalt properties such
      as penetration grade or softening point can be adjusted to control the
      depth of penetration of the asphalt-containing emulsion into porous matrix
      formation rock; which provides a system for effecting the shallow plugging
      then perforating profile control of the J. H. Thommer U.S. Pat. No.
      3,830,299. The present asphalt/polycarboxy/polyepoxy polymer emulsions can
      be manufactured in a variety of ways. For instance, in one test, a
      Carboset 514H acrylic resin was circulated through a colloid mill at
      190.degree.F. Molten asphalt was then added and circulated through the
      collid mill and a stable asphalt/resin emulsion was obtained containing 25
      wt. percent asphalt, 25 wt. percent resin and 50 wt. percent water. This
      asphalt/resin emulsion was later diluted with water and NaCl to a
      formulation similar to those previously described and then mixed with the
      appropriate amount of TSX-679 emulsion (polyepoxy polymer). The gel time
      was essentially that obtained with asphalt-free emulsions containing the
      same concentrations of polycarboxy, polyepoxy polymers and sodium
      chloride. In general, the asphalt concentration should be significant but
      less than that of the total proportion of the resin-forming polymers,
      e.g., from about 10-50% of the total weight of mixed acrylic-resin-forming
      polycarboxy and epoxy-resin-forming polyepoxy polymers.
PAR  Since the polycarboxy resin acted as the emulsifier for the asphalt in the
      above-described process, it is clear to those knowledgeable in the art
      that another method of manufacture of the asphalt/resin emulsion is to
      melt and mix the asphalt and resin together prior to emulsification. This
      molten hydrocarbon is then fed to a colloid mill simultaneously with a hot
      aqueous phase containing an inorganic base such as NaOH, NH.sub.4 OH, KOH
      or organic bases standardly used to make anionic emulsions such as
      triethanol amine, morpholine, lauryl amine or other fatty amines which
      form salts with carboxylic acids.
PAR  Another method of manufacture involves mixing a previously manufactured
      asphalt emulsion with the polycarboxy resin emulsion. This is a
      particularly appropriate method of manufacture when the properties and
      emulsification technique of the asphalt emulsion have been adjusted to
      give the desired shallow plugging for profile control as described in the
      J. H. Thommer patent. The asphalt/resin emulsion then acts as the reactive
      crosslinking part of the system to provide a filtercake-bonding or
      fracture-filling gel.
PAR  The asphalt (or bituminous materials) used in the present invention can be
      substantially any such pyrogeneous distillate or tars composed mainly of
      hydrocarbons with small amounts of sulphur, nitrogen, oxygen or the like
      substituents. Such materials can include the bituminous materials
      described in Abrams Asphalt and Allied Substances, Volume 1, page 57,
      Fifth Edition. Particularly suitable materials are straight run asphalts
      having penetration values of from about 40 to 300 and softening points in
      the range from about 95.degree. to 145.degree.F. Asphalt cutbacks such as
      a 150 penetration grade asphalt cut with 5  to 20% diesel oil, or other
      oil solvent, are particularly suitable.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a well treating process in which a subterranean region is plugged by
      flowing into it a pumpable fluid that subsequently becomes relatively
      immobile, the improvement which comprises:
PA1  compounding an aqueous emulsion that contains an epoxy-resin-forming
      polyepoxy polymer, an acrylic-resin-forming polycarboxy polymer, and a
      material for controlling the rate of the polymerization of said polymers;
      and
PA1  correlating the proportions of said polymers and polymerization
      rate-controlling material with the temperature and flow properties of the
      subterranean region to be plugged so that, after being flowed into said
      region, the emulsion becomes a resinous plug having a significant
      compressive strength.
NUM  2.
PAR  2. The process of claim 1 in which the proportions of the ingredients are
      adjusted so that, in an unconsolidated reservoir sand, the emulsion is
      capable of forming a plugged mass having a compressive strength of at
      least about 100 pounds per square inch.
NUM  3.
PAR  3. The process of claim 1 in which said emulsion contains an organic silane
      that is capable of reacting with epoxy or carboxy groups.
NUM  4.
PAR  4. The process of claim 1 in which said emulsion contains a proportion of
      asphalt that is significant but is less than that of the total proportion
      of the resin-forming polymers.
NUM  5.
PAR  5. The process of claim 1 in which the material for controlling the rate of
      interaction between the polymers includes a water-soluble alkali metal
      halide.
NUM  6.
PAR  6. The process of claim 5 in which the alkali metal halide is sodium
      chloride.
NUM  7.
PAR  7. The process of claim 1 in which:
PA1  the proportions of the polymers and polymerization rate-controlling
      ingredients are adjusted to provide an emulsion that is slowly reactive at
      the temperature of the subterranean region; and
PA1  a slug of the emulsion is flowed into the region and kept static long
      enough for gelation to occur in any portions that have become mixed with
      aqueous alkali metal halide solution which is encountered within any
      portion of the region.
NUM  8.
PAR  8. The process of claim 1 in which:
PA1  the proportion of said polymers and polymerization ratecontrolling
      ingredients are adjusted to provide an emulsion that is slowly reactive at
      the temperature of said subterranean region; and
PA1  said emulsion is injected relatively slowly so that, when a first arriving
      portion of the emulsion flows into a relatively permeable portion of the
      subterranean region that contains an aqueous solution of an alkali metal
      halides, that portion of the emulsion is gelled and tends to cause later
      arriving portions of the emulsion to be diverted into the less permeable
      portions of the subterranean region.
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PAL  Well productivity is increased by multiple hydraulic fracturing cycles. A
      double cycle first creates a long primary fracture by fluid injection and
      forms spalls by subsequently allowing the pressure in the fracture to drop
      below the initial fracturing pressure by discontinuing injection and
      shutting the well in or allowing it to flow back, resuming injection to
      displace said spalls longitudinally in said fracture and again
      discontinuing injection, whereupon the fracture is propped open by the
      displaced spalls.
PAL  Multiple applications of this double cycle successively create transversely
      directed secondary long fractures. Fracture extension and fluid loss is
      controlled by the sandout of fine spalls at terminal ends of the
      fractures, supplemented when necessary by the injection of sand of
      selected size to filter pack the natural joint system and, in some
      instances, to filter pack the vertical downward extent of joints and
      fractures thus limiting further fractures to the upper portion of the
      producing formation where upward leakage is inhibited by the overburden.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  The present application is a continuation-in-part of the applicant's
      copending U.S. application Ser. No. 404,691, filed Oct. 9, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION:
PAR  1. Field of the Invention:
PAR  This invention relates to hydraulic fracturing of earth formations, and
      more particularly to the hydraulic fracturing of HC (hydrocarbon) bearing
      formations, e.g. oil and gas sands, for the purpose of increasing the
      producing rate and total amount of recovery of the hydrocarbons from a
      well completed in such a formation, and, in the case of storage wells, for
      the purpose of increasing the injection rate and total capacity.
PAR  2. Brief Description of the Prior Art:
PAR  The hydraulic fracturing of HC formations is well known and is described
      for example in the following United States patents number:
PA1  3263751 - Kiel et al.
PA1  3376930 - Kiel et al.
PA1  3373815 - Kiel et al.
PA1  3378074 - Kiel
PA1  339727 - Graham & Kiel
PA1  3444889 - Kiel et al.
PA1  3497008 - Graham & Kiel
PA1  3553494 - Kiel
PA1  3601198 - Ahearn & Kiel
PA1  3664420 - Graham, Kiel & Terry
PA1  3695355 - Wood & Kiel
PA1  3700032 - Terry, Graham, Sinclair & Kiel
PA1  3722595 Kiel
PAL  And in the references cited against the above listed patents. Further
      description of the subject is to be found in an article entitled
      "Reservoirs in Fractured Rock" by Stearns and Friedman appearing at pages
      82 et seq. of AAPG Memoir No. 16 Stratigraphic Oil & Gas Classification
      Methods and Case Histories - 1972 and the bibliography appended thereto.
PAR  The function of fracturing is to overcome the deficiency in permeability of
      the formation adjacent the well bore by creating a highly conductive path
      reaching out into the reservoir rock surrounding the well bore. According
      to the usual practice, a fluid such as water, oil, oil/water emulsion,
      gelled water, or gelled oil, is pumped down a well bore with sufficient
      pressure to open a fracture in the HC formation. The fluid may carry a
      suitable propping agent, such as sand, into the fracture for the purpose
      of holding the fracture open after the fracturing fluid has been
      recovered, e.g. allowing the well to flow. A normal fracture treatment
      consists of one continuous injection of fluid. In the case of tight, i.e.
      low permeability wells, i.e. below 1 md permeability, fracturing produces
      results that are of but a temporary nature as far as increasing rate of
      flow is concerned and little or no increase in total recovery is achieved.
      After perhaps a short period of accelerated flow, rate of production may
      drop off to near previous levels. Repeated stimulation with the same or
      similar procedure may again produce but a temporary gain.
PAR  Prior to the present invention, a conductive fracture extending radially
      one hundred fifty feet from the well bore was believed to be about the
      maximum obtainable.
PAR  The reason for the temporary increase in productivity produced by the prior
      art is believed to be that the fracture communicates the well bore with a
      small portion of the joint system between the matrix elements of the
      formation and with a small portion of the reservoir matrix. However, as
      soon as this low volume space has been drained, productivity drops off to
      that controlled by the low permeability reservoir matrix, and since the
      area exposed to such matrix by a short fracture is low, productivity is
      low.
PAR  Hydraulic fracturing procedure usually has best results in formations of
      moderate permeability, e.g. one to twenty millidarcies. In order to
      achieve satisfactory production from a formation of low permeability, e.g.
      below one millidarcy, it has been the belief of experts that a much longer
      fracture than that heretofore attainable is necessary.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, significant prolonged increases in flow rate of
      several hundred percent above normal flow are attained and maintained.
      This is accomplished by employing one or more of the following procedures:
PAR  a. A single treatment including at least one double cycle of high pressure,
      low pressure, high pressure and low pressure.
PAR  b. A single treatment includes one double cycle, followed by a second
      double cycle.
PAR  c. A single treatment of two double cycles is followed by a third double
      cycle, et cetera.
PAR  Otherwise stated, according to the invention there are scheduled periods
      when injection is terminated and the well shut in or allowed to flow back
      to cause low fracture pressure to produce spalling, and there are plural
      periods of injection of fracturing fluid to move the spalls into propping
      position, to sandblast clear any fracture restrictions, and to sand out
      prior fractures in order to initiate secondary fractures transverse to the
      original.
PAR  In the case of an extremely thick section, e.g., in excess of fifty feet of
      uniform sand body, for the purpose of controlling loss of fracturing fluid
      to the formation, sand or other material of various sizes may be added to
      the fracturing material, and the vertical extent of the well bore treated
      thereby confined to the upper portion of the producing formation.
PAR  Further objects and advantages of the invention will become apparent from
      the further description appearing hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a detailed description of preferred embodiments of the invention
      reference will be made to the following drawings wherein:
PAR  FIG. 1 is a plan view of a well site showing graphically the time of travel
      of a transient pressure wave front versus radial distance from the well
      bore, the well being a tight (low permeability) well and having been
      completed by conventional perforation without stimulation.
PAR  FIG. 2 is a similar plan view showing the results of conventional
      fracturing and of an improved form of fracture in accordance with one form
      of the present invention.
PAR  FIGS. 3 and 4 are diagrams illustrating possible reasons for failure of
      conventional hydraulic fracturing producing very long fractures;
PAR  FIGS. 5, 6 and 7 are schematic plan views of dendritic fracture systems in
      accordance with the invention;
PAR  FIG. 8 is a plan view similar to FIGS. 1 and 2 illustrating the transient
      wave front pattern utilizing the dendritic fracture system, esp. of FIGS.
      6 and 7;
PAR  FIG. 9 is a plan view similar to FIG. 8 illustrating another aspect of the
      invention;
PAR  FIG. 10 is a schematic plan view of a stage in the process of creating the
      dendritic fracture system of the invention;
PAR  FIG. 11 is an isometric view of a thick sand provided in its upper portion
      with a dendritic fracture system in accordance with the invention;
PAR  FIG. 12 is a chart comparing well productivities; and
PAR  FIGS. 13, 14 and 15 are charts of well productivity.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  A. Prior Art -- No Fracture
PAR  According to reservoir engineering theory, the time for a pressure
      disturbance, e.g., a pressure drop initiated by producing a well, to be
      propagated radially through an earth formation from the well bore, may be
      determined by the following equation:
EQU  t.sub.D = 40.phi.ucD.sup.2 /k                              (1)
PAL  where t.sub.D = diffusion time to radius D (days)
EQU  .phi. = porosity (fractional)
EQU  u = Reservoir fluid viscosity (centipoise)
EQU  c = Reservoir fluid (gas) compressibility in psi.sup.-.sup.1)
EQU  D = Distance to which the pressure disturbance has been propagated measured
      radially from the well bore (feet).
EQU  k = permeability (millidarcies)
PAL  Reservoir engineering theory and practice further indicate that the time T
      to drain the volume within the radius D of the well bore is given
      approximately by the equation:
EQU  T = 20 t.sub.D                                             (2)
PAL  Twenty years is a desirable (economic maximum) drainage time for a well. If
      T=20 years, t.sub.D =20/20 = 1 year, or 365 days, so that at the end of
      one year the wave front will reach the distance D.sub.20 drained in twenty
      years. Therefore
EQU  D.sup.2 .sub.20 = 9.125k/.phi.uc                           (3)
PAL  From equation (3) one can calculate the area encompassed by radius
      D.sub.20. By using the area encompassed and the reservoir thickness, the
      volume of reservoir rock drainable in a 20 year period, the conventional
      period of the production life of a well for any particular type of
      formation, can be calculated.
PAR  Assuming that
EQU  .phi. = 0.1
EQU  u = 0.02 cps
EQU  c = 1/1500 psi
EQU  k = 0.03 md
PAL  one finds that
EQU  D.sub.20 = 450 feet.
PAL  In other words, for the pressure wave front to reach just a 450 foot radius
      or 14.6 acre area, in such a tight formation takes a whole year, and it
      takes twenty years to drain such a small volume. Similar calculations show
      that the pressure wave will take 21.5 years to reach the perimeter of a
      320 acre square centered on the well bore and that the volume extending
      horizontally over such an area would be drainable in 430 years. The wave
      would take 34 years in the case of a 640 acre tract (one square mile)
      which would be drainable in 680 years. The foregoing is shown
      schematically in FIG. 1 wherein there is shown well bore 21 and 1, 24.5,
      and 34 year wave fronts, 23, 25, 27 and the perimeters 29, 31 of 320 and
      640 acre tracts.
PAR  It will be apparent from the foregoing that in order to produce a field of
      such low permeability within a twenty year period the well spacing would
      have to be 900 feet, i.e., a well density of 43 wells per square mile.
      This shows the impracticality of economically producing a well in such
      tight formation without special productive techniques.
PAR  B. Conventional Short Fractures
PAR  Referring now to FIG. 2 there is shown schematically the situation existing
      in the case of a producing formation that has been processed in accordance
      with hydraulic fracturing techniques to create a single highly conductive
      fracture along line 33 extending from the well bore 21 in both directions.
      In this situation we are no longer dealing with radial propagation of the
      pressure wave nor radial flow. Because of the highly conductive fracture,
      it may be assumed that pressure throughout the fracture plane is
      substantially equal to that at the well bore. The pressure disturbance
      created in the formation by producing the well creates a pair of planar
      wave fronts parallel to the fracture plane. D is now the distance measured
      perpendicularly from the fracture and t.sub.D is the time for the wave
      front to reach distance D.
PAR  The other parameters are as before. The equation for t.sub.D is:
EQU  t.sub.D = 80.phi.(u)(c)(D).sup.2 /.sub.k                   (4)
PAL  If, as before, one assumes that the time T to drain a volume within a
      distance D from the fracture (including both sides of the fracture) is
      given by the equation:
EQU  T = 20t.sub.D                                              (5)
PAL  then:
EQU  D.sup.2 = 4.5625k/.phi.uc                                  (6)
PAL  Using the same parameters as before
EQU  D.sub.20 = 320 feet.
PAR  Let (L) be the length of the hydraulic fracture and A be the area of a
      horizontal section of the volume drained in twenty years. Then
EQU  A = (2)(320)(L)/43560 = 0.0147(L) acres.                   (7)
PAR  In the case of a conventional fracture of say 150 feet in each direction
      from the well bore, indicated on FIG. 2 by the line segment between points
      34 and 35, the area drained would include the rectangular area computed as
      before
EQU  A = .0147(L)
PAL  or
EQU  A = .0147(300) = 4.41 acres
PAL  plus the two semi-circular end areas indicated at 37, 39 whose total area
      is 14.8 acres, for a total of 19.2 acres, corresponding to a density of
      33.3 wells per square mile for 100% drainage. While this is better than
      the 43 wells per square mile for an unfractured well, it is probably
      non-commercial and is greatly inferior to the results achieved with long
      fractures made in accordance with the present invention.
PAR  C. Long Fractures
PAR  According to the present invention a long fracture is obtained by
      interrupting a conventional fracturing operation somewhere between the
      beginning and end of the injection period, preferably during the last 1/3
      - 1/4 of the fluid injected. During the shut down period, that is, when
      the pumps are shut down and the flow rate and fluid friction of the
      injection fluid drops to zero, the pressure in the fracture is reduced to
      the sum of the hydrostatic head plus the surface instantaneous shut in
      pressure. The lowering of pressure at the fracture face causes the
      formation to spall at the fracture face. The spalls remain in place until
      flow is resumed by starting the pumps again. When flow is resumed, the
      spalls are displaced by the fluid and carried along a greater or lesser
      distance according to the size of the spall and the width of the fracture.
      These spalls will maintain the fracture propped open to nearly its maximum
      width, and at the same time the advancing pumped fluid will increase the
      fracture length.
PAR  If the fracture length is 3733 feet (the length of one side of a 320 acre
      tract).
EQU  A = 54.8 acres and if the fracture length is 5280 feet (the length of one
      side of a square mile tract),
EQU  A = 77.6 acres.
PAR  These are to be compared with the 15 acres drained without a fracture and
      the 19.2 acres with a conventional or short fracture.
PAR  With a long fracture as shown in FIG. 2 it would be practical to space
      wells with a density of 11.66 per square mile in the case of a fracture
      extending the length of a half square mile tract, and 5.7/square mile in
      the case of a one mile fracture. This of course would be much more
      economical than in the case of an unfractured well where the required
      density was 43 wells per square mile, or the case of wells with short
      fracture requiring 33.3 wells per square mile.
PAR  D. Recap: Short & Long Fractures
PAR  In order to obtain sustained high productivity from an oil or gas well, it
      is necessary to produce a relatively long, highly conductive fracture. The
      lower the permeability of the formation, the longer the fracture must be.
      However, as the fracture length increases there is a greater and greater
      chance that the conductive path can be altered so that not all of the
      generated length will remain connected to the well bore after the fracture
      fluid is recovered. Some of the reasons that the full length would not be
      utilized are illustrated in FIGS. 3 and 4.
PAR  Referring to FIG. 3 it is seen that a hydraulic fracture initially, that
      is, in the dynamic condition while the fracture is being formed, probably
      includes a plurality of relatively long straight fractures 41, 43, 45
      joined by a plurality of short transverse fractures 47, 49 which
      interconnect the long fracture. In the static condition, the fracture
      consists of the same plurality of long fractures, 41, 43, 45, held open by
      the fracture sand to a limited degree, but the transverse fractures 47, 49
      no longer interconnect the long fractures, the overlap of the long
      fracture at their ends disappearing as the fracture width diminishes, the
      transverse fractures shutting off the longitudinal fractures like valves.
PAR  Referring now to FIG. 4, it is seen that initially, that is, during
      fracture fluid injection, the walls 51, 53 of the fracture are held apart
      and the space therebetween is filled with fluid or sand laden fluid which
      is free to move. However after the fracturing operation has been
      completed, the spalls and related fines generated during fracturing will
      gradually fill the open spaces in the fracture. This will effectively shut
      off highly conductive channels when the well is put on production.
PAR  In order to insure that fluid flow is not shut off when the well is put on
      production either by the fracture closing at the intersection of joints or
      by the gradual blocking of the fracture by spalls and fines, the method of
      the invention, previously set forth briefly, is employed, as follows:
PAR  After an initial fracturing has occurred during the frac job, at calculated
      intervals, the pumps are shut down and the well is shut in or allowed to
      flow back to reduce the fluid pressure in the fracture to below the fluid
      pressure in the surrounding matrix of the formation. This reduction of
      fluid pressure in the fracture and flow of fluid from the matrix to the
      fracture causes earth stress next to the fracture to form spalls at the
      fracture face. The pumps are then started up again to regular fracturing
      rate with a corresponding increase in pressure. Fluid flow and pressure
      forces the face of the fracture apart and allows -- or forces -- the
      spalls to move out of their original position and be driven into the
      generated width of the fracture where they will remain supporting the
      earth forces that would tend to close the fracture when pumping ceases.
PAR  There will be a concomitant generation of "fines" (small particles of
      formation) generated when the spalls move. These fines will have a
      tendency to sand blast any great restriction in the fracture to keep it at
      maximum conductivity and in addition be swept out toward the end of the
      fracture where they will not be able to reduce fracture conductivity
      closer to the well bore.
PAR  It may or may not be necessary to use frac sand in the fluid to obtain
      desired results. If such sand is used, its primary function will be that
      of a fluid loss prevention system.
PAR  E. Historical Investigation
PAR  Analysis of data from fracturing reports relative to well treatments that
      have been performed in the past five years on a series of wells in the
      same formation in the same geographical area shows that a recent two
      months production of wells that had inadvertently been shut down because
      of mechanical failure of equipment during the frac job compared to wells
      that had not been shut down (i.e., had run according to frag plan) show a
      marked difference in production.
PAR  Twenty-one wells that had had a shut down period during fracturing on the
      particular months chosen averaged about $2018 gross production each.
PAR  Thirty-six wells that had been run according to plan without the shut down
      averaged $783 gross production each.
PAR  F. Experimental Test
PAR  A group of wells was then selected that used the same fracturing schedule
      as a previous group, but an intentional shut down period of one hour was
      put in the frac plan. This was done in the summer of 1972.
PAR  First month's production was about double compared to when no shut down
      period was used. It was then decided that more tests were required to
      determine if this increase in production would continue over a longer
      term.
PAR  When the shut down period was used, the wells would flow back treating
      fluid of about 1/2 the volume injected, approximately the same as with no
      shut down period.
PAR  The applicant then engaged in a period of systematic experimental tests
      lasting slightly over one year (until February 1974). During this period
      applicant experimentally treated approximately 40 wells, including both
      oil and gas wells. This program was carried out under strict secrecy
      agreements with both the well operators and the service companies that
      provided men and equipment to carry out the present invention's method of
      hydraulic fracturing. The agreements with the well operators provide that
      the operators must furnish the applicant with production information on
      treated wells, both before and after treatment, so the applicant will be
      able to assess the effects of the present invention. A production history
      of a year or longer is necessary to assess quantitatively the flow
      characteristics of a treated well. This is because most wells show an
      initial, short term (i.e. a few months), increase in productivity when
      they are treated by conventional fracturing methods. The fractures
      produced by conventional methods, however, tend to close up, as described
      above, and production declines sharply. An improvement taught by the
      present invention is the long term increase in productivity it
      accomplishes via dendritic fracturing of the formation. To determine
      quantitively if this desired result had been realized, an experimental
      period of a year or more is required.
PAR  Applicant performed experimental treatments while he was in the business of
      providing well treatment services of oil well operators. Experimental
      treatment of operating wells was necessary because the program of
      experimental tests required that a variety of formations be treated and
      that a substantial production history of each formation be available for
      comparison with production after treatment.
PAR  The following table sets forth a representive sample of the results
      obtained from the experimental tests conducted from January 1973 to July
      1974.
TBL  __________________________________________________________________________

     PRESENT INVENTION AND CONVENTIONAL FRACTURING METHODS                     

     COMPARED IN UNITED STATES PETROLEUM BASINS                                

                                         Typical           Thickness           

     Example                                                                   

          Basin/             Flow   Number                                     

                                         Cost                                  

                                             Sand Fluid                        

                                                      Depth                    

                                                           Gross               

                                                                Net            

     No.  State  Formation                                                     

                         Age Back                                              

                                Fluid                                          

                                    of Tests                                   

                                         $   lbs. Bbls.                        

                                                      Ft.  Ft.  Ft.            

     __________________________________________________________________________

     1    Appalachian                                                          

                 Clinton Silurian                                              

                             Some                                              

                                W.  3    8,500                                 

                                             37,000                            

                                                  3,000                        

                                                      5,000                    

                                                            50  30             

          /Ohio                                                                

     2    Fort Worth                                                           

                 Conglom-                                                      

                         Penn.                                                 

                             Some                                              

                                E.       4,500                                 

                                             52,000                            

                                                  1,500                        

                                                      4 to 10-30               

                                                                2-20           

          /Texas erate                                5,000                    

     3    Permian                                                              

                 Canyon  Penn.                                                 

                             All                                               

                                W.  2    12,000                                

                                             37,000                            

                                                  3,000                        

                                                      5,000+                   

                                                           30-50               

                                                                30-50          

          /Texas                                                               

     4    Uinta  Dakota  Cret.                                                 

                             All                                               

                                W.  1    15,000                                

                                             37,000                            

                                                  3,000                        

                                                      9,400+                   

                                                            36  36             

          /Utah                                                                

     5    Gulf Coast                                                           

                 Wilcox  Cret.                                                 

                             All                                               

                                E.  1    10,000                                

                                             37,000                            

                                                  1,500                        

                                                      8,000+                   

                                                            12   3             

          /Texas                    1    11,000                                

                                             48,000                            

                                                  1,500                        

                                                      8,000+                   

                                                            20  15             

     6    East Texas                                                           

                 Hosston Cret.                                                 

                             No E.  1    24,000                                

                                             80,000                            

                                                  4,5000                       

                                                      8,000                    

                                                           50-                 

                                                                40-50          

          /Texas Equiv.                                                        

                 Travis Peak                                                   

     7    Denver-                                                              

                 Muddy   Cret.                                                 

                             No E.  4    18,000                                

                                             150,000                           

                                                  4,500                        

                                                      7,000                    

                                                           50-60               

                                                                20-40          

          Julesberg                                                            

          /Colorado                                                            

     8    Carlsbad                                                             

                 Morrow  Penn.                                                 

                             No.                                               

                                E.  1    32,000                                

                                             150,000                           

                                                  4,500                        

                                                      11,000                   

                                                            --* --*            

          Field/                                                               

          New Mexico                                                           

     9    Gulf Coast                                                           

                 Austin  Cret.                                                 

                             All                                               

                                W.  1    8,400                                 

                                             150,000                           

                                                  9,000                        

                                                      2-3,000                  

                                                           200-600             

                                                                200+           

          /Texas Chalk                                                         

     __________________________________________________________________________

      *No Reservoir Discernible in Well Bore (well has offsetting production)  

TBL                                Average    (dendritic fracturing)           

                  Approx.          Conventional                                

                                              Present Invention                

     Ex.                                                                       

             K    Formation        Fracturing*                                 

                                              Before  After                    

     No.                                                                       

        %    md   Temp.                                                        

                      / Press.                                                 

                              Lithology                                        

                                   Mcf/D      Mcf/D   Mcf/D   Remarks          

     __________________________________________________________________________

     1  7-8  .002 110  12-1,300                                                

                              ss   100-200    5-10    600+                     

     2  10-14                                                                  

             N.A. 110-20                                                       

                       16-1,800                                                

                              ss & Lm                                          

                                   0-500      0-50    400-3,000                

                                                              3 of 8 were      

                                   0-20 Bbl           20-80 Bbl                

                                                              refraced         

                                                              dry holes        

        10-12                                                                  

             .02-3                                                             

                  140  1,800  ss   600-1,000  0-300   2-3.5 M                  

     4  12-18                                                                  

             .02-3                                                             

                  207  2,200+ ss   Not economic                                

                                              5       1,000                    

     5  16-18                                                                  

             0.1-1                                                             

                  200  2,200  ss   Variable-  300 at 800 psi                   

                                                      2.4M at 800psi           

        16-18                                                                  

             0.1-1                                                             

                  200  2,200  ss   good to    1300 at 800psi                   

                                                      2.3M at 800psi           

                                   uneconomic                                  

     6   8-10                                                                  

             .05-.1                                                            

                  250  2,500  ss   Poor to    Slight gas                       

                                                      Water                    

                                   uneconomic                                  

     7   8-10                                                                  

             .02-3                                                             

                  250  1,800  ss   Not economic                                

                                              Slight  1.5-2M 1 Bbl             

                                                      Water/MMcf               

        --   --   250  4,000  ss   Unsatisfactory                              

                                              0       0       Dry Hole         

                                   Except for removal                          

                                   of well bore damage                         

     9  18-22                                                                  

             .1   100  100-1,000                                               

                              Ls   8 BOPD     3 BOPD  16 BOPD Refrac           

                                              6 BWPD  30-40 BWPD               

     __________________________________________________________________________

      *From well histories of similar formations after conventional fracturing.

      Applicant did not preform conventional fracturing on these jobs.         

PAR  It will be noted that test No. 8 was a dry hole and that test No. 6 yielded
      water. However, in tests No. 1, 2, 3, 4, 5 and 9 the present invention
      yielded increases in production of from 200 to 500% over conventional
      fracturing processes.
PAR  In February of 1974 the inventor was able to conclude, as a result of the
      experimental program of well treatment, that the present invention
      significantly improved long term productivity of treated formations when
      judged against the results yielded by conventional fracturing methods. The
      process was then offered for sale to well operators. The applicant
      continued to execute confidentiality agreements with the operator to
      prevent any public disclosure of the invention.
PAR  G. Dendritic Fracture
PAR  Another well was selected. The same amount of fluid was used as before but
      three injection periods were used. At the start of the third injection
      period, even with higher pressure the injection rate was much lower. Then
      after a period of injection the pressure broken to a lower value and the
      rate of injection increased. No frac sand was used in this well. After the
      job was completed the well flowed back about 1/2 the treating fluid in the
      same manner that the others had. However, gas appeared at the surface
      during swabbing operations much sooner than previous wells. The pressure
      break along with the early gas production indicated a change in direction
      of the fracture, as will now explain.
PAR  It is applicant's belief that when the pumps are started the third time,
      fluid flow in the fracture causes the debris formed by crushing of the
      spalls formed during the first shut down period that moved during the
      second fluid injection period to move forward where they bridge against
      the chips or spalls that have just been formed by the second shut down.
      This causes a sandout at the end of the primary fracture. Pressure now
      increases until a new fracture starts at a weak point of the fracture
      wall. Since the rock is now under stress perpendicular to the fracture
      direction, a new or secondary fracture will propagate in a direction
      approximately perpendicular to the primary fracture. The result is a
      system of fractures as shown in FIG. 5, wherein 61 is the well bore, 63 is
      the initial or primary fracture, and 65 is the secondary or transverse
      fracture. To produce a long secondary fracture it will be necessary to
      proceed with the formation of this fracture wing in the same manner (i.e.,
      two slugs of fluid with suitable shut down periods) as the primary
      fracture.
PAR  As noted in FIg. 5, the secondary fracture, probably, almost surely, will
      consist of only one wing. However, after completion of the first wing, if
      the pumps are started once more, there will be a movement of the debris in
      the single wing transverse fracture causing a sand out thereof and further
      pumping with suitable shut down periods will extend a fracture wing in the
      opposite direction from the first secondary wing as shown in FIGS. 7 and
      8. The FIGS. 6 and 7 systems are the same as that of FIG. 5 except that in
      FIG. 6 a second wing 67 on the opposite side of the well from wing 65 has
      been added, and in FIG. 7 the second wing 69 is added on the same side of
      the well as the first wing 65. Such a system consisting of a primary
      fracture and one or more secondary transverse fractures may be called a
      dendritic fracture system. FIG. 5, then, shows a single wing dendritic
      system, and FIGS. 6 and 7 show double wing dendritic systems.
PAR  The pumping sequence would be like the following to produce the double
      dendritic fracture system:
PA1  pump, wait, pump, wait (primary), pump, wait, pump, wait (first secondary),
      pump, wait, pump, shut down end (second secondary).
PAR  The reason why the dendritic system, which is produced by the above
      described pumping cycle in accordance with the invention, causes a
      different, and as will appear, vastly improved well productivity, will
      next be considered.
PAR  Referring now to FIG. 8, there is shown a well bore 21 from which extend a
      primary fracture 73 and a pair of transverse fractures 75, 77, the latter
      being shown as collinear in view of the scale of the drawing, it being
      assumed that they will both be close to the well bore. The pressure waves
      from the fracture will move out as indicated by the four chevron wave
      fronts, 79, 81, 83, 85. Subsequent positions of these same wave fronts are
      shown at 79', 81', 83', 85'.
PAR  The four chevron wave fronts shown in FIG. 8 may be treated as eight linear
      wave fronts, the two linear wave fronts of each chevron front overlapping
      in their propagation. For each of the eight linear fronts, reservoir
      engineering theory shows that
EQU  t.sub.D = .sqroot. 40 .phi.ucD.sup.2 /.sub.k               (7)
PAL  and remembering from equation (2) that T = 20t.sub.D so that for T=20
      years, t.sub.D =1 year, we find that the distance D drained by each of the
      eight waves in twenty years is
EQU  D.sub.20.sup.2 =  57.7 k/.phi.uc                           (8) From
      equation (7) one finds that for the formation having the same constants as
      previously considered in the case of unfractured and conventionally
      fractured wells, the distance to which the formation is drained in twenty
      years by each of the eight linear fronts is 1140 feet.
PAR  Assuming as in the case of a long linear fracture previously described that
      the primary fracture is 3733 feet (the length of one side of a 320 acre or
      half square mile tract) and that the two wings of the transverse fracture
      total 3733 feet, the area drained by the dendritic fracture system is 272
      acres. This is readily computed as the area of the square of 3733 feet on
      a side less the area of the four squares not drained by any of the eight
      linear wave fronts. The equation is
EQU  A = 320 - 4(1866 -D.sub.20).sup.2 /43560                   (10)
PAL  where D.sub.20 as before is the distance drained in twenty years by each of
      the eight linear wave fronts. The foregoing 272 acres drained by the
      dendritic fracture system is to be compared with the 54.8 acres drained by
      a single long hydraulic fracture 3732 feet) in accordance with the
      invention and the 19 acres drained by a conventional 300 foot linear
      fracture and the 14.6 acres drainable in 20 years without any fracturing
      at all.
PAR  H. Comparison of Drainage
PAR  A comparison of the several fracture systems that gives a further insight
      into their differences is obtained with reference to the shape of the
      maximum equal pressure surfaces under steady state conditions of a field
      of several adjacent wells in which the well spacing is so related to the
      productivity that the wave fronts reach a maximum distance from the well
      and then cease to propagate further due to interference from waves from
      adjacent wells. In the case of unfractured wells, the cylindrical
      (circular horizontal section) waves from the several wells may ultimately
      meet and thereafter the maximum equal pressure surfaces may be considered
      to be overlapping cylindrical surfaces. In the case of linear hydraulic
      fracturing, parallel wave fronts from adjacent wells may meet and
      thereafter the maximum equal pressure surfaces are fixed planes (lines in
      horizontal sections) between the wells. But in the case of dendritic
      fracturing, the chevron wave fronts from adjacent wells overlap and meet a
      single vertical line (point in a horizontal section).
PAR  I. Natural Joint Systems
PAR  A very important advantage of the dendritic system over any linear fracture
      system results in the enhancement obtained from natural joint systems.
PAR  Consider a tight, well consolidated formation. In geologic time it will
      have developed a joint system that consists of cracks that are more or
      less cemented that trend in a general direction. The cement in the cracks
      is probably not as strong as the rock matrix. In addition, the cracks
      probably have more fluid transmissibility than the rock matrix. There will
      also be a secondary joint system more or less perpendicular to the major
      joint system. These are also planes of weakness.
PAR  Referring now to FIG. 9, there is shown a schematic diagram similar to
      FIGS. 1, 2, and 8, showing a plan view of a well bore 21 relative to 320
      and 640 acre squares. When a fracturing process as described herein is
      carried out, the primary fracture 86 probably follows one of the major
      joints 87. When the secondary fracture system is developed, it will
      intersect many joints of the major joint system. In addition to the
      foregoing explanation, the transmissibility of all the joints cut will
      further aid in rapid recovery of reservoir fluids. The relatively short
      arrival times for the pressure wave fronts at the 320 and 640 acre
      perimeters in the case of several assumed permeabilities of the natural
      joints in millidarcies is charted in the upper left hand quadrant of FIG.
      9 such times being calculated as before.
PAR  J. Use of Sand: Fluid Loss Control
PAR  Depending on the strength of the reservoir rock and the configuration
      desired for the fracture system, it may or may not be necessary to use a
      propping agent. In the case of strong rock, self propping is achieved.
      However, fine sand may be useful for fluids loss control, the fine sand
      blocking frac fluid from entering into the transected joints. This is
      illustrated in FIG. 10 whereat is shown well bore 91, primary fracture 93,
      secondary fracture 95, and joints 97, 99 the latter being blocked off with
      sand as shown in 101, 103.
PAR  There are several reasons to keep the amount of fracturing fluid to a
      minimum, especially in gas wells. Among these are the actual cost of the
      fluid and injecting the fluid along with the cost of propping agent. In
      addition, the well must produce back the fluid injected before it can
      reach its best potential.
PAR  In the dendritic fracturing techniques that have been described hereinabove
      stimulation is at least partially achieved by utilizing natural joint
      systems in the reservoir. In massive formations, these joint systems
      probably extend vertically as well as horizontally throughout the
      reservoir; (see page 87 of the article entitled "Reservoirs in Fractured
      Rock", SUPRA.).
PAR  The fracture formed in the producing formation may be confined to the upper
      portion of the producing formation where lithology (overlying rock) will
      limit the upward growth of the fracture and sand properly scheduled will
      limit the downward growth of the fracture. When a dendritic fracture
      system is formed, the joints are intersected that will connect the
      reservoir both laterally as well as vertically to the fracture system and
      thus to the well bore. If the vertical extent of the fracture system is
      limited, as much as 80-90% of the fluid that would be required normally
      could be saved.
PAR  The foregoing method of limiting the height of the fracture system is
      illustrated in FIG. 11, wherein a portion of the producing formation is
      shown in 111. From the well bore 113 extends the primary fracture 115,
      extending parallel to or along a natural joint, and secondary fractures,
      117, 119 extending transverse thereto. Extending transverse to the natural
      joints such as 121 are natural transverse joints such as 123. It is these
      natural transverse joints which are blocked initially by the frac sand to
      limit loss of frac fluid during the second and third cycles of the
      fracturing method of the invention. As is apparent from FIG. 10, the frac
      sand not only blocks too extensive horizontal travel of frac fluid along
      the natural transverse joints but also limits downward travel of the frac
      fluid along the primary fracture, the secondary fracture, and the natural
      primary and secondary joints.
PAR  K. Further Historical Comparison
PAR  FIG. 12 is a chart prepared from an examination of the frac reports on a
      group of wells all in the same formation and all in the same general
      geographical area and all in what is believed to be a very tight
      formation. The wells were developed as near as the analyst could do so
      into two groups. In one group were wells wherein for some reason, e.g.
      mechanical break down of pumping equipment the fracturing procedure was
      interrupted; in the other group there was no substantial interruption. The
      productivity of all of the wells was checked from the monthly reports. It
      appeared that wells wherein the frac process had been interrupted were in
      many cases of higher productivity than those wherein the frac process was
      uninterrupted. Averages for the prouctivity of numbers of wells in the
      group treated by various types of frac treatment are shown in FIG. 12.
      This is not to imply that in every case the wells with interrupted
      fracturing produced better than wells similarly treated except for lack of
      interruption although this may be the case. Also, this is not to imply
      that such results will be found in the case of groups of wells or
      individual wells in other areas, although this also may be the case, at
      least in many instances. It is further to be observed that greater
      increase in productivity was obtained with interrupted fracturing in the
      case of visofrac (viscous oil fracturing), and F.W. (fresh water) emulsion
      and S.W. (sale water) emulsion than in the cases of gelled F.W. and S.W.
      fracturing; this being due it is believed to the higher viscosity of the
      oil and emulsion fracturing fluid compound to the gelled water, the higher
      viscosity resulting in higher fracturing pressures and widths, the greater
      fracture width allowing more opportunity for spalling when pumping ceases,
      thereby to obtain the advantages of the invention on resumed pumping as
      previously explained.
PAR  The invention has also been applied but without success to a single offset
      from three producing gas wells; the result was a substantial dry hole.
      This is believed to be due to the fact that the fracture did not contact
      any gas bearing reservoir.
PAR  L. Apparatus
PAR  The methods of the invention can be carried out by any of the known
      apparatus used for previously known methods of hydraulic fracturing. A
      suitable apparatus is shown and described in my aforementioned United
      States Pat. No. 3,722,595 issued Mar. 27, 1973, the disclosure of which is
      incorporated herein by reference. My United States Pat. No. 3,378,074
      issued Apr. 16, 1968 also shows suitable apparatus and its disclosure is
      also incorporated herein by reference (the line 39, pump 40 and line 41
      may be omitted). The fracturing fluid can be injected through the well
      tubing, casing, or other available or suitable pipe or conduit and may be
      flowed back into a pit or into the fracturing fluid tanks. The fluid can
      be injected through perforations in the tubing or casing extending through
      the pipe and surrounding outer pipe and/or bore hole annulus cement or
      directly into the formation, the injection being confined vertically by
      virtue of the location of the perforations, the pipe, the cement, and the
      formation above and below the perforation hole. Vertical extends of well
      pipe of one foot or less to one hundred feet or more are contemplated with
      respect to injection of fracturing fluid. The pumps used in carrying out
      the method will normally be positive displacement pumps, with diesel
      engines or gas turbine device. Shutting down the engine or turbine will
      hold the pumps stationary and thereby holds back pressure in the well.
      Reverse flow is normally accomplished through a 2 or 3 inch full opening
      valve. In an example hereinafter set forth ISIP stands for Instantaneous
      Shut In Pressure and is the surface pressure existing at zero injection
      rate.
PAR  M. Parameters
PAR  i. Fracture Fluid
PAR  The fracture fluid preferably used in carrying out the method of the
      present invention desirably is such as to cause little pressure drop in
      the pipe, maximum pressure in the formation, minimum total fluid loss to
      the formation, minimum rate of fluid loss to the formation, high carrying
      capacity for sand or other propping agent with respect to both ratio of
      sand volume carried to volume of fracture fluid and also distance and time
      carried, and high and rapid retrieval of fracture fluid when the well is
      put on production. The fracturing fluid will be substantially
      uncompressible. To a certain extent, some of these factors are related to
      viscosity, but high viscosity is effective to achieve some results but low
      viscosity is effective for other purposes. Fluids of time variant
      viscosity may therefore be used. The viscosity of the injection fluid may
      range from 30 centipoise or less up to 100 centipoise or more at reservoir
      temperature. Other factors to be considered include the physical
      characteristics of the fluid; the fluid is a liquid or gel or emulsion,
      not usually pure gel. Preferably, the fluids such as those known to the
      trade as Super Frac and Super Emulsifrac are used. These are described in
      U.S. Pat. Nos. 3,710,865 - Kiel (emulsion) and U.S. Pat. No. 3,378,075 -
      Kiel (heavy oil), the disclosure of which are incorporated herein by
      reference. The Super Emulsifrac fluid is the better of these, especially
      for gas wells. It is to be observed that in fracturing with water, gelled
      water, light crude oil, gelled light crude oil, and the like, the pressure
      ordinarily decreases during the frac job. With the preferred fluids for
      the present invention, pressure ordinarily increases during the job even
      when injection rate remains constant. It is to be noted, of course, that
      pressure drop occurs both in the pipe and the formation; every effort is
      made to reduce the pressure drop in the pipe and to increase the formation
      pressure drop up to a point. Therefore fracturing fluids preferred in
      accordance with the invention may be characterized as formation pressure
      increasing fluids. It may be surmised that with such fluids, the formation
      matrix permeability may be temporarily decreased as fluid is injected,
      thereby causing the formation pressure drop to rise. The effect is to
      reduce fluid loss, thereby making it practical to have shut down periods
      in the course of a treatment. In the present invention it is necessary to
      use a fracturing fluid capable of undergoing limited fluid loss to the
      formation. The fluid must be capable of permeating the formation matrix as
      a precurser to spalling when pressure in the fracture is reduced, but the
      preferred fluid's loss to the joint system of the formation will be as
      small as possible. In conventional fracturing, when sufficient fluid loss
      occurs, injecting additional sand blocks the fracture at the well bore
      causing a sand out. In accordance with the invention, such well sand outs
      are not to occur.
PAR  ii. Pressure
PAR  In carrying out the methods of the invention, pressures of 1,000 psi or
      less up to 15,000 psi or more may be employed, usually about 5,000 psi,
      the resultant fracture pressure depending on the pump pressure and the
      well depth and the pressure drops in the pipe and through the fracture.
PAR  iii. Injection Time
PAR  The injection time depends on the volume of fracturing fluid to be
      injected, which is determined by how big a fracture is desired and is
      calculated in advance, and upon the flow rate, which depends on the
      pressure and flow resistance. The minimum injection time preferably is on
      the order of several minutes. The time for the entire treatment typically
      may be one hour or less to eight hours or more.
PAR  The total injection time will be the sum of the injection times of the
      several double cycles, that is, the times for the double cycles for each
      fracture configuration, primary, first transverse, and second transverse.
      The injection time for each double cycle will be the sum of an initial or
      first injection time and a following or second injection time. There will
      be intra-configuration shut down periods between the first an second
      injections of each double cycle, and there will be inter-configuration
      shut down periods between each double cycle.
PAR  iv. Injection Volume
PAR  The division of injection volumes between the several double cycles may be
      varied. Absent consideration of any distinctions between the several
      fracture configurations and other factors, one might divide the volume
      equally between the several double cycles, e.g. 1/3 of the total volume to
      each double cycle in the case of three double cycles. To take into account
      fluid loss, one might assume that the total fluid lost is a linear
      function of the square root of time. On this assumption, it is presently
      the practice to divide injection volumes between three double cycles in
      the approximate proportions 10/14/18. However this may change in the light
      of future experience.
PAR  The division of injection volumes between the first injection and second
      injection of each double cycle may be such that the volume injected during
      the second injection is about 1/4 to 1/3 that injected during the first
      injection. This is arrived at by considering that it is desirable for the
      injection pressure during the second injection to rise the same amount
      above the initial injection pressure during the second cycle as the amount
      of rise above the initial injection pressure of the first injection that
      occurred during the first injection cycle.
PAR  The total volume of fluid injected may be from 3,000 barrels or less up to
      20,000 barrels (42 gallon barrels) or more, preferably three thousand to
      five thousand barrels.
PAR  Since injection times are a function of injection volume, injection times
      for the several double cycles may also be in the ratio of 10/14/18, and
      the second injection of each double cycle may take 1/4 to 1/3 the time of
      the first injection. Hence the shortest injection period should be, for
      example, 60 .times. 10/42 .times. 1/4 =3.6 minutes, which is on the order
      of several minutes.
PAR  v. Shut Down Time
PAR  In determining shut down time, one may make reference to the time required
      for decrease in shut in pressure. Time for both the intra-configuration
      and inter-configuration shut down periods has arbitrarily been selected to
      be such that surface pressure will not decrease more than 1/3 of the
      amount it increased during the pumping operation. Although shut down time
      has varied from five minutes or less to an hour or more, five minutes
      seems to be long enough for spalling to take place. Thus low pressure
      periods on the order of several minutes appear adequate to practice the
      present invention.
PAR  In accordance with the invention, the well is not commercially produced
      between injections; this distinguishes the method from simple retreatment
      of a well and from a double cycle occurring accidentally due to mechanical
      breakdown in the course of a conventional treatment. Also, in accordance
      with the invention, the discontinuance of fluid injection in the course of
      the double cycle is intentional, which further distinguishes such a double
      cycle from that occuring accidentally due to mechanical breakdown. The
      period of injection interruption will, of course, normally be much less
      than the period of commercial production of a well between repeated
      conventional treatments, which period would be a matter of months or
      years. The interruption of injection occuring during a double cycle
      according to the invention may therefore be characterized as scheduled and
      brief, thereby to distinguish it from accidental interruptions and from
      the case of retreatment after commercial production.
PAC  N. Examples:
PAC  EXAMPLE I
PAR  The following is an example of an experimental well stimulation treatment
      carried out in April of 1973 according to the invention. Permission to
      publish this information has been obtained.
     Formation Thickness:                                                      

                  30'                                                          

     Depth:       7896' to 7926'                                               

     Materials:   Frac Fluid: Super Emulsifrac (which is an                    

                  oil water emulsion consisting of 1 part of                   

                  fresh water and 2 parts of lease condensate                  

                  or other light hydrocarbon)                                  

                  Propping Agent: Sand,                                        

                               100 mesh, 150,000                               

                  lb.                                                          

                               20/40 mesh, 50,000                              

                  lb.                                                          

     *            NE (normal emulsifying) agent type: SEM-                     

                  5 which is quaternary compound, 486 gallons                  

     *            Gelling Agent Type: WG-6, which is Guar Gum,                 

                  3,000 gallons                                                

                  pH buffer Type: CW-1, which is monosodium                    

                  phosphate, 800 pounds                                        

     Casing:      New, 41/2" O.D., from 0' to 8015', weight                    

                  10.5 lb. per foot, maximum psi allowable 4,000.              

     Perforations:                                                             

                  1/2" diameter, from 7896' to 7926'                           

                  one shot per foot                                            

     Displacement pressure:                                                    

                  2400 psi                                                     

     Breakdown pressure:                                                       

                  2550 psi                                                     

     Maximum pressure:                                                         

                  4100 psi                                                     

     Final Shut In:                                                            

     Instant Pressure:                                                         

                  1800  5 minutes                                              

                  1850  15 minutes                                             

     Hydraulic Horsepower:                                                     

     Ordered      3000                                                         

     Available    3000                                                         

     Used         2034                                                         

     Average Rates in Barrels Per Minute:                                      

     Treating     21                                                           

     Displacement 21                                                           

     Overall      21                                                           

     Volumes:                                                                  

     PAD Gal      126,000                                                      

     Treatment Gal                                                             

                  48,000                                                       

     Displacement Gal                                                          

                  6,000                                                        

     Total Vol. Gal                                                            

                  189,000                                                      

TBL                  Volume  (GAL)                                             

     Event  Time Rate                                                          

                     (INCREMENTAL                                              

                             Pumps                                             

                                  Pressure (psi)                               

                                            Description of Operation           

     No.         (bpm)                                                         

                     VOLUME) C    (Casing)  and Materials                      

     __________________________________________________________________________

                                            Safety Meeting - Discuss           

                                            Procedure                          

                                            With All Concerned.                

         1  1018 26  20,000  6      0       Start Pad - Load Hole              

         2  1025  4  P       1    5000      Test Lines                         

         3  1031  4  A       1    2550      Breakdown                          

                     D                                                         

         4  1048 24  4,000   4    3900      Start No.4 No. 1 Sand              

         5  1053 24  2,000   4    3800      Start Pad                          

         6  1054 24          4    3800      No.4 No. 1 On Formation            

         7  1055 24  4,000   4    3800      Start No.4 No. 1 Sand              

         8  1058 24          4    4000      Pad On Formation                   

         9  1059 21  2,000   4    4000      Start Pad                          

        10  1101 24          4    3950      No.4 No. 1 On Formation            

        11  1101 24  4,000   4    3950      Start No.4 No. 1 Sand              

        12  1105 18          4    3975      Start Flush                        

        13  1106 21  6,000   4    3975      Start Flush                        

        14  1107 26          4    3950      No.4 No. 1 On Formation            

     ** 15  1113                            ISIP 2200 - 5 Min. 2000 - 15 Min.  

                                            1800                               

        17  1127 24          4    4000      Start Pad                          

        18  1136 24  4,000   4    4000      Start No. 4 20/40 Sand             

        19  1141 21  6,000   4    3700      Start Flush                        

        20  1142 26          4    3400      No.4 20/40 On Formation            

        21  1147 24          4    3900      Shut down                          

     ** 22  1147                            ISIP 2250 - 5 min. 2100 - 15 Min.  

                                            1900                               

        23  1202 26  20,000  4    3800      Start Pad                          

        24  1223 21          4    4000      Start No.4 No. 1 Sand              

        25  1228 21  2,000   4    3900      Start Pad                          

        26  1230 26          4    3700      No.4 No. 1 On Formation            

        27  1230+                                                              

                 21  4,000   4    3750      Start No.4 No. 1 Sand              

        28  1234 17          4    4000      Pad on Formation                   

        29  1235 24  2,000   4    4000      Start Pad                          

        30  1237 24          4    4000      No.4 No. 1 on Formation            

        31  1239 18  4,000   4    4000      Start No.4 No. 1 Sand              

        32  1241 181/2       4    4000      Pad On Formation                   

        33  1243 24  6,000   4    4000      Start Flush                        

        34  1244 27          4    4000      No.4 No. 1 On Formation            

        35  1249 22          4    4000      Shut Down                          

     ** 36  1249                            ISIP 2400 - 5 Min. 2200 - 15 Min.  

                                            2100                               

        37  1306 25  8,000   4    4000      Start Pad                          

        38  1313 20  4,000   4    4000      Start No.4 20/40 Sand              

        39  1319 23  6,000   4    3800      Start Flush                        

        40  1320 26          4    3600      No.4 20/40 On Formation            

        41  1325 231/2       4    4000      Shut Down                          

        42                                  ISIP 2450 - 5 Min. 2300 - 15 Min.  

                                            2200                               

        43  1340 24  20,000  4    4000      Start Pad                          

        44  1402 20  4,000   4    4000      Start No.4 No. 1 Sand              

        45  1408 27  2,000   4    3800      Start Pad                          

        46  1410 24          4    3800      No.4 No. 1 On Formation            

        47  1410 24  4,000   4    3800      Start No.4 No. 1 Sand              

        48  1414 19          4    3900      Pad On Formation                   

        49  1415 24  2,000   4    3800      Start Pad                          

        50  1415 24  2,000   4    3800      No.4 No. 1 On Formation            

        51  14171/2                                                            

                 24  4,000   4    3800      Start No.4 No. 1 Sand              

        52  1422 18          4    3900      Pad on Formation                   

        53  1423 24  6,000   4    3900      Start Flush                        

        54  1424 21  6,000   4    3800      No.4 No. 1 On Formation            

     ** 55  1429 191/2       4    3900      Shut Down                          

        56                                  ISIP 2800 - 5 Min. 2300 - 15 Min.  

                                            2300                               

        57  1444 18  8,000   4    4000      Start Pad                          

        58  1456 12  4,000   4    4000      Start 4lbs. 20/40 Sand             

        59  1502 18  6,000   4    3600      Start Flush                        

        60  1504 24          4    3400      No.4 20/40 On Formation            

        61  1512 12          4    2500      Finish                             

                                            ISIP 1800 30 Min.                  

     __________________________________________________________________________

                                            1700                               

PAR  In connection with the foregoing example, attention is directed to each of
      the instantanious shut in pressures occurring during the treatment. At
      event No. 15 the ISIP is 2200 psi, which is normal for the particular area
      after a conventional treatment. At event No. 22 the ISIP is still only
      2250 psi, reflecting greater width in the initial fracture, which has now
      a much larger connected length but still is only a single fracture. At
      event No. 36, the ISIP is 2400 psi, indicating a change in fraction
      direction as previously explained. At event No; 42, the ISIP is 2450 psi,
      indicating increased fracture width but no new fracture wing. At event NO;
      35 the ISIP is 2800 psi, indicative of a new fracture wing. The final ISIP
      of 1800 at the end of the treatment is with flush water in the hole
      instead of emulsion; the water being much denser than the emulsion,
      surface pressure is lower.
PAC  EXAMPLE II
PAR  The following is another example of an experimental well stimulation
      treatment carried out in Feb. 11, 1973 in accordance with the invention,
      the injection being through the tubing. The formation treated is known as
      the Muddy J. Sand. Permission to publish the information has been
      obtained.
PA1  Allowable Pressure:  Tubing 4600 psi  Casing 1000 psi
PA1  Job Done Down Tubing.
PA1  Gas Well
PA1  New Well
PA1  41/2 inch diameter casing.
PA1  21/2 inch HD tubing.
PA1  Tubing Depth: 2230 feet
PA1  Baker packer.
PA1  Packer depth: 2230 feet
PA1  Casing Volume Below Packer: 100 .+-. barrels
PA1  Tubing Volume: 15 .+-. barrels
PA1  Perforated Intervals: Depth 8083-8117 feet Number of Holes 34
PA1  Fluid: Superfrac K-1
PA1  Maximum Pressure: 4600 psi
PA1  Average Pressure: 4500 psi
PA1  Final pump in pressure: 3900
PA1  Adjusted Injection Rate (solids included) 18 barrels/min.
PA1  Total Fluid Pumped: Oil 2365 barrels Water 1335 barrels
PA1  (Note: 24 barrels equal 1000 gallons)
PA1  Props and Liquids Injected: 100 mesh sand, 144000 lb. 20/40 mesh sand,
      48000 lb.
TBL  INJECTION      PRESSURE                                                   

     Time  Rate                                                                

              Bbls In                                                          

                    Csg.                                                       

                        Tbg.                                                   

                            SERVICE LOT                                        

     __________________________________________________________________________

                            Hook up -- Mix chemicals.                          

                            Hook up to well.                                   

     12:00                  Suspend operations -- Not enough                   

                             time for job completion                           

     6:00  2-22-73          Resume operations -- Complete                      

                             hook up. Hold safety                              

                             meeting & discuss procedures.                     

                            Test connections--Repair leaks--                   

                             Load & press. csg.                                

     8:30           1000    Start K-1 Pad                                      

               86   1000                                                       

                        1500                                                   

                            Hole loaded--breakdown.                            

     11             1000                                                       

                        1800                                                   

                            Ftm. feeding--Improve rate                         

                             & press.                                          

     22             1000                                                       

                        4600                                                   

                            Adjust rates in observance of                      

                             max. press.                                       

     19        480  1000                                                       

                        4600                                                   

                            Start 100 mesh sand 4lbs./gal.                     

     22        592  1000                                                       

                        4200                                                   

                            Stop sand--start K-1 spacer.                       

     19        640  1000                                                       

                        4400                                                   

                            Resume sand at 4lbs./gal.                          

     21        752  1000                                                       

                        4100                                                   

                            Stop sand--start K-1 spacer.                       

     19        800  1000                                                       

                        4300                                                   

                            Resume sand at 4lbs./gal.                          

     16        912  1000                                                       

                        4500                                                   

                            Stop sand -- start K-1 flush.                      

     18       1027  1000                                                       

                        4400                                                   

                            Flush comp. -- S.D. --                             

                             Observe press.                                    

                    1000                                                       

                        2200                                                   

                            ISIP                                               

                    1000                                                       

                        1950                                                   

                            14 Min. S.D. -- Start K-1 pad                      

                             --Stage II                                        

     18             1000                                                       

                        4200                                                   

                            Rate & Press. Check.                               

     17       1219  1000                                                       

                        4500                                                   

                            Start 20-40 Sand 4lbs./gal.                        

     20             1000                                                       

                        3900                                                   

                            Rate & Press. Check.                               

     19       1329  1000                                                       

                        4300                                                   

                            Stop sand -- Start K-1 Flush.                      

     16       1446  1000                                                       

                        4400                                                   

                            Flush Comp.--S.D.--Observe press.                  

                    1000                                                       

                        2200                                                   

                            ISIP                                               

                    1000                                                       

                        1950                                                   

                            18 min. S.D.--Start K-1 Pad--                      

                             Stage III                                         

     19             1000                                                       

                        4500                                                   

                            Rate & Press. Check.                               

     19       1926  1000                                                       

                        4200                                                   

                            Start 100 mesh sand 4lbs./gal.                     

     15       2040  1000                                                       

                        4600                                                   

                            Stop sand -- Start K-1 spacer.                     

     16       2088  1000                                                       

                        4400                                                   

                            Resume sand at 4lbs./gal.                          

     16       2198  1000                                                       

                        4300                                                   

                            Stop sand--Start K-1 spacer.                       

     17       2246  1000                                                       

                        4500                                                   

                            Resume sand at 4lbs./gal.                          

     19       2356  1000                                                       

                        4000                                                   

                            Stop sand -- Start K-1 flush.                      

     18       2471  1000                                                       

                        4300                                                   

                            Flush comp. -- S.D.-- Observe                      

                             press.                                            

                    1000    7 min. S.D. -- Start K-1 pad--                     

                             Stage IV                                          

     16             1000                                                       

                        4400                                                   

                            Rate & press. check.                               

     18       2663  1000                                                       

                        4600                                                   

                            Start 20-40 sand 4lbs./gal.                        

     18       2773  1000                                                       

                        4600                                                   

                            Stop sand -- Start K-1 flush.                      

     18       2888  1000                                                       

                        4500                                                   

                            Flush comp. -- S.D. -- Observe                     

                             press.                                            

                    1000                                                       

                        2350                                                   

                            ISIP                                               

                    1000                                                       

                        2250                                                   

                            9 min. S.D.-- Start K-1 pad--                      

                             Stage V                                           

                    1000                                                       

                        4600                                                   

                            Press. & rate check.                               

     18       3368  1000                                                       

                        4500                                                   

                            Start 100 mesh sand 4lbs./gal.                     

     20       3478  1000                                                       

                        4100                                                   

                            Stop sand--Start K-1 spacer.                       

     20       3526  1000                                                       

                        4320                                                   

                            Resume sand at 4lbs./gal.                          

     18       3636  1000                                                       

                        4600                                                   

                            Stop sand -- Start K-1 spacer.                     

     20       3684  1000                                                       

                        4100                                                   

                            Resume speed at 4lbs./gal.                         

     16       3794  1000                                                       

                        4500                                                   

                            Stop sand -- Start K-1 flush.                      

     19       3909  1000                                                       

                        4600                                                   

                            Flush comp.-- S.D.--Observe press.                 

                    1000                                                       

                        2500                                                   

                            ISIP                                               

                            12 min. S.D. -- Start K-1 pad --                   

                             Stage VI.                                         

     18             1000                                                       

                        4200                                                   

                            Press. & rate check.                               

     20       4101  1000                                                       

                        4600                                                   

                            Start 20-40 sand 4lbs./gal.                        

     21       4211  1000                                                       

                        4100                                                   

                            Stop sand -- Start K-1 flush.                      

     19       4281  1000                                                       

                        4200                                                   

                            Start H.sub.2 O flush.                             

     2:05 PM                                                                   

           24 4336  1000                                                       

                        3900                                                   

                            Flush comp. S.D. -- Job                            

                             Completed                                         

                    1000                                                       

                        2100                                                   

                            ISIP                                               

                    1000                                                       

                        1500                                                   

                            30 min. ISIP                                       

     __________________________________________________________________________

PAR  Well tests performed on the well of Example II showed a fracture
      conductivity of 120,000 millidarcy inches. From experience with other
      wells not treated according to the invention, the applicant would expect
      that under the closure stress existing in the well, a fracture 1/4 inch
      wide fully packed with 100 mesh sand (the sand used in the example) would
      have a flow capacity of about 1500 millidarcy inches. See "Conductivity of
      Fracture Proppants in Multiple Layers" by C. E. Cooke, Jr., pp. 1101 et
      seq, Journal of Petroleum Technology, September 1973.
PAC  EXAMPLE III
PAR  The following is a further example of an experimental well stimulation
      treatment carried out in August of 1973. Permission to publish this
      information has been obtained.
PA1  Formation: J-Sand
PA1  Well Type: Gas, Workover
PA1  Casing: New, 41/2 inch diameter, from 0 to 7890 feet,
PA1  101/2 lb./foot, 4300 maximum allowable psi.
PA1  Perforations: 7788 to 7856 (15 holes) 7787 to 7793 (1 shot per foot) 7804
      to 7856 (1 shot per foot)
PAC  Materials:
PA1  Treating Fluid: Super-Emulsifrac
PA1  Displacement Fluid: Super Emulsifrac
PA1  Prop: 100 mesh sand - 75,000 lb.
PA1  and 20/40 mesh sand - 75,000 lb.
PA1  Acid Type: HCL - 500 gal., 15%
PA1  Surfactant: SEM-5 (300 gal.)
PA1  Ne agent: 11-N (3gal.)
PA1  Gelling Agent: WG-6 3500 lb.
PA1  Breaker: CW-1 800 lb.
PA1  Kcl 234 sacks
PA1  Nf-1 60 quarts
PA1  (See example I for identification of the coded materials.)
PAC  Pressures (in PSI)
PA1  Displacement: 3600
PA1  Breakdown: 1400
PA1  Average: 4000
PA1  Shut In Instant: 2900
PAC  HYDRAULIC HORSEPOWER
PA1  Ordered: 2500
PA1  Available: 3000
PA1  Used: 1765
PAC  RATES (IN BPM)
PA1  Treating: 18
PA1  Displacement: 18
PA1  Overall: 19
TBL                Volumes                                                     

     ______________________________________                                    

     Preflush         10,500 gal.                                              

     PAD              132,000 gal.                                             

     Treatment        390,000 gal.                                             

     Displacement     5,400 gal.                                               

     Total Volume     186,900 gal.                                             

     ______________________________________                                    

TBL              Volume      Pressure (psi)                                    

     Event                                                                     

         Time                                                                  

             Rate                                                              

                 (GAL)   Pumps                                                 

                             (Casing)                                          

                                     Description of Operation and Materials    

     No.     (rpm)                                                             

                 (INCREMENTAL                                                  

                         C                                                     

                 VOLUME)                                                       

     __________________________________________________________________________

         0945                        Safety Meeting                            

              3  500     1    400    Pump Acid                                 

         1010    10,000       400    Start Prepad Load Hole                    

                                     Test Lines                                

         1027                                                                  

              4              1400    Breakdown                                 

     1   1041                                                                  

             221/2                                                             

                 14,000  5   3700    Start Pad                                 

     2   1056                                                                  

             22  2,000   4   3950    Start 11/3 lbs. 20/40 & 21/2 lbs. 100     

                                     Mesh Sand                                 

     3   1058                                                                  

             22  3,000   4   3950    Start Spacer                              

     4   1102                                                                  

             22  2,000   4   4000    Start 11/3 lbs. 21/2 lbs. as in event 2   

     5   1104                                                                  

             201/2                                                             

                 3,000   4   4000    Start Spacer                              

     6   1107                                                                  

             21  3,000   4   4000    Start 11/3 lbs. & 21/2 lbs.               

     7   1110                                                                  

             21  3,000   4   3950    Start Spacer                              

     8   1114                                                                  

             21  3,000   4   3900    Start 11/3 lbs. & 21/2 lbs.               

     9   1117                                                                  

             20  5,400   4   3950    Start Flush                               

     *10 1124                                                                  

             19          4   4000    Shut Down ISIP 2700                       

     11  1139                                                                  

             20  7,600   4   4000    Start Pad                                 

     12  1150                                                                  

             19  3,000   4   4000    Start 11/2 lbs. 20/40 Sand                

     13  1155                                                                  

             19  5,400   4   3700    Start Flush                               

     14  1200                                                                  

             19          4   4000    shut down ISIP 2700                       

     15  1215                                                                  

             18  15,600  4   4000    Start Pad                                 

     16  1237                                                                  

             18  2,000   4   3950    Start 11/3 lbs. 20/40 & 21/2 lbs. 100     

                                     Mesh                                      

     17  1240                                                                  

             20  4,000   4   4000    Start Spacer                              

     18  1244                                                                  

             20  2,000   4   4000    Start 11/3 lbs. & 21/2 lbs.               

     19  1247                                                                  

             19  4,000   4   4000    Start Spacer                              

     20  1257                                                                  

             18  3,000   4   4000    Start 11/3 lbs. & 21/2 lbs.               

     21  1255                                                                  

             18  4,000   4   4000    Start Spacer                              

     22  1300                                                                  

             17  3,000   4   4000    Start 11/3 lbs. & 21/2 lbs.               

     23  1305                                                                  

             20  5,400   4   4000    Start Flush                               

     *24 1312                                                                  

             17          4   4000    Shut down ISIP 2950                       

     25  1327                                                                  

             18  7,600   4   4000    Start Pad                                 

     26  1338                                                                  

             18  3,000   4   4000    Start 4 lbs. 20/40 Sand                   

     27  1342                                                                  

             201/2                                                             

                 5,400   4   4000    Start Flush                               

     28  1350                                                                  

             151/2       4   4000    Shut down ISIP 2900                       

     29  1405                                                                  

             18  22,600  4   4000    Start Pad                                 

     30  1441                                                                  

             12  2,000   3   4000    Start 11/3 lbs. & 21/2 lbs. (20/40 & 100  

                                     Mesh)                                     

     31  1444                                                                  

             16  4,000   4   4000    Start Spacer                              

     32  1450                                                                  

             15  2,000   4   4000    Start 11/3 lbs. 20/40 & 21/2 lbs. 100     

                                     Mesh                                      

     33  1455                                                                  

             10  4,000   4   4000    Start Spacer                              

     34  1501                                                                  

             111/2                                                             

                 3,000   4   4000    Start 11/3 lbs. & 21/2 lbs.               

     35  1507                                                                  

             16  4,000   4   4000    Start Spacer                              

     36  1513                                                                  

             13  3,000   4   4000    Start 11/3 lbs. & 21/2 lbs.               

     37  1522                                                                  

             141/2                                                             

                 5,400   4   4000    Start Flush                               

     *38 1557                                                                  

              5              4000    Shut down ISIP 3300                       

     39  1611                                                                  

             16  5,600   4   3900    Start Pad                                 

     40  1616                                                                  

             16  3,000   4   3900    Start 4 lbs. 20/40 Sand                   

     41  1620                                                                  

             18  5,400   4   3900    Finish Flush                              

     42  1624                                                                  

             22          4   3900    Shut down ISIP 2550                       

                                     Finished                                  

     __________________________________________________________________________

PAR  Again one can note the instantaneous shut in pressures, at events 10 (2700
      psi), 24 (2950 psi) and 38 (3300 psi). The latter high ISIP indicates that
      a new fracture direction has been formed. In this regard it is to be
      observed, considering a hypothetical cube of formation material, that the
      stress in the direction perpendicular to one set of parallel vertical
      faces will usually be different from that in the direction parallel to the
      other set. Assume that the cube is oriented so that one set of vertical
      faces is in the direction of minimum formation stress. The initial
      fracture may be assumed to occur in a direction perpendicular to these
      faces since this is the direction requiring the least pressure to separate
      the sides of the fracture. After the fracture has occurred and the
      fracture has been propped open by dropping the pressure to allow spalling
      and resumption of high pressure to move the spalls to propping position
      and sand out the fracture termini, the stress in the formation is changed.
      The next application of pressure (following the second shut down, during
      which the sand out occurs) causes a fracture in a different direction
      because the minimum rock stress is now in a different direction. The
      result is the dendritic fracture of this invention.
PAR  O. Further Comparisons
PAR  FIG. 13 is a chart plotting rate of well flow against time for the wells.
      Continuous line A plots productivity of the best well in this particular
      field, treated by conventional fracturing methods. Long-short dashed line
      B plots the productivity of a well treated in accordance with the
      invention. Short dashed line C plots the productivity of a nearby well
      treated the same as the well of line B except the fracturing was
      continuous rather than interrupted. Long dashed line D plots the
      productivity of another nearby well treated in accordance with the
      invention and believed to be in a bad sand. The extra heavy continuous
      line E plots the average for a group of 74 wells, all treated by various
      conventional fracturing processes. It is seen that line B shows
      productivity better than the best other well in the group treated
      conventionally, line A, and far better than the average of conventionally
      treated wells, line E, and far better than a conventionally treated nearby
      well using a continuous but otherwise similar fracturing process, line C,
      and that even in a bad sand (apparently) the well treated according to the
      invention was of productivity, line D, of not too far from average.
PAR  FIG. 14 is similar to FIG. 13 except that it plots against cumulative
      production instead of time and omits the average line E. These are gas
      wells, but the invention is equally applicable to oil wells and to HC
      wells generally.
PAR  FIG. 15 is another comparative chart similar to FIG. 14, line W being a
      plot for a well treated according to the invention and lines, X, Y and Z
      referring to wells treated by conventional fracturing methods.
PAR  While a preferred embodiment of the invention has been illustrated and
      described, modifications thereof can be made by one skilled in the art
      without departing from the spirit of the invention.
PAR  The above procedure is substantially identical to the method of applicant's
      copending U.S. application Ser. No. 404,691 which specifically comprises
      the following:
PAR  A. A method of well treatment by hydraulic fracturing of the formation to
      be treated, said fracturing including at least one double cycle comprising
      injection of fluid capable of undergoing fluid loss to said formation once
      said formation is fractured into the formation for a period of at least
      three minutes under pressure throughout said period sufficient to fracture
      the formation and planned discontinuance of said fluid injection for a
      period of time at least long enough to allow a significant pressure drop
      in said fluid loss from said fracture to the formation, resumption of
      injection, and discontinuance of injection.
PAR  B. Method according to A including two double cycles.
PAR  C. Method according to A including three double cycles.
PAR  D. Method according to A including a plurality of double cycles.
PAR  E. Method according to A including injecting fine sand with the fracturing
      fluid to limit the vertical conductive extent of the fracturing.
PAR  F. Method according to A including injecting fine sand for fluid loss
      control.
PAR  G. A method of well treatment by hydraulic fracturing of the formation to
      be treated, said fracturing including a plurality of double cycles each of
      which double cycle comprise:
PAR  injecting fracturing fluid capable of undergoing fluid loss to said
      formation once said formation is fractured into the formation at a
      pressure sufficient to fracture the formation, maintaining said pressure
      for at least three minutes, discontinuing injecting fracturing fluid into
      the formation for a period of time at least long enough to allow a
      significant pressure drop in said fluid from fluid loss from the fracture
      to the formation, again injecting fracturing fluid into the formation.
PAR  H. Method according to G wherein the number of double cycles is two.
PAR  I. Method according to G wherein the number of double cycles is three.
PAR  J. Method according to G wherein the well is not produced between double
      cycles.
PAR  K. Method according to G wherein each period of said discontinuing
      injecting fracturing fluid, except the last such period, lasts for from 5
      minutes to one hour.
PAR  L. Method according to G wherein the injection pressure during each double
      cycle subsequent to the first double cycle is significantly greater than
      during the first double cycle, i.e. is at least 10 per cent greater.
PAR  M. Method according to G wherein the period of the even numbered injection
      is of the order 1/4 to 1/3 the period of the immediately preceding odd
      numbered injection, considering that the several injections are numbered
      consequently in chronological order.
PAR  N. Method of G wherein the periods of the several consecutive pairs of
      injection periods, considering the first and second injection periods as
      the first such pair are approximately proportional to the square root of
      the number of such pair, considering that the several pairs are numbered
      consecutively in chronological order.
PAR  O. Method according to G wherein the periods of discontinuance of
      injection, other than the last one, are such that the shut in pressure
      does not fall to less than 1/3 of the amount of the increase in pressure
      during the previous injection, thereby to avoid excessive fluid loss.
PAR  P. Method according to G wherein the fracturing fluid is of the formation
      pressure increasing type, i.e., if injection were at constant rate, the
      injection pressure measured at the well head initially increases.
PAC  REVERSE FLOW
PAR  An improvement of the method specifically described above may be practiced
      by allowing the well to flow back during at least some portion of the
      initial period of discontinuation of fluid injection during each double
      cycle. This reverse flow lowers the pressure in the fracture at a faster
      rate and to a lower level than does merely shutting the well in and
      allowing fluid loss from the fracture to the formation to lower fracture
      pressure. Reverse flow causes a higher rate of pressure change and thus
      creates a greater pressure differential between the formation and the
      fracture. This pressure differential causes a higher rate of flow of the
      fracturing fluid across the fractureformation interface. The higher
      differential pressure and flow rate generates correspondingly higher earth
      stresses on the fracture face and produces more spalls than does the shut
      in method described above. Reverse flow during the second period of
      discontinuation of injection during each double cycle may not be necessary
      or desirable, except of course to produce the well at the end of the
      treatment.
PAC  FLUID LOSS AND SPALLING
PAR  In the present evention fracturing fluid flows into the rock matrix
      surrounding the fracture. The fluid pressure in this adjacent matrix is
      thus increased over formation pressure. When the hydraulic pressure in the
      fracture is lowered, eg. by reverse flow, below the matrix pressure, then
      the fracturing fluid in the matrix flows back into the fracture. This
      fluid flow creates earth stresses at the formation face and adjustment of
      these earth stresses produces spalls.
PAR  The amount of earth stresses produced by the present invention is a direct
      function of the pressure differential between the matrix and the fracture.
      Thus a rapid drop in fracture pressure, such as is accomplished by reverse
      flow, generates high earth stresses on the fracture face and produces
      large amounts of spalls.
PAR  As the relatively incompressible hydraulic fluids that are used in the
      preferred embodiment of the present invention form a fracture, there are
      two ways the fluid can leak off.
PAR  The first way is for the fluid to permeate the matrix of the rock being
      fracture, ie to be absorbed into the bulk porosity of the rock where
      almost all of the reservoir fluids are stored.
PAR  Secondly, the fluid will leak off into the natural, ie main and conjugate,
      joint or fracture system of the formation. In a gas reservoir where the
      compressability of the reservoir fluid is high, fracturing fluid leak off
      is controlled by either viscous forces (C.sub.V) or by wall building
      (C.sub.W) effects of the fluid loss additives. For low permeability (ie
      less than 0.5 md) rock, viscous forces will probably be the controlling
      factor.
PAR  According to reservoir theory:
      ##EQU1##
      where:
EQU  .phi. = formation porosity (a fraction)
EQU  k = permeability to fracturing fluid (md)
EQU  P.sub.f = filtration pressure (Fracture Gradient X Depth) + fracture
      friction of fluid - Formation Fluid Pressure)
EQU  .mu. = viscosity of fracturing fluid at reservoir temperature.
      (centipoise).
PAR  When the value of C.sub.v as calculated by the above equation is of the
      order of 0.01 to 0.001, then fluid leak off can be considered to be at a
      minimum. Even when this is the case, however, some fluid leak off takes
      place. For example if: (Example One)
EQU  k = .05; .phi. = .08; P.sub.f = 3000 and u = .5, then C.sub.v = .007.
PAR  This is a low enough rate of fluid loss to be considered minimal, but is
      still high enough to practice the present invention.
PAR  The other type of fluid loss that is encountered in fracturing is loss into
      the porosity that makes up the natural joint or fracture system that is
      part of the reservoir before it undergoes hydraulic fracturing. As
      fracturing fluid starts to enter a natural joint it has a tendency to
      increase its width (open the joint).
PAR  Thus the fracture permeability K.sub.f = 54.4 .times. 10.sup.9 .times.
      (W).sup.2 (in md) where W is the fracture width in inches. See Frick,
      Petroleum Production Handbook, ch 23, p 18.
PAR  The quantity (Q) of fracturing fluid lost to 1000 joints each having a
      width of .01 inches, a length of 83 feet, and a height of 40 feet can be
      calculated by the formula:
      ##EQU2##
      where: n = the number of joints
PA1  A = surface area of the joint (in cm.sup.2)
PA1  k.sub.f = perneability of the joint (in darcies)
PA1  u = viscosity of the fracturing fluid at reservoir temperature (in deg. C)
PA1  1 = length of the joint (in cm)
PA1  .DELTA.P = pressure drop across 83 feet (atmospheres)
PAR  For the values of u used in example one, above, and capable of being used
      in the present invention, this equation yields a loss of 100 barrels of
      fracturing fluid per minute to the natural joint system of the formation.
PAR  Thus it is seen that fluid loss to the joints must be controlled to
      properly practice the invention. Accordingly, the fracturing fluid used
      should allow minimum fluid loss to the formation, but must allow some
      fluid loss to the matrix to produce spalls. Also fine (100 mesh) sand may
      be used to control fluid loss to the joint system. This fine sand has a
      permeability of about 10-12 darcies (10,000 12,000 md) at a closure stress
      of 3-4,000 psi. This allows sufficient flow capacity when the well is put
      on production, but does not allow excessive fluid loss during fracturing.
PAR  During fracturing operations fluid loss to the matrix causes a transient
      pressure to from in the matrix. Pressure at the fracture face is a
      function of (fracture gradient .times. Depth) + fracture friction.
      Pressure at the leading edge of the transient wave is formation fluid
      pressure.
PAR  When the pumps are shut down, pressure at the fracture face is reduced by
      the amount of the fracture fluid friction. This reduction has a tendency
      to cause the fracture face to spall due to the adjustment of earth
      stresses resulting from the flow of Fluid out of the matrix into the lower
      pressure of the fracture. Any further reduction in fluid pressure should
      result in greater tendency for the formation face to spall. However, the
      rate of spalling is a function not only of the decrease in pressure in the
      fracture, but also of the rate of pressure decrease. High rates of
      pressure decrease act to maximize earth stresses acting on the formation
      face and thus maximize the production of spalls.
PAR  Conversely, if pressure in the fracture decreases at a rate slow enough so
      that fluid from the matrix can flow into the fracture without generating
      earth stresses at the fracture face, spalling will be minimized.
PAC  FLOW BACK
PAR  It has been found that if, after the pumps are shut down, instead of
      waiting for the fracture pressure to decrease by fluid leakoff to the
      joint system, a valve (as large as possible, normally a 1 inch to 3 inch
      full opening valve) is opened at the surface, a higher rate and greater
      absolute valve of fracture pressure reduction will result than can be
      achieved by merely shutting in the well and waiting for the fracturing
      fluid to leak off via natural joints.
PAR  Experimentation has show that this reverse flow technique results in a
      greater drainage area (ie longer fractures) and higher flow rates (ie
      greater flow capacity) than is otherwise attainable.
PAR  Experience on flow back (reverse flow) time has varied from as high as 5
      minutes or more to down to 30 seconds. The five minutes is probably longer
      than necessary for no better result is obtained with the increase of time.
      Since a finite time is required to open and close a valve controlling
      1,000-3,000 psi of fluid pressure, it has not been possible to use a
      reverse flow period of less than 30 seconds, although a shorter period may
      well be capable of practicing the present invention.
PAR  The normal sequence of a fracture treatment according to the preferred
      embodiment of the present invention is as follows:
PAR  1. pump, stop, flow back, pump, stop, shut in.
PAR  2. pump, stop, flow back, pump, stop, shut in, and repeat.
PAR  It is not known whether a flowback period during the shut in period would
      be beneficial or not. However, a flowback period at that time is within
      the scope of the present invention.
PAR  In multizone reservoirs a variation of the above sequence has been used to
      insure that all zones are fractured. Assume that each step is performed as
      above. The multizone fracturing job will go as follows:
PAR  1. step 1 through 8 above.
PAR  2. pump and place larger sand.
PAR  In some cases the flow back has been routed into a 1000 gal tank to measure
      rate of flow back. During the first flow back period it took as long as
      3-4 minutes for the 1000 gal tank to fill. The second flow back period
      filled the tank in 1 to 1.5 minutes and the third required 30 seconds or
      less. The decrease in time required to flow back during subsequent periods
      indicates an increase in flow capacity of the fracture system.
PAR  At other times, where small tanks were not available, the well was flowed
      back either into a pit or into one of the fracturing tanks. In the pit,
      the increase in flow rate between flow back periods was observable; in the
      fracturing tank it was audible.
PAC  EXPERIMENTAL USE
PAR  Applicant first practiced the present invention using reverse flow
      experimentally in April 1974.
PAR  As was described above, applicant is paid to perform well treatments that
      include fracturing operations. During fracturing operations, applicant
      practices the present invention's reverse flow method in an experimental
      program to develop data that will allow the applicant to determine if the
      reverse flow method will result in long term production increases and
      longer fractures having greater conductivity compared to fracturing
      methods taught by the prior art.
PAR  Applicant has taken steps to preserve the security and confidentiality of
      the reverse flow method herein described. These steps include, but are not
      limited to, the execution of secrecy agreements with the operators and
      contractors the applicant works with when treating oil and gas wells. The
      agreements further provide that production data must be made available to
      the applicant and that applicant may limit the personnel on the rig where
      performing secret experimental work.
PAR  The applicant offers a fracturing service including shut-in-multiple
      fracturing (conventional results are used for comparison). Concurrently,
      with these treatments applicant experiments with the present reverse flow
      method. This is the only way applicant can perform experiments. The
      expenses of experimental fracturing operations rule out experimentation in
      the field by private inventors, except as part of a commercial program. To
      allow quantitative assessment of the treatment, it is necessary that the
      experiments be performed on producing formations having known histories.
      Such formations are only available for experimental use when they have
      been treated with commercial fracturing operations.
PAR  The present invention is still in the experiment stage and it is
      anticipated that, due to the nature of the art as discussed above, up to a
      year of further experimentation will be necessary before the applicant has
      developed sufficient data to determine the limits and potential of the
      present reverse flow method. Preliminary results, however, indicate that
      use of the present method yields significantly higher long term recovery
      and thus better fracturing and higher permeability than is possible using
      conventional or shut-in-multiple fracturing.
PAC  EXAMPLE IV
PAR  The following is an example of an experimental well stimulation treatment
      carried out in April of 1974 using reverse flow according to an embodiment
      of the present invention. Permission to publish this information has been
      obtained.
TBL  ______________________________________                                    

     Formation Thickness:                                                      

                      15'                                                      

     Depth:           4405' to 4416'                                           

     Type of service: Experimental Frac. Process                               

     Casing:          51/2"                                                    

     Tubing:          2"                                                       

     Job done down annulus                                                     

     Gas well                                                                  

     Oil well                                                                  

     Maximum allowable pressure:                                               

                      3,000 psi                                                

     Average Pressure:                                                         

                      2,500 psi                                                

     Final pump in pressure:                                                   

                      2,300 psi                                                

     Props & liquids injected:                                                 

     Type      Size               Amount                                       

     OKLA No.1 100 (Sand)         40,000 lbs.                                  

     SAND      20-40              12,000 lbs.                                  

     J133      (Guar Gum)         300 lbs.                                     

     U-78      (Emulsifier)       100 gal.                                     

     Adamite Aqua                                                              

               (Fluid loss control Agent)                                      

                                  500 lbs.                                     

     Average liquid injection rate:                                            

                          17 bpm                                               

     Approximate formation permeability:                                       

                          .003-.01 md.                                         

     ______________________________________                                    

TBL  Event    INJECTION  PRESSURE                                              

     No. Time Rate                                                             

                  Bbls In                                                      

                         Psi   SERVICE LOG                                     

     __________________________________________________________________________

                               Mix Chem. in Brine Water                        

      1  1015AM                Test Lines Tl 3000 psig                         

      2  1042 15          0    St. 5000 Gal. Pad w/13 lbs./1000                

                               Ad. Aqua down An.                               

      3  1044 15   30    2200  30 Bls. Pad in Anulus Loaded                    

                               Pump in Form.                                   

      4  1050 15  119    2500  Pad in St. 2000 Gal.                            

                               w/Okla. No. 1 Sand at 2 lbs. Pr. Gal.           

      5  1054 15  166    2400  St. 2000 Gal Pad                                

      6  1057 15  214    2400  St. 2000 Gal w/Okla. No. 1 Sand                 

                               at 31/2 lbs. Pr. Gal                            

      7  1100 15  262    2300  St. 3500 Gal. Pad w/13 lbs./1000                

                               Ad. Aqua                                        

      8  1106     347    1300  Pad in Shut Down 5 min.                         

                               ISIP 1300                                       

      9  1111 15         2250  St. 3500 Gal Pad w/13 lbs./1000                 

                               Ad. Aqua                                        

     10  1114     405    1300  Shut Down 5 Min ISIP 1300                       

     11  1120 19         2600  St. 4000 Gal Pad w/13 lbs./1000                 

                               Ad. Aqua                                        

     12  1125 19  504    2600  St. 2000 Gal w/Okla. No.1 Sand                  

                               at 31/2 lbs.                                    

     13  1128 19  552    2600  St. 2000 Gal Pad                                

     14  1130 18  600    2700  St. 2000 Gal Pad w/Okla. No.1                   

                               Sand at 31/2 lbs.                               

     15  1133 181/2                                                            

                  648    2700  St. 3500 Gal Pad w/13 lbs./1000                 

                               Ad. Aqua                                        

     16  1137     733    1300  Shut Down 5 Min. ISIP 1300                      

     17  1143 18         2800  St. 3500 Gal Pad                                

                               w/13 lbs./1000 Ad. Aqua                         

     18  1144     741          Nipple on Well Head Started                     

                               Leaking Shut Down ISIP 1300                     

     19  1150                  Flow Well Back in Frac Tank                     

     20   105PM                241 Bls. Flowed to Frac Tank                    

     21   130  41/2                                                            

                   65     500  Pump 65 Bls. SW down Annulus                    

     22   135                  Flow Back & Change Nipple                       

                               & Valve on Well Head                            

     23   205 11         1500  Pump Fluid That Flowed Back                     

                               To Tank Back in Well                            

     24   225     241    1250  Shut Down ISIP 1250                             

     25   250 19  (From  2600  Cont. Frac St. 3000 Gal. Pad                    

                  741 Bls.)    w/13 lbs./1000 Ad. Aqua                         

     26   255     816    1350  Shut Down ISIP 1350                             

                               Wait on Water                                   

     27   314 21         2900  St. 2000 Gal w/Ad Aqua 13 lbs./1000             

     28   325 20  1034   3000  St. 2000 Gal w/Okla. No.1 Sand                  

                               at 31/2 lbs.                                    

     29   327 20  1082   2900  St. 2000 Gal Pad                                

     30  329  191/2                                                            

                  1130   2900  St. 2000 Gal w/Okla. No.1                       

                               Sand at 31/2 lbs.                               

     31   332 19  1178   3000  St 3500 Gal Pad                                 

     32   337     1263   1350  Shut Down 5 Min ISIP 1350                       

     33   344 151/2      2400  St 1500 Gal Pad                                 

     34   346 151/2                                                            

                  1299   2300  St, 3000 Gal w/20-40 Sand                       

                               at 4 lbs.                                       

     35   351 151/2                                                            

                  1371   2300  St. 3500 Gal Salt Water Flush                   

     36   357     1456   1200  Flush Complete Shut Down                        

     __________________________________________________________________________

PAR  Cmputer analysis of transient flow data from test example number IV and
      from the test above described in example number III indicates that the
      effective fracture lengths and conductivities produced by the respective
      treatments are as shown in the following table:
TBL   Well         Effective    Fracture                                       

     Example       Frac. Length Conductivity                                   

     ______________________________________                                    

      III           500 ft.     120,000 md/in                                  

     IV            3500 ft.     300,000 md/in                                  

     ______________________________________                                    

PAR  Analysis of test data from wells in similar formations fractured by
      conventional methods indicates that the conventional methods produce
      effective fracture lengths of less than 100 feet (usually 30 to 90 feet)
      and maximum fracture conductivity of from 20,000 to 30,000 md/in.
PAR  While a preferred embodiment of the invention has been illustrated and
      described, modifications thereof can be made by one skilled in the art
      without departing from the spirit of the invention as embodied in the
      scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of well treatment by hydraulic fracturing of the formation to
      be treated, said fracturing including at least one double cycle comprising
      injection of fluid into the formation for a period of at least three
      minutes under pressure throughout said period sufficient to fracture the
      formation; planned discontinuance of said fluid injection and at least one
      period of reverse flow of said fluid from said formation for a period of
      time at least long enough to allow a significant pressure drop in said
      fluid, resumption of injection, and discontinuance of injection.
NUM  2.
PAR  2. Method according to 1 including two double cycles.
NUM  3.
PAR  3. Method according to 1 including three double cycles.
NUM  4.
PAR  4. Method according to 1 including a plurality of double cycles.
NUM  5.
PAR  5. Method according to 1 incuding injecting fine sand with the fracturing
      fluid to limit the vertical conductive extent of the fracturing.
NUM  6.
PAR  6. Method according to 1 including injecting fine sand for fluid loss
      control.
NUM  7.
PAR  7. Method according to claim 1 wherein said period of reverse flow is
      sufficient to return .25 to 1.00 percent by volume, of the fluid injected
      into the formation.
NUM  8.
PAR  8. Method according to claim 1 where said period of reverse flow is
      sufficient to allow flow back of more than five and less than 50 barrels
      of said fluid.
NUM  9.
PAR  9. Method according to claim 1 wherein said period of reverse flow is
      greater than 20 seconds and less than 10 minutes.
NUM  10.
PAR  10. Method according to claim 1 wherein said period of reverse flow is
      sufficient to allow flow back of less than all recoverable fracturing
      fluid.
NUM  11.
PAR  11. Method according to claim 1 wherein said fluid is substantially
      incompressible.
NUM  12.
PAR  12. Method according to claim 1 wherein said fluid is gas free at formation
      and surface ambiant conditions.
NUM  13.
PAR  13. Method according to claim 1 wherein said fluid is injected into the
      formation for at least several minutes.
NUM  14.
PAR  14. A method of well treatment by hydraulic fracturing of the formation to
      be treated, said fracturing including a plurality of double cycles each of
      which double cycle comprises:
PA1  injecting fracturing fluid into the formation at a pressure sufficient to
      fracture the formation, maintaining said pressure for at least three
      minutes, discontinuing injecting fracturing fluid into the formation,
      allowing at least one period of reverse flow from said formation for a
      period of time at least long enough to allow a significant pressure drop
      in said fluid, and again injecting fracturing fluid into the formation.
NUM  15.
PAR  15. Method according to 14 wherein the number of double cycles is two.
NUM  16.
PAR  16. Method according to 14 wherein the number of double cycles is three.
NUM  17.
PAR  17. Method according to 14 wherein the well is not produced between double
      cycles.
NUM  18.
PAR  18. Method according to 14 wherein each period of said discontinuing
      injecting fracturing fluid, except the last such period, lasts for from 5
      minutes to one hour.
NUM  19.
PAR  19. Method according to 14 wherein the injection pressure during each
      double cycle subsequent to the first double cycle is significantly greater
      than during the first double cycle, i.e. is at least 10 percent greater.
NUM  20.
PAR  20. Method according to 14 wherein the period of the even numbered
      injection is of the order 1/4 to 1/3 the period of the immediately
      preceding odd numbered injection, considering that the several injections
      are numbered consequently in chronological order.
NUM  21.
PAR  21. Method of 14 wherein the periods of the several consecutive pairs of
      injection periods, considering the first and second injection periods as
      the first such pair are approximately proportional to the square root of
      the number of such pair, considering that the several pairs are numbered
      consecutively in chronological order.
NUM  22.
PAR  22. Method according to 14 wherein the periods of discontinuance of
      injection and reverse flow, other than the last one, are such that the
      shut in pressure does not fall to less than 1/3 of the amount of the
      increase in pressure during the previous injection, thereby to avoid
      excessive fluid loss.
NUM  23.
PAR  23. Method according to 14 wherein the fracturing fluid is of the formation
      pressure increasing type, i.e., if injection were at constant rate, the
      injection pressure measured at the well head initially increases.
NUM  24.
PAR  24. Method according to claim 14 wherein said period of reverse flow is
      sufficient to return .25 to 1.00 percent, by volume, of said fluid
      injected into the formation.
NUM  25.
PAR  25. Method according to claim 14 wherein said period of reverse flow is
      sufficient to allow flow back of more than 5 and less than 50 barrels of
      said fluid.
NUM  26.
PAR  26. Method according to claim 14 wherein said period of reverse flow is
      greater than 20 seconds and less than 10 minutes.
NUM  27.
PAR  27. Method according to claim 14 wherein said period of reverse flow is
      sufficient to allow flow back of less than all recoverable fracturing
      fluid.
NUM  28.
PAR  28. Method according to claim 14 wherein said fluid is substantially
      incompressable.
NUM  29.
PAR  29. Method according to claim 14 wherein said fluid is gas free at
      formation and surface ambiant conditions.
NUM  30.
PAR  30. Method according to claim 14 wherein said fluid is injected into the
      formation for at least several minutes.
NUM  31.
PAR  31. Method of well treatment by hydraulic fracturing of the formation to be
      treated, said fracturing including at least one double cycle comprising
PA1  injection of fluid into the formation for a period of at least three
      minutes under pressure throughout said period sufficient to fracture the
      formation, said fluid being capable of undergoing fluid loss to said
      formation once said formation is fractured,
PA1  planned discontinuation of said fluid injection for a period of time at
      least long enough to allow a pressure reduction in said fluid,
PA1  resumption of injection with at least a portion of the formation exposed to
      fluid pressure during the first said injection being the same as a portion
      of the formation again exposed to fluid pressure during said resumed
      injection, and
PA1  discontinuance of injection.
NUM  32.
PAR  32. Method according to claim 31 including two double cycles.
NUM  33.
PAR  33. Method according to claim 31 including three double cycles.
NUM  34.
PAR  34. Method according to claim 31 including a plurality of double cycles.
NUM  35.
PAR  35. Method according to claim 31 including injecting fine sand with the
      fracturing fluid to limit the vertical conductive extent of the
      fracturing.
NUM  36.
PAR  36. Method according to claim 31 including injecting fine sand for fluid
      loss control.
NUM  37.
PAR  37. Method according to claim 31 wherein said injection into the formation
      of fluid under pressure sufficient to fracture the formation lasts from 3
      minutes to one hour.
NUM  38.
PAR  38. Method according to claim 37 wherein said planned discontinuance of
      such fluid injection lasts not more than 10 minutes.
NUM  39.
PAR  39. Method of well treatment by hydraulic fracturing of the formation to be
      treated, said fracturing including a plurality of double cycles each of
      which double cycle comprises:
PA1  injecting fracturing fluid into the formation at a pressure sufficient to
      fracture the formation, said fluid being capable of undergoing fluid loss
      to said formation once said formation is fractured,
PA1  maintaining said pressure for at least three minutes,
PA1  discontinuing injecting fracturing fluid into the formation for a period of
      time at least long enough to allow a pressure reduction,
PA1  again injecting fracturing fluid into the formation with at least a portion
      of the formation exposed to fluid pressure during the first said injection
      being the same as a portion of the formation again exposed to fluid
      pressure during said resumed injection, and
PA1  again discontinuing injecting fracturing fluid into the formation.
NUM  40.
PAR  40. Method according to claim 39 wherein the number of double cycles is
      two.
NUM  41.
PAR  41. Method according to claim 39 wherein the number of double cycles is
      three.
NUM  42.
PAR  42. Method according to claim 39 wherein the well is not produced between
      double cycles.
NUM  43.
PAR  43. Method according to claim 39 wherein each period of said discontinuing
      injecting fracturing fluid, except the last such period, lasts for from 5
      minutes to one hour.
NUM  44.
PAR  44. Method according to claim 39 wherein the injection pressure during each
      double cycle subsequent to the first double cycle is significantly greater
      than during the first double cycle, i.e. is at least 10 percent greater.
NUM  45.
PAR  45. Method according to claim 39 wherein the period of the even numbered
      injection is of the order 1/4 to 1/3 the period of the immediately
      preceding odd numbered injection, considering that the several injections
      are numbered consecutively in chronological order.
NUM  46.
PAR  46. Method of claim 39 wherein the periods of the several consecutive pairs
      of injection periods, considering the first and second injection periods
      as the first such pair are approximately proportional to the square root
      of the number of such pair, considering that the several pairs are
      numbered consecutively in chronological order.
NUM  47.
PAR  47. Method according to claim 39 wherein the periods of discontinuance of
      injection, other than the last one, are such that the shut in pressure
      does not fall to less than 1/3 of the amount of the increase in pressure
      during the previous injection, thereby to avoid excessive fluid loss.
NUM  48.
PAR  48. Method according to claim 39 wherein the fracturing fluid is of the
      formation pressure increasing type, i.e., if injection were at constant
      rate, the injection pressure measured at the well head initially
      increases.
NUM  49.
PAR  49. Method of well treatment by hydraulic fracturing of the formation to be
      treated, said fracturing including at least one double cycle comprising:
PA1  injecting into said formation a fluid capable of undergoing fluid loss to
      said formation once said formation is fractured,
PA1  continuing said injection for a period of at least three minutes.
PA1  at all times during said period maintaining said fluid under a pressure
      sufficient to fracture the formation.
PA1  then dropping the fluid pressure to give an opportunity for spalling to
      occur at the fracture faces,
PA1  resuming injection at a time beginning at least three minutes later than
      the first period of injection, and
PA1  discontinuing of said injection,
PA1  at least a portion of the formation exposed to fluid pressure during the
      first period of injection being the same as a portion of the formation
      exposed to fluid pressure during the second period of injection.
NUM  50.
PAR  50. Method of well treatment by hydraulic fracturing of the formation to be
      treated, said fracturing including at least one double cycle comprising:
PA1  injecting into said formation a fluid capable of undergoing fluid loss to
      said formation once said formation is fractured,
PA1  continuing said injection for a period of at least three minutes,
PA1  at all times during said period maintaining said fluid under a pressure
      sufficient to fracture the formation,
PA1  discontinuing injection for a period of at least three minutes to give an
      opportunity for spalling to occur at the fracture faces,
PA1  resuming injection, and
PA1  discontinuing injection;
PA1  the same formation being treated during the entire treatment.
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ABST
PAL  A heat-responsive valve construction for use with pressurized containers
      such as aerosol cans and the like, comprising an annular mounting cup in
      which there is contained an apertured sealing gasket and also a rigid
      washer engaged with the gasket. Passing through the cup, gasket and washer
      is an axially shiftable valve stem having an axial bore in its outer end
      and having lateral or side orifices intermediate its ends, which
      communicate with the bore. The outer end of the valve stem also has a
      plurality of heat-sensing arms extending radially and then axially from
      the end of the stem in spaced relation thereto, said arms being engaged
      with the top of the mounting cup. A connector ring joins the ends of the
      arms where they engage the cup. The other end portion of the valve stem
      carries a compression spring which is engaged with the rigid washer in the
      cup and also with an abutment on the stem. The spring applies pressure to
      the washer, which in turn presses the sealing gasket against the underside
      of the top wall of the cup. Spring pressure is thus exerted through the
      stem on the heat-responsive arms, and maintains these in engagement with
      the top surface of the cup. Under conditions of excessive heat, the arms
      weaken and yield, being aided by the action of the coil spring, and the
      latter thereupon shifts the valve stem to move the side orifices thereof
      completely through the sealing gasket whereby they communicate with the
      interior of the container to enable discharge of the pressurized liquid
      therein through the bore of the stem.
BSUM
PAC  BACKGROUND
PAR  This invention relates to pressurized containers intended to carry fire
      extinguishing liquid and to be automatically operated to discharge said
      liquid under conditions of excessive heat. In the past, fire extinguisher
      installations in the form of piped automatic sprinkler systems have been
      provided with heat-responsive valves so arranged that a whirling orifice
      comes into play to discharge extinguishing liquid in the event of a fire.
      Such systems and valves, while operating satisfactorily, have been costly
      to manufacture, and the installation (in conjunction with the required
      liquid distribution pipes) has represented an appreciable expense. Often
      it could be of advantage to provide an automatic fire extinguisher merely
      at localized areas, some inaccessible or shielded from the extensive
      overhead installation. Heretofore, equipment intended for such specialized
      applications or areas was complicated and costly, and required special
      piping to bring in the extinguishing liquid to the particular area
      intended for protection.
PAC  SUMMARY
PAR  The above disadvantages and drawbacks of prior fire extinguishing systems
      are obviated by the present invention, which has for its main object the
      provision of a novel and improved, especially simple and inexpensive
      heat-responsive valve adaptable for use with pressurized containers, the
      installation of which can be easily and quickly effected without requiring
      extensive piping, water lines and the like. A related object of the
      invention is to provide an improved heat-responsive aerosol valve as above
      set forth, which is readily adaptable to existing metal containers such as
      are commonly used with various types of aerosol products. A feature of the
      invention resides in the provision of an improved heat-responsive fire
      extinguisher valve in accordance with the foregoing, which consists of
      relatively few parts that may be economically molded of plastic
      substances, and easily and quickly assembled to provide a reliable valving
      means for a pressurized container.
PAR  The above objects are accomplished by a heat-responsive aerosol valve
      construction for pressurized containers and the like, comprising an
      annular mounting member having a through passage, a resilient sealing
      gasket having an opening in alignment with the passage, a spring biased
      valve stem extending through the opening and passage and having a bore
      with side passages communicating therewith, and heat-responsive means
      connected with one end of the stem and engaged with the mounting member
      for maintaining the stem in a sealing, non-discharging position against
      the action of the spring wherein the side orifices of the stem are
      normally sealed off from the interior of the container by the gasket. One
      end of the spring engages a rigid washer which presses the sealing gasket
      into engagement with the underside of the mounting member. The other end
      of the spring engages a shoulder on the inner end of the valve stem. The
      arrangement is such that upon exposure to heat, the heat-responsive means
      yields, and the spring biases the valve stem to an open, discharging
      position wherein the side orifices thereof bypass the sealing gasket and
      communicate with the interior of the container via notches in the inner
      periphery of the rigid washer. As a result, fluid from the container can
      flow out through the orifices and the bore of the stem to be directed
      toward the source of the heat or fire.
PAR  Still other features and advantages will hereinafter appear.
DRWD
PAR  In the accompanying drawings:
PAR  FIG. 1 is a view partly in axial section and partly in side elevation of a
      pressurized aerosol container having incorporated therein the
      heat-responsive valve of the invention.
PAR  FIG. 2 is an enlarged axial sectional view of the valve stem portion of the
      heat-responsive valve, taken on line 2--2 of FIG. 3.
PAR  FIG. 3 is a top plan view of the valve stem.
PAR  FIG. 4 is a fragmentary side elevational view of the stem, showing one of
      the heat-responsive arms thereof.
PAR  FIG. 5 is a transverse section taken on the line 5--5 of FIG. 2.
PAR  FIG. 6 is a top plan view of a rigid washer as employed with the
      heat-responsive valve.
PAR  FIG. 7 is an edge view of the washer of FIG. 6.
PAR  FIG. 8 is a top plan view of the sealing gasket employed in the valve
      construction.
PAR  FIG. 9 is a bottom plan view of the mounting cup of the heatresponsive
      valve.
PAR  FIG. 10 is a view like that of FIG. 1, but showing the valve in the
      operative position.
PAR  FIG. 11 is an enlarged axial sectional view of another embodiment of the
      invention, showing a modified valve stem, wherein heat-responsive arms
      which are joined by a connecting ring are constituted as a separate piece.
PAR  FIG. 12 is a top plan view of the construction of FIG. 11.
DETD
PAR  Referring first to FIG. 1 there is illustrated a pressurized container 12
      which can be of conventional type, having a reduced shoulder portion 14
      and a neck portion 16, the latter providing an annular seat 18 in which
      there is carried a sealing ring 20. In the neck portion 16 of the
      container 12 is a mounting member or cup 22 comprising an annular, flat
      top wall portion 24 and a circular side wall portion 26 (FIG. 9). The
      outer periphery of the cup 22 is preferably formed with bevelled surfaces,
      as provided by a conical upper surface 28 meeting with a conical lower
      surface 30 and a circular juncture or parting line 32. The mounting cup 22
      is sealed to the container neck 16 by the ring 20, and is permanently held
      in place by crimping inward the top edge portion 34 of the container neck
      16 in the well-known manner.
PAR  According to the present invention there is provided, in conjunction with
      the mounting cup 22, a unique and improved heatresponsive valve assemblage
      comprising a sealing gasket 36 (FIG. 8) in the form of a flat washer
      having a central opening 38, said gasket being constituted of resilient
      plastic substance or rubber, or rubber-like material. The gasket 36 is
      located in the cup 22 with one face in contact with the undersurface of
      the top wall 24 of the cup, as shown. Below the gasket 36 there is
      provided a rigid washer 40 (FIGS. 6, 7) of commensurate diameter, said
      washer having a central opening 42 and also a plurality of notches 44 in
      its inner periphery for purposes to be explained later.
PAR  Passing through the sealing gasket 36 and washer 40, whose central openings
      are aligned, and through a central opening 46 in the mounting cup 22 is a
      molded plastic valve stem 48 having a smooth shank portion 50 adapted to
      closely fit the opening 38 of the gasket and constitute a secure seal
      therewith. Referring to FIGS. 2 and 3, in the shank portion 50 are lateral
      orifices 52, communicating with a central axial bore 54 of the valve stem,
      which opens at the top end 56 thereof.
PAR  As illustrated in FIG. 1, the side orifices 52 are disposed generally above
      the sealing gasket 36 whereby the latter effects a seal with that part of
      the shank 50 which is located below the orifices.
PAR  The upper portion of the valve stem 48 has a wall 58 of enlarged outer
      diameter from which there extend slender, heatresponsive arms 60, shown in
      FIGS. 2-4. The arms 60 have uppermost portions 62 which project radially
      outward, and have depending portions 64 extending downward in spaced
      relation with the valve stem and terminating in a circular connector ring
      66 which rests against the top surface of the mounting member or cup 22.
      The arms 60 are intended to be substantially straight where they surround
      the upper portion of the valve stem 48, and are so constituted that they
      yield and deform in response to excessive heat.
PAR  At its inside portion the valve stem 48 carries a compression coil spring
      68, at one end engaged with the rigid washer 40 and at the other end with
      a Tinnerman (trademark) speed nut 70, which is forced onto the lower
      extremity 72 of the stem. The coil spring 68 is under continual
      compression, and maintains the connector ring 66 firmly engaged with the
      top surface of the mounting cup 22, thus positioning the side orifices 52
      of the valve stem generally above the sealing gasket 36. With such
      arrangement the pressurized liquid in the container 12 is prevented from
      being discharged due to the seal existing between the gasket 36 and the
      somewhat smooth shank portion 50 of the valve stem located immediately
      below the side orifices 52.
PAR  At the time that the heat-responsive arms 60 are subjected to excessive
      heat, the force of the spring 68 will cause them to yield and deform,
      whereupon the valve stem 48 will be forced downward by the spring as in
      FIG. 10, to thereby bring the orifices 52 below the sealing gasket 36 and
      into the area of the bore 42 of the rigid washer 40. The notches 44 in the
      washer bore are so located that one notch will always be in communication
      with a side orifice 52 for such condition. In consequence there is
      provided a discharge passage for the liquid in the container 12, and such
      liquid can now flow outward through the notches 44, orifices 52 and bore
      54 of the valve stem.
PAR  It will be understood that the pressurized container 12 is intended to be
      operated in its inverted position whereby the valve construction is below
      the container body. Thus, the pressurizing gas in the container will force
      all of the liquid thereof out through the discharging valve stem.
PAR  For the purpose of saving on material in the molding of the stem 48, the
      lower shank portion 74 thereof can be of reduced diameter and provided
      with several ribs 76 as illustrated in FIGS. 2 and 5.
PAR  Another embodiment of the invention is illustrated in FIGS. 11 and 12,
      showing a modified valve stem 48a, adapted to be substituted for the valve
      stem 48 in the embodiment of FIGS. 1-10. Similar to the first embodiment,
      the stem 48a has a smooth shank portion 50a which is adapted to closely
      fit the opening 38 of the gasket, a central bore 54a, and lateral orifices
      52a communicating with the bore. The latter is open at the top end 56a of
      the stem, as shown.
PAR  By the present invention there is provided a heat-responsive ring
      assemblage, generally designated by the numeral 80, adapted to engage an
      enlarged end portion 82 of the valve stem 48a. The ring assemblage
      comprises a plurality of heat-sensitive arms 84 extending in a generally
      downward direction in spaced relation with the valve stem, and terminating
      in a circular connector ring 86 having four bosses 94 which are adapted to
      engage the top surface of the mounting cup 22. At the upper ends of the
      arms 84, an additional connector ring of circular configuration is
      provided, the ring being designated by the numeral 88. As best shown in
      FIG. 11, the ring 88 has an upwardly facing annular surface 90 which is of
      substantially conical configuration, this surface being adapted to engage
      a corresponding downwardly facing annular surface 92 on the underside of
      the uppermost portion or shoulder 82 of the valve stem 48a.
PAR  In this embodiment the valve stem is molded of plastic, and the connector
      ring assemblage 80 preferably constituted of a lowmelting point metal
      alloy. Such a construction has been found to provide improved heat
      response over that which is realizeable with an all-plastic consturction.
      As a result, better uniformity and more reliable overall performance is
      obtainable. It is noted that during assembly, the connector ring
      assemblage 80 is first placed on the upper surface of the mounting cup 22,
      after which the valve stem 48a is inserted through the hole therein. By
      the action of the bevelled surfaces 90, 92 the connector ring assemblage
      80 is centralized with respect to the mounting cup 22 and container 12,
      and is held in place by the action of the spring 68 which biases the valve
      stem in a downward direction in FIG. 11, as will be understood.
PAR  The operation of this embodiment is substantially similar to that of the
      first; as the arms 84 are subjected to heat, they undergo substantial
      yielding and deformation comparable to that illustrated in FIG. 10.
PAR  It will now be understood from the foregoing that I have provided a novel
      and improved heat-responsive valve construction for pressurized containers
      such as aerosol cans and the like, by which such containers will
      constitute effective and easy-to-use fire extinguishers that are
      automatically operative. The containers can be placed in small or cramped
      areas which are normally inaccessible from above, and require no expensive
      installation fittings or lines for connection with extended water pipes
      and the like.
PAR  Variations and modifications are possible without departing from the spirit
      of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A heat-responsive valve construction for pressurized containers,
      comprising in combination:
PA1  a. a mounting member adapted for securement to the open end of a container
      for pressurized liquid, said member having a through passage;
PA1  b. a resilient sealing gasket secured against the mounting member, said
      gasket having an opening through it which is aligned with the passage of
      the member;
PA1  c. a rigid washer disposed adjacent the sealing gasket so as to back up the
      same and having an opening aligned with that of the gasket and mounting
      member;
PA1  d. a valve stem extending through said mounting member, sealing gasket and
      rigid washer and projecting from both sides of the mounting member, said
      valve stem having a bore in one end communicating with side orifices
      disposed intermediate its ends;
PA1  e. normally rigid heat-responsive means adjoining the said one end of the
      valve stem and engaged with the mounting member, said means positioning
      the side orifices of the stem at that side of the sealing gasket which
      faces the mounting member and yielding structurally in response to
      excessive heat; and
PA1  f. spring means carried by the valve stem at the other end thereof and
      engaging the rigid washer for maintaining said heat-responsive means under
      continual stress and for biasing the valve stem in a direction to shift
      the side orifices thereof entirely through the sealing gasket.
NUM  2.
PAR  2. The invention as set forth in claim 1, wherein:
PA1  a. the mounting member comprises an inverted cup having an apertured top
      wall,
PA1  b. said sealing gasket engaging the underside of the top wall of the cup,
PA1  c. said heat-responsive means engaging the upper side of the top wall of
      the mounting cup.
NUM  3.
PAR  3. The invention as defined in claim 1, wherein:
PA1  a. the heat-responsive means comprises a plurality of slender arms attached
      to the outer end of the valve stem and extending alongside the latter to
      the mounting member.
NUM  4.
PAR  4. The invention as set forth in claim 4, and further including:
PA1  a. a connector ring engaged with the mounting member and joined to the ends
      of said slender arms.
NUM  5.
PAR  5. The invention as set forth in claim 1, wherein:
PA1  a. the spring means comprises a helical compression spring encircling the
      valve stem below said side orifices, and
PA1  b. a push nut carried by the end of the valve stem and constituting an
      abutment shoulder engaged with one end of the coil spring.
NUM  6.
PAR  6. A valve as in claim 1, wherein:
PA1  a. said rigid washer has notches in its inner periphery, providing
      clearance passages adapted to communicate with the side orifices of the
      valve stem after the latter have been shifted through the sealing gasket.
NUM  7.
PAR  7. The invention as defined in claim 1, wherein:
PA1  a. said heat-responsive means comprises a plurality of slender
      heat-responsive arms connected with the outer end of the valve stem and
      extending alongside the latter to the mounting member,
PA1  b. said slender arms being constituted as pieces separate from the stem.
NUM  8.
PAR  8. The invention as defined in claim 7, wherein:
PA1  a. said arms are constituted of low melting point alloy.
NUM  9.
PAR  9. The invention as defined in claim 7, wherein:
PA1  a. the outer end of said valve stem has a shoulder surface presenting an
      annular underside,
PA1  b. a connector ring joining the ends of the heat-responsive arms which are
      adjacent the said outer end of the valve stem,
PA1  c. said connector ring engaging the annular underside of the stem so as to
      be retained thereby.
NUM  10.
PAR  10. The invention as defined in claim 9, wherein:
PA1  a. said underside of the stem and said connector ring comprise cooperable
      conical camming surfaces which act to centralize the ring with respect to
      the valve stem.
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ABST
PAL  A pivot ball assembly for use in swivelly attaching a bulldozer blade to a
      support arm, and the assembly includes an inner race member and an outer
      race member. The support arm receives the assembly and restricts the
      movement of the outer race member, and a retainer ring is supported on the
      support arm and engages the outer race member and is held to the support
      arm by screws. Extending through the center of the inner race member and
      the outer race member is a bolt, which bolt is secured in place by a nut
      mounted on one end thereof. Spacers are provides around the ends of the
      bolt to prevent excessive tightening thereof.
BSUM
PAR  This invention relates to a pivot ball assembly, and, more particularly, it
      relates to a pivot ball assembly for use in swivelly attaching a bulldozer
      blade to a support arm.
PAC  BACKGROUND OF THE INVENTION
PAR  The prior art is already well developed with regard to the employment of
      bulldozer blades movably mounted on tractors. That type of prior art
      machine is widely used in bulldozing earth and other materials during
      construction, maintenance, and like work. U.S. Pat. No. 3,645,340 shows
      one example of the mounting of a bulldozer blade on a tractor.
PAR  In present day designing and building of tractors with bulldozer blades,
      one of the problems is providing a connector which suitably attaches the
      blade to the tractor such that the blade will have an articulate
      connection relative to the tractor, and this connection is the one which
      is located immediately behind the blade itself. That is, industry is
      concerned with mounting a bulldozer blade so that the blade can be movable
      relative to the support arm or like members extending from the tractor,
      and thus the blade can be tilted and pitched so that it is properly
      oriented relative to the ground or the material that it is working upon.
      Again, U.S. Pat. No. 3,645,340 shows an articulate type of connection for
      the blade, and such showing is particularly found in FIGS. 4, 5 and 6 of
      said patent. In that patent, the articulate mounting for the blade
      includes a swivel type of ball and socket assembly, and that assembly is
      shown to be secured in position by means of a snap ring which has one
      portion engaging the assembly and which has another portion disposed in a
      snap ring groove, all so that the assembly is held in a position at least
      as far as the arrangement in U.S. Pat. No. 3,645,340  is concerned.
      However, it has been found that the snap ring and groove type of
      restraining member for the swivel assembly mentioned is inadequate for the
      purpose desired. That is, in the prior art, the pivot ball bushing is
      retained in the support member or housing with a shoulder on the housing
      at one end of the bushing and with a snap ring at the other end of the
      bushing, as shown in said patent, and the requirements for the assembly
      are such that the snap ring does not always stay in its position in the
      groove, and thus the assembly is not secure. Further, the prior art
      retainer ring assembly commonly has the retainer ring move out of the
      groove and damage either the groove or the ring, in the process, and then
      reassembling the two never results in the desired tight assembly.
PAR  Accordingly, it is a general object of this invention to provide a pivot
      ball assembly for use in swivelly attaching a bulldozer blade to a support
      arm in a secure manner, and in a manner wherein the parts can be readily
      and easily manufactured, replaced as necessary, and reassembled, all for
      effecting a tight and snug assembly.
PAR  Another object of this invention is to provide a pivot ball assembly for
      use in swivelly attaching a bulldozer blade, whereby the assembly can be
      readily and easily manufactured and can be readily and easily disassembled
      and again assembled, all without damaging the parts and without resulting
      in any loose or weak assembly. Further, the present invention accomplishes
      the aforementioned objectives and it does so without requiring a complete
      structural change from the basic prior art assemblies wherein a support
      arm or member extends from the tractor and supports the assembly which in
      turn is connected with the back of the bulldozer blade. That is, only the
      pivot ball assembly itself is modified for achieving the present
      invention, and the attending members or adjacent elements of the overall
      assembly need not be altered in order to accommodate the improved pivot
      ball assembly of this invention.
PAR  Still further, where the prior art utilized a retainer ring in a groove,
      there was inherent end play in the arrangement, and thus the assembly
      could not be fully secure, and this condition was further exaggerated when
      the ring was dislodged or intentionally removed from the groove and then
      reassembled, and such looseness was inherent in the manufacturing
      practices and the required manufacturing tolerances between the parts.
      However, the present invention provides a pivot ball assembly wherein the
      parts can be fully secured in snug contact with each other, and further
      the parts can be readily disassembled and even replaced, and the
      subsequent assembly will result in a tight fit of all the parts. Still
      further, with the present invention as described herein, the pivot ball
      assembly provides for a greatly simplified machining and assembly process,
      and the close tolerances heretofore required and the difficult assembly
      process heretofore required are no longer required with the present
      invention.
PAR  Other objects and advantages will become apparent upon reading the
      following description in light of the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view of a pivot ball assembly of this invention, with the view
      being partly in section and taken along the line 1--1 of FIG. 2.
PAR  FIG. 2 is a top plan view of the assembly of FIG. 1, with parts removed and
      with the view being taken along the line 2--2 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The drawings show the assembled combination of a tractor-mounted support
      arm 10 for supporting a bulldozer blade 11 which is shown in FIG. 1 to
      reveal the blade back portion or surface designated 12. The tractor and
      blade assembly is like that shown in U.S. Pat. No. 3,645,340 which is
      incorporated in this disclosure. Thus, the bulldozer blade 11 has two arms
      13 welded thereto by weldments 14, and the ears or arms 13 extend
      rearwardly of the blade 11 and receive a supporting pin or bolt designated
      16 such that the pin or bolt 16 is thus fixed relative to the blade 11.
      Also, the arm 10 extends forwardly of a tractor, as in the said patent,
      and the arm 10 has a circular opening designated 17 which extends
      therethrough, and the pin 16 extends through or intersects the opening 17.
      Of course the pin or bolt 16 is secured by the nut 18, and a cap 19 may
      also be secured relative to the ears 13 by means of screws 21.
PAR  A pivot ball assembly generally designated 22 is interposed between the
      tractor support arm or member 10 and the blade 11, and thus the blade 11
      is articularly or swivelly mounted relative to the arm 10. The assembly 22
      consists of an outer race member 23 and an inner race member 24, and the
      two members are nested together along the spherical surface designated 26,
      and thus the two members can swivel relative to each other. The drawings
      further show that the outer race member 23 is cylindrically shaped and is
      disposed within the opening 17 in the member 10, and the outer race member
      23 has two opposite flat and planar end surfaces 27 and 28 at the upper
      and lower ends, respectively, as shown in FIG. 1. Further, the inner race
      member 24 has an upper planar surface 29 and a lower planar surface 31,
      and those surfaces 29 and 31 are parallel to each other and extend beyond
      the outer race member surfaces 27 and 28, in the neutral or aligned
      position shown in FIG. 1 of the pivot ball assembly, and thus the inner
      race member 24 is of an axial length greater than the outer race member
      23. Further, the outer diameters of the members 23 and 24 are
      substantially of the same dimension, and thus only a thin wall designated
      32 is required in the outer member 23 in order to provide a secure and
      steady pivot assembly as shown. Specifically, no bolts or screws or other
      fasteners need pass through the outer race member 23 which need not
      therefore be machined for such purpose, because of the general assembly
      described and shown herein.
PAR  Also, a grease groove 33 extends around the surface 26 of the outer race
      member 23 in order that lubricant is available between the inner and outer
      race members and at the common surface 26, and a lubricant inlet opening
      34 extends through the arm 10 and the outer race member 23 to communicate
      with the groove 33.
PAR  The arm 10 has a shoulder surface 36 extending endlessly in the arm 10 and
      at the lower end of the opening 17, as seen in FIG. 1. The outer race
      planar surface 28 is disposed in abuttment with the shoulder surface 36
      which therefore retains the outer race 23 relative to the arm 10. Also,
      the arm 10 has a shoulder and planar surface 37 which is parallel to the
      surface 36 and which is endless in the arm 10. The surface 37 is disposed
      to be at a location no higher than the outer race end surface 27, and,
      more exactly, the surface 37 is on the same plane as the surface 27. A
      circularly-shaped retainer ring 38 is of an annular shape and has a flat
      and planar lower surface 39, as seen in FIG. 1, and the surface 39 abuts
      the surfaces 27 and 37 and also spans those two surfaces, as shown. Thus,
      the drawings show the annularly-shaped member or ring 38 which abuts the
      surfaces 27 and 37, and four screws 41 extend through openings 42 in the
      arm 10 and are threaded and thread into threaded openings 40 in the ring
      38 for holding the ring 38 in the snug position shown. The screw heads 50
      are concealed in or countersunk in a recess 45 in the arm 10.
PAR  With the arrangement described, the screws 41 threadedly engage the ring 38
      and pull the ring 38 downwardly, as viewed in FIG. 1, and thus the ring
      surface 39 is in tight abutment with the outer race surface 27, and
      thereby the outer race 23 is held in a set position relative to the arm
      10. With this arrangement, there need not be any close manufacturing
      tolerances, compared to those of a snap ring arrangement, and also the
      pivot ball assembly itself can be disassembled by taking the screws 41 out
      of their position and thereby removing the ring 38 from the arm 10 and
      then removing the race assembly designated 22.
PAR  A cylindrically-shaped spacing member 43 is disposed adjacent the pivot
      assembly 22 and is actually in abutment with the surface 29 of the inner
      race member 24, and the spacing member 43 is also in abutment with the arm
      13 and is thus held in a set position. Another cylindrically-shaped
      spacing member 44 is disposed at the opposite end of the inner race member
      24 and is in a set position in the assembly, and thus the inner race
      member 24 is held in a set position. Further, the pin or bolt member 16
      extends snugly through the circular openings 46 and 47 respectively
      located in the cylindrical spacers and the inner race member 24. Still
      further, a pliable seal member 48 is disposed at the outer circumference
      of each spacing member 43 and 44 for keeping the assembly sufficiently
      clear of external contaminants.
PAR  The inner circumference 49 of the retainer ring 38 is spaced from the inner
      race member 24, as shown in FIG. 1, and, the retainer ring 38 has a
      tapered surface 51 extending from the inner circumference 49 and outwardly
      to the radially outer end of the ring member 38. That is, the
      cross-section of the ring member 38 is less at the radially inner end than
      it is at the radially outer end where the bolts 41 are located, and thus
      there is sufficient length in the member 38 for threadedly receiving the
      bolts 41 in a secure fashion, and there is sufficient stock but yet
      adaptable stock or material in the ring 38 for bearing against the outer
      race surface 27. Further, the angulated or tapered surface 51 of the ring
      38 is compatible with a tapered surface 52 on the spacing member 43, such
      that the bulldozer blade 11 can angulate relative to the arm 10, and
      corresponding swivel movement will be achieved in the pivot ball assembly
      and particularly in the ring 38, but there will be sufficient clearance
      between the angulated surfaces 51 and 52, both of which are cylindrical
      surfaces, to permit the swivel action desired, without interference or
      limitation of the movement of the ring 38 via the spacing member 43 or any
      other part in the assembly.
PAR  Accordingly, in the assembly described, the arm 10 is provided with the
      bolt holes 42 and the ring 38 has its aligned and threaded bolt holes 40,
      and thus the screws 41 need not pass through the swivel assembly 22
      itself, and therefore the assembly 22 can be sturdy and need not be
      specially machined or enlarged for reception of the screws. This means
      that the hardened material of the assembly 22 can be of a minimum size but
      need not be machined for receiving screws or bolts or any other fasteners.
      Also, there are spacers 53 extending in the direction of the bolt 16 which
      has a shouldering head 54, and thus the bolt 16 cannot be excessively
      tightened between the ears 13 to distort or bind the entire assembly.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pivot ball assembly for use in swivelly attaching a bulldozer blade to
      a support arm, comprising a support arm having an opening extending
      therethrough, an assembled pivot ball unit disposed in said opening and
      having a spherically-shaped inner race member and a flat-ended outer race
      member with said members being nested together for swivel movement
      therebetween and with said inner race member having a central axial
      opening, a pair of spaced-apart ears affixable to the bulldozer blade and
      having aligned openings therethrough, a threaded attachment pin disposed
      in said aligned openings and extending between said ears and through said
      inner race opening, said inner race member having opposite end surfaces
      respectively spaced from said ears, a plurality of spacing members, each
      spacing member disposed in abutment with one of said inner race end
      surfaces and the one of said ears nearest thereto, in addition to said
      spacing members spacer members, each spacer member disposed respectively
      between each said spacing member and said attachement pin for limiting the
      clamping force of said attachment pin on said ears and on said assembled
      pivot or ball unit, said support arm having a first shoulder surface
      surrounding said opening therein, said outer race member having its
      axially opposite end surfaces flat and parallel to each other and with one
      of said opposite end surfaces being disposed in abutment on said first
      shoulder surface of said support arm for restricting movement of said
      outer race member on said support arm and in the direction from said outer
      race member toward said one of said opposite end surfaces, said support
      arm having a second shoulder surface disposed countersunk along the plane
      of the other of said end surfaces of said outer race member and adjacent
      thereto, a retainer ring having a planar end surface disposed on and
      spanning said second shoulder surface and said outer race member other end
      surface for securing said outer race member on said support arm, said
      support arm having a plurality of holes extending therethrough in the
      direction perpendicular to the plane defined by each of said shoulder
      surfaces and intersecting said second shoulder surface, said retainer ring
      having a plurality of threaded holes axially aligned with said support arm
      holes, and screws extending through said holes in said support arm and
      threaded into said retainer ring holes for releasably holding said
      retainer ring on said support arm.
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ABST
PAL  An automatic control system for an adjustable, power operated drill string
      centralizer.
BSUM
PAR  Rock drill assemblies and especially rock drill assemblies which are
      adapted to support a drill string exceeding approximately ten feet in
      length typically have been provided with centralizer means on the
      respective guide frames thereof to transversely support the drill string
      at one or more points intermediate the forward end centralizer and the
      drill motor. Heretofore various such intermediate centralizers have been
      provided including a power centralizer carried by the guide frame and
      having a drill steel supporting arm which is adapted by fluid power means
      to pivot laterally out of the path of the advancing drill motor thereby
      permitting the drill motor to advance therepast as drilling progresses.
PAR  The fluid power control systems heretofore provided for centralizers of the
      type specified have not proved entirely satisfactory. For example, prior
      power centralizers typically have been manually operable by an operator at
      the drill control station, and therefore have required excessively long
      and cumbersome fluid flow conduit systems extending intermediate the
      centralizer and the controls therefor. Additionally, prior control systems
      have not provided fool-proof centralizer operation inasmuch as the
      centralizer could be accidentally actuated by the drill operator. Prior
      control systems have also proved unsatisfactory in that proper operation
      thereof depends upon the operator having an unobstructed view of the
      advancing drill motor which, of course, may be impossible in some drilling
      configurations.
PAR  The present invention remedies these and other shortcomings of prior
      control systems by means of an automatic control system for a fluid
      powered centralizer which is carried by a rock drill guide frame adjacent
      the centralizer controlled thereby and is operable to open or close the
      controlled centralizer arm in response to the position of the drill motor.
      The control system of this invention additionally provides a
      self-correcting feature which automatically remedies any movement of the
      centralizer arm from its proper position such as might be caused for
      example, by the shock loads generated during drilling operations.
DRWD
PAR  These and other objects and advantages of the present invention are more
      fully specified in the following description and illustrations, in which:
PAR  FIG. 1 illustrates partly in schematic a centralizer control system
      constructed in accordance with the principles of the present invention;
PAR  FIG. 2 illustrates partly in section the centralizer control unit of this
      invention substantially as seen from line 2--2 of FIG. 1;
PAR  FIG. 3 illustrates partly in section and partly in schematic one selected
      operating position of the centralizer control unit; and
PAR  FIG. 4 illustrates in schematic another operating position of the
      centralizer control unit.
DETD
PAR  There is generally indicated at 10 in FIG. 1 a fluid powered centralizer
      control system constructed in accordance with the principles of the
      present invention and comprising: a control unit 14 rigidly affixed to a
      well known elongated rock drill guide frame 16 shown in end view in FIG.
      1; a centralizer 12 which is also rigidly affixed to frame 16 and which
      includes a well known piston assembly 28 for actuating an adjustable arm
      26 of the centralizer 12 as by means of suitable mechanical links (not
      shown); and fluid flow conduits 20 and 22 communicating intermediate
      assembly 28 and unit 14 whereby unit 14 is adapted to actuate the assembly
      28 and thereby control operation of the centralizer 12. System 10
      additionally includes: a suitable source of pressurized fluid flow such as
      a pump 38 which communicates with unit 14 via a suitable conduit 40; and
      actuating means shown as an inclined plane assembly 32 (FIGS. 1, 3 and 4)
      rigidly affixed to a drill motor mounting carriage 30 and adapted to
      trigger control unit 14. The carriage 30 is carried by frame 16 and is
      longitudinally movable with respect thereto as by well known chain or
      screw drive means (not shown).
PAR  Frame 16 carries a rock drilling apparatus 34 having a drill motor portion
      36 rigidly mounted upon carriage 30 as by bolts 31 and additionally having
      an elongated drill string portion (not shown) which is drivingly engaged
      and supported adjacent one axial end thereof by motor 36 and transversely
      supported adjacent the forwardmost end of frame 16 by a well known forward
      centralizer (not shown) carried by the frame 16. The drilling apparatus 34
      is longitudinally movable with respect to frame 16 by means of controlled
      movement of the carriage 30 as described hereinabove. Inasmuch as such
      apparatus as drilling apparatus 34 is well known in the art it is not
      further described herein. Applicant hereby refers to U.S. Pat. No.
      3,666,024 for further detailed description of such a drilling apparatus.
PAR  The centralizer 12 is also known in the art and therefore is not described
      in detail herein. Suffice it to note that centralizer arm 26 has an arm
      portion (not shown) which extends generally transversely to the drill
      steel portion of apparatus 34 and is adapted to transversely engage and
      support the drill steel intermediate the forward centralizer and drill
      motor 36. During drilling operations the carriage 30, drilling apparatus
      34 and assembly 32 advance forwardly along frame 16 and the drill steel is
      transversely supported by arm 26 as described. At a point predetermined by
      the location of unit 14 the assembly 32 actuates unit 14 in a manner to be
      described hereinbelow to operate the piston assembly 28. Assembly 28 in
      turn disengages arm 26 from the drill steel by pivoting arm 26 about an
      axis X--X (FIG. 1) laterally out of the path of the advancing motor 36
      such that the motor 36 may advance therepast as drilling progresses.
PAR  It will be seen by reference to FIGS. 1, 2 and 3 that the unit 14 includes
      a generally rectangular body member 42 shown as having lug portions 44
      adapted to receive bolts 18 for rigidly securing the unit 14 to frame 16.
      Unit 14 may of course be secured to frame 16 in any suitable alternative
      manner. The body 42 includes: a main control valve portion 46 which
      controls fluid flow to the assembly 28; identical pilot or actuator valve
      portions 48 and 48' which cooperate with the assembly 32 to actuate valve
      46; and various fluid flow passages to be described hereinbelow which
      communicate intermediate control valve 46 and actuator valves 48 and 48'.
PAR  Control valve 46 comprises a through bore 50 which has slideably disposed
      therewithin a generally cylindrical valve spool or shuttle 52. A pair of
      cylindrical end cap members 54 and 54' are threadedly or otherwise
      rigidly, releasably and sealingly secured within axially opposed end
      portions of bore 50 to capitively retain the spool 52 therebetween such
      that spool 52 is slideable intermediate respective axially inward
      transverse end surfaces 56 and 56' of caps 54 and 54'. In FIG. 2 the spool
      52 is shown in an extreme position thereof abutting the surface 56.
PAR  Spool 52 includes: radially inwardly extending circumferential groove
      portions 60 and 62 disposed intermediate the axial ends thereof and spaced
      apart by a land 68; and circumferential lands 37 and 39 extending axially
      intermediate respective grooves 60 and 62 and the axially adjacent end
      portions of shuttle 52. The grooves 60 and 62 define respective annular
      chambers 76 and 78 within bore 50 which are sealed from one another and
      from end portions of the shuttle 52 by sealing engagement of respective
      lands 68, 37 and 39 with the periphery of bore 50. Suitable annular seals
      such as O-rings 72 encompass the lands 37 and 39 radially intermediate
      adjacent peripheral portions of the spool 52 and bore 50 to provide
      additional sealing engagement therebetween whereby chambers 74 and 74' are
      defined within the bore 50 axially intermediate spool 52 and respective
      end caps 54 and 54'. The engagement of seals 72 with bore 50 additionally
      provides a friction resistance of sufficient magnitude to suppress sliding
      of the shuttle 52 and thereby maintain the position of shuttle 52 during
      certain stages of operation of the valve 46 as described hereinbelow.
PAR  The actuator valves 48 and 48' are spaced apart within body 42 in a
      direction parallel to the longitudinal extent of frame 16 and are disposed
      adjacent the path traversed by assembly 32. It will be understood that
      inasmuch as the valves 48 and 48' are identical in all respects only the
      valve 48 is described in detail herein and such description is equally
      applicable to the valve 48'.
PAR  Valve 48 comprises: a stepped through bore 82 extending within body 42; a
      generally cylindrical valve spool 84 slideably carried within bore 82; a
      disc-like spool retaining member 100 disposed coaxially within bore 82
      adjacent the rearwardmost end thereof; and a helical spring 94 extending
      axially intermediate spool 84 and member 100. The bore 82 includes:
      forward and rearward bore portions 86 and 92, respectively; and a
      rearwardly facing annular seat portion 90 defined intermediate bore
      portions 86 and 92 which is engageable by a radially outwardly extending
      annular flange 88 formed adjacent the rearwardmost end of spool 84. Bore
      portion 92 sealingly retains therewithin the member 100 adjacent the
      rearwardmost end thereof as by a snap ring 87 disposed within an annular
      groove 89 outwardly adjacent the member 100 and an annular seal 91
      disposed radially intermediate adjacent peripheral portions of member 100
      and bore portion 92. The spring 94 extends intermediate a cylindrical
      seating portion 93 of member 100 and an annular seat portion 98 of a bore
      96 which extends coaxially within spool 84 from the rearwardmost end
      thereof whereby the spring 94 is captively retained in compression
      intermediate member 100 and spool 84. The consequent biasing force of
      spring 94 urges spool 84 to a neutral or unactuated position thereof
      whereat flange 88 engages seat 90 and spool 84 extends forwardly therefrom
      through bore portion 86 and outwardly from body 42.
PAR  Spool 84 additionally includes: a cylindrical actuator button portion 95
      formed adjacent the forwardmost axial end of the spool 84 and positioned
      suitably for engagement thereof by assembly 32; a circumferentially
      extending annular groove 67 disposed intermediate the axial ends of the
      spool 84 within bore portion 86 and adapted as a fluid inlet passage; a
      circumferentially extending annular groove 69 spaced forwardly from groove
      67 within bore portion 86 and adapted as a fluid exhaust passage; a
      plurality of circumferentially spaced, radially extending bores 71 which
      communicate intermediate the groove 69 and bore 96; a forwardly open
      annulus 73 formed forwardly of the groove 69 adjacent the base of button
      95; an annular passage 77 defined intermediate radially adjacent
      peripheral portions of spool 84 and bore portion 86 and axially
      communicating intermediate the annulus 73 and the atmosphere; a plurality
      of circumferentially spaced radially extending bores 75 which communicate
      intermediate passage 77 and bore 96; and a fluid exhaust passage 41 which
      includes in order the groove 69, bores 71, bore 96, bores 75 and the
      passage 77 and which provides an exhaust fluid flow path from groove 69 to
      the atmosphere. The passage 41 is illustrated schematically in FIGS. 3 and
      4. Additionally, a cleansing or purging flow passage is defined which
      comprises a controlled leakage clearance path 43 communicating
      longitudinally over the periphery of spool 84 intermediate grooves 67 and
      69, and the passage 41 described hereinabove.
PAR  As illustrated schematically in FIG. 3 passageway means communicating with
      control valve 46 and valves 48 and 48' are provided within body 42
      including: a pressure inlet passage 51 which communicates intermediate
      conduit 40 and the valve 48 and 48'; a pair of flow passages 53 and 53'
      which communicate intermediate respective valves 48 and 48' and respective
      chambers 74 and 74' of valve 46; a fluid supply port 55 which communicates
      intermediate conduit 40 and the control valve 46; other fluid supply ports
      57 and 59 which communicate intermediate control valve 46 and conduits 20
      and 22, respectively, and exhaust ports 61 and 63 which communicate
      intermediate control valve 46 and the atmosphere.
PAR  Operation of the control system is now described with reference to FIGS. 3
      and 4. FIG. 3 illustrates the control system of this invention a moment
      prior to initial actuation thereof by the advancing assembly 32 which, it
      is to be understood, moves from right to left as viewed in FIG. 3 during
      ongoing drilling operations. As shown in FIG. 3 valves 48 and 48' are in
      the neutral position whereat grooves 67 register with and provide open
      communication between passages 51 and 53. The pump 38 is directing fluid
      flow via conduit 40 and passages 51 to valves 48 and 48', and thence via
      grooves 67 and passages 53 and 53' to respective chambers 74 and 74'
      whereby equal and opposing pressures are exerted on axially opposed ends
      of the shuttle 52. Inasmuch as no net axial pressure component is acting
      on shuttle 52 the O-rings 72 maintain the shuttle 52 in abutment with
      surface 56 (FIG. 2) whereby pump 38 directs a flow of pressurized fluid
      via conduit 40, passage 55, chamber 76, passage 59 and conduit 22 to one
      side of piston assembly 28. The opposite side of assembly 28 is vented to
      the atmosphere via conduit 20, passage 57, chamber 78 and passage 61, and
      the assembly 28 is thus maintained in one extreme position thereof, that
      shown as being the fully retracted position, whereby arm 26 is maintained
      in the fully closed or engaged position to transversely support the drill
      string in the customary manner.
PAR  A portion of the fluid flow from pump 38 to valves 48 and 48' is directed
      as a metered purge flow via passages 43 and 41 to the atmosphere. In
      passages 41 the plurality of bores 75 distributes the purge fluid
      uniformly within passage 77 thereby producing a cleansing or purging
      action which precludes accumulation of dirt or debris that might otherwise
      jam the valves 48 and 48'. Inasmuch as the flow area of passage 43 is
      relatively small, the purging action described requires only an
      insignificant portion the total flow capacity available from pump 38.
PAR  As the carriage 30 advances from the position illustrated in FIG. 3 an
      inclined plane portion 33 of assembly 32 engages button 95 of valve 48
      thereby urging the spool 84 downwardly as viewed in FIG. 3 against the
      upward biasing force of spring 94. The consequent downward shifting of
      spool 84 moves groove 67 out of register with pressure inlet 51 and
      passage 53, and moves groove 69 into register with passage 53. The
      pressure in chamber 74 is thus vented to the atmosphere via the passages
      53 and 41, and the pressure in chamber 74' maintains shuttle 52 in
      abutment with surface 56 as illustrated in FIG. 2. It is of course to be
      understood that purge flow via passages 51, 43 and 41 is continuous and is
      not affected by shifting of the spool 84.
PAR  As carriage 30 continues advancing, the assembly 32 maintains valve 48 in
      the shifted or actuated position and engages button 95 of valve 48'
      thereby urging the spool 84 thereof downwardly in a like manner as
      hereinabove described for valve 48, and in response thereto the pressure
      in chamber 74' is vented to the atmosphere via passages 53' and passage 41
      of the valve 48'. As in the case of the valve 48, the purge flow in valve
      48' is continuous and is unaffected by valve actuation. The venting of
      pressure from chamber 74' once again equalizes the fluid pressure in
      chambers 74 and 74' such that only the friction resistance of O-ring seals
      72 maintains the position of shuttle 52 in abutment with surface 56.
PAR  By reference to FIG. 4 it will be seen that in response to continued
      advancing of carriage 30 the assembly 32 disengages button 95 of valve 48
      thereby permitting spool 84 thereof to be returned to its neutral position
      under the impetus of spring 94 whereby groove 67 is moved into register
      with passages 51 and 53 and groove 69 moves out of register with passage
      53. Accordingly, pressurized fluid flow from pump 38 is once again
      directed via conduit 40, passage 51, groove 67 and passage 53 into chamber
      74 and in response thereto shuttle 52 is urged toward the left and into
      abutment with surface 56'. The shift of shuttle 52 initiates fluid flow to
      the rearward side of assembly 28 via a path through passage 55, chamber
      78, passage 57 and conduit 20, and provides an exhaust path to the
      atmosphere from the forward side of assembly 28 via a path through conduit
      22, passage 59, chamber 76 and passage 63 whereby the assembly 28 is urged
      toward the fully extended position to open or disengage arm 26 and permit
      the carriages 30 and drilling apparatus 34 to advance therepast as
      drilling continues.
PAR  As carriage 30 continues advancing, the valve 48' is disengaged by assembly
      32 in a like manner as described for valve 48 whereby pressurized fluid
      flow is directed to chamber 74' to once again equalize the fluid pressures
      in chambers 74 and 74'. The shuttle 52 is thus maintained in the position
      shown schematically in FIG. 4 by the friction resistance of seals 72 as
      described hereinabove and fluid pressure is continuously directed to the
      rearward side of assembly 28 to maintain the arm 26 in the open position
      thereof.
PAR  During retraction of the apparatus 34 after completion of a drilling
      operation the assembly 32 will engage valves 48' and 48 in that order and
      in the manner previously described to close or reengage the arm 26. During
      drill retraction the assembly 32 first engages valve 48' thereby venting
      pressure in chamber 74' to the atmosphere as hereinabove described. Next
      assembly 32 engages valve 48 thereby venting the pressure in chamber 74 to
      the atmosphere. Subsequently the assembly 32 disengages valve 48' thereby
      restoring fluid pressure to the chamber 74' to urge the shuttle 52 into
      abutment with surface 56. In response thereto pressurized fluid is
      directed to the front of assembly 28 to close or reengage arm 26 and the
      rearward side of assembly 28 is vented to the atmosphere. Finally the
      assembly 32 disengages valve 48 thereby directing fluid pressure to the
      chamber 74 to once again equalize pressures on opposite sides of the
      shuttle 52. After retraction of apparatus 34, the arm 26 will remain
      engaged with the drill string for transverse support thereof until
      disengaged once again as described hereinabove during a subsequent
      drilling operation.
PAR  It is to be noted that at all times during system operation a fluid
      pressure is being exerted on one side or the other of the piston in
      assembly 28 whereby a positive, self correcting force is provided at all
      times to counteract and correct irregular movement of the arm 26 which may
      be caused for example by inertial loads generated during drilling
      operations.
PAR  By virtue of the structure described hereinabove a fool-proof, automatic
      fluid powered centralizer control system is provided wherein two actuator
      valves which are operable sequentially by the advancing or retracting of a
      movable drilling apparatus along a guide frame cooperate to control a main
      valve which in turn controls the position of a pivotal centralizer arm
      through a fluid actuated piston assembly. The control system of the
      present invention provides a novel cleansing or purging means to avoid
      fouling or jamming of the actuator valves by airborne debris generated
      during drilling operations, and additionally provides a self-correcting
      feature to counteract spurious or irregular centralizer arm movement.
PAR  Notwithstanding the reference hereinabove to a specific embodiment of the
      present invention, it will be clear to those versed in the art that this
      invention may be modified in various ways without departing from the broad
      spirit and scope thereof. For example, it is contemplated that this
      control system could be adapted for use with a variety of centralizers
      including longitudinally movable centralizers or swinging drop type
      centralizers; a single control system of the type described could be
      adapted to control a plurality of powered centralizers; assembly 32 and
      the positioning relative thereto of valves 48 and 48' may take numerous
      configurations; and the like.
PAR  These and other modifications having been envisioned and anticipated it is
      requested that the present invention be interpreted broadly and limited
      only by the scope of the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A drill string centralizer assembly, of a type adapted to be mounted on
      an elongated boom having a drilling motor assembly longitudinally
      reciprocable therealong, comprising: centralizer means adapted to be
      mounted on such boom and having a movable portion movable between a drill
      string support position and drill motor assembly pass position; actuator
      means adapted to be mounted on such a boom at a location intermediate the
      ends thereof and in a position to be engaged and subsequently disengaged
      by such drill motor assembly during the reciprocable movement thereof;
      said actuator means being cooperable with said centralizer means to cause
      said movable portion to be moved to said support position in response to
      the engagement and subsequent disengagement of said actuator means by such
      drill motor assembly moving thereby in one direction along such boom and
      to cause said movable portion to be moved to said pass position in
      response to the engagement and subsequent disengagement of said actuator
      means by such drill motor assembly moving thereby in the opposite
      direction along such boom.
NUM  2.
PAR  2. A centralizer assembly as specified in claim 1 wherein: said actuator
      means includes two control members longitudinally spaced along such boom
      at said location; said movable portion being moved in response to the
      relative order in which said control members are engaged and subsequently
      disengaged by such drill motor assembly.
NUM  3.
PAR  3. A centralizer assembly as specified in claim 2 wherein: said control
      members are fluid control valves, engagement of either of said valves by
      such drill motor assembly causing the respective valve to assume one
      operating position and disengagement of either of said valves causing the
      respective valve to assume another operating position.
NUM  4.
PAR  4. A centralizer assembly as specified in claim 3 additionally comprising:
      a main fluid valve in fluid communication with said fluid control valve
      and in fluid communication with said movable portion wherein the sequence
      in which said fluid control valves are engaged and subsequently disengaged
      causes said main fluid valve to assume a predetermined operating position.
NUM  5.
PAR  5. A centralizer assembly as specified in claim 4 wherein the operating
      position of said main fluid valve determines the position of said movable
      portion.
NUM  6.
PAR  6. A method of controlling a drill string centralizer of a drilling machine
      which includes an elongated boom, a drill motor assembly longitudinally
      reciprocable along said boom and a centralizer actuator means mounted on
      said boom at a location adjacent the path of reciprocable movement of said
      drill motor assembly and intermediate the axial ends of said boom,
      comprising the steps of: moving said drill motor assembly along said path
      in one direction from one end portion of said boom toward the opposite end
      portion thereof; positioning a portion of said centralizer into a drill
      string support position in response to at least a portion of said drill
      motor assembly passing said location on said boom; maintaining said
      portion of said centralizer in said support position as said drill motor
      assembly moves past said location in said one direction and until said
      drill motor assembly passes said location during the return movement
      thereof; moving said drill motor assembly along said path in an opposite
      direction from said opposite end portion toward said one end portion;
      positioning said portion of said centralizer into a drill motor assembly
      pass position in response to at least a portion of said drill motor
      assembly passing said location during said last mentioned moving;
      maintaining said centralizer portion in said pass position as said drill
      motor assembly moves past said location in said opposite direction and
      until said drill motor assembly passes said location during return.
NUM  7.
PAR  7. The method as specified in claim 6 wherein said first and last mentioned
      positioning is accomplished by engagement and subsequent disengagement
      between said at least a portion of said drill motor assembly and said
      actuator means.
NUM  8.
PAR  8. The method as specified in claim 7 wherein said first and last mentioned
      maintaining is accomplished by applying a continuous force to said
      centralizer portion.
NUM  9.
PAR  9. The method as specified in claim 8 wherein application of said force is
      by a fluid pressure acting upon a surface of said portion of said
      centralizer.
NUM  10.
PAR  10. The method as specified in claim 9 wherein said application of said
      force is controlled by a main fluid control valve which is controlled by
      said actuator means.
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PAL  The disclosure includes additional features of the apparatus and technique
      disclosed in Applicant's U.S. Pat. No. 3,854,539 and U.S. Pat. No.
      3,874,464. For example, in one embodiment, the anvil is relatively
      rotatably interconnected with the piston-like member, and is adapted to
      engage the drill rod for conjoint rotation therewith. Moreover, the inner
      drill bit has a port in it for discharging the exhaust fluid into the
      working face of the outer bit from a passage in the anvil. In another
      embodiment, the anvil includes a core barrel which is adapted to register
      with the opening in the abutment, when the anvil is engaged with the
      abutment. The core barrel is defined by a tube which is detachably
      connected with the main body of the anvil at the relatively forward end
      thereof. After the tube has been detached from the anvil, the core sample
      is discharged from the tube through an opening in the relatively rearward
      end thereof, there being a core catcher means in the tube which is
      operable to retain the core sample against escape through the relatively
      forward end thereof. Manipulatively, the additional features include a
      process for installing an elongated element, such as a tube, in an earth
      formation. In the process, a drill rod is driven into the formation,
      having inner and outer bits at the distal end thereof, the inner of which
      is retractable from the rod through the bore of the pipe. After the inner
      bit is retracted, the elongated element is inserted in the bore, and then
      the rod is retracted from the hole about the element. Additionally, the
      added features include a process for removing a core sample from beneath
      overburden, using the foregoing pair of bits. After the inner bit is
      retracted from the bore, a core barrel is inserted in the bore, and the
      hole is excavated still further while the core barrel is driven forward in
      unison with the drill rod and adjacent the opening of the outer bit. The
      barrel is then retracted from the bore to remove the sample from the
      formation.
PARN
PAC  RELATED APPLICATION
PAR  The present Application is a Continuation-in-part of my earlier Application
      283,208, filed Aug. 23, 1972, and now U.S. Pat. No. 3,854,539, entitled
      "Drilling Apparatus with down-hole Motor."
BSUM
PAR  This invention relates to a drilling apparatus and technique which employ a
      rotary drill rod and a down-the-hole motor for applying hammer blows to
      the rod while it is rotated into the earth or other formation to be
      drilled. The motor employs a standard fluid operated, down-the-hole hammer
      mechanism, and a fluid transmission means for the same which does not add
      appreciably to the down-the-hole weight of the motor, and does not require
      rotating. In fact, if desired, the motor can be installed in the bottom of
      the bore of a pipe which is relatively stationary, and then operated in a
      dead weight condition, using the bore of the pipe as a means for
      transmitting the fluid to the hammer mechanism. Thereafter, when the motor
      is to be removed from the pipe, a standard wire-line retriever or the like
      can be lowered into the bore to lift the motor from the pipe.
PAR  The drilling operation need not be limited to drilling vertically downward,
      but in fact, may be conducted in any direction, including in the vertical
      overhead direction. Also, the apparatus and technique can be employed for
      many types of drilling operations, since after the motor has been removed
      from the pipe, the pipe provides clear, open, unobstructed, and yet fully
      supported access to the bottom of the drill rod, or at least to a bit at
      the distal end of the pipe, depending on the mode of operation. Therefore,
      the apparatus and technique may be employed for many types of operations,
      including core barreling, alternate drilling and core barreling, and
      casing of a drilled hole, either with or without simultaneously core
      sampling the hole. Also, the apparatus and technique may be employed to
      install a drill rod which is left in the hole.
PAR  As in the case of the apparatus and techniques disclosed in my
      aforementioned Application, the drill rod includes a pipe having a
      longitudinally extending bore therethrough and a percussive bit at the
      distal end thereof. The motor comprises a piston-like member which is
      adapted to be slidably inserted in the bore of the pipe and has the hammer
      mechanism thereon. The hammer mechanism is used to apply blows to an
      abutment which is disposed relatively transverse the bore adjacent the bit
      and operatively connected with the bit to receive and transmit the hammer
      blows into the working face of the bit. There are also fluid transmission
      means for operating the hammer mechanism, means for passing fluid through
      the piston-like member, and means for exhausting the fluid into the region
      adjacent the working face of the bit after the mechanism has operated.
      Also, there are means on the rod whereby the exhausted fluid can discharge
      from said region toward the proximal end of the pipe on the opposite side
      of the pipe from the piston-like member, and means on the piston-like
      member for generating a pressure differential across the motor
      longitudinally of the bore to maintain the hammer mechanism in operative
      relationship to the abutment during the application of the hammer thereto.
PAR  According to one feature of the invention, the percussive bit is annular,
      and has an inner bit adjacent the opening thereof, which is retractably
      suspended from the piston-like member and operatively inter-engaged with
      the drill rod to rotate in conjunction with the annular bit. The inner bit
      has a fluid passage therethrough, and the fluid is exhausted through the
      passage into the region adjacent the working face of the bit after the
      hammer mechanism has operated. The pipe may be conjointly rotatable with
      the bits; and the annular bit may be displaceable in relation to the pipe,
      axially of the bore, as for example, where the annular bit is splined to
      the pipe axially of the bore. Similarly, the respective bits may be
      splined to one another, axially of the bore.
PAR  According to another feature of the invention, the annular bit has an
      excavation means adjacent the opening thereof, which is retractably
      suspended from the piston-like member and operatively interposed between
      the hammer mechanism and the bit to receive and transmit the hammer blows
      into the working face of the bit. Again, the excavation means may take the
      form of an inner bit, and the inner bit may be seated on an annular
      shoulder on the annular bit. Alternatively, the excavation means may take
      the form of a core barrel which is so seated on the annular bit.
PAR  According to still another feature of the invention, the motor also
      includes an anvil which is adapted to be inserted in the bore of the pipe
      forwardly of the piston-like member, and engaged with the abutment to
      receive and transmit the hammer blows into the abutment. The abutment may
      open into the working face of the bit and there may be an excavation means
      on the anvil which is adapted to insert into the opening of the abutment
      when the anvil is engaged with the abutment. Moreover, the anvil may be
      relatively rotatably interconnected with the member and adapted to engage
      the rod for conjoint rotation therewith. Also, the anvil may have a fluid
      passage therethrough, and the excavation means may have a port therein for
      discharging the exhaust fluid into the working face of the bit from the
      passage.
PAR  Alternatively, there may be an excavation means in the anvil which is
      adapted to register with the opening in the abutment when the anvil is
      engaged with the abutment. The excavation means may take the form of a
      core barrel, and the core barrel may be defined by a tube which is
      detachably connected with the main body of the anvil at the relatively
      forward end thereof. The tube may have core catcher means therein, which
      are operable to retain the core sample against escape through the
      relatively forward end of the tube, and there may be an opening in the
      relatively rearward end of the tube through which the sample can be
      discharged from the same after the tube is detached from the main body of
      the anvil.
PAR  The invention also includes a process for installing an elongated element,
      such as a tube, in an earth formation. According to the process, a hole is
      excavated in the earth formation by driving a rotary drill rod into the
      same, comprising an elongated pipe having a longitudinally extending bore
      therethrough and a pair of inner and outer bits at the distal end thereof.
      The outer of the bits is annular, and the inner of the bits is inserted in
      the rod adjacent the opening of the annular bit and retractable from the
      rod through the bore of the pipe. Manipulatively, the inner bit is
      retracted from the bore, the elongated element is inserted in the bore,
      and then the rod is retracted from the hole about the element. The
      down-the-hole motor may be inserted in the bore to drive the rod during
      the excavating stage, and then retracted from the bore before the element
      is inserted therein. Also, the motor and the inner bit may be
      interconnected with one another so as to be conjointly retractable from
      the bore.
PAR  Another manipulative aspect of the invention relates to a process for
      removing a core sample from an earth formation. According to this latter
      process, a hole is excavated in the formation by driving the drill rod
      into the same, and then the inner bit is retracted from the bore of the
      pipe and a core barrel is inserted in the bore. Then the hole is excavated
      still further while the core barrel is driven forward in unison with the
      drill rod adjacent the opening of the outer bit, to collect a core sample
      in the barrel. Then the barrel is retracted from the bore to remove the
      sample from the formation. The down-the-hole motor may be inserted in the
      bore to drive the rod and the core barrel during the further excavation
      stage, and then retracted from the bore before the sample is removed from
      the formation. Also, the motor and the core barrel may be interconnected
      with one another so as to be conjointly retractable from the bore.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other features of the invention will be better understood by
      reference to the accompanying drawings wherein certain of the presently
      preferred embodiments of the invention are illustrated.
PAR  FIG. 1 is a part longitudinal cross-sectional view of one embodiment of the
      apparatus, as it is seen in use for a core drilling operation, and with
      the hammer in the bottomed condition thereof;
PAR  FIG. 2 is another such view when the hammer is in the upstroke thereof;
PAR  FIG. 3 is a transverse cross-sectional view along the line 3--3 of FIG. 1;
PAR  FIG. 4 is another part longitudinal cross-sectional view of the apparatus
      after the motor has been retracted from the drill rod;
PAR  FIG. 5 is a part perspective view of the bit employed in the drill rod;
PAR  FIG. 6 is an exploded, part perspective view of another embodiment of the
      apparatus;
PAR  FIG. 7 is a longitudinal, cross-sectional view of the second embodiment
      when the hammer is in the raised or actuated condition thereof;
PAR  FIG. 8 is another such view of the second embodiment when the hammer is in
      the lowered or deactuated "blow cycle" condition thereof;
PAR  FIG. 9 is another such view of the second embodiment illustrating the
      manner in which the motor can be removed from the drill rod to make way
      for a hole casing in the rod;
PAR  FIG. 10 is another such view illustrating the manner in which the drill rod
      can be withdrawn from the hole around the casing, after the casing is
      installed in the rod;
PAR  FIG. 11 is an exploded, part perspective view of a third embodiment which
      is adapted for alternate drilling and core barreling;
PAR  FIG. 12 is a part longitudinal cross-sectional view of the third embodiment
      in the drilling phase of the alternate operation;
PAR  FIG. 13 is another such view of the third embodiment in which the motor is
      being withdrawn from the rod so that the apparatus can be converted to a
      core barreling device;
PAR  FIG. 14 is a third such view in which the converted motor is being
      reintroduced to the rod after the conversion;
PAR  FIG. 5 is a fourth such view of the third embodiment in the core barreling
      phase of the alternate operation;
PAR  FIG. 16 is a more complete longitudinal cross-sectional view of the third
      embodiment in the core barreling phase and when the hammer is in the
      raised or actuated condition thereof;
PAR  FIG. 17 is another such view when the hammer is in the deactuated
      "blow-cycle" condition thereof;
PAR  FIG. 18 is a part longitudinal cross-sectional view of the core barreling
      tube, illustrating the operation of a core catcher means incorporated into
      the tube; and,
PAR  FIG. 19 is a cross-sectional view along the line 19--19 of FIG. 18.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, it will be seen that the drill rod in FIGS. 1-5
      comprises an elongated, fluid pressurized drill pipe 2, which is assembled
      from equal-diameter sections that are perhaps 10' in length and threaded
      and flush-coupled to one another as illustrated. With the exception of the
      interior of the bottommost or distal end section 2' of the pipe, the
      sections are otherwise similar to one another, and are added to and
      subtracted from the pipe as is necessary during the drilling operation.
      The distal end section 2' differs, however, in that it has a stepped or
      counterbored interior configuration which forms an inner peripheral
      shoulder 3 at a point near the top thereof. The shoulder serves as an
      abutment for the motor 4, which is insertable and retractable in and from
      the rod, as shall be explained, and which includes a standard, fluid
      operated down-the-hole hammer mechanism 5.
PAR  The pipe is pressurized and driven by a conventional drilling mechanism,
      such as that shown in U.S. Pat. No. 3,391,543, and is typically driven at
      slow speeds such as 10 RPM, that is, at speeds simply sufficient to index
      the percussion bit 7 seen at the bottom or distal end of the pipe. The bit
      7 is annular in configuration, and has an interiorly threaded collar 8 at
      the upper end thereof, that flush-couples to the distal end section 2' of
      the pipe. Below the collar, however, the bit is flared radially outwardly
      and forms an enlarged head 10 which terminates with a flat-faced annulus
      12 at the working end thereof. The annulus has sets of button-like
      percussion points 14 seated in raised condition thereon, which are spaced
      apart in angularly spaced, clockwise, convolutional lines that are
      symmetrically arranged about the axis of the bit. See FIG. 5. In addition,
      the endmost points 14 on each line, are seated in the head so as to
      project slightly inside and outside of the inner and outer peripheries of
      the annulus, respectively. As a consequence, when the rod is rotated and
      hammered into an earth formation 16, the bit excavates an annular recess
      the outside diameter of which is not only greater than the outside
      diameter of the pipe, but also greater than the outside diameter of the
      flared head 10 of the bit. Likewise, the core 18 of earth material which
      is captured within the end of the rod, has an outside diameter of slightly
      lesser dimension than the inside diameter of the head of the bit.
PAR  Otherwise, the bit has a stepped or counterbored interior configuration
      forming an annular shoulder 20 inside of and about the bottom end of the
      collar 8. The interior of the bit also has another annular shoulder 22
      therebelow, which is of lesser inside and outside dimensions than the
      shoulder 20, by virtue of there being an inwardly chamfered surface 24 at
      the bottom of the cylindrical socket 26 separating the two shoulders. The
      lower shoulder 22 and the socket 26 form a seat for a core barreling tube
      40 on the motor, as shall be explained; whereas the upper shoulder 20 has
      an annular groove 30 recessed therein, from which a series of
      symmetrically angularly spaced ports 32 open through the body of the head
      10 to the working face 12 of the bit, between the points 14 thereon. The
      ports are also canted to the axis of the head, and are so angled into the
      shoulder that they open into the socket 26.
PAR  During the drilling operation, the compressed fluid is intermittently
      discharged to the ports 32 to flush the removed earth material back
      through the clearance 34 between the pipe 2 and the wall of the
      excavation. The fluid reaches the ports through a series of passages 36
      which are formed within the motor and the distal end section 2' of the
      pipe, as shall be explained more fully hereinafter.
PAR  The motor includes an annular anvil 38 which is slidably engageable in the
      upper, thinner walled portion of the distal end section 2', and sized to
      seat on the shoulder 3. The core barreling tube 40 is slidably engageable
      in the bore 42 of the lower, thicker walled portion of the section 2', and
      suspended from the anvil to seat relatively rotatably within the socket 26
      of the bit. The tube is equipped with a bushed, ball bearing mounted
      swivel head 44 on the upper end thereof, and the bushing 46 of the head is
      slidably engaged on, but rotationally keyed to a flanged swivel pin 48,
      which is fastened upright to the underside of the anvil. Moreover, the
      keyway 50 for the bushing, and the length of the bushing, are sized in
      relation to the pin, to allow for play between the tube and the anvil,
      axially thereof; and a coiled spring 52 is interposed about the bushing
      46, between the head and the underside of the anvil, to bias the tube in
      the downward direction, toward the flange 48' of the pin. Thus, when the
      motor 4 is lowered into the bore of the pipe 2, the tube 40 is urged to
      seat within the bit, both by the spring 52 and by the forces of gravity;
      yet it is also free to undergo displacement in relation to the anvil,
      where there is earth material lodged within the bit. The earth material
      may be dislodged, however, either by the anvil, or by the fluid discharge,
      or by both, as shall be explained hereinafter.
PAR  In addition to being adapted to mate with the bit, the forward end portion
      40' of the tube 40 is also adapted to "lift" or separate the core 18 from
      the earth formation when the drive means 4 is retracted from the rod. The
      tube 40 is formed in two threaded and flushed-coupled parts, the more
      forward 40' of which is chamfered at the end, so as to mate with the
      chamfered socket 26 of the bit, and form an essentially airtight joint
      therebetween. The more forward portion 40' also has an upwardly and
      outwardly tapered surface 54 formed between the cylindrical mouth 56 and
      the threaded collar 58 of the same; and when the two parts of the tube are
      assembled, a tapered wedge-like annular core lifter 60 is inserted within
      the more forward portion, to perform the core lifting and separating
      function in conventional fashion.
PAR  The outer cylindrical surface 62 of the anvil is closely machined to form a
      fluid seal with the bore of the pipe. Above th surface, however, the anvil
      is swaged inwardly and provided with a filleted shoulder 64 thereabout,
      from which a nipple-like shank or embossment 66 is upstanding on the axis
      of the anvil, and equipped with a wide circumferential groove 68
      thereabout. The bore 70 of the anvil is counterbored from above and below,
      and the upper counterbore 72 of the same is adapted to interengage with
      the hammer mechanism, as shall be explained, whereas the lower counterbore
      74 provides a socket for the swivel pin 48, which is secured in the socket
      by means of a dowel 76.
PAR  The hammer mechanism 5 is a somewhat modified version of a standard
      down-the-hole air hammer mechanism, comprising an outer tubular casing 78
      having a pipe hammer 80 reciprocably engaged about a stationary control
      rod 82 therein. The control rod 82 is ported and infrastructured to enable
      the compressed fluid to reciprocate the hammer in known manner, and
      alternately to exhaust through porting 84 in the distal end 86 of the
      control rod. The fluid enters the control rod through a port or ports 90
      in a spear-headed, piston-like cap 88 which is threaded onto the upper end
      of the casing and adapted to relatively slidably engage with the wall of
      the bore of the pipe 2. The ports 90 are equipped with spring-loaded
      throttle valves 92 that operate to produce a pressure drop between the
      upper and lower sides of the motor, so that the fluid can assist in
      seating the anvil on the shoulder 3 of the pipe.
PAR  The anvil 38 is coupled to the hammer mechanism by telescopically engaging
      a threaded, two-part, inner ribbed collar 98 about the embossment 66 of
      the anvil, and flush-coupling the collar to the distal end of the casing
      78, the inner circumferential rib 100 of the collar, meanwhile
      interengaging in the groove 68 of the embossment. The motor is retracted
      from the rod by an overhead hoist, such as a standard wire-line retriever,
      the dogs 96 of which are engaged about the spearhead 94 of the cap.
PAR  During the drilling operation, the hammer 80 interfaces with the annulus
      102 at the upper end of the anvil, and applies intermittent blows to the
      anvil as the pipe 2 is rotated thereabout. Thus, the bit is continually
      advanced in the axial direction by the percussive effect of the hammer,
      and at the same time, is continually rotated by the pipe, so that the
      points 14 of the bit are reindexed with respect to the face of the
      excavation, each time that the hammer strikes. Moreover, due to the
      telescoping relationship between the tube 40 and the pipe, and the
      relatively reciprocable, swiveled relationship between the tube and the
      anvil, the tube remains substantially stationary with respect to the pipe,
      as the pipe is rotated and advanced into the formation.
PAR  During the drilling operation, moreover, the exhaust porting 84 in the
      control rod is placed in communication with the passages 36, so as to
      exhaust the fluid about the bit. As seen, the distal end portion 86 of the
      control rod is slidably inserted in the bore 72 of the anvil; and in the
      bore, there is a series of symmetrically angularly spaced and outwardly
      slanted ports 104, which open to the underside of the anvil, opposite the
      chamber 106 which is formed between the head 44 of the tube and the anvil.
      From there, the fluid enters a series of symmetrically angularly spaced
      flutes 108 in the bore 42 of the rod, which commence below the level of
      the shoulder 3, and terminate in the distal end of the rod, to communicate
      with the groove 30 and the ports 32 in the bit. In the engaged and
      socketed condition of the tube 40, the open sides of the flutes are closed
      by the main body of the tube, and the socket 26 is occupied by the forward
      portion 40' thereof, so that the fluid can escape only through the ports
      32. Until the tube is socketed in the bit, however, a portion of the fluid
      will discharge through the axial opening of the bit, so as to assist in
      flushing out any accumulated debris which would otherwise prevent the tube
      from seating in the socket of the bit.
PAR  Moreover, in such a case, the spring 52 will be compressed by the tube to
      the point where the bushing 46 of the swivel head engages the face of the
      anvil; and thereafter, when the hammer 80 is applied to the anvil, the
      force of the hammer will operate on the tube only, until the anvil
      re-engages the shoulder 3 of the rod. Thus, the operator can be assured
      that the tube will be properly seated before the drilling operation is
      begun.
PAR  In the seating process, moreover, a passage 110 through the pin 48, assures
      that the tube 40 is also pressurized, so that the debris can move only in
      the direction outward through the clearance 34.
PAR  Of course, as drilling progresses, more and more sections are added to the
      pipe 2. If necessary or desired, the tube can be changed at the same time
      to account for wear of the inner points of the bit; or the bit can be
      changed; or both can be changed.
PAR  For overhead or sidewall drilling, the fluid may also be employed as a
      means of seating the motor; as for example, where the motor is run into
      the pipe at a pressure below that at which the valves 92 are open, and
      then the pressure is raised to open the valves and commence drilling.
PAR  Where it is desired to drill for a period without coring, a plug-like bit
      can be substituted for the core barreling tube, and interengaged either
      with the pipe or with the annular bit, to rotate conjointly with the same.
PAR  Referring now to FIGS. 6-10, it will be seen that the drill rod in this
      embodiment also comprises an elongated fluid pressurized drill pipe 112
      which is assembled from equal-diameter sections that are threaded and
      flush-coupled to one another as illustrated. In this embodiment, however,
      the distal end section 112' of the pipe does not differ from the other
      sections, since the bit 114 is telescoped onto the pipe and the hammer
      blows are transmitted to the rod through a shoulder 116 on the bit. The
      bit is connected with the pipe by means of an exteriorly threaded sleeve
      118 which is flush-coupled to the distal end section of the pipe, and
      rabbetted so as to have a relatively enlarged shoulder section at the
      forward end 120 thereof, which in turn is axially fluted to form a band of
      axially extending splines 122 about the outer periphery of the sleeve. The
      bit 114 has an annular configuration of lesser and greater diametrical
      dimensions than that of the sleeve, but is counterbored from the rear to a
      diameter corresponding to that of the sleeve. Also, the counterbore 124
      has axial fluting about the wall thereof, forming a band of axially
      extending splines 126 that are adapted to interengage with the band of
      splines 122 on the sleeve. The splines 126 of the bit terminate short of
      the shoulder 116, however, and are interrupted by an inner circumferential
      groove 128 adjacent the rear end 130 of the bit. The groove 130 is adapted
      to receive a split collar 132, and the collar is inserted in the same
      after the bit is telescoped about the sleeve 118 in the manner of FIGS. 7
      and 8. In this way the bit can undergo axial displacement relative to the
      sleeve, but the collar provides a stop limiting the displacement endwise
      of the sleeve. Of course, inboard displacement of the bit is limited by
      the shoulder 116 of the counterbore 124 therein, when the shoulder abuts
      the forward end of the sleeve.
PAR  Like the sleeve 118, the bit 114 is also exteriorly rabbetted to its outer
      diameter, so that is has a relatively enlarged cross section at the
      forward end 134 thereof. The enlarged section is also axially fluted,
      although in this instance the flutes 136 are wider and provide a means for
      the hammer exhaust fluid to escape reentrantly into the annulus 138 formed
      between the pipe and the wall of the excavation. See FIGS. 7 and 8.
      Furthermore, as in the embodiment of FIGS. 1-5, the bit is equipped with
      sets of button-like percussive points 140 at the forward end thereof.
PAR  The sleeve 118 is also counterbored from the rear, although in this
      instance the shoulder 142 of the same is axially fluted to provide a band
      of axially extending splines 144 about the inner periphery of the sleeve
      at the forward end thereof. The utility of this band will be apparent
      shortly.
PAR  The motor 146 comprises a modified down-the-hole air hammer mechanism 148
      similar to that which was employed in FIGS. 1-5, although in this instance
      the tubular casing 150 of the hammer mechanism is equipped with a sleeve
      extension 152 having a smaller internal diameter than that of the casing.
      Also, in this instance, the motor 146 comprises an anvil 154, the grooved,
      tubular shank or embossment 156 of which is slidably received in the
      sleeve 152 and retained in the casing by means of a split collar 154
      interposed in the groove 156 thereof. Additionally, the main body or poll
      158 of the anvil has a narrowerdiameter spigott 160 on the bottom or
      distal end thereof, which is adapted to telescope within the inner
      peripheral opening 162 of the annular bit 114, and the poll itself has a
      band of axially extending splines 164 about the outer periphery thereof,
      which are adapted to interengage with the band of splines 144 about the
      inner periphery of the sleeve 118 on the pipe 112. Furthermore, the
      spigott 160 is equipped with button-like percussive points 166 at the
      forward end thereof, so that the spigott not only plugs the opening 162,
      but also functions as a percussive bit as it rotates with the outer bit
      114 due to the interengagement between the poll and the sleeve. Meanwhile,
      the hammer 168 drives the poll against the shoulder 116 of the outer bit,
      and the exhaust fluid from the hammer mechanism is fed into the operating
      face of the two bits through a series of outwardly angled ports 120
      exiting from the bottom of the axial bore 172 of the anvil.
PAR  As indicated in the description of the embodiment of FIGS. 1-5, the control
      rod 82 of the hammer mechanism is ported and infrastructured so that the
      operating fluid exhausts through the porting 84 in the distal end 86 of
      the rod after each stroke of the hammer. That is, the hammer undergoes an
      alternate "blow cycle" condition after each stroke. The motor 146 in the
      embodiment of FIGS. 6-10 is also adapted so that the operator can put the
      hammer into the blow cycle at will, and hold it there, as for example,
      where there is an accumulation of cuttings in the excavation and the
      operator wants to flush them away before proceeding further with the
      drilling operation.
PAR  A cylindrical tube 174 is slidably interposed about the casing 150 of the
      hammer, between the bottom or distal end face or shoulder 176 of the cap
      88 and the fluted shoulder 178 of the anvil. By halting the advance of the
      rod, while maintaining the pressure of the fluid, the operator can cause
      the inner band 144 of the sleeve on the pipe, to engage the tube 174, and
      the tube in turn to engage the shoulder 176 of the cap. This, in turn,
      will stall the advance of the hammer mechanism under the force of the
      fluid, and will put the mechanism into a continuous blow cycle. The same
      action will occur, moreover, when the bits 114 and 154 get too far ahead
      of the pipe, since the tube 174 is sized in length so that the condition
      is achieved before the stroke of the hammer advances the bits beyond the
      point at which the collar 132 will engage the band 122 of the sleeve.
      Thus, there is no risk the hammer will drive the bits off of the pipe. See
      FIG. 8 wherein the tube 174 is engaged with the cap and the sleeve under
      normal drilling conditions.
PAR  Otherwise, the apparatus operates in much the same manner as that in FIGS.
      1-5. That is, the cap 88 of the hammer mechanism operates as a piston-like
      member, and the pressurized fluid above the same provides a resilient
      hold-down force, while simultaneously entering the hammer mechanism
      through the ports 90 to operate the hammer, and alternately, to escape
      into the operating face of the bits to flush the cuttings from the
      excavation.
PAR  The cap 88 may have a seal therearound, to prevent leakage of the fluid
      therepast, or the cap may be adapted as a leak-by piston that provides the
      necessary pressure differential thereacross.
PAR  FIGS. 9 and 10 illustrate the manner in which the device can be employed to
      case the excavation cut by it. As seen in FIG. 9, the motor 146 is
      retracted from the drill rod so as to open the bore of the same from end
      to end thereof. Then in FIG. 10, a plastic tube 180 or other casing is
      inserted in the bore, and the drill rod is withdrawn from the excavation
      around it.
PAR  The pipe 112 and the annular bit 114 may be adapted so that the bit can be
      dropped off in the manner of U.S. Pat. No. 3,391,543, and in such a case,
      the tube 180 can be sized up to the inner diameter of the pipe, that is,
      sized larger than the inner peripheral opening 162 of the bit 114.
PAR  FIGS. 11-19 illustrate the manner in which a bitequipped anvil and a
      core-barrel-equipped anvil can be interchanged with one another, as for
      example, where the bit-equipped anvil is employed in the motor to drill a
      hole through overburden, and then a core-barrel-equipped anvil is
      substituted to take core samples thereunder.
PAR  In FIG. 11, the pipe is equipped with a flush-coupled sleeve extension 182
      that is exteriorly and interiorly rabbetted to provide a thickened cross
      section at the forward end thereof, the inner and outer peripheries of
      which are axially fluted as in the embodiment of FIGS. 6-10. In this
      instance, however, the flutes 184 about the inner periphery of the sleeve
      182 are considerably wider, as are the ridges 186 of the splines 187
      therebetween. Moreover, the ridges 186 are described by a cylindrical
      surface of revolution so as to present smooth cylindrical faces to the
      interior of the extension. The outer bit 188 is similar to that seen in
      FIGS. 6-10, although the impact shoulder 190 of the bit is wider and has a
      series of symmetrically angularly spaced ports 192 therein which open into
      the face of the bit at acute angles to the axis of the same. Again, as in
      FIGS. 6-10, the bit 188 is engaged on the sleeve extension 182 of the pipe
      and is secured to the same by a split collar 132.
PAR  In the drilling phase of the operation, FIG. 12, the anvil 194 is equipped
      with a spigotted bit 196 on the distal end thereof, as in FIGS.6-10, and
      is exteriorly splined to interengage with the splines 187 of the sleeve
      182 as the bit telescopes within the inner peripheral opening 198 of the
      annular bit 188. Moreover, the operating fluid is exhausted through a
      series of ports 200 in the face of the bit 196, as in FIGS. 6-10. However,
      when the drilling phase is completed, the motor 146 is withdrawn from the
      rod in the manner of FIG. 13, and a modified motor is inserted in the
      manner of FIG. 14 to conduct the core barreling phase.
PAR  The modified motor includes an anvil 202 which transmits the hammer blows
      to the annular bit 188 through a core barrel tube 204. The neck-like shank
      206 of the anvil is slidably received in the case of the hammer and is
      secured against escape by means of a split collar 154, as in the earlier
      embodiments. However, the bore 208 of the shank is ported laterally of the
      anvil through a series of angularly distributed ports 210 in the poll 212
      above the spigott 214. Moreover, the spigott is employed as a means for
      interengaging the anvil with the core barrelling tube 204. As seen in
      FIGS. 16 and 17, the spigott is telescoped into the upper end of the tube,
      and is fastened to the same by a pin 216 inserted through a crosswise
      aperture 218 in the spigott, as well as through each of a pair of
      diametrically opposed slots 220 in the wall of the tube. The slots 220 are
      oversized to allow a small amount of axial play between the anvil and the
      tube, and as seen in FIGS. 15-17, the tube 204 is sized to slidably engage
      with the ridges 186 of the splines 187 in the sleeve 182 to engage the
      shoulder 190 of the bit 188. Thus, when the hammer strikes the anvil, the
      blows are transmitted through the tube to the bit, there being sufficient
      play between the pin 216 and the slots 220 to allow for the necessary
      recoil on the part of the anvil. Meanwhile, the operating fluid is
      exhausted through the ports 210, and thence downwardly about the tube 204,
      through the flutes 184, and out the ports 192 in the body of the bit 188.
PAR  In lieu of the stop tube 174 in FIGS. 6-10, one distal end section 112 in.
      of the pipe is equipped with diametrically opposed stop screws 222 which
      engage the cap 88 of the hammer at the shoulder 176 thereof to limit the
      travel of the hammer mechanism relative to the pipe, and vice versa, and
      place the hammer in the blow cycle before the stop collar 132 in the outer
      bit 188 engages the band 224.
PAR  When it is desired to remove the core sample 225 from the tube 204, the
      motor is retracted from the bore of the pipe and anvil 202 is unpinned
      from the tube, or vice versa, so that the sample can be forceably ejected
      from the tube by applying a plunger (not shown) to the lower end of the
      same. During the coring phase, moreover, the sample is retained in the
      tube by sets of core catcher means 226 which are disposed about the inner
      periphery of the tube. As seen in FIG. 11 and FIGS. 16-19, the tube has
      sets of symmetrically angularly spaced slots 228 in the wall thereof, at
      two or more levels vertically of the tube. The slots have upper faces 230
      that are canted to the axis of the tube, and similarly inclined grooves
      232 in the side walls of each slot. The grooves have T-cross-sectioned
      shoes 234 therein which are trapezoidally cross-sectioned longitudinally
      thereof, and each equipped with a carbide chipped face 236 on the lower
      trapezoidal end thereof. Each shoe also has an elongated groove 238 routed
      from the upper face thereof, and the groove 238 terminates in the body of
      the shoe at each end so that a coiled spring 240 can be caged in the
      groove between the lower end of the same and a stop pin 242 inserted in
      the upper end thereof. The stop pin is inserted into the groove from an
      aperture 244 which opens into the slot 228 through the upper face 230
      thereof.
PAR  The pressure of the springs 240 is adapted to drive the shoes downwardly
      into the bore of the tube. Yet when the core sample forms in the bore, the
      shoes are driven upwardly and outwardly in their slots against the bias of
      the springs, due to the angle of the sample relative to the faces 236 of
      the shoes. On the other hand, once the sample is formed in the bore, it is
      prevented from escaping by the fact that the weight of the same,
      downwardly of the tube, operates in the direction of driving the shoes
      inwardly of the bore under the bias of the springs, thereby causing the
      shoes to bindingly engage or "wedge" with the sample, to prevent its
      escape. See FIG. 18.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a drilling apparatus of the type wherein a piston-like means having a
      fluid operated hammer mechanism thereon is retractably slidably inserted
      in the bore of a rotary drill rod comprising an elongated pipe having a
      longitudinally extending bore therethrough and a percussive bit at the
      distal end thereof, and the hammer of the mechanism is operatively applied
      to an abutment which is relatively transverse the bore adjacent the bit
      and operatively connected with the bit to receive and transmit the hammer
      blows into the working face of the bit, and wherein the fluid transmission
      means for operating the hammer mechanism include means for passing fluid
      through the piston-like means and means for exhausting the fluid into the
      region adjacent the working face of the bit after the mechanism has
      operated, and there are means on the rod whereby the exhausted fluid can
      discharge from said region toward the proximal end of the pipe on the
      opposite side of the pipe from the piston-like means, and means on the
      piston-like means for generating a pressure differential thereacross
      longitudinally of the bore to maintain the hammer mechanism in operative
      relationship to the abutment during the application of the hammer thereto,
      the feature of said bit being annular and having an inner bit adjacent the
      opening thereof which is retractably suspended from the piston-like means
      and operatively interengaged with the drill rod to rotate in conjunction
      with the annular bit.
NUM  2.
PAR  2. The drilling apparatus according to claim 1 wherein the inner bit has a
      fluid passage therethrough and the fluid is exhausted through the passage
      into the region adjacent the working face of the bit after the hammer
      mechanism has operated.
NUM  3.
PAR  3. The drilling apparatus according to claim 1 wherein the pipe is
      conjointly rotatable with the bits.
NUM  4.
PAR  4. The drilling apparatus according to claim 3 wherein the annular bit is
      displaceable in relation to the pipe, axially of the bore.
NUM  5.
PAR  5. The drilling apparatus according to claim 4 wherein the annular bit is
      splined to the pipe axially of the bore.
NUM  6.
PAR  6. The drilling apparatus according to claim 1 wherein the respective bits
      are splined to one another axially of the bore.
NUM  7.
PAR  7. In a drilling apparatus of the type wherein a piston-like means having a
      fluid operated hammer mechanism thereon is retractably slidably inserted
      in the bore of a rotary drill rod comprising an elongated pipe having a
      longitudinally extending bore therethrough and a percussive bit at the
      distal end thereof, and the hammer of the mechanism is operatively applied
      to an abutment which is relatively transverse the bore adjacent the bit
      and operatively connected with the bit to receive and transmit the hammer
      blows into the working face of the bit, and wherein the fluid transmission
      means for operating the hammer mechanism include means for passing fluid
      through the piston-like means and means for exhausting the fluid into the
      region adjacent the working face of the bit after the mechanism has
      operated, and there are means on the rod whereby the exhausted fluid can
      discharge from said region toward the proximal end of the pipe on the
      opposite side of the pipe from the piston-like means, and means on the
      piston-like means for generating a pressure differential thereacross
      longitudinally of the bore to maintain the hammer mechanism in operative
      relationship to the abutment during the application of the hammer thereto,
      the feature of the bit being annular and having an excavation means
      adjacent the opening thereof which is retractably suspended from the
      piston-like means and operatively interposed between the hammer mechanism
      and the bit to receive and transmit the hammer blows into the working face
      of the bit.
NUM  8.
PAR  8. The drilling apparatus according to claim 7 wherein the excavation means
      takes the form of an inner bit.
NUM  9.
PAR  9. The drilling apparatus according to claim 8 wherein the annular bit has
      an annular shoulder thereon and the inner bit is seated on the shoulder.
NUM  10.
PAR  10. The drilling apparatus according to claim 7 wherein the excavation
      means takes the form of a core barrel.
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ABST
PAL  A drilling tool assembly comprising an elongated shank having an upper end
      for receiving driving forces, and having tapered threads at its lower end
      for engaging a drill head. The shank has first and second downwardly
      facing shoulders, with one of said shoulders being above the threads and
      the other shoulder being below the threads. A removable drill head has
      tapered threads for engaging corresponding shank threads along
      substantially the full length thereof. The drill head also has first and
      second upperwardly facing shoulders adapted to respectively bear against
      the first and second shoulders on the shank. The drill head shoulders are
      positioned such that they are still separated from the confronting shank
      shoulders by a gap when the threads of the two elements initially make up
      along the pitch line during their assembly. The gap optimally falls within
      the range of about 0.010-0.070 inch, whereby the threads will be slightly
      deformed as torque is applied to the drill head in order to bring the
      confronting shoulders into load-bearing contact with one another. The
      preferred threads are modified American Standard Acme screw threads having
      a pitch of about 0.5.
BSUM
PAR  This invention relates generally to earth boring bits, and more
      particularly to bits in which a drill head having a wear surface thereon
      can be removed from a shank and replaced with a fresh drill head after the
      first head has experienced significant wear, there being a threaded
      connection between the shank and the drill head.
PAR  In recent years, there have been attempts to develop efficient drill bits
      which are capable of both rotary action and percussion action in drilling
      holes into the earth. Exemplary of this type of combination drill bit is
      that shown in U.S. Pat. No. 3,185,228 to Kelly. The Kelly bit is shown as
      having a solid body including an upper portion (typically called the
      anvil) which receives both percussion and rotational loads, and a lower
      portion (usually called the head) in which are typically mounted hardened
      inserts for cutting through relatively hard earth formations. It can be
      readily seen that a unitary drill bit as shown in FIG. 1 of the Kelly
      patent could be made very sturdy, but it would have to be discarded--in
      its entirity--after the head had worn to the extent that it was no longer
      usable or repairable. Thus, a substantial quantity of special-purpose,
      hardened (and expensive) steel would have to be discarded after only part
      of it had suffered wear.
PAR  In an attempt to obviate at lest some of the economic loss that attended
      the discarding of unitary bits, the U.S. Pat. No. 3,791,463 to Pearson
      suggested that there could be a separate anvil piece and a head piece,
      with a threaded connection between the two. With the Pearson construction,
      at least it was possible to remove a head and discard it after it had
      suffered significant wear, while retaining the upper or anvil portion to
      which a new head could be threadably affixed. While it is believed that
      the concept of a replaceable head as taught by Pearson has great merit, it
      is believed that the deformable washers which constitute an essential part
      of his connecting means would prevent his bit from ever having the
      endurance that characterizes the unitary bit shown by Kelly. Accordingly,
      it is an object of this invention to provide a drill head assembly which
      has the economic advantages of a removable head as taught by Pearson and
      the rigidity which is inherent in a unitary bit exemplified by Kelly.
DRWD
PAR  Other objects and advantages will no doubt be apparent from a reading of
      the specification and claims, and from a study of the drawings, in which:
PAR  FIG. 1 is a side elevational view of an assembly according to the
      invention;
PAR  FIG. 2 is a partially sectioned side elevational view of the two parts of
      the assembly shown separated by a small distance;
PAR  FIG. 3 is a cross-sectioned view of a suitable threaded connection for
      joining the two parts of the assembly;
PAR  FIG. 4A is a side elevational view of the assembly with the joint made up
      hand tight, showing that there is still a gap between the confronting
      impact surfaces; and
PAR  FIG. 4B is a view similar to FIG. 4A after the joint has been torqued to
      the extent that the impact surfaces are in load-bearing contact with each
      other.
DETD
PAR  With initial reference to FIG. 1, a drill head assembly 10 includes a shank
      12 and a removable drill head 24. The assembly is oriented (with one end
      being above the other) in the same way it would be oriented in drilling a
      vertical hole into the earth--with the upper end being toward the top of
      the page. The shank 12 has an upper portion with a horizontal end surface
      14 which serves as an anvil for receiving axial forces provided by a
      percussion device (not shown). A portion of the outer surface of the shank
      12 is machined to provide splines 16 and intermediate grooves 18 which are
      parallel to the longitudinal axis of the shank. It will be understood that
      these splines and grooves engage matching elements in the lower end of a
      percussion tool, and are used to transmit rotational forces to the
      assembly 10. A circumferiential groove 20 is provided below the upper end
      of the shank so as to form an annular space between the body of the shank
      and a percussion tool. A split ring (not shown) is inserted into this
      annular space so as to retain the shank on the percussion tool. Also
      provided on the shank, but not shown in this figure, are tapered threads
      for engaging (and forming a rigid connection with) the drill head 24.
PAR  Referring next to FIG. 2, a preferred embodiment of the shank 12 is shown
      in cross-section, to clearly illustrate the tapered threads 22--which are
      internal (or female) threads. The removable head 24, shown slightly spaced
      from the shank 12 (where it would be located just prior to engagement) has
      matching external threads 26 which are tapered by the same amount as the
      threads 22. These tapered threads constitute a critical facet of the
      construction described herein, for the reason that it is intended that all
      of the threads should "make up", along the pitch line, simultaneously as
      the two elements 12, 24 are rotatably engaged. That is, the uppermost
      thread a on the drill head 24 will positively engage its mating thread a'
      on the "box" at the same time that the lowermost thread b on the "pin"
      mates with its confronting thread b'. Of course, the intermediate threads
      on the two elements 12, 24 also abut one another at the time that the two
      extreme threads make contact, so the threads may be properly described as
      being uniformly engaged along the full length thereof.
PAR  With continuing reference to FIG. 2, a radially outer shoulder surface 28
      is provided at a location on the removable head 24 such that it is beyond
      one end of the threads 26, i.e., below the threads. This shoulder 28 is
      provided to accommodate longitudinally applied impact loads, so it is
      preferably perpendicular to the longitudinal axis of the assembly 10. The
      lower shoulder 28 has a substantial surface area, in order that the sever
      dynamic loading which is characteristic of percussion-type bits will be
      tolerable. In further recognition of the loading which can be anticipated
      in drilling through hard formations, a preferred material for the head is
      4340 steel which has been heat treated to a hardness within the range of
      about Rc 38-42. A suitable commerically available material is HY-TUF alloy
      steel manufactured and sold by the Crucible Alloy Division of Colt
      Industries in Midland, Pennsylvania.
PAR  The upwardly facing impact surface 28 is adapted to bear against radially
      outer shoulder surface 30 on shank 12 after the pieces 12, 24 have been
      assembled, as hereinafter described. Additionally, a radially inner
      shoulder surface 32 is provided on the removable head 24 such that it lies
      beyond (i.e., above) the other end of the tapered threads 26. The shank 12
      has a matching inner surface 34 which faces downward and whose
      configuration is such as to bear against surface 32 when the pieces 12, 24
      are suitably engaged. Assuming the surfaces 28 and 32 to be horizontal,
      the vertical distance between said two surfaces should be exactly the same
      as the vertical distance between corresponding surfaces 30 and 34 (on
      shank 12), such that the juxtaposed surfaces 28, 30 and 32, 34 will meet
      one another at the same time during assembly of the elements 12, 24.
PAR  A further requirement of the drill head assembly 10 is that the juxtaposed
      surfaces 28, 30 and 32, 34 must have a gap therebetween at the time that
      the threads 22, 26 make up during connection of the pieces 12, 24. That
      is, if head 24 is being screwed into shank 12, at some time the threads 26
      will uniformly engage threads 22 along substantially their full length;
      assuming that the only torsional forces which are being applied to rotate
      head 24 are forces of a magnitude typically obtained with hand tightening,
      there will still be a gap visible between surfaces 28, 30 when the threads
      make up. A subsequent step in the proper assembly of the unit is to
      eliminate that gap by applying sufficient torque to the head 24 to deform
      the threads 26 and/or threads 22. However, there is a limit to the amount
      of thread deformation that can be safely accommodated before one or more
      threads might fail as a result of shearing. It has been found that the gap
      which exists at the time of initial thread make up should be at least
      0.010 inch and preferably no more than 0.070 inch. If the initial gap is
      too low, i.e., less than 0.010 inch, it has been found that the torqued
      joint will not be sufficiently rigid during the application of percussive
      loads during drilling through hard formations. The consequence of this is
      that the threads will eventually break because of bending loads that
      obtain when there is any flexure permitted between the head 24 and the
      shank 12. At the other extreme, i.e., when the gap exceeds about 0.070
      inch, the threads 26, 22 are subjected to too much deformation in order to
      achieve load-bearing contact between the juxtaposed surfaces 28, 30 and
      32, 34. As should be apparent, it is exactly such load-bearing contact
      that gives the assembly 10 its characteristic rigidity, such that it is
      essentially as sturdy as a unitary bit like the one shown in the
      aforementioned patent to Kelly.
PAR  Referring next fo FIG. 3, the preferred threads 22, 26 for effectively
      locking the head to the shank are modified Acme screw threads. Of course,
      Acme screw threads are quite old, and they have been used as an alternate
      to conventional square threads in power transmission applications for many
      years. That is, conventional (straight) Acme screw threads are routinely
      used to produce transverse motion on machines such as lathes; they are
      also typically used on vises, jacks, etc. The American Standard Acme screw
      thread has an included angle of 29.degree., a tooth crest of 0.37P (where
      P is the pitch), and a tooth depth of one-half of the pitch. In this
      invention, it is preferred that the tooth depth be less than standard, in
      order to strengthen the threads (for one reason); accordingly, it is
      modified to be equivalent to the American Standard Stub Acme thread. The
      preferred pitch is 0.5, i.e., there are two threads per inch. In practice,
      suitable threads can be machined by using a 13/4 Standard Acme thread
      guage while actually maintaining two threads per inch; this has the effect
      of making the crest of each tooth slightly wider than standard teeth, and
      the depth will be correspondingly reduced.
PAR  One further parameter which can have an effect on the rigidity of the joint
      between the pieces 12, 24 is the spatial relationship between the crest of
      one thread and the root of a confronting thread, as compared with the
      spatial relationship of the adjacent sides. It has been found to be
      advantageous for the sides (or flanks) of the threads to be in firm,
      load-bearing contact with one another after the joint has been torqued;
      and, if there should perhaps be insufficient clearance between the root
      and crest of juxtaposed threads, this favored contact along the sides
      might not be achieved. It is preferred, therefore, that any clearance that
      might possibly exist between fully torqued threads should exist between
      the respective roots and crests--and not between the adjacent sides. Any
      such clearance--if it exists--will, of course, be minute, since it is an
      object of the invention to achieve a substantially solid connection
      between the pieces 12, 24 whereby flexure between the two is precluded.
PAR  The preferred taper of the threads 22, 26 is 11/2 inch per foot. For
      comparison, it may be profitable to note that this is exactly twice the
      amount of taper called for by the American Standard (Briggs) taper pipe
      thread specification. As a further comparison, the specification
      established by the American Petroleum Institute for Rotary Drilling
      Equipment calls for rotary shouldered connections having tapers of 2 and 3
      inches per foot where the large diameter of a "pin" lies in the range of
      about 2 to about 7 inches.
PAR  One further parameter of the threads 22, 26 will now be discussed, and that
      is the surface finish thereof. The amount of torque required to squeeze
      the threads together (until the shoulders are brought into firm
      metal-to-metal contact) will be a function of both the initial gap between
      the shoulders and the surface finish of the threads. As a practical
      matter, it is advantageous that the torque requirement be kept within a
      range of values that are commonly employed in the field to set joints on
      drill pipe. Such values for tool joint connections range from about 4000
      Lb-Ft for 31/2 inch connections to about 25,000 Lb-Ft for 51/2 inch
      connections. Of course, striving to keep the torque requirements at a
      relatively modest level is normally conducive to greater endurance for the
      threads, since less thread distortion is required before the impact
      shoulders 28, 30 close the gap and bear against one another. It should
      also be appreciated, however, that rough machined threads can contribute
      to greater relative movement between two parts--in response to a given
      amount of torque applied to those parts--than would smooth and polished
      threads. This is because rough threads typically have high spots on their
      surfaces that are flattened or bent during the initial phase of thread
      engagement. Hence, two pieces with a rough surface finish on their threads
      may advance linearly with respect to one another by a significant distance
      before the really solid portions of the two pieces come into rigid
      contact. If these high (and low) spots are first removed by grinding,
      polishing and the like--such that the surface finish is much smoother,
      then engagement will bring the two pieces into solid contact much sooner.
      Hence, an attempt to close too much of a gap by applying very large
      torsional forces to smooth pieces can cause the threads to be sheared from
      the base metal . . . either at the very time the pieces are being threaded
      together or soon thereafter when repeated percussive loads have had their
      deleterious effect on the threads. Accordingly, with threaded connections
      of the type being discussed herein, the smoothness of the threads should
      be taken into account when the size of the initial gap between confronting
      impact surfaces is being established (by the machining of the connecting
      parts). Indeed, it has been found that a fairly reliable guideline may be
      defined for use in establishing the amount of initial gap that should
      exist beteween confronting impact surfaces when the threads make up due to
      hand tightening. This guideline actually constitutes a range of values
      that are derived from establishing a ratio between the surface finish of
      the sides (flanks) of the threads and an optimum gap between the
      confronting surfaces. With the surface finish being measured in
      microinches and the initial gap being measured in thousandths of an inch,
      it has been established that the ratio should be between about 3.0 and
      8.0. Of course, the surface finish of the roots and crests of the threads
      cannot be totally ignored while paying attention to only their sides, but
      it should be remembered that it is side contact rather than root-to-crest
      contact that is of primary interest herein--so as to insure that the
      threaded connection will be long lasting and successful.
PAR  In operation of the invention, a shank 12 and a matching drill head 24
      would be put into proper relative position with respect to each other and
      then rotated to initiate thread engagement. Of course, when the first
      tapered threads initially engage one another, there will still be
      considerable transverse motion possible--because of the inherent nature of
      tapered threads. That is, the initial engagement of the parts 12, 24 will
      be no problem, because there will still be plenty of clearance between the
      confronting roots and crests of the first threads to interlock. The ease
      with which engagement is accomplished with tapered threads should perhaps
      be mentally contrasted with what happens when straight threads are
      connected. If straight threads are fabricated with what amounts to an
      interference fit (in order to preclude flexure in the joint when it is in
      use), then there is no practical way to break or make the connection in
      the field. Too, the galling of threads is always a potential problem when
      engaging close fitting straight threads. On the other hand, if sufficient
      clearance is provided to make assembly of the parts more practicable, then
      there is not enough rigidity in the joint to preclude failure due to
      flexure in the threads. (Inserting a washer of cold rolled steel would be
      of no benefit in taking up the slack in a loose joint, since cold rolled
      steel is relatively soft and it would yield--like a cushion--so that
      flexure and eventual thread failure would still be the result.)
PAR  Upon further relative rotation of the two elements 12, 24 (by hand, if
      desired), the threads 22, 26 will eventually make up along the pitch line,
      such that there will be uniform contact at the pitch line between all of
      the threads. An examination of the outside of the assembly 10 (as seen in
      FIG. 4A) will reveal that there is still a gap 40 visible between the
      exterior impact surfaces 28, 30. Of course, there will also be an
      identical gap between the interior surfaces 32 and 34--because the
      distance between the surfaces 28 and 32 (on the head 24) is the same as
      the distance between the surfaces 30 and 34 (on the shank 12). Hence,
      continued rotation of the head 24 with respect to the shank 12 (with a
      powered torque wrench or the like) will cause the impact surfaces 28, 30
      to engage simultaneously with impact surfaces 32, 34. Assuming that the
      thread flanks had a typical surface finish of 125 RMS microinches, the gap
      40 which would be eliminated by forces generated with the torque wrench
      would likely be about 0.025 inch. (Of course, the gap 40 is slightly
      exaggerated in the drawing, for clarity.) According to the previously
      defined rule, the ratio of surface finish to stand-off distance would be
      125/25 = 5, which is within the optimum range of 3 to 8. After the gap 40
      has been reduced to zero, the respective confronting shoulders 28, 30 and
      32, 34 will preclude any significant further compression or distortion of
      the threads 22, 26--even under loads which are typical of percussion
      hammers. The tapered threads 22, 26 will be in compressed metal-to-metal
      contact all along their flanks, and such clearance as might exist anywhere
      in the joint would be the minute (and uniform) clearance between the
      confronting roots and crests of the threads.
PAR  During drilling operations wherein a percussion hammer is used for driving
      a tool assembly 10 into the earth, the juxtaposed shoulders above and
      below the threads are effective to accommodate axially applied loads, such
      that the threads are effectively insulated from forces that would
      otherwise tend to tighten them until they failed.
PAR  After the initial drill head 24 has been used for some time, it may well
      suffer sufficient wear so that a prudent operator feels that it is time to
      replace the drill head. Typically, the tool assembly 10 is brought up to
      the earth's surface, and a single wrench is engaged with the drill head in
      a slot provided for such a purpose. Since most drill stem joints have fine
      threads with at least four (and typically five or six) threads per inch,
      and since fine threads tend to tighten more than coarse threads in
      response to a given torque, the connection between the drill head 24 and
      its shank 12 (with its relatively coarse two threads per inch) will
      normally break open well before any of the joints on the drill stem. Once
      the connection between the drill head and the shank has been broken loose,
      there is no immediate risk of the drill head immediately falling
      off--because the several threads (typically four, although more may be
      provided) will still provide a certain amount of loose engagement between
      the two pieces. Hence, the drill head may be leisurely unscrewed from the
      shank without risk of losing control over it. Once the drill head has
      fallen free from the vertical shank, a fresh drill head 24 can be
      immediately inserted and affixed to the shank as herein-above described.
      As a practical matter, it would probably be expected that an operator
      would purchase one shank and five or six matching drill heads at one time.
      The extra drill heads on hand should insure that a fresh head would be
      readily available when needed, and one shank could easily be expected to
      outlast several drill heads--even when the threaded connection described
      herein is being applied to percussive bits (rather than rotary or drag
      bits).
PAR  It should be noted, perhaps, that the tapered threads are illustrated
      herein as being external or male threads on the drill head, and internal
      or female threads on the shank. One reason for this arrangement is that
      the relatively pointed drill head will typically have internal flow
      passages for accommodating a cooling medium and it will also have numerous
      small surface cavities for accommodating hardened inserts; if these were
      to be combined with a large bore for providing the needed tapered threads,
      there might not be sufficient metal left in the drill head to give it the
      rigidity and strength that is desirable. Of course, if the cooling
      channels and the cavities for metal carbide inserts could be omitted as
      being unnecessary for a particular drill bit, then reversing the
      arrangement on the tapered threads might not be too significant.
PAR  While only the preferred embodiment of the invention has been disclosed in
      great detail herein, it will be apparent to those skilled in the art that
      modifications thereof can be made without departing from the spirit of the
      invention. Thus, the specific structure shown herein is intended to be
      exemplary and is not meant to be limiting, except as described in the
      claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A drilling tool assembly, comprising:
PA1  a. a shank having an upper end for receiving driving forces which are
      intended to drive the assembly into the earth, and having a counterbore
      opening at its lower end with internal tapered threads for engaging a
      drill head, and the shank having first and second downwardly facing impact
      surfaces, with one of said impact surfaces being above the threads and the
      other impact surface being below the threads;
PA1  b. a removable drill head having an upward protuberance with external
      tapered threads for engaging corresponding shank threads along
      substantially the full length thereof, and the drill head having first and
      second upwardly facing impact surfaces adapted to respectively bear
      against the first and second impact surfaces on the shank, and the drill
      head impact surfaces being positioned such that they are still separated
      from the confronting shank impact surfaces by substantially identical gaps
      when the threads of the two elements initially make up along the pitch
      line, and the flanks of the threads having a certain surface finish
      measured in microinch units, and the ratio of surface finish (as measured
      in microinches) to the initial gap between confronting impact surfaces (as
      measured in thousandths of an inch) is between about 3.0 and 8.0, and said
      initial gaps between the impact surfaces being within the range of about
      0.010-0.070 inch, such that the threads will be slightly deformed as
      torque is applied to the drill head in order to bring both sets of
      confronting impact surfaces into load-bearing contact with one another.
NUM  2.
PAR  2. The drilling tool assembly as claimed in claim 1 wherein the threads are
      equivalent to American Standard Stub Acme screw threads having a pitch of
      about 0.5.
NUM  3.
PAR  3. The drilling tool assembly as claimed in claim 1 wherein the tapered
      threads are designed to have minute clearances between their roots and
      crests even after the assembly has been torqued to the extent that the
      confronting impact surfaces are in load-bearing contact with one another.
NUM  4.
PAR  4. A drilling tool assembly, comprising:
PA1  a. a shank having an anvil at its upper end for receiving percussive blows
      and having splines along its sides for receiving rotary forces, and having
      a counterbore at its lower end which is provided with tapered threads for
      engaging a drill head, and the shank having first and second downwardly
      facing shoulders, with one of said shoulders being above the threads and
      the other shoulder being below the threads;
PA1  b. a removable drill head having a frustoconical protuberance with external
      tapered threads for engaging corresponding threads on the shank, and the
      drill head having first and second upperwardly facing shoulders adapted to
      respectively bear against the first and second shoulders on the shank, and
      the drill head shoulders being positioned such that they are still
      separated from the respective shank shoulders by a gap when the threads of
      the two elements initially make up along the pitch line, and said gap
      being within the range of about 0.010-0.070 inch, whereby the threads will
      be slightly deformed as torque is applied to the drill head in order to
      bring the confronting shoulders into load-bearing contact with one
      another, and the distance between the two shoulders on the shank being
      identical to the distance between the two shoulders on the drill head,
      whereby the respective confronting shoulders will engage each other
      simultaneously as the drill head and shank are threadably engaged.
NUM  5.
PAR  5. A drilling tool assembly as claimed in claim 4 wherein there are at
      least four full threads on the drill head, with said threads being
      modified American Standard Acme screw threads having a pitch of about 0.5,
      and having a surface finish on the sides thereof of about 125 RMS.
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ABST
PAL  A buoyancy balance incorporating a buoyant body floating in a fluid and a
      load bowl or scale operatively coupled with the buoyant body. The
      invention contemplates the provision of means for partially compensating
      the change in buoyancy brought about by the movement of the load bowl.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved construction of
      buoyancy balance of the type equipped with a buoyant or floating body
      floating in a fluid and a load bowl or scale operatively coupled with such
      buoyant body.
PAR  Balances of this type are based upon the physical principle, also known as
      Archimedes' principle, that a body immersed in a fluid undergoes a
      decrease in weight which corresponds to the weight of the fluid displaced
      by such body. A major advantage of such balances resides in the fact that
      they can be constructed practically free of mechanical friction.
PAR  Balances of the type under discussion have already become known to the art
      in many different constructional embodiments, as exemplified for instance
      by German Pat. Nos. 5931 or 335,786 relating to upper-bowl balances, Swiss
      Pat. No. 74,648 or U.S. Pat. No. 2,544,032 relating to lower-bowl
      balances. All of the state-of-the-art balances have common thereto a
      characteristic feature, namely, during a movement of the load bowl or
      scale, as such is brought about by a change in the load, the immersion
      depth of a displacement body changes for such length of time until the
      increase in load is compensated by the gain in buoyancy. The
      aforementioned displacement body generally is constituted by an element
      which interconnects the buoyant body with the load bowl, directly or
      however indirectly, i.e. through the agency of a rod, and such element is
      generally in the form of a pressure rod which piercingly extends through a
      boundary surface of the fluid. Since this element must possess for
      mechanical reasons (strength) a minimum cross-section which is dependent
      upon the maximum weight (dead load and weighing range), the sensitivity of
      the balance, that is to say, the change in the immersion depth for each
      unit of load change, is dependent upon the total weight and therefore such
      sensitivity is relatively low.
PAC  SUMMARY OF THE INVENTION
PAR  Hence, it is a primary object of the present invention to provide an
      improved construction of buoyancy balance which is not associated with the
      aforementioned drawbacks and limitations of the prior art proposals.
PAR  Another and more specific object of the present invention aims at the
      provision of a new and improved construction of buoyancy balance wherein
      the sensitivity of the balance is considerably increased independent of
      the total weight.
PAR  Yet a further significant object of the present invention aims at the
      provision of a new and improved construction of buoyancy balance which is
      relatively simple in design, extremely reliable and accurate in operation,
      not readily subject to breakdown, and requires a minimum of maintenance
      and servicing.
PAR  Now in order to implement these and still further objects of the invention,
      which will become more readily apparent as the description proceeds, the
      buoyancy balance of the previously mentioned type as contemplated by the
      invention is equipped with means which partially compensate the change in
      buoyancy brought about by the movement of the load bowl. Stated in another
      way, the change in buoyancy due to the changed immersion of a displacement
      body has associated therewith an opposite force which is brought about by
      the provision of the means contemplated by the invention, with the result
      that there is realized for a given change in load a larger displacement or
      path of the load bowl.
PAR  Depending upon the selection and arrangement of the means there can be
      produced random resulting buoyancy characteristics of linear or non-linear
      configuration (normally there being desired however a linear
      characteristic), so that there can be realized an almost optional great
      sensitivity. Through the use of substitution weights it is possible to
      considerably extend the weighing range past the actual adjustment range
      which is limited by the respective upper and lower boundary position of
      the buoyant body.
PAR  The selection of the means for the partial compensation of the buoyancy
      change is basically freely possible. Thus, for instance, it is conceivable
      to provide mechanical means. However, such would constitute both a certain
      "roundabout way" as well as also an appreciable expenditure, since of
      course mechanical friction should be avoided. The use of magnetic means is
      furthermore conceivable, but such is confronted with the problem that
      magnetic means generally only permit small displacements, whereas
      relatively large positional changes of the buoyant body are desired; hence
      they only come into consideration for special situations. A particularly
      preferred technique for realizing the desired compensation force resides
      in utilizing buoyancy. Therefore, the means can encompass, for instance, a
      gas cushion connected with the buoyant body. During lowering of the
      buoyant body this gas cushion is more markedly compressed together and
      there results a loss in buoyancy having approximately hyperbolic
      characteristic. A possibility for obtaining a linear buoyancy loss during
      sinking of the buoyant body is realized with an arrangement of a
      supplementary element which piercingly extends through a boundary surface
      of the fluid. This possibility can be particularly advantageously realized
      in that the load bowl or scale is arranged suspended at a wire below the
      buoyant body and the supplementary or auxilliary element is constituted by
      a further wire, both wires possessing different cross-sections. Such
      balance, which is particularly suitable for small loads, permits of
      extremely high sensitivity by fine adaptation of the wire diameter.
PAR  Another preferred possibility for realizing a linear buoyancy gain- or
      loss-characteristic respectively, especially for balances with pressure
      rods connected from above with the buoyant body, is manifested by the
      features that a separate fluid-filled container is arranged externally of
      the fluid and immersed in this container is a pipe which is connected with
      a second pipe, the second pipe being secured at the buoyant body in such a
      manner that it is completely located within the fluid.
PAR  Basically with the inventive balance the load bowl or scale can be arranged
      above, below and also adjacent the buoyant body. If the load bowl is
      arranged beneath the buoyant body at a balance equipped with pressure
      rod(s) then it is preferably coupled through the agency of a hinge
      connection with the rod.
PAR  When greater requirements as concerns the accuracy and sensitivity of the
      balance are made then the surface tension of the fluid begins to have a
      disturbing effect. According to a preferred embodiment of the invention
      the fluid therefore is provided with an additive which reduces its surface
      tension. Furthermore, there is the possibility of providing the elements
      which immerse into the fluid at least partially with a coating which
      changes the adhesion of the fluid at such elements.
PAR  Since the buoyancy is appreciably dependent upon the density of the fluid
      and therefore upon its temperature, it is particularly advantageous in the
      case of absolute weighing operations if the fluid is equipped with a
      thermostat. On the other hand, for relative measurements, for instance
      changes in weight as a function of time, temperature changes often times
      do not play any significant role.
PAR  The inventive balance is exceptionally suitable, for instance, for the
      determination of small changes in weight or differences with large
      absolute weight of the weighed material.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings which are not drafted to scale and wherein
      throughout the various figures the same or similar components have been
      conveniently designated by the same reference characters, and wherein:
PAR  FIG. 1 is a front view, partially in section of a first exemplary
      embodiment of load balance designed according to the teachings of the
      present invention;
PAR  FIG. 2 is a front view, partially in section, of a variant embodiment of
      the load balance depicted in FIG. 1; and
PAR  FIG. 3 is a front view, partially in section, of a further exemplary
      embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, the exemplary embodiment of load balance
      depicted in FIG. 1 will be understood to comprise a stationarily arranged
      container 10 which is extensively filled with a fluid, here assumed to be
      water 12. Located in the water 12 so as to freely float therein is a
      closed hollow body 14 constituting a buoyant or floating body. The hollow
      body 14 is rigidly connected by means of a pressure rod 16, which is
      guided through an opening 18, with a rod or rod arrangement 20. Beneath
      the container 10 there are arranged a load bowl or scale 22 and a weight
      bowl or scale 24, these bowls being carried by the rod arrangement 20.
PAR  Prior to beginning a weighing operation the buoyant body 14 floats in its
      null position near to its upper boundary position. For the purpose of
      weighing a load 26 weights 28 are removed from the weight bowl or scale 24
      for such length of time until the fine range has again been obtained. This
      is determined by the displacement between the upper and the lower stops
      (not shown) of the buoyant body 14 (and the therewith associated buoyancy
      change due to the different immersion of the pressure rod 16 as well as a
      part of a mechanism 33 to be described more fully hereinafter). This
      displacement corresponds to the displacement of a pointer 30 secured at
      the rod 20, this pointer 30 moving past a stationary scale 32 which is
      conveniently calibrated in units of weight. The weight of the load 26 can
      be determined in conventional manner from the summation of the removed
      substitution weights 28 and the indication at the scale 32.
PAR  Now for the purpose of increasing the sensitivity as contemplated by the
      invention there is provided the following mechanism 33: at the buoyant
      body 14 there is attached a tubular or pipe element 34. This pipe element
      34 is open at the bottom and at its upper end which is closed there is
      mounted a second thin pipe or tube 36 which communicates via an opening
      34a with the interior of the pipe element 34. The pipe 36 is guided
      towards the outside through an opening 38 in the container 10 and opens
      into the remaining closed upper end of a further pipe element 40. This
      pipe or tubular element 40, which is open at the bottom, immerses
      completely into a container 44 which is open at the top and filled with
      water 42. The container 44 is mounted at the rod arrangement 20.
PAR  The described mechanism 33 operates as follows: with an increase in weight
      (load 26 less the value of the substitution weights which have been
      removed) the buoyant body 14 sinks downwardly and together therewith the
      pipe element 34. Owing to the increasing hydrostatic pressure water
      ascends within the tubular or pipe element 34 upwardly and expels a
      certain amount of air out of the hollow compartment 46 into the hollow
      compartment 48 of the second tubular element 40, so that the buoyancy of
      the tubular or pipe element 34 reduces. The degree of the thus resultant
      loss in buoyancy is dependent upon the relationship of the internal
      diameters of the pipe or tubular elements 34 and 40, wherein the linearity
      is determined by the accuracy of such internal diameters. It is
      advantageous to select the internal diameter of the pipe element 40 so as
      to be appreciably grater than that of the pipe element 34 in order to
      reduce the influence of a change of the hydrostatic pressure upon the air
      volume (hyperbolic characteristic) and which influence reduces the
      linearity. Furthermore, it is advantageous to maintain the internal
      diameter of the connection pipe (or hose) 36 very small in order to reduce
      the influence of temperature changes upon the air volume.
PAR  The water 12 and 42 contains a conventional additive of a suitable liquid
      tension relieving means. Furthermore, the pressure rod 16 and the
      connection pipe 36 can be equipped with a plastic coating, as has been
      conveniently schematically indicated by reference characters 16a and 36a
      respectively. Due to these measures it is possible to reduce the surface
      tension of the water and therefore its adhesion to the aforementioned
      elements to such an extent that the weighing operation is practically no
      longer influenced thereby.
PAR  A balance of the type here under discussion can be used over a longer time
      span as a balance for patients. The load bowl or scale 22 is constructed
      as a seat for the patient and with a weighing range of 120 kg it is
      possible to exactly determine the loss in weight, governed by the
      metabolism, as a function of time up to about 10 mg. To this end the
      patient is weighed and then, following the patient taking his place at the
      load bowl or scale 22, tared in the adjustment range and there is noted
      the exact pointer or indicator position as determined by the pointer 30
      and scale 32. Then there are added 10 gms to the weight bowl. Thereafter
      one waits until the same pointer position has again been reached as was
      present prior to the addition of the 10 gm weight, and the time required
      for this is then noted. From this information (weight of the patient and
      reduction of his weight by 10 gms in the determined time) it is possible
      to calculate his specific reduction in weight in mg per kg body weight per
      minute, and which values permit of valuable diagnostic conclusions.
PAR  Furthermore, it has been found that the previously discussed patient
      balance is very robust and does not require a great deal of maintenance.
      The maintenance is essentially limited to the refilling of any possibliy
      evaporated water. Temperature effects play a negligibly small role.
      Furthermore, it has been found that the buoyant body 14 always strives to
      freely float, i.e. after a possible impact against the container wall does
      not "remain stuck", rather immediately again releases therefrom.
PAR  The modified version of balance illustrated in FIG. 2, is similar to that
      shown in FIG. 1. However, in this case the load bowl or scale 22 is freely
      suspended via suspension arrangement 50 at a hinge connection or joint 52.
      The hinge connection is formed by a hook 54 secured to the rod arrangement
      20 and an eyelet 56 formed at the suspension arrangement or hanger 50.
PAR  In this case the partial buoyancy compensation is realized by means of an
      air-filled watertight elastic balloon 58 which is entrapped in a
      cylindrical extension or projection 60 provided at the buoyant or floating
      body 14. During a sinking of the buoyant body 14 owing to an increase in
      the load the volume of the balloon 58 decreases because of the increasing
      hydrostatic pressure, and therefore the increase in buoyancy of the
      pressure rod 16 is partially compensated. The degree of compensation is
      dependent upon the volume of the balloon 58 and the pressure of the air
      therein.
PAR  Instead of using an air- or gas-filled balloon it is also possible to use
      an air-filled or evacuated compartment which is closed by means of an
      elastic membrane or diaphragm.
PAR  For the purpose of eliminating temperature influences upon the air volume
      in the balloon 58 there can be provided a thermostat or equivalent
      structure, as such has been schematically depicted by reference character
      100.
PAR  Turning now attention to the exemplary embodiment of load balance depicted
      in FIG. 3 it will be recognized that the container 10 is surrounded by an
      insulating jacket or shell 62. The container 10 is closed at the top and
      at the bottom is provided with a diaphragm 64 which is fixed at the
      container 10 by means of four screws 66 or equivalent structure, and
      wherein only two such screws are visible in the drawing. A wire 70 extends
      through a central opening 68 in such diaphragm 64, this wire 70
      establishing the connection between the buoyant or floating body 14 and
      the balance suspension arrangement or hanger 50. A further wire 72, the
      diameter of which is slightly greater than the diameter of the wire 70,
      extends upwardly from the lift body 14.
PAR  During an increase in the load 26 the buoyant body 14 sinks and part of the
      wire 70 moves out of the fluid or liquid 12 (loss in buoyancy), whereas at
      the same time a corresponding length of the wire 72 immerses into the
      fluid 12 (gain in buoyancy). By appropriately selecting the wire diameter
      it is therefore possible to obtain maximum sensitivites.
PAR  As will be apparent from the illustration the container 10 is not
      completely filled with the fluid 12, so that there is formed in its upper
      region or zone an air compartment 74 which is at a negative pressure. This
      negative pressure prevents a running out of the fluid or liquid 12 through
      the opening 68.
PAR  It will be appreciated from what has been discussed above that a number of
      exemplary embodiments of the balance contemplated by the invention have
      been described. It has been demonstrated that the principle of the
      partially compensated buoyancy change offers the possibility of realizing
      great and maximum sensitivities for large weighing ranges, something which
      is especially advantageous for comparative measurements and the
      determination of weight changes.
PAR  The invention can be modified in a number of different ways. Thus, it can
      be advantageous for certain situations, instead of using only one buoyant
      or floating body to use a number thereof. Apart from using water as the
      fluid, depending upon the intended purpose and function of the equipment,
      there can be considered a great number of other fluids or liquids (even if
      water as a general rule constitutes the most economical solution) and
      wherein from case to case there must be taken into account the influence
      of the viscosity, density (and its change as a function of the
      temperature) and surface tension.
PAR  Instead of using only one pressure rod it would be possible, for instance,
      for reasons of stability, to provide a number thereof. Also the pressure
      rods can possess varying cross-section in order to for instance compensate
      the non-linearity of the characteristic of a gas cushion as the
      compensation element.
PAR  The illustrated exemplary embodiments, apart from their principle
      robustness, are relatively simple to fabricate and therefore, also because
      of their extensive freedom from maintenance, are very economical. Of
      course, it is possible to undertake a number of measures for increasing
      the operating comfort, thus for instance to mechanize the operation of the
      weights or to automate the indication, for instance with photoelectric
      means.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto but may be otherwise variously embodied and practiced
      within the scope of the following claims. Accordingly,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A buoyancy balance comprising a buoyant body floating in a fluid, a
      container for containing the fluid, a load scale, means for coupling the
      load scale with the buoyant body, and means for partially compensating the
      change in buoyancy brought about by the movement of the load scale.
NUM  2.
PAR  2. The buoyancy balance as defined in claim 1, wherein said compensating
      means comprises means providing a gas cushion operatively connected with
      the buoyant body.
NUM  3.
PAR  3. The buoyancy balance as defined in claim 1, wherein said compensating
      means comprises a supplementary element piercingly extending through a
      boundary surface of the fluid.
NUM  4.
PAR  4. The buoyancy balance as defined in claim 1, further including a separate
      fluid-filled container arranged externally of the fluid in which said
      buoyant body floats, a first pipe member immersed in said container, a
      second pipe member operatively connected with the first pipe member, said
      second pipe member being secured to said buoyant body such that it is
      located completely within the fluid in which the buoyant body floats.
NUM  5.
PAR  5. The buoyancy balance as defined in claim 1, wherein the load scale is
      located beneath the buoyant body and is connected via rod means with such
      buoyant body, hinge means for coupling the load scale with said rod means,
      said rod means and hinge means defining said coupling means.
NUM  6.
PAR  6. The buoyancy balance as defined in claim 1, wherein said fluid contains
      an additive for reducing its surface tension.
NUM  7.
PAR  7. The buoyancy balance as defined in claim 1, wherein at least part of the
      coupling means immerses in the fluid and said part is at least partially
      provided with a coating which alters the adhesion of the fluid at such
      immersed part of said coupling means.
NUM  8.
PAR  8. The buoyancy balance as defined in claim 1, further including thermostat
      means for stabilizing the temperature of the fluid.
NUM  9.
PAR  9. The buoyancy balance as defined in claim 3, wherein said coupling means
      comprises a wire, said load scale being suspended at said wire below the
      buoyant body, said supplementary element comprising a further wire, both
      wires having different cross-sections.
NUM  10.
PAR  10. A method of determining the weight changes as a function of time of a
      human being, which comprises:
PA1  a. placing the human being on a buoyancy balance;
PA1  b. providing in said balance a buoyant body floating in a contained fluid;
PA1  c. providing a load scale and means for coupling the load scale with the
      buoyant body;
PA1  d. partially compensating the change in buoyancy brought about by the
      movement of the load scale.
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PAL  Platform weighing apparatus combines a foundation frame, a two layer
      platform, and interposed load cells of highly restricted vertical
      dimensions. The load cells are interfitted within cut-away portions of the
      underlayer of the platform, being removably attached to the platform, but
      floating with respect to the apparatus frame. Centering rings on the
      floating lower portions of the load cells facilitate set-up of the
      apparatus. The load cells lie wholly below the planar surface of the
      platform, facilitating attachment of hook-on ramps to the four sides of
      assembly to make it equally approachable from all sides. Deflectable
      bracing means prevent relative sideways motion of the platform and frame
      while permitting vertical weighing motion of the platform.
BSUM
PAR  The present invention relates to weighing apparatus and more particularly
      to platform apparatus adapted to weigh loads borne by wheeled conveyances
      such as fork-lift trucks.
PAR  This field of application calls for apparatus which is (i) of high weighing
      capacity, (ii) capable of being moved from location to location as
      requirements change, (iii) low enough that heavily loaded vehicles may
      readily ascend to the weighing surface, and (iv) flat enough in respect to
      its general profile as to create minimum obstruction of the operating
      area. These qualities appear not to have been previously successfully
      combined in available equipment.
PAC  BACKGROUND AND BRIEF DESCRIPTION OF THE INVENTION
PAR  It is the purpose of the present invention to provide an improved weighing
      apparatus assembly which effectively realizes all the objectives mentioned
      in the foregoing, while concurrently meeting further objectives of
      reliability, low cost and easy maintenance, including particularly ready
      replaceability of functional elements of the apparatus. These objects, as
      well as others which will appear as description proceeds, are achieved by
      combining in a novel way an underlying frame structure with a superposed
      platform structure, the two structures being separated by peripherally
      located load cells which lie wholly below the surface plane of the
      platform. The load cells, which, in combination with suitable metering
      equipment, measure the weight supported on the platform, are so connected
      to the platform assembly as to be removable by horizontal withdrawal from
      between the platform and frame structures merely by release of attachment
      means connected to the platform structure and readily accessible from its
      upper surface. Moreover, the assembly which accomplishes this is such that
      its entire horizontal profile lies wholly between planes which in the
      vertical direction are separated only by a very few inches. This means
      that the assembly presents little obstruction from any direction of
      approach, a feature which is taken advantage of in a preferred application
      of the invention by framing each side of the weighing assembly by a
      detachable inclined ramp so disposed that the framed assembly presents the
      aspect of a low level truncated pyramid, conveniently mountable from any
      side.
DRWD
PAR  Further objects and advantages of the invention will be readily discerned
      from a consideration of the following detailed description, taken in
      connection with the accompanying drawings. In the drawings:
PAR  FIG. 1 is a perspective view of the fully assembled weighing apparatus;
PAR  FIG. 2 is a side view of the apparatus of FIG. 1;
PAR  FIG. 3 is a side view (foreshortened by breaking out sections) of the
      assembly of the platform and frame structures (with ramps removed);
PAR  FIG. 4 is an exploded perspective view of a corner of the apparatus
      assembly (less ramps);
PAR  FIG. 5 is a plan view, partially broken away, of the assembly of the frame
      and platform structures (with ramps attached);
PAR  FIG. 6 is a section taken on line 6--6 of FIG. 5;
PAR  FIG. 6A is a fragmentary section taken on line 6A--6A of FIG. 5;
PAR  FIG. 7 is a fragmentary top view (with the upper platform part removed)
      showing alternative means of interconnecting the frame and platform
      structures; and
PAR  FIG. 8 is an extended side view of the assembly of FIG. 7, with the top
      platform part in place; and
PAR  FIG. 9 is a section taken on line 9--9 of FIG. 8.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring particularly to FIGS. 1 and 2, one sees the external appearance
      of the completely assembled weighing apparatus with the surrounding ramps
      in place. The central rectangular surface 10 is that of the weighing
      platform per se, this being framed by, although not attached to, a set of
      four ramp parts. The two ramp parts 15 which parallel the longer platform
      edges comprise, in the embodiment shown, rectangular structural steel
      panels (preferably embossed or otherwise surface-roughened), each having
      its lower edge resting on a floor or other substrate (not shown in FIG.
      1). The inner edges of these parts are removably attached to and supported
      by an underlying frame structure which does not appear in FIG. 1 but which
      will be fully described at a later point. Two additional ramp parts
      adjoining the ends of platform 10 are provided with central panels 20a
      (embossed or otherwise roughened) and normally serve as mounting and
      demounting surfaces for a truck or other vehicle to be weighed on the
      platform. Inclined wings 20b are welded or otherwise attached to the
      panels 20a, these wings having a triangular shape chosen to make them abut
      (in the assembled condition of the apparatus) with the extremities of the
      side ramps 15. As clearly appears in FIGS. 1 and 2 the resulting
      configuration of the assembled platform and ramp is that of a very low
      profile truncated pyramid, with the platform 10 being capable of
      unobstructed access from any angle of approach.
PAR  FIGS. 3, 4 and 6, taken in conjunction, provide details of the apparatus
      assembly and show that it includes, in addition to the rectangular
      platform structure 10, a frame or base structure 30 similar in outline to
      the platform and a number of load cells 60 located between the platform
      and frame structures near their peripheries. The platform structure is
      formed of an upper layer 10a, preferably of surface-corrugated structural
      steel of about 1/2 inch thickness and an underlayer 10b of structural
      steel of about 3/4 inch thickness. This second layer is provided as
      reinforcement and may suitably consist of a steel plate of the indicated
      thickness plug-welded to the upper plate 10a. The horizontal dimensions of
      the underlayer are a few inches less than those of the upper layer and, as
      appears most clearly in FIGS. 4 and 5, the underlayer is cut away at its
      corners to provide curved recesses 12 in which the load cells 60 may be
      located. It will be understood, of course, that the entire platform
      structure could alternatively be formed of a single relatively thick plate
      with the corners of the underside of the plate milled away to a depth
      appropriate to provide recesses similar to the illustrated recesses 12.
PAR  The underlying frame structure 30 is provided at its corners with generally
      triangular foundation plates 32, these being backed up by underlying
      bearing plates 33. These various plates are formed of an appropriate
      structural material (e.g. steel) and the bearing plates 33 provide flat
      surfaces for supporting the entire weighing assembly on a level substrate
      such as a factory floor or, if outdoors, a concrete base. Spacers 34 of
      suitable gauge strap or angle iron are welded at their extremities to the
      foundation plates 32 to establish a rigid rectangular assembly of the
      frame structure as shown in FIGS. 4 and 5.
PAR  It is important that the platform structure be capable of limited vertical
      movement in relation to the frame structure (i.e. in order to perform its
      weighing function) but that horizontal relative movement of the two
      structures be susbstantially prevented. This relationship is established
      in connection with the present invention by providing near each edge of
      the assembly a mechanical linkage between the platform and frame which has
      flexibility in the up and down direction but which is essentially
      unyielding in the horizontal plane. In the preferred construction of FIGS.
      1 through 6, the appropriate linkage is supplied by assemblies or bundles
      38 of thin flexible strips extending along the various edges of the
      platform structure, with the principal dimensions of the several strips
      lying in (or approximately in) the horizontal plane. Each bundle has at
      each end a fixed clamped connection 40 to a near-corner portion of the
      underside of the upper platform part 10a and at its center a fixed clamped
      connection 52 to a near central portion of the appropriate one of the
      frame-forming spacers 34. Each edge of the platform-frame thus has, in
      effect, two stabilizing stay-strip assemblies in end-to-end relation, each
      assembly being free, by virtue of its laminated construction, to flex
      readily in the vertical direction so as to permit substantially
      unrestrained up-and-down motion of the platform 10. On the other hand, any
      attempted horizontal motion of the platform in relation to the base
      structure 30 (FIG. 3) will place one or more of the strip assemblies in
      tension, a condition in which horizontal platform movement will, to all
      intents and purposes, be precluded. Placing any one of the strip
      assemblies in tensile stress will in theory, tend to place its paired
      assembly in compressive stress. However, the tensile strength of the strip
      materials employed is so great that actual compression of the paired
      strips will be inconsequential, and in no event great enough to cause
      their buckling or other destructive distortion. In a particular case, it
      has been found entirely effective to form each strip bundle of a set of
      four stainless steel strips, each 1 inch wide and 1/16 inch thick.
      However, depending on projected loading, more strips may be employed, or
      the sectional dimensions may be varied as required.
PAR  In the weighing system employed in the present invention, there are
      interposed between the platform structure 10 and the frame or base
      structure 30, a set of hydraulic load cells 60. These are preferably
      located under the corners of the weighing platform. As is well known in
      the art, placing a weight on the platform applies compressive force to the
      fluid contained in the load cells, and the summation of the pressures
      developed in the several cells provides an evaluation of the total weight
      applied. Such summation may be accomplished in a conventional way through
      pipe lines 70 leading from the various cells to an externally accessible
      junction station, as indicated for example by number 80 in FIG. 5. From
      the junction station, the several pipes 70 may be connected through
      further ducts 85 to an integrating instrument or totalizer. This
      instrument is not illustrated in the drawings but may be of any well-known
      type.
PAR  The present invention is not concerned with the internal structure of the
      load cells 60 per se, since the general theory of such cells is already
      well known. It is, however, concerned with the way in which the cells are
      interrelated with the remainder of the weighing assembly to realize a new
      order of vertical compactness and new degrees of facility in aligning the
      functional parts of the weighing apparatus in a field location. For
      explanation of this aspect of the invention, reference may be had to FIGS.
      3 through 6.
PAR  As has already been noted, each of the load cells 60 is centered within a
      cut away portion 12 of the underlayer 10b  of the platform structure
      (FIGS. 4 and 5). Within this cut away region the cell's upper planar
      surface abuts against a downwardly directed surface area of the platform's
      upper layer 10a, while its bottom planar surface faces an upwardly
      directed surface area of the underlying frame. In the construction
      illustrated, the last-mentioned surface area is the upper face of one of
      the triangular corner pieces 32. Each cell is circular and has a major
      dimension (e.g. 1-1/4 inches) in the vertical direction which is a minor
      fraction of its major dimension (e.g. 5 inches) in the horizontal
      direction. For this reason, and by virtue of the fact that the various
      cells "by-pass" the relatively thick underlayer of the platform structure
      (i.e. because of their location within the cut-out regions of that layer)
      the elevation above the factory floor (or other substrate) of the upper
      surface of the weighing assembly can be kept at about 2 inches, or less
      than twice the vertical dimension of the load cell alone. This is of
      enormous advantage to the user since it maximizes ease of mountability for
      fork-lift trucks and similar conveyances and minimizes obstruction of the
      factory floor (or other working surface) regardless of the direction of
      approach.
PAR  Further advantages in terms of ease of assembly and alignment of a weighing
      station and repairability of an installed system are realized by attaching
      each load cell only to the platform structure and by making this
      attachment by means which are accessible from the upper surface of that
      structure. This feature is illustrated in FIG. 6, taken in connection with
      FIGS. 4 and 5. Referring to FIG. 6, the load cell illustrated is of the
      same operational character (although not of precisely the same structural
      configuration) as that shown and described in U.S. Pat. No. 2,960,113
      issued Nov. 16, 1960, which patent is hereby incorporated by reference.
      For purposes of the present invention, the cell comprises a cylindrical
      upwardly directed piston 62 which is surrounded by a flat centering ring
      61 secured to it by bolts 61a. The piston is loosely enclosed by an
      annular collar 63, which in turn is backed up by a cylindrical pressure
      plate 64. A set of bolts 63a (only one being shown) secure the collar to
      the pressure plate, a fluid-tight seal being assured by use of an O-ring
      66. A cup-shaped flexible diaphragm, preferably formed of impervious
      pliable plastic material, includes an outer flange 67a which is clamped
      between the collar 63 and the pressure plate 64. The central portion of
      the diaphragm depends in cup-like fashion from the flange to provide (i) a
      flattened circular part 67b which lies on the upper surface of the piston
      62 (being centered thereon by an attached centering button 68) and (ii) an
      annular depending loop or fold 67c which falls in the space between the
      opposed lateral walls of the piston and the collar 63. The diaphragm thus
      constitutes a friction-free hydraulic seal for the space between the
      piston and the pressure plate 64.
PAR  At its periphery each loaded cell is provided with an outlet from the space
      between the piston and the pressure plate which terminates in a connector
      71. This connector serves to attach the outlet to piping 70 (FIG. 4)
      through which the fluid pressure developed by loading the weighing
      platform can be transmitted to an appropriate measuring instrument or
      totalizer, as previously described. It is found convenient also to use the
      several branches of the piping 70 at the point of their junction with the
      totalizer as a means for injecting into the several cells (i.e. through
      their respective connectors 71) the pressurized hydraulic fluid upon which
      the functioning of the system depends. To facilitate this filling
      operation, each cell is additionally provided with a vent-fitting 77 by
      which trapped air may be released from the cell as pressurized hydraulic
      fluid is introduced. Although other arrangements are possible, in the
      particular construction illustrated the vent-fittings 77 and the outlet
      connectors 71 are displaced from one another about 180.degree. around the
      circumference of the load cells.
PAR  It should also be noted that only the pressure plate 64 of each cell is
      attached to the structure of the weighing assembly, the lower surfaces of
      the piston cylinder 62 and the centering ring 61 being left free of
      attachment to the underlying frame parts 32, although under load they will
      bear upon and be pressed against these parts. The preferred mode of
      mounting the cell involves the use of removable securing means accessible
      from the upper surface of the platform part 10a. This, as shown in FIG. 4,
      these means may consist of screws 79 which pass downwardly through the
      platform into threaded opening provided in the pressure plate 64. This
      mode of single-side attachment eliminates the need for special access
      structures to be provided above the surface of the platform for installing
      and servicing the load cells. Furthermore, it simplifies the process of
      aligning the cells at the time of final assembly of the weighing apparatus
      in that the various centering rings 61 can readily be checked at their
      edges for alignment with the similarly dimensioned edges of the superposed
      cell parts 63 and 64. Any misalignment detected can be corrected by
      somewhat lessening the weight bearing on the upper cell surface and
      sliding the centering ring to a properly aligned position -- no
      disassembly of parts being required for this operation.
PAR  Another feature of the apparatus which should be noted comprises the means
      provided for simultaneously lifting the platform and underlying frame
      structures (once these two structures are combined in their final or
      near-final assembly). These means include the provision near each end of
      the frame structure of a fixed block 35 (FIG. 4) which has an inwardly
      directed lip portion 35a. When the platform 10 is finally installed, the
      lip portion 35a overhangs the upwardly directed surface of a retaining
      block 36 which is attached to the underside of the platform part 10b,
      extending beyond the edge of that part as clearly indicated at 36a in FIG.
      4. Access openings 110 provided in the frame parts 32 permit attachment
      and removal of the retaining blocks 36 by means of bolts 36b  (FIGS. 3 and
      6a). Similar access openings 115 facilitate bolted attachment of the
      clamping blocks 40. For lifting the entire assembly once its upper and
      lower parts are loosely interlocked in the manner just described, use is
      made of threaded lift holes 120 provided in the upper surface of the
      platform part 10a. These holes may be closed by a screw-in plug (not
      shown) when the apparatus is ready for use, but can be reopened and fitted
      with eye-bolts when a lifting operation is to be performed.
PAR  The uniquely streamlined, low-profile configuration of the entire weighing
      apparatus which results from the features of the invention described above
      also establishes the omni-directional approachability of the weighing
      surface which already has been mentioned in connection with FIG. 1. That
      is to say, this configuration makes practical the four-sided ramp assembly
      which FIG. 1 illustrates. More specifically, it is found readily possible,
      in accordance with the invention, to provide for field attachment to the
      frame structure 30 (FIG. 6A) of four cooperatively formed ramp parts
      which, in combination with the upper platform surface, produce the aspect
      of a low-lying truncated pyramid presenting a substantially unobstructed
      path of approach from any angle. Relevant details of the ramp-attaching
      means are shown in FIGS. 4 and 6A from which it will be seen that the
      triangular frame members 32 are provided at each of their orthogonal edges
      with upstanding bolt-receiving brackets 35 (some of these brackets also
      serving an interlocking function as just explained). In use, each bracket
      is equipped with a bolt 39 (FIG. 6A) having at its head portion a widened
      flange 39a, the bolt being of such length that the flange is significantly
      spaced from the nearest face of the backet. Locking means comprising the
      combination of a thickened washer 130 having a no-turn engagement with the
      face of the bracket and a set-screw fixedly securing the washer to the
      shaft of the bolt 39 holds the bolt in place once all its associated
      elements have been properly tightened. With this arrangement the several
      bolts provide latch-on means adapted to engage the upper lips of
      downwardly directed slots 140 provided in the ramp structure as
      exemplified in FIG. 6A.
PAR  The preferred means illustrated in FIGS. 1 through 6 for securing the
      platform and frame structures against excessive relative horizontal
      movement are, of course, capable in some circumstances of replacement by
      other securing arrangements. A particular alternative arrangement which is
      advantageous from the standpoint of field assembly is illustrated in FIGS.
      7, 8 and 9. (In these Figures, parts which have already been fully
      identified bear identical numbers to those previously used.)
PAR  Referring only to the novel details of FIGS. 7, 8, it will be seen that the
      generally triangular frame 32 has affixed to its corner extremities (e.g.
      by welding) a pair of brackets 90 each of which is adapted to serve both
      as an attachment for a ramp part and as securing means for a cylindrical
      bracing arm 95. Attachment of the ramp part may be accomplished by a bolt
      extending into the threaded opening 91, in analogy with the procedure
      previously described. In addition, however, the bracket 90 has at one end
      90a a vertical slot 90b which is sized to receive the bearing end 97a of a
      coupling member 97 attached to one end of one of the bracing arms 95.
      Opposite its bearing end, each coupling member terminates in a threaded
      portion 97b, which, as the drawing shows, enters an appropriately threaded
      opening in the end of the bracing arm, a back-up nut 98 serving to prevent
      rotation of the coupling member once it has been adjusted to a preferred
      axial location. At its bearing end, each coupling incorporates a spherical
      bearing of well-known kind, as indicated at 97c. In assembling the
      coupling member 97 with the bracket 90, a bearing pin 99 which has a
      threaded end portion 99a is inserted through a conforming opening formed
      in one side of the bracket, thence through a similarly sized opening in
      the bearing assembly 97c, and then is screwed tightly into a threaded
      opening in the opposite side of the bracket. With the assembly just
      described, each of the bracing arms is left free for limited vertical and
      tortional rotation about the theoretical center of the associated bearing
      97c.
PAR  The bracing arm 95 extends along the entire side of the weighing assembly
      and at the end of the arm which is remote from that described in the
      preceding paragraph is coupled to a bracket 108 on the underside of the
      platform structure by a coupling member 110 generally similar in
      construction and mode of attachment to the member 97. Similar arms,
      similarly attached, are provided on all four sides of the weighing
      assembly. Each arm acts both in tension and compression to prevent
      significant horizontal movement of the platform in relation to the frame
      structure while permitting free vertical movement to the extent required
      to enable the load cells 60 to function in the intended manner. Such
      horizontal motion as may occur because of vertical rotation of the arms 95
      caused by depression of the platform under load will be trivial because of
      the extreme smallness of the vertical excursion of the platform permitted
      by the load cells. In no event (within the load rating of the system) will
      enough horizontal motion occur to interfere with normal load cell
      operation.
PAR  While the invention has been described only in reference to a particular
      embodiment thereof, it will be understood that numerous variations may be
      made within the skill of the art and without departure from the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Weighing apparatus comprising
PA1  A. a platform structure having a planar upper surface;
PA1  B. a frame structure wholly underlying the surface plane of the platform
      structure; and
PA1  C. a plurality of mutually displaced hydraulic load cells interposed
      between downwardly directed surface areas of the platform structure and
      upwardly directed areas of the frame structure for conjointly measuring,
      by their compression between the two structures, the total weight of a
      load placed on the upper platform surface, each of said load cells
PA2  i. being free from attachment to the frame structure; and
PA2  ii. having a positive attachment to the platform structure.
NUM  2.
PAR  2. Weighing apparatus according to claim 1 in which the load cell
      attachment to the platform structure comprises removable means which are
      removable by access to the upper surface of the platform structure.
NUM  3.
PAR  3. Weighing apparatus according to claim 1 in which each of said load cells
      has
PA1  A. an upper part attached in face-to-face relation with a downwardly
      directed surface area of the platform structure;
PA1  B. a lower part having limited freedom of motion in both vertical and
      horizontal directions with respect to the said upper part and arranged in
      unattached face-to-face relation with an upwardly directed surface area of
      the frame structure; and
PA1  C. a centering ring symmetrically attached to the said lower part and
      having lateral dimensions matching those of the upper part for
      facilitating alignment of the two parts during assembly of the apparatus.
NUM  4.
PAR  4. Weighing apparatus according to claim 1 in which
PA1  A. the platform comprises an upper part constituted of a top layer of
      structural material and a lower reinforcing part constituted of a second
      layer of structural material, said second layer being cut away at
      peripheral regions corresponding to the respective locations of the
      various load cells; and
PA1  B. each of the load cells
PA2  1. having a major dimension in the vertical direction which is a minor
      fraction of its major dimension in the horizontal direction, and
PA2  2. interfitting between the frame structure and the top layer of the
      platform structure within one of the said cut-away regions of the second
      layer of the platform structure.
NUM  5.
PAR  5. Weighing apparatus according to claim 1 in which
PA1  A. the frame structure is formed to be supported upon a level substrate;
PA1  B. the height of the upper platform surface above the substrate is less
      than twice the vertical dimension of a load cell; and
PA1  c. the entire periphery of the frame is surrounded by an inclined ramp
      extending upwardly from the level of the substrate to a height at the
      region of its continguity with the frame which coincides with the height
      of the upper platform surface.
NUM  6.
PAR  6. Weighing apparatus according to claim 5 in which the platform and frame
      structures are rectangular and in which the ramp consists of four
      separable ramp parts, each detachably engaged with a corresponding side of
      the frame structure, the four ramp parts forming with the upper surface of
      the platform a low profile truncated pyramid.
NUM  7.
PAR  7. Weighing apparatus according to claim 1 in which the platform and frame
      structures are rectangular and which further includes at each edge of the
      frame structure elongated bracing means extending between a fixed point on
      the frame structure and a horizontally displaced point on the platform
      structure for resisting horizontal displacement of the platform structure
      while permitting vertical movement of that structure.
NUM  8.
PAR  8. Weighing apparatus according to claim 7 in which each bracing means
      includes a bundle of thin flexible strips, each strip having its major
      dimensions in the horizontal plane and each bundle having
PA1  A. a fixed connection at one end to a near-central edge portion of the
      frame structure; and
PA1  B. a fixed connection at the other end to a near-corner region of the
      platform structure;
PAL  there being at each edge of the frame structure strip-bundles of the
      specified type extending between the near-central portion of that edge and
      each of the two associated near-corner regions of the platform structure,
      whereby attempted horizontal movement of the platform structure places one
      of said bundles in tensile stress without subjecting the other bundle to
      destructive compressive stress.
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ABST
PAL  The invention is a suspension assembly for a loop drive track of a vehicle
      such as a snowmobile. Individual forward and aft suspension linkages
      incorporating coaxial compression spring and shock absorber units, employ
      rolling contact with a track support slide rail or bogey wheel assembly to
      provide programmed spring and shock reaction over the full range of
      vertical displacement of the track.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is in the field of suspension systems for the endless tracks
      of track laying vehicles, more particularly relates to such a suspension
      system for the drive track of a snowmobile and still more particularly to
      what is known to the art as a slide rail suspension; however, the system
      is adaptable as well to a bogey wheel track support arrangement.
PAR  During the course of the development of the snowmobile vehicle, the track
      support element was initially provided with leaf, coil and torsion spring
      arrangements which were undamped and which due to their mounting and
      actuating mechanisms provided a rather stiff linear response to
      displacement of the track, leading to a comparatively rough ride. Later,
      separate shock absorbers were added usually inefficiently mounted at the
      rear of the track support frame where their action was not directly
      associated with the aformentioned spring support elements.
PAR  The invention is an improvement in such track suspension systems in that it
      not only employs matched coaxial spring and shock absorber units, but also
      includes actuating linkages therefore which provide a connection of
      variable mechanical advantage with the track support element. The net
      result is a suspension system that is more forgiving and softer in the
      early stages of its displacement and yet fully responsive to the more
      extreme displacement forces encountered in rough terrain and at high
      speed. Constant track tension through all articulations of the suspension
      is achieved through the front control arm configuration and angles
      disclosed.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  Briefly the suspension system of the invention comprises a track support
      element suspended within the tunnel of a typical snowmobile chassis by a
      pair of forwardly extending control arms which provide for generally
      arcuate up and down movement of the track support element within the
      tunnel. A front suspension for the track support element includes at least
      one spring/shock absorber unit and an actuating lever arm for the
      spring/shock unit connected between the track support element and the
      chassis. A frictionless contact, e.g. roller, mounted to the track support
      element engages the shock actuating lever at varying points along its
      length determined by the displacement of the assembly so as to vary the
      fulcrum of the lever and the mechanical advantage of the spring/shock
      linkage. A rear suspension for the track support element includes at least
      one similar rear spring/shock and lever arm assembly which connects to the
      chassis and is held in contact with the track support element by a low
      friction engaging means which also moves along the aft lever arm changing
      the fulcrum of the lever and the mechanical advantage of the aft
      suspension system as the track support element is displaced.
PAR  Among the advantages gained by the invention is the damping of straight
      upward thrust and the controlling of rebound of the machine upon
      encountering a bump; these thrusts and rebounds tend to throw the machine
      in the air and reduce traction and steerability. This advantage derives
      from the use of the forward shock absorber of the invention which controls
      such thrusts and rebounds by dampening the action of the forward support
      spring.
PAR  A further advantage of the invention is the achieving of an efficiency rate
      of between 75 and 103% at the spring/shock assembly through the use of the
      varying fulcrum point. As will be later described, the forward shock lever
      arm is given a cam shape which accelerates the action of the spring/shock
      assembly in the event of more extreme displacement of this track support
      unit.
PAR  A still further advantage of the invention is that it damps suspension
      swing, or "jacking", encountered upon the abrupt application of power,
      which swing can and has in the past resulted in the lifting of the front
      skis entirely off the surface with result of loss of steering control.
PAR  Yet another advantage of the invention is the improved comfort of the ride
      of the machine due to the varied mechanical efficiency of the suspension
      system which permits use of softer spring and shocks.
PAR  A still further advantage of the invention is in weight saving enabled by
      the use of lighter springs and the coaxial spring/shock assembly.
PAR  Other objectives, advantages, and various further features of novelty and
      invention will be pointed out or will occur to those skilled in the art
      from a reading of the following specification in conjunction with the
      accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of the suspension system of the invention when the
      snowmobile is at rest (solid lines) and with the suspension system near
      fully depressed (dotted lines).
PAR  FIG. 2 is a top view of the track suspension system of FIG. 1.
PAR  FIG. 3 is a front view of the forward suspension system of FIG. 1.
PAR  FIG. 4 is a rear end view of the rear track suspension system of the
      invention taken along lines 4--4 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring now to FIG. 1, a snowmobile drive belt 1 is shown mounted on a
      suspension system 2 of the invention. The belt is led over a drive
      sprocket 3 at its forward end and idler wheels 4 at its opposite end. The
      driving span 5 of the track rides along the bottom surface of a pair of
      slide rails 6 having a low friction material 7 positioned therebetween.
PAR  The entire assembly is positioned within a tunnel 8 in the chassis 9 of a
      snowmobile illustrated schematically in FIGS. 1, 2, 3 and 4.
PAR  Referring to FIGS. 1 and 2, the axle 12 of the drive sprocket 3 is fixedly
      journaled to the snowmobile chassis 9. The slide rails 6 are pivotally
      attached to the chassis sidewalls 10 by a pair of suspension control arms
      14 and 15. The after end 16 of each of the suspension arms 14 and 15 is
      rigidly connected to a transverse tubular member 17 which extends between
      and is pivotally connected to a pair of vertical mounting plates 18
      extending upwardly from the outer sides of the two slide rails 6
      respectively. The forward ends 19 of suspension arms 14 and 15 are rigidly
      attached to a transverse tubular member 20 which extends across the tunnel
      opening 8 in the chassis and is pivotally attached to the side walls 10 of
      the chassis. This connection basically permits the slide rails to move up
      and down in an arc prescribed by the after end of the suspension arms 14
      and 15 and keeps the track length constant.
PAR  It is significant to note that the suspension arms 14 and 15 angle upwardly
      due to the fact that the transverse tubular member 17 is normally lower
      than the transverse tubular member 20. With the aft idler wheel 4 being
      rigidly attached to the slide rail assembly 2 rapid application of power
      will rotate the assembly downwardly about the forward transverse member 20
      causing the forward end of the machine to unweight to a limited degree.
      This is considered desirable if controlled so that the skis remain in
      contact with the snow as it reduces friction on the skis and thereby
      promotes more rapid acceleration.
PAR  The forward spring/shock assembly 21 includes a forward coaxial compression
      spring and shock absorber assembly of a type well known to the art and
      frequently used on motorcycles, having an after eye 23 attached within a
      clevice 24 by a removable screw and nut 25. The clevice 24 is rigidly
      attached to the pivoting transverse tubular member 17 so that it will
      rotate therewith. The forward end of the spring/shock assembly 22 has a
      similar attaching eye 26 which is pivotally attached by a screw and nut 27
      between the downwardly extending side walls 28 of the after end 29 of a
      forward shock absorber actuating lever arm 30. The forward end 31 of the
      lever arm 30 is pivotally attached by a pin 33 to a clevice 32 rigidly
      mounted on transverse tubular member 20.
PAR  The forward spring/shock assembly 21 is actuated by the upward thrust of
      the slide rails 6 which is transmitted by a roller 35 bearing upwardly
      against a cam surface 36 on the underside of the forward actuating lever
      arm 30. The roller 35 is journaled upon a transverse tubular member 38
      which is pivotally mounted between a pair of vertically extending mounting
      plates 39 extending upwardly from the inner sides of the slide rails 6. As
      illustrated in FIG. 1, as the slide rails are urged upwardly against the
      suspension system the roller 35 moves toward the forward end of the lever
      arm 30 thereby increasing the mechanical advantage of the spring/shock
      mechanism and gradually stiffening the suspension in response to further
      displacement. The net effect of the linkage, however, is to provide a
      considerable latitude of movement with light springing in the early stages
      of displacement to provide a smoother ride. It should be noted that the
      combination of the forward suspension arms 14 and 15, the transverse
      tubular member 17 and the clevice 24 combine to function as a bell crank
      which compresses the spring/shock assembly 22 further increasing its
      effectiveness as the slide rails 6 are moved upwardly.
PAR  The aft spring/shock suspension assembly 40 is comprised of two identical
      units, one on the outside of each slide rail, so that only one assembly
      need be described. The forward mounting eye 41 of each aft spring/shock
      unit 42 is pivotally attached to a tubular transverse structural member
      44, which member is pivotally attached to the side walls 10 of the
      snowmobile chassis by a suitable means such as the stand off brackets 45
      illustrated. The rear mounting eye 46 of the spring/shock assembly 42 is
      pivotally attached by a bolt and bushing assembly 47 between the upwardly
      extending side walls 48 of the forward end 49 of the after shock control
      lever arm 50. The after end 51 of the lever arm 50 is rigidly attached to
      a tubular transverse structural member 52, the ends 53 of which are
      pivotally attached by means such as that illustrated to the side walls 10
      of the chassis 9.
PAR  Ground contact forces acting on the after portion of the slide rails 6 are
      transmitted to the aft spring/shock suspension assemblies 40 by rollers 55
      journaled by appropriate means to a transverse bar 56 extending through
      and between the slide rails 6. As illustrated in FIGS. 1 and 4 the roller
      55 moves upwardly and aft along the bottom surface of lever arm 50,
      reducing its leverage on that lever arm and increasing the mechanical
      advantage of the spring/shcok assembly 40 as the suspension is
      progressively depressed.
PAR  In both the forward and after suspension assemblies means are provided to
      prevent the cam rollers 35 and 55, and thus the slide rails 6, from
      falling away from the suspension apparatus if the snowmobile became
      airborn. In the case of the forward assembly 21, a guard 60 may be secured
      by any appropriate means to the lever arm 30 to prevent the roller 35 from
      falling any substantial distance from the cam surface 36. in the case of
      the after assembly 40, a shackle 61 is mounted to transverse bar 56 at the
      opposite ends of roller 55, and includes in its upper portion a smaller
      roller 62 which is journaled within the shackle to a cross pin 63 so that
      it can roll freely along the top surface of the lever arm 50. These
      shackles also assist in control of side forces acting on the rear of
      suspension system.
PAR  Included in the assembly but not essential to the invention are a pair of
      idler wheels 70 symmetrically positioned along the transverse member 44,
      and a centrally located idler guard 71 journaled to transverse member 52.
      These idlers help support the drive track on its return to the drive
      sprocket 3 when slack.
PAR  It should be noted that the forward and aft spring/shock units 22 and 42
      may be of the type wherein the spring tension may be pre-loaded. This
      permits the ride to be adjusted for any particular type of use or terrain
      to be encountered by the user of the machine.
PAR  The structure described provides a novel means for programming and
      controlling the rate and character of spring/shock response to
      displacement of the snowmobile track. It has been tested commercially and
      has achieved broad acceptance as providing a generally more comfortable
      and superior ride.
PAR  While the principles of the invention have been described in connection
      with the above specific apparatus, it is to be clearly understood that
      this description is made only by way of example and not as a limitation to
      the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a snowmobile having a chassis, an endless drive track, means for
      driving said track and means for supporting said track in engagement with
      said driving means and the ground,
PA1  an improved means of suspending said track support means from said chassis,
      comprising:
PA1  a front spring and shock absorber suspension assembly pivotally connected
      between said chassis and said track support means, and
PA1  a rear spring and shock absorber suspension assembly pivotally connected
      between said chassis and said track support means,
PA1  and separate linkage means operatively connecting each of said front and
      rear suspension assemblies to said track support means for displacing the
      spring and shock absorber elements of each of said assemblies in unison
      over the operating range thereof in response to displacement of said track
      support means with respect to said chassis,
PA1  each of said separate linkage means including a lever arm and means
      associated with each of said lever arms for independently varying the
      mechanical advantage of each of said assemblies over its operating range
      in response to displacement of said track support means, and
PA1  wherein one of said lever arms comprises a cam surface and said means for
      varying the mechanical advantage includes a low friction means attached to
      said track support means and bearing upon said cam surface.
NUM  2.
PAR  2. The device of claim 1 wherein said low friction bearing means comprises
      a roller journaled to said track support means.
NUM  3.
PAR  3. The device of claim 1 further including means for adjustably pre-loading
      said spring and shock absorber assemblies.
NUM  4.
PAR  4. The device of claim 1 further including means for retaining said roller
      in close proximity to said lever arm.
NUM  5.
PAR  5. The device of claim 1 wherein said lever arm of said forward suspension
      assembly is pivotally connected to said chassis and said forward coaxial
      spring and shock absorber assembly is pivotally connected to said track
      support means.
NUM  6.
PAR  6. The device of claim 1 wherein said lever arm of said rear suspension
      assembly and said spring and shock absorber assembly are both pivotally
      connected to said chassis.
NUM  7.
PAR  7. In a snowmobile comprising a chassis having an inverted U-shaped opening
      in the bottom thereof, a drive engine, a drive track and drive track
      support assembly disposed within said U-shaped opening and means for
      drivingly connecting said engine to said track, an improved means for
      suspending said drive track assembly within said U-shaped opening,
      comprising,
PA1  means for positively linking said track support assembly to said chassis,
      comprising a pair of control arms having one end rigidly connected to a
      first transverse member pivotally connected to said chassis and the other
      end rigidly connected to a second transverse structural member pivotally
      mounted to said track support assembly,
PA1  a front spring and shock absorber assembly, means for pivotally connecting
      one end of said front assembly to said second transverse member and means
      for pivotally connecting the other end of said front assembly to means
      linking said front assembly to said first transverse member,
PA1  a rear spring and shock absorber assembly, means for pivotally connecting
      one end of said rear assembly to a third transverse member rotatably
      mounted to said chassis and means for pivotally connecting the other end
      of said rear assembly to means linking said rear assembly to a fourth
      transverse member rotatably mounted to said chassis,
PA1  means associated with a front portion of said track support assembly and
      said front spring and shock linkage for operatively compressing said
      forward spring and shock assembly in a varying preselected relation to
      movement of said track relative to said chassis, and
PA1  means associated with a rear portion of said track support assembly and
      said rear spring and shock linkage for operatively compressing said rear
      spring and shock assembly in a preselected relation to movement of said
      track relative to said chassis.
NUM  8.
PAR  8. The device of claim 7 wherein said control arms, said first transverse
      member and said means linking said forward spring and shock assembly to
      said first transverse member combine to comprise a bell crank responsive
      to upward displacement of said track to compress said forward spring/shock
      unit.
NUM  9.
PAR  9. The device of claim 7 wherein said spring and shock absorber assemblies
      are coaxial.
NUM  10.
PAR  10. The device of claim 7 wherein said at least one of said front and rear
      spring and shock linking means comprises a lever arm, and said means for
      compressing said spring and shock unit comprises a low friction abutment
      means mounted for sliding contact with said lever arm.
NUM  11.
PAR  11. The device of claim 10 wherein said lever arm comprises a cam surface
      operable with said abutment means to vary the mechanical advantage of said
      linkage in response to the position of said abutment means upon said lever
      arm.
NUM  12.
PAR  12. In a snowmobile having a chassis, an endless drive track, means for
      driving said track and means for supporting said track in engagement with
      said driving means and the ground,
PA1  an improved means for suspending said track support means from said
      chassis, comprising;
PA1  means pivotally connected to said track support means and said chassis for
      cushioning movement of said track support means relative to said chassis
      including a lever arm pivotally attached to one of said chassis and track
      support means, and abutment means attached to the other of said chassis
      and track support means and movably engaged upon a surface of said lever
      arm, wherein
PA1  the surface of said lever arm so engaged comprises cam means for varying
      the mechanical advantage of said cushioning means as said abutment means
      moves over said cam means in response to displacement of said track
      support means with respect to said chassis.
NUM  13.
PAR  13. The device of claim 12 wherein said cushioning means comprises a spring
      having one end pivotally connected to one of said chassis and track
      support means and the other end connected to said lever arm.
NUM  14.
PAR  14. The device of claim 12 wherein said cushioning means comprises a shock
      absorber having one end attached to one of said chassis and track support
      means and the other end pivotally connected to said lever arm.
NUM  15.
PAR  15. The device of claim 12 wherein said cushioning means comprises a
      coaxial spring and shock absorber assembly having one end attached to one
      of said chassis and track support means and the other end connected to
      said lever arm.
NUM  16.
PAR  16. The device of claim 12 wherein said abutment means is a roller.
NUM  17.
PAR  17. In a snowmobile having a chassis, an endless drive track, means for
      driving said track and means for supporting said track in engagement with
      said driving means and the ground,
PA1  an improved means of suspending said track support means from said chassis,
      comprising:
PA1  a front suspension assembly pivotally connected between said chassis and
      said track support means including a coaxial spring and shock absorber
      assembly and an actuating lever arm pivotally attached thereto,
PA1  a rear suspension assembly pivotally connected between said chassis and
      said track support means including a coaxial spring and shock absorber
      assembly and an actuating lever arm pivotally attached thereto,
PA1  and means for actuating each of said assemblies in response to vertical
      displacement of said track, said actuating means including front and rear
      means attached to said track support to slidingly engage and displace said
      lever arms in response to relative movement of said chassis and track,
      whereby the spring and shock absorber elements of each of said assemblies
      are actuated in unison over the entire operating range thereof.
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PAL  A half track attachment for a vehicle comprises a pair of driving wheels
      having a plurality of circumferentially aligned protrusion receiving
      holes, a pair of endless tracks for mounting about said driving wheels,
      the tracks having a plurality of longitudinally aligned protrusions for
      coaction with the said holes and a pair of auxiliary wheels spaced from
      the driving wheels for guiding the track.
PARN
PAR  This is a continuation of application Ser. No. 377,852 filed, July 9, 1973,
      now abandoned.
BSUM
PAR  The present invention relates in general to motorized vehicles and in
      particular to all terrain-vehicles having a track system adapted to be
      carried by the driving wheels of such vehicles.
PAR  Many all-terrain vehicles are now available on the market, some of which
      use an endless track system, while others use very low pressure tires for
      providing the necessary support for the vehicle when travelling over rough
      terrain or through swamps. Such vehicles have in the past had some
      drawbacks when it came to their use in terrain which was snowcovered,
      sandy or boggy. For example, many such vehicles are limited in their
      ability to climb steep hills under such conditions and their top speed in
      snow is quite limited.
PAR  The present invention overcomes these various problems for wheeled vehicles
      by providing an endless track adapted to be carried by the rear driving
      wheels of a vehicle, the track also being carried by auxiliary wheels
      spaced preferably a short distance in front of the driving wheels. The
      track is guided by a simple mechanism on the driving and auxiliary wheels,
      slippage between the track and the driving wheels being prevented by the
      guiding system. Since there is negligible slippage between the driving
      wheels and the track, the vehicle is capable of maintaining a high speed
      not only over solid ground but also through snow and over other
      less-than-solid ground surfaces.
PAR  The present invention includes an endless track having on the inside
      surface thereof a plurality of inwardly projecting cones, which cones
      interact with a series of inwardly directed cone receiving holes in the
      driving wheel. The cones are aligned on the track in a pair of parallel
      lines, the separation between the lines of cones being sufficient to just
      receive the auxiliary wheel, thereby preventing any sideways relative
      movement between the track and the auxiliary wheel. The cone receiving
      holes in the driving wheels appear as a pair of parallel circumferential
      grooves in each wheel, having a somewhat corrugated appearance along the
      sides thereof due to the very close proximity of the individual holes.
      Means are also provided for aligning the auxiliary wheels transversely and
      longitudinally of the vehicle and for adjusting the tautness of the track.
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PAR  The invention will now be described in more detail with reference to the
      drawings wherein:
PAR  FIG. 1 is a perspective view of the track system of the present invention
      as attached to a vehicle, the vehicle being shown in outline.
PAR  FIGS. 2 and 2a are side views of the track system of the present invention
      showing respectively in broken line the raised and lowered aspects of the
      auxiliary wheel.
PAR  FIG. 3 is a plan view of the driving mechanism with the upper portion of
      the track removed to show the V-groove configuration in the driving
      wheels.
PAR  FIG. 4 shows the track construction and details of the cone receiving
      grooves in the driving wheel.
PAR  FIG. 5 is a perspective view of the auxiliary wheel and auxiliary wheel
      pivot arm assembly.
PAR  FIG. 6 is an exploded view of the auxiliary wheel and auxiliary wheel pivot
      arm assembly.
PAR  FIG. 7 is a perspective partially exploded view of the auxiliary wheel
      pivot arm support and track adjustment mechanism.
PAR  FIG. 8, appearing on the same sheet as FIG. 5, is an exploded view of the
      auxiliary wheel pivot arm support and track adjustment mechanism.
PAR  FIG. 9, appearing on the same sheet as FIG. 5, is a plan view of the
      auxiliary wheel assembly and track adjustment mechanism.
PAR  FIGS. 10, 11 and 12 are an exploded view, a side view and a front view of
      the bogie wheel and support assembly respectively.
PAR  FIG. 13, appearing on the same sheet as FIG. 6, is a detailed view of the
      bogie wheel link and adjustment rod.
PAR  FIG. 14, appearing on the same sheet as FIG. 6, is an exploded view of the
      adjustable auxiliary wheel spring suspension mechanism.
PAR  FIG. 15, appearing on the same sheet as FIG. 5, is an exploded view of the
      bogie wheel assembly.
DETD
PAR  As thus illustrated the vehicle is designated in its entirety by reference
      character A. Reference character B designates in its entirety the track
      wheel driving mechanism of the vehicle and C designates the front end of
      the vehicle which could support the front guiding wheels or skis,
      whichever is applicable to the terrain on which the vehicle will be used.
      Reference character D designates in its entirety the bogie wheel assembly
      support. Reference character E designates the auxiliary wheel pivot arm
      support and track adjustment mechanism and reference character F
      designates the adjustable auxiliary wheel spring suspension mechanism.
PAR  Referring to FIGS. 1 and 4, the track 2 consists preferably of a suitable
      fabric and rubber composition or some suitable flexible plastic material
      and has rows of protrusions 5 which project inwardly from the inside
      surface of the belt. The protrusions may be attached to the belt by way of
      rivets 6 which are preferably of brass, the protrusion assembly including
      a washer 7 also preferably of brass. Since the material of the track and
      of the protrusions is preferably of a moldable material, it is
      contemplated that the protrusions or cones 5 and the track 2 could be
      molded as an integral track. The track 2 is positioned so that when
      assembled on the vehicle the rows of cones 5 are in contact with the sides
      of auxiliary wheel 3, thereby guiding track 2 continually around the wheel
      3.
PAR  The rows of cones 5 also engage in cone receiving holes 8 in the driving
      wheels 1. The holes 8 are circumferentially aligned and positioned to
      overlap one with the next to form a pair of parallel V-shaped grooves 13,
      the grooves being aligned with the rows of cones 5. The V-grooves in the
      driving wheel 1 have corrugated sides due to the close proximity and
      overlap of the holes 8 to each other. The cones 5 engage the holes 8 and
      the sides of grooves 13 as the driving wheels rotate, thereby providing a
      non-slip contact therebetween, allowing the driving wheel 1 to propel the
      track 2. Thus, the principle of the cones in the corrugated V-groove 13
      operates as a toothed sprocket, but in reverse, there being no need to
      have sprocket holes in the track. It should also be noted that the track
      is entirely of a flexible material and has no external large metal lugs
      which tend to reduce the attainable top speed of a vehicle. Thus, a
      vehicle utilizing the track system of the present invention is not limited
      in its top speed as are other such vehicles.
PAR  Track 2 is kept in longitudinal alignment and tension by auxiliary wheel 3
      being vertically positioned inside the front portion of the track a short
      distance from driving wheel 1 and centered between the two rows of cones.
      The width of wheel 3 being sufficient to just fit between the two rows of
      cones 5 thereby prevents any sideways relative movement between the track
      and the auxiliary wheel.
PAR  With reference now to FIGS. 6, 7 and 9, it is seen that auxiliary wheel 3
      is attached by means of bolt 38 to hub 39 which in turn is mounted on
      auxiliary wheel axle 30 by bearings 37. The hub and bearing assembly is
      kept in lateral adjustment on auxiliary axle 30 by collars 36. Auxiliary
      wheel axle 30 is welded to one end of longitudinal pivot arm 4. The other
      end of longitudinal pivot arm 4 is attached as by welding to a pivot tube
      29. The pivot tube 29 is secured to pivot rod 17 through hole 23 in
      adjustment plate 10 by means of nuts 18 and 19. Pivot rod 17 is in turn
      secured to adjustment plate 10 which is slidably arranged within fixed
      plate 11, both plates 10 and 11 being U-shaped so that plate 10 fits
      exactly within plate 11 allowing no side motion of plate 10 within plate
      11. Plate 10 is secured within plate 11 by means of bolt 12 inserted
      through holes 21 of plate 11 and through slots 31 of plate 10 (see FIG. 8)
      and secured by nuts 15 and 16 in a conventional double nut lock fashion
      thereby allowing longitudinal movement of plate 10 within plate 11 but
      preventing up and down motion of plate 10 within plate 11.
PAR  The sliding of plate 10 within plate 11 is controlled by means of rod 25
      which is fastened at one end through slot 33 of plate 11 to plate 10
      through threaded hole 24 and locked in position by means of nut 28 (FIGS.
      7 and 8). The other end of rod 25 passes through hole 80 in plate 20 and
      is secured by means of nuts 26 and 27 respectively positioned on opposite
      sides of plate 20, the latter being welded to plate 11. Plate 11 is in
      turn secured to vehicle A through slots 34 by means of bolts 14, slots 34
      permitting lateral and longitudinal adjustment of plate 11 and
      consequently of auxiliary wheel 3 in relation to the body of vehicle A.
      Rod 25 thereby provides a means of controlling the movement of plate 10
      within plate 11 and locking of plate 10 in the desired position within
      plate 11 with respect to the vehicle body.
PAR  The movement of plate 10 being transmitted directly through auxiliary wheel
      pivot arm 4 to wheel 3 which is resting inside track 2 permits adjusting
      of the tension of the track 2 as required.
PAR  As seen in FIG. 2 the swing or arc of pivot arm 4 around the pivot rod 17
      causes auxiliary wheel axle 30 to move in an arc which in turn causes a
      pulling or pushing action on bogie linkage rod 45. Bogie linkage rod 45 is
      attached at one end to nut 75 which is welded to tube 35 and locked in
      position by nut 76, tube 35 itself being inserted around auxiliary wheel
      axle 30 and between collar 36 and pivot arm 4. At the other end it is
      welded to nut 47 which in turn is welded to slotted plate 46, thereby
      providing a means of adjusting the length of bogie linkage rod 45. As
      viewed in FIGS. 10, 11 and 12 plate 46 is fastened to each end of bogie
      assembly shaft 48 by means of bolt 49. Bogie assembly shaft 48 is inserted
      through tubes 69 and 70 which constitute the central pivot point of bogie
      components 59 and 60 to which are attached the bogie wheels 58 (FIG. 15).
      The longitudinal positioning of the wheels 48 is accomplished by
      lengthening or shorteninng of bogie linkage rod 45. The lateral
      positioning of bogie wheels assembly is accomplished by means of yoke 51
      the bottom end of which is attached to bogie assembly shaft 48 by means of
      bolt 49 through bushing 52 in hole 71.
PAR  The top end of yoke 51 is attached to bogie support 55 by means of bolt 53
      and nut 54 through holes 56 and 57. The lateral adjustment of the bogie
      assembly is controlled by spacers 50 inserted as required between plates
      46 and yoke 51 on retaining bolt 49. The forward inclination of yoke 51
      pivoted between bolts 53 and 49 causes shaft 48 of the bogie assembly to
      move downward when bogie linkage rod 45 is pulled forward by the upward
      motion of auxiliary wheel 3 as demonstrated by FIGS. 11 and 2. The
      downward movement of bogie assembly shaft 48 in turn causes flexing of the
      bogie spring 61 yielding downward pressure on the bogie wheels 58. The
      upper motion of auxiliary wheel 3 upon encountering an obstacle causes
      therefore a downward push on the bogie wheel assembly, pushing downwards
      on the track 2 which causes the vehicle to rise in anticipation of the
      obstacle. The counteraction of the bogie wheel springs 61 being flexed
      downward results in a resistance to bogie linkage rod 45 being pulled
      forward, which resistance is imparted to auxiliary wheel 3, thereby
      limiting its upward travel. Following this, when the bogie assembly itself
      encounters the obstacle the upward motion of the bogie assembly causes in
      upward and backwards movement of bogie shaft 48 which by pulling on bogie
      linkage rod 45 yields a downward pressure on auxiliary wheel 3 thus
      distributing the impact of the obstacle between both the bogie assembly
      and auxiliary wheel 3. The tension of the bogie assembly is controlled by
      adjustment holes 56 and the length of bogie linkage rod 45. The
      inclination of the yoke 51 is controlled by holes 57 and the length of
      bogie linkage rod 45. The angle of the yoke 51 controls the relative
      amount of downward pressure applied to the bogie wheel assembly and the
      auxiliary wheel.
PAR  Further combinations of pressure application to auxiliary wheel 3 can be
      obtained by means of a coil spring 62 being held at one end in spring
      retaining cup 42 which is fastened by means of bolt 74 to lever 68 which
      in turn is welded to pivot arm 4 and is held at the other end in spring
      retaining cup 63 which is welded to adjustment rod 64 which in turn is
      fastened to spring support plate 67 by adjustment nuts 65 and 66. Plate 67
      is itself attached to the body of vehicle A by means of bolts 73.
PAR  The pressure of spring 62 against spring retaining cup 42 to bolt 74 and to
      lever 68 causes a downward pressure to be applied to pivot arm 4 and
      consequently to auxiliary wheel 3. The pivoting action of spring retaining
      cup 42 about bolt 74 helps the cup maintain its correct alignment in
      relation to spring 62 and cup 63.
PAR  The swing or arc of pivot arm 4 around the pivot rod 17 causes auxiliary
      wheel 3 to move in an arc which causes the track to be tightened whenever
      the auxiliary wheel is raised or lowered by the irregularities of the
      terrain. This movement of the pivot arm 4 also provides an automatic limit
      to the upper and lower travel of the auxiliary wheel, which limit depends
      on the stretchability of the track 2. This limiting action caused by the
      arc of pivot arm 4 is independent of the limiting action caused by the
      action of the bogie wheel assembly and is necessary for the summer
      configuration of the track system where the bogie may be removed. The
      prime purpose of the bogie assembly is to distribute the weight of the
      vehicle more evenly on the track giving more flotation and traction on
      fluffy snow. In other than snow covered terrains, the ground being more
      solid and flotation being less important, the bogie wheel assembly is
      removed to relieve the vehicle of the rolling resistance created by it and
      to avoid its vulnerability to inflexible obstacle such as sharp rocks,
      thick branches and logs which are normally not encountered in the winter.
      Removal of the bogie assembly as a unit is accomplished by the loosening
      of nut 76, removal of bogie linkage rod 45 from welded nut 75 and removal
      of bolts 53.
PAR  In this summer configuration, the bogie wheel assembly being removed, a
      spring 62 is normally inserted between spring retaining cups 42 and 63, to
      provide downward pressure on the auxiliary wheel 3 for traction and smooth
      ride.
PAR  It should be noted that the track system provides a simple means for
      adjusting the tension of the track, the longitudinal and lateral
      adjustment of the auxiliary wheel and bogie assembly as well as the ground
      pressure of, and the relative weight distribution between, the auxiliary
      wheel and bogie assembly, all of which permit the desired adjustment for a
      smooth ride and for traction over various conditions of terrain.
PAR  It should be noted that removal of the track, the auxiliary wheel and bogie
      assembly as one unit can be accomplished by first loosening the track
      tension by means of nuts 15, 16 and nut 27 then by removal of nuts 18 and
      19 and removal of bolts 53.
PAR  In this configuration the vehicle can then be driven by means of driving
      wheels 1 as an ordinary vehicle. This arrangement permits higher speed on
      smooth terrain or roads where tracks are not desired.
PAR  As described this invention provides a novel half track system which is
      rugged, reliable, long lasting, fully adjustable as to alignment, easily
      mounted and dismounted, adjustable as to ride, relatively economical and
      which provides suitable traction in all variations of terrain.
PAR  While the present invention has been shown utilizing the auxiliary wheels
      in a position forward of the driving wheels, it is understood that they
      could equally be placed behind the driving wheels. It should also be
      pointed out that contrary to most systems utilizing auxiliary wheels in a
      manner similar to their use herein, the auxiliary wheels of the present
      invention are not attached to the driving wheel axle. Thus, the auxiliary
      wheels can move independent of the driving wheel and the weight of the
      entire suspension system is kept to a minimum.
PAR  Applicant does not wish to be understood as limiting his invention to the
      specific details shown. Although a specific embodiment of the invention
      has been illustrated and described, it will be understood that various
      alterations in the details of construction may be made without departing
      from the spirit and scope of the invention as indicated by the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A half track attachment for a vehicle, said attachment comprising a pair
      of driving wheels, a pair of flexible endless tracks, a pair of auxiliary
      wheels spaced a distance from said driving wheels for engageably guiding
      said tracks, a plurality of spaced longitudinally aligned protrusions
      directed inwardly from the inside surface of each of said tracks, and a
      plurality of circumferentially aligned and radially inwardly directed
      protrusion receiving holes in each of said driving wheels, the holes in
      each driving wheel being positioned so that each hole overlaps the next to
      form a circumferential groove having generally corrugated protrusion
      engaging sides, whereby the holes in said driving wheels may coact with
      the protrusions on said tracks such that each driving wheel may engage and
      propel its own track.
NUM  2.
PAR  2. A half track attachment according to claim 1 wherein said protrusions
      are aligned in a pair of parallel rows on each of said tracks, said rows
      being spaced apart so as to receive one of said auxiliary wheels
      therebetween for guiding said track thereon.
NUM  3.
PAR  3. A half track attachment according to claim 2, wherein each of said
      auxiliary wheels is rotatably mounted to one end of a pivot arm, the other
      end of which is pivotally attached to the vehicle body thereby permitting
      arcuate movement of the auxiliary wheels relative to the body, and further
      including a removable bogie wheel assembly located between each said
      driving wheel and the corresponding auxiliary wheel and adjusting means
      connecting said bogie wheel assembly to said corresponding auxiliary wheel
      for downward motion relative thereto in response to said arcuate movement.
NUM  4.
PAR  4. A half track attachment according to claim 3 wherein said bogie assembly
      comprises a set of bogie wheels pivotally sprung on an axle which is
      pivotally attached to a yoke connected to said body, said adjusting means
      including adjustable linkage rod means joining said axle to said auxiliary
      wheel whereby said downward movement of said bogie wheel assembly is
      constrained by movement of each said auxiliary wheel.
NUM  5.
PAR  5. A half track attachment according to claim 4 and including resilient
      means between each said auxiliary wheel and said body for biasing each of
      said auxiliary wheels in a direction to ensure contact of said track with
      the ground.
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PAL  The angle each of a plurality of individually controllable wheels is to
      make with the lengthwise axis of a vehicle is controlled by a force
      responsive to the difference between a desired and actual position signal
      for each of the wheels, the former being furnished as a function of the
      angle of rotation of the steering wheel. The actual and desired position
      signals are furnished by code wheels coded in the absolute angle value of
      the desired or actual wheel position signals. In a first embodiment, the
      code wheels have a linear transfer characteristic. The control system
      includes a computer to convert one of the signals to a tangent or
      arctangent function and a comparator for comparing the converted signals
      to the other of the two sensed signals. In other embodiments either the
      code wheel furnishing the actual position signal has a tangent
      characteristic or that furnishing the desired position signal has an
      arctangent characteristic curve, thereby permitting direct comparison of
      the desired to the actual wheel position signals.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a steering system for motor vehicles and in
      particular for heavy duty trucks having a plurality of controllable wheels
      or axles and wherein the steering of said wheels or axles takes place by
      comparison of a desired to an actual position signal and a force
      responsive to the difference therebetween to move the wheel to a position
      whereat the difference signal becomes zero.
PAR  Hydraulic steering systems of the above described type are known. The means
      for furnishing the desired and the actual position signals are
      mechanically or hydraulically coupled to a comparator. However, such
      steering systems do not work accurately and the different steering
      functions cannot readily be exchanged and require a relatively high amount
      of equipment. On the other hand heavy duty vehicles of the above described
      type require a rapid and manifold changes in the steering functions so
      that the vehicle can meet its requirements, that is, be steered in
      accordance with the curvature of the street in spite of its great length.
      For example the possibility must exist that the vehicle can be controlled
      selectively either to drive straight ahead, to drive around a curve or
      even to drive in a perpendicular direction to its lengthwise axis if
      required.
PAR  Further, it is of course required that the individually controlled wheels
      or axles all reach the required desired positions in the same time period
      since otherwise the progress of vehicle will not be smooth. The steering
      system must thus move the wheels (or the axles connected to the wheels)
      within the same time period through corresponding angles which, when the
      vehicle turns around a curve, will not be the same angle for each wheel.
      The different angles do not under such circumstances have a linear or
      proportional relationship to each other. Actually the angles of rotation
      are related by a tangent function while the vehicle is turning. This, of
      course, for equal time periods requires a tangent time function as well.
      Thus for each angle the associated time differential must be computed by
      means of a computer.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to furnish a steering system which
      is suitable for heavy duty commercial vehicles such as trucks and which is
      a reliable and exact system for the simultaneous control of a plurality of
      wheels or axles. The system is to have the required elastic behavior and
      allow a rapid exchange of the steering systems.
PAR  In accordance with the present invention, either the means for furnishing
      the actual position signal or the means for furnishing the desired
      position signal; or both work in accordance with what will herein be
      referred to as an absolute digital system. In such a system each value of
      the code being used is associated with a definite angle of wheel rotation.
      Such an absolute system therefore is the opposite of an incremental system
      wherein the signals furnished correspond to angle increments which are
      later counted to derive a signal signifying the whole angle. Such an
      absolute system has the advantage that a particular angle of rotation
      corresponds to each coded value and that therefore a very exact and
      constant functional interconnection between the desired and the actual
      angle sensors is possible. Further, the different steering programs can be
      relatively simply exchanged against one another or, when suitably mounted
      within the vehicle, may be selectively switched in to the steering system.
PAR  Commercially available sensors generally have linear characteristic curves
      or relatively simple curves such as the sine or cosine curves. In a
      preferred embodiment of the present invention the first and second means,
      that is the means for furnishing the desired and the actual position
      signals respectively each have a linear characteristic curve. Under these
      conditions a computing device must be incorporated into the control system
      in order to convert at least one of the linear sensed signals into a
      tangent or arctangent function. Thus the embodiment which utilizes the
      simplest type of sensors, that is the linear sensors, requires the
      addition of a computer for computing the tangent or arctangent function.
PAR  Another possibility is to utilize either a first or a second means or both
      each of which have a characteristic curve which is nonlinear so that the
      desired and the actual position signals may be directly compared without
      further computation. In a preferred embodiment of the present invention
      either the first or the second means have a linear characteristic curve,
      the required relationship being achieved by the shaping of the curve of
      the other. The shaping of the characteristic curve can be achieved
      mechanically as for example by means of cams or special gearing or it can
      be achieved electromechanically as for example by means of code wheels
      which have the required nonlinear characteristic curve. Such digitally
      coded code wheels can readily be manufactured with a particular desired
      characteristic curve, that is a particular desired relationship between
      the measured angle of rotation and the output signal of the sensor.
PAR  By exchanging steering programs, a change in the steering can readily be
      achieved so that for example instead of driving the vehicle along a
      predetermined path, the vehicle may be turned around its center point or a
      point relatively close to said center point. Other programs may also be
      devised.
PAR  When said vehicle has a plurality of individually controllable axles all
      having a common center of rotation when turning a curve, either the
      computing means, or the one of the sensors which has the nonlinear
      characteristic, has a characteristic which follows a tangent or an
      arctangent curve.
PAR  In a preferred embodiment of the present invention the steering system
      comprises means for furnishing a desired position signal which are
      directly or indirectly coupled to the steering wheel as well as a
      plurality of means for furnishing actual position signals which furnish
      actual position signals corresponding to each of the individually
      controlled wheels or axles. In a particular preferred embodiment of the
      present invention the means for furnishing the actual position signals are
      directly mounted on the vertical trunnions of the controlled wheel or axle
      and are directly activated by the actual angular position of the wheel or
      axle relative to a particular axis of the vehicle or relative to the frame
      of the vehicle, the loading bridge, etc.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows a steering diagram for a multiple-axle vehicle driving along a
      predetermined path;
PAR  FIG. 2 is a graphic analysis of the diagram of FIG. 1;
PAR  FIG. 3 is a steering diagram for a multiple-axle vehicle for turning said
      vehicle around a center of rotation situated along the lengthwise center
      axis of the vehicle;
PAR  FIG. 3a is a graphic analysis of the steering diagram of FIG. 3;
PAR  FIG. 4 is a schematic diagram illustrating a steering system having sensors
      with linear characteristic curves;
PAR  FIG. 5 is a block diagram of the steering system of FIG. 4;
PAR  FIG. 6 is a schematic diagram of a steering system having actual position
      sensors with a tangent characteristic curve and a desired position sensor
      with a linear characteristic curve;
PAR  FIG. 7 shows embodiments of code wheels having linear and nonlinear
      characteristic curves;
PAR  FIGS. 8a and 8b show examples of characteristic curves for the desired and
      actual position sensors;
PAR  FIG. 9 is a partial section through the axle bearing of a controlled axle
      having an incorporated code wheel;
PAR  FIG. 10 is a schematic diagram showing an alternate method of incorporating
      the code wheel; and
PAR  FIG. 11 is a more detailed diagram of part 11 of FIG. 10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A preferred embodiment of the present invention will now be described with
      reference to the drawing.
PAR  FIG. 1 illustrates the relationship between the different angles made by
      individually controllable wheels or axles of a motor vehicle when said
      motor vehicle is turning around a steering center of rotation marked 0.
      The number of such individually controlled wheel or axles may be equal to
      or exceed 100 in practice. In FIG. 1, the distance al, a2, etc., denotes
      the distance of the cneter of the respective control wheels from a
      perpendicular to the lengthwise axis of the vehicle which passes through
      point 0. This perpendicular is labled m--m in FIG. 1. The distances
      between a straight line parallel to the vehicle axis drawn through point o
      and the center of rotation of each individual wheel is labeled r1, r2,
      etc. Thus, as shown in FIG. 1, the angular position of the respective
      wheels (or axles) are given by the following tangent functions:
EQU  a.sub.1 /r.sub.1 = tang .alpha..sub.1, a.sub.2 /r.sub.1 = tang
      .alpha..sub.2, etc.
PAR  In FIG. 2, the values of a.sub.1 /r.sub.1 are entered on the abscissa while
      the angular wheel positions (or axle positions) of axles A.sub.1, A.sub.1
      ', A.sub.2, A.sub.2 ', namely .alpha..sub.1, .alpha..sub.1 ',
      .alpha..sub.2, .alpha..sub.2 ' are entered in accordance with the
      corresponding steering radius r.sub.1, that is in accordance with the
      smaller or larger distance between the steering center of rotation 0 and
      the lengthwise center line m.sub.1 --m.sub.1 of axles A.sub.1, A.sub.2,
      etc. Lines parallel to the ordinate are lines connecting angular positions
      having the same steering center of rotation. For example line s connects
      points of angles = arctan a/r in dependence upon a.sub.1 /r.sub.1 for
      which the individual axles are rotated by the following defined angles
      relative to the lengthwise axis of the vehicle:
EQU  .alpha..sub.1 = arctan a.sub.1 /r.sub.1 .alpha..sub.1 ' = arctan a.sub.1
      /r.sub.2
EQU  .alpha..sub.2 = arctan a.sub.2 /r.sub.1 .alpha. .sub.2 ' = arctan a.sub.1
      /r.sub.2
PAR  As the distance r.sub.1 between m.sub.1 --m.sub.1 and point 0 increases,
      the angles approach the value of zero, while decreasing values of r.sub.1
      cause all angles to approach the value of 90.degree.. The curves may
      finally extend into the negative region. Accordingly, the same program may
      be used to move point 0 at will along the m--m axis. That is the point may
      be moved to the center of the vehicle to permit turning of the vehicle
      around its center point or may be moved further to the opposite side of
      the vehicle.
PAR  FIG. 3 shows a further example for programming the steering function. In
      this example the steering center of rotation 0 lies along the lengthwise
      center axis A--A of the vehicle. The angle of rotation of the axles are
      again related to each other by an arctan function corresponding to p =
      arctan b/R. If point 0 lies at infinity, the steering system is set for
      moving the vehicle in a direction perpendicular to its lengthwise axis and
      all axles are therefore perpendicular to the lengthwise center axis A--A
      of the vehicle, making angles p equal to zero. If point 0 is moved along
      the A--A axis, the angles p (p.sub.1, p.sub.2, etc.) increase one after
      the other to a value of 90.degree.in accordance with the arctan function.
      FIG. 3a shows the plotted values of the various arctan functions with
      b/R.sub.1 being entered on the abscissa, similarly as in FIG. 2. The
      perpendicular b/R.sub.1 connects points signifying the angles under the
      condition of FIG. 3.
PAR  FIG. 4 shows a block diagram of steering in accordance with an absolute
      digital system. The steering wheel is indicated by reference numeral 10
      and directly activates a code wheel 11 which is a wellknown
      electromechanical code wheel divided into conductive and nonconductive
      segments so that a set of brushes fixed in a stationary position will
      furnish currents varying as a function of the angular position of the
      wheel. This code wheel represents means for furnishing a desired position
      signal. When the code wheel has a linear characteristic curve k.sub.1, as
      shown in diagram 11a, the binary number representing the desired position
      signal varies as a linear function of the angle of rotation of wheel 11.
PAR  The means for furnishing the actual position signals, (herein also referred
      to as the second means) are represented by code wheels 14. Again these are
      digital code wheels each having a linear characteristic curve k.sub.2,
      k.sub.3, k.sub.4, k.sub.5, etc. Since both the first and the second means
      have linear characteristic curves, a computing unit 13 is required in the
      system which converts either the linear characteristic curve of the
      desired or of the actual position signals to an arctan or a tangent
      function respectively. The various desired position signals corresponding
      to the indicated and possibly transformed angles which correspond to the
      desired position signal furnished by the steering wheel and code wheel 11
      are then computed in accordance with the geometry of the vehicle by a
      function generator 12. A comparator 15 then compares the actual position
      signals to the desired position signals and the various difference signals
      then serve to control the individual wheels to the desired position, that
      is the position in which the corresponding difference signal approaches
      zero. The final power output stages which serve to so control the wheels
      are indicated schematically as unit 16.
PAR  In the block diagram of FIG. 5, the same units as shown in FIG. 4 have the
      same reference numerals. The sensors sensing the actual position of the
      wheels (second means) are either controlled directly by the angular wheel
      or axle position, or indirectly through a pivoting motor 17. The sensor
      11, sensing the steering wheel angle (first means) are again assumed to
      have a linear characteristic as are the actual position sensors 14. The
      function generator 12 therefore furnishes a signal corresponding to the
      tangent of the angle sensed by sensor 14. The difference between this
      tangent value and the steering wheel angle furnished by sensor 11 is
      compared in a difference amplifier 18. The output of difference amplifier
      18 controls the position of a control piston in a valve 19 which also has
      a linear characteristic curve. The position of the control piston of valve
      19 then controls the action of a pivoting motor 17 which in turn is
      coupled to the wheel controlling the position thereof. Motor 17 is
      operative until the difference signal at the output of difference
      amplifier 18 becomes zero. (Pos.19 according with the prospect of Mrssr.
      Rexroth No.RD 29342 ).
PAR  In the embodiment shown in FIG. 6, the first means, that is code wheel 11,
      again represents an element operative in accordance with the absolute
      digital system, that is a system wherein each signal derived by the
      brushes from the code wheel represents a determined angle of the steering
      wheel. The characteristic curve is again shown to be a linear curve. The
      means for furnishing the actual position signal, namely code wheels 14,
      have a tangent characteristic, the particular characteristic varying in
      dependence on the geometry of the vehicle. When code wheels 14 have this
      tangent characteristic, comparator 15 can directly compare the outputs of
      code wheels 11 and 14 thus obviating the need for a computing element. The
      various difference signals are then applied to output state 16 which
      controls the position of the wheels.
PAR  FIG. 7 shows how the code wheels can be made to yield various types of
      characteristic curve or transfer functions. For simplicity, the code
      wheels are shown having the various tracks arranged in a lengthwise
      direction. Of course in actual practice to measure an angular position,
      these tracks would be concentric tracks. In any case, a set of brushes is
      arranged in a fixed position relative to the code wheels which turn with
      the wheels. Each of the brushes covers one of the tracks. As shown, the
      output of the top brush represents values of 2.sup.0, the next lower one
      2.sup.1, etc. If the black sections are taken to be conductive while the
      white sections are taken to be nonconductive, each brush will furnish
      pulses when traveling over the conductive segment, the total signal
      furnished by the brushes being a signal in a binary coded form. The output
      of the brushes at the particular portions of the upper code wheel are
      indicated on top, number "100", for example, representing 0.4. The decimal
      numbers derived from the upper code wheel are shown in portion 11 of FIG.
      7. The lower code wheel is arranged in accordance with a nonlinear scale.
      As shown in FIG. 7, the angular portions of the code wheel are lengthened
      as the angle of the code wheel progresses. The increase in the output of
      code wheel 11' is thus less than the linear characteristic shown in code
      wheel 11. The resulting characteristic curve is shown in portion 11' of
      FIG. 7. This is seen to follow an arctangent function. Characteristic 11',
      that is code wheel 11', would thus be useful if the actual position
      signals were furnished as linear functions of the actual wheel positions.
      In this case then use of the lower code wheel of FIG. 7 would permit a
      direct comparison obviating the need for a computing element in the
      control system.
PAR  Of course various combinations of different characteristic curves are
      possible. These are illustrated in FIGS. 8a and 8b. In FIG. 8a the
      situation previously illustrated in FIG. 6 is shown. Specifically, the
      means furnishing a desired position signal (11) have a linear
      characteristic curve. The means furnishing the actual position signals
      (14) each have a nonlinear characteristic curve, the actual shape of the
      curve depending upon the geometry of the vehicle. In this particular
      embodiment, one desired position signal can be directly compared to a
      plurality of actual position signals, the number of difference amplifiers
      of course being equal to the number of actual position signals. The
      individual output element then controls each of the cntrollable wheels in
      accordance with the difference signal furnished by its associated
      difference amplifier.
PAR  In FIG. 8b the situation is somewhat different. The actual position
      signals, 14, each have the same linear characteristic curve. The desired
      position signal comprises a plurality of desired position signals, 11,
      each following an arctan function, but having different slopes depending
      upon the geometry of the vehicle. The desired position signals can, for
      example, be furnished by a plurality of code wheels all mounted on a shaft
      controlled by the steering wheel. Each actual position signal is then
      compared to the corresponding desired position signal and the difference
      therebetween again controls the position of the wheel until it is driven
      to zero. Thus each controllable wheel or axle here requires one conde
      wheel for furnishing the actual and one code wheel for furnishing the
      desired position signal. A complete set of code wheels for furnishing the
      desired position signal may be switched relatively simply by means of a
      switch or lever available to the driver for another set so that a
      different steering program can readily be obtained. Further embodiments
      for furnishing the desired and actual position signals of course are also
      possible.
PAR  FIG. 9 shows a preferred embodiment for building in a code wheel at the
      trunnion of a commercial vehicle. The main body of the vehicle is
      represented by reference numeral 20 which may, for example, represent the
      loading bridge of a multiple axle heavy duty truck. Axle assembly 21 is
      rotatably mounted about axis x--x by means of a trunnion 22. Code wheel 23
      with electrically conductive segments 24 and pickup brushes 25 is mounted
      between axle assembly 21 and the main body 20. A brush assembly including
      the brush carrier 27 and brushes 25 as well as insulator 26 are coupled
      through a member 28 to the body 20 of the vehicle and are braced on the
      axle assembly by means of ball bearings 29 are equivalent.
PAR  For each relativee angle of rotation of axle assembly relative to body 20
      around axis x--x, a set of pulses is furnished by brushes 25 which
      constitutes the actual position signal. Depending upon the characteristic
      curve of the code wheel, this value is furnished either directly to the
      comparator or first to a computer. It is of course desirable that these
      code wheels are mounted in such a manner that they may be readily
      exchanged or else may be selectively switched into the circuit.
PAR  FIGS. 10 and 11 show another embodiment for incorporating a code wheel 123
      (means for furnishing the actual position signal) into the trunnion
      bearing assembly of the axle assembly. As shown schematically in FIG. 10,
      axle 121 which controls a wheel or pair of wheels 130 by means of control
      lever 131 is pivotably mounted by means of trunnion 122 relative to body
      120 of the vehicle. Wheel or wheels 130 are herein braced by means of a
      spring or hydraulically against axle 121 in a fashion which is not shown.
      Trunnion 122 is rigidly coupled to the main body 120 (for example a
      loading bridge of the vehicle. The body 120 in turn is braced through
      trunnion 122, a friction bearing 131 and a thrust bearing 132 on the
      driving collar of axle 121.
PAR  FIG. 11 shows a cutaway portion 11 of FIG. 10 in an enlarged scale. Screws
      133 connect a plate 134 to trunnion 122. A seal 135 seals bearing 131
      which is mounted on plate 134. The lower surface of trunnion 122 houses
      code wheel 123. A cover plate 136 which is screwed onto driving collar
      121a of axle 121 encloses the space housing code wheel 123 and plate 134.
      Similarly, as in FIG. 9, one part of the means for furnishing the actual
      position signal are connected through cover plate 136 with axle 121 for
      rotation therewith, while the other portion, for example the brushes, are
      connected to a member 128 with the main body 120 of the vehicle. Of course
      the position of the code wheel and the brushes can be interchanged.
PAR  The above embodiment has the advantage that the means for furnishing the
      actual position signal are completely enclosed in the trunnion and are
      thus protected against damage. Since the cover plate 136 can be removed,
      access to the code wheels is still relatively simple and these code whells
      can be readily exchanged and incorporated. Further, play in the axle
      bearing cannot destroy the means for furnishing the actual position
      signal.
PAR  While the invention has been illustrated and described as embodied in
      specific code wheel arrangements, it is not intended to be limited to the
      details shown, since various modifications and circuit changes may be made
      without departing in any way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is set
      forth in the appended claims:
NUM  1.
PAR  1. Steering system for a vehicle having a plurality of individually
      controllable wheels, comprising, in combination, first means for
      furnishing a desired angular position signal indicative of the desired
      angular position of said wheels relative to a determined axis of said
      vehicle; second means for furnishing actual position signals indicative of
      the actual position of said wheel relative to said determined axis, at
      least said first or said second means comprising means for furnishing a
      digital signal having a plurality of determined values each corresponding
      to one of a plurality of angular positions of said wheels relative to said
      determined axis; and control means connected to said first and second
      means and said wheels for adjusting the angular position of said wheels as
      a function of said desired and actual position signals, in such a manner
      that said angular position of said wheels varies as a predetermined
      non-linear function of said desired position signal.
NUM  2.
PAR  2. Steering system for a vehicle having a plurality of individually
      controllable wheels, comprising, in combination, first means for
      furnishing a desired angular position signal varying as a linear function
      of the desired angular position of said wheels relative to a determined
      axis of said vehicle; second means for furnishing actual position signals
      varying as a linear function of the actual position of said wheel relative
      to said determined axis, at least said first or said second means
      comprising means for furnishing a digital signal having a plurality of
      determined values each corresponding to one of a plurality of angular
      positions of said wheels relative to said determined axis; and control
      means connected to said first and second means and said wheels for
      adjusting the angular position of said wheels as a function of said
      desired and actual position signals, said control means comprising
      computer means for computing a non-linear position signal varying as a
      predetermined non-linear function of said desired or said actual position
      signals, comparator means for comparing said non-linear position signal to
      the other of said desired and actual position signals and furnishing a
      difference signal corresponding to the difference therebetween, and output
      means connected to said comparator means for controlling said angular
      position of said wheels in such a manner that the amplitude of said
      difference signal decreases towards zero.
NUM  3.
PAR  3. A system as set forth in claim 2, wherein said system comprises a system
      for steering said vehicle around a curve; wherein said vehicle has a
      plurality of individually controllable wheels all having a common center
      of rotation when said vehicle goes around a curve; and wherein said
      predetermined non-linear function of said desired or actual position
      signal is a tangent or arctangent function, respectively.
NUM  4.
PAR  4. A system as set forth in claim 3, wherein said vehicle has a steering
      wheel; wherein said first means comprise means for furnishing said desired
      position signal as a function of the angular position of said steering
      wheel relative to a predetermined initial position; and wherein said
      second means comprise a plurality of second means corresponding in number
      to said plurality of individually controllable wheels, each for furnishing
      an actual position signal corresponding to the actual position of the
      corresponding one of said wheels.
NUM  5.
PAR  5. A system as set forth in claim 4, wherein said first means comprise a
      code wheel.
NUM  6.
PAR  6. A system as set forth in claim 4, wherein each of said second means
      comprises a code wheel.
NUM  7.
PAR  7. A system as set forth in claim 4, wherein said vehicle has a plurality
      of trunions and coupling means for coupling each of said individually
      controllable wheels to a corresponding one of said trunions for rotation
      therewith; and wherein each of said second means comprise means mounted on
      a corresponding one of said trunions for furnishing an actual position
      signal indicative of the angle of rotation of said trunion relative to a
      predetermined axis in the body of said vehicle.
NUM  8.
PAR  8. A system as set forth in claim 7, wherein said vehicle further comprises
      a supporting disc; wherein the body of said vehicle is braced against said
      supporting disc; wherein said vehicle further comprises a thrust bearing
      bracing said supporting disc against said coupling means; and wherein said
      second means comprise a code wheel mounted in a ring-shaped section
      between said trunion and said thrust bearing.
NUM  9.
PAR  9. A system as set forth in claim 7, wherein said second means each
      comprises a code wheel mounted in an enclosed space in one of said
      trunions.
NUM  10.
PAR  10. A system as set forth in claim 7, wherein each of said code wheels is
      removably mounted in a space in one of said trunions; further comprising a
      removable cover plate for covering said space containing said second
      means.
NUM  11.
PAR  11. Steering system for a vehicle having a plurality of individually
      controllable wheels, comprising, in combination, first means for
      furnishing a desired angular position signal indicative of the desired
      angular position of said wheels relative to a determined axis of said
      vehicle; second means for furnishing actual position signals indicative of
      the actual position of said wheel relative to said determied axis, at
      least said first or said second means comprising means for furnishing a
      digital signal having a plurality of determined values each corresponding
      to one of a plurality of angular positions of said wheels relative to said
      determined axis, at least said first or said second means having a
      non-linear transfer characteristic whereby said desired or said actual
      position signal varies as a predetermined non-linear function of said
      desired or actual position of said wheels respectively; and control means
      connected to said first and second means and said wheels for adjusting the
      angular position of said wheels as a function of said desired and actual
      position signals, said control means comprising comparator means for
      directly comparing the so-furnished actual and desired position signals
      and furnishing a difference signal corresponding to the difference
      therebetween, and output means connected to said comparator means for
      controlling said angular position of said wheels in such a manner that the
      amplitude of said difference signal decreases towards zero.
NUM  12.
PAR  12. A system as set forth in claim 1, wherein said system comprises a
      system for steering said vehicle around a curve; wherein said vehicle has
      a plurality of individually controllable wheels all having a common center
      of rotation when said vehicle goes around a curve; and wherein said
      predetermined nonlinear function of said desired or actual position signal
      is a tangent or arctangent function, respectively.
NUM  13.
PAR  13. A system as set forth in claim 12, wherein said vehicle has a steering
      wheel; wherein said first means comprise means for furnishing said desired
      position signal as a function of the angular position of said steering
      wheel relative to a predetermined initial position; and wherein said
      second means comprise a plurality of second means corresponding in number
      to said plurality of individually controllable wheels, each for furnishing
      an actual position signal corresponding to the actual position of the
      corresponding one of said wheels.
NUM  14.
PAR  14. A system as set forth in claim 13, wherein said first means comprise a
      code wheel.
NUM  15.
PAR  15. A system as set forth in claim 13, wherein each of said second means
      comprise a code wheel.
NUM  16.
PAR  16. A system as set forth in claim 13, wherein said vehicle has a plurality
      of trunnions and coupling means for coupling each of said individually
      controllable wheels to a corresponding one of said trunnions for rotation
      therewith; and wherein each of said second means comprise means mounted on
      a corresponding one of said trunnions for furnishing an actual position
      signal indicative of the angle of rotation of said trunnion relative to a
      predetermined axis in the body of said vehicle.
NUM  17.
PAR  17. A system as set forth in claim 16, wherein said vehicle further
      comprises a supporting disc; wherein the body of said vehicle is braced
      against said supporting disc; wherein said vehicle further comprises a
      thrust bearing bracing said supporting disc against said coupling means;
      and wherein said second means comprise a code wheel mounted in a
      ring-shaped section between said trunnion and said thrust bearing.
NUM  18.
PAR  18. A system as set forth in claim 16, wherein said second means each
      comprises a code wheel mounted in an enclosed space in one of said
      trunnions.
NUM  19.
PAR  19. A system as set forth in claim 18 wherein each of said code wheels is
      removably mounted in a space in one of said trunnions; further comprising
      a removable cover plate for covering said space containing said second
      means.
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ABST
PAL  A self-propelled vehicle having an enclosed operator cab in which the air
      intake pipe and the exhaust stack are mounted diagonally in line with one
      of the front corner posts of the cab so that although both the air intake
      pipe and the exhaust stack are close to the engine, they present a minimum
      of obstruction to the view of the operator. The portions of the intake
      pipe and exhaust stack visible to the operator are painted in the same
      dark color as the cab, in contrast to a lighter color employed on the rest
      of the vehicle. The vehicle may be provided with a hood which extends
      inwardly of the intake pipe and exhaust stack and is hinged to the vehicle
      at the front so that it can be tilted forward. The vehicle may be of the
      type which is articulated and in which the rear of the cab overhangs the
      rear section of the vehicle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  With large self-propelled vehicles having an internal combustion engine for
      propelling the vehicle, it is quite customary to have an air intake pipe
      and an exhaust stack mounted close to the engine. The air intake pipe and
      the exhaust stack are often vertically disposed so as to draw in the air
      substantially above the ground and to discharge the exhaust gases well
      above the cab in which the operator is located. Because of reducing the
      length of passage for the air as much as possible, the air intake pipe has
      quite commonly been located so as to extend through the hood. Similarly,
      the exhaust stack is often extended through the hood. The result is that
      it is very difficult to readily open the hood and it has been quite common
      to provide a hood in the form of a plurality of sections which must be
      removed by removing detachable fasteners. Furthermore, the presence of the
      exhaust stack and the air intake pipe in front of the operator obstructs
      his view. While many of these large vehicles are operated on plowed
      fields, or in construction work, it is till desirable that the operator
      has as unobstructed a view as possible.
PAR  It has been proposed to provide such a large vehicle in which the air
      cleaner is located in front to one side of the hood adjacent the front
      corner post and the exhaust stack is located to the rear adjacent a rear
      corner post. While this arrangement has the advantages of reducing the
      obstruction to the driver's view, it has the drawback that by running the
      exhaust pipe to the rear of the cab, considerable heat is introduced into
      the cab and the back pressure in the exhaust manifold is increased
      undesirably. Inasmuch as the heat within the cab is a very definite
      problem, even to the point where many of these cabs are air conditioned,
      it is highly undesirable to run an exhaust pipe closely adjacent to one
      side of the cab for the full length thereof.
PAR  Furthermore, where the vehicle is of the type that is articulated and where
      the roof of the cab tends to overhang the rear portion of the vehicle, it
      becomes somewhat difficult to locate an exhaust stack at the rear of the
      cab without interferring with turning of the vehicle, particularly when
      the turns are very tight.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention is concerned with a selfpropelled vehicle having an
      enclosed operator cab in which the air intake pipe and the exhaust stack
      are mounted diagonally in line with one of the front corner posts of the
      cab so that although both the air intake pipe and the exhaust stack are
      close to the engine, they present a minimum obstruction to the view of the
      operator.
PAR  Furthermore, by locating the exhaust stack and the intake pipe diagonally
      in line with the corner post, they can be placed outside of the edge of
      the hood thus making it possible to employ a hood which can be hinged in
      front and tilted upwardly to provide relatively unobstructed access to the
      engine between the front thereof and the air intake pipe and exhaust
      stack, both of which are located closely adjacent the front corner post of
      the cab.
PAR  In order to further reduce the interference with the view of the operator
      by the intake pipe and exhaust stack, the portions of the exhaust stack
      and air intake pipe which extend adjacent to the window portions of the
      cab are painted in a dark color which is similar to that of the cab but
      which is different from that of the rest of the vehicle. Thus, as the
      operator moves his head, there is less tendency for him to notice the air
      intake pipe and exhaust stack.
PAR  It is contemplated that the invention is particularly applicable to a
      vehicle of the articulated type in which the hood of the cab tends to
      overhang the rear section of the vehicle. The proposed arrangement of the
      exhaust stack and intake pipe diagonally in line with one of the front
      corner posts results in a situation in which there is no exhaust stack
      adjacent the rear of the cab to interfere with turning about a relatively
      narrow radius.
PAR  Various other objects of the invention will be apparent from a
      consideration of the accompanying specification, claims and drawing.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front perspective view of my improved sefl-propelled vehicle;
PAR  FIG. 2 is a fragmentary side elevational view of the front portion of my
      improved vehicle with the hood shown in its open position; and
PAR  FIG. 3 is a top plan view on a reduced scale showing the relative positions
      of the front and rear portions when the vehicle is being turned.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, which as previously indicated is a front
      perspective view of the improved self-propelled vehicle, the vehicle is
      shown as having a front section 10 and a rear section 11. These two
      sections are preferably connected together through a pivotal connection
      which permits relative movement of the two sections about a vertical axis.
      Turning is effected by the use of two hydraulic cylinders on each side of
      the longitudinal center axis, one of which is extended and the other
      contracted when turning is desired. A vehicle of this general type is
      shown in the Steiger et al U.S. Pat. No. 3,270,829.
PAR  The front section 10 is supported by two wheels 13 and 14 mounted on an
      axle, not specifically shown, which is rigidly secured to the frame of the
      vehicle. The back section 11 is similarly supported by two wheels 15 and
      16 mounted upon an axle (not shown) rigidly secured to the frame of the
      back section. The front section 10 has a body portion comprising a frame
      in which is supported an enclosed operator's cab 19 having a windshield
      20, front side windows 21 and 22 and rear side windows 23 and 24. The cab
      is further provided with a door 25 and a roof 26. The cab is provided with
      two front corner posts 27 (see FIG. 2) and 28 which aid in supporting the
      windshield 20 and the side windows 21 and 22. The corner post 27 is
      disposed between windshield 20 and side window 21 whereas the corner post
      28 is disposed between the windshield 20 and the side window 22. The cab,
      in the form shown, tapers outwardly towards the top so that the overall
      area of the roof 26 is substantially greater than the cross sectional area
      of the base of the cab.
PAR  It is to be understood that the cab is supported upon a frame of the
      vehicle in a conventional manner. Also supported on the frame is an
      internal combustion engine 29 which is provided with an intake manifold 30
      and an exhaust manifold 31. The engine, as far as the present invention is
      concerned may be any suitable internal combustion engine such as a diesel
      engine. In many engines of this type, an exhaust gas driven turbo
      supercharger is employed for compressing the intake air. For this reason,
      as will be pointed out, it is desirable that the exhaust pipe and the
      intake pipe be in close proximity.
PAR  Referring back to the cab 19, the cab encloses the normal operating
      controls and a seat for the driver. The seat is shown in dotted lines and
      designated by the reference character 35. Located in front of the
      operator's seat 35, in the usual manner, is a steering wheel 36 which is
      employed for controlling the steering which, as previously explained, may
      be by operation of hydraulic cylinders to control the relative positions
      of the two sections 10 and 11.
PAR  Secured to the frame of the vehicle are front fenders 38 and 39 and rear
      fenders 40 and 41. The fenders 38, 39, 40 and 41 perform the usual
      function of partially covering the tires mounted on the wheels 13, 14, 15
      and 16 and minimize the danger of the operator coming in contact with one
      of these wheels. The front fender 38 also serves as a support for a
      plurality of steps 43, 44 and 45 which lead up to the door 25 to permit
      the operator to easily climb into the interior of the cab 19. The size of
      these vehicles is such that the lower portion of the door 25 is located
      well above the ground and it would be very difficult for the operator to
      get into the cab if it were not for these steps.
PAR  Extending vertically upwardly from above the front fender 38 are an exhaust
      stack 50 and an air intake pipe 51. Both the exhaust stack 50 and the air
      pipe 51 are supported from the fender 38. The exhaust stack 50 is
      connected to the exhaust manifold 31. At its upper end, there is secured
      thereto a deflector 54 which permits the escape of exhaust gases but tends
      to prevent the entrance of moisture or any foreign objects. Secured to the
      upper end of the air intake pipe 51 is an inverted dome 55 which permits
      the access of air underneath into the top of the air intake pipe but again
      prevents rain or foreign objects from dropping down into the air intake
      pipe. A prefilter may be located in the inverted dome 55. At its lower
      end, the air intake pipe 51 connects with an air cleaner 56 supported on
      the fender 28. The air cleaner is, in turn, connected to the intake
      manifold previously indicated. The air may pass through a compressor
      driven by an exhaust gas driven turbo supercharger before entering the
      intake manifold.
PAR  It will be obvious from FIGS. 1 and 3 that the exhaust stack 50 and the air
      intake pipe 51 are disposed so that they are diagonally in line with the
      right front corner post 27. In other words, a plane passing through the
      longitudinal center axes of the exhaust stack 50 and the air intake pipe
      51 will pass through the corner post 27 and will be diagonal with respect
      to the longitudinal axis of the vehicle. The significance of this is that
      while both the exhaust stack 50 and the air intake pipe 51 are located
      close to each other and to the internal combustion engine, they present a
      minimum of obstruction to the view of the operator. The corner post
      already exists and, while small, still presents a slight obstruction to
      his view. The exhaust pipe 50 and the air intake pipe 51 tend to be
      located within an arc formed by lines intersecting at the eyes of the
      operator and passing on each side of the edges of the corner posts. Thus,
      the exhaust stack 50 and air intake pipe 51 add very little to the already
      necessary obstruction that is presented by the relatively small corner
      post 27.
PAR  To further aid in preventing disturbance to the operator by reason of the
      presence of the exhaust stack 50 and the air intake pipe 51, the interior
      of the cab and the exterior thereof are painted in a relatively dark color
      such as black, in contrast to the color of the remaining portion of the
      cab, which can be relatively light and bright. The exhaust stack 50 and
      that portion of the air intake pipe extending up to a line 59 are painted
      the same dark color as the cab, as shown in the drawing by shading. It
      will be noted that line 59 is slightly above the top of the windows of the
      cab. Thus, the portions of the exhaust stack and air intake pipe seen by
      the operator are of the same color as the interior of the cab and hence do
      not present a contrast in appearance to him. Since the color is black or
      another very dark color, the overall affect presented is one in which the
      exhaust stack 50 and the air intake pipe 51 are relatively unnoticeable by
      the operator.
PAR  By reason of this arrangement just described, it is possible to have both
      the exhaust stack and the air intake pipe very close to each other and to
      the engine. This is extremely important. As pointed out above, it permits
      the use of an exhaust gas driven turbo supercharger. Furthermore, the
      passage for the flow of air to the intake manifold and for the exhaust gas
      to the exhaust stack is relatively short. The importance of this passage
      to the exhaust stack being short is that there is relatively little back
      pressure introduced, even though the exhaust gas may pass through a
      turbine. Furthermore, there is no hot exhaust pipe extending back along
      side of the cab to introduce heat into the cab. A large majority of large
      tractors of the type with which the present invention is particularly
      concerned, are air conditioned to protect the operator against the dust
      conditions that often exist in a plowed field and against the outside heat
      which could become quite severe within an enclosed cab on a hot summer
      day. If the exhaust pipe were to extend past the cab, the amount of air
      conditioning required would be greatly increased.
PAR  It is, of course, also highly desirable that the air intake pipe be located
      at the front of the tractor. In order to reduce the amount of dirt that
      must be taken out by the filters, it is obviously desirable that the air
      entering underneath the dome 55 be as clean as possible. If the air intake
      pipe were located in back of the cab, it would be much closer to the
      implements being drawn by the tractor and thus much more subject to
      drawing in dusty air.
PAR  There is a further advantage with an articulated tractor to not having
      either the exhaust stack or the air intake pipe located adjacent the rear
      of the cab. As is evident from FIG. 3, the roof 26 of the cab actually
      overhangs sustantially the rear section 11. It is obviously necessary that
      both the exhaust stack 50 and the air intake pipe 51 extend well above the
      roof of the cab. If either of these pipes were located to the rear of the
      cab, they would tend to obstruct turning of the vehicle, particularly when
      sharp turns are being made. By placing both the exhaust stack 50 and the
      air intake pipe 51 at the front, there are no obstructions in the back
      which would limit the turning radius of the tractor.
PAR  By placing both the exhaust stack 50 and the air intake pipe 51 to one side
      of the engine, it is possible to have a hood that can be tilted in front.
      As best shown in FIG. 2, the hood 60 is hinged at its front bottom portion
      61 so that by releasing a suitable catch (not shown) the entire hood 60
      can be tilted forward to the position shown in FIG. 2. This permits
      unobstructed access to the engine back from its front to the exhaust pipe
      50 on one side. On the opposite side, there is unobstructed access all the
      way back from the front to the cab 19. While it is quite common to leave
      openings through the hood through which limited access can be had to the
      engine, these openings must of necessity be relatively limited. In FIG. 1,
      such an opening is bounded by the line 62. While this opening is adequate
      for certain purposes, it is obviously inadequate to permit any substantial
      maintenance work to be made on the engine. In the past, the hoods have
      often been formed of sections which are separately secured to the frame
      because of the necessity of running the exhaust and air intake pipes
      through the area covered by the hood. Because of these exhaust and air
      intake pipes, it was impossible to have a tiltable hood. By locating both
      of the pipes to one side of the hood, however, it is now possible to
      permit the hood to be tilted as described above.
PAC  CONCLUSION
PAR  It will be seen that I have developed an improved self-propelled vehicle in
      which the intake pipe and the exhaust stack are both located closely
      adjacent to the internal combustion engine but in a position in which they
      offer relatively little obstruction to the view of the operator. It will
      furthermore be seen that by reason of the manner in which they are painted
      the same color as the interior of the cab in contrast to the color
      employed elsewhere that they are relatively unnoticeable by the operator.
      Furthermore, by reason of both the exhaust stack and the air intake pipe
      being located to one side of the hood, it is possible to employ a tiltable
      hood.
PAR  While I have described a specific embodiment of my invention, it is to be
      understood that this is for purposes of illustration only and that my
      invention is limited solely by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A self-propelled vehicle having an internal combustion engine for
      propelling the vehicle and an enclosed operator's cab,
PA1  said internal combustion engine being disposed forwardly of said cab and
      having an intake manifold and an exhaust manifold,
PA1  said operator's cab comprising a seat for the operator, controls for
      controlling the operation of the engine and the steering of the vehicle,
      and an enclosure for the cab including a windshield, side windows and
      upright front corner posts disposed between said windshield and said side
      windows,
PA1  a vertical intake pipe connected to said intake manifold and extending
      above the top of said cab,
PA1  a vertical exhaust stack connected to said exhaust manifold and extending
      above the top of the cab, and
PA1  means mounting said intake pipe and said exhaust stack on said vehicle to
      one side of and in front of one of said corner posts and closely adjacent
      thereto with the longitudinal axes of said intake pipe and exhaust stack
      lying in a substantially vertical plane extending diagonally with respect
      to said windshield and through said corner post so that said intake pipe
      and said exhaust stack are both disposed closely adjacent to said engine
      but offer the minimum of obstruction to the view of the operator.
NUM  2.
PAR  2. The vehicle of claim 1 in which a hood extends over the engine inwardly
      of said intake pipe and exhaust stack, said hood being hinged to said
      vehicle adjacent the front of said engine so that the hood may be tilted
      forward to provide relatively unobstructed access to said engine betwen
      the front thereof and the intake pipe and exhaust stack.
NUM  3.
PAR  3. The vehicle of claim 1 in which an inverted dome is secured to the top
      of said intake pipe above the tops of said windshield and said side
      windows.
NUM  4.
PAR  4. The vehicle of claim 1 in which the connection between said intake pipe
      and the intake manifold includes an air cleaner which is disposed on the
      vehicle below the bottoms of said windshield and said side windows.
NUM  5.
PAR  5. The vehicle of claim 1 in which the cab and the portions of the intake
      pipe and exhaust stack readily visible from the interior of the cab are
      painted in the same color which is darker than the color in which other
      portions of the vehicle are painted.
NUM  6.
PAR  6. The vehicle of claim 1 in which the vehicle includes two sections which
      are pivotally connected to each other and in which said cab is disposed on
      the front section and the rear portion overhangs the front of the rear
      section.
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PAL  Drive gear system for motor vehicles. The invention is particularly
      applicable to driving means such as planetary gearing for connecting
      multiple electric motors respectively to individual wheels of such
      vehicle. Recognizing that differing demands are made upon various parts of
      such mechanism, such as the braking disk, the wheel rim supporting disk
      and other component parts of the drive system, it is expensive and
      inconvenient to make the entire unit of material capable of meeting the
      most severe conditions imposed upon any part thereof. Accordingly, there
      is here provided a construction by which the braking disk, the wheel rim
      supporting disk, ring gear, supporting housing and other component parts
      may all be made as units separate from each other and therefore made as
      desired of materials appropriate to their respective functions. Further,
      the braking disk and support structure therefor are excepting for a small
      centering land mounted in a manner to be spaced from adjacent components
      whereby to minimize heat transfer and resulting distortion.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a drive gear system for motor vehicles,
      particularly electric vehicles, having a planetary gearing to be installed
      in a hub member, wherein the sun pinion is arranged coaxially with the
      drive shaft for the planetary gearing, such as the output shaft of an
      electric motor, the planet pinion or pinions is or are supported as an
      intermediate gear or gears around a stationary axis and an internally
      toothed annular gear is provided on a rotating hub member which carries
      the rim and wherein the hub member carries a brake disk.
PAC  BACKGROUND OF THE INVENTION
PAR  In known hub members, the internally toothed annular gear and the brake
      disk are formed of one piece which has the disadvantage that these parts
      influence one another, as a result of heat development therein and the
      resulting warpage. Also the entire member must be made of a material
      appropriate for the most highly stressed part.
PAR  The basic purpose of the invention is to overcome these deficiencies,
      namely to produce a device of the type described above, in which hub
      member, annular gear and/or brake disk have little or no influence on one
      another with respect to heat generation and resulting warpage. A further
      purpose is to diminish material costs.
PAR  The basic purpose of the invention is attained by means of a device
      characterized in that the rotating hub member includes an annular gear
      and/or a brake disk consisting of at least two components made from
      different materials. When the annular gear is made of material of a high
      quality, the hub member is releasably connected thereto. In one
      development of the invention the teeth of the annular gear are arranged on
      further annular means which are radially spaced from the hub member other
      than for the presence of a supporting land whereby to provide a barrier
      against the transfer of heat from one component to the other and further
      to prevent the distortion resulting therefrom. On the other hand, it may
      be advantageous as an alternative or as an addition to separate the brake
      disk from the remaining device. In this respect the heat development on
      the brake disk and the radiation of same must be carefully controlled. In
      this connection it may be desirable to mount the brake disk releasably
      onto the hub member and for this purpose it will be advantageous if the
      brake disk also is arranged on an annular support which is excepting for a
      supporting land arranged in radially spaced relationship to the hub
      member. In mounting the brake disk it will be advantageous if said brake
      disk or its annular support is provided with a flange which serves to
      secure the rim onto the hub member. From the standpoint of installation
      and service, it will be desirable to locate such mounting flange
      externally of the apparatus for easy access.
PAR  In order to assure a good installation of the device, the invention is
      further so developed that the brake disk is separate from the hub member
      and the brake disk is provided with means for securing the rim. The
      invention may be advantageously still further developed by making the
      member which is provided with the teeth of the annular gear separate from
      the hub member, which construction is of special advantage in that the
      member which carries the teeth of the annular gear can consist of
      different material from that of the hub member. In this way, the teeth of
      the annular gear can be constructed of a material which can carry the
      desired high stress, while the remaining parts, substantially the hub and
      the brake disk, can be made of a material more appropriate to the function
      of these parts. The invention has a special meaning for electric vehicles
      in which for each wheel which must be driven one motor is provided to
      which advantageously the axle is flanged.
PAR  Further advantages and characteristics of the invention can be taken from
      the following description.
PAR  The invention will be described in connection with exemplary embodiments
      which are illustrated in FIGS. 1 to 4.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates an exemplary embodiment of the invention having an
      internally toothed annular gear.
PAR  FIG. 2 illustrates an exemplary embodiment having a brake disk mounted
      thereon.
PAR  FIG. 3 illustrates a different embodiment of the example according to FIG.
      2.
PAR  FIG. 4 illustrates a further exemplary embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The bearing plate 1 (FIG. 1) of an electric motor 2, (not further
      illustrated), is carried by an axle 3 which through roller bearings 4, 5
      carries a hub member 6. Said hub member is provided on the side remote the
      electric motor with a flange 7 on which a rim 8 can be secured by
      conventional means. The hub member and the axle, or the bearing plate, are
      sealed with respect to each other by a gasket 9 of the known type. The oil
      filling and the associated elements like filler neck, drain plug, oil
      gauge are not illustrated because these are known. The hub member 6 is
      provided with a brake disk 10 which is integral with the hub member.
PAR  A sun pinion 14 is coaxially connected to the output shaft 11 of the
      electric motor by means of a coupling 12 and coupling teeth 13. The sun
      pinion meshes with a plurality of planet pinions 15 which are arranged in
      a star-shaped manner around the sun pinion. The sun pinion is thus
      supported in and by the teeth of the planet pinions which in turn are
      supported on the axle, or the bearing plate, by means of appropriate pins.
      For this purpose the axle, or the bearing plate, is provided with suitable
      recesses. The planet pinions mesh on their external sides with an
      internally toothed annular gear 16 whose teeth are arranged at the end of
      a cylindrical sleeve 17. On the end remote from the teeth the cylindrical
      sleeve terminates in a flange 18 with which the annular gear is centered
      in the hub member and is fastened in place by screws 19. The outside
      diameter of the cylindrical sleeve is dimensioned to provide a radial
      spacing 20 thereof from the hub member. Thus the hub member and annular
      gear do not influence each other as a result of heat generation and
      resulting distortion. It is also possible to make the hub member and
      annular gear of different material and the treating of the internal teeth
      is simpler and less subject to error.
PAR  FIG. 2 illustrates a different exemplary embodiment in which the hub member
      21 and the internal teeth 22 of the annular gear are made of one piece.
      The barke disk 23 is arranged at the end of a cylidrical sleeve 24 which
      is provided on the side remote from the brake disk with a flange 25 or the
      like. Said flange serves to center and secure the brake disk on the hub
      member for which purpose the screws 26 may be provided which also serve to
      secure the rim 8. The cylindrical sleeve 24 carrying the brake disk is
      dimensioned to provide a radial distance 27 between it and the hub member
      21. In this manner the hub member and the teeth of the brake disk are
      independent of each other with respect to heat and resulting distortion.
      It is also possible to manufacture both parts of different materials
      chosen according to their respective functions.
PAR  While in the exemplary embodiment according to FIG. 2, the flange of the
      brake disk is arranged, as seen from the rim, behind the flange 7 of the
      hub member 6', in the exemplary embodiment of FIG. 3 the brake disk 28 is
      so placed on a cylindrical part 29 that said cylindrical part surrounds
      the flange 7 of the hub member to cause the screw fastening of the flange
      32 of the brake disk together with that of the rim 8 to be accomplished
      from the front on the hub member. This further simplifies the installation
      and replacement of the brake disk.
PAR  The embodiments of the illustrated examples can also be combined. Thus, for
      example, in the example according to FIG. 2, the hub member is composed of
      two parts, namely one cylindrical part 30, which is provided with the
      internal teeth 22, and a bearing holder 31 which carries the
      above-mentioned bearings with which the hub member is supported on the
      axle. In this embodiment each part of the hub can be manufactured of the
      material appropriate to its function.
PAR  In the exemplary embodiment shown in FIG. 4, similar to the exemplary
      embodiment shown in FIG. 2, the hub member is formed substantially of a
      bearing housing 41 which supports the bearing seats 42, 43 to receive the
      outer rings of the roller bearings (not illustrated in FIG. 4). The hub
      member is supported within the openings of the inner rings of these roller
      bearings on a nonrotating axle (not illustrated) which advantageously
      stops at a bearing plate or the like which is flanged on the drive motor
      for the wheel. The hub member receives on a centering surface 44 a brake
      disk 45 which consists substantially of a fastening flange 46, a
      cylindrical web 47 of any desired specific form and the actual brake disk
      48. The flange 46 is made to fit the centering surface 44 and serves for
      mounting both the hub member 41 and the rim 8. For such mounting, there
      are utilized screws and nuts 49 in any conventional manner. The
      cylindrical, or otherwise, shaped web 47 surrounds the hub member with a
      radial clearance 50 which minimizes the transfer of heat and the resulting
      heat warpage from the brake disk to the hub member.
PAR  An annular gear 51 is secured on the inner front side of the bearing
      housing 41, which annular gear consists substantially of internal teeth 52
      and a housing part 53. The housing part may be formed cylindrically or
      otherwise as desired. On the side remote from the bearing housing, the
      housing part is provided with an inner centering surface 54 for receiving
      a not-illustrated gasket which serves to seal the hub member or the
      housing part with respect to the above-mentioned axle. The not-illustrated
      intermediate gears or planet pinions mate with the internal teeth, which
      gears or pinions in turn engage a pinion which is keyed on the output
      shaft of the drive motor. To secure the annular gear on the bearing
      housing, screws 55 are provided. For the centering in a conventional
      manner, there may be provided, though not illustrated, pins or, differing
      from the exemplary embodiment, a center bore land on the anular gear and
      hub member.
PAR  The annular gear is advantageously manufactured of a material suitable for
      gears, while for the hub member and/or the brake disk the material is
      selected according to its function.
PAR  The illustrated exemplary embodiment can be varied within the scope of the
      invention. Thus it is possible, for example, to manufacture the annular
      gear and hub member of one piece. The important feature of the invention
      is that the rim 8 can be changed without affecting the relationships of
      the remaining parts.
PAR  Although a particular preferred embodiment of the invention has been
      disclosed above for illustrative purposes, it will be understood that
      variations or modifications thereof which lie within the scope of the
      appended claims are fully contemplated.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A drive train for a vehicle having a frame member and a hub, said drive
      train comprising: drive motor means fixed to said frame member, and having
      a rotatable output shaft; planetary gear means drivingly connecting said
      output shaft to said hub, said planetary gear means comprising a sun gear
      secured to said output shaft, a planet gear secured to said frame member
      about a fixed rotation axis and in meshing engagement with said sun gear,
      and a first elongated hollow sleeve having an internal toothed ring gear
      in meshing engagement with said planet gear, and having first flange means
      for securement to said hub; a second elongated hollow sleeve in radially
      spaced relationship to said first sleeve forming a radial air space
      therebetween, said second sleeve having a disk brake means, and having
      second flange means for securement to said hub; said hub having third
      flange means, said first, second and third flange means being relatively
      coextensive and parallel; and fastener means for securing said first,
      second and third flange means together.
NUM  2.
PAR  2. A drive train according to claim 1, wherein said first flange means is
      positioned between said second and third flange means.
NUM  3.
PAR  3. A drive train according to claim 1, wherein said internal teeth are
      located intermediate the ends of said first sleeve from said first
      securement means and in radially aligned relation to said disk brake
      means.
NUM  4.
PAR  4. A drive train according to claim 1, including means for securing a wheel
      to said hub means for rotation therewith.
NUM  5.
PAR  5. A drive train according to claim 1, wherein said disk brake means
      includes flange means mounted on said second hollow sleeve.
NUM  6.
PAR  6. A drive train according to claim 5, wherein said flange means includes a
      radially extending flange mounted in radial alignment with said ring gear.
NUM  7.
PAR  7. A drive train according to claim 5, wherein said disk brake flange means
      includes a radially extending flange mounted on the free end of said
      second hollow sleeve and in radial alignment with said ring gear.
NUM  8.
PAR  8. A drive train motor according to claim 1, wherein said ring gear is in
      generally radial alignment with said disk brake means.
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PAL  A truck adapted to stow, stack, etc., large containers comprises a chassis
      including a pair of substantially parallel cross beams extending in spaced
      relation to one another from a pair of elongated longitudinal beams which
      cooperate with the cross beams to provide a chassis of substantially
      C-configuration in horizontal cross section. The longitudinal beams are of
      telescopic construction with the parts thereof being selectively
      displaceable to vary the effective length of the longitudinal beams
      thereby to vary the spacing between the cross beams. The cross beams in
      turn are associated with vertically oriented telescopic support legs
      having support wheels at their lower ends which may be selectively
      displaced for steering purposes by means of associated electric servos.
      The servos are controlled by an electric steering system which includes a
      damping network comprising either a plurality of selectively switchable
      resistors, or a plurality of selectively variable potentiometers, which
      are in turn controlled by sensors carried by the telescopic parts of the
      longitudinal beam to switch over the steering system for adaptation to the
      steering geometry of the selected effective length of the longitudinal
      beams.
BSUM
PAR  The present invention relates to a truck, particularly intended for
      stowing, stacking, etc. of large containers of varying sizes, and which
      has a chassis frame supported at its corners by wheels, all of which can
      be steered by means of a steering system associated with the truck.
PAR  For trucks of this kind, there is, inter alia, a desire to be able to
      transport and to the greatest possible effective extent stow containers in
      ships of the so-called Ro-Ro-type and on wharfs, using one and the same
      implement. There is also a desire to be able to stack the containers using
      said implement.
PAR  The present invention is primarily intended to solve the abovementioned
      problems, and the feature that can mainly be considered to be
      characteristic of a truck according to the invention is that its chassis
      frame, in order that a variable length of same may be obtained, is
      composed of at least two frame members that can be displaced in relation
      to its other, that devices are arranged at the frame for sensing and/or
      indicating the prevailing length of the frame, and that the steering
      system is made so that it can be switched over for adaptation to the
      steering geometry for the sensed or indicated length of the frame.
PAR  According to further developments of the concept of the invention, the new
      truck is made with open portals in all directions which, together with the
      fact that all wheels can be steered, permits it to take a container
      standing on the ground or on a deck from any side whatsoever.
PAR  In a further embodiment the wheels are fastened to the frame via telescopic
      legs, whereby the truck frame can be lowered to levels with the upper
      edges of the containers, making it possible to run through low gates and
      to run on decks with a low deck height.
DRWD
PAR  An embodiment proposed at present of a truck having the characteristics
      significant for the invention will be described in the following, with
      reference to the attached drawing, in which
PAR  FIG. 1 shows, in principle, the sterring angle deflections and turning
      center of the type of truck in question
PAR  FIG. 2 is a diagram showing the relation between the steering angles for
      the inner and outer pairs of wheels of the truck according to FIG. 1,
PAR  FIGS. 3a-3b show in a schematic form alternative damping networks belonging
      to the steering system which utilize fixed and variable resistors,
      respectively,
PAR  FIG. 4 is a diagram of the steering signals to the inner and outer pairs of
      wheels in the damping network according to FIG. 3a,
PAR  FIGS. 5a-5d in various views show the design according to which the truck
      has been built up,
PAR  FIGS. 6a-6b in vertical views show the frame members used in the trucks
      according to FIGS. 5a-5d,
PAR  FIGS. 7a-7b in vertical views show an example of the design used for
      building up the microswitches comprised in the damping network according
      to FIG. 3a and their positioning in the frame members according to FIGS.
      6a-6b,
PAR  FIG. 8 in a vertical view shows an example of the design used for building
      up the variable resistors used in the damping network according to FIG.
      3b, and
PAR  FIG. 9 in perspective shows a representative telescopic leg for the truck.
DETD
PAR  The present invention can be utilized to advantage for a truck that has a
      steering system in which the four wheels can be set to be steered in two
      main directions for the truck at right angles in relation to each other.
      The actual switching of the steering system for adaptation of the steering
      geometry in the respective main steering direction, is previously known in
      itself, and will not be described here, and the truck according to the
      invention will be described only in conjunction with the steering of the
      wheels in one main direction, and the equipment needs then, in principle,
      only be duplicated and adapted to the other main direction.
PAR  FIG. 1 shows a vehicle with four-wheel steering, the wheels being
      designated A, B, C and D, of which the wheels A and B in the case shown
      are an inner pair of wheels and the wheels C and D are an outer pair of
      wheels. The wheels have been giving a common turning center G, which
      involves that the inner and outer pairs of wheels are to be turned
      differently in relation to each other in each steering case. The following
      angular relation will prevail in the case according to FIG. 1.
      ##EQU1##
      in which K = b/a
EQU  2a = wheel base of vehicle
EQU  b = wheel track of vehicle
EQU  c = distance from connecting line between the two inner wheels A and B and
      the turning center G. FIG. 2 shows in the form of a diagram the relation
      between the turning angle .alpha..sub.2 of the outer pair of wheels and
      the turning angle .alpha..sub.1 of the inner pair of wheels at K = 2, i.
      e. for a vehicle that has the wheels positioned at the corners of a
      square.
PAR  In accordance with the above, the form of the curve occuring to FIG. 2 will
      be changed if K is changed, i.e., if the relation between the wheel base
      of the vehicle and the wheel track is chosen differently.
PAR  In case the vehicle is equipped with a servo for each wheel, the input
      signal to, for instance, the servos of the outer wheels can easily be
      adapted so that the relation desired for the deflection between the outer
      wheels and the inner wheels is obtained. The steering signals to the
      servos can be achieved electrically or mechanically, in the latter case by
      means of curves, pneumatics, hydraulics, etc.
PAR  The extensible chassis frame will be illustrated in conjunction with an
      electric steering system which comprises devices in the form of a number
      of microswitches placed along the frame in its longitudinal direction for
      sensing the prevailing length of the frame. The microswitches are
      comprised in a damping network belonging to the steering system, which
      will thus be set according to the prevailing length of the frame so that
      it can influence the steering signals to the outer pairs of wheels in
      accordance with the steering curve applicable to the prevailing length of
      the frame.
PAR  Said damping network is shown in FIG. 3a, which in the following should
      appropriately to be studied together with FIG. 4, which is intended to
      illustrate the magnitudes of the steering signals in relation to the
      angular deflection (.alpha.) of the steering wheel for different lengths
      of the frame. The damping network shown includes components for three
      breaking points on the curve in question. If more accurate reproduction of
      the curve is desired, the number of components should be increased
      accordingly.
PAR  In FIG. 3a a signal transmitter is designated 1, which signal transmitter
      is fed from a constant source of direct current and which comprises two
      steering wheel potentiometers 2 and 3, arranged parallel, the regulated
      values of which are dependent on the turning of a symbolically indicated
      steering wheel 4. The signal transmitter a is connected via two parallel
      branches 5 and 6, each comprising resistors R.sub.1 and R.sub.2 ,
      respectively, of equal sizes, connected to the electric servos 7-10 for
      the wheels A-D, one of the branches then connecting the signal transmitter
      with the electric servos for the wheels A and B, and the other branch
      connecting the signal transmitter with the electric servos for the wheels
      C and D. The diodes D.sub.1 and D.sub.2 are connected with opposite
      polarity in relation to each other in said two parallel branches. The
      point 11 at which said diodes are connected together is connected via a
      resistor R.sub.3 to the center point 12 of a voltage divider R.sub.5.sup.1
      and R.sub.6.sup.1, and, parallel with R.sub.3, via a diode D.sub.3.sup. 1
      a further resistor R.sub.4.sup.1 is connected.
PAR  At the steering wheel deflection of O, which is shown in FIG. 3a, no
      steering signals to the servos are obtained. Depending upon the direction
      in which the steering wheel is turned i. e., depending upon the polarity
      from the signal transmitter 1, the branch 5 or 6, at a slight turning of
      the steering wheel 4, will be connected via the diode D.sub.1 or D.sub.2
      to the resistors R.sub.3 and R.sub.6.sup.1. In this way a voltage division
      will arise, which involves that the input signal to the outer pair of
      wheels will be lower than the signal to the inner pair of wheels, so that
      the outer pair of wheels will be deflected less than the inner pair of
      wheels. If the deflection of the steering wheel 4 is increased further so
      that the voltage from the signal transmitter increases further, over a
      value where the voltage at point 11 is higher than the voltage at point
      12, the resistor R.sub.4.sup.1 will be connected by the diode
      D.sub.3.sup.1 which has previously been preloaded by R.sub.5.sup.1
      becoming conductive. The resistance for shunting the steering signal will
      thereby become still lower, which involves that the input signals to the
      outer pair of wheels will decrease further, thereby achieving the desired
      influence of the steering angle deflection.
PAR  As shown in FIG. 4 the resistor R.sub.3 causes the input signal for the
      outer pair of wheels to be given a greater slope than the input signal for
      the outer pair of wheels counted from the steering wheel angle of O. The
      connection of the resistor R.sub.4.sup.1 by means of the diode
      D.sub.3.sup.1 causes a marked change in the curve to occur, so that a knee
      or a breaking point 1 is formed in same.
PAR  Through the introduction of a plurality of such part damping networks,
      which in FIG. 3 are designated the first, second and nth part damping
      networks, further changes of the slope and breaking points can be obtained
      in the specific curve for the prevailing length of the frame. In the part
      damping networks the diodes D.sub.3.sup.1 - D.sub.3.sup.n are preloaded
      differently, i. e., the resistors R.sub.5.sup.1 - R.sub.5.sup.n are of
      different sizes.
PAR  At a further increasing deflection of the steering wheel, an increasing
      voltage from the signal transmitter 1 is obtained in point 11, and the
      diodes D.sub.3.sup.2 - D.sub.3.sup.n are successively made conductive. The
      diode D.sub.3.sup.2 then forms the breaking point 2 etc.
PAR  From the above, it will be realized that the slope of the curve in question
      at the respective point can be determined by the choice of the resistors
      R.sub.3 and R.sub.4, while the breaking points of the curves can be
      determined through the choice of the resistor R.sub.5. With the aid of
      microswitches for sensing the prevailing length of the frame, the
      resistance determining the form of the curve can be changed.
PAR  In accordance with FIG. 3a, the positions of the breaking points are
      changed by means of the microswitches K.sub.1 - K.sub.3 , each of which in
      the closed position connects the respective resistors R.sub.7 - R.sub.9,
      and the microswitches are then included in all part damping networks so
      that when a microswitch in question is actuated, a change of resistors
      takes place in all part damping networks. Thus, the microswitch K.sub.1,
      when it makes contact, connects the resistor R.sub.7.sup.1 parallel with
      the resistor R.sub.5.sup.1 in the first part damping network, connects the
      resistor R.sub.7.sup.2 parallel with the resistor R.sub.5.sup.2 in the
      second part damping network etc. In the same way, the microswitches
      K.sub.2 and K.sub.3 connect the resistors R.sub.8.sup.1 - R.sub.8.sup.n
      and R.sub.9.sup.1 - R.sub.9.sup.n in the respective part damping networks.
PAR  If FIG. 4 is again regarded, the solid curve for the input signals to the
      outer pair of wheels indicates the case when no microswitch is actuated,
      i.e., the chassis frame has assumed its contracted position. If, upon
      extension of the chassis frame, for instance the microswitch K.sub.1 is
      actuated, the position of the first breaking point will be displaced etc.
PAR  The slope of the curve in question after each breaking point is determined
      by means of the microswitches K.sub.4 - K.sub.6 which in the corresponding
      way connect the resistors R.sub.10 - R.sub.12 parallel with the resistors
      R.sub.4. The microswitch K.sub.4 thus connects the resistors R.sub.10 and
      R.sub.10.sup.1 in the first part damping network, the resistor
      R.sub.10.sup.2 in the second part damping network etc. The microswitches
      K.sub.5 and K.sub.6 make the corresponding connections of the resistors
      R.sub.11, R.sub.11.sup.1 - R.sub.11.sup.n and R.sub.12, R.sub.12.sup.1 -
      R.sub.12.sup.n in the respective part damping network. The slope after the
      starting point (steering wheel deflection O) is thus determined by means
      of the resistors R.sub.10 - R.sub.12, the slope after the first breaking
      point means of the resistors R.sub.10.sup.1 - R.sub.12.sup.1, the slope
      after the second breaking point by means of R.sub.10.sup.2 -
      R.sub.12.sup.2 etc.
PAR  If the above-discussed selectively connected fixed resistors are replaced
      by variable resistors according to FIG. 3b, which variable resistors are
      actuated by the wheel base of the vehicle, the input signal for the outer
      pair of wheels and, accordingly, the steering angles for same, can be
      changed continuously in relation to the steering signal for the inner pair
      of wheels, i.e. the vehicle can be made with a continuously variable
      damping network for the steering geometry. This, in turn, means that the
      vehicle can be made with a continuously variable steering system.
PAR  In the diagram according to FIG. 3a, the wheels in the respective pairs of
      wheels receive steering signals which, apart from their having the same
      amplitude, also have the same direction, although the wheels in the pair
      of wheels are deflected in opposite direction. It is then assumed that the
      steering function desired is obtained by the electric servo in question
      being made with an inverting member.
PAR  FIGS. 5a - 5d show the design according to which the truck is provided with
      a variable wheel base. FIG. 5a shows the truck in a vertical cross section
      in the longitudinal direction, the truck also being shown in its extended
      position when it has been given the wheel base d. In the contracted
      position the truck has the wheel base e, and as an example of the wheel
      base dimensions can be mentioned that the wheel base d can have a value of
      approx. 13.5 m and the wheel base e can have a value of approx. 7.4 m.
PAR  As shown in FIG. 5b, the truck is made in its horizontal cross section in
      the form of a right-angled yoke, a so called C truck, with the four wheels
      A-D being placed at the ends of the cross beams 13 and 14 of the yoke. The
      section 15 joining said cross beams comprises three frame parts in the
      form of frame members 16, 17 and 18, arranged telescopically in relation
      to each other, the members in the respective pairs of frame members being
      applied over each other, and held together by means of transverse parts 19
      and 20.
PAR  As will be noted from FIGS. 5c and 5d, the respective cross beams 13 and 14
      have a cross section of the form of a rightangled U, so that portals are
      formed. The wheels A-D are arranged at the respective cross beams via
      telescopic legs 21-24, so that a further portal is formed at one
      longitudinal side of the truck, between the telescopic legs 21 and 22 and
      the lower members in the pair of frame members 16, 17 and 18. As an
      example of the wheel track of the truck can be mentioned approx. 3.6 m
      while the minimum portal height chosen at the cross beams 13 and 14 is 4.5
      m and the minimum portal height chosen at said longitudinal side is
      approx. 3 m.
PAR  In the Figure, the power plants of the truck are designated 25, while the
      drivers compartment is designated 26. The drivers compartment is
      appropriately arranged so as to be rotatable, in a way which is known in
      itself, so that it can also be moved to the position 26 (see FIG. 5b) when
      the steering system of the truck is switched over for driving in the other
      main direction, which is at right-angles to the driving direction shown in
      e.g. FIG. 5b. It should then be noted that when driving in one direction,
      i.e. the direction according to FIG. 5b, the vehicle can be considered to
      have a variable wheel base, while when driving in the other direction, the
      wheel track of the vehicle will be variable.
PAR  In order to achieve a certain length, the wheels are set straight in one
      main driving direction, while the wheels B and D are locked with the
      ordinary brake system, not shown, of the vehicle and the wheels A and C
      are driven so that the length of frame desired is achieved.
PAR  At its cross beams 13 and 14 the truck also has lifting cranes 27 and 28,
      each of which comprises a lifting cylinder, 29 and 30 respectively, and a
      further cylinder, 31 and 32, respectively. The lifting frames also
      comprise lifting arms 33 and 34, respectively, which coact with the
      container in question, as described in the following. The lifting frames
      also comprise frame parts 35 - 38, and 39 - 42, respectively, which are
      arranged so that the lifting arms 33, 34 can be raised and lowered by
      means of the lifting cylinders 29, 30 and so that the entire lifting frame
      can be displaced in the longitudinal direction with said further cylinders
      31, 32 and the displacement can then take place in the directions shown by
      the arrows. In order to make raising and lowering possible by means of the
      lifting cylinders 29, 30 the frame parts 37, 38 and 41, 42, respectively
      are telescopic. Furthermore, the entire frame 35 - 38 and 39 - 42,
      respectively, is arranged relative to the beams 16, 18 in a way which is
      known in itself so that the riding in the longitudinal direction of the
      beams can take place.
PAR  Said lifting arms 33 and 34 which thus are easy to operate by means of the
      cylinders 29 - 31 have protruding pins 43, 44 which can be made to coact
      with corner boxes in the containers in question, so that these can be
      lifted in the pins in this way. The truck is then driven over the
      container, after which the lifting arms are actuated so that the contact
      between the pins and the container is achieved. The upper part of the
      lifting frame with the pins supporting the lifting arms can also be
      displaced by means of cylinders 45 and 46 in the transversal direction of
      the truck so that the container can be set up against a wall. The lifting
      arms 33, 34 can also be made so that they are telescopic.
PAR  FIGS. 6a and 6b are intended to illustrate how the respective members in
      the abovementioned pairs of frame members 16, l7 and 18 are arranged
      telescopically in relation to each other.
PAR  FIGS. 7a and 7b show the representative positioning in the members of the
      abovementioned microswitches K.sub.1 - K.sub.6. In the present case, the
      contact arm 47 of the switches has been actuated, as shown in 7awhen for
      instance the telescopically arranged members 16 and 17 assume a first
      extending position in relation to each other. The actuated contact arm
      keeps a closing contact 48 open. Said contact is enclosed in the casing 49
      of the microswitch and the microswitch itself is arranged in a recess 50
      in the member in question, which in the illustrated case is the member 16.
      The microswitch is connected to the damping network according to FIG. 3a
      via electrical conductors 51 and 52.
PAR  In FIG. 7b the members 16 and 17 have assumed a second degree of extension
      in relation to each other, and the contact arm 47 has been disengaged so
      that the contact 48 has been closed by means of a spring 53.
PAR  The microswitches are positioned along the longitudinal direction of the
      frame members, and when the frame members are entirely contracted, all of
      the microswitches are actuated, i.e., they are not making contact. At
      different degrees of extension, different numbers of microswitches are
      actuated.
PAR  FIG. 8 shows an embodiment of the variable resistors indicated in FIG. 3b,
      and in this case the example again relates to the members in the pair of
      frame members 16 and 17. The member 17 is then provided with a resistor
      bar 54, while the member 17 supports a contact 55. The voltage connection
      then takes place at the points E and F and the prevailing resistance is
      determined by the distance of which, in turn, is determined by the degree
      of extension between the members. As indicated above, the truck according
      to the invention has telescopic legs, and a representative leg of this
      kind is shown in FIG. 9.
PAR  In this case, only one tire 56 has been shown. The telescopic leg comprises
      a steering shaft 57, which at its upper end supports a sprocket wheel 58
      for a steering chain 59. The steering chain is actuated via steering
      cylinders 60 which, in turn, are connected with a pilot valve 61 which
      receives the steering signals for the wheel.
PAR  At its other end, the steering shaft 57 is provided with a longitudinally
      positioned transverse groove, by means of which the shaft is non-rotatably
      fastened in a lifting system 62, which is arranged so that it can be
      displaced on the shaft in its longitudinal direction, so that the lifting
      system can be moved in a cylinder 63 with the aid of a hydraulic pressure
      from a pump (not shown) via a hydraulic pipe 64. The lifting piston is
      nonmovably fastened via its rod 65 to a vertical axle 66 for the wheel.
      The shaft 57, the axle 66 and the piston rod 65 are sealed by means of
      sealing devices which are known in themselves.
PAR  The invention is not limited to the embodiment shown above as an example,
      but can be subject to modifications within the scope of the following
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A truck for stowing, stacking etc., large containers of varying sizes,
      said truck having a chassis supported at four corners thereof by means of
      four elongated legs extending downwardly from said four corners to wheels
      carried by the lower ends of said legs respectively, said chassis
      comprising a pair of substantially parallel, transverse cross beams spaced
      from one another and interconnected to one another by a pair of elongated
      longitudinal beams, said longitudinal beams each comprising a plurality of
      telescopic beam parts which can be selectively displaced longitudinally
      relative to one another to vary the effective length of said longitudinal
      beams thereby to vary the effective length of said chassis, said chassis
      defining a pair of open end portals at the opposing ends of said chassis
      respectively, each of said end portals being formed by one of said cross
      beams and by two of said downwardly extending legs respectively, the width
      of each end portal corresponding to the distance between said two legs and
      the height of each end portal being greater than the distance between said
      legs, said pair of longitudinal beams being disposed in vertically
      superposed relation to one another with both longitudinal beams being
      located adjacent the same corresponding ends of said cross beams whereby a
      horizontal section of said chassis is shaped substantially in the form of
      a right-angled yoke having a substantially C-configuration, the lower of
      said pair of longitudinal beams being disposed at an elevated position and
      cooperating with said legs and with the chassis to form a side portal
      having a width corresponding substantially to the length of said chassis
      and a height substantially equal to the distance between the pair of legs
      at a given end of said chassis, and said truck including a steering system
      operative to set the wheels at the lower ends of said legs into position
      for steering said vehicle along either of two main directions, one of said
      main directions being in the direction of elongation of said longitudinal
      beams and the other of said main directions being at right angles to the
      direction of elongation of said longitudinal beams.
NUM  2.
PAR  2. The truck of claim 1 wherein each of said legs is telescopically
      extensible.
NUM  3.
PAR  3. The truck of claim 1 wherein said steering system comprises an
      electrical system which includes servos for controlling the steering of
      said wheels.
NUM  4.
PAR  4. The truck of claim 3 including means responsive to variations in the
      effective length of said telescopic longitudinal beams for controlling the
      energization of said servos.
NUM  5.
PAR  5. A truck for stowing, stacking, etc., large containers of varying sizes,
      said truck having a chassis supported at four corners thereof by means of
      wheels, said chassis comprising a pair of substantially parallel,
      transverse cross beams spaced from one another and interconnected to one
      another by a pair of longitudinal beams, said longitudinal beams each
      comprising a plurality of telescopic beam parts which can be selectively
      displaced longitudinally relative to one another to vary the effective
      length of said longitudinal beams thereby to vary the effective length of
      said chassis, said chassis defining end portals which are formed by said
      cross beams and said wheels, said pair of longitudinal beams being
      disposed in vertically superposed relation to one another with both
      longitudinal beams being located adjacent the same corresponding ends of
      said cross beams whereby a horizontal section of said chassis is shaped
      substantially in the form of a right-angled yoke having a substantially
      C-configuration, the lower of said pair of longitudinal beams being
      disposed at a height where it, together with the chassis parts at the end
      portals and the wheels, forms a side portal, and said truck including a
      steering system arranged to be switched over for adaptation to the
      steering geometry of the selected effective length of said chassis, the
      telescopic beam parts of said longitudinal beams including microswitches
      longitudinally spaced from one another along said telescopic beam parts
      and responsive to variations in the effective lengths of said longitudinal
      beams for controlling the switching of said steering system, said steering
      system comprising an electrical system having a plurality of resistors
      forming portions of a damping network, at least some of said resistors
      being connected into and disconnected from said network under the control
      of said microswitches, said microswitches being so arranged that, when
      said beam parts are telescopically compressed to form the shortest
      effective beam length, all of the microswitches are in their unactuated
      positions whereas, when said beam parts are telescopically displaced
      relative to one another to extend the effective length of said beam, the
      number of unactuated microswitches decreases in dependence upon the degree
      of extension of said longitudinal beams.
NUM  6.
PAR  6. The truck of claim 5 wherein said vehicle includes a steering wheel,
      said steering system including a signal generator operative to generate
      electrical steering signals for controlling the steering of both an outer
      pair and an inner pair of said supporting wheels, said damping network
      operating to damp the electrical steering signals which are applied to the
      outer pair of said supporting wheels in dependence upon the deflection of
      said steering wheel.
NUM  7.
PAR  7. A truck for stowing, stacking, etc., large containers of varying sizes,
      said truck having a chassis supported at four corners thereof by means of
      wheels, said chassis comprising a pair of substantially parallel,
      transverse cross beams spaced from one another and interconnected to one
      another by a pair of longitudinal beams, said longitudinal beams each
      comprising a plurality of telescopic beam parts which can be selectively
      displaced longitudinally relative to one another to vary the effective
      length of said longitudinal beams thereby to vary the effective length of
      said chassis, said chassis defining end portals which are formed by said
      cross beams and said wheels, said pair of longitudinal beams being
      disposed in vertically superposed relation to one another with both
      longitudinal beams being located adjacent the same corresponding ends of
      said cross beams whereby a horizontal section of said chassis is shaped
      substantially in the form of a right-angled yoke having a substantially
      C-configuration, the lower of said pair of longitudinal beams being
      disposed at a height where it, together with the chassis parts at the end
      portals and the wheels, forms a side portal, and said truck including a
      steering system arranged to be switched over for adaptation to the
      steering geometry of the selected effective length of said chassis, the
      telescopic beam parts of said longitudinal beams including sensor devices
      responsive to variations in the effective lengths of said longitudinal
      beams for controlling the switching of said steering system, said steering
      system comprising an electrical system having a plurality of resistors
      forming portions of a damping network, at least some of said resistors
      being connected into and disconnected from said network under the control
      of said sensor devices, said steeriing system including a signal generator
      operative to generate electrical steering signals for controlling the
      steering of both an outer pair and an inner pair of said supporting
      wheels, said vehicle including a steering wheel, and said damping network
      operating to damp the electrical steering signals which are applied to the
      outer pair of said supporting wheels in dependence upon the deflection of
      said steering wheel.
NUM  8.
PAR  8. A truck for stowing, stacking, etc., large containers of varying sizes,
      said truck having a chassis supported at four corners thereof by means of
      wheels, said chassis comprising a pair of substantially parallel,
      transverse cross beams spaced from one another and interconnected to one
      another by a pair of longitudinal beams, said longitudinal beams each
      comprising a plurality of telescopic beam parts which can be selectively
      displaced longitudinally relative to one another to vary the effective
      length of said longitudinal beams thereby to vary the effective length of
      said chassis, said chassis defining end portals which are formed by said
      cross beams and said wheels, said pair of longitudinal beams being
      disposed in vertically superposed relation to one another with both
      longitudinal beams being located adjacent the same corresponding ends of
      said cross beams whereby a horizontal section of said chassis is shaped
      substantially in the form of a right-angled yoke having a substantially
      C-configuration, the lower of said pair of longitudinal beams being
      disposed at a height where it, together with the chassis parts at the end
      portals and the wheels, forms a side portal, and said truck including a
      steering wheel associated with a steering system, said steering system
      being arranged to be switched over for adaptation to the steering geometry
      of the selected effective length of said chassis, the telescopic beam
      parts of said longitudinal beams including sensor devices responsive to
      variations in the effective lengths of said longitudinal beams for
      controlling the switching of said steering system, said steering system
      comprising an electrical system having a plurality of variable resistors
      comprising portions of a damping network, said sensor devices being
      operative to vary the magnitudes of said resistors, said steering system
      further including a signal generator operative to generate electrical
      steering signals for controlling the steering of both an outer pair and an
      inner pair of said supporting wheels, said damping network operating to
      damp the electrical steering signals which are applied to the outer pair
      of said supporting wheels in dependence upon the deflection of said
      steering wheel.
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ABST
PAL  The system provides improved bass response and stereo effect with the use
      of a plurality of speakers that are preferably disposed in a unitary
      cabinet. If two woofer speakers are employed they are disposed at an angle
      to each other and are disposed relatively close to each other to provide
      mutual coupling and improved bass response. Also, the speakers are spaced
      from a rear wall of the listening room so as to permit the coupling and
      also to enhance the spacial response by sound refelection from not only
      the rear wall but also the side walls thereby also providing improved
      sound realism through increased reverberation. Quadraphonic operation is
      also readily provided with the use of two cabinets.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a loudspeaker system that is preferably
      housed in a unitary cabinet. This system may include one type of speaker
      or may be a wide range system including woofers, tweeters and midrange
      speakers.
PAC  BACKGROUND OF THE INVENTION
PAR  Commonly, stereo systems have utilized two separate speaker cabinets or
      enclosures which may typically be spaced 5 to 10 feet apart and which are
      disposed for radiating more or less directly toward the listener. These
      types of systems have certain disadvantages associated therewith. For
      example, the sound appears to come from two distinct sources rather than
      being spread over an area or volume as would be the case at an actual life
      performance. Also, because of the relatively large separation between the
      cabinets or enclosures there is an empty area of sound between the two
      enclosures. Sometimes, this empty area is filled with an additional third
      speaker which, however, provides a rather cumbersome array of three
      separate enclosures.
PAR  Because the direct radiating system does not enhance the reverberation
      often lost in stereo recording, two additional speakers are presently
      being added to provide a quadraphonic effect.
PAR  This now means that there is an even more cumbersome system comprising at
      least four enclosures. With the direct two speaker system the
      reverberation is quite unreal as it is coming from only two distinct
      directions.
PAR  Another disadvantage with the direct radiating system employing two
      enclosures is that the speakers are separated far enough apart so that the
      bass enhancement is not appreciably provided. The bass enhancement is a
      function of the mutual coupling between the enclosures which in turn is a
      function of the distance therebetween. Furthermore, since in these prior
      art systems the speakers are mounted in the front of the enclosures there
      is no spacial enhancement from reflections from the rear wall of the
      listening room.
PAR  When the speaker enclosures are located in a room they have images which
      are at an equal distance on either side of the walls of the room. These
      images can contribute to the stereo effect. However, with the conventional
      system wherein the enclosures are separated they are generally close to
      the sidewalls of the room and consequently the images are also close to
      the sidewalls. In the present invention the speakers, being close
      together, provide images that are now far apart and can create a wider
      panaroma of sound. Alternatively, with the direct radiating speaker system
      the level of the sound from the images is small in comparison to the
      direct sound. However, if, with the direct radiating system, the two
      speakers are placed close together in the center of the room then there is
      the other disadvantage of not providing a full stereo effect.
PAR  The reflecting type system such as shown in U.S. Pat. No. 2,710,662 can
      overcome some of the disadvantages found in the two speaker direct
      radiating system. However, other reflecting type systems that exist also
      have disadvantages.
PAR  One system uses two speaker enclosures and directs the sound toward the
      rear wall of the room. Although the reflecting sound yields an improved
      stereo effect the center image is the result of the right channel mixing
      with the left channel resulting in image confusion in the center. Also,
      with the two separate enclosures little increase in the low frequency
      response through mutual coupling is realized. Moreover, this system
      requires two separate enclosures for stereo effect.
PAR  Another system of the prior art uses one enclosure with the right and left
      channels facing directly toward the right and left, respectively. In this
      system the two channels are connected out of phase to produce a null in
      the center and thus spread the images from one unitary enclosure. This
      system suffers in low frequency response because the two woofers are out
      of phase and have a mutual coupling that actually reduces the radiation
      rather than increasing the radiation. Moreover, because the radiation is
      maximum towards the right and left, the direction of the radiation from
      the images is not favorable for listening at removed distances from the
      enclosure.
PAR  Another system is of the type shown in U.S. Pat. No. 2,710,662. This system
      is a reflecting type that relies on no direct radiation; and thus the
      images from the side wall are not masked by the high level of the direct
      sound. However, this prior art system does not provide for both improved
      low frequency response and increased stereo separation. In fact, this
      prior art system teaches the reducing of the coupling between the right
      and left channels which is contrary to the teachings of the present
      invention.
PAR  Accordingly, one object of the present invention is to provide an improved
      loudspeaker system for use in a listening room and that provides improved
      stereo effect with a unitary enclosure. Another object of the present
      invention is to provide a loudspeaker system that is characterized by
      improved bass response and a spacial effect.
PAR  A further object of the present invention is to provide a loudspeaker
      system that can be embodied in many different arrangement and wherein two
      enclosures can be provided to produce quadraphonic effect.
PAC  SUMMARY OF THE INVENTION
PAR  To accomplish the foregoing and other objects of this invention there is
      provided a loudspeaker system for use in a listening room having an end
      wall and a pair of side walls. The system generall comprises a unitary
      speaker enclosure having a plurality of enclosing sides or panels
      including a pair of sides disposed at an angle other than a straight
      angle, to each other and also at an angle to the end wall of the listening
      room. Each of these pairs of sides carries at least one speaker. In a
      preferred embodiment for wide range effects both high and low frequency
      responsive speakers may be employed. The enclosure including the speakers
      is positioned close to but a small predetermined distance from the end
      wall to permit mutual coupling between the speakers and improved base
      response. The speakers are of course also disposed close together as they
      are in the same enclosure and are directed to radiate toward the end wall
      thereby also providing improved spacial response for the system.
PAR  In accordance with the present invention this system may also be designed
      with two enclosures for a quadraphonic effect. In addition, by a simple
      rewiring one enclosure can be used for the left channel and the other can
      be used for the right channel to provide a different stereo effect using
      two enclosures. This technique can also be extended to a four enclosure
      arrangement as disclosed hereinafter.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Numerous other objects, features and advantages of the invention should now
      become apparent upon a reading of the following detailed description taken
      in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of one embodiment of the enclosure or cabinet
      of the present invention showing the pair of walls or sides carrying the
      speakers;
PAR  FIG. 2 is a diagramatic view showing the position of the enclosure of FIG.
      1 relative to the walls of the room and also showing the images; and
PAR  FIGS. 3, 4 and 5 show diagramtically different arrangements for the system
      of this invention using two or four enclosures.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 is a perspective view of an enclosure constructed in accordance with
      the principals of the present invention. FIG. 2 depicts the position of
      the enclosure within a listening room. In FIG. 1 the enclosure 10
      generally comprises a number of walls or panels including a top wall 12,
      side walls 14, a rear wall 16, and a pair of angularly disposed walls 18
      and 20 for carrying the speakers. The enclosure may be constructed in any
      suitable manner with appropriate supporting structure not specifically
      shown in FIG. 1.
PAR  In FIG. 1 the wall 18 carries a plurality of speakers 19 and the wall 20
      carries a similarly arranged plurality of speakers 21. With this type of
      an arrangement the two top speakers are tweeters the two bottom speakers
      are woofers and the middle speaker is a midrange speaker. These speakers
      are, per se, of conventional design and connect either to separate
      channels or as discussed hereinafter with reference to FIG. 4, to the same
      channel.
PAR  FIG. 2 diagramtically depicts the enclosure 10 and represents the walls 18
      and 20 as having a single speaker 19 and 21, respectively. It is noted in
      FIG. 2 that the enclosure is spaced a predetermined distance from the end
      wall 24 of the listening room 25. This space d is preferably between
      approximately 9 and 16 inches. FIG. 2 also shows the left side, right side
      and rear images of the enclosure 10. In FIG. 2 the speakers 19 and 21 are
      for carrying respectively, the left and right channels.
PAR  The system of the present invention derives its improved base response
      through the increased radiation resistance by the close proximity of the
      right and left channel woofers. The distance between these two speakers is
      depicted in FIG. 2 as distance s. The area of the speakers need not be as
      large as with some prior art systems because with the greater loading more
      power output is obtained for a given piston velocity. Regarding the
      stereophonic effects if the two channels of a speaker system were housed
      in the same cabinet and faced directly toward the observer the sound would
      appear to come from only one central location. If the array were then
      connected out of phase to create a greater separation the low frequency
      response would be adversely effected. Instead, in the present invention
      the speakers are arranged at an angle to each other and to the rear wall
      but are not disposed too close to the rear wall of the listening room. In
      this way, the sound is reflected from the rear wall 24 and additionally
      from the side walls 27 and 28. This provides a greater separation and a
      greater distribution of the sound over the walls rather than localizing
      the sound from two discreet sources. For further increase in separation
      the system may be provided with a switch which puts the right and left
      channel midrange and tweeter speakers out of phase. This provides greater
      separation without reducing the bass response.
PAR  Referring now in particular to FIG. 2 it is noted that the sound is
      directed at an angle toward the rear wall with no direct radiation toward
      the listener. In this way, the reverberent effect is increased. Thus, with
      the arrangement shown in FIG. 2 there is provided increased low frequency
      response, greater image separation, and increased reverberation with only
      a single cabinet.
PAR  In FIG. 2 the separation between the right and left channel woofers is s.
      For two small sources the mutual (R.sub.12 ) to self (R.sub.11) radiation
      resistance may be expressed by the following equation:
      ##EQU1##
      Where .lambda. is the wavelength of sound, the .sub.1 refers to the left
      channel and .sub.2 refers to the right channel. The total real force on
      the left channel woofer is given by the following equation:
EQU  F.sub.1 = F.sub.11 + F.sub.12 = R.sub.11 v.sub.1 + R.sub.12 v.sub.2
PAL  where v.sub.1 and v.sub.2 are of respective velocities. Thus the total
      radiation resistance on the left woofer is:
      ##EQU2##
      and for identical velocities:
      ##EQU3##
      and for s small compared to .lambda. (low frequency range) it can be shown
      that
EQU  R.sub.1 .perspectiveto. 2 R.sub.11 , R.sub.2 .perspectiveto. 2R.sub.22
PAL  Since the power out is .vertline.v.sub.1 .vertline..sup.2 R.sub.1 or
      .vertline.v.sub.2 .vertline..sup.2 R.sub.2 the power out is doubled in the
      arrangement of the present invention in comparison with a two speaker
      stereo system where the dimension s is not so small. The doubling of the
      power out can be looked upon as a doubling of the efficiency.
PAR  Still referring to FIG. 2 and assuming that the distanct d is on the same
      order as the distance s, the power is again doubled by the image directly
      behind the rear wall. The distance d however, must be suitably large
      enough to allow the left and right channels to communicate. This distance
      is set by the highest frequency at which the communication is obtained. As
      indicated previously this dimension is typically on the order of 9 to 16
      inches. If the dimension d is made too small only the lowest frequencies
      will be transmitted.
PAR  Regarding the stereo effect it can be seen in FIG. 2 that the sound from
      each channel is reflected off the rear wall and then off the respective
      side walls. This can also be considered as if the sound were coming from
      the images shown. These images yield a spread of right and left channel
      sound over the entire rear wall and some of the sidewalls. The distant
      images add to the sound in a way to increase the reverberation. This
      spread yields a panorama of sound without the unreal effect of two
      distinct sources as in the current two enclosure stereo systems.
PAR  In one embodiment four drivers are used inclined at an angle for wide
      dispersion and improved base response. The woofers have a compliant rubber
      surround for large linear displacements and the 1 inch dome tweeters have
      low transient distortion because of their light mass. The crossover
      frequency may be 1.8K Hertz and system resonance may be 50 Hertz.
PAR  The speakers can be driven with amplifiers with powers of from 15-30 watts
      per channel.
PAR  FIG. 3 shows another arrangement employing two cabinets 10A and 10B which
      are disposed at opposite ends the listening room. FIG. 4 shows another
      arrangement which utilizes two separate adjacent walls 24 and 27 rather
      than the single end wall 24. This is possible since each enclosure has
      right and left channel information. In this arrangement all of the left
      channel information appears to come from the enclosure on the left and all
      of the right channel information appears to come from the enclosure on the
      right. A conventional system mixes the left channel with the right and
      destroys the stereo effect. This is not the case with the embodiment shown
      in FIG. 4. The arrangement shown in FIG. 4 may be further extended to the
      arrangement shown in FIG. 5 employing four enclosures 10A, 10B, 10C and
      10D which are essentially arranged to reflect sound from opposite corners
      and adjacent side walls.
PAR  Having described a limited number of embodiments of the present invention
      it should now be apparent that there are numberous other embodiments that
      are contemplated as following within the spirit and scope of the present
      invention. For example, there are various types of speakers that could be
      employed with this arrangement. Also, although the embodiment shown in
      FIG. 2 depicts the soundwaves emanating from the speaker as diverging,
      these speakers could also be arranged so that the soundwaves converge and
      effectively cross. Also, the enclosure may be constructed so that the
      walls 18 and 20 are directly joined with the enclosure having a square
      shape.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A speaker system for use in a listening room having means defining a
      plurality of reflective surfaces including an end wall, said system
      comprising a unitary dual channel speaker enclosure having a plurality of
      enclosing walls including a pair of walls disposed at an angle, other than
      a straight angle, to each other and also at an acute angle to the end wall
      of the room, and a pair of speaker arrays each including a low audio
      frequency speaker and an upper audio frequency speaker, each array
      carried, respectively, by each wall of the pair of walls and the speakers
      of each array being operated from different stereo channels to provide
      left and right channel signals to respective arrays thereby providing
      stereo effect in a unitary enclosure, each said low frequency speaker
      operating over a low frequency range having an upper frequency limit, said
      enclosure being positioned a predetermined distanced from the end wall to
      permit mutual coupling between the low audio frequency speakers wherein
      the distance d is less than or equal to .lambda./4 wherein .lambda. is the
      wavelength of sound corresponding to the upper frequency limit of the low
      frequency speakers, said low frequency speakers being disposed apart a
      distance s to provide mutual radiation resistance at bass frequencies, and
      radiating toward the end wall, wherein the distance s is less than or
      equal to .lambda./2 where .lambda. is the wavelength of sound
      corresponding to the upper frequency limit of the low frequency speakers.
NUM  2.
PAR  2. The system of claim 1 including a pair of enclosures disposed at
      opposite ends of the room to provide a quadraphonic effect.
NUM  3.
PAR  3. The system of claim 1 including a pair of enclosures disposed at one
      corner of the room, one on either side of the corner.
NUM  4.
PAR  4. The system of claim 1 including two pairs of enclosures disposed at
      opposite corners of the room.
NUM  5.
PAR  5. A system as set forth in claim 1 wherein said enclosure is constructed
      to provide an unobstructed internal path between the speakers of each
      wall.
NUM  6.
PAR  6. A system as set forth in claim 1 wherein the distance (s) is made small
      in comparison to the wavelength to be coupled so that the mutual radiation
      resistance approaches the magnitude of the self radiation resistance of
      one of the low frequency speakers.
NUM  7.
PAR  7. A system as set forth in claim 6 wherein the ratio of the mutual
      radiation resistance to the self radiation resistance is approximated by
      the following equation:
      ##EQU4##
      where R.sub.12 is the mutual radiation resistance between the two speaker
      arrays and R.sub.11 is the self radiation resistance of one of the speaker
      arrays.
NUM  8.
PAR  8. A system as set forth in claim 7 wherein s is made small so that the
      mutual radiation resistance (R.sub.12) is approximately equal to the self
      radiation resistance (R.sub.11).
NUM  9.
PAR  9. A system as set forth in claim 8 wherein the total radiation resistance
      is about twice either the self or mutual radiation resistance.
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ABST
PAL  A safety clamping device for use by climbers mounted in an elongated slot
      in a support rail, alternately to slide or grip the sides of the slot in
      clamping engagement. The clamping means preferably comprises opposed
      spaced apart wedges carried by a trigger arm above and below the slot in
      normal sliding movement with the climber, the wedges being actuated into
      clamping engagement, with the walls of the slot by quick angular pull of
      the trigger arm by the climber.
BSUM
PAR  This invention relates to a climber's safety device, and comprises a
      clamping means actuated by a chain or rope usually fastened to a safety
      belt mounted about a climber or a worker at great height, the clamping
      means being freely longitudinally slideable in a fixed support such as in
      a groove of a supporting rail fixed for support to a ladder, staircase,
      scaffolding or the like, for easy sliding or clamping engagement as the
      climber ascends or descends in safety. The clamping means is adapted to
      grip and lock by wedging firmly to the supporting rail when triggered into
      clamping engagement therewith by a fast movement, such as a falling
      movement of the climber.
PAR  More particularly, the safety device hereof is adapted to slide in an
      elongated groove or slot cut in an accessible position of a wall of a
      fixed, preferably hollow longitudinally extending bracing rail, and has
      clamping means carried and triggered by a portion which extends outward of
      the slot in the supporting rail. A chain or rope is fastened to the body
      of the climber and the trigger arm of the device, both for easy sliding
      movement with the climber and for being actuated to grip the edges of the
      slot or groove of the rail firmly securing the clamping means thereto when
      triggered into clamping engagement.
PAR  As shown in my prior U.S. Pat. No. 3,348,632, a climbing safety device is
      shown adapted to ride upon the smooth surface and grip both edges of a
      flange of a I-beam type as a clamp and supporting structure.
PAR  The clamping means of the present invention is adapted to be mounted to
      slide within a slot or groove having parallel mating sides against which
      the present clamping device wedges to form a safety grip therewith, or on
      release is guided within the hollow rail to slide easily in the
      longitudinal groove with the climber. In preferred construction, the
      clamping device is insertable, a portion to slide within an annular or
      hollow supporting rail, such as tubular body having a slot or groove cut
      in one of the walls and extending longitudinally of said rail. The
      clamping means hereof carries wedging means to grip the edges of the
      groove when triggered by a quick movement of the climber angular to the
      axis of said rail for clamping engagement therewith. When so triggered,
      the clamping means will firmly engage the edges of the groove and prevent
      movement, thereby safely securing the climber to the rail through a
      flexible band, rope or chain having one end connected to actuate the clamp
      and its other end connected to the climber. A moderate quick pull on the
      trigger arm of the clamp will initiate gripping of said clamp to the edges
      of the groove. The same connecting chain or rope when moved in an opposite
      longitudinal direction along said groove will disengage the wedges from
      the groove edgesand from clamping engagement with the support rail, and
      draw the clamp, sliding in the rail, upward or downward with the climber.
      Thus, the clamping means mounted to slide easily in the groove of the rail
      operates as a safety device allowing safe easy sliding climbing movement
      as the climber ascends or descends a staircase, ladder means, scaffolding
      or the like, to which the fixed rail providing sliding support is securely
      fastened.
PAR  The fixed support, according to the preferred structure shown, engages the
      clamp through the sides of a groove and thus is preferably a hollow body
      such as a pipe with a groove or slot cut in its most easily accessible
      upper side running parallel to its axis. It can be any elongated body of
      any cross-sectional configuration having a groove in which the clamping
      means may slide to engage the grooved wall. Hence, that support rail can
      be rectangular, triangular, ovate, circular or the like.
PAR  The clamp structure combined with a supporting rail having a longitudinal
      groove, also includes a triggering arm extending from the longitudinal
      groove, and may also carry guide means which bears slideably against one
      or more wall portions of the rail. The triggering arm also supports the
      clamping, preferably wedging means gripping opposite sides of the
      longitudinal groove. Such means are brought into the wedging engagement
      with said groove by a pivotal movement of the triggering arm applied
      angular to the plane of the groove most usually effected when pulled
      rapidly downward by the climber. For this purpose, the triggering arm is
      secured to a rope or chain having its opposite end carried by the climber.
      Thus, in normal climbing or descending movement, the climbing device is
      guided to slide in the groove smoothly up and down the support rail, but
      wedges to clamp tightly against edges of the groove by a quick angular
      pulling movement downward on the extending trigger arm, such as by a quick
      descending pull of the climber.
PAR  The invention is described further in alternate modifications, in both of
      which a pair of upper and lower wedges have angular wedge surfaces which
      engage the edges of the groove of said rail, and in an alternate modified
      form, one of the wedges is a partially split body, U-shaped to have some
      built-in flexibility, thereby to allow resilient compression of the body
      of the wedge in the groove, thereby clamping it with some resilience.
DRWD
PAR  The invention is further described by reference to the drawings wherein:
PAR  FIG. 1 shows one form of the clamping device as mounted in a tubular
      support rail and having a portion of the wall broken away and in section
      to show internal construction;
PAR  FIG. 2 illustrates an alternate position of FIG. 1 with clamping wedges
      engaging edges of the groove;
PAR  FIG. 3 is a top plan view of the clamping means of FIG. 1 taken on the line
      3--3 of FIG. 1;
PAR  FIG. 4 is an upper angular perspective view of a slideable clamping means;
PAR  FIG. 5 is a lower angular view of the slideable clamping means as shown in
      FIG. 4;
PAR  FIG. 6 is a horizontal section taken on the line 6--6 of FIG. 1;
PAR  FIG. 7 is a horizontal section taken on the line 7--7 of FIG. 2;
PAR  FIG. 8 is a horizontal section looking upward taken on the line 8--8 of
      FIG. 1;
PAR  FIG. 9 is a horizontal section looking upward taken on the line 9--9 of
      FIG. 2;
PAR  FIG. 10 is a second modification of a form of the clamping device mounted
      in a tubular support rail having part of the wall broken away and in
      section to show internal construction;
PAR  FIG. 11 is a side view of the clamping means of FIG. 10;
PAR  FIG. 12 is a horizontal section taken on the line 12--12 of FIG. 10;
PAR  FIG. 13 is a portion of the tubular support showing the open groove and
      secondary rail means for supporting the rail;
PAR  FIG. 14 is a section taken on the line 14--14 of FIG. 13;
PAR  FIG. 15 shows an angle iron support for the rail;
PAR  FIG. 16 shows both an alternate clamping means as a secondary support and a
      square configuration of the hollow support;
PAR  FIG. 17 shows an alternate support for the rail and a triangular shaped
      hollow rail;
PAR  FIG. 18 shows an ovate shaped grooved rail; and
PAR  FIG. 19 shows a pair of plates separated to form a groove and support by a
      secondary means.
DETD
PAR  As shown in FIGS. 1 and 2, the safety device comprises a clamping means 10
      comprising a plate-like trigger arm 12 attached to be fastened by way of a
      chain 14 or a rope (not shown) attaching to the plate at an extended off
      balance point. The outer end of the chain extends a selected distance for
      fastening usually to a belt mounted about the body such as the waist of
      the climber (not shown). The trigger arm plate 12 is of substantial
      thickness sufficient to be rugged and substantially inflexible and
      provides the base or body of the clamping means 10. An upper wedge 16 is
      mounted on the plate 12 having its sides slanting downward to the plate
      surface in the direction of the arrow 18 to meet the outer surface of the
      plate 12 at 19. The lower wedge 20 has its sides slanting oppositely
      downward to the surface of the plate 12 in the direction of the inner
      plate end as shown by the arrow 22. Thus, the wedges 16 and 20, each slant
      in opposite directions. The wedges are separated several inches, of
      non-critical distance, but are so disposed with respect to each other that
      the central slanting surface portion of each wedge are about vertically
      aligned with respect to the plane of a grooved or a slotted portion 24 of
      an elongated supporting body, such as a rail 26.
PAR  In this position of the wedges with respect to each other, the plate 12 and
      wedges thereon are sized, together with the groove or slot 24, to slide
      smoothly in the groove 24 longitudinally upward or downward in the
      direction of support 26 as shown by the arrow 28. Such groove or slot 24
      longitudinally cut in a pipe 26 is best shown in FIG. 12. Since the wedges
      are inverted with respect to each other,, each slanting in a direction
      opposite to the other, both are aligned in vertical direction of the arrow
      28 and are dimensioned to slide vertically up and down the groove 24
      smoothly. Any movement of the lower wedge inward of the groove 24 in the
      direction of the arrow 22 will cause the upper wedge 16 to move oppositely
      in the direction of arrow 18, both wedges thus tending to bind as they
      move angularly into the groove as wedges, and consequently a pull downward
      by the rope or chain 14 rapidly or in a direction other than vertical will
      cause plate 12 to move angularly with respect to the axis of slot 24 as
      shown by arrow 21. It is that angular movement of the plate 12, lower
      wedge 20 moving in a direction of the arrow 22, and the upper wedge 16 in
      a direction of the arrow 18 will cause both wedges to to grip the edges of
      slot 24, binding the clamp firmly thereby against the slot edges, and
      prevent vertical movement.
PAR  In rising with gentle upward pull, the wedges will release their frictional
      grip and slide easily vertically with the climber. Similarly, with no
      angular force applied downward on the plate 12, the wedges will not bind
      or engage the edges of the groove 24 and the clamping plate 12 will also
      descend in a sliding movement of the plate 12 in the groove 24 in easy
      descent of the climber. Rapid angular movement downward will effect the
      firm clamping.
PAR  For purposes of guiding plate 12, the forward end of wedge 16 is rounded at
      30. As the wedge 20 is held outward of the groove 24, in upward pull on
      chain 14 by the climber, the rounded nose 30 moves inward of the tubular
      body 26 and opposite to the direction of the arrow 18 to engage the inner
      wall of the tubular support 26 and guides the plate 12 in smooth sliding
      ascending motion as the nose 30 bears as a guide against the inner wall 27
      of the tubular support 26. A second portion 32, centrally of the plate 12,
      extends downward toward the inner pipe wall 27, and has a rounded nose 32.
      It also operates as a central guide bearing together with the upper guide
      30 against the inner wall 27 of support 26. Thus, both guides 30 and 32
      can smoothly bear against the wall 27 and guide the clamping plate 12 in
      upward movement with one or both rounded ends bearing against the inner
      wall 27 of the hollow support 26 for easy sliding movement of the device
      with the climber. In that sliding movement as shown in FIG. 1 with the
      chain 14 pulling upward as the climber ascends, both wedges 16 and 20
      slide vertically smoothly on opposite sides, and with their lower wedge
      portions in the groove 24. In the descending movement, as shown in FIG. 2,
      both guides 30 and 32 move away from contact with the inner wall 27.
PAR  A lower guide 34 is disposed below wedge 20 and has laterally flaring sides
      so that when the plate 12 is pulled upward and the lower wedge 20 moves
      opposite to the arrow 22 tending to leave the groove 24, the flaring sides
      of the guide 34 engages the underside of the support 26, as shown in FIG.
      8, and bears against both underside 29 of the walls adjoining the groove
      24.
PAR  Thus, the guide 34 keeps the lower wedge and clamping means retained within
      the groove 24 and forms an inner guide for the clamp plate for easy
      sliding movement on the support 26 as it bears against both sides of the
      groove 24.
PAR  An additional pair of guides 36 are mounted beside and vertically below the
      upper wedge 16 and flare widely laterally. These guides 36 serve to bear
      against side walls when the clamp 12 is used with a hollow support 26
      having combining walls dimensioned more clearly to the size of clamping
      means. For larger tubular support rails, as well as other shapes of
      support rails as would appear, these several guide elements serve to
      provide optimum smooth guiding movement to the clamping means in ascending
      and descending passage through the groove 24, sized to fit the hollow
      support structure with which the clamp will be used, but primarily for a
      use with a circular rail support some or all of the guides may be omitted,
      and the clamping device, while it will not move and operate as smoothly
      within the rail support of the various shapes, it will still operate
      merely by the clamping effect of the opposed wedges in the groove 24,
      mounted upon a trigger arm 12.
PAR  A modified form of clamping means is shown in FIGS. 10, 11 and 12. In this
      construction, as shown in FIG. 10, a forward wedge 38 continues into a
      guide means comprising a pair of legs 40 whose lower ends 42 are rounded
      to form a guide means extending for engaging the inner side 27 of the
      tubular support 26. It supplies a smooth sliding movement to the clamp.
      Such guide legs 40 are separated by a long inner slot 44 which extends
      substantially across the diameter of the support tube 26 and provides a
      resiliency to both legs 40. The upper portion of the legs terminate in a
      yoke shaped as the wedge 16, whereby upon wedging movement in the slot 24,
      in the direction of the arrow 18, the legs 40 grip the slot sides 24
      resillently as accommodated by the slotted portion 44, providing a more
      resillient gripping of the upper wedge 16 in the slot 24.
PAR  The lower wedge 46 has serrations or teeth 48 cut angularly in its slanted
      sides, which tend to impart a bite and more firm gripping of the sides of
      slot 24. As shown in FIG. 10, the slanted walls of the wedge 46, when
      placed for easy sliding moving position in the groove 24, has the slanted
      walls thereof terminated at the opposite side position 50 of a support 26,
      the wedge wall 48 continuing as parallel walls 52 in the same place as the
      trigger plate 13 whereby the lower portion 52 fits to slide smoothly
      within and with sides parallel to the groove walls 24. Thus, moving
      angularly in the direction of the arrow 22, the wedge wall 48 moves into
      the groove 24 gripping its sides in firm clamping engagement as triggered
      by a downward pull on the trigger plate 13 by the climber. A lower guide
      means 56 mounted beneath the lower wedge 46 has laterally flaring sides
      and is shaped to guide the lower wedge 46 as the guide 56 bears against
      the inner wall 29 of the support 36 when the plate 13 moves in the
      direction of the arrow 54. As shown in FIG. 10-12, the trigger arm 13 is
      bored with a hole 58 to receive the actuating chain 14.
PAR  The plates and guides of the entire clamping device may have its weight
      considerably reduced by changing the body of the plate 13 itself to a
      foraminous structure such as porous or expanded metal (not shown); or the
      weight of the plate may be reduced easily by cutting holes 60 therein at
      several places as shown, as many as may be practical without actual
      impairing the strength or flexibility of the plate significantly.
PAR  As shown in FIG. 13-19, the support rail 26 may be tubular, having a slot
      24 and the guides mounted on the trigger plate are placed to accomodate
      the inner shape of the rail. Its intended that the tube 26 be mounted for
      rapport merely as a support similar to a hand rail having an open slot 24
      running longitudinally thereof, and it may have terminal open positions so
      that the clamping device may be inserted for claiming consideration into
      an open end of the rail (not shown). The tube 26 itself may be supported
      forward from or above a secondary support, such as a usual hand rail 62
      (as shown in FIG. 14); or an angle iron support 64. A clamping sleeve 66,
      extends from the rail 62 by way of bracket 67 for a support of the tube
      26. However, it may be otherwise supported, for example, as shown in FIG.
      16, in which rail 26 may be a rectangular, similarily having an open slot
      24 supported by an encircling bracket 68, in turn bolted to a secondary
      support 62 as shown. In alternate construction as shown in FIG. 17, the
      supporting rail may have triangular sides supporting an open slot 24
      engagedment of the clamping means hereof. Again, the rail may be oval
      shaped as in FIG. 18 and similarly support to bracket 67 to a secondary
      support. Such rail shapes as shown in FIGS. 16, 17 and 18 may be supported
      by a secondary support 62, such as by welding a circular bracket thereto.
PAR  While each of these figures show a hollow rail they really may be merely
      two plates 74 and 76 supported by bracket areas in a manner to form a
      continuous longitudinally groove 24 therebetween.
PAR  It will be apparent in each of these modified constructions other than the
      circular tube, the guide means 30, 32, 34, 36, 42 and 56 may either be
      omitted or so placed as to accommodate the particular shape of the support
      structure for easy sliding movement at the clamping in a manner to prevent
      its withdrawal from its sliding clamping position within the groove 24 in
      its normal clamping use as described.
PAR  As thus described, an improved clamping means is provided which not only
      slides in a groove or slot 24 of a supporting rail so that it is easily
      carried by a climber in ascending or descending movement, as well as other
      safety uses such as by a climber or worker on high scaffolding, but the
      structure of the clamping means is both novel and uniquely adapted to
      operate by clamping into a groove or slotted support. Such clamping means,
      it will be recognized, is outstanding because it is activated by any
      sudden jerk or spasmodic movement by the user as a safety support either
      against taking a misstep or falling, such movement operating to supply a
      quick force to the clamp in any direction other than the normal ascending
      and descending casual movement of the climber. Thus, the unit operates
      quite effectively for the purpose of providing great safety to the user
      with little hinderance to his movements, and only the reaction of the user
      to normal danger becomes generally the very movement required to actuate
      the clamp.
PAR  Moreover, it will be recognized the present clamp has improved facility for
      use by clamping upon the walls of any groove or slot designed to receive
      the clamping means in sliding movement therein. This is greatly improved
      over prior art structures which generally require a more complicated
      clamping means, and which generally operate exteriorly, of a supporting
      rail. In this respect, any hollow grooved rail or even two plates which
      provide between them a firmly supported slot will provide here safety
      support for the climber. Moreover, applicant's wedging structure is
      outstandingly improved. As a clamping means easily slideable in a slot or
      groove, bringing wedges into operative gripping engagement with the walls
      of such slot by angular movement of a trigger arm support. That clamping
      structure is very effective as well as being quite rugged and dependable.
      The preferred hollow or round pipe support is most economical and most
      easily fastened a secondary firm support as described.
PAR  Certain modifications will occur to those skilled in the art and is
      intended that the description given herein be regarded as exemplary and
      not limiting except as defined in the claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A safety device comprising the combination of a clamping means and an
      elongated firm support rail, an elongated slot disposed in the outer
      surface of said support rail, said slot having substantially parallel
      facing walls on each side, said clamping means having a clamping portion
      mounted alternately to slide freely in said slot in sliding engagement
      with said side walls and including means for gripping and binding said
      clamping means firmly to said facing walls of said slot to prevent
      movement in the position of clamped engagement with said support rail, and
      a trigger arm supporting said clamping means extending laterally from said
      clamping means for moving said clamping means in easy pull sliding in said
      slot, and for activating said clamping means into clamped engagement with
      the facing walls of said slot by rapid downward pull by the user.
NUM  2.
PAR  2. The safety device as defined in claim 1 wherein the rail is an elongated
      hollow body having a slot cut in one of the walls longitudinally thereof
      and the clamping means carries guide means disposed to slide against an
      inner surface of said hollow body.
NUM  3.
PAR  3. The safety device as defined in claim 1 wherein the rail is a pipe
      having a slot cut longitudinally thereof in one of the walls and the pipe
      is fastened to a firmly secured secondary support.
NUM  4.
PAR  4. The safety device as defined in claim 1 wherein the rail is an elongated
      rectangular shaped hollow body having a slot cut longitudinally thereof in
      one of the walls and the hollow body is fastened to a firmly secured
      secondary support.
NUM  5.
PAR  5. The safety device as defined in claim 1 wherein the rail is an elongated
      triangular shaped hollow body having a slot cut longitudinally thereof in
      one of the walls and the hollow body is fastened to a firmly secured
      secondary support.
NUM  6.
PAR  6. The safety device as defined in claim 1 wherein the rail is an elongated
      ovular shaped hollow body having a slot cut longitudinally thereof in one
      of the walls and the hollow body is fastened to a firmly secured secondary
      support.
NUM  7.
PAR  7. The safety device as defined in claim 1 wherein edges separated plates
      are supported together to form the slot between them, said plates being
      fastened and supported to a firmly secured secondary support.
NUM  8.
PAR  8. A safety device as defined in claim 1 wherein the clamping device
      carries a pair of opposed wedges, mounted upon a supporting surface,
      separated a short distance from each other, the slanted walls of said
      wedges tend to bind said device against the walls of the slot frictionally
      in an angularly downward movement of said supporting surface of the
      clamping device with respect to the axis of said slot.
NUM  9.
PAR  9. A safety device as defined in claim 8, wherein the wedges are supported
      upon a plate-like member forming said supporting surface and having its
      surface sized to slidily fit in said slot for easy longitudinally movement
      of said clamping means in said slot, said opposed wedges being mounted on
      said plate above and below the axis of said slot with a portion of said
      plate-like support extending laterally outward of said slot, said wedges
      tending to bind and grip the walls of said slot by application of force
      angularly downward to the axis of said slot upon said laterally extending
      plate portion.
NUM  10.
PAR  10. The safety device as defined in claim 8 wherein said supporting surface
      extends slidingly through said slot for easy sliding movement
      longitudinally thereof and carries said opposed wedges, one disposed above
      and the other below the longitudinal axis of said slot, and guide means
      disposed on the inner support below said wedges in said slot and bearing
      against the inner walls of said rail for guiding the sliding movement of
      said clamping means in said slot.
NUM  11.
PAR  11. The device as defined in claim 10 wherein said rail is a hollow body
      having a slot cut longitudinally through the walls thereof and guide means
      being supported from said support surface to bear both against the inner
      wall of said hollow body as well as the inner wall portions adjacent to
      said slot.
NUM  12.
PAR  12. The device as defined in claim 8 wherein one of the wedges is centrally
      split to provide wedging resillience to said wedge bearing against the
      walls of said slot in clamping engagement therewith.
NUM  13.
PAR  13. The safety device as defined in claim 12 wherein said split wedge
      extends diametrically within said hollow body sufficient to engage the
      inner wall thereof, and form a guide for sliding movement of said clamping
      means in said slot.
NUM  14.
PAR  14. The device as defined in claim 10 wherein one of said guide means is
      disposed below the uppermost wedge and flares laterally to slide against
      the inner wall surfaces adjacent to said slot.
NUM  15.
PAR  15. A safety device having a hollow annular rail, an elongated slot cut in
      the hollow wall and disposed to run parallel to the axis of said rail and
      clamping means comprising a trigger arm having its inner end dimensioned
      to fit slidingly in said slot and having its outer end extending laterally
      of said slot including means for attaching a chain, rope or the like for
      movement by a climber in use of the clamping means, pulling said trigger
      arm slidingly in said slot as he ascends and descends, said trigger arm
      carrying a pair of opposed wedges one disposed above and the other below
      said slot in easy sliding movement longitudinally thereof as pulled by
      said climber; said opposed wedges tending to bind and grip the walls of
      said slot when said trigger arm is pulled rapidly and angularly downward
      to the axis of said slot.
NUM  16.
PAR  16. The safety device as defined in claim 15 further having guide means
      disposed beneath said wedges within said hollow rail and shaped to bear
      against the inner walls thereof guiding said clamping means for easy
      sliding movement in said rail.
NUM  17.
PAR  17. The safety device as defined in claim 16 wherein at least two guide
      means are mounted on the inner rail support portion of said trigger arm,
      and shaped to bear against the inner walls of said rail, a forward guide
      means disposed beneath the upper wedge in ascending direction, and a lower
      guide means in said direction disposed beneath the lower wedge and shaped
      to bear against the inner wall surface within said hollow rail adjacent to
      the sides of said slot for guiding the lower end thereof.
NUM  18.
PAR  18. A safety device including a clamp having an operating arm sized to fit
      slidingly in an elongated slot and to grip firmly supported walls on each
      side thereof by angularly downward movement of said arm and sliding freely
      in vertical raising and lowering movement of clamp in said slot said clamp
      comprising a pair of opposed wedges mounted upon a support surface of said
      arm and separated a short distance from each other and disposed on said
      supporting surface to slide freely therewith, one above and the other
      below the axis of said slot, said wedges tend to bind and grip the walls
      of said slot when the said arm is pulled rapidly and angularly downward to
      the axis of said slot.
NUM  19.
PAR  19. The safety device as defined in claim 1 wherein the clamping means has
      a serrated surface actuated by said clamping means into gripping and
      binding engagement of the clamping means against the faces of the walls on
      both sides of said slot.
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ABST
PAL  Lateral stabilizing supports for a ladder which are secured to the ladder
      by a pair of horizontal braces which extend through hollow rungs for added
      strength and means for modifying the length of one of the legs of the
      ladder as well as the supports to compensate for irregularities in the
      surface upon which the ladder is standing. A simple, quick acting locking
      arrangement is provided for locking the adjustable legs in their operative
      positions.
PARN
PAR  This is a Continuation-In-Part application of application Ser. No. 209,073
      filed Dec. 17, 1971 entitled Ladder Stabilizer.
BSUM
PAR  This invention relates to stabilizing apparatus for extension ladders and
      more specifically to novel and improved means for bracing extension
      ladders to prevent lateral movement and at the same time providing means
      for effectively extending the length of one leg of the ladder to
      compensate for ground slope.
PAR  In using ladders, particularly extension ladders for reaching high places,
      it is desirable to support the ladder to keep it from sliding to one side
      or the other. While lateral supports have been suggested for stabilizing
      ladders, known structures are either expensive, too cumbersome for one
      person to easily handle and manipulate, or are not sufficiently rigid to
      provide adequate support particularly for tall ladders.
PAR  The ladder supports in accordance with the invention are in the form of
      laterally extending legs secured to the side rails of a ladder at their
      upper ends and extending downwardly at an angle to contact the ground. A
      pair of horizontal brace members extend through hollow rungs of the ladder
      for strength and stability. The legs are adjustable in length and have a
      locking arrangement which permits quick, easy and positive locking of the
      support arrangement in its operative position. The legs of the ladder are
      also adjustable in length.
DRWD
PAR  In the Drawings:
PAR  FIG. 1 is a perspective view of a ladder with one embodiment of stabilizing
      supports in accordance with the invention,
PAR  FIG. 2 is an enlarged front view of one support of FIG. 1 showing the
      adjustable locking means,
PAR  FIG. 3 is a side view of the structure shown in FIG. 2,
PAR  FIG. 4 is a cross-sectional view of FIG. 2 on line 4--4 thereof,
PAR  FIG. 5 is a perspective view of a modified embodiment of ladder stabilizing
      means in accordance with the invention,
PAR  FIG. 6 is an exploded perspective view of the stabilizer attaching means of
      FIG. 5 which includes means for adjusting the length of a ladder leg to
      compensate for ground slope,
PAR  FIG. 7 is a front elevational view of the ladder and stabilizers of FIG. 1
      and shows the structure for compensating for ground slope, and
PAR  FIG. 8 is a fragmentary side elevational view showing a stabilizer in the
      stored position when not in use.
DETD
PAR  Referring now to the drawings and more specifically to FIG. 1, numeral 10
      denotes a ladder having side rails 12,13, with a plurality of spaced
      hollow rungs 14 secured therebetween. The ladder stabilizer of the present
      invention has a pair of upper plates 16 and 18 which lie flat against the
      outer surfaces of the ladder rails 12 and 13. An inner plate member 19 is
      secured by screws or bolts 20 to outer plate 16, and snugly fits the
      channel in rail 12. The two plates 16 and 18 are held in place by means of
      a long bolt 22, which extends through one of the hollow rungs 14. The bolt
      22 has a head 24 on one end thereof, and is threaded at the other end with
      the wing nut 26.
PAR  A leg 70 is pivotally secured to plate 16 by means of hinge 30 and includes
      an upper portion 28. Nested within and slidable longitudinally of the
      upper leg portion 28 is a lower leg member 32. As seen in FIG. 3, both
      side walls 34 and 36 of upper leg 28, and also lower leg 32, have
      longitudinal slots therein. The edges 38 of the slot in lower leg member
      32 are serrated and tapered (FIG. 4) to receive a locking member 50.
PAR  Referring again to FIGS. 1 and 2, a rod 40 extends through a second lower
      hollow rung 14 of the ladder. The ends 44 of the rod 40 are of reduced
      rectangular section with the shoulders between the reduced sections and
      the remainder of the rod being inclined at the angle at which the leg
      portions of both stabilizers are positioned so that they lie flat against
      the surface of side wall 34 of each upper leg 28. The rod 40 is larger
      than the slots in walls 34 so that the shoulders rest solidly
      thereagainst. A slot is located in the upper surface of each bar end 44
      for coacting with cams 54. The nuts 45 are threaded onto the ends 44 of
      bar 40 for adjustable coacting with the cam as will be explained.
PAR  Locking member 46 is pivotally secured to upper leg member 28 by means of
      pivot pin 48 and includes a wedge 50 integral therewith. The cam member 54
      is pivotally attached to the locking member 45 by means of the pivot pin
      52. Handle member 56 formed integrally with cam 54 facilitates rotation of
      the cam. The end of lower leg member 32 has a foot 60 which is pivotally
      attached thereto so that it can be adjusted to have the lower edge 62
      firmly in contact with the ground when the ladder stabilizer is in its
      operative position, regardless of ground irregularities or the angle at
      which the ladder is leaning against the side of a building. A locking or
      set screw 64 is used for locking the foot 60 in its desired position.
PAR  Although only one leg 70 of the ladder stabilizer has been described, the
      other leg 80 (FIG.1) is constructed identically. The method of placing the
      ladder stabilizer in its operative position will now be described. Leg
      member 70 is pivoted downwardly from an upper storage position to the
      position shown in FIG. 1. Rod 40 is inserted through rung 14 so that the
      ends 44 of bar 40 extend through the slots in the upper and lower leg
      portions 28 and 32 of the stabilizers. The lower leg portion of each
      stabilizer is then moved downwardly into firm contact with the ground and
      foot 60 is locked in place by set screw 64. Locking member 46 of each
      stabilizer which up to this point had been in its inoperative position
      above pivot pin 48, is pivoted downwardly so that the wedge 50 contacts
      the serrated edges of slot 38 in lower leg 32 forcing it into contact with
      side wall 34 of the upper leg portion 28. It should be noted that the slot
      in wall 36 is large enough so wedge 50 passes through it. Side wall 34 is
      likewise forced into engagement with the end 42 of rod 40. Cam 54 is then
      manually pivoted counterclockwise so that the cam surface coacts with the
      edge of the slot in the bar end 44. This locks the leg portions 28 and 32
      tightly together and also locks both leg portions tightly against the end
      42 of rod 40. After long use, because of wear, the cam 54 may not force
      the wedge 50 in as tightly as desired. When this happens, nut 45 can be
      rotated to the right (FIG. 2) until it extends slightly into the slotted
      area. The cam 50 will then coact with the inner surface of the nut 45 to
      tighten the wedge 50. The same operation is repeated on the other side of
      the ladder. The upper end of each upper leg portion 28 has a surface which
      lies flat against the outer surface of side rail 12. This adds to the
      rigidity of the stabilizer and also determines the angle at which the
      lateral leg 70 extends from the ladder side rail 12. An angle of
      approximately 30.degree. is desirable.
PAR  A modified embodiment of the invention is shown in FIGS. 5 through 7 which
      not only includes lateral stabilizers but also means for lengthening the
      leg or lower end of one of the ladder rails to compensate for ground slope
      to support the stabilizers when not in use. More specifically, the ladder
      generally denoted by the numeral 80, includes upper and lower sections 81
      and 82 with at least the lower section 82 having hollow rungs 83. While
      the invention will be described in connection with a metal ladder having
      hollow rungs, it will become apparent that it is also useful with wood
      ladders by replacing two or more of the rungs with tubing of appropriate
      strength to receive transverse rods as will be described.
PAR  The stabilizer supports are denoted by the numeral 84 and each comprises an
      elongated channel portion 85 having outwardly extending legs 86 and a
      transverse member 87 which lies flat against the associated ladder rail
      82'. The supports are secured to the ladder rails 82' by a pair of bolts
      88 and 89 extending through two rungs 83 and secured in position by nuts
      90. The upper and lower ends of the channels 85 carry transverse members
      91 and 92 which may be formed integrally therewith and braced by
      triangular corner braces 93.
PAR  The stabilizers denoted by the numerals 94 each include upper and lower
      telescoping portions 95 and 96 with the upper member consisting of a
      sleeve portion 97 fixedly secured to a tubular portion 98 having a
      plurality of spaced holes 99 and a lower elongated slot aligned with the
      slot 100 in the lower portion 96. The lower portion 96 slidably receives
      the tubular member 98 and has aligned diametral openings to receive a pin
      101. In this way the length of the stabilizer can be adjusted by engaging
      the pin 101 with the desired hole 99 in the tubular member. The bottom of
      each stabilizer includes a threaded portion 102 and a threaded cap 103 to
      precisely adjust the total length of the stabilizer.
PAR  The sleeve portion 97 of the stabilizer has an inclined end 97' which fits
      flush against the transverse portion 87 of the channel member when the
      stabilizer is in use as shown in FIG. 5. Each stabilizer is secured in
      position by a U-shaped member 104 having a threaded leg 105 extending
      through cooperating openings in the channel legs 86 and the stabilizer
      sleeve 97 and secured in position by a wing nut 107. The other leg 106
      also extends through a cooperating opening in sleeve 97. The lower ends of
      the stabilizers 94 are held in position by the rod 108 which extends
      through the lowermost rung 83. The ends of the rod 108 each has a threaded
      portion 110, the latter forming a shoulder at the inner termination of
      each threaded portion to bear against the edges of the slot 100. Nuts 111
      engage the threaded ends of rod 108 to securely fix the stabilizers in the
      inclined position.
PAR  When the stabilizers 94 are not in use the rod 108 is removed and the wing
      nut 107 on one leg of the U-bolt 104 is removed. The U-bolt 104 is then
      withdrawn and the stabilizer is shortened by removal of the pin 101 and
      reinserting it in the uppermost opening 99. The stabilizer is then placed
      within the channel 85 and the U-bolt 104 is again inserted but with the
      lower leg 106 engaging the opening 106' in the channel leg 86. This
      arrangement will secure the stabilizers within their respective channels
      as shown more clearly in FIG. 8. The bottom plate 92 of each stabilizer
      support is recessed as shown at 92' to receive the lower end of the
      stabilizer.
PAR  The upper plate 91 of each stabilizer support has a pair of slots extending
      inwardly from each edge and a pair of openings 13 spaced inwardly from the
      inner edge of each slot. The bottom plate 92 has a pair of openings 114
      vertically aligned with the roots of the recesses 112 to slidably receive
      rods 115, the upper ends of which have threaded portions 116. The tops of
      the rods are preferably bent to form handle-like elements 117.
PAR  The rods 115 are held in position of each stabilizer support by a pair of
      U-shaped brackets 118 and 119. Each bracket has a width slightly less than
      the distance between the triangular supports 93 for the plate 91 and the
      top leg 120 of each support has a recess 121 extending inwardly from the
      end thereof. A semicircular collar 122 having internal threads 123 is
      secured to each top leg and aligned with the root of the recesses 121. the
      ends of the legs 120 also include a pair of openings to receive U-bolts
      124.
PAR  With this arrangement the rods 115 after being inserted through the
      openings 114 are moved inwardly so that the threaded portions 116 engage
      the recesses 112. The brackets 118 and 119 are then inserted over the ends
      of the plate 91 until the collars 123 engage the threaded end portions 116
      of the rods. The U-bolts 124 are then dropped in place and engage the
      openings in the leg 120 of each bracket and the cooperating openings in
      the plate 91. This locks the U-shaped members 118 and 119 in position and
      the rods 115 can be adjusted vertically by rotation thereof to compensate
      for ground contour. With this arrangement it is quite evident that the
      rods 115 can be quickly and easily installed in either stabilizer support
      depending on ground slope.
PAR  While only certain embodiments of the invention have been illustrated and
      described, it is apparent that alternations, modifications and changes may
      be made without departing from the true scope and spirit thereof as
      defined by the appended claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Stabilizing means for a ladder having side rails with interconnecting
      rungs and including at least two spaced tubular rungs comprising a first
      elongated rod extending through one of said rungs, a second elongated rod
      extending through the other of said rungs, a pair of stabilizers
      positioned on each side of said ladder, and means on said stabilizers
      fixedly securing them to said rods and relative to said ladder with the
      stabilizers extending downwardly and outwardly to engage a surface upon
      which the ladder rests, the last said means comprising a pair of elongated
      stabilizer supports secured by at least one of said rods to opposite sides
      of said ladder and means securing the upper ends of said stabilizers to
      said supports, said supports being disposed in parallel relationship to
      said ladder rails and at least one longitudinally adjustable element is
      removably carried by one of said supports and extendable below the bottom
      of the adjoining rail to compensate for ground slope, each support
      comprising an elongated channel shaped member having a pair of legs and a
      transverse member coupling said legs, said transverse member lying against
      one of said ladder rails, transverse members secured to the upper and
      lower ends of said channel members and having upper and lower aligned
      openings for removably receiving longitudinally adjustable elements.
NUM  2.
PAR  2. Stabilizing means according to claim 1 wherein the openings in said
      upper transverse member are in the form of slots extending inwardly from
      each end of said transverse member, said longitudinally adjustable
      elements are in the form of rods having threaded portions on the upper
      ends thereof for slidable engagement with said slots and means releasably
      closing said slots and engaging the threaded ends of said rods whereby
      rotation of said rods will move said rods longitudinally.
NUM  3.
PAR  3.  Stabilizing means for a ladder having side rails with interconnecting
      rungs and including at least two spaced tubular rungs, a second elongated
      rod extending through the other of said rungs, a pair of stabilizers
      positioned on each side of said ladder, and means on said stabilizers
      fixedly securing them to said rods and relative to said ladder with the
      stabilizers extending downwardly and outwardly to engage a surface upon
      which the ladder rests, the last said means comprising a pair of elongated
      stabilizer supports secured by at least one of said rods to opposite sides
      of said ladder and means securing the upper ends of said stabilizers to
      said supports, the upper ends of said stabilizers being pivotally secured
      to said supports and have longitudinally disposed slots engaging the other
      of said rods.
NUM  4.
PAR  4.  Stabilizing means according to claim 3 wherein said stabilizers are
      longitudinally adjustable.
NUM  5.
PAR  5.  Stabilizing means according to claim 4 wherein each stabilizer includes
      two telescoping portions adjustable one relative to the other and the
      lower end of each stabilizer includes a longitudinally adjustable foot.
NUM  6.
PAR  6. Stabilizing means for a ladder having side rails with interconnecting
      rungs and including at least two spaced tubular rungs comprising a first
      elongated rod extending through one of said rungs, a second elongated rod
      extending through the other of said rungs, a pair of stabilizers
      positioned on each side of said ladder, and means on said stabilizers
      fixedly securing them to said rods and relative to said ladder with the
      stabilizers extending downwardly and outwardly to engage a surface upon
      which the ladder rests, each stabilizer including first plate means
      engageable with the outer surface of one of the ladder side rails, a
      second plate means engageable with the outer surface of the other side
      rail, one elongated rod extending through both plate means and one of the
      hollow rungs of the ladder, nut means engaging said rod for securely
      fastening the first and second plate means, respectively, at their upper
      ends, said first and second stabilizers each having an upper ends, said
      first and second stabilizers each having an upper leg portion and a lower
      leg portion, with sections thereof being coextensive, the lower leg
      portions being slidable within the upper leg portions, the upper and lower
      leg portions of each of the stabilizers having aligned longitudinal slots
      therein, said other rod extending through a second rung of the ladder with
      the ends of the rod abutting the inner surface of the upper leg portions,
      said other rod being of such a length so as to position the first and
      second stabilizers such that each forms an acute angle with its respective
      side rail, the ends of the rod means extending at an angle such that they
      have surfaces which are parallel with the inner surface of the upper leg
      portions, each of the ends of the other rod having attached thereto
      extensions of reduced cross section, which extensions extend through the
      slots in the upper and lower leg portions, wedge means for forcing each
      lower leg portion into tight engagement with its upper leg portion and
      also the associated end of the other rod, and locking means coacting with
      the extensions for tightly holding the wedge means in position.
NUM  7.
PAR  7.  Stabilizing means according to claim 6 wherein each wedge means is
      integral with a member pivotally secured to the upper leg portion, and the
      wedge means extends into the slot in the lower leg portion when in its
      locked position.
NUM  8.
PAR  8.  Stabilizing means according to claim 7 wherein the edges of the slots
      in the lower leg portions are tapered and serrated.
NUM  9.
PAR  9.  Stabilizing means according to claim 8 wherein each locking means is a
      cam member pivotally secured to the member which is pivotally secured to
      the upper leg portion, nut means adjustably secured to the extension, the
      cam member coacting with the nut means to tightly force the lower and
      upper leg portions into engagement with the end of the rod means.
NUM  10.
PAR  10. Ladder adjusting means comprising elongated members secured to and in
      alignment with the side rails of a ladder, transverse plates disposed at
      the upper and lower ends of each elongated member and a longitudinally
      adjustable element extending through the openings on at least one side of
      said ladder, each upper and lower plate including two openings with said
      upper openings being in the form of slots extending inwardly from edges of
      said upper plates for engaging two lingitudianl adjustable elements, and
      said longitudinally adjustable elements are in the form of rods having
      threaded portions on the upper ends thereof for slidable engagement with
      said slots and means releasably closing said slots and engaging the
      threaded ends of said rods whereby rotation of said rods will move said
      rods longitudinally.
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ABST
PAL  A ladder having an adjustable extension enabling it to be positioned stably
      on uneven ground. The extension is telescopingly mounted on the outside of
      one leg of the ladder, and is slidable relative to the ladder leg in the
      longitudinal direction. Its range of movement is not limited by the ladder
      rungs. Locking means are selectively engageable in a series of holes to
      hold the extension in desired position.
BSUM
PAR  This invention relates to an adjustable extension which is easily mountable
      to a conventional ladder for extending the effective length of one leg of
      the ladder, to enable the ladder to rest stably on uneven ground.
PAR  If a ladder is set up on ground which is uneven or sloping with the ground
      elevation differing at the two legs, the ladder will inherently be
      unstable and will tend to tip sideways in use. Ladder levelers are known
      whereby one or, in some cases, both legs of the ladder can be adjusted or
      effectively lengthened to conform to the irregularity or slope of the
      ground, so that the ladder can be set up in a stable attitude.
PAR  U.S. Pat. No. 1,043,172 shows a simple type of extension wherein an
      extension is held in place, on a ladder leg, by a clamping screw. U.S.
      Pat. No. 2,481,581 shows a stepladder in which an extension is slidably
      captured between a ladder leg and a guide channel secured on the leg, and
      is held in place by a locking screw. U.S. Pat. No. 3,037,581 shows a
      leveler of telescoping arrangement which requires a ladder with special
      structure in place of the usual lower rung. U.S. Pat. No. 3,554,321 shows
      a relatively complex arrangements requiring both fixed and sliding
      channels.
PAR  It has been a purpose of this invention to provide a ladder leveler which
      is not limited in its range of movement by the first or lowermost rung of
      the ladder, and which is very secure and of easily adjustable telescoping
      configuration.
PAR  The leveler of this invention may be used on ladders having legs which are
      rectangular in cross section, e.g., conventional wooden leg ladders, as
      well as ladders wherein the legs are formed of metal extrusion of block
      "C" or "I" cross section. An extension is mounted to at least one leg of
      the ladder, and is in the form of a channel defined by a back wall and
      spaced side walls which extend from the back wall. The extension also
      includes retainer lips that extend from the respective side walls. The leg
      with which the extension is associated is slidably embraced in the channel
      and is retained therewithin by the retainer lips which extend from the
      side walls, so that the extension can slide, relative to the leg, only in
      the longitudinal direction. A lock for holding the extension in
      predetermined longitudinal position on the leg is mounted either to the
      extension or the leg and includes a finger which projects toward the other
      of the leg or the extension, and is selectively engageable in a series of
      longitudinally spaced holes therein to pin the extension in fixed position
      so that it cannot move. Preferably, the lock is mounted to the extension
      and includes a swing arm which is pivotally secured to the outside of the
      back wall of the channel, and is spring biased through an opening in the
      channel toward engagement with one of a series of holes formed in the leg.
DRWD
PAR  The invention can best be further described and explained by reference to
      the accompanying drawings, in which
PAR  FIG. 1 is an elevation of a ladder having, on one leg, a leveler in
      accordance with a preferred embodiment of the invention, showing the
      ladder resting stably on sloping ground;
PAR  FIG. 2 is an enlarged fragmentary vertical section through a ladder leg and
      the extension thereon, the leg being in the form of a channel shaped
      extrusion, and showing the lock in locking position;
PAR  FIG. 3 is a fragmentary side elevation of the structure shown in FIG. 2;
PAR  FIG. 4 is a horizontal cross section through the leg and extension shown in
      FIGS. 2 and 3, illustrating the movability of the extension past the rung,
      and
PAR  FIG. 5 is a horizontal cross section through a leg and extension in
      accordance with a modified embodiment of the invention for use with a
      ladder having solid wooden legs.
DETD
PAR  In FIG. 1 the ladder indicated generally at 10 includes two spaced legs 11
      and 12 which are spaced apart and connected by horizontal rungs, each
      indicated at 13. In the particular embodiment shown, the legs 11 and 12
      are assumed to be formed from extruded metal channels having the
      conventional sectional configuration shown in FIG. 4. (It should be noted
      however that the particular cross-sectional shape of the legs is not
      critical to the invention, and an alternative embodiment of the invention
      is illustrated in FIG. 5 for use with ladders having legs of another
      configuration.) The leg of the ladder shown in FIGS. 1-4 is channel
      shaped, having a back wall 15 and side walls or flanges 16 and 17 formed
      integrally with it and extending at right angles from it. The rungs 13 are
      fixed to the back wall 15 as by brazing or peening, as is known in the
      art, and do not project substantially beyond the outside surface 18 of the
      leg back wall 15.
PAR  At least one of the legs 11 and 12 (for example, the leg 11 as shown in
      FIG. 1) has an adjustable extension 20 mounted to it adjacent its lower
      end. The extension 20 surrounds and embraces the ladder leg so as to
      telescopingly slidable along it in the longitudinal (i.e., vertical or
      upright) direction. More particularly, extension 20 is channel shaped,
      having a back wall 25 and inside walls 26 and 27, and is sized and
      configured to embrace or nest the back and side walls 15, 16, and 17
      respectively of ladder leg 11 (see FIG. 4).
PAR  For use with a ladder leg of the channel configuration shown in FIGS. 1-4,
      the side walls 26 and 27 of the extension 20 are provided with inturned
      retaining lips 30 and 31 respectively. These lips are formed integrally
      with the side walls, but are inturned toward the back wall 25, so that
      slots are defined in which the outer edges of the side walls 16 and 17 of
      the ladder leg are captured. The spacing is such that the extension can
      slide freely on the leg.
PAR  For the purpose of locking the extension in a desired position with respect
      to the leg, a lock designated generally at 40 is mounted to one or the
      other of the extension and the leg; in the drawing the lock is shown
      fastened on the back wall of the extension. Lock 40 includes a mounting
      bracket 41 having a pair of outwardly projecting spaced ears 42, 43. A
      locking element 45 having a finger grip in the form of a loop 46, is
      mounted to a swing arm 47. The arm 47 is bent (see FIG. 3) to form a right
      angular pivot pin 48 which is journaled in the ears 42, 43, and which thus
      is pivotable about an axis transverse to the rungs.
PAR  A series of holes, each designated at 49, are formed in the other one of
      the extension and the leg, e.g., in the leg in the embodiment shown. The
      holes shown extend through a wall of the leg, suitably but not necessarily
      parallel to the driection of the rungs 13. Preferably these holes are
      formed in the back wall 15 of the leg, vertically spaced apart in short
      increments.
PAR  In FIG. 2, it can be seen that the locking finger 45 includes a curved tip
      50 having an axis of curvature which generally coincides with the axis of
      pivot pin 48. The finger is swingable between the locking position shown
      in solid lines in the figure, and a release position shown in dash lines.
      In the locking position, tip 50 projects through an opening 52 in channel
      back wall 25, and through one of the ladder leg openings 49, which has
      been brought into alignment with the hole 52 by appropriately positioning
      the extension on the leg. A biasing spring 53 on pin 48 biases the locking
      element 45 toward the locked position shown. By pulling outwardly, that
      is, to the left in FIG. 2, on finger loop 46, the tip 50 can be withdrawn
      from the locked position so that the channel is not pinned to the leg and
      can be slid along it for adjustment according to the slope of the ground.
PAR  It should be noted that, by reason of the offset mounting of pin 48 with
      respect to plane of channel back wall 25, the tip 50 projects downwardly
      at an acute angle (rather than perpendicularly) through the openings 52
      and 49. As a result, weight on the ladder leg tends to cam the tip 50
      toward, rather than away from, locking position, so that the extension is
      securely locked and will not come unlocked unless the finger loop is
      deliberately pulled outward. This also tends to pull the extension tighter
      against the leg.
PAR  It will be apparent that the range of movement of the extension of the
      ladder is not limited by the position of the rungs 13, and that the
      extension can in fact be slid past the first (lowermost) rung, as shown in
      FIG. 1.
PAR  From this description, those skilled in the art will recognize that the
      lock can alternatively be mounted to the ladder leg, rather than on the
      extension as described, to engage holes in the extension.
PAR  An alternative embodiment of the invention is shown in FIG. 5, for use with
      a ladder having a wooden leg 56. In this case, the extension 57 includes a
      back wall 58 and side walls 59 and 60 that define the channel within which
      the leg is retained. Retaining lips 61 and 62 extend from the side walls
      59 and 60, but in this case they extend parallel to the back wall 58
      rather than toward the back wall as in the first described embodiment, and
      the channel defines a block "C" section in which the leg 56 is captured.
      An alternative locking mechanism 63 includes a finger 64 which is
      engageable within one of a series of holes 65 in leg 56 and which projects
      through an opening 67 in the extension back wall 58.
CLMS
STM  Having defined the invention what is claimed is:
NUM  1.
PAR  1. A ladder leveler comprising,
PA1  a ladder having a pair of parallel legs spaced apart by rungs which
      interconnect them, each of the said legs being channel shaped with spaced
      flanges projecting parallel to the rungs,
PA1  at least one leg of the ladder having an adjustable extension mounted to it
      for extending the effective length of said leg to enable said ladder to
      rest stably on uneven ground,
PA1  said extension being in the form of a channel having a back wall and spaced
      side walls extending from the back wall, said side walls projecting
      parallel to the said flanges of said one leg, said extension also
      including inturned retainer lips extending from the side walls and
      projecting reversely toward said back wall, the said one leg being
      slidably embraced within the channel and the respective flanges thereof
      retained between said retainer lips and the adjacent side walls, said
      extension permitting only longitudinally sliding movement of the leg with
      respect to it,
PA1  and a lock for locking the longitudinal position of the extension of the
      leg, said lock being mounted to one of the extension and the leg, the
      other of the extension and the leg having a series of longitudinally
      spaced holes,
PA1  said lock including a finger projecting through said one of said extension
      and leg and selectively engageable in the respective holes of said series
      to prevent movement of the extension on the leg.
NUM  2.
PAR  2. The ladder leveler of claim 1 wherein said lock is mounted to one of the
      walls of said channel for pivotal movement about an axis parallel to but
      offset from the surface of said one wall,
PA1  said finger being movable through an opening in such wall,
PA1  and further wherein said finger does not project through said opening at a
      right angle but rather extends downwardly through it at an acute angle,
      such downward angulation thereby causing said finger to be cammed further
      through said opening in said wall when a downward load acts on said leg in
      use.
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ABST
PAL  Water for the lubrication of a bearing is obtained from a heat sink in the
      vicinity of the bearing. The temperature of the heat sink is below the
      dew-point of the surrounding air.
BSUM
PAC  THE PRIOR ART
PAR  Bearings lubricated with water are generally known, such bearings being
      used particularly in pump constructions. One advantage of water
      lubrication lies in the fact that, owing to its low viscocity, water
      causes only very small friction forces. Furthermore, water does not cause
      an accumulation of dust and dirt particles near the bearing to the same
      extent as oil and, therefore, makes economically practicable an enduring
      troublefree operation of the bearing. The use of water-lubricated bearing
      in machines is advantageous particularly when the machine already has a
      water supply for functional reasons. Some applications, however do not
      utilizes water for functional reasons, so that the supply of the bearing
      with water becomes a problem. The invention is concerned to solve this
      supply problem.
PAC  THE OBJECT OF THE INVENTION
PAR  The aim of the invention is a device to provide a supply of water for the
      lubrication of bearings which do not operate in an aquaeous medium.
PAC  DESCRIPTION OF THE INVENTION
PAR  One feature of the invention resides in arranging a heat sink in the
      vicinity of the bearing. The temperature of the heat sink lies below the
      dew point of the ambient air such that water is collected at the heat sink
      by the condensation of the water vapour contained in the air. This water
      is then used for lubricating the bearing.
PAR  The transport of the water from the heat sink to the bearing is
      accomplished by absorbent materials, e.g. wicks or other capillary means
      or via suitable pipeline systems using gravity or other forces.
PAR  Devices by which temperatures below the dew point of the air can be
      generated serve as heat sinks. Peltier elements, for example, may be found
      suitable for this purpose.
PAR  In machines which are combined with refrigeration engines, heat withdrawal
      resulting in collecting the lubricating water may be effected by the heat
      carrier of the refrigeration engines. If the heat carrier pipeline is too
      far away from the bearing, a portion of the heat carrier can, by a
      suitable by-pass, be provided with a good heat conducting connection to
      the bearing or to the corresponding heat sink. In cold vapour engines,
      e.g. in refrigerating cabinets or air conditioning appliances, it is
      possible to perform cooling not only by a single capillary but
      alternatively by other appropriate expansion means or cooling means having
      corresponding performance which are preferably placed in the immediate
      vicinity of bearings. In this manner, it is possible to cool the bearing
      itself or its immediate surroundings so that the water condenses directly
      at the required places and a ducted supply of water is not necessary.
PAR  In machines which are not associated with refrigerating units and which
      have a large number of bearings, as for example, in conveyor belts or in
      machines which contain bearings with a large demand for lubricant, as for
      example, in large fans, the necessary cooling performance can be provided
      by installing a cooling unit specifically to perform the required service.
      The transfer of heat from the heat sinks near the bearing to the
      refrigerating unit can be accomplished by a liquid heat carrier, e.g. a
      salt solution conducted in an open-loop or closed-loop circuit.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of a water bearing and water cooling means of
      the invention.
PAR  FIG. 2 is a schematic arrangement of an apparatus for cooling the ambient
      air surrounding the expansion vessel below its dew point.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  The invention is explained with the help of the accompanying drawings which
      illustrates diagrammatically in perspective an embodiment capable of
      lubricating water condensation.
PAR  A block 3 with Peltier elements or other heat-energy obstructing means, is
      arranged on a mounting plate 1 with reinforcing webs 2. The block 3 may be
      connected with the cable 4 to the appropriate electrical network. The cold
      poles of the Peltier elements cool a plate 5 and fins 6 connected to it in
      good thermally conducting manner. The lubricating water condensing on the
      plate 5 and the fins 6 drips into a trough 7 attached to the mounting
      plate 1. Thence it flows via a pipe 8 into a box 9 filled with an
      absorbent material 10, e.g. a synthetic sponge foam. The lubricating water
      is conducted by a wick 11 from the material 10 to the bearing, which is
      diagrammatically indicated by the cups 12 and 13 and a bearing ball 14.
      The wick is taken up to the bearing ball through the centre of one bearing
      cup (12 in the drawing). Clearly the wick 11 may be doubled, leading to
      the cups 12 and 13.
PAR  As shown in FIG. 2, a compressor 20 serves to compress a liquid heat
      carrier which is then cooled in the evaporator section 24 and allowed to
      expand in the expansion vessel 22. This serves to cool ambient air
      surrounding the expansion vessel below its dew point. Condensation will
      collect on the sides of the expansion vessel 22 and drop into collection
      trough 23 where it is carried to the bearing assembly 24 by means of the
      conduit 25. The liquid heat carrier is again cooled in the expansion
      section 22 and wherein the expansion acts as a cooling device.
CLMS
STM  We claim:
NUM  1.
PAR  1. Bearing in combination with a rotating machine in which the cooperative
      sliding elements of the bearing moveable relative to each other are
      lubricated by water and wherein the rotating machine is surrounded in part
      by ambient air containing moisture, the improvement comprising having a
      heat sink in thermal contact with said ambient air and, means whereby the
      heat sink may absorb heat from the air and cool it below its dew point to
      condense water therefrom, and means extending from said heat sink to said
      bearing for collecting and conveying the condensed water from said heat
      sink to said bearing.
NUM  2.
PAR  2. Bearing in combination with a rotating machine according to claim 1
      wherein the heat sink comprises a Peltier element.
NUM  3.
PAR  3. Bearing in combination with a rotating machine according to claim 1
      wherein the heat sink comprises an expansion vessel of an installation
      operating with a refrigerant.
NUM  4.
PAR  4. Bearing in combination with a rotating machine according to claim 1, the
      improvement further comprising having a liquid heat carrier means for
      withdrawing heat from said heat sink and a cooling device for cooling said
      liquid heat carrier.
NUM  5.
PAR  5. Bearing in combination with a rotating machine according to claim 1
      wherein said means extending from said heat sink to said bearing comprises
      a high capillary material.
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ABST
PAL  A fork lift truck comprising a chassis carried by wheels, power and
      transmission means, steering and control means, and a hydraulic fork lift.
      The chassis is in the shape of an arch, the highest point of which is
      located between the wheels and above the level thereof. The power means is
      positioned between the wheels and underneath the highest point of the
      arch, while the driver's seat and the steering and control means are
      positioned above said arch and are horizontally rotatable as a unit.
BSUM
PAR  The present invention relates to a truck comprising a chassis carried by
      pairs of wheels, a drive, transmission means, a hydraulic fork lift at one
      end of the chassis, a driver's seat, and steering and control means, the
      chassis being in the form of an arch, the highest point of which between
      said pairs of wheels is located above the level of said wheels.
PAR  Fork lift trucks are fitted at their front end, i.e. the end toward which
      the driver's seat normally is facing, with a framework which extends
      beyond the highest level of the truck and the driver's head and along
      which the fork is vertically movable. In the lowermost position of the
      fork and in intermediate positions up to a highest position, loads can be
      picked up and deposited by the fork, and the fork lift truck thus
      constitutes a versatile device for the rapid handling of loads in both
      vertical and horizontal directions. The framework comprises power and
      transmission means and frequently also a number of relatively displaceable
      sections so that the framework can be extended or shortened with a view to
      changing the lifting height of the truck. However, the framework blocks
      the driver's view, and the driver therefore drives the truck backwards in
      order to have a clear view of the working area. The driver will thus
      always sit in a half-twisted unnatural position which is extremely
      uncomfortable and over longer distances will impair his driving skill.
      These trucks are frequently driven on public roads, even though their
      construction makes them highly unsuitable in this respect. The framework
      in front of the driver's seat is sufficiently view-blocking to make the
      vehicle dangerous to road traffic.
PAR  To eliminate these shortcomings, the truck according to the present
      invention is characterised in that the drive is disposed underneath the
      highest point of the chassis arch between the chassis ends and the pairs
      of wheels, and in that the driver's seat and the steering and control
      means are disposed above said chassis arch and pivotally mounted in
      horizontal direction.
PAR  These and other features of the present invention as well as the advantages
      gained thereby will appear from the following description of a preferred
      embodiment of the invention, reference being had to the accompanying
      drawings.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a lateral view of a fork lift truck in one position;
PAR  FIG. 2 is a corresponding lateral view of the truck in another position;
PAR  FIG. 3 is a perspective view of the truck.
DETD
PAR  The truck illustrated in the drawings comprises a chassis 1 which is
      supported by two pairs of wheels 2 and 3. The chassis 1 comprises a drive
      or power means 4 which in the illustrated embodiment is an internal
      combustion engine. In driving connection with the drive 4 is a hydraulic
      pump 5 which by means of lines (not shown) is connected on one hand to
      hydraulic motors (not shown) at two or more of the wheels of said pairs of
      wheels 2 and 3 for driving said wheels and, on the other hand, to control
      means 6 provided on a steering wheel 7. At one end of the truck there is
      mounted a hydraulic fork lift 8 fitted with a hydraulic cylinder and
      piston unit 9 connected to the pump 5 by lines (not shown) via a control
      member 10 adjacent the steering wheel 7. The fork lift 8 is vertically
      movable in known manner along a framework 11. The pump 5 as well as the
      lines and the hydraulic motors, none of which are shown in the drawings,
      form part of the transmission means of the truck between the drive 4 and
      the pairs of wheels 2 and 3. The steering device of the truck is connected
      via valve means and lines (not shown) to hydraulic cylinder and piston
      units, one of which is shown at 12 in FIGS. 1 and 2. The truck also has a
      driver's seat 13.
PAR  According to the invention, the chassis 1 has an upper, generally
      horizontal region or section 14 above the level of the wheels. In the
      illustrated embodiment, the chassis 1 includes an arch extending from one
      pair of wheels 2 to the other pair of wheels 3 on one side of the vehicle.
      For production efficiency, the chassis is built of straight metal sections
      that have been bent or welded together to form a stable structure and
      includes the upper section 14 and front and rear, steeply inclined
      sections 14A and 14B, respectively. The drive 4 is located underneath the
      highest point or region 14 of the arch-shaped chassis 1 and thus
      underneath the chassis between the pairs of wheels 2 and 3. At and above
      the highest point or region 14 of the arch-shaped chassis, the driver's
      seat 13 and the steering and control means 6, 7, 10 are mounted for
      pivotal movement in horizontal direction. The seat 13, the steering wheel
      7, the control member 10, and the pedals 6 are disposed on a chair-like
      structure which is pivotal about an axis indicated by dash and dot line 16
      and in some suitable manner is mounted on the chassis 1 and fixable in
      adjusted position by means of locking means (not shown). The required
      lines from the steering and other conventional control means pass through
      the pivot center designated 16. The seat 13 is supported on a chair-like
      structure including a horizontal platform 15 pivotally supported on the
      upper section 14 of chassis 1 and a downwardly inclined section 17
      extending along inclined portions 14A, 14B of the chassis. The inclined
      portion 17 of the chair structure terminates at its lower end in a
      generally horizontal foot-rest portion 19 spaced closely above horizontal
      portion 18 of chassis 1 and below the upper section 14 of the chassis as
      described hereinbelow.
PAR  To be able to swing the chair-like structure 15 within the truck limits
      determined by the width of the chassis, the chassis 1 is arch-shaped only
      in the portion 17 lying essentially on one side of the vertical
      longitudinal median plane of the truck, whereas the portion of the chassis
      on the other side of said longitudinal median plane, indicated at 18 in
      FIG. 3, lies on a level with the chassis ends at the pairs of wheels 2 and
      3. This makes it possible to pivot the chair-like structure 15 through an
      arc of substantially 180.degree.  between the two end positions indicated
      in FIG. 1 by respectively full lines and dash and dot lines. The truck
      driver thus is always comfortably seated, whether he is facing the fork
      lift 8 or whether he is facing away from it, or in any intermediate
      position between the truck limits, without said chair-like structure 15 to
      any essential degree projecting beyond the truck and obstructing its
      movements. The chair-like support structure, which conforms closely to the
      configuration of the arc-shaped portion of the chassis, permits a
      substantial reduction in seat level while still providing a comfortable
      seating arrangement regardless of the orientation of the seat about axis
      16.
PAR  The drive 4 is supported by control means 31 in such a manner that it can
      be displaced from its position underneath the highest point of the
      arch-shaped chassis 1 to a position essentially laterally of the chassis;
      FIG. 3. In this manner, the drive 4 can be made accessible for maintenance
      and repairs. Such accessibility is important and has hitherto been
      accomplished by the provision of doors above or around the engine room. By
      the arrangement of the present invention, the drive will not only be
      adequately protected during operation of the truck; it will also be
      readily accessible. In addition to these advantages regarding the drive,
      the special shape of the chassis enables the driver to change from one
      comfortable sitting position to another equally comfortable position, with
      unobstructed view of the truck's working area.
PAR  The drive 4 is supported by a pair of laterally projecting arms 20 provided
      at their free ends with U-shaped rails 21. A pair of arms 22 extend
      downwardly from the underside of the chassis 1 and carry at their free
      ends second generally U-shaped rails 23. The rails 21 and 22 lie generally
      opposite one another, and the cavities defined by the rails are facing one
      another. In the cavities there are provided rollers 24 in rolling contact
      with the rails 21, 23 to facilitate displacement of the drive 4. The drive
      4 is surrounded by a casing 25 (shown in part). Furthermore, the drive may
      be sound and vibration insulated so that the driver's seat will be
      adequately protected from the noise and vibrations of the drive. The
      chair-like structure 15 and thus the seat 13 and the steering and control
      means 6, 7, 10 are pivotal back and forth through one and the same angle
      of 180.degree., which is advantageous also in view of the connections
      between the drive and the steering and control means.
PAR  To counteract the tilting forces to which the truck is subjected when
      picking up a load with the fork lift 8, the truck at the end opposite the
      fork has a counterweight 26 which preferably is supported by a special
      chassis part 27 vertically movably connected with the rest of the chassis
      by means of links 28, the cylinder and piston units 12 and further
      cylinder and piston units 29. The unit 29 is connected to the pump 5 via
      lines (not shown) and control means (not shown) at the driver's seat. The
      unit 29 serves to move the chassis to the position illustrated in FIG. 2
      in which the forks of the fork lift 8 are directed downwardly and
      facilitate the transfer of a load from the ground to the fork, and vice
      versa.
PAR  A modification of the invention is shown in FIG. 1 by dash and dot lines
      which designate a frame member 30 connecting the parts of the chassis 1 to
      the pairs of wheels 2, 3. The frame member 30 constitutes the bottom frame
      in a cavity defined by the chassis 1 and the frame member 30.
CLMS
STM  What we claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A fork lift truck of the type including a chassis mounted for movement
      over a surface by front and rear pairs of wheels, power means for driving
      the truck, transmission means, a hydraulic fork lift at one end of the
      chassis, a driver's seat, and steering and control means for controlling
      operation of the truck, the improvement wherein a portion only of said
      chassis extending between said front and rear wheels is in the form of an
      arch including an upper portion which is located between and substantially
      above the level of said pairs of wheels and steeply sloping front and rear
      portions, said arch-shaped portion lying essentially on one side of the
      vertical longitudinal median plane of the truck, the portion of the
      chassis on the other side of said longitudinal median plane lying
      substantially on a level with the chassis ends at the pairs of wheels,
      means mounting said power means underneath said upper portion of said
      chassis arch and between said pairs of wheels, said driver's seat
      including a chair-like portion mounted for pivotal movement about a
      generally vertical axis above said upper portion of said arch, a foot-rest
      portion spaced substantially below said upper portion of said arch and
      means joining said foot-rest portion and said chair-like portion and
      extending in outwardly spaced relation to said steeply sloping portiions
      of said arch, and said steering and control means being mounted on said
      driver's seat for pivotal movement therewith about said vertical axis.
NUM  2.
PAR  2. A truck as claimed in claim 1, wherein the chassis portions at the pairs
      of wheels are interconnected by a frame member constituting the bottom
      frame in a cavity defined by the chassis and the frame member.
NUM  3.
PAR  3. A truck as claimed in claim 1 further including mounting means
      supporting said power means on said chassis for movement from its position
      underneath said upper portion of the chassis to a position laterally of
      the chassis.
NUM  4.
PAR  4. A truck as claimed in claim 1, wherein the driver's seat and the
      steering and control means are pivotal back and forth through one and the
      same angle of 180.degree..
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ABST
PAL  Kinetic energy shock incident to the trip release of the chain under
      tension of a railway car hand brake mechanism is absorbed by one or more
      blocks of compressible shock-absorbing solid material or by compressible
      shock-absorbing spring means located within the housing of the mechanism
      and in the path of the chain when the brake is tripped or released and the
      chain is prevented from winding in the wrong direction and consequently
      damaging the hand brake mechanism at one end of the chain and brake
      components at the other end of the chain.
BSUM
PAR  This invention relates generally to hand brake mechanisms for railway cars
      and it constitutes an improvement in hand brake constructions of the type
      disclosed in Bretz, Jr., U.S. Pat. No. 3,040,597, issued June 26, 1972 and
      Koehler, U.S. Pat. No. 3,714,842, issued Feb. 6, 1973.
PAR  The above patents disclose a hand brake mechanism for railway cars in which
      a chain connected to the brake rigging is wound on a chain winding drum or
      capstan under tension to apply the brakes. Provision is made for quickly
      releasing the tension in the chain to release the brakes. This release is
      accompanied by a rapid reverse rotation of the drum. A portion of the
      chain strikes a rigid chain stop mounted on the wall of the housing for
      the brake mechanism and thereby is prevented from winding in a reverse
      direction on the drum. The incremental damage to the links of the chain
      which repetitively stroke the chain stop is cumulative as the brake is
      repeatedly released and eventually necessitates chain replacement. Other
      parts of the brake mechanism are also subject to damage as a result of
      such actions.
PAR  Among the objects of this invention are: to provide for absorbing the
      energy incident to the release of a hand brake mechanism in a new and
      improved manner; to employ for this purpose resilient shock-absorbing
      means located in the path of the links of the chain adjacent the drum from
      which the chain is unwound; and to fashion the resilient means from one or
      more blocks of compressible solid material or from spring means.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a view, in front elevation, of a hand brake mechanism in which
      this invention is embodied, portions being broken away to show more
      clearly the internal details of construction.
PAR  FIG. 2 is a vertical sectional view taken generally along line 2--2 of FIG.
      1.
PAR  FIG. 3 is an elevational view, at an enlarged scale and partly in section,
      of the embodiment of the energy or shock absorbing means shown in FIG. 1.
PAR  FIG. 4 is a partly in section and partly in elevation view taken generally
      along line 4--4 of FIG. 3.
PAR  FIG. 5 is a view, similar to FIG. 3, showing another embodiment of this
      invention.
DETD
PAR  In FIGS. 1 and 2 the reference character 10 designates, generally, a hand
      brake mechanism of the kind and character disclosed in the above patents
      but modified in accordance with this invention. The hand brake mechanism
      10 includes a metallic case or housing 11, which is made up of a back
      plate 12 and a cover 13 which is provided with an outstanding flange 14
      overlying the outer edge portions of the back plate 12 and cover 13 and
      suitably secured thereto for suitable mounting on a railroad car. The
      cover 13 is provided with side walls 15 and 16.
PAR  For applying and releasing the brakes there is provided a chain, shown
      generally at 17, that is connected in known manner to the brake rigging
      such as by pin 53. For applying the brakes the chain 17 is wound on a
      chain winding drum 18 that is journaled on a shaft 19. A main gear wheel
      20 suitable connected to or integral with drum 18 is arranged to be driven
      by a pinion 21 which is freely rotatably mounted on a reduced diameter
      section 22 of a hand wheel shaft that is indicated, generally, at 23. At
      its rear the hand wheel shaft 23 is suitably journaled on the back plate
      12. It has a bearing portion 26 near its front end which is journaled in a
      bushing 27 that is mounted on the front wall 28 of the cover 13. At the
      outer end of the hand wheel shaft 23 there is a hand wheel receiving
      section 29 on which a hand wheel 30 is non-rotatably mounted.
PAR  In order to provide a driving connection between the hand wheel 30 and the
      pinion 21, the latter has slidably mounted thereon a radially extending
      flange 31. As described in the patents above referred to, provision is
      made for mechanically interconnecting the radially extending flange 31 and
      a pressure nut 32 which is mounted on a threaded section 33 of the hand
      wheel shaft 23. A brake flange 34 is integral with the hand wheel shaft 23
      and located between it and the pressure nut 32 is a ratchet wheel 35. The
      ratchet wheel 35 is prevented from reverse rotation by a pawl 36.
PAR  For applying the brakes, the hand wheel 30 is rotated in a clockwise
      direction as viewed in FIG. 1 thereby rotating ratchet wheel 35 in a
      clockwise direction and the main gear wheel 20 and chain drum 18 in a
      counterclockwise direction, as indicated by the arrows thereon. Since some
      tension is applied to the chain 17 there will be some resistance to
      rotation by the pinion 21 and the pressure nut 32. The rotation of the
      hand wheel 30 and hand wheel shaft 23 against this tension causes the
      pressure nut 32 to rotate slightly along the threaded section 33. As a
      result, the ratchet wheel 35 is clamped between the pressure nut 32 and
      the brake flange 34. As long as the flange 31 maintains it mechanical
      connection to the pressure nut 32, the driving connection to the pinion 21
      is maintained. Reverse rotation is prevented by the pawl 36.
PAR  It may be desirable to quickly release the brakes by shifting the radially
      extending flange 31 out of mechanical engagement with the pressure nut 32
      for interrupting the driving connection between the hand wheel shaft 23
      and the pinion 21. This is accomplished through the provision of trip bar
      means indicated, generally at 40. The trip bar means 40 comprises a tie
      bar 41 to the ends of which levers 42 and 43 are secured. Jaws 44 and 45
      at distal ends of the levers 42 and 43 are arranged, as described in the
      above patents, to engage opposite sides of the radially extending flange
      31 for shifting it into and out of engagement with the pressure nut 32 for
      controlling the driving engagement between the hand wheel shaft 23 and the
      pinion 21. Coil compression springs, not shown, interposed in known manner
      between the back plate 12 and the jaws 44 and 45 are effective to bias the
      radially extending flange 31 into driving engagement with the pressure nut
      32.
PAR  The ends of the trip bar means 40 are suitably journaled at 46 and 47 on
      the side walls 15 and 16. The pivotal mounting may be as disclosed in the
      above Koehler patent, or other known designs.
PAR  For manually shifting the trip bar means 40 to displace the radially
      extending flange 31 from driving engagement with the pressure nut 32, the
      lever 43 is provided with a lever arm 48 that is arranged to be engaged by
      a cam arm 49 that extends radially from a cam shaft 50. The rear end of
      the cam shaft 50 is journaled on the back plate 12 and the front end is
      journaled on the front wall 28. A safety arm 51 extends radially from the
      cam shaft 50 and is provided with a flared end 52 for preventing
      inadvertent disengagement of the radially extending flange 31 from driving
      engagement with the pressure nut 32.
PAR  The forward end of the cam shaft 50 extends through the front wall 28 of
      the cover 13 where a manually operable trip lever 53 is mounted thereon.
      As shown, the trip lever 53 occupies a horizontal position. It has a lost
      motion connection to the cam shaft 50. On pivotal movement of the cam
      shaft 50, FIG. 1 in a clockwise direction by the trip lever 53, the flared
      end 52 of the safety arm 51 is moved out of the path of the radially
      extending flange 31 while the cam arm 49 engages the lever arm 48 to pivot
      the trip bar means 40. Through the jaws 44 and 45 the radially extending
      flange 31 is moved laterally of the pinion 21 and out of mechanical
      engagement with the pressure nut 32. While the pawl 36 continues to
      prevent reverse rotation of the ratchet wheel 35, the pinion 21, gear
      wheel 20 and drum 18 rotate freely and the chain 17 is permitted to unwind
      rapidly from the chain winding drum 18 to effect release immediately of
      the brakes fully and completely.
PAR  Since the chain 17 is under substantial tension when it is wound on the
      chain winding drum 18, its quick release and clockwise rotation is
      accomplished by outward movement of the upper link of the chain 17 as
      illustrated by broken lines in FIG. 1. These links are indicated at 56, 57
      and 58 and temporarily occupy the positions indicated as a result of the
      force imparted thereto by rapid circular clockwise movement of the drum
      and its chain mounting pin 53 beyond bottom center.
PAR  In order to absorb a substantial portion of the shock incident to the
      energy imparted into the links 56, 57 and 58 energy absorbing chain stop
      means, shown generally at 59, is provided. It comprises an L-shaped
      metallic bracket, shown generally at 60, having its long leg 61 welded or
      otherwise suitably fastened at 62 to the side wall 15 and its short leg 63
      welded at 64 to the side wall 15. Secured by bolts 65 or otherwise
      fastened, only one being shown, to the underside of the short leg 63 are
      blocks of compressible, impact-resistant, resilient rubber-like solid
      material 66 such as polyurethane. While two blocks 66 of resilient solid
      material are shown, a single block or more than two blocks can be used as
      desired.
PAR  As illustrated in FIG. 1, the link 57 impacts against the underside of the
      lower blocks 66 when the chain 17 is unwound. Thereupon a substantial
      portion of the energy imparted to the links 56, 57 and 58 is absorbed with
      little attendant noise or permanent deformation of the contacting parts or
      damage to the brake mechanism.
PAR  FIG. 5 shows, generally at 68 alternate energy absorbing chain stop means.
      It employs the L-shaped bracket 60, previously described, and secured to
      the inside of the side wall 15. The short arm 63 of the bracket 60 is
      provided with a clearance opening 69 for translatorily mounting a stud 70
      that is surrounded by a coil compression spring 71 which reacts between
      the underside of the short arm 63 and a striker plate 72 at the distal end
      of the stud 70. A cross pin 73 above the short arm 63 limits the downward
      movement of the stud 70. A substantial portion of the kinetic energy
      incident to the quick release of the chain 17 is absorbed by the spring 71
      when the link 57 engages the underside of the plate 72.
PAR  Other energy or shock absorbing means than the blocks 66 and coil spring 71
      can be employed. There include elastomer springs, Belleville washer groups
      and the like.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a hand brake mechanism, the combination with a housing, a chain
      winding drum and a main gear wheel rotatably mounted on said housing, a
      hand wheel shaft rotatably bearingly mounted on said housing substantially
      centrally and at one end of said shaft and having a hand wheel receiving
      section at the other end externally of said housing, a ratchet wheel
      intermediate the ends of said shaft and rotatable therewith, a pawl in
      said housing cooperating with said ratchet wheel to hold it against
      reverse rotation, a pinion freely rotatable on said shaft and engaging
      said main gear wheel and having a radially extending flange rotatable
      conjointly therewith, a disengageable driving connection between said
      flange and said ratchet wheel, a trip cam rotatably mounted in said
      housing, trip bar means operable by said trip cam for co-operating with
      said flange for moving it to disengage said driving connection and permit
      said pinion to rotate freely to release said main gear wheel for rotation
      in a brake releasing direction accompanied by release of said chain
      winding drum and a chain wound thereon likely to be swung against an
      overlying side wall of said housing and to wind in the wrong direction on
      said drum of: energy absorbing means for stopping rotation of said drum
      and chain connected thereto comprising a bracket stationarily mounted in
      said housing, and resilient means carried by said bracket and located in
      the path of at least a portion of said chain or drum for absorbing some of
      its kinetic energy incident to release thereof under tension.
NUM  2.
PAR  2. The energy absorbing means according to claim 1 wherein said bracket is
      secured to a side wall of said housing.
NUM  3.
PAR  3. The energy absorbing means according to claim 1 wherein said bracket is
      secured to said housing.
NUM  4.
PAR  4. The energy absorbing means according to claim 3 wherein said resilient
      means is mounted underneath said bracket.
NUM  5.
PAR  5. The energy absorbing means according to claim 4 wherein said resilient
      means includes one or more blocks of compressible solid material.
NUM  6.
PAR  6. The energy absorbing means according to claim 4 wherein said resilient
      means includes a compressible spring carried by a stud slidable through
      said short arm.
NUM  7.
PAR  7. In a railway car hand brake mechanism having a housing adapted to be
      uprightly mounted, a chain winding drum rotatably supported on a shaft
      journaled within said housing, a hand wheel mounted on an exteriorally
      projecting portion of a hand wheel shaft journaled within said housing,
      driving means releasably interconnecting said drum in driven relationship
      with said hand wheel, trip means operatively interconnected with said
      driving means for tripping said brake, a chain anchored at one end to said
      drum and extending through the bottom of said housing with its opposite
      end connected to the brake rigging and a rigid chain stop mounted within
      said housing so as to be impacted by said chain when said brake is
      tripped, the improvement comprising, compressible energy-absorbing means
      including at least one block of a solid resilient rubber-like material
      mounted on said chain stop so as to be impacted by the links of said
      chain.
NUM  8.
PAR  8. The improvement of claim 7 wherein said material is formed of
      polyurethane.
NUM  9.
PAR  9. In a railway car hand brake mechanism having a housing adapted to be
      uprightly mounted, a chain winding drum rotatably supported on a shaft
      journaled within said housing, a hand wheel mounted on a exteriorally
      projecting portion of a hand wheel shaft journaled within said housing,
      driving means releasably interconnecting said drum in driven relationship
      with said hand wheel, trip means operatively interconnected with said
      driving means for tripping said brake, a chain anchored at one end of said
      drum and extending through the bottom of said housing with its opposite
      end connected to the brake rigging and a rigid chain stop mounted within
      said housing so as to be impacted by said chain when said brake is
      tripped, the improvement comprising, compressible energy-absorbing means
      including a striker plate normally held in an extended position by at
      least one coil spring mounted on said chain stop so as to be impacted by
      the links of said chain.
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ABST
PAL  A disc-brake of the kind comprising a bracket-shaped fixed support, a
      rotating disc rigidly fixed to the member to be braked, two brake-shoes
      movably mounted perpendicular to the plane of the disc and on each side of
      this latter, an operating unit and a transfer member movable
      perpendicularly to the plane of the disc, the operating unit acting
      directly on a first of the brake-shoes and on the second brake-shoe
      through the intermediary of the transfer member, the fixed support
      comprising a side-plate parallel to the plane of the disc and a return
      member perpendicular to the plane of the disc and facing the edge of this
      latter. The side-plate comprising, facing the operating unit, a housing
      for the first brake-shoe, the second brake-shoe comprising two extensions
      co-operating in abutment with the return member, the operating unit
      comprises a cylinder in which two pistons are mounted to slide in opposite
      directions, one of the pistons acting on the first brake-shoe and the
      other on the transfer member, this latter being constituted by a ring
      surrounding the fixed support, the operating unit, the brake-shoes and
      part of the disc.
PARN
PAR  This is a continuation of application Ser. No. 53,346, filed July 9, 1970,
      now abandoned.
BSUM
PAR  The present invention relates to disc brakes of the kind which generally
      comprises a fixed support, a rotating disc rigidly fixed to the member to
      be braked, two brake shoes movably mounted perpendicular to the plane of
      the disc and on each side of this latter, an operating unit and a transfer
      member, the said operating unit acting on a first of the said brake-shoes
      directly and on the second of the said brake-shoes through the
      intermediary of the said transfer member.
PAR  In known brakes of this kind, the fixed support has most frequently more or
      less complex forms, a U-shaped mamber for example, which are costly to
      produce and which cannot always be readily given the full rigidity
      desirable at all points. The reason for this is generally that this fixed
      support ensures itself the guiding of the two brake-shoes perpendicularly
      to the disc, which in most cases makes it necessary to provide this fixed
      support with notches or windows serving as housings for the said shoes.
PAR  One of the objects of the present invention is to provide the possibility
      of utilizing a fixed support which is as compact, solid and rigid as may
      be desired.
PAR  In the brake according to the invention, this fixed support is in the form
      of a bracket.
PAR  Thus, in its first aspect, the present invention has for its object a
      disc-brake of the kind comprising a fixed support in the form of a
      bracket, a rotating disc rigidly fixed to the member to be braked, two
      brake-shoes movably mounted perpendicular to the plane of the disc, on
      each side of this latter, an operating unit and a transfer member movable
      perpendicularly to the plane of the disc, the said operating unit acting
      on a first of the said brake-shoes directly and on the second of the said
      brake-shoes through the intermediary of the said transfer member,
      characterized in that the fixed support in the form of a bracket comprises
      a side-plate parallel to the plane of the disc and a return member
      perpendicular to the plane of the disc, facing the edge of this latter,
      the said side-plate comprising a housing facing the operating unit for the
      first brake-shoe, adapted to immobilize it both circumferentially in both
      directions of rotation of the disc and radially in at least one of these
      two directions, and the said return member comprising on the one hand at
      least one longitudinal support abutment for the radial support of the
      second brake-shoe with respect to the disc, that is to say for supporting
      this shoe in a radial direction of the said disc, and on the other hand at
      least two transverse support abutments for supporting the said second
      brake-shoe circumferentially in both directions of rotation of the said
      disc, the said transverse support abutments being formed at the transverse
      extremities of the said return member; in that the second brake-shoe has
      two lateral extensions which enclose the said return member and co-operate
      with the said abutments; in that the operating unit comprises a cylinder
      and two pistons sliding in opposite directions in the said cylinder, one
      acting on the first brake-shoe and the other acting on the transfer
      member; and in that the said transfer member is a ring which surrounds the
      fixed support, the operating unit, the brake-shoes and part of the disc.
PAR  It is of course known to make supports in the form of a bracket, the return
      member of which has two transverse support abutments. However, in the
      known constructions of this type, these abutments are opposite each other,
      being carried by two lateral extensions of the return member of the
      support, separate from each other. The result is that the general
      structure of such a support is much less compact than that of the support
      according to the invention, and in consequence it does not offer
      sufficient rigidity to be manufactured of sheet steel, unless it is given
      a complicated shape in order to ensure stiffening.
PAR  On the other hand, the bracket-shaped support with a single return member
      of the brake according to the invention has all the rigidity which may be
      desired.
PAR  The fact that the radial support of the second brake-shoe is effected
      conjointly by the transfer member and the fixed support also facilitates
      the adoption, according to the invention, of an original advantageous
      arrangement, in which elastic means being interposed between the said
      fixed support and the said transfer member, the said elastic means act on
      the transfer member in a radial direction of the disc to be braked, going
      from the axis of this disc to its periphery.
PAR  This arrangement facilitates the dismantling operations necessary in
      changing the brake-shoes, and further permits of economy in the elastic
      means which are usually provided between a brake-shoe and the fixed
      support, especially for the purpose of absorbing assembly clearances, and
      to act in opposition to possible vibrations. The function of these elastic
      means is effected through the intermediary of the transfer member by the
      elastic means, which are interposed between this member and the fixed
      support.
PAR  Thus, according to a further aspect, the present invention has also for its
      object a disc brake of the kind referred to, characterized in that, for
      its support parallel to a radial direction of the disc, at least one of
      the brake-shoes comprises two opposite supporting surfaces, one for
      co-operating with the transfer member and the other for co-operation with
      the longitudinal supporting surface formed on the fixed support, and in
      that elastic means are interposed between the transfer member and the
      fixed support which urge the said transfer member in a direction going
      from the axis of the disc to the periphery of the disc.
PAR  In a particular form of construction, the bracket-shaped support of the
      brake according to the invention carries two supporting members on each
      side of the housing of the first brake-shoe, for the support of elastic
      torsion means interposed between the said first brake-shoe and the
      transfer member.
PAR  This arrangement advantageously makes it possible to obtain, with the same
      elastic means, both an elastic retention of the first brake-shoe in its
      housing and an elastic application of the transfer member against its
      various supporting points. In addition, when the transfer member assists
      in the radial support of the second shoe, these same elastic means
      simultaneously ensure the elastic retention of this second shoe.
PAR  In consequence, this arrangement leads to particularly economical
      constructions.
PAR  The present invention has also for its objects various improvements made in
      brakes of this type.
PAR  According to one of these improvements: radial supporting surfaces being
      associated with the transfer member so as to retain this member radially,
      at least in one direction, these supporting surfaces are all movable
      perpendicularly to the plane of the disc.
PAR  This arrangement has a two-fold advantage: on the one hand these radial
      supporting surfaces are thus able, during the course of braking, to follow
      without friction the movements of the transfer member perpendicularly to
      the plane of the disc, which correspondingly diminishes the internal
      friction of the brake; and on the other hand, these supporting surfaces
      are removed from the operating unit, which is fixed, and in consequence
      the latter is able, according to a preferred form of construction, to have
      the very light and economical form of a simple section of tube, the
      corresponding supporting surface being fixed on one of the pistons which
      are slidably mounted in the usual manner in the said operating unit.
DRWD
PAR  The objects of the invention, their characteristic features and advantages,
      will furthermore be brought out in the description which follows below by
      way of example, reference being made to the accompanying diagrammatic
      drawings, in which:
PAR  FIG. 1 is a partial plan view of a disc-brake in accordance with the
      invention:
PAR  FIG. 2 is a side view of this brake in the direction of the arrow II of
      FIG. 1 with parts broken away;
PAR  FIG. 3 is a side view in the direction of the arrow III of FIG. 1, with a
      local cross-section taken along the line IIIA--IIIA of FIG. 1;
PAR  FIGS. 4, 5 and 6 are views in cross-section, some of them partial, taken
      respectively along the lines IV--IV, V--V, and VI--VI of FIG. 1;
PAR  FIG. 7 is a similar view and relates to an alternative form of
      construction;
PAR  FIG. 8 is a view in cross-section of this alternative form taken along the
      broken line VIII--VIII of FIG. 7;
PAR  FIG. 9 is a further view in partial cross-section of this alternative,
      taken along the line IX--IX of FIG. 7;
PAR  FIGS. 10, 11, 12 and 13 are views respectively similar to FIGS. 1, 2, 3 and
      4, and relate to a further alternative form of construction;
PAR  FIG. 14 is a view in perspective of the single support provided in this
      alternative form of construction;
PAR  FIG. 15 is another perspective view of this support looking in the
      direction of the arrow XV of FIG. 14.
DETD
PAR  According to the form of construction shown in FIGS. 1 to 6, a disc-brake
      according to the invention, especially intended for automobile vehicles
      and all other applications, comprises: a fixed support 10; two brake-shoes
      11, 11' on each side of a disc 12 rigidly fixed on the wheel to be braked;
      an operating unit 13 which is provided laterally with two lugs 14A, 14B
      for its removable fixing on the support 10, as described below, and which
      is formed with a bore (FIG. 4) in which two pistons 15, 16 are slidably
      mounted to move in opposite directions; and an annular transfer member or
      ring 17 which extends perpendicularly to the plane of the disc 12 round
      the operating unit 13, the support 10 and the brake-shoes 11, 11', this
      ring being provided with two corrugations 18A, 18B, the generator lines of
      which are perpendicular to the plane of the disc, and which is provided at
      its periphery with folded back portions 19A, 19B, enclosing the disc
      laterally. The piston 15 bears against the brake-shoe 11, while the piston
      16 bears against the ring 17 which is in turn intended to bear against the
      brake-shoe 11' (FIGS. 1 and 4).
PAR  The fixed support which is moulded in the example shown, is a member in the
      form of a bracket, comprising a side-plate 20 parallel to the plane of the
      disc 12, and a return member 21 perpendicular to the side-plate 20 facing
      the periphery of the said disc.
PAR  The side-plate 20 which is arranged on the same side of the disc as the
      operating unit 13, is provided at its lower portion with two fixing lugs
      22A, 22B.
PAR  This side-plate 20 is pierced, facing the operating unit 13, with a window
      23 serving as a housing for the brake-shoe 11.
PAR  The periphery of this window is edged here and there by reinforcing ribs 24
      (FIG. 3) projecting into the window 23 so as to form bearing surfaces 25
      against which the brake-shoe 11 is supported.
PAR  The window 23 of the side-plate 20 is also associated with the return
      member 21 coupled to this plate. Directly above the shoe 11, this return
      member carries a pim 27, elastic means being interposed between this pin
      27 and the shoe 11 (FIGS. 1 and 3). According to the form of construction
      shown, these elastic means comprise an elastic blade 28 having a central
      dished portion 29 supported against the pin 27, and two lateral arms 30A,
      30B, the curved-back extremities of which are supported against the
      corresponding edge of the brake-shoe 11.
PAR  Laterally, on each side of the window 23, the side-plate 20 of the fixed
      support 10 is provided with two projections 31A, 31B respectively (as
      shown in FIGS. 2, 3 and 5). On these projections 31A, 31B, are
      respectively fixed brackets 32A, 32B which are held by screws 33A, 33B and
      which serve for the articulation of spring blades 34A, 34B applying a
      thrust on the ring 17. As will be observed, this thrust applied by the
      springs on the ring 17 tends to disengage this ring with respect to the
      disc 12, that is to say it is directed substantially along a direction
      from the inside of the disc 12 to the periphery of this disc.
PAR  According to the form of construction shown in FIGS. 1 to 4, and more
      particularly shown in FIG. 2, the return member 21 of the fixed support 10
      is provided laterally with two transverse supporting abutments 36A, 36B at
      its two extremities, and two longitudinal supporting abutments 37A, 37B,
      on that of its faces which is opposite the ring 17 (see FIG. 2).
PAR  At the same time, the metal plate 40' which supports the friction lining of
      the brake-shoe 11', which will be explained later, is provided laterally
      with two extensions 42A, 42B which enclose the return member 21 of the
      fixed support 10. These extensions 42A, 42B form supporting surfaces 43A,
      43B respectively which face each other and co-operate respectively with
      the transverse supporting abutments 36A, 36B of the return 21 of the
      support 10. In addition, between these extensions 42A, 42B, the metal
      plate 40' of the brake-shoe 11' forms a supporting surface 50 which
      co-operates with the longitudinal supporting abutments 37A, 37B, of the
      said return member 21.
PAR  This arrangement gives a considerable development to the brake-shoe 11'
      which is thus no longer confined in a window of any kind.
PAR  According to the invention, provision is made, as shown, for taking
      advantage of this possible development in order to divide the friction
      lining of this shoe 11' into two parts 41A, 41B arranged on each side of a
      free ventilation space 51.
PAR  In the plate 40' of the brake-shoe 11' is cut-out a tongue 52, and this
      tongue is bent-back, as shown in FIG. 4, so that its free edge 53 bears
      against the transfer ring 17.
PAR  By reason of the elastic pressure applied on this ring 17 by the springs
      34A, 34B, the brake-shoe 11' is held elastically applied, by its
      supporting surface 50, against the longitudinal supporting abutments 37A,
      37B of the return member 21 of the fixed support 10. This shoe is thus
      held radially between two supporting surfaces facing each other, one
      formed on the return member 21 of the fixed support 10 and the other
      formed on the transfer ring 17.
PAR  As has been seen above, the operating unit 13 is provided with two lateral
      lugs 14A, 14B for its fixing on the side-plate 20 of the support 10. These
      lugs are parallel to the side-plate 20 of the support 10. As can be seen
      from FIG. 6 for the single lug 14B, the bore 60B formed in this lug is
      extended laterally by a recess 61B on that face of the said lug which is
      intended to come into contact with the side-plate 20 of the support 10.
      conjointly, the support 10 is formed with a threaded bore 62B opening to
      the exterior by a pilot hole 63B in which is partly engaged a centering
      sleeve 64B.
PAR  A similar arrangement is adopted for the lug 14A of the operating unit 13
      (not shown on the drawings).
PAR  As will be readily understood, the recesses of these lugs, such as the
      recess 61B described above, permits direct engagement of the operating
      unit 13 parallel to the plane of the disc 12 on the centering sleeves such
      as the sleeve 64B described above, carried by the sideplate 20 of the
      support 10. This arrangement permits the placing in position without trial
      and error of the screws 65A, 65B which are intended to provide the fixing
      of the operating unit 13 on the support 10.
PAR  At its rear part, the operating unit 13 is provided on each side with
      right-angle bearing faces 66A, 66B and 67A, 67B respectively, which are
      each perpendicular to the plane of the disc 12, the bearing surfaces 66A,
      66B forming the lower face of longitudinal beads 68A, 68B provided
      laterally on the operating unit 13.
PAR  As has been seen, the transfer ring 17 rests on the springs 34A, 34B
      carried by the fixed support 10, and it is engaged under the tongue 52 of
      the brake-shoe 11'. As shown in FIGS. 1 and 3, it is also engaged under
      the longitudinal beads 68A, 68B of the operating unit 13, so that the
      bearing surfaces 66A, 66B of these beads ensure its radial retention while
      at the same time the bearing surfaces 67A, 67B of these beads ensure
      correct guiding perpendicular to the plane of the disc. For this guiding
      action, the ring 17 has straight edges 70A, 70B in contact with the
      surfaces 67A, 67B of the operating unit 13.
PAR  Thus the transfer ring 17 is held on one of its faces by the springs 34A,
      34B and on the other of its faces by the bearing surfaces 66A, 66B of the
      operating unit 13, and by the tongue 52 of the brake-shoe 11'. It
      transmits to the brake-shoe 11' the elastic force which is applied to it
      by the springs 34B, 34B for the contact of the said shoe with the return
      member 21 of the fixed support 10.
PAR  The operation of the brake described is as follows:
PAR  When a braking pressure is sent into the hydraulic circuit (not shown) to
      which the operating unit 13 is connected, this pressure is applied
      directly to the brake-shoe 11 by the piston 15, while the force applied by
      the piston 16 on the transfer ring 17 causes the displacement of this
      latter perpendicularly to the disc 12, and in consequence the transmission
      of this force to the brake-shoe 11'. The disc 12 is thus gripped locally
      between the brake-shoes 11, 11'.
PAR  When the braking pressure is removed, the disc 12 is released.
PAR  As regards the changing of the brake-shoes 11, 11' after their linings are
      worn, this can be very rapidly and easily effected in the following
      manner: the operating unit 13 is removed from the support 10 by unscrewing
      and removing the screws 65A, 65B and the operating unit 13 is withdrawn
      parallel to the plane of the disc 12, without it being necessary to
      disconnect the hydraulic circuit associated with the said operating unit.
      Access to the brake-shoe 11 is thus obtained, and in order to have access
      to the brake-shoe 11', it is then only necessary to push back the transfer
      ring 17 until this ring escapes from the tongue 52 of the said brake-shoe.
PAR  The re-assembly of these various parts is carried out just as easily. It
      has been seen in particular that the placing in position of the operating
      unit 13 was facilitated by the fact that its lugs 14A, 14B comprise
      lateral recesses which permit its direct engagement on the centering
      sleeves carried by the support 10. This engagement is effected after
      having placed the transfer ring 17 on the springs 34A, 34B, this ring
      supporting in turn the brake-shoe 11'. This engagement is thus effected
      against the force of the springs 34A, 34B which must be slightly
      compressed.
PAR  In order to facilitate the placing in position of the brake-shoe 11',
      according to an alternative form of construction indicated by a broken
      line in FIG. 4, there is associated with the tongue 52 of this brake-shoe
      a similar tongue 72 arranged so as to form with the first tongue a slot by
      which the said shoe can be engaged on the ring 17.
PAR  According to the form of construction shown in FIGS. 7 to 9, the operating
      unit 13 is formed by a simple section of tube, the internal surface of
      which (see FIG. 8) is hollowed out with grooves 80 serving as a housing
      for sealing joints, and grooves 81 permitting the fitting of the
      dust-tight joints 83. The machining of this tubular section is therefore
      very small. On its outer surface is fixed, for example by welding, a
      substantially semi-circular fixing flange 82.
PAR  This flange 82 which is made by simply cutting-out a metal plate, is
      provided laterally with two lugs 85A, 85B by which the operating unit 13
      is fixed to the support 10 by means of screws 65A, 65B respectively.
PAR  At the level of the lugs 85A, 85B, the flange 82 is backed by plates 87A,
      87B which have especially the purpose of transferring axially, in the
      direction of the disc 12, the support of the flange 82 on the fixed
      support 10, beyond the corresponding extremity of the section of tube 13,
      so as to permit a suitable outlet for the piston 15.
PAR  This application of the fixing flange 82 against the fixed support 10 is
      effected by means of flats 88A, 88B respectively, machined on the
      side-plate 20 of the fixed support 10, and limited by flats 110A, 110B
      perpendicular to those preceding and therefore to the plane of the disc.
PAR  As described with reference to FIGS. 1 to 6, the transfer ring 17 is
      subjected to the action of elastic means which urge it in a direction
      radial to the disc 12, from the centre of this latter to its periphery,
      and supporting surfaces are conjointly provided for the radial maintenance
      of this ring in this direction.
PAR  Two of these radial supporting surfaces are arranged on the other side of
      the disc 12 with respect to the operating unit 13 and are formed by
      tongues 90A, 90B suitably cut-out and bent in the supporting plate 40' of
      the brake-shoe 11'.
PAR  According to the present alternative form, on the same side of the disc 12
      as the operating unit 13, a radial supporting surface is formed on the
      piston 16 by an overhanging projection 91 which is arranged on the outer
      surface of this piston, and the lower face of which is perpendicular to
      the plane of the disc.
PAR  Thus, all these radial supporting surfaces against which the transfer ring
      17 is applied by the associated elastic means described below, are movable
      perpendicularly to the plane of the disc 12 and are thus able to follow in
      operation the corresponding movements of the said transfer ring 17.
PAR  Furthermore, and according to the present alternative, the elastic means
      which act on the transfer ring 17 in the direction of the periphery of the
      disc 12 are formed by two torsion springs 95A, 95B fixed to the side-plate
      20 of the support 10 by screws 96A, 96B respectively.
PAR  Each of these springs comprises a helicoidal portion 97A, 97B by which it
      is engaged on the associated screw 96A, 96B, an end hook 98A, 98B, in
      contact with the transfer ring 17 and an end hook 99A, 99B supported
      against the corresponding edge of the side-plate 20 of the fixed support
      10.
PAR  The guiding of the transfer ring 17 perpendicularly to the plane of the
      disc 12 is effected on the one hand by two generator lines 101A, 101B of
      the operating unit 13, and on the other hand by the extreme edges 102A,
      102B of the fixed support (see FIG. 7); one only of these guiding methods
      may be furthermore sufficient, in an alternative form.
PAR  The operation of such a brake is similar in all respects to that described
      above.
PAR  It is only necessary to emphasize that the movements during operation of
      the transfer ring perpendicularly to the plane of the disc only result in
      very slight friction.
PAR  It should also be noted that the assembly of the operating unit is
      facilitated by the flats 110A, 110B of the side-plate 20 of the fixed
      support 10, on which flats the corresponding edge of the flange 82 is
      supported.
PAR  It will also be observed that during dismantling of the brake, the detail
      of which has been given above, the springs 95A, 95B apply their action on
      the transfer ring 17 only as long as they do not come into contact by
      their arms 98A, 98B with the lateral edges 102A, 102B of the fixed support
      10, which facilitates this dismantling.
PAR  It will finally be noted that, as described above with reference to FIGS. 1
      to 6, the radial support of the transfer ring 17 is effected at three
      points on this ring, but that, as described in the present alternative
      form, one of these points 91 is on the side of the operating unit 13 with
      respect to the disc 12, whereas two of these points 90A, 90B are on the
      opposite side.
PAR  In FIGS. 10 to 13 there is shown another alternative form of a disc-brake
      of the same type as that described above. This brake comprises: a fixed
      support 110, two brake-shoes 11, 11' on each side of a disc 12 fixed to
      the wheel to be braked, an operating unit 13 provided laterally with two
      lugs 14A, 14B for its removable fixing on the support 110 by means of
      screws 65A, 65B, this unit (see FIG. 13) being pierced with a bore in
      which two pistons 15, 16 are mounted to slide in opposite directions, and
      an annular transfer member 117 which extends perpendicularly to the plane
      of the disc 12, around the operating unit 13, the support 110 and the
      brake-shoes 11, 11'.
PAR  This transfer member or ring 117 is a flat piece formed from a metal plate;
      it comprises locally however two stamped portions 118A, 118B on each side
      of the support 110, in the immediate proximity of this latter, these
      stamped portions being provided so as to permit the passage of the disc
      12. They contribute by their edges in the axial guiding of the ring 117.
PAR  The piston 15 bears on the brake-shoe 11 while the piston 16 acts on the
      ring 117 which is in turn intended to act on the brake-shoe 11' in a
      manner which will be described later.
PAR  The support 110 is a bracket-shaped member comprising a side-plate 120
      parallel to the plane of the disc 12, and a return member 121
      perpendicular to the side-plate 120 facing the periphery of the said disc.
PAR  According to the invention, and in conformity with the form of embodiment
      shown in FIGS. 10 to 13, the side-plate 120 and the return member 121 of
      the support 110 are made from a single piece of sheet metal, suitably
      cut-out, bent and stamped.
PAR  The side-plate 120 is provided, facing the operating unit 13, with a window
      123 having a closed contour and serving as a housing for the brake-shoe
      11.
PAR  As can be more clearly seen from FIGS. 14 and 15, in which the support 110
      is shown separately, the side-plate 120 of this support is reinforced by
      two plates 110A, 110B on each side of its window 123. These reinforcing
      plates 110A, 110B are fixed on the side-plate 120 by resistance welding at
      111.
PAR  The reinforcing plates 110A, 110B form part of the periphery of the window
      123 and this periphery is provided here and there with flat bearing
      surfaces 125 formed conjointly by the side-plate 120 and the reinforcing
      plates 110A, 110B for supporting the associated brake-shoe 11.
PAR  At its lower portion, the side-plate 120 is provided with two fixing lugs
      122A, 122B backed by reinforcing plates 110A, 110B respectively.
PAR  On each side of the window 123, the reinforcing plates 110A, 110B are
      provided with supporting studs 112A, 112B respectively.
PAR  The supporting studs 112A, 112B are each constituted by a solid pillar
      having an oblique chamfer at one extremity and a stop-flange 114 at the
      other extremity, which projects from the side. By its chamfer, a
      supporting stud 112A, 112B of this kind is fixed by welding on the
      corresponding reinforcing plate 110A, 110B, which is provided with a
      housing for that purpose.
PAR  With each supporting stud 112A, 112B is associated a punched portion 217A,
      217B which can be seen from FIG. 14. This punched portion 217A, 217B is
      formed in the corresponding reinforcing plate 110A, 110B and, as will be
      seen later, is intended to constitute a stop member.
PAR  There are further provided other punched portions of this type, formed
      conjointly and in a complementary manner in the side-plate 120, on the one
      hand, and the reinforcing plate 110A, 110B on the other hand, in
      particular for the centering of the said plates on the side-plate 120.
      Punched portions of this kind can be seen at 118A, 118B in FIG. 15, and at
      119A, 119B in FIG. 14. As will be seen subsequently, the punched portions
      119A, 119B are also intended to serve as stop members.
PAR  At its upper portion, at the root of the return member 121, the side-plate
      120 has threaded bores 162A, 162B intended to co-operate with the screws
      65A, 65B which serve to fix the operating unit 13 (see FIG. 10). These
      threaded bores 162A, 162B, extend into the corresponding reinforcing
      plates 110A, 110B, and for sufficient contact of the side-plate 120 with
      the reinforcing plates 110A, 110B all round the said bores, this
      side-plate 120 is provided on its inner face, that is to say that located
      under the return member 121, with punched flats 130A, 130B, by means of
      which the bores shown in FIG. 15 are arranged.
PAR  Perpendicularly to the side-plate 120, the return member 121 has a
      generally cylindrical shape. At its central portion it comprises an
      extension 132, the lateral edges of which form transverse support
      abutments 136A, 136B for the circumferential retention of the brake-show
      11', in both directions of rotation of the disc 12.
PAR  In addition, the return member 121 is provided perpendicular to the
      side-plate 120, with two flats 137A, 137B for the radial retention of the
      brake-shoe 11' in one radial direction of the disc 12.
PAR  As described above with reference to FIGS. 1 to 9, elastic means are
      inserted between the fixed support 110 and the transfer ring 117, and
      elastic means are also provided in order to absorb possible vibrations to
      which the brake-shoe 11 may be subjected in its housing 123.
PAR  According to the present alternative form, these two categories of elastic
      means are conjointly formed by springs 140A, 140B, acting between the
      transfer ring 117 and the brake-shoe 11, while being supported on the
      supporting studs 112A, 112B.
PAR  According to the form of embodiment shown, these springs are torsion
      springs made from round wire suitably bent and comprising a central
      portion 141A, 141B respectively and two lateral arms 142A, 143A and 142B,
      143B elbowed at their extremities.
PAR  By their central portions 141A, 141B, the springs 140A, 140B are freely
      engaged on the supporting studs 112A, 112B, the internal diameter of the
      said central parts being to that end greater than the diameter of the
      radial flange 114 of these studs.
PAR  By their elbowed lateral branches 142A, 142B, the torsion spring 140A, 140B
      are in elastic contact with the transfer ring 117 and by their elbowed
      lateral edges 143A, 143B, they are elastically in contact with the lower
      edge of the brake-shoe 11, by virtue of cut-away portions 144A, 144B
      provided in the window 123 of the support 110, between two bearing
      surfaces 125.
PAR  As can better be seen from FIG. 12, the central portions 141A, 141B of
      these springs bear against the corresponding supporting studs 112A, 112B
      by a generator line of this latter, so that the torsion springs 140A, 140B
      are thereafter blocked longitudinally on the said studs 112A, 112B by the
      radial flanges 114 of these latter.
PAR  The metal plate 40' which supports the friction lining of the brake-shoe
      11' is provided with two lateral extensions 42A, 42B which enclose the
      central part 132 of the return member 121 of the support 110 (see FIGS. 10
      and 11. These extensions 42A, 42B co-operate respectively with the
      transverse support abutments 136A, 136B formed on this return member 121.
PAR  In addition, the metal plate 40' of the brake-shoe 11' (see FIG. 11) forms
      in the vicinity of these extensions 42A, 42B, supporting surfaces 50A, 50B
      which co-operate with longitudinal support abutments 137A, 137B formed on
      the return member 121 of the support 110.
PAR  The friction lining of the brake-shoe 11' is divided into two parts 41A,
      41B arranged on each side of a free ventilation space.
PAR  As shown in FIG. 10, the transfer ring 117 bears against the plate 40' of
      the brake-shoe 11' by two distinct supporting zones 150A, 150B, each
      corresponding respectively to the friction linings 41A, 41B.
PAR  These supporting zones 150A, 150B are shown in fine cross-hatching in FIG.
      11.
PAR  In the plate 40' of the brake-shoe 11' a tongue 52 is also cut-out (FIGS.
      10, 11 and 13) and this tongue is bent so as to bear by its free edge 53
      against the transfer ring 117, following an arrangement which, described
      in detail above, ensures the radial retention of the brake-shoe 11'
      together with the longitudinal support abutment 137A, 137B of the return
      member 121 of the support 110, and conjointly with the torsion springs
      140A, 140B.
PAR  As has already been mentioned above, the operating unit 13 is provided with
      two lateral lugs 14A, 14B for its fixing on the support 110.
PAR  As can better be seen from FIG. 12, these lugs are extended by bosses 114A,
      114B respectively, intended to come into contact with the stop members
      119A, 119B carried by the reinforcing plates 110A, 110B of the support 10
      during the assembly of the operating unit 13 on this support.
PAR  During the assembly of the brake, this arrangement enables the placing in
      position, without trial and error of the screws 65A, 65B which ensure the
      fixing of the operating unit 13 on the support 10.
PAR  At its rear portion, the operating unit 13 is provided with bearing
      surfaces at right angles formed at the lower surface of longitudinal beads
      68A, 68B formed laterally on the operating unit, so as to retain the ring
      117 as described below, and also for guiding this ring perpendicularly to
      the plane of the disc 12.
PAR  The transfer ring 117 rests elastically on the lateral arms 142A, 142B of
      the torsion springs 140A, 140B, and is engaged on the one hand under the
      lateral beads 68A, 68B of the operating unit 13 and on the other hand
      under the tongue 52 of the brake-shoe 40'.
PAR  This arrangement ensures the retention of the transfer member 117 and this
      latter transmits in its turn to the brake-shoe 11' the elastic force which
      is applied to it by the torsion springs 140A, 140B, which ensures the
      application of the said shoe against the return member 120 of the fixed
      support 110.
PAR  The operation of the brake described above is the same as that of the
      previous construction.
PAR  Changing of the brake-shoes 11, 11' is effected by removing the operating
      unit 13 from the support 110 by unscrewing and removing the screws 65A,
      65B, without it being necessary to disconnect the hydraulic circuit
      associated with the operating unit; access is thus obtained to the
      brake-shoe 11. In order to obtain access to the brake-shoe 11', it is only
      necessary to push back the transfer ring 117 until this ring escapes from
      the tongue 52 of the said shoe.
PAR  After dismantling, the stop members 217A, 217B associated with the
      supporting studs 112A, 112B carried by the reinforcing plates 110A, 110B
      of the support 110 limit the movement of rotation of the corresponding
      arms 143A, 143B of the torsion springs 140A, 140B, which facilitates
      subsequent re-assembly of the brake.
PAR  This re-assembly is effected by placing in position the operating unit 13,
      also facilitated, as has been seen by the sto members 119A, 119B carried
      by the reinforcing plates 110A, 110B of the support 110. This placing in
      position is effected against the force of the torsion springs 140A, 140B
      which must be slightly acted upon in torsion.
PAR  The present invention is of course not restricted to the forms of
      construction described and shown, but includes any alternative form of
      construction and/or of combinations of their various parts.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A disc-brake comprising a generally right-angle dihedral-shaped fixed
      support, a rotatable disc fixed to a member to be braked, a pad mounted
      for movement perpendicular to the plane of the disc on each side thereof,
      a control unit and a ring-like transfer member mounted for movement
      perpendicular to the disc, said control unit including a cylinder and two
      pistons mounted for sliding movement in opposite directions in said
      cylinder, one of said pistons acting directly on a first pad and the other
      of said pistons acting indirectly on the second pad through the
      intermediary of said transfer member, said ring-like transfer member
      extending around said fixed support, the control unit, the pads and a
      portion of said disc, said generally right-angle dihedral-shaped fixed
      support comprising a plate member parallel to the disc and a positioning
      member perpendicular to the disc radially outward of and having its
      radially inner surface facing the edge of the disc, said plate member and
      said positioning member being fixed relative to each other, said plate
      member having a surface facing the control unit and including a frame
      portion for limiting the movement of the first pad in both directions of
      rotation of the disc and in at least one radial direction, said
      positioning member including at least one longitudinal support abutment
      for radially retaining the second pad relative to the disc, at least two
      transverse support abutments for limiting the movement of the second pad
      in both directions of rotation of said disc, and transverse support
      abutments being disposed at the ends of said positioning member, two
      lateral extensions on said second pad and being disposed on opposite sides
      of said positioning member for contacting said transverse support
      abutments, said transfer member having a radially outwardly directed
      supporting surface that faces the positioning member, said second pad
      having two opposed support surfaces one of which contacts said transfer
      member supporting surface and the other of which contacts said
      longitudinal support abutments on said positioning member, said surfaces
      and abutments extending transversely of the plane of said disc and said
      support surfaces extending transversely of a radius of said disc that
      passes through said support surfaces, and resilient means between said
      transfer member and said fixed support urging said transfer member
      radially outwardly, the positioning member and the transfer member
      resiliently gripping the second pad radially between themselves.
NUM  2.
PAR  2. A disc-brake as claimed in claim 1, in which said second pad includes a
      metal support plate with a friction lining, said supporting surfaces in
      cooperation with the transfer member being formed by the edge of at least
      one cut-out, bent tongue in said plate.
NUM  3.
PAR  3. A disc-brake as claimed in claim 1, and further comprising radial
      support surfaces associated with said transfer member and adapted to
      retain said transfer member radially in at least one direction, said
      radial support surfaces being movable perpendicular to the plane of said
      disc, such that during braking said radial support surfaces follow the
      movements of said transfer member without friction.
NUM  4.
PAR  4. A disc-brake as claimed in claim 3, in which at least one of said radial
      support surfaces associated with said transfer member is formed on the
      piston of said control unit which acts on said transfer member.
NUM  5.
PAR  5. A disc-brake as claimed in claim 3, in which said radial support
      surfaces associated with said transfer member are formed on said second
      pad on one side of said disc and on the piston acting on said transfer
      member on the other side of said disc.
NUM  6.
PAR  6. A disc-brake as claimed in claim 5, in which the piston acting on said
      transfer member is provided with an overhanging projection for the radial
      support of said transfer member, the lower face of said overhanging
      projection being directed towards the axis of said disc being
      perpendicular to the plane of said disc.
NUM  7.
PAR  7. A disc-brake as claimed in claim 1, in which said resilient means
      interposed between said transfer member and said fixed support comprises
      at least one torsion spring having a helical portion engaged on a securing
      member secured to said support, an end hook engaging said transfer member
      and an end hook engaging said fixed support.
NUM  8.
PAR  8. A disc-brake as claimed in claim 1, in which said generally right-angle
      dihedral-shaped fixed support is formed of a single piece.
NUM  9.
PAR  9. A disc-brake as claimed in claim 1, in which said fixed support carries
      two support studs, one on each side of the frame portion of said first pad
      for supporting resilient torsion means interposed between said first pad
      and said transfer member.
NUM  10.
PAR  10. A disc-brake as claimed in claim 9, in which each stud carries a
      torsion spring received on said stud and having two lateral arms, onee
      lateral arm being in contact with said first pad and the other lateral arm
      being in contact with said transfer member.
NUM  11.
PAR  11. A disc-brake as claimed in claim 10, and further comprising a stop
      member associated with each said support stud, said stop member projecting
      from the fixed support so as to limit the travel of at least one of the
      arms of the associated spring.
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ABST
PAL  Brakes for automobile vehicles for example, of the kind comprising a fixed
      support, a braking member having a ring, two braking plates disposed on
      each side of the ring and a floating stirrup engaged on the plates and on
      the ring. The stirrup has operating means adapted to act directly on one
      of the plates and indirectly on the other, through the intermediary of the
      stirrup, so as to grip and brake the ring. The stirrup is mounted with a
      simultaneous sliding and pivoting action of the fixed support, so as to
      follow any possible conical deformation of the ring on which it is
      engaged, due to heat stresses for example. The rear transverse face of the
      stirrup is in simple supporting contact with a retaining member secured to
      the fixed support, and which permits the sliding and pivotal movements of
      the stirrup, an elastic spring being provided to urge the stirrup and the
      retaining member into contact with each other.
PAL  The retaining member may be pivotally mounted on the fixed support and
      thereby provides the pivotal movement of the stirrup.
BSUM
PAR  The present invention is concerned generally with brakes which are intended
      for example to be fitted on automobile vehicles and comprise a fixed
      support, a member to be braked having a ring, two braking plates arranged
      on each side of the said ring, and a floating stirrup engaged on the said
      plates and on the said ring, the said stirrup containing an operating
      means adapted to act directly on one of the said plates and indirectly on
      the other through the intermediary of the stirrup, for gripping the ring,
      and is more particularly directed to such of these brakes in which the
      said stirrup is mounted simultaneously slidably and pivotably on the fixed
      support.
PAR  This sliding and pivotal mounting of the stirrup advantageously permits
      this latter to follow any possible deformation into a cone of the ring on
      which it is engaged, due for example to the thermal stresses to which this
      ring is subjected.
PAR  The present invention has for its object the provision of an improvement in
      brakes of this type.
PAR  According to this improvement, the stirrup, by its rear transverse face,
      that is to say by its tranverse face farthest away from the edge of the
      ring, is in simple supporting contact with a retention member which is
      fast on the fixed support and which is able to permit the sliding and
      pivotal movement of the stirrup, elastic means being provided so as to
      urge the said stirrup and the said retention member into contact with each
      other.
PAR  This arrangement generally results in advantageously simple constructions.
PAR  In addition, it can advantageously lead to constructions in which the
      stirrup is pivotally mounted about an axis located in a plane which is
      perpendicular to the axis of the ring and which, from the rear transverse
      face of the stirrup, and in the direction of the edge of the ring, is in
      front of said rear transverse face of the stirrup.
PAR  The result is that the real pivotal axis of the stirrup can be brought
      close to the ideal theoretical pivotal axis corresponding to the opening
      into a cone of the ring on which this stirrup is engaged.
DRWD
PAR  The characteristic features and advantages of the invention will
      furthermore be brought out in the description which follows below, given
      by way of example, reference being made to the accompanying drawings, in
      which:
PAR  FIG. 1 is a view in elevation of a brake according to the invention;
PAR  FIG. 2 is a view of this brake in axial section, taken along the line
      II--II of FIG. 1;
PAR  FIG. 3 is a view of the brake in plan taken along the arrow III of FIG. 2,
      the ring to be braked being assumed to be removed;
PAR  FIG. 4 is a partial diagrammatic view in circumferential section of the
      brake according to the invention, taken along the line IV--IV of FIG. 2,
      this cross-section being assumed to be developed on the flat;
PAR  FIG. 5 is a view in axial section of an alternative form of construction of
      the brake according to the invention;
PAR  FIG. 6 is a view in partial cross-section taken along the broken line
      VI--VI of FIG. 5;
PAR  FIG. 7 is a view in partial longitudinal section of the retaining member
      provided on such a brake;
PAR  FIG. 8 is a view in transverse section of this retaining member;
PAR  FIG. 9 is a partial view in elevation of an alternative form of
      construction of a retaining member of this kind;
PAR  FIG. 10 is a view similar to FIG. 9 and relates to another alternative form
      of construction;
PAR  FIG. 11 is a view in elevation of another alternative form of construction
      of the brake according to the invention;
PAR  FIG. 12 is a view in cross-section of this alternative form, taken along
      the line XII--XII of FIG. 11;
PAR  FIG. 13 is a partial view in cross-section taken along the line XIII--XIII
      of FIG. 12; and
PAR  FIG. 14 is a view similar to FIG. 13 but relates to an alternative form of
      construction.
DETD
PAR  Generally speaking, the brake according to the invention comprises a member
      11 to be braked, having the general shape of a bowl, the bottom of which
      has an opening 12 for the passage of the stub-axle of a wheel to be
      braked, and which is intended to be fixed by this bottom to the rim of a
      wheel of this kind.
PAR  The free edge of this bowl forms a ring 13 having an internal track 14 and
      an external track 15.
PAR  With this ring 13 is associated a clamping means which comprises a fixed
      support 17 having the general shape of an H.
PAR  This support 17 comprises a curved central rod 22.
PAR  On one side of this central rod 22, the legs 23 of the fixed support 17 are
      in the form of hooks and embrace the free edge of the ring 13 of the
      member 11 to be braked.
PAR  On the other side of the central rod 22, the support 17 comprises legs 32
      pierced with passages 33 for the fixing of a supporting member (not shown)
      forming part of the stub-axle of the wheel to be braked.
PAR  With the fixed support 17 there is associated a stirrup 35 in the shape of
      a C.
PAR  This stirrup embraces the free edge of the ring 13 of the member 11 to be
      braked, between the legs 23 and 32 of the fixed support 17, and on each
      side of two braking plates 48A, 48B, the first of which is associated with
      the internal track 14 of the ring 13, while the second is associated with
      the external track 15 of this ring.
PAR  The arm 100 of the stirrup 35 which is on the radially outer side of the
      ring 13 is provided in the example shown with a notch 105 which opens at
      its free extremity.
PAR  The shoe 48B is coupled to the stirrup 35.
PAR  This arrangement makes it possible to avoid a continuously interrupted
      contact between the ring and this braking plate apart from the clamping
      action applied on this ring, and thereby avoids untimely wear of this
      braking plate and a useless heating of this ring.
PAR  In the example shown, the coupling between the braking plate 48B and the
      stirrup 35 is effected with the aid of elastic means, and more precisely
      by a spring blade 110 bent into the shape of a U. The central portion of
      this spring blade has an opening 111 for engagement on a stud 112 formed
      for that purpose on the supporting plate which carries the brake lining of
      the braking plate 48B, a circlip 113 ensuring the safety of this
      engagement, and the wings 114 of this spring blade 110 are in contact with
      the sides of the notch 105 of the arm 100 of the stirrup 35, until at
      their extremity they take the shape of the corresponding edges of this
      notch.
PAR  The arm 116 of the stirrup 35 which is radially inside the ring 13 is
      cut-out into two cylinder chambers 117, 117', the axes of which are
      located in planes perpendicular to the axis of the ring 13 and are spaced
      apart axially along this axis.
PAR  These cylinder chambers 117, 117' are each capable of being connected
      independently to separate operating circuits by means of nozzles 118, 118'
      which communicate with the chambers 117, 117' by conduits 119, 119'.
PAR  Drainage nozzles 120, 120' are also provided, which are respectively
      associated with the cylinder chambers 117, 117'.
PAR  In the cylinder chambres 117, 117' are slidably mounted pistons 122, 122',
      each intended to act on the braking plate 48A.
PAR  This arrangement thus permits the operation of the brake by means of one or
      the other of two control circuits which are independent of each other.
PAR  It has of course already been proposed to ensure such a double control by
      means of independent cylinder-piston assemblies, but in constructions of
      this type which are known at the present time, the axes of these
      cylinder-piston assemblies are both contained in a single plane
      perpendicular to the axis of the ring, these cylinder-piston assemblies
      being thus staggered circumferentially around the axis of the ring.
PAR  In accordance with the arrangement described above, the corresponding
      cylinder-piston assemblies are staggered axially along the axis of the
      ring, which advantageously enables the circumferential size of the fixed
      support to be reduced and thereby facilitates the installation of the
      brake.
PAR  By its rear transverse face 125, that is to say by that of its transverse
      faces which is the farthest away from the edge of the ring 13, the stirrup
      35 is, according to the invention, in simple supporting contact with a
      retaining member 126 which is secured to the fixed support 17 and which is
      intended to permit the sliding and pivotal movement of this stirrup.
PAR  According to the form of construction illustrated in FIGS. 1 to 4, the
      retaining member 126 is pivotally mounted on the fixed support 17.
PAR  This retaining member has the general shape of a U and the extremities of
      its arms 127 are provided with substantially square returns 128 preferably
      directed towards each other for pivotal engagement in recesses of
      generally gutter shape 129, formed for that purpose on the arms 23 of the
      fixed support 17, perpendicular to the axis of the ring 13.
PAR  In the example shown in FIGS. 1 to 4, the retaining member 126 is of round
      wire suitably shaped, and its central portion 130 is provided with
      corrugations 131 in order to increase its supporting surface with respect
      to the stirrup 35.
PAR  In addition, elastic means are provided which urge the stirrup 35 and the
      retaining member 125 into contact with each other.
PAR  In the example of construction illustrated by FIGS. 1 to 4, these elastic
      means are constituted by a spring 135 interposed between the stirrup and
      the fixed support 17, the said spring 135 being supported against the
      fixed support 17 through the intermediary of the braking plates 48A, 48B.
PAR  In practice and as shown, the supporting plates carrying the brake linings
      of the braking plates 48A, 48B are provided laterally and on each side,
      facing the front transverse face 136 of the stirrup 35 with lugs 137
      intended to come into abutment against shoulders 138 of the fixed support
      17, and the spring 135 is inserted between these lugs and the front
      transverse face 136 of the stirrup 35.
PAR  The spring 135 has the general shape of an H, the central portion of which
      bears against the front transverse face 136 of the stirrup 35, and the
      legs of which bear at their extremities on the braking plates 48A, 48B.
PAR  In the example shown, the central portion 140 of the stirrup 35 has an
      opening 141, and the central portion of the spring 135 has an opening 143
      by means of which there are formed two lugs 144, the extremities of which
      are supported against the flanks of the opening 141 of the stirrup 35 in
      order to retain the spring 135.
PAR  With the stirrup 35 there are also associated elastic stabilization means
      provided between this stirrup and the fixed support 17 in order to oppose
      a possible undesirable sliding movement of the said stirrup.
PAR  These elastic stabilization means act on one of the lateral faces 150 of
      the stirrup 35, that is to say on a face of the stirrup which is
      substantially perpendicular to its transverse rear face 125.
PAR  In the example shown in FIGS. 1 to 4, these elastic stabilization means
      comprise a spring blade 146 inserted longitudinally between a lateral face
      150 of the stirrup 35 and the corresponding leg 23 of the fixed support
      17, this spring blade 146 having a central portion in contact with the
      said leg and two corrugated extremities in contact with the said lateral
      face 150 of the stirrup 35.
PAR  For its retention, the spring blade 146 is provided, in the examples shown
      in FIGS. 1 to 4, with a lateral hooking lug 148 engaged on the retaining
      member 126.
PAR  As will be readily understood, the inlet of fluid under pressure to either
      one of the cylinder chambers 117, 117' enables the corresponding piston
      122, 122' to act directly on the braking plate 48A for the application of
      this latter against the internal track 14 of the ring 13, and indirectly
      on the braking plate 48B through the intermediary of the stirrup 35, for
      the application of this braking plate 48B against the external track 15 of
      the ring 13.
PAR  This ring 13 is thus gripped by the braking plates 48A, 48B, and is thus
      braked, if desired, until it stops.
PAR  When the pressure of fluid is released, the ring 13 is freed.
PAR  During such a braking action, the stirrup 35 must move by sliding
      perpendicularly to the axis of the ring 13, following the arrow F of FIG.
      2.
PAR  This sliding action is permitted by a corresponding pivotal movement of the
      retaining member 126 against which the stirrup 35 is supported.
PAR  The pivotal movement of this retaining member 126 also permits the stirrup
      35 to follow a possible deformation to a cone of the ring 13.
PAR  As will have been noted, this pivotal movement of the retaining member 126
      is carried out around an axis AA, FIG. 3, which in the example shown in
      FIGS. 1 to 4, corresponds to the axis of the square return portions 128 of
      this retaining member 126, and this axis AA is advantageously in front of
      the rear face 125 of the stirrup 35 in the direction of the edge of the
      ring 13.
PAR  By extending the sides 127 of the retaining member 126, as shown in
      chain-dotted lines in FIG. 3, this axis AA could furthermore be located
      well beyond the edge of the ring 13, this latter having on;y been
      mentioned above in order to define the sense of the direction along which
      this axis AA is displaced with respect to the rear transverse face of the
      stirrup.
PAR  The result is that the pivotal movement of the stirrup 35 is effected about
      an axis which is advantageously closer to the ideal theoretical axis
      corresponding to the conical formation of the ring 13, this ideal
      theoretical axis being obviously located beyond the bottom 12 of the
      braking member 11 which carries this ring 13.
PAR  According to the alternative forms of construction illustrated in FIGS. 5
      to 12, the retaining member 126 is rigidly fixed to the fixed support 17.
PAR  In the forms of construction shown, this retaining member 126 is
      constituted by a blade, of metal for example, suitably shaped, and has the
      general overall shape of a U.
PAR  The extremities of its arms 127 are provided with return portions 128
      substantially at right angles and directed outwards in opposite directions
      to each other, and which each form a lug permitting the fixing of the
      retaining member 126 on the fixed support 17, this fixing being effected
      by means of screws 166 in the example shown.
PAR  In its central portion, the retaining member 126 is provided, in contact
      with the rear transverse face 125 of the stirrup 35, with a pivotal edge
      165 which in the example shown is formed by an appropriate deformation of
      the said central portion of the retaining member 126.
PAR  In the example shown, this pivotal edge 165 is continuous, but it is
      obvious that it could be divided into two or more sections aligned
      perpendicularly with the axis of the ring.
PAR  It will be noted that, in the example shown, this pivotal edge extends at a
      distance from the longitudinal axis of the central portion of the
      retaining member 126, that is to say it is closer to one of the edges of
      this central portion than to the other, parallel to this edge. This
      arrangement makes it possible to take into account that the spring 135
      bears by its extremities on the shoes 48A, 48B and that since the shoes
      are curved, the barycentre of the corresponding supporting zones of the
      said extremities is radially displaced towards the axis of the ring 13
      with respect to the central zone of the spring.
PAR  The elastic stabilization means provided between the stirrup 35 and the
      fixed support 17 for action on the lateral faces 150 of this stirrup
      comprise, for each of the said transverse faces 150 of the stirrup 35, an
      elastic member 200 separate from the retaining member 126 and permanently
      fixed on this latter.
PAR  This arrangement advantageously facilitates the assembly of the brake and
      permits easier proportioning of the stabilizing clamping force applied to
      its stirrup.
PAR  In accordance with the form of embodiment shown in FIGS. 5 to 10, this
      elastic member 200 comprises two wings 201, 202 coupled together by a
      central torsion portion 203 which, in the example shown, has a contour
      extending substantially along three-quarters of a circle, the wings 201,
      202 moving away from each other in the form of a V from their coupling
      zone to the central torsion portion 203 which joins them together.
PAR  This elastic member may be constituted for example also by a blade as
      shown, and for example a metal blade, suitably shaped.
PAR  However this may be, it is permanently fixed to the retaining member 126 by
      one of its wings, in practice the wing 201 for the example shown, while
      the other wing, the wing 202 in the example shown, remains free.
PAR  The wing 201 of an elastic member 200 by which it is permanently fixed to
      the retaining member 126, is applied against one of the faces of the
      retaining member 126, while its free wing 202 projects from the other face
      of this retention member, after passing through an opening 207 formed for
      that purpose in this face.
PAR  In practice in the example shown, an elastic member 200 is fixed by its
      wing 201 to the central portion of the retaining member 126, on the convex
      side of this latter, while its central torsion portion 203 is facing the
      curved coupling zone 208 connecting the central portion of the retaining
      member 126 to the corresponding wing 127 of this retaining member, and the
      opening 207 through which its free wing 202 passes is formed in the wing
      127 of the said retaining member.
PAR  In the example shown in FIGS. 5 to 7, the permanent fixing of an elastic
      member 200 on the retaining member 126 is effected by complementary
      engagement means provided for that purpose between these two members.
PAR  In the example shown, these complementary engagement means comprise a
      tongue 210 which is formed in the central portion of the retaining member
      126, by means of an opening 211 formed in this latter, and which is bent
      back at its extremity parallel to the said central portion, and this
      tongue 210 is engaged in an opening 212 formed for that purpose in the
      wing 201 of the elastic member 200.
PAR  At the same time, the extremity 214 of the wing 201 of the elastic member
      200 is bent back in turn, overall to a quater-circle, for engagement in an
      opening 215 formed for that purpose in the central portion of the
      retaining member 126.
PAR  As will be readily understood, these complementary engagement means ensure
      in an effective manner a permanent fixing of an elastic member 200 on the
      retaining member 126, which enables the whole of the retaining member 126
      and the elastic members which are associated therewith to form conjointly
      a unit capable of being handled separately without risk of coming apart.
PAR  The distribution between the members concerned of the tongues which
      constitute these complementary engagement means could of course be
      reversed, the tongue 210 being formed on the elastic member 200, and
      another tongue playing the part of the bent back extremity 214 of the wing
      201 of the elastic member 200 being provided on the retaining member 126.
      Furthermore, in the example shown in FIGS. 5 to 7, the free wing 202 of an
      elastic member 200 comprises a rectilinear section 218 terminated by a
      bent back extremity 215 with its concavity turned towards the
      corresponding wing 127 of the retaining member 126.
PAR  The operation of this alternative form is similar to that described above.
PAR  In operation, the stirrup 35 slides in contact with the pivotal edge 165 of
      the retaining member 126.
PAR  In addition, a pivotal movement of the stirrup 35 about the pivotal edge
      165 of the retaining member 126 with which it is in contact is possible,
      and such a pivotal movement enables this stirrup 35 to follow a possible
      conical deformation of the ring 13.
PAR  During the course of these pivotal and/or sliding movements, the spring 135
      ensures the maintenance of the stirrup 35 in contact with the pivotal edge
      165 of the retaining member 126, and the elastic members 200 carried by
      this latter ensure suitable lateral stabilization of this stirrup with
      respect to the fixed support 17, these elastic members 200 being fixed on
      the retaining member 126 which is in turn coupled to the fixed support 17.
PAR  In accordance with the alternative forms of construction illustrated by
      FIGS. 9 and 10, the fixing of an elastic member 200 to the retaining
      member 126 is effected by means of a rivet 225 fixing the wing 201 of the
      said elastic member to the central portion of the said retaining member.
PAR  According to the form of construction illustrated by FIG. 9, the form of
      the free wing 202 of an elastic member 200 is identical to that described
      with reference to FIGS. 5 to 8.
PAR  As an alternative, see FIG. 10, such a free wing 202 is generally curved.
PAR  According to the alternative form of construction shown in FIGS. 11 and 12,
      an elastic member 200 extends overall transversely with respect to the
      retaining member 126 which carries it, and comprises two free supporting
      wings 230 connected together by a central fixing portion 231, the said
      wings moving farther away from each other as they leave the said central
      portion.
PAR  By its central fixing portion 231, it is permanently fixed to the
      corresponding wing 127 of the retaining member, for example by a rivet
      232. In the example shown, this fixing is effected on the convex face of
      the retaining member 126, that is to say on the outer face of this latter,
      but this fixing could equally well be effected on the concave face of the
      said retaining member.
PAR  By each of its wings 231, the elastic member is supported against the
      stirrup 35, and preferably, as shown, the extremity of this wing is curved
      back for each purpose.
PAR  Such an elastic member thus advantageously has two supporting zones in
      contact with the stirrup, and in addition it extends in the direction of
      sliding of the stirrup.
PAR  According to the alternative form of construction shown in FIG. 14, the
      pivotal edge of the retaining member 126 is formed by a bead 170 added on
      to this member.
PAR  In accordance with various alternative forms of construction (not shown)
      the elastic stabilization means associated with the retaining member for
      lateral stabilization of the stirrup are constituted by an appropriate
      deformation of the wings of the said retaining member and/or the elastic
      means also associated with the retaining member for keeping the stirrup in
      contact with this member may result from the fact that the retaining
      member 126 itself forms an elastic member, this alternative being
      applicable to any of the forms of embodiment described above.
PAR  It will of course be understood that the present invention is not limited
      to the forms of embodiment described and shown, but includes any
      alternative form of construction and/or combination of their various parts
     .
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A spot type ring brake comprising a fixed support, a member to be braked
      having a normally generally cylindrical ring, one brake pad arranged for
      frictional engagement with the radially inner face of said ring and
      another brake pad arranged for frictional engagement with the radially
      outer face of said ring, a stirrup member straddling the brake pads and
      having legs extending respectively inside and outside said ring and a
      bight portion interconnecting said legs and opposite the free outer edge
      of said ring, operating means housed in said stirrup member and acting
      directly on one of said brake pads, a retaining member mounting the
      stirrup member for sliding movement for indirectly transmitting force to
      said other brake pad as well as for pivotal movement of only one fixed
      radius about only one fixed axis for compensating for eventual conical
      deformation of said ring so that said stirrup member substantially stays
      with said ring even when the latter becomes conically deformed with use,
      said retaining member having a central portion closely overlying the
      surface of the bight portion of said stirrup remote from the free outer
      edge of said ring and in simple supporting contact therewith, said
      retaining member having two lateral branches securing it to said fixed
      support, said retaining member having a fulcrum thereon that positions
      said stirrup for said pivotal movement of fixed radius about said fixed
      axis that is perpendicular to the axis of the ring and substantially
      tangential to the cylinder of the ring, the ends of said fulcrum being
      spaced apart a substantial distance along said fixed axis, and resilient
      means axially urging said stirrup member away from said ring and urging
      said bight portion of the stirrup member against the central portion of
      said retaining member overlying the same.
NUM  2.
PAR  2. A brake as claimed in claim 1, in which said retaining member is
      pivotally mounted on said fixed support and thus permits the pivotal
      movement of said stirrup.
NUM  3.
PAR  3. A brake as claimed in claim 2, in which said retaining member is
      generally of U-shape and the extremities of its wings are provided with
      turned-back portions for pivotal engagement in recesses formed for that
      purpose in said fixed support, perpendicular to the axis of said ring.
NUM  4.
PAR  4. A brake as claimed in claim 3, in which said retaining member is of
      round wire.
NUM  5.
PAR  5. A brake as claimed in claim 4, in which the central portion of said
      U-shaped member is provided with corrugations.
NUM  6.
PAR  6. A brake as claimed in claim 1, in which said fixed axis, in the
      direction of the edge of said ring, is in front of said surface of the
      bight portion of said stirrup.
NUM  7.
PAR  7. A brake as claimed in claim 1, in which said retaining member is
      provided with a pivotal edge in contact with said stirrup, said pivotal
      edge comprising said fulcrum.
NUM  8.
PAR  8. A brake as claimed in claim 7, in which said pivotal edge is formed by
      an appropriate deformation of said retaining member.
NUM  9.
PAR  9. A brake as claimed in claim 7, in which said pivotal edge is formed by a
      bead added on said retaining member.
NUM  10.
PAR  10. A brake as claimed in claim 1, in which said resilient means comprise a
      spring interposed between said stirrup and said fixed support.
NUM  11.
PAR  11. A brake as claimed in claim 10, in which said spring is supported
      against said fixed support through the intermediary of at least one of
      said braking plates.
NUM  12.
PAR  12. A brake as claimed in claim 1, and further comprising elastic
      stabilization means provided between said stirrup and said fixed support
      and adapted to act on a lateral face of said stirrup, namely on a face of
      said stirrup substantially perpendicular to its transverse rear face.
NUM  13.
PAR  13. A brake as claimed in claim 12, in which said elastic stabilization
      means comprise at least one spring blade inserted between said stirrup and
      said fixed support.
NUM  14.
PAR  14. A brake as claimed in claim 12, in which the elastic member which is
      permanently fixed to said retaining member comprises two free supporting
      wings connected by a central fixing portion, said wings being
      progressively further apart from said central fixing portion, and said
      elastic member being fixed to said retaining member by its central fixing
      portion.
NUM  15.
PAR  15. A brake as claimed in claim 14, in which said elastic member extends
      overall transversely with respect to said retaining member.
NUM  16.
PAR  16. A brake as claimed in claim 14, in which said retaining member has a
      general overall shape of a U, and said elastic member is fixed to one of
      the wings of said retaining member.
NUM  17.
PAR  17. A brake as claimed in claim 14, in which the extremities of the free
      supporting wings of said retaining member are bent back.
NUM  18.
PAR  18. A brake as claimed in claim 14, in which said elastic member is
      constituted by an appropriately-shaped blade.
NUM  19.
PAR  19. A brake as claimed in claim 12, in which said elastic stabilization
      means comprise an elastic member separate from the retaining member and
      permanently fixed to said latter member.
NUM  20.
PAR  20. A brake as claimed in claim 19, in which said elastic member is
      permanently fixed to said retaining member by a rivet.
NUM  21.
PAR  21. A brake as claimed in claim 19, in which said retaining member carries
      two elastic members for co-operation respectively with each of the lateral
      faces of said stirrup.
NUM  22.
PAR  22. A brake as claimed in claim 19, in which the elastic member which is
      permanently fixed to said retaining member comprises two wings coupled
      together by a central torsion portion, said elastic member being fixed to
      said retaining member by one of its wings, while the other wing remains
      free.
NUM  23.
PAR  23. A brake as claimed in claim 22, in which the central torsion portion of
      said elastic member has a contour extending substantially over
      three-quarters of a circle, and the wings of which move farther away from
      each other from their coupling zone to said central portion.
NUM  24.
PAR  24. A brake as claimed in claim 22, in which the free wing of said elastic
      member comprises a rectilinear section terminating in a bent-back
      extremity.
NUM  25.
PAR  25. A brake as claimed in claim 22, in which the free wing of said elastic
      member is curved overall.
NUM  26.
PAR  26. A brake as claimed in claim 22, in which said retaining member is
      constituted by a suitably-shaped blade, the wing of the elastic member by
      which the latter is permanently fixed thereto is applied on one of the
      faces of said blade, while the free wing of said elastic member projects
      from the other face of said blade, after passing through an opening formed
      for that purpose in said blade.
NUM  27.
PAR  27. A brake as claimed in claim 26, in which said elastic member is itself
      constituted by a suitably-shaped blade.
NUM  28.
PAR  28. A brake as claimed in claim 22, in which said retaining member has the
      general shape of a U, the central torsion portion of the elastic member
      which is permanently fixed on the retaining member is facing the curved
      coupling zone connecting a wing of said retaining member to the central
      portion of said member, on the convex side of the retaining member.
NUM  29.
PAR  29. A brake as claimed in claim 28, in which complementary engagement means
      are provided between said retaining member and the wing of said elastic
      member by which the latter is permanently fixed to said retaining member
NUM  30.
PAR  30. A brake as claimed in claim 29, in which said complementary engagement
      means comprise a tongue formed in either said retaining member or said
      elastic member and bent back at its extremity parallel to said member,
      said tongue being engaged in an opening formed for that purpose in the
      other said member.
NUM  31.
PAR  31. A brake as claimed in claim 30, in which said tongue is formed on said
      retaining member and the extremity of the corresponding wing of said
      elastic member is itself bent back for engagement in an opening formed for
      that purpose in said retaining member.
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ABST
PAL  A hub unit is adapted to be connected to a vehicle wheel or axle for
      rotation therewith. A circular brake ring unit surrounds the hub unit and
      is divided into at least two parts located at opposite sides of the axis
      of the circular brake ring unit. Connecting elements dismountably mount
      the brake ring unit on the hub unit by releasably connecting together the
      two or more parts of the brake ring unit, whereby to permit separation of
      the parts of the brake ring unit to facilitate dismounting of the brake
      ring unit from the hub unit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to brake disk constructions, for example of
      the type disclosed in German Pat. No. 1,222,962. Users of this known
      construction have more and more required easy removal of the brake disk
      from the disk brake arrangement for purposes of replacement of worn disks,
      but without having to completely remove the vehicle wheels to gain access
      to brake disks located behind the vehicle wheels, or without having to
      completely remove the hub units on which the brake ring units may be
      mounted.
PAC  SUMMARY OF THE INVENTION
PAR  It is the general object of the invention to provide a brake disk
      construction in which the brake disk can be removed from the disk brake
      arrangement in a very simple manner without the need to first remove the
      vehicle wheels behind which the worn brake disks to be replaced are
      located.
PAR  This object, and others which will become more understandable from the
      following description of a preferred embodiment, can be met, according to
      one advantageous concept of the invention, by providing a brake disk
      construction which includes a hub unit adapted to be connected to a
      vehicle wheel for rotation therewith. A circular brake ring unit surrounds
      the hub unit and is divided into at least two parts located at opposite
      sides of the axis of the circular brake ring unit. Connecting means
      dismountably mounts the brake ring unit on the hub unit by releasably
      connecting together the just-mentioned parts of the brake ring unit,
      whereby to permit separation of such parts of the brake ring unit to
      facilitate dismounting of the brake ring unit from the hub unit.
PAR  The principal advantage of this construction is that the hub unit can be
      left mounted on the vehicle wheel or axle during replacement of a worn
      brake disk mounted on the hub unit. This is in contrast to the prior-art
      practice of forcing the hub unit off the vehicle wheel or axle for the
      purpose of replacement of the worn brake disk.
PAR  The novel features which are considered as characteristic for the invention
      are set forth in particular in the appended claims. The invention itself,
      however, both as to its construction and its method of operation, together
      with additional objects and advantages thereof, will be best understood
      from the following description of specific embodiments when read in
      connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front view of a brake disk arrangement according to the
      invention; and
PAR  FIG. 2 is a section taken along line II--II of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The construction illustrated in FIGS. 1 and 2 is comprised of a central hub
      unit 11 adapted to be mounted on the axle of a vehicle wheel. The hub unit
      11 is comprised of three equi-angularly spaced carrier arms 12 of
      generally fork-shaped configuration. Each carrier arm 12 is provided with
      an axially extending recess 13. The hub unit 11 is formed from a material
      of high toughness and has an inner diameter so selected that the hub unit
      11 is mounted on the vehicle wheel axle by means of force-fitting.
PAR  The brake ring unit 14 is comprised of two axially spaced annular
      disk-shaped sections. The two disk-shaped sections are joined together by
      radially extending air guide ribs which define radially extending cooling
      passages (see FIG. 1) open at both their radially inner and radially outer
      ends, for the passage of cooling air in radial direction through the space
      between the axially spaced annular disk-shaped sections.
PAR  The brake ring unit 14 is divided along a radial plane into two halves
      having facing and abutting surface portions meeting along the seam lines
      15 located in the just-mentioned radial plane. The material of the brake
      ring unit 14 is of low elasticity, but of high wear-resistance, for
      example cast iron.
PAR  The brake ring unit 14 is provided with three equi-angularly offset
      radially inwardly projecting mounting projections 19a, 19b, 19c. These
      projections are received and wedged in the axially extending receiving
      recesses 13, i.e., between the two prongs of each of the fork-shaped
      carrier arms 12. In this way, the brake ring unit 14 is mounted on the hub
      unit 11.
PAR  Each of the axially extending receiving recesses 13, at the radially
      outermost portion thereof, is configurated to abut and tightly engage the
      sides of the radially innermost portion of the respective mounting
      projection 19. However, the axially extending receiving recesses 13 are
      each provided at both their axial ends with widened portions 21 into which
      are inserted wedge members 20 for the purpose of preventing axial shifting
      of the brake ring unit 14. As seen most clearly in FIG. 2, the two wedge
      members 20 inserted into the widened portions 21 at the opposite axial
      ends of the receiving recess 13 are connected together by an axially
      extending threaded screw 22.
PAR  It will be noted that the radial plane (at 15) which bisects the brake ring
      unit 14 bisects one of the radially inwardly projecting mounting
      projections, namely the mounting projection 19b. The mounting projection
      19b constitutes the radially inward end of a radially extending joining
      portion, which is likewise bisected. The two halves of the bisected
      joining portion, each of which is integral with one of the two halves of
      the brake ring unit 14, are connected together by means of a tangentially
      extending nut-and-bolt unit 17, the bolt of which passes through both
      halves of the joining portion. To facilitate proper positioning of the two
      halves of the joining portion and associated mounting projection 19b
      relative to each other, use is made of a centering pin 16.
PAR  The two halves of the brake ring unit 14 are furthermore connected
      diametrically opposite the mounting projection 19b by means of structure
      similar to that just described, but not constituting one of the mounting
      projections which mount the brake ring unit 14 on the hub unit 11.
PAR  According to the invention, it is also possible to similarly bisect,
      trisect or in other manner subdivide the hub unit 11, to facilitate
      dismounting, and to similarly mount the thus subdivided hub unit 11 on the
      vehicle wheel axle, i.e., employing connecting screws and wedge members as
      shown in the drawing for the connection together of the two halves of
      brake ring unit 14. If the hub unit 11 is to be subdivided in this manner,
      care should in general be taken to avoid orientation of the dividing plane
      such that it would pass through one of the carrier arms 12, since this
      would tend to reduce the clamping effectiveness of the two prongs of the
      carrier arm 12.
PAR  It will be noted that with this construction the radially inner ends of the
      radially extending air passages are substantially unobstructed, thereby
      not interfering with the desired cooling action, and with no excessive
      reduction in the flow cross-sections of these cooling passages being
      necessary.
PAR  Furthermore, the connecting screw 17, which can also be formed as a
      necked-down bolt, can advantageously be slightly loosened, this having the
      advantageous result of causing a slight separation between the two halves
      of the mounting projection 19b, and thereby a tighter wedging of the
      projection 19b in the associated receiving recess 13.
PAR  Also, the complete screwed-together brake ring unit with the three mounting
      projections can be worked upon in the same special machine tool as
      employed for similar undivided brake ring units, so that in conjunction
      with the clamping action of the hub unit the replacement of worn brake
      ring units can be performed without special techniques. The contact
      surfaces between the mounting projections 19a, 19b and the receiving
      recesses 13 can accordingly be surface-hardened.
PAR  Furthermore, axial shifting of the brake ring unit 14 on the hub unit 11 is
      reliably prevented, due to the combined action of the wedge members 20 and
      the centering pins 16.
PAR  Any rotary imbalances which may occur can be compensated by changing the
      strength of the radially extending air-guide ribs.
PAR  The brake ring unit 14 can according to the invention be subdivided into
      any desired number of parts, but care should be taken to assure that the
      dividing plane passes through at least one of the mounting projections in
      the manner shown with respect to projection 19b.
PAR  It will be understood that each of the elements described above, or two or
      more together, may also find a useful application in other types of
      constructions differing from the types described above.
PAR  While the invention has been illustrated and described as embodied in a
      brake disk construction for use in disk brake arrangements, particularly
      for railroad cars, it is not intended to be limited to the details shown,
      since various modifications and structural changes may be made without
      departing in any way from the spirit of the present invention.
PAR  Without further analysis, the foregoing will so fully reveal the gist of
      the present invention that others can, by applying current knowledge,
      readily adapt it for various applications without omitting features that,
      from the standpoint of prior art, fairly constitute essential
      characteristics of the generic or specific aspects of this invention and,
      therefore, such adaptations should and are intended to be comprehended
      within the meaning and range of equivalence of the following claims.
CLMS
STM  What is claimed as new and desired to be protected by Letters Patent is:
NUM  1.
PAR  1. A brake disk construction, comprising, in combination, a circular hub
      unit adapted to be connected to a vehicle wheel for rotation therewith and
      comprised of a plurality of radially outwardly extending angularly spaced
      carrier arms each comprised of a pair of angularly spaced prong portions
      defining between themselves a receiving recess; a circular brake ring unit
      surrounding said hub unit and comprised of angularly spaced radially
      inwardly projecting mounting projections each clamped between the two
      prong portions of a respective carrier arm, said brake ring unit being
      divided along at least one radial plane into at least two parts located at
      opposite sides of the axis of said circular brake ring unit, each part
      having surfaces abutting corresponding surfaces of the adjoining part to
      form radially extending seams located in said at least one radial plane,
      wherein at least one of said mounting projections constitutes the radially
      innermost part of a radially extending joining portion forming part of
      said circular brake ring unit, and wherein said at least one mounting
      projection and the associated radially extending joining portion are
      bisected by said radial plane to form two halves each fast with a
      respective one of said parts of said brake ring unit; and connecting means
      dismountably mounting said brake ring unit on said hub unit by releasably
      connecting together said parts of said brake ring unit, whereby to permit
      separation of said parts of said brake ring unit to facilitate dismounting
      of said brake ring unit from said hub unit, said connecting means
      including an elongated connector unit oriented perpendicular to said axis
      and to said radial plane and passing through and connecting together said
      two halves of said joining portion, wherein said brake ring unit is
      comprised of two rigidly connected axially spaced annular disk-shaped
      sections, and wherein said joining portion and elongated connector unit
      are located intermediate said two annular disk-shaped sections, wherein
      said two axially spaced annular disk-shaped sections are joined together
      by radially extending ribs which define radially extending cooling
      passages open at both their radially inner and radially outer ends for the
      flow of cooling air in radial direction through the space between said
      disk-shaped sections, wherein said receiving recesses and said mounting
      projections extend in direction axially of said hub unit and of said brake
      ring unit, wherein said connecting means further includes an elongated
      centering member parallel to said connector unit and passing through and
      properly positioning said two halves of said joining portion relative to
      each other, wherein said connecting means further includes wedge members
      wedged into the ends of said axially extending receiving recesses to
      prevent relative axial shifting between said hub unit and said circular
      brake ring unit, wherein said axially elongated mounting projections are
      shorter in axial direction than said axially extending receiving recesses,
      and wherein each axially extending receiving recess has at each of its
      axial ends a widened portion in which is received and wedged one of said
      wedge members, and wherein said connecting means further includes a
      plurality of screws each passing through and connecting together the two
      wedge members located in a respective one of the receiving recesses.
NUM  2.
PAR  2. A construction as defined in claim 1, wherein said wedge members are so
      configurated and oriented in said widened portions of said receiving
      recesses as to be compressed predominantly in the direction perpendicular
      both to said axis and to said radial plane.
NUM  3.
PAR  3. A brake disk construction, comprising, in combination, a circular hub
      unit adapted to be connected to a vehicle wheel for rotation therewith and
      comprised of a plurality of radially outwardly extending angularly spaced
      carrier arms each comprised of a pair of angularly spaced prong portions
      defining between themselves a receiving recess; a circular brake ring unit
      surrounding said hub unit and comprised of angularly spaced radially
      inwardly projecting mounting projections each clamped between the two
      prong portions of a respective carrier arm, said brake ring unit being
      divided along at least one radial plane into at least two parts located at
      opposite sides of the axis of said circular brake ring unit, each part
      having surfaces abutting corresponding surfaces of the adjoining part to
      form radially extending seams located in said at least one radial plane,
      wherein at least one of said mounting projections constitutes the radially
      innermost part of a radially extending joining portion forming part of
      said circular brake ring unit, and wherein said at least one mounting
      projection and the associated radially extending joining portion are
      bisected by said radial plane to form two halves each fast with a
      respective one of said parts of said brake ring unit; and connecting means
      dismountably mounting said brake ring unit on said hub unit by releasably
      connecting together said parts of said brake ring unit, whereby to permit
      separation of said parts of said brake ring unit to facilitate dismounting
      of said brake ring unit from said hub unit, said connecting means
      including an elongated connector unit oriented perpendicular to said axis
      and to said radial plane and passing through and connecting together said
      two halves of said joining portion, wherein said receiving recesses and
      said mounting projections extend in direction axially of said hub unit and
      of said brake ring unit, wherein said connecting means further includes
      wedge members wedged into the ends of said axially extending receiving
      recesses to prevent relative axial shifting between said hub unit and said
      circular brake ring unit, wherein said axially elongated mounting
      projections are shorter in axial direction than said axially extending
      receiving recesses, and wherein each axially extending receiving recess
      has at each of its axial ends a widened portion in which is received and
      wedged one of said wedge members, and wherein said connecting means
      further includes a plurality of screws each passing through and connecting
      together the two wedge members located in a respective one of the
      receiving recesses.
NUM  4.
PAR  4. A construction as defined in claim 3, wherein said brake ring unit is
      comprised of two rigidly connected axially spaced annular disk-shaped
      sections, and wherein said joining portion and elongated connector unit
      are located intermediate said two annular disk-shaped sections.
NUM  5.
PAR  5. A construction as defined in claim 4, wherein said two axially spaced
      annular disk-shaped sections are joined together by radially extending
      ribs which define radially extending cooling passages open at both their
      radially inner and radially outer ends for the flow of cooling air in
      radial direction through the space between said disk-shaped sections.
NUM  6.
PAR  6. A construction as defined in claim 3, wherein said elongated connector
      unit is a threaded screw.
NUM  7.
PAR  7. A construction as defined in claim 3, wherein said connecting means
      further includes an elongated centering member parallel to said connector
      unit and passing through and properly positioning said two halves of said
      joining portion relative to each other.
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ABST
PAL  A multi-functional, foldable suitcase is provided which comprises a pair of
      flexible, elongated side walls, one of said side walls overlying the other
      in spaced relationship relative thereto, a flexible end wall of
      substantially constant cross-section having a pair of opposed edges, each
      opposed edge being connected to a respective side wall for thereby
      defining a suitcase enclosure for housing garments therein. Means are
      provided within remote ends of the enclosure for defining the depth
      dimension of the suitcase and for defining a pair of concomitant, remote,
      discrete packing compartments within the enclosure for housing folded
      garments therein. A means underlies one of the side walls and cooperates
      therewith for defining a garment suspension space within the enclosure.
      The means overlies the packing compartments and the suspension space, in
      general, has dimensions of width and length substantially corresponding to
      the side wall. Another means is provided and secured to the other side
      wall for defining fold lines therein, remote ends of the suitcase being
      foldable into confronting relation about the fold lines.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to suitcases. More particularly, the instant
      invention relates to improved details of construction for a foldable
      suitcase including discrete packing compartments and provided with means
      for suspending garments therein.
PAR  Conventional foldable suitcases are commonly employed for the exclusive
      purpose of suspending garments therein such as suits, dresses and like
      garments which would otherwise crease, wrinkle or the like if folded and
      packed into conventional luggage. These conventional foldable cases do not
      usually include provision for packing large quantities of folded items
      therein. To the extent that they are adapted to carry even small
      quantities of folded items, the suitcase is usually provided with a
      zippered pocket formed between the external suitcase fabric and an
      interior liner. Alternatively, it has been known to separately fabricate
      an add-on compartment which may be connected to the suitcase to form a
      composite unit adapted to carry folded as well as suspended garments or
      like articles.
PAR  However, none of these prior constructions provide an integral, relatively
      inexpensive unit in which garments may be hung and folded, as desired,
      with due attention given to the nature of the article. Prior units have
      been provided with a single access means for which to gain access into the
      interior of the suitcase. The instant suitcase construction makes
      provision for access into the discrete packing compartments, as well as
      providing access to the interior of the suitcase for suspending or
      removing suspended garments therefrom.
PAC  SUMMARY OF THE INVENTION
PAR  Generally speaking, in accordance with the invention, a multi-functional,
      foldable suitcase is provided which comprises a pair of flexible,
      elongated side walls, one of the side walls overlying the other in spaced
      relationship relative thereto, and a continuous flexible end wall of
      substantially constant cross-section having a pair of opposed edges, each
      opposed edge being connected to a respective side wall for thereby
      defining a suitcase enclosure for housing garments therein. Means are
      provided within remote ends of the enclosure for defining the depth
      dimension of the suitcase and for defining a pair of concomitant, remote,
      discrete packing compartments within the enclosure for housing folded
      garments therein. A means underlies one of the side walls and cooperates
      therewith for defining a garment suspension space within the enclosure.
      The means overlies the packing compartments and, in general, the
      suspension space has dimensions of width and length substantially
      corresponding to the side wall. Another means is secured to the other side
      wall and defines fold lines therein, the remote ends of the suitcase being
      foldable into confronting relation about the fold lines.
PAR  Accordingly, it is an object of this invention to provide a foldable
      suitcase which includes discrete packing compartments for folded garments
      and the like and also is adapted to carry garments suspended substantially
      for the length of the suitcase.
PAR  Another object of the invention is to provide individual access means into
      the discrete packing compartments provided in the suitcase.
PAR  A further object of the invention is to provide access means into the
      suitcase for suspending or removing garments and like items therefrom
      without disturbing the items which may be in one or the other discrete
      packing compartments.
PAR  Still another object of the invention is to provide a lightweight
      non-abrasive frame which is substantially impact-resistant and which is
      fitted and secured within the suitcase enclosure for defining one or the
      other discrete packing compartments therein.
PAR  Still other objects and advantages of the invention will, in part, be
      obvious and will, in part, be apparent from the specification.
PAR  The invention accordingly comprises the features of construction,
      combinations of elements, and arrangement of parts which will be
      exemplified in the constructions hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIG. 1 is a perspective view of a foldable suitcase, shown in a folded
      condition and constructed in accordance with this invention;
PAR  FIG. 2 is a perspective view of the embodiment shown in FIG. 1 in a laid
      out position showing means for access into the packing compartments
      provided in the suitcase;
PAR  FIG. 3 is a perspective view of the embodiment shown in FIG. 1 in a laid
      out position showing access to the interior of the suitcase principally
      for the purpose of suspending or removing suspended garments or like items
      therefrom;
PAR  FIG. 4 is a detail perspective view of a pocket attachment releasably
      connected to an end wall of the packing compartment shown in FIG. 2;
PAR  FIG. 5 is a perspective view of the longitudinally suspended suitcase
      showing the manner in which garments may be suspended therein;
PAR  FIG. 6 is a perspective view of an embodiment of the frame which may be
      fitted and secured within the suitcase to define the packing compartments
      provided therein;
PAR  FIG. 7 is a sectional view of the embodiment shown in FIGS. 2 and 3, taken
      along line 7--7 thereof;
PAR  FIG. 8 is a sectional view of the embodiment shown in FIG. 7 taken along
      line 8--8 thereof;
PAR  FIG. 9 is a sectional view of the embodiment shown in FIG. 7, taken along
      line 9--9 thereof;
PAR  FIG. 10 is an exploded view of the detail shown in phantom line in FIG. 7
      generally designated by reference to FIG. 10;
PAR  FIG. 11 is a sectional view of the embodiment shown in FIG. 10, taken along
      line 11--11 thereof;
PAR  FIG. 12 is a sectional view of the embodiment shown in FIG. 10, taken along
      line 12--12 thereof;
PAR  FIG. 13 is an exploded view of the detail shown in phantom line in FIG. 7
      generally designated by reference to FIG. 13;
PAR  FIG. 14 is an exploded view of the detail shown in phantom line in FIG. 8
      generally designated by reference to FIG. 14 therein;
PAR  FIG. 15 is an exploded view of the detail shown in phantom line in FIG. 7
      generally indicated by reference to FIG. 15 therein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring generally to FIGS. 1-7, the foldable suitcase 15 is of typical or
      conventional form in that it is rectangular both in cross-section and in
      longitudinal section. It is, however, unique in its interior construction
      and means for access thereto. As best seen in FIGS. 2 and 3, the suitcase
      15 comprises horizontally disposed side walls which are designated in
      their entireties respectively by numerals 16 and 17 and an end wall
      designated in its entirety by numeral 18. The length and width of the
      suitcase is established by overlying side walls 16 and 17 and the height
      of the suitcase is established by end wall 18. For the manufacture of the
      suitcase, side walls 16 and 17 and end wall 18 may be of any suitable
      flexible material such as, for instance, leather, fabric, or any other
      suitable material of predetermined length and width.
PAR  End wall 18 is of substantially constant cross-section and is provided with
      a pair of substantially parallel opposed edges 19 and 20 which are
      respectively connected to respective side walls 16 and 17. The connections
      may be integral or by any mechanical means, for instance, by stitching or
      by application of an adhesive composition. A pair of abrasion resistant
      ribs 21 and 22 provided, for instance, with an interiorly extending
      continuous channel, protects the connection between panels against
      separation which may be caused by abrasion or rough handling during
      transit. The respective joints formed by the connection between end wall
      18 and respective side walls 16 and 17 may, for instance, fit within the
      respective continuous channels provided in ribs 21 and 22 and the ribs may
      be secured thereto by suitable mechanical means such as a suitable
      adhesive or stitching, as best seen in FIG. 14.
PAR  As best seen in FIGS. 3 and 5, side wall 16 comprises panels 23 and 24
      connected along respective longitudinal edges thereof 25, 26 and
      respective transverse edges thereof 29, 30 to edge 19 of end wall 18.
      Along their other respective longitudinal edges 27 and 28, panels 23 and
      24 are connectable as by zipper 33 for defining side wall 16. Each panel
      23 and 24 is provided with a remote transverse edge 31 and 32 which is
      detached from end wall 18. When the panels 23 and 24 are aligned over
      suitcase 15, detached transverse edges 31 and 32 are in substantially
      linear alignment. When the zipper located in flap 16 is moved to an open
      position, as by moving it from right to left as viewed in FIG. 3 for
      displaying panels 23 and 24 of side wall 16, each of flaps 23 and 24 is
      outwardly foldable for gaining access within the suitcase enclosure. To
      close side wall 16, flaps 23 and 24 are realigned over the enclosure and
      secured together by zipper 33 as by moving the zipper from left to right,
      as viewed in FIG. 3.
PAR  Flaps 23 and 24 include respective gussets 34 and 35 (not shown) to
      strengthen the connection thereof to end wall 18 and provide outward
      extensibility therein for suspending a number of garments under side wall
      16. The connection between gussets 34 and 35 and the foldable portion of
      flaps 23 and 24 may be protected, as by ribs 36 and 37 (not shown), in the
      manner described above, which descend into and join ribs 21 and 22 at
      respective ends thereof.
PAR  Underlying side wall 16 is a flexible liner 38 seamed into rib 22 and
      overlying the packing compartments provided in suitcase 15. Between liner
      38 and side wall 16 a garment suspension space 39 is defined. A plurality
      of suits 40, for instance, may be draped over conventional hangers and
      introduced into garment suspension space 39 overlying liner 38. A catch 41
      is provided for the hook portion of the hangers.
PAR  As best seen in FIG. 2, additional means for access into the suitcase
      enclosure is provided. Remote ends of side wall 17 are provided with
      zippers 42 and 43 for establishing means for entry into packing
      compartments 44 and 45 defined within the suitcase enclosure. Packing
      compartments 44 and 45 are themselves discrete and concomitantly therewith
      zippers 42 and 43 are discrete and the route of each respective zipper
      adjacent the periphery of side wall 17 is generally configured to conform
      with the usable packing space provided in compartments 44 and 45. When
      zippers 42 and 43 are respectively moved in counter-clockwise and
      clockwise directions along their prescribed paths, a pair of outwardly
      foldable flaps 45 and 47 are displayed. Each flap 46 and 47 is integrally
      hinged along a transverse line to side wall 17 and each flap may be
      discretely outwardly folded as best seen in FIG. 2 to expose the packing
      area provided in compartments 44 and 45. By realignment of flaps 46 and
      47, zippers 42 and 43 may be moved along their paths oppositely to the
      first mentioned direction thereof for thereby connecting the respective
      flaps to side wall 17 for closing the suitcase housing.
PAR  End wall 18, along remote panels 48 and 49, is provided with exteriorly
      extending studs 50 (not shown) and 50'. Three pairs of studs 50 and 50'
      are provided on each of remote transverse panels 48 and 49 and each pair
      of studs is adjacent the joint formed where remote transverse panels 48
      and 49 respectively join longitudinal panels 51 and 52 of end wall 18. As
      best seen in FIG. 1, in a folded condition of suitcase 15, it rests upon
      respective studs 50, 50' for thereby protecting remote transverse panels
      48, 49 thereof against abrasion which may occur during handling and
      transit.
PAR  Referring particularly to FIGS. 1-3, it is observed that straps 53 and 53'
      are connected to suitcase 15 at end wall 18. Alignable with each strap 53,
      53' depending from respective longitudinal end wall panels 51, 52 is a
      buckle 54, 54' also depending from respective longitudinal end wall panels
      51, 52. Each strap 53, 53' is provided with a plurality of aligned
      apertures which may be fastened into hook and buckle means 54, 54'. The
      particular manner in which each strap 53, 53' engages into each buckle 54,
      54' for securing remote ends of suitcase 15 in a closed condition for
      transit is best seen with reference to FIG. 1. Respective straps and
      buckles 53, 54 and 53', 54' are aligned for fastening when suitcase 15 is
      folded. Straps 53, 53' are each spaced one from the other according to the
      predetermined size of the packing compartments provided in suitcase 15 and
      buckles 54, 54' are respectively oppositely alignable therewith. Moreover,
      respective straps 53, 53' and buckles 54, 54' are spaced a predetermined
      distance, one from the other, as determined by the general size of
      suitcase 15 and the provision included therein for folding remote ends
      thereof into confronting relationship.
PAR  For carrying folded suitcase 15, handle 55 is provided. Aligned lugs 56 and
      56' are substantially centrally located in side wall 17 and are secured
      therein. Each lug 56 and 56' includes a pair of hingedly connected flanges
      provided with opposed apertures for receiving a pintle pin received
      through respective ends of handle 55 for thereby pivotably securing
      respective ends of handle 55 to lugs 56 and 56'.
PAR  Referring now to FIGS. 2, 6, 7 and 10, the configuration and orientation of
      frames 57, 57' may be observed. In defining packing compartments 44 and 45
      within the suitcase enclosure, a pair of frames 57, 57' are employed. Each
      frame is fitted and secured within the enclosure and at remote ends
      thereof in substantially mirror image relationship. The frames are
      provided with a U-configuration and each comprises a rigid base plate 58,
      58' having a pair of resilient legs connected thereto. Each leg comprises
      two pair of substantially parallel struts 59, 59' and 60, 60' joined to
      opposed ends of respective base plates 58, 58' at respective sets of ends
      thereof, for instance, by rivets. Spacer strips 61, 61' and 62, 62' are
      connected at opposite ends thereof to respective struts of each leg, as by
      rivets, to define a substantially constant distance between struts of
      respective legs. Another resilient strut 63, 64 extends transversely
      between substantially parallel legs of the frame. Struts 63, 64 are
      provided with opposed upstanding vertical legs 65, 65' and 66, 66', each
      having their free and jointed ends overlying and secured to respective
      struts 59, 59', 60 and 60'. Upstanding legs 65, 65', 66 and 66' are of
      substantially the same length as spacers 61, 61', 62 and 62' and the
      respective lengths of upstanding legs 65, 65', 66 and 66' and spacers 61,
      61', 62 and 62' establish the depth of respective packing compartments 44
      and 45 within the suitcase enclosure.
PAR  Frames 57 and 57' are fitted and secured within respective packing
      compartments 44 and 45 in the manner shown generally in FIG. 2 and
      particularly shown in FIGS. 7, 10 and 14 as by rivets 67 which connect
      upstanding legs 65, 65', 66 and 66' to respective struts 59, 59', 60 and
      60' and end wall 18 of the suitcase. The transverse section of each strut
      63, 64 as secured and fitted within the suitcase enclosure underlies side
      wall 16 substantially at the interior end of respective packing
      compartments 44 and 45. Overlying base plates 58, 58' of frames 57, 57' is
      a fabric cover so as to prevent any garment packed within compartments 44
      and 45 from tearing, snagging or ripping upon a rough or abrasive edge of
      either plate. Base plates 58, 58' are fixedly connected to end wall 18,
      for instance, by means of rivets 68. As hereinafter set forth in detail,
      struts 63 and 64 provide a lever action for folding remote ends of
      suitcase 15 into confronting relationship.
PAR  Referring now to FIGS. 2, 3, 7-9 and 13, located between struts 63 and 64
      is a flexible interior housing 69 within the suitcase enclosure. Means for
      access thereto is provided by a zipper 70 located in liner 38. When side
      wall 16 is unzippered to display panels 23 and 24 therein and the panels
      23 and 24 are outwardly folded, access to the interior of housing 69 may
      be had by opening zipper 70 for thereby exposing slot 71, shown
      particularly in FIG. 7. Access into housing 69 may not be had through side
      wall 17. Housing 69 comprises the mid-portion of liner 38 and a pair of
      flaps 72 and 73 upstanding therefrom, as best seen in FIG. 7, and a pair
      of flaps 74, 75 depending downwardly from side wall 17. Respective
      overlying flaps 72, 74 and 73, 75 are provided with means for making
      releasable connections therebetween, for instance, snap hooks and
      fasteners 76 and 77, as best seen in FIG. 13. The height and width of
      housing 69 is established by respective pairs of releasably connected
      panels 72, 74 and 73, 75.
PAR  As best seen in FIGS. 7 and 15, underlying side wall 17 and secured thereto
      within housing 69 is a rigid panel 78. The connection between panel 78 and
      side wall 17 may be mechanical, for instance, supporting feet 79 and 79'
      (not shown) for respective lugs 56 and 56' may be threaded therethrough
      into blind openings provided therefor in said lugs. Underlying panel 78 is
      a resilient panel 80 which extends widthwise a predetermined distance
      beyond respective edges 81, 81' of rigid panel 78. Each widthwise
      extension 82, 82' of panel 80 comprises an inwardly flexible portion of
      predetermined elasticity. Respective margins of each widthwise extension
      82, 82' proximate and distal panel 78 are secured to side wall 17, as by
      transverse stitching 83, 83' and 84, 84' (not shown). Opposed edges 85,
      85' of panel 80 define respective fold lines in side wall 17 about which
      remote ends of suitcase 15 are foldable into confronting relationship, as
      shown in FIG. 1. To facilitate the fold and minimize the deformation of
      panel 80 during the folding operation respective hems 86 and 86' (not
      shown) may be drawn from side wall 17 and tucked and secured under
      respective edges 85 and 85' of panel 80.
PAR  Therefore, housing 69 is provided with a generally rectangular shape and
      has flexible side walls hingedly connected to liner 38 and side panel 17
      and a flexible topside panel through which access into the enclosure
      formed thereby may be had. Also mounted in panel 78 and lugs 56, 56' into
      which handle 55 is journalled. Articles enclosed within housing 69 are
      generally segregated from the hung or folded garments which may be
      included within the suitcase. For instance, it may be desirable to enclose
      within housing 69, items such as soiled garments, toiletries and like
      items which otherwise may ruin folded or suspended garments by spillage.
PAR  Referring particularly to FIGS. 2, 4, 8, 9 and 13, pocket members 87 and
      87' may be provided for housing desirably segregable small items therein.
      Each pocket is substantially tubular and respective ends thereof are
      provided with zippers 88, 88' for access into the pockets. Pockets 87, 87'
      are releasably connected to side walls of housing 69, as by snap fasteners
      89, 89' which are located respectively on the rear panel of the pocket and
      exterior surface of the respective side wall.
PAR  As best seen in FIGS. 3, 7 and 10, liner 38 flexibly underlies side wall
      panel 16 of the suitcase and is deformable, and garments which are
      suspended within the suitcase enclosure such as suits, dresses, slacks and
      like garments may be suspended thereover and these garments underlie
      extensible side wall 16 of the suitcase which is provided with access
      means thereto. The natural deformation of liner 38 under the pressure of
      suspended overlying garments provides a natural pocket therebetween and
      extensible side wall 16 for thereby maintaining the position of garments
      suspended within the suitcase enclosure. The garments to be suspended for
      the length of the suitcase enclosure are generally themselves suspended
      from conventional hangers provided with a hook member, and a lug 90 is
      provided for releasably latching the hanger thereto, as best seen in FIGS.
      10 and 12. An angle bar 91 is fixedly connected to base plate 58 of frame
      57, one section thereof 92 being connected to base plate 58 and the other
      section 93 thereof overlying liner 38. A collar 94 is fixed to section 93
      and depends downwardly therefrom through an access opening in liner 38
      into suspension space 39. A closed end lug 41 is carried in collar 94 and
      provides means for hanging the garments to be suspended.
PAR  In packing the suitcase for transit, access thereto may be had, for
      instance, through side wall 16, in the manner heretofore described and in
      packing compartments 44 and 45 may be placed folded garments and like
      items and articles. Into housing 69 desirably segregable items of the type
      described may be placed through access means 70, 71. Thereafter, garments
      which it is desired to suspend full length in transit may be connected to
      flange 41 and extended for the length of the suitcase enclosure as defined
      between side wall 16 and liner 38. Thereafter, panels 23 and 24 may be
      secured together in the manner described for enclosing all packed articles
      within the suitcase enclosure.
PAR  As best seen in FIGS. 5 and 11, a flexible flange 95 may be hingedly
      connected along transverse panel 48 of end wall 18 which is adapted to
      overlie the zipper starting point provided is side wall 16. Flexible
      flange 95 is provided with snap hook receivers 96 which coact with button
      fasteners 97 mounted exteriorly on side wall 16 and when fastened thereto,
      assure against accidental opening of zipper 33 during transit of the
      suitcase. When it is not desired to suspend garments within the suitcase
      for the length thereof, then access may be had into compartments 44 and 45
      from side wall 17 of the suitcase. One or the other or both of
      compartments 44 and 45 may be packed as desired and if only one of the
      compartments is packed, the packed garments will not shift during transit
      of the suitcase because each packing compartment is discretely defined
      between a frame 48 and a sidewall of interior housing 69. To facilitate
      the hanging of garments, such as suits 40 in access space 39, transverse
      panel 48 of end wall 18 has a button hook 98 connected thereto and the
      case 15 may be suspended thereon for access into suspension space 39.
PAR  After the suitcase has been packed, it may be placed or turned on a
      substantially flat surface to display side wall 16. Remote ends of the
      suitcase are individually grasped with either hand and flexed upwardly
      thereby folding compartments 44 and 45 into confronting back to back
      relationship. The back to back remote ends of the suitcase may be secured
      in the manner described with straps 53, 53' and buckles 54, 54'. As best
      seen in FIG. 1, the packed and folded suitcase displays side wall 17. In
      folding the remote ends of the suitcase, each end levers around its
      transverse member 63, 64 and the fold lines defined by panel 80 which
      flexes somewhat during the closure.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained, and
      since certain changes may be made in the above constructions without
      departing from the spirit and scope of the invention, it is intended that
      all matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multi-functional, foldable suitcase comprising first and second
      flexible, elongated side walls, said first side wall overlying said second
      side wall in spaced relationship relative thereto, a continuous flexible
      end wall of substantially constant cross-section having a pair of opposed
      edges, each opposed edge being connected to a respective side wall for
      thereby defining a suitcase enclosure for housing garments therein, said
      suitcase enclosure having a pair of remote ends therein, means within said
      remote ends of said enclosure for defining a pair of concomitant, discrete
      packing compartments within said enclosure for housing folded garments
      therein, each of said packing compartments having a depth corresponding to
      said means, said means comprising first and second substantially resilient
      configured frames of predetermined length fitted and secured within a
      respective remote end of said enclosure between said first and second side
      walls, means underlying said first side wall and cooperating therewith for
      defining a garment suspension space within said enclosure said
      last-mentioned means overlying said packing compartments, said suspension
      space having dimensions of width and length substantially corresponding to
      said first side wall, and means secured to said second side wall for
      defining fold lines therein, said remote ends of said suitcase being
      foldable into confronting relation about said fold lines.
NUM  2.
PAR  2. The foldable suitcase as claimed in claim 1, wherein said first side
      wall of said suitcase includes a pair of flexible panel members, each
      panel member being provided with a longitudinal edge connected to said end
      wall and a longitudinal edge along which said panel members are engageable
      for defining said first elongated side wall, each panel member having a
      respectively contiguous transverse edge which is detached from said end
      wall, said detached edges being alignable, one with the other, when said
      body panels are longitudinally connected for forming a composite elongated
      side wall, each of said panel members being outwardly foldable for access
      into said garment suspension space within said enclosure.
NUM  3.
PAR  3. The foldable suitcase as claimed in claim 1, wherein said first
      configure frame is substantially a mirror image of said second configured
      frame and each has a U-configuration comprising a rigid base plate and a
      pair of resilient legs connected thereto at respective ends thereof, each
      leg comprising a pair of substantially parallel struts connected to said
      base plate at a respective pair of ends, at least one spacer strip
      connected at opposite ends thereof to respective struts of each leg to
      define a substantially constant distance between struts of respective
      legs, and another strut extending transversely between respective legs of
      said frame, said another strut having a pair of upstanding arms at opposed
      ends thereof, each arm being connected to respective struts of a leg of
      said frame, said another strut underlying said first side wall of said
      suitcase.
NUM  4.
PAR  4. The foldable suitcase as claimed in claim 1, including a plurality of
      studs mounted on remote ends of said end wall, said studs extending
      exteriorly thereof, said suitcase being supported on said studs when said
      suitcase is in a folded upright position, said studs preventing abrading
      of said end wall.
NUM  5.
PAR  5. The foldable suitcase as claimed in claim 1, including two substantially
      parallel protective ribs, each rib having an interiorly extending
      continuous channel, the connected edge between each side wall and said end
      wall fitting into a channel of a respective rib and being secured therein
      by mechanical means, said ribs protecting the connective joint between
      side walls and said end wall against abrasion and detachment during
      handling of said suitcase.
NUM  6.
PAR  6. The foldable suitcase as claimed in claim 1, including means mounted in
      said end wall for fixedly connecting remote ends of said suitcase in a
      folded condition.
NUM  7.
PAR  7. The foldable suitcase as claimed in claim 1, including a handle mounted
      on said other side wall and extending exteriorly of said suitcase
      enclosure for carrying said suitcase in a folded condition.
NUM  8.
PAR  8. The foldable suitcase as claimed in claim 1, including a non-abrasive
      fabric overlying each of said first and second configured frames for
      preventing abrasion to any garments or like articles packed or suspended
      within said suitcase enclosure.
NUM  9.
PAR  9. The foldable suitcase as claimed in claim 1, said means for defining
      fold lines in said second side wall comprising a rigid panel underlying
      said second side wall and extending transversely across said side wall,
      said rigid panel having a pair of opposed substantially transversely
      extending edges, and a resilient panel underlying said rigid panel and
      extending widthwise a predetermined distance beyond said edges of said
      rigid panel, said resilient panel having a pair of opposed substantially
      parallel transversely extending edges, each widthwise extension of said
      resilient panel comprising an inwardly flexible portion of determined
      elasticity, respective margins of each flexible portion proximate and
      distal said rigid panel being secured to said second side wall, said
      opposed edges of said resilient panel defining respective fold lines in
      said second side wall about which said remote ends of said suitcase are
      foldable into confronting relation.
NUM  10.
PAR  10. The foldable suitcase as claimed in claim 9, said panels underlying
      said second side wall substantially at a mid-point thereof and being
      substantially symmetrical about a plane transversely bisecting said
      suitcase.
NUM  11.
PAR  11. The foldable suitcase as claimed in claim 1, including a pair of
      discrete means for access into each discrete packing compartment within
      said enclosure, said discrete means generally having the configuration of
      a respective first and second configured frame defining said discrete
      packing compartments within said enclosure.
NUM  12.
PAR  12. The foldable suitcase as claimed in claim 11, each discrete means for
      access into each discrete packing compartment within said enclosure
      including a gusset connected between said end wall and said second side
      wall, and a zipper having open and closed positions mounted in said
      gusset, in an open position of said zipper a portion of said second side
      wall overlying and corresponding with one of said packing compartments
      being outwardly foldable for entry into said compartment.
NUM  13.
PAR  13. The foldable suitcase as claimed in claim 1, said means underlying said
      first side wall and cooperating therewith for defining said garment
      suspension space within said enclosure comprising a flexible liner.
NUM  14.
PAR  14. The foldable suitcase as claimed in claim 13, including a pair of
      flexible partitions connected between said side wall and said liner within
      said enclosure and substantially perpendicular thereto, said partitions
      being substantially parallel and spaced, one from the other, each of said
      partitions segregating one of said packing compartments from the other,
      said partitions defining an interior enclosure within said suitcase for
      segregating selected articles, such as toiletries, soiled garments and
      like items from said discrete packing compartments and said garment
      suspension space, and means for access into said interior enclosure
      provided in said liner.
NUM  15.
PAR  15. The foldable suitcase as claimed in claim 14, wherein each of said
      partitions comprises a pair of releasably connected flaps, one of said
      flaps having a fixed connection at one end thereof to said liner and the
      other flap having a fixed connection to said side wall, said flaps being
      disconnectable for access into said interior enclosure.
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ABST
PAL  A device comprising a clutch disc having clutch facings between a flywheel
      and a pressure plate, a main drive shaft splined to a spline hub of the
      clutch disc for conjoint rotation therewith, a pilot bearing for
      supporting an end of the main drive shaft rotatably on the flywheel, a
      spring member interposed between the splined hub and a portion of the
      pilot bearing to be rotated conjointly with the main drive shaft for
      moving the clutch disc to a neutral position upon disengagement of the
      clutch, and means for determining the neutral position.
PARN
PAR  This is a divisional of application Ser. no. 300,366, filed Oct. 24, 1972
      and now U.S. Pat. No. 3,834,501.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a device for preventing improper
      disengagement of a clutch, and more particularly it relates to a device
      for forcibly moving the clutch disc to a neutral position upon
      disengagement of the clutch to release the clutch facings from the
      friction surfaces of both the flywheel and pressure plate and thereby
      prevent improper disengagement of the clutch.
PAR  Generally, the spline hub of a clutch disc is splined to a main drive shaft
      for rotation therewith so that when the clutch is engaged or disengaged
      the clutch disc is movable in its axial direction. Thus with this type of
      clutch, the spline hub must be smoothly movable on the main drive shaft in
      the axial direction every time the clutch is engaged or disengaged.
PAR  However, the splined portion is subject directly or indirectly to resonance
      caused by high speed rotation of the main drive shaft or to small
      vibration due to high speed driving of a motor vehicle to undergo
      oxidation or wear, or a foreign matter may get in the splined portion,
      thereby impeding the movement of the spline hub.
PAR  Moreover, heat generation or the like, caused by the sliding friction
      between the clutch facings and the friction surfaces of the flywheel and
      the pressure plate, will give rise to sticking contact between the facings
      and the friction surfaces to likewise hinder the aforementioned movement
      of the clutch disc.
PAR  If the movement of the clutch disc to a neutral position is thus impeded
      when the clutch is disengaged, there arises stick slippage or the like
      between the clutch facing and the friction surface of the flywheel, making
      it impossible to effect complete separation in spite of the disengagement
      of the clutch, which for instance will seriously affect a speed changing
      operation and markedly reduce the life of the clutch facing.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a device for preventing improper
      disengagement having a very simple construction and yet capable of
      forcibly and positively moving the clutch disc to its neutral position
      upon disengagement of the clutch.
PAR  Another object of this invention is to improve the clutch operation of
      engagement and disengagement.
PAR  Still another object of this invention is to make it easy to determine the
      neutral position of the clutch disc when the flywheel is subjected to
      lathe turning for correction.
PAR  According to this invention there is provided spring means between the end
      face of the spline hub and a portion of pilot bearing which is rotatable
      conjointly with a main drive shaft, the pilot bearing supporting the end
      of the main drive shaft rotatably on a flywheel. The spring means urges
      the clutch disc to its neutral position upon disengagement of the clutch.
PAR  The spring means accumulates its resilient force when the clutch facing is
      pushed by the pressure plate upon a clutch engaging action and exerts the
      resilient force on the spline hub on the main drive shaft. Accordingly
      upon disengagement of the clutch, the spring means with its resilient
      force forcibly moves the spline hub in the clutch disengaging direction on
      the main drive shaft, the spring means being such that upon the clutch
      disc reaching its neutral position it releases all the accumulated force,
      exerting no force on the spline hub at the neutral position.
PAR  The neutral position of the clutch disc when the clutch is in a disengaged
      state is adjusted by the spring means and a suitable number of shims
      interposed between the spring means and a member for supporting one end of
      the spring means and further by another spring means disposed in
      counteracting relation to the spring means.
PAR  According to this invention, the clutch disc is forced to its neutral
      position upon a clutch disengaging action. Even if oxidation or wear takes
      place at the portion where the shaft is splined to the spline hub, the
      spring means assures movement of the clutch disc to the neutral position
      when the clutch is disengaged.
PAR  In the case where the friction surface of the flywheel is subjected to
      lathe turning for correction, an increased space will be produced between
      the friction surface and the clutch facing when the clutch is in a
      disengaged state, resulting in a greater stroke of clutch disc for
      engagement of the clutch which affects the clutch operation of engagement
      and disengagement.
PAR  According to this invention, however, one to several shims will then be
      removed or the spring means may be replaced to shift the neutral position
      of the clutch disc toward the flywheel by an amount corresponding to the
      dimension corrected by lathe turning. In this way the deterioration of the
      clutch operation can be remedied, with no difficulties encountered during
      the correction procedure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in vertical section showing the principal parts of an
      embodiment of this invention as the clutch is in a disengaged position;
      and
PAR  FIG. 2 is a fragmentary view in vertical section showing the principal
      parts of another embodiment of this invention as the clutch is in a
      disengaged position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS 1a of the flywheel and the
      friction surface 3a
PAR  Referring to FIG. 1, a flywheel 1 is connected to the shaft of an
      unillustrated motor for rotation. A pressure plate 3 is retained by a
      clutch cover 2 and is movable only in an axial direction. Clutch facings 5
      of a clutch disc 4 are interposed between the flywheel 1 and the pressure
      plate 3. The pressure plate 3 is urged to the left in the figure under the
      restoring force of a diaphragm spring 6. A clutch engaging action causes
      the clutch facings 5 to be clamped between the friction surface 1a of the
      flywheel and the friction surface 3a of the pressure plate for the
      transmission of torque.
PAR  A diaphragm spring 6 is fulcrumed on wire rings 7 and 8 and supported by
      the clutch cover 2 through a connecting member 9 together with the rings 7
      and 8. The diaphragm spring 6 is retained at several portions along its
      outer periphery on several projections 3b of the pressure plate 3 by means
      of clips 10. The spring 6 urges the pressure plate 3 as already described.
      An operation to disengage the clutch causes unillustrated clutch release
      bearing means to push the spring 6 leftward at its inner peripheral
      fingers 6a, whereby the spring is turned on the fulcrumed portions,
      permitting the pressure plate 3 to be urged rightward from the clutch
      engaging position to the illustrated position to free the clutch facings 5
      from the clamping force for disengagement of the clutch.
PAR  The clutch disc 4 has a spline hub 12 connected to the clutch facings 5
      through means such as a torsion spring 11 for attenuating vibration in the
      direction of rotation. The splined portion 13a of a main drive shaft 13 is
      fitted into the splined bore of the hub 12, the clutch disc 4 thus being
      supported on the shaft 13 so as to be rotatable on the main drive shaft 13
      conjointly therewith and movable on the shaft 13 axially thereof as
      already known.
PAR  The main drive shaft 13 has an end 13b fitted in the inner ring 14a of a
      pilot bearing 14 supported on the flywheel 1 and is therefore free to
      rotate independently of the flywheel 1.
PAR  When the pressure plate 3 is moved to the right by a clutch disengaging
      operation, the load on the clutch disc 4 acts between the clutch facing 5
      and the friction surface 1a of the flywheel to release the facing 5 from
      the friction surface 1a, with the spline hub 12 moved slidingly leftward
      on the splined portion 13a of the shaft, with the result that the clutch
      disc 4 is brought to its neutral position.
PAR  In the case of clutches of the type described, it is therefore absolutely
      required that the spline hub 12 be smoothly movable on the splined shaft
      axially thereof when the clutch is disengaged. Accordingly, oxidation,
      wear and the like which impede such movement as already described
      seriously deteriorate the engaging and disengaging functions of the
      clutch, especially disengaging function thereof.
PAR  According to the present invention, the foregoing construction further
      includes spring means 15 disposed between the spline hub 12 and the inner
      ring 14a of the pilot bearing 14 for forcibly moving the clutch disc 4 to
      its neutral position when the clutch is disengaged. As shown in the
      drawing, the spring means 15 comprises a number of dished springs housed
      in a holder 16 and arranged in alternate orientation so that when the
      pressure plate 3 presses the clutch disc 4 against the flywheel 1 for
      engagement of the clutch, the spring means 15 can accumulate a sufficient
      resilient force therein for moving the clutch disc 4 to its neutral
      position upon a clutch disengaging operation.
PAR  The holder 16 is cylindrical and has one end fitted around the cylindrical
      portion 12a of the spline hub 12 in axially slidable fashion and the other
      end formed with an annular bottom in contact with the end face of inner
      ring 14a of the pilot bearing 14. The spring means 15 housed in the holder
      and comprising a combination of dished springs has one end in contact with
      the inner face of the annular bottom and the other end abutting against
      the end face of the spline hub 12.
PAR  When urged leftward by a clutch engaging operatiion, the clutch disc 4
      compresses the spring means 15, which in turn forcibly urges the clutch
      disc 4 rightward through the spline hub 12 upon disengagement of the
      clutch. The resilient force of the spring means 15 acting on the spline
      hub 12 is so determined as to reduce to zero when the clutch disc 4
      reaches its neutral position, no longer causing the clutch disc 4 to move
      further rightward. In other words, the spring means 15 is designed to have
      a free length corresponding to such length as to push the spring hub 12 to
      the neutral position.
PAR  Due to frequent engagement and disengagement of the clutch, heat will
      accumulate in the friction surface 1a of the flywheel to cause heat
      cracking or the friction surface 1a may be worn away, resulting in
      deterioration of its function of engagement and disengagement. In such
      case, the friction surface 1a is usually subjected to lathe turning for
      correction.
PAR  The correction, however, increases the space S between the friction face 1a
      and the facing 5 located at the neutral position when the clutch is in a
      disengaged state, necessitating a greater amount of leftward displacement
      of the clutch disc 4 for engagement of the clutch and giving rise to a
      prolonged period of sliding friction between the friction surface 3a of
      the pressure plate and clutch facing 5, both of which will then be
      adversely affected. In addition, the stroke of the hub to compress the
      spring means 15 will increase, accumulating a greater force in the spring
      means 15 than was initially designed upon engagement of the clutch to
      impair the clutch operation of engagement. Moreover, a greater resilient
      force will act on the spline hub 12 upon disengagement of the clutch to
      give a greater inertia of movement, which causes the clutch disc to move
      further rightward beyond its neutral position, causing the clutch facing 5
      on the opposite side to come into contact with the friction surface 3a of
      the pressure plate. Consequently, the clutch disc 4 will follow the
      pressure plate 3 for rotation to cause improper disengagement of the
      clutch.
PAR  To prevent this, a suitable number of annular shims 17 are interposed
      between the annular bottom of the holder 16 and the end of the spring
      means 15. The shims 17 may be provided between the spring means 15 and the
      end face of the spline hub 12.
PAR  Thus every time the friction surface 1a of the flywheel is subjected to
      lathe turning for correction, shims 17 are removed in corresponding
      relation, in thickness, to the dimension of correction, whereby the
      neutral position of the clutch disc 4 is shifted to the left by that
      amount so as to adjust the space S between the friction face 1a of the
      flywheel and the clutch facing 5 to the initially determined dimension as
      designed.
PAR  The spring means 15 comprising the combination of dished springs assures
      easy adjustment of the space S since if a large dimensional correction has
      to be made a dished spring or a dished spring and shim can be removed
      instead of removing only the shims.
PAR  The holder 16, being in the form of a cylinder fitting around the
      cylindrical spline hub 12, serves to retain the spring means 15 in
      accurate position against dropping.
PAR  FIG. 2 shows another embodiment wherein coil spring members 20 and 21 are
      used in place of spring means 15 comprising the combination of dished
      spring shown in FIG. 1. For the determination of the neutral position of
      the clutch disc 4, a coil spring 21 is provided in a counteracting
      relation to the coil spring 20. Members similar to those in FIG. 1 are
      referred to by the same reference numerals.
PAR  The first coil spring 20 has one end in contact with the end face of inner
      ring 14a of the pilot bearing 14 and the other end in contact with the
      left end face 12b of the spline hub 12 so that the clutch disc 4 can be
      moved to its neutral position upon disengagement of the clutch. The second
      coil spring 21 has one end in contact with a stop ring 22 fixedly mounted
      on the main shaft 13 and the other end abutting against the right end face
      12c of the spline hub 12, the coil spring 21 thus being in a counteracting
      relation to the first coil spring 20. The coil springs 20 and 21 are in
      balance with each other in resilient force to retain the clutch disc 4 in
      its neutral position.
PAR  A clutch disengaging action therefore causes the clutch disc 4 to be
      forcibly moved to the neutral position where the active forces of the two
      coil springs 20 and 21 are in balance to prevent improper disengagement of
      the clutch. If it becomes necessary to adjust the neutral position, one or
      both of the coil springs 20 and 21 may be replaced with a spring having a
      different free length, whereby the position where the resilient forces of
      the two springs are in balance can be changed.
PAR  Shims similar to those in FIG. 1 may be provided in abutting contact with
      the coil springs 20 and 21.
PAR  Although the foregoing embodiments are of such type that the clutch is
      engaged and disengaged by means of a diaphragm spring, the present
      invention can likewise be applied to clutches of the type wherein clutch
      release levers already known are substituted for the diaphragm spring for
      engagement and disengagement of the clutch, without departing from the
      principle of the invention. Such change is included within the scope of
      this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for preventing improper disengagement of a clutch comprising a
      combination of: a clutch disc having clutch facings disposed between a
      flywheel and a pressure plate, a main drive shaft fitted in a spline hub
      of the clutch disc through spline engagement to support the clutch disc in
      an axially movable manner, a pilot bearing for rotatably supporting an end
      of the main drive shaft on the flywheel, and spring means interposed
      between the inner ring of the pilot bearing and the spline hub to
      accumulate therein a resilient force when the clutch is in an engaged
      state, the spring means including a combination of a plurality of dished
      springs housed and retained in a cylindrical holder, the cylindrical
      holder having one end slidably fitted around a cylindrical portion of the
      spline hub and the other end in abutting contact with the inner ring of
      the pilot bearing, the dished springs being arranged in alternate
      orientation, the spring means being operable to forcibly push the clutch
      disc to its neutral position upon a clutch disengaging operation, the
      pushing force of the spring means being so determined as to be reduced to
      zero when the clutch disc reaches the neutral position.
NUM  2.
PAR  2. The device as set forth in claim 1 wherein the spring means is provided
      with a plurality of removable shims between one end thereof and the seat
      thereof.
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ABST
PAL  A workshop installation in which a user can service equipment, machines,
      vehicles and the like comprising one or more enclosures each having a
      single access space with a displaceable barrier thereat. The barrier is
      normally retracted to allow free entry into the respective enclosure via
      the access space and it is closable after entry into the space. A
      plurality of tools are supported in tool carriers within the enclosure for
      utilization by the user within the enclosure. A pre-payment device in the
      enclosure is coupled to the barrier and the tool supports for allowing
      removal of the tools after sufficient payment has been made in the
      pre-payment device corresponding to a pre-determined period of time. A
      barrier locking device is actuated when a tool has been removed from the
      tool supports. An electrical warning circuit is provided for each
      enclosure and is activated when the predetermined period of time of the
      pre-payment device has expired and the tools have not been returned to the
      tool supports.
BSUM
PAR  The present invention relates to workshop installations for servicing and
      repairing equipment, machines, vehicles and the like.
PAR  The considerable increase in the number of pieces of electrical, electronic
      and mechanical equipment ought to have given rise to maintenance and
      repair services so that the customer need wait only a reasonably short
      time before getting back a piece of equipment he has left for repair. A
      further point is that the fall in production costs has not resulted in a
      reduction in the cost of labor to undertake these repair and maintenance
      operations.
PAR  Now, it is clear that to maintain a machine, a piece of equipment or a
      vehicle, it is generally only necessary for something to be done to it by
      a human being and that the portion attributable to parts and spares is
      very small compared to that played by labor costs.
PAR  It is for all these well known reasons that "do-it-yourself" activities are
      becoming more widespread. However, what these usually involve is
      assembling something either from prefabricated parts or from existing
      plans and instructions.
PAR  As soon as it becomes a matter of repairing or servicing complicated pieces
      of equipment such as vehicles, television receivers or household
      electrical equipment, then there is no practical alternative to going to a
      professional who has all the necessary tools and equipment at his
      disposal.
PAR  At this point the same disadvantages are met as mentioned above of high
      labor costs and long waiting times.
PAR  The present invention seeks to provide a solution to this problem by making
      it possible to set up a workshop which can be made available to the
      public, along with all requisite tools and equipment, on a "self-service"
      basis, that is to say by leaving the customer entirely free to choose when
      to service his vehicle or piece of equipment and how long to take in so
      doing and by putting at his disposal proper professional equipment, all of
      which he gets for a modest sum which is charged pro rata for time spent.
PAR  Accordingly, the invention consists in a workshop installation for
      checking, servicing and repairing equipment, machines, vehicles and the
      like, which includes at least one enclosure having a barrier, to which
      enclosure corresponds a pre-payment device which controls, as a function
      of time spent, one or more electrical warning circuits and a mechanism for
      locking the barrier situated at the entrance to the enclosure, the latter
      containing tools and equipment which are subject to presence detectors
      which are connected to one or more electrical warning circuits and to the
      mechanism for locking the barrier.
PAR  In order that the invention may be more clearly understood reference will
      now be made to the accompanying drawings, which show one particular
      embodiment thereof merely by way of illustrative and non-limiting example,
      as applied to a workshop intended for the repair and servicing of motor
      vehicles but it is understood that the invention may be applied to the
      servicing and repair of any other sort of equipment such as refrigerators,
      radio and television receivers, household equipment of all types, and so
      on.
DRWD
PAR  In the accompanying drawings:
PAR  FIG. 1 is a developed diagram of a car repair shop according to the
      invention,
PAR  FIG. 2 is a diagram of the electrical circuitry of a pre-payment device
      used in accordance with the invention,
PAR  FIG. 3 is a complementary diagram to the previous diagram and shows the
      electrical connections between an actual service bay and a barrier which
      gives access to the bay,
PAR  FIG. 4 is a developed diagram of one of the bays of which the workshop as a
      whole is made up,
PAR  FIGS. 5A to D are diagrams of a board on which the small tools are laid
      out,
PAR  FIG. 6 is a diagram showing how the movable equipment is connected to the
      alarm and electric supply systems,
PAR  FIG. 7 is a diagrammatic cross-section, to an enlarged scale, taken along
      line VII--VII of FIG. 5,
PAR  FIGS. 8 and 9 are a side-view and a plan view respectively of a central
      control station according to the invention,
PAR  FIG. 10 is a circuit diagram of an alarm system according to the invention,
PAR  FIG. 11 is a circuit diagram showing a flasher connected to such alarm
      system, and
PAR  FIGS. 12 and 13 are diagrams showing how a vehicle may be guided
      automatically over a pit or onto a lifting ramp in accordance with the
      invention.
DETD
PAR  As was stated above, the example chosen to illustrate the invention is that
      of a repair shop for motor vehicles since it is in this example that the
      greatest amount of ancillary equipment is used, if only for the movement
      of vehicles within the installation.
PAR  It will be apparent that the installation will be set up inside a building
      which is divided into a certain number of bays or enclosures which are
      arranged one beside another and possibly on a number of levels.
PAR  In the example chosen it is assumed that the complete installation contains
      forty eight bays or enclosures, arranged on two levels which are at ground
      and basement level respectively.
PAR  Access is gained to both basement and ground levels through a main entrance
      in front of which is situated an indicator light consisting of two lamps,
      one red, one green, which light up, in accordance with universal
      convention, depending on whether it is possible to proceed or not.
PAR  Thus, at the main entrance, the red light is lit if all the bays are
      occupied or if a vehicle is moving.
PAR  When the light is green, it is possible for the motorist to make his way
      into the installation and check on an indicator board which enclosures are
      empty and which occupied so that he can make his way to one which is
      vacant.
PAR  The same indicator board may, for example, show the specialized function
      which has been allotted to certain enclosures by fitting them with
      particular equipment.
PAR  It may thus be envisaged that certain enclosures will be reserved for work
      on brakes, shock-absorbers and front suspension, while others will be
      reserved for checking the lights, the carburation of the engine, etc.
PAR  The driver now knows if he has to go, say, to the ground floor or basement
      and which enclosure he has to go to when at the desired level.
PAR  So that the installation is as automatic as possible, with the dual object
      of leaving the customer as free as possible and of incurring the minimum
      operating costs as far as staff are concerned, each enclosure (or bay) has
      provided for it a pre-payment device of any known type which counts off
      elapsed time and gives a warning when the time is exceeded as a function
      of the number of coins, or tokens bought before entry, inserted in the
      beginning.
PAR  The customer therefore puts in the number of coins or tokens which is
      indicated for the time which he intends to spend in the bay and drives his
      vehicle into the bay he has selected.
PAR  He thus has a space at his disposal for a predetermined length of time and,
      in addition, all the tools and equipment he might need. The tools and
      equipment are, in accordance with the invention, connected mechanically or
      electrically to an overall surveillance and warning system with the object
      of preventing theft.
PAR  When the work on the vehicle has been completed, the customer returns all
      the tools to their places and leaves the installation.
PAR  Now that overall principle of the installation has been described in very
      broad terms, a more specific example will be given before the full
      description of the installation is given.
PAR  Having seen the green light at the main entrance, the motorist moves
      forward to the group of pre-payment devices. He checks on the indicator
      board which bay he should occupy and whether or not it is vacant.
PAR  If the bay is free he puts four coins, for example, in the automatic
      pre-payment device corresponding to the selected bay and presses a button,
      the effect of which is to change the indicator light at the main entrance
      and that at the entrance to the ground level or the basement to red, all
      of which lasts for a length of time which is calculated to allow him to
      reach his bay while giving him total freedom of movement.
PAR  Had another vehicle been moving at the time the indicator lights would have
      been red.
PAR  Having parked his vehicle in the desired bay, the motorist gets out and
      lifts a barrier behind his vehicle which pivots about a horizontal axis
      and which retracts to ground level.
PAR  By lifting the barrier the motorists closes a number of circuits which will
      be described in detail below.
PAR  All the tools and equipment are at the customer's disposal for a length of
      time which is determined, for example, by the number of coins inserted in
      the pre-payment device.
PAR  As soon as the customer takes a tool from a board, the barrier is
      automatically locked in position so that it will be impossible for the
      motorist to get out of the bay with the tool.
PAR  The barrier will only be unlocked, automatically once again, if all the
      tools are in place.
PAR  It may of course happen that a customer puts into the pre-payment device
      more coins or tokens than are necessary for the length of time he has
      actually spent. In this case the customer can recover the number of coins
      or tokens appropriate to the amount of time remaining and he then returns
      to the bay to open the barrier by returning it to its horizontal seating
      and he then goes off with his car.
PAR  If on the other hand the amount of time for which provision was originally
      made proves not to have been enough, it is of course possible for the
      customer to put in as many more coins or tokens as are needed to allow him
      to finish the job he has started.
PAR  However, it may also happen that the time runs out when the customer is
      still working. When this happens, a signal indicates that time has been
      overrun both inside the bay and at a central control station where there
      is a supervisor on duty. The supervisor has, for example, an internal
      telephone to allow him to talk to the customer and possibly allow him a
      few minutes to finish what he is doing and replace the tools. When this is
      the case the supervisor operates a control button situated on the control
      panel and allows the barrier to be opened so that the customer can get out
      again.
PAR  It is of course essential to safeguard the tools and equipment placed at
      the customer's disposal against theft.
PAR  For this, it is first of all necessary to make a distinction between the
      small hand tools (screw-drivers, pliers, wrenches, etc.) and the more
      costly and complicated pieces of equipment such as drills, measuring
      devices, etc.
PAR  In accordance with the invention, the small handtools are laid out on a
      board and are held on supports or in seatings the shape of which is
      clearly reminiscent of that of the tool so that the customer will not have
      to look for their right place and will not be able to make mistakes.
PAR  Level with each seating or tool support is a certain number of electrical
      contacts which contacts are connected to a general warning device and in
      addition to a mechanism for locking the barrier so that it cannot be
      opened unless all the tools are in place and likewise so that a signal is
      given if a tool is taken from its place without the barrier having first
      been moved to the closed position.
PAR  As to the heavier and more complicated equipment, this of course has to be
      moved about and at the same time supplied with electricity or compressed
      air and so on.
PAR  To protect such pieces of equipment they are all connected to a board which
      is locked with a special key and within which terminate two electrical
      wires which are short-circuited inside the piece of equipment itself so
      that, if one or both of the wires is cut, an alarm signal is given to warn
      the supervisory staff.
PAR  At the same time the barrier remains locked in the closed position, in the
      way already described for hand-tools.
PAR  Finally it is necessary for each bay to be provided with electrical current
      to allow the equipment to be used and provision is made in the
      installation to supply and cut off the current as dictated both by time
      spent and by safety requirements, as will be described in detail below.
PAR  The various parts of the installation which is taken as an example will now
      be described in detail.
PAR  For greater ease in setting up the electrical circuits involved in the
      installation as a whole, the various bays are combined into groups and in
      the example described there are eight groups each embracing six bays.
PAR  Referring now specifically to the drawings, in FIG. 1 is shown a developed
      diagram of the installation in respect of a single group (i.e. six bays)
      while the circuits for the other bays are merely indicated. The full
      description will be given for only a single bay though it will be
      understood that it holds good for each group.
PAR  In FIG. 1, block I corresponds to the specific diagram of the circuitry of
      the pre-payment devices and this diagram appears in detail in FIG. 2.
PAR  Block II represents a circuit diagram for the installation relating to the
      members located outside the bays, such as the central control station for
      example.
PAR  Block III corresponds to the circuit diagram for one bay and the circuit is
      shown in detail in FIG. 4.
PAR  It will be seen that in FIG. 1, six blocks III have been shown side by
      side, these each corresponding to one of the bays in group I, together
      with a final block III equivalent to the last bay in the last group, the
      connections between the groups being made in the way which is shown
      between the last block III in group I and the last block III in the last
      group.
PAR  Finally, block IV in FIG. 1 corresponds to the alarm and warning circuit
      and is the subject of the detailed circuit diagrams shown in FIGS. 10 and
      11.
PAR  The customer, who comes in by the main entrance to the installation, sees
      the green light lit and goes to the group of pre-payment devices, where he
      inserts a certain number of coins or tokens in the device which
      corresponds to the selected bay, which in this instance will be bay No. 1
      in the first group shown in the drawing.
PAR  Inserting a coin or token in the device causes three contacts 1, 2 and 3 to
      close.
PAR  Contact 1 transmits a pulse to a recording counter 4 which is situated in
      an office belonging to the management of the operation and it does this
      each time a coin or token (which is equivalent to one unit of time) is
      inserted.
PAR  The advantage of this centralized accounting system is not only that it
      allows the operation to be supervised and managed but also that it allows
      indisputable figures to be supplied to, for example, the tax authorities.
PAR  Contacts 2 and 3 remain closed for a length corresponding to the number of
      coins or tokens put into the device.
PAR  Contacts 2 and 3 are linked so as to operate together. Contact 3 enables a
      low voltage (24 volts for example) from a transformer 6 to be delivered to
      contact 2 and from there to a push button 5.
PAR  At this point the customer actuates push-button 5 to enable him to occupy
      the selected bay and button 5 closes the circuits which excite relays 7
      and 8.
PAR  Relay 7 moves two contacts 9 and 10 the first of which closes the supply
      circuit to signal lamps 11 which indicate occupied bays and which are
      located both on the pre-payment device and on the central control panel,
      as will be explained below, the green light being switched off at this
      time and the red light turned on.
PAR  Contact 10 closes and switches relay 7 through to a contact 12 which closes
      the low-voltage circuit for a relatively short period such as a minute,
      which is equivalent to the time allowed to the customer to occupy the
      selected bay, this being done to speed up traffic flow because the red
      indicator lights are lit all during this time. It should be noted that
      contacts 12 of relay 8 are of the type which can adjust to hold on for 30
      seconds to 2 minutes, for example, so as to allow the particular
      conditions in the building to be adapted to.
PAR  Relay 8 controls the contact 12 and the latter thus holds in the relay 7
      which corresponds to the selected bay for a time period such as one
      minute.
PAR  In addition, relay 8 actuates contacts 13 and 16 which change from green to
      red the indicator lights 17 and 18 which are situated at the main entrance
      and the entrance to the ground floor respectively, it being assumed that
      bay 1 is situated at ground level.
PAR  Had the selected bay been situated at basement level, relay 8 would have
      closed contacts 13 and 14 but instead of contacts 15 and 16 it would have
      closed the contacts 19 and 20 which correspond to the indicator lights 21
      situated at the entrance to the basement.
PAR  Contacts 13, 14, 15 and 16 remain operative for a minute (in the example
      chosen) which is equivalent to the amount of time allowed to the customer
      to occupy the selected bay.
PAR  When this stage has been arrived at, it can be seen that inserting the
      coins and actuating the press-button 5 has allowed the indicator lights to
      be controlled, the coins registered, and the bay selected by the customer
      prepared for him.
PAR  The customer now drives his car into the bay 1 until it has passed a
      barrier 22 which is mounted to pivot on a shaft 23 and which can take up
      either the position shown in FIG. 3, i.e. retracted into the ground, or an
      erect, vertical position.
PAR  As can be seen from FIG. 3, in the lowered position, i.e. the open
      position, the barrier 22 acts on three contacts 24, 25 and 26 of which 24
      and 25 are open and 26 is closed.
PAR  When the customer lifts the barrier 22 the three contacts 24, 25 and 26 are
      changed over.
PAR  Contact 24 closes the low voltage circuit to relay 7, which thus remains
      closed all the time the bay is occupied.
PAR  Contact 25 closes a low voltage circuit which runs to a relay 27 (FIG. 4)
      situated in the control panel in the bay.
PAR  Contact 26, which was closed originally, is now opened and breaks the alarm
      and warning circuit which is to be described later.
PAR  When relay 27 is excited as a result of contact 25 closing, it actuates
      three contacts 28, 29 and 30. Contact 28 closes the low-voltage supply
      circuit to relay 31 and the latter operates a contact-breaker 32 which in
      closing closes the circuit which supplies the pieces of equipment with
      normal mains voltage (220 volts for example).
PAR  The contact 29, which was closed originally, opens and, because of this,
      cuts off the supply to an indicator lamp 33 which indicates that the
      length of time corresponding to the number of coins inserted in the
      pre-payment device has been exceeded. This lamp 33 is located inside the
      bay so as to warn the customer but, as will be explained later, the
      central control station also has a lamp of the same type as 33 so that the
      occupancy of the bay can be checked on.
PAR  The closure of contact 30 causes the supply circuit to be closed to an
      electromagnet 34 which has a plunger 35 which forms a member for locking
      the barrier 22 in the closed position, i.e. the erected position.
PAR  However, plunger 35 will only take up its active position if a contact 36
      is closed at the same time as contact 30, as will explained below.
PAR  At this stage it can be seen that the customer will now have occupied the
      selected bay and that the various circuits are made which make it possible
      for him to make use of all the tools and equipment in the bay.
PAR  Inside the bay there is in fact a board 37 which contains seatings,
      cut-outs or other indications of the shape of hand-tools such as a flat
      wrench A, a pair of pliers B, a screw-driver C, a Phillips head
      screw-driver D and so on (FIG. 5).
PAR  The bay also contains items of equipment such as a drill E, a checking
      device F, a pneumatic jack G, etc. (FIG. 6).
PAR  To reach the hand tools, the customer turns a small bar 39 mounted on a
      shaft 39 and takes out the tool which he wants.
PAR  In so doing, he allows a contact 40 which is biased towards the open
      position by a spring 41 to open and to break a low voltage circuit which
      runs to a relay 42 (FIG. 4).
PAR  It can be seen that each tool has a corresponding contact 40 and that all
      the contacts 40 are connected in series so that any one of them will open
      the circuit to relay 42. In the open position relay 42 closes two contacts
      which are respectively a contact 36 which is fitted in the circuit of the
      electromagnet 34 described above, and a contact 43 fitted in the alarm and
      warning circuit which will be described later.
PAR  In addition to the contacts 40 situated opposite each tool it is also
      possible to provide contact switches 44 which are connected in series with
      contacts 40 and which are situated opposite a part of the tool which is of
      a characteristic shape (FIG. 7).
PAR  Referring to FIG. 7, it can be seen that behind the board 37 and at right
      angles to the tool seatings or holders there is situated an array of rods
      45 on which contact switches 44 are slidably mounted so that their
      position can be adjusted, the switches being clamped in position by means
      of a screw 46 for example. Contact switch 44 contains a fixed contact 47
      and a contact 48 which is mounted on a spring blade 49 which is folded
      over at 50 and is biassed downwards. Contacts 47 and 48 are connected to
      electrical wires and are connected in series with contacts 40 (FIG. 4).
      Blade 49 ends in a hook 51.
PAR  The use made of contact switches 44 is as follows:
PAR  Their position along rods 45 is adjusted so that they are situated opposite
      a particular, characteristic part of the tool. In this instance the open
      ends of the flat wrench A have been chosen.
PAR  Also, board 37 is provided with openings 37a, through one of which the
      blade 49 passes to reach the accessible face of board 37. To replace the
      wrench it is necessary to lift blade 49 to move it to the position shown
      in chain lines and by this means the two contacts 47 and 48 are brought
      together to close the circuit. At the bottom of the wrench A is situated a
      contact switch 44 which is symmetrical with that just described, with the
      result that replacing wrench A implies depressing blade 49 or the lower
      contact switch 44 and lifting blade 49 of the upper contact switch 44.
PAR  Conversely, removing the tool causes the blades 49 to return elastically
      and the contacts 47 and 48 to separate.
PAR  Since all the contacts 40 and 44 (47/48) are in the same alarm and warning
      circuit which is to be described later, it is evident that the circuit
      will only be correctly made and prevent an alarm or warning being given if
      all the contacts are closed, with the result that a valuable tool cannot
      be replaced with some simple object which acts only on contact 40 since it
      is necessary for all the contacts 40 and 44 and 47/48 to be closed
      together, and since the relative positions of contact switches 44 are such
      that they correspond to the geometrical configuration of the tool, the bay
      will only be considered in order if the actual tools are in their right
      places.
PAR  As to the movable pieces of equipment, these are connected by flexible
      cables 52 to a board 53 which is closed by a cover 53 which is locked with
      a key so that the customer cannot open it and gain access to the terminals
      to which the electrical leads on the pieces of equipment run.
PAR  In addition to the electrical supply cables for the normal operation of the
      equipment, each piece of equipment also has two wires 55 and 56 which are
      shortcircuited inside the piece of equipment and are situated in the alarm
      circuit.
PAR  As long as wires 55 and 56 are intact the equipment operates normally and
      is freely available to the customer along with the hand tools.
PAR  Before the alarm and warning circuits are described there will now be
      described the way in which the installation functions in the normal case
      when, having done all the work required on his vehicle, the customer
      restores all the hand tools he has used to their proper positions and
      leaves all the pieces of equipment and their wires 55 and 56 unharmed.
PAR  When all the hand tools are in place, all the contacts 40 and 44 (47/48
      (44)) are closed with the result that relay 42 changes over and operates
      contact 43, which opens. Meanwhile contact 26 is still open since barrier
      22 has not been lowered to the open position.
PAR  Thus, the warning circuit is not actuated.
PAR  Relay 42 also causes contact 36 to open with the result that core 35 of
      electromagnet 34 unlocks barrier 22 and the latter thus becomes free to
      move.
PAR  The customer then lowers the barrier 22, the effect of which is to cause
      contact 24 to open, with the result that relay 8 (FIG. 1) is no longer
      excited and the red lamp 11 which indicates that the bays are occupies
      goes out and the corresponding green lamp comes on, which indicates that
      the bay is now free.
PAR  Lowering the barrier 22 also causes contact 25 to open and break the
      current supply to board 53.
PAR  At the same time contact 29 closes to make the supply circuit to the lamp
      33 which indicates "Time exceeded". It should be noted that the lamp 33 in
      the bay and the corresponding lamp on the central control panel are always
      lit when the bay is vacant.
PAR  Still as a result of barrier 22 being lowered into the ground and contact
      25 opening, contact 30 opens and makes it impossible for plunger 35 to
      lock barrier 22.
PAR  Finally, in addition to causing contacts 24 and 25 to open, lowering
      barrier 22 also causes contact 26 to close, which contact would have
      caused the warning circuit to operate if contact 43 had not already been
      open, which is the case on the present assumption.
PAR  The customer can then get his car out of the bay without hindrance.
PAR  The description above assumes that electromechanical contacts are employed.
PAR  A simpler and more economical solution is to use so-called "Reed" switches
      which consist of a sealed, evacuated capsule in which two flexible strips
      face one another. The two strips are held apart by their intrinsic
      elasticity and come together, thus closing the circuit, when a magnet is
      moved up to the capsule.
PAR  According to the invention, each tool is magnetized or carries one or more
      magnetized pieces so that it will cause the Reed switches to close when it
      is replaced.
PAR  Referring to FIGS. 8 and 9, it can be seen that the central control station
      may be formed by a desk in front of which the supervisor is seated so that
      he can watch the forty eight sets of lamps, each of which corresponds to
      one bay.
PAR  The upper lamp 57 and that 58 situated immediately below it are situated
      behind windows which are respectively green and red and correspond to the
      indicator lamps 11 which signal whether the bay is occupied or empty.
PAR  Lamp 59, which is situated behind a yellow window for example, lights up
      and flashes when an attempted theft occurs, in a manner which will now be
      described.
PAR  Lamp 60, which is situated behind a blue window for example, corresponds,
      as already mentioned, to the lamp 33 situated in the bay and indicates,
      when it lights up, that time has run out.
PAR  Below lamp 60 is situated a press-button 61 which the supervisor can use to
      unlock the barrier 22 even though time has been overrun, as will be seen
      later.
PAR  On the desk proper are two push-buttons 62 and 63 which enable the
      controller respectively to switch on and switch off the supply of
      electrical current to the installation as a whole.
PAR  A button 64 also allows the alarm system to be operated manually for the
      purpose of cutting it out once it has been put into action.
PAR  At one side of the desk may be situated a telephone handset 65 and a dial
      66, while on the other side of the desk is a handset 67 by means of which
      the controller can speak to the customer in any of the bays via a
      loud-speaker after having operated a push-button appropriate to the
      required bay, all these push-buttons 68 being grouped together on a board
      69.
PAR  The alarm has two different circuits so as to bring to notice two phenomena
      of differing importance.
PAR  The first is the mistake or minor dishonesty of opening the barrier 22 so
      as to get out when at least one tool is not in its place.
PAR  The second is the theft of a valuable piece of equipment which is indicated
      by wires 55 and 56 being cut.
PAR  In the first case the switches 40 and/or 44 associated with the tool-board
      37 are actuated either due to the fact that the customer has simply
      forgotten to raise the barrier 22 or because some dishonest individual is
      trying to make off with the tools without occupying the bay. In this case
      there is a "simple alarm". Relay 42 closes contact 43 and the latter
      operates a flasher relay 70 which operates on the fullwave principle and
      which operates on the one hand lamp 59 and on the other an audio alarm of
      any known type (not shown) which is located on the main control desk
      described above. Lamp 59 and the audio alarm give an exact indication of
      the number of the bay in which the act of dishonesty or the mistake is
      being perpetrated.
PAR  In the second case, the alarm network has to do with board 53 only. The
      circuit in question is in effect activated only as a result of the said
      wires appropriate to the piece of equipment involved being cut.
PAR  The alarm block IV (FIGS. 1 and 10) is then brought into action by a
      contact which is connected to point 71. In the example described, the
      block contains two transistors 72, 73, three electrolytic capacitors 74,
      75, 76, three resistors 77, 78, 79 and two relays 80, 81. All these
      components are of known types and control the operation of a siren 82 by
      means of a relay 83.
PAR  What is more, since the theft is a serious one, the thief must be prevented
      from escaping. It is for this reason that relay 80 puts electromagnet 34
      in circuit, not to act on the plunger 35 but rather to excite a power
      winding which draws barrier 22 upwards, the latter rising automatically
      and locking to prevent the vehicle in the bay from leaving. Naturally, if
      the theft takes place while the barrier 22 is raised and locked, it
      remains so.
PAR  The only difference from normal operation lies in the fact that the barrier
      experiences the magnetic attraction from electromagnet 34.
PAR  The length of time for which relay 83 remains in action is controlled by a
      potentiometer 84 which allows the time for which siren 82 operates to be
      adjusted. The alarm can in any case be switched off by button 64 and is
      only switched on again when the cause of the alarm has been remedied.
PAR  Furthermore, so that the installation can accept vehicles for all sorts of
      repair it is necessary to provide lifting ramps or pits, without which
      certain parts of the vehicle are awkward or even impossible to get at.
PAR  However, this being so, it is necessary to ensure that they can be used
      with safety since by definition there is no service staff except those who
      are there to provide instructions or act as supervisors.
PAR  This is achieved as follows:
PAR  Referring to FIG. 12 there is seen a pit 90 situated in the center of one
      of the bays which has already been described above and which therefore
      need not be further described here.
PAR  On either side of the pit 90 are situated, on the ground, two series of
      contacts 100 and 101 which are connected in parallel across two pairs of
      wires 102 and 103 on the one hand, and 104 and 105 on the other hand.
PAR  Wires 102 and 104 are both directly connected to a terminal 106 belonging
      to the electrical circuit.
PAR  Wire 103 runs to a flasher unit 107 which is connected by a wire 108 to an
      indicator 109 which contains an electrical bulb behind a window 110 which
      is in the shape of an arrow pointing towards the left and which is
      advantageously red in color. A wire 111 connects indicator 109 to the
      second terminal 112 of the electrical circuit.
PAR  In an arrangement symmetrical with that described above, wire 105 leads to
      a flasher unit 113 which is connected by a wire 114 to an indicator 115
      identical to the previous indicator but the arrow-shaped window of which
      points to the right. A wire 117 connects indicator 115 to terminal 112.
PAR  The rows of contacts 100 and 101 are separated by a distance less than
      track of the narrowest-track vehicle likely to use the installation, so
      that, if a vehicle is correctly lined up in front of the pit, its wheels
      should not touch contact switches 100 or 101. Since the latter are
      permanently open, neither the left-hand circuit (contact switches 100) nor
      the right-hand circuit (contact switches 101) is closed and no current
      flows.
PAR  If on the other hand the vehicle is badly lined up too close to the pit 90
      either on the right or left hand side, one of the wheels will operate one
      of the contact switches 100 or 101. As it is depressed the contact switch
      closes the circuit and current flows. In this way the bulb of the
      appropriate indicator (either 109 or 115) will light up and flash under
      the prompting of its associated flasher unit (either 107 or 113). The
      driver will thus be warned that he is too close to the pit 90 and that he
      should turn his wheels in the direction indicated by the illuminated arrow
      (either 110 or 116).
PAR  Two other sets of contact switches 200 and 201 are inserted between contact
      switches 100 and 101. Unlike the latter, contact switches 200 and 201 are
      all connected in a single series along a wire 203 which is connected to
      terminal 106 and which also connects the last contact switch 200 to the
      first contact switch 201, in series likewise. Following the last contact
      switch 201, wire 203 leads to an indicator 204 which contains an electric
      bulb behind a window 205 which is in the shape of an upward-pointing arrow
      which is advantageously green in color. Indicator 204 is connected by a
      wire 206 to terminal 112.
PAR  Contact switches 200 and 201 are all closed in the rest position, so that
      the circuit is made. Illuminated arrow 205 is thus permanently lit.
PAR  If the vehicle is properly lined up, none of the contact switches is
      operated since they are all in line and, as stated above the distance
      between the two rows is less than the track of the vehicle.
PAR  The driver thus sees the lighted green arrow 205 in front of him all the
      time, this indicating that his approach is correct and that he can drive
      forward.
PAR  If the vehicle diverges from the correct line and touches any one of the
      contact switches the operation of the latter both causes the first circuit
      to be closed (one of the lateral flashing arrows 110 and 116 is lit) and
      the second to be opened (arrow 205 goes out).
PAR  In practice the three indicators 109, 115, 204 are grouped together on a
      panel 300 which is situated vertically at a height where it can be seen by
      the driver.
PAR  To ensure that contact switches 100 and 200 on the one hand and 200 and 201
      on the other operate absolutely simultaneously, the two contacts forming
      each pair are ganged. They are thus operated at the same time by means of
      a button (or pedal) 301.
PAR  Referring now to FIG. 13, it can be seen that the installation is made up
      of the same members as before, but that in this case contacts 100 and 101
      are lined up with one another while at the same time they are staggered
      sideways in relation to the contacts 200 and 201 which are likewise lined
      up with each other.
PAR  In this modification contacts 200 and 201 are situated under rails or
      platforms 302 of the type used on lifting ramps. The contacts are shown
      here in the closed position, which assumes that the weight on the vehicle
      is being exerted on the rails and that the vehicle is properly positioned.
      The green arrow 205 is lit.
PAR  If the vehicle moves towards the pit 90, one of its wheels will touch one
      of contacts 100 and 101, which will cause either arrow 110 or arrow 116 to
      flash.
PAR  Contacts 100 and 101 may likewise all be subject to the movement of a rail
      either vertically or laterally. The rows of contacts may, as is known per
      se, be replaced by suitable spaced elongated linear members which cause a
      circuit to close whenever the vehicles moves onto them at any point along
      their length.
PAR  Besides switching the illuminated indicators on or off, the contacts may
      control the operation of one or more pieces of equipment. Where a pit is
      concerned, the piece of equipment may be a covering panel which is
      retracted by a motor. In the case of a lifting ramp, the piece of
      equipment may be the ramp itself which can only be moved on condition that
      one or more contacts have been actuated by a correctly positioned vehicle.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A workshop installation in which a user can service equipment, said
      installation comprising at least one enclosure having a single access
      space and a displaceable barrier at said access space, said barrier being
      normally retracted to allow free entry into said enclosure via said access
      space and being closable after entry into said enclosure, means in said
      enclosure for removable support of tools to be utilized by the user within
      the enclosure, a pre-payment device in the enclosure coupled to the
      barrier and the tool support means for allowing removal of tools after
      sufficient payment has been made in the pre-payment device corresponding
      to a pre-determined period of time, at least one electrical warning
      circuit, means for locking said barrier in the closed position thereof,
      and presence detector means for detecting the presence of the tools in the
      tool support means, said presence detector means being coupled to said
      pre-payment device and to said barrier locking means and electrical
      warning circuit for activating the barrier locking means when a tool is
      removed from the tool support and for closing the electrical warning
      circuit when the pre-determined period of time of the pre-payment device
      has expired and the tools have not been returned to the tool support
      means.
NUM  2.
PAR  2. An installation according to claim 1, wherein a plurality of enclosures
      and a central control station are provided at which station the electrical
      warning circuits terminate, further circuits terminating at said control
      station for controlling and operating the means for locking the barriers
      and additional circuits terminating at said control station for monitoring
      the pre-payment devices.
NUM  3.
PAR  3. An installation according to claim 1, wherein the presence detector
      means comprises circuit breakers situated on the tool support means and
      automatically operated in one direction when a respective tool is in place
      and in the opposite direction when the tool is removed, said tool support
      means comprising a plurality of tool supports each accepting a respective
      single, specific tool, all the circuit breakers being connected in series
      to said warning circuit.
NUM  4.
PAR  4. An installation according to claim 3, wherein at least some of said
      circuit breakers are of the dynamometric type and include operating
      mechanisms which can only be actuated if the force which acts on them is
      equivalent to the weight of the tool for which they are adjusted, said
      circuit breakers being positioned at the base of the respective tool
      supports so that a tool which is put in place rests on a respective
      circuit breaker and actuates it by its weight.
NUM  5.
PAR  5. An installation according to claim 3, wherein a plurality of circuit
      breakers are provided for each single tool and said circuit breakers are
      arranged to conform to the configuration of the tool.
NUM  6.
PAR  6. An installation according to claim 5 comprising fixed guides supporting
      the circuit breakers for movement so that they can be adjusted in
      position.
NUM  7.
PAR  7. An installation according to claim 1, wherein the presence detector
      means includes two flexible wires and a sheath in which the wires are
      connected to a tool in which they are short-circuited, said wires being
      connected to said warning circuit which is actuated when at least one of
      said wires is cut.
NUM  8.
PAR  8. An installation according to claim 1, further comprising electrical
      power supply means connected in said enclosure for operating the tools and
      equipment, said power supply means including a circuit controlled by at
      least one of the pre-payment device and the barrier.
NUM  9.
PAR  9. An installation according to claim 8, wherein the circuit of the power
      supply means includes control circuit breakers fitted in the control
      circuit of a contact breaker which is itself in the circuit of the power
      supply means.
NUM  10.
PAR  10. An installation according to claim 1, wherein said warning circuit
      includes at least one lamp situated in the enclosure and a lamp situated
      at a central control station, said warning circuit including an actuator
      contact switch which is controlled by the pre-payment device when the
      pre-determined time has elapsed after payment to the pre-payment device.
NUM  11.
PAR  11. An installation according to claim 10, wherein said pre-payment device
      includes means for adjusting the said pre-determined period of time.
NUM  12.
PAR  12. An installation according to claim 1, wherein said warning circuit
      includes a warning device and at least one relay which actuates said
      warning device when the presence detector means is activated.
NUM  13.
PAR  13. An installation according to claim 1, wherein said warning circuit
      contains an eletromagnet which is excited when the presence detector means
      is activated upon removal of a tool, said electromagnet being situated
      opposite the barrier so as to move it to closed position by magnetic
      attraction, said barrier locking means being actuated by said warning
      circuit when the barrier has reached its closed position.
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ABST
PAL  The invention relates to a single chute, multidenomination, coin validator
      using a transformer to generate a transient signal whose amplitude varies
      with the denomination of the coin sensed by the transformer. The signal
      may operate more than one of a plurality of "window" type comparators
      corresponding respectively to the valid denominations but, if so, it
      causes sequential operation thereof. A control signal is generated at the
      peak of the signal amplitude and the criterion of validity is the
      coincidence of the control signal and a comparator output signal. A coin
      gate may be used to prevent valid coins being retrieved from the coin
      chute.
BSUM
PAR  The present invention relates to a coin validator for use with vending or
      dispensing machines or with turnstile mechanisms, particularly those
      associated with ticket dispensing machines.
PAR  Mechanical coin validators are well known and are in common use with
      vending or dispensing machines and with turnstiles. The mechanical
      validators, however, are not suitable for very intensive use because of
      their slowness. For instance, they are not suitable for use with a ticket
      dispenser at a railway station or on a bus during the "rush" period.
PAR  It is an object of the present invention to provide a compact electronic
      coin validator.
PAR  It is a further object to provide a circuit for such a validator reducing
      to the minimum the use of heat-producing devices such as photo-cell
      arrangements the lamps of which in a very confined space may raise the
      temperature to unacceptable levels.
PAR  It is a still further object to provide an electronic coin validator using
      a single chute for coins of a plurality of denominations.
PAR  It is also an object to provide an electronic coin validator circuit in
      which coins of the different denominations produce distinctive signals and
      in which pre-set parameters are set up representing within precise
      predetermined limits the signals corresponding to those of the valid coin
      denominations.
PAR  It is a further object to provide such electronic coin validator circuit in
      which only a comparison between a coin signal and pre-set parameter
      coincident with a control signal generated at a predetermined time during
      the coin signal, is taken as validating a coin.
PAR  It is a still further object to provide an electronic coin validator
      circuit in which provision is made for controlling a gate to make it
      impossible for a validated coin to be recovered by the user from the coin
      chute.
PAR  It is also an object of the invention to provide an electronic coin
      validator of a more efficacious general use.
DRWD
PAR  A preferred embodiment of a coin validator of the invention will now be
      described with reference to the accompanying drawings in which:
PAR  FIG. 1 is a perspective view of a coin chute for use in the embodiment;
PAR  FIG. 2a and 2b is a circuit diagram of the circuit employed in the
      embodiment; and
PAR  FIG. 3 is a side view of an alternative coin chute for use in the
      embodiment.
DETD
PAR  The circuit of the embodiment is for use with coin-actuated apparatus
      comprising the coin chute 1 (FIG. 1) into which the user of the apparatus
      inserts the necessary coin or coins, and is adapted to validate any one of
      three denominations of coin, for instance, the nickel (5 cents), dime (10
      cents) and quarter (25 cents)denominations of U.S. currency. The apparatus
      also comprises a coin gate 2 which, on validation of a coin, opens to
      permit the coin to fall to the coin vault (not shown) of the apparatus, or
      which, in the event that the coin is not validated, remains closed to
      cause the coin to pass on to a rejection channel 3 for return to the user.
PAR  The circuit comprises a coin sensing transformer the windings of which are
      located in or by the coin chute so that as the coin, in passing down the
      chute, passes the transformer windings, it reduces the transfer of energy
      between the primary and the secondary of the windings.
PAR  From this transient disturbance of the transformer operation, the circuit
      generates a signal in the form of a continuous voltage curve passing
      between two voltage levels. In the present embodiment as described below,
      the circuit is arranged so that the signal rises in the positive direction
      of voltage and falls in the negative direction and, therefore, comprises a
      peak, but it will be understood that a signal providing a trough could
      just as readily be used. The effect of the coin on the transformer
      operation varies, for any given transformer, with the size and composition
      of the coin, with the result that the coins of the different denominations
      such as nickel, dime and quarter give rise to signals of different
      amplitude. In connection with the coins mentioned of the U.S. currency, it
      may be assumed that, in the circuit as described below, the amplitude of
      the signal increases with the value of the denomination, but again it will
      be understood that the circuit could readily be arranged so that the
      amplitude of the signal decreases with an increase in the value of the
      denomination.
PAR  The circuit generally comprises the transformer, an oscillator the output
      of which is fed to the primary of the transformer, an arrangement for
      demodulating and amplifying the output of the oscillator to provide a
      first steady reference voltage, an arrangement for demodulating and
      amplifying the output of the secondary of the transformer to provide, in
      the no signal condition of the secondary, a second steady reference
      voltage representing that condition, a series of three "window" type
      comparators in which the demodulated voltages are compared, there being
      one comparator for each denomination of coin to be validated; and output
      logic circuity and control circuitry.
PAR  The circuit of the embodiment is intended to operate, when a coin is
      sensed, to compare the signal produced with different amplitude parameters
      respectively set up electrically in the comparators; the three parameters
      corresponding to the signal amplitudes produced by coins of the respective
      denominations. If the amplitude parameter of any of the comparators is
      equal to or less than that of any signal produced, the comparator is
      operated to produce an output signal. However, each comparator operates
      only by a switching action from an "off" condition to an "on" condition
      and then back to the "off" condition to produce a discrete output signal.
      Thus, although more than one comparator may be operated by a signal
      derived from sensing a coin, because of the nature of the signal causing
      such operation, the comparators concerned would produce their output
      signals at different times viz: the greater the amplitude of the coin
      sensing signal, the earlier in time before the peak of any signal, will
      any comparator, set up for a lesser amplitude of signal, operate. On
      sensing a coin, the circuit also generates, to coincide with the peak of
      signal produced thereby, a control signal by which only the comparator
      output signal produced simultaneously with the control signal is taken as
      indicating a valid coin. It will be seen, therefore, that only the output
      signal of the comparator which is itself operated by the peak of the
      signal derived from sensing a coin, is taken as indicating that the coin
      sensed is one of a valid denomination. Since coins used in a coin slot
      machine may be worn or damaged and thus give rise to some variation in the
      signal derived from sensing the coins, each comparator is arranged so that
      it is switched between two slightly different voltage levels; the levels
      being chosen, by prior trial and error, to provide maximum validation of
      valid coins and maximum rejection of invalid coins.
PAR  When a coin is validated, the coin gate is operated to permit the coin to
      fall to the coin vault. A photo cell is stationed at the gate so that as
      the coin goes through a signal is provided to permit an output to be taken
      from the circuit corresponding to the value of the coin. This arrangement
      prevents valid coins being retrieved from the coin slot after the output
      signal has been taken from the circuit i.e. to operate the vending or
      dispensing machine the coin validator is used with. Otherwise, the machine
      could be operated repeatedly with the same coin by retrieval of it each
      time from the coin slot, for instance, by attaching the coin to a length
      of thread or string.
PAR  To permit the comparators to operate between a lower and a higher level of
      signal amplitude, each comparator comprises a pair of differential
      amplifiers with one of them set to switch on when any signal applied to it
      exceeds the lower limit and with the other of them set to switch off if
      the applied signal amplitude exceeds the higher limit. The output stage of
      each comparator comprises an AND gate so that as the one amplifier
      switches on one of the input signals is applied to the gate by the
      amplifier. Since the other amplifier is "on", the other input to the gate
      is already present and thus the comparator produces an output. If the peak
      of the signal occurs between the limits set by the comparator, then
      following operation of the one amplifier, the signal will decay and switch
      that amplifier back to the "off" condition, thus removing one of the
      inputs to the AND gate. If, however, the peak of the signal lies beyond
      the upper limit of the comparator, the other of the amplifiers will be
      switched to the "off" condition and again remove one of the inputs from
      the AND gate. In either instance, therefore, the comparator ceases to
      produce an output at substantially the same instant in time.
PAR  Turning now to the circuit diagram, the oscillator Osc is a Weinbridge type
      oscillator the output of which is applied to the primary Wp of the
      transformer T. The output is also applied to a positive half cycle
      demodulator DM1 whose output is smoothed by capacitor C1. Supplementary
      stabilization for the oscillator, particularly in respect of temperature,
      is provided by a feedback from the demodulator output through adjustable
      resistor R1 to the base of the field effect transistor FET contained in
      one arm of the bridge. The demodulator output is amplified in differential
      amplifier AMP1 to provide a first steady, positive, reference voltage for
      each of the three comparators generally indicated at Cmp1, 2 and 3
      respectively. The output of the secondary Ws of the transformer is
      amplified and demodulated by negative, half cycle demodulator arrangement
      DM2 to provide a second steady but negative, reference voltage for the
      comparators representing the no signal condition.
PAR  The respective pairs of differential amplifiers of the comparators are
      indicated by AMPC1, 2; AMPC3, 4 and AMPC5, 6 respectively. Amplifiers
      AMPC1, 3 and 5 receive respectively at their positive and negative input
      terminals the negative and positive reference voltages through respective
      resistors as shown in the diagram, while amplifiers AMPC2, 4 and 6 receive
      respectively at their negative and positive input terminals, the negative
      reference voltage directly and through a respective resistor Rv of voltage
      divider and a further resistor Ri the positive reference voltage. Resistor
      Rv determines the range of amplitude between the limits at which the
      comparator will operate while an adjustable resistor Rj of the voltage
      divider determines the voltage level of the lower one of the limits. The
      AND gate of each comparator output is constituted by three diodes D1, D2,
      and D3 the anodes of which are connected in common to a positive voltage
      source through a resistor Rg. Each AND gate output is connected to one of
      the inputs of a 2-NAND gate 2N1 the other input of which is connected to a
      control circuit CC as hereinafter described; and each NAND gate controls a
      flip-flop FF one output of which in turn is connected to one of the inputs
      of a further 2-NAND gate 2N2. The further 2-NAND gates serve as the
      circuit output devices from which, when actuated, an output signal
      representing one of the coin denominations is taken for use in operating
      the vending or dispensing machines the coin validator is used with. The
      other input of each NAND gate 2N2 is taken from the output of a monostable
      multi-vibrator MV1 fed from a differential amplifier AMP2 the input to
      which is connected to the photo cell, indicated at PE, stationed at the
      coin gate. The device MV1 also provides an output to a further monostable
      multi-vibrator MV2 connected to the re-set input of each flip flop. The
      other output of each of the flip flops is connected to a 3-NAND gate 3N
      controlling, via an amplifier AMP3, operation of a solenoid Sg by which
      the coin gate 3 is operated.
PAR  The control circuit CC mentioned above comprises a differential amplifier
      AMP4 connected to the demodulator arrangement but set up to respond only
      to the peak of any signal resulting from the sensing of a coin to produce
      a control pulse which is applied to said other input of each of the NAND
      gates 2N1.
PAR  In operation of the circuit, the sensing of a coin by the transformer
      imposes a signal, as above described, on the second reference voltage.
      This has the effect of switching on one of the comparators (which would be
      the one for the nickel denomination) or that and one or both of the other
      comparators sequentially. When the signal reaches its peak, the control
      circuit CC produces a control pulse: if the coin concerned is a valid one,
      then one of the comparators will be operated substantially at the peak of
      the signal and accordingly, the NAND gate 2N1 thereof will set the
      flip-flop to provide a signal at the one input of the respective output
      device and a signal at one of the inputs of the 3-NAND gate 3N. The gate,
      in this instance, serves an OR function and consequentially produces a
      signal which, after amplification in amplifier AMP2, operates the coin
      gate. The coin will, therefore, pass through the gate and cause the photo
      cell to actuate amplifier AMP3 to provide a signal via device MV1 at the
      other input of each of the output devices. Meanwhile, the flip flop which
      has been operated will have maintained a signal at the one input of the
      respective one of the output devices which will thus provide an output
      signal representing the denomination of the validated coin. If the coin
      was not one of a valid denomination, it would have produced a signal whose
      peak would be between the "windows" of the comparators and, therefore,
      would not produce a control signal simultaneously with the operation of
      any comparator that had been operated. Therefore, no flip-flop would have
      been operated simultaneously with the production of the control signal,
      and no signal would have been provided at the 3-NAND.
PAR  The device MV1 produces a rectangular pulse the trailing end of which
      causes operation of the multi-vibrator MV2 and the pulse from this device
      is applied to all the flip flops to re-set the one of them operated in
      response to the validated coin.
PAR  The flip flops may be replaced by shift registers in order to permit rapid
      insertion of a plurality of coins for instance, when the chute is arranged
      as a vertical channel and the coins are dropped in virtually touching one
      another.
PAR  The coin chute of FIG. 1 may also be replaced by any suitable coin chute
      but, in particular, by the one shown in FIG. 3 which incorporates an
      escrow facility. The transformer is shown at T and the gate corresponding
      to gate 2 of FIG. 3 is shown at 2'. The coin channel as in FIG. 1 is
      branched to provide a reject channel B and a validation channel A.
      However, the channel A gives access again to the reject channel B at the
      location of a release gate 2B and, just before this junction, is guarded
      by a further, summation, gate 2A. The arrangement is such that valid coins
      may be held between gates 2' and 2A until a given sum has been built up
      when gate 2A may be operated to deliver the coins to the coin vault and
      operate the machine. However, if the user prefers (for instance if he
      finds he has insufficient coins) he may open the release gate 2B to
      recover his coins.
CLMS
STM  I claim:
NUM  1.
PAR  1. A coin validator electronic circuit comprising:
PA1  coin sensing means for producing a transient signal the amplitude of which
      is dependent on the denomination of the coin sensed;
PA1  a plurality of comparator means set up with amplitude parameters
      respectively to represent the coin denomination to be validated and each
      operable by a signal whose amplitude is at least equal to the amplitude
      parameter of the comparator means, but so that operation of more than one
      comparator means by any one signal is sequential;
PA1  means for generating a control signal at the maximum of the transient
      signal amplitude;
PA1  and means responsive to a control signal generated by said generating means
      and to the operation of a comparator means, only when the coin sensed by
      the coin sensing means gives rise to said control signal and to said
      operation of the comparator means coincidently in time, to produce a
      circuit output signal indicating validation of that coin.
NUM  2.
PAR  2. A circuit according to claim 1, wherein the coin sensing means comprises
      a transformer the energy transfer between the windings of which is
      disturbed by the passage of a coin in proximity thereto.
NUM  3.
PAR  3. A circuit according to claim 2, wherein the coin sensing means further
      comprises an oscillator to supply the transformer, and a demodulation
      arrangement responsive to the voltage developed in the secondary of the
      transformer to provide, in the no signal condition of the transformer, a
      steady voltage, and to impose on the steady voltage, when a coin is
      sensed, the signal resulting therefrom; the comparator means each being
      connected to receive said steady voltage and any signal imposed thereon.
NUM  4.
PAR  4. A circuit according to claim 3, wherein the oscillator is a Weinbridge
      type oscillator.
NUM  5.
PAR  5. A circuit according to claim 1, wherein each comparator means is
      arranged to produce an output in response to a range of signal amplitude.
NUM  6.
PAR  6. A circuit according to claim 5, wherein each comparator means comprises
      a pair of differential amplifiers one of which is set up to respond to a
      signal amplitude at least equal to the lower limit of the amplitude range
      to cause the comparator means to produce an output, and the other of which
      is set up to respond to a signal amplitude at least equal to the upper
      limit of the amplitude range to cause the comparator means output to
      cease, whereby each comparator means produces a discrete output signal in
      response to any signal causing operation of the comparator means.
NUM  7.
PAR  7. A circuit according to claim 6, wherein the coin sensing means comprises
      means to produce a first and second steady voltage of opposite polarity in
      the no signal condition of the sensing means and to impose on said second
      steady voltage, when a coin is sensed, the signal resulting there from;
      and wherein each comparator means comprises an output stage constituted by
      an AND gate, and the pair of amplifiers of each comparator means receive
      the two steady voltages so that, in response thereto, said one of the pair
      is maintained in the off condition to deprive the AND gate of one input
      while said other of the pair is maintained in the on condition in which it
      supplies the other of the imputs to the AND gate, and so that in response
      to said signal, in the case where the amplitude thereof is within the
      range set by the pair of amplifiers, said one amplifier is switched on as
      the signal amplitude rises above the lower limit of the range to cause the
      comparator means to produce an output and is then switched off again as
      the signal amplitude subsequently decays below said lower limit of the
      range and, in the case where the signal amplitude is greater than the
      upper limit of the amplitude range, first said one amplifier is switched
      on to cause the comparator means to produce an output as the signal
      amplitude rises above the lower limit of the amplitude, and then said
      other amplifier is switched off as the signal amplitude rises above the
      upper limit of the amplitude range to cause the comparator means to cease
      producing an output.
NUM  8.
PAR  8. A circuit according to claim 7, wherein the coin sensing means
      comprises:
PA1  a transformer the energy transfer between the windings of which is
      disturbed by the passage of a coin in proximity thereto;
PA1  an oscillator to supply the transformer;
PA1  a first demodulation means to demodulate the oscillator signal to provide
      said first steady voltage;
PA1  a second demodulation means responsive to the voltage developed in the
      secondary of the transformer to provide, in the no signal condition of the
      transformer, said second steady voltage, and to impose on said second
      steady voltage, when a coin is sensed, the signal resulting therefrom.
NUM  9.
PAR  9. A circuit according to claim 1, comprising means for operating a coin
      gate; said means acting to prevent a circuit output signal from being
      produced until the gate has been operated, and being responsive to the
      coincidence of said control signal and a comparator means output to
      operate the gate.
NUM  10.
PAR  10. A circuit according to claim 9, comprising a photoelectric cell to be
      stationed at the gate to provide a pass signal on the passage of a coin
      past the gate, to permit a circuit output signal to be produced.
NUM  11.
PAR  11. A circuit according to claim 10, wherein each comparator means is
      associated with a logic gate serving an AND function one input of which is
      provided on operation of the comparator means and the other input of which
      is provided by said control signal; and wherein means are provided, in
      respect of each of the logic gates, for storing any output of the logic
      gate until said pass signal is produced.
NUM  12.
PAR  12. A circuit according to claim 11, wherein the output of the storage
      device is connected to one input of a logic gate serving an AND function;
      the other input of the logic gate being connected to receive said pass
      signal.
NUM  13.
PAR  13. A circuit according to claim 11, wherein the output of each storage
      means is also connected to a three input logic gate serving an OR
      function; said gate operating means being responsive to the output of the
      gate.
NUM  14.
PAR  14. A circuit according to claim 11, wherein said storage means is a flip
      flop.
NUM  15.
PAR  15. A circuit according to claim 14 wherein means are provided, responsive
      to the termination of said pass signal, for resetting any flip flop from
      which a signal has been read out in response to the pass signal.
NUM  16.
PAR  16. A coin validator electronic circuit comprising:
PA1  a transformer the energy transfer between the windings of which is
      disturbed by the passage of a coin in proximity thereto;
PA1  an oscillator to supply the transformer, a first demodulation means for
      demodulating the oscillator output to provide a first steady voltage;
PA1  a second demodulation means to demodulate the voltage of the secondary of
      the transformer to produce, in the no signal condition of the transformer,
      a second steady voltage and to impose thereon in response to the sensing
      of a coin by the transformer, a transient signal the amplitude of which is
      dependent on the denomination of the coin sensed;
PA1  a plurality of comparators, one for each coin denomination to be validated,
      each comprising a pair of differential amplifiers together with an output
      AND gate and receiving the first and second steady reference voltage so
      that normally one amplifier of a pair is switched off and the other
      amplifier of a pair is switched on, and so that in response to the
      imposition of a signal on said second voltage, when the signal amplitude
      reaches a first limit, the one amplifier is switched on to complete the
      second input to the AND gate, and when the signal amplitude reaches a
      second limit the other amplifier is switched off to remove an input from
      the AND gate so that in the event that more than one comparator is
      operated by said signal, the comparators are operated sequentially;
PA1  means for producing a control signal at the maximum of the signal
      amplitude;
PA1  a logic gate for each comparator serving an AND function to receive as one
      input any output of the comparator and as the other input, the control
      signal;
PA1  a flip-flop, one for each comparator, receiving the output of the logic
      gate;
PA1  a logic gate, serving an OR function, to receive the outputs of the flip
      flops;
PA1  means responsive to the output of the logic gate for operating a coin gate,
      means including a photo-cell for providing a pass signal on the passage of
      a coin past the coin gate;
PA1  a further logic gate for each flip-flop serving an AND function and
      receiving as one input, any output of the flip flop and as the second
      input, the pass signal to provide a circuit output signal on operation of
      the gate; and
PA1  means operated by the pass signal for re-setting any flip flop from which a
      signal has been read out in response to said pass signal.
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ABST
PAL  A control circuit for a subscriber station in a video telephone system
      includes detectors, gates, and toggles responsive to the various local and
      incoming supervisory signals to control operation of the local audio and
      video receivers and transmitters, and the ringers for selectively
      announcing incoming ordinary and video calls.
BSUM
PAC  BRIEF DESCRIPTION
PAR  This invention relates to a novel circuit for controlling the operation of
      a subscriber station in a video telephone system.
PAR  Standards for supervisory signalling in video telephone systems have been
      established in the industry to enable satisfactory interconnection among
      the various different operating companies. See The Bell System Technical
      Journal, Vol. 50, No. 2, for February 1971, page 305, et. seq. The circuit
      of the present invention is designed to meet the established standards as
      described in that reference.
PAR  The circuit includes so-called high threshold logic, electrical toggles,
      and power regulators to energize the local tone ringer, transmitter, and
      video gear at the proper times, and to prevent energization of the video
      display and camera at times when they should not be energized.
PAR  Three detectors are used, one to sense an off-hook condition at the
      subscriber's station, one to detect the conventional 20 Hertz ring signal,
      and one to detect the video supervisory signal received on the video leads
      from the central office whenever a video call is in progress. The
      detectors produce signals that are gated to control energization of the
      various operating components of the subscriber's system including the
      video camera and receiver, the synchronizing generator, the power
      regulator for the loudspeaker, and the oscillator used to produce a
      special tone to announce an incoming video call. The arrangement also
      distinguishes between calls placed from the subscriber's master set and
      those placed from extensions that are not equipped for video calls, so
      that the video gear is not switched on for calls made from an extension.
DRWD
PAC  DETAILED DESCRIPTION
PAR  A presently preferred embodiment of the invention will now be described in
      conjunction with the accompanying drawing, wherein the single FIGURE is a
      schematic diagram in block form of a control circuit according to the
      invention.
DETD
PAR  As shown, an OFF-HOOK detector 10 is connected across the audio leads 12 to
      produce an output signal whenever one of the subscriber's local sets goes
      off hook or the so-called "hands free" operation is used. The output
      signal of the detector 10 is applied to one input of a SET gate 14,
      partially to enable it. It is also applied through an invertor 16 to a
      RESET gate 18 and a PRIME gate 20, inhibiting them. Thus, when the local
      station goes off hook the SET gate 14 is partially enabled, and the PRIME
      and RESET gates are inhibited. If hands free operation has been selected,
      a logic signal is applied to a gate 46, and through it and an invertor 37
      to the speaker drive control 38 to turn on the speaker drive power so that
      dial tones on the audio leads 12 may be heard.
PAR  Nothing further occurs in the control circuit until the central office
      effects a connection from the local station to another station also
      equipped for receiving video calls. When the connection is made, the
      central office sends a video supervisory signal on the video receive leads
      22 to both the calling and called parties. The video supervisory signal is
      detected by the VSS detector 24, the output of which is connected to the
      SET and PRIME gates 14 and 20, respectively, fully to enable the SET gate
      14 of the calling party. The output of the VSS detector 24 is also
      applied, through an invertor 35, to the RESET gate 18, further inhibiting
      it, and to gate 34. The gate 34 operates as an OR gate, and can be enabled
      by either the VSS detector 24 or the "turn on set" (TOS) signals at the
      gates 28 and 44. The output of the SET gate 14 then changes to trigger a
      LATCH toggle 26. The output of the LATCH toggle 26 is applied to one input
      of each of a pair of gates 28 and 44, which, together with the gates 46
      and 36 and an invertor 37 constitute the "turn on audio" (TOA) logic. When
      a signal from either the OFF HOOK toggle 31, which is responsive to the
      hook switch at the subscriber's main station, or the HANDS FREE toggle 42,
      which is responsive to the hands free switch 40, is present while a LATCH
      condition exists, the output of the gates 28 and 44 changes state. This
      change, through the invertor 33, turns on the power regulators 50, 52, 54,
      and 56 for the video components of the system. Also, the output of the
      gates 28 and 44 enables the gate 34 to keep the speaker drive power 38 on
      regardless of the state of the VSS detector 24.
PAR  For an incoming call, as soon as the central office completes the
      connection to the local station, it applies a video supervisory signal on
      the video receive leads 22. The signal is detected by the VSS detector 24,
      which applies its output through the invertor 35 and the OR gate 34 and
      the gate 36 to turn on the power regulator 38 for the loudspeaker. When
      the 20 Hz. ring signal is applied by the central office across the audio
      pair 12, it is sensed by the ring detector 60, which produces a 20 Hz.
      square wave at its output. This signal is used in conjunction with the
      output of the VSS detector 24 to apply a special "video call" signal to
      the loudspeaker of the set. In the absence of an off hook condition, the
      output of the OFF HOOK detector 10, through the invertor 16 partially
      enables the PRIME gate 20, and during this time a change in the output of
      the VSS detector 24 in response to a video supervisory signal on the video
      receive leads 22 enables the PRIME gate 20, causing its output condition
      to change. The output of the PRIME gate 20 is fed through an invertor 62
      to one input of the RING gate 64, and the output of the RING detector 60
      is fed to the second input of the RING gate 64. When the ring signal
      occurs simultaneously with the video supervisory signal, and in the
      absence of an off hook condition, the "video call" signal is generated.
PAR  In the circuit as shown, the "video call" signal is generated by an
      oscillator 66 set at about 900 Hz., and, in accordance with the invention,
      its output is modulated by the 20 Hz. square wave signal from the RING
      detector 60. The modulated 900 Hz. signal is applied to the loudspeaker to
      cause it to emit a distinctive tone indicating that an incoming video call
      awaits response. The regular ringers in the subsets ring in the regular
      way in response to the 20 Hz. ring signal from the central office.
PAR  The output of the VSS detector 24 also drives an MRR relay driver 68
      through a buffer 70 to open the normal ringer lead RGR in the main station
      set.
PAR  When the local station goes off hook in response to the incoming call
      signal, the PRIME gate 20 is inhibited by the change in the output of the
      OFF HOOK detector 10, discontinuing the generation of the "video call"
      signal. The ring-trip relay at the central station cuts off the 20 Hz.
      ring signal at the same time. Also, when the station goes off hook the
      circuit operates as in an originating call, to turn on the video gear
      through the LATCH toggle 26.
PAR  At the end of a call, when one party goes on hook the LATCH toggle 26 at
      his station will remain set until the video supervisory signal is removed
      from the video receive leads 22 by the central office. When that happens,
      the set returns to its standby condition awaiting the initiation of a new
      call.
PAR  Power for operating the control circuit may be provided as desired, most
      conveniently by rectified power supplies kept constantly energized from
      the subscriber's conventional house wiring.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A control circuit for a subscriber station in a video telephone system
      of the kind in which the station includes separate audio and video receive
      leads, a loudspeaker and means for driving it, an annunciator system for
      alerting the subscriber to incoming video calls, and video gear including
      a video camera, a video display device, and means for producing
      synchronizing signals, said circuit comprising:
PA1  a. an OFF HOOK detector for producing an output signal in response to an
      off-hook signal on the audio leads of the station,
PA1  b. a RING detector for producing an output signal in response to a ring
      signal on the audio leads,
PA1  c. a VIDEO detector for producing an output signal in response to a video
      supervisory signal on the video receive leads of the station, and
PA1  d. means including electrical toggles, gates, and invertors responsive to
      the output signals produced by said OFF HOOK, RING, and VIDEO detectors
      for selectively energizing and deenergizing the video gear, the
      loudspeaker, and the annunciator system of the subscriber station, turning
      the video gear on in response to simultaneous output signals from the OFF
      HOOK and the VIDEO detectors and holding it deenergized in the absence of
      either, and energizing the loudspeaker drive means in response to an
      output signal from the VIDEO detector in the absence of an output signal
      from the OFF HOOK detector.
NUM  2.
PAR  2. A control circuit according to claim 1 including a SET gate having two
      inputs connected respectively to the outputs of said OFF HOOK and said
      VIDEO detectors to produce a SET signal whenever said OFF HOOK and said
      VIDEO detectors produce output signals simultaneously, and turn on means
      responsive to a SET signal produced by said SET gate to turn on the video
      gear of the subscriber station whenever an off hook condition exists at
      the master set of the station at the same time that a video supervisory
      signal is present.
NUM  3.
PAR  3. A control circuit for a subscriber station in a video telephone system
      of the kind in which the station includes separate audio and video receive
      leads, a loudspeaker and means for driving it, an annunciator system for
      alerting the subscriber to incoming video calls, and video gear including
      a video camera, a video display device, and means for producing
      synchronizing signals, said circuit comprising:
PA1  a. an OFF HOOK detector for producing an output signal in response to an
      off-hook signal on the audio leads of the station,
PA1  b. a RING detector for producing an output signal in response to a ring
      signal on the audio leads,
PA1  c. a VIDEO detector for producing an output signal in response to a video
      supervisory signal on the video receive leads of the station, and
PA1  d. means including electrical toggles, gates, and invertors responsive to
      the output signals produced by said OFF HOOK, RING, and VIDEO detectors
      for selectively energizing and deenergizing the video gear, the
      loudspeaker, and the annunciator system of the subscriber station, turning
      the video gear on in response to simultaneous output signals from the OFF
      HOOK and the VIDEO detectors and holding it deenergized in the absence of
      either, and energizing the loudspeaker drive means in response to an
      output signal from the VIDEO detector in the absence of an output signal
      from the OFF HOOK detector,
PA1  e. said energizing and deenergizing means including a toggle, means for
      setting said toggle in response to the simultaneous occurrence of an off
      hook condition and a video supervisory signal, means for re-setting said
      toggle in response to the simultaneous absence of an off hook condition
      and a video supervisory signal, and turn on means responsive to the output
      of said toggle for turning on the video gear during times when said toggle
      is set and holding it off when said toggle is in its re-set condition.
NUM  4.
PAR  4. A control circuit according to claim 3 wherein the annunciator system
      includes an oscillator for producing an electrical signal at a frequency
      of about 900 Hertz, a modulator for modulating the signal produced by said
      oscillator, means for producing a square wave signal responsively to a
      ring signal when one is present on the audio leads, the square wave signal
      being at the same repetition rate as the ring signal, means for applying
      the square wave signal so produced to said modulator to modulate the
      output signal of said oscillator, and means for applying the modulated
      signal from said modulator to drive the loudspeaker, thereby to produce a
      distinctive tone to announce an incoming call.
NUM  5.
PAR  5. A control circuit according to claim 3 including also a manually
      operatable switch, and a toggle responsive to said switch for energizing
      the loudspeaker drive means independently of the conditions in other parts
      of the circuit.
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ABST
PAL  A passbook handling assembly for positioning a passbook relative to a type
      carrier in a printer. The handling assembly includes document gripping
      fingers at the ends of pivoted arms. A servomotor causes the arms to pivot
      through an arc. The document gripping fingers raise or lower the gripped
      passbook as the arms move.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the art of printing devices and more
      particularly to a document handling assembly for use in such devices.
PAR  It is a long-established practice for banks and other savings institutions
      to issue passbooks or bankbooks to holders of savings accounts. A typical
      passbook includes 10 to 12 blank pages bound together within a stiff paper
      cover. The passbook serves as the customer's record of transactions
      concerning his savings account. Each deposit or withdrawal is recorded in
      the passbook by the savings institution at the time of the transaction.
PAR  A customer holding a passbook and the savings institution which issued that
      passbook are both interested in seeing that entries are neatly made and
      that the passbook is kept in good condition for as long as possible. The
      savings institution is interested in seeing that entries are neatly made
      since the customer's image of the savings institution is likely to be
      based, at least in part, on the appearance of passbook entries. The
      savings institution is also interested in keeping the passbook in good
      condition for as long as possible so that it will not have to prematurely
      issue a new passbook. A customer expects to see properly aligned and
      spaced entries Entries which are skewed or which overlap may be hard for
      the customer to decipher. A customer may also wish to keep a passbook in
      good condition for as long as possible since it provides him with a
      convenient record of his past fortunes or misfortunes as the case may be.
PAR  Before savings institutions began to use data processing equipment, all
      passbook entries were hand written. If the teller making the passbook
      entries had a steady hand and a good pen, the customer could expect to
      have a neat passbook which would remain in good condition while all entry
      pages were being filled. When savings institutions began to use data
      processing equipment, they also began to use passbook printers for
      mechanically printing entries into customer passbooks.
PAR  The basic construction of known passbook printers is similar to the
      construction of conventional mechanical or electrical typewriters. The
      passbook is inserted between a driven, rotatable platen and one or more
      idler rollers which force the passbook into contact with the platen.
      Surface friction between the passbook and the driven platen permits the
      passbook to be positioned relative to a type carrier upon rotation of the
      platen. While this typewriter-like arrangement may be perfectly
      satisfactory for flexible material such as conventional typing paper, the
      arrangement has certain drawbacks in a passbook printer. The bending of
      the passbook about the rotatable platen can cause severe damage to the
      stiff binding of the passbook. Moreover, the passbook must often be
      manually aligned within the printer prior to printing to avoid skewed or
      overlapping entries. Even if the passbook is aligned correctly initially,
      it is not uncommon for the passbook to slip during rotation of the platen
      causing entries to be skewed or overlapped in spite of the best efforts of
      the operator.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a passbook handling assembly for providing
      positive, slippage-free alignment of the passbook relative to a type
      carrier. An assembly constructed in accordance with the present invention
      will cause very little damage to the passbook even after repeated entries
      are made.
PAR  The invention includes document guiding means which constrain movements of
      a document to a predetermined path relative to a printing mechanism. The
      invention further includes document engaging means which grip the document
      at one or more places on the perimeter of the document. A controllable
      driving means is connected to the document engaging means. The
      controllable driving means drives the engaging means (and the gripped
      document) between print positions along the predetermined path.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming that which is regarded as the present invention,
      further details of a preferred embodiment of the invention along with its
      further objects and advantages may be more readily ascertained from the
      following detailed description when read in conjunction with the
      accompanying drawings wherein:
PAR  FIG. 1 is a side view of a passbook handling assembly constructed in
      accordance with the present invention showing loading/unloading linkages
      and a portion of a document guiding means;
PAR  FIG. 2 is a front view of the passbook handling assembly shown in FIG. 1;
PAR  FIG. 3 is an enlarged perspective view of one embodiment of document
      engaging means suitable for use in the present invention; and
PAR  FIG. 4 is a more detailed side view of the passbook handling assembly
      showing the linkages and elements needed to grip and move a passbook
      relative to a type carrier.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1, a passbook handling assembly constructed in
      accordance with the present invention, preferably includes a passbook
      loading chute 10 having a funnel shaped opening 12 into which an operator
      can insert a passbook. The opening 12 is shown by dotted lines in FIG. 1
      indicating that it would normally be hidden from view by end plates. Chute
      10 is pivoted at points, including point 16, on opposite sides of an
      assembly housing 14. Chute 10 is movable between the closed or print
      position shown to an open or loading position. To load a passbook into the
      opening 12 of chute 10, an operator depresses a key or other control
      device to actuate a chute-latching solenoid 18 shown in the upper left
      hand corner of housing 14. When solenoid 18 is actuated, its armature 20
      retracts causing an attached L-shaped lever 22 to pivot in a
      counterclockwise direction about a pivot point 24. The free end of
      L-shaped lever 22 includes an extension 26 which is normally seated in a
      notch in a link 28 unless lifted clear of the notch by actuation of the
      solenoid 18. Once extension 26 is clear of the notch, the chute 10 is
      unlatched and can be pulled outwardly or in a clockwise direction to its
      loading position. The link 28 and a crank 30 pivotally connected to the
      link are moved to the right when the chute moves to its loading position.
      Crank 30 is connected to a rotary solenoid 32 shown only by dotted
      outlines since it is hidden by sidewalls of the housing 14. The function
      of this solenoid is explained later.
PAR  With the chute 10 in its loading position, an operator can readily insert a
      passbook into the opening 12 and push the chute 10 counterclockwise toward
      its print position. If the operator forgets to move the chute 10 to the
      print position before attempting to print an entry into the passbook,
      logic circuitry (not shown) will prevent printing operations and will also
      cause rotary solenoid 32 to be actuated. When solenoid 32 is actuated, it
      causes crank 30 to rotate in a clockwise direction to draw the chute 10
      back into the print position. Chute 10 is latched in the print position by
      de-energizing solenoid 18 to cause extension 26 of lever 22 to drop into
      the notch in link 28. A signal indicating that the chute 10 is in the
      print position is obtained from a switch 34 mounted on the sidewall of
      housing 14. A leaf 36 on the switch 34 is cammed downwardly by a rounded
      edge 38 on the sidewall of chute 10 when the chute is rotated to the print
      position.
PAR  The lower right hand corner of the assembly is broken away to illustrate an
      inner guide 40 and an outer guide 42 which constrain movement of a
      passbook to a predetermined path. Also shown is the end of a document
      engaging means 44 which moves along the path defined by the guides 40 and
      42. The construction and operation of the document engaging means 44 is
      described in more detail below.
PAR  The cross-hatched squares 46 shown in FIG. 1 are struts which connect
      opposite sidewalls of the housing 14. One of the struts is shown in the
      front view of FIG. 2. Referring to that Figure, it may be seen that the
      document guides, only outer guide 42 of which is visible, are pieces of
      sheet metal containing parallel slots 48. Document engaging means 44
      includes two lift arm assemblies which move along the slots 48. The lift
      arm assemblies are connected together at a pivot arm described in more
      detail below. A rotatable platen 50 is mounted between the sidewalls of
      the housing 14. The platen 50 is located at the impact point of a type
      carrier to support a passbook during printing operations.
PAR  The angular position of the document engaging means 44 controls the
      vertical position of a passbook relative to a type carrier in line with
      the rotatable platen 50. The angular position of the document engaging
      means 44 is, in turn, controlled by a servomotor which can be stepped
      between print positions through the use of a conventional shaft encoder
      including an encoding disk 52 secured to the shaft of the servomotor by
      means of a wing nut 54. The use of a wing nut 54 to secure the encoding
      disk 52 to the motor shaft makes it possible to change disks to
      accommodate passbooks of different sizes or to print entries at different
      line spacings.
PAR  Referring to FIG. 3, the document engaging means 44 includes two lift arm
      assemblies 57 each having an upper arm 58 and a lower arm 60 which is held
      against the underside of upper arm 58 by a U-shaped bracket 59 that
      cradles lower arm 60. The bracket 59 is attached to or integral with lower
      arm 60 but rides on pins 61 protruding from the sides of upper arm 58 to
      permit the lower arm 60 to slide along upper arm 58. The two upper arms
      are connected to a pivot arm 90 which can be rotated about an axis 69 by a
      servomotor, as will be described in more detail below. The free end of
      upper arm 58 includes a finger 62. The free end of lower arm 60 includes
      another finger 64 attached to a ledge 63. The arms 58 and 60 are
      illustrated in their open position. In their closed position, the fingers
      62 and 64 are urged toward one another to grip the perimeter of a passbook
      near its bottom edge.
PAR  The mechanisms used to open and close the fingers 62 and 64 and to drive
      the lift arm assemblies 57 are shown in more detail in FIG. 4. In FIG. 4,
      the sidewall of the chute 10 has been removed to show the funnel shaped
      opening 12 in slightly more detail.
PAR  The fingers 62 and 64 at the end of each lift arm assembly 57 open
      automatically when the chute 10 is pulled to its loading position and
      close automatically when the chute 10 is pushed or drawn to its print
      position. The controlling linkage includes an arm 66 connected to the
      chute 10 at a pivot point 68. The left end of the arm 66 includes the slot
      70 encompassing a pin 72 at one end of lever 74. Movement of the chute 10
      toward its loading position causes arm 66 to move to the right. When the
      pin 72 contacts the left end of slot 70 in moving arm 66, the upper end of
      lever 74 is pulled to the right causing lever 74 to rotate in a clockwise
      direction about a pivot point 76. The clockwise rotation of lever 74
      forces a smaller lever 78 to pivot counterclockwise about a pivot point 80
      in the upper arm 58. This movement of the small lever 78 is opposed by a
      coil spring 82 rigidly attached to pins on the lever 78 and the upper arm
      58. The counterclockwise rotation of small lever 78 about its pivot point
      80 causes a pin 84 at the lower end of lever 78 to push the lower arm 60
      to the right relative to the upper arm 58. The relative movement of the
      two arms 58 and 60 separates the fingers 62 and 64. The bottom edge of a
      passbook inserted into chute 10 will be seated against the ledge 63 shown
      in FIG. 3.
PAR  When chute 10 is moved toward its print position either by the operator or
      by operation of the rotary solenoid 32, the leftward movement of arm 66
      causes lever 74 to pivot in a counterclockwise direction. The movement of
      lever 74 permits the coil spring 82 to draw lever 78 to its extreme
      clockwise position. Consequently, pin 84 draws the lower arm 60 to the
      left relative to the upper arm 58, causing the fingers 62 and 64 to
      converge on the passbook seated between them.
PAR  A servomotor 88 is coupled to a pivot arm 90 for the lift arm assemblies 57
      through a gear train consisting of a small gear 92 mounted on the motor
      shaft and a larger gear 94 immovably connected to pivot arm 90.
PAR  Because the pair of lift arm assemblies are rigidly connected and can move
      vertically only in synchronism, the document gripped by the fingers 62 and
      64 and moving between guides 40 and 42 is positively aligned with respect
      to type carrier 86 at all times during the same printing operation and
      during printing operations performed at different times. Successive
      entries cannot be skewed and cannot overlap.
PAR  Since a passbook is lifted or lowered along the guides 40 and 42 by the
      pair of lift arm assemblies and is not positioned by platen friction, the
      passbook need not be wrapped around a platen as was done in prior art
      passbook printers. A slight curvature is formed in the passbook by
      locating the idler platen 50 near the edge of the path defined by the
      guides 40 and 42 and the opening 12 in chute 10. This slight curvature,
      although unnecessary for positioning of the passbook, may enhance the
      quality of print. Since the amount of curvature is slight, there should be
      little or no damage to the binding of the passbook.
PAR  While there has been described what is believed to be a preferred
      embodiment of the invention, variations and modifications of the invention
      will occur to those skilled in the art. For example, the lift arm
      assemblies are shown moving along an arcuate path. It would be obvious to
      one skilled in the art to provide lift arm assemblies movable along a
      linear path. Similarly, the invention might be used with an electrostatic
      or other non-contacting printing mechanism rather than the contact-type
      printing mechanism illustrated herein. Therefore, it is intended that the
      appended claims shall be construed as including all such variations and
      modifications as fall within the true spirit and scope of the invention.
CLMS
NUM  1.
PAR  1.  For use in a document printer having a printing mechanism, a document
      handling assembly for positioning a document relative to the printing
      mechanism comprising:
PA1  a. document guiding means for constraining movement of the document to a
      predetermined path relative to the printing mechanism;
PA1  b. document engaging means including movable fingers for gripping the lower
      edge of a document at one or more places to hold the document during
      movement along a generally vertical predetermined path; and
PA1  c. controllable driving means connected to said document engaging means for
      driving said engaging means between print positions along the
      predetermined path.
NUM  2.
PAR  2. A document handling assembly as recited in claim 1 wherein said document
      engaging means further includes:
PA1  a. pivotally mounted arm assemblies having the movable fingers located at
      the unpivoted end thereof; and
PA1  b. means for coupling said arm assemblies to said controllable driving
      means to allow said driving means to rotate said arm members through an
      arc.
NUM  3.
PAR  3. A document handling assembly as recited in claim 2 further including a
      platen member located on the opposite side of the document from the
      printing mechanism for preventing document displacement upon actuation of
      the printing mechanism.
NUM  4.
PAR  4. A document handling assembly as recited in claim 3 wherein said platen
      member comprises a roller positioned in part in the predetermined path to
      slightly curve the document in the area to be printed by the printing
      mechanism.
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ABST
PAL  A type character visual indicator for an interlingual typewriter for
      multiple languages typing and having a chassis provided with a window, a
      drum having type characters is mounted for rotating and sliding to a
      position to align a selected type character with a striker; the indicator
      includes an endless band having type characters thereon arranged in
      reverse direction to the type characters on the drum, to a pointer movable
      with the drum for indicating a particular type character in a particular
      row corresponding to the selected type character.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to typewriters and more particularly to a type
      character visual indicator for a typewriter capable of being used in
      typing multiple languages.
PAR  2. Description of the Prior Art
PAR  In the past, various typewriters have been devised for use in typing
      Oriental and various other languages, but these typewriters have been
      either ineffective in operation or have required extensive training and
      experience in the use thereof. The oriental languages such as Chinese,
      Japanese, and Korean for the most part require three or four thousand
      characters. Many of these characters are somewhat similar in appearance
      and are difficult to see through direct observation of the type
      characters.
PAR  One of the answers to the difficulties heretofor occuring provided a
      workable and efficient typewriter for use with Oriental languages in
      particular and useful for all alphabets is disclosed in the application of
      Man Shan Luk, Ser. No. 241,250, filed Apr. 5, 1972, for INTERLINGUAL
      TYPEWRITER. This application provides for a typewriter including a platen
      mounted on a chassis and provided with a drum thereon carrying type
      characters. One of the type characters is selectively aligned with the
      striker of the typewriter. This typewriter, however, provides for alphabet
      and symbol cards to be mounted on the chassis, but does not provide for
      visual indication of the alignment of the type character drum.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the lack of a type character visual
      indicator in the earlier multiple typewriters by employing an effective
      arrangement for visually indicating the alignment of the drum with the
      striker for providing a representative of the character which is to be
      struck.
PAR  Preferred embodiments of the invention are shown in the drawings, by way of
      example only, wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an interlingual typewriter illustrating in
      perspective the visual indicia constructed in accordance with the concepts
      of the present invention;
PAR  FIG. 2 is a vertical sectional view taken along the planes of line 2--2 in
      FIG. 1;
PAR  FIG. 3 is an elevational view of the indicator;
PAR  FIG. 4 is an enlarged sectional detail view showing the type characters;
PAR  FIG. 5 is a sectional detail view similar to FIG. 4 showing the material of
      the type characters prior to etching thereof; and
PAR  FIG. 6, sheet 1, is a schematic diagram showing a modified arrangement of
      drive means used in the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With continuing reference to the accompanying drawings wherein like
      reference numerals designate similar parts throughout the various views,
      reference numeral 20 generally designates an interlingual typewriter. The
      typewriter 20 includes a chassis 22 having two keyboards 24 and 26. The
      keyboard 24 includes keys for rotating a roller 30 and the drum 28 mounted
      thereon to a predetermined position. The keyboard 26 includes keys for use
      in longitudinally aligning the drum 28 on the roller 30 by means such as
      disclosed in the copending application of Man Shan Luk, Ser. No. 241,250,
      filed Apr. 5, 1972 for INTERLINGUAL TYPEWRITER, now U.S. Pat. No.
      3,743,071. The drum 28 has rows of different type characters in the form
      of letters, numbers or other indicia 32 in any of the alphabets of the
      various languages of the world or in a suitable combination of these
      languages.
PAR  As shown in FIG. 4, the type characters are mounted on the drum by means of
      a sheet of plastic 40 which is secured to the drum and which has bonded
      thereto another sheet of plastic 42 of different material. The type
      characters are then etched from the sheet of material 42, the sheet 40
      preferably being impervious to the etching.
PAR  The type characters 32 on the drum 28 are arranged in rows and the
      mechanism for adjusting the drum is such that a specific type 32 is in
      alignment with the striker 80 as is shown in FIG. 2. A mechanism generally
      indicated at 82 is provided for actuating the striker after alignment of a
      particular type character therewith. As can be readily understood, the
      type characters are not easily visible and an indicator assembly 100 is
      provided for allowing the typist to visually observe the character for
      which the striker 80 is being actuated. In the front wall of the chassis
      22 there is provided a window 102. A bracket 104 is attached to the drum
      28 and moves along therewith and carries a vertically depending pointer
      106 which extends downwardly to alignment with the window 102. A pulley
      108 is mounted on the platen 30 and rotates therewith.
PAR  A driven shaft 110 has a driven pulley 112 mounted thereon and an endless
      belt 114 is entrained about the pulleys 108 and 112. The shaft 112 has an
      enlarged portion 116. An idler shaft 118 is provided and has an enlarged
      portion 120. An endless band 122 having type characters 124 thereon is
      entrained about the enlarged portions 116 and 120. It is to be noted that
      the surface area of the endless band 122 is precisely the same as that of
      the sheet 40 with type characters 32 thereon so that one complete rotation
      of the drum 28 will cause a complete passage of the endless band 122. The
      type characters 124 are arranged in rows spaced in the same manner as the
      rows of characters 32 but the type characters 124 are arranged in the
      order right to left as compared with the type characters arranged left to
      right as can be best seen in FIG. 3.
PAR  Suitable brackets 130 are provided for mounting a lens 132 in front of the
      window 102. The lens 102 may be mounted on a shaft 134 so as to be
      adjustable through knob 136 whereby the type characters 124 may be
      magnified as shown at 124', FIG. 3, for better observation thereof. A
      pointer 107 is provided for use in aligning the lens for facilitating
      reading of a row of type characters. The lens 132 can be disposed behind
      or in the opening 102 so that a smooth front surface for the chassis 22 is
      provided without projections.
PAR  As shown in FIG. 6, the platen 30 may have a servo mechanism 140 mounted
      thereon electrically connected to an amplifier 142 which in turn is
      connected to a servomotor 144 mounted on the drive shaft 110, whereby an
      electronic means is substituted for a mechanical mechanism and endless
      belt shown in FIG. 5.
PAR  A latitude of modification, substitution and change is intended in the
      foregoing disclosure, and in some instances some features of the invention
      will be employed without a corresponding use of other features.
CLMS
STM  I claim:
NUM  1.
PAR  1. A type character visual indicator for an interlingual typewriter having
      a chassis, a roller having an axis said roller being rotatably mounted on
      said chassis and a drum having a plurality of rows of type characters
      arranged thereon in a pre-determined left to right order in alignment with
      said axis said drum being slidably mounted on said roller for movement
      along said axis a striker, and means for rotating and sliding said drum to
      a position to align a selected type character with said striker; said
      indicator comprising a window in said chassis extending parallel to said
      axis, an endless band having indicia thereon arranged in rows in reverse
      order to the type characters on said drum, drive means responsive to
      rotation of said roller to align the containing row of indicia said
      selected type on said endless band with said window, and pointer means
      attached to said drum movable and along said axis with said drum for
      indicating a particular indicium in said particular row corresponding to
      said selected type character.
NUM  2.
PAR  2. An indicator according to claim 1, wherein said drive means comprises a
      drive pulley on said roller, a driven shaft having a driven pulley
      thereon, and belt means interconnecting said drive pulley and said driven
      pulley, said endless band being entrained over said driven shaft.
NUM  3.
PAR  3. An indicator according to claim 2, including an idler shaft spaced from
      said driven shaft, said endless band being entrained over said idler
      shaft.
NUM  4.
PAR  4. An indicator according to claim 3, wherein said endless band is of a
      plastic material having plastic type characters forming said indicia
      bonded thereto.
NUM  5.
PAR  5. An indicator according to claim 4, wherein said pointer means extends
      behind and in alignment with said window and in front of said endless
      band.
PATN
WKU  039332365
SRC  5
APN  4667425
APT  1
ART  313
APD  19740503
TTL  Article transfer mechanism
ISD  19760120
NCL  4
ECL  1
EXP  Marbert; James B.
NDR  6
NFG  12
INVT
NAM  Aterianus; John S.
CTY  Green Bay
STA  WI
INVT
NAM  Betschart; Robert J.
CTY  Sacramento
STA  CA
ASSG
NAM  FMC Corporation
CTY  San Jose
STA  CA
COD  02
CLAS
OCL  198 32
EDF  2
ICL  B65G 4726
FSC  198
FSS  32;20
UREF
PNO  2648421
ISD  19530800
NAM  Vitz
OCL  198 32
UREF
PNO  2859713
ISD  19581100
NAM  Noel
OCL  198 32
UREF
PNO  3080043
ISD  19630300
NAM  Johansen et al.
OCL  198 32
UREF
PNO  3111913
ISD  19631100
NAM  Mladek et al.
OCL  198 32
LREP
FR2  Tripp; C. E.
FR2  Moore; A. J.
ABST
PAL  A mechanism for rapidly transferring and changing the spacing of easily
      damaged articles between a multilane input conveyor and a single lane
      output conveyor. The mechanism includes a pair of diverging transfer
      conveyors with evenly spaced article receiving buckets pivoted thereon.
      Guide rails support the buckets of both transfer conveyors in positions
      inclined upwardly and toward the incoming articles when receiving articles
      from the input conveyor and permitting buckets to move to a horizontal
      position for acceptance by teflon coated arcuate shields which invert the
      buckets and articles therein and dump the articles from each transfer
      conveyor into the single lane output conveyor at a spacing different from
      the spacing of the articles on the input conveyor. In the event the drive
      to a wrapping machine and the output conveyor is interrupted, auxiliary
      drive means is provided to continue driving the transfer conveyor, and a
      by-pass gate is moved under the articles at the dumping position to
      prevent dumping of the articles from the buckets onto the conveyor and to
      retain the articles in the buckets until they fall through a chute into
      separate collecting means.
BSUM
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The article transfer mechanism of the present invention is similar to the
      transfer mechanism disclosed in U.S. Aterianus application Ser. No.
      399,572 filed on Sept. 21, 1973 and assigned to the assignee of the
      present invention now U.S. Pat. No. 3,866,738 which issued on Feb. 18,
      1975.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to article transfer mechanisms and more
      particularly relates to a mechanism for transferring and changing the
      spacing of articles from a multi-lane input conveyor to a single lane
      output conveyor.
PAR  2. Description of Prior Art
PAR  When transferring articles, such as chocolate coated ice cream bars, from a
      multi-lane frozen confection or ice cream machine to a continuously driven
      single lane conveyor of a wrapping machine, many problems exist with prior
      art devices. In many prior art devices a single transfer conveyor was
      used, and the speed of such conveyor was limited to a maximum of about 160
      bars per minute because of excessive acceleration damage to chocolate
      coated bars. Also, excessive damage occurred to the chocolate coating in
      these prior art devices when the ice cream was transferred from the
      multi-lane input conveyor to the buckets of the transfer conveyor, and
      again when the bars were transferred, one at a time, from the buckets to
      the single lane output or wrapping conveyor. Furthermore, on many of the
      transfer mechanisms no provision was made to divert the frozen confection
      or ice cream bars in the event the wrapping component of the wrapping
      machine and the output or wrapping conveyor were stopped.
PAR  Since the preferred embodiment of the transfer mechanism is adapted to
      handle many different types of frozen novelties, and since it has been
      determined that the nature, temperature, coating, weight of the product,
      and other variables affect the manner in which the articles slide off the
      buckets into the wrapping conveyor, the present invention is directed
      primarily to mechanism for more reliably releasing the articles from their
      buckets.
PAC  SUMMARY OF THE INVENTION
PAR  The article transfer mechanism of the present invention includes a pair of
      intermittently driven transfer conveyors which diverge from the
      intermittently driven multi-lane input conveyor toward the continuously
      driven single lane output conveyor or wrapping conveyor to space the
      single lane of articles a predetermined distance apart as required by the
      wrapping machine. A plurality of evenly spaced article receiving buckets
      are pivotally mounted on each transfer conveyor in positions inclined
      upwardly and toward the incoming articles at an input or feed station
      below the multi-lane input conveyor, to an inverted horizontal dumping
      position immediately above the wrapping conveyor. The buckets are
      thereafter pivoted to a horizontal position and are moved into teflon
      coated arcuate shields. The arcuate shields serve to retain the articles
      in their buckets while the articles are being inverted and until the
      articles move off the shields and are simultaneously dumped from two
      buckets into the continuously driven wrapping conveyor. In the event the
      wrapping components of the wrapping machine and the wrapping conveyor are
      not operating or a defective article is observed by the operator, a
      by-pass gate is actuated and moved between the wrapping conveyor and
      buckets at the discharge station thereby preventing discharge of the
      articles into the wrapping conveyor allowing the articles to be dumped
      from the buckets at an alternate station for collection in any suitable
      manner.
PAR  It is, therefore, one object of the present invention to provide an
      improved mechanism for transferring easily damaged articles at high speeds
      between a multi-lane input conveyor and a single lane output conveyor
      while changing the spacing of the articles and while greatly minimizing
      the distance through which the articles must drop during transfer to the
      wrapping conveyor.
PAR  Another object is to provide means for diverting the output of the articles
      when defective articles are observed by an operator or when the output
      conveyor is not operating for an extended period.
PAR  Another object is to provide means for inverting the buckets and for
      retaining the articles in the buckets while the buckets are inverted and
      until the articles reach the discharge station.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a diagrammatic perspective illustrating the mechanism for
      transferring transverse rows of articles from a multi-lane input conveyor
      onto a single lane output conveyor of a wrapping machine or the like.
PAR  FIG. 2 is an enlarged side elevation of FIG. 1 with parts broken away.
PAR  FIG. 3 is an enlarged vertical section taken along lines 3--3 of FIG. 2
      illustrating clamping devices for engaging the sticks of confections, such
      as ice cream bars, and further illustrating a clamp release mechanism in
      inoperative position.
PAR  FIG. 4 is a view similar to FIG. 3 but illustrating the release mechanism
      opening the clamps and the ice cream bars falling into the buckets of two
      transfer conveyors.
PAR  FIG. 5 is a section taken along lines 5--5 of FIG. 2 illustrating the ice
      cream bars aligned above their pivotal buckets with the buckets being held
      in their upwardly inclined article receiving positions by guide rails.
PAR  FIG. 6 is a section taken along lines 6--6 of FIG. 2.
PAR  FIG. 7 is a section similar to FIG. 6 but taken along lines 7--7 of FIG. 2
      illustrating the buckets when moving through the upward portions of the
      arcuate shields.
PAR  FIG. 8 is an enlarged section taken along lines 8--8 of FIG. 2 illustrating
      one bucket of each transfer conveyor as it appears immediately before
      entering the arcuate shields and other buckets of each conveyor
      immediately after leaving the arcuate shields as the buckets dump articles
      into the output or wrapping conveyor with guide rails holding the buckets
      in a horizontal position.
PAR  FIG. 9 is an enlarged section of the discharge end of the transfer
      conveyors illustrating the by-pass gate in an inoperative position.
PAR  FIG. 10 is an enlarged section similar to FIG. 9 but illustrating the
      by-pass gate in its operative article diverting position with several
      articles being shown diverted past the wrapping conveyor and discharged
      down a chute.
PAR  FIG. 11 is a perspective illustrating the article releasing mechanism which
      opens the article supporting clamps.
PAR  FIG. 12 is a wiring diagram illustrating a circuit for controlling a
      by-pass solenoid and an auxiliary motor which drives the transfer conveyor
      when the wrapping machine and its wrapping conveyor are down.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Since the article transfer mechanism of the present invention is quite
      similar to the above referred to Aterianus U.S. Pat. No. 3,866,738, and
      since the multi-lane input conveyor referred to herein may be of the type
      disclosed in Betschart et al. U.S. Pat. No. 3,763,661 which issued on Oct.
      9, 1973, the disclosures of both specifications are incorporated herein by
      reference.
PAR  Although the preferred embodiment of the article transfer mechanism 20
      (FIGS. 1 and 2) of the present invention is intended for use in
      transferring articles A such as frozen ice cream or confection bars
      mounted on sticks S, and the description to follow will at times refer to
      ice cream bars as the articles, it will be understood that other types of
      articles may be handled by the transfer mechanism.
PAR  In general, the mechanism 20 includes a pair of intermittently driven
      diverging transfer conveyors 22 and 24 each carrying a plurality of spaced
      article carrying buckets 26 pivotally attached to the conveyor. Transverse
      rows R of ice cream bars or articles A are suspended by their sticks S
      from an intermittently driven, multi-lane inlet conveyor 28 of a frozen
      confection machine of the type disclosed in the Betschart et al patent.
      Half of the articles in each transverse row are released at a feed station
      FS1 into the buckets 26 of the transfer conveyor 22 while the other half
      of the articles in the transverse rows R are released into the buckets of
      transfer conveyor 24 several indexing steps later at feed station FS2 as
      illustrated in FIGS. 1 and 11. Guide rails 30 and 32 maintain the buckets
      26 in an inclined article receiving position angled upwardly toward the
      incoming articles until the buckets move out of the feed stations FS1 and
      FS2 and thereafter lower the buckets to horizontal position within teflon
      lined arcuate shields 33. The shields 33 retain the articles in the
      buckets 26 until the buckets are inverted at which time the articles or
      ice cream bars A, with their sticks foremost, drop into evenly spaced
      flights of a continuously driven single lane output or wrapping conveyor
      34 of a wrapping machine (only a fragment of the wrapping conveyor being
      shown). A normally inoperative by-pass gate 36 prevents release of
      articles at the discharge station DS in the event the wrapping machine is
      temporarily shut down.
PAR  More particularly, the inlet conveyor 28 includes a plurality of flights 38
      (FIGS. 3 and 4) each having slots 42 therein for receiving the sticks S of
      the frozen ice cream bar or articles A. The sticks are held in the flights
      38 by resilient clamps 43 each having one end 44 (FIG. 3) anchored to the
      associated flight, a sharpened stick gripping edge 45, and an upper clamp
      releasing end portion 46. The four right hand (FIG. 2) articles in each
      row R (FIGS. 2 and 11) are released from the inlet conveyor 28 over the
      transfer conveyor 22 by engagement of the associated clamp portion 46 with
      a clamp opening shoe 48 of an article releasing mechanism 49. The shoe 48
      is mounted on a pivot rod 50 by arms 51 (FIGS. 3, 4 and 11). after several
      indexing movements of the inlet conveyor 28, preferably two indexing
      movements, the remaining articles in that row are released from the input
      conveyor 28 into the buckets 26 of the transfer conveyor 24 by engagement
      of the upper end portion 46 of the remaining half of the resilient clamps
      43 with a shoe 52 mounted on a pivot rod 54 by arms 55 as clearly
      illustrated in FIGS. 3, 4 and 11. The rods 50 and 54 are journaled on the
      frame F of the machine.
PAR  A feature of the invention is that the clamps 43 are not opened until the
      inlet conveyor 28 has been indexed into feed stations FS1 and FS2 above
      the buckets 26. After the inlet conveyor has stopped, the clamps 43 are
      opened allowing the eight articles A to simultaneously drop into buckets
      therebelow. In order to pivotally actuate the shoes 48 and 52 between the
      inactive position of FIG. 3 and the clamp opening position of FIG. 4, a
      pneumatic power cylinder 56, which is actuated by a solenoid 56a (FIG.
      12), is connected to pivot rods 50 and 54 by levers 57, 58 and a
      connecting link 59. By stopping the inlet conveyor 28 prior to releasing
      the articles A, the articles are more reliably dropped since they do not
      tend to sway different amounts as they are being released from the clamps
      43 as would occur if they were released on the move.
PAR  The transfer conveyors 22 and 24 (FIGS. 1-2) include spaced parallel
      portions which extend through the feed stations FS1 and FS2 and thereafter
      diverge from each other to provide a desired predetermined spacing at the
      discharge station DS which is different from the spacing at the feed
      station. The transfer conveyors extend transversely of the inlet conveyor
      28 and output or wrapping conveyor 34. Each conveyor 22, 24 is
      substantially the same and each is trained around an associated drive
      sprocket 60 and idler sprocket 62 and 64 secured to drive shaft 70 and
      idler shaft 72 and 74, respectively. The shafts are journaled on the frame
      F. The upper run of each conveyor 22 and 24 are slidably supported on
      guide rails 80 (FIGS. 2 and 6). The guide rails 80 are secured to the
      frame F and may be horizontal throughout or may include an inclined
      portion as indicated in FIG. 2 depending upon the difference in height
      between the inlet conveyor 28 and the wrapping conveyor 34.
PAR  As best shown in FIGS 5-8, each bucket 26 is pivotally connected to the
      chain of the associated transfer conveyor 22, 24 by a yoke 82 and pivot
      pin 84.
PAR  The buckets 26 of the conveyors 22, 24 are held in an upwardly inclined
      attitude at the feed stations FS1 and FS2 and are gradually lowered to a
      horizontal position at a point adjacent the discharge station DS by the
      guide rails 30 and 32. Each guide rail 30, 32 is welded to bolts 100
      secured to the frame F at spaced intervals as best shown in FIG. 2 thus
      providing a certain amount of resilience to the rails, which resilience
      minimizes damage to the articles as the articles are dropped into the
      buckets 26. It will be apparent from FIGS. 9 and 10 that movement of the
      buckets 26 into the arcuate shields 33, and thereafter off the ends 102 of
      the rails 30, 32 adjacent the discharge station DS will cause the
      horizontal buckets to gradually shift from an upright to an inverted
      position with the articles being slidably supported by the shields 33. The
      arcuate shields are rigidly secured to the frame F with their lower edges
      103 terminating at the right edge (FIG. 10) of the wrapping conveyor 34.
      Thus, the articles will slide directly off the associated arcuate shields
      33 into the wrapping conveyor 34 with a minimum of drop. In order to
      prevent the buckets 26 from pivoting downward into a trough 104 within
      which the upper run of the discharge conveyor 34 rides, each arcuate
      shield 33 has an upstanding rail 105 (FIGS. 8, 9 and 10) secured thereto
      which slidably engages the rear edge 106 of the buckets 26 as they move
      over the trough 104 and conveyor 34.
PAR  In the event the wrapping components of the wrapping machine and the
      wrapping or output conveyor 34 are stopped, the aforementioned by-pass
      gate 36 (FIGS. 1, 9 and 10) is placed in operation. The gate 36 is
      generally U-shaped and is slidably supported on the frame F. A power
      cylinder 107, activated by a solenoid 107a, (FIG. 12), is connected
      between the frame F and the gate 36. The power cylinder 107 is normally in
      the inactive position illustrated in FIG. 9 at which time the articles
      fall into the wrapping conveyor. When the power cylinder is extended, end
      portions 108 of the by-pass gate move over the wrapping conveyor 34 as
      illustrated in FIG. 10, thus preventing articles from falling into the
      wrapping conveyor. The by-passed articles thereafter slide down ramps 109
      through chutes 110 and into any suitable collecting means (not shown). As
      mentioned previously, the single lane output conveyor 34 is a part of the
      wrapping machine and is continuously driven by the wrapping machine drive
      for feeding articles into the wrapping machine. As shown in FIGS. 1, 8 and
      9, the output conveyor includes an endless chain 112 having pusher bars
      114 secured thereto at evenly spaced intervals. The pusher bars 114 ride
      within the trough 104 that is rigidly secured to the frame F. The pusher
      bars slidably advance articles A deposited in the trough 104 at evenly
      spaced intervals into the wrapping components of the wrapping machine.
PAR  Another feature of the invention, which is included in the preferred
      embodiment although not essential when handling certain types of articles,
      is an article controlling rod 116 (FIGS. 7-10) associated with each
      transfer conveyor. Each rod 116 is hook shaped and is secured at one end
      117 to a transverse beam 118 which is mounted on the frame F as by
      bolting. Each rod 116 is provided with an arcuate portion 119 positioned
      to close the open end of the associated buckets 26 to prevent endwise
      movement of the articles out of the buckets when the buckets are in their
      horizontal positions and are moving along their arcuate paths within the
      arcuate shields 23. Each rod 116 also includes a downturned end portion
      120 (FIGS. 8-10) which engages the sticks S to positively cam the articles
      out of the associated pockets 26 and onto the wrapping conveyor 34 in the
      event the articles tend to stick to the buckets. The articles may stick to
      the buckets, for example, when the articles are chocolate covered ice
      cream bars and the chocolate is soft and sticky.
PAR  As diagrammatically illustrated in FIG. 1, the transfer conveyors 22 and 24
      are normally driven from a drive shaft 120 of the wrapping machine, which
      shaft is continuously driven by a drive motor M1 (FIG. 12) of the wrapping
      machine when the wrapping machine is in normal operation. The drive shaft
      120 is connected to an input shaft 122 of a single position clutch 124
      having an output shaft 128 which provides power to an indexing drive 130
      having an intermittently driven output shaft 132 coupled to the drive
      shaft 70 of the transfer conveyors 22 and 24 by a chain drive 133. The
      input conveyor 28 is intermittently driven by its own motor M3 (FIG. 12)
      and is timed relative to the movement of the transfer conveyors 22, 24
      with the aid of a cam 138 on shaft 132 and a switch 139. As mentioned
      previously, if the wrapping machine including the wrapping conveyor 34
      momentarily stops, it is desirable to continue operation of the transfer
      conveyors 22, 24 to clear the buckets 26 of articles. In this regard, the
      articles A are advanced out of the buckets of the transfer conveyors 22
      and 24 for separate collection in discharge means not shown. For this
      purpose, the auxiliary motor M2 is connected to a clutch control sprocket
      140 by a chain drive 142. The clutch control sprocket 140 may be an
      overriding ratchet type which does not rotate when the transfer conveyors
      22, 24 are driven from the shaft 120 of the wrapping machine, but drive
      the clutch output shaft 128 and indexing drive 130 upon termination of
      movement of the input shaft 120 and upon energization of the auxiliary
      motor M2.
PAR  Any suitable electric circuit 144 (FIG. 12) may be provided for controlling
      the operation of the machine including starting the motor M2 and
      energizing the by-pass solenoid 107a of cylinder 107. Such a circuit may
      receive power from main lines L1 and L2. The motor M1 of wrapping machine
      is connected in series with at least one limit switch LS-1 which switch
      opens in the event some condition in the wrapping machine indicates that
      the motor M1 should stop. Relay RE is connected in the line to motor M1
      across relay contact RE-1, which relay RE is energized and contact RE-1 is
      closed when power is directed to motor M1 through closed switch LS-1.
      Relay contact RE-2 is connected in series between lines L1 and L2 with
      auxiliary motor M2. Likewise, relay contact RE-3 is connected in series
      with by-pass solenoid 107a and timing switch 146 operated by a square cam
      148 on shaft 132. Thus, opening of limit switch LS-1 de-energizes relay RE
      and wrapper motor M1. De-energization of relay RE opens contact RE-1 and
      closes contacts RE-2 and RE-3 thereby energizing auxiliary motor M2 and
      bypass solenoid 107a. It should be noted that by-pass solenoid 107a is
      only energized when timing switch 146 is closed by one of the four points
      of cam 148. In this way the transfer conveyors 22, 24 continue to be
      driven until articles A thereon are removed therefrom by being discharged
      across the by-pass gate through chutes 110 into suitable take-away means
      (not shown). In the event an operator detects defective articles during
      normal operation of the wrapper, these articles may be diverted from the
      by-pass conveyor by manually closing switch PB which energizes solenoid
      107a when switch 146 is closed and causes cylinder 107 to move the by-pass
      gate 36 to its by-pass position illustrated in FIG. 10.
PAR  It will be appreciated that the timing of the intermittently driven
      conveyors of the preferred embodiment of the article transfer mechanism of
      the present invention is such that the transfer conveyors 22, 24 index
      four times for each indexing movement of the inlet conveyor 28.
PAR  In order to open the article holding clamp 43 in timed relation with the
      intermittently driven conveyors, the solenoid 56a is placed in a circuit
      containing normally open relay contact RE-4 and a switch 150 operated by a
      cam 152 secured to shaft 132. Thus, the articles will be released at the
      proper time by the clamps 43 only if the wrapper motor M1 is operating.
PAR  From the foregoing description it is apparent that the transfer mechanism
      of the present invention includes a pair of diverging transfer conveyors
      which include pivoted article receiving buckets that receive spaced
      articles, such as frozen confection bars, from a multi-lane inlet conveyor
      in single file and at a different spacing than the spacing of the articles
      on the inlet conveyor. The article carrying buckets receive the articles
      on their flat sides when inclined upwardly and after the inlet conveyor is
      stopped, and thereafter pivot to a horizontal position prior to moving
      within the arcuate shields. The buckets are thereafter inverted allowing
      the articles to slide along the teflon coated arcuate shield and then
      dropped into the wrapping conveyor.
PAR  An article controlling rod maintains the article from endwise movement out
      of the buckets when the buckets are in a horizontal position and also
      positively cam the articles out of the pockets into the wrapping conveyor
      in the event the articles tend to stick to the buckets.
PAR  The mechanism also includes a by-pass gate and an auxiliary drive motor,
      which drive motor serves to drive the transfer conveyors after the
      wrapping conveyor has been stopped thereby causing the articles in the
      buckets to be discharged from the buckets at points spaced from the
      discharge station.
PAR  Although the best mode contemplated for carrying out the present invention
      has been herein shown and described, it will be apparent that modification
      and variation may be made without departing from what is regarded to be
      the subject matter of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an apparatus for transferring articles at high speed from a
      multi-lane intermittently driven inlet conveyor to a single lane output
      conveyor including, a pair of spaced transfer conveyors having arcuate
      discharge end portions and being driven in a direction normal to that of
      the output conveyor, means for effecting transfer of articles from a
      plurality of lanes of the multi-lane inlet conveyor into one of said
      transfer conveyors and for effecting transfer of the articles from other
      lanes of the inlet conveyor into the other transfer conveyor, carrier
      buckets each having an open top and an open end on the transfer conveyors
      for receiving and controlling the movement of the articles until the
      articles are aligned with said single lane output conveyor adjacent said
      arcuate discharge ends, drive means for driving each conveyor in timed
      relation; the improvement which comprises an arcuate shield around the
      arcuate discharge ends of the transfer conveyors for cooperating with the
      carrier buckets to prevent articles from egress from the open tops of the
      buckets until in position over the output conveyor and to then
      simultaneously transfer one article from a carrier bucket on each transfer
      conveyor directly into the single lane output conveyor, and arcuate cam
      means disposed around the arcuate discharge portions of the transfer
      conveyors in position for closing the open ends of the carrier buckets
      from article egress from said open ends, said arcuate cam means including
      downturned portions positioned to engage and cam articles out of the
      carrier pockets and into the output conveyor in the event the articles
      tend to stick to the carrier buckets.
NUM  2.
PAR  2. An apparatus according to claim 1 and additionally including a by-pass
      gate movable between an inoperative position and an operative position
      preventing discharge of articles from said carrier means into said output
      conveyor.
NUM  3.
PAR  3. An apparatus according to claim 2 and additionally comprising actuating
      means responsive to termination of movement of said output conveyor for
      moving said by-pass gate to its operative position.
NUM  4.
PAR  4. An apparatus according to claim 1 wherein said inlet conveyor includes
      clamp means which clamp the articles thereto, said means for effecting
      transfer of articles from said lanes of said inlet conveyor comprising a
      pair of shoes, and means for pivoting the shoes into engagement with said
      clamp means after inlet conveyor has stopped.
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ABST
PAL  A conveyor path comprising three conveyors, namely, a first conveyor
      disposed at the delivery point, a second conveyor disposed on the build-up
      stretch, and a third conveyor disposed at the outlet or pick-up point; and
      further comprising a driving mechanism which enables the second conveyor
      to be driven independently of the two other conveyors in backward
      direction, or in conjunction with one of the other conveyors, or both of
      them, in forward direction; the driving mechanism controlled by a
      switching arrangement actuated by the passing goods so that, during
      delivery, the goods accumulate or "build-up" at the beginning of the
      build-up stretch and, during the release of goods, the goods accumulate at
      the end of the build-up stretch. In the case of alternating
      delivery-release operation with an incompletely occupied build-up section,
      all the goods accumulated at the end of the build-up stretch are shifted
      to the beginning of the build-up stretch when the delivery station is
      occupied, whereas the goods present in the above configuration are shifted
      to the end of the build-up stretch when the pick-up station has been
      cleared of goods.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a conveyor apparatus for a transit-type
      warehouse or transit store for parcelled goods and, more particularly, for
      cargo to be stored on pallets. The conveyor apparatus of the invention
      comprises at least one conveyor line with a delivery station, a build-up
      stretch including a plurality of storage points to be passed in succession
      by the goods, and a pick-up station.
PAR  2. Description of the Prior Art
PAR  A matter of the prior art are transit warehouses for goods on pallets,
      wherein individually driven conveyor means are provided for each storage
      point on the build-up stretch. The driving motors of the conveyors are
      controlled by switching means actuated by the passing goods in the manner
      of the well-known section blocking of railroad engineering. Apparatus of
      this type is expensive due to the large number of driving motors and
      switching devices required.
PAR  Apart from this apparatus, transit storage deposits with an inclined path
      used as an accumulation section for goods on pallets are a matter of the
      prior art. The disadvantage of apparatus of this type results from the
      excessively high head pressure which is exerted by the goods in the case
      of a long build-up stretch. Apparatus comprising an inclined stretch can
      be used in continuous operation without jamming only when the pallets used
      for the goods are in excellent condition. Jamming can occur in the passage
      of the pallets, when the state of successive pallets in a row varies
      (e.g., perfect and damaged pallets, wet and dry pallets).
PAC  SUMMARY OF THE INVENTION
PAR  The goal of the present invention is to create a conveyor apparatus for a
      transit warehouse which is free of the above disadvantages and works with
      a smaller number of conveyor means and, hence, of driving motors and
      switching means than the transit deposits of the above-specified type,
      while, at the same time, the reliability of operation is increased
      relative to transit warehouse comprising an inclined stretch.
PAR  The conveyor apparatus of the present invention is characterized by a
      conveyor path comprising three conveyors, namely, a first conveyor
      disposed at the delivery point, a second conveyor disposed on the build-up
      stretch, and a third conveyor disposed at the outlet or pick-up point; by
      driving means which enable the second conveyor to be driven independently
      of the two other conveyors in backward direction, or in conjunction with
      one of the other conveyors, or both of them, in forward direction; and by
      driving means controlled by switching means actuated by the passing goods
      so that, during delivery, the goods accumulate or "build-up" at the
      beginning of the build-up stretch and, during the release of goods, the
      goods accumulate at the end of the build-up stretch. In the case of
      alternating delivery-release operation with an incompletely occupied
      build-up section, all the goods accumulated at the end of the build-up
      stretch are shifted to the beginning of the build-up stretch when the
      delivery station is occupied, whereas the goods present in the above
      configuration are shifted to the end of the build-up stretch when the
      pick-up station has been cleared of goods.
PAR  The three conveyors can be operated by a single driving motor which is
      directly coupled to the second conveyor and which drives the first and
      third conveyors through separate clutch couplings. An overrunning clutch
      can be inserted into the driving coupling to the first conveyor. The cost
      of the driving means can be minimized in this fashion.
PAR  In the case of alternating delivery-release operation with an incompletely
      occupied build-up stretch, the goods to be stored are shifted back and
      forth from the end of the build-up stretch to its beginning, in order to
      obtain a continuous row of goods to be stored near the end of the build-up
      stretch.
PAR  This mode of operation of the transit warehouse of the invention can be
      obtained with only four control devices for controlling the driving means.
      One switching unit is disposed at the end of the first conveyor; another,
      at each the beginning and the end of the second conveyor; and still
      another at the end of the third conveyor.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The drawings show an exemplary embodiment of the invention in schematic
      form.
PAR  FIGS. 1 and 2 are an elevation view and a top view of a conveyor apparatus
      of the invention for goods on pallets.
PAR  FIG. 3 shows the corresponding driving means plotted to an enlarged scale.
PAR  FIG. 4 is a diagram of the various steps of operation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Usually several conveyors arranged in side-by-side relationship are
      provided for individual storage of certain goods of an assortment in a
      transit warehouse. Only one conveyor path is shown in the figures. The
      conveyor path consists of the delivery station E; a build-up stretch S
      with a plurality of storage points through which the goods pass in
      succession; and a pick-up station A. Room for one pallet is provided at
      both the delivery station E and the pickup station A. In the case of an
      extremely long build-up stretch, it may be convenient to provide space for
      more than one pallet at stations E and A. The storage points along the
      conveyor path are indicated by goods 1 outlined with broken lines. Arrow D
      denotes the direction in which the goods pass through the warehouse. The
      conveyor path consists of three separate conveyors which, in the
      embodiment described, are roller conveyors with rollers 2. First conveyor
      3 (FIG. 3) extends into the delivery station E, second conveyor 4 extends
      along build-up stretch S, and third conveyor 5 extends into pick-up
      station A.
PAR  Rollers 2 of each conveyor 3, 4, 5 are operated by a chain drive which
      comprises a chain 6 and chain-guiding sprockets 13 through 20 in second
      conveyor 4; and chain 21 and chain-guiding sprockets and chain-guiding
      sprockets 22 through 27 in third conveyor 5. An electric motor 28 is used
      to drive the three conveyors 3, 4, 5. Electric motor 28 is directly
      coupled to second conveyor 4 via a sprocket 19. Sprocket 13 of second
      conveyor 4 and sprocket 7 of first conveyor 3 are mounted on a common
      shaft 29, with sprocket 13 fixedly attached to shaft 29 and sprocket 7
      mounted on shaft 29 via an overrunning clutch 30. Third conveyor 5 can be
      engaged by second conveyor 4 to be driven by means of a clutch coupling 31
      capable of making the shafts of sprockets 20 and 22 to engage.
PAR  The driving means are controlled through control means in the form of light
      barriers L1, L2, L3, and L4 which are operated by the passing pallets.
      Light barrier L1 is situated at the end of first conveyor 3; light barrier
      L2, at the beginning of second conveyor 4; light barrier L3, at the end of
      second conveyor 4; and light barrier L4, at the end of third conveyor 5.
      Light barrier L1 at the end of first conveyor 3 crosses the conveyor path
      at a certain angle, which causes spacing of the pallets. Control means
      other than light barriers can be employed.
PAR  A control unit (not shown) employs the various switching states of the four
      light barriers L1, L2, L3, and L4 to form control signals for the driving
      means of the three conveyors 3, 4, and 5. The following table is a list of
      the possible control phases No. I through No. XV. The notation is
      interpreted as follows: O indicates that the light barrier is not actuated
      (uninterrupted light ray); 1 denotes that the light barrier is actuated
      (light beam interrupted); the states of motion of the conveyors at
      delivery station E, along build-up stretch S, and at pick-up station A are
      indicated in the following manner: O denotes stop, V denotes forward
      motion, and R denotes backward motion of the conveyors.
TBL  ______________________________________                                    

     Control phases                                                            

     Nr.   L 1     L 2     L 3   L 4          E   S   A                        

     ______________________________________                                    

     I     1       0       0     0            V   V   V                        

     II    0       1       0     0            V   V   V                        

     III   0       0       1     0            V   V   V                        

     IV    0       1       1     0            V   V   V                        

     V     1       1       0     0            V   V   V                        

     VI    1       1       1     0            V   V   V                        

     VII   1       0       0     1            V   V   0                        

     VIII  1       1       0     1            V   V   0                        

     IX    1       0       1     1            0   R   0                        

     X     1       0       1     0            0   R   0                        

     XI    0       0       0     1            0   0   0                        

     XII   0       1       0     1            0   0   0                        

     XIII  0       0       1     1            0   0   0                        

     XIV   0       1       1     1            0   0   0                        

     XV    1       1       1     1            0   0   0                        

     XVI   0       0       0     0            0   0   0                        

     ______________________________________                                    

PAR  It follows from the above table that the three conveyors move forward
      (control phases Nos. I through VI) whenever pick-up station A is
      unoccupied and there is at least one pallet at delivery station E or at
      either the beginning or end of build-up stretch S. Only the two conveyors
      at delivery station E and along build-up stretch S move forward (control
      phases Nos. VII and VIII), when delivery station E and pick-up station A
      are occupied and there is no pallet at the end of build-up stretch S.
      However, if under otherwise similar conditions, a pallet is present at the
      end of build-up stretch S without a pallet at the beginning of the
      build-up stretch (control phase No. IX), conveyor 4 is moved backward
      along build-up stretch S, while the other conveyors are idle. In the event
      that pick-up station A is occupied and delivery station E is unoccupied or
      that the entire conveyor path is completely covered with pallets or
      completely empty, the three conveyors are idle (control phases XI through
      XVI).
PAR  The diagram of FIG. 4 is used to explain the various steps of operation.
      Each of the lines denoted by a, b, c, . . . u. v. w in the diagram of FIG.
      4 represent the final position in a phase of operation. Accordingly, the
      pallets which are submitted for storage are denoted by numbers 1, 2, 3, .
      . . in the sequence of their arrival. The points at which the pallets
      intersect the light barriers L1, L2, L3, and L4 (denoted by vertical
      dashed lines) imply operation of the light barriers. Lines a through h
      denote the phases of the delivery operation; lines i through o denote the
      phases of the pick-up operation; and lines p through w denote the phases
      of intermittent delivery and pick-up operations.
PAR  When the conveyor path is initially empty and pallet No. 1 is transferred
      to delivery station E (a), the pallet is moved in a continuous motion to
      pick-up point A where the pallet comes to a stop (b). In this process, the
      control phases Nos. I, II, III, and XI occur. When pallet No. 2 (c)
      arrives at the delivery station and pallet No. 1 remains at the pick-up
      station, pallet No. 2 is not moved to the end of build-up stretch S to the
      empty storage position behind pallet No. 1 which is ready for removal.
      Pallet No. 2 rather progresses only by one storage position to the
      beginning of build-up stretch S (d), as provided by control phases Nos.
      VII and XII. As long as pallet No. 1 remains at the pick-up station A,
      additional pallets Nos. 3, 4, . . . (e or g) delivered move forward along
      with the pallets which are already on build-up stretch S in the form of a
      row. The pallets move forward by one storage position whenever a new
      pallet is introduced (f or h). This is effected by control phases Nos.
      VIII and XII. As soon as the stepwise progressing row of pallets has
      reached the end of build-up stretch S and has come to a stop behind pallet
      No. 1 which is still at the pick-up station (control phase No. XIV), it is
      possible to store still a last pallet without setting off an additional
      motion of the conveyor (control phase No. XV), because all storage
      positions of the conveyor path of the transit warehouse are fully
      occupied.
PAR  When pallet No. 1 is then removed from pick-up point A (i), the totality of
      pallets accumulated at the beginning of build-up stretch S (pallets Nos. 2
      through 6 in the example shown in the drawing) are shifted to the end of
      build-up stretch S, as provided by control phases Nos. II, III, and XIII.
      In this process the foremost pallet No. 2 arrives at the pick-up station
      (k). When pallet No. 2 (1) is removed, the following pallets, which form a
      continuous row, proceed by one storage position so that pallet No. 3 is
      ready to go at pick-up station A (m). This is effected by control phases
      Nos. III and XIII. The same cycle of operations is repeated when the next
      pallet is released (n, o). Control phase No. XVI, which keeps the three
      conveyors stopped, occurs after the last pallet's removal from pick-up
      station A. Control phase No. IV is effective when all storage positions of
      build-up stretch S are occupied in the removal operation of a pallet;
      control phase No. VI is effective, when, in addition, delivery station E
      is busy. In both cases, the row of pallets simply proceeds by one storage
      position, with the foremost pallet arriving at the pick-up station,
      whereupon the conveyors are made inoperative as provided by control phases
      Nos. XIII and XIV, respectively.
PAR  In alternating delivery and pick-up operations with incompletely occupied
      build-up stretch S, the totality of pallets accumulated at the end of
      build-up stretch S are shifted to the beginning of build-up stretch S when
      the delivery station is full; similarly, when the pickup station is free,
      the totality of pallets on the build-up stretch are shifted to the end of
      build-up stretch S.
PAR  For example, when a row of pallets is situated at the end of the conveyor
      path with pallet No. 4 on pick-up station A and pallets Nos. 5 through 8
      at the end of build-up stretch S and when then another pallet No. 9 is
      delivered (p), pallets Nos. 5 through 8 are brought back to the beginning
      of the build-up stretch S (q) in accordance with control phase IX; after
      that, control phases Nos. VIII and XII provide for a forward motion of all
      pallets Nos. 5 through 9 located at the beginning of the conveyor path,
      with the pellets moved forward by one storage position (r). Finally, if
      afterwards pallet No. 4 (s) is removed from the pick-up station A, the
      totality of remaining pallets Nos. 5 through 9 is shifted forward to the
      end of the conveyor path (t), with control phases Nos. II and XIII being
      effective. If another pallet (No. 10) is delivered for storage, the
      pallets on build-up stretch S are once more moved backward, whereupon all
      the pallets accumulated at the beginning of the conveyor path are moved
      forward (u, v, w).
PAR  In the event that a pallet is delivered when another pallet is picked up at
      the same time, first the totality of pallets on the incompletely covered
      build-up stretch S are moved backward to the beginning of the build-up
      stretch, unless the pallets are already in that position; after that, the
      totality of the pallets are moved to the end of the conveyor path (control
      phases Nos. V, II, III, XIII and Nos. X, V, II, III, XIII, respectively).
PAR  In order to guarantee the full series of operational phases described even
      in the case of a temporary interruption of the mains power, the control
      commands must be stored. Means appropriate for this purpose are known to
      those skilled in the art.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Conveyor apparatus for parcelled goods, particularly for goods to be
      stored on pallets, with at least one conveyor path comprising a delivery
      station, a build-up stretch with a plurality of storage points to be
      passed in succession by the goods, and a pick-up station, comprising:
PA1  a first conveyor at the delivery station;
PA1  a second conveyor along the build-up stretch;
PA1  a third conveyor at the pick-up station said second conveyor having a
      beginning adjacent said first conveyor and an end adjacent said third
      conveyor;
PA1  driving means for moving said second conveyor independently of said other
      two conveyors in backward direction or together with either one of said
      other conveyors or both of them in forward direction; and
PA1  switching means for controlling said driving means and actuated by the
      passing goods so that, in a delivery mode, said goods are delivered by
      said first conveyor to accumulate at the beginning of said build-up
      stretch and, in a pick-up mode, said accumulated goods are moved to the
      end of said build-up stretch to be picked up by said third conveyor, and
      so that, in an alternating delivery and pick-up mode with an incompletely
      occupied build-up stretch, the totality of goods accumulated at the end of
      said build-up stretch are shifted backward to the beginning of said
      build-up stretch when said delivery station is served with goods awaiting
      to be delivered to said second conveyor, while said totality of goods are
      shifted to said end of said build-up stretch when said pick-up station is
      ready to pick up goods from said second conveyor, the shift to the
      beginning having priority so long as goods are awaiting delivery at said
      delivery station to an available storage point on said second conveyor.
NUM  2.
PAR  2. Conveyor apparatus as defined in claim 1, characterized in that there is
      provided for said three conveyors a common driving motor which is directly
      coupled to said second conveyor and coupled to said first and said third
      conveyor by means of respective clutch couplings.
NUM  3.
PAR  3. Conveyor apparatus as defined in claim 2, characterized in that an
      overrunning clutch is inserted in the driving coupling means to said first
      conveyor.
NUM  4.
PAR  4. Conveyor apparatus as defined in claim 1, characterized in that said
      switching means comprises a first switching device disposed at the end of
      said first conveyor, second and third switching devices disposed at the
      beginning and at the end of said second conveyor, respectively, and a
      fourth switching device disposed at the end of said third conveyor.
NUM  5.
PAR  5. Conveyor apparatus as defined in claim 1, characterized in that the
      motion of said second conveyor covered with said goods is stepwise during
      delivery operations of goods and removal of the same, and that said motion
      is continuous in alternating delivery and pick-up operations when the
      goods are shifted from the beginning to the end and from the end to the
      beginning of said build-up stretch.
NUM  6.
PAR  6. Conveyor apparatus as defined in claim 1, characterized in that at said
      delivery station and/or at said pick-up station there is provided more
      than one storage position and that said first and said third conveyor are
      subdivided to form a plurality of individually controlled conveyors
      corresponding to the number of said storage positions.
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PAL  In an endless flexible belt carrier mechanism for transporting workpieces,
      shield assemblies are inserted in the spaces between individual work
      holders in order to protect the mechanism from damage caused by debris
      falling between work holders into the mechanism. The shield assembly
      includes a pair of shield members, each shield member snugly abutting the
      adjacent work holder and biased outwardly to maintain close contact with
      the work holder when the flexible belt passes around a circular path.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to flexible belt carrier mechanisms, and is directed
      more particularly to shield assemblies for protecting such mechanisms from
      damage caused by debris that may fall between work holders carried by the
      belt.
PAR  2. Description of the Prior Art
PAR  Endless flexible belt carrier mechanisms supported on and moved by drums
      are well known for transporting workpieces and have found wide use in
      industry; an example of such a mechanism is described in U.S. Pat. No.
      3,636,783. Such mechanisms typically have work holders spaced along and
      attached to the belt, which may be continuous or made up of a plurality of
      individual segments.
PAR  In some flexible belt carrier mechanisms that have found wide commercial
      application, the belt portion itself does not completely cover up and
      enclose the interior of the mechanism. It may be that the individual work
      holders, themselves, are of a size that could completely enclose the
      mechanism if the work holders would be in abutting relationship to each
      other. However, it is usually in the nature of the operations that are to
      be performed on the workpieces held or moved along by the work holders
      that the work holders need to be spaced apart from one another. As a
      result it may occur that debris from an operation on a workpiece, a
      dropped part of an apparatus, or other foreign matter will fall into the
      meachanism and possibly cause damage. One particularly serious form of
      damage can occur when the foreign matter gets caught between the belt and
      a drum, causing stretching and even breaking of the belt, resulting in
      loss of production and the expense of repair, which can involve an entire
      belt, even when the belt is in segmented form.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly it is the object of the present invention to provide a shield
      assembly for a flexible belt carrier mechanism which will prevent foreign
      matter from getting into the mechanism and causing damage.
PAR  With the above object in view, as will hereinafter appear, a feature of the
      present invention is the provision in a flexible belt carrier mechanism of
      the type above referred to of a shield assembly for insertion in the
      spaces between the work holders and adapted to move along with the belt,
      in order to fill the spaces between work holders and thereby protect the
      mechanism from foreign matter. Where the belt passes around a drum, the
      spaces between the work holders become larger, and in order to fill a
      larger space completely, the shield assembly is made expansible by the
      provision of a pair of outwardly biased shield members.
PAR  Where the belt is driven directly, the shield assemblies can idle, pushed
      along by the work carriers. It is also possible to operate the flexible
      belt carrier mechanism by driving the shield assemblies directly; this may
      be done by means of dowel pins on a drive drum extending outwardly from
      the surface of the drum through holes in the belt to engage holes in the
      bottom of the shield assemblies. In either case smooth operation of the
      apparatus is promoted by the provision of additional guide means for
      restraining the movement of the shield assembly to the path of the
      flexible belt; the guide means may take the form of projections extending
      from the shield assembly into guide channels disposed along the path of
      the flexible belt.
PAR  In a preferred embodiment the shield assemblies are provided with guide
      pins received in guide slots in the shield members for controlling the
      inward and outward movement of the shield members. A cover may also be
      provided to enclose all parts of the shield assembly and protect it, as
      well as the remainder of the flexible belt carrier mechanism, from foreign
      matter.
PAR  The above and other features of the invention, including various novel
      details of construction and combinations of parts, will now be more
      particularly described with reference to the accompanying drawings and
      pointed out in the claims. It will be understood that the particular
      device embodying the invention is shown by way of illustration only and
      not as a limitation of the invention. The principles and features of this
      invention may be employed in various and numerous embodiments without
      departing from the scope of the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Reference is made to the accompanying drawings in which is shown an
      illustrative embodiment of the invention from which its novel features and
      advantages will be apparent.
PAR  FIG. 1 is a perspective view of a shield assembly made according to the
      invention.
PAR  FIG. 2 is an exploded perspective view showing the parts of the shield
      assembly of FIG. 1, with one shield member partially broken away.
PAR  FIG. 3 is a plan view, partially broken away, showing the shield assembly
      in compressed state between two work holders on a straight reach of a
      flexible belt carrier mechanism.
PAR  FIG. 4 is a partial view, similar to FIG. 3, showing the shield assembly in
      expanded state, as it passes around a drum.
PAR  FIG. 5 is a sectional view of a portion of a flexible belt carrier
      mechanism illustrating the action of several shield assemblies on a
      flexible belt passing around a drum.
PAR  FIg. 6 is an enlarged sectional view of the shield assembly taken along
      line VI--VI of FIG. 3 and showing the parts of the shield assembly as a
      position A of FIG. 5.
PAR  FIG. 7 is a view similar to FIG. 6, but showing the parts of the shield
      assembly as at position B of FIG. 5.
PAR  FIG. 8 is another view similar to FIG. 6, but showing the parts of the
      shield assembly as at position C of FIG. 5.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, it will be seen that the illustrative shield
      assembly 10 includes a shoe 12 of generally rectangular shape having first
      and second parallel edges 14, 16 and side projections 18, 20 adapted to be
      received in guide channels 22 (FIGS. 3 and 4) for guiding movement of the
      shield assembly along the flexible belt carrier mechanism. The shoe is
      also provided with four guide pins 24, two of the guide pins 24 being
      disposed adjacent to each of the edges 14 and 16, and two stop posts 26
      located along a line midway between edges 14 and 16.
PAR  Two identical shield members 28 of generally rectangular shape are slidably
      mounted on shoe 12 by means of guide slots 30 extending transversely of
      the shield members, each of the guide slots 30 receiving one of the guide
      pins 24. Each shield member 28 has an outward facing surface including a
      narrow vertical flat face 32 and a wide bevel 34 at an angle with respect
      to flat face 32. The inner facing surface of each shield member 28 is
      provided with two semi-circular recesses 36 in alignment with stop posts
      26 and two spring cups 38 which receive one end of compression springs 40.
      A cover 42, enclosing the shield assembly and holding the parts together,
      is attached by means of screws 44 into guide pins 24, the guide pins
      extending slightly above shield members 28 so that cover 42 does not
      interfere with the sliding motion of shield members 28.
PAR  In the absence of any external restraint springs 40 urge shield members 28
      outwardly until the inner ends of guide slots 30 stop against guide pins
      24. When external means force shield members 28 inwardly, travel is
      limited by stop posts 26 or alternatively by the inner facing surfaces of
      the two shield members 28 coming together simultaneously just before
      either reaches the stop posts.
PAR  The use of the above-described shield assembly to maintain close sealing
      contact with individual work holders in a flexible belt carrier mechanism
      is shown in FIGS. 3-8. In FIG. 5 a rotating drum 46 supports and drives an
      endless flexible belt 48. Attached to and spaced apart along belt 48 are
      work holders 50. (The details of the work holders and their attachment to
      the belt are not shown, forming no part of the invention.) In typical
      modes of operation the work holders would have attachments adapted to move
      workpieces in progressive stages of assembly between stations at which
      various operations are carried out on the workpieces. Shield assemblies
      10, dimensioned for the apparatus at hand, have been inserted in the
      spaces between the work holders 50.
PAR  Along a straight reach of the belt, as shown at position A in FIG. 5, the
      shield members 28 have been compressed or forced inwardly to accommodate
      the distance between the work holders 50. The relative positions of the
      parts of shield assembly 10 in the compressed state are shown in FIGS. 3
      and 6. At a transitional point, as shown at position B in FIG. 5, where a
      work holder has started around drum 46, one of the shield members 28 has
      extended, maintaining close contact with the adjacent work holder through
      the bevel 34. The relative positions of the parts at position B are shown
      in FIG. 7. When a shield assembly 10 is passing around drum 46, as shown
      at position C in FIG. 5, both shield members 28 are extended, with the
      configuration of parts as shown in FIGS. 4 and 8.
PAR  When a shield assembly 10 finishes passing around drum 46 to resume travel
      along a straight reach of the apparatus, shield members 28 again compress,
      first one and then the other. When there is substantial free play in the
      channels 22, as is frequently the case, the forces exerted on the shield
      assembly when the shield members are forced inwardly tend to urge the
      shield assembly underneath the adjacent work holder that is following,
      i.e. between that work holder and the belt. However this unwanted result
      is prevented by a countervailing force produced when the first shield
      member to compress backs up and pushes against the stop posts 26.
PAR  It is desirable to select the angle of bevel 34 with respect to flat face
      32 so that where the shield assembly passes around the drum, contact
      between the bevel and the adjacent work holder is along essentially the
      entire surface of the bevel 34. To do this, the number of degrees of arc
      on the drum used by each combination of work holder and shield assembly is
      divided by two, the number of shield members per shield assembly. For
      example, if four shield assemblies are on the drum at one time, then each
      assembly accounts for 45.degree. of the total 180.degree. turn of the
      belt, and each bevel 34 should be at an angle of 22.5.degree. with respect
      to flat face 32.
PAR  While the shield assembly of the invention has been shown as part of a
      flexible belt carrier mechanism that is essentially an endless loop, it is
      to be noted that by constructing the shield assembly with guide slots 30
      oversize with respect to guide pins 24 and the space between side
      projections 18, 20 somewhat oversize with respect to the length of shield
      members 28, the two shield members on each shield assembly can move in and
      out without always being constrained to a parallel relationship with each
      other. Thus is is also possible, in a suitably constructed flexible belt
      carrier mechanism, for the shield assembly to keep the spaces between work
      holders filled, even in such mechanisms designed to follow arcuate paths
      to the left or right, as well as around a drum.
PAR  It is to be understood that the present invention is by no means limited to
      the particular construction herein disclosed and/or shown in the drawings,
      but also comprises any modifications or equivalents within the scope of
      the disclosure.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. In an endless flexible belt carrier mechanism including an endless
      flexible belt and a plurality of work holders attached to and spaced along
      said belt, the improvement which comprises a shield assembly for insertion
      in the spaces between said work holders and adapted to be moved along with
      said belt, said shield assembly comprising a pair of movable shield
      members biased outwardly from said shield assembly into contact with said
      work holders on either side of said shield assembly, whereby said shield
      assembly maintains contact with said work holders when said flexible
      carrier mechanism follows a straight path or a curved path.
NUM  2.
PAR  2. A flexible belt carrier mechanism as defined in claim 1 in which said
      shield assembly is driven directly.
NUM  3.
PAR  3. A flexible belt carrier mechanism as defined in claim 1 and further
      including guide means for restraining the movement of said shield assembly
      to the path of said flexible belt.
NUM  4.
PAR  4. A flexible belt carrier mechanism as defined in claim 3 in which said
      guide means comprises projections on said shield assembly, and guide
      channels to receive said projections disposed along said path of said
      flexible belt.
NUM  5.
PAR  5. In a flexible belt carrier mechanism wherein an endless flexible belt
      moves a series of work holders spaced apart along said flexible belt, the
      provision of a shield assembly for filling the spaces between said work
      holders and enclosing said flexible belt carrier mechanism; said shield
      assembly comprising a shoe of generally rectangular shape having first and
      second parallel edges, side projections for guiding said shield assembly
      along said flexible belt carrier mechanism, pairs of guide pins disposed
      generally adjacent to the first and second edges; a pair of shield members
      mounted on said shoe, said shield members having guide slots into which
      said guide pins extend, whereby said shield members can move inwardly and
      outwardly of said first and second edges; biasing means disposed between
      said shield members to urge said shield members outwardly from said first
      and second edges; and a cover to enclose said shield assembly.
NUM  6.
PAR  6. In an endless flexible belt carrier mechanism including an endless
      flexible belt and a plurality of work holders attached to and spaced along
      said belt, the improvement which comprises a shield assembly for insertion
      in the spaces between said work holders and adapted to be moved along with
      said belt, and guide means for restraining the movement of said shield
      assembly to the path of said flexible belt; said guide means comprising
      projections on said shield assembly, and guide channels to receive said
      projections disposed along the path of said flexible belt.
NUM  7.
PAR  7. A flexible belt carrier mechanism as defined in claim 6 in which said
      shield assembly is driven directly.
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PAL  A capsule positioning machine for supplying a plurality of capsules
      successively in a predetermined posture, which is useable with the
      capsules each composed of a container and a cap mounted thereon. The
      machine comprises a transport drum and an inverting drum both supported
      for rotation in the opposite directions at the same peripheral velocity
      and formed with a plurality of pockets. Each of the pockets in the
      transport drum is stepped to provide a large diameter portion of a
      diameter slightly greater than the outer diameter of the cap of each of
      the capsules and a reduced diameter portion of a diameter substantially
      equal to or slightly smaller than the outer diameter of the cap, but
      slightly greater than the outer diameter of the container. Any of the
      capsules received in the respective pockets in the transport drum with the
      container engaged in the reduced diameter portion can be transferred to
      the inverting drum thereby to invert the posture of the capsule.
BSUM
PAR  The present invention relates in general to a capsule attitude control and,
      more particularly, to a device for supplying a plurality of capsules
      successively in a predetermined posture.
PAR  The present invention is particularly applicable with capsules of a
      particular construction each composed of a substantially cylindrical,
      open-ended container and a cap being similar in shape to the container and
      mounted on the container with the open end of said container inserted into
      said cap. This type of capsule is widely used in the pharmaceutical
      industry for enclosing a dose of an oral medicine.
PAR  It is well known that capsules each containing a dose of an oral medicine
      are commerically available, for example, at pharmacist's shops, in the
      form as contained in a bottled or a blistered package. The present
      invention has no concern with the bottled package, but has a concern with
      the blistered package.
PAR  The blistered package is known as a package composed of a sheet of
      thermoplastic resin, formed with a plurality of recesses or blisters in a
      predetermined pattern for accommodating therein respective capsules, and a
      covering, usually made of an aluminum foil, heat-sealed to the
      thermoplastic sheet with the capsules respectively accommodated in said
      blisters. Removal of each of the capsules in the blistered package can be
      carried out by applying a finger pressure to the capsule through the
      corresponding blister to cause a portion of the aluminum covering to
      break.
PAR  Considering the process of filling and packing each of the capsules, the
      capsule is successively and sequentially subjected to a medicine filling
      step wherein a dose of an oral medicine is filled in the container, a
      capping step wherein the container, that has been filled with the
      medicine, is capped with the cap to provide a complete capsule, a printing
      step wherein a trademark, brand, lot number and/or like indicia is printed
      on the capsule, an inspection step wherein the appearance of the capsule
      is inspected and a packaging step wherein the capsule is packed in a
      blistered package. Except for the medicine filling and capping steps, it
      has long been desired that a mass of complete capsules are arranged in a
      predetermined position or posture to facilitate the subsequent steps.
PAR  By way of example, where a particular trademark is to be printed on the cap
      of each of the capsules while the capsules are successively transferred by
      a conveyance. For example, an endless belt conveyor, past a printing or
      branding station, reproduction of the trademark on the capsules without
      accompanying any displacement of the subsequently printed trademark from a
      predetermined position cannot satisfactorily be achieved unless all of the
      capsules being successively past the printing or branding station are
      otherwise arranged in a predetermined position or posture, for example,
      with the individual caps of the capsules oriented in the same direction.
PAR  Moreover, irrespective of the employment of the printing or branding
      station, arbitary positioning of the capsules in a blistered package often
      gives such an impression that the capsules in the blistered package would
      not have been quality-controlled during the manufacture thereof.
PAR  Similar disadvantages and inconveniences have been encountered in any other
      industry where articles or sheaths similar in shape to the capsules are
      extensively handled.
PAR  In order to avoid the disadvantages and inconveniences hereinabove
      described, a capsule positioning machine has heretofore been employed. In
      general, the prior art capsule positioning machine cannot continuously be
      operated and has to be intermitted each time the attitude control is
      effected in such a way as to push a pushing rod to one of capsules,
      suspended in respective cavities or recesses formed in a rotary drum at
      the periphery thereof, to cause the capsule to pivot about a pair of
      opposed contact points by which the capsule is suspended in the
      corresponding cavity or recess. This prior art capsule positioning machine
      is not reliable and does not satisfactorily operate to an extend that all
      of the capsules handles can be positioned in a predetermined posture.
PAR  Moreover, in order for the capsules to be handled by the prior art capsule
      positioning machine, each of the capsules should accurately be shaped
      relative to the dimension of each of the cavities or recesses. If some of
      the capsules to be handled with the prior art capsule positioning machine
      are deformed such that the cross section thereof represents a
      substantially elliptical shape, these capsules will no longer be retained
      in the cavities or recesses and, therefore, cannot be handled with the
      prior art capsule positioning machine.
PAR  Accordingly, an essential object of the present invention is to provide an
      improved capsule positioning machine capable of continuously positioning
      capsules in a predetermined posture, thereby substantially eliminating the
      disadvantages and inconveniences inherent in the prior art capsule
      positioning device.
PAR  Another important object of the present invention is to provide an improved
      capsule positioning machine which is reliable in operation and which can
      satisfactorily operate even with some of the capsules which are deformed
      in cross section.
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PAR  Because of the nature of the present invention, it will readily be
      described in conjunction with preferred embodiments thereof with reference
      to the accompanying drawings, in which:
PAR  FIG. 1 is a schematic diagram showing the shape of a capsule which can be
      employed with the capsule positioning machine according to the present
      invention,
PAR  FIG. 2 is a schematic sectional view of the capsule positioning machine
      according to one embodiment of the present invention,
PAR  FIG. 3(a) is a cross sectional view, on an enlarged scale, taken along the
      line III--III in FIG. 2, illustrating the details of a capsule receiving
      pocket,
PAR  FIG. 3(b) is a similar view to FIG. 3(a), illustrating a modification of
      FIG. 3(a),
PAR  FIG. 4 is a cross sectional view, on an enlarged scale, of the capsule
      positioning machine of FIG. 2, taken along the line IV--IV in FIG. 2,
PAR  FIG. 5 is a schematic diagram of a portion of the capsule positioning
      machine, showing another method of ejecting capsules onto a conveyance,
      and
PAR  FIG. 6 is a schematic diagram of a transport drum of the capsule
      positioning machine according to another embodiment of the present
      invention.
PAR  Before the description of the present invention proceeds, it should be
      noted that like parts are designated by like reference numerals throughout
      the accompanying drawings. In addition, it is also to be noted that the
      term "capsule" employed in this specification and appended claims should
      not be understood as meaning a capsule used in the pharmaceutical industry
      for enclosing a dose of an oral medicine, whetherever empty or actually
      containing the medicine, but is to be understood as meaning a sheath or
      similar enclosure for any purpose, for example, for enclosing and/or
      protecting a candy, a miniture toy, or any other article of manufacture,
      which is essentially composed of a container and a cap mounted thereon.
PAR  More particularly, with reference to FIG. 1, the details of the capsule
      which the capsule positioning machine of the present invention can handle
      will now be described. As shown, the capsule C is of a substantially
      cylindrical, elongated shape and has a length designated by L. This
      capsule C comprises a substantially cylindrical container 1 of an outer
      diameter D having one end open and the other end closed and outwardly
      rounded. The capsule C further comprises a cap 2 similar in shape to the
      container 1 and having an outer diameter d, one end of which is opened
      while the other end thereof is closed and outwardly rounded, said cap 2
      being mounted on the container 1 with the open end portion of said
      container 1 received or inserted in the hollow of the cap 2. The length L
      of the complete capsule C is not the sum of the length of the container 1
      and that of the cap 2, but is smaller than the sum of the respective
      lengths of the container 1 and cap 2 because of the open end portion of
      either of the cap 2 and container 1 overlapping the open end portion of
      the other of said cap 2 and container 1.
PAR  The capsule C is preferably made of flexible material, for example, a
      water-soluble gelatine in case of the capsule for the medicine or any
      synthetic resin having an elasticity, by the reason which will become
      clear later.
PAR  Referring now to FIGS. 2 and 4, a capsule positioning machine according to
      the present invention comprises a supply hopper H of a substantially cubic
      body for accommodating a mass of capsules of the construction as shown in
      FIG. 1. This hopper H is formed at the bottom thereof with an opening Ha,
      and is stationarily supported in position to a portion of a machine
      framework (not shown). The capsule positioning machine shown further
      comprises a pair of transport and inverting drums TD and ID both supported
      for rotation in the opposite directions at the same peripheral velocity in
      such a manner as will now be described.
PAR  The transport drum TD is non-rotatably mounted on a shaft 10 which axially
      non-movably, but rotatably, extends through a back-up structure 11 and is
      in turn mounted with a gear 12 for rotation together with said shaft 10.
      The back-up structure 11 may be a part of the machine framework, or
      otherwise be rigidly secured or mounted on the machine framework, and has
      a pair of spaced recesses 13 and 14 on one surface thereof facing the
      transport and inverting drums TD and ID, respectively.
PAR  The transport drum TD has an outer peripheral surface formed with a
      plurality of radially inwardly extending pockets 15, the details of each
      of which will be described later, which pockets 15 are circumferentially
      equally spaced from each other over the outer peripheral surface of said
      transport drum TD.
PAR  Within the recess 13 in the back-up structure 11, there is provided a
      substantially annular presser disc 16 which is non-displaceably
      accommodated within said recess 13 and is, by a compression spring 17
      stationarily held between said back-up structure 11 and said presser disc
      16 around the shaft 10, biased in one direction close to said transport
      drum TD so that one of the opposed surfaces of said presser disc 16 is in
      sliding contact with one of the opposed surfaces of said transport drum
      TD.
PAR  THe inverting drum ID is supported sidewise of and adjacent the transport
      drum TD in a similar manner as the transport drum TD is supported. More
      particularly, the inverting drum ID is non-rotatably mounted on a shaft 18
      which axially non-movably, but rotatably, extend through the back-up
      structure 11 in alignment with the recess 14 and is in turn mounted with a
      gear 19 for rotation together with said shaft 18. Within the recess 14 in
      the back-up structure 11, there is also provided a substantially annular
      presser disc 20 which is non-displaceably accommodated within said recess
      14 and is, by a compression spring 21 stationarily held between said
      back-up structure 11 and said presser disc 20 around the shaft 18, biased
      in one direction close to said presser disc 20 so that one of the opposed
      surfaces of said presser disc 20 is in sliding contact with one of the
      opposed surfaces of said inverting drum ID.
PAR  The inverting drum ID has an outer peripheral surface formed with inverting
      pockets 22 circumferentially equally spaced from each other. It is to be
      noted that, if the transporting and inverting drum TD and ID are of the
      same outer diameter as is the case of the illustrated embodiment, the
      number of the pockets 15 and the pitch between each adjacent pair of the
      pockets 15 should be the same as the number of the pockets 22 and the
      pitch between each adjacent pair of the pockets 22. Alternatively, if the
      transport and inverting drums TD and ID are of different outer diameters,
      the number of the pockets 15 may differ from that of the pockets 22 so far
      as the pitch between each adjacent pair of the pockets 15 is equal to that
      of the pockets 22 and both of the drums TD and ID are rotated at the same
      peripheral velocity.
PAR  The gears 12 and 19 on the respective shafts 10 and 18 are to be understood
      as forming parts of a power transmission system (not shown) through which
      an electric drive motor (not shown) is operatively coupled thereto for
      rotating said drums TD and ID in the opposite directions at the same
      velocity, or otherwise at the same peripheral velocity if the drums TD and
      ID are of different outer diameters as hereinabove described.
PAR  These drums TD and ID are positioned relative to each other such that the
      outer peripheral surfaces of said respective drums TD and ID substantially
      contact to each other at one point which is hereinafter referred to as a
      meeting point. Alternatively, there may be a space between the outer
      peripheral surfaces of said drums TD and ID if the space therebetween is
      not more than half of the length L of the capsule C.
PAR  With particular reference to FIG. 3(a) wherein only one of the pockets 15
      is illustrated, the pocket 15 is of a cylindrical hollow and has a large
      diameter portion 15a adjacent the outer peripheral surface of the
      transport drum TD and a reduced diameter portion 15b adjacent the bottom
      thereof, both being divided by a step as at 15c. The depth of the large
      diameter portion 15a as defined by a distance between the plane of the
      opening of the pocket 15 on the peripheral surface of the drum TD and the
      step 15c is selected such that the capsule C, which is accommodated within
      said pocket 15 with the cap 2 radially inwardly oriented towards the
      bottom of said pocket 15 in such a manner as substantially indicated by
      the chain line Ca in FIG. 3(a), can completely be concealed within the
      pocket 15, and is therefore equal to or slightly smaller than the length L
      of the capsule C. On the other hand, the depth of the reduced diameter
      portion 15b as defined by a distance between the step 15c and the bottom
      of the pocket 15 is smaller than the difference between the length L of
      the capsule C and the length of the cap 2, that is, the length of a
      portion of the container 1 which is not overlapped with the cap 2.
      Furthermore, the large and reduced diameter portions 15a and 15b of the
      pocket 15 have respective diameters d' and D' which satisfy the following
      relationships with respect to the size of the capsule C:
EQU  D &lt;  D' .ltoreq. d &lt; d'
PAR  The step between the large and reduced diameter portions 15a and 15b of the
      pocket 15 may be radially inwardly tapered such as indicated by 15d in
      FIG. 3(b). The employment of the radially inwardly tapered step 15d is in
      most cases because it does not provide a trave of contact between the
      rounded end of the cap 2 of the capsule C and the step 15d when the former
      is sucked into the pocket 15 in a manner as will be described later.
PAR  While each of the pockets 15 in the transport drum TD is constructed such
      as hereinabove described, these pockets 15 are successively and
      sequentially communicated to a source of vacuum (not shown) and then to a
      source of compressed air, as said drum TD rotates through 360.degree.
      about the shaft 10, for the purpose which will become clear from the
      subsequent description. To this end, the transport drum TD is formed
      therein with substantially L-shaped passages 23 corresponding in number to
      the pockets 15. Each of these passages 23 has one end 23a opening at the
      bottom of the corresponding pocket 15 and in communication therewith and
      the other end 23b opening at one of the opposed surfaces of the drum TD
      which is in sliding contact with the presser disc 16. The individual ends
      23b of these passages 23 are arranged in a circular configuration and are
      equally spaced from each other and also from the axis of rotation of the
      transport drum TD.
PAR  On the other hand, the presser disc 16 is formed on one surface thereof
      with a curved groove 24 and a pair of spaced recesses 25 and 26, all of
      which are positioned in alignment with the path of travel of any of the
      open ends 23b of the passages 23 in transport drum TD. The curved groove
      24 is in communication with the source of vacuum through a passage (not
      shown) in the presser disc 16 by means of any suitable tubing (not shown)
      in a substantially similar manner as the recess 25 is, as shown in FIG. 4,
      in communication with the source of compressed air through a passage 27 in
      the presser disc 16 by means of any suitable tubing (not shown). It is to
      be noted that the recess 26 is also communicated to the source of
      compressed air in the same manner as the recess 25.
PAR  The curved groove 24 angularly extends through a predetermined angle about
      the axis of rotation of the drum TD and has a leading end situated
      preceding the recess 25 which is located at the meeting point where the
      pockets 15 in the transport drum TD and the pockets 22 in the inverting
      drum ID are successively aligned to each other in such a manner that the
      longitudinal axis of each of the pockets 15 becomes in line with that of
      the corresponding pocket 22. The other end, that is, a trailing end, of
      the curved groove 24 is situated on the trailing side of the bottom
      opening Ha of the supply hopper H with respect to the direction of
      rotation of the transport drum TD as indicated by the arrowheaded line X
      in FIG. 2.
PAR  The recess 26 may be formed in the presser disc 16 anywhere between the
      recess 25 and the trailing end of the curved groove 24 in alignment with
      the path of travel of the open ends 23b of the passages 23 in the
      transport drum TD.
PAR  In the capsule positioning machine so far described, as the transport drum
      TD rotates in the direction X, some of the capsules within the supply
      hopper H are successively received in the pockets 15. It is obvious that
      the capsules received in the respective pockets 15 are not always in the
      same posture and some capsules are received in the pockets 15 with the
      associated caps 2 radially outwardly oriented as shown by Cb in FIG. 3(a)
      and the others are received in the pockets 15 with the associated caps 2
      radially inwardly oriented as shown by Ca in FIG. 3(a).
PAR  All of these capsules are, irrespective of their respective postures within
      the corresponding pockets 15 in the transport drum TD being rotated,
      transferred to the meeting point in such a manner that they are sucked
      into said corresponding pockets 15 by the suction force exerted upon
      communication of the curved groove 24 to the vacuum source. However, in
      the case where the diameter D' of the reduced diameter portion 15b is
      smaller than the outer diameter d of the cap 2, the capsule received in
      the pocket 15 with the cap 2 radially inwardly oriented is held in
      position within the pocket 15 in such a manner that the rounded end of the
      cap 2 is elastically thrusted into the reduced diameter portion 15b to an
      extent that it will no longer separate from the pocket 15 without any
      external pushing force.
PAR  The capsules received in the corresponding pockets 15 are, as they
      successively arrive at the meeting point, ejected out of the corresponding
      pockets 15 by a blast of compressed air applied thereto through the
      passages 23 upon successive communication of said passages 23 to the
      compressed air source. However, some of the capsules that have been
      received in the pockets 15 with the caps 2 radially inwardly oriented
      remain within the pockets 15 without being ejected out of the pockets 15
      because the rounded end of each of these capsules is, as hereinbefore
      described, elastically thrusted into the reduced diameter portion 15b in
      the case where the diameter D' is smaller than the outer diameter d, or
      because the cap 2 of each of these capsules is tightly held within the
      reduced diameter portion 15b in the case where the diameter D is
      substantially equal to the outer diameter d.
PAR  The capsules that are retained within the corresponding pockets 15 without
      being ejected at the meeting point are then transferred to an delivery
      station where said pockets 15 carrying said capsules are successively
      communicated to the compressed air source through the recess 26. It is to
      be noted that the pressure of compressed air applied into the pockets 15
      through the recess 26 is so higher than that applied into the pockets 15
      through the recess 25 that any of the capsules received in the pockets 15
      with the cap 2 radially inwardly oriented can easily be separated out of
      the corresponding pocket 15. The pressure difference between the
      compressed air applied through the recess 25 and that applied through the
      recess 26 can be created by providing any suitable pressure regulating
      valve on a fluid line connecting between the common compressed air source
      and the recess 25. Alternatively, separate sources of compressed air may
      be employed one in communication to the recess 25 and the other in
      communication to the recess 26.
PAR  The capsules successively ejected out of the corresponding pockets 15 are
      transferred to a subsequent process through a guide G, which will be
      described later in detail, for guiding the capsules in the same posture
      towards the subsequent process.
PAR  Each of the capsules received in the corresponding pockets 15 with the caps
      2 radially outwardly oriented and subsequently ejected therefrom at the
      meeting point is transferred onto one of the pockets 22 in the inverting
      drum ID which is then aligned with the corresponding pocket 15. It is to
      be noted that each of the pockets 22 in the inverting drum ID is of a size
      having a diameter substantially equal to the diameter d' of the large
      diameter portion 15a of the pocket 15 in the transport drum TD and a depth
      substantially equal to or slightly greater than the length L of the
      capsule C.
PAR  Any of the pockets 22 in the inverting drum ID that is brought into the
      meeting point is at this time communicated to a source of vacuum. For this
      purpose, in a quitely similar manner as in the transport drum ID and the
      presser disc 16, the inverting drum ID is formed therein with
      substantially L-shaped passages 28 each having one end 28a opening at the
      bottom of the corresponding pocket 22 and in communication therewith and
      the other end 28b opening at one surface of the drum ID which is in
      sliding contact with the presser disc 20 while the presser disc 20 is
      formed on one surface thereof with a curved groove 29 and a recess 30
      which are respectively communicated to a source of vacuum through a
      passage 31, formed in the presser disc 20, and to a source of compressed
      air. It is to be noted that the source of vacuum in communication with the
      curved groove 29 and the source of compressed air in communication with
      the recess 30 may be the same as that in communication with the curved
      groove 24 and that in communication with any of the recesses 25 and 26,
      respectively.
PAR  The curved groove 29 in the presser disc 20 has a leading end terminating
      at a position preceding the recess 30 and a trailing end situated in
      alignment with the meeting point of these drums TD and ID. It is to be
      noted that the position of the recess 30 should, in the embodiment shown
      in FIGS. 2 and 4, be selected such that the angular distance between the
      trailing end of the curved groove 29 and the recess 30 in the direction of
      rotation of the inverting drum ID is substantially equal to the angular
      distance between the recesses 25 and 26 in the direction of rotation of
      the transporting drum TD. In the embodiment illustrated, while the
      recesses 25 and 26 are spaced from each other at the interval of one
      pocket 15, the trailing end of the curved groove 29 and the recess 30 are
      spaced from each other at the same interval with the length of said curved
      groove 29 sufficient to cover the two open ends 28b of the passages 28,
      respectively.
PAR  The guide G so far illustrated in FIG. 2 comprises a block 32 stationarily
      supported, for example, by the machine framework and formed therein with a
      substantially Y-shaped feed duct having three duct portions 32a, 32b and
      32c. This guide block 32 is arranged in such a manner that the duct
      portion 32a faces the transport drum TD at the delivery station in
      readiness for receiving the capsules ejected from the pocket 15 at said
      delivery station, the duct portion 32b faces the inverting drum ID at a
      position corresponding to the position of the recess 30 in readiness for
      receiving the capsules ejected from the pockets 22 in the inverting drum
      ID and the duct portion 32c is downwardly oriented for permitting the
      capsules collected therein to chute down the duct portion 32c by gravity
      onto the subsequent process. For transferring the capsules emerging from
      the lower opening of the duct portion 32c to the subsequent process, any
      suitable endless belt conveyor of a type having an endless belt formed on
      one surface with a plurality of equally spaced recesses each similar in
      shape to the capsule can be employed.
PAR  From the foregoing description, it has now become clear that, while any of
      the capsules received in the respective pockets 15 in the transport drum
      TD in the manner as indicated by the chain line Ca in FIG. 3(a) can
      successively be ejected at the delivery station without being ejected
      therefrom at the meeting point, any of the capsules received in the
      respective pockets 15 in the transport drum TD in the posture as indicated
      by the dotted or broken line Cb in FIG. 3(a) can successively be ejected
      therefrom at the meeting point without being transferred to the delivery
      station of the transport drum TD. It is also clear that the capsules
      successively ejected from the pockets 15 and then sucked into the
      respective pockets 22 in the inverting drum ID are ejected onto the duct
      portion 32b in the inverted posture with respect to the posture of each of
      the capsules ejected into the duct portion 32a, upon communication of any
      of said pockets 22 to the compressed air source through the recess 30.
PAR  The interval between the pocket 22 at the meeting point and the pocket 22
      in register with the duct portion 32b may not be the same as the interval
      between the pocket 15 at the meeting point and the pocket in register with
      the duct portion 32a. In order to achieve this, reference will now be made
      to FIG. 5. From FIG. 5, it will readily be seen that the guide G comprises
      separate ducts 33 and 34. A belt conveyor B of a type having an upper
      surface formed with a plurality of equally spaced recesses 35 each similar
      in shape to the capsule C is adapted to travel in one direction as
      indicated by Z in a manner synchronized with the rotation of any of the
      transport and inverting drums TD and ID. More particularly, in the
      arrangement shown in FIG. 5, the transport drum TD, the inverting drum ID
      and the conveyor B are interrelated or synchronized with each other such
      that the time required for one of the recesses 35 in the conveyor B, which
      has not received any capsule from the exit end 33a of the duct 33, to
      arrive at a position in register with the exit end 34a of the duct 34 is
      equal to the time required for one of the capsules transferred from the
      pocket 15 to the pocket 22 at the meeting point at the time said one of
      said recesses 35 has been in register with the exit end 33a of the duct 33
      to arrive at the position where said one of said capsules is ejected onto
      duct 34. In other words, the duct 34 is positioned relative to the duct 33
      such that the capsule can be supplied onto the conveyor B from the pocket
      22 in the inverting drum ID after the lapse of time corresponding to an
      integer multiple of the time required for each of the recesses 35 to
      travel a distance corresponding to one pitch between the adjacent pair of
      said recesses 35.
PAR  Although the present invention has been fully described by way of the
      preferred embodiments thereof, it should be noted that various changes and
      modifications are apparent to those skilled in the art. By way of example,
      depending upon the type of the subsequent process to which the capsules
      which have been positioned in the predetermined posture by the positioning
      machine, only the transport drum TD will suffice in which case any
      suitable return tubing may be employed for returning successively capsules
      which are ejected from the pockets in the transport drum TD at the meeting
      point back to the supply hopper H. In addition, the fluid connection
      between the recess 30 in the presser disc 20 and the source of compressed
      air may not always be necessary if the position where the capsules are
      successively ejected onto the duct portion 32b or the duct 34 is
      downwardly oriented so that these capsules can fall by gravity from the
      respective pockets 22 onto the duct portionn 32b or the duct 34. It is
      also possible to make the capsule be transferred by its own gravity onto
      the corresponding pocket 22 from the pocket 15 if the drums TD and ID are
      arranged such that the common imaginary line passing through the axes of
      rotation of these drums extends in parallel relation to the vertical line
      with the drum TD positioned immediately above the drum ID. In this case,
      the fluid connection between the recess 25 and the source of compressed
      air may not be necessary.
PAR  Furthermore, the transport drum TD may be constructed such as shown in FIG.
      6. In the arrangement of FIG. 6, each of the capsules received in the
      pockets 15 are, in view of the fact that these pockets 15 in this example
      are bottomless, supported on a coiled spring 40. The coiled spring 40 has
      both ends joined together and is suspended around a plurality of support
      pins 41 equally spaced from each other in the circumferential direction of
      the transport drum TD and each extending in parallel to the longitudinal
      axis of the shaft 10, so that any portion of said coiled spring 40 extends
      across each of the pockets 15 for supporting thereon the capsule that has
      been received in the pocket 15. A sector-shaped duct 42 having the
      interior divided by a partition plate 43 into a suction chamber 42a and a
      blow-off chamber 42b which are respectively communicated to the vacuum
      source and the compressed air source is supported in position to transport
      the capsules sucked into the corresponding pockets from the position
      immediately below the supply hopper H to the meeting point where the
      capsules are successively ejected onto the inverting drum. An ejector
      wheel 44 having a plurality of radially outwardly extending projections
      44a, which projections 44a are equally spaced from each other a distance
      corresponding to the pitch between the adjacent pair of the pockets 15, is
      supported on a drive shaft 45 for rotation together with said shaft 10.
      The shaft 45 is in turn operatively coupled to an electrically operated
      motor which may be the same as used to rotate the drums TD and ID.
PAR  The arrangement of FIG. 6 is particularly useable where the reduced
      diameter portion 15b of each of the pockets 15 is of the diameter
      substantially equal to the outer diameter d of any of the caps 2 of the
      respective capsules. With this in mind, it is clear that the capsules
      which have not ejected or transferred onto the inverting drum ID at the
      meeting point are successively ejected at the delivery station by the
      ejector wheel 44 acting in such a manner that, as it rotates in the same
      direction as the direction of rotation of the transport drum TD, the
      projections 44a thereof engage into respective reduced diameter portions
      15b of the pockets 15 thereby pushing the associated capsules through the
      coiled spring out therefrom onto the duct portion 32a or the duct 33.
PAR  Therefore, these changes and modifications are to be understood as included
      within the true scope of the present invention unless they depart
      therefrom.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A capsule positioning machine for supplying a plurality of capsules in a
      predetermined posture, each of said capsules being composed of a
      substantially cylindrical container and a substantially cylindrical cap
      which is mounted on and, therefore, overlaps one end portion of said
      container thereby defining a capsule chamber, said capsule positioning
      machine comprising:
PA1  a supply hopper for accommodating said capsules therein in any arbitrary
      posture and having the bottom opened;
PA1  a transport drum supported substantially below said bottom of said supply
      hopper for rotation in one direction and having a plurality of radially
      inwardly extending pockets which are spaced from each other at equal
      intervals around the periphery of said transport drum, said pockets being
      adapted to receive therein said capsules in any arbitrary posture from
      said supply hopper, the interior of each of said pockets being stepped to
      provide a large diameter portion adjacent the periphery of said transport
      drum and a reduced diameter portion remote from the periphery of said
      transport drum, each of said pockets having a size satisfying the
      following relations,
EQU  D &lt; D' .ltoreq. d &lt; d'
PAL  and
EQU  l &lt; La
PAL  wherein D represents an outer diameter of the container, D' represents a
      diameter of the reduced diameter portion of said pocket, d represents an
      outer diameter of the cap, d' represents a diameter of the large diameter
      portion of the same pocket, l represents the depth of the reduced diameter
      portion of the same pocket and La represents the difference between the
      total length of the capsule and the length of the cap of the same capsule;
PA1  means for driving said transport drum so as to rotate said transport drum
      in said one direction, said transport drum being, during each rotation
      thereof, sequentially brought to supply, ejecting and delivery stations
      located around the transport drum in the direction of rotation of said
      transport drum;
PA1  first means operatively positioned for permitting said capsules to be
      received in the corresponding pockets in said transport drum at said
      supply station in any arbitrary posture and for permitting said capsules
      held within said pockets in said transport drum to be transferred towards
      said ejecting station as said transport drum rotates, comprising means for
      drawing air within each of said pockets to create a substantial vacuum
      therein;
PA1  second mean operatively positioned for permitting only the capsules, which
      are held in the associated pockets with the cap radially outwardly
      oriented, to be ejected out of said associated pockets at said ejecting
      station of said transport drum;
PA1  third means operatively positioned for permitting the capsules, which have
      been transported to said delivery station of said transport drum while
      held in the associated pockets with the cap radially inwardly oriented, to
      be ejected out of said associated pockets at said delivery station; and
PA1  fourth means positioned adjacent said transport drum at said delivery
      station for receiving the capsules, which have successively been ejected
      out of said pockets at said delivery station with the container outwardly
      oriented, and for subsequently feeding them to a subsequent process.
NUM  2.
PAR  2. A capsule positioning machine as claimed in claim 1, further comprising
      an inverting drum supported adjacent said transport drum at said ejecting
      station of said transport drum for rotation in the opposite direction with
      respect to the rotational direction of said transport drum and at the same
      peripheral velocity as said transport drum and having a plurality of
      radially inwardly extending pockets which are spaced from each other at
      equal intervals around the periphery of said inverting drum, said interval
      being equal to the interval between each adjacent pair of said pockets in
      said transport drum such that, during rotation of said transport and
      inverting drums in the opposite directions, said pockets in said transport
      drum and said pockets in said inverting drum are successively aligned with
      each other at said ejecting station of said transport drum, said capsules,
      which have successively been ejected from said transport drum at said
      ejecting station, being successively received in said pockets in said
      inverting drum with the cap radially inwardly oriented during rotation of
      said transport and inverting drums in said opposite directions and then
      transferred towards a delivery station of said inverting drum, fifth means
      operatively positioned for permitting the capsules, that have successively
      been transferred onto the pockets in the inverting drum, to be received in
      said pockets in said inverting drum and then to be transported to the
      delivery station of said inverting drum, sixth means operatively
      positioned for permitting the capsules held within the pockets in said
      inverting drum to be ejected out of said pockets in said inverting drum at
      said delivery station of said inverting drum, seventh means positioned
      adjacent said inverting drum at said delivery station of said inverting
      drum for receiving the capsules, which have successively been ejected out
      of said pockets at said delivery station of said inverting drum with the
      container outwardly oriented, and for subsequently feeding them to the
      subsequent process, and means for driving said inverting drum so as to
      rotate said inverting drum in said opposite direction and at said
      peripheral velocity.
NUM  3.
PAR  3. A capsule positioning machine as claimed in claim 2, wherein said
      driving means for said transport drum and said driving means for said
      inverting drum comprise an electric drive motor operatively coupled to
      both said drums through a transmission system.
NUM  4.
PAR  4. A capsule positioning machine as claimed in claim 3, wherein said fourth
      and seventh means comprise a common guide having a substantially Y-shaped
      passage formed therein and including a passage portion opening at said
      delivery station of said transport drum, a second passage portion opening
      at said delivery station of said inverting drum and a third passage
      portion having one end coupled to said first and second passage portions
      and the other end leading to the subsequent process.
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ABST
PAL  A transparent security container for an article to be displayed, such as a
      tape cassette. The container includes an anti-theft device such as a
      microwave reradiator which triggers an alarm if it enters a microwave
      field. The container includes a pair of spaced key slots associated with
      clips for retaining the cassette. A release device at the checkout station
      permits easy release of the cassette. The container may then be reused.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A well known and effective system for preventing shoplifting comprises a
      pair of scanners for setting up a microwave field at, for example, an exit
      of a store. Attached to merchandise to be protected are special tags which
      carry reradiating circuitry. When an item is properly purchased, the clerk
      removes the tag at the point of sale. If the tag is not removed and
      someone attempts to shoplift the tagged item, the reradiator energizes an
      alarm when it enters the microwave field, thereby alerting store
      personnel.
PAR  The foregoing system has proved to be extremely successful in combating
      shoplifting. However, certain types of merchandise cannot readily be
      tagged in such a manner. Tape cassettes, for example, are particularly
      attractive to shoplifters and are difficult to tag. Furthermore, most
      stores would prefer to display tape cassettes openly as an encouragement
      to impulse buying. Many other items present similar problems, such as, for
      example, small cameras, wrist watches, writing implements, lighters, etc.
PAR  Accordingly, it is a primary object of the present invention to provide
      improved protection for items difficult to tag with reradiating devices.
      Other objects are to provide such protection while keeping the protected
      item in open view, and rendering the reradiating device difficult of
      removal by a shoplifter but easily removable by a checkout clerk. The
      manner in which these objectives are achieved will be apparent from the
      following description and appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  Apparatus for preventing the unauthorized removal of an article of
      merchandise from a protected area comprising a container which has a main
      opening for receiving the article and at least two spaced key openings.
      The container carries an electromagnetic reradiator and includes article
      retaining means having a first position clear of the main opening and a
      second position blocking the opening. An article release device at the
      point of sale includes at least two spaced keys which are simultaneously
      advanceable into the key openings for shifting the retaining means from
      the second position to the first position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a front view of an article container in accordance with this
      invention, partially broken away to illustrate its internal construction;
PAR  FIG. 2 is a side view of the container of FIG. 1, also partially broken
      away;
PAR  FIG. 3 is a cross section taken substantially along the line 3--3 of FIG.
      1;
PAR  FIG. 4 is a perspective view illustrating the construction and operation of
      the article retaining clip and latching spring employed in the invention;
PAR  FIG. 5 is a top view, partially broken away, of the article release device
      used at the point of sale;
PAR  FIG. 6 is a front elevation, partially broken away, of the device of FIG.
      5;
PAR  FIG. 7 is a cross section taken substantially along the line 7--7 of FIG.
      6;
PAR  FIG. 8 is a cross section taken substantially along the line 8--8 of FIG.
      6;
PAR  FIG. 9 is an enlarged cross section illustrating the operation of the
      release mechanism; and
PAR  FIG. 10 is a cross section taken substantially along the line 10--10 of
      FIG. 9.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  This invention will be described with particular reference to a display
      container for a typical 8 track stereo tape cassette. There is illustrated
      in FIGS. 1-3 a transparent plastic container 10 formed from two identical
      halves 10a, 10b ultrasonically welded along a seam 12. The container 10
      includes front wall 14 and back wall 16, left 18 and right 20 sidewalls
      and top wall 22. The container is open at the bottom. Cemented or
      otherwise secured within the container and against sidewall 18 is a
      reradiating tag T. The dimensions of the container 10 are such as to
      easily receive a standard cassette C. At the bottom of each of sidewalls
      18, 20 is a thickened portion 18a, 20a. The article retaining and
      releasing mechanisms are located in the thickened portions. The mechanisms
      in the two sidewalls are substantially identical and, accordingly, will be
      given similar reference numerals but with an a appended for parts in the
      left sidewall and a b appended for parts in the right sidewall.
PAR  The thickened portions of the sidewalls define vertical key slots 24a, b.
      As will be most apparent from FIG. 2, the slots 24 are widest at the
      bottom and are narrower at their upper ends. Other features of the slot
      construction can best be seen in the enlarged cross section of FIG. 9
      where it will be noted that the bottom of the slot 24b is slightly flared
      to permit easier entry of a key as will be later explained. It will also
      be noted that the top of the slot includes a small recess 26 running along
      its width. Still referring to FIG. 9, it will be noted that the thickened
      portion of the sidewall is pierced by a transverse opening 28 having a lip
      30 positioned inwardly of the external surface of the sidewall. A second
      horizontal recess 32 is formed along the inner surface of the slot 24.
PAR  Mounted in each of the key slots 24 are the spring 34 and clip 36
      illustrated in FIG. 4. Spring 34 includes a substantially horizontal bight
      portion 38 having a slight bow therein as viewed from the top. The bight
      portion, aided by the bow is retained within the recess 26 at the upper
      end of each of the slots 24. The spring 34 also includes depending legs
      40a, 40b which are bent inwardly toward each other along most of their
      lengths but near their lower ends are curved out to provide camming
      portions 42a, 42b.
PAR  The clip 36 is formed from spring steel. It comprises a vertical back plate
      44 which is normally substantially planar and is bent at its upper end to
      form an outwardly extending shelf portion 46 terminating in a downwardly
      extending flange 48. At each end of shelf 46 is a notch 50, 52. The lower
      end of clip 36 includes a horizontal member 54 having a length
      substantially equal to the width of the key slot 24 and forwardly
      extending projections 54a, 54b which extend forwardly a distance
      approximately equal to the thickness of the slot. Across the lower edge of
      horizontal member 54 is a rearwardly extending flange 56. Approximately
      centrally located on the horizontal member 54 is a projection 58 which has
      a height approximately equal to the thickness of the slot 24.
PAR  As will be apparent from FIG. 9, the clip 36 is positioned in slot 24 with
      its flange 56 retained in recess 32. When the clip is in its unstressed
      position, as shown in FIG. 9, the shelf 46 extends outwardly through the
      transverse opening 28, the legs 40a, 40b of the spring 34 being forced
      outwardly and resting against the ends of the shelf portion 46 of the
      clip.
PAR  The construction of the release device provided at the checkout counter is
      illustrated in FIGS. 5-7. It comprises a support base 60 resting on feet
      61. A three sided boxlike chassis 62 is mounted on base 60 by means of
      bolts through end flanges 64. The left 66 and right 68 chassis ends are
      bent over at their tops to form corresponding left 70 and right 72 support
      shelves. Mounted upon each of the chassis ends and below the corresponding
      support shelves are left 74 and right 76 angle iron brackets. Each of the
      chassis ends is formed with an inverted U-shaped cut and the material
      within the cut is bent inwardly to provide bumper brackets 78, 80 which
      support resilient bumper pads 82a, 82b thereon.
PAR  The support shelf 70, angle iron bracket 74, and base 60 at the left end of
      the device are drilled to receive actuating rods 84a, 84b therein. The
      right end members are similarly drilled to receive actuating rods 84c,
      84d. The tops of the four actuating rods 84 are secured to an actuating
      plate 86 which defines an elongated opening 88 therethrough surrounded by
      a shallow recess 90 in its upper surface. Each of the rods 84 carries a
      retainer 92 and surrounding each rod between its retainer and lower
      bracket 74 or 76 is a compression spring 94. It will now be seen that the
      rods and actuating plate are normally maintained in a raised position by
      the springs 94 as shown in FIG. 7 but may be depressed to the position
      illustrated in FIG. 8 by downward force. Mounted on the support shelves
      70, 72 are a left 96a and right 96b key, each being bifurcated as shown in
      FIG. 7 and having its upper, outer corners cut away to form sloping
      shoulders. Each of the keys 96 extends through a corresponding slot 98 in
      the actuating plate 86. The entire assembly is enclosed by molded outer
      housing 100 having an upper opening 102 surrounding the opening in
      actuating plate 86.
PAC  OPERATION
PAR  The operation of this invention will now be explained with particular
      reference to FIGS. 9 and 10. Assume first that the container is unloaded.
      When empty, the clips 36 are in the positions illustrated in FIGS. 9 and
      10 with the backplate 44 substantially flat. The shelf portions 46 extend
      outwardly through the sides of the container holding the legs 40a, 40b of
      the spring 34 in the spread positions shown in FIG. 10. In this
      configuration, the opening of the container is clear and a cassette is
      inserted therein. Thereafter, the clips 36 are manually depressed. The
      backplate 44 bows and the clips assume the position illustrated in FIGS. 1
      and 4, whereupon the legs 40a, 40b of each spring snap into the notches
      50, 52 to retain the clip in such position. The clips thereby block the
      opening and prevent the cassette from being removed from the container.
PAR  It is recommended that the container be made of a transparent material, but
      that those portions enclosing the spring clip mechanisms be opaque. In
      this manner a potential shoplifter will be unable to determine how the
      mechanism works. It should be noted that the clips cannot be pried
      outwardly due to the presence of the spring 34 and that a solid object
      cannot be inserted into the slot due to the blocking function of the
      projection 58.
PAR  Upon arrival at the checkout counter, the clerk merely inserts the blocked
      open end of the container into the opening 102 of the housing and presses
      down. The keys 96 enter the respective keyways and, since they are
      bifurcated, straddle the projection 58 as shown in FIG. 10. The sloping
      shoulders of each key contact the camming portions 42a, 42b of the
      springs, spreading the legs which move out of notches 50, 52. This
      unlatches the clips and permits them to snap back into the position
      illustrated in FIG. 9. Upon thus unblocking the opening, the cassette C
      falls into the housing and comes to rest on the bumper pads 82a, 82b. The
      container is retained for further use and the cassette is removed from the
      housing and given to the purchaser.
PAR  It is believed that the many advantages of this invention will now be
      apparent to those skilled in the art. It will also be apparent that a
      number of variations and modifications may be made in this invention
      without departing from its spirit and scope. Accordingly, the foregoing
      description is to be construed as illustrative only, rather than limiting.
      This invention is limited only by the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for preventing unauthorized removal of an article of
      merchandise from a protected area which comprises: a container defining a
      main opening therein for receiving said article and at least two spaced
      key openings adjacent said main opening: an electromagnetic reradiator
      carried by said container; first and second resilient clips carried by
      said container, each having a normal first position clear of said main
      opening but bendable to a second position blocking said main opening;
      means for latching said clips in said second position; and an article
      release member including at least two spaced key means simultaneously
      advanceable into said key openings for shifting each of said clips from
      said second position to said first position.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said key means are positioned to
      release said latching means from said clips upon advancement into said key
      openings.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said latching means comprises first and
      second spring means cooperating, respectively, with shoulders on said
      first and second clips.
NUM  4.
PAR  4. The apparatus of claim 3 wherein each of said spring means comprises
      spaced legs normally angled toward each other and positioned to receive
      one of said key means therebetween, said key means being shaped to bias
      said legs apart to release said clip.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said release member comprises: a base;
      first and second key means supported by said base in spaced apart
      relationship; a housing substantially enclosing said base and key means
      and defining a top opening overlying said key means; actuating plate means
      within said housing normally positioned against said top opening but
      downwardly movable upon the application of force, said actuating plate
      means defining first and second passages positioned to receive said key
      means therethrough and an article opening positioned to receive
      therethrough an article released from said container.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said article retaining means comprises:
      first and second resilient clips normally in said first position but
      bendable to said second position; and means for latching said clips in
      said second position.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said key means are positioned to
      release said latching means from said clips upon advancement into said key
      openings.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said latching means comprises first and
      second spring means cooperating, respectively, with shoulders on said
      first and second clips.
NUM  9.
PAR  9. The apparatus of claim 8 wherein each of said spring means comprises
      spaced legs normally angled toward each other and positioned to receive
      one of said key means therebetween, said key means being shaped to bias
      said legs apart to release said clip.
NUM  10.
PAR  10. A container for holding an article of merchandise which comprises: a
      hollow body defining a main opening therein for receiving said article and
      at least two spaced key openings adjacent said main opening; an
      electromagnetic reradiator carried by said body; first and second
      resilient clips carried by said body, each having a normal first position
      clear of said main opening but bendable to a second position blocking said
      main opening; and means for latching said clips in said second position.
NUM  11.
PAR  11. The container of claim 10 wherein said latching means comprises first
      and second spring means cooperating, respectively, with shoulders on said
      first and second clips.
NUM  12.
PAR  12. The container of claim 10 wherein said hollow body is substantially
      rectangular in cross section, said main opening is defined by the side
      walls at one end thereof, and said key openings are slots defined by two
      opposed sidewalls.
NUM  13.
PAR  13. The container of claim 12 wherein each of said opposed sidewalls
      defines transverse openings therethrough communicating with its key slot.
NUM  14.
PAR  14. The container of claim 13 wherein each of said article retaining means
      comprises a clip having a bendable vertical back plate normally retained
      by its key slot and a shelf portion laterally movable through the
      associated transverse opening between said first and second positions.
NUM  15.
PAR  15. The container of claim 14 wherein each of said article retaining means
      comprises means for releasably latching said clips in said second
      position.
NUM  16.
PAR  16. A release mechanism for an article holding container which comprises: a
      base; first and second key means supported by said base in spaced apart
      relationship; a housing substantially enclosing said base and key means
      and defining a top opening overlying said key means; actuating plate means
      within said housing normally positioned against said top opening but
      downwardly movable upon the application of force, said actuating plate
      means defining first and second passages to receive said key means
      therethrough and an article opening positioned to receive therethrough an
      article released from said container.
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ABST
PAL  A package construction is provided and includes a collapsible tee member
      for supporting a ball in an upright manner to be hit by a bat when the tee
      member is erected and one of a bat and ball is held by the tee member to
      form therewith a self-contained package construction by the tee member
      being held in a collapsed condition.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to applicants' copending patent applications,
      Ser. No. 320,206, now U.S. Pat. No. 3,819,038; and Ser. No. 326,805, now
      U.S. Pat. No. 3,830,362.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Ball games, such as baseball, softball, and the like are played throughout
      the world and particularly in the United States by young ball players
      starting at roughly age 5 and continuing through the teen years to
      adulthood. Young ball players often have a wide assortment of baseball and
      softball type ball bats which include wooden bats, metal bats, lightweight
      plastic bats, and the like which may be used with either regulation balls
      or lightweight balls made of plastic or other elastomeric material. The
      lightweight balls often have holes or other devices provided as a part
      thereof to prevent such balls from being hit comparatively large distances
      whereby such balls may be used in small yards, inside gymnasiums, and
      other recreational areas.
PAR  In general, it is difficult for a player to improve his batting skills
      while playing alone and various devices including comparatively expensive
      ball toss-up mechanisms, complicated tees, tees which have rotary ball
      moving mechanisms, and the like have been proposed heretofore for the
      purpose of helping a young ball player improve his or her batting skill.
      Categorically, most of these previously proposed devices are comparatively
      expensive and many of such devices are too complicated for use by a young
      ball player under about 10 years of age.
PAC  SUMMARY
PAR  This invention provides an improved economical package construction
      comprising a collapsible tee member for supporting a ball in an upright
      manner to be hit by a bat when the tee member is erected, and one of a bat
      and a ball being held by the tee member to form therewith a self-contained
      package construction by the tee member being in a collapsed condition
      thereof. The tee member is particularly adapted to support a ball in a
      ball strike zone which is at least equal to a vertical height defined by a
      batter's knees and such vertical height may range between a batter's knees
      and his or her armpits as is well known in baseball and softball as played
      in the United States.
PAR  Other details, uses, and advantages of this invention will be readily
      apparent from the exemplary embodiments thereof presented in the following
      specification, claims, and drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The accompanying drawing shows present preferred embodiments of this
      invention, in which
PAR  FIG. 1 is a view in elevation illustrating one exemplary embodiment of a
      package construction of this invention comprised of a comparatively
      inexpensive collapsible ball tee member, a ball bat, and a plurality of
      three balls;
PAR  FIG. 2 is a perspective view illustrating the tee member of FIG. 1 in its
      erected condition and shown supporting a ball thereon so that it may be
      struck by a ball bat;
PAR  FIG. 3 is a view similar to FIG. 2 and illustrating upper portions of the
      tee member severed away along weakened lines of separation so that the
      ball provides a more distinct target;
PAR  FIG. 4 is a view similar to FIG. 1 illustrating another embodiment of the
      package construction of this invention which utilizes another type of tee
      member;
PAR  FIG. 5 is a perspective view similar to FIG. 2 illustrating the tee member
      of FIG. 4 in its erected condition;
PAR  FIG. 6 is a fragmentary perspective view of another exemplary embodiment of
      the package construction of this invention;
PAR  FIG. 7 is a fragmentary perspective view illustrating a telescoping height
      adjustment member which may be used with either the tee shown in FIG. 1 or
      the tee shown in FIG. 4 to enable adjusting the position of a ball on the
      tee at an infinite number of positions;
PAR  FIG. 8 is a view showing the height adjustment member of FIG. 7 supported
      concentrically around the handle of a ball bat prior to placing the bat
      within the tee of its associated package construction;
PAR  FIG. 9 is a view showing the height adjustment member of FIG. 7 used on the
      tee of the package construction of FIG. 6; and
PAR  FIG. 10 is a plan view of a blank of this invention for forming the tee
      member of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Reference is now made to FIG. 1 of the drawing which illustrates one
      exemplary embodiment of a package construction which is designated
      generally by the reference numeral 20 and is comprised of a collapsible
      tee member 21 for supporting a ball thereon in an upright manner so that
      it may be readily hit by a ball bat when such tee member is erected and
      the package construction 20 includes a ball bat 22 and a plurality of
      three balls each designated by the same reference numeral 23. The tee
      member 21 is comprised of a columnar tubular portion 24 which is suitably
      sized and constructed of a material so that it may be readily and easily
      placed in surrounding relation around the ball bat 22 whereby the bat 22
      is, in essence, telescoped therein.
PAR  The tee member 21 has two hinged parts or side wings 25 on opposite sides
      of the tubular portion 24 and in FIG. 1 the wing portions 25 are fastened
      together flatly against each other by any suitable means such as staples
      26, or the like. Once the fastening means or staples 26 are removed the
      wing portions 25 of the tee are folded outwardly to the configuration
      illustrated in FIG. 2 and the bat 22 and balls 23 removed therefrom
      whereupon a ball 23 may be placed on a top substantially annular surface
      30 defined by the top edge of the columnar portion 24 so that such ball
      may be readily struck by a ball bat.
PAR  To facilitate easy striking and an essentially unobstructed view of the
      ball 23, each wing portion 25 of the tee 21 may be provided with a
      weakened line of separation such as a perforated line 31 defining an upper
      portion 32 thereof. Once portion 32 of each wing portion 25 is severed
      away along its line 31, the tee will have the appearance illustrated in
      FIG. 3. It will be appreciated that a ball 23 supported on tee 21 may be
      struck by a bat by striking in the direction of the arrow 33, in the
      direction of the arrow 34, or in any other direction including
      perpendicular to the directions 33 and 34.
PAR  As seen particularly in FIGS. 1-3 of the drawings the tee member 21 has
      integral means for holding the balls 23 therewith when the tee member 21
      is in a folded condition. In particular, it can be seen that such holding
      means is designated generally by the reference numeral 35 and comprises a
      pair of aligned equal-size openings 36 in the hinged parts or wing
      portions 25 for each ball 23. The openings 36 of each pair are arranged in
      aligned relation once the wing portions are folded with their inside
      surfaces 37 against each other and each opening 36 is smaller than the
      maximum diameter of a ball 23 whereby when the parts 25 are folded against
      each other and the tee is fastened by staples 26 or the like, in its
      collapsed condition (as shown in FIG. 1) the balls 23 are trapped by the
      annular portions 40 of surfaces 37 adjoining the openings 36 whereby
      portions of each ball, shown at 39, project outwardly from the outside
      surface of each hinged wing portion 25. The dimensions of each ball 23,
      openings 36, etc. are such that with the portions 25 stapled together the
      balls 23 cannot be removed except by unfastening such staples.
PAR  The tee member 21 may be provided with a pair of rectilinear fold lines 41
      about which the hinged parts 25 are foled or hinged, and, the tubular
      portion 24 may be a comparatively smooth tubular portion. Further, the
      tubular portion 24 may be provided with a plurality of openings 42 and 43
      therein to enable easy inspection of the bat 22 of the package
      construction 20 therethrough without the need to disassemble the package
      construction 20 for inspection purposes.
PAR  The bat 22 may be made so that it has a comparatively large diameter
      hitting end portion 44 and a smaller diameter handle portion 45 provided
      with the usual knob 46 at the terminal end of the handle portion 45. Once
      the tee member 21 is wrapped with its tubular portion 24 around the bat,
      the knob portion 46 at the terminal end of the handle of the bat prevents
      the bat from moving in one direction while the larger diameter hitting end
      portion 44 prevents the bat from moving in the opposite direction whereby
      such bat is effectively axially trapped or packaged in the package 20.
      Further, once the hinged parts 25 are suitably fixed by staples 26 in
      position with the balls 23 within their openings 36 the unitary package 20
      is merely defined of merely balls 23, a bat 22, and a tee member 21
      without requiring any additional packaging materials whereby the package
      is of optimum simplicity and maximum economy.
PAR  The tee member 21 is such that it supports an associated ball 23 for
      striking by a batter at a vertical height above the base or bottom portion
      50 thereof in ball strike zone which is at least equal to the vertical
      height defined by the batter's knees. It is well known in baseball and
      softball that the ball strike zone in the case of a ball pitched by a
      pitcher is defined by the width of home plate and a vertical zone defined
      between the batter's knees and the batter's armpits whereby the tee member
      21 would be used to similarly position a ball 23. Preferably the height of
      the tee is such that it will support a ball 23 thereon approximately at
      waist or belt-buckle height which is normally above 2 feet in height for a
      young 5-year-old ball player. To provide additional control of the height
      at which a ball may be supported, the tee member 21 may be provided with a
      plurality of suitably axially or vertically spaced apart marks 51 which
      represent locations at which the tee 21 may be out off so that it may be,
      in effect, customized for a particular batter.
PAR  The tubular portion 24 of the tee member 21 may be a comparatively rigid
      tubular portion having the bend lines 41 on opposite sides thereof and
      such tubular portion may be constructed of a suitable material so that its
      parts 25 may be spread outwardly as indicated by the arrows 48 in FIG. 2
      and the bat slipped in position by spreading the area at 53 without
      damaging the tubular portion 24.
PAR  However, it will be appreciated that it is entirely within the scope of
      this invention to provide the tubular portion 24 with spaced roughly
      parallel axially extending bend lines shown by dotted lines 52 at various
      locations about the periphery thereof so that winged portions 25 may be
      spread apart as before and tubular portion 24 also spread apart to
      facilitate insertion of the bat 22 therewithin. Nevertheless, once hinged
      parts 25 are released even with bend lines or weakening means 52 the
      tubular portion 24 is still capable of providing adequate support for a
      ball and can still take substantial abuse.
PAR  Other exemplary embodiments of the package construction of this invention
      are illustrated in FIGS. 4-5 and 6. The package constructions illustrated
      in FIGS. 4-5 and 6 are similar to the package construction 20; therefore,
      such package constructions will be designated by the reference numerals
      20A and 20B respectively and representative parts of each package
      construction which are similar to corresponding parts of the package 20
      will be designated in the drawing by the same reference numeral as in the
      package construction 20 (whether or not such component parts are mentioned
      in the specification) followed by the associated letter designation either
      A or B. Only those component parts of each package construction which are
      substantially different from corresponding parts of the package 20 will be
      designated by a new reference numeral also followed by the associated
      letter designation and described in detail.
PAR  The main difference between the package construction 20A and the package
      construction 20 is that the tee member 21A uses considerably less material
      and its opposed wing-like or hinged parts 25A each has a roughly
      triangular base portion 55A which is approximately an isosceles triangle
      and three openings 36A are provided entirely within each triangular base
      portion 55A and in an approximately triangular pattern. In addition, the
      hinged parts 25A have upwardly extending portions 56A of comparatively
      narrow dimension as indicated at 57A whereby a minimum of material is
      employed in making the tee member 21A whereby such tee member can be made
      of a comparatively more durable and, if required, more expensive material.
      It will also be seen that the tubular portion 24A has openings 42A and 43A
      therein for inspection of an associated bat 22A carried therein.
PAR  The package construction 20B of FIG. 6 has a tee member 21B, a bat 22B, and
      a plurality of three balls 23B and is very similar to the package
      construction 20A with the exception that the tee member 21B has a
      substantial height 60B of its upper portion 56B removed so that the upper
      portion of the tee member 21B is, in essence, substantially completely
      tubular, whereby a ball supported on the substantially annular top portion
      30B thereof may be struck by a bat with the tee member oriented in any
      direction and without concern that the upper portion of such tee member
      might be struck with the bat. It will be seen that in this modification,
      only lower opening 43B is provided for inspection of the bat 22B to give
      more rigidity to the upper part of the tubular portion 24B.
PAR  Each of the tee members or tees 21, 21A, or 21B instead of being provided
      with marks 51, 51A, or 51B respectively to enable severing the top portion
      of the tee member for ball height adjustability may be provided with a
      telescoping ball height adjustment element and such an element is
      illustrated in FIGS. 7 and 8 of the drawing and designated by the
      reference numeral 62.
PAR  The height adjustment member or element 62 may be used on tee members 21 or
      21A in the manner illustrated at 63 in FIG. 8 and is constructed of a
      suitable material so that it serves as a resilient C-type clamp which is
      spread apart as indicated by the arrows 64. With element 62 spread apart
      it may be moved axially and placed at the desired vertical location along
      the tubular portion, either 24 or 24A, and then released whereby it
      clampingly engages its associated tee member and may be held firmly in
      position by friction.
PAR  The height adjustment element 62 is preferably packaged with the bat by
      spreading such member apart along its open vertical height shown at 65 and
      then allowing it to embrace the handle portion of the bat whereupon the
      bat with the element 62 in position is then suitably installed into
      position in its tubular portion, either 24, 24A or 24B, of its associated
      package construction 20, 20A, or 20B respectively.
PAR  The height adjustment element 62 when used with the tee member 21B is
      preferably turned around so that its open portion 65 is diametrically
      opposite the open portion 66 in the tubular tee member 24B as illustrated
      at 67 in FIG. 9. Further, each height adjust element 62 may be provided
      with a plurality of sets of vertically spaced openings therein each
      designated 68 so that two openings of a particular set of openings may be
      aligned with a cooperating opening 69 in the tubular portion of a tee
      member either portion 24, 24A, or 24B of members 21, 21A, or 21B and a
      fastener such as a string S passed through the aligned openings to attach
      the height adjust member more firmly in position.
PAR  The tee members 21, 21A, and 21B may be made of any suitable material
      including cheap, discardable, comparatively inexpensive materials such as
      paper whereby each tee member such as tee member 21 may be in the form of
      a free tee member given away as an incentive for a purchaser to buy the
      ball bat and for a ball.
PAR  However, the tee members 21, 21A, and 21B may be made of any suitable
      material including comparatively durable elastomeric materials including
      plastics, rubber compounds and the like. Further, the tee members 21, 21A,
      and 21B are preferably made so that if they are knocked over, persons
      falling thereon tend to easily collapse the tees thereby avoiding injury
      to such person because the tees would be flattened into a substantially
      flat configuration. Once the weight of a person is removed each of the
      tees 21, 21A, or 21B could be such that it assumes the configuration shown
      in FIGS. 2, 3, 5, and 6 for example.
PAR  As previously indicated, each tee member is constructed so that it supports
      a ball such as a softball or a baseball in a ball strike zone which is at
      a vertical height at least equal to the height of a batter's knees whereby
      the height of each tee is at least generally in the order of about 2 feet.
      In contrast to this the base of such a tee member is comparatively small
      considerably less than 1 foot and preferably of the order of about 8
      inches whereby each of the tees is comparatively readily knocked over and
      this is a desirable feature.
PAR  Further, each of the tees comprising the package construction of this
      invention is preferably made of a lightweight material of the type
      disclosed above whereby a ball player missing the ball and hitting a part
      of the tee (as often occurs in using tees of this type) would not be
      subjected to a stinging sensation whereby there would be no reluctance on
      the part, especially a young ball player, to use the tee of this
      invention.
PAR  Each package construction of this invention with its unique tee member may
      be used to package regulation baseballs, softballs, and bats. Further,
      each package construction may be used to package and sell bats and balls
      made of plastic and of the toy variety.
PAR  The tee members comprising the package construction of this invention may
      be very durable and capable of withstanding repeated striking by a ball
      bat by an entire ball team playing tee-ball for one or more seasons, or
      may be of the free variety which may be given away as incentive to
      purchase a bat and/or a ball whereby such free tees need not be so
      durable.
PAR  In particular, should any of the tee members of this invention be formed of
      relatively thin cardboard or other deformable material or the like, the
      same could be formed initially from a flat blank of material suitably cut
      and scored to readily form into the tee member of this invention as the
      same is being assembled with the bat and balls to be packaged therewith.
PAR  For example, reference is now made to FIG. 10 wherein a flat blank of
      cardboard or the like of this invention is to be utilized to form the tee
      member 21 of FIG. 1 and it is to be realized that similar blanks can be
      provided for forming the tee members 21A and 21B previously described in a
      like manner.
PAR  As illustrated in FIG. 10, the flat blank is substantially rectangular and
      has precut therein the openings 36, 42 and 43 and is provided with the
      hinge lines 41 and one or more weakening lines 52 so that when a bat 22 is
      subsequently placed on the central portion of the blank of FIG. 10, and
      balls 23 are placed in one set of openings 36, the flat blank of FIG. 10
      can be then wrapped around such bat by bringing the wings 25 thereof
      toward each other so that the tubular portion 24 of the tee member 21 will
      automatically form around the bat 22 to capture the same therewith in the
      telescoping manner previously described and the balls 23 will likewise be
      captured by the aligned openings 36 in the wings 25 as the same are
      stapled together by the staples 26 previously described.
PAR  However, if the material forming the blank of FIG. 10 is sufficiently
      deformable, it may be found that weakening lines 52 and hinge lines 41 can
      be eliminated and that the blank will automatically form its tubular
      configuration during the assembly operation with the bat 22 and balls 23
      in the manner previously described.
PAR  Thus, it can be seen that this invention not only provides an improved
      package construction, but also this invention provides an improved method
      for making such a package construction as the tee member forming part of
      the package construction can be automatically formed from a simple flat
      blank in a unique manner.
PAR  Also, while the tubular portion 24 of the tee member 21 and other tee
      members of this invention has been illustrated and described as being
      tapering in a manner to substantially conform to the contour of the
      associated bat 22, it is to be understood that such tubular portions 24
      could be uniform throughout the length thereof and merely trap the
      associated bat by friction in its telescoping relation therewith.
PAR  In addition, while the wings 25 for the tee member 21 and other tee members
      of this invention have been described as substantially automatically
      springing back into the erect condition of FIG. 2 after the tee member 24
      has been knocked over and a person has fallen on the same to collapse the
      wing members 25 in a safe manner, it is to be understood that the hinge
      lines 41 for the wings 25 may be so constructed and arranged that when the
      tee member 24 is knocked over, the wing members 25 automatically collapse
      toward each other into a flat condition so that the major protruding
      portions of the tee members 24 will be in a flat condition to prevent
      tripping, etc., of the user thereof so that when the tee member 24 is
      again placed in an upright manner, the user merely folds out the wings 25
      to the desired angular position, such as illustrated in FIG. 2, to support
      the tee member 21 in its erect condition.
PAR  Thus, it can be seen that the lower portions of the wings 25 and the lower
      portion of the tubular member 24, in effect, form the base for the
      remainder of the tee member 21 so that when the same is knocked over,
      substantially the major portion of the base of such tee member 21
      automatically collapses to a flat out-of-the-way condition.
PAR  Accordingly, it can be seen that the wings 25 for the tee member 21, as
      well as the wing members for the other tee members of this invention,
      provide a base supporting function for the tee member as well as a ball
      attaching function for the package construction.
PAR  It will also be appreciated that the wing members 25 for the tee member 21
      provides advertising space for the manufacturer of the package
      construction of this invention.
PAR  Since the tee members of this invention can be made of relatively cheap
      materials, the same would be subject to adverse air currents in outdoor
      tee-ball play that would tend to blow over such tee members in the erect
      condition thereof. However, because the openings 36 are provided through
      the wing members 25, and the openings 42 and 43 are formed through the
      tubular portion 24 thereof, it can be seen that the tee members of this
      invention are less air resistant than uncut materials of the same size.
PAR  Also, it may be found that the upper portions of the wings 25 adjacent the
      top of the tubular portion 24 of the tee member 21 of this invention can
      be utilized to guide and/or control the flight of the ball 23 hit
      therefrom through the configuration of the top portions of the wings 25
      and/or the top portion of the tubular portion 24. For example, by merely
      angularly cutting the same, pop flies might be assured by a person
      striking the ball 23 in a normal manner from the tee member 24. Other
      types of flight control may also be provided, such as grounders, foul
      balls, and the like.
PAR  If desired, the tubular or columnar part of each of the tee members of this
      invention can be treated differently than the wing members thereof to
      render the tubular portions more durable. For example, the blank for
      forming a tee member of this invention can have the area thereof that
      forms the tubular part of the tee member reinforced by having additional
      material laminated thereto or be impregnated with plastic material and the
      like to render the same more durable, as desired.
PAR  It is also conceivable that the tubular part of the tee members of this
      invention could be a separate part from the wing members which are
      subsequently attached thereto  in any desired manner whereby the tubular
      part could be made of different or the same material as the material of
      the wing members.
PAR  Thus, it is seen that package construction is provided by this invention
      comprising a tubular baseball and softball tee member, and a bat for
      hitting a ball off of the tee member. The bat is telescoped into the tee
      member and is of a generally conventional baseball and softball type ball
      bat configuration. Further, means may be provided for detachably securing
      a ball to one end portion of the tee member and such means may be utilized
      for subsequently forming a base means for the tee member so that the tee
      member can be set in an upright manner on such base means.
PAR  While present exemplary embodiments of this invention, and methods of
      practicing the same, have been illustrated and described, it will be
      recognized that this invention may be otherwise variously embodied and
      practiced within the scope of the following claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A package construction comprising a collapsible baseball and softball
      tee member for supporting a ball to be hit by a baseball and softball type
      ball bat when said tee member is erected whereby said tee member in said
      erected condition thereof is adapted to support a ball for striking by a
      batter at a vertical height which is at least equal to the vertical height
      defined by the batter's knee, and one of a baseball and softball type ball
      bat and ball being held by said tee member disposed thereabout in a
      collapsed condition and forming therewith a self-contained package
      construction.
NUM  2.
PAR  2. A package construction as setforth in claim 1 wherein said one of said
      bat and said ball comprises a baseball and softball type ball bat, said
      tee member having a part thereof that is folded about said bat, said part
      of said tee member substanitally being wrapped about the periphery of said
      bat.
NUM  3.
PAR  3. A package construction as set forth in claim 4 and further comprising a
      ball and wherein said tee member has means for also holding said ball
      therewith when said tee member is in its folded condition about said bat.
NUM  4.
PAR  4. A package construction as set forth in claim 3 wherein said means of
      said tee member for holding said ball comprises opening means in said tee
      member.
NUM  5.
PAR  5. A package construction as set forth in claim 4 wherein said tee member
      has two parts hinged together to form a hinge area thereof so that said
      tee member will fold about said bat at said hinged area of said parts when
      said tee member is in its folded condition, said parts when unfolded away
      from each other a certain amount permitting said tee member to be
      supported by said parts in an erect manner with said hinged area providing
      a columnar means to support said ball adjacent the top of said columnar
      means.
NUM  6.
PAR  6. A package construction as set forth in claim 5 wherein said parts of
      said tee member have said opening means therein in aligned relation when
      said parts are folded toward each other, said opening means being smaller
      than said ball so as to trap said ball therebetween when folded toward
      each other while permitting opposed parts of said ball to respectively
      project through said opening means at said parts of said tee member.
NUM  7.
PAR  7. A package construction as set forth in claim 6 and further comprising at
      least another ball to define a plurality of balls and wherein said parts
      of said tee member have a plurality of said opening means therein so that
      said plurality of balls are packaged with said tee member in the same
      manner as said first-mentioned ball.
NUM  8.
PAR  8. A package construction as set forth in claim 5 and including a ball
      height adjust element packaged with said tee member for being utilized at
      the top of said columnar means in a telescoping manner therewith for
      supporting said ball thereon.
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ABST
PAL  The reed container is especially adapted for original packaging and
      subsequent storage of double reeds for musical instruments and is
      comprised of a rectangular shaped flexible plastic material doubled back
      and secured to itself along opposite edges at two locations spaced from
      the fold line. The plastic sheet is folded back a distance sufficient to
      prevent the ends of the reed from contacting the fold portion when the
      reed is inserted between the two sides of plastic sheeting perpendicular
      to the fold line with the mounting portion thereof resting on the edge of
      the folded plastic sheet. The fold of the plastic sheet is not creased to
      provide ventilation gaps adjacent the fold line.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is directed to an original display and subsequent
      storage container for double reeds for musical instruments.
PAR  For years double reeds have been packaged in plastic boxes having a hinged
      cover and latch mechanism so that the reed was maintained in a completely
      enclosed environment. Such a container however utilized a considerable
      amount of plastic thereby substantially increasing the packaging cost and
      the closed environment often led to a mildew problem if a wet reed was
      stored in the container subsequent to usage.
PAR  The container of the present invention overcomes all of the aforementioned
      shortcomings and provides an extremely attractive and economical display
      device for original sale as well as an extremely efficient container for
      subsequent storage which will not only protect the reed during storage but
      will provide adequate ventilation to prevent the formation of mildew.
PAC  SUMMARY OF THE INVENTION
PAR  The reed container according to the present invention is comprised of a
      rectangular sheet of relatively thin plastic material which is folded back
      upon itself along a non-creased fold line and secured to itself along the
      edges thereof at a point spaced from the fold line. The sheet is folded
      back a sufficient distance so that upon engagement of the edge of the
      sheet by the cork tip of a reed inserted therein the end of the reed will
      be spaced from the folded portion of the sheet to prevent damage to the
      end of the reed. Since the fold is not creased two ventilation openings
      will be provided adjacent the fold portion and the insertion of a reed
      into the container will provide an additional ventilation opening at the
      folded back edge of the sheet.
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of a
      preferred embodiment of the invention as illustrated in the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the container with a reed held therein.
PAR  FIG. 2 is a sectional view of the container taken along the line 2--2 of
      FIG. 1 and showing the reed therein in side elevation.
PAR  FIG. 3 is a sectional view taken along the line 3--3 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The container 10 is comprised of a relatively thin flexible sheet 12 of
      plastic material. The sheet 12 is substantially rectangular in its initial
      form and may be transparent, colored, embossed or decorated in any
      suitable manner. One end 14 of the sheet is folded back upon itself along
      a fold line 16 which is not creased so that upon securement of the end
      portion 14 to the main portion of the sheet 12 by heat seals 16 and 18 the
      sides of the container adjacent the fold line will bow outwardly to form
      ventilation gaps 20 and 22.
PAR  The distance that the end 14 is folded back upon the sheet 12 is determined
      by the length of the reed to be packaged or stored therein. As shown in
      the drawings of the present application the double reed 24 is comprised of
      a metallic cylindrical mandrel 26 having a cylindrical cork tip 28 on one
      end thereof adapted to be inserted into the musical instrument. The double
      reed 30 is secured to the opposite end of the mandrel 26 by means of a
      thread or cord 32 wrapped about the mandrel. The edge 34 of the flap 14 is
      spaced from the fold line 16 a sufficient distance so that when the end of
      the cork tip 28 rests on the edge 34 the end 36 of the reed 30 will be
      spaced from the folded portion of the plastic sheet to prevent damage to
      the end of the reed. The inherent resiliency of the plastic material will
      maintain the ventilation gaps 20 and 22 as well as provide the necessary
      friction between the flap 14 and the main sheet 12 to hold the reed
      securely in the position shown in the drawings.
PAR  The portion of the sheet 12 extending above the edge 34 of the flap 14 is
      provided with an aperture for hanging the container on a suitable display
      rack. Suitable advertising in addition may be placed at any suitable
      location on the plastic sheet 12. The plastic sheet 12 can be of any
      desired thickness which will provide a suitable degree of stability and
      flexibility. As an example a sheet of vinyl having a thickness of
      approximately 6 mm has been found to be satisfactory for the purpose.
      However, it is obvious that other materials and other thicknesses could be
      used without departing from the spirit of the present invention. Likewise,
      although heat sealings 16 and 18 have been illustrated in the present
      embodiment, it is obvious that the sides of the container could be secured
      together by any other suitable means such as mechanical clips, adhesive
      means or the like. Whatever fastening means are used, it is absolutely
      necessary that they be spaced a sufficient distance from the fold line 16
      to allow the plastic to bow outwardly adjacent the fold line 5 for the
      necessary ventilation to prevent the formation of mildew after the reed is
      wet from usage.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof it will be undertood by those
      in the art that various changes in form and details may be made therein
      without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reed container for double reeds having an enlarged shoulder portion
      spaced from the tip of the reed comprising a flexible, substantially
      rectangular sheet of plastic material folded partially back upon itself
      and fastening means securing said folded back portion to said sheet along
      the edges thereof in spaced relation to the fold portion to provide
      ventilation gaps adjacent said fold portion, the edge of said folded back
      portion between said fastening means being spaced from the fold portion a
      sufficient distance to prevent the tip of a double reed from contacting
      the fold portion when a double reed is inserted between said sheet and
      said folded back portion with the shoulder portion of the double reed
      resting on said edge.
NUM  2.
PAR  2. A reed container as set forth in claim 1 wherein said fastening means
      are comprised of heat seals.
NUM  3.
PAR  3. A reed container as set forth in claim 1 wherein said plastic is
      transparent.
NUM  4.
PAR  4. A reed container as set forth in claim 1 and further comprising hanger
      means disposed adjacent the edge of said sheet remote from said fold
      portion.
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ABST
PAL  A tray of thermoplastic material having means releasably latching a power
      tool in storage position thereon with the tool handle oriented to serve as
      the carry handle for the tool and attached tray, the tray providing
      storage for the power cord and accessories. An opening through a wall of
      the tray is defined by shearing the material during the blow mold cycle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the container art, and more
      particularly to a new and useful power tool storage tray blow molded of
      thermoplastic material.
PAR  Power tools such as circular saws are customarily stored and carried about
      in metal carrying cases provided with a hinged cover adapted to be latched
      in closed position and having a handle attached thereto. Such saws can be
      quite heavy, on the order of 8 to 13 pounds, which means that the hinge,
      the latch and the handle, as well as the metal itself, all must be
      constructed of sufficient strength to support the full weight of the saw
      when carrying it about. The result is a relatively heavy, bulky housing
      structure.
PAR  Such metal carrying cases also have the merchandising disadvantage that the
      saw itself is hidden within the container and is not exposed to view
      unless the container is open. Even then, the saw is within the container
      well and must be lifted out for visual inspection.
PAR  It is known to mold such cases of a plastic material, but they have most of
      the foregoing disadvantages because they also completely enclose the saw
      and must be sufficiently strong to support the full weight of the
      contained saw. While a molded plastic case can present a more attractive
      appearance from a merchandising viewpoint, they tend to do so at the
      sacrifice of storage capacity as contrasted with the bulker metal box.
PAR  Therefore, it remains highly desirable to provide an alternative packaging
      for such power tools which also will accommodate various accessories when
      the tool is being carried about and which will provide a storage place for
      both the tool and its accessories in a low cost, low-bulk and light-weight
      arrangement facilitating the display of the stored tool for merchandising
      purposes.
PAR  It is known to provide a tray which is compartmented to hold various
      accessories and to hold a tool such as a drill, but in a relatively
      involved and expensive molded construction in which all of the various
      parts including the tool are fitted in a caddy type of container having
      its own handle for carrying the same about. For heavier tools the problem
      remains of designing a construction including a handle arrangement of
      adequate strength to support the full weight of the tool when carrying it
      about.
PAR  Another problem arises in connection with providing an opening through a
      wall of a blow molded article such as a hollow box, for example to provide
      access to the interior thereof for storage. Such openings are customarily
      formed by removing the plastic material after molding, as by cutting or
      routing, to form the opening. Sometimes the proximity of an adjacent part
      of the box structure makes the removal of such material very difficult,
      imposing a design limitation sometimes necessitating redesign of the
      article. It would be highly advantageous to blow mold an article in a
      manner forming such openings during the mold cycle, or at least forming
      the article in a manner facilitating the subsequent removal of material to
      form the opening.
PAC  SUMMARY OF THE INVENTION
PAR  A primary object of this invention is to provide a tray on which the power
      tool is stored and in which various accessories and miscellaneous hand
      tools can be stored, the tray being carried about with the power tool
      using the tool handle itself as the supporting handle for the tool and the
      attached tray.
PAR  Another object of this invention is to provide the foregoing in a storage
      tray which supports the tool in a manner effectively displaying the same
      in its storage position.
PAR  Still another object of this invention is to provide the foregoing in a
      relatively simple, inexpensive and light-weight construction which can be
      blow molded of thermoplastic material and which cushions the supported
      tool.
PAR  A further object of this invention is to provide a simple, inexpensive
      plastic latch arrangement for releasably latching the supported tool in
      storage position on the plastic tray.
PAR  In addition, an important object of this invention is to provide a method
      of blow molding and means for blow molding plastic articles having an
      opening through a wall thereof at an angle to and within the parting line,
      wherein the opening is formed or substantially formed by the mold during
      the mold cycle.
PAR  The foregoing and other objects, advantages and characterizing features of
      this invention will become apparent from the following detailed
      description of certain selected embodiments which are intended to be
      illustrative of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING FIGURES
PAR  FIG. 1 is a view showing an illustrative support tray and container of my
      invention in side elevation, with the supported power tool, in this case a
      power saw and accessories being indicated in phantom;
PAR  FIG. 2 is a top plan view thereof;
PAR  FIGS. 3 and 4 are opposite end elevational views thereof, the power tool
      and accessories being omitted for greater clarity;
PAR  FIG. 5 is an elevational view of the opposite side thereof;
PAR  FIG. 6 is a sectional view thereof on an enlarged scale, taken about on
      line 6--6 of FIG. 2 but showing the same as molded and prior to removal
      from the mold, a fragment of which is indicated in phantom, parts being
      broken away for convenience in illustration;
PAR  FIG. 7 is a view like that of FIG. 6, but after removal from the mold and
      cutting away of material as hereafter described, and after assembling the
      latch;
PAR  FIG. 8 is a sectional view thereof taken about on line 8--8 of FIG. 2 but
      on an enlarged scale and with parts broken away for convenience in
      illustration;
PAR  FIG. 9 is a framentary sectional view thereof taken about on line 9--9 of
      FIG. 7;
PAR  FIG. 10 is a framentary sectional view thereof taken about on line 10--10
      of FIG. 9;
PAR  FIG. 11 is a front elevational view of the latch member, apart from the
      tray;
PAR  FIG. 12 is a view like that of FIG. 1 but showing a modified support tray
      and container of my invention supporting a different power tool, in this
      case a sabre saw indicated in phantom;
PAR  FIG. 13 is a top plan view thereof;
PAR  FIG. 14 is a sectional view thereof taken about on line 14--14 of FIG. 13
      but on an enlarged scale, the tool and accessories being omitted for
      greater clarity and parts being broken away for convenience in
      illustration;
PAR  FIG. 15 is a sectional view thereof taken about on line 15--15 of FIG. 13
      but on an enlarged scale; and
PAR  FIG. 16 is a schematic view of an apparatus used in forming the support
      tray of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  Referring now in detail to the accompanying drawings, there is shown in
      FIGS. 1, 2 and 8 a support tray of my invention, generally designated 1,
      receiving and supporting a power tool such as a power saw, generally
      designated 2, and various accessories. Saw 2 can be of any conventional
      type, having a drive motor and housing 3, a handle 4, a power cord 5, a
      foot 6 having a typical pivotal support bracket and bevel gauge mounting
      arrangement 7 with a clamping nut 8, a saw blade 9 and a blade guard 10.
      Such power saws are well-known and the showing thereof herein is intended
      to be only illustrative of any conventional power saw.
PAR  Tray 1 is blow molded of thermoplastic material, and is of hollow box-like
      form having a bottom wall 12, opposite side walls 13 and 14 and opposite
      end walls 15 and 16. Adjacent their upper ends, the side and end walls
      13-16 taper inwardly from the mold parting line indicated at 17 at a top
      wall 18 a portion of which, indicated at 19, comprises a supporting
      surface receiving the foot 6 of saw 2. Foot supporting surface 19
      surrounds an opening 20 defined by depending wall portions 21 therearound
      and providing access through the top wall to the interior of the box for
      storage purposes and to accommodate saw blade 9 when the saw is in storage
      position on the tray.
PAR  Along the inner side edge of supporting surface 19 the top wall is formed
      to provide a vertical wall portion 22, and in spaced relation between wall
      22 and side wall 14 the top wall is alternately elevated and
      compartmented, as indicated at 24, 25, 26, 27, and 28. Compartments 25 and
      27 are defined by depending side walls and a bottom wall, as clearly shown
      in FIG. 8, and are designed to accommodate therein a typical power saw rip
      fence arm 29 and wrench 30, respectively. The top wall portions 24, 26 and
      28 are recessed, as illustrated at 31, 32 and 33, respectively, to receive
      and cradle saw motor housing 3 when saw foot 6 is resting on its
      supporting surface 19. Top wall portion 28 also functions as an end stop,
      to assist in properly seating saw foot 6 and motor housing 3 on the tray.
PAR  The top wall 18 of tray 1 also is recessed at one end of compartments 25
      and 27, as shown at 34, to accommodate the guide portion 35 of the rip
      fence and also that end of wrench 30. The rip fence guide 35 confines the
      fence in its compartment 25, and the end of compartment 27 remote from the
      recess 34 is both angled and closed, as shown in FIG. 2, whereby the
      wrench is accommodated and effectively confined in its compartment 27. Top
      wall 18 also is cut away in the corner on the same side but at the
      opposite end of tray 1 from recess 34, to provide an opening 37 defined by
      depending wall portions 38 providing additional access through top wall 18
      into the interior of box 1, for convenience of storage. Rip fence
      compartment 25, unlike compartment 27, opens into opening 37 to
      accommodate the full length of arm 29.
PAR  Bottom wall 12 is formed to provide a semi-circular internal rib 40, and an
      inwardly projecting post 41. A circular saw blade 9 can be inserted
      through the larger opening 20 and placed on bottom wall 12 with the blade
      edge bearing against rib 40 where it joins wall 12, and with the blade
      body resting on post 41 which supports the blade at an angle to bottom
      wall 12 to facilitate reaching beneath the blade on the side opposite rib
      40 to remove it from the box through opening 20. Rib 40 holds the blade
      against sliding, maintaining the blade in its inclined storage position.
      In addition, rib 40 acts as a guard, protecting power cord 5 from abrading
      against the saw blade teeth when the cord 5 is inserted through opening 37
      into the box for storage. Any portion of the cord which tends to be
      displaced over rib 40 and above the blade will be cammed over the blade
      teeth by rib 40, thereby preventing cutting of the cord by the blade.
PAR  Saw foot 6 is releasably held against the supporting top wall surface 19 by
      engagement at its forward end beneath a shoulder 42 spaced above the
      surface 19. Shoulder 42 is formed by elevating the top wall of the box and
      providing a recessed bracket 43 of hollow and double wall construction
      having shoulder 42 as a horizontal inner wall. An opening 44 is formed, in
      a manner to be described between bracket 43 and supporting surface 19
      through which the forward end of shoe 6 is slid for engagement beneath the
      overhanging shoulder 42 of bracket 43. At its opposite end, shoe 6 is
      engaged by a spring latch mechanism, generally designated 45, which also
      may be of hollow double wall construction, as shown, and is provided with
      an elongated, tapering tongue 46 which fits into opposing, communicating
      recesses 47, 48 in the top and bottom walls of the box. The spaced walls
      of tongue 46 are joined adjacent opposite sides thereof, as indicated at
      49 in FIG. 11, providing a pair of recessed portions adapted to be engaged
      by a pair of spaced barbs 50 formed in the recess-defining wall 51 of the
      box, as shown in FIGS. 7, 9 and 10. With this arrangement, latch 45 is
      separately fabricated and then fitted to the box by inserting its tongue
      46 downwardly through recess 47 and into the recess 48, until the inset
      shouldered portions 49 engage beneath the detents or barbs 50, whereupon
      latch 45 is firmly secured in the operative position shown in FIG. 7.
PAR  At its upper end portion, the latch 45 is of generally C shape, being
      inset, as shown at 52, to receive the opposite end of foot 6, and to form
      a shoulder 53 adapted in the normal position of the latch to overhang shoe
      6 in the same manner as shoulder 42. However, whereas bracket 43 is fixed
      in position, latch 45 is resiliently yieldable because it is made of a
      resiliently yieldable thermoplastic material and its elongated tongue 46
      has limited movement within recesses 47 and 48 about its points of
      engagement with barbs 50.
PAR  The particular configuration of latch 45 may vary, as long as the latch
      construction provides adequate strength for the intended purpose. With the
      latch assembled and in its normal position, shown in FIG. 7, saw 2 may be
      mounted on box 1 by slipping the forward end of shoe 6 through openings 44
      and beneath shoulder 42, at the same time pressing the rearward portion of
      shoe 6 downwardly against the inclined cam face 54 of latch 45 to cam the
      upper portion of the latch out of the way and permit movement of shoe 6
      into fully seated engagement on and against supporting surface 19,
      whereupon the inherent resiliency of latch 45 will cause it to be
      self-restoring to the position shown in FIG. 7, with shoulder 53
      overhanging shoe 6.
PAR  Thus, saw 2 is readily fitted in place on supporting tray 1 where it is
      releasably latched in its supported storage position by the recessed
      bracket 43 and latch 45. When releasably latched in this manner, the
      assembled tray and saw can be moved about simply by lifting the total
      package, using the saw handle 4, whereby the tray containing the various
      accessories and the power cord, all neatly packaged, is carried about with
      the saw. Using the saw handle to carry the entire assembly has the
      advantage that saw handle 4 already is constructed and designed to be of
      adequate strength to fully support the saw. Supporting tray 1 being made
      of plastic is much lighter than saw 2 whereby the slight additional weight
      of the tray even when it contains a blade, rip fence and other
      accessories, is well within the supporting capabilities of the normal saw
      handle when used to carry the same about. There is no need for or problem
      of providing another handle, directly attached to the tray in a manner
      sufficiently strong to withstand the weight of the saw.
PAR  Whenever the saw is set down the supporting tray provides a cushioned base,
      and its box construction is more than adequate to support the weight of
      the saw. The walls defining recesses 47 and 48 provide a tubular
      reinforcing strut between the top and bottom walls, and depending walls 21
      and 38 provide added reinforcement. Tray 1 also cushions the saw against
      damage upon accidentally hitting a workbench or other structure as the saw
      is being carried about.
PAR  When it is desired to use the saw, it is readily removed from the tray
      simply by flexing the resilient latch 45, to the right as viewed in FIG.
      7, and then picking up the saw while sliding the forward end of its shoe 6
      from beneath the shouldered bracket 43.
PAR  Tray 1 provides an ideal vehicle for the packaging and display of the power
      tool, because the assembled tool and tray can be completely enclosed in a
      transparent overwrap of, for example, a clear plastic material which
      surrounds and protects the assembly while permitting prospective
      purchasers to view the same in a manner avoiding any need for removal of
      the tool.
PAR  The supporting tray of this invention can readily be designed to
      accommodate a variety of accessories and also power tools other than a
      circular saw. For example, there is shown in FIGS. 12-15 a tray, generally
      designated 100, similar to tray 1 and adapted to receive a sabre saw 102
      having a motor and housing 103, a handle 104, a power cord 105, a shoe 106
      and a blade 107. Tray 100 is like box 1, having opposite side walls 113
      and 114 and opposite end walls 115 and 116, the upper portions of these
      walls being inwardly inclined from parting line 117 to a top wall 118. A
      portion 119 of the top wall provides a supporting surface for foot 106 and
      the top wall is additionally recessed, very deeply as indicated at 120, to
      accommodate the saw blade 107. Top wall 118 is cut away to provide an
      opening defined by the depending wall 121 through which power cord 105 and
      any accessories or small parts can be inserted to the interior of the box
      for storage therein. Top wall 118 and the skirt wall 121 are slotted, as
      indicated at 122 to receive a card 123 which can contain additional blades
      or other accessories. Top wall 118 is recessed, to provide a compartment
      or slot 124 receiving the arm 125 of a rip fence the end of which, shown
      at 126, fits within a slot 127 also formed in depending skirt 121.
PAR  Saw 102 is releasably latched to its supporting surface 119 in the same
      manner as previously described, except that the shouldered bracket and
      releasable latch engage opposite sides of saw foot 106 instead of the
      opposite ends thereof. Thus, tray 100 is formed to provide a recessed
      bracket 143 defining a shoulder 142 adapted to overhang foot 106 when it
      is slid through an opening 144 between bracket 143 and supporting surface
      119. A latch 45, identical to that previously described, is inserted in
      the communicating recesses 147 and 148 which can be similar to recesses 47
      and 48 previously described, the wall of recess 141 providing a pair of
      barbs or detents 50 engaging the inset shouldered portions 49 of the
      latch, as previously described. Here, again the saw 102 is readily fitted
      to the tray by sliding one side of the saw foot 106 beneath the bracket
      143, with the opposite side of the foot engaging the surface 54 to cam
      latch 45 out of the way, the resiliency of latch 45 causing it to snap
      back over the opposite side of saw foot 106 to releasably latch the foot
      in position against supporting surface 119 and thereby releasably latch
      the saw in place on supporting tray 101. All of the advantages previously
      described are present in the embodiment of FIGS. 12-15, the handle 104 of
      the saw being used to carry the tray about with the saw, and it will be
      appreciated that the supporting tray and container of this invention can
      be adapted to accommodate still other tools.
PAR  Apparatus for molding trays of this invention is indicated schematically in
      FIG. 16. Molten thermoplastic material is fed into an extrusion die 56 of
      known type, by conventional feed means, not shown, from a suitable supply.
      A lift member 57 driven by a suitable motor 58 can be used to adjust the
      die 56 to extrude a parison 59 of the desired wall thickness. The extruded
      parison is passed between a pair of mold sections 60, 61 which are mounted
      for movement into and out of engagement about the parison by suitable
      drive means. In carrying out the process of the invention, mold sections
      60, 61 are engaged about the parison, trapping a portion of the parison
      between them and having meeting surfaces which pinch the extraneous
      parison portions as indicated at 62 in FIG. 6, creating the mold line 17,
      117. Compressed air, from a suitable source is introduced into the trapped
      portion in a known manner to expand it against the mold surfaces, and the
      spaces between the mold surfaces and the trapped parison portion are
      vented, all in a manner well understood in the art. Cooling water can be
      circulated through passages (not shown) in the mold sections, and the mold
      apparatus can be controlled in a timed manner, all by means well known and
      understood in the art and therefore only schematically indicated in FIG.
      16.
PAR  Wall openings in blow molded boxes usually are formed by removing the
      plastic material after molding, as by cutting or routing. However, while
      it is a relatively simple matter to cut away material to form the openings
      20 and 37 and the opening defined by wall 121, which openings are in
      planes substantially parallel to the plane of parting line 17, it becomes
      quite difficult to do this in the case of an opening such as 44 or 144
      because of the difficulty in manipulating a cutting or routing tool
      adjacent wall 19 to accomplish this. In other words, the position of the
      material to be removed makes its removal after molding very difficult
      because of interference with the adjacent plastic wall parts.
PAR  Therefore, it is a further feature of my invention that method and means
      are provided to form openings such as 44 and 144 or facilitate their
      formation, during and as part of the mold cycle. Such means comprise, in
      the illustrated embodiment, a projection 64 on mold section 61 which
      section forms the bottom wall 12, and side and end walls 13-16 of the tray
      up to parting line 17. Part 64 projects into a recess in mold section 60
      which section forms top wall 18 and the upper portions of the side and end
      walls of the tray above the parting line, past a surface 65 on mold
      section 60 against which projection 64 moves to shear the plastic material
      therebetween, either completely removing it or at least substantially
      reducing its thickness to define the opening and leave only a thin web or
      membrane 66. In other words, picturing the mold sections just prior to
      closing, the projection 44 carries the adjacent parison wall into mold
      section 60, forming wall portions 67 and 68 which are spaced from the wall
      portions 69 and 70 of bracket formation 43, providing a hollow, double
      wall construction communicating at its ends with the hollow interior of
      the tray. As projection 64 does this, moving past the parting line 17, it
      moves against wall surface 65 of moldsection 60 in shearing relation
      thereto, removing most if not all of the plastic material originally
      present between top wall surface 19 and shoulder surface 42. When a
      relatively thin web remains, as shown at 66, it is quickly removed by a
      knife, without need for routing or heavy cutting which would be relatively
      more difficult, particularly because of the adjacent wall surface, thereby
      facilitating the final formation of the opening after molding.
PAR  The coacting shearing surfaces of projection 64 and wall 65 extend
      completely across opening 44, for the full height thereof, and around
      behind projection 64, as viewed in FIG. 6, to form the corresponding leg
      of opening 44 which extends completely along the line 71, around the
      corner and along the shorter portion 72, shown in FIG. 2. Opening 144 is
      formed or defined in the same manner. The shearing action, as
      distinguished from the pinching action at the parting line, forms or
      defines an opening within the parting line and at a right angle to the
      plane thereof by moving one surface or edge thereof across another surface
      in a manner at least substantially removing the material therebetween.
PAR  Recesses 47 and 48 are formed by projections, not shown, on mold sections
      60 and 61, respectively, which sections meet, or substantially so, upon
      engagement of the mold sections. The thin web remaining therebetween is
      readily removed by cutting.
PAR  While the method and means for defining an opening by shearing during
      molding are disclosed herein in conjunction with the power tool supporting
      tray of my invention, it will be appreciated that they are not limited to
      the production of such items but will find utility in defining openings in
      other blow molded plastic items.
PAR  According, it is seen that my invention fully accomplishes its intended
      objects, providing a power tool supporting tray of great utility and
      versatility, forming an effective display package as well as a storage
      tray which is relatively low in cost and lightweight, and which utilizes
      the handle of the power tool as the handle by which the packaged tool and
      its supporting tray are carried about. Also, method and means have been
      developed for defining openings in the blown article during the molding
      thereof and as part of the mold cycle, in a manner greatly facilitating
      the forming of such openings and reducing the labor and difficulty which
      otherwise would be encountered. The tray, including the latch 45, can be
      made of any suitable thermoplastic material, such as high density
      polyethylene, polypropylene, polyvinyl and elastomeric polyolefin. While
      only selected embodiments of my invention have been disclosed and
      described in detail, it will be appreciated that this has been done by way
      of illustration only and without thought of limitation.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a power tool of the type having a handle, a driven
      work element, and a drive motor for said element, a support and storage
      tray therefor comprising means for supporting said tool in a storage
      position with said handle oriented as a carry handle for said tray, means
      for releasably latching said tool in said position, whereby said tray
      supports said tool for storage and is transported with said tool when the
      latter is carried by its handle and wherein said tray is compartmented to
      receive at least one accessory for said tool, said motor overlying said
      accessory compartment and retaining the accessory therein when said tool
      is in said storage position.
NUM  2.
PAR  2. In combination with a power tool of the type having a handle, a driven
      work element and a drive motor for said element, a support and storage
      tray therefor comprising means for supporting said tool in a storage
      position with said handle oriented as a carry handle for said tray,
      wherein said tray is in the form of a hollow body having said supporting
      means on an upper surface with a portion of said upper surface being
      formed to provide access to the interior of said body, and means for
      releasably latching said tool in said position, whereby said tray supports
      said tool for storage and is transported with said tool when the latter is
      carried by its handle.
NUM  3.
PAR  3. The power tool storage tray of claim 2, wherein said upper surface is
      compartmented to receive at least one accessory for said tool.
NUM  4.
PAR  4. The power tool storage tray of claim 2 wherein said tray has a body of
      one-piece molded construction of thermoplastic material.
NUM  5.
PAR  5. The power tool storage tray of claim 4, wherein said tool has a foot,
      said supporting means comprising a shelf on which said foot rests, said
      latching means including a shoulder on said tray overlying said foot and a
      latch member carried by said tray and engaging said foot in opposition to
      said shoulder.
NUM  6.
PAR  6. The power tool storage tray of claim 5, wherein said body has a recess
      therein, said latch member having a tongue of thermoplastic material
      engaged in said recess, said tongue being resiliently yieldable for
      releasing said foot from latching engagement by said member.
NUM  7.
PAR  7. The power tool storage tray of claim 6, wherein said latch member has a
      cam surface engageable by said foot as the latter is moved onto said shelf
      and beneath said shoulder for camming said latch member out of the way,
      the resiliency of said tongue causing said latch member to engage said
      foot when the latter is in storage position in said shelf.
NUM  8.
PAR  8. A storage tray in combination with a power tool of the type having a
      handle, a driven work element, and a drive motor for said element, said
      storage tray comprising a hollow box of thermoplastic material having a
      tool supporting upper surface, a pair of latching elements associated with
      said supporting surface for releasably retaining said tool thereon, and a
      portion of said upper surface being formed to provide access to the
      interior of said box, wherein said combination of said tray and said tool
      may be transported when the latter is carried by its handle.
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ABST
PAL  Double-wrap shrink-pack, and method of making it comprising wrapping at
      least one article in an ethylene polymer film, preferably a polyethylene
      film, to give a package, and shrink-wrapping a plurality of such packages
      in an ethylene polymer film, preferably a polyethylene film, to give a
      double-wrap shrink-pack, wherein one of said films, preferably the second
      of said films, contains an amount of anti-block additive and the other of
      said films is substantially free of anti-block additive.
BSUM
PAR  This invention relates to double-wrap shrink packs which employ
      heat-shrinkable polyethylene film.
PAR  Polyethylene films having the property of heat-shrinkability have been
      known for some time. They are usually made by stretching a film of the
      polymer at a suitable temperature. This imparts some orientation to the
      molecules and rapid cooling can lock the molecules in this orientated
      condition. This condition is one of strain of the molecular structure
      which can be relieved by raising the temperature of the film to a suitable
      level when it will shrink back to, or approximately to, its unstrained
      state. The film is called a heat-shrinkable film when it is in the
      strained state.
PAR  Considerable use has been made of this property of heat-shrinkability in
      the field of packaging. When an article is wrapped in a heat-shrinkable
      polyethylene film and is then passed through a heating device, e.g. an
      oven, where its temperature is raised sufficiently to relieve the strain
      imparted by stretching, it is found that the film shrinks around the
      article to give a tightly heat-shrunk package. This use of heat-shrinkable
      film is not restricted to the wrapping of single articles and for some
      years it has been common practice to shrink-wrap a number of articles in
      one shrink-wrapping of heat-shrinkable polyethylene film, e.g. packages
      of, say, 10 boxes of medical supplies such as bottles of insulin, and,
      when suitable light locating fitments are provided, six or more bottles or
      cans of liquid or solid materials.
PAR  This shrink-wrapping of articles in polyethylene film can be extended in
      two ways to provide what we define as a double-wrap shrink pack. The first
      of these involves the collation of a number of shrink-wrapped packages of
      the above-described kind and then shrink-wrapping them in a
      heat-shrinkable polyethylene film. The second of these ways is to
      seal-wrap the articles in a polyethylene film (which can be a
      heat-shrinkage type, but can also be a conventional type of film having
      low heat-shrinkage) to provide packages which are not heat-shrunk prior to
      collation in groups. The collations are then shrink-wrapped in a
      heat-shrinkable polyethylene film. During this shrink-wrapping, there may
      occur some small shrinkage of the film in which the articles have been
      seal-wrapped, but this does not tighten it to any marked extent.
PAR  For purposes of clarity of description, it is convenient to introduce some
      nomenclature. Thus, the packages making up the collation are described as
      primary packages and the film used for these packages as primary film. The
      film which is used to shrink-wrap the collation of packages is described
      as the secondary film.
PAR  Double-wrap shrink packs can be produced when both the primary and
      secondary films are made from the same polyethylene extrusion compound.
      However, it is found that the heat-shrinking of the secondary film causes
      areas of it to contact firmly, while still in a heat-softened condition,
      on areas of the primary film leading to local fusing together of the two
      films. This prevents easy removal of primary packages from a double-wrap
      shrink pack.
PAR  Various methods have been tried to overcome this problem of fusion of one
      film to another. Thus, it has been suggested that dissimilar thermoplastic
      polymeric films should be used, e.g. polyvinyl chloride film for the
      primary film and polyethylene film for the outer secondary film. While
      such packs have exhibited no fusion difficultires, they have had the
      disadvantage of the low-temperature brittleness of the polyvinyl chloride
      film at deep-freeze temperatures. Additionally, they are made expensive
      because of the higher cost of polyvinyl chloride film relative to
      polyethylene films.
PAR  Another method has been to apply surfactant solutions to the outside
      surface of the primary film or to the inside surfaces of the secondary
      film just prior to the heat-shrinking of the secondary film. Thus, for
      example, a 5% aqueous solution of "Teepol" (Trade Mark of Shell Chemical
      Ltd.) has been applied on to either primary or secondary film. This
      treatment largely prevented fusion of the primary and secondary films when
      the secondary film was heat-shrunk, but it was found to be messy, to lead
      to the coating of heat-sealing bars with dried surfactant, and also to be
      distributed non-uniformly, especially when the film was wrinkled.
PAR  Another method has been to silicone-coat the polyethylene film. This
      suffers from the disadvantages of increased cost and degrading of the
      heat-sealing characteristics.
PAR  A further method has been to spray talc or chalk on to the polyethylene
      film, but difficulties have been found to arise from contamination of the
      pack by the powder. The powder also causes heat-sealing difficulties.
PAR  One more method of overcoming this fusion problem has been to print
      suitable non-stick lacquers on to the film. While this can be an effective
      remedy for overcoming fusion difficulties, it suffers from the fact that
      it adds substantially to the cost of the film.
PAR  According to the present invention, there is provided a method for making a
      double-wrap shrink pack which comprises first either (A) seal-wrapping or
      (B) shrink-wrapping articles in a type of polyethylene film, which can be
      heat-shrinkable (for A or B) or not heat-shrinkable (for A only), to form
      packages, and then collating a number of these packages following which
      the collation of packages is shrink-wrapped in a second film which is of
      the heat-shrinkable type, with the two films employed being characterized
      by the fact that one is substantially free from anti-block additive (that
      is to say no more than 0.50% by weight) while the other contains an
      anti-block additive which is present in an amount sufficient to prevent
      fusion together of the two types of film during the shrink-wrapping of the
      collation but which amount is insufficient to reduce significantly the
      heat-sealability of this film.
PAR  This invention also provides a double-wrap shrink pack comprising a
      collation of article-containing packages which have been shrink-wrapped
      using one type of heat-shrinkable polyethylene film or a collation of
      article-containing packages which have been seal-wrapped using the same
      heat-shrinkable polyethylene film or a conventional polyethylene film, and
      which collation is shrink-swrapped in another type of heat-shrinkable
      polyethylene film, characterized by the fact that one of the two types of
      film used in this double-wrap shrink pack is substantially free from
      anti-block additive while the other contains sufficient to prevent fusion
      together of the two types of film during the shrink-wrapping of the
      collation but which amount is insufficient to reduce significantly the
      heat-sealability of this film.
PAR  The method of the present invention can employ any conventional apparatus
      for shrink-wrapping. The usually preferred type involves a film-wrapper
      and shrink-tunnel. The packs travel through a tunnel heater in which the
      heating means can be a forced draught of heated air. They are operated in
      conjunction with equipment for heat-sealing the polyethylene films. They
      can also be used in conjunction with means for collating articles. One
      usually uses one film-wrapper/shrink-tunnel combination for preparing the
      primary heat-shrunk packages, then collates a number of these packages
      which are then passed through a second film-wrapper/shrink-tunnel
      arrangement to heat-shrink the secondary film to give the required
      double-wrap shrink pack. If the primary packages are not heat-shrunk, they
      are merely seal-wrapped before collation.
PAR  The film-wrapper provides the means of making the type of wrapping chosen
      as suitable for the particular packaging job being undertaken. Its sealing
      electrodes can be, for example, of the single-bar type or of the L-shape
      type, the latter being used with centre-folding polyethylene film.
      Examples of suitable types of shrink wrapping are sleeve-wrapping and
      overall-wrapping.
PAR  Polyethylene films used in this invention can be made from extrusion
      compounds based on any of the usual film-making grades of polyethylene
      itself, in which case the polymer will usually be one of the commercial
      low-density polyethylenes, but medium-density and high-density
      polyethylenes can be used. Films make from other polyethylenes can also be
      used, for example films from copolymers of ethylene and an unsaturated
      ester of a carboxylic acid, e.g. vinyl acetate or ethyl acrylate. The most
      important of such polyethylenes is an ethylene-vinyl acetate copolymer,
      which, for economic reasons, advantageously comprises at least 90 %,
      preferably at least 96 %, by weight of ethylene units.
PAR  The films are usually made from an extrusion compound by the well-known
      layflat process. This process can be run to give what has been described
      above as conventional polyethylene film or can be run to give more
      orientation of the polyethylene polymer chains and so produce a film of
      higher heat-shrinkage. Normally, the thickness of a primary film will be
      30 to 50 microns while that of a secondary film may be from 50 to 250
      microns, but these figures are not to be regarded as restrictive.
PAR  An important feature of this invention is that its method and pack require
      the use of two types of polyethylene film. One is a film made from an
      extrusion compound comprised by polyethylene with which may be mixed small
      amounts of anti-oxidants, anti-static agents, colourants, etc.. The second
      type is made from an extrusion compound which is based on a polyethylene
      which is identical with or similar to, that used to make the first type of
      film. The small amounts of anti-oxidants, anti-static agents, colourants,
      etc. which are present in the first type of film can be present in the
      second type of film, but it is essential for the purposes of this
      invention that the extrusion compound used to make the latter type
      contains an amount of an anti-block additive. This anti-block additive
      must be substantially absent (that is to say no more than 0.50 % by weight
      present) from the extrusion compound used for the first type of film. The
      amount of the anti-block additive in the extrusion compound used for the
      second type of film must be such that it will not significantly reduce the
      heat-sealability of the film, but it must be sufficient to prevent fusion
      together of primary and secondary films during the shrink-wrapping of a
      collation of seal-wrapped or shrink-wrapped packages.
PAR  An anti-block additive for use in the present invention should be a
      high-melting, long-chain organic compound of a waxy nature. Its
      compatibility with a polyethylene used for films intended for the
      invention should be such that it exudes to the surface of such films. We
      have found that N,N'-bis-(long-chain alkoyl)-alkylene diamines having
      melting points lying between 100.degree. and 180.degree.C are suitable for
      use in the invention. N,N'-distearoyl-ethylene diamine (melting point
      138.degree. and to 142.degree.C) has been found to be very effective.
PAR  The anti-block additive used in one of the two types of film employed in
      making the double-wrap shrink packs of the present invention must not be
      confused with the slip agents which are conventionally incorporated in
      polyethylene extrusion compounds in order to reduce the friction
      coefficients of films made from them. Examples of such slip agents are
      lauramide, myristamide, palmitamide, stearamide, oleamide, erucamide and
      behenamide. Small amounts (0.1 to 0.50% by weight, for example) of these
      slip agents may be present in the films (that is in either or both of the
      films) employed in the present invention. These same compounds, however,
      which act as slip agents when present in small amounts, can be used in
      higher amounts as anti-block additives according to the invention. The use
      of these compounds in these higher amounts is of course appropriate for
      only one of the two types of polyethylene films used in the present
      process, since in these higher amounts they are acting as anti-block
      additives and, as explained above, only one of the two types of film may
      contain an effective antiblocking amount of the additive. The second film
      may, as will be apparent from the foregoing, contain the same compound in
      an amount in which it is effective as a slip agent.
PAR  As has been stated earlier, the amount of anti-block additive incorporated
      with polyethylene in the extrusion compound used to make the one type of
      film containing anti-block additive has to be such that the film has good
      heat-sealability, i.e., the film can be heat-sealed to itself to give a
      strong bond. At the same time, the film should exhibit no tendency to fuse
      to the other polyethylene film during the shrink-wrapping of a collation
      of primary packages. Each of the mentioned anti-block additives is
      commercially available and its properties are well documented. For each
      anti-block additive there are recommended minimum amounts that will be
      effective to prevent blocking; this may be known as the effective
      anti-blocking amount. It has been found that at certain higher amounts the
      additive will also prevent the heat-sealing of the film to itself using
      normal commercial heat sealing apparatus; this may be known as the
      self-heat-sealing-preventing amount. The amount of anti-block additive
      used in the film should be between these two amounts. It has been found
      that these requirements are met when the content of the anti-block
      additive lies between 1.0 to 2.5 % by weight of the polyethylene present
      in the extrusion compound.
PAR  In carrying out the present invention, it is advantageous that the film
      containing the anti-block additive is the secondary film, namely the outer
      of the two films of the double-wrap  shrink-pack. The use of an anti-block
      additive in a film adds slightly to the cost of the film, and since less
      secondary film is used than primary film, it is economically advantageous
      to use the anti-block additive in the secondary film. Furthermore the
      presence of the anti-clock additive may cause a slight increase in the
      time required to heat-seal the film, although the additive is of course
      present in an amount below the self-heat-sealing preventing amount. Such
      an increase in the heat-sealing time can better be tolerated for the
      secondary film than for the primary one as the number of secondary
      packages to be made is considerably less than the number of primary
      packages.
DRWD
PAR  An exemplary embodiment of a double-wrap shrink pack according to the
      invention will now be described with reference to th accompanying
      drawings, in which like numerals denote like parts throughout the several
      vieiws. and in which
PAR  FIG. 1 is a schematic representation of a double-wrap shrink pack, viewed
      in perspective, consisting of a plurality of primary packages,
PAR  FIg. 2 is a slightly exploded schematic vertical cross-section through the
      double wrap shrink pack of FIG. 1, and
PAR  FIG. 3 is a perspective view of a single primary package, constituting one
      of the primary packages of the double-wrap pack of FIG. 1.
DETD
PAR  Referring to the drawings, a primary package 10 (as shown in FIG. 3)
      consists of a collation of six cardboard cartons 11 that has been
      shrink-wrapped in a primary polyethylene film 12. A plurality (four) of
      these primary packages 10 have been collated into a stack 2 .times. 2 and
      then shrink-wrapped in a secondary polyethylene film 13. In the resulting
      double-wrap shrink pack 14, each primary package 10 is wrapped in a
      primary film 12 and the entire stack of these primary packages 10 is
      wrapped in a secondary film 13, as can clearly be seen in FIG. 2.
PAR  In an alternative embodiment according to the invention, the primary
      package 10 could be seal-wrapped (instead of shrink-wrapped) in a primary
      polyethylene film 12. These seal-wrapped primary packages 10 could then be
      collated into a stack as described above, and the entire stack then be
      shrink-wrapped as above in a secondary polyethylene film 13.
PAR  In both of these embodiments, one of the polyethylene films (either the
      primary film 12 or the secondary film 13, but preferably the latter for
      the reasons previously explained) contains an anti-block additive in an
      amount between the effective anti-blocking amount and the
      self-heat-sealing-preventing amount. The other polyethylene film,
      preferably the primary film 12, is substantially free from any anti-block
      additive (that is to say that it either contains no anti-block additive or
      it contains it in an amount no greater than 0.5% by weight). The presence
      of the anti-block additive in only one of the two films 12, 13 prevents
      fusion between the secondary film 13 and the exposed areas of the primary
      film 12, when the collation of primary packages 10 is shrink-wrapped in
      the secondary film 13.
PAR  It will of course be appreciated that the primary package shown, consisting
      of six cardboard cartons 11, is merely an example from a very wide range
      articles that could be contained within the package. The primary package
      10 could, moreover, contain only one article, or could contain any desired
      number of articles arranged in any convenient manner. The number of
      primary packages 10 contained in the double-wrap pack 12 may be two or
      more, and again these may be arranged in any convenient manner.
PAR  The following two examples give, again by way of exemplification only,
      details of experiments that have been carried out, from which further
      details of various embodiments of the invention will be apparent.
PAC  EXAMPLE 1
PAR  Heat-shrinkable film of 50 micron thickness was made from each of the
      formulations given below in Table 1.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Ingredients                                                               

               FORMULATION                                                     

               (parts by weight)                                               

               A   B    C    D    E    F                                       

     __________________________________________________________________________

     Polyethylene                                                              

               100 99.25                                                       

                        99.0 98.5 98.0 97.0                                    

     N,N'-distearoyl-                                                          

     ethylene diamine                                                          

                0  0.75 1.0  1.5  2.0  3.0                                     

     __________________________________________________________________________

PAL  The polyethylene had a density of 0.920 g.cm.sup.-.sup.3 and a Melt Flow
      Index of 2.0 (as determined by Method 105 C, British Standard 2782 (Part
      1), 1956). The N,N'-distearoyl ethylene diamine was incorporated with the
      polyethylene by first banburying the two ingredients together and then
      feeding the material from the banbury mixer to an extruder fitted with a
      tubular die from which was extruded a tube which was blown suitably to
      give a heat-shrinkable film of 50 microns thickness.
PAR  All six resultant films were examined for heat-sealability by using them in
      conventional heat-sealer (in this case, a C. F. Taylor (Unity Designs)
      Ltd. cross-feed sealer). The seals were examined and judgment of their
      quality is recorded below in Table 2.
PAR  Shrink-wrapped (primary) packages were made by placing together two cubical
      wooden blocks, each of 3-inch edge, which were then curtain-wrapped and
      heat-shrunk by passing them through a C. F. Taylor (Unity Designs) Ltd.
      shrink-tunnel, using Film A. Ten double-wrap shrink packs were then
      prepared. For each of these, six of the primary shrink-wrapped packages
      were collated and then passed through the same shrink-tunnel after being
      curtain-wrapped in Film A (secondary film) which became heat-shrunk. This
      experiment was repeated, still using Film A as primary film, but utilising
      as secondary film successively, Films B, C, D and E. Film F was not used
      because as will be seen in Table 2, it had poor heat-sealability. The
      resultant double-wrap heat shrink packs were then examined for occurrence
      of fusion between the primary and secondary films. The results of these
      examinations are noted in the column headed "Fusion to Film A" in Table 2.
TBL                TABLE 2                                                     

     ______________________________________                                    

     Film      Heat Sealability  Fusion to Film A                              

     ______________________________________                                    

     A         Good               Considerable                                 

     B         Good               Slight                                       

     C         Good               None                                         

     D         Good               None                                         

     E         Good               None                                         

     F         Poor                --                                          

     ______________________________________                                    

PAR  In addition, an experiment on the same lines was run on the same shrink
      equipment as that described above, but using Film C as the primary film
      and Film A as the secondary film. No fusion of these two films could be
      observed in the double-wrap shrink packs.
PAC  EXAMPLE 2
PAR  This example illustrates the making of a double-wrap shrink pack in which
      the primary article-containing packages were not heat-shrunk.
PAR  Pairs of ladies nylon stockings were overall seal-wrapped in Film A using
      it as a centre-fold film and sealing the film by means of an L-type
      sealer. Twenty of the resultant primary packages were collated and then
      shrink-wrapped by passing the collation through the shrink-tunnel used in
      Example 1, using Film C as the secondary film. No fusion of primary and
      secondary film could be seen in the double-wrap shrink packs made in this
      experiment.
CLMS
STM  We claim:
NUM  1.
PAR  1. Method of making a double-wrap pack which comprises wrapping at least
      one article in a first ethylene polymer film to form a first package,
      collating a plurality of said packages to form a collation, and
      shrink-wrapping said collation in a second ethylene polymer film, which is
      heat-shrinkable, to form a second package, wherein one of said films
      contains an anti-block additive present in an amount between the effective
      anti-blocking amount of said additive and the self-heat-sealing-preventing
      amount of said additive, and the other of said films is substantially free
      from anti-block additive.
NUM  2.
PAR  2. The method of claim 1, wherein said first package is made by
      seal-wrapping at least one article in said first ethylene polymer film.
NUM  3.
PAR  3. The method of claim 1, wherein said first package is made by
      shrink-wrappng at least one article in said first ehtylene polymer film,
      said first ethylene polymer film being a heat-shrinkable film.
NUM  4.
PAR  4. The method of claim 1, wherein at least one ethylene polymer film is a
      polyethylene film.
NUM  5.
PAR  5. The method of claim 4, wherein at least one polyethylene film is a
      low-density polyethylene film.
NUM  6.
PAR  6. The method of claim 1, wherein at least one ethylene polymer film is an
      ethylene-vinyl acetate copolymer film.
NUM  7.
PAR  7. The method of claim 6, wherein at least one ethylene-vinyl acetate
      polymer film has an ethylene unit content of at least 90 % by weight of
      the copolymer.
NUM  8.
PAR  8. The method of claim 6, wherein at least one ethylene-vinyl acetate
      polymer film has an ethylene unit content of at leat 96 % by weight of the
      copolymer.
NUM  9.
PAR  9. The method of claim 1, wherein the anti-block additive is selected from
      the group consisting of lauramide, myristamide, palmitamide, stearamide,
      oleamide, erucamide, and behenamide.
NUM  10.
PAR  10. The method of claim 1, wherein the amount of anti-block additive in the
      anti-block additive-containing film is in the range of from 1.0 to 2.5 %
      by weight of the ethylene polymer.
NUM  11.
PAR  11. The method of claim 1, wherein said first ethylene polymer film is
      substantially free from anti-block additive, and said second ethylene
      polymer film contains anti-block additive.
NUM  12.
PAR  12. The method of claim 1, wherein at least one ethylene polymer film is a
      ethylene ethyl-acrylate copolymer film.
NUM  13.
PAR  13. The method of claim 12, wherein at least one ethylene ethyl-acrylate
      copolymer film has an ethylene unit content of at least 90% by weight of
      the polymer.
NUM  14.
PAR  14. The method of claim 12, wherein at least one ethylene ethyl-acrylate
      copolymer film has an ethylene unit content of at least 96% by weight of
      the copolymer.
NUM  15.
PAR  15. Double-wrap pack comprising a collation of a plurality of first
      packages each comprising at least one article wrapped in first ethylene
      polymer film, said collation being shrink-wrapped in a second ethylene
      polymer film, wherein one of said film contains an anti-block additive
      present in an amoutn between the effective anti-blocking amount of said
      additive and the self-heat-sealing-preventing amount of said additive, and
      the other of said films is substantially free from anti-blocking additive.
NUM  16.
PAR  16. Double-wrap pack according to claim 15, wherein said first ethylene
      polymer film is substantially free from anti-block additive, and said
      second ethylene polymer film contains anti-block additive.
NUM  17.
PAR  17. Double-wrap pack according to claim 15, wherein each of said first
      packages comprises at least one article seal-wrapped in said first
      ethylene polymer film.
NUM  18.
PAR  18. Double-wrap pack according to claim 15, wherein each of said first
      packages comprises at least one article shrink-wrapped in said first
      ethylene polymer film.
NUM  19.
PAR  19. Double-wrap pack according to claim 15, wherein each ethylene polymer
      is polyethylene.
NUM  20.
PAR  20. Double-wrap pack according to claim 15, wherein the anti-block additive
      is N,N'-distearoyl-ethylene diamine.
NUM  21.
PAR  21. Method of making a double-wrap pack which comprises wrapping at least
      one article in a first ethylene polymer film to form a first package,
      collating a plurality of said packages to from a collation, and
      shrink-wrapping said collation in a second ethylene polymer film, which is
      heat-shrinkable, to form a second package, wherein one of said films is
      substantially free from anti-block additive, and the other of said films
      contains as an anti-block additive an N,N'-bis-(long-chain
      alkoyl)-alkylene diamine having a melting point within the range of from
      100.degree. to 180.degree.C present in an amount between the effective
      anti-blocking amount of said additive and the self-heat-sealing-preventing
      amount of said additive.
NUM  22.
PAR  22. The method of claim 21, wherein the anti-block additive is
      N,N'-distearoyl-ethylene diamine.
NUM  23.
PAR  23. The method of claim 21, wherein said first ethylene polymer film is of
      a thickness within the range of from 30 to 50 microns, and wherein said
      second ethylene polymer film is of a thickness within the range of from 50
      to 250 microns.
NUM  24.
PAR  24. Method of making a double-wrap pack which comprises wrapping at least
      one article in a first ethylene polymer film having a thickness within the
      range of from 30 to 50 microns to form a first package, collating a
      plurality of said packages to form a collation, and shrink-wrapping said
      collation in a second ethylene polymer film having a thickness within the
      range of from 50 to 250 microns, which second film is a heat-shrinkable
      film, to form a second package, wherein one of said films contains an
      anti-block additive present in an amount between the effective
      anti-blocking amount of said additive and the self-heat-sealing-preventing
      amount of said additive, and the other of said films is substantially free
      from anti-block additive.
NUM  25.
PAR  25. Double-wrap pack comprising a collation of a plurality of said first
      packages each comprising at least one article wrapped in a first ethylene
      polymer film, said collation being shrink-wrapped in a second ethylene
      polymer film, wherein one of said films is substantially free from
      anti-block additive, and the other of said films contains as an anti-block
      additive an N,N'-bis-(long-chain alkoyl)-alkylene diamine having a melting
      point within the range of from 100.degree. to 180.degree.C present in an
      amount between the effective anti-blocking amount of said additive and the
      self-heat-sealing-preventing amount of said additive.
NUM  26.
PAR  26. The double-wrap pack of claim 25 in which said anti-block additive is
      N,N'-distearoyl-ethylene diamine.
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ABST
PAL  An article holding and dispensing container having an article receiving and
      holding compartmental tray and a plurality of vertical and horizontal
      score lines separating the tray into a plurality of individually removable
      pockets. A closure member is heat-sealed to the back of the tray closing
      off the pockets and includes vertical and horizontal score lines aligned
      with the score lines of the tray. The closure member is not heat-sealed to
      the tray in the vicinity of the intersection of the score lines to
      facilitate breaking away of individual pockets or removing the contents
      thereof. A plurality of such containers may be hung in a generally
      vertical array on support members with indicia at the top of each
      container and the pockets at the bottom with one of the containers being
      removable from the support members without the necessity of removing any
      of the remaining containers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates in general to article holding and dispensing
      containers and more particularly to a medication or pill holding and
      dispensing container which allows visual observation of each discrete
      article or pill contained therein and easily accountable sequential
      dispensing of individual articles or pills therefrom.
PAR  2. Description of the Prior Art
PAR  Various types of pill or article holding and dispensing containers have
      been made heretofore which included blister packages secured to cardboard
      or paper backings with appropriate tear strips or side panels for opening
      thereof, as in the prior U.S. Pat. Nos. 2,968,391; 3,327,843; and
      3,367,491. Other containers have had plastic article holding bodies with
      assembled portions including separately formed slide openers or tear strip
      portions as in U.S. Pat. Nos. 2,255,331; 3,393,794; 3,537,422; and
      2,780,349. Various other holders or packages for holding and dispensing
      individual articles or pills are disclosed in the prior U.S. Pat. Nos.
      2,324,228; 2,411,471; 2,921,672; 3,203,541; and 3,302,775.
PAR  It is believed that the containers of the aforementioned prior patents are
      not fully satisfactory in that many require fabrication from individually
      molded plastic parts which must be assembled in an expensive and
      complicated manner, others require complicated manipulation for moving
      sealing tear strips and movement of a tray or holder relative to a
      surrounding sleeve for dispensing of an individual contained article or
      pill while others do not provide for a visual observation of the contained
      article or pill from one side of the container with an easy sequential
      controlled dispensing of individual articles from the other side of the
      container.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to disclose and provide a
      container for receiving and maintaining individual articles or medication,
      such as pills, in a controlled accountable condition within a
      compartmented tray which is easily manufactured and operated for
      dispensing individual items therefrom when desired in a sequential known
      manner from one side of the container while the user can observe the
      contents of each compartment of the tray as well as the item being
      dispensed from an opposite side of the container.
PAR  It is another object of the present invention to disclose and provide a
      container as in the foregoing object wherein the tray is formed from a
      single sheet of material having compartments and view apertures therein,
      and closure means for closing off the compartments.
PAR  It is still another object of this invention to provide an article holding
      and dispensing container having means for facilitating either the removal
      of individual pockets or compartments or the removal of articles or the
      like from each compartment.
PAR  It is even another object of this invention to provide an article holding
      and dispensing container wherein a plurality of such containers may be
      hung in a vertical array and one of the so-hung containers may be quickly
      and easily removed from the array without the necessity of removing any of
      the remaining containers from the array.
PAR  These and other objects are preferably accomplished by providing an article
      holding and dispensing container having an article receiving and holding
      compartmental tray and a plurality of vertical and horizontal score lines
      separating the compartment into a plurality of individually removable
      pockets. A closure member is heat sealed to the back of the tray closing
      off the pockets and includes vertical and horizontal score lines aligned
      with the score lines of the tray. The closure member is not heat sealed to
      the tray in the vicinity of the intersection of the score lines to
      facilitate breaking away of individual pockets or removing the contents
      thereof. A plurality of such containers may be hung in a generally
      vertical array on support members with indicia at the top of each
      container and the pockets at the bottom with one of the containers being
      removable from the support members without the necessity of removing any
      of the remaining containers.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a bottom plan view of an article dispensing container in
      accordance with the present invention;
PAR  FIG. 2 is a cross-sectional view of the container of FIG. 1 taken along
      lines II--II thereof;
PAR  FIG. 3 is a cross-sectional view of the container of FIG. 1 taken along
      lines III--III thereof;
PAR  FIG. 4 is a cross-sectional view taken along the lines IV--IV of FIG. 3;
PAR  FIG. 5 is a view similar to FIG. 4 showing a first modification thereof;
      and
PAR  FIG. 6 is a view similar to FIG. 4 showing a second modification thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1 of the drawing, the preferred exemplary embodiment
      of the dispensing container is shown indicated generally at 10, and as
      having a compartmented portion or tray, indicated generally at 11, and a
      closure means, indicated generally at 12. Compartmented portion 11 may be
      formed from a single sheet of material which may be made from paper stock,
      cardboard, plastic sheet or other suitable material which can be die cut
      into desired shape as hereinafter explained.
PAR  Preferably, portion 11 is formed from a suitable plastic material, such as
      polystyrene or the like, and includes a plurality of blisters 13 in
      aligned rows thus forming pockets or compartments all as is well known in
      the packaging art. Thus, in the example shown, three aligned vertical rows
      having six blisters 13 in each row, are presented. The blisters are also
      aligned in horizontal rows forming a neat arrangement of 30 blisters 13.
PAR  These blisters 13 occupy a first section 14 of the compartmented portion
      11. As shown in FIG. 2, blisters 13 form compartments or pockets 15 for
      receiving individual articles, such as pills 16, 17 therein. In forming
      first section 14, the aligned rows of blisters 13 are scored as indicated
      by vertical score lines 18 and horizontal score lines 19. Thus, each
      blister 13 may be quickly and easily separated from an adjacent blister
      13.
PAR  A second section 20 is integral with first section 14 and separable
      therefrom by the uppermost score line 19 on compartmented portion 11 (not
      visible in FIG. 1 since it is covered by closure means 12). Section 20 may
      include a labelling area 21 where a label 22 bearing indicia or the like
      thereon may be placed. Such indicia may relate to the user of the
      articles, such as a patient or the like, and contain pertinent medical or
      pill dispensing information, for example. The top edge 23 of second
      section 20 extends beyond the point of engagement with side edges 24
      thereof, then extends downwardly to form tab members 25 on each side of
      section 20 having recessed portions 26 opening downwardly for receiving
      support members 27, such as nails or pins or the like, therein. In this
      manner, a plurality of containers 10 may be quickly and easily hung in a
      generally vertical array with indicia on label 22 being readily visible at
      the top, then one of the containers 10 may be quickly and easily lifted
      out of position without the necessity of removing any of the remaining
      containers from support members 27.
PAR  As shown in FIG. 1, the vertical and horizontal score lines 18 and 19
      intersect at circular depressions 28 (see also FIG. 3) having generally
      centrally located generally diamondshaped raised portions 29 to facilitate
      in breaking away individual blisters 13. Score lines 18, 19 may intersect
      at the center of portions 29. The closure means, indicated generally at
      12, is comprised of a single sheet 30 of material which is heat-sealed or
      the like to the back of first section 14 of compartmented portion 11
      (i.e., closing off the open ends 31 of each blister 13 as shown in FIG.
      3). Sheet 30 is divided, via perforated score lines, into individual
      sections configured to each blister 13. That is, each sheet 30 is
      comprised of a plurality of vertical score lines 32 intersecting
      horizontal score lines 33.
PAR  However, as particularly contemplated within the present invention, article
      removal facilitating means, indicated generally at 40, are provided for
      facilitating the removal or articles, such as pills 16, 17, from the
      pockets 15 of blisters 13. In the exemplary embodiment, such article
      removal facilitating means comprises the absence of heat-sealing in the
      area of each depression 28 as indicated by space 34 in FIG. 3. Sheet 30
      thus includes depressed areas 35 in the vicinity of each depression 28
      also as shown in FIG. 3. This is also shown in FIG. 4 where the engagement
      of first section 14 with sheet 30 is heat-sealed at points 36, 37
      surrounding depressions 28 but not between areas 35 and depressions 28 as
      indicated by space 34.
PAR  Further, suitable indicia 38 is provided on each section 39 corresponding
      to each blister 13. The indicia 38 may be progressive numerical indicia
      relating to the total overall number of blisters 13, as numbers 1 through
      30 in the example given. Thus, in cases where the user of the articles in
      container 10 must take an exact number, such as a dosage of pills or the
      like, the articles are packed in container 10 in such a manner that the
      container itself, by casual inspection, gives unequivocal evidence of the
      proper rate of administration. Further, the lack of heatsealing in the
      area of depressions 28 permits sheet 30 to be easily peeled off of each
      blister 13 merely by grasping sheet 30 at area 35 and the intersection of
      the related score lines 32 and 33 and peeling off sheet 30. However, if
      desired, the user may break off a desired number of blisters 13 by
      breaking off each blister 13 from first section 14 at the intersection of
      score lines 18 and 19.
PAR  A first modification of the article removed facilitating means is shown in
      FIG. 5. In this modification, the article removal facilitating means is
      indicated generally at 41. Sheet 30 is heat-sealed to section 14' of
      compartmented portion 11' at points 42 and 43. Section 14' and portion 11'
      are otherwise similar to aforementioned section 14 and portion 11.
      However, means 41 includes openings 44 in section 14' at the intersection
      of aforementioned score lines 18, 19. These openings 44 conform to the
      generally circular depressions 28 of FIGS. 1 through 4. The aforementioned
      areas 35 of sheet 30 are of course not heat-sealed in the area of openings
      44 thus facilitating in the tearing of sheet 30 from first section 14'.
PAR  Referring now to FIG. 6, a second modification of article removal
      facilitating means is shown indicated generally at 44'. In this
      embodiment, sheet 30', otherwise similar to aforementioned sheet 30,
      includes a generally circular raised area 45 conforming generally to
      aforementioned area 35. Compartmented portion 11", otherwise similar to
      aforementioned portions 11 and 11', includes a generally flat circular
      area 46, having a diameter a, conforming to area 45. Sheet 30' is
      heat-sealed to portion 11" at points 47, 48 but not at the point of
      engagement of areas 45, 46 (thus forming space 49 therebetween). Since
      aforementioned score lines 32, 33 intersect in the vicinity of area 45,
      sheet 30' can be quickly and easily peeled away from compartmented portion
      11".
PAR  It can be seen from the foregoing that I have described an article holding
      and dispensing container having improved means for facilitating removal of
      articles from individual pockets or compartments in the container. In
      addition, means are provided for quickly and easily breaking away one or
      more of the pockets or compartments from the remaining pockets or
      compartments. The container includes indicia means for indicating the
      number of the pockets or compartments that have been used. Finally, the
      container includes means for hanging a plurality of such containers in a
      generally vertical array permitting any one of the containers to be lifted
      out of the array without the necessity of removing any of the remaining
      containers from the array.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an article holding and dispensing container having an article
      receiving holding compartmental tray, a plurality of vertical frangible
      score lines associated with said tray separating generally aligned
      vertical rows of a plurality of article receiving pockets formed in said
      tray, pockets in said vertical rows being generally horizontally aligned
      with pockets in adjacent vertical rows, and horizontal frangible score
      lines associated with said tray separating aligned horizontal rows of said
      pockets, said pockets being open on one side thereof and closure means
      associated with said tray closing off the open sides of said pockets, the
      improvement which comprises:
PA1  said closure means having a plurality of vertical frangible score lines
      generally aligned with the vertical score lines of said holding
      compartment and a plurality of horizontal frangible score lines generally
      aligned with the horizontal score lines of said holding compartment, said
      closure means being heat-sealed to said holding compartment; and
PA1  article removal facilitating means associated with both said holding
      compartment and said closure means at the intersection of said horizontal
      and vertical score lines, wherein said article removal facilitating means
      includes a plurality of non-heat-sealed zones in the areas of the
      intersection of the vertical and horizontal score lines of said closure
      means and at the intersection of the vertical and horizontal score lines
      of said holding compartment.
NUM  2.
PAR  2. The improvement in the article holding and dispensing container of claim
      1 wherein each of said zones are generally circular in configuration and
      generally of the same diameter, each of the zones of said closure means
      being generally aligned with each of the zones of said holding compartment
      at the intersection of said score lines.
NUM  3.
PAR  3. The improvement in the article holding and dispensing container of claim
      2 wherein generally diamondshaped raised portions are associated with each
      of the zones of said holding compartment, the horizontal and vertical
      score lines of said holding compartment intersecting generally at the
      midpoint of each of said raised portions.
NUM  4.
PAR  4. The improvement in the article holding and dispensing container of claim
      1 wherein said article removal facilitating means includes a plurality of
      openings in said holding compartment at the intersection of the vertical
      and horizontal score lines of said holding compartment.
NUM  5.
PAR  5. The improvement in the article holding and dispensing container of claim
      4 wherein said zones and said openings are generally circular and
      substantially of the same diameter, each of said zones in said closure
      means being generally aligned with each of the openings in said holding
      compartment.
NUM  6.
PAR  6. The improvement in the article holding and dispensing container of claim
      1 wherein said article removal facilitating means includes a plurality of
      raised areas in said closure means at the intersection of the vertical and
      horizontal score lines of said closure means said holding compartment
      having a plurality of generally flat portions at the intersection of the
      vertical and horizontal score lines thereof, and means spacing said raised
      areas from said flat portions.
NUM  7.
PAR  7. The improvement in the article holding and dispensing container of claim
      1 wherein said container includes an indicia receiving portion removably
      connected to said holding compartment by one of the horizontal score lines
      thereof, wherein said indicia receiving portion includes means associated
      therewith for hanging said container in a generally vertical position
      whereby said indicia receiving portion is at the top and said holding
      compartment is at the bottom, said means comprising tab portions integral
      with said indicia receiving portion extending in a direction along the top
      edge of said indicia receiving portion, then downwardly generally parallel
      on both sides of said indicia receiving portion in a manner forming a hook
      opening downwardly with respect to said indicia receiving portion in the
      direction of said holding compartment.
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ABST
PAL  A generally circular container of generally cup shape having a side wall
      and a bottom wall, the side wall in axial cross section of the container
      being at its upper portion straight and extending at an angle inwardly in
      the downward direction relatively to the axis of the container or perhaps
      more aptly defined as an inverted frusto-conical portion of uniform
      thickness and being at its lower portion curved downwardly and inwardly or
      defining a curvilinear surface of progressively decreasing diameter, the
      lower portion of the side wall being of uniform thickness equal to the
      thickness of the upper portion of the side wall, the lower portion of the
      side wall merging into the bottom wall of planar disciform configuration
      merged to the side wall by a smooth rounded curved juncture, the container
      having an annular, dependent foot extending downwardly from the bottom
      wall spaced inwardly from the lower extremity of the side wall. The upper
      portion of the side wall is preferably of somewhat greater vertical extent
      than the lower portion of the side wall and the vertical dimension of the
      depending foot is such that when two or more containers are nested the
      side walls are slightly spaced. The lower portion of the side wall
      desirably merges into the bottom wall at a curved corner which is tangent
      to the bottom of the container, such curved corner defining an arc of a
      circle of substantially less radius than that of the lower portion of the
      side wall.
PARN
PAR  This application is a continuation of my copending application Ser. No.
      312,533, filed Dec. 6, 1972, now abandoned.
BSUM
PAR  The bottom of the container desirably has a circular flange-like or
      cylindrical foot extending downwardly therefrom spaced inwardly from the
      lower extremity of the side wall. The vertical height of the downwardly
      extending foot may be of the order of one-tenth of the total vertical
      height of the container and is preferably such that when the container is
      nested in an identical container a small clearance exists between the
      outside of the upper portion of the container and the inside of the upper
      portion of the identical container in which it is nested.
PAR  This invention relates to containers and particularly to a cup- or
      dish-shaped container of generally circular shape. The container has a
      number of novel features which contribute to its utility. The container
      has a side wall and a bottom wall, the side wall in axial cross section of
      the container being at its upper portion straight or inverted frusto
      conical and extending at an angle inwardly in the downward direction
      relatively to the axis of the container and being at its lower portion
      curved downwardly and inwardly forming a curvilinear surface of
      progressively decreasing diameter, the upper portion of the side wall
      being tangent to the lower portion of the side wall, the lower portion of
      the side wall merging into the bottom wall in a smooth rounded curve, the
      container having a circular flange-like foot extending downwardly from the
      bottom wall spaced inwardly from the lower extremity of the side wall. The
      upper portion of the side wall is preferably of somewhat greater vertical
      extent than the lower portion of the side wall. In a form of container
      suitable for use as a drinking cup the thickness of the side wall is
      desirably of the order of  0.03 inch. The curve of the lower portion of
      the side wall is preferably an arc of a circle. The lower portion of the
      side wall desirably merges into the bottom wall at a curved corner which
      is tangent to the bottom of the container. Such curved corner may be an
      arc of a circle of less radius than that of substantially the lower
      portion of the side wall.
PAR  The bottom of the container desirably has a circular flange-like foot
      extending downwardly therefrom spaced inwardly from the lower extremity of
      the side wall. The vertical height of the downwardly extending flange-like
      foot may be of the order of one-tenth of the total vertical height of the
      container and is preferably such that when the container is nested in an
      identical container a small clearance exists between the outside of the
      upper portion of the container and the inside of the upper portion of the
      identical container in which it is nested.
PAR  Among the advantages of my novel container are the following:
PAR  1. The side wall structure with the upper portion of the side wall straight
      and the lower portion curved provides for greater strength than a straight
      side wall having the same amount of material.
PAR  2. Because of the strength of the side wall structure of the container the
      conventional lip strengthening ring or lip bead can be eliminated
      resulting in more natural functional and pleasing mouth-to-cup
      relationship.
PAR  3. The straight and curved side wall structure provides for an improved
      natural functional and pleasing grip of the hand holding the cup.
PAR  4. The side wall structure provides for the same volume as a straight
      walled container with less height and greater width resulting in a more
      stable container and at the same time containing the liquid in a more
      practical serving shape. 5. My container has improved nestability, i.e.,
      such containers may be nested within one another with a maximum
      conservation of space yet without binding; a clearance between the upper
      portions of the inner and outer nested containers is provided for.
PAR  6. The shape of the container is such as to eliminate corners for sugar and
      other matter to lodge in and provides for improved stirring and mixing.
PAR  Other details, objects and advantages of the invention will become apparent
      as the following description of a present preferred embodiment thereof
      proceeds.
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PAR  In the accompanying drawings I have shown a present preferred embodiment of
      the invention in which
PAR  FIG. 1 is an axial cross-sectional view through my improved container and
PAR  FIG. 2 is a similar view to reduced scale showing one of my containers
      nested in another thereof.
DETD
PAR  Referring now more particularly to the drawings, the container shown is in
      the form of a drinking glass and is fabricated out of clear polystyrene,
      although other material may be employed. In the form of container shown,
      which is of generally circular shape, the side wall of the container has
      an upper portion 2 and a lower portion 3. In axial cross section of the
      container the upper portion 2 and a lower portion 3. In axial cross
      section of the container the upper portion 2 of the side wall is straight
      and extends at an angle inwardly in the downward direction relatively to
      the axis of the container, or alternatively may be defined as an inverted
      frusto-conical wall portion of uniform thickness, the angle between the
      upper portion 2 of the side wall and the vertical in the form shown being
      8.degree.. The lower portion 3 of the side wall is curved downwardly and
      inwardly or can be defined more emphatically as a curvilinear surface of
      progressively decreasing diameter, and the upper portion 2 of the side
      wall is tangent to the lower portion 3 thereof at their juncture. In the
      form shown the thickness of the side wall is of the order of 0.03 inch.
      Also in the form shown the upper portion 2 of the side wall is of somewhat
      greater vertical extent than the lower portion 3 of the side wall. The
      upper portion 2 of the side wall is tangent to the lower portion 3 thereof
      at the point 4. The curve of the lower portion 3 of the side wall is shown
      as being arc of a circle indicated by the arrow 5. The lower portion 3 of
      the side wall merges into the planar disciform bottom wall 6 of the side
      wall at a curved corner juncture 7 which is tangent to the bottom 6 of the
      side wall. In the form shown the curved corner 7 is a arc of a circle of
      substantially less radius than that of the lower portion 3 of the side
      wall. The radius of such circle arc is indicated by the reference numeral
      8.
PAR  The bottom 6 of the container has a circular flangelike or dependent
      cylindrical foot 9 extending downwardly from the under surface of the
      disciform bottom wall 6 and spaced inwardly from the lower extremity of
      the side wall of the container. The vertical height of the downwardly
      extending flange-like foot 9 is of the order of one-tenth of the total
      vertical height of the container and is such that when the container is
      nested in an identical container as shown in FIG. 2 a small clearance
      exists between the outside of the upper portion of the container and the
      inside of the upper portion of the identical container in which it is
      nested. In FIG. 2 the inner container is designated A and the outer
      container is designated B. These containers are of the same form as that
      shown in FIG. 1. When they are nested there is always a small clearance
      therebetween as shown at 10 in FIG. 2.
PAR  The advantages of my invention have been set forth above. While a container
      in the form of a drinking cup has been shown in the drawings for purposes
      of illustration, the container may assume various other forms within the
      purview of the invention and within the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A container of generally circular shape defining a generally cup-shaped
      article including an inverted frusto-conical upper side wall portion of
      uniform thickness throughout; a lower side wall portion also of the same
      uniform thickness as that of the upper side wall portion, said lower side
      wall portion defining a curvilinear surface of progressively decreasing
      diameter; a flat, disciform bottom wall merging with the lowermost part of
      said curvilinear side wall portion at smoothly curved juncture having a
      radius of curvature substantially less than that of said curvilinear
      bottom portion of said side wall, said bottom wall being of identical
      uniform thickness as that of said side wall portions; the bottom wall
      having a dependent cylindrical foot formed integrally therewith, the
      diameter of said dependent foot being less than the diameter of said
      disciform bottom wall and the vertical height of said dependent foot being
      such that when two or more containers are nested the side wall of the
      uppermost container is slightly spaced from the inner surface of the side
      wall of the lowermost container.
NUM  2.
PAR  2. A container of generally circular shape as defined in claim 1 in which
      the upper portion of the side wall is of somewhat greater vertical extent
      than the lower portion of the side wall.
NUM  3.
PAR  3. A container of generally circular shape as defined in claim 1 in which
      the thickness of the side bottom walls is of the order of 0.03 inch.
NUM  4.
PAR  4. A container of generally circular shape as defined in claim 1, wherein
      said dependent foot is on the order of 1/10 the overall vertical height of
      the container.
NUM  5.
PAR  5. A container as defined in claim 2 wherein the vertical height of the
      dependent cylindrical foot is on the order of one tenth the overall
      vertical height of the container.
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PAL  An orientation system forms part of a magnetic core handling system using
      an oscillating feed cup causing magnetic cores to roll across an arcuate
      surface into a tapered slot and communicate with an index feed wheel. The
      index feed wheel has 50 slots formed around the edge thereof, each slot
      being in communication with a vacuum line to engage and hold the edge of
      the cores with the open center portion being exposed for testing. The
      index wheel is controlled without bounce through the use of a permanent
      magnetic stepping motor. The motor is controlled through four series of
      pulses for different field phases of the motor to control its movement. A
      single standard split pin probe is used for testing the magnetic cores and
      the probe does not come in contact with the core. A storage memory system
      is used to determine whether the core tested previously a plurality of
      slots from the accept or reject sorter determines the reservoir into which
      the cores will be collected. A detector is used on the probe drive
      mechanism to control the position of the index wheel.
BSUM
PAR  This invention relates to the field of the testing of magnetic cores and
      particularly to the manner in which cores are collected, tested, and
      sorted.
PAR  The fabrication of ferrite memory cores has undergone many improvements
      which has considerably increased quality and reduced cost of the cores.
      Examples are multicavity presses for fabricating powdered cores as well as
      an entire process which forms the ferrite powder into a tape from which
      cores are punched. New firing techniques have also been developed
      including means for bulk firing of the cores and continuous belt kilns
      have all contributed to significant cost savings in the manufacture of
      cores.
PAR  As a result of the decreased cost in manufacture of the cores, the
      production testing of the magnetic cores has risen from approximately 30%
      of the over-all cost to nearly 50% of the over-all cost. The testing of
      cores over recent years has also been severly limited by the ability to
      handle the cores efficiently at high speeds. While various attempts have
      been made to increase the speed of testing the cores, the reliability has
      also suffered as the increased speed arose.
PAR  A number of the prior art core handlers made use of a bowl to feed the
      cores into an orienter in which the cores would then roll down a sloped
      track under the influence of vibration and gravity and would then be slid
      through a very narrow "chute". The chute would be used for transporting
      the cores from the orienting device to a test probe. The cores would move
      down the chute under the influence of gravity. The chute dimensions of
      such a system must be carefully selected so that the cores will stack with
      a minimum of stagger and yet have enough clearance to minimize stoppages
      in the chute due to foreign materials and irregular surface finishes. In
      fact, where the core has a diameter of 0.018 inches, the particle size of
      airborne contaminants will easily approach or exceed the clearance which
      is desirable for testing such cores. Coupled with the problem of
      contaminents and rough surfaces, is the size variation of cores produced
      in normal production which may exceed 0.0015 inches and thus a careful
      sizing and cleaning operation must precede any production testing. The
      extra steps required in this operation merely elevate the cost of
      producing an acceptable core because the operation does require expensive
      equipment and additional personnel and time.
PAR  In addition to the problems just enumerated, where a chute type feed system
      is employed, the probe usually enters the core through a small clearance
      hole in the chute positioned in a manner to spear the second core above
      the bottom of the chute. The lowermost core is generally supported by a
      movable element or ledge while the probe is inserted in the second core.
      Once the probe is in place the ledge is removed and the probe is required
      to support the weight of the cores in the stack. This action produces
      rapid probe wear. There may also be another problem because the cores are
      combined in the chute and generally must fall only under the influence of
      gravity and frequently the cores do not fall at a proper speed and are
      struck by the probe which usually damages the probe and requires its
      replacement. Wherever the probe is used to support the core during part of
      the cycle, there is an additional problem of ferrite dust buildup on the
      probe and the contacts working with the probe thus causing rapid wear to
      the probe and quite often contact failure.
PAR  Another approach to solving the problem is found in U.S. Pat. No. 3,539,004
      which is assigned to the International Business Machines Corporation of
      New York and is entitled "Handling and Testing Miniature Magnetic
      Elements". The structure disclosed therein makes use of a relatively large
      index wheel with 20 locations for magnetic cores. There are 20 probes each
      with its associated probe alignment mechanisms, bearings, springs, and cam
      followers, the cam being stationary in an overhead position. It should be
      kept in mind that each of these parts going into this machine must have
      extremely close tolerances because each probe must find its way into a
      core with only a 0.0015 inches to 0.002 inches clearance. The entire index
      wheel with 20 probe assemblies comprises a rather large inertial mass to
      index at the required speed and still come to a complete stop at a test
      station. For this reason, a wiping contact arrangement must be used with
      the equipment. The contact arrangement requires the use of special
      "twisted" probes which are extremely difficult and expensive to
      manufacture by comparison to a standard probe. The probe diameter can only
      be 0.008 inches for a core having a diameter  of 0.018 inches and it may
      even be impossible to design a probe for smaller cores.
PAR  In addition to the problems associated with the manufacture of the
      equipment, the output signal of a probe is extremely small. Signals as low
      as four millivolts must be measured with an accuracy of plus or minus 0.2
      millivolts. Using 20 probes simultaneously, all terminating in the same
      set of contacts produces a possibility of 20 times the error which might
      occur in a single probe and thus the reliability decreases substantially.
PAR  Examples of the former type of core handling equipment are found in U.S.
      Pat. Nos. 3,589,512 and 3,731,796.
PAR  The present equipment eliminates the disadvantages which have been found in
      the prior art. The present invention finds its embodiment in an
      orientation mechanism which makes use of an oscillating feed cup causing
      the cores to roll across an arcuate surface into which a tapered slot is
      formed where the slot is generally smaller than two core diameters. An
      index feed wheel is in communication with the tapered slot and the cores
      are brought into communication with an index wheel which has 50 slots
      equally spaced around the periphery of the index wheel. By feeding the
      cores to the index wheel in this manner, the channel or opening permitting
      the cores to move from the feed cup to the index wheel are unaffected by
      any airborne contamination. The index wheel delivers each core to a test
      probe accurately and reliably and the slots formed in the index wheel can
      be made with sufficient slot dimensions so that different size cores may
      be tested by the same equipment. It would also be obvious that the step of
      sizing and cleaning the cores has been eliminated.
PAR  Indexing of the wheel is accomplished through use of a modified permanent
      magnet stepping motor and control circuitry to provide a current pulse
      series to the motor to effectively accelerate from stop, de-accelerate,
      and then break to a stop at a new index position. It has been found that
      the accuracy of the index system is less than two minutes of arc and is
      nonaccumulative. Because the indexing system is this accurate, the use of
      a single standard split pin probe may be used.
PAR  Even if the core should be struck by the probe during the testing action,
      the worst that would most likely be encountered is that the core would be
      pushed from the wheel causing no probe damage. Because the probe does not
      come into contact with the core, the problem of ferrite dust buildup is
      practically eliminated. A memory system is used through means of a logic
      circuit and shift register to memorize the system and condition of each
      core tested after leaving the test station so that the core upon reaching
      the sorting station may be properly accepted or rejected. The equipment is
      operated in a fail-safe condition, that is, unless a signal is applied to
      a solenoid to move the sorting vane, the cores will be rejected.
PAR  It is therefore a general object of the present invention to provide an
      improved structure and method of sorting magnetic cores for use in digital
      computers.
PAR  It is a more specific object of this invention to provide a sorting system
      unaffected by nominal airborne contaminants of magnetic cores to eliminate
      a cleaning and sizing operation.
PAR  It is yet another object of this invention to provide means of testing
      magnetic cores by bringing a single core into position for testing through
      the means of an indexing core carrier.
PAR  It is another object of this invention to improve the probe life of the
      equipment and yet test cores at a high rate of speed.
PAR  It is still another object of this invention to provide means to protect
      the position of an index wheel before movement of a test probe.
PAR  It is a further object of the present invention to drive a test probe
      through two consecutive cores for each revolution of a cam driving the
      same.
PAR  It is still another object of this invention to provide equipment to
      remember the position and condition of a magnetic core after testing it to
      reject or accept the same.
PAR  It is a further object of this invention to control an index wheel through
      the use of four pulse phases to drive a motor connected to the wheel.
PAR  It is yet another object of this invention to provide a testing mechanism
      using a fail-safe technique.
PAR  It is still another object of this invention to provide for accepting a
      plurality of test levels to collect cores showing premium specifications.
DRWD
PAR  These and other objects and advantages of the invention will more fully
      appear from the following descriptions, made in connection with the
      accompanying drawings, wherein like reference characters refer to the same
      or similar parts throughout the several views, and in which:
PAR  FIG. 1 is a schematic representation of a magnetic core handling system
      embodying the present invention;
PAR  FIG. 1A is a detail view of an index wheel used to transport the magnetic
      cores from a first position to a final position;
PAR  FIG. 2 is a block diagram showing generally the flow of data or signals to
      carry out the teachings of the invention;
PAR  FIGS. 3A and 3B are electrical schematics embodying the logic system used
      in the invention;
PAR  FIG. 4 is an electrical schematic embodying the drive circuits used with
      the Feed Motor of the magnetic core handling system;
PAR  FIG. 5 is an electrical schematic embodying the drive circuit used in each
      phase of a four phase Index Motor used in the present invention;
PAR  FIG. 6 is a schematic representation of a four phase stepper motor used as
      an Index Motor in the present invention;
PAR  FIG. 7 is an electrical circuit embodying the drive circuit used with a
      Sort Solenoid to control the ultimate reservoir for a magnetic core tested
      in the present invention;
PAR  FIG. 8 is an additional electrical schematic embodying a drive circuit used
      with a Second Sort Solenoid to control the ultimate collection reservoir
      for a premium detected magnetic core tested.
DETD
PAC  MECHANICAL SYSTEM
PAR  Magnetic cores 10 to be tested are placed in a feed reservoir 11. The feed
      reservoir is connected to a feed cup 12 through a flexible conduit or hose
      13. Natural machine vibration from the equipment is sufficient to maintain
      an adequate flow of the magnetic cores 10 from the reservoir 11 to the
      feed cup 12. The feed cup 12 is internally sloped from the back to the
      front with the front terminating in a lip 14 at the front edge of the feed
      cup 12. A feed cup cover 15 is placed over the cup and the lip to form an
      opening into an orienter 16. The orienter is made of two carbide slabs
      bonded to a stainless steel insert. The slabs are spaced to provide an
      opening slightly larger than the core diameter and are tapered from top to
      bottom to ensure rapid single filing of cores from the feed cup openig 14.
      A sliding cover (not shown) is provided to hold the single file cores in
      position. The orienter is supplied with a vacuum outlet 17 located below
      and to the right of the slot formed by the carbide insert 16. The vacuum
      outlet is connected to a vacuum source (not shown) through a conduit 18.
      The vacuum is used to assist in the feed operation and also to ensure that
      each core is drawn to the right to be picked up singly by an index wheel
      20 which will be described shortly. Cores are supplied from the feed cup
      through the orienter 16 by an oscillating motion of the feed cup causing
      those cores which are in effect standing up on their edge to roll back and
      forth over the carbide slabs of the orienter. The oscillating motion is
      produced through a stepper motor 21 used as a rotary solenoid in the
      instant application. One such stepper motor is a Model 11RO1 manufactured
      by Computer Devices of Santa Fe Springs, Calif. Feed motor 21 is connected
      to feed cup 12 through a shaft 22. At the rear of the motor, a pair of
      spring stops 23 and 24 limit the travel of the feed cup by limiting the
      rotational travel of shaft 22 through a cross arm arrangement 25. Thus the
      travel of the feed cup is limited and the function of springs 23 and 24
      return the motor to its other rotational position and thus there is
      created a vibrating source. In other words, when the feed motor 21 is
      energized, feed cup 12 is rotated counter-clockwise compressing stop
      spring 23 and when the motor is de-energized, the spring 23 pushes the
      feed cup clockwise until the cross arm or stop vane 25 compresses spring
      24 resulting in a damped vibration. In this manner, producing energizing
      pulses to feed motor 21 results in a combination of oscillatory and
      vibrational motion to effectively feed the cores through the opening in
      lip 14 at an adequate rate.
PAR  Index wheel 20 contains 50 radial slots 26 which are equally spaced around
      the periphery of index wheel 20. Disposed behind disc 20, is a back plate
      27 which contains a semi-circular groove 28 formed therein which
      communicates with the slots 26 formed in index wheel 20. Groove 28 is
      connected to the source of vacuum through vacuum line 18. The groove
      encompasses the rotational position where cores 10 are picked up from the
      orienter and extends slightly beyond the rotational position where the
      cores are removed from index wheel 20. For a more detailed disclosure of
      this particular structure, reference is made to FIG. 1A. The index wheel
      20 is secured to index drive motor 30 through a hub and shaft held in
      place by a knurled nut assembly 31. Referring briefly to FIG. 6, index
      drive motor 30 is shown as a four phase, 200 step per revolution precision
      stepping device. One such structure which is presently manufactured is a
      Model 23H05 stepping motor manufactured by Computer Devices of Santa Fe
      Springs, Calif. The stator is designed so that it contains 40 poles, in
      other words 20 diametrically opposed poles. On the other hand, the rotor
      is formed of a magnetic core which includes some 50 poles or 25
      diametrically opposed miniature magnets. The stator also contains 8 field
      windings, the opposing fields being connected so that in effect there are
      four phases which includes dividing each phase into diametrically opposed
      groups of five poles or "teeth". In other words, because the stator
      contains 40 such poles and the rotor contains 50 such poles, there is
      1.8.degree. difference between the opposed and adjacent magnetic poles and
      thus when the motor is pulsed to cause a movement, each step of the motor
      will then encompass 1.8.degree.. When phase 1 is energized, a vacuum slot
      26 in index wheel 20 is aligned with the orienter and another slot 26
      appears 180 degrees from that aligned with the orienter and this slot is
      aligned with a test probe 32. Phase 1 occurs 50 times per revolution.
      Consequently, there are 50 vacuum slots 26, in index wheel 20. Phases 2, 3
      and 4 are used in a unique manner to accomplish rapid indexing and
      stopping of the index motor without producing a bounce in the rotation. As
      will be explained in more detail, with respect to the logic circuit
      controlling index motor 30, upon receipt of an index command, phase 1 is
      turned off and phase 2 is turned on and left on long enough to overcome
      the inertial load and allow the index wheel 20 to attain sufficient
      velocity to pass through the phase 2 position. Phase 3 is then energized
      for a short period of time and rapidly accelerates the index wheel 20 into
      the phase 4 position. Phase 4 is then energized and remains on for a
      sufficient time to retard or slow the velocity of index wheel 20 as it
      moves toward the next phase 1 position. Phase 1 is then re-energized and
      attempts to lock the index wheel at the new phase 1 position through the
      magnetic orientation of the poles within the motor. Phase 4 is also
      re-energized at this time and fully brakes the index wheel 20 to bring it
      to a zero velocity at a phase 1 position. At that time, phase 4 is then
      turned off and phase 1 remains energized until the next index command is
      executed.
PAR  Probe 32 is part of a probe mechanism which includes a probe adapter 33, a
      probe shaft assembly, 34, a cam follower bearing 35, a pair of alignment
      shafts 36 and 37, and a spring retainer and 38. Probe shaft assembly 34
      carries the probe adapter 33 at its forward end which contains the probe
      32. Cam follower bearing 35 is attached to probe shaft assembly 34 by a
      suitable means such as a shoulder screw and the entire assembly is guided
      for lateral motion by a pair of alignment shafts 36 and 37. The entire
      assembly is spring loaded through a compression spring 38 and probe
      assembly 34 engages two nylon stops (not shown) when the probe is in its
      most forward position.
PAR  The probe shaft assembly 34, is driven by means of an open faced double
      lobed cam 40. In other words, for each rotation of cam 40 the probe is
      cycled twice. In operation, the probe shaft assembly 34 will rest against
      the two forward stops and in this position, the cam follower bearing 35
      will ride loosely on the low dwell portions of the surface of cam 40. This
      design ensures that the probe will have zero motion during the test cycle
      and also guarantees long mechanical life and low noise operation of the
      drive mechanisms. The cam, because of its relative lightness may have a
      tendency to be slowed in its rotational movement at the time the cam
      follower bearing 35 engages a lobe portion of cam 40. To overcome this
      tendency to slow down, cam 40 is connected to a fly wheel 41 by a shaft 42
      which has a pulley 43 intermediate the fly wheel and cam. The pulley 43 is
      driven by a 115 volt Bodine motor 44 through a connecting belt 45. The
      motor speed is controlled by a Bodine Model 911 controller 46 (FIG. 3B) by
      normal means such as a speed control potentiometer. The drive line pulley
      ratio is 1 to 1.5 and with a motor speed from zero to 2,250 rpm, the drive
      line speed of the cam may then reach 1,500 rpm, and through the use of its
      two different lobes, the handler can then test cores up to a speed of
      3,000 cores per minute. Because the magnetic core handler speed is
      variable over a wide range, all mechanical functions are related to the
      position of ccam 40 and this is accomplished through the use of a double
      aperture timing disc 47 which is connected to shaft 42. As seen further in
      FIG. 3B, the motor speed controller uses a 110 volt alternating current
      input and the controller regulates the direct current voltage supplied to
      the field and armature windings of motor 44. The actual control of motor
      44 is accomplished through a relay K1 which upon being energized, breaks
      the supply voltage to the feed control 46. The conditions under which
      relay K1 is energized will be explained further in the discussion of the
      logic control circuit.
PAR  Probe 32, upon being driven forwardly, passes through a core 10 and engages
      a pair of spring loaded contacts 50 and 51, which for the purposes of
      disclosure will not be shown in any more detail than that found in FIG. 1.
      Each core 10 is held in its particular index slot by means of the vacuum
      during the testing procedure. After the test is completed, the core must
      then be released from the index slot and sorted into an Accept or Reject
      category. If the sort system is to be reliable, the core must be released
      accurately, positively, and rapidly. For these reasons, the core is
      retained by vacuum at its index slot for an additional four index cycles
      after the test has been completed at the test position (See FIG. 1A). In
      the fourth position, the index slot stops adjacent to a pressurized air
      orifice 52 formed in back plate 27. The orifice is supplied through a
      conduit 53 that is connected to a source of air pressure (not shown). In
      this fourth position, as the index slot 26 stops over the pressurized air
      orifice 52, the core 10 is positively ejected into a previously selected
      conduit.
PAR  A sort vane 54 is positioned at an angle of approximately 30.degree. from
      the vertical beneath index wheel 20 at a location some 4 slots downstream
      from the test position or some 28.8.degree. therefrom. Sort vane 54
      contains a pair of conduits or passageways which are respectively the
      "reject" passageway 55 and the "accept" passageway 56. Passageways 55 and
      56 are aligned with the trajectory of an ejected core so that they will be
      collected properly. Sort vane 54 is attached to a shaft 57 of a stepping
      motor 60 which is used as a rotary solenoid. Attached to shaft 57 is a
      stop vane 61 which is fitted with two energy absorbing stops 62 and 63.
      stops 62 and 63 restrict the bounce of the vane as it is moved from one
      position to another. A selector bias spring 64 is secured to stop vane 61
      in a position to bias the reject orifice and conduit 55 of vane 54 into
      position beneath the core to be ejected. When stepper motor 60 is
      energized, the lower stop 62 positions vane 54 to accept the core through
      conduit 56. It should be noted that when sort vane 54 is in the reject
      position, the accept orifice and conduit 56 is located beneath back plate
      27 in a position where a core 10 cannot accidentally enter this orifice.
      Two screws associated with stops 62 and 63 are used to adjust the position
      of the two sort orifices and conduits 55 and 56 to appear in the proper
      lateral position to intercept.
PAR  A pair of receptacles 65 and 66 are connected respectively to passageways
      55 and 56 through a pair of flexible tubes 67 and 68 respectively.
      Containers 65 and 66 are connected to the source of vacuum through one of
      the vacuum branch conduits 18. Each of the passageways are sealed so that
      there is created a vacuum flow within the chambers and their connecting
      passageways. The vacuum flow is set to approximately 5 cubic feet per hour
      in each passageway. It has been found that less flow would result in
      turbulence at the sort orifices and a greater flow of air would impart
      excess velocity to the sorted cores. The Accept or Reject decision from
      the test system is stored in a digital shift register and the information
      in the register is shifted each index cycle to correspond with the
      position of the index slot and this will be shown in more detail in a
      description of the logic circuits. Before turning to the logic circuits,
      it will be observed that timing disc or wheel 47 has a pair of arcuate
      shaped slots 70 and 71 formed therein which terminate at their ends to
      define a pair of spokes connecting the center portion of the wheel or disc
      to the outer rim portion. To aid in the timing cycle, a lamp 72 has a beam
      of light which extends generally through curved slot 70 and 71 to energize
      a photoelectric cell 73. It will be observed that the two portions forming
      the spokes, coincide with the low portions of cam 40. Timing is
      accomplished by means of detecting the position when the light is blocked
      from the index detector or photor cell 73 which corresponds exactly when
      the time probe 32 is withdrawn from a tested core. The output of the index
      detector 73 produces a high signal (plus 5 volts) when light is present
      and a low signal (gnd) when light is blocked at the positions
      corresponding to the lobes.
PAR  It is also a requirement that the electronic systems know when the probe 32
      is inserted within the core and no relative movement takes place. This is
      accomplished through another photoelectric cell 74 which is energized
      through a lamp 75. Lamp 75 is on the same side of timing disc 47 as lamp
      72 and photo detector 74 is on the same side of the disc as sensor 73.
      Photoelectric call 74 is approximately 30.degree. counter clockwise from
      the position of photoelectric cell 73.
PAC  LOGIC CIRCUITS AND MOTOR DRIVE CIRCUITS
PAR  Reference is now made to FIG. 2 which shows a block diagram of the logic
      circuits involved. It will be assumed that core 10 is held in a stationary
      position and that test probe 32 is in a fully retracted position. In this
      condition, light is blocked from index photo detector 73 indicating that
      cam bearing 35 is on a high lobe and that this is the end of the testing
      sequence and a timing signal is sent to the control logic circuit. The
      control logic is used to drive motor 30 and the end of the indexing
      sequence results in a signal being applied to a shift register 81. The
      shift register keeps track of each of the four positions of the previously
      tested core as the core is advanced from its test position to the position
      where it is to be ejected from the index wheel. Once the shift register
      reaches the third index position, a signal is applied to a one shot
      multivibrator to energize the accept solenoid. The one shot multivibrator
      is indicated generally as reference numeral 82. Once cam 40 reaches a
      position where the probe holder assembly 34 is at the lowermost portion on
      the cam 40, probe 32 enters the core to be tested and comes to a stop with
      respect to the core. The signal from test photo detector 74 is applied to
      the system electronics and the test currents are then generated as
      indicated by reference numeral 85, and the core output is then sent from
      the test probe to a differential amplifier 83 where the output of the
      differential amplifier 83 is applied to the system electronics 84. System
      electronics then determine whether the core is to be accepted or rejected
      and a signal of either acceptance or rejection is sent from the system
      electronics 84 to the shift register 81 and eventually to the one shot
      multivibrator to energize the accept solenoid. Should the system develop
      some malfunction, a stop signal may be applied from system electronics 84
      to shift register 81 to stop the acceptance of any of the cores. In other
      words, they would all be placed in the reject container.
PAR  Reference is first made to the feed motor drive circuit and this is shown
      in FIG. 4. Feed motor 21 is pulsed two times for each core handler cycle.
      Pulsing of feed motor 21 occurs only between index cycles so that no
      attempt is made to feed cores onto the index wheel while it is in motion.
PAR  The drive circuit consists of three integrated circuits and a transistor
      with associated circuit components. Integrated circuits Z1 and Z3 are
      mono-stable multivibrators (one shot multivibrators), and Z2 consists of
      three double input nand gates. Transistor Q1 has its collector connected
      to the field winding of feed motor 21. The other terminal of the winding
      is connected to a plus 24 volt dc supply.
PAR  Nand gate Z2 has an input at pins 4 and 5 and an output at pin 6 to form
      the input circuit for the feed drive motor. Pin 4 is connected to a feed
      switch 90. When the feed switch 90 is in the "on" position, Z2-4 is open
      (high) and pulses may be gated through Z2-5. When the feed switch 90 is
      "off", Z2-4 is at ground potential (low) and pulses at Z2-5 are inhibited.
      Z2 is an integrated circuit of the DTL Series, designated No. 846. Z2-5 is
      connected to a mono-stable multivibrator Z3-6 in the control circuit shown
      in FIG. 3A. Z3 in FIG. 3A is of the TTL Series integrated circuit and is
      of the type designated 74121. Z3-6 toggles at the end of each index cycle
      and applies a positive pulse of approximately 0.7 milliseconds to Z2-5
      (FIG. 4). Z2-6 of the feed drive circuits will go low for this pulse
      duration and then back to a high condition. The positive going edge of
      this pulse is applied through diode D-1 to integrated circuit Z-3, also of
      the 74121 type. The signal is applied to pin 5 causing Z3 to toggle and
      when this happens, pin 6 will go high for approximately three
      milliseconds, the time determined by the RC time constant of C1 and R1
      associated therewith. Integrated circuit Z3-6 going high will back bias
      diode D2 allowing current to flow from the plus five volt source through
      R2, to the base of Q1. Transistor Q1 will conduct current and thus
      complete the circuit, energizing feed motor 21. At the completion of the
      Z3 time constant, Z3-6 will go low, and D2 will become forward biased,
      cutting off transistor Q1 and the feed motor 21 will be de-energized. The
      inductive voltage spike caused by the collapse of the motor field winding
      will be limited by Zener diode D3.
PAR  The 0.7 millisecond pulse at Z2-6, in addition to triggering mono-stable
      circuit Z3, is applied to a similar integrated circuit Z1, also of the
      74121 type. Thus Z1 is triggered essentially at the same time as circuit
      Z3. When this happens, Z1-1 will go low for approximately 8.5
      milli-seconds and then return to its high condition. This positive
      transition is applied to Z3-5 through inverters Z2 at pins 13 and 11 and
      again at Z2 through pins 9 and 8, all of the Z2 inverters being of the 846
      DTL Series explained earlier. D3 is thus toggled once again and feed motor
      21 is re-energized for a second pulse. The two Z2 inverters are used to
      carry the pulse from Z1-1 so that it will not inhibit the first toggling
      of Z3. In this manner, the feed motor is pulsed twice at the completion of
      each index cycle.
PAR  Reference is now made principally to FIGS. 3A and 3B. As explained earlier,
      timing in the system is accomplished by means of photo detectors and a
      timing disc 47 attached to the cam drive shaft 42. The motion of the index
      wheel 20 requires 5 milli-seconds and is timed to occur as soon as the
      probe 32 is retracted from the core previously under test. It should also
      be remembered at the output of the index detector 73 is high when light is
      present and low when light is blocked.
PAR  Index detector 73 is connected to inverter Z11-1 which is of the DTL
      Series, No. 836. Z11-2 goes high when light is blocked and toggles one
      shot multivibrator Z1 of the TTL Series, No. 74121. Z1-1 goes low and
      inhibits nand gate Z14 at pin 1. Z14 is of the DTL Series, No. 862. This
      action turns off the phase 1 in which the index wheel 20 was in at the
      time the signal was received by index detectors 73. This condition happens
      because Z14-12 now goes high and Z12, and other DTL Series No. 836 goes
      low at pin 10 and biases diode D1 (FIG. 5). The base of transistor Q1
      (FIG. 5) goes low and the Darlington amplifier pair of Q1 and Q2 will
      cease to conduct, de-energizing phase 1 and the Zener diode D2 will limit
      the phase 1 inductive back voltage. The signal output from FIG. 5 at phase
      1 is connected to the phase 1 terminal of index motor 30 on FIG. 6. Z1-6
      goes high and a phase 2 signal is applied to a second circuit which is
      identical to that in FIG. 5 which would ordinarily be designated with a
      phase 2 input and phase 1 output. The circuit would be operationally
      identical to that of FIG. 5 also. This second pulse continues for
      approximately 2 milliseconds determined by the time constant of C5 and R1
      (FIG. 3A). Z1-1 then goes high while Z1-6 goes low and phase 2 is
      completed and one shot Z2 is toggled. Z2-1 goes low and continues to
      inhibit phase 1 through nand gate Z14-2. Z2-6 now goes high and phase 3 is
      energized through another diode and circuit like that in FIG. 5 which is
      connected to a phase 3 winding found in FIG. 6. The phase 3 windings are
      energized for approximately 1 milli-second being controlled by C6 and R2
      forming a time constant for Z2. Z2 then resets and phase 3 is de-energized
      and the one shot multivibrator Z3 is toggled. Upon Z3-1 going low for
      approximately 1.5 milli-seconds, during which time it continues to inhibit
      phase 1 through Z14-13, it turns on phase 4 through nor gate Z13-4. Z14-6
      is connected to another circuit identical to that of FIG. 5 which is
      connected to the windings of phase 4 of motor 30 as shown in FIG. 6. Z3-1
      (FIG. 3A) now goes high and phase 1 is re-energized since all inputs of
      nand gate Z14 are high, and one shot multivibrator Z4 is toggled for
      approximately 0.7 milli-seconds. Z4-1 is also connected to nor gate Z13-5
      and phase 4 is kept energized for another 0.7 milli-seconds.
PAR  Pulses at Z3-6 and Z4-6 are used as timing pulses for the control of the
      error counter, feed driver and sort logic.
PAR  Upon receiving an accept signal such as sent from system elecronics 84, the
      signal will be received on pin 12 (FIG. 3B) to an inverter Z11, also of
      the DTL Series No. 836. The signal is then applied to a shift register Z15
      of the TTL Series, No. 7495 at pin 1 thereof. The four stage shift
      register has pin 1 as the control input for stage 1 and pins 8 and 9 are
      the clock inputs. Pin 6 is a control input for all four stages. Signals
      present at pin 1 will be transferred to stage 1 when the clock input goes
      "high" (plus 5 volts). A "low" (gnd) condition at pin 1 indicates an
      accept and a high indicates a reject. A high condition on pin 6 will
      result in reject being entered into all four stages when the clock input
      goes high. It should also be noted that the shift register at Z15-6 is
      also connected to the output of Z13-3. This connection is made as a safety
      measure which automatically sets the shift register Z15 to a condition of
      reject when a stop command is received from the test system in the form of
      a low signal or through the closing of the handler stop switch 91. The
      clock input at Z15-8, 9, is produced from Z4-6 of the indexing circuits in
      FIG. 3. The pulse at Z4-6 occurs approximately 14 milli-seconds after the
      end of the test. Z15-11 is the output of stage 3 of the shift register. A
      low signal on pin 11 indicates an accept core is present on the index
      wheel 20 at the third index position from the test position (see FIG. 1A).
      On the next index cycle, the core will move to the fourth position where
      an air stream will reject it from the index slot through the pressure
      orifice 52. At the beginning of the fourth index cycle, a pulse from Z1-6
      will be gated through Z14-10 (FIG. 3B) causing one shot multivibrator Z5
      to toggle. That signal is then applied to the accept signal input of the
      circuit in FIG. 7. When the input at J is high (an accept condition) diode
      D9 is back biased and current flows from the positive 5 volt source
      through R9 to the base of transistor Q9 causing the transistor to conduct.
      The conduction of transistor Q9 completes the circuit energizing accept
      solenoid or vane driving motor 60. The solenoid action causes the sort
      vane 54 to move to the Accept position in time to capture the core being
      ejected from position 4 of index wheel 20. Z5 is toggled for only 7
      milli-seconds so the sort vane 54 is only in position long enough to
      receive the accepted core.
PAR  When Z5 resets, D9 becomes forward biased cutting off the conduction of
      transistor Q9. D10 id a Zener diode used to suppress the inductive back
      voltage of the sort motor winding or solenoid 60. The sort motor windings
      are connected to a 24 volt supply voltage.
PAR  Reference is now made to FIG. 3B and the circuits used to control the cam
      drive motor 44 and particularly when a manual or automatic stop is
      generated. A bindary counter Z10 is used in the form of TTL integrated
      circuit, No. 7493. The counter is decoded on pins 11 and 8 so that when
      pin 11 and pin 8 are both high, it indicates a count of 12 has been
      reached. The number 12 was chosen because it is relatively easy to decode,
      requiring only one gate to decode. When pins 11 and 8 both go high, then
      gate Z9 pins 12 and 13 are satisfied and the output 11 will go low, which
      is also coupled back to Z9-10. That condition of Z9 prevents any further
      pulses from going in on pin 14 of Z10. Pin 14 of Z10 is the clock input
      for the counter and pin 3 of Z10 is the reset input of the counter. Under
      the conditions just described, Z10 would be locked up after it has counted
      up to 12. Pin 9 of Z9 is connected to Z3-6, so it receives a pulse every
      time the mechanism indexes. In other words, every time the mechanism
      indexes, a count goes into Z10. After the count is applied to Z10, it will
      be seen that Z4-6 directs a signal to Z9-1. Z9-2 is normally high, so the
      signal is coupled through or gate Z9-4 to Z10-3 which is the binary
      counter reset input. Every time index Z3 applies a signal causing Z10 to
      count up, a Z4 pulse will reset Z10, and this happens every time an index
      signal is generated.
PAR  If it is desirable to generate a stop command signal, it may be received on
      Z13-1 or Z13-2. Either Z13-1 or Z13-2 going low makes Z13-3 high. A stop
      switch 91 may be closed to create the proper condition at Z13-1, or a
      system low signal may be received at Z13-2. The pulses are inverted going
      through Z12 and that condition would produce a low on Z9-2 to interrupt
      any more reset pulses from going into Z10. If the interrupting signal
      stays for 12 counts of 12 index cycles, then Z10 is going to count to 12.
      Under these conditions Z10-11 and Z10-8 will go high, the pulse on the
      output of Z9-11 will go low, couple back around to Z9-10 and hold it off.
      Z9-10 is also connected back to Z13-1 to insert a permanent stop command.
      The permanent stop command signal also passes through the run circuit,
      thus the whole circuit now becomes totally locked up. The output of Z9-11
      provides a stop signal to the motor control unit through Z12-5 and 6.
      Z12-6 opens the circuit to relay K1 to remove the supply voltage to the
      speed control 46.
PAR  To make clear the circuits and start the operation again, a reset pulse is
      required at Z10-4. A low coming in on Z9-5 through the clear switch 92
      will produce the desired result. Once the counters are clear, the circuit
      can function again.
PAR  For certain applications, it is desirable to select the premium tested
      cores. This is accomplished by adding another passageway to collector vane
      54 and changing the position of a stop such as stop 63. Under such
      conditions, another selector motor such as selector motor 60 or a stepping
      solenoid would be used to change the position of the stop so that the
      accept condition would allow the selector motor 60 to rotate vane 54 an
      additional amount to a new slot and passageway. Under such conditions, the
      same fail-safe operation would be ensured and the circuit would operate
      much in the same manner as that described previously. For example, a new
      logic system such as found at the bottom of FIG. 3B would be used where
      the accept signal would indicate a core of higher quality and the three
      parallel signal paths would also be used with this circuit which are shown
      to be the output from Z13-3, the output from Z4-6, and the output from
      Z1-6. The output from the circuit such as Z5 would then be applied to a
      circuit such as found in FIG. 8 which would drive another solenoid, just
      described previously, which would be used to adjust the stop position for
      the rotational movement of vane 54. Another container like that of
      container 66 would be used with a flexible tube similar to that of 68 to
      direct the premium cores into the container. Of course the new container
      would also be connected to the vacuum source through a conduit means such
      as conduit 18.
PAR  Reference has been made to various types of integrated circuits and for a
      disclosure of such circuits, reference may be had to catalogs published by
      the manufacturers or speciaaty houses such as Signetics of 811 East Arques
      specialty Sunnyvale, Calif. 94086. Each of the integrated circuit blocks
      shown in the various figures have the accompanying
      transistor-to-transistor logic designations or the appropriate diode to
      transistor logic designations. The specifications for each of the
      integrated circuits describe in detail the internal operation of the
      integrated circuits.
PAR  While some reference has been made to test detector 74 (FIG. 3A) the
      associated circuits with the test detector are applied to the system
      electronics 84 which is directed to another portion of the equipment which
      has been omitted for simplicity in describing the present invention.
PAR  It will, of course, be understood that various changes may be made in the
      form, details, arrangement and proportions of the parts without departing
      from the scope of the invention which consists of the matter shown and
      described herein and set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Magnetic core handling apparatus comprising:
PA1  a. moving means moving a plurality of magnetic cores to a retrieving
      station having an orifice larger than a single, but smaller than a double,
      diameter of said magnetic cores;
PA1  b. index wheel means having a plurality of core holding devices equally
      spaced around the periphery thereof, said wheel means operably
      communicating with said orifice of said moving means for consecutively
      retrieving a single core of said plurality and holding said cores;
PA1  c. magnetic core testing means disposed at a station downstream from said
      retrieving station for testing the magnetic characteristics of said
      magnetic cores;
PA1  d. intermittantly energized driving means operably connected to said index
      wheel means and thereby transporting said magnetic cores intermittently
      from said retrieving station to said testing station; and,
PA1  e. controlling means connected between said driving means and said magnetic
      core testing means for controlling the intermittent movement of said
      driving means.
NUM  2.
PAR  2. The structure set forth in claim 1 wherein said means for holding said
      cores is operable over only a segment of said index wheel means and said
      testing means is disposed within said segment for holding said cores.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said core holding devices of said index
      wheel means includes a plurality of radial passages formed therein
      extending to the outer periphery thereof, said passages communicating with
      a source of vacuum.
NUM  4.
PAR  4. The apparatus of claim 1 including sort means having a plurality of
      selectable magnetic core collecting positions disposed adjacent said index
      wheel means and downstream from said magnetic core testing means.
NUM  5.
PAR  5. The apparatus of claim 3 including conduit means disposed downstream
      from said testing station for conducting a stream of pressurized air
      between a source of pressurized air and an opening communicating with each
      of said radial passages in said index wheel means as they pass thereby.
NUM  6.
PAR  6. A magnetic core handler comprising:
PA1  a. a magnetic core reservoir means adapted to receive and contain a
      plurality of magnetic cores and having a tapered orifice ultimately
      permitting only a single core to pass therefrom at any given time;
PA1  b. an indexing disc having a plurality of radial slots formed therein
      extending to the outer periphery of said disc and communicating with a
      source of vacuum over a segment of said disc mechanism, said outer
      periphery of said disc communicating with said orifice of said magnetic
      core reservoir means and adapted to receive and hold a magnetic core at
      each slot location;
PA1  c. a multi-phase motor drivingly connected to said indexing disc and having
      operable rotational positions representative of each phase between
      consecutive slot positions of said indexing disc;
PA1  d. a test probe adapted to be inserted within a magnetic core and produce a
      signal representative of an acceptable or rejectable core;
PA1  e. a probe driving mechanism moving said test probe into and out of core
      testing position, said probe driving mechanism including a detection
      device producing signals representative of a first and second position of
      said test probe;
PA1  f. a magnetic core sort mechanism having a plurality of selectable core
      collecting positions disposed adjacent said indexing disc and downstream
      from said test probe;
PA1  g. and electronic circuit means interconnected between said multi-phase
      motor and said detection device and said test probe and said magnetic core
      sort mechanism for controlling the rotational movement of said multi-phase
      motor and the position of said core sort mechanism with respect to said
      indexing disc.
NUM  7.
PAR  7. The structure set forth in claim 6 wherein said multi-phase motor is a
      four phase stepping motor.
NUM  8.
PAR  8. The structure set forth in claim 6 wherein said electronic circuit means
      includes first circuit means interconnected between said multi-phase motor
      and said detection device for controlling said sequences applied to said
      multi-phase motor and second circuit means interconnected between said
      first circuit means and said test probe and said magnetic core sort
      mechanism for controlling said rotational movement of said multi-phase
      motor and the position of said core sort mechanism with respect to said
      indexing disc.
NUM  9.
PAR  9. A magnetic core handler comprising:
PA1  a. a magnetic core reservoir adapted to receive and contain a plurality of
      magnetic cores;
PA1  b. a feed bowl mechanism communicating with said core reservoir having an
      orifice permitting a single core to pass therefrom at any given time;
PA1  c. a rotatable indexing disc mechanism having a plurality of radial slots
      formed therein extending to the outer periphery of said disc mechanism and
      communicating with a source of vacuum over a segment of said disc
      mechanism, said outer periphery of said disc communicating with said
      orifice of said feed bowl mechanism, adapted to receive and hold a
      magnetic core at each slot location;
PA1  d. a four phase motor mechanism drivingly connected to said indexing disc
      mechanism and having operable rotational positions representative of four
      phases between consecutive slot positions of said indexing disc;
PA1  e. a test probe mechanism adapted to be inserted within a magnetic core and
      produce a signal representative of an acceptable or rejectable core;
PA1  f. a test probe driving mechanism moving said test probe into and out of
      core testing position, said probe driving mechanism including a detection
      device producing signals representative of a first and second position of
      said test probe;
PA1  g. first electronic circuit means interconnected between said four phase
      motor mechanism and said detection device and controlling the sequence of
      signals applied to said four phase motor;
PA1  h. a magnetic core sort mechanism having a plurality of selectable core
      collecting positions disposed adjacent said indexing disc and downstream
      from said test probe;
PA1  i. and second electronic circuit means interconnected between said first
      electronic circuit means and said test probe mechanism and said magnetic
      care sort mechanism for controlling the position of said core sort
      mechanism with respect to said indexing disc.
NUM  10.
PAR  10. The structure set forth in claim 9 wherein said detection device
      includes mechanism supplying signal pulses representative of a rest
      position of said probe mechanism testing a magnetic core and a rest
      position of said probe out of the path of movement of said magnetic cores
      revolving on said indexing disc mechanism.
NUM  11.
PAR  11. The structure set forth in claim 10 wherein said first electronic
      circuit means includes electronic counting means actuated by said
      detection device, said counting means generating four signals for
      energizing said four phase motor mechaism in rotating between consecutive
      slot positions.
NUM  12.
PAR  12. The structure set forth in claim 11 including a pulsing motor operably
      connected to said feed bowl to produce an oscillating motion and
      electrically connected to said electronic counting means, said counting
      means generating signals for actuating said pulsing motor between
      generation of the last and first of said four signals for energizing said
      four phase motor.
NUM  13.
PAR  13. The structure set forth in claim 9 wherein said second electronic
      circuit means includes electronic gating means actuated by said detection
      device, said gating means interconnected between said test probe mechanism
      and said magnetic sort mechanism for controlling said sort mechanism.
NUM  14.
PAR  14. The structure set forth in claim 9 including a third electronic circuit
      means interconnected between said first electronic circuit means, said
      test probe mechanism, said probe driving mechanism, and said second
      electronic circuit means, said third circuit means including a binary
      counter having a first input controlled by said signals from said first
      electronic circuit means and having a second input controlled by said
      signals from said test probe mechanism, said binary counter receiving a
      reset signal from said second electronic circuit means and having an
      output controlling said probe driving mechanism.
NUM  15.
PAR  15. The structure set forth in claim 14 including another circuit connected
      to said binary counter for clearing said counter.
NUM  16.
PAR  16. The structure set forth in claim 9 including a sort control means
      having auxiliary motor means connected to said sort mechanism, said sort
      control interconnected between said second electronic circuit means and
      said first electronic circuit means and said test probe mechanism, for
      controlling said sort mechanism to another position.
NUM  17.
PAR  17. The structure set forth in claim 4 including a plurality of
      receptacles, each of which has a core receiving conduit interconnected
      between said sort means and a vacuum conduit connected to a vacuum source.
NUM  18.
PAR  18. The structure set forth in claim 17 wherein said magnetic core
      collecting positions include means for blocking movement of a magnetic
      core to a receptacle collecting cores representing an acceptable core.
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ABST
PAL  An improved "bird-swing" detector which has a downstream rejection system.
      An optical type bird-swing detector inspects glass containers as they move
      therethrough on a conveyor. A container exhibiting a bird-swing defect
      causes generation of a rejection signal. An oscillator may be set at a
      frequency in synchronism with the travel of the containers. A wave-shaping
      circuit forms the output of the oscillator into square waves at the
      frequency of the oscillator. A flip-flop has one input connected to the
      rejection signal and another input terminal connected to the wave-shaping
      circuit. The flip-flop output is connected to a multi-stage shift
      register. The signal from the wave-shaping circuit clocks the shift
      register. The switching of the flip-flop is delayed to allow entry of any
      information therefrom into the shift register before the flip-flop is
      reset. A reject or defective container signal is clocked through the shift
      register in synchronism with the travel of a defective container on the
      conveyor. In a rejection zone, downstream of the detector, a rejection
      mechanism is activated by a one-shot to reject the container. The final
      stage output of the shift register is gated with the signal from the
      wave-shaping circuit to turn on the one-shot at the proper time for
      rejection of a defective container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention generally relates to the inspection of glass containers.
      More particularly, the invention relates to an apparatus for inspecting
      glass containers for a defect known as a bird-swing. Specifically, this
      invention relates to an improvement in such inspection devices which
      allows rejection of a defective container at a remote location downstream
      of the inspection device.
PAR  A bird-swing detector for glass containers may be seen in U.S. Pat. No.
      3,662,883. The device has proven effective in detecting bird-swing
      defects. However, an operational problem with this gauge has arisen as the
      number of containers to be inspected per unit time has increased. At
      higher container throughput rates, defective containers could not be
      reliably rejected at the gauge output end. The cited patent shows
      rejecting a defective container as soon as it leaves the gauge. At the
      higher speeds, a defective container occasionally may not be cleared
      before the following container struck it, or, in some cases, the rejection
      mechanism could not react fast enough and the defective container could be
      passed while the next, good container would be rejected. To avoid this
      congestion at the gauge exit, we have designed a memory system which will
      clock a signal representing a defective container at a rate equal to the
      rate of travel of the container and then reject the container at a remote
      location downstream of the gauge exit. Examples of the prior art in this
      respect may be seen in U.S. Pat. Nos. 3,471,012; 3,565,249 and 3,757,940.
PAC  SUMMARY OF THE INVENTION
PAR  Our invention is an improvement in an apparatus for the inspection of
      containers for the presence of a defect known as a bird-swing. In this
      apparatus, containers are transported in single file on a conveyor to and
      through the apparatus. The containers are inspected by a light beam while
      moving through the apparatus and a rejection signal is generated if a
      bird-swing defect is detected. The improvement is a downstream rejection
      system. The rejection system includes an oscillator for producing a
      continuous series of electrical pulses. Connected to the oscillator is a
      means for varying the frequency of the oscillator to allow synchronism of
      the oscillator frequency with the rate of travel of the containers on the
      conveyor. A wave-shaping circuit is connected to the oscillator to shape
      the pulses from the oscillator into a substantially square wave pattern at
      the same frequency as the oscillator frequency. A flip-flop has one input
      terminal connected to the wave-shaping circuit and a second input terminal
      connected to the inspection apparatus to receive any rejection signal
      generated. Connected to the flip-flop is a means for delaying actuation of
      the flip-flop a pre-determined length of time after the receipt of a
      signal from the wave-shaping circuit. A multi-stage shift register has a
      clocking input terminal connected to the wave-shaping circuit and a signal
      input terminal connected to an output terminal of the flip-flop. An output
      electronic gate has one input terminal connected to the wave-shaping
      circuit and a second input terminal connected to an output terminal of the
      shift register. The output electronic gate will generate an output signal
      at its output terminal only when both the shift register and the
      wave-shaping circuit are furnishing a signal. A one-shot unit connected to
      the output terminal of the output electronic gate will generate a signal
      in response to a signal from the output electronic gate. The one-shot
      controls operation of a rejection means which will remove containers from
      the conveyor in response to a signal from the one-shot unit. The rejection
      means is positioned at a location adjacent to the conveyor and downstream
      from the inspection apparatus.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The single drawing FIGURE is a schematic circuit diagram of the downstream
      rejection system of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  This invention is an improved rejection system for a device to detect the
      defect known as bird-swings in glass containers. U.S. Pat. No. 3,662,883
      shows a bird-swing detector of the type which may be utilized with the
      present invention. The teachings of this patent are hereby incorporated by
      reference.
PAR  The drawing FIGURE illustrates the electronic circuit of the present
      invention. In this circuit it should be realized that some resistors and
      capacitors which are used for noise suppression or signal smoothing have
      been omitted in the interests of clarity. The use of such devices would,
      of course, be obvious to those skilled in the art. In addition, the
      connection of active elements of the circuit to the circuit power supply
      has also been omitted. Again, these connections to the powder supply
      should be obvious to those skilled in the art. As a final note, this
      circuit is designed to run on a negative logic, that is, the absence of a
      signal indicating an informational bit. It would be possible to operate
      such a system in a reverse manner or on a positive logic system, but
      commercially available components are such that the use of the negative
      logic system is more convenient.
PAR  In the drawing FIGURE, the bird-swing detector or gauge 10 of U.S. Pat. No.
      3,662,883 furnishes a signal along a conductor 12 when a defective
      container has been detected. The purpose of the present invention is to
      allow rejection of such a container at a position considerably downstream
      from the actual location of the gauge 10. As seen in the
      referenced-patent, the glass containers which are gauged are moving along
      on an endless conveyor belt. In the prior art, a bottle which contained a
      bird-swing defect would cause generation of a rejection signal, and the
      glass container would be rejected immediately after it exited from the
      gauge 10. This was undesirable since in many cases the rate of inspection
      was relatively high and it became difficult to remove defective containers
      immediately upon their exit from the gauge 10. Jams often occurred at this
      point of defective containers might not be rejected properly. Thus, the
      present invention will allow rejection of a defective container from the
      conveyor on which the glass containers are travelling at a remote position
      downstream. An oscillator 14 of conventional design furnishes an
      oscillating electrical signal through a conductor 16. The oscillator 14
      contains within it a variable resistor 18, whose purpose will be explained
      later. The signal from the oscillator 14 is furnished to a wave-shaping
      device 20 which changes the somewhat rounded contours of the oscillating
      signal from the oscillator 14 to a series of relatively sharp square waves
      for utilization in the remainder of the circuit. One output from the
      wave-shaping circuit 20 is along a conductor 22 from a NAND gate 24 which
      is a part of the wave-shaping circuit 20. The conductor 22 is connected to
      one input of a conventional flip-flop 26. The conductor 12 carrying
      information from the gauge 10 is connected to a second input of the
      flip-flop 26. A grounded capacitor 28 is also connected to one output of
      the flip-flop 26 to serve a purpose which will be described later. The
      output of the flip-flop 26 is through a conductor 30 to the input of a
      multiple stage shift register 32. The shift register 32 may have any
      desired number of stages which are required to allow rejection of a
      defective glass container at a particular location down-stream. However,
      one example of the shift register 32 may be two 18-stage shift registers
      which are connected in a series cascaded arrangement. A branch conductor
      34 is connected to the conductor 22 and to a clocking input of the shift
      register 32. A conductor 36 connects the output of the shift register 32
      to one input of an output NAND gate 38. A second input to the output NAND
      gate 38 is from a conductor 40 which is connected to the wave-shaping
      circuit 20. It is important to realize that the signal which is carried by
      the two conductors 22 and 40 from the wave-shaping circuit 20 carry the
      same information except that the information is inverted in sign. Thus,
      the output line 40 is necessary to furnish the signal of the proper sign
      to the output NAND gate 38. The conductor 22 could just as well furnish
      the same signal to the output NAND gate 38 but an additional signal
      inverter would have to be incorporated before this connection could be
      made. By connecting the conductor 40 as shown to a second NAND gate 42
      which is a part of the wave-shaping circuit 20, this additional circuit
      element may be dispensed with. The output of the NAND gate 38 is connected
      through a conductor 44 to a monostable multi-vibrator or one-shot unit 46.
      The one-shot 46 conducts its signal through a conductor 48 to a rejection
      mechanism 50 which may be any type of desired rejection mechanism that
      will sweep a defective glass container from the conveyor on which it is
      travelling. Such rejection mechanisms may take the form of a solenoid
      operated valve which will allow an air blast to move the container, a
      solenoid which will mechanically operate an arm to sweep the container
      from the conveyor, or a solenoid valve which will admit air to an air
      cylinder that will extend to remove the defective container from the
      conveyor. In the most general sense, any form of mechanism which can be
      actuated in response to an electrical signal as furnished along the
      conductor 48 may be used as a rejection mechanism 50.
PAR  The operation of this apparatus may be briefly described as follows: the
      oscillator 14 has a natural frequency at which it will generate pulses
      that will travel along the conductor 16. However, this pulse frequency
      will not necessarily correlate or be synchronized with the speed at which
      the glass containers will be travelling along the conveyor for inspection
      by the gauge 10. Thus, it is necessary to set the speed of oscillation or
      frequency of oscillation by use of the variable resistor 18. The variable
      resistor 18 provides a means for varying the frequency of the oscillator
      14 to allow synchronism of the frequency with the rate of travel of
      containers on the conveyor. It may be realized that the position of the
      variable resistor 18 within the circuit of the oscillator 14 will allow
      adjustment of the frequency of oscillation as a function of the setting of
      the variable resistor 18. In the setup of this apparatus, it is therefore
      necessary to allow some glass containers to travel along the conveyor and
      to adjust the variable resistor 18 until the pulse frequency is such that
      a pulse will arrive at the final stage of the shift register 32 just as
      the container itself arrives in the area which is controlled by the
      rejection mechanism 50. This particular form of control of the frequency
      well-defined of oscillation allows simplification of the entire system
      since a complex shaft encoder or tachometer system which continually reads
      the conveyor speed is not required. The wave-shaping circuit 20 is used to
      provide sharp well defined square pulses which will operate the flip-flop
      26 and the shift register 32 in a precise and definite pattern. The
      slightly rounded pulses which are actually produced by the oscillator 14
      could lead to inaccuracies in shifting information or switching from one
      state to another. Each time the sharp edge of a pulse occurs, this
      transmitted through the conductor 34 to the shift register 32 which clocks
      the shift register 32 or moves all information in the various stages of
      the register one position further. This is a conventional and well known
      method of operation of a shift register. In addition, the same pulse
      enters the flip-flop 26 to reset the flip-flop 26. However, note the
      grounded capacitor 28 connected to the flip-flop 26. Since the same pulse
      both clocks the shift register 32 and resets the flip-flop 26, it is
      desirable that any information in the shift register be shifted or moved
      before a signal on the conductor 30 from the flip-flop be removed by
      resetting of the flip-flop 26. The grounded capacitor 28 provides this
      particular capability. The grounded capacitor 28 serves as a means for
      delaying resetting of the flip-flop 26 a pre-determined length of time
      after receipt of a signal from the wave-shaping circuit 20. The value of
      the capacitor 28 determines the length of delay. Before the flip-flop 26
      can be reset by the square wave signal, the capacitor 28 must be charged
      up, thus allowing a slight delay before the flip-flop 26 will be reset.
      During this delay time, the shift register 32 has moved all of the
      information contained therein one place as a result of the signal provided
      on the conductor 34. Then, the flip-flop 26 will change state and a
      signal, if there was one present on the conductor 30, will cease. In this
      respect, whenever a signal is presented by the conductor 12 from the gauge
      10, a defective glass container has been found. This signal on the
      conductor 12 sets the flip-flop 26 such that a signal will be presented on
      the conductor 30. Then, the next incoming square wave will enter this
      information into the shift register 32 will reset the flip-flop 26 to
      accept a new signal on the conductor 12 if one should be immediately
      following. Under normal conditions, where there are no defective
      containers being produced, the flip-flop 26 remains in a single state,
      since the input of the square waves has no need to reset the flip-flop 26
      because it has not been set by a signal along the conductor 12. Any
      defective container signal entered into the shift register 32 is moved
      through the shift register 32 in synchronism with the pulses that are
      furnished along the conductor 34 into the shift register 32. Keep in mind
      that this rate of progression or frequency of the oscillator 14 has
      previously been set so that the defective container will arrive at the
      area controlled by the rejection mechanism 50 just as this information
      exits from the shift register 32 along the conductor 36. Thus assuming
      that a signal has been entered in the shift register 32 indicating a
      defective container, this information will be finally furnished as an
      output along the conductor 36 to the output NAND gate 38. However, the
      output NAND gate 38 will not produce a signal until after it has received
      a signal along the conductor 40 which is a signal indicating the beginning
      of the next wave or cycle from the oscillator 14. At this point, with both
      signals present, an output will be generated along the conductor 44 which
      will activate the one-shot 46 in turn generating the signal along the
      conductor 48 to the rejection mechanism 50 which will then be actuated to
      remove a defective container from the conveyor.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an apparatus for the inspection of containers for bird-swing defects
      of the type wherein said containers are transported in single file by an
      endless moving conveyor to and through said apparatus, wherein said
      containers are inspected by a light beam while moving through said
      apparatus, and wherein deflection of said light beam by a bird-swing
      defect will cause generation of a rejection signal, the improvement in
      said apparatus of a downstream rejection system for said apparatus which
      comprises, in combination:
PA1  an oscillator for producing a continuous series of electrical pulses;
PA1  means, connected to said oscillator, for varying the frequency of said
      oscillator to allow synchronism of said frequency with the rate of travel
      of said containers on said conveyor;
PA1  a wave-shaping circuit, connected to said oscillator, for shaping the
      pulses from said oscillator into a substantially square wave pattern at
      the same frequency as said oscillator frequency;
PA1  a flip-flop having one input terminal connected to said wave-shaping
      circuit and a second input terminal connected to said inspection apparatus
      to receive said rejection signal;
PA1  a capacitor, having one side connected to ground and the other side thereof
      connected to said flip-flop, for delaying the resetting of said flip-flop
      a predetermined length of time after receipt of a signal from said
      wave-shaping circuit, the value of said capacitor fixing said
      pre-determined length of time of said delay;
PA1  a multi-stage shift register having a clocking input terminal connected to
      said wave-shaping circuit and a signal input terminal connected to an
      output terminal of said flip-flop;
PA1  an output electronic gate having one input terminal connected to said
      wave-shaping circuit and a second input terminal connected to an output
      terminal of said multi-stage shift register, said output electronic gate
      generating an output signal at an output terminal thereof only when both
      said multi-stage shift register and said wave-shaping circuit furnish a
      signal thereto;
PA1  a one-shot unit, connected to said output terminal of said output
      electronic gate, for generating a signal in response to a signal from said
      output electronic gate; and
PA1  rejection means, responsive to a signal from said one-shot unit, for
      removing containers from said conveyor, said rejection means being
      positioned at a location adjacent said conveyor and downstream from said
      inspection apparatus.
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ABST
PAL  A secondary light sensitive photoelectric product separator for use with a
      primary product separator that concentrates a material so that it is
      visually distinguishable from adjacent materials. The concentrate
      separation is accomplished first by feeding the material onto a vibratory
      inclined surface with a liquid flow, such as a wet concentrating table.
      Vibrations generally perpendicular to the stream direction of flow cause
      the concentrate to separate from its mixture according to its color. When
      the concentrate and its surrounding stream reach the recovery end of the
      table, a detecting device notes the line of color demarcation and triggers
      a signal if it differs from a normal condition. If no difference is noted
      nothing moves on the second separator. However, if a difference is
      detected in the constant monitoring of the color line's location, a
      product splitter and recovery unit normally positioned near the color line
      at the recovery end, moves to a new position. In this manner the selected
      separated concentrate is recovered at a maximum rate regardless of
      variations in the flow stream or other conditions present.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention concerns itself with light sensitive separators that
      distinguish different materials based on their reflected light. In
      particular, our invention takes a concentrate that has been subjected to a
      prior primary separating step and further monitors its reflected light to
      insure a final separation.
PAR  2. Description of the Prior Art
PAR  Light sensitive cells like photocells have long been used to detect the
      color of mineral products moving on a surface and to use the detected
      color to control the actuation of some type of sorting device. The 1928
      U.S. Pat. No. 1,678,884 to A. T. Sweet discloses an ore separation device
      which is based on the color of light reflected from the materials. It also
      employs a stationary photocell and light source over a moving surface that
      carries the ore that is being separated. However, the ore is segregated
      solely on the color characteristics of the reflected light which could
      mean two rocks of different ore but closely resembling each other in color
      would be grouped together. Our invention overcomes this apparent type of
      possible error based solely on the detected color, by combining a mobile
      photocell detector and separator with a primary separator which has
      previous separated and concentrated material according to its make-up.
      This gives a degree of concentration of the recovered material heretofore
      available on such a scale.
PAC  SUMMARY
PAR  The product separating apparatus of the invention has two basic major parts
      that are combined to give the desired result. The first of these parts is
      a primary separator, like a wet concentrating table, for example, that
      concentrates one or more different materials into visually distinguishable
      zones on the table surface. The second major part is a light sensitive
      separator. It consists of three major segments namely: a light responsive
      detector, a control device, and a material splitter. As the light
      responsive detector monitors the visually distinguishable line between two
      adjacent zones it signals the control if variation from a normal condition
      are detected. This moves the splitter to constantly maintain it at a
      position so that it can constantly divide the concentrate from adjacent
      materials regardless of system fluctuations.
PAR  By keeping the mobile splitter at the proper position variations in feed
      rate, percent solids, size consistency, and the amount of desired material
      can be compensated for to a large degree to give a highly concentrated
      recoverable material at the output.
PAR  The principle object of this invention is an improved light sensitive
      separating apparatus.
PAR  A secondary object is such an apparatus usable with a wet concentrating
      table to constantly give a highly recoverable concentrate.
DRWD
PAR  FIG. 1 is a perspective view of the preferred embodiment of our invention.
PAR  FIG. 2 is a block diagrm of one of the light sensitive detecting circuits.
PAR  FIG. 3 is a diagram of the mobile splitter drive circuit.
DETD
PAR  Personnel of the United States Bureau of Mines invented the preferred
      embodiment of this invention, described herein, to separate pyrite on a
      wet concentrating table. In such a case, the pyrite concentrate has been
      sold as a by-product in a desulfurization of coal process. Prior to this
      invention it was extremely difficult to hand pick or otherwise separate
      the pyrite concentrate from its adjacent highly concentrated impurities
      such as shale and carbonaceous shale. Our invention, as will be described,
      allowed the recovery of a very concentrated amount of pyrite.
PAR  The light sensitive separator is generally represented by the number 1 in
      FIG. 1. Its main purpose is to detect visually observable variations in
      the concentrate and its adjacent zones as it moves in a liquid stream on a
      surface. This detected data is in turn used to control the movement of a
      product splitter to insure it remains at the concentrate discharge
      position at the recovery end. To accomplish these functions, structurally
      the light sensitive separator may consist of three major subdivisions
      namely, a control 2, a photocell detector 3, and a mobile product splitter
      4. A reversible motor 6 under the direction of the control moves the
      splitter generally perpendicular to the stream flow of the slurry
      containing the materials under observation.
PAR  Movement may be imparted to the platform 19 in either direction by the
      drive motor 6 when a signal from the detector 3 is received. When this
      happens wheels 5 ride in their respective tracks 8 on the table. Four stop
      and switch members 29, two at the opposite ends of each track, limit the
      platform movement to constrain the attached detector to a fixed path. A
      cantilever support structure 18 rigidly interconnects movable platform 19
      and detector 3 so that both the control 2 and detector 3 move as a single
      unit. Chain drive 7 connected to both ends of the platform 19 is moved in
      either direction by gearing (not shown) actuated by motor 6 depending on
      the signal received via cable 14 from the control. Parallel to the movable
      platform is fixed table 13 that supports the tracks on its upper surface
      and an underlying cage frame for drive motor 6.
PAR  Spaced a short distance from table 13 and generally parallel to one of its
      sides is a wet concentrating table 9. Between these two members mobile
      material splitter and recovery container 4 moves so that the slurry from
      the wet table either passes through it or is directed to a larger
      container for reuse. Table 9 is slightly tilted towards the splitter so
      that the flow of water at inlets 17 after forming its concentrated slurry
      moves from feed entrance 16 towards the splitter to its recovery discharge
      edge. Vibrations generally perpendicular to the direction of the flow
      stream are imparted by a drive (not shown) to the surface of table 9 so
      that the material fed at entrance 16 moves (to the right in FIG. 1) over a
      series of small surface riffles or protrusions 15. These protrusions are
      parallel elongated members generally facing perpendicular to the material
      recovery edge of the table. As a heterogeneous mixture of materials enters
      the table at the entrance it mixes with water to form a slurry. The
      smaller diameter and less dense particles will move over the protrusions
      further and further to the right under the vibratory influence eventually
      forming themselves into distinct color zone areas in the slurry stream.
      This is what commonly happens on a wet concentrating table and a further
      explanation is believed unnecessary. The reader is referred to page 246 of
      the work entitled "a dictionary of mining, mineral, and related terms" put
      out by the Bureau of Mines, United States Department of the Interior
      (1968) for more details. In. FIG. 1 the number 10 represents two adjacent
      color zones of a concentrate and its adjacent slurry formed by the wet
      liquid stream of water entering at side inlets 17 and the minerals to be
      separated. Between these color zones an approximate wavy inclined line of
      demarcation 11 is formed to visually indicate the portion of the table
      surface occupied by one or more of the different mineral concentrates at a
      given time. As the mineral feed rate, size of particles, their densities,
      water input characteristics, percent solids, or operating conditions
      change, line 11 will fluctuate as the zone of concentration varies. To
      provide for the monitoring of such fluctuations a detector 3 is placed in
      a parallel plane over the table 9.
PAR  FIG. 2 shows one of the two identical detector control circuits in block
      diagram. Only one of the two circuits for the side-by-side photocell
      detectors will be described since the other is the same. Both share a
      common light source 20. The common light source 20 and the photoelectric
      cells 21 as well as a lens 22 are in each of the units forming the
      detector 3 of FIG. 1. Assuming only one concentrate, light would be shown
      on either side of line 11 between the concentrate and a nonconcentrate
      zone. Sensors shown as the photoelectric amplifier of FIG. 2 receive a
      signal from the cells 21. If a fluctuation is detected relative to a
      predetermined normal condition for line 11 a signal is sent by the sensor.
      Depending on the signal received, a relay will be actuated to cause the
      motor to drive the splitter in either of two directions until the cells
      indicate a predetermined normal condition again. The triggering of the
      amplifier circuits can be accomplished by any type of bistable amplifier
      circuitry. Not all fluctuations of the concentrate zone will or should
      drive the splitter. Variations in light frequency or intensity reflected
      from the concentrate zone 23 caused by shaking of the table 9 are
      compensated for by a built in delay in the circuitry. In the example shown
      a three second time delay was used to eliminate actuation of the motor
      drive by unwanted signals from the sensor.
PAR  Once activated the straight edge 12 of the splitter (FIG. 1) is moved to
      continuously position itself near and aligned with the line 11 at the
      recovery edge of the table. In this manner the concentrated material that
      it is sought for reuse is split off from the undesired nonconcentrated
      slurry which may then be discarded. For example, tests run by the Bureau
      of Mines show that by properly selecting the cut point for the splitter
      edge 12 relative to the concentrate zones a percentage of pyrite
      concentrate of 88 percentage could be recovered from a sample having an
      initial 34.4 percent pyrite concentration. Details of the actual tests run
      and other details of this invention may be found in the Apr. 3, 1972
      Bureau of Mines Report of Investigation R. I. 7623.
PAR  Other details of the apparatus used in the preferred embodiment include an
      overhead hood suspended three inches over table 9 (FIG. 1) to cover the
      photocells 21, lenses 22 and light 20 to protect the sensors from damage
      and shield the target area from excessive ambient light. A wire running
      along support 18 can be used to connect the photoelectric amplifiers in
      the control 2 to the sensors. Pilot relays, also in the control, (FIG. 2)
      are used to actuate motor starters to provide the forward and/or reverse
      direction to the motor. In the working embodiment shown the motor 6 is a
      one-fourth horsepower reversible gear motor. The splitter 4 can also be
      considered a combined diverting chute that directs the recoverable
      concentrate into a final product collecting container.
PAR  The two photocells 21 used were of the cadmium selenide type with a peak
      spectral response at a wavelength of 7,350 A (angstrom units) which lies
      in the orange-red portion of the visible spectrum. The actual photocell
      used was a semiconductor that had a variable resistance which changed as a
      function of the intensity of the impinged light reflected from the color
      zone. By properly selecting the type of photocells that are sensitive to
      given wavelengths (.lambda.) or frequency (f) the best sensors can be
      found for the particular concentrate to be recovered. For example, suppose
      the concentrate had an orange color in the 6,000 A range with a frequency
      of about 10.sup.14 -10.sup.15 hertz per second (.lambda. = 300,000/f). At
      least one photocell would be selected to be responsive to frequencies in
      this range but not in the nonconcentrate frequency. The other photocell
      would be responsive to frequencies in the nonconcentrate adjacent color
      zone but not the concentrate. By initially focusing the cell response to
      the concentrate frequency on the adjacent nonconcentrate zone 23 and the
      cell responsive to the nonconcentrate frequency on the concentrate zones
      shifts to the responsive zones will actuate one of the cells. As used
      herein the terms intensity and frequency may be used interchangeably.
PAR  Power is supplied to the FIG. 2 photoelectric amplifier by an integral 24
      volt d.c. full wave rectifier that has its input from a 110 voltage a.c.
      standard source. As the resistance input to the photoelectric amplifier
      varies, there is an adjustable triggering value in the amplifier that
      actuates it. This value corresponds to an increase or decrease in
      frequency from the cell. Depending on the color of the concentrate and
      nonconcentrate zones a decrease or increase in reflected light frequency
      will ultimately actuate the motor in either a forward or reverse
      direction.
PAR  When actuated, the mobile splitter 4 and its attached platform 19 move in
      the directed direction at a speed of about 1 inch per second. The tracks 8
      are formed of elongated inverted angle irons fixed to the platform and the
      rollers 5 may be grooved castors which move on them. The legs of the
      platform 19 may be adjustable to coincide with the slope of table 9 and
      thus insure the detector 3 is moved in a plane parallel to the surface
      containing the color zones.
PAR  FIG. 3 is a more detailed diagram of the wiring diagram used to control the
      movement of the mobile splitter. The boxes numbered 24 and 25 correspond
      to the pilot relays of FIG. 2. An interlock insures that both cannot be
      actuated simultaneously by a signal from one of the photoelectric
      amplifiers. The voltage stabilizer powers the phtoelectric units and the
      line voltage (115 volts a.c. and 60 Hz) is directly supplied to the two
      identical motor starters circuits 30 and 31. Two normally closed limit
      switches 26 and 27 shut off power to the reversible motor, shown in dotted
      lines in the right side of FIG. 3, in case of malfunction.
PAR  These limit switches are in the platform stops 29 (FIG. 1) and are opened
      if the platform 19 and its attached splitter move too far in either
      direction.
PAR  The operation of the preferred embodiment and its set up will now be
      described. First, a color zone is chosen as the normal condition. In that
      case the detector 3 and the splitter edge 12 are properly placed to insure
      the maximum amount of concentrate is split over to the collecting
      container. Then each of the two photocells are set such that their
      respective photoelectric amplifiers will be actuated when they vary from
      this normal condition. One cell is chosen to be actuated as the light
      frequency reflected from the material color zones increases and the other
      is to be actuated as the frequency decreases. By visually relating the
      location of the different cells to the variations of the normal condition
      of the color zone material, the direction that the platform is to be moved
      can be predetermined i.e., if the cell responsive to increasing or
      decreasing reflected frequency is triggered the reverse or forward motor
      (or vice versa) will be actuated until the normal condition reappears.
      Both cells have their electrical resistance changed because of variations
      in light frequency or intensity. Usually if the cell is responsive to more
      intensity then its resistance will decrease and the current through it
      increase. Likewise, if responsive to less light intensity, the resistance
      will increase and its current decrease. Whatever the case, each cell feeds
      one and only one of the two motor starters 30 and 31. As shown in FIG. 3,
      starter 30 actuates what has been called the forward direction of the
      motor and starter 31 the reverse direction. Suppose more light intensity
      on one cell triggers the cell circuit connected to starter 30, then less
      light intensity would trigger the reverse starter 31. In any event, it is
      the variations in the current received from relays 24 and 25 in the
      starter coils that closes the normally opened parallel contacts of the
      starters. This closing will in turn, by the circuit with limit switches 26
      and 27, actuate one of the motors. For example, if starter 31 is actuated
      then its coil in the reversing relay would also be actuated to close
      normally opened contacts to the reversible motor. This would result in the
      motor draft spinning in an opposite direction until the variations in
      current through the starter coil in starter 31 cease or the limit switch
      27 is actuated. In a like manner the actuation of forward starter 30 by
      its associated photocell causes the motor to spin in a forward direction
      until stopped.
PAR  It is thus seen that what we have provided is an apparatus which detects
      variations in reflected light from materials previously segregated by some
      characteristic quality like density and uses this information to either
      take no action (if the variations are less than 3 seconds) or cause
      movement of a mobile material splitter attached to a platform. By
      associating a forward or reverse direction with the light intensity
      variations from a normal condition, the flow stream is constantly
      monitored by the detectors so that the splitter is always in a position to
      recover the maximum concentrate.
PAR  While two photocell detectors have been shown to move the splitter in two
      opposite directions it should be apparent that more cells electrically
      connected could be employed to relate different parts of the stream to a
      plurality of different splitters to simultaneously monitor many materials
      on a concentrating table. This could be done by making the splitters and
      detectors move in parallel planes to their respective counterparts. In
      this way the splitters would be able to simultaneously recover several
      different concentrates from the same stream.
PAR  Further, while a wet concentrating table has been illustrated as the
      primary separator to visually indicate the concentrate of a material or
      materials, other devices may also be used. One such other device is a
      Humphrey's spiral which uses sluicing and centrifugal action to
      differentiate different densities of materials. Heavier particles would,
      in this type of spiral, stay on the inside of the spinning spiral with the
      lightest particles remaining on the outside.
PAR  None of the specific disclosed features of the preferred embodiment should
      be used to limit the scope and extent of our invention which is to be
      measured only by the scope of the claims that follow.
CLMS
STM  We claim:
NUM  1.
PAR  1. A material separating apparatus for separting a concentrate from the
      material comprising:
PA1  a primary material separator means having a surface with a recovery end for
      initially separating out a concentrate from the material and to visually
      indicate the concentrate on its surface;
PA1  a secondary material separator operatively associated with said primary
      separator at its recovery end to separate and recover said concentrates
      based on a characteristic quality of its reflected light;
PA1  said secondary separator including a light responsive detecting means to
      monitor the concentrate on the primary separator surface, a material
      separator and recovery means, and a control drive interconnecting between
      them whereby the material separator of the secondary separator is capable
      of being moved in response to variations on the monitored concentrate on
      the primary surface as a function of the characteristic quality of the
      detected reflected light.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said characteristic quality of
      reflected light is color and said detecting means comprises:
PA1  a plurality of photocells with each cell connected to means for sending a
      signal when detected light color varies from a preestablished normal
      condition.
NUM  3.
PAR  3. The apparatus of claim 2 wherein at least one of said plurality of
      photocells and its means for sending a signal is responsive to increases
      in the frequency of the reflected light waves from the concentrate.
NUM  4.
PAR  4. The apparatus of claim 2 wherein at least one of said plurality of
      photocells and its means for sending a signal is responsive to decreases
      in the frequency of the reflected light waves from the concentrate.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said light responsive detecting means
      and material separator of said secondary separator move together as a unit
      and are interconnected.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said primary material separator is an
      inclined wet concentrating table comprising:
PA1  means for vibrating the surface to move material over a series of surface
      protrusions; and
PA1  means for applying a liquid to the surface.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said control includes a reversible
      power means capable of moving said secondary material separator in
      opposite directions depending on the characteristic quality of the
      detected reflected light.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said detecting means, material
      separator and recovery means, and control move as a unit on a rolling
      platform located adjacent the recovery end of said primary separator
      surface.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said primary separator is an inclined
      wet concentrating table whose recovery end is below and parallel to said
      detecting means.
NUM  10.
PAR  10. The apparatus of claim 9 wherein said detecting means comprises a light
      source, a plurality of photocells aligned side-by-side and a lens for
      focusing said reflected light from the concentrate.
NUM  11.
PAR  11. The apparatus of claim 1 wherein said light responsive detecting means
      and material separator of said secondary separator move together as a unit
      based on the detected reflected light.
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ABST
PAL  To increase the working strength and stability of a guy jib crane, a prop
      supports the jib tip. The jib is articulated so that it can be folded for
      traveling of the crane, and the prop can be stowed alongside a folded
      section of the jib during travel of the crane.
BSUM
PAR  This invention relates to guy jib cranes and more particularly to the
      provision of a prop for supporting the tip of the jib.
PAR  A principal object of the invention is to provide a guy jib crane which can
      haul and lift heavier loads than the usual guy jib crane of comparable
      weight and which is more stable in operation. More specifically it is an
      object to provide a guy jib crane having a comparatively light jib in
      relation to the strength of the crane.
PAR  A further object is to provide a guy jib crane having a prop which can be
      set easily and accurately and which can be shifted quickly and
      conveniently to the most desirable location for supporting the jib tip.
PAR  Another object is to provide a guy jib crane having an articulated jib that
      can be folded for travel of the crane and to enable the jib prop to be
      stowed conveniently during travel of the crane.
DRWD
PAR  FIG. 1 is a side elevation of the crane in condition for travel.
PAR  FIG. 2 is a side elevation of the crane set up for operation.
PAR  FIG. 3 is a plan of the crane rigged for yarding logs.
PAR  FIG. 4 is an enlarged detail side elevation of the tip portion of the crane
      showing swiveled hauling line and haulback fairleads. FIG. 5 is a
      transverse section through the structure of FIG. 4 taken on line 5--5 of
      FIG. 4.
DETD
PAR  The crane includes a mobile chassis 1, preferably of the crawler type, so
      that it is suitable for easy and accurate location for crane operation and
      so that it can be moved readily from one working location to another. The
      jib 2 of the crane is articulated and has a relatively short base section
      3 having its lower end pivoted on the chassis 1 and a relatively long
      extension section 4 extendable upward from the base section. These
      sections can be constructed of three or four Warren truss panels joined in
      triangular or rectangular cross section.
PAR  The adjacent ends of the two sections are connected for relative folding
      movement by a hinge 5 at the upper side of the jib. On the upper end of
      the root jib section 3, a lug 6 projects from the lower side, opposite the
      hinge 5. On the adjacent end of the extension section 4, a mating lug 7
      projects from the side opposite the hinge 5 so that when the extension
      section is in alignment with the root section the two lugs are in
      registration. These lugs can be apertured and secured together by a bolt 8
      extending through registering apertures in the lugs 6 and 7 to secure the
      two jib sections in aligned relationship.
PAR  When the root section 3 and the extension section 4 have been integrated as
      described above to form the jib 2, the jib can be swung by the rigging
      line 9 into various positions inclined upwardly from the pivot 1'
      supporting the lower end of the root section on the crane chassis. One end
      of rigging line 9 is anchored to a post 10 from which the line passes
      upward over a pulley 11 and is doubled back to be wound on the rigging
      drum 12 carried by the crane chassis. The pulley 11 is supported on a
      swingable mounting pivotally connected to a lug 13 on the extension
      section 4 of the jib, spaced a short distance from the hinge 5. The axis
      of the drum 12 is spaced from the axis of the jib-supporting pivot 1' so
      that the jib can be swung upward by reeling in rigging line 9 and lowered
      by paying out such line.
PAR  When the guy jib crane is used as a yarder for logging operations, it is
      equipped with a hauling line 14 wound on a drum 15 and a haulback 16 wound
      on a drum 17. As shown best in FIG. 4, the hauling line runs over a pulley
      18 of a swiveled fairlead mounted on the tip of the jib 2. Such pulley is
      journaled by a shaft 19 carried by the casing 20 which is mounted for
      swiveling relative to the jib tip by a swivel mount 21. Correspondingly,
      the haulback 16 runs over a pulley 22 of another swiveled fairlead. Such
      pulley is journaled by shaft 23 in the casing 24 carried by the swivel
      mount 25 mounted on the tip of the extension section of the jib.
PAR  The upper end of the jib is steadied and anchored by a guy line 26
      connected by a shackle 27 to one of two opposite apertures 27' in a plate
      28 carried by a collar fitting 28' on the tip of the jib. Alternatively,
      guy lines could be connected to both apertures. The upper end of a prop 29
      carries a clevis 30 connected to a lug 31 of the same jib tip fitting by a
      bolt 32, enabling the prop to be adjusted angularly with respect to the
      jib. A bearing plate 33 (FIG. 2) supports the lower end of the prop 29 for
      universal tilting relative to it by a ball joint 34.
PAR  If the crane exerted a pulling force on the hauling line 14 in a vertical
      plane parallel to the jib 2, such pull would tend to draw down the upper
      end of the jib. Normally such drawing force would be counteracted only by
      the weight of the crane chassis. Installation of the prop 29 to support
      the tip of the jib from the ground will counteract the downward force on
      the tip of the jib exerted by the tension in hauling line 14 when pulling
      a load whether that line extends in a vertical plane substantially
      parallel to the jib or in a vertical plane transversely of the jib, as
      illustrated in FIG. 3, or in a vertical plane at any angle to the jib. The
      important consideration is that the vertical force vector of the tension
      in hauling line 14 acting downward is counteracted by the prop 29 rather
      than the crane.
PAR  It is difficult to insure that the hauling line 14 is always disposed in a
      vertical plane precisely parallel to the jib 2. When the vertical plane of
      the hauling line departs appreciably from parallelism with jib 2, such jib
      is subjected to a lateral force tending to tip the crane over.
      Consequently, it is preferred to guy the tip of the jib and to operate the
      hauling line 14 in a plane disposed at a substantial angle to the jib 2
      and generally parallel to the guy line. Such an arrangement is illustrated
      in FIG. 3, in which the hauling line 14 and the haulback 16 extend in one
      generally horizontal direction laterally of the tip of crane jib 2 to one
      side of the jib, and the guy line 26 extends generally horizontally
      laterally to the other side of the jib from its tip and substantially
      directly opposite the hauling line 14.
PAR  With the crane rigged as illustrated in FIG. 3, the vertical vector of the
      hauling line 14 will be counteracted primarily by compression in the prop
      29, so that the crane will not be subjected to an excessive tilting force.
      The horizontal vector of the tension in hauling line 14 will be
      counteracted almost entirely by the horizontal vector of the tension in
      guy line 26. The pull of the hauling line will actually swing the tip of
      the jib until the guy line 26 is taut.
PAR  It is desirable to position the crane so that it can yard from a reasonably
      large area. When positioned as shown in FIG. 3, it is practical for the
      hauling line 14 to extend from the crane jib in any direction between the
      direction 14' and the direction 14" shown in FIG. 3. The vector of the
      hauling line tension in a direction perpendicular to a vertical plane
      parallel to the guy line 26 will act parallel to the vertical plane of the
      jib 2, and such force can easily be carried by the crane jib. If the angle
      of the hauling line departs appreciably farther from a vertical plane
      perpendicular to the vertical plane of the jib 2 than lines 14' and 14" in
      FIG. 3, the crane should be repositioned.
PAR  In positioning the yarding crane to perform a yarding operation, the crane
      should, of course, be approximately at the location to which it is desired
      to haul logs. With the construction of the present invention, logs can be
      yarded in a direction transversely of the length of the job. For such
      operation the crane should be located at the end of the area to which logs
      are to be hauled opposite the area from which logs are to be yarded. The
      crane should then be positioned so that the vertical plane of its jib is
      substantially perpendicular to a vertical plane through the center of the
      area from which the logs are to be yarded. The jib 2 can be swung to move
      its tip slightly away from the area from which the logs are to be hauled
      so that the lower end of guy line 26 can be easily secured on the ground.
PAR  To adjust the operating position of the crane precisely, the outer end of
      the hauling line 14 is anchored and the winch drum 15 is turned to tension
      the hauling line. The resultant pull on the hauling line will swing the
      tip of jib 2 slightly toward the yarding area until guy line 26 is taut.
      The pull on the hauling line is then slackened, and the rigging line 9 is
      reeled in sufficiently to raise jib 2 which, in turn, will raise prop 29
      sufficiently to free the bearing plate 33 from ground contact. The prop 29
      will then swing to precisely upright position, after which the rigging
      line 9 is paid out sufficiently to lower the prop 29 again so that it is
      supported by bearing plate 33 on the ground and rigging line 9 is relieved
      of substantially all stress.
PAR  The crane will now be in condition for performing the yarding operation by
      manipulating the hauling line 14 and the haulback 16. The reaction forces
      to pulling on line 14 will be provided almost entirely by the prop 29 and
      the guy line 26. Despite the fact that the pull on the hauling line is
      substantially perpendicular to the jib 2, such jib will not be required to
      provide any substantial reaction to the pulling force of the hauling line.
PAR  Lines 14' and 14" in FIG. 3 represent the limits of the angle which the
      plane of hauling line 14 vary relative to the plane of guy line 26 for
      safe yarding. In the position of the crane shown in FIG. 3, the safe
      yarding area is indicated as A. If it should be desirable to extend the
      yarding area B to the left of line 14' shown in FIG. 3, the crane can be
      repositioned to yard safely in this area without reanchoring the guy line
      26. For such operation it is merely necessary to haul in rigging line 9
      for swinging jib 2 upwardly sufficient to raise the lower end of prop 29
      from the ground, after which the crane chassis can be driven rearwardly a
      short distance to swing the guy line 26 so that it is directed toward the
      center of area B, whereupon rigging line 9 is slackened to lower prop 29
      onto the ground again.
PAR  Conversely, if it should be desired to yard from the area C to the right of
      line 14", as shown in FIG. 3, the crane again can be repositioned without
      reanchoring the guy line 26. In this instance the drum 12 is turned to
      reel in rigging line 9 until the jib 2 is raised sufficiently to lift the
      prop 29 clear of the ground, after which the crane chassis is driven
      forward a short distance to direct guy line 26 toward the area C. The
      rigging line 9 is then again slackened so that the jib 2 will be lowered
      to reset prop 29 on the ground.
PAR  If it is desired to utilize the equipment for yarding in a different area,
      the two winch drums 15 and 17 are turned to haul in the hauling line 14
      and the haulback 16 so that these lines are wound in completely onto the
      respective drums 15 and 17. In order to place the crane in position for
      travel as shown in FIG. 1, it is desirable for the jib and prop to be laid
      substantially horizontally and to be located substantially centrally above
      the crane chassis. The lengths of the jib root section 3 and of the
      extension section 4 are selected so that the extension section will be
      approximately centered over the chassis when one end of the root section
      is still attached to the adjacent end of the extension section and the
      other end of the root section is still pivoted to the chassis. When the
      extension section 4 is folded double relative to the root section 3 into a
      substantially horizontal traveling position as shown in FIG. 1, the
      extension section of the jib can rest on a seat 35 carried by the upper
      portion of the crane chassis.
PAR  In order to convert the crane from the operative position of FIG. 2 to the
      traveling condition of FIG. 1 the rigging line 9 is reeled in for tilting
      the jib 2 upward to raise prop 29 off the ground. The prop can then be
      folded back against the lower side of the extension section 4 and secured
      in place while the upper ends of such jib section and prop are still
      pivotally connected together. The rigging line 9 can now be paid out to
      lower the jib into a horizontal position so that a second guy line can be
      attached to the other aperture in plate 28 to extend oppositely from guy
      line 26 for steadying the jib sidewise during swinging of the jib to
      traveling position.
PAR  To swing the jib to traveling position, the hauling line 16 is secured to
      the lower end of the prop. The bolt 8 is removed to enable lugs 6 and 7 to
      separate. Drum 12 is then turned to wind in the rigging line 9 for
      swinging the extension section 4 of the jib counterclockwise relative to
      the root section 3 as seen in FIG. 2, while maintaining tension on the
      hauling line 16 to hold the extension section 4 and prop 29 up and prevent
      uncontrolled falling of the jib extension section into the position shown
      in FIG. 1.
PAR  After the extension section 4 of jib 2 and the prop 29 have swung in the
      clockwise direction about pivot 5 beyond the vertical position, the
      hauling line 16 is paid out slowly to ease the extension jib section and
      the prop down into the position of the extension section shown in FIG. 1.
      The pivot bolt 32 connecting the prop and the extension jib section can
      then be removed so that the prop can be positioned as desired, or the prop
      could be left attached to the extension section for travel.
PAR  When the new location in which the crane is to be operated has been
      reached, the clevis 30 of the prop 29 again is attached to the lug 31 of
      the jib fitting by a bolt 32 if the prop had previously been disconnected
      from the jib. The hauling line 16 is then attached to the lower end of the
      prop, and the drum 17 turned to wind in such line for swinging the prop
      and extension jib section 4 in a clockwise direction, as seen in FIG. 1,
      about pivot 5, while being steadied laterally by the opposite guy lines.
      When the prop and extension section have been swung to an upright
      position, the rigging line 9 can be paid out to lower the extension to a
      substantially horizontal position. The lugs 6 and 7 will then be in mating
      relationship so that the bolt 8 can be inserted through their apertures to
      reconnect them, and the extra guy line 26 can be detached from fitting
      plate 28. The jib is now ready to be raised by reeling in rigging line 9
      to a position such as shown in FIG. 2, whereupon the prop 29 can be
      released from the extension section to swing to its upright jib-supporting
      position. The guy line 26, hauling line 14 and haulback 16 can then be
      arranged as shown in FIG. 3, preparatory to performing the new yarding
      operation.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a guy jib crane comprising a crane jib, an upright prop supporting
      the tip of said crane jib, a hauling line extending in one generally
      horizontal direction laterally of said crane jib from its tip, and a guy
      line extending generally horizontally laterally from the tip of said crane
      jib generally in the direction opposite said hauling line.
NUM  2.
PAR  2. In the guy jib crane defined in claim 1, a swiveling fairlead carried by
      the jib tip through which the hauling line extends.
NUM  3.
PAR  3. In the guy jib crane defined in claim 1, a fitting carried by the jib
      tip to which the guy line and the prop are connected.
NUM  4.
PAR  4. In the guy jib crane defined in claim 3, pivot means connecting the jib
      tip fitting and the upper portion of the prop for swinging of the prop
      relative to the jib.
NUM  5.
PAR  5. A roadable jib crane comprising a traveling chassis movable in a
      predetermined direction, and an articulated jib including a root section,
      pivot means mounting said root section on one end of said chassis for
      swinging relative thereto about an axis extending transversely of such
      direction of movement of said chassis into a generally horizontal
      traveling position with its length extending fore and aft of said chassis
      and an extension section hingedly connected to said root section for
      folding relative thereto into a generally horizontal traveling position
      with its length extending fore and aft of said chassis.
NUM  6.
PAR  6. The roadable jib crane defined in claim 5, and a prop for supporting the
      jib of the extension section and being movable into generally horizontal
      stowed position with its length extending fore and aft of the chassis
      alongside the extension section of the jib in its traveling position.
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PAL  The invention relates to an X-ray examination apparatus comprising a
      counterweight for the image section which is movable in the compression
      direction.
PAL  The counterweight is suspended from the apparatus frame so as to be movable
      in the compression direction. Using a telescopic shaft and a system of
      belts and rollers, the counterweight acts to compensate for movements of
      the image section in the compression direction.
BSUM
PAR  The invention relates to an X-ray examination apparatus, comprising a
      principal carriage which is movable in the longitudinal direction of the
      apparatus frame and which accommodates a transverse carriage which is
      movable in the direction transverse to the longitudinal direction and
      which supports an image section (comprising inter alia the film cassette)
      which is movable in the compression direction (main direction of the
      X-rays), a counterweight being connected to the apparatus frame, the said
      counterweight being movable in the opposite sense with respect to the
      image section when the image section is moved in the compression
      direction, but remaining stationary when the image section is moved
      perpendicular to the compression direction because the transverse carriage
      incorporates a device for converting movement of the image section in the
      compression direction into rotation of a shaft which can be telescopically
      slid out but which is rotatable as one unit, a counterweight being coupled
      to the said shaft by way of a belt.
PAR  An apparatus of this kind is known from French Pat. Specification No.
      1,204,929. In this known apparatus an additional sliding shaft and a set
      of crown wheels are provided between the belt connecting with the
      counterweight on the one side and the telescopic shaft on the other side.
      These provisions make the device comparatively complex and cause rather
      substantial friction during the movement of the principal carriage. The
      invention has for its object to provide a device in which there is no need
      for crown wheels and for an additional sliding shaft.
PAR  To this end, the device according to the invention is characterized in that
      on the transverse carriage the telescopic shaft, to which is fixed a belt
      drum, is journalled to be rotatable, the two ends of the belt being
      fastened to the belt drum such that when the drum rotates the belt ends
      are either both unwound or both wound, the belt extending from the one
      fastening point on the drum, in the longitudinal direction of the frame,
      to an 180.degree. reversing guide roller provided on the frame near the
      one end thereof, subsequently returning in the said longitudinal direction
      to a 90.degree. guide roller which is arranged to be rotatable near the
      other end of the frame, extending therefrom in the compression direction
      to an 180.degree. reversing guide roller which is arranged to be rotatable
      on a counterweight which is movable in the compression direction, the belt
      subsequently returning in the compression direction to a second 90.degree.
      guide roller, and finally extending in the longitudinal direction of the
      frame to the second fastening point on the drum, the arrangement being
      such that the image section and the counterweight move in opposite
      directions.
DRWD
PAR  One embodiment according to the invention will be described in detail
      hereinafter with reference to the accompanying drawing.
PAR  FIG. 1 is a diagrammatic view of an examination apparatus according to the
      invention.
PAR  FIG. 2 shows an embodiment of a telescopic shaft member which is
      particularly suitable for an apparatus according to the invention.
PAR  FIG. 3 shows a side elevation of the shaft member.
DETD
PAR  The reference 1 in FIG. 1 denotes the frame of an X-ray examination
      apparatus which is journalled to be tiltable in a base 2. A principal
      carriage 4 can be displaced in the frame 1 of the apparatus in the
      longitudinal direction (direction of the arrow 5). The carriage 4
      accommodates a transverse carriage 6 which can be displaced on the
      carriage 4 in the direction transverse to the longitudinal direction of
      the apparatus (direction of the arrow 7). Accommodated on the transverse
      carriage 6 is a carriage 9 which is slidable in the compression direction
      (direction of the arrow 8, i.e. in the main direction of the X-rays and
      perpendicular to the frame 1 of the apparatus) and which constitutes the
      image section of the apparatus which is not shown in detail. The guides
      for the rollers of the carriages 9, 6 and 4 have been omitted in the
      drawing for the sake of simplicity, and the weight compensation system for
      the longitudinal movement of the image section and of the carriage 4 has
      also been omitted for this reason. The X-ray tube and the patient table,
      both situated as usual in the space between the carriages 6 and 9, are not
      shown either. The carriage 9 has connected thereto the one end of a steel
      belt 10 which is guided over a roller 11, the shaft of which is
      permanently connected to the transverse carriage 6. The other end of the
      belt 10 is connected to a chain 13 at the point 12. The other end of the
      chain 13, guided over a gearwheel 14, is also connected to the image
      section 9. The gearwheel 14 is connected to a shaft 15 which is journalled
      to be rotatable on the transverse carriage 6 and which extends in the
      transverse direction, with the result that the tensile force exerted on
      the steel belt 10 and the chain 13 by the weight of the image section acts
      as a torque on the shaft 14.
PAR  The first shaft 15 comprises a central portion 16 which is provided with
      longitudinal ridges and which is envelopped by a sleeve 17 which is
      arranged coaxially thereabout and which is also provided with ridges.
      Provided in the ridges of the sleeve 17 and the portion 16 are spheres
      such that the torque is transferred from the first shaft 15 to the sleeve
      17 and the first shaft 18 connected thereto, and that the first shaft 15
      and the second shaft 18 are telescopically slidable in the axial direction
      relative to each other. Rigidly connected to the second shaft 18 is a drum
      19 which is journalled on the principal carriage 4 at the point 20. The
      two ends of a belt 21, are permanently connected to the drum 19. The belt
      21 passes from the drum 19 via an 180.degree. reversing guide roller 22
      which is journalled on or near the head end of the apparatus frame 1, via
      a 90.degree. guide roller 24 which is journalled to be rotatable about a
      shaft 23 on or near the foot end of the frame 1, and via an 180.degree.
      reversing roller 25 and a second 90.degree. guide roller 26 which is
      journalled to be rotatable on the shaft 23 back to the drum 19 again. The
      belt 21 is secured to the drum 19 such that when the drum rotates the ends
      of the belt are either both wound or both unwound.
PAR  The roller 25 is rotatable about a shaft which is connected to a
      compensation weight (counter-weight 27). The counter weight 27 is guided
      by rollers 28 and a guiderail 29 such that the weight is slidable only in
      the compression direction. A parallelogram system of bars which is
      connected to the apparatus frame and to the counterweight 27 ensures that
      the counterweight 27 is not tilted during its upward or downward travel.
      The counterweight 27 is proportioned such that the torque exerted thereby
      on the drum 19 on the one side and the torque exerted on the gearwheel 14
      by the image section 9 on the other side are equal but opposed.
PAR  The weight compensation in the compression direction upon movement of the
      image section 9 is effected as follows: during the upward or downward
      travel of the image section 9, the gear wheel 14 and hence also the drum
      19 are rotated clockwise and counter-clockwise, respectively, the belt 21
      then being wound onto and unwound from the drum 19, respectively. During
      the winding onto the drum, the belt ends guided via the rollers 26 and 24
      simultaneously become shorter, with the result that the counterweight 27
      is moved upwards, whilst during the unwinding from the drum the two belt
      ends simultaneously become longer and the counterweight is moved
      downwards. In both cases the guide roller 25 connected to the
      counterweight is not rotated, thus avoiding friction losses.
PAR  For the movement of the image section 9 in the transverse direction, only
      the transverse carriage 6 is moved, the sleeve 17 then telescopically
      sliding over the portion 16. The counterweight then remains immobile.
PAR  When the image section is moved in the longitudinal direction of the table,
      the carriage 4 is displaced without the drum being rotated. For example,
      when the carriage 4 is moved to the head end of the apparatus frame, the
      belt end guided via the roller 26 is pulled upwards, whilst the belt end
      guided via the roller 24 is pulled downwards to the same extent, with the
      result that the counterweight stays in its position when the image section
      9 is moved in the longitudinal direction.
PAR  It is thus achieved, that the counterweight 27 -- like in known apparatus
      -- is moved only when the image section 9 is moved in the compression
      direction. The additional effort caused by the belt guide losses upon
      movement of the image section 9 is comparatively small, because a smaller
      number of guide rollers can be used. As is known (German Pat.
      Specification No. 1,048,668), additional means (not shown) can be provided
      which ensure that the counterweight is uncoupled from the image section
      when the examination apparatus is in the vertical position.
PAR  FIG. 2 is a detailed view of the sleeve 17 and the portion 16. The
      cylindrical shaft portion 16 is provided with four longitudinal grooves 31
      which are shifted 90.degree. with respect to each other. The sleeve 17
      which concentrically envelops the shaft portion 16 is also provided with
      four grooves 32. The grooves 31 and 32 accommodate spheres, a spacer (not
      shown) being provided between the sleeve 17 and the shaft 16 to ensure
      that the spheres successively arranged in a ridge do not contact each
      other. A protective sleeve 34 (not shown in FIG. 3) about the sleeve 17
      prevents the spheres from dropping out of the ridges. The arrangement
      shown in FIG. 2 constitutes a coupling in the direction of rotation
      between the sleeve 17 on the one side and the shaft portion 16 on the
      other side. The torque which can thus be transferred is particularly large
      when the torque on the sleeve 17 acts counter-clockwise, and that on the
      portion 16 clockwise. In view of the shape of the grooves, the torque
      which can be transferred counter-clockwise is smaller, but this is not a
      drawback in this case because the torque exerted by the counterweight 27
      on the sleeve 17 and the torque exerted by the image section 9 on the
      shaft portion 16 each time act in only one direction. Moreover, the
      spheres in the grooves enable substantially friction-free telescopic
      sliding of the sleeve 17 with respect to the shaft portion 16 and hence of
      the shafts 15 and 18 with respect to each other.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. X-ray examination apparatus comprising:
PA1  a frame having a longitudinal direction, a transverse direction and a
      compression direction, all mutually perpendicular to each other;
PA1  a principal carriage mounted on said frame for movement in the longitudinal
      direction;
PA1  a transverse carriage mounted on said principal carriage for movement in
      the transverse direction;
PA1  an image section mounted on said transverse carriage for movement in the
      compression direction;
PA1  a first shaft rotatively mounted along the transverse direction on said
      transverse carriage;
PA1  a second shaft rotatively mounted in the transverse direction on said
      principal carriage;
PA1  means for mechanically coupling rectilinear movement of said image section
      in the compression direction to rotary movement of said first shaft;
PA1  means for mechanically coupling rotary movement of said first shaft to
      rotary movement of said second shaft while permitting relative rectilinear
      movement thereof in the transverse direction;
PA1  a belt drum coaxially mounted on said second shaft for common rotation
      therewith;
PA1  a counterweight mounted on said frame for movement in the compression
      direction;
PA1  a belt having two ends, both of which are attached to said drum, so that
      rotation of said drum simultaneously winds both ends of said belt onto or
      off of said drum thereby increasing or decreasing the remaining length of
      said belt, the ends of said belt extending away from each other in the
      longitudinal direction;
PA1  a reversing guide roller mounted on said counterweight for reversing the
      direction of said belt; and
PA1  guide rollers mounted on said frame for directing said belt toward and away
      from said reversing guide roller,
PAL  whereby movement of said image section in the compression direction causes
      opposite movement of said counterweight in the compression direction, said
      counterweight counterbalancing the weight of said image section.
NUM  2.
PAR  2. An x-ray examination apparatus as defined in claim 1 wherein said means
      for mechanically coupling rotary movement of said first shaft to rotary
      movement of said second shaft comprises a shaft portion coaxial with said
      first shaft and rigidly attached thereto for common rotation therewith, a
      sleeve coaxial with said second shaft and rigidly attached thereto for
      common rotation therewith, said shaft portion being coaxial with said
      sleeve and at least partly within said sleeve in a telescoping
      relationship, the inner surface of said sleeve and the outer surface of
      said shaft portion having corresponding grooves extending in the axial
      direction, and spheres held between said corresponding grooves and spacing
      said shaft portion and sleeve from each other, thereby preventing relative
      rotation of said sleeve and shaft portion while permitting telescoping
      movement thereof.
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ABST
PAL  An uncoupling lever assembly for railroad cars that includes an uncoupling
      lever with an improved slideway arrangement for accommodating extension
      and contraction of the lever assembly, which lever assembly comprises a
      handle section and a lock lifter section each including an elongate
      rectilinear bar. The handle section bar has an operating handle affixed to
      one end of same for pivotal connection to the car and the lock lifter
      section bar has a lock lifter rod member affixed to one end of same having
      a hook eye adapted for application to the coupler lock lifter. The lock
      lifter bar has secured to one side of same adjacent its other end a single
      elongate tubular member that defines a single slideway for the lever
      assembly having self-lubricating antifriction characteristics in which the
      handle section bar is slidably received. The lever assembly bars are in
      side by side relation, with the slideway forming tubular member being
      slidably mounted on the handle section bar, and the handle section bar
      projecting through the slideway and inboard of same when the coupler is in
      its neutral centered relation relative to the car.
BSUM
PAR  This invention relates to an uncoupling lever assembly for railroad cars,
      and more particularly, to improvements in the uncoupling lever assembly
      shown in U.S. Pat. No. 3,834,554, granted Sept. 10, 1974, the entire
      disclosure of which is hereby incorporated herein by this reference.
PAR  Railroad car uncoupling levers that are arranged to be extensible and
      retractable in nature to accommodate coupler swing and buff and draft
      movement of the coupler have come into wide use. Such arrangements usually
      involve one or more points of take up and let out in the effective length
      of the uncoupling assembly, ordinarily in the form of a bar operating in
      or along a slideway, the arrangement being such that the bar and slideway
      are in cranking relation so that torque applied to the assembly by the
      operator is transmitted to the assembly hook eye for operating the lock
      lifter. The take up and let out components heretofore employed have been
      defined by elements formed from steel or the like to insure the necessary
      strength and rigidity required of such parts. The relatively movable parts
      involved typically involve a steel on steel sliding contact or engagement.
PAR  It is, of course, essential to continued effective operation of these
      devices that they should smoothly extend and contract in response to
      coupler movement relative to the car. However, the exposed mounting
      position of such devices subjects them to exposure to the elements as well
      as to foreign matter churned up as the train in which the car may be
      incorporated moves over the tracks.
PAR  It has resulted that much difficulty has been experienced with conventional
      uncoupling levers of the type indicated due to the tendency of the take up
      and let out components of same to fail to consistently have the freedom of
      relative movement needed to accommodate coupler movement when the car is
      in use, due to the tendency of the relatively movable parts involved to
      jam for one reason or another. Lubrication of the parts involved may
      provide temporary benefits, but can create safety hazards as the
      uncoupling lever assembly is sometimes used as a foothold by trainmen.
      Consequently, uncoupling lever assemblies providing for take up and let
      out have continued to experience an unsatisfactory amount of jamming with
      consequent failure as the parts involved bend and break when they are
      jammed to the point that they no longer accommodate the coupler movements
      that are involved.
PAR  In analyzing this problem, tests have shown that in uncoupling lever
      assemblies involving steel sliding on steel in the take up and let out
      components of same, only a few thousand take up and let out cycles can
      result in galling of the parts involved, which can be followed by loss of
      the necessary free sliding action due to binding of the parts involved and
      resultant failure, even in the absence of foreign matter accumulations.
PAR  A principal object of the invention is to provide a slideway arrangement
      for uncoupling lever assemblies of the type involving take up and let out
      in service, which slideway is of a self-lubricating long wearing nature
      and requires no application of lubricant for continued freedom of
      operation.
PAR  Another principal object of the invention is to provide a slideway
      arrangement connecting relatively movable torque transmitting parts of
      uncoupling lever assemblies that insures continued functioning of the free
      shifting action in such relatively movable parts to the extent that the
      frequently encountered jamming or freezing of such parts that results in
      premature disablement of the device is avoided.
PAR  Yet another principal object of the invention is to provide an uncoupling
      lever assembly slideway arrangement that is oriented to achieve
      longitudinal alignment of the relatively movable extension bars that may
      be involved, for efficient extension and contraction movement thereof, as
      well as torque transmittal action therethrough, when the uncoupling lever
      is fully extended.
PAR  Other objects of the invention are to provide a one piece slideway tube of
      self-lubricating long wearing characteristics, as well as a manner of
      securing same in place that involves minimum parts and ease of
      application, and to provide an uncoupling lever arrangement that is
      economical of manufacture, convenient to install and use, and long lived
      in operation.
PAR  In accordance with this invention, the slideway is in the form of a one
      piece tube formed from a high density type polymer having self-lubricating
      characteristics, and specifically an ultra high molecular weight polymer,
      such as polyethylene having a molecular weight of at least 2,000,000,
      which tube when incorporated in, for instance, the uncoupling lever
      assembly of the type shown in said patent, is secured in place on the lock
      lifter section bar thereof by a pair of mounting brackets disposed at
      either end of same, in which tube is received and held in desired position
      without being bonded either to the brackets or to the lock lifter section
      bar. The tube provides a slideway defining bore that receives the handle
      section bar in free sliding relation thereto, with the parts being
      proportioned so that some cocking of the tube relative to the handle
      section bar is accommodated, as may be occasioned by correct application
      of the assembly hook eye to the coupler lock lifter, with the result that
      binding of the hook eye with the lock lifter that sometimes occurs when
      the lock lifter is operated, due to minor misalignment problems, is
      avoided. The securement of the tube holding brackets is such that an
      angulation or canting of the slideway forming tube results, relative to
      the lock lifter section bar, which insures that the handle section and
      lock lifter section bars act in parallelism when the assembly is at or
      near its full extension. The result is that the lock lifter section tube
      operates on the handle section bar with minimum dynamic coefficient of
      friction characteristics and free shifting movement of these parts is
      assured even though the tube may be cocked somewhat out of alignment with
      the handle section bar.
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PAR  Other objects, uses, and advantages will be obvious or become apparent from
      a consideration of the following detailed description and the application
      drawings in which like reference numerals indicate like parts throughout
      the several views.
PAR  In the drawings:
PAR  FIG. 1 is a fragmental plan view of one end of a railroad car (shown in the
      form of a flatcar) that is assumed to be equipped for standard draft gear
      cushioning, showing one embodiment of the present invention applied
      thereto, with the coupler shown in a largely diagrammatic manner, and with
      the full line showing of the uncoupling lever assembly having the normal
      riding position of same when the coupler is centered relative to the car;
PAR  FIG. 2 is an end view of the structure shown in FIG. 1, on a somewhat
      enlarged scale, taken from the right hand side of FIG. 1, and also showing
      in phantom the lock lifter section of the uncoupling assemblies separated
      from the handle section of the assembly for application or removal with
      respect to the coupler;
PAR  FIg. 3 is a fragmental view taken substantially along line 3--3 of FIG. 1,
      but on an enlarged scale, better illustrating the slideway forming tube of
      the uncoupling lever assembly and its manner of application in the
      uncoupling lever assembly;
PAR  FIG. 4 is a sectional view taken substantially along line 4--4 of FIG. 3;
PAR  FIG. 5 is a sectional view taken substantially along line 5--5 of FIG. 3;
PAR  FIG. 6 is a sectional view taken substantially along line 6--6 of FIG. 3;
PAR  FIG. 7 is a view similar to that of FIG. 3 illustrating the outboard end of
      the slideway forming tube and illustrating a modified form of the
      invention;
PAR  FIG. 8 is a sectional view similar to that of FIG. 4 but taken along line
      8--8 of FIG. 7;
PAR  FIG. 9 is an end elevational view of the handle section of the uncoupling
      assembly illustrated, as viewed from the left hand end of same as shown in
      FIG. 2; and
PAR  FIG. 10 is an elevational view of the slideway forming tube as seen from
      the back side of same as the tube is viewed in FIG. 3.
DETD
PAR  However, it is to be distinctly understood that the specific drawing
      illustrations provided are supplied primarily to comply with the
      requirements of the Patent Laws, and that the invention is susceptible of
      modifications and variations that will be obvious to those skilled in the
      art, and which are intended to be covered by the appended claims.
PAC  GENERAL DESCRIPTION
PAR  Reference numeral 10 of the drawings generally indicates an uncoupler lever
      assembly in which a preferred embodiment of the invention is incorporated,
      assembly 10 being applied between the end 12 of a car body underframe 14
      and coupler 16 that is suitably mounted on the car 15 of which the
      underframe 14 forms a part.
PAR  The underframe 14 is intended to represent a typical flatcar having the
      usual fixed center sill 18 equipped with the usual striker 20. Coupler 16
      is mounted in the fixed sill in any conventional manner, and it is assumed
      that it is operatively connected to the center sill and/or the car body 14
      through a conventional type of draft gear mechanism, an example of which
      is shown in U.S. Pat. No. 2,811,263, whereby the car 15 is equipped for
      standard draft gear cushioning of coupler impacts applied to the coupler
      16 (standard draft gear travel being in the range of 23/4  inches for buff
      impacts and 11/4  inches for draft impacts).
PAR  As is well known in the art, the car body underframe 14 is supported on the
      railroad track by suitable trucks (not shown), and the shank 19 of the
      coupler is secured to the car for swinging movement to either side of the
      car longitudinal center line.
PAR  The uncoupling lever assembly 10 is basically that shown in said U.S. Pat.
      No. 3,834,554, but arranged in accordance with the present invention.
      Assembly 10 is applied between the car body bracket 22 that is suitably
      anchored to the car body end sill 24, and the usual lock lifter or
      uncoupling knuckle (not shown) of the coupler 16.
PAR  The lever assembly 10 generally comprises handle section 30 that includes
      an elongate rectilinear bar 32 of rectangular transverse cross-sectional
      configuration having handle portion 34 of same affixed, as by welding, to
      one end 36 of the bar 32. The bar 32 is free and unencumbered for the full
      length of same, between its outboard end 36, and its inboard end 38, for
      being freely received in the lock lifter section 40 of the assembly.
PAR  The lock lifter section 40 comprises elongate rectilinear bar 42 that is of
      rectangular transverse cross-sectional configuration and has affixed to
      the inboard end 44 of same a lock lifter portion 46 provided with the
      usual hook eye 48 that is adapted for conventional cooperation with the
      coupler lock lifter.
PAR  In accordance with the present invention, the outboard end 52 of the lock
      lifter section bar 42 has secured thereto tubular member or tube 50 that
      defines a slideway 54 (see FIGS. 4 - 6) in which the handle section bar 32
      is freely received (see FIGS. 4, 5 and 6). The tube 50 is applied to the
      side 53 of the bar 42 that is to face the end of the railroad car body 14,
      and is secured to the bar 42 by brackets 55 and 57. The tube 50 is not
      bonded to either of the brackets 55 or 57 or to the bar 42, and is
      provided with a locating ridge or ledge 59 that extends between the
      respective brackets 55 and 57 (see FIG. 3) to maintain the tube 50 against
      movement longitudinally of the bar 42.
PAR  The tube 50 defines a bore 59 that has a transverse cross-sectional
      configuration generally resembling that of the bar 32, but proportioned so
      that when the bar 32 is centered relative to the tube bore 59, the spacing
      on the order of one-eighth of an inch separates the bar 32 from the tube
      servicing defining the bore 59 (this spacing being somewhat exaggerated in
      the drawings to provide clarity of illustration). This spacing provides a
      loose fit of the handle section bar within the lock lifter section
      slideway forming tube that accommodates propoer fitting of the hook eye 48
      which avoids binding of the hook eye 48 with the lock lifter due to minor
      misalignment problems when the lock lifter is operated.
PAR  As indicated in FIGS. 3, 4 and 5, the tube 50 extends generally
      longitudinally of the lock lifter section bar 42, but it is canted
      somewhat with respect thereto so that its outboard end 63A is displaced
      downwardly somewhat of the bar 42 and its inboard end 63B is displaced
      upwardly somewhat of the bar 42. In accordance with this invention, the
      canting of the tube 50 relative to the bar 42 is such that when the
      assembly sections are in their positions of maximum extension, the bars 32
      and 42 will be in substantial parallelism.
PAR  This relationship of parts eliminates a so-called "scissors effect" that
      tends to occur as the lock lifter section 40 moves to its position
      extension relative to the section 30, under the action of gravity, on the
      assembly components (when the assembly is mounted in its operating
      position), whereby the inboard end 38 of the handle section bar 32 tends
      to drop below the level of the lock lifter section bar 42.
PAR  The bar 42 of lock lifter section 40 is free and unencumbered along its
      side 53 for ready movement of the lock lifter section 40 relative to the
      handle section 30, to the extent that the end 38 of the handle section bar
      32 may pass well beyond the juncture of the lock lifter portion 46 and bar
      42 when the assembly 10 is fully contracted to the extent that the bracket
      55 engages handle portion 34.
PAR  The section bars 32 and 42 are proportioned so that when the coupler 16 is
      centered with respect to the center line of the car 15, the end 38 of the
      handle section bar 32 projects inboard of the tube 50 approximately the
      amount indicated in FIGS. 1 and 2.
PAR  The assembly 10 may be applied to the car 15 without uncoupling the coupler
      16 by taking the lock lifter section 40, by itself, and separated from the
      handle section 30, angling the bar section downwardly in the manner
      indicated in broken lines in FIG. 2, and applying the hook eye 48 to the
      coupler lock lifter, after which the lever assembly lock lifter section 40
      may be swung vertically to receive the handle section 30 by applying its
      bar 32 to the guideway 54.
PAR  Following the disclosure of said U.S. Pat. No. 3,834,554, the lever handle
      portion 34 is applied to the car by being received in the oar lock type
      mounting device 61 that is fully described in said U.S. Pat. No.
      3,834,554, that is applied to the clevis 60 which is in turn applied to
      the car body bracket 22. Both the car bracket 22 and clevis 60 may be
      arranged as described in said U.S. Pat. No. 3,834,554.
PAR  It will be apparent from FIGS. 1 and 2 that as the coupler 16 swings back
      and forth in service, the lock lifter section 40 of assembly 10 slides
      along the handle section bar 32, with the portion 62 of the handle section
      bar 32 that projects inboard of the slideway 54 providing for the
      extension and contraction of the effective length of the assembly 10, as
      required by coupler swing and draft gear travel under coupler impacts,
      following disclosure of said U.S. Pat. No. 3,834,554.
PAR  As disclosed in said U.S. Pat. No. 3,834,554, it is preferable that the
      parts be proportioned so that when the assembly 10 is operably mounted on
      the car, the handle section bar 32 extends within the slideway 54
      approximately six inches when the assembly 10 is at its maximum extended
      relation, and when the assembly is in its minimum contracted relation as
      mounted for use, the bracket 55 is well short of handle portion 34.
PAR  Under the action of gravity, with the loose fit of the bar 32 within
      slideway 54 that is provided, the handle section bar 32 tends to engage
      the upper side of the slideway forming tube bore 59 at the end 63A of tube
      50, and the bar 32 tends to engage the lower side of the tube bar 59 at
      the tube end 63B (see FIGS. 4 and 5, respectively). However, the canted
      mounting of the tube 50 relative to the lock lifter section bar 42 results
      in the bars 32 and 42 being in substantial alignment longitudinally of the
      assembly 10.
PAR  The loose fit type mounting of the handle section bar 32 is of such a
      character that if the coupler lock lifter and lever assembly hook eye are
      somewhat out of desirable working alignment, the lock lifter section is
      free to cant somewhat, sidewise of the assembly, in accommodating proper
      fitting of the hook eye with the coupler lock lifter. In other words, the
      fit of bar 32 within slideway 54 is sufficiently loose so that the tube 50
      is free to shift relative to bar 32, under the action of the hook eye
      engaging and/or operating the lock lifter, that the tube 50 "seeks" a work
      relation position relative to bar 32 that may result in tube 50 being
      turned somewhat clockwise or counterclockwise of the relative positionings
      shown in FIGS. 4 - 6. Such "seeking" movement may bring the tube inner
      surfacing in engagement with opposed side edge corner portions of the bar
      32, such as corner portions 71 and 73, or corner portions 75 and 77;
      however, the material from which tube 50 is formed readily accommodates
      any additional stress concentrations that may result, and that
      proportioning of parts involved also will result that such cocking of the
      tube 50 relative to bar 32 will lengthen the areas of contact of the tube
      with the bar 32 at either end of the tube due to the centering action of
      the tube on the bar 32 that tends to take place as the tube 50 shifts
      about the longitudinal axis of the bar 32.
PAC  SPECIFIC DESCRIPTION
PAR  The handle section 30 of assembly 10 may be made in accordance with the
      disclosure of said U.S. Pat. No. 3,834,554, and thus the bar 32 is formed
      from a suitable bar stock (preferably made of a suitable grade of steel)
      of uniform transverse cross-sectional configuration throughout its length,
      its end 36 being suitably welded to handle portion 34, which in turn
      comprises a length 80 of suitable round stock having a rectilinear portion
      82 which defines the operating handle 84 of the assembly. The rectilinear
      portion 82 merges into open looped end portion 86 that defines the open
      eye 87 that is applied to the mounting device 61. As indicated in FIG. 9,
      the handle 84 and looped end 86 are in coplanar relation, and they are in
      coplanar relation with the bar 32, with the operating handle also being
      angled relative to the longitudinal axis of bar 32 approximately 20
      degrees.
PAR  The bar 42 of lock lifter section 40 is also formed from suitable bar stock
      (preferably a suitable grade of steel, as in the case of bar 32), and the
      lock lifter portion 46 comprises a length 90 of round stock shaped to
      define riser portion 92 having its end 94 suitably affixed to the end 44
      of the bar 42, as by welding, and its other end 96 merging into
      rectilinear extension portion 98 that in turn merges into the hook eye 48,
      all as described in said U.S. Pat. No. 3,834,554.
PAR  The tube 50, in accordance with this invention, is a one piece component
      suitably formed from a suitable high density type polymer having
      self-lubricating characteristics, such as polyethylene. It has been found
      that for purposes of this invention the so-called ultra high molecular
      weight polymers are required; one suitable material of this type is
      polyethylene having a molecular weight of at least 2,000,000. Other
      comparable materials may also be employed. The molecular weight should be
      at least 2,000,000 and no greater than about 10,000,000, as material
      having a molecular weight much above 10,000,000 becomes too difficult to
      work. The high molecular weight range specified insures the high strength
      wear resisting self-lubricating low coefficient of dynamic friction
      characteristics desired for this invention while at the same time
      providing a material that resists flow under significant unit pressures
      and yet is sufficiently workable in nature to permit formation, by
      extrusion or injection molding, of the product shape desired.
PAR  The tube 50 in shape is essentially quadrilateral in transverse
      cross-sectional configuration, in general conformity to the transverse
      cross-sectional configuration of the bar 32 it receives, and is of uniform
      cross-sectional thickness from one end to the other except at the location
      of the ridge or ledge 99. Where the tube 50 is extruded, the ridge 99 may
      be formed the full length of the tube 50 and then excised as necessary to
      apply the brackets 55 and 57 to same.
PAR  Alternately, the tube 50 may be extruded in uniform transverse
      cross-sectional shape throughout its length, without ridge 59, and the
      ridge 59 would then comprise a separate member suitably affixed to the
      tube 50 in the position indicated. In any event, the tube 50 is arranged
      so that either end of same may serve as the outboard end 63A.
PAR  The brackets 55 and 57 are of identical construction. As indicated in FIG.
      4, the bracket 55 comprises a clip element 100 of generally C-shaped
      transverse cross-sectional configuration comprising a pair of spaced
      apart, projecting end portions 102 and 104 that are in generally parallel
      relation and integral with a bight portion 106 that is proportioned to
      closely receive the tube 50. As indicated in FIG. 4, the clip ends 102 and
      104 are spaced apart to exceed the depth dimension of the lock lifter bar
      42 somewhat (a distance of about one-eighth of an inch is preferred), with
      the upper edge 108 of the bar 42 being placed in engagement with the clip
      end 102 and welded thereto as at 110. The bar 42 is also welded to the
      clip end 104 as at 112 with a spacing 114 resulting between the lower edge
      116 of the bar 42 and the clip end 104.
PAR  The bracket 57 comprises a clip element 120 having parallel spaced apart,
      projecting ends 122 and 124 which merge into bight portion 126 that is
      proportioned to closely receive the end 63B of the tube 50. The ends 122
      and 124 of the clip element 120 are spaced apart in the same manner as
      ends 102 and 104 of the clip element 106, with the lower edge 116 of the
      bar 42 being welded in engagement with the clip end 124, as at 128, and
      the clip end 122 being welded to the bar 42 as at 130, thereby leaving a
      space 132 between the clip end 122 and the bar upper edge 108.
PAR  The clip members 100 and 120 are of identical shape and construction, and,
      as indicated, they are shaped so that their respective bight portions 106
      and 126 closely receive and engage the respective ends of the tube to hold
      affixed against movement relative to the bar 42. Bracket 57 is first
      applied to the bar 42, after which the tube end 63B is inserted within the
      bracket 57, the bracket 55 applied to the tube end 63A and welded in place
      in the manner indicated in FIG. 4. This results in the canted positioning
      of the tube 50 relative to the bar 42 that overcomes the tendency of bars
      32 and 42 to "scissors" out of alignment as the assembly approachs full
      extension.
PAR  In the alternate form shown in FIGS. 7 and 8, the assembly 10A is the same
      as assembly 10 except that the bracket 55A, which is located at the
      outboard end of the lock lifter section bar 42, is removably mounted in
      place so that the tube 50 may be replaced if and when desired.
PAR  For this purpose, the bracket 55A comprises clip member 100 that is the
      same as the member 100 of FIG. 4, but has a mounting plate 140 fixed
      between its end portions 102 and 104, as by welding at 142 and 144,
      respectively.
PAR  The bar 42 has fixed to same, as by welding, a Nelson stud 150, which is
      received in slot 152 formed in mounting plate 140 when clip 100 of FIGS. 7
      and 8 is slipped over the end 63A of tube 50 and end 52 of bar 42, and
      against tube ridge 59, after which nut 154 applied to stud 150 against
      lock washer 156 removably secures bracket 55A in mounted position by
      loosening nut 150, bracket 55A may be moved endwise of the bar 42 to free
      the end 63A of the tube from the bar 42 for removal and replacement when
      desired.
PAR  It will thus be seen that the tube 50 is free of bonded engagement with
      either the lock lifter section bar 42 or the brackets that secure same to
      the bar 42, while, nevertheless, being firmly secured in place. The
      brackets 55 and 57 (or 55A and 57) are applied to the tube 50 to bring the
      ends 160 and 162 of the tube ridge 59 in substantial abutting relation
      thereto whereby the tube 50 is held against movement longitudinally of the
      bar 42 by the indexing action of the tube ridge 59.
PAR  The ultra high molecular weight, and thus high density polymeric material
      from which the tube 50 is formed, insures among other things a low
      coefficient of dynamic friction between the handle section bar 32 and the
      tube 50. While a wide variety of materials may be selected to form the
      tube 50, the high density material employed, in addition to being
      self-lubricating and having a molecular weight on the order of that
      indicated, preferably should be of the type that provides a coefficient of
      dynamic friction on the order of .02 between the surfacing of the bar 32
      and the tube 50, and polyethylene of the ultra high molecular weight type
      specified has a coefficient of friction relative to mild steel in the
      range of 0.12-0.20.
PAR  This together with the resistance to flow that the material making up tube
      50 has, insures that even though the tube 50 may be cocked somewhat
      relative to the bar 32, either longitudinally of the bar 32 or sidewise of
      same or both, the movement of the tube 50 longitudinally of the bar 32 due
      to coupler side swing remains smooth and unimpeded.
PAR  Tests have shown that assemblies 10 having a tube 50 of the type herein
      described may undergo up to 1,000,000 cycles or more (repeated extension
      and retraction of the assembly 10) without any significant galling or
      jamming of the parts involved occurring.
PAR  It is thus apparent that the invention not only provides a slideway forming
      arrangement for the take up and let out portion of the uncoupling lever
      that overcomes prior failure problems, but that the arrangement also
      accommodates minor misalignments of the lock lifter and uncoupling lever
      hook eye, as well as the tendency of the section bars of the particular
      uncoupling lever assembly illustrated from being subjected to the
      undesirable "scissors effect" due to gravity and the manner of their
      interconnection and cantilevered support at their respective opposite ends
      that is employed.
PAR  Another advantage of the invention is that the materials from which the
      tube is to be formed make the tube inert and impervious to petroleum
      products, and foreign materials that become interposed within the slideway
      tend to become embedded in the material forming the tube which thus avoids
      adverse effect of such foreign materials on the operation of the
      uncoupling lever. The self-lubricating characteristics of the material
      avoid the need to lubricate the uncoupling lever slideway 54 which avoids
      the safety problem that has been mentioned.
PAR  The foregoing description and the drawings are given merely to explain and
      illustrate the invention and the invention is not to be limited thereto,
      except insofar as the appended claims are so limited, since those skilled
      in the art who have the disclosure before them will be able to make
      modifications and variations therein without departing from the scope of
      the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an uncoupling lever device for a railroad car having a coupler
      mounted at one end thereof for side to side swinging movement and movement
      longitudinally of the car in response to buff and draft forces and
      including a lock lifter for uncoupling the coupler, with said uncoupling
      device including a lever assembly comprising a lock lifter section
      including a hook eye at one end thereof adapted to operatively engage the
      lock lifter for support by the coupler, and a handle section including a
      handle portion at one end thereof adapted to be pivotally secured to the
      car to one side of the end of the car to swing about a pivot point to move
      said hook eye portion to operate said lock lifter, for mounting the lever
      assembly in operative relation on the car, with the handle section
      comprising an elongate rectilinear bar of polygonal transverse
      cross-sectional configuration, with the handle portion being fixed to one
      end of said bar, and the lock lifter section comprising an elongate
      rectilinear bar having the hook eye affixed to one end of same, and with
      the lock lifter section bar adjacent the other end of same including an
      elongate slideway extending generally longitudinally same, and the handle
      section bar slidably received in said slideway in cranking relation to the
      lock lifter section bar for accommodating shifting action of the lock
      lifter section relative to the handle section on side to side swinging
      movement of the coupler, the improvement wherein:
PA1  said slideway comprises:
PA1  an elongate tube having a bore defining slideway surfacing thereabout
      formed from a high density polymer having self-lubricating
      characteristics,
PA1  said tube being open at either end of same for free travel of said lock
      lifter section slideway longitudinally of said handle section bar to, on
      movement of said lock lifter section bar toward the handle portion,
      dispose the other end of said handle section bar exteriorly of said
      slideway at the hook eye end of same for accommodating contraction of said
      device under coupler swing when the coupler swings toward said handle
      portion,
PA1  said bars being formed for free travel of said lock lifter section bar
      relative to said handle section bar, on said movement to project said
      other end of said handle section bar from said slideway, to adjacent said
      one end of said lock lifter section bar, and for free travel of said
      slideway lengthwise of said handle section bar,
PA1  said bars being proportioned to dispose said other end of said handle
      section bar intermediate said one end of said lock lifter section bar and
      the slideway inboard end when the coupler is centered relative to the car,
PA1  and means for fixing said tube to said lock lifter section bar against
      movement longitudinally of said lock lifter section bar, with said tube
      being free of bonded connection to said lock lifter section bar.
NUM  2.
PAR  2. The improvement set forth in claim 1 wherein:
PA1  said tube bore is proportioned relative to said handle section bar to
      accommodate limited tilting of said tube relative to said handle section
      bar, sidewise of said bars, for accommodating fitting of the lock lifter
      section hook eye on the coupler lock lifter.
NUM  3.
PAR  3. The improvement set forth in claim 1 wherein:
PA1  said tube is in tilted relation, longitudinally of said lock lifter section
      bar, for disposing said bars in substantially parallel relation, when the
      lever assembly is in extended relation, against the action of gravity on
      said bars when the lever assembly is in operative relation on the car.
NUM  4.
PAR  4. The improvement set forth in claim 1 wherein said fixing means
      comprises:
PA1  a bracket adjacent either end of said tube,
PA1  means for making said brackets fast to said lock lifter section bar,
PA1  said brackets being formed to slidably receive the respective ends of said
      tube,
PA1  said tube being formed with a centering ridge extending longitudinally
      thereof and between said brackets for maintaining said tube against
      shifting movement, longitudinally thereof, relative to said brackets.
NUM  5.
PAR  5. The improvement set forth in claim 1 wherein:
PA1  said tube is of one piece construction formed from said polymer.
NUM  6.
PAR  6. The improvement set forth in claim 4 wherein:
PA1  said brackets each comprise a clip of substantially C-shaped configuration,
PA1  said means for making said brackets fast to said lock lifter section bar
      comprising:
PA1  said clips having their respective ends secured to said lock lifter section
      bar wtih the bight portions of said clips receiving the respective ends of
      said tube.
NUM  7.
PAR  7. The improvement set forth in claim 6 wherein:
PA1  said clips ends are permanently fixed to said lock lifter section bar.
NUM  8.
PAR  8. The improvement set forth in claim 6 wherein:
PA1   one of said clips is removably secured to said lock lifter section bar for
      removably mounting said tube on said lock lifter section bar.
NUM  9.
PAR  9. The improvement set forth in claim 6 wherein:
PA1  said clips are secured to said lock lifter section bar in offset relation
      relative to the longitudinal axis of said bar to angularly mount said tube
      on said lock lifter bar for disposing said bars in substantially parallel
      relation, when the lever assembly is inextended relation, against the
      action of gravity on said bars when the lever assembly is in operative
      relation on the car.
NUM  10.
PAR  10. The improvement set forth in claim 4 wherein:
PA1  said handle section bar is on the side of said lock lifter section bar that
      is to face the car,
PA1  said tube being on the side of said lock lifter section bar that is to face
      the car,
PA1  said tube centering ridge projecting away from said side of said lock
      lifter section bar.
NUM  11.
PAR  11. In a railroad car adapted to ride on track rails and having a coupler
      mounted at one end thereof for side to side swinging movement and movement
      longitudinally of the car in response to buff and draft forces and
      including a lock lifter for uncoupling the coupler, and an uncoupling
      device including a lever assembly comprising a lock lifter section
      including a hook eye at one end thereof operatively engaging the lock
      lifter and supported by the coupler for pivotal movement about a pivot pin
      point lift the lock lifter to uncouple the coupler, and a handle section
      including a handle portion at one end thereof pivotally secured to the car
      to one side of the end of the car to swing about a pivot point to move
      said hook eye portion to operate said lock lifter for mounting the lever
      assembly in operative relation on the car, with the handle section
      comprising an elongate rectilinear bar of polygonal transverse
      cross-sectional configuration, with the handle portion being fixed to one
      end of said bar, and the lock lifter section comprising an elongate
      rectilinear bar having the hook eye affixed to one end of same, and with
      the lock lifter section bar adjacent the other end of same including an
      elongate slideway extending generally longitudinally of same, and the
      handle section bar slidably received in said slideway in cranking relation
      to the lock lifter section bar for accommodating shifting action of the
      lock lifter section relative to the handle section on side to side
      swinging movment of the coupler, the improvement wherein:
PA1  said slideway comprises:
PA1  an elongate tube having a bore defining slideway surfacing thereabout
      formed from a high density polymer having self-lubricating
      characteristics,
PA1  said tube being open at either end of said for free travel of said lock
      lifter section slideway longitudinally of said handle section bar to, on
      movement of said lock lifter section bar toward the handle portion,
      dispose the other end of said handle section bar exteriorly of said
      slideway at the hook eye end of same for accommodating contraction of said
      device under coupler swing when the coupler swings toward said handle
      portion,
PA1  said bars being formed for free travel of said lock lifter section bar
      relative to said handle section bar, on said movement to project said
      other end of said handle section bar from said slideway, to adjacent said
      one end of said lock lifter section bar, and for free travel of said
      slideway lengthwise of said handle section bar,
PA1  said bars being proportioned to dispose said other end of said handle
      section bar intermediate said one end of said lock lifter section bar and
      the slideway inboard end when the coupler is centered relative to the car,
PA1  and means for fixing said tube to said lock lifter section bar against
      movement longitudinally of said lock lifter section bar, with said tube
      being free of bonded connection to said lock lifter section bar.
NUM  12.
PAR  12. The improvement set forth in claim 11 wherein:
PA1  said tube bore is proportioned relative to said handle section bar to
      accommodate limited tilting of said tube relative to said handle section
      bar, sidewise of said bars, for accommodating fitting of the lock lifter
      section hook eye on the coupler lock lifter.
NUM  13.
PAR  13. The improvement set forth in claim 11 wherein:
PA1  said tube is in tilted relation, longitudinally of said lock lifter section
      bar, for disposing said bars in substantially parallel relation, when the
      lever assembly is in extended relation, against the action of gravity on
      said bars when the lever assembly is in operative relation on the car.
NUM  14.
PAR  14. The improvement set forth in claim 11 wherein said fixing means
      comprises:
PA1  a bracket adjacent either end of said tube,
PA1  means for making said brackets fast to said lock lifter section bar,
PA1  said brackets being formed to slidably receive the respective ends of said
      tube,
PA1  said tube being formed with a centering ridge extending longitudinally
      thereof and between said brackets for maintaining said tube against
      shifting movement, longitudinally thereof, relative to said brackets.
NUM  15.
PAR  15. The improvement set forth in claim 1 wherein:
PA1  said polymer is of the ultra high molecular weight type having a molecular
      weight of at least 2,000,000.
NUM  16.
PAR  16. The improvement set forth in claim 1 wherein:
PA1  said handle section bar is formed from steel,
PA1  said slideway surfacing having a dynamic coefficient of friction on said
      handle section bar on the order of 0.02.
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PAL  A mechanical turning device for structural shapes has a hollow power driven
      shaft supported on the end of a frame. Turning jaws are located on the end
      of an extension shaft which fits inside the hollow shaft and rotates with
      it and is moved in and out by an air cylinder. The device is wheeled into
      position at the end of a beam, the air cylinder actuated to move the jaws
      out to engage the beam end, the shaft rotated to the desired position and
      the jaws are then retracted.
BSUM
PAR  This invention relates to apparatus for rotating a shape about its
      longitudinal axis and more particularly to a portable device for
      mechanically turning a beam on the hot bed of a structural rolling mill.
PAR  It is frequently necessary to turn a structural steel shape about its
      longitudinal axis while on the hot bed of a structural rolling mill. This
      operation is usually performed manually with a long bar having two
      projections on one end, commonly called an F-wrench. A part of the section
      of the structural shape is inserted between the two projections of the
      F-wrench and the structural shape is then manually rotated with the
      leverage of the F-wrench. Structural shapes may be heavy, for example, a
      60 foot, 10 inch I beam, and it is possible while turning a shape for the
      shape to flip the wrench and jerk it from the grasp of the operator. If
      the operator loses his grip and does not stand clear of the wrench travel,
      he may be struck by the wrench. The wrench could also fly from his grasp
      and endanger others.
PAR  It is therefore an object of my invention to provide an apparatus for
      mechanically turning a structural shape.
PAR  Another object of my invention is to provide apparatus for turning a
      structural shape that is safe to operate.
DRWD
PAR  These and other objects will be more apparent after referring to the
      following specification and drawings in which:
PAR  FIG. 1 is a partial plan view of the preferred embodiment of my invention,
PAR  FIG. 2 is a partial elevational view of the preferred embodiment of my
      invention, and
PAR  FIG. 3 is an end view of the turning jaws.
DETD
PAR  Referring now to the drawings in which like reference numerals refer to
      like parts throughout, reference numeral 2 indicates a tubular frame
      member supported on two rear wheels 4 and two vertically adjustable front
      wheels 6. Wheels 6 are mounted on a wheel bracket 8 connected to frame 2
      at a pivot 10. A first trunnion 12 mounted on wheel bracket 8 and a second
      trunnion 14 mounted on frame 2 have screw threads in opposite directions
      and adapted to raise and lower the front end of frame 2 with rotation of a
      threaded crank 16 fitting in trunnions 12 and 14. Frame 2 has a pair of
      upwardly and rearwardly extending right and left handles 18.
PAR  An air supply conduit 20 is mounted on the rear of frame 2 and has a hose
      connection fixture 22 on the inlet end. The other end of conduit 20
      connects to a compressed air motor or wrench 24 such as an Ingersoll-Rand
      Multi Vane Air Drill No. R44SE. Conduit 20 supports one end of motor 24 by
      connection to a frame cross bracket 26. A first control handle 28 on right
      handle 18 connects through a linkage 30 to a spring loaded control valve
      32 in conduit 20. Motor 24 has a directional control knob 34.
PAR  A corner plate 36 is attached inside each side of frame 2 at the forward V
      of the frame. Plates 36 each have a cut out 38. Mounted along the outside
      of each corner plate in axial alignment is a short length of threaded pipe
      40 and a long length of threaded pipe 42. A screw 44 is threaded to fit
      inside pipes 40 and 42 projecting rearward from pipe 42. Nuts 46,
      accessible through cutout 38, hold screw 44 in place. A screw conveyor
      hanger bearing 48 is held in place on the end of the screw 44 on the right
      side by a jam nut 50. An eye 52 is held in place on the end of the screw
      44 on the left side by another jam nut 50. A knock out shaft 54,
      surrounded by a hollow pin 56, holds the left side of motor 24 to frame 2
      by a nut 58. A tapered shaft 60 connects the right side of motor 24 to
      bearing 58 and has a drive sprocket 62 keyed to its outside end. A screw
      conveyor hanger bearing 64 is attached to the forward end of each pipe 42
      by a screw 66 and held in place by a jam nut 68. A drive shaft 70 is
      supported in bearings 64, has a hollow hexagonal shaped center 72 and a
      sprocket 74 on the right outer end. A drive chain 76 extends around
      sprockets 62 and 74. A fork assembly 78 has a set of turning jaws 80 on
      one end projecting outwardly from the left side of frame 2, an annular
      groove 82 adjacent jaws 80 and a hexagonal shaped extension shaft 84
      adapted to move longitudinally inside the hexagonal center 72 of shaft 70
      and to be rotated by shaft 70. A bracket 86 attached to plate 36 on the
      right side holds a chain guard mounting plate 88. A plurality of pipe
      spacers 90 secures a chain guard 92 to mounting plate 88.
PAR  An air supply by pass line 94 is connected to conduit 20 between valve 32
      and coupling 22 to a positioning control valve 96 through a regulator 98.
      A second control handle 100 on left handle 18 connects through a linkage
      102 to valve 96. A spring 104 holds handle 100 in the "retract" position
      106 when no external force is applied to handle 100. Handle 100 may move
      valve 96 to a "neutral" position 108 or to an "extend" position 110. An
      "extend" supply line 112 connects valve 96 to the right end of an air
      cylinder 114 through a flow control valve 116. A "retract" supply line 118
      connects valve 96 to the left end of air cylinder 114 through a flow
      control valve 120. A piston 122 inside cylinder 114 has a rod 124
      connected to a fork 126 and cap 128 surrounding shaft 70 is groove 82. An
      exhaust muffler 130 is connected to valve 96 by an exhaust line 132.
PAR  To operate my device for turning structural shapes, the device is wheeled
      to position adjacent the end of the beams which are normally roughly
      aligned on the hot bed. Crank 16 is rotated until jaws 80 are the desired
      height to engage the beam ends. A hose 134, connected to a suitable source
      of compressed air 136, is connected to coupling 22. The source should be
      that required for air motor 24 and then regulator 98 is adjusted to
      compensate for the smaller air requirements of cylinder 114. Regulator 98
      also acts to smooth out any irregularities in the air supply. The jaws 80
      are aligned with the beam to be turned and the second control handle 100
      fully depressed to position 110. This exhausts air from the left side of
      the cylinder through line 132 at the neutral position and then applies air
      pressure to the right side of cylinder 114 extending jaws 80 outwardly to
      engage, for example, the web of an I beam. The lever may then be released
      to the neutral position 108 which exhausts air from the right side of the
      cylinder through line 132 and jaws 80 therefore remain in the extended
      position. Control valves 116 and 120 provide a dampering or cushioning
      effect to the air flow to cylinder 114 and prevent slamming of jaws 80.
      The first control handle 28 is then depressed to open valve 32 against a
      spring bias supplying air to motor 24. Motor 24 rotates shaft 60, sprocket
      62, driving chain 76 and sprocket 74, rotating shaft 72, extension shaft
      84 and jaws 80 to rotate the beam as desired. Handle 28 is then released
      and the spring bias turns valve 32 off to stop rotation. Handle 100 is
      then released to move it to the retract position 110 whereupon air travels
      in line 118 to cylinder 114 to move piston 122 to the right disengaging
      jaws 80 from the beam. The operation may then be repeated by repositioning
      the device for the next beam to be turned.
PAR  It is preferred that shaft 70 rotate in a counter clockwise direction (FIG.
      2) so that the torque of turning operates against the device. However, the
      direction may be reversed by resetting direction control 34. Adjustable
      height wheels 6 may be omitted where it is possible for the operator to
      balance the device on wheels 8 but the direction of rotation should then
      be only counter clockwise.
PAR  While my apparatus has been described as operated by compressed air,
      obviously the device may be operated by other fluids or may be powered
      electrically. It is also apparent that other adaptations and modifications
      may be made to my invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mechanical turning device for structural shapes comprising
PA1  a frame member,
PA1  a pair of spaced apart bearings mounted on one end of the frame and with
      one bearing on one side of the frame and the other bearing on the other
      side of the frame,
PA1  a hollow drive shaft supported to rotate in the bearings,
PA1  an extension shaft fitting inside the hollow drive shaft and adapted for
      rotation with the drive shaft and for longitudinal movement with respect
      to the drive shaft,
PA1  turning jaws mounted on the end of the extension shaft for engaging the end
      of a structural shape,
PA1  means connected to the drive shaft for rotating the drive shaft selectively
      in either direction of rotation to a desired angle of rotation,
PA1  means connected to the extension shaft for selectively moving the extension
      shaft longitudinally with respect to the drive shaft, and
PA1  a pair of wheels and a supporting axle mounted on the frame for movement of
      the device to a position for engaging the end of a structural shape.
NUM  2.
PAR  2. A device according to claim 1 in which the means for rotating the drive
      shaft includes a drive motor mounted on the frame, a control handle
      connected to the motor and mounted on the other end of the frame for
      controlling the motor, and power transmission means connecting the motor
      to the drive shaft.
NUM  3.
PAR  3. A device according to claim 2 in which the means for moving the
      extension shaft includes an air cylinder mounted on the frame and having a
      double acting piston, control means connected to the cylinder and means
      connecting the piston to the extension shaft for longitudinal movement of
      the extension shaft upon movement of the piston.
NUM  4.
PAR  4. A device according to claim 3 which includes a vertically adjustable
      pair of wheels and supporting axle mounted on the frame.
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ABST
PAL  A machine for feeding into a stack and removing from a stack baking pans
      and the like wherein there is provided a transfer conveyor, a pan carrier,
      a pan dropping mechanism for sequentially separating baking pans from the
      transfer conveyor and depositing the baking pans on the pan carrier, a pan
      lifting mechanism for sequentially lifting baking pans from the pan
      carrier and engaging the baking pans with the transfer conveyor. The
      carrier drive mechanism disclosed drives the pan carrier upwardly toward
      the transfer conveyor during unstacking and downwardly away from the
      transfer conveyor during stacking. A control mechanism is disclosed for
      selectively operating the transfer conveyor in a pan unstacking mode and
      in a pan pass-through mode and in a pan stacking mode.
PAL  A complete system for feeding baking pans and the like upon demand to a
      process station is shown including a process station, a baking pan
      handling station, sensing mechanism and control mechanism.
BSUM
PAR  This invention relates to a system and the mechanism disclosed therein for
      feeding baking pans and the like upon demand to a process station and more
      particularly to a mechanism selectively operable in a pan unstacking mode
      and in a pan pass-through mode in a pan stacking mode.
PAR  It is an important object of the present invention to provide a machine for
      feeding into a stack and removing from a stack baking pans and the like,
      the machine comprising a transfer conveyor for conveying baking pans, a
      pan carrier mounted below the transfer conveyor in position to receive a
      pan dropped therefrom, a pan dropping mechanism for sequentially
      separating baking pans from the transferr conveyor and sequentially
      depositing the baking pans upon the pan carrier to form a stack of pans
      thereon, a pan lifting mechanism for sequentially lifting baking pans from
      the pan carrier and sequentially engaging the baking pans with the
      transfer conveyor, carrier drive mechanism for moving the pan carrier
      upwardly and toward the transfer conveyor as pans are unstacked from the
      pan carrier and onto the transfer conveyor and for moving the pan carrier
      downwardly and away from the transfer conveyor as baking pans are stacked
      on the pan carrier from the transfer conveyor, and a control mechanism for
      selectively and sequentially operating the transfer conveyor and the pan
      dropping mechanism and the pan lifting mechanism and the carrier drive
      mechanism in a baking pan unstacking mode and in a baking pan pass-through
      mode and in a baking pan stacking mode, the control mechanism in the
      baking pan unstacking mode thereof causing the pan lifting mechanism to
      operate sequentially to lift baking pans from the carrier and sequentially
      engage the baking pans and the transfer conveyor as the carrier drive
      mechanism sequentially moves the pan carrier upwardly and toward the
      transfer conveyor, the control mechanism in the pass-through mode thereof
      causing the transfer conveyor to carry the baking pans past the pan
      carrier, the control mechanism in the stacking mode thereof causing the
      pan dropping mechanism to operate sequentially to separate baking pans
      from the transfer conveyor and sequentially deposit the baking pans upon
      the carrier as the pan carrier drive mechanism sequentially moves the pan
      carrier downwardly and away from the transfer conveyor.
PAR  Another object of the present invention is to provide a machine of the type
      set forth wherein an infeed conveyor is provided for conveying baking pans
      to the transfer conveyor and an outfeed conveyor is provided for conveying
      baking pans away from the transfer conveyor.
PAR  Still another object of the present invention is to provide a machine of
      the type set forth wherein the transfer conveyor includes magnetic means
      for holding a baking pan for transport by the conveyor and the pan lifting
      mechanism is magnetic.
PAR  Yet another object of the present invention is to provide a machine of the
      type set forth which includes mechanism for breaking magnetic coupling
      between the conveyor and the baking pan to drop the baking pan onto the
      pan carrier to form a stack thereon and a shiftable magnet mounted
      adjacent to the conveyor and movable toward and away from the pan carrier
      and magnet drive mechanism for moving the shiftable magnet between a first
      position adjacent to the pan carrier and a second position adjacent to the
      conveyor, the shiftable magnet in the first position thereof magnetically
      coupling to a baking pan upon the pan carrier and in the second position
      thereof placing the baking pan on the conveyor in position for coupling to
      the magnetic means of the conveyor.
PAR  A further object of the present invention is to provide a machine of the
      type set froth including a stop member mounted adjacent to the conveyor
      and movable between a retracted position and a stop position and a stop
      member drive mechanism for moving the stop member between the retracted
      position wherein the stop member is out of the path of the baking pans on
      the conveyor and the stop position wherein the stop member stops baking
      pans in registry with the pan carrier.
PAR  A still further object of the present invention is to provide a machine for
      feeding into a stack and removing from a stack baking pans and the like
      including a magnetizable portion, the machine comprising a conveyor having
      a lower reach and including magnetic means for magnetically coupling to a
      baking pan to hold the baking pan beneath the lower reach of the conveyor
      for transport thereby, the magnetic means including two stationary
      portions spaced apart a distance at least equal to about the dimension of
      a baking pan in the direction of travel of the conveyor and a shiftable
      magnet disposed in the gap between the stationary portions, magnet drive
      mechanism for moving the shiftable magnet between a central position
      disposed adjacent to the lower reach and an up position disposed well
      above the lower reach and a down position disposed well below the lower
      reach, the shiftable magnet in the central position thereof cooperating
      with the stationary magnet portions to convey a baking pan upon the
      conveyor from one of the stationary portions across the shiftable magnet
      and on to the other stationary portions and in the up position thereof
      being spaced from a baking pan on the lower reach a distance such as to
      break the magnetic coupling therewith, a pan carrier mounted below the
      lower reach and in vertical registry with the shiftable magnet to receive
      a pan dropped from the conveyor, a stop member mounted adjacent to the
      conveyor and movable between a retracted position out of the path of a
      baking pan on the lower reach and a stop position in the path of a baking
      pan on the lower reach, stop member drive mechanism for moving the stop
      member between the retracted position and the stop position wherein the
      stop member stops baking pans in registry with the pan carrier, carrier
      drive mechanism for moving the pan carrier upwardly and toward the
      conveyor as pans are stacked on the pan carrier, and control mechanism for
      selectively operating the conveyor and the magnet drive mechanism and the
      stop member drive mechanism and the carrier drive mechanism in a baking
      pan unstacking mode in a baking pan pass-through mode and in a baking pan
      stacking mode, the control mechanism in the baking pan unstacking mode
      thereof causing the stop member drive mechanism to hold the stop member in
      the retracted position thereof and causing the magnet drive mechanism to
      shift the permanent magnet between the down position thereof and the
      central position thereof sequentially to engage baking pans on the pan
      carrier and to lift the baking pans from the pan carrier onto the conveyor
      and into conveying relationship therewith, the control mechanism in the
      pass-through mode thereof causing the stop member drive mechanism to hold
      the stop member in the retracted position thereof and causing the magnet
      drive mechanism to hold the shiftable magnet in the central position
      thereof so that the conveyor carries baking pans therealong and past the
      pan carrier, the control mechanism in the stacking mode thereof causing
      the stop member drive mechanism to move the stop member into the stop
      position thereof and sequentially to operate the magnet drive mechanism to
      shift the magnet from the central position thereof to the up position
      thereof when a baking pan strikes the stop member to drop the baking pan
      from the conveyor upon the pan carrier after which the pan carrier drive
      mechanism moves the pan carrier downwardly and away from the conveyor.
PAR  Yet another object of the present invention is to provide a machine for
      feeding into a stack baking pans and the like including a magnetizable
      portion, such machine comprising a conveyor including magnetic means for
      magnetically coupling to a baking pan to hold the baking pan on the
      conveyor for transport thereby, a pan carrier mounted below the conveyor
      in position to receive a pan dropped therefrom, a stop member mounted in
      the path of a baking pan on the conveyor to stop the baking pan in
      registry with the pan carrier, mechanism for breaking the magnetic
      coupling between the conveyor and the baking pan to drop the baking pan
      onto the pan carrier to form a stack thereon and carrier drive mechanism
      for moving the pan carrier downwardly and away from the conveyor as baking
      pans are stacked on the pan carrier from the conveyor.
PAR  A still further object of the present invention is to provide a machine for
      removing from a stack baking pans and the like, the machine comprising a
      transfer conveyor for conveying baking pans, a pan carrier mounted below
      the transfer conveyor in position to have a baking pan lifted therefrom, a
      pan lifting mechanism for sequentially lifting baking pans from the pan
      carrier and sequentially engaging the baking pans with the transfer
      conveyor, and carrier drive mechanism for moving the pan carrier upwardly
      toward the transfer conveyor as baking pans are lifted from the pan
      carrier to the conveyor.
PAR  Yet another object of the present invention is to provide a system for
      feeding baking pans and the like upon demand to a process station, the
      system comprising a baking pan handling station selectively operable in a
      pan unstacking mode and a pan pass-through mode and in a pan stacking
      mode, a first conveyor means for conveying baking pans from the outlet of
      the pan handling station to the process station, a second conveyor means
      for conveying baking pans to the inlet of the pan handling station,
      sensing mechanism adjacent to the process station for sensing a demand for
      baking pans thereat, and control mechanism responsive to sensing by the
      sensing mechanism for selectively and sequentially operating the pan
      handling station in the pan unstacking mode in the pan pass-through mode
      and in the pan stacking mode, the pan handling station in the pan
      unstacking mode thereof causing pans to be unstacked therefrom and
      conveyed by the first conveyor means to the process station, the pan
      handling station in the pan pass-through mode thereof causing pans to be
      passed thereby from the first conveyor means to the second conveyor means,
      the pan handling station in the pan stacking mode thereof causing pans
      conveyed thereto by the second conveyor means to be stacked thereat.
PAR  Still another object of the present invention is to provide a system of the
      type set forth in which the baking pan handling station is selectively
      operable in a pan unstacking mode and in a pan pass-through mode.
DRWD
PAR  The invention both as to its organization and method of operation, together
      with further objects and advantages thereof, will best be understood by
      reference to the following specification taken in connection with the
      accompanying drawings in which:
PAR  FIG. 1 is a side elevational view of the present invention with the infeed
      conveyor disposed on the left hand side of the figure and showing a stack
      of pans in position to be unstacked;
PAR  FIG. 2 is a side elevational view of the machine disclosed in FIG. 1 having
      the infeed conveyor on the right side of the drawing;
PAR  FIG. 3 is a perspective view of the machine shown in FIG. 1, particularly
      illustrating the frame elements of the machine and particularly showing
      the movement of the pan elevator;
PAR  FIG. 4 is a view in horizontal section of the machine shown in FIG. 1 as
      viewed along lines 4--4 thereof;
PAR  FIG. 5 is a longitudinal sectional view partly in section of the machine
      shown in FIG. 4 taken along lines 5--5 thereof;
PAR  FIG. 6 is a view in vertical section partly in section of the machine shown
      in FIG. 4 as viewed along lines 6--6 thereof;
PAR  FIG. 7 is a longitudinal sectional view paratly in section of the machine
      shown in FIG. 4 as viewed along lines 7--7 thereof;
PAR  FIG. 8 is an enlarged side elevational view of the machine shown in FIG. 1
      particularly illustrating the transfer conveyor portion thereof;
PAR  FIG. 9 is a top plan view of the machine shown in FIG. 8;
PAR  FIG. 10 is an elevational view partly in section of the machine shown in
      FIG. 9 as viewed along lines 10--10 thereof;
PAR  FIG. 11 is a view in vertical section of the machine shown in FIG. 9 as
      viewed along lines 11--11 thereof;
PAR  FIG. 12 is a view in vertical section of the machine shown in FIG. 9 as
      viewed along lines 12--12 thereof;
PAR  FIG. 13 is a schematic view of the transfer mechanism and elevator of the
      present invention in the pan unstacking mode thereof;
PAR  FIG. 14 is a schematic view of the transfer mechanism and elevator of the
      present invention in the pan pass-through mode thereof;
PAR  FIG. 15 is a schematic view of the transfer mechanism and elevator of the
      present invention in the pan stacking mode thereof;
PAR  FIGS. 16 to 20 are simplified schematic views of the machine of the present
      invention in the pass-through mode thereof, the stacking mode thereof, the
      unstacking mode thereof and the pass-through mode thereof, particularly
      illustrating a complete operative cycle of the machine;
PAR  FIG. 21 is a schematic diagram of the electrical control circuit for the
      system of the present invention.
DETD
PAR  Referring now to FIGS. 1 to 3 and 8-10, there is disclosed a baking pan
      stacker-unstacker 100 for transporting baking pans 50 from an infeed
      conveyor 120 to an outfeed conveyor 130, the stacker-unstacker being
      selectively operable in a stacking mode thereof to stack the baking pans
      50 into a stack 60 and in an unstacking mode thereof to unstack individual
      baking pans from the stack and in a pass-through mode thereof to pass the
      baking pans from the infeed conveyor to the outfeed conveyor. More
      particularly, the stacker-unstacker 100 includes a main frame 101
      comprised of a base member 102 adapted to lie on a support surface such as
      the floor or the like. At the corners of the base member 102 there are
      provided four uprights 103, 104, 105 and 106 extending vertically upwards
      of the base. The uprights 103 and 105 are interconnected by a horizontally
      disposed top frame member 107, the uprights 103 and 104 are interconnected
      by a horizontally disposed top frame member 108; the uprights 104 and 106
      are interconnected by a horizontally disposed top frame member 109; and
      the uprights 106 and 105 are connected by a horizontally disposed top
      frame member 110. There is further provided a cross frame member 111
      interconnecting the upright 103 with the upright 105 and a cross frame
      member 112 interconnecting the upright 103 with the upright 104 and a
      cross frame member 113 interconnecting the upright 104 with the upright
      106 and a cross frame member 114 interconnecting the upright 106 with the
      upright 105. Parallel to the cross frame member 112 but closer to the base
      102 there is disposed a cross frame member 115 interconnecting the upright
      103 with the upright 104 and parallel to the cross frame member 114 and in
      the same plane as the cross member 115 is a cross frame member 116
      interconnecting the upright 105 with the upright 106.
PAR  The pan infeed conveyor 120 includes two parallel and spaced apart frame
      members 121 having two shafts 122 journaled for rotation therein, the
      shafts 122 being longitudinally spaced apart. Each of the shafts 122 has a
      sheave 123 thereon around which passes an endless belt 125, the infeed
      conveyor transporting pans 50 in the direction of the arrow 128.
PAR  The outfeed conveyor 130 includes two spaced apart frame members 131
      supporting two longitudinally spaced apart shafts 132 journaled for
      rotation with respect thereto. Each of the shafts 132 has a sheave 133
      positioned thereon supporting an endless belt 135, the outfeed conveyor
      transporting pans 50 in the direction shown by the arrow 138.
PAR  There is further provided a transfer conveyor 140 having a frame 141 which
      includes two longitudinally spaced apart and parallel end members 142 and
      143 interconnected by two longitudinally extending and horizontally spaced
      apart longitudinal members 144 and 145, the longitudinal members 144 and
      145 resting upon and fixedly secured to the end members 142 and 143. Each
      of the frame members hereinbefore described is preferably hollow and
      square in transverse cross section.
PAR  The transfer conveyor 140 includes a motor mounting plate 146 fixedly
      secured to the longitudinal member 145 and a cross member 147
      interconnecting the members 144 and 145 adjacent to the outfeed conveyor
      130. As seen particularly in FIG. 2, there is disposed a sprocket 149
      between the motor mounting plate 146 and the outfeed conveyor 130.
PAR  Two spaced apart endless belts 150 are supported by two spaced apart
      horizontally spaced apart pulleys 151 adjacent to the infeed conveyor 120
      and two horizontally spaced apart pulleys 152 adjacent to the outfeed
      conveyor 130, the pulleys 151 and 152 being aligned so as to provide two
      spaced apart endless belts 150 in alignment with the infeed conveyor 120
      and the outfeed conveyor 130. Each of the pulleys 151 is mounted on a
      shaft 153 and each of the pulleys 152 is mounted on a shaft 154, the
      shafts 153 and 154 being suitably journaled for rotation with respect to
      the frame 141. A drive motor 155 is connected to a gear reducer 156 which
      is supported by the motor mounting plate 146, the gear reducer having an
      output shaft 157 extending therefrom. A sprocket 158 is fixedly mounted on
      the shaft 157 and is interconnected to the sprocket 149 which is mounted
      on the shaft 154 by means of a chain 159, thereby interconnecting the
      motor 155 with the endless belts 150.
PAR  Referring now to FIGS. 9-11, a permanent magnet 160 is mounted intermediate
      the endless belts 150 and extends from near the pulleys 151 toward the
      center of the transfer conveyor 140, also see FIG. 1, the magnet 160 being
      positioned between four spaced apart guide channels 161 which also serve
      to guide the endless belts 150. Two spaced apart return rollers 162 are
      positioned on either side of the central return roller 163 all of which
      are positioned on a shaft 164 mounted on the frame members 144 and 145,
      the return rollers supporting the endless belts 150 in the upper reach of
      their path. A second fixed magnet 165 is positioned intermediate the two
      endless belts 150 near the pulleys 152 and also extends toward the center
      of the transfer conveyor 140. Both the magnets 160 and 165 are fixedly
      connected to the frame 141 and extend respectively from the infeed end and
      the outfeed end toward the center of the transfer conveyor 140 and
      terminate so as to leave a central opening therebetween.
PAR  A shiftable magnet 170 is positioned in a magnet housing 171, which as may
      be seen in FIGS. 1-2 and 8 through 11, is mounted on four arms 172, two of
      the arms 172 being positioned near each end of the magnet housing 171 and
      extending upwardly therefrom. Connected to the two arms 172 near the end
      of the magnet 170 adjacent to the magnet 165 are two crank arms 173 which
      in turn are connected to two crank arms 174, the crank arms 174 and 173
      being pivotally connected as at 175 and the arms 173 and 172 being
      pivotally connected as at 176. A tie rod 177 is pivotally connected to the
      two parallel crank arms 174 by a pivot shaft 178 and is also pivotally
      connected to a shaft 179 at the other end of the tie rod.
PAR  A motor 180 for the shiftable magnet 170 is provided in the form of an air
      cylinder having a piston 180a, the motor being pivotally connected to the
      mechanism hereinafter described at points 181 and 182. Two spaced apart
      crank arms 183 are each connected to a respective one of the arms 172 at
      the end of the magnet housing 171 near the magnet 160. The crank arms 183
      are each connected to a respective one of two crank arms 184, the crank
      arms 184 being connected to the crank arms 183 by two pivots 185 and the
      crank arms 183 being connected to the arms 172 by two pivots 186. The
      cranks arms 184 are interconnected by the pivot shaft 179 thereby
      pivotally to connect the crank arms 184 to the tie rod 177. The crank arms
      184 are also pivotally connected to the motor 180 and more particularly to
      the piston 180a thereof as at 181. A lever 187 is pivotally mounted to the
      frame 141 by a pivot 188, the lever 187 also being pivotally mounted to
      the motor 180 by the pivot 182.
PAR  A stacking-unstacking motor 190 is provided in the form of an air cylinder
      having a piston 190a extending therefrom, which piston is pivotally
      connected by a pivot 191 to the lever 187. The motor 190 is also pivotally
      connected to a support 192 by a pivot shaft 193, the support 192 being in
      the form of spaced apart upwardly extending members interconnected by a
      cross member 194, which cross member 194 is connected to the support 192
      by means of a slant support 195.
PAR  A pan stop mechanism 200 is provided wherein two spaced apart stop members
      201 are fixedly connected to an arm 202, which arm 202 is pivoted as at
      203 to a link 204 which in turn is pivotally mounted on a shaft 207. The
      shaft 207 is supported by a subframe 205 having a block 206 extending
      downwardly therefrom. A pan stop motor 210 is pivotally mounted on the
      subframe 205 by a pivot 211, the motor 210 having a shaft 210a pivotally
      connected to the arm 202 as at 212.
PAR  Referring now to FIGS. 1-2 and 8 through 10, there is shown a motor 220 for
      adjusting the height of the frame 141. There are also provided four screw
      shafts, one in each of the uprights of the frame 101, the screw shaft 221
      extending upwardly from the upright 103, the shaft 222 extending upwardly
      from the upright 104, the shaft 223 extending upwardly from the upright
      105 and the shaft 224 extending upwardly from the upright 106. Each of the
      screw shafts is provided with a flange bearing, the shaft 221 being
      provided with the flange bearing 225, the shaft 222 being provided with
      the flange bearing 226, the shaft 223 being provided with the flange
      bearing 227 and the shaft 224 being provided with the flange bearing 228.
      It is seen, therefore, that the end members 142 and 143 of the frame 141
      are connected to the flange bearings 225 through 228 and are movable
      therewith along the respective ones of the threaded shafts 221 to 224
      thereby to raise and lower the transfer conveyor 140 with respect to the
      frame 101.
PAR  A gear reducer 229 is connected to the motor 220 and has an output shaft
      230 extending therefrom. A sprocket 231 is fixedly mounted on the output
      shaft 230 of the gear reducer 229 and is connected by means of a chain 232
      to a sprocket 233 fixedly mounted on the shaft 221. A sprocket 234 is
      fixedly mounted on the shaft 222 and a sprocket 235 is fixedly mounted on
      the shaft 223 and a sprocket 236 is fixedly mounted on the shaft 224. A
      chain 237 interconnects the sprocket 234 on the shaft 222 with the
      sprocket 233 on the shaft 221 and a chain 238 interconnects the sprocket
      236 on the shaft 224 with the sprocket 235 on the shaft 223. A sprocket
      239 is fixedly mounted to the shaft 221 and a sprocket 240 is fixedly
      mounted on the shaft 223, the sprockets 239 and 240 being interconnected
      by a chain 241. It is seen, therefore, that the motor 220 is connected by
      means of the output shaft 230 and the chain 232 to each of the threaded
      shafts 221, 222, 223, and 224, the interconnection being by means of the
      hereinbefore mentioned sprockets and chains. Activation of the motor 220
      resulting in rotation of the shaft 230 thereby causes the threaded shafts
      221 to 224 to rotate thereby to raise or lower the frame 141 and thereby
      the transfer conveyor 140 with respect to the frame 101 in order to
      accommodate bread pans of various sizes, as hereinafter will be explained.
PAR  Referring now to FIGS. 1-7, there is disclosed an elevator 250 having an
      input size 251 and an output side 252. An upper shaft 253 near the input
      side 251 is spaced from and lies in the same plane as an upper shaft 254,
      the upper shaft 253 being journaled for rotation in bearings 255 and the
      upper shaft 254 being journaled for rotation in bearings 256. The two
      bearings 255 and the two bearings 256 are maintained between the top frame
      members 107 and 109 and the cross frame members 111 and 113 respectively.
      The shaft 255 has two spaced apart sprockets 257 fixedly mounted thereto
      for rotation therewith and the shaft 254 also has two spaced apart
      sprockets 258 fixedly mounted thereon for rotation therewith, the
      sprockets 257 and 258 being in registry. The shaft 253 has an upper
      sprocket assembly 259 mounted thereon and opposite to an upper sprocket
      shaft assembly 260 mounted on the shaft 254. Similarly, on the other side
      of the sprockets 257 and upper sprocket shaft assembly 261 is mounted on
      the shaft 253 and opposite thereto on the shaft 254 is an upper sprocket
      shaft assembly 262. The upper sprocket shaft assembly 259 is fixedly
      mounted to a support block 263 which is mounted about the shaft 253 so as
      to remain fixed during rotation of the shaft. Similarly, a support block
      264 is associated with the upper shaft assembly 260, a support block 265
      is associated with the upper shaft assembly 261 and a support block 266 is
      associated with the upper shaft assembly 262.
PAR  Vertically positioned below the shaft 253 is a lower shaft 267 and
      vertically positioned below the shaft 254 is a lower shaft 268, the lower
      shaft 267 being maintained in position by two lower sprocket shaft
      assemblies 269 and 271 and the lower shaft 268 being maintained in
      position by two lower sprocket shaft assemblies 270 (one shaft assembly
      not being shown). Two spaced apart sprockets 273 are fixedly mounted on
      the shaft 267 in registry with the sprockets 257 on the shaft 253 and two
      spaced apart sprockets 274 are mounted on the shaft 268 in registry with
      the sprockets 258 on the shaft 254. The shaft 267 is provided with
      bearings 275 in the lower sprocket shaft assemblies 269 and 271 to
      facilitate rotation of the shaft 267 with respect thereto. Similarly, the
      shaft 268 is provided with two bearings 276 to facilitate rotation of the
      shaft with respect to the lower sprocket shaft assemblies 270 and the
      sprocket assembly not shown. There is further provided to chains 277
      interconnecting the sprockets 273 on the shaft 267 with the sprockets 257
      on the shaft 253. Also, there are two chains 278 interconnecting the
      sprockets 274 on the shaft 268 with the sprockets 258 on the shaft 254,
      the chains 277 and 278 providing four endless belts connecting the four
      shafts.
PAR  Fixedly connected to the drive chains 277 is a pan carrier 281 including an
      outwardly disposed flange providing a support surface for the bottom of a
      bread pan 50. The pan carrier 281 extends between the drive chains 277 and
      is situated to present a horizontal surface during movement of the chains.
      Similarly, there is provided a pan carrier 282 interconnecting the drive
      chains 278 and providing a horizontal surface for supporting the bottom of
      a bread pan 50, the horizontal surfaces provided by the pan carriers 281
      and 282 lying in the same plane. There are also provided two pan carriers
      283 and 284 mounted respectively between the drive chains 277 and the
      drive chains 278. The pan carriers 283 and 284 are mounted in such a
      fashion that when they are facing one another they also will provide
      horizontal support surfaces lying in a single horizontal plane for the
      bread pans 50.
PAR  A pan carrier drive motor 290 has an output shaft 291 extending therefrom
      to which a pulley 292 is fixedly connected. A chain 294 interconnects the
      pulley 292 with a pulley 293 which in turn is connected to a clutch brake
      assembly 295 having a shaft 296 extending vertically downwardly therefrom.
      A pulley 297 is fixedly mounted on the shaft 296 which pulley, shaft and
      clutch brake assembly 295 are all mounted adjacent to the upright 106.
      Adjacent to the upright 104 there is mounted a pulley 298 on a downwardly
      extending shaft 300, the pulley 298 being interconnected with the pulley
      297 by a gear belt 299. It is seen, therefore, that activation of the
      motor 290 results in rotation of the output shaft 291 thereof, of the
      shaft 296 and the shaft 300.
PAR  As seen particularly in FIGS. 2 and 6, a gear reducer 301 is positioned
      adjacent to the base 102 near the upright 104 and another gear reducer 302
      is similarly placed near the upright 106. The gear reducer 301 is provided
      with an input shaft 303 and the gear reducer 302 is provided with an input
      shaft 304, the input shaft 303 being connected by a suitable universal
      joint to a drive shaft 305 which is connected by another universal joint
      to the shaft 300. Similarly, the input shaft 304 of the gear reducer 302
      is connected to a drive shaft 306 which in turn is connected to the shaft
      296. The gear reducers 301 and 302 are respectively provided with output
      shafts 307 and 308 each of which extend perpendicularly with respect to
      the input shafts 303 and 304. A sprocket 311 is fixedly mounted on the
      output shaft 307 of the gear reducer 301 and a sprocket 312 is fixedly
      mounted on the output shaft 308 of the gear reducer 302. A sprocket 313 is
      fixedly mounted on the shaft 253 vertically above the sprocket 311 and a
      sprocket 314 is mounted on the shaft 254 vertically above the sprocket
      312. A chain 315 interconnects the sprocket 311 with the sprocket 313 and
      a chain 316 interconnects the sprocket 312 with the sprockets 314 thereby
      to interconnect the gear reducers 301 and 302 with the respective ones of
      the shafts 253 an 254.
PAR  A take-up arm 317 is pivotally mounted to the frame 101 as at 319 while a
      take-up arm on 318 is pivotally mounted to the frame at 320. The take-up
      arm 317 has an outer sprocket 321 on the end thereof away from the pivot
      319, which outer sprocket is adapted to engage the chain 315. An outer
      sprocket 322 is mounted on the end of the take-up arm 318 away from the
      pivot 320, which sprocket is adapted to ride in the chain 316. Chain
      guards 323 and 325 are mounted to insure that the chains 277 remain
      engaged with the sprockets 257 and 273 while chain guards 324 and 326 are
      mounted to insure that the chains 278 remain engaged with the sprockets
      258 and 274. Each of the upper sprocket shaft assemblies 259, 260, 261 and
      262 is provided with a respective one of the chain guides 327, 328, 329
      and 330 thereby to maintain the bread pans 50 in position on the pan
      carriers 281 and 282 during movement of the stack 60 toward and away from
      the transfer conveyor 140. Finally, there is provided a conveyor 335 shown
      in phantom in FIGS. 1 and 2 for removing stacked baking pans from the
      machine 100 or for bringing stacked baking pans into the machine 100 all
      as hereinafter to be set forth.
PAR  A pan carrier length adjustment mechanism 340 includes an upper screw shaft
      341 positioned intermediate the top frame member 107 and the upper
      sprocket shaft assemblies 259 and 260 and an upper screw shaft 342
      positioned intermediate the top frame member 109 and the upper sprocket
      shaft assemblies 261 and 262. The upper screw shaft 341 has spaced apart
      threaded sections 343 and 344 and the upper screw shaft 342 has spaced
      apart threaded sections 345 aand 356. The upper screw shaft 341 extends
      through a support block 347 on the upper sprocket shaft assembly 259 and
      another support block (not shown) on the upper sprocket shaft assembly
      260. The shaft 341 is journaled for rotation in bearings positioned on
      support blocks between the top frame member 108 and the cross frame member
      112 and the top frame member 110 and the cross frame member 114.
      Similarly, the shaft 342 is also supported in support block 349 associated
      with the shaft assembly 261 and another support block (not shown)
      associated with the shaft assembly 262. The shaft 342 is journaled for
      rotation within bearings maintained between the above-referred to top
      frame members and cross frame members. As seen particularly in FIGS. 1, 2
      and 6, there are provided spaced apart lower screw shafts 351 and 352
      vertically disposed below the upper screw shaft 341 and the lower screw
      shafts 353 and 354 vertically disposed below the upper screw shaft 342.
      The lower screw shafts 351 and 354 are respectively maintained in blocks
      355 to 358 thereby to mount the shafts as hereinbefore set forth.
PAR  As seen particularly in FIGS. 4-7, a pan carrier length adjustment motor
      360 is connected to a gear reducer 361 having an output shaft 362
      extending therefrom. The output shaft 362 has fixedly mounted thereon a
      sprocket 363 which is connected by a chain 365 to a sprocket 364
      vertically disposed thereabove and fixedly connected to the screw shaft
      344. A drive sprocket 366 is fixedly mounted on the shaft 341 and is
      connected to a drive sprocket 367 fixedly mounted on the shaft 342 by a
      chain 368 extending therebetween. Another drive sprocket 369 is mounted on
      the end of the shaft 341 opposite to sprocket 366 and the sprocket 369 is
      interconnected with a drive sprocket 370 fixedly mounted on the shaft 342
      by a chain 371 extending therebetween. A sprocket 372 is mounted on the
      threaded portion 343 of the shaft 341 and is interconnected to a sprocket
      374 fixedly mounted on the lower screw shaft 351 by a chain 373, the
      sprockets 372 and 374 being in vertical alignment. Similarly, a sprocket
      375 is fixedly mounted on the threaded portion 345 of the shaft 342 and is
      connected to a sprocket 377 mounted on the lower screw 353 by a chain 376,
      the sprockets 375 and 377 being in vertical alignment. Finally, there is
      provided a counter 380 connected to a sprocket 381 mounted on the output
      shaft 362 of the motor 360 by a sprocket 382 fixedly mounted to the output
      shaft of the counter 380 and interconnected to the sprocket 381 by a chain
      383.
PAR  Following is an explanation of the mechanical operation of the system
      hereinbefore described. Both the infeed conveyor 120 and the outfeed
      conveyor 130 have independent drive mechanisms not shown which provide for
      movement of the endless belts 125 and 135 respectively in the direction of
      the arrows 128 and 138 respectively. The transfer conveyor 140 and more
      particularly the two spaced apart conveyor belts 150 continuously move so
      that the lower reaches of the conveyor belts move from the infeed conveyor
      120 to the outfeed conveyor 130. This movement of the conveyor belts 150
      is provided by the drive motor 155 operatively connected by means of the
      sprockets 149 and 158 and the chain 159 to the drive shaft 154, thereby to
      provide movement of the endless belts 150. It is noted that the pulleys
      151 and 152 around which the endless belts 150 pass overlap the upper
      reaches of both the infeed conveyor 120 and the outfeed conveyor 130
      thereby to provide for continuous movement therebetween.
PAR  As a pan 50 moves along the upper reach of the infeed conveyor 120 it
      eventually contacts the lower reach of the endless belts 150 and is held
      there against by the permanent magnet 160, it being noted that the bottom
      surface of the permanent magnet 160 lies in a plane with the endless belts
      150. The functional engagement between the belts 150 and the pan 50
      provides for movement of the pan by the belts from the infeed conveyor 120
      to the outfeed conveyor 130, permanent magnet 160, the shiftable magnet
      170 and the permanent magnet 165 insuring continuous contact between the
      pan 50 and the endless belts.
PAR  The shiftable magnet 170 is movable between three positions depending upon
      the mode of operation of transfer conveyor 140 and more particularly the
      mode of operation of the stacker-unstacker 100. The stacker-unstacker 100
      is constructed and arranged to operate in an unstacking mode wherein pans
      50 are unstacked from a stack 60 of pans carried by the pan carrier, more
      particularly the elevator 250, and to operate in a pass-through mode
      wherein pans 50 are moved from the infeed conveyor 120 by the transfer
      conveyor 140 to the outfed conveyor 130 and in a stacking mode wherein
      pans are moved from the infeed conveyor 120 to a position in registry with
      the pan carrier, movement of the pan being halted by the pan stop 200, and
      thereafter released so as to form a stack 60 of pans. In the unstacking
      mode, the stacker 100 is in the position as shown in FIG. 13 of the
      drawings wherein the pan stop 200 is in a retracted position thereof so
      that the stop members 201 are out of the path of the baking pans 50, the
      motor 210 having a piston 210A thereof retracted. The shiftable magnet 170
      is in its lowest position wherein the magnet extends below the lower reach
      of the endless belts 150 and the pan magnetically contacts the topmost pan
      50 in the stack 60, the motor 180 being in the retracted position thereof
      and the motor 190 being in the retracted position thereof thereby to
      position shiftable magnet 170 through the linkage hereinbefore described
      in the position described in FIG. 13. Once the shiftable magnet 170 is in
      magnetic contact with the pan 50 the motor 180 is actuated so that the
      piston 180A is extended thereby to move the shiftable magnet to the center
      position as shown in FIG. 14, wherein the bottom surface of the shiftable
      magnet lies in the same plane as the bottom surfaces of the permanent
      magnets 160 and 165. In the central position shown in FIG. 14, the endless
      belts 150 are in position to convey the pan 50 previously removed from the
      stack 60 to the outfeed conveyor 130, all as hereinbefore described.
PAR  The stacker-unstacker 100 operates in a pass-through mode when it is in the
      condition shown in FIG. 14 wherein the bottom surfaces of the permanent
      magnets 160 and 165 lie in the same plane as the bottom surface of the
      shiftable magnet 170, thereby to insure magnetic coupling of a pan 50 onto
      the transfer conveyor 140 and more particularly onto the lower reaches of
      the endless belts 150. In the mode shown in FIG. 14, pans 50 are conveyed
      to the outfeed conveyor 130 whether the pan came from the stack 60 or from
      the infeed conveyor 120.
PAR  The stacker-unstacker 100 of the present invention is operable in a
      stacking mode when it is in the condition as shown in FIG. 15 wherein the
      pan stop 200 is in the stop position thereof to interpose stop members 201
      in the path of the pan 50 being conveyed by the transfer conveyor 140.
      More particularly, the motor 210 is in the extended position thereof
      wherein the piston 210A is extended thereby to position the stop members
      201 as shown. The piston 180A of the motor 180 and the piston 190A of the
      motor 190 are both extended thereby to provide mechanism for breaking the
      magnetic coupling between the pan 50 and the shiftable magnet 170, the
      shiftable magnet being in its uppermost position with respect to the
      endless belts 150. As hereinafter explained, movement of the shiftable
      magnet 170 to the position shown in FIG. 15 is effected subsequent to the
      positioning of the pan 50 in registry with the pan carrier by the pan stop
      200. After each pan 50 is dropped into the stack 60 the elevator 250
      indexes downwardly so as to be in position to receive the next pan 50, all
      as hereinafter will be set forth.
PAR  It is seen, therefore, that there has been provided a transfer conveyor
      including mechanism for magnetically coupling a baking pan thereon and
      transporting the baking pan from an infeed conveyor 120 to an outfeed
      conveyor 130. The transport conveyor 140 is constructed and arranged to be
      operable so as to unstack pans 50 from a stack 60 thereof to pass pans
      thereby and to stack pans into a stack.
PAR  The transport conveyor 140 is also constructed and arranged to accommodate
      pans of varying heights, being desirable for one machine to be able to
      operate with pans for baking bread loaves, breakfast rolls, and other
      bakery products wherein pans therefor have various heights or depths. It
      is preferred that the distance between the lower reaches of the endless
      belts 150 and the upper reaches of the infeed conveyor 120 and the outfeed
      conveyor 130 be substantially equal to the height or depth of the pan
      being handled. Since different bakery products require pans having
      different heights or depts, it is necessary to provide proper means for
      adjusting the distance between the lower reaches of the endless belts 150
      and the upper reaches of the infeed conveyor 120 and the outfeed conveyor
      130. There is provided the motor 220 for adjusting the height of the frame
      141 of the transfer conveyor 140, the motor 220 being operatively
      connected to the shafts 221, 222, 223 and 224 and the flange bearings 225,
      226, 227 and 228 respectively positioned thereon. Activation of the motor
      and thereby the output shaft 221 thereof results in rotation of the
      threaded shafts hereinbefore mentioned whereby the frame 140 is raised or
      lowered depending on the direction on which the output shaft 221 rotates.
      It is seen, therefore, that the conveyor 140 is adjustable to accommodate
      bread pans and the like having various heights or depths.
PAR  The elevator 250 provides incremental movement of the pan carries 281 and
      282 upwardly toward the transfer conveyor 140 when the stacker-unstacker
      100 is in the unstacking mode thereof and provides incremental movement
      downwardly away from the transfer conveyor when the stacker-unstacker is
      in the stacking mode thereof and remains stationary when the
      stacker-unstacker is in the pass-through mode thereof. Vertical movement
      of the elevator 250 is provided by the drive motor 290 which as
      hereinbefore set forth is operatively connected to the drive shafts 305
      and 306 which are connected respectively to the gear reducers 301 and 302.
      The gear reducers and more particularly the output shafts thereof are
      operatively connected to the shafts 253 and 254 on which are fixedly
      mounted the sprockets 257 and 258. The pan carriers 281 and 282 are
      respectively mounted on two spaced apart chains 277 and two spaced apart
      chains 278, the chains 277 interconnecting the sprockets 257 and 273 and
      the chains 278 interconnecting the sprockets 258 and 274. It is seen,
      therefore that operation of the motor 290 will result in movement of the
      chains 277 and the chains 278 and the pan carriers 281 and 282
      respectively carried thereby upwardly toward the transfer conveyor or
      downwardly and away from the transfer conveyor depending on the direction
      of the output shaft 291. The incremental movement of the elevator 250 is
      provided in part by the clutch brake assembly 295, more specifically
      described hereafter.
PAR  The elevator 250 is constructed and arranged to accommodate baking pans and
      the like having different lengths or widths. To this end, the length
      adjustment mechanism 340 and the motor 360 therefor have been provided.
      Operation of the motor 360 results in rotation of the threaded shafts 341
      and 342, thereby to move the shafts 253 and 254 toward and away from one
      another as desired to accommodate baking pans 50 of various widths or
      lengths, the take-up arms 317 and 318 serving to maintain the proper
      tension on the chains 315 and 316 interconnecting the gear reducers 301
      and 302 with the respective shafts 253 and 254. In it seen, therefore,
      that there has been provided an elevator 250 having pan carriers 281 and
      282 which are movable incrementally toward and away from the transfer
      conveyor 140 and are adjustable to accommodate baking pans 50 of various
      lengths and widths.
PAR  The pneumatic and electrical circuits along with the control mechanism for
      the stacker-unstacker 100 and the system thereof will hereinafter be set
      forth.
PAR  Referring now to FIG. 21 of the drawings, there is illustrated a control
      circuit 400 for causing the essentially automatic operation of the baking
      pan stacker-unstacker 100 of the present invention. The several manual
      controls included in the control circuit 400 are conveniently located on
      the frame 101 and the various frame members thereof. The control circuit
      400 is operable from a typical commercial electrical source which
      comprises a three-wire Edison system including main conductors 401 and 402
      and a grounded neutral conductor 403.
PAR  The control circuit 400 further includes a main switch 405 which is
      operable between an unstacking mode, a pass-through mode and a stacking
      mode, all as will hereinafter be set forth.
PAR  The main switch 405 is operated between the various modes thereof by a
      relay 495 operatively connected to the switch 405 and to a micro switch
      496 positioned downstream from the stacker-unstacker 100 for sensing the
      presence of a baking pan 50 at the baking oven (not shown). The relay 495
      and switch 496 serve as a demand sensing apparatus. The main switch 405
      has four pairs of normally open contacts 406, 407, 408 and 409. One of the
      normally open contacts 406 is connected to the conductor 401 and the other
      of the normally open contacts 406 is connected to a conductor 411 which is
      connected to one terminal of a belt conveyor relay 412, the other terminal
      of the belt conveyor relay 412 being connected to the conductor 402. The
      belt conveyor relay 412 is provided with a pair of normally open contacts
      413. One of the normally open contacts 407 of the switch 405 is connected
      to the conductor 401 and the other contact is connected to one terminal of
      a photo amplifier 415 which has the other terminal thereof connected to an
      electric eye positioned on the elevator 250 in the same manner as the
      electric eye disclosed in U.S. Pat. No. 3,533,517, issued Oct. 13, 1970 to
      Henry A. Heide for AUTOMATIC PAN STACKER, the disclosure of which is
      incorporated herein by reference. The photo amplifier 415 has a pair of
      normally closed contacts 416, a pair of normally open contacts 417 and a
      second pair of normally closed contacts 418.
PAR  One of the normally open contacts 408 of the switch 405 is connected to one
      of the normally open contacts 413 of the belt conveyor relay 412, the
      other of the normally open contacts 413 being connected to the conductor
      401. The other of the normally open contacts 408 is connected by a
      conductor 419 to one of a pair of normally closed contacts 426 associated
      with a stacking relay 425, the stacking relay 425 having a pair of
      normally open contacts 427. An unstacking relay 420 has one terminal
      thereof connected to the other of the normally closed contacts 426 and has
      the other terminal thereof connected to the conductor 402. The stacking
      relay 425 has one terminal thereof connected to the conductor 402 and has
      the other terminal thereof connected to one of the normally closed
      contacts 421 of the unstacking relay 420. The other contact of the
      normally closed contacts 421 is connected by a conductor 424 to one of the
      normally open contacts 409 of the switch 405. The other one of the
      normally open contacts 409 is connected to a conductor 430 which is also
      connected to the connected ones of the normally open contacts 408 and 413.
PAR  As seen, one of the normally open contacts 427 of the stacking relay 425 is
      connected to the conductor 430, the other of the contacts 426 being
      connected to one terminal of a stack discharge limit switch 432 located at
      the bottom of the elevator 250 near the conveyor 335. The other terminal
      of the stack discharge limit switch 432 is connected by conductor 433 to
      one coil 435 of a mechanical latching relay which is also connected to the
      conductor 402. The mechanical latching coil 435 has a pair of normally
      closed contacts 436 and a pair of normally open contacts 437. A conductor
      440 is connected to the connected ones of the contacts 427 and the
      terminal of the stack discharge limit switch 432. The conductor 440 is
      also connected to one terminal of a normally open carrier stop limit
      switch 445 located near the top of the elevator to limit the height of the
      stack 60 of baking pans. The other terminal of the carrier stop limit
      switch 445 is connected by conductor 446 to the other coil 450 of the
      mechanical latching relay. The conductor 440 is further connected to one
      terminal of a pan stop limit switch 455 located on the pan stop 200 in
      position to be connected by a pan 50, the other terminal of the limit
      switch 455 being connected by conductor 456 to one of the normally closed
      contacts 436 of the mechanical latching relay coil 435. The other one of
      the normally closed contacts 436 is connected by conductor 457 to one
      terminal of a magnet assembly solenoid 460, see FIG. 12, the other
      terminal of which is connected to the conductor 402. A pan stop solenoid
      465 has its terminals connected between the conductor 440 and the
      conductor 402 while the normally open contacts 437 of the relay 435 are
      connected between the conductor 440 and a conductor 466.
PAR  Finally, one of the normally closed contacts 416 of the photo amplifier 415
      is connected to the conductor 440 and the other one is connected by
      conductor 467 to one terminal of a normally closed switch 471 of a time
      delay relay 470, the switch 471 having the other terminal thereof
      connected to the conductor 466. The time delay relay 470 also has a
      normally open switch 472 which is ganged to the normally closed switch
      471. A clutch brake solenoid 475 is connected to the clutch brake 295 and
      the three phase drive motor 290 for the elevator 250. The solenoid 475 has
      one terminal thereof connected to the conductor 466 and the other terminal
      thereof connected to the conductor 402. As seen from FIG. 21, one of the
      normally open contacts 422 of the unstacking relay 420 is connected to the
      conductor 430 while the other of the normally open contacts thereof is
      connected to a conductor 480 and one of the normally open contacts 417 of
      the photo amplifier 415. The other one of the normally open contacts 417
      is connected by a conductor 481 to one terminal of the time delay 470 and
      to one terminal of the normally open switch 472 thereof.
PAR  A second time delay relay 485 has one terminal thereof connected to the
      conductor 402 and the other terminal thereof connected by a conductor 487
      to one terminal of the normally closed switch 486 and to one terminal of
      the normally closed contacts 418. The terminal of the normally closed
      switch 486 connected to the relay 485 is also connected to one of the
      normally closed contacts 418 of the photo amplifier 415, the other one of
      the normally closed contacts 418 being connected to the conductor 480. The
      terminal of the normally closed switch 486 not connected to the time delay
      485 is connected by a conductor 491 to one terminal of a magnet assembly
      solenoid 490, see FIG. 12; the other terminal of which is connected to the
      conductor 402.
PAR  An operational cycle of the stacker-unstacker 100 will now be set forth.
      For instance, in the morning when the stacker-unstacker 100 is started,
      there are no pans 50 either downstream of the stacker-unstacker or
      upstream of the stacker-unstacker while there is a stack 60 of bread pans
      50 in the stacker-unstacker 100, more particularly in the elevator 250.
      Once the control circuit 400 is energized in the usual manner, the relay
      495 and particularly the micro switch 496 located downstream of the
      stacker-unstacker 100 senses the need of a bread pan 50, the relay 495
      sensing the signal from the micro switch 496 that no pans are present
      downstream and the signal from a second micro switch (not shown) located
      upstream of the stacker-unstacker 100 that no bread pans are available
      upstream operates the switch 405 to the unstacking mode thereof.
PAR  The switch 405 in the unstacking mode thereof closes the normally open
      contacts 406, 407 and 408. The relay 412 is energized thereby also
      energizing the drive motor 155 for the transfer conveyor 140 while closing
      the normally open contacts 413 of the relay 412. The relay 420 is
      energized thereby engaging the contacts of the three phase motor 290 while
      the normally closed contacts 421 are open and the normally open contacts
      422 are closed.
PAR  Simultaneously the photo amplifier 415 is energized thereby to establish
      the light beam and open the normally closed contacts 416 and close the
      normally open contacts 417 and open the normally closed contacts 418. The
      relay 470 is energized and after a two second time delay the normally open
      switch 472 closes thereby energizing the solenoid 475. At this time, the
      mechanical constituents of the machine are in the position shown in FIG.
      14 of the drawings; however, upon energization of the solenoid 475 the
      clutch brake assembly 295 is operated so as to disengage the brake and
      engage the clutch to permit the motor 290 to drive the elevator and more
      particularly the pan carriers 281 carrying the stack 60 of bread pans 50
      upward until the topmost pan breaks the light beam.
PAR  When the light beam is broken, the normally closed contacts 416 close and
      the normally open contacts 417 open and the normally closed contacts 418
      close, thereby deenergizing the solenoid 475 to operate the clutch-break
      assembly 295 to apply the brake and disengage the clutch thereby to
      disengage the motor 290 and halt the upward movement of the pan carriers
      281 and the stack of baking pans 60 thereon. Simultaneously, relay 490 is
      energized thereby to withdraw piston 180a of the motor 180 to lower the
      shiftable magnet 170 to engage the topmost pan 50 of the stack 60, as
      shown in FIG. 13. Simultaneously, with the energization of the relay 490
      the time delay relay 485 is also energized and after a time interval of
      less than one second or about three-quarter of a second the normally
      closed switch 486 opens thereby deenergizing the solenoid 490 which
      results in air from the air controller 500, see FIG. 12, being pumped into
      the motor 180 to expand the piston 180a so as to raise the shiftable
      magnet 170 to the position shown in FIG. 14, resulting in the transfer of
      the baking pan 50 by the conveyor belts 150 to the outfeed conveyor 130.
      As the baking pan is raised from the stack 50 to a position to be in
      contact with the transfer conveyor belts 150, the light beam is
      reestablished thereby opening the normally closed contacts 416 and closing
      the normally open contacts 417 and opening the normally closed contacts
      418. The stacker-unstacker 100 is now in condition to repeat the cycle
      wherein the elevator 250 operates to raise the stack 60 of baking pans and
      the shiftable magnet 170 moves downwardly to engage the topmost pan on the
      stack 60 and raise it into contact with the transfer conveyor belts 150
      which convey the pan 50 to the outfeed conveyor 135.
PAR  After a sufficient number of baking pans 50 have been unstacked, as
      hereinbefore set forth, and the pans have been used and returned, there
      will be a sufficient number of pans in the line so that further unstacking
      is not needed. In this situation, when the relay 495 senses the need from
      the micro switch 496 for a baking pan 50, the micro switch (not shown)
      downstream of the stacker-unstacker 100 will sense the presence of a
      baking pan thereat and the relay 495 automatically will operate to
      position the switch 405 in the pass-thru mode thereof. In the pass-thru
      mode of the switch 405, the normally open contacts 406 and 407 are closed
      thereby energizing the relay 412 and the transfer conveyor motor 155.
      Also, the photo amplifier 415 is energizing thereby to establish the light
      beam and the normally open contacts 413 are closed. In this condition, the
      transfer conveyor belts 150 continually move to transfer baking pans 50
      from the infeed conveyor 120 to the outfeed conveyor 130. As long as a
      bread pan 50 is located upstream of the stacker-unstacker 100 when the
      need for a bread pan 50 exists downstream of the stacker-unstacker, the
      switch 405 will be operated in the pass-through mode thereof. When a bread
      pan 50 is needed downstream of the stacker-unstacker 100, and no bread pan
      is available upstream of the stacker-unstacker, then the swtich 405 will
      be in the unstacking mode thereof, as hereinbefore set forth. When no need
      exists for a bread pan 50 downstream of the stacker-unstacker 100 and a
      bread pan is available upstream of the stacker-unstacker, then the switch
      405 will be operated in the stacking mode thereof.
PAR  In the stacking mode, the normally open contacts 406, 407 and 409 are
      closed, both the transfer conveyor motor 155 and the photo amplifier 415
      are energized and operating. With the photo amplifier 415 energized and
      the light beam established, the normally closed contacts 416 open and the
      normally open contacts 417 close and the normally closed contacts 418
      open. The relay 425 is energized and engages the down contacts of the
      three phase motor 290 and simultaneously the normally closed contacts 426
      open and the normally open contacts 427 close. The pan carriers 281 which
      have passed over the sprockets 257 and 258 have tripped the limit switch
      445 thereby to position a mechanical latch relay having coils 435 and 450
      with the contacts 436 closed and the contacts 437 open. Although the limit
      switch 445 is only momentarily closed by the pan carrier 281 passing
      thereby, the mechanical latch holds the relays 436 and 437 in the
      positions just described.
PAR  Since the normally open contacts 427 are closed, the solenoid 465 is
      energized thereby to operate the motor 210 and to lower the pan stop 200
      so that the stop members 201 are in position to intercept a pan 50
      transported by the transfer conveyor 140. The pan stop 200 and more
      particularly the stop members 201 carry a limit switch 455 thereon which
      is contacted by a pan 50 as shown in FIG. 15. When the limit switch 455 is
      closed, the solenoid 460 is energized thereby operating the motor 190 so
      as to expand the piston 190a thereof which moves the shiftable magnet 170
      to the position shown in FIG. 15, thereby breaking the magnetic connection
      between the transfer conveyor 140 and the pan 50 to permit the pan 50 to
      drop from the transfer conveyor onto pan carriers 281 and 282 to begin the
      formation of the stack 60. After the pan 50 closes the limit switch 455 to
      energize the solenoid 460 and the pan drops, the limit switch 455 opens
      thereby to deenergize the solenoid 460 and to lower the magnet 170 into
      position to receive another pan 50. When the pan 50 drops the light beam
      is broken thereby closing the normally closed contacts 416 and opening the
      normally open contacts 417 and closing the normally closed contacts 418.
      When the contacts 416 close, the solenoid 475 is energized to operate the
      clutch-brake assembly 295 to release the brake and engage the clutch
      thereby to permit the motor 290 to drive the elevator 250 downwardly until
      the light beam is reestablished to open the normally closed contacts 416
      which deenergizes the solenoid 475, thereby to disengage the clutch and
      engage the brake. At this point the cycle is repeated until the stack 60
      is sufficiently full so as to trip the limit switch 432 which activates
      the mechanical latch relay having the coils 435 and 450 to open the
      normally closed contacts 436 and to close the normally open contacts 437.
      When the contacts 437 close, the solenoid 437 is energized thereby
      permitting the motor 290 to drive the elevator downwardly until the stack
      60 rests upon the conveyor 335 which moves the stack 60 of bread pans out
      of the elevator 250, the elevator running until the pan carriers 283 and
      284 trip the limit switch 445 to recycle the mechanical latch relay in
      position with the contacts 436 closed and the contacts 437 open, whereby
      the stacker-unstacker 100 is in position again to stack bread pans 50.
      Subsequent to the time that the limit switch 432 is tripped, no bread pan
      50 can be dropped because the normally closed contacts 436 are open
      thereby preventing solenoid 460 from being energized to raise the
      shiftable magnet 170 and, therefore any bread pan 50 in position to be
      dropped will remain held by the shiftable magnet 170 until the limit
      switch 445 is again tripped to close the contacts 436 which allows magnet
      170 to be moved upwardly.
PAR  While there has been described what is at present considered to be the
      preferred embodiment of the present invention, it will be understood that
      various modifications and alterations may be made herein without departing
      from the true spirit and scope of the present invention, and it is
      intended to cover in the appended claims all such modifications and
      alterations as fall within the true spirit and scope of the present
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A machine for both feeding into a stack and removing from a stack baking
      pans and the like, said machine comprising a transfer conveyor for
      conveying baking pans to the stack, away from the stack and past the
      stack, said transfer conveyor including attraction means for attracting
      the baking pans and holding them in engagement with said transfer conveyor
      during transfer of the baking pans thereby, a pan carrier mounted below
      said transfer conveyor in position to receive a pan dropped therefrom,
      said attraction means including a pan positioning mechanism for
      sequentially separating baking pans from said transfer conveyor and
      sequentially depositing the baking pans upon said pan carrier to form a
      stack of pans thereon and for sequentially lifting baking pans from said
      pan carrier and sequentially engaging the baking pans with said transfer
      conveyor, said pan positioning mechanism being movable above and away from
      said transfer conveyor for separating baking pans therefrom and being
      movable below said transfer conveyor for lifting baking pans from said pan
      carrier, carrier drive mechanism for moving said pan carrier upwardly and
      toward said transfer conveyor as pans are unstacked from said pan carrier
      and onto said transfer conveyor and for moving said pan carrier downwardly
      and away from said transfer conveyor as baking pans are stacked on the
      said pan carrier from said transfer conveyor, and a control mechanism for
      selectively and sequentially operating said transfer conveyor and said pan
      positioning mechanism and said carrier drive mechanism in a baking pan
      unstacking mode and in a baking pan pass-through mode and in a baking pan
      stacking mode, said control mechanism in the baking pan unstacking mode
      thereof causing said pan positioning mechanism to operate sequentially to
      move below said conveyor to lift baking pans from said pan carrier and
      sequentially engage the baking pans and said transfer conveyor as said
      carrier drive mechanism sequentially moves said pan carrier upwardly and
      toward said transfer conveyor, said control mechanism in the pass-through
      mode thereof causing said transfer conveyor to carry the baking pans past
      said pan carrier, said control mechanism in the stacking mode thereof
      causing said pan positioning mechanism to operate sequentially to move
      above and away from said conveyor to separate baking pans from said
      transfer conveyor by breaking the attraction therebetween and sequentially
      deposit the baking pans upon said pan carrier as said pan carrier drive
      mechanism sequentially moves said pan carrier downwardly and away from
      said transfer conveyor.
NUM  2.
PAR  2. The machine set forth in claim 1, wherein said transfer conveyor
      includes spaced apart and parallel endless belts.
NUM  3.
PAR  3. The machine set forth in claim 1 and further comprising, means for
      adjusting the distance between said transfer conveyor and said pan
      carrier, thereby to accommodate different sized pans.
NUM  4.
PAR  4. The machine set forth in claim 1, wherein said pan carrier is
      constructed and arranged to carry pans of different widths and lengths,
      thereby to accommodate stacking and unstacking of pans having different
      widths and lengths.
NUM  5.
PAR  5. The machine set forth in claim 1, wherein said pan positioning mechanism
      includes means for positioning the pan in registry with said pan carrier
      prior to separation of the baking pan from said transfer conveyor.
NUM  6.
PAR  6. A machine for both feeding into a stack and removing from a stack baking
      pans and the like, said machine comprising an infeed conveyor for
      conveying baking pans, a transfer conveyor including attraction means for
      attaching and lifting a baking pan from said infeed conveyor and holding
      it in engagement with said transfer conveyor, a pan carrier mounted below
      said transfer conveyor in position to receive a pan dropped therefrom,
      said attraction means including a pan positioning mechanism for
      sequentially separating baking pans from said transfer conveyor and
      sequentially depositing the baking pans upon said pan carrier to form a
      stack of pans thereon and for sequentially lifting baking pans from said
      pan carrier and sequentially engaging the baking pans with said transfer
      conveyor, an outfeed conveyor for conveying baking pans away from said
      transfer conveyor, said pan positioning mechanism being movable above and
      away from said transfer conveyor for separating baking pans therefrom and
      being movable below said transfer conveyor for lifting baking pans from
      said pan carrier, carrier drive mechanism for moving said pan carrier
      upwardly and toward said transfer conveyor as pans are unstacked from said
      pan carrier and onto said transfer conveyor and for moving said pan
      carrier downwardly and away from said transfer conveyor as baking pans are
      stacked on the said pan carrier from said transfer conveyor, and a control
      mechanism for selectively and sequentially operating said conveyors and
      said pan positioning mechanism and said carrier drive mechanism in a
      baking pan unstacking mode and in a baking pan pass-through mode and in a
      baking pan stacking mode, said control mechanism in the baking pan
      unstacking mode thereof causing said pan positioning mechanism to operate
      sequentially to move below said transfer conveyor to lift baking pans from
      said pan carrier and sequentially engage the baking pans and said transfer
      conveyor as said carrier drive mechanism sequentially moves said pan
      carrier upwardly and toward said transfer conveyor, said control mechanism
      in the pass-through mode thereof causing said transfer conveyor to carry
      the baking pans from said infeed conveyor to said outfeed conveyor, said
      control mechanism in the stacking mode thereof causing said pan
      positioning mechanism to operate sequentially to move above and away from
      said transfer conveyor to separate baking pans from said transfer conveyor
      by breaking the attraction therebetween and sequentially deposit the
      baking pans upon said pan carrier as said pan carrier drive mechanism
      sequentially moves said pan carrier downwardly and away from said transfer
      conveyor.
NUM  7.
PAR  7. The machine set forth in claim 6, wherein said transfer conveyor
      includes an endless belt having an upper reach and a lower reach, said
      infeed conveyor and said outfeed conveyor each include an endless belt
      having an upper reach and a lower reach, the lower reach of said transfer
      conveyor being positioned above the upper reaches of said infeed conveyor
      and said outfeed conveyor to provide transfer of baking pans and the like
      from the upper reach of said infeed conveyor to the lower reach of said
      transfer conveyor to the upper reach of said outfeed conveyor.
NUM  8.
PAR  8. A machine for both feeding into a stack and removing from a stack baking
      pans and the like including a magnetizable portion, said machine
      comprising a transfer conveyor including magnetic means for holding a
      baking pan for transport by said conveyor to the stack, away from the
      stack and past the stack, a pan carrier mounted below said transfer
      conveyor in position to receive a pan dropped therefrom, said magnetic
      means including a magnetic pan positioning mechanism for sequentially
      separating baking pans from said pan carrier to form a stack of pans
      thereon and for sequentially lifting baking pans from said pan carrier and
      sequentially engaging the baking pans with said magnetic means of said
      transfer conveyor, said pan positioning mechanism being movable above and
      away from said transfer conveyor for separating baking pans therefrom and
      being movable below said transfer conveyor for lifting baking pans from
      said pan carrier, carrier drive mechanism for moving said pan carrier
      upwardly and toward said transfer conveyor as pans are unstacked from said
      pan carrier and onto said transfer conveyor and for moving said pan
      carrier downwardly and away from said transfer conveyor as baking pans are
      stacked on the said pan carrier from said transfer conveyor, and a control
      mechanism for selectively and sequentially operating said transfer
      conveyor and said pan positioning mechanism and said carrier drive
      mechanism in a baking pan unstacking mode and in a baking pan pass-through
      mode and in a baking pan stacking mode, said control mechanism in the
      baking pan unstacking mode thereof causing said magnetic pan positioning
      mechanism to operate sequentially to move below said conveyor and
      magnetically to lift baking pans from said pan carrier and sequentially
      engage the baking pans with the magnetic means associated with said
      transfer conveyor as said carrier drive mechanism sequentially moves said
      pan carrier upwardly and toward said transfer conveyor, said control
      mechanism in the pass-through mode thereof causing said transfer conveyor
      to carry the baking pans past said pan carrier, said control mechanism in
      the stacking mode thereof causing said pan positioning mechanism to
      operate sequentially to move above and away from said conveyor to separate
      baking pans from said transfer conveyor by breaking the magnetic coupling
      therebetween and sequentially to deposit the baking pans upon said pan
      carrier as said pan carrier drive mechanism sequentially moves said pan
      carrier downwardly and away from said transfer conveyor.
NUM  9.
PAR  9. The machine set forth in claim 8, wherein said transfer conveyor
      includes an endless belt having an upper reach and a lower reach and
      further includes magnets positioned above the lower reach of said endless
      belt for holding baking pans onto the lower reach of said endless belt for
      transfer of baking pans thereby.
NUM  10.
PAR  10. The machine set forth in claim 8, wherein said transfer conveyor
      includes an endless belt having an upper reach and a lower reach, said
      magnetic pan positioning mechanism includes a vertically movable magnet,
      said vertically movable magnet being movable between a first position
      above and adjacent to the lower reach of said endless belt and a second
      position below the lower reach of said endless belt and adjacent to said
      pan carrier.
NUM  11.
PAR  11. A machine for both feeding into a stack and removing from a stack
      baking pans and the like including a magnetizable portion, said machine
      comprising an infeed conveyor for conveying baking pans, a transfer
      conveyor including magnetic means for lifting a baking pan from said
      infeed conveyor and holding the baking pan for transport by said transfer
      conveyor, a pan carrier mounted below said transfer conveyor in position
      to receive a pan dropped therefrom, said magnetic means including a
      magnetic pan positioning mechanism for sequentially separating baking pans
      from said transfer conveyor and sequentially depositing the baking pans
      upon said pan carrier to form a stack of pans thereon and for sequentially
      lifting baking pans from said pan carrier and sequentially engaging the
      baking pans with said magnetic means of said transfer conveyor, an outfeed
      conveyor for conveying baking pans away from said transfer conveyor, said
      pan positioning mechanism being movable above and away from said transfer
      conveyor for separating baking pans therefrom and being movable below said
      transfer conveyor for lifting baking pans from said pan carrier, carrier
      drive mechanism for moving said pan carrier upwardly and toward said
      transfer conveyor as pans are unstacked from said pan carrier and onto
      said transfer conveyor and for moving said pan carrier downwardly and away
      from said transfer conveyor as baking pans are stacked on the said pan
      carrier from said transfer conveyor, and a control mechanism for
      selectively and sequentially operating said conveyors and said pan
      positioning mechanism and said carrier drive mechanism in a baking pan
      unstacking mode and in a baking pan pass-through mode and in a baking pan
      stacking mode, said control mechanism in the baking pan unstacking mode
      thereof causing said magnetic pan positioning mechanism to operate
      sequentially to move below said transfer conveyor and magnetically to lift
      baking pans from said pan carrier and sequentially engage the baking pans
      with the magnetic means associated with said transfer conveyor as said
      carrier drive mechanism sequentially moves said pan carrier upwardly and
      toward said transfer conveyor, said control mechanism in the pass-through
      mode thereof causing said transfer conveyor to carry the baking pans from
      said infeed conveyor to said outfeed conveyor, said control mechanism in
      the stacking mode thereof causing said pan positioning mechanism to
      operate sequentially to move above and away from said transfer conveyor to
      separate baking pans from said transfer conveyor by breaking the magnetic
      coupling therebetween and sequentially to deposit the baking pans upon
      said pan carrier as said pan carrier drive mechanism sequentially moves
      said pan carrier downwardly and away from said transfer conveyor.
NUM  12.
PAR  12. The machine set forth in claim 11, wherein said transfer conveyor
      includes an endless belt having an upper reach and a lower reach, said
      infeed conveyor and said outfeed conveyor each includes an endless belt
      having an upper reach and a lower reach, the lower reach of said transfer
      conveyor being positioned above the upper reaches of said infeed conveyor
      and said outfeed conveyor to provide transfer of baking pans and the like
      from the upper reach of said infeed conveyor to the lower reach of said
      transfer conveyor to the upper reach of said outfeed conveyor.
NUM  13.
PAR  13. A machine for both feeding into a stack and removing from a stack
      baking pans and the like including a magnetizable portion, said machine
      comprising a conveyor including magnetic means for magnetically coupling
      to a baking pan to hold the baking pan on said conveyor for transport
      thereby, a pan carrier mounted adjacent to said conveyor in position to
      receive a pan dropped therefrom, said magnetic means including a shiftable
      magnet mounted adjacent to said conveyor and movable toward and away from
      said pan carrier, magnet drive mechanism for moving said shiftable magnet
      among a first position adjacent to said pan carrier and a second position
      adjacent to said conveyor and a third position away from said conveyor on
      the side opposite said pan carrier, said shiftable magnet in the first
      position thereof magnetically coupling to a baking pan upon said pan
      carrier and in the second position thereof placing the baking pan on said
      conveyor in position for coupling to said magnetic means of said conveyor,
      carrier drive mechanism for moving said pan carrier upwardly and toward
      said conveyor as pans are unstacked from said pan carrier and for moving
      said pan carrier downwardly and away from said conveyor as baking pans are
      stacked on said pan carrier, and control mechanism for selectively
      operating said conveyor and said shiftable magnet drive mechanism and said
      carrier drive mechanism in a baking pan unstacking mode and in a baking
      pan pass-through mode and in a baking pan stacking mode, said control
      mechanism in the baking pan unstacking mode thereof causing said magnet
      drive mechanism to shift said shiftable magnet between the first and
      second positions thereof sequentially to engage baking pans on said pan
      carrier and to lift the baking pan from said pan carrier onto said
      conveyor for coupling to the magnetic means of said conveyor, said control
      mechanism in the passthrough mode thereof causing said magnet drive
      mechanism to hold said shiftable magnet in the second position thereof so
      that said conveyor carrier baking pans therealong and past said pan
      carrier, said control mechanism in the stacking mode thereof causing said
      magnet drive mechanism to shift said shiftable magnet between the second
      and third positions thereof sequentially to break the magnetic coupling
      between the baking pans and said conveyor to drop baking pans from said
      conveyor upon said pan carrier after which said pan carrier drive
      mechanism moves said pan carrier downwardly and away from said carrier.
NUM  14.
PAR  14. The machine set forth in claim 13, wherein said magnetic means for
      magnetically coupling a baking pan to said conveyor includes spaced apart
      permanent magnets positioned adjacent to said conveyor with said shiftable
      magnet being mounted intermediate said spaced apart permanent magnets.
NUM  15.
PAR  15. The machine set forth in claim 13, wherein said magnet drive mechanism
      includes an air motor.
NUM  16.
PAR  16. A machine for both feeding into a stack and removing from a stack
      baking pans and the like including a magnetizable portion, said machine
      comprising a conveyor including magnetic means for magnetically coupling
      to a baking pan to hold the baking pan on said conveyor for transport
      thereby, a pan carrier mounted adjacent to said conveyor in position to
      receive a pan dropped therefrom, a stop member mounted adjacent to said
      conveyor and movable between a retracted position and a stop position,
      stop member drive mechanism for moving said stop member between said
      retracted position wherein the stop member is out of the path of baking
      pans on said conveyor and said stop position wherein said stop member
      stops baking pans in registry with said pan carrier, said magnetic means
      including a shiftable magnet mounted adjacent to said conveyor and movable
      toward and away from said pan carrier, magnet drive mechanism for moving
      said shiftable magnet among a first position adjacent to said pan carrier
      and a second position adjacent to said conveyor and a third position away
      from said conveyor on the side opposite said pan carrier, said shiftable
      magnet in the first position thereof magnetically coupling to a baking pan
      upon said pan carrier and in the second position thereof placing the
      baking pan on said conveyor in position for coupling to said magnetic
      means of said conveyor, carrier drive mechanism for moving said pan
      carrier upwardly and toward said conveyor as pans are unstacked from said
      pan carrier and for moving said pan carrier downwardly and away from said
      conveyor as baking pans are stacked on said pan carrier, and control
      mechanism for selectively operating said conveyor and said stop member
      drive mechanism and said shiftable magnet drive mechanism and said carrier
      drive mechanism in a baking pan unstacking mode and in a baking pan
      pass-through mode and in a baking pan stacking mode, said control
      mechanism in the baking pan unstacking mode thereof causing said stop
      member drive mechanism to hold said stop member in the retracted position
      thereof and causing said magnet drive mechanism to shift said shiftable
      magnet between the first and second positions thereof sequentially to
      engage baking pans on said pan carrier and to lift the baking pans from
      said pan carrier onto said conveyor for coupling to the magnetic means of
      said conveyor, said control mechanism in the pass-through mode thereof
      causing said stop member drive mechanism to hold said stop member in the
      retracted position thereof and causing said magnet drive mechanism to hold
      said shiftable magnet in the second position thereof so that said conveyor
      carries baking pans therealong and past said pan carrier, said control
      mechanism in the stacking mode thereof causing said stop member drive
      mechanism to move said stop member into the path of a baking pan on said
      conveyor and causing said magnet drive mechanism to shift said shiftable
      magnet between the second and third positions thereof sequentially to
      break the magnetic coupling between the baking pans and said conveyor to
      drop baking pans from said conveyor upon said pan carrier after which said
      pan carrier drive mechanism moves said pan carrier downwardly and away
      from said conveyor.
NUM  17.
PAR  17. The machine set forth in claim 16, wherein said stop mechanism includes
      spaced apart arms.
NUM  18.
PAR  18. The machine set forth in claim 16, wherein stop member drive mechanism
      includes an air motor.
NUM  19.
PAR  19. The machine set forth in claim 16, wherein said transfer conveyor
      includes spaced apart and parallel endless belts and said stop member is
      positioned therebetween for movement of said stop member between the first
      and the second positions thereof.
NUM  20.
PAR  20. A machine for both feeding into a stack and removing from a stack
      baking pans and the like including a magnetizable portion, said machine
      comprising a conveyor having a lower reach and including magnetic means
      for magnetically coupling to a baking pan to hold the baking pan beneath
      the lower reach of the conveyor for transport thereby, said magnetic means
      including two stationary portions spaced apart a distance at least equal
      to about the dimension of a baking pan in the direction of travel of said
      conveyor and a shiftable magnet disposed in the gap between the stationary
      portions, magnet drive mechanism for moving said shiftable magnet between
      a central position disposed adjacent to said lower reach and an up
      position disposed well above said lower reach and a down position disposed
      well below said lower reach, said shiftable magnet in the central position
      thereof cooperating with said stationary magnet portions to convey a
      baking pan upon said conveyor from one of the stationary portions across
      said shiftable magnet and on to the other stationary portion and in the up
      position thereof being spaced from a baking pan on said lower reach a
      distance such as to break the magnetic coupling therewith, a pan carrier
      mounted below said lower reach and in vertical registry with said
      shiftable magnet to receive a pan dropped from said conveyor, a stop
      member mounted adjacent to said conveyor and movable between a retracted
      position out of the path of a baking pan on said lower reach and a stop
      position in the path of a baking pan on said lower reach, stop member
      drive mechanism for moving said stop member between said retracted
      position and said stop position wherein said stop member stops baking pans
      in registry with said pan carrier, carrier drive mechanism for moving said
      pan carrier upwardly and toward said conveyor as pans are unstacked from
      said pan carrier and for moving said pan carrier downwardly and away from
      said conveyor as baking pans are stacked on said pan carrier, and control
      mechanism for selectively operating said conveyor and said magnet drive
      mechanism and said stop member drive mechanism and said carrier drive
      mechanism in a baking pan unstacking mode and in a baking pan pass-through
      mode and in a baking pan stacking mode, said control mechanism in the
      baking pan unstacking mode thereof causing said stop member drive
      mechanism to hold said stop member in the retracted position thereof and
      causing said magnet drive mechanism to shift said permanent magnet between
      the down position thereof and the central position thereof sequentially to
      engage baking pans on said pan carrier and to lift the baking pans from
      said pan carrier onto said conveyor and into conveying relationship
      therewith, said control mechanism in the pass-through mode thereof causing
      said stop member drive mechanism to hold said stop member in the retracted
      position thereof and causing said magnet drive mechanism to hold said
      shiftable magnet in the central position thereof so that the conveyor
      carrier baking pans therealong and past said pan carrier, said control
      mechanism in the stacking mode thereof causing said stop member drive
      mechanism to move said stop member into the stop position thereof and
      sequentially to operate said magnet drive mechanism to shift said magnet
      from the central position thereof to the up position thereof when a baking
      pan strikes said stop member to drop the baking pan from said conveyor
      upon said pan carrier after which said pan carrier drive mechanism moves
      said pan carrier downwardly and away from said conveyor.
PATN
WKU  039332551
SRC  5
APN  422308&
APT  1
ART  314
APD  19731206
TTL  Case magazine and feed apparatus
ISD  19760120
NCL  4
ECL  1
EXP  Werner; Frank E.
NDR  3
NFG  4
INVT
NAM  Lieder; Gaylerd M.
CTY  Minneapolis
STA  MN
INVT
NAM  Fox; Harold K.
CTY  Minneapolis
STA  MN
ASSG
NAM  Bemis Company, Inc.
CTY  Minneapolis
STA  MN
COD  02
CLAS
OCL  214  85K
XCL  221272
XCL  221293
EDF  2
ICL  B65G 5900
FSC  214
FSS  8.5 R;8.5 F;8.5 G;8.5 K;8.5 SS
FSC  221
FSS  270;272;292;293
UREF
PNO  730920
ISD  19030600
NAM  Joecken
XCL  214  8.5K
UREF
PNO  3433372
ISD  19690300
NAM  Galloway
XCL  214  8.5F
UREF
PNO  3690475
ISD  19720900
NAM  Pfaffle
OCL  214  8.5SS
UREF
PNO  3752361
ISD  19730800
NAM  VanLinder et al.
OCL  221251
FREF
PNO  800,432
ISD  19681200
CNT  CA
OCL  214  8.5K
FREF
PNO  1,054,379
ISD  19590400
CNT  DT
OCL  214  8.5F
LREP
FRM  Dugger, Johnson & Westman
ABST
PAL  A case magazine and case stripper part of a case opening, loader sealer
      machine, including longitudinal case slide rails for supporting a vertical
      stack of unopened, horizontal, flat folded cases, pusher assemblies
      mounted on a carriage that is longitudinally reciprocated by an endless
      chain drive to remove the lowermost case from the stack and push the
      lowermost case forwardly along the slide rails as the carriage moves
      forwardly, vertical stack support brackets located adjacent the corners of
      the stack extending upwardly from adjacent the elevation of the slide
      rails, and being mounted to be selectively adjustably positioned
      longitudinally and transverse relative one another, and case lifter
      assemblies mounted on the stack support brackets for elevating that part
      of the stack that is located vertically above the slide rails more than a
      preselected distance, automatically allowing the elevated part of the
      stack to bear against that part of the stack still supported by the slide
      rails, and thereafter elevate that part of the stack that is located more
      than a preselected distance above the slide rails. Each case lifter
      assembly includes a vertical piston cylinder combination that as the
      combination is operated towards its retracted position, the gripper plate
      and pad are moved upwardly thereby and are cammed into abutting
      relationship with horizontally adjacent cases for elevating cases from the
      part of the stack therebeneath.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Case magazine and stripping mechanism for supporting a vertical stack of
      unopened, horizontal, flat folded cases, and removing the lowermost case,
      one at a time, from the bottom of the stack and conveying the case
      forwardly to a location to have another work operation performed thereon.
PAR  In the prior art it is old to provide case stripper mechanism that removes
      one case at a time from the bottom of a vertical stack of horizontally
      flat folded cases in a case magazine. however, for good operation the
      number of cases that may be placed in the magazine at any one time is
      limited due to the weight of cases bearing downwardly on the lowermost
      case in the stack. In order to avoid problems such as the above, as well
      as others, this invention has been made.
PAC  SUMMARY OF THE INVENTION
PAR  Case magazine and case stripper structure that includes horizontal slide
      rails, a plurality of uprights for retaining a stack of flat folded,
      horizontal cases in generally vertical alignment on the slide rails, case
      stripper mechanism for moving one case at a time from beneath the stack
      and along the slide rails, and case lifter assemblies on the uprights for
      elevating an upper portion of the stack on the slide rails relative the
      remainder of the stack on the slide rails.
PAR  One of the objects of this invention is to provide on a case magazine for
      retaining cases in a flat folded horizontal condition in vertical stack
      relationship, new and novel mechanism for lifting a plurality of cases of
      the upper portion of the stack vertically above the remainder of the cases
      of the stack. In furtherance of the above object, it is another object of
      this invention to provide new and novel lift mechanism for engaging
      opposite edge portions of the cases to lift the cases and retain the
      elevated cases out of load bearing relationship to the lower portion of
      the stack.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary side view of the bag magazine and case stripping
      portion of a case opening, loader-sealer machine, including the mechanism
      for moving the bottom case forwardly from a vertical stack of unopened,
      horizontal, flat folded cases; various parts being broken away so as to
      more clearly show other parts of the structure of said portion;
PAR  FIG. 2 is a fragmentary rear end view of the structure of FIG. 1 with
      various portions being broken away, said view being generally taken along
      the line and in the direction of the arrows 2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary horizontal cross sectional view generally taken
      along the line and in the direction of the arrows 3--3 of FIG. 1 to more
      clearly illustrate the mounting of the case lifter assemblies of this
      invention; and
PAR  FIG. 4 is a side view of one of the case lifter assemblies generally taken
      along the line and in the direction of the arrows 4--4 of FIG. 3, said
      view showing the assembly in a case release position in solid lines, and
      the case lifted position in dotted lines.
DETD
PAR  The case opening, loader-sealer machine includes a frame, generally
      designated 11, that mounts an upstanding bracket 12 at an intermediate
      portion thereof. A generally I shaped track 13 that is longitudinally
      elongated is in part mounted by the upright central portion of bracket 12
      and in part by a mounting block (not shown) that is mounted on a
      transverse rear frame member 14. On either transverse side of the track
      13, there is respectively provided a longitudinally elongated, vertical
      drive plate 15 and 16; the rear ends of the drive plates being attached to
      the frame member 14 by angle brackets 17 while intermediate portions of
      the drive plates are attached to the bracket 12. Each drive plate
      rotatably mounts an idler sprocket 18 with the sprockets being between the
      drive plates and no shaft extending across the space between said plates.
      A substantial distance longitudinally forwardly of the sprockets 18 the
      drive plate 16 rotatably mounts a shaft 21, which has a sprocket 20 keyed
      thereto while on the opposite side of the drive plate a gear 23 is keyed
      to the shaft. The shaft 21 is driven by motor 22. The drive plate 15
      rotatably mounts a shaft 24 on which there is keyed a second sprocket 20,
      a gear 23 being keyed to the shaft 24 on the opposite side of the drive
      plate 15 from the second sprocket 20. The sprockets 20 are located between
      the drive plates, there being no drive shaft extending across the space
      between said sprockets. However, a mechanical drive connection 25 is
      provided between the gears 23 to drive the gears 23 in synchronism. A
      chain 26 is extended around the sprocket 18 and 20 that is mounted by each
      of the drive plates; each drive plate mounting an upper chain track 27 and
      a lower chain track 28 to aid and retain the upper and lower runs of the
      chain in generally horizontal condition.
PAR  A carriage 30 is mounted on the track 13 for reciprocal movement, the
      carriage having rollers 31 mounted for rotation about vertical and
      horizontal axes for retaining the carriage on the track. On either side of
      the carriage, a control link 32 has one end pivotally connected thereto by
      a pivot 33 while the opposite end of each control link is pivotally
      connected to the link of the adjacent chain 26 by a pivot member 34. As a
      result, with the upper runs of the chains moving in the direction of the
      arrow 35 and the links to which the pivot members 34 are attached are
      along the upper runs, the carriage is moved in the direction of the arrow
      35. However, when the chain links to which the pivot members 34 are
      connected are part of the lower runs of the chains, the carriage is moved
      in the direction opposite arrow 35.
PAR  A transversely elongated plate 36 is bolted to the carriage at a higher
      elevation than the drive mounting plates 15, 16, and at either end mounts
      a pivot member 38 that in turn mounts a case pusher assembly 37. The case
      pusher assemblies are resiliently retained in a position to have edges 40
      thereof abut against the rear edge of a case 39 as it is being moved from
      beneath a vertical stack of cases; but when the case has been pushed from
      beneath the stack and the pusher assemblies are being moved in the
      direction opposite arrow 35, can pivot downwardly to be moved beneath the
      stack of cases. Since the pusher assemblies are of a conventional
      construction, they will not be further described.
PAR  For supporting a plurality of unopened cases in vertical stacked,
      horizontal positions, there are provided a plurality of transversely
      spaced, longitudinally elongated case slide rails 43 that at their one
      ends are secured to angle brackets 44 which in turn are dependingly
      mounted by rear transverse frame member 45 and at their opposite ends by
      brackets 46 that in turn are mounted by frame members 47. The top edges of
      the case slide rails support the lowermost case in stack C at an elevation
      that has a rearward edge thereof engaged by edges 40 when the case pusher
      assemblies are moved forwardly from their rearwardmost positions in the
      direction of arrow 35 (only two cases of stack C being shown in FIG. 2).
PAR  The frame includes longitudinally elongated, parallel, top frame members 48
      and 49 that are located transversely outwardly of the case slide rails and
      the drive mounting plates 15, 16 and have their top portions located at a
      substantially higher elevation than said rails and plates. Each of the
      frame members 48, 49 mounts a longitudinally elongated angle bracket 50 to
      have the angle bracket horizontal leg extend toward the other. The
      transversely elongated rear magazine rail 51 has a slot at either end into
      which the horizontal leg of the adjacent angle bracket 50 extends whereby
      the rail is mounted by the angle brackets to be selectively adjustably
      longitudinally positioned along the length thereof. Clamp bolts (not
      shown) are provided on the slot end portions of the rail 51 for retaining
      the rail in selected longitudinally adjusted positioned. Similarly, a
      front magazine rail 52 of the same construction as rail 51 is mounted by
      the angle brackets 50 to be retained in selected longitudinally adjusted
      positions on the angle brackets.
PAR  In order to retain the cases in vertical stacked relationship, the magazine
      portion includes four angle brackets 55, 56, 56 and 58 respectively; each
      of which has a clamp member 54 secured to the lower end portion thereof
      (see FIG. 3). Angle brackets 55 and 56 are mounted on rail 52 and 51
      respectively by their clamp members to have their transverse legs 55a, 56a
      adjacent and facing one another while their longitudinal legs extend more
      remotely from one another than the transverse legs, brackets 55, 56 being
      adjacent frame member 49. The angle brackets 58 and 57 are mounted by
      clamp members on the rails 52 and 51 respectively adjacent frame member 48
      to have their transverse legs face one another and more remotely
      positioned from one another than their longitudinal legs. Through the
      provision of the clamp members, the transverse spacing of brackets 57, 58
      relative angle irons 55, 56 may be selectively varied and thence the clamp
      members tightened by convention structure (not shown) for retaining the
      angle irons in their selected transverse adjusted conditions. Further, due
      to the manner of mounting of the angle irons 55, 56 the cases in a flat
      folded horizontal condition may be moved inwardly therebetween in the
      direction of the arrows 60 while the longitudinal extending legs of angle
      irons 57, 58 limit the movement of the cases in the direction of the
      arrows 60. The longitudinally forward surfaces of the transverse legs of
      angle irons 57, 56 are located in a common vertical, transverse plane, the
      longitudinally rearwardly surfaces of the transverse legs of angle irons
      55, 58 are in a common transverse vertical plane and the surfaces of the
      longitudinal legs adjacent their transverse legs are located in a common
      longitudinal vertical plane to facilitate retaining the cases in a
      vertical stacked relationship. The angle irons 56, 57 extend to a lower
      elevation than the top edges of the case slide rails 43 while the lower
      edges of the angle irons 55, 58 are located at an elevation that is at
      least the height of one case in a flat folded horizontal condition
      vertically above the top edges of the slide rails to permit the bottom
      case in the stack in the flat folded condition to be slid on the side
      rails therebeneath.
PAR  Mounted on the angle brackets 55 to 58 respectively are case lifter
      assemblies, generally designated 65 to 68. Each case lifter assembly
      includes a bracket 75 that is welded to the respective bracket 55 to 58,
      and a cylinder 76 that has its upper end connected to the bracket by a
      pivot member 77 to permit the cylinder pivotally about a transverse axis.
      The cylinder has a downwardly extending piston rod 78 which at its lower
      end mounts a generally longitudinally extending bar 79. One end of the
      longitudinal bar mounts a generally vertically extending gripper plate 80
      which in turn mounts a vertically elongated resilient gripper pad 81. The
      opposite end of the bar 79 mounts a cam plate 82 for bearing against the
      vertically elongated cam plate 83. The upper end of the cam plate is
      pivotally mounted on a transverse pivot 84 which in turn is mounted on the
      bracket 75 to have a pivot axis parallel to the pivot axis of pivot member
      77. A vertically intermediate portion of the cam plate has an adjustment
      bolt 87 threaded therein that is abuttable against a stop 88 which is
      welded to the bracket 75, the adjustment bolt serving to limit the pivotal
      movement of the cam plate about pivot 84 in the direction of the arrow 89
      toward the gripper plate. A pin 86 is secured to the bracket 75 for
      mounting one end of coil spring 85, the opposite end of the spring being
      connected to the lower end of the cam plate 83. Spring 85 constantly
      resiliently urges the cam plate to pivot in the direction of the arrow 89
      about pivot 84 to a position that the adjustment bolt 87 abuts against
      stop 88.
PAR  The brackets 75 are mounted on the brackets 55-58 so that when the piston
      rod of the respective case lifter assembly is in an extended position, the
      transverse vertical surface of the resilient pad opposite the gripper
      plate is substantially located in the transverse vertical plane of the
      surfaces of the transverse legs of the angle brackets 55-58 respectively
      that mounts the case lifter assembly; and in the piston rod retracted
      position to have the pad case engaging surface extend substantially
      longitudinally more closely adjacent the longitudinally opposite case
      lifter assembly. In order that the gripper pads move longitudinally toward
      the longitudinally opposite gripper assembly as the respective piston rod
      is retracted, each of the cam plates has a generally vertically elongated
      upper end portion 83a that extends downwardly from pivot 84 to an
      elevation substantially lower than bar 79 in the piston rod retracted
      position, the lower end of portion 83a being joined to an elongated
      inclined portion 83b that extends downwardly in a direction longitudinally
      away from the gripper plate of the respective lifter assembly. To be noted
      is that the vertically upper-most part of portion 83b  is at a higher
      elevation than the cam follower 82 in a piston rod extended position.
      Further, the angle of inclination of portion 83b is such that when the
      piston rod is in a lower extended position and cam follower 82 bears
      against surface 83b, the case engaging surface of pad 81 will extend
      generally vertically to be located in the plane of the case engagable
      surface of the respective bracket 55-57 or slightly longitudinally spaced
      therefrom in a longitudinal direction slightly more remote from the
      vertically stacked cases on the case slide rails.
PAR  The gripper pads of assemblies 66, 67 are located transversely between
      brackets 56, 57; while the gripper pads of assemblies 65, 68 are located
      transversely between brackets 55, 58. Additionally, the bag lifter
      assemblies are mounted on the brackets 55-58 at an elevation substantially
      vertically above the elevation of the case side rails, for example a
      height of 30 to 50 horizontal, flat folded cases.
PAR  In using the apparatus of this invention, the vertical elevation of the
      escape plates 63 in the escape plate holder 62 is adjusted so that the
      bottom edges of the escape plates is at an elevation higher than the
      elevation of the top edges of the case slide rails by a distance that is
      greater than the height of one case in a flat folded condition, but
      substantially less than the height of two cases in a stacked flat folded
      condition. Additionally, the longitudinal spacing of transfer rails 51, 52
      is adjusted, if necessary, so that the spacing of the adjacent transverse
      surfaces 55a, 56a is slightly greater than the longitudinal length of a
      flat case in the horizontal condition. Further, the transverse positions
      of the brackets 55-58 are adjusted, if necessary so that the cases in
      abutting against the longitudinal legs of brackets 57, 58 will be in a
      generally transverse centered position between frame members 49, 48 and
      the cases will extend longitudinally between brackets 55, 56. Now, with
      the case lifter assembly piston rods in their extended condition, flat
      cases are moved transversely in direction of the arrow 60 to be stacked on
      the slide rails 43 and have their one longitudinally extending edges
      closely adjacent the transverse legs of brackets 57, 58.
PAR  With the flat cases stacked on the slide rails, the machine is started and
      through a valve 100 and other suitable controls (not shown) fluid under
      pressure is applied to the lower ends of the cylinders 76. This results in
      the cam followers 82 moving vertically upwardly along the surfaces 83b,
      and as the cam followers are moved upwardly, the grip pads 81 are moved
      upwardly and longitudinally toward the horizontally adjacent cases and
      into abutting contact therewith to exert a lifting force on the cases that
      they abut against. The characteristics of springs 85 are such that as the
      followers move upwardly along surface portions 83b, the plates 83 can
      pivot in the direction opposite arrow 89 to prevent the gripping pads
      exerting a sufficient horizontal force against the cases to damage the
      cases; but at the same time exert a sufficient force that the cases will
      be elevated with the gripping pads as the cam follower moves upwardly
      along the surfaces of cam plate portions 83a. As a result of the piston
      rods moving to their retracted positions, the cases indicated in FIG. 4 by
      reference numeral 90 will be lifted up from the cases indicated by
      reference numeral 91 to be vertically spaced therefrom. It is to be
      understood that the cases indicated by reference numeral 91 extend
      downwardly to and are supported by the slide rails 43. Thus, with the
      above mentioned separation of the cases 90 from the cases 91, a
      considerable part of the weight of the cases that are located between the
      brackets 55-58 is supported by the case lifter assemblies and not by the
      cases that are supported by the slide rails.
PAR  With the part 90 of the stack of cases separated from the part of the stack
      91, and the motor 22 energized, and assumming that the pusher assemblies
      are in their longitudinally rearmost position, the carriage will be moved
      in a forward direction (arrow 35) to bring the pusher plate portions 37a
      into underlying relationship to the rearward edges of the cases 91. As may
      be noted, the pusher plate portions 37a are inclined upwardly in a
      rearward direction so that as the pusher plate portions 37a moves
      forwardly, the pusher plate assemblies are pivoted on pivot members 38
      against the resilient action of the springs 101 to an elevation that edges
      40 will abut against only the rear edge of the lowermost case on the slide
      rails. Thereafter, further forward movement of the carriage results in the
      lowermost case 39 being moved forwardly from beneath the stack 91 to other
      parts of the machine (not shown) where at folding and other operations are
      carried out on the case to form a box. After the lowermost case has been
      moved completely forwardly of the escape plates, the pivot members 34 are
      moved by the chain 26 downwardly around sprockets 20 and thence rearwardly
      to retract the carriage and the structure mounted thereon. Thereafter the
      pivots 34 move around sprockets 18 and along the length of the upper run
      whereby carriage 30 moves the pusher assemblies to move the new lowermost
      case on the stack 91 in the forward direction. This series of operations
      is continued until a predetermined number of cases from the stack portion
      91 has been removed from the magazine. There upon a suitable control, for
      example, a photoelectric eye unit, or a counter 102, that is operatively
      connected to the drive for the gears 23, for example drive connection 25,
      automatically actuates the control valve 100 for the cylinders 76 to apply
      fluid under pressure to their upper ends. This results in the piston rods
      78 being moved in a downwardly direction, and as the cam followers move
      onto and downwardly along surface portions 83b, the longitudinally
      opposite gripper plate pads moves sufficiently apart that the cases 90
      supported thereby drop onto the remaining cases of part 91 of the stack.
      After the piston rods have moved to their lowermost positions, the
      controls automatically again apply fluid under pressure to the lower ends
      of the cylinders for retracting piston rods whereupon the gripper pads
      again elevate the part of the stack of cases in the manner previously
      described. The last mentioned extension and retraction of the piston rods
      takes place between the time that the carriage has been moved too its
      longitudinal forwardmost position and the time that it is again moved
      longitudinally forwardly.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For removing a case from a vertical stack of cases in horizontal, flat
      folded conditions that have elongated first edge portions and elongated
      edge portions opposite the first edge portions, a frame, longitudinally
      elongated slide means on the frame for supporting the stack of cases,
      means mounted on the frame for retaining the cases in the stack in
      generally vertical alignment while permitting the lowermost case of the
      stack being slid along the slide means from beneath the stack, stripper
      means mounted on the frame for moving the lowermost case along the slide
      means from beneath the stack and lifter means mounted on the vertical
      alignment means for engaging cases in the stack that are located more than
      the thickness of a plurality of cases above the slide means to lift
      engaged cases and retain the lifted cases in vertical spaced relationship
      to the remainder of the cases in the stack and separated therefrom, and
      subsequently release the lifted cases to fall toward the slide means, the
      lifter means including a generally vertical case engaging lifter member, a
      vertically elongated cam member having at least a lower portion that
      extends downwardly and away from the stack, vertically movable means for
      mounting the case engaging lifter member and vertically movably engaging
      the cam member lower portion to move the case engaging lifter member
      toward the adjacent case edge portions as it moves vertically upwardly
      along said cam member lower portion, power means secured to the vertically
      movable means for selectively moving the vertically movable means upwardly
      and downwardly in engagement with the cam member and means for mounting
      the cam member and power means on the vertical alignment means.
NUM  2.
PAR  2. The apparatus of claim 1 further characterized in that the power means
      includes a piston rod that mounts the vertically movable means.
NUM  3.
PAR  3. Apparatus for removing a case from a vertical stack of cases in
      horizontal, flat folded conditions, the cases having elongated first edge
      portions and second elongated edge portions opposite the first edge
      portions, comprising a frame, longitudinally elongated slide means on the
      frame for supporting the stack of cases, means mounted on the frame for
      retaining the cases in the stack in generally vertical alignment while
      permitting the lowermost case of the stack being slid along the slide
      means from beneath the stack, the alignment means including first and
      second uprights respectively adjacent the first and second edge portions,
      stripper means mounted on the frame for moving the lowermost case along
      the slide means from beneath the stack and lifter means mounted on the
      vertical alignment means for engaging cases in the stack that are located
      more than a given distance above the slide means for lifting the engaged
      cases and retaining the engaged cases in vertical spaced relationship to
      the remainder of the cases in the stack, the above mentioned lifter means
      including first lifter means mounted on the first upright for liftingly
      engaging the first edge portions and second lifter means mounted on the
      second upright for liftingly engaging the second edge portions, each of
      the first and second lifter means including a generally vertical case
      engaging lifter member, a generally vertical piston cylinder combination
      having a piston rod and a cylinder, means for mounting the cylinder on the
      respective upright, means for connecting the lift member to the piston rod
      to move therewith, the last mentioned means including a cam follower, and
      cam means mounted on the cylinder mounting means for moving the cam
      follower toward the adjacent case edge portions as the piston rod moves
      upwardly, the cylinder mounting means including means mounting the
      cylinder for pivotal movement about an axis parallel to the direction of
      elongation of the case edge portions.
NUM  4.
PAR  4. The apparatus of claim 3 further characterized in that the cylinder
      mounting means includes a bracket, that the cylinder pivot means is
      mounted on said bracket, that the cam means includes a vertically
      elongated cam member and a pivot member mounted on said bracket for
      mounting the cam member for pivotal movement about an axis parallel to the
      pivotal axis of the cylinder pivot means, and that there is provided
      resilient means connected to said bracket for resiliently urging the cam
      member toward the cam follower, and stop means on the bracket for limiting
      the pivotally movement toward the cam follower.
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ABST
PAL  A ship's loading ramp has two side beams interconnected by travelling
      tracks with the beams and the tracks being divided in two portions
      connected by hinges. Wires for operating the ramp are connected to
      balancing arms and, one such arm is connected to each beam at the hinges.
      An actuator is fitted to adjust the angular position of the balancing arm
      with respect to the portions of the pertaining beam during raising and
      lowering operations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a ship's loading ramp, especially of the
      type adapted to extend outwardly at an angle to the longitudinal axis of
      the ship, and being designed to permit trucks to travel into the stern of
      the ship from a quay along the ship's side. Such a ramp would, if it was
      not divided, be very long and in the swung-up position extend well above
      the ship's superstructure.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Ramps have been proposed which include an inner portion and an outer
      portion, hingedly interconnected so the outer portion may be folded down
      along the inner portion, when the ramp is raised to the vertical position.
PAR  U.S. Patent No. 2,687,308 shows a ramp including unitary side beams
      carrying divided travelling tracks, but these beams have, due to their
      height in the stowed position, a detrimental influence upon the stability
      of the ship, especially if of small size. Beside their own, considerable
      weight, these beams will, at their outer ends, support certain operating
      gear for manipulating the outer travelling track.
PAC  OBJECT AND SUMMARY OF THE INVENTION
PAR  The object of the present invention is to improve the design, whereby the
      height of the side beams may be reduced to about one half of what was
      considered necessary heretofore, while simultaneously an operating gear
      for the outer travelling track portion together with the outer portion of
      the side beams will be simplified. This means a considerable reduction of
      the weight, without any loss of the favorable working properties of the
      ramp.
PAR  A loading ramp according to the invention includes two spaced parallel side
      beams swingably connected to the ship and carrying travelling track which
      interconnects the side beams, with said side beams and said tracks being
      divided into inner and outer portions interconnected by transverse hinge
      means located about midway of the ramp, so the inner and outer portions of
      the ramp, by the aid of winch means operably related to each side beam,
      about at the midway hinge means, may be folded together and swung to a
      vertical, stowed position on board the ship, and is characterized in that
      sheaves for guiding the wires of the winch means are fitted at balancing
      arms, which are pivotably mounted at each side beam, adjacent to the
      midway hinge means, with said arms being longer than the height of the
      pertaining beam portion at the hinge means, and that an actuator mounted
      at either of the portions of the pertaining side beam is adapted to adjust
      the angular position between the balancing arm and the outer beam side
      portion.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  One embodiment of the invention will below be described with reference to
      the accompanying drawing illustrating a preferred embodiment of the
      invention in which:
PAR  FIG. 1 is a diagrammatic side view showing a ramp according to the
      invention in different positions between the stowed and fully unfolded
      positions, and
PAR  FIG. 2 is a top view of the ramp according to FIG. 1.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The stern of a ship is denoted by 10, and in connection to an opening
      therein a loading ramp is fitted, which is swingable about an inner hinge
      means 11.
PAR  The ramp is composed of two, spaced mainly parallel beams 10A, 10B each
      side beam including an inner portion 12 and an outer portion 13,
      respectively. The portions 12, 13 of each beam are joined by midway hinge
      means 14 which, in the conventional manner, is located at the lower edge
      of the side beams. The inner and the outer portions 12 and 13 of the two
      side beams are transversely interconnected by travelling track inner and
      outer portions 15, 16, defining a track 15A. The travelling track proper
      is thus also divided adjacent to the axis of the hinge means 14, and the
      travelling track portions may likewise be joined by hinge means.
PAR  A drive-up flap 17 is pivotably fitted up to the free ends of the outer
      beam portion 13 by means of further hinge means 18. This flap is adapted,
      automatically to adjust itself to the inclination of the quay,
      irrespective of the angle at which the side beams rest thereon, and will
      also aid in distributing the load to be transferred at the ends of the
      beams over an enlarged area.
PAR  The ramp is operated by the aid of winch means, not shown in detail, but
      indicated by a wire loop 19 for each side beam. In other words the winch
      means will lift at each side beam 10A.
PAR  A block 20, possibly a multiple sheave one if the wire tackle includes
      several running wire parts, is fitted at the end of a balancing arm 21,
      pivotably mounted at each side beam 10A, 10B, adjacent to the midway hinge
      means 14. Hence, there are two arms 21, each balancing arm has a length
      exceeding the height of the beam at this end, and is preferably journalled
      about the axis contained in the midway hinge means to be aligned with the
      portions of the pertaining beam. The balancing arm is arcuate, having its
      free, sheave-supporting end directed away from the outer side beam portion
      13. The portion of the balancing arm adjacent to the hinge means 14 is
      wedge shaped, and the juxtaposed ends of the side beam portions 12, 13 are
      obliquely cut to mate with this wedge shaped portion, abutting directly
      against the same when the ramp is brought to its fully unfolded position
      shown at the bottom of the drawing, in which the portions of each side
      beam are aligned.
PAR  The angular position of the balancing arm 21 with respect to the outer beam
      portion 13 may be adjusted by means of a pressure fluid operated actuator
      22 in a manner and for the purpose to be described herebelow.
PAR  Conduits (not shown) supplying pressure fluid to and removing fluid from
      the actuators are, in any well known manner, led past the hinge means 14
      and 11 and are connected to governing means on board the ship.
PAR  The drawing shows the ramp in four different positions, viz:-
PAR  A fully stowed position,
PAR  B during folding, or unfolding,
PAR  C resting upon a quay when the inner hinge 11 means is located lower than
      the level of the quay, and
PAR  D resting upon the quay when the inner hinge means 11 is located higher
      than the level of the quay.
PAR  In position A, the inner and outer portions of the ramp are stowed
      substantially vertically, with the undersides of the travelling tracks
      turned towards each other. In order to reach a stable rest position, the
      center of gravity 23 for the movable unit is brought inside of a vertical
      plane 24 passing through the inner hinge means 11.
PAR  In order to unfold the ramp, it is necessary that the center of gravity be
      brought outside of the vertical plane 24. This is performed with the aid
      of the balancing arms 21, of which at least one, due to its arcuate form,
      will abut against a positive stop 25 in the ship's superstructure. The
      position of the balance arm during this action is denoted by dash lines at
      26.
PAR  An unfolding movement is thus initiated by extending the actuators of the
      balance arms fully. When the center of gravity has passed the critical
      plane, further movement (position B) will be braked by means of the winch
      wires 19. As the lowering proceeds the balancing arms are retracted
      towards the outer beam portions 13, which succesively increases the angle
      between the portions of the ramp, until the balancing arms finally, when
      the ramp approaches the quay, rest against the outer beam portions. In
      this manner, the weights of the two portions of the ramp may be balanced
      against each other, whereby uncontrolled movements between the two
      portions are avoided.
PAR  The transfer of the ramp back to its stowed position occurs in a reverse
      order. In the same manner as during the lowering, the weights of the ramp
      portions are balanced against each other by means of the arms so a smooth,
      steady movement to the vertical position is obtained. When fully stowed,
      the ramp is locked mechanically to the superstructure.
PAR  A monitoring device including warning lamps at the maneuvering post for the
      ramp will indicate when the operator shall perform the necessary angular
      adjustments.
PAR  The maneuvering winches preferably are of the self-tensioning type, which
      means that they will carry a certain portion of the occasional load, for
      instance the weight of the ramp.
PAR  Position D shows the simple case in which the inner hinge 11 is located
      higher than the level of the quay. The beam portions 12 and 13 are then
      aligned, and their juxtaposed ends rest against the wedge shaped portion
      of the intermediate balancing arm, whereby a practically rigid beam
      structure is obtained.
PAR  When the inner hinge means is located below the level of the quay, the ramp
      will be articulated at the midway hinge means 14 in the manner indicated
      by position C. The actuators 22 will then have to maintain the balancing
      arms in a corresponding angular position and transfer to the quay and to
      the inner hinge means, respectively, the forces caused by the loads being
      moved along the ramp.
PAR  The balancing arms shown in this embodiment must be regarded as examples
      only. The shape of the arms and the location of the sheaves as well as of
      the actuators may vary as called for by different technical
      pre-requisites. The actuators may, thus, be mounted at the inner beam
      portions.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A ship's loading ramp including two spaced substantially parallel side
      beams, and a travelling track carried by the side beams said side beams
      and said tracks being divided transversely into inner and outer portions,
      first hinge means for swingably mounted the inner portion of said ramp at
      the ship, second hinge means interconnecting the inner and outer portions
      of the ramp, winch means for operating the ramp between a folded and a
      vertically staved position on board the ship and an extended working
      position, and further including a balancing arm at each side beam having
      one end pivotably mounted thereto adjacent to the second hinge means and
      extending its other end above the upper edge of the side beam, a sheave
      means at the other end of each arm for guiding a wire from the winch
      means, and an actuator, mounted between one of the beam portions and the
      pertaining balancing arm for adjusting the angular position of the latter.
NUM  2.
PAR  2. The loading ramp according to claim 1, including a super structure
      having an opening in which the inner and outer portions of the side beams
      are arranged so that the center of gravity of the folded and vertically
      stowed ramp is located inside of a vertical plane through the axis of the
      first hinge means which is located adjacent to the opening in the
      superstructure, the further improvement that the balancing arms are
      arcuate, said balancing arms having free ends turned towards the ship, and
      a positive stop in the superstructure, above the stowed ramp and opposite
      to at least one of the arms, the pivoting movement of which is sufficient
      in cooperation with said positive stop for forcing the center of gravity
      out beyond said vertical plane.
NUM  3.
PAR  3. The loading ramp according to claim 1, in which each balancing arm is
      pivoted about the axis of the second hinge means.
NUM  4.
PAR  4. The loading ramp according to claim 3, in which balancing arm has a part
      located between the inner and outer portions of the pertaining side beam,
      said part being wedge shaped, the juxtaposed ends of said side beam
      portions being obliquely formed so they will abut against the wedge shaped
      part of the balancing arm when the portions of the side beam are unfolded
      to be aligned with each other.
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ABST
PAL  Several stacks of shelves in a warehouse, separated by aisles, are
      vertically subdivided into a multiplicity of tiers each with a depth of
      four storage spaces accommodating respective pallet-size loads. At the
      level of certain tiers of each stack the two inner storage spaces are
      converted into throughgoing passageways for the manual assembly of
      fractional orders, these passageways extending parallel to the aisles
      bounding the respective stack. A stacker crane in each aisle comprises a
      platform accommodating two pallets in a direction perpendicular to the
      passageways, the platform supporting a telescoping arm bracketed by a pair
      of longitudinally extending ledges forming part of an underlying lifting
      frame; the ledges carry respective transfer blocks allowing for the
      longitudinal displacement of a pallet from one extremity of the
      telescoping arm to the other upon an elevation of the lifting frame to
      raise the pallet off that arm. A pallet can thus be repositioned on the
      platform during operation of the lifting crane, with extension of the arm
      into a storage space next to a passageway occurring after the platform has
      been aligned with the corresponding tier.
PARN
PAC  CROSS-REFERENCE TO RELATED INVENTION
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 245,963 filed Apr. 20, 1972, now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to a shelving system, as used in warehousing,
      designed to hold pallet-size loads in storage spaces stacked in a
      multiplicity of tiers on opposite sides of an aisle having a depth of
      substantially two pallet lengths.
PAC  BACKGROUND OF THE INVENTION
PAR  In such a shelving system it is generally necessary to load or unload a
      storage space of a stack through an aisle separating it from an adjoining
      stack, e.g. in order to transfer a loaded pallet from one stack to the
      other. This is particularly desirable where shipments are to be assembled
      from the contents of several storage spaces on the two stacks, as is
      frequently the case in large-scale industrial warehousing.
PAR  It is known, e.g. from U.S. Pat. No. 3,608,749, to operate a stacker crane
      in an aisle between high-rising storage racks, such a crane having a
      platform with a bidirectionally extendable arm which can reach into the
      storage spaces on either side of the aisle to pick up a pallet for removal
      to an unloading station or to deposit a pallet picked up at a loading
      station. If the pallets are stacked two deep on either side of the aisle,
      the extendability of the arm in either direction must be slightly greater
      than two pallet lengths. If the depth of the aisle also slightly exceeds
      two pallet lenghts, the stacker crane can carry a pair of pallets
      simultaneously extracted from or to be deposited in a rack.
PAR  If, in such a system, the arm is to load or unload only a single storage
      space proximal to the aisle, the corresponding pallet comes to rest on one
      of the extremities of that arm so as to be deliverable to another storage
      space on the same side of the aisle but not on the opposite aisle. This
      limited maneuverability of the stacker crane complicates the filling of
      orders which must be assembled from goods stored on both sides of the
      aisle.
PAC  OBJECTS OF THE INVENTION
PAR  The general object of my present invention, therefore, is to provide a
      method of and means for facilitating the transfer of individual pallets
      from one side of an aisle to the other with the aid of a bidirectionally
      extendable arm of a stacker crane accommodating two (or possibly more)
      pallets at one time.
PAR  A more particular object is to provide a warehousing system which, through
      the use of such a stacker crane, enables the assembly of fractional (i.e.
      sub-pallet-size) loads from different storage racks or stacks separated by
      one or more aisles each with a depth substantially equaling a plurality of
      storage spaces.
PAC  SUMMARY OF THE INVENTION
PAR  I realize these objects, in accordance with the present invention, by the
      provision of lifting means alongside the bidirectionally extendable arm on
      a platform which is part of a transportable pallet carrier such as a
      stacker crane, the lifting means supporting a transfer device which is
      longitudinally displaceable between opposite extremities of the arm and
      which has a length not greater than half that of the contracted arm. After
      the transfer device has been placed under a pallet riding on one extremity
      of the contracted arm, an operating mechanism actuates the lifting means
      to engage the transfer device with a pallet and raise the latter off that
      arm whereupon the transfer device is moved into an alternate position
      where the pallet is deposited on the other extremity of the arm. After
      reversal of the operation of the lifting means to disengage the transfer
      device from the pallet, the arm can be extended in the direction of its
      loaded extremity to deposit the pallet in a storage space on the
      corresponding side of the aisle. The same mechanism, of course, can be
      operated in the reverse order for the extraction of the pallet from such a
      storage space if for any reason it is desired that the pallet be shifted
      to the remote arm extremity preparatorily to unloading.
PAR  In my improved system the shifting of a pallet from one arm extremity to
      the other (i.e. from one of its halves to the other in the case of an
      aisle two pallet lengths deep) takes place entirely within the confines of
      the aisle, with the extendable arm contracted to its minimum length, so
      that this operation can be performed during the displacement of the
      platform between storage levels or tiers without interference from the
      adjoining shelf assemblies.
PAR  According to a more particular feature of my invention, the stacks are
      provided at certain levels with throughgoing transfer passageways
      paralleling the intervening aisles served by respective stacker cranes,
      these passageways adjoining a single row of storage spaces next to each
      aisle. Such a passageway can be used as a shipping area for the manual
      assembly of part of the contents of several pallet-size loads deposited by
      the stacker crane in that single row of storage spaces; by virtue of the
      aforedescribed construction of my improved pallet carrier, these loads may
      be readily brought together from anywhere within the system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a schematic side-elevational view of several storage racks
      forming part of a warehouse system embodying my invention;
PAR  FIG. 2 is a fragmentary front view of one of the storage racks of FIG. 1;
PAR  FIG. 3 is a perspective view of a representative part of the warehouse
      system, including an associated stacker crane;
PAR  FIGS. 4 and 5 are perspective views of a loaded stacker-crane platform
      different operating positions;
PAR  FIG. 6 is a set of diagrams illustrating the operation of a pallet-shifting
      mechanism on the platform shown in FIGS. 4 and 5; and
PAR  FIG. 7 is a longitudinal sectional view of a modified pallet shifter.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  In FIGS. 1 - 3 I have shown a group of storage racks 1, 2, 3, 4 separated
      by aisles 20 accommodating respective stacker cranes 5. The racks are
      vertically subdivided into a multiplicity of tiers a . . . q, each tier
      accommodating an array of storage spaces 21 for load-carrying pallets 12.
      The first rack 1 (as well as the nonillustrated last rack of the group)
      has a depth equaling half that of the intermediate racks, being subdivided
      in the dimension of its depth into stacks A and B. Racks 2, 3, and 4 are
      each subdivided into four stacks A, B, C, D, being thus four storage
      spaces deep. In the transverse dimension, i. e. parallel to the aisle 20,
      these stacks form a multiplicity of adjoining columns I, II, III, IV, V .
      . . . At levels c, d and e, f the partitions between tiers and between the
      middle stacks B, C of the intermediate racks 2, 3, etc. have been omitted
      to form a pair of transverse passageways 6, 7 which extend the full width
      of the rack group and are vertically interconnected at their ends by a
      shaft 8 accommodating an elevator 9, facilitating the direct transfer of
      boxes or crates therebetween. These superimposed passageways could also be
      connected by a staircase.
PAR  Each stacker crane 5 comprises a carriage 22 riding on overhead rails 23
      and supporting a depending frame 24 for the guidance of a platform 10
      which is elevated by a conventional hoist mechanism not shown. This
      platform 10 and associated elements have been illustrated in greater
      detail in FIGS. 4 and 5.
PAR  As shown in FIGS. 4 and 5, platform 10 supports an extensible arm 11 of the
      telescoped type whose outer member 11a can be shifted in either direction
      over a distance somewhat exceeding twice the length L of a pallet 12 (as
      measured in the direction of depth of the aisles and racks shown in the
      preceding figures). Platform 10 also has a length 2L which is slightly
      less than the depth of an aisle 20 (FIGS. 1 and 3). The displacement of an
      outer member 11a of arm 11 relative to its inner member or members, one of
      which is visible at 11b, is carried out by conventional means not further
      illustrated. Platform 10 comprises a lower deck 10a and an upper deck 10b
      separated by a web 10c, the arm 11 resting on the upper deck 10b with its
      etxremities spacedly overlying a lifting frame 13 whose lateral elements
      13a are overhung by the ends of a pallet 12 resting on the arm. Frame
      elements 13a form respective tracks 14 for a pair of sliding blocks 15
      which can be displaced by a pair of horizontal hydraulic jacks 16 parallel
      to the longitudinal edges of arm 11. The sliders 15, of length L, are
      normally spaced from the overhanging pallet ends but can be raised into
      contact therewith by a lifting mechanism including a set of vertical
      hydraulic jacks 26 which engage the frame 13 at its corners and bear upon
      the lower deck 10a of platform 10. The downwardly offset transverse
      elements 13b of lifting frame 13 are sufficiently separated from the
      underside of arm 11 to stay clear of that arm even when the jacks 26 are
      actuated to raise the frame 13 high enough to engage the overhanging
      pallet ends and lift the pallet 12 off the upper arm surface.
PAR  It is thus possible, through alternate operation of horizontal jacks 16 and
      vertical jacks 26, to move the load 25 from its position (FIG. 4) on one
      half of arm 11 to an alternate position on the oppiste half, FIG. 5
      illustrating the transition from one position to the other with the pallet
      12 elevated by the frame 13 to be out of contact with arm 11. The sequence
      of operations has been diagrammatically depicted in FIG. 6 which, in step
      (a), shows the load 25 in an extreme left-hand position resting with its
      pallet 12 on the contracted arm 11. Step (b) shows the raising of lifting
      frame 13, sliders 10, pallet 12 and load 25; in step (c) the assembly 15,
      12, 25 has been shifted to an extreme right-hand position. Step (d)
      represents the lowering of frame 13, with pallet 12 again coming to rest
      on arm 11. Step (e) shows the extension of arm member 11a toward the
      right, to move the pallet 12 with its load 25 into an adjoining storage
      space. This extension of the arm can be by a distance slightly exceeding
      either the single length L or the double length 2L, depending on whether
      the load is to be deposited in (or extracted from) a storage space
      proximal to the aisle or an adjoining space farther inward.
PAR  The same sequence of operations, of course, is followed when the load L is
      to be moved from its position on the right-hand half of arm 11 into a
      storage space to the left of platform 10 or vica versa.
PAR  FIG. 7 shows a modified pallet carrier comprising a platform 110 supporting
      an extensible arm 111 which is flanked by a pair of racks 114 (only one
      shown) resting on a lifting frame 113. The racks 114 are engaged by
      pinions 116 on a carriage 115, these pinions being rotatable by a
      carriage-borne reversible electric motor 118 via bevel gears 119. Another
      electric motor 117, provided with suitable reduction gearing, is operable
      to rotate a set of lifting cams 124 (two of them being visible in FIG. 7)
      which coact with respective lugs 124' on frame 113 and which, on being
      turned through 180.degree., raise the frame 113 with its racks 114 and the
      carriage 115 to a level high enough to elevate the pallet 112 above the
      upper surface of arm 114. Carriage 115 can then be driven by motor 118 to
      shift a load 125 from one end of arm 111 to the other, in the manner and
      for the purpose described above with reference to FIGS. 4 - 6.
PAR  As seen in FIG. 3, the passageways 6 and 7 can be used as corridors for
      moving a load-bearing pallet (by hand or with the aid of a fork-lift
      truck) transversely along a rack into alignment with any storage space of
      levels c - f for pick-up by an adjacent stacker frame, e.g. for delivery
      to an external unloading station or for transfer to another stack where
      its contents may be partly stored and partly repackaged for inclusion in
      an outgoing shipment. Such shipments may take the form of full-sized or
      fractional loads according to requirements. Thus, for example, an order to
      be made up in corridor 6 of rack 2 may require goods stored on a different
      level in stack C or D of rack 4, in which case the stacker crane 5 shown
      in FIG. 1 will pick up these goods, bring them to the level c of rack 3,
      transfer them to stack A of that rack, let the personnel in corridor 6
      thereof move them on their pallet into a free storage space of stack D,
      and transfer the goods with their pallets from the latter space through
      the intervening aisle or aisles 20 to stack A of rack 2 for further
      handling by the operators in passageway 6 thereof.
PAR  The highly flexible system of my invention is readily adaptable to changing
      conditions, e.g. to a reallocation of storage spaces within a rack or
      among different racks.
PAR  The described and illustrated pallet carriers may be modified in various
      ways, e.g. by replacing the single telescoped arm 11 with a pair of
      parallel arms of this type, without departing from the spirit and scope of
      my invention as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A shelving system for the storage of pallet-size loads, comprising:
PA1  a plurality of stacks of shelves each vertically subdivided into a
      multiplicity of tiers positioned on the same levels in said plurality of
      stacks, longitudinally adjoining stacks being separated by a transversely
      extending aisle, each stack having a depth of several storage spaces each
      accommodating a pallet-size load, said aisle having a depth substantially
      equaling at least twice the depth of a storage space;
PA1  hoisting means in said aisle including a pallet carrier alignable with the
      tiers of the adjoining stack on any level, said carrier comprising a
      platform, a longitudinally extendable arm on said platform substantially
      spanning the depth of said aisle when in a contracted position, lifting
      means alongside said arm on said platform, and transfer means mounted on
      said lifting means and longitudinally displaceable thereon between
      opposite extremities of said arm, the length of said transfer means being
      less than the length of said arm in said contracted position thereof; and
PA1  mechanism on said carrier for placing said transfer means under a pallet
      riding on one extremity of the contracted arm, actuating said lifting
      means to engage said transfer means with the pallet and raise the latter
      off said arm, displacing said transfer means on said lifting means into an
      alternate position relative to said arm, depositing the pallet on the
      other extremity of said arm with disengagement of said transfer means
      therefrom, and extending said arm into the adjoining stack on the side of
      said other extremity, said stacks being provided at certain levels with
      throughgoing transverse passageways adjoining a single row of storage
      spaces next to said aixle.
NUM  2.
PAR  2. A shelving system as defined in claim 1 wherein superimposed passageways
      at different levels have ends interconnected by a vertical shaft.
NUM  3.
PAR  3. A shelving system as defined in claim 1 wherein the depth of said aisle
      slightly exceeds the depth of two storage spaces, the length of said
      transfer means substantially equaling half the length of said arm.
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ABST
PAL  A vehicular transportation system and apparatus therefor is disclosed
      herein wherein small electrically driven passenger vehicles are carried as
      a group in a transporter or carrier vehicle. Extendable ramps are carried
      on the transporter vehicle which may be deployed from either end of the
      vehicle body for loading and unloading the passenger vehicles along a pair
      of parallel storage decks. Locking mechanism selectively secures each
      passenger vehicle in a storage space on the transporter vehicle while a
      separate conduit system for conducting conditioned air to the stored
      passenger vehicle is provided between the roof of the passenger vehicle
      and the transporter vehicle body. The transporter vehicle and electrically
      driven passenger vehicles are adapted to operate as a combined unit,
      substantially reducing fuel consumption, air pollution, and congestion, or
      independently as separate elements, on traffic arteries such as highways
      or expressways or surface streets.
BSUM
PAC  RELATED REFERENCES
PAR  This application is cross-referenced with applicant's co-pending
      application for U.S. Letters Patents entitled "Vehicular Transportation
      System and Apparatus", having Ser. No. 124,808, now U.S. Pat. No.
      3,785,514; filed Mar. 16, 1971, and "Transportation Apparatus", having
      Ser. No. 293,797; filed Oct. 2, 1972.
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to interurban/intracity transportation systems and,
      more particularly, to a novel system and apparatus incorporating options
      for personal-choice travel in which a plurality of individual
      self-propelled satellite passenger vehicles or cars are selectively
      combined in a controlled group of vehicles in a transporter vehicle for
      travelling at a common, uniform speed along a main traffic artery and
      which are adapted to be diverted or separated from the controlled group at
      the selection of the driver for each of the individual vehicles or cars at
      selected stop locations of the transporter vehicle.
PAR  2. Description of the Prior Art
PAR  Man's improved technology has wrought tremendous advantages in many fields,
      but relatively little has been done in the field of interurban/intracity
      transportation systems that has practical value. The prior art in the
      field may be viewed, for the sake of brevity, as consisting of two broad
      categories - the existing, currently used conventional transportation
      systems, private and public; and the various experimental and
      developmental transportation systems proposed for use in the near future.
PAR  The first category is comprised of the internal-combustion engine
      automobile operating on existing street and road networks and subject to
      various traffic-flow control devices; public transit bus systems, and
      trolleys, both those operating on rails and the externally powered,
      so-called trackless trolleys; public, right-of-way, rail transit systems;
      and public, right-of-way, suspended or straddle-type monorail
      transportation systems. The second category is comprised of hybrid-type
      automobiles, powered by various combinations of heat-engines and
      electrical power and drive systems, and electrically driven automobiles
      receiving energy from batteries and fuel cells, both types proposed for
      operation on existing public street and road networks; dual-mode
      transportation systems in which small automobiles or bus-like vehicles,
      incorporating conventional, electrical, or hybrid propulsion systems, may
      operate in a self-propelled mode on public street and road networks, or
      may operate on a guideway, track, or monorail system providing external
      power and automated traffic-flow controls; dual-mode transportation
      systems in which the vehicles, in the controlled mode, incorporate means
      for the creation of, and maintenance of air-cushions for vehicle support,
      suspension, and/or tracking; tube-type transportation systems in which
      vehicle motion is achieved by gravity, vacuum, or electrical means, air
      screws, thrust engines, etc.; and public, high-speed, right-of-way
      transportation systems comprised of single cars or trains, operating on
      rails or guideways, supported by wheels, air-cushions, or electromagnetic
      levitation.
PAR  The disadvantages of the prior art, both in existing and proposed
      transporation systems, are many, however, the most important relate to
      problems of environmental pollution, lack of provision for personal-choice
      travel, unsatisfactory economics, and an inherent potential for rapid
      obsolescence. For example, primary dependence on use of the
      internal-combustion engine automobile for interurban/intracity travel is a
      major cause of air pollution, traffic congestion, noise pollution, and
      considering the number of passengers per car is a wasteful use of fuel in
      the face of a continuing energy crisis. While a one-for-one conversion to
      electrically or hybrid powered vehicles may be expected to reduce air
      pollution, perpetuation of the same private-vehicle use patterns would not
      alleviate congestion or reduce noise pollution, nor would it reduce
      constantly increasing requirements for more streets, highways, and parking
      areas which are expensive to construct, aggravate tax-base problems, and
      represent poor land utilization. Transit bus and trolley systems also have
      serious drawbacks, which would not be altogether eliminated by a change to
      low-pollutant power systems. The most basic problem lies in the fact that
      the transit bus and trolley systems are not flexible enough to be truly
      responsive to the needs of the individual passenger -- they cannot provide
      personal-choice travel. Characteristically, too, such systems cannot offer
      a really pleasant travel environment. Consequently, they cannot compete
      effectively with the private automobile. This leads to underutilization
      and unprofitable operations.
PAR  Right-of-way, rail transportation systems (contemporary and advanced
      high-speed types), tube systems, monorails, and tracked, air-cushion
      systems are potentially vulnerable to underutilization, too, because they
      also cannot compete with the freedom, privacy and pleasant environment the
      private automobile offers. However, a far more critical problem is created
      by the enormous capital outlays needed to acquire rights-of-way and fund
      the construction of inflexible, single-function, geographically-fixed
      systems which may quickly be made obsolete by advances in technology,
      changing use patterns, and changes in population distribution.
PAR  Dual-mode transportation systems, based on the use of some type of guideway
      or track network with external power sources and automated traffic-flow
      controls, could generally be made flexible enough to provide
      personal-choice travel, and privacy and a pleasant environment in
      individual, dual-mode, street/guidway vehicles. Nonetheless, all such
      systems now in development or proposed also are severely handicapped in
      practical application by complexity, requirements for expensive
      rights-of-way, the costs of constructing and operating power distribution
      systems in the guideway or track to supply external power to the
      individual vehicles in the guided mode, and the need for some type of
      mechanical or electromechanical means of assuring that all vehicles using
      the guideways or tracks are inspected immediately prior to such use to
      assure their maintenance to uniform mechanical and functional standards to
      prevent system malfunctions and service interruptions caused by vehicle
      breakdowns.
PAR  In addition, dual-mode transportation systems which employ conventional
      vehicles having internal combustion engines do not alter the serious air
      pollution conditions existing in major cities. Nor would they
      significantly reduce the wasteful use of fuel characteristic of such
      vehicles. Major modification is required to convert such conventional
      vehicles for use in automatic control systems wherein programmed
      processing of a plurality of vehicles is anticipated not only for system
      flexibility but for safety purposes.
PAR  Therefore, a need has long been present for a truly practical
      interurban/intracity transportation system which successfully combines the
      advantages of mass rapid transit with the freedon of personal-choice
      travel and the pleasant environment afforded by the private automobile,
      which is economical, would enable substantial reductions in the use of
      fuel for commuter travel and thereby conserve energy, is adapted for
      programmed control and which permits employment of individual vehicles
      operable in a controlled grouping on a predetermined course or main
      traffic artery or separately operable as independent vehicles on
      conventional roadways and surface streets under their own power.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, the novel transportation system and apparatus of the present
      invention obviates the problems and difficulties encountered with prior
      systems and equipment and provides a continuous flow concept in which
      small satellite passenger vehicles or cars incorporating a power means are
      used in a self-propelled mode on conventional roadways and surface
      streets. A transporter vehicle is employed for transporting a plurality of
      these satellite passenger vehicles or cars on existing main traffic
      arteries such as highways, freeways, and expressways.
PAR  The transporter or carrier vehicle employed in the present invention
      includes an elongated body having a plurality of openings arranged on
      either of its sides and includes wheels for rotatably supporting the body
      on a roadway and self-propelling means for moving the carrier along the
      roadway on its wheels. The body further includes a parking or storage deck
      having a pair of elongated, longitudinal parking areas that are in
      parallel side-by-side relationship so that a plurality of small
      individual, passenger or satellite vehicles may be parked and stored
      behind one another in each of the pair of parking areas. Ramp means are
      extendably carried beneath the storage deck so that the passenger cars may
      be loaded or unloaded from either end of the carrier body.
PAR  A feature of the invention resides in the fact that the satellite or
      passenger cars are fully equipped with a power means, preferably an
      electrical traction or induction type motor, drive train, steering
      mechanism, and braking system. An inherent advantage of the invention lies
      in the fact that it makes practical for the first time the application of
      the current state-of-the-art in electric storage battery and electric
      drive technology to the urban-suburban transportation problem. The major
      difficulty up to now has been that proposed, state-of-the-art electric
      passenger automobiles lack the endurance and range (prolonged recharging
      of the batteries typically being required every 20 to 40 miles of use at
      moderate speeds) necessary to perform the entire urban-suburban function.
      This problem or difficulty is resolved in the subject invention because
      the electrically powered satellite cars would be called upon to propel
      themselves for only those short distances involved in travel within the
      central city or local travel in the suburbs. The storage batteries of the
      satellite cars could also be recharged while the cars were being conveyed
      on the transporter apparatus. It will also be obvious that, just as the
      subject invention makes use of current technology in electric storage
      batteries and electric drives practical, it would also facilitate and
      enhance future application of new technology in batteries, fuel cells, and
      other advanced energy storage systems. Means are provided on the carrier
      and each of the satellite or passenger vehicles for selectively locking
      the vehicle in a pre-selected parking space in the parking area. Such
      means may include a moving pin operably mounted on the deck which mates
      with and engages with a receptacle in the satellite or passenger vehicle.
      Also, means are provided for interconnecting the roof of the carrier body
      with the roof of the individual vehicles so as to provide conditioned air
      (cooled or heated) to the individual vehicles or satellite cars for the
      comfort of their passengers. Thereby, the present invention envisions the
      carrying of small satellite or passenger vehicles including the occupants
      thereof on the carrier vehicle.
PAR  Economic advantage of this invention lies in the fact that, unlike the
      typical mass transit system bus or rail-type vehicle, there is no
      requirement for the system operator to perform continuing maintenance, for
      example, interior cleaning, seat refitting, and interior refurnishing, to
      repair damage resulting from acts of vandalism. Maintenance of the
      satellite cars would be the responsibility of the car owner or leasee,
      and, since the car's passengers would be confined to their individual
      vehicle while being conveyed on the transporter, this would eliminate
      opportunities for damage to that equipment. This latter characteristic,
      confinement of the passengers to their satellite cars while in transit on
      the transporter vehicle, coupled with the fact that the cars are
      temporarily locked to the deck of the transporter, provides an important
      safety feature for the invention. In the event of an accident with the
      typical bus or rail-type transit vehicle, the passengers "float" about the
      interior of a large, open shell, subject to extensive injury. In the
      subject invention, on the other hand, the passengers are afforded the
      added protection of confinement to small structural shells -- their
      individual satellite cars -- fixedly contained within the larger, outer
      structural shell of the transporter vehicle. Of course, if an accident did
      occur, once the transporter came to rest, the satellite car passengers
      could readily make emergency exit through the doors of their cars and
      thence out the sides of the transporter vehicle.
PAR  Each control group of transporter or carrier vehicles may be under the
      direction of a remote radio control system so as to determine space and
      convenient spacing or intervals between adjacent controlled transport
      groupings or single transport vehicles. The satellite passenger vehicles
      or cars may also be individually self-propelled on surface streets or
      highways used in common with the transporters.
PAR  Therefore, it is a primary object of the present invention to provide a
      vehicular transportation system which includes a plurality of individual,
      self-propelled satellite vehicles, or cars, adapted to travel in a
      combined group on a transporter vehicle at a common, uniform speed along a
      main transit course or traffic artery wherein the transporter vehicle
      includes a loading mechanism for selecting a storage space on the
      transporter vehicle and for loading a selected satellite vehicle into said
      space.
PAR  Another obejct of the present invention is to provide a novel transporter
      vehicle for carrying a plurality of small vehicles, or cars, having means
      for loading and unloading the vehicles or cars to and from selected
      storage spaces located on the transporter.
PAR  Another object of the present invention is to provide a novel transporter
      vehicle for carrying a plurality of small cars which are normally
      self-propelled that includes loading means operable with respect to a
      plurality of in-line storage spaces for loading small cars into a
      preselected longitudinal storage space in the transporter's storage area.
PAR  Yet another object of the present invention is to provide a novel
      transportation system including a transporter vehicle for carrying a
      plurality of smaller vehicles wherein each of the smaller vehicles
      includes means for cooperating with the transporter for locking the
      smaller vehicles in place and for detachably connecting conditioned air
      ducts to the smaller vehicles.
PAR  Still another object of the present invention is to provide a novel
      satellite passenger vehicle, or car, which is self-propelled and adapted
      to be loaded onto a transporter vehicle wherein the satellite vehicle
      includes means for releasably securing the passenger vehicle to the
      transporter.
PAR  Another object resides in the provision of transfer means for conditioned
      air interconnecting the passenger vehicles or satellite cars with the
      transporter vehicle so that the environments of the satellite cars may be
      controlled to produce the maximum comfort for the passengers thereof while
      the cars are being conveyed by the transporter.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The present
      invention, both as to its organization and manner of operation, together
      with further objects and advantages thereof, may best be understood by
      reference to the following description, taken in connection with the
      accompanying drawings.
PAR  FIG. 1 is a side elevational view of the novel transporter and small
      passenger vehicle incorporating the present invention and illustrating the
      passenger vehicle in position to be loaded onto the transporter;
PAR  FIG. 2 is an enlarged transverse cross-sectional view of the transporter
      and the passenger vehicle shown in FIG. 1 as taken in the direction of
      arrows 2--2 thereof;
PAR  FIG. 3 is a cross-sectional view of a releasably locking pin for securing
      the vehicle to the transporter illustrating the pin in its retracted or
      non-locking position;
PAR  FIG. 4 is a view similar to the view shown in FIG. 3 illustrating the pin
      in its raised position interconnected with the vehicle;
PAR  FIG. 5 is a cross-sectional view of the locking pin as taken in the
      direction of arrows 5--5 of FIG. 4;
PAR  FIG. 6 is a longitudinal cross-sectional view of the transporter shown in
      FIG. 2 as taken in the direction of arrows 6--6 thereof;
PAR  FIG. 7 is a cross-sectional view taken in the direction of arrows 7--7 of
      FIG. 6 illustrating ramp actuating means for extending and retracting the
      loading ramp;
PAR  FIG. 8 is side elevational view of a portion of the means for extending and
      retracting the ramp;
PAR  FIG. 9 is a transverse cross-sectional view of the means shown in FIG. 8 as
      taken in the direction of arrows 9--9 thereof;
PAR  FIGS. 10 and 11 are fragmentary views of an alternate ramp actuation means;
PAR  FIGS. 12 and 13 are an enlarged side elevational view of movable duct means
      for interconnecting the interior of a small passenger vehicle with an air
      conditioning system carried on the transporter;
PAR  FIG. 14 is a side elevational view of an alternative configuration of the
      novel transporter vehicle wherein it has the form of a two-element,
      articulated vehicle with an increased capacity for the carriage of the
      small satellite cars;
PAR  FIG. 15 is a top plan view of the articulated carrier shown in FIG. 14.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The subject matter of the present invention relates to the co-pending
      applications referenced above, the substance of which is incorporated
      herein by such reference, and the present invention deals with components
      for the transportation system described therein which, by their design,
      novelty and interrelationship, enhance the flexibility of the basic system
      and greatly facilitate its implementation.
PAR  Referring now to FIG. 1, a transporter vehicle is indicated in the
      direction of arrow 10 which includes a cab 11 for housing the operating
      controls of the vehicle, and such components as the engine, drive train
      and the like. Immediately behind the cab 11, there is provided an
      elongated, enclosed body or compartment 12 constituting a storage area
      into which a plurality of small satellite passenger cars 13 may be housed.
      The storage area within enclosure 12 is divided into two parallel,
      longitudinally extending rows of storage spaces which extend the full
      length of the compartment. One of the storage rows is identified by
      numeral 15 in FIG. 2. It can be seen that one of the small passenger
      vehicles has already been loaded and is identified by numeral 16.
PAR  As illustrated in FIG. 1, the small satellite passenger vehicle 13 is being
      loaded into the enclosed body 12 of the transporter by a ramp means
      indicated by numeral 17. It is to be understood that a similar type of
      ramp means is provided at the forward end of the enclosed body as
      indicated in broken lines by the numeral 18. Both the forward and rear
      ends of the enclosed body are covered by doors such as indicated by
      numeral 20 which when raised provide ready access into and out of the
      enclosed transporter body. Preferably, the enclosed body is of a
      streamlined configuration and includes wheels 22 at its forward end and
      wheels 23 at the rear end. The vehicle carrier or transporter 10 is
      self-propelled and includes a suitable drive train extending between the
      propulsion unit and the wheels. Suitable controls including starting
      systems, throttle, and brakes are contained within the cab 11 and are
      operably connected to propulsion and driving means.
PAR  Referring now in detail to FIG. 2, it can be seen that the body 12 includes
      two longitudinal storage areas such as indicated on the right hand side by
      numeral 15. Each of the storage areas is defined by a deck 30 which
      extends between the opposite sides of the body. The deck is raised as
      indicated by numerals 31 and 32 to provide a pair of central portions
      intended to be located beneath a series or plurality of stored passenger
      vehicles. Each of the raised portions 31 and 32 are bordered by a desk
      tread such as indicated by numerals 33 and 34 which are intended to be
      rollably engaged with the wheels of the small passenger vehicle 16. Ramp
      17 is illustrated directly beneath the deck so that its tire engaging
      rails 35 and 36 nest immediately below the deck tread surfaces such as 34
      and 33 respectively. Ramp means similar to ramp means 17 are associated
      with the deck extending on the other side of the body directly under the
      tread surfaces 33 and 34 associated with the raised deck portion 31.
PAR  A feature of the present invention resides in the provision of a locking
      means for releasably securing each of the small passenger vehicles to the
      transporter. One such means is briefly illustrated in FIG. 2 by numeral 40
      associated with raised portion 31 of the deck and by numeral 41 associated
      with raised deck portion 32. This means incorporates a movable pin which
      may be remotely actuated so as to engage in a reciprocal provided in the
      underside of the passenger vehicle. Locking engagement is undertaken by
      expanding ears or locking elements that engage with suitable receptacles
      or mated slots in the receptacles. Details of the locking feature will be
      described later.
PAR  It is to be noted that the conditioned air duct 42, in general, includes an
      enclosed passageway in the roof of the vehicle body 12 which terminates in
      a fitting generally represented by numeral 43. The fitting 43 includes
      means for raising and lowering so that it will releasably engage with a
      collar 44 carried on the roof of the individual passenger vehicle 16. The
      collar 44 defines an opening leading into the interior of the vehicle and
      will be described in greater detail further in this specification.
PAR  Referring now in detail to FIG. 3, the locking means is illustrated in the
      general direction of arrow 45 and it can be seen that the means is mounted
      typically on the raised portion 32 of the deck. The locking means includes
      pin 41 that may be remotely raised or lowered by any suitable actuation
      means such as electrical means via control cables 46 and 47. The control
      cables may lead into a suitable motor within housing 48 which is suitably
      mounted on the underside of the deck raised portion 32. As shown in FIG.
      3, the pin 41 is in its retracted position so as not to interfere with
      movement of the vehicle 16 thereover. However, as shown in FIG. 4, the pin
      41 is in its raised position so that it's tapered end fits within a
      receptacle 50 formed in the bottom or underside of the passenger vehicle.
      When the pin 41 is raised into the receptacle 50, movement of the
      passenger vehicle is restricted. However, when the pin is retracted,
      sufficient clearance is provided between the top of the pin and the
      underside of the vehicle 16 to permit movement of the vehicle without
      interference of the pin.
PAR  As shown in FIG. 5, locking means are provided for securing pin 41 with the
      receptacle 50 of the vehicle 16. In one form, the locking means may take
      the configuration of pivoted ears or dogs 51 and 52 that may be remotely
      actuated so as to outwardly pivot into mating or corresponding slots
      within the receptacle 50 whereby a locking action is achieved. Actuation
      may be also simiply achieved by the tapered end of pin 41 engaging between
      the ears so as to outwardly pivot the ears 51 and 52 into engagement with
      the corresponding slots in the vehicle 16. Other locking means may be
      utilized and other actuation means may be employed which are considered
      within the scope of the present invention and concept.
PAR  It can be seen that the parallel, longitudinally extending parkways within
      the enclosed body 12 provides a housing for the ramp means. As illustrated
      in conformance with FIG. 1, ramp 17 is outwardly extended from the rear of
      the enclosed body 12 so as to accommodate the loading of car 13 thereon.
      The ramp includes a pair of parallel tread rails 60 and 61, FIG. 6, which
      are joined together by a plurality of fixed, spaced apart cross braces
      such as is indicated by numeral 62. It is to be understood that the ramp
      means 17 is stored beneath the deck 30 substantially under the raised
      portion 32 associated with one of the elongated storage areas. Another
      ramp means is also stored under the raised portion 31 associated with the
      storage area 15 and is illustrated in general by the numeral 63. For
      clarification, the raised area of the deck 32 has been broken away to
      expose the drive and supporting means for the ramp means thereunder. The
      drive and support means includes a pulley or sprocket drive 64 located at
      one end of an endless chain 65 while the opposite end of the endless chain
      is trained about a similar pulley or sprocket mechanism indicated by
      numeral 66. Such drives are conventional and it is to be understood that a
      remotely controlled motor and gear train are included within the housing
      67 for selectively operating the drive sprocket 64 via their common shaft
      68. Located on the chain drive 65, there is a carriage means 70 such as
      shown in FIG. 8 which includes a pivoted element 71 for supporting the end
      of the ramp means 17. This relationship is more clearly shown in solid
      lines in FIG. 7 wherein the end of the ramp 61 is carried on the element
      71. As shown in FIG. 7 in solid lines, the element 71 is rotated about the
      ramp hinge pin pivotally connecting element 71 to element 70. As shown in
      broken lines, the element 71 is in its rearmost position when the ramp is
      stored. Guides are provided for the drive chain loop and are indicated by
      the numeral 72. It is to be understood that other drive means and
      actuation means for the ramp may be provided within the concept of the
      present invention.
PAR  One such other means is shown in FIGS. 10 and 11 which constitutes an
      alternate ramp actuation means wherein the ramp is moved forward and
      rearward of the enclosed body 12 by means of the lead screw. The lead
      screw is indicated by numeral 80 and is secured to the underside of the
      ramp 17 by a threaded nut 81. The lead screw 80 is operably connected to
      the ramp so that its rotation is translated into driving movement for
      positioning the ramp. Rollers 83 rollably support the end of the ramp
      rails.
PAR  Referring now in detail to FIG. 12 and 13, the means for introducing
      conditioned air (cooled or heated) to the interior of the passenger
      vehicle is illustrated. It can be seen that the conditioned air duct 42 is
      incorporated into the roof of the enclosed body 12 and that the roof is
      provided with a cavity 90 adapted to accommodate extension and retraction
      of the movable duct 43. The interior of the duct 43 is in fluid
      communication with the passageway 42 as indicated by the arrow
      interconnecting the passageway with the interior of the duct when the
      movable duct 43 is in it's extended position as shown in FIG. 12. The
      movable duct 43 may be extended or retracted by pinion 91 which in turn
      engages with linear teeth 92 carried on the exterior surface of the
      moveable duct. When the duct is extended as shown in FIG. 12, its free end
      indicated by numeral 93 tapers in sealing engagement with collar 44
      containing an opening leading into the interior of the passenger vehicle.
      The opening includes a closure member 94 that may be opened as shown in
      FIG. 12 to permit air flow to pass through an annular opening indicated by
      numeral 95 between the extreme tapered end of the movable duct 43 and the
      closure member 94. Air passing therebetween progresses into an internal
      outlet system communicating with a passageway 96 formed in the roof of the
      passenger vehicle. Control of closure 94 may be readily achieved from the
      interior of the passenger vehicle by finger recess 99 since it is a
      screw-type rotary valve. A water drain port is indicated by numeral 97
      while air volume adjustment is indicated by the screw cap 98.
PAR  As shown in FIG. 13, the retractable or movable duct 43 is in its retracted
      position so that the wall of the duct closes off passageway 42. Also, the
      closure member or valve 94 has been actuated to close the passageway 95.
      The passenger vehicle is now separated from the conditioned air system and
      the opening defined by collar 44 has been closed so that the passenger
      vehicle may now be independently operated. It is to be understood that the
      pinion 91 may be actuated by any suitable remote control means as is
      adapted to the use desired.
PAR  Each of the satellite or passenger cars is locked into storage position by
      the individual car locking means. Each car includes a locking slot on its
      underside which accommodates the locking pin in the raised position to
      provide a positive stop as each satellite car is loaded on the carrier.
      For example, as each car leaves the loading ramp and contacts a trip plate
      on the carrier treadway, the appropriate locking pin is elevated to the
      stop position to engage the slot on the car allocated to that space. A
      cushioned bumper on the rear face of the locking pin (not shown) contacts
      the face of the slot to positively stop the car at its appropriate
      station. In this way, a minimum front and rear distance is possible
      between cars.
PAR  When the car reaches the positive stop (rear face of the vertical locking
      pin) it is in position for the insertion of the locking pin ears as in
      FIG. 5. The ears, when extended, restrain the car in a fore-and-aft
      position and also vertically lock it to the carrier deck. In addition, the
      ears in the extended configuration provide positive and negative contacts
      for the transmission of electrical power to recharge the satellite car
      batteries.
PAR  Therefore, functioning of the transportation system as disclosed herein
      involves the collection of the satellite or passenger cars in outlying,
      suburban areas, and their placement on the transporter vehicles. The
      transporter vehicles would convey the cars to the central city area where
      the cars would be unloaded and then proceed to their individual
      destinations under their own power. The return to the suburban areas would
      be accomplished in the same manner, with the cars collected in the central
      city, conveyed on the transporters to the suburbs, unloaded and then
      driven under their own power to individual destinations. The purpose of
      this system is to provide multi-mode, multi-function transportation,
      combining the advantages of mass-transit and personal-choice travel and
      making use of existing networks of streets, freeways, and highways as
      rights-of-way without interference with their originally intended
      function.
PAR  A feature of the invention resides in the fact that, in addition to its
      primary use as an urban/suburban transportation system, it may be employed
      to alleviate the ground access problem at major, metropolitan airports. In
      this application, the individual satellite cars could be rented at the
      airport by travelers. They would then be conveyed to the central city area
      in a controlled grouping on the transporter apparatus where they would be
      unloaded and released for the personal, local travel requirements of the
      renters. At the conclusion of this use of the satellite cars they, along
      with the renters as passengers, would be reloaded on the transporter
      apparatus and conveyed back to the airport in a controlled grouping. The
      advantage would lie in the consolidated movement of the rental satellite
      cars out of and into the airport environs on the transporter apparatus, as
      opposed to individual egress and entrance of numbers of rent-a-cars at the
      airport. Further advantages would lie in the fuel savings incident to the
      consolidated movement of the satellite cars over the characteristically
      great distances separating airports from the central city, and the lower
      cost of storage facilities for the satellite cars in proximity to the
      airport as contrasted with the cost of storage facilities in the central
      city area.
PAR  The fundamental advantage of the transportation system of the subject
      invention is its potential ability to greatly reduce the energy or work
      expended presently in performing the urban/suburban transportation
      function, thereby substantially reducing air pollution and the use of fuel
      for commuter travel. To better illustrate the possibilities for fuel
      savings and the conservation of energy it may be noted that some 50
      million people commute to work each day in the United States, consuming
      several billion gallons of gasoline each year in the process. Nationwide
      implementation of the proposed transportation system would reduce this
      consumption of fuel by roughly 80%, thereby greatly easing what promises
      to be a continuing energy crisis. The subject invention consists of a new
      form of transporter vehicle equipped with its own, integral car
      loading/unloading device, and a new form of satellite car.
PAR  It will be noted that the transporter vehicle of FIG. 1 is a single-element
      or "straight" truck incorporating a single frame or chassis on which the
      running gear and the upper structure (driver's cab, car deck enclosure,
      etc.) are carried. Alternatively, as shown in FIGS. 14 and 15, the
      transporter apparatus or vehicle may be configured as a two-element,
      articulated vehicle indicated in general by numeral 100. The trailing
      carrier element 101 would be characterized by the same external envelope
      as the forward element 102 (which is essentially similar to the
      single-element or "straight" truck carrier), and would include an integral
      loading ramp 103 at the rear end, an air distribution system, and battery
      charging means for the satellite cars. A control cab would not be required
      on the trailing element and the main power plant for the carrier would be
      contained in the forward element. Since two additional satellite cars
      could be carried over an articulation coupling 104, a total of 30
      satellite cars with 60 passengers could be moved in this type of
      two-element, articulated, transporter vehicle. With Ackermann-type
      (conventional) steering 105 of the two leading axles on the forward
      element, yaw-type 106 or articulated steering between the forward and
      trailing elements, and Ackermann steering of the two trailing element
      axles, the turning radius of the two-element carrier would be the same as
      that of the single-vehicle. Additionally, the two-element, articulated
      configuration carrier would comply with legal requirements for highway
      travel such as length, width, and height, and axle loadings.
PAR  The transporter vehicle may also take the form of a semi-trailer/tractor
      combination as described in the applicant's co-pending patent.
PAR  In the particular embodiment or configuration of the tranporter vehicle
      shown in FIG. 1, seven (7) satellite car stations or spaces are
      incorporated on each side of the deck of the transporter vehicle, for a
      total of fourteen (14); the numer of spaces obviously may be varied. A
      loading/unloading device is carried on each end of the transporter vehicle
      in the form of ramps. Referring now to one side, the ramp may be
      positioned longitudinally extensively in alignment with the car storage
      area. The ramp may be extended from the deck level of the transporter
      vehicle and lowered to, and raised from, ground level thereby enabling the
      satellite cars to be individually loaded into the longitudinally disposed
      storage areas from the ground or street level, and conversely, unloaded
      therefrom by a reverse procedure. The loading/unloading ramp means and
      mechanism causing its extended or retracted positioning is carried on
      guideway tracks longitudinally disposed along the length of the
      transporter vehicle; its longitudinal or fore and aft travel along the
      track means is caused by virtue of the attachment of its structure to a
      longitudinally disposed, endless chain driven by a motor incorporated on
      the frame of the transporter vehicle.
PAR  By incorporating an integral loading/unloading device on the transporter
      vehicle, the need for pernament collection/distribution station structures
      is eliminated, since the satellite cars may now be collected, in numbers
      or singly, at any convenient point and, conversely distributed at any
      point. Consequently, the transportation system has been made far more
      flexible and the need for capital investment is now limited entirely to
      the acquisition of rolling stock and requires no land to be purchased for
      collection/distribution stations nor funds expended for station
      construction.
PAR  In addition to accommodating the passenger-carrying satellite cars, the
      carrier or transporter is capable of transporting mail or parcel delivery
      vehicles with the same external envelope dimensions as the cars. Like the
      satellite cars, these vehicles would incorporate an energy storage means
      (batteries) and self-propulsion motor means.
PAR  In practice, the local delivery vehicle would be pre-loaded at a central
      facility in accordance with an established final distribution route.
      Deployment and return of the delivery vehicles to and from an outlying
      distribution point would be accomplished by the carrier or transporter in
      a fashion similar to the handling of the passenger-carrying satellite
      cars.
PAR  By way of illustration, the home delivery of newspapers is cited as an
      example. Satellite delivery vehicles would be loaded with the papers, most
      probably in a large, urban central business district in accordance with a
      final, suburban, local delivery route. Driverless, the satellite delivery
      vehicles would be moved over a main traffic artery to a designated pooint
      (station) in the outlying area. On reaching the station, individual
      drivers would take over control of the satellite delivery vehicles and
      complete the final delivery of the newspapers in the suburban community.
      Obviously, mail, parcels, and the like could be handled in the same
      manner.
PAR  Assuming an early morning suburban delivery, the deployed carrier or
      transporters, would then be ready to transport the passenger-carrying
      satellite cars for the return trip to the central business district. The
      late afternoon and evening functioning of the system would be the reverse
      of the foregoing.
PAR  While particular embodiments of the present invention have been shown and
      described, it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from this invention in its
      broader aspects and, therefore, the aim in the appended claims is to cover
      all such changes and modifications as fall within the true spirit and
      scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vehicular transportation apparatus for processing a passenger vehicle
      comprising: vehicles
PA1  a plurality of individual self-propelled vehicles;
PA1  a transporter vehicle having tired wheels and a storage compartment for
      storing a plurality of said individual vehciles including their occupants
      in a controlled grouping for combined transportation from one place to
      another along a roadway;
PA1  said transporter vehicle having a deck for supporting said individual
      vehicles in longitudinal line one behind the other in two parallel rows;
PA1  ramp means associated with the opposite ends of each storage row and
      operably carried by said deck to permit selective loading and unloading of
      said individual vehicles under their own propulsion onto and from said
      deck;
PA1  locking mechanism carried by said individual vehicles and said deck for
      retaining said individual vehicles on said deck in said rows; and
PA1  means cooperatively disposed between said individual vehicles and said
      transporter vehicle for providing conditioned air to the interior of each
      of said individual vehicles.
NUM  2.
PAR  2. The invention as defined in claim 1
PA1  wherein said transporter vehicle comprises a front and a rear section
      having adjacent opposing ends joined together by an articulating mechanism
      whereby said rear section pivots with respect to said front section.
NUM  3.
PAR  3. The invention as defined in claim 2
PA1  wherein said sections are supported on steerable wheels.
NUM  4.
PAR  4. The invention as defined in claim 1
PA1  wherein said locking mechanism includes matable pin and receptacle means
      cooperating when registered to releasably secure said individual vehicles
      in place on said deck of said transporter vehicle.
NUM  5.
PAR  5. The invention as defined in claim 4
PA1  wherein said pin and said receptacle means include cooperatively
      registering positive and negative electrical contacts enabling conduct of
      battery recharging electrical current from said transporter vehicle to
      said individual vehicles.
NUM  6.
PAR  6. In a carrier apparatus for transportation of a plurality of passenger
      vehicles or the like comprising the combination of:
PA1  a roadable vehicle including an elongated enclosed body having a cab
      disposed on the forward end thereof and a storage compartment disposed
      immediately behind said cab and extending to the aft end thereof;
PA1  a deck disposed in said storage compartment for supporting stored passenger
      vehicles including the occupants thereof;
PA1  loading and unloading means movably carried on said roadable vehicle body
      immediately beneath said deck and operable to selectively extend and
      retract from the opposite ends of said body;
PA1  each of said passenger vehicles being self-propelled for independent
      operation separate from said roadable vehicle and adapted to be stored
      within said body via said loading and unloading means;
PA1  conditioned air transmission means including conducting means intercoupling
      each of said passenger vehicles with said roadable vehicle body for
      delivering conditioned air to the interior of said passenger vehicle; and
PA1  said conditioned air transmission means further including a conduct portion
      movably carried on the roof of said vehicle body and a stationary conduit
      fixed on the roof of said passenger vehicle in registry to sealingly
      receive said movable conduit portion in fluid conduit in fixed conducting
      relationship.
NUM  7.
PAR  7. The invention as defined in claim 6 wherein said stationary conduit
      includes a screw-type movable plunger for opening and closing an annular
      opening formed in one end of said stationary conduit for controlling the
      volume of conditioned air flow into the interior of said passenger
      vehicle.
NUM  8.
PAR  8. The invention as defined in claim 7 including interlock means
      cooperating between said conduit portion and said stationary conduct for
      releasably coupling said passenger vehicle to said roadable vehicle.
NUM  9.
PAR  9. In a carrier apparatus for transportation of a plurality of passenger
      vehicles or the like comprising the combination of:
PA1  a roadable vehicle including an elongated enclosed body having a cab
      disposed on the forward end thereof and a storage compartment disposed
      immediately behind said cab and extending to the aft end thereof;
PA1  a deck disposed in said storage compartment for supporting stored passenger
      vehicles including the occupants thereof;
PA1  loading and unloading means movably carried on said roadable vehicle body
      immediately beneath said deck and operable to selectively extend and
      retract from the opposite ends of said body;
PA1  each of said passenger vehicles being self-propelled for independent
      operation separate from said roadable vehicle and adapted to be stored
      within said body via said loading and unloading means;
PA1  locking means operably coupling each of said passenger vehicles to said
      roadable vehicle body for selectively securing said passenger vehicle in
      said storage compartment;
PA1  said locking means includes a movable pin carried on said deck and a
      corresponding receptacle carried on said passenger vehicle; said pin and
      said receptacle being in registry and insertably connectable;
PA1  said locking means further includes outwardly extending means carried on
      said pin releasably engageable with matable slots coextensive with said
      receptacle for releasably locking and retaining said passenger vehicle to
      said vehicle body deck; and
PA1  said outwardly extending means carried on said pin of said deck of said
      roadable vehicle body are positive and negative electrical contacts mating
      with like contacts in said coextensive slots of said receptacle of said
      passenger vehicle enabling the conduct of battery recharging electrical
      current from aforesaid roadable vehicle to aforesaid passenger vehicle.
NUM  10.
PAR  10. In a carried apparatus for transportation of a plurality of passenger
      vehicles or the like comprising the combination of:
PA1  a roadable vehicle including an elongated enclosed enclosed body having a
      cab disposed on the forward end thereof and a storage compartment disposed
      immediately behind said cab and extending to the aft end thereof;
PA1  a deck disposed in said storage compartment for supporting stored passenger
      vehicles including the occupants thereof;
PA1  loading and unloading means movably carried on said roadable vehicle body
      immediately beneath said deck and operable to selectively extend and
      retract from the opposite ends of said body;
PA1  each of said passenger vehicles being self-propelled for independent
      operation separate from said roadable vehicle and adapted to be stored
      within said body via said loading and unloading means;
PA1  locking means operably coupling each of said passenger vehicles to said
      roadable vehicle body for selectively securing said passenger vehicle in
      said storage compartment; and
PA1  conducting means intercoupling each of said passenger vehicles with said
      rodable vehicle body for delivering conditioned air to the interior of
      said passenger vehicle.
NUM  11.
PAR  11. The invention as defined in claim 10
PA1  wherein said conducting means interconnects between the adjacent roofs of
      said vehicle body and said passenger vehicle and said locking means
      inteconnects between the underside of said passenger vehicle and said
      deck.
NUM  12.
PAR  12. In a carrier apparatus for transportation of a plurality of passenger
      vehicles or the like comprising the combination of:
PA1  a roadable vehicle including an elongated enclosed body having a cab
      disposed on the forward end thereof and a storage compartment disposed
      immediately behind said cab and extending to the aft end thereof;
PA1  a deck disposed in said storage compartment for supporting stored passenger
      vehicles including the occupants thereof;
PA1  loading and unloading means movably carried on said roadable vehicle body
      immediately beneath said deck and operable to selectively extend and
      retract from the opposite ends of said body;
PA1  each of said passenger vehicles being self-propelled for independent
      operation separate from said roadable vehicle and adapted to be stored
      within said body via said loading and unloading means;
PA1  locking means operably coupling each of said passenger vehicles to said
      roadable vehicle body for selectively securing said passenger vehicle in
      said storage compartment; and
PA1  said loading and unloading means includes pairs of elongated rails
      constituting ramps retractable and extendable from opposite ends of said
      roadable vehicle; power means operably engaged with said rails for
      selectively moving either of said ramps.
NUM  13.
PAR  13. The invention as defined in claim 12
PA1  wherein said storage compartment includes a pair of parallel, elongated
      storage areas so as to accommodate parallel rows of stored passenger
      vehicles and loading and unloading ramps extendably carried at the
      opposite ends of each of said storage areas.
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PAL  This specification discloses a side-shift backhoe having a laterally
      movable slide supporting an operator's station which is slidable with
      respect to said slide in a direction parallel thereto. Spaced stop members
      are provided for engaging the station as the slide moves from side to side
      whereby the relative position of the slide with respect to the station may
      be changed in either direction. In an alternative form the operator's
      station is mounted on a frame supporting the slide and the slide is
      provided with stop members which engage a projection on the station to
      move the station relative to the slide.
BSUM
PAR  This invention relates to improvements in side-shift backhoes and other
      apparatus having laterally movable working members which require operator
      control and vigilance.
PAR  A side-shift backhoe incorporates a frame which supports the backhoe
      mechanism and which is mounted for lateral movement with respect to the
      tractor or the like on which the backhoe is mounted. This type of backhoe
      was developed primarily for trenching in confined spaces and enables
      operation closer to obstructions than if the backhoe were mounted
      centrally of the rear of the tractor.
PAR  There are essentially two types of side-shift backhoes: (a) The operator's
      seat together with a control console are mounted on the backhoe resulting
      in the operator moving with the backhoe as it is shifted from side to
      side; (b) the operator's seat and control console are mounted on the
      tractor so that the operator remains in a fixed position while the backhoe
      shifts from side to side. Both of these arrangements have some
      disadvantages. In the case of (a), while the operator is closer to the
      working area and has a reasonable view thereof, a large cabin is required
      to enclose all operator positions, some hydraulic hoses must be very long
      to allow for movement of the slide and the operator's view is somewhat
      obstructed by the boom and boom cylinder. In the case of (b), a smaller
      cabin is required and the operator's view is obstructed only when the
      backhoe is central. However, the operator's view is severely limited when
      the backhoe is at its extremities, the operator is somewhat remotely
      positioned from the work area and some hydraulic hoses must be very long,
      to allow for movement of the backhoe.
PAR  It is the object of this invention to obtain the advantages of both of the
      above arrangements while reducing the disadvantages thereof.
PAR  The invention provides an apparatus for earth working or load lifting
      comprising a supporting frame, a slide member mounted for lateral movement
      with respect to said frame, a working member mounted on said slide member,
      and an operator's station having control means for said slide member and
      said working member, said operator's station being mounted for movement
      with respect to said slide member, and means provided for controlling the
      movement of said operator's station whereby the operator's station can be
      located at an offset position with respect to the working member.
PAR  In a preferred form the apparatus is a side shift backhoe mounted on a
      tractor or the like and the operator's station is slidably mounted on the
      slide supporting the backhoe so as to be capable of movement from side to
      side with respect to the backhoe slide. In this way the operator's
      position can be offset with respect to the centre of the slide so as to
      give the operator better visibility of the work area while maintaining the
      operator near the backhoe.
DRWD
PAR  In order that the invention may be more readily understood, a preferred
      embodiment and alternative embodiment will be described with reference to
      the accompanying drawings in which:
PAR  FIG. 1 is a fragmentary side elevation of a tractor having a side-shift
      backhoe embodying the invention;
PAR  FIG. 2 is a perspective view from beneath the operator's station of the
      backhoe of FIG. 1;
PAR  FIG. 3 is a series of schematic views showing the various positions of the
      apparatus of FIG. 1, and
PAR  FIG. 4 is a schematic view of an alternative embodiment showing the various
      positions thereof.
DETD
PAR  The side-shift backhoe shown in the drawings includes a frame 1 suitably
      secured to the rear of a tractor T and supporting a slide 2 for lateral
      sliding movement relative to the frame 1. The slide 2 supports a backhoe
      mechanism 3 in the usual manner. The construction and operation of the
      frame 1, slide 2 and backhoe 3 is well-known and will not be described
      further.
PAR  The slide 2 supports an operator's station 4 which is mounted for parallel
      sliding movement with respect to the slidee 2 and incorporates an
      operator's seat 5 and the controls 6 for movement of the backhoe and slide
      2. The operator's station 4 is mounted on the slide 2 through a slide rod
      7 passing through a sleeve 8 (FIG. 2) secured to the floor of the
      operator's station 4 and fixed to brackets 9 welded to the slide structure
      2. A brass wear pad 10, also secured to the floor of the operator's
      station 4, bears on flat track 11 welded to the slide structure 2. An
      angle section 12 is welded to the floor of the operator's station 4 and
      has one of its flanges positioned under the horizontal flange of the
      section 11. Vertical stops 13 are fixed to the frame 1 and are engaged by
      the section 12 to facilitate location of the operator's station 4 as
      discussed below.
PAR  The operator's station 4 is moved with respect to the slide 2 by the
      movement of slide 2 while the angle section 12 on the operator's station 4
      is bearing against either of the vertical stops 13. In this embodiment the
      movement of slide 2 is brought about by the reaction from the digging
      cylinders on the backhoe 3 during a simulated digging operation to the
      side of the tractor, the slide locking system, in this case four hydraulic
      cylinders, being previously released. The slide locking system is well
      known in other slide applications. The slide 2 has a movement of about
      twenty one inches to either side of the centre-line of the tractor. The
      stops 13 are positioned so that the centre-line of the operator's station
      4 can move about a foot to either side of the tractor centre-line.
PAR  As will be clear from the above and from FIG. 3, the operator's station 4
      may be moved from side to side with respect to the backhoe slide 2. In
      view A of FIG. 3, both the backhoe slide 2 and the operator's station 4
      are at the extremities of their travel to the left of the centre-line CL
      of the tractor. In this position the operator is in full view of the work
      being done on the trench X centred on the centre-line of the slide 2. In
      view B, the operator's station 4 is still in the same position in relation
      to the slide 2 and has just engaged stop 13. Any further movement on slide
      2 in the direction of the arrow will produce relative movement between
      slide 2 and operator's station 4. In view C the relative movement has been
      completed and operator's station 4 is now at the left hand side of slide 2
      which has reached the extremity of its travel and is now centred on trench
      Y. Operator's station 4 is now positioned for full view of trench Y and
      has only traversed a total distance of 24 inches, compared with 42 inches,
      the distance traversed by slide 2.
PAR  The advantages of this arrangement are that the operator has complete
      flexibility of position for one tractor position. Under all circumstances
      the operator can position himself for a clear view of the work area.
      Furthermore, the hydraulic hoses between the operator's station 4 and the
      slide 2 require only 9 inches of movement to either side of the slide
      centre-line and the hoses between the operator's station 4 and tractor
      require only 12 inches of movement either side of the tractor centre-line.
      This is a good deal less than with the prior art arrangements.
PAR  In the alternative of FIG. 4, the operator's station is slidably mounted on
      frame 1. The backhoe slide 2 is provided with stops 14 which engage a
      projection 15 on the operator's station 4. The travel of the slide 2 moves
      the operator's station 4 along frame 1 to any position between the two
      extremes shown in FIG. 4. The operator's station 4 is movable in the same
      manner as the operator's station illustrated in FIG. 1 with the exception
      that the operator's station is mounted to the frame 1 with stops on the
      slide 2 pushing the operator's station between the same limited positions
      as in the embodiment of FIG. 1. The operator's station can be mounted on
      the frame by any suitable means known in the art such as, for example, by
      means of rollers or a support bar riding over a channel affixed to the
      frame with grease or other lubricants providing a reduced coefficient of
      friction between the bar and the channel. In this arrangement the maximum
      hose traverses are the same as above and operation and advantages are
      likewise as above.
PAR  It will be appreciated that movement of the station 4 may alternatively be
      effected by means such as hydraulic cylinders controlled by the operator.
PAR  It will also be appreciated that the invention may extend to applications
      other than backhoes. Any device requiring operator control and vigilance
      may use the inventive concept.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A side-shift backhoe comprising a supporting frame for connection to a
      tractor, a slide member mounted on and for lateral movement with respect
      to said frame, a working member mounted on said slide member, and an
      operator's station having control means for said slide member and said
      working member, said operator's station being slidably mounted on said
      slide member for movement parallel to said slide member, stop members
      secured to said frame in spaced relation at either side of said station,
      said stop members being engaged by said station as said slide member moves
      with respect to said frame whereby the relative position of said station
      with respect to said slide member may be changed in either direction.
NUM  2.
PAR  2. A side-shift backhoe comprising a supporting frame for connection to a
      tractor, a slide member mounted on and for lateral movement with respect
      to said frame, a working member mounted on said slide member and an
      operator's station having control means for said slide member and said
      working member, said operator's station being slidably mounted on said
      frame for lateral offset parallel movement with respect to said frame and
      said slide member, stop members extending from either end of the slide
      member, and a projection on said station adapted to be engaged by said
      stop members as the slide member moves with respect to said frame whereby
      the relative position of the slide to the station may be changed in either
      direction.
NUM  3.
PAR  3. A backhoe according to claim 1, wherein said station is slidably mounted
      by means of a sleeve secured to the station, a rod engaging said sleeve
      and secured to said slide member, and a pad member on said station adapted
      to engage a track on said slide member.
NUM  4.
PAR  4. An apparatus for earth working or load lifting comprising a supporting
      frame, a slide member mounted on and for lateral movement with respect to
      said frame, a working member mounted on said slide member, an operator's
      station being slidably mounted on and for lateral offset parallel movement
      with respect to said slide member, control means mounted in said
      operator's station for controlling said slide member and said working
      member, and means for controlling the movement of said operator's station
      whereby the operator's station can be located at an offset position with
      respect to the working member, said means for controling comprising stop
      members positioned on said frame to engage said operator's station as said
      slide member moves with respect to said frame whereby the relative
      position of the station to the slide may be changed in either direction.
NUM  5.
PAR  5. An apparatus for earth working or load lifting comprising a supporting
      frame, a slide member mounted on and for lateral movement with respect to
      said frame, a working member mounted on said slide member, an operator's
      station being slidably mounted on said frame for lateral offset parallel
      movement with respect to said frame and said slide member, control means
      mounted in said operator's station for controlling said slide member and
      said working member, and means for controlling the movement of said
      operator's station wherein the operator's station can be located at a
      lateral offset position with respect to the working member by movement of
      said operator's station with respect to said working member said
      controlling means comprising stop members extending from either end of the
      slide member, and a projection on said station adapted to be engaged by
      said stop members as the slide member moves with respect to said frame
      whereby the relative position of the slide to the station may be changed
      in either direction.
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PAL  A hoist system for a power shovel having a main frame, a boom connected at
      a lower end thereof to the main frame, a dipper handle pivotally connected
      to the boom and a dipper pivotally connected to the dipper handle,
      including means for varying the pitch of the dipper, generally including a
      hoist mechanism mounted on the main frame, a first hoist line operatively
      connected at one end thereof to the hoist mechanism, passing over a point
      on the boom and operatively connected at the opposite end thereof to the
      dipper handle, a second hoist line operatively connected at one end
      thereof to the hoist mechanism, passing over a point on the boom and
      operatively connected at the opposite end thereof to the dipper, and means
      for selectively varying the effective length of one of said hoist lines
      relative to the other thereof.
BSUM
PAR  This invention relates to power shovels and more particularly to a hoist
      system for a power shovel having a main frame, a boom connected at a lower
      end thereof to the main frame, a dipper handle pivotally connected to the
      boom and a dipper pivotally connected to the dipper handle, which includes
      means for varying the pitch of the dipper.
PAR  A common type of power shovel in the prior art generally has consisted of a
      crawler assembly, a main frame rotatably mounted on the crawler assembly,
      a boom connected at its lower end to the main frame, a gantry mounted on
      the main frame, pendants interconnecting the boom with the gantry for
      maintaining the boom at a predetermined angle, a dipper handle mounted on
      the boom for reciprocable and pivotal movement, a dipper pivotally
      connected to the end of the dipper handle, a mechanism for crowding and
      retracting the dipper handle, and a hoist line connected to the dipper,
      which normally passes around a sheave mounted at the point of the boom and
      is operatively connected to a hoist mechanism mounted on the main frame.
PAR  In the normal operation of such a power shovel during a digging cycle,
      initially, the dipper handle is fully retracted and the hoist line is
      payed out to position the dipper adjacent the main frame of the machine.
      The dipper handle then is extended by the crowd mechanism to crowd the
      dipper into the material being excavated and the hoist line is taken in
      either simultaneously or sequentially with the extension of the dipper
      handle to fill the dipper and hoist it to a dump position. Under such
      general conditions, the dipper moves in an arcuate line of travel which
      often is undesirable, particularly the excavation of thin seams of ore
      where a maximum horizontal movement of the dipper is most beneficial in
      obtaining a optimum fill of the dipper.
PAR  To provide an elongated horizontal crowding movement of the dipper in the
      digging cycle of the machine as described, or to effect penetration of
      difficult to handle material, necessitates a pitch adjustment of the
      dipper of such machines. In the prior art, various arrangements have been
      provided to adjust the pitch of the dipper during the digging cycle of the
      machine which primarily have consisted of the use of powered actuators
      operatively interconnecting either directly or through the use of various
      linkage arrangements, the outer end of the dipper handle and the dipper.
      Such arrangements, however, have been found not to be entirely
      satisfactory in that the vulnerability of such mechanisms to damage and
      failure, and the degree of reliability required thereof has necessitated
      the design of heavy components or the use of protective components which
      correspondingly adversely affects the payload of the machine. It thus has
      been found desirable to provide an improved means for varying the pitch of
      a dipper in a machine of the type described without adversely affecting
      the payload of the machine.
PAR  Accordingly, it is the principle object of the present invention to provide
      an improved means for effecting a pitch change of the dipper of a power
      shovel.
PAR  Another object of the present invention is to provide an improved means for
      effecting a pitch change of the dipper of a power shovel which will not
      adversely affect the payload of the shovel.
PAR  A further object of the present invention is to provide an improved means
      for effecting a pitch change of the dipper of a power shovel which is not
      vulnerable to damage and failure.
PAR  A still further object of the present invention is to provide an improved
      means for effecting a pitch change of the dipper of a power shovel in
      which a minimum number of components utilized to effect such pitch change,
      are located on the end of the dipper handle.
PAR  Another object of the invention is to provide an improved means for
      effecting a pitch change of the dipper of a power shovel which is
      comparatively simple in construction, relatively inexpensive to
      manufacture, install and maintain, and highly reliable in performance.
PAR  A further object of the present invention is to provide a novel hoist
      system for a power shovel having a boom, a dipper handle reciprocably and
      pivotally mounted on the boom and a dipper pivotally connected to the end
      of the dipper handle including means for controlling the pitch of the
      dipper.
PAR  A still further object of the present invention is to provide an improved
      hoist system for a power shovel including means for adjusting the pitch of
      the dipper at optimum angles during a digging cycle to facilitate the
      penetration of the dipper into the material being excavated and optimize
      the amount of material removed by the dipper.
PAR  Another object of the present invention is to provide a novel hoist system
      for the dipper of a power shovel including means for controlling the pitch
      of the dipper during the digging cycle thereof which is operable to
      maintain the digging teeth of a dipper substantially horizontal while the
      dipper is being crowded, and pitch the dipper upwardly at the end of the
      crowding phases of the digging cycle and the hoisting thereof, thus
      assuring an optimum fill of the dipper.
PAR  Another object of the present invention is to provide an improved hoist
      system for the dipper of a power shovel including means for effecting a
      pitch change of the dipper at any point of the digging cycle which is
      comparatively simple in construction, relatively inexpensive to
      manufacture, install and maintain, and highly reliable in performance.
DRWD
PAR  Other objects and advantages of the present invention will become more
      apparent to those persons having ordinary skill in the art to which the
      invention pertains, from the following description taken in conjunction
      with the accompanying drawings wherein:
PAR  FIG. 1 is a side elevational view of a power shovel utilizing an embodiment
      of the invention;
PAR  FIG. 2 is an enlarged fragmentary view of the power shovel shown in FIG. 1,
      illustrating a portion of the embodiment of the invention in greater
      detail;
PAR  FIG. 3 is an enlarged perspective view of a component of the embodiment of
      the invention illustrated in FIGS. 1 and 2;
PAR  FIG. 4 is a perspective view of the component shown in FIG. 3, illustrating
      an opposite side thereof;
PAR  FIG. 5 is a top plan view of another assembly of the embodiment of the
      invention shown in FIG. 1;
PAR  FIG. 6 is a side elevational view of the assembly illustrated in FIG. 5;
      and
PAR  FIG. 7 is an enlarged perspective view of the assembly shown in FIG. 6,
      illustrating the components thereof in exploded relation.
DETD
PAR  Briefly described, the present invention relates to a hoist system for a
      power shovel having a main frame, a boom connected at a lower end thereof
      to the main frame, a dipper handle reciprocably and pivotally connected to
      the boom and a dipper pivotally connected to the dipper handle, including
      means for varying the pitch of the dipper, generally including hoist
      mechanism mounted on the main frame, a first hoist line operatively
      connected at one end thereof to the hoist mechanism passing over a point
      on the boom and operatively connected at the opposite end thereof to the
      dipper handle, a second hoist line operatively connected at one end
      thereof to the hoist drum, passing over a point on the boom and
      operatively connected at the opposite end thereof to the dipper, and means
      for selectively varying the effective length of one of the hoist lines
      relative to the other thereof.
PAR  In a more specific embodiment of the invention, there is provided a support
      link pivotally connected to the dipper handle, a pivot link pivotally
      connected to the dipper and pivotally connected to the support link at a
      point spaced from the pivotal connection thereof with the dipper to form a
      four-bar linkage including a portion of the dipper handle, a portion of
      the dipper and the support and pivot links, and the hoist ropes are
      connected to the pivot link on opposite sides of a line intersecting the
      point on the boom and the pivotal connection between the support and pivot
      links. Furthermore, in such embodiment, the means for selectively varying
      the effective length of one of the hoist lines relative to the other
      thereof consists of a floating sheave about which one of the hoist lines
      is reeved and means for moving such floating sheave along a line of travel
      intersecting such hoist line.
PAR  Referring to the drawings, there is illustrated a preferred embodiment of
      the invention. Specifically referring to FIG. 1, there is illustrated a
      crawler unit 10 supporting a lower frame provided with a roller circle, a
      main or upper frame 11 rotatably mounted on the roller circle of the
      crawler unit, a cab 12 mounted on the main frame, a boom 13, a dipper
      handle 14 provided with a dipper 15 and a hoist system 16. In the
      conventional manner, the boom 13 is connected at its lower end to the
      front end of the main frame by means of foot pins 17 and is maintained at
      a fixed angle by means of pendants 18 interconnecting the upper end of the
      boom and the upper end of a gantry 19 mounted on the main frame. The point
      of the boom is provided with a pair of coaxially disposed sheaves 20 which
      cooperate with the hoist system as will be described later. The dipper
      handle 14 is reciprocably mounted in a conventional saddle block 21 which
      is pivotally connected to the boom intermediate the ends thereof by means
      of a shaft 22. The extension of the dipper handle to crowd the dipper and
      the retraction thereof during a normal digging cycle is effected by a
      conventional mechanism mounted on the boom and the main frame, and
      operatively connected to the dipper handle. The dipper 15 also is
      substantially of conventional construction including a pair of side walls
      23 pivotally connected adjacent the rear ends thereof to the outer end of
      the dipper handle 14 by means of pivot pins 24 and having forwardly
      projecting brackets 25, a bottom wall 26 having forwardly projecting
      digging teeth 27 mounted on the front edge thereof, and a rearwardly
      disposed, hinged door 28 normally latched in the closed position.
PAR  The hoist system 16 generally includes a linkage 29 operatively
      interconnecting the dipper handle and dipper, a hoist assembly 30 mounted
      on the main frame 11 within the cab 12, and a pair of hoist lines 31 and
      32 operatively interconnecting the hoist mechanism 30 and the linkage 29.
      As best illustrated in FIGS. 2 through 4, the linkage 29 consists of a
      pair of rigid links 33 and 34 and a bell crank 35. Rigid links 33 and 34
      are pivotally connected at one set of ends thereof to a pair of brackets
      36 provided on the upper front end of dipper handle 14 by means of
      connecting pins 37.
PAR  Bell crank 35 is either of a welded or cast construction and includes an
      upper wall member 38 and depending front and rear wall members 39 and 40
      having side edges terminating inwardly from the side edges of upper wall
      member 38. Mounted on the outer face of front wall member 39 and
      projecting forwardly thereof is a pair of arm members 41 and 42 having a
      pair of transversely aligned openings 41a and 42a for receiving a
      connecting pin 43 therein. Similarly mounted on the outer face of rear
      wall member 40 and projecting rearwardly therefrom in alignment with arm
      members 41 and 42 is a pair of arm members 44 and 45 having a pair of
      transversely aligned openings 44a and 45a for receiving and supporting a
      connecting pin 46 therein.
PAR  Depending from the upper wall member 38 and disposed between the ends of
      front and rear wall members 39 and 40 is a pair of downwardly projecting
      arm members 46 and 47. Similarly depending from upper wall member 38 and
      spaced outwardly from arm members 46 and 47 is a second pair of downwardly
      projecting arm members 48 and 49. The depending arm members 46 through 49
      are provided with an upper set of transversely aligned openings 46a, 47a,
      48a and 49a for receiving and supporting a pair of connecting pins 50, and
      a lower set of transversely aligned openings 46b, 47b, 48b and 49b for
      receiving and supporting a pair of connecting pins 51. Preferably, the
      axes of all the aforementioned pin supporting openings are parallel, and
      the axes of the pin supporting openings in depending members 46 through 49
      lie in a common plane disposed perpendicular to a common plane including
      the pin supporting openings of arm members 41, 42, 44 and 45. The bell
      crank 35 further is reenforced by a pair of plate members 52 and 53
      secured to the front face of front wall member 39 and the front edges of
      depending arm members 48 and 49, and gusset plates 54 welded to the front
      faces of plate members 52 and 53 and forwardly projecting arm members 41
      and 42.
PAR  As shown in FIG. 2, the bell crank 35 is pivotally connected to support
      links 33 and 34 by means of connecting pins 50, and pivotally connected to
      the dipper by means of connecting pins 51.
PAR  FIGS. 5 through 7 best illustrate the hoist assembly which consists of a
      hoist mechanism 55 and a pitch control mechanism 56. The hoist mechanism
      55 includes a pair of longitudinally disposed, transversely spaced
      pedestals 57 and 58, and a longitudinally disposed, intermediate pedestal
      59 spaced between pedestals 57 and 58. Mounted on the pedestals 57, 58 and
      59 is a set of forwardly disposed bearings 60, 61 and 62 in which there is
      journaled a hoist drum shaft 63. Also mounted on the pedestals 57 and 58
      is a pair of rearwardly disposed bearings 63 and 64 in which there is
      journaled an intermediate hoist shaft 65.
PAR  Disposed rearwardly of pedestals 57, 58 and 59 is a hoist motor 66 having a
      drive shaft connected by a coupling 67 to a shaft 68 journaled in a
      bearing 69 supported on a pedestal. Drive is transmitted from the shaft 68
      to the hoist drum shaft 63 by means of a gear train consisting of a gear
      70 mounted on shaft 68, a gear 71 mounted on the intermediate hoist shaft
      65 and meshing with gear 70, a gear 72 mounted on the hoist drum shaft 63
      and meshing with gear 71, intermediate hoist shaft 65, a gear 73 mounted
      on intermediate hoist shaft 65 and gear 74 mounted on hoist drum shaft 63
      and meshing with gear 73. As best illustrated in FIG. 5, a hoist drum 75
      is mounted on hoist drum shaft 63. The hoist mechanism as described is
      substantially conventional in construction and operation. Such a mechanism
      further would be provided with suitable brake, clutch and similar control
      components to pay out and take in hoist line in the conventional manner.
PAR  Control mechanism 56 is best illustrated in FIG. 7 and includes a pedestal
      76 having a vertical section 77 secured at its lower end to the deck
      between the shaft supporting pedestals 57 and 58, and a horizontal upper
      section 78 including a rearwardly disposed, transverse portion 79 and a
      pair of forwardly projecting, transversely spaced arm portions 80 and 81.
      It will be noted from FIGS. 5 through 7 that the horizontal pedestal
      section 78 is disposed above the axis of hoist drum shaft 63 and provides
      a recess having a longitudinal center line offset laterally relative to
      the longitudinal center line of hoist drum 75. The arm portions 88 and 89
      are supported at their forwardly disposed ends by means of a pair of
      braces 82 and 83 which are secured at their lower ends to the deck.
PAR  The front faces 84 and 85 of arm portions 80 and 81 are recessed to provide
      a pair of longitudinally disposed, transversely aligned guide channels 86
      and 87 provided with longitudinally disposed guide ridges 86a and 87a.
      Slidably disposed in the guide channels 86 and 87 are journal blocks 88
      and 89 provided with longitudinal grooves in the upper and lower surfaces
      thereof which are adapted to receive guide ridges 86a and 87a. Journal
      blocks 88 and 89 further are provided with transverse bores 90 and 91 in
      which there is received and supported the reduced ends 92 and 93 of a
      floater sheave shaft 94. The shaft 94 is retained within the journal
      blocks and prevented from rotating by means of lock elements 95 each of
      which is secured to a journal block within a slot 96 and projects into a
      recess 97 provided on an end of the shaft 94. A floating sheave 98 is
      rotatably mounted on the shaft 94 and is adapted to move with the shaft 74
      and journal blocks 88 and 89 along a longitudinal line of travel.
PAR  Journal blocks 88 and 89 are moved along the guide channels by means of
      fluid actuated assemblies 99 and 100 which are substantially similar in
      construction and operation. Fluid actuated assembly 99 consists of a
      cylinder 101 and a ram 102 having a threaded portion 103 which is threaded
      into a threaded opening 104 in the front face of journal block 88. The
      assembly 99 is detachably mounted on the front end of arm portion 80 by
      means of a pair of vertically aligned stub shafts 105 and 106 which are
      seated on a pair of seating members 107 and 108 rigidly secured to front
      face 84, above and below guide channel 86, and a pair of retainer members
      109 which engage stub shafts 105 and 106 and are detachably secured to
      seating members 107 and 108, preferably by threaded fasteners.
PAR  The opposite ends of the cylinders of fluid actuated assemblies 99 and 100
      are connected to a suitable circuit with appropriate controls so that
      fluid under pressure may be applied simultaneously to the front or rear
      ends of the cylinders of the assemblies to extend or retract the rams
      thereof and, correspondingly, to adjust the positions of journal blocks 88
      and 89 within guide channels 86 and 87. It further will be appreciated
      that by adjusting the journal blocks longitudinally within the guide
      channels, the axis of floating sheave 98 will be displaced longitudinally.
PAR  Referring to FIGS. 1 through 6, hoist line 31 is operatively connected at
      one end to hoist drum 75, extends upwardly and is reeved about a boom
      point sheave 20, and is secured to arm members 44 and 45 of bell crank 35
      by means of connecting pin 46. Hoist line 32 is operatively connected at
      one end to hoist drum 75, extends rearwardly and is reeved about floating
      sheave 98, extends forwardly and is reeved about a boom point sheave 20
      and is connected at its opposite end to arm members 41 and 42 of bell
      crank 35 by means of connecting pin 43. As best illustrated in FIG. 5, it
      will be noted that the offset of the longitudinal center lines of the
      recess formed in horizontal pedestal section 79 and the longitudinal
      center line of hoist drum 75 permits the floating sheave 98 to slide
      transversely on shaft 94 within predetermined limits to guide hoist line
      32 onto one end of hoist drum 75 thus preventing interference with the
      winding and unwinding of hoist line 31.
PAR  While the dipper is at rest or moving through a digging cycle, the pitch
      thereof may be adjusted merely by supplying fluid under pressure
      selectively to the front or rear ends of the cylinders of fluid actuated
      assemblies 99 and 100 to displace the axis of floating sheave 98
      longitudinally relative to the axis of hoist drum shaft 63. The effect of
      such displacement will be to alter the effective length of hoist line 32
      relative to hoist line 31 so that bell crank 35 will be caused to pivot
      about pin 50. The pivotal action of bell crank 35 correspondingly will
      pivot dipper 15 about its pivotal connection with dipper handle 14 through
      connecting pin 51. Accordingly, any longitudinal adjustment of floating
      sheave 98 will result in a pitch change of the dipper.
PAR  In the operation of the power shovel as described to effect a maximum
      horizontal crowding action of the dipper and an upward pitch of the dipper
      at the end of the crowding movement thereof, deposit a maximum amount of
      material excavated in the dipper and retain such material in the dipper as
      it is hoisted and swung to a dump position, initially, the crowd machinery
      of the shovel is operated to retract the dipper handle and the hoist lines
      are permitted to be payed out so that the dipper is positioned adjacent
      the lower end of the boom as illustrated by the broken lines in FIG. 1,
      designated by the reference letter A. Pitch control mechanism 56 then is
      operated to position the dipper at the desired pitch. The crowd machinery
      and hoist mechanism next is operated to crowd the dipper handle while
      taking up on the hoist line thus crowding the dipper into the material
      being excavated. While the dipper is being crowded, the control mechanism
      56 can be operated to control the pitch of the dipper. During such phase
      of the digging cycle, it is desirable to maintain the dipper horizontal as
      illustrated by the broken lines designated by the reference letter B in
      FIG. 1 thus permitting the stripping of a thin seam material. At the end
      of the crowding phase of the cycle, the pitch control mechanism can be
      operated to pitch the dipper upwardly as illustrated by the broken lines
      designated by the reference letter C in FIG. 1 thereby assuring a maximum
      fill of the dipper as the hoist mechanism continues to hoist the dipper to
      an elevated position as illustrated by the solid lines in FIG. 1. The boom
      then may be swung to a dump position by operating appropriate machinery on
      the shovel. In doing so, the pitch control mechanism 56 may be operated to
      pitch the dipper upwardly to a dump position as illustrated by the solid
      lines in FIG. 1. Such attitude of the dipper facilitates dumping which is
      accomplished merely by releasing the latch of hinged dipper door 28. The
      crowd machinery and hoist mechanism then may be operated again to retract
      the dipper handle and position the dipper adjacent the lower end of the
      boom with the dipper pitched at the desired angle to begin another digging
      cycle.
PAR  It will be appreciated that the pitch control mechanism of the hoist system
      may be operated at any time while the dipper is at rest or moving through
      a digging cycle to adjust the pitch of the dipper without interfering with
      the movements of any other components of the shovel. This particularly is
      advantageous in that whenever the dipper encounters resistance during
      crowding, the pitch of the dipper may be adjusted to facilitate the
      penetration of the dipper into the material being excavated. It further
      will be noted that such pitch change is accomplished merely with the
      addition of comparatively few components mounted on the outer end of the
      dipper handle, i.e., support links 33 and 34 and bell crank 35, which are
      comparatively invulnerable to damage thus enhancing the reliability of the
      system, and sufficiently lightweight so as not to penalize the payload of
      the shovel.
PAR  The combination of linkage 29, the dipper handle and dipper provides a
      four-bar linkage including a portion of the dipper handle disposed between
      connecting pins 37 and 24, a portion of the dipper disposed between
      connecting pins 24 and 51, a portion of the bell crank disposed between
      connecting pins 51 and 50, and rigid support links 33 and 34. It thus will
      be seen that the operation of the pitch control mechanism on the deck of
      the shovel functions to vary the effective length of one of the hoist
      lines relative to the other hoist line which correspondingly alters the
      angular relationship of the four-bar linkage to provide the desired pitch
      adjustment of the dipper.
PAR  Although in the embodiment as described, the hoist lines are indicated as
      being connected to one of the members of the four-bar linkage, i.e., bell
      crank 35, at points disposed on opposite sides of a line disposed
      tangentially relative to the boom point sheaves 20 and passing through the
      axis of connecting pin 50 whereupon displacement of one of the hoist lines
      relative to the other results in pivotal movement of the bell crank 35
      relative to support links 33 and 34 to provide the desired pitch
      adjustment, it is contemplated that other connections of the hoist lines
      to the four-bar linkage will produce the same pitch adjustment within the
      scope of the invention. Considering such a four-bar linkage includes a
      rigid support link pivotally connected to the dipper handle and a pivot
      link pivotally connected to the dipper and pivotally connected at a point
      spaced from the pivotal connection thereof with the dipper, to the support
      link, other possible combinations would include (a) connecting both hoist
      lines to the support link which would function as a bell crank, (b)
      connecting one of the hoist lines to the support link and the other hoist
      line to the pivot link, (c) connecting one of the hoist lines to one of
      the support or pivot links and the other to one of the dipper handle or
      dipper, and (d) connecting one of the hoist lines to the pivotal
      connection between the support and pivot links and the other to one of the
      dipper handle or dipper.
PAR  Furthermore, it is contemplated that one of the hoist lines may be
      connected directly to the dipper handle and the other to the dipper
      whereby the segments of the hoist lines extending from the boom point
      sheave to the dipper handle and dipper would comprise members of a
      four-bar linkage, and the variation of length of one of the hoist lines
      would result in a change of the angular relationship of the four-bar
      linkage thereby providing the desired pitch adjustment of the dipper. A
      still further arrangement contemplated within the scope of the invention
      would provide connecting the hoist lines to the dipper on opposite sides
      of the pivotal connection of the dipper to the handle to provide a three
      bar linkage. In such an arrangement variations in the length of one of the
      hoist lines relative to the other would alter the angular relationship of
      the four-bar linkage thus correspondingly varying the pitch of the dipper.
PAR  Another contemplated arrangement would involve connecting a reference hoist
      line and a pitch adjusting hoist line to the dipper at predetermined
      points so that the sum of the moments about the connection of the
      reference hoist line with the dipper is zero, and maintaining both of such
      hoist lines in tension under all operating conditions of the system. In
      such an arrangement, the operation of the hoist machinery would function
      to hoist and lower the dipper and dipper handle in the conventional
      manner, and simultaneously or independently imposed variations of the
      effective length of the pitch adjusting hoist line relative to the
      reference hoist line would operate to adjust the pitch of the dipper.
PAR  From the foregoing detailed description, it will be evident that there are
      a number of changes, adaptations and modifications of the present
      invention which will come within the province of those persons having
      ordinary skill in the art. However, it is intended that all such
      variations not departing from the spirit of the invention be considered as
      within the scope thereof as limited solely by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a power shovel having a main frame, a boom connected at a lower end
      thereof to said main frame, a dipper handle pivotally connected to said
      boom and a dipper pivotally connected to said dipper handle, a hoist
      system for said dipper including means for varying the pitch thereof
      comprising a common hoist drum mounted on said main frame, a first hoist
      line operatively connected at one end thereof to said hoist drum, passing
      over a point on said boom and operatively connected at the opposite end
      thereof to said dipper handle, a second hoist line operatively connected
      at one end thereof to said hoist drum, passing over a point on said boom
      and operatively connected at the opposite end thereof to said dipper, and
      means for selectively displacing one of said hoist lines relative to the
      other thereof.
NUM  2.
PAR  2. A hoist system according to claim 1 wherein said means for selectively
      displacing one of said hoist lines relative to the other thereof is
      operable for selectively displacing said second hoist line relative to
      said first hoist line.
NUM  3.
PAR  3. A hoist system according to claim 1 wherein said hoist lines are reeved
      about sheaves mounted on the outer end of said boom.
NUM  4.
PAR  4. A hoist system according to claim 2 wherein said means for selectively
      displacing said second hoist line relative to said first hoist line
      comprises a floating sheave about which said second hoist line is reeved
      and means for moving said floating sheave along a line of travel
      intersecting said second hoist line.
NUM  5.
PAR  5. A hoist system according to claim 4 wherein said means for moving said
      floating sheave along a line of travel intersecting said second hoist line
      comprises a pair of fluid actuated assemblies including cylinders rigidly
      mounted on said main frame and movable rams operatively connected to a
      shaft on which said floating sheave is mounted.
NUM  6.
PAR  6. A hoist system according to claim 2 wherein said means for selectively
      displacing said second hoist line relative to said first hoist line
      comprises a support frame mounted on said main frame, said support frame
      having a pair of spaced guide channels disposed in a plane intersecting
      said second hoist line, journal blocks movably mounted in said guide
      channels, a shaft journaled in said guide blocks and movable therewith
      along said guide channels, a floating sheave mounted on said shaft, about
      which said second hoist line is reeved, a pair of fluid actuated
      assemblies, each including a cylinder mounted on said support frame and a
      ram operatively connected to one of said journal blocks whereby upon
      applying fluid under pressure selectively to opposite ends of said
      cylinders, said rams will be caused to extend and retract and,
      correspondingly, move said floating sheave along the line of travel
      intersecting said second hoist line, and control means for selectively
      supplying fluid under pressure to opposite ends of said cylinders.
NUM  7.
PAR  7. A hoist system according to claim 1 wherein said first hoist line is
      connected directly to said dipper handle and said second hoist line is
      connected directly to said dipper.
NUM  8.
PAR  8. A hoist system according to claim 1 including a support link pivotally
      connected to said dipper handle and a pivot link pivotally connected to
      said dipper and pivotally connected to said support link at a point spaced
      from the pivotal connection thereof with said dipper to form a four-bar
      linkage including a portion of said dipper handle, a portion of said
      dipper and said support and pivot links, wherein each of said first and
      second hoist lines is connected directly to one of said dipper handle,
      dipper and support and pivot links.
NUM  9.
PAR  9. A hoist system according to claim 8 wherein said first hoist line is
      connected to said pivot link and said second hoist line is connected to
      said dipper.
NUM  10.
PAR  10. A hoist system according to claim 8 wherein said first hoist line is
      connected to said support link and said second hoist line is connected to
      said dipper.
NUM  11.
PAR  11. A hoist system according to claim 8 wherein said first hoist line is
      connected to the pivotal connection of said support and pivot links and
      said second hoist line is connected to said dipper.
NUM  12.
PAR  12. A hoist system according to claim 8 wherein said first hoist line is
      connected to said dipper handle, said second hoist line is connected to
      said pivot link, and said means for selectively varying the effective
      length of one of said hoist lines relative to the other thereof is
      operable for selectively varying the effective length of said second hoist
      line relative to said first hoist line.
NUM  13.
PAR  13. A hoist system according to claim 8 wherein said first hoist line is
      connected to said dipper handle, said second hoist line is connected to
      said support link and said means for selectively displacing one of said
      hoist lines relative to the other thereof is operable for selectively
      displacing said second hoist line relative to said first hoist line.
NUM  14.
PAR  14. A hoist system according to claim 8 wherein said first hoist line is
      connected to said dipper handle, said second hoist line is connected to
      the pivotal connection of said support and pivot links, and said means for
      selectively displacing one of said hoist lines relative to the other
      thereof is operable for selectively displacing said second hoist line
      relative to said first hoist line.
NUM  15.
PAR  15. A hoist system according to claim 8 wherein said first hoist line is
      connected to said support link and said second hoist line is connected to
      said pivot link.
NUM  16.
PAR  16. In a power shovel having a main frame, a boom connected at a lower end
      thereof to said main frame, a dipper handle pivotally connected to said
      boom and a dipper pivotally connected to said dipper handle, a hoist
      system for said dipper including means for varying the pitch thereof
      comprising a support link pivotally connected to said dipper handle, a
      second link pivotally connected to said dipper and pivotally connected to
      said support link at a point spaced from the pivotal connection thereof
      with said dipper to form a four-bar linkage including a portion of said
      dipper handle, a portion of said dipper and said support and pivot links,
      a hoist drum mounted on said main frame, a first hoist line operatively
      connected at one end to said hoist drum, passing over a point on said boom
      and connected at the opposite end thereof to one of said support and pivot
      links, a second hoist line operatively connected at one end thereof to
      said hoist drum, passing over a point of said boom and connected at the
      opposite end thereof to one of said support and pivot links, and means for
      selectively displacing one of said hoist lines relative to the other
      thereof.
NUM  17.
PAR  17. A hoist system according to claim 16 wherein the connections of said
      hoist lines to said four-bar linkage are disposed on opposite sides of a
      line intersecting said point on said boom and the pivotal connection
      between said support and pivot links.
NUM  18.
PAR  18. A hoist system according to claim 16 wherein said hoist lines are
      reeved about sheaves mounted on the outer end of said boom.
NUM  19.
PAR  19. A hoist system according to claim 18 wherein the connections of said
      hoist lines to said four-bar linkage are disposed on opposite sides of a
      line disposed tangentially relative to said sheaves mounted on the outer
      end of said boom, and passing through the pivotal connection between said
      support and pivot links.
NUM  20.
PAR  20. A hoist system according to claim 16 wherein each of said hoist lines
      is connected to said support link.
NUM  21.
PAR  21. A hoist system according to claim 16 wherein each of said hoist lines
      is connected to said pivot link.
NUM  22.
PAR  22. A hoist system according to claim 21 wherein the connections of said
      hoist lines to said pivot link are disposed on opposite sides of a line
      passing through said point on said boom and the pivotal connection between
      said support and pivot links.
NUM  23.
PAR  23. A hoist system according to claim 21 wherein said hoist lines are
      reeved about sheaves mounted on the outer end of said boom.
NUM  24.
PAR  24. A hoist system according to claim 23 wherein the connections of said
      hoist lines to said pivot link are disposed on opposite sides of a line
      disposed tangentially relative to said sheaves mounted on the outer end of
      said boom, and passing through the pivotal connection between said support
      and pivot links.
NUM  25.
PAR  25. A hoist system according to claim 16 wherein said means for selectively
      displacing said hoist lines relative to the other thereof comprises a
      floating sheave about which said one of said hoist lines is reeved and
      means for moving said floating sheave along a line of travel intersecting
      said one of said hoist lines.
NUM  26.
PAR  26. A hoist system according to claim 25 wherein said means for moving said
      floating sheave along a line of travel intersecting said one of said hoist
      lines comprises a pair of fluid actuated assemblies including cylinders
      rigidly mounted on said main frame and movable rams operatively connected
      to a shaft on which said floating sheave is mounted.
NUM  27.
PAR  27. A hoist system according to claim 16 wherein said means for selectively
      displacing one of said hoist lines relative to the other thereof comprises
      a support frame mounted on said main frame, said support frame having a
      pair of spaced guide channels disposed in a plane intersecting said one of
      said hoist lines, journal blocks movably mounted in said guide channels, a
      shaft journaled in said guide blocks and movable therewith along said
      guide channels, a floating sheave mounted on said shaft, about which said
      one of said hoist lines is reeved, a pair of fluid actuated assemblies,
      each including a cylinder mounted on said support frame and a ram
      operatively connected to one of said journal blocks whereby upon applying
      fluid under pressure selectively to opposite ends of said cylinders, said
      rams will be caused to extend and retract and, correspondingly, move said
      floating sheave along the line of travel intersecting said one of said
      hoist lines, and control means for selectively supplying fluid under
      pressure to opposite ends of said cylinders.
NUM  28.
PAR  28. A power shovel having a main frame, a boom connected at the lower end
      thereof to said main frame, a dipper handle pivotally connected to said
      boom and a dipper pivotally connected to said dipper handle, a hoist
      system for said dipper including means for varying the pitch thereof
      comprising a common hoist drum mounted on said main frame, first and
      second hoist lines operatively connected at one set of ends thereof to
      said hoist drum, passing over a point on said boom and operatively
      connected at the opposite set of ends thereof to said dipper, and means
      for selectively displacing one of said hoist lines relative to the other
      thereof.
NUM  29.
PAR  29. In a power shovel having a main frame, a boom connected at a lower end
      thereof to said main frame, a dipper handle pivotally connected to said
      boom and a dipper pivotally connected to said dipper handle, a hoist
      system for said dipper including means for varying the pitch thereof
      comprising a support link pivotally connected to said dipper handle, a
      pivot link pivotally connected to said dipper and pivotally connected to
      said support link at a point spaced from the pivotal connection thereof
      with said dipper to form a four-bar linkage including a portion of said
      dipper handle, a portion of said dipper and said support and pivot links,
      a common hoist drum mounted on said main frame, a first hoist line
      operatively connected at one end to said hoist drum, passing over a point
      on said boom and connected at the opposite end thereof to the pivotal
      connection between said support and pivot links, a second hoist line
      operatively connected at one end thereof to said hoist drum, passing over
      a point of said boom and connected at the opposite end thereof to one of
      said dipper handle, dipper and support and pivot links, and means for
      selectively displacing one of said hoist lines relative to the other
      thereof.
NUM  30.
PAR  30. A hoist system according to claim 29 wherein said hoist lines are
      reeved about sheaves mounted on the outer end of said boom.
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ABST
PAL  A construction machine composed of a backhoe on a tractor vehicle equipped
      with a high strength cab, the machine further including a boom assembly
      mounted atop the cab for pivotal movement about a vertical axis and a
      horizontal axis. The boom can be equipped with a suitable tool to
      cooperate with the backhoe. The boom preferably carries a pole claw and a
      cable equipped with a chain and hook for erecting a pole, while the
      backhoe can perform the attendant digging and refilling of the trench.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to construction equipment, and particularly
      to construction machines constituted by self-propelled vehicles equipped
      with a backhoe.
PAR  A backhoe mounted on a tracked or wheeled tractor constitutes a versatile
      piece of field equipment which can travel over a wide variety of terrain
      and efficiently perform digging operations. Therefore, such machines are
      currently used in a wide variety of construction projects.
PAR  It is not uncommon for a backhoe to be mounted on the rear of a tractor
      which is also equipped with a front-end loader unit. Such machines can
      selectively perform earth moving and digging operations.
PAR  While such machines have a wide variety of uses, there are many operations
      which they cannot perform alone. In these cases, it is therefore necessary
      for a number of machines to travel to the job site. This, of course,
      increases the cost of the operation, not only because of the higher
      capital expenditures for a number of vehicles and higher fuel and
      maintenance costs, but also because at least one operator must be provided
      for each vehicle.
PAR  In addition, the necessity for the vehicles to be properly positioned
      relative to one another at the job location in order to cooperate in the
      manner required by the operation to be performed creates additional
      problems, particularly when the operation is to be performed in difficult
      terrain where there might not be a large enough ground area which is
      sufficiently level and solid to support a number of machines in close
      proximity to one another.
PAR  One commonly encountered operation which involves use of a backhoe but
      which cannot be performed by currently available backhoe machines alone
      involves the installation of power and telephone poles. Currently, to do
      this job, a backhoe machine of the type described above is driven to the
      job location together with any one of a variety of machines equipped with
      members capable of lifting the pole and maintaining it vertical in a
      trench while the trench is being backfilled by a backhoe, and possibly
      subsequently tamped.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to reduce the cost and difficulty
      of performing operations of the above-described type.
PAR  Another object of the invention is to reduce the amount of equipment and
      the number of operators required for performing such tasks.
PAR  These and other objects according to the invention are achieved by
      providing a backhoe-equipped tractor with a cab which encloses the
      operator location and which has a high load supporting capability, and
      with a boom assembly mounted atop the cab for pivotal movement about a
      vertical axis and horizontal axes, the boom being equipped with a suitable
      tool to cooperate with the backhoe.
PAR  In further accordance with the invention, the controls for operating the
      boom and its associated tool are located within the cab, as are the
      controls for operating the backhoe and for driving the tractor.
PAR  According to preferred embodiments of the invention, the boom carries a
      pole claw and a cable equipped with a chain and hook for erecting a pole
      and these devices on the boom can cooperate with the backhoe in such a
      manner as to enable the single machine to perform all of the operations
      attendant to the erection of a power line pole or telephone pole, these
      including digging the required hole, erecting the pole in the hole in a
      perfectly vertical orientation, and backfilling the hole while the pole is
      held stationary in such vertical orientation. This machine can also be
      used to advantage for installing other structures such as street light
      standards, advertising signs, traffic light standards, etc.
PAR  A machine according to the invention equipped with a front-end loader as
      well as a backhoe and a boom carrying a pole claw and a cable provided at
      its end with a chain and hook is particularly well suited for the
      installation of power line and telephone poles in locations where
      installation requires the use of select backfill material.
PAR  For example, if such a pole is to be installed on wet or swampy land, it
      may be required that the material used to fill the trench after the pole
      has been positioned be different from that available at the installation
      site. In this case, the front-end loader bucket can be filled with the
      required backfill material before the machine is driven to the
      installation site. Once at the site, the select backfill material can be
      dropped to one side of the pole erection point. Then, the required hole,
      or trench, will be dug by the backhoe. Subsequently, the chain and hook at
      the end of the cable are lowered and placed around the pole at a point
      between its center of gravity and top. The cable is then lifted to bring
      the pole into a raised orientation, whereupon the pole can be gripped by
      the pole claw and maneuvered into the trench. Once the pole has been
      plumbed, it can continue to be held in such vertical orientation by the
      pole claw while the backhoe bucket is operated to fill the hole with the
      select backfill material.
PAR  It might also be mentioned that one significant advantage of the mounting
      of a backhoe and a boom on a single vehicle is that it offers the
      possibility of lowering the outriggers and bucket of the backhoe into firm
      contact with the ground so as to constitute a three-point support which
      effectively stabilizes the machine while the boom and its associated pole
      claw or other tool are being employed to lift and position a pole or other
      load. This not only facilitates the lifting and placing of heavy loads by
      means of the boom, but provides a high degree of safety both for the
      machine and personnel in the vicinity of the work, particularly when such
      load is located above the triangular area defined by the three support
      points. Of course, this three-point support can be achieved with the
      backhoe pivoted horizontally away from its center position to enable the
      tool at the end of the boom to manipulate loads directly behind the
      machine.
PAR  In machines according to the invention equipped with a special cab and a
      boom mounted on the cab, the overall assembly will present a low profile
      when the boom is fully retracted. As a result, the machine will retain a
      low center of gravity, i.e. will not be top-heavy, while travelling. It
      has been found that the additional weight of the boom and the special cab
      has very little effect on the mobility of the vehicle which, in the case
      of a tractor-type vehicle, retains its ability to travel into and across
      rought and/or wet terrain, even when it is hauling a pole and its
      associated hardware, while carrying the load of backfill material in the
      bucket of its front-end loader.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevational side view of one embodiment of a machine
      incorporating the present invention.
PAR  FIG. 2 is a view similar to that of FIG. 1 of one embodiment of the
      invention as mounted on the machine of FIG. 1.
PAR  FIG. 3 is an elevational detail view of a portion of the arrangement shown
      in FIG. 2.
PAR  FIG. 4 is a top plan, detail view of the portion of the embodiment shown in
      FIG. 3 in a first operating position.
PAR  FIG. 5 is a front elevational view of the portion of the structure shown in
      FIGS. 3 and 4.
PAR  FIG. 6 is a view similar to that of FIG. 4 showing the illustrated
      components in a second operating position.
PAR  FIG. 7 is a side elevational view, partly in cross section, of a further
      portion of the arrangement shown in FIG. 2.
PAR  FIG. 8 is a top plan view of the portion shown in FIG. 7, but to an
      enlarged scale.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates the general arrangement of one type of field equipment
      which can be constructed according to the invention. the piece of
      equipment is composed of a wheeled tractor 3 equipped at its front end
      with a front-end loader 5 and it its read end with a hydraulic backhoe 7.
      Wheeled tractors having an open operator's location, that is without any
      enclosing cab, or with a lightweight cab, and provided with a front-end
      loader and a backhoe arranged in the manner illustrated in FIG. 1 are
      already known in the art and are presently being used in the field.
PAR  Both the front-end loader 5 and the backhoe 7 may be of any known
      construction. The front-end loader essentially includes a wide
      hydraulically operated bucket 51 mounted on jointed arms 52, with the
      movement of the arms and the bucket being controlled by suitable hydraulic
      pistons 53. Arms 52 are pivotally mounted to the tractor at pivots 54 and
      to the bucket at pivots 55, while pistons 53 are pivotally mounted to the
      tractor at pivots 56 and to the arms 52 at pivots 57.
PAR  In operation, the bucket of the front-end loader is filled by the forward
      motion of tractor 3, while the bucket is raised and emptied by the action
      of the hydraulic pistons.
PAR  Backhoe 7 is composed essentially of an inverted bucket 71 mounted at the
      end of a stick 73 pivotally supported, at an intermediate point along its
      length, by the free end of a boom 75. Boom 75 is supported at its other
      end on a pivot shaft 77 presenting a horizontal pivot axis and supported
      in a member 78 mounted to the tractor to be capable of pivotal movement
      about a vertical axis.
PAR  Pivotal movement between bucket 71 and stick 73 is controlled by a
      hydraulic piston 79, while pivotal movement between stick 73 and boom 75
      is controlled by a hydraulic piston 81 and pivotal movement between boom
      75 and member 78 is controlled by a hydraulic piston 83. The movement
      produced by each of pistons 79, 81 and 83 is about a respective horizontal
      axis. Pivoting of member 78, and the entire backhoe asembly 7, about a
      vertical axis is effected by operation of a double-acting hydraulic piston
      85 pivotally connected between member 78 and the tractor.
PAR  All of the hydraulic pistons are connected, by suitable hydraulic lines
      (not shown), to a source of pressure fluid and the selective delivery of
      pressure fluid to each end of the cylinder of each piston is effectuated
      by the operation of manual controls 87. Two such controls are illustrated
      in FIG. 1 and each of these is preferably of the four-way type, i.e. each
      control lever can be moved along either one of two mutually perpendicular
      paths, with movement of a lever in either direction along one path
      controlling the extension or retraction of the piston of one cylinder and
      movement in either direction along the other path controlling the
      extension or retraction of the piston of a different cylinder. Such
      controls are abundantly well known in the art and are currently employed
      in a variety of commercially available machines.
PAR  Backhoe 7 is also equipped, in a known manner, with a pair of outriggers 88
      which can be manually pivoted about the horizontal axes defined by pivot
      pins 89 into a stabiliziing position in contact with the ground.
PAR  In accordance with the present invention, the tractor 3 is equipped with a
      special cab 91 enclosing the operator's work and driving locations and
      designed to support high level weight loads.
PAR  mounted atop cab 91 is an extensible boom, whose overall arrangement is
      illustrated in FIG. 2. The portion of the boom shown in FIG. 1 includes a
      boom housing 101 mounted on, and rigidly fixed to, a turntable l03 which
      rests atop cab 91 and which is mounted to the cab by a pivot pin 105
      defining a vertical pivot axis. Also mounted atop the cab is one or more
      rollers 107 which bear against the upper surface of turntable 103 to
      oppose any tilting of the turntable when the free end of the boom is
      supporting a load.
PAR  Also affixed to the top of the cab are two stationary abutment members 109
      which will be described in greater detail below and which provide the
      support points for the forces applied to effect pivoting of the boom about
      the axis defined by pin 105. One abutment member 109 is disposed adjacent
      each side of cab 91.
PAR  Extending downwardly from the roof of cab 91, into the operator's work
      location, is a control console 111 carrying a plurality of hydraulic
      control levers used to control the operation of the boom.
PAR  The general arrangement of the boom assembly mounted on, and supported by,
      boom housing 101 is shown in FIG. 2. This assembly includes a lower boom
      constituted by a pair of structural plates 121 and a box member 123
      rigidly fastened between plates 121. At the end remote from the point of
      connection to box member 123, plates 121 are interconnected by a
      strengthening member, which can be a hollow tube, and are pivotally
      connected to housing 101 by means of pivot pins 125 defining a horizontal
      axis about which the boom assembly can be pivoted.
PAR  The upper boom of the boom assembly is constituted by a pair of structural
      plates 131 and a box member 133 rigidly connected at one end between
      plates 131. The outer end of box member 123 of the lower boom extends into
      the space between plates 131 and is connected thereto by pivot pins 135
      which define a horizontal axis about which the upper boom can pivot
      relative to the lower boom.
PAR  The boom assembly relative to housing 101 about the pivot axis of pins 125
      is controlled by a pair of hydraulic pistons 141 each disposed at a
      respective side of the assembly, each piston being pivotally connected
      between housing 101 and a respective one of the plates 121. Similarly,
      rotation of the upper boom relative to the lower boom about the axis
      defined by pins 135 is controlled by a hydraulic piston 143 pivotally
      connected between plates 121 and plates 131.
PAR  Pistons 141 and 143, as well as all of the other hydraulic pistons
      associated with the boom assembly are supplied with hydraulic pressure
      fluid via flexible conduits (not shown) under the control of valves of a
      standard type located in console 111 and controlled by levers 113, which
      are also preferably of the four-way type. Valve and lever arrangements for
      this purpose are abundantly well-known in the art and commercially
      available in the industry.
PAR  The mechanism for rotating turntable 103 and housing 101, together with the
      entire boom assembly, about the vertical axis defined by pivot pin 105
      (FIG. 1) is shown in detail in FIGS. 3-5.
PAR  This mechanism includes two identical linkages each connected at a
      respective side of boom housing 101 and each operatively associated with a
      respective one of the stationary abutment members 109. Each such linkage
      is constituted by a two-arm crank member 151 having one end pivotally
      connected to a pivot pin 153 supported by a flange 155 mounted on housing
      101. Each linkage further includes an arm 157 pivotally connected to the
      other end of crank member 151 by means of a pivot pin 158. Each crank
      member 157 carries at its other end a roller 159 engaging in a respective
      abutment member 109 which is constituted by a vertically oriented angle
      iron.
PAR  The described linkage is operated by hydraulic pistons 160 pivotally
      connected between pivot pin 161 supported by flanges 163 attached to boom
      housing 101 and pivot pins 165 each connected to the midpoint of a
      respective one of crank members 151.
PAR  To pivot the boom assembly about the vertical axis defined by pin 105,
      pressure fluid is supplied to the cylinder of either one of pistons 160 to
      extend the associated piston. The other hydraulic piston, not being
      supplied with hydraulic pressure fluid, is permitted to retract. The
      extension of one of the pistons 160, accompanied by the retraction of the
      other piston, and the resulting action of the linkage constituted
      essentially by arms 151 and 157 causes the boom assembly to pivot in one
      direction or the other. The valves associated with the pressure fluid
      conduits connected to pistons 160 can, in a well-known manner, be
      constructed so that the fluid present in the piston undergoing retraction
      can drain off through a pressure relief valve. However, the fluid
      remaining in that piston is made to exert sufficient back pressure to
      retain the roller 159 of its associated linkage in abutting engagement
      with the associated abutment member 109.
PAR  FIG. 6 shows the boom pivoted counterclockwise from its center position as
      a result of pressure fluid having been supplied to one of the pistons 160.
      The illustrated mechanism is capable of pivotinig the boom through an
      angle of the order of 140.degree., i.e. 70.degree. to each side of its
      center position.
PAR  In the preferred embodiment of the invention, the boom is equipped with a
      pole claw and with a cable carrying a chain and hook at its free end. As
      shown in FIGS. 2, 7 and 8, the pole claw is composed of a pair of limbs
      171 pivotally mounted on pivot pins 173 defining pivot axes perpendicular
      to the length of the upper boom.
PAR  The opening and closing movements of limbs 171 are effectuated by a
      mechanism composed of a piston whose cylinder 176 is fixed to the free end
      of the upper boom by means of supports 177. The piston rod 178 of the
      piston is located to extend away from the free end of the boom and carries
      a yoke 179.
PAR  Also connected to the yoke 179, in a pivotal manner, are two rods, or arms,
      181 whose other ends are connected, also in a pivotal manner, to a
      respective one of limbs 171 so that extension of rod 178 opens the pole
      claw and retraction of rod 178 closes the pole claw. Cylinder 176 is of
      the double acting type in that it is provided with a pressure fluid inlet
      at each end, as can be seen in FIGS. 7 and 8, to enable the rod 178 to be
      positively driven in either direction.
PAR  The free end of the upper boom is formed at the end of box member 133 by a
      bearing plate 192, two parallel support plates 194 extending outwardly,
      i.e. longitudinally of the boom, from plate 192, and two top plates 195
      also extending outwardly from plate 192 and resting atop plates 194.
      Plates 195 are provided with downwardly extending projections 197 formed
      to act as pole cradles and located to cooperate with the pole claw.
PAR  The cable 201 carrying a chain and hook 203 is stored on a drum 204 mounted
      on a support attached to plates 131 at the rear end of the upper boom.
      Cable 201 runs along the top of the upper boom, through a slot in plate
      192 and a space between plates 197 and around a pulley 206 rotatably
      mounted between plates 194.
PAR  Drum 204 is driven by a hydraulic motor 206 via a speed reduction gear 208,
      the motor and reduction gear being mounted on a support plate 209
      connected across the rear edges of plates 131. Such a drum, reduction gear
      and hydraulic motor are  commercially available from various manufacturers
      such as the Ramsey Winch Co. of Tulsa, Okla.
PAR  As mentioned previously, a machine constituted by a tractor equipped at its
      rear end with a backhoe and at its front end with a front-end loaded and
      further provided, according to the invention, with a load-supporting cab
      carrying an extendible boom equipped with a pole claw and a cable carrying
      a chain and hook is particularly suited for performing all the operations
      involved in the installation of a power line pole or telephone pole. The
      machine illustrated in FIGS. 1-8 can perform such an operation in the
      following manner:
PAR  Assuming that a telephone pole is to be transported to and installed at a
      remote location and its base is to be surrounded by select backfill
      material differing from that available at the installation location,
      bucket 51 of the front-end loader can be filled with the requisite select
      backfill material, and the pole and its associated framing hardware can be
      loaded on the machine at a dispatching location. The boom mounted on
      housing 101 is brought to its fully lowered position by operating the
      appropriate ones of levers 113 to retract pistons 141 and 143, thereby
      giving the machine a low center of gravity.
PAR  The machine is then driven to the installation location, taking all
      requisite material and components in one trip. At the installation site,
      the backfill material being carried in bucket 51 is deposited to one side
      of the point at which the pole is to be erected, while the pole itself is
      laid to the other side of such point.
PAR  Then, the operator positions the machine to face away from the installation
      point, the pole then lying to one side of the machine.
PAR  Then, the operator pivots housing 101 about pin 105 by operating the
      appropriate one of control levers 113 to supply hydraulic fluid to a
      respective one of pistons 160. At the same time, if necessary, one or both
      of pistons 141 and 143 are extended, this combination of operations
      serving to bring chain and hook 203 approximately directly above the pole
      at a point between its center of gravity and its top.
PAR  Thereafter, hydraulic fluid is supplied to hydraulic motor 206 in order to
      rotate drum 204 in a direction to unwind the cable 201 and lower the chain
      and hook 203 to the ground. A worker on the ground brings the chain around
      the pole, at a point above its center of gravity, and engages the hook in
      an upper link of the chain so that the chain is securely wrapped around
      the pole.
PAR  The operator in the cab then supplies hydraulic fluid to motor 206 so as to
      rewind cable 201 around drum 204 and thereby lift the top end of the pole
      to a sufficient height to enable a worker on the ground to mount the
      requisite framing hardware thereon.
PAR  While the hardware is being mounted on the pole by a worker on the ground,
      the machine operator proceeds to dig the necessary hole, or trench, by
      means of the backhoe. After the hole has been dug to its proper depth and
      all of the necessary hardward has been mounted on the top of the pole, the
      backhoe bucket is moved to one side of the pole erection area by supplying
      hydraulic fluid to a respective end of piston 85. Then the bucket 71 can
      be lowered into firm contact with the ground to form, together with
      outriggers 88 which were previously brought into firm contact with the
      ground, a three-point support enclosing the point at which the pole is to
      be erected.
PAR  Then, one or both of pistons 141 and 143 are extended to raise the upper
      boom 131 and 133 sufficiently to bring the pole to a generally vertical
      orientation and to bring the pole between pole claw limbs 171. After this
      has been done, hydraulic fluid is supplied to one of the fluid inputs to
      piston 178 so as to move yoke 179 toward the free end of the upper boom
      and thus bring limbs 171 toward one another to securely grip the pole.
      Housing 101 is pivoted about pin 105 by supplying hydraulic fluid to a
      respective one of pistons 160, while the fluid is also supplied to one or
      both of pistons 141 and 143 to maneuver the pole into a position in which
      its bottom end is properly located in the hole and the pole is vertically
      oriented.
PAR  The pole is then held in this position by the pole claw while the backhoe
      fills the hole around the pole with the select fill material, which is
      then tamped as required.
PAR  Finally, the pole claw is opened and the free end of the upper boom is
      lowered to slide the chain and hook toward the ground, where the worker
      can unhook the chain.
PAR  While the invention has been described with particular reference to the
      installation of power line poles and telephone poles, it can be used
      advantageously in a wide variety of different construction tasks. For
      example, it could be used to advantage in the installation of underground
      electric power lines and telephone lines. The machine can also be used
      advantageously for the installation of sewer, water and gas lines. In
      these situations, the backhoe can serve to dig the required trench, while
      the boom with its associated pole claw, cable, chain and hook is employed
      to lay the cables, pipes or conduits in the trench. The pole claw, chain
      and hook can also be used in construction projects for placing transformer
      pads, transformers, reels of cable, etc. On housing projects, at least
      some of the excavation can be performed by the backhoe, while the boom
      with its associated equipment can serve to position and hold
      pre-constructed footings, pilings, walls, beams and roof trusses while
      they are being secured in place.
PAR  The boom mounted atop the cab can be equipped with various types of units
      in place of the pole claw. To cite one example, it could be provided with
      a bucket device used to support a person, in which case the boom could
      serve as a man lift to permit a worker to reach otherwise inaccessible
      locations.
PAR  it will be understood that the above description of the present invention
      is susceptible to various modifications, changes and adaptations, and the
      same are intended to be comprehended within the meaning and range of
      equivalents of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A mobile, self-contained construction machine comprising, in
      combination:
PA1  an automotive vehicle presenting a support platform and including a cab
      having a roof arranged to support high level weight loads, said cab
      defining an enclosure to be occupied by an operator;
PA1  a backhoe system supported by said platform and extending from one side of
      said vehicle, said backhoe system being mounted to said platform for
      pivotal movement in a horizontal plane relative to said vehicle;
PA1  an extendible folding boom including at least two articulated members, and
      pivotally mounted on said roof of said cab and extending upwardly
      therefrom;
PA1  a pole claw composed of a pair of opposed limbs pivotally mounted at the
      free end of said boom, and claw operating means connected for pivoting
      said limbs in directions to respectively open and close said pole claw;
PA1  a cable carried by said boom and means at the free end of said boom for
      guiding the end of said cable so that the end of said cable extends from
      said guiding means downwardly from the free end of said boom;
PA1  a chain and hook connected to the end of said cable; and
PA1  control means disposed in said cab for use by an operator therein and
      operatively connected to said backhoe system, said boom and said claw
      operating means for enabling the operation thereof to be controlled by the
      operator.
NUM  2.
PAR  2. A machine as defined in claim 1 wherein said boom comprises: a boom
      housing mounted on the roof of said cab for pivotal movement with respect
      thereto about a vertical axis; a lower boom member; an upper boom member;
      means connecting said lower boom to said housing for pivotal movement
      about a horizontal axis; and means connecting said upper boom to said
      lower boom for pivotal movement about a horizontal axis.
NUM  3.
PAR  3. A machine as defined in claim 1 further comprising: a drum rotatably
      mounted on said boom and having said cable wound thereon; and means
      connected to said drum for rotating it and arranged to be controlled by
      said control means.
NUM  4.
PAR  4. A machine as defined in claim 1 wherein said backhoe system is mounted
      at the rear of said vehicle.
NUM  5.
PAR  5. A machine as defined in claim 4 wherein said control means include
      manually operable means for controlling said boom and said claw operating
      means, and supported from the underside of the roof of said cab.
NUM  6.
PAR  6. A machine as defined in claim 4 wherein said vehicle is wheeled tractor.
NUM  7.
PAR  7. A machine as defined in claim 6 further including a front-end loader
      system mounted at the front of said tractor.
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PAL  This invention relates to a method of handling the driver's cab of a public
      works machine, said cab being mounted to pivot on the frame (turret) of
      the machine and this machine comprising a working attachment, mounted on
      said frame, whose form may undergo a modification.
PAL  The pivoting axis of the cab is substantially perpendicular to the plane of
      deformation of the working attachment, a zone of the cab distinct from the
      one where the axis is located is coupled, via a sling, to the working
      attachment and the deformation of the working attachment is controlled so
      as to displace said coupling zone thus pivoting the cab as desired.
PAL  One application of the present invention is the realization of a high power
      hydraulic shovel.
BSUM
PAR  The present invention relates to a method of handling a pivoting driver's
      cab of a public works machine and a public works machine employing this
      method.
PAR  In the domain of public works machine, such as hydraulic shovels or cranes,
      the dimensions and power of these machines are presently on the increase.
PAR  The resultant increase in overall size and bulk complicates the problems of
      transport (particularly concerning the regulation highway gauges) and of
      driving the machines (lack of visibility).
PAR  In an attempt to solve these problems, partly or totally removable cabs,
      particularly pivoting cabs, have been installed.
PAR  However, in view of the weight of such cabs, the pivoting thereof has
      hitherto had to be controlled by auxiliary handling means such as an
      independent crane or a special jack for manoeuvring the cab.
PAR  The invention firstly seeks to provide a method, of which the novelty
      resides in the control of the pivoting by employing the actual working
      attachment of the machine, without having to use auxiliary handling means.
      Then, in the case of a particular machine already existing, the invention
      proposes an adaptation thereof to render it suitable for carrying out the
      above-mentioned method.
PAR  It is a first object of the invention to provide a method of handling the
      driver's cab of a public works machine, said cab being mounted to pivot on
      the frame of the machine and said machine comprising a working attachment
      mounted on said frame whose form may undergo a modification.
PAR  The pivoting axis of the cab is substantially perpendicular to the plane of
      deformation of the working attachment, a zone of the cab distinct from the
      zone where the pivoting axis is located is coupled to the working
      attachment and the deformation of the working attachment is controlled so
      as to displace said coupling zone, thus pivoting the cab as desired.
PAR  Another object of the invention is a public works machine applying the
      method mentioned above, of the type comprising a frame, an arm mounted to
      pivot with respect to the frame about a first axis and supporting the
      working tool, and a removable cab.
PAR  This cab itself being mounted to pivot with respect to the frame about a
      second axis substantially parallel to the first axis, a fastener device is
      fast with the cab, disposed at a distance which is not zero from the
      second axis. A tie connects said fastening to the arm.
PAR  The tie is preferably constituted by a flexible connection means whilst a
      member for guiding said connection means is mounted to rotate with respect
      to the frame and cooperates with this connection means, disposed
      substantially near the vertical plane containing the second pivoting axis.
PAR  In addition, it is often advantageous if the machine comprises:
PA1  a stop fixed to the frame for limiting the pivoting of the cab;
PA1  members for maintaining the cab in its two extreme configurations, viz,
      pivoted and non-pivoted.
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PAR  The invention will be more readily understood on reading the following
      description with reference to the accompanying drawings, in which:
PAR  --FIGS. 1 to 3 show in elevation a hydraulic shovel in accordance with the
      invention, with its cab and working attachment in three distinct
      configurations.
DETD
PAR  Referring now to the drawings, the shovel shown in FIG. 1 comprises a frame
      constituted by a chassis 1 on endless tracks and by a turret 2 mounted to
      rotate about a vertical axis 3 with respect to said chassis 1. These
      elements are found in FIGS. 2 and 3 in the same positions. On the
      contrary, the various elements which will be described hereinafter have
      the same references in FIGS. 1 to 3, but the indices a, b or c
      respectively are attached to these references since their positions vary
      from one Figure to the other.
PAR  In Fig. 1, it is noted that a jib 4a is articulated on the turret 2 about a
      horizontal transverse axis 5. A jack 6a is coupled between the turret 2
      and this jib 4 a. A balance beam 7a is articulated on the jib 4a about an
      axis 8a parallel to axis 5. A jack 9a is coupled between said balance beam
      and jib. Finally, a bucket 10a is articulated on the balance beam about an
      axis 11a parallel to axis 5, a jack 12a being coupled between said bucket
      and balance beam.
PAR  A driver's cab 13a is mounted on the turret 2, articulated thereon about an
      axis 14 parallel to axis 5 and fixed to the turret by screws 15a. An eye
      16 a is fast with the cab 13a and is disposed near the edge thereof
      opposite the edge along which axis 14 extends.
PAR  In addition, a pulley 17a is mounted to rotate on the jib 4 a and acts as
      guide for a flexible sling 18a which connects the eye 16 a to the balance
      beam 7a, in a zone of this balance beam merged, in the present case, with
      the axis 11a. The balance beam 7a is half folded with respect to the jib
      4a. In addition, the position of the jib 4a is so adjusted that the axis
      of rotation of the pulley 17a is contained in the vertical plane
      containing the axis 14.
PAR  In FIG. 2, the jib at 4b has remained substantially in the same position as
      at 4a, as has the pulley 17b. On the contrary, the screws 15a having been
      removed and the balance beam having been extended to come to position 7b,
      the axis of articulation of the bucket 10b has itself come to 11b and has
      drawn the sling 18b which is attached thereto. This sling has itself
      brought about the movement of the eye, to which its other end is fixed, up
      to 16b, in a position adjacent the vertical plan 19. The cab has pivoted
      about its axis 14 and has come to 13b. In this position, a slight manual
      thrust for example is sufficient to displace the cab again, and it arrives
      at 13d (broken lines), the eye 16b coming to 16d in a position
      substantially symmetrical to that of the eye 16b with respect to the
      vertical plane 19.
PAR  From the position 13d of the cab, a control of the balance beam to cause it
      to fold up into position 7c under jib 4c (Fig. 3) enables the sling to
      come into position 18c and the cab to pivot completely to position 13c. In
      this position, the cab is again securely fixed to the turret 2 by means of
      screws 20c. A rigid stop 21 fast with the turret 2 limits the maximum
      pivoting of the cab, an elastic stop advantageously being able to
      cooperate with the stop 21.
PAR  As far as utilization is concerned, the retracting maneuvre of the cab has
      been effected without having to resort to a handling machine independent
      of the shovel, nor to a special maneuvring member. The adaptation is
      reduced to the positioning of the pulley 17a, the eye 16a and the sling
      18a and is therefore particularly simple and inexpensive.
PAR  Furthermore, the execution of the method is very simple. Of course, by
      proceeding in the reverse order, the cab is brought to its original
      position (13a) again.
PAR  It is to be noted that such a method is applicable not only to a machine
      such as a hydraulic shovel having a working attachment articulated on a
      turret, but also to other machines such as for example a crane provided
      with a telescopic jib. The telescoping of the jib in a plane substantially
      perpendicular to the axis 14 enables, in fact, the pivoting of the cab to
      be controlled.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of handling the driver's cab of a public works machine, said
      cab being mounted to pivot on the frame of the machine and said machine
      comprising a working attachment mounted on said frame whose form may
      undergo a modification, wherein the pivoting axis of the cab is
      substantially perpendicular to the plane of deformation of the working
      attachment, a zone of the cab distinct from the zone where the pivoting
      axis is located is coupled to the working attachment and the deformation
      of the working attachment is controlled so as to displace said coupling
      zone, thus pivoting the cab as desired.
NUM  2.
PAR  2. A public works machine comprising a frame, an arm mounted to pivot with
      respect to the frame about a first axis and supporting the working tool, a
      movable cab, pivot means connecting said cab to said frame for enabling
      said cab to pivot with respect to the frame about a second axis
      substantially parallel to the first axis, fastener means connected to the
      cab at a location spaced from the second axis and tie means connecting
      said fastener means to said arm for effecting pivotal movement of said cab
      by pivoting of said arm as desired.
NUM  3.
PAR  3. A public works machine as claimed in claim 2, wherein the tie comprises
      a flexible connection means and additionally including a member for
      guiding said connection means mounted to rotate with respect to a frame
      and cooperate with the connection means in a position disposed
      substantially near the vertical plane containing the second pivoting axis.
NUM  4.
PAR  4. A public works machine as claimed in claim 2 additionally including
      members for maintaining the cab in its two extreme configurations, viz,
      pivoted and non-pivoted.
NUM  5.
PAR  5. A public works machine as claimed in claim 2 additionally including
      members for maintaining the cab in its two extreme configuration, viz,
      pivoted and non-pivoted.
NUM  6.
PAR  6. A public works machine as claimed in claim 3, additionally including
      stop means fixed to the frame for limiting the pivoting of the cab.
NUM  7.
PAR  7. A public works machine as claimed in claim 3, additionally including
      members for maintaining the cab in its two extreme configurations, viz,
      pivoted and non-pivoted.
NUM  8.
PAR  8. A public works machine as claimed in claim 4 additionally including
      members for maintaining the cab in its two extreme configurations, viz,
      pivoted and non-pivoted.
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ABST
PAL  This invention describes an easily cleansable container having a disposable
      liner of flexible, plastic composition. The liner may incorporate an
      elasticized overlap to cooperate with one or more ridges on the container
      in holding it in place, while in use.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to containers with disposable liners, in general,
      and to such a container of the type having a flexible plastic composition
      capable of withstanding a wide range of temperatures without leakage, in
      particular.
PAC  SUMMARY OF THE INVENTION
PAR  As will become clear hereinafter, the easily cleansable container of the
      invention may include a vacuum bottle, inside of which is placed a soft,
      poly flexible, stretchable plastic liner capable of withstanding
      temperatures ranging from that of ice to that of boiling water. In use,
      the liner is selected of a strength and composition which will hold both
      liquids and/or solids, and in a manner to keep the inside of the vacuum
      bottle free from residue when the liner is disposed of. Not only would
      such use of a disposable liner reduce the necessity of scrubbing the
      residue from the insides of the bottle, but use of such a liner would
      extend the life of the container in those instances where the vacuum
      bottle develops such cracks as would tend to leak, into the crevices
      between the container and its inner bottle, the liquid or solid held. In
      embodying the invention, an elasticized overlap could be incorporated
      within the stretchable liner to supplement its snug fit against the
      container, thereby holding the liner further in place and lessening any
      tendency for it to slip into the vacuum bottle when being filled or when
      the bottle is corked. Additionally, the neck area of the container could
      be provided with one or more ridge or lip portions to catch and hold the
      elasticized overlap should the weight of the liquid or solid be such as to
      tend to pull the liner through the neck and into the vacuum bottle.
PAR  As will be readily apparent, use of such disposable liners can greatly
      simplify the task of cleansing the vacuum bottle after use. Such use also
      permits the bottle to be used with increasing numbers of liquids and
      solids, as the increasing difficulties previously encountered in cleansing
      the bottle of certain liquids or solids become obviated when all that is
      necessary is to dispose of the liner. This will be all the more apparent
      upon recognition of the fact that the difficulty is thoroughly cleansing
      the vacuum bottle increases as the dimensions of the neck opening
      decrease. That is, whereas some types of residue may be easily cleansed
      from wide-mouthed bottles, such residue becomes more difficult to remove
      where the bottle is of narrow-mouthed construction. While the present
      invention will be described in an environment of use in keeping foods or
      liquids at a temperature generally unaffected by ambient temperature, the
      teachings herein will be equally applicable to industrial uses where
      thermal isolation may be a factor in material transportation and storage.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  These and other features of the present invention will be more clearly
      understood from a consideration of the following description taken in
      connection with the accompanying drawing in which:
PAR  FIG. 1 is a pictorial representation of a vacuum container in which a
      disposable liner is placed, in accordance with the invention;
PAR  FIG. 2 shows the vacuum bottle of the container of FIG. 1, and illustrates
      how the liner fits within the bottle in holding food or drinks to be
      consumed; and
PAR  FIG. 3 shows a possible modification of a portion of the container of FIG.
      1 for supplying added holding force to keep one form of liner in place.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Referring now to FIG. 1, the container there shown may include an outer
      body or canister 10, of metal or plastic fabrication for example, to
      protect the vacuum bottle within, usually a glass vessel with double side
      walls or of plastic construction. A container closure or stopper 12, such
      as a cork or twist on stopper cap, closes the opening in the container
      through which liquids or solids pass when the vacuum bottle is being
      filled and when the bottle is being emptied. A drinking cup 14 screws onto
      the container by means of a thread 16, to complete the package when closed
      and for drinking the liquid or eating the solid in the bottle when
      emptied. A handle for the drinking cup is shown at 18, with the cork 12
      passing through a riser portion 20 to seal the neck of the vacuum bottle.
PAR  Such a glass vacuum bottle is more particularly shown in FIG. 2 as
      including a pair of glass walls 30, 32, the space between which 34 is
      evacuated. The only junction of the walls 30, 32 is at the neck 36 of the
      vessel, with the approximate vacuum existent between the walls serving
      essentially as a nonconductor of heat. In order to maintain the thermal
      isolation within the vessel and to reduce the radiation through the walls
      30, 32 to a minimum, a silver coating is placed on the inside of the outer
      wall 30 and on the outside of the inner wall 32. Four support pads 38, 40,
      42, and 44 position the walls 30, 32 with respect to one another and,
      also, relieve any strain at the neck and prevent vibrations. The tip of
      the vacuum bottle (not shown) through which the air is exhausted in
      manufacture, is protected against breakage, as at 46, passing through a
      rubber bushing 48 to a disc-shape pad 50 to support the vacuum bottle and
      further absorb shock. A rubber gasket, or washer 52, completes the
      construction of the vacuum bottle, its inclusion being to prevent any
      liquids or solids from seeping into the crevice between the outer glass
      wall 30 and the inner walls of the metal or plastic canister of FIG. 1.
PAR  Because the chief path by which heat can be communicated to the interior of
      the vacuum bottle is at the junction of the walls at the vessel's neck 36,
      that portion is made as small as possible. Reducing its size, however,
      makes cleansing of the bottle particularly difficult for many types of
      liquids or solids. To be more specific, the usual method of cleansing,
      namely, flushing the glass bottle with a solution of warm water and baking
      soda--then rinsing the bottle with clear hot water--is not generally
      adequate for many soups, precooked luncheon foods, etc., where scrubbing
      of the bottle is needed in order to adequately remove the left-over
      particles.
PAR  In accordance with the invention--the purpose of which is to keep the
      insides of the vacuum bottle free from residue--, there is provided, as
      shown in FIG. 2, a disposable liner 60, which will hold the liquids and/or
      solids, inside of the vacuum bottle. Such disposable liner could be made
      of soft, poly flexible, stretchable plastic in the various shapes and
      sizes of the bottle--for example, being constructed similarly to a flat
      bag with, or without accordion type pleated sides. In use, the liner 60 is
      inserted through the neck portion into the bottle recess, while allowing a
      portion of the liner to stretch over the rim of the vacuum bottle as
      shown. Because of the flexibility of the plastic liner, that portion which
      overlaps the rim will not generally interfere with the stopper or cork
      used to close the bottle and, when filled with liquids and/or solids, as
      at 62, will generally conform towards the configuration of the vacuum
      bottle itself. Although a wide variety of liner sizes could be used for
      any given vacuum bottle size, it is preferable to use a liner whose volume
      is fairly close to the volume of the container so as to assure better fit
      and configuration to the bottle and so that the liner will not fall into
      the bottle due to the weight of the liquid or solid added. The stretchable
      liner 60 could incorporate an elasticized overlap 64 to grasp the bottle
      rim, to not only add to the snug fit provided by the liner as would reduce
      the chance of its slipping into the bottle when being filled, but to also
      furnish a means by which the liner could be easily grasped for removal.
      Once the liner is positioned within the bottle, as in FIG. 2, the food or
      liquid is poured in, after it is poured out; the liner can be easily
      removed and disposed of. An efficient and sanitary method of removing the
      residue from inside the vacuum bottle is thus afforded.
PAR  The possible modification of FIG. 3 shows the riser 20 of the vacuum
      container as being provided with a pair of ridge portions 70, 72. These
      portions could be used where the disposable liner has an elasticized
      overlap, in providing a means by which the liner could further be held
      snugly. In particular, these ridges could act as a lip to hold the overlap
      in place, and could be accomplished by making the space between the ridges
      70, 72 slightly greater than its thickness. At the same time, these ridge
      portions 70, 72 could serve as additional threads by means of which a cap
      having a stopper protrusion could be screwed onto the riser 20 as a
      replacement for the cork 12 of FIG. 1. Such arrangement will be seen to
      facilitate the manner by which the neck opening could be opened or closed.
      Because the disposable liner is selected of a flexible plastic
      construction, that portion which overlaps the rim of the bottle would not
      generally interfere with the lid thus employed to close the bottle
      construction.
PAR  While there have been described what are considered to be preferred
      embodiments of the present invention, it will be readily apparent that
      modifications may be made by those skilled in the art without departing
      from the scope of the teachings herein. Such teachings will be more
      clearly appreciated from a reading of the appended claims. It will be
      readily seen however, that, with or without elasticized overlaps, this
      described use of a flexible, stretchable plastic liner to hold against the
      container while retaining liquids, solids and the like can well serve to
      eliminate the necessity of scrubbing residue from the inner walls of
      vacuum bottles after use.
CLMS
STM  We claim:
NUM  1.
PAR  1. An easily cleansable container comprising:
PA1  an outer housing:
PA1  an inner vacuum bottle providing a substantially thermally isolated
      environment;
PA1  a disposable liner situated within said vacuum bottle and adapted to
      receive liquids, solids or the like for retention in said environment,
      said liner being arranged to fold around at least a portion of said
      housing; and
PA1  a stopper positioned to jointly close said inner bottle and said disposable
      liner to hold said liquids, solids or the like in place when it is desired
      to keep them at their initial temperatures, and positioned to jointly open
      said inner bottle and dispoable liner when removed to provide access to
      the liquids, solids or the like held within
PA1  wherein said disposable liner is of a flexible, stretchable plastic
      composition to hold against said portion of the outer housing;
PA1  wherein said disposable liner incorporates an elasticized material band
      around an outer edge thereof, positioned to further hold the liner against
      said portion of the outer housing and to present an easy manner of
      grasping the liner for removal when it is desired to be discarded; and
PA1  wherein the portion of the outer housing around which said disposable liner
      is folded includes a lip portion arranged to cooperate with said
      elasticized band to hold it in place and the liner further against said
      housing in preventing total insertion of said liner in said vacuum bottle.
NUM  2.
PAR  2. The container of claim 1 wherein said disposable liner is selected to
      receive liquids, solids or the like in volume proportionate to the volume
      of said container to reduce tendencies of the weight of liquid or solid
      added to draw said liner into said inner bottle.
NUM  3.
PAR  3. The container of claim 1 wherein said disposable liner is of a flexible,
      stretchable plastic composition capable of withstanding temperatures from
      that of ice to that of boiling water.
NUM  4.
PAR  4. The container of claim 1 wherein said lip portion comprises one or more
      ridges circumventing said housing and wherein said stopper is screwed onto
      said outer housing and into said inner vacuum bottle along said
      circumventing ridges.
NUM  5.
PAR  5. The container of claim 1 wherein said vacuum bottle is of double wall,
      glass construction, the space between which is evacuated.
NUM  6.
PAR  6. The container of claim 1 wherein said stopper comprises a cork.
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ABST
PAL  A cap for a molded plastic container has a cover section and a seating
      section which are provided with a tear strip for obtaining drinking or
      pouring access to the contents of the container without removal of the
      cap. The cover section has a centrally raised portion and a portion which
      slopes downwardly and radially outward from the centrally raised portion
      and terminates in a circumferentially extending seating portion. The
      latter includes an outer, downwardly extending skirt which embraces the
      upper end of the container. Two parallel slots extend part way up from the
      edge of the skirt and terminate in a groove which extends to the edge of
      the cover section and then follows the surface of the cover section in a
      generally radial direction to form a tear strip having a continuous,
      wedge-shaped configuration. The two parallel slots form a tab for grasping
      the tear strip with the fingers. Because of the shape of the cover
      section, a twisting motion of the wrist easily tears away the wedge-shaped
      section along the lines of the groove to provide access to the contents of
      the container without the need for removing the cap. A fulcrum to enhance
      tearing action is established by a raised circumferential ridge of the cap
      against which the container is seated and another fulcrum is established
      at the juncture of a wall portion of the cap seating section with the
      sloping portion of the cover section.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to caps for containers. More particularly, this
      invention relates to a cap for a container wherein drinking access to the
      container is provided by a removable tear strip section of the cap while
      the cap remains in place.
PAR  In the past, a variety of container tops have been provided with pull tabs
      connected to rings or the like to permit access to the container for
      drinking or pouring. While such arrangements may be acceptable in certain
      circumstances, such as in the case of metal container with metal tops,
      they may not be entirely acceptable in other instances.
PAR  For example, molded plastic tops are not particularly amenable to the
      provision of pull tabs connected to rings or the like.
PAR  Acceptable plastic container tops having tear-off pull tabs have been
      provided in the past. However, these are ordinarily intended for complete
      removal of the cap. See, for example, my copending application Ser. No.
      361,632 filed May 18, 1973, for "Cap Design with Permanently Attached Tear
      Strip."
PAR  Although such caps are particularly desirable in conjunction with container
      in which frozen orange juice concentrate is maintained, when used with
      containers in which liquid is maintained, the possibility of spilling or
      splashing during cap removal exists. The present invention provides a cap
      wherein drinking or pouring access is established by a tear strip section,
      while minimizing the likelihood of spilling or splashing. In this
      connection, a tear strip extending up the side and in part across the top
      of the cap is employed.
PAR  Prior proposals, such as those illustrated in Lange U.S. Pat. No.
      3,338,445, issued Aug. 29, 1967, and Schmitt U.S. Pat. No. 1,026,282,
      issued May 14, 1912, involve caps with tear strips that extend up the side
      and across a portion of the top of a cap. Among other differences between
      the present invention and those proposals, the present invention provides
      a cap construction wherein a novel force interaction between the cap and
      the container facilitates a relatively smooth tab removal while
      maintaining the cap in position on the container.
PAC  OBJECTS AND SUMMARY OF PREFERRED FORM OF THE INVENTION
PAR  It is a general object of the present invention to provide a novel cap for
      a container, with drinking access to the container being provided by a
      removable tear strip section while the cap remains in place.
PAR  It is a particular object of the present invention to provide such a novel
      cap with which the possibility of spilling or splashing during the
      provision of such access is minimized.
PAR  It is a further object of the present invention to provide such a novel cap
      that provides for a novel force interaction between the cap and the
      container so as to facilitate relatively smooth tearing of a tear section.
PAR  A preferred form of the invention intended to accomplish at least some of
      the foregoing objects includes a cap which has a cover section and a
      generally inverted U-shaped seating section for receiving the upper side
      wall portion of a container. A generally wedge-shaped portion, defined by
      a circumscribing groove of diminished cross section, commencing at the
      edge of the seating section and converging in a generally radial
      direction, forms an easily removed tear strip for gaining access to the
      contents of the container without the necessity for removing the entire
      cap.
PAR  More particularly, in a preferred form, the cap includes a cover section
      which has a generally central raised portion and a sloping edge portion
      which slopes downwardly and radially outwardly from the central raised
      portion toward the periphery of the cap. The cap further includes an
      inverted, generally U-shaped seating section for receiving the upper side
      wall portion of the container, which seating section comprises a wall
      portion, integral with an extending upwardly from the sloping edge portion
      of the cover section. The seating section further comprises an outer,
      circumferentially extending, depending skirt portion which embraces the
      outer side of the container side wall and which extends upwards to a
      height sufficient to establish a raised circumferential ridge above the
      sloping edge portion of the cover section.
PAR  To gain drinking or pouring access to the contents of the capped container,
      a tear strip is provided in the cap. This tear strip is bounded, first, by
      slots which extend upwardly from the bottom edge of the skirt portion
      toward, but short of, the top of the previously mentioned circumferential
      ridge. Grooves, commencing with the termination of the slots, then extend
      upwardly along the skirt portion, across the circumferential ridge,
      downwardly along the wall portion, and across both the sloping edge
      portion and at least a part of the central portion of the cap, in
      generally converging directions. The portion of the skirt which includes
      the slots serves as a tab to be grasped by the fingers, while the portion
      of the ridge between the grooves operates to establish a fulcrum about
      which the portion of the skirt, bounded by the grooves, is pivotable in
      response to lifting of the just mentioned tab. Furthermore, the portion of
      the juncture of the wall portion and the downwardly sloping edge portion
      bounded by the grooves operates to establish a fulcrum in the form of a
      rigidified zone about which the portion of the wall, bounded by the
      grooves, is pivotable to initiate removal of that portion of the tear
      strip which extends along the cover section. To pour or drink the contents
      of a container covered with a cap in accordance with the present
      invention, it is merely necessary to grasp the short tab at the edge of
      the skirt section of the cap and apply a twisting motion through the
      wrist. The slots flow smoothly into the tear grooves. As the tab is rolled
      radially outward and upward, the grooves tear positively and smoothly
      through a "crowbar section." The twisting action on the tab causes one
      groove to begin to tear ahead of the other, resulting in an extremely
      smooth tearing action. When the grooves are arranged to come together at a
      point, the wedge-shaped segment entirely separates from the cap with a
      minimum of jiggle, thus substantially eliminating the danger of spilling a
      portion of the contents of the container.
PAR  Because the tear strip is so easily dislodged to provide access, it is not
      necessary for the cap itself to be removable. Accordingly, the cap
      according to the present invention can be sealed to the container which it
      covers. This can be accomplished in a number of ways, such as by cementing
      the cap along the skirt portion. If desired, however, a "snap-on" action
      similar to that disclosed in the above-mentioned copending application,
      hereby incorporated by reference, may be employed.
PAR  Other objects and advantages of the present invention will become apparent
      with reference to the following detailed description in conjunction with
      the accompanying drawings, in which like reference characters refer to
      like elements and in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a cap and container in accordance with the
      present invention, with a portion cut away to show the interlocking
      structure of the cap and container;
PAR  FIG. 2 is a plan view of the cap of FIG. 1 in accordance with the present
      invention, showing the cover portion;
PAR  FIG. 3 is a partial cross section of the cap taken on line 3--3 of FIG. 2,
      showing an elevational view of a portion of the groove which defines the
      tear strip;
PAR  FIG. 4 is a partial cross section of the cap taken on line 4--4 of FIG. 2;
PAR  FIG. 5 is a partial cross section taken on line 5--5 of FIG. 2, showing an
      elevational view of the major portion of the skirt and periphery of the
      cap; and
PAR  FIG. 6 is an enlarged, partial perspective view of the cap showing the tear
      strip partially torn loose from the body of the cap.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, there will be seen a container 10, covered by a
      one-piece, molded plastic cap indicated generally as 11. The illustrated
      cap 11 comprises a generally central raised portion 12 and an edge portion
      13 which slopes radially downwardly and outwardly from the central raised
      portion.
PAR  Referring to FIGS. 4 and 5, the cap 11 will be seen to have an inverted,
      generally U-shaped seating section 14 for receiving the upper side wall
      portion 15 of container 10. The inverted U-shaped seating section 14
      comprises an upstanding wall portion 16, which is integral with and
      extends upwardly from the sloping edge portion 13, and an outer,
      circumferentially extending, depending skirt portion 17 for embracing the
      outer side of the container side wall portion 15. Wall portion 16 and
      skirt 17 together form a raised circumferential ridge 18 which projects
      above sloping edge portion 13 of the cover section.
PAR  The fulcrum action provided by this ridge 18, discussed more fully below,
      contributes to the ease of providing drinking and pouring access to the
      container 10.
PAR  Extending across the sloping edge portion 13 of the cover section,
      immediately adjacent the groove 22 at the two locations where it so
      extends, are triangular-shaped gussets 29 which aid in rigidifying the
      cap. Six other such gussets 29 are disposed in uniformly circumferentially
      spaced locations.
PAR  If desired, the container may be provided near its upper edge with a
      circumferentially extending interlocking projection 19 (FIG. 1), and the
      inner surface of skirt 17 may be provided with a mating, circumferentially
      extending seating recess 20 (FIGS. 4 and 5) for interlocking with
      projection 19 on the container. Alternatively or additionally, the cap 11
      may be cemented to the container 10.
PAR  In order that drinking or pouring access may be gained to the contents of
      the container without removing the cap, cap 11 is provided with a
      removable, wedge-shaped tear strip 21. This tear strip is formed by
      molding a groove 22 of thinner cross section than the surrounding area of
      the cap, whereby a zone easier to tear is provided by a line of reduced
      strength established along the groove. The thinner cross section is
      designated as 23; being visible in section in FIG. 3 and partially torn in
      FIG. 6.
PAR  The tear strip is bounded by a pair of slots 24 and 25 which extend
      upwardly from the bottom of skirt portion to points A-B (FIG. 1), adjacent
      the seating recess 20, and considerably short of the top of the
      circumferential ridge 18. Commencing with points A-B, grooves 22 extend
      upwardly along the skirt portion, across ridge 18, downwardly along wall
      portion 16 of the seating section, across both the sloping edge portion
      13, and at least part of central portion 12 in generally converging
      directions which can be radial. If complete severability of the tear strip
      21 is desired, the groove 22 is continuous between points A-B as
      illustrated. In any event, the groove is arranged to form a tear strip 21
      of generally wedge-shaped configuration. Slots 24 and 25 are cuts
      extending through the entire thickness of skirt 17 and upward as far as
      points A-B which fall entirely below seating recess 20.
PAR  The portion of skirt 17 between slots 24 and 25 is thickened in an outward
      direction to form a tab 26 and is provided with a ridged surface 27 to
      facilitate grasping with the fingers. The lower perimeter of skirt 17 has
      an outwardly flaring portion 28 as seen, for example, in FIGS. 1 and 2.
PAR  Referring once more to FIG. 1, the above-described cap 11 will be seen in
      place on container 10. Container 10 comprises a bottom wall portion 32 and
      circumferentially extending side wall portion 15 which terminates at an
      open upper end which defines an upper container edge 33. As already
      described, a circumferentially extending interlock projection 19 faces
      outwardly from side wall 15 and divides the latter into an upper lip
      section 34 which terminates in upper container edge 33, received by cap
      seating section 14, and a lower section 35 which extends to the bottom
      wall section 32 of the container.
PAR  In use drinking or pouring access to the contents of the container can be
      established by tearing away the wedge-shaped tear strip 21. This can
      readily be accomplished, while minimizing the danger of jiggling and
      spillage by following the procedure illustrated in FIG. 6. Tearing is
      initiated by grasping the thickened portion forming the tab 26 between the
      fingers and lifting the tab end while applying a rotary or twisting motion
      with the wrist in the direction shown by the curved arrow D in FIG. 6.
      Because of the presence of slots 24 and 25, sufficient leverage can be
      applied in connection with the tab 26 to easily rupture the thin, weaker
      section 23 at point B and to progressively tear the weaker section 23
      along the contour of groove 22. As will be appreciated, the twisting
      action can be applied equally effectively in the direction opposite to the
      arrow D.
PAR  As earlier noted, the ease of providing drinking and pouring access to the
      container is significantly enhanced by the ridge 18 on the cap. In this
      connection, tearing along the groove 22 may be accomplished with a smooth
      motion and a minimum of effort, despite initial resistance, because the
      portion 36 of ridge 18 between the grooves operates to establish a fulcrum
      about which the portion of the skirt that is bounded by the grooves is
      pivotable in response to the lifting of portion 26 bounded by slots 24 and
      25. The upper container edge 33 seated in the seating section 14 and
      bearing against the ridge 18 further enhances this fulcrum action.
      Furthermore, that portion of the juncture of the seating section and cover
      portion, i.e., the juncture of wall 16 and downwardly sloping edge portion
      13, which is bounded by the grooves operates to establish an additional
      rigidified zone about which the portion of wall 16 bounded by the grooves
      is rotatable to aid in the subsequent smooth initiation of the progressive
      rupture of thin wall 23 and eventually removal of the portion of tear
      strip 21 which extends along the cover section 12. This is seen in FIG. 6
      where tearing is illustrated as having progressed to a point C along
      groove 22.
PAR  From the foregoing, it will be apparent that the present invention provides
      for drinking or pouring access to a container through a plastic container
      top while minimizing the possibility of spilling and splashing during the
      provision of such access. The novel force interaction between the cap and
      container so as to facilitate relatively smooth tearing of a wedge-shaped
      removable section is of significant importance. Particularly the fulcrum
      action provided at the raised ridge 18 and that provided at the juncture
      of the upstanding wall 16 and the sloping edge portion 13 enhances the
      smooth tearing. In addition, after the tab is severed to provide drinking
      access, a relatively clean zone for drinking is established by reason of
      the access opening extending fully to the container.
PAR  Although the invention has been described with reference to a preferred
      embodiment thereof, it will be appreciated by those skilled in the art
      that additions, modifications, substitutions and deletions may be made
      without departing from the spirit and scope of the invention as defined in
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A molded plastic container cap for closing a container having a
      circumferentially extending interlock projection, said cap including:
PA1  a cover section comprising:
PA2  a generally central raised portion, and
PA2  a sloping edge portion sloping downwardly and radially outwardly from said
      central raised portion; and
PA1  an inverted, generally U-shaped seating section for receiving an upper side
      wall portion of said container, said seating section comprising:
PA2  a wall portion integral with and extending upwardly from said sloping edge
      portion of said cover section,
PA2  an outer, circumferentially extending, depending skirt portion for
      embracing the outer side of said container side wall portion,
PA2  said skirt portion including a circumferentially extending seating recess,
      for interlocking with said interlock projection of said container, and
PA2  said wall portion and said skirt section establishing a raised
      circumferential ridge projecting above said sloping edge portion of said
      cover section;
PA1  said cover section and said seating section including a tear strip portion
      of the cap for establishing a drinking and pouring access opening through
      said cap, said tear strip portion being bounded by
PA2  slots extending upwardly from the bottom of said skirt portion toward but
      short of the top of said circumferential ridge, and
PA2  grooves commencing with the termination of said slots and extending
      upwardly along said skirt portion, across said ridge, downwardly along
      said wall portion of said seating portion, across said sloping edge
      portion and at least part of said central portion in generally converging
      directions;
PA1  means disposed adjacent the portion of said grooves extending across said
      sloping edge portion for rigidifying said cap by engaging said sloping
      edge portion and engaging said wall portion;
PA1  the portion of said ridge between said grooves being operable to establish
      a fulcrum about which the portion of said skirt bounded by said grooves is
      pivotable in response to lifting of the portion of said skirt bounded by
      said slots; and,
PA1  the portion of the juncture of said wall portion and said downwardly
      sloping edge portion bounded by said grooves being operable to establish a
      rigidified zone contiguous with the outer periphery of said downward
      sloping edge portion, about which rigidified zone the portion of said wall
      bounded by said grooves is rotatable toward said downwardly sloping edge
      portion to permit removal of said tear strip by movement of a portion of
      said tear strip bounded by said slots in a smooth, upward and inward,
      arcuate path.
NUM  2.
PAR  2. The container cap of claim 1 wherein said rigidifying means comprises a
      pair of gussets engaging said sloping edge portion and engaging said wall
      portion for rigidifying said cap.
NUM  3.
PAR  3. A cap according to claim 2 wherein:
PA1  said grooves extend across said sloping edge portion and at least part of
      said central raised portion in generally converging radial directions.
NUM  4.
PAR  4. A cap according to claim 3 wherein the skirt portion thereof between
      said slots is thickened and ridged and is entirely below said seating
      recess.
NUM  5.
PAR  5. The cap of claim 2 in combination with, and sealed along said skirt
      section, to a container including:
PA1  a bottom wall portion;
PA1  a circumferentially extending side wall portion terminating at an open
      upper end defining an upper container edge; and
PA1  a circumferentially extending, interlock projection on said side wall
      portion adjacent said open upper end of said container and received by
      said cap seating recess, said interlock projection facing outwardly of
      said side wall portion and dividing said side wall portion into:
PA2  an upper lip section terminating in said upper container edge and received
      by said cap seating section beneath and in contact with said ridge, and
PA2  a lower section extending to said bottom wall portion of said container.
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ABST
PAL  A bottle closure of flexible thermoset synthetic material has a corrugated
      annular insert and an outer wall depending from its base. A thinned
      portion in the base is of a thickness and geometry adapted to burst at a
      predetermined pressure within the bottle. An annular shoulder on a
      severable skirt extends laterally beyond the outer wall which fits against
      the end of a plunger for urging an internal annular bevel groove in the
      skirt over an external annular bead near the mouth of the bottle.
BSUM
PAR  This invention relates to bottle closures.
PAR  The bottling industry has gone to considerable expense and effort to tool
      for a "screw-on" bottle-cap system that offers two advantages over the
      previous method: (1) No special tools are needed by the consumer to remove
      the cap from the bottle. (2) Since the cap is not distorted it is
      re-useable on the bottle from which it has been removed.
PAR  Unfortunately, in providing these advantages a serious series of problems
      has cropped up, which have been demonstrated to be dangerous and
      counterproductive, increasing costs and, more importantly, injuring and
      maiming innocent people.
PAR  In my earlier patent, U.S. Pat. NO. 3,473,685, I described a bottle closure
      of very flexible thermoset synthetic material which has a thin annular
      insert which fits into the bottle and configurates to its interior surface
      to affect a tight seal. Thus, the internal gas pressure in the bottle is
      used to aid in maintaining the seal by pressing the insert against the
      bottle wall.
PAR  The present invention extends and advances the teachings of the prior
      patent to "screw-on" bottles while incorporating a simple relief valve to
      cause the bottle closure to balloon out or burst when the pressure within
      the bottle exceeds a predetermined level.
PAR  Both the "crown" and the "screw-on" cap have the detail in common that they
      are fabricated on the bottle, while the cap of the present invention and
      as covered by U.S. Pat. No. 3,473,685 is fabricated apart from the
      bottling process and inserted at the bottling plant.
PAR  The "screw-on" cap is applied at the bottler's plant to glass bottles which
      have been blown by the glass maker. The glass bottle makers have
      traditionally worked with wide tolerances. Considering the method by which
      the crown type bottle is capped, the wide tolerances did not present too
      many difficulties. But with the screw-on system, unforeseen problems were
      experienced at the bottler's plant which became serious public dangers.
PAR  During the capping operation of the screw-on cap, an arm extends from the
      capping equipment to the top of the bottle, mating the cap with the glass.
      Then the bottle is rotated while the cap is configurated to the threads on
      the neck of the bottle.
PAR  If the glass is too tall (the tolerance is at the high side), the arm
      strikes the glass, knocking it off the track, and the machinery is brought
      to a halt so that the liquid and broken glass can be cleaned up.
PAR  If the glass is too short (the tolerance is at the low side), the arm makes
      a poor contact with the cap and the bottle and a poorly encapped bottle
      results.
PAR  These two limitations further aggravate an already difficult productivity
      problem, for the capping rate of the screw-on system is a fraction of that
      of the older method of clamping the cap on the bottle's crown.
PAR  The motion of capping the crown bottle likewise assumes importance. The
      metal blank is placed atop the bottle and a plunger, operating along the
      axis of the bottle, secures the blank while the edges of the blank are
      configurated around the annular bead (the crown) of the bottle.
PAR  A more serious public issue is that of spontaneous explosions, which cause
      injury and maiming of innocent people. The National Commission on Product
      Safety in its report of June, 1970 stated (Page 17), in part, "we find
      that glass bottles used for carbonated beverages present an unreasonable
      risk to consumers. When one of these bottles fails, the glass under
      internal pressure burst into splinters...."
PAR  The wide tolerances described above can result in thin and/or weakened
      glass walls and one of these thinned walls can be the source of a bottle
      failure.
PAR  The obviation of this problem is in providing a relief valve in the cap.
      When the internal pressure builds up beyond a predetermined value the
      relief valve will balloon out and/or burst. The pressure point at which
      the cap balloons out will be well below the burst-pressure of the glass so
      that no excessive pressure will be applied to the glass and the danger of
      glass shattering and splintering and injuring innocent bystanders can be
      substantially reduced, if not eliminated.
PAR  It is the purpose of the present invention to provide a bottle closure
      which overcomes the aforementioned problems. Accordingly, it is an object
      of the invention to provide a flexible thermoset bottle closure which
      allows the mating of the bottle closure to the top of a screw-on bottle
      with a consistently proper seal notwithstanding the wide tolerances
      encountered in the glass manufacturing industry.
PAR  A related object of the invention is to provide a bottle closure of
      flexible thermoset material to effect a tight seal in a screw-on bottle.
PAR  A further object of the invention is to provide a bottle closure which
      includes a relief valve responsive to the internal pressure within the
      bottle to balloon or burst at pressures below the burst-pressure of the
      glass.
PAR  A still further object is to provide a bottle cap that can be emplaced on
      the bottle with a simple, single stroke motion which utilizes the
      stretchable characteristics of the flexible material to accommodate the
      wide tolerances experienced in the bottle making industry.
PAR  These objects are accomplished in the provision of a bottle closure of
      thermoset synthetic material having a flexible corrugated annular insert
      and a flexible annular outer wall which covers the bead on the receptacle.
      A portion of the geometry in the base of the closure is of a thickness and
      design adapted to burst at a predetermined pressure within the bottle. An
      annular shoulder on a severable skirt extends laterally beyond the outer
      annular wall for fitting against plunger means for urging an internal
      annular groove over an annular bead on the closure with an internal
      shoulder on the skirt fitting into an undercut on the bead.
DRWD
PAR  These and other objects and features will be more fully understood in the
      following detailed description of the invention in which:
PAR  FIG. 1 is a perspective view of a bottle closure according to the
      invention,
PAR  FIG. 2 is a perspective view of the top of a bottle having threads to
      receive a screw-on bottle closure,
PAR  FIG. 3 is a sectional view of the bottle closure through line 3--3 in FIGS.
      1 and 2 shown atop the threaded bottle top of FIG. 2,
PAR  FIG. 4 is a similar sectional view of a second embodiment of the bottle
      closure,
PAR  FIG. 5 is a representation of a portion of the plunger arm of capping
      equipment suitable for properly encapping the bottle closure of the
      present invention to a threaded bottle top, and
PAR  FIG. 6 is an enlarged sectional view of the plunger of FIG. 5 shown in the
      extreme extension position, applying the bottle closure to the threaded
      bottle top.
DETD
PAR  Referring to FIGS. 1 to 3, a flexible bottle closure, shown generally as
      10, composed of thermosetting synthetic rubber such as an
      ethylene-propylene rubber of a controllable durometer in the region of 60,
      Shore, scale A. The closure 10 consists of a cap having a base 13 from
      which a flexible outer hollow annular wall 14 depends. The outer annular
      wall 14 has a deep inward facing threaded groove 15 which surrounds and
      substantially configurates to a threaded bead 16 near the mouth of the
      bottle 11. In this way the wall 14 will fit over and grasp about the
      threaded bead 16.
PAR  Also depending from the base 13 is a flexible hollow annular insert 17. The
      insert 17 extends from the base 13 a distance as great or greater than its
      inside diameter as measured at the base 13. Advantageously, the insert 17
      is designed to configurate to the inner wall 26 of the bottle 11 and has a
      corrugation or ripple 18 over its entire length, the purpose of each of
      which will be hereinafter explained. The insert 17 is the thinnest portion
      of the closure except for the relief portion 28. The insert 17 is
      substantially right circular on its corrugated outer wall 18 from the base
      13 to its end and has a tapered portion 23 which configurates to the inner
      wall 26. The inward facing groove 15 is deep relative to prior closures,
      its depth being in the order of one fourth its width or more.
PAR  The outer wall 14 has a skirt 19 extending from it which configurates
      around the bead 21 of the portion of bottle 11. The junction 20 of the
      skirt 19 and the outer wall 14 is purposely weakened therealong by scoring
      or perforating.
PAR  The skirt 19 has an internal annular beveled groove 24 which fits tightly
      about the bead 21 with its shoulder 25 fitting into an undercut 27 on the
      bead 21. The skirt 19 extends laterally beyond the annular wall 14 in a
      shoulder 33.
PAR  The base 13 of the closure has a thinned circular portion 28 comprised of
      aligned circular indents on its upper and lower sides. The thinned portion
      will balloon out or burst in response to pressures within the bottle which
      exceed a predetermined level.
PAR  The level is determined on the basis of the composition and minimum
      thickness of the glass. The predetermined burst level for the thinned
      portion 28 should be at a margin of safety below the burst level of the
      bottle and the diameter and thickness of the thinned portion 28 is
      selected to yield this result. This is a junction of the material of the
      bottle closure. In the embodiment described, the material is highly
      flexible, thermosetting, synthetic rubber such as ethylene-propylene.
PAR  For ordinary, returnable screw-on bottles common to the soft drink
      industry, the predetermined burst level for the thinned portions 28 is in
      the order of 100 PSI. It has been found that thinned membrane 28 or
      synthetic rubber 1/2 mm in thickness and 8 mm diameter will burst at this
      pressure level.
PAR  FIG. 4 shows a second embodiment of the relief valve. An inverted V ring 35
      with a circular apex 36 is molded into base 13. As the pressure builds up
      base 13 will curve, stretching the material at the apex 36. This taut
      membrane can be designed to rupture at any desired internal pressure. The
      rupture pressure will always be below the burst pressure of the glass.
PAR  In FIGS. 3 and 4 the bottle closure 10 is shown upon a bottle 11 as it
      might be affixed by a bottler. In this arrangement, the skirt 19, integral
      with and extending from the outer wall 14, passes over the bead 21 of the
      bottle. The skirt 19 will conform to and hug the bottle surface 21
      tightly. As a further precaution, the skirt 19 can be glued to the outer
      surface 21 to permanently secure the skirt thereto. As shown, the bottle
      closure 10 is tightly secured to the bottle 11.
PAR  To release the closure, one need only press a sharp edge such as a knife or
      even one's finger nail at the perforated junction 20. The material
      employed will easily separate at the line of weakness. Thereafter, the
      closure 10 is removed from the bottle by either unscrewing or pulling cap
      10. The thin, very flexible inner wall 17 will easily distort so that the
      closure can be removed from the bottle, leaving the skirt 19 behind as a
      permanent ring about the bottle surface 21. Thereafter the closure 10 can
      be repeatedly used on the same bottle or any other bottle of similar
      opening size.
PAR  Referring to FIGS. 5 and 6, the end portion of a plunger arm 30 of suitable
      capping equipment is shown encapping the bottle closure 10 on a threaded
      top of a bottle 11. A single downward motion of the plunger arm will mate
      the closure to the bottle. Suitable capping equipment and mechanisms which
      feeds the bottle closure to the plunger end, advances the bottles to the
      encapping station and provides the reciprocating motion to the plunger are
      known to the bottling and related arts. No complicated cams and combined
      rotary reciprocated motions are needed. A single downward stroke is all
      that is required.
PAR  The bottle closure 10 is seated in a hollow cylinder 32 at the plunger end
      30, formed by the hollow 31.
PAR  As the plunger arm 30 approaches the bottom of its downward motion, the
      skirt 19 of the bottle closure 10 passes about the threaded bead 16 of the
      bottle 11. As the plunger arm 30 continues its downward motion to its
      bottom position the skirt 19 is stretched downward bringing its shoulder
      25 below the undercut 27 on the annular bead 21 on the bottle.
PAR  The weakened junction 20 is stretched to less than its elastic limit and
      does not separate. As the plunger arm 30 proceeds in its upwards motion,
      the shoulder 25 moves to seat in the undercut 27 in tending to restore to
      its normal position and the bottle closure will rotate until the inward
      facing threaded groove 15 mates with the threads 16 on the bottle 11.
PAR  The insert 17 is sufficiently flexible so that its corrugated outer wall 18
      can be inserted within the bottle. The corrugations 18 provide sealing
      positions within the bottle and act as gates to prevent gases within the
      bottle from passing between the insert 17 and the internal wall 26 of the
      bottle.
PAR  The pressure within the bottle, in the space above the bottle contents, is
      the same in all directions. This pressure, to whatever degree it may be
      found, presses the highly flexible insert 17 against the bottle wall 26
      and the insert 17 configurates thereto. The greater the pressure within
      the bottle, such as large pressures which might occur from hot or highly
      carbonated contents, the more the highly flexible insert 17 is pressed
      against the bottle wall. Thus, the greater is the force which seals the
      bottle. The upward pressure against the base 13 is more than offset by the
      sideways pressure against the insert 17, which is long compared to its
      diameter.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A closure for a receptacle having an a first external bead in the
      vicinity of the mouth thereof and a second external bead lower than the
      first bead, comprising
PA1  a one-piece closure construction having:
PA1  a hollow flexible annular insert of flexible thermoset material integral
      with the base and of at least equivalent flexibility depending from the
      base insertable within the receptacle and adapted to press and
      increasingly seal against and conform to an internal wall of the
      receptacle under the influence of increasing pressure within the
      receptacle,
PA1  corrugations on said insert for pressing against the internal wall of the
      receptacle,
PA1  hollow outer annular wall of flexible thermoset synthetic material, shorter
      than said insert, integral with the base and surrounding the insert and
      depending from the base for substantially surrounding and covering the
      first bead on the receptacle and adapted to press and increasingly seal
      against the bead under the influence of increasing pressure within the
      receptacle,
PA1  means formed integrally with the base for relieving fluid pressures within
      the receptacle above a predetermined level comprising
PA1  a thinned portion of the base over the mouth of the receptacle of a
      geometry and thickness adapted to burst at a level of fluid pressure above
      a predetermined level of sealing pressure within the receptacle,
PA1  severable skirt means extending from the hollow outer annular wall and
      adapted to engage the second external bead tightly, said skirt means
      having flexibility and stretch characteristics which facilitate advancing
      the skirt axially over the second external bead without tearing the skirt
      means, the outer annular wall or the skirt means from the outer annular
      wall, said skirt means further having annular shoulder means extending
      laterally beyond the hollow outer annular wall for receiving plunger means
      for urging the closure over the receptacle and axially over the first
      external bead and into mating fit on the first external bead and for
      urging the skirt into engagement with the second external bead,
PA1  the length of the outer annular wall and the skirt means being such that it
      is necessary to stretch the skirt means in the axial direction of the
      receptable to engage the second external bead.
NUM  2.
PAR  2. A closure according to claim 1 in which the flexible insert is
      substantially right circular having corrugations substantially over its
      length.
NUM  3.
PAR  3. A closure according to claim 2 in which the hollow flexible insert has
      an inner wall that is tapered at its free end.
NUM  4.
PAR  4. A closure according to claim 1 in which the lower external bead on the
      receptacle has an undercut and the skirt has an internal annular groove
      which fits tightly about the bead and a shoulder which fits into the
      undercut.
NUM  5.
PAR  5. A closure according to claim 1 in which the hollow outer annular wall
      has an internal threaded groove which mates with upper external bead which
      is threaded in form.
NUM  6.
PAR  6. A closure according to claim 1 in which the outer annular wall is
      adapted to fit within a hollow at the end of a plunger with the annular
      sholder adapted to fit against the end of the plunger.
NUM  7.
PAR  7. A closure according to claim 1 in which the thinned portion of the base
      comprises a ring indented on the lower side of the base.
NUM  8.
PAR  8. A closure according to claim 7 in which the ring indentation has
      substantially the cross-section of an inverted V.
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ABST
PAL  A bottle cap seal having a long skirt in which the seal is of the type
      which is used on sparkling wine and champagne bottles.
PAL  The cap, formed by rolling a thin metal sheet on a punch and by gluing the
      superposed lateral edges, is formed with a depression in the gluing zone,
      adjacent its upper edge. The depression operates to prevent excessive
      penetration of one cap into the other during handling, with the result
      that the caps are easily adapted for use with automatic distribution and
      sealing machines.
BSUM
PAR  This invention relates to an improvement in long skirt bottle cap seals.
PAR  Long skirt caps are used mainly for sealing sparkling wine and champagne
      bottles. They are formed by rolling a thin pre-cut sheet cut to form, such
      as of aluminum, or a punch of frustoconical shape, with both edges of the
      sheet aligned and joined by gluing over the entire length of the skirt.
PAR  Due to their frustoconical shape, the caps can be stacked one on another.
      The stacked caps form a "stick" which to a certain extent is capable of
      resisting deformations which might otherwise occur. However, in
      transportation, a certain amount of packing occurs and this packing poses
      a problem when the caps are transferred to the necks of the bottles. For
      example, when a cap is removed from the stack in which an excessive amount
      of telescoping has taken place, it may remain wedged and the bottle is
      then often provided with two superposed caps. Since the one on the outside
      does not adhere to the glass of the bottle it more or less eventually
      becomes detached and presents an aspect which is not desirable.
PAR  The problem becomes particularly serious when the caps are being dispensed
      automatically, since their mechanical separation is even more difficult
      than manual separation, causing frequent shut-down of the sealing machine.
PAR  Attempts have been made to remedy this problem by providing the cap with an
      annular groove at about the height of the skirt. This groove functions as
      a stop to prevent a cap from advancing too deeply into the one in which it
      is stacked.
PAR  However, this solution is faced with several disadvantages. On the one
      hand, the annular groove cannot be applied at the time that the cap is
      formed but must be carried out at a separate station. On the other hand,
      the annular groove debilitates the axial resistance of the head of the
      cap. At the time of sealing, the cap remains hooked to the edge of the
      stopper or the bottle neck, forming a hollow which is sooner or later
      crushed. Oftentimes the groove is crushed even before unstacking.
PAR  It is an object of this invention to remedy these deficiencies and resolve
      the problems that arise. In accordance with the practice of this
      invention, use is made of a long skirt cap of thin sheet having a
      depression at the height of the skirt, that is, near the closed side of
      the cap. It is important for this depression to be placed precisely in the
      area where both edges of the format, at which the cap is formed, are
      superposed; the operation is further facilitated by the fact that this
      area necessarily is free of any vertical grooves, which normally stiffen
      this part of the skirt.
PAR  The depression preferably is produced at the time of the shaping of the
      cap, before the glue uniting both edges has had time to solidify.
PAR  The invention also relates to the tool necessary to bring about the
      described deformation in the cap. It comprises on the one hand, a punch,
      known per se, which, at the point provided for the formation of the
      depression, has a notch of a configuration analogous to that of the
      depression, and, on the other hand, on the heating press, known per se, a
      tip whose terminal conformation corresponds with the notch of the punch.
DRWD
PAR  These and other objects and advantages of this invention will hereinafter
      appear and for purposes of illustration, but not of limitation, an
      embodiment of the invention is shown in the accompanying drawings in
      which:
PAR  FIG. 1 is a front elevational view of a cap showing the embodiment
      according to the invention;
PAR  FIG. 2 is a sectional view of several stacked caps;
PAR  FIG. 3 is an elevational view partially in section of a tool used for the
      formation of a cap; and
PAR  FIG. 4 is a sectional view taken along the line IV--IV of FIG. 3.
DETD
PAR  The long skirt capsule 1, only the upper part of which is shown in FIG. 1,
      is formed from a thin sheet 2 of metal, such as aluminum, with the lateral
      edges aligned along a zone 3. it is closed in a known manner, as by
      folding the free upper edge of the sheet 2; the irregular folds which form
      at the top can be hidden by a small piece 4, such as a tax stamp.
PAR  A certain number of vertical grooves or corrugations 5 are formed in the
      upper part of the skirt to give this segment axial rigidity, combined with
      a certain radial elasticity. This configuration facilitates the threading
      of the cap on the stopper head, which normally extends upwardly and
      laterally beyond the bottle neck.
PAR  In the lining area 3 of the sheet, a depression 6, which constitutes the
      essential point of this invention, is provided. This depression 6, the
      bottom line 7 of which is about 10 mm from the upper edge 8 of the skirt,
      extends into the skirt to such a depth that it is located on the inside of
      the orthogonal projection of the sealed bottom which it thus resists to
      act as a stop as the stacked cap is advanced.
PAR  As a result, the caps stack (FIG. 2) at a very regular stacking pace a and
      this spaced relation is maintained, despite all handlings and vibrations
      in transit.
PAR  The selection of the location of the depression 6 is important. Indeed,
      zone 3 which is free of grooves offers greater rigidity than the remainder
      of the skirt, due to the fact that, at this location, the cap offers a
      double sheet thickness. This resistance to deformation is further
      increased if, as in the present invention, the depression is formed at the
      time when the glue combining both superposed edges of the format 2 has not
      yet hardened.
PAR  Because, preferably, use is made of a heat sensitive adhesive, it is
      recommended to form the depression 6 on the same punch 9 which is used to
      form the cap 3.
PAR  The frustoconical punch 9, which is of a generally known shape, has only
      one particularity, namely, a notch 10 provided in the proximity of its
      free end, at the location provided for forming the depression 6.
PAR  At the end of the shaping operation, both aligned edges of the format are
      pressed on each other and heated by the heating press 11. Press 11 is
      provided with a rounded tip 12 having a configuration corresponding with
      that of the notch 10 against which it urges the skirt portion to effect
      the desired depression as the two sections are brought together for
      joinder.
PAR  Because this operation is carried out at the time when the adhesive melting
      under heat has not yet hardened, the depression is maintained and
      disappears only at the time when the cap is threaded on the stopper of the
      bottle.
PAR  It will be understood that changes may be made in the details of
      construction and operation without departing from the spirit of the
      invention, especially as defined in the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A bottle cap formed of a soft metal sheet having a closed upper end and
      a long skirt portion of frustoconical shape and having corrugations
      therein with the lateral edge portions overlapped for joinder, an adhesive
      which is hardened in between the overlapped lateral edge portions to
      interbond the overlapped edge portions of the sheet and in which the
      overlapped edge portions are free of corrugations, and a single depression
      through the overlapped edge portions, in which the depression is formed
      while the adhesive is still in the unhardened state and in which the
      depression is located in the upper edge portion where the frustoconical
      skirt portion meets the top.
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ABST
PAL  A container closure assembly for a container comprising an outer cap of
      generally cup-like form having a top and a skirt depending from the outer
      peripheral edge of the top and means for detachably securing the same over
      the opening in a container, an annular pocket formed in the skirt of the
      outer cap adjacent said top and a liner assembly consisting of at least a
      disc-like core of a resilient material, a shell for the core having a
      portion confronting the inside of the top of the outer cap and a locking
      portion to hold the core in said shell, said shell being of a
      predetermined dimension to permit limited axial movement in the pocket in
      the outer cap and anti-friction means between the shell and outer cap to
      permit relative rotation between the outer cap and the liner assembly.
BSUM
PAR  The present invention relates generally to container closures and more
      specifically to a new and improved type of liner assembly for closures,
      particularly of the screw cap type.
PAR  The closure of the present invention has particular application to
      containers for medicaments or the like and more specifically to containers
      for intravenous solutions and irrigating water used in hospitals. In these
      instances, the closure is applied to the filled container and thereafter
      the assembly is autoclaved and then cooled. Some closures of conventional
      construction employing a liner material which may consist of a cork or
      rubber disc adhered to the inside of the top of the closure by means of
      adhesive and having a liner element confronting the opening in the
      container also adhered to the cork or rubber by means of an adhesive
      present certain problems when used in these applications. For example, it
      has been observed that when the closure is turned to remove it from the
      container, the liner facing has a tendancy to stick to the surface of the
      container finish and the sliding action of the liner over the finish of
      the container often results in slight lacerations to the liner facing due
      to the fact that the container finish has sharp or uneven surfaces. In
      this event the liquid product has a tendancy to penetrate the liner facing
      and saturate the resilient liner backing. This may result in contaminating
      the liquid product of the container. In the case of the usual pulp
      backing, the liquid then softens the adhesive that holds the liner to the
      closure and this combined with the tacky surface that develops when
      product dries on the top surface of the closure finish results in the
      liner sticking to the finish and pulling out of the closure. When the
      liner pulls out and adheres to the surface finish, it is necessary for the
      user to remove the liner by hand and thereby introduce the risk of
      contaminating the liquid product of the container.
PAR  With the foregoing in mind, an object of the present invention is to
      provide a closure having novel features of construction and arrangement
      obviating some of the disadvantages and drawbacks of the prior closures
      discussed above, particularly as it pertains to the use of the closure on
      containers for irrigating solutions and the like where it is essential to
      maintain the product in a sterile condition prior to use. To this end, the
      closure comprises an outer cap of generally cup-like form having an
      annular pocket formed at the juncture of the top and skirt for housing a
      "floating liner" consisting, in the present instance, of a core of a
      resilient material such as rubber having a first liner element confronting
      the product in the container made of an inert material, the core and first
      liner element being supported in confronting relation by a rolled edge
      shell or housing. The liner assembly may further include a disc-like
      second liner, made of a suitable low friction material and disposed
      between the rolled edge shell and the top of the cap. This arrangement
      permits the outer cap to be rotated relative to the liner assembly during
      the process of removing the cap from the container and obviates scoring of
      the liner on the rough or uneven surface finish of the container which as
      noted above may produce sticking of the liner to the container and/or
      contamination of the contents of the container. Additionally, the closure
      assembly may include a secondary seal adjacent the lower edge of the skirt
      of the cap and the bead on the exterior neck portion of the container to
      preclude the contamination of the container during the autoclaving and
      cooling process.
PAR  When the outer cap is turned to remove it from the container, the liner
      assembly remains stationary during the initial removal process due to the
      sliding action permitted between the secondary liner element and the top
      of the outer cap and when the liner assembly is engaged by the lower
      shoulder on the pocket it is lifted axially to displace it from the axial
      end face of the container. In this manner there is little or no sliding
      action between the liner assembly and the container during removal thereby
      eliminating the problem of piercing the liner assembly, which could result
      in contamination of the liquid product in the manner discussed above.
      Additionally, the liner assembly does not adhere to the container.
DRWD
PAR  These and other objects of the present invention of the various features
      and details of the construction and function thereof are hereinafter more
      fully set forth with reference to the accompanying drawings.
PAR  FIG. 1 is a side elevational view of a container with a closure constructed
      in accordance with the present invention applied thereto;
PAR  FIG. 2 is an enlarged transverse sectional view of the closure prior to
      application to a container;
PAR  FIG. 3 is an enlarged fragmentary sectional view showing the closure
      initially applied to a container;
PAR  FIG. 4 is a view similar to FIG. 3 showing the cap with the rolled on
      threads; and
PAR  FIG. 5 is a fragmentary sectional view showing the engagement of the liner
      and the finish on the bottle with the cap or the closure fully applied.
DETD
PAR  Referring now to the drawing and particularly to FIG. 1 the thereof, there
      is illustrated a container such as a bottle, designated by the numeral 10,
      and a closure 12 applied thereto which is constructed in accordance with
      the present invention. The container 10 as illustrated in FIGS. 3 and 4
      has conventional spiral screw threads 14 formed on the outer surface of
      the neck 16 and a bead 18 at the lower terminal edge of the spiral screw
      threads 14. The container illustrated also includes an annular bead 19 on
      the exterior of the neck below the spiral screw threads 14. In the present
      instance, the outer cap is preferably made of a thin guage metal such as
      aluminum wherein the threads conforming to the container are formed after
      the cap is applied to the container by automatic roll-on capping
      equipment. However, the outer cap may have preformed threads and be made,
      for example, of a plastic material. Additionally, even though the closure
      of the present invention is illustrated in connection with a closure
      having a spiral screw thread finish, it is to be understood that the
      closure of the present invention has application to other types of
      containers having other means for retention of the closure.
PAR  In the present instance, the closure 12 comprises an outer cap member 20 of
      generally cup-like form which may be made of a thin guage metal such as
      aluminum and includes an annular top 21 having a skirt 22 depending from
      its outer peripheral edge which prior to application to a container is
      straight sided and which may be rolled or spun by automatic roll-on
      capping equipment to conform to the threads 14 on the container as
      illustrated in FIG. 4. In the illustrated embodiment, the outer cap member
      20 has an annular pocket 24 between the top 20 and skirt 22 which is
      provided with a knurled finish to assist the user in turning the closure.
      The pocket 24 as illustrated has a circumferential inwardly extending
      offset portion defining a shoulder 26, the inner diameter Dc of which is
      smaller than the maximum diameter DL of the liner assembly 30 so that the
      liner may be snapped into place in the pocket in the manner shown in FIG.
      2 and retained therein when the closure is processed by automatic capping
      equipment to apply the same to the container. Additionally, the axial
      depth Wp of the pocket is greater than the maximum depth of W.sub.1 of the
      liner assembly to permit the liner assembly to "float"  in the pocket for
      ease of removing the closure without damaging the liner assembly as
      discussed below.
PAR  The liner assembly 30 comprises a disc-like core 31 made of a resilient
      material such as rubber, a first liner element 32 made of an inert
      material compatable with the contents of the container confronting the
      inner face of the core 30 and adapted to directly engage the axial end
      face 34 of the container adjacent the opening 36 therein and a shell or
      housing 36 which may be made of metal such as thin guage aluminum. A
      suitable material for the first liner element 32 is Gilsonite, an
      oleo-resinous varnish sheet material. The shell 36 is of generally
      inverted cup-like form having a disc-like top 39 and a skirt 40 depending
      from the outer periphery of the top and a rolled-in flange 42 which
      extends radially inwardly to encapsulate and retain the first liner 32 and
      the resilient core 31 in the assembled relation. The flange 42 as
      illustrated is rounded so that its terminal edge 42a confronts and engages
      the liner element 32 radially inwardly of its outer circumferential edge.
      This construction provides several advantages in closures of this type.
      For example, the raw edge of the core 31 and first liner element 32 are
      completely encapsulated in the shell and the raw outer terminal edge of
      the flange confronts and engages in the liner 32 thereby minimizing the
      risk of free particulate matter from these edges contaminating the liquid
      product. Additionally, the flange 42 acts as a pilot to center the liner
      relative to the container to insure proper seating against the axial end
      face of the container to provide a good seal. Further, the circumferential
      chamber 42b provided by the rolled flange provides an expansion area for
      the core 31 and liner element 32 when the elements are compressed as a
      result of application to the container.
PAR  In the present instance, the liner assembly further includes a second liner
      element 50 made of a low friction material such as polyethylene, which is
      of disc-like form and is disposed between the housing and top of the outer
      cap member. This second liner element 50 serves to permit relative
      rotation of the outer cap and liner assembly when the outer cap is
      initially rotated thereby precluding damage to the liner element engaging
      the finish of the container. In lieu of the second liner element, the
      housing may be coated with a low friction material such as a low friction
      lacquer to provide the same action described above.
PAR  The closure is also provided with a secondary seal consisting in the
      present instance of a flowed-in liner 54 in an annular recess in the lower
      edge of the skirt of the outer cap which liner 54 engages the bead on the
      exterior neck portion of the container below the spiral threads.
PAR  In the use of the closure of the present invention on containers for
      medicaments such as an intravenous solution or irrigating water, the
      container is filled with the particular liquid and the closures are
      applied over the opening in the container, for example, by automatic
      roll-on capping equipment whereby in the case of a container having spiral
      thread finish, and a bead on the neck as illustrated in the drawings, the
      skirt of the outer cap is rolled to conform to threads on the container
      and simultaneously the lower edge of the skirt is sealed against the bead
      to provide the secondary seal, the primary seal being engagement of the
      liner assembly against the axial end face of the container as shown in
      FIG. 4. The automatic roll-on capping equipment includes a member
      engageable with the top of the outer cap adapted to apply head pressure to
      the cap to insure firm seating of the liner assembly against the axial end
      face of the container prior to formation of the threads on the container.
      Note the core 31 has sufficient resiliency to accomodate the application
      of head pressure to the closure. Application of head pressure prevents
      loss of contents and also eliminates the possibility of outside
      contamination during the capping process. Thereafter the assembled units
      are autoclaved for a predetermined period of time and then permitted to
      cool. It is noted that the secondary seal 54 insures against ingress of
      any contaminants into the container during the autoclaving and cooling
      process.
PAR  Now when it is desired to use the contents of the container, the outer cap
      is simply rotated in a direction to remove it from the container whereby
      the liner assembly remains seated on the top of the container until the
      annular shoulder defining the lower portion of the pocket engages the
      outer peripherial edge of the liner assembly to lift it axially from the
      container during continued rotation of the outer cap. It is noted that
      during ititial removal of the outer cap, the secondary disc of low
      friction material or the low friction coating on the face of the rolled
      edge disc confronting the inside top of the outer cap permits rotation of
      the outer cap relative to the liner thereby precluding any damage to the
      liner material resulting from rotation of the liner assembly relative to
      the container.
PAR  In view of the above, it is submitted that the closure of the present
      invention has several assembly and functional advantages over prior
      closures used for similar purposes. For example, no elements of the liner
      assembly will be lost in handling. Additionally, the correct number and
      order of the elements of the assembly will always be present. Furthermore,
      closure removal torque is significantly reduced and as noted previously in
      removing the closure, there is little or no sliding action between the
      liner assembly and container thereby eleminating the problem of piercing
      or puncturing the liner which could result in the contamination of the
      liquid product.
CLMS
STM  We claim:
NUM  1.
PAR  1. A container closure assembly for a container comprising an outer cap of
      generally cup-like form having a top and a skirt depending from the outer
      peripheral edge of the top, an annular pocket formed in the skirt of the
      cap adjacent said top, a floating liner assembly mounted in said pocket
      including a disc-like core of resilient material, a first liner element
      confronting one face of the core, a cup-like shell having a top portion
      overlying the other face of the core, and a turned in locking flange
      engageable with the first liner element adjacent the periphery thereof,
      and a second liner element made of a low friction material disposed
      between the inner surface of the top and the top portion of said shell to
      facilitate rotation of said shell and cap relative to one another when
      said members are in pressure applying relation.
NUM  2.
PAR  2. A container closure as claimed in claim 1 including a circumferentially
      extending flowed in liner on the interior of the skirt adjacent the lower
      terminal edge thereof.
NUM  3.
PAR  3. A container closure as claimed in claim 1 wherein said outer cap and
      shell are made of a thin guage aluminum.
NUM  4.
PAR  4. A container closure as claimed in claim 1 wherein the locking portion of
      the shell comprises a turned-in arcuate flange, the inner terminal edge of
      said flange pressing said first liner element along a circumferential line
      extending radially inwardly from the peripheral edge of said core and
      forming an annular chamber encapsulating the outer terminal edge of said
      core and first liner element.
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ABST
PAL  A container for packaging liquids, in particular mineral oil and the like
      and other media such as powders, pastes and the like, said container
      having the form of a preferably right prism with two polygonal bases and
      being adapted to be placed with at least one of its basal and lateral
      faces against corresponding faces of similarly formed containers to form a
      group of containers, at least one of said basal and lateral faces being
      provided with means for engaging a corresponding face of a similar
      container when placed against said corresponding face to counteract
      slipping between the engaging faces.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a container for packaging liquids, in
      particular mineral oil and the like, and other media such as powders,
      pastes and the like.
PAR  Such media are packed and sold in large quantities in circular cylindrical
      or oval containers of glass or plastic or an impregnated
      plastic/paperboard combination. In particular, mineral oil for retail sale
      is always sold in circular cylindrical cans made of sheet metal or
      circular cylindrical containers made of a combination of plastic and sheet
      metal or coated paperboard and sheet metal. The cylindrical form of the
      known containers is disadvantageous in particular because of the
      comparatively poor utilization of space in stacking, but is generally put
      up with because the cylindrical form results in higher stability.
      Nevertheless, the compressive strength in particular is unsatisfactory, so
      that the surrounding packaging must be unnecessarily over-dimensioned.
      This applies in particular to the known cylindrical canisters of plastic,
      which are much used because of the ease with which they can be
      manufactured. Such plastics canisters are generally provided with a
      flanged-on sheet-metal cover. In order to be able to pour out and empty
      the contents of these canisters cleanly, in particular when pouring
      mineral oil into the oil filler of a motor vehicle engine, a tool is
      required, in particular in the form of a punch or spike with a sheet-metal
      pouring spout pivoted thereto. This method is generally regarded as
      troublesome and costly.
PAR  Furthermore, so-called combination or composite canisters consisting of
      strong oil-coated paperboard and flanged-on sheet-metal covers are known.
      This packing is regarded as antiquated and uneconomic, although its
      strength is adequate. The described difficulties arising at the time of
      pouring are also present in these canisters.
PAR  Moreover, it has been found that difficulties occur in connection with the
      transport of such circular cylindrical cans or canisters in rather large
      units of quantity. Firstly, these cans or canisters have poor
      stackability, so that when a plurality thereof are assembled to form a
      rather large group or bundle precautions must be taken in order that the
      bundle may not collape in view of the shocks usually occurring during
      transport. Generally, therefore, the bundles are tied together with
      retaining bands or straps. These facilities, however, constitute an
      additional expense. Added to this is the fact that these arrangements for
      holding the bundles together have not proved to be adequate on the
      occurrence of rather large horizontal forces, for example the braking
      forces of goods wagons or motor lorries.
PAR  Secondly, it has been found that in the transport of stacks of containers
      consisting of circular cylindrical cans or canisters the thrust forces
      occurring, in particular braking and acceleration forces, cannot be curbed
      adequately, without supplementary facilites, without damage ocurring to
      the cans or canisters. In particular during the shunting of goods wagons,
      the stacks of containers are partly exposed to such high pressures that
      some containers are destroyed and their contents escape. For the transport
      of such stacks of containers in goods wagons, inflatable partitions have
      therefore been provided between the individual stacks so as to enable the
      forces occurring to be better absorbed. The provision of partitions of
      this kind constitutes an additional expense. Added to this is the fact
      that the poor utilization of space already achieved in any case with
      circular cylindrical containers is worsened still more. It has moreover
      been found that the protective measures taken by means of partitions are
      not sufficient in every case.
PAC  SUMMARY OF THE INVENTION
PAR  The invention aims to solve the problem of providing a container for
      packaging liquids and also other media which can be manufactured in simple
      manner at low cost and be handled easily and with which the above
      disadvantages can be avoided and which, in particular, renders possible
      better utilization of space in stacking and storage, has better stacking
      possibilities, so that supplementary reinforcements for holding bundles
      together can be dispensed with, and can be put together in bundles or
      groups which have adequate stability and strength in response to any
      forces occurring.
PAR  According to the invention, this problem is solved by means of a container
      of the kind indicated at the beginning which is characterised in that it
      has the form of a preferably right prism with two polygonal bases and is
      adapted to be placed with at least one of its bases and lateral faces
      against faces of similarly formed containers to form a rather large group
      or bundle, and that at least one face placeable in this way is provided
      with engaging means coming into operation when placed against the
      associated face and counteracting slipping.
PAR  As a result of the arrangement side by side of containers designed in
      accordance with the invention, a substantially better utilization of space
      can be achieved than with circular cylindrical cans or canisters, since no
      unused space between the containers occurs, as is the case with cans. By
      means of the engaging means provided on the individual container faces and
      counteracting slipping and which come into engagement with the engaging
      means provided on corresponding faces of other containers when containers
      formed in the same way are arranged side by side and/or stacked,
      outstanding support is obtained for the containers placed together and
      results in good stability and loading capacity of a bundle composed of a
      plurality of containers. In this way, the loading capacity of an
      individual container in the bundle with respect to forces acting thereon
      from outside, for example because of the weight of other container stacked
      on top, is increased. In view of the prismatic form provided according to
      the invention, it is moreover always possible to find shapes with which a
      larger number of containers can be put together without any gaps to form a
      rather large bundle or simple geometrical configuration, for example a
      parallelepiped or a cube. In this way there are obtained in combination
      the advantage of good utilization of space and high resistance to loads
      due to the weights of the containers filled with the media and also
      against loads acting from outside on the whole bundle. As a result,
      considerably larger quantitites of liquid packed in individual packs can
      be stored and dispatched in a given space.
PAR  Owing to the substantially better stacking possibilities and the consequent
      higher stability of the bundles composed of the containers according to
      the invention, costly expedients for holding the bundles together are no
      longer necessary, since these bundles are self-supporting on all sides.
      Generally, a light wrapping, in particular of shrunk-on film is
      sufficient.
PAR  The bundles composed of containers according to the invention are
      excellently transportable, since the thrust forces occurring are absorbed
      by the engaging means arranged on the faces disposed parallel to the
      direction in which the forces act, so that the container walls are
      substantially not subjected to bending stresses. The like applies to the
      vertical forces occurring. Destruction of the containers during transport
      can be substantially avoided as a result of the design according to the
      invention without additional expenditure, such as for inflatable
      partitions and the like, being required.
PAR  Manufacture of the containers according to the invention is possible in
      very simple manner because of their prismatic form. Thus, in particular
      the side walls can be developed from a web of plastics film, sheet metal
      or similar material and be combined, more particularly by heat-sealing or
      welding, with other correspondingly rimmed pieces of material forming the
      bases or basal surfaces. Particularly simple manufacture is also possible,
      however, by known processes of plastics forming, combined processes, such
      as extrusion/blowing and injection moulding/blowing, being suitable in
      particular. Because of the special stability of the container according to
      the invention, especially by reason of the stabilizing action of the faces
      provided with the engaging means during storage and transport, it is
      possible to manage with comparatively small thicknesses of material in
      manufacture.
PAR  The engaging means preferably oppose any shifting of the containers placed
      one against the other in all directions parallel to the face placeable in
      this way. In this way, storage and stacking of the containers on any
      desired basal or lateral faces is rendered possible, since the effect of
      this immovability is maintained with all forms of storage. Of course, the
      bond or connection between the containers assembled to form a bundle is
      improved, since the engaging means are suitable for absorbing forces
      occurring in all directions parallel to the face adapted to be placed
      against another face.
PAR  However, it is also possible to provide a constructional form in which the
      engaging means are operative only in one direction. The design of the
      engaging means may be varied according to the value and direction of the
      acting forces and the number and direction of the container faces provided
      with engaging means. With the engaging means operative only in one
      direction, there may be advantages in certain circumstances for the taking
      apart of rather large bundles consisting of a plurality of containers.
PAR  The engaging means are advantageously in the form of mutually interlocking
      teeth. The teeth are preferably provided by projecting and recessed face
      zones. However, it is also quite possible for the engaging means to
      comprise at least one friction-increasing surface portion. A
      friction-causing surface portion of this kind may, for example, consist
      simply of an applied coating of a non-hardening adhesive. In general, it
      has been found, however, that in particular where the forces occurring are
      rather large the engaging means in the form of teeth are superior as
      regards stability and strength of the bundles and the individual
      containers.
PAR  Three preferred constructional forms of the containers according to the
      invention with which particularly favourable results can be obtained will
      be considered hereinafter. These constructional forms, however, do not in
      any way constitute a limitation. Other forms of container are also quite
      conceivable.
PAR  For example, in one preferred constructional form of the container, the
      bases are rectangles of equal size. At the same time, its two smaller
      opposite lateral faces are preferably formed as the standing surface of
      the container and as the top thereof used for filling and emptying.
      Depending on the required stability and strength of the bundles, engaging
      means may be provided on the most diverse faces, the best results being
      generally obtained when all the face of the container are equipped with
      engaging means, preferably teeth. It is frequently sufficient, however, if
      at least two, or preferably all, of the lateral faces are provided with
      engaging means. The smaller lateral face of the container formed as the
      top used for filling and emptying renders efficient handling possible.
PAR  According to another constructional form, the bases of the container are
      right-angled parallel triangles of equal size, so that two containers of
      like form can be put together by means of their inclined lateral faces to
      form a parallelepiped. This form of container, like that described
      hereinbefore, is also distinguished by special geometrical simplicity. An
      inclined lateral face provided with engaging means, in particular teeth or
      serrations, offers the particular advantage that the weight of the
      container lying on top increases the interlocking action. Due to the dead
      weight of the container lying on top and the weight forces of further
      containers in the stack which are arranged on top of these containers a
      particularly good mutual interlocking of the lateral faces lying one
      against the other is obtained, which results in a special stability of
      bundles composed of such containers, so that frequently no mechanical or
      manual operations are necessary for holding the bundles together.
PAR  Such containers may be provided with a pouring opening arranged on one of
      the bases in the angle formed between the two larger lateral faces.
PAR  It is particularly advantageous, however, if the bases are equal-sized
      right-angled parallel trapeziums, so that two containers of like form can
      be put together by means of their inclined lateral faces to form a
      parallelepiped. The trapeziform shape of the bases offers the special
      advantage that, as a further development of the invention, the opposite
      lateral faces adjoining the inclined lateral face can be formed as the
      standing surface of the container and as the top thereof used for filling
      and emptying, the larger lateral face providing the standing surface. The
      advantage of this conformation resides above all in that the narrow top
      facilitates the pouring out of the liquid after a pouring opening has been
      made therein, and also in that when the conventional rolled-in tops are
      employed the loss in capacity due to the rolling-in is only slight.
PAR  The advantages of the inclined lateral face mentioned in connection with
      the above-described constructional form also apply to this constructional
      form with the trapeziform bases.
PAR  According to a special constructional form of a container constructed in
      this way, its inclined lateral face is provided with step-like shoulders.
      This constructional form is distinguished by special simplicity of the
      engaging means on the inclined lateral face, but in this case there is
      movability in a direction normal to the bases.
PAR  According to a specially preferred constructional form of the container
      according to the invention the said projecting and recessed face zones are
      arranged on its inclined lateral face, preferably in such manner that a
      recessed zone of the same area is associated with each projecting face
      zone in mirror symmetry with respect to an axis of symmetry bisecting the
      lateral face normally to the bases, and conversely. In this way, by simple
      measures of manufacturing technique, satisfactory interlocking is obtained
      between the two lateral faces lying one against the other in all
      directions parallel to the faces. It proves to be particularly
      advantageous with this constructional form that it is only necessary to
      create a single type of container which can be put together with a
      container formed in the same way to form a parallelepipedal structure.
PAR  The projecting and recessed face zones may have the most diverse forms,
      simple forms such as squares, triangles or circles being naturally
      preferred for reasons of manufacturing technique. For example, the
      inclined lateral face of a container may be provided with a square or
      circles arranged centrally in the face and which may constitute a
      projecting and a recessed zone of halves separated by the axis of symmetry
      bisecting the face and extending normally with respect to the bases of the
      container. Naturally, the inclined side wall of the container may also be
      provided with a plurality of projecting and recessed zones, as long as
      there is always a counter-element arranged symmetrically with respect
      thereto in the face. These teeth or interlocking portions represent an
      excellent engaging means between the inclined lateral faces resting one
      against the other in containers which have been assembled together, which
      engaging means prevents any shifting of the containers with respect to one
      another in any direction parallel to the inclined lateral faces by forces
      acting thereon. At the same time, however, these teeth render possible a
      satisfactory separation of assembled containers in a direction normal to
      the inclined lateral faces.
PAR  The inclined lateral face of a container is advantageously divided into
      four rectangular zones of equal area, of which those adjacent to one
      another form in each case a projecting and a recessed zone. According to
      this constructional form, there is a projecting and a recessed face zone
      above and below the axis of symmetry bisecting the inclined lateral face
      and extending normally with respect to the base. This chessboard-like
      division of the inclined lateral face is simple to execute from the point
      of view of manufacturing technique and ensures secure interlocking even
      with only slightly projecting and recessed face zones, because the entire
      area of the inclined lateral face is in the form of interlocking elements.
PAR  In another constructional form of the container according to the invention,
      a non-projecting and non-recessed strip extending normal to the base is
      arranged between the four projecting and recessed face zones. In this way,
      a step-like graduation of the projecting zone towards the recessed zone is
      obtained. Depending on the desired interlocking action, the strip may be
      widened or narrowed accordingly. According to another constructional form,
      a strip of this kind extending parallel to the bases may be arranged
      between the four zones. This constructional form is preferred to a lesser
      extent, however, since the area available for the projecting and recessed
      zones is comparatively small.
PAR  The division chosen for the inclined lateral face is also advantageously
      provided in the lateral face opposite thereto. It is clear that the bases
      and the other lateral faces may also be equipped with any teeth or
      interlocking portions in order to achieve the multi-face interlocking
      action described hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be further described, by way of example, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a diagrammatic perspective view of a container designed in
      accordance with the invention and having rectangular bases, suitable
      interlocking means being omitted;
PAR  FIG. 2 is a diagrammatic perspective view of two containers according to
      FIG. 1 assembled together and in which interlocking means are indicated
      diagrammatically;
PAR  FIG. 3 is a diagrammmatic perspective view of a container designed in
      accordance with the invention and having triangular bases and no teeth or
      interlocking means;
PAR  FIG. 4 is a diagrammatic perspective view of two containers according to
      FIG. 3 assembled together and whose inclined lateral faces are equipped
      with teeth;
PAR  FIG. 5 is a diagrammatic perspective view of another constructional form of
      the container according to the invention with trapeziform bases and whose
      faces are provided with friction-increasing surface portions;
PAR  FIG. 6 is a diagrammatic perspective view of two containers according to
      FIG. 5 assembled together and whose inclined lateral faces are stepped
      form;
PAR  FIG. 7 is a diagrammatic side view of a stack of the containers shown in
      FIGS. 5 and 6;
PAR  FIG. 8 is a diagrammatic perspective view of two containers placed together
      and having trapeziform bases;
PAR  FIG. 9 is a diagrammatic perspective view of one of the containers shown in
      FIG. 8;
PAR  FIG. 10 is a diagrammatic perspective view of another constructional form
      of the container according to the invention having trapeziform bases; and
PAR  FIG. 11 is a diagrammatic perspective view of two containers according to
      FIG. 10 assembled together.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  There is shown in FIG. 1 a container 1 designed in accordance with the
      invention and having two rectangular bases 2. The container may have
      suitable engaging means, for example teeth or a friction-increasing
      surface portion, on its respective defining faces, a friction-increasing
      surface portion 4 being simply indicated in FIG. 1. The parallelepipedal
      container has four lateral faces 3, 8, 6 and 7, of which the two smaller
      faces 6 and 7 are formed as the standing surface 7 of the container and as
      the top 6 thereof used for filling and emptying. The top 6 is provided
      with a suitable filling and emptying opening 5. The geometrical shape
      shown here can be handled in a particularly favourable manner.
PAR  FIG. 2 shows two containers according to FIG. 1 assembled together to form
      a bundle and in which the larger lateral faces 3 and 8 are now, however,
      equipped with projecting and recessed areas 8 and 9 which serve as
      mutually engaging teeth or interlocking means. Of course, the basal and
      other lateral faces may also be provided with such interlocking means,
      which is not, however, shown here. In the constructional form shown here,
      one container is turned through 180.degree. with respect to the other
      before it is assembled together with the latter container. Because of this
      method of assembling the containers together, they can all be formed
      alike, so that variations do not need to be made in the interlocking
      elements.
PAR  FIG. 3 shows a container 10 designed in accordance with the invention and
      having two triangular bases 11, one inclined lateral face 12 and one
      larger straight lateral face 14 and one smaller straight lateral face 13.
      The smaller lateral face 13 may serve as the standing surface of the
      container. A pouring opening 15 is provided in one base 11 in the angle
      formed by the two longer lateral faces. For simplicity, the container is
      shown without engaging means, which will be described in detail in
      connection with the following drawings.
PAR  FIG. 4 shows two of the containers 10 illustrated in FIG. 3, which are
      placed one against the other by means of their inclined lateral faces 12.
      The inclined lateral faces 12 are provided with projecting elements 16 and
      recessed elements 17, which form mutually engaging or interlocking teeth.
      Two containers can be put together every time to form a parallelepipedal
      structure, so that good utilization of space and good stacking
      possibilities are provided.
PAR  FIG. 5 shows another constructional form of a container according to the
      invention 20, which has two trapeziform bases 21, one inclined lateral
      face 22, one larger straight lateral face 23 and two smaller opposite
      straight lateral faces 24 and 25, of which last-mentioned faces, on the
      other hand, the larger 24 is formed as the standing surface of the
      container and the smaller 25 as the top thereof used for filling and
      emptying. The individual defining faces are furnished with
      friction-increasing surface portions 26.
PAR  In conjunction with FIG. 6, there will now be given a detailed description
      of this preferred constructional form which is shown in FIGS. 8 to 11 in
      further developed form. Each of the two containers 20 consists of two
      trapeziform bases 21 arranged parallel to each other at a mutual distance
      apart and connected by lateral faces, 22, 23, 24 and 25 to form a hollow
      body closed upon itself. Since the bases 21 are right-angled parallel
      trapeziums of equal size, on the illustrated combination of two containers
      there is obtained a parallelepipedal bundle in which the two containers
      lie one against the other at their inclined lateral faces 22. The opposite
      lateral faces 24 and 25 adjoining the inclined lateral face are formed as
      the top thereof used for filling and emptying, the larger lateral face 24
      providing the standing surface. The lateral face 25 forming the top is
      preferably connected to the other parts of the container by means of a
      rolled-in rim 29, it being also possible to produce the lateral face
      forming the top of the container from a different material to the other
      parts of the container. This is particularly advantageous in the event of
      the container being produced from plastics by a blowing process, when a
      mouth is first formed instead of the lateral face 25 by a bursting
      process. This mouth can then be closed by means of a rolled-in sheet-metal
      cover. It is also possible, however, to choose other constructions, a
      particularly simple possibility consisting in that a liquid-tight seal is
      produced by means of a plastic-coated aluminium foil. Another possibility
      consists in that the lateral face 25 forming the top of the container is
      first formed completely or at least partially (in particular in the form
      of a plurality of marginal or rim portions) together with the other parts
      of the container in a single operation and a smaller filling opening is
      then provided in this face and furnished with a closure, for example again
      in the form of a seal produced by means of a plastic-coated metal foil or
      with the aid of a flanged sheet-metal cap. In FIG. 6 there is provided a
      press-in portion 27 shown at the narrow side of the lateral face 25
      forming the top of the container which press-in portion can easily be
      pushed in with a finger to empty the container. By reason of the narrow
      shape of the top, no special aid such as a funnel or the like is necessary
      for accurate pouring. This particularly simple possibility of emptying
      represents a very special advantage of the container.
PAR  The bases 21 and the lateral face 23 located at right angles therebetween
      offer a large amount of room for applying inscriptions, illustrations and
      the like, the plane form of these face facilitating the applicatiom of
      directions of this kind. In particular, both labels and printed matter,
      produced especially by flat screen printing, can easily be applied. In
      comparison with cylindrical containers, the area available for directions
      is considerably larger.
PAR  The container shown in FIG. 6 may suitably have, more particularly for a
      capacity of about 1 litre, the following dimensions;
PA1  Length of the edge 30 about 9.3 cm
PA1  Length of the edge 31 about 1.2 cm
PA1  Length of the edge 32 (distance between the bases) about 10.3 cm
PA1  Length of the edge 33 about 20.4 cm.
PAR  With these dimensions, the bundle consisting of two containers which is
      shown in FIG. 6 has a capacity of about two litres. A cylindrical
      container accommodated in the same space, on the other hand, would have of
      necessity a capacity of 1.6 litres at the most. This means a considerable
      improvement in economy as regards storage and distribution. Moreover, with
      cylindrical containers, the mutual support possible on all sides with the
      containers described here, as well as the stiffening effect of the
      obliquely extending faces 22, are not possible; in the case of cylindrical
      containers, mutual support can naturally only take place along a line of
      contact at the cylindrical surfaces, which is particularly unfavourable
      for their resistance, and through the end faces.
PAR  In the constructional form shown in FIG. 6, the inclined lateral faces 22
      of the containers are provided with step-like shoulders 28; in reality,
      this is therefore a question of a plurality of inclined faces offset with
      respect to one another by these step-like shoulders. With the suitable
      dimensions indicated above, the width of the steps 34 may be about 3 to 4
      mm.
PAR  FIG. 7 shows a stack 35 of assembled containers 36 according to FIG. 6 on a
      supporting pallet 37. It is naturally readily possible to adapt the
      dimensions of the containers to any desired size of pallet in such manner
      that the room available on the pallet is fully utilized. In particular, it
      is readily possible to adapt the dimensions to the largely conventional
      industrial pallet having the dimensions 1000 .times. 1200 mm, and also to
      the so-called Europe pallet having the dimensions 800 .times. 1200 mm.
PAR  Containers shown in FIGS. 5 to 7 further developed in accordance with the
      invention are illustrated in FIGS. 8 to 11. In describing them, reference
      is therefore made essentially only to the further development according to
      the invention while attention is drawn to the description of FIGS. 5 to 7
      for the fundamental features.
PAR  FIG. 8 shows two containers 40 with trapeziform bases 41 which are
      connected by the lateral faces 42, 43, 44 and 51 to form a hollow body
      closed upon itself. The containers are placed one against the other by
      means of their inclined lateral faces 51, so that a parallelepipedal
      structure is created.
PAR  For better illustration of the inclined lateral faces 51 formed in
      accordance with the invention, the container 40 is shown in a separate
      position in FIG. 9. The inclined lateral face 51 is composed of two
      projecting face areas 47 and 49, two recessed face areas 46 and 50 and a
      strip 48 extending on the axis of symmetry bisecting the inclined lateral
      face normal to the bases, the said strip being located in the plane of the
      original lateral face and neither projecting nor being recessed.
PAR  Chessboard-like areas or panels are formed by the projecting areas 47 and
      49 and the recessed areas 46 and 50, projecting and recessed areas being
      diagonally opposite each other in each case. Shifting of the containers
      with respect to each other or slipping thereof on one another is thereby
      prevented in all directions parallel to the inclined lateral face.
PAR  The strip 48 extending in a horizontal direction serves in particular to
      graduate the projecting areas 47 and 49 with respect to the recessed areas
      46 and 50, so as to prevent shearing of the areas 47 and 49 when the
      forces to be absorbed are large. The strip 48 may naturally also be
      dispensed with, so that the inclined lateral face 51 is only divided into
      four areas, or another strip extending in a vertical direction may be
      provided, so that two strips intersect at right angles.
PAR  It is clear that all the types of containers shown in the drawings so far
      may be furnished with suitable engaging means on any desired faces. Even
      if this has not been expressly referred to, suitable pouring openings,
      designated for example in FIG. 8 by the reference 45, can be provided.
PAR  FIGS. 10 and 11 show a specially preferred constructional form of the
      container according to the invention, this being illustrated in a separate
      position in FIG. 10. The container 60 has two trapeziform bases 61 and
      lateral faces 62, 63, 64 and 65 which form a closed hollow body. A
      suitable pouring opening 71 is provided on the smallest lateral face 65
      serving as the top. In the type of container shown here, the strip 48,
      shown in FIG. 9 is widened into a strip 70, so that the projecting face
      areas 65 and 67 and the recessed areas 66 and 69 have reduced dimensions.
      Basically, the dimensions of the face areas forming the teeth or
      interlocking means can be chosen in accordance with aspects of
      manufacturing technique, from the point of view of handling and according
      to the loads occurring.
PAR  The base 61 which can be seen in FIG. 10 likewise has a recessed area 72
      serving as an interlocking means. It is clear that the opposite base has a
      projecting area formed with an equal area. The lateral face 64 serving as
      the standing surface is likewise provided with a recessed area 73. The
      lateral face 65 serving as the top is so designed that the pouring opening
      71 does not project beyond the top. This is achieved in that the top is
      stepped down in step fashion and the pouring opening 71 is located on the
      lower step of the top, the top edge of the pouring opening being in line
      with the level of the higher step.
PAR  Two of the containers 60 shown in FIG. 10 can be seen in FIG. 11 in the
      assembled state. It becomes clear from FIG. 11 that the lateral face
      opposite the inclined lateral face 62 is also provided, in a similar
      manner to this face, with projecting face areas 75 and 78 between which a
      non-projecting and non-recessed strip extends. As already stated at the
      beginning, containers consisting of plastics are particularly easy to
      manufacture and have favourable properties in use. Particularly suitable
      are plastics of the polyolefin group, in particular polyethylene and
      polypropylene. The mounding or shaping may be effected by conventional
      processes of plastics processing, extrusion or injection moulding steps
      combined with blowing moulding steps being particularly suitable. In
      particular, by optimum control of the wall thickness during the extrusion
      and/or during the blowing process, the wall thickness distribution can be
      so chosen in each case that as favourable a compromise as possible between
      strength and the weight of material used is obtained. Precisely as regards
      the consumption of material the container according to the invention
      offers advantages, since it has a particularly good compressive strength
      which is further increased by the mutual support provided when a plurality
      of containers are placed together to form rather large groups or bundles.
PAR  The length and size conditions which can be gathered from the drawings and
      the above-indicated numerical date are naturally not compulsory, but can
      be varied according to the circumstances obtaining, in particular as
      regards the machines employed for manufacture.
PAR  Other constructional forms are possible without departing from the scope of
      the invention as defined in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A container for packaging liquids adapted to interengage with an
      identical container to define a right parallelpiped form whereby
      interengaged containers interlock to restrict relative displacement
      therebetween comprising a hollow body having first and second spaced
      parallel sides of right angle trapezoid form, first and second nonparallel
      lateral sides, and parallel upper and lower sides, said first lateral side
      being perpendicular to said lower side, the spacing between said lateral
      sides being greater adjacent said lower side than at said upper side,
      first engaging means defined on said second lateral side adjacent said
      upper side, second engaging means defined on said second lateral side
      adjacent said lower side, said engaging means including surfaces
      transversely disposed to said second lateral side and of complimentary
      mating configuration, third engaging means defined on said first parallel
      side of trapezoid form, and fourth engaging means defined on said second
      parallel side of trapezoid form, said third and fourth engaging means
      being complimentary and interengageable for engagement with adjacent like
      containers.
NUM  2.
PAR  2. In a container for packaging liquids as in claim 1 wherein said first
      engaging means comprises a recess and said second engaging means comprises
      a projection complimentary to said recess.
NUM  3.
PAR  3. In a container for packaging liquids as in claim 1 wherein said third
      engaging means comprises a rectangular recess and said fourth engaging
      means comprises a complimentary rectangular projection.
NUM  4.
PAR  4. In a container for packaging liquids as in claim 1 wherein said first
      and second engaging means each comprise a projection and a recess of
      complimentary mating configuration.
NUM  5.
PAR  5. In a container for packaging liquids as in claim 4 wherein said
      projections and recesses are each defined by surfaces substantially
      parallel to said lateral sides and said upper and lower sides.
NUM  6.
PAR  6. In a container for packaging liquids as in claim 5 wherein said
      projections and recesses are defined upon both said first and second
      lateral sides adjacent said upper and lower sides.
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ABST
PAL  An insulated plastic storage chest includes an improved handle
      construction. The handle is molded from plastic and is within a retaining
      channel molded integrally with the sidewall of the chest. The handle
      attaches to the sidewall in a manner which enables the load to be
      transferred directly from the sidewall to the handle without intermediate
      connectors or fasteners. The handle construction and mode of attachment to
      the chest facilitate assembly of the device. The handle may be attached
      directly from the outside of the chest.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to improvements in plastics containers such as ice
      or picnic chests or the like. The chest has a recessed region in the
      sidewall to receive the carrying handle when the handle is not in use. The
      handle is of one piece molded construction having a hinge bar which is
      received in a specially formed channel integrally molded at the upper part
      of the sidewall recess. The channel opens downwardly to receive the hinge
      bar and is arranged to enable the load to be transferred directly from the
      chest wall to the handle when the chest is carried. The handle is retained
      in place by a special cap which covers the hinge region and which snaps
      directly into receptive slots formed in the sidewall of the chest. The cap
      includes a number of barbed fingers which are self-locking when attached
      to the sidewall. The device is useful especially in the construction of
      insulated chests and other chests where access to the inside of the chest
      wall is inconvenient such as where the chest includes spaced inner and
      outer walls with a foam insulative layer between them. The improved handle
      construction, however, is not limited for use solely to such insulative
      chests but may be employed with other chests or containers where
      appropriate.
PAR  Among the objects of the invention is to provide an improved handle
      arrangement for a container.
PAR  Further object of the invention is to provide an improved handle
      arrangement for a container which simplifies the manufacture and assembly
      of the container.
PAR  A further object of the invention is to provide a handle arrangement for a
      container in which the handle can be secured to the container from the
      outside of the container.
PAR  Another object of the invention is to provide an improved handle
      construction which enables the load to be transferred directly from the
      wall of the container to the handle. In this regard, the device is free of
      separate load bearing fasteners and the like.
PAR  Still another object of the invention is to provide a handle which is
      useful particularly with insulated containers of the type having spaced
      inner and outer walls separated by an inner foamed plastic layer. In the
      manufacture of such insulated containers, it is a common difficulty that
      because of pre-formed holes in the walls of the container to later receive
      fasteners and the like, the foam frequently blocks the holes and may
      sometimes exude out of the holes undesirably.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and advantages of the invention will be
      understood more fully from the following detailed description thereof,
      with reference to the accompanying drawings wherein:
PAR  FIG. 1 is a side elevation of the sidewall of the chest with the handle
      mounted thereto in a relaxed configuration;
PAR  FIG. 2 is an elevation, in section, of the arrangement shown in FIG. 1 as
      seen along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a section of the device as seen along the line 3--3 of FIG. 2;
PAR  FIG. 4 is an exploded view of the handle and cap;
PAR  FIG. 5 is an elevation of the container sidewall similar to that in FIG. 1
      but before the handle and cap have been attached thereto; and
PAR  FIG. 6 is an illustration of a chest with the handle attached and in its
      operative load-carrying configuration.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIGS. 1, 2 and 4 show the handle, indicated generally by the reference
      character 10. The handle 10 is of generally rectangular configuration and
      is easily moldable from an appropriate rigid plastic material. The handle
      10 includes a round hinge bar 12 at its upper, a pair laterally spaced
      side bars 14 integral with the ends of the hinge bar 12 and a bottom bar
      16 which serves as the hand grip portion of the handle. The side bars 14
      may be of channel shaped cross sectional configuration to enhance their
      rigidity. The bottom bar 16 preferably includes a number of reverted
      segments 16' to enhance the strength of the bottom bar. Preferably, the
      bottom bar 16 has a smoothly curved surface 18 to enhance the comfort by
      which the handle may be carried.
PAR  The chest 20, shown in its entirely in FIG. 6, is illustrated as being of
      the insulated type. While the invention is suited for use with this type
      of container, it should be noted that it may be used with other types of
      chests or containers. The chest 20 includes a bottom wall (not shown) and
      a continuous sidewall 22 formed integrally with the bottom wall and
      extending upwardly therefrom. The chest 20 includes the usual cover 24.
      The sidewalls 22 and bottom wall are molded in a single integral piece
      from an appropriate plastic material such as high density polyethylene.
      The insulative type of chest shown is of double-walled construction which
      includes an inner container defined by an inner sidewall 26 and an inner
      integral bottom wall (not shown). The inner container is spaced from the
      outer sidewall 22 and bottom wall and the void therebetween is filled by a
      foamed plastic material such as foamed polyurethane. The manner of
      fabricating a chest having such integral sandwiched construction is
      well-known to those skilled in the art. The upper edge of the laminated
      sidewalls and foam 22, 26 and 28 sandwich may be capped with appropriate
      cover 30 also made from plastic.
PAR  Among the reasons that my improved handle construction is particularly
      useful with insulated containers of the type described above is that the
      usual practice in molding such containers is to preform the inner and
      outer containers and then fill the void therebetween with the foam 28. The
      preformed sidewalls of the containers typically have a number of holes
      formed therein for subsequent assembly and attachment of a carrying handle
      and other hardware. One of the frequently encountered difficulties is that
      when the void is filled with the foaming plastic material some of the
      material tends to block the openings and flow out of the openings. This is
      undesirable in that it hampers subsequent assembly of the handles or
      hardware. Among the features of the invention is that it avoids these
      difficulties.
PAR  A pair of handles 10 are mounted on opposite ends of the sidewall 22 which
      are formed to define recesses 32 receptive to the handles 10 when they are
      in an inoperative configuration as shown in FIGS. 1 & 2. Each recess 32 is
      defined by an integral recessed portion 34 of the sidewall 22. The recess
      32 may extend from adjacent the upper end of the sidewall down to the
      bottom of the sidewall as shown in FIG. 6. Although the recess may be
      terminated before the lower end, the arrangement shown in FIG. 6 is
      preferred because it enhances the strength of the sidewall. The depth of
      the recess 32 is slightly more than that of the handle 10, as suggested in
      FIG. 2.
PAR  The upper portion of the recess 32 is formed to define a downwardly opening
      channel 36 which is receptive to the hinge bar 12 of the handle 10. The
      length of the channel 36 is less than that of the hinge bar 12 and is less
      than width of the recess 32 to define sockets 38 receptive to the upper
      ends of the handle side bars 14. The upper ends of the socket define an
      upwardly and outwardly inclined surface 40 which, as described below,
      receives a similarly shaped insert to define a limit stop to preclude the
      handle from being raised beyond the attitude shown in FIG. 6 and in
      phantom in FIG. 2. This arrangement maintains the gripped bottom bar 16 of
      the handle in spaced relation to the sidewall of the chest so that the
      chest may be carried more comfortably.
PAR  The outer edge of the channel is formed to define a relatively thick lip
      42. Formed integrally with and extending upwardly from the lip 42 is a
      continuation 44 of the sidewall which is recessed only slightly from the
      outer sidewall 22. A pair of slots 46 are formed just below the lower end
      of the channel. In the preferred embodiment, the channel is spaced
      slightly outwardly from the recessed portion 34 of the sidewall at the
      region where the slots 46 are defined. Similarly, a pair of slots 48 are
      formed at the juncture of the sidewall 22 and the slightly recessed wall
      portion 44. The slots, 46, 48 cooperate with a cap 50 which fits about the
      channel 36 to retain the hinge bar 12 within the channel 36. It may be
      noted that the slots 46, 48 are relatively narrow and minimize the
      tendency of the foamable plastic 28 to exude through the slots during
      manufacture of the insulative chest. Such leaking of the foaming
      polyurethane may be further retarded by molding the sidewall so that a
      thin pierceable plastic web (not shown) remains within the openings 46.
PAR  The cap 50 also is molded in a single piece from the same material as that
      from which the handle 10 is formed. The cap 50 includes a bottom wall 52,
      a sidewall 54 and a pair of end walls 56. Integral with and extending
      laterally from each end wall 56 is a projection 58 including an upwardly
      and outwardly inclined wall 60. Each of the end walls 56 has a slot 62
      formed therein. The cap 50 and its foregoing elements are dimensioned to
      fit over the channel region of the chest as shown in FIG. 2 to retain the
      hinge bar 12 in the channel 36 and to present a smooth external
      appearance. The cap 50 spans the entire width of the recess 32 with the
      projections 58 fitting within the sockets 38. When assembled, the end
      walls 56 of the cap 50 embrace the ends of the channel 36 and the hinge
      bar 12 is received within the slots 62 formed in the end walls 56. When
      the handle is raised to the operative configuration, the inclined portion
      60 acts as the limit stop to engage the handle. When in the inoperative
      configuration, the handle is retained in place within the channel by
      reason of its engagement with slots 62 in the end walls 56 of the cap.
PAR  The cap is attached to the container by means of inwardly extending barbed
      fingers 64 formed integrally with the cap 50. One such barbed finger 64 is
      provided for each of the slots 46, 48. In the arrangement shown, the upper
      of the barbed fingers 64 are shorter than the lower pair. The fingers 64
      are dimensioned so that they may be inserted through the slots 46, 48 so
      that their barbs may catch and engage the interior surfaces of the
      sidewall 22 and recessed portion of the sidewall 34 as shown in FIG. 2.
      The ends of the fingers 64 are pointed sufficiently so that they may
      easily pierce the foam plastic 28 inside the container wall. Additionally,
      if the outer sidewall 22 was formed to leave a thin web across the slots
      46, 48 the pointed end of the fingers can also pass through this easily as
      well. The various elements of the cap 50 are dimensioned in relation to
      the other elements of the device so that when the cap is attached its
      sidewall 54 will be disposed substantially flush with chest sidewall 22.
      Thus, the entire handle assembly may be secured to the chest entirely from
      the outside by simply snapping the hinge bar into the channel and
      thereafter attaching the cap. This arrangement facilitates manufacture and
      assembly of the device. It avoids the need for additional hardware.
PAR  It should be understood that the foregoing description of the invention is
      intended merely to be illustrative thereof and that other embodiments and
      modifications may be apparent to those skilled in the art without
      departing from the spirit.
CLMS
STM  Having thus described the invention what I desire to claim and secure by
      letters patent is:
NUM  1.
PAR  1. An improved handle construction for a container having a sidewall
      comprising:
PA1  means, formed integrally and in one piece with said sidewall and defining a
      downwardly opening channel along the exterior of the sidewall of said
      container, said channel generally paralleling said sidewall;
PA1  a handle having a manually grippable bottom bar, an upper hinge bar adapted
      to be received in said channel and means securing said bottom bar to said
      hinge bar in spaced relation therefrom, said hinge bar being pivotally
      disposed within said channel; and
PA1  a cap connected to said sidewall and adapted to cover at least a portion of
      the open bottom of said channel thereby to retain said hinge bar therein.
NUM  2.
PAR  2. A device as defined in claim 1 wherein said handle includes a pair of
      spaced side bars at opposite ends thereof, each of said side bars being
      connected to the opposite ends of said hinge bar, said handle bar being
      secured to the opposite ends of said side bars, said hinge bar being
      longer than the length of said channel.
NUM  3.
PAR  3. An improved handle construction for a container having a sidewall
      comprising:
PA1  means defining a downwardly opening channel along the exterior of the
      sidewall of said container, said channel generally paralleling said
      sidewall;
PA1  a handle having a manually grippable bottom bar, an upper hinge bar adapted
      to be received in said channel and means securing said bottom bar to said
      hinge bar in spaced relation therefrom, said hinge bar being pivotally
      disposed within said channel;
PA1  a cap connected to said sidewall and adapted to cover at least a portion of
      the open bottom of said channel thereby to retain said hinge bar therein;
PA1  said cap further comprising a wall member adapted to cover the channel
      region of said sidewall and including means adapted to underlie at least a
      portion of said hinge bar when said hinge bar is disposed within said
      channel, thereby to retain said hinge bar in said channel;
PA1  said cap further including finger means secured thereto and extending
      inwardly therefrom, said finger means having a pointed end and a barbed
      formed thereon, said sidewall having apertures formed therein in locations
      adapted to receive said barbed fingers of said cap, said apertures, cap
      and fingers being dimensioned and disposed so that when said fingers are
      urged through said openings said barbs may catch the inner surface of said
      chest sidewall and thereby be retained.
NUM  4.
PAR  4. A device as defined in claim 3 wherein said sidewall of said chest
      includes an inner region of foamed plastic material secured to the inner
      surface of said sidewall, said barbs being sufficiently shart as to enable
      them to pierce and pass through said foam to enable said barbs to engage
      the inner surface of said sidewall.
NUM  5.
PAR  5. A device as defined in claim 3 wherein said chest includes upper and
      lower of said apertures above and below said channel and wherein said cap
      includes upper and lower of said finger means thereby to engage and be
      secured to said sidewall at locations above and below said channel means.
NUM  6.
PAR  6. A device as defined in claim 1 further comprising:
PA1  said sidewall of said chest including a recessed portion, said channel
      being formed at the upper end of said recessed portion, said recessed
      portion being of a depth slightly greater than the thickness of said
      handle, said recess being of greater dimensions of said handle to enable
      said handle to be recessed therein when in an inoperative position; and
PA1  said cap spanning substantially the width of said recessed portion at the
      upper end thereof about said channel.
NUM  7.
PAR  7. A device as defined in claim 6 wherein said channel is of lesser width
      than said recessed portion thereby to define a pair of sockets on either
      side of the ends of said channel, said sockets being of a width sufficient
      to receive the upper ends of the side bars of said handle; and
PA1  said cap including lateral extensions dimensioned to fit within said
      sockets, said lateral extensions each including and upper member inclined
      upwardly and outwardly from said sidewall, said inclined member being
      disposed to define a limit stop engageable with said side bars of said
      handle to limit the extent to which said handle may be pivoted in its
      upward operative configuration.
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ABST
PAL  A standard easy-open closure is converted to a child-resistant safety
      closure by the addition of an insert which is mounted on the rivet between
      the end panel and the tab. The insert extends beneath the piercing member
      and prevents cracking of the end panel score. The tab must be depressed,
      thereby allowing the insert to be rotated from beneath the piercing
      member, before the closure may be removed. These two additional
      operations, which must be performed in proper sequence, render removal of
      the closure beyond the capability of the young child.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  It is well known that the accumulation of medicines and household chemicals
      commonly found in the home poses the threat of death or serious injury to
      small children. Storage of these materials in places supposedly beyond the
      reach of such children has not proven wholly satisfactory. It is,
      therefore, one of the important objects of the present invention to
      provide an improved safety or security closure for a standard easy-open
      container which may be readily removed by an adult but which will resist
      the efforts of small children to obtain access to the contents of the
      container.
PAR  It is a further object to provide an improved security closure wherein the
      standard easy-open closure may be employed with a minimum of modification
      thereto; and more particularly it is an object to provide a protective
      insert member that may be combined with such an easy-open closure to
      provide a security closure.
PAR  It is another object to provide an improved security closure that provides
      the adult user with visual clues as to its method of operation while
      retaining its child-resistant features.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The various features and advantages of the security closure of this
      invention will be more apparent from the following detailed description
      when considered in connection with the accompanying drawing wherein:
PAR  FIG. 1 is a perspective view of the upper portion of a container having in
      association therewith a closure device representative of the present
      invention, illustrating the insert in the protective position.
PAR  FIG. 2 is a view similar to FIG. 1, wherein the insert is in the withdrawn
      position.
PAR  FIG. 3 is a fragmentary sectional view taken generally along line 3--3 of
      FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in the drawings, the security closure of this invention includes
      an end panel 5, a tab ring 3 with integral piercing member 4, a rivet 2
      fastening said tab ring 3 to said end panel 5, a score line 6 formed in
      said end panel 5 and therein defining an opening flap 7, and a protective
      insert 1 rotatably mounted on said rivet 2 between said tab ring 3 and
      said end panel 5.
PAR  The insert 1 is mounted with a longer portion 1a on one side of the rivet 2
      and a shorter portion 16 on the other side of the rivet 2, the longer
      portion 1a having sufficient length to overlie the score line 6 and width
      exceeding that of the piercing member 4, the shorter portion 16 having
      insufficient length to overlie the score line 6. The insert 1 is formed of
      a stiff material, preferably a plastic such as polyethylene.
PAR  In the standard easy-open closure, which lacks a protective insert 1,
      opening is accomplished by vertically displacing the tab ring 3, thereby
      pivoting said tab ring 3 about the rivet 2 and impressing a downward force
      on the piercing member 4, said force resulting in the bursting of the end
      panel 5 along the score line 6 beneath said piercing means 4. Continued
      upward displacement of said tab ring 3 results in controlled tearing of
      said end panel 5 along said score line 6. The opening flap 7 defined by
      said score line 6 is then removed by pulling the tab ring 3 thereby
      causing further tearing along the score line 6 until the opening flap 7
      separates from the remainder of the end panel 5.
PAR  In the security closure of this invention, a protective insert 1 is
      provided which shields the score line 6 beneath the piercing member 4,
      thereby preventing cracking of said score line 6 and the consequent
      opening of the end closure. To open the safety closure, the end of tab
      ring 3 remote from piercing member 4, must first be depressed, thereby
      allowing rotation of the protective insert 1 to the withdrawn position,
      the closure is opened in the conventional manner as described hereinabove.
PAR  Although the presence of the protective insert 1 provides the adult user
      with a visual clue as to the method of operation of the security closure,
      its import is beyond the comprehension of a small child. Further,
      depression of the tab ring 3 as initially required to allow rotation of
      the protective insert 1, runs counter to the experience of a child.
      Finally, the additional operations required to open the safety closure are
      beyond the memory and the manual dexterity capability of the child.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved safety closure for use on a can or similar container
      comprising an end panel having a score defining an opening flap therein, a
      pull tab secured to said end panel and having means for fracturing said
      score to open said flap, and protective means for shielding said score
      from said fracturing means.
NUM  2.
PAR  2. An improved safety closure as defined in claim 1, wherein said
      protective means is positionable in covering relation to the score and
      moveable to expose said score line incident to opening of the container.
NUM  3.
PAR  3. An improved safety closure as defined in claim 2, wherein said
      protective means comprises a substantially rigid insert.
NUM  4.
PAR  4. An improved safety closure as defined in claim 3, wherein said pull tab
      is secured to said end panel by a rivet and said insert is rotatably
      mounted on said rivet between said end panel and said pull tab.
NUM  5.
PAR  5. An improved safety closure as defined in claim 4, wherein the end of
      said pull tab remote from said fracturing means must be displaced
      panelwardly to allow rotation of said insert.
NUM  6.
PAR  6. An improved safety closure as defined in claim 5, wherein said insert is
      formed of plastic.
NUM  7.
PAR  7. An improved safety closure as defined in claim 1, wherein said
      protective means comprises an insert movably mounted between said tab and
      said end panel, said insert being wider than said fracturing means.
NUM  8.
PAR  8. An improved safety closure as described in claim 4, wherein said insert
      has a longer portion on one side of said rivet than on the other side.
NUM  9.
PAR  9. An improved safety closure as defined in claim 1, wherein said
      protective means straddles said score.
NUM  10.
PAR  10. An improved safety closure as defined in claim 6, wherein said insert
      is formed of polyethylene.
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ABST
PAL  This invention relates to an integrally molded captive cap assembly
      including a threaded base for attachment to a container and a lead tube
      which projects into a hollow cap which is pivotally connected to the base.
      An integrally molded pair of spring members are disposed between the cap
      and the base and have end portions pivotally connected to the base and to
      the cap. The spring members bias the cap toward one of two positions. When
      the cap is in a closed position, the spring members bias the cap toward
      the closed position and when the cap is opened past an intermediate
      position, the spring members bias the cap toward an open position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  FIELD OF THE INVENTION
PAR  This invention relates to cap type closures for containers. More
      particularly, the invention relates to captive caps.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Conventional caps for flexible toothpaste tubes, and tubes containing
      similar semi-solid substances, comprise a hollow member having an
      internally threaded portion which is secured to the flexible tube by
      threading onto an externally threaded portion of the tube. When a product
      such as toothpaste is used this conventional cap is removed from the tooth
      paste tube and put aside while the tooth paste is extruded from the tube
      by the user. The user then breaks off the extruded tooth paste onto the
      bristles of a tooth brush and replaces the cap. Although this type of
      conventional cap closure is in wide use, there are several inherent
      disadvantages present in this type of cap closure including the following:
      Conventional caps are relatively small and consequently are difficult to
      manipulate, especially by children, and easily become lost; Conventional
      caps when used on tooth paste tubes can readily fall into a bathroom sink
      drains causing drainage problems; Conventional caps are generally messy
      because the extruded toothpaste can not be wiped off the externally
      threaded portion of the tooth paste tube cleanly by the tooth brush
      bristles with the result that the tooth paste is transferred to and
      collects within the external threads of the toothpaste tube and the
      internal threads of the cap and this results in a messy unit which becomes
      progressively messier with continued use; and conventional caps generally
      require two hands to open and close the container.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the problems of the prior art by providing
      an integrally molded captive cap assembly including a threaded base for
      attachment to a toothpaste tube and a lead tube which projects into a
      hollow cap which is pivotally connected to the base. An integrally molded
      pair of spring members are disposed between the cap and the base and are
      pivotally connected to the base and the cap. The spring members bias the
      cap toward one of two positions. When the cap is close to a closed
      position, the spring members bias the cap toward the closed position and
      when the cap is opened past an intermediate position, the spring members
      bias the cap toward an open position. When the cap is in the closed
      position, a protuberance in the cap fits within a recessed portion of the
      lead tube thus locking the cap and the base. An extended portion of the
      cap is provided in line with the hinge connecting the cap and the base to
      facilitate opening and closing the captive cap with one hand. Captive caps
      have been employed previously such as shown in U.S. Pat. No. 3,289,877
      (Wolf). The spring members and the hinge portion of the captive cap
      according to the present invention have a resemblance to the integrally
      molded configuration of a unitary hinge according to U.S. Pat. No.
      3,289,877 (Wolf). However, examination of the construction and the mode of
      operation of the spring members according to the present invention will
      reveal distinct differences between the configuration according to the
      present invention and the configuration according to U.S. Pat. No.
      3,289,877 (Wolf). In U.S. Pat. No. 3,289,877 the spring member has an end
      portion which is rigidly connected, or built into, one of the two hinged
      members. This results in a complex bending mode occurring in the spring
      member when the hinge is flexed. The spring member of U.S. Pat. No.
      3,289,877 has two distinct portions: a relatively thicker portion which
      functions as a cantilever spring in a bending mode, and a relatively
      thinner flexible member which acts primarily as a tension member to
      transmit the spring force. In practice this thinner member has some degree
      of stiffness or resilience and this tends to complicate the mode of action
      of the spring member.
PAR  In the present invention the cross-sections of the spring members are
      generally uniform and the connections between the spring member and both
      the cap and the base are hinges. The spring members according to the
      present invention undergo bending throughout their entire length when the
      cap is opened or closed thus resulting in a simpler mode of action than
      the spring members according to U.S. Pat. No. 3,289,877.
PAR  It is therefore an object of the present invention to provide a captive cap
      assembly incorporating a hinge portion between the cap and a base portion
      which has provisions for attachment to tooth paste tubes.
PAR  Another object of the invention is to provide a captive cap including a
      lead portion to facilitate tooth paste being wiped off cleanly using tooth
      brush bristles.
PAR  Another object of the invention is to provide a tooth paste tube closure
      which can be opened and closed easily with one hand.
PAR  Still another object of the invention is to provide a captive cap assembly
      incorporating integrally molded spring members which have a simple uniform
      cross-section.
DRWD
PAR  These, together with the various ancillary objects and features of this
      invention, which will become apparent as the following description
      proceeds, are attained by this CAPTIVE CAP, preferred embodiments of which
      are illustrated in the accompanying drawing, by way of example only,
      wherein:
PAR  FIG. 1 is a side elevational view of a captive cap in accordance with the
      concepts of the present invention with the captive cap shown in the open
      position;
PAR  FIG. 2 is a top view of the captive cap of FIG. 1 with the captive cap
      shown in the open position;
PAR  FIG. 3 is a bottom view of the captive cap of FIG. 1 with the cap shown in
      the open position;
PAR  FIG. 4 is a front view of the captive cap taken along the plane of the line
      4--4 in FIG. 1;
PAR  FIG. 5 is a rear view of the captive cap taken along the plane of the line
      5--5 in FIG. 1;
PAR  FIG. 6 is a vertical sectional view taken along the plane of the line 6--6
      in FIG. 1; and
PAR  FIG. 7 is a side elevational view of the captive cap of FIG. 1 with the
      captive cap shown in the closed position.
DETD
PAR  With continuing reference to the accompanying drawing, wherein like
      reference numerals designate similar parts throughout the various views,
      reference numeral 10 is used to generally designate a captive cap
      constructed in accordance with the concepts of the present invention. Base
      12 has a threaded inner portion 14 for threading the captive cap 10 onto a
      flexible tooth paste tube, which is not shown. A lead tube 16 is
      integrally formed on the base 12 and communicates with the threaded inner
      portion 14. The lead tube 16 extends from the base 12 and has a smooth
      outer surface 18 which tapers inwardly. This smooth outer surface 18
      facilitates the clean wiping off of tooth paste which is extruded from the
      lead tube 16. The inner cylindrical surface 20 of the lead tube 16 has a
      narrowed portion 22 formed by tapered portions 24 and 26 and a cylindrical
      portion 28. The narrowed portion 22 facilitates the breaking off of a plug
      of extruded tooth paste. Hinge 30 joins the base 12 to the cap 32. The
      hinges 30 is an integrally molded member formed in a manner to be
      presently described. A recess 34 is formed on the outer surface 18 of the
      lead tube 16 opposite the hinge 30.
PAR  The cap 32 has an inner hollow surface 36 which is proportioned to enclose
      the lead tube 16 when the captive cap 10 is in the closed position shown
      in FIG. 7. The inner hollow surface 36 of the cap 32 has the general
      configuration of a truncated cone. A protuberance 38 is disposed on the
      inner hollow surface 36 opposite the hinge 30. The protuberance 28 has a
      rounded surface 40. The protuberance 38 is proportioned to fit into the
      recess 34 when the cap 32 is in the closed position shown in FIG. 7 for
      the purpose of locking the cap to the base 12. An extending portion 42 of
      the cap 32 defined in part by the curved surface 44 projects outwardly
      from the cap 32 in a direction opposite from hinge 30. The curved surface
      44 has a generally concave curvature to facilitate the lodging of a finger
      or a thumb of a user in order to close the cap 32. A flat surface 46 is
      provided on the extending portion 42 of the cap. The flat surface 46
      extends beyond the contour of the base 12 to facilitate the cap 32 being
      opened by upward pressure on it, exerted by a user.
PAR  A pair of integrally molded spring members 48 and 50 are disposed, one
      each, on either side of the hinge 30. The ends 52 and 54 of the spring
      members 48 and 50, respectively, are connected to the cap 32 by hinges 56
      and 58, respectively. The ends 60 and 62 of the spring members 48 and 50,
      respectively, are connected to the base 12 by hinges 64 and 66,
      respectively. The hinges 30, 56, 58, 64 and 66 are integrally molded
      portions of the captive cap 10. The hinges 30, 56, 58 64 and 66 are
      integrally molded thin layers of material which form a bending line and
      permit the adjacent relatively thicker and consequently more rigid
      portions to pivot relative to each other.
PAR  The captive cap 10 is molded using one of several synthetic thermoplastic
      materials having the desireable properties of flexibility and high tensile
      strength. Among the acceptable materials for this application are nylon
      and polypropylene. It has been found that thermoplastic materials having a
      highly crystalline structure undergo a process of cold stretching during
      the flexure of short thin layers such as the hinges 30, 56, 58, 64 and 66
      and that this process increases the tensile and tearing strength of the
      material in the location of the flexure. This process permits the molding
      of a captive cap 10 in accordance with the present invention which will
      withstand a large number of opening and closing cycles.
PAR  The spring member 48 has a curved portion 68 which is bounded by parallel
      curved surfaces 70 and 72. The spring member 50 has a curved portion 74
      which is bounded by parallel curved surfaces 76 and 78. The curved
      surfaces 70 and 76 are cylindrically curved surfaces generated by a common
      radius. The curved surfaces 72 and 78 are cylindrically curved surfaces
      generated by a common radius which is shorter than the radius which
      generates surfaces 70 and 76. The cross-section of the spring members 48
      and 50 is rectangular and is substantially uniform throughout the length
      of the spring with the exception of the short tapered sections 80 and 82
      on spring member 48 (and equivalent short tapered sections on spring
      member 50) which are adjacent to the hinges 56, 58, 64 and 66.
PAR  In the unstressed state, shown in FIG. 1, hinges 56, 58, 64 and 66 which
      join the base 12 and the cap 32 are located a distance above the hinges
      56, 58, 64 and 66. A slight closing of the cap 32 onto the base 12 tends
      to increase the distance between hinges 58 and 66 and between hinges 56
      and 64 thus causing the spring members 48 and 50 to urge the cap 32 and
      the base 12 toward the open position shown in FIG. 1. Continued manual
      pressure by a user tending to close the cap 32 onto the base 12 increases
      the distance between hinges 56 and 64 and between hinges 58 and 66 causing
      increased spring force tending to open the cap until an intermediate
      position, of the cap 32 and the base 12 is reached, beyond which,
      increased pressure tending to close the cap onto the base decreases the
      distance between hinges 56 and 64 and between hinges 58 and 66 causing the
      spring force to tend to close the cap 32 onto the base 12. When the cap 32
      and the base 12 are in the closed position, shown in FIG. 7, the distance
      between hinges 56 and 64 and the distance between hinges 56 and 64 is
      substantially equal to the distance between these hinges when the cover
      and the base are in the open position shown in FIG. 1.
PAR  The configuration of the captive cap 10 in accordance with the present
      invention has particular advantages when applied as a closure for tooth
      paste tubes. When in the open position, shown in FIG. 1, the cap 32 is
      maintained by spring members 48 and 50 out of the way of the base 12. The
      lead tube 16 is completely exposed and the cap 32 is out of the way of a
      tooth brush onto which tooth paste can be extruded without interference.
      When the user has completed extruding tooth paste onto a tooth brush the
      lead tube 16 can be wiped off cleanly onto the tooth brush. The user then
      need only start pushing the cap 32 toward the closed position shown in
      FIG. 7 and, once past the intermediate position, the spring members 48 and
      50 tend to assist the closing of the cap 32. Slight additional pressure on
      curved surface 44 forces protuberance 38 into recess 34 and locks the cap
      32 onto the base 12.
PAR  Although the description of the captive cap 10 has proceeded with respect
      to the application as a closure for tooth paste tubes additional
      applications for the captive cap may be found equally advantageous
      including applications as a closure for a variety of products including:
      artist's oil pigments, cosmetic creams and medications.
PAR  The provision of spring members 48 and 50 joined to the cap 32 and to the
      base 12 by hinges results in several advantages over the configuration of
      the unitary hinge of U.S. Pat. No. 3,289,877. The fact that the spring
      member according to U.S. Pat. No. 3,289,877 has two distinct portions each
      having a distinct mode of action has been previously discussed above. In
      addition, the interface between the two distinct portions of the spring
      member must be carefully offset from the hinge both vertically and
      laterally for proper operation of the unitary hinge. This imposes a burden
      both in the design of the hinge and in the manufacture of the hinge. In
      contrast, the spring members 48 and 50 according to the concepts of the
      present invention are simple, uniform members which operate in a simple
      bending mode resulting in economy both in the design and the manufacture
      of this unit.
PAR  A latitude of modification, substitution and change is intended in the
      foregoing disclosure and in some instances, some features of the invention
      will be employed without a corresponding use of other features.
CLMS
STM  I claim:
NUM  1.
PAR  1. A captive cap comprising a hollow base, a hollow lead tube projecting
      from and communicating with said hollow base, means for attaching said
      hollow base to a container, a cap having a hollow portion, said hollow
      lead tube projecting toward said cap and proportioned to reside within
      said cap when said cap is closed onto said hollow base, a hinge member
      disposed between said hollow base and said cap, at least one spring member
      disposed between said hollow base and said cap and spaced apart from said
      hinge member and with said spring member having a first end pivotally
      attached to said hollow base, a second end pivotally attached to said cap,
      and a curved portion joining said first end and said second end, said cap
      including a protuberance extending from the inner surface of said cap and
      said hollow base having a complimentary recess on its outer surface said
      protuberance being disposed to lodge in said complimentary recess when
      said cap is closed onto said hollow base for reversibly locking said cap
      onto said hollow base.
NUM  2.
PAR  2. A captive cap according to claim 1, wherein said curved portion is
      bounded by two parallel cylindrically curved surfaces.
NUM  3.
PAR  3. A captive cap according to claim 1, wherein there are a pair of spring
      members disposed spaced apart from said hinge portion and positioned one
      at each end of said hinge member.
NUM  4.
PAR  4. A captive cap according to claim 1, wherein said spring member has a
      uniform cross-section.
NUM  5.
PAR  5. A captive cap according to claim 1, wherein said cap, said base, said
      spring member and said hinge member comprise an integrally molded
      assembly.
NUM  6.
PAR  6. A captive cap according to claim 5, wherein said pivotal attachment of
      said spring member to said hollow base and said cap comprise integrally
      molded members.
NUM  7.
PAR  7. A captive cap comprising a hollow base, a hollow lead tube having an
      outer surface with a first conical configuration, projecting from and
      communicating with said hollow base, means for attaching said hollow base
      to a container, a cap having a hollow interior defined by an inner wall
      having a second conical configuration, said hollow lead tube projecting
      toward said cap and proportioned to reside within said cap when said cap
      is closed onto said hollow base, a hinge member disposed between said
      hollow base and said cap, at least one spring member disposed between said
      hollow base and said cap and spaced apart from said hinge member and with
      said spring member having afirst end pivotally attached to said hollow
      base, a second end pivotally attached to said cap, and a curved portion
      joining said first end and said second end, said first and second conical
      configurations being mutually parallel and complimentary, said cap
      including a protuberance extending from said inner wall and said hollow
      base having a complimentary recess on said outer surface, said
      protuberance being disposed to lodge in said complimentary recess when
      said cap is closed onto said hollow base for reversibly locking said cap
      onto said hollow base.
NUM  8.
PAR  8. The captive cap of claim 7 wherein said recess is disposed oppositely
      from said hinge member.
NUM  9.
PAR  9. The captive cap of claim 7 wherein said protuberance has a rounded
      surface.
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ABST
PAL  This invention is a method and apparatus for dispensing a predetermined
      weight of liquid. The apparatus comprises a calibrated vessel having an
      elongated tubular section in open communication with the top of the
      vessel, means to fill the vessel to a level in the elongated tubular
      section, a displacement means which provides an area of reduced cross
      section at the liquid level in the tubular section, means to monitor the
      temperature of the liquid, means to adjust the position of the
      displacement means in response to temperature changes of the liquid and
      means to dispense the liquid. The apparatus can dispense a predetermined
      weight of liquid over a broad temperature range. The method comprises the
      steps necessary to dispense the predetermined weight of liquid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is an apparatus and method useful for dispensing a
      predetermined weight of liquid. The invention is particularly useful in an
      apparatus for rapidly filling containers to a predetermined weight with a
      liquid which is obtained at variable temperatures throughout the year. The
      invention finds use in an apparatus for rapidly filling containers with
      expensive liquids.
PAR  Large amounts of liquids are sold by weight. However, it is much easier to
      dispense liquid by volumetric measurement. If the temperature of the
      liquid is not considered, large deviations in the weight of liquid
      contained in a given volume occur. For example, the weight of five gallons
      of an organic liquid can vary as much as 1 to 11/2 pounds over a
      temperature range of about 100F.degree..
PAR  To accurately fill containers with a given weight of liquid, the containers
      are usually filled by weight. To fill a container by weight, the container
      must first be tare weighed. The container is then filled a final weight
      which is a total weight of the liquid and the container. In a filling
      operation on an assembly line, the total weight of the liquid and
      container is variable since the weight of the individual container varies.
      To accommodate the variable weight of the filled container, automatic
      liquid filling on a weight basis requires an extremely complex apparatus.
      Typical apparatuses for filling containers by weight are disclosed in U.S.
      Pat. No. 3,100,584, U.S. Pat. No. 3,162,258 and U.S. Pat. No. 3,335,807.
PAR  Attempts have been made to provide a means for dispensing a predetermined
      weight of liquid by volumetric measurement by compensating for the change
      in temperature of the liquid by changing the volume of the container in
      response to the temperature of the liquid. Apparatuses as disclosed in
      U.S. Pat. No. 2,044,866 and U.S. Pat. No. 2,063,892 are typical. The
      apparatuses do not dispense a predetermined weight of material with
      accuracy since they attempt to control a level over a large cross section.
      Small inaccuracies in the temperature compensation or level control result
      in large errors in the weight of materials dispensed.
PAR  It is an object of the present invention to provide an apparatus for
      accurately dispensing a predetermined weight of a liquid. It is a further
      object of the present invention to provide an apparatus for dispensing a
      predetermined weight of a liquid by volumetric means. It is a further
      object of the present invention to provide an apparatus for accurately
      dispensing a predetermined weight of liquid over a broad temperature
      range.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  According to the present invention, an apparatus for dispensing a
      predetermined weight of liquid is provided which comprises in combination,
      a calibrated vessel having an elongated tubular section having a cross
      section smaller than the cross section of the vessel in open communication
      with the top of the vessel, a displacement means having a cross section
      smaller than the cross section of the tubular section over at least a
      portion of its length and movable at least partly within the elongated
      tubular section to provide an area of reduced cross section smaller than
      the cross section of the tubular section. The vessel is calibrated so that
      the level of a predetermined weight of liquid at the highest operating
      temperature rises to a level in the tubular section in the area of the
      reduced cross section provided by the displacement means. The displacement
      means is of sufficient volume so that its insertion into the liquid will
      cause the level of the predetermined weight of the liquid at the lowest
      operating temperature to rise to the same level as the predetermined
      weight of liquid at the highest operating temperature. Means are provided
      to fill the calibrated vessel to a predetermined level, to monitor the
      temperature of the liquid, to adjust the position of the displacement
      means in response to the temperature of the liquid whereby a constant
      weight of liquid can be obtained and means to discharge the liquid from
      the calibrated vessel.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic representation of the apparatus of the present
      invention.
PAR  FIG. 2 is a drawing in perspective of the tubular section, the displacement
      means and means for adjusting the position of the displacement means.
PAR  FIG. 3 is a diagrammatic representation of an apparatus utilizing the
      method and apparatus of the present invention to automatically dispense a
      predetermined weight of liquid to a multiplicity of containers.
PAR  FIG. 4 is a representation of a means for adjusting the position of the
      displacement means in relation to the liquid temperature.
DETD
PAR  FIG. 1 shows calibrated vessel 1 having elongated tubular section 2 in open
      communication with the top of the vessel. Displacement means 3 is shown
      within the tubular section. The volume of calibrated vessel 1 and tubular
      section 2 are such that the liquid rises to the level 8 when the vessel
      contains the desired weight of material at the highest operating
      temperature. The displacement means 3 should be inserted at the level 8 at
      all temperatures in the calibrated temperature range. The displacement
      means provides a level 8 in which only a small amount of material is
      involved at the level due to the relatively small area presented between
      the displacement means and the wall of the tubular section. Positioning
      rod 4 attached to displacement means 3 engages positioning means 5.
      Positioning means 5 is utilized to position displacement means 3 in
      response to the temperature of the liquid. The liquid temperature is
      measured by temperature monitoring means 14.
PAR  In operation, valve 11 in line 13 from constant level tank 15 opens,
      allowing the liquid to fill calibrated vessel 1 through line 12. Valve 11
      is open for a sufficient length of time to allow the level in reduced
      cross section of elongated tubular section 2 to reach level 8 which is the
      level in constant level tank 15. When the level in the calibrated vessel
      has reached 8, valve 11 is closed and valve 6 opens and the liquid is
      dispensed to container 10 through line 7. When the liquid has drained from
      calibrated vessel 1 and tubular section 2 through valve 6, valve 6 closes
      and valve 11 opens to start the cycle again.
PAR  Calibrated vessel 1 is shown as a cylindrical vessel with conical top and
      bottom sections. Vessels of this configuration can be readily fabricated
      in the capacities required. Other configurations are suitable as long as
      the measured volume of material can be readily dispensed or drained from
      the vessel.
PAR  The tubular section 2 can be of any convenient size. The cross sectional
      area of the tubular section should have some relationship to the volume of
      the liquid to be dispensed. Temperature compensation is achieved by
      positioning the displacement means 3 which passes at least partially
      through the tubular section. The accuracy of the temperature compensation
      is controlled by the cross sectional area of the displacement means. If
      the displacement means 3 within elongated tubular section 2 is of large
      cross section, a small change in position of the diplacement means 3
      provides a large change in volume of the liquid to be dispensed. If the
      elongated tubular section 2 is of small cross sectional area, a relatively
      long displacement means may be necessary to provide the temperature
      compensation required over a broad temperature range. Depending upon the
      accuracy of measurement required and the temperature range, cylindrical
      tubular sections of from about 11/2 to about 5 inches inside diameter have
      been found suitable and readily operable for dispensing liquid volumes of
      about 5 gallons.
PAR  The tubular section need not be long. It is only necessary that the level
      of the liquid rise to a point in the tubular section when the required
      weight of liquid is contained in the calibrated vessel. The tubular
      section can be any convenient length to prevent splashing of the liquid as
      the vessel is filled, or to enclose the displacement means.
PAR  The displacement means is positioned within the tubular section in such a
      manner that the free cross sectional area of the tubular section at the
      level of the liquid in the tubular section is reduced. The reduced free
      cross sectional area at the level of the liquid in the tubular section
      aids in increasing the accuracy of the amount of liquid dispensed. As the
      free cross sectional area at the liquid level is reduced, the error in the
      amount of liquid dispensed due to variations in the level of the liquid is
      reduced. Free cross sectional area is the open or unobstructed area within
      the tubular section. The free cross sectional area is usually from about 2
      to about 45% of the area of the tubular section.
PAR  Ideally, the free area should be as small as possible commensurate with the
      need for venting, movement of the displacement means within the tubular
      section and any capillary effects which can occur as the distance between
      the outside of the displacement means and the inside of the tubular
      section decreases. Sufficient free area should be provided to enable
      adequate venting of the vessel to occur, and to permit the displacement
      means to move freely in the elongated tubular section.
PAR  The displacement means can be any suitable shape, but is preferably of the
      same cross sectional shape as the elongated tubular section. A circular
      cross section displacement means can be readily fabricated within close
      tolerances and is easily adapted to provide a small free area within a
      circular cylindrical elongated tubular section.
PAR  It is not required that the displacement means float in the liquid. In
      fact, it is preferred that the displacement means be of sufficient density
      to sink into the liquid at least over the volume to be displaced.
PAR  In operation, the displacement means' location is not limited to the
      tubular section but can extend into the calibrated vessel. It is only
      necessary that the displacement means penetrate the liquid level in the
      tubular section.
PAR  Displacement positioning means 5 can be a mechanical mover which is
      operated by hand to position the displacement means 3 at a particular
      position in relation to the temperature of the liquid to be dispensed. An
      embodiment of a positioning means operated by hand in response to the
      temperature is shown in FIG. 2.
PAR  The displacement means can also be positioned automatically using
      proportional controllers, bidirectional motors which operate positioning
      means, position indicators and other known electrical, hydraulic,
      pneumatic or mechanical components.
PAR  As the temperature of the liquid changes, temperature monitoring means 14
      in the liquid in line 13 indicates that a temperature change has occurred.
      The position of displacement means 3 in calibrated vessel 1 is changed to
      a position corresponding to the temperature by positioning means 5. If the
      temperature drops, more liquid must be displaced to reach the level of the
      required weight of liquid at 8. As the temperature increases, the
      displacement means must be withdrawn to provide the required weight of
      liquid when the vessel is filled to level 8.
PAR  As will be noted from the drawing, the area between the wall of elongated
      tubular section 2 and the outside of displacement means 3 can be
      relatively small. As an example, if the free area between the inside of
      the tubular section and the outside of the displacement means is one-half
      square inch, the level 8 attained in the calibrated vessel can vary plus
      or minus one inch from the required level and introduce only a volumetric
      error of one-half cubic inch of material.
PAR  It is important that means be provided to fill the calibrated vessel and
      the tubular section to the same level for each filling. As shown in FIG.
      1, the level in the calibrated vessel is brought to level 8 by means of
      opening valve 11 in line 13 from constant level tank 15. The calibrated
      vessel is then permitted to reach the same level as that in tank 15. The
      level in tank 15 is maintained constant by pumping from storage tank 17
      through line 21, pump 22 and line 23 and overflowing back to storage tank
      17 through line 16. The volume of constant level tank 15 is preferably
      large in relation to the volume of the calibrated vessel.
PAR  The temperature of the liquid entering the calibrated vessel is monitored
      by temperature monitoring means 14. The displacement means 3 is positioned
      by displacement means positioner 5 through positioning rod linkage 4. The
      displacement means 3 is positioned in relation to the temperature of the
      liquid.
PAR  When calibrated vessel 1 has been filled to level 8, valve 11 in line 13
      closes and valve 6 opens emptying the contents of calibrated vessel 1
      through line 7 into container 10.
PAR  The apparatus of the present invention is particularly useful for filling
      relatively large containers, i.e., containers from about one quart to
      about 55 gallon capacity. It is particularly useful for filling one
      gallon, two and one-half gallon, five gallon, and fifty-five gallon
      containers.
PAR  Calibrated vessel 1 can be precisely calibrated so that an error of as
      little as one quarter ounce in 50 pounds of material can be consistently
      dispensed. The apparatus is particularly useful for dispensing relatively
      free flowing liquids and liquids which are sensitive to volumetric changes
      due to relatively small changes in temperature. The apparatus is not
      suitable for dispensing highly viscous materials which do not flow
      readily.
PAR  FIG. 2 illustrates an embodiment of the displacement means 3, tubular
      section 2, and positioning means 5 shown in FIG. 1.
PAR  Tubular section 2 is a glass pipe sealably connected to the conical top of
      metal vessel 1 by flange and gasket 24. Displacement means 3 is a closed
      circular cylinder fabricated from metal pipe and welded pipe caps. The
      displacement means reduces the cross sectional area within tubular section
      2 to provide an area of free space of about three-fourths of one square
      inch to provide for easy movement of displacement means 3 and for venting
      of vessel 1 and tubular section 2 during filling. Tubular section 2 can be
      advantageously fabricated from glass pipe which provides operating
      personnel with an opportunity to visually determine that the vessel is
      being filled to the required level. The tubular section is connected to
      vessel 1 by means of support rods 25 having bolt means to provide a liquid
      tight connection with vessel 1. Top plate 26 contains vent opening 27 to
      permit gases to readily pass from the vessel.
PAR  Positioning rod 4 is attached to displacement means 3 by thread means and
      lock nut 28 which enter the top of displacement means 3. Positioning rod 4
      passes through top plate 26 through opening 32 which is sufficiently large
      to provide easy movement of positioning rod 4. Opening 32 can be
      sufficiently large to provide the gas venting area in top plate 26.
PAR  Positioning rod 4 is attached to chain 33 through connecting plate 34.
      Chain 33 is supported on gears 35 and 36. Gear 35 is mounted on shaft 37
      which is supported by support members 38 and 39.
PAR  Chain tightening means 40 is mounted on support member 38, and is used to
      remove slack from chain 33 so as to maintain a responsive relationship
      between movement of drive gear 36 on shaft 42 and displacement means 3.
PAR  Shaft 42 is rotated by action of worm 43 on drive shaft 45 against gear 44.
      Drive shaft 45 is supported by support means 46 and 47. Drive shaft 45 is
      supported by collars 48 which maintain screw section 49 and indicator 51
      in calibrated to temperature scale 52.
PAR  Drive shaft 45 is rotated by crank handle 53. Pointer 54 on indicator 51 is
      positioned in relation to temperature scale 52 by movement of indicator 51
      along screw section 49 in response to rotation of drive shaft 45. Rod 55
      which passes through pointer 54 aids in maintaining pointer 54 in
      alignment and prevents rotation of indicator 51 with rotation of drive
      shaft 45.
PAR  Crank handle 53 can be replaced by other drive means such as electric,
      pneumatic or hydraulic bidirectional movers.
PAR  In operation, displacement means 3 is positioned within the liquid in the
      calibrated vessel in response to the temperature of the liquid. The
      temperature of the liquid is measured. Crank handle 53 is rotated to move
      pointer 54 opposite the indicated temperature on calibrated temperature
      scale 52. Rotation of crank handle 53 rotates shaft 42 and gear 36 by
      action of worm gear 43 against gear 44. Rotation of gear 36 moves
      displacement means 3 to a position which maintains the calibrated weight
      of liquid in vessel 1 when it is filled to level 8 as indicated by
      calibrated temperature scale 52.
PAR  A different calibrated temperature scale should be provided for liquids
      having different coefficients of expansion. In practice, one skilled in
      the art knowing the characteristics of the liquid, the temperature range
      involved, and the accuracy required in the weight of material dispensed
      can determine over what ranges new calibrations may be required.
PAR  Vessel 1 is usually calibrated to dispense a predetermined weight of liquid
      in relation to the weight of a volumetric measure of liquid at a reference
      temperature. This reference temperature can be any convenient temperature
      or a customary reference temperature used in commerce.
PAR  FIG. 3 is a diagrammatic representation of an automated temperature
      compensated filling line. The representation illustrates a
      straight-through in-line filling system but the apparatus of the present
      invention can be adapted to carousel type automatic filling apparates. The
      illustration shows three calibrated vessels in the line but any convenient
      number can be included to provide a required number of filled containers
      in a set time. A five gallon container can be filled in a cycle of less
      than one minute.
PAR  FIG. 3 illustrates an embodiment of an apparatus using the present
      invention for automatically filling several containers. The embodiment
      illustrates an automatic method for adjusting the weight of liquid
      dispensed to each container in accordance with the temperature of the
      liquid entering the calibrated vessel.
PAR  FIG. 3 shows conveyor means 56 which automatically positions and removes
      containers 57 from positions below nozzles 58 on calibrated vessels 59.
      Conveyor means 56 can operate in cooperation with means for counting
      containers, indexing container fill openings beneath nozzles 58, capping
      containers, marking containers with code numbers to indicate lot or batch
      references, and stacking or packing containers for shipment. The optional
      functions are well known in the art and will not be explained in detail
      here.
PAR  Means can be provided to lift containers 57 to meet nozzles 58 or nozzles
      58 can be extended to enter fill openings in container 57 to prevent loss
      of liquid due to splashing of the liquid during rapid filling of the
      containers.
PAR  In operation, valve positioner 60 moves three-way valves 63 by valve
      positioning linkage 64 to a position which permits the liquid to enter
      vessel 59 from head tank 65 through line 66. The three way valve is
      positioned so that the liquid cannot flow through nozzle 58 while vessel
      59 is filling.
PAR  Vessel 59 fills and overflows from the top of tubular section 67. The
      overflow liquid is collected in the bottom of vessel 68 and returned to
      storage through line 69.
PAR  The liquid level 71 in head tank 65 can be higher than the level of the top
      of tubular sections 67 on vessels 59. The increased level insures that the
      liquid will overflow from the vessels when they are filled and increases
      the rate at which vessels 59 can be filled. Other means for overflowing
      vessels 59 are contemplated within the scope of the invention.
PAR  The liquid level 71 in tank 65 is maintained by float valve 72 which
      controls the flow of liquid in line 73 from storage tank not shown. The
      apparatus is particularly useful for dispensing a liquid which is stored
      at ambient outdoor temperature which can vary by more than 100.degree.F.
      between summer and winter temperatures.
PAR  When the liquid to be dispensed reaches the top of tubular section 67,
      valve positioner 60 changes the position of three-way valve 63 in such a
      manner as to interrupt the flow of liquid from tank 65 into calibrated
      vessel 59, and directs the contents of vessel 59 through nozzle 58 into
      containers 57 which are positioned to receive the contents of calibrated
      vessels 59. When vessel 59 has dumped its contents into containers 57,
      valve positioner 60 moves three-way valve 63 into the position to fill
      vessel 59 from tank 65.
PAR  While vessel 59 is filling, the filled containers 57 can be moved from
      beneath nozzles 58 and replaced with empty containers.
PAR  The apparatus may have means for collecting any liquid dripping from
      nozzles 58 while filled containers 57 are removed and replaced by empty
      containers. Means such as a retractable tray which is automatically
      positioned below nozzles 58 when valve positioner 60 is not in the
      container fill position are suitable to prevent liquid from drippping on
      the filled and empty containers as they are moved past nozzles 58.
PAR  As the liquid enters calibrated vessels 59 through line 66 the temperature
      of the liquid is monitored by temperature sensing means 74 which can be a
      thermocouple, resistance bulb or the like. The temperature sensing means
      provides an input to proportional temperature controller 75. Proportional
      controller 75 compares the temperature of the liquid to a reference
      temperature and provides a proportional output signal to balance bridge
      relay 76. Balance bridge relay 76 activates motor control relay 77. Motor
      control relay 77 operates bidirectional motor 78 to rotate in a direction
      suitable for positioning displacement means 79 in tubular section 67.
      Displacement means 79 is positioned to compensate for the change in weight
      of liquid in the calibrated vessel due to the difference between the
      temperature of the liquid and the reference temperature.
PAR  The rotation of bidirectional motor 78 is transmitted to displacement means
      79 through chain drive 80. Chain drive 80 engages chain gear 81 which
      rotates a threaded bushing means about threaded displacement means
      positioning rod 82. Movement of the positioning rod causes displacement
      means 79 to move in or out of tubular section 67 depending upon the
      direction of rotation of bidirectional motor 78.
PAR  Rack 83 attached to a positioning rod 82 moves in a vertical direction in
      response to movement of the displacement means 79. Rack 83 operates in
      cooperation with gear 84 to operate a balancing resistor which in
      cooperation with balancing relay 76 stops the rotation of bidirectional
      motor 78 when the proper position has been attained.
PAR  The balance bridge relay 76 stops the rotation of bidirectional motor 78
      when the position called for by proportional controller 75 has been
      attained.
PAR  Positioning rod stop 85 engages a brace or cam follower 86 which prevents
      rotation of positioning rod when the threaded bushing is rotated about
      positioning rod 82.
PAR  Positioning rod 82 extends into the tubular section 67 through top of
      vessel 68 which is provided with means for venting 87 and means for
      returning overflow liquid to storage through line 69. Vessel 68 is
      designed to permit displacement means 79 to be operated throughout its
      entire calibration range.
PAR  The apparatus shown in FIG. 3 can be operated automatically on a cyclic
      timer. The the containers are positioned, filled and removed from the
      filling apparatus on a time cycle or time cycle advanced by signals
      received from means to indicate that empty containers are properly in
      place, that the calibrated vessels are filled, that the calibrated vessels
      have emptied and the like. Automatic liquid dispensing apparatus controls
      are well known in the art and will not be discussed in detail herein.
PAR  The apparatus illustrated in FIG. 3 can be operated semi-automatically
      wherein one or more functions in the dispensing or filling cycle can be
      operator controlled. As an example the dispensing or filling cycle can be
      started by an operator after an inspection to see that the containers are
      properly in place and properly indexed. Tye cycle could also be set up to
      be interrupted if a calibrated vessel was not filled, or had not emptied
      properly. Automatic, semiautomatic or manually operated apparatuses are
      intended to fall within the scope of the present invention.
PAR  FIG. 4 is a diagrammatic illustration of the means for automatically
      positioning displacement means 79 in response to variations in temperature
      from the reference temperature.
PAR  In operation, temperature sensing means 74 senses the temperature of the
      liquid flowing to calibrated vessels not shown through line 66. The output
      of sensing means 74 which can be a resistance bulb, thermocouple or the
      like is provided to proportional temperature controller 75. Temperature
      controller 75 utilizes the output of the temperature sensing means 74 to
      determine the deviation of the temperature of the flowing liquid from the
      standard temperature.
PAR  The proportional temperature controller provides a proportional output
      signal which is related to the calibration for the coefficient of
      expansion of the liquid. The output of the temperature controller is
      proportional to the measured temperature difference between the reference
      temperature and the measured temperature.
PAR  The output of temperature controller 75 in cooperation with bridge
      balancing relay 76 and motor control relay 77 operate bidirectional motor
      78 in the proper direction to raise or lower displacement means 79 to
      compensate for the temperature deviation from the reference temperature.
PAR  The actual position of the displacement means 79 is sensed by a variable
      resistor which is operated by a rack and a pinion arrangement. Rack 83 is
      connected to positioning rod 82. As the position of the displacement means
      is changed the movement of the rack 83 against pinion 84 activates the
      variable resistor which is used as a feedback signal to the balancing
      bridge. When the position of the displacement means has reached a position
      indicated by the output of the controller, the balancing bridge relay
      stops the turning of the bidirectional motor.
PAR  In FIG. 4 bidirectional motor 78 moves chain drive 80 which rotates double
      chain gear 81. Chain gear 81 has incorporated therein a threaded bushing
      means which rotates around the threaded shaft of positioning rod 82.
      Rotation of positioning rod 82 is prevented by positioning rod stop 85
      which slideably engages cam follower or support 86 to prevent rotation of
      the positioning rod 82.
PAR  The chain gears 81 are supported by bearings 90 and 91 on top vessel 68.
      The assemblies are supported by support rods 93 and support plate 92.
PAR  Chain tightening gears not shown can be incorporated into the system to
      remove slack from chain drive 80 to make the system responsive to small
      movements of bidirectional motor 78 and to apply an equal amount of
      rotation to several drive gears operating in series.
PAR  As shown chain gear 81 is a double gear and is valuable in moving the
      displacement means 79 in more than one vessel. Other means for positioning
      displacement means 79 are also contemplated within the scope of the
      invention. Moving means such as the chain drives shown in FIG. 2 and worm
      and gear means in which one or more worm gears, on a common shaft, are
      operated by the moving means against a gear which rotates a threaded means
      about a threaded positioning rod, are useful in practice of the present
      invention. In general, the positioning means should be designed so that
      small changes in the position of the displacement means can be accurately
      made.
PAR  Modifications to the embodiments of the invention disclosed herein will be
      obvious to one skilled in the art and are intended to fall within the
      scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for dispensing a predetermined weight of liquid which
      comprises in combination a calibrated vessel having an elongated tubular
      section of reduced cross section in open communication with the top of the
      vessel, a displacement means of cross section smaller than the cross
      section of the tubular section, moveable therein and providing a free area
      between the displacement means and the tubular section, said displacement
      means at least partially within the tubular section; said vessel
      calibrated so that the level of the predetermined weight of liquid at the
      highest operating temperature rises into the tubular section of reduced
      cross section, said displacement means being of sufficient volume that by
      insertion into the liquid the level of the predetermined weight of liquid
      at the lowest operating temperature rises into the free area between the
      tubular section and the displacement means to the same level as the
      predetermined weight of liquid at the highest operating temperature, means
      in communication with the calibrated vessel to fill the calibrated vessel
      to the level of the predetermined weight of liquid, means to discharge the
      liquid from the calibrated vessel, means to monitor the temperature of the
      liquid and means to adjust the position of the displacement means in
      response to the temperature of the liquid whereby a predetermined weight
      of liquid can be dispensed.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the means for filling the calibrated
      vessel to the level of a predetermined weight of liquid comprises a
      constant level tank.
NUM  3.
PAR  3. The apparatus of claim 1 wherein the means for filling the calibrated
      vessel to the level of a predetermined weight of liquid comprises a
      tubular section terminated at the level of the predetermined weight of
      liquid and means in communication with the calibrated vessel to overflow
      liquid from the tubular section.
NUM  4.
PAR  4. The apparatus of claim 1 wherein the free area of the tubular section is
      between about 2 and about 45% of the cross sectional area of the tubular
      section whereby the effect of variation of level on the weight of liquid
      dispensed is substantially reduced.
NUM  5.
PAR  5. The apparatus of claim 1 wherein the means for adjusting the position of
      the displacement means is a manual adjustment means.
NUM  6.
PAR  6. The apparatus of claim 5 wherein the means for adjusting the position of
      the displacement means comprises a manually rotated drive shaft and worm
      drive, the worm drive is connected to a shaft having disposed thereon one
      or more drive chains connected to displacement means positioning rods
      whereby the position of the displacement means can be adjusted.
NUM  7.
PAR  7. The apparatus of claim 6 wherein said manually rotated drive shaft
      operates in cooperation with a calibration means.
NUM  8.
PAR  8. The apparatus of claim 6 wherein the drive shaft is rotated
      automatically in response to the temperature change of the liquid.
NUM  9.
PAR  9. The apparatus of claim 1 wherein the means for adjusting the position of
      the displacement means comprises a manually rotated drive shaft having
      disposed thereon a chain gear, said chain gear engaging a chain which
      engages a second chain gear which rotates a threaded means about a
      threaded displacement means connecting rod whereby the displacement means
      is moved to compensate for temperature changes of the liquid.
NUM  10.
PAR  10. The apparatus of claim 9 wherein the drive shaft is rotated
      automatically in response to the temperature changes of the liquid.
NUM  11.
PAR  11. In an automatic apparatus for dispensing a predetermined weight of
      liquid into containers, the improvement which comprises in combination a
      calibrated vessel having an elongated tubular section of reduced cross
      section in open communication with the top of the vessel, a displacement
      means of cross section smaller than the cross section of the tubular
      section, moveable therein and providing a free area between the
      displacement means and the tubular section said displacement means at
      least partially within the tubular section said vessel calibrated so that
      the level of the predetermined weight of liquid at the highest operating
      temperature rises into the tubular section of reduced cross section, said
      displacement means being of sufficient volume that by insertion into the
      liquid the level of the predetermined weight of liquid at the lowest
      operating temperature rises into the free area between the tubular section
      and the displacement means to the same level as the predetermined weight
      of liquid at the highest operating temperatures, means in communication
      with the calibrated vessel to fill the calibrated vessel to the level of
      the predetermined weight of liquid, means to discharge the liquid from the
      calibrated vessel, means to monitor the temperature of the liquid and
      means to adjust the position of the displacement means in response to the
      temperature of the liquid whereby a constant weight of liquid can be
      dispensed.
NUM  12.
PAR  12. The apparatus of claim 11 wherein the means for adjusting the position
      of the displacement means in response to changes in the temperature of the
      liquid is an automatic means.
NUM  13.
PAR  13. The apparatus of claim 12 wherein the means for adjusting the position
      of the displacement means in response to changes in temperature of the
      liquid comprises a temperature sensing means to provide an output in
      relation to the temperature of the liquid, means to compare the output
      from the temperature sensing means to a reference temperature, said
      comparison means providing an output in calibrated relation to the
      difference between the liquid temperature and the reference temperature,
      said output from said comparison means provided to means which adjusts the
      position of the displacement means.
NUM  14.
PAR  14. In a method for volumetrically dispensing a predetermined weight of
      liquid at variable temperatures, wherein a displacement means is
      positioned in a calibrated vessel in a relation to the temperature of the
      liquid, the improvement which comprises monitoring the temperature of the
      liquid, positioning a displacement means in the liquid in the calibrated
      liquid dispensing vessel through a tubular section of reduced cross
      section in open communication with the main body of the vessel, the cross
      section of said displacement means being smaller than the cross section of
      the tubular section to permit passage of the liquid between the
      displacement means and the tubular section, wherein the position of the
      displacement means in the calibrated vessel is determined by the
      temperature of the liquid; filling the calibrated liquid dispensing vessel
      to a predetermined level in the reduced cross section between the
      displacement means and the tubular section with the liquid whereby a
      predetermined weight of liquid is contained in the vessel for dispensing.
NUM  15.
PAR  15. In the method of claim 14 wherein the predetermined level to which the
      calibrated vessel is filled is determined by equalizing levels between the
      calibrated liquid dispensing vessel and a constant level vessel.
NUM  16.
PAR  16. In the method of claim 14 wherein the predetermined level is achieved
      by over-flowing liquid from the calibrated vessel.
NUM  17.
PAR  17. The method of claim 14 wherein the displacement means is automatically
      positioned in response to the temperature of the liquid.
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ABST
PAL  The contents of a collapsible tube are expelled by placing the tube in a
      close-fitting sleeve having a removable cap with an orifice fitting over
      the discharge nozzle of the tube and a plunger which engages the other end
      of the tube and has a diametral groove to receive the crimped closed end
      of the tube. Movement of the plunger towards the cap causes the wall of
      the tube to concertina.
BSUM
PAR  This invention relates to the dispensing of the contents of collapsible
      tubes. These tubes, which are usually made of aluminium foil, are used to
      dispense many pasty or semi-liquid or liquid materials for domestic,
      industrial, medical and veterinary purposes.
PAR  The contents of collapsible tubes are usually expelled by squeezing the
      tubes by hand. However, this is slow and can be difficult where the
      contents are viscous; moreover a considerable proportion of the contents
      is often left in the tube. Means are known for assisting the rolling up of
      the tube from the closed end but this provides only a slight improvement.
PAR  According to one aspect of the present invention, a method of dispensing
      material from a collapsible tube comprises placing the tube in a sleeve
      and compressing the tube axially.
PAR  According to a second aspect of the invention, an assembly for dispensing
      material from a collapsible tube comprises a sleeve, an inwardly extending
      abutment on the sleeve, and a plunger in the sleeve.
PAR  According to a third aspect, an assembly comprises a collapsible tube
      having at one end a shoulder surrounding a discharge orifice and the other
      end being closed, and a device for dispensing material from the tube; the
      device comprising a sleeve containing the tube and having an internal
      cross-section substantially the same as the external cross-section of the
      tube, an abutment engaged by the shoulder on the tube, and a plunger
      engaging the said other end of the tube.
PAR  The invention is based on the discovery that if a collapsible tube is
      enclosed in a sleeve and is then compressed axially from the closed end,
      the tube collapses from the closed end and the contents are progressively
      expelled from the discharge orifice or nozzle. In view of the flimsy
      nature of collapsible tubes it might be thought that compression from the
      closed end would lead to collapse of the tube at a point near the nozzle
      end or in the middle so that the contents could not properly be expelled.
      However, it has been found that this is not the case since a thrust on the
      closed end increases the pressure of the contents and therefore forces the
      walls of the tube outwardly into contact with the surrounding sleeve. It
      has been found that in practice the collapsible tube tends to concertina
      from the closed end so that substantially the whole contents of the tube
      can be expelled.
PAR  The closed end of a collapsible tube is normally flattened, folded and
      crimped so that this end is generally wedge-shaped and the width of this
      end is greater than the diameter of the remainder of the tube. Accordingly
      the sleeve may have a pair of opposed grooves or slots along which the
      ears formed by the outer extremities of the wedge portion may travel
      during compression of the tube. Where the sleeve has a sufficient wall
      thickness, the sleeve may have a pair of opposed grooves formed in its
      interior surface which do not produce any corresponding formation at the
      outside of the tube, but alternatively the sleeve may be of constant wall
      thickness so that there are ridges on the outside of the sleeve which
      correspond with the grooves on the inside. Although the grooves may be of
      rectangular section, they preferably have converging side walls in planes
      perpendicular to the axis of the sleeve since they correspond
      approximately to the shape of the part of the collapsible tube adjacent
      the crimped closed end. The angle of convergence may be between 75.degree.
      and 80.degree. and the distance between the crests of the internal walls
      and the grooves should be approximately .pi. times the internal radius of
      the sleeve, i.e. the external radius of the collapsible tube to be used.
      On the other hand the sleeve may be formed with two diametrically opposite
      longitudinally extending slots so that the ears actually protrude outside
      the sleeve. The compression may be effected by a plunger sliding in the
      tube and in this case the plunger preferably carries lugs which slide in
      the groove or slots; moreover, the face of the plunger directed towards
      the tube may be formed with a groove to receive the folded end portion of
      the tube.
PAR  Preferably the plunger has a protuberance on the side engaging the tube to
      press in axially the centre portion of the tube when collapse of the walls
      has been completed. Thus at least part of the contents of the narrow bore
      which is radially within the concertinaed walls can be expelled and where,
      as is usual, the tube has a conical end wall at least part of the material
      contained within the hollow of this cone can also be expelled. It has been
      found that a domed protuberance is satisfactory but other shapes, such as
      a cone, may be used.
PAR  Preferably, at the end of the sleeve opposite to that receiving the plunger
      there is a releasable abutment to receive the end of the tube having the
      discharge orifice or nozzle. The releasable abutment may be formed by a
      cap having releasable attachment means to the sleeve, for example a
      bayonet joint. This enables the sleeve to be loaded by removal of the cap
      and insertion of a full tube into the sleeve, the cap then being replaced.
      Once the contents of the tube have been discharged, the cap can again be
      removed and the empty tube expelled from the sleeve by further movement of
      the plunger.
PAR  The means for moving the plunger along the sleeve may take various forms
      and for small tubes the plunger may be moved by hand, for example by
      providing a knob or other handle on a piston rod connected to the plunger
      and finger grip means such as ears on the sleeve to be engaged by the
      fingers. However, for larger tubes greater force is required and a system
      providing a mechanical advantage is desirable. The plunger may be moved by
      screw-thread means but preferably the sleeve forms the barrel of a gun
      having means for incrementally advancing a piston rod by means of a
      trigger. One suitable mechanism is that described in my British patent No.
      1,264,311.
DRWD
PAR  The invention may be carried into practice in various ways but two devices
      will now be described by way of example with reference to the accompanying
      drawings, in which:-
PAR  FIG. 1 is an exploded perspective view of a hand-operated dispensing device
      and the tube to be emptied;
PAR  FIG. 2 is a side elevation partly in section, of a hand-operated gun;
PAR  FIG. 3 is a cross-section through the barrel of the gun on the line
      III--III in FIG. 2;
PAR  FIG. 4 is a plan view of the plunger of the gun in the direction of the
      arrow IV in FIG. 2;
PAR  FIG. 5 is a cross-section similar to FIG. 3 through the barrel of a
      modified gun; and
PAR  FIG. 6 is a longitudinal section through a collapsible tube emptied by the
      gun shown in FIGS. 2 to 4.
DETD
PAR  The device shown in FIG. 1 comprises a sleeve 1 which may be of cast
      aluminium and which has an axially extending bore 2 which, over the
      majority of its circumference, is of circular cross-section having a
      diameter very slightly greater than that of the collapsible tube with
      which the device is to be used. The bore includes a pair of diametrically
      opposed axially extending grooves 3 and 4 to receive the ears 5 and 6
      formed at the outer corners of a wedge-shaped portion 7 at the closed end
      of a collapsible tube 8 to be used with the device. One end of the bore 2
      is closed by a wall through which there is a circular aperture 11 in which
      slides a rod 12 having a handle 13 at one end and a plunger 14 at the
      other end. The plunger is generally circular in cross-section having a
      diameter slightly less than that of the bore 2 and has a pair of lugs or
      projections 15, 16 arranged to slide in the grooves 3, 4. Across the face
      of the plunger 14 there is a groove 17 to receive the folded and crimped
      end of the tube 8. The apparatus also includes a cap 18 which can be
      fitted over the end of the sleeve 1 and secured thereon by a bayonet
      coupling comprising a pair of lugs 21, 22 on the sleeve and an inwardly
      directed flange 23 on the cap 18, the flange 23 having gaps 24 to receive
      the lugs 21, 22. The end wall 25 of the cap has an aperture 26 through
      which the nozzle 27 of the tube 8 can pass. The cap is a loose fit on the
      sleeve 1 so that it can be rotated a small amount to engage the lugs 22
      under the flange 23.
PAR  The apparatus is used as follows. The cap 18 is removed from the sleeve and
      the collapsible tube 8 is slid into the bore 2 with the ears 5 and 6
      sliding down the grooves 3 and 4 and the end of the tube being received in
      the groove 17 in the face of the plunger 14. The cap is then replaced on
      the sleeve with the nozzle 27 extending through the aperture 26. When the
      apparatus is to be used, the index and second fingers of the hand of the
      operator are hooked around two lugs 28, 29 formed on the sleeve and the
      palm of the hand or the thumb is engaged against the knob 13. The plunger
      14 is then squeezed into the sleeve 1. This causes the collapsible tube to
      concertina progressively from the closed end so that the contents of the
      collapsible tube are expressed through the discharge orifice in the nozzle
      27. When the piston has been pushed in as far as it can go, it will be
      found that the collapsible tube has been reduced to a fraction of its
      original length but its outer diameter has substantially not been altered
      and the crimped end of the tube has remained intact within the groove 17.
      The cap 18 is then removed and the empty collapsible tube is expelled from
      the sleeve by further movement of the plunger 14. The plunger can then be
      retracted and a new collapsible tube inserted into the sleeve.
PAR  The gun shown in FIGS. 2 to 4 has a sheet metal barrel 51 which is somewhat
      similar to the sleeve 1 of the device shown in FIG. 1. It thus consists of
      a cylindrical portion 52 having two diametrically opposed longitudinal
      grooves 53, 54 on its inner surface and corresponding ribs on its outer
      surface. The forward end of the barrel 51 is formed with an outwardly
      projecting narrow flange or bead 55 having two diametrically opposed
      through-notches 56 from each of which there extends a circumferential
      rebate 57. A cap 58 fits over this flange and has inwardly directed lugs
      59 which pass through the notches 56 and are retained in the rebates 57
      when the cap is rotated a fraction of a turn relative to the barrel to
      retain the cap on the end of the barrel. The cap has a central aperture
      61.
PAR  Sliding in the barrel is a plunger 62 having a generally disc-shaped
      portion 63 on the front face of which there is a dome-shaped protuberance
      64, the maximum diameter of which is slightly less than the diameter of
      the disc. The disc has a pair of lugs or projections 65 arranged to slide
      in the grooves 53, 54. A groove 66 extends diametrically across the face
      of the plunger and extends through the protuberance 64 and the lugs 65.
      The plunger 62 is connected to a hexagonal piston rod 67 which extends
      through the end wall of the sleeve to an operating mechanism.
PAR  The operating mechanism is located between two spaced side members, one of
      which is shown at 97, and which side members form the body of the gun. A
      part 98 corresponding to the stock of a pistol extends downwardly from the
      rear of the side members. Pivotally mounted on a pin 99 and extending
      between the side members of the body is a trigger-like member 110 the
      lower part 111 of which is solid while the upper part 111A is bifurcated,
      the legs of the bifurcation extending past the sides of the rod 67 and the
      upper ends of the legs being joined by a short circular bar 112. A pin 113
      pivotally mounted on the bar 112 extends generally parallel to the rod and
      has its forward end tapered so as to fit into an opening 114 in a movable
      gripper 115 in the form of a plate which has a diamond-shaped opening 116
      through which the rod passes. The plate 115 is biased towards the pin 113
      by means of a spring 120, the lower end of the plate abutting against the
      body of the gun as shown at 119.
PAR  When the gun is to be used the plunger 62 is retracted in a manner to be
      described, and the cap 58 is removed from the barrel 51. A full
      collapsible tube having an outside diameter almost the same as the inside
      diameter of the barrel 51 is inserted into the barrel with its crimped end
      portion received in the groove 66 in the plunger 62 and the ears formed by
      the ends of this crimped portion in the longitudinal grooves 53, 54. The
      cap 58 is then replaced, the nozzle on the forward end of the collapsible
      tube protruding through the central aperture 61.
PAR  To expel the contents of the tube, the trigger 110 is pulled and moves the
      pin 113 forwardly against the action of the spring 120 which, as it is
      below the opening 114, causes the plate 115 to tilt with respect to the
      rod so that the upper part moves forwardly to cause the sides of the
      opening 116 to grip the sides of the rod 67. Further movement of the
      trigger 110 will cause the piston rod 67 and hence the plunger 62 to move
      forwards to compress the tube and express the contents of the tube. On the
      release of the trigger the plate 115 is returned by the spring 120 to the
      initial position during which movement it tilts from the gripping position
      to a release position in which the sides of the opening 116 are free from
      the sides of the rod 67 so that the plate 115 slides along the rod.
PAR  A spring biased catch 122 is provided to the rear of the trigger to prevent
      the rod from being moved rearwardly when the trigger is released so that
      by pulling and releasing the trigger a number of times, the rod and hence
      the plunger 62 can be advanced in a succession of forward steps. The rod
      can be returned to its starting position by releasing the catch 122 and
      drawing the rod backwards by pulling on a flange 123 at the rear end of
      the rod.
PAR  FIG. 6 shows a collapsible tube which has been virtually completely emptied
      by the gun shown in FIGS. 2 to 4. The Figure shows how the cylindrical
      side wall 71 has concertinaed and the dome-shaped protrusion 64 on the
      plunger 62 has produced hollows 72 in the end of the tube on either side
      of the crimped portion 73 which has been received in the groove 66. It
      will be seen that the space 74 within the tube has been reduced to a very
      small figure when compared with the original volume of the uncompressed
      tube so that the contents of the tube which cannot be expelled and so is
      wasted is a very small proportion of the total contents.
PAR  FIG. 5 shows in cross-section the barrel 51' of a modified gun which, apart
      from the cross-section of the barrel and corresponding modifications to
      the plunger, is similar to the gun shown in FIGS. 2 to 4, and accordingly
      only the modifications will be described. The barrel shown in FIG. 5 is of
      circular cross-section for the most part, but the grooves 63' and 54' are
      of V-shaped cross-section with slightly curved transitions at the apex of
      each groove and between the side walls of the grooves and the circular
      parts of the barrel. The included angle of each groove is between
      75.degree. and 80.degree.. The internal radius of the circular portions of
      the barrel will be very slightly greater than the outer radius of the
      collapsible tube to be used in the gun, while the distance between the
      apexes of the two grooves will be very slightly greater than .pi. times
      the radius of that tube, this being the width of the crimped end of the
      tube. Other dimensions of the barrel follow from these. The plunger which
      slides in the barrel has a shape which corresponds to the internal
      cross-section of the barrel shown in FIG. 5 so that the lugs 65 will be
      approximately V-shaped rather than rectangular.
PAR  It will be apparent that many further modifications may be made of the
      devices described. For example, the under surface of the cap may be
      conical to engage the conical shoulder normally found on a collapsible
      tube. The hole in the cap may be large enough to receive the cover which
      is usually to be found screwed on to the nozzle of a collapsible tube so
      that the collapsible tube may be inserted into the device while still
      sealed. The cover can then be removed immediately before dispensing of the
      contents of the tube is to begin.
CLMS
STM  What I claim as my invention and desire to secure by Letters Patent is:
NUM  1.
PAR  1. A method of dispensing material from a collapsible tube which comprises
      the steps of:
PA1  placing a collapsible tube, having a flat crimped closed end, within a
      sleeve having axially extending grooves open at one end so as to permit
      insertion of, and accommodating, laterally projecting ear portions of said
      collapsible tube which are formed at said closed end of said tube; and
PA1  compressing said tube by an axially moving plunger also disposed within
      said sleeve.
NUM  2.
PAR  2. A method according to claim 1 wherein:
PA1  said plunger has a groove in its leading face for receiving said closed end
      of said tube.
NUM  3.
PAR  3. A method according to claim 2 wherein said plunger has a protrusion on
      the leading end and said plunger is advanced sufficiently for the
      protrusion to produce a depression in the rear end of the axially
      compressed tube.
NUM  4.
PAR  4. A method according to claim 3 wherein said tube has a conical wall at
      its discharge end and said plunger is advanced sufficiently for the
      protrusion to enter the space bounded by said conical wall.
NUM  5.
PAR  5. An assembly for dispensing material from a collapsible tube which
      comprises:
PA1  a sleeve having an internal diameter equal to the external diameter of said
      tube;
PA1  said tube having a flat crimped closed end and laterally projecting ear
      portions formed at said closed end of said tube, the diametrical extent of
      said flat closed end being greater than said external diameter of said
      tube;
PA1  axially extending groove means, open at one end for permitting insertion of
      and for accommodating said ear portions of said tube, provided within said
      sleeve;
PA1  an abutment on said sleeve for engaging the discharge end of the tube; and
PA1  a plunger axially movably disposed within said sleeve for engaging the
      other end of the tube so as to compress and collapse said tube and
      dispense said material therefrom when so moved.
NUM  6.
PAR  6. An assembly comprising:
PA1  a collapsible tube having at one end a shoulder surrounding a discharge
      orifice and the other end being flat, crimped and closed and having
      laterally projecting ear portions, the diametrical extent of said closed
      end of said tube being greater than that of said tube;
PA1  a sleeve containing said tube and having an internal cross-section
      substantially the same as the external cross-section of said tube;
PA1  a pair of opposed, inwardly opening, longitudinally extending grooves, open
      at one end, being provided within said sleeve for permitting insertion of
      and for accommodating said ear portions of said tube;
PA1  an abutment upon said sleeve engaged by said shoulder on said tube; and
PA1  a plunger engaging said other end of said tube;
PA1  whereby movement of said plunger toward said abutment compresses said tube
      to expel the contents of said tube through said discharge orifice.
NUM  7.
PAR  7. An assembly according to claim 6 wherein said sleeve is of constant wall
      thickness, there being ridges on the outside of said sleeve which
      correspond with said grooves on the inside.
NUM  8.
PAR  8. An assembly according to claim 7 wherein said grooves have converging
      side walls in planes perpendicular to the longitudinal axis of said
      sleeve.
NUM  9.
PAR  9. An assembly according to claim 8 wherein the angle of convergence of the
      side walls of each of said grooves is between about 75.degree. and about
      80.degree., and the distance between the crests of the grooves is
      approximately .pi. times the internal radius of said sleeve.
NUM  10.
PAR  10. An assembly according to claim 6 wherein the plunger carries lugs which
      slide in the grooves.
NUM  11.
PAR  11. An assembly according to claim 6 wherein the face of said plunger
      facing said abutment is formed with a groove to receive the folded end
      portion of a tube.
NUM  12.
PAR  12. An assembly according to claim 6 wherein said plunger has a
      protuberance on the side facing said abutment.
NUM  13.
PAR  13. An assembly according to claim 12 wherein said protuberance is
      dome-shaped.
NUM  14.
PAR  14. An assembly according to claim 6 wherein said abutment comprises a
      releasable cap having a central aperture for a discharge nozzle on the
      tube.
NUM  15.
PAR  15. An assembly according to claim 14 wherein the surface of said cap
      facing said plunger is conical.
NUM  16.
PAR  16. An assembly according to claim 6 which further includes a piston rod
      connected to said plunger and having a handle at the end remote from said
      plunger.
NUM  17.
PAR  17. An assembly according to claim 16 wherein said sleeve carries finger
      grip means.
NUM  18.
PAR  18. An assembly according to claim 6 which further includes a piston rod
      attached to said plunger and means for incrementally advancing the piston
      rod by means of a trigger, said incremental advancing means comprising: a
      one-way gripper arranged for reciprocation longitudinally of the rod by
      operation and release of the trigger, the gripper being arranged to tilt
      relative to the axis of the rod between a rod gripping position on the
      forward stroke of reciprocation of the gripper to advance the rod and a
      rod-release position on the rearward stroke of reciprocation of the
      gripper to allow the gripper to return without moving the rod.
NUM  19.
PAR  19. A dispensing device comprising:
PA1  a sleeve having a pair of diametrically opposed longitudinal grooves in its
      internal surface, each of said grooves having flat converging side walls
      and being open at one end;
PA1  a releasable cap on one end of said sleeve, the cap having a central
      orifice;
PA1  a plunger reciprocable within said sleeve and having a pair of
      diametrically opposite lugs slidable in said grooves in said sleeve and a
      diametrical groove extending across the end surface of said plunger facing
      said cap and parallel with a line joining the two lugs; and
PA1  a collapsible tube contained within said sleeve with its discharge nozzle
      projecting through said orifice and its crimped closed end received in
      said diametrical groove as well as said longitudinal grooves so as to be
      progressively concertinaed on movement of said plunger toward said cap so
      as to express the contents of said tube through said discharge nozzle.
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ABST
PAL  A product adapted for the treatment of cellulosic fabric comprises a
      container having at least two compartments for holding two or more fluent
      substances separate from one another but adapted for dispensing the
      substances simultaneously, and having in one compartment a resin
      precondensate and in another compartment a latent acid catalyst. The
      product is used to make aqueous solutions of both resin precondensates and
      latent acid catalysts for fabric treatment, whilst keeping the ingredients
      separate until required for use.
PARN
PAR  This is a continuation of application Ser. No. 287,406, filed Sept. 11,
      1972, now abandoned.
BSUM
PAR  The present invention is concerned with the treatment of cellulosic fabrics
      to improve their crease-resistance and smooth-drying properties. In the
      term "cellulosic fabrics", we include fabrics made from both natural
      cellulosic fibres, for example cotton, and from regenerated cellulosic
      fibres, for example viscose rayon, or from mixtures of any of such fibres
      with non-cellulosic fibres.
PAR  The crease-resistance of cellulosic fabrics is commonly improved by
      cross-linking the cellulose molecules within the fibres. Formaldehyde is
      an effective cross-linking agent but in commercial use has been superseded
      by other cross-linking agents, such as resin precondensates of the
      urea-formaldehyde type. The cross-linking reaction is conducted under
      acidic conditions using a latent acid catalyst, which ideally only becomes
      strongly acidic on exposure to high temperatures so that it does not cause
      premature cross-linking when the cellulosic fabric is impregnated, or
      self-condensation of the resin-precondensate which is also caused by
      exposure to acidic conditions.
PAR  Cellulosic fabrics, particularly fabrics formed into garments, may thus be
      impregnated with aqueous solutions of resin-precondensates and latent-acid
      catalysts, partially dried and subsequently heated, for example by
      ironing, to cause the cross-linking to take place so that the fabric tends
      to retain the shape in which it was heated.
PAR  The latent-acid catalysts available are not sufficiently stable in
      admixture with resin precondensates to be added thereto much in advance of
      their use. It is conventional, therefore, to supply resin precondensates
      and latent-acid catalysts separately for fabric treatment. Whereas this is
      no significant disadvantage commercially, where the facilities are
      available for making up large batches of suitable impregnating solutions,
      the necessary separation of the resin precondensates and the latent-acid
      catalysts until immediately prior to their use is a distinct disadvantage
      for the domestic application of crease-resistant finishes to cellulosic
      fabrics.
PAR  It is an object of the present invention to provide in a single product of
      improved stability during storage both a resin precondensate and a
      latent-acid catalyst for the treatment of cellulosic fabrics to improve
      their crease-resistance.
PAR  According to this invention, a product comprising a container having at
      least two compartments for holding two or more fluent substances separate
      from one another but adapted for dispensing the substances simultaneously,
      has in one compartment a resin precondensate and in another compartment a
      latent acid catalyst. This product can readily be used to make aqueous
      solutions of both resin precondensates and latent acid catalysts for
      fabric treatment, whilst keeping the ingredients separate until they are
      required for use. This is particularly advantageous in facilitating the
      domestic application of crease-resistant finishes to cellulosic fabrics.
PAR  A preferred container which is particularly suitable for use in accordance
      with the invention comprises two mutually co-extensive outer walls of
      flexible sheet material and at least one inner wall of flexible sheet
      material which is co-extensive with the outer walls and acts as a
      partition between adjacent separate compartments, all the walls being
      secured together at the edge regions of the container.
PAR  With this arrangement the multi-compartment container or so-called "sachet"
      is opened by cutting into it from any point along an edge, or, when the
      sachet is rectangular or polygonal, by cutting off a corner with a pair of
      scissors or other suitable implement, and since all walls are out
      simultaneously, a multiple outlet is formed from which the liquids are
      dispensed simultaneously for use. The respective compartments preferably
      contain quantities of the resin precondensate and latent acid catalyst in
      the correct predetermined proportions for their use.
PAR  The resin precondensate and latent acid catalysts are preferably present in
      the form of aqueous solutions in the container. If the solutions are
      colourless and used in a multi-compartment sachet of the type described
      made from transparent heat-sealable film, the sachet is scarcely
      detectable as being of multi-compartment form and is virtually foolproof
      when used, except if the user does something unusual such as puncturing an
      outer wall when dispensing the contents. A simple precaution to facilitate
      simultaneous complete dispensing of the resin precondensate and the latent
      acid catalyst is to mark a line of cut across one corner or inwardly from
      one edge of the sachet. It will be appreciated that the solution used to
      impregnate cellulosic fabric should be colourless, but the contents of the
      sachet need not be colourless provided that any colour is discharged on
      mixing the ingredients to form the aqueous solution for fabric treatment.
PAR  Multi-compartment sachets may be made from two or more filled sub-sachets
      of the same size secured together at their edge regions, the filled
      sub-sachets being pre-made in the conventional manner by edge-sealing two
      webs to form a tube, cross-sealing the tube along a closure line,
      supplying liquids into the tube, and cross-sealing and cutting the tube
      along a second closure line spaced from the first closure line to separate
      a filled sub-sachet from the tube. In this case the or each inner wall
      comprises two layers of flexible sheet material face to face.
PAR  Alternatively, three or more webs can be edge-sealed to form a tube with
      one or more internal longitudinal inner walls, the cross-sealing and
      cutting to form spaced closure lines and separate filled sachets being
      repeated, and different liquids being supplied into the tube at opposite
      sides of the inner walls which act as partitions between adjacent separate
      compartments of the tube.
PAR  An alternative form of packaging which is convenient is a multi-compartment
      pressurised or manually pumped spraying container, particularly a
      so-called aerosol container. These can be made with a single spray nozzle
      connected to two or more compartments or with a separate nozzle for each
      compartment linked together to give simultaneous spray dispensing of the
      contents from the compartments. In the case of containers adapted for
      spray-dispensing, it is desirable to have the essential ingredients in
      aqueous solution at the desired concentrations for direct application to
      fabrics followed by heating, particularly by ironing, to effect the
      desired crease-proofing.
PAR  Suitable water-soluble resin precondensates are commercially available and
      include melamine-formaldehyde, urea-formaldehyde and substituted
      urea-formaldehyde resin precondensates, for example, dimethylol urea
      (DMU), di-(methoxy methylol) urea (DMMU), dimethylol ethylene urea (DMEU),
      di-(methoxy methylol) ethylene urea (DMMEU), dimethylol propylene urea
      (DMPU), and di-(methoxy methylol) propylene urea (DMMPU). On economic
      grounds DMU and DMEU are the preferred resin precondensates, but the
      latter has the advantage of being more resistant to attack by chlorine,
      with resultant yellowing, if the treated fabric is subsequently bleached.
      These compounds are commercially available but are usually sold in aqueous
      solution. However, the compounds may readily be synthesized, for example
      DMU may be isolated as a solid by reaction between formaldehyde and urea,
      and DMEU may be made as a solid, by reaction between ethylene urea and
      paraformaldehyde in methanol solution, followed by removal of the solvent.
PAR  Many suitable latent-acid catalysts are known and are commercially
      available. Latent-acid catalysts are usually inorganic salts, for example
      aluminium chloride, magnesium sulphate and perchlorate, sino nitrate,
      ammonium chloride, sulphate, nitrate and tartrate. The term is also used
      to include weak organic acids, for example citric acid and tartaric acid,
      which do not cause any substantial premature cross-linking or resin
      precondensate polymerisation but which are acidic enough during the
      conditions of curing to effect cross-linking to impart crease-resistance
      to treated fabric. The preferred latent-acid catalysts are ammonium salts,
      particularly ammonium chloride.
PAR  The amounts of the resin precondensate and latent acid catalyst in the
      container depend on the amount of aqueous solution of the materials to be
      made up for fabric treatment. The normal concentration of resin
      precondensate in water for the impregnation of cellulosic fabrics is about
      3 to 5% by weight. The amount of latent acid catalyst is related to the
      amount of resin precondensate and is normally about 10 to 50%, preferably
      about 20 to 25%, by weight of the resin precondensate. Thus, the amounts
      of resin precondensate and latent acid catalyst in the container are
      chosen to provide aqueous solutions of these concentrations in amounts
      appropriate to the number and size of garments or fabric to be treated,
      the usual volumes being from about 1 pint to 1 gallon for domestic use.
      When the resin precondensate and latent acid catalyst are in aqueous
      solutions in the container, the concentration of the former is normally
      about 5 to 85%, preferably 25-70% by weight when the solution is adapted
      for further dilution in use, and the concentration of latent acid catalyst
      is from about 1 to about 40%, preferably about 5 to 20% by weight when the
      solution is adapted for further dilution in use.
PAR  Optional ingredients which may be used are, for example, stabilizers such
      as magnesium oxide; surfactants, preferably anionic surfactants; fabric
      softeners, for example quaternary ammonium compounds; and ironing aids,
      for example silicone compounds. Such optional ingredients may, if desired,
      be held in the containers in compartments separate from those containing
      the resin precondensates and latent acid catalysts. This is normally done
      only for ingredients which are unstable in the presence of the other
      ingredients, so as to improve the storage properties of the products. When
      the container has only two compartments, it is preferable to keep in
      separate compartments any cationic fabric softener and any silicone
      ironing aid used, the former preferably being with the resin precondensate
      rather than with the latent acid catalyst, because of their
      incompatibility in the same solution.
DETD
PAR  The invention is illustrated by the following Examples in which parts and
      percentages are by weight except where otherwise indicated.
PAC  EXAMPLE 1
PAR  A three compartment rectangular sachet was made by conventional techniques
      from transparent PVC film, and incorporated in one outer compartment 50
      mls of a solution A, in a central compartment 10 mls of a solution B and
      in the other outer compartment 50 mls of a solution C. The ingredients of
      solutions A, B and C were as follows:
TBL  Solution A                                                                

     Ingredient          Percentage Concentration                              

     ______________________________________                                    

                         (gas per 100 mls)                                     

     DMEU                53.3                                                  

     Magnesium Oxide     0.53                                                  

     Arquad 2C.sup.1     0.89                                                  

     Water               to 100                                                

     Solution B                                                                

      Ingredient          Percentage Concentration                             

     ______________________________________                                    

                         (gas per 100 mls)                                     

     Ironing aid Le 463.sup.2                                                  

                         33.4                                                  

     Water               to 100                                                

     Solution C                                                                

      Ingredient          Percentage Concentration                             

     ______________________________________                                    

                         (gas per 100 mls)                                     

     Ammonium chloride   10.68                                                 

     Tween 40.sup.3      1.0                                                   

     Perfume             0.03                                                  

     Water               to 100                                                

     ______________________________________                                    

      .sup.1 di-oooo-dimethylammonium chloride, supplied by Armour Chemical Co.

      Ltd                                                                      

      .sup.2 35%, aqueous emulsion of a polydimethylsiloxane (viscosity 60,000 

      cs) supplied by Union Carbide Ltd                                        

      .sup.3 polyoxyethylene sorbitan monopalmitate supplied by Honeywill Atlas

      Ltd                                                                      

PAR  To use the sachet described for crease-proofing cellulosic garments, all
      three components were opened simultaneously by cutting into the sachet
      from an edge (or by cutting off a corner), the contents were then poured
      into 1 pint of cold water and the resulting solution thoroughly mixed. A
      cellulosic garment was thoroughly impregnated with the solution and the
      surplus liquid was removed by a very brief spin-drying operation in a
      domestic spin-drier (average wet pick-up 57.2%). The garment was then
      ironed with a domestic hand iron set at normal cotton ironing temperature.
PAR  This procedure was followed for 25 different cotton garments, after which
      the garments were washed in an automatic machine and tumble dried. The
      garments were then assessed for their appearance in terms of the amount of
      ironing needed to restore their appearance. All the garments had improved
      crease-resistant properties and none required re-damping and full normal
      ironing to restore their appearance, the average requirement being a need
      for only touch-up ironing. The average Monsanto wash/wear rating for the
      treated garments was about 4.0, some individual garments having average
      ratings as high as 4.9.
PAC  EXAMPLE 2
PAR  A two-compartment sachet was made incorporating in one compartment 50 mls
      of a solution A and in the other compartment 50 mls of a solution B. The
      ingredients in solutions A and B were as follows:
TBL  Solution A                                                                

     Ingredient          Percentage Concentration                              

     ______________________________________                                    

     DMEU                66.7                                                  

     Magnesium Oxide     0.4                                                   

     Sodium Lauryl Sulphate                                                    

                         0.2                                                   

     Perfume             0.036                                                 

     Water               to 100                                                

     Solution B                                                                

      Ingredient          Percentage Concentration                             

     ______________________________________                                    

     Ammonium Chloride   13.34                                                 

     Ironing Aid LE 463  10.0                                                  

     Water               to 100                                                

     ______________________________________                                    

PAR  The sachets were used to treat cellulosic garments by the procedure
      described in Example 1, with equally good results. All the treated
      garments had improved crease-resistant properties.
PAC  EXAMPLE 3
PAR  A two compartment container having a spray nozzle for each compartment
      connected so as to operate simultaneously by manually-operable pumping
      action had the following solutions in the containers.
TBL  ______________________________________                                    

     Resin precondensate solution                                              

     Ingredient          Percentage Concentration                              

     ______________________________________                                    

     DMEU                20                                                    

     Softener (polyethylene 30%                                                

                         0.3                                                   

     dispersion).sup.1                                                         

     Silicone Fluid.sup.2                                                      

                         0.4                                                   

     Tween 40            0.02                                                  

     Water               to 100                                                

     Latent acid catalyst solution                                             

     Ingredient           Percentage Concentration                             

     ______________________________________                                    

     Ammonium chloride   4.0                                                   

     Magnesium oxide     0.2                                                   

     Water               to 100                                                

     ______________________________________                                    

      .sup.1 Cirrasol PN obtained from ICI Ltd                                 

      .sup.2 MS 200/350 (cs) obtained from Hopkin and Williams Ltd             

PAR  In use, the solutions were sprayed in equal proportions directly onto
      cotton fabrics to give an estimated 50% wet pick-up. In tests where the
      actual wet pick-up varied from 36.5% to 59%, the Monsanto Rating for the
      fabric smoothness after washing and tumbler drying in a Bendix washing
      machine was in all cases between 4.0 and 5.0.
PAC  EXAMPLE 4
PAR  A twin compartment aerosol dispensing container with a mixer nozzle and a
      dispensing ratio of 4 parts of one resin precondensate solution to 1 part
      of latent acid catalyst solution had the following ingredients in the
      solutions.
TBL  ______________________________________                                    

     Resin precondensate solution                                              

     Ingredient          Percentage concentration                              

     ______________________________________                                    

     DMEU                5                                                     

     Magnesium oxide     0.05                                                  

     Arquad 2C           0.083                                                 

     Water               to 100                                                

     Latent acid catalyst solution                                             

     Ingredient          Percentage concentration                              

     ______________________________________                                    

     Ammonium chloride   4.0                                                   

     Silicone ironing aid LE 463                                               

                         2.5                                                   

     Tween 40            0.02                                                  

     Perfume             0.014                                                 

     Water               to 100                                                

     ______________________________________                                    

PAR  Cotton fabrics were sprayed to an estimated 80% or 50% wet pick-up and
      hand-ironed, and then examined for smooth-drying properties by washing and
      then tumbler-drying the fabrics in a Bendix washing machine. The fabrics
      had Monsanto Rating for smoothness of between 3.2 and 4.2, indicating much
      improved smooth-drying properties after treatment.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A product comprising a container having at least two compartments for
      holding at least two fluid substances separate from one another but
      adapted for dispensing the substances simultaneously, siad container
      having two mutually co-extensive outer walls of flexible sheet material
      and at least one inner wall of flexible sheet material which is
      co-extensive with the outer walls and acts as a partition between adjacent
      separate compartments, all the walls being secured together at the edge
      regions of the container, such that cutting into the container along at
      least one edge thereof will thereby cut into all the walls and provide a
      multiple outlet to simultaneously dispense fluids from each of the
      compartments, said container having in one compartment an aqueous solution
      of a substituted urea-formaldehyde resin precondensate, the concentration
      of the resin precondensate in the aqueous solution being from about 5 to
      85% by weight, and in another compartment an aqueous solution of a latent
      acid catalyst selected from the group consisting of aluminum chloride,
      magnesium sulphate, magnesium perchlorate, zinc nitrate, ammonium
      chloride, ammonium sulphate, ammonium nitrate, ammonium tartrate and the
      weak organic acids citric and tartaric acid, the concentration of the
      latent acid catalyst in the aquous solution being from about 1 to 40% by
      weight, whereby an aqueous solution containing both the resin
      precondensate and the latent acid catalyst in the correct predetermined
      proportions for their use, with the amount of the latent acid catalyst
      being from about 10 to 50% by weight of the resin precondensate, may
      readily be used for the application of crease resistant finishes to
      cellulosic fabrics.
NUM  2.
PAR  2. A product according to claim 1 wherein the walls of the container are
      rectangular.
NUM  3.
PAR  3. A product according to claim 1, wherein the resin precondensate is
      dimethylol ethylene urea.
NUM  4.
PAR  4. A product according to claim 1, wherein the latent acid catalyst is
      ammonium chloride.
NUM  5.
PAR  5. A product according to claim 1, wherein the concentration of resin
      precondensate is from about 25 to 70% by weight.
NUM  6.
PAR  6. A product according to claim 1 wherein the concentration of latent acid
      catalyst is from about 5 to 20% by weight.
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ABST
PAL  A portable beverage dispenser having a housing which contains a casing
      provided with a plurality of bottle receptacles for the purpose of holding
      bottles of beverage in an inverted position. Beverages flow from the
      bottle to individual cooling cups, which are disposed within an ice
      compartment, and from the cooling cups through pipes to individual spigots
      mounted on the outside of the housing. A hinged panel is provided on the
      casing to prevent accidental spilling of the beverage into the ice
      compartment when the bottles are installed in the housing. The housing has
      the overall configuration of a wooden barrel and is mounted on a wheeled
      chassis.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field Of The Invention
PAR  This invention relates to a portable beverage dispenser, and more
      particularly to a highly ornamental and efficiently functional dispenser
      for chilled beverages such as wine and liquors.
PAR  2. Description Of The Prior Art
PAR  Conventionally the dispensing of wines and spirits in restaurants is done
      by waiters who deliver a bottle of wine to a table or alternatively
      glasses of wine or spirits to customers seated at individual tables.
      Conventionally, when a single glass of wine rather than a bottle is
      ordered by a customer a waiter must walk to a bar area, request the wine
      from a bartender and deliver the glass of wine to the customer's table. A
      disadvantage of this procedure is that it is time consuming in that the
      waiter must walk to the bar area, wait until the bartender can fill his
      request and then walk back to the customer. Another disadvantage of this
      procedure is that it interferes with the bartender's normal routine of
      serving customers who are sitting or standing at the bar.
PAC  SUMMARY OF THE INVENTION
PAR  The concept of this invention features the use of a novel portable beverage
      dispenser having means for storing, cooling and dispensing a plurality of
      different wines and spirits and which can be moved easily from table to
      table in a restaurant. It is to be understood that the portable beverage
      dispenser is equally adapted for home use as well as in clubs,
      institutions, and elsewhere.
PAR  Another object of the present invention is to provide a portable beverage
      dispenser having means for storing, cooling, and dispensing a plurality of
      beverages with certain of the beverages cooled to a greater degree than
      others.
PAR  An additional object of the present invention is to provide a portable
      beverage dispenser having cooling and dispensing means contained within an
      attractive housing constructed to have an appearance similar to a wooden
      barrel of the type used for ageing wine and spirits.
PAR  A yet further object of the present invention is to provide a portable
      beverage dispenser having a casing with a hinged panel disposed so as to
      protect ice stored within the casing from accidental spilling of wine or
      spirits or from other foreign matter.
PAR  Still further objects and features of this invention reside in the
      provision of a portable beverage dispenser which incorporates a convenient
      rack for storage of empty glasses and a rack for storage of bottles of
      wine and spirits.
PAR  These, together with the various ancillary objects and features of this
      invention, which will become apparent as the following description
      proceeds, are attained by the portable beverage dispenser preferred
      embodiments of which are illustrated in the accompanying drawing, by way
      of example only.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an perspective view of a portable beverage dispenser constructed
      in accordance with the concept of the present invention;
PAR  FIG. 2 is a vertical sectional view taken along the plane of line 2--2 in
      FIG. 1;
PAR  FIG. 3 is a vertical sectional view taken along the plane of the line 3--3
      in FIG. 1;
PAR  FIG. 4 is a partial vertical sectional view also looking along the plane of
      the line 3--3 in FIG. 1, but showing the relative position of the
      components when the housing cover and the hinged panel on the casing are
      opened;
PAR  FIG. 5 is an enlarged fragmentary view showing conduit connections;
PAR  FIG. 6 is a perspective view of the casing assembly;
PAR  FIG. 7 is a top plan view of the casing assembly looking along line 7--7 in
      FIG. 6; and,
PAR  FIG. 8 is a bottom plan view of the casing assembly looking along the plane
      of line 8--8 in FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  With continuing reference to the accompanying drawing, wherein like
      reference numerals designate similar parts throughout the various views,
      reference numeral 10 is used to generally designate a portable beverage
      dispenser constructed in accordance with the concepts of the present
      invention.
PAR  The dispenser 10 includes supports 12 which are mounted on a chassis 14. A
      housing 16 is mounted on the supports 12 and includes rims 18 mounted on
      the front and rear end plates 40 and 41 of housing 16. Rims 18 and housing
      wall 20, which has an outer surface divided into barrel staves, which are
      shown typically at 22 and 24, contribute to the overall appearance of
      housing 16 as being a wooden barrel of the type used for the ageing of
      wine and spirits. The housing wall 20 is fastened to the front and rear
      plates 40 and 41 by angle brackets 17. Housing 16 has the overall
      configuration of an oval barrel with walls outwardly bowed. Alternatively,
      housing 16 may have the overall configuration of a circular cylinder.
      Cover 26 in housing 16 is held in the closed position, shown in FIG. 3, by
      latches 28 and 30. Cover 26 may be opened by pulling cover handle 32
      outward from said housing and then letting cover 26 hang from a pair of
      ropes 34 one of which is shown in FIG. 4. Ropes 34 each have one end
      attached to cover 26 and the other end attached to housing 16 and hangs
      within housing 16 when cover 26 is in the closed position.
PAR  A rack 36 is mounted on the upper portion of housing 16 for the purpose of
      storing drinking glasses. Handles 38 are mounted on the front plate 40 of
      the housing 16 for the purpose of assisting in the moving of the portable
      wine dispenser 10. A pair of front wheels 42 are mounted on the front of
      the chassis 14 and a pair of rear wheels 44 are mounted on the rear of the
      chassis 14. Rear wheels 44 are mounted with provisions for swivelling
      about a vertical axis to facilitate turning the portable beverage
      dispenser 10.
PAR  A casing assembly 46 is disposed within the housing 16 and is supported by
      a center support 45. The casing assembly 46 has a plurality of bottle
      compartments 48, 49 and 50. Each of the bottle compartments 48, 49 and 50
      has a bottle receptacle 52,54 and 56 which have semi-circular cavities
      provided with an upper end of relatively larger diamter and a lower end of
      relatively smaller diameter for the purpose of accommodating and holding
      an inverted bottle of wine or spirits. The bottle receptacles 52,54 and 56
      are mounted directly above cooling cups 58,60 and 62, respectively. The
      cooling cups are made of metal or of other material characterized by
      having relatively good thermal conductivity. The cooling cups 58, 60 and
      62 each have a conduit assembly 64, shown in FIG. 5, which leads from the
      cooling cup 58, 60 or 62 through the front plate 40 to spigot assemblies
      66, 68 or 70 respectively. The direction of the fluid flow is shown by the
      arrow in FIG. 5. The cooling cups are mounted in the receptacle 72 which
      is divided into two compartments 73 and 75 by wall 74. Drain tubes 76 and
      78 are made of flexible material such as rubber or plastic and lead from
      the compartments 73 and 75 in ice receptacle 72 for the purpose of
      draining water that has collected from melting ice cubes. Drain tubes 76
      and 78 pass through housing 16 and have clamps 79 to prevent leakage of
      water until such time as draining of the collected water is desired. Ice
      receptacle 72 is divided into compartments 73 and 75 for the purpose of
      enabling the selective placing of ice around selected cooling cups shown
      by way of example as cooling cups 58 and 60 are in compartment 73, in
      order to cool beverages in selected cups to a greater degree than beverage
      in cup 62 in compartment 75, large amounts of ice cube disposed in
      compartment 73 while little or no ice may be disposed in compartment 75,
      some beverages being served at room temperture.
PAR  Hinged panel 80 is attached to casing assembly 46 by hinges 84 and latches
      86. When bottles of wine or spirits are to be installed in the portable
      beverage dispenser 10 latches 86 are opened and hinged panel 80 is swung
      down from the vertical position shown in FIG. 3 to the horizontal position
      shown in FIG. 4. When in the horizontal position the hinged panel 80
      covers opening 87 in the ice receptacle 72 thus preventing accidental
      spilling of wine or spirits into the ice receptacle 72 during the
      installation of bottles of wine or spirits into the bottle receptacles or
      during use of the panel as a working surface. When in the horizontal
      position panel 80 also reduces heating of the ice in the ice receptacle 72
      by air from outside housing 16 thereby aiding the insulation of the ice
      receptacle 72. When hinged panel 80 is in the vertical position opening 87
      in ice receptacle 72 communicates with the inside of housing 16 and ice
      contained in the ice receptacle 72 cools the air inside housing 16 and
      thus cools the outside surface of bottles of wine or spirits, shown in
      broken lines in FIG. 2, 3 and 4 that are installed in the bottle
      receptacles.
PAR  When the portable beverage dispenser is in use, the ice receptacle 72 is
      filled with ice cubes as desired and bottles of wine or spirits are
      opened, inverted and placed in the bottle receptacles. The wine or spirits
      flows into the cooling cups where it is cooled and through the pipe
      assemblies to the spigots. Additional bottles of wine or spirits are
      stored in racks 88 and empty bottles for receiving water from drain tubes
      may also be stored in racks 88 thus making the portable beverage dispenser
      a self-contained unit with provisions for storing, cooling and dispensing
      beverages.
PAR  A latitude of modification, substitution and change is intended in the
      foregoing disclosure and in some instances, some features of the invention
      will be employed without a corresponding use of other features.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A portable beverage dispenser comprising a support, a housing secured to
      said support, a casing carried by said support in said housing, said
      casing being divided into a plurality of bottle receptacles, compartments
      for ice secured to said casing, said housing having a movable upper wall
      portion, said casing having a hingedly mounted wall pivotable from an
      upwardly extending position to a horizontal position extending outwardly
      of said housing, said hingedly mounted wall being supported by an ice
      compartment when in said horizontal position, said compartments for ice
      having openings disposed to communicate with the interior of said housing
      when said hingedly mounted wall is in said upwardly extending position and
      disposed to be blocked by said hingedly mounted wall when said hingedly
      mounted wall is in said horizontal position.
NUM  2.
PAR  2. A portable wine dispenser according to claim 1 further including a
      plurality of cooling cups disposed one each below said bottle receptacles
      and within said compartments for ice.
NUM  3.
PAR  3. A portable beverage dispenser according to claim 1, including a wheeled
      chassis, said support rising upwardly from said chassis.
NUM  4.
PAR  4. A portable beverage dispenser according to claim 1, wherein said bottle
      receptacles each have a cavity with the shape of a conical frustum cut
      longitudinally with said cavity having a relatively larger semi-circular
      end and a relatively smaller semi-circular end with said larger end
      disposed higher than said smaller end for the purpose of accommodating the
      neck of a bottle of liquid when said bottle is inverted.
NUM  5.
PAR  5. A portable beverage dispenser according to claim 1, wherein said housing
      includes a plurality of staves forming the wall portion of said housing, a
      pair of circumferential bands each on an end of said wall portion a pair
      of end plates forming the end portions of said housing with said bands
      disposed to encircle said staves and a plurality of angle brackets secured
      to said staves to said end plates for securing said wall portion to the
      end plates of said housing.
NUM  6.
PAR  6. A portable beverage dispenser according to claim 1, including a rack
      secured to said support with said rack disposed below said housing and
      comprising a first panel secured to said support and forming an acute
      angle with said support, a second panel secured to said first panel and
      extending at a right angle with said first panel, and a third panel
      secured to said second panel at an obtuse angle with said second panel for
      the purpose of storing bottles with said bottles supported by said first
      and second panels and prevented from falling outwardly from said rack by
      said third panel.
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ABST
PAL  A dispenser for use in dispensing a product in heated condition from a
      pressurized container. The dispenser includes a main housing for removably
      receiving and holding the container and a heat exchanger assembly mounted
      in the main housing and spaced apart from the container. The heat
      exchanger assembly comprises a cup-like mass of a heat conductive material
      and includes an elongated passageway in its wall of a depth substantially
      equal to that of the wall and extending from the inlet to the outlet of
      the heat exchanger assembly. The product is directed in a single
      predetermined direction through the elongated passageway from the inlet to
      the outlet of the heat exchanger assembly. Further, an electrical heater
      is disposed along the inner wall of the cup-like mass and a circuit for
      connecting the heater to a source of power is provided. A thermostatic
      switch in the circuit is disposed within the heat exchanger assembly to
      disconnect the power source when the heat exchanger assembly reaches the
      desired temperature.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a combination heating and dispensing device for a
      product packaged in a pressure container of the type commonly known as an
      aerosol container. More particularly, this invention is concerned with a
      dispenser for heating and dispensing foam shaving lather.
PAR  Combined heating and dispensing devices for pressurized containers of
      shaving cream or lather have previously been proposed. However, they have
      suffered from a variety of disadvantages, principally in their inability
      to efficiently heat an adequate supply of foamed lather at a sufficiently
      high rate of discharge at the desired temperature, as well as from the
      risk of overheating.
PAR  The present invention provides a device overcoming these difficulties which
      is constructed and arranged with a housing for removably receiving and
      holding a conventional pressurized container of shaving cream. The
      container includes a conventional outlet valve actuated by moving its
      associated outlet nozzle. Mounted within the housing and spaced apart from
      the pressurized container is a heat exchanger assembly having an inlet and
      an outlet and comprising a cup-like mass of a heat conductive material,
      such as a metal. The wall portion of the cup-like mass includes an
      elongated passageway of a depth substantially equal to that of the wall
      portion and extending from the inlet to the outlet of the heat exchanger
      assembly. Means is provided for directing the product in a single
      predetermined direction from the inlet to the outlet of the heat exchanger
      assembly. Means is also provided for connecting the heat exchanger
      assembly to the container comprising a fitting movably mounted within the
      housing in position to engage in sealing relation to the outlet nozzle of
      the container and a flexible conduit connecting the fitting to the inlet
      of the heat exchanger assembly and a manually actuated means provided for
      moving the fitting when engaged with the outlet nozzle to actuate the
      outlet valve. A conduit connects the outlet of the heat exchanger assembly
      to a delivery spout extending through the housing and an electrical
      resistance heater is disposed along the inner wall of the cup-like mass
      with a circuit for connecting the heater to a source of power. The circuit
      includes a thermostatic switch or thermostat disposed within a cup-like
      mass to disconnect the power source from the heater when the cup-like mass
      of the heat exchanger assembly reaches the desired temperature.
PAR  In a preferred embodiment, the circuit includes a locking relay assembly
      which keeps the power source connected to the heater until the thermostat
      opens. When the thermostat opens, the locking relay assembly is
      de-energized and the power source is prevented from being automatically
      reconnected to the heater when the temperature of the cup-like mass of the
      heat exchanger assembly drops below the desired level. Manually actuable
      means may be provided for reconnecting the power source to the heater when
      the cup-like mass, and hence the thermostat, has cooled below the desired
      useful temperature.
PAR  Also in a preferred embodiment, the heat exchanger assembly includes a
      separate inner and outer cup-like mass which together define the elongated
      passageway between their respective walls.
PAR  Improved temperature control can be achieved by providing a well or cavity
      at the inner face of the wall of the cup-like mass and mounting the
      thermostatic switch in the well between the cup-like mass and the heater.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide heating and dispensing
      apparatus which will efficiently heat an adequate supply of a product,
      such as a shaving cream or lather, at a sufficiently high rate of
      discharge at a desired temperature.
PAR  It is also an object of this invention to provide heating and dispensing
      apparatus which will operate efficiently and without a substantial risk of
      overheating.
PAR  It is a further object of this invention to provide heating and dispensing
      apparatus which is reliable and provides ease of assembly and
      construction.
PAR  Briefly stated, and according to an aspect of this invention, the foregoing
      objects are achieved by providing heating and dispensing apparatus
      including a heat exchanger assembly having a cup-like mass of a heat
      conductive material and having an elongated passageway of a depth
      substantially equal to that of the wall of the cup-like mass. The cup-like
      mass may be integrally formed to include the elongated passageway in its
      wall or may be formed to define the elongated passageway between the
      respective walls of separate concentrically positioned inner and outer
      cup-like members. The product is directed in a single predetermined
      direction through the elongated passageway and electrical means to prevent
      reconnection of the power source to the heater after the desired
      temperature is reached may be provided.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention both as to its organization and principles of operation
      together with further objects and advantages thereof may better be
      understood by referring to the following detailed description of
      embodiments of the invention when taken in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1 is an isometric view, partially broken away, illustrating an
      exemplary embodiment of the cover of the housing and the actuating lever
      separated from the remainder of the housing, in accordance with this
      invention.
PAR  FIG. 2 is a view in vertical section illustrating an exemplary embodiment
      and including the pressurized container, in accordance with this
      invention.
PAR  FIG. 3 is a schematic diagram illustrating an exemplary embodiment of an
      electric circuit utilized in accordance with this invention.
PAR  FIG. 4 is a top plan view, partially broken away, illustrating an exemplary
      embodiment of the heat exchanger assembly and means for connecting the
      heat exchanger assembly to the container, in accordance with this
      invention.
PAR  FIG. 5 is a view in front elevation, partially broken away, illustrating an
      exemplary embodiment of the arrangement of the heat exchanger assembly and
      the means for connecting the heat exchanger assembly to the container, in
      accordance with this invention.
PAR  FIG. 6 is a view in vertical section of an exemplary embodiment of the heat
      exchanger assembly on an enlarged scale, in accordance with this
      invention.
PAR  FIG. 7 is a view in section taken along line 7--7 of FIG. 6, in accordance
      with this invention.
PAR  FIG. 8 is a view in vertical elevation, partially broken away and in
      section, taken along line 8--8 of FIG. 4 illustrating an exemplary
      embodiment of the inlet to the heat exchanger assembly, in accordance with
      this invention.
PAR  FIG. 9 is a view in vertical elevation, partially broken away and in
      section, taken along line 9--9 of FIG. 4 illustrating an exemplary
      embodiment of the outlet from the heat exchanger assembly in accordance
      with this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2, the heating and dispensing apparatus
      includes a housing formed of molded plastic or the like and having a main
      body portion 10 and a cover portion 11 bolted or otherwise secured to the
      top of the main body portion 10. A bottom portion 12 is removably secured
      to the open bottom end of the main body portion 10 by conventional
      interlocking grooves and detents along the margins. A partition 13 has
      secured to it a molded plastic collar 14 having a split skirt 15 extending
      downwardly through an aperture in the partition 13. At the lower margin of
      the split skirt 15, a radially outwardly extending flange 16 in position
      to be releasably engaged within the margin of a conventional mounting ring
      17 permanently secured to pressurized container 18 which is filled with
      materials such as shaving cream and a pressure propellant. An upwardly
      extending outlet nozzle 19 is mounted on an outlet valve (not shown) which
      can be actuated in the usual manner by moving the outlet nozzle 19 to
      discharge the contents of the container 18.
PAR  Container 18 can be inserted in or removed from the body portion 10 of the
      housing by removing the bottom portion 12, whereupon the rolled flange of
      the mounting ring 17 of the container 18 can be readily engaged or
      disengaged with the lower portion of the split skirt 15 and its outwardly
      extending flange 16 of collar 14.
PAR  Secured within the main body portion 10 of the housing by suitable brackets
      is heat exchanger assembly 20 which is spaced apart from the location of
      the container 18 thus minimizing the transfer of heat from the heat
      exchanger assembly 20 to the container 18. The heat exchanger assembly 20
      is located at the side of the container 18, only as an exemplary
      embodiment. The heat exchanger assembly 20 may readily be located above
      and spaced apart from the container 18 which would also minimize the
      transfer of heat from the heat exchanger assembly 20 to the container 18.
      When the heat exchanger assembly 20 is mounted above the container 18,
      suitable mounting brackets which support the heat exchanger assembly 20
      above the container 18 and isolate the same from the container 18 are
      readily provided. Further, with the heat exchanger assembly positioned
      either above or at the side of the container 18, slots or vents (not
      shown) for directing the thermal flow may readily be formed in the
      housing. Such vents would direct the thermal flow to cool the container 18
      utilizing the chimney effect or the like. A plurality of generally
      parallel slots formed in the back side of the housing when the heat
      exchanger assembly is located at the side of the container or in the side
      or cover portion of the housing, when the heat exchanger assembly is
      located above the container, is desirable.
PAR  Referring now to FIGS. 1, 2, and 5, the heat exchanger assembly 20 is
      provided with an inlet 21 and an outlet 22. Means is provided for
      connecting the heat exchanger assembly 20 to the container 18 in the form
      of a molded plastic fitting 23 mounted for vertical sliding movement in
      collar 14 and having a bore of suitable size to make sealing engagement
      with the outlet nozzle 19. A flexible conduit or hose 24 provides fluid
      communication between the inlet 21 of the heat exchanger 20 and the bore
      of fitting 23. A lever 25 is pivotally mounted at 26 on suitable brackets
      affixed to the main body portion 10 of the housing above partition 13. The
      free end 27 of the lever 25, which includes an aperture, is urged upwardly
      by a compression spring 28 seated between the bottom of lever 25 and the
      top of partition 13.
PAR  Slidably mounted in the cover portion 11 of the housing is actuator 29 with
      its upper surface exposed through an aperture in the housing so as to be
      accessible for manual actuation from the outside. The bottom margin of
      actuator 29 includes an extended portion 30 disposed through the aperture
      in the free end 27 of lever 25. The bottom margin of actuator 29 serves as
      a stop to limit upward movement of lever 25, and a boss 31 extends
      downwardly from lever 25 in position to abut against the upper face of
      fitting 23.
PAR  Consequently, when the cover portion 11 is secured in position and the
      container 18 is inserted as described above, outlet nozzle 19 is
      simultaneously forced into sealing engagement with the bore of fitting 23.
      In operation, the bottom margin of actuator 29 bears on the free end 27 of
      lever 25 causing the lever 25 to move downwardly when actuator 29 is
      depressed thus, in turn, moving fitting 23 and outlet nozzle 19 to release
      the product or contents of container 18.
PAR  Outlet 22 of the heat exchanger assembly 20 is connected by conduit or hose
      32 to delivery spout 33 which is mounted so as to project through an
      aperture in the main body portion 10 of the housing. An alternate means of
      releasing the contents of container 18 is to mount the delivery spout 33
      on the free end 27 of the lever 25. Depressing the portion of the delivery
      spout 33 which projects through the aperture in the wall in the body
      portion 10 of the housing, also depresses the lever 25 causing it to move
      downwardly thus moving fitting 23 and outlet nozzle 19 to release the
      contents of container 18.
PAR  Referring now to FIGS. 6 and 7, the heat exchanger assembly 20 includes a
      cup-like mass of a heat conductive material such as nickel-plated aluminum
      or other metal which will also provide adequate protection from corrosion.
      The wall portion of the cup-like mass includes an elongated passageway 38
      preferably of uniform width and of a depth substantially equal to that of
      the wall portion and extending from the inlet 21 to the outlet 22 of the
      heat exchanger assembly 20. Although the cup-like mass may be formed as a
      single, integral unit, the embodiment of FIGS. 6 and 7 illustrate the
      cup-like mass to comprise inner and outer mating elements or first
      cup-like member 34 and second cup-like member 35. Cup-like members 34 and
      35 are formed, in this embodiment, with their respective wall portions and
      bottom portions as a single piece unit of the same heat conductive
      material to aid in providing ease of manufacture and assembly. The
      cup-like members 34 and 35, when assembled, are sealed together with
      gasket 36 positioned between upper flange portions of the members and
      gasket 37 disposed in a concentric groove under the bottom portion of the
      inner member 34 and thus between the respective bottom portions of the
      members 34 and 35. Thus, within the formed composite side wall, the
      elongated passageway 38 is defined extending along most of the length of
      the side wall.
PAR  In the embodiment, utilizing separate mating cup-like members 34 and 35,
      the total weight of members 34 and 35 formed from nickel-plated aluminum
      is approximately 92 grams. The total weight or mass and thickness of the
      members depends on factors such as the type of material, manufacturing
      requirements, desired heating time, size of heating unit and the like. The
      formed elongated passageway is of a substantial uniform width from 0.004
      inch to 0.100 inch and preferably in the range from 0.008 inch to 0.020
      inch. In this embodiment, the actual width is 0.010 inch. The height of
      the wall portion of the cup-like mass may be in a range of from 0.2 inch
      to 7.0 inches with the embodiment illustrated being 1.0 inch. The length
      of the elongated passageway may correspondingly be from 1.0 to 6.0 inches
      with the embodiment illustrated being 4.5 inches. The heat capacity of the
      heat exchanger assembly 20 is entirely suitable when in the range of from
      5 to 40 calories per degree centigrade above ambient and preferably from
      12 to 15 calories per degree centigrade above ambient.
PAR  Within these parameters, the dispenser of the present invention, when used
      with any conventional pressurized container of shaving cream dispensing a
      foamed lather and having an internal pressure from 15 to 100 p.s.i.g. at
      room temperature, is capable of delivering foamed lather in large amounts
      at a spout temperature of up to 100.degree. C and preferably in the range
      of 50.degree. to 95.degree. C. Pressure propellants such as halogenated
      hydrocarbons (Freons), butane, nitrogen, and other propellants can be used
      in the container 18.
PAR  Means for directing the product in a single predetermined direction from
      the inlet 21 to the outlet 22 of the heat exchanger assembly 20 is
      provided. When utilizing an elongated passageway having a depth
      substantially equal to the depth of the wall portion of a cup-like mass,
      it is advantageous to control the direction of product travel and prevent
      the product from travelling between the inlet and the outlet of the heat
      exchanger assembly by the shorter route. Thus, the directing means, which
      may or may not be formed integrally with the cup-like mass, substantially
      prevents fluid communication in the elongated passageway in one direction
      between the inlet and the outlet thereby directing fluid communication
      between the inlet and the outlet through the elongated passageway, which
      preferably is of the longer length to realizing a more efficient heat
      exchanger assembly. In a one-piece cup-like mass, the directing means may
      be integrally formed to block the elongated passageway, preferably between
      the shorter distance around the length of the wall portion between the
      inlet and the outlet of the heat exchanger assembly. Also preferably, the
      inlet and outlet of the heat exchanger assembly are respectively formed
      substantially immediately adjacent opposite sides of the directing means
      and formed elongated passageway thereby extends at least fifty percent and
      preferably substantially the entire length of the wall portion.
PAR  In the embodiment of the heat exchanger assembly having first and second
      cup-like members, mating perpendicular channels may be formed along the
      outer wall of the inner cup-like member and the inner wall of the outer
      cup-like member thereby, when assembled, forming the directing means and
      also aiding in aligning the inner member in its proper position
      concentrically disposed within the outer member.
PAR  In the embodiment of FIG. 7 including a well or cavity (to be described
      subsequently) the directing means includes the raised portions 39 and 40
      of member 35 which substantially prevents fluid communication in the
      shorter direction between inlet 21 and outlet 22 of heat exchanger
      assembly 20.
PAR  Disposed within the inner cup-like member 34 of the heat exchanger assembly
      20 and extending along the inner face of its wall portion is a heating
      means such as an electrical resistance heater 41 in the form of resistance
      wire wrapped on a form covered on each side with electrical insulating
      material 42 such as synthetic mica. The insulating material 42 and the
      heater 41 are held in place by a biasing means such as a metal spring 43
      which in turn is held in place by its own biasing force against the member
      34. In FIG. 7, raised portions 44 formed integrally with the inner
      cup-like member 34 and extending from its inner wall portion may be
      provided as an alignment aid during assembly.
PAR  Although the design of the cup-like mass substantially prevents leakage
      from its bottom portion, fastening means such as screw 45 may be threaded
      through the bottom portion of the outer cup-like member 35 and into raised
      portion 46 integrally formed on the inside bottom portion of the inner
      cup-like member 34. Also extending on the inside bottom portion of the
      cup-like mass and formed integrally therewith is a raised mount 47 for a
      thermal link or fuse to be described subsequently.
PAR  Referring to FIGS. 4 through 9, an electrical control circuit for
      connecting the heater 41 to a source of power is mounted within a water
      tight cup-like closure housing 48 secured through support member 49 to the
      open face of the heat exchanger assembly 20 and sealed thereto by means of
      appropriate gaskets 50. Closure housing 48 together with heat exchanger
      assembly 20 serves to isolate the electrical components from the container
      18 and from any of the contents of the container 18 which might accidently
      spill in or on the housing and which would otherwise present a safety
      hazard to the user.
PAR  As illustrated in FIG. 3, the circuit includes a connector 51 for
      connecting the heater 41 to a suitable source of power. Connected in
      series with the heater 41 is a thermostatic switch such as snap action
      thermostatic switch 52 which is normally closed at room temperature but
      which opens when the switch attains the desired temperature. This
      temperature is chosen to be that which is required to ultimately deliver
      heated foam at the delivery spout at the desired temperature range. In
      parallel with the normally closed thermostatic switch 52 is an indicator
      or pilot light such as a glow discharge tube or light 53 which will light
      when the circuit is activated and the normally closed thermostatic switch
      52 is open. Also in series with the heater 41 is the parallel combination
      of a normally open magnetically actuated push button switch 54 and a
      locking relay comprised of a normally open relay contact 55 with its
      associated armature 56 connected across the heater 41. An indicator or
      pilot light such as a glow discharge tube or light 57 is connected in
      parallel with the heater 41 and will light when the heater 41 is
      functioning. A fusible link or fuse 58 is also provided in the circuit in
      the usual manner as a safety device, being arranged to melt and open the
      circuit to the heater 41 if the desired limiting temperature is exceeded
      within the device.
PAR  Referring to FIGS. 4 and 5, indicator lights at 53 and 57 are mounted
      within an upper transparent portion of closure housing 48 in position to
      be visible through housing 48 and sight ports 59 and 60 (FIG. 1) of the
      cover portion 11 of the housing device. Magnetically actuated switch 54 is
      also located in the upper forward portion of closure housing 48 in
      position to be actuated by push button 61 carrying permanent magnet 62
      (FIGS. 4 and 5). The fusible link 58 is preferably mounted within the
      center opening of the cup-like mass in mount 47 described when referring
      to FIG. 6.
PAR  The thermostatic switch 52 is also located within the center opening of the
      cup-like mass of the heat exchanger assembly 20. However, in a preferred
      embodiment, (FIGS. 6 and 7) the thermostatic switch 52 is oriented in a
      well or cavity 63 located in the inner wall of the heat exchanger assembly
      20 to provide the proper rate of heat flow into the thermostat. More
      particularly, the thermostatic switch 52 is positioned between a heat
      conductive member 64 and a heat insulating member 65. It has been found
      that positioning the thermostatic switch 52 in the well 63 between the
      heat conductive member 64 and the heat insulating member 65 provides for
      consistent and reliable switching at the desired temperature range of the
      thermostatic switch 52. All of the components of the electrical circuit,
      except for connector 51 and its leads, are sealed within the water tight
      enclosure formed by the heat exchange assembly 30, closure housing 48 and
      support member 49.
PAR  In operation of the device, after insertion of the pressurized container 18
      as described above and connection of the circuit to a suitable source of
      power, push button 61 is momentarily closed to close magnetic switch 54.
      Thermostatic switch 52 being normally closed, the closing of switch 54
      energizes armature 56 thereby closing normally open relay contact 55 and
      supplying power to heater 41. Simultaneously, indicator or pilot light 57
      glows indicating that heating is taking place. When thermostatic switch 52
      reaches the design temperature which is not necessarily equal to the
      design temperature of the thermostatic switch alone, it opens causing the
      locking relay to open, thereby disconnecting the heater 41 from the power
      supply. Once the power supply is interrupted to the heater 41 by means of
      the opening of normally closed thermostatic switch 52 at the design
      temperature, armature 56 of the locking relay, since it also has its power
      supply substantially disconnected, becomes de-energized and thereby
      releases its hold on normally open relay contact 55 which returns to its
      normally open position thereby preventing reconnection of the heater 41 to
      the power source when the temperature of the thermostatic switch 52 drops
      below the desired level. Of course, indicator light 57 is responsive to
      the condition of heater 41 and will go out whenever the power source is
      interrupted to the heater 41 such as when the normally closed thermostat
      52 is open. Indicator light 53 at the same time comes on and stays on as
      long as thermostat 52 is open indicating that the heat exchanger assembly
      20 has reached and is above its minimum design operating temperature.
PAR  Other circuits may be used in the practice of this invention either with or
      without the means for preventing reconnection of the power source to the
      heating means when the temperature of the cup-like mass of the heat
      exchanger assembly reaches the desired level. For example, a circuit
      employing the thermostatic switch such as a drift type thermostatic switch
      and a separate on-off switch is applicable.
PAR  After the indicator light 53 comes on to indicate that the heat exchanger
      assembly 20 has reached its operating temperature as described above,
      actuator 29 is then depressed manually, moving outlet nozzle 19 and
      opening the valve of the container 18. Foam discharged from the container
      18 passes through elongated passageway 38 of the heat exchanger assembly
      20 propelled by the pressure within the container 18 and emerges in heated
      form through spout 33. As soon as the temperature of thermostatic switch
      52 drops below its design level, it assumes its normally closed position,
      bypassing indicator light 53 and causing the latter to be extinguished. No
      further power is delivered to the heater 41 until push button 61 is once
      again closed, thus, obviating the possibility of continuous heating
      thereby increasing the useful life of the assembly.
PAR  Accordingly, it has been shown that by providing heating and dispensing
      apparatus as discussed herein at a reliable and safe system may be
      achieved. While embodiments and applications of this invention have been
      shown and described, it will be apparent to those skilled in the art that
      many more modifications are possible without departing from the inventive
      concepts herein described. The invention, therefore, is not to be
      restricted except as is necessary by the prior art and by the spirit of
      the appended claims.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. Apparatus for heating and dispensing a product from an outlet of a
      pressurized container comprising:
PA1  a housing for removably receiving and holding the pressurized container;
PA1  a heat exchanger assembly mounted in said housing and spaced apart from the
      pressurized container, said heat exchanger assembly having an inlet and an
      outlet and including a cup-like mass of a heat conductive material having
      a wall portion, said wall portion having a single thin deep elongated
      passageway of a substantially uniform width and of a depth substantially
      equal to that of said wall portion and extending for a distance less than
      the circumference of said cup-like mass from said inlet to said outlet of
      said heat exchanger assembly;
PA1  means for directing the product from said inlet to said outlet of said heat
      exchanger assembly in a single predetermined direction through said
      elongated passageway, said directing means being positioned between said
      inlet and said outlet of said heat exchanger assembly thereby preventing
      the product from traveling through said cup-like mass a distance greater
      than the circumference of said cup-like mass;
PA1  manually actuable means for actuating the outlet valve of the pressurized
      container thereby releasing the product from the pressurized container;
PA1  means for connecting the outlet of the pressurized container to said inlet
      of said heat exchanger assembly;
PA1  means for connecting said outlet of said heat exchanger assembly to a
      delivery spout extending through said housing;
PA1  heating means disposed within said heat exchanger assembly in a heat
      transfer relationship with said wall portion to provide heat to the
      product in said elongated passageway through said wall portion; and
PA1  circuit means for connecting said heating means to a power source.
NUM  2.
PAR  2. Apparatus as in claim 1 wherein said circuit mans includes electrical
      means disposed within said heat exchanger assembly for disconnecting said
      heating means from the power source when a desired temperature is reached.
NUM  3.
PAR  3. Apparatus as in claim 2 wherein said electrical means includes a
      normally closed thermostatic switch and said heating means is
      substantially disconnected from the power source when said thermostatic
      switch reaches the desired temperature.
NUM  4.
PAR  4. Apparatus as in claim 3 wherein a well is provided at the inner face of
      said wall portion and said thermostatic switch is disposed in said well
      between said cup-like mass and said heating means.
NUM  5.
PAR  5. Apparatus as in claim 4 further including a heat insulating member
      disposed in said well between said cup-like mass and said thermostatic
      switch and a heat conductive member disposed in said well between said
      thermostatic switch and said heating means.
NUM  6.
PAR  6. Apparatus as in claim 1 wherein said inlet and said outlet of said heat
      exchanger assembly are respectively formed adjacent opposite sides of said
      means for directing the product, and said elongated passageway extends
      through at least over 50 percent of the circumference of said cup-like
      mass.
NUM  7.
PAR  7. Apparatus as in claim 6 wherein said means for directing the product is
      integrally formed with said wall portion.
NUM  8.
PAR  8. Apparatus as in claim 1 wherein said heating means includes an
      electrical resistance heater substantially disposed along said wall
      portion of said heat exchanger assembly.
NUM  9.
PAR  9. Apparatus as in claim 1 wherein the heat capacity of the heat exchanger
      assembly is in the range of from 12 to 15 calories per degree centigrade
      above ambient.
NUM  10.
PAR  10. Apparatus as in claim 1 including means for directing the thermal flow
      away from the pressurized container.
NUM  11.
PAR  11. Apparatus as in claim 10 wherein said means for directing the thermal
      flow includes vent means disposed through said housing.
NUM  12.
PAR  12. Apparatus as in claim 1 wherein the outlet valve of the pressurized
      container is actuated by moving an associated outlet nozzle, said means
      for connecting the outlet of the pressurized container to said inlet of
      said heat exchanger assembly including a fitting movably mounted within
      said housing and positionable to engage in a sealing relationship with the
      outlet nozzle of the pressurized container, and further including a
      flexible conduit connecting said fitting to said inlet of said heat
      exchanger assembly.
NUM  13.
PAR  13. Apparatus as in claim 12 wherein said manually actuable means for
      actuating the outlet valve of the pressurized container includes means for
      moving said fitting when engaged with the outlet nozzle to actuate the
      pressurized container.
NUM  14.
PAR  14. Apparatus as in claim 13 wherein said means for connecting said outlet
      of said heat exchanger assembly to said delivery spout includes a flexible
      conduit.
NUM  15.
PAR  15. Dispensing apparatus for heating and dispensing a product from an
      outlet of a pressurized container comprising:
PA1  a main housing for removably receiving and holding the pressurized
      container;
PA1  a heat exchanger assembly mounted in said housing and spaced apart from the
      pressurized container, said heat exchanger assembly having an inlet and an
      outlet and including a first and second separate cup-like mass each formed
      of a heat conductive material and each having a wall portion, said first
      cup-like mass being disposed in said second cup-like mass thereby defining
      a single thin deep elongated passageway between each of said respective
      wall portions of a substantially uniform width and of a depth
      substantially equal to that of each of said wall portions and extending
      for a distance less than the circumference of said cup-like mass from said
      inlet to said outlet of said heat exchanger assembly;
PA1  means for directing the product from said inlet to said outlet of said heat
      exchanger assembly in a single predetermined direction, through said
      elongated passageway, said directing means being positioned between said
      inlet and said outlet of said heat exchanger assembly thereby preventing
      the product from traveling through said cup-like mass a distance greater
      than the circumference of said cup-like mass;
PA1  manually actuable means for actuating the outlet valve of the pressurized
      container thereby releasing the product from the pressurized container;
PA1  means for connecting the outlet of the pressurized container to said inlet
      of said heat exchanger assembly;
PA1  conduit means for connecting said outlet of said heat exchanger assembly to
      a delivery spout extending through said housing;
PA1  heating means disposed within said heat exchanger assembly in a heat
      transfer relationship with said wall portions to provide heat to the
      product in said elongated passageway through said wall portion; and
PA1  circuit means for connecting said heating means to a power source and
      including a thermostatic switch disposed within said heat exchanger
      assembly for disconnecting said heating means from the power source when
      said thermostatic switch reaches the desired temperature.
NUM  16.
PAR  16. Dispensing apparatus as in claim 15 wherein a well is provided at the
      inner face of said wall portion of said first cup-like mass and said
      thermostatic switch is disposed within said well between said first
      cup-like mass and said heating means.
NUM  17.
PAR  17. Dispensing apparatus as in claim 16 further including a heating
      insulating member disposed in said well between said first cup-like mass
      and said thermostatic switch and a heat conductive member disposed in said
      well between said thermostatic switch and said heating means.
NUM  18.
PAR  18. Dispensing apparatus as in claim 15 wherein said inlet and said outlet
      of said heat exchanger assembly are respectively formed adjacent opposite
      sides of said means for directing the product, and a first portion of said
      means for directing the product is integrally formed with said first
      cup-like mass and a second portion of said means for directing the product
      is integrally formed with said second cup-like mass and said elongated
      passageway extends between said wall portion of said first and second
      cup-like masses for at least over fifty percent of the outer circumference
      of said first cup-like mass.
NUM  19.
PAR  19. Apparatus as in claim 15 wherein the heat capacity of the heat
      exchanger assembly is in the range of from 12 to 15 calories per degree
      centigrade above ambient.
NUM  20.
PAR  20. Apparatus for heating and dispensing a shaving cream from an outlet of
      a pressurized container comprising:
PA1  a housing for removably receiving and holding the pressurized container;
PA1  a heat exchanger assembly mounted in said housing and spaced apart from the
      pressurized container, said heat exchanger assembly having an inlet and an
      outlet and including a cup-like mass of a heat conductive material having
      a wall portion, said wall portion having a single thin deep elongated
      passageway of a substantially uniform width and of a depth substantially
      equal to that of said wall portion and extending for a distance less than
      the circumference of said cup-like mass from said inlet to said outlet of
      said heat exchanger assembly;
PA1  means for directing the shaving cream from said inlet to said outlet of
      said heat exchanger assembly in a single predetermined direction through
      said elongated passageway, said directing means being positioned between
      said inlet and said outlet of said heat exchanger assembly thereby
      preventing the shaving cream from traveling through said cup-like mass a
      distance greater than the circumference of said cup-like mass;
PA1  manually actuable means for actuating the outlet valve of the pressurized
      container thereby releasing the shaving cream from the pressurized
      container;
PA1  means for connecting the outlet of the pressurized container to said inlet
      of said heat exchanger assembly;
PA1  means for connecting said outlet of said heat exchanger assembly to a
      delivery spout extending through said housing;
PA1  heating means disposed within said heat exchanger assembly in a heat
      transfer relationship with said wall portion to provide heat to the
      shaving cream in said elongated passageway through said wall portion;
PA1  circuit means for connecting and disconnecting said heating means to a
      power source; and
PA1  electrical means, including a locking relay assembly connected to said
      circuit means and disposed within said heat exchanger assembly, responsive
      to the disconnection of the power source for preventing reconnection of
      the power source to said heating means when the temperature of said
      cup-like mass of said heat exchanger assembly reaches the desired level.
NUM  21.
PAR  21. Apparatus as in claim 20 wherein said electrical means includes a
      normally closed thermostatic switch and said heating means is disconnected
      from the power source when said thermostatic switch reaches the desired
      temperature.
NUM  22.
PAR  22. Apparatus as in claim 20 wherein said locking relay assembly includes
      an armature having an associated normally open relay contact, said
      armature when energized causing the closing of said normally open relay
      contact and electrically connecting the power source to said heating
      means, said armature when de-energized, in response to the desired
      temperature being reached, causing the releasing of said normally open
      relay contact and the disconnecting of the power source from said heating
      means.
NUM  23.
PAR  23. Apparatus as in claim 22 including a closure housing for the central
      opening of said cup-like mass.
NUM  24.
PAR  24. Apparatus as in claim 23 wherein said electrical means also includes a
      magnetically actuated switch disposed within said closure housing and a
      push button carrying a magnet mounted on said housing adjacent said
      closure housing for actuating said switch.
NUM  25.
PAR  25. Apparatus as in claim 20 wherein said circuit means includes manually
      actuable means for connecting the power source to said heating means.
NUM  26.
PAR  26. Apparatus as in claim 20 wherein said cup-like mass includes a first
      and second separate cup-like mass each formed of a heat conductive
      material and each having a wall portion, said first cup-like mass being
      disposed in said second cup-like mass thereby defining the elongated
      passageway between each of said respective wall portions, of a depth
      substantially equal to that of each of said wall portions.
NUM  27.
PAR  27. Apparatus as in claim 26 wherein a well is provided at the inner face
      of said wall portion of said first cup-like mass and said thermostatic
      switch is disposed in said well between said first cup-like mass and said
      heating means and further including a heat insulating member disposed in
      said well between said first cup-like mass and said thermostatic switch
      and a heat conductive member disposed in said well between said
      thermostatic switch and said heating means.
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ABST
PAL  The fluid forced by a pump 1 through a conduit 2 towards a point of use
      such as a spraying bar 6, passes through a gate valve 7 which generates a
      pressure drop. The higher pressure P0 and the lower pressure P1 thus
      determined act on a diaphragm 10 which carries a flap valve member
      cooperating with a seat 18 formed at the inner end of a discharge tube
      15-5 which returns the liquid to the tank from which it is pumped. An
      auxiliary diaphragm 17 acts in the reverse direction. As soon as the
      pressure difference P0 - P1 exceeds a given value, the flap valve member
      14 closes. It is easily demonstrated that under such conditions the
      delivery pressure P1 is proportional to the pressure drop P1-P0,
      irrespective of the flow rate through the nozzles of the sprayer bar 6. If
      1 is driven at a constant speed, P1 therefore remains constant.
PAL  The invention is particularly applicable to agricultural sprayers.
BSUM
PAR  This invention relates to the regulation of the pressure of a flow of fluid
      with respect to its supply and may find an application of particular value
      in the sphere of control of the quantity of fluid distributed per unit of
      surface by an agricultural sprayer or other means for the distribution of
      fluid over a surface.
PAR  The invention enables such control to be effected independently of the
      conditions of use of the said fluid, the said pressure varying as the
      square of the feed of the said flow.
PAR  According to the method of the present invention a pressure loss is
      produced, as a function of the supply having a predetermined flow cross
      section, the down-stream end of the primary restriction, on the one hand,
      is connected to the using device and, on the other hand, to a further
      restriction of variable flow cross section in which the unused portion of
      said flow is fed and which is controlled by a regulator so as to maintain
      the pressure to be controlled in proportion or substantially proportional
      to the said pressure loss.
PAR  This regulator preferably comprises counteracting surfaces of different
      cross sections to which the pressures upstream and downstream of the
      primary restriction respectively are applied.
PAR  According to another or additional feature of the present invention, the
      controlled pressure is selected by adjusting the flow cross section of the
      primary restriction.
PAR  Under these conditions, the pressure of the fluid upstream of the primary
      restriction is substantially proportional to the pressure loss caused
      thereby, this loss of load being itself substantially proportional to the
      square of the rate of delivery of the flow of fluid.
PAR  The present invention may be applied with advantage to the regulating of
      the quantity of fluid distributed per unit of surface by a spraying
      machine or other means of supplying fluid in agricultural husbandry.
PAR  Sprayer units are known in which a volumetric pump, rotated by the engine
      of a tractor, forces the fluid contained in a tank towards the spraying
      conduit on the one hand, and towards a return duct to the tank on the
      other hand. In order that the quantity of fluid delivered per unit of
      surface, quantified generally by the term "feed per hectare", may be
      constant the delivery Q.sub.1 of the conduit must vary proportionally to
      the speed of displacement of the sprayer unit. This is the case for the
      supply Q.sub.0 delivered by the volumetric pump whose speed of rotation
      varies proportionally to the said speed of displacement. However, since
      the injectors of the spraying conduit are subjected to a pressure P.sub.1,
      the feed Q.sub.1 of the conduit is proportional to the square root of the
      pressure P.sub.1. It is therefore a question of varying the pressure
      P.sub.1 proportionally to the square of the feed Q.sub.0. The application
      of the process to the above-mentioned control makes it possible to solve
      the problem efficiently, independently of the conditions of use of the
      feed Q.sub.1, that is to say, of the characteristics of the sprayer
      employed and the nature, e.g. viscosity and specific gravity of the fluid.
PAR  Hence, according to the present invention, for regulating the quantity of
      fluid delivered per unit of surface by a spraying device or the like, the
      fluid contained in a tank is delivered by a means which causes the
      delivered supply to vary proportionally to the speed of displacement of
      the sprayer, for example a volumetric pump, the speed of rotation of which
      varies proportionally to the said speed of displacement. The pressure of
      the delivered fluid is regulated according to the delivery of the pump by
      means of the above-mentioned control process, the fluid flowing through
      the further restriction is returned to the reservoir, the using device
      being represented by the sprayer. The choice of delivery per hectare is
      effected very simply by adjusting the flow cross section of the primary
      restriction.
PAR  A device according to the present invention for controlling the pressure of
      a flow of fluid according to its supply, comprises: a primary restriction
      having a predetermined flow cross section through which the fluid flows so
      as to cause a pressure drop as a function of the supply, the downstream
      end of the said primary restriction being adapted for connection to the
      using device, a further restriction having a variable flow cross section,
      being also connected to the downstream end of the said first restriction
      for accommodating the unused portion of the flow supplied; a regulator
      controlling the said further restriction so as to maintain the pressure to
      be controlled in proportion or substantially proportional to the said
      pressure drop.
PAR  The regulator may comprise counteracting surfaces having different cross
      sections to which the pressures upstream and downstream of the said first
      restriction are respectively applied.
PAR  The counteracting surfaces may be those of a deformable member, for example
      one or more diaphragms or displaceable members, for example one or more
      pistons. In such a case, the restriction is preferably formed by a flap
      valve co-operating with a valve seat, the seat then preferably being
      mounted on the displaceable member and the flap valve being fixed.
PAR  The primary restriction may be formed by a gate valve, the flow cross
      section of which may be varied between a minimum and a maximum valve.
PAR  A device for regulating the quantity of fluid distributed per unit of
      surface, by a spraying device or the like distributor, comprises a means
      of distributing the fluid contained in a tank with a feed varying
      proportionally to the speed of displacement of the distributor, for
      example a volumetric pump, the speed of actuation of which varies
      proportionally to the said speed of displacement, a control device fed by
      the said fluid distributed in accordance with the above-mentioned control
      device, the further restriction being connected to the tank and the using
      device being formed by the distributor, e.g. the spraying device.
PAR  Apart from its application to agricultural irrigation, the present
      invention may be applied in particular to producing, in a simple manner
      from a constant supply of fluid, an appreciably constant pressure
      absolutely independent of the conditions of use, whilst the value of this
      pressure may be selected by simple gate valve adjustment.
DRWD
PAR  The following description and the attached drawings, given merely by way of
      example, will illustrate how the present invention may be carried into
      practice.
PAR  FIG. 1 is a schematic view in cross-section of a device according to the
      present invention for controlling the pressure of a flow of fluid with
      respect to its supply.
PAR  FIGS. 2 and 3 are schematic views of an agricultural sprayer unit,
      respectively carried behind a tractor, according to the invention.
PAR  FIG. 4 is a section on line IV -- IV of FIG. 5, of another embodiment of a
      control device according to the invention.
PAR  FIG. 5 is a section on the line V -- V of FIG. 4.
DETD
PAR  With reference to FIG. 1, a pump 1 is shown delivering a flow of fluid with
      a supply Q.sub.0 under a pressure P.sub.0 to a control unit 3 according to
      the present invention. This unit distributes the fluid to a delivery
      conduit 4 and return pipe 5 the conduit 4 feeding a using device 6 which,
      in the embodiment shown, is a sprayer bar, the pipe 5 possibly
      communicating with the tank (not shown) containing the fluid delivered by
      the pump 1.
PAR  The control unit 3 comprises two essential members: a gate valve 7
      producing a loss of pressure .DELTA. P and a pressure regulator 8. The
      gate valve 7, the inlet of which is connected to the pipe 2 and the outlet
      to the pipe 4, has a flow cross section restriction .sigma. adjustable by
      a control 9 between a minimum value .sigma.m and a maximum value .sigma.M.
PAR  The casing of the regulator 8 is divided by a diaphragm 10 into two
      separate enclosures 11 and 12 communicating respectively along the passage
      19 with the pipe 2 upstream of the gate valve 7 where the distributing
      pressure P.sub.0 prevails and, along the passage 20 with the pipe 4
      downstream of the gate valve 7 where the using pressure P.sub.1 prevails.
      The enclosure 12 is also connected to the pipe 5 by means of a discharge
      valve forming a restriction of variable cross section 13. This valve is
      formed by a plate 14 secured to the diaphragm 10 forming a displaceable
      flap valve cooperating with a seat having a cross section s formed by the
      free edge 18 of a fixed pipe 15 passing through the enclosure 12 to
      communicate with the pipe 5.
PAR  The plate 14 is connected by a rod 16 to another diaphragm 17 subjected to
      the pressure P.sub.0 of the fluid in the enclosure 11 on an active surface
      S.sub.2 greater than s. The force of the pressure P.sub.0 exerted on this
      diaphragm is opposed to the force exerted by the said pressure on the
      diaphragm 10 with surface S.sub.1.
PAR  The fluid under pressure P.sub.0 in the enclosure 11 exerts a force F which
      tends to reduce the flow cross section 13:
EQU  F = P.sub.0 S.sub.1 -  P.sub.o S.sub.2 = P.sub.o (S.sub.1 -S.sub.2)
PA1  in which S.sub.1 designates the active surface of diaphragm 10.
PAR  The fluid under pressure P.sub.1 in the enclosure 12 exerts a force f which
      tends to increase the flow cross section 13:
EQU  f = P.sub.1 (S.sub.1 -s),
PAL  the pressure in the pipe 15 being substantially equal to atmospheric
      pressure, being the pressure prevailing in the tank.
PAR  The diaphragm 10 will be in a state of equilibrium if F = f, that is to
      say, if:
      ##EQU1##
      or:
      ##EQU2##
      or again:
      ##EQU3##
PAR  The regulator 8 ensures the ratio between the pressure P.sub.1 and the loss
      of pressure .DELTA. P produced by the gate valve 7. The constant
      coefficient B which is determined by the surfaces S.sub.1, S.sub.2 and s
      may be selected so that, for a slight loss of pressure .DELTA. P the
      pressure P.sub.1 is considerable. For example, B may be selected equal to
      10.
PAR  If the supply Q.sub.0 of the pump 1 increases, the loss of pressure .DELTA.
      P increases as the square of this supply, as also does the using pressure
      P.sub.1. A control of the pressure P.sub.1 is obtained according to the
      square of the supply.
PAR  If the supply Q.sub.0 is constant, the unit 3 represents a constant
      pressure generator absolutely independent of the conditions of use, whilst
      the said pressure may be regulated by the control 9.
PAR  FIGS. 2 and 3 show a particularly preferred application of the invention in
      the sphere of agricultural irrigation or, more generally, of the
      distribution of fluid over a surface. This fluid may be a treatment
      liquid, preferably not subjected to considerable pressurization.
PAR  A tractor 21 to which a towed vehicle 22 is connected is shown on the
      surface 2, moving over a surface 23 to be treated. The towed vehicle 22
      carries a tank 24 containing treatment fluid, a volumetric pump 1 rotated
      by a shaft 25 from the engine of the tractor 21, a control unit 3 and a
      sprayer bar 6.
PAR  The pump 1, connected to the tank 24 by the pipe 27, feeds the fluid to the
      regulating unit 3 through the pipe 2. This pipe 2 is provided with a
      three-way gate valve 29 associated with a return pipe 28 to the tank 24.
      When it is desired to cease the spraying by stopping the pump 1, for
      example at the end of a field to permit the tractor 21 to turn round, the
      fluid delivered by the pump is fed to the pipe 28 at reduced pressure.
      Under normal operation the unit 3 feeds the apertured bar 6 with some of
      the delivery and returns to the tank 24 the supply remaining in the pipe
      5, thus ensuring efficient agitation of the treatment fluid contained in
      the said tank.
PAR  It will be seen that, as shown in FIG. 3, the control unit 3 may be
      supportively coupled to a tractor without departing from the scope of the
      present invention. This Figure shows the tank 24, the apertured bar 6, the
      pump 1 and the control unit 3 carried by a support 31 connected to the
      tractor 21 by two arms 32 and 33.
PAR  The supply from each nozzle of the sprayer bar fed at the pressure P.sub.1
      is =k .sqroot. P.sub.1, k being a substantially constant coefficient.
PAR  If the sprayer bar 6 is provided with N nozzles, the supply from the bar
      is:
EQU  Q.sub.1 = N k .sqroot. P.sub.1.
PAR  The quantity of fluid delivered by the bar per unit of surface, or delivery
      per hectare, is:
      ##EQU4##
      L being the width of the bar and V being the speed of its displacement.
PAR  However, the pressure P.sub.1 varies as the square of the supply Q.sub.0
      due to the action of the unit 3. The delivery Q.sub.0 from the volumetric
      pump 1, being itself proportional to its speed of rotation W and hence to
      the speed V of displacement, the term .sqroot. P.sub.1 accordingly varies
      proportionally to V.
PAR  The result is that the supply per hectare Qha is substantially constant
      whatever the speed V of displacement of the sprayer bar. It will be noted
      that if one or more nozzles are plugged, the pressure P.sub.1 is not
      affected and the delivery per hectare of the other nozzles remains
      unchanged. The same applies if a portion of the bar is closed. It will
      also be noted that, for two fluids of different viscosity and/or density,
      the delivery per hectare is not seriously modified. The effect of
      variation of viscosity and/or of density at the level of the nozzles of
      the sprayer bar and tending to modfy its supply is substantially
      compensated for by an inverse effect at the level of the gate valve 7
      tending to modify the loss of load .DELTA. P and hence the pressure
      P.sub.1.
PAR  The desired supply per hectare is selected by adjusting the flow cross
      section .sigma. of the gate valve 7, producing a loss of load .DELTA. P.
      The control 9 may be associated with a graduation directly giving the
      desired supply per hectare. However, since this varies with the
      transmission ratio selected by the gear box of the tractor 21, it may be
      preferable to graduate the control by indices, the user having directions
      tabulating or illustrating the index corresponding to a given transmission
      ratio and supply per hectare.
PAR  Hence, the present invention makes it possible to regulate the supply per
      hectare of agricultural sprayers by simple means, whilst the gate valve 7
      may have in particular a relatively large minimum flow cross section
      .sigma. m.
PAR  The present invention makes it possible to treat the entire surface
      concerned in a uniform manner and with a precise dosage, in particular
      avoiding the risk of destruction of plants or involuntary pollution of the
      environment by spreading an excessive quantity of the treatment product or
      of ineffective treatments in the event of too small a quantity of the
      treatment product.
PAR  FIGS. 4 and 5 concern a compact embodiment of the controlling unit 3. The
      body of this unit 36 contains a chamber 35 in communication with an inlet
      channel 37 connected to the distributing pipe 2 of the pump and two outlet
      channels 38 and 39, respectively connected to the conduit 4 of the using
      device and the pipe 5 (not shown). The channel 37 is provided with a
      conical seat 40 co-operating with a conical flap valve 41 for determining
      the flow cross section .sigma. of the gate valve 7. The flap valve 41 is
      applied by a spring 42 to a part 43, the said part being connected to a
      rod 44 passing through the chamber 35 and associated with a control 45.
      The control 45, actuated by a handle 46, is provided with a screw 47
      co-operating with a threaded portion 48 formed in the body 36 in order to
      cause the flap valve 41 to penetrate more or less into the seat 40. A
      thrust bearing 49 makes it possible to limit the movement of the flap
      valve so as to retain a minimum but not zero flow cross section.
PAR  The control 45 is also provided with a disc 50, graduated at 51, turning in
      relation to an index 52. In the event of accidental over-pressure in the
      delivery pipe 2 of the pump, the flap valve 41 slides along the rod 44
      compressing the spring 42 and completely opening the passage in the seat
      40.
PAR  The outlet channel 39 communicates with the chamber 35 by means of the
      regulator 8 which, as in the embodiment shown in FIG. 1, comprises a
      diaphragm 53 having a surface S.sub.1 dividing the regulator into two
      enclosures 54 and 55. In this embodiment the valve seat 56 having cross
      section s is mobile, mounted on the diaphragm 53 and co-operates with a
      fixed flap valve 57 to limit a restriction 58 of variable cross section.
PAR  The flap valve 57 is secured in the chamber 35 on a cross-piece connecting
      two parallel walls of the body 36 and having, in cross section, a curved
      shape partially enclosing the conical seat 40 (see FIG. 5). The wall 60 of
      the chamber 35 opposed to the said cross bar 59 appreciably matches the
      shape thereof so as to define two passages 61 and 62 of large flow cross
      section, on each side of the seat 56 and the flap valve 57.
PAR  The fluid flowing through the gate valve 7 must, in order to reach the
      restriction 58 flow around the cross piece 59 to engage the two passages
      61 and 62 of large cross section. It therefore flows at a relatively slow
      speed, except at the level of the free edge of the seat 56, and the static
      pressure acting on the diaphragm 53 in the enclosure 54 is practically
      equal to the total pressure of the fluid, the loss of load between the
      outlet of the gate valve 7 and the restriction 58 also being very low.
PAR  A blower 63, having an effective cross section S.sub.2 greater than the
      cross section s of the seat 56, passes through the enclosure 55 and
      communicates with the pipe 39. The enclosure 55 is connected to the inlet
      passage 37 in which the pressure P.sub.0 prevails through a pipe 64.
PAR  The fact that the flap valve 57 is fixed makes it possible to avoid the
      interference effect of the reaction due to the quantity of movement of the
      fluid ejected at the seat 56. This reaction, contained by the fixed flap
      valve 57, has no influence on the state of equilibrium of the diagphragm
      53.
PAR  The general operation of this device is identical to that shown in FIG. 1.
      The gate valve 7 produces a loss of load .DELTA. P and the regulator
      maintains the pressure P.sub.1 proportional to .DELTA. P, the pressure
      P.sub.0 being equal to P.sub.1 + .DELTA. P.
PAR  It will be appreciated that the embodiments which have just been described
      are only examples and they could be modified by substituting equivalent
      technical means without departing from the scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A regulator device for controlling the pressure of a fluid delivered to
      a point of use, comprising:
PA1  a conduit through which the fluid is forced towards said point of use;
PA1  means in said conduit to create a pressure drop therein, said means
      dividing said conduit into an upstream portion and a downstream portion;
PA1  valve discharge means to discharge a fraction of said fluid from said
      downstream portion of said conduit;
PA1  and movable means having opposed areas responsive to the pressures of said
      fluid in said upstream portion and in said downstream portion, the areas
      of said movable means being different and being effective according to the
      ratio of said areas to actuate said valve discharge means in such manner
      as to maintain in said downstream portion a pressure dropped in proportion
      to said ratio.
NUM  2.
PAR  2. In a regulator device as claimed in claim 1, said movable means
      responsive to the pressure of said upstream and downstream portions of
      said conduit comprising diaphragm means sensitive to said pressures, said
      diaphragm means having a useful effective area for each of said pressures,
      the effective area which corresponds to the pressure in said upstream
      portion being lower than the effective area which corresponds to the
      pressure in said downstream portion.
NUM  3.
PAR  3. In a regulator device as claimed in claim 2, said means responsive to
      the pressure of said upstream and downstream portions of said conduit
      comprising;
PA1  a casing delimited by a wall to define an inner space;
PA1  a main diaphragm within said casing to divide said inner space into a first
      and a second enclosures;
PA1  means to respectively connect said first and second enclosures to said
      upstream and downstream portions, with said wall having an aperture in the
      portion thereof which delimits said first enclosures;
PA1  an auxiliary diaphragm disposed in said aperture to isolate said first
      enclosure from the outer atmosphere, said auxiliary diaphragm being
      substantially parallel to said main diaphragm;
PA1  means to connect said auxiliary diaphragm with said main diaphragm to form
      therewith a pressure sensitive unit;
PA1  and means to connect said pressure-sensitive unit with said valve discharge
      means in such manner that any increase of the pressure difference between
      said first and second enclosures causes closure of said valve discharge
      means.
NUM  4.
PAR  4. In a regulator device as claimed in claim 2, said means responsive to
      the pressure of said upstream and downstream portions of said conduit
      comprising:
PA1  a casing defining an inner space;
PA1  a diaphragm within said casing to divide said inner space into a first and
      a second enclosures;
PA1  means to respectively connect said first and second enclosures with said
      upstream and downstream portions;
PA1  and said valve discharge means including:
PA2  a discharge pipe opening within said second enclosure to form a valve seat
      therein;
PA2  and a movable flap plate carried by said diaphragm to form a movable flap
      valve member cooperating with said seat in such manner that any increase
      of the pressure difference between said first and second enclosures causes
      closure of said valve discharge means.
NUM  5.
PAR  5. In a regulator device as claimed in claim 2, said means responsive to
      the pressure of the upstream and the downstream portions of said conduit
      comprising:
PA1  a casing defining an inner space;
PA1  a diaphragm within said casing to divide said inner space into a first and
      a second enclosures;
PA1  means to respectively connect said first and second enclosures with said
      upstream and downstream portions;
PA1  and said discharge valve means including:
PA2  a substantially central annular seat member carried by said disphragm, said
      member opening both sides of said diaphragm;
PA2  a fixed flap valve member carried by said casing within said second
      enclosure to cooperate with said annular seat member;
PA2  a discharge pipe to receive the fluid passing through said annular seat
      member, said pipe opening in said first enclosure;
PA2  and connecting means disposed within said first enclosure to connect said
      annular seat member with said discharge pipe, said last-named connecting
      means being axially extensible and contractible, being axially insensitive
      to the pressure prevailing in said first enclosure, and delimiting on the
      side of said diaphragm facing said first enclosure a surface whose area is
      greater than the area delimited on said fixed flap valve member by the
      adjacent end of said annular seat member.
NUM  6.
PAR  6. A movable agricultural sprayer comprising:
PA1  a tank to contain a liquid to be sprayed;
PA1  a nozzle carrying sprayer bar to spray liquid from said tank;
PA1  a volumetric pump to force liquid from said tank towards said nozzles, said
      pump having a flow rate proportional to its speed;
PA1  means to drive said pump proportionally to the advancing speed of said
      sprayer;
PA1  over-pressure valve means to limit the pressure of the liquid issuing from
      said pump;
PA1  conduit means between said pump and said nozzle carrying sprayer bar;
PA1  means to create a pressure drop in said conduit means in such manner as to
      divide same into a zone of higher pressure and a zone of lower pressure;
PA1  valve discharge means to return into said tank liquid from said lower
      pressure zone;
PA1  and means sensitive to the ratio between said higher pressure and said
      lower pressure to control said valve discharge means to maintain said
      lower pressure so that it is proportional to the pressure drop in the
      conduit means, there being opposed areas of the sensitive means which are
      respectively responsive to said lower and higher pressures which are
      different from each other in said ratio.
NUM  7.
PAR  7. A method for controlling the delivery pressure under which a fluid is
      supplied to a point of use through a conduit into which it is forced with
      a given flow rate under a pressure higher than said delivery pressure, in
      order that the latter be proportional to the ratio between said pressures,
      which consists:
PA1  in throttling the passage of said fluid through said conduit in order to
      create in the latter a zone of higher pressure and a zone of lower
      pressure;
PA1  in causing said higher pressure and said lower pressure to respectively act
      on opposed counteracting pressure responsive means wherein the means which
      is responsive to the lower pressure is more sensitive than the means which
      is responsive to the higher pressure, in such manner that said responsive
      means will be in equilibrium for said ratio of said higher pressure and
      said lower pressure;
PA1  and in causing said pressure sensitive means to control fluid discharge
      means connected with said zone of lower pressure in such manner as to
      progressively close said discharge means as said pressure ratio exceeds a
      given value.
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ABST
PAL  A child-safe container assembly having closure accessible through an
      elongated passageway, and further characterized by a pivotally supported
      damper-like member which normally obstructs the passageway, and adapted
      for the finger of a user to be inserted into the passageway in order to
      first move the damper-like member at least partially out of the way and
      thereafter to actuate the closure for releasing contents from the
      container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of single-finger entry containers which can be actuated by the
      finger of an adult for the release of contents therefrom, but cannot be
      actuated by the finger of a young child, is well-known and is shown for
      example in the Corll Pat. No. 3,712,515. The success of this type of
      safety device is based upon the assumption that the length of a
      passageway, in and or itself, will successfully prevent a small child from
      releasing contents from the container.
PAR  The type of device referred to above is being successfully used at the
      present time and is generally thought to be satisfactory for its intended
      purposes. It is used particularly in aerosol containers which are used for
      dispensing chemical materials of a poisonous or harmful nature. It may
      also be used on other types of containers having other types of contents.
PAR  There is little if any evidence at the present time to suggest that the use
      of the elongated passageway to successfully discriminate between an adult
      user of the container and a small child would be anything but successful.
      However, the present invention is based upon the premise that a somewhat
      different approach to the problem may provide a better overall result.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention a container is provided which has an
      elongated passageway communicating with its closure means, and the length
      of the passageway is intended to prevent or at least discourage the
      opening of the container by a small child. In addition thereto, however,
      the present invention provides a removable obstruction in the passageway,
      which must be moved at least partially out of the way by the finger of the
      user in order to obtain access to the container contents. The presently
      preferred form of the invention incorporates a damper-like member which is
      pivotally supported from one wall of the passageway.
DRWD
PAC  DRAWING SUMMARY
PAR  FIG. 1 is a front elevation view of the presently preferred form of the
      invention;
PAR  FIG. 2 is a side elevation view;
PAR  FIG. 3 is a top plan view, partially in cross-section;
PAR  FIG. 4 is an elevation view, partially in cross-section;
PAR  FIG. 5 is a view like FIG. 4 showing the operation of the device;
PAR  FIG. 6 is a fragmentary cross-sectional view further illustrating the
      operation of the device;
PAR  FIG. 7 is a fragmentary cross-sectional view taken on the line 7--7 of FIG.
      4;
PAR  FIG. 8 is a fragmentary cross-sectional view taken on the line 8--8 of FIG.
      4;
PAR  FIG. 9 is an exploded perspective view partially in cross-section of the
      container cover;
PAR  FIG. 10 is a fragmentary cross-sectional view of an alternate form of the
      invention; and
PAR  FIG. 11 is a perspective view of the damper of FIG. 10.
DETD
PAC  PREFERRED EMBODIMENT
PAR  Reference is now made to FIGS. 1 through 9, inclusive, of the drawings
      which illustrate the presently preferred form of the invention.
PAR  The container assembly 10 includes a cylindrical metal container 20 having
      closure means 30 associated with the upper end thereof. The closure means
      30 is substantially fully enclosed by a cover means 40. The illustrated
      container assembly is an aerosol package in which the closure means 30
      includes a valve actuator 31 and a dispensing nozzle 32.
PAR  As best seen in FIGS. 4 and 5, the cover 40 defines an elongated passageway
      41 which is adapted to be entered by the single finger 42 of a user of the
      aerosol package. The elongated passageway 41 is very similar to that shown
      in the Corll Pat. No. 3,715,515 referred to above.
PAR  The internal end of passageway 41 communicates with the valve actuator 31,
      and hence when the finger of the user has entered the full length of the
      passageway 41 it is possible to engage and actuate the valve actuator 31
      and thereby dispense a liquid spray through the dispensing nozzle 32. This
      mode of construction and operation is, in general, well known in the art.
PAR  A specific novel feature of the present invention as best seen in FIGS. 3,
      6 and 7 is that structure of cover 40 is provided with a dual wall for
      guiding the movements of the valve actuator 31 and nozzle 32.
      Specifically, an outer or forward wall portion 43 has a vertical window 44
      formed therein through which the dispensing nozzle 32 projects in
      perpendicular relationship to the window, and the exterior wall 43
      effectively prevents access to the valve actuator 31 from outside the
      container on its forward side. Moreover, application of downward pressure
      on the projecting end of the dispensing nozzle 32, as illustrated in FIG.
      6, is ineffective to move the valve actuator 31. Cover 40 also has an
      interior wall 45 located in a generally parallel relationship to the
      exterior wall 43. However, where the exterior wall 43 is a flat wall
      having a flat window opening 44 therein, the interior wall 45 has a
      generally cylindrical configuration within which the generally cylindrical
      valve actuator member 31 is received. More specifically, the interior wall
      45 extends around somewhat more than 180.degree. of the circumference of
      the valve actuator 31, and the valve actuator 31 is vertically slidable
      within the interior wall 45. An internal set of projecting ribs or flanges
      46 formed on the internal wall 45 provide an upper stop for limiting the
      upward travel of the valve actuator 31. A directly downward pressure on
      the concave rear corner 31a of the actuator 31 is effective to move the
      actuator in a downwardly direction, thereby causing liquid spray to be
      dispensed through the dispensing nozzle 32. However, as shown in FIG. 6 a
      downward force applied to the exterior end of dispensing nozzle 32 causes
      a bending or flexing of the dispensing nozzle at its reduced neck portion
      32a, and it is totally ineffective for the purpose of moving the valve
      actuator 31 in the downward direction. The structure and operation of the
      dispensing nozzle 32 with its reduced neck portion 32a is described and
      claimed in a separate application filed concurrently with this present
      application and which is assigned to the same assignee as this
      application.
PAR  Further in accordance with the present invention a damper-like member 50 is
      provided which is povitally supported from one wall of the elongated
      passageway 41. The member 50 includes a hinge portion 51, a rear apron or
      handle portion 52, a closure portion 53, and a frontal portion 54. The
      handle portion 52 is essentially a linear extension of the closure portion
      53, as is clearly seen in FIGS. 4 and 5. The frontal portion 54 extends
      upward at essentially a right angle to the closure portion 53.
PAR  Cover 40 is formed with a large opening 47 in the upper wall of passageway
      41. Opening 47 is of a somewhat rectangular configuration but is arcuately
      curved somewhat throughout its length to conform with the passageway 41,
      as is most clearly seen in FIG. 4. A pair of ears 48 are formed on the
      lower corners of the opening 47. In the assembled condition of the device
      a pivot pin 5 is extended through both of the ears 48 and also through the
      elongated opening in the hinge portion 51 of the member 50, so as to
      pivotally support the member 50 about a pivot axis which extends
      traversely to the elongated passageway 41.
PAR  The damper-like member 50 is normally in the position shown in FIG. 4 in
      which it fully obstructs or closes the passageway 41. The forward portion
      54 of the damper has a pair of forwardly projecting flange portions 57a,
      57b formed on the upper extremity thereof. Flange portion 57b is
      relatively wide and is at all times disposed above the upper surface of
      cover 40, as will be seen both from the closed position of the damper as
      shown in FIG. 4 and from the open position of the damper as shown in FIG.
      5. The flange 57a is of lesser width than flange 57b, and is spaced a
      small distance from it. In the closed position of the damper as shown in
      FIG. 4 the flange 57a is hooked beneath the wall of passageway 41 at the
      forward or upper end of the opening 47. Flange 57a therefore serves as a
      latch means which normally retains the damper-like member 50 in its
      passage-obstructing position. However, when the closure portion 53 is
      pushed upward by the finger 42 of the user, the entire damper pivots about
      the pivot pin 55 and the latch means 57a together with the associated
      forward wall 54 of the damper is forced to yield and bend somewhat and
      thereby permit its upward passage to its open position as shown in FIG. 5.
      Since the damper 50 is made of plastic material having a considerable
      degree of resilience, the bending or yielding movement of the forward
      portion 54 of the damper together with the latching flange 57a are
      achieved in response to a relatively modest amount of finger pressure
      applied by the user of the aerosol package.
PAR  Side walls 56 of damper 50 assist in supporting the forward portion 54 from
      closure portion 53.
PAC  ALTERNATE FORMS
PAR  An alternate form of the invention is shown in FIGS. 10 and 11 wherein the
      damper has a somewhat different configuration and is identified by the
      reference numeral 60. The rearward portion 61 of the damper is a simple
      trough or semi-cylinder which rotates about a bead 49 formed on the lower
      end edge of opening 47. Closure portion 62 is similar to closure portion
      53 of the prior version of the damper. The forward portion 63 of damper 60
      is essentially perpendicular to the closure portion 62, but has a vertical
      dimension which is significantly less than the vertical dimension of the
      corresponding portion 54 of the first embodiment. Thus as seen in FIG. 10
      the damper in its closed position does not completely obstruct the
      passageway 41, but does effectively block finger access to the actuating
      surface 31a of the valve actuator 31. The upper flange 64 of damper 60
      effectively hooks over the upper surface of cover 40, the same as flange
      57b of the prior embodiment.
PAR  In addition in the embodiment of FIGS. 10 and 11 there is a cup-like
      projection 65 formed on the forward end of the damper. The lower end of a
      compression spring 66 is placed within the cup 65. The upper end of the
      spring 66 engages a locating shaft 67 on the undersurface of the upper
      wall of cover 40. The finger of the user, must therefore, move the damper
      60 in a pivotal upward movement against the force of compression spring
      66, in order to obtain access to the valve actuator 31. When the
      dispensing action is completed and the finger of the user is removed,
      spring 66 automatically returns the damper 60 to its closed position.
PAR  The manner in which the valve actuator or pushbutton 31 is supported
      constitutes a further embodiment of the present invention. The housing 40
      has a generally horizontal top wall 40a which, in the assembled condition
      as shown in FIG. 4, is disposed above the radial center of container 20.
      Wall portion 45 depends downwardly from top wall 40a. In addition to the
      ribs 46 to limit upward travel of push button 31 there is also a set of
      lower ribs 46a projecting interiorly of the wall 45. A circumferential
      portion 45a of wall 45 is cut away to provide finger access to push button
      31, and a slot or window 45b on the forward side of wall 45 allows nozzle
      32 to protrude. The plastic parts 31, 45 are preferably assembled right
      after forming, when still quite resilient. When housing 40 is removed from
      container 20 the push button 31 comes with it, as shown in FIG. 10.
PAR  The invention has been described in considerable detail in order to comply
      with the patent laws by providing a full public disclosure of at least one
      of its forms. However, such detailed description is not intended in any
      way to limit the broad features or principles of the invention, or the
      scope of patent to be granted.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A child-safe container assembly comprising:
PA1  a container having closure means selectively actuable for releasing
      contents from said container;
PA1  cover means for said container defining an elongated passageway whose
      internal end communicates with said closure means and whose external end
      defines an aperture adapted for the insertion of a single finger of a
      user, the length of said passageway being such that the finger of an adult
      is able to reach said closure means but the finger of a young child is not
      long enough to do so; and
PA1  a damper-like member pivotally supported from said cover means and normally
      obstructing said passageway whereby the finger of the user must move said
      damper-like member at least partially out of the way before being able to
      reach and actuate said closure means.
NUM  2.
PAR  2. The assembly of claim 1 which further includes latch means normally
      retaining said damper-like member in its normal passage-obstructing
      position; said latch means being yieldable in response to pressure applied
      to said member.
NUM  3.
PAR  3. The assembly of claim 1 which further includes compression spring means
      cooperatively associated with said member for automatically returning said
      member to its normal position when the finger of the user is removed from
      said passageway.
NUM  4.
PAR  4. The container assembly of claim 1 wherein the pivotal axis of said
      damper-like member is disposed transverse to said passageway, said member
      extending from its pivotal axis toward the inner end of said passageway.
NUM  5.
PAR  5. An aerosol cap assembly comprising:
PA1  a housing adapted to extend above and be secured to the upper end of an
      aerosol container, including a generally horizontal top wall disposed
      above the radial center of the container, said housing also having a
      generally cylindrical wall portion depending downwardly from said top wall
      thereof, said cylindrical wall portion having both upper and lower
      interiorly projecting rib means formed therein; and
PA1  a push-button having generally the form of a cylindrical body, said
      push-button being disposed within said cylindrical wall portion and
      adapted for vertical reciprocating movement therein so that its upward
      movement is limited by said upper rib means and its downward movement is
      limited by said lower rib means;
PA1  one circumferential portion of said cylindrical wall being cut away to
      provide finger access to said pushbutton.
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ABST
PAL  An aerosol dispenser for fluid products is described which has a container
      for product to be dispensed, a separator piston pump for generating
      compressed air as a propellant, a spray nozzle for aspirating, and
      spraying product from the product container, flowpaths, for compressed air
      from the piston pump, and for product from the product container, to the
      spray nozzle, valves and associated with the flowpaths and opening the
      paths dependent on the piston approaching or reaching full compression
      stroke position in the cylinder of the aforesaid piston pump. An abutment
      in the piston pump acts, in the aforesaid compression stroke position, on
      the valve body of the compressed air flow-controlling valve. The product
      flow control valve has a flexible elastic diaphragm across the compressed
      air flowpath and separating the latter from the interior of the product
      container. A product outlet in the wall of the product container outside
      the flexible elastic diaphragm is part of the flowpath for product to the
      spray nozzle, and a movable valve member is mounted in the flexible
      elastic diaphragm, the flexible elastic diaphragm being biassed to hold
      the movable valve member to close sealingly the product outlet when the
      piston pump is in other than the full compression stroke position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to aerosol dispensers for fluid products, comprising
      a piston pump assembly for generating in the interior of the dispenser
      compressed air serving as propellant, and improved product flow control
      means. Various types of aerosol dispensers utilizing compressed air for
      dispensing fluids in the form of a spray are known. Among them are
      especially aerosol dispensers for liquid products described in U.S. Pat.
      No. 3,369,757 granted on Feb. 20, 1968 to M. Boris, which dispensers
      comprise a container for product to be dispensed, a piston pump separately
      from the product container, for generating compressed air as a propellant,
      a spray nozzle in which compressed air flowing therethrough aspirates, and
      sprays, product from the product container, flowpaths for compressed air
      and product to the spray nozzle from, respectively, the piston pump and
      the product container, and obturating means associated with the said
      flowpaths and opening these paths in dependence on a determined
      compression position of the piston in the cylinder of the aforesaid piston
      pump.
PAR  These known dispensers suffer from the drawback that the timely opening of
      the obturating means for the compressed-air flow which comprise a
      spring-biassed ball valve, is effected by the pressure of the compressed
      air alone, and hence not reliable as it depends on the quality and age of
      the spring material, and the valve must open before a valve shaft
      controlling the product flowpath can open. This leads unavoidably to a
      loss of compression.
PAR  In order to overcome this drawback, there is described in Belgian Pat. No.
      768,039, granted on December 3, 1971 to the Applicant, an improved type of
      the above-described aerosol dispensers, wherein at least the valve
      controlling the flow of compressed air is opened by the mechanical action
      of rigid force-transmitting means comprising abutment means on the piston
      of the piston pump and on a displaceable valve disk or stem or the like
      valve body pertaining to the compressed air flow-controlling valve, which
      abutment means on the piston and valve body act one upon the other by
      direct contact or on lever means acting on the aforesaid valve body.
PAR  In a further development of this improved type of aerosol dispenser, the
      product container is replaceably mounted on top of a valve housing for the
      obturating means for the control of both flowpaths mentioned above, and
      which valve housing has a dependent sleeve forming the cylinder of the
      aforesaid piston pump, while the piston bears a mantle-type sleeve portion
      surrounding the cylinder-and-valve housing assembly as an outer guiding
      and protecting means.
PAR  However, with certain fluid products to be dispensed it may easily occur
      that deposits of aged or decomposed residual product are formed in the
      product flowpath leading through the valve housing to the spray nozzle,
      and especially in the later.
PAR  When this happens the entire dispenser has to be thrown away.
PAR  As the springs, which are usually made of steel, and the piston pump
      assembly constitute the more expensive part of such dispensers, U.S. Pat.
      No. 3,764.046 describes an aerosol-dispenser of the above-described type,
      wherein the product container and the spray nozzle insert are part of a
      replaceable unit, while the piston pump assembly including a compressed
      air flow-controlling valve means and springs is retained by the user, so
      that the above unit, which can be mass-produced and is hence inexpensive,
      is replaced each time a full product container is substituted for an empty
      container.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide, in an aerosol
      dispenser of the last-described type, an improved product flow control
      means for controlling flow of product from the product container to the
      spray nozzle.
PAR  Another important object of the invention is to provide an aerosol
      dispenser of the last described type, the product flow control means are
      opened by direct mechanical contact with abutment means provided in the
      piston pump assembly.
PAR  Yet another object of the invention is to provide an aerosol-dispenser of
      the last-described type having improved air return means for the cylinder,
      after compression of air therein.
PAR  These objects are attained in accordance with the invention by an aerosol
      dispenser for fluid products comprising a container for product to be
      dispensed, a piston pump separate from the product container, for
      generating compressed air as a propellant, a spray nozzle in which
      compressed air flowing therethrough aspirates, and from which it sprays,
      product from the product container, flowpaths, for compressed air from the
      piston pump, and for product from the product container, to the spray
      nozzle, valve means comprising valve housings and displaceable valve
      bodies in the housings, and being associated with the said flowpaths and
      opening the paths dependent on the piston approaching or reaching full
      compression stroke position in the cylinder of the aforesaid piston pump,
      abutment means in the piston pump acting, in the aforesaid compression
      stroke position, by direct mechanical contact on at least the valve body
      of the compressed air flow-controlling valve means; and a mounting for the
      spray nozzle, which mounting has a passageway therein being part of the
      said compressed air-flowpath;
PA1  wherein the said product container and product flow control means are
      mounted on the mounting, and the mounting is detachably connected to the
      piston of the piston pump, forming an assembly with the piston; and
      wherein the piston is hollow and constitutes the housing for the remaining
      parts of the compressed air controlling valve means being mounted in the
      piston;
PA1  and which is improved by providing therein product flow control means which
      comprise
PA2  flexible elastic wall means across the compressed air flowpath and
      separating the latter from the inerior of the product container;
PA2  product outlet means in the wall of the product container outside the said
      flexible elastic wall means and being part of the flowpath for product to
      the spray nozzle; and
PA2  a movable valve member mounted in the flexible elastic wall means which
      latter wall means are biassed to hold the movable valve member to close
      sealingly the product outlet means when the piston pump is in other than
      the full compression stroke position. Ducts in the piston and the mounting
      provide the compressed air flowpath to the spray nozzle.
PAR  In a first embodiment of the dispenser according to the invention, the bias
      of the flexible elastic wall means is such as to yield to a pressure
      increase in the compressed-air flowpath which increase occurs when the
      abutment means contact and thereby move the valve body of the compressed
      air-flow controlling valve. The bias should preferably be such that the
      flexible wall yields to essentially the entire or at least a major portion
      of the compressed air escaping from the piston pump through the
      compressed-air flowpath.
PAR  In contrast to the slitted flexible product valve disc provided in the
      dispenser described in U.S. Pat. No. 3,764,046 , supra, which is opened
      due to reduced pressure in the product flowpath to the spray nozzle,
      causing a suction on the flexible disc which opens the slit therein the
      re-closing of which when suction ceases is not always absolutely safe, the
      improved product valve means of the above-described first embodiment
      closes due to the biassed flexible wall mentioned above pulling a flat
      head portion which is provided on the movable valve body mounted in the
      flexible wall portion of the product container against a corresponding
      seat provided in the adjacent rigid wall of the product container
      surrounding the said flexible elastic wall portion, thereby hermetically
      sealing the product outlet communicating with the portion of the product
      flowpath provided in the mounting and leading to the spray nozzle in the
      latter, at all times when the pressure of the air present in the
      compressed air-flowpath is the same as that of the surrounding atmosphere.
      The product valve thus opens only when and while the air pressure in the
      compressed-air flowpath is above a certain limit value which is determined
      by the bias of the flexible elastic wall portion.
PAR  In another, preferred embodiment of the aerosol dispenser according to the
      invention, the movable valve member of the product flow control means is
      biassed toward closed position and comprises abutting means in an open end
      of the said passageway in the mounting and the valve body of the
      compressed air flow-controlling valve means bears contact rod means
      extending through the said passageway and engaging the abutting means of
      the product flow control means and thereby opening the product flowpath,
      when the said abutment means in the piston pump act on the valve body of
      the compressed air flow-controlling valve means.
PAR  Particularly preferred are also aerosol dispensers according to the
      invention, in which the product flow control means comprise elastic gasket
      means biassing the valve body of the control means toward closed position,
      the said valve body having a hollow portion and a duct for product
      therethrough and an annular beveled face engaged by the gasket means, and
      the valve housing of the product flow control means comprises an
      elastically expandable membrane against one face of which the said hollow
      valve housing portion abuts when the valve body is in closed position, and
      the opposite face of which is engaged by the contact rod means mentioned
      hereinbefore, when the abutment means in the piston pump act on the valve
      body of the compressed air flow-controlling valve means. In another
      embodiment, the product flow control means can comprise valve seat means
      engaged by the valve body of the said product flow control means when in
      the closed position, and elastically deformable membrane means engaging
      the abutting means of the last-mentioned valve body and biassing the
      latter into engagement with the valve seat means.
PAR  Structural and operational features of preferred embodiments of dispensers
      according to the invention are shown in detail in the accompanying
      drawings and will be readily understood therefrom taken alone or together
      with the description thereof following hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 represents an exploded front view, partly sectioned, of the two
      basic parts making up the structure of the dispenser according to the
      invention;
PAR  FIGS. 2 and 3 are sectional views of another embodiment of the dispenser,
      FIG. 2 showing the parts in the dispensing position, and FIG. 3 an
      intermediate position of the parts after dispensing and before the parts
      have fully reached the non-dispensing or rest position;
PAR  FIG. 4 represents a front view of the lower part of the dispenser shown in
      FIGS. 2 and 3, but turned about an angle of 90.degree.;
PAR  FIGS. 5, 6 and 7 show yet another embodiment of the dispenser, including a
      preferred type of product flow control means, FIG. 5 showing the parts in
      the dispensing position;
PAR  FIG. 6 is a sectional view of the same embodiment as shown in FIG. 5, taken
      along the line VI--VI therein; and
PAR  FIG. 8 shows the same embodiment as FIGS. 5 and 6, but with the parts in
      the non-operative or rest position; and
PAR  FIGS. 8 and 9 show, in partial sectional views, further embodiments of the
      product flow control means in a dispenser as shown in FIGS. 5 to 7.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS
PAR  As shown in FIGS. 1, 2 and 3, the dispenser consists of two units which are
      detachably connected with each other. The upper unit 1 comprises the
      product container 2 having a knurled outside surface 2a, which can be
      integral with a mounting 3, in a recess of which there is located a spray
      nozzle insert 5 the discharge orifice 6 of which opens in the lateral wall
      of mounting 3. The latter bears on its end face 3b away from the product
      container 2 an annular projection or dependent sleeve 8 which is provided
      on its annular outer surface with a threads 8a.
PAR  The spray nozzle insert 5 preferably contains a Venturi nozzle as shown in
      FIGS. 2 and 3, having a chamber 5a of convergent cross section, a
      narrowest passage or neck duct 5b and a chamber 5c of divergent cross
      section opening through discharge orifice 6 to the outside. An axial duct
      9 leads from the bottom face 3b through mounting 3 to the convergent
      chamber 5a. A passageway 10 connects the hollow interior of product
      container 2 via an annular recess 10a and a plurality of radical passages
      5d with neck duct 5b of the Venturi nozzle 5.
PAR  The lower dispenser unit 15 comprises an outer mantle or cylinder 16 the
      lower bottom end portion 17 of which constitutes the cylinder of a piston
      pump assembly for the generation of compressed air when using the
      dispenser. The mantle 16 has an opening 16a which, in the dispensing
      position, registers with discharge orifice 6 of spray nozzle insert 5,
      while it covers that orifice in the non-dispensing position.
PAR  The hollow piston 18 of the piston pump assembly constitutes a valve
      housing being part of the compressed air flow-controlling valve means, and
      houses an obturating gasket 19 having a central orifice 19a through which
      a poppet valve body 20, having a stem part 20a and a disk-shaped flange
      20b, extends with its lower stem portion 20c forming a poppet
      valve-actuating pin into, and in the rest position out of, a recess 18a in
      the front end wall 18b of piston 18. Obturating gasket 19 is held in place
      in the bottom of the hollow interior of piston 18 by means of a
      cylindrical retaining member 21. Piston 18 bears on the inside wall of its
      outer rear end away from the front end 18b inner threads 18c by means of
      which it is screwed on to the threads 8a of mounting 3. Thereby, retaining
      member 21 is held in place by being squeezed between the gasket 19 and a
      sealing ring 22 inserted in an annular groove 23 in the outer end face 21a
      of member 21.
PAR  From an inner recess 24 of retaining member 21, about valve body 20, an
      axial duct 25 of reduced cross sectional area leads to the rear end face
      21a of member 21 and opens in the latter to register with duct 9 in
      mounting 3, thus being part of a flowpath for compressed air leading from
      the interior of cylinder 17 via piston recess 18a and orifice 19a in
      gasket 19 through recess 24 and ducts 25 and 9 to convergent chamber 5a of
      spray nozzle 5.
PAR  In the recess 24 of retaining member 21, there is housed a return spring 26
      one end of which is supported on the disk-shaped flange 20b of poppet
      valve body 20, and the other on the end wall 24a of recess 24, thus urging
      the valve body 20 into a closed position against gasket 19.
PAR  The interior 17a of cylinder 17 is sealed off against the surrounding
      atmosphere by means of a sealing ring 27 held in a circumferential groove
      27a about piston 18 and sealingly and slidingly engaging the inner wall of
      cylinder 17. Moreover, vent holes 28 in the bottom end wall 17b of
      cylinder 17 are closed off, during compression, by means of the flexible
      elastic portion of a flap valve 29 which is held in position across the
      vent holes 28 on the inside of cylinder bottom wall 17b by means of a
      retaining ring 30 held in place about an inwardly projecting frustoconical
      centering and abutting member 31 by means of return spring 32 which is
      located in the cylinder interior 17a and has its one end supported on an
      annular shoulder 30a of retaining ring 30 and its other end against an
      annular shoulder 18d about piston 18 a short distance away from piston
      front wall 18b. A guiding peg 7 projects from the outer wall of
      piston-valve housing 18 near the end thereof joined to mounting 3 and
      engages a longitudinal groove 33a in the inside wall of mantle 16 into
      which it is inserted through a bayonet slot 33 (FIG. 4).
PAR  In the embodiment of FIGS. 2 and 3, product is held in a flexible
      collapsible or compressible bag which is in turn housed in a product
      container.
PAR  In a recess 10b of mounting 3 there is inserted a valve gasket 35 having a
      flat annular gasket portion 35a, and a cup portion 35b the vaulted bottom
      wall 35c of which is very flexible and elastic and has a central opening
      35d in which there is sealingly inserted and firmly held the stem portion
      36a of a poppet valve member 36, the disk-shaped head portion 36b of which
      rests with its periphery on the flat gasket portion 35a, preferably by
      means of a sealing ring 37 fixed on the underside of head portion 36b,
      whereby the interior of a product bag 38, the peripheral rim zone 38a of
      which about its opening is crimped about the outside rim portion of flat
      gasket portion 35a is sealed off. Gasket 35 is held about the latter and
      in position in the recess of projecting socket portion 40 of mounting 3 by
      means of a cap member 41 which is screwed into place in socket portion 40
      by means of a threading 42. Cap member 41 has at least one vent hole 43
      therein by way of which the interior of the cap member is always in free
      communication with the outside air, so that ambient pressure is exercised
      at all times on the outside of product bag 38. In the wall of cup portion
      35b there is a lateral opening 35e through which product can flow from bag
      38 to the spray nozzle 5.
PAR  Poppet valve stem 20a is provided with an extension rod 20d which extends
      at all times for better guidance into the lowermost end of axial duct 25
      retaining member 21. The extension rod 20d is provided with a plurality of
      longitudinal grooves 20e to provide less restricted passage of compressed
      air therealong.
PAR  In operation, the upper unit 1 is pressed into the outer mantle 16, for
      instance by the user holding the mantle 19 below the nozzle discharge
      orifice 6 with the thumb and middle finger and exerting pressure on the
      top product container lid 41 with the index finger. Thereby piston 18
      compresses air in the interior 17a of cylinder 17.
PAR  A pressure builds up in cylinder interior 17a, flap valve 29 is urged
      against the inner bottom wall 17b of cylinder 17, thus obturating vent
      holes 28.
PAR  Toward the end of the compression stroke, poppet valve actuating pin 20c is
      contacted and raised by abutting member 31, poppet valve disk-flange 20b
      is lifted from gasket 19 with compression of return spring 26, and
      compressed air flows through ducts 25 and 9 and through nozzle 5. The
      compressed air flowing through axial duct 9 of mounting 3 impinges on the
      flat tip 36c of poppet valve stem portion 36a and raises the poppet valve
      body 36 from its seat gasket portion 35a, (see FIG. 2), before entering
      the convergent chamber 5a of nozzle 5, thereby uncovering lateral opening
      35e and permitting product to be suctioned via opening 35e and product
      passageway 10 into annular chamber 10a and into the compressed air stream
      flowing through Venturi neck 5c.
PAR  As soon as compressed air is exhausted and pressure on upper unit 1 ceases,
      valve 11 closes again, product flow ceases, but air from the outside may
      pass through the slot 11a at the moment of closing from the nozzle 5, and
      replace product withdrawn from container 2. Return spring 26 causes poppet
      valve body 20 to close again, and return spring 32 urges cylinder 17 away
      from piston 18. As this causes a partial vacuum in cylinder interior 17a,
      flap valve 29 is bent upwardly and outside air fills the cylinder interior
      17a. The dispenser is then ready for renewed use.
PAR  In a preferred embodiment of the invention which is shown in FIGS. 5, 6 and
      7, the opening and closing of both the valve means for controlling the
      compressed air flow and for controlling product flow is effected by direct
      mechanical action, independently of the degree of vacuum generated at the
      product flow control means.
PAR  For this purpose, the latter means comprise a self-closing valve consisting
      of a valve gasket 35 similar to that used in the embodiment of FIGS. 2 and
      3, but having its flexible and elastic bottom wall 35b unperforated. On
      the flat annular gasket portion there rests an annular flexible elastic
      gasket 44, which can also be made integral with valve gasket 35. The width
      of central gasket opening 44a is smaller than that of cup portion 35b, and
      preferably slightly smaller than the diameter of the narrowest neck
      portion 45a of a valve stem 45 which has a head portion 45b of greater
      diameter than neck portion 45a and merging with the latter via an upper
      beveled annular zone 45c, which head portion protrudes into the interior
      of product bag 38, while the neck portion 45a merges at its other end with
      a hollow valve stem plug 45d of greater diameter via a lower beveled
      annular zone 45e. The annular interior chamber 46 of stem plug 45d is
      connected through opening 46a in plug wall and opening 35e in a cup
      portion 35b of valve gasket 35 with product duct 10c and via the latter
      with spray nozzle 5, and, on the other hand, via a plurality of ducts 46b
      opening in lower beveled zone 45e of stem 45 with the interior of bag 38,
      when the central portion of gasket 44 about its central opening 44a is
      bent inwardly into bag 38 and out of contact with stem neck portion 45a,
      thus clearing the openings of ducts 46b.
PAR  This occurs when the extension rod 47 bearing longitudinal grooves 48,
      which rod is long enough to extend through the entire length of duct 25
      and into duct 9 of mounting 3', contacts the outside of bottom membrane
      35f which closes off cup portion 35c of valve gasket 35, and raises the
      latter membrane and together with valve stem 45 due to the fact that
      poppet valve body 20 is lifted by coming into contact with abutting member
      31.
PAR  This means that the poppet valve body 20 and valve stem 45 will open the
      flowpaths for compressed air and for product practically simultaneously,
      unless the opening of the product flowpath is delayed a very short time,
      for instance by locating the orifices of axial ducts 46b at a smaller or
      greater distance from where the lower beveled zone 45e and the neck
      portion 45a merge.
PAR  This will have the advantage that product flow is cut off when terminating
      spraying, before the flow of compressed air ceases completely, thereby
      preventing or reducing the accumulation of residual product in the product
      flowpath to nozzle 5. Such accumulated product will often be decomposed
      and form tacky or resinous residues which will clog the product flowpath
      and possibly the spray nozzle neck duct 5b.
PAR  FIGS. 8 and 9 show further embodiments of the product flow control means,
      combining features of the embodiments thereof shown in FIGS. 2 and 3 on
      the one hand, and 5 to 7 on the other hand. Thus, the embodiment of FIG. 8
      shows a self-closing valve 50 equipped with the same kind of poppet valve
      body 36 as the product flow control valve in the embodiment of FIGS. 2 and
      3. However, the vaulted bottom wall 50c of the cup portion 50b of valve 50
      is of accordion shaped and, after pressure on the flat tip 36c of poppet
      valve member 36 has ceased, which pressure may be mechanically exerted by
      the top end of extension rod 47, or dynamically by compressed air
      impinging on tip 36c and the underside of accordion wall 50c, the latter
      will return to its initial uncompressed condition as shown in FIG. 8 and
      will pull the disk-shaped head portion 36b with its annular peripheral
      sealing ring 37 into sealing contact with the valve seat formed by the
      flat annular gasket portion 50a of valve 50.
PAR  Accordion wall 50c has a central opening 50d for receiving the valve stem
      portion 36a therein, and cup portion 50b has a lateral opening 50e for the
      flow of from the product bag 38 when valve 50 is open.
PAR  FIG. 9 shows a dispenser similar to that of the preceding embodiment of
      FIG. 8, but with a somewhat different product flow control valve
      structure. In most cases, this structure will be preferred because of its
      simple, rugged nature.
PAR  The accordion wall 50c of product control valve 50 in the preceding
      embodiment is replaced by a flexible, compressible, but less elastic
      bottle neck-shaped membrane 50f which is unperforated and encloses the
      valve stem tip 36c, the latter being pressed into a recess 50g in the
      inside wall of membrane 50f.
PAR  A further simplification resides in the replacement of annular sealing ring
      37 by a frustoconically beveled lower rim 37a or disk shaped head portion
      36b of poppet valve member 36. In the closed position, this beveled rim
      37a is sealingly seated on a correspondingly beveled annular zone 50h
      about the central opening of flat annular gasket portion 50a of
      self-closing valve 50. The operation of this embodiment is the same as
      that of the embodiments shown in FIGS. 5 to 8.
PAR  With this arrangement, the upper dispenser unit 1 including the product
      container 2 and the spray nozzle insert 5 are replaceable. All that is
      necessary is to grasp the knurled exterior surface 2a and unscrew the
      mounting 3 from the open end of the hollow piston 18. Since this threaded
      engagement is the only interfitting engagement between the mounting 3 and
      the remainder of the device, once the threaded engagement is ended, the
      upper dispenser unit 1 can simply be withdrawn from the remainder of the
      device. Replacement requires only threading a new upper dispenser unit 1
      into place. The advantage of this arrangement is that not only is the
      supply of the product in the container 2 replaced, but a whole new product
      dispensing system is provided, i.e. the product flow control means 11, 35
      or 50, the passageway 10 or 10c and the spray nozzle insert 5. This avoids
      malfunctions of the device due to clogged or improperly operating product
      flow control means and passages, and clogged nozzle inserts.
PAR  The product flow control means 35 or 50 are a novel feature of the present
      invention. They comprise a membrane of flexible, elastic material, such as
      rubber or synthetic resin which is unaffected by the product being
      dispensed.
PAR  The air return means in the cylinder bottom is also simple and yet reliable
      in operation, and consists only of the gasket 29 and the retaining ring 30
      and the configuration of the inside of the closed end of the cylinder.
PAR  Thus, the product container and the spray nozzle insert are part of a
      replaceable unit, while the piston pump assembly including a compressed
      air flow-controlling valve means and springs is retained by the user, so
      that the above unit, which can be mass-produced and is hence inexpensive,
      can be replaced each time a full product container is substituted for an
      empty container.
PAR  It will also be seen that this aerosol dispenser by its very nature
      dispenses a metered dose of product and the dose can be varied by changing
      the size of the piston pump.
PAR  In preferred embodiments of the aerosol dispenser according to the
      invention, not only the compressed air flow-controlling valve means but
      also the product flow control means are opened by direct mechanical
      contact with abutment means provided in the piston pump assembly, when the
      upper dispenser unit is depressed into the cylinder of the piston pump,
      and the piston approaches or reaches the full compression stroke position.
      Especially advantageous features of these preferred dispensers are that
      product can be aspirated only after compressed air has begun flowing
      through the spray nozzle, and that the dispensers can be used equally well
      in upright as in upside-down or in oblique position without having
      excessive amount of product flow into the spray nozzle under the effect of
      gravity; thereby the same fineness of spray is preserved regardless of the
      position of the dispenser, and is determined exclusively by the
      characteristics of the spray nozzle and of the product being sprayed.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an aerosol dispenser for fluid products comprising a container for
      product to be dispensed, a piston-cylinder pump means separate from the
      product container, and having piston and cylinder means, one of which is
      movable relative to the other which is fixed, for generating compressed
      air as a propellant, spray nozzle in which compressed air flowing
      therethrough aspirates, and sprays product from the product container,
      flowpaths, for compressed air from the pump means, and for product from
      the product container, to the spray nozzle, valve means comprising valve
      housing and displaceable valve bodies in the housing, and being associated
      with said flowpaths and opening the paths dependent on the movable means
      of said pump means approaching or reaching full compression stroke
      position in the fixed means of the aforesaid pump means, abutment means in
      the pump means acting, in the aforesaid compression stroke position, by
      direct mechanical contact on at least the valve body of the compressed air
      flow-controlling valve means; and a mounting for said spray nozzle and
      having a passageway therein which is part of said compressed-air flowpath;
      said product container and product flow control valve means being mounted
      on said mounting and said mounting being detachably connected to the fixed
      means of said piston and cylinder means, forming a mounting-piston
      assembly; and said fixed means being hollow and constituting the housing
      for the remaining parts of said compressed air controlling valve means;
      the improvement comprising
PA1  a. flexible elastic wall means across said compressed air flowpath and
      separating the latter from the interior of said product container;
PA1  b. product outlet means in the wall of said product container outside said
      flexible elastic wall means and being part of said flowpath for product to
      said spray nozzle; and
PA1  c. a movable valve member mounted on said flexible elastic wall means and
      biased toward the closed position and having abutting means in an open end
      of said passageway in said mounting, and said valve body of said
      compressed air flow-controlling valve means having contact rod means
      extending through said passageway and engaging said abutting means of said
      product flow control valve means and thereby opening the product flowpath,
      when said abutment means in the piston pump acts on the valve body of said
      compressed air flow-controlling valve means.
NUM  2.
PAR  2. An aerosol dispenser as claimed in claim 1, wherein said product flow
      control valve means comprise elastic gasket means biassing said valve body
      of said control valve means toward the closed position, said valve body
      has a hollow portion having a duct for product therethrough and an annular
      beveled face engaged by said gasket means, and the valve housing of said
      control valve means comprises an elastically expandably membrane against
      one face of which said hollow valve housing portion abuts when the valve
      body is in the closed position and the opposite face of which is engaged
      by said contact rod means when said abutment means in the pump means acts
      on the valve body of said compressed air flow-controlling valve means.
NUM  3.
PAR  3. An aerosol dispenser as claimed in claim 2, wherein said product flow
      control valve means comprise valve seat means engaged by the valve body of
      said control means when in the closed position and elastically deformable
      membrane means engaging said abutting means of said last-mentioned valve
      body and biassing the latter into engagement with said valve seat means.
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ABST
PAL  Apparatus for aerating and assisting the discharge of pulverulent or finely
      divided dry cargo such as bulk Portland cement comprises a discharge
      hopper with a sloping bottom having a port in its sloping wall and a
      cylindrical aerating assembly insertable and removable through the port
      and consisting of an apertured tube into which air is fed under pressure
      and which is covered by a fabric sleeve.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As is well known, where subdivided dry materials are to be discharged
      through a tapered bottom hopper, plugging sometimes occurs due to the
      tendency of the product to arch therein, or due to caking from other
      causes. It has heretofore been common to insert various devices for
      discharging air or other gas into the material in the hopper to inhibit
      plugging. Generally it has been considered advisable to direct the air
      upwardly and away from the walls, although some systems have also directed
      air downwardly within the hopper. Such systems have ordinarily required a
      substantial amount of permanently-installed piping. The use of a fabric
      member through which the air is discharged has been found advantageous.
      Due to the abrasive effect of the dry materials, it is necessary to
      replace the fabric member periodically. The present invention has an
      object to provide an improved and simplified air-operated device for the
      purpose indicated which can be quickly and easily removed and reinstalled,
      so as to facilitate servicing. It has been found that effective operation
      of the device disclosed herein is obtained with air discharge throughout
      360.degree.  around a horizontal unit which extends substantially across
      the hopper, between the side walls. The invention is therefore installable
      without regard to angular orientation. This aspect simplifies both
      construction and installation, and is related to a further object of the
      invention. Further objects also include the provision of such a device
      which is inexpensive, rugged, reliable, compact, and which requires a
      minimum of piping or conduit means.
PAR  Other objects and advantages will become apparent upon consideration of the
      present disclosure in its entirety.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES OF DRAWING
PAR  FIG. 1 is a side elevational view, partly broken away, of a hopper and
      unloader aerator installation constructed in accordance with the present
      invention;
PAR  FIG. 2 is a longitudinal section of a portion of the aerator, taken
      substantially on the line II--II of FIG. 1 and looking in the direction of
      the arrows;
PAR  FIG. 3 is a cross section on the line III--III of FIG. 1; and
PAR  FIG. 4 is a fragmentary side elevational view showing the aerator assembly
      removed from the hopper.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED FORM OF THE INVENTION
PAR  Reference character 10 designates generally a hopper, the discharge from
      which may be controllable by a suitable discharge valve 12. In order to
      permit the ready installation and removal of the aerating assembly the
      hopper 10 is provided with an orifice 11 surrounded by a
      laterally-projecting neck 14, located in a mid-portion of a side wall
      thereof. The neck is of relatively large diameter, and is provided with a
      coupling groove 15 near its outer end.
PAR  The aerating assembly consists of a rigid tube 20 having a series of holes
      22 in its side wall, closed at its outer end by a plate 24 and at its
      other end, which comprises its inlet, secured to and interiorally
      communicating with a metal inlet fitting 25. Fitting 25 has a neck 26 to
      which an air supply hose 28 is securable, as shown.
PAR  A porous fabric sleeve 30 is secured over the orificed portion of the tube
      20 as by clamping rings 31, 32 at its ends, so that the air fed
      therethrough is finely subdivided and distributed through the material in
      the hopper. Movement of the fabric sleeve due to pulsations in the air
      supply and the impact of material on the sleeve also assist in maintaining
      free flow through the hopper.
PAR  It will be noted that a portion of the fabric sleeve 30 lies inside the
      neck 14 and that the sleeve is somewhat smaller than the neck, so that the
      air discharge inhibits clogging in the neck, as well as in the cross
      section of the hopper.
PAR  The portion of the fitting 25 which abuts the end of the neck 14 when the
      assembly is installed is of the same diameter as the neck, as is provided
      with a similar coupling groove 35 so that the assembly can be secured in
      its operative position shown in FIG. 1 by means of a quickly releasable
      clamp 40. The tube 20 and entire aerating assembly are thus supported
      entirely at the neck. When the clamp is released, the assembly can be
      pulled out for any necessary servicing or replacement.
PAR  This Detailed Description of Preferred Form of the Invention, and the
      accompanying drawings, have been furnished in compliance with the
      statutory requirement to set forth the best mode contemplated by the
      inventor of carrying out the invention. The prior portions consisting of
      the "Abstract of the disclosure" and the "Background of the Invention" are
      furnished without prejudice to comply with administrative requirements of
      the Patent Office.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a hopper having a side wall with an orifice-defining
      portion in said wall between the top and bottom thereof, an aerating
      assembly comprising a rigid pervious elongated tubular supporting member
      and a loose porous fabric enclosing sleeve secured thereover, a hollow
      neck carried by said orificed portion of the wall and projecting laterally
      outwardly from the hopper, the aerating assembly having a cross sectional
      area which is materially less than that of the interior of the neck and
      also materially less than that of the orifice defined by said portion and
      being insertable into the hopper, and removable from the hopper, through
      said neck and orifice, coupling clamp means appurtenant to said neck which
      when released frees said aerating assembly for removal from said neck,
      said assembly being in a generally horizontal position and extending into
      and through said neck and orifice and across the hopper, with an air inlet
      portion of said assembly connectible through said neck and coupling to an
      external air supply, a portion of said sleeve being inside the neck when
      the aerating assembly is secured in said position, whereby air may be
      discharged into the neck as well as into a cross section of the hopper to
      prevent clogging in either area, and whereby air is also directed
      laterally into the hopper from the neck.
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ABST
PAL  This invention relates to the use of a vibrating element (herein disclosed
      in the form of a ring) inside storage tanks or bins for aiding flow of
      powdered bulk material therefrom. The vibrating element is isolated from
      the walls of the storage tank or bin and vibrations are transmitted
      directly and principally to the material rather than indirectly through
      the walls.
PARN
PAR  This is a continuation of application Ser. No. 110,941, filed Jan. 29,
      1971.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Difficulties have long been encountered in removing finely divided powdery
      bulk material from storage bins. Particles pack or otherwise cling
      together in a manner which interfers with free flow. This is inherently
      caused by the basic characteristics of finely divided particles wherein
      they are attracted one to another causing packing which results in
      cavitation pockets where the material is being removed. Many methods are
      used to enhance flow of dry powdery material from a bin or tank, the most
      common being for a man to strike the outside of the bin adjacent its
      bottom or discharge with a heavy rubber-covered hammer. This method is
      relatively inefficient and quite expensive, aside from damage caused
      equipment such as bins and adjacent machinery. Another common method is to
      agitate the powdery bulk material by physically moving a stirring device
      through the powder. Another method is to place an electro-mechanical
      vibrator on the outside of the bin to shake or vibrate the bin in an
      effort to keep the material fluid and to prevent the formation of
      cavities. This method is relatively inefficient because the energy for
      vibrating the bulk material must be transmitted through heavy walls of the
      storage tank. A vast portion of the energy goes into vibrating the walls
      of the storage tank. These walls act as sounding boards and create noise
      to the annoyance of workmen in the area. Much of the vibrating energy is
      converted to sound.
PAR  The device disclosed herein has the advantages of mechanical stirring but
      by an efficient and generally enclosed mechanism. It amounts to a
      vibrating mechanism located internally of the bin and directly in contact
      with the material. It is substantially isolated from the walls of the tank
      or bin and the vibrations thereof are generally not transmitted to the
      tank or bin.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a vibrating device as an aid
      in causing dry, powdery bulk material to flow from a bin.
PAR  It is a further object of this invention to provide a vibrating device in a
      tank in a manner to directly agitate bulk material therein for maintaining
      it in a relatively fluid state for flow from the tank.
DRWD
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  This invention will be more fully understood and further objects and
      advantages thereof will become apparent when reference is made to the
      following detailed description of the preferred embodiment of the
      invention and the accompanying drawings in which:
PAR  FIG. 1 is a side elevation of a bulk material storage bin partially in
      section to show the invention.
PAR  FIG. 2 is a side view partially in section similar to FIG. 1 but showing an
      alternate internal arrangement.
PAR  FIG. 3 is a plan view of the vibrating ring.
PAR  FIG. 4 is an enlarged view of the vibratory motion transmitting device.
PAR  FIG. 5 is a sectional view showing cavitation resulting from packing of a
      powdery bulk material, thus hindering flow.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing and particularly to FIG. 1 there is illustrated a
      storage tank or bin 10 for containing a normally dry powdery bulk material
      12 in temporary storage. Materials handled in bins such as these vary
      considerably such as finely divided particles such as flower, sand,
      silica, lime, chemicals and coarser bulk materials capable of fluid-like
      flow. This type of bin is adapted to be filled through an inlet fitting 14
      at the top. Bulk material is adapted to be removed through a suction line
      or pipe 16 which extends down through the bin and terminates near the
      bottom. The other end of the pipe is connected through a pump or the like
      (not shown) for discharging the bulk material at another location.
PAR  Under conditions wherein no external means are provided with bin 10 as an
      aid in causing flow of the bulk material out through pipe 16 under vacuum,
      the material would pack together and cavities such as 15 would occur in
      the vicinity of the entrance to pipe 16 and at other locations. This is
      illustrated in FIG. 5 and it is obvious that unless some manner is
      employed to cause the dry material to flow in and fill the cavity that no
      material can reach pipe 16.
PAR  According to the invention illustrated in FIG. 1, a ring 18 in the form of
      a frustum of a cone is suspended by cables 20 or otherwise isolated from
      the walls of the bin. The cables are preferably anchored near the top of
      bin 10. The ring is supported at a predetermined distance above the base
      wall 17 and entrance to pipe 16. The ring is normally spaced from
      sidewalls of the bin and totally immersed in material 12. It is adapted to
      be vibrated in a horizontal plane by generator 22 which may be one of many
      electro-mechanical devices on the market. The arrangement herein is such
      that its vibratory motion is transmitted substantially in its entirety to
      the ring on the inside of the bin. In this manner, practically no energy
      is consumed by the wall of the bin. All energy is initially applied to the
      bulk material. The motion from vibration generator 22 is transmitted by
      motion transmitting member 24 which communicates through an opening in a
      sidewall of the bin. A flexible curtain or baffle seals the space between
      the motion transmitting member and surrounding opening to contain material
      in the tank but permit vibratory motion to be transmitted therethrough.
PAR  FIG. 4 illustrates the motion transmitting member in more detail. Its
      longitudinal body 24 may be formed from a length of pipe, a flange 26 is
      welded or otherwise secured intermediate its ends. Likewise flanges 28 and
      30 are secured at its opposite ends. The member is adapted to communicate
      vibrations through an opening in the wall of the bin. Baffle or curtain 29
      may be formed from rubber or any flexible sheet having supporting strength
      and being capable of being easily flexed so as not to transmit any
      substantial vibratory motion to the walls of the bin. As shown in FIG. 4
      baffle 29, which is annularly shaped, carries flange 26 concentrically of
      the opening. Flange 26 and opening 27 are provided with holes therearound
      for receiving bolts 32 and 34 for attachment to the baffle. End flange 28
      is adapted to be attached to ring 18 and end flange 30 is adapted to carry
      vibration generator 22.
PAR  Flanges 28 and 30 are shown angularly disposed with respect to member 24
      for the purpose of accommodating frustal conical ring 18 and vibratory
      motion generator 22. Their angular disposition is not critical and may
      occupy other positions, depending upon the particular installation. The
      ring 18 as shown in several figures includes a plurality of holes 36 about
      its periphery. These holes normally extend transversely of the surface in
      which they are located. It will be appreciated that these holes and the
      angularly disposed sides of the ring present many facets on a vibratory
      surface so that a stirring action is imparted to the surrounding bulk
      material. Ring 18 of conical shape imparts a component of motion in
      several directions during its vibratory cycle. This shape has been found
      successful, though other bodies having projections and angularly disposed
      faces adjacent the material could likewise be used.
PAR  Vibrations applied directly to the bulk material over a relatively wide
      area, as by body 18, helps retain a homogeneous consistency and overcomes
      packing and cavitation.
PAR  From FIG. 1, it should be apparent that ring 18 is positioned in a
      substantially horizontal plane near base wall or bottom 17 of bin or
      container 10, bottom 17 being closed. As will be seen ring 18 includes a
      substantially centrally located opening therethrough and an inner and
      outer periphery which are angularly disposed with respect to the
      horizontal plane. It should also be apparent from FIG. 1 that base 17 is
      horizontal and that the side of the bin extends upwardly from the base and
      perpendicular therewith.
PAR  FIG. 2 illustrates another embodiment. In this figure the vibrating ring is
      located in another position. Bin 110 contains powdery bulk material 112
      which is adapted to be collected therein through inlet 114. The material
      is adapted to be removed from the bin through outlet 115 at the bottom.
      Even with the steeply inclined sides 117 of the embodiment shown in FIG. 2
      it is necessary to agitate the material therein so as to obtain proper
      flow. Vibrating ring 118 is supported by flexible cables 120 which are
      attached adjacent the top of the bin. The cables determine the vertical
      position of a vibrating ring and motion transmitting mechanism 124
      determines its position laterally and with respect to the walls of the
      bin. The motion transmitting support 124 passes through the bin walls in
      such the same manner as shown and described in FIG. 4, and is generally
      totally immersed in the material.
PAR  As can be seen in either FIGS. 1 and 2, vibratory ring 18 or 118 is
      disposed above the outlet in effective proximity. Normally the ring is
      disposed some depth within the material to have the advantage of a head of
      pressure so as to force the material toward the outlet entrance. The
      vertical disposition of the ring best adapted for a particular
      installation can best be obtained by experimentation.
PAR  By the arrangement herein disclosed, a powdery, bulk material can be
      vibrated or agitated by mechanical means directly to the material without
      the necessity of transmitting shock waves through the walls of a bin 10 or
      110. The walls of the bin no longer act as a sounding board for outward
      transmission of sound.
PAR  While the disclosure herein has been for use with a storage bin, it will be
      realized that this arrangement can be used advantageously in any chamber
      wherein the material inside is of a character tending to pack and cavitate
      in an area around where it is being removed.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An apparatus for vibrating powdery bulk material in a container for
      aiding flow therefrom, said apparatus comprising:
PA1  a. a container closed at its bottom and having inlet means and outlet means
      for transiently storing powdery bulk material, said outlet means including
      a material suction conveyance pipe;
PA1  b. a closed-loop shaped vibratable member defining a substantially
      centrally located opening therethrough, said member being positioned
      within said container near the closed bottom of the container and in a
      non-contacting relationship therewith, said vibratable member being
      positioned substantially parallel with a horizontal plane passing through
      said container and including an outer periphery and inner periphery, both
      of which are angularly disposed with respect to said horizontal plane,
      said conveyance pipe extending into said container and terminating between
      said vibratable member and the closed bottom of said container, said
      opening defined by said member being exposed to the material in said
      container so as to allow material in said container to pass through said
      opening;
PA1  c. means for supporting said vibratable member within said container; and
PA1  d. means for vibrating said vibratable member.
NUM  2.
PAR  2. An apparatus according to claim 1 whereby said vibratable member is in
      the form of a frustum of a cone, the inner and outer periphery of which
      taper downwardly and outwardly with respect to the axis of said member.
NUM  3.
PAR  3. An apparatus according to claim 1 wherein said vibratable member
      includes a plurality of holes about its periphery.
NUM  4.
PAR  4. An apparatus according to claim 1 wherein said material conveyance pipe
      extends into said container through the opening defined by said member and
      terminates on the other side thereof.
NUM  5.
PAR  5. An apparatus according to claim 1 wherein said closed bottom of said
      container is substantially parallel to said horizontal plane and wherein
      said container includes side wall means extending upwardly from said
      closed bottom, at least that portion of said side wall means between said
      horizontal plane and said bottom being perpendicular with said closed
      bottom.
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ABST
PAL  A universal tavern unit for a keg tapping device comprises a basic tavern
      unit for connection to a keg unit permanently or semi-permanently
      connected to a keg. The basic tavern unit is adapted to cooperate with the
      keg unit to provide inlet and outlet passageways which commuicate with the
      interior of the keg for the introduction of gas under pressure into the
      keg and the discharge of beer or other liquid therefrom. The universal
      tavern unit further includes a pressure relief check valve adaptor
      assembly for connection to the basic tavern unit to adapt it to the
      requirements of an associated beer or liquid distribution system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to keg tapping devices and deals more
      particularly with an improved tavern unit for use with a keg unit
      permanently or semi-permanently connected to a keg to dispense liquid from
      the keg. The present invention relates more specifically to a universal
      tavern unit for a keg tapping device of the type shown and described in my
      U.S. Pat. No. 3,228,413 for Keg Tapping Device, issued Jan. 11, 1966, and
      assigned to the assignee of the present invention. The device of the
      aforementioned patent includes a keg unit and a tavern unit for connection
      thereto. The tavern unit has inlet and outlet passageways which
      communicate with the interior of a keg when the keg unit is attached to
      the keg and the tavern unit is connected to the keg unit. The inlet
      passageway is partially defined by an inlet tube which has a pressure
      relief valve mounted thereon for automatically bleeding gas from the keg
      to maintain pressure in the keg at a safe level in the event that pressure
      tends to rise above such level. It is also customary to provide a check
      valve at the inlet end of the latter tube to prevent retrograde gas or
      liquid flow in a conduit connected to the inlet tube and to a source of
      gas under pressure. The pressure relief valve and check valve are
      considered essential elements in a single keg dispensing system; that is,
      a system wherein the tapping device is connected to a single keg and to a
      source of gas under pressure for dispensing beer or the like from the keg
      to a tap or spigot. However, in a tavern or restaurant where a large
      quantity of beverage must be dispensed in a relatively short time, tapping
      devices of the aforedescribed type may be used in a multiple keg or series
      connected system which assures a constant supply of beverage for a
      prolonged period without interruption for removal and replacement of empty
      kegs. Such a system generally comprises a plurality of kegs or barrels
      each of which has a tapping device of the aforedescribed general type
      connected thereto. The tapping devices on the kegs are connected together
      in series with each other between a source of gas under pressure and a tap
      or spigot. In a beverage dispensing system of the aforedescribed type, it
      is generally desirable to use only one check valve on the tapping device
      associated with the keg nearest the gas pressure source. The check valves
      associated with the remaining tapping devices are preferably removed from
      the other tavern units which comprise the system to permit unobstructed
      fluid flow through the lines connecting the various kegs and to the
      tapping spigot. However, if the unnecessary check valves are not removed,
      when the system is installed, malfunction or abnormal flow at the spigot
      may result. Since it is usually difficult for one not thoroughly familiar
      with such a system to locate the source of the latter problem, the system
      may remain out of operation until the condition is corrected by a
      qualified repairman. Further, if the tavern unit has a relief valve
      permanently connected thereto when the tavern unit is used in a multi-keg
      system with other tavern units of like kind, the system will contain a
      plurality of unrequired relief valves, all of which add unnecessary
      expense to the installation. Accordingly, it is the general aim of the
      present invention to provide a universal tavern unit which may be adapted
      for use in either a single keg or multi-keg dispensing system to simplify
      installation of a system and minimize its cost.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a universal tavern unit is
      provided which includes a basic tavern unit having an inlet tube suitable
      for connection to a flexible conduit and an adaptor assembly which
      includes a pressure relief valve and a check valve for connection to the
      inlet tube, as required, to adapt the basic tavern unit to the particular
      requirements of an associated keg tapping system.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a somewhat schematic side elevational view of a multiple keg
      tapping system which includes a keg tapping device having a universal
      tavern unit embodying the invention.
PAR  FIG. 2 is a somewhat enlarged side elevational view of a basic tavern unit.
PAR  FIG. 3 is a side elevational view of a universal tavern unit embodying the
      present invention shown partially in vertical section.
PAR  FIG. 4 is a somewhat enlarged fragmentary longitudinal sectional view
      through the universal tavern unit of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, in FIG. 1, a multiple keg tapping system is
      shown which comprises a plurality of kegs designated K.sub.1, K.sub.2 and
      K.sub.3. Each keg is provided with an associated tapping unit designated
      T.sub.1, T.sub.2 and T.sub.3. The tapping units respectively communicate
      with the interior of the kegs and are connected together in series with
      each other and with a source of gas under pressure, illustrated by the gas
      cylinder 12, and a tap or spigot 14. The tapping device T.sub.1 associated
      with the keg K.sub.1 comprises a keg unit 16 and a universal tavern unit
      indicated generally at 18 which includes a basic tavern unit 20 and a
      pressure relief-check valve assembly or adaptor 22. The tapping devices
      T.sub.2 and T.sub.3 each comprise a keg unit 16 and a basic tavern unit
      20.
PAR  Considering now the basic tavern unit 20 in further detail and referring
      particularly to FIG. 2, the basic unit has a generally cylindrical body 24
      which has two passageways 26 and 28 therein, shown in broken lines in FIG.
      2 and adapted to respectively communicate with bores in a keg unit (not
      shown) when the basic tavern unit 20 is connected to the keg unit. The
      passageway 26 is defined by a cylindrical bore 30 parallel to an offset
      from the central axis of the body 24. The bore 30 does not pass completely
      through the upper end of the body 24 and at its upper end communicates
      with a short bore 32 coaxial with the axis of the body 24. The passageway
      28 is defined by another bore 34 which opens through the lower end of the
      body 24. At its upper end, the bore 34 communicates with a short
      cylindrical tubular part 36 which projects in a radial direction from the
      body 24. A male thread 38 at the inner end of the part 36 threadably
      engages the body 24 and extends outwardly for some distance beyond the
      body 24. The tubular part 36 has a cylindrical portion of somewhat reduced
      diameter at its outer end. More specifically, the outer end portion of the
      tubular part 36 has an outside diameter not greater than the root diameter
      of the thread 38. In the illustrated embodiment, the latter end portion
      has a plurality of shallow annular recesses formed therein to aid in
      retaining a flexible elastomeric tubular conduit or the like in connected
      relation with the basic tavern unit 20 as shown in FIG. 2. At its outer
      end, the tubular part 36 has a generally radially disposed and axially
      outwardly facing bearing surface 40, best shown in FIG. 4. Tubular probes
      42 and 44 respectively received in enlarged portions of the bores 30 and
      34 extended downwardly from the body 24 in generally parallel relation to
      further define the passageways 26 and 28. An internally threaded union nut
      46 surrounds the body 24 and bears against an annular flange 48 (FIG. 3)
      at the lower end thereof for retaining the basic tavern unit in connected
      relation with an associated keg unit 16.
PAR  When the tavern unit is in connected relation with the keg unit, the probes
      42 and 44 are received in associated passageways in the tavern unit and
      maintain valves associated with the tavern unit in an open condition to
      provide communication between the passageways 26 and 28 and the interior
      of an associated keg. Reference may be had to my aforementioned U.S.
      patent for more complete disclosure of the manner in which a tavern unit
      such as the unit 18 cooperates with an associated keg unit.
PAR  Referring now particularly to FIGS. 3 and 4 and further considering the
      construction and arrangement of the pressure relief-check valve adaptor
      22, the adaptor generally comprises a first tubular part 50 for connection
      to the tubular part 36 and which carries a pressure relief valve 52. The
      adaptor 22 further includes a second tubular part 54 for connection to the
      tubular part 50 to retain a check valve such as indicated at 56 and to
      provide means for connecting the tavern unit inlet passageway 28 to a
      flexible tubular conduit associated with a gas pressure source such as the
      gas cylinder 12, as shown in FIGS. 1. At least one annular seal member
      provides a fluid tight seal between the tubular parts 36 and 50 when the
      adaptor 22 is attached to the basic tavern unit 20. In the illustrated
      case, two such annular seal members are provided and designated at 58 and
      60, FIG. 4, for a further purpose hereinafter explained.
PAR  Considering the adaptor 22 in further detail, the part 50 has a stepped
      bore 62 which extends coaxially therethrough. The inner end portion of the
      bore is somewhat larger than the outer end portion thereof and has a
      female thread 64 for engaging the male thread 38 on the tubular part 36. A
      generally radially disposed and axially inwardly facing sealing surface 66
      is defined by the part 50 intermediate the bore sections thereof. The part
      50 also has a cylindrical portion 68 at its outer end and a somewhat
      larger male threaded portion 70 spaced from its outer end.
PAR  The pressure relief valve 52 is threaded into the side wall of the tubular
      part 50 between the sealing surface 66 and the outer end of the part as
      shown in FIGS. 3 and 4. Nut-like configurations on the outer surface of
      the part 50, as shown in FIG. 3, are provided for receiving a wrench or
      the like to facilitate assembly of the adaptor 22 with the basic tavern
      unit 20.
PAR  The second tubular part 54 has a stepped bore 72 which extends coaxially
      therethrough. The inner end portion of the latter bore is somewhat larger
      than the outer end portion thereof and includes a female thread for
      connection with the threaded portion 70 when the parts 50 and 54 are
      telescopically joined. At the junction of its bore sections the part 54
      has a generally radially disposed and inwardly facing bearing surface 74.
      At its outer end, the part 54 has a saw-tooth configuration for receiving
      and releasably retaining the end portion of a flexible conduit (not shown)
      telescopically connected thereto.
PAR  The elastomeric check valve 56 is received within the outer end of the bore
      62, extends outwardly for some distance there beyond, and has a generally
      cylindrical sleeve portion indicated at 76 which surrounds the cylindrical
      outer end portion 68. The bearing surface 74 on the part 54 bears against
      the outer end of the check valve 56 and serves to retain it in assembly
      with the part 50. The inner end portion of the check valve is divided into
      half sections by an axially extending slit formed therein, the half
      sections being adapted for flexure to permit the passage of fluid in one
      direction therethrough. The sleeve portion 76 and the outer end portion of
      the check valve 56 cooperate with the parts 50 and 54 to provide a fluid
      tight seal therebetween. For a more complete disclosure of the check valve
      56 and the manner in which it cooperates with two fluid conduits such as
      the parts 50 and 54 to provide a seal therebetween, reference may be had
      to my U.S. Pat. No. 3,618,632 entitled Check Valve, issued Nov. 9, 1971
      and assigned to the assignee of the present invention.
PAR  When the adaptor 22 is connected to the basic tavern unit 20, it is
      preferable that the pressure relief valve 52 be disposed on the upper side
      of the inlet tube as shown in FIGS. 3 and 4. This arrangement is
      particularly desirable for sanitary reasons, when the system is used in
      dispensing a beverage such as beer or the like. The preferred check valve
      arrangement assures fluid drainage from the spring receiving cavity in the
      relief valve 52. A plurality of sealing washers of differing thickness,
      such as the washers 58 and 60, are provided for use in connecting the
      adaptor 22 to the basic tavern unit 20 to assure proper positioning of the
      relief valve. At least one annular washer such as 58 selected from the
      group of sealing washers is positioned within the bore 62 generally
      adjacent the sealing surface 66. Thereafter, the adaptor 22 is threaded
      into engagement with the tubular part 36. If the relief valve 52 cannot
      attain its desired angular position relative to the body 24 when a
      predetermined torque is applied to threadably connect the adaptor 22 to
      the tubular part 36, then the adaptor 22 is disconnected from the tavern
      unit. Thereafter, one or more additional washers selected from the group
      are positioned therebetween and the adaptor is again connected to the
      tavern unit. This procedure may be repeated until the proper washer or
      combination of washers is selected which yields the desired result. In the
      illustrated case the two sealing washers 58 and 60 were employed to bring
      the pressure relief valve 52 to its desired vertically oriented position.
PAR  When a keg tapping device, such as aforedescribed, is used to tap a single
      keg, the universal tavern unit 18, which includes both a basic tavern unit
      20 and an adaptor 22, is employed, since both the pressure relief valve 52
      and the check valve 56 comprise essential elements in such a single keg
      system. However, in a multiple keg tapping system, it is necessary to
      provide only one universal tavern unit 18 for attachment to one of the
      kegs in a system. Basic tavern units are provided for attachment to the
      remaining kegs. Thus, the manufacturer of a tapping device may produce a
      single tavern unit which meets the requirements of all systems and the
      user of the tapping device is not required to purchase unnecessary
      hardware. Such simplified installation instructions will virtually assure
      proper installation of the system and trouble free service.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a keg tapping apparatus having a keg unit for connection to a keg,
      the improvement comprising a universal tavern unit having a body for
      connection to the keg unit and including means defining fluid passageways
      through said body for communicating with the interior of the keg when the
      keg unit is connected to the keg and the tavern unit is connected to the
      keg unit, a cylindrical tubular part connected to the body and extending
      outwardly therefrom, said cylindrical tubular part partially defining one
      of said fluid passageways and having a generally radially disposed axially
      outwardly facing annular bearing surface thereon, a pressure relief-check
      valve adaptor assembly including a first tubular part having a radially
      disposed axially inwardly facing sealing surface, a male thread on one of
      said parts comprising said cylindrical part and said first tubular part
      and a female thread on the other of said parts for threadable engagement
      with said male thread for releasably connecting said first tubular part to
      said cylindrical part, a pressure relief valve mounted on said first
      tubular part intermediate its ends and communicating with the interior
      thereof, said pressure relief valve extending radially outwardly from said
      first tubular part, a second tubular part, means for releasably connecting
      said second tubular part to said first tubular part, an elastomeric check
      valve disposed in one of said first and second tubular parts and having
      means associated therewith for cooperating with said first and second
      tubular parts to provide a substantially fluid tight seal between said
      first and second tubular parts when the latter parts are connected, and at
      least one annular sealing and positioning washer selected from a plurality
      of washers of differing axial thicknesses, said one washer disposed
      between said cylindrical part and said first tubular part in sealing
      engagement with said bearing surface and said sealing surface, said one
      washer causing said pressure relief valve to attain a generally
      predetermined angular position relative to said body when a generally
      predetermined torque is applied to threadably connect said first tubular
      part to said cylindrical part with said one washer therebetween.
NUM  2.
PAR  2. In a keg tapping apparatus as set forth in claim 1 the combination
      wherein said one part comprises said cylindrical tubular part and said
      other part comprises said first tubular part.
NUM  3.
PAR  3. In a keg tapping apparatus as set forth in claim 2 the combination
      wherein said bearing surface is disposed at the outer end of said
      cylindrical tubular and said male thread is spaced axially inwardly of
      said outer end.
NUM  4.
PAR  4. In a keg tapping apparatus as set forth in claim 3, wherein said male
      thread extends to said inner end of said cylindrical tubular part and
      comprises means for connecting said cylindrical tubular part to said
      tavern unit body.
NUM  5.
PAR  5. In a keg tapping apparatus having a keg unit for connection to a keg,
      the improvement comprising a universal tavern unit having a body for
      connection to the keg unit and including means defining fluid passageways
      through said body for communicating with the interior of the keg when the
      keg unit is connected to the keg and the tavern unit is connected to the
      keg unit, said tavern unit having a cylindrical tubular part connected to
      said body and extending outwardly therefrom, said cylindrical tubular part
      having a cylindrical bore partially defining one of said fluid passageways
      and having a male thread on its surface spaced from its outer end and a
      generally cylindrical outer end portion of reduced diameter, said outer
      end portion defining a generally radially disposed outwardly facing
      annular bearing surface, and a pressure relief-check valve adapter
      assembly including a first tubular part having a stepped first bore
      extending coaxially therethrough, said first bore including a
      diametrically enlarged inner end portion having a female thread on its
      interior surface threadably engaging said male thread and telescopically
      connecting said first tubular part to said cylindrical tubular part in
      coaxial alignment therewith, said first tubular part defining a radially
      disposed axially inwardly facing annular first sealing surface between
      said inner and outer end portions of said first bore in axially opposing
      relation to said bearing surface, said first tubular part having a
      cylindrical outer end portion and an externally threaded portion of
      somewhat larger diameter than its cylindrical portion and spaced from its
      outer end, at least one annular seal member disposed between and sealingly
      engaging said bearing surface and said first sealing surface, a pressure
      relief valve supported by and projecting radially outwardly from the side
      wall of said first tubular part between said sealing surface and said
      externally threaded portion and communicating with the outer end portion
      of said first bore, a second tubular part having a stepped second bore
      extending coaxially therethrough and having an inner end portion somewhat
      larger than its outer end portion, said second bore inner end portion
      having a female thread thereon engaging said externally threaded portion
      and telescopically connecting said second tubular part to said first
      tubular part in coaxial alignment therewith, said second tubular part
      defining a generally radially disposed axially inwardly facing annular
      second sealing surface in said second bore between the inner and outer end
      portions thereof, said second tubular part having an outer end portion
      including means for receiving and releasably retaining the end portion of
      a flexible conduit in telescopic connection therewith, and an elastomeric
      check valve received in the outer end portion of said first bore and
      extending axially outwardly for some distance therebeyond and sealingly
      engaging said second sealing surface, said elastomeric check valve having
      a generally cylindrical sleeve portion in surrounding sealing engagement
      with said cylindrical outer end portion of said first tubular part, said
      elastomeric check valve having an axially extending slit therein dividing
      the inner end portion thereof into half sections adapted for flexure to
      permit the passage of fluid in one direction through said check valve from
      said second bore to said first bore.
NUM  6.
PAR  6. In a keg tapping apparatus as set forth in claim 5 the combination
      wherein said one annular seal member comprises at least one annular
      sealing and positioning washer selected from a plurality of washers of
      differing axial thickness for causing said pressure relief valve to attain
      a generally predetermined angular position relative to said tavern unit
      body when a generally predetermined torque is applied to threadably
      connected said first tubular part to said cylindrical tubular part with
      said one washer therebetween.
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PAL  The assembly includes an actuator nozzle telescopically fitted to an
      aerosol valve and rotatable with respect thereto. The actuator includes a
      skirt portion which interfits with a locking ring to maintain it on the
      valve. The interfitted skirt portion is preferably tilted with respect to
      the telescopically fitted portion of the actuator to provide an initial
      tilt to the aerosol valve for ease of opening. The locking ring preferably
      also includes means for locking the actuator by rotation of the actuator
      to prevent opening of the valve.
PARN
PAR  This application is a continuation-in-part of U.S. patent application Ser.
      No. 274,195 filed July 24, 1972 for A ROTATABLE AEROSOL ACTUATOR NOZZLE
      and now abandoned.
BSUM
PAR  This invention relates to an improved actuator nozzle assembly for an
      aerosol container in which the actuator nozzle is rotatable with respect
      to the aerosol valve, and which may provided greater ease of operation, or
      a safety interlock feature, or both.
PAR  Aerosol containers are commonly constructed in the form of a metal can
      having a tubular valve stem protruding at the center of the top of the
      can. Most commonly, a plastic actuator nozzle is press-fitted over the end
      of the valve stem, and includes a constricted nozzle opening in one side
      thereof so that the user can direct the stream from the nozzle in a
      desired direction. With this method of construction, there is no problem
      of leakage between the actuator nozzle and the valve stem because of the
      tight press-fit therebetween. However, the actuator nozzle cannot be
      easily rotated.
PAR  It is one of the features of the present invention to provide an actuator
      nozzle which can be rotated with respect to the valve stem, and which does
      not permit leakage between the valve stem and the actuator nozzle.
PAR  Aerosol containers, as presently constructed, have valves which are
      actuated either by pressing the valve stem directly, axially, inwardly,
      (downwardly), or by tilting the valve stem by a side thrust. The valves
      that are actuated by a side thrust are preferred because they require less
      operating force by the user. However, because of proprietary restrictions,
      some manufacturers are not able to offer the public the side thrust
      actuated valves, and are restricted to producing and selling the axially
      operated valves.
PAR  It is one object of the present invention to provide an improved aerosol
      actuator nozzle which promotes ease of operation of the axially operated
      valves, and which may be said to convert the operation to the tilting type
      of side thrust operation.
PAR  Another problem with aerosol containers is that the substances in the
      containers, while always very useful, may be harmful is misused. Such
      misuse may occur through inadvertent operation of the aerosol valve at the
      wrong time, or the valve may be operated by a young child who may injure
      himself or cause damage to property.
PAR  Accordingly, it is another object of the present invention to provide an
      improved actuator nozzle assembly for an aerosol container which
      incorporates an improved interlock feature to provide a locked condition
      of the actuator whenever accidental or unauthorized operation of the valve
      is to be prevented.
PAR  Further objects and advantages of the invention will be apparent from the
      following description and the accompanying drawings.
PAR  In carrying out the invention, there may be provided an actuator nozzle
      assembly for an aerosol container of the type having a tubular valve stem
      protruding at the center of one axial end thereof, comprising an actuator
      which is rotatable with respect to the valve stem when assembled
      therewith, said actuator comprising a member defining a cylinder surface
      operable to telescopically interfit with the valve stem to have a sliding
      fit therewith, said actuator including a conical surface portion
      corresponding to a frustum of a right circular cone concentric with said
      cylinder surface member and arranged to engage an upper edge portion of
      the valve stem with a distributed radial force combined with an axial
      force in response to the axial component of valve opening force imparted
      through said actuator to the valve stem to thereby form a seal between
      said actuator and the valve stem, said actuator including a nozzle opening
      communicating with the interior of said cylinder surface member and
      extending radially outwardly from the upper end thereof, said actuator
      also including a skirt portion extending downwardly and generally parallel
      to the axis of said cylinder surface member and having a radially
      outwardly extending flange at the lower portion thereof, the upper surface
      of said flange generally defining a plane, a locking ring arranged for
      assembly to the upper edge portion of the aerosol container, said locking
      ring having a radially inwardly extending flange portion which interlocks
      with the upper surface of said radially outwardly extending flange of said
      skirt portion of said actuator, said plane defined by said upper surface
      of said radially outwardly extending flange of said skirt portion being
      tilted away from an orientation perpendicular to the axis of said cylinder
      surface member, the tilt being downwardly in the front of said nozzle
      opening and upwardly in the rear of said nozzle opening.
DRWD
PAR  In the accompanying drawings:
PAR  FIG. 1 is a sectional side view of a preferred embodiment of the actuator
      nozzle assembly of the invention showing the mode of attachment to an
      aerosol container.
PAR  FIG. 2 is a sectional rear view of the actuator nozzle assembly of FIG. 1,
      taken at section 2--2 of FIG. 1.
PAR  FIG. 3 is a bottom view of the actuator nozzle assembly of FIG. 1 as it
      appears when disassembled from the aerosol container, and with the
      actuator in an unlocked position.
PAR  FIG. 4 is a bottom view corresponding to the bottom view of FIG. 3, but
      showing the actuator in a locked position.
DETD
PAR  Referring more particularly to FIG. 1, there is illustrated a combined
      valve actuator and nozzle 10 mounted upon an aerosol container 12. The
      aerosol container 12 is one of the type having a tubular valve stem 14
      protruding at the center of the upper end thereof. The actuator 10
      includes a tubular member 16 having an interior cylindrical bore which has
      a sliding fit telescopically over the outer diameter of the tubular valve
      stem 14. For ease of assembly, at the bottom tip of the tubular member 16,
      as indicated at 18, there is provided a tapered portion which adjoins, and
      forms an extension of, the inner bore surface of the tubular member 16
      which engages with the outer surface of the tubular valve stem 14.
PAR  The actuator 10 also includes a conical surface portion indicated at 20
      which corresponds to a frustum of a right circular cone which is arranged
      to engage the outer upper edge portion of the valve stem 14 to form a seal
      therewith to prevent leakage when the valve is actuated. In the embodiment
      of FIG. 1, surface 20 is simply an extension of the inner bore surface of
      the tubular member 16. The usual downward pressure on the valve actuator
      10 for operation of the valve is sufficient to prevent leakage through
      this seal. When the valve is actuated by a side thrust upon the actuator
      nozzle, causing a rotational movement of the actuator and the valve stem
      14, the downward and inward component of the actuating force is sufficient
      to provide the sealing effect. This is explained in more detail below.
PAR  For accomplishing the above purposes, the cone angle between the conical
      surface and the cone axis, corresponding to the axis 22 of the valve stem,
      is preferably in the neighborhood of 30.degree.. It has been found that if
      an angle greater than 45.degree. is employed, the sealing action is not
      adequate with the normal axial valve actuating force. On the other hand,
      if an angle of less than 20.degree. is employed, the conical portion of
      the actuator tends to become wedged on the end of the valve stem,
      preventing free rotation of the combined actuator and nozzle. Accordingly,
      it is preferred to keep the cone angle within the range from 25.degree. to
      40.degree., and the preferred value is in the neighborhood of 30 degrees.
      It will be appreciated that the selection of the cone angles, and the
      operation of the seal, will depend to some extent upon the selection of
      material for the combined actuator and nozzle. However, the above ranges
      are believed to be effective for most of the molded plastic materials
      which are intended to be used for the actuator and nozzle. Various plastic
      materials may be employed for this purpose. The choice of material is not
      believed to be a critical matter. Typical satisfactory materials include
      polyethylene, acrylics, vinyls, and others.
PAR  The upper end of the center bore of the tubular member 16 communicates with
      a nozzle bore 24 extending through to the exterior of the actuator and
      nozzle 10 in the bottom of a concave generally spherically shaped recess
      26 formed in the actuator 10. At the upper surface of the actuator 10
      there is provided a fingershaped recessed channel, as indicated at 28,
      which is axially aligned with the nozzle bore 24 when viewed from above.
      This is sometimes referred to hereinafter as the finger grip portion of
      the actuator nozzle. The finger depression 28 is preferably slanted, as
      shown, as a convenience in actuating the valve by a combination of
      downward force and side thrust upon the actuator, the side thrust being
      exerted in a direction to the left in the drawing.
PAR  The actuator nozzle 10 is maintained in assembled relationship on the
      aerosol container by means of a locking ring 30 which snaps into firm
      engagement with the upper peripheral egde portion 32 of the aerosol
      container. The locking ring 30 is provided with an inwardly extending
      radial flange 34. The body of the actuator nozzle 10 includes a skirt
      portion 36 having a radially outwardly extending flange portion 38 at the
      bottom edge thereof. The outer diameter of the flange 38 is greater than
      the inner diameter of the flange 34 so that these flanges interlock to
      maintain the body of the actuator nozzle 10 in assembled relationship with
      the aerosol container.
PAR  As illustrated in the drawing, the upper edge portion 32 of the aerosol
      container has an undercut, as indicated at 40, and a portion 42 of the
      locking ring 30 snaps into the undercut portion of the edge 32 of the
      container to firmly secure the locking ring thereto. To provide for ease
      of assembly of the locking ring 30, it is preferably provided with a
      conically tapered portion indicated at 44, followed by a curved profile
      portion at 46, above the portion 42, which substantially conforms to the
      inward facing surface of the edge 32 of the container. The profile portion
      46 may be properly referred to as a circumferential groove. The locking
      ring 30 is preferably constructed of one of the synthetic resin plastic
      materials previously mentioned above, and when constructed of such
      materials, it is found to have sufficient flexibility to permit assembly
      by snapping it into position by use of the camming action provided by the
      taper 44.
PAR  Aerosol containers, as presently constructed, have valves which are
      actuated either by pressing the valve stem directly, axially, inwardly,
      (downwardly), or by tilting the valve stem by a side thrust. When the
      actuator nozzle of the present invention is employed with an aerosol
      container valve of the first type, involving an axial movement of the
      valve stem for opening the valve, there is no question about the
      achievement of an adequate sealing action between the valve stem 14 and
      the conical surface 20, for the entire axial inward force required to
      overcome the valve spring is applied directly to force the conical sealing
      surface 20 against the upper edge of the valve stem 14. However, when the
      valve is one of those which is actuated by a side thrust, the axial
      component of that thrust force is necessarily somewhat limited. The axial
      component of the side thrust is enhanced by two features of the invention.
      The finger channel 28 at the top of the actuator nozzle 10 body is slanted
      away from the vertical at an angle which exceeds 45.degree., and in a
      preferred embodiment is at an angle of about 54.degree.. This means that
      in providing a side thrust upon the actuator nozzle, the user necessarily
      grips the actuator nozzle with his finger by a downward pressure. This
      provides a component of axial thrust tending to tighten the seal at the
      conical surface 20. Another feature which is very effective for this
      problem is that the flange 38 on the skirt 36 of the body of the actuator
      nozzle engages with the flange 34 of the locking ring at the back of the
      actuator nozzle as the side thrust and resultant tilting of the actuator
      nozzle takes place. This is at the right side of the nozzle as it is
      pictured in the drawing. The engagement of these flanges causes a pivoting
      action of the actuator nozzle at the point of engagement. It may be
      referred to as a fulcrum point since the actuator nozzle operates as a
      lever. Thus, further tilting movement after engagement of the flanges 34
      and 38 provides for rotation of the actuator nozzle about the fulcrum
      point and provides for a substantial component of the actuating force to
      be applied along the axis of the valve stem, thus serving to tighten the
      seal at the conical surface 20. Thus, by these measures a very adequate
      sealing action is obtained. This sealing action is important, particularly
      in nozzles of the type illustrated which are intended to emit a forceful
      spray through an orifice 24, because a substantial pressure must exist
      behind the orifice, and that pressure will be released wherever it can be.
PAR  In accordance with another improved feature of the present invention, the
      axis of the cylindrical bore of the tubular member 16 is tilted at an
      angle of about 5.degree. away from the vertical. This is a rotational
      displacement clockwise as illustrated in FIG. 1, and a displacement which
      is in a plane common to the center lines of the bore of 16 and of the
      nozzle 24. This feature is particularly important in promoting ease of
      operation of axially operated valves. This tilt of the bore 16
      pre-stresses the valve stem 14 to the right, as illustrated in the
      drawing. This pre-stressing is not drastic enough to cause the valve to
      open, or to damage the valve in any way. However, the pre-stressing is in
      such a direction that the actuation movement of the actuator nozzle, which
      is a counterclockwise rotation as well as a downward and inward movement,
      causes the valve stem 14 to straighten up as well as being moved
      downwardly and inwardly. This promotes ease of operation of the valve, and
      it also enhances the force tending to seal the actuator to the valve stem
      at the conical surface 20. Thus, the operating tilting force on the
      actuator, which is to the left in the drawing, provides a greater
      component of sealing force at the conical seal 20 than would otherwise be
      available without the 5.degree. tilt of the axis of the bore of the
      tubular member 16.
PAR  The above description of the 5.degree. tilt feature has been given entirely
      in terms of a tilt of the bore of the tubular portion 16 of the actuator
      away from the vertical direction as related to the main axis of the
      actuator. Actually, the chief significance of this tilt is that the bore
      of 16 is tilted with respect to the plane defined by the upper surface of
      the outwardly extending flange 38 of the skirt portion 36. Thus, the tilt
      may also be described as a tilt of that plane. Thus, the plane of the
      flange should not be normal to the axis of the bore, but should be tilted
      about five degrees away from the normal. This tilt may be described as
      downwardly in front (to the left) of the nozzle opening 24 and upwardly in
      the rear (to the right) of the nozzle opening 24. The other features of
      the actuator may be related to either axis, either the tilted axis of the
      bore, or an axis which is illustrated as vertical in the drawing, and
      which is normal to the plane defined by the upper surface of the flange
      38. In the present embodiment, the other features, such as the cone angles
      of the skirt 36, are symmetrical about the vertical axis which is normal
      to the plane defined by the flange 38.
PAR  The drawing is idealized to the extent that a clearance space is shown
      between the upper surface of the flange 38 and the lower surface of the
      inwardly extending locking ring flange 34 on the right side of FIG. 1.
      Actually, this clearance is taken up entirely by the normal restoring
      force of the aerosol valve stem 14, which tries to maintain the valve stem
      in the vertical direction. The clearance between the flanges 38 and 34 is
      preferably minimized so as to limit the straightening effect of the
      restoring force of the valve 14. However, a number of manufacturing
      tolerances are involved in determining this clearance, and accordingly the
      actual "at rest" tilt angle of the valve stem 14 is bound to be less than
      five degrees, and is more likely to be in the order of 3.degree.. However,
      the 3.degree. tilt provides all of the advantages explained above.
      Furthermore, the fact that the restoring force of the valve 14 takes up
      all of the clearance space between the flanges 34 and 38 at the right side
      in the drawing FIG. 1 provides for smooth operation of the valve with a
      minimum of lost motion before the valve begins to open.
PAR  The following portion of the description is largely directed to a preferred
      locking feature of the invention. With this locking feature, the actuator
      10 can be rotated with respect to the locking ring 30 into a position from
      which the actuator cannot be operated to open the valve.
PAR  FIG. 2 is a rear sectional view taken on section 2--2 of FIG. 1. In order
      to clarify the showing of FIG. 1, FIG. 2 includes a section line 1--1
      which deviates in a minor way from the center line, showing where the
      section is taken in FIG. 2 for FIG. 1. As shown in FIG. 2, the radially
      outwardly extending flange 38 is interrupted at the sides of the skirt
      portion 36, and the skirt portion in the vicinity of this interruption is
      extended by integrally formed cantilever spring tabs 48 and 50. The
      interior surface of the lower portion of the locking ring 30 defines a
      hexagon, having six hexagon faces 52, 54, 56, 58, 60, and 62, some of
      which are illustrated in FIGS. 1 and 2, and all of which are shown in the
      bottom views of FIGS. 3 and 4 described more fully below. The cantilever
      spring flaps 48 and 50 cooperate with the hexagonal interior surface of
      locking ring 30 to provide an indexing movement in the rotation of the
      actuator nozzle 10, such that there is a substantial resistance to
      rotation as the spring flaps are rotated from engagement with one pair of
      the oppositely disposed hexagon flat surfaces to engagement with another
      pair. But there is a substantial reduction in turning force as the flaps
      become seated upon a particular pair of the hexagon flat surfaces. This
      may be referred to as an indexing, or detent, type of movement. It is very
      useful in the present invention, as will be described more fully below.
      The spring flaps 48 and 50 are designed to have the necessary amount of
      flexibility to provide the desired amount of resistance to rotation from
      one indexed position to another.
PAR  FIG. 3 is a bottom view of the assembly illustrating it in the unlocked
      position, as shown in FIG. 2, and clearly illustrating the hexagonal faces
      of the opening in the bottom of the locking ring 30. FIG. 4 is a bottom
      view of the assembly, corresponding to FIG. 3, but showing the actuator
      nozzle 10 rotated sixty degrees with relation to the locking ring 30, and
      in the locked position, to prevent undesired opening of the aerosol valve.
PAR  Referring again to FIG. 2, on two of the opposed flat faces 54 and 60 of
      the internal surface of the locking ring 30 there are provided locking
      abutments 64 and 66 which extend radially inwardly. When the actuator
      nozzle is rotated with respect to the locking ring 30 from the position
      illustrated in FIGS. 1, 2, and 3, into the position illustrated in FIG. 4,
      then the radially outwardly extending flange 38 at the lower portion of
      the actuator nozzle skirt 36 is moved into the cavity shown at 68 above
      the abutments 64 and 66. This interlocks the flange 38 with the abutments
      64 and 66, and prevents any downward or tilting movement of the actuator
      nozzle 10 which could cause opening of the valve of the aerosol. The
      bottom edges of the flange 38 are tapered, as indicated at 69, to
      facilitate entry of the flange 38 into the cavities 68. This permits ease
      of operation and a close fit. It also compensates for any initial
      misalignment. As shown in the bottom views of FIGS. 3 and 4, the locking
      abutments 64 and 66 preferably have arcuately formed faces so that the
      edges of these abutments form arcuate engagements with substantial
      portions of the edges of the radial flange 38 of the actuator nozzle, even
      though the overlap of these parts is not large, as illustrated in the
      locked position shown in FIG. 4.
PAR  On the underside of the radially outwardly extending flange 38, there are
      provided integrally molded stops 70 and 72 which come to rest against the
      edges of the locking abutments 66 and 64 when the actuator nozzle is in
      the locked position, as illustrated in FIG. 4. This provides a positive
      indication to the user that the actuator nozzle is in the locked position,
      and prevents further rotation.
PAR  The hexagonal configuration of the interior of the locking ring 30, and the
      related features of the geometry of the preferred embodiment illustrated
      in FIGS. 1-4 provide for two different locked positions. Thus, from the
      unlocked position illustrated in FIG. 3, the actuator nozzle can be
      rotated either clockwise or counterclockwise by 60.degree. into a locked
      position. The counterclockwise locked position is illustrated in FIG. 4.
      In either of these locked positions, the stop members 70 and 72 are
      effective to stop the rotation by engagement against the abutment members
      66 and 64.
PAR  When the actuator nozzle is rotated to the unlocked position, as
      illustrated in FIG. 2, there is no interference by the abutments 64 and
      66, or by any other part of the locking ring 30, with downward or tilting
      movement of the actuator nozzle.
PAR  The bottom views of FIGS. 3 and 4 are simplified to the extent that the
      details are not fully shown within the center bore 16, since such details
      are not required for an understanding of the invention.
PAR  Many modifications may be made without departing from the spirit and scope
      of the invention. For instance, the locking abutments 64 and 66 may be
      moved down to the lower inside edge of the hexagon faces 60 and 54 so as
      to abut with the lower tips of the cantilever spring flaps 48 and 50 to
      thus provide the locking action in cooperation with the tips of the spring
      flaps rather than with the flange 38. The position illustrated in FIG. 2
      is then one of the locked positions, rather than the unlocked position.
PAR  Furthermore, with the hexagon shape, it is feasible to provide three
      equally spaced locking abutments, for instance, in association with the
      hexagon faces 52, 56, and 60, and to provide three equally spaced
      cantilever spring flaps, instead of the 2 illustrated. This again provides
      a configuration in which a sixty .degree. rotation causes locking, and a
      60.degree. counter rotation causes unlocking. It is also possible to use
      other polyhedron shapes on the inner surface of the locking ring 30,
      preferably employing even numbers of sides. For instance, it is quite
      practical to employ an octagon shape with four equally spaced locking
      abutments and four equally spaced cantilever spring flaps. The principles
      of the invention may also be employed with an octagon shape with only two
      oppositely disposed locking abutments, and two oppositely disposed
      cantilever spring flaps. However, the embodiment illustrated in the
      drawings is the preferred embodiment.
PAR  While this invention has been shown and described in connection with
      particular preferred embodiments, various alterations and modifications
      will occur to those skilled in the art. Accordingly, the following claims
      are intended to define the valid scope of this invention over the prior
      art, and to cover all changes and modifications falling within the true
      spirit and valid scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An actuator nozzle assembly for an aerosol container of the type having
      a tubular valve stem protruding at the center of one axial end thereof,
      comprising
PA1  an actuator which is rotatable with respect to the valve stem when
      assembled therewith,
PA1  said actuator comprising a member defining a cylinder surface operable to
      telescopically interfit with the valve stem and forming a seal therewith,
PA1  said actuator including a nozzle opening communicating with the interior of
      said cylinder surface member and extending radially outwardly from the
      upper end thereof,
PA1  said actuator also including a skirt portion extending downwardly and
      generally parallel to the axis of said cylinder surface member and having
      radially outwardly extending flange at the lower portion thereof,
PA1  the upper surface of said flange generally defining a plane,
PA1  a locking ring arranged for assembly to the upper edge portion of the
      aerosol container,
PA1  said locking ring having a radially inwardly extending flange portion which
      interlocks with the upper surface of said radially outwardly extending
      flange of said skirt portion of said actuator,
PA1  said plane defined by said upper surface of said radially outwardly
      extending flange of said skirt portion being tilted away from an
      orientation perpendicular to the axis of said cylinder surface member so
      as to impart a corresponding tilt to said actuator and the associated
      valve stem in the assembled ` at rest` position,
PA1  the tilt of said flange being downwardly in the front of said nozzle
      opening and upwardly in the rear of said nozzle opening.
NUM  2.
PAR  2. An actuator nozzle assembly as claimed in claim 1 wherein
PA1  the angle of tilt between said plane of said flange of said skirt portion
      and a plane perpendicular to the axis of said cylinder surface member is
      in the neighborhood of about five degrees.
NUM  3.
PAR  3. An actuator nozzle assembly as claimed in claim 1 wherein
PA1  the angle of tilt between said plane of said flange of said skirt portion
      and a plane perpendicular to the axis of said cylinder surface member is
      in the range from about four to about six degrees.
NUM  4.
PAR  4. A nozzle assembly as claimed in claim 3 wherein
PA1  the dimensional tolerances between the radially inwardly extending flange
      portion of said locking ring and the radially outwardly extending flange
      of said skirt portion of said actuator are limited so as to maintain the
      valve stem with a tilt of at least about three degrees away from alignment
      with the center line of the associated aerosol container.
NUM  5.
PAR  5. An actuator nozzle assembly as claimed in claim 1 wherein
PA1  said cylinder surface telescopically interfits with the aerosol container
      valve stem by sliding over the outside surface of the valve stem.
NUM  6.
PAR  6. An actuator nozzle assembly as claimed in claim 5 wherein
PA1  said conical surface portion merges with the upper end of said cylinder
      surface and provides a progressively more limited construction in the
      upper portions of a common chamber defined by said cylinder surface and
      said conical surface portion.
NUM  7.
PAR  7. An actuator nozzle assembly as claimed in claim 1 wherein
PA1  said nozzle opening communicating with the interior of said cylinder
      surface comprises a constricted nozzle opening to provide a spray
      discharge of the contents of the aerosol container.
NUM  8.
PAR  8. An actuator nozzle assembly as claimed in claim 1 wherein
PA1  said locking ring includes at least two integral locking abutments
      extending radially inwardly from the inside walls thereof beneath said
      skirt portion and arranged to abut lower surfaces of said skirt portion to
      thereby lock said actuator against downward movement to prevent actuation
      of the associated aerosol container valve,
PA1  said lower surfaces of said skirt portion engaged by said locking abutments
      having reduced radius portions thereof corresponding to each of said
      locking abutments,
PA1  said actuator being rotatable to position said reduced radius portions
      adjacent to said abutments to thereby disengage said skirt portion from
      said locking abutments to unlock said actuator.
NUM  9.
PAR  9. An assembly as claimed in claim 1 wherein
PA1  the upper surface of said actuator includes a finger grip portion to
      receive actuating pressure from the finger of the user,
PA1  said finger grip portion being slanted downwardly towards the rear of the
      nozzle opening to thereby insure that the actuator is operated by tilting
      in a direction towards the front of the nozzle opening with the rear of
      said radially outwardly extending flange of said skirt portion engaging
      said locking ring flange as a fulcrum.
NUM  10.
PAR  10. An actuator nozzle assembly for an aerosol container of the type having
      a tubular valve stem protruding at the center of one axial end thereof,
      comprising
PA1  an actuator which is rotatable with respect to the valve stem when
      assembled therewith,
PA1  said actuator comprising a member defining a cylinder surface operable to
      telescopically interfit with the valve stem to have a sliding fit
      therewith,
PA1  said actuator including a conical surface portion corresponding to a
      frustum of a right circular cone concentric with said cylinder surface
      member and arranged to engage an upper edge portion of the valve stem with
      a distributed radial force combined with an axial force in response to the
      axial component of valve opening imparted through said actuator to the
      valve stem to thereby form a seal between said actuator and the valve
      stem,
PA1  said actuator including a skirt portion extending downwardly and generally
      parallel to the axis of said cylinder surface member and having a radially
      outwardly extending flange at the lower portion thereof,
PA1  the upper surface of said flange generally defining a plane,
PA1  a locking ring arranged for assembly to the upper edge portion of the
      aerosol container,
PA1  said locking ring having a radially inwardly extending flange portion which
      interlocks with the upper surface of said radially outwardly extending
      flange of said skirt portion of said actuator to maintain said actuator in
      assembled relationship with the valve stem of the aerosol container,
PA1  said locking ring including at least two integral locking abutments
      extending radially inwardly from the inside walls thereof beneath said
      skirt portion and arranged to abut lower surfaces of said skirt portion to
      thereby lock said actuator against downward movement to prevent actuation
      of the associated aerosol container valve,
PA1  said lower surfaces of said skirt portion engaged by said locking abutments
      having reduced radius portions corresponding to each of said locking
      abutments,
PA1  said actuator being rotatable to position said reduced radius portions
      opposite to said abutments to thereby disengage said skirt portion from
      said locking abutments to unlock said actuator,
PA1  said skirt portion of said actuator including a plurality of integrally
      formed cantilever spring members extending downwardly therefrom and
      arranged to exert spring forces radially outwardly against the inner
      surface of said locking ring below said radially inwardly extending flange
      portion,
PA1  said inner surface of said locking ring including discontinuities operable
      in cooperation with said cantilever spring members to provide a detent
      spring force for rotational indexing operation of said actuator between at
      least one locked rotational position in which said skirt portion is locked
      with said locking abutments and at least one unlocked rotational position
      in which said skirt portion is disengaged from said locking abutments.
NUM  11.
PAR  11. An actuator nozzle assembly as claimed in claim 10 wherein
PA1  said lower surfaces of said skirt portion engaged by said locking abutments
      are comprised of lower surfaces of said radially outwardly extending
      flange.
NUM  12.
PAR  12. An actuator nozzle assembly as claimed in claim 11 wherein
PA1  said cantilever spring members extend both downwardly and outwardly to span
      over said locking abutments on the inner surfaces of said locking ring so
      as to avoid interference therewith.
NUM  13.
PAR  13. An actuator nozzle assembly as claimed in claim 10 wherein
PA1  said discontinuities in said inner surface of said locking ring are
      provided by forming said surface as a regular polygon having an even
      number of sides.
NUM  14.
PAR  14. An assembly as claimed in claim 13 wherein
PA1  said cantilever spring members include relatively straight lower edges for
      physical engagement with said inner surface of said locking ring,
PA1  said cantilever spring members being matched with individual pairs of the
      sides of the polygon shape of said inner surface of said locking ring to
      provide a minimum of rotation resisting force when said straight lower
      edges of said spring members are aligned with a pair of straight sides of
      said polygon.
NUM  15.
PAR  15. An assembly as claimed in claim 13 wherein
PA1  said polygon is a hexagon.
NUM  16.
PAR  16. An assembly as claimed in claim 15 wherein
PA1  two of said locking abutments are provided on two oppositely disposed sides
      of the hexagonal inner surface of said locking ring,
PA1  said actuator including two integrally formed cantilever spring members
      disposed on opposite sides thereof.
NUM  17.
PAR  17. An assembly as claimed in claim 16 wherein
PA1  said actuator includes stop members extending downwardly from the lower
      surface of said outwardly extending flange and operable to engage said
      locking abutments to limit the rotational movement of said actuator as the
      actuator is rotated into the fully locked position.
NUM  18.
PAR  18. An actuator nozzle assembly for an aerosol container of the type having
      a tubular valve stem protruding at the center of one axial end thereof,
      comprising
PA1  an actuator which is rotatable with respect to the valve stem when
      assembled therewith,
PA1  said actuator comprising a member defining a cylinder surface operable to
      telescopically interfit with the valve stem to have a sliding fit
      therewith,
PA1  said actuator including a skirt portion extending downwardly and generally
      parallel to the axis of said cylinder surface member and having a radially
      outwardly extending flange at the lower portion thereof,
PA1  the upper surface of said flange generally defining a plane,
PA1  a locking ring arranged for assembly to the upper edge portion of the
      aerosol container,
PA1  said locking ring having a radially inwardly extending flange portion which
      interlocks with the upper surface of said radially outwardly extending
      flange of said skirt portion of said actuator to maintain said actuator in
      assembled relationship with the valve stem of the aerosol container,
PA1  said locking ring including at least two integral locking abutments
      extending radially inwardly from the inside walls thereof beneath said
      skirt portion and arranged to abut lower surfaces of said skirt portion to
      thereby lock said actuator against downward movement to prevent actuation
      of the associated aerosol container valve,
PA1  said lower surfaces of said skirt portion engaged by said locking abutments
      having reduced radius portions corresponding to each of said locking
      abutments,
PA1  said actuator being rotatable to position said reduced radius portions
      opposite to said abutments to thereby disengage said skirt portion from
      said locking abutments to unlock said actuator,
PA1  said skirt portion of said actuator including a plurality of cantilever
      spring members extending downwardly therefrom and arranged to exert spring
      forces radially outwardly against the inner surface of said locking ring,
PA1  said inner surface of said locking ring including discontinuities operable
      in cooperation with said cantilever spring members to provide a detent
      spring force for rotational indexing operation of said actuator between at
      least one locked rotational position in which said skirt portion is locked
      with said locking abutments and at least one unlocked rotational position
      in which said skirt portion is disengaged from said locking abutments.
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ABST
PAL  A security closure device for a bottle, which is intended to prevent the
      fraudulant refilling of a bottle is disclosed. The bottle closure device
      disclosed has an internal valve which is held shut when the device is in a
      normal upright position by the weight of a ball which is trapped in a
      valve chamber between the valve shutter and a plurality of inclined radial
      ribs. The inclination of the radial ribs is such that when the bottle
      closure device is held with its axis horizontal the ball rolls down those
      of the ribs which are lowermost at the time and into engagement with the
      valve shutter to hold this shut against the valve seat. In order to open
      the valve it is necessary to tilt the bottle closure device to a position
      past the horizontal where the ball can roll along the edges of those of
      the radial ribs which are lowermost at the time to release the valve
      shutter and allow liquid to flow from the bottle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a closure device for a bottle, and
      particularly to a closure device of the type which is intended to prevent
      fraudulent refilling of the bottle.
PAR  Bottle closure devices of the type to which the invention particularly
      relates comprise a pourer body which is anchored onto the bottle, a screw
      cap for the pourer body attached by means of frangible bridges to a fixed
      outer body, which latter is also anchored to the bottle, a movable
      unidirectional valve on the inside of the pourer body, which valve
      prevents the passage of liquid therethrough into the inside of the bottle
      when the bottle is in the upright position, and which allows the liquid to
      flow from the bottle during pouring, when the bottle is tilted and the
      device on the neck of the bottle is lower than the remainder of the
      bottle.
PAR  In closure devices of this type the unidirectional valve cooperates with a
      valve seat which is usually formed by a membrane interposed between the
      pourer body and the upper end of the neck of the bottle.
PAR  However, it has been found that it is possible, with the use of suitable
      tools, to introduce liquid into the interior of a bottle even when such a
      security device is fitted. For example, by working with a flexible metal
      wire through the openings in the pourer body it is possible to dislodge
      the valve from its seat. Alternatively, by immersing a bottle fitted with
      a security device into a receptacle which contains the liquid with which
      it is desired to refill the bottle, and by keeping the bottle in a
      substantially horizontal position, it is possible to dislodge the valve
      from the valve seat, and the liquid in which the bottle is immersed can
      then flow into and partially refill the bottle.
PAR  Such devices also have a seal to prevent illicit removal of liquid from the
      bottle, this seal consists of a number of frangible bridges which connect
      a screw cap to a fixed part consisting either of a flange which is clamped
      to the bottle, or else of a tubular portion which surrounds the neck of
      the bottle, and is locked axially to the neck so as to be securely fixed
      thereto.
PAR  Making a screw cap of this type having a part joined to it by frangible
      bridges is very difficult due to the complexity of the moulds required.
PAC  OBJECTS OF THE INVENTION
PAR  One object of this invention is to provide a closure device with a security
      arrangement of the type described above which does not suffer from the
      disadvantages outlined above.
PAR  Another object of the invention is to provide a device which, when fitted
      to a bottle will render it impossible to introduce liquid into the bottle
      by immersing the bottle in a receptable containing the liquid it is
      desired to introduce into it.
PAR  A further object of the invention is to provide a device which, when fitted
      to a bottle will render it impossible to open the valve to introduce
      liquid into the bottle by operating with a flexible metal wire through the
      openings in the pourer.
PAR  Yet another object of the invention is to provide a closure device of the
      type described in which manufacture of the screw cap and of the part
      joined to it is simplified.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided a bottle closure
      device of the type having a valve intended to prevent the introduction of
      liquid into a bottle to which the device is secured, comprising a pourer
      body adapted to be positioned on the neck of a bottle, a valve housed
      within the pourer body and positioned to allow liquid to flow out from the
      bottle but not into the bottle, and an outer part which is anchored to the
      body of the bottle, characterized in that there are a plurality of radial
      ribs within the pourer body, one edge of the ribs being inclined to the
      axis of the pourer body, and the valve in the pourer body comprises a
      shutter disc which is axially slidable within the pourer body between a
      closed position in which it abuts a valve seat and an open position spaced
      from the valve seat, and a ball interposed between the valve shutter disc
      and the said radial ribs, the relative positions of the parts being such
      that the ball rests on the shutter disc to hold this in the closed
      position by its weight when the pourer body is in the upright position,
      and when the pourer body is tilted the ball remains in contact with the
      valve shutter to hold this closed due to its contact with the inclined
      edges of the said radial ribs unless the pourer body is tilted to a
      position, past the horizontal, at which the ball can roll along the edges
      of those of the ribs which are lowermost at the time, thereby allowing the
      valve to open.
PAR  Preferably said pourer body houses an intermediate element, said radial
      ribs with inclined edges being formed on said intermediate element, a
      plurality of axial projections on said valve shutter, said projections
      extending into and being guided by said intermediate element.
PAR  In a preferred embodiment said bottle closure device further includes an
      annular collar for anchoring said pourer body to the neck of a bottle,
      said collar being provided with at least one longitudinal slit which
      extends part way along the length thereof and allows a limited radial
      expansion of said collar upon assembly to the neck of a bottle, a first
      inner annular projection on said collar, a second inner annular projection
      on said collar, said second inner annular projection being spaced from
      said first inner annular projection, an annular groove in said pourer
      body, said first inner annular projection of said collar engaging in said
      annular groove in said pourer body, said second inner annular projection
      of said collar being snap-engageable into an annular groove in the neck of
      a bottle when the bottle closure device is fitted axially thereto, an
      outer sleeve of rigid plastics material surrounding said collar, and an
      inner annular projection on said outer sleeve, the lower edge of said
      collar abutting against said inner annular projection on said outer
      sleeve.
PAR  It is preferred that the bottom of said annular groove of said pourer body
      and the crest of said first inner annular projection of said collar are
      knurled or milled so as to engage with each other to lock said collar and
      said pourer body against relative angular movement.
PAR  There may be further provided a screw cap engaged onto a screw thread on
      the pourer body, a plurality of frangible links connecting said cap to
      said sleeve.
PAR  Various other features and advantages of the invention will become apparent
      from the following detailed description which is provided purely by way of
      non-restrictive example.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded axial section of a closure device for bottles formed
      as an embodiment of the invention;
PAR  FIG. 2 is an axial section of the closure device shown in FIG. 1,
      illustrating the device prior to being assembled on the neck of a bottle;
PAR  FIG. 3 is an axial section of the upper part of the neck of a bottle
      suitable for use with the closure device illustrated in FIGS. 1 and 2;
PAR  FIG. 4 is an axial section of a closure device in position on the neck of a
      bottle, showing the relative positions adopted by the various parts of the
      device when the bottle is placed horizontally; and
PAR  FIG. 5 is an axial section of a closure device showing the device in
      position on a bottle being tilted to a suitable angle for pouring.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings the closure device shown comprises a
      plurality of elements which are moulded separately from plastics and
      assembled together before the device is assembled onto the neck of a
      bottle. In FIG. 3 there is shown, in section, the neck 34 of a suitable
      bottle onto which the closure device of the invention can be assembled:
      this neck has an annular radial projection 35 at the open end thereof, and
      spaced axially from this a lower annular ridge or projection 36 which
      defines, between itself and the upper annular projection, an annular
      groove 37. The lower annular projection or ridge 36 has a plurality of
      peripheral radial notches 38.
PAR  The closure device comprises a pourer body 1 having a cylindrical tubular
      portion 2 with a radially outwardly facing annular groove 3 extending
      around the outside thereof adjacent one end. The base of the groove 3 is
      knurled or milled. The cylindrical tubular portion 2 also has a helical
      screw thread 4.
PAR  The upper end 5 of the tubular portion 2 is conically tapered and is
      provided with an outwardly flared lip 6 which carries a radially inwardly
      directed flange 7 having a plurality of radial ribs 9 which, in turn,
      support a central disc 8. The radial ribs 9 have axial continuations 9a
      extending along the inside of the tubular part 2 of the pourer body 1. The
      mouth of the pourer body is thus, effectively, partially obstructed by the
      central disc 8 and this, together with the inwardly directed radial flange
      7, forms an annular groove around the mouth of the pourer body, which
      communicates with the interior of the pourer body through the spaces
      between the radial ribs 9.
PAR  Within the pourer body 1 there is housed an intermediate element 11 which
      is substantially in the form of an inverted cup with an upper transverse
      wall 12 and a cylindrical wall 13. The element 11 has a plurality of
      radially extending triangular ribs 14 two edges of which join the
      transverse wall 12 and the cylindrical wall respectively, and the free
      edges of which are inclined so as to approach the transverse wall 12
      radially inwardly. The radial ribs 14 have axial continuations 14a  which
      extend axially past the lower edge of the cylindrical wall 13 and are
      connected to an annular element 15 shaped to engage against the lower ends
      of the axial extensions 9a of the radial ribs 9 of the pourer body.
PAR  Inside the intermediate element 11 there are located axial projections 18
      of a valve shutter 16 comprising a transverse wall 17, having an enlarged
      rim 17a. The axial projections 18 of the valve shutter extend between
      adjacent radial ribs 14 of the intermediate element 11 and serve to
      maintain the shutter disc perpendicular to the axis of the pourer body
      when the shutter is displaced from the valve seat described below. In the
      inner chamber formed by the intermediate element 11 and the valve shutter
      16 there is housed a ball 19 which, in the normal upright position of the
      bottle, causes the valve shutter to remain in position on the valve seat.
      This latter consists of a sealing ring 20 of resilient material,
      interposed between the end of the neck 34 of the bottle and the pourer
      body 1 and the intermediate element 11.
PAR  The pourer body 1 is anchored in position on the neck of the bottle by
      means of a collar 21, having a cylindrical portion 22 which is provided at
      its upper end with a radially inwardly projecting annular ridge having a
      knurled or milled surface for cooperating with the outwardly facing
      annular groove 3 of the pourer body, and at its lower end with an inclined
      resilient annular projection 24 which snap engages into the annular groove
      37 in the neck of the bottle when the device is assembled onto the neck of
      the bottle.
PAR  The collar 21 has at least one axial slit 25 which extends part way along
      the axial length of the collar and which allows radial expansion of the
      collar to facilitate its assembly onto the neck of the bottle. The
      engagement between the knurling or milling of the annular groove 3 of the
      pourer body 1 and the knurling or milling of the annular ridge 23 of the
      collar 21 causes these two parts to engage one another and lock against
      relative angular movement.
PAR  To complete the closure device the collar 21 is surrounded by a tubular
      sleeve 26 which is fitted over the collar and extends over a part of the
      neck of the bottle.
PAR  This sleeve 26 has a radially inwardly directed annular ridge 27 against
      which the lower edge of the collar 21 engages, the position of the ridge
      27 being such that the collar 21 is entirely contained within the end part
      of the sleeve 26.
PAR  The sleeve 26 is made from a rigid plastics material so that it is
      impossible to distort the parts either elastically or plastically in order
      to remove the device forcibly from the neck of the bottle.
PAR  If, as described above, the lower annular ridge 36 of the bottle is
      furnished with radial notches 38, then the sleeve 26 is also provided with
      inner teeth 28 which engage the notches in order to prevent rotation of
      the device in relation to the bottle.
PAR  To the sleeve 26 there is connected a closure cap 31, furnished with inner
      threads 32 which cooperate with the outer threads 4 of the pourer body 1.
      The screw cap 31 and the tubular part 26 are moulded separately (this
      permits the use of relatively simple moulds) and they are subsequently
      joined together after assembly of the various parts of the device. In
      order to effect joining, the tubular part 26 is provided along its upper
      edge with a number of axial lugs 29 which have small pointed terminal
      projections 30. The screw cap 31 is pressed against the points 30 of the
      lugs 29 on the sleeve 26, as shown in FIG. 2, by two plates 39, 40, and
      the parts are then joined by means of ultrasonic welding between the two
      parts. The cap 31 is thus secured to the sleeve 26 by the lugs 29 which
      therefore act as a guarantee seal which prevents illicit opening of a
      bottle to which the closure device is fitted since the cap 31 can only be
      removed by breaking the connection between the two parts formed by the
      lugs 29.
PAR  To assemble the closure device to a bottle, the various parts of the device
      are first assembled together, as shown in FIG. 2, after which the device
      is forced onto the neck of a bottle: during this operation the resilient
      annular projection 24 of the collar 21 snap engages in the outwardly
      facing annular groove 37 of the neck of the bottle so that the device is
      positioned on the bottle in the securely closed condition. Upon assembly
      the sealing ring 30 is squeezed between the lower edge of the pourer body
      and the top of the neck of the bottle.
PAR  An inner seal 33 applied to the screw cap 31 ensures hermetic sealing of
      the bottle by the closure device.
PAR  The bottle remains sealed when it is placed in the upright position, that
      is, vertical, even when the cap 31 is removed, since the weight of the
      ball 19 presses the valve shutter 16 against the valve seat formed by the
      sealing ring 30 (see FIG. 2).
PAR  In order to effect pouring, after having removed the screw cap 31 breaking
      the frangible connection of the lugs 29 to the cap 31, the bottle is
      tilted, as shown in FIG. 5, in such a way that the free edges of the ribs
      14 of the intermediate element, which enclose the ball 19, permit this
      ball to roll away from the valve shutter disc 17 so that the weight of the
      shutter disc, together with the thrust exerted upon it by the liquid in
      the bottle, cause the valve shutter to move away from its seat against the
      sealing ring 20 allowing the liquid to flow out through the passages
      between those of the ribs 14 in that part of the pourer body which is
      lowermost at the time, whilst air enters into the bottle through the
      passages between those of the ribs 14 which are uppermost at the time. It
      is not possible fraudulently to refill the bottle by opening the valve
      with a flexible metal wire, as has previously been the case, since the
      passage which this wire would have to take to reach the valve shutter is
      extremely tortuous and even if a wire were introduced through the openings
      no control of the wire could be exercized to open the valve. Similarly if
      the bottle is placed horizontally in a receptacle containing the liquid
      which it is desired to introduce into the bottle, as shown in FIG. 4, the
      ball 19 is still in contact with the inclined free edges of the ribs 14 of
      the intermediate element 11, and thus it exerts an axial thrust upon the
      valve shutter disc 17 which, together with the hydraulic pressure of the
      liquid in the receptacle, causes the valve to remain closed preventing
      entry of liquid into the bottle. In order to roll the ball 19 away from
      the shutter disc 17 it is necessary to tilt the bottle to an extent such
      that the air within the bottle will not flow out thereby causing an air
      lock which prevents entry of liquid into the bottle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A security closure device for attaching to the neck of a bottle which
      has an annular groove in the neck, comprising:
PA1  a. a pourer body, having an annular groove therein,
PA1  b. a plurality of radially inwardly protruding ribs located within said
      pourer body, the innermost edges of said ribs being downwardly divergent
      when said bottle is in an upright position,
PA1  c. a valve seat,
PA1  d. a shutter disc valve which is axially slidable within said pourer body,
      said disc valve movable between a closed position wherein it abuts said
      valve seat, and an open position spaced from said valve seat,
PA1  e. a ball interposed between said shutter disc valve and said radially
      inwardly protruding ribs, the weight of said ball holding said shutter
      disc valve in its closed position when the axis of the bottle is vertical
      or horizontal and allowing the shutter disc valve to open when the axis is
      tilted past a horizontal position,
PA1  f. an annular collar attachable to said pourer body, said annular collar
      having a first inner annular projection for engagement with the annular
      groove in the bottle neck and a second inner annular projection for
      engagement with the annular groove in said pourer body, said second
      annular projection and said annular groove in said pourer body being
      knurled to prevent relative rotation between said annular collar and said
      pourer body,
PA1  g. an outer sleeve surrounding said annular collar,
PA1  h. a cap threadingly engaged with said pourer body, and
PA1  i. a plurality of frangible links connecting said cap to said outer sleeve.
NUM  2.
PAR  2. The bottle closure device of claim 1, wherein said pourer body houses an
      intermediate element, said radial ribs with inclined edges being formed on
      said intermediate element,
PA1  a plurality of axial projections on said valve shutter, said projections
      extending into and being guided by said intermediate element.
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ABST
PAL  The disclosure relates to an improved electrostatic paint spray system
      adapted for the application of conductive materials while at the same time
      providing for isolation of the electrically charged spray heads from the
      source of coating material. Heretofore, electrostatic paint spray
      procedures have been limited to a large extent to the use of
      non-conductive coating materials. Where it is appropriate or desirable to
      utilize conductive coating materials, it has been necessary to provide for
      the electrical isolation of the entire paint supply system, a circumstance
      which imposes severe practical limitations. The present invention enables
      an isolating stage to be provided within the coating material supply
      system, near the area of discharge, so that the "upstream" portions of the
      supply system are free of the high voltage electrical charge impressed at
      the spray guns, notwithstanding the use of electrically conductive coating
      materials.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  In industrial finishing processes, electrostatic spray coating is widely
      used because of its high deposition efficiencies and because of the
      ability of the process to apply coating material to surfaces not directly
      "seen" by the spray head. This is achieved by reason of electrostatic
      attraction of charged particles of coating material, a phenomenon
      generally referred to as "wrap-around". In a typical industrial process,
      utilizing spray heads mounted on an automatic reciprocator apparatus, for
      example, the spray device may be charged to levels of around 125,000
      volts. The incoming coating material is finely atomized in the presence of
      these high electrical voltages, with the result that the individual,
      atomized particles of coating material become electrically charged. They
      are then attracted with high efficiency to a nearby workpiece, which is
      also electrically charged, but with the opposite polarity.
PAR  Because of the extremely high voltages utilized in electrostatic spray
      coating processes, and the inherently hazardous conditions created by the
      presence of such voltages, it has been conventional practice, wherever
      feasible, to utilize coating materials of an essentially non-conductive
      character. In general, this has required the use of non-conductive
      pigments suspended in non-conductive solvent vehicles. In special cases,
      as in the application of paints with metallic pigment components, for
      example, or where the situation for some reason requires a conductive
      vehicle, it has been necessary to electrically isolate the entire paint
      supply system. Typically, this has involved use of closed, pressurized
      containers of the coating material, placed nearby the spray outlets and
      mounted in an insulated manner. This conventional arrangement has serious
      drawbacks for many industrial processes, because of the inherently low
      volume of material that can be held in a charged container of practical
      size, the need in many cases to shut down an entire production line from
      time to time for refilling of the containers and the additional hazard
      involved in the presence of a large body charged to extremely high
      voltages. These practical disadvantages have seriously limited the use of
      conductive coating materials in large scale industrial processes.
PAR  In accordance with present invention, it is made possible to utilize highly
      conductive coating materials in industrial coating lines in a wholly
      practical way, by introducing in the paint supply system a unique
      arrangement for blocking or isolating the feedback of high voltage to
      upstream portions of the paint supply. The voltage isolating arrangement
      is incorporated in the material supply system in the vicinity of the spray
      discharge means, so that the entire paint supply system upstream thereof
      is kept free of a voltage charge.
PAR  In its broadest concepts, the present invention provides for a paint supply
      system, including a non-electrically charged supply stage and an
      electrically charged discharge stage, with a transition stage being
      provided therebetween for the continuous interruption of the liquid path
      while at the same time providing for the continuous supply of coating
      materials to the highly charged spray discharge means. In a more specific
      sense, one of the advantageous forms of the invention provides a voltage
      isolating stage in a paint supply system in which coating material, may be
      continuously discharged from the spray head and may be continuously
      supplied from the source, is transferred from the supply stage to the
      discharge stage in an incremental or step-wise fashion, so that the supply
      stage at all times remains electrically isolated from the high voltage
      impressed upon the discharge stage.
PAR  The new system of the invention enables unique advantages to be realized,
      in that it enables the unrestricted use of water-based coating materials.
      Heretofore, it has been necessary to a great extent to utilize
      non-conductive solvent vehicles. In terms of atmospheric pollution, the
      use of such solvents presents a serious problem to the industrial
      finisher. In many cases, regulations require that virtually all of the
      volatilized solvents be recaptured and prevented from entering the
      atmosphere. The use of water-based vehicles, of course, completely avoids
      this serious problem and the significant cost and other factors involved
      in dealing with it.
PAR  For a better understanding of the invention, reference should be made to
      the following detailed description and to the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a highly simplified, schematic representation of an industrial
      type electrostatic spray coating system utilizing the voltage blocking or
      isolating stage of the invention.
PAR  FIG. 2 is an enlarged, cross-sectional view illustrating a preferred form
      of isolating transfer vessel assembly utilized in the system of the
      invention.
PAR  FIG. 3 is an enlarged fragmentary, longitudinal cross-sectional view of the
      transfer vessel assembly of FIG. 2.
PAR  FIG. 4 is an enlarged fragmentary, longitudinal cross-sectional view taken
      generally on line 4--4 of FIG. 3.
PAR  FIG. 5 is a simplified schematic representation of an electrical control
      system utilized to advantage in the operation of the system in FIG. 1.
PAR  FIG. 6 is an enlarged fragmentary, longitudinal cross-sectional view
      illustrating the construction of a modified form of transfer vessel which
      can be utilized in the system of FIG. 1.
PAR  FIG. 7 is a simplified representation of a modified form of voltage
      isolating system incorporating certain of the teachings of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawing, and initially to FIGS. 1-5 thereof, the
      reference numerals 10, 11, represent pressure vessels for the transient
      storage of coating material. For purposes of the description, the upper
      vessel 10 may be referred to as the lock tank or lock vessel, and the
      lower vessel 11 may be referred to as the voltage block tank or vessel. To
      greatest advantage, the lock tank is located physically above the voltage
      block tank 11, providing for communication by gravity from the lock tank
      to the voltage block tank, through a conduit 12.
PAR  In the system illustrated in FIG. 1, coating material, which may be a
      water-based or other conductive material, is derived from a source 13,
      which is maintained under pressure or arranged to be pressurized at
      desired times and is maintained at ground potential. The coating material
      source 13 communicates through a supply conduit 14 and lock valve 15 with
      the upper end of the lock tank 10. When the valve 15 is open, it permits
      the flow of coating material through the supply conduit 14 and into the
      lock tank 10. The valve 15 may be of the general type described in my
      earlier U.S. Pat. No. 3,648,717, granted Mar. 14, 1972, which is actuated
      to open or closed positions by a control air line 16, to be further
      described.
PAR  Communication between the lock tank 10 and voltage block tank 11 is
      controlled by a transfer valve 17, which may be of similar construction to
      the lock valve 15 and is controlled between open and closed positions
      through a control air line 18. The voltage block tank 11 has an outlet at
      its lower end, communicating through a discharge conduit 19 and manually
      controlled shut-off valve 20 with a spray discharge device 21. The form of
      the spray discharge device 21 is not significant to the invention.
      However, it is contemplated that the discharge device will be charged to
      high voltage relative to ground, to enable an electrical charge to be
      imparted to atomized spray material being discharged from the spray device
      at 22. Schematically, a high voltage power source is indicated at 23. In a
      typically so-called automatic spray line, the high voltage supply 23 may
      have an output voltage of 125 KV.
PAR  An additional normally closed manual control valve 24 is provided on the
      downstream side of the spray device 21, enabling the spray device to be
      by-passed, when desired, for clean out operations, etc.
PAR  In the operation of a high voltage electrostatic spray coating system, for
      the application of conductive coating materials, the use throughout the
      system of insulating materials for the supply conduits and the like is not
      effective to isolate the coating material source 13 from the high voltage
      supply 23, because of the conductivity of the coating material itself.
      Typically such coating materials are water-based materials and/or
      materials having substantial metallic content, for example. Thus, in the
      past, in order to use such material in a high voltage operation, it has
      been necessary to provide for the complete electrical isolation of the
      supply source 13 itself. Typically, this has involved utilizing a closed,
      pressurized container supported in insulated fashion adjacent to the spray
      device 21. Desirably, such isolated containers are rather small in size,
      to avoid presenting an unduly large body at high voltage in the working
      area. Thus, there is a need to refill the closed vessel relatively
      frequently and, with conventional equipment, this necessitates completely
      shutting down spray coating equipment, and possibly an entire conveyor
      line.
PAR  In accordance with the broadest principle of the invention, complete
      isolation of the material supply source 13 from the high voltage discharge
      device 21 is effected by providing at all times for a controlled
      interruption of the continuity of the coating material between the spray
      device and the supply source. Importantly, however, the discontinuity of
      the coating material must be such as to enable an uninterrupted supply of
      coating material to be delivered to the spray device 21 under highly
      uniform pressure conditions. To this end, the lock tank and voltage block
      tank 10, 11, are arranged to serve as reservoirs for a reasonable volume
      of coating material, and the valves 15, 17 are arranged for interrelated
      actuation and de-actuation, such that there can never be a continuity of
      coating material from the discharge end of the voltage block tank 11 to
      the supply valve 15 for the lock tank. The arrangement, as will more fully
      appear, permits the coating material to be replenished at will and in
      complete safety at the supply source 13, in accordance with consumption
      requirements. A system of the invention additionally provides for the
      automatic and properly sequenced replenishing of the conductive coating
      material to maintain a constant supply of such material, under uniform
      pressure conditions, to the spray device 21.
PAR  Referring now to FIGS. 1 and 5 in particular, the system of the invention,
      in one of its most basic forms includes a source of air under pressure,
      designated by the reference numeral 25. Typically, this may be the
      conventional plant air system at a pressure, for example, 60-80 psi (which
      is not critical to the invention). The supply line 25 is connected through
      conduits 26, 27 and solenoid actuated, 3-way control valves 28, 29
      respectively to the control air lines 16, 18. When the valves 28, 29 are
      actuated to open positions, control air is supplied through conduits 16 or
      18 to the lock valve 15 or transfer valve 17, as the case may be, to open
      these valves and permit flow of coating material into one or the other of
      tanks 10, 11. When the valves 28 or 29 are de-actuated, control air is
      exhausted, effecting closure of the valves 15, 17.
PAR  The plant air supply is also connected through a conduit 30 and manually
      controllable pressure regulating valve 31 to a pair of 2-way solenoid
      valves 32, 33, through conduits 34, 35. The downstream sides of the
      respective valves 32, 33 are connected through conduits 36, 37 to the
      upper ends of the tanks 10, 11 respectively.
PAR  To prepare the system for operation, the valves 32, 33 are caused to be in
      an open condition, and the system operator commences to charge the
      respective lock tank 10 and voltage block 11 with air under pressure by
      manually opening the pressure regulator 31 to an increased pressure
      setting. When the pressure within the tanks 10, 11 reaches a desired level
      (typically around 12 psi but any suitable pressure may be utilized within
      the teachings of the invention) a pressure switch 38 is actuated,
      de-energizing the solenoid valves 32, 33 and sealing off the tanks 10 and
      11 with the desired air precharge.
PAR  With reference to the schematic control circuit of FIG. 5, the initial
      precharge of the system is effected by closing the main power switch 39,
      energizing a "system on" indicator light 40 and energizing the two
      solenoid valves 32, 33 through normally closed contacts 38a of the
      pressure switch 38. As the precharged pressure comes up to the preset
      limit, the pressure switch 38 actuates, opening its contacts 38a and
      closing its contacts 38b. The solenoid valves 32, 33 are thereupon
      de-energized, and the second control stage is commenced.
PAR  Through the now-closed contacts 38b, normally closed contacts 41a of a
      second pressure switch 41, and through normally closed contacts 42a of a
      third pressure switch 42, a control relay 43 is energized. The relay 43,
      in accordance with one aspect of the invention, has a set of time-delay-on
      contacts 43TD, which close a preset time interval after energizing of the
      relay 43. When thus closed, the contacts 43TD cause energization of the
      solenoid valve 28 along with an indicator light 44 that signifies the lock
      tank is filling.
PAR  When the solenoid valve 28 is energized, the lock valve 15 is actuated to
      an open condition, and coating material is admitted to the upper end of
      the lock tank 10, it being understood that the supply source 13 is
      maintained at a pressure in excess of the pressure within the lock tank to
      provide for the desired flow. As the coating material enters the lock
      tank, and the level of the material rises within the tank, the body of
      precharged air trapped within the lock tank is compressed in the top of
      the tank. When this pressure reaches a desired, predetermined level,
      typically around 25 psi, the pressure switch 42, communicating with the
      lock tank through the air line 36, is actuated to open its contacts 42a
      and close a second set of contacts 42b. The control relay 43 and its
      associated solenoid valve 28 are immediately de-energized, and air is
      thereby released from the lock valve 15 causing it to return to its closed
      position and stopping the flow of coating material from the source 13.
PAR  Through the now-closed contacts 42b of the pressure switch 42, a control
      relay 45 is energized and, a predetermined time delay period later, a set
      of time-delay-on contacts 45TD are closed, to energize the solenoid valve
      29 and an associated indicator light 46 reflecting transfer flow of the
      coating material. When the solenoid valve 29 is energized, air is
      permitted to the transfer valve 17, opening the valve and permitting a
      flow of coating material through the transfer conduit 12 and into the
      voltage block tank 11.
PAR  As will be understood, coating material contained within the voltage block
      tank 11 may be charged to the high voltage of the discharge device 21,
      through the conductive path provided by the coating material itself.
      Accordingly, to avoid imparting a charge to the lock valve 15, and thereby
      providing a charge path to the paint supply 13, the system of the
      invention provides for an adequate delay, between the closing of the lock
      valve 15 and the opening of the transfer valve 17, to permit the inflow of
      coating material from the closed valve 15 to be effectively completed, at
      least to the extent that there can be no solid or substantially solid
      stream of material extending from the coating material 47 up to the lock
      valve 15. This is significant because, when the transfer valve 17 is
      opened, permitting the stream of coating material to flow into the voltage
      block tank 11, a continuous conductive path will be provided from the
      charged material 48 in the voltage block tank 11 through the transfer
      valve 17 and transfer conduit 12 up into the body of coating material 47
      in the lock tank 10. The material in the upper tank thus becomes highly
      charged during material transfer. However, by assuring an adequate
      discontinuity between the material 47 and the valve 15, the discharge is
      prevented from reaching the material supply 13.
PAR  In addition, although the lock tank 10 is desirably constructed of
      insulating material, it still may become somewhat charged, because of the
      unpredictable effects of extremely high voltages to which the system is
      exposed. Accordingly, it is desirable to provide for an electrical
      connection of the valve 15 to ground, as at 49, to immediately dissipate
      any accumulated electrical charge.
PAR  As coating material is caused to transfer from the lock tank 10 to the
      voltage block tank 11, there is an increase in the pressure in the tank 11
      and a decrease in pressure in tank 10. Practical experience indicates
      that, when the pressure in the voltage block tank approaches that in the
      lock tank 10, there is a tendency for some of the coating material in the
      voltage block tank to be electrostatically atomized. To minimize such
      action, the control system of the invention is arranged to maintain a
      pressure differential of around 4 to 5 lbs., minimum, between the two
      tanks. To this end, a pressure drop in the lock tank 10 of, for example, 3
      psi (e.g., from 25 psi to 22 psi) during the transfer stage will cause the
      pressure switch 42 to become deactuated, opening its contacts 42b and
      closing its contacts 42a. Control relay 45 and solenoid valve 29 are
      immediately de-energized, and the transfer valve 17 is closed. Control
      relay 43 is immediately energized. However, its contacts 43TD close only
      after a predetermined delay, to provide for complete termination of the
      solid flow into the lower tank 11. When the contacts 43TD finally close,
      coating material is re-admitted into the lock tank 10 to bring the
      pressure therein back up to the desired level of 25 psi. The tank 10, at
      the start of refilling, has an isolated high voltage charge, but this is
      immediately discharged to ground at 49 as refilling is commenced. The
      cycle of filling the lock tank 10 and subsequently transferring a portion
      of the coating material into the voltage block tank 11 is repeated as many
      times as necessary, during the initial charging phase, until the pressure
      in the voltage block tank 11 reaches a predetermined maximum level.
      Typically, this may be around 20 psi (where the pressure in the upper or
      lock tank is maintained at a maximum of about 25 psi). It will be
      understood, of course, that the indicated pressure levels are not in any
      sense limiting, but merely illustrate the applicable principles.
PAR  When the pressure in the voltage block tank 11 reaches the desired maximum,
      the pressure switch 41 is actuated, opening contacts 41a and closing
      contacts 41b. Power to the control relays 43, 45 and their associated
      solenoid valves 28, 29 is cut off by the contacts 41a, so that both of the
      fluid flow control valves 15, 17 are closed. Likewise, an indicator light
      50, reflecting a low level in the voltage block tank, is extinguished,
      while a similar indicating light 51, reflecting a full condition of the
      voltage block tank 11, is energized through the contacts 41b.
PAR  The system will remain in the condition described in the preceding
      paragraph until an appropriate amount of material is consumed from the
      system by discharge from the spray device 21. As material consumption
      reduces pressure within the voltage block tank 11 to a predetermined
      pressure level (e.g., 17 psi) the pressure switch 41 is de-actuated,
      closing the contacts 41a. At this stage of operation, the pressure switch
      42 has been actuated previously by a desired maximum pressure condition in
      lock tank 10, such that the control relay 45 is immediately energized,
      followed after a delay by closure of the contacts 45TD and energization of
      the solenoid valve 29 to open the transfer valve 17. Incremental
      replenishment of the respective tanks 10 and 11 then proceeds in a manner
      described above, automatically, on a demand basis. As will be appreciated,
      additional coating material may be introduced at the supply source 13 as
      needed, to keep up with the rate of consumption at the spray device 21.
PAR  To empty the system, for cleanout, color change or other reason, the high
      voltage source 23 is de-energized, and the valve 24, downstream on the
      spray device, is opened. A manually operated switch 52 may be closed to
      energize the solenoid valve 29 and open the transfer valve 17, permitting
      a free flow of material from the lock tank 10, through the voltage block
      tank 11, to be discharged to the valve 24. In addition, air under pressure
      can be introduced into the upper tank 10, by means of a manually operated
      valve 53 and supply conduit 54, communicating with the upper end of the
      tank 10. For cleanout, the supply line 14 may be disconnected from the
      lock valve 15, as by a valve V.sub.1, permitting cleaning fluid or solvent
      to be introduced into the system through a valve V.sub.2 and supply line
      S. In this respect, the lock valve 15 may be opened for cleaning by
      closing of a manual switch 55, to energize the solenoid valve 28.
PAR  A most advantageous structure, providing a combination lock tank and
      voltage tank in accordance with the principles of the invention, is
      reflected in FIGS. 2-4. In the illustrated arrangement, the tanks 10, 11
      constitute a unitary rigid structure comprising both transfer tanks and
      structural means to maintain the same in spaced relation. Each tank is
      comprised of a pair of end plates 60, 61, (or 60a, 61a) the opposed faces
      of which are circularly recessed as at 62 (FIG. 3) to receive in sealing
      relation the ends of a cylindrical glass tube 63 (or 63a). The end plates
      60, 61 advantageously are constructed of a plastic, insulating material,
      such as cast vinyl, and there end plates are drawn tightly into sealing
      relation with the ends of the glass tubes 63 by means of a plurality of
      circumferentially spaced tension rods 64, 65. Each of the tanks 10, 11 is
      of air-tight construction and adapted to maintain without significant
      leakage an air pressure of at least around 25 psi.
PAR  Alternate ones 65 of the tie rods are associated with spacer rods 66, which
      extend between the upper and lower tanks, securing them together in a
      rigid, spaced relationship.
PAR  To advantage, the coating material inlet means for each of the tanks 10, 11
      is an elongated, vertically disposed tube 67 of plastic insulating
      material, which projects through the wall 60, 60a, along the axis of
      cylindrical tank, and projects into the tank, having a discharge nozzle 68
      located a substantial distance below the upper wall surface 69. To
      greatest advantage, the discharge nozzle 68, shown in detail in FIG. 4, is
      provided with a pair of opposed, circumferentially elongated discharge
      slots 70, 71. The form of these slots is such that the coating material is
      discharged therefrom in a substantially solid flat stream 72 (FIG. 3)
      which is projected to the side walls of the cylindrical glass tube 63 at a
      point above the maximum liquid level within the tank, such that the
      incoming coating material joins the liquid body in the tank by flowing
      downward along the side walls of the glass cylinder. This technique of
      introducing the coating material into the tanks substantially minimizes
      frothing and foaming of the coating material, which can be a significant
      problem particularly in the handling of water-based coating materials.
PAR  In a system designed for operation with a high voltage power supply of
      about 125 KV, the internal diameter of the glass tube 63, forming the side
      wall of the container 10 or 11, should be approximately 12 inches or
      greater, providing a free distance of more than 5 inches between the
      nozzle 68 of the discharge tube and the side walls of the container and
      thus minimizing any tendency for arcing across this space. Likewise, the
      discharge tube 67 should terminate a similar distance below the upper wall
      of the container and above the maximum level of the liquid in the
      container, so that all of the surfaces facing the end of the discharge
      tube are substantially beyond arcing distance for the voltage utilized. In
      this respect, it should be understood that the interior of the tanks 10,
      11 is at all times substantially at 100% humidity, so that the ambient
      within the tanks is relatively conductive.
PAR  Desirably, the lower surface of the plastic plates 60, 60a, forming an
      upper wall of a tank is lined along its lower or interior surface with a
      layer 73 of material, such as Teflon (polytetrafluoroethylene), which is
      relatively non-wettable by water. In this respect, over a period of normal
      operation, condensation of water may form on the upper wall of the tank
      interior. By providing a relatively non-wettable surface 73, the condensed
      water is caused to form into discrete droplets, and eventually fall into
      the liquid body below, rather than to spread out and form a continuous
      conductive path across the upper wall. This minimizes any tendency
      otherwise present for creating an electrical charge on the fluid control
      valve mounted on the exterior of the upper wall of the tank.
PAR  Communicating with the discharge tube 67 in each of the tanks 10, 11 is a
      fluid control valve 15 or 17. The fluid control valves typically are
      constructed largely of metal, and therefore desirably are spaced above the
      end plates 60, 60a by spacers 74, 75 formed of an insulating material.
PAR  Each of the tanks 10, 11 has an outlet fitting 76, 77, the upper fitting 76
      leading through a conduit 12 to the transfer valve 17, and the lower
      fitting 77 being connected to discharge line 19 through stop cock 20.
      Pressurizing air is introduced into the respective tanks 10, 11 through
      lines 36, 37.
PAR  For some installations, it may be feasible to construct the tank bodies out
      of metal, provided the inlet values are adequately insulated therefrom.
      The use of upper end caps of insulating material is suitable in such
      cases.
PAR  A modified form of isolating tank is shown in FIG. 6, enabling voltage
      block to be achieved with a single vessel. There, an elongated glass tube
      80 is provided with end caps 81, 82 of insulating material, communicating
      at the top with a coating material valve 83 and at the bottom with a
      discharge conduit 84. The upper portion of the tank is provided with an
      annular insulating member 85, formed of Teflon or similar relatively
      non-wettable material formed with a substantial plurality of inverted
      frustoconical rings 86.
PAR  With the tank of FIG. 6, electrical discontinuity may be provided by
      pulsing the inlet valve 83 to inject material in discrete spurts too short
      to form a continuous stream between a discharge tube 87 and a liquid body
      88.
PAR  Coating material which is thus injected into the interior of the tank
      through the discharge tube 87, passes through a screen member 89 disposed
      transversely across the body of the tank, and is collected in the liquid
      body 88 in the lower portion of the tank. The screen 89 functions to
      prevent splashing and to minimize foaming. Alternatively, coating material
      may be flowed onto the side walls of the vessel of FIG. 6, above the
      insulating member 85. The relatively non-wettable insulating member 85
      functions to cause water and/or coating material to tend to form into
      droplets and flow by gravity down to the inner edge of the frusto-conical
      rings and eventually down into the liquid body 89. This avoids a circuit
      continuity, which could otherwise result from a liquid film wetting out
      the inner surface of the tank wall.
PAR  In typical operation, the FIG. 6 vessel would be maintained under air
      pressure, to provide the desired operating pressure at the outlet conduit
      84.
PAR  FIG. 7 of the drawings illustrates still another form of the invention, in
      which an effective circuit discontinuity between coating material source
      and discharge is provided with a single tank arrangement. In the
      illustration, a spray device 101, charged by a high voltage source 102, is
      connected through a discharge conduit 103 and valve 104 with a confined
      liquid body 105 maintained under pressure within an insulated tank or
      vessel 106. A pair of high and low sensor elements 107, 108 (e.g. acoustic
      or magnetic) may be provided adjacent to tank 106 to detect maximum and
      minimum desired liquid levels, causing the introduction of additional
      coating material when the liquid falls to the level of the sensor 108, and
      discontinuing the input of replacement coating material when the liquid
      rises to the level of the upper sensor 107. Desirably, the tank 106 is
      pressurized and, as in the case of the tanks of FIG. 6 or FIG. 2, liquid
      level may also be controlled by means of pressure sensing switches.
PAR  In the arrangement of FIG. 7, coating material under pressure is introduced
      through a supply conduit 109, connected to a suitable fluid flow control
      valve (not specifically shown). The fluid enters and flows downwardly
      through a discharge tube 111. The rotary discharge tube 111 has a
      horizontal circular plate 112 at its lower end, which is driven to rotate
      by an air motor 110. The rotary plate 112 is positioned at a level well
      above that of the contained liquid body 105, so as to avoid arcing between
      the liquid body and the plate.
PAR  In the system of FIG. 7, liquid coating material flows at a controlled rate
      downwardly through the interior of discharge tube 111 and out through
      apertures 113 near the lower end thereof onto the flat upper surface of
      the circular plate 112. The rate of rotation of the plate 112 is so
      coordinated with the rate of inflow of the material through the discharge
      tube 111 that the incoming coating material is flung off of the plate by
      centrifugal force, being substantially comminuted to the form of small
      droplets as it is mechanically cast out from the plate. The individual
      droplets of coating material move radially outward while falling by
      gravity and eventually reach the surface of the contained liquid body. As
      will be appreciated, by appropriate control of flow rate and rotational
      speed, the liquid coating material may be transferred from the supply line
      109 to the contained liquid body 105 without at any time providing a
      continuity of conductive material. Thus, the contained liquid body 105,
      which is necessarily charged to high voltage by the supply 102, does not
      transfer that charge back into the material in the supply of incoming
      material in the supply line 109.
PAR  The system of the invention for the first time enables water-based or other
      conductive coating materials to be utilized in an otherwise conventional,
      automated electrostatic spray system, in which a continuous supply of
      coating material is required to be supplied over a substantial period of
      time without process interruption. The system of the invention may
      conveniently be utilized with conventional recirculating paint supply
      systems, retaining only a relative minimum quantity of coating materials
      in the transfer vessels themselves, while permitting the remainder to be
      recirculated through the conventional system. In this respect, where
      required with particularly sensative coating materials, highly susceptible
      to sedimentation, slow speed, air actuated agitating or stirring devices
      may be incorporated into the transfer tanks of the system of the
      invention, as will be readily understood.
PAR  The system of the invention also is readily incorporated into systems
      utilizing color change facilities. For this purpose, the sets of transfer
      vessels may be utilized in cooperating pair of systems, such that one
      system may be brought into operation with a coating material of a new
      color, while the just-used system is drained, cleaned and made ready for a
      subsequent new color. Alternatively, a separate set of transfer vessels
      may be provided for each color.
PAR  An advantageous feature of the invention involves the utilization, in
      conjunction with a two vessel transfer system, of an electrically
      interlocked, time-delay system for shutting off the fluid control valve of
      one vessel before opening the corresponding valve of the other vessel.
      This effectively prevents formation of a momentary continuous electrical
      path through the system that could cause the high voltage charge to be
      conducted back to the primary source of coating material.
PAR  It should be understood, of course, that the specific forms of the
      invention herein illustrated and described are intended to be
      representative only, as certain changes may be made therein without
      departing from the clear teachings of the disclosure. Accordingly,
      reference should be made to the following appended claims in determining
      the full scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for delivering conductive coating materials to a high voltage
      coating material outlet, which comprises
PA1  a. an electrically grounded source of conductive coating material
PA1  b. a lock vessel for receiving coating material from said source,
PA1  c. conduit means connecting said lock vessel with said source,
PA1  d. means forming an electrical insulation block between said source and the
      liquid-receiving lower portion of said lock vessel,
PA1  e. a lock valve controlling flow of coating material from said source into
      said lock vessel,
PA1  f. a voltage block vessel for receiving coating material from said lock
      vessel,
PA1  g. conduit means connecting said voltage block vessel with said lock
      vessel,
PA1  h. means forming an electrical insulation block between said lock vessel
      and the liquid-receiving lower portion of said voltage block vessel,
PA1  i. a transfer valve controlling the flow of coating material from said lock
      vessel to said voltage block vessel, and
PA1  j. control means for said lock valve and transfer valve providing for
      one-at-a-time operation thereof and providing a minimum time delay between
      closing of one of said valves and opening of the other,
PA1  k. said control means being operative to maintain, during normal operation
      of the system, a continuous supply of conductive coating material in said
      voltage block vessel.
NUM  2.
PAR  2. The delivery system of claim 1, further characterized by
PA1  a. means maintaining said lock and voltage block vessels under pneumatic
      pressure,
PA1  b. means for opening said transfer valve in response to reduced pressure in
      said voltage block vessel, and
PA1  c. means for opening said lock valve in response to reduced pressure in
      said lock vessel.
NUM  3.
PAR  3. A system for delivering conductive coating materials to a high voltage
      coating material outlet which comprises,
PA1  a. at least one vessel for retaining a supply of coating material,
PA1  b. means for maintaining said vessel under superatmospheric pressure,
PA1  c. means for delivering coating material from the lower portion of said
      vessel to a high voltage outlet device,
PA1  d. coating material supply means,
PA1  e. delivery means for conveying coating material from said supply means and
      introducing said coating material into the upper portion of said vessel,
PA1  f. said delivery means comprising discharge means for introducing the
      coating material into said vessel in the form of spaced apart droplets,
PA1  g. said discharge means being operative at all times to maintain an
      effective electrical discontinuity between said vessel and said supply
      while at all desired times maintaining a continuous usable quantity of
      coating material in said vessel.
NUM  4.
PAR  4. The system of claim 3, further characterized by
PA1  a. said discharge means including a rotating plate-like member positioned
      within said vessel,
PA1  b. said plate-like member being spaced above the maximum liquid level in
      said vessel and below the upper wall thereof, and
PA1  c. said discharge means further including means for controllably flowing
      coating material into said plate-like member.
NUM  5.
PAR  5. A supply system for electrically conductive coating materials, for use
      with outlet means charged to high voltage, which comprises
PA1  a. first and second pressure vessels,
PA1  b. means connecting the outlet of said first pressure vessel to the high
      voltage outlet,
PA1  c. first connecting means connecting the outlet of the second vessel to the
      inlet of the first vessel, and including means forming an electrical
      insulation block between the second pressure vessel and the
      liquid-receiving portion of said first pressure vessel,
PA1  d. a source of coating material supply,
PA1  e. second connecting means connecting said source of supply to the inlet of
      said second vessel, and including means forming an electrical insulation
      block between the source of supply and the liquid receiving portion of
      said second pressure vessel,
PA1  f. first and second valve means controlling the inlets of the respective
      first and second vessels,
PA1  g. means for actuating said valves between open and closed positions
      including means for directly or indirectly sensing the quantity of coating
      material in the respective vessels,
PA1  h. control means tending to open the second valve and maintaining closure
      of the first valve in response to sensing of a low coating material
      condition in the second vessel,
PA1  i. control means tending to open the first valve and maintaining closure of
      the second valve in response to sensing of a low coating material
      condition in the first vessel, and
PA1  j. control interlock means effective to prevent opening of one of said
      valves at any time the other is open.
NUM  6.
PAR  6. The system of claim 5, further characterized by
PA1  a. said sensor means including a switch associated with said second
      pressure vessel and directly or indirectly responsive to the liquid level
      in the lower portion of said vessel,
PA1  b. said switch having sets of normally open and normally closed contacts
      associated respectively with first and second control relays,
PA1  c. each of said control relays having a set of normally open time-delay-on
      contacts associated with the first and second valve means and operative
      when closed to actuate said valve means to open condition.
NUM  7.
PAR  7. The system of claim 6, further characterized by
PA1  a. a switch associated with the first pressure vessel and directly or
      indirectly responsive to the liquid level in the lower portion thereof,
PA1  b. said second switch having a set of normally closed contacts in the
      energizing circuit for both of said first and second control relays.
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ABST
PAL  A pin cushion and a simple method for making same are disclosed, the pin
      cushion being adapted to conveniently engage the wrist or arm of a wearer
      and having protective side walls engaging the cushion material. The pin
      cushion is formed by heating and bending substantially cruciform shaped
      thermoplastic sheet material into a holder having an upwardly extending
      channel and downwardly extending jaws which can clamp the arm or wrist of
      a user, the cushion material being inserted into the channel.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a pin cushion and a process for making a pin
      cushion.
PAR  2. Description of the Prior Art
PAR  Pin cushions in common use generally comprise soft material of
      three-dimensional configuration into which pins are inserted, so that the
      pins are readily available for use. However, it often happens that a pin
      cushion will be misplaced or be out of reach of a user, causing the user
      to lose time.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a simply constructed pin cushion adapted to
      be worn on the wrist or arm of a user and having protective opposing side
      walls engaging the cushion material. A simple method is provided for
      making such a pin cushion from a flat sheet of thermoplastic material and
      a block of cushion material. The advantages of the invention will become
      apparent from the following description of a preferred embodiment of the
      invention illustrated in the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a plan view of a one-piece substantially cruciform shaped flat
      sheet of thermoplastic material for use in making the holder portion of a
      pin cushion,
PAR  FIG. 2 is a perspective view of a holder formed from the sheet of FIG. 1;
      and
PAR  FIG. 3 is a perspective view of a completed pin cushion.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, in the construction of a preferred embodiment flat
      thermoplastic sheet material is cut into a one-piece substantially
      cruciform shape. This cut material, indicated generally by reference
      numeral 1, is bent and shaped with the application of heat both laterally
      and longitudinally to form the pin cushion holder of FIG. 2 indicated by
      reference numeral 4. The segments 2 are bent generally downward to form
      flexible arcuate jaws 6 while the segments 3 are bent upward to form
      protective opposing side walls 8.
PAR  The resultant holder has a band 5 terminating in flexible arcuate jaws 6
      with outwardly turned tips 7 to facilitate pressing the holder onto one's
      wrist or arm. The holder also has upwardly extending protective opposing
      side walls 8 forming a channel 9 extending in the direction of the band 5.
PAR  A pad of cushion material, indicated generally by 10, is cut and glued into
      the channel 9, the side walls 8 engaging the cushion material, the top of
      said cushion material 11 being substantially flush with the top edges 12
      of the side wall but preferably extending slightly above the said top
      edges of the side walls. The ends of the cushion material 13 are exposed
      by reason of the open channel ends to allow insertion of longer pins 14
      substantially parallel to the band 5. The material is preferably fibrous,
      and in particular of thick felt, the fibres running in a direction
      substantially normal to the band 5 to facilitate the insertion of pins 15
      in this general direction.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A pin cushion comprising a holder constituted by a unitary piece of
      thermoplastics material in the form of an arcuate wrist-covering band
      having its ends bent into flexible arcuate jaws adapted to engage around
      the wrist of the user, and having side walls extending along opposing side
      edges of the central arcuate portion of the band, and extending upwardly
      from said band and defining an open-ended channel therebetween and cushion
      material snugly received and secured in the channel between the side
      walls, the cushion material being of a shape complementary to said channel
      and composed of fibrous felt arranged with its fibers running in a
      direction substantially normal to the band and the surface of said
      material being directly exposed at the top and ends of said channel.
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ABST
PAL  A book strap is formed from three elastic elongate strips or straps,
      secured to each other in a cross-like configuration and having fasteners
      at the ends of the strips to enable the strips to be wrapped about a
      package such as one or more books or the like and secured at their ends.
      Two of the three straps are arranged so that when fastened to the package,
      an end portion of each defines a loop which serves as a handle to carry
      the package.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a continuation-in-part of application Ser. No. 439,240 filed Feb.
      4, 1974. now U.S. Pat. No. 3,865,292.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates, in general, to carrying devices and, more
      particularly, to an improved strap arrangement for carrying a package such
      as a number of books or the like.
PAR  My U.S. Pat. No. 3,023,941 shows one book strap arrangement. Although this
      was usable, it was found to be somewhat complicated in operation. In my
      application Ser. No. 439,240, there is disclosed another book strap
      arrangement which is primarily adapted to the carrying of books in a
      generally flat position, as shown therein. However, it has been found that
      it would be advantageous to provide a carrying arrangement wherein the
      books are supported in an upright position and in that way can be slung or
      carried at the side of the person more easily.
PAR  Accordingly, one object of the present invention is to provide an improved
      package or book carrying strap arrangement.
PAR  A further object of the present invention is to provide a carrying strap
      which can be easily attached and detached from the package or books.
PAR  Still a further object of the present invention is to provide a carrying
      strap which can be stretched to fit the package and which will retain a
      variety of packages of different sizes and shapes.
PAR  A further object of the present invention is to provide an improved book
      strap which can be folded to a compact size when not in use and which is
      particularly attractive to children of school age.
PAR  Still a further object of the present invention is to provide a book strap
      arrangement that is particularly adapted for carrying the books in an
      upright position wherein they may be swung by the person carrying the
      books.
PAR  To accomplish the foregoing and other objects of this invention, the device
      generally comprises three elastic straps, two of which define a parallel
      pair in which an end portion of each overlaps an end portion of the other.
      The overlapping end of each of the straps is movably connected to the
      other strap in the pair. A third strap is disposed perpendicular to the
      pair of first two straps. The first two straps are secured at a first
      common point and the third strap is secured to one of the first two straps
      and at a second common point. The third strap, which is connected at this
      second common point, is disposed in a crosslike configuration relative to
      the first two straps. The outermost ends of the straps include fastening
      members which enable the strap arrangement to be wrapped about a package.
      The overlapping ends of the straps of the first two straps may be arranged
      in loops to form carrying handles. The third strap is interconnected at a
      preselected point along one of the straps so that the carrying handles are
      disposed at an end of the books. The straps are preferably fabricated from
      an elastic material which also has good surface frictional characteristics
      so that the package is securely held by the strap.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing and other objects and advantages of the invention will be
      understood more fully from the following description thereof, with
      reference to the accompanying drawings wherein:
PAR  FIG. 1 is an illustration of the device spread out in a flat configuration;
      and
PAR  FIG. 2 is an illustration of the manner in which the device is employed to
      retain a package and provide a carrying handle therefor.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows the device with its various straps laid out in a flat
      configuration. The device comprises three elongate, flat, elastic straps
      10, 12 and 14. The straps 10 and 12 may be considered as defining a pair
      of straps. The pair of straps 10 and 12 are arranged so that when laid out
      flat as shown in FIG. 1, their inner ends 16 and 18, respectively, overlap
      each other. The outer ends 20 and 22 of the straps 10 and 12,
      respectively, extend outwardly beyond their associated inner ends 16 and
      18. A suitable fastener 24 such as a riveted button or the like, secures
      the two straps 10 and 12 together at a first common point. In the
      embodiment shown, the short segment of the second strip underlies the long
      segment of the first strap and the short segment of the first strap
      overlies the long segment of the second strap. The first and second straps
      may be of the same length as may be the short segments of each of the
      straps.
PAR  The third strap 14 lies perpendicular to the pair of straps 10 and 12 and
      is secured by another suitable fastener 25 to the strap 10. Similarly, the
      third strap could also be fastened to the strap 12 of the pair of straps.
      The fastener 25 may be identical to the fastener 24.
PAR  The outermost ends of the straps 10 and 12 include fasteners such as those
      shown, which may consist of a ring 26 secured at the outer end of the
      strap 10, and hook 28 secured to the opposite outer end of the strap 12.
      The strap 14 also includes a hook 31 and a ring 33 which are secured
      together as shown in FIG. 2.
PAR  The inner ends 16 and 18 of the straps 10 and 12, respectively, each
      include a slide ring 32 through which is passed the adjacent portion of
      the other strap in the pair. With this arrangement, as suggested in FIG.
      2, when the strap arrangement has been secured to the package, the inner
      end segments 16 and 18 can be drawn upwardly to form carrying loops, as
      shown, which are disposed at the top end as shown in FIG. 2 for carrying
      the package or books in an upright manner.
PAR  The straps may be fastened to the package quite easily. For example, the
      pair of straps may first be fastened by passing the straps 10 and 12 about
      the package and engaging the hook 28 with the ring 26. Thereafter, the
      outer strap 14 is passed in the opposite direction and its ends are
      interconnected, as shown. It is noted, in particular, in FIG. 2, that the
      handles are at the top of the package and permit the package to be held in
      an upright position for easy carrying at the side of the person.
PAR  The straps 10, 12 and 14 may be made from any appropriate elastic material
      such as a synthetic rubber which preferably has relatively high frictional
      characteristics so that it may provide a still further grip on the
      articles being carried. Because of the elasticity and flexibility of the
      straps, they may be employed to retain a number of books or like articles
      which are of different sizes because the straps will conform to the
      general configuration of the articles which make up the package.
PAR  Each of the straps may be of different colors which may enhance their
      attractiveness to children of school age. The carrying loops formed by the
      segments 16 and 18 are easily and comfortably held.
PAR  It should be understood that the foregoing description of the invention is
      intended merely to be illustrative thereof and that other modifications
      and embodiments may be apparent to those skilled in the art without
      departing from the spirit and scope of this invenition.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for carrying a package comprising:
PA1  a first strap, a second strap and a third strap, each of said straps being
      formed from an elastic material;
PA1  means securing said first and second straps to each other at a common
      location between the ends of each of said straps to define a short segment
      and a long segment of each strap;
PA1  said first and second straps extending along substantially the same
      direction, said long segment of said first strap having an end which
      extends outwardly from said common location beyond the adjacent end of the
      short segment of said second strap, the opposite end of the long segment
      of said second strap extending beyond the corresponding opposite end of
      the short segment of said first strap;
PA1  a loop means secured to the shorter segment of said second strap and
      receiving the longer segment of said first strap therethrough;
PA1  the end of the shorter segment of said first strap having a loop means
      secured thereto and receiving the longer segment of said second strap
      therethrough;
PA1  means securing said third strap extending substantially transverse to said
      first and second straps to said first strap at a point intermediate said
      first common location and the end of the longer segment of the first
      strap; and
PA1  fastener means secured to the outermost end of each of the longer segments
      of said first and second straps and to each of the ends of the third strap
      to enable said straps to be wrapped about said package with the outermost
      end of each of the longer segments of said first and second straps
      interconnected and the ends of the third strap separately interconnected.
NUM  2.
PAR  2. A device as defined in claim 1 wherein said fastener means comprises:
PA1  a ring secured to the outermost end of said first strap; and
PA1  a hook secured to the outermost end of said second strap, said ring and
      hook being constructed and arranged to enable the hook to be detachably
      connected to the ring.
NUM  3.
PAR  3. A device as defined in claim 1 further comprising:
PA1  the short segment of said first strap overlying the long segment of said
      second strap and the short segment of said second strap underlying the
      long segment of said first strap.
NUM  4.
PAR  4. A device as defined in claim 1 wherein the long segment of said first
      strap is somewhat longer than the long segment of said second strap.
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ABST
PAL  A carton for dispensing sheet material having a cutting edge formed on the
      edge of the carton blank and folded in the closed carton with the cutting
      edge protected by the tear strip, until said tear strip is removed, though
      protruding over a carton edge in the path of the sheet material.
PAL  The cutting edge is formed by treating with an indurating agent or
      application of a polystyrene strip.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention refers to a carton for dispensing sheet material and
      in particular to a carton having a cutting edge to cut off desired lengths
      of said sheet material.
PAR  The prior art discloses cartons for dispensing sheet material having
      cutting edges. In some cases the cutting edges have been formed by
      attaching a serrated metal strip to the carton either at an edge or
      intermediate point in the path of the sheet material emanating from the
      carton.
PAR  Also in the prior art a cutting edge has been formed on the carton blank
      itself by the application of an indurating material to an edge either
      before or after cutting the edge in a serrated pattern.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a cutting edge on a
      carton for dispensing sheet material with the cutting edge made from edge
      hardened paperboard material or polystyrene strip applied thereto
      positioned in such a manner as to project outward from an outside panel
      for ease of tearing contents of the carton such as plastic wraps, wax
      paper, foil, etc.
PAR  It is a further object of the present invention to form the carton so that
      the outward projecting edge can be protected by a cover during transit
      before opening the carton for first use. Similarly the consumer is
      protected from the edge at that time.
PAR  It is also an object of the present invention to accomplish the above at a
      saving in cost by elimination of the metal edging operation and by use of
      a straight line gluing operation.
PAR  The present invention comprises a carton blank having a cutting edge formed
      of a hardened paperboard material, or by application of a polystyrene
      strip and serrating of the edge with strip attached, with sides so
      proportioned as to allow folding of the cutting edge beneath the tear
      strip during assembly so as to require tearing of the tear strip for
      exposure of the cutting edge.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention is described in detail in connection with the accompanying
      drawings in which:
PAR  FIG. 1 is an open blank viewed from the side of the outside surfaces;
PAR  FIG. 2 is an enlarged view of the upper left corner of FIG. 1 showing the
      cutting edge with an indurating agent along the serrated edge;
PAR  FIG. 3 is an enlarged view showing the inside surface of the blank of FIG.
      1 (upper right corner) with a polystyrene strip before cutting the
      serrated edge;
PAR  FIG. 4 is a view of the same portion as FIG. 3 after cutting the serrated
      edge;
PAR  FIG. 5 is a perspective view of the carton assembled in fully closed
      condition;
PAR  FIG. 6 is a cross-sectional view along lines 6--6 of FIG. 5;
PAR  FIG. 7 is an enlarged perspective view of the carton of FIG. 5 with the
      tear strip being removed; and
PAR  FIG. 8 is a cross-sectional view as in FIG. 6 but as in use prior to
      tearing sheet material from in the carton.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, there is shown a carton blank 10 of paperboard
      material having a front wall panel 11, a top wall panel 12, a rear wall
      panel 13, a base panel 14, an overlap panel 15, and a free edge portion 16
      connected by crease lines 17, 18, 19, 20, and 21, respectively. Each of
      panels 11 through 15 have end flaps which interfit when the carton is
      assembled. This view of the blank shows the surfaces which form the
      outside of the assembled carton.
PAR  Attached to the opposite side of front wall panel 11 from crease line 17 is
      tear strip 22 and cutter strip 23 with cutting edge 24 on its outer edge.
PAR  The shorter dimensions of panels 11 through 14 are substantially equal
      except that base panel 14 may have that dimension slightly less than the
      corresponding dimension on front wall panel 11, but the dimension of
      overlap panel 15, between crease lines 20 and 21, is less than any of the
      individual shorter dimensions of panels 11 through 14. Also the width of
      cutter strip 23, including the teeth of cutter edge 24 should be slightly
      less than the width, between tear strip perforations 26, of tear strip 22.
PAR  FIGS. 2, 3, and 4 show two ways of forming cutter edge 24 and 24'. FIG. 2
      shows the cutting edge 24, as in FIG. 1 formed with an indurating or
      hardening agent 31 on cutter strip 23 along cutting edge 24. The
      indurating agent 31 is spread on both surfaces of cutter strip 23.
PAR  In FIG. 3 a corner of carton blank 10 is shown but instead of an indurating
      agent, a polystyrene strip 32 is glued on to cutter strip 23, either on
      the inside surface as shown in FIG. 3 or on the outside surface. The
      punching or cutting operation forming cutting edge 24' may be accomplished
      at the same time as the forming of tear strip perforations 26 and during
      the punching out of carton blanks 10.
PAR  By bending the paperboard material of carton blank 10 along crease lines
      17-21, perforations 26 and the crease lines connecting the end flaps to
      the panels, and gluing the end flaps in the usual manner, the carton 30
      shown in FIG. 5 is formed.
PAR  In forming carton 30, cutter strip 23, which has been folded back over tear
      strip 22 is glued along the edge of base panel 14 as shown in FIG. 6. In
      FIG. 6 the cutter edge is formed utilizing the polystyrene strip 32 as
      discussed in connection with FIGS. 3 and 4 forming cutting edge 24' which
      in this assembled position extends slightly beyond the edge of the base
      panel 14 at crease line 20. In the assembled form as shown in
      cross-section in FIG. 6, front wall panel 11 extends below overlap panel
      15 covering the teeth of cutting edge 24' with its attachment to tear
      strip 22.
PAR  A roll of sheet material 33 is inserted in carton 30 at some point during
      assembly, probably before closing of the end flaps. This roll of sheet
      material 33 is placed so as to unwind in a direction over crease line 21
      where free edge portion 16 has been folded over and glued to the inner
      side of overlap panel 15 so as to act as a stiffener for panel 15.
      Material 33 then passes between overlap panel 15 and front wall panel 11
      so as to pass over cutter edge 24' or 24 after its exposure by the removal
      of tear strip 22.
PAR  Tear strip 22 is removed by tearing along perforations 26 as shown in FIG.
      7. Sheet material 33 is then pulled down between front wall panel 11 and
      overlap panel 15 in front of the serrated cutting edge 24' against which
      material 33 can be torn to the size desired. FIG. 8 is a cross-section
      view with the tear strip 22 removed preparatory to tearing sheet material
      33.
PAR  Either of serrated cutting edges 24' or 24 may be used with this carton.
      The carton has been shown in all views with the cutting edge extending
      from the base panel. This has been found the preferred way of using the
      construction of the present invention but this should not preclude the use
      of this same construction in a manner rotated from that shown, still
      within the concept of the present invention which allows a covering of the
      serrated cutting edge until it is exposed for use, while providing for its
      projection beyond an edge of the carton in the path of the sheet material.
PAR  It will be obvious to those skilled in the art that various changes may be
      made without departing from the scope of the invention and the invention
      is not to be considered limited to what is shown in the drawings and
      described in the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A carton for dispensing sheet material formed from a blank of paperboard
      material or the like comprising
PA1  a front wall panel, a top wall panel, a rear wall panel, a base panel, and
      an overlap panel connected in the aforementioned consecutive order,
PA1  a tear strip connected to said front wall panel along the opposite side
      from the connection of said front wall panel to said top wall panel,
PA1  a cutter strip connected to said tear strip on the opposite side of said
      tear strip from the connection of said tear strip to said front wall
      panel,
PA1  a cutting edge on said cutter strip on the free end of said cutter strip
      opposite to its connection to said tear strip,
PA1  said cutter strip folded back under said tear strip and attached to said
      base panel.
NUM  2.
PAR  2. The carton for dispensing sheet material formed from a blank as in claim
      1 further characterized by
PA1  said overlap panel having a transverse dimension less than a transverse
      dimension in the same direction of said front wall panel.
NUM  3.
PAR  3. The carton as in claim 1 further characterized by
PA1  said cutter strip having an indurating material thereon along said cutting
      edge.
NUM  4.
PAR  4. The carton as in claim 1 further characterized by
PA1  a strip of polystyrene material attached to said cutter strip having a
      serrated edge to form said cutting edge.
NUM  5.
PAR  5. The carton as in claim 1 further characterized by
PA1  said cutter strip attached to said base panel with said cutting edge
      extending past the edge of said base panel.
NUM  6.
PAR  6. The carton as in claim 1, further characterized by
PA1  a free edge portion connected to said overlap panel at the opposite side
      from its connection to said base panel and said cutter strip.
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ABST
PAL  In magnetic recording and reproducing apparatus wherein a magnetic tape is
      driven at a variable speed by a driving motor through a capstan, a pulse
      motor is used as the driving motor, the speed thereof being variable by
      changing the frequency of the pulses applied thereto, and the pulse motor
      is coupled to the capstan through a resilient belt whereby to transform
      intermittent rotation of the pulse motor into substantially uniform
      rotation of the capstan.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for driving magnetic recording and
      reproducing apparatus required to selectively switch the running speed of
      magnetic recording medium or tape over a wide range, more particularly to
      apparatus which utilizes an intermittently rotating pulse motor for
      driving magnetic recording and reproducing apparatus which is required to
      be operated smoothly at a constant speed over a range covering low speeds
      that can not be provided by an ordinary induction motor or a synchronous
      motor and high speeds.
PAR  In magnetic recording and reproducing apparatus (for the sake of
      simplicify, hereinafter merely termed a magnetic recorder) various methods
      and apparatus have been used to drive the magnetic tape at a stable and
      constant speed for performing recording and reproduction at high
      fidelities. Accordingly, the driving motor for driving a capstan that
      determines the running speed of the tape is required to rotate stably at a
      constant speed. For this reason, in most cases synchronous motors are
      preferred rather than induction motors. Where synchronous motors are used,
      switching of the running speed of the tape is effected by changing the
      number of poles of the synchronous motor or by using a plurality of
      intermediate idle rollers which are switched mechanically. However, where
      it is necessary to switch the running speed of the tape among several
      different speeds, the number of poles and the number of intermediate idle
      rollers increase also. For example, where it is necessary to select one of
      four different speeds, it is necessary to change the number poles among,
      2, 4, 8 and 16 poles, thus increasing size of the motor and complicating
      its connection. In the case of switching among idle rollers of different
      diameter, the mechanism for sliding and selecting idle rollers becomes
      complicated. Where these two types of speed switching is used, the weight
      of the speed changing mechanism increases. In addition, it is necessary to
      construct the mechanism to be adjustable and it has been difficult to
      obtain absolutely constant speeds due to the deformation of the idle
      rollers or the like causes.
PAR  Where it is desired to vary the running speed of the tape over a wide range
      of from an extremely low speed to a high speed, for example 100 mm/sec.,
      an ordinary induction motor or a synchronous motor and a mechanical speed
      changing mechanism can not meet this requirement. In an example of a video
      tape recorder which operates the tapes for 1 hour, 6 hours, 12 hours, 24
      hours and 48 hours, respectively, it is necessary to change the speed of
      the tape for respective runs. Such long time video tape recorder is used
      in combination with a television camera for the supervision over a long
      period, recording and observation of various human activities. For
      example, such a system has a wide application in the long time supervision
      of the safeness of banks or the like place, for continuous supervision of
      nuclear reactors to which access of the operators is dangerous, for
      observation of the condition of department stores or stations where many
      persons gather together or an analysis of the styles or physical reactions
      of sportmen. Such a video tape recorder usually uses a video tape of the
      3/4 inch cassette type, and in addition to a 48 minutes recording, by
      operating a transfer switch it is also possible to record for 6, 12, 24 or
      48 hours.
PAR  In such a long time video tape recorder, the running speed of the tape is
      the highest for the one hour mode but decreases for operating modes over
      longer time periods. For this reason, taking the one hour mode as the
      standard operation, if the recording is made for 6 hours and the
      reproduction is made for 12 hours, a slow motion picture would result. On
      the other hand, an extremely slow motion, such as the procedure of the
      blooming of a flower, is recorded for 48 hours and the recorded film is
      reproduced by the one hour mode. Then the procedure of the blooming can be
      reproduced as a continuous motion. In such a case, it is often desired to
      stop the tape to reproduce a standstill picture. As has been described
      hereinabove, the running speed of the tape of such a video tape recorder
      is required to vary between the shortest time mode and the longest time
      mode, the ratio being 1:48 for example. For example, the minimum running
      speed of the tape for the one hour mode operation is about 118.8 mm/sec.,
      whereas those for the 6, 12, 24 and 48 hour mode operations are about
      14.8, 7.4, 3.7 and 1.8 mm/sec., respectively.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide improved magnetic recording
      and reproducing apparatus capable of varying the running speed of a
      magnetic recording tape over a wide range including extremely low speed
      without using a pole change motor or a mechanical speed change mechanism.
PAR  Another object of this invention is to provide an improved magnetic
      recording and reproducing apparatus especially suitable for use in
      combination with a video tape recorder.
PAR  According to this invention these and further objects can be accomplished
      by providing magnetic recording and reproducing apparatus of the class
      comprising a driving motor, and a capstan driven by the driving motor for
      driving a magnetic tape and wherein the speed of the tape is varied over a
      wide range, characterized in that the driving motor comprises a pulse
      motor, that control means is provided for varying the frequency of the
      pulses applied to the pulse motor, and that resilient means is used to
      couple together the pulse motor and the capstan whereby to transform
      intermittent rotation of the pulse motor into substantially uniform
      rotation of the capstan.
PAR  In order to widen the range of speed variation of the magnetic tape,
      according to modified embodiments of the invention, there is provided a
      synchronous motor rotating at a higher speed than the pulse motor. The
      synchronous motor may be interposed between the pulse motor and the
      capstan, or disposed to drive the capstan through the pulse motor, or
      disposed to drive the capstan independently of the pulse motor. Where the
      pulse motor and the synchronous motor are provided care should be taken
      not to energize them simultaneously.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects and advantages of the invention will be better understood
      from the following detailed description taken in conjunction with the
      accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic representation of one embodiment of this
      invention;
PAR  FIGS. 2, 3 and 4 show modified embodiments of this invention.
PAR  FIGS. 5A and 5B are diagrams to explain the manner of obtaining a constant
      speed with a pulse motor, and
PAR  FIG. 6 shows the speed regulations of the pulse motor and a pulley driven
      thereby through a resilient belt.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A preferred embodiment of this invention shown in FIG. 1 of the
      accompanying drawings comprises a pulse actuated stepping motor 1
      (hereinafter referred to as a pulse motor) having a shaft 3 and a pulley 2
      mounted thereon, a capstan 4 and a flywheel 5. According to this
      invention, a resilient belt 6, made of rubber for example, is used to
      couple together the pulley 2 and the flywheel 5. Where a pulse motor which
      rotates 1.8.degree. per step is used, one complete revolution can be
      realized with 200 pulses. The number of the pulses applied to the pulse
      motor 1 is controlled by a speed regulator 7 or a source of pulses of a
      variable frequency. The source of pulses 7 may comprise a well known pulse
      generator and a pulse control circuit, not shown in detail. As the pulses
      are applied to the pulse motor 1 it rotates intermittently at a rate of
      1.8.degree. per pulse. Such intermittent rotational steps are transmitted
      to the flywheel 5 through the resilient belt 6 and are converted into
      smooth rotations of the flywheel 5 because the belt absorbs intermittent
      motion by vibrating as shown by dotted lines.
PAR  Theoretically, torque is applied to the belt only when the pulses are
      applied to the pulse motor, so that the speed of the belt decreases
      between the pulses. However, due to the inertia of the moving parts and
      the vibratory motion of the resilient belt, the fluctuation in the
      periphery speed of the flywheel 5 can be minimized.
PAR  One method of measuring the speed fluctuation is as follows. A suitable
      device for detecting the speed fluctuation, for example a magnetic scale,
      is mounted on a rotary shaft to measure the interval between pulses which
      are generated in accordance with the rotation of the shaft. The difference
      between the maximum and minimum intervals of the pulses represents the
      speed fluctuation, the minimum difference corresponding to the minimum
      speed fluctuation. The magnetic scale is constructed to generate 300
      pulses per one revolution of the shaft and is provided with 300 detecting
      elements which are arranged on a circle at a spacing of 1.2.degree..
PAR  FIG. 5A is a diagram showing the relationship between the pulses generated
      by the magnetic scale mounted on the rotor of the pulse motor and the
      rotation of the pulse motor, in which t.sub.1 represents the period of one
      complete revolution of the pulse motor. The intervals between the pulses
      are not uniform indicating the speed fluctuation. The maximum and minimum
      intervals are denoted by t.sub.1MAX and t.sub.1MIN respectively, and the
      interval when the speed is uniform is denoted by t.sub.1NOM = t.sub.1
      /300, then, the speed regulation can be expressed by the following
      equation
      ##EQU1##
PAR  FIG. 5B shows the pulses generated by a magnetic scale which is mounted on
      the shaft of pulley 5 driven by the pulse motor through a rubber belt. As
      can be noted from FIG. 5B, the difference between the maximum interval
      t.sub.2MAX and the minimum interval t.sub.2MIN is greatly decreased with
      respect to the case shown in FIG. 5A, meaning that the speed of the
      flywheel and hence the running speed of the tape are substantially
      uniform. The speed regulation of the case shown in FIG. 5B is expressed by
      ##EQU2##
      where t.sub.2NOM = t.sub.2 /300.
PAR  By comparing the speed regulations of both cases, it can be noted that use
      of a resilient belt converts the intermittent rotations of the pulse motor
      into a substantially uniform speed of the rotation of the flywheel.
PAR  Since the pulse motor rotates over a predetermined angle in response to
      each applied pulse, it is possible to modify the movement of its rotor by
      varying the number of pulses applied to the pulse motor in a given period.
      Generally speaking, the larger the number of applied pulses in a given
      unit of time, the higher is the speed of the rotation of the rotor. For
      this reason, it is necessary to measure the speed regulation when the
      interval t.sub.1 is varied in four steps, for example, by varying the
      frequency of the pulses impressed upon the pulse motor. As can be readily
      noted from the foregoing description, the interval t.sub.2 varies
      automatically with interval t.sub.1. FIG. 6 shows the result of such
      measurement. As can be noted from FIG. 6, the speed regulation of the
      pulse motor amounts to more than 100% at low frequencies whereas that of
      the flywheel is improved to be less than 20%. Of course, when the rotor of
      the pulse motor rotates at a uniform speed, the speed regulation reduces
      to zero %.
PAR  The resilient belt 6 may be a conventional rubber belt, and it was found
      that a flat rubber belt is especially suitable. Thus, the rotary movement
      transmitted to the flywheel 5 is transmitted to capstan 4 integral
      therewith for running at a substantially constant speed the tape 9 which
      is clamped between capstan 4 and a punch roller 8.
PAR  With the arrangement described above, it is possible to drive the tape at
      any one of many different speeds by merely varying the frequency of the
      pulses applied to the pulse motor.
PAR  In a modification of this invention illustrated in FIG. 2, there is
      provided a high speed synchronous motor 10 which drives the tape 9 at the
      highest speed through a resilient belt 16, pulley 11, flywheel 5, capstan
      4 and pintch roller 8, the highest speed corresponding to the one hour
      mode operation of the video tape recorder described above. The
      energization of the synchronous motor 10 is controlled by a controller 12.
      There is also provided a low speed pulse motor 13, the speed thereof being
      varied from an extremely low speed to higher speeds by varying the
      frequency applied thereto from a source of pulse 14, thus running tape 9
      at various speeds. For example, in the video tape recorder of the type
      described, the running speed for the 12 hour mode is reduced to one half
      of the speed for the 6 hour mode and the running speeds for the 24 and 48
      hour modes are reduced to 1/4 and 1/8, respectively of the speed for 6
      hour mode. Pulleys 11 and 31 secured to the shafts of motors 10 and 13,
      respectively, are coupled together by means of a resilient belt 15.
PAR  In operation, when the high speed synchronous motor 10 is energized by
      controller 12, the low speed pulse motor 13 is not energized from the
      source of pulse 14 so that the rotation of the synchronous motor 10 is
      transmitted to capstan 4 integral with flywheel 5 through resilient belt
      16 and to low speed torque motor 13 through resilient belt 15. Thus, the
      magnetic tape 9 is driven by the synchronous motor at a high speed. When
      the low speed pulse motor 13 is operated by the pulse from the source of
      pulse 14 while the synchronous motor 10 is deenergized, the rotation of
      the pulse motor which is determined by the frequency of the pulses is
      transmitted to the tape 9 through resilient belts 15 and 16 and flywheel
      5. Under these conditions the resilient belt 15 between the synchronous
      motor and the pulse motor vibrates as shown by the dotted lines to
      transform the intermittent rotation of the pulse motor into a smooth
      continuous rotation, in a manner described hereinabove.
PAR  In a modification shown in FIG. 3, the resilient belt 16 is provided
      between the low speed pulse motor 13 and the flywheel 5 whereas in another
      modification shown in FIG. 4, the high speed synchronous motor 10 and the
      low speed pulse motor 13 are coupled to the flywheel 5 through independent
      belts 16 and 15, respectively. While the embodiments shown in FIGS. 2 to 4
      are equally effective, the arrangement of FIG. 2 wherein the torque of the
      low speed pulse motor is transmitted to the flywheel can obtain more
      uniform speed of the tape. However, it should be understood that, in any
      case, both motors 10 and 13 should not be energized simultaneously in
      order to prevent one motor from becoming the load of the other.
      Advantageously, the pulse motor should not be provided with permanent
      magnets positioned between the poles thereof for the purpose of decreasing
      load on the high speed synchronous motor.
PAR  Although the invention has been shown and described in terms of some
      preferred embodiments thereof it should be understood that many changes
      and modifications will be obvious to one skilled in the art without
      departing from the true spirit and scope of the invention as defined in
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In magnetic recording and reproducing apparatus of the class comprising
      a driving motor, and a capstan driven by said driving motor for driving a
      record/read out tape and wherein the speed of said tape is varied over a
      wide range including very low speeds of the order of 1.8 millimeters per
      second, the improvement wherein said driving motor comprises a pulse
      actuated stepping motor having a drive shaft, variable frequency pulse
      control means coupled to and exciting said pulse actuated stepping motor
      for varying the frequency of the excitation pulses applied to said pulse
      actuated stepping motor to thereby vary the speed at which the tape is
      driven, and resilient belt coupling means coupling said stepping motor to
      said capstan for transforming intermittent rotation of said stepping motor
      drive shaft into substantially uniform rotation of said capstan.
NUM  2.
PAR  2. The recording and reproducing apparatus according to claim 1 wherein
      said resilient belt coupling means comprises a flat rubber resilient belt
      intercoupling a drive pulley secured to the drive shaft of said stepping
      motor and a driven flywheel pulley driving said capstan.
NUM  3.
PAR  3. The recording and reproducing apparatus according to claim 1 which
      further comprises an additional synchronous motor having a drive shaft and
      interposed between said stepping motor and said capstan, said synchronous
      motor being designed for higher rotational speeds than said stepping
      motor, and said resilient belt coupling means includes a first resilient
      belt extending between a drive pulley secured to the drive shaft of said
      stepping motor and a driven pulley secured to the drive shaft of said
      synchronous motor, and a second resilient belt extending between a drive
      pulley secured to the drive shaft of said synchronous motor and a driven
      flywheel pulley driving said capstan.
NUM  4.
PAR  4. The recording and reproducing apparatus according to claim 1 which
      further comprises an additional synchronous motor having a drive shaft and
      designed for rotation at higher speeds than said stepping motor, and said
      resilient belt coupling means comprises a first resilient belt extending
      between a drive pulley secured to the drive shaft of said stepping motor
      and a driven flywheel pulley driving said capstan, and a second resilient
      belt extending between a driven pulley secured to the drive shaft of said
      stepping motor and a drive pulley secured to the drive shaft of said
      synchronous motor.
NUM  5.
PAR  5. The recording and reproducing apparatus according to claim 1 which
      further comprises an additional synchronous motor having a drive shaft and
      designed for rotation at higher speeds than said stepping motor and said
      resilient belt coupling means comprises a first resilient belt extending
      between a drive pulley secured to the drive shaft of said stepping motor
      and a driven flywheel pulley driving said capstan, and a second resilient
      belt extending between a drive pulley secured to the drive shaft of said
      synchronous motor and a driven flywheel pulley driving said capstan.
NUM  6.
PAR  6. The recording and reproducing apparatus according to claim 3 wherein
      said synchronous motor is deenergized while said stepping motor is
      operating and said stepping motor is deenergized while said synchronous
      motor is operating.
NUM  7.
PAR  7. The recording and reproducing apparatus according to claim 4 wherein
      said synchronous motor is deenergized while said stepping motor is
      operating and said stepping motor is deenergized while said synchronous
      motor is operating.
NUM  8.
PAR  8. The recording and reproducing apparatus according to claim 5 wherein
      said synchronous motor is deenergized while said stepping motor is
      operating and said stepping motor is deenergized while said synchronous
      motor is operating.
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ABST
PAL  In a setting gun utilizing an explosive charge for driving fastening
      elements into a target material, a drum magazine holding both fastening
      elements and cartridges in receiving bores is rotatably mounted in a
      housing between a barrel and a breech plug. Separate spring biasing
      mechanisms hold the barrel and the drum magazine in a non-firing position.
      In moving the barrel and the drum magazine into the firing position it is
      necessary to overcome the spring biasing action and to displace both
      members opposite to the spring biasing direction.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The invention is directed to a setting gun which utilizes an explosive
      charge for driving fastening elements into a target material and, more
      particularly, it concerns a barrel and a drum magazine each axially
      movable within a housing of the setting gun between a firing position and
      another position where the gun cannot be fired.
PAR  A prerequisite for the operation of setting guns of the type mentioned
      above which include a drum magazine for fastening elements and cartridges,
      is that the end face of the drum magazine in which the cartridge is
      positioned must bear against the breech plug at the time of firing. As a
      result, in known setting guns, the drum magazine is mounted with very
      little axial play in the gun housing and, in addition, it is held by
      spring force in contact with the breech plug. In such an arrangement one
      of the cartridges in the drum magazine is always located in the firing
      position. The operation of the firing mechanism in such setting guns is
      independent of the axial position of the drum magazine. If a cartridge is
      always in the firing position and the firing mechanism operates
      independently, there is a great risk that an accidental firing of a
      cartridge may occur either due to accidental actuation of the firing
      mechanism or actuation because of a malfunction.
PAR  To prevent any considerable power loss during the firing operation and to
      avoid excessive noise while insuring exact guidance of the fastening
      element, the drum magazine and the barrel must be in contact with one
      another with the axis of the barrel in alignment with the axis of the
      receiving bore containing the fastening element to be inserted. In
      conventional setting guns, the necessary contact is provided by having the
      adjacent end faces of the drum magazine and the barrel in a butt-joint
      arrangement. However, this arrangement does not provide satisfactory
      sealing and guiding properties, since a gap forms between the abutting
      surfaces if a slight fouling develops between the drum magazine and the
      barrel.
PAR  In other known setting guns, a barrel designed as an intermediate member,
      has been arranged between the drum magazine and a separate annular muzzle
      piece. The muzzle, in turn, is secured on a rod-shaped cocking slide
      mounted for axial movement in the gun housing. A compression spring
      positioned between the muzzle and the barrel keeps the barrel in constant
      contact with the front end of the drum magazine and while the gun is in
      the non-firing or rest position the muzzle is spaced an axial distance
      from the barrel.
PAR  The cocking slide has a guide nose projecting toward the center of the drum
      magazine and engages grooves on the magazine when the muzzle is displaced
      in the rearward direction. The engagement with the grooves insures
      alignment of the barrel bore with one of the receiving bores in the
      magazine.
PAR  In addition to the disadvantages of this arrangement because of its
      multiple element, it also has a number of operational drawbacks. For
      instance, the fastening element is not guided in the muzzle as it is
      driven into the target or receiving material and, as a result, there is a
      negative effect on the fastening quality. Furthermore, the mount of the
      muzzle on the cocking slide for displacement on the outer jacket of the
      housing is not suitable for apparatus which is exposed to rough
      construction site operation, since the dropping of the gun may result in
      deformation or damage to the cocking slide. If such damage occurs, the
      muzzle can no longer be pressed on and the gun will no longer fire.
      Similar troubles may also develop due to fouling and the resulting jamming
      of the cocking slide mechanism or the firing mechanism. In this type of
      gun it is easily possible that as it is lifted from the target material in
      the jammed and cocked state, a cartridge may be accidentally fired.
PAR  It is a primary object of the present invention to provide a setting gun
      which does not incorporate the abovementioned disadvantages and which
      cannot be fired unless the barrel of the gun is pressed against the target
      material.
PAR  In accordance with the present invention, when the barrel is pressed
      against the target material, the barrel and the drum magazine are
      displaced axially in the direction opposite to the firing direction into
      the firing position in which the drum magazine bears against the breech
      ring.
PAR  In the present invention the use of a separate muzzle piece with its
      elaborate and sensitive mount can be eliminated. If the barrel is not
      fully pressed against the receiving material so that it is in the firing
      position, a gap remains between the rear face of the drum magazine and the
      breech plug which prevents firing of the cartridge within the magazine.
      Moreover, the setting gun in accordance with the present invention affords
      exact guidance of the fastening member, since the barrel bears against the
      receiving material during the fastening operation.
PAR  Preferably, a force storage device is arranged between the drum magazine
      and the breech plug which displaces the drum magazine forwardly from the
      breech plug. As the force of the storage device is overcome when the
      barrel is pressed against the target material, the drum magazine moves
      rearwardly against the force storage device into contact with the breech
      plug. If the barrel is not pressed against the target material, the force
      storage device maintains the drum magazine in spaced relation from the
      breech plug, even in an unfavorable working position of the gun or in the
      case of vibrations. Preferably, the force storage device includes a
      compression spring. By properly dimensioning the compression spring, any
      increased friction of the drum magazine, as may be caused by fouling, can
      be easily overcome.
PAR  An exact and centered transmission of the spring force from the device to
      the drum magazine can be achieved if the device includes a pressure part
      designed as a bush which is aligned with the rotational axis of the
      magazine and is located between the compression spring and the magazine.
      Preferably, the pressure part is constructed so that its range of axial
      movement is limited whereby it extends into the space in the housing of
      the setting gun which contains the drum magazine only to a limited extent
      and does not hinder the replacement of the magazine. Another
      characterizing feature of the invention is the formation of a recess in
      the forward end of each receiving bore of the drum magazine so that it
      receives, in form fitting engagement, the rear portion of the barrel when
      the setting gun is arranged in the firing position. As a result of this
      construction, a form-closed connection is provided between the drum
      magazine and the barrel so that an effective seal is provided between the
      two.
PAR  The drum magazine is mounted for intermittent rotation within the setting
      gun so that each of its receiving bores containing a fastening element and
      a cartridge can be exactly aligned with the barrel axis by providing the
      recess in the forward end of each receiving bore with a frusto-conical
      shape widening in the driving direction. With the rearward end of the
      barrel having a corresponding frusto-conical shape proper alignment is
      provided as the barrel is displaced rearwardly into the forward end of a
      receiving bore in the drum magazine. With the present arrangement, special
      guide elements on the gun, such as noses, as well as elements on the
      magazine, such as slots, are not necessary for adjusting the exact
      magazine length.
PAR  To insure, on one hand, an effective seal at the point of juncture between
      the barrel and the drum magazine and, on the other hand, to provide a
      wider centering range for the barrel, the rear end of the barrel is
      preferably frusto-conically shaped to correspond to the similar shape
      within the recess in the adjacent end of the receiving bores in the drum
      magazine.
PAR  In addition to the spring loading action which biases the drum magazine in
      the driving direction, a separate spring loading device is provided
      between the barrel and the housing for spacing the barrel and the drum
      magazine when the setting gun is not in the firing position. This feature
      of the setting gun does not impair the rotatability or the assembly and
      disassembly of the drum magazine.
PAR  The various features of novelty which characterize the invention are
      pointed out with particularity in the claims annexed to and forming a part
      of this disclosure. For a better understanding of the invention, its
      operating advantages and specific objects attained by its use, reference
      should be had to the accompanying drawings and descriptive matter in which
      there is illustrated and described a preferred embodiment of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a side view, partly in section, of a setting gun embodying
      the present invention with the gun being in the non-firing or rest
      position.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the drawing a setting gun is illustrated which utilizes an explosive
      charge for driving fastening elements into a target or receiving material.
      The setting gun includes an axially extending housing 1 having a first end
      facing in the firing direction and a second end on which a breech plug 2
      is secured. Rearwardly of the breech plug 2 is a handle 3 including a
      trigger mechanism for firing the setting gun. Just forwardly of the breech
      block 2 the housing 1 forms a receiving space 5 in which a drum magazine 4
      is rotatably mounted on a movable shaft 6. As can be noted in the drawing,
      the axial dimension of the drum magazine 4 is less than the corresponding
      axial dimension of the space 5 so that the magazine can move in its axial
      direction within the space by a dimension x. On the opposite side of the
      drum magazine from the breech plug, a barrel 7 is located within the
      housing and extends outwardly from its first end. The barrel, like the
      drum magazine, is arranged within the housing for a limited amount of
      axial movement. The extent to which the barrel can move in the axial
      direction outwardly from the housing is limited by a groove 8 in the
      barrel into which a stop screw 9 mounted in the housing extends. On the
      forward end of the barrel extending from the first end of the housing, a
      spring 11 is helically wound around the barrel and extends between the
      first end of the housing and a ring member set in and extending outwardly
      from the barrel near its muzzle end. The spring biases the barrel
      forwardly from the space 5 within the housing so that it is maintained in
      spaced relationship from the drum magazine 4. A protective cap 12 is
      secured to the first end of the housing 1 by means of a pin 13 and extends
      forwardly from the housing and is located outwardly from the barrel 7. It
      can be noted that in the rest position of the setting gun shown in the
      drawing, the forward or muzzle end of the barrel is projected outwardly
      from the protective cap due to the biasing action of the spring 11.
PAR  The drum magazine has a plurality of receiving bores though only two such
      receiving bores 14, 14a are illustrated. Each of the receiving bores
      contains a cartridge 15, 15a and a fastening element 16, 16a. The
      receiving bore 14, as shown in the drawing, is aligned with the axis of
      firing pin 17 which is actuated by a firing mechanism of a known
      conventional type which is not represented. When the drum magazine is
      displaced into the firing position, the cartridge 15 contained in the rear
      of the receiving bore 14 is moved toward the breech plug 2 so that the
      firing pin 17 can ignite the cartridge.
PAR  For aligning the receiving bores in the drum magazine with the firing pin
      17, known rotating means are used in association with the drum, and since
      such rotating means are known and do not form a part of the invention they
      have not been illustrated.
PAR  To seal the junction between the drum magazine 4 and the barrel 7 and to
      afford proper alignment of the receiving bores in the drum magazine with
      the axis of the barrel, a frusto-conical centering recess 18, 18a is
      provided at the forward end of each of the receiving bores in the
      magazine. Similarly, the rearward end of the barrel has a frusto-conical
      surface 19 corresponding to the centering recess 18 in the receiving bore
      so that a form fitting, seal-tight connection between the two can be
      provided when the barrel is displaced rearwardly into the firing position.
PAR  To insure that in any condition or position of the setting gun when it is
      not ready to fire a fastening element, that the drum magazine is
      maintained in spaced relationship from the breech plug 2 by the distance
      x, a force storage device consisting of a compression spring 21 is mounted
      within a recess in the breech plug 2 and biases a bush-type pressure part
      22 into contact with the adjacent rearward face of the magazine drum 4.
      The pressure part 22 is aligned with the center or axis of rotation of the
      drum magazine so that the spring force is directed against the center of
      the magazine and canting of the magazine is prevented. Further, the
      pressure part is shaped so that the extent of its displacement into the
      receiving space 5 is limited by a stop 23 secured to the breech plug and a
      corresponding shoulder 24 formed on the pressure part.
PAR  As shown in the drawing, the setting gun is in the rest or non-firing
      position with a fastening element 16 located in the drum magazine 4 in
      position to be inserted into a target material. To place the gun in the
      firing position, the muzzle end of the barrel 7 is pressed against the
      target material and the pressing force initially displaces the barrel
      toward the second end of the housing against the biasing action of the
      spring 11. As the barrel moves rearwardly its frusto-conical surface 19 at
      its rearward end is moved into contact with the recess surfaces 18 in the
      receiving bore 14 of the drum magazine providing exact rotary positioning
      between the receiving bore 14 and the barrel 7. As the barrel is
      continuously pressed against the target material, it causes a rearward
      pressing action through the drum magazine 4 against the pressure part 22
      which compresses the spring 21 until the magazine has moved through the
      distance x and come into contact with the adjacent face of the breech
      block. The cartridge 15 within the receiving bore 14 is now in the range
      of action of the firing pin 17 and the firing of the gun can be
      effectively carried out.
PAR  With the barrel pressing against the target material, the fastening element
      can be guided through the barrel into the material. At the completion of
      the insertion of the fastening element, as the setting gun is lifted from
      the target material, the compression spring 21 within the recess in the
      breech plug displaces the drum magazine 4 and the barrel 7 in the
      direction of the first end of the housing. When the magazine has been
      displaced through the distance x within the receiving space 5 its movement
      is stopped by the housing, however, the spring 11 on the forward end of
      the barrel continues to move the barrel forwardly so that it is displaced
      out of the recessed portion of the receiving bore with its forward end
      located outwardly from the leading edge of the protective cap 12. The
      separate biasing actions afforded by the compression spring 21 and the
      spring 11 about the barrel, return the movable parts of the setting gun to
      the rest position as shown in the drawing ready for another insertion
      operation. It can be appreciated, that with the completion of the firing
      operation, the receiving bore 14 is emptied and the next receiving bore
      containing a fastening element and cartridge is moved into position in
      alignment with the firing pin 17 and the barrel 7.
PAR  While a specific embodiment of the invention has been shown and described
      in detail to illustrate the application of the inventive principles, it
      will be understood that the invention may be embodied otherwise without
      departing from such principles.
CLMS
STM  I claim:
NUM  1.
PAR  1. A setting gun utilizing an explosive charge for driving fastening
      elements, such as bolts, into a target material, comprising an axially
      extending housing having a first end facing in the direction in which
      fastening elements are driven and a second end spaced from the first end
      facing the opposite direction, a barrel axially movably mounted within
      said housing at the first end thereof, said barrel having a first end
      facing in the direction in which fastening elements are driven and a
      second end spaced from the first end thereof and facing in the opposite
      direction, said housing forming an axially extending space located
      intermediate the second end of said barrel and the second end of said
      housing, said space in said housing having a forward end and a rearward
      end spaced axially from the forward end and located further away from the
      first end of said housings, a rotatable drum magazine positioned within
      said space in said housing with its axis of rotation disposed in parallel
      relation with the axis of the housing and having a number of receiving
      bores therein each arranged to be aligned with the axis of the barrel, a
      breech plug located at the second end of said housing, and a firing
      mechanism located within said breech plug and arranged to fire cartridges
      positioned in the receiving bores in said drum, wherein the improvement
      comprises that said barrel and drum magazine are axially displaceable
      within said housing between a firing position and a rest position where
      the cartridges in said drum magazine cannot be fired, means axially
      displacing said barrel and said drum in the axial direction toward the
      first end of said housing into the rest position so that displacement of
      said barrel and drum magazine toward the second end of said housing
      against the action of said means is required for positioning said barrel
      and drum magazine in the firing position, said drum magazine having a
      forward end and a rearwad end spaced axially from the forward end and
      located closer to the second end of said housing, said means comprising a
      first means for spring biasing said barrel into the rest position and a
      second means for spring biasing said drum magazine into the rest position,
      in the rest position the forward end of said drum magazine is located
      spaced axially rearwardly from the second end of said barrel, said firing
      mechanism comprising a firing pin located entirely in said breech plug and
      arranged to fire a cartridge in said drum magazine when said drum magazine
      is moved into the firing position, said first means comprising a first
      spring biasing said barrel so that the second end of said barrel in the
      rest position is spaced axially forwardly of the forward end of said space
      containing said drum magazine, said second means comprises a force storage
      device mounted in said breech plug and disposed in contact with the
      rearward end of said drum magazine, said force storage device includes a
      compression spring for biasing said drum magazine toward the first end of
      said housing, said breech plug forms a closure at the second end of said
      housing extending across the end of the space in said housing containing
      said drum magazine and forming the rearward end of the space in said
      housing, said breech plug having a recess in the surface thereof forming
      the rearward end of the space in said housing and the recess being aligned
      with the axis of rotation of said drum magazine, said force storage device
      comprises a pressure part axially telescopically mounted in said recess
      for displacement in the axial direction of said housing and extending from
      said recess into contact with the rearward end of said drum magazine when
      said drum magazine is in the rest position, said compression spring
      located in said recess and disposed in contact with the opposite end of
      said pressure part from the end contacting said drum magazine for biasing
      the pressure part toward the first end of said housing and into contact
      with said drum magazine, and said pressure part being displaceable
      rearwardly into said pressure plug against the biasing action of said
      compression spring when said drum magazine is moved from the rest position
      to the firing position so that in the firing position the rearward end of
      said drum magazine contacts the surface of said breech plug forming the
      rearward end of the space within said housing containing said drum
      magazine.
NUM  2.
PAR  2. A setting gun, as set forth in claim 1, wherein each said receiving bore
      has a forward end closer to the first end of said housing and a rearward
      end closer to the second end of said housing and the first end of each
      receiving bore has a recess centered about the axis of the receiving bore
      and shaped to receive in closely fitting engagement the end of said barrel
      located closer to the second end of said housing.
NUM  3.
PAR  3. A setting gun, as set forth in claim 2, wherein said recess in said
      receiving bore is frusto-conically shaped with its surfaces diverging in
      the direction of the first end of said housing and the end of said barrel
      located closer to the second end of said housing having a similar
      frusto-conical shape.
NUM  4.
PAR  4. A setting gun, as set forth in claim 1, wherein said first means
      includes a spring biasing said barrel outwardly from the first end of said
      housing.
NUM  5.
PAR  5. A setting gun, as set forth in claim 4, wherein said barrel extends
      outwardly from the first end of said housing in the firing position as
      well as in the rest position, said spring encircling said barrel outwardly
      from the first end of said housing and bearing against the first end of
      said housing at one end and against said barrel at the other end.
NUM  6.
PAR  6. A setting gun, as set forth in claim 1, wherein a shaft is supported in
      said housing and extends through the space in said housing in
      substantially parallel relation with the axis of said housing, said drum
      magazine rotatably supported on said shaft and the shaft extending into
      the recess in said breech plug with its end within said recess supported
      therein in said pressure part.
NUM  7.
PAR  7. A setting gun, as set forth in claim 1, wherein a protective cap is
      secured to the first end of said housing and extends laterally from said
      housing and outwardly from the first end thereof so that it laterally
      encloses a portion of said barrel.
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ABST
PAL  The invention comprises a spring loaded plier-type holder adapted to
      receive an ear tag applicator on one of the jaws. The other jaw is
      bifurcated and consists of two centrally apertured plates between which
      the ear of the animal is received. Squeeze pressure on the two jaws forces
      the applicator together with the associated ear tag, through the
      aperatures in the plates and through the ear of the animal whereupon it is
      retained. Slots are formed in the plates to permit withdrawal of the
      plates from around the ear tag as the ear is disengaged from the plates.
      The device enables the ear tag to be inserted with one hand leaving the
      other hand free to control the animal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Flexible tags are inserted in the ears of animals for identification
      purposes and normally these flexible tags are detachably held on the spear
      end of an applicator which is grasped in one hand. The operator then
      attempts to hold the head of the animal still and grasp the ear in the
      other hand whereupon the spear portion is thrust through the thickness of
      the ear taking with it the tag end which remains behind when the
      applicator is withdrawn. As this operation is somewhat painful to the
      animal, violent head movements are common making it extremely difficult to
      insert the tags and also making it difficult to conclude the operation
      without damaging the animal due to these violent movements.
PAR  Although several applicators are presently on the market for holding the
      tags, they all suffer from the above disadvantage.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes these disadvantages by providing a
      plier-type holder within which an ear tag applicator may be secured. The
      other jaw of the plier-type holder is provided with a pair of slotted
      plates which can be engaged, one upon each side of the ear so that squeeze
      pressure is all that is required to engage the tag through the ear. The
      jaws are spring-loaded so that the disengagement process is facilitated by
      the action of the spring.
PAR  The principal object and essence of the invention is therefore to provide a
      device of the character herewithin described which is adapted to
      detachably hold an ear tag applicator in one jaw thereof and to receive
      the ear of the animal within the other jaw so that squeeze pressure moves
      the jaws together thus inserting the tag into the ear readily and easily.
PAR  Another object of the invention is to provide a device of the character
      herewithin described which is adapted to be operated with any ear tag
      applicator.
PAR  Still another object of the invention is to provide a device of the
      character herewithin described which enables tags to be placed in ears of
      animals readily and easily and without undue damage occurring to the
      animal.
PAR  Still a further object of the invention is to provide a device of the
      character herewithin described which is simple in construction, economical
      in manufacture and otherwise well suited to the purpose for which it is
      designed.
PAR  With the foregoing objects in view, and other such objects and advantages
      as will become apparent to those skilled in the art to which this
      invention relates as this specification proceeds, my invention consists
      essentially in the arrangement and construction of parts all as
      hereinafter more particularly described, reference being had to the
      accompanying drawings in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of one embodiment of the invention showing one
      type of applicator secured thereto.
PAR  FIG. 2 is a view similar to FIG. 1, but showing an alternative embodiment
      and an alternative applicator.
PAR  FIG. 3 is a fragmentary isometric view of one of the jaw portions of the
      invention.
PAR  FIG. 4 is an isometric fragmentary view of one end of one of the
      applicators.
PAR  FIG. 5 is a fragmentary side elevation of one end of one of the other
      applicators.
PAR  FIG. 6 is a plan view of one type of identification tag.
PAR  FIG. 7 is a side elevation of another type of identification tag.
PAR  FIG. 8 is a fragmentary side elevation of an alternate embodiment of the
      bifurcated jaw.
PAR  FIG. 9 is a view of the jaw shown in FIG. 8.
DETD
PAR  In the drawings like characters of reference indicate corresponding parts
      in the different figures.
PAC  DETAILED DESCRIPTION
PAR  Proceeding therefore to describe the invention in detail, reference
      character 10 shows one type of ear tag applicator which includes a spear
      portion 11 extending rearwardly to a handle 12 which curves over as
      indicated by reference character 13.
PAR  A tag such as that shown in FIG. 7 is made of flexible material and
      includes the identification portion 14A and an attaching portion 15A which
      is of a T design. The stem 15B is situated at right angles to the portion
      14A and a flexible retainer portion 15C is situated on the distal end of
      the stem 15B and normally lies in a plane at right angles to the stem and
      substantially parallel to the portion 14A.
PAR  The portion 15C is apertured as at 15D by which it is normally hooked to a
      small projection 16 extending forwardly and upwardly from the spear end 11
      with the identification portion normally held between the curved portion
      13 and the main portion 12 of handle during the insertion process.
PAR  The invention shown in FIG. 1 includes a pair of jaws 17 and 18 pivotally
      secured together as at 19 and normally maintained biassed away from one
      another by means of a compression spring 20 reacting between the jaws as
      clearly shown.
PAR  The jaw 17 is provided with an arcuately curved cylindrical portion 21, on
      the distal end thereof, having a set screw 22 extending therethrough and
      the portion 12 of the applicator engages the cylindrical portion 21 and is
      clamped into position by means of screw 22 with the spear end directed
      towards the opposite jaw 18.
PAR  This opposite jaw 18 is bifurcated at the distal end as indicated by
      reference character 23 and the bifurcated end consists of a pair of plate
      members 24 maintained in spaced and parallel relationship one with the
      other as clearly illustrated. These plate members are centrally apertured
      as at 25 and an open ended slot 26 extends between the outer edges 27 of
      the plate portion or members to the aperture 25 as clearly illustrated in
      FIG. 3.
PAR  When the jaws are closed together, the spear end 11 extends through the
      apertures 25 and it is desirable to curve the shank 28 of the spear and
      handle portion 21 so that the spear follows an arc and clears the walls of
      the apertures 25.
PAR  In operation, a tag such as illustrated in FIG. 7, is secured to the spear
      11 and extends rearwardly to be held temporarily between the upper portion
      13 of the handle and the upper side 21A of the cylindrical portion 21. The
      plate members 24 are applied to the ear of the animal one on each side
      thereof and the two jaws are squeezed together thus driving the spear end
      11 through the apertures 25 and through the ear of the animal between the
      plate members 24. The T-head end portion 15C of the tag prevents the tag
      from being withdrawn from the ear so that when the pressure is released
      upon the pliers, spring 20 forces the jaws apart and withdraws the spear
      end 11 with the tag being drawn from the spear end and from between the
      portion 13 of the handle and the cylinder 21 so that the tag is installed
      on a permanent basis within the ear of the animal.
PAR  FIGS. 2 and 5 show an alternative embodiment and although the construction
      is similar, it is shown with a further type of applicator. However, it
      should be appreciated that either applicator can be used in either
      embodiment.
PAR  In this embodiment, handles 18 and 17 are formed in one piece and joined at
      the inner ends thereof by means of a hair pin spring portion 29 which
      takes the place of spring 20 and normally biasses the two jaws apart.
PAR  The applicantor collectively designated 30 in this embodiment consists of a
      barrel-type handle 31 which is engaged within cylinder 21 and held by set
      screw 22 as hereinbefore described.
PAR  The spear end 32 of this applicator is also a hollow cylinder, but is cut
      away as indicated by reference character 33 and as shown in detail in FIG.
      5. A notch 34 is provided for receiving the arrow-head end 15 of a tag of
      the type shown in FIG. 6. The operation is similar to that hereinbefore
      described with the spear end 32 driving through the ear held between the
      plate members 24 and leaving the tag in position when the pliers are
      withdrawn.
PAR  As hereinbefore described, FIG. 7 shows an alternative type of tag with the
      identification portion 14A and a flexible attaching portion 15A, situated
      as illustrated in FIG. 7. However, this can be moved over to the position
      shown in phantom for insertion within the ear of the animal.
PAR  With either embodiment, once the tag has been installed, it is necessary to
      withdraw the plate members 24 from the ear and the slots 26 enable the
      plate members to be disengaged from the shank of the tag which, of course,
      is now installed through the ear of the animal.
PAR  The use of the present invention permits the head to be held firmly by one
      arm with the applicator situated within the holder being operable with one
      hand readily and easily.
PAR  However, when used with relatively large animals it is necessary to hold
      them in a conventional squeeze box or the like.
PAR  FIGS. 8 and 9 show an alternative embodiment in which the one end of the
      jaw 18A is in the form of a detachable component collectively designated
      33A. In this embodiment, the portion 18B of the jaw 18A is cylindrical in
      configuration and the member 33A includes a cylindrical sleeve 34A which
      engages over the end 18B and is detachably secured thereto by means of a
      thumb-type set screw 35. The plate members 24A and 24B are situated in a
      similar relationship to the plate members 24 shown in the previous
      embodiment. However, plate member 24B is held in the spaced and parallel
      relationship with the plate member 24A by means of a curved member 36
      which extends from the cylindrical sleeve portion 34A as clearly
      illustrated in FIG. 8.
PAR  This particular embodiment enables a variety of shapes of plate members to
      be formed to suit various applicators and it is a simple matter to replace
      one with the other when desired.
PAR  Finally, note should be made of the jaw adjustment feature illustrated in
      FIG. 1. A projecting lug 37 and 37A is formed on each jaw 17 and 18
      adjacent the hinge or pivot 19 and in opposition one with the other. A set
      screw 38 is screw threadably engaged through lug 37A and bears against lug
      37. This adjustment is desirable on the device when more than one type of
      applicator is to be used having different stroke lengths for operation.
      The adjustment permits the minimum necessary length of stroke to be set
      for each applicator.
PAR  Since various modifications can be made in my invention as hereinabove
      described, and many apparently widely different embodiments of same made
      within the spirit and scope of the claims without departing from such
      spirit and scope, it is intended that all matter contained in the
      accompanying specification shall be interpreted as illustrative only and
      not in a limiting sense.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. An applicator holder for facilitating the insertion of ear tags through
      ears of animals in conjunction with an applicator which includes a handle
      portion, an ear piercing spear on said handle portion and means on said
      spear to detachably hold one end of a flexible identification tag during
      insertion; said holder including a first jaw portion, means on one end of
      said first jaw portion to detachably retain said applicator, a second jaw
      portion, ear receiving means on one end of said second jaw portion to
      detachably receive the ear of the animal, means for rotationally
      connecting said first jaw portion to said second jaw portion at a location
      spaced from the respective said one ends thereof, for relative approaching
      movement between said one first ends of said jaw portions, and spring
      means extending between and normally biassing said one ends of said first
      and second jaw portions apart, whereby when said one end of said jaw
      portions are moved toward one another against the pressure of said spring
      means the spear of said applicator will pierce the ear of the animal and
      extend through said ear receiving means on said one end of said second jaw
      portion.
NUM  2.
PAR  2. The holder according to claim 1 in which said means on said one end of
      said second jaw portion includes a bifurcated end comprising a pair of
      spaced and parallel apertured plate members, the ear of the animal being
      received between said plate members.
NUM  3.
PAR  3. The holder according to claim 2 including open ended slots extending
      between the outer edges of said plate members and the apertures formed
      therein whereby the tag passes through said slots when said applicator is
      disengaged from the ear of the animal.
NUM  4.
PAR  4. The holder according to claim 3 in which said means on said one end of
      said first jaw portion includes an arcuately curved clamp receiving the
      handle of said applicator and means to detachably hold said handle in said
      clamp.
NUM  5.
PAR  5. The holder according to claim 1 in which said means on said one end of
      said first jaw portion includes an arcuately curved clamp receiving the
      handle of said applicator and means to detachably hold said handle in said
      clamp.
NUM  6.
PAR  6. The holder according to claim 2 in which said means on said one end of
      said first jaw portion includes an arcuately curved clamp receiving the
      handle of said applicator and means to detachably hold said handle in said
      clamp.
NUM  7.
PAR  7. The holder according to claim 1 in which said ear receiving means on the
      one end of said second jaw portion is detachably secured to said one end.
NUM  8.
PAR  8. The holder according to claim 7 in which said last mentioned means
      includes a jaw portion engaging member, means to detachably secure said
      member to said one end of said second jaw portion, comprising a pair of
      spaced and parallel apertured plate members, the ear of the animal being
      received between said plate members.
NUM  9.
PAR  9. The holder according to claim 8 including open ended slots extending
      between the outer edges of said plate members and the apertures formed
      therein whereby the tag passes through said slots when said applicator is
      disengaged from the ear of the animal.
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ABST
PAL  A guide useful in welding large objects such as offshore oil rig support
      structures, is described as having a guide jacket with appropriate
      openings for the positioning of jacks and their support structures.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to apparatus and procedures for welding large
      objects, and more particularly, to an apparatus and procedure for welding
      structural support pipe used in offshore oil rigs.
PAR  2. Prior Art.
PAR  In present day petroleum practice, offshore oil rigs have support
      structural members which are formed, in many cases, from metal pilings
      welded end to end. Because of the size and weight of these pilings, it is
      difficult to perform a proper welding when the two ends of the pilings
      meet. In many cases, it is difficult to hold the ends in place during the
      welding process due to the rocking motion of the crane barges holding the
      piling in position. This is particularly true in rough seas.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a device for holding two
      piling joints securely in position for welding.
PAR  It is another object of this invention to provide a process for welding two
      piling joints together.
PAR  Other objects and advantages of this invention will become apparent from a
      reading of the hereinbelow descriptions of the invention.
PAR  Accordingly, an apparatus for holding two objects adjacent to one another
      in position for welding is provided having an outer jacket which fits
      about a portion of both objects, the jacket being provided with a welding
      opening through which one can weld the two objects together, a top jack
      assembly attached to the jacket and a bottom jack assembly attached to the
      jacket, which assemblies fit about the objects to hold the objects
      securely against the jacket.
PAR  In another aspect of the invention, a process for welding two adjacent
      objects is provided comprising the steps of placing the jacket over the
      first object in a position whereby the welding opening exposes a portion
      of the area to be welded, securing the first object to the jacket by
      compressing the bottom jack assembly located about the first object,
      passing the second object into the jacket and into contact with the first
      object at a position where it is to be welded, securing the second object
      to the jacket in this position by compressing top jack assembly located
      about the second object, welding that area exposed through welding
      opening, loosening the jacket from the objects partially welded together
      and removing it from the objects, and complete welding the areas desired
      to be welded.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded, perspective view of one embodiment of the invention;
PAR  FIG. 2 is a side view of FIG. 1 illustrating one employment of the jack
      assemblies on the jacket and arount the piling;
PAR  FIG. 3 is a cross-sectional view taken along lines 3-3 of FIG. 2 when
      securing the piling to the jacket;
PAR  FIG. 4 is an exploded perspective view of another embodiment of this
      invention;
PAR  FIG. 5 is a side view of FIG. 4;
PAR  FIG. 6 is a cutaway perspective view of a jack guard that may be employed
      with this invention to protect the jack from damage by the piling.
DETD
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  Without limiting the scope of the invention, the preferred features of this
      invention will be described using an apparatus specifically designed to
      assist welding of offshore oil rig leg support structures.
PAR  In a typical offshore oil rig leg support structure, larger welded pilings
      are the basic component. These individual pilings may be from thirty to
      ninety feet long, three feet in diameter and weigh up to thirty tons.
      Because of the size and weight of these pilings, handling and positioning
      of them is quite a problem. To accomplish the handling of the pipe, barges
      are brought to the site with various piling crane handling apparatus.
      Since the barges are floating platforms, positioning of these pilings
      becomes extremely difficult in rough seas. To assist the positioning of
      these pilings for welding, a welding guide jacket means, such as seen in
      FIG. 1, may be used.
PAR  In general terms, in one embodiment of this invention, the first or ground
      piling 1 is driven into the water bottom at the desired location. Once
      piling 1 has been driven into position, welding jacket 2 is placed about
      piling 1 in a position where piling end 3 is located between the upper
      jack brace assembly 4 and the lower jack brace assembly 5. Piling 1 is
      then secured to welding jacket 2 by the hinged lower jack assembly 6.
      After piling 1 has been secured to welding jacket 2, the second piling 7
      is placed with its end 8 to be welded adjacent to piling end 3, and within
      the concave cavity 9 of jacket 2. Piling 7 is then held securely in this
      position by the hinged upper jack assembly 10. Since jacket 2 is designed
      not to completely wrap around piling 1 and 7 at the area where they are to
      be welded, the pilings can be partially welded together once they have
      been secured by the jack assemblies. Upon completion of the partial
      welding, the lower and upper jack assemblies 6 and 10, respectively, are
      loosened so jacket 2 can be rotated about the partially welded pilings in
      order to expose the remainder of the area to be welded. Once the remainder
      of the welding is done, the above process can be repeated with a third
      piling (not shown) being welded to piling end 11 if desired.
PAR  In a preferred feature, jacket 2 will be provided with handles 12 to which
      cables from a barge crane can be attached to move jacket 2 about piling 1
      in the initial positioning.
PAR  As can be seen more clearly in FIGS. 1-3, the jack brace assemblies 4 and 5
      will each comprise top ribs 13 and 14, respectively, and bottom ribs 15
      and 16, respectively, welded to the outer surface 17 of jacket 2. The top
      and bottom ribs of upper jack brace assembly 4 will be separated from one
      another to allow the hinge bars 25 and 26 of the upper jack assembly 10 to
      pivot about either pin 18 or pin 19 which are positioned through openings
      20 and 21 in the top and bottom ribs, respectively. In a more preferred
      feature, the jack brace assemblies 4 and 5 will be provided with a
      vertical support rib 22 which comprises vertical plates 23 and horizontal
      plates 24 welded perpendicularly together and then welded to the bottom
      rib 15 and top rib 14 of the jack brace assemblies.
PAR  In a preferred embodiment upper jack assembly 10 will comprise a top rib 27
      and bottom rib 28 connected to the top rib 27 by a support rib 29 welded
      to the inside perimeter of bottom rib side wall 30 and the inside
      perimeter of top rib side wall 31. Top rib 27 and bottom rib 28 are
      provided with an aligned pair of openings 32 and 33, through which pins 34
      and 35 are inserted to hold jacks 36 and 37 in hinge bars 40 and 41
      attached to jacks 36 and 37. In a more preferred feature, top rib 27 and
      bottom rib 28 are provided with rounded shoulder sections 42, 43, 44 and
      45 that permit the ribs to pivot more freely about either pin 34 or pin 35
      as desired when top rib 27 in in close proximity to top rib 13.
PAR  The lower jack assembly 6 will be similar in construction to the upper jack
      assembly 10. It too will comprise a top rib 46, a bottom rib 47 connected
      to top rib 46, by a support rib 48 welded to top rib side wall 49 and
      bottom rib side wall 50 as before. Similarly, top rib 46 and bottom rib 47
      are provided with a pair of aligned openings 51 and 52 through which pins
      53 and 54 are inserted to hold jacks 55 and 56 in position by also passing
      as shown through openings 57 and 58 in hinge bars 59 and 60 attached to
      jacks 55 and 56. As in the upper jack assembly 10 top rib 46 and bottom
      rib 47 are preferably provided with rounded shoulder sections 61, 62, 63
      and 64 that permit the ribs to pivot freely about either pin 53 or 54 as
      desired, when top rib 46 is in close proximity to top rib 13.
PAR  In the pivoting jack assembly arrangement described above, jacket 2 is
      positioned about piling 1 with the jack assemblies 6 and 10 attached to
      jacket 2 by connecting one side of each jack assembly to the jacket. For
      example, top jacket assembly 10 is connected to jacket 2 by positioning
      hinge bar 26 between top rib 13 and bottom rib 15 whereby opening 26A is
      aligned with openings 20A and 20B and pin 19 inserted therethrough. In
      like manner, hinge bar 65 of jack 55 is inserted between top rib 14 and
      bottom rib 16 whereby opening 66 is aligned with openings 20C and 21C and
      pin 67 inserted therethrough. In this position, the jack assemblies are
      pivoted about pins 19 and 67 to fully expose cavity 9 so that jacket
      cavity 9 can be positioned adjacent to piling 1 without interference from
      the jack assemblies. It is, of course, obvious that jacket cavity 9 could
      be positioned and then the jack assemblies connected as described above.
PAR  With the jacket positioned and at least the bottom jack assembly 6 attached
      to jacket 2 as described above, jack assembly 6 is pivoted on pin 67 until
      support rib 48 is adjacent to piling 1. In this position, opening 68 of
      hinge bar 69 can be inserted between top rib 14 and bottom rib 16 and in
      alignment with openings 20D and 21D. Pin 70 is then inserted through the
      three aligned openings to hold jack assembly 6 about piling 1. Jacks 55
      and 56 are then compressed to tighten jack assembly 6 around piling 1 in
      order to hold the jacket securely in position about piling 1.
PAR  As described before, the next step in the procedure is to position piling 7
      in cavity 9 with piling end 3. Once piling 7 is in cavity 9, upper jack
      assembly 10 is pivoted around piling 7 and secured to jacket 2 in a manner
      similar to that done to the lower jack assembly. Jacks 36 and 37 are then
      compressed to securely position piling 7 whereby it can be welded.
PAR  When welding structures such as the piling illustrated above, it is
      preferred that all jacks have a compressible force rating of 100 tons or
      more, and in jacks 55 and 56, it is more preferred if these jacks have a
      compressible force rating of 200 tons or more.
PAR  Hydraulic water or other fluid jacks of conventional nature may be used in
      the apparatus of this invention.
PAR  In another preferred embodiment, jacket 2 can be provided with a second
      welding opening 141 located at a position piling ends 3 and 8 meet. With
      this feature, the pilings can be sufficiently welded so that it is not
      necessary to rotate jacket 2 but rather allows jacket 2 to be removed in
      order to complete the welding.
PAR  In another preferred embodiment, as seen in FIG. 4, jacket 2 will comprise
      a hollow body member 71 that is fitted with a top lip 72 that extends
      outward and upward from the body 71 a portion of the distance around the
      top of body 71. Around the remaining top body 71 is a second top lip 73
      which is located below lip 72. These lips aid in the initial insertion of
      pilings into the jacket when the pilings are being guided principally by
      the barge cranes. Below lower lip 73 is a first opening 74 that extends
      partially around hollow body menber 71. This allows the top jack assembly
      75 which fits about jacket 2 and in opening 74 to contact piling and
      securely position it as described below. As more clearly seen in FIGS. 4
      adn 5, the top jack assembly 75 is similar to the jack assemblies
      previously described in that it comprises a top rib 76 and a bottom rib 77
      connected to the top rib 76 by a support rib 78 welded to the inside
      perimeter of bottom rib side wall 79 and the inside perimeter of top rib
      side wall 80. Top jack assembly 75 is also provided with a jack connecting
      wall member 81, attached to top rib wall surface 82 and bottom rib wall
      surface 83 and with jack connecting wall member 84 attached to top rib
      wall surface 85, and bottom rib wall surface 86. Likewise, lower jack
      assembly 87 comprises a top rib 88 and a botton rib 89 connected to the
      top rib 88 by a support rib 90 welded to the inside perimeters of bottom
      rib side wall 91 and top rib side wall 92. Also, lower jack assembly 87 is
      also provided with a jack connecting wall member 94 attached top to rib
      wall surface 95 and bottom rib wall surface 96, and with jack connecting
      wall member 97 attached to top rib wall surface 98 and bottom rib wall
      surface 99.
PAR  Jacket 2 is further provided with a second opening 139 that is located
      below first opening 74. Second opening 139 also extends partially around
      jacket 2. Between the two openings is welding opening 140. The welding
      opening extends partially around jacket 2 and is a sufficient size to
      permit the partial welding together of pilings 1 and 7 at their ends 3 and
      8, respectively. In a preferred feature, jacket 2 will have a second
      welding opening 142 located opposite welding opening 140 and exposing more
      of the area to be welded. With this feature, the pilings can be
      sufficiently welded so that it is not necessary to rotate jacket 2, but
      rather allows jacket 2 to be removed in order to complete the welding.
PAR  Jacket 2 will preferably also contain a flared skirt 137 which extends
      downward and out from the bottom end 138 jacket 2 in order to facilitate
      the initial positioning of jacket 2 over pipe 1.
PAR  Jacket 2 is also similarly provided with an upper jack brace assembly 100
      having top rib 101, bottom rib 102 and with jack attaching wall member 103
      and 104 connected to top rib wall surfaces 105, 106 and bottom rib wall
      surfaces 107, 108 as shown. Likewise, lower jack brace assembly 109 has a
      top rib 110, bottom rib 111 and jack attaching wall members 112 and 113
      connected to top rib wall surfaces 114, 115 and bottom rib wall surfaces
      116, 117 as shown.
PAR  Jacks 118 and 119 are attached to jack attaching wall members 94, 97,
      respectively, and to jack attaching wall members 112 and 113,
      respectively, while jacks 120 and 121 are attached to jack attaching wall
      members 103 and 104, respectively, and to jack attaching wall members 81
      and 84, respectively.
PAR  In a preferred embodiment, jacket 2 has an upper jack assembly support
      structure 122, and a lower jack assembly support structure 123. The upper
      support structure 122 has a lip member 124 that extends underneath upper
      jack assembly and adjacent to bottom rib 77 on which bottom rib 77 can
      rest. The lower jack assembly support structure 123 has a lip member 125
      that extends underneath lower jack assembly and adjacent to bottom rib 89
      on which bottom rib 89 can rest.
PAR  In another preferred embodiment, upper jack brace assembly 100 and lower
      jack brace assembly 109 are given additional structural support by a
      vertical support rib 126 which comprises vertical plates 127 welded or
      bolted perpendicularly to horizontal plate 128.
PAR  In still another preferred feature seen in FIG. 6, a jack protection plate
      129 is provided to cover the top of jacks 120 to prevent damage from
      swinging pilings. Plate 129 comprises a covering section 130 having
      shoulder sections 131 and 132 provided with opening slots 133 and 134,
      respectively, through which bolts 135 and 136, respectively, pass. Bolt
      135 is attached to top rib 76 of upper jack assembly 75, while bolt 136 is
      attached to top rib 101 of upper jack brace assembly 100. Opening slots
      133 and 134 are of sufficient length to allow for the compressing of jack
      120. Similar types of protection plates may be provided for all the jacks.
PAR  In addition to the specific embodiments detailed above, there are many
      obvious alternatives and modifications which fall within the broad scope
      of this invention.
CLMS
STM  Having described my invention, what I claim as new, novel, useful and
      unobvious, and desire United States Letters Patents, is:
NUM  1.
PAR  1. An apparatus for holding a first and second objects adjacent to one
      another in position for welding which comprises:
PA1  a. a jacket that fits at least partially about said objects as they are
      positioned for welding, said jacket being provided with a welding opening
      through which said objects can be at least partially welded together;
PA1  b. a first securing assembly, capable of being shortened, attached to said
      jacket and extending around said first object in a position to secure said
      first object to said jacket when said first securing assembly is
      shortened; and
PA1  c. a second securing assembly, capable of being shortened, attached to said
      jacket and extending around said second object in a position to secure
      said second object to said jacket when said second securing assembly is
      shortened, said second object being secured adjacent to said first object
      whereby at least a portion of that area to be welded is accessible through
      said welding opening.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein said apparatus comprises
      handles attached to said jacket.
NUM  3.
PAR  3. An apparatus according to claim 1 wherein said securing assemblies
      comprise a jack brace assembly attached to said jacket and a jack assembly
      connected to said jack brace assembly by a jack.
NUM  4.
PAR  4. An apparatus according to claim 3 wherein a vertical support rib is
      positioned between and attached to said jack brace assemblies.
NUM  5.
PAR  5. An apparatus for holding a first and second metal pilings in an
      end-to-end position for welding, which comprises:
PA1  a. a jacket that fits parallel to and at least partially around said first
      and second pilings, said jacket having a welding opening that exposes at
      least a portion of said adjacent piling ends;
PA1  b. a first securing assembly comprising
PA2  i. a first jack brace assembly attached to said jacket, and
PA2  ii. a first jack assembly connected to said jack brace assembly by a device
      capable of being shortened, said first jack assembly extending about said
      first piling in a position to secure said first piling to said jacket when
      said device is shortened; and
PA1  c. a second securing assembly comprising
PA2  i. a second jack brace assembly attached to said jacket, and
PA2  ii. a second jack assembly connected to said jack brace assembly by a
      device capable of being shortened, said second jack assembly extending
      about said second piling in a position to secure said second piling to
      said jacket in said welding position when said device is shortened.
NUM  6.
PAR  6. An apparatus according to claim 5 wherein said device is a jack.
NUM  7.
PAR  7. An apparatus according to claim 6 wherein said jacket has an arc-shaped
      outer surface and wherein said welding opening extends from said jacket's
      top to bottom end.
NUM  8.
PAR  8. An apparatus according to claim 6 wherein
PA1  a. said jack brace assemblies comprise
PA2  i. a top rib attached to said jacket's outer surface
PA2  ii. a bottom rib parallel to said top rib and attached to said jacket's
      outer surface, said ribs not extending to said jacket's outer surface
      edges, said top rib having openings on each of its ends that are aligned
      with openings on said bottom rib's ends;
PA1  b. said jack assemblies comprise
PA2  i. a top jack assembly rib, and
PA2  ii. a bottom jack assembly rib parallel to and attached to said top jack
      assembly rib by a support rib, said support rib having an arc-shaped
      surface which contacts said pilings, said support rib extending beyond
      said jack assembly rib ends, said jack assembly rib ends having aligning
      openings;
PA1  c. said jacks comprise
PA2  i. a jack brace assembly hinge bar having an opening that can be aligned
      with said jack brace assembly rib openings, and
PA2  ii. a jack assembly hinge bar having an opening that can be aligned with
      said jack assembly rib opening; and
PA1  d. pins that are placed through said aligned openings to connect said jacks
      to said jack brace assemblies and said jack assemblies, said pins capable
      of being removed from said openings.
NUM  9.
PAR  9. An apparatus according to claim 5 wherein said jacket comprises a hollow
      body member having
PA1  a. a top lip extending outward and upward from said body portion of said
      body's top perimeter
PA1  b. a second top lip located below said top lip extending outward and upward
      from said body along said body's top perimeter not covered by said top
      lip, and
PA1  c. a welding opening located below said second lip and extending partially
      around said jacket opening up into said body hollow section.
NUM  10.
PAR  10. An apparatus according to claim 9 wherein said jacket comprises
PA1  a. a first opening located below said second lip and above said welding
      opening, said first opening being of sufficient size to allow said first
      jack assembly to enter and make contact with said first piling when said
      first securing device is shortened, and
PA1  b. a second opening located below said welding opening, said second opening
      being of sufficient size to allow said second jack assembly to enter and
      make contact with said second piling when said second securing device is
      shortened.
NUM  11.
PAR  11. An apparatus according to claim 10 wherein said jacket comprises:
PA1  a. a first jack assembly support structure located below said first opening
      and above said welding opening and extending out and underneath said first
      jack assembly, and
PA1  b. a second jack assembly support structure located below said second
      opening and extending out and underneath said second jack assembly.
NUM  12.
PAR  12. An apparatus according to claim 9 wherein said hollow body member is
      provided with a flared metal skirt at said member's base.
NUM  13.
PAR  13. An apparatus according to claim 5 wherein said jacket comprises a first
      and second jack protection plate. Said plates each comprising a covering
      section attached to said jack brace and expandibly attached to jack
      assembly, and covering said device's top.
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ABST
PAL  A composite metal rotor tip seal for use in rotary internal combustion
      engines and a process for making a composite rotor tip seal. The composite
      seals are formed from at least two different metals or alloys having
      different frictional and wear characteristics whereby uniform wear and
      improved sealing are obtained. The seal is mounted so that different
      components of the composite contact the chamber wall during operation. A
      process for producing composite material, for the fabrication of composite
      seals, utilizing a pressure welding process is also described.
PARN
PAR  This is a division of application Ser. No. 347,153, filed Apr. 2, 1973, now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The rotary internal combustion or Wankel engine is being considered for use
      as a replacement for conventional reciprocating piston type internal
      combustion engines in automotive and other similar applications.
PAR  The advantages of the rotary internal combustion engine includes simplicity
      and light weight and small size per horsepower output. Basically the
      engine consists of a triangular shaped rotor which rotates eccentrically
      within an epitrochoidal chamber. Seals at the tips of the rotor serve to
      divide the space within the chamber into three working spaces. As the
      rotor rotates these working spaces also rotate and their volume changes as
      a function of rotation. This change in volume is used to compress the fuel
      air mixture which is subsequently burned and exhausted. The expansion of
      the burning fuel air mixture provides the energy which is developed into
      power output.
PAR  A significant difficulty encountered in the development and use of the
      rotary internal combustion engine is the difficulty encountered with the
      rotor tip seals. During operation of the engine these seals contact the
      chamber wall and have a high velocity relative to the chamber wall. The
      resulting friction causes the seal and/or the chamber wall to wear
      rapidly. Difficulty has also been encountered because of the deleterious
      effect of thermal and mechanical shock encountered during operation, on
      the seals.
PAR  For economic reasons conventional practice has been to make the cavity
      walls significantly harder than the rotor tip seals. In this way the wear
      problem is largely confined to the rotor tip seals. If the rotary internal
      combustion engine is to be a commercial success, the seals and the cavity
      wall must last for the life of the engine.
PAC  SUMMARY OF THE INVENTION
PAR  The improved rotor tip seal disclosed in the present application consists
      of at least two different metal layers metallurgically bonded together and
      mounted so that different metal components are in contact with the chamber
      wall during various stages of the combustion cycle.
PAR  It is an object of this invention to provide a rotor tip seal having a
      combination of superior wear resistance and sealing properties.
PAR  A further object of this invention is to provide a rotor tip seal which
      tends to wear evenly during its useful life.
PAR  Yet another object of this invention is to provide a process for making
      rotor tip seals having superior resistance to abrasion and wear.
PAR  Further objects and advantages of the present invention will become evident
      as reference is made to the detailed description of the invention.
PAR  In accordance with the present invention it has been found that these
      objects may be readily achieved.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a cross sectional view of a rotary internal combustion engine.
PAR  FIGS. 2A and 2B show the geometric relationship between the rotor tip and
      the chamber wall when the rotor tip is at the minor and major axis
      respectively.
PAR  FIG. 3 shows the geometric relationship between the rotor tip and the
      chamber wall when the rotor tip is at an intermediate position between the
      minor and major axis.
PAR  FIG. 4 shows the relationship between the rotor tip seals and the chamber
      wall.
PAR  FIG. 5 shows a cross sectional view of a rotary internal combustion engine
      having a two layer composite seal according to the present invention.
PAR  FIG. 6 shows a rotary internal combustion engine having a three layer
      composite seal according to the present invention.
PAR  FIG. 7 shows two layers of metal prior to the formation of a composite
      metal strip.
PAR  FIG. 8 shows two layers of metal after the formation of a composite strip.
PAR  FIG. 9 shows three layers of metal prior to the formation of the composite
      strip.
PAR  FIG. 10 shows three layers of metal after the formation of a composite
      metal strip.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  A cross sectional view of a rotary combustion engine is shown in FIG. 1.
      The engine comprises an epitrochoidal chamber 1 having an intake port 2
      and an exhaust port 3 passing through the chamber wall 11 for the flow of
      gases during operation of the engine and an ignition means 4 for igniting
      the air fuel mixture. The epitrochoidal chamber is cooled by water which
      flows through a water passage 6 within the wall 11 of the chamber. Within
      the epitrochoidal chamber is a rotor 7 having three apexes 8. At each apex
      8 there is a seal 9 which contacts the inner wall 11 of the chamber. These
      apex seals serve to divide the space between the rotor and the chamber
      wall into three working spaces 12, 13 and 14. As the rotor rotates the
      working spaces 12, 13 and 14 rotate and the different cycles of the
      combustion process occur. For example, when the rotor is in the position
      shown in FIG. 1, combustion is occuring in space 12, the exhaust process
      is occuring in space 13 and the intake process is occuring in space 14.
      The rotor rotates about an axis 5 which in turn rotates about the center
      10 of the epitrochoidal chamber 1.
PAR  As previously indicated one of the major drawbacks heretofor encountered in
      the development of the rotary internal combustion engine has been the high
      wear rates which have been encountered in the rotor tip seals. This high
      rate is compounded by the fact that the angle of contact between the rotor
      tip seals and the chamber wall varies as the rotor rotates.
PAR  The angle between the rotor tip seal and the normal axis to the chamber
      wall at the point of contact is known as the tilt angle. FIGS. 2A and 2B
      show the tilt angle at the major and minor axis. At both major 16 and
      minor 17 axis, the tilt angle is 0.degree., that is, the center line 18 of
      the rotor tip seal 9 is perpendicular to the tangent line 19 to the
      chamber wall 11 and therefore the seal 9 is perpendicular to the chamber
      wall 11. FIG. 2A shows this condition when the rotor tip seal 9 is at the
      minor axis 17 while FIG. 2B shows this condition when the rotor tip seal 9
      is at the major axis 16.
PAR  The tilt or the rotor tip seal is described as leading if the seal tilts
      towards the direction of rotation and trailing if the seal tilts away from
      the direction of rotation.
PAR  FIG. 3 shows the tilt angle when the rotor tip is at an intermediate
      position between the major axis 16 and the minor axis 17. The center line
      20 of the rotor tip 21 does not coincide with the perpendicular 22 to the
      chamber wall 11 at the point of contact. In the situation shown in FIG. 3,
      there is shown a leading angle L, between the center line 20 and
      perpendicular axis 22. Also shown in FIG. 3 is the situation of a trailing
      angle T shown between the center line 26 of the rotor tip 27 and the
      perpendicular 25 to the chamber wall 11.
PAR  The behavior of the rotor tip seal relative to the chamber wall 15 shown in
      FIG. 4 and may be described as follows: as the rotor tip seal 9A, 9B, 9C
      moves from a minor axis 17 to a major axis 16 the seal 9A, 9B, 9C adapts
      an increasing leading angle until it reaches the midway point between the
      major 16 and minor axis 17. Then the angle is gradually reduced until the
      angle reaches 0.degree. at the major axis 16. A similar situation exists
      as the seal 9A, 9B, 9C moves from the major axis 16 to a minor axis 17
      except that the angle is a trailing angle. When the seal 9A is in the
      position shown, the trailing edge 23 of the seal 9A contacts the chamber
      wall 11. When the seal 9B is in the position shown, the leading edge 24 of
      the seal 9B contacts the chamber wall 11.
PAR  The instant invention comprises an improved form of rotor tip seal for use
      in rotary internal combustion engines. The seal is comprised of at least
      two different metals metallurgically bonded together to form a composite.
      This composite seal is mounted in the rotor tip is such a way that as the
      tilt angle changes during operation, different components of the composite
      seal contact the chamber wall at different times during the combustion
      process.
PAR  In a conventional rotary internal combustion engine different amounts of
      wear occur on the leading and trailing sealed edges. Typically the leading
      edges wear twice as fast as the trailing edges. This uneven wear
      contributes to poor sealing, loss of power and poor fuel economy. By
      properly selecting the components of the composite seal of the present
      invention, advantageous material properties may be obtained during
      different parts of the engine cycle as different parts of the seal come in
      contact with the cavity wall.
PAR  As previously discussed, the operation of the rotary internal combustion
      engine depends upon the change in volume of working space defined by the
      rotor face, the two rotor tip seals and the chamber face between the two
      rotor tip seals. As this working space makes a complete circuit around the
      chamber wall the four phases or "strokes" (to use conventional internal
      combustion engine terminology), intake, combustion, power and exhaust take
      place. It is a characteristic of the internal combustion engine that each
      of these four phases occurs at a fixed position relative to the
      epitrochoidal chamber. Because of this localization of the four phases,
      extreme localized heating occurs at those parts of the chamber wall
      corresponding to the power and exhaust phases. Another difference caused
      by the localization of the phases is the reduction of friction on the
      chamber wall by the presence of unburned fuel during the intake and
      compression phases.
PAR  Because of the differences of chamber wall temperature, chamber wall
      friction coefficient and gas pressure, it is difficult to construct a
      sealing system which is effective and has a long operating life. Through
      the use of the present invention, which comprises a composite metal rotor
      tip seal, a far more satisfactory sealing system is obtained.
PAR  FIG. 5 illustrates the basic concept of the present invention. Through the
      fabrication of the rotor tip seals 9A, 9B, 9C, from a composite metallic
      material formed from components A and B, it is possible to obtain an
      improved sealing system for a rotary internal combustion engine. As shown
      in FIG. 5 when the rotor tip seal 9A is traveling from a minor axis 17 to
      a major axis 16, the trailing edge 23 of the rotor tip seal 9A contacts
      the chamber wall 11. By selecting the material A which forms a trailing
      edge 23, with reference to its frictional properties relative to the
      chamber wall 11, taking into account the temperature and presence or
      absence of lubrication, it is possible to obtain improved sealing.
      Likewise when the rotor tip seal 9B is in the position shown on the
      leading edge 24 of the seal 9B contacts the chamber wall 11. Since the
      leading edge 24, of the seal 9B is made from material B having selected
      frictional characteristics, improved sealing and wear resistance may be
      obtained.
PAR  The materials from which the composite seal of the present invention is
      fabricated are selected for their frictional properties relative to the
      chamber wall at different temperatures and their resistance to erosion by
      high temperature gases encountered during operation of the engine. As
      previously mentioned, conventional seals have been found to wear at least
      twice as fast on the leading edge as on the trailing edge. This uneven
      wear rate is detrimental to sealing efficiency. By properly selecting the
      components of the composite seal of the present invention a more even wear
      rate may be obtained. It is desirable that the composite seals of the
      present invention be fabricated from at least two copper alloys
      metallurgically bonded together.
PAR  A desirable embodiment for use in engines in which extremely high
      temperatures are encountered consists of a three layer composite. This
      embodiment is shown in FIG. 6. Component C of the composite which forms
      the rotor tip seals 9A, 9B and 9C is selected for its high temperature
      mechanical properties. For example, it may be a ferrous alloy such as
      stainless steel or low carbon steel, or it may be a high strength non
      ferrous copper alloy such as CDA alloys 638 or 195. The facing alloy
      layers A and B are selected for their frictional properties. During the
      operation of the engine central core C would contact the chamber wall 11
      only when the rotor tip seal approached a minor axis 17 or a major axis
      16. At all other times the facing layers A and B would contact the chamber
      wall 11. The materials from which facing layers A and B are fabricated
      should be chosen to minimize the wear on the rotor tip seal and the
      chamber wall and to equalize the wear on a leading edge 24 and the
      trailing edge 23 of the rotor tip seal.
PAR  Of course, other embodiments are possible. For example, the rotor tip seal
      may have more than one part. For example, the problems encountered in
      sealing the rotor tip near the corners of the rotor tip may be reduced
      through the use of a seal having more than one part, preferably all parts
      of the seal of this embodiment are made of composite material.
PAR  The composite materials used for the production of the seals of the present
      invention may be formed in a variety of different ways. An exemplary
      technique is illustrated in U.S. Pat. Nos. 3,397,045 and 3,381,364 issued
      to J. Winter and assigned to the assignee of the present invention. The
      process disclosed in these patents is briefly described in FIGS. 7, 8, 9
      and 10.
PAR  Referring to FIGS. 7 and 8 there is illustrated a process for making two
      layer composite metal seal. Two strips A', B' of the desired alloys A and
      B are employed. The major surface 34, 36 of the two strips A' and B' are
      cleaned so as to remove all dirt, oxide and grease. The two strips of
      metal A' and B' are superimposed one upon the other with the cleaned major
      surfaces 34, 36 of the strip in contact with each other as shown in FIG.
      7. The two strips A' and B' are then secured together to prevent relative
      motion as for example by welding the edges together. Thereafter, the
      superimposed strips A', B' are pressure welded together by rolling so that
      the cleaned major surface 34, 36 of the adjacent strips A', B' become
      bonded together. The finished composite is shown in FIG. 8. It is a highly
      desirable feature of the metallurgical bond produced by this process that
      the bond has a wavy characteristic and consequently has an area at least
      20% greater than the area of the metal strip. This increased area
      increases the strength of the metallurgical bond. The rolling of the
      strips results in a reduction of the two strips and in elongation of the
      resultant blank 30 in the direction of rolling 31 while the width 32 of
      the resultant blank 30 remains substantially the same as the initial width
      33 of the strips. Following the rolling operation the blank 30 is usually
      softened by annealing to make it more ductile and if desired it may be
      further rolled to a final gage and again softened by annealing. FIGS. 9
      and 10 show the analogous process for the production of a three layer
      composite having layers A, B and C.
PAR  The rotor tip seals may be formed by a variety of different mechanical
      means. For example, a punch and die may be used to stamp out seals of a
      desired shape. Other methods include slitting the blank 30 or 30' into
      pieces of the desired width and cutting rectangular seals from the slit
      pieces of the blank 30 or 30'. A final mechanical operation such as honing
      may be employed to produce an edge with the desirable surface finish on
      the blank 30 or 30'. To facilitate the break-in of the engine it may be
      desirable to coat the edge of the seal which will be in contact with the
      cavity wall with a layer of lubricant such as molybdenum disulfide or
      teflon or a soft metal such as zinc, cadmium or tin.
PAR  The concept of the present invention will be made more clear by reference
      to the following illustrative example:
PAC  EXAMPLE
PAR  A variety of commercial copper base alloys were tested for their wear
      properties. The test was performed using a Taber Abraser. In this test a
      sample is contacted by a rotating abrasive wheel specified by ASTM C
      501-66 except that the test was run for 10,000 cycles, the abrasive wheels
      were dressed every 1,000 cycles, and the samples were weighed to determine
      relative wear properties. The results are summarized below:
TBL  CDA ALLOY    Weight Loss Mg/10,000 cycles                                 

     ______________________________________                                    

     194          320-390                                                      

     195          410-450                                                      

     510          330-350                                                      

     619          300-315                                                      

     638          300-340                                                      

     688          200-230                                                      

     ______________________________________                                    

PAR  Present commercial rotary internal combustion engines utilizing a
      homogeneous rotor tip seal, exhibit twice the wear on the leading edge as
      on the trailing edge. Through a selection of these alloys, for example,
      CDA Alloy 638 for the leading facing and CDA Alloy 195 for the trailing
      strip uniform wear would result with attendent better sealing and improved
      engine performance.
PAR  As an alternative, the seals of the present invention may be formed using
      powder metallurgy techniques. At least two layers of powder having
      different compositions may be superimposed in a die. The powder layers may
      then be compressed to form a green compact and then sintered to obtain
      mechanical properties. If the sintering conditions are properly chosen, a
      somewhat porous seal may be obtained. Such a porous seal will have the
      advantage of retaining the lubricating oil thereby improving the
      lubrication and decreasing the wear of the seal.
PAR  As a further alternative, a layer of powder may be compacted together with
      a strip of metal to attain certain desirable properties. For example two
      layers of copper powder may be bonded to a ferrous alloy strip. The
      resulting seal, after sintering will have a desirable combination of
      mechanical strength and lubrication properties.
PAR  Through the use of powder metallurgy techniques, a significant amount of
      non-metallic material having desirable mechanical properties such as
      graphite may be incorporated into the seal.
PAR  This invention may be embodied in other forms or carried out in other ways
      without departing from the spirit or essential characteristics thereof.
      The present embodiment is therefore to be considered as in all respects
      illustrative and not restrictive, the scope of the invention being
      indicated by the appended claims, and all changes which come within the
      meaning and range of equivalency are intended to be embraced therein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for the preparation of improved tip seals for use in rotary
      internal combustion engines of the type having a hollow epitrochoidal
      chamber enclosed by a wall and a rotor having a plurality of apexes, the
      rotor being rotatably and eccentrically mounted within the chamber, with
      the rotor having sealing means located at each apex, comprising:
PA1  A. providing at least two metal strips of different composition and
      frictional properties, one strip being of a high strength low friction
      copper base alloy;
PA1  B. cleaning the surfaces of the strips;
PA1  C. arranging the strips in a stack with the adjoining faces being cleaned;
PA1  D. bonding the strips together by pressure rolling;
PA1  E. subdividing and forming the strip to a composite seal having a leading
      and trailing face, said seal being adapted for mounting in said rotor
      apexes so that in use each face thereof sequentially contacts said wall,
      with the leading face being of the said high strength low friction copper
      base alloy; and
PA1  F. annealing said composite seal.
NUM  2.
PAR  2. A method as in claim 1 wherein the said metal strips are of different
      copper base alloys.
NUM  3.
PAR  3. A method as in claim 1 wherein three metal strips are pressure rolled
      together, the strips comprising a central strip being of a high strength
      alloy and opposed facing strips being of low friction alloys.
NUM  4.
PAR  4. A method as in claim 3 wherein the central metal strip is a ferrous
      alloy and the facing strips are copper base alloys.
NUM  5.
PAR  5. A method as in claim 3 wherein the central metal strip is a high
      strength copper base alloy and the outer strips are different low friction
      copper base alloys.
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PAL  A one-piece file folder for use in vertical, lateral, rotary and similar
      files having an expandable pocket on the inside for containing papers and
      the like and a substantially rigid spine at a closed end, that is, folded
      edge, of the folder for indexing, or otherwise identifying said papers
      within the folder. The file folders herein are to be filed with their
      visible rigid spines vertically or horizontally, in the files.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to file folders and, more particularly, to
      improved one-piece folders arranged vertically or horizontally with rigid
      spines for more ready identification and retrieval thereof.
PAR  2. Description of the Prior Art
PAR  Conventional file folders presently in use are of a one-piece material,
      folded so as to form a front leaf and a back leaf with the back leaf about
      three fourths inch higher than the front leaf. Such folders are open on
      three sides, top, left and right and are usually filed with the closed, or
      spine, side resting on the bottom of a file drawer. With the top and two
      sides of the folder open, a V pocket is formed between the front and back
      leaves for filing papers therein; while identification or indexing of the
      papers within the pocket is placed along the extended portion of the back
      leaf. This extended portion is usually die-cut so as to provide an
      off-setting tab for ready identification. Examples of such folders are
      shown in U.S. Pat. Nos. 1,115,216 of Oct. 27, 1914, 1,308,471 of July 1,
      1919, 2,062,436 of Dec. 1, 1936 and 3,459,361 of Aug. 5, 1969.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an object of the present invention is to provide an improved
      file folder adaptable for having its folded spine side filed vertically or
      horizontally with its spine facing outward for ready identification of the
      contents therein.
PAR  Another object is to provide an improved file folder having a rigid spine
      that can be indexed to assure a more efficient and easier method for
      locating a folder and a more positive method for returning the removed
      folder to its proper place in the file.
PAR  A further object is to accomplish the foregoing objects in a simple,
      practical and economical manner.
PAR  Other and further objects will be obvious upon an understanding of the
      illustrative embodiment about to be described, or will be indicated in the
      appended claims, and various advantages not referred to herein will occur
      to one skilled in the art upon employment of the invention in practice.
PAR  In accordance with the present invention, the foregoing objects are
      generally accomplished by providing a file folder which can be set in a
      file so as to enable the closed or spine side of the folder to face out,
      or up, depending on the file in use. Accordingly, the essence of this
      invention resides in producing a rigid spine that can be indexed so as to
      provide a more efficient and easier method for locating a folder and a
      more positive method to insure its being returned to its proper place in
      the file.
PAR  In construction, a single sheet of oak tag stock or similar material has an
      extended area thereof die-cut, folded in and glued or otherwise fastened
      in such a manner as to form an expandable pocket. The overall sheet is
      folded in half so as to place the pocket on the inside and a line is
      formed at the folded portion. At the fold line a triangular rigid spine is
      formed by joining the inside portion of the two sides resulting from the
      fold with glue, staple or similar means. The joined portion is of course
      determined by the width of the spine desired.
PAR  For filing purposes, whether standing upright on its short side with the
      spine facing out, as would be used in most rotary or lateral files, or
      whether placed in a vertical file with the spine facing up, it is to be
      noted that the spine will remain rigid, thereby eliminating "hidden
      indexing." This rigid spine improvement will also facilitate removal of
      the folder from the file.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of the invention has been chosen for purposes of
      illustration and description and is shown in the accompanying drawings,
      forming a part of the specification, wherein:
PAR  FIG. 1 is a top plan view of blank cut material for a folder showing score
      lines in accordance with the present invention.
PAR  FIG. 2 is a top plan view showing the folder of FIG. 1 after it has been
      folded along several scoring lines to form an expandable pocket.
PAR  FIG. 3 is a sectional view taken along line 3--3 on FIG. 2.
PAR  FIG. 4 is an end elevational view of FIG. 2 taken in the direction of the
      arrows 4--4.
PAR  FIG. 5 is a front elevational view of the folder in a closed condition
      standing on its short side.
PAR  FIG. 6 is an enlarged view taken along line 6--6 on FIG. 5.
PAR  FIG. 7 is a perspective view showing the folder on its side in a horizontal
      position.
PAR  FIG. 8 is a perspective view showing the folder in an upright position.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to FIGS. 1 to 8 of the drawings in detail, there is shown in
      FIG. 1 a flat sheet 10 of suitable folder material, such as oak tag stock
      or 1 ply Manila tag, of a size to produce a folder having dimensions, say
      of about 9 1/4 inches .times. 11 3/4 inches with a spine width of about
      3/16 inches. As viewed in FIG. 1, the sheet 10 is subdivided into four
      portions 11, 12, 13 and 14 by score lines 16, 17, 18 and 19, portions 11
      and 14 to be used in forming a pocket and portions 12 and 13 for the back
      and front leaves, respectively, of the folder, as will appear hereinafter.
      Glue portion 20 is for adhesively securing portions 11 and 14 together and
      glue portion 21 is for adhesively securing contiguous portions 12 and 13
      together.
PAR  In assembling the folder, after the sheet 10 has been diecut, the first
      step is to score the lines 16, 17, 18 and 19 so as to provide accordion
      type expansion zones and then apply the glue or suitable adhesive to
      portions 20 and 21, after which portion 11 is folded along the score lines
      16 to the left, as viewed in FIG. 1, and portion 14 is folded upwardly
      along the score lines 18 to overlap portion 11 and be adhesively secured
      thereto. Thus expandable pocket 22 is formed by the joining of portions 11
      and 14, as is readily evident in FIGS. 2, 3, 6, 7 and 8.
PAR  Now that the pocket 22 has been formed, the next step is to prepare a spine
      23 for the folder. This is done, see FIGS. 1 and 3, by applying glue to
      portion 21, folding the sheet 10 along the four lines 17, after which the
      four corners produced from lines 17 are formed into a triangular spine 23
      in cross section, as seen particularly in FIGS. 3, 6, 7 and 8. The sheet
      10 is then folded along the right edge of glue portion 21, so that portion
      13 is adhesively secured to portion 12 to thereby provide a reinforced
      spine 23, including sides 26, 27 and 28 (FIG. 6), forming the triangle and
      reinforcing glued leg 29. The portion 13 forms an expandable surface 31,
      which is bounded by line 24 and glued leg 29, so that portion 13 now is
      placed in overlap relationship with respect to the pocket 22, as seen in
      FIGS. 6, 7 and 8, to complete the assembly.
PAR  From the foregoing description, it will be seen that the present invention
      provides an improved folder whose rigid spine enables the folder to remain
      in an upstanding position much longer than those of the prior art.
      Further, information written horizontally on the spine can be read without
      difficulty. The spine can be color coded and additionally strengthened
      with a plastic insert. Also, papers can be deposited in the pocket of the
      folder, whether resting vertically or horizontally, without loss or
      mutilation.
PAR  As various changes may be made in the form, construction and arrangement of
      the parts herein, without departing from the spirit and scope of the
      invention and without sacrificing any of its advantages, it is to be
      understood that all matters are to be interpreted as illustrative and not
      in any limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A file folder formed from a single, flat sheet having a front leaf and a
      back leaf and a pocket in the back leaf, characterized by means at a
      juncture of the front and back leaves for forming a rigid index spine
      along said juncture, said means including a flat surface along said
      juncture forming said spine for placement of indexing information on said
      flat surface, said index spine being triangular in cross section and in
      which said flat surface faces outward, and said means also including a
      short portion of said front leaf along said juncture adhesively secured
      thereto to provide a reinforcing leg for said rigid index spine.
NUM  2.
PAR  2. A file folder formed from a single, flat sheet having a front leaf and a
      back leaf and a pocket in the back leaf, characterized by means at a
      juncture of the front and back leaves for forming a rigid index spine
      along said juncture, said means including a flat surface along said
      juncture forming said spine for placement of indexing information on said
      flat surface, said flat surface extending from one end to the other end of
      said juncture, said index spine being triangular in cross section and in
      which said flat surface faces outward, said means further including a
      plurality of score lines at said juncture, said score lines being formed
      into a triangular spine in cross section, said means also including a
      short portion of said front leaf along said juncture adhesively secured
      thereto to provide a reinforcing leg for said rigid index spine.
NUM  3.
PAR  3. A file folder according to claim 2, wherein said means include score
      lines adjacent said adhesively secured short portion on said front leaf
      for providing an expandable surface to said front leaf in accordance with
      material placed within said pocket.
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ABST
PAL  A packaging device forming an insulative structure for hot food sandwiches.
      The packaging device includes a pair of identical members, which when
      interconnected, form an insulative food container. Each of the members
      comprise a dish-shaped portion whose periphery has a planar flange. The
      inner surface of the dish-shaped portion is stipled to define a plurality
      of protuberances interconnected by a plurality of valleys. Moisture from
      the food or sandwich is allowed to accumulate in the valleys, thus
      preventing the food and sandwiches from becoming soggy. Channels can also
      be formed on the planar surface for enabling moisture to escape from the
      packaging device. A bayonet locking arrangement for the members comprises
      studs formed on the planar surfaces of the members, each of the studs
      interacting with locking slots formed opposite the studs on the opposite
      planar surface of the other member. The diameter of the studs is slightly
      greater than the width of the slots providing a tight friction fit
      therebetween.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The field of art to which the invention pertains includes the field of
      packaging devices, particularly with respect to insulative packaging
      devices.
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Conventional hot sandwich containers such as those which form boxes
      generally require an inordimate amount of time for assembly. Additionally,
      the boxes are usually formed of cardboard with smooth inner surfaces which
      do not provide insulation for hot sandwiches. As cold air hits the outside
      of the box the inner surface of the cardboard cools, resulting in
      condensation of moisture from the food within the box. The moisture which
      forms on the inner surface of the box comes into contact with the food,
      with resultant absorption of the moisture by the bun or bread. In a short
      period of time, such as 10 or 15 minutes, the bread or bun becomes soggy.
PAR  The present invention provides a relatively inexpensive structure which can
      be easily assembled in a minimum amount of time. The packaging device is
      made of insulating material and minimizes loss of interior heat and
      minimizes condensation of moisture on the interior of the package. Any
      moisture which does form on the interior surface of the packaging device
      is separated from the bread or bun.
PAR  In particular, the packaging device comprises a pair of identical members
      which, when interconnected, form an insulative food container. Each of the
      members comprises a dish-shaped portion whose periphery extends as a
      planar flange. The inner surface of the dish-shaped portion is stipled to
      define a plurality of protuberances interconnected by a plurality of
      valleys. Moisture from the food in the package accumulates in the valleys
      rather than being absorbed by the food.
PAR  The advantages of this invention, both as to its construction and mode of
      operation, will be readily appreciated as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings in which like
      reference numerals designate like parts throughout the figures.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a packaging device illustrating the members
      of the device in an unassembled fashion;
PAR  FIG. 2 is a planar view of one of the members of the packaging device;
PAR  FIG. 3 is a cross-sectional view of a plurality of members of FIG. 2 taken
      along the line 3--3 thereof;
PAR  FIG. 4 is a cross-sectional view of a portion of one of the members of FIG.
      2 taken along the line 4--4 thereof;
PAR  FIG. 5 is a partial perspective view, broken away, of alternative surface
      structure of the inner surface of one of the members of FIG. 1
      illustrating in detail the structure of channels provided therein;
PAR  FIG. 6 is a partial sectional view illustrating an alternative
      interconnection arrangement of two members forming a packaging device of
      the present invention; and
PAR  FIG. 7 is a partial cross-sectional view of the interconnected members of
      FIG. 6 taken along line 7--7 thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, there is shown a packaging device or container 12
      constructed in accordance with principles of the invention. The packaging
      device comprises a first insulative member 14 and a second insulative
      member 16. The insulative members 14 and 16 are normally molded from
      polystyrene foam and are identical in shape enabling an interlocking
      arrangement to be formed between the members, as will be explained
      hereinafter.
PAR  The insulative member 16, which is shown in planar configuration in FIG. 2,
      is identical to the insulative member 14 so that only one of the
      insulative members will be described in detail. The insulative member 16
      comprises a circular dish-shaped portion 18 having a lower planar surface
      22 and a continuous side wall 24 angularly extending therefrom to a
      periphery edge 26. A planar flange 28, formed in a plane parallel to the
      lower planar surface 22, extends outwardly from the periphery edge 26 to
      define a generally square edge member.
PAR  The flange is formed to define a quadrature array of alternating male and
      female connecting portions. One pair of opposite corners of the planar
      flange 28 contains curved locking slots 32 which interact with upwardly
      extending studs 34 formed on a diagonally opposite pair of corners of an
      adjacent identical dish when the insulating members 14 and 16 are
      interlocked as illustrated in FIG. 1. As illustrated in FIG. 3, the
      pitching of the side wall 24 at an angle of about 45.degree., provides for
      maximum nesting when stacking the insulating members for storage and
      shipment and also assures spacing between the flanges sufficient to
      provide clearance for the upwardly extending studs 34.
PAR  The bottom surface 22 and interior surface of the side wall 24 are stippled
      to define valleys 36 spaced between protuberances 38 in a grid-like
      network manner. This construction is shown in greater detail in an
      enlarged cross-section in FIG. 4. To the extent that there is condensation
      from food stored in the packaging device, the moisture which condenses,
      will accumulate in the valleys 36. The main purpose of the stippled
      surface defined by the valleys 36 and the protuberances 38 is to provide a
      reservoir for water condensed moisture to separate it from the food which
      rests on the top surface of the protuberances 38. The range of height of
      the protuberances 38 to the valley 36 could be from 20 to 25 mils. In
      addition, the number of protuberances per square centimeter should be
      approximately six; accordingly, the top surface area of each protuberance
      is less than 0.17 cm.sup.2. Other textures can be used which provide hills
      and valleys. The texture can be obtained during molding by appropriate
      patterning of the mold surfaces.
PAR  Channels 42 are cut into the surface 44 of the planar flange member 28
      forming openings into the interior of the dish-shaped portion 18. The
      channels 42 form a passageway between the edge of the planar flange 28 and
      the periphery 26 edge of the side walls 24 and provide for moisture
      escapment along the planar flange surface 44.
PAR  Ribs 46 formed on the outer surface of the side wall 24, illustrated in
      FIG. 1 on the first insulative member 14, provide a gripping surface for
      securing a pair of insulator members together. As illustrated in FIG. 1,
      after the food is placed on the lower surface 22 of the bottom insulative
      member 16, the top insulating member 14 is inverted and placed thereon
      with the locking slot 32 openings of one of the members positioned
      adjacent the studs 34 of the adjacent member. The locking slots 32 have a
      slight taper so that the thickness at the end of the slot is slightly
      smaller than that of the studs. The container 12 is locked upon rotation
      of the top member 14 with respect to the bottom member 16. The polystyrene
      stud is creased by the material defining slot resulting is a securely
      locked structure, but which can be easily separated when desired.
PAR  Referring now to FIG. 5, there is shown an alternative moisture venting
      arrangement wherein an insulative member 47, which can be similarly shaped
      as the insulative members 14 and 16 of FIG. 1, is provided with channels
      48 formed into the interior surface side wall 49 thereof. The channels 48
      further aid in venting moisture from the grid-like lower surface 50 so as
      to prevent an accumulation of moisture therein.
PAR  FIGS. 6 and 7 illustrate an alternative arrangement for the interlocking of
      stud and slot. In FIGS. 6 and 7 the slots are formed as keyholes 52 having
      an enlarged aperture 54 interconnected to a reduced width opening 56.
      Studs 58 from an adjacent insulative member are each inserted into the
      enlarged aperture 54 of one of the keyholes 52. Rotation of the insulative
      members with respecto to each other enables the stud 58 to enter the
      reduced width opening 56 and thus provide a good interlock. Both
      diagonally opposite slots can have the form shown in FIGS. 6 and 7 or one
      of the two slots can be so formed while the other slot can have the form
      of the slot 28 of FIG. 2. The latter arrangement better facilitates
      alignment of the locking slots and the studs.
CLMS
STM  I claim:
NUM  1.
PAR  1. A packaging device comprising a pair of members which, when
      interconnected, form a substantially closed food container, each of said
      members being formed from thermally insulative foam material whereby to
      provide a thermally insulative structure for minimizing loss of interior
      heat from a hot food item, each of said members comprising a dish-shaped
      portion having a planar flange formed along the periphery thereof, the
      interior surface of said dish-shaped portion being textured to define a
      plurality of protuberances interconnected in a gridlike network by a
      plurality of valleys so as to enable moisture condensed from hot food
      placed adjacent said interior surface to accumulate in said valleys, the
      top surface of each protuberance having an area of less than 0.17
      cm.sup.2.
NUM  2.
PAR  2. A packaging device in accordance with claim 1 wherein said pair of
      members are identical.
NUM  3.
PAR  3. A packaging device in accordance with claim 1 wherein channels are
      formed on said planar surfaces for enabling moisture to escape from said
      closed food compartment.
NUM  4.
PAR  4. A packaging device in accordance with claim 1 wherein locking means are
      provided on each of said planar flanges for interlocking said members
      together and forming a closed food compartment.
NUM  5.
PAR  5. A packaging device in accordance with claim 4, wherein said locking
      means comprises studs and locking slots formed in alternation in
      quadrantal array on said planar surfaces, the studs of one member
      interacting with the locking slots of the other member to close said
      packaging device.
NUM  6.
PAR  6. A packaging device in accordance with claim 5 wherein the diameter of
      said studs are slightly greater than the width of said slots so as to
      enable a tight friction fit therebetween.
NUM  7.
PAR  7. A packaging device in accordance with claim 5 wherein said pair of
      members are identical.
NUM  8.
PAR  8. A packaging device comprising first and second members which, when
      interconnected, form a substantially closed food container, each of said
      members being formed from thermally insulative foam material whereby to
      provide a thermally insulative structure for minimizing loss of interior
      heat from a hot food item, said first member comprising a dish-shaped
      portion having an interior surface textured to define a plurality of
      protuberances interconnected into a grid-like network by a plurality of
      valleys so as to enable moisture condensed from hot food placed adjacent
      said interior surface to accumulate in said valleys, the top surface of
      each protuberance being less than 0.17 cm.sup.2, the second member being
      formed to engage the periphery of said first member to close therewith.
NUM  9.
PAR  9. A packaging device in accordance with claim 8 wherein locking means are
      provided on each of said members for interlocking said members together
      and forming a closed food compartment.
NUM  10.
PAR  10. A packaging device in accordance with claim 8 wherein channels are
      formed into the material constituting the periphery of said first member
      for enabling moisture to escape from said closed container.
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PAL  A packaging container formed from sheet material such as plastics
      comprising a rectangular body having lid portions hinged along opposed
      edges the body and lid portions each containing at least one storage
      compartment and cover portions hinged to the lid portions. The cover
      portions are folded over and attached to the lid portions which, in turn,
      are folded over and attached to the body. A compact closed container is
      thus formed with a number of separated compartments and when open, the
      container presents a tray-like configuration.
BSUM
PAR  This invention relates to a packaging container, particularly, though not
      exclusively, intended for the storage and serving of meals.
PAR  It is an object of the present invention to provide a packaging container
      as aforesaid in which a plurality of courses or parts of courses of a meal
      can conveniently be packed, stored and transported and from which a said
      meal can conveniently be consumed.
PAR  According to a first aspect of the present invention, a packaging container
      has a body at least one lid portion pivotably hinged thereto and a cover
      portion pivotally hinged to the lid portion, the body and said at least
      one lid portion each defining at least one storage compartment, the said
      storage compartments being mutually separated by the cover portion when
      the cover portion is pivoted into a first position in which it is folded
      over and closes the lid portion and the latter, in turn, is pivoted to a
      first position in which it is folded over and closes the container, and
      the said storage compartments being exposed in substantially the same
      plane, so that the container presents a tray-like configuration, when the
      lid and cover portions are each pivoted into second open positions.
PAR  Preferably, two lid portions, each with a cover portion, are provided along
      opposed edges of a body of rectangular form in plan.
PAR  Conveniently, at least two storage compartments are provided in the body
      separated by a wall which extends normal to the line of the hinge for the
      lid portion(s), the arrangement being such that, with the cover and lid
      portions in their folded over first positions, the upper edge of the wall
      acts to support the cover portion(s) against the weight of any contents in
      the storage compartment of the lid portion(s).
PAR  The container may be formed relatively cheaply by moulding or pressing a
      thin sheet material such as plastics, cardboard, or paper; the inner
      surface of the cardboard or paper may be suitably treated for containing
      the meal. Such a container may therefore be thrown away after use.
PAR  Alternatively, the container may be sturdily constructed of plastics or
      other suitable material so as to be durable for repeated use, for example,
      for picnics.
PAR  According to a feature of this invention, locking or attachment means are
      provided for attaching said lid portion in its folded over first portion,
      comprising connectable male and female elements at co-incident positions
      on the body and lid portions.
PAR  The cover portion may also be attached to the lid portion in its folded
      over first position, in which case, connectable male and female elements
      may also be provided at co-incident positions on the cover and lid
      portions; these latter elements may be sited such that those for the two
      sets of locking means in the lid portion are at offset positions.
PAR  In a preferred form the co-operable male and female elements are of
      generally circular cross-section, the female elements being of somewhat
      smaller diameter than the male element, and the wall of the male element
      having a pair of flats at substantially diametrically opposite positions.
PAR  According to another feature of this invention, at least one of the storage
      compartments of the container has a removable insert associated therewith,
      the insert being of smaller dimensions than its compartment and having a
      flange adapted to locate around the mouth of the compartment, and a raised
      boss or the like being provided on the container or insert, whereby the
      latter may seat onto the bottom of the compartment and thereby be
      supported in the compartment with a surrounding air gap.
PAR  According to a further feature of this invention the hinge between each lid
      portion and body, as well as its cover portions, each comprise a pair of
      closely spaced substantially parallel indentations or grooves formed in
      the container, the adjacent walls of the grooves being inclined towards
      each other.
PAR  According to a second aspect of this invention, a kit is provided
      comprising a plurality of containers according to the first aspect of this
      invention, and the same number of trays, each having a marginal upstanding
      wall and being of sufficient dimensions to provide a base for snugly
      retaining one open container within the marginal wall, or two closed
      containers side by side.
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PAR  In order that the invention may be readily understood and further features
      made apparent, one embodiment thereof of packaging container in accordance
      therewith, and modifications thereof, will now be described, by way of
      example, with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view from above of the container in its closed
      condition,
PAR  FIG. 2 is a perspective view from below of the closed container,
PAR  FIG. 3 is a perspective view from above of the container in its open
      condition,
PAR  FIGS. 4a and 4b are an enlarged plan and elevation respectively showing
      details of the attachment or locking means and the hinges,
PAR  FIG. 5 is an elevation showing suitable inserts for the compartments,
PAR  FIGS. 6a and 6b are diagrammatic plan and perspective views respectively of
      a modified container in its open and in its closed condition, and
PAR  FIG. 7 is a diagrammatic elevation showing a stacked kit of containers and
      trays associated therewith.
DETD
PAR  Referring to FIGS. 1 to 3 of the drawings the container, which is of
      thermoplastics material such as that known as "ABS" , is vacuum or
      pressure formed in a single operation from a sheet of said material of a
      thickness of 0.015 inch. The container comprises essentially, a
      rectangular body 1 having a first rectangular lid portion 2 and a second
      rectangular lid portion 3 integrally attached thereto along opposed edges
      of the body by a hinge 4 and 5 respectively. A cover portion 6, 7
      respectively is integrally attached to each lid portion 2 and 3 also by
      way of hinges 8 and 9. The hinges are formed by suitably flexible regions
      of the integral body-lid structure and are discussed in more detail
      hereinafter.
PAR  Two storage compartments 1a, 1b are provided in the body separated by a
      wall 10 generally extending normal to the line of the hinges 4 and 5. The
      wall 10 is part-circular over part of its length whereby a rounded region
      11 is provided in storage compartment 1a, of appropriate dimensions to
      accommodate a drinking cup snugly therein which, if packed with a beverage
      therein, would be provided with a sealed lid. The lid portions 2 and 3
      also define storage compartments 2a and 3a, and these compartments,
      together with compartments 1a, and 1b of the body, are intended to
      accommodate different courses or parts of courses of a meal, e.g. lunch,
      such as salad, a meat course, a dessert and cheese, as well as condiments
      and cutlery which, conveniently, may be of plastic material. The main
      course is intended to be contained within compartment 1b, whilst one of
      the compartments 2a, 3a of the lid portions, which are of the same
      dimensions, may accommodate a small bottle of beverage for dispensing into
      an empty drinking cup.
PAR  The cover portions 6 and 7 are of substantially the same overall shape and
      size as their lid portions 2 and 3. Thus, each cover portion can be folded
      over on to its respective lid portion so as to close the compartments 2a,
      3a which, when the lid portions are pivotted into the position shown in
      FIGS. 1 and 2 are compactly arranged over the body 1 and the various
      compartments are separted by the wall 10 and the cover portions 6 and 7.
      It will be appreciated that the upper edge of the wall 10 also acts to
      support the cover portions in their closed positions against the weight of
      articles or courses contained in the compartments 2a and 3a. With the
      cover portions and lid portions each pivotted to open positions, the
      various compartments are exposed in the same plane, thereby presenting a
      tray-like configuration; to facilitate this, the depth of the body 1 is
      made the same as that of the lid portions 2, 3. It will be seen that the
      walls of the lid and body portions are tapered to facilitate removal from
      the forming machine and to enable containers to be stacked within each
      other in their open condition. The walls are formed with vertical
      strengthening ribs 14.
PAR  In the closed condition as shown in FIGS. 1 and 2, the lid portions 2, 3
      are locked or held in their closed positions on the body by co-operable
      male and female elements 15, 16 respectively positioned along marginal
      flanges 17 and 18 of the container at co-incident positions. In this
      embodiment two spaced pairs of elements are provided in each flange 17 and
      18 for each lid portion. Similar locking means 19, 20 are provided for
      attaching each cover portion 6, 7 to its respective lid portion; one pair
      of elements is provided for each flange 16, 17 of the container and are so
      positioned that the elements provided in the flanges of each lid portion
      are located centrally between those for attaching the lid portion to the
      body 1. Such an arrangement of the pairs of elements is clearly shown in
      FIGS. 1 and 3.
PAR  Alternatively, male and female elements may be provided alternately at
      co-incident positions in said body, lid portions and cover portions, the
      arrangement being such that the cover portions are first folded onto their
      lid portions and the elements thereof connected, and these connected
      elements are in turn connected to their respective elements of the body
      when the lid portions are folded over the latter.
PAR  The male elements 19 of the cover portions 6, 7 are provided on tabs 21 one
      of which is extended beyond the width of flange 18 (see particularly FIGS.
      1 and 2) whereby, with the container in the closed condition, the tabs may
      be pulled firstly to facilitate unlocking of the lid portions from the
      body and, thereafter, the cover portions from their lid portions, as shown
      in FIG. 3 the margin of the cover portions may be formed with raised male
      sections 22 shaped to seat closely into the mouth of the compartments 2a,
      3a of their respective lid portions 2, 3 to enhance the locking and
      sealing effect of said cover portions.
PAR  Referring now to FIGS. 4a and 4b, in a preferred form, the locking or
      attachment means comprises pairs of co-operable elements comprising male
      element 15 and female element 16 both of circular cross-section. The
      female element 16 is of smaller diameter than the male element 15, which
      latter has two flats 23 in its wall at diametrically opposite positions as
      shown. The arrangement is such that when the elements are engaged and
      pressed together, because of the different diameters the flats tend to bow
      and thus allow a tight friction fit between the co-operating circular wall
      parts of the elements. It will be seen that in this embodiment the flats
      are orientated so that they are normal to the line of the hinges 4 and 5.
      However, it will be appreciated that this orientation is not critical and
      that lacking would be equally effective, e.g. with the flats parallel to
      said hinges. It will also be seen from these figures that the hinges 4, 5,
      8 and 9 are each provided by a pair of spaced indentations in the form of
      grooves 24. In this embodiment the grooves have a radiused bottom of
      approximately 1/8 inch radius, a depth of approximately 3/16, inch and
      they are spaced approximately 1/8 inch apart, the adjacent walls of the
      grooves converging and being joined at a point 25. Thus, it has been found
      that the above dimensions provide an effective hinge for a vacuum or
      pressure formed plastics container having a nominal thickness of 0.015
      inch although the bottom of the grooves will be thinner, the depth having
      a relationship with the thickness of the material. In particular, the
      portions on each side of the hinge can be folded flat on to each other and
      there is minimum distortion over the length of the hinge.
PAR  Referring now to FIG. 5, the compartment 1a may have an insert 26
      associated therewith, the insert being of substantially the same shape as
      the compartment, but of smaller diameter, whereby it may nest in the
      compartment with a surrounding air gap 27. As shown, the insert is
      supported in its nested position by a marginal flange 28, which seats
      around the mouth of the compartment, and by support feet 29 formed in the
      bottom of the insert. At least some of the feet 29 may seat onto
      strengthening ribs 30 in the bottom of the compartment, and the insert may
      be provided with a hinged lid 31 arranged to fit into the insert opening.
      The surrounding air gap 27, which is preferably 1/8 inch or more, may be
      completely sealed by the provision of corresponding male and female raised
      sections provided respectively around the mouth of the compartment 1a and
      the flange 28 of the insert. Thus, an effective insulation space can be
      provided around the bottom and walls of the insert 26, the only heat paths
      being at the contact points of the feet 29. A substantially closed air
      space may be provided above the insert 26, with the lid portions 2 and 3
      folded over the body portion 1 and locked thereto, by arranging that the
      plane of the lid 31 of the insert in its closed position is below the
      upper level of the opening of the insert as shown. Alternatively, as shown
      for the compartment 3a, the insert 24 may have a flat bottom and rest
      directly on strengthening ribs 30, whilst the upper end of the insert is
      formed with a bead 32 fitting within the mouth of the compartment.
PAR  Referring to FIGS. 6a and 6b, the cover portions 6 and 7 each have a
      further flap portion 33 hinged thereto, the hinge being preferably as
      described above with reference to FIGS. 4a and 4b. The flap portion 33 has
      an opening 34 punched out and that part of cover portion 6, 7 fitting into
      the mouth of its compartment 2a, 3a being cut out as shown by reference
      22a; the arrangement is such that, whilst flap portion 33 can be folded to
      a vertical position, as shown in FIG. 6b, to provide a carrying handle for
      the closed container, the cut-out parts can be folded over independently
      to close off the compartments 2a, 3a, closure being retained by the raised
      sections 22.
PAR  Referring now to FIG. 7, the containers in their closed condition are shown
      stacked in tiers, each tier comprising two containers of substantially the
      form described hereinbefore, and preferably with no carrying flaps as
      described with reference to FIGS. 6a and 6b, and two trays 35, 36. Each
      tray is formed with a marginal wall 37 and is of dimentions sufficient to
      retain two closed containers snugly in a side-by-side relationship. As
      shown, the tray 35 provides a base for the containers, whilst the tray 36
      is reversed and laid over the tops of the containers. The next tier with
      its base tray 35 is then mounted on top of tray 36 of the first tier and
      this is repeated for each subsequent tier. To facilitate stacking and to
      locate the tiers firmly, each tray is provided with co-operating keys and
      keyways 38, 39. Such a kit of stackable containers and trays provides a
      convenient arrangement for dispensing the containers, for example, they
      may be food containers to be served to delegates in their seats at a
      convention, conference or similar, the tray being used on the lap of each
      delegate as a base for an open food container. An open container is shown
      in position on the uppermost base tray 35.
PAR  Whilst the embodiment and modifications thereto have been described as a
      relatively cheaply produced container which may readily be thrown away
      after use, it will be appreciated that a durable version for repeated use
      at picnics, etc., may readily be formed of thicker plastics or other
      suitable material, perhaps with small modifications to the hinges and
      other details to cater for the extra thickness and/or less pliable nature
      of the particular material used.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A packaging container comprising, in combination, a body having a pair
      of end walls, a pair of side walls and a bottom wall defining a storage
      compartment having an upper access opening, a pair of lid portions each
      having a pair of end walls, a pair of side walls and a bottom wall
      defining a storage compartment having an upper access opening, hinge means
      for interconnecting the upper edge portion of each of said body side walls
      with the upper edge portion of one of the side walls of each of said lid
      portions to position said lid portions on opposite sides of said body for
      presenting a tray-like configuration, a pair of substantially flat cover
      portions each having a pair of side edges and a pair of end edges, hinge
      means for interconnecting the upper edge portion of the other side wall on
      each of said lid portions with one of the side edges on each of said cover
      portions each of said cover portions being pivotably movable into closing
      relationship with the access opening of the storage compartment of the
      associated lid portion, said closed lid portions being subsequently
      pivotably movable into vertically stacked relationship with said body to
      position said cover portions in adjacent closing relationship with the
      access opening of said body storage compartment, and releasable locking
      means on the upper edge portions of said body, said lid portions, and said
      cover portions for retaining said body and said lid portions in said
      vertically stacked relationship.
NUM  2.
PAR  2. A container according to claim 1, wherein both of said hinge means
      include an integrally formed strip having a pleated cross sectional shape.
NUM  3.
PAR  3. A container according to claim 1, including a flap portion hingedly
      connected to the other side edge of each of said cover portions, said flap
      portions being disposed in an upwardly extending position in the
      vertically stacked relationship of said body and lid portions to provide
      carrying handles for said container.
NUM  4.
PAR  4. A container according to claim 1, including at least one separating wall
      in said body storage compartment which extends normal to the line of the
      hinge means for said lid portions, said separating wall having an upper
      edge for supporting said cover portions against the weight of any contents
      in the storage compartments of said lid portions in the vertically stacked
      relationship of said body and lid portions.
NUM  5.
PAR  5. A container according to claim 1, and further comprising a removable
      insert in said body storage compartment, said insert being of smaller
      dimensions then said compartment and having a flange for engagement with
      the upper edge portions of said body, raised boss means on said body
      bottom wall for supporting said insert on said bottom wall in spaced
      relationship therewith to define an air gap.
NUM  6.
PAR  6. A container according to claim 1, wherein said releasable locking means
      includes sets of connectable male and female elements of generally
      circular cross-section at co-incident positions on said body and on said
      lid and cover portions.
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ABST
PAL  The invention, relating to cylindrical or prismatic, disposable containers
      for liquids, which containers have top and bottom end closures, comprises
      forming an end closure from a disk which is fixed to an end opening region
      of the container body by fusing together the common contact surfaces of
      the disk and said region or by means of a heat-activatable bonding agent.
BSUM
PAR  The present invention relates to a packing container comprising a
      cylindrical or prismatic container body together with top and bottom end
      closures which are attached tightly to the top and bottom end openings
      respectively of the container body.
PAR  It is known in the technology of packing that liquid containers of a
      disposable character can be manufactured of plastic-coated paper or
      cardboard by producing the package blank which by folding is given the
      desired form and which after filling can be closed in that wall panels
      connected with the body of the package are combined and sealed to one
      another with the help of pressure and heat. In such known packing
      containers the end closures of the body of the package are formed as a
      rule by material layers overlapping one another, which entails unnecessary
      large consumption of packing material, so that the packing container
      becomes relatively expensive to manufacture.
PAR  These disadvantages are overcome by the packing container in accordance
      with the invention, which is characterized in that at least one of the end
      closures of the container body consists of a disk or a lid which is fixed
      to the one end opening region of the container body by fusing together of
      the common contact surfaces of the disk or lid and the end opening region,
      or by means of a heat-activatable bonding agent, so-called "hotmelt"
      applied for the purpose. The invention is characterized further in that
      the said end closure disk consists of a substantially compressible, or in
      warm condition plastically deformable plastic material, which e.g. may
      consist of plastic foam material.
DRWD
PAR  In the following the invention will be described with reference to the
      enclosed schematic drawing, in which
PAR  FIG. 1 and 1a show a packing container in accordance with the invention
      with plane, butt welded end plate,
PAR  FIG. 2 and 2a show a packing container in accordance with the invention
      with an end disk or end plate, whose edge region embraces the top edge of
      the container body,
PAR  FIG. 3 and 3a show a packing container in accordance with the invention
      with an inserted end closure disk,
PAR  FIG. 4 and 4a show a packing container in accordance with the invention
      with an end closure disk fitted inside the container body and provided
      with flanges,
PAR  FIG. 5 and 5a show a packing container in accordance with the invention
      with an end closure disk folded down around the top edge of the container
      body,
PAR  FIG. 6 shows a butt joint between an end closure disk and a container body,
      the sealing being carried out by means of a heat-activatable bonding
      agent,
PAR  FIG. 7 shows a butt joint between an end closure disk and the container
      body, the top opening edge of the container body and/or the end closure
      disk being deformed to produce a tight, continuous sealing joint,
PAR  FIG. 8 and 8a show a packing container in accordance with the invention,
      which packing container is provided with an opening indication in the form
      of a thread attached to the inside of the container body,
PAR  FIG. 9 and 9a show a packing container in accordance with the invention
      which is provided with an opening indication, by means of which a part of
      the end closure disk can be torn off in order to make the contents of the
      packing container accessible,
PAR  FIG. 10 and 10a show a packing container with an opening indication in the
      top end closure disk,
PAR  FIG. 11 and 11a show a packing container with an opening indication in the
      top end closure disk,
PAR  FIG. 12 and 12a show a packing container in accordance with the invention
      with an opening indication quite near to one of the corners in the top end
      closure disk, and
PAR  FIG. 13 shows a cross-section through the packing container in accordance
      with the invention.
DETD
PAR  Although the packing container in accordance with the invention may very
      well have a circular-cylindrical or any other shape of the container body,
      it is assumed, for the sake of clarity, in the following description that
      the container body has an approximately square cross-section and that it
      is made from a blank, which has been given prismatic shape by folding, and
      the edges of which have been joined together in a longitudinal sealing
      joint. The container body of the packing container can be manufactured for
      example of paper or cardboard, which at least on the inside, but
      preferably on both sides, has been coated with a thermoplastic material,
      e.g. polyethylene, which thermoplastic material on the one hand acts as a
      liquid-tight barrier, on the other hand constitutes a sealing layer, by
      means of which the material layers put together can be sealed to one
      another by surface fusing of the plastic coating placed upon one another.
      The container body of the packing container can also be made of some other
      material such as e.g. foamed plastic, which on the one side or on both
      sides is provided with coats of a homogeneous plastic material.
PAR  The packing container shown in FIG. 1 has a container body with square
      cross-section. The container body 1 is made from a blank, the longitudinal
      edges of which are joined in a sealing joint 3, which in the case shown
      here is located quite close to the lateral edge of the container body. The
      bottom opening of the container body 1 is provided with an end closure of
      any kind, and its top opening is closed by an end closure disk 2, which
      wholly covers the top opening of the container body 1. In FIG. 1a which
      shows a longitudinal section through the packing container in accordance
      with FIG. 1, it is shown how the top end closure disk 2 is fixed to the
      container body 1 by means of a layer of bonding agent 4. The layer of
      bonding agent 4 consists of a so-called "hotmelt", that is to say a
      mixture of thermoplastic material, preferably plastics and waxes, the
      adhesive effect of which can be activated through the application of heat.
      The melting point of the layer of bonding agent 4 should be lower than the
      melting points of the plastic materials included in the container body 1
      or the end closure disk 2, and the material included in the layer of
      bonding agent 4 should be able in activated condition to adhere to the top
      edge of the container body 1 as well as to the top end closure disk 2 in
      order to achieve a tight and mechanically durable seal between the
      container body 1 and the end closure disk 2.
PAR  The layer of bonding agent 4 can be applied either to the top edge region
      of the container body 1 in that the same is dipped slightly into a bath
      containing melted hotmelt material directly before the end closure disk 2
      is applied over the opening of the container body 1, or else the bonding
      agent layer 4 can be applied around the edge of the end closure disk 2
      before the two parts are put together.
PAR  The version which is shown in FIG. 1 has a plane end closure disk 2 which
      is joined by a butt joint to the container body 1. In FIG. 2 another
      version of the packing container is shown, whose end closure disk 5 is
      provided with a U-shaped channel 6 arranged beforehand, which runs around
      the edge of the end closure disk 5. The said U-shaped channel 6 is adapted
      so that the top edge region of the container body 1 can be taken up in the
      said U-shaped channel of the end closure disk 5 and the end closure disk 5
      can be fixed finally to the container body 1 by pressing together under
      simultaneous application of heat the parts of the U-shaped channel 6
      projecting from the end closure disk 5, whilst they take up between
      themselves the top edge of the container body 1. It is assumed here that
      the container 1 as well as the inside of the end closure disk 5 are
      provided with a coating of thermoplastic material, or else that the
      container body 1 and/or the end closure disk 5 are made of thermoplastic
      material, a tight and mechanically durable joint being obtainable between
      the end closure disk 5 and the container body 1 by surface fusing of the
      plastic material. It is also possible in the versions of the package shown
      in FIG. 2 and 2a, in place of the heat sealing to use a bonding agent of
      the aforementioned type, that is to say a "hotmelt", which is activated by
      heat and is applied in the connecting region between the container body 1
      and the end closure disk 5.
PAR  In FIG. 3 is shown a packing container comprising a container body 1 and an
      end closure disk 7, whose edge region has a flange 8 directed upwards and
      extending around the end closure disk. FIG. 3 illustrates that the flange
      8 should have a slope towards the end closure disk 7, which is greater
      than 90.degree., which implies that the end closure disk, when it is
      fitted into the container body 1, connects in wedge-shape with its flange
      8 to the top edge region of the container body 1, a relatively high
      contact pressure being obtained between the flange 8 and the top edge
      region of the container body 1. The fixing of the end closure disk 7 can
      be achieved so that the inside of the top edge portion of the container
      body 1 is heated up by means of radiant heat or hot air in the intention
      of causing the thermoplastic coating applied inside the container body 1
      to melt, whereupon a similar heating operation is carried out against the
      outside of the flange 8. Finally the end closure disk 7 is pressed into
      the top opening of the container body 1, the plastic layer, softened or
      melted by the application of heat, being caused to fuse together for
      obtaining a tight and mechanically durable sealing joint between the
      flange 8 of the end closure disk 7 and the upper edge region of the
      container body 1, In cases where the contact pressure which is achieved by
      means of the above-mentioned shaping of the flange is not sufficient, it
      is possible by means of a pressure device to grip around the combined
      portions of the flange 8 of the end closure disk 7 and the edge region of
      the container body 1, and to apply a pressure, which presses the said
      parts together. This may prove necessary in particular in the corner
      parts, where the wedge-shaped forming of the flange 8 under certain
      circumstances cannot be accomplished with the amount of accuracy to ensure
      the contact pressure necessary for the sealing. As in the other versions
      of the packing containers in accordance with the invention mentioned
      earlier the end closure disk may also be constituted of a plastically
      deformable material, e.g. homogeneous plastic material or foamed plastic
      material, which is provided preferably with a surface coating of
      homogeneous plastic material. By making the end closure disk of such a
      material, which is plastically yielding when it is subjected in heated
      condition to a pressure, it is readily possible to cause the flange
      portion 8 of the end closure disk 7 to connect closely to the inner
      contour of the container body 1, in that certain parts of the end closure
      disk, which are subjected to higher pressure stresses than others, become
      deformed more easily. It is also possible to make the container body 1 of
      a foamed plastic material and thus make use of the plastic deformability
      of the plastic material when fitting the end closure disk 7 into the
      opening of the container body 1.
PAR  In FIG. 4 is shown a further embodiment of the invention, wherein the end
      closure disk 9 is provided with a flange 10 folded inwards, which is
      intended to be fitted into the opening of the container body 1. The
      fitting in of the end closure disk 9 may be carried out for example in
      such a manner, that it is applied to the front end of a mandrel with its
      downward flange 10 embracing the front edge of the mandrel, whereupon a
      blank for the container body 1 is wrapped round the mandrel in such a
      manner, that the top edge region of the container body 1 formed is made to
      come into overlapping contact with the folded down flange 10. Moreover it
      is ensured that the top edge of the container body 1 will be comprised in
      the same plane as the end closure disk 9. Before the blank which is
      intended to form the container body 1 is wrapped round the said mandrel
      the outside of the flange 10 has to be heated by e.g. radiant heat or hot
      air, and preferably also the edge region of the blank wrapped round is
      heated, so that the top edge region of the container body 1 formed and the
      outside of the folded down flange 10 are sealed to one another when the
      blank, which is intended to form the container body 1, is wrapped round
      the container body 1.
PAR  It is also possible to prepare in advance the container body 1 as a tube of
      arbitrary cross-section, and subsequently by means of a plunger to which
      the end closure disk is attached, push this through the container body 1
      from its one opening to its other opening, where it is fixed by means of
      heat-sealing, in that heat is applied from the outside of the container
      body and/or from the inside by pressing a heated sealing device against
      the inside of the flange 10 of the end closure disk 9. It is also possible
      to apply in advance a bead of a heat-activatable bonding agent, so-called
      "hotmelt", around the top edge of the container body 1 and to bring the
      edge region 10 of the end closure disk 9 into contact with this bonding
      agent, in that by means of a plunger or a mandrel the end closure disk 9
      is pushed through the container body 1 up to and level with the opening of
      the container body 1, which is intended to be closed by means of the end
      closure disk 9.
PAR  In FIG. 5 is shown a variant of the packing container in accordance with
      FIG. 4. The packing container shown in FIG. 5 has an end closure disk 11
      with an edge flange 12 folded downwards, which is dimensioned so that the
      edge flange 12 will be in contact against the outside of the container
      body 1 when the end closure disk 11 is applied over the opening of the
      container body 1. In the sealing of this end closure disk 11 too it is
      appropriate to apply the container body 1 to a mandrel so as to achieve
      sufficient inner support when the sealing operation is carried out, in
      that the plastic coatings on the inside of the flange 12 and on the upper
      edge region of the container body 1, heated up to the sealing temperature,
      are pressed against one another in order to obtain a tight and
      mechanically durable seal between the end closure disk 11 and the
      container body 1.
PAR  As in the previously described case, in place of the direct heat seal of
      plastic layer placed against one another, the end closure disk 11 can also
      be applied over the opening of the container body 1 by the application of
      a bead of hotmelt, either on the inside of the flange 12 or on the outside
      of the container body 1 and along its edge region. Furthermore the end
      closure disk 11 and/or the container body can advantageously be made of
      foamed plastic material or homogeneous plastic material, which material,
      as mentioned previously, has the property that it can readily be
      plastically deformed when it is subjected to pressure after it has been
      heated up to softening temperature.
PAR  In the foregoing some examples have been given of packing containers in
      accordance with the invention, and it has been pointed out, that the end
      closure disks and/or the container bodies can advantageously be
      manufactured of e.g. foamed plastic material. To explain the advantages
      that are obtained by using a foamed plastic material, we will mention in
      the following some of the characteristic properties which such foamed
      plastic material has and which are significant in this context.
PAR  It has been known for a long time that foamed plastic material can be
      manufactured in the form of webs or sheets by extruding a melted plastic
      material through a slot-shaped nozzle. To accomplish the special foam
      structure a gas or a gas-forming liquid has been mixed previously into the
      plastic material, which gas or gas-forming liquid is distributed uniformly
      and dissolved in the plastic material, and which boils at a relatively low
      temperature. When the plastic material is pressed out through the extruder
      nozzle, and is thus subjected to a rapid and large drop in pressure, the
      gas or liquid dissolved in the plastic material evaporate suddenly and
      form a quantity of small bubbles which impart a cellular structure to the
      extruded material. The extruded plastic material will have low density,
      high heat insulating capacity, great mechanical strength in relation to
      its weight, and it is therefore extremely suitable as a support material
      in the packing laminate. As a support material in packing laminate foamed
      plastic has the further advantage that no absorption of liquid can take
      place on the cutting edges, which is the case e.g. with paper and
      cardboard material, whose edge regions have to be protected from direct
      contact with liquid through impregnation or covering by plastic strips. A
      support material of foamed plastic of the above-mentioned type can easily
      be provided with surface coats of homogeneous plastic material. It is
      possible to manufacture foamed plastic from polyethylene, polypropylene,
      polystyrene, polyvinyl chloride and a number of other thermoplastics. One
      of the special properties which make the foamed plastic material
      particularly suitable as a material for the manufacture of packages in
      accordance with the present invention, is the capacity of the foamed
      plastic material, especially after heating, to be plastically deformed
      when subjected to pressure. As a rule this plastic deformation of the
      foamed plastic material is both positive and negative, that is to say the
      material is readily compressed to a thickness which is only some ten per
      cent of the original thickness of the foamed plastic material when it is
      subjected to pressure, whilst the foamed plastic material as a rule
      expands a little, that is to say it increases in thickness, when it is
      only subjected to the effect of heat without simultaneous compression by
      outside forces. This property of the foamed plastic material makes it very
      easy to obtain a tight fit between the container body and an end closure
      disk in accordance with anyone of the embodiments described earlier of the
      packing container, since possible channels and interspaces between the end
      closure disks and the container bodies are easily compensated, in that the
      foamed plastic material is compressed at the points where it is subjected
      to high pressure, whilst it expands in the other parts. In this manner
      contact is achieved between the end closure disks and the top edge of the
      container body in a closed joint around the container body, whereby a
      completely tight seal between the two parts is obtained. Even in case the
      sealing between the end closure disks and the container bodies does not
      take place with the help of heat but by means of a heat-activatable
      bonding agent, so-called hotmelt, this plastic deformation of the foamed
      plastic material can be made use of, since the foamed plastic material is
      plastically deformable also in cold condition when it is subjected to
      pressure, even if it cannot be deformed as easily as when the foamed
      plastic material has been heated up and the cells in the material can
      easily be pressed together.
PAR  FIG. 6 will illustrate the packing container which is also shown in FIG. 1,
      that is to say a packing container which has an end closure disk 13 of
      e.g. polystyrene foam, the inside of which has a coat of homogeneous thin
      polystyrene material. The container wall 1 has a supporting layer 14 of
      either paper or cardboard, or also of foamed plastic material, and the
      coating layers 15, 16 on either side of the support layer 14 may
      preferably consist of a homogeneous thermoplastic coating layer. The
      contact zone between the plastic coating 17 of the end closure disk 13 and
      the top edge of the container body 1 has a layer 18 of a heat-activatable
      bonding agent, so-called hotmelt, which preferably consists of mixtures of
      plastics and waxes and whose temperature of activation is lower than the
      softening temperature of the rest of the plastic materials entering into
      the packing container. As mentioned earlier the layer of bonding agent 18
      can be applied in advance around the top edge of the container body 1 or
      along the edge zone of the end closure disk 13, whereupon the end closure
      disk 13 and the container body 1 are combined after the bonding agent 18
      has been activated by heating. The layer of bonding agent 18 taken by
      itself has a certain thickness which can even out possible discontinuities
      or deficient fitting between the end closure disk 13 and the container
      body 1, which means that it is possible to achieve a tight and continuous
      sealing joint around the whole of the contact surface. In case the layer
      of bonding agent 18 is not sufficiently thick for filling out possible
      discontinuities or deficient fitting, the foamed plastic material in the
      end closure disk 13 can be compressed, so that a complete and unbroken
      contact region is obtained. This compression can be achieved by pressing a
      pressing tool against the end closure disk 13 and so compressing the parts
      which have first been brought into contact with the top edge of the
      container body 1 until all parts around the top edge region of the
      container body have been brought into contact with the end closure disk
      13.
PAR  In FIG. 7 a part of a section of a packing container is shown with a
      container body 1 comprising a support layer 19, of for example paper or
      cardboard or also of foamed plastic material, and homogeneous plastic
      coatings 20, 21 arranged on either side of the support layer, the inner
      plastic coating 21 having a projecting portion 24, which is folded over
      the top edge of the container body 1. It is assumed in the present case,
      that the end closure disk 22 consists of foamed plastic material, the
      inside of which has a coating 23 of homogeneous plastic material. When the
      end closure disk 22 is to be sealed to the container body 1, the top edge
      region of the container body together with the corresponding edge area of
      the end closure disk 22 is heated to sealing temperature, whereupon the
      parts are combined and pressed together so that a surface fusion of the
      compressed materials is obtained. In sealings of this type it has to be
      ensured that the plastic material in the coating layer 23 has an affinity
      to the plastic material in the part folded over 24, so that an effective
      surface fusion and sealing can take place. It is thus not appropriate to
      use in the end closure disk an inside coating of polystyrene, whilst the
      inside layer 21 of the container body, and hence also the plastic edge 24
      folded over, consists of polyethylene, since polyethylene and polystyrene
      can be sealed to one another only with difficulties. On the other hand, if
      both the material layers 23, 24 are of polystyrene material a tight and
      durable sealing joint can be obtained by pressing the end closure disk 22
      heated to sealing temperature against the upper edge of the container
      body. As can be seen from FIG. 7, the edge region of the end closure disk
      22 will be compressed in the area 47, in that it is subjected to a plastic
      deformation in connection with the sealing operation. As mentioned
      earlier, this plastic deformation is obtained owing to the cells in the
      foamed plastic material collapsing when the heated foamed plastic is
      subjected to pressure, and at the same time, in the manner described
      earlier, an unbroken contact region is achieved between the end closure
      disk 22 and the top edge of the container body 1. It is not absolutely
      necessary, as is shown in FIG. 7, to provide the container body with a
      folded over plastic edge 24, but in most cases sufficient strength of seal
      can be achieved when the inside layer 23 of the end closure disk 22 is
      joined in a butt joint to the inside layer 21 of the support material 19.
      In the case where the support layer 19 of the container body 1 is also
      constituted of foamed plastic material a very durable and tight butt joint
      is obtained owing to the great thickness of the support material in
      relation to the layer of coating 21.
PAR  The packing containers in accordance with the invention described earlier
      can easily be provided with effective opening devices and such a device is
      shown in FIG. 8, which illustrates a packing container with a container
      body 1 of square cross-section and a plane end closure disk 2 which is
      sealed to the top edge of the container body 1. In the package shown in
      FIG. 8 the blank for the container body 1 has been provided beforehand
      with a tearing strip or a tearing cord 25, which is applied against the
      side of the blank which forms the inside in the packing container, and is
      located quite close to the top edge of the container body 1. In the
      finished package the tearing strip 25 will be accessible at the upper part
      of the overlap joint 3 owing to a cut 27 being provided in the overlap
      joint and the outer edge region of the overlap joint 3 not being sealed to
      the container body. In this manner a lug 26 is formed, which can be seized
      by the fingers and to which lug is attached the tearing strip 25. If the
      lug 26 is drawn around the packing container, the tearing thread 25 will
      rip through the top part of the container body 1 and separate that part of
      the packing container which is situated above the tearing thread 25. This
      tearing operation can be performed if the container body is manufactured
      of paper material, but the tearing operation is much easier to be carried
      out in case of the container body being made of foamed plastic material.
      In FIG. 8a is shown a detail of how the tearing thread 25 is fitted to the
      inside of the container body 1, for example by providing the tearing
      thread 25 with a wax or plastic coating and by heat-sealing it to the
      inside layer of the container body 1. In FIG. 9-12 is shown another type
      of opening indication which is based on the principle that the end closure
      disk is manufactured of a foamed plastic material, which preferably is
      provided with a coating of homogeneous plastic material on one or on both
      sides. In the end closure disk cutting lines are provided on both sides,
      which cutting lines are slightly displaced laterally in respect of one
      another so that the points or inner parts of the cuts do not meet. The
      distance between the cutting lines must not be greater however than that,
      on pulling at the material, the same will break between the inner parts of
      the cutting lines and thereby bring about a convenient ripping up of the
      end closure disk along the desired tearing line. Since the end closure
      disk is made of foamed plastic material, there is no absorption of liquid
      into the material, in spite of the homogeneous inside plastic layer on the
      end closure disks being broken through by the cutting lines.
PAR  In FIG. 9 is shown an opening indication of the type mentioned above where
      the cutting line 29 provided in the top side of the end closure disk 2
      extends along the end closure disk along a U-shaped line, whilst another
      cutting line 30 is provided on the inside of the end closure disk 2
      likewise along a U-shaped line but in such a manner, that the two cutting
      lines 29, 30 are slightly laterally displaced in respect of each other. To
      make an opening indication conveniently usable the end closure disk 2 is
      provided with a grip lug or a projecting part 31, which can be gripped
      between the fingers and pulled upwards, as a result of which the foamed
      plastic material will break between the cutting lines 29, 30 and it will
      be possible to tear off and remove the area 28 within the cutting lines,
      whereupon the contents of the packing container can be made readily
      accessible through the resulting pouring opening. In FIG. 9a a section
      along line A--A in FIG. 9 is shown and in FIG. 9a the support layer of
      foamed plastic material is designated 32 and the homogeneous plastic
      coatings 33, 34. The cutting lines are designated 29, 30, the area between
      the cutting lines which is meant to be torn up is designated 35.
PAR  In the opening indication in accordance with FIG. 9, the portion 28 between
      the cutting lines 29, 30 will be torn off, which in certain cases is not
      desirable, since it may be desired, after the pouring out of the contents
      from the package, to be able to re-close the same by folding down again
      the torn up portion. In FIG. 10 is shown a suggestion for such an opening
      indication, where the cutting lines 36, provided on the top part of the
      end closure disk 2, do not form a continuous loop but diverge from one
      another in the manner as shown in FIG. 10 and 10a. The cutting lines 37
      provided on the underside of the end closure disk 2 run parallel with the
      cutting lines 36 over such a length as is required for setting up a
      sufficient pouring opening, whilst they subsequently converge towards one
      another. When the package is opened by pulling the area between the
      cutting lines 36, 37 upwards, the foam material between the cutting lines
      breaks in the manner mentioned earlier, as long as the cutting lines are
      arranged not far from one another. When one comes to the point, however,
      where the cutting lines depart in different directions, the distance
      between the cutting lines becomes too great and the opening lug cannot be
      torn up any farther without the use of great traction forces. When the
      opening lug is torn up the tearing will consequently be stopped
      automatically at the point where the cutting lines diverge, and there is
      no danger of the lug being torn off, but the same can be used for a
      possible reclosing of the package after the intended quantity of the
      contents has been emptied out.
PAR  In FIG. 11 is shown a further emptying device, which is also illustrated in
      FIG. 11a, which shows a section along line C--C in FIG. 11. In the package
      in accordance with FIG. 11 a cutting line 40 is provided in the top side
      of the end plate 2 whilst a smaller cutting line 41, running parallel with
      the cutting line 40, is provided in the underside of the end plate 2,
      whereby it is possible to remove the area 39 between the cutting lines 40,
      41 in the manner described earlier. It is difficult, however, in an
      opening device of this type to be able to grip the area 39 intended for
      tearing off with the fingers so as to pull it upwards and thereby separate
      it from the end closure disk 2. In the present case the foamed plastic
      material along an area 42 directly outside the cutting line 40, is
      compressed in such a manner that it is possible to grip it with the nail
      underneath the area 39 and tear up the same to form a pouring opening. It
      is of course also possible to press the part 39 into the package if this
      manner of opening does not otherwise entail some disadvantage.
PAR  To create a better pouring edge, it may be appropriate to arrange the
      pouring edge along a corner of the packing container, as is shown in FIG.
      12, where the cutting lines 44, 45 are provided on the top side and
      underside respectively of the end closure disk 2, whereby it is possible
      in the manner described earlier to tear up the part 43 situated between
      the cutting lines 44, 45 which is illustrated in FIG. 12a. The corner
      portion 48 laid open forms an excellent pouring edge, which facilitates
      the emptying of the packing container.
PAR  It has been found that packing containers with wholly plane sides present
      outwards bulging sides when they are filled with the intended contents,
      e.g. milk or other liquid, unless the side walls of the package body 1 are
      very rigid in their shape. When it is not possible for reasons of economy
      to make the walls of the package body 1 very rigid it was necessary until
      now to accept this tendency towards outwards bulging walls, which,
      however, is a considerable inconvenience in connection with automatic
      packing and handling of the packing containers when the outer dimensions
      of the packing containers are altered. With the intention of avoiding such
      inconveniences or of counter-acting the tendency it is possible, as can be
      seen in FIG. 13, to manufacture the container body 1 with slightly inwards
      bulging side walls 46. FIG. 13 may be for example a section D--D of FIG.
      1, and when the liquid contents are filled into the packing container
      before closure of the same, the static pressure of the contents will
      press-out the inwards bulging walls 46, so that they assume approximately
      the contours shown in broken lines 49. The desired inwards bulging wall
      portions 46 can be easily obtained in the case where the packing material
      for the container body 1 is wound up on a storage roll, and consequently
      has a natural tendency towards curvature which is conditioned by the
      radius of the storage roll. If a package blank for the container body 1 is
      manufactured from such a material of paper, cardboard or foam plastic
      wound on a storage roll, the blank is oriented so on the packing material
      that the tendency towards curvature will act parallel to the longitudinal
      axis of the finished container body 1, and moreover the punched out blank
      is bent and folded to the container body 1 in such a manner that the
      curvature will be directed inwards towards the tubular space formed by the
      container body.
PAR  The description of the packing container in accordance with the invention
      given above would not be complete if it were not pointed out at the same
      time that in the foamed plastic material, as well as in the homogeneous
      plastic layer, fillers of organic or inorganic material, such as e.g.
      gypsum, stone dust, kaolin or other cheap fillers can be incorporated
      which on the one hand increase the rigidity of the plastic material and on
      the other hand make the packing material cheaper in that a smaller amount
      of plastic need be used. These materials with filler may be used in the
      end closure disks as well as in the container body.
PAR  In case of the end closure disks being manufactured of foamed plastic, e.g.
      polystyrene foam, it has been found appropriate to use a foamed plastic
      layer of a thickness of between 0.5 and 2 mm, together with homogeneous
      plastic layers of a thickness of less than 0.2 mm provided on either side
      of the support layer. Naturally, for other special purposes thicker or
      thinner support layers may be used, but for the great majority of packages
      the dimensional rules given above are appropriate.
PAR  In addition to the aforementioned opening arrangements with cutting lines
      or tearing thread provided in the end closure disk it is possible to
      provide in advance a pouring hole in the end closure disk 2, which pouring
      hole can be covered by a tear-off cover strip which is attached to the top
      side of the end closure disk around the pouring hole provided. The said
      cover strip may in the area of the pouring hole be drawn down into the
      pouring hole, e.g. with the help of vacuum or pressure. The cover stip may
      have on the underside of the pouring hole a widened part by virtue of
      which the cover stip after tearing off can be re-inserted in the pouring
      hole with the help of a so-called spring-fastener effect or snap effect.
      In the case mentioned above it is appropriate to allow the end closure
      disk to project with one free edge beyond the container body 1, since it
      has been found that the liquid contents can easily be poured over such a
      freely projecting edge, whilst it is considerably more difficult to pour
      the contents over a rounded, foldeddown edge.
PAR  It has been found that the packing container in accordance with the present
      invention can readily be manufactured on automatic packing machines, e.g.
      of the type which has mandrels arranged starlike around an axle and which
      mandrels can be moved from one machining station to the other, at which
      stations the different phases of the work, e.g. the pushing on or rolling
      up of the blank to container bodies 1 and the putting on of the end
      closure disk can be carried out. During the same course of operations the
      heating of the parts which are to be sealed to one another can take place
      at these stations, whilst at other stations at the same time the pressing
      or pressing together of the parts joined together is carried out. A
      further, very substantial advantage of packing containers in accordance
      with the invention is that the consumption of material is a minimum, since
      the overlapping portions required for the sealing can be made very narrow.
      On one and the same packing container combinations of the end closure
      plates as described above can be applied. Thus it may be appropriate, in
      one and the same packing container, first to put on an end closure in
      accordance with FIG. 4, that is to say an end closure disk with flange
      folded inwards, whereupon later, after the packing container so formed has
      been filled with the intended contents, a further end closure disk in
      accordance with FIG. 3 can be inserted in the re-established opening of
      the container. In such a case it may be appropriate for the subsequently
      inserted end closure disk to form the base of the packing container,
      whilst the end plate inserted first, which gives a plane end wall, can
      advantageously form the top side of the packing container and be provided
      with any one of the opening arrangements described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A packing container comprising a rectangular container body open at
      opposed ends and composed of a packaging material having coatings of a
      homogeneous plastic material on both sides thereof, closure panel members
      for closing the open ends of said container body and composed of foamed
      polystyrene having a thickness of from 0.5 to 2 mm. and having coatings of
      a homogeneous plastic material on both sides thereof and of a thickness
      not greater than 0.2 mm., the marginal edge portions of said closure panel
      members being secured to the end edges of said container body by a
      thermoplastic bonding agent, at least one of said marginal edge portions
      and the end edges of said container body being compressed together, said
      closure panel members including a downwardly extending skirt portion
      around at least a portion of said closure panel members, said skirt
      portions being sealed to the outer wall of said container body, the walls
      of said container body normally flexing inwardly when the container is
      empty but assuming a vertical position when the container is filled.
NUM  2.
PAR  2. A packing container as claimed in claim 1 wherein the packaging material
      of said container body is composed of a fibrous material and the
      homogeneous plastic coatings thereon are composed of a material selected
      from the group consisting of polyolefins and polystyrene.
NUM  3.
PAR  3. A packing container as claimed in claim 1 wherein the packaging material
      of the container body is composed of polystyrene foam and the homogeneous
      plastic coatings are composed of polystyrene.
NUM  4.
PAR  4. A packing container as claimed in claim 1 wherein said packaging
      material of said container body includes a filler material.
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PAL  An improved end seam construction for composite containers used in the
      packaging of hard to hold materials, such as materials under vacuum or
      pressure. The composite tubular body wall member includes at least one
      fibrous layer to the inner wall surface of which is bonded by a
      thermoplastic adhesive a metal liner layer that projects axially at at
      least one end a given distance beyond the fibrous layer. The end of the
      fibrous layer is deformed radially outwardly to define a funnel-shaped
      flange about which the projecting metal liner layer is deformed and
      compressed. The length of the projecting metal liner layer is such that
      when the metal-lined flange portion is connected by a rolled seam with the
      flange, the metal liner layer is compressed into surface-to-surface
      engagement with at least one surface of the curl portion of the metal end.
      In order to position a sealing compound layer solely in the space between
      the rolled flange portion and the chuck wall and seaming panel portions of
      the metal end, an annular layer of the sealing compound is placed on the
      metal end, prior to connection with the composite body wall, from a point
      high on the chuck wall to a point on the seaming panel opposite the curl
      overhang.
PARN
PAR  This is a division of application Ser. No. 442,399, filed Feb. 14, 1974.
BSUM
PAR  This invention relates to an end seam construction for composite containers
      adapted to receive hard-to-package materials under pressure or vacuum,
      such as beer, coffee, aerosols, tennis balls or the like.
PAR  It is well known in the composite container art to line the inner surfaces
      of the helically wound fibrous (i.e., paperboard) layers with metal foil,
      a synthetic plastic material or the like, thereby to protect the fibrous
      layers from the moisture contained in the packaged goods. One example of
      such a composite container for packaging products under substantial
      pressure is disclosed by the Wannamaker et al. U.S. Pat. No. 3,428,239.
      Furthermore, the use of sealing compounds in the rolled seam connection
      between the body wall and end closure members of a container is presented
      by the patents to Bierman et al. U.S. Pat. No. 2,986,319, Smith U.S. Pat.
      No. 3,221,922, Kane U.S. Pat. No. 3,353,705 and Price U.S. Pat. No.
      3,403,813, among others. In the Austrian Pat. No. 193,786, it was proposed
      to cause the metal inner liner layer of a composite container to project
      axially beyond the fibrous layer, whereby when the metal end is connected
      with the composite body wall by a rolled seam, a metal-to-metal surface
      engagement is effected between the projecting metal liner layer and the
      curl or hook portion of the metal end.
PAR  Owing to the desirability of packaging in composite containers under vacuum
      or pressure conditions certain hard-to-hold products -- such as aerosols,
      coffee, beer, tennis balls and the like -- efforts have been made to
      develop an improved hermetically-sealed rolled seam connection between the
      metal end and body wall members of a composite container, which seam
      construction combines the advantages afforded both by the layer of sealing
      compound and also the metal-to-metal seal between the projecting metal
      liner portion and the metal end curl.
PAR  Accordingly, a primary object of the present invention is to provide an
      improved rolled end seam connection between the body wall and metal end
      members of a composite container, characterized in that the body wall
      member is provided with a tubular metal inner liner layer that is bonded
      to the inner surface of the fibrous body wall layer and projects axially
      at at least one end a given distance therefrom, said body wall end being
      deformed outwardly to define a funnel-shaped flange about which the
      projecting metal liner layer is deformed and compressed. Consequently, the
      fully metal-lined funnel-shaped flange portion assists in the filling of
      the container and the metal liner protects the fibrous layer from the
      moisture in the packaged goods. Owing to the compression of the metal
      liner layers inwardly upon the flange, the flange is given a particular
      rigidity to assure proper integrity of the resultant rolled seam. The
      length of the projecting metal liner layer is such that after the
      projecting liner has been deformed around the flange portion and the
      flange portion is connected by the rolled seam with the metal end, the
      metal liner is in surface-to-surface contact with at least that surface of
      the metal end curl portion that faces the seaming panel portion. According
      to a second embodiment, the length of the projecting liner portion is such
      that the projecting liner portion is wrapped around the metal end curl
      portion and is in compressed metal-to-metal engagement not only with the
      surface of the curl portion that faces the seaming panel portion, but also
      the curl surface that faces the chuck wall portion.
PAR  A further object of the present invention is to provide an end seam
      construction of the type described above, wherein a layer of sealing
      compound is provided solely between the rolled flange portion and the
      chuck wall and seaming panel portions of the metal end without
      interference with the desired metal-to-metal contact between the
      projecting metal liner and the curl portion of the metal end. To this end,
      prior to assembly of the metal end and body wall components, an annular
      layer of sealing compound in the fluid condition is applied upon the
      juncture between the chuck wall and seaming panel portions of the metal
      end. In order to obtain a desired cross-sectional configuration of this
      annular layer, the sealing compound is applied with controlled conditions
      of viscosity and rotation of the metal end about its center axis, whereby
      the sealing compound extends upwardly on the chuck wall to a point
      approximately opposite the extremity of the metal curl, and the radial
      extremity of the outer periphery of the sealing compound layer terminates
      beneath the edge of the curl overhang.
PAR  According to a further object of the invention, the method for forming the
      end seam construction includes the step of forming at at least one end of
      the body wall member an outwardly divergent funnel-shaped flange portion
      the inner and outer surfaces of which are lined with metal, said flange
      portion being subsequently connected with the metal end to form the rolled
      seam connection. In one embodiment, the fibrous body wall layer is
      completely severed a given length from one end of the body wall member,
      the end is heated to melt the thermoplastic bond between the metal liner
      layer and the fibrous layer, whereupon the severed fibrous end section is
      removed and the liner portion projects axially from the remaining fibrous
      layer. The flange is formed in the end portion of the remaining fibrous
      layer, whereupon the projecting metal liner layer is deformed reversely
      about and is compressed into engagement with the outer surface of the
      fibrous flange portion, thereby completely lining the same. In a second
      embodiment, only the outer peripheral portion of the end portion of the
      fibrous layer is removed (either by skiving or by severing an outer ply of
      the fibrous layer, heating the end to melt the thermoplastic seal between
      the plies, and axially removing the severed ply portion) whereby the metal
      inner liner layer and the remaining inner peripheral portion of the
      fibrous layer project axially from the remaining outer peripheral portion
      of the fibrous layer. These projecting liner and fibrous layer portions
      are reversely folded outwardly and backwardly upon themselves about their
      midpoint, whereupon the metal-lined fibrous end is flanged to the
      funnel-shaped configuration. Owing to the metal lining of the inner and
      outer surfaces of the flange, the fibrous layer of the flange is protected
      from moisture during the filling of the container, and a metal surface is
      provided for tight compression engagement with the corresponding curl
      surface of the metal end, thereby affording a seal of high integrity.
DRWD
PAR  Other objects and advantages of the invention will become apparent from a
      study of the following specification when viewed in the light of the
      accompanying drawing, in which:
PAR  FIG. 1 is a detailed view illustrating the cutting and scoring steps of the
      body wall member;
PAR  FIG. 2 is a detailed view of the body wall member with the severed fibrous
      layer portion removed;
PAR  FIGS. 3-5 illustrate the steps of flanging the body wall member and
      reversely deforming the projecting metal liner layer about the outer
      surface of the flange portion;
PAR  FIG. 6 illustrates the step of compressing together the flange portion and
      the reversely deformed liner layer;
PAR  FIG. 7 illustrates the preliminary step of applying the sealing compound to
      the inverted metal end;
PAR  FIG. 8 illustrates the rolled seam connection produced by the method of the
      present invention;
PAR  FIG. 9 illustrates a second embodiment of the rolled seam connection of the
      present invention;
PAR  FIGS. 10- 14 illustrate an alternate method for forming the metal-lined
      flange;
PAR  FIGS. 15 and 16 illustrate two embodiments of rolled seam connections
      formed by the method of FIGS. 10- 14; and
PAR  FIG. 17 illustrates an alternate method for forming the partially-stripped
      body wall member of FIG. 11.
DETD
PAR  Referring first more particularly to FIGS. 1 and 2, the tubular composite
      container body wall member 2 includes a helically-wound inner liner layer
      4 formed of metal (such as aluminum foil, a steel layer, or the like),
      said inner liner layer being bonded by a thermoplastic adhesive (such as a
      layer of polyethylene) to the inner surface of the fibrous body wall layer
      which includes helically-wound fibrous plies 6 and 8 (formed of
      paperboard, for example) and an outer label layer 10 (formed of paper,
      foil or the like). At a given distance l (on the order of 1/32 to 1/8
      inch) from at least one end of the body wall member, the fibrous plies 6
      and 8 are severed by the knife means 12 which define a continuous
      circumferential cut. Furthermore, at a second distance m from this cut,
      the outer surface of the fibrous body wall layer is scored by the scoring
      tool 14 to define a continuous circumferential scoreline 16. Preferably
      the cutting and scoring steps are accomplished with relative rotational
      movement between the body wall member and the cutting and scoring tools.
      The end portion of the body wall member is then heated to the melting
      point of the adhesive, whereupon the severed fibrous plies are axially
      removed, thereby leaving the axially projecting portion 4a of the inner
      liner layer.
PAR  Referring now to FIGS. 3- 5, the body wall member is axially displaced
      relative to a flanging die 20, whereupon the end of the body wall member
      is progressively deformed to define the radially outwardly divergent
      funnel-shaped flange portion 2a. As shown in FIG. 5, the axially
      projecting liner portion 4a eventually engages the stop ring 22, whereupon
      the projecting liner portion is reversely deformed about the outer surface
      of the flange portion 2a. As shown in FIGS. 3- 5, the scoreline 16 defines
      the locus of initiation of the flange portion 2a of the body wall member
      2.
PAR  Referring now to FIG. 6, the metal-lined flange portion 2a is then
      compressed by the cooperation between flanging die 20, stop ring 22 and
      compressing tool 24, thereby providing a firm smooth flange portion on the
      body wall. Owing to the sliding displacement between the adjacent ends of
      the fibrous layers 8 and 10 during the flanging operation (as shown in
      FIGS. 4 and 5), the flange portion 2a is somewhat tapered to facilitate
      the compression step of FIG. 6.
PAR  Referring now to FIG. 7, a predetermined quantity 26 of a suitable sealing
      compound (such as Dewey & Almy sealing compound No. 9222, a solvent-base
      rubber compound) is applied as an annular layer to the upper surface of
      the inverted metal end member 28. More particularly, the metal end member
      includes a central panel portion 28a, and annular chuck wall portion 28b
      connected at one end with the central panel portion, an annular seaming
      wall portion 28c connected at its inner periphery with the other end of
      the chuck wall portion, and a curl portion 28d connected with the outer
      periphery of the seaming panel portion and arranged concentrically about
      the chuck wall portion. The sealing compound quantity 26 is deposited as
      an annular layer on the surface of the junction between the chuck wall and
      seaming panel portions. The configuration of the annular layer of sealing
      compound is controlled by the viscosity of the sealing compound together
      with the rate of rotation of the metal end about its axis. Preferably the
      spin rate (normally about 850rpm) and the viscosity factors are so
      controlled that the inner periphery of the sealing compound layer extends
      upwardly along the chuck wall to a height between the curl height a in
      FIG. 7 and the height a minus 1/32 inch. The annular layer of sealing
      compound extends radially outwardly on the seaming panel to the edge of
      the curl portion 28d as shown by the line b in FIG. 7. Thus, the annular
      layer of sealing compound terminates short of the curl portion 28d of the
      metal end.
PAR  Referring now to FIG. 8, the metal end member 28 is then inverted, and
      assuming that the body wall member has been closed at its lower end and
      filled with the selected material, the metal end is mounted on the flanged
      portion of the body wall member to close the filled container. The metal
      end and body wall members are then joined by a conventional roll seaming
      step. In accordance with a characterizing feature of the invention, the
      projecting metal liner portion 4a and the curl portion 28d are compressed
      into tight metal-to-metal surface engagement, the sealing compound being
      contained in compressed relation solely between the flange portion 2a and
      chuck wall and seaming panel portions of the metal end.
PAR  Owing to the metal lining on both the inner and outer surfaces of the
      compressed flange 2a, the ends of the fibrous layers 4 and 6 are protected
      against wetting during filling of the composite container with a liquid
      material, whereby subsequent softening of the fibrous layers of the flange
      portion due to moisture is eliminated.
PAR  Referring now to the modification of FIG. 9, the length of the axially
      projecting metal liner is increased to define a further projecting portion
      104b that extends around the curl portion 128d and is compressed into
      tight metal-to-metal contact with the surface of the curl portion that
      faces the chuck wall portion 128b. Consequently, owing to the covering of
      both sides of the extremity of the curl portion 128d by the liner
      projecting portions 104a and 104b, the fibrous and label layers 106, 108
      and 110 are protected against cutting by the sharp edges of the curl
      portion, thereby alleviating the problem of the ends blowing off as a
      result of sustained internal pressure developed by the contents of the
      container.
PAR  In both the embodiments of FIGS. 8 and 9, the quantity of sealing compound
      placed on the seaming panel portion of the metal end extends from a point
      high on the chuck wall (even with the top of the curl) out to a point that
      will allow the compound to seal along the entire length of the flange
      portion without extending to the curl portion of the end, thereby
      affording maximum sealing effect without interferring with the
      metal-to-metal engagement between the projecting metal liner and curl
      surfaces.
PAR  The improved rolled seam connection between the composite body wall and the
      metal end is particularly suitable for the packaging of products under
      high pressure or high vacuum conditions.
PAR  Referring now to the embodiment of FIGS. 10- 14, a circumferential cut is
      formed in the outer circumference of the fibrous body wall through only
      the label layer 210 and the outer ply 208. In the event that the two plies
      are bonded together by a thermoplastic adhesive, the end is heated to
      break the bond, whereupon the severed portion of the outer ply is axially
      removed, wherreupon both the inner liner portion 204a and the inner ply
      portion 206a project axially beyond the outer ply 206 as shown in FIG. 11.
      The projecting portion is then reversely folded backwardly upon itself
      about its midpoint as shown in FIG. 12, and compressed to a flat condition
      as shown in FIG. 13. The end is then flanged outwardly to define the
      metal-lined funnel-shaped flange of FIG. 14, whereupon the flange is
      connected with the end to define the rolled seam of FIG. 15, the
      projecting metal liner layer being in surface-to-surface contact with the
      surface of curl portion 228d that faces the seaming panel portion 228c.
PAR  Of course, the length by which the metal liner and inner ply layers project
      may be increased by increasing the cut distance l, whereupon the
      projecting metal liner is provided with a further extension 304b which
      completely wraps around the metal curl portion 328d in compressed
      metal-to-metal engagement with both sides thereof, as shown in FIG. 16.
PAR  Referring now to FIG. 17, an alternate method is disclosed for reducing the
      outer peripheral surface of the metal end to define the axially-projecting
      metal liner and inner peripheral portions 404a and 406a, respectively. In
      this embodiment, the outer peripheral surface of the fibrous layer is
      skived (i.e., ground off with a rotary tool) by the length l. The
      projecting portion is then folded back upon itself, flanged, and rolled
      into a seam in the manner illustrated in FIGS. 12- 15.
PAR  While in accordance with the Patent Statutes, the preferred form and
      embodiments of the invention have been illustrated and described, it will
      be apparent that various changes may be made without deviating from the
      disclosed invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An end seam connection for connecting the metal end and laminated body
      wall members of a cylindrical composite container, said metal end member
      including a central end wall portion, a tubular chuck wall portion
      connected at one end with and extending axially from the outer periphery
      of said end wall portion, an annular seaming panel portion connected at
      its inner periphery with the other end of said chuck wall portion, and a
      generally tubular inwardly-facing curl portion connected at one end with
      the outer periphery of said seaming panel portion and arranged in
      concentrically spaced relation about said chuck wall portion, said body
      wall member including a tubular layer formed of fibrous material, and a
      tubular metal inner liner layer bonded to the inner wall surface of said
      fibrous layer and projecting axially at at least one end a given distance
      beyond the outer periphery of said fibrous layer, said body wall member at
      said one end being deformed radially outwardly to define a funnel-shaped
      flange portion about the outer surface of which the projecting metal liner
      layer is deformed, said metal end member being seated in closed relation
      on said flange portion of said body wall member with the central end wall
      portion being contained within the body wall member, said seaming panel
      and curl portions being connected with said flange portion by a rolled,
      radially-inwardly compressed seam, the reversely deformed projecting liner
      portion being in metal-to-metal engagement with the surface of said curl
      portion that faces said seaming panel portion, and a layer of sealing
      compound compressed solely between said metal-lined flange portion and the
      chuck wall and seaming panel portions of said metal end member.
NUM  2.
PAR  2. An end seam connection as recited in claim 1, wherein the length of said
      projecting metal liner portion is such that when said seaming panel and
      curl portions are connected with said flange portion by the rolled
      radially-inwardly compressed seam, the projecting metal liner portion
      extends also around said curl portion in metal-to-metal contact with that
      surface thereof that faces said chuck wall portion.
NUM  3.
PAR  3. An end seam connection for connecting the metal end and laminated body
      wall members of a cylindrical composite container, said metal end member
      including a central end wall portion, a tubular chuck wall portion
      connected at one end with and extending axially from the outer periphery
      of said end wall portion, an annular seaming panel portion connected at
      its inner periphery with the other end of said chuck wall portion, and a
      generally tubular inwardly-facing curl portion connected at one end with
      the outer periphery of said seaming panel portion and arranged in
      concentrically spaced relation about said chuck wall portion, said body
      wall member including a tubular layer formed of fibrous material, and a
      tubular metal inner liner layer bonded to the inner wall surface of said
      fibrous layer and projecting axially at at least one end a given distance
      beyond said fibrous layer, said body wall member at said one end being
      deformed radially outwardly to define a funnel-shaped flange portion about
      the outer surface of which the projecting metal liner layer is deformed
      and compressed, said metal end member being seated in closed relation on
      said flange portion of said body wall member with the central end wall
      portion being contained within the body wall member, said seaming panel
      and curl portions being connected with said flange portion by a rolled,
      radially-inwardly compressed seam, the length of said projecting liner
      portion being such that the projecting metal liner portion extends around
      said curl portion in compressed metal-to-metal surface engagement with
      both those curl surfaces that face said chuck wall and said seaming panel
      portions, respectively.
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PAL  A container having continuous pieces with a gap in the middle therebetween
      provided in a lower end section of an outer shell. The container is so
      constructed that by pushing up an inner tray from the gap, the upper
      portion thereof can be opened rearwardly, and a device to prevent the
      inner tray from slipping downwardly.
BSUM
PAC  OBJECTS OF THE INVENTION
PAR  An important object of this invention is to provide a container which is
      provided with continuous pieces in a lower end section so that even the
      inner tray which holds heavy objects will not slip downward.
PAR  Another object of this invention is to provide a container which is
      provided in the middle of the lower end portion with a gap, through which
      a push by the tip of a finger will raise the inner tray to a position
      where its upper portion can be opened rearwardly.
PAR  A still other object of this invention is to make it easier to place the
      inner tray into the outer shell in the manufacturing process by placing an
      inner tray forming blank with the contents therein between the folds of
      the outer shell forming blank and by completing the assembly of the outer
      shell.
PAR  A further object of this invention is to provide the effect of a perfect
      sealing without requiring any sealing device by closing the gap with a
      scored piece, which is continuous with continuous pieces, and by pasting
      the scored piece to the lower end wall of inner tray.
PAR  A still further object of this invention is to provide a rearwardly
      openable container with the most pleasing appearance and operation.
PAR  With these and other objects in view, the invention consists of certain
      novel features of construction as will be more fully described in the
      claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings.
PAR  FIG. 1 is a perspective view of the assembled carton in the open position.
PAR  FIG. 2 illustrates a properly cut and scored blank from which an outer
      shell embodying this invention may be formed.
PAR  FIG. 3 illustrates a properly cut and scored blank from which an inner tray
      embodying this invention may be formed.
PAR  FIG. 4 is a perspective view of the outer shell with a sealing effect seen
      from the bottom direction.
PAR  FIG. 5 is a perspective view of the outer shell without a sealing effect.
PAR  FIG. 6 is a perspective view of the inner tray as seen from the direction
      of its back wall.
PAR  FIG. 7 is a longitudinal sectional view of the assembled carton in the
      closed position.
PAR  FIG. 8 is a longitudinal sectional view of the assembled carton in the open
      position.
DETD
PAC  DETAILED DESCRIPTION
PAR  This invention relates to a rearwardly openable container with a device to
      prevent its inner tray from slipping downwardly and a method of making the
      same characterized in that a top wall and a bottom wall of the inner tray
      are continuous at their respective lower end sections by means of
      continuous pieces, that the inner tray which is openable backwardly is
      placed between the folds formed by the top and bottom walls, that a side
      wall integrally mounted on the top wall and a side wall integrally mounted
      on the bottom wall are pasted together, and that a set comprising an
      engaging device is provided on the outer side of the bottom wall of the
      inner tray and on the inner side of the bottom wall of the outer shell for
      engaging the outer and inner sides.
PAR  There have hitherto been a number of containers in which the upper portion
      of its inner tray can be opened backwardly. In opening, however, it is
      necessary to bend it with the tip of a finger, or an engaging device for
      opening the upper portion appears outside to and injures its appearance.
      In addition to these defects, any conventional container has a defect in
      that its inner tray will slip in the downward direction out of its
      rectilinear outer shell when heavy objects such as chocolates are
      contained therein. Besides, it is particularly difficult when an automatic
      mechanical machine is used, to manufacture a rectilinear outer shell
      first, and then to fit an inner tray tightly, but yet slidably in the
      rectilinear outer shell. Moreover, for this kind of container there has
      been no packing which can also serve as a sealing. Thus, it has been
      necessary to install a separate sealing device.
PAR  The container of this invention removes all defects of conventional
      containers. The container of this invention prevents its inner tray from
      slipping downwardly. Its engaging device which does not appear outside is
      capable of opening the upper portion of its inner tray. Its packing has
      also the effects of sealing without any additional separate sealing
      device. Its inner tray is not fitted in its outer shell after the
      formation of the latter, but the inner tray is placed in the outer shell
      forming blank while the latter is in the process of being made into the
      outer shell. Thus, the assembling process of the inner tray and the outer
      shell is quite easy. It may be said, therefore, that the effect of this
      invention is quite remarkable.
PAR  Referring to the drawing, a top wall 1, of the outer shell is integrally
      connected with side walls 4 and 5 on its two sides through fold lines 2
      and 3 respectively. A bottom wall 6 is integrally connected with side
      walls 9 and 10 through fold lines 7 and 8 respectively. An extension 11 is
      integrally provided at the upper portion of the bottom wall 6 through a
      fold line 16. The extension 11 is folded down inwardly being resilient at
      its fold. The width of the extension 11 may be equal to the entire width
      of the back wall 6, or to only a central portion of the width thereof.
      Continuous pieces 13 and 14 connect the lower portion of the top wall 1
      and that of the bottom wall 6 respectively. Between the continuous pieces
      13 and 14 there is a gap for pushing up the inner tray. The length of the
      continuous piece is equal to the thickness of the outer tray.
PAR  In assembling the outer tray forming blank, the side walls 4 and 9, and the
      side walls 5 and 10 are adhered together.
PAR  A rearwardly openable inner tray is generally indicated by the numeral 15.
      A flap 17 is provided alongside the bottom wall of the inner tray 15 from
      the upper portion 19 thereof. On the outer surface of the flap 17 there is
      a cut portion which is bent back upwardly at a fold line 58 to form a hook
      18. The extension 11 of the outer shell and the hook 18 are so arranged as
      to be engageable. When the inner tray is moved up within the outer shell,
      the flap 17 is pulled downward so as to open the upper portion of the
      inner tray backwardly.
PAR  Besides, it is possible to close the gap between continuous pieces 13 and
      14 temporarily by making them continuous and to make scored lines 20 to
      form a scored piece 21 separable from the continuous pieces 13 and 14
      along the scored lines 20, and to stick the inner surface of the piece 21
      to the outer surface of a lower end wall 24 of the inner tray 15 with
      paste. Unless the piece 21 is separated from the continuous pieces 13 and
      14 around the scored lines 20, the inner tray will not move within the
      outer shell and so the upper portion of the inner tray will not open.
      Thus, this may also function as a sealing device.
PAR  A detailed description of the inner tray will now be made with reference to
      FIG. 3.
PAR  A bottom wall 22 is integrally connected at its lower end with a lower end
      wall 24 through a fold line 23. A top wall 26 is integrally provided at
      the front end of the lower end wall 24 through a fold line 25. Outer side
      walls 30 and 31 are integrally provided respectively on both sides of the
      top wall 26 through fold lines 27 and 28. A tongue 32 is defined from the
      wall 22 by means of a fold line 33 and cut 34. The tongue 32 points in the
      upward direction of the bottom wall. Inner side walls 37 and 38 are
      integrally provided respectively on back sides of the bottom wall 22
      through fold lines 35 and 36. Inner lower end pieces 41 and 42 are
      integrally provided respectively at the lower ends of the inner side walls
      37 and 38 through fold lines 39 and 40. The upper portion 19 of the inner
      tray is integrally provided at the upper end of the bottom wall 22 through
      a fold line 29. The upper portion is capable of bending backward. Upper
      side walls 45 and 46 are integrally provided on both sides of the upper
      portion 19 of the inner tray through fold lines 43 and 44. The upper side
      walls 45 and 46 are separated from the upper ends of the inner side walls
      37 and 38 by means of cuts 47 and 48. A lid wall 50 is integrally provided
      at the upper end of the upper portion 19 of the inner tray through a fold
      line 49. Inner lid pieces 53 and 54 are integrally provided at the upper
      end of the upper side walls 45 and 46 through fold lines 51 and 52. An
      upper lid wall 56 is integrally provided at the top end of the lid wall 50
      through a fold line 55. The upper lid wall 56 is so provided as to be
      superimposed upon the upper surface of the lid wall 50. The flap 17 is
      integrally provided at the lower end of the upper lid wall 17 through a
      fold line 57. At the lower end of the flap 17 there is provided a hook 18
      defined by the fold line 58 and a cut 61 from the flap 17. The said hook
      18 is bent outwardly and upwardly. A flexible fold line 59 is provided
      halfway on the flap 17. The numeral 60 indicates the lower end of the flap
      17.
PAR  In assembling the container of this invention, the lower end wall 24 is
      folded at the fold line 23 of the inner tray at right angles to the bottom
      wall 22. The inner side walls 37 and 38 are folded at the fold lines 35
      and 36 at right angles to the bottom wall 22. The inner lower end pieces
      41 and 42 are folded at the fold lines 39 and 40 so as to be in contact
      with the inner surface of the lower end wall 24. The top wall 26 is folded
      at the fold line 25 so as to be in parallel with the bottom wall 22. The
      upper side walls 30 and 31 are folded at the fold lines 27 and 28 so as to
      be in contact with the outer surface of the inner side walls 37 and 38.
PAR  Next, the upper side walls 45 and 46 are folded at the fold lines 43 and 44
      at right angles to the upper portion 19 of the inner tray. The lid wall 50
      is folded at the fold line 49 at right angles to the upper portion 19 of
      the inner tray. The inner lid pieces 53 and 54 are folded at the fold
      lines 51 and 52 to be placed on the upper surface of the lid plate 50.
      Next, the upper lid wall 56 is folded at the fold line 55 so as to cover
      the lid wall 50. Thus, the inner lid pieces 53 and 54 are placed between
      the lid wall 50 and the upper lid wall 56. The flap 17 is folded downward
      at the fold line 57. The lower end 60 of the flap 17 (FIG. 6) is placed
      between the bottom wall 22 and the tongue 32. Then, the hook 18 is folded
      backwardly and upwardly, and the inner tray is completely assembled.
PAR  Next, the extension 11 in the outer shell forming blank as shown in FIG. 2
      is folded back at the fold line 16 so as to be placed over the bottom wall
      6. The inner tray 15 with its contents therein is placed on the bottom
      wall 6. Then, the outer tray is folded in such a way that the inner
      surfaces of the continuous pieces 13 and 14 of the outer shell are in
      contact with the lower end wall 24, and the inner surface of the top wall
      1, of the outer shell is in contact with the top wall 26 of the inner
      tray. Next, the side walls 9 and 10 are folded at the fold lines 7 and 8
      so as to form right angles to the bottom wall 6. Similarly, the sidewalls
      4 and 5 are folded at the fold lines 2 and 3, and are placed in contact
      with the outer surface of the side walls 9 and 10, and are pasted
      together.
PAR  For the outer shell having the scored piece 21 between the continuous
      pieces 13 and 14, the piece 21 is pasted with the lower surface of the
      lower end wall 24 of the inner tray.
PAR  In this way, the inner tray is placed within the outer shell forming blank,
      and then the side walls are pasted together. Then, when the outer shell is
      completely assembled, the inner tray is already therein. Thus, the
      container of this invention is capable of dispensing with a difficult
      operation after a complete assembling of the inner tray and the outer
      shell. Thus, it becomes technically easier to manufacture the containers
      of this invention. Besides, this invention makes it possible to
      manufacture containers mechanically and very efficiently.
PAR  In assembling the container of the invention, the flap 17, FIG. 6 is so
      arranged as to be in contact with the outer surface of the bottom wall 22
      of the inner tray and to lie between the bottom wall 6 of the outer shell
      and the bottom wall 22 of the inner tray. Besides, the lower end 60 of the
      flap 17 is always placed between the tongue 32 and the bottom wall 22.
      Thus, this arrangement has the function of controlling the inner tray not
      to go up too far. Thus the assembling of the container is completed. By
      placing articles into the inner tray so as when it is placed in the outer
      shell, the container will already have its contents therein when both the
      inner tray and the outer shell are completely assembled. Thus, this method
      is very efficient.
PAR  In taking packed contents out of a container, where the container
      originally has a gap within scored line 20 in the lower end portion, one
      has only to push up the lower end wall 24 of the inner tray with a finger
      through the gap. Then, the inner tray will move up inside of the outer
      shell and a position will eventually be reached where the hook 18 of the
      inner tray engages with the extension 11 of the outer tray. Thus, if one
      continues to push up the inner tray, the flap 17 will be pulled downward
      by this engagement, and the lid portion is bent rearwardly at the fold
      line 29. Thus, the contents can be taken out of the rearwardly bent
      portion. If the inner tray is pushed up too far, the inner tray may be
      pushed out of the outer shell in the case of conventional container. With
      the container of this application, however, the lower end 60 of the flap
      17 engages with the tongue 32 to prevent the inner tray from being pushed
      up any farther. What is more, two continuous pieces 13 and 14 at the lower
      end portions of the outer shell support the inner tray sufficiently enough
      to prevent the inner tray from being slipped downward out of the outer
      shell.
PAR  Furthermore, in the case of a container in which a gap between the
      continuous pieces is closed by means of the scored piece 21 surrounded by
      the scored lines 20, and in which the piece 21 is pasted with the lower
      surface of the lower end wall 24, the seal cannot break unless the piece
      21 is separated at the scored lines 20. Thus, it can be opened only when
      piece 21 is separated at the scored lines 20, and the portion of the piece
      21 which has been adhered with the lower end wall 24 is pushed up. Thus,
      the presence of the piece 21 ensures the completion of a complete sealing.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A carton having an automatically opening cover, said carton comprising:
PA1  an outer shell having an unapertured shell bottom wall which extends the
      full length of said outer shell;
PA1  an extension attached to the upper portion of said shell bottom wall of
      said outer shell and bent downwardly along an inside surface thereof;
PA1  an inner tray slidably disposed inside said outer shell and having a tray
      bottom wall and a tray top wall disposed parallel to one another and
      connected by a tray lower end wall, and an upper portion hinged to said
      tray bottom wall defining a lid wall having a flap extending from a rear
      portion thereof downwardly between said tray bottom wall and said shell
      bottom wall, said flap having a free lower end;
PA1  said tray bottom wall of said inner tray having a first cutout defining an
      upwardly directed tongue pointing towards and overlapping said free lower
      end of said flap;
PA1  said flap having a second cutout and forming a hook, the latter being
      folded and pointing in an upward direction of said upper portion of said
      inner tray and engagingly overlapping said downwardly bent extension of
      said outer shell;
PA1  said outer shell having a shell top wall, said shell top wall and said
      shell bottom wall being disposed parallel to one another, said shell top
      wall and said shell bottom wall having lower portions thereof;
PA1  two continuous pieces connecting said lower portion of said shell top wall
      to said lower portion of said shell bottom wall, said two continuous
      pieces being formed with a gap in a middle of said two continuous pieces;
      and
PA1  said tray lower end wall being disposed adjacent said continuous pieces of
      said outer shell and adjacent said gap, whereby the inner tray may be
      pushed upwardly within said outer shell by pressing said tray lower end
      wall through said gap in said continuous pieces.
NUM  2.
PAR  2. The backwardly openable container as recited in claim 1 further
      comprising:
PA1  a scored piece operatively connected by score lines to said continuous
      pieces and removably closing said gap until separated from said continuous
      pieces by means of said score lines; and
PA1  said scored piece is pasted to said tray lower end wall, whereby when said
      scored piece is pushed upwardly by pressure relative to said continuous
      pieces of said outer shell, said scored piece will be separated at said
      score lines to permit said inner tray to be pushed upwardly by a person's
      finger.
NUM  3.
PAR  3. The backwardly openable container as recited in claim 2 wherein said
      extension is substantially longer than the width of said hook.
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ABST
PAL  A loin box is provided which can be set up without the use of tools. The
      rear wall is provided with end walls and bottom reinforcing panels, as
      well as an end wall reinforcing panel. The front wall is provided with end
      walls which are sandwiched between the outer end wall and the end wall
      reinforcing panel. The top panel is provided with a front flange having
      extensions which fold outwardly of the end walls. The box is held closed
      by locking flaps on the ends of the top panel which extend through hand
      holes in the end walls.
BSUM
PAR  This invention relates to an improvement in loin box with locking cover,
      and deals particularly with a container designed to contain loins or other
      such products.
PAC  BACKGROUND OF THE INVENTION
PAR  Numerous containers have been produced of corrugated or fiber to take the
      place of wood wire-bound boxes previously used. Some of these containers
      have open tops while others have covers of one type or another. The
      present invention resides in the provision of a covered container with a
      novel means of holding the container locked in set-up form.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relies on the provision of a container formed of
      corrugated paperboard or the like which is suitably coated to prevent
      moisture from penetrating into the paperboard. In its preferred form, the
      container includes a bottom wall, front and rear walls, and a top panel
      hinged to the upper edge of the rear wall. A front flange is hinged to the
      forward edge of the top panel which is designed to fold down forwardly of
      the upper portion of the front wall. End wall flanges are hingedly
      connected to the ends of the front wall and these end wall flanges are
      designed to extend outwardly of the upper portions of the end walls above
      the hand holes formed in the end walls. A locking means is connected to
      each end of the top panel, and each locking means is designed to lie
      outwardly of the end wall flange and to lock into the corresponding hand
      hole. By locking the top panel closed, the entire container is held in its
      assembled form.
PAR  In the specific arrangement shown in the drawings, the rear wall is
      hingedly connected along its ends to outer end wall panels. These end wall
      panels are hingedly connected along their lower edges to bottom
      reinforcing panels which overlie the bottom panel. The outer end walls are
      connected at their upper edges to top flanges which extend outwardly
      parallel to the bottom panel. End wall reinforcing panels are hinged to
      the inner edges of the top flanges, and extend downwardly and outwardly to
      lock with the bottom wall reinforcing panels. Thus the end wall structures
      are generally triangular in section, providing high stacking strengths so
      that the boxes may be stacked one upon the other.
PAR  A further feature of the present invention lies in the particular manner in
      which the locking flaps on the top panel operate. The intermediate end
      walls which are hinged to the ends of the front panel are provided with
      flaps hingedly connected to the remainder of the panels along their lower
      edges. These flaps are folded inwardly by the insertion of the locking
      flap, and the ends of the locking flap are arranged to engage against the
      portion of the intermediate end walls to form an effective lock which
      cannot readily be unlocked once the locking flaps are in place.
PAR  These and other objects and novel features in the present invention will be
      more clearly and fully set forth in the following specification and claims
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the container in closed position.
PAR  FIG. 2 is a vertical sectional view longitudinally of the container, the
      position of the section being indicated by the line 2--2 of FIG. 1.
PAR  FIG. 3 is a vertical sectional view taken transversely through the
      container, the position of the section being indicated by the line 3--3 of
      FIG. 1.
PAR  FIG. 4 is a perspective view of the container before the top or cover panel
      has been closed.
PAR  FIG. 5 is a perspective view of the container in partially closed position
      showing the arrangement of the parts therein.
PAR  FIG. 6 is a diagrammatic view of the blank from which the container is
      formed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The container A, as shown in blank form in FIG. 6 of the drawings, includes
      a front panel 10, a bottom panel 11, a rear wall panel 12, a top or cover
      panel 13 and a front flange 14 connected in series along parallel fold
      lines 15, 16, 17 and 19. Intermediate end walls 20 are connected to the
      ends of the front wall 10 along parallel fold lines 21 which are in right
      angular relation to the previous fold lines described. Outer end walls 22
      are provided which are hingedly connected to the rear wall panel 12 along
      fold lines 23 which are substantially aligned with the fold lines 21.
      Bottom wall reinforcing panels 24 are connected to the lower edges of the
      end walls 22 along fold lines 25.
PAR  Top flanges 26 are foldably connected to the upper edges of the outer end
      walls 22 along fold lines 27. End wall reinforcing panels 29 are hingedly
      connected to the inner edges of the top flanges or top panels 26 along
      fold lines 30. Locking tongues 31 project from the lower edges of the end
      wall reinforcing panels 29 and are designed to extend into locking slots
      32 in the bottom panel reinforcing panel 24 adjoining the fold lines 25
      connecting these bottom reinforcing panels to the outer end walls. Locking
      flap structures indicated in general by the numeral 33 are hingedly
      connected to the ends of the top or cover panel 13 along fold lines 34.
      These locking flap structures 33 extend into the end wall reinforcing
      panels 29, restricting the width of these panels 29. The locking flap
      structures include tapered trapezoidal portions 35, the longer parallel
      edges of which are hinged to the top panel, intermediate portions hingedly
      connected to the shorter sides of the trapezoidal portions 35 along fold
      lines 37, and end locking portions 39 connected to the rectangular
      intermediate portions 36 along fold lines 40. As will be noted, the ends
      of the locking portions 39 extend somewhat beyond the ends of the
      intermediate portions 36.
PAR  The outer end walls 22 are provided with hand holes 41 which are shaped
      very similarly to the combined outline of the intermediate portions 36 and
      locking portions 39 of the locking flap structures 33. The upper edges 42
      of the hand holes 41 are spaced from the fold lines 27 a distance
      substantially equal to the length of the trapezoidal portions 35 of the
      locking flap structures 33. In other words, the portion of the hand holes
      joining the upper edges 42 are of a width substantially equal to the
      length of the intermediate portions 36 of the flap structures 33, and the
      lower portions of the hand holes are somewhat wider as indicated at 43. As
      a result, when the locking flap structures 33 are folded downwardly
      outwardly of the end walls 22, the lower portions of the flap structures
      33 may be folded inwardly to extend through the hand holes 41. As is also
      indicated, end wall flanges are hingedly connected to the ends of the
      front flange 14 along parallel fold lines 45 which are substantially
      aligned with the fold lines 34. The flanges 44 are designed to fold
      outwardly of the end walls 22 when the container is closed, as will be
      later described.
PAR  Flaps 46 are cut from the intermediate end walls 20 and are hingedly
      connected thereto along fold lines 47. The cut lines 49 forming the
      parallel edges of the flaps 46 are spaced apart a distance substantially
      equal to the length of the locking portion 39 of the flap structures 33 so
      that the locking ends 39 of the flap structures may extend between the cut
      lines 49 in the closing of the container. Each flap 46 is provided at its
      end with a projecting portion 50 which is of a width substantially equal
      to the length of the intermediate portions 36 of the flap structures 33.
PAR  The formation of the container is started as indicated in FIG. 5 of the
      drawings. The rear wall 12 is folded upwardly into vertical position from
      the rear edge of the bottom panel 11. The end walls 22 are folded into
      right angular relation to the rear wall 12 to extend forwardly therefrom.
      During this operation, the bottom reinforcing panels 29 are folded to
      overlie the ends of the bottom panel 11 as indicated in FIG. 5. The
      intermediate end walls 20 are folded upwardly from the ends of the front
      panel 10, and the front panel 10 is then swung upwardly, the panels 20
      lying inwardly of the outer end wall panels 22. The assembly is completed
      by folding the top flanges or panels 26 being folded downwardly into
      coplanar relation along the fold lines 27, and the end wall reinforcing
      panels 29 being folded downwardly and outwardly, along the fold lines 30,
      until the tongues 31 engage in the slots 32. The top flanges or panels 26
      act as a reinforcement for the top panel 13 when the cover is closed, the
      outer end walls 22, the top flanges 26, and the end wall reinforcing
      panels 29 forming a generally triangular strut at each end of the
      container. This is best indicated in FIG. 2 of the drawings.
PAR  After the container A has been filled, the container is closed by folding
      the top or cover panel 13 downwardly to rest against the top flanges 26.
      The front flange 14 is folded downwardly to lie outwardly of the front
      wall 10, and the end flanges 44 are folded to lie outwardly of the upper
      portion of the outer end walls 22. As indicated, the lower edges of the
      flanges 44 may be notched as indicated at 51, the notches registering with
      the upper portion of the hand holes 41. The locking flap structures are
      then folded down outwardly of the flanges 44, the trapezoidal portions 35
      extending outwardly of the end flanges 44. The portions 36 and 39 are then
      folded inwardly through the hand holes 41 and against the flaps 46 in the
      intermediate end walls 20. As indicated in FIG. 2 of the drawings, the
      flaps 46 hold the locking portions 39 upwardly, the locking portions 39
      engaging the inner surfaces of the intermediate panels 20 to hold the
      cover securely locked. In other words, in order to disengage the locking
      portions 39 so that the cover may be opened, it is necessary to fold the
      flaps 46 inwardly sufficiently so that the portions 36 and 39 of the flap
      structures 33 may pass through the wider portions 43 of the hand holes 41.
PAR  With this arrangement, an effective loin box is produced which may be
      effectively closed, and which may be readily carried. The box has higher
      stacking strength than most such boxes due to the triangular struts at
      each end of the box.
PAR  In accordance with the Patent Statutes, I have described the principles of
      construction and operation of my improvement in LOIN BOX WITH LOCKING
      COVER; and while I have endeavored to set forth the best embodiment
      thereof, I desire to have it understood that obvious changes may be made
      within the scope of the following claims without departing from the spirit
      of my invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A loin box comprising:
PA1  a bottom panel,
PA1  a rear wall having end walls hingedly connected to each end and extending
      at right angles thereto,
PA1  bottom reinforcing panels foldably connected to the lower ends of said end
      walls and overlying said bottom panel,
PA1  end wall reinforcing panels secured to the upper edges of said end walls,
      each of said end wall reinforcing panels having die-cut therein an area
      adjacent said rear wall including a vertically oriented elongated opening
      spaced a predetermined distance from said rear wall,
PA1  a front wall having intermediate end wall panels connected to the ends
      thereof folded between said end walls and said end wall reinforcing
      panels,
PA1  said end walls having hand holes therein spaced from the upper ends
      thereof,
PA1  a top panel hingedly connected to the upper edge of said rear wall,
PA1  a front flange connected to the forward edge of said top panel and
      overlying the upper portion of said front wall,
PA1  end flanges connected to the ends of said front flange and lying outwardly
      of the upper portions of said end walls above said hand holes, and
PA1  locking flaps on the ends of said top panel formed in shape substantially
      equal to said die-cut area in said end wall reinforcing panels and
      engageable in said hand holes to lock the top panel closed.
NUM  2.
PAR  2. The structure of claim 1 and including flaps in said intermediate end
      walls inwardly of said hand holes.
NUM  3.
PAR  3. The structure of claim 2 and in which said flaps in said intermediate
      end walls are hingedly connected at their lower edges, and fold inwardly
      when said locking flaps are inserted in said hand holes to urge said
      locking flaps upwardly.
NUM  4.
PAR  4. The structure of claim 1 and including top flanges between said end
      walls and said end wall reinforcing panels and connecting the upper edges
      thereof.
NUM  5.
PAR  5. The structure of claim 1 and including locking slots in said bottom
      reinforcing panels adjacent said end walls, and locking tongues on said
      end wall reinforcing panels engageable in said locking slots.
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ABST
PAL  A structure for producing a generally rectangular open-topped carton
      comprises a pair of opposite side panels having respective parallel bottom
      edges, a pair of opposite end panels having respective parallel bottom
      edges, the side and end panels forming a continuous wall, a base panel
      extending between and connected to the bottom edges of the side panels,
      each end panel being formed with an outwardly expressed medial fold line
      and the bottom panel being formed with an upwardly expressed medial fold
      line, the base panel and the end panels being folded about their
      respective medial fold lines so that the side panels lie superimposed on
      one another with the folded base panel between them, each end panel being
      formed with a pair of flap members hingedly connected to its bottom edge
      on opposite sides of the medial fold line, the carton being capable of
      being erected by application of pressure to opposite ends of said
      structure whereby the end panels, base panel and flap members are unfolded
      about their respective fold lines, the flap members being adapted to lie
      upon the upper surface of the base panel.
BSUM
PAR  This invention relates to cartons of the type which may be erected from a
      collapsed condition to an erect condition in which they may be used.
PAR  Canadian Pat. No. 793,678, issued on Sept. 3, 1968 to Kenneth J. Pugsley,
      relates to a carton of this general type, the carton being designed
      primarily for use in connection with check-out counters in supermarkets
      and being capable of erection, at a packaging station, from a collapsed
      storage condition to a usable condition by the simple application of
      pressure to the ends of the carton. The present invention relates to an
      improved carton of this type and is concerned primarily with the provision
      of a one-piece blank structure from which such a carton may be produced
      economically.
DRWD
PAR  In order that the invention may be readily understood, one embodiment of
      the invention will now be described, by way of example, with reference to
      the accompanying drawings, in which:
PAR  FIG. 1 illustrates a one-piece blank from which a carton structure
      according to the invention may be produced; j
PAR  FIG. 2 illustrates the carton structure in the collapsed storage condition;
PAR  FIG. 3 is a sectional view in the longitudinal medial plane of the carton
      structure;
PAR  FIG. 4 is a perspective view of the carton in a stage between the collapsed
      condition and the erect condition.
PAR  FIG. 5 illustrates a modified blank according to the invention; and
PAR  FIG. 6 is a view similar to FIG. 4 but showing a carton constructed from
      the blank shown in FIG. 5.
DETD
PAR  Referring to FIG. 1, a one-piece blank from which a rectangular open-topped
      carton may be produced comprises a generally rectangular strip of sheet
      material 10 such as corrugated cardboard, the strip being formed with a
      pair of longitudinal fold lines 11, 12. Considering the face of the blank
      visible in FIG. 1 to be the top face, the fold lines are downwardly
      expressed. The fold lines 11, 12 define a rectangular plane A, which will
      be the base panel of the carton, and a pair of strip portions hingedly
      connected to the opposite longitudinal edges of the base panel. Each such
      strip portion is formed with downwardly expressed transverse fold lines
      13, 14 aligned with the ends of the panel A, and downwardly expressed
      longitudinal fold lines 15, 16 aligned with the longitudinal edges of the
      panel, thus defining a side panel B (or B') contiguous with the base
      panel, a pair of end panels C, D (or C', D') contiguous with the side
      panel, and a pair of flap members E, F (or E', F') contiguous with the end
      panels, the panels and flap members being hinged to one another about the
      respective fold lines. The end panels C' D' are provided with glue flaps
      G, H hingedly connected thereto by transverse fold lines 17, 18. The pairs
      of flap members E, E' and F, F' are connected together by brittle lines of
      weakness 19, 20 which readily break when the carton is finally erected so
      as to separate the flap members. It will be noted that the inner
      transverse edges of the flap members are cut on a slant so as to be
      slightly spaced from the ends of the panel A. The flap members E, F are
      somewhat shorter than the flap members E', F' so that their outer
      transverse edges will not interfere with one another when the carton is
      erected.
PAR  As shown in FIG. 1, the end panels C, D, are formed with cut outs 21, 22,
      and the end panels C', D' are formed with correspondingly positioned areas
      23, 24 which, when the carton is erected, can be pushed inwards to form
      handgrips, as indicated at 25 in FIG. 4.
PAR  The base panel A is formed with an upwardly expressed, medial fold line 26.
PAR  The blank 10 is formed into a flat structure of the form shown in FIGS. 2
      and 3 by folding the blank about its longitudinal fold lines so that the
      side panels B, B' lie superimposed on one another with the folded base
      panel A between them, and so that the pairs of end panels C, C' and D, D'
      lie superimposed with the pairs of connected flap members E, E' and F, F'
      between them. The glued flaps G, H are glued to the respective panels C, D
      thus forming at each end of the folded structure a composite end panel
      which is folded about a vertical medial fold line.
PAR  This structure is convenient to construct as it involves a minimum of
      glueing operations, and is economical since the blank from which it is
      formed can be die cut from a rectangular sheet with very little wastage of
      material. The resultant structure, illustrated in FIGS. 2 and 3 is easily
      stored in the flat condition and can be formed into a rectangular
      open-topped carton simply by applying pressure inwardly at its ends so
      that the composite end panels and the base panel unfold about their
      respective medial fold lines to a flat condition, the flap members
      connected to these end panels becoming separated from one another and
      folding down onto the upper, or inside, face of the base panel of the
      carton.
PAR  It will be appreciated that the end panel members may be secured together
      to form the composite end panels by means of staples or other fastenings,
      rather than by gluing, and in the case of a carton constructed from sheet
      plastic material may be secured together by welding.
PAR  The modified blank shown in FIG. 5 is very similar to that of FIG. 1 and
      the same reference numerals and letters are used to denote corresponding
      parts. Instead of being hingedly connected to flap members, however, the
      end panel members C, D, and C', D' are interconnected by flap panels J, K,
      each of which is formed with a partially scored longitudinal medial fold
      line 27, with a slot 28, and a pair of additional fold lines 29, 29' which
      extend diagonally across its respective halves. These fold lines are
      upwardly expressed so that when the carton is formed, each flap panel
      forms a folding flap which is folded about the scored line 27 in the
      collapsed condition of the carton, and is folded about the diagonal lines
      29, 29' in the erect condition of the carton. Each flap panel is also
      provided with a triangular gusset 30, 30' at the juncture of the flap
      panel with the base panel A, the gusset being defined by transverse fold
      lines 13, 14 and a pair of fold lines 31, 32 in a V formation adjacent the
      ends of the base panel.
CLMS
STM  What I claim as my invention is:
NUM  1.
PAR  1. A collapsible carton comprising a pair of opposite side panels having
      respective parallel bottom edges and a pair of opposite end panels having
      respective parallel bottom edges, the side and end panels forming a
      continuous wall, a base panel extending between and connected to the
      bottom edges of the side panels, each end panel being formed with an
      outwardly expressed medial fold line and defining a pair of end panel
      portions on opposite sides thereof, and the base panel being formed with
      an upwardly expressed medial fold line, the base panel and the end panels,
      in the collapsed condition of the carton, being folded about their
      respective medial fold lines so that the side panels lie superimposed with
      the folded base panel between them, each end panel being formed with a
      unitary folding flap hingedly connected to its bottom edge on opposite
      sides of the medial fold line and hingedly connected to the adjacent end
      of the base panel on opposite sides of its medial fold line, the carton
      being capable of being erected by application of pressure to its opposite
      ends whereby the end panels, base panel and flaps are unfolded about their
      respective fold lines.
NUM  2.
PAR  2. A blank for producing a carton having an erect condition and a collapsed
      condition, the blank comprising a generally rectangular strip formed with
      a pair of downwardly expressed parallel longitudinal fold lines and a pair
      of downwardly expressed parallel transverse fold lines, said fold lines
      intersecting one another to define a rectangular base panel, a pair of
      opposite side panels contiguous with the base panel, two pairs of end
      panel members continguous with the respective ends of said side panels,
      and a pair of opposite flap panels continguous with the end panel members
      and base panel, one end panel member of each pair having a hingedly
      connected glue strip or fastening strip for connection to the other end
      panel member of the pair, the base panel being formed with an upwardly
      expressed longitudinal medial fold line, and each flap panel being formed
      with an upwardly expressed longitudinal medial fold line defining a pair
      of half panels, hingedly interconnected therealong, and a pair of upwardly
      expressed fold lines extending diagonally across said half panels and
      intersecting the longitudinal medial fold line at the end of the strip.
NUM  3.
PAR  3. A collapsible carton as claimed in claim 1, wherein each unitary folding
      flap consists of an isosceles triangular flap portion and a pair of right
      triangular flap portions integrally connected thereto along respective
      folded edges, the isosceles triangular flap portion having a base which is
      common to the respective end of the base panel, and a pair of equal sides,
      each right triangular flap portion having a hypotenuse which is common to
      a respective one of said equal sides, a side which is common to the bottom
      edge of a respective one of said end panel portions, and a side defining a
      free edge which is coplanar with said medial fold lines of the base panel
      and the end panels, and the isosceles triangular flap portion having a
      medial fold line extending normally to its base.
NUM  4.
PAR  4. A collapsible carton as claimed in claim 3, wherein the isosceles
      triangular flap portion is formed with a slot extending along its medial
      fold line and terminating short of the ends thereof.
NUM  5.
PAR  5. A collapsible carton as claimed in claim 4, wherein each isosceles
      triangular flap portion is formed with a triangular gusset defined by the
      base thereof and a pair of additional fold lines intersecting at the
      medial fold line of said isosceles triangular flap portion.
NUM  6.
PAR  6. A blank as claimed in claim 2, wherein each of the flap panels is formed
      with a slot extending along its medial fold line and terminating short of
      the ends thereof.
NUM  7.
PAR  7. A blank as claimed in claim 6, wherein each of the flap panels is formed
      with a triangular gusset contiguous with a respective end of the base
      panel and bounded by a pair of downwardly expressed, converging fold lines
      intersecting at the medial fold line of the flap panel.
PATN
WKU  039333027
SRC  5
APN  5552087
APT  1
ART  241
APD  19750304
TTL  Cylindrical fiber container with display label
ISD  19760120
NCL  10
ECL  1
EXA  Bernstein; Bruce H.
EXP  Lowrance; George E.
NDR  1
NFG  5
INVT
NAM  Reid; Francis R.
CTY  Minneapolis
STA  MN
INVT
NAM  Leezer; James R.
CTY  Minneapolis
STA  MN
ASSG
NAM  The Pillsbury Company
CTY  Minneapolis
STA  MN
COD  02
RLAP
COD  71
APN  313731
APD  19721211
PSC  03
CLAS
OCL  229 51BP
XCL  220  45
XCL  426128
EDF  2
ICL  B65D 8134
ICL  B65D 8300
FSC  224
FSS  51 BP;3.5 R;4.5;93
FSC  426
FSS  128
UREF
PNO  2793126
ISD  19570500
NAM  Fienud et al.
OCL  229 51BP
UREF
PNO  2793127
ISD  19570500
NAM  Geist et al.
OCL  229 51BP
UREF
PNO  2891714
ISD  19590600
NAM  Vallas
OCL  229 51BP
UREF
PNO  2901162
ISD  19590800
NAM  Vallas
OCL  229 51BP
UREF
PNO  3030001
ISD  19620400
NAM  Stump
OCL  229 51BP
UREF
PNO  3174676
ISD  19650300
NAM  Stump et al.
OCL  229 51BP
UREF
PNO  3366493
ISD  19680100
NAM  Stump
OCL  229 51BP
LREP
FR2  Harmon; James V.
FR2  Ellwein; Michael D.
ABST
PAL  A fiber can is described which includes a body composed of a relatively
      thin liner and a much heavier sheet of body stock covered by a temporary
      reinforcing sheet or inner label which is enclosed within a display label
      that encircles the container to provide at least one spirally wound
      convolution so that the display label partially overlaps itself at least
      enough to cover the temporary reinforcing sheet and can be removed without
      disturbing the temporary reinforcing sheet. The container can be used for
      a variety of products such as fresh dough and other foods, juices,
      lubricating oils, etc. A circular cut or tear strip is provided to
      facilitate removal of the display label and in some cases the opening of
      the container.
PARN
PAR  This is a continuation of application Ser. No. 313,731, filed Dec. 11, 1972
      now abandoned.
BSUM
PAC  THE PRIOR ART
PAR  One major shortcoming of fiber cans now in use for shipping such products
      as orange juice, biscuits, lubricating oil and the like, is that a limited
      area of the label makes it impossible to provide a large visual display of
      the product and a description of how the product is to be used. The spiral
      wound labels now in use are composed of a single thickness of sheet
      material usually including an incidental overlap of material at the edges,
      e.g. 1/16 inch or 1/8 inch wide to prevent an unsightly gap at the edge of
      the label. For this reason, there is no opportunity to describe the
      product in detail or to provide attractive recipes together with pictures,
      in some cases to assist the user. Simply wrapping completed cans, for
      example by rolling them up in a large display sheet is expensive and
      requires additional manufacuring equipment. Another problem with present
      fiber cans of this kind is that the can is weakened when the label is
      removed.
PAC  THE OBJECTS
PAR  It is an object of the present invention to provide (a) a cylindrical fiber
      container having an inner body wall and an outer spirally wound display
      label of at least one convolution superimposed around the underlying
      material and provided with a removable, pealable portion detachable
      adhered to the inner body wall, (b) the provision of a method for forming
      a fiber can and simultaneously applying a display label having a surface
      area much larger than the external surface of the can itself, (c)
      provision for allowing the label to be reliably secured to the container
      but easily removed by the user without causing the can to be likely to pop
      open prematurely, (d) the provision of a container having a generally
      cylindrical body formed from an inner body wall having a separation line
      running the entire length of the container, a temporary reinforcement over
      the body wall to secure the body wall together at the separation line and
      an overlying label which is either about the same size or larger in size
      than the area of the external cylindrical wall of the container with a tab
      or other provision for removing the label without at the same time
      removing the temporary reinforcing means and a further provision for
      separately removing the reinforcing means when the container is to be
      opened, (e) provision for securely retaining the label to the underlying
      material during storage and shipment but permitting removal without
      leaving the can unreinforced.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the present invention provides a cylindrical fiber container, a
      relatively heavy sheet of body stock covered by a temporary reinforcing
      means such as a sheet which is itself enclosed within a display label that
      encircles the container to provide at least one spirally wound
      convolution. In one form of the invention, the display label is at least
      about 11/2 times the width of the body stock so that the display label
      partially overlaps itself. The container can be used for a variety of
      products such as foods, juices, lubricating oils, etc. In some cases, a
      circular cut or tear strip is provided to facilitate removal of the label
      in opening the container.
PAR  This invention makes possible the provision of a large size label by
      wrapping the label around the underlying material more than one
      convolution and by setting its width at one and one half times or for
      example, double the width of the body stock and possibly even wider. The
      label is removably secured to the underlying material. When the temporary
      reinforcing sheet is removed, the body of the container can be opened
      along the separation line in the body stock.
DRWD
PAC  THE FIGURES
PAR  FIG. 1 is a side elevation of an apparatus for forming containers embodying
      the features of the invention.
PAR  FIG. 2 is a perspective view showing the winding of the temporary
      reinforcing strip and outer label over the already formed liner and body
      stock.
PAR  FIG. 3 is a view showing the first stage of removal of the label from the
      container.
PAR  FIG. 4 is a view similar to FIG. 3, showing the label pulled further away
      from its adhesive connection with the outer wall.
PAR  FIG. 5 is a longitudinal sectional view of the complete container before
      the ends are applied.
DETD
PAC  THE PREFERRED EMBODIMENTS
PAR  Refer now to the figures and particularly the FIGS. 3, 4 and 5 which show a
      fiber container in accordance with the present invention. The container
      includes a fiber body stock layer 40 formed from a relatively heavy fiber
      strip or sheet having a helical separation line 41. Within the heavy body
      stock layer 40 is a liner 39 composed of for example, aluminum foil bonded
      to paper with the aluminum foil layer innermost and having a layer of
      lacquer on its inside surface. The edge of the liner are sealed together
      along a seam 39a (FIG. 5).
PAR  Over the body stock 40 is wound the temporary reinforcing sheet 43 composed
      of paper or the like which is bonded to the body stock on either side of
      separation line 41. The sheet 43 is formed from a strip of approximately
      the same width as the fiber body stock 40. The sheet 43 is also spirally
      wound but in overlapping relationship with respect to the separation line
      41. Over this structure composed of the liner, body stock and the
      temporary reinforcing sheet is the label 44 which at least covers the
      outside surface of the can but which may overlap itself as much as 11/2 to
      21/2 times or more. The overlap is made possible by establishing the width
      of the label stock 44 (the distance from a to b in FIG. 2) to be at least
      slightly greater than the width of the other strips making up the
      container and up to 2 times or more the width of the other strips of
      material making up the container, viz., the liner, body stock and
      reinforcing sheet.
PAR  In FIG. 5, the label 44 shown with a width of twice that of the body stock
      appears in cross section, its innermost convolution is designated 44a, an
      intermediate convolution is marked 44b and an outer convolution 44c. The
      net effect is to provide two complete wraps of the label material which
      function as a large display surface upon which directions, photographs,
      and other information can be printed.
PAR  The flat, circular metal closures or covers 70 are applied (seamed) to the
      can ends conventionally. A circumferentially extending collar cut 69 is
      provided at one end of the can only partially through the thickness of the
      can and at least through the thickness of the label and preferably also
      through sheet 43 to provide a tab 71 which can be used to lift and remove
      the label from the can when the can is to be used.
PAR  The invention will be better understood by reference to FIGS. 1 and 2 which
      demonstrate a method for forming the container. As seen in the figure, the
      liner which consists of a sheet of relatively lightweight paper or a
      laminate of paper and aluminum foil 39 is helically wrapped upon a
      stationary cylindrical mandrel 16 supported at one end by a framework 12.
      The edges of the liner are slightly overlapped and bonded to themselves to
      form a seal at the edges thereof. Simultaneously, a strip 40 of the much
      heavier fiber body stock is continuously wrapped in spiral fashion upon
      the mandrel 16 in overlapping relationship with the liner 9 to define a
      helical butt joint or separation line 41 along its abutting edge.
PAR  It is known that for a given mandrel diameter and web width, only one
      winding angle, .theta., is possible if a butt joint 41 is to be
      maintained. The sheet 43 and the label 44 are applied at the same winding
      angle .theta. as the body stock 40 and liner 49, however, because of the
      much greater width of the label (distance a - b) the label overlaps itself
      substantially as described above. Minor differences in winding angle are
      permissible because as the winding angle .theta. becomes slightly less as
      the diameter of the tube increases and the diameter of the tube is of
      course increased slightly by addition of more webs.
PAR  Because the label can be as much as 2 or 3 times the width of the usual
      liner and body stock and is removably applied, the label can be used to
      provide large visual displays. The reinforcing sheet 43 can be used to
      provide additional printed material.
PAR  Referring again to FIG. 1, it can be seen that a pair of laterally
      displaced, horizontally disposed drive pulleys 36 and 37 mounted for
      rotation upon vertical axes are positioned on opposite sides of the
      mandrel 16 and are connected by means of a drive belt 38 to advance the
      convolutions formed on the mandrel 16. The belt 38 includes a portion 38a
      which is wrapped around the mandrel to drive the freshly formed spiral
      tube. To begin the forming operation, the liner and body stock sheets are
      fed into the winder upstream of the drive belt 38. The temporary
      reinforcing sheet 43 is fed onto the exterior of the tube thus formed
      downstream from the belt 38 as shown in FIG. 1 and the label 44 is
      simultaneously applied and helically wound in overlapping relationship
      with respect to the temporary reinforcing sheet 43 and in overlapping
      relationship with respect to the side edges of the underlying sheet 43.
      The strips are thus formed into a tube 66 as glue (not shown) is applied
      conventionally to strips 40 and 43 to secure them in position. As the
      label 44 is being wound onto the tube, it is necessary to provide enough
      adhesion between the label and the underlying material to assure traction
      and prevent slipping of the label either axially or circumferentially.
      This can be done by using a slightly tacky coating on either the outside
      surface of the sheet 43 or the inside surface of the label 44 or by
      applying heat, if the sheet is coated with a heat sensitive material, to
      one or both just before the label 44 is applied thereby temporarily
      rendering one or both surfaces tacky. This can be done with any of a
      number of available coating laquers such as ethyl cellulose or modified
      waxes applied to one or both of the surfaces to provide a temporary
      bonding adhesive layer which may be applied over the entire surface or as
      strips as shown at 45. While a variety of sticky coatings can be used such
      as coatings of soft waxes or fats including beeswax, microcrystaline wax
      and mixtures thereof with or without sticky resins such as Piccolyte resin
      or Piccopale resins. One suitable coating is a modified crystalline wax
      sold under the name Elvax Wax Blend, a modified microcrystaline wax which
      is available from the Champion Packaging Company of 150 26th Avenue
      Southeast, Minneapolis, Minn. An overlap adhesive may, if desired, be used
      to hold down the outermost free edge of the display label. As seen best in
      FIG. 3, one end of a portion of the label 44 adjacent to the collar cut 69
      functions as a lifting tab 71 which enables the label 44 to be readily
      removed. A tear 73 forms along the opposite edge from the collar cut
      allowing the label 44 to be removed intact. The same collar cut 69 defines
      a lifting tab 43a in a portion of the temporary reinforcing sheet 43
      adjacent to the collar cut to facilitate later removal of the reinforcing
      sheet. Thus, during use, the label 44 is removed first by pulling up on
      the tab 71. After it is completely removed and referred to by the user
      some later time, the container can be opened by removing the temporary
      reinforcing sheet 43 which is done as mentioned above by lifting the tab
      43a. This will weaken the separation line 41 and allow the container to be
      opened by striking it against a solid object such as the edge of a table.
PAR  The tubes, once they have been completed on the winding and forming
      apparatus described in FIGS. 1 and 2, are cut to can length and are filled
      and capped conventionally. The invention is especially beneficial when the
      container must be opened quickly along its entire length as for example,
      the packaging of pressurized fresh dough for biscuits but should not be
      weakened to the point at which it may pop open prematurely by removal of
      the label.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fiber can designed to permit easy, substantially full length opening
      thereof, said can comprising a generally cylindrical inner body strip
      having a weakened separation line extending helically substantially the
      full length thereof from one end of the can to the other, said inner body
      comprising a helically wound strip having its side edges abutting one
      another to define said weakened separation line and said strip having an
      established width, a temporary reinforcing means superimposed over
      abutting edges of the inner body and having at least a portion thereof
      overlying the separation line, said reinforcing means being readily
      removable from the underlying can body to expose the separation line
      throughout substantially the entire length thereof when the can is to be
      opened, an overlying label formed from flexible sheet material in strip
      form, said label having a width of at least about 11/2 times the
      established width of the strip that forms the inner body, whereby the
      surface area of the label is at least about 11/2 times the outside surface
      area of the sidewall of the can, end closures to seal the ends of the can
      and a circumferentially extending collar cut is provided on the exterior
      of the can to a depth extending at least through the label and reinforcing
      means to provide a lifting tab thereon to facilitate the separate removal
      of the label and reinforcing means whereby the label can be removed intact
      and the temporary reinforcing means can be removed at a later time to
      expose the weakened separation line.
NUM  2.
PAR  2. The fiber can of claim 1 wherein the reinforcing means is helically
      wound upon the underlying sheet material at the same angle, in the same
      direction and in overlapping relationship with respect to the abutting
      edges of separation between the side edges of the body wall strip.
NUM  3.
PAR  3. The can of claim 1 wherein a liner formed from sheet material is mounted
      within the cylindrical inner body strip.
NUM  4.
PAR  4. The can of claim 1 wherein the temporary reinforcing means has
      substantially the same width as the inner body strip.
NUM  5.
PAR  5. The fiber can of claim 1 wherein the reinforcing means comprises a strip
      of flexible sheet material wound helically upon the inner body strip and
      being glued thereto.
NUM  6.
PAR  6. The fiber can of claim 1 wherein the label 44 is formed from sheet
      material, the width of the label being sufficient to allow the label to
      overlap itself about 11/2 times to 21/2 times and printed indicia is
      provided on the label.
NUM  7.
PAR  7. The fiber container of claim 1 wherein a plurality of spaced apart
      strips of temporary bonding adhesive are provided between the label and
      the temporary reinforcing means to bond the label thereto.
NUM  8.
PAR  8. The fiber can of claim 1 wherein the label comprises a flexible sheet
      having printed indicia thereon, the temporary reinforcing means comprises
      a reinforcing strip wound helically upon the inner body strip and a
      temporary bonding adhesive layer is present between the label and the
      reinforcing means to allow the label to be removed while the temporary
      reinforcing means remains in place.
NUM  9.
PAR  9. The fiber can of claim 1 wherein a liner formed from flexible sheet
      material having overlapping edges bonded to themselves to form a seal at
      the edges thereof is provided upon the inside surface of the inner body
      strip.
NUM  10.
PAR  10. The fiber can of claim 1 wherein the label comprises a flexible sheet
      having printed indicia thereon, the temporary reinforcing means comprises
      a reinforcing strip wound helically upon the inner body strip and a
      temporary bonding adhesive layer is present between the label and the
      reinforcing means to allow the label to be removed while the temporary
      reinforcing means remains in place, and a liner formed from flexible sheet
      material having overlapping edges bonded to themselves to form a seal at
      the edges thereof is provided upon the inside surface of the inner body
      strip.
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ABST
PAL  A carton and blank for making same are provided wherein such carton has a
      bottom wall, a pair of oppositely arranged side walls foldably connected
      to the bottom wall, and a top wall defined by a pair of flaps each
      foldably connected to an associated side wall. The flaps have integral
      portions defining at least a triple thickness handle for the carton.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There are so-called "cold pack" cartons for carbonated beverages, and the
      like, in present use which are made of paperboard and have metallic foil
      laminated against their outside surfaces. Each of these cartons is used to
      transport, store, sell, and dispense a predetermined number of beverage
      containers, usually in the form of metal cans.
PAR  Heretofore, these cartons were made primarily utilizing new paperboard
      which has comparatively long high-strength fibers. However, because of the
      high cost of wood products and an increasing scarcity of wood and paper
      products, it has been necessary to make many of these cartons from
      reclaimed or recycled paper whereby such paper has comparatively short
      fibers and cartons make therefrom have less structural strength.
PAR  It has been found that cartons of the character mentioned, including those
      made using new paperboard, have integral handles in the top walls thereof
      which are of marginal strength. Accordingly, it is desirable to provide a
      high-strength integral handle for a carton of the character mentioned
      regardless of whether such carton is made of new paperboard, recycled
      paperboard, or some other material.
PAC  SUMMARY
PAR  This invention provides an improved carton of the character mentioned and a
      blank for making same which is of simple and economical construction; and,
      such carton comprises a bottom wall, a pair of oppositely arranged side
      walls foldably connected to the bottom wall, and a top wall defined by a
      pair of flaps each foldably connected to an associated wall, said flaps
      having means therein defining at least a triple thickness handle for the
      carton which is substantially coplanar with the top wall.
PAR  Other details, uses, and advantages of this invention will be readily
      apparent from the embodiments thereof presented in the following
      specification, claims, and drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings show present preferred embodiments of this
      invention, in which
PAR  FIG. 1 is a perspective view illustrating one exemplary embodiment of the
      carton of this invention which has a plurality of articles therein in the
      form of right cylindrical containers which are shown by dotted lines;
PAR  FIG. 2 is a fragmentary cross-sectional view taken essentially on the line
      2--2 of FIG. 1;
PAR  FIG. 3 is a fragmentary perspective view illustrating the upper portion of
      the carton of FIG. 1 minus its containers and with tabs in its top wall
      pushed within the carton to define handle means and facilitate easy
      grasping of such carton for carrying purposes;
PAR  FIG. 4 is a fragmentary cross-sectional view taken essentially on the line
      4--4 of FIG. 3;
PAR  FIG. 5 is a view taken essentially on the line 5--5 of FIG. 2;
PAR  FIG. 6 is a plan view of a typical blank which may be used to define the
      carton of FIG. 1;
PAR  FIG. 6A is an enlarged fragmentary view on the line 6A--6A of FIG. 6;
PAR  FIG. 7 is a fragmentary perspective view illustrating the manner in which
      flaps which are foldably connected to the side walls of the carton of FIG.
      1 may be positioned and bonded together to define the top wall of such
      carton;
PAR  FIG. 8 is a fragmentary plan view of a blank which is identical to the
      blank of FIG. 6 with the exception of the left-hand portion thereof which
      has integral means therein enabling forming a quadruple thickness handle
      for the carton;
PAR  FIG. 9 is a view similar to FIG. 7 illustrating the manner of defining such
      quadruple thickness handle using the blank of FIG. 8;
PAR  FIG. 10 is a fragmentary perspective view similar to FIG. 3 and
      illustrating a top portion of the carton defined from the blank of FIG. 8;
      and
PAR  FIG. 11 is a fragmentary cross-sectional view taken essentially on the line
      11--11 of FIG. 10.
DETD
PAC  DESCRIPTION OF ILLUSTRATED EMBODIMENTS
PAR  Reference is now made to FIG. 1 of the drawings which illustrates one
      exemplary embodiment of the carton 20 of this invention which is
      particularly adapted to be used in storing, carrying, and dispensing a
      predetermined number of articles, such as right circular cylindrical
      containers which may be in the form of cans 21, each containing a
      carbonated beverage, or the like. Accordingly, the exemplary carton 20 is
      in the form of a so-called cold pack carton. The carton 20 comprises a
      bottom wall 22, a pair of oppositely arranged side walls, each designated
      by the same reference numberal 23, a top wall 24, and a pair of oppositely
      arranged end walls, each designated by the same reference numeral 25. As
      seen particularly in FIGS. 6 and 7 of the drawings, the top wall 24 is
      defined by a pair of flaps 26 and 27 each foldably connected to an
      associated wall and the flaps 26 and 27 have means 30 therein, which will
      be described in detail subsequently, defining at least an integral triple
      thickness handle 31 for the carton which is preferably arranged
      substantially coplanar with the top wall 24.
PAR  Referring now to FIG. 6 of the drawings which illustrates a blank which is
      designated generally by the reference numeral 33 and is used to make the
      carton 20, it will be seen that the bottom wall 22, side walls 23, and
      flaps 26-27 have a first set 34 of end flaps extending from one end
      thereof and a second set 35 of end flaps extending from the opposite end
      thereof. In the carton so defined from blank 33, the first set 34 of end
      flaps cooperate to define one end wall 25 of the carton 20 and the second
      set 35 of end flaps cooperate to define the other end wall 25 of such
      carton. Thus, once the bottom wall 22, side walls 23, flaps 26-27, and
      sets 34 and 35 of end flaps are suitably arranged and bonded or fixed
      together they define the carton 20 which is the form of a rectangular
      parallelopiped.
PAR  As seen in FIGS. 6 and 7, the means 30 defining at least a triple thickness
      handle 31 comprises one flap, shown as flap 26, having a first cutout
      therein which will be referred to as a first half slot 36 and is defined
      in its outermost or terminal edge 37 and slit means designated generally
      by the reference numeral 40 defining a first foldable tab 41 and a first
      full slot 42 upon opening such tab as shown in FIG. 3. The other flap 27
      has an extension 43 foldably connected thereto along a weakened
      rectilinear line 44, defined by two spaced portions, which may be in the
      form of score lines, and the flap 27 has slit means 45 defining a second
      foldable tab 46 and a second full slot 47 when such tab is opened, as
      illustrated in FIG. 3. The flap 27 also has a third full slot 50 therein
      which is open and centered about an axis defined by the weakened line 44.
PAR  The extension 43 has a second half slot 51 in its outermost or terminal
      edge 52 and the extension is folded along the weakened line 44 to bifold
      the full slot 50 as illustrated at 53 in FIG. 7 and the extension 43 is
      fixed against the base portion of the flap 27 and is dimensioned such that
      its half slot 51 adjoins and is aligned with the slit means 45 to define a
      double thickness construction 54 with such slit means 45 being arranged in
      aligned relation with the bifolded open slot 50 as shown at 57. The flap
      26 is laminated against the double thickness construction 54 to define the
      triple thickness handle 31 upon severing the slit means 40 and 45 and
      pushing the respective tabs 41 and 46 within the carton.
PAR  As will be apparent particularly from FIGS. 1, 3, 6, and 7 the slit means
      40 and 45 are defined in their respective flaps 26 and 27 enabling each of
      the associated tabs 41 and 46 to be hingedly fastened to its flap so that
      the swinging end of each tab, designated in each instance by the reference
      numeral 55, moves away from the central portion of the carton 20. Each of
      the tabs 41 and 46 is defined as an integral part of its flap and each has
      means hingedly fastening such tab to its associated flap; and, in this
      example a weakened line in the form of a score line 56 is provided
      hingedly fastening tab 41 to the flap 26 and a score line also designated
      56 is provided hingedly fastening the tab 46 to the flap 27.
PAR  As seen particularly in FIG. 1 of the drawings, the carton 20 has means
      designated generally by the reference numeral 60 defining a hinged door
      and a dispensing opening for the articles or containers 21 within the
      carton 20; and, such means 60 comprises cut means 61 extending across the
      entire width of an end wall, the right end wall as viewed in FIG. 1, and
      such cut means comprises a plurality of cuts which extend completely
      through the end wall material and are arranged in substantially end to end
      relation adjoined by comparatively short lengths of uncut or unsevered
      wall material. The means 60 includes a score line 63 which serves as a
      hinge and is arranged in spaced relation from the cut means 61 and the
      means 60 also includes cut means 64 in each of the side walls 23 defined
      similar to cut means 61. Each cut means 64 is arranged in an arcuate path
      and adjoining associated ends of the score line 63 and the cut means 61.
      Thus, upon severing along the cut means 61 and 64 a hinged dispensing door
      is defined having the score line 63 as its hinge.
PAR  The carton 20 also has a severable strip 65 therein defined adjacent one of
      its ends 25 and the severable strip 65 has a comparatively large circular
      end which is easily severed and provides a substantial grasping area so
      that the strip may be severed completely across the bottom wall and across
      adjoining portions of the side walls 23 whereby practically the entire
      adjoining end portion of the carton may be torn away to enable rapid
      removal of the cans 21 from within the carton 20 in the event that it is
      not desired to dispense such cans through the previously described hinged
      dispensing door.
PAR  The carton 20 may be made in any suitable manner and utilizing any suitable
      foldable material. However, such carton is preferably made from the
      previously mentioned single piece blank 33 shown in FIG. 6; as seen in
      FIG. 6A the blank 33 is preferably made of a paperboard structural
      component or substrate S (whether from new wood products or reclaimed
      paper), or the like, which has metallic foil F suitably laminated thereto
      and defining a surface thereof which in the assembled carton 20 is
      preferably the exposed or outside surface of such carton.
PAR  The blank 33 is suitably cut and scored to define the resulting carton 20
      upon assembly thereof and the blank 33 has component parts which
      correspond to the various component parts of the carton 20. Because some
      of these components parts were described in detail previously in
      connection with the carton the description thereof will not be repeated.
      However, it will be noted that in addition to the previously described
      component portions in the form of the bottom wall 22, side walls 23, and
      flaps 26 and 27, the blank 33 has the previously mentioned sets 34 and 35
      of end flaps which will now be described in detail.
PAR  The first set 34 of end flaps is defined by an end flap 67 extending from
      the bottom wall 22, an end flap 68 extending from one of the side walls
      23, an end flap 70 extending from flap 26, and end flap 71 extending from
      the other side wall 23, and an end flap 72 extending from flap 27. The end
      flaps comprising the first set 34 have cutouts therebetween defining their
      sides in the form of a cutout 73 between end flaps 68 and 70, a cutout 74
      between end flaps 67 and 68, a cutout 75 between end flaps 67 and 71, and
      a cutout 76 between end flaps 71 and 72.
PAR  The second set 35 of end flaps is defined by an end flap 77 extending from
      the opposite end of the bottom wall 22, and end flap 80 extending from the
      side wall 23 having flap 68 at its opposite end, an end flap 81 extending
      from flap 26, an end flap 82 extending from the other side wall 23, and an
      end flap 83 extending from the flap 27. The flaps in the second set 35
      have cutouts therebetween defining their sides and in the form of a cutout
      84 between end flaps 80 and 81, a cutout 85 between end flaps 77 and 80, a
      cutout 86 between end flaps 77 and 82, and a cutout 87 between end flaps
      82 and 83.
PAR  The flaps 70, 68, 67, 71, and 72 of the set 34 are suitably foldably
      connected to their associated walls along score means or fold lines 78,
      79, 63, 88, and 89. Similarly, the flaps 81, 80, 77, 82, and 83 of the set
      35 are foldably connected to their associated walls along score means or
      fold lines 90, 91, 92, 93, and 94 respectively.
PAR  The blank 33 has a substantially rectangular overall outline and has a
      plurality of parallel score means or lines 95, 96, 97, and 98 extending
      between the sides thereof defining its narrow dimension with score line 95
      between flap 26 and one side wall 23, score line 96 between such one wall
      23 and the bottom wall 22, score line 97 between bottom wall 22 and the
      other side wall 23, and score line 98 between such other side wall 23 and
      flap 27.
PAR  As previously mentioned the blank 33 is preferably a single-piece laminated
      construction having integral layers of paperboard and metallic foil F. To
      assure that the handle 31 has optimum strength the extension 43 has its
      paperboard surface bonded against an associated paperboard surface portion
      of the base of the flap 27 as illustrated at 100 in FIGS. 4 and 7.
      Similarly, the flap 26 has its paperboard inside surface bonded against
      metallic foil as shown at 101 whereby optimum adhesion may be provided due
      to the fact that at least one paperboard surface has adhesive means or any
      suitable adhesive 102, see FIG. 4, bonding it either to another paperboard
      surface or to a metal foil surface. It has been found that this results in
      a stronger bond than would be provided if adhesive were to be used between
      two metal foil surfaces. It should also be noted that the flaps 26-27 and
      the extension 43 extend the full length of the top wall 24 giving even
      greater strength to the handle 31.
PAR  Another exemplary embodiment of this invention is illustrated in FIG. 10 of
      the drawing. The carton illustrated in FIG. 10 is very similar to the
      carton 20; therefore, such carton will be designated generally by the
      reference numeral 20A and certain representative parts of the carton 20A
      which are very similar to corresponding parts of the carton 20 will be
      designated by the same reference numerals as in the carton 20 also
      followed by the letter designation A and not described again. Only those
      component parts of the carton 20A which are different from corresponding
      parts of the carton 20 will be designated by a new reference numeral also
      followed by letter designation A and described in more detail.
PAR  The carton 20A is defined by a blank 33A which is substantially identical
      to the blank 33 with the exception of the left-hand end portion thereof
      which is illustrated in FIG. 8 in detail. The blank 33A is suitably cut
      and scored to define the resulting carton 20A upon assembly thereof and
      such carton 20A has a quadruple thickness handle 31A.
PAR  To provide the quadruple thickness handle the extension flap 27A has an
      extension 43A of comparatively long length and the extension 43A has a
      pair of full open slots each designated by the reference numeral 50A and a
      half slot 51A in its terminal end. Each full open slot 50A is centered
      about an associated axis 44A and the extension 43A is folded along its
      weakened lines 44A to bifold each slot 50A and define a triple thickness
      construction 103A as illustrated in FIG. 9. The folding action is achieved
      so that each foil surface is bonded to either a paper surface or is an
      exposed surface and does not require bonding. The foil to paper bond is
      desirable for similar reasons as discussed previously in connection with
      the handle 31 of the carton 20. The flap 26A has its paperboard inside
      surface bonded against metal foil as shown at 104A in FIG. 9 and as seen
      in FIG. 11 adhesive means in the form of any suitable commercial adhesive
      106A is provided at three locations, as shown, to provide the high
      strength quadruple thickness handle means or handle 31A.
PAR  The carton 20A and hence the blank 33A used to define such carton has slit
      means in the form of slit means 40A in the flap 26A and slit means 45A in
      the flap 27A defined therein to enable the associated tabs 41A and 46A
      respectively to be hingedly fastened to the associated flap so that the
      swinging end 55A of each tab moves toward the central portion of the
      carton 20A. Further, it will be seen that each tab 41A and 46A is hingedly
      fastened to its associated flap and hence to the top wall 24A defined
      thereby by hinge means in the form of an associated score line 56A.
PAR  Each of the cartons 20 and 20A have their associated tabs, 41 and 46 in the
      carton 20 and tabs 41A and 46A in the carton 20A, defined by associated
      slit means and hingedly attached to their associated top wall so that such
      tabs may be pushed within their carton without obstruction by containers
      in the carton arranged immediately beneath the top wall to thereby
      facilitate easy insertion of fingers in the carton, grasping of the
      associated handle, and carrying of the carton.
PAR  In this disclosure each of the tabs 41 and 46 of the carton 20 is shown
      hingedly fastened to the top wall 24 closely adjacent the side wall which
      is closer thereto; however, it will be appreciated that such tabs may be
      hingedly fastened remote from their close side walls, if desired, and
      similar to the tabs 41A and 46A of carton 20A. The tabs 41A and 46A may
      likewise be hingedly fastened similar to the tabs 41 and 46.
PAR  While present exemplary embodiments of this invention, and methods of
      practicing the same, have been illustrated and described, it will be
      recognized that this invention may be otherwise variously embodied and
      practiced within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A carton comprising, a bottom wall, a pair of oppositely arranged side
      walls foldably connected to said bottom wall, and a top wall defined by a
      pair of flaps each foldably connected to an associated side wall, said
      flaps having means defining at least a triple thickness handle for said
      carton, said means defining said handle comprising, one of said flaps
      having a first half slot defined in its terminal edge and slit means
      defining a first foldable tab and a first full slot, and the other of said
      flaps having an extension foldably connected along a weakened line, said
      other flap having slit means defining a second foldable tab and a second
      full slot and having a third full slot therein which is open and centered
      about an axis defined by said weakened line, said extension having a
      second half slot defined in its terminal edge, said extension being folded
      along said weakened line to bifold said third slot and said extension
      being fixed against said other flap and being dimensioned so that said
      half slot therein adjoins and is aligned with said second full slot to
      define a double thickness construction, said one flap having said first
      half slot being arranged so that it is aligned with said second full slot
      with said first full slot in said one flap being arranged in aligned
      relation with said bifolded third slot, said one flap being laminated
      against said double thickness construction to define said triple thickness
      handle upon severing each of said slit means and pushing the associated
      tab within said carton.
NUM  2.
PAR  2. A carton as set forth in claim 1 in which the slit means in an
      associated flap is defined therein enabling its associated tab to be
      hingedly fastened to such flap so that the swinging end of such tab moves
      away from the central portion of said carton.
NUM  3.
PAR  3. A carton as set forth in claim 2 and further comprising means hingedly
      fastening each tab to its associated flap.
NUM  4.
PAR  4. A carton as set forth in claim 1 in which the slit means in an
      associated flap is defined therein enabling its associated tab to be
      hingedly fastened to such flap so that the swinging end of such tab moves
      toward the central portion of said carton.
NUM  5.
PAR  5. A carton as set forth in claim 4 and further comprising means hingedly
      fastening each tab to its associated flap.
NUM  6.
PAR  6. A carton as set forth in claim 5 and further comprising means in said
      carton defining a hinged door and a dispensing opening for dispensing
      articles carrier in said carton.
NUM  7.
PAR  7. A carton as set forth in claim 6 in which said means defining a hinged
      door and a dispensing opening comprises, cut means in one end wall
      extending across the entire width thereof, a score line arranged in
      parallel spaced relation from said cut means, and cut means arranged in an
      arcuate path in each of said side walls and adjoining associated ends of
      said score line and the cut means extending across the entire width of the
      end wall.
NUM  8.
PAR  8. A carton as set forth in claim 1 made from a single piece blank defined
      by laminating metallic foil against paperboard and wherein said metallic
      foil defines the exposed surface of said carton.
NUM  9.
PAR  9. A carton as set forth in claim 1 wherein said bottom wall, oppositely
      arranged side walls and pair of flaps defining said top wall have a first
      set of end flaps extending from one end thereof and a second set of end
      flaps extending from the opposite end thereof, said first set of end flaps
      cooperating to define one end wall of said carton and said second set of
      end flaps cooperating to define another end wall of said carton.
NUM  10.
PAR  10. A carton as set forth in claim 9 wherein said walls are constructed and
      arranged such that said carton is in the form of a rectangular
      parallelopiped.
NUM  11.
PAR  11. A blank which is suitably cut and scored to define a resulting carton
      upon assembly thereof; said blank comprising, a bottom wall, a pair of
      oppositely arranged side walls foldably connected to said bottom wall, and
      a pair of flaps each foldably connected to an associated side wall and
      defining a top wall in said resulting carton, one of said flaps having a
      first half slot defined in its terminal edge and slit means defining a
      first foldable tab and a first full slot, and the other of said flaps
      having an extension foldably connected along a weakened line, said other
      flap having slit means defining a second foldable tab and a second full
      slot and having a third full slot therein which is opened and centered
      about an axis defined by said weakened line, said extension having a
      second half slot defined in its terminal edge, said extension being
      adapted to be folded along said weakened line to thereby bifold said third
      slot and said extension being fixed against said other flap in said
      resulting carton and being dimensioned so that said half slot therein
      adjoins and is aligned with said second full slot to define a double
      thickness construction, said one flap having said first half slot being
      arranged in said resulting carton so that it is aligned with said second
      full slot with said first full slot in said one flap being arranged in
      aligned relation with said bifolded third slot, said one flap being
      laminated against said double thickness construction in said resulting
      carton to define a triple thickness handle upon severing each of said slit
      means and pushing the associated tab within said resulting carton; said
      resulting carton being particularly adapted to contain a plurality of
      substantially identical right circular cylindrical containers, and further
      being arranged to facilitate the receipt of fingers between sides of such
      of said containers as may be positioned immediately beneath said top wall.
NUM  12.
PAR  12. A blank as set forth in claim 11 in which the slit means in an
      associated flap is defined therein enabling its associated tab to be
      hingedly fastened to such flap so that in said resulting carton the
      swinging end of such tab moves away from the central portion of said
      resulting carton.
NUM  13.
PAR  13. A blank as set forth in claim 12 and further comprising means hingedly
      fastening each tab to its associated flap.
NUM  14.
PAR  14. A blank as set forth in claim 11 in which the slit means in an
      associated flap is defined therein enabling its associated tab to be
      hingedly fastened to such flap so that in said resulting carton the
      swinging end of such tab moves toward the central portion of said
      resulting carton.
NUM  15.
PAR  15. A blank as set forth in claim 14 and further comprising means hingedly
      fastening each tab to its associated flap.
NUM  16.
PAR  16. A blank as set forth in claim 11 made as a single piece construction
      defined by laminating metallic foil against paperboard.
NUM  17.
PAR  17. A blank as set forth in claim 16 wherein said bottom wall, oppositely
      arranged side walls and pair of flaps defining said top wall of said
      resulting carton have a first set of end flaps extending from one end
      thereof and a second set of end flaps extending from the opposite end
      thereof, said first set of end flaps cooperating to define one end wall of
      said resulting carton and said second set of end flaps cooperating to
      define another end wall of said resulting carton.
PATN
WKU  039333043
SRC  5
APN  4449037
APT  1
ART  241
APD  19740222
TTL  Bags for containing bank notes
ISD  19760120
NCL  1
ECL  1
EXA  Garbe; Stephen P.
EXP  Dixson, Jr.; William T.
NDR  2
NFG  3
INVT
NAM  Judd; William James
CTY  London
CNT  EN
ASSG
NAM  Decoflex Limited
CNT  EN
COD  03
CLAS
OCL  229 62
XCL  206807
EDF  2
ICL  B65D 3334
FSC  229
FSS  62;80;83
FSC  206
FSS  807
UREF
PNO  1201519
ISD  19161000
NAM  Sorensen
XCL  229 83
UREF
PNO  2181252
ISD  19391100
NAM  Vogel
OCL  229 80
UREF
PNO  3809217
ISD  19740500
NAM  Harrison
XCL  229 83
FREF
PNO  1,136,261
ISD  19681200
CNT  UK
LREP
FRM  Watson, Cole, Grindle & Watson
ABST
PAL  This invention concerns bags suitable for containing bank notes. The bag is
      made of synthic plastics material and bears a label to receive information
      about the number of notes and a description of the notes contained or to
      be contained in the bag. Areas of printing are arranged at each opposite
      end of the bag so that when the bag is sealed at the ends near the areas
      of printing the bag connot be opened and the notes extracted from the bag
      without at least one of the areas of printing being mutilated and the
      attempt to tamper with the bag being apparent.
BSUM
PAR  This invention relates to a bag for containing bank notes.
PAR  In commercial banking, where a branch has bank notes in excess of their
      requirements, the notes are packaged and returned to a central depot for
      redistribution. Also where a bank has notes that they consider unfit for
      reissue, these too are packaged and returned to a destruction center.
PAR  In both cases the currency is still valid and, therefore, it is necessary
      to ensure that notes are not withdrawn from packages during transit.
PAR  One type of bag which has been used for containing bank notes is described
      in British Patent Specification No. 1,132,419 the bag being elongated and
      made of transparent plastics material. When the bag has been filled with
      bank notes, the cashier initials a label which is irremovably attached to
      the outside of the bag and heat seals the bag along the open end. The
      label is either irremovably attached to the outside of the bag or is
      printed thereon in facsimile form with a special ink which is receptive to
      writing and which is difficult to remove.
PAR  An object of the present invention is to provide an improved bag for
      containing bank notes.
PAR  According to the present invention there is provided a bag for containing
      bank notes, the bag being of synthetic plastics material and having areas
      of printing at opposite ends thereof respectively so that when the bag is
      sealed at the opposite ends adjacent to and between the areas of printing
      the bag cannot be opened and notes extracted and the bag then resealed
      without at least one of the areas of printing being mutilated and the
      attempt to tamper with the bag being made apparent.
PAR  If the bag is tampered with, at least one of the areas of printing, called
      security printing, is mutilated or destroyed such as by removal of the
      printing. If the bag is cut inside the seal area so as to open the bag,
      the area of printing is removed. Since the seals are located immediately
      adjacent to the security printing and not within the area of the printing
      there is no possibility of making a fresh seal at either end without the
      fact being obvious due to the absence of security printing.
DRWD
PAR  An example of a bag for containing bank notes according to the present
      invention will now be described with reference to drawings, in which:
PAR  FIG. 1 is a perspective view of the bag which is in an open condition prior
      to the insertion of bank notes;
PAR  FIG. 2 is a perspective view of the bag containing bank notes and which has
      been sealed; and
PAR  FIG. 3 is a fragmentary perspective, on a larger scale, of the open end of
      the bag of FIG. 1.
DETD
PAR  The bag, generally designated 1, is cut, for example from 200 gauge
      seamless polyethylene tubing which has been preprinted at 2 with the name
      of the bank which will use the bag, at 3 with the number and denomination
      of notes which are to be inserted into the bag and at 4 and 5 with areas
      of security printing. These areas of security printing consist of the name
      of the bank repeatedly printed with the name form being spread across the
      bag and in lines all in close juxtaposition. This is sometimes referred to
      as micro-printing. The tube may be provided with gussets 6 and 7. The bag
      is heat sealed at one end 8 immediately adjacent to the area of
      micro-printing at that end of the bag -- and between the micro-printing
      and the other end of the bag which remains open. An adhesive label 9 is
      irremovably attached to the transparent material before the material is
      cut into bag lengths as described in British Patent Specification No.
      1,136,261. Alternatively, the label 9 may be printed on the bag in
      facsimile form with a special ink which is receptive to writing and which
      is difficult to remove.
PAR  In operation, a cashier at a bank opens the bag 1 by pulling apart the open
      ends of the bag so that the bag is in the condition shown in FIG. 1. Bank
      notes are then inserted into the bag and the cashier writes his signature
      on the label 9 together with other information as to the contents of the
      bag, if necessary.
PAR  The open end of the bag is then closed and is inserted into apparatus for
      heat sealing the open end or mouth at 10. This seal is located immediately
      adjacent to the area of the security micro-printing at the end of the bag
      and between the two areas of micro-printing.
PAR  The sealing apparatus may be arranged to print and/or emboss the mouth of
      the bag with the branch number of the bank.
PAR  It will be appreciated that the printed areas 4 and 5 at each end of the
      bag 1 discourages the opening and resealing of the bag because this cannot
      be done without mutilating or destroying the print. If any attempt were
      made to open or tamper with the bag the fact would be immediately
      apparent.
PAR  Furthermore, it would not be possible for the operator to cut off the end
      of the bag and to re-seal it without detection. In this case there would
      be no micro-printing at that end of the bag and it would be obvious that
      the bag had been tampered with. Similarily, the cut-off end of the bag
      cannot be resealed to the bag without the fact being immediately apparent.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A container for containing slips of paper, the container comprising an
      elongated bag made of a synthetic plastic material, said bag having: two
      longitudinal end portions, each bearing an area of printing, said areas of
      printing extending transversely to the longitudinal axis of said bag; a
      first heat seal located between said area of printing at one said
      longitudinal end portion of said bag and the center of said bag, at a
      position immediately adjacent to such area of printing; and said bag being
      adapted to be heat sealed at a second location between said area of
      printing at the other said longitudinal end portion of said bag and the
      center of said bag, at a position immediately adjacent such area of
      printing; whereby after slips of paper have been inserted within the bag
      and the heat seal at said second location formed, any tampering with said
      bag would be readily visibly apparent.
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ABST
PAL  A new and novel device for calculating the intrinsic, fair and proper value
      of real and financial assets according to predetermined mathematical
      relationships or formulas embodied in the device. The device may take the
      form of a linear sliding calculator, a slide chart, a rotary disc
      calculator, or any combination of these. The current market price of the
      real or financial asset is of incidental or no importance to the
      calculation of the intrinsic, fair and proper value.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A. Field of the Invention
PAR  My invention relates to calculating devices and, more particularly, to a
      new and novel device for calculating the intrinsic, fair and proper value
      of real and financial assets according to predetermined mathematical
      relationships or formulas embodied in the device.
PAR  The invention may take any of the common forms of a calculating device such
      as a linear sliding calculator, a slide chart, a rotary disc calculator,
      or any combination of these.
PAR  B. Description of the Prior Art
PAR  It is generally not difficult to determine the current market price of
      either a real asset (such as land, buildings or used machinery) or a
      financial asset (such as common stocks, bonds or warrants). The owner or
      potential buyer or seller of an asset can generally refer to recent
      transactions in identical or similar assets to ascertain the probable
      market price of the asset in question.
PAR  However, it has been very difficult to determine the intrinsic, fair or
      proper value of an asset, as distinguished from the current market price;
      yet, such a determination is necessary in order to determine whether the
      asset is overvalued or undervalued in the marketplace. An asset is
      overvalued when the current market price is higher than the intrinsic,
      fair and proper value. An asset is undervalued when the current market
      price is lower than the intrinsic, fair and proper value.
PAR  Heretofore, asset owners have been limited to using the current market
      price of an asset in relatively simple calculating devices primarily
      designed to calculate dividend or interest yields, price to earnings
      ratios, and gains or losses from historical purchase price to current
      market price.
PAR  For example, U.S. Pat. No. 2,572,531, issued to Steinkoenig on Oct. 23,
      1951, teaches a slide rule used to calculate dividends on deposits in
      savings accounts for various periods of time. U.S. Pat. No. 3,209,999,
      issued to P. R. Carney on Oct. 5, 1965, teaches an analyzing instrument
      for calculating the price to earnings ratio and the dividend yield of a
      stock given the current market price, earnings and dividend of the stock.
      U.S. Pat. No. 3,711,014, issued to J. A. Tucker on Jan. 16, 1973, teaches
      a record keeping and stock value calculating slide chart for calculating
      the total current market value and gain or loss from total historical
      purchase value to current market value of a portfolio of securities, given
      the current market price of each security.
PAR  As can be readily seen, prior art has dealt only with the current market
      prices of assets and various common calculations related to dividend or
      interest yield, price to earnings ratios, and gains or losses from
      historical purchase prices to current market prices. The need is great for
      my new and novel calculator which provides the asset owner, buyer or
      seller with the intrinsic, fair and proper value of the asset and, by
      comparison to the current market price of the asset, a measure of the
      amount by which the asset is overvalued or undervalued in the marketplace.
      The current market price of the asset is of incidental or no importance to
      the calculation of the intrinsic, fair and proper value.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Basically, the primary object of my new and novel invention is to provide a
      device to calculate the intrinsic, fair and proper value of real and
      financial assets according to predetermined mathematical relationships or
      formulas embodied in the device. The invention may take any of the common
      forms of a calculating device such as a linear sliding calculator, a slide
      chart, a rotary disc calculator, or any combination of these, and will
      typically be characterized by a plurality of groups of scales and slides,
      each group being arranged for the evaluation of a part or a simplification
      of the predetermined mathematical relationships or formulas. As will be
      seen below, the predetermined mathematical relationships and formulas
      determine the markings on the various faces and scales of the calculating
      device. Consequently, different classes of assets which require different
      predetermined mathematical relationships to achieve the primary object of
      the device may have different markings on the various faces and scales of
      the calculating device in a form appropriate to each class of assets. In
      any case, each embodiment of the invention will employ a pattern of
      markings unlike that in which the markings of a conventional slide rule
      are employed, to achieve a result unique to each embodiment of the
      invention and impossible of achievement with any known slide rule,
      conventional or otherwise. This will be especially clear in the case of a
      mixed formula which cannot be evaluated by continuous manipulation of an
      ordinary logarithmic slide rule, for instance, a formula including
      addition or subtraction steps.
PAR  A further object of my new and novel invention is to calculate the
      intrinsic, fair and proper value of real and financial assets according to
      predetermined mathematical relationships embodied in the device which, in
      one embodiment, may not require data on any asset or index of assets other
      than the asset being valued; and, in an alternative embodiment, may
      require data on an asset or index of assets other than the asset being
      valued.
PAR  A further object of one embodiment of my new and novel invention is to
      calculate the intrinsic, fair and proper value of common stocks according
      to a predetermined mathematical relationship which is:
      ##EQU1##
      where: A. FPS is the intrinsic, fair and proper value of a stock.
PA1  B. cpi is the current price of a market index.
PA1  C. tei is the last 12 months earnings of the index.
PA1  D. qfs is the quality factor of the stock.
PA1  E. grs is the growth rate of the stock.
PA1  F. nds is the normal dividend of the stock.
PA1  G. cps is the current market price of the stock.
PA1  H. gri is the growth rate of the index.
PA1  I. ndi is the normal dividend of the index.
PA1  J. tes is the last 12 months earnings of the stock.
PAR  Other objects, advantages and applications of my new and novel invention
      will become apparent to those skilled in the art of calculating devices
      when the accompanying description of the preferred embodiment for
      practicing the invention is read in conjunction with the accompanying
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
PAR  FIG. 1 is a front view of a slide chart embodiment in accordance with this
      invention, adjusted to perform the first part of the calculation of the
      intrinsic, fair and proper value of a share of common stock according to
      the detailed description of the preferred embodiment of the invention,
      below.
PAR  FIG. 2 is a back view of the same slide chart embodiment in accordance with
      this invention, adjusted to perform the final part of the calculation of
      the intrinsic, fair and proper value of a share of common stock according
      to the detailed description of the preferred embodiment of the invention,
      below.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT OF THE INVENTION
PAR  As shown in FIG. 1 of the drawings, a first embodiment of the calculating
      device in slide chart form of conventional construction teaches an
      envelope construction with a front face 1 attached to a back face 2 (FIG.
      2) by rivets 3 in each of the four corners. Three moveable members 5, 6, 7
      slide freely within the envelope with their edges contiguous to each
      other. A predetermined mathematical relationship is expressed in the form
      of various logarithmic and arithmetic scales, some of which are printed on
      the moveable members 5, 6, 7 and some of which are printed on the front
      face 1 or back face 2 of the slide chart. The scales printed on the
      moveable members 5, 6, 7 may be read through widows 25, 26, 27 of
      appropriate shape and position cut into the front face 1 of the preferred
      embodiment or through windows 28, 29, 30, 31 cut into the back face 2 of
      the preferred embodiment.
PAR  More particularly, FIG. 1 shows the front face 1 of the preferred
      embodiment adjusted to perform the first part of the calculation of the
      intrinsic, fair and proper value of a share of common stock. The front of
      moveable member 5 has printed on it a logarithmic scale 8 to represent the
      current market value of a share of common stock and logarithmic scale 9 to
      represent the normal dividend of a share of common stock. In FIG. 1,
      moveable member 5 has been adjusted to bring the assumed price of the
      share of common stock, $100, on scale 8 to the read-out marker 32. After
      locating the assumed normal dividend of the share of common stock, $4.00,
      on scale 9, the current dividend yield of the stock, 4 percent, can be
      read opposite the assumed normal dividend on logarithmic scale 10 printed
      on front face 1 just below window 25.
PAR  The front of moveable member 6 has printed on it an arithmetic scale 11 to
      represent the annual growth rate in earnings of the stock and arithmetic
      scale 13 to represent the company factor (to be defined below). In FIG. 1,
      moveable member 6 has been adjusted to bring the assumed annual growth
      rate in earnings of the stock, 3 percent, on scale 11 to the read-out
      marker 33. After locating the dividend yield of the stock as calculated
      above using moveable member 5, 4 percent, on arithmetic scale 12 printed
      on front face 1 just below window 26, the company factor, 7 percent, can
      be read on arithmetic scale 13. It will be seen that the company factor is
      the arithmetic sum of the dividend yield and the growth rate in earnings
      of the stock.
PAR  In the preferred embodiment, the process is repeated a second time to
      calculate a market factor which is the arithmetic sum of the dividend
      yield of a stock market index and the growth rate in earnings of the stock
      market index. For example, if the current market price of the index was
      also $100, moveable member 5 would be set correctly with $100 onscale 8
      opposite read-out marker 32. If the normal dividend of the index was
      $5.00, locating $5.00 on scale 9 would permit the current dividend yield
      of the index, 5 percent, to be read on scale 10 opposite the assumed
      normal dividend of the index.
PAR  If the growth rate in earnings of the stock market index was 3 percent,
      moveable member 6 would be set correctly with 3 percent on scale 11
      opposite read-out marker 33. After locating the dividend yield of the
      index as calculated above using moveable member 5, 5 percent, on
      arithmetic scale 12, the market factor, 8 percent, can be read on
      arithmetic scale 13. It will be seen that the market factor is the
      arithmetic sum of the dividend yield and the growth rate in earnings of
      the market index.
PAR  Clearly, it may be necessary to readjust moveable members 5 and 6 to
      perform the calculations for different stocks and indices. The assumptions
      in this description were chosen to make readjustment unnecessary, thus
      simplifying the teachings.
PAR  The front of moveable member 7 has printed on it a scale 14 to represent
      the market factor calculated above and a scale 16 to represent the company
      factor calculated above. Scale 15, printed on front face 1 just below
      window 27, represents the ratio of the company factor to the market factor
      according to a predetermined mathematical relationship. In the preferred
      embodiment, the relationship is:
      ##EQU2##
PAR  Thus, in the particular example, moveable member 7 has been adjusted to
      bring the market factor, 8 percent, on scale 14 opposite read-out marker
      34. After locating the company factor, 7 percent, on scale 16 the ratio
      can be read on scale 15 opposite the company factor. In this case the
      ratio is:
      ##EQU3##
      D. [0.9907].sup.12 E. 0.89
PAR  As can be seen, this ratio appears on scale 15 opposite the company factor,
      7 percent, on scale 16. It will be appreciated that many possible
      embodiments may be made of the invention without departing from the scope
      thereof. For example, the exponent, 12, in the above formula may be
      greater or lesser. Further, the components and method of calculating the
      company and market factors may be altered. Also, whereas this preferred
      embodiment employs a method of determining the intrinsic, fair and proper
      value of an asset which requires data on an index of similar assets, it
      will be clear to persons skilled in the art that the predetermined
      mathematical relationships could be constructed so as not to require data
      on any other asset or index of assets. For example, the market factor
      could be replaced by a constant which could be expressed in the device by
      reading the ratio directly from the company factor shown on arithmetic
      scale 13.
PAR  Turning now to FIG. 2, the back face 2 of the preferred embodiment
      incorporates four windows 28, 29, 30, 31 through which may be read the
      various scales printed on the back sides of moveable members 5, 6, 7.
      Continuing the present example, the moveable members are adjusted to
      perform the second and final part of the calculation of the intrinsic,
      fair and proper value of a share of common stock.
PAR  The back of moveable member 7 has printed on it a logarithmic scale 17 to
      represent the stock quality factor and a logarithmic scale 19 to represent
      the current price of the index. In FIG. 2, moveable member 7 has been
      adjusted to bring the assumed stock quality factor, 1.25, on scale 17 to
      the read-out marker 35.
PAR  The back of moveable member 6 has printed on it a logarithmic scale 18 to
      represent the earnings of the index and a logarithmic scale 21 to
      represent the earnings of the stock. Without moving moveable member 7 from
      its position previously set, moveable member 6 is adjusted to bring the
      assumed earnings of the index, $5.00 on scale 18 on moveable member 6,
      opposite the current price of the index, $100 on scale 19 on moveable
      member 7.
PAR  The back of moveable member 5 has printed on it an arithmetic scale 20 to
      represent the ratio of company factor to market factor as previously
      calculated and a logarithmic scale 22 to represent the intrinsic, fair and
      proper value of a stock and a logarithmic scale 23 to represent the
      current market price of a stock. Without moving moveable member 6 from its
      position previously set, moveable member 5 is adjusted to bring the
      calculated ratio, 0.89 on scale 20 on moveable member 5, opposite the
      assumed earnings of the stock, $6.90 on scale 21 on moveable member 6.
PAR  The intrinsic, fair and proper value of the stock is then read on scale 22
      on moveable member 5 opposite read-out marker 36. In this example, the
      intrinsic, fair and proper value of the stock is $153.50. The
      predetermined mathematical relationship in the preferred embodiment is:
PAR  Intrinsic, fair and proper value of the stock equals
PA1  the calculated ratio times
PA1  the quality factor times
PA1  the price to earnings ratio of the index times
PA1  the earnings of the stock.
PAR  Thus, in the particular example, the calculated ratio is 0.89, the quality
      factor is 1.25, the current value of the index is $100, the earnings of
      the index are $5.00, and the earnings of the stock are $6.90. In this
      case, the intrinsic, fair and proper value of the stock is:
PA1  A. value = Ratio .times. Quality Factor .times. Value of Index/Earnings of
      Index .times. Earnings of Stock
PA1  B. value = 0.89 .times. 1.25 .times. 100/5 .times. $6.90
PA1  C. value = 0.89 .times. 1.25 .times. 20 .times. $6.90
PA1  D. value = 1.1125 .times. 20 .times. $6.90
PA1  E. value = 22.25 .times. $6.90
PA1  F. value = $153.525
PAR  Without moving moveable member 5, the assumed current market price of the
      stock can be located on scale 23. Opposite the assumed current market
      price, $100, the percentage change from current market price to intrinsic,
      fair and proper value can be read on logarithmic scale 24, printed on back
      face 2 just below window 31. The user can thus ascertain if and to what
      extent the asset is overvalued or undervalued in the marketplace. In this
      particular example, the asset is undervalued and the intrinsic, fair and
      proper value of the stock is 53.5 percent higher than the current market
      price.
PAR  It may be noted that in the preferred embodiment the calculated market
      factor on scale 14 of the front side of moveable member 7 will remain
      constant if the current market price, normal dividend and growth rate of
      the index remain constant as is normally the case after the close of each
      day's trading on the major stock exchanges. Thus, the user need only
      calculate the market factor once for each session of asset valuation which
      greatly simplifies the process of determining the intrinsic, fair and
      proper value of many individual assets such as a portfolio of stocks.
PAR  It will be appreciated that the asset value calculator taught by the
      subject disclosure can also be manufactured in other forms such as a
      circular slide rule or linear slide rule without departing from the spirit
      and scope of the invention. It is to be understood that all matters herein
      set forth or shown in the accompanying drawings are to be interpreted as
      illustrative and not in a limiting sense. Within the scope of my invention
      there are many possible variations of the embodiments of my invention
      which will occur to those skilled in the art in the light of present
      teachings. It will be understood that certain features and combinations
      are of utility and may be employed without reference to other features and
      combinations within the scope of my invention.
PAR  From the foregoing, it will be seen that this unique invention is one well
      adapted to attain all of the ends and objects hereinabove set forth
      together with other advantages which are obvious and which are inherent to
      the invention.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. A device for calculating the intrinsic, fair and proper value of certain
      financial assets comprising:
PA1  a body member consisting of a sleeve having a plurality of windows thereon;
PA1  a plurality of slides receivable in said sleeve;
PA1  a first index mark adjacent one of said plurality of windows;
PA1  a first logarithmic scale on one of said slides denoting a quality factor
      for said financial asset viewable through said one window;
PA1  a second window;
PA1  a logarithmic scale along one edge of said first slide denoting the current
      price of a market index viewable through said second window;
PA1  a logarithmic scale along one edge of a second slide denoting the yearly
      earnings of said market index viewable through said second window, said
      market index current price scale and said market index yearly earnings
      scale being juxtaposed so that values on each scale may be aligned by
      relative motion of said first and second slides;
PA1  a third window;
PA1  a logarithmic scale along the opposite edge of said second slide denoting
      the yearly earnings of said financial asset viewable through said third
      window;
PA1  a logarithmic scale along one edge of a third slide denoting the ratio [(1
      + company factor)/(1 + market factor)].sup.12 viewable through said third
      window, said financial assets earning scale and said ratio scale being
      juxtaposed so that values on each scale may be aligned by relative motion
      of said second and third slides;
PA1  a fourth window;
PA1  a second index mark on said sleeve adjacent said fourth window; and
PA1  a logarithmic scale denoting the fair and proper value of said financial
      asset on said third slide viewable through said fourth window, whereby
      known values of financial asset quality factor, market index current
      price, market index yearly earnings, financial asset yearly earnings, and
      said ratio may be entered by placing said quality factor opposite said
      first index mark, said market index yearly earnings opposite said market
      index price, and said ratio opposite said financial asset yearly earnings,
      and the fair and proper value of said financial asset may be read out
      opposite said second index mark.
NUM  2.
PAR  2. A device according to claim 1 for calculating, in addition, the
      percentage change from the current price of a financial asset to the
      intrinsic, fair and proper value of said asset, comprising:
PA1  a logarithmic scale denoting the current price of said financial asset
      along the opposite edge of said third slide viewable through said fourth
      window; and
PA1  a logarithmic scale denoting percentage change on said sleeve adjacent to
      said fourth window, said financial asset current price scale and said
      percentage change scale being juxtaposed so that when the intrinsic, fair
      and proper value of said financial asset is set opposite said second index
      mark, the percentage change from the current price of said financial asset
      to the intrinsic, fair and proper value of said asset may be read out on
      said percentage change scale opposite the current price on said current
      price scale.
NUM  3.
PAR  3. A device according to claim 1 for calculating, in addition, the said
      ratio comprising:
PA1  said body member having fifth, sixth, and seventh windows thereon;
PA1  a third index mark adjacent one edge of said fifth window;
PA1  a logarithmic scale on a fourth slide denoting the current price of a
      financial commodity and being viewable through said fifth window adjacent
      said third index mark;
PA1  a second logarithmic scale on said fourth slide denoting the normal
      dividend of said commodity and being viewable through said fifth window
      adjacent the edge opposite said third index mark;
PA1  a logarithmic scale on said body member adjacent said fifth window opposite
      edge denoting the dividend yield of said commodity such that when the
      current price of said commodity is set opposite said third index mark,
      said dividend yield may be read out on said dividend yield scale opposite
      the normal dividend on said normal dividend scale;
PA1  a fourth index mark adjacent said sixth window;
PA1  a linear scale on a fifth slide denoting the growth rate of said commodity
      and being viewable through said sixth window adjacent said fourth index
      mark;
PA1  a second linear scale on said fifth slide denoting a commodity factor
      viewable through said sixth window adjacent the edge opposite said fourth
      index mark;
PA1  a linear scale on said body member adjacent said sixth window opposite edge
      denoting the dividend yield of said commodity, whereby the commodity
      factor is read opposite the dividend yield scale when the growth rate is
      set opposite said fourth index mark;
PA1  a fifth index mark adjacent said seventh window;
PA1  a pair of commodity factor scales on a sixth slide corresponding to said
      company factor and said market factor, respectively, viewable through said
      seventh window; and
PA1  a logarithmic scale denoting said ratio on said body member adjacent said
      seventh window, said pair of scales and said ratio scale being relatively
      located such that when said market factor is set opposite said fifth index
      mark, the said ratio is opposite said company factor.
NUM  4.
PAR  4. A device according to claim 3 wherein said fifth, sixth, and seventh
      windows are on the opposite side of said sleeve from said first, second,
      third, and fourth windows, and said fourth slide is the opposite side of
      said third slide, said fifth slide is the opposite side of said second
      slide, and said sixth slide is the opposite side of said first slide.
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ABST
PAL  An air conditioning system comprising a room to which conditioned air
      having temperature and volume parameters is delivered. Temperature sensing
      means is provided for sensing the temperature of the air in the room. Air
      supply means responsive to the sensing means is provided in an air supply
      duct. Damper means is also mounted in the duct for varying the effective
      area of the opening of the duct. A regulating means is provided for
      controlling the damper to vary the air velocity in accordance with a
      constant value for the expression A.sub.r. L.sup. .sup.-3/2, where A.sub.r
      is the Archimedean number, and l represents the effective area of the
      opening.
PARN
PAR  This application is a continuation of Ser. No. 356,477, filed May 2, 1973,
      now abandoned.
BSUM
PAR  The invention relates to an air inlet means for air conditioning
      installations or the like having an inlet opening preferably disposed in a
      substantially vertical plane, at least one parameter of the inlet air
      being variable.
PAR  In air conditioning and ventilating installations the problem arises of the
      users of air conditioned or ventilated premises being troubled by draughts
      associated with the changing air. This applies to a greater extent, the
      higher the velocity or the lower the temperature of the air blown in. The
      longer the air blown in has to mix with the air in the room, the lower its
      velocity becomes, the more its temperature rises, and the less unpleasant
      is any draught.
PAR  Efforts have therefore been made, by disposing the inlet opening above the
      level of the heads of people using the room and by imparting a
      predetermined inlet angle to the stream of air blown in, to make it follow
      a path that causes the least possible trouble by draughts. It has been
      found, however, that when operating the air conditioning installation this
      flow path varies in an undesirable manner. In some operating conditions
      troublesome noise is also caused.
PAR  The object of the present invention is to provide an air inlet means of the
      initially described kind in which simple measures ensure that considerably
      less trouble occurs during operation of the installation.
PAR  According to the present invention this object is achieved by making the
      size of the inlet opening variable in dependence upon the parameter of the
      air blown in.
PAR  This solution is based upon the consideration that the troubles occurring
      during operation are caused by a change in the parameters of the air blown
      in. By varying the size of the inlet opening during operation of the
      installation, as proposed by the invention, these troublesome changes can
      be wholly or partially counteracted.
PAR  In the case of a normal inlet opening in the form of a horizontally
      extending gap, the height of the gap is preferably variable. This results
      both in a simple construction and in a simple calculation of the change in
      the height of the gap in dependence upon a change in parameter value. In
      the case of circular or other inlet openings the heights and widths of
      which are of the same order of magnitude, it is preferable to vary both
      dimensions of the opening, e.g. by altering the radius.
PAR  If a fairly large quantity of heat is to be discharged from the room into
      which air is blown, the temperature of the air blown in is generally
      reduced, or its volume is increased. The parameters mainly of interest in
      this case are therefore the temperature and volume of the air blown in.
      When the temperature of the air blown in drops and its volume is reduced,
      there arises the danger that air will flow prematurely into the actual
      zone where it is to dwell. This danger is eliminated by a regulating
      device which decreases the size of the inlet opening as the temperature of
      the air blown in drops, or increases the size of the opening as the volume
      of air blown in rises.
PAR  The size of the inlet opening can also be regulated in dependence upon
      parameters which are in turn dependent upon the primarily regulated
      parameters of the air blown in. In the case of a variable volume
      installation, this applies in particular when controlling in dependence
      upon the pressure of inlet air in a chamber disposed upstream of the inlet
      opening. It is particularly desirable to keep not only the temperature of
      the air in the room approximately constant, but also the temperature
      distribution and then the distribution of the air blown into the room,
      when the operating conditions vary. This is achieved by means of a
      regulating device which alters the height 1 of the gap in such a manner
      that the expression A.sub.r.l.sup..sup.-3/2 remains approximately
      constant, A.sub.r being the Archimedean number. If this requirement is
      observed, the flow path of the air blown in into the room remains
      approximately constant, even when the temperature and/or the volume of the
      air blown in varies.
PAR  If the air from the air conditioning installation is blown in relatively
      close to the ceiling of the room, the so-called Coanda effect occurs. This
      causes the air to flow parallel with the ceiling over a greater distance
      than would otherwise be the case if the air were blown into the body of
      the room. In this case it is advantageous to provide a regulating device
      or additionally to design the regulating device such that the Archimedean
      number A.sub.r is kept below the limit value that is critical for causing
      the Coanda effect. This prevents the stream of air descending into the
      zone of dwell soon after leaving the inlet opening, as a result of too low
      a temperature or because of too low a velocity caused by reduction of
      volume.
PAR  It is also advantageous to provide a regulating device or additionally to
      design the regulating device such that the velocity of the air blown in is
      kept below a value that is critical as regards causing noise. In this way
      it is possible to avoid the noise that otherwise often occurs when
      regulating the volume of air.
PAR  It is also possible to effect an adjustment whereby the height of the gap
      is altered in such a way that the expression v.l.sup.1/2 is constant. This
      results in a substantially constant velocity of the air induced into the
      zone of dwell.
PAR  In a preferred arrangement, a common signal generator controls both the
      parameter of the air blown in and the size of the inlet opening. In
      particular the common signal generator may be a thermostat which is fitted
      in the room having the inlet opening. In this way it becomes possible to
      avoid having a control system which senses the parameter and then alters
      the size of the inlet opening in dependence thereon.
PAR  The size of the inlet opening is preferably variable by means of a
      adjusting device which is acted upon on one side by a pressure signal and
      on the other side by an opposing spring. The pressure signal, which can be
      supplied for example by the vapor pressure of a thermostat having a liquid
      vapor filling or in particular by a pneumatic system, produces, in
      conjunction with the spring, a specific size of inlet opening. A
      particularly advantageous feature in this connection is that with the aid
      of the spring it is possible to match the required relationship between
      the change in the parameter and the change in the size of the inlet
      opening, even if this relationship is not a linear one. In this case it
      suffices simply to use a spring having a corresponding non-linear
      characteristic curve.
DRWD
PAR  The invention will now be described in greater detail by reference to
      embodiments illustrated in the drawing, in which:
PAR  FIG. 1 is a diagrammatic illustration of an air-conditoned room into which
      conditioned air is blown in in the normal way,
PAR  FIG. 2 is a diagrammatic illustration of an inlet means in accordance with
      the invention, and
PAR  FIG. 3 is a diagrammatic illustration of another form of inlet means in
      accordance with the invention.
DETD
PAR  Air is blown into a room 1 by way of a supply duct 2 and is discharged
      through an exhaust duct 3. A thermostat 4 fitted in the room controls a
      mixing unit 5 to which warmer air is supplied through a duct 6 and colder
      air through a duct 7 (two-duct system).
PAR  Depending upon the setting of the mixing unit 5, air having a predetermined
      temperature enters the room 1 through an inlet opening 8.
PAR  A particularly advantageous air flow path is obtained if the inlet opening
      8 is located in a side wall at a small distance below the ceiling, and the
      air blown in strikes the opposite side wall at a predetermined distance
      above the floor. The air blown in thus reaches the actual zone of dwell
      only after it has been so warmed by mixing with the air in the room and
      has acquired so low a velocity that no troublesome draughts occur. This is
      indicated in FIG. 1 by the curve a.
PAR  If the temperature of the air blown in drops, then as a result of the
      greater air density a flow path occurs that corresponds to the curve b in
      FIG. 1. In this case the cool air reaches the zone of dwell at a
      relatively early stage. The same applies if the velocity of the incoming
      air correspondingly falls as a result of a reduction in volume.
      Conversely, a flow path corresponding to the curve c in FIG. 1 occurs when
      the inlet velocity or the inlet temperature rises.
PAR  By means of the embodiment of the invention shown in FIG. 2, a flow path
      corresponding to the curve a in FIG. 1 can be obtained substantially over
      the entire operating range. The inlet opening 8 taken the form of a gap
      extending in the horizontal direction. The size of the inlet opening 8 can
      be adjusted with the aid of a baffle 10 which can be swung about a pivot
      9. Adjustment takes place with the aid of an adjustment device 11 which is
      acted upon on the one side by a piston 12 to which pressure is applied and
      on the other side by a spring 13 applying force in the opposite direction.
      The thermostat 4 here takes the form of a throttle valve through which air
      from a pressure-supply unit 14 is passed on the one hand to the mixing
      unit 5 and on the other hand to a cylinder space 15 below the piston. When
      the temperature in the room 1 rises, the throttle valve 4 opens to a
      greater extent and the pressure in its outlet duct rises, so that on the
      one hand the mixing unit 5 delivers cooler air to the duct 2, and on the
      other hand the size of the inlet opening 8 is reduced.
PAR  If, despite the lowering of the inlet temperature, the flow path indicated
      by curve a in FIG. 1 is to be maintained, the expression
      A.sub.r.l.sup..sup.-3/2 must remain approximately constant, the
      Archimedean number A.sub.r being defined as follows:
      ##EQU1##
      wherein g is the gravitation constant, .beta. the coefficient of expansion
      of the air, t.sub.2 the temperature of the room, t.sub.1 the temperature
      of the air blown in, l the height of the gap, and v the inlet air
      velocity. This condition is achieved when the expression v.sup.2.1.sup.1/2
      varies proportionally with the change in the difference in temperature.
      Since for constant volume per unit time, the inlet velocity v likewise
      depends upon the size of the inlet opening, the height l of the gap is
      correspondingly adjusted.
PAR  It is of no consequence that the relationship between the height l of the
      gap and the inlet temperature or the temperature difference is non-linear,
      since the spring 13 may have a non-linear characteristic curve; for
      example use can be made of a helical spring wound in conical form, a
      plurality of springs arranged in parallel and becoming effective one after
      the other, or a pack of several plate springs of different strengths.
PAR  An appropriate relationship can of course also be achieved by means
      incorporated in the mixing unit or some other converter.
PAR  In the arrangement seen in FIG. 3, provision is made for regulating the
      volume of air blown in. For this purpose a thermostatically controlled
      throttle element 16 is fitted in the supply duct 2, and this element is
      controlled through a capillary tube 17 by a sensor 18 fitted in the room 1
      and having a liquid vapor filling. The capillary tube has a branch 19
      which communicates with the cylinder space 20 above the piston 12. In this
      way the baffle 10 in the inlet opening 8 is pressed downwardly when the
      temperature rises and therefore the pressure in the capillary system
      increases. A spring 21 applying force in the opposite direction
      establishes a particular position of the baffle 10 for each temperature.
PAR  In order to maintain the flow path in accordance with curve a in FIG. 1
      when using this equipment, even when a change occurs in the inlet
      velocity, which normally depends upon a change in the volume of air blown
      in per unit time, it is necessary to provide for keeping the expression
      v.sup.2.l.sup.1/2 approximately constant. Such relationship can be readily
      achieved with the aid of a suitable spring 21.
PAR  If the spring 21 that is selected has the effect of keeping  v.l.sup.1/2
      constant, then an approximately constant velocity of the air induced into
      the zone of dwell by the air flow is achieved.
PAR  If the ceiling is relatively close to the inlet opening 8 as shown in FIG.
      3, the resultant path of flow is not, in practice, as shown in FIG. 1.
      Instead, as a result of the Coanda effect, a flow path is obtained that
      corresponds roughly to the curve d in FIG. 3. If the inlet means is so
      designed that this flow path represents the normal operating condition
      (i.e. the path that will be maintained under all operating conditions) it
      is advisable so to regulate the size of the inlet opening 8 that the
      Archimedean number A.sub.r does not exceed a predetermined critical value,
      for example at too low an inlet velocity as a result of a small volume of
      air blown in. Thus, when regulating the volume the Archimedean number can
      be kept constant if when making an adjustment l/v.sup. 2 is maintained
      constant.
PAR  A pressure sensor 21 is shown in broken lines in FIG. 3, and this
      ascertains the pressure in the supply duct 2 downstream of the throttle
      element 16, and in dependence thereon supplies a pressure signal to the
      cylinder space 20, there being then no branch pipe 19.
PAR  A further point of view can also be considered. If as a result of an
      excessively great inlet volume for a fixed size of inlet opening, the
      inlet velocity were to become so great that unpleasant noise occurred,
      then by increasing the size of the inlet opening the inlet velocity can be
      held at a value below the critical noise producing level.
PAR  The inlet means of the invention is, of course, also suitable when the
      control of the air conditioning installation includes both control of the
      temperature and control of the volume of the air blown in. In each case
      the variable size of the inlet opening is a parameter which can be varied
      in addition to the main parameters of the inlet air (temperature and
      volume), in order to reduce or completely eliminate troubles hitherto
      occurring during the operation of an air conditioning installation. The
      relationship can also be achieved by altering the size of the inlet
      opening not over the entire operating range but merely over the limiting
      parts of the range e.g. for preventing too low or too high an inlet
      velocity. Further possibilities are those of effecting the main adjustment
      by altering a parameter of the air blown in and achieving particular flow
      conditions by altering the size of the inlet opening in conjunction with a
      variation of the other parameter.
PAR  If the inlet opening is not in the form of a rectangular gap, but is
      circular for example, slightly different forms apply. In this case for
      example the expression A.sub.r.d.sup..sup.-2 should be kept constant in
      order to maintain a predetermined flow path, d in this expression being
      the diameter of the inlet opening and being used in the Archimedean number
      instead of the height l of the gap.
PAR  By means of the theory of geometrically similar spaces in fluid dynamics,
      it is also possible to determine the conditions for other forms of inlet
      opening.
PAR  Instead of a pneumatically operating thermostat, use can also be made of an
      electrical thermostat in conjunction with an electrically or magnetically
      driven actuating device.
CLMS
STM  I claim:
NUM  1.
PAR  1. An air conditioning system comprising a room to which conditioned air
      having temperature and volume parameters is delivered, temperature sensor
      means for sensing the temperature of air in said room, an air duct having
      an opening defined in one of said walls, air supply means responsive to
      said temperature sensor means for supplying a constant volume of air
      through said air duct having a dependent temperature which tracks said
      sensed temperature, damper means in said air duct for varying the
      effective area of said opening, regulating means responsive to said
      temperature sensor means for modulatingly moving said damper means for
      varying the air velocity in accordance with a constant value for
      expression A.sub.r.l.sup..sup.-3/2 where l represents the effective area
      of said opening and A.sub.r is the Archimedean number.
NUM  2.
PAR  2. An air conditioning system according to claim 1 wherein said varied
      parameter is said volume of said delivered air.
NUM  3.
PAR  3. An air conditioning system according to claim 1 wherein said opening is
      in a vertical plane and has a rectangular shape.
NUM  4.
PAR  4. An air conditioning system according to claim 1 including a chamber on
      the upstream side of said opening, air treatment means in said chamber for
      varying one of said parameters, said air treatment means being responsive
      to and controlled by said temperature sensor means.
NUM  5.
PAR  5. An air conditioning system according to claim 1 wherein said sensor
      means is of the liquid vapor type, said regulating means being a fluid
      pressure device operable in a closing direction by pressurized fluid and
      in a closed direction by spring biasing means.
NUM  6.
PAR  6. An air conditioning system according to claim 5 wherein said spring
      biasing means has a nonlinear characteristic curve.
NUM  7.
PAR  7. An air conditioning system according to claim 2 wherein said air
      treatment means includes a throttle valve.
NUM  8.
PAR  8. An air conditioning system according to claim 1 wherein said sensor
      means is of the liquid vapor type, said regulating means being a fluid
      pressure device operable in an opening direction by spring biasing means.
NUM  9.
PAR  9. An air conditioning system according to claim 8 wherein said psring
      means has a nonlinear characteristic curve.
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ABST
PAL  An improved choke valve control arrangement whose regulating thermostat is
      heated by a separate electric heater is described. The thermostat heater
      is coupled to the vehicle power supply through one of a first plurality of
      switch controlled paths of difference impedance. Each path corresponds to
      a different rate of opening of the choke valve as a function of engine
      temperature. A separate room heater arranged to absorb heat from the
      engine cooling water is coupled to the power supply through a second
      plurality of switch controlled paths. A ganging arrangement for the
      switches associates corresponding pairs of paths of the thermostat and
      room heaters so that a change in the excitation of the room heater is
      accompanied by a proportional change in the rate of heating of the
      thermostat heater.
BSUM
PAC  BACKGROUND OF THE INVENTION The This invention relates to a choke valve
      control arrangement for an internal combustion engine, and more
      particularly to an automatic choke valve control arrangement regulated by
      a thermostat that is heated by an electrical heater.
PAR  At the instant of starting a cold engine, atomization of the fuel is
      usually insufficient and ignition is therefore difficult. To correct this,
      it is necessary to supply a relatively large quantity of fuel to the cold
      engine by reducing the effective area of the valve at the inlet of the
      carburetor. As the engine warms up, the choke valve is moved progressively
      to its fully opened position to yield an optimum air-fuel ratio.
PAR  It has long been known in this art to operate the choke valve automatically
      by means of a thermostat responsive to the temperature of the engine
      cooling water or of the engine exhaust gases. In general, arrangements for
      heating the thermostat with coolant engine are complicated, while
      arrangements for heating the thermostat with air warmed by the exhaust
      gases are susceptible to improper operation of the choke valve in the
      presence of foreign materials which are often introduced into the heating
      air.
PAR  More recently, simpler choke valve control arrangements have been developed
      wherein the thermostat is heated by an electric heater. Unfortunately, the
      response of presently known designs of this type to changes in the engine
      water temperature is slow; this is particularly true in the case where the
      vehicle is equipped with a separate room heater which, when made
      operative, absorbs heat from the engine cooling water to warm the
      passenger compartment. Because the room heater and the thermostat heater
      operate independently in such designs, the heat absorbed by the room
      heater when the latter is operative is not taken into account in the
      operation of the thermostat heater so that the latter functions as if the
      engine were colder than it actually is. Accordingly, the choke valve
      dictates an unduly rich air-fuel mixture to the engine before actual
      engine conditions require it. As a result, operating conditions for the
      engine will not be optimum, and the latter will tend to exhibit incomplete
      combustion with the accompanying danger of producing poisonous exhaust
      gases.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved automatic choke valve control
      arrangement of the type employing an electric heater, for avoiding the
      disadvantages of the prior art.
PAR  An illustrative embodiment of the invention is described for the case where
      the vehicle room heater and the thermostat heater are separately connected
      to the vehicle power source, e.g., a battery operating through the
      ignition switch. Such connections are provided by separate first and
      second switches. The first switch has a first inoperative position wherein
      the room heater is disconnected from the power source, and a second
      operative position wherein the heater is energized to be responsive to
      changes in the engine water temperature in the normal manner. The second
      switch, in turn, couples the power source to the thermostat heater either
      through a low impedance first path or through a high impedance second
      path. The establishment of the first path through such second switch
      permits the thermostat heater to effect the normal, relatively rapid
      movement of the choke valve into its open position, while the
      establishment of the second position of such switch serves to retard the
      thermostat action and thereby lengthen the time required for the choke
      valve to reach its fully opened position.
PAR  Separate ganging means associate the first and second switches in such a
      manner that when the first switch is in its inoperative position to
      maintain the room heater disabled, the second switch establishes the first
      path to the thermostat heater to permit normal operation thereof. On the
      other hand, when the first switch is placed in its operative position
      whereby the room heater is permitted to absorb heat from the engine and
      thereby lower the temperature of the cooling water, the second switch
      correspondingly establishes the second path to the thermostat heater to
      retard the operation of the choke valve and to thereby accommodate the
      longer warm-up of the engine. If desired, each of the first and second
      switches may be provided with three or more positions, each with a
      difference impedance. In such a case a ganging means associates
      corresponding pairs of the respective switch positions so that the
      impedance exhibited in the room heater excitation path is accompanied by a
      corresponding impedance in the thermostat heater excitation path.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention is further set forth in the following detailed description
      taken in conjunction with the appended drawing, in which:
PAR  FIG. 1 is a combined pictorial and schematic diagram of an automatic choke
      valve control arrangement in accordance with the invention;
PAR  FIG. 2 is a schematic diagram of an alternative embodiment of the switching
      apparatus used in the arrangement of FIG. 1;
PAR  FIG. 3 is a set of curves showing the rate of change of engine cooling
      water temperature in a vehicle equipped with a room heater that is placed
      in its inoperative and operative positions respectively; and
PAR  FIG. 4 is a set of curves showing the rate of change of opening of the
      choke valve for the respective conditions depicted in FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawing, a carburetor 1 is associated with a throttle
      valve 2 and an overlying choke valve 3. The movement of the choke valve is
      controllable by means of a lever 5 attached to a valve shaft 4. An outer
      end of a conventional coil thermostat 6 is affixed to the lever 5 for
      conventionally positioning the choke valve between a closed and an open
      position, while the inner end of the thermostat is affixed to the body of
      the carburetor 1.
PAR  An electric heater 7 is shown in surrounding relation to the thermostat 6
      whereby the progressive heating of the thermostat by the heater 7 when the
      latter is excited as described below, causes the choke valve 3 to
      progressively open as the temperature of the engine cooling water rises.
      (A type course of temperature of the engine cooling water during such
      warm-up is shown as curve A of FIG. 3, while the corresponding rate of
      opening of the choke valve 3 under the influence of the heater 7 and the
      thermostat 6 is shown at curve A in FIG. 4.)
PAR  Electrical excitation of the heater 7 is normally supplied from a vehicle
      power source 9, represented by a battery, via an engine ignition switch 10
      and a first contact 11a of a switch 11. In this normal position, a low
      impedance path, represented by a short circuit, is established from the
      battery through the switch 11 to rapidly heat the electric heater 7. As a
      result the opening of the choke valve 3 takes place in the relatively
      short length of time depicted in the above-mentioned curve a of FIG. 4.
PAR  Such normal mode of operation of the heater 7 and the choke valve 3 has
      been found inappropriate where the vehicle is further equipped with a room
      heater represented at 14. Such room heater is conventionally mounted in
      the passenger compartment (not shown) of the vehicle and is normally
      composed of a fan 14a driven by an electric motor and a heat exchanger 14b
      heated by engine cooling water. Such a fan motor also normally excitable
      from the battery 9 through the ignition switch 10 and a separate switch 13
      when the latter is moved from an inoperative position 13a to an operative
      position 13b.
PAR  Such types of room heaters absorb heat from the engine cooling water
      thereby delaying the engine warm-up as indicated at curve B of FIG. 3.
      Under these circumstances, the choke valve 3 is normally operated to its
      open position before the engine has fully warmed up. As a result the
      engine will be fed an inappropriately lean air-fuel mixture so that the
      engine will not operate smoothly and will be susceptible to incomplete
      combustion.
PAR  In accordance with the invention, such problems are avoided by providing
      (1) at least one separate relatively high resistance path 51 in the energy
      supply line of the heater 7 via the switch 11, and (2) a switch ganging
      arrangement represented at 52 for associated the switches 11 and 13. The
      effect of switching in the high impedance path 51, e.g., by moving the
      switch 11 to an associated contact 11b in series with a resistor 53, is to
      slow up the heating of the electric heater 7 and thereby retard the
      thermostat 6 so that the movement of the choke valve 3 to its open
      position will be delayed relative to such movement when the switch 11
      establishes its low impedance position via contact 11a. Such delayed
      characteristic of the choke valve opening movement is shown as curve b in
      FIG. 4 and corresponds to the retarded warm-up characteristic B shown in
      FIG. 3.
PAR  To accomplish this result, the ganging arrangement 51 operates in such a
      manner that the switch 11 establishes its high impedance path through
      contact 11b whenever the switch 13 establishes a room heater excitation
      path through the operative contact 13b. Conversely, when the switch 13 is
      placed in its inoperative position via contact 13a, i.e., when the room
      heater is not on so that the warm-up of the engine cooling water proceeds
      unaffected, the switch 11 is placed in its low impedance position via
      contact 11a whereby the thermostat 6 operates in a normal manner.
      Consequently, the curve a of FIG. 4 will occur simultaneously with the
      curve A of FIG. 3.
PAR  FIG. 2 shows an alternative arrangement of the excitation paths for the
      switches 11 and 13 and for the associated thermostat heater 7 and room
      heater 14 respectively. In this arrangement the switches 11 and 13 each
      have four positions with the corresponding positions 11a and 13a having
      the same significance as discussed above in connection with FIG. 1. The
      three upper positions 11b 11c, and 11d of the switch 11 each defines a
      different impedance path to the control line 8 of the heater 7, as
      established by one or more of a plurality of resistors 71, 72, and 73,
      respectively.
PAR  The path defined through the contact 11b of the switch 11 has the highest
      resistance, corresponding to the longest delay of the opening of the choke
      valve 3, while the paths through the contacts 11c and 11d of such switch
      have progressively lowered impedances. The excitation of the heater 14
      corresponding to that resulting from the establishment of one of the paths
      through the contacts 11b, 11c and 11d of the switch 11 are respectively
      provided through contacts 13b, 13c, and 13d of the switch 13. In
      particularly, the operative paths established through the contacts 13b,
      13c, and 13d, exhibit progressively higher impedances as determined by one
      or both of resistors 81 and 82. Consequently, matched characteristics
      corresponding to those of FIGS. 3 and 4 are accomplished by associated
      switches 11 and 13, via the ganging arrangement 52, such that an
      appropriate pair of the paths 11a and 13a, 11b and 13b, 11c and 13c, and
      11d and 13d are simultaneously established.
PAR  In the foregoing, the invention has been described in connection with
      preferred arrangements thereof. Many variations and modifications will now
      occur to those skilled in the art. It is accordingly desired that the
      scope of the appended claims not be limited to the specific disclosure
      herein contained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use in a water-cooled motor vehicle equipped with (A) a room heater
      excitable by a power source in accordance with the temperature of the
      vehicle engine cooling water and (B) a separate electric heater excitable
      by the power source for controlling a thermostat that automatically
      adjusts the vehicle engine choke valve, an improved automatic choke
      control arrangement which comprises:
PA1  first switching means for selectively connecting the power source to the
      room heater to effect operation of the room heater when the first
      switching means is moved from a first inoperative position to a second
      operative postion;
PA1  second switching means for connecting the power source to the thermostat
      heater through a selected one of a first path and a second path, the
      impedance of the second path being high relative to that of the first
      path, whereby the choke valve is opened at a relatively high rate when the
      second switching means establishes the first path and at a relatively low
      rate when the second switching means establishes the second path; and
PA1  ganging means coupling the first and second switching means for
      establishing the first path of the second switching means when the first
      switching means is in its inoperative position and for establishing the
      second path of the second switching means when the second switching means
      is in its operative position.
NUM  2.
PAR  2. An automatic choke valve control arrangement as defined in claim 1, in
      which the first switching means includes a plurality of second positions
      each associated with a different impedance, the second switching means
      includes a plurality of second paths of mutually different impedances, and
      a ganging means comprises means for associated each second position of the
      first switching means with a corresponding second pass of the second
      switching means.
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ABST
PAL  Method and apparatus for solubilizing and dispensing material such as
      fertilizer and other lawn, garden and agricultural chemicals by use of a
      spherical container having a tangential inlet, a liquid diffusing outlet
      and means for filling the container with such material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to solubilizing and spreading materials especially
      lawn, garden and agricultural chemicals.
PAR  The predominant procedure presently used for spreading fertilizer on home
      lawns is to place a portion of a bag of particulate fertilizer in a
      wheeled hopper having a rotational metering device for dispensing the
      fertilizer by gravity. These fertilizer spreaders are usually metallic and
      therefore short lived due to the corrosive action of the fertilizer in
      contact with the spreader's metal parts. Unless the spreader is thoroughly
      cleaned after each use the grate-like metering device will become so
      rusted that the spreader can no longer be used effectively. A well-made
      metallic fertilizer spreader is fairly expensive especially in light of
      the short life of the spreader. In addition to the short life of the
      wheeled fertilizer spreader extensive time and effort must be expended to
      load the spreader and deliver the fertilizer to the various parts of a
      lawn. In addition, most fertilizers must then be watered in, requiring
      proper placement of hoses and time consuming movement of the hoses to
      provide water coverage for the entire lawn. The watering aspect of the
      fertilization process can be partially overcome by utilizing a large
      number of hoses and sprinklers presuming there are sufficient hydrants
      available.
PAR  Attempts have been made to obviate the difficulties involved in applying
      fertilizer to home lawns. Service companies are generally available in
      urban areas which use liquid fertilizer disposed under pressure. Although
      this process is somewhat less time consuming, the procedure is labor
      intensive and equipment life may be short lived and require a high
      maintenance effort.
PAR  Solid cake fertilizer has been used for feeding trees and shrubs. The solid
      fertilizer is normally positioned such that water will pass over the
      solid, solubilizing the caked fertilizer's exterior surface, and is
      normally directed beneath the ground by a long slender tube having a
      valved lower opening. Such devices perform fairly satisfactorily, however,
      their use is limited to very localized areas.
PAR  U.S. Pat. No. 2,563,961 describes apparatus for applying solid cake
      fertilizer through a rotary sprinkler. This device suffers from the
      disadvantages of the high cost of solid cake fertilizer and the limited
      space available for containing the fertilizer. Because of the limited
      fertilizer space the sprinkler presumably would have to be relocated
      fairly often.
PAR  U.S. Pat. No. 3,165,114 describes a dispensing package where fertilizer is
      heat sealed in a flexible plastic material. Water is passed through the
      interior of the package which mixes and solubilizes the fertilizer prior
      to its exit from the bag. It is extremely doubtful that such a device
      could withstand the high pressures inherent in city water systems. A
      pressure reduction manifold would be necessary for its use which would
      make its cost prohibitive.
PAR  In addition to the problems present in spreading fertilizer there are other
      difficulties with dispensing lawn, garden and agricultural chemicals such
      as insecticides, herbicides and soil conditioners. Generally these
      materials are dispensed through hose end sprayers, pressurized container
      sprayers and hand pumps. Each of these methods are hazardous due to the
      proximity of the operator to the dispensing device. The operator is
      exposed to contact with the chemicals which can injure sensitive
      membranes. If excessive contact occurs, as in windy conditions, serious
      injury can result.
PAR  It is therefore the object of the present invention to provide a new and
      improved method and apparatus for distributing materials for lawn and
      garden care as well as general agricultural use.
PAC  SUMMARY OF THE INVENTION
PAR  The invention includes apparatus for solubilizing and dispensing certain
      materials. The apparatus includes a generally spherical hollow container
      having a liquid inlet arranged to direct fluid flow into the container in
      a direction tangential to the interior surface of the container and an
      outlet which includes a liquid diffuser. Filler means is also provided for
      introducing liquid soluble material.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention may be more fully understood when the accompanying Detailed
      Description is read in conjunction with the following drawings:
PAR  FIG. 1 is an elevational view, a portion of which is shown in vertical
      cross-section, of an embodiment of the invention having separate means for
      filling and dispensing materials.
PAR  FIG. 2 is a cross-sectional plan view illustrating details of the inlet and
      directional flow of entering fluid.
PAR  FIG. 3 is a horizontal section of the inlet including an attached water
      hose adapter.
PAR  FIG. 4 is an elevational view of an embodiment of the invention which
      combines the filling and dispensing portions of the invention.
PAR  FIG. 5 is an alternate embodiment of the combined filling and dispensing
      portions of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring first to FIG. 1, there is shown a container 12 illustrated by its
      upper half being shown in cross-section. The container 12 is spherically
      shaped having a hollow interior. The container 12 is preferably
      constructed of a high tensile strength plastic material such as
      polypropylene or CELCON (a registered trademark of the Celanese
      Corporation). CELCON is a crystalline acetal co-polymer based on trioxane.
      A high strength material is necessary in order for the container to
      withstand high water pressures of city water systems. The container 12
      rests on legs 14 to maintain it in an upright position. Located near the
      lower end of the container 12 is inlet 16 having a threaded aperture 18
      therethrough. This inlet will be described in greater detail in FIGS. 2
      and 3. In the upper half of the container 12 the container wall 36 is
      shown having a filler cap fitting 20 formed therein. The filler cap
      fitting 20 has a male threaded portion 22. The threads are indicated as
      being non-symmetrical to accomodate high stresses along the thread axis.
      The thrust side of the thread is approximately perpendicular to the thread
      axis, therefore the radial component of thrust is at a minimum. Filler cap
      24 is shown threadedly engaged with the threaded portion 22 of filler cap
      fitting 20. The filler cap 24 should also be constructed of a high tensile
      strength plastic material such as CELCON.
PAR  An O-ring 28 is shown adjacent the upper end of the cap and should be
      constructed of a material to provide a watertight seal under pressure.
      O-rings of this type are readily available and are maintained as an off
      the shelf item. Also located in the wall 36 of the container 12 is an
      internally threaded container outlet 32. The outlet 32 is cylindrically
      shaped and is sized to accomodate commercially available impulse
      sprinklers. A plastic impulse sprinkler 30 is shown atop the container 12
      and has a male threaded lower end 34 which engages the internal threads of
      container outlet 32. The container 12 as designed is intended for use in
      solubilizing and dispensing fertilizer, pesticides, herbicides, and soil
      conditioners. All the parts are preferably made of plastic because of the
      corrosive nature of these materials.
PAR  In the operation of the apparatus shown, the filler cap 24 is threadedly
      removed from the filler cap fitting 20 and the material is poured through
      the fitting 20 into the hollow interior of container 12. A garden hose
      attached to a source of water under pressure is threadedly connected with
      the inlet 16 with the aid of an adapter shown at 54 in FIG. 3. Water is
      introduced into the container 12 usually by the opening of a valve
      connected to a water source. The inlet 16 is designed to direct the water
      so that it rotates in a generally horizontal plane. As the water
      circulates in the interior of the container 12 it contacts the material 35
      and solubilizes or mixes a portion thereof in its travel to the outlet 32.
      As the water exits outlet 32 it impinges and activates impulse sprinkler
      30. The impulse sprinkler is designed upon activation to dispense and
      disseminate the water containing the desired materials over a large area
      of several hundred square feet. Since water pressure as supplied to
      residential neighborhoods ranges near 100 pounds per square inch, the
      container 12 must necessarily be designed to withstand substantial
      pressures. The spherical design of container 12 provides high strength and
      eliminates a build-up of pressure in a localized area.
PAR  As previously mentioned, inlet 16 is designed to direct entering water in a
      horizontal plane. In addition, the inlet 16 directs the water generally
      tangential to the inside wall of the container 12, thus imparting a vortex
      flow of water. The vortex flow acts to force granular material toward the
      outer horizontal edges of the container 12. By this procedure only
      solubilized fertilizer and water exit through container outlet 32 located
      on the axis of the vortex. If such a vortex flow is not utilized,
      fertilizer in particulate form will be forced to the outlet 32 and cause
      it to plug. If the inlet 16 directs water into the container 12 at right
      angles thereto, the water flow follows a polar orbit. When a polar orbit
      is created, the outlet 32 is immediately plugged. Additionally, the vortex
      flow enhances solubilization of particulate materials. Applicants unique
      design provides both a high strength container and creates a vortex flow
      to prevent plugging the outlet 32 and to enhance solubilization.
PAR  The construction of the fertilizer spreader can be accomplished by
      utilizing a single mold for rotationally molding the basic container 12
      having inlet 16, cap filling 20, legs 14, and internally threaded outlet
      32 formed therein. Plastic impulse sprinklers 30 and high strength filler
      caps 24 are commercially available for threadedly mounting on the
      container 12.
PAR  FIG. 2 is a horizontal cross-section of the container 12 shown in FIG. 1.
      The horizontal cross-section is taken through inlet 16 to better
      illustrate its design. The inlet 16 of container 12 protrudes slightly
      from the exterior surface of wall 36 of container 12. The inlet 16 has an
      internal threaded portion 18 and a conduit 48 communicating the exterior
      environment to the interior of the container 12. The conduit 48 has an
      interior exit 50 formed in the portion of the inlet 16 located inside the
      container 12. Water entering the inlet 16 and following conduit 48 is
      directed by exit 50 such that it follows the pathway shown by arrows 52.
      The arrows 52 extend in a clockwise direction and upward movement is
      indicated by successively smaller arrows the greater distance they are
      from the inlet 16. The container 12 is sized such that large amounts of
      fertilizer 35 may be placed therein eliminating constant tending. Initial
      models of such a container 12 have usually been approximately a foot in
      diameter, and easily contain the normal water pressures which can be
      anticipated. To achieve such a size the container 12 can easily be formed
      by rotational molding. In order to use CELCON in such an application, the
      CELCON which comes normally in pellet form must be ground in
      thermosplastic grinding equipment. Such grinding permits a shorter
      rotational molding time which dramatically reduces the costs of rotational
      molding.
PAR  As shown in FIGS. 1 and 2 the container 12, legs 14, inlet 16, outlet 32
      and filler cap fitting 20 are all rotationally molded in one continuous
      piece in a single molding operation. The cap 24 is one of several caps
      that are commercially available and are capable of containing high
      pressures. The impulse sprinkler 30 is a commercially available item and
      is made entirely of plastic. Thus, as designed, the container 12, cap 24,
      and impulse sprinkler 30 are all made of plastic material which are
      unaffected by the corrosive nature of fertilizers. Since this method of
      solubilizing and spreading particulate fertilizer is not affected by the
      corrosive nature of fertilizer, this apparatus will last much longer than
      present conventional fertilizer spreaders and will require little or no
      maintenance. An ultraviolet stabilizer should be added to the plastic
      material making the container 12. This will retard the loss of strength
      which ultraviolet rays cause in plastic materials.
PAR  Referring next to FIG. 3 there is illustrated a cross-sectional plan view
      of the inlet 16 shown in FIGS. 1 and 2 together with a water hose adapter
      54. The inlet 16 is formed in the wall 36 of container 12 and protrudes
      into the interior of container 12 and extends exteriorally from the
      general outer surface of the container 12, a slight distance. The inlet 16
      is cylindrically shaped and has a cylindrical conduit 48 formed therein.
      The cylindrical conduit 48 has an internally threaded portion 18 located
      adjacent the exterior portion of the inlet 16. The cylindrical conduit 48
      also has a longitudinal axis which is generally at right angles to the
      vertical axis of the container in the portion adjacent the exterior
      portion of inlet 16. The conduit 48 then turns along a horizontal plane
      such that the a conduit outlet 50 is aligned to provide for liquids
      exiting therefrom to impinge on the interior wall of container 12 in a
      generally tangential manner.
PAR  A water hose adapter 54 is shown adjacent the exterior portion of the inlet
      16 and has an externally threaded end 66 engaging the threaded aperture 18
      of inlet 16. The threaded end 66 of water hose adapter 54 is generally
      cylindrical and has a cylindrical passageway therethrough. Adjacent the
      threaded end 66 of water hose adapter 54 is an enlarged diameter portion
      64 which is also cylindrically shaped and has an annular flange portion
      68. The water hose adapter 54 has a hose engaging portion 58 which is
      cylindrically shaped and has interior threads 60 sized to receive the male
      end of a conventional water hose. The hose engaging portion 58 of water
      hose adapter 54 also has an annular flanged end 70. This annular flanged
      end 70 is sized to overlap the annular flange 68 of the enlarged diameter
      portion 64 of water hose adapter 54. The hose engaging portion 58 is sized
      to freely rotate relative to the remaining portion of water hose adapter
      54. A conventional soft washer 62 shown engaging the annular flange 68 of
      the enlarged diameter portion 64 of water hose adapter 54 is sized to
      provide a watertight seal when the hose end presses it against the flange
      68 and threads 60. The water hose adapter 54 is preferably also
      constructed of a plastic material to prevent corrosion by the action of
      water or fertilizer.
PAR  The container 12 is connected with a water supply by way of a conventional
      water hose by rotatably engaging the male threaded end of the garden hose
      with the female thread 60 of the water hose engaging portion 58 of water
      hose adapter 54. When the threaded engagement is tightened the hose end is
      tightened against the soft washer 62 which is compressed against the
      annular flange 68 of the enlarged diameter portion 64 of water hose
      adapter 54. In addition, as the threaded attachment is tightened, the
      annular flanged end 70 of the hose engaging portion 58 of water hose
      adapter 54 tightens against the annular flange 68. In this manner, a
      watertight seal is accomplished. When the hydrant is turned on, water
      under pressure passes through the interior of water hose adapter 54
      through the annular conduit 48 and exits the inlet 16 by way of conduit
      outlet 50. The water exiting conduit outlet 50 is directed into the
      interior of container 12 so that it strikes the interior wall surface of
      container 12 in a tangential manner. As previously described water
      entering the container 12 in this manner will create a vortex flow which
      forces the granular fertilizer against the wall of the container thereby
      preventing plugging of the container outlet with unsolubilized fertilizer.
PAR  Referring next to FIG. 4 there is seen an alternative embodiment of
      Applicant's invention which combines the filling and dispensing portions
      of the container 12. The upper end of the container 12 is shown in
      vertical cross section and has a threaded cylindrical opening 37 at the
      top of the container. The internally threaded portion of the opening 37 is
      shown engaging external threads 39 of a cylindrical plug 38. The plug 38
      has an internally threaded cylindrical passageway 40 therethrough sized to
      accomodate the external threads 34 of the lower end of an impulse
      sprinkler 30. The plug 38 must be made of a material which is not subject
      to creep while in compression. Correspondingly the threads in threaded
      opening 37 should also not be subject to creep in compression as the plug
      38 would tend to blow out in response to water pressure if the threads are
      susceptible to creep. Creep is defined as a deflection of the plastic
      material under pressure which in this instance results in a disengagement
      of the threaded connection. CELCON has a high resistance to creep and can
      be utilized to prevent water pressure from blowing out the plug 38. This
      design of the invention permits the elimination of a separate filling
      mechanism and dispensing outlet. In the operation of filling the container
      12 with fertilizer the plug 38 together with the attached impulse
      sprinkler 30 is removed. Fertilizer is introduced into the container
      through the threaded opening 37. Once fertilizer has been placed in the
      container 12 the plug 38 together with attached impulse sprinkler 39 is
      replaced in threaded opening 37 and the fertilizing process utilized in
      the description of FIG. 1 can be used.
PAR  Referring next to FIG. 5 there is illustrated an alternative embodiment
      which combines a filler cap with a threaded outlet for receiving an
      impulse sprinkler. At the upper end of container 12 there is formed in
      container wall 36 a filler cap fitting 20 which has a threaded portion 22.
      These threads 22 are designed to withstand high pressure in the manner
      described in FIG. 1. A combination filler cap 42 having internal threads
      44 is threadedly engaged with the threaded portion 22 of filler cap
      fitting 20. A commercially available soft washer 28 is positioned adjacent
      the upper threads 22 of filler cap fitting 20. The combination filler cap
      42 has an internally threaded opening 46 which is sized to engage an
      impulse sprinkler 30. Such an impulse sprinkler 30 has been shown
      threadedly engaged with the internal threads of opening 46. The materials
      used in these various parts are high strength plastic materials as
      previously described in FIG. 1. The impulse sprinkler 30 can be one of
      several commercially available plastic impulse sprinklers.
PAR  In the use of this embodiment of the fertilizer spreader the combination
      filler cap 42 with attached impulse sprinkler 30 is rotatably removed from
      the container 12. Fertilizer is introduced into the container 12 through
      the opening in the filler cap fitting 20. When the container 12 has been
      charged with fertilizer the combination filler cap 42 together with
      engaged impulse sprinkler 30 is rotatably attached to the container 12. As
      previously described in FIG. 1, the fertilizer is disseminated by
      introducing water into the container 12 where it is solubilized and forced
      through the fitting 20 and into contact with the impulse sprinkler 30
      which disseminates the solubilized fertilizer in the conventional manner.
      This embodiment simplifies the design of the container 12. Slight
      modifications of the embodiment shown in FIGS. 1, 4 and 5 would permit
      dissemination of the fertilizer in other manners. For example, a garden
      hose fitting could be threadedly engaged with the container outlet 32 of
      FIG. 1 or the internally threaded passageway 40 of plug 38 in FIG. 4 or
      the internal threads 46 of combination filler cap 42 shown in FIG. 5. Such
      water hose fitting will permit coupling another garden hose to the
      container 12 to allow the connection of other sprinkler devices which
      would preferably be made of a non-corrodable plastic material.
PAR  Use of Applicant's invention permits dispensing and watering in fertilizer
      in one continuous operation requiring little manual effort. Additionally,
      uniform distribution can be achieved preventing varying lawn tones which
      occur with present apparatus unless great care is used.
PAR  While particular embodiments of the invention have been shown and
      described, it is apparent that changes and modifications may be made
      without departing from this invention in its broader aspects, therefore,
      the aim in the appended claims is to cover all such changes and
      modifications as fall within the true spirit and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for solubilizing and dispensing liquid soluble particulate
      material, comprising: a generally spherical hollow container; inlet means
      located in the lower half of the spherical container for introducing
      liquids into the spherical container and arranged to direct liquid flow
      into the container in a horizontal direction, generally tangential to the
      interior surface of the hollow container wall, so as to create a vortex
      flow of the introduced liquid; outlet means located in the top portion of
      the spherical container which includes liquid diffusing means; and filter
      means for introducing soluble particulate material.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the inlet means includes a hose
      attachment fitting sized to threadedly attach a standard garden hose, and
      wherein the outlet liquid diffusing means includes an impulse sprinkler
      threadedly attached to the container.
NUM  3.
PAR  3. The apparatus of claim 2 wherein the container wall has a threaded
      aperture sized to threadedly attach the impulse sprinkler, and wherein the
      filler means includes an externally threaded cap fitting extending away
      from the spherical portion of the container, and a cap sized to threadedly
      attach to the cap fitting.
NUM  4.
PAR  4. The apparatus of claim 1 wherein the liquid diffusing means comprises an
      impulse sprinkler threadedly attached to the container and wherein the
      inlet means includes a threaded rotatable fitting sized to receive a
      standard garden hose.
NUM  5.
PAR  5. The apparatus of claim 3 wherein the container, container wall threaded
      aperture and cap fitting are made of a high strength plastic material and
      are molded as a single unit.
NUM  6.
PAR  6. The apparatus of claim 5 wherein the inlet means includes a cylindrical
      conduit extending from the exterior to the interior of the container, and
      wherein the exterior end of the cylindrical conduit is threadedly attached
      to and adapter means, and wherein the interior end of the cylindrical
      conduit is angled to direct fluid exiting therefrom generally tangential
      to the interior wall of the hollow container.
NUM  7.
PAR  7. The apparatus of claim 1 wherein the container includes a threaded
      aperture through the wall of the container, and including a plug
      threadedly attached to the container aperture and capable of being
      disengaged from the container, and wherein the outlet means includes a
      female threaded aperture through the plug and wherein the sprinkling and
      diffusing means is threadedly connected with the threaded plug aperture.
NUM  8.
PAR  8. The apparatus of claim 1 wherein the filler means includes an externally
      threaded fitting extending away from the spherical container and including
      a cap threadedly and removably attached to the filler means fitting and
      wherein the outlet means comprises a female threaded aperture through the
      cap, and wherein the liquid diffusing means comprises an impulse sprinkler
      threadedly attached to the cap aperture.
NUM  9.
PAR  9. The apparatus of claim 1 wherein the outlet means includes a threaded
      passageway through the wall of the container; wherein the liquid diffusing
      means is threadedly attached with the outlet means; wherein the filler
      means comprises an aperture through the wall of the container, an
      externally threaded passageway extending away from the spherical container
      and a cap threadedly removably connected with the externally threaded
      filler means passageway; and wherein the inlet means includes an aperture
      through the wall of the container, an internally threaded passageway
      extending exteriorally from the spherical container, and adapter means
      threadedly attached with the threaded portion of the inlet means
      passageway which adapter means is capable of connecting with a standard
      garden hose.
NUM  10.
PAR  10. The method of solubilizing and spreading particulate fertilizer
      comprising: placing the particulate fertilizer in a spherical plastic
      container capable of containing 100 psi; continually introducing water
      under pressure into the lower portion of the spherical container at an
      angle to the vertical axis of the container to impose a vortex flow of
      water; and continuously withdrawing and diffusing water solubilized
      fertilizer from the upper end of the container.
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ABST
PAL  A spray boom for aircraft involving an elongate reservoir having the
      exterior shape of an air foil designed to minimize drag and assist in the
      lifting of the aircraft. The reservoir is interiorly divided into a
      plurality of separate compartments, each of which is sealed from one
      another and each of which is capable of handling a different type of
      material such as liquids, powders, granules, or even gases, if so desired.
      These compartments extend the full length of the boom and each of the
      compartments is provided with its own discharge nozzle whereby the
      contents of each or any of the compartments can be individually discharged
      therefrom along the entire length of the boom so that the contents of each
      compartment can be sprayed across the entire spray pattern of the
      aircraft.
BSUM
PAR  Aircraft equipped with means for spraying chemicals or liquids upon and
      over the ground surfaces over which they fly have had a variety of devices
      available for mounting on an aircraft to accomplish the desired spraying.
      However, none of them have been able to perform as satisfactorily as
      desired, and the costs of making same have become progressively more
      expensive. Some of the problems associated with the spraying devices of
      the prior art have been: (1) the inability to use different materials or
      chemicals while on a single flight; (2) the inability to vary the rate of
      distribution of material in flight; (3) the inability to vary the pattern
      of spraying; and (4) the substantial drag which the devices placed on the
      movement of the aircraft, thereby interfering with its speed, rate of
      acceleration and maximum height at which it could fly and increasing the
      amount of fuel required, thereby increasing the cost of operation and
      reducing the length of time that the aircraft could stay in flight without
      refueling.
PAR  It is therefore an object of this invention to provide a novel spraying
      attachment for an aircraft which is so designed that materials having
      different physical characteristics, such as liquids, powders, granules or
      gases can be carried in separate sealed compartments in the boom
      attachment so that a variety of chemicals or different materials may be
      sprayed simultaneously or at different times while the aircraft is on a
      single flight so that the aircraft can handle a variety of different
      spraying jobs without having to return to its home base for a change of
      material or for a change of or adjustment of the discharge means to vary
      the pattern of the material being sprayed. In the past, if different
      chemicals were to be applied, the aircraft would have to return after
      spraying one chemical and have the remainder of the contents of the
      spraying attachment removed, the attachment itself cleaned out and then
      recharged with a different chemical, with the aircraft then returning to
      where it was to apply the second type of chemical or going to a new
      spraying location.
PAR  Still another object is to provide a novel spraying attachment which
      provides an improved control over the rate of discharge of the spray
      material so that the same or different materials can be applied at
      selectively different rates.
PAR  Still another object is to provide a novel spray attachment which
      constitutes a single aluminum extrusion which thereby substantially
      reduces the cost and weight of spray attachments.
PAR  Still another object is to provide a novel spray attachment which is
      aero-dynamically designed so that the air passing around it during flight
      will assist in lifting the aircraft and it is aero-dynamically designed so
      as to substantially reduce and minimize the amount of drag caused by the
      spray attachment.
PAR  Still another object is to provide a novel spray attachment having uniquely
      designed nozzles used in conjunction therewith, which nozzles are so
      mounted in combination with the attachment as to minimize any drag which
      might otherwise be related thereto and which are so designed as to
      minimize the chances of said nozzles becoming plugged during use.
PAR  Still another object is to provide a unique control system for the spray
      attachment which provides inflight variations not previously available in
      spray attachments which require individual manual adjustment on the ground
      before take-off and which were incapable of any variation during flight.
PAR  Still another object is to provide a novel spray attachment which is
      capable of having the spray pattern selectively varied while in flight to
      maximize the efficiency and effectiveness of distribution of the material
      to be sprayed and to provide better control of the patterns so that
      material will not be sprayed on areas it should not be sprayed in the
      sense that if sprayed, damage would result, and to prevent spraying on
      areas where it is undesirable to spray in the sense that to do so results
      in a waste of material because the area sprayed does not need it.
DRWD
PAR  These and other objects and advantages will be readily apparent from a
      review of the drawings attached hereto and a reading of the following
      description which relates to said drawings and in which drawings;
PAR  FIG. 1 is a perspective view of an airplane having a spray attachment
      constituting one preferred embodiment of this invention attached thereto;
PAR  FIG. 2 is a bottom plan view on an enlarged scale of a portion of the
      attachment of this invention with portions broken away;
PAR  FIG. 3 is a cross sectional view of the attachment of FIG. 1 on an enlarged
      scale taken approximately along the line 3--3 of FIG. 2;
PAR  FIG. 4 is a cross sectional view on an enlarged scale of one of the nozzles
      of this invention.
PAR  FIG. 5 is a schematic diagram of one preferred control system.
DETD
PAR  Referring now to the drawings, an airplane 10 is shown, which airplane can
      be of any type, make or style suitable for use in spraying. Said airplane
      includes a fuselage 11 and wings 12 and a cockpit or cabin 13 where the
      pilot sits and where the controls for the aircraft, including the controls
      for the spraying attachment hereinafter to be described are preferably
      located.
PAR  The spray attachment is indicated in its entirety by the numeral 14, which
      spray attachment is mounted beneath the wings and is so designed that
      material can be sprayed from the full length of said attachment and
      substantially equally on either side of the fuselage, with that portion of
      the attachment on one side of the fuselage preferably being separate and
      independent from that portion on the other side of the fuselage so that,
      where desired spraying can be accomplished only from one side of the
      aircraft.
PAR  The spray attachment includes an arcuately convexly curved upper surface or
      wall 15 and an arcuately concavely curved lower surface or wall 16. The
      two surfaces 15 and 16 merge forwardly in a rounded tapered end 17 and
      rearwardly in a sharply tapered manner terminating in the training point
      or edge 18.
PAR  The upper and lower surfaces 15 and 16 are aero-dynamically designed and
      styled to provide a maximum of lift capability to the aircraft and are
      thereto designed so that air will pass over in such a fashion as to
      minimize the drag on the aircraft created by the attachment, and it will
      be noted that when the attachment is viewed in cross section, such as in
      FIG. 3, that the cross sectional shape of the boom bears a striking
      resemblance to the cross sectional design of the wing of an airplane, that
      is, it has the shape or design of an air foil.
PAR  The interior of the spray attachment 14 includes generally upstanding or
      vertical interior wall sections 19 and 20 respectively which connect the
      upper and lower walls 15 and 16 and which extend the full length of the
      attachment and thereby provide three longitudinally extending individual
      compartments 21, 22 and 23 which are hermetically sealed from one another
      so that each of them can contain a liquid or a powder or granular material
      or even a gasiform material if such use were appropriate.
PAR  In one preferred form of this invention, the spray attachment 14, in its
      basic form consisting of the upper and lower wall surfaces 15 and 16 and
      the interior walls 19 and 20 consist of a single aluminum extrusion so
      that the entire wall structure is integrally united without requiring any
      additional procedures such as welding, or drilling, followed by
      installation of suitable fasteners such as bolts, screws or rivets. The
      single extrusion is the least expensive of the known methods available for
      fabrication of such a boom, and the aluminum itself provides sufficient
      strength, combined with a minimum of weight, thereby providing the highest
      weight to strength ratio available.
PAR  Each of the compartments are provided with a series of nozzles 24 which for
      purposes of this disclosure are identical and the description of one will
      apply to all. The nozzles for each compartment preferably cumulatively
      extend substantially the full length of the compartment so that material
      can be effectively sprayed from that compartment in a uniform distribution
      pattern across the entire length of the compartment or spray attachment.
      The nozzles in actual use may vary for any given compartment, and the
      nozzles of one compartment may be different from those of another
      compartment, all within the needs of the particular user.
PAR  Each of the individual nozzles is installed in an opening 25 formed in the
      bottom wall 16, which opening may be formed in any suitable manner such as
      by drilling. Each of the nozzles (best seen in FIG. 4) includes a
      cylindrical body portion 26 installed in the opening 25. The upper face 27
      of said cylindrical nozzle body has an opening 28 formed therein, which in
      the form illustrated, is circular in shape, said opening 28 communicating
      with a tapered hollow interior portion 29, through which opening 28 the
      material to be sprayed passes from its respective compartment in the
      spraying attachment to said hollow interior 29. A spherical ball valve 30
      is mounted in said hollow interior 29 and seats itself upon the annular
      edge or shoulder 28a of opening 28 to seal or close said upper opening 28
      and prevent escape of material therefrom, said ball valve 30 being
      normally in a closed position.
PAR  The ball valve 30 is continuously biased towards its normal closed position
      and towards its sealing engagement with said upper opening 28 by means of
      a tapered helically coiled spring 31 having substantially the same shape
      or exterior configuration as the hollow interior 29 with one end 31a (the
      smaller end in this case) directly engaging the ball valve 30, the other
      larger end of the spring being seated in an annular groove 32 in the lower
      end of the cylindrical body 26 in a snap fit in manually removable fashion
      so as to hold the spring in the correct position in the nozzle body.
PAR  The lower end of the cylindrical nozzle body 26 has a lower face 33 which
      is preferably mounted flush with the lower surface 16 of the attachment to
      eliminate drag.
PAR  Said body also includes a large circular opening 34 which may be termed a
      discharge opening and through which the material to be sprayed is finally
      discharged onto the ground surface over which the aircraft is flying. The
      nozzles may be mounted in their respective nozzle openings 25 by any
      suitable means, such as by the use of an epoxy adhesive. It will also be
      noted that the nozzles are so designed that the ball valve and spring can
      be easily installed in or removed therefrom either during the original
      assembly of the nozzle, or after usage, to facilitate cleaning and, where
      necessary, replacement of parts. The spring is preferably formed of
      stainless steel as well as the ball itself to minimize corrosion thereof
      from the various chemicals to which it will be exposed.
PAR  In one preferred version, the ball valve is 0.200 inches in diameter. The
      spring in one preferred form for use with a ball valve of the
      aforementioned dimension is one in which the outside diameter of the
      largest convolution has a diameter on the order of 0.500 inches tapering
      down to the small end which has an inside diameter slightly under 0.200
      inches so that it can engage and press against the ball valve 30. That
      same spring in one preferred embodiment has an installed compressed length
      of approximately 0.350 inches and when compressed delivers 0.027 pounds of
      force or pressure.
PAR  The nozzles are designed to be opened by means of an increase in air
      pressure in the interior of the compartment with which it communicates,
      with the interior pressure obviously having to be greater than the force
      exerted by the spring 31 to move the ball valve off its seat and enable
      the material in the compartment to pass through the upper opening 28.
PAR  It will be understood that although the spray boom of this invention has
      particular applicability to use with an airplane, it also has
      applicability in other types of spraying operations, including those where
      the boom is supported by some form of ground traversing machine, such as a
      tractor.
PAR  The material to be sprayed may be admitted to the respective compartments
      through openings 35 provided in the end wall 36 of each such compartment.
PAR  In the illustrated version, the end wall 36 abuts with a material hopper 37
      carried by the underside of the fuselage, with the openings 36
      communicating with said hopper for receiving material therefrom. The
      hopper in turn may communicate with a reservoir of material within the
      fuselage.
PAR  The controls for admitting the material to the compartments 21, 22 and 23
      form no part of this invention, nor does the means for controlling the
      pressure within the compartments to control the opening and closing of the
      ball valves 30.
PAR  An example of one preferred form of this invention, is a spray boom which
      is approximately 5.25 inches from front to rear (width) and apprximately
      1.4 inches high, with a wall thickness of approximately 0.080 inches.
PAR  Different chemicals may be used in each of the compartments on a given
      flight. Thus, chemical A may be in compartment 21, chemical B in
      compartment 22, and chemical C in compartment 23 when the plane takes off.
PAR  The controls may be such that each compartment has the same or a different
      rate of discharge, such as x gallons per minute for compartment 21, y
      gallons per minute for compartment 22 and z gallons per minute for
      compartment 23.
PAR  The cross sectional design of the boom is intentionally shaped and
      dimensioned to provide the effect of an air foil which will provide
      maximum lift for the plane, functioning in the same manner as a wing
      would, and the boom is also designed to minimize the amount of drag it
      will cause in flight by reducing the amount of friction created by air
      passing thereover and therearound.
PAR  It should also be understood that one of the important advantages of this
      invention is the flexibility in use and operation that it provides the
      operator. With three different compartments, three different chemicals can
      be carried at one time, or the same chemical in different character or
      size can be carried in the respective compartments.
PAR  The separate compartments also permit the use of different types of nozzles
      which can discharge at different rates or provide a different character of
      discharge therefrom, such as in the size of the droplets (if the material
      is a liquid). The nozzles in each compartment can also be located in a
      special arrangement with respect to the nozzles in the other compartments
      so as to accomplish some special result, such as overlapping strips of
      sprayed materials, or spraying in bands of different widths or patterns,
      etc. The independent compartments and nozzles also permit the use of
      different types of controls for each compartment, if such is desirable to
      accomplish certain end results.
PAR  It is also to be appreciated that each of the compartments 21 -- 22 -- 23
      is hermetically sealed off from the others, so that there will be no
      intermingling of the contents of the respective compartments. Also, the
      simple ability to operate the nozzles of each compartment independently of
      the others provide the operator with at least three potential in-flight
      variations, as compared with presently available systems where the plane
      must land and have the nozzles manually adjusted if any variation in rate
      or pattern of distribution is desired.
PAR  It will be noted that the spring 31 is held in place by an annular
      retaining or snap ring 38 which seats in an annular groove 32 in the body
      26.
PAR  FIG. 5 schematically illustrates one preferred form of control system for
      successfully operating and controlling the movement of material into and
      out of the separate compartments 21 to 23 inclusive, of the disclosed
      spray boom. In FIG. 5, separate reservoirs R1, R2, and R3 are provided for
      housing the individual material to be delivered to the spray boom
      compartments 21 to 23 inclusive respectively for ultimate spraying on the
      ground. These reservoirs may be individual in nature or they may comprise
      separate compartments of a common hopper or reservoir such as hopper 37,
      previously mentioned.
PAR  Since the ball valves 30 which control the discharge of material from the
      spray compartments 21 to 23 inclusive open and close in response to
      changes in air pressure within their respective compartments, it is
      necessary to provide means for providing pneumatic pressure such as the
      common pump shown in FIG. 5, which pump is individually connected with
      each of the reservoirs by means of ducts 40 so as to pressurize each of
      them to whatever predetermined pressure is decided to be most desirable.
      Each of the reservoirs is, in turn, connected by means of suitable piping
      or conduit 50 with its respective spray compartments in the spray boom
      with normally closed valves V1, V2 and V3 individually interposed between
      the reservoir and their respective spray compartment. The valves V1-V3
      inclusive are selectively opened and closed by means of a control member
      in the cockpit shown in the illustration as C1, C2, and C3, said controls
      and valves being connected by a control line 60. Thus, for example, when
      the pilot actuates control C1 and thereby opens valve V1, the pressurized
      material in reservoir R1 immediately flows into spray chamber 21 of the
      spray boom under pressure in excess of that then existing in the spray
      compartment. When the pressure in spray compartment 21 increases to a
      predetermined figure, the individual spray nozzles open and discharge
      material from the compartment through the nozzles onto the ground below.
      The same procedure applies to each of the other spray compartments and
      their respective reservoirs, valves, and controls.
PAR  It will, of course, be understood that various changes may be made in the
      various parts and dimensions referred to and illustrated herein, without
      departing from the scope of this invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A device for spraying material into the atmosphere comprising: body
      means having a single wall structure surrounding a plurality of separate
      compartments, separate means for admitting material to each of said
      compartments, and means mounted on the body means for discharging material
      from each of said compartments to the surrounding atmosphere, said means
      for for discharging material including separate discharge openings in the
      body means, said discharge openings of one compartment being arranged with
      respect to the discharge openings of a second compartment so that the
      discharge openings are in a staggered relationship whereby material
      discharged from the openings of one compartment fall on an area not
      covered by the material discharged from the openings of the second
      compartment.
NUM  2.
PAR  2. The device of claim 1 wherein: said wall structure is an elongated
      member having an upper wall and a lower wall and three longitudinal
      compartments located between said walls, said upper wall having a convex
      curved shape in cross section and said lower wall having a concave curved
      shape in cross section, said means for discharging the material being
      mounted on said lower wall.
NUM  3.
PAR  3. The device of claim 1 including: nozzle means for discharging material
      from each of said compartments, and means for opening and closing said
      nozzle means.
NUM  4.
PAR  4. The device of claim 1 wherein: said wall structure has an exterior
      design in the shape of an air foil.
NUM  5.
PAR  5. The device of claim 1 wherein: said means for discharging material
      includes nozzle means for selectively discharging material from each of
      said compartments,
PA1  and means for selectively opening and closing the nozzles of said
      compartments.
NUM  6.
PAR  6. The device of claim 1, wherein: said wall structure has a normally upper
      and a normally lower surface,
PA1  and wherein said upper surface is convexly curved.
NUM  7.
PAR  7. The device of claim 1 wherein: the wall structure has a normally upper
      and a normally lower surface and the bottom surface of said body portion
      is concavely curved.
NUM  8.
PAR  8. The device of claim 1 wherein: said wall structure has a normally upper
      and a normally lower surface and,
PA1  wherein said lower surface is concavely curved, and said upper surface is
      convexly curved.
NUM  9.
PAR  9. The device of claim 1 wherein: said wall structure includes a normally
      upper surface and a normally lower surface, and wherein one of said
      surfaces is concavely curved.
NUM  10.
PAR  10. The device of claim 1 wherein: said wall structure includes a normally
      upper surface and a normally lower surface, and wherein one of said
      surfaces is convexly curved.
NUM  11.
PAR  11. A device for spraying material into the atmosphere comprising: body
      means having a wall structure surrounding a plurality of separate
      compartments, separate means for admitting material to each of said
      compartments, means mounted on the body means for discharging material
      from each of said compartments to the surrounding atmosphere, pressure
      responsive nozzle means for discharging material from each of said
      compartments, and means for opening and closing said nozzle menas
      including means for varying the pressure on said nozzle means, said nozzle
      means opening and closing in accordance with predetermined pressure
      levels.
NUM  12.
PAR  12. The device of claim 11 wherein: said nozzle means includes a valve
      seat, a ball engageable with said seat for closing said opening, and
      spring means continuously biasing said ball towards engagement with said
      seat.
NUM  13.
PAR  13. The device of claim 11 wherein: said nozzle means is carried by said
      wall structure and communicates with said atmosphere, said nozzle means
      having no part thereof extending beyond said outer surface.
NUM  14.
PAR  14. A device for spraying material into the atmosphere comprising: body
      means having a wall structure surrounding a plurality of separate
      compartments, separate means for admitting material to each of said
      compartments, and means mounted on the body means for discharging material
      from each of said compartments to the surrounding atmosphere, said body
      means having a bottom wall, an opening formed in said bottom wall, a
      nozzle body installed in said opening, said nozzle body having an opening
      formed therein and extending completely therethrough and having first and
      second end portions, one end portion communicating with one of said
      compartments, the other end portion communicating with the atmosphere
      surrounding said body structure, a portion of said opening including a
      portion of said nozzle body shaped to form a valve seat, a ball adapted to
      engage said valve seat to close said opening, and spring means biasing
      said ball towards a closed position.
NUM  15.
PAR  15. The device of claim 14 wherein: said opening is generally conical in
      cross section, with the smaller end located adjacent said compartment and
      the larger end located adjacent said outside atmosphere,
PA1  said spring being helical and conically shaped, with said spring being
      installed in the conical portion of said opening and conically oriented in
      the same direction.
NUM  16.
PAR  16. A device for spraying material into the atmosphere comprising: body
      means having a wall structure surrounding a plurality of separate
      compartments, separate means for admitting material to each of said
      compartments, and means mounted on the body means for discharging material
      from each of said compartments to the surrounding atmosphere, a powered
      vehicle, said body means extending generally laterally from said vehicle,
      reservoir means carried by said vehicle, means connecting said
      compartments with said reservoir means for the transfer of material from
      the reservoir means to said compartments, said vehicle having a location
      normally occupied by an operator during operation of said vehicle, and
      means operable by said operator while at said location for controlling
      said transfer of material.
NUM  17.
PAR  17. The device of claim 1 including: an airplane,
PA1  said body means comprising two sections extending laterally from opposite
      sides of the fuselage of said airplane,
PA1  said compartments extending generally laterally of said fuselage in
      generally parallel relationship to each other.
NUM  18.
PAR  18. A device for spraying material into the atmosphere comprising: body
      means having a wall structure surrounding a plurality of separate
      compartments, separate means for admitting material to each of said
      compartments, means mounted on the body means for discharging material
      from each of said compartments to the surrounding atmosphere, an airplane,
      said body means comprising two sections extending laterally from opposite
      sides of the fuselage of said airplane, said compartments extending
      generally laterally of said fuselage in general parallel relationship to
      each other, reservoir means for said material carried by said airplane,
      and first and second control means operable from the cockpit of the
      airplane, said first control means being adapted to control the transfer
      of material from said reservoir means to said compartments, said second
      control means being adapted to control the discharge of material from said
      compartments.
NUM  19.
PAR  19. The device of claim 19 wherein: said body means has the exterior shape
      of an air foil to assist in lifting the airplane, and the interior of the
      body means includes three compartments extending generally laterally from
      the fuselage of the airplane in substantially parallel juxtaposed
      relationship to each other.
NUM  20.
PAR  20. A spraying device comprising in combination with an airplane having a
      fuselage and a cockpit for a pilot: body means supported by said airplane
      defining a plurality of compartments, at least two of said compartments
      being sealed from one another whereby material cannot move from one of
      said compartments to the other, said body means having a normally upper
      and a normally lower surface, said lower surface being concavely curved,
      and said upper surface being convexly curved, said device having an
      exterior design in the shape of an air foil which is adapted to assist in
      lifting the airplane during forward movement thereof, pressure responsive
      nozzle means for selectively discharging material from each of said
      compartments and from said body means to the surrounding atmosphere, means
      operable from said cockpit for opening and closing said nozzle means
      including means operable from said cockpit for varying the pressure on
      said nozzle means.
NUM  21.
PAR  21. The device of claim 20 wherein: said nozzle means being in
      communication with their respective compartment and adapted to open and
      close in response to the air pressure in said compartment.
NUM  22.
PAR  22. The device of claim 20 wherein: said nozzle means have material
      discharge openings in said lower surface of the body means, said discharge
      openings of one compartent being arranged with respect to the discharge
      openings of a second compartment so that the openings are in a staggered
      relationship whereby material discharged from the openings of one
      compartment will fall on an area not covered by the material discharged
      from the openings of the second compartment.
NUM  23.
PAR  23. The device of claim 20 wherein: each of said nozzle means includes a
      valve seat surrounding an opening, a ball engageable with said seat for
      closing and opening, and spring means continuously biasing said ball
      towards engagement with said seat, said opening being in communication
      with the interior of one of said compartments, said ball being exposed to
      the air pressure in said compartment and adapted to disengage itself from
      said valve seat when the air pressure in said compartment exceeds a
      predetermined amount.
NUM  24.
PAR  24. The device of claim 20 including reservoir means carried by said
      airplane,
PA1  said compartments being in communication with said reservoir means for the
      transfer of material from the reservoir means to said compartments,
PA1  and means operable by said pilot while in said cockpit for controlling said
      transfer of material.
NUM  25.
PAR  25. A device for spraying material into the atmosphere comprising: body
      means having a plurality of separate compartments, means for discharging
      material from the compartments into the atmosphere, individual reservoir
      means for each of said compartments, means for conveying material from
      said reservoir means to its respective compartment, valve means for
      controlling the movement of said material from said reservoir means to its
      respective compartment, and control means for selectively opening and
      closing each of said valve means.
NUM  26.
PAR  26. The device of claim 25 wherein: said means for conveying said material
      includes pump means for conveying the material from said reservoir means
      to its respective compartment under pressure.
NUM  27.
PAR  27. The device of claim 26 including: a common pump for each of said
      reservoir means.
NUM  28.
PAR  28. The device of claim 26 wherein said device is mounted upon an airplane,
PA1  and wherein said pump means, reservoir means, valve means and control means
      are supported by said airplane,
PA1  individual valve means interposed between each of said reservoir means and
      it respective compartment,
PA1  and individual control means located in the cockpit of said airplane and
      manually operable by the pilot in his normal operational position in said
      cockpit,
PA1  the pressure provided by said pump means causing the material to move from
      its respective reservoir to its respective compartment when the valve
      means for said reservoir is opened, said nozzle means in each compartment
      opening in response to increased pressure in its compartment provided by
      said pump means for discharging the material from said compartment.
NUM  29.
PAR  29. The device of claim 25 wherein: said body means is an elongated member
      having an upper wall and a lower wall and three longitudinal compartments
      located between said walls, said upper wall having a convex curved shape
      in cross section and said lower wall having a concave curved shape in
      cross section, said means for discharging material being mounted on said
      lower wall.
NUM  30.
PAR  30. The device of claim 25 wherein: said means for discharging material
      includes separate discharge openings in the body means, said discharge
      openings of one compartment being arranged with respect to the discharge
      openings of the second compartment so that the discharge openings are in a
      staggered relationship whereby material discharged from the openings of
      one compartment will fall on an area not covered by the material
      discharged from the openings of the second compartment.
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PAL  A thrust nozzle for a rocket has an improved exit cone made of a strong,
      refractory material with tufts of high temperature fibers anchored in it
      to form a pile, in the manner of a carpet. The pile is on the inside of
      the nozzle, so that propulsive gases of the rocket may impinge directly
      thereon. The exit cone may be either rigid, as is conventional, or
      foldable so that the rocket may be stored in a minimal space. The folded
      exit cone may be extended by any of various actuating systems when the
      rocket is launched. This pile construction may also be used for other
      surfaces that must be exposed to hot, high velocity gases.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to construction of surfaces impervious to hot, high
      velocity gases; and particularly to rocket nozzles having a special,
      lightweight, pile insulation, permitting the exit cone to be foldable
      during storage and extendable when the rocket is launched.
PAR  Aerospace vehicles often have surfaces that must be exposed to high
      temperature, high velocity gases; e.g., the leading surface of a re-entry
      vehicle that must strike the atmosphere at high velocity, or the interior
      of a rocket nozzle that must withstand the propulsive gases of a rocket.
      Such surfaces must not or potentially withstand high temperatures and
      possible erosiveness of gases impinging thereon; but also must be light in
      weight in order to maximize payload payloand and range of vehicle.
PAR  Another problem, especially applicable to rockets, relates to the fact that
      they are often intended to be stored in restricted spaces, such as in
      submarines or in underground silos. Hence, the designer is faced with the
      problem of how to store a missile of maximum power and range in a given
      space. One disadvantageous characteristic of conventional rockets is that
      their thrust nozzles have rigid exit cones that are large and bulky and
      occupy a considerable portion of the total space allotted for storage of
      the missile. This restricts the amount of propellant that may be contained
      in the missile, and, hence, its range and payload.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a pile formed of special, high
      strength, high temperature fibers may be used as an insulation material to
      protect surfaces from high temperature, high velocity gases.
PAR  It is especially useful in the construction of very light-weight exit cones
      for convergent-divergent rocket nozzles. Since the pile is much lighter in
      weight than conventional insulation materials for this purpose, the exit
      cone may be made of thin, light-weight material just strong enough to
      withstand the pressure loads imposed thereon by the propulsive gases of
      the rocket. Also, the pile insulation, being flexible rather than rigid,
      as in the conventional insulation, yields the surprising result of making
      possible the construction of a flexible, foldable, exit cone for rocket
      nozzles; so that the exit cone may occupy a minimal storage space.
PAR  This foldable exit cone may be made of a cloth woven from fibers of
      refractory materials such as carbon, graphite, silica, glass, or quartz.
      Densely packed tufts of fibers of these or other high temperature
      materials are anchored in the cloth by techniques similar to those used in
      the carpet making arts. Actuation means for extending the folded exit cone
      when the rocket is launched are attached to the aft end of exit cone and
      to some portion of the rocket that is not movable relative thereto.
PAR  Objects of the invention are to provide insulating means and construction
      for surfaces that must be exposed to hot, high velocity gases; to provide
      a foldable nozzle for rockets that will maximize the payload and range of
      a rocket relative to the space in which it must be stored; and to provide
      a lighter weight thrust nozzle for rockets.
PAR  Important features of the invention are that it is of simple construction,
      reliable, and easy to manufacture. Also, the pile thereof presents a
      compliant surface that does not amplify, reflect, or create turbulence in
      the propulsive gases; and the propulsive gases tend to force the fibers to
      nest together densely in a downstream direction, which virtually
      eliminates sealing problems or leakage of gas through the cloth.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal half section of the foldable rocket nozzle of the
      invention in an extended position;
PAR  FIG. 2 is similar to FIG. 1, but shows the exit cone of the nozzle in its
      folded position; and
PAR  FIG. 3 is an enlarged, fragmentary section of the exit cone of the rocket
      nozzle; as shown, it may represent either a rigid or foldable exit cone.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIGS. 1 and 2, a convergent-divergent nozzle member 6 is
      equipped with an annular mounting flange 7 for attachment to a rocket
      motor, not shown. The nozzle member 6 defines a venturi orifice having a
      convergent portion 8, a throat 9, and a divergent cone 10.
PAR  A foldable exit cone 11 has a backing 12 comprising a hollow, truncated
      cone preferably made of a thin, flexible material that may be folded so
      that it may be collapsed during storage, as shown in FIG. 2. In the
      preferred embodiment, the hollow cone 12 is made of cloth woven from
      quartz-fiber yarn. However, it may be made of any of various other
      refractory materials such as fibers of carbon, graphite, silica, glass, or
      high temperature metals. A pile 13 is formed on the inside surface of the
      cone 12 by anchoring tufts 14 of carbon fibers in the woven structure of
      the cone 12. This is done in a manner well-known in the art of carpet
      making. Although carbon is a preferred material for these tufts 14, other
      materials may be used, such as those cited above for use in the hollow
      cone 12. An elastomer 15 is applied to the outer surface of the cone 12 to
      assist in locking the tufts 14 into the woven structure thereof. However,
      this is optional and is unnecessary when the structures of the cone 12 and
      the pile 13 are sufficiently dense. When extended, the aft end of the exit
      cone 11 is supported by an inflatable torus 16 that is made of a
      dimensionally stable material such as nylon cloth impregnated with rubber.
      This also is optional and may be replaced by other means of reinforcing
      the exit cone 11. The forward end of the exit cone 11 is sewn around a
      wire cable 17 to form an annular bead 18, whereby the exit cone 11 may be
      retained to the nozzle member 6 by annular wrappings of quartz filaments
      19 impregnated with a phenolic resin.
PAR  A plurality of telescoping, fluid-operated actuators 20 surrounds the
      nozzle. Each is fastened at its forward end to the mounting flange 7 by a
      special bracket 21, to which the actuator 20 is pivoted. Each actuator 20
      is also attached at its aft end to the torus 16 via a bracket 22, to which
      the actuator 20 is pivoted. During storage, the exit cone 11 is folded as
      shown in FIG. 2 and is protected by an annular sheet 23 of silicone
      rubber. When the rocket is launched, the actuators 20 automatically extend
      the exit cone 11 and the sheet of rubber 23 is automatically ejected.
PAR  The pile 13 in the preferred embodiment is approximately one inch deep at
      its forward end to promote a smooth flow of propulsion gases over the
      transition from the nozzle member 6 to the exit cone 11. It then tapers to
      a constant depth of 0.2 inches.
PAR  This pile 13 may be modified in a great variety of ways for specific
      applications. For example, short, thin fibers may be densely packed to
      trap a protective boundary layer of gases therein; and thicker, longer
      fibers may be interspersed therewith to function as guard hairs to protect
      the denser portion of the pile from impingement by hard, erosive particles
      commonly contained in propulsive gases of rockets. Also, the depth of the
      pile 13 may be regulated to achieve the desired rate of heat transfer
      through the exit cone 11, so that it may be in effect radiation cooled to
      a certain extent. Although the preferred embodiment is a cloth cone 12 in
      which the pile is attached in the form of tufts 14, this pile may be
      attached to the hollow cone 12 in other ways, such as bonding or molding
      one end of each fiber thereto. Also, the pile 13 may be cut or left in
      loops, although in the preferred embodiment it is cut, so that one end of
      each fiber is free.
PAR  It should be noted that the structure described for the exit cone 11 may
      also be applied to virtually any surface that must be exposed to hot, high
      velocity gases, such as the leading surface of a re-entry vehicle. Also,
      the exit cone 12 protected by the pile 13 may be of the conventional,
      rigid type, as well as flexible and foldable as described above.
PAR  An important feature of the invention is that, in addition to functioning
      as an insulator, the pile 13, being a compliant surface, tends to dampen
      oscillations and other turbulence in the propulsive gases so that a very
      thin material may be used for the hollow cone 12 without danger of
      fluttering orpotentially damaging oscillations that may otherwise be
      induced by the propulsive gases.
PAR  An invention has been described that constitutes an advance in rocket
      technology; and although details have been set forth with considerable
      specificity, it should be noted that many such details may be altered
      without departing from the scope of the invention as it is defined in the
      following claims. For example, the actuation means for extending the exit
      cone may be any of a variety of devices, such as hydraulic or pneumatic
      actuators, inflatable devices attached to the exit cone, spring-biased
      steel bands that form tubes, etc. The invention claimed is:
CLMS
NUM  1.
PAR  1.  In a convergent-divergent, thrust nozzle for rockets, the improvement
      comprising:
PA1  a light-weight exit cone forming at least a portion of the divergent part
      of the nozzle, comprising a hollow, truncated cone and densely packed,
      refractory fibers anchored to the truncated cone so that the fibers extend
      inwardly to form a pile of the inner surface of the cone.
NUM  2.
PAR  2. The rocket nozzle of claim 1 wherein the fibers forming the pile are
      oriented in a downstream direction.
NUM  3.
PAR  3. The rocket nozzle of claim 1 wherein the hollow-truncated cone is made
      of a thin, flexible material that may be folded, so that the exit cone may
      be collapsed for storage and extended when the rocket is launched, and
      further includes actuation means for extending the exit cone.
NUM  4.
PAR  4. The rocket nozzle of claim 3 wherein the thin, flexible material of the
      exit cone is a refractory cloth, and the fibers are anchored in the weave
      thereof in the manner of carpet pile.
NUM  5.
PAR  5. The rocket nozzle of claim 4 wherein the cloth and fibers are selected
      from the group consisting of carbon, graphite, silica, glass, and quartz,
      and mixtures thereof.
NUM  6.
PAR  6. The rocket nozzle of claim 1 further including a sealant material on the
      hollow, truncated cone, to help anchor the fibers thereto.
NUM  7.
PAR  7. The rocket nozzle of claim 3 wherein the actuation means comprises a
      plurality of fluid-operated actuators, each attached at one end to the aft
      end of the exit cone and at its other end to some part that cannot move
      relative to the rocket.
NUM  8.
PAR  8. The rocket nozzle of claim 1 wherein the fibers are of varied lengths
      and diameters, so that shorter, thinner fibers may function to trap a
      boundary layer of gas, and longer, thicker fibers may function as a shield
      against impingement on the shorter fibers of hard, erosive particles
      commonly contained in propulsive gases of rockets.
NUM  9.
PAR  9. The rocket nozzle of claim 1 including an inflatable torus fixed to the
      aft end of the exit cone for support thereof.
NUM  10.
PAR  10. A thrust nozzle for rockets, comprising:
PA1  a convergent-divergent nozzle member;
PA1  an exit cone fixed to the aft end of the nozzle member and comprising a
      hollow, truncated cone of refractory cloth that may be folded, and tufts
      of refractory fibers anchored in the weave of the cloth and forming a pile
      on the inner surface of the cone; and
PA1  a plurality of fluid operated actuators surrounding the nozzle, each
      attached at one end of the aft portion of the exit cone and at its other
      end to the nozzle member, for extension of the foldable exit cone when the
      rocket is launched.
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ABST
PAL  A fence structure is provided which is produced of a plurality of lengths
      of plastic or metal extrusions joined together to form a tandem array of
      interconnected sections. In one form, the joining means serves one or more
      functions in addition to that of connecting the fence sections together. A
      particular form of joining means for the fence sections is also operable
      to secure the fence to the ground.
PAL  In a particular construction, the fence is formed with one or more tubular
      formations extending longitudinally thereof and the tubular formations of
      each section of fence are interconnected with those of the other sections
      by means of the joining means.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a continuation-in-part of application Ser. No. 265,281 filed June
      22, 1972, and entitled Fence Structures.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to new and improved structures in fencing,
      particularly those which are produced by extruding the fence of plastic
      polymers or certain, lightweight and inexpensive metals such as aluminum.
PAR  Heretofore, most fencing was produced by assembling a plurality of separate
      components such as wire mesh or other formations of wire, wood or other
      suitable material and joining the separate elements thereof by welding,
      fasteners or other suitable means. It is obvious that such structures are
      relatively complex, require special costly machinery to produce and are
      difficult to install.
PAR  The instant invention is concerned primarily with new and improved
      structures in fencing, which may be easily assembled and which may serve
      additional functions such as irrigating grass, shrubbery or flowers
      disposed adjacent to the fence.
PAR  Accordingly, it is a primary object of this invention to provide new and
      improved structures in fencing which may be easily fabricated at low cost.
PAR  Another object is to provide improved structures in fencing which may be
      easily assembled at the location of its use and erected or supported above
      the ground.
PAR  Another object is to provide an improved fence structure which requires
      little or no assembly for the sections thereof, which sections may be
      easily assembled together.
PAR  Another object is to provide an improved, unitary fence structure which may
      also be utilized to conduct and dispense water therefrom.
PAR  Another object is to provide an improved coupling means for sections of
      fence, which coupling means, in addition to serving to secure sections of
      fence together, also serves to secure the assembled fence sections to the
      ground.
PAR  With the above and such other objects in view as may hereinafter more fully
      appear, the invention consists of the novel constructions, combinations
      and arrangements of parts as will be more fully described and illustrated
      in the accompanying drawings, but it is to be understood that changes,
      variations and modifications may be resorted to which fall within the
      scope of the invention as claimed.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is an isometric view of sections of fencing embodying features of
      the instant invention and a coupling member for two sections thereof which
      coupling member also serves additional functions;
PAR  FIG. 2 is an end view of the sections of fencing of FIG. 1;
PAR  FIG. 3 is an end view of another structure defining a modified form of the
      fence structure of FIG. 2;
PAR  FIG. 4 is a side cross-sectional view of one of the fittings provided in
      FIG. 1 for holding sections of fencing together;
PAR  FIG. 5 is a side view showing a plurality of sections of fencing of the
      type shown in FIG. 1 assembled together.
DETD
PAR  There is shown in FIG. 1 several components of a plastic fence structure
      comprising an assembly 10 of a plurality of lattice-like units 11 of
      fence, which units are preferably formed by extruding a plastic or metal
      into an elongated shape having a central portion 12 formed with a
      sheet-like wall 13 having openings 14 therein, shown of rectangular shape,
      and integrally extruded with tubular formations 15 and 17 which
      respectively define the upper and lower borders of each fence unit 11. The
      tubular formations 15 and 17 are thus formed by co-extruding same with the
      central portion 12 to form a unitary extrusion thereof while the openings
      14 may be formed in the sheet-like wall 13 of the central portion 12 by
      any suitable means such as die cutting or extrusion forming same.
      Notations 13A and 13B refer respectively to the longitudinal and lateral
      strip-like portions which define the central portion 12 and border the
      openings 14 therein.
PAR  The tubular formations 15 and 17 serve a number of purposes, in addition to
      defining the upper and lower portions of the fence units 11. While said
      formations may be primarily employed to longitudinally stiffen and support
      the central lattice-like portion 12 of the fence, either or both the
      tubular formations 15 and 17 may also serve as receptacles for coupling
      members 20 of the type illustrated, which coupling members connect the
      ends of each two fence units denoted 11A and 11B together and also serve
      to support the connected units above the ground as will be described.
      Either or both the tubular formations 15 and 17 may also serve another
      important function, that of conducting a fluid therethrough. Water, for
      example, may be pumped through either or both the tubular formations 15
      and 17 and dispensed as a plurality of sprays or streams S through
      respective rows of holes 16 and 18 provided longitudinally along the
      sidewalls of the respective tubular formations or from nozzles 19 located
      within said holes, to irrigate adjacent grass, shrubbery or flowers
      growing adjacent to the fence 10.
PAR  As shown in FIG. 2, the tubular formations 15 and 17 may have their water
      dispensing holes directed towards both sides of the fence. Holes 16A and
      16B are provided in opposite sides of formation 15 and are directed to
      form streams of water which shoot upwardly and outwardly to both sides
      thereof. Holes 18A and 18B in opposite sides of tubular formation 17,
      direct streams of water upwardly and outwardly of the formation to wet
      surroundings closer to the fence than holes 16A and 16B. All the holes
      along a section 11 of fence may be so directed and dimentioned or contain
      different nozzles, which, when a particular fluid pressure is applied to
      the liquid within the tubular formations, serve to substantially wet
      respective bands of foliage and grass on both sides of the fence 10.
      Certain of the holes may contain nozzles adapted to generate particular
      shaped sprays or direct water further from the fence while others may also
      be closed by plugs inserted by the installer of the fence in the event
      that it is not desired to direct water through all the holes. In another
      embodiment, notation 19A refers to one or more rotating spray generating
      devices located along one or more of the fence sections 11 and preferably
      connected to the upper tubular formation 15 to suitably spray water to
      surroundings.
PAR  The coupling member 20 of FIG. 4 comprises a casting, molding or assembly
      21 having a central shank or tubular formation 22, a lower portion 23
      which is tapered to a pointed end 24 to permit it to be pushed into the
      ground, an upper portion 25 which is formed with a tubular formation 26
      containing portions 26A and 26B which protrude outwardly from opposite
      sides of the shank 22 and a portion 27 joining shank 22 to said tapered
      lower portion 23 and also defining a second tubular formation 28 to member
      20. Tubular formation 28 has respective end portions 28A and 28B which,
      like portions 26A and 26B, protrude outwardly from opposite sides of shank
      22. Formations 26A and 28A are shaped to slide assemble in the bores 15B
      and 17B of the tubular formations 15 and 17 of one of the lengths 11A of
      fence 10 [e.g., unit 11A of FIG. 1], while formations 26B and 28B are
      shaped to slide fit in the bores of similar tubular formations in another
      length 11B of fence adapted to be assembled with the length thereof
      assembled to the opposite side of member 20. If the fence units 11 and
      coupling units 20 or the tubular formations 26 and 28 thereof are made of
      a thermoplastic resin such as rigid polyvinyl chloride, cellulose acetate
      butyrate or other suitable resin, a solvent may be employed between the
      mating surfaces to bond same so as to join lengths of the fencing
      together; otherwise adhesives, welding or gasketing may be employed to
      provide assembly 9 as shown in FIG. 3. In FIG. 5, a fence assembly 10'
      comprises a plurality of lattice-like fence units 11C, 11D, 11E, etc.,
      which are joined, end-to-end, together by respective coupling members 20,
      which, as indicated above, also fluidically connect the upper and lower
      tubular formations of each fence unit together to permit water to be
      flowed the entire length of the fence.
PAR  The central portions 13C, 13D and 13E of the three fence units 11C, 11D,
      and 11E shown in FIG. 5 each contain circular openings 14A therein rather
      than the rectangular openings 14 shown in FIG. 1. The individual coupling
      members 20, two of which denoted 20A and 20B are shown, are made in
      accordance with the structure shown in FIG. 4 and each has its upper and
      lower tubular formations adhesively or weldably secured to and projecting
      within the ends of the respective upper and lower tubular formations of
      the fence units. The units 11C, 11D, 11E, etc., of FIG. 5 may be produced
      of respective single extrusions of plastic or metal as shown in FIG. 2 or
      assemblies of several components such as illustrated in FIG. 3. The fence
      unit 30 of FIG. 3 comprises a central sheet-like lattice formation 31,
      preferably of rectangular shape and having its upper and lower edges
      secured to specially shaped tubular extrusions 32 and 38. Extrusion 32 is
      formed with a cylindrical wall portion 33 and has protruding downwardly
      therefrom respective strip-like formations 36 and 37 between which is
      formed a channel into which the upper edge portion of the sheet-like
      formation 31 is inserted and bonded or welded thereto. Liquid forced
      through passageway 35 in the tubular formation 32 is ejected from holes 34
      which are punched or drilled in the upper portion of the tube.
PAR  Tubular formation 38 has a cylindrical side wall which is extrusion formed
      with a pair of strip-like formations 41 and 42 protruding upwardly
      therefrom and providing a channel in which the lower edge of the
      sheet-like formation 31 is inserted and bonded or welded thereto along
      respective sealing lines W extending the length of the fence unit. The
      passageway 40 extending through the tubular formation 38 may be employed
      to carry a liquid such as water therethrough for irrigation purposes
      either with respect to land surrounding the fence when the water is
      ejected through holes therein as described or to a distant portion of the
      fence or other irrigation system connected thereto.
PAR  While the fence units 11 of the type shown in FIG. 1 may be completely
      produced by extrusion while controlling and varying the openings in a
      suitable die to form openings 14 and operating on the extrusion by
      drilling or other means to form orifices 16 and 18, such fence units as
      well as that illustrated in FIG. 5 may be produced by extruding the
      central sheet-like portions of the fence from a solid sheet and
      continuously die cutting openings 14 and 14A therein, which operation
      preferably includes recycling the material which is removed to the
      extruder or a compounding unit feeding the extruder. Extrusion means such
      as provided in my U.S. Pat. No. 3,422,648 may be employed to form lengths
      of fence units of the type shown in FIGS. 1 and 2, while injection, blow
      molding or casting means may be employed to form the coupling members 20
      of plastic or metal.
PAR  In FIG. 5, notation 51 refers to a tubular fluid connector or fitting which
      is secured to or formed as part of the lower tubular formation 28 of
      coupling member 20B. Connector or fitting 51 may be externally threaded
      and adapted to receive the end coupling of a garden hose or pipe which is
      connected at its other end to a source of water such as a nozzle outlet
      from a water supply pipe, to supply water to the lower tubular formation
      of the fence. A similar fitting or connector may be provided at the upper
      end of the coupling member 20B to supply water to the upper tubular
      formation. In another construction, the coupling member 20 of FIG. 4 may
      contain a passageway therein extending between the lower tubular formation
      28 and the upper tubular formation 26 so that a single inlet to formation
      28 may be utilized to conduct water to both the upper and lower tubular
      formations extending longitudinally along the assembled fence.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fence assembly comprising in combination:
PA1  a plurality of fence sections each having a central lattice-like portion,
PA1  each of said fence sections having upper and lower tubular formations
      integral with the central portion thereof with at least one of said
      tubular formations of each of said fence sections being adapted to carry
      an irrigation fluid, said tubular formations extending parallel to each
      other and longitudinally along said central portion from one end of said
      central portion to the other end thereof,
PA1  coupling means provided between each of said fence sections for joining
      said fence sections together,
PA1  said coupling means comprising respective elongated members having
      respective connection formations respectively secured to the ends of each
      of the longitudinally extending upper and lower tubular formations of
      respective aligned fence sections,
PA1  portions of at least certain of said coupling means protruding downwardly
      from said fence sections and being secured beneath said fence sections to
      the ground so as to support said fence sections above the ground and
PA1  said coupling means including means for fluidically connecting the
      irrigation fluid carrying tubular formations of each of said fence
      sections to those of the adjacent fence sections.
NUM  2.
PAR  2. A fence assembly in accordance with claim 1 wherein said tubular
      formations of said fence sections which carry said irrigation fluid are
      each formed with a plurality of holes along its length for permitting the
      escape of fluid therefrom for irrigating areas adjacent to said fence
      sections.
NUM  3.
PAR  3. A fence assembly in accordance with claim 1 wherein both of said tubular
      formations of each of said fence sections are adapted to carry irrigation
      fluid and each of said coupling means is operable to fluidically connect
      the respective tubular formations of one fence section with those of the
      next fence section connected to said coupling means.
NUM  4.
PAR  4. A fence assembly in accordance with claim 1 wherein said tubular
      formations of each fence section extend respectively along the upper and
      lower borders of the central portion of said fence section and each is
      adapted to conduct an irrigation fluid therethrough, each of said tubular
      formations of each of said fence sections having a plurality of holes
      therethrough for conducting fluid therefrom to different areas of the
      ground on at least one side of said fence section.
NUM  5.
PAR  5. A fence assembly in accordance with claim 4 wherein said holes in said
      tubular formations of each of said fence sections are provided on both
      sides of the tubular formations and are located to permit irrigation fluid
      provided under pressure within the tubular formations to flow outwardly as
      a plurality of streams of fluid to both sides of the fence sections for
      irrigating different areas adjacent both sides of said fence sections.
NUM  6.
PAR  6. A fence assembly in accordance with claim 5 wherein said holes in said
      tubular formations are so located and shaped to provide a plurality of
      fine streams of irrigation fluid for substantially blanket irrigation of
      respective band-like portions of land on both sides of said fence.
NUM  7.
PAR  7. A fence assembly in accordance with claim 1 including a plurality of
      spray generating means connected to said fence assembly and each operable
      to generate a spray of fluid directed thereto through said tubular
      formation carrying irrigation fluid for irrigating a substantial area of
      the land adjacent said fence.
NUM  8.
PAR  8. A fence assembly in accordance with claim 7 wherein at least certain of
      said spray generating means comprise respective rotatable nozzle means
      which are operated to rotate when fluid pressure is applied to said
      tubular formation adapted to carry irrigation fluid for irrigating a
      substantial area of the land adjacent said fence assembly.
NUM  9.
PAR  9. A fence assembly in accordance with claim 8 wherein each of said
      coupling means comprises a unitary molding having an elongated shank means
      joining said upper and lower connection formations and having an extension
      below the lower connection formed with a spiked end adapted to be pushed
      into the ground.
NUM  10.
PAR  10. A fence assembly in accordance with claim 1 including a spray nozzle
      connected to the upper end of each of said coupling means and operatively
      coupled through said coupling means to the upper tubular formations of the
      adjacent fence sections, means for conducting an irrigation fluid to said
      upper tubular formations of said fence assembly and to the spray nozzles
      connected to said coupling means for generating respective sprays of said
      fluid which fan outwardly from said sections of fence.
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ABST
PAL  A gating arrangement for use in moulding plastics, particular foam
      plastics, formed from a plurality of fluid constituents comprises a
      plurality of nozzles for delivering the constituents under pressure into a
      mixing chamber. A nozzle needle is associated with each nozzle and is
      movable between positions which close and open the nozzles. The nozzle
      needles are moved from the closing position into the opening position by
      the pressure of the fluid constituents. A hydraulic piston is associated
      with each nozzle needle for retaining each nozzle needle in a definite
      position.
BSUM
PAR  The invention relates to a gating arrangement for the moulding working of
      plastics, in particular cell-forming plastics, formed from a plurality of
      fluid constituents, comprising a plurality of closable nozzles delivering
      under pressure into a mixing chamber for the constituents and the closing
      elements of which are held in the closed position by a hydraulic piston
      and are adapted to be brought into the open position by the pressure of
      the constituents.
PAR  A gating arrangement of the above-described type is known, for example,
      from German Laid-open Pending Patent Application No. 2,112,353. In this
      arrangement, the constituents to be mixed are conveyed into the mixing
      chamber via needle nozzles to the needles of which pressure is applied at
      their rear ends by thrust pins which can be actuated in turn by a common
      hydraulic piston via a rocker lever system. When hydraulic pressure is
      applied to the hydraulic piston, the thrust pins force the nozzle needles
      against the nozzle orifices and close them. If the mixing and gating
      operation is to be initiated, the hydraulic pressure loading the hydraulic
      piston is removed or considerably lowered, so that the pressure of the
      plastics constituents operative in the nozzles displaces the nozzle
      needles suddenly into the open position, which is defined by an infinitely
      adjustable limiting stop.
PAR  The adjustable limiting stop for the nozzle needles permits precise
      adaptation of the needle stroke to the delivery conditions and the
      properties of the plastics constituents to be delivered, for example to
      the delivery effected per unit of time and the viscosity, for the purpose
      of obtaining a rate of exit of the constituents from the nozzles which is
      optimum for the mixing operation in a given instance. The disadvantage
      involved, however, is that on a change in the quantity of the constituents
      which is delivered, which may be necessary, for example, when a different
      constituent is used, or when there are changes in the viscosity of the
      constituents, such as frequently occur in consequence of variations of
      temperature, the rate of exit from the nozzle and the pressure drop
      between the nozzle inlet and outlet change. With a view to as intensive a
      mixing of the constituents as possible, however, these factors should
      always retain a value which is the optimum for this purpose. In such
      cases, therefore, the stroke of the nozzle needle must always be adjusted
      afresh and sometimes changes in viscosity due to temperature and the
      resulting impairment of the mixing process do not become perceptible or
      become perceptible only because of corresponding defects in the finished
      product.
PAR  The problem underlying the invention, therefore, is to propose an
      arrangement of the kind described at the beginning with which it is
      possible to keep the rate of exit of the plastics constituents from the
      nozzles and the pressure drop at the nozzles always at an optimum value
      for the mixing process even when variations in the delivery conditions or
      the properties of the constituents being delivered remain unrecognized.
      According to the invention, this problem is solved in that with each of
      the closing elements of the nozzles there is associated a hydraulic piston
      to which there is applied during the gating operation a predetermined
      pressure against the force effect of which the pressure of the
      constituents opens the closing elements.
PAR  Since the pressure drop via the nozzle is a function of the effective flow
      cross-section available through the nozzle orifice, the delivery effected
      and the viscosity and, consequently, the constituent pressure operative in
      front of the nozzle orifice is clearly linked with the stroke of the
      closing element, an opening stroke of the closing element adjusts itself
      which is defined at all times by the equilibrium between the thrust
      applied by the hydraulic piston to the closing element and the thrust
      acting in the opposite directed as a result of the constituent pressure.
      If one of the determinative quantities, the delivery or viscosity, changes
      or both change, a new position of equilibrium of the closing element
      adjusts itself accordingly.
PAR  Advantageously, the pressure acting on the hydraulic piston is adjustable.
      In this way, it is possible, taking appropriate account of the pressure
      surfaces operative against each other on the hydraulic piston and the
      closing element, to preselect the optimum mixing pressure itself directly.
      This mixing pressure and the rate of outflow associated therewith are then
      maintained automatically.
PAR  In a suitable constructional form of the arrangement according to the
      invention each hydraulic piston is guided in a cylinder coupled to the
      nozzle housing and presses directly on the end of the associated closing
      element. Of course, instead of using separate hydraulic pistons, it is
      possible to form them in one piece with the closing elements, so that the
      predetermined hydraulic pressure is applied to the closing elements
      themselves.
DRWD
PAR  Other advantages and features of the present invention will appear from the
      following description of preferred embodiments given with reference to the
      accompanying drawing and from additional sub-claims. The drawing is a
      diagrammatic cross-section through a gating arrangement according to the
      invention, a modified embodiment of the nozzle construction being shown
      for the sake of simplicity in the right-hand half of the drawing.
DETD
PAR  A mixing head 1 is fixedly connected to a mixing plate 2, which may also be
      the mould itself. The mould, which is not an object of the present
      invention and therefore does not need to be described in detail, contains
      a cavity (not shown) and the corresponding runners (likewise not shown).
      The mixing head 1 forms, together with the mixing plate 2, a mixing
      chamber 3 from which the runner or runners lead to the mould cavity. In
      the embodiment shown, the mixing chamber 3 is tetragonal in cross-section
      and closable nozzles 4 and 4' open on two adjacent sides of the
      cross-section. During the gating operation, these nozzles deliver fluid
      plastics constituents under predetermined pressure and at a predetermined
      rate of outflow into the mixing chamber 3, these constituents flowing
      further into the mould cavity and solidifying therein in known manner to
      form a moulding.
PAR  The nozzle 4 consists essentially of a nozzle body 5 in one end of which
      there are formed a nozzle orifice 6 and, in front of the nozzle orifice, a
      nozzle chamber 7. The nozzle chamber 7 is in communication via a duct 8
      with a feed chamber 9 for the particular plastics constituent being
      delivered, which is pumped into the feed chamber 9 through a feed line
      (not shown).
PAR  A nozzle needle 10 is axially slidable in a central bore in the nozzle body
      5, the needle being reduced to a smaller diameter at its rear end and
      extending in sealing relationship by means of the pin 11 thereby formed
      into a corresponding bore in a plate 12. The plate 12 forms the front
      closure of a hydraulic cylinder 13 in which a hydraulic piston 14 is
      guided and presses by means of a projection 15 in the form of a stud on
      the end of the pin 11 on the nozzle needle 10. The hydraulic piston 14 is
      pot-shaped and loaded by a light compression spring 16 in the closing
      direction of the nozzle needle 10. Pressure can be applied to the
      hydraulic piston in the same direction by a hydraulic pump P via a line
      17, which is shown only diagrammatically, a pressure adjusting element 18
      being located in the line.
PAR  An annular surface 19 is formed on that zone of the nozzle needle 10 which
      is located in the nozzle chamber 7. Furthermore there is indicated at 20 a
      collecting chamber through which any leakages of hydraulic oil and
      plastics constituents occuring can flow off.
PAR  The nozzle 4' shown in the right-hand half of the drawing differs from the
      nozzle 4 essentially only in that it has a mechanical stroke limiting
      means for the nozzle needle in the form of a threaded spindle 21 with a
      corresponding lock nut 22. The front end of the threaded spindle 21
      extends into the pot-shaped hydraulic cylinder 14' and forms a stop for
      the base thereof. At the same time the spindle serves as a guide for the
      light compression spring 16'. It is a matter of course that advantageously
      only nozzles of the same design are used in a gating arrangement
      constructed in practise and that there are only graphic reasons for the
      different designs of the nozzles in the drawing.
PAR  The arrangement according to the invention operates in the following
      manner:
PAR  First of all, by turning on the metering pumps for the plastics
      constituents, a biasing pressure is built up in the feed conduits and in
      particular in the nozzle chamber 7, this biasing pressure being at least
      as high as the pressure drop at the nozzle orifice 6. At this time, a
      hydraulic pressure is also applied to the hydraulic cylinder 13 via the
      line 17, the pressure being adjusted at the pressure adjusting element 18
      and so determined that it is certain that the nozzle needle 10 cannot be
      lifted away in the direction of opening by the built-up biasing pressure
      of the constituent acting on the annular surface 19. The nozzle needle 10
      is therefore held positively in the closed position by the hydraulic
      piston 14.
PAR  After the desired biasing pressure of the constituent has been reached, the
      pressure acting on the hydraulic piston 14 is now lowered to a value which
      is likewise adjusted at the pressure adjusting element 18 and corresponds
      to the desired mixing pressure. The nozzle needle 10 is now opened by the
      pressure of the constituent, the hydraulic piston 14 being also moved
      until a position of equilibrium of the nozzle needle 10 adjusts itself.
      This position of equlibrium is defined by the force excerted by the
      hydraulic piston 14 on one end of the nozzle needle 10, which is
      compensated by the pressure head building up on the annular surface 19 and
      the end face of the nozzle needle 10 as the flow begins. It will be
      understood that the oil pressure acting on the hydraulic piston 14 must be
      chosen in the ratio of effective needle area to piston area in order to
      obtain the desired mixing pressure at the respective nozzle outlets.
      Accordingly, the pressure adjusting element 18 is suitably also
      calibrated, so that the desired mixing pressure can be adjusted and read
      off thereat directly via the oil pressure.
PAR  As a result of the construction according to the invention, the mixing
      pressure at the nozzle becomes independent of the quantity delivered and
      the viscosity of the constituents, since with every change therein the
      needle stroke also changes (pressure balance principle). At the end of the
      injection, all the nozzle needles 10 are closed by simultaneous
      application of pressure to the hydraulic pistons 14 associated with them.
      The metering pumps for the plastics constituents are thereupon turned off.
PAR  In the case of the nozzle construction 4' shown in the right-hand half of
      the drawing, automatic adjustment of the mixing pressure is effected only
      below the range defined by the stop (threaded spindle 21).
PAR  The stiffness of the compression spring 16 is chosen that its force can be
      disregarded in the play of forces determining the position of equilibrium
      of the nozzle needle 10. The effect of this stiffness is merely that a
      minimum opening pressure must be applied in the nozzles by the plastics
      constituents.
PAR  In addition to the described infinitely variable adjustment of the stroke
      of the nozzle needle with a corresponding stabilization of the mixing
      pressure, the arrangement according to the invention also has the
      advantage, compared with the known gating arrangement, that it is less
      costly in construction and adjustment technique because of the elimination
      of the rocker lever system. Owing to the very low control oil requirements
      of the hydraulic cylinders 13 (about 0.5 cc), a quasi forced control is
      obtained on the assumption that the pressure oil supply is suitably large.
      The difference in the individual operating times for the nozzle needles 10
      is so small that for practical conditions simultaneous control takes place
      and no appreciable permature or subsequent escape of plastics constituents
      from the nozzles occurs.
CLMS
STM  I claim:
NUM  1.
PAR  1. A gating arrangement for a plurality of fluid constituents of a plastics
      material comprising, a plurality of nozzles for delivering said
      constituents under pressure into a mixing chamber, each nozzle having a
      nozzle chamber, a closing element sealingly disposed within each nozzle
      chamber and having an end portion therein and being movable between
      positions opening and closing its respective nozzle, each closing element
      being moved, in a first direction of movement, from its closing to its
      opening position by pressure of said fluid constituents thereon at its end
      portion, and a hydraulic piston associated with each closing element and
      urging said closing element in a line of movement opposite to the first
      line of movement, means for applying hydraulic pressure to said hydraulic
      piston and urging said piston in its line of movement, thereby maintaining
      each closing element in a definite position, with respect to said nozzle
      chamber, on application of a predetermined hydraulic pressure to said
      piston.
NUM  2.
PAR  2. An arrangement as claimed in claim 1, wherein said means is adjustable
      for providing an adjustable hydraulic pressure acting on said hydraulic
      pistons.
NUM  3.
PAR  3. An arrangement as claimed in claim 1 wherein each hydraulic piston is
      guided in a cylinder coupled to a housing surrounding said nozzles and
      presses directly on its associated closing element at an end remote from
      said end portion.
NUM  4.
PAR  4. An arrangement as claimed in claim 3, including a thrust stud on each
      hydraulic piston and contacting the end of said closing element.
NUM  5.
PAR  5. An arrangement as claimed in claim 1, wherein said hydraulic pistons are
      integral with said closing elements.
NUM  6.
PAR  6. An arrangement as claimed in claim 1, including spring means biasing
      said hydraulic piston and normally maintaining each closing element in
      said closing position.
NUM  7.
PAR  7. An arrangement as claimed in claim 1, including stop means limiting
      movement of said hydraulic pistons.
NUM  8.
PAR  8. An arrangement as claimed in claim 1, wherein each closing element has
      an annular surface at said end portion for receiving the pressure of said
      constituents.
NUM  9.
PAR  9. An arrangement as claimed in claim 1 wherein each closing element has a
      conical tip at its end remote from said hydraulic piston.
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ABST
PAL  A detachable mounting and support arrangement for the stationary spray tube
      which extends through a rotary drum. A tension cable extends through the
      spray tube and is anchored exteriorly of the drum and spray tube at each
      end of the drum.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to rotary drums or coolers, and in
      particular to the spray tubing therein which conveys cooling water to the
      interior of the rotating drum. In the prior art, spray tubes are known but
      these tubes have been supported so as to rotate with the drum. In
      extremely long coolers or drums, 100 feet or more, the weight of the tube
      makes it mechanically impossible to support the tube in a rotary cooler.
      This is particularly true when, in addition to the length of the cooler,
      temperatures of the product within the cooler are initially at
      2500.degree.F. Thus, the combination of the factors of length, weight and
      temperature combine to defeat the usual supporting arrangement for cooling
      tubes. Known arrangements for supporting spray tubes, such as rotating
      spider supports with central water cooled and lubricated bearings, present
      problems that affect product flow through the cooler, contamination of the
      product as it moves through the cooler and access for servicing. The steel
      frame or truss support is entirely too large and is also sensitive to the
      extremely high temperature of the material within the cooler and would
      require its own cooling system.
PAR  These known supporting arrangements offer no suggestions to solving the
      particular problem, and it is to solving this problem that the invention
      is directed and a solution provided.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  According to a preferred embodiment of the present invention, a rotary
      cooler having a long cylindrical shell mounted to rotate about its central
      axis is provided. Extending longitudinally through the cylindrical cooler
      shell is a spray pipe or tube which is supported independently of the
      cylindrical shell. A cable extends through the spray pipe or tube and is
      anchored at each end beyond the ends of the cylindrical cooler shell. The
      cable is under tension and supports the spray pipe in substantial
      parallelism with the axis of the cylindrical cooler shell. Thus, the cable
      supports the weight of the spray pipe and the cooling fluid flowing
      through the pipe without interfering with the normal operation of the
      rotary cooler.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation partly in section of a rotary cooler
      incorporating the present invention; and,
PAR  FIG. 2 is a view taken along the line II--II in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  According to the preferred embodiment of the present invention, a rotary
      cooler 10 comprising a cylindrical shell is mounted on rollers 12 for
      rotation of the cylindrical shell about its own axis. The shell 11 has a
      material inlet end provided with a feed hood 14 having a supply chute 16
      projecting therethrough and into the rotatable cylindrical shell 11. The
      cooler 10, at its opposite end, is provided with a material outlet
      including a discharge hood 17 having a material outlet 18 for cooled
      material and the fluid coolant. Power for rotating the cylindrical cooler
      shell 11 is obtained from a motor 18, the drive shaft of which is provided
      with a gear 19 adapted to mesh with a bull gear 20 affixed to the shell
      11.
PAR  The cooler shell 11 receives a spray pipe 31 which extends through the
      entire length of the cooler shell 11 and outwardly beyond the inlet and
      outlet hoods 14 and 17. The spray pipe 31 can be assembled in convenient
      lengths and jointed to facilitate the insertion of the spray pipe into the
      shell 11. The assembled spray pipe 31 extends outwardly of the feed hood
      14 and the discharge hood 17. At the feed end of the cooler, the spray
      pipe 31 is provided with a fluid inlet pipe 32 which provides a sufficient
      volume of fluid to the spray pipe 31 to maintain the desired discharge
      pressure through the plurality of spray nozzles 33, only four being
      depicted. The volume of fluid provided to the spray pipe 31 is also
      sufficient to maintain the pipe 31 in substantially full capacity at all
      times. At the discharge end of the cooler 11, the spray pipe 31 is
      provided with an outlet 34.
PAR  To provide the extremely long spray pipe 31 within the cooler 10 and not
      encumber the cylindrical shell 11 with interfering structure, a novel
      support arrangement has been provided. To this end, a cable suspension
      means 40 is provided. As shown in simplified format, a stranded cable 41
      is inserted through the spray pipe 31 and extends outward of both of the
      external ends 43 and 44 of the spray pipe 31. The external ends 43 and 44
      of the spray pipe 31 through which the cable 31 extends are sealed by
      means of a stuffing box 46 and 47 or other suitable means, such as a seal
      incorporating a clamping device. In any event, the seals 46 and 47
      effectively prevent fluid in the spray pipe 31 from leaking or escaping
      from the pipe. This arrangement maintains the desired pressure within the
      pipe so that the spray nozzles 33 cover their designated areas. The end 48
      of the cable 31 is entrained over an upright support 49 and secured to one
      end of a tensioner 51. The opposite end of the tensioner 51 is secured to
      an anchor 52 by means of a relatively short length of cable 53. It will be
      appreciated that the tensioner 51 can be secured directly to the anchor
      52. A similar arrangement is provided for the opposite end of the cable
      wherein the extending end 56 is entrained over a support 57 and secured to
      a tensioner 58. The opposite end of the tensioner 58 is secured to an
      anchor 59 by means of a relatively short strand of cable 61.
PAR  With the arrangement described, the spray piping or tubing 31 can be
      assembled in convenient lengths and jointed. The cable 41 and pipe 31 will
      assume a natural sag which will be stable and can be compensated for when
      positioning the nozzles 33. The cable 41 within the spray pipe 31 is
      immersed in the fluid coolant and is not subject to heat distress. With
      the arrangement, the cable 41 is also protected from erosion by steam or
      abrasives and can be further protected from water corrosion, if necessary,
      by a suitable coating.
PAR  From the foregoing description of the present invention, it has been shown
      how the objects of the preferred arrangement of the invention have been
      attained. However, modifications of the concept disclosed which may occur
      to those skilled in the art, now that the invention has been disclosed,
      are intended to be included within the scope of the invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a rotary cooler device having an elongated cylindrical shell;
PA1  a tubular spray pipe extending through the elongated cylindrical shell but
      having no physical connection to the cylindrical shell;
PA1  a support within said tubular spray pipe and extending outwardly of the
      ends thereof;
PA1  anchor means at each end of the cooler device external of the cylindrical
      shell; and,
PA1  means connecting the extending ends of said support to said anchor means.
NUM  2.
PAR  2. A rotary cooler device according to claim 1 wherein there is provided a
      means for applying a tensioning force to at least one end of said support.
NUM  3.
PAR  3. A rotary cooler device according to claim 2 wherein there is provided a
      support means at each end of the cooler device operable to maintain said
      spray pipe support in a plane which is substantially parallel to the axis
      about which said cylindrical shell is rotatable.
NUM  4.
PAR  4. A rotary cooler device according to claim 3 wherein said spray pipe
      support is a cable, the ends thereof extending outwardly of said spray
      pipe and beyond the ends of said cylindrical shell; and,
PA1  said support means at each end of the cooler device is constructed and
      arranged to engage said extending ends of said cable externally of the
      cooler device in a manner to position and maintain said cable in
      substantial parallelism with the axis about which the cylindrical shell is
      rotatable.
NUM  5.
PAR  5. A rotary cooler device according to claim 4 wherein said cable and said
      spray pipe is provided with a plurality of spaced apart spray nozzles
      arranged to direct fluid from the spray pipe over a predetermined internal
      area of said cylindrical shell; and,
PA1  said spray pipe and cable assume a natural sag which will be stable and
      said nozzles are positioned along the spray pipe with consideration being
      taken of the natural sag of the spray pipe and cable.
NUM  6.
PAR  6. A rotary cooler device according to claim 5 wherein said spray pipe
      comprises a plurality of jointed sections; and,
PA1  sealing means in the ends of said spray pipe through which said cable
      extends to prevent leakage of the fluid within said spray pipe therefrom.
PATN
WKU  039333140
SRC  5
APN  5025540
APT  1
ART  325
APD  19740903
TTL  Chopping implement
ISD  19760120
NCL  1
ECL  1
EXA  Goldberg; Howard H.
EXP  Custer, Jr.; Granville Y.
NDR  2
NFG  4
INVT
NAM  Luscombe; Art
CTY  Armstrong
STA  IA
RLAP
COD  71
APN  331824
APD  19730212
PSC  03
CLAS
OCL  241 60
XCL  2411017
XCL  241186R
XCL  241189R
EDF  2
ICL  B02C 13286
FSC  241
FSS  60;101.7;186 R;189 R;222;223;277
UREF
PNO  1726435
ISD  19290800
NAM  Haller
XCL  241186R
UREF
PNO  1793476
ISD  19310200
NAM  Gehl
XCL  241186R
UREF
PNO  2084447
ISD  19370600
NAM  Matejcik
XCL  241223
UREF
PNO  2385451
ISD  19450900
NAM  Krause et al.
XCL  241186
UREF
PNO  2900069
ISD  19590800
NAM  Manns et al.
XCL  241101.7
UREF
PNO  2952465
ISD  19600900
NAM  Skromme
XCL  241186R
UREF
PNO  3401729
ISD  19680900
NAM  Wallin et al.
OCL  241 60
UREF
PNO  3552463
ISD  19710100
NAM  Witt
OCL  241222
LREP
FRM  Williamson, Bains & Moore
ABST
PAL  A towed type wheeled chopping implement is adapted to be connected in
      trailing relation to a harvesting combine to receive leaves, stalks (such
      as stover) and the like, of the crop being harvested from the combine. The
      implement includes a hopper having a conveyor therein for conveying the
      stover (or crop leaves, stalks and the like) to driven feed rolls which
      direct the stover into a chopper device, where the stover is finely
      chopped. The chopped stover material is then directed by conveyor means to
      a blower device which blows the chopped stover material through a conduit
      into a collection structure such as a truck body or the like.
PARN
PAR  This is a continuation of application Ser. No. 331,824, filed Feb. 12,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a towed type wheeled cutting implement which is
      adapted to be connected to a harvesting combine for receiving stover
      material or the like from the combine, which is operable to finely chop
      the stover or similar material into a relatively small size so that the
      chopped material may be consumed by cattle.
PAR  In most harvesting operations, such as a corn husking operation, the corn
      is picked and the ears are either collected or shelled. The stalks, shucks
      and shelled ears are usually discharged from the rear of the combine upon
      the ground. This stover is sometimes collected for silage but since the
      stover is comprised of relatively large pieces, cattle quite often refuse
      to eat this material. When stover is allowed to lie upon the ground, sand
      becomes intermingled with the stalks and leaves and when this stover is
      later collected and then fed to cattle, the cattle sometimes develop sore
      mouth from the sand.
PAR  It has been found that stover is not only nutritious, but when chopped into
      a relatively fine condition, constitutes an excellent cattle feed. Thus,
      it becomes quite economical to collect and chop the stover during the
      harvesting operation.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of this invention to provide a novel towed type
      cutting implement which is connected in trailing relation to a harvesting
      combine to receive the stover or similar material from the combine, and
      then to chop the stover material into a relatively small size so that it
      may be used as a cattle feed. The present implement is provided with a
      collection hopper having a conveyor therein which receives the stover or
      similar material from the combine and then directs the stover by suitable
      driven feed rolls to a cutting chamber where the stover material is finely
      chopped. The finely chopped stover material is then directed by conveyor
      means to a blower device where it is blown through a conduit and directed
      into a truck body or the like. The hopper and conveyor structures of the
      present implement may be readily removed therefrom to permit a cutting
      head to be mounted on the implement so that the implement may function as
      a forage harvestor. These and other objects and advantages of this
      invention will more fully appear from the following description made in
      connection with the accompanying drawings wherein like reference
      characters refer to the same or similar parts throughout the several
      views.
DRWD
PAC  FIGURES OF THE DRAWING
PAR  FIG. 1 is a side elevational view of the novel implement illustrated in
      connected relation with a combine;
PAR  FIG. 2 is a cross sectional view of a portion of the implement;
PAR  FIG. 3 is a vertical transverse cross sectional view taken approximately
      along line 33 in FIG. 1 and looking in the direction of the arrows and
PAR  FIG. 4 is a perspective view of a fragmentary portion of the implement
      illustrating certain details of construction thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and more specifically to FIG. 1, it will be
      seen that one embodiment of the novel wheeled chopper implement,
      designated generally by the reference numeral 10, is there shown. The
      chopper implement 10 is adapted for use with a harvesting combine 11 such
      as the large commercially available combines which are used in relatively
      large combining operations. The chopper implement 10 includes a frame 12
      provided with a pair of ground engaging wheels 13 to permit the implement
      to travel over the surface of the ground. Implement frame 12 is provided
      with a hitch member 14 at its front end which is interconnected to a hitch
      element 15 located at the rear of the harvesting combine 11 by pivot or
      clevis 16. With this arrangement, the chopper implement 10 is connected in
      trailing relation to the harvesting combine by an articulated coupling.
PAR  The chopper implement 10 includes an upwardly open hopper 17 whose width
      and length dimension are of a size slightly larger than the downwardly
      facing discharge opening of the combine housing through which the stover
      is discharged. The hopper 17 includes side walls 18 which converge
      downwardly and terminate in substantially parallel lower side portions 19.
      Each side of the hopper may be detachably connected to the frame by
      suitable bolts or the like. The hopper 17 also includes a front wall 20
      which extends downwardly and rearwardly and whose lower edge terminates a
      point located above the lower edge of the lower side wall portions 19.
PAR  The rear wall of the hopper defines a deflector shield 21 which extends
      forwardly and upwardly, as best seen in FIGS. 3 and 4. The deflector
      shield 21 also includes side portions 22 which extend forwardly and
      outwardly and are integral with the side walls. Thus the deflector shield
      has a generally concave forward configuration.
PAR  The hopper 17 has a rearwardly facing opening 23 which is defined by the
      lower edge of the deflector shield and the side walls of the hopper. A
      horizontally disposed conveyor 24 extends from the rearwardly facing
      opening 23 in a forward direction and projects forwardly beyond the lower
      edge of the front wall 20 of the hopper. The conveyor 24 includes an
      endless conveyor belt or apron 25 which is trained about a driven roller
      26 and an idler roller 27, these rollers being journaled for rotation on
      the implement frame. The endless conveyor belt 25 is provided with a
      plurality of longitudinally spaced apart transverse conveyor elements 28
      which facilitate movement of the stover material rearwardly from the
      hopper. In this respect, it will be noted that the conveyor actually
      defines the lower wall of the hopper.
PAR  The chopper implement 10 also includes a feed roll housing 29 comprised of
      opposed side walls, upper and lower walls and a front wall, the latter
      having an opening therein which communicates with the rearwardly facing
      opening 23 in the hopper. The feed roll housing 29 has a pair of
      longitudinally spaced apart upper feed rolls 30 positioned therein and a
      pair of longitudinally spaced apart lower feed rolls 31 positioned
      therein. It will be noted that these rolls are horizontally oriented and
      extend transversely of the housing as best seen in FIG. 2. Each of the
      upper feed rolls 30 is provided with a shaft 32 which is journaled in
      suitable bearings carried by the sides of the feed roll housing while the
      lower feed rolls are each provided with a shaft 33 similarly journaled in
      bearings carried by the side walls. The upper feed rolls are each provided
      with a plurality of circumferencely spaced apart axially extending
      serrated blades 34 while each of the lower feed rolls is provided with a
      plurality of elongate axially extending blades 35. These feed rolls
      receive the stover material from a hopper conveyor and each is driven in a
      direction so that the stover material is impelled between each upper and
      lower pair of rolls in a rearward direction.
PAR  The stover material is impelled rearwardly by the feed rolls to a chopper
      device 36 which is comprised of a housing 37 having an inlet opening
      therein which communicates with the feed roll housing 29. The chopper
      device 36 includes a revolvable chopper drum 38 provided with a shaft 39
      which is journaled in suitable bearings carried by the side walls of the
      chopper device housing. The chopper drum 38 is provided with a plurality
      of blades 40 which are affixed to the surface thereof and which project
      outwardly therefrom. Each of these blades extend longitudinally of the
      chopper drum and follows a somewhat helical pattern. The chopper device is
      operated at a speed to cause the stover material to be chopped into fairly
      small pieces and preferably wherein the particle size be approximately
      one-fourth inch.
PAR  The chopper device housing 37 communicates downwardly with a conveyor
      housing 41 which extends below the chopper device housing and which
      contains a pair of auger conveyors 42. The shafts 43 of the auger
      conveyors are journaled in suitable bearings carried by the side walls of
      the auger conveyor housing and these conveyors are rotated to convey the
      material transversely of the chopper implement towards one side thereof. A
      blower device 44 is mounted on one side of the chopper implement and
      includes a housing 45 in which is positioned a fan 46. The shaft 46a of
      the fan is journaled in suitable bearings and the fan housing is provided
      with a tubular tangential discharge outlet 47.
PAR  The discharge outlet 47 projects upwardly and is provided with an outturned
      flange to facilitate connection of the outlet with an elongate conduit 48.
      Although not shown in the drawing, the upper end of the conduit is
      preferably curved and is adjustable to permit adjustment of the direction
      of discharge of the material from the conduit. The chopper implement is
      provided with a relatively large diesel engine 49 for driving the various
      components thereof, suitable drive connections being contained within the
      drive housing 50. In this regard, the diesel engine 49 not only drives the
      blower fan 46 and chopper device 36, but also drives the feed rolls, the
      auger conveyors 42, and the apron conveyor 24. In this respect, the front
      end of each shaft of each component may be provided with a pulley about
      which is trained a drive belt which is drivingly connected to the diesel
      engine 49 through the drive connections located within the drive housing
      50.
PAR  In use, the chopper implement 10 will be positioned in articulated trailing
      relation with respect to a conventional harvesting combine 11. When so
      connected to the harvesting combine, the hopper 17 will be positioned
      below the discharge outlet of the hopper housing through which the stover
      is normally discharged. It is preferred that the head for the combine be
      capable of cutting the corn stalk fairly close to the surface of the
      ground rather than the cutting action performed by the conventional corn
      picking head which cuts the stalk at a substantially higher elevation. It
      is also preferred that the combine be capable of shelling the corn so that
      the shelled cobs may be collected as part of the stover material. Since
      the combine will be gathering substantially the entire stalk, the material
      will be passed through the combine along with the shucks and cobs. This
      material will be discharged directly into the hopper 17 and will be
      conveyed rapidly to the feed rolls by the conveyor 24. The stover material
      is then impelled into the chopper device where the stover is chopped into
      relatively fine particles, preferably of 1/4 inch size. The chopper
      material falls into the conveyor housing where it is conveyed rapidly into
      the blower housing. There the chopped material is entrained in a stream of
      air and directed through the conduit outwardly into a collection vehicle
      such as a truck body or the like.
PAR  It is pointed out that the present implement may also be used to collect
      and finely chop leaves, stems and stalks for crops other than corn. For
      example, the chopper implement may be used for beans, maize and the like.
PAR  It has been found that the finely chopped stover material not only has a
      high nutritional value, per se, but when the proper additives are
      supplied, the stover material constitutes an excellent cattle feed.
      Therefore, based on the normal expected yield for a corn crop, the yield
      of stover material from one acre provides sufficient food (with suitable
      additives) for one animal for one entire year.
PAR  The chopper implement 10 may also be converted into a forage harvester by
      merely removing the hopper 17 and the conveyor 24 from the implement frame
      and substituting a cutting head for these components. This may be
      accomplished by disengaging the mounting bolts 51 which permit the hopper
      to be removed from the frame. Thereafter, the conveyor 24 may be removed
      and a suitable forage harvester cutter head may be provided. The forage
      harvester will be provided with an offset hitch so that it may be
      connected in offset trailing relation with a tractor.
PAR  From the foregoing description, it will be seen that I have provided a
      novel chopper implement which is adapted for use with a conventional
      harvesting combine and which permits stover and similar material to be
      collected and finely chopped to form an excellent cattle feed. It will
      also be seen that the novel chopping implement is also convertible into a
      forage harvester through the removal and substitution of certain parts.
PAR  Thus it will be seen that I have provided a chopper device which utilizes a
      new concept in the provision of the production of cattle feed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A towed type chopping machine adapted to be connected in trailing
      relation to a harvesting combine for receiving from the combine the
      leaves, stalks and the like such as stover of the crop being harvested,
      the harvesting combine including a housing having a downwardly facing
      opening of predetermined size adjacent the rear end of the combine
      housing, comprising:
PA1  a frame,
PA2  ground engaging wheels on said frame,
PA1  a hitch mounted on the front of said frame and projecting forwardly
      therefrom for connection to the rear end of a harvesting combine,
PA1  an elongate hopper mounted on said frame adjacent the front end thereof,
      said hopper having elongate side walls and a front end wall and having
      length and width dimensions slightly larger than the corresponding
      dimensions of the downwardly facing discharge opening of a combine
      housing, the front and side walls of said hopper having lower edges, the
      lower edge of said front wall being located above the lower edge of said
      side walls, said hopper being positioned below the discharge opening of a
      combine to receive therefrom stover or the like, such as stalks, leaves,
      shelled ears, and shuck, said hopper having a rearwardly facing discharge
      opening thereon,
PA1  a generally horizontally oriented endless belt conveyor positioned in said
      hopper and extending in a fore and aft direction, and projecting
      longitudinally beyond the lower edge of said hopper front wall, said belt
      conveyor having a plurality of longitudinally spaced apart transversely
      extending conveyor elements affixed thereto to facilitate conveying the
      stover or other material in a rearward direction through the discharge
      opening in said hopper, said hopper and belt conveyor being readily
      removable from the implement frame,
PA1  a deflector secured to said hopper and extending upwardly and forwardly
      from the rear end of said hopper and and deflecting the stover and other
      material from a combine downwardly upon said conveyor, said deflector
      including forwardly projecting side portions secured to the side walls of
      the hopper and having a lower edge, the latter defining the upper edge of
      said discharge opening,
PA1  a housing on said frame and having a forwardly facing opening therein,
PA1  a pair of vertically arranged driven feed rolls positioned in said housing
      closely adjacent the rear end of said conveyor and receiving the stover or
      similar material from the conveyor,
PA1  a driven rotary chopper device positioned in said housing rearwardly of the
      feed rolls to receive the stover or similar material therefrom, and being
      operable to chop the stover or similar material into fine particles,
PA1  a second conveyor means positioned adjacent the chopper housing and
      receiving the chopped stover material from the chopper device,
PA1  a blower mechanism including a blower housing mounted on one side of said
      first mentioned housing and connected with said second conveyor means and
      receiving said chopped mateiral therefrom, fan in said blower housing for
      entraining the chopped material in a stream of air,
PA1  and conduit connected to said blower housing through which the air
      entrained chopped material passes.
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ABST
PAL  A food chopper is shown with a body having an upper and lower portion in
      which a convoluted blade is supported on a cross bar for purposes of
      chopping food stuffs contained in the lower housing and enclosed by a
      cutting surface secured beneath the lower housing. A cushioned type handle
      is provided atop the shaft which is connected to the blade, and a plunger
      shaft surrounds the main shaft and coacts with a plunger shaft guide
      interior of the upper housing to promote dimensional stability. The
      convoluted blade is secured to slots in the cross bar by means of pins
      which pass through and engage holes provided in the upper portion of the
      convoluted blade.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to the general art of hand-operated food choppers.
      More specifically, the invention relates to that type of food chopper
      having a convoluted blade which is reciprocated by hand action, and is
      usually used in the kitchen.
PAR  2. Description of the Prior Art
PAR  The prior art is best exemplified by the inventor's prior U.S. Pat. No.
      2,787,308, now expired. As will be seen in U.S. Pat. No. 2,787,308, the
      chopper is intended for use on a cutting board or other flat surface, but
      is open at the bottom. In addition, to be noted, is the rather narrow
      support for the shaft as it penetrates the upper housing thus creating
      problems of alignment between the convoluted cutting blade and the
      stripper. Another prior art type of food chopper is exemplified in Carl
      Zysset U.S. Pat. No. 2,782,826. However, one of the difficulties inherent
      in this device is a possibility of friction attributable to food stuffs
      becoming wedged between portions of the convoluted blade, and thereby
      deflecting the same to bind against the slots in the stripper. Any
      dimensional instability, whether attributable to the bending of the
      blades, or deflection of the blades as a result of inadequate guidance of
      the shaft which reciprocates upwardly and downwardly, can result in
      binding and decrease the effectiveness of the unit and increase the amount
      of effort required for chopping. Furthermore, with food choppers of the
      type just described, after the food is chopped, there still remains the
      manual problem of directing the same into further food processing
      equipment, whether in a jar, glass, frying pan, salad or the like. No
      provision is made with the food choppers of the known art for this
      function.
PAR  Another drawback of the prior art food choppers relates to the handle
      element. It is apparent that the operator must apply a considerable amount
      of force to operate the chopper, and it has been found that this causes a
      significant amount of inconvenience and possible pain to the operator's
      palm.
PAC  SUMMARY
PAR  The present invention is directed to a food chopper and cutting surface in
      which the body has an upper and lower portion, and in the preferred
      embodiment, a securable cutting surface which is secured to the open area
      defined beneath the lower portion of the body. The convoluted blade is
      secured by means of pins to slots in a cross bar further to insure
      dimensional stability. This dimensional stability is further augmented by
      means of a separate plunger around the shaft which coacts with a plunger
      guide positioned in the upper portion of the upper housing. The upper
      housing is removably secured to the lower housing, the latter containing
      the stripper, to the end that after the chopping has been completed, the
      upper housing and convoluted blade can be withdrawn, the stripper removed
      and the contents of the chopped material are housed within the lower
      housing and the cutting surface which closes the lower portion of the
      lower housing for concenience in pouring or otherwise distributing for
      further preparation of the food stuffs.
PAR  In view of the foregoing, it is a primary object of the present invention
      to provide a food chopper with a cutting surface self-contained which
      permits the chopper to be used on formica tops, stainless steel drain
      boards having drain gutters, and even the top of a porcelain stove.
PAR  A related object of the present invention is to provide a food chopper and
      cutting surface in which the dimensional stability and orientation of the
      convoluted blade passing through the stripper is enhanced by the use of a
      plunger and plunger guide, respectively, on the shaft and the upper
      portion of the housing.
PAR  A further object of the invention is to provide a food chopper of the type
      described wherein the handle is provided with a cushion to soften the
      impact with the operator's palm when in use.
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PAC  DETAILED DESCRIPTION OF DRAWINGS
PAR  Further features of the invention pertain to the particular arrangement of
      the elements and parts whereby the above-outlined and additional
      operational features thereof are attained.
PAR  The invention, both as to its organization and method of operation,
      together with further objects and advantages thereof will best be
      understood by reference to the following specification, taken in
      connection with the accompanying drawings in which:
PAR  FIG. 1 is a perspective view showing the food chopper of the present
      invention as positioned atop a corrugated surface;
PAR  FIG. 2 is a perspective view showing the manner in which the lower portion
      of the body of the subject food chopper may be used as a container for
      further processing food stuffs chopped therein;
PAR  FIG. 3 is a side elevational view, in cross-section showing the details of
      the improved food chopper of the present invention with the shaft and
      attached blade assembly in a partially lowered position;
PAR  FIG. 4 is a combined figure showing top and bottom views of the cross-bar
      as well as a side elevational cross-sectional view therof which relates to
      the positioning of the blades therein;
PAR  FIG. 5 is a perspective exploded view showing the interconnection of the
      convoluted blades with respect to the cross bar and the means by which the
      cross bar is pinned to the blades, and the shaft pinned to the cross bar;
PAR  FIG. 6 is a side elevational view of the stripper which nests within the
      upper end of the lower portion of the body;
PAR  FIG. 7 is a bottom view of the stripper showing the convoluted slots
      through which the blade penetrates;
PAR  FIG. 8 is a side elevational view of the cutter board which mates with and
      engages with the lower end of the lower portion of the body;
PAR  FIG. 9 is a top view of the cutting board showing the cutting surface and
      the peripheral rim thereof;
PAR  FIG. 10 is a perspective view of the upper housing with the blades, shaft
      and handle positioned therein;
PAR  FIG. 11 is a front elevational view, partly broken away, of the lower
      housing illustrating the nesting shoulder for the stripper as well as a
      partial view of the bayonet locking feature for interlocking the upper and
      lower housings;
PAR  FIG. 12 is a perspective view showing the cutting board;
PAR  FIG. 13 is a perspective view showing the lower housing portion of the
      body; and
PAR  FIG. 14 is a perspective view of the stripper which nestles within the
      upper end of the lower housing.
DETD
PAR  With reference to FIGS. 1 and 2 of the drawings, the functional use of the
      subject improved food chopper, generally referred to by the numeral 10 is
      illustrated. For example, in FIG. 1 of the drawings, it is illustrated how
      the subject food chopper 10 may be utilized upon an underlying surface
      which is corrugated or convoluted such as illustrated at 13. It is
      considered to be one of the features of the present invention that the
      food chopper of the subject invention may be utilized even on a corrugated
      surface, whereas food choppers of the type exemplified in the prior art
      necessarily require utilization on a flat surface. Hence, FIG. 1 clearly
      illustrates one improved feature of the present invention.
PAR  With respect to the food chopper 10, it will be observed that the same
      consists of a body 11 formed by an upper housing 12 and a lower housing
      14. The upper housing 12 and lower housing 14 are interconnected by means
      of a bayonet-type locking arrangement as will be more fully described
      hereinafter. The upper portion of the upper housing 11 carries a handle 15
      which actuates the blade assembly 20 in the same manner as heretofore
      known in the art. The lower end of the lower housing 14 is closed off by
      means of a cutting board 35 which frictionally engages the lower end of
      the lower housing 14, as will be more fully described hereinafter.
PAR  With regard to FIG. 2 of the drawings, the manner in which the lower
      housing 14 and the cutting board 35 function as a container for the
      chopped food stuffs for further food preparation is illustrated. It is
      apparent that once the food stuffs have been thoroughly chopped, that the
      operator need only remove the upper housing 12 by disengaging the
      bayonet-type locking assembly, and further removing the blade assembly 20
      and the stripper 25 such that there remains a container formed by the
      lower housing 14 and cutting board 35. This assembly forms a convenient
      container for transporting the chopped food stuffs to a skillet or other
      utensil being employed in the further preparation of the food stuffs.
PAR  With specific reference to FIG. 3 of the drawings, the detailed
      construction of the subject food chopper 10 is illustrated. The upper
      housing 12 is provided with a plunger guide 31 formed integrally with the
      upper portion thereof and is of sufficient internal diameter to permit the
      reciprocating movement of the plunger 30 therein during the chopping
      operation. The lower end of the plunger guide 31 is provided with a clutch
      assembly 21 which is formed by a clutch housing 27 fixedly secured to the
      plunger guide 31. The lower portion of the clutch housing 27 is provided
      with a plurality of circumferentially arranged guide slots 29 which are
      all slanted from the vertical axis. The lower end of the upper housing 12
      is provided with bayonet fastening means generally referred to by the
      numeral 33, formed by a plurality of lock flanges 34 circumferentially
      arranged around the lower end of the upper housing 12 which bayonet fasten
      with bayonet flanges 36 circumferentially arranged around the upper
      portion of the lower housing 14. It is thus apparent that the upper and
      lower housings 12 and 14 respectively may be easily engaged and disengaged
      by simply turning the respective housings 12 and 14 in opposite directions
      with respect to one another.
PAR  It will further be observed that the handle 15 formed by lower support bar
      38 which is coextensive with the plunger 30 is reciprocally movable within
      the plunger guide 31 adjacent to the top portion of the upper housing 12.
      It will further be noted that the plunger 30 is provided with an internal
      shoulder 39 such that a coil spring 18 is positioned between the internal
      shoulder 39 and the upper end of the clutch housing 27. The shaft 16
      forming part of the handle 15 is frictionally engaged within the
      restricted diameter of the plunger 30 at its upper end and extends
      downwardly through the plunger 30, and through the clutch housing 27 and
      is fixedly secured to the cross bar 24 in a manner which will be more
      fully described in connection with FIG. 5 of the drawings. It is also to
      be noted that another preferred feature of the present invention is the
      provision of a cushion 41 which forms the top surface of the handle 15
      thereby to ease the impact incident to the striking movement of the
      operator's palm against the food chopper 10 during use. A circumferential
      ring 43 secures the cushion 41 to the lower support bar 38 of the handle
      15.
PAR  At the lower end of the shaft 16, a bushing 45 is provided having a pair of
      clutch arms 47 extending laterally outwardly therefrom. The lower end of
      the shaft 16 is fixedly secured to the cross bar 24 by any suitable means,
      such as by pinning the same therein.
PAR  As viewed in FIG. 3, with each down stroke of the shaft 16 the clutch arms
      47 will slide into corresponding guide slots 29, and due to the slanted
      posture of the guide slots 29, the shaft 16 will rotate with each downward
      operation thereby to turn the cross bar and the blades circumferentially
      during the cutting operation. The operation of the clutch assembly 21 is
      not deemed to be a portion of the inventive subject matter herein, and is
      known from prior art type devices.
PAR  With respect to the lower housing 14, it will be observed that at the
      approximate mid-position of the lower housing 14, an internal shoulder 49
      is provided which provides a convenient nesting position for the stripper
      25. Hence, the lower housing 14 conveniently carries the stripper 25
      therein in a manner which permits ease of removal upon the disengagement
      of the bayonet fastening means 33 to disengage the upper housing 12 from
      the lower housing 14. As indicated previously, the lower end of the lower
      housing 14 is closed off by a cutting board 35 which is formed by a
      cutting surface 51 is bounded by peripheral skirt 53. The internal
      diameter across the peripheral skirt 53 is sized such as to be just
      slightly larger than the external diameter of the lower end of the lower
      housing 14 in order to permit frictional engagement of the cutting board
      35 over the lower end of the lower housing 14. As indicated previously,
      once the upper housing 12 is removed from the lower housing 14, and the
      stripper 25 with the blade assembly similarly removed, the lower housing
      14 with the cutting board 35 forms a container containing the food stuffs
      heretofore chopped therein.
PAR  With respect to FIGS. 4 and 5 of the drawings, the detailed construction of
      the blade assembly 20 is illustrated. It will be observed that the present
      invention provides a cross bar 24 which is provided with a plurality of
      blade slots 55 permitting the insertion of a convoluted blade 22 therein.
      In addition, the cross bar 24 is cored as indicated at 57, and each of the
      convoluted portions of the blade 22 is provided with a circular aperture
      59 (FIG. 3) such that once the blade 22 is positioned with the convoluted
      portions of the blade 22 inserted within the blade slots 55 of the cross
      bar 24, the assembly may be held together by a pin 61 inserted through the
      core 57 and through the blade apertures 59. The pin is fixedly secured in
      position by any convenient means. It will therefore be appreciated that
      the blade assembly 20 achieves a great deal of stability and functions in
      a manner to insure that the blade assembly 20 will not drift during the
      cutting operation.
PAR  One embodiment of the subject food chopper incorporates the blade assembly
      20 wherein the convoluted blade 22 is further secured to the cross bar 24
      by stakes. In this embodiment stakes are provided along each side of the
      blade 22 where the same joins the cross bar 24, such that each portion of
      the convoluted blade 22 is further secured to the cross bar 24 at the
      point of the stakes. This feature further insures against the bending of
      the blade 22 and vertical stability of the blade assembly 22.
PAR  FIG. 5 also illustrates the manner in which the shaft 16 is pinned to the
      cross bar 24, the cross bar 24 being provided with a central aperture 63
      into which the shaft is fitted and pinned from the under side of the cross
      bar by an appropriate pin (not shown). Hence, the blade assembly 20,
      including the shaft 16 fitted therein forms a very stable assembly which
      resists cocking, twisting or drifting during the cutting operation.
PAR  With respect to FIGS. 6 and 7 of the drawings, the construction of the
      stripper 25 is illustrated. It will be observed that the stripper 25 is
      basically cylindrical in configuration, and is closed off by a bottom wall
      65. The bottom wall 65 is further provided with a convoluted slot 67 which
      assumes the identical configuration of the convoluted blade 22. As shown
      in FIG. 3 of the drawings, in its fully assembled position, the convoluted
      blade 22 will extend through the convoluted slot 67 with the convoluted
      slot 67 functioning as a stripping device for stripping food stuffs from
      the blade 22 during the cutting operation.
PAR  With reference to FIGS. 8 and 9 of the drawings, the construction of the
      cutting board 35 is illustrated. The cutting board is, once again,
      basically cylindrical in configuration and formed by a bottom wall or
      cutting surface 51 completely closing the lower portion of the cutting
      board 35. The upper surface of the bottom wall 51 forms a cutting surface
      against which the convoluted blade 22 strikes during the chopping
      operation. The bottom wall 51 of the cutting board 35 is bounded by a
      peripheral upstanding skirt 53 having an internal diameter slightly
      greater than the external diameter of the lower portion of the lower
      housing 14. Structurally, it is intended that a frictional fit be achieved
      between the peripherally upstanding skirt 74 and the outer wall of the
      lower end of the lower housing 14 such that the cutting board 35 is
      relatively easily removable after the cutting operation has been
      completed. However, the frictional engagement is intended to be
      sufficiently strong such that during the cutting operation, the cutting
      board 35 will not disengage with the lower end of the lower housing 14. It
      is contemplated that the necessary tolerances can be obtained during the
      manufacturing procedures such that a snug frictional fit is achieved with
      respect to these elements.
PAR  As previously indicated, the blade assembly 20 is designed and constructed
      to achieve maximum stability and the prevention of any cocking or drifting
      of the blade 22 during the cutting operation. This is achieved by securely
      fastening the blade 22 to the cross bar 24 in the manner previously
      described. It will further be appreciated from a view of FIG. 3 of the
      drawings that additional vertical stability is achieved by virtue of the
      relationship between the plunger 30 and the plunger guide 31. As
      illustrated therein, the plunger 30, which is coextensive with the handle
      15 extends for a sufficient distance downwardly such as to be contained
      within the plunger guide 31 at all times. Hence, during the cutting
      operation, the relationship and tolerance between the outer surface of the
      plunger 30 and inner surface of the plunger guide 31 is such that the
      handle 15 is not permitted any great degree of lateral drift or cocking
      thereby to insure that the blade 22 will move in a perfectly vertical
      orientation during each chopping operation. This structural relationship
      further insures against any bending of the shaft 16 in the event that
      relatively solid food stuffs are to be chopped. It will further be
      appreciated that the plunger 30 remains within the plunger guide 31
      throughout the complete downward movement of the handle 15 and continues
      to remain within the confines of the plunger guide 31 even when the handle
      15 is in the fully upwardly extended posture as dictated by the urging of
      the coiled spring 18.
PAR  With respect to FIG. 10 of the drawings, the structural relationship
      between the upper housing 12, convoluted blade 22, and handle 15 is
      illustrated. It is particularly noteworthy to appreciate the relationship
      between the plunger 30 and plunger guide 31 as illustrated in FIG. 10,
      since the tolerances between these two elements is quite close. As
      indicated previously, this results in vertical stability for the handle 15
      as the same is impacted in order to force the blades into the food stuffs
      contained within the chamber formed by the lower housing 14 and cutting
      board 35. It will further be appreciated that when removing the upper
      housing 12 from the lower housing 14 by disengaging the bayonet fastening
      means 33 the blade assembly 20 is operationally movable with the upper
      housing 12. Hence, to disassemble the food chopper 10, the operator need
      only disengage the bayonet fastening means 33, and remove the upper
      housing 12 therefrom which will automatically carry the blade assembly
      therewith and remove the stripper 25 from its nesting position within the
      lower housing 14 thereby leaving the lower housing 14 with the cutting
      board 35 closing off the bottom end and the food stuffs contained therein
      forming a container to further process the food stuffs.
PAR  With respect to FIGS. 11 and 13 of the drawings, the structural
      configuration of the lower housing 14 is illustrated. As indicated
      previously, the lower housing 14 is provided with an internal shoulder 49
      which provides the nesting point for the stripper 25. In the broken away
      portion of FIG. 11 the configuration of the bayonet fastening means 33 is
      illustrated, more particularly the construction of the bayonet flanges 36
      formed as part of the internal surface of the housing 14. As indicated
      previously, the lock flanges 34 formed on the lower end of the upper
      housing 12 coact with the bayonet flanges 36 formed as part of the
      internal side wall of the lower housing 14 to provide a bayonet fastening
      means thereby to render the device easily engageable and disengageable by
      merely turning the upper housing 12 in one circumferential direction and
      the lower housing 14 in the opposed circumferential direction.
PAR  FIG. 12 illustrates the construction of the cutting board 35 forming one of
      the novel features of the present invention and, as previously indicated,
      is sized and dimensioned such as to form a fairly tight friction fit with
      the lower end of the lower housing 14.
PAR  FIG. 14 illustrates, once again, the structural configuration of the
      stripper 25 which is designed to have an external diameter slightly less
      than the internal diameter of the lower housing 14 such that the same is
      nestable within the upper portion of the lower housing 14 and designed to
      nest on the internal shoulder 49 formed in the lower housing 14, as more
      particularly illustrated in FIG. 3 of the drawings.
PAR  In the preferred embodiment of the invention, it is contemplated that the
      upper housing 12 is formed from an appropriate plastic material, and the
      plunger guide 31 is molded integrally therewith. The clutch housing 27 may
      be formed as a separate element and then fixedly secured to the lower end
      of the plunger guide 31. Any appropriate plastic material may be utilized
      in the manufacture, the principal requirement being stability of the
      plastic under vertical stress, the same being corrosion resistent and
      susceptable for easy washing and cleaning. Those skilled in the art may
      easily select from any number of known plastic materials.
PAR  The handle 15 is also a molded piece including the lower support bar 38
      molded integrally with the plunger 30, the internal shoulder 39 of the
      plunger 30 being formed during the molding operation. Clearly, the cushion
      41 is a separate element and is retained on the handle 15 by means of the
      circumferential ring 43.
PAR  The shaft 16 is contemplated to be formed of a metalic material, any
      suitable steel or aluminum being useful for the purpose intended. As
      indicated previously, the upper end of the shaft 16 may be frictionally
      fitted within the restricted portion of the plunger 30, alternatively the
      same may be cemented or otherwise fixedly secured in position as desired.
      The spring 18 which is retained between the internal shoulder 39 and the
      upper end of the clutch housing 27 is freely fitted in position and is
      sized so as to be retained within the hollow of the plunger 30 and has
      sufficient biasing properties such that the handle 15 is normally retained
      in an upwardly biased position.
PAR  The bushing 45 surrounding the lower end of the shaft 16 may be formed as a
      separate element and fixedly secured in position such that the clutch arms
      47 are firmly retained in position at the lower end of the shaft 16 such
      that the same are permitted to engage the guide slots 29 with each
      chopping operation. As indicated previously, the guide slots 29 are
      purposely slanted off the vertical axis such that with each chopping
      operation, the blade assembly 20 is caused to move in a circumferential
      pathway such that the food stuffs contained within the lower portion of
      the food chopper 10 are thoroughly chopped.
PAR  The stripper 25 is similarly formed of an appropriate plastic material,
      again keeping in mind the necessary properties desirable for such
      products. It is contemplated that the stripper 25 should be formed of a
      plastic material which lends itself to easy cleaning while at the same
      time maintaining vertical and lateral stability under conditions of use.
      It is contemplated that the convoluted slot 67 formed in the bottom wall
      65 of the stripper 25 is formed during the molding operation to minimize
      the cost of manufacture.
PAR  As to the lower housing 14 it is again contemplated that an appropriate
      plastic material may be utilized, and in the preferred embodiment, it is
      contemplated that the plastic material be transparent such that the
      operator may view the chopping operation and the condition of the chopped
      food stuffs during the chopping operation. Once again, those skilled in
      the art may select from any number of plastic materials which will
      accomplish the intended purpose.
PAR  As indicated previously, the shaft 16 is fixedly secured to the cross bar
      24 by any suitable means such as pinning the same from the lower surface
      of the cross bar 24. One proposed construction is to have a central
      aperture 63 in the cross bar 24 into which the shaft 16 is fitted and the
      same may then be pinned from the under side of the cross bar 24. As
      indicated previously, the construction of the blade assembly 20 is
      considered to be one of the novel features of the present invention in
      that a highly stable blade assembly 20 has been created. The positioning
      of the convoluted blade 22 within the correspondingly mating blade slots
      55 of the cross bar, followed by pinning the same together by means of a
      lateral pin 61 extending through a core 57 in the cross bar and
      appropriate apertures 59 in each of the convoluted portions of the blade
      22 renders the complete blade assembly 20 along with the shaft 16 a very
      solid and integral assembly. This assembly, along with the construction
      and tolerances incident to the plunger 30 in relationship with the plunger
      guide 31 lend a high degree of vertical stability to the chopper 10 when
      in use since the cocking or drifting of the blades 22 during the chopping
      operation is minimized to the greatest extent. Another beneficial result
      of this construction resides in the fact that by providing the stability
      as indicated, the stripper 25 is preserved for a greater length of time
      since the blades 22 tend to ride within the convoluted slot 67 provided in
      the bottom wall 65 of the stripper 25. In the prior art choppers, there
      was an exhibited tendency of the blade to drift within the chopper during
      the chopping operation causing a significant amount of wear and tear with
      regard to the convoluted slots. It is apparent that by virtue of the
      present invention, in view of the stability of the blade assembly 20 as
      well as the relationship between the plunger 30 and plunger guide 31, that
      the wear and tear incident to the blade 22 rubbing the surface of the
      convoluted slot 67 causes a minimum of wear and tear such that the life of
      the stripper 25 is greatly prolonged, in effect prolonging the life of the
      chopper 10.
PAR  In view of the above description and drawings it is clearly apparent that
      the present invention provides a food chopper device which includes a
      self-contained cutting surface at the lower end of the chopper body
      permitting the chopper itself to be utilized on any any underlying support
      surface whether the same is flat or corrugated. In addition, the provision
      of a self-contained cutting surface at the lower end thereof, in
      combination with the ease of removal of the upper housing from the lower
      housing permits the lower housing in conjunction with the lower cutting
      surface to be utilized as a container such that foods once chopped
      therein, may be easily further processed without the need of any
      additional utensils and the like. Furthermore, the provision of an
      improved blade assembly wherein the convoluted blade is firmly held in a
      slotted cross bar and totally pinned in position provides a highly stable
      blade assembly which minimizes the tendency of the blade assembly to drift
      or cock during the chopping operation. Furthermore, the provision of a
      plunger which is at least partially contained within a plunger guide, with
      these elements having relatively close tolerances further adds to the
      vertical stability of the chopper, more specifically, the vertical
      stability of the blade assembly when utilized in a chopping operation.
      Finally, it will be appreciated that the present invention provides a
      chopper which is more convenient and easier to use since the handle
      portion of the chopper is provided with a cushion thereby to lessen the
      impact as against the palm of the operator during the chopping operation.
PAR  It is therefore appreciated that all of the above objects and advantages,
      as well as additional objects and advantages have been accomplished and
      provided by means of the food chopper depicted herein, and the various
      embodiments thereof to provide an easily assemblable and disassemblable
      chopper for ease of cleaning and repairing and more efficient in
      operation.
PAR  While there has been described what is at present considered to be the
      preferred embodiment of the invention, it will be understood that various
      modifications may be made therein and it is intended to cover the appended
      claims all such modifications as fall within the true spirit and scope of
      this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A food chopper and cutting surface comprising,
PA1  a body having an upper and lower housing,
PA1  said lower housing having a lower portion thereof,
PA1  a cutting board conforming to the lower housing configuration,
PA1  means for removably securing the cutting board to the lower portion of the
      lower surface,
PA1  a handle and shaft yieldably secured to the upper housing for
      riciprocation,
PA1  a cross bar secured to the lower portion of the shaft and having a
      plurality of slots along the bottom thereof and extending only partially
      upwardly into said cross bar,
PA1  pin means passing through the cross bar and slots,
PA1  an integral convoluted blade being uninterrupted excepting only for having
      holes to receive said pin means, and
PA1  a stripper in said lower housing having slots conforming to the
      convolutions of the blade.
NUM  2.
PAR  2. The food chopper of claim 1 having,
PA1  a cushion on said handle to soften the impact on the hand.
NUM  3.
PAR  3. The food chopper of claim 1 having,
PA1  a bayonet fastener means between the upper and lower housing whereby the
      lower housing and cutting board may be removed to empty the contents after
      chopping.
NUM  4.
PAR  4. The food chopper of claim 1 having,
PA1  a plunger depending from said handle,
PA1  a plunger guide proportioned to receive the plunger in the upper portion of
      the upper housing,
PA1  whereby said plunger guide functions to guide said plunger as the blade is
      urged downwardly by the downward movement of said plunger.
NUM  5.
PAR  5. The food chopper of claim 1 wherein said cutting board includes a
      cutting surface bounded by an upstanding peripheral rim, said upstanding
      peripheral rim having an internal diameter slightly greater than the
      external diameter of the lower housing whereby said cutting board is
      frictionally engageable with the lower end of the lower housing.
NUM  6.
PAR  6. The food chopper of claim 1 wherein said pin means comprises a
      cylindrical pin appropriately sized to pass through said cross bar, said
      slots in said cross bar, and said holes in said convoluted blade.
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PAL  A mill for crushing or comminuting material such as mineral ores. The mill
      includes a cradle mounted on fulcrum pins carried by a support frame. An
      upwardly concave arcuate wall of the cradle carries a relatively large
      diameter roll member having a hollow interior in which a second smaller
      diameter hollow roll member is carried. Slots are formed in the first roll
      member to comminuciate material into and from the interior thereof, and a
      slot may also be formed in the second roll member to communicate material
      into and from its interior. The lower portion of the cradle is supported
      in offset relationship from the fulcrum pins by means of compressions
      springs mounted on the frame. An eccentric drive motor coupled through a
      connecting rod with the cradle operates to oscillate the cradle in
      resonance about the fulcrum pins whereby the roll members are moved in a
      manner to comminute material fed through an inlet zone into the cradle,
      and to expel the material through a vertical screen disposed across a
      discharge zone at a side of the cradle. The amplitude of stroke of the
      connecting rod is effective to momentarily lift the roll members on each
      stroke in a manner causing the roll members to rotate or gyrate relative
      to the cradle whereby oversize material is recycled by the slots for
      subsequent comminution.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to material crushing and comminuting
      equipment, and in particular relates to equipment for crushing and
      comminuting materials such as mineral ores from a quarry or mine.
PAR  Various types of crushing and pulverizing equipment have heretofore been
      used for comminuting minerals ores and other similar hard, rock-like
      material. Raw material from a quarry or mine is typically reduced in a
      multi-stage operation which includes a primary stage for coarse reduction,
      one or more secondary stages for intermediate size reduction, and a third
      or pulverizing stage for fine size reduction. In the primary stage
      conventional equipment which has been employed includes jaw crushers,
      gyratory crushers and cone crushers. Secondary stage crushing equipment
      conventionally includes hammer mills, jaw, gyratory or cone crushers, and
      roll type crushers. The pulverizing stage equipment commonly includes ball
      and tube mills, rod mills, hammer mills and roller pulverizers and the
      like.
PAR  Conventional ball and tube mills and rod mills employ rotating shells
      containing a plurality of tumbling steel balls or rods which reduce the
      contained material by impact and attrition. In conventional mills of this
      type the start-up power requirements are substantially larger than the
      running power requirements, thus necessitating a drive motor of relatively
      large horsepower rating to achieve start-up. In such mills it is also
      necessary to start and stop the mill following set procedures so that
      there is a minimum load of product material when either starting or
      stopping. In addition, wear of the elements on mills of this type is a
      problem with the result that relatively frequent maintenance and downtime
      is required. Furthermore, over-grinding and ore sliming are problems
      encountered with conventional pulverizing stage equipment.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  It is a general object of the invention to provide a new and improved mill
      for crushing or comminuting material such as mineral ores.
PAR  Another object is to provide a mill of the type described which will find
      application in a crushing or pulverizing operation as an improved
      replacement for conventional equipment in many applications.
PAR  Another object is to provide a mill of the type described which requires
      less power for processing the material, which involves less wear of the
      mill elements, which more efficiently crushes the ore material, which
      operates with a non-critical water-to-ore density, which reduces
      over-grinding and sliming, and which is relatively more simple in
      construction, operation and maintenance.
PAR  Another object is to provide a mill of the type described which employs
      cylindrical roll members carried within a cradle which is mounted in
      offset relationship on a support frame and pivotally actuated in a manner
      to lift the roll members on each stroke for imparting relative rotation or
      gyration of the roll members with respect to the cradle for comminuting
      the material and for simultaneously recycling oversize material.
PAR  The invention is characterized in providing a mill having a cradle mounted
      on a support frame for back-and-forth pivotal movement about a pair of
      fulcrums. The cradle includes an upwardly concave arcuate wall which
      supports a relatively large diameter roll member formed with a hollow
      interior. A smaller diameter roll member also having a hollow interior is
      mounted within the interior of the first member. Compression springs are
      provided to yieldably urge the cradle to a position at which the effective
      center of gravity of the cradle and roll members is offset horizontally
      from the fulcrums. Eccentric drive means is provided to impart a recurrent
      thrust force to a lower portion of the cradle thereby causing the roll
      members to be momentarily lifted within the cradle on each stroke and
      undergo a rotation or gyration relative to the cradle. Infeed material
      such as coarse crushed ore mixed with water is fed into one side of the
      mill so that the gyrating action of the members comminutes the ores.
      Elongate slots are formed in the large diameter roll member to permit
      oversized material to be fed into and from the interior of this roll
      member for recycling and subsequent comminuting. The small diameter roll
      member may also be formed with a hollow interior and an elongate slot for
      recycling of material contained within the interior of the large diameter
      member. The comminuted material is discharged through a vertical screen or
      baffle at a side edge of the cradle, and the screen is mounted for
      movement with the cradle for self-cleaning action.
PAR  Additional objects and features of the invention will appear from the
      following description in which the preferred embodiments have been set
      forth in detail in conjunction with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a mill constructed in accordance with
      the present invention;
PAR  FIG. 2 is a cross-sectional view to an enlarged scale taken along the line
      2--2 of FIG. 1;
PAR  FIG. 3 is an end elevational view of the mill of FIG. 1;
PAR  FIG. 4 is a cross-sectional view taken along the line 4--4 of FIG. 3.
PAR  FIG. 5 is a cross-sectional view to an enlarged scale taken along the line
      5--5 of FIG. 1;
PAR  FIG. 6 is a side view taken along the line 6--6 of FIG. 5; and
PAR  FIG. 7 is a partial cross-sectional view taken through the cradle of
      another embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the drawings FIG. 1 illustrates generally at 10 a mill constructed in
      accordance with the invention and which is used for crushing or
      comminuting materials such as mineral ores from a quarry or mining
      operation. It is understood that the invention has application in
      comminuting a wide range of such materials including all types of rocks or
      matrix containing minerals in any form, such as metallics, sulfides of
      minerals, oxides of minerals, chlorides and telerides, ferrous and
      nonferrous minerals, base metals and precious metals, and more
      particularly materials which are commonly termed quartz, prophyry, shales,
      gneiss, schist, all igneous material, metamorphic and sedimentary ore
      bearing rocks. In addition to processing raw materials directly from a
      quarry or mine, the invention will also find application in the reclaiming
      of mill tailings or the reprocessing of old mine dumps.
PAR  Mill 10 of the invention is specially adapted for use in the previously
      described pulverizing stage of a comminuting operation in which the infeed
      material is received after being processed through primary and secondary
      stage crushing equipment. In such a case mill 10 would serve as an
      improved replacement for other equipment in many applications.
PAR  Mill 10 includes a lower base 11 upon which a pair of spaced-apart
      upstanding plates 12, 13 are mounted. The base may be fixed by means such
      as bolts to a suitable prepared foundation at the crushing site, or
      alternatively the mill may be unanchored to permit it to be easily
      transported between work sites, and also to simplify the setup of the mill
      at the site without the necessity of providing a prepared foundation, as
      would be required with a conventional ball mill or other similar crusher.
      The ability of mill to crush material without being anchored is a result
      of the novel operating features to be described hereafter.
PAR  A material-containing tub or cradle 14 is positioned between the upright
      plates 12 and 13 of the support frame. The cradle comprises a pair of
      axially spaced-apart end walls 16, 17 between which an upwardly concave,
      arcuate wall 18 is mounted by suitable means such as welding. The lower
      portions of the two end walls 16, 17 are semi-circular to conform with the
      configuration of arcuate wall 18, while the upper portions of these end
      walls are squared off. A pair of support stirrups 19, 20 formed with
      downwardly facing V-shaped notches are welded to the outer surface of the
      cradle end walls 16, 17. The notches of the stirrups are seated over
      upwardly projecting wedge-shaped fulcrums or pins 22, 23 which are secured
      to the upper edges of the two frame plates 12, 13. The cradle 14 is free
      to pivot through an angle relative to the frame about a support axis 24
      which passes through the tips of the two pins.
PAR  A relatively large diameter, cylindrical roll member 26 is mounted within
      arcuate wall 18 with its longitudinal axis extending generally parallel to
      support axis 24. Roll member 26 is formed with a hollow interior 27, and
      preferably the roll member comprises a steel pipe with an outer diameter
      less than the inner diameter of arcuate wall 18 so that wedge-shaped
      spaces 28, 29 are defined on either side of member 26. A second roll
      member 31 is mounted within the interior 27 of the outer roll member and
      is oriented with its longitudinal axis also parallel with support axis 24.
      The second roll member is also formed with a hollow interior 32, and
      preferably comprises a steel pipe. The outer diameter of member 31 is less
      than the inner diameter of roll member 26 so that wedge-shaped spaces 33,
      34 are formed on opposite sides of the second member. In addition, the
      lengths of the two roll members are substantially equal to the spacing
      between the two end walls 16, 17 but with sufficient clearance to permit
      freedom of movement.
PAR  Outer roll member 26 is formed with one or more product recycling openings
      which are shown as elongate slots 36, 37 of a length less than the length
      of the member 26. Inner roll member may also be formed with one or more
      elongate recycling slots 38 of a length less than the length of member 31,
      as shown in FIG. 2. As required, the number of openings in the roll
      members could be varied depending upon the size of the component elements
      of the mill. The recycling slots carry material for recrushing in a manner
      to be subsequently explained.
PAR  A typical mill constructed in accordance with the invention can be sized
      with arcuate wall 18 of the cradle having an outer diameter of 26 inches
      and an inner diameter of 24 inches. Outer roll member 26 is formed with an
      outer diameter of 20 inches and an inner diameter of 16 inches. Inner roll
      member is formed with an outer diameter of 12 inches and an inner diameter
      of 6 inches. In this example the roll members are each 4 feet in length.
      It is understood that the foregoing dimensions are by way of example only,
      and that the size and configuration of the mill elements may be varied
      according to the specifications and requirements for a particular
      application. Thus, a higher capacity for the mill may be provided either
      by increasing the diameters of the arcuate wall and roll members, by
      lengthening roll members, or by combination of the physical
      specifications.
PAR  One side edge 39 of arcuate wall 18 terminates at an elevation above the
      upper dimension of outer roll member 26 to define an inlet zone 41 into
      which the infeed material, such as a slurry of water and ore, is deposited
      by gravity from a suitable conveyor, trough or hopper, not shown. The
      opposite side edge 42 of the arcuate wall terminates at an elevation below
      that of edge 39 to define a discharge zone 43 between the end walls of the
      cradle.
PAR  Classifying means is provided in the discharge zone for precluding
      discharge of material above a given size so that oversize material is
      recycled for subsequent crushing. In the embodiment of FIGS. 1-4 the
      classifying means comprises an upstanding wire screen mounted between the
      cradle end walls above edge 42 of the arcuate wall. The screen is mounted
      for movement with the cradle for a self-cleaning screening action. Screen
      size is selected according to the product specification. The flow of
      discharge material from the mill is controlled by edge 42 which acts as a
      weir in co-operation with the screen. Material which is classified and
      flows through the screen over the weir falls downwardly by gravity over
      discharge chute 46 into a suitable receptable 45 for further processing,
      although the material could also be discharged directly into a trough or
      conveyer.
PAR  One or more counterbalancing compression springs 47, 48 are provided to
      urge cradle 14 in a counter clockwise direction, as viewed in FIG. 1, to a
      position at which the effective center of gravity of the cradle and two
      roll members is counterbalanced in an offset position on the right of a
      vertical plane passing through support axis 24. The outboard end of the
      two springs are mounted by brackets 49, 50 to frame base 11, and the
      inboard ends are mounted by brackets 52 to a lower protion of the cradle.
PAR  Actuating means is provided to impart a recurrent thrust force against the
      cradle so that it is pivotally moved or oscillated through an angle about
      support axis 24. The actuating means preferably includes a drive motor 53,
      such as an electric motor, mounted on frame base 11 for rotatably driving
      an eccentric or crank 54, which also acts as a flywheel. A connecting rod
      56 is pivotally mounted at one end 55 to the eccentric and at its other
      end to the cradle through a resilient connection assembly 58.
PAR  Resilient connection assembly 58 provides a degree of angular movement
      between the connecting rod and cradle, and at the same time provides
      sufficient resiliency in the actuating means so that the component
      elements of the mill move in resonance. Connection assembly 58 comprises a
      connecting pin 59 which is mounted within a pair of resilient ringss 61,
      62 formed of a suitable elastomeric material such as rubber. A pair of
      split clamps 63, 64 are secured about the respective rings by means of
      bolts 66, 67, and the two clamps are carried on the thrust end of
      connecting rod 56 by means of a clevis 68 which is fastened to the rod by
      a bolt 69. The outwardly projecting ends of connecting pin 59 are formed
      with bores 71, 72 in which respective bolts 73, 74 are mounted. The
      threaded ends of the bolts extend forwardly through openings formed in a
      bracket 76 which in turn is mounted by means such as welding to the outer,
      lower portion of the cradle's arcuate wall 18. A pair of spacers such as
      the rubber sleeves 77 are mounted about the bolts to provide clearance
      between assembly 58 and bracket 76. A pair of nuts 78 are turned down onto
      the threaded ends of bolts 73 and 74 for holding assembly 58 in place. The
      clamps 63, 64 and rings 61, 62 are adapted to undergo a small range of
      pivotal movement about pin 59 as eccentric 54 and rod 56 are actuated, and
      at the same time the resiliency of the rings permits the actuating means
      to absorb shock forces so that the mill will operate in resonance.
PAR  Eccentric 54 is configured to drive connecting rod through a stroke having
      an amplitude or length sufficient to oscillate cradle through an angle
      causing the roll members to move in a gyratory action in resonance with
      the cradle for crushing and pulverizing material which is fed into the
      wedged-shaped spaces. The roll members intermittently rotate and gyrate
      relative to the cradle in a counter-clockwise direction, as viewed in FIG.
      1. This action is a result of the two roll members being lifted up through
      a short distance on the forward or thrust stroke of rod 56. On the return
      stroke of the rod the roll members are partially in suspension. As they
      begin to fall downwardly the members subsequently impact on the material
      as the arcuate wall starts the upward swing on the following forward
      stroke. In addition, the incoming material which is fed through the
      left-hand wedge-shaped spaces 28 and 33 tends to move the roll members off
      center to the right as viewed in FIG. 1 for assisting the lifting and
      counter-clockwise rotation of the roll members. On the return stroke of
      the rod the compression springs 47, 48 absorb the energy and shock from
      return movement of the cradle and roll members to permit the rod and fly
      wheel of the eccentric 54 to run free so that less power is consumed on
      this stroke. On the following thrust stroke this energy is released from
      the springs to assist in moving the cradle through an upward arc. The
      speed of the eccentric stroke may be varied, preferably within the range
      of 300 to 500 strokes per minute, depending upon the type of material
      processed and the desired rate of material crushing. The amplitude or
      length of stroke of rod 56 is varied depending upon the size and
      configuration of the mill, and for the example described above in which
      arcuate wall 18 of the cradle has a 26 inch outer diameter, such amplitude
      is 7/16 of an inch.
PAR  An illustration of the use and operation of the invention will now be
      described and it is understood that the following description is given by
      way of example and does not limit the scope of the invention. It will be
      assumed in the example that mill 10 is used for processing medium-hard
      quartz ore, using a hardness scale ranging from "very hard" to
      "medium'hard" to "soft ore". Motor 53 of a 1/4 HP size rating is provided
      with an eccentric and connecting rod having a 7/16 inch stroke and with a
      maximum speed of 760 r.p.m. Screen 44 is sized with openings of 20 mesh.
PAR  The raw quartz ore which has been processed through primary and secondary
      stage crushing operations is mixed with a liquid such as water in a ratio
      of one ton of ore to one and one quarter tons of water. Motor 53 is
      started and operated at 500 r.p.m., and at the same time the mixture of
      ore and water is deposited through inlet zone 41 and into wedge-space 28.
      On each forward thrust stroke of rod 56 the cradle is pivoted about
      support axis 24 through a counter-clockwise angle, as viewed in FIG. 1. By
      this action the roll members 26, 31 are lifted relative to the support
      frame. On each return stroke the cradle moves downwardly compressing the
      springs 47, 48. The roll members then fall and impact upon and crush the
      material within the wedge-shaped spaces. At the same time the off-center
      direction of fall of the roll members upon impact causes them to undergo
      an intermittent counter-clockwise rotation or gyration within the cradle.
      Material flows through the slots 36, 37 in the outer roll member and into
      the inner wedge-shaped spaces 33, 34 where it is crushed by the action of
      inner roll member 31, as shown in FIG. 4, for subsequent discharge out
      through the same slots. Over size particles of material in the
      wedge-shaped space 29 on the discharge side of the mill enter one of the
      slots 36 or 37 which has moved to that side of the cradle and flow into
      the right-hand inner wedge-shaped space 34. Continued counter-clockwise
      rotation of the two roll members acts to carry this over size material
      across the top of inner roll member 31 for deposit in the left-hand inner
      wedge-shaped space 33 where it is recycled and crushed. In addition, a
      quantity of material in the right-hand space 34 flows into the interior 32
      of the inner roll member when its slot 38 moves to the right-hand side of
      the cradle. Continued rotation of the inner roll member carries slot 38 to
      the left-hand side where such material is discharged through the slot and
      into the left-hand space 33 for recycling and crushing. The crushed and
      pulverized material which progresses upwardly along the right-hand outer
      wedge shaped space flows over the weir of edge 42, through screen 44 and
      into receptacle 45. The screen moves up and down with the side of the
      cradle so that the screen is self-cleaning. A quantity of over size
      material which cannot pass through the screen is carried on the outer
      surface of rotating roll member 26 and deposited with the infeed material
      into the left-hand outer space 28 for recycling and crushing. Using the
      foregoing procedures mill 10 is operated at a capacity of approximately
      500 pounds of ore input per hour.
PAR  FIG. 7 illustrates another embodiment of the invention providing a mill 80
      which incorporates an adjustable baffle plate 81 used in place of the
      classifying screen of the embodiment of FIGS. 1-6. Mill 80 includes a base
      81 carrying a pair of spaced-apart upstanding plates 82 between which a
      cradle 83 is pivotally mounted on fulcrum pins in a manner similar to that
      described for the foregoing embodiment. The cradle includes a pair of end
      plates 84 between which an upwardly concave, arcuate wall 85 is mounted.
      Within the interior of wall 85 a large diameter, hollow cylindrical roll
      member 86 is mounted, and a smaller diameter, hollow cylindrical roll
      member 87 is mounted within the interior of the outer roll member. Thus, a
      pair of wedge-spaces 88, 89 are formed between wall 85 and roll member 86,
      and another pair of wedge-shaped spaces 91, 92 are formed between the
      interior of roll member 86 and roll member 87. The outer roll member is
      formed with one or more product recycling openings 93, 94, while the inner
      roll member 97 is formed with one or more recycling openings 96 which
      function in a manner similar to that previously described.
PAR  One or more counterbalancing compression springs, not shown, are provided
      to urge cradle 83 to a position in which its effective center of gravity
      is counterbalanced in an offset to the right of a vertical plane passing
      through the cradle support axis. Actuating means, not shown, such as the
      drive motor, eccentric, connecting rod and resilient connection assembly
      previously described, is provided for imparting a recurrent thrust force
      to the lower portion of the cradle to cause the roll members to move in
      the previously described gyratory action.
PAR  Baffle plate 81 is mounted to the cradle by means of a pair of brackets 97
      which are secured to opposite end plates 84 of the cradle. Plate 81
      inclines downwardly from the brackets 97 and is mounted with its lower
      terminal edge 98 positioned slightly below and in close spaced-apart
      relationship with the overflow edge 99 of wall 85. The spacing or gap
      between baffle plate edge 98 and overflow edge 99 is selectively adjusted
      by means of one or more adjusting set screws 191 which are threadably
      mounted along the margin of wall edge 99.
PAR  In the use and operation of mill 80 the mixture of ore and water is fed
      from above into the wedge-shaped space 88 and the activating means
      energized to pivot the cradle and gyrate the roll members for crushing the
      ore. Baffle plate 81 acts as a weir with its lower edge 98 submerged below
      the surface of the mixture of crushed material and water so that an area
      of substantially dead water is formed between plate edge 98 and overflow
      edge 99. The fines, or finely ground material, are washed out of the
      cradle through this area of dead water from which they spill over
      discharge chute 102 into receptacle 103. The over size particles of
      material are precluded from entering the relatively small-sized opening
      between the edges 98 and 99, and these over size particles are washed
      upwardly on the left-hand side of plate 81 and return for recycling and
      crushing through the roll member slots 93 and 94. Splash from the outer
      roll member 86 will be caught by baffle plate 81 and run down along its
      inner surface.
PAR  In view of the foregoing it is apparent that there has been provided herein
      a new and improved mill for comminuting ore material. The mill of the
      invention is capable of operating with relatively less power requirements
      in comparison to conventional mills of comparable production capacity.
      During operation there is less over-grinding and less ore sliming as
      compared to conventional mills. There is a minimum of steel-to-steel
      contact so that there is relatively less wear of the steel elements and
      therefore less steel replacement requirements as compared to conventional
      equipment. In the crushing operation better ore fracture is obtained
      following natural cleavage, thus releasing entrapped minerals. There is
      better conditioning of the ore for gravity separation, so that the need
      for chemical separation is reduced and therefore there is less
      environmental degradation. The mill is easier to operate because the
      water-to-ore density is not as critical as compared to conventional
      equipment. The mill operates with a relatively good scrubbing action which
      conditions mill tailings for reprocessing. The mill can also be operated
      without being anchored to a foundation, thereby facilitating easy
      transport and set up at various crushing sites. The mill can be turned off
      and restarted at any stage of operation, either empty or full, as compared
      to conventional tube or ball mills which must be started and stopped with
      set procedures. In addition, for a mill of given outer diameter the
      product through-put capacity of the invention can be increased by
      lengthening the roll elements and cradle.
PAR  While the foregoing embodiments are at present considered to be preferred
      it is understood that numerous variations and modifications may be made
      therein by those skilled in the art and it is intended to cover in the
      appended claims all such variations and modifications as fall within the
      true spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A mill for comminuting material such as mineral ores comprising the
      combination of a support frame, a cradle having an arcuate wall extending
      about a generally horizontal axis between an inlet zone and a discharge
      zone, at least one hollow cylindrical shell roll member supported on said
      arcuate wall within the cradle, the cylindrical roll member extending
      along a longitudinal axis disposed generally parallel with the axis of
      said arcuate wall, said roll member having an outer diameter less than the
      inner diameter of said arcuate wall whereby wedge-shaped spaces are
      defined therebetween, means mounting the cradle at a position on the frame
      for pivotal movement about a support axis which is in a vertical plane
      offset horizontally from the effective center of gravity of the cradle and
      roll member, and actuating means to move said cradle in a gyratory action
      through an angle about said support axis with an amplitude which is
      effective to cause the roll member to be lifted on one stroke and then
      fall back on alternate strokes within the cradle for comminuting material
      which is supplied through the inlet zone and into the wedge-shaped spaces.
NUM  2.
PAR  2. A mill for comminuting material such as mineral ores comprising the
      combination of a support frame, a cradle having an arcuate wall extending
      between an inlet zone and a discharge zone, at least one cylindrical roll
      member supported on said arcuate wall within the cradle, the cylindrical
      roll member extending along a longitudinal axis disposed lengthwise of
      said arcuate wall, said roll member having an outer diameter less than the
      inner diameter of said arcuate wall whereby wedge-shaped spaces are
      defined therebetween, means mounting the cradle on the frame for pivotal
      movement about a support axis which is in a vertical plane offset
      horizontally from the effective center of gravity from the cradle and roll
      member, said support axis further being disposed in a plane spaced above
      said effective center of gravity, and actuating means to move said cradle
      in a gyratory action through an angle about said support axis with an
      amplitude which is effective to cause the roll member to move within the
      cradle for comminuting material which is supplied through the inlet zone
      and into the wedge-shaped spaces, said actuating means imparting recurrent
      thrust forces in a series of strokes to the cradle acting in a plane
      disposed below said effective center of gravity, said thrust force moving
      the cradle on each stroke in one direction to lift the roll member, said
      cradle thereafter moving on each stroke in an opposite direction whereby
      the roll member falls downwardly against the material and arcuate wall and
      is thereby caused to undergo intermittent rotatin about its longitudinal
      axis within the cradle.
NUM  3.
PAR  3. A mill as in claim 2 which includes means forming at least one opening
      in the outer circumference of the roll member to receive material from the
      wedge-shaped spaces and to carry such material as the roll member rotates
      for recycling and further comminution of the material.
NUM  4.
PAR  4. A mill as in claim 2 in which the roll member is formed with a hollow
      interior, and means forming an opening through the outer circumference of
      the roll member to direct material into and from the interior.
NUM  5.
PAR  5. A mill as in claim 2 in which the means forming the opening comprises
      one or more elongate slots formed in the outer circumference of the roll
      member and extending longitudinally thereof.
NUM  6.
PAR  6. A mill for comminuting material such as mineral ores comprising the
      combination of a support frame, a cradle having an arcuate wall extending
      between an inlet zone and a discharge zone, at least one cylindrical roll
      member formed with a hollow interior and supported on said arcuate wall
      within the cradle, the cylindrical roll extending along a longitudinal
      axis disposed lengthwise of said arcuate wall, said roll member having an
      outer diameter less than the inner diameter of said arcuate wall whereby
      wedge-shaped spaces are defined therebetween, means mounting the cradle on
      the frame for pivotal movement about a support axis which is in a vertical
      plane offset horizontally from the effective center of gravity of the
      cradle and roll member, a second cylindrical roll member supported within
      said first roll member and extending along an axis parallel with said
      support axis, said second roll member having an outer diameter less than
      the inner diameter of said first roll member, means forming at least one
      opening in the outer circumference of the first roll member to feed
      material into said interior for comminution therein by relative movement
      between the roll members as the cradle is moved, and actuating means to
      move said cradle in a gyratory action through an angle about said support
      axis with an amplitude which is effective to cause the roll member to move
      within the cradle for comminuting material which is supplied through the
      inlet zone and into the wedge-shaped spaces.
NUM  7.
PAR  7. A mill as in claim 6 in which the second roll member is formed with a
      hollow interior, together with means forming at least one opening in the
      outer circumference of the second roll member to feed material into the
      interior thereof.
NUM  8.
PAR  8. A mill as in claim 1 which includes material classification means at
      said discharge zone for only permitting discharge of material sized below
      a given particle size whereby particles of a large size are retained
      within the cradle for recycling by the roll member and subsequent
      comminuting.
NUM  9.
PAR  9. A mill as in claim 8 in which the classification means comprises a
      substantially upstanding screen mounted for movement with said cradle at
      the discharge zone whereby movement of said cradle imparts movement to the
      screen for a self-cleaning screen action thereof.
NUM  10.
PAR  10. A mill as in claim 1 in which the support frame includes fulcrum means
      at said support axis, and the cradle is mounted on and depends downwardly
      from said fulcrum means, together with resilient means connected between
      the frame and a lower portion of the cradle for yieldably urging the
      cradle toward said position at which said support axis is offset
      horizontally from the center of gravity of the cradle and roll member.
NUM  11.
PAR  11. A mill as in claim 10 in which the actuating means includes means to
      impart reciprocating motion to a lower portion of the cradle in a
      direction along an axis lying in a plane normal to said support axis for
      intermittently rotating the roll member about its longitudinal axis.
NUM  12.
PAR  12. A mill as in claim 11 in which the actuating means includes a motor, an
      eccentric driven by said motor, and a connecting rod interconnecting said
      eccentric with said lower portion of the cradle.
NUM  13.
PAR  13. A mill as in claim 12 which includes resilient means for connecting the
      rod with the lower portion of the cradle for absorbing the shock forces
      therebetween to permit the cradle and roll members to move in resonance.
NUM  14.
PAR  14. A mill as in claim 1 which includes baffle plate means mounted on said
      cradle at the discharge zone, the discharge zone having an overflow edge
      for discharging material thereover, said baffle plate means including a
      lower edge positioned in close spaced-apart relationship with said
      overflow edge for only permitting discharge of material sized below a
      given particle size whereby particles of a larger size are retained within
      the cradle for recycling by the roll member and subsequent comminuting.
NUM  15.
PAR  15. A roll member as in claim 14 in which said lower edge of the baffle
      plate means is disposed below the elevation of said overflow edge for
      forming an area of dead water between said edges into which fines are
      washed up from the cradle for discharge.
NUM  16.
PAR  16. A mill as in claim 15 which includes means for selectively positioning
      the spacing between said baffle plate edge and said overflow edge.
NUM  17.
PAR  17. A mill for comminuting material such as mineral ores, comprising the
      combination of a support frame, a cradle having a pair of axially spaced
      apart end walls and an upwardly concave arcuate wall mounted between the
      end walls, the arcuate wall being disposed with one side edge establishing
      an inlet zone and an opposite side edge establishing a discharge zone,
      fulcrum means on the frame for supporting the end walls for pivotal
      movement of the cradle about a support axis, a first cylindrical roll
      member carried within and axised lengthwise of the arcuate wall, the outer
      diameter of said first roll member being less than the inner diameter of
      said arcuate wall whereby wedge-shaped spaces are defined therebetween,
      said first roll member being formed with a hollow interior, a second
      cylindrical roll member carried within said interior and axised lengthwise
      of the first roll member, the second roll member having an outer diameter
      less than the inner diameter of said first member whereby wedge-shaped
      spaces are defined therebetween, means forming at least one opening in the
      first roll member for feeding the material into and from the interior
      thereof, counterbalancing compression spring means yieldably urging the
      cradle to a position at which the effective center of gravity of the
      cradle and roll members is offset horizontally from a vertical plane
      passing through said support axis, and actuating means for imparting a
      recurrent thrust force to a lower portion of the cradle for moving the
      cradle in a gyratory action through an angle about the support axis to
      cause the roll members to move and intermittently rotate about their
      lengthwise axes for comminuting material contained within said
      wedge-shaped spaces.
NUM  18.
PAR  18. A mill as in claim 17 in which said second roll member is formed with a
      hollow interior, together with means forming at least one opening in said
      second roll member for feeding material into and from the hollow interior
      of the second roll member.
NUM  19.
PAR  19. A mill as in claim 18 which includes an upstanding screen extending
      between said end walls across said discharge zone above said opposite side
      edge of the arcuate wall, said screen being mounted for movement with the
      cradle for self-cleaning screening action of the material which is
      discharged therethrough as the cradle is moved about the support axis.
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ABST
PAL  The mill includes coaxial inner and outer cones mounted in telescopic
      relationship, each having facing helical ribs with the ribs on one cone
      crossing the ribs on the other cone so that material received intermediate
      the two cones at the apex of the cones passes to the base. The two cones
      are preferably relatively adjustable to control particle size.
PARN
PAC  RELATED APPLICATION
PAR  This is a continuation-in-part of application Ser. No. 378,080 filed July
      11, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to grinding mills which are particularly,
      although not exclusively useful for grinding crushed coal, ore, stones,
      clay and other similar materials. More particularly, the present invention
      relates to a grinding mill of the coaxial two cone type.
PAR  Grinding mills have previously been proposed which have coaxial, telescopic
      cones but which are extremely complicated and which operate at a high
      speed. In all cases it is the internal cone which rotates and this
      prevents the construction of large mills or crushers because the stress on
      the internal cone prevents a suitable constructional arrangement. It is
      also found in this type of mill that cones become worn out fast and this
      makes the machine expensive to operate.
PAR  With the mill of the present invention it is possible, under some
      circumstances to reduce the complexity of the machine whilst increasing
      its productivity, reducing the unkeep cost, permitting the dimensions to
      be increased, and finally making it possible to crush, grind or otherwise
      reduce any material which it may be desired to treat, even in the most
      difficult cases which cannot be dealt with by the previously proposed
      mills.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention a grinding mill comprises two coaxial
      cones, the cones being mounted in telescopic relationship so that the
      distance between the walls of the cones gradually decreases from the apex
      to the base, the outer cone having internal helical ribs and the inner
      cone having external helical ribs, the ribs on one cone crossing the ribs
      on the other cone so that material passing between the two cones is
      conveyed from the apex to the base.
PAR  The mill may include an inlet for material to be ground, the inlet
      containing two further sets of crossing helical ribs to force the material
      in the inlet towards the two cones.
PAR  The use of crossing helical ribs makes it possible to avoid the
      disadvantage which often occurs with the grinding of pasty material such
      as, for example, clay, which easily blocks the feed inlet. The device of
      the present invention with the helical ribs is also suitable for friable
      material.
PAR  In accordance with another aspect of the present invention the position of
      the internal cone is adjustable relative to the external cone making it
      possible to regulate the particle size of the material processed.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  Numerous other objects, features and advantages should now become apparent
      upon a reading of the following detailed description taken in conjunction
      with the accompanying drawings, in which;
PAR  FIG. 1 is a top plan view of an inlet to the grinding mill of this
      invention; and
PAR  FIG. 2 is an axial section view through a mill constructed in accordance
      with the principles of this invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The mill comprises a frame including an upright support member 6 and a
      horizontal plate member 10 which together are interconnected and support
      an external rotary cone 1 having helical internal ribs 1a, and an internal
      cone 2 also having helical ribs 2a. The ribs 1a extend in the reverse
      direction to the ribs 2a. The ribs 1a, for example, may form a right-hand
      screw/thread whereas the ribs 2a form a left-hand screw/thread.
PAR  The cone 2 is maintained in a non-rotatable position on toothed support 5
      so that during rotation of the cone 1 a sheering effect is produced and a
      substance passing downwardly between the two cones is ground increasingly
      finer as the walls of the two cones converge. The toothed support 5 does
      not rotate and neither does the cone 2 but by means of the support 5 and
      the shaft 9 the cone 2 is adjustable to different positions relative to
      the cone 1 as discussed in more detail hereinafter.
PAR  The external cone 1 rotates on an abutment 3 by means of toothed wheel or
      gear 4 which mates with a toothed portion of the abutment. The cone 1 is
      suitably supported by bearing means from the frame. A suitable motor with
      reduction gearing may couple to toothed wheel 4 for driving the cone 1.
PAR  The upper portion of the cone 1 has a feed inlet 7 which rotates with the
      cone 1. Screw elements 18 (see FIG. 1) are fastened to the internal walls
      of the inlet 7. These elements are disposed about a portion of the
      circumference of the inlet 7, as indicated in FIG. 1, and these elements
      have a helical configuration similar to the ribs 1a of cone 1. Because the
      inlet 7 rotates with the cone 1, the elements 18 also are rotatable
      therewith.
PAR  Screw elements 8 are carried by a shaft 13 which extends coaxially of the
      internal cone 2 and includes means for fastening the cone 2 and shaft 13
      in fixed relationship. The elements 8 have a helical shape which
      corresponds to that of the ribs 2a on the internal cone. The shaft 13 may
      be freely guided from above or may be constrainedly guided by the use of a
      frame (not shown) connected to the general fixed frame. As the cone 2 and
      shaft 13 are non-rotatable, so also is each of the elements 8.
PAR  The arrangement of the screw elements 8 and 18 is as indicated in FIG. 1
      where a indicates the raised portions and b indicates the lower portions.
PAR  The toothed support 5 is mounted on a shaft 9 which is non-rotatable but
      moveable in a verticle direction. The member 10 includes a collar which
      may be keyed with the shaft 9 to prevent rotation thereof but permit
      limited axial movement of shaft 9. Shaft 9 is supported at its lower end
      by means of an adjusting member including base 12, spring 11 and handle
      15. Upon rotation of handle 15 the shaft 9 can be raised or lowered. This
      in turn causes the toothed support 5 to be raised or lowered and the cone
      2 to also be raised or lowered.
PAR  The material that has been ground issues from the base of the cones onto an
      annular floor 16 which is fixed to a rotary portion of the abutment 3. The
      abutment 3 carries the external cone 1, and a scraper 17 is provided to
      discharge the material towards a collecting duct (not shown).
PAR  Having described one embodiment for the grinding mill of this invention,
      that which is to be secured by letters patent is defined in the following
      claims:
CLMS
STM  I claim:
NUM  1.
PAR  1. A grinding mill comprising two coaxial cones, means for mounting said
      cones in telescopic relationship so that the distance between the walls of
      the cones is smallest at the base of the cones, the outer cone being
      rotatable and having internal helical ribs and the inner cone being
      stationary and having external helical ribs, the ribs on one cone crossing
      the ribs on the other cone so that material passing between the two cones
      is conveyed from the apex to the base of the cones.
NUM  2.
PAR  2. The mill of claim 1 including means defining an inlet for the material
      to be ground, the inlet containing means defining helical sets of ribs to
      force the material in the inlet towards the two cones disposed therebelow.
NUM  3.
PAR  3. The mill of claim 2 including a shaft extending from said inner cone
      coaxial with said inlet, a first set of inwardly extending ribs formed on
      the internal wall of the means defining an inlet and a second set of ribs
      formed on said shaft.
NUM  4.
PAR  4. The mill of claim 1 including a means for rotating said external cone.
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ABST
PAL  A yarn tension control device for controlling the tension of yarn being
      longitudinally advanced having two movable yarn guide members with spaced
      guide pins alternately engaged by the longitudinally travelling yarn. One
      of the yarn guide members is pivotally mounted to move its guide pins
      across the yarn path and has a pin or roller mounted spaced from its pivot
      and is balanced by a balancing weight. A pivotally mounted control cam has
      a balancing weight and a laterally extending arm with a biasing weight
      adjustably positioned on the arm. The control cam has a cam profile in
      contact with the pin or roller on the first yarn guide member and the
      biasing weight biases this profile into engagement with the roller or pin
      to pivot the first yarn guide member in a desired direction. The portion
      of the arcuate cam profile nearest its pivot is concave, a middle portion
      thereof is nearly straight, and the portion of the cam profile furthest
      from the control cam pivot is convex. Thus as the first yarn guide member
      moves away from the second yarn guide member the biasing is decreased.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to tension control apparatus for effecting
      a uniform constant tension in yarn being advanced to winding devices or
      the like. More particularly, this invention relates to an improved
      self-operable tensioning device of the type adapted to maintain a constant
      uniform delivery tension or winding tension.
PAR  In many textile operations, it is important that yarn be delivered to
      machines at a constant tension to prevent production of irregular and
      substandard products. Various types of tensioning devices or tensioners
      have been suggested. Two of the more common constructions include the
      gate-type tensioner, in which yarn passes between intermeshing posts or
      fingers, and the disc-type tensioner, in which yarn passes between a pair
      of discs, one of which is usually spring biased.
PAR  The tensioning devices presently in use possess disadvantages. Many devices
      are not designed to provide a uniform constant tension while others do not
      meet the necessary degree of accuracy, sensitivity and responsiveness
      demanded. Some designs are complicated in structure and expensive to
      manufacture, while oscillation and vibration difficulties are encountered
      with the employment of other constructions.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide constant tension control
      apparatus possessing features of simplicity, compactness, responsiveness,
      and economy. Another object is to provide an improved tensioner to
      delicately sense variations in stress in a running yarn and to act
      responsively to such variations so as to augment or to reduce drag on the
      yarn for establishing a predetermined uniform tension therein, especially
      in response with variations of unwinding tension of the supply yarn
      source. Another object is to provide a compensating tensioner that adjusts
      the amount of additional tension according to changes in tension in yarn
      forwarded to the tensioner so as to maintain a constant delivery tension
      therein. A further object is to prevent occurrence of yarn breakages due
      to the excessive delivery tension in yarn when the unwinding tension
      becomes considerably high. A still further object is to increase the
      winding speed, the efficiency of machine and also to produce good sound
      packages owing to a low constant delivery tension.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more readily understood from the following
      description of preferred embodiments thereof given by way of example with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is a side view of a tension device embodying the present invention
      shown interposed in the path of a yarn running from a yarn supply source
      (not shown) to a winding package (not shown);
PAR  FIG. 2 is a view similar to FIG. 1, but shows a case where the unwinding
      tension is considerably high;
PAR  FIG. 3 is a view similar to FIG. 1, but shows the condition of a device
      prior to a yarn being threaded therethrough;
PAR  FIG. 4 is a front view of the device proper shown in FIG. 1;
PAR  FIG. 5 is a schematic diagram which shows tension values from the time a
      supply cop is full to the time of an almost exhausted bobbin. Tu is the
      unwinding tension of supply cop. Tw is the delivery tension value using
      the device of the present invention. Ta is the additional tension value
      using the device of the present invention. Twc is the delivery tension
      value using the conventional tension device;
PAR  FIG. 6 is a detailed view of a cam profile of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 3, a support member 15, pivoted on a pivot pin 118 which is fixed
      on a machine frame by proper means has a pair of stationary guide pins 1,
      1' and also two yarn guide plates 16, 17 having eyelets with slot 116, 117
      respectively. A bracket 4, fixed on a machine frame by suitable means, is
      provided with a slub catcher 14, pivot pins 3, 10 and stopper 11 for
      limiting the movement of a rockable member 5. The rockable member 5 is
      rockably fulcrumed about the pivot pin 3 and is provided with a pair of
      movable guide pins 2, 2', a roller or pin 8 and a balancing weight 13. The
      center of gravity of the rockable member 5 which includes the guide pins
      2, 2', the roller 8 and the balancing weight 13 is situated at the center
      of the pivot pin 3. This means that the turning of the rockable member 5
      around the pivot pin 3 does not take place unless any external force acts
      upon the rockable member 5. The control cam 6 is rockably fulcrumed about
      pivot pin 10 and is provided with a balancing weight 12, a laterally
      extending arm 9, and a sliding weight 7 slidably mounted thereon in any
      desired position. The center of gravity of the control cam 6 which
      includes the extending arm 9 and the balancing weight 12 is situated at
      the center of the pivot pin 10. Therefore, the sliding weight 7 acts to
      urge the control cam 6 to swing clockwise about pivot pin 10 as shown in
      FIG. 3. Rockable member 5 and control cam 6 are engaged at the roller 8
      and cam profile 18. Control cam 6 tends to swing clockwise, while the
      rockable member 5 tends to move counterclockwise about pivot pin 3. As the
      rockable member 5 swings counterclockwise, the roller 8 approaches the
      pivot pin 10, as shown in the roller position 8' in FIG. 6. The shape of
      the cam profile 18 is nearly straight, but the farthest point of it from
      the pivot pin 10 is convex and the nearest point of it to the pivot pin 10
      is concave looking from the center of pivot pin 3. When considering the
      distance between the center of pivot pin 3 and the line passing through
      the center of roller 8 and the contact point between the roller 8 and the
      cam profile 18 because a force on said line is induced by the weight 7 so
      that a clockwise moment of force, which turns the rockable member 5
      clockwise, is generated about the pivot pin 10, such a distance becomes
      rapidly larger when the contact point 121 approaches the pivot pin 10 from
      its farthest point, as shown by lines B1 and B2, because between these two
      lines the shape of the cam profile 18 is almost straight. When the contact
      point 121 approaches the pivot pin 10, the distance does not increase so
      sharply, because at this point the shape of the cam profile is concave.
      However, the clockwise moment of force about the pivot pin 10 induced by
      the weight 7 through the mechanism, which consists of the control cam 6
      and the roller 8 mounted on the rockable member 5 pivotably mounted on the
      pivot 3, is nearly constant, therefore, the longer the distance from the
      pivot pin 3 to said line the stronger is the counter clockwise moment of
      force about the pivot pin 3, the counter clockwise moment of force about
      the pivot pin 3 acting to turn the rockable member 5 increases rapidly
      when the contact point between the roller 8 and the cam profile 18 of
      almost straight configuration approaches the pivot pin 10 while said
      moment of force increases dully when the contact point between the roller
      8 and the cam profile 18 of concave configuration approaches the pivot pin
      10, and said moment of force becomes almost constant, when said contact
      points are closest to pin 10. In this case, the cam profile 18 is so
      designed that the distance increases rapidly at the straight surface of
      the cam profile 18, while such increasing of the distance is quite small
      at the concave surface thereof. As the rockable member 5 swings
      counterclockwise, the ratio, that is, the swing angle of rockable member 5
      around pivot pin 3 divided by a certain amount of swing angle of the
      control cam 6 around the pivot pin 10 becomes smaller. Preferably, as the
      rockable member 5 swings counterclockwise, the extending arm 9 nearly
      becomes horizontal. As described above, when the yarn is not threaded, the
      rockable member 5 is swung extremely counterclockwise by the control cam 6
      until it engages with a stopper 11, as shown in FIG. 3.
PAR  Prior to operation the yarn 20 is led from the source of yarn supply in the
      following manner.
PAR  The support member 15 is turned away from the device by proper means, as
      shown in FIG. 3. After a yarn 20 has been threaded into the eyelets with
      slot 116, 117, the support member 15 is returned to its normal operating
      position. By this operation a yarn 20 can be threaded into the slub
      catcher 14, and a zig-zag yarn path is formed by the stationary guide pins
      1, 1', the eyelet with the slot 117 and the movable guide pins 2, 2'. In
      operation, a sliding weight 7 is adjusted and positioned at a preselected
      position along the length of the extending arm 9 so as to provide a
      predetermined delivery tension, so that the control cam 6 and the
      extending arm 9 are forced in a clockwise direction to apply a desired
      moment force on the rockable member 5.
PAR  When the yarn starts to run in FIG. 1, this yarn 20 is tensioned. And
      additional tension is added to the yarn by guide pins 2', 1', 2 and 1. By
      the unwinding tension of the supply yarn, and the additional tension
      caused by the yarn friction around the guide pins 2', 1', 2 and 1, the
      moment of force acts to swing the rockable member 5 in a clockwise
      direction about the pivot pin 3. The zig-zag yarn path is straightened
      against the counterclockwise moment of force of rockable member 5 which is
      caused by the clockwise moment of force of control cam 6, as described
      above. Consequently, the additional tension caused by the yarn friction
      around the guide pins 2', 1', 2 and 1 decreases and the rockable member 5
      is stabilized at a new position being balanced with the counterclockwise
      moment caused by the control cam 6.
PAR  As shown in FIG. 2, the supply yarn, when being unwound and a condition is
      almost reached where the bobbin is almost bare, the unwinding tension
      becomes considerably high, the clockwise moment of the rockable member 5,
      due to the reaction of the yarn 20, increases so that the rockable member
      5 is turned clockwise. Therefore, the control cam 6 is turned
      counterclockwise. However, as mentioned before, due to the shape of the
      cam profile 18, the component force of the clockwise moment, which forces
      the rockable member 5 to turn counterclockwise, of control cam 6 is
      reduced. As the rockable member 5 swings in a clockwise direction about
      pivot 3, the contact point 121 of roller 8 with cam profile 18 approaches
      the farthest point on cam profile 18. This means that the counterclockwise
      moment of force about pivot pin 3 caused by the engagement of roller 8
      with cam profile 18 of control cam 6 with weight 7 decreases, as described
      above. In this case when the zig-zag yarn path becomes a straight yarn
      path, the contact angle of the yarn with the guide pins decreases, and
      additional tension by guide pins 2', 1', 2 and 1 also decreases. In spite
      of an increase of unwinding tension, the tension device of the present
      invention continually adjusts and compensates for an increase of unwinding
      tension so as to provide a constant uniform delivery of tension in the
      yarn.
PAR  As schematically shown in FIG. 5, in a case where a conventional tension
      device is used the delivery tension Twc increases as the winding goes on,
      as shown by the dotted line. This is because the unwinding tension Tu
      increases as the winding goes on, as shown by the two dots and bar line.
      According to the tension device of the present invention, additional
      tension Ta varies in response with the unwinding tension Tu, as shown in a
      dot and bar line. As a result, the sum of the unwinding tension or
      incoming tension Tu in the yarn, plus the additional tension Ta always
      equals the constant predetermined uniform delivery tension Tw, as shown by
      the solid line.
PAR  The outstanding feature of the present invention is clearly shown by the
      following practical data. The angle .theta. is a contact angle between the
      running yarn and the stationary pins or the movable pins. The n is a
      number of pins. In this case, the coefficient of friction between the
      running yarn and the pins is 0.2 and the stationary pins are three and the
      movable pins are two. Other factors and dimensions are decided reasonably.
TBL  ______________________________________                                    

                  Unwinding Additional Summed angle                            

     Condition of tension Tu                                                   

                            tension Ta n .times. .theta.                       

     supply package                                                            

                  in grams  in grams   in radians                              

     ______________________________________                                    

     Full cop      9        21         6                                       

     90% stripped cop                                                          

                  20        10         2                                       

     Almost empty cop                                                          

                  25         5         0.9                                     

     ______________________________________                                    

PAR  For example, when the unwinding tension Tu increases from 9 grams to 25
      grams, the additional tension Ta correspondingly decreases from 21 grams
      to 5 grams and the summed angle n .times. .theta. decreases from 6 radians
      to 0.9 radians. By using the yarn tension device of the present invention,
      the delivery tension Tw can be always maintained at 30 grams. The rockable
      member 5 turns a total of 11 degrees in a clockwise direction from the
      beginning to the end of an unwinding operation for one supply cop.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A yarn tension control device for controlling the tension of a running
      yarn comprising, first and second yarn guide members having yarn guide
      pins alternately engaged by traveling yarn, means mounting the first yarn
      guide member pivotally free to pivotably move rockably across the normal
      yarn path, means movably mounting the second yarn guide member, the first
      yarn guide member mounting a roller or pin spaced from the pivot thereof
      and a first balancing weight, a control cam pivotally mounted and having a
      second balancing weight and an extending arm, a third weight adjustably
      mounted on said extending arm, said control cam having a cam profile which
      contacts said roller or pin mounted on the first yarn guide member, and
      the third weight and said extending arm biasing said cam profile into
      engagement with said roller or pin to pivot the first yarn guide member in
      a desired direction.
NUM  2.
PAR  2. A yarn tension control device as claimed in claim 1, wherein the nearest
      portion of said cam profile to the pivot of said control cam is concave,
      the middle portion of said cam profile is nearly straight, and the
      farthest portion of said came profile from said pivot of said control cam
      is convex, whereby as the first yarn guide member moves away from the
      second yarn guide member said biasing is decreased.
NUM  3.
PAR  3. A yarn tension control device as claimed in claim 1, further comprising
      a stop for limiting the turning movement of the first yarn guide member.
NUM  4.
PAR  4. A yarn tension control device as claimed in claim 1, wherein said means
      movably mounting the second yarn guide member comprises a movable support
      member.
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ABST
PAL  The prior art apparatus to wind vertically running yarn was a vertical
      spindle with a pulley mounted on a driven shaft, a stationary yarn wheel
      guide, an upper vertically movable yarn guide wheel, a lower vertically
      movable yarn guide wheel, a double track cam vertically mounted with a
      driven pulley and shaft, an upper cam follower and shoe, a lower cam
      follower and shoe, cam housing having a vertical slot, a motor having both
      a spindle drive pulley and a cam drive pulley mounted on a drive shaft, a
      belt to drive the spindle from the motor and a belt to drive the cam from
      the motor. The motor would drive the vertical spindle and the cam by the
      connection of the driven pulleys to the motor drive pulleys with belts.
      The vertically movable yarn guide wheels were connected to their
      respective cam followers and the cam followers were both driven by this
      one double track cam to oscillate vertically in the cam housing slot. In
      this manner, the upper vertically movable yarn guide wheel oscillates in
      the upper half of the housing slot and the lower vertically movable guide
      wheel oscillates nearly the full length of the housing slot and for the
      full traverse of the winding yarn. The movable guide wheels, in concert,
      maintain a constant length of yarn between the stationary yarn wheel and
      the spindle. The stationary yarn wheel is centered with respect to the
      length of yarn traverse wound onto the vertical spindle. The improvement
      comprises a two-speed transmission used to drive the cam at two winds, and
      a high speed double track cam with the tracks cut so that the cam
      followers will describe a path at reversal along a 60.degree. angular
      displacement of a curve of cycloidal development. Thus, the spindle and
      the cam can start at a wind of from about 89 to about 152.52 and after
      about 0.1 to about 3 minutes, then change to achieve a wind of from about
      11 to about 17. Yarn wound up in this manner can be unwound of speeds of
      up to 3,000 feet per minute or higher, for processing at speeds up to
      8,000 feet per minute.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a vertical spindle winder, more particularly,
      apparatus to wind vertically running yarn such as freshly spun yarn
      descending from a spinning stack.
PAR  It is known to wind vertically running yarn from any source above the
      winder as a continuous running length of yarn with a vertical spindle
      having a pulley mounted on a driven shaft, a stationary wheel yarn guide,
      an upper vertically movable yarn guide wheel, a lower vertically movable
      yarn guide wheel, a double track cam being vertically mounted with driven
      pulley and shaft, an upper cam follower and shoe, lower cam follower and
      shoe, a cam housing having a vertical slot, a motor having a spindle drive
      pulley and a cam drive pulley mounted on the drive shaft, a belt to drive
      the spindle from the motor and a belt to drive the cam from the motor. The
      motor drives the vertical spindle and the cam by a connection of the
      driven pulleys to the drive pulleys with the belts. The vertically movable
      yarn guide wheels are connected to their respective cam followers and
      shoes and the cam followers are both driven by the one double track cam to
      oscillate vertically in the cam housing slot in such a manner that the
      upper vertically movable yarn guide wheel oscillates only in the upper
      half of the slot; the lower vertically movable yarn guide wheel oscillates
      nearly the full length of the slot but for the full traverse of the
      winding yarn at twice the speed of the upper wheel so that the movable
      guide wheels acting in concert maintain a constant length of yarn between
      the stationary yarn wheel, and the spindle. The stationary wheel is
      centered with respect to the length of the yarn traverse as it is wound
      onto the vertical spindle.
PAR  The double track cam is cut so that the upper cam track is in the upper
      half of the cylinder and the cam track for the lower yarn wheel guide is
      cut nearly the full length of the cylinder. This lower cam track stops
      short of the top of the traverse of the upper cam track so that the two
      yarn wheel guides do not collide at the top of their oscillating motion or
      traverse. They both must reach the top of their traverse at the same time
      to accomplish the constant yarn length of this invention.
PAR  Packages of up to 95 pounds or more of yarn from any source above the
      vertical spindle as a running continuous length of yarn can be made. The
      yarn passes over the stationary wheel guide, over the upper vertical
      movable yarn guide wheel and then over the lower vertically movable yarn
      guide wheel, both mounted on brackets in the vertical slot in the cam
      housing. They traverse the yarn as described above. The spindle is rotated
      to wind up the yarn at a constant take-up speed. In the prior art, there
      were three major obstacles to the success of such a winder: (1) a wind
      suitable for both start-up right after string-up of the yarn on the winder
      was not suitable for winding the yarn at a standard operating condition,
      and vice versa, (2) cams and cam followers and shoes would break at the
      high speeds of the reversal points in the cam tracks, and (3) brackets of
      the movable yarn guide wheels which held them to the cam followers also
      broke at the high speeds at the reversal points.
PAC  SUMMARY OF THE INVENTION
PAR  By using a two-speed transmission driven by the single drive motor used to
      drive both the double track cam and the yarn spindle, the cam in turn
      driving the traversing yarn wheel guides; two winds could be achieved to
      drive the spindle and the traverse mechanism starting at a wind of from
      about 89 to about 152.52, preferably 152.51366, and after about 0.1 to
      about 3 minutes changing to achieve a wind of from about 11 to about 17,
      preferably 15.96380 with a lay of 0.1342 inches and helix angle of
      9.degree.42' to 4.degree.35'. The problem was partly solved. Then using a
      high speed double track cam with the two tracks cut so that the cam
      follower will describe a path at the reversal along a 60.degree. angular
      displacement of a curve of cycloidal development was added. In addition, a
      substantial bracket with at least the lower bracket being pivotally
      mounted was used. With these improvements, the problems described in the
      background were overcome and wound yarn could be unwound at speeds of up
      to 3,000 feet per minute for processing up to 8,000 feet per minute.
      Preferably, the high speed cam is made of an acetal resin. The upper
      vertically movable yarn guide is preferably mounted on a fixed bracket and
      the lower vertically movable yarn guide is preferably mounted on a
      swingably mounted bracket.
PAR  By double track cam is meant two cam tracks both cut on the same cylinder
      and each of which can have a track for a follower and a track for a shoe.
      By "wind" is meant the number of the spindle revolutions per traverse of
      the yarn between the flanges of the spindle. The wind ratio would be
      double this. By "helix angle" is meant the angle between the actual yarn
      lay down path and a line parallel to the flange. By "lay" is meant the
      distance between the new yarn end and the previous end when the traverse
      guide and spindle return to their original position.
PAR  Although this description is directed to a vertical yarn source and a
      vertical spindle winder, the invention could easily be adapted to
      horizontal, or other angle, yarn source and horizontal, or other angle,
      mounting of the spindle and resulting change of orientation of all other
      elements by simple, expedient changes well known to those skilled in the
      art.
DRWD
     BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic elevation view of the improved vertical spindle
      winder of this invention.
PAR  FIG. 2 is a plan view of the winder of this invention.
PAR  FIG. 3 is a cross sectional elevation view of the two-speed transmission
      used in this invention.
PAR  FIG. 4 is an elevation partial cross-section showing the traverse mechanism
      of this invention.
PAR  FIG. 5 is a plan view with partial cross-section of the traverse mechanism
      of this invention.
PAR  FIG. 6 is a partial cross-section showing details of the mounting of the
      upper yarn guide wheel.
PAR  FIG. 7 is a similar partial cross-section view showing details of the lower
      yarn guide wheel.
PAR  FIG. 8 is a view of the cam, partially cut away.
PAR  FIG. 9 is a detailed view of a reversal of a cam track used at the upper
      half of the housing slot.
PAR  FIG. 10 is a detail at the reversal of the cam track which runs nearly the
      full length of the housing slot.
PAR  FIG. 11 is section 11--11 on FIG. 10 across the reversal point of the full
      length the cam track showing the undercut.
PAR  FIG. 12 is an exploded assembly drawing of the pivoted bracket mounting for
      the lower yarn guide wheel.
PAR  FIG. 13 shows the mounting bracket for the upper yarn guide wheel.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The preferred embodiment is shown in the drawings and will be described
      below.
PAR  FIG. 1 is a schematic elevation showing the major portions of the winder.
      Electric motor 1 with shaft 2 having spindle drive pulley 3 and
      transmission drive pulley 4 mounted thereon is connected by spindle drive
      belt 5 and transmission drive belt 6 to spindle pulley 22 and transmission
      pulley 7. Other connecting means such as chains or direct drive gears
      could be used. Power moves through the transmission in transmission
      housing 41 to transmission pulley 19 connected with traverse drive belt 20
      to traverse pulley 21 which drives the cam 50, shown in FIG. 4. Vertical
      spindle 30 is mounted on stub shaft 24 at the bottom, and at the top into
      spindle engaging receiver 29. It rotates on bearings 23 and bearings in
      bearing housing 33 and is held in place by spindle mounting bracket 34.
      Vertical spindle 30 is made up of hub 28 and flanges 27. Cam housing 45
      and presser roll 38 are also shown in position vertically along the length
      of vertical spindle 30. Presser roll 38 presses upon the package of yarn
      as it is being wound to maintain it cylindrical and compact.
PAR  FIG. 2 is a plan view of the vertical spindle winder showing motor 1,
      transmission housing 41, vertical spindle 30, spindle flange 27, bearing
      housing 33, and spindle mounting bracket 34. The freshly wound package is
      kept cylindrical and compact by presser roll 38 which extends the full
      length of spindle 30 and is held in position by bracket 39. In operation
      pressure is transmitted from pneumatic cylinder 40, which is pivotally
      mounted on the winder frame, through rod 42 to bracket 39.
PAR  FIG. 3 is an elevational cross-sectional view of the two-speed transmission
      in transmission housing 41. This figure shows motor 1 with spindle drive
      pulley 3 and transmission drive pulley 4 mounted on motor shaft 2 and
      transmitting power through spindle drive belt 5 and transmission drive
      belt 6. Transmission pulley 7 is driven by belt 6 to turn transmission
      shaft 8 in bearings 9 and 11 to continuously rotate slow speed gear 10 and
      high speed gear 12. Shaft 8 is also directly connected to magnetic clutch
      13 which can be any standard magnetic clutch available on the market.
      Transmission shaft 18 is driven at two speeds to transmit power through
      transmission pulley 19 and belt 20 to traverse pulley 21 which drives cam
      50, shown in FIG. 4. Two speeds are achieved as follows: For the startup
      mode, magnetic clutch 13 is disengaged so that high speed gears 12 and 14
      freewheel, and power is transmitted through low speed gear 10 to mating
      gear 16 and then to shaft 18 rotating in bearings 15 and 15A. High speed
      mode is adapted by engaging magnetic clutch 13 and overriding slow speed
      gears 10 and 16 so that they freewheel due to an overriding clutch 17
      which disengages. Thus, in this mode, power flows from shaft 8 through
      high speed gears 12 and 14 to shaft 18.
PAR  FIG. 4 is a partial cross section elevation view of the traverse mechanism.
      Cam 50 is driven by a shaft connected to traverse pulley 21 shown in FIGS.
      1 and 3. Cam 50 is a double track cam which drives both upper yarn guide
      wheel 25 and lower yarn guide wheel 43. These guides and the stationary
      guide wheel can be standard ceramic slot guides or other well known
      guides. The downcoming yarn shown by the arrows in the Figure first passes
      over stationary yarn guide wheel 37, then over upper vertically movable
      yarn guide wheel 25, then over lower vertically movable yarn guide wheel
      43, and then to traverse across the length of spindle 30 to be wound.
      Upper yarn guide wheel 25 is connected by means of bracket 44 to slot
      follower 26 which oscillates in the slot 47 in cam housing 45. Cam 50
      rotates around stub shaft 31 on cam bearing 32. Stationary yarn guide
      wheel 37 is mounted in pin support 35. Lower yarn guide wheel 43 is
      mounted on bracket 46 which is in turn attached by means of a bolt to
      plate 54 which hides the lower slot follower shown on FIG. 7. By the means
      of the traverse mechanism shown in FIG. 4 the two vertical oscillating
      yarn wheel guides 25 and 43 are driven by the double track cam in such a
      manner that the upper yarn wheel guide 25 operates in the upper half of
      the slot 47 and the lower yarn wheel guide 43 operates across nearly full
      length of slot 47. The upper yarn wheel guide 25 moves at one-half speed
      of the full traverse yarn wheel guide 43. Acting in concert, these wheels
      maintain a constant length of yarn between stationary yarn wheel guide 37
      and the point where the yarn contacts spindle 30 as it is being wound.
PAR  FIG. 5 is a plan view showing traverse mechanism in cross section, i.e., is
      a plan view of FIG. 4. Stationary yarn wheel guide 37 is mounted on pin 36
      which is supported by pin support 35. Upper yarn wheel guide 25 is mounted
      on bracket 44 which in turn is mounted on slot follower 26 which has
      rotatably connected cam follower 48 and shoe 58 attached to it. Thus, as
      double track cam 50 rotates, cam follower 48 and shoe 58 are driven up and
      down the track 52 in double track cam 50 to actuate slot follower 26 in
      slot 47 thereby oscillating yarn guide wheel 25 and bracket 44. Similarly,
      lower yarn guide wheel 43 is mounted on pivotally mounted bracket 46 which
      is in turn mounted on slot follower 53 (shown in FIG. 7) connected to the
      rotatably mounted cam follower 49 and shoe 59, shown in FIG. 7. Cam
      housing 45 is shown and the cam track 52 for the upper half of slot 47 is
      shown contacting upper cam follower 48 and shoe 58.
PAR  FIG. 6 is a cross sectional view showing how upper yarn guide wheel 25 is
      mounted and driven by double track cam 50. Upper half cam track 52 is
      followed by upper cam follower 48 and shoe 58 which are rotatably
      connected to follower 26 by means of bolt or pin 57. Upper yarn guide
      wheel 25 is attached to bracket 44 which is rigidly attached to slot
      follower 26. Slot follower 26 oscillates vertically up and down in slot 47
      in cam housing 45, half the length of the slot 47, since cam track 52 is
      cut for that length.
PAR  FIG. 7 is a sectional view showing how lower yarn guide wheel 43 is
      similarly actuated by double track cam 50. Full length cam track 51 is
      followed by lower cam follower 49 and shoe 59 which are rotatably mounted
      to slot follower 53 which is in turn attached to plate 54 which has
      receiving means for bolt or pin 55 to hold pivotally mounted bracket 46
      which is attached to lower yarn guide wheel 43 as shown in FIG. 5. Lower
      cam follower 49 and shoe 59, slot follower 53, plate 54, bracket 46, and
      yarn guide wheel 25 oscillate at twice the speed of upper yarn guide wheel
      25 for the full length of yarn traverse.
PAR  FIG. 8 is a cut away view of double track cam 50 showing full length cam
      track 51 and upper half cam track 52.
PAR  FIG. 9 and FIG. 10 show more detail of the reversals of tracks 51 and 52.
      Full length track 51 must be undercut at the reversal point as shown in
      51u so that the shoe 59 does not slam into the end bottom portion of slot
      51 at the reversal point. Also, the method of cutting slots 51 and 52 is
      critical and must be cut so that the cam followers and shoes will describe
      a path at the reversal along a 60.degree. angular displacement of a curve
      of cycloidal development.
PAR  FIG. 12 shows the assembly of the pivoted lower yarn wheel guide bracket 46
      which is attached to plate 54 by means of bolt or pin 55.
PAR  FIG. 13 shows upper yarn wheel guide bracket 44 with pin 56 for upper yarn
      wheel guide 25 to be mounted upon, and pin 57 for extending through slot
      follower 26 to mount upper cam follower 48, and shoe 58.
PAC  Example
PAR  The vertical spindle winder of this invention was used to take-up freshly
      spun nylon 6 having an undrawn denier of about 3200 at about 2,000 feet
      per minute. An 80 lb. wound package was prepared capable of being unwound
      at up to 3,000 feet per minute, i.e., ready for further processing at
      speeds up to 8,000 feet per minute. The winding parameters were those set
      forth below.
PAR  The pressure by the presser roll on the wound yarn was maintained at about
      0.3 lbs. per lineal inch of presser roll. The target should be between 0.1
      and 0.5 lbs/lineal inch and should vary by no more than 0.03 lbs./lineal
      inch.
PAR  Preferred wind is 152.51366 at start-up and 15.96380 after change, giving a
      lay of 0.1342 inches and a varying helix angle of from 9.degree.42' to
      4.degree.34', after change.
PAR  The preferred curve of cycloidal development would be the curve described
      by the formula
      ##EQU1##
      y = rise of the follower above the base plane of the cycloidal curve in
      inches per angular displacement .theta.
PA1  h = maximum of follower rise in inches
PA1  .theta. = cam angle rotation for follower displacement y in radians
PA1  .theta..sub.o = cam angle of rotation to give rise h in radians
CLMS
STM  We claim:
NUM  1.
PAR  1. In an apparatus to wind vertically running yarn comprising
PA1  a vertical spindle with a driven pulley mounted on a shaft,
PA1  a stationary yarn guide,
PA1  an upper vertically movable yarn guide,
PA1  a lower vertically movable yarn guide,
PA1  a double track cam, vertically mounted with vertically attached driven
      pulley and shaft,
PA1  an upper cam follower and shoe,
PA1  a lower cam follower and shoe,
PA1  a cam housing, vertically mounted and having a vertical slot,
PA1  a motor having a spindle drive pulley and a cam drive pulley mounted on a
      drive shaft,
PA1  connecting means to drive said spindle from said motor,
PA1  connecting means to drive said cam from said motor, and
PA1  a presser roll, vertically mounted along the length of said spindle
PAL  said motor driving said vertical spindle and cam by connection of said
      driven pulleys to said drive pulleys with said connecting means, said
      vertically movable yarn guides connected to said respective cam followers
      and shoes through cam housing slot, said cam followers and shoes both
      driven by a respective cam track of said double track cam to oscillate
      vertically along said cam housing slot in such a manner that said upper
      vertically movable yarn guide oscillates only in the upper half of said
      slot at half the speed of the lower vertical movable yarn guide, and the
      lower vertically movable yarn guide oscillates nearly the full length of
      said slot and for the full traverse of the winding yarn, said movable
      guides acting in concert to maintain a constant length of yarn between the
      stationary yarn guide and the spindle, said stationary guide centered with
      respect to said vertical spindle, said presser roll holding said wound
      yarn in a cylindrical package during winding, the improvement comprising
PA1  said connecting means to drive said cam including a two speed transmission
      to drive said cam at two winds,
PA1  said high speed double track cam having tracks cut so that said cam
      followers will describe a path at the reversal along a 60.degree. angular
      displacement of a curve of a cycloidal development
PAL  so that said spindle and said cam can start at a wind of from about 89 to
      about 152.52 and after about 0.1 to about 3 minutes change to achieve a
      wind of about 11 to about 17
PAL  whereby said wound up yarn can be unwound at speeds up to 3,000 feet per
      minute.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said double track cam is made of an
      acetal resin.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said upper vertically movable yarn
      guide is mounted on a fixed bracket and said lower vertically movable yarn
      guide is mounted on a swingably mounted bracket.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said guides are wheels, and said
      connecting means include belts.
NUM  5.
PAR  5. In a method to wind yarn on a vertical spindle into packages of yarn
      comprising passing yarn from any source above said spindle as a continuous
      running length over a stationary guide, over a vertically movable upper
      yarn guide mounted on a bracket and in a vertical slot and then over a
      lower vertically movable yarn guide also mounted on a bracket and in said
      slot, traversing said lower yarn guide the length of said vertically
      mounted spindle, rotating said spindle to wind up said yarn, driving said
      spindle by said motor to achieve a constant yarn takeup speed and driving
      each said yarn guides and brackets by a follower and shoe in a double
      track cam, also driving each said follower and shoe by said motor, said
      cam followers and shoes connected to said movable guides through said slot
      and said cam tracks cut so that said upper guide oscillates only in the
      upper half of said slot at half the speed of said lower guide, and the
      lower guide oscillates nearly the full length of said slot and for the
      full traverse of the winding yarn, said movable guides acting in concert
      to maintain a constant length of yarn between the stationary guide and the
      spindle, said stationary guide centered on said vertical spindle, said
      package shape being held cylindrical during winding by a presser roll, the
      improvement comprising
PA1  driving said cam and said traversing yarn guides with a two-speed
      transmission by said motor at two winds and driving said spindle and
      traverse mechanisms starting at a wind of about 89 to about 152.52 and
      after about 0.1 to about 3 minutes changing to achieve a wind of from
      about 11 to about 17
PA1  driving said cam followers with a high speed double track cam with the
      tracks cut so that the cam followers will describe a path at the reversal
      along a 60.degree. angular displacement of a curve of cycloidal
      development
PAL  so that the wound up yarn can be unwound at speeds up to 3,000 feet per
      minute.
NUM  6.
PAR  6. The method of claim 5 wherein said wind at the start is 152.51366 and
      after change the wind is 15.96380 with a lay of 0.1342 inches and a
      varying helix angle of from 9.degree.42' to 4.degree.34', after change.
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ABST
PAL  This invention relates to a method and an apparatus for automatically
      supplying cops to a thread winder wherein the inefficient manual operation
      of supplying the cops one by one into each of the cop-holding magazines
      mounted in juxtaposition to the thread winder can be dispensed with. To
      this end, the apparatus of the invention comprises, as an essential
      component, a travelling cop feeder with means for sequentially feeding a
      number of cops from a cop-containing section through a cop feed-out
      section thereof, means for receiving and holding the cops by a cop-holding
      and charging section mounted in the cop-receiving position below said
      feed-out section and transferring them automatically alongside the thread
      winder, means for stopping said charging section in a position registering
      with each cop-holding magazine in the thread winder by a stop position
      control device, and means for charging the cops into the cop pocket in
      said magazine. In addition, means are provided for sensing the presence or
      absence of cops in the cop housing in the magazine for selectively
      charging the cops held by said charging section; replenishing cops
      selectively and automatically into the cop-containing section of the
      travelling cop feeder; for maintaining the relative position between the
      cop-holding magazine and the cop charging section for preventing any
      malfunction in the charging of cops from said charging section into said
      magazine; and controlling the operation of the travelling cop feeder so as
      to halt it for every other magazine for cop delivery thereto when the
      feeder is proceeding in one direction and for each intermediate magazine
      for cop delivery thereto when the feeder is travelling in the opposite
      direction from its stroke end, either as a whole or separately, for
      enabling an efficient cop delivery to the thread winder and dispensing
      with manual operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, when supplying the cops to each magazine of the winding units
      of an automatic thread winder, it has been necessary for an operator to
      make the round of the winder to watch for any magazines devoid of cops and
      to supply cops to such magazines by manual operation. This is an
      inefficient operation involving considerable time and labor and has proved
      to be a great hindrance to the full automation of the winder operation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention resides in a system for automatically supplying cops
      to an automatic thread winder comprising a travelling cop feeder adapted
      to travel along a thread winder and to stop in registry with a cop-holding
      magazine of each winding unit of the thread winder for automatically
      supplying cops to said magazine, said cop feeder including means for
      charging the cops through a cop-containing section and a feedout section
      into a cop-charging section resting in readiness in a cop-receiving
      position beneath said feed-out section, and means for charging the cops
      from said charging section into said magazine when the charging section
      has been lowered to the charging position proximate to said magazine.
PAR  According to one aspect of the invention, the cop feeder adapted to travel
      alongside the thread winder for supplying the cops sequentially to the
      cop-holding magazine comprises a cop-containing section for holding a
      number of cops in parallel rows, a feed-out section for feeding the cops
      sequentially from said containing section, a cop charging section resting
      in readiness in the cop-receiving position beneath said feed-out section
      to receive and hold the cops supplied by descent from said feed-out
      section and adapted to be lowered to the cop-charging position proximate
      to a cop pocket in the cop holding magazine, a stop position control
      section for stopping the cop feeder in a position to register with said
      magazine, and a cop-charging control device for controlling the cop
      charging into said magazine depending on the presence or absence of a cop
      in said cop pocket.
PAR  According to another aspect of the present invention there is provided in
      conjunction to said cop feeder an automatic cop-replenishing device
      comprising a belt conveyor mounted alongside the machine frame of the
      thread winder and a chute device movable relative to the winder frame with
      its open end resting on said conveyor and oriented in a direction opposite
      to that in which said conveyor is moving, said chute device being designed
      as a receiving device for the cops being conveyed and having a floating
      device for lifting the travelling belt from its guide plate and a guide
      trough adapted to hold said articles from dropping unintentionally from
      the lifted belt and to guide and supply them by descent to said containing
      unit.
PAR  According to a further aspect of the present invention, there is provided a
      travel control device for said cop feeder whereby the latter is adapted to
      be stopped for every other magazine for cop delivery operation thereto
      when proceeding in one direction and for each intermediate magazine for
      cop delivery thereto when proceeding in the opposite direction.
PAR  According to a further aspect of the invention, in a cop feeder having a
      cop-charging section adapted to receive and hold cops and be lowered to a
      cop-charging position proximate to a cop-holding magazine in the thread
      winder for charging and supplying the cops into said magazine, there is
      provided an entraining device for carrying said charging unit rotatably
      for entraining it in rotation by said cop-holding magazine when the latter
      rotates as the cops are charged thereto and maintaining the relative
      position between said magazine and said cop-charging section.
PAR  According to a further aspect of the present invention, there is provided
      an automatic cop supply system comprising a travelling cop feeder adapted
      to travel alongside the winder and to supply the cops sequentially into a
      series of magazines arranged in an automatic thread winder, said cop
      feeder including means mounted in position above said thread winder for
      supplying a predetermined number of cops automatically into a hopper and
      operable so that the cops are supplied into a hopper from a cop conveying
      belt conveyor even while the cop feeder is travelling; the travel of the
      belt conveyor is controlled for stopping or running depending on whether
      the number of cops in said hopper lies between selected limits.
PAR  According to the present invention, since the cop feeder supplies the cops
      sequentially to each magazine as it travels in reciprocation alongside the
      thread winder, the waiting time can be reduced substantially to nil by
      setting the travelling speed of the cop feeder as a function of the time
      expended for cop replacement and reciprocation of the cop feeder.
      Moreover, full automation in the cop supply operation results in a saving
      in man-power and increases in operational efficiency and safety factor
      and, since the cops are charged to each magazine depending on the presence
      or absence of cops in the magazine, the risk of the malfunction and the
      resulting disorder can be completely eliminated. If desired, the
      cop-feeder can be programmed to replenish each magazine in sequence in a
      single travel direction of said cop-feeder, or in any other order desired,
      but servicing alternate magazines is preferred.
PAR  It is possible to feed cops into the opening of the guide trough in either
      of the travelling directions of the chute device mounted on the cop feeder
      and to elevate the belt above the guide plate by the use of lifting
      device; no hindrance is offered by the guide plate to the lateral
      deviation of the articles being conveyed. In addition, since the guide
      trough safeguards the articles from dropping unintentionally and guides
      them smoothly to the supply device, and the chute device can receive the
      articles from the belt conveyor as it travels alongside the winder frame,
      the cop supply apparatus can be run with a relatively small stock of cops
      and the cop-containing section and hence the cop feeder itself can be made
      compact in size.
PAR  According to the present invention, since the cop-charging section, i.e.,
      cop-holder, is carried rotatably in a horizontal attitude, and means are
      provided for entraining the charging unit in rotation by the cop-holding
      magazine when the cop-holder is lowered to the charging position, the
      cop-holder is driven in synchronism with the magazine for cop delivery
      thereto even when the magazine is rotated, and the relative position
      between the two members remains unchanged, thus precluding malfunction in
      the cop-charging operation and the resulting damage or disorder and
      assuring saftey in the cop-charging operation.
PAR  Since, moreover, a charging control device comprising a cover plate which
      can be opened by the weight of the cop and returned to its starting
      position after charging the cop and means for controlling the opening and
      closure thereof is provided to the cop-charging section, the cop can be
      supplied to an empty cop pocket but cannot be supplied to a cop pocket
      already containing a cop since such a cop abuts at its upper end against
      the cover plate and thus hinders the latter from opening. Thus, the cop
      delivery can be carried out automatically and selectively as the presence
      or absence of the cops in the cop pocket is detected. When a cop is
      already stored in a cop pocket, the charging section is again elevated as
      it holds the cop to be charged for the next charging operation. By this,
      the malfunction of the apparatus can be eliminated and saving in man-power
      and full automation of the apparatus can be attained by means of a
      simplified mechanism which simultaneously assures high safety in
      operation.
PAR  Since the cop-feeder travels in reciprocation in front of the row of
      magazines and supplies the cops not only during the forward run but also
      during the return run thereof, there is no loss in the travel time and,
      since the feeder is halted for every other magazine during its forward run
      and for the intermediate magazines during its return run, the waiting time
      necessary for each magazine to be supplied with cops is lower than would
      otherwise be the case, thus resulting in the elimination of idle operation
      of the winding section and stress in the winder frame and assuring smooth
      running and halting of the cop feeder.
PAR  Since any change in the cop quantity in the containing section of the cop
      feeder is sensed by a sensing device while the cop feeder reciprocates and
      the cop-conveying belt conveyor is stopped on receiving an instruction
      signal from said sensing device while the cops are delivered into the
      feeder, the capacity of the containing section of the feeder and hence
      that of the feeder itself can be minimized, thus resulting in the smart
      appearance and cost reduction of the apparatus. Moreover, the feeder can
      travel at an enhanced speed with reduced inertia, while the stop position
      thereof is positively fixed, and the cops can be replenished to the moving
      feeder.
PAR  Accordingly, an object of this invention is to provide a method and an
      apparatus for automatically supplying the cops to a thread winder whereby
      the labor saving can be achieved through full automation of the winder
      operation.
PAR  Another object of this invention is to provide a simplified device which so
      operates that the cops can be charged into a cop housing or pocket in each
      cop holding magazine of the winding units of the thread winder where the
      cops are missing but not to the cop housing or pocket where the cops are
      stored.
PAR  A further object of this invention is to provide a simplified device for
      replenishing cops automatically to a cop feeder travelling alongside a
      thread winder. The device has a compact and simplified construction
      comprising a chute device and a belt conveyor and operates in such a way
      that the conveyor belt is floated above the guide plate as the chute
      device travels so that the articles being conveyed on the conveyor belt
      are deviated laterally over the lateral guide plate.
PAR  A further object of this invention is to provide a simplified cop charging
      device which so operates that the cops can be supplied accurately and
      automatically into each cop magazine in the thread winder even when the
      magazine rotates as the cops are charged thereto, and that the risk of
      double charging is eliminated through detecting the remaining cops in the
      magazine.
PAR  A further object of this invention is to provide a control device which so
      operates that the cop feeder travelling alongside the thread winder is
      stopped for every other magazine for cop delivery thereto, with resulting
      reduced circuit time and elimination of loss time and nonalignment of the
      stop position, and the cop feeder can be accurately stopped without any
      shock generation thanks to the provision of the mechanical positioning
      device.
PAR  A still further object of this invention is to make the cop hopper for the
      travelling cop feeder compact in size, and to automatically control the
      operation of the cop-conveying belt conveyor as a function of the cop
      quantity contained in the containing unit, in a way so that the cops can
      be positively and automatically supplied to the cop hopper in a
      predetermined quantity even while the cop feeder is travelling.
PAR  Yet another object of the present invention is a method of operating an
      automatic cop-feeder for loading cops into the magazine of a thread winder
      which minimizes the time necessary for attending to all magazines and
      minimizes vibration and shock in bringing the cop-feeder into registry
      with each magazine.
PAR  Still other objects and advantages of the invention will in part be obvious
      and will in part be apparent from the specification.
PAR  The invention accordingly comprises the several steps and the relation of
      one or more of such steps with respect to each of the others, and the
      apparatus embodying features of construction, combinations of elements and
      arrangement of parts which are adapted to effect such steps, all as
      exemplified in the following detailed disclosure, and the scope of the
      invention will be indicated in the claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  For a fuller understanding of the invention, reference is had to the
      following description taken in connection with the accompanying drawings,
      in which:
PAR  FIG. 1 is a front view of a cop-feeder in accordance with the present
      invention with a thread-winder and magazines indicated schematically;
PAR  FIG. 2 is a front view of the cop feeder looking in the direction of the
      winder;
PAR  FIG. 3 is a side view of the cop-feeder shown in FIG. 2 and of a magazine
      in registry with said cop-feeder;
PAR  FIG. 4 is a perspective view of the charging unit;
PAR  FIG. 5 is a plan view of the charging unit shown in FIG. 4;
PAR  FIGS. 6a and 6b are sectional side views of the charging unit at the time
      of a cop-charging operation;
PAR  FIG. 7 is a sectional side view taken on the line 7--7 of FIG. 5;
PAR  FIG. 8 is a perspective view of the cop-receiving chute device mounted on
      the feeder proper;
PAR  FIG. 9 is a sectional front view taken on the line 9--9 of FIG. 8;
PAR  FIG. 10 is a sectional side view taken on the line 10--10 of FIG. 8;
PAR  FIG. 11 is a front view showing an embodiment of the stop position control
      unit for the cop feeder;
PAR  FIG. 12 is a side view of the unit of FIG. 11;
PAR  FIG. 13 is a circuit diagram for the charging unit and the lifting unit of
      the cop feeder;
PAR  FIG. 14 is a schematic front view of the overall device according to a
      modified embodiment of the invention;
PAR  FIG. 15 is an enlarged sectional side view taken on the line 15--15 of FIG.
      14;
PAR  FIG. 16 is an enlarged sectional front view of the feeder;
PAR  FIG. 17 is a control circuit diagram of the belt conveyor;
PAR  FIG. 18 is a perspective view in greater detail of portion 2 of FIG. 2; and
PAR  FIGS. 19.1 to 19.5 show diagrammatically the selective feeding of cops to
      either or both of a pair of guide troughs.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, an automatic thread winder A has a number of juxtaposed winding
      units (not shown), rotary type cop magazines 11 arranged in registry to
      said winding units for delivery and supply of cops to said winding units,
      and travelling and guiding rails 12, 13.
PAR  B denotes a travelling cop feeder for supplying the cops automatically to
      the magazines 11 as it travels alongside the winder A. As shown in FIGS. 2
      and 3, the travelling cop feeder B comprises a cop-containing section 1
      having, for instance, a bent passage for storing a number of cops 10 in
      parallel rows; a feed-out section 2 formed by a feeding device 2a for
      feeding the cops sequentially from the containing unit and a guide trough
      2b for guiding the cops therealong; a charging section 3 for receiving and
      holding the descending cops at the receiving position beneath the feed-out
      section and selectively charging the cops into the cop pocket of the
      magazine 11 when lowered to the charging position proximate to the
      magazine 11; a driving unit 4 for driving each above section and
      comprising a travelling unit 4a consisting of a drive roller 41, a driven
      roller 42 and guide rollers 43, 44 adapted for rolling on said guide rails
      12, 13 for moving the feeder alongside the winder A and a changeover unit
      4b for reversing the direction of travel of the cop feeder at the end
      extremity of the thread winder; and a stop position control section 5 for
      momentarily stopping the cop feeder when the latter is moved to a position
      registering with a magazine 11 of the thread winder A.
PAR  C denotes a unit for replenishing cops to the containing section 1 of the
      cop feeder B comprising a conveyor belt 61 mounted in position above the
      winder frame and a chute section 62 projectedly mounted on the top of the
      feeder proper B. Said chute section 62 is positioned with its open end
      resting on the conveyor belt and facing in a reverse direction to that of
      movement of the conveyor belt for picking up the cops 10 transferred on
      the conveyor belt as the feeder proper reciprocates and for guiding the
      cops laterally and supplying them into said container section 1. An
      internal passage is provided in the container section 1 of the feeder
      proper B for accommodating the cops 10 in a horizontal and end-to-end
      relation, and the upper and lower limit switches SW.sub.1 and SW.sub.2
      (FIG. 2) are provided in suitable positions in the passage of the
      containing section 1 for sensing the quantity of cops stored in said
      passage.
PAR  These switches may be turned on and off for controlling the cop quantity
      supplied by the conveyor belt 61 and stored in the containing section.
PAR  In a modified embodiment (not shown), there may be provided a cop supply
      hopper to the winder frame for automatically supplying the cops therefrom
      into the cop-containing section 1 when the cop feeder B has reached the
      end extremity of the winder frame.
PAR  Feed-out section 2 provided at the lower end of the containing section 1
      for feeding the cops 10 into the charging unit comprises an arcuate
      control member 22 pivoted at the arcuate portion thereof and connected at
      the other end to a solenoid 21 which allows a cop to be fed when energized
      but normally holds the cop in said member 22; a stop member 23 pivotally
      mounted at one end back of the control member 22 so as to stop the rolling
      of the cop 10 and to be rotated synchronously with control member 22
      through gearing 24 to permit the passage of the cop; a movable support
      member 26 beneath said stop member 23 for carrying one end of the cop and
      connected to a, solenoid 25 so as to be rotated periodically to permit the
      descent of the cop selectively into either of a pair of juxtaposed guide
      channels 27a, 27b mounted respectively beneath said support member 26 and
      beyond the stop member 23 for guiding the cops to the charging section 3
      from the rotating support member 26 and from beyond the support member 26.
      In this way, two cops can be fed out selectively from the feed-out section
      into the charging section 3, but one or two or more cops may be supplied
      simultaneously by decreasing or increasing the number of support members
      26.
PAR  As shown in FIGS. 4 to 7, charging section 3 comprises a cop holder 30 for
      receiving and holding the cops 10 fed from feed-out section 2 by gravity;
      a lifting means 7 (FIGS. 2 and 5) for moving the holder 30 vertically to a
      cop-receiving position or to a cop-charging position proximate to the
      magazine 11; means 29 (FIG. 7) for synchronized rotation of the charging
      section 3 with that of the magazine 11 for maintaining the the charging
      position; a self-centering device 8 (FIGS. 4 and 5); and charging control
      means 9 (FIGS. 6a and 6b) for sensing the existence or non-existence of
      the cops in the cop pocket of the magazine 11 and accordingly charging the
      cops held by the holder 30 or refraining from charging them. Said lifting
      means 7 is so constructed that the cop holder 30 is carried movably by
      part of a lifting frame 70 (FIGS. 2, 4 and 5) pivotally mounted to
      stationary portion B, of cop feeder B and comprises cam 73 (FIGS. 4 and 5)
      mounted on cam shaft 72 rotatably carried at the ends thereof by brackets
      71, and cam follower 710 mounted on transverse rod 711 which is mounted in
      turn on lifting frame 70. The lifting frame 70 can thus be swung
      essentially vertically with rotation of cam shaft 72.
PAR  An end gear on the cam shaft 72 engages with end gear 761 on rotatable
      shaft 76 connected to the driving means 40 of the driving section 4
      through motion-transmitting means 74 (FIGS. 2 and 3) and magnetic clutch
      75. The magnetic clutch 75 is controlled by switches LS.sub.2 and LS.sub.3
      (FIG. 5) operated respectively by cams 77, 78 mounted on the end of cam
      shaft 72 and by sensor switch SW.sub.3 (FIG. 2) in stop position control
      section 5. The operation of this section will be described below with
      reference to controlling the rotation of cam shaft 72.
PAR  A stop means 79 (FIG. 4) for cam-shaft 72 comprises a stop cam 792 having a
      recessed groove 791 and rotatable integrally with cam-shaft 72, and a
      roller 795 pivotally mounted at the base end to support bracket 71 and
      abutting with a light pressure on said stop cam 792 under the force of
      spring 793. This stop means engages and holds the cam shaft 72 as the
      lifting frame 70 is elevated to the receiving position for safeguarding
      the shaft 72 and the lift frame 70 from shifting during travel of the cop
      feeder B.
PAR  A spring 702 is mounted under tension between a boss 701 on the base end of
      lift frame 70 and the bracket 71 to resiliently compensate for any
      rotational moment due to the weight of the lift frame 70 and the holder
      30. The self-centering device 8 is mounted to the foremost part of the
      lift frame 70 for pivotally carrying the holder 30 and comprises a
      swingable guide frame 80 having an arcuate shape concentric with that of
      the magazine 11 and formed with horizontal and vertical guide rails 83, 84
      on the upper and the lower surfaces thereof, and guide wheels 81, 82
      mounted on the back surface of the holder 30 are perpetually received
      within these guide rails so that the holder 30 is movable along the
      arcuate passage in synchronism with the magazine 11.
PAR  Self-centering operation of the holder 30 is attained by a device
      comprising a lever arm 85 having an oblong slot 851 at its end for
      engaging with a boss 31 on the holder 30 and pivotally mounted at its base
      end 852 to the lifting frame 70, and a traction cord 87 fastened to one of
      a series of openings 86 (FIG. 5) formed on the lever arm 85 and coupled at
      the other end with a weight, now shown, through rollers 88, 89. The lever
      arm 85 is forced into partial rotation under traction of the cord 87 for
      permanently positioning the holder 30 in the cop-receiving position.
PAR  As shown in FIG. 5, the holder 30 is formed into a sector shape having
      substantially the same radius of curvature as that of magazine 11 and is
      provided with a pair of longitudinal cop-receiving cavities 32a, 32b in
      registry with the guide channels 27a, 27b of the feed-out section 2 and
      with the distance between adjacent pockets 15 in magazine 11. As shown in
      FIGS. 5, 6a, 6b and 7, cover plates 33, 33 are pivotally mounted adjacent
      to the lower ends of the cavities 32 and the cover plate 33 is urged to
      move upwards by a spring 332 (FIG. 7) mounted about pivot 331. The spring
      force of the spring 332 is selected to be such that the cover plate 33 is
      normally held against the open end of the cavity 32 but can be lowered
      under the weight of the cop contained within the cavity 32.
PAR  Said cover plate 33 may be made from a thin resilient plate and secured at
      the base end and in this case, the spring 332 may be dispensed with.
PAR  A charging control device 9 is provided as shown in FIGS. 6a, 6b and 7 at
      the base end of the cover plate 33. This charging control means 9
      comprises an engaging lever 91 pivoted at its upper end and contacting at
      its lower end projection 35 on the base end of the cover plate 33, and
      control lever 93 mounted in proximity to said engaging lever 91 and
      adapted for partial rotation on energization of a solenoid 92 for
      disengaging the lever 91 from the projection 35 on the cover plate 33. The
      arrangement is such that, as the holder 30 is lowered, cover plate 33 is
      opened by disengagement of the lever 91 from the projection 35 thus
      permitting the cop to drop of its own weight, but if there is already a
      cop in the cop-receiving pocket 15 (FIG. 7) in the magazine, the cover
      plate 33 is prevented from opening by its contact with the top end of the
      cop (FIG. 6b), and kept closed by reengagement of the lever 91 with the
      projection 35 just before the holder 30 starts its upward stroke. In this
      way, the charging of the cops 10 can be controlled through sensing the
      presence or absence of cops in individual pockets of the magazine 11.
      Detector switches SW.sub.4 and SW.sub.5 (FIG. 5) provided with feeler
      means facing to the inside of the cavities 32 or photocell type detectors
      (not shown) are also mounted in opposition within said cavities 32a, 32b
      for detecting the existence of cops in the cavities 32 for selective
      actuation of the feed-out section 2. Said holder 30 usually holds one or
      more cops for charging them simultaneously into the magazine.
PAR  The structure of feedout section 2 is shown in more detail in FIGS. 18 and
      19.1 to 19.5. Referring first to FIG. 18, the feed-out section 2 is
      disposed beneath the containing section 1 and comprises the feeding device
      2a for feeding two cops 10 sequentially to the charging section 3 and the
      guide trough 2b for guiding the thusly-fed cops therealong.
PAR  The feeding device 2a is disposed beneath the end opening of the bent
      passage of the containing section 1 and includes shafts 221 and 231
      extending across the machine frame between side wall 1a which is
      positioned closer to the thread winder and side wall 1b which is
      positioned opposite to the side wall 1a, said shafts being rotatably
      carried by and protruding through the walls 1a and 1b. At the frame sides
      of the side walls 1a and 1b, there are mounted, respectively, control
      members 22 and 22' and stop members 23 and 23' on each of the shafts 221
      and 231. The control member 22 is pivoted at the arcuate portion thereof
      and connected at the other end to solenoid 21 so as to prevent the feeding
      of the cop at its normal position. When the solenoid 21 is energized, the
      control member 22 is allowed to guide one cop to its arcuate portion,
      which cop is passed to the stop member 23 when the control member is
      turned back to its normal position, whereby the cops are sequentially fed
      one by one. Engaged gears 24 are fixedly mounted, respectively, on shafts
      221 and 231 at their end portions protruding outside of the side wall 1b
      for rotating said shafts 221 and 231 synchronously in opposite directions.
PAR  The bottom plate of the bent passage of the containing section 1 is
      extended to form carriage portions 1g and 1f for carrying end portions
      101a and 101b of the bobbin of the cop 10 to transport said cop 10 from
      the containing section 1 to the control member 22 and the stop member 23.
      The carriage portion 1f is shortened to extend only to the position
      substantially central of the extension from the control member 22 to the
      stop member 23. Along the extension from the control member 22 to the stop
      member 23, there is provided on the side wall 1a a slit 1h extending from
      the position substantially central of said extension for allowing
      insertion or removal therethrough of a swingable carriage plate, i.e.,
      support member 26 which when inserted into the machine frame through slit
      1h provides the remaining carriage pass for the end portion of the bobbin
      of the cop 10. The swingable carriage plate or support member 26 is
      fixedly mounted on rotatable shaft 252 which is rotatably carried by a
      bearing ring 251 disposed outside of the side wall 1a. The shaft 252 is
      rotated by a solenoid 25 through a lever 253 mounted at the bottom end
      thereof.
PAR  Further provided at the forward ends of the support member 26 and carriage
      portion 1g, i.e., in the forward and downward direction of the stop member
      23, are oppositely positioned separate plates 1e which are spaced from
      each other by a predetermined spacing for allowing the cop 10 to fall down
      therethrough.
PAR  Beneath the aforementioned feeding device 2a there is provided guide trough
      2b for receiving the cop 10 directly passed from or beyond the support
      member 26 and for transferring the same to the charging section 3, said
      trough comprising a pair of juxtaposed guide plates 27a and 27b.
PAR  The operation of the feeding device 2a is presented with reference to FIGS.
      19.1 to 19.5.
PAR  As shown in FIG. 19.1, the series of cops 10 sliding down from the
      containing section 1 are aligned sequentially and the first cop 10a is fed
      to the feeding device 2a but the subsequent cops are stopped by the
      control member 22 having arcuate portions with pointed end portions which
      abut against both end portions 101a and 101b of the bobbin.
PAR  When both slots 32a (FIG. 7) and 32b of the holder 30 are empty and receive
      no residual cops, detector switches SW4 and SW5 energize the solenoid 21
      (FIG. 18) and 25 to rotate the gears 24 (FIG. 18) synchronously, which in
      turn rotate the control member 22 (FIGS. 19.1 and 19.2) and the stop
      member 23 in opposite directions to feed cops to the slots 32a and 32b.
      As the result of this rotating operation, the cop 10a, which has been
      stopped by the stop member 23 and previously been supported by the
      carriage portion 1g at one end portion 101a and supported at the other end
      by the support plate 26, is now supported at only one end as the support
      plate 26 is removed from the carriage position, whereupon the cop 10a
      falls down onto the guide plate 27a with the end portion 101b turning to
      the downward side.
PAR  As shown in FIG. 19.3, the solenoids 21 and 25 are then deenergized to
      return back to the original position, whereupon the control member 22 is
      restored to its original position with the next cop 10b engaged with the
      arcuate portion thereof. The cop 10b is, thus, passed through the control
      member 22 to roll to the stop member 23 and stopped thereby.
PAR  Referring to FIG. 19.4 showing the next operation mode of the feeding
      device 2a, only the solenoid 21 is energized with the support member 26
      maintained in its carriage position to rotate the stop member 23 which has
      stopped the cop 10b, whereupon the cop 10b is passed through the stop
      member 23 beyond the separate plate 1c and dropped onto the guide plate
      27b with the end portion 101b turning to the downward side.
PAR  The solenoid 21 is then deenergized to restore the whole arrangement to the
      original or normal position with the cop 10c held by the stop member 23 as
      shown in FIG. 19.5.
PAR  In the case where either of the slots 32a and 32b of the holder is empty,
      either the stop member 23 or the support plate 26 is moved by the signal
      from the corresponding switch SW4 and SW5 to provide selective cop
      feeding.
PAR  As shown in FIG. 7, an engaging lever 36 has a hook 363 provided with a
      step 362 engageable with the rim of one of the cop-receiving pockets
      arranged in a circle in magazine drum 11. The engaging lever 36 is
      resiliently carried by means of a spring 37 by the lateral surface of the
      cop holder 30 and is normally projected downwards under the force of the
      spring 37. The downward movement of the cop holder 30 is sensed by a
      microswitch SW.sub.6 which thus controls the extent of descent of the
      holder 30 and detects whether the cavity 32 in the holder 30 is correctly
      aligned with the top of the receiving socket 15 in the magazine 11. The
      device so far described is also used as entrainment means whereby the
      holder 30 can be rotated in synchronism with rotation of the magazine drum
      11 when the latter rotates.
PAR  Said engaging lever 36 is normally urged downwardly by spring 37 and, when
      the cop holder 30 descends and the hook portion 363 on the lower end of
      the engaging lever protrudes into and engages with the cop receiving
      pocket 15 in the magazine 11, the cop holder 30 rotates simultaneously
      with rotation of the magazine 11. When the magazine 11 is in the course of
      rotation and the engaging lever 36 does not descend to the predetermined
      limit, swtich SW.sub.6 is turned on for momentarily stopping the descent
      of the engaging lever 36.
PAR  The travelling section 4a (FIG. 3) mounted on the lower part of the cop
      feeder B comprises a driving roller 41 (FIG. 2) and a driven roller 42
      both rolling on the rail 12, guide rollers 43 (FIG. 3) rolling on the
      lateral faces of the rail 12 for preventing the lateral deviation of the
      cop feeder B, and a guide roller 44 rolling on guide rail 13 mounted on
      the lateral surface of the thread winder A. The shaft of the drive roller
      41 is provided at one end with a braking device 45 of low braking power
      and is connected at the other end to a motion transmitting device 46
      through magnetic clutch 48 (FIG. 3) for driving simultaneously by the
      driving means 40.
PAR  The lower part of the cop feeder B is provided with a changeover unit 4b
      (FIG. 2) consisting of drive roller 41 and motion transmitting device 46.
      The changeover unit 4b may be so designed that a slidably mounted push rod
      47 is mounted engageably with a swingable plate 461 of motion-transmitting
      device 46. The ends of rod 47 project from both sides of the cop feeder B
      for making a changeover of the device 46 and reversing the rotation of the
      driving roller 41 when contacting stops 16 and 17 at both ends of the
      winder A at the end of the stroke of the push rod 47. In the alternative
      embodiment shown in FIG. 11, a changeover switch LS.sub.1 is provided in
      proximity to a flange 471 mounted on a push rod 47. The push rod 47 abuts
      on the stops 16, 17 at the stroke end and operates switch LS.sub.1 for
      making a changeover of the travelling control circuit and reversing the
      direction of movement of the cop feeder B.
PAR  The motion-transmitting device 46 (FIG. 2) carries a gear train on the
      swingable plate 461 with the shaft of drive roller 41 as center. The gear
      train meshes permanently with the gear of the drive roller 41 and can be
      disengaged from drive gear 401 of the drive unit 40 for reversing the
      rotational direction through idler gear 462.
PAR  Stop position control section 5 is so designed that the charging unit 3 of
      the cop feeder B can be halted in a position accurately registering with
      the cop pocket of the magazine 11 of the thread winder A and comprises an
      electrically operated primary control device and a mechanically operated
      secondary control device as shown in FIGS. 2 and 3. The primary control
      device comprises a magnet 52 (FIG. 3) mounted on a positioning plate 50
      secured to the winder A and in a registering position to the magazine 11.
      The magnet 52 operates a reed switch 53 fixed to the cop feeder B when the
      reed switch is positioned facing to the magnet and disconnects the clutch
      48 of the driving unit 4 thus causing the cop feeder B to coast by
      inertia. The secondary control device is so arranged that the feeder can
      be stopped precisely by a pin and groove connection comprising a detent
      pin 55 (FIG. 2) resiliently abutting on a positioning plate 51 on the
      winder A by a spring so as to be engageable with a groove 54 formed on the
      positioning plate 51 in the position facing to the magazine 11; a solenoid
      56 for forcibly lifting the detent pin 55 from the positioning plate 51,
      and a switch SW.sub.3 for sensing the engagement of the detent pin 55 with
      the groove 54 on the positioning plate 51. The cop feeder B can be
      positively stopped and held in the stop position by engagement of the
      detent pin 55 with the groove 54 on the positioning plate.
PAR  In FIG. 3, the numeral 49 denotes a unit mounted on the cop feeder B for
      receiving the current from the feeder line provided to the lateral face of
      the rail 12, the numeral 462 (FIG. 2) an idler permanently engaging with
      driving gear 401, the numeral 551 a pressure spring, the numeral 561 a
      shifter, the numeral 63 a chute guide for chute device 62, the numeral 611
      (FIG. 3) a belt guide for conveyor belt 61, the numeral 621 a belt lift
      for chute device 62, the numeral 751 a solenoid for magnetic clutch 75 and
      B.sub.1 (FIG. 4) a machine frame of the cop feeder B.
PAR  The apparatus so far described with reference to FIGS. 1 to 7 operates as
      follows:
PAR  The cop feeder B travelling on the rails with cops 10 held in the cop
      holder 30 assumes the cop-receiving position isolated from the row of
      magazines 11 and out of contact with any of the sections of the thread
      winder A. When the cop feeder B approaches a magazine 11, the magnetic
      clutch 48 and the brake device 45 are actuated by means of the
      electrically operated primary control device comprising a combination of
      the magnet 52 and the reed switch 53 and in a position ahead of the
      magazine by a predetermined angular measure. The drive roller 41 is now
      disconnected from the drive device 40 and, from that time, the feeder B
      travels by inertia at a reduced speed.
PAR  As the detent pin 55 of the mechanically operated secondary control device
      of the stop position control unit 5 snaps into the groove 54 on the
      positioning plate 51, the cop feeder B is stopped, and the switch SW.sub.3
      transmits an instruction signal for starting the cop supply for operating
      the magnetic clutch 75 and thereby setting the lifting means 7 into
      actuation. The rotary shaft 76 and the cam shaft 72 are now rotated and
      the lifting frame 70 is lowered to the cop-charging position in which the
      holder 30 is brought close to the magazine 11. The clutch 75 is
      disconnected by operation of the cam 77 and the switch LS.sub.2 facing
      thereto. When the engaging lever 36 engages with a cop-receiving pocket 15
      in the magazine 11 and hook 363 engages with the rim of the socket 15, as
      the cop holder 30 is lowered, the latter precisely assumes the
      cop-charging position, and the switch SW.sub.6 is not in operation.
PAR  The solenoid 92 of the charging control device 9 is energized instantly for
      rotating the lever 93 partially and disengaging the lever arm 91 from its
      contact with the projection 35 on the cover plate 33. The cop 10 so far
      held on the cover plate 33 is now dropped upon opening of the cover plate
      and charged into the cop-receiving pocket 15 in the magazine 11 (FIG. 6a).
PAR  If there are no cops in the two receiving pockets 15 of the magazine 11,
      two cops are charged simultaneously from the cop holder 30 and, if a cop
      or cops are held in one or both of the receiving pockets 15, rotation of
      the cover plate 33 is hindered by its abutment with the upper end of the
      remaining cop, as shown in FIG. 6b, even when the engaging lever 91 is
      disconnected from the projection 35. Thus, the cover plate 33 is not
      opened, and the cop-charging operation does not take place. When the
      engaging lever 91 is turned to its starting position prior to the
      elevation of the cop holder 30, the engaging lever 91 again engages with
      the projection 35 of the cover plate 33. Thus the cop is not supplied to
      the magazine charged with the remaining cop, but again held and stored in
      the cop holder. According to the present invention, the presence or
      absence of cops in the magazine 11 can be sensed by a highly simplified
      mechanism for attaining selective cop charging into the magazine.
PAR  When the timing of descent of the holder 30 of the cop charging section 3
      coincides with that of the revolution of the magazine 11 of the thread
      winder A, the engaging lever 36 abuts on the upper surface of the magazine
      11 in the course of descent of the cop holder 30, and does not snap into
      the cop receiving pocket 15. Thus, the switch SW.sub.6 is depressed for
      the time being for halting the holder 30 in the abovementioned position,
      while the solenoid 92 of the charging control means 9 is not energized. As
      the magazine 11 rotates further and the engaging lever snaps into the
      cop-receiving pocket 15, the holder 30 is entrained in rotation by the
      magazine 11. The above-mentioned cop charging process is started when the
      cop-receiving socket 15 in the magazine 11 is correctly aligned with the
      slot 32 in the holder 30 and ready for cop charging.
PAR  When the magazine 11 is rotated for cop exchange operation while the cop is
      being charged from the holder or while the cop is held by both the
      magazine 11 and the holder 30, since the hook 363 of the engaging lever 36
      of the entraining means 29 is engaged with the rim of the cop receiving
      pocket 15 in the magazine 11, the holder 30 is entrained in rotation
      integrally with rotation of the magazine and travels therewith along guide
      rails 83, 84 of guide frame 80. The cop charging can thus be completed in
      the manner described above while the relative position is maintained
      positively between the cavity 32 in the holder 30 and the cop-receiving
      pocket 15 in the magazine 11.
PAR  Upon completion of the cop-charging operation, the control lever 93 of the
      charging control device 9 is returned to its starting position, while the
      holder 30 is elevated to its starting position and halted there by the cam
      shaft 72 under operation of the clutch device 75, and the detent pin 55 of
      the stop position control section 5 is detached simultaneously from the
      groove 54 on the plate 51. In this way, the driving roller 41 of the
      travelling unit 4a is set into rotation for transferring the feeder to the
      next magazine where the charging operation is repeated in the manner as
      described in the foregoing.
PAR  When the holder 30 is elevated to the cop-receiving position beneath the
      feed-out unit 2, the cop 10 is checked for its presence in the holder 30
      by means of the sensor switches SW.sub.4 and SW.sub.5, having feeler means
      intruding into the cavities 32a, 32b of the cop holder 30. The solenoids
      21, 25 are energized in accordance with the presence of the cops thus
      checked by the sensor switches for selectively supplying the cops into the
      cop holder 30.
PAR  The stop position control unit 5 may be constructed as shown in FIGS. 11
      and 12 wherein the cop holder 3 of the cop feeder B is brought to a stop
      in a precisely registering position with the cop pocket in the magazine 11
      and for every alternate magazine mounted on the thread winder A while the
      feeder B proceeds in the one direction and for the intermediate magazines
      while the feeder proceeds in the other direction for its return traverse.
      This construction can be realized by providing a suitable electric circuit
      to the cop feeder whereby every other signal transmitted from the
      positioning plates mounted suitably on the machine frame of the thread
      winder with the pitch of the magazines is sensed for operating the
      magnetic clutch 48 of the driving roller 41 and the braking device 45, or
      providing two series of positioning plates alternately on the winder and
      two series of sensing means on the feeder corresponding to said
      positioning plates and making a changeover at the stroke end of the feeder
      between said two series of sensing means.
PAR  In the present embodiment, magnetized rectangular positioning members 51a,
      51b (FIG. 11) are arranged on the positioning plate 50 on the winder A so
      that every other positioning member is placed perpendicular to the general
      direction of the positioning members. Two reed switches lsA, lsB are
      mounted at right angles to each other on the cop feeder B so that these
      reed switches can be turned on when registering with the respective
      directions of the positioning members 51a, 51b. These switches lsA, lsB
      are connected in parallel in the stopping circuits 94A, 94B (FIG. 13) of
      the travel control circuit 94 of the travelling unit 4a for making a
      changeover between the two stop circuits by operation of the changeover
      switch LS.sub.1 of the changeover unit 4b.
PAR  The stop position control unit 5 (FIG. 11) consists essentially of an
      electrically operated primary control means operable to turn on reed
      switches lsA, lsB (FIG. 12) mounted on the feeder B when the latter are
      brought into registering position with the positioning members 51a, 51b
      (FIG. 11) for disconnecting the clutch 48 (FIG. 3) of the travelling unit
      4a for setting the feeder B into inertia rolling and a mechanically
      operated secondary control means whereby the feeder can be stopped
      accurately along the rail, as in the preceding embodiment, but the unit 5
      of the present embodiment has an electrical circuit for controlling the
      travel and operation of the feeder, as illustrated in FIG. 13.
PAR  Driving circuit 95 is so designed that starter push button PB energizes a
      magnetic switch MS and a relay R.sub.1, and motor IM of the drive unit 40
      is permanently driven by the self-hold of relay R.sub.1.
PAR  The travel control circuit 94 comprises two parallel stop circuits 94A, 94B
      for feeder travel, one of which is selectively connected by changeover
      switch LS.sub.1 of the changeover unit 4b to an operating electrical
      source 96. The control of the on-off performance of the changeover switch
      is associated with operation of the microswitches LS.sub.2, LS.sub.3
      mounted in opposition to the cams 77, 78 secured to the end of the cam
      shaft 72 of the lifting unit 7. These stop circuits 94A, 94B are formed by
      series connections of reed switches lsA, lsB mounted facing positioning
      members 51a, 51b secured to the winder A, and by relays R3, R4 to be
      energized respectively by these switches lsA, lsB. As the relay R3 or R4
      is energized, the magnetic braking device MB, connected to the braking
      circuit 97, is operated at the same time that the travel circuit 98
      including a parallel connection of the magnetic clutch 48 of the travel
      unit 4a and the solenoid 56 of the stop position control section 5 is
      opened for deenergizing the solenoid 56 and the magnetic clutch 48
      simultaneously. The detent pin 55 abuts slidingly on the positioning plate
      51 under the force of spring 551 until it snaps into the groove 54 to
      positively stop the feeder.
PAR  Operating circuit 99 of the lifting unit is turned on by the sensor switch
      SW.sub.3 of the stop position control unit 5 when any one of the stop
      circuits 94A, 94B is turned on and the detent pin 55 of the control unit 5
      has snapped into the groove 54 of the positioning plate 51 to stop the
      feeder B in position. The magnetic clutch device 75 (MC.sub.2) of the
      lifting unit 7 is now connected and the control cam shaft 72 of the
      lifting unit 7 starts its rotation. The holder 30 is now lowered for
      charging the cop into the magazine 11 and again raised to its original
      position by one full revolution of the cam 73 mounted on the cam shaft.
      While the switches LS.sub.2, LS.sub.3 are normally closed by the cams 77,
      78 mounted on the cam shaft 72, the switch LS.sub.2 is opened momentarily
      in the course of revolution of the cam shaft 72 for disconnecting the
      magnetic clutch device 75 (MC.sub.2). The control shaft 72 and hence the
      lifting frame 70 is now no longer driven and allowed to rotate by inertia
      for a predetermined period. Thereafter, the switch LS.sub.3 is depressed
      and closed to make the travelling circuit 98. The solenoid 56 of the stop
      position control unit 5 is now energized, and the detent pin 55 is
      elevated from engagement with the groove 54 of the positioning plate 51,
      while the magnetic clutch 48 is connected for setting the driving roller
      41 into rotation and starting the travel of the cop feeder, and the switch
      LS.sub.2 is again closed. The cop feeder is thus moved to the next stop
      position.
PAR  Cop-supply unit C is preferably constructed as a chute device as shown in
      FIGS. 8 to 10. This chute device 62 comprises trough-shaped guide
      passageway 63 secured at the lower end to the containing section 1 of the
      feeder B, belt floating device 100 for belt conveyor 61 secured to the
      upper end of the guide passageway 63, and guide trough 621 for the cop 10
      also secured to the upper end of the guide passageway 63 for floating the
      travelling belt 61.
PAR  The floating device 100 is so constructed that the bottom plate of the
      trough-shaped guide passageway 63 resting on lateral guide plate 611 on
      the cop take-out side of the belt conveyor 61 and facing to the belt path
      is inserted below the belt 61 for uplifting the latter from the upper end
      of the guide plate 611. Guide means 101 such as curved surface or rollers
      is provided on the both edges of the bottom plate or at least on the sides
      opposite to the direction of movement of the conveyor belt for reducing
      the wear and the resulting destruction of the belt 61.
PAR  Guide trough 621 is constructed of a pair of bent plates opened in the
      direction of movement of the conveyor belt 61. The foremost part of one of
      the bent plates is formed as an upright wall adjacent to the guide plate
      611, and the other bent plate provides a slit 622 for belt passage between
      the guide passageway 63 and the bottom plate and extends along the inner
      surface of the guide plate 611. The cop 10 conveyed on the belt 61 guided
      by these bent plates is thereby safeguarded from falling laterally at the
      belt floating zone and can be diverted into passageway 63 from the opening
      between the bent plates.
PAR  In the embodiment shown in FIGS. 14 to 17, the guide rail 13 and the
      travelling rail 12 are mounted in juxtaposition on the front side of the
      thread winder A, and three feeder lines R, S, T connected to a three-phase
      power source and a signal line X are provided in bus duct 112 mounted on
      one side of the travelling rail 12. A travelling cop feeder B mounted for
      reciprocating on the rails 12, 13 along the front side of the thread
      winder A is provided with a stop position control device and a
      cop-charging device for charging the cops 10 sequentially into each
      magazine 11 as it reciprocates along the thread winder, and a conveyor
      device C is mounted in position above the thread winder for replenishing
      the cops into the feeder.
PAR  This conveyor device C consists of an endless belt conveyor 61 mounted over
      the length of the winder A and running at a higher speed than that of the
      cop feeder B, a lifting conveyor 113 (FIG. 14) for supplying the cops to
      the conveyor 61, and stock hopper 114 for supplying the cops to the
      conveyor 113. The cops 10 contained in the hopper 114 are loaded by
      feed-out rotor 115 onto said lifting conveyor one by one in alignment with
      each other. The various components of the conveyor device C are driven in
      synchronism by motors M.sub.1 and M.sub.2.
PAR  The travelling cop feeder B consists of a chute device 62 (FIG. 16)
      slidably resting on said conveyor 61 for receiving and diverting the cops
      through its opening; a containing section 111 for containing a
      predetermined quantity of the cops 10 supplied through said chute device
      62; a feed-out section 116 adjacent to the lower end of the containing
      unit for sequential transfer of the cops 10; a charging section 117
      including a cop holder 30 adapted to receive the cops thus fed and to be
      raised and lowered for charging the cop into the magazine 11; a driving
      section 4 for driving the charging section; a changeover section 4b for
      reversing the direction of reciprocation of the feeder B at the extreme
      ends of the winder proper; and a stop position control section, not shown,
      for stopping the feeder in position for supplying the cops into the
      magazine. Said containing unit 111 has a bent guide passage 118 for the
      purpose of preventing the cops from levelling or assuming any other
      undesirable attitudes. Sensing members K.sub.1, K.sub.2 and K.sub.3 are
      mounted in the upper, mid and lower sections and facing to the inside of
      the passage 118 for actuation by the cops 10, and limit switches SW.sub.1,
      SW.sub.2, SW.sub.7 are operatively associated with said sensing members
      for bringing the conveyor belts 61 and 113 (FIG. 14) of the conveying
      device C to a standstill. The limit switch SW.sub.1 (FIG. 16) senses the
      passage 118 filled to capacity for terminating the cop delivery into the
      containing unit, while the limit switches SW.sub.2 and SW.sub.7 are
      provided as fail safe devices for stopping the supply of cops in the case
      of filling of the passageway to capacity and as sensing devices for
      sensing the cop shortage and issuing an instruction signal for cop
      replenishment into the containing unit. Collector brushes 119, 120, 121
      and 122 (FIGS. 15 and 17) are provided as current receiving device 49 on
      the lower part of the feeder, said brushes corresponding to the feeder
      lines R, S, T and the signal line X, respectively.
PAR  The driving control circuit used in the present embodiment is shown in FIG.
      17 wherein RY.sub.0, RY.sub.1 and RY.sub.2 denote relays, ry.sub.1,
      ry.sub.2 and ry.sub.3 are relay contacts actuated by said relays, the
      numeral 40 denotes a feeder driving motor, M1 and M2 denote driving motors
      for lifting and supply conveyors 61, 113, Sa and Sb denote switches for
      driving and stopping the feeder, C.sub.0, C.sub.1 and C.sub.2 are the
      circuits mounted to the conveying device and operable for transmitting the
      instructions for starting and cop replenishment, and C.sub.3, C.sub.4 are
      the circuits provided to the conveying device and operable on reception of
      signals transmitted from the feeder.
PAR  It is to be noted that the above circuits may be replaced by any other
      device for establishing a signal communication between the feeder B and
      the conveying device, such as a wireless communication system or a
      mechanical interlock changeover control device or a device controlled by
      light rays, electromagnetic radiation or sound waves.
PAR  The operation of the driving control circuit will be explained by referring
      to FIG. 17. When the push button switch Sa of the cop feeder B is closed,
      the starter circuit C.sub.0 is closed, and the motor circuit C.sub.1 is
      closed through relay RY.sub.0 for driving the motor 40 and the feeder B in
      reciprocation. When the quantity of cops 10 in the containing section 111
      of the feeder B falls to a level lower than the sensing member K.sub.3 and
      it becomes necessary to feed cops into the containing section, no pressure
      is applied to the sensing members K.sub.1, K.sub.2 and K.sub.3. The limit
      switches SW.sub.1, SW.sub.2 and SW.sub.7 are closed by the sensing members
      K.sub.1, K.sub.2 and K.sub.3, and the circuit C.sub.2 in the feeder B for
      transmitting the instructions for cop replenishment is closed. The
      instruction signal is transmitted from relay RY.sub.1 through line R and
      signal line X to the conveying device C and energizes the relay RY.sub.2
      of the relay circuit C.sub.3. The cop supply circuit C.sub.4 is closed for
      driving the lifting and supply conveyors 61, 113. Thus, the cops 10 on the
      conveyor 61 can be supplied into the containing section 111 through the
      chute device 62 not only when the feeder B is stationary or travelling in
      the direction opposite to that of the conveyor 61, but when the feeder is
      travelling in the same direction as the conveyor 61, thanks to the greater
      velocity of the conveyor 61 than of the feeder B. When the cops supplied
      into the containing section 111 act on the sensing member K.sub.3 for
      opening the limit switch SW.sub.7, the supply conveyor is still driven due
      to the self-hold of the relay R.sub.1 and the closure of the limit
      switches SW.sub.1, SW.sub.2. As the cops are stored further and act on the
      sensing member K.sub.2 for opening the limit switch SW.sub. 2, since the
      limit switch SW.sub.1 is still closed, the supply of cops is continued
      through the conveyor belt. When the cops are stored further and act on the
      sensing member K.sub.1 for opening the limit switch SW.sub.1, the circuit
      C.sub.2 for transmitting the instruction signal for cop replenishment is
      opened for bringing the supply and lifting conveyors 61, 113 to a
      standstill and terminating cop replenishment. When the cop quantity in the
      containing section falls to a level lower than the sensing member K.sub.3,
      as the cops are supplied to each magazine from the reciprocating cylinder,
      the conveying device is started in the same way as above for preforming
      cop-replenishing operation. The feeder B is brought to a stop by
      depressing the switch Sb. In the meantime, the sensing member K.sub.2 is
      provided for the purpose of preventing malfunction caused by chattering of
      the uppermost sensing member K.sub.1 resulting from each cop charging
      operation.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made in carrying out the above method and in
      the constructions set forth without departing from the spirit and scope of
      the invention, it is intended that all matter contained in the above
      description and shown in the accompanying drawings shall be interpreted
      and not in a limiting sense.
PAR  It is also to be understood that the following claims are intended to cover
      all of the generic and specific features of the invention herein
      described, and all statements of the scope of the invention which, as a
      matter of language, might be said to fall therebetween.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for automatically supplying cops to a plurality of rotatable
      magazines of a thread winder, each of said magazine having a plurality of
      pockets for holding cops, comprising guide means proximate said thread
      winder, said guide means being essentially as long as said thread winder,
      a movable cop-feeder on said guide means, first driving means for moving
      said cop-feeder back and forth along the length of said guide means and
      into registry with any of said magazines, and halting means for halting
      said cop-feeder in registry with any of said magazines, said cop-feeder
      including a cop-storage section, a rotatable cop-holder movable between
      two positions, said cop-holder having at least one cavity for holding a
      cop, said cop-holder in the first of said positions being adapted for
      receiving at least one cop from said cop-storage section and in the second
      of said positions being adapted for transferring at least one cop to a
      magazine, means for feeding cops from said cop-storage section to said
      cop-holder, means for moving said cop-holder reciprocally between said two
      positions, said cop-storage section and said magazine being in
      spaced-apart relation, and means for transferring cops by gravity from
      said cop-holder to said magazine.
NUM  2.
PAR  2. The apparatus as defined in claim 1 further comprising first sensing
      means for detecting whether a cop is present in a cavity in said cop
      holder, and first stopping means controlled by said first sensing means
      for prevention of transfer of a cop from said storage section to said
      cop-holder when a cop is present in said cavity.
NUM  3.
PAR  3. The apparatus as defined in claim 1 further comprising second sensing
      means for detecting whether a cop is present in a pocket in a magazine
      when said cop-holder is in position for transfer of a cop to said pocket,
      and second stopping means, controlled by said second sensing means for
      preventing transfer of a cop from said cop-holder to said pocket of said
      magazine when a cop is present in same.
NUM  4.
PAR  4. The apparatus as defined in claim 3 wherein said cop-holder includes a
      hook, spring-loaded toward said magazine and adapted to ride over the
      surface of a rotatory magazine until said hook is engaged by the rim of a
      pocket and then to engage said rim of said pocket, thereby entraining said
      cop-holder into synchronous rotation with said magazine; and second
      circuitry means controlled by the position of said hook and connected to
      said second stopping means for preventing transfer of a cop of said
      magazine when said hook is not engaged by the rim of a pocket.
NUM  5.
PAR  5. The apparatus as defined in claim 1 further comprising automatic means
      for automatic transfer of cops to said storage section of said cop-feeder,
      said automatic means being affixed to and travelling with said cop-feeder.
NUM  6.
PAR  6. The apparatus as defined in claim 5 wherein said storage section has
      therein upper and lower limit sensors and switching means for contolling
      said means for driving said conveyor, said limit sensors closing said
      switching means when the number of cops in said storage section falls
      below a selected limit and opening said switching means when the number of
      cops in said storage section rises above a selected limit.
NUM  7.
PAR  7. The apparatus as defined in claim 1, further comprising a belt conveyor
      for bringing cops to said cop-feeder.
NUM  8.
PAR  8. The apparatus as defined in claim 7 wherein said automatic means is a
      chute for transferring cops from said conveyor to said storage section of
      said cop-feeder, said chute having a receiving end so oriented with
      respect to the direction of travel of said conveyor as to accept cops from
      said conveyor, and second driving means for driving said conveyor, said
      second driving means being capable of moving said belt conveyor
      sufficiently rapidly to bring cops to said chute at a rate greater than
      said cop-feeder can feed cops to a magazine regardless of whether said
      feeder is stationary or travelling in the moving direction of said
      conveyor.
NUM  9.
PAR  9. The apparatus as defined in claim 8 wherein said automatic means further
      comprises a guide plate and belt lifter for moving said belt upward to
      permit passage of said guide plate under said belt and for directing cops
      into said receiving end of said chute.
NUM  10.
PAR  10. The apparatus as defined in claim 1 wherein said first driving means
      includes first circuitry means for bringing said cop-feeder into registry
      with alternate magazines for feeding cops thereinto as it travels in one
      direction from one end of said thread winder to the other and for bringing
      said cop-feeder into registry with the intermediate magazines for the same
      purpose as the cop-feeder makes the return trip.
NUM  11.
PAR  11. The apparatus as defined in claim 10 wherein said first circuitry means
      includes means for reversing the direction of travel of said cop-feeder on
      reaching either end of said thread winder.
NUM  12.
PAR  12. The apparatus as defined in claim 8 wherein said first circuitry means
      is adapted to cut off the power to said first driving means before said
      cop-feeder comes into registry with a magazine, the inertia of said
      cop-feeder being great enough to bring same into the desired registry,
      whereby said cop-feeder comes into registry at a lower velocity than would
      be the case if it were power-driven into registry, and decreasing the
      shock and vibration involved in bringing said cop-feeder to a halt.
NUM  13.
PAR  13. The apparatus as defined in claim 1 wherein said cops are held parallel
      to each other in said storage sections.
NUM  14.
PAR  14. Method for automatically supplying cops from a movable cop-feeder to a
      multiple-position automatic thread winder having a magazine at each
      position, each magazine having therein a plurality of pockets for holding
      cops, said cop-feeder including a cop-storage section, a cop-holder having
      at least one cavity therein for holding a cop and at least one channel for
      transferring a cop from said cop-storage section to said cavity, said
      cop-holder being reciprocatable from said channel to said magazine,
      comprising the steps of moving said cop-feeder into registry with a
      winding unit, bringing said cop-holder into position for receiving a cop
      in said cavity from said cop-storage section through said channel,
      detecting whether said cavity is empty, feeding a cop from said channel
      into said cavity if empty, moving said cop-holder to said magazine,
      bringing said cavity into registry with a pocket in said magazine,
      detecting whether said pocket is empty, and transferring said cop by
      gravity from said cavity to said pocket if said pocket is empty.
NUM  15.
PAR  15. The method as defined in claim 14, further comprising the steps of
      returning said cop-holder to said receiving position and moving said
      cop-feeder into position for transferring cops to another magazine.
NUM  16.
PAR  16. The method as defined in claim 15, wherein said other magazine is the
      next but one from said magazine.
NUM  17.
PAR  17. The method as defined in claim 15 wherein said magazines are spaced
      along a line having two ends, and said cop-feeder is moved in a first
      direction along said line, stopping at each alternate winding position for
      feeding cops as required to the corresponding magazine, said interrupted
      movement in said first direction continuing until one end of said line is
      reached, reversing the direction of movement of said cop-feeder, stopping
      said cop-feeder at the remaining winding positions for feeding cops as
      required to the corresponding magazines, continuing said interrupted
      movement in said reversed direction until the other end of said line is
      reached and converting the direction of movement of said cop-feeder to
      said first direction.
NUM  18.
PAR  18. The method as defined in claim 15 further comprising the steps of
      cutting off the power to the driving means used for moving said cop-feeder
      from one magazine to said other magazine sufficiently short of completion
      of the transfer to allow said cop-feeder to slow down as the remainder of
      the transfer is completed by inertia, thereby minimizing shock and
      vibration as said cop-feeder is brought into position with respect to said
      other magazine.
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ABST
PAL  An improved traverse device of a winding apparatus for simultaneously
      taking-up a plurality of threads so as to simultaneously form a plurality
      of thread packages, the traverse device provided with a common traverse
      cam for creating traverse guide motion of a plurality of thread guides
      which are slidably mounted on a guide rail means disposed in parallel
      condition to a longitudinal axis of the traverse cam. The common traverse
      cam is provided with at least a pair of helical endless guide grooves
      formed on the cylindrical surface thereof and a ring shaped guide groove
      formed between the above-mentioned endless guide grooves. An axially
      inside portion of each of said endless guide grooves is connected to said
      ring shaped guide groove by way of an auxiliary guide groove formed on the
      cylindrical surface of said traverse cam. The guide rail means is provided
      with a cut-out portion at a position facing the ring shaped guide groove.
      Each thread guide is slidably engaged with one of the above-mentioned
      endless guide grooves separately.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a device for simultaneously traversing
      thread guides of a winding apparatus for taking-up a plurality of threads,
      more particularly, relates to a device for simultaneously traversing
      thread guides of a winding apparatus comprising at least one take-up unit
      provided with a common cylindrical traverse cam, wherein at least a pair
      of endless traverse cam grooves are helically formed on the cylindrical
      surface thereof so that each thread guide is capable of sliding along the
      corresponding cam groove while traversing along the axial direction of the
      common cylindrical traverse cam.
PAR  The above-mentioned device for simultaneously traversing thread guides of a
      winding unit is hereinafter referred to as a traverse device.
PAR  It is well-known that, in the conventional traverse device, a pair of
      horizontal traverse guide rails are mounted on a cam box which covers a
      cylindrical traverse cam provided with an endless traverse cam groove
      helically formed on the cylindrical surface thereof, and the traverse
      motion of a thread guide is guided by the above-mentioned horizontal
      thread guide rails in such a condition that the thread guide is
      reciprocally displaced along a horizontal guide groove formed between the
      above-mentioned guide rails, while the thread guide is sliding along the
      traverse cam groove and, therefore, very strong shock is repeatedly
      imparted to the thread guide at both terminals of the traverse motion
      thereof. Accordingly, it is frequently necessary to change the thread
      guide when the thread guide is worn.
PAR  In the above-mentioned conventional traverse winder, when it is required to
      change the thread guide, it is inevitable to separate the traverse guide
      rails from the cam box. And, after mounting of a fresh thread guide on the
      traverse cam, very delicate adjustment of the relative positions of the
      traverse guide rails in parallel condition to the longitudinal axis of the
      traverse cam is required. Consequently, the above-mentioned change of
      thread guide is carried out by very troublesome and skillful manual
      operation.
PAR  In the winding apparatus for taking up a plurality of threads by utilizing
      a traverse cam unit, the traverse cam is driven at very high speed so that
      the above-mentioned wear of the thread guides becomes a more serious
      problem, because of the very troublesome exchange of the thread guides.
PAR  The principal object of the present invention is to provide a device for
      simultaneously traversing thread guides of a winding unit for taking-up
      plural threads whereby the above-mentioned problem caused by changing the
      thread guides is perfectly solved.
PAR  To attain the above-mentioned purpose of the present invention, the
      cylindrical traverse cam of the invention is provided with at least single
      pair of helically crossing endless traverse cam grooves, which are formed
      on the cylindrical surface thereof in symmetrical condition to each other,
      and also provided with a ring shaped guide groove formed on the
      cylindrical surface thereof at an intervened position between the
      above-mentioned pair of endless traverse cam grooves. Each traverse cam
      groove is connected to the ring shaped guide groove at a position adjacent
      to the ring shaped guide groove so as to form passages for easily
      displacing the thread guides from the respective endless traverse cam
      grooves to the ring shaped guide groove and vice-versa. Since the
      cylindrical traverse cam is provided with the above-mentioned particular
      construction, the changing operation of the thread guides can be carried
      out manually by simple manual operation.
DRWD
PAC  BRIEF EXPLANATION OF THE DRAWINGS
PAR  FIG. 1 is a schematic side view, partly in section, of a traverse device of
      a conventional winding apparatus.
PAR  FIG. 2 is a developed view of the endless traverse cam grooves formed on a
      cylindrical traverse cam, which may be understood as a starting point to
      create the present invention.
PAR  FIG. 3 is a developed view of the endless traverse cam grooves formed on a
      cylindrical traverse cam according to the present invention.
PAR  FIG. 4 is a schematic front view of the guide rails mounted on the cam box,
      according to the present invention.
DETD
PAC  DETAILED EXPLANATION OF THE INVENTION
PAR  For the sake of better understanding of the characteristic feature of the
      present invention, the starting point of the idea to create the present
      invention is firstly explained.
PAR  Referring to FIG. 1, in the conventional traverse winding unit, a thread 1
      introduced to the take-up mechanism is wound on a bobbin 2 so as to form a
      thread package 3 which is rotated by frictional contact with a friction
      roller 4. During the above-mentioned winding operation, the thread 1 is
      traversed along an axial direction of the friction roller 4 by means of a
      traverse device 5. The traverse device 5 comprises a cylindrical traverse
      cam 6 rotatably mounted on the frame of the winding unit in axially
      parallel condition to the friction roller 4, a cylindrical cam box 7
      provided with a horizontal aperture at a position facing the friction
      roller 4, wherein the traverse cam 6 is rotatably disposed, a pair of
      horizontal traverse guide rails 8, 9 secured to the cylindrical cam box 7
      at the horizontal edge portions of the above-mentioned aperture so that a
      horizontal guide groove is formed between the traverse guide rails 8 and
      9, a thread guide 10 slidably engaged in the above-mentioned horizontal
      guide groove, and a pair of cover plates 11 and 12 secured to the traverse
      guide rails 8 and 9, respectively, so that the above-mentioned horizontal
      guide groove is protected from dust. The traverse cam 6 is provided with
      an endless helical guide groove 6a, and a roller 10a turnably mounted on a
      pin-shaft 10b projected from the thread guide 10 is slidably engaged in
      the guide groove 6a. Therefore, a quick traverse motion of the thread
      guide 10 along the above-mentioned horizontal guide groove can be created
      by the high speed rotation of the cylindrical traverse cam 6.
PAR  According to the above-mentioned quick traverse motion, the thread guide 10
      is worn rapidly, as already explained. Therefore, it is frequently
      necessary to exchange the thread guide 10 which has been worn for a fresh
      thread guide. However, the construction of the traverse device 5 is rather
      complicated for easy-changing of the thread guide 10. For instance, the
      traverse guide rails 8 and 9 should be removed from the cam box 7 when the
      used thread guide 10 is exchanged for a fresh thread guide. Since the
      space between the friction roller 4 and the traverse device 5 is not
      sufficiently large to permit the above-mentioned changing operation of the
      thread guide, it has been necessary to take off the traverse device 5 from
      the winding unit before changing the thread guides. To eliminate such
      troublesome operation, it has been proposed to use an auxiliary guide
      groove formed on the traverse cam at either axial sides thereof in such a
      condition that the auxiliary guide groove is offset from the endless
      helical guide groove 6a of the traverse cam 6. That is, when it is
      required to exchange the used thread guide for a fresh thread guide, the
      used thread guide is, firstly, taken from the traverse guide groove 6a by
      way of the auxiliary guide groove by turning the traverse cam and, next, a
      fresh thread guide is supplied to the traverse guide groove 6a by way of
      the auxiliary guide groove. Such system has been applied to the
      conventional traverse winder.
PAR  However, in the case the traverse winder wherein a plurality of threads are
      simultaneously taking-up the respective bobbins by way of the respective
      thread guides which are driven by a common traverse cam, since each thread
      guide is driven by its own helical guide groove formed on the common
      traverse cam, the above-mentioned operation for changing thread guides can
      not be applied to every thread guide.
PAR  At the beginning stage of creating the present invention, it was proposed
      to utilize the above-mentioned auxiliary guide groove only for the
      traverse guide groove 6a formed on either axial end portion of the common
      traverse cam and two adjacent endless traverse guide grooves were to be
      connected by a connecting guide groove. An example of this type of
      utilization of the common traverse cam 6 is shown in FIG. 2. In the common
      traverse cam 6 shown in FIG. 2, a pair of endless helical guide grooves A
      and B, which are identically shaped, are formed on the cylindrical surface
      of the cam 6.
PAR  Each guide groove A (B) is provided with a first portion 13a (13b) and a
      second portion 14a (14b) and the first portion and second portion are
      connected to each other at both ends portions thereof. When the thread
      guide 10c (10d) is sliding along the first portion 13a (13b), the thread
      guide 10c (10d) is displaced along the guide rails 8 and 9 toward the
      right hand direction in FIG. 2. On the other hand, the thread guide 10c
      (10d) is displaced along the guide rails 8 and 9 toward the left hand
      direction in FIG. 2 when the thread guide 10c (10d) is sliding along the
      second portion 14a (14b). The displacing direction of the thread guide 10c
      (10d) is changed at the connected portions of the first portion 13a (13b)
      and the second portion 14a (14b), respectively.
PAR  An auxiliary guide groove 15 is offset from the first portion 13b of the
      endless guide groove B at the position 17 adjacent to the axially end
      portion of the traverse cam 6 in such a condition that the inclined
      direction thereof is almost parallel to that of the second guide groove as
      shown in FIG. 2. A connecting guide groove 16 connects the first portion
      13a of the endless guide groove A to the second portion 14b of the endless
      guide groove B in such a condition that the connecting guide groove 16 is
      offset from the first portion 13a of the endless guide groove A at a
      position 18a adjacent to the inside connecting portion which connects the
      first portion 13a to the second portion 14a of the endless guide groove A.
      The connecting guide groove 16 is then curved toward the second portion
      14b of the endless guide groove B and connected to the middle portion 18b
      of the second portion 14b of the endless guide groove B. Consequently, the
      inclination of the connecting guide groove 16 with regard to the central
      axis of the common traverse cam 6 is identical to the inclination of the
      first portion 13a (13b). The above-mentioned curved portion of the
      connecting guide groove 16 is represented by a reference 16a in FIG. 2.
      During the take-up operation, the traverse cam 6 is rotated toward the X
      direction in FIG. 2. The traverse motion of the thread guides 10c and 10d
      along the axial direction of the traverse cam 6 is created, according to
      the above-mentioned rotation of the traverse cam 6.
PAR  When it is required to exchange the used thread guides 10c and 10d for
      fresh thread guides, firstly, the traverse cam 6 is turned toward the
      direction X shown in FIG. 2. According to the above-mentioned turning
      motion of the traverse cam 6, the thread guides 10c, 10d are carried from
      the second portions 14a and 14b of the respective helical guide grooves A
      and B to the first portions 13a and 13b of the respective endless guide
      grooves A and B, and; when these thread guides 10c and 10d are displaced
      to the offset portions 18a and 17 of the first portions 13a and 13b
      respectively, the traverse cam 6 is turned to the direction Y.
      Consequently, the thread guide 10d is displaced along the auxiliary groove
      15 toward a free end of the groove 15 so that the thread guide 10d is
      discharged from the traverse cam 6.
PAR  On the other hand, when the thread guide 10c is displaced to the terminal
      of the curved portion 16a, according to the above-mentioned turning motion
      of the traverse cam 6 toward the Y direction, then the traverse cam 6 is
      turned toward the X direction again. Therefore, the thread guide 10c is
      displaced along the connecting guide groove 16 toward the middle portion
      18b of the second portion 14b and then displaced along the second portion
      14b and the first portion 13b of the endless guide groove B. When the
      thread guide 10c arrives at the offset portion 17 of the first portion 13b
      of the endless guide groove B, the traverse cam 6 is turned toward the
      direction Y and, accordingly, the thread guide 10c is displaced along the
      auxiliary groove 15 and discharged therefrom. Next a fresh thread guide is
      inserted into the auxiliary guide groove 15 and the traverse cam 6 is
      turned toward X and, accordingly, this fresh thread guide is displaced to
      the offset portion 17 of the first portion 13b of the endless guide groove
      B. In this condition, the traverse cam 6 is turned toward the Y direction
      so that the fresh thread guide is displaced along the first portion 13b
      and the second portion 14b of the endless guide groove B and displaced to
      the middle portion 18b of second portion 14b, which is the terminal of the
      connecting guide groove 18. In this condition, the fresh thread guide is
      pushed into the connecting guide groove 18 manually. Thereafter, the
      traverse cam 6 is turned toward the Y direction so that the fresh thread
      guide is displaced to the curved portion 16a. When the fresh thread guide
      arrives at the terminal of the curved portion 16a, the traverse cam 6 is
      turned toward X so that the fresh thread guide is displaced to the offset
      position 18a of the first portion 13a of the endless guide groove A.
      Thereafter, the traverse cam 6 is turned toward the Y direction so that
      the insertion of a fresh thread guide into the endless guide groove A is
      completed. Next, a second fresh thread guide is manually inserted into the
      auxiliary groove 15 and then the traverse cam 6 is turned toward the
      direction X so that the fresh thread guide is displaced to the offset
      position 17 of the first portion 13b. In this condition, the traverse cam
      6 is turned to the Y direction so that the insertion of the fresh thread
      guide into the endless guide groove B is completed.
PAR  As mentioned above, the changing operation of the thread guide of the
      traverse cam 6 shown in FIG. 2 is carried out by a very complex
      combination of turning operations of the traverse cam 6. Further, since
      the traverse cam 6 is covered with the cylindrical cam box 7 provided with
      the guide rails 8 and 9, the confirmation of the relative positions of
      these thread guides 10c, 10d with respect to the endless guide grooves A
      and B is very difficult, particularly offset positions 17 and 18a and the
      middle position 18b. Accordingly, the above-mentioned changing system
      wherein the thread guides can be discharged from an auxiliary guide groove
      15 offset from the endless guide groove B can not be practically applied
      to the traverse device for simultaneously taking-up plural threads by
      separate bobbins.
PAR  Therefore, in the present invention, the key point is how to eliminate the
      drawbacks of the idea shown in FIG. 2. The detailed construction of the
      traverse winding device according to the present invention is hereinafter
      explained in detail, with reference to a typical embodiment of the
      traverse cam and related elements thereof shown in FIGS. 3 and 4. In the
      traverse winding unit according to the present invention, the general
      construction thereof is quite similar to the traverse winding unit shown
      in FIG. 1, except for the construction of the traverse cam 6, the traverse
      guide rail 8, and the horizontal cover 11. Therefore, the constructions
      and functions of elements similar to the elements of the conventional
      traverse winder shown in FIG. 1 are not explained in the following
      explanation of the traverse device according to the present invention, and
      they are represented by reference numerals identical to the those of the
      traverse winder shown in FIG. 1.
PAR  Referring to FIG. 3, the common traverse cam 6 is provided with a pair of
      endless helically crossing endless guide grooves A and B which are endless
      guide grooves for creating the traverse motions of two thread guides 10
      along the axial direction of the common traverse cam 6. To identify the
      above-mentioned threads guides 10, the thread guide for the guide groove A
      and the thread guide for the guide groove B are identified as 10c and 10d,
      respectively. A ring-shaped guide groove 20 is formed on the cylindrical
      surface of the cam 6 at a position between the helically crossing endless
      guide grooves A and B. The shapes of said helically crossing endless guide
      grooves A and B are symmetrically formed with respect to the ring-shaped
      guide groove 20. Said helically crossing guide groove A comprises a
      combination of a helical guide groove 21a and a helical guide groove 22a
      which crosses the guide groove 21a at crossing points 23a, while said
      helical guide groove B comprises a combination of helical guide groove 21b
      and a helical guide groove 22b which crosses said guide groove 21b at
      crossing points 23b. The ends of helical guide grooves 21a and 22a are
      connected to each other, while the ends of helical guide grooves 21b  and
      22b are connected to each other. Said helical guide groove 21a is
      connected to the ring-shaped guide groove 20 by an auxiliary guide groove
      24a which is offset from the inside portion of the helical guide groove
      21a, while the helical guide groove 22b is connected to the ring-shaped
      guide 20 by an auxiliary guide groove 24b which is offset from the inside
      portion of the helical guide groove 22b, as shown in FIG. 3.
PAR  Each roller 10a of the thread guides 10c and 10d is rotatably engaged in
      the above-mentioned guide grooves A and B, respectively (FIGS. 2 and 3).
      The ring-shaped guide groove 20 is provided with a width more than twice
      the diameter of the roller 10a, while the width of the auxiliary guide
      grooves 24a and 24b are also larger than the roller 10a of the thread
      guides 10c and 10d.
PAR  Therefore, when the traverse cam 6 is rotated toward the direction
      represented by an arrow X in FIG. 3, the thread guides 10c and 10d slide
      along the helical crossing endless guide grooves A and B, respectively,
      toward directions represented by solid line arrows. Since these thread
      guides 10c and 10d are restricted in their motions by the guide rails 8
      and 9, when the thread guides 10c and 10d slide along the helical grooves
      21a and 21b, respectively, said thread guides 10c and 10d are displaced
      toward the right in FIG. 3. On the other hand, when the thread guides 10c
      and 10d slide along the helical grooves 22a and 22b respectively, said
      thread guides 10c and 10d are displaced toward the left in FIG. 3.
      Consequently, the traverse movements of these thread guides 10c and 10d
      are created.
PAR  When it is required to remove the used thread guides 10c and 10d from the
      endless guide grooves A and B, respectively, the traverse cam 6 is turned
      in the direction opposite to the normal running direction of the traverse
      cam 6. This turning direction is represented by Y in FIG. 3.
PAR  According to the above-mentioned turning of the traverse cam 6 in the Y
      direction, the thread guides 10c and 10d are introduced into the guide
      grooves 21a and 22b respectively as shown by the broken line arrows, and
      then introduced into the auxiliary guide grooves 24a and 24b,
      respectively, and finally introduced into the ring-shaped guide groove 20.
      In this way, these thread guides 10c and 10d can be easily removed from
      the right-shaped guide groove 20.
PAR  However, it is necessary for the ring-shaped guide groove 20 to hole thread
      guides 10c and 10d in the guide groove 20 until the manual operation of
      removing these thread guides 10c and 10d from the traverse cam 6 is
      completed. To attain the above-mentioned function, the thread guide rails
      8 and the cover plate 11 are provided with cut out portions 8a and 11a
      formed at positions facing the ring-shaped guide groove 20, as shown in
      FIG. 4. The opened spaces of these cut-off portions 8a and 11a are large
      enough to permit the free escape of these thread guides 10c and 10d
      therefrom.
PAR  When it is required to change the used thread guides 10c and 10d for fresh
      ones, firstly the driving motor (not shown) is stopped so as to stop the
      rotation of the traverse cam 6. Next, the traverse cam 6 is turned in the
      opposite direction to the normal running direction. The thread guides 10c
      and 10d slide along the guide grooves A and B in their respective
      directions represented by the broken line arrows in FIG. 3. They are then
      introduced into the inside portions of the respective guide grooves 21a
      and 22b, which are thereafter introduced into the auxiliary guide grooves
      24a and 24b, respectively. These thread guides 10c and 10d are introduced
      into the ring-shaped guide groove 20 by a further turning motion of the
      traverse cam 6. Since the thread guide rail 8 and the cover 11 are
      provided with the cut-out portions 8a and 11a facing to the guide groove
      20, these thread guides 10c and 10d can be manually removed through said
      cutout portions 8a and 11a.
PAR  Next, the rollers 10a of the new thread guides are placed in the
      ring-shaped guide groove 20 through said above-mentioned cut-out portions
      8a and 11a and, thereafter, the traverse cam 6 is turned in the normal
      running direction while said new thread guides are urged toward the guide
      grooves A and B, respectively. When the entrance of the auxiliary guide
      grooves 24a and 24b face these thread guides, these thread guides are
      introduced therein and, thereafter, are introduced into the guide grooves
      21a and 22b, respectively, by the further turning of the traverse cam 6.
PAR  Since the cam box 7 is capable of turning about the axis of the traverse
      cam 6, even if a thread is jammed between the friction roller 4 and either
      one of the thread guides 10a and 10b, the jammed thread can be easily
      released from the troubled position between the friction roller 4 and the
      thread guide 10c (10d) so that the durability of the thread guides 10c
      (10d) can be prolonged.
PAR  Since it is not required to separate the thread guide rails 8 and 9 from
      the cam box 7 when the thread guide changing operation is carried out, the
      parallel disposition of the thread guide rails 8 and 9 is always
      maintained so that any troublesome adjustment to dispose the guide rails 8
      and 9 in parallel condition, which is inevitable in the conventional
      traverse device, is perfectly eliminated, according to the present
      invention.
PAR  Further, it is a practical advantage of the traverse device according to
      the present invention that, since at least a pair of helically crossing
      guide grooves A and B are symmetrically formed on the cylindrical surface
      of the traverse cam 6 with respect to the ring-shaped guide groove 20, so
      as to simultaneously pick up the thread guides 10c and 10d through the
      ring-shaped guide groove 20 by turning the traverse cam toward the
      opposite direction to the normal running direction thereof, the thread
      guide changing operation can be carried out very easily in a remarkably
      shortened time in comparison with the case of utilizing the conventional
      traverse device wherein the relative position of the thread guide rails to
      the traverse cam is fixed.
PAR  The above-mentioned embodiment may be modified within the spirit of the
      present invention, for example, the shape of the guide grooves A and B,
      etc., may be modified within the spirit of the present invention defined
      by the claims. In the above-mentioned embodiment, the cam box 7 is a
      cylindrical one provided with a horizontal aperture for forming traverse
      guide groove and the cam box 7 is concentrically disposed to the traverse
      cam 6. However, a cylindrical cam box 7 having a larger diameter than the
      above-mentioned embodiment may be disposed in eccentric condition with
      respect to the axial center of the traverse cam 5, without any drawbacks
      in comparison with the above-mentioned embodiment of the present
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a winding apparatus for simultaneously taking up a plurality of
      threads, provided with a common friction roller for rotating a plurality
      of bobbins or thread packages formed on said bobbins and a traverse device
      disposed at a position adjacent to said friction roller, an improved
      traverse device comprising a cam box provided with a horizontal aperture
      formed at a part thereof in parallel condition to a longitudinal axis of
      said friction roller, a pair of thread guide rails secured to edge
      portions of said horizontal aperture of said cam box in parallel condition
      to said aperture, at least a pair of thread guides slidably disposed in a
      space formed between said guide rails, a common cam rotatably held in said
      cam box in axially parallel condition to said aperture of said cam box;
      said common traverse cam provided with at least a pair of helical endless
      guide grooves formed on a cylindrical surface thereof and provided with a
      ring shaped guide groove formed on said cylindrical surface thereof at an
      intervened position between said helical endless guide grooves and
      provided with a pair of auxiliary guide grooves connecting axially inside
      portions of said endless guide grooves to said ring shaped guide groove,
      respectively, one of said guide rails provided with a cut-out portion
      formed at a central portion thereof facing said ring shaped guide groove,
      said thread guides slidably engaged in either one of said guide grooves of
      said common traverse cam, respectively.
NUM  2.
PAR  2. An improved traverse device according to claim 1, further comprising a
      pair of cover plates secured to said thread guide rails, respectively, in
      parallel condition to said thread guide rails, one of said cover plates
      provided with a cut-out portion formed at a middle portion thereof in
      superimposed retationship to said cut-out portion of said thread guide
      rail.
NUM  3.
PAR  3. An improved traverse device according to claim 1, wherein each of said
      endless guide grooves of said traverse cam comprises axially crossing
      helical endless guide grooves formed on said cylindrical surface of said
      traverse cam.
NUM  4.
PAR  4. An improved traverse device according to claim 1, wherein said helical
      endless guide grooves are provided with axially symmetrical shapes with
      respect to said ring shaped guide groove.
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ABST
PAL  A method for unwinding and simultaneously turning a band or the like from
      an unwinding reel on which it is wound, which reel has a vertical axis of
      rotation which comprises removing said band off of said reel in a
      horizontal direction, raising said band to a height above said reel in
      said horizontal direction and at said height turning said band about an
      angle of 90.degree. and moving said band, while turned, in a direction
      opposite to that in which it was removed from said reel; an apparatus for
      unwinding and simultaneously turning a band from a reel having a vertical
      axis so that the major surface of the band runs horizontally which
      apparatus comprises a reel whose axis of rotation is vertical, a band
      guide disposed axially above said reel and transport means disposed
      downstream of said guide for removing band material on said reel and
      causing it to move in a horizontal direction opposite to that horizontal
      direction in which the band is removed from said reel to said guide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention concerns a method and an apparatus for the unwinding
      and simultaneous turning of bands or the like from a feed reel having a
      vertical axis of rotation. This invention also relates to an apparatus in
      which a vertically revolving reel is rotated on a turntable and means are
      provided for moving unwound band material horizontally at the same rate at
      which they are removed from the reel while lying in a vertical plane.
PAR  2. Discussion of the Prior Art
PAR  Feed reels whose purpose is to unwind reeled material in band form are
      already known. If coils of band material which are light in weight are
      involved, the material can be fed directly into the band fabricating
      machine, e.g., through feed rollers. It is difficult, however when larger
      reels weighing about 0.4 to 2.5 metric tons must be handled. In order to
      accelerate these weights and feed the band smoothly into the fabricating
      machine special measures are necessary.
PAR  As a rule such unwinding reels are constructed with a horizontal axis of
      rotation, which has the disadvantage that, in the case of an overhung
      mounting of the reel, the mounting must be of very strong construction,
      and furthermore covers or the like must be provided to prevent the
      material from running off laterally. Also, the pact of material must be
      biased inwardly by expensive means.
PAR  It is also known to construct the unwinding reel with a vertical axis of
      rotation and to lay the heavy reels of material on the flat turntable.
      Such reels are simpler and hence less expensive to construct and also
      easier to load. However, they have the disadvantage that the band is
      unwound in a vertical position from the reel, whereas most band
      fabricating machines are able to work the band only in the horizontal
      position. The band must therefore be twisted 90.degree. before it enters
      into the fabricating machine.
PAR  A method and an apparatus has been disclosed by German Offenlegungsschrift
      2,125,069 for winding a band of plastic on a spool, in which the plastic
      band is unwound from a reel having a horizontal axis of rotation and,
      after repeated passing around pulleys, situated laterally of the reel but
      still in the plane of the reel, it is twisted 90.degree.. Aside from the
      fact that this known system has an unwinding reel with a horizontal axis
      of rotation and hence all of the above described disadvantages, it
      requires on the one hand a plurality of pulleys and guides as well as an
      expensive tensioning mechanism, and, on the other hand, it requires a very
      great amount of space in breadth and in length, which often is not
      available at the point of entry to the fabricating machine.
PAR  It is an object of this invention, therefore, to provide a method and
      apparatus for the unwinding and twisting of bands or the like from
      unwinding reel having a vertical axis of rotation. It is a further object
      of this invention to provide such an apparatus which does not entail
      substantial expenditure nor utilize an excessive amount of floor space. It
      is particularly an object of the present invention to provide such an
      apparatus which can be constructed at little expenditure and which
      consumes only a minor amount of floor space.
PAC  SUMMARY OF THE INVENTION
PAR  The objects of the present invention are provided by a process for
      unwinding and simultaneously turning a band or the like from an unwinding
      reel on which it is wound, which reel has a vertical axis of rotation,
      which method comprises removing said band off of said reel in a horizontal
      direction, raising said band to a height above said reel in a horizontal
      direction and, at said height, turning said band about an angle of
      90.degree. and moving said band, while turned, in a direction opposite to
      that in which it was removed from said reel.
PAR  The objects of the invention are accomplished by an unwinding assembly for
      the removal of a wound band from a reel having a vertical axis which
      assembly turns the unwound band so that its major surface runs
      horizontally, said assembly comprising a reel whose axis of rotation is
      vertical, a band guide disposed axially above said reel and transport
      means disposed downstream of said guide for removing band material on said
      reel and causing it to move in a horizontal direction opposite to that
      horizontal direction in which the band is removed from said reel to said
      guide.
PAR  It is thus seen that the objects of the present invention are provided by a
      method and apparatus in which the band is unwound from a reel which
      revolves about its vertical axis and is lifted from the plane of the reel
      of the material, usually disposed on a turntable having a vertical axis of
      rotation, and twisted by 90.degree. at a position of elevation above the
      coil of material. It is at the point of twisting where the band material
      passes through a guide. It is twisted from a position in which its major
      surface lies in a vertical plane to a position where the major surface
      lies in a horizontal plane. It is thereafter caused to be moved in a
      horizontal direction opposite to that horizontal direction in which it was
      removed from the reel. It is pulled off in the opposite horizontal
      direction by use of a transport means such as a pair of opposed rollers
      urged together by use of a spring or weight to define a nip therebetween.
      Thus, the band material forms a loop as it is withdrawn from the coil or
      reel in which it has orginially been wound. After it passes through, a
      transport means, e.g., a pair of rollers, it can be fed to a band
      fabricating machine.
PAR  The apparatus of the invention is further characterized by having an
      adjustable band guiding means disposed axially above the turntable in the
      area of the outside diameter of the reel of band material disposed
      thereon. The transport rollers move the band material in a substantially
      horizontal direction inasmuch as they rotate about a horizontal axis. The
      transport rollers have a axis of rotation which is substantially
      diametrically opposite to that of the reel of the band material or the
      turntable upon which such reel is disposed. The band material can be
      caused to move through a guide means disposed horizontally above the reel
      of band material which guide can be in the form of a rectangular member
      disposed above the outer periphery of the wound reel such that it lies in
      the same vertical plane with the periphery of the wound band material.
PAR  By the present invention a new band feed by transport roller is provided
      which allows the material to be twisted by 90.degree. above the coil or
      reel of material and then guided into the transport rollers. The band of
      material is then transported to a band loop between the unwinding reel and
      the fabricating machine, where it is sensed by known sensing levers,
      photoelectric cells or noncontacting switches which control the unwinding
      reel. The turntable can be driven by means of a self-braking motor
      provided with an electrical transmission.
PAR  Since as the coil of material unwinds the coil diameter constantly
      diminishes, the turntable is caused to rotate faster or more frequently,
      as the case may be, but the transport rollers feed the band therethrough
      at the same speed. Only through transport rollers which are driven in
      accordance with the turntable rotation can one achieve such operation with
      the many advantages.
PAR  In order to be able to handle left-wound or right-wound coils of material,
      the self-braking motor is reversible construction, but the transport
      rollers are always driven in the same direction. This variation can be
      done, for example, by turning the V-belt 19 shown in the drawings and
      discussed below.
PAR  In order to be able to adjust the pull of the transport rollers on the band
      of material from the coil down to the dimensions and characteristics of
      the material, the drive of the transport rollers is made adjustable in
      torque. This is achieved by the adjustment of the spring pressure on the
      shaft or on the friction wheel of the transport roller drive, as the case
      may be.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention can be more readily understood and appreciated when reference
      is made to the accompanying drawings depicting a specific embodiment of
      the invention. Referring to the drawing, the same is a side elevational
      view of a wound reel containing band material disposed on a turntable and
      showing the path of the band material 6 as it is unwound from the reel.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENT
PAR  Referring to the accompanying drawing, the band material 6 is disposed on a
      reel shown to be disposed over a turntable 5. Turntable 5 in turn is
      mounted co-axially with a shaft 7 which is maintained within a bearing
      sleeve 8 which in turn rests upon a base plate 9. Also disposed on base
      plate 9 is a mast 3 on which there is a band guide 2 height adjustably
      situated. There is also disposed on base plate 9 an upright 17 to which
      there is also fastened the motor 12 for driving the turntable 5 and the
      transport rollers 1.
PAR  The band guide 2 is height adjustably situated on the mast 3 by the use of
      a set screw 4 which serves to lock the band guide 2 to the mast. Thus, the
      apparatus can be used for the removal of any size of band material simply
      by raising or lowering, as the case may be, the band guide 2 by loosening
      the set screw and moving the same along the mast to the proper point. The
      band guide 2 is also adjustable transversely so as to adapt to the
      diameter of the coil of material.
PAR  The motor 12 is a self-braking gear motor which drives the turntable 5
      through a V-belt pulley 10 and the V-belt 11. The transport rollers 1 are
      driven by the shaft 20 mounted in bearings 14, the V-belt pulley 18 and
      the V-belt 19. The shaft 20 is driven by virtue of rotation of the
      turntable 5. Turntable 5 is in frictional engagement with the friction
      wheel 13 so that rotation of turntable 5 causes rotation of friction wheel
      13. Rotation of friction wheel 13 causes co-axial rotation of shaft 20
      which thereby causes rotation of the V-belt pulley 18. Motion is
      transmitted to a pulley co-axial with transport roller 1 through use of a
      V-belt 19 shown to be a cross-over to effect a change in the axis of
      rotation from the axis of rotation shown by shaft 20 to the axis of
      rotation of roller 1. The torque of the transport rollers 1 can be
      adjusted by a compression spring 15 by means of the nuts 16 disposed on
      the threaded shaft.
PAR  The band material 6 to be unwound lies in the form of a reel on the
      turntable 5 and is guided by the band guide 2 over the turntable 5 and,
      after being turned 90.degree., is fed through the nip of the opposed and
      facing transport rollers 1 having a horizontal axis of rotation. The band
      material 6 emanating from the nip of the rollers 1 can then be delivered
      in a loop to the input of a fabricating machine (not shown). This loop can
      be sensed by known sensing levers, photoelectric cell systems or
      non-contacting switches. Thus, the unwinding reel can be controlled in
      accordance with the consumption of the bands by the fabricating machine.
PAR  In the construction of the assembly shown, the transport rollers 1 should
      be at least as long as the band 6 is wide. This prevents any undue folding
      of the band material 6 as it passes through the nip of the rollers 1. The
      upper transport roller 1 can be held in an elongated hole, as shown, and
      can be pressed against the lower transport roller 1 by gravity.
      Alternatively a weight or a spring force can urge the rollers together.
      The lower transport roller 1 is driven by means of the V-belt pulley 18
      coaxially with the shaft of the lower transport roller 1 so that the lower
      transport roller 1 is the first moved roller. These rollers can be adapted
      automatically to various band thicknesses by the adjustment of spring
      pressure or weights.
PAR  It will be understood that the apparatus of the present invention can be
      used for the removal of virtually any type of stock from a reel. The
      invention is particularly concerned with the removal of band material from
      a vertically disposed reel. The term "band" material refers to material
      having a width substantially greater than their thickness and having an
      indeterminant length, i.e., a continuous length. The term "band"  material
      contemplates materials such as sheets. Generally band materials have a
      thickness no greater than about 3cms. and have a width of substantial
      multiples thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for unwinding and simultaneously turning a band or the like
      from an unwinding reel on which it is wound, which reel has a vertical
      axis of rotation which comprises removing said band off of said reel in a
      horizontal direction, raising said band to a height above said reel in
      said horizontal direction and, at said height, turning said band about
      90.degree. and moving said band, while turned, in a direction opposite to
      that in which it was removed from said reel.
NUM  2.
PAR  2. An unwinding assembly for the removal of a wound band from a reel having
      a vertical axis and turning the unwound band material so that its major
      surface runs horizontally comprising a reel whose axis of rotation is
      vertical, a band guide disposed axially above said reel and transport
      means disposed downstream of said guide for removing band material on said
      reel and causing it to move in a horizontal direction opposite to that
      horizontal direction in which the band is removed from said reel to said
      guide.
NUM  3.
PAR  3. An assembly according to claim 2 wherein said transport means comprises
      at least one pair of rollers in face-to-face relationship to define a nip
      therebetween, said rollers having a horizontal axis.
NUM  4.
PAR  4. An assembly according to claim 2 wherein said reel is disposed on a
      revolvable turntable which revolves about its vertical axis.
NUM  5.
PAR  5. An assembly according to claim 4 wherein said transport means comprises
      at least one pair of rollers in face-to-face relationship to define a nip
      therebetween, said rollers having a horizontal axis, said assembly further
      comprising driving means for driving said turntables and at least one of
      said rollers, said means operable to drive said rollers at a rate
      proportional to the rate at which said turntable is driven.
NUM  6.
PAR  6. An assembly according to claim 5 wherein said driving means comprises a
      motor having a driven revolvable shaft said shaft interconnected axially
      with a first pulley, said turntable has a shaft positioned axially of its
      vertical axis and having a second pulley axially connected thereto, the
      first pulley and the second pulley interconnected by a belt, said assembly
      further comprising a friction wheel engaged against said turntable and
      revolvable in response to revolution of said turntable, said friction
      wheel having an axially running shaft terminating in an axially disposed
      third pulley, one of said rollers interconnected axially with a fourth
      pulley, said third and fourth pulley interconnected by a belt.
NUM  7.
PAR  7. An assembly according to claim 5 wherein said assembly further comprises
      a guiding mast on which said guide means is height adjustably mounted.
NUM  8.
PAR  8. An assembly according to claim 5 comprising means for urging said
      rollers toward one another.
NUM  9.
PAR  9. An assembly according to claim 8 wherein said means for urging said
      roller towards one another comprises a spring.
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ABST
PAL  Solid state spaced-oriented means convert solar radiation into microwave
      energy which is amplified and beamed to earth as a source of electrical
      power. A large number of semiconductor devices operating in the current
      multiplication region are irradiated by single mode coherent light beam
      generation means which is pumped by solar energy. A neodymium yittrium
      aluminum iron garnet laser or CW gallium arsenide junction diode laser
      mode-locked at a predetermined microwave frequency, such as 3,000 MHz
      provide for generation of a light beam. The generated current is directly
      proportional to the radiant energy and is coupled from the semiconductor
      device array to antenna means for transmission to earth stations for
      conversion into low frequency electrical energy.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a system and apparatus for conversion of solar
      radiation into microwave energy in space and conversion into low frequency
      electrical power utilizing solid state devices.
PAR  2. Description of the Prior Art
PAR  Conversion of microwave energy to low frequency electrical power has been
      disclosed in prior art embodiments utilizing antenna-rectifier arrays
      comprising a large number of devices, such as solid state devices, to
      propel space vehicles. U.S. Pat. No. 3,434,678 issued Mar. 25, 1969 to W.
      C. Brown et al and assigned to the assignee of the present invention
      provides an embodiment of a helicopter-type space vehicle which is
      self-supporting by means of microwave energy beamed into space and
      converted to electrical power for operation of an electric motor.
      Microwave energy is defined an electromagnetic energy in that portion of
      the spectrum having wavelengths in the order of 1 meter to 1 millimeter
      and frequencies in excess of 300 MHz. Such energy is preferred for
      wireless transmission since it is desirable to focus the transmitted
      energy with a relatively high power density upon a small area spaced from
      the source. In accordance with the laws of optics, the sharpness of a
      microwave beam varies as the ratio of antenna dimensions to the wavelength
      of the transmitted energy. Accordingly, for a given predetermined power
      density and beam sharpness, the very short wavelengths of microwave
      frequency oscillations facilitates a corresponding decrease in the
      dimensions of the antenna means for transmitting and receiving. In
      addition, in long wave or radio-type transmission, difficulties are
      encountered as a result of natural or man-made interference and noise and
      this problem is considerably less significant with the transmission of
      microwave frequencies. The recent United States space programs have shown
      that the employment of very short microwaves for beamed energy is
      preferable for penetration of certain atmospheric reflection layers, as
      well as, the advantages of accurate focusing and high power density of the
      transmitted energy.
PAR  Other examples of the utilization of microwave energy for space
      applications are found in U.S. Pat. No. 3,174,705, issued Mar. 23, 1965 to
      D. Shiff et al, as well as U.S. Pat. No. 3,083,528 issued Apr. 2, 1963 and
      U.S. Pat. No. 3,114,517, issued Dec. 17, 1963 to W. C. Brown. All of these
      are also assigned to the assignee of the present invention and disclose
      various conversion means utilizing heat exchangers for conversion of
      microwaves into electrical energy or heat which can be utilized for
      directly or indirectly propelling a space vehicle.
PAR  The current energy crisis throughout the world due to the growing shortage
      of fossil fuels, namely coal, oil and natural gas due to increases in the
      level of consumption and the decline in available resources has led to the
      search for new sources of energy. The use of solar energy has been proven
      in the space program to provide for electric power aboard the spacecraft.
      In addition, numerous attempts have been made on the earth to collect and
      convert solar energy into useful electrical power. An embodiment of a
      means for conversion of solar radiation in space into microwave energy
      utilizing a satellite system, including means for transmission to earth
      stations and conversion to electrical power is disclosed in U.S. Pat. No.
      3,781,647, issued Dec. 25, 1973 to P. E. Glaser. The satellite system
      includes several geostationary satellites positioned in an energy
      receiving relationship to the sun. The solar energy conversion means
      include guidance and control means to correctly orient the collector means
      in relationship to the sun. The solar energy conversion means convert the
      radiation received into DC electrical energy which is subsequently
      utilized to operate high power generators of microwave energy for
      transmission by means of a focused beam to collection means on earth.
PAR  Solar energy offers an almost unlimited source for man's energy needs with
      the economics playing the most significant role in its utilization. In
      recent years solid state lasers and semiconductor devices for conversion
      of radiant energy into electrical energy have achieved very high
      efficiencies. Such semiconductors include PN silicon junction diodes which
      can be electrically biased to operate in the current multiplication region
      and the generated current then becomes directly proportional to the quanta
      of impinging light energy. The present invention describes a unique system
      and apparatus for generation of microwave energy from solar radiation in
      space applications utilizing controlled coherent light beams and
      semiconductor electrical conversion means.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a system with apparatus utilizing
      solid state devices is provided for conversion of solar radiation into
      microwave energy and transmission to an earth station for conversion into
      electrical power. A large number of semiconductor devices are utilized in
      a phased array as electrical energy converters of a controlled frequency
      coherent laser beam irradiating the semiconductor array. Since microwave
      energy is desired for wireless transmission to earth a frequency of
      approximately 3,000 MHz is preferred. Pulsed coherent light energy from a
      solar energy pumped laser at this frequency when irradiating a large
      phased array of reverse-biased semiconductor diodes results in microwave
      power which is directly proportional to the quantra of light striking the
      semiconductor devices. The output current and power is modulated by the
      modulation on the laser beam. Solid state devices today operate at
      efficiencies as high as 80 to 90 percent. Mode-locking of the laser beam
      is achieved through the use of such devices as the neodymium-YAIG or
      continuous wave gallium arsenide diode junction lasers.
PAR  The output of the phased array of semiconductor devices is transmitted to
      an antenna for transmission to the earth station where the energy is
      converted into low frequency electrical power. The controlled phase
      irradiation of the large semiconductor device phased array planar antenna
      is accomplished by a means of a lens system and fiber optics to compensate
      for bending or flexing of the planar antenna. Phase coherency of the
      relatively stable outputs generated by the system in energy beamed to
      earth is a feature of the embodiment of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will now be described in the following detailed specification
      with reference directed to the accompanying drawings, wherein:
PAR  FIG. 1 is a diagrammatic view of the embodiment of the system of the
      invention;
PAR  FIG. 2 is a partial schematic view of the solar energy collection and
      microwave energy conversion portion of the system of the invention; and
PAR  FIG. 3 is a diagrammatic representation of the feature of the system
      relating to phase compensation of the coherent radiant energy beam
      generating apparatus.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The system and space power station apparatus embodying the invention is
      illustrated in FIG. 1. A solar energy source 10 provides solar rays
      impinging on the reflector 12 of, illustratively, a Cassigranian-type
      antenna which is shown in detail in FIG. 2. Auxiliary concentrator 14 at
      approximately the focal point provides the primary source of solar energy
      for pumping a coherent radiant energy beam generation means 16, preferably
      a mode-locked laser. Such beam generation means include a
      neodymium-yittrium aluminum iron garnet rod laser providing a mode-locked
      pulse output at, illustratively, a specific microwave frequency of 3,000
      MHz. Approximately 25 watts of solar energy are required for the pumping
      of the coherent beam generation means 16 and the pulsed output beam 22
      irradiates a phased array of a large number of semiconductor devices 18. A
      variety of methods using intercavity modulation techniques are available
      to permit continuously pumped optical beam generators to be repetitively
      pulsed. Such techniques are generally referred to as mode-locking. The
      output of the coherent beam generation means 16 is a series of very narrow
      mode-locked pulses which, illustratively have a repetition frequency of f
      = (c/2l), where  l is the length of the modulation means. The pulse which
      is in the order of L/C where L is the length of the laser rod which
      corresponds to a mode-locked pulse width of 0.03 nanosecond for a 1
      centimeter long rod. With a 2 percent efficiency for the neodymium-YAIG
      laser, a 0.5 watts input produces a 10 milliwatt output.
PAR  Other coherent beam means 16 include the recently developed junction lasers
      in which the laser action is produced by a high, nonequilibrium
      concentration of electrons and holes within a small region of a
      semiconductor crystal material. Mirrors form an integral part of the laser
      structure and may be formed by cleaving the crystal. Pulsed juncture
      lasers have now operated at as high as 40 percent external quantum
      efficiency. Continuous outputs of approximately 40 milliwatts have been
      obtained at room temperatures with even higher powers at low temperatures.
      Further details regarding this alternative apparatus involving solid state
      materials, such as Group III-V compounds and IV-VI compounds will be found
      in an article entitled "Junction Lasers" by L. A. D'Asaro and J. E.
      Ripper, Physics Today, March 1971, pps. 42-48 inclusive.
PAR  The output coherent optical beam 22 irradiates a large number of solid
      state semiconductor devices, such as reversed-bias PN silicon junction
      diodes 20, disposed in a phased array 18 on the space power station. The
      details of the circuitry associated with an individual semiconductor
      device 20 is illustrated in FIG. 2. Preferably, the phased diode array
      operates as a Class "C" power amplifier with each of the semiconductor
      diodes being reversed-biased in a current multiplication region so that
      the current output is directly proportional to the quanta of the radiant
      energy in the optical beam impinging on the diodes. The output current and
      power of the phased diode array will follow the modulation on the light
      beam 22. Illustratively, with a 10 milliwatt pulsed input from the
      mode-locked means 16, the current flowing from each diode with anticipated
      gain of 40dB and efficiency of approximately 80 percent, would be 100
      watts continuous wave energy at 3,000 MHz.
PAR  The phased array 18 is provided with DC reverse-biasing means, such as an
      array of solar cell converters 24 which may be of the photovoltaic,
      thermionic or thermoelectric type. Examples of the photovoltaic type
      include, but are not limited to, cadmium sulphide cells, NP silicon cells,
      gallium arsenide solar cells, as well as organic film solar cells.
      Examples of the thermionic type include high vacuum and plasma diodes.
      Examples of the third, or thermoelectric type, include bimetallic
      junctions displaying the Seebeck effect. Further details on such DC
      electrical energy conversion means is available in the hereinbefore
      referenced U.S. Pat. No. 3,781,647. The combined output of the
      semiconductor diode array of, illustratively, 100 watts CW per diode is
      transmitted by means of transmitting antenna 26 to a receiving station on
      earth 28 for reception of the microwave energy and conversion to low
      frequency electrical power. A tuned filter 30 between the DC solar energy
      converter means 24 and diodes 20 will assure the direction of
      substantially all of the microwave energy to antenna 26.
PAR  All of the aforementioned apparatus is preferably carried on a space power
      station, which may be manned or unmanned, and conventional guidance means,
      such as sun sensors, star trackers, and horizon seekers or other known
      components for control of such space-oriented vehicles, would be included
      in the station. In addition, any protective devices, such as means for
      protecting the sensitive solar cells, and appropriate cooling systems for
      the operation of the station at the very high temperatures involved with
      the collection of the solar energy would also be required aboard the space
      power station.
PAR  Since a large number of solid state semiconductor microwave energy
      generators are utilized, the phase synchronization between each of the
      individual components is extremely critical. Referring now to FIG. 3, a
      system for maintaining phase compensation with respect to a phased diode
      array 18 planar antenna having a relatively large number of semiconductor
      microwave power generators, irradiated by mode-locked means 16, includes a
      lens system 32 and optical fiber means 34. Typically, such an antenna
      array is required to be rigid so that the phase of the combined output
      power of the semiconductor devices is in the proper phase for aiming to
      earth via the transmitting antenna 26. To compensate for the bending or
      flexing of the planar antenna, it is possible to provide a method of
      compensation by using the principle that the velocity of the light waves
      and microwaves are essentially the same. Any deviation from a reference
      point is designated L for a beam indicated by the line 36 emitted from the
      mode-locked means 16. For proper phase coherence at reference point L, the
      distance D from the antenna surface to the laser means 16, together with
      .DELTA.D which represents a change in the antenna surface, is considered.
      D + L + (fiber optic delay &lt; 2.pi.) = proper phase coherence at point L.
      For light rays
      ##EQU1##
      For microwave energy the equation is
      ##EQU2##
      Since the light and microwave wave velocities are substantially equal the
      sum of these two equations will equal
      ##EQU3##
      Numerous other phase compensation and phase shifting means may be
      incorporated in the structure and programmed computerized control may also
      be utilized in conjunction with the laser lens and fiber optics system.
PAR  There is thus disclosed a unique system and apparatus for the conversion of
      solar radiation into microwave energy for transmission to earth and
      conversion into electrical power by utilizing solid state solar energy
      pumped coherent optical beam sources for irradiating solid state
      semiconductor generator means in a phased array system. The phase
      coherency feature of the beam generation means and substantially complete
      isolation of the semiconductor drive means will assure a high degree of
      stability of the generated microwave energy signals. With continued
      improvements resulting from space programs, numerous modifications,
      alterations and variations will be evident to those skilled in the art.
      The foregoing description of an illustrative embodiment, therefore, is to
      be considered in its broadest aspects and not in a limiting sense.
CLMS
STM  We claim:
NUM  1.
PAR  1. A system for converting solar energy into microwave energy comprising in
      combination;
PA1  a source of solar energy radiation;
PA1  means for collecting said solar energy operatively associated with a pulsed
      coherent radiant energy mode-locked laser beam source operative at a fixed
      predetermined microwave energy frequency;
PA1  solid state semiconductor amplifier means adapted to be irradiated by said
      radiant energy laser beam to generate an amplified microwave energy output
      at substantially said predetermined frequency; and
PA1  means for transmitting said amplified microwave energy to a utilization
      load.
NUM  2.
PAR  2. The system according to claim 1 wherein said coherent beam source
      comprises a neodymium yittrium aluminum iron garnet material laser.
NUM  3.
PAR  3. The system according to claim 1 wherein said coherent beam source
      comprises a semiconductor material PN junction laser.
NUM  4.
PAR  4. The system according to claim 1 wherein said solid state semiconductor
      means comprise a phased array of a plurality of interconnected
      electrically reversed-bias PN junction silicon diode operating in the
      current multiplication region.
NUM  5.
PAR  5. The system according to claim 4 wherein said semiconductor diodes are
      electrically biased by a voltage source comprising an array of solar
      energy to DC electrical energy conversion means.
NUM  6.
PAR  6. The system according to claim 1 wherein said solar energy collection
      means, coherent beam source, solid state semiconductor amplifier means and
      said microwave energy transmitting means are oriented in outer space and
      said utilization load comprises energy receiving and electrical power
      conversion means on earth.
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ABST
PAL  A helicopter having a small diameter and fast rotating upper horizontally
      disposed conventional airplane propeller and a large diameter slower and
      counter-rotating large diameter bladed rotor equipped with variable pitch
      blades is provided and the bladed rotor is mounted in such a manner that
      its plane of rotation may be readily adjustably canted in all directions
      relative to the axis of rotation of the small diameter upper airplane-type
      propeller. Further, the blades of the rotor may be simultaneously adjusted
      in pitch and a single manually shiftable control is provided for
      selectively simultaneously or independently canting the plane of rotation
      of the rotor blades and varying the pitch of the rotor blades. Also, the
      helicopter is provided with a powered shaft for driving the small diameter
      upper airplane propeller and a drive connection including a high torque
      release and overrunning clutch drivingly couples the small diameter upper
      conventional airplane propeller to the lower large diameter and slower
      rotating bladed rotor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Helicopters have been heretofore designed with counter-rotating coaxial
      rotors or propeller assemblies and some of these have included propeller
      or rotor assemblies of different diameters. Also, counter-rotating
      propellers have been heretofore provided on conventional propeller driven
      aircraft and directional controlling assemblies for helicopters have been
      provided whereby the plane in which the rotor of the helicopter swings may
      be canted in all directions relative to the vertical. Examples of these
      prior structures may be found in U.S. Pat. Nos. 1,381,939, 1,879,142,
      2,037,745, 2,041,789, 2,185,545 and 3,554,467.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The helicopter of the instant invention, however, utilizes not only
      counter-rotating coaxial upper and lower propeller assemblies, but
      includes an upper small diameter conventional airplane propeller rotating
      at high speed and a lower larger diameter bladed rotor including
      adjustable pitch blades rotating at a slower speed and driven at such
      slower speed through a gear reduction assembly from the upper
      airplane-type propeller. Further, the helicopter of the instant invention
      is constructed whereby the plane of rotation of the lower bladed rotor may
      be variably inclined in substantially all directions relative to the plane
      of rotation of the upper smaller diameter and faster rotating
      airplane-type propeller. Further, an adjustable control is provided
      whereby a single manually shiftable control may be utilized to variably
      cant the plane of rotation of the blades of the lower rotor while
      sumultaneously varying the pitch of the blades of the lower rotor.
PAR  The main object of this invention is to provide a helicopter assembly which
      will derive a major portion of its lift from a high speed horizontally
      disposed upper airplane-type propeller and which will obtain additional
      lift and directional stability from a counter-rotating and slower speed
      larger diameter bladed rotor disposed below the upper airplane-type
      propeller.
PAR  Another object of this invention, in accordance with the immediately
      preceding object, is to provide a helicopter construction in accordance
      with the preceding object including means whereby the plane through which
      the blades of the lower large diameter rotor swing may be variably canted
      relative to the plane in which the upper high speed airplane-type
      propeller rotates.
PAR  A still further object of this invention is to provide a drive connection
      between the high speed upper airplane-type propeller and the lower larger
      diameter bladed rotor whereby the latter will be driven at a slower speed
      from the former through a gear reduction assembly.
PAR  Another important object of this invention is to provide a drive connection
      in accordance with the immediately preceding object and including a high
      torque release and overrunning clutch whereby excessive resistance to
      rotation of the large diameter lower bladed rotor will cause deactivation
      of the drive connection between the upper airplane-type propeller and the
      lower bladed rotor and seizure of the power plant driving the upper
      airplane-type propeller will not cause the lower bladed rotor to terminate
      its rotation thereby allowing controlled descent of the helicopter as a
      result of freewheeling rotation of the bladed rotor in the event of power
      plant seizure.
PAR  A still further object of this invention is to provide a single control
      whereby the angulation of the plane in which the blades of the rotor
      rotate may be readily adjusted and the pitch of the blades of the rotor
      may be independently or simultaneously adjusted.
PAR  A final object of this invention to be specifically enumerated herein is to
      provide a helicopter construction which will conform to conventional forms
      of manufacture, be of simple construction and easy to operate so as to
      provide a device that will be economically feasible, long lasting and
      relatively trouble free in operation.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary top plan view of a helicopter constructed in
      accordance with the present invention;
PAR  FIG. 2 is a side elevational view of the assemblage illustrated in FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary vertical sectional view taken
      substantially upon a plane passing longitudinally through the axes of
      rotation of the upper airplane-type propeller and the lower bladed rotor;
PAR  FIG. 4 is a horizontal sectional view taken substantially upon a plane
      indicated by the section line 4--4 of FIG. 3;
PAR  FIG. 5 is an enlarged horizontal sectional view taken substantially upon a
      plane indicated by the section line 5--5 of FIG. 3;
PAR  FIG. 6 is a horizontal sectional view taken substantially upon a plane
      indicated by the section line 6--6 of FIG. 3;
PAR  FIG. 7 is an exploded perspective view of portions of the drive assembly
      for the upper and lower propeller and rotor assemblies; and
PAR  FIGS. 8 and 9 are fragmentary side elevational views illustrating the
      manner in which the plane through which the blades of the rotor assembly
      swing may be variably inclined.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now more specifically to the drawings, the numeral 10 generally
      designates the helicopter of the instant invention including an air frame
      referred to in general by the reference numeral 12 of any suitable
      construction. The air frame 12 includes suitable landing gear 14 and a
      vertical tail assembly 16 including a movable control member in the form
      of a rudder 18. Any suitable control (not shown) may be provided for the
      rudder 18.
PAR  The upper portion of the air frame 12 includes a convex support and thrust
      member 20 constructed of stiff supportive but flexible material defining
      an annular central thrust and journal bearing structure 22 in which an
      annular support plate 24 is journaled. A rigid annular ring 26 is mounted
      in any convenient manner to the underside of the annular thrust and
      journal bearing structure 22 and the upper root end 28 of a downwardly
      projecting control handle 30 is rigidly secured to the ring 26, the lower
      portion of the control handle 30 projecting downward through suitable
      openings 32 and 34 formed in the air frame structure 12.
PAR  The air frame structure includes vertically spaced upper and lower portions
      36 and 38 in the upper portion thereof in which the openings 32 and 34 are
      formed and the lower end of a main support sleeve 40 is secured to the
      lower portion 38 about a vertical opening 42 formed in the lower portion
      38 immediately aft of the opening 34. The sleeve is secured to the lower
      portion 38 in any convenient manner such as by welding 44 and the sleeve
      40 projects upwarldy through an opening 46 formed in the upper portion 36
      and is suitably anchored to the upper portion 36 in any convenient manner
      such as by welding 48. The support sleeve 40 projects upwardly through the
      support plate 24 and has a gear wheel 50 fixedly mounted on its upper end.
      An outer combined thrust and journal bearing 52 is mounted on the upper
      end of the sleeve 40 below the gear wheel 50 and a horizontally disposed
      circular housing 54 including circular upper and lower walls 56 and 58
      interconnected by means of a cylindrical peripheral wall 60 is journaled
      from the bearing 52. Three planet gears 62 are journaled from the upper
      and lower walls 56 and 58 of the housing 54 by means of upper and lower
      bearing assemblies 64 and 66 and the planet gears 62 are meshed with the
      stationary gear 50.
PAR  The upper ends of the planet gears 62 include diametrically enlarged gear
      portions 68 and a drive shaft 70 driven by suitable motor means (not
      shown) housed within the air frame 12 projects upwardly through the
      opening 42 and through the support sleeve 40. The drive shaft 70 is
      journaled from the lower end of the support sleeve 40 by means of a
      bearing 72 and the upper end of the drive shaft 70 is journaled by means
      of a second internal bearing 74 carried by the upper end of the support
      sleeve 40.
PAR  The upper end of the drive shaft 70 has a gear wheel 76 mounted thereon
      with which each of the diametrically enlarged gear portions 68 is meshed
      and the shaft 70 projects above the gear or gear wheel 76 and has a
      conventional airplane type small diameter propeller 78 mounted thereon.
PAR  An outer sleeve 80 is journaled from the support sleeve 40 by means of the
      bearing assembly 52 and a second bearing assembly 82 and a collar disc 84
      is fixedly mounted on the upper end portion of the sleeve 80 and
      sandwiched between a pair of upper and lower clutch discs 86 and 88
      secured together by means of peripherally spaced bolts 90 secured
      therethrough by means of fasteners 92 and including spring-type washers
      94. The discs 86 and 88 are provided with registered diametrically
      opposite ratchet notches 96 and a dog lever 98 is oscillatably supported
      intermediate its opposite ends to the underside of the housing 54 by means
      of a pivot fastener 100 secured through the bottom wall 58 of the housing
      54. The ratchet lever 98 includes a first end portion 102 which may be
      engaged with either pair of registered notches 96 and a second weighted
      end portion 104. Upon rapid rotation of the housing 54 the centrifugal
      force acting upon the weighted end portion 104 insures that the first end
      portion 102 will be seated in a pair of registered notches 96 and thereby
      drivingly coupling the housing 54 to the sleeve 80.
PAR  An upper mid-portion of the sleeve or hub 80 includes a pair of vertically
      spaced mounting collars 106 and 108 between which the inner peripheral
      portions of flexible annular diaphragms 110 and 112 are secured by means
      of circumferentially spaced bolts 114 secured through the collars 106 and
      108 and the diaphragms 110 and 112. The outer peripheral portions of the
      diaphragms 110 and 112 are secured to the inner peripheral portions of
      rigid mounting discs 115 and 116 which are also annular in configuration
      and the diaphragms 110 and 112 are secured to the discs 115 and 116 by
      means of suitable fasteners 118.
PAR  Diametrically opposite pairs of portions of the discs 115 and 116 have
      radially outwardly projecting mounting shaft portions 120 mounted
      therebetween by means of fasteners 122 and each of the mounting shaft
      portions 120 oscillatably supports the inner end of one of the blades 124
      of the rotor assembly referred to in general by the reference numeral 126.
PAR  Carried by a lower mid-portion of the outer sleeve 80 is a second pair of
      axially spaced annular collars 128 and 130 between which the inner
      peripheral portion of a flexible disc 132 is secured by means of suitable
      fasteners 134. The outer peripheral portion of the flexible disc 132 is
      secured to the inner peripheral portion of a larger diameter mounting disc
      136 by means of suitable fasteners 138 and a plurality of periperally
      spaced upwardly and outwardly divergent braces 139 are secured between the
      inner periphery of the disc 136 and the support ring 24 disposed
      therebelow to which the root end 28 of the control handle 30 is secured
      through the medium of ring 26. Still further, diametrically opposite
      portions of the disc 136 have the lower ends of upwardly and outwardly
      divergent connecting links 140 pivotally secured thereto and the upper
      ends of the connecting links 140 are pivotally connected to outer
      peripheral portions of the root ends of the blades 124 whereby up and down
      movement of the disc 136 will cause the pitch of the blades 124 to be
      varied.
PAR  From the foregoing it will be appreciated that the ratchet lever or dog 98
      drivingly couples the housing 54 to the clutch discs 86 and 88 for
      rotating the sleeve 80 at the same speed of rotation as the housing 54.
      Thus, the rotor assembly 126 rotates at the same speed as the housing 54.
      Further, the housing 54 is caused to rotate by the gear train consisting
      of the gear wheel 76, the gear portions 68, the gear 50 and the gears 62
      in a direction opposite to direction of rotation of the drive shaft 70 and
      conventional aircraft-type propeller 78. The gear train defines a gear
      reduction assembly driving the housing 54 at approximately one-tenth the
      speed of rotation of the drive shaft 70. However, it is to be noted that
      the gear ratio of the gear train will be determined by the pitch and
      diameter of the conventional airplane-type propeller 78 in relation to the
      diameter of the rotor 126 in order that the counter-rotating assemblies 78
      and 126 will require substantially the same torque at operating speeds
      thus eliminating any torsional forces on the air frame tending to rotate
      the latter in either direction about the axis of rotation of the drive
      shaft 70. During forward flight the rudder 18 may be utilized to trim the
      helicopter 10 and it may be seen from FIGS. 8 and 9 of the drawings that
      rearward displacement of the lower end of the control handle 30 will cause
      the plane through which the blades 124 of the rotor assembly 126 swing to
      be forwardly and downwardly tilted for forward flight while forward
      displacement of the lower end of the control handle 30 will cause the
      plane in which the blades 124 swing to be rearwardly and downwardly canted
      for rearward flight. Of course, the lower end of the control handle 30 may
      be displaced in all horizontal directions so as to variably incline or
      cant the plane through which the blades 124 of the rotor assembly 126
      swing in all directions.
PAR  However, it will be noted that the plane of rotation of the airplane-type
      propeller 78 remains stationary relative to the air frame and it is to be
      further appreciated that an upward or downward thrust on the control
      handle 30 will cause the pitch of the blades 124 of the rotor assembly 126
      to be varied.
PAR  Inasmuch as the driving connection between the housing 54 and the sleeve 80
      defined by the ratchet lever 98, the discs 86 and 88 and the disc or
      collar 84 comprises a slip-type connection, in the event excessive
      resistance to rotation of the rotor assembly 126 is encountered the drive
      shaft 70 and propeller 78 may continue to rotate at substantially the same
      speed. Further, in the event of seizure of the power plant drivingly
      coupled to the drive shaft 70, the ratchet lever 98 and discs 86 and 88
      define an overrunning clutch whereby the rotor assembly 126 is capable of
      free-wheeling in advance of the drive shaft 70. Accordingly, if engine
      failure is encountered the helicopter 10 may still be operated to produce
      a controlled descent by controlling the pitch of the blades 124 during
      free rotation of the rotor assembly 126.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A helicopter including an air frame, vertically spaced and horizontally
      disposed small and large diameter propeller and bladed rotor assemblies,
      respectively, journaled from said air frame, powered drive shaft means
      drivingly coupled to said assemblies, said small diameter propeller being
      journaled from said air frame for rotation about an upstanding axis, said
      bladed rotor assembly including generally radial blades anchored at their
      radial inner ends to a hub journaled from said air frame coaxial with the
      axis of rotation of said propeller, said hub including flexive portions
      enabling vertical swinging of the outer end portions of said blades, a
      mounting member supported from said frame for rotation about said axis and
      for universal canting in all directions relative to a plane normal to said
      axis, and connecting means spaced about said axis interconnecting said
      mounting member and said blades at points on the latter spaced outwardly
      from said flexive portions, whereby canting said mounting member will
      cause the plane in which the outer end portions of said blades disposed
      outwardly of said flexive portions rotate to be similarly canted relative
      to the plane in which the propeller rotates.
NUM  2.
PAR  2. The combination of claim 1 wherein said drive assembly includes a slip
      clutch whereby excessive resistance to rotation of said bladed rotor
      assembly will allow said drive shaft and thus said propeller assembly to
      rotate in advance of said rotor assembly.
NUM  3.
PAR  3. The combination of claim 1 wherein said drive assembly includes a clutch
      allowing free rotation of said bladed rotor assembly in advance of
      rotation of said drive shaft and propeller assembly.
NUM  4.
PAR  4. The combination of claim 3 wherein said drive assembly includes a slip
      clutch whereby excessive resistance to rotation of said bladed rotor
      assembly will allow said drive shaft and thus said propeller assembly to
      rotate in advance of said rotor assembly.
NUM  5.
PAR  5. The combination of claim 1 including means supporting the outer end
      portions of said blades from intermediate portions thereof anchored to
      said flexive portions for oscillation of said outer end portions relative
      to said intermediate portions about axes generally paralleling said
      blades.
NUM  6.
PAR  6. The combination of claim 5 including a single shiftable control member
      operatively connected to said outer end portions of said blades for
      simultaneously angularly adjusting said outer end portions about their
      axes of oscillation.
NUM  7.
PAR  7. The combination of claim 6 wherein said single shiftable control member
      is also operatively connected to said mounting member for canting the
      latter relative to the plane in which said rotor outer end portions swing
      independently of as well as simultaneously with adjustment of said outer
      end portions about their axes of oscillation.
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ABST
PAL  An aerospacecraft possessing a discus shaped body equipped with at least
      one disc type air screw driven by a turbine by the exhaust gases of a jet
      engine. The disc type air screw is equipped with variable pitch blades and
      works in the manner of a helicopter rotor for the generation of lift.
BSUM
PAR  The present invention concerns a new and improved construction of
      aerospacecraft. The aerospacecraft of this development is distinguished by
      its discus shaped formation. Also, that it possesses at least one disc
      type air screw which is driven by the off-gases or exhaust gases from a
      jet engine via a turbine. The disc type air screw is equipped with
      adjustable pitch blades and used like helicopter rotors for lift.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein:
PAR  FIG. 1 is a plan view of a first example of an aerospacecraft,
PAR  FIG. 2 is a frontal view of the craft shown in FIG. 1,
PAR  FIG. 3 is a plan view of a second example of an aerospacecraft
PAR  FIG. 4 is a general illustration of the craft with opened parachute and the
      cabin detached from the craft,
PAR  FIG. 5 is a plan view of the lower passenger space, and
PAR  FIG. 6 is a plan view of the upper passenger room inside the cabin of the
      aerospacecraft.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As shown in FIG. 1 and 2, the craft is constituted by a round discus or
      disc type of body 1, which is centrally more convex on the upper side than
      on the under side in order to create lift during flight. Four gyroscopes
      10 are installed in this body 1 and which are equally spaced along an
      imaginary circle. The body 1 is further equipped with four jet engines 11,
      two of which are diametrically opposed to each other along a diagonal near
      the periphery of body 1, whereas the other two engines are placed side by
      side and symmetrically to a diagonal which lies at 90.degree. to the first
      mentioned diagonal. Conventional types of jet engines can be used for
      these four jet engines 11. The four gyroscopes 10 are fitted with disc
      type air screws 12 with several adjustable pitch blades 12a and also
      fitted with vanes 13, which are impinged by the off-gases or exhaust gases
      from the jet engines 11. To guide the exhaust gases onto the vanes 13 on
      the disc type air screws 12, ducts 14 are provided, through which the
      exhaust gases from the jet engines 11 are guided straight onto the vanes
      13 of the disc air screws 12. Further ducts 15 are provided, which lead
      the exhaust gases after contact with the vanes 13 of the disc air screws
      12 to the outside of the craft. For the intake of fresh air to the jet
      engines 11 the ducts 16 are provided. Furthermore, ducts 17 can direct
      fresh air immediately onto the vanes 13 of the disc type air screw 12. The
      fuel for the jet engines 11 is stored in four fuel tanks or storages 18
      which are also placed on an imaginary circle between the gyroscopes 10.
      The fuel tanks 18 are emptied simultaneously, so that the trim of the
      craft is maintained. Four elevators 19 are provided for the steering of
      the craft, a trim foil 20 and a rudder with stabiliser 27.
PAR  In the centre of the craft there is provided a ring shaped cabin 21 which
      is intended for the passengers as well as a pilot cabin 22. The latter is
      placed centrally and above the passenger cabin 21. Both of these cabins 21
      and 22 can be detached from the outer part of the aerospacecraft and are
      fitted with four parachutes 23 which are capable of carrying the detached
      cabins 21 and 22, as can be seen from FIG. 4. The passenger cabin 21 is
      provided with a number of windows 24.
PAR  An undercarriage 25 is installed for the landing of the craft. Steps (not
      shown) aid entry and exit from the cabins 21 and 22. There are further
      provided special hydraulically adjustable stabilisers 26 for landing on
      water and also for the stabilising of the craft during flight.
PAR  The four jet engines 11 can be rotated (not shown) so that the jet force of
      the engines 11 can work in two directions which are at 90.degree. to each
      other. This makes it possible to use them for lift as well as for forward
      movement of the craft.
PAR  The four disc type air screws 12 are constructed in such a way that the
      individual air screw blades 12a can be adjusted by means of a planetary
      drive in conventional manner, for example by means of EDV controlled
      number of revolutions.
PAR  At the end of the blades 12a of the disc type air screw 12 there is
      provided a fly mass 28 which rotates with the disc type propeller. It
      serves to lend the necessary stability to the craft during flight as well
      as during take-off and landing.
PAR  The effectiveness of the described aerospacecraft is as follows:
PAR  Reacting onto the body 1 of the craft are firstly the thrust forces of the
      four jet engines 11, which by means of their rotatability can react in two
      directions at right angles to each other. Secondly, the more complex shape
      of the upper part of the body in contrast to the lower side creates a
      lifting force for the craft. Thirdly, the four gyroscopes 10 create a
      force which stabilises the craft in space, and fourthly the disc type air
      screws 12 lend further lift to the craft.
PAR  The combination of the four forces make it possible to take off with the
      craft in three different ways. Firstly, the four jet engines 11 can be
      positioned horizontally prior to take-off, so that the craft can take off
      similar to a conventional aircraft on a virtually horizontal plane. During
      this take-off the blades of the circular air screw 12a are positioned in
      such a way, that they give virtually no lift. Secondly, the craft can take
      off at an angle of 45.degree., in which for instance two jet engines 11
      are positioned vertically, whereas the other two remain in a horizontal
      position. Together with this the two disc air screws 12 react with their
      blades 12a as lifting rotors. Take-off at an angle below 45.degree. can
      also take place if all four jet engines 11 are positioned horizontally and
      if the pitch for the air screw blades 12a is adjusted accordingly.
      Thirdly, the craft can take off vertically, in which case all four jet
      engines are directed in such a way that they react vertically.
PAR  For vertical take-off, the exhaust gases of the jet engines 11 do not drive
      the blades 12a of the rotary air screw, so that these are operated purely
      by the air flowing through ducts 17. This drive, however, is sufficient to
      create the stabilising force of the rotors 12. Touch-down on land
      respectively air takes place in a similar manner.
PAR  As the arrows indicate in FIG. 1, two of the four gyroscopes 10 are
      revolving in a clock-wise direction, whereas the other gyroscopes 10 are
      revolving anti-clockwise. This effect is obtained firstly by the
      positioning of exhaust gas ducts 14 and otherwise by the shape of the
      turbo blades 13 on the disc type screw 12. For a stable position of the
      craft it is necessary that two of the four gyroscopes 10 work in opposite
      directions to the remaining two.
PAR  FIG. 3 shows a plan view of a second example of an aerospacecraft. Its
      outer shape is the same as that shown in FIG. 2.
PAR  In this second embodiment, each two jet engines 50 and 51 are symmetrically
      positioned on a diagonal across the craft and near the periphery of the
      body 1. Four gyroscopes 52 are provided which are equidistantly spaced
      along an imaginary circle, similar to the first embodiment. These
      gyroscopes 52 can either be combined, as in the first embodiment with
      disc-type air screw 53 with adjustable pitch blades, or they can be
      installed separately as a fly wheel gyroscope 54 next to the disc type air
      screws 53. The disc type air screw 53 is fitted on the periphery with
      turbine vanes 55, onto which the exhaust gases from jet engines 50 and 51
      are ducted. Should the gyroscope 52 be installed as a separate entity next
      to the air screws 53, then they are driven by suitable gears (not shown on
      the drawing) from the air screws 53. FIG. 3 shows the manner in which the
      ring shaped fly wheel mass 54 is attached to the blade ends of air screw
      blades 53a. This fly wheel mass 54 offers the craft the necessary space
      stability, similar to the example of FIG. 1.
PAR  Behind the jet engines 50 and 51 there are installed the exhaust gas ducts
      56 which direct the exhaust gases from jet engines 50 and 51 directly onto
      the turbo vanes 55. The exhaust gas ducts 56 merge with the exhaust pipes
      57 behind the turbo vanes 55, which are inclined from the centre plane of
      the disc by 45.degree., so that the emerging gas stream is directed
      against the ground at approx. 45.degree. and results in lift during
      take-off of the aircraft. The two rear jet engines 51 are each mounted on
      a turntable 67 and can be rotated through 180.degree., so that the thrust
      of all four jet engines 50 and 51 can work in parallel directions. Should
      the two rear jet engines 51 be positioned in such a way that their thrust
      reacts in the same direction as the thrust from the forward jet engines
      50, then three-way valves, schematically indicated by reference character
      100 in FIG. 3, close the exhaust pipes 57, belonging to jet engines 51,
      and instead the exhaust gas ducts 56 of the jet engines 51 are connected
      with the ducts 58, so that fresh air can flow through ducts 58 and the
      channels 56 to the jet engines 51. Pipes 59, 60 and 61 are provided for
      the cooling and the drive of the turbo vanes 55. By means of the pipes 59,
      additional cooling air flows into the aerospacecraft when moving, the
      quantity being dependent upon the speed of the craft, whereas fresh air is
      sucked and led to the turbo vanes 55 through the pipes 60 by means of the
      flow of exhaust gases of the forward engines. Fresh air is sucked and led
      to the turbo vanes 55 on the rear jet engine 51 by means of pipe 61.
PAR  In the centre of the body, and analogous to the first embodiment a cabin 63
      for passengers and a second cabin 62 for the pilot are provided. The
      passenger cabin is fitted with a number of windows 68. Fitted to these
      cabins are four parachutes 64, which in case of danger can be separated
      from the outer part of the disc body and are capable of carrying the
      detached cabin. This can be seen in FIG. 4.
PAR  Steering of the aircraft is controlled by four withdrawable steering vanes.
      The fuel for the jet engines 50 and 51 is stored in four symmetrically
      arranged tanks 66 which are equally emptied during operation.
PAR  The effective working of the described aerospacecraft, similar to that
      described in example 1, is as follows:
PAR  For take-off the thrust of the two rear jet engines 51 is adjusted in an
      opposite direction to that of the forward jet engines 50. This drives the
      four disc type air screws 53 in the directions indicated by the arrows.
      The pitch of the air screw blades in the disc type air screw 53 is
      adjusted for take-off in such a way that the highest possible lift is
      created. By means of the four exhaust pipes 57, the exhaust gases of the
      jet engines 50 and 51 are directed against the ground, so that the thrust
      of the engines 50 and 51 is used for the lifting of the craft during
      vertical take-off.
PAR  As soon as the craft has obtained a certain height, the two rear jet
      engines 51 are revolved through 180.degree. so that the thrust of all four
      jet engines 50 and 51 reacts in the same direction. Lift is then only
      being exerted by the two forward jet engines 50 by means of the exhaust
      pipes 57 and the resulting exhaust jet and the disc type air screws 53,
      which are driven by the exhaust gases from jet engines 50. During this
      time the rear jet engines 51 produce pure forward thrust, as their exhaust
      gases do not emerge via the exhaust pipes 57 nor the disc type rotors 53.
PAR  Touch-down on land or water of the craft takes place in a similar manner.
PAR  Alteration of the pitch of the air screw blades 12a respectively 53a alters
      the lift created by the rotary screws 12 or 53. The amount of this lift
      can therefore be adjusted by regulation of the number of revolutions of
      the air screw disc 12 and 53.
PAR  During any break-down, which could become dangerous for passengers and
      crew, as for instance fire, failure of control or engines, the cabins 21,
      22 and 62 and 63 can be detached from the outer ring shaped part of the
      craft. This separation can be carried out by mechanical, hydraulic or
      electrical installations. The separated centre 2 of the craft with its
      cabins is lowered by means of the parachutes 24 respectively 64 in a
      manner which is not dangerous for either the passengers or crew. Near the
      ground, the cabins are braked by means of braking rockets, so that the
      touch-down on either land or water is as soft as possible.
PAR  FIG. 5 and 6 show a plan view of the lower respectively upper passenger
      area 70 respectively 71. In both passenger cabins 70 and 71 revolving
      seats 73 are arranged around the periphery of the circular room in two
      rows. In this arrangement one row is offset with respect to the other, so
      that the seats 73 in both rows can be transformed into couches.
PAR  In the lower passenger room 70 a further row of seats 73 is installed,
      which is separated by a passage 74. In the centre of the room 70 are rooms
      75 which can be used for various purposes.
PAR  In the case of the upper passenger area 71, which is smaller than the lower
      passenger area 70, a pilot cabin 76 is provided in the centre, which can
      be adjusted vertically by means of a lift.
PAR  The described aerospacecraft can take off vertically from ground as well as
      from water and the same applies for touch-down.
PAR  Gyroscopes 10 respectively 52 maintain the craft in its various flight
      attitudes.
PAR  The discus shaped body exhibits a form which is aerodynamically of
      advantage, as the air resistance can be kept low even at high speeds.
      While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto but may be otherwise variously embodied and practiced
      within the scope of the following claims.
CLMS
STM  Accordingly, I claim:
NUM  1.
PAR  1. An aerospacecraft comprising a substantially discus-shaped body, a
      number of disc-type air screws provided for said body, a number of
      turbines and a number of jet engines provided for said body, one
      respective turbine and jet engine being operatively associated with a
      respective disc-type air screw, each of said disc-type air screws being
      driven by the associated turbine by means of exhaust gases emanating from
      the associated jet engine, each of said disc-type air screws being
      equipped with variable pitch blades and functioning in the manner of a
      helicopter rotor for the generation of lift, each turbine having vanes
      driven by the exhaust gases generated by the associated jet engine, and
      said number of jet engines being symmetrically arranged along diagonals
      extending across the craft, two of said number of jet engines defining
      rear engines, means for rotating said two rear jet engines through
      180.degree. in a plane extending through the center of the body, and each
      jet engine driving the associated disc-type air screw.
NUM  2.
PAR  2. An aerospacecraft comprising a substantially discus-shaped body, a
      number of disc-type air screws provided for said body, a number of
      turbines and a number of jet engines provided for said body, one
      respective turbine and jet engine being operatively associated with a
      respective disc-type air screw, each of said disc-type air screws being
      driven by the associated turbine by means of exhaust gases emanating from
      the associated jet engine, each of said disc-type air screws being
      equipped with variable pitch blades and functioning in the manner of a
      helicopter rotor for the generation of lift, each turbine having vanes
      driven by the exhaust gases generated by the associated jet engine, duct
      means for said disc-shaped body for directing the exhaust gases of each
      jet engine against the vanes of the associated disc-type air screw, said
      duct means merging with exhaust pipe means inclined through an angle of
      about 45.degree. with respect to the central plane of the body to permit
      downward deflection of the exhaust gases from each jet engine, said number
      of jet engines comprising four jet engines substantially symmetrically
      arranged along diagonals extending across the craft, two of said jet
      engines defining rear engines, means for rotating said two rear jet
      engines through approximately 180.degree. in a plane extending through the
      center of the body, each jet engine driving an associated disc-type air
      screw, and means for interrupting the connection of the duct means of the
      jet engines with the exhaust pipe means in order to be reconnected with
      air ducts when both rear jet engines are positioned such that the thrust
      of all four jet engines is in the same direction.
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ABST
PAL  An integrated all-weather observation/interpretation system in which a
      lighter-than-air vehicle ascends to a stationary position above the
      surface with a suspended gondola which carries passengers so that they can
      observe the surrounding area and experience a directly related
      interpretation program. The gondola includes a suitable observation window
      as well as a slide or motion-picture projection device, with audio and
      olfactory accompaniment, to provide a juxtaposed interpretation. The
      vehicle is raised, lowered and rotated through strategically placed
      electrically powered rotors and/or ground-based electric winches and
      elevation lines and/or a pantograph operating from a turntable inside the
      vehicle's ground nest. Screens on the ground are also provided for slide
      or motion-picture projection to simulate the view under weather conditions
      when the vehicle cannot be elevated.
PARN
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This application is a continuation-in-part of application Ser. No. 386,935,
      filed Aug. 9, 1973, now abandoned.
BSUM
PAR  Lighter-than-air vehicles which are maintained in a stationary, elevated
      position are known and have been used for a number of different purposes.
      Yet, the unique and efficient characteristics of such a means have not
      been exploited so as to elevate an observation gondola for the purpose of
      providing the passengers of such a vehicle the opportunity to view the
      surrounding area in an informative and dramatic manner.
PAR  Accordingly, it is an object of this invention to provide for a rotatable,
      lighter-than-air craft consisting of a large, light, ellipsoid-shaped
      element which will provide the static lift through numerous
      lighter-than-air gas bags contained therein, as well as a bank of gas
      flasks to provide additional, adjustable buoyancy, together with a
      suspended gondola especially suitable for comfortably raising a number of
      passengers to an elevated, stationary position and providing the means
      conducive to an extensive view and juxtaposed interpretation of the
      surrounding area.
PAR  It is an additional object of this invention to provide for the gondola to
      contain a curved transverse compartment with one or more rows of seats
      facing a slanted window which will provide passengers with a wide section
      view extending from the horizontal plane downward almost to the vertical
      plane.
PAR  It is a further object of this invention to provide a means whereby scenes
      which would be observable through the gondola window during a flight at a
      particular location can be simulated on a curved screen outside and below
      said window for the passengers'  enjoyment in the event that ascent is not
      possible.
PAR  It is further an object of the invention to provide means by which
      supplementary illustrative maps and pictures may be projected directly
      above the window through sound-accompanied slide or motion-picture
      projection, such projections being programmed to be in phase with the view
      afforded by a particular position.
PAR  It is a further object of the invention to supply further supplementary
      illustrative features within the gondola including such aids as
      multi-lingual narration through selectable tape channels and
      scent-dispensing features using the gondola's ventilating system.
PAR  It is further an object of the invention to provide the vehicle with a
      number of electrically powered rotors versatilely mounted on the hull's
      perimeter to allow controlled rotation of said vehicle about a vertical or
      horizontal axis as well as allowing vertical or horizontal movement of the
      craft itself.
PAR  Another object of the invention is to effect ascent and descent of the
      vehicle by a series of electric winches securely moored to the ground
      outside the nest, the winches feeding out or pulling in the elevation
      lines which are connected to the craft. Tandem-sheave pulleys ride on the
      elevation lines and are connected by rotation lines to additional electric
      winches to effect rotation about the vertical axis.
PAR  As an alternative or supplement to the above means for positioning the
      vehicle above the surface for observation purposes, it is a further object
      of the invention to accomplish the raising/lowering and vertical-axis
      rotation of the vehicle by means of an electrically or hydraulically
      operated double pantograph secured at the top to the underside of the
      vehicle's gondola and at the bottom to a turntable located inside the
      vehicle's ground nest.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an external fore-and-aft elevation of the vehicle and ground
      nest;
PAR  FIG. 2 is an external plan view of the vehicle;
PAR  FIG. 3 is a cutaway plan view of the vehicle showing the hull framework,
      rotor motors and arms, control lines and winches, gondola, projectors and
      screen;
PAR  FIG. 4 is a vertical section of the vehicle and ground nest along the
      fore-and-aft center line;
PAR  FIG. 5 is a cutaway transverse elevation of the vehicle and ground nest;
PAR  FIGS. 6 and 7 are enlarged elevations along and across the center line of a
      rotor-angle-adjustment arm to indicate propulsion and control details;
PAR  FIG. 8 is a side elevation of an elevation-winch and rotation-winch control
      unit;
PAR  FIG. 9 is a fore-and-aft elevation of the vehicle and pantograph and ground
      nest, showing the vehicle in an elevated position;
PAR  FIG. 10 is a transverse elevation of the vehicle and pantograph and ground
      nest, again showing the vehicle in an elevated position;
PAR  FIG. 11 is a cross-section through the turntable I-beam and pantograph
      foot, to indicate the means of securing and rotating the pantograph; and
PAR  FIG. 12 is a side elevation of a modification of the invention to simulate
      the vehicle operation.
DETD
PAC  DESCRIPTION OF A PARTICULAR EMBODIMENT
PAR  The hull 1 (FIGS. 1-5) of the vehicle is an ellipsoid formed on the minor
      axis, with an exterior consisting of opaque rubberized fabric 2 shaped by
      a light metal or wooden skeleton 3 and with a flattened bottom.
PAR  Lighter-than-air gas to provide static lift is contained in several light
      plastic bags 4 within this ellipsoid, each bag being connected by a
      plastic tube to a central gas-control manifold at the pilot's position 5.
      (For a lifting capacity of 40 passengers, using helium, suitable major and
      minor axes for the oblate ellipsoid can be approximately 120 feet and 25
      feet, respectively.)
PAR  Also connected to this manifold are a bank of gas flasks 6 to provide
      additional buoyancy when required to offset possible leaks or increases in
      gross weight and a compressor 7 to recharge these flasks from the gas bags
      when reducing buoyancy or to pump from one bag to another when adjusting
      the vehicle's trim.
PAR  The surface of the ellipsoid can be colored with alternate red and white
      segments 8 for aeronautical identification.
PAR  Electric power for propelling and controlling the vehicle, heating or
      cooling the gondola and presenting the interpretation of points of
      interest can be supplied through a ground-fed power cable 9 connected to
      the stern (or by light batteries, fuel cells or generators and engines if
      increased flexibility justifies the added weight.)
PAR  Propulsion can be provided by rigid rotors 10 driven by electric motors 11
      positioned at suitable points (three on the hull's perimeter ring 12 in
      this illustration). These motors can be mounted on arms 13 (FIGS. 6-7)
      fastened as by hinges 14 to the hull frame 3 and capable of being rotated
      around the arm axis. The arm-angle setting can be made remotely from a
      control console at the pilot's position 5 as by a switch connected to a
      small electric motor 15 which drives a worm gear 16 meshed with a curved
      rack 17 on each arm. The motor-tilt setting can be made in similar fashion
      by an additional electric motor 18 and a worm gear 19 which meshes with a
      curved rack 20 on the casing of the rotor motor 11. The direction and
      speed of rotation of each rotor can be controlled as by switches and
      rheostat in the control console of 5 at the pilot-position and/or on the
      ground which determine the polarity and amount of current going to the
      rotor motor.
PAR  By the combined selection at the control console of arm angle, motor tilt
      and rotor-rotation direction and speed, for each rotor, the vehicle can be
      moved vertically and horizontally and rotated about the vertical and both
      horizontal axes. It can be maneuvered in any desired manner by a
      simultaneous or sequential combination of these movements and rotations,
      providing great flexibility in achieving and maintaining any desired
      position.
PAR  The vehicle can thus be operated from compact landing areas including small
      parks, barges and the tops of buildings. Landings can be assisted with the
      power cable 9 (FIGS. 1-5) as by means of an electrically driven winch 21
      anchored behind the ground nest 22 and controlled from the pilot's
      position 5 (and/or a ground station).
PAR  The vehicle's gondola 23 is a curved transverse compartment with one or two
      rows of staggered seats (totaling 40 in this illustration) which face
      forward, with double doors at each end so that each row can be
      simultaneously unloaded at one end and loaded at the other. The wall
      immediately in front of these seats consists of a slanted window 24 of
      clear plastic, providing passengers with a wide-sector view extending from
      the horizontal plane downward almost to the vertical plane. Immediately
      above this window, and recessed to provide the necessary darkness and
      comfortable viewing distance, is a slanted and curved screen 25. As by
      means of one or more slide or motion-picture projectors 26, detailed maps
      and illustrations showing the relationships, history and physical details
      of the points of interest observable from the window can be displayed on
      the adjacent portions of this screen. Passengers can thus orient and
      inform themselves continuously with material pertaining to these points of
      interest in each sector. (In an alternative or supplementary arrangement,
      using a partially-reflective plastic film pulled down over the inside of
      the window, a perspective drawing identifying the points of principal
      interest can be projected directly on the window and thus superimposed on
      the outside field.)
PAR  A narrative and musical score to accompany the observed scene and the
      projected maps and illustrations can be presented as by sound-track or
      tape-actuated loudspeakers 27 behind the screen. This narrative and score
      can have separate sections corresponding to and synchronized with the
      sectors of the visual field -- so that passengers hear commentary and
      music addressed to the particular points being observed as their seats
      swing through each sector. By the use of additional tape channels and
      earphones with a selector switch on a phone jack at each seat, this
      narrative can be presented in various languages and in various levels of
      detail to accommodate different passenger backgrounds and interests.
PAR  (To further convey the atmosphere of the scenes being observed, a plastic
      canopy 28 can be provided for the gondola and a scent-dispensing feature
      can be incorporated in the ventilating system 29 -- permitting passengers
      to experience a succession of aromas [for example: vegetation, gunpowder
      smoke, cooking food, industrial fumes] which emphasize the historic or
      present-day significance of these scenes.)
PAR  A thin-shelled conical-section building 22, with a large low-pressure
      plastic tube 30 serving as a bumper and seal on its upper edge, can
      provide a suitable ground nest. The vehicle can be securely moored by
      lines 9 attached to its perimeter and hooked into anchored eyes 31 outside
      this nest.
PAR  To accommodate high-wind or poor-visibility conditions when vehicle ascents
      are not possible, the scenes observable through the gondola window 24
      during a flight at any particular location can be simulated on a curved
      screen 32 inside the ground nest wall in front of and below this window as
      by one or more slide or motion-picture projectors 33.
PAR  To illustrate the variations possible in the design of this basic vehicle,
      it may be concluded in some situations that the required interpretation
      projection on the vehicle screen 25 and observed-scene simulation on the
      ground nest screen 32 can be provided adequately with narrower screens.
      For these situations, the transverse dimension of the vehicle hull 1 and
      ground nest 22 can be reduced somewhat.
PAR  As another illustration, the vertical and horizontal positioning and
      rotation functions performed by the vehicle's perimeter rotors 10 and
      motors 11 can be assisted (or performed instead) by light elevation lines
      9 fixed to points near the perimeter and controlled by electric winches 21
      on the surface outside the ground nest 22 -- and operable both from the
      control console in the vehicle and from a ground control station (with one
      or more of these lines perhaps serving as the power cable). In this
      arrangement, rotation of the vehicle in either direction to change the
      passengers' viewing sector can be accomplished as by tandem-sheave pulleys
      34 (FIG. 8) riding on the elevation lines 9 and connected by rotation
      lines 35 in two directions (running around roller bars 36 at the midpoints
      if necessary to avoid rubbing against the ground nest 22) to electric
      winches 37 at the bases of the other elevation line winches 21.
PAR  As a further illustration, the above means for vertical positioning and
      vertical-axis rotation of the vehicle can be supplemented or replaced by a
      double pantograph 40 (FIGS. 9 and 10) secured at the top to the underside
      of the vehicle's gondola 23 and at the base as by means of four feet 41
      (FIG. 11) fastened by pins 42 to the bottom pantograph arms 43.
PAR  Rotation, vertical and horizontal support, and protection against tipping
      of the pantograph can be achieved as by rollers 44 on the insides of the
      flanges and web of a circular I-beam track 45 with the bottom roller
      actuated by an electric motor 46. The I-beam thus constitutes a turntable
      located within the vehicle's ground nest 22 (FIGS. 9 and 10).
PAR  Extension and retraction of the pantograph 40 to raise and lower the
      vehicle can be accomplished as by a horizontal hydraulic cylinder or by a
      double worm gear 47 positioned between a pair of the pantograph knees and
      driven by an electric motor 48.
PAR  Vertical gear racks 49 in the ground nest, which mesh with cogs 50 at the
      outer ends of the double worm gear 47, can provide a directly geared
      vertical force to assist the nesting and unnesting operation at the lower
      limit of the pantograph travel.
PAR  The maintenance of a horizontal vehicle position can be assisted as by
      light diagonal cables 51 between the top pantograph knees and the
      vehicle's perimeter ring, with springs 52 which keep the cables in the
      desired tension during the vehicle's vertical travel.
PAR  FIG. 12 shows a modification. As a transitional and evolutionary measure at
      some locations, the ground nest 22a can be equipped with an upper screen
      25a and projectors 26a. The ground nest may have an opaque roof 38 and a
      stationary gondola 23a. This arrangement permits vehicle flights and
      observed-scene interpretations to be completely and continuously
      simulated; and viewing capacity can be increased by providing several rows
      of seats 39 below the gondola.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An integrated all-weather observation/interpretation system comprising:
PA1  a lighter-than-air observation vehicle for  transporting passengers above a
      scene of interest to provide said passengers with an advantageous vantage
      point for the observation of said scene,
PA1  means for lifting said vehicle vertically, maintaining it at a point above
      the surface from which said scene can be viewed, rotating it for viewing
      various sectors of this scene, and returning it to the surface,
PA1  an insulated cable for continuously providing electric power to said
      vehicle from the surface,
PA1  a gondola under said vehicle which includes a plurality of seats facing an
      observation window extending from a horizontal plane substantially
      coincident with the passengers' normal view downward almost to a vertical
      plane and positioned so that said passengers can view said scene of
      interest therethrough,
PA1  a darkened screen positioned directly above said horizontal plane and
      oriented with the direction of observation so that the passengers can
      observe both said screen and said window,
PA1  means for internally projecting supplementary and interpretive images
      specifically related to the scene of interest onto said screen, with said
      images programmed and coordinated so as to coincide with said observation,
      and
PA1  means for presenting audio programs coordinated with said observed scene of
      interest as supplemented with said images.
NUM  2.
PAR  2. The invention recited in claim 1 further comprising:
PA1  means for projecting a simulation of the scene observed through said window
      on a screen outside said window under weather conditions when said vehicle
      must remain on the surface.
NUM  3.
PAR  3. The observation vehicle recited in claim 1 wherein said means for
      lifting said vehicle vertically, maintaining and rotating it at a point
      above the surface, and returning it to the surface comprise:
PA1  gas bags and means for introducing and releasing gas into and out of said
      bags so that said vehicle can be operated as a lighter-than-air craft,
PA1  multiple extendible lines between the surface and said lighter-than-air
      craft, and
PA1  winches connected to said extendible lines and anchored to the ground in
      such a manner as to provide control of the vertical position and
      rotational orientation of said vehicle through the coordinated extension
      and contraction of said extendible lines.
NUM  4.
PAR  4. The observation vehicle recited in claim 1 wherein said means for
      lifting said vehicle vertically, maintaining and rotating it at a point
      above the surface, and returning it to the surface comprise gas-filled
      bags and multiple electrically driven rotors with vertical axes of
      rotation which can be altered in angle about both horizontal axes.
NUM  5.
PAR  5. The observation vehicle recited in claim 1 wherein said means for
      lifting said vehicle vertically, maintaining and rotating it at a point
      above the surface, and returning it to the surface comprise:
PA1  gas bags and means for introducing and releasing gas into and out of said
      bags so that said vehicle can be operated as a lighter-than-air craft.
PA1  a double pantograph extending between the vehicle gondola and the vehicle's
      ground nest, and
PA1  a turntable in said vehicle's ground nest having means for
      extension/retraction and rotation of said pantograph.
NUM  6.
PAR  6. The lighter-than-air observation vehicle of claim 1 wherein said screen
      consists of a partially reflective film superimposed on said observation
      window.
NUM  7.
PAR  7. The observation vehicle recited in claim 1 wherein said means for
      projecting a simulation of the scene observed through said window on a
      screen outside said window and the means for projecting images related to
      said scene on a screen adjacent to said window can, as a transitional and
      evolutionary measure, be provided in a fixed surface installation.
NUM  8.
PAR  8. The observation vehicle recited in claim 1 wherein said insulated cable
      is incorporated in said extendible lines for providing electric power to
      said vehicle.
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ABST
PAL  The leading edge of the jet engine nacelle is provided with structure to
      prevent the formation of ice particles at the inlet of the jet engine. The
      nacelle is split into leading and trailing chambers and there is a
      partition separating the chambers, the leading one of which includes the
      anti-icing apparatus. The leading chamber includes a double skin generally
      facing interiorly toward the jet engine and that double skin defines the
      nacelle therebetween which permits the passage of the hot gases which heat
      the outer skin from the inside thereof. Conduit means controllably pass
      hot exhaust gases from the jet engine to within the leading chamber from
      where they pass into a cell via a series of spaced apertures formed in the
      inner double skin. A series of spaced channels are formed between the
      inner and outer skins and connect the leading and trailing chambers. Those
      channels pass the spent heating gases into the trailing chamber which
      includes the structural acoustical sandwich comprising inner and outer
      skins separated by a layer of honeycomb core. The outer skin is apertured
      for acoustic purposes and the spent gases pass through those apertures and
      are discharged.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to anti-icing apparatus for use with jet
      engines and the like.
PAR  It is known in aircraft that under certain atmospheric conditions, ice
      tends to form and build up on any part of which air impinges. This is a
      particular danger at the inlet of the jet engines, since such ice may
      obstruct the free flow of air entering the intake and as a result, it may
      adversely affect the operating characteristics of such engines. In the
      extreme, a large build-up of ice may even damage sensitive engine
      components due to possible break-away and collision.
PAR  For some time, anti-icing apparatus employed in aircraft for preventing the
      formation of ice on faired surfaces has utilized relatively warm engine
      bleed air and conduits for delivering this heated air under pressure to
      air spaces defined by apertured fairings. With the ever increasing demand
      for greater engine performance, the conventional engine bleed air systems
      are distributing air at correspondingly greater temperatures and
      pressures.
PAR  The increase of engine performance cannot be effectively realized unless
      the overall weight of the aircraft can be maintained at a minimum level.
      In view of the extremely high temperature and pressure, however, it has
      been necessary to construct the apertured fairings from material such as
      steel which can withstand this excessive temperature and pressure. The use
      of steel for the construction of engine inlet surfaces and the like,
      rather than lighter aluminum and aluminum alloys, has tended to increase
      the overall aircraft weight thus detrimentally affecting the aircraft
      performance.
PAR  The present invention is designed to admit controlled amounts of this
      heated air at the precise position where it performs its function of
      heating the faired surfaces sufficiently to melt the ice particles.
      Because the air is admitted in controlled amounts, the faired surfaces no
      longer need to withstand excessive temperature levels and resort can be
      made to advanced aerodynamic materials which provide maximum strength at a
      minimum amount of weight. The present invention thus permits the engine to
      operate at its maximum efficiency and does not add to the weight of the
      craft thus making the entire craft operate at maximum efficiency.
PAC  SUMMARY OF THE INVENTION
PAR  The leading edge of the jet engine nacelle is provided with structure to
      prevent the formation of ice particles at the inlet of the jet engine. The
      nacelle is split into leading and trailing chambers and there is a
      partition separating the chambers, the leading one of which includes the
      anti-icing apparatus. The leading chamber includes a double skin generally
      facing interiorly toward the jet engine and that double skin defines the
      nacelle therebetween which permits the passage of the hot gases which heat
      the outer skin from the inside thereof. Conduit means controllably pass
      hot exhaust gases from the jet engine to within the leding chamber from
      where they pass into a cell via a series of spaced apertures formed in the
      inner double skin. A series of spaced channels are formed between the
      inner and outer skins and connect the leading and trailing chambers. Those
      channels pass the spent gases into the trailing chamber which includes the
      structural acoustical sandwich comprising inner and outer skins separated
      by a layer of honeycomb core. The outer skin is apertured for acoustic
      purposes and the spent gases pass through those apertures and are
      discharged.
PAR  The above and other aspects of the present invention will be apparent as
      the description continues and when read in conjunction with the appended
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a nacelle incorporating the anti-icing
      structure of the present invention, partially cut away to reveal the
      placement of that structure;
PAR  FIG. 2 is a front elevational view of the nacelle.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a conventional nacelle 10 which is generally cylindrical
      and supports a jet engine 12 essentially in a conventional manner. Large
      amounts of air pass into the engine through or over the leading edge 14 of
      that nacelle.
PAR  The nacelle 10 is divided into leading and trailing chambers 16 and 18
      respectively. It is the leading chamber 16 which is of most concern since
      along the forward exterior of that chamber is where the ice particles tend
      to form, and it is that chamber which must be heated to inhibit the
      formation of ice particles at the inlet of the jet engine.
PAR  Hot exhaust gases are bled from the engine exhaust into the trailing
      chamber 18 and via a conduit (not shown) are passed into the leading
      chamber 16. The conduit may be of any conventional type and will be sized
      to admit only that amount of gas necessary to perform the heating function
      in the trailing chamber. The leading chamber includes a double thick wall
      20 fabricated from inner and outer skins 22 and 24 respectively. That wall
      is formed only along the inside of the leading chamber, or, in other
      words, it faces interiorly toward the jet engine. Ice particles which
      would form on the exterior facing wall of the leading chamber present no
      particular problem and for that reason, it is only the interiorly facing
      side that must be heated to inhibit ice particle formation.
PAR  The inner and outer walls 22 and 24 respectively, of the leading chamber
      16, define therebetween a cell which is adapted to receive the bleed
      exhaust gases. A series of spaced ribs 26 provide for the structural
      connection of the inner and outer walls and to some extent further define
      the cell into several compartments. A series of spaced ports 28 are formed
      in the inner skin and provide for communication between the leading
      chamber and the cell. The hot bleed gases that are admitted to the cell
      via the ports 28 heat the outer skin 24 only to that temperature necessary
      to retard the formation of ice particles on the exterior of that skin. The
      size, spacing, and number of ports will determine just how much bleed
      exhaust gases are admitted into the cell. This is done in advance by the
      designer who would have to account for the minimum temperature encountered
      by the aircraft in anticipated flight patterns.
PAR  A series of parallel spaced ribs 30 define the series of channels 32 which
      function to discharge the spent exhaust gases from the cell into the
      structural acoustic sandwich which defines the trailing chamber 18 of the
      nacelle 10. That sandwich is conventional in nature and comprises an inner
      skin 34, a honeycomb cellular layer 36 and an apertured exterior skin 38,
      the apertures of which are provided to impart acoustical dampening
      properties to the nacelle. The exhaust gases pass into the sandwich and
      flow freely about the honeycomb layer, which flow may be assisted by the
      provision of slots 40 in the honeycomb walls. These gases then pass
      through the apertures of the exterior skin.
PAR  Many changes may be made in details of the instant invention, in the method
      and materials of fabrication, in the configuration and assemblage of the
      constituent elements, without departing from the spirit and scope of the
      appended claims, which changes are intended to be embraced therewithin:
CLMS
STM  We claim:
NUM  1.
PAR  1. Anti-icing plenum to eliminate formation of ice at the leading edge of a
      jet engine nacelle, the nacelle being divided into leading and trailing
      chambers, and a partition separating said chambers, a portion of the
      leading and trailing chambers comprises a double skin along the side
      thereof generally facing interiorly toward the jet engine, said double
      skin defining therebetween a cell for the passage of hot gases which heat
      the leading chamber outer skin from the inside thereof, a series of spaced
      apertures formed in the inner skin of said leading chamber admit
      controlled amounts of hot gases into said cell, whereby said leading
      chamber outer skin is heated to a temperature sufficient to retard
      formation of ice particles at the nacelle inlet, said partition separating
      said chambers comprises a series of spaced channels formed between said
      inner and outer skins adapted to pass the spent heating gases out of said
      leading chamber into the trailing chamber, said inner wall of the trailing
      chamber comprises a structural acoustic sandwich, the intermediate layer
      of which comprises honeycomb cellular material, said structural acoustic
      sandwich comprises inner and outer skins separated by said layer of
      honeycomb cellular material having cells with side walls with notches
      therein, said side walls perpendicular to said skins, said outer skin
      being apertured allowing said heating gases to pass through notches cut in
      the side walls of the cells of said honeycomb cellular material and said
      apertures.
NUM  2.
PAR  2. Anti-icing plenum to eliminate formation of ice at the leading edge of a
      jet engine nacelle, the nacelle being divided into leading and trailing
      chambers, and a partition separating said chambers, a portion of the
      leading and trailing chambers comprises a double skin along the side
      thereof generally facing interiorly toward the jet engine, said double
      skin defining therebetween a cell for the passage of hot gases which heat
      the leading chamber outer skin from the inside thereof, a series of spaced
      apertures formed in the inner skin of said leading chamber admit
      controlled amounts of hot gases into said cell, whereby said leading
      chamber outer skin is heated to a temperature sufficient to retard
      formation of ice particles at the nacelle inlet, said partition separating
      said chambers comprises a series of spaced channels formed between said
      inner and outer skins adapted to pass the spent heating gases out of said
      leading chamber into the trailing chamber, said inner wall of the trailing
      chamber comprises a structural acoustic sandwich, the intermediate layer
      of which comprises honeycomb cellular material, said honeycomb cellular
      material having cells with side walls on a plane perpendicular to said
      outer skin and said side walls are notched to facilitate the flow of spent
      gases therethrough.
NUM  3.
PAR  3. Anti-icing plenum to eliminate the formation of ice at the leading edge
      of a jet engine nacelle, the nacelle being divided into leading and
      trailing chambers, and a partition separating said chambers, the forward
      end and the inner portion of said leading chamber facing the engine and
      the adjacent inner portion of said trailing chamber comprises a double
      skin, said double skin defining therebetween a cell for the passage of
      externally supplied hot gases which heat the outer skin of said double
      skin portion of said leading chamber from the inside thereof, a series of
      spaced apertures formed in the inner skin of said leading chamber admit
      controlled amounts of externally supplied hot gases into said cell,
      whereby the outer skin of said leading chamber is heated to a temperature
      sufficient to retard the formation of ice particles at the nacelle inlet,
      a series of spaced channels formed between said inner and outer skins of
      the forward portion of said trailing chamber pass the spent heating gases
      out of the leading chamber into said trailing chamber, said inner and
      outer skins of said trailing chamber adjacent said forward portion form a
      structural acoustic sandwich, the intermediate layer of which comprises
      honeycomb core material, a portion of said outer skin of said acoustic
      sandwich is apertured and a portion of the cells of said honeycomb core
      material have notches in their side walls the outer skin apertures and
      such notches exhaust said spent gases from said trailing chamber into said
      engine.
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ABST
PAL  An apparatus for receiving refuse, such as a refuse container or a garbage
      can, is vertically insertable into a holder device therefor with the
      holder comprising a ring-like portion circumferentially extending about
      the inserted container which portion has openings therein through which
      the closed loop handles of the container may be inserted. The closed loop
      handles outwardly extend from the sides of the container in the direction
      of the sides and are slidably insertable on the ring-like portion adjacent
      the opening when the inserted container is rotated after insertion.
      Pivotally mounted locking bars are included in the ring-like portion
      adjacent the openings for locking these openings after the handles have
      been slidably inserted onto the ring-like portion to lock the container to
      the holder device. The holder is anchored, such as by concrete and/or an
      embedded base to prevent ready removal of the holder. The bottom of the
      container may comprise a concave-like portion to facilitate rotation of
      the container after insertion in the holder.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to devices for lockably holding refuse
      containers to prevent their unauthorized removal.
PAR  2. Description of the Prior Art
PAR  Holders for refuse cans are well known in the prior art, such holders being
      illustrated by way of example in U.S. Pat. Nos. 3,160,380; 2,795,336;
      3,235,094; 3,675,783; 3,197,032; 3,288,305; and 3,219,195. All of these
      prior art refuse can holders, however, are primarily concerned with the
      problem of supporting these cans off the ground as well as maintaining the
      cans from tipping or upsetting from the elements or animals.
      Unfortunately, one of the primary problems with respect to garbage cans,
      such as in urban areas, is the environmental damage done, not from
      animals, but rather from human vandals who physically remove the cans from
      such holders and dump the contents over the surrounding landscape. In an
      attempt to overcome this problem in urban areas, costly and expensive
      materials have been utilized for constructing garbage cans, such as
      structural concrete. In todays economy, the costs of such materials does
      not justify their use as mere refuse containers. However, because the
      vandalism problem in urban areas is so great, municipalities have
      inefficiently expended large sums of money to provide these inefficient
      elaborate garbage cans. In those areas where the cost was not truly
      justified, such as in the large majority of parks contained in large urban
      areas, conventional wire garbage cans have continued to be utilized with
      the unfortunate result that environmental pollution by vandals continues
      in those areas where the police are unable to prevent it. Thus, prior art
      refuse can holders, such as the type enumerated above, have not proved
      satisfactory in overcoming the problems which can result from vandalism,
      including the problem of theft, as well as also preventing tipping and
      upsetting from the elements or animals. These disadvantages of the prior
      art are overcome by the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  An apparatus for receiving refuse is provided which comprises a removable
      refuse container, such as a garbage can, having substantially up-standing
      sides providing a predetermined diameter for the container and a closed
      loop handle outwardly extending from at least one of the sides, the closed
      loop extending substantially in the direction of that side. Preferably,
      there will be at least two such loop handles. If desired, the handle may
      be removably secured to the container. In addition, the container may have
      a bottom portion which comprises a concave-like portion which provides a
      rim on which the container may be readily rotated. The apparatus further
      includes a holder device for the container with the holder comprising a
      circumferentially extending housing having a diameter greater than the
      diameter of the container. The container is removably insertable in the
      circumferential housing which includes a ring-like portion
      circumferentially extendable about the inserted container. The ring-like
      portion has an opening therein, through which the closed loop handle of
      the container is insertable when the container is inserted in the housing.
      The handle is slidably insertable in the ring-like portion adjacent the
      opening when the inserted container is rotated such as on the bottom rim.
      The ring-like portion has a pivotal locking bar adjacent the opening,
      which locking bar may be locked into position at substantially right
      angles to the ring-like portion to thereby prevent the container from
      being rotated back to a position at which the handles can be removed from
      the opening. Thus, removal of the container is prevented when the locking
      bar is locked into position. The holder further includes anchoring means,
      such as a concrete and/or a ground embeddable base portion, for preventing
      ready removal of the container locked holder, whereby the refuse container
      may be inserted in the holder and locked in place. The ring-like portion
      preferably includes a pair of uniformly spaced apart openings, each having
      pivotal locking bars associated therewith for lockably retaining the
      handles of the container, with the spacing of the openings being dependent
      on the spacing between a pair of closed loop handles normally provided on
      the refuse container.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the preferred embodiment of the refuse
      receiving apparatus of the present invention;
PAR  FIG. 2 is a perspective view of the preferred embodiment of the holder
      portion of the embodiment shown in FIG. 1;
PAR  FIG. 3 is a plan view of an anchoring means utilizable with the embodiment
      of FIG. 1;
PAR  FIG. 4 is a fragmentary side elevational view of the embodiment shown in
      FIG. 2 illustrating the pivotal locking portion thereof;
PAR  FIG. 5 is a partial fragmentary perspective view of the preferred
      embodiment of the refuse container portion of the embodiment shown in FIG.
      1;
PAR  FIG. 6 is an exploded fragmentary perspective view of the handle portion of
      the preferred container portion of the embodiment shown in FIG. 1; and
PAR  FIG. 7 is a fragmentary side elevational view of an alternative embodiment
      of the pivotal locking portion shown in FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings in detail and initially to FIG. 1 thereof,
      the presently preferred embodiment of the apparatus of the present
      invention for receiving refuse, generally referred to by the reference
      numeral 10 is shown. As shown and provided in FIG. 1, the apparatus 10 of
      the present invention may preferably be utilized with a conventional
      refuse container or garbage can 12, such as the type normally constructed
      by a steel wire mesh and utilized in a large majority of urban areas, such
      as New York City. Such trash cans 12, are ordinarily conventionally
      provided with closed loop handles, such as handles 14 and 16, to
      facilitate the lifting of the container 12 when it is desired to dump the
      contents thereof into a common collection device, such as a garbage truck.
      As shown in FIG. 6, however, if such a container 12 is not normally
      provided with vertically extending closed loop handles, such as handles 14
      and 16, outwardly extending from the sides of the container 12, then such
      vertically extending handles, for example handle 16a which is afixed to
      the mounting plates 18 and 18a, may be permanently secured to the sides of
      the refuse container 12, such as by welded arrangements 20-22 as
      illustrated in FIG. 6.
PAR  As shown and preferred, and as will be described in greater detail
      hereinafter, the container 12 is closed on the bottom 28 thereof and is
      normally preferably only open at the top 30 thereof for permitting the
      insertion of refuse into the container 12.
PAR  Thus, the container 12 is normally closed on all sides except for the top
      portion 30. Preferably, the container 12 has a predetermined diameter
      which is conventionally provided by the spacing between the upstanding
      sides of the container 12. The apparatus 10, in addition to the container
      12, also preferably includes a holder 32 for the refuse container 12
      which, as will be described in greater detail hereinafter, enables
      insertion of the refuse container 12 therein and locking of the refuse
      container 12 in place to the holder 32. As shown and preferred in FIG. 3,
      the holder 32 preferably includes an anchoring portion 36 for anchoring a
      holder 32 in the ground to prevent easy removal of the holder 32. The
      manner of anchoring will be described in greater detail hereinafter. The
      holder 32 preferably comprises a circumferentially extending ring-like
      portion 38 (FIG. 2) which preferably has a diameter d which is greater
      than the diameter of the refuse container 12 insertable therein. As shown
      and preferred in FIG. 2, the ring-like portion 38 preferably comprises a
      pair of symmetrical portions 38a and 38b which are spaced apart to provide
      a pair of opposed openings 40 and 42 in the circumferential ring-like
      portion 38. The openings 40 and 42 are preferably of sufficient size to
      permit the insertion of the handles 14 and 16, respectively, through when
      the container 12 is inserted inside the holder 32. The handles 14 and 16,
      which were previously mentioned, are preferably located at a height
      sufficient to align the openings 44 and 46, respectively, therein with the
      ends of the ring-like symmetrical portions 38a and 38b when the container
      12 has been inserted in the holder 32. As will be described in greater
      detail hereinafter with reference to FIG. 4, openings 40 and 42 are
      preferably lockably closed by conventional pivotal locking means 50 and
      52, respectively. The holder 32 also preferably comprises a pair of
      upstanding supporting members 54 and 56 for ring-like portion 38b, said
      supporting members being joined together by cross member 55 and supporting
      members 58 and 60 for ring-like portion 38a, said supporting members being
      joined together by cross member 59 to permanently support the ring-like
      portion 38 at the desired height. The structure of supporting member 54
      will now be further described in detail, it being understood that
      supporting members 56, 58 and 60 are similarly considered. Supporting
      member 54 comprises an elongate portion 61 extending downwardly from
      portion 38b, and terminates in a threaded portion 63 having a pointed tip
      for ease of anchoring supporting member 54. Supporting member 54 also
      includes an internally threaded, conical shaped screw 65 which is
      threadably mountable on threaded portion 63. Screw 65, together with
      identical screws on each of supporting members 56, 58 and 60 are all
      independently threaded on their respective threaded portions whereby to
      ensure that the holder 32 will be in a level position, as for example,
      when the ground in which holder 32 is itself not level. It is these
      supporting members 54, 56, 58 and 60 which are anchored in the ground by
      the previously mentioned anchoring means 36 by affixing the holder 32 in
      substantially permanent position in the ground. Preferably, as shown and
      preferred, portions 38a and 38b are at the same vertical height.
PAR  The anchoring means for anchoring supporting members 54, 56, 58 and 60 in
      the ground may preferably be by means of concrete which has been poured
      into the ground as shown in FIG. 3. In FIG. 3, an X-shaped cross plate 36
      having cross members 62 and 64 in fixed position corresponding to
      supporting members 54, 56, 58 and 60 is removably secured to the bottoms
      of the supporting members 54, 56, 58 and 60 with cross member 62
      interconnecting supporting members 54 and 60 and cross member 64
      interconnecting supporting members 56 and 58. Thus, cross plate 36 is
      embedded in the ground, such as by means of concrete for anchoring the
      holder 32 to the ground so as to prevent removal thereof.
PAR  In securing the holder 32 to the ground, the cross plate 36 is secured to
      the bottoms of supporting members 54, 56, 58 and 60 by means of the
      conical screws 65. Then, fresh concrete 81 is poured into a hole in the
      ground at the place where it is desired to mount holder 32. While the
      concrete is still wet, the holder 32 having cross plate 36 secured
      thereto, is placed on the concrete. Threaded portions 63 and conical
      screws 65 are submerged in the concrete and held in place until the
      concrete is fully set. In this manner, the holder 32 is securely fixed in
      the ground because the threaded portions 63 tend to grip the concrete
      making movement or removal virtually impossible. Moreover, the base, or
      wide portions 83 of conical screws 65 also prevents movement or removal of
      the holder 32 from the ground.
PAR  With respect to the pivotal locking means 50 and 52 previously mentioned
      with respect to FIG. 2, one such typical pivotal lock 50 being illustrated
      in FIG. 4, the lock 50 or 52 preferably comprises a locking bar 70
      pivotally mounted to the ring-like portion 38a by, for example, a bolt 71
      for pivotal movement from an open position shown by dotted lines 75 in
      which the locking bar 70 is substantially parallel to ring-like portion
      38a and rests on shoulder 73, the adjacent opening 40 permits insertion of
      the handle 14 therein, to a closed position, in which the locking bar 70
      is at substantially right angles to ring-like portion 38a and thereby
      prevents the movement of the handle 16 beyond the locking bar, whereby
      removal of the garbage can from the holder is effectively prevented. In
      this embodiment, ring-like portion 38a includes a built-in lock (not
      shown) for locking the locking bar 70 in its closed position. As was
      previously mentioned, the structure and operation of the pivotal lock 52
      is identical with that previously described for lock 50. In an alternative
      embodiment of the pivotal locking means 50 and 52 shown in FIG. 7, locking
      bar 70 is provided with an aperture 77 and ring-like portion 38a  is also
      provided with an aperture 79, which apertures are in alignment when the
      locking bar 70 is in the closed position as shown in FIG. 7. In this
      closed position, a conventional padlock or combination lock is inserted
      through apertures 77 and 79 whereby to lock the locking bar into its
      closed position.
PAR  Referring now to FIG. 5, the bottom 28 of the container 12, if desired, may
      comprise a concave-like portion 80 of minimal depth so as to provide a rim
      82 on the bottom 28 so as to facilitate the rotational movement of the
      container 12 when it is inserted in the holder 32. The arrangement of FIG.
      5, therefore decreases the drag or friction of the container 12 so as to
      facilitate the rotation thereof in the holder 32.
PAR  In utilizing the apparatus 10 of the present invention, the container 12 is
      inserted in the holder 32 by first aligning the handles 14 and 16 with the
      openings 40 and 42 in the ring-like portion 38 and, thereafter, inserting
      the container 12 in the holder 32 through the ring-like portion 38. The
      loops 44 and 46 in handles 14 and 16 are respectively aligned with the
      ring-like portions 38a and 38b adjacent openings 40 and 42. The container
      12 is then rotated about its base so as to slidably insert the handles 14
      and 16 on to the adjacent ring-like portions 38a and 38b by inserting
      these portions through the loops 44 and 46. The locks 50 and 52 then have
      the locking bars pivoted to the closed position and locked in place to
      lock the container 12 to the holder 32.
PAR  By utilizing the apparatus of the present invention, refuse containers may
      be removably inserted in a holder therefore and locked in place to prevent
      vandalism or theft thereof as well as to maintain the cans against tipping
      and upsetting from the elements or animals.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A holder device for a refuse container, said refuse container having
      substantially upstanding sides providing a predetermined diameter for said
      container with a pair of circumferentially spaced apart closed loop
      handles outwardly extending from said sides with said closed loops
      extending substantially in the direction of said sides, said holder device
      comprising a circumferentially extending housing having a diameter greater
      than the diameter of said container, said container being removably
      insertable in said circumferentially extending housing, said housing
      having a ring-like portion circumferentially extendable about said
      inserted container, said ring-like portion comprising a pair of
      circumferentially spaced apart arcuate portions defining a pair of
      circumferentially spaced apart lockable openings in said ring-like portion
      through which said handles are insertable when said container is inserted
      in said housing, the circumferential spacing of said openings being
      dependent on the circumferential spacing between said handles, said
      handles of said container being simultaneously insertable through said
      openings and simultaneously slidably rotatable on said ring-like portion
      adjacent said openings when said inserted container is rotated, each of
      said arcuate portions comprising said ring-like portion having at least
      one intersecting portion extending downwardly therefrom adjacent a
      different one of said pair of openings for supporting said arcuate portion
      at a predetermined height above the ground and further comprising a
      pivotal locking means being disposed at a different one of said pair of
      openings for lockably retaining said handles to said ring-like portion to
      thereby prevent removal of said slidably inserted handles and thus removal
      of said container when said locking means locks said handles to said
      housing after said simultaneous slidable insertion and rotation of said
      handles, said pivotal locking means being pivoted to a locking position at
      each of said openings for locking said handles between said intersecting
      portions and said pivoted locking means for locking said handles to said
      ring-like portion while confining rotation thereon to the distance between
      said locked pivotal locking means and said adjacent intersecting portion,
      said housing further comprising anchoring means for anchoring said housing
      to the ground for preventing ready removal of said container locked
      housing, whereby the refuse container may be inserted in said holder
      therefor and locked in place.
NUM  2.
PAR  2. A holder device in accordance with claim 1 wherein said intersecting
      portion comprises an upstanding supporting portion extending between said
      ring-like portion arcuate portion and said anchoring means, said
      supporting portion comprising an upstanding member insertable in said
      anchoring means for being fixedly anchored thereto.
NUM  3.
PAR  3. A holder device in accordance with claim 1 wherein said openings are
      uniformly spaced from each other about said ring-like portion for
      providing a pair of substantially symmetrical portions for said arcuate
      portions, said intersecting portion for each of said symmetrical portions
      comprising an upstanding supporting portion extending between said
      ring-like portion and said anchoring means.
NUM  4.
PAR  4. A holder device in accordance with claim 3 wherein each of said
      supporting positions comprises a pair of upstanding members insertable in
      said anchoring means for being fixedly anchored thereto.
NUM  5.
PAR  5. A holder device in accordance with claim 2 wherein said anchoring means
      comprises a pair of ground embeddable intersecting members extending
      between said upstanding members which are diagonally opposed.
NUM  6.
PAR  6. An apparatus for receiving refuse comprising a refuse container having
      substantially upstanding sides providing a predetermined diameter for said
      container with a pair of circumferentially spaced apart closed loop
      handles outwardly extending from said sides and with closed loops
      extending substantially in the direction of said sides, said container
      further having a bottom portion from which said sides extend, said bottom
      portion comprising a concave-like portion to provide a rim on which said
      container may be readily rotated; and a holder device for said refuse
      container, said holder device comprising a circumferentially extending
      housing having a diameter greater than the diameter of said container,
      said container being removably insertable in said circumferentially
      extending housing, said housing having a ring-like portion
      circumferentially extendable about said inserted container, said ring-like
      portion comprising a pair of circumferentially spaced apart arcuate
      portions defining a pair of circumferentially spaced apart lockable
      openings in said ring-like portion through which said handles are
      insertable when said container is inserted in said housing, the
      circumferential spacing of said openings being dependent on the
      circumferential spacing between said handles, said handles of said
      container being simultaneously insertable through said openings and
      simultaneously slidably rotatable on said ring-like portion adjacent said
      openings when said inserted container is rotated, each of said arcuate
      portions comprising said ring-like portion having at least one
      intersecting portion extending downwardly therefrom adjacent a different
      one of said pair of openings for supporting said arcuate portion at a
      predetermined height above the ground and further comprising a pivotal
      locking means being disposed at a different one of said pair of openings
      for lockably retaining said handles to said ring-like portion to thereby
      prevent removal of said slidably inserted handles and thus removal of said
      container when said locking means locks said handles to said housing after
      said simultaneous slidable insertion and rotation of said handles, said
      pivotal locking means being pivoted to a locking position at each of said
      openings for locking said handles between said intersecting portions and
      said pivoted locking means for locking said handles to said ring-like
      portion while confining rotation thereon to the distance between said
      locked pivotal locking means and said adjacent intersecting portion, said
      housing further comprising anchoring means for anchoring said housing to
      the ground for preventing ready removal of said container locked housing,
      whereby the refuse container may be inserted in said holder therefor and
      locked in place.
NUM  7.
PAR  7. An apparatus for receiving refuse comprising a refuse container having
      substantially upstanding sides providing a predetermined diameter for said
      container with a pair of circumferentially spaced apart closed loop
      handles outwardly extending from said sides and with said closed loops
      extending substantially in the direction of said sides, said closed loop
      handles being securable to said upstanding sides; and a holder device for
      said refuse container, said holder device comprising a circumferentially
      extending housing having a diameter greater than the diameter of said
      container, said container being removably insertable in said
      circumferentially extending housing, said housing having a ring-like
      portion circumferentially extendable about said inserted container, said
      ring-like portion comprising a pair of circumferentially spaced apart
      arcuate portions defining a pair of circumferentially spaced apart
      lockable openings in said ringlike portion through which said handles are
      insertable when said container is inserted in said housing, the
      circumferential spacing of said openings being dependent on the
      circumferential spacing between said handles, said handles of said
      container being simultaneously insertable through said openings and
      simultaneously slidably rotatable on said ring-like portion adjacent said
      openings when said inserted container is rotated, each of said arcuate
      portions comprising said ring-like portion having at least one
      intersecting portion extending downwardly therefrom adjacent a different
      one of said pair of openings for supporting said arcuate portion at a
      predetermined height above the ground and further comprising a pivotal
      locking means being disposed at a different one of said pair of openings
      for lockably retaining said handles to said ring-like portion to thereby
      prevent removal of said slidably inserted handles and thus removal of said
      container when said locking means locks said handles to said housing after
      said simultaneous slidable insertion and rotation of said handles, said
      pivotal locking means being pivoted to a locking position at each of said
      openings for locking said handles between said intersecting portions and
      said pivoted locking means for locking said handles to said ring-like
      portion while confining rotation thereon to the distance between said
      locked pivotal locking means and said adjacent intersecting portion, said
      housing further comprising anchoring means for anchoring said housing to
      the ground for preventing ready removal of said container locked housing,
      whereby the refuse container may be inserted in said holder therefor and
      locked in place.
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ABST
PAL  Adjustable support apparatus for a portable shower head comprising a
      fixable vertical guide column on which a carriage is slidable and is
      provided with a support for a shower head. The carriage is held in place
      on the guide column by means of a taut cable or an undulating plate which
      supports a roller secured to the carriage. A control button is supported
      in the column and is coupled to the cable via a spring and to the plate
      directly to selectively release the tension in the cable or displace the
      plate to effect descent of the carriage on the guide column. Upon release
      of the button the carriage is again held in place on the column.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to automatic or semi-automatic manipulating apparatus
      for the supports of shower heads to permit their vertical displacement.
PAR  The invention particularly relates to bathroom accessories and specifically
      to adjustable bracket supports for portable shower fixtures.
PAC  PRIOR ART
PAR  The use of portable shower fixtures with flexible water hoses is well known
      and is becoming exceedingly popular.
PAR  It is also known to provide wall mounted brackets on which such shower
      fixtures can be supported to achieve the same effect as a fixed shower
      head.
PAR  Such brackets can be mounted on a wall above a bathtub, or in a shower
      stall or the like.
PAR  Brackets are known which are fixed and others are known which are
      adjustable in height either by pulling on the flexible water hose of the
      portable shower unit to raise the bracket (the bracket being lowered by
      directly pulling on the shower head itself) or by direct manual action on
      a carriage supporting the shower unit and slidable on a mounting fixed to
      the wall.
PAR  Wall mountings for a shower unit are also known in which the shower head
      can be adjusted in height by manually rotating a rotable member at the
      base of a guide column which cooperates by pulleys and cables with the
      carriage supporting the shower head.
PAR  Although the known arrangements permit regulation of the height of the
      shower head to correspond to the height of the user, the manipulations
      involved are extensive and demanding, do not assure a smooth and precise
      descent of the shower head, and oblige a user in the tub who wishes to use
      the shower head in hand-held mode for rinsing purposes to awkward physical
      movements.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a support for a portable shower
      unit in which controlled descent of the shower head can be effected easily
      either by action on the flexible hose or automatically and instantaneously
      by direct pushing or pulling action on a control member at the base of a
      guide column on which the shower head is movable, the stoppage of the
      shower head being effected by simply terminating said action.
PAR  According to a characteristic feature of the invention, the displacement of
      a carriage for support of the shower unit is controlled by a cable
      attached to the top of the guide column and passing on a roller or similar
      means attached to said carriage and the cable is connected via an elastic
      means applying tension to the cable to a control button such that when the
      button is actuated the effect of the elastic means is overcome and the
      cable is slackened and the carriage descends.
PAR  According to a further characteristic feature, the roller on the carriage
      cooperates with undulating impressions stamped in a sheet, which can be
      separated from the roll, by action on the button to lower the carriage.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view, broken in length, of one embodiment of the
      invention,
PAR  FIG. 2 is a longitudinal sectional view taken through the embodiment of
      FIG. 1,
PAR  FIG. 3 is a sectional view on enlarged scale taken along line 3--3 in FIG.
      2 showing the control button and its relation to the cable,
PAR  FIG. 4 shows a portion of the embodiment of FIG. 1 broken away to reveal
      the interior details of the connection of a cable to a fixed roller on the
      carriage,
PAR  FIGS. 5 and 6 are sectional views showing variations in the connection of
      the cable to the carriage,
PAR  FIG. 7 is a sectional view on enlarged scale showing a modification in the
      placement of the control button,
PAR  FIG. 8 is a longitudinal sectional view showing a modified embodiment for
      the automatic descent of the carriage,
PAR  FIG. 9 is an exploded perspective view, broken in length, showing a
      modified arrangement, and
PAR  FIG. 10 is a longitudinal sectional view taken through the embodiment of
      FIG. 9.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to the first embodiment of the invention illustrated in FIGS.
      1-4, therein is seen a hollow guide column 1 formed from a U-shaped
      channel member (FIG. 4), the extremities of column 1 being engaged in
      supports 2 which are capable of being fixed to a wall by any known
      suitable means. A tubular carriage 3 is slidably mounted on column 1 and
      the carriage 3 is of suitable size to assure easy sliding on the column
      without risk of jamming by rocking.
PAR  Attached to the carriage 3 in fixed or adjustable fashion is a support 4
      adapted for supporting a shower head (shown in dotted outline) to which is
      connected a flexible water hose (also shown in dotted outline). The shower
      head can be mounted on the support 4 and directed towards the user for
      utilization as a fixed shower head and the shower head can also be removed
      from the support 4 and employed manually as a portable shower head. The
      support 4 and its cooperation with the shower head and hose unit is well
      known per se and of itself forms no part of the present invention.
PAR  At the opposite side of the column, i.e. the open side thereof, the
      carriage includes a fixed projecting portion 3a which carries a pulley or
      grooved roller 5 on which is wound a cable 6 which extends the height of
      the column from its top to a point at its base in the vicinity of a
      control button 9 thereat.
PAR  The cable 6 is attached at its upper end to a bent lug 1a of the column in
      any suitable manner, such as the brake cables of bicycles, i.e. by
      engagement of enlarged heads 6a above a slot 1b formed in lug 1a. It is
      possible to provide an adjustment for the point of attachment of the
      cable.
PAR  At the lower end of the column, the cable is attached to the terminal ring
      of a tension spring 7 whose opposite end is attached to an axle 8
      traversing the interior of the column 1 and fixedly held thereby
      separately from button 9 which slidably extends through the lower support
      2 and is guided for sliding movement in column 1. The engagement between
      the ring of spring 7 and the button is effected by a screw 10 or the like
      which serves as well for slidable guidance of the button as seen in FIG.
      2.
PAR  The cable is tensioned by the spring 7 to effect the support and retention
      of the carriage 3 on the column 1 and if the control button 9 is pushed,
      the spring 7 is stretched and the cable 6 is relaxed to allow the carriage
      3 to lower by gravity. By releasing the button 9, an instantaneous arrest
      of the carriage is effected by the tension applied to the cable 6 through
      the renewed action of the spring 7.
PAR  Additionally, it can be seen that by pulling the flexible water hose of the
      shower unit downwardly, this will impose a downward force on the carriage
      3 which will easily travel downwards on column 1 by virtue of the travel
      of the roller 5 on the taut cable 6. To this effect, the cable 6 and the
      roller 5 can be selected of suitable materials to facilitate smooth travel
      of the roller. The descent of the carriage can also be easily effected by
      directly applying force to the support 4.
PAR  Modifications can be made in the apparatus without departing from the scope
      of the invention and by way of example, the carriage can carry two rollers
      5 one below the other and on which the cable 6 can be simply deflected in
      S-shape as shown in FIG. 5 or the cable can be wound on the top roller and
      deflected on the lower roller as shown in FIG. 6. These modifications
      assure a better tension without sliding if the weight of the support 4 is
      substantial.
PAR  The control button can be horizontally disposed as shown at 11 in FIG. 7 to
      be exposed at the front of the lower support 2. The button 11 includes a
      front, push portion 11a, a central guide portion 11b slidably fitted in
      support 2, and a rear portion 11c having an inclined end face engaged with
      a corresponding face on a portion 12a of a finger 12 engaged in column 1
      and connected to the spring and thus to the cable 6. The operation of this
      embodiment is similar to that previously described except that the button
      11 is pushed horizontally and transmits its effort through the abutting
      surfaces to the finger 12 to raise the finger and cancel the effect of the
      spring 7 and hence permit lowering of the carriage.
PAR  FIGS. 8-10 show a modification according to which the connection between
      the button and the carriage is no longer effected by a cable and spring,
      however the descent of the carriage is still achieved by a simple action
      on the control button.
PAR  For example, in FIG. 8 it is seen that the projecting portion 3a of
      carriage 3 carries a fixed member 13 extending through the opening in
      column 1 and having a roller constituted as a profiled extremity 13a such
      as the cylindrical portion as shown. The profiled portion 13a is supported
      in a hollow portion of complementary shape formed in a sheet 14 extending
      through the column 1. The sheet can be an undulated band or provided with
      a multitude of embossings corresponding to the shape of portion 13a to
      effectively retain the carriage in place, and the carriage can be lowered
      by moving the sheet 14 so that member 13 can ride downwardly on the sheet.
PAR  For this purpose, sheet 14 is freely pivotably attached at its upper end to
      the top of the column and at its lower end, the sheet engages a
      cylindrical portion 15a of button 15. The button has a portion 15b which
      is slidable in support 2 and at the front of the button is a handle 15c. A
      spring 16 acts between the button and the support 2 to return the button
      to its initial position after it has been displaced and has allowed the
      carriage to descend the desired amount.
PAR  Furthermore, in this case to keep the opening of the column hidden, that is
      facing the wall, the arrangement of the member 13 and the sheet 14
      requires a pulling action on the handle of the button to move the sheet 14
      from member 13. Of course, it is equally possible to reverse the
      arrangement by placing the opening in the column towards the front and
      effecting lowering of the carriage by pushing the button, thereby
      eliminating the handle 15c.
PAR  In FIGS. 9 and 10 there is shown a variation in the movement of the
      undulated sheet 14 with respect to member 13. In this embodiment, the
      opening of the column 1s placed at the front and the member 13 is carried
      by the carriage to ride in this opening at the front of the sheet 17 such
      that release of the carriage for descent is effected by pushing button 18
      slidably mounted in support 2.
PAR  The displacement of the sheet 17 is effected by the/sliding of pins 17a
      fixed to sheet 17 in oblique slots 17c formed in the side walls of the
      column 1.
PAR  It is to be understood that the weight of the sheet is sufficient to cause
      return of pins 17a to the lower ends of the slots 17c, after release of
      the button, whereupon the sheet reengages the member 13. The button 18
      itself can be internally spring-loaded to return to initial position when
      it is no longer pushed.
PAR  The advantages of the invention are believed to be apparent from the
      description of the embodiments thereof. However, it is to be underlined
      that the functioning of the apparatus is particularly easy especially the
      capability of effecting instantaneous descent of the carriage for the
      support of the shower head from the base of the column, i.e. from a tub
      without involved physical movements.
PAR  In order to raise the carriage and the support for the shower head, it is
      only necessary to apply upward pressure on the carriage 3 or the support 4
      to raise the same to the desired level.
PAR  The invention is not limited to the particular disclosed embodiments, but
      rather includes all modifications and variations within its scope as
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Adjustable support apparatus for a portable shower head, said apparatus
      comprising a fixable vertical guide column having a front and rear, a
      carriage vertically slidable on said guide column and including a support
      for a shower head, releasable means supporting said carriage on said guide
      column, and a linearly displaceable control means supported by said column
      and coupled to said releasable means to selectively release the same in
      one direction of displacement of the control means and permit descent of
      the carriage on the guide column and to re-effect support of the carriage
      by the releasable means upon release of the control means, said releasable
      means comprising a cable extending along said column, said cable having a
      given length with one end fixed to said column, at least one roller
      attached to said carriage and on which said cable passes, and a spring
      connected to said column and to said cable at the other end thereof to
      render the cable taut and hold the carriage in place on the column, said
      control means including means to oppose the action of the spring to
      slacken the cable when the control means is displaced in said one
      direction and allow the roller to travel by gravity downwards along the
      cable whereby the carriage descends.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein said means to oppose the action
      of said spring includes a displaceable button coupled to said spring for
      opposing the action thereof on the cable.
NUM  3.
PAR  3. Apparatus as claimed in claim 1 wherein said control means comprises a
      displaceable button disposed horizontally at the front of said guide
      column at the lower end thereof.
NUM  4.
PAR  4. Apparatus as claimed in claim 1 wherein said control means comprises a
      displaceable button disposed horizontally at the front of said guide
      column at the lower end thereof and a displaceable finger connected to
      said spring and acted on by said button.
NUM  5.
PAR  5. Apparatus as claimed in claim 1 wherein said means to oppose the action
      of the spring comprises a displaceable button disposed vertically in
      prolongation of said column at the bottom thereof and directly connected
      to said spring.
NUM  6.
PAR  6. Apparatus as claimed in claim 1 wherein two of said rollers are mounted
      on said carriage one above the other, said cable being wound around the
      upper roller and being deflected on the lower roller in S shape.
NUM  7.
PAR  7. Apparatus as claimed in claim 1 wherein two of said rollers are mounted
      on said carriage one above the other, said cable passing on said rollers
      and being deflected thereby.
NUM  8.
PAR  8. Apparatus as claimed in claim 5 wherein said button includes a guide
      screw in said column to which said spring is secured at one end thereof,
      said one end of the spring being connected to said other end of the cable,
      and an axle fixed in said column to which the opposite end of the spring
      is secured.
NUM  9.
PAR  9. Apparatus as claimed in claim 1 wherein said guide column is hollow and
      has a vertical opening extending therealong at the rear of said guide
      column, said roller extending through said column, said cable extending
      within said column, said control means comprising a displaceable button
      which is pushed to slacken said cable.
NUM  10.
PAR  10. Apparatus as claimed in claim 1 wherein said guide column is hollow and
      encloses said cable, said guide column having a prismatic external shape,
      said carriage being hollow and having an inner surface of prismatic shape
      corresponding to that of said guide column.
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ABST
PAL  A latch mechanism for use with a tiltable seat having the forward end
      thereof supported by a base for movement about a transverse horizontal
      axis. The latch mechanism includes a pair of overlapping lock members
      pivotally interconnected for relative movement in a scissors fashion with
      each lock member having a lower portion formed as a J-shaped hook and an
      upper portion having an opening therein. A spring urges the lower portions
      of the lock members towards each other into a locked position with the
      base and a release member having an inner end extending into the openings
      in the upper portions of the lock members causes the lower portions to be
      spread apart against the bias of the spring so as to place the lock
      members in an unlocked position.
PARN
PAR  This is a division of U.S. Ser. No. 419,771, filed on Nov. 28, 1973, now
      Pat. No. 3,879,082.
BSUM
PAR  This invention concerns a vehicle seat assembly of the type in which the
      seat is mounted on a pedestal and is supported adjacent its forward edge
      for pivotal movement about a transverse horizontal axis. The seat assembly
      is designed for use with a motor vehicle van and is intended to permit the
      driver to unlock a knee-operated latch mechanism for automatically causing
      the seat to pivot towards the steering wheel and thereby increase the
      space available for gaining access to the interior of the vehicle.
PAR  In the preferred form, the seat assembly according to the invention is
      incorporated with a motor vehicle van having a body which includes a pair
      of side walls, a roof, and a floor portion for cargo. A door opening is
      formed in one of the side walls and is defined by horizontally spaced
      front and rear vertical edges and vertically spaced upper and lower
      horizontal edges. A pedestal has its lower end rigidly mounted on the
      floor portion in transverse alignment with the door opening while the
      upper end of the pedestal supports a seat. The floor portion adjacent the
      door opening is formed with a step for entering the vehicle and the seat
      comprises a seat cushion member and a seat back member. The seat cushion
      member is connected through a transverse shaft to the pedestal so as to
      allow the seat to move about the longitudinal axis of the shaft between a
      normal seating position and a forwardly inclined position wherein the seat
      is so located that the horizontal distance between the seat and the rear
      vertical edge of the door opening is increased to thereby allow access to
      the rear portion of the motor vehicle van. A torsion spring is wound
      around the shaft and serves to continuously urge the seat into the
      forwardly inclined position. To the rear of the shaft, a latch mechanism
      is provided which connects the seat cushion member to the pedestal and has
      a locked position for locking the seat in the normal seating position and
      an unlocked position for allowing the torsion spring to move the seat to
      the forwardly inclined position. The seat cushion member carries a release
      member having an inner end connected to the latch mechanism for placing
      the latter in the unlocked position while the outer end of the release
      member is formed with a contact member which is located in an area
      vertically above the step and at a height which allows a person entering
      the motor vehicle van to engage the contact member with his knee and cause
      the release member to be shifted from the locked position to the unlocked
      position.
PAR  The objects of the present invention are to provide an improved latch
      mechanism having a release member which extends laterally from a seat
      assembly and is located in a position which renders it accessible for
      operation by the knee of a person entering the vehicle; to provide an
      improved latch mechanism for a pivotable seat which has a pair of locking
      members connected in a scissors fashion and adapted to be moved from a
      locked position to an unlocked position by a release member that is
      movable along a path that is substantially parallel to the longitudinal
      axis of each of the lock members; and to provide an improved latch
      mechanism which maintains a seat in a locked position and includes a pair
      of overlapping lock members which are continuously Biased into a locked
      position and are spread apart into an unlocked position through a release
      member having a contact member which extends laterally outwardly from the
      seat assembly.
DRWD
PAR  Other objects of the present invention will be apparent from the following
      detailed description when taken with the drawings in which:
PAR  FIG. 1 shows a motor vehicle van incorporating a seat assembly made
      according to the invention;
PAR  FIG. 2 is an elevation view showing the latch mechanism incorporated with
      the seat assembly of FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 2 but shows the latch mechanism in the
      unlocked position;
PAR  FIG. 4 is a side elevational view showing the seat assembly of FIG. 1;
PAR  FIG. 5 is a view taken on lines 5--5 of FIG. 4;
PAR  FIG. 6 is a view taken on lines 6--6 of FIG. 4;
PAR  FIG. 7 is a view taken on lines 7--7 of FIG. 4;
PAR  FIG. 8 is a side elevational view of the motor vehicle van of FIG. 1
      showing the seat which forms a part of the seat assembly in a normal
      seating position and in a forwardly inclined position and;
PAR  FIG. 9 is a view taken on lines 9--9 of FIG. 8.
DETD
PAR  Referring to the drawings and more particularly FIG. 1, a motor vehicle van
      10 is shown having a body comprising a pair of laterally spaced and
      vertically orientated side walls, 12 and 14 a roof 16 and a floor portion
      18 which serves to carry cargo. Each of the side walls 14 and 16 is
      provided with a door opening with the door opening in side wall 12
      including a pair of horizontally spaced vertical straight edges 20 and 22
      and an upper horizontal straight edge 24. As is conventional, an
      operator's station is provided on the left hand side of the vehicle
      adjacent the door opening in side wall 12 and, in this instance, includes
      a driver's seat assembly 26 according to the invention and comprising a
      box-shaped pedestal 28 the lower end of which is rigidly secured to the
      floor portion 18 while the upper end carries a seat 30. The seat 30 is
      formed with the usual seat cushion member 32 and a seat back member 34
      which are rigidly interconnected to form a unitary structure while the
      pedestal 28, as seen in FIGS. 4 and 6, includes side walls 36 and 38, a
      front wall 40 and a back wall 42. Adjacent the seat assembly 26 and
      outboard therefrom is a notched opening formed in the floor portion 18
      defining a step 44 for facilitating entrance into the motor vehicle van
      10.
PAR  The motor vehicle van described above is intended to be used commercially
      for transporting various materials and products and would have access
      doors provided in the rear end thereof. Nonetheless, during pickup and
      delivery chores, the vehicle operator would be expected to frequently
      utilize the side door opening for removing and/or returning items out of
      or into the van, and as seen in FIG. 8, the door opening has a horizontal
      distance which approximates the horizontal length of the seat 30. Because
      of this and due to the proximity of the seat 30 to the door opening,
      insufficient space would be available between the rear end of the seat 30
      and the rear edge 22 of the door opening to permit convenient access to
      the rear portion or cargo area of the van. As a result, in this instance,
      the seat 30 is supported in an improved manner whereby the seat 30 can be
      pivoted from a normal seating position shown in full lines to a forwardly
      inclined position shown in phantom lines thus increasing the horizontal
      distance between the seat 30 and the vertical edge 22 and permitting a
      person to readily move into or out of the rear portion of the motor
      vehicle 10.
PAR  In order to realize the above described pivoting action of the seat 30, the
      seat cushion member 32 is connected through the guide rails 46 and 48 of a
      conventional fore and aft seat adjuster mechanism to a rectangular tubular
      base frame 50. As seen in FIG. 6, the forward end of the base frame 50
      rigidly supports a transverse shaft 52 which is rotatably journaled within
      a pair of axially aligned openings 54 and 56 formed in the side walls 36
      and 38 respectively, of the pedestal 28. The shaft 52 serves to pivotally
      connect the base frame 50 and accordingly the seat 30 to the pedestal 28
      and, as mentioned in connection with FIG. 8, allows the seat 30 to pivot
      as a unit into the forwardly inclined position. A torsion spring 58 is
      wound about the shaft 52 and has one end 60 thereof extending through an
      opening 62 formed in the side wall 36 while the other end 64 passes
      through an opening formed within an adjuster knob 66 which is rotatably
      carried by the shaft 52 and normally maintained in a fixed position by a
      pair of set screws 68 and 70. The adjuster knob 66 serves as a means for
      adjusting the wind-up of spring 58 and thereby varying the pivoting force
      acting on the seat 30 through the shaft 52. This is accomplished by first
      placing a long rod within an opening 72 provided in the adjuster knob 66
      and holding the rod while loosening the set screws 68 and 70. The knob 66
      is then rotated in the appropriate direction for either increasing or
      decreasing the torsional spring force acting on the shaft 52 after which
      the set screws 68 and 70 are once again tightened for maintaining the
      adjuster knob 66 in a fixed relationship with the shaft 52.
PAR  The torsion spring 58 described above continuously urges the shaft 52 in a
      counterclockwise direction as seen in FIG. 4 and, the seat 30 is
      maintained in the normal seating position by a latch mechanism 74 which
      connects an intermediate portion of the base frame 50 to the pedestal 28.
      In this regard and as seen in FIGS. 2 and 5, the latch mechanism 74
      comprises a pair of overlapping lock members 76 and 78 each of which is
      mirror image of the other and includes a lower portion 80 formed as a
      J-shaped hook and an upper portion 82 having a triangular opening defined
      by interconnected walls 84, 86 and 88. Each of the lock members 76 and 78
      is supported for pivotal movement by a common pin 90 which, as seen in
      FIGS. 4 and 7, extends between and is fixed to horizontally spaced and
      inclined plate members 92 and 94 respectively secured to cross tube
      members 96 and 98 which are a part of the base frame 50. A compression
      spring 100 is wound about the pin 90 and has a pair of oppositely
      extending arms 102 and 104 which respectively wrap around the lower
      portions 80 of the lock members 76 and 78. The spring 100 serves to bias
      the lock members 76 and 78 towards each other into the locked position
      seen in FIG. 2. A release member 106 is pivotally connected to the plate
      member 92 through a bolt 108 and has an inner end formed with a pair of
      909.degree. bends which provide a straight section 110 which extends into
      and through the openings formed in the upper portions 82 of the lock
      members 76 and 78. The longitudinal center axis of the section 110 is
      parallel to the longitudinal center axis of the pin 90 and both of the
      aforementioned axes lie in a common vertical plane when the release member
      106 is in the locked position of FIG. 2 and the unlocked position of FIG.
      3. The outer end of the release member 106 rigidly supports a
      substantially flat contact member 112 which is located outboard from the
      seat 30 and in an area vertically above the step 44 as seen in FIGS. 8 and
      9.
PAR  From the above description, it should be apparent that when the latch
      mechanism 74 is in the locked position of FIG. 2, lock members 76 and 78
      retain therebetween a lock bar 114 which is secured to the back wall 42 of
      the pedestal 28 as seen in FIG. 4, and in this manner, the seat 30 is
      maintained in the normal seating position. In order to unlock the latch
      mechanism 74, the contact member 112 is shifted upwardly so as to cause
      the release member 106 to pivot in a clockwise direction about the bolt
      108 as shown in FIG. 3. This results in the section 110 of the release
      member 106 moving downwardly along the oppositely inclined walls 88 of the
      lock members 76 and 78 and thereby forcing the lower portions 80 of the
      lock members to be spread apart against the bias of spring 100 so as to
      release the lock bar 114. When this occurs, the torsion spring 58 moves
      the seat 30 from the normal seating position to the forwardly inclined
      position as seen in FIG. 8. The seat 30 can be returned to the normal
      seating position by manually pushing it downwardly against the bias of the
      torsion spring 58, and as the seat 30 approaches the normal seating
      position, the inclined surfaces 116 and 118 on the lock members 76 and 78,
      respectively, will contact the lock bar 114 and the latter will cam the
      lock members to the open position of FIG. 3 after which the spring 100
      will return the lock members to the locked position of FIG. 2 to once
      again retain the lock bar 114.
PAR  As mentioned above, the contact member 112 formed at the outer end of the
      release member 106 is located in an outboard position above the step 44.
      It will also be noted that the contact member 112 is disposed at a height
      which makes it readily accessible by the knee portion of the right leg of
      a person entering the motor vehicle van 10 through the door opening. Thus,
      if a person has his hands full of packages, he is able to unlock the latch
      mechanism 74 by raising the contact member 112 with his knee and thereby
      causing the seat 30 to automatically pivot to the forwardly inclined
      position so he can gain entrance into the rear of the motor vehicle van
      10.
PAR  Various changes and modifications can be made in this construction without
      departing from the spirit of the invention. Such changes and modifications
      are contemplated by the inventor and he does not wish to be limited except
      by the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A latch mechanism for use with a tiltable motor vehicle seat having the
      forward end thereof supported by a base for movement about a transverse
      horizontal axis, said latch mechanism comprising a plate member adapted to
      be secured to said base, a pair of overlapping lock members, a lock bar
      adapted to be fixed to said base for cooperation with said lock members
      for locking said seat to said base, pin means mounted on said plate member
      for pivotally interconnecting said lock members for relative movement in a
      scissors fashion about a first pivot axis, each of said lock members
      having a lower portion formed as a J-shaped hook and an upper portion
      having a triangular opening therein, a compression spring wound about said
      pin means and having a pair of oppositely extending arms which wrap around
      the lower portions of said lock members and urge said lower portions
      towards each other into a locked position with said lock bar, a release
      member, pivot means offset from the longitudinal axis of each of said lock
      members and supporting said release member on said plate member for
      pivotal movement about a second pivot axis that is parallel to said first
      pivot axis, said release member having an integral inner end formed with a
      pair of bends and extending into the openings formed in the upper portions
      of said lock members for causing the lower portions to be spread apart
      against the bias of said spring when said release member is pivoted about
      said second axis so as to place the lock members in an unlocked position
      relative to said lock bar, said inner end having a straight section
      between said pair of bends, the longitudinal center axis of said straight
      section being parallel to and lying in a common vertical plane with said
      first pivot axis when the lock members are in the locked and unlocked
      positions.
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ABST
PAL  A seat adjuster mechanism for a bench-type vehicle seat includes a first
      adjuster track assembly mounting the driver's end of the vehicle seat to
      the vehicle and a second adjuster track assembly mounting the passenger's
      end. The track assemblies are curved about an axis extending transversely
      of the vehicle so that the pitch and elevation of the vehicle seat are
      changed as the seat is adjusted fore and aft. First and second swivel
      mechanisms connect the respective adjuster track assemblies to the vehicle
      seat. First and second lock pawls are associated respectively with the
      first and second adjuster track assemblies for selective engagement in
      notches in a notched lock bar to latch the seat in desired position. A
      latch operating device is provided which is actuable in one direction to
      unlatch both the first and second latch means to permit simultaneous
      bodily fore and aft adjusting movement of the seat on the first and second
      adjuster track assemblies. The latch operating device is actuatable in the
      other direction to unlatch only the first lock pawl of the first adjuster
      track assembly to permit forward adjusting movement of the driver's end
      only.
BSUM
PAR  The invention relates to a seat adjusting mechanism for a vehicle seat and
      more particularly to an adjuster mechanism which permits one end of the
      seat to swivel forward to facilitate access to a second seat situated
      behind the one end of the seat.
PAR  It is desirable in two-door motor vehicles to provide a vehicle seat which
      can be moved to facilitate access to the rear seat of the vehicle. In
      vehicles having a bench-type front seat, the access to the rear seat is
      typically facilitated by providing separate seat backs at the driver's and
      passenger's ends of the bench seat. These seat backs are individually
      hinged for forward tilting movement to an easy access position.
PAR  The present invention relates to a seat adjusting mechanism which
      facilitates access to a rear seat by permitting one end of the bench-type
      vehicle seat to be adjusted forwardly on its adjuster track assembly while
      the adjuster track assembly at the other end of the vehicle seat remains
      latched.
PAR  According to the present invention, a first adjuster track assembly mounts
      the driver's end of the vehicle seat to the vehicle and a second adjuster
      track assembly mounts the passenger's end. The track assemblies are curved
      about an axis extending transversely of the vehicle so that the pitch and
      elevation of the vehicle seat are changed as the seat is adjusted fore and
      aft. First and second swivel mechanisms connect the respective adjuster
      track assemblies to the vehicle seat. First and second lock pawls are
      associated respectively with the first and second adjuster track
      assemblies. A latch operating device is provided which is actuatable in
      one direction to unlatch both the first and second latch means to permit
      simultaneous bodily fore and aft adjusting movement of the seat on the
      first and second adjuster track assemblies. The latch operating device is
      actuatable in the other direction to unlatch only the first lock pawl of
      the first adjuster track assembly to permit forward adjusting movement of
      the driver's end only. The vehicle seat swivels relative the first and
      second adjuster track assemblies as permitted by the first and second
      swivel devices. The second swivel device permits simultaneous pivoting and
      lateral shifting movement of the passenger's end of the seat as well as
      permitting the passenger's end of the seat to pitch forward as defined by
      forward adjusting movement of the driver's end of the seat on the curved
      first adjuster track assembly. A blocking link device is associated with
      the first swivel means and prevents return of the latch operating means to
      its normal position permitting latching of the first latch means until the
      first adjuster track assembly has returned the driver's end of the seat to
      its fore and aft position aligned with the position of the second adjuster
      track assembly.
PAR  One feature of the invention is the provision of seat adjusting mechanism
      which permits one end of the seat to be moved forwardly on the seat
      adjuster track to facilitate access to the rear seat.
PAR  Another feature of the invention is the provision of a swivel mechanism in
      connection between a seat and a seat adjuster track assembly which allows
      the seat to pitch forwardly as only one end of the seat is adjusted
      forwardly on a curved adjuster track assembly.
PAR  A further feature of the invention is the provision of a latching device in
      a vehicle seat adjuster which permits fore and aft adjusting movement of
      only one end of the seat and prevents latching of the seat adjuster track
      associated with the one end of the seat until the one end of the seat is
      returned to its normal position in transverse alignment with the other end
      of the seat.
DRWD
PAR  These and other features, objects and advantages of the invention will
      become apparent upon consideration of the specification and the appended
      drawings in which:
PAR  FIG. 1 is a side elevation view of the driver's end of the vehicle seat;
PAR  FIG. 2 is a side elevation view of the passenger's end of the vehicle seat;
PAR  FIG. 3 is a plan view of the vehicle seat;
PAR  FIG. 4 is an enlarged fragmentary view of the seat adjuster mechanism at
      the passenger's end (FIG. 2) of the vehicle seat;
PAR  FIG. 5 is an enlarged fragmentary view of the seat adjuster mechanism at
      the driver's end (FIG. 1) of the vehicle seat;
PAR  FIG. 6 is a sectional view taken in the direction of arrows 6--6 of FIG. 1;
PAR  FIG. 7 is a sectional view taken in the direction of arrows 7--7 of FIG. 1;
PAR  FIG. 8 is a sectional view taken in the direction of arrows 8--8 of FIG. 1;
PAR  FIG. 9 is a sectional view taken in the direction of arrows 9--9 of FIG. 2;
PAR  FIG. 10 is a sectional view taken in the direction of arrows 10--10 of FIG.
      2; and
PAR  FIG. 11 is a sectional view taken in the direction of arrows 11--11 of FIG.
      2.
DETD
PAR  Referring to FIG. 1, a vehicle seat generally indicated at 10 includes a
      seat cushion 12 and a seat back 14. As seen in FIG. 1, the driver's end of
      the seat 10 is mounted on the floor pan 16 of the vehicle by a swivel
      adjuster mechanism indicated generally at 18. As seen in FIG. 2, the
      passenger's end of the seat 10 is mounted on the floor pan 16 by a swivel
      adjuster mechanism indicated generally at 20.
PAC  SWIVEL ADJUSTER MECHANISM AT DRIVER'S END OF SEAT
PAR  As best seen in FIGS. 1 and 5, a stamped steel base plate 22 is attached to
      the underside of the seat 10 at the left hand or driver's end thereof.
      Referring to FIG. 6, a central pivot pin 21 pivotally connects the center
      of base plate 22 to the center of a mounting plate 24. As best seen in
      FIGS. 5 and 7, the forward end of the base plate 22 is connected to the
      forward end of the mounting plate 24 by a pin 26 which is staked to the
      base plate 22 and rides in a curved slot 28 of the mounting plate 24. The
      curved slot 28 of the mounting plate 24 is arcuate about central pivot pin
      21. A washer 32 is held on the pin 26 by swaging the pin. Referring to
      FIGS. 5 and 8, the rear end of the base plate 22 is similiarly attached to
      the mounting plate 24 by a pin 34 which rides in a curved slot 36 provided
      in the mounting plate 24. A washer 38 is retained on the end of the pin
      34. Thus it is apparent that the base plate 22 can pivot on the mounting
      plate 24 about the central pivot pin 21 as permitted by the movement of
      pins 26 and 34 in their respective curved slots 28 and 36 on the mounting
      plate 24. The pins 26 and 34 also prevent pitch movement of the seat 10
      relative the mounting plate 24.
PAR  The mounting plate 24 is attached to the floor pan 16 of the vehicle by a
      conventional seat adjuster track assembly indicated generally at 42. As
      best seen in FIG. 7, the track assembly 42 includes an upper track 44 and
      a lower track 46 captured within the upper track 44. Rollers 48 and balls
      50 are captured between the upper track 44 and a lower track 46 as shown
      in FIG. 7 to provide relatively frictionless fore and aft movement of the
      upper track 44 on the lower track 46. As best seen in FIG. 1, the upper
      track 44 and lower track 46 are curved so that the elevation and pitch of
      the seat 10 vary as the seat is adjusted fore and aft. The lower track 46
      is conventionally attached to the vehicle floor pan 16 by brackets 54, 56
      and 58 as shown in FIG. 1.
PAR  As best seen in FIGS. 1 and 5, a lock plate 62 is attached to the underside
      of the lower track 46 as by welding. The lock plate 62 has notches 64
      spaced along the length thereof. The upper track 44 is locked in position
      relative the lower track 46 by a lock pawl 66 which is pivotally attached
      to the mounting plate 24 and upper track 44 by a pivot 68 as seen in FIG.
      5. The pivot 68 permits pivotal movement of the lock pawl 66 between the
      latched position of FIGS. 5 and 6 in which a leg 70 of the lock pawl 66 is
      engaged in one of the notches 64 of the lock plate 62 and an unlatched
      position in which the leg 70 is removed from the notch 64 to permit fore
      and aft movement of the upper track 44 on the lower track 46. Referring to
      FIG. 6, the central pivot 21 pivotally mounts an actuating lever 74 on the
      mounting plate 24. As seen in FIG. 5, the actuating lever 74 has an
      upstanding pin 76 attached thereto which engages an ear 78 of the lock
      pawl 66 so that the lock pawl 66 is rotated clockwise to remove its leg 70
      from the notch 64 of the lock plate 62 when the actuating lever 74 is
      moved in the counterclockwise direction. The adjusting lever 74 and lock
      pawl 66 are also connected by a link 82 which has its one end connected to
      lock pawl 66 by a pivot 84 and its other end riding in a slot 86 in the
      actuating lever 74. When the actuating lever 74 is pivoted clockwise, the
      lock pawl is also pivoted clockwise to unlatched position. Thus, pivoting
      the actuating lever in either direction will unlatch the lock pawl 66.
PAR  Referring to FIGS. 5 and 8, it will be seen that a blocking link 92 has its
      one end pivotally connected to the mounting plate 24 by a pivot 94. The
      other end of the blocking link 92 is operatively connected to the
      actuating lever 74 by a link 96, the ends of the link 96 being
      respectively pivotally connected to the actuating lever 74 and the
      blocking link 92 by pivots 98 and 100. As seen in FIG. 5, when the
      actuating lever 74 is in its normal unactuated position of FIG. 5, the
      link 96 positions the blocking link 92 so that a cam surface 102 on the
      end of the blocking link 92 is engaged by the pin 34. Upon
      counterclockwise pivotting of the actuating lever 74, the connecting link
      96 rotates blocking link 92 counterclockwise about pivot 94 to carry the
      cam surface 102 out of blocking engagement of the pin 34, thus permitting
      the pin to traverse to curved slot 34 as the base plate 22 pivots
      clockwise about the central pivot pin 21. When the base plate 22 is
      pivoted about the central pivot 21 in this manner, the pin 34 is engaged
      by a cam surface 104 on the blocking link 92, thereby preventing return of
      the blocking link 92 and the actuating lever 74 to their normal positions
      of FIG. 5. It will thus be apparent that the actuating lever 74 and its
      pin 76 hold the lock pawl 66 in unlatched position relative the notched
      lock plate 62 whenever the base plate 22 is pivoted clockwise relative the
      mounting plate 24.
PAC  SWIVEL ADJUSTER MECHANISM AT PASSENGER'S END OF SEAT
PAR  Referring to FIG. 2, the swivel adjuster mechanism 20 at the passenger's
      end of the seat 10 is shown. A base plate 108 is attached to the underside
      of the seat 10 and has its center portion pivotally connected to a
      mounting plate 110 by a central pivot 112 as best seen in FIG. 10. The
      central pivot pin 112 extends substantially beneath the mounting plate 110
      and seats a compression spring 114 which acts between the central pivot
      pin 112 and mounting plate 110 to yieldably hold the base plate 108 down
      in contact with the mounting plate 110 but permit the base plate 108 to be
      lifted off the mounting plate 110 upon yielding of the compression spring
      114. The base plate 108 has a transversely extending slot 116 in which the
      pivot pin 112 rides to permit movement of the base plate 108 laterally
      inward of the vehicle. The mounting plate 110 is attached to the floor pan
      16 of the vehicle by a conventional seat adjuster track assembly,
      indicated generally at 120. The seat adjuster track assembly 120 is
      constructed identically to the seat adjuster track assembly 42 of the
      driver's end of the seat and, as best seen in FIG. 10 includes an upper
      track 122 and a lower track 124 having rollers 126 and balls 128 captured
      therebetween. A lock plate 132 is attached to the underside of the lower
      track 124 and has notches 134 displayed along its length as seen in FIG.
      4. As best seen in FIG. 4, a lock pawl 136 is pivotally mounted on the
      mounting plate 110 by a pivot 138 and has a leg 140, FIG. 10, which is
      selectively engageable in one of the notches 134 to lock the upper track
      122 against movement relative the lower track 124.
PAR  Referring to FIG. 11, the forward end of the base plate 108 is pivotally
      connected to the forward end of mounting plate 110 by a pin 144. As seen
      in FIGS. 4 and 11, the base plate 108 has a slot 146 in which the pivot
      pin 144 rides when the base plate 108 pivots relative the mounting plate
      110 about the central pivot pin 112. Referring to FIG. 9, the rearward end
      of the base plate 108 is connected to the rearward end of mounting plate
      110 by a bolt 148 which extends substantially below the mounting plate 110
      and has a nut 150 on the end thereof which mounts the end of a leaf spring
      152. The other end of the spring 152 is attached to the mounting plate 110
      by a rivet 154, as best seen in FIGS. 4 and 9. It will be apparent that
      the leaf spring 152 yieldably biases the bolt 148 downwardly to hold the
      base plate 108 in engagement of mounting plate 110 but will yield to
      permit the base plate 108 to move vertically relative the mounting plate
      110. The base plate 108 has a curved slot 158 therein in which the bolt
      148 is movable upon pivotal movement of the base plate 108 about the
      central pivot pin 112. Thus, it will be seen that the forward end of the
      base plate 108 may pivot and slide about the pin 144 while the center and
      rear of the base plate 108 can move pivotally and slidably as well as
      vertically at the central pivot pin 112 and the bolt 148.
PAC  OPERATION
PAR  Referring to FIG. 3, the operation of the seat adjusting mechanism of the
      invention will be described. The solid lines of FIG. 3 show the driver's
      end swivel adjuster mechanism 18 and the passenger end swivel adjuster
      mechanism 20 in their normal positions. The lock pawls 66 and 136 are both
      in their normal latched positions preventing both fore and aft adjusting
      and swiveling movement of the ends of the seat.
PAR  When it is desired to adjust the vehicle seat either fore or aft to vary
      the position of the vehicle driver relative the vehicles operating
      controls, the driver actuates the actuating lever 74, as best seen in FIG.
      5, in the clockwise direction. Link 82 connects the actuating lever 74 and
      lock pawl 66 causing the lock pawl 66 to be rotated clockwise about pivot
      68 to carry the leg 70 of the lock pawl 66 out of engagement of the
      notched lock plate 62. The lock pawl 136 of the adjuster track assembly
      120 is connected to the actuating lever 74 by an actuating cable 160 so
      that when the actuating lever 74 is pivoted clockwise, lock pawl 136 is
      also pivoted clockwise to its unlatched position. Thus, the lock pawls 66
      and 136 are simultaneously moved to unlatched position when the actuating
      lever 74 is pivoted clockwise. Simultaneous unlatching of the lock pawls
      66 and 136 permits the vehicle seat to move bodily fore or aft on the seat
      adjuster track assemblies 42 and 120. As the seat 10 is adjusted fore and
      aft on the adjuster track assemblies, the elevation and pitch of the seat
      are also varied by virtue of the seat adjuster track assemblies being
      curved as best seen in FIGS. 1 and 2. The lock pawls 66 and 136 are
      preferably biased to their normal latched position by springs, not shown,
      so that when the actuating lever 74 is returned to its normal position the
      lock pawls 66 and 136 will assume their normal latched positions to latch
      the seat 10 in the adjusted position.
PAR  When it is desired to adjust only the driver's end of the vehicle seat 10
      forwardly in order to facilitate access to the rear seat, particularly in
      a two-door vehicle, the actuating lever 74 is pivoted in the
      counterclockwise direction. Counterclockwise pivoting of the actuating
      lever 74 causes the upstanding pin 76 carried on the actuating lever 74 to
      engage the ear 78 of the lock pawl 66 and pivot the lock pawl 66 about its
      pivot 68 to the unlatched position. The counterclockwise movement of
      actuating lever 74 also causes the connecting cable 160 to fall slack so
      that the latch pawl 136 at the passenger's end of the seat remains
      latched. Unlatching of the lock pawl 66 permits the driver's end of the
      seat to be adjusted forwardly. As the driver's end is adjusted forwardly,
      the upper track 44 moves forwardly relative the lower track 46. The
      mounting plate 24 moves forwardly with the upper track 42. Since the
      passenger's end of the seat does not move forwardly, the base plate 22 at
      the driver's end of the seat pivots about the central pivot pin 21. As the
      base plate 22 pivots, the pins 26 and 34 mounted thereon ride in the
      respective slots 28 and 36 of the base member 24. The forwardly adjusted
      and swiveled position of the driver's end of the seat is shown in the
      phantom lines of FIG. 3.
PAR  As the driver's end of the seat is adjusted forwardly and swiveled, the
      passenger's end of the seat 10 also swivels as provided by pivoting of the
      base plate 108 on the central pivot pin 112. As the seat is swiveled, it
      also shifts laterally as permitted by movement of the base plate 108 on
      the central pivot pin 112 as permitted by the slot 116 of the base plate
      108. The pin 144 and the bolt 148 traverse the respective slots 146 and
      158 as the base plate 108 swivels and moves laterally on the mounting
      plate 110 to the phantom line indicated positions of FIG. 3.
PAR  As the driver's end of the seat is adjusted forwardly on the curvilinear
      adjuster track assembly 120, the seat 10 is pitched forwardly. The
      passenger's end of the seat 10 is not adjusted forwardly on its
      curvilinear adjuster track assembly 120 and accordingly provision must be
      made to allow for forward pitching movement of the seat about the
      passenger's end thereof. This forward pitching movement of the seat is
      accommodated by yielding of the coil spring 114 which surrounds the
      central pivot pin 112 and yielding of the leaf spring 152 which act on the
      bolt 148. Yielding of the coil spring 114 and the leaf spring 152 permit
      the rear end of the base plate 108 to be elevated off the mounting plate
      120 to accommodate forward pitch movement of the seat 10.
PAR  Provision is made to prevent the lock pawl 66 from returning to the normal
      latched position until the base plate 22 is returned to its normal
      unpivoted position relative the mounting plate 24 as seen in FIG. 5. This
      feature is provided by the blocking link 92. When the actuating lever 74
      is pivoted counterclockwise, the link 96 pivots blocking lever 92 about
      its pivot 94 to carry the cam surface 102 out of engagement with the pin
      34. As the base plate 22 pivots on the central pivot pin 21, the pin 34
      traverses the slot 36 and engages the cam surface 104 of the blocking link
      92, thereby preventing the blocking link 92 from pivoting and returning to
      its normal position of FIG. 5. Thus, whenever cam surface 104 is engaged
      by the pin 34, the actuating lever 74 is held in the counterclockwise
      position and the lock pawl 66 is held in unlatched position. When the
      driver's end of the seat is moved rearwardly, the pin 34 returns along the
      slot 36 and as it reaches its preadjustment position, the pin 34 leaves
      cam surface 104 permitting the blocking link 92 to return to its normal
      position of FIG. 5 and in turn allowing the actuating lever 74 and lock
      pawl 66 to return to their normal latched position. Thus, it is assured
      that the driver's end of the seat is always returned to a position in line
      with the passenger's end of the seat after each swivel adjust movement of
      the driver's end to facilitate access to the rear seat.
PAR  It will be apparent that the swivel seat adjusting mechanism shown in the
      drawings and described herein may be modified without departing from the
      scope of the invention. For example, the device could be modified to
      permit swiveling adjustment of the passenger's end of the seat as well as
      the driver's end. This would be accomplished by providing a duplicate of
      the actuating lever and blocking link on the passenger's end of the seat
      and modifying the swivel adjust mechanism 18 of the driver's end by
      modifying the central pivot 21 and pin 34 to accommodate vertical and
      lateral movement as permitted by the central pivot 112 amd bolt 148 of the
      passenger's end swivel mechanism 20.
PAR  Thus, it is seen that the invention provides an improved seat adjusting
      mechanism for a vehicle seat.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A seat adjusting mechanism for a vehicle seat comprising: a first
      adjuster track assembly having a lower track mounted on the vehicle and an
      upper track, a first swivel means attaching the upper track of the first
      adjuster track assembly to one end of the vehicle seat, a first latch
      means acting between the upper and lower tracks of the first adjuster
      track assembly and having a normal latched position to lock the one end of
      the seat against fore and aft movement, a second adjuster track assembly
      having a lower track mounted on the vehicle and an upper track, a second
      swivel means attaching the upper track of the second adjuster track
      assembly to the other end of the vehicle seat and permitting simultaneous
      pivoting and lateral shifting movement of the other end of the seat
      relative the upper track of the second adjuster track assembly, a second
      latch means acting between the upper and lower tracks of the second track
      assembly and having a normal latched position to lock the other end of the
      seat against fore and aft movement, and latch operating means having a
      normal position corresponding to normal latched position of the first and
      second latch means and being connected to unlatch both the first and
      second latch means when moved in one direction to permit simultaneous fore
      and aft adjusting movement of the seat on the first and second adjuster
      track assemblies and to unlatch only the first latch member when moved in
      the other direction so that only the first end of the vehicle seat is
      moved fore and aft and the seat pivots about the first and second swivel
      means and is shifted laterally relative the second track assembly, and
      blocking means responsive to the relative pivotal position between the
      first end of the seat and the first adjuster track assembly and being
      effective to maintain the first latch means in unlatched position when the
      first end of the vehicle seat is pivoted relative the first adjuster track
      assembly to assure rearward return of the first end of the seat into
      transverse alignment with the second end of the seat before the first
      latch means returns to normal latched position.
NUM  2.
PAR  2. A seat adjuster mechanism for a vehicle seat comprising: first and
      second adjuster track assemblies respectively mounting the first and
      second ends of the vehicle seat on the vehicle body, first and second
      swivel means respectively in connection between the first and second
      adjuster track assemblies and the first and second ends of the vehicle
      seat to permit pivoting movement of the vehicle seat relative the
      respective adjuster track assemblies, first and second latch means
      associated respectively with the first and second adjuster track
      assemblies, and being movable between latched and unlatched positions to
      permit fore and aft adjusting movement of the associated end of the
      vehicle seat, latch operating means actuatable to unlatch the first latch
      means to permit forward movement of the first end of the vehicle seat, the
      first and second means pivoting the first and second ends of the vehicle
      seats relative the respective first and second adjuster track assemblies
      upon forward movement of the first end of the vehicle seat, and blocking
      means responsive to the relative pivotal position between the first end of
      the seat and the first adjuster track assembly and being effective to
      maintain the first latch means in unlatched position when the first end of
      the vehicle seat is pivoted relative the first adjuster track assembly to
      assure rearward return of the first end of the seat into transverse
      alignment with the second end of the seat before the first latch means
      returns to normal latched position.
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ABST
PAL  A feed-through, self-sealing tie assembly for mounting as a unit on
      concrete forms and capable of being removed therefrom without
      disassembling the forms or the tie assembly is disclosed. The tie assembly
      includes an elongated tie rod on which is mounted an elongatable,
      elastomeric sleeve. The sleeve and the tie rod have interengageable
      surfaces for releasably coupling the sleeve to the tie rod. Guide means
      positioned over one end of the sleeve facilitates insertion of the tie
      assembly through corresponding spaced openings in the forms so that both
      ends of the sleeve are projected exteriorly of the forms. The openings are
      sealed by the elastomeric sleeve due to the lateral deformation of the
      sleeve when in the form openings and by the compressive forces exerted by
      the concrete on the tie assembly. Thus, the elastomeric sleeve provides a
      self-sealing and removable closure. Wedges or nuts cooperate in coupling
      the tie rod to the forms; and external spreader brackets are provided to
      maintain the forms apart the prescribed distance.
PARN
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 433,085,
      filed Jan. 14, 1974, now abandoned and it relates to an external spreader
      system forming part of a tie assembly of the type disclosed in related
      application U.S. Ser. No. 232,450, filed on Mar. 7, 1972 now U.S. Pat. No.
      3,822,860.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  This invention relates to an improved tie assembly for use in concrete
      forming operations and permits installation of the tie assembly as a unit
      while, at the same time, sealing the holes in the forms through which the
      tie is inserted.
PAR  Many types and designs of concrete tie assemblies have been disclosed and
      are in use for erecting forms prior to pouring the concrete therebetween.
      A tie which is generally used where lighter concrete pressures are
      encountered is the continuous single tie rod which is formed having two
      weakened break points at spaced distances from the face of the concrete so
      that after the forms are removed that portion of tie extending from the
      break point to the exterior of the concrete face can be removed. Another
      type of tie generally employed is a reusable tapered tie which can be
      removed from the concrete wall in the direction of the larger diameter
      portion of the tapered rod. This type of rod requires a coating before
      each use and must be hammered or rotated or both to be removed from the
      concrete after the forms have been removed. Still another tie that is
      employed is an integral disconnecting tie which consists of a threaded
      innerpart which is lost and cannot be reused after the concrete is poured.
      Only the threaded bolts or outer parts which can be removed from the inner
      part remain for reuse. Also, with the conventional push through tie
      assemly the metal parts or other portions are of larger diameter than the
      holes through the forms thereby permitting grout leakage.
PAR  A tie assembly which is exemplary of the prior art in which the entire
      assembly can be reused is disclosed in U.S. Pat. No. 3,437,309. The tie
      assembly is provided with a yieldable tube and a tie rod slidably disposed
      therein, the tube being employed as the sleeve means between the forms.
      After the forms have been removed the entire assembly including the tie
      rod is removed from the concrete forms.
PAR  Another type of tie rod assembly is disclosed in U.S. Pat. No. 2,314,886
      which in one embodiment sets forth an internal spreader system for a tie
      rod assembly and in another embodiment describes the tie rod which extends
      through a tubular member slidably mounted thereon in which the tubular
      member extends through the form faces so as to project substantially from
      the finished work. The tie rod is removed prior to removing the forms and
      thereafter the tubular member which is formed of a flexible material is
      removed from the concrete by grasping the protruding end thereof.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a unique tie assembly having an external
      spreader system and which can be installed on concrete forms as a unit in
      a single operation and can be removed from the concrete and the concrete
      forms as a unit prior to stripping the forms from the concrete strucutre
      thereby eliminating substantial labor cost for erecting the forms to
      receive the concrete and stripping the forms therefrom after the concrete
      is formed.
PAR  Another object of the invention is to provide an improved tie assembly
      having an external spreader system in which the tie can be mounted on the
      concrete forms as a unit in a single operation in which concrete
      discoloration due to seepage is eliminated by watertight connection
      between the form opening and the novel tie assembly of the present
      invention.
PAR  Another object of the invention is to provide an elongatable replaceable
      elastomeric sleeve which, when mounted through corresponding or opposed
      spaced openings in the concrete forms, both ends of the sleeve are
      projected exteriorly of the forms whereby the openings are sealed by the
      elastomeric sleeve due to the lateral deformation of the sleeve when in
      the openings by the compressive forces exerted by the concrete on the tie
      assembly to provide a self-sealing removable closure by the elastomeric
      sleeve.
PAR  According to one aspect of the invention herein, a feed through, a
      self-sealing tie assembly is provided for mounting as a unit on concrete
      forms and capable of being removed therefrom without first disassembling
      the forms or tie assembly. The improved tie assembly comprises an
      elongated tie rod having means disposed at each end thereof for releasably
      mounting the tie rod in fixed position on the cement forms and means are
      also provided on the tie rod between the ends thereof for mounting an
      external spreader means to releasably hold the concrete forms a
      predetermined distance apart. An elongatable elastomeric sleeve is
      positioned between the ends of the tie rod. The sleeve and the tie rod are
      provided with interengageable surfaces for releasably coupling the sleeve
      to the tie rod in order that the sleeve may be replaced when worn or
      damaged. Also, the sleeve includes a guide means positioned over one end
      thereof to facilitate the insertion of the assembly through corresponding
      spaced openings in the forms so that both ends of the sleeve are projected
      exteriorly of the forms whereby the openings are sealed by the elastomeric
      sleeve due to the lateral deformation of the sleeve when in the openings
      by the compressive forces exerted by the concrete on the tie assembly to
      provide a self-sealing removable closure by the elastomeric sleeve.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded view of the tie assembly which illustrates one form
      of the invention herein;
PAR  FIG. 2 is an elevational view of the tie rod and elastomeric sleeve broken
      away and showing an end of the elastomeric sleeve and guide means mounted
      on the tie rod;
PAR  FIG. 3 is an exploded view of the tie assembly prior to mounting on the
      concrete forms;
PAR  FIG. 4 is an elevational view partly in section showing insertion of the
      tie assembly through corresponding spaced openings in the concrete forms.
PAR  FIG. 5 is an elevational view of the assembly in which the external
      spreader means and wedge for anchoring the tie rod assembly in place is
      illustrated being positioned on the tie assembly;
PAR  FIG. 6 is an elevational view in section of the tie assembly mounted in
      place after the concrete has been poured between the concrete forms.
PAR  FIG. 7 is an exploded view which illustrates another form of the invention
      herein;
PAR  FIG. 8 is an elevational view of the tie rod and elastomeric sleeve of FIG.
      7 broken away showing the end of the elastomeric sleeve and guide means
      mounted on the tie rod; and
PAR  FIG. 9 is an elevational view in section of the tie assembly of FIG. 7
      mounted in position on the concrete forms after the concrete has been
      poured between the concrete forms.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  For a better understanding of the invention reference is had to the
      drawings and particularly to the embodiment of FIGS. 1 through 6.
PAR  Tie assembly 10 includes an elongatable elastomeric sleeve 14 and tie rod
      12. Tie rod 12 is made of metal preferably a suitable steel which is
      capable of withstanding forces exerted by the concrete when poured between
      forms F. The rod may be hardened throughout or at selected zones such as
      at the ends bearing notches 23 and 24. Stops 16 and 18 are spaced a
      predetermined distance apart and are positioned a set distance from ends
      19 and 20 of rod 12. Stops 16 and 18 form part of the external spreader
      means or system for spacing and maintaining the forms F a given distance
      apart. Upset threads 22 are formed on rod 12 for advantageously
      cooperating in permitting the sleeve to be replaced when worn or damaged;
      and the threads terminate at stop 16 to prevent sleeve 14 from passing
      beyond stop 16. Stops 16 and 18 are conveniently formed on rod 12 by a
      swaging operation which forms diametrically opposed raised projections or
      stops 16 and 18.
PAR  Adjacent ends 19 and 20 are a pair of parallel notches 23 and 24. These
      notches form part of the locking assembly for removably mounting the tie
      rod assembly to forms F. The locking assembly is described in our
      copending patent application Ser. No. 232,450, filed Mar. 7, 1972 for
      "Reusable Tie Assembly For Concrete Forms." The wedge means 30 and the
      manner in which it is mounted on tie rod 12 in parallel slots 23 and 24 is
      also described. Elastomeric sleeve 14 is made of a deformable stretchable
      rubber-like material and is preferably made of natural rubber although
      synthetic rubbers may be used. A preferred sleeve is made of EPBM tubing
      sold by the Elmhurst Rubber Company. Elongatable elastomeric sleeve 14 is
      removably mounted on rod 12 and has mounted at one end thereof threaded
      coupling 32. Threaded coupling 32 is formed having a flanged head 33 and a
      depending skirt 34 having a series of concentric ridges 36 to frictionally
      engage sleeve 14 in passage 15 as illustrated in FIG. 2. Threaded coupling
      32 is preferably made of a hardened steel which is readily machined.
      Threaded coupling 32 has internal threads 37 for threadedly engaging upset
      threads 22 on rod 12 thereby providing interengageable surfaces between
      the elastomeric sleeve 14 and rod 12 while at the same time permitting the
      sleeve to be replaced when worn or damaged.
PAR  Guide means 40 is provided for mounting over one end of sleeve 14 as
      illustrated in FIG. 2 and is generally formed from a malleable material,
      such as brass, which can be easily crimped. It is in the form of a tube,
      one end being a collar 42 of reduced diameter slightly less than the
      diameter of flanged head 33 of threaded coupling 32 so that when guide
      means 40 is mounted on elastomeric sleeve 14 the inner surface of flanged
      head 33 will bias against the inwardly depending collar 42 as shown in
      FIG. 2. Guide means 40 is held in fixed position on the elastomeric sleeve
      by a crimping operation so as to compress the walls of the elastomeric
      sleeve thereby adding a compressive force against the concentric ridges 36
      so that threaded coupling 32 will remain frictionally engaged within the
      end of the elastomeric sleeve 14. It should be noted that the diameter of
      flanged head 33 of threaded coupling 32 is smaller than the outside
      diameter of guide means 40 so that the guide means 40 will facilitate
      insertion of the elastomeric sleeve through corresponding openings 44, 45
      in forms F without the forward face of flanged head 33 contacting the
      opening.
PAR  In FIG. 3 there is depicted an exploded view of the tie assembly being
      mounted in position on forms F. The assembly 10 is inserted through
      corresponding openings 44 and 45 in forms F with guide means 40 mounted on
      elastomeric sleeve 14 being the first portion of elastomeric sleeve 14 to
      pass through opening 44. Thereafter, tie assembly 10 is pushed through
      opening 45 as illustrated in FIG. 4 so that guide means 40 stops just
      short of the horizontally extending members 46 identified as walers. As
      tie assembly 10 is being inserted through openings 44 and 45 of forms F,
      elastomeric sleeve 14 is held firmly on tie rod 12 by threaded coupling
      32. When the tie assembly 10 is in place it is fixed on the forms F placed
      by wedge means 30 in parallel slots 22 and 23 as depicted in FIG. 5.
      Parallel slots 22 and 23 are formed with an arcuate wall portion as seen
      in FIGS. 4 and 5 so that when wedge means 30 is mounted therein the
      bearing load of the tie extends axially through the tie rod 12 and
      prevents the tie rod from bending due to the forces exerted by wedge means
      30 when mounted in place.
PAR  External spreader brackets 50 cooperate in maintaining the forms in the
      selected spaced apart relationship and are made of metal formed in the
      shape of an L. Vertical leg 52 is slotted so that it will slip over stop
      18 on tie rod 12. Horizontal leg 54 is mounted on waler as illustred in
      FIG. 5. One of the spreader brackets 50 slips over tie rod 12 in front of
      threaded coupling 32 as shown in FIG. 6. When the spreader brackets are in
      place the forms F are fixed a predetermined distance apart so that the
      forms will not be displaced due to the loads of poured concrete.
PAR  In FIG. 6 tie assembly 10 is illustrated mounted in fixed position on forms
      F with wedge means 30 and spreader bracket 50 mounted in fixed position.
      Due to the compressive forces exerted by the concrete on tie assembly 10,
      the elastomeric sleeve is squeezed and is laterally deformed towards the
      ends of the sleeve. The sleeve forms a bubble 60, 61 which tightly fills
      the holes 44 and 45. The bubble forms a seal so that the concrete when it
      is still in a fluid state does not leak through openings 44 and 45 of
      forms F.
PAR  To remove tie assembly 10 after the concrete has hardened, the tie assembly
      is dismantled by removing wedge means 30 from the ends of tie rod 12 by
      simply using a blow of a hammer in an upward direction. External spreader
      bracket 50 is removed by hitting the bottom of the bracket with a hammer
      and forcing the bracket in an upward position. Thereafter, the entire tie
      assembly is removed from the concrete by simply pulling or pushing the tie
      assembly in the direction of the arrow illustrated in FIG. 5. Thus, the
      guide means 40 mounted on elastomeric sleeve 14 will be the lead end of
      the tie assembly as it is removed from the concrete, with end 20 of the
      tie rod being the last portion of the tie assembly to clear forms F
      through opening 45. The tie assembly is removed as a unit and the forms F
      are ready to be stripped from the concrete in the conventional manner. The
      elastomeric sleeve 14 is removed from the concrete even though the
      concrete exerts a compressive force on the elastomeric tube. The force
      exerted on the tie assembly axially in the direction indicated by the
      arrow of FIG. 5 causes elastomeric sleeve 14 to elongate and thereby break
      the bond of the concrete against the sleeve and allow the sleeve to be
      removed from the concrete without additional effort. Also, no portions of
      the assembly remain in the concrete to cause problems with respect to
      bleeding through or discoloration and the entire tie assembly is ready for
      use in a similar operation.
PAR  FIGS. 7 through 9 illustrate an alternate embodiment of the assembly 10
      described in FIGS. 1-6. Tie assembly 10' includes tie rod 12', replaceable
      elastomeric sleeve 14', threaded coupling 32' and guide means 40' which
      are constructed of similar materials and are arranged in a similar fashion
      as described in the embodiment of FIG. 1.
PAR  Tie rod 12' is constructed generally of heavier gauge steel and is capable
      of withstanding greater loads than the tie assembly described in the
      embodiment of FIG. 6. Stops 16' and 18' are formed on tie rod 12'. Upset
      threads 22' are formed on each end of tie rod 12' to facilitate mounting
      sleeve 14' thereon and also for mounting threaded clamp or bracket 70 for
      mounting tie assembly 10' on forms F as illustrated in FIG. 9. Ends 19'
      and 20' of tie rod 12' are formed having generally rectangular projections
      extending from upset threads 22' (see FIG. 7) to facilitate coupling a
      wrench to tie rod 12' for tightening or loosening threaded clamp 70 to the
      forms and also to facilitate removal of tie assembly 10' by hammering
      thereon without destroying upset threads 22'. Spreader bracket 50' is
      mounted in a similar fashion as described in the embodiment of FIG. 1.
      Slots 71 and 72 are formed on tie rod 12' for receiving the slotted
      longitudinal leg portion of spreader bracket 50' to prevent longitudinal
      displacement of tie rod 12' when mounted in position as seen in FIG. 9.
      One or more other slots (not shown) may be provided outwardly from slot 72
      and in the region of threads 22' to permit the forms to be spaced further
      apart. In addition, where the loads are not that severe or where other
      spreader means may be present, the external spreader ability of this tie
      assembly need not be employed. This multi-positioning of the external
      spreader system may be incorporated in the embodiment of FIGS. 1-6
      together with the use of upset threads at the tie rod ends to receive wing
      nuts or threaded brackets in lieu of wedges.
PAR  FIG. 8 illustrates elastomeric sleeve 14' mounted on rod 12' by threading
      the sleeve over upset threads 22' with threaded coupling 32'. Upset
      threads 22' terminate from stop 16' a distance slightly greater than the
      length of threaded coupling 32' so that when the elastomeric sleeve is
      mounted on tie rod 12' the sleeve is free to rotate between the end of
      upset threads 22' and stop 16'. When mounting tie assembly 10' on forms F
      the same procedure is followed as set forth in FIGS. 3, 4, 5 and 6. The
      other end of tie rod 12' is provided with upset threads 22' and stop 18'
      to prevent threaded coupling 70 to pass beyond stop 18' when mounting tie
      rod 12' to forms F. Spreader brackets 50' are disposed in slots 71 and 72
      to maintain the spaced distance of the forms during concrete pouring.
PAR  As described in the embodiment of FIG. 1, elastomeric sleeve 14' is
      deformed under pressure of freshly poured concrete and forms a bubble 61',
      62' which seals the openings 44' and 45' in forms F. When removing tie
      assembly 10' from forms F, threaded couplings 70 are unthreaded from ends
      of tie rod 12'. The spreader brackets are removed as previously described
      in the embodiment of FIG. 1. Tie assembly 10' is removed from the formed
      concrete structure of FIG. 9 by pushing or pulling tie assembly 10'
      through the formed concrete structure in a direction along the arrows of
      FIG. 5 so that guide means 40' mounted on the elastomeric sleeve 14' is
      removed first.
PAR  Since the tie assembly is completely removed from the concrete structure
      discoloration of the concrete around the tie hole is obviated, the formed
      hole is neat, clean and sharp and is easily grouted. In this connection,
      the sleeves do not require any lubricant such as oil or grease to
      facilitate its removal. Accordingly the surface of the hole formed by the
      sleeves are not coated with oil or grease thereby allowing the grout used
      to close the hole to achieve a maximum bond with the surfaces of the hole
      to form a water-tight seal. This is important where structures holding
      liquids or where the concrete and structure is a foundation in ground
      containing water. Furthermore, capillarity is of no concern inasmuch as no
      part of the tie assembly remained in the hole in the concrete.
PAR  Thus the several aforenoted objects and advantages are most effectively
      attained. Although several somewhat preferred embodiments have been
      disclosed and described in detail herein, it should be understood that
      this invention is in no sense limited thereby and its scope is to be
      determined by that of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. The combination of a feed-through tie assembly and concrete forms, the
      feed-through tie assembly for mounting as a unit on the concrete forms and
      for removal therefrom as a unit without first disassembling the forms or
      the tie assembly and without requiring a lubricant thereon, said
      combination comprising:
PA1  opposed concrete forms spaced a selected distance apart;
PA1  an elongated tie rod having means disposed at each end thereof for
      cooperating in releasably mounting the tie rod in fixed position on the
      forms;
PA1  means associated with the tie rod between the ends thereof for mounting
      external spreader means to releasably hold the concrete forms a
      predetermined distance apart;
PA1  an elongatable, elastomeric sleeve positioned between the ends of the tie
      rod and being of a length greater than the selected distance between the
      forms, said elongatable, elastomeric sleeve when positioned through
      opposed openings in the forms being self sealing due to the lateral
      deformation and bubbling of the sleeve when it is in the openings by the
      compressive forces exerted by the concrete on the tie assembly thereby
      plugging the openings to provide a self sealing removable closure by the
      elastomeric sleeve;
PA1  said sleeve and tie rod having interengageable surfaces for coupling the
      sleeve to the tie rod; and
PA1  guide means positioned over one end of the sleeve to facilitate insertion
      of the tie assembly through opposed spaced openings in the forms so that
      both ends of the sleeve are projected exteriorly of the space between the
      forms.
NUM  2.
PAR  2. The combination of claim 1 further including an external spreader means
      comprising an external spreader bracket for removably mounting to the
      concrete forms and having a longitudinally extending slot for engagement
      with the means associated with the tie rod between the ends thereof to
      maintain the concrete forms a predetermined distance apart.
NUM  3.
PAR  3. The combination of claim 1 wherein the guide means includes a deformable
      tubular member rigidly mounted over one end of the elastomeric sleeve to
      facilitate passage of the tie assembly through the form openings.
NUM  4.
PAR  4. The combination of claim 1 wherein the interengageable surface for
      releasably coupling the sleeve to the tie rod includes a threaded coupling
      mounted at one end of the sleeve which is held in fixed position by said
      guide means and the tie rod having a complementary threaded portion for
      threaded engagement of said coupling with said tie rod.
NUM  5.
PAR  5. The combination of claim 4 wherein the threaded portion of the tie rod
      is formed having upset threads so that the threaded coupling is capable of
      sliding freely over the unthreaded portions of the tie rod to facilitate
      assembly and disassembly of the elastomeric sleeve from the tie rod.
NUM  6.
PAR  6. The combination of claim 1 wherein the tie rod is formed having a
      coupling means disposed at each end of the tie rod and adapted to receive
      removable anchor means for rigidly mounting the tie assembly to the
      concrete forms.
NUM  7.
PAR  7. The combination of claim 1 wherein the tie rod is formed having threaded
      end portions at each end thereof; stop means formed on said tie rod and
      spaced from one of said threaded portions to provide an area for receiving
      said elastomeric sleeve so that the sleeve is locked between the stop
      means and said one of said threaded portions whereby the tie rod can be
      rotated relative to the sleeve.
NUM  8.
PAR  8. A concrete forming system comprising:
PA1  opposed concrete forms spaced a predetermined distance apart;
PA1  an elongated tie rod having means disposed at each end thereof for
      releasably mounting the tie rod in fixed position on the concrete forms;
PA1  means associated with the tie rod between the ends thereof and an external
      spreader means mounted thereon to releasably hold the concrete forms a
      predetermined distance apart;
PA1  an elongatable, elastomeric sleeve not requiring a lubricant thereon
      positioned between the ends of the tie rod and being of a length greater
      than the distance between the forms;
PA1  said sleeve and tie rod having interengageable surfaces for releasably
      coupling the sleeve to the tie rod in order that it may be replaced by
      another of said sleeves and including a guide means positioned over one
      end of the sleeve to facilitate insertion of the tie assembly through
      opposed spaced openings in the forms so that both ends of the sleeve are
      projected exteriorly of the space between the forms whereby the openings
      are sealed by the elastomeric sleeve due to the lateral deformation of the
      sleeve when in the openings by the compressive forces exerted by the
      concrete on the tie assembly to provide a self sealing removable closure
      by the elastomeric sleeve, and the tie rod having coupling means disposed
      adjacent each end thereof for releasably mounting the tie rod to the
      concrete forms and anchor means removably mounted on the concrete forms so
      as to maintain the forms in fixed position.
NUM  9.
PAR  9. The combination of a feed-through, self sealing tie assembly and
      concrete forms, the feed-through, self sealing tie combination for
      mounting as a unit on the concrete forms and capable of being removed
      therefrom without first disassembling the forms or the tie assembly and
      without requiring a lubricant thereon, said assembly comprising:
PA1  opposed concrete forms spaced a selected distance apart;
PA1  an elongated tie rod having means disposed at each end thereof for
      releasably mounting the tie rod in fixed position on the concrete forms;
PA1  means associated with the tie rod between the ends thereof for mounting an
      external spreader means to releasably hold the concrete forms a
      predetermined distance apart;
PA1  an elongatable, elastomeric sleeve positioned between the ends of the tie
      rod and being of a length greater than the selected distance between the
      forms;
PA1  said sleeve and tie rod having interengageable surfaces for releasably
      coupling the sleeve to the tie rod in order that it may be replaced by
      another of said sleeves and including a guide means positioned over one
      end of the sleeve to facilitate insertion of the tie assembly through
      opposed spaced openings in the forms so that both ends of the sleeve are
      projected exteriorly of the space between the forms whereby the openings
      are sealed by the elastomeric sleeve due to the lateral deformation of the
      sleeve when in the openings by the compressive forces exerted by the
      concrete on the tie assembly to provide a self sealing removable closure
      by the elastomeric sleeve.
NUM  10.
PAR  10. The combination of a feed-through tie assembly and concrete forms, the
      feed-through tie assembly for mounting as a unit on the concrete forms and
      for removal therefrom as a unit without first disassembling the forms or
      the tie assembly and without requiring a lubricant thereon, said
      combination comprising:
PA1  opposed concrete forms spaced a selected distance apart;
PA1  an elongated tie rod having means disposed at each end thereof for
      cooperating in releasably mounting the tie rod in fixed position of the
      forms;
PA1  an elongatable, replaceable elastomeric sleeve positioned between the ends
      of the tie rod and being of a length greater than the selected distance
      between the forms;
PA1  said sleeve and tie rod having interengageable surface for coupling the
      sleeve to the tie rod for facilitating the replacement of the sleeve when
      worn or damaged, said elongatable elastomeric sleeve when positioned
      through opposed openings in the forms being self sealing due to the
      lateral deformation and bubbling of the sleeve when it is in the openings
      by the compressive forces exerted by the concrete on the tie assembly
      thereby plugging the openings to provide a self sealing removable closure
      by the elastomeric sleeve; and
PA1  guide means positioned over one end of the sleeve to facilitate insertion
      of the tie assembly through opposed spaced openings in the forms so that
      both ends of the sleeve are projected exteriorly of the space between the
      forms.
NUM  11.
PAR  11. The invention in accordance with claim 10 wherein the interengageable
      surface for releasably coupling the sleeve to the tie rod includes mating
      threads on a threaded coupling associated with the guide means affixed to
      said one end of the sleeve and upset threads on the tie rod intermediate
      the ends of the rod.
NUM  12.
PAR  12. The invention in accordance with claim 11 wherein external spreader
      means are associated with the tie rod between the ends thereof for
      cooperating with external spreader brackets to releasably hold the
      concrete forms a predetermined distance apart.
NUM  13.
PAR  13. The invention in accordance with claim 12 wherein the mating threads
      are disposed intermediate the external spreader means.
NUM  14.
PAR  14. The invention in accordance with claim 13 wherein the upset threads on
      the tie rod are disposed outwardly from the external spreader means.
NUM  15.
PAR  15. The invention in accordance with claim 12 wherein the external spreader
      means includes slots in the tie rod for cooperating and receiving external
      spreader brackets.
NUM  16.
PAR  16. The invention in accordance with claim 10 wherein the means disposed at
      each end of the tie rod for releasably mounting the tie rod in fixed
      position on the forms includes slots for cooperating in receiving wedges.
NUM  17.
PAR  17. The invention in accordance with claim 10 wherein the means disposed at
      each end of the tie rod for cooperating in mounting the tie rod in fixed
      position on the forms includes upset threads for receiving threaded means
      for anchoring the tie assembly to the forms.
NUM  18.
PAR  18. A feed-through tie assembly for mounting as a unit on concrete forms
      and for removal therefrom as a unit without first disassembling the forms
      or the tie assembly and without requiring a lubricant thereon, said
      assembly comprising:
PA1  an elongated tie rod having means disposed at each end thereof for
      cooperating in releasably mounting the tie rod in fixed position on the
      forms;
PA1  means associated with the tie rod between the ends thereof for mounting
      external spreader means to releasably hold the concrete forms a
      predetermined distance apart;
PA1  an elongatable, elastomeric sleeve positioned between the ends of the tie
      rod;
PA1  guide means positioned over one end of the sleeve to facilitate insertion
      of the tie assembly through opposed spaced openings in the forms; and
PA1  said sleeve and tie rod having interengageable surfaces for releasably
      coupling the sleeve to the tie rod, the interengageable surfaces for
      releasably coupling the sleeve to the tie rod including a threaded
      coupling mounted at one end of the sleeve which is held in fixed position
      by said guide means and the tie rod having a complementary threaded
      portion for threaded engagement of said coupling with said tie rod.
NUM  19.
PAR  19. The tie assembly of claim 18, wherein the threaded portion of the tie
      rod is formed having upset threads so that the threaded coupling is
      capable of sliding freely over the unthreaded portions of the tie rod to
      facilitate assembly and disassembly of the elastomeric sleeve from the tie
      rod.
NUM  20.
PAR  20. A feed through tie assembly for mounting as a unit on concrete forms
      and for removal therefrom as a unit without first disassembling the forms
      or the tie assembly and without requiring a lubricant thereon, said
      assembly comprising;
PA1  an elongated tie rod having means disposed at each end thereof for
      cooperating in releasably mounting the tie rod in fixed position on the
      forms;
PA1  an elongatable, replaceable elastomeric sleeve positioned between the ends
      of the tie rod;
PA1  guide means positioned over one end of the sleeve to facilitate insertion
      of the tie assembly through opposed spaced openings in the forms so that
      both ends of the sleeve are projected exteriorly of the forms; and
PA1  said sleeve and tie rod having interengageable surfaces for releasably
      coupling the sleeve to the tie rod for facilitating the replacement of the
      sleeve when worn or damaged, the interengageable surfaces for releasably
      coupling the sleeve to the tie rod including mating threads on a threaded
      coupling associated with the guide means affixed to said one end of the
      sleeve and upset threads on the tie rod intermediate the ends of the rod.
NUM  21.
PAR  21. The invention in accordance with claim 20, wherein external spreader
      means are associated with the tie rod between the ends thereof for
      cooperating with external spreader brackets to releasably hold the
      concrete forms a predetermined distance apart.
NUM  22.
PAR  22. The invention in accordance with claim 21, wherein the mating threads
      are disposed intermediate the external spreader means.
NUM  23.
PAR  23. The invention in accordance with claim 22, wherein the upset threads on
      the tie rod disposed outwardly from the external spreader.
NUM  24.
PAR  24. The invention in accordance with claim 21, wherein the external
      spreader means includes slots in the tie rod for cooperating and receiving
      external spreader brackets.
NUM  25.
PAR  25. The combination of a feed-through tie assembly and concrete forms, the
      feed-through tie assembly for mounting as a unit on the concrete forms and
      for removal therefrom as a unit without first disassembling the forms or
      the tie assembly and without requiring a lubricant thereon, said
      combination comprising:
PA1  opposed concrete forms spaced a selected distance apart;
PA1  an elongated tie rod having means disposed at each end thereof for
      cooperating in releasably mounting the tie rod in fixed position on the
      forms;
PA1  spreader means for associated with the forms for holding the concrete forms
      a predetermined distance apart;
PA1  an elongatable, elastomeric sleeve positioned between the ends of the tie
      rod and being of a length greater than the selected distance between the
      forms, said elongatable elastomeric sleeve when positioned through opposed
      openings in the forms being self sealing due to the lateral deformation
      and bubbling of the sleeve when it is in the openings by the compressive
      forces exerted by the concrete on the tie assembly thereby plugging the
      openings to provide a self sealing removable closure by the elastomeric
      sleeve;
PA1  said sleeve and tie rod having interengageable surfaces for coupling the
      sleeve to the tie rod; and
PA1  guide means positioned over one end of the sleeve to facilitate insertion
      of the tie assembly through opposed spaced openings in the forms so that
      both ends of the sleeve are projected exteriorly of the space between the
      forms.
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ABST
PAL  Disclosed is a clamp or tie rod assembly which can be inserted and
      withdrawn from one side of spaced form members between which concrete or
      the like is to be poured. The assembly includes a removable shaft and an
      eccentrically bored spacer accommodated on the shaft prior to its
      insertion between the forms. The spacer is left imbedded in the concrete
      when the shaft is later withdrawn at the time the forms are to be removed
      from the concrete.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The cost of poured concrete construction is currently high because of the
      cost of material, such as multiple heavy wooden uprights, braces and ties
      which are required to support the forms and maintain accurate spacing
      between them and because of the labor cost incurred in constructing and
      removing these supports. Cost is further increased by the fact that access
      to one side of the form is often difficult or impossible to achieve. If
      the concrete is to be poured below ground level the excavation must be
      widened by several feet to provide the space necessary to build the
      outside supporting structure, and after the structure is removed the
      additional space must be backfilled. If the concrete is to be poured more
      than a few feet above ground, construction of the necessary supporting
      structure on the outside of the building and its subsequent removal may be
      vary costly and dangerous to workmen.
PAR  Concrete form tie rods or clamps of various types are well known in the
      prior art. Insertion, or installation and removal of the prior art clamps
      conventionally require access to both sides of the form. An example of
      such prior art structures is disclosed in U.S. Pat. No. 2,320,869. The
      clamp assembly of the present invention can be installed and removed from
      one side of the form. Except for the spacer member, which is left imbedded
      in the poured concrete, the clamp may be withdrawn and reused. The clamp
      assembly is simply constructed but, used at spaced intervals over the
      form, the two sides of the form are rigidly held in place in three
      dimensions with a precisely determined space between the sides of the
      form.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side view of the clamp assembly installed on a form.
PAR  FIG. 2 is a bottom view of the shaft component.
PAR  FIG. 3 is a perspective view of a fragment of the form being prepared for
      installation of the assembly.
PAR  FIG. 4 is a perspective view of the spacer component of the assembly.
PAR  FIG. 5 is an end view of the toggle arm.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring initially to FIGS. 1 and 2, the assembly includes a shaft 10
      formed of square bar stock, having a sidewardly extending handle 11
      attached adjacent the free end of the shaft to facilitate its manual
      rotation for the installation and removal of the shaft as will be
      subsequently described. The shaft is provided with a series of inclined
      notches 12 along two of its opposite sides into which may be driven the
      inwardly extending flanges 13a of a U-shaped wedge member 13. The wedge
      member engages the side face of the form member 14 and the shaft 19
      extends through an aperture 16 (FIG. 3) whose margins are indicated by the
      broken lines identified at 16a and 16b in FIG. 1.
PAR  As may be seen in FIG. 3, the aperture 16 in the near form member 14 is
      drilled and, subsequently, a larger aperture is formed by a circle cutter,
      the larger aperture, whose perimeter is indicated at 17a in FIG. 3, being
      formed upon the removal of the plug 17 cut by the circle cutter. As will
      subsequently be explained, this plug 17 is removed for initial insertion
      of the shaft but is replaced after the shaft and accompanying parts
      carried by it have been inserted, the plug serving to enclose the space
      between the shaft and the larger aperture whose perimeter is indicated at
      17a in FIG. 3 (the lower margin of the aperture being indicated at 17b in
      FIG. 1).
PAR  The shaft 10 extends freely through a passage 18 formed to extend
      longitudinally through a spacer 19 which has a cylindrical configuration,
      the passage 18 having its centerline displaced radially from the
      centerline of the cylinder 19. The spacer engages the inner face of the
      other form member indentified at 21 in FIG. 1 and the length of the spacer
      19 is predetermined so as to provide the desired spacing between the near
      form member 14 and the far form member 21.
PAR  As will be evident in comparing FIGS. 1 and 2, the shaft 10 has an end
      portion 10a of reduced dimension and pivotally supported, by means of the
      pin 22, on this shaft portion 10a is a generally U-shaped latch or toggle
      member having extending arms 23 and a portion 24 bridging the arms. A
      sharpened spur 23a extends from the free end of each of the arms 23. The
      latching member formed by the toggle arms 23 is shown in deactuated
      position in solid lines in FIG. 1 and is shown in its alternate, actuated
      position in broken lines in FIG. 1, the function of the positions of the
      toggle arms being subsequently described.
PAR  In operation, initially, an aperture 16 is drilled in the form member 14
      and a registering aperture drilled in the far form member 21, the
      apertures having a size just sufficient to freely accommodate the shaft
      10. A circle cutter is then utilized to cut the larger aperture whose
      perimeter is indicated at 17a in FIG. 3 and the plug 17 is removed and
      retained. The plug 17 is then placed on the shaft by inserting it through
      the aperture 16 and the shaft is then inserted through the aperture 18 in
      the spacer member 19. The spacer member 19 is oriented on the shaft so
      that its thicker portion is at the bottom of the shaft (the position shown
      in FIG. 1). The shaft and spacer 19 are then inserted through aperture 17a
      in form 14, and, after spacer 19 clears the form 14, the shaft is moved
      downwardly to a position in which it registers with the aperture in form
      21. The thicker portion of the spacer will then be interposed between
      opposite surfaces of forms 14 and 21 as shown in FIG. 1.
PAR  The shaft 10 is further pushed rightwardly as viewed in FIG. 1 until the
      free end of the toggle arms 23 clears the outer surface of the form member
      21. With the shaft oriented as shown in FIG. 1, the toggle arms will then
      fall by gravity through substantially 90.degree. to a generally vertical
      position (shown in broken lines in FIG. 1). This defines the actuated
      position of the toggle arms 23 and the shaft 10 may then be pulled sharply
      leftwardly so as to embed the spur portion 23a of the toggle arms into the
      form 21. The plug 17, the first member placed on the shaft at the start of
      the process, may then be inserted into the aperture whose perimeter is
      indicated at 17a thus closing the space between the shaft and the larger
      aperture necessary to accommodate the spacer 19. It will be noted from
      FIG. 4 that the thicker portion of the stop 17 is above the shaft axis and
      the thicker portion of the spacer 19 is below the shaft axis. The shaft 10
      is then pulled leftwardly as viewed in FIG. 1 and the form 14 is pushed
      rightwardly as viewed in FIG. 1 as far as possible and the wedge 13 is
      inserted in the particular slot 12 which is nearest the form. Driving the
      wedge 13 downwardly serves to tighten both form members 14 and 21 against
      the adjacent end faces of the spacer 19. The concrete or other flowable
      material may then be poured into the space between the form members.
PAR  Subsequently, after the concrete has hardened, to remove the clamp, the
      wedge 13 is removed and the shaft 10 is pushed forward or rightwardly as
      viewed in FIG. 1 so that the toggle arm spurs 23a are removed from the
      form 21. The shaft 10 is then rotated manually through approximately
      180.degree.. The toggle arms will then fall back to their deactuated
      position (shown in solid lines in FIG. 1) and the shaft may then be
      withdrawn from the form members. After the shaft has been removed the form
      members with the plug 17 may be removed and, unless needed for drainage,
      the passage 18 through the spacer 19 may be filled with mortar or other
      filler.
PAR  The tip of the shaft might be modified to present a drill bit to the form
      members so that the shaft, itself, could be utilized to form the
      registering apertures in the form members. In such an arrangement the left
      end portion (as viewed in FIG. 1) of the shaft would be formed into a
      crank configuration to facilitate the more prolonged manual rotation which
      would be required for drilling the apertures. Other forms of the latching
      means might be utilized, including spring released latches, however, the
      toggle arm arrangement disclosed herein is simple and trouble-free in
      construction and operation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A clamp assembly for maintaining form members in predetermined spaced
      position during the depositing of flowable material between the members,
      said assembly including a shaft freely inserted into an enlarged aperture
      in the outer face of one form member, across the space between said form
      members and freely through an aperture of smaller dimension in the other
      form member, a spacer on the shaft having an outer transverse dimension
      smaller than said enlarged aperture but larger than said smaller aperture
      and a longitudinal dimension substantially equal to said predetermined
      space between the forms, an eccentric passage formed in and extending
      longitudinally through said spacer freely accommodating said shaft,
      whereby said spacer member is passed through said enlarged aperture with
      said shaft when oriented in one position with relation to the shaft axis
      and blocked from withdrawal through said enlarged aperture when oriented
      in another position with relation to the shaft axis, latching means on the
      remote end of said shaft which can be selectively actuated to prevent
      withdrawal of the shaft from said aperture in the other form member and
      deactuated to permit withdrawal, a plug member on said shaft for closing
      the space between said shaft and the margin of said enlarged aperture, and
      releasable means cooperating with said shaft to press said one form member
      against the adjacent end face of said spacer, whereby after deposit of the
      flowable material between said members, said latching means may be
      deactuated, said releasable means released and said shaft withdrawn for
      reuse leaving said spacer in situ between said members.
NUM  2.
PAR  2. A clamp assembly as claimed in claim 1 in which both said enlarged
      aperture and said smaller dimensioned aperture are circular in
      configuration and said spacer is of cylindrical configuration with the
      longitudinal axis of said eccentric passage being displaced radially from
      the central longitudinal axis of the cylindrically configurated spacer.
NUM  3.
PAR  3. A clamp assembly as claimed in claim 1 in which said spacer is moved
      from its said one position to its said other position by rotating it on
      said shaft through approximately 180.degree. .
NUM  4.
PAR  4. A clamp assembly as claimed in claim 1 in which said latch means
      includes at least one toggle arm pivotally supported between its ends on
      said shaft adjacent the remote end thereof, a stop cooperating with said
      shaft and arm for limiting the pivotal motion of the arm with respect to
      the shaft to approximately 90.degree., the weight of the portion of said
      arm on one side of said pivotal support being greater than that on the
      other side whereby said arm may drop by gravity into actuated position
      transverse to said shaft and, upon axial rotation of said shaft through
      approximately 180.degree., is returned by gravity into deactuated position
      aligned with said shaft.
NUM  5.
PAR  5. A clamp assembly as claimed in claim 4 in which the free tip of said
      toggle arm is provided with a spur imbedded in the outer surface of said
      other form member when said toggle arm is in actuated position.
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ABST
PAL  A valve seat for a butterfly valve having an annular, rigid reinforcement
      ring embedded in a body of molded elastomeric material. The seat has a
      pair of diametrically aligned shaft openings for the valve disc supporting
      and actuating shaft. These holes extend through the elastomeric material
      and the reinforcement ring and, during molding of the elastomeric
      material, are occupied by removable cores which center the reinforcement
      ring about the cores between the end faces of the mold and position it
      concentrically between the inner and outer circumferential walls of the
      mold cavity. To prevent the reinforcement ring from rotating about the
      cores and to center it positively between the end faces of the mold, a
      pair of aligned pins are provided, one in each of the mold end faces,
      which clamp the reinforcement ring between them. These pins are located
      circumferentially along the reinforcement ring approximately halfway
      between the cores. A second pair of these pins may be used, positioned
      from the first pair approximately diametrically of the reinforcement ring.
PARN
PAR  This is a division of application Ser. No. 370,765 filed June 18, 1973, now
      abandoned.
BSUM
PAR  This invention relates to butterfly valves and particularly to the
      elastomeric seat of the valve and to the method and the mold by which the
      seat is manufactured.
PAC  BACKGROUND OF THE INVENTION
PAR  Butterfly valves normally consist of a housing or body within which an
      annular elastomeric seat is mounted for the purpose of effecting a
      resilient seal against the valve closure member. The valve closure member
      is a disc which may be rotated from an open position aligned with the
      direction of flow of a fluid through the valve to a closed position at
      right angles to the direction of flow. In this latter position, the
      peripheral edge of the disc tightly engages the valve seat to effect a
      seal. In the conventional butterfly valve, this seat is molded of an
      elastomeric material whereby, as the valve's disc is rotated into closed
      position, the seat has a limited degree of resilience which will permit a
      seal effecting interference fit between the disc and the seat, providing a
      fluid tight closure.
PAR  The need for a certain degree of resilience and, thus, displacability of
      the valve seat necessitates the use of an elastomeric material. Materials
      of this type have a tendency to creep or migrate when subjected to high
      pressure, particularly when the pressure is applied to the seat on one
      side of the disc without a corresponding supporting pressure on the other
      side of the disc. The need to control this migration or creep without
      sacrifice of the necessary resilience of the elastomeric material has
      caused the industry to adopt the use of reinforcing members in the seat.
      These reinforcing members are rigid and provide support for the
      elastomeric material, limiting its ability to creep or migrate.
PAR  One of the more commonly used types of reinforcement is an annular ring or
      band of rigid material embedded within the seat as the seat is molded. It
      is important that this reinforcement be accurately positioned within the
      seat if the seat is to have uniformity of strength and accurate control of
      deflection, migration and creep is to be maintained. During the actual
      molding process, the elastomeric material is injected into the mold, at
      high pressures. These tend to not only deflect but also displace the
      reinforcement member and, thus, mislocate it within the seat. This results
      in a defective seat. This invention overcomes this problem.
PAR  One proposal for solving this problem is disclosed in U.S. Pat. No.
      3,537,683 issued Nov. 3, 1970 to A. H. Snell, Jr., entitled VALVE SEAT FOR
      A BUTTERFLY VALVE AND METHOD FOR MAKING THE SAME. This solution, however,
      is not entirely satisfactory. It results in openings in the valve seat
      which extend from the outer periphery of the valve seat through the
      reinforcement member, thus, creating a weakness which, as the patent
      points out, will result in leakage under certain circumstances. If this
      result is to be avoided, the opening has to be subsequently plugged to
      prevent the leakage. Even plugging does not overcome the fact that an
      opening is created through the reinforcement member, thus, permitting
      differential deflection of the seat at the hole because the plug cannot
      provide the same uniformity of support as would a continuous,
      uninterrupted reinforcement member. Further, this solution requires
      providing two additional holes through the reinforcmeent member before it
      is placed in the mold. These holes must be accurately indexed both to the
      holes for the shaft openings and to the locator pins in the mold used to
      index the reinforcement member during molding. This invention provides a
      solution to this problem which eliminates the necessity for thus
      maintaining such accuracy.
PAR  This invention has the further advantage of so molding the seat that the
      holes that result from the reinforcement member indexing pins extend
      axially into the seat from the ends of the seat terminating at the edge of
      the reinforcement member. Thus, they are never located beneath the point
      of sealing contact of the seat and the valve disc when the valve disc is
      closed. Further, they hold the reinforcement ring by clamping the edges of
      the ring, thus requiring no modification of the reinforcement ring. Since
      they are located in the end faces of the sealing member, they can be
      positioned between the end sealing beads. As so located, they are
      completely sealed from the entry of fluids which might otherwise enter
      from either the interior or the exterior of the valve, depending upon
      whether the valve is being used in a line which is operating under
      elevated or sub-atmospheric pressures.
PAC  SUMMARY OF THE INVENTION
PAR  The valve seat of this invention is of the conventional annular type. It is
      molded in a mold having an annular cavity into which project a pair of
      removable cores for forming the holes which are later used for the disc
      supporting and actuating stems. These cores pass through corresponding
      holes in the reinforcement band or ring. With the mold open, the
      reinforcement band or ring is placed in the mold and the cores are moved
      to extended position. In so doing, the cores move through the stem or
      shaft openings in the ring and appropriately located shoulders on these
      cores center the ring with respect to the inner and outer walls of the
      mold. The ring at this point, however, may pivot about the cores and,
      thus, at a point 90.degree. from the cores can be rotationally displaced
      toward one or the other of the end faces of the mold. To overcome this, at
      least one pair of pins are provided in the mold, so located as to engage
      the edges of the reinforcement ring at approximately 90.degree. from the
      shaft openings. The pins are aligned and extend, one from each of opposite
      faces of the mold, and are of such length that when the mold is closed,
      the pins clamp the reinforcement ring between them and accurately position
      and lock it midway between the end faces of the mold. When the elastomeric
      material is injected into the mold, the combination of the cores and the
      pins stabilizes the reinforcement ring holding it accurately positioned
      within the mold. When the mold is opened, the pins are withdrawn from the
      seat leaving only very small, shallow openings extending from the opposite
      end faces of the seat.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a central sectional view of the mold partially broken away to
      disclose the pins used in the practice of this invention;
PAR  FIG. 2 is a schematic view of the mold illustrating the mold in open
      conditions with the reinforcement ring seated in the mold as it would be
      just before the mold is closed;
PAR  FIG. 3 is a schematic plan view of a mold suitable for practice of this
      invention, the view showing the mold closed;
PAR  FIG. 4 is an end view of a butterfly valve seat molded according to this
      invention;
PAR  FIG. 5 is a central sectional view of a butterfly valve equipped with a
      seat incorporating this invention illustrating the valve in closed
      condition;
PAR  FIG. 6 is a sectional view taken along the plane VI--VI of FIG. 5; and
PAR  FIG. 7 is a fragmentary, enlarged sectional view of a modified pin
      construction.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to FIG. 1, the numeral 10 refers to a mold having a cavity
      or female portion 11 and a closure or cover 12. The mold portion 11 has an
      annular cavity 13 defined by generally concentric inner and outer cavity
      walls 14 and 15 (FIG. 2). The center of the mold portion 11 is formed by
      an upstanding boss 16 which matches with a depending boss 17 which is part
      of the closure member 12. The cavity or lower portion 11 of the mold is
      separated from the closure member 12 along a parting line 18.
PAR  The mold is equipped with a pair of diametrically positioned, reciprocal
      cores 30 and 31. The cores are actuated to extend and retract by suitable
      means such as a hydraulic piston and cylinder assembly 32. Since these are
      conventional, they are illustrated only schematically. It will also be
      understood that they would normally be provided with a common control for
      simultaneous operation. This again, is conventional practice and,
      therefore, is not illustrated. When the cylinder assemblies 32 are
      actuated to retract the cores 30 and 31, the cores withdraw entirely from
      the mold cavity 13.
PAR  Each of the cores 30 and 31 has a shoulder 33. Projecting beyond the
      shoulders 33 each of the cores has a stem 34 of such length that when the
      cores are fully extended, the end of the stems 34 either touch or almost
      touch the boss 16. For the purpose of this invention, it is irrelevant
      whether the cores 34 do or do not contact the boss 16 and, in fact,
      provisions could be made for them to enter a suitable hole in the boss
      and, thus, pass entirely through the cavity 13. As shown, the stem
      portions 34 have a step such that the inner ends are of reduced diameter.
      This again, is not essential to this invention, it being entirely possible
      to practice the invention with a stem portion of uniform diameter
      throughout its length. It is, however, important that the diameter of that
      portion of the stem which passes through the hereinafter described
      reinforcement ring be such that the opening in the ring fits reasonably
      closely about the stems.
PAR  To initiate the molding of a seat according to this invention, the mold is
      first opened and then, with the cores 30 and 31 retracted, a reinforcement
      ring 40 is placed in the mold. The cores 30 and 31 are then extended to
      operative position. As the cores extend, the stem portions 34 pass through
      the stem openings 41 in the ring. As illustrated in FIG. 5, the stem
      openings 41 are centered midway between the ends of the ring and, as shown
      in FIGS. 1 and 2, are diametrically positioned with respect to the mold
      cavity. The reinforcement ring 40, as so seated in the mold, is
      illustrated in FIG. 2. It will be seen that the shoulders 33 on the cores
      30 and 31 accurately position the ring concentrically within the mold
      cavity with respect to the inner and outer cavity walls 14 and 15. Also,
      since the holes 41 are midway between the edges of the reinforcement ring
      (FIGS. 1 and 5), the ring, at the cores, is accurately and equally spaced
      from the end faces 19 and 20 of the mold.
PAR  Since the stems 34 and the holes 41 are both circular, the ring without
      further support, is free to rotate about the stems and, thus, at a point
      90.degree. removed from the stems could be tipped toward one or the other
      of the end faces 19 or 20 of the mold. To prevent this, a pair of pins 42
      and 43 are provided (FIG. 1). One end of each of the pins is inserted into
      a suitable opening in each of the faces of the mold. One pin is embedded
      into the cavity portion 11 and the other into the closure member 12. The
      pins project into the mold cavity only that distance necessary for the
      pins to engage the side edges of the ring 40. Thus, when the mold is
      closed, the pins clamp the reinforcing ring between them, as illustrated
      in FIG. 1. When the reinforcement ring 40 is of substantial width, as
      illustrated in FIG. 1, the projecting portion of the pins is quite short
      and, thus, the penetration into the mold cavity is minor. If the width of
      the ring 40 is reduced, the length of the pins has to be correspondingly
      increased.
PAR  The pins 42 and 43 are located approximately 90.degree. from the cores 30
      and 31 and are centered circumferentially between the inner and outer
      faces of the reinforcement ring 40. The pins are not subjected to
      extremely high loadings and, therefore, can be of small cross section and,
      in fact, depending upon the wall thickness of the reinforcing ring 40, can
      have a diameter less than the wall thickness of the reinforcing member. It
      has been found that pins of 3/32 diameter are quite adequate for this
      purpose. It is desirable to keep the pins as small as possible so that the
      resulting openings in the seat after the pins have been removed are so
      small as to be insignificant.
PAR  It will be recognized that the pins 42 and 43, when the mold is closed,
      will accurately stabilize the reinforcement ring 40 so that its edges are
      parallel to the end faces 19 and 20 of the mold. A single pair of pins is
      sufficient to accomplish this purpose. However, in many cases, it may be
      desirable to provide a second and identical pair of pins diametrically
      opposite from the first pair to provide further stabilization. This is
      suggested by the pin 42a illustrated in FIG. 2. By providing a second pair
      of pins, positive support of the reinforcement ring 40 is provided which
      will prevent the ring from being distorted due to the pressures inherent
      in the injection of the elastomeric material into the mold. While the
      projected length of the pins may, in normal production, be such that
      binding will not occur when maximum width tolerances of the reinforcement
      ring are encountered, it will be recognized that if a closer fit between
      the pins and the ring is desired, one or more of the pins 42 or 43 can be
      resiliently mounted so that one or the other or both of the pins can be
      forced to retract slightly to accommodate rings having a width exceeding
      normal tolerances. Such an arrangement is shown in the modification
      illustrated in FIG. 7 where the pin 42b is supported by a spring 80. This
      feature could be applied to all of the pins. For all normal usage,
      however, the gap which will occur when the ring is of minimal width within
      tolerance limits with the pins of a height to function with a ring of
      maximum tolerance will be entirely functional for the purpose of this
      invention.
PAR  With the reinforcement ring 40 positioned as indicated in FIG. 2 in the
      mold, the cover or closure member 12 is installed, thus, clamping the ring
      between the pins. Suitable means are provided for locking the closure
      member to the cavity portion of the mold. These are not shown since they
      are entirely conventional. The elastomeric material is then injected into
      the mold through one or more of the gates 50 (FIGS. 1 and 3). The
      elastomeric material under pressure is then caused to migrate along the
      distribution channel 51 and enter the mold through the gap 52. This gap is
      as thin as possible and may be no more than 0.015 of an inch. The narrower
      the gap 52, the thinner the web of flash left on the final product when
      the seat is removed from the mold. After the mold has been filled with the
      elastomeric material and this material has set, the cores 30 and 31 are
      retracted, the closure member 12 removed and the seat 55 taken out of the
      mold. To facilitate removal of the seat from the mold, suitable ejectors
      or knockout pins are provided. These are not illustrated since their use
      is conventional and well-known in the art.
PAR  It will be noted that the end faces of the seat are provided with axially
      extending, concentric beads 60, 61 and 62. The provision of beads of this
      type on the axial faces of a butterfly valve seal is conventional.
      However, by so arranging them that the area of the axial face which
      overlies the edge of the reinforcement ring 40 is positioned between a
      pair of the beads is a facet of this invention. By so spacing beads 61 and
      62 that the pins 42 and 43 are located between them (FIG. 4), it is
      possible to isolate the openings 63 left by the pins 42 and 43 from both
      the outer and inner portions of the seal. As is well-known in the
      butterfly art, these beads are pressed tightly against the flanges 70 of
      the pipe ends between which the butterfly valve is installed (FIG. 5). By
      tightening the conventional bolts provided for pulling the flanges
      together and clamping the butterfly valve in place, these beads are
      deformed and so tightly pressed against these flanges as to form a tight,
      leakproof seal against the migration of fluids, either liquids or gases,
      between the seal and the flanges. By locating the holes 63 between the
      beads 61 and 62, these holes are thus sealed off from entry of fluids
      either from the interior or the exterior of the valve. The same is true
      whether a single pair or a double pair of the openings exist in the seat.
PAR  The assembled valve is illustrated in FIG. 5. The seat 55 is seated within
      a housing or valve body 71. In the case of the seat illustrated in this
      embodiment, the seat is installed by sliding it endwise into the valve
      body bore 72. The valve disc 73 is then placed in the center fluid passage
      74 of the seat and secured by installation of the stub shaft 75 and main
      shaft 76. The ends of these shafts seat in the bosses 77 and 78 of the
      discs 73. A nonrotatable engagement is provided by the boss 77 between the
      valve disc and the main shaft 76. All of this is conventional in butterfly
      valve construction. It will be recognized that the seat may be of the type
      which interlocks with the housing without departing from the teachings of
      this invention.
PAR  FIGS. 5 and 6 illustrate the valve in closed position. FIG. 6 shows that
      the seal forming engagement between the valve disc 73 and the seat 55 is
      substantially spaced from the pin openings 63. Thus, no matter how much
      deflection pressure is exerted on the seat by the valve disc or fluid
      pressure differential across the point of seal, there is no possibility of
      the pin openings weakening the seat to impair the seal. The reinforcement
      ring remains in tact to fully and uniformly support the elastomeric
      material of the seat in the area of seat-valve engagement.
PAR  When the seat is designed with the outer axial portions of the fluid
      passageway 74 through the seat flared slightly, radially outwardly, the
      seat in the area which is radially aligned with the openings 63 or 63a
      does not even make contact with the disc 73 as it is opened and closed.
PAR  It will be recognized that this invention may be used irrespective of the
      type of elastomeric material used in the molding of the seat. The
      invention, thus, has the advantage of being versatile in its application.
      Further, the invention does not require any particular shaping or
      secondary operations on the reinforcement ring 40, thus again, not only
      reducing the cost of manufacturing the seat but also giving the invention
      the benefit of versatility in application. Another advantage is the fact
      that the invention is not dependent upon either the wall thickness or the
      particular material used for the reinforcement ring. Reinforcement rings
      of a wide variety of designs can be used with this invention. The
      invention has the advantage of positively and dependably locking the ring
      in a predetermined stable position in the mold without the operator having
      to take any particular precautions when the ring is placed in the mold.
      This substantially reduces manufacturing costs. Further, it positively and
      dependably holds the ring in this position throughout the molding
      procedure, thus, eliminating the problem of costly rejects.
PAR  These and other advantages of this invention will be readily understood by
      those skilled in the art of butterfly valves. They will recognize that the
      invention is useful whether the seat is fabricated as one to be retained
      as a separate component and, thus, axially slidable in and out of the
      valve body or housing or the seat is one which is molded within the
      housing and, thus, permanently bonded to it. It will be recognized that
      the invention may be used with reinforcement rings of various widths and
      that the same advantages of uniform and complete support for the seat
      along the line of disc contact when the valve is closed will be obtained
      with this invention, irrespective of whether the disc is centered about
      the shafts 75 and 76 or is eccentric of them as some valves are
      constructed. The invention has the further advantage of being capable of
      being used in existing molds by the minor modification of installation of
      the pins 42 and 43. Thus, it will be recognized that the design of the
      reinforcement member and the overall design of the seat and of the valve
      may be varied widely without departing from the principles of this
      invention.
CLMS
STM  The embodiment of the invention in which an exclusive property or privilege
      is claimed are defined as follows:
NUM  1.
PAR  1. A mold for making the annular resilient disc seat for a butterfly valve
      which seat has a plurality of axially projecting, concentric, circular
      beads on each of its axial side faces and a rigid reinforcement ring
      embedded within the elastomeric body of the seat, the ring having a pair
      of diametrically positioned holes, said mold having an annular cavity
      defined by a pair of concentric inner and outer walls and a pair of end
      faces spaced apart corresponding to the axial thickness of the seat to be
      molded therein, said mold having concentric circular channels for forming
      said beads on said ring; said mold having means projecting into the mold
      cavity radially thereof for forming a pair of diametrically opposed
      openings in the seat for the disc supporting shafts and extending through
      the openings in the ring for supporting said ring in spaced relationship
      to both of said faces, said mold characterized by a pair of pins
      projecting into said mold cavity, said pins being aligned and extending
      toward each other from opposite ones of said faces of said mold, the inner
      end of each of said pins extending an equal distance from its adjacent end
      face, said inner ends being spaced apart a distance equal to the width of
      said reinforcement ring; said pins being located approximately midway
      between said projecting means circumferentially of the mold cavity and
      between a pair of said channels whereby the resulting openings in the ring
      will be between a pair of said beads; said pins having a cross-sectional
      size no greater than the wall thickness of the reinforcing ring.
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PAL  Casting mold for metals, wherein paper-like sheet of carbon or graphite
      fibers is lined onto the inner surface of the mold to prevent seizure
      phenomenon between the mold and the cast article.
BSUM
PAR  This invention relates to a casting mold for obtaining cast metal such as
      cast iron, cast steel, copper alloy, and so forth by pouring molten metals
      into the mold and solidifying the same.
PAR  The invention is characterized by lining a papery sheet composed of carbon
      or graphite fiber of more than 35% by weight to the total weight of the
      sheet onto the inner surface of the mold so as to prevent the surface of
      the mold from seizure phenomenon which is liable to cause defects on the
      molded surface of the cast article.
PAR  It has been a common knowledge in the casting technique to apply various
      sorts of coating material inside the mold so as to prevent the seizure
      phenomenon from taking place between the casting metal and the constituent
      materials for the mold. For the coating materials used nowadays, there are
      those such as graphite, mica, steatite, etc. in powder form as the base
      material which are given coating capability by adding thereto natural
      resin, synthetic resin, molasses, clay, organic solvent, water, etc.. Such
      mold coating material is applied to the inner surface of the mold.
      However, this sort of coating material is liable to cause cracks at the
      time of drying after its application, to exfoliate from the mold surface,
      or to dissolve the binding material for the mold due to the solvent used
      at the time of coating, thereby causing defects to take place on the
      surface of the cast articles.
PAR  Properties required of the seizure preventive coating material are such
      that the coating will not produce any structural or qualitative defect on
      the mold by reacting with the casting metal, and that it will produce an
      isolating layer between the inner surface of the mold and the casting
      metal as a buffer for preventing seizure. It is therefore necessary that
      the coated layer be uniform throughout the mold.
PAR  It is therefore the primary object of the present invention to provide
      improved casting mold for obtaining cast articles of superior surface
      quality, the inner surface of which is lined with a homogeneous paper-like
      sheet which is least liable to cause such defects and disadvantages to the
      cast article inherent in the conventional casting mold.
PAR  The object of the present invention as well as the details thereof will
      become more apparent from the foregoing description of the invention when
      read in connection with the preferred example thereof.
PAR  The paper-like sheet to be used in the present invention can be obtained by
      mixing carbon or graphite fibers with organic fiber, pulp, or the like,
      and is made into paper. Depending on necessity, a bonding agent is used
      for hardening the sheet. It can also be used after perfectly carbonizing
      the other constituents than the carbon or graphite fibers, as the case may
      be.
PAR  The sheet can be lined onto the surface of the molds by means of adhesives,
      and the surface layer produced thereby is uniform and free from cracks.
      When casting metal is poured into the mold, an organic substance existing
      in the sheet generates a suitable quantity of gas to moderate a thermal
      contact between the mold and the casting metal. In this case, when
      carbonaceous or graphitic substance becomes less than 35%, the gas
      generates excessively to deteriorate the surface state of the cast article
      inevitably. Further, the carbon or graphite fibers interpose between the
      mold and the casting metal to prevent the casting metal from penetrating
      into the mold, whereby cast article having no surface defects can be
      obtained.
PAR  In order to enable the skilled persons in the art to reduce the present
      invention into practice, the following actual example is presented. It
      should, however, be noted that the invention is not so limited to this
      particular example alone, but any modification and change may be made
      within the ambit of the appended claim.
DETD
PAC  EXAMPLE
PAR  Using cylindrical molds for ductile cast iron having a core of 10mm in
      radius of curvature, 70mm in length, 5.5 m.sup.3 in core volume, and
      11cm.sup.2 in core surface area, the following theree kinds of casting
      molds were prepared:
PAR  1. the mold having the core surface applied with graphite powder as the
      coating material;
PAR  2. the mold having its core lined with a paper-like sheet weighing 30
      g/m.sup.2, in which the quantity of the carbon fiber occupies 40% to the
      total weight of the paper-like sheet according to the present invention;
      and
PAR  3. the mold having the core, on which surface no lining treatment was made.
PAR  Ductile cast iron was produced by each of the abovementioned molds. After
      the cast article was taken out of the mold, the surface portion of the
      cast article where it contact the inner surface of the mold core was
      observed. No defect could be found with the cast article made of the mold
      (2) according to the present invention. Crepes were observed on the cast
      iron surface produced by the mold (1) which uses graphite powder as the
      mold coating material, while many surface defects were observed on the
      cast iron from the mold (3) not lined with the coating material.
PAR  Upon examination of the rate of occurrence of the surface defects with
      respect to more than 1,000 pieces of the cast iron samples obtained from
      the abovementioned three kinds of the casting molds, occurrence of the
      faulty article was found nil with the casting mold (2) according to the
      present invention, while occurrence of such faulty article was 18% with
      the mold (1) using the graphite mold coating material, and 52% with the
      mold (3) using no coating material.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a casting mold for obtention of cast metal articles of superior
      surface quality, the improvement which comprises a lining adhered to the
      inner surface of said mold by means of an adhesive, said lining comprising
      a paper-like sheet of carbon fibers admixed with organic fibers or pulp,
      said carbon fibers being present in an amount of at least 35 percent by
      weight.
NUM  2.
PAR  2. The casting mold according to claim 1, wherein the paper-like sheet
      contains about 40% of carbon or graphite fibers to the total weight of the
      sheet, the remainder being organic fibers or pulp.
NUM  3.
PAR  3. A casting mold according to claim 1 wherein said carbon fibers are
      graphite fibers.
NUM  4.
PAR  4. A method for lining a casting mold which comprises adhering a paper-like
      sheet comprising at least 35 weight percent carbon fibers admixed with
      organic fibers or pulp to the inner surface of said mold with an adhesive.
NUM  5.
PAR  5. A method according to claim 4, wherein the paper-like sheet comprises
      about 40% carbon fibers, the remainder being organic fibers or pulp.
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PAL  This disclosure deals with a pipe sleeve used to form a hole when pouring a
      concrete slab or the like. The pipe sleeve includes a tubular elongated
      side wall having an end wall closing one end thereof and a radially
      outwardly extending flange at the other end thereof. Longitudinally
      extending ribs are formed on the outside surface of the side wall, and a
      plurality of grooves are formed in the inner surface of the side wall. The
      side wall is tapered, and due to this taper, the pipe sleeves may be
      compactly stacked for storage or for shipping purposes. The sleeve may be
      used either in its original length or, if desired, in a shorter length by
      cutting the side wall to a desired length and then telescoping the two cut
      sections together. When stacked for shipping or storage, the ribs are
      located in the grooves but when two cut sections are telescoped, the ribs
      are out of the grooves and tightly bind the two sections together.
BSUM
PAR  Pipe sleeves are well known in the prior art, and some prior art pipe
      sleeves are adjustable in length. For example, the Tolf U.S. Pat. No.
      3,346,230 describes an adjustable pipe sleeve construction, and other
      patents such as No. 2,684,518, No. 2,728,126 and No. 3,265,349 have issued
      on sleeve constructions. While the structures described in the foregoing
      patents serve the purposes for which they were designed, they have
      disadvantages which are not present in a pipe sleeve in accordance with
      the present invention. For example, prior art sleeves are not as compactly
      stackable as is desired, and the prior art sleeves are not sufficiently
      easily adjustable to different lengths. It is therefore a general object
      of the present invention to provide an improved pipe sleeve which avoids
      the foregoing disadvantages.
PAR  A pipe sleeve in accordance with the present invention comprises an
      elongated tubular side wall made of a deflectable material, a flange
      formed at one end of the side wall and extending radially outwardly
      therefrom, and an end wall closing the other end of the side wall. The
      side wall is uniformly tapered outwardly from the end wall to the flange,
      the taper being sufficient to permit stacking or nesting a plurality of
      the sleeves. A plurality of longitudinally extending ribs are formed on
      the side wall, the ribs extending radially outwardly from the outer
      surface of the side wall, and a plurality of longitudinal grooves are
      formed in the inner surface of the side wall. When two pipe sleeves are
      stacked, the grooves of one sleeve receive the ribs of the other sleeve to
      enable stacking of the sleeves.
PAR  The side wall is made of a material which may be readily cut in a
      transverse direction to form a main section which includes the end wall
      and a collar section which includes the flange. The cut is made at a point
      where the main section has the desired sleeve length, and the collar
      section is telescoped over the main section and moved to the location
      where the flange is even with the cut end of the main section. The two
      sections are oriented so that the ribs and grooves are out of alignment,
      whereby the ribs of the main section tightly engage the areas of the
      collar section between the grooves and thus hold the two sections tightly
      assembled.
PAR  The ribs and the grooves are V-shaped and the angle of the grooves is
      greater than that of the ribs, and a groove is formed preferably in radial
      alignment with, or behind, each rib. The angle of taper of the side wall
      is great enough to permit stacking but small enough that the ribs form an
      effective bind or grip between the two sections after telescoping.
DRWD
PAR  The foregoing and other objects and advantages of the present invention
      will be more fully understood from the following detailed description
      taken in conjunction with the accompanying figures of the drawings,
      wherein:
PAR  FIG. 1 is a perspective view of a pipe sleeve in accordance with the
      present invention;
PAR  FIG. 2 is a sectional view illustrating a plurality of pipe sleeves stacked
      or nested together;
PAR  FIG. 3 is a sectional view taken on the line 3--3 of FIG. 2;
PAR  FIG. 4 is a top plan view of a pipe sleeve cut and reassembled to a
      relatively long length;
PAR  FIG. 5 is a sectional view taken on the line 5--5 of FIG. 4;
PAR  FIG. 6 is a sectional view similar to FIG. 5 but showing a pipe sleeve cut
      and reassembled to a shorter length;
PAR  FIG. 7 is an enlarged fragmentary sectional view taken on the line 7--7 of
      FIG. 6; and
PAR  FIG. 8 is an enlarged fragmentary sectional view taken on the line 8--8 of
      FIG. 2.
DETD
PAR  A pipe sleeve in accordance with the present invention comprises an
      elongated tubular side wall 10 which has (FIGS. 1 and 2) one end closed by
      an end wall 11. The other end of the side wall 10 has a radially outwardly
      extending flange 12 thereon. The side wall 10, the end wall 11 and the
      flange 12 are preferably formed integrally with each other, as by an
      injection molding process, the parts preferably being formed of a
      deflectable plastic material such as high impact polyethylene polymer.
PAR  The flange 12 has a plurality of holes 13 formed therein at
      circumferentially spaced intervals. During installation of a pipe sleeve,
      the sleeve is positioned with the bottom side of the flange 12 flat
      against a form or board 14, as shown in FIG. 5, and nails 16 are
      positioned in the holes 13 and driven into the board 14 to fasten the pipe
      sleeve securely in place. If desired, a plurality of arrows 17 may be
      molded on the upper surface of the flange 12, the upper surface being the
      side of the flange 12 which is toward the end wall 11. In the arrangement
      illustrated in FIG. 1, two pairs of arrows 17 are formed on the flange 12,
      the arrows of each pair being on diametrically opposite sides of the
      flange. The purpose of the arrows 17 is to aid a person in installing the
      pipe sleeve at a desired location. Two straight lines (not shown) are
      drawn on the board 14, the two lines intersecting at right angles at the
      desired location for the center of the pipe sleeve. The pipe sleeve is
      then positioned on top of the board 14 with the four arrows 17 aligned
      with the two lines, the center of the pipe sleeve thus lining up with the
      intersection of the two lines. When the pipe sleeve has been positioned
      with the flange 12 lying flat against the board 14 and nailed down as
      shown in FIG. 5, little or no concrete will flow into the interior of the
      pipe sleeve as the concrete is poured on the board 14.
PAR  With reference to FIGS. 1 and 2, the end wall 11 has substantially the same
      thickness as that of the side wall 10. While one or more holes may be
      formed through the end wall 11 to provide an air vent when stacking the
      pipe sleeves, such holes are not necessary and none is shown.
PAR  As best illustrated in FIGS. 1, 2 and 5, the side wall 10 is tapered, and
      this taper performs a number of functions. First of all, the taper permits
      a number of pipe sleeves to be stacked or nested as shown in FIG. 2 for
      storage or shipping. Secondly, the taper permits cutting a pipe sleeve
      into two sections and reassembling the two sections as will be described.
      Thirdly, the taper facilitates removal of a pipe sleeve from a hole after
      the concrete has set. The angle of the taper must be great enough to
      permit the pipe sleeves to be substantially entirely nested as shown in
      FIG. 2, but, at the same time, the taper must be small enough to obtain a
      bind between the two telescoped sections. In the form of the invention
      illustrated in the drawing, the angle of taper is approximately 3.degree.
      and the overall length of two stacked pipe sleeves is only about one-fifth
      greater than the length of a single pipe sleeve. It has been found that
      the angle of taper is preferably greater than 2.degree. but less than
      4.degree..
PAR  Further, a plurality of circumferentially spaced, longitudinally extending
      ribs 24 are formed on the outer surface of the side wall 10. In the
      present instance, three ribs 24 are formed at uniformly spaced distances
      around the circumference of the side wall 10 and the outer diameter of the
      small end of the side wall 10 is 3 inches. In the case of a 4 inch minimum
      diameter sleeve, four ribs may be provided. Thus, the number of ribs may
      be related to the diameter of the pipe sleeve to provide a ready
      indication of its size.
PAR  To permit stacking of a number of pipe sleeves as shown in FIG. 2 in spite
      of the fact that the ribs 24 are formed on and protrude from the side wall
      10, a plurality of longitudinally extending grooves 26 are formed on the
      inner surface of the side wall 10. In the present instance, the number of
      grooves 26 is equal to the number of ribs 24, and each groove 26 is formed
      in radial alignment with, or immediately behind one of the ribs, as shown
      in FIGS. 7 and 8. In addition, both the ribs and the grooves have a
      triangular cross section, and each groove 26 is slightly larger than each
      rib 24. In the present illustration, as shown in FIG. 8, the angle of each
      rib is approximately 30.degree. and the angle of each groove is
      approximately 40.degree.. Further, the depth of each groove is slightly
      greater than the height of each rib. Therefore, the ribs 24 may slide
      through the grooves 26 without binding when stacking or unstacking two
      pipe sleeves.
PAR  In the form of the invention illustrated in the drawings, the diameter of
      the end wall 11 is 3 inches and the total length of the pipe sleeve is 8
      inches. While the pipe sleeve may be used at a construction site in the
      length of 8 inches as shown in FIG. 1, it may also be cut and reassembled
      as will be described to obtain shorter lengths, between 8 inches and 4
      inches. However, regardless of the length of the sleeve, the minimum
      diameter of the hole formed by it will always be the same because this
      diameter is determined by the small end of the side wall 10 which remains
      intact. As shown in FIG. 1, a plurality of marks and numbers may be formed
      on the side wall 10 as by molding, the marks indicating different
      distances from the end wall 11. The marks indicate 4, 4 1/2, 5 5 1/2, 6, 6
      1/2 and 7 inches from the end wall and are for the convenience of a person
      installing the pipe sleeve.
PAR  For example, to obtain a pipe sleeve having an overall length of 7 inches
      as shown in FIGS. 4 and 5, the installer of the pipe sleeve cuts the pipe
      sleeve into two sections at the mark adjacent the number seven, the cut
      being made perpendicularly to the axis of the side wall 10. Such a cut may
      be made with a saw or, if the sleeve is made of plastic, with a sharp
      knife. Such cutting divides the pipe sleeve into two sections which are
      referred to herein as a smaller diameter or main section 31 and a larger
      diameter or collar section 32 (FIG. 5). After cutting, the main section 31
      is telescoped through the collar section 32 with the ribs 24 out of
      alignment with the grooves 26. As the two sections 31 and 32 are
      telescoped, the ribs 24 tightly engage the inner surface of the collar
      section 32 as the cut end 33 (FIG. 5) of the main section 31 is moved to
      the level of the flange 12 of the collar section 32. A careful adjustment
      for length is not necessary as in prior art devices because the flange
      simply is moved to the level of the cut end of the main section. As the
      two sections 31 and 32 are brought into assembled relation, the tips or
      apexes 34 of the triangular ribs 24 on the main section 31 deflect or
      flatten somewhat (FIG. 7), and at the same time the relatively thin side
      wall portions of the main section 31 and the collar section 32 bend
      slightly, thereby enabling the user to move the cut end 33 into alignment
      with the flange 12. A tight bind or frictional fit is produced between the
      two sections 31 and 32 which holds the two sections in assembled relation.
      Since the portions of the side wall of the two sections 31 and 32 have the
      same angle of taper, they telescope readily as shown in FIG. 5.
PAR  As previously mentioned, FIGS. 4 and 5 illustrate the example where the
      overall length of the two sections 31 and 32 equals seven inches. FIG. 6
      illustrates another example where the total length is five inches. The
      user of the pipe sleeve once again cuts the side wall 10 at, in the
      illustration shown in FIG. 6, the mark by the number five to form two
      sections, a main section 36 having a length of five inches and a collar
      section 37 having a length of three inches. The user then reassembles the
      two sections 36 and 37 by telescoping the main section 36 into the collar
      section 37 with the ribs out of alignment with the grooves, until the cut
      end of the main section 36 is flush with the bottom surface of the flange
      of the collar section 37. The total length of the assembly then equals the
      desired length of five inches, and the bind between the ribs of the main
      section 36 and the inner surface of the collar section 37 holds the two
      sections tightly assembled. Obviously, other lengths may be obtained by a
      proper choice of the location of the cut.
PAR  After the two cut sections have been telescoped, the collar 12 is nailed to
      a form as previously described, and the concrete is poured to a depth of
      approximately the cut and telescoped length of the sleeve. After the
      concrete has set, the forms are removed and normally the collar section 32
      is removed from the hole along with the forms. The main section 31 may
      then be knocked out of the hole by hammering downwardly on the end wall
      11. The smooth surface of the plastics and the taper of the side wall 10
      also facilitate removal from the hole.
PAR  When a pipe sleeve is cut and assembled to relatively a long length as
      shown in FIG. 5, the diameter of the cut end 33 of the main section 31
      nearly equals the diameter of the flanged end of the collar section 32.
      Nevertheless, the triangular shape of the ribs 24 enables their outer ends
      to deform to permit telescoping. When a pipe sleeve is cut and assembled
      to a shorther length as shown in FIG. 6, the diameter of the cut end of
      the main section 36 is considerably less than the diameter of the flanged
      end of the collar section, but since the ribs extend substantially along
      the entire length of the side wall 10, the ribs are sufficiently long that
      at least parts of the ribs produce a frictional fit between the two
      sections. In the present illustration, the height, or distance from the
      surface of the side wall 10 to the apex of each rib is approximately 0.125
      inch, the depth of each groove is approximately 0.135 inch, and the
      thickness of the side wall is approximately 0.080 inch. The foregoing
      dimensions may of course be slightly different from the figures specified
      and still fall within the scope of the present invention. While the
      provision of triangular ribs and grooves is preferred, other shapes, such
      as rectangular, of outwardly extending projections and grooves could be
      used. A side wall having a scalloped configuration could also be used.
PAR  As used herein, the terms stacked or nested refer to two or more pipe
      sleeves assembled as shown in FIG. 2 for storage or shipping. The term
      telescoped refers to two cut sections assembled as shown in FIG. 5 or FIG.
      6.
PAR  It will be obvious from the foregoing that a novel and useful article has
      been provided. By making the angle of taper of the side wall 10
      sufficiently great, two or more pipe sleeves may be stacked to
      substantially their entire length as shown in FIG. 2, thus making a very
      compact assembly for storage or shipping purposes. In addition, the angle
      of taper permits a pipe sleeve to be cut and telescoped to a desired
      length. The provision of the rib and groove arrangement is advantageous
      for several reasons. First of all, the ribs ensure a tight bind which
      holds two cut and telescoped sections tightly assembled. Secondly, the
      number of ribs on a pipe sleeve may be related to its diameter for
      identification purposes. Further, the provision of grooves on the inner
      surface of the side wall 10 provides clearance for the ribs when stacked
      as in FIG. 3, and by making the grooves larger than the ribs, the ribs may
      slide through the grooves with little binding when they are stacked. The
      use of a triangular shape for the ribs is advantageous because the ribs
      are readily deformable when two sections are telescoped. Placing the
      apexes of the ribs and the grooves in radial alignment, rather than having
      the grooves circumferentially offset from the ribs is advantageous because
      it simplifies the molding process and it avoids the necessity of
      thickening the side wall in the areas of the grooves.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pipe sleeve comprising a small diameter section and a large diameter
      section, both of said sections being tubular and having an angle of taper
      within the range of approximately 2.degree. to approximately 4.degree.,
      said small diameter section being telescoped into said large diameter
      section to bring the larger diameter ends of said two sections flush with
      each other, a radially outwardly extending flange formed on the larger
      diameter end of said large diameter section, and at least one
      longitudinally and radially outwardly extending rib formed on the outer
      surface of said small diameter section adjacent its larger diameter end,
      said rib tightly engaging the inner surface of said large diameter section
      and binding said sections in assembled relation.
NUM  2.
PAR  2. A pipe sleeve as in claim 1, wherein said rib has a triangular cross
      section.
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ABST
PAL  An adjustable dashpot mechanism for controlling the rate of return of a
      spring-biased axially-displaceable shaft, comprising: a tubular housing
      having portions of unequal diameters therein with rims thereabout a shaft
      slidably mounted within the housing and extending beyond the ends of the
      housing, a dashpot piston fixedly mounted to the shaft within the housing
      and having an adjustable orifice therethrough, a flexible flange disposed
      between the periphery of the dashpot piston and the housing for effecting
      fluid sealing engagement therebetween when the dashpot piston is moved
      away from the smaller diametered portion in the housing and for effecting
      nonfluid sealing engagement when the dashpot piston is moved towards the
      smaller diametered portion in the housing, a reservoir piston slidably
      mounted on the shaft within the housing between the larger diametered
      portion of the housing and the dashpot piston and a spring disposed
      between the housing and the reservoir piston for urging the reservoir
      piston towards the dashpot piston.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention resides in the field of time-delayed, automatic shut-off
      means for valves.
PAR  2. Prior Art
PAR  Generally, automatic shut-off means for valves such as exemplified by U.S.
      Pat. Nos. 2,181,581 (Fraser); 2,710,736 (Miller) 3,065,948 (Nolan) and
      3,342,448 (Parkison) have characterized the prior art in this area.
PAR  All of the aforementioned patents, incorporate a time-delay mechanism which
      utilizes, as the metered liquid, the same liquid as controlled by the
      valve whose time-delayed closing is regulated by the dashpot mechanism.
PAR  In most applications, this liquid will be water. Use of water as the
      dashpot metering liquid typically results in minerals being deposited in
      and about the passageway through which the liquid is metered.
PAR  At the very least, the mineral deposits will restrict the effective
      diameter of the liquid metering passageway thereby increasing the time
      delay. Eventually, the metering passageway becomes plugged rendering the
      dashpot mechanism inoperative.
PAR  To remedy this situation, some of the prior art devices utilized a movable
      pin which moved in and out of the metering passageway to clear it of the
      restricting mineral deposits.
PAR  However, even the use of a pin to create a so-called "self-cleaning
      orifice" is inadequate to effect a reliable dashpot device which uses the
      water from the water supply because within a very short period of time the
      mineralization will clog the liquid metering combination and thereby
      render it inoperative.
PAR  Further, the solid particles within the water will, if not filtered, be
      deposited within the dashpot chamber and either completely fill it, or at
      the very least, unduly limit the stroke of the dashpot piston. In either
      case, the time delay is significantly shortened or becomes effectively
      "zero."
PAR  In addition, the viscosity of water acts as a practical limit on the amount
      of time delay available in a dashpot device such as found in the
      aforementioned patents.
PAR  Utilizing a liquid for dashpot metering other than water in a water supply
      system obviously requires that the metering liquid be isolated from the
      water supply system. However, one of the problems encountered when using a
      liquid other than water as the dashpot liquid is that during the operation
      of the dashpot a small amount of the dashpot liquid is lost. Eventually,
      the dashpot liquid becomes exhausted to such an extent that the dashpot
      becomes inoperative.
PAR  Further, the liquid selected for use as the dashpot liquid must have a
      rather large heat capacity to preclude it from being converted into its
      gaseous phase when the dashpot mechanism is used with a hot water supply.
      Should this occur, the dashpot time-delay would be reduced and/or the
      fluid seals may be unable to adequately contain the metering fluid in its
      gaseous phase.
PAC  SUMMARY OF THE INVENTION AND OBJECTS
PAR  An adjustable dashpot mechanism is disclosed which is particularly useful
      for controlling the rate of return of a spring-loaded,
      axially-displaceable stem for a liquid-control valve. The dashpot
      mechanism is conveniently assembled in the form of a cartridge-like
      assembly and is removably attachable to the liquid-control valve housing.
      When so attached, the stem of the dashpot mechanism is placed in abutment
      with the axially-displaceable valve stem.
PAR  Fundamentally, the dashpot mechanism comprises a housing, a dashpot piston
      with a flexible flange thereabout and fixedly mounted on a hollow stem,
      and arranged to conformably mate with the inside of the housing wall, a
      passageway with a variable crossectional area which places the inside of
      the hollow stem in fluid communication with both piston faces and a
      spring-biased reservoir piston slidably mounted on the stem and disposed
      above the dashpot piston in fluid-sealing engagement with the inside of
      the housing wall.
PAR  Prior to operation of the dashpot, the cartridge housing is removably
      secured to the valve housing in order to place the end of the hollow stem
      in abutting engagement with the stem of the axially-displaceable valve and
      then the dashpot and reservoir chambers are filled with timing liquid via
      a threaded aperture in the reservoir piston. The valve is typically
      maintained in its closed position by a compression spring disposed about
      the valve stem.
PAR  When the opposite end of the dashpot piston-stem is depressed, the timing
      liquid in the dashpot chamber is forced around the flexible flange and
      piston into the dashpot chamber located between the reservoir piston and
      the dashpot piston. A small amount of the timing liquid will pass through
      the passageway through the piston, but this amount is insignificant
      compared to the amount of liquid which flows past the flexible flange.
PAR  The spring-biased, floating reservoir piston is then directed into
      engagement with the surface of the timing liquid ensuring that the
      relatively incompressible timing liquid is captured in an enclosure having
      a fixed volume.
PAR  Since the valve spring is compressed when the valve is opened, the valve
      stem exerts a force on the piston stem directing the piston towards the
      reservoir piston. When this occurs, the flexible peripheral flange expands
      outwardly and forms an annular, U-shaped cup which prevents the timing
      liquid from flowing thereabout by creating a fluid seal between the rigid
      piston body and the inner wall of the dashpot housing. Consequently, the
      timing liquid is directed into the passageway through the piston and stem
      body. By metering this liquid through the passageway, the rate at which
      the piston stem returns into the dashpot housing is delayed. The rate of
      delay is controlled by the rate of timing liquid flow through the
      passageway. The rate of timing liquid flow is, of course, in turn,
      controlled by the effective liquid flow area which is a function of the
      cross-sectional area of the passageway.
PAR  When the valve stem is depressed to open the valve, the fluid seal which
      isolates the timing liquid from the valve-controlled liquid, typically
      water, wipes the timing liquid from the stem. However, since a small
      amount of the timing liquid remains as a residue on the stem body as it
      extends out of the cartridge body, a small amount of timing fluid is lost
      during each cycle. Consequently, to extend the operational life of the
      dashpot time-delay function, a supplemental supply of timing liquid is
      contained in a reservoir within the housing to automatically replenish the
      supply of dashpot timing liquid as it is lost.
PAR  This invention is particularly useful when combined with water faucets to
      create a time-delayed, automatic-closing faucet for use in public
      facilities and institutions.
PAR  An object of the invention is to provide a new and improved self-closing
      faucet arranged so that the time-delayed closing action of the valve is
      repetitive at a constant rate irrespective of variations in water supply
      or inlet pressures.
PAR  A further object of the present invention is to provide a novel
      automatically-closing faucet having a dashpot timing device removably
      connectable to a valve via a split stem.
PAR  Another object of the invention is to provide a combination time-delayed
      closing unit and valve wherein the piston is arranged to retard the
      closing movement of the valve while allowing rapid opening movement when
      the valve stem is manually displaced in an axial fashion to open the
      valve.
PAR  The various features of novelty which characterize our invention are
      pointed out with particularity in the claims annexed to and forming a part
      of the specification. However, in order to obtain a more complete
      understanding of the present invention, along with its attendant
      advantages and features, and specific objects obtained through its use,
      reference should be had to the accompanying drawings and detailed
      description of the preferred embodiment hereinafterwards described and
      illustrated.
PAR  The accompanying drawings illustrate a preferred embodiment of the
      invention, in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a split-elevational view of the present invention, shown
      partially in section, the left side depicting said invention in its closed
      position and the right half depicting said invention in an open or fully
      extended position.
PAR  FIG. 2 is a partial elevational section of the stem-mounted, dashpot piston
      element of the present invention the left side depicting the dashpot
      piston in its substantially unactuated postion and the right side
      depicting the dashpot piston following the actuation thereof at the start
      of the time-delay cycle.
PAR  FIG. 3 is an elevational section of the stem and piston member of the
      present invention with the variable liquid metering passageway illustrated
      in its open position.
PAR  FIG. 4 is similar to FIG. 3 with the liquid metering passageway depicted in
      its closed position.
PAR  FIG. 5 is a partial elevational section of the spring-biased, reservoir
      piston mounted on the stem of the dashpot stem and piston member of the
      present invention the left side depicting the location of the reservoir
      piston when the reservoir is substantially filled with timing liquid and
      the right side depicting the location of the reservoir piston when the
      reservoir is substantially depleted of timing liquid.
PAR  Before explaining the instant invention in detail, it is to be understood
      that the invention is not limited by way of its application to the details
      of construction and arrangement of parts as illustrated in the
      accompanying drawings. This is so because the invention is capable of
      other embodiments and of being practiced in various ways. It should also
      be clearly understood that the phraseology or terminology utilized herein
      is primarily directed towards the purpose of description and should not be
      considered as a limitation thereon.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 of the drawings, the present invention referred to
      and indicated generally at 10, comprises, in general, a housing 63, a
      dashpot piston 58 with a flexible flange or an annular check valve and
      fluid-sealing member 61 thereabout and fixedly mounted on a hollow stem
      57, an adjustable, liquid metering passageway 59 for effecting fluid
      communication between the oppositely-disposed piston faces 12, 13 and a
      spring-biased reservoir piston 8 slidably mounted to the stem 57 and
      disposed above the piston 58, and a push button member 14 secured to the
      stem 57 to permit manual actuation of the instant invention.
PAR  As clearly shown in FIG. 1, the present invention 10 is shown in its
      assembled form and is threadably secured to a water supply pipe 15 about
      the threaded section 16 of the necked-down, upstanding section 17 of the
      water pipe 15. Immediately below the upstanding section 17, the water pipe
      15 is increased in diameter to form an enlarged chamber area which is
      divided into a water inlet chamber 18 and a water outlet chamber 19 by an
      internal annular shoulder 20. The face of the shoulder 20 facing the water
      outlet chamber 19 is countersunk to form a beveled seating surface 21.
PAR  Turning now to the valve cartridge 11, said cartridge 11 comprises a
      generally cylindrically-shaped body 22, and a spring 23 and a poppet valve
      member 24. The outside diameter of the body 22 is smaller than the inside
      diameter of the upstanding section 17 of the water pipe 15 and is adapted
      to be slidably inserted thereinto in substantial fluid-sealing
      relationship therewith. The inside of the body 22 is generally
      characterized throughout a major portion of its length by a relatively
      smooth bore having a constant cross section. However, adjacent to the
      bottom end 25 of the body 22, the body 22 is abruptly tapered, in an
      inwardly-directed fashion, to form a beveled surface 26 for fluid sealing
      engagement with the seating surface 21 of the shoulder 20. The surface at
      the bottom end 25 inside the body 22 is spotfaced to form an annular
      shoulder 27. The rim forming the bottom end 25 of the body 22 is radiused
      and extends beyond and beneath the seating surface 21 to form a valve seat
      28.
PAR  The coil spring 23 has a diameter which is smaller than the inside diameter
      of the body 22 so as to be coaxially installable therein. When placed
      inside the body 22, the bottom end of the spring 23 rests on the shoulder
      27 which serves as a stop for one end of the spring 23.
PAR  Intermediate the top end 29 and the bottom end 25 of the valve cartridge
      body 22, two oppositely-disposed apertures 30 are drilled through the wall
      of said body 22. These apertures 30 allow continuous fluid communication
      between the water outlet chamber 19 and the inside of the valve cartridge
      body 22.
PAR  The poppet valve member 24 comprises a stem 31, a valve head, generally
      indicated at 32 and centrally disposed at the bottom end of said stem 31
      and a flange member 33 centrally disposed at the top of the stem 31.
      Intermediate the top and bottom ends the stem 31, a hole 34 is drilled
      transversely through the longitudinal axis of the stem 31. A rod (not
      shown) is aligned with holes 30, 34 and passed therethrough to lock the
      valve in its open position to permit the removal and replacement of the
      ring 9.
PAR  The valve head 32, in turn, is formed by an elastomeric ring 9 with an
      annular, beveled valve face 35 about the edge of one of its
      radially-extending faces, said ring 9 slidably mated over the undercut
      section 36 of the stem 31 with the beveled face 35 facing the top end of
      the stem 31. In addition, the beveled face 35 side of the ring 9 is
      abutted against the outwardly-extending, stepped radial wall 37. This wall
      37 serves to support one end of the valve face 35 in order to prevent the
      ring 34 from being stretched and thereafter rolled over. Without wall 37,
      this typically occurs when the valve face 35 is engaged and disengaged
      with the valve seat 28. When it rolls over, the valve face 35 will not
      seat properly with the valve seat 28 and will typically leak.
PAR  The bottom of the ring 9 is nested in an annular, U-shaped cup 38 which is
      mounted on the end of stem 31 about the undercut section 36. The cup 38
      provides support for the elastomeric ring 9 so as to allow the ring 9 to
      achieve proper seating with the valve seat 28. The end of the stem 31 is
      bored and threaded to form a receptacle 39 for a threaded fastener. A
      threaded fastener 40, having a crown portion 41 larger in diameter than
      the aperture of the annular cup 38, is threadably mated with the
      receptacle 39 to prevent the cup 38 from sliding off the undercut section
      36.
PAR  The annular flange member 33 has a diameter which is slightly smaller than
      the inside diameter of the valve cartridge body 22. This allows the flange
      member 33 to be slidably mated with the relatively smooth bore of the body
      22. The function and purpose of the flange member 33 is fully developed as
      the present invention is further described hereinafterwards.
PAR  The valve cartridge 11 is easily assembled in the following manner. The
      spring 23 is inserted, bottom end first, into the body 22 and rests on the
      shoulder 27. The stem 31 of the poppet valve member 24, without the valve
      head 32, is inserted into the body 22 undercut section 36 first. At the
      same time, the top end of the spring 23 engages the underside of the
      flange member 33 and serves as a stop therefor. The ring 29 is now fitted
      over the end of the stem 31 about the undercut section 36. The U shaped
      annular cup 38 is then slidably mated with the undercut section 36 of the
      stem 31 and placed in intimate abutment with the elastomeric ring 28.
      Following this, the threaded fastener 40 is threadably mated with the
      receptacle 39 thereby securing the valve head assembly in fixed
      relationship to the stem 31.
PAR  It should be noted at this time that in the assembled configuration, the
      flange member 33 serves to function in a number of necessary roles. First
      of all, it serves as a surface against which an axial force can be applied
      to overcome the bias force of the spring 23, thereby allowing the valve
      head 32 to move away from the valve seat 28. Secondly, the sidewall 42 of
      the flanged surface 33 is sufficiently deep to prevent deviation of the
      stem 31 from the longitudinal axis of the valve cartridge body 22
      especially during actuation thereof. Such a deviation is oftentimes
      referred to as "cocking." The desired flange thickness necessary to
      prevent cocking may be calculated by using the well-known mathematical
      formula for non-cocking; namely, that the effective length of the guided
      vertical distance when divided by the diameter of the flange 33 should be
      at least unity or one. In this case, the effective length of the guided
      vertical distance is equal to the thickness or depth 42 of the flange
      member 33. Consequently, the flange member 33 serves to guide the stem,
      and, therefore, the valve head 32, so as to ensure that the valve head 32
      is engaged and disengaged with the valve seat 28 in a poppet valve
      fashion. Thirdly, the diameter of the flange member 33 is sufficiently
      small with respect to the bore diameter of the body 22 to permit fluid,
      such as water, to pass freely therebetween.
PAR  Once the valve cartridge 11 is assembled, it is installed into the
      upstanding section 17 of the water pipe 15, bottom end 25 first, and
      seated in fluid sealing relationship with the seating surface 21 of the
      shoulder 20. When seated, the apertures 30 are located within the water
      outlet chamber 19 allowing fluid communication between the inside of the
      body 22 and the chamber 19. Further, when the cartridge body 22 is seated,
      the top end 43 of the body 22 projects beyond the top of the upstanding
      water pipe section 17.
PAR  A fluid-sealing gasket 44 is slidably mated over the top end 43 of the body
      22 and thereafter seated against the rim 45 of the upstanding water pipe
      section 17.
PAR  The housing 63 is threadably secured to the upstanding section 17 of the
      water pipe 15 about a threaded section 16 of a cylindrical skirt 110 with
      a wrench-gripping surface 11 thereabout and depending from the housing 63
      so as to securely fix and seat the valve cartridge body 22 against the
      seating surface 21 within the water pipe 15 and to simultaneously effect a
      fluid seal between the gasket 44 and the housing 63. When this is
      accomplished, the end 65 of the stem 64 is disposed in juxtaposition to
      the spotface 66 of the top end 29 of the poppet valve member 24. The
      spotface 66 locates the stem 64 in axial alignment with the poppet valve
      member 24.
PAR  Referring now also to FIG. 2, an annular fluid sealing member 67 is
      disposed in a groove 7 in the housing 63 to prevent leakage of liquid from
      the housing 63. A snap-ring 69 about the end 65 of the stem 64 serves to
      prevent the stem 64 from being disengaged from the housing 63 and to limit
      the travel of the piston member 58.
PAR  The chamber 71 within the housing 63 is functionally separated into two
      chambers; namely, a dashpot chamber 70 and a reservoir chamber 72. The
      dashpot chamber 70 houses a dashpot piston member 58 which is typically
      formed as an integral part of the stem 64 and positioned intermediate the
      ends thereof. A groove 68 about the outer edge of the piston 58 serves as
      a receptacle for the flexible flange 61 which is disposed in conformal
      relationship to the inside wall of the housing 63 which functions as an
      annular check valve and fluid sealing member 61 during the operation of
      the invention.
PAR  The flexible flange 61 is typically fabricated from an elastomeric
      material, such as rubber, neoprene, plastic or the like. The annular
      flange 61 has a generally V shaped cross section. The inside leg 75 of the
      flange 61 is constructed for intimate abutment with the bottom of the
      groove 7, and is formed so that the bottom of the leg 75 extends to the
      outer edge of the lower groove wall 73.
PAR  By radially projecting the lower groove wall 73 beyond the upper groove
      wall 74 and by positioning the notch of the V in the flange 61 above the
      lower groove wall 73 and within the radius thereof, greater operational
      stability and control of the flexible flange 61 is achieved.
PAR  Turning now to FIG. 5, the reservoir chamber 72 area is detailed, and
      contains a second piston member 8 which is slidably mounted onto the upper
      portion of the stem 64. A groove 77 about the inner opening of the second
      piston member 8 serves as a seat for a fluid sealing member 78; typically
      an elastomeric O-ring seal. Thus, a fluid seal is effected between the
      inner opening of the second piston member 8 and the stem 64. A second
      groove 79 about the periphery of the piston 8 serves as a receptacle for a
      second fluid sealing member 80 to create a fluid seal between the housing
      63 in the reservoir chamber 72 and the second piston member 8.
PAR  A helically-wound spring 81 is installed between the inwardly-projecting
      flange 82 rimming the upper portion of the housing 63 and the upper piston
      face 83. A threaded passageway 85 bored through the body of the second
      piston member 8 permits, when desired, fluid communication between the
      areas divided by the second piston member 8. A screw 84 and an annular
      fluid-sealing gasket 86 are used to plug the passageway 85 when desired.
      The purpose and need for the passageway 85 and the screw 84 will become
      apparent as the description of the present invention continues.
PAR  With continued reference now to FIGS. 3 and 4, it may be seen that the stem
      64 is tubular in nature. The upper portion 87 of the stem 64 is threaded.
      The balance of the tubular stem 64 has a smooth surface 88. A passageway
      89 is bored from the junction of the piston face 12 into the hollow stem
      64. Another passageway 90 is bored from the junction of the piston face 13
      into the hollow stem 64. Together with the hollow portion of the stem 64,
      passageways 89,90 form a passageway 59 the function of which will become
      more apparent as the description of the instant invention proceeds.
PAR  A solid, rod-like body 91 having an upper, threaded section 92 and a lower,
      smooth-surfaced section 93 with three annular grooves 94, 95 and 96
      thereabout, whose function will be described hereinafterwards, is
      threadably mated with the threaded, upper portion 87 of the stem 64. The
      lower, smooth-surface section 93 is slidably and peripherally mated with
      the smooth surface 88 of the stem 64.
PAR  Annular, O-ring type, fluid seals 97 and 98 are seated in the grooves 94
      and 96 respectively, and effect a fluid sealing relationship between the
      lower section 93 and the smooth surface 88 of the stem 64.
PAR  It should be noted at this time that the degree of threaded engagement
      between the threaded section 87 of the stem 64 and the threaded section 92
      of the body 91 may be adjusted via the recessed portion 99 in the top of
      the body 91. Typically, the recessed portion 99 will be hex-shaped in
      order to accept an Allen wrench. The degree of threaded engagement will,
      of course, provide the necessary means by which the body 91 may be
      effectively reciprocated within the stem 64, to vary the degree of
      alignment between the groove 95 and the passageways 89,90, the purpose of
      which is hereinafterwards described.
PAR  Returning once again to FIG. 1, it may be seen that a cup-shaped cap 14
      having a boss 102 slidably engaged with the top end of the stem 64 and a
      threaded aperture 103 in the wall of the boss 102 is fixedly secured to
      the top end 100 of the stem 64 via the annular groove 101 in the stem 64,
      by means of a set-screw 104 which is threadably engaged with the threaded
      aperture 103 and projects therebeyond into the groove 101 of the stem 64.
      The cap 14 functions as a push button member 14 to effect axial
      displacement of the stem 64 when desired. Apertures 105, 106 in the push
      button member 14 serve to respectively provide access to the set screw 104
      and the recessed portion 99 of the body 91 to permit either the removal or
      adjustment thereof.
PAR  Prior to operation of the subject invention, the screw 84 is removed from
      the threaded passageway 85 of the piston 8. The timing liquid, typically
      liquid silicon, such as A Dimethylpolysiloxane, is injected into the
      housing chamber disposed between the two pistons 58, 8 until this chamber
      is completely filled with liquid. The stem 64 is then axially-displaced to
      cycle the piston 58 throughout its entire stroke in order to ensure that
      both the reservoir chamber 72 and the dashpot chamber 70 are completely
      filled with the timing liquid. However, when a syringe is used to inject
      the timing fluid into the chambers 70 and 72, the syringe needle is
      slipped between flange 61 and the wall of the housing 63 to first fill the
      dashpot chamber 70 and afterwards the needle is withdrawn into the
      reservoir chamber 72 to fill the reservoir chamber 72. Filling in this
      manner does not require any cycling or movement of the dashpot piston 58
      and its stem 31. Once this is done, the screw 84 is replaced to plug the
      passageway 85. With continued reference to the drawings it may be seen
      that the operation of the present embodiment of the subject invention is
      effectuated by manually depressing the push button member 14. As is
      clearly shown in FIG. 1, the left side depicts the present invention
      coupled to a poppet valve; both of which are shown in a closed position.
      The right side illustrates the present invention coupled to a poppet
      valve; both of which are shown in an open position. The depression of the
      push button member 14 produces an inward displacement of the stem 64
      which, in turn, contacts the top end 29 of the poppet valve member 24 and
      produces a corresponding inward displacement of the poppet valve member 24
      thereby unseating the beveled valve face 35 of the valve head 32 from the
      valve seat 28.
PAR  When the valve face 35 is unseated, water flows from the water inlet
      chamber 18 into the water outlet chamber 19 via the unseated valve head 35
      and the valve seat 28. This unseated condition is illustrated by the
      right-hand side, in vertical section, of FIG. 1.
PAR  As the valve face 35 is unseated, the silicon timing liquid in the chamber
      71 of the housing 63, as a result of the piston movement of the dashpot
      piston member 58, the timing liquid forces the peripheral lip of the
      flange 61 towards the leg 75 thereby permitting the liquid to flow
      relatively unrestrictedly into the housing chamber between the dashpot
      piston member 58 and the second piston member 8. Additionally, an
      insignificant amount of the timing liquid enters the passageway 89 and
      flows into the tubular stem 64 about the groove 95 in the body 91 and out
      of the passageway 90 into the housing chamber between the piston member 58
      and the second piston member 8.
PAR  When the face 12 of the dashpot piston member 58 contacts the housing 63
      adjacently-disposed about the groove 68, the push button member 14 is
      released. Since the spring 23 about the poppet valve member 24 is
      compressed as clearly shown in the right-hand side of FIG. 1, a bias is
      applied to the stem 64 tending to direct the dashpot piston member 58
      towards the second piston member 8. As the dashpot piston member 58 begins
      to move in this direction, the silicon timing liquid forces the periphal
      lip of the flange 61 outwardly and into fluid sealing engagement with the
      housing 63. As a result, the timing liquid cannot flow from the housing
      chamber disposed between the dashpot piston member 58 and the second
      piston member 8 via the flange 61 into the housing chamber located between
      the dashpot piston member 58 and the housing 63 adjacently-disposed about
      the groove 68. Consequently, the timing liquid is forced to flow thereinto
      via the metering passageway 59. The liquid metering passageway 59
      comprises passageway 90, the passageway formed between the tubular stem 64
      and the annular groove 95 and passageway 89, as shown in FIG. 3. Annular,
      O-ring-type fluid seals 97 and 98, which are seated in grooves 94 and 96
      respectively, act to contain the timing liquid within the liquid metering
      passageway 59.
PAR  The rate at which the dashpot piston member 58 travels toward the second
      piston member 8 is determined by the rate at which the timing liquid flows
      through the metering passageway 59. The timing liquid flow rate through
      the liquid metering passageway 59 is primarily determined by the
      cross-sectional area of the metering passageway 59. In this particular
      embodiment of the present invention, the cross-sectional area is
      determined by the degree of alignment between the two passageways 89 and
      90 and the annular groove 95 in the body 91. Due to this particular
      function, the body 91 is generally referred to as a timing screw.
PAR  As illustrated in FIG. 4, the timing screw 91 may be adjusted to completely
      block the flow of timing liquid through the liquid metering passageway 59.
PAR  Adjustment of the timing screw 91 is typically accomplished by the use of
      an Allen wrench adapted to be received into the recessed portion 99 in the
      top of the timing screw 91.
PAR  Concurrently with the movement of the dashpot piston member 58, the silicon
      timing liquid disposed in the housing chamber between the dashpot piston
      member 58 and the second piston member 8 is maintained in full liquid
      contact with the metering passageway 59 by the second piston member 8
      which is biased towards the dashpot piston member 58 by means of the
      spring 81. Consequently, the chamber 72 acts as liquid reservoir for the
      dashpot chamber 70, serving to replenish the timing liquid which is lost
      as the lower portion 65 of the stem 64 is wiped by the annular fluid seal
      67 as it exists the housing 63 when the push button member 14 is
      depressed. Following the wiping of the stem 64 by the seal 67, a residue
      is left on the lower portion 65 of the stem 64 which represents a small
      loss of silicon timing liquid. Therefore, to prolong the operational life
      of the present invention, a reservoir chamber is required to insure that
      an additional amount of silicon liquid timing fluid is provided.
PAR  The reservoir chamber area 72 is characterized, in this particular
      embodiment of the present invention, by its slightly larger bore in the
      housing 63 as compared to the bore of the dashpot chamber area 70. Since
      the reservoir piston member 8 is peripherally engaged with the walls about
      the bore of the reservoir chamber area 72, the stepped annular section 107
      serves as a stop to prevent the reservoir piston member 8 from traveling
      therebeyond and into the dashpot chamber area 70. Absent such a stop, the
      operation of the dashpot piston member 58 might be limited or impaired.
      Further, by limiting the travel of the reservoir piston member 8, the
      spring 81 is always maintained in compression even when the reservoir
      piston member 8 is stopped against the stepped annular section 107 as
      illustrated in the right-hand section of FIG. 5, thereby continously
      providing a positive spring bias force to the reservoir piston member 8 to
      insure full contact with the timing liquid in the reservoir chamber area
      72.
PAR  When the reservoir piston member 8 is at the opposite extreme of its travel
      within the reservoir chamber area 72, as shown in the left-hand section of
      FIG. 5, the helically-wound spring 81 is near fully compressed and acts as
      a stop to prevent the reservoir piston member 8 from traveling
      therebeyond.
PAR  While the instant invention has been described with reference to a
      particular embodiment thereof, it will be readily understood that
      variations and modifications thereof may be made without departing from
      the spirit or scope of the instant invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A liquid-filled, dashpot mechanism, comprising:
PA1  a. a dashpot housing having a dashpot chamber and a reservoir chamber
      wherein said liquid is disposed, said dashpot housing having portions of
      unequal diameters therein with rims thereabout;
PA1  b. a stem means interposed in said dashpot housing and a portion of said
      stem means being disposed within said smaller diametered portion in
      contiguous relationship to said rim of said smaller diametered portion and
      slidably operable therein and projecting therebeyond;
PA1  c. means for effecting a fluid sealing relationship between said rim of
      said smaller diametered portion and stem means;
PA1  d. a dashpot piston means smaller in diameter than said larger diametered
      portion and fixedly disposed on said stem means, said dashpot piston means
      being operably disposed within said dashpot housing and capping said
      dashpot chamber formed between said smaller diametered portion in said
      dashpot housing and said dashpot piston;
PA1  e. flexible flange means disposed about and inbetween said dashpot piston
      and said dashpot housing, said flexible flange means effecting fluid
      sealing engagement between said dashpot housing and said dashpot piston
      means when said dashpot piston means is moved away from said smaller
      diametered portion and effecting non-fluid sealing engagement when said
      dashpot piston means is moved towards said smaller diametered portion,
      thereby functioning as a check valve;
PA1  f. a reservoir piston means slidably mounted on said stem means between
      said larger diametered portion and said dashpot piston means and disposed
      in peripheral, slidable engagement with said dashpot housing, said
      reservoir piston capping said reservoir chamber formed in said dashpot
      housing between said dashpot piston and said reservoir piston disposed
      within said dashpot housing;
PA1  g. means for effecting fluid sealing relationship between said reservoir
      piston means and said stem means;
PA1  h. means for effecting a fluid sealing relationship between said reservoir
      piston means and said dashpot housing;
PA1  i. spring biasing means disposed between said reservoir piston means and
      said dashpot housing adjacent to said larger diametered portion in said
      dashpot housing for urging said reservoir piston means towards said
      dashpot piston means thereby maintaining said reservoir piston in full
      contact with said liquid in said reservoir chamber; and
PA1  j. a liquid metering passageway through said dashpot piston providing fluid
      communication between said dashpot chamber and said reservoir chamber,
      whereby when said dashpot piston is moved towards said smaller diametered
      portion in said dashpot housing by urging said stem means to move within
      said smaller diametered portion of said dashpot housing and outwardly
      therefrom, the liquid in said dashpot chamber is forced through said
      liquid metering passageway and simultaneously flexes said flexible flange
      means away from said dashpot housing thereby creating non-fluid sealing
      engagement between said dashpot piston and said dashpot housing and when
      said dashpot piston is moved away from said smaller diametered portion in
      said dashpot housing by urging said stem means to move inwardly into said
      dashpot housing through said smaller diametered portion in said dashpot
      housing, the liquid in said reservoir chamber flexes said flexible flange
      means towards said dashpot housing and into fluid selaing engagement
      therewith and is forced to pass solely through said liquid metering
      passageway from said reservoir chamber to said dashpot chamber thereby
      effecting time-delayed movement of said stem means.
NUM  2.
PAR  2. The mechanism of claim 1, further comprising:
PA1  a. a valve having a stem for control thereof; and
PA1  b. means for operatively associating said stem means with said stem of said
      valve.
NUM  3.
PAR  3. The mechanism of claim 2, further comprising:
PA1  a. a housing for said valve;
PA1  b. means for removably securing said dashpot housing to said valve housing;
      and
PA1  c. biasing means for urging said stem means into said dashpot housing.
NUM  4.
PAR  4. The mechanism of claim 3, wherein said means for removably securing said
      dashpot housing to a valve housing comprises:
PA1  a. a cylindrical skirt depending from said dashpot housing about said stem
      means projecting from said smaller diametered portion in said dashpot
      housing, said skirt having a wrench-gripping surface about the outside
      surface thereof and a threaded surface about the inside surface thereof;
      and
PA1  b. means for threadably securing said threaded skirt to said valve housing.
NUM  5.
PAR  5. The mechanism of claim 1, further comprising removable stop means for
      preventing the disengagement of said reservoir piston means from said
      dashpot housing following the installation of said reservoir piston means
      and said spring biasing means in said dashpot housing.
NUM  6.
PAR  6. The mechanism of claim 1, further comprising means for preventing said
      dashpot piston means from contacting said reservoir piston means within
      said dashpot housing.
NUM  7.
PAR  7. The mechanism of claim 1, further comprising means for preventing the
      withdrawal of said stem means from said smaller diametered portion in said
      dashpot housing.
NUM  8.
PAR  8. The mechanism of claim 1, further comprising means for limiting the
      stroke of said dashpot piston means within said dashpot housing.
NUM  9.
PAR  9. The mechanism of claim 1, further comprising:
PA1  a. pushbutton means for permitting manual engagement of said stem means for
      axially displacing said stem means, said pushbutton means being formed as
      a cup and disposed about said larger diametered portion in said dashpot
      housing; and
PA1  b. means for removably securing said pushbutton means to said stem means.
NUM  10.
PAR  10. The mechanism of claim 1, wherein said stem means is tubular and has a
      threaded section and a smooth bore section therein.
NUM  11.
PAR  11. The mechanism of claim 10, wherein said liquid metering passageway for
      metering said liquid is adjustable in crossectional area so that the
      liquid metering rate may be varied.
NUM  12.
PAR  12. The mechanism of claim 11, wherein said adjustable liquid metering
      passageway for metering said liquid comprises:
PA1  a. a rod having two ends and a threaded section about one of said ends for
      threadable engagement with said threaded section of said stem and a smooth
      section for slidable, contiguous engagement with said smooth bore section
      of said stem, said rod further having an annular groove about said smooth
      section of said rod;
PA1  b. a first fluid sealing means disposed between said other end of said rod
      and said groove in said rod to prevent fluid from passing between said rod
      and said stem beyond said first fluid sealing means;
PA1  c. a second fluid sealing means disposed between said threaded section of
      said rod and said groove in said rod to prevent fluid from passing between
      said rod and said stem beyond said second fluid sealing means;
PA1  d. means in said end of said rod adjacent said threaded section of said rod
      for receiving a tool for rotating said rod about its longitudinal axis
      whereby the threaded engagement between said rod and said stem may be
      adjusted; and
PA1  e. passageway means for placing said reservoir chamber in said dashpot
      housing in fluid communication with said dashpot chamber, said passageway
      means passing through said hollow stem in such a fashion that when said
      groove in said rod is aligned with said passageway means that fluid
      communication is established between said chambers and when said rod is
      not aligned with said passageway means fluid communication is not
      established between said chambers.
NUM  13.
PAR  13. The mechanism of claim 1, wherein said reservoir piston means has a
      passageway therethrough to provide fluid communication between said
      reservoir chamber and the exterior of said dashpot housing.
NUM  14.
PAR  14. The mechanism of claim 13, further comprising removable plug means for
      installation into said passageway in said reservoir piston to prevent the
      flow of fluid through said passageway in said reservoir piston means.
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ABST
PAL  A balanced stem fail-safe valve controls flow of fluids through a submerged
      pipeline. A closed subsea hydraulic pressure system operates or powers the
      valve. In the fail-safe mode the operating or reservoir pressure equals
      ambient sea pressure. A valve housing is arranged on the pipeline and a
      valve chamber is formed in the valve housing. A valve element is movable
      in the valve chamber between open and closed positions to control the flow
      of fluids through the pipeline. A first fluid pressure operable means is
      connected to the valve element to move the valve element to open position
      upon application of pump pressure to the first fluid pressure operable
      means. Electrically operated valves are used to direct the flow of power
      fluid to and from the valve. A spring is arranged in the valve housing to
      urge the valve element to its closed position in the event of power
      failure. A second fluid pressure operable means detached from the valve
      element engages the valve element upon application of operating or
      reservoir pressure to the second fluid pressure operable means to balance
      any unwanted force which might occur when the ambient pressure is greater
      than the internal valve pressure and permit the spring to close the valve
      element. The valve operator may be removable by means of a remotely
      operated manipulator for repair or replacement of the valve system or
      portions thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention generally concerns subsea valve apparatus. More
      particularly, the present invention concerns fail-safe hydraulically
      operated valves located on underwater pipelines or flow lines. In the
      operation of remote underwater valves a piston-operated valve stem
      reciprocates within a cylinder to open and close the (gate) valve element.
      In a single acting valve stem cylinder system, power fluid forces the
      piston in one direction (power stroke) and a spring returns the piston to
      its starting position (exhaust stroke). In a closed hydraulic power system
      in the fail-safe mode the operating or reservoir fluid pressure may be
      greater than the internal valve pressure. In that event the force due to
      the hydrostatic head i.e. the difference between the operating pressure
      and the valve pressure multiplyed by the piston stem diameter may be
      greater than the spring load in the piston operator and the valve may
      remain in the open position. The addition of another opposing valve stem,
      which is capable of contacting but is not connected to the valve element,
      balances the unwanted force permitting the spring to close the valve when
      the ambient pressure is greater than the internal valve pressure. When the
      internal valve pressure is greater than the ambient pressure the other
      valve stem does not engage the valve element which permits the valve
      system to function as a standard fail-safe valve.
PAC  SUMMARY OF THE INVENTION
PA1  In accordance with the teachings of the invention the balanced stem
      fail-safe valve system includes a valve housing arranged on a submerged
      pipeline. A valve chamber is arranged in the valve housing and a valve
      element, reciprocal in the valve chamber for controlling the flow of
      fluids through the pipeline, is arranged in the valve chamber. First fluid
      pressure operable means is arranged in the valve housing and is connected
      to the valve element for urging the valve element from a first to a second
      position thereof upon application of fluid pressure to the first fluid
      pressure operable means. Biasing means is arranged in the valve housing
      for urging the valve element from the second to the first position
      thereof. Second fluid pressure operable means is arranged in the valve
      housing and is detached from and capable of engaging the valve element to
      counterbalance the fluid pressure force applied to the first fluid
      pressure operable means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of the valve system of the invention;
PAR  FIGS. 2 and 3 illustrate in detail one embodiment of the valve system of
      the invention in which the valve operator thereof is removable from the
      valve system for repair or replacement;
PAR  FIGS. 4A to 4F schematically illustrate the steps in replacing the valve
      operator by means of a manipulator;
PAR  FIG 5 illustrates another embodiment of the valve system of the invention
      in which the valve operator is not separately removable from the system;
      and
PAR  FIG. 6 illustrates a piston by-pass arrangement for use in either
      embodiment of the valve system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  There is illustrated in FIG. 1 a submerged pipeline 10 on which is arranged
      a valve system which includes a valve housing 11. Within vavle housing 11
      a gate valve element or member 12 reciprocated in a valve chamber 12a to
      permit and prevent flow of fluids through pipeline 10. A valve stem 13 in
      valve housing 11 is connected to the top of valve member 12 at one end and
      to a piston 14 at the other end thereof. Piston 14 reciprocates in an
      actuator chamber 15 and has fixed power and exhaust strokes. A spring 16,
      arranged in chamber 15, urges piston 14 to move in its exhaust stroke.
      When valve member 12 is fully open, piston 14 is at the end of its power
      stroke and when valve member 12 is fully closed piston 14 is at the end of
      its exhaust stroke. Packing seals 17 surround and seal off fluid flow
      around valve stem 13.
PAR  Another actuator chamber 20 is formed in valve housing 11 below valve
      member 12 in which another valve stem 21 is arranged. Valve stem 21 can
      engage the underside of valve member 12 but is not connected thereto.
      Packing seals 22 surround and seal off fluid flow about valve stem 21.
PAR  When the valve system is located subsea, a submerged hydraulic power fluid
      reservoir 25 is provided with a floating piston 26 and compensated by
      seawater pressure. A diaphragm can be used instead of piston 26. A conduit
      or line 27 supplies a pump 28 with hydraulic control power fluid from
      reservoir 25. Pump 28 is operated by electrical power preferably supplied
      from the water's surface. An accumulator 29 is connected to pump 28 and to
      the power stroke end of actuator chamber 15 by means of a conduit 30. The
      purpose of the accumulator is to provide a supply of power fluid available
      for immediate delivery to chamber 15. Another conduit or line 31 connects
      the exhaust stroke end of actuator chamber 15 to reservoir 25. A
      solenoid-operated valve 32 is arranged on lines 30 and 31 to control the
      flow of fluids through those lines. Valve 32 is preferably a latching type
      solenoid valve which does not require continuous electrical power
      consumption. In one position of valve 32 both lines 30 and 31 are open as
      indicated in FIG. 1. As shown power fluid is being applied to piston 14 to
      initiate its power stroke. In another position of valve 32 flow from
      accumulator 29 through line 30 is blocked. Instead flow from chamber 15,
      through line 30 and valve 32 and line 31 is permitted. Another conduit or
      line 33 connects actuator chamber 20 below valve stem 21 and line 31 (line
      33 thereby is connected to the exhaust stroke end of actuator chamber 15
      and to reservoir 25 through valve 32). The valve stem 21 is not attached
      to gate valve member 12. If it were attached the line or internal valve
      pressure (P.sub.v) would act on valve stem 21 to apply a downward force
      thereto and tend to maintain valve element 12 to open.
PAR  In operation, valve member 12 in valve housing 11 is maintained open until
      a power failure occurs (or power is deliberately turned off) and then
      valve member 12 automatically closes to prevent flow of fluid through
      pipeline 10. In normal operation electrical power is applied to valve 32
      and control power fluid from reservoir 25 is pumped by means of pump 27
      through accumulator 29, line 30 and valve 32 (in the position thereof
      shown in FIG. 1) to move piston 14 and valve stem 13 downwardly against
      the bias of spring 16. In that position valve stem 21 is located in its
      lowermost position in actuator chamber 20. Upon failure or removal of
      power to valve 32, valve 32 automatically shifts under the bias of a
      spring to its other position to block or prevent flow of control fluid
      through line 30 from accumulator 29 and permit flow of control fluid from
      the exhaust end of chamber 15 to reservoir 25 through lines 30 and 31.
      Spring 16 moves piston 14 upwardly in its exhaust stroke forcing power
      fluid in actuator chamber 15 to flow through conduit 30, valve 32 and
      conduit 31 to reservoir 25 and causing valve member 12 to close.
PAR  Normal operating pump pressure (P.sub.o) may be, for example, (P.sub.r) or
      (P.sub.a) + 1500 psi. In the event the operating fluid pressure (P.sub.r)
      is greater than the internal valve pressure (P.sub.v) the valve may be
      prevented from closing. That is because the ambient pressure (p.sub.a)
      equals operating pressure (P.sub.r) and the force due to the hydrostatic
      head i.e. the difference between the operating pressure and the valve
      pressure multiplied by the upper piston stem diameter D.sub.u may be
      greater than the spring load in the piston operator. When that occurs the
      valve will not close. To ensure closure of the valve the other valve stem
      21 balances any unwanted force permitting the spring to close the valve
      when the ambient pressure is greater than the internal valve pressure.
      Line 33 and a portion of line 31 connect the power end of actuator chamber
      15 to actuator chamber 20 below valve stem 21. As shown in FIG. 1 the
      diameter D.sub.L of lower valve stem 21 is substantially the same as the
      diameter D.sub.u of upper valve stem 13; however, the diameter of the
      lower balancing valve stem may be larger than the diameter of the upper
      valve stem as shown in the embodiment of FIGS. 2 and 3.
PAR  There is shown in FIGS. 2 and 3 a balanced stem fail-safe valve in which
      the valve operator is removable and replacable. Referring to FIG. 2 a
      valve operator, generally designated 40, is shown mounted on a valve
      housing 41. Valve operator 40 includes a housing 42 in which is arranged
      two concentric springs 43 surrounding a cylinder 44 in which a piston 45
      reciprocates. The portion of a piston rod 46 above piston 45 extends
      through the top end 47 of cylinder 44 and is connected to a spring
      retainer plate 48. The portion of piston rod 46 below piston 45 forms a
      valve stem 50. An O-ring seal 51 arranged in top end 47 closes off the
      space surrounding the upper portion of piston rod 46. Additional O-rings
      52 arranged in the bottom portion 49 of valve operator 40 close off the
      space surrounding valve stem 50. Sealing means other than O-ring seals 51
      and 52 may be used. The upper end of a conduit 53 connects into the upper
      end of cylinder 44 through passageway 53a, conduit 53b and passageway 53c.
      The lower end of conduit 53 connects into a conduit 54 which extends
      through the upper end of valve housing 41. Consuit 54 is equivalent to
      conduit 30 of FIG. 1 and is, therefore, connected to an accumulator, such
      as 29 through a valve, such as 32. The upper end of another conduit 55
      connects into the lower end of cylinder 44 below piston 45 through
      passageway 55a and also into the interior of housing 42. The lower end of
      conduit 55 connects into a conduit 56 which extends through the upper end
      of valve housing 41. Conduit 56 is equivalent to conduit 31 and is
      therefore, connected to a reservoir, such as 25, through a valve, such as
      32.
PAR  The remainder of the apparatus for connecting valve operator 40 to valve
      housing 41, generally indicated at 61, will be described in more detail
      with reference to FIGS. 4A to 4F. A seal 62 (FIG. 2) seals off fluid flow
      into or from the interior of valve housing 41 when the valve operator 40
      is clamped onto valve housing 41 by clamp 63. Clamp 63 is similar to the
      clamp connector described and claimed in U.S. patent application Ser. No
      389,055 entitled "Clamp Connector" filed Aug. 16, 1973. Plate member
      holders 64 are secured on the opposite sides of housing 42 to permit
      handling of the valve operator by the remotely-operated manipulator. Valve
      stem 50 releasably attaches to a valve stem 65 in housing 41.
PAR  Referring now to FIG. 3 valve stem 65, which contains a fluid passageway 66
      extending therethrough, is connected to a gate valve member 67. Valve
      housing 41 is mounted on a pipe 68. The direction of the flow of fluids in
      the pipeline is indicated by the arrowed line. Valve member 67
      reciprocates in valve chamber 69 and seats in valve seat 69, 70 arranged
      in valve seat recess 77 as shown. A lower valve stem 80, having a lower
      larger diameter section 81 and an upper smaller diameter section 82, is
      arranged in a lower valve housing 83 in which a fluid pressure chamber 84
      is formed. A conduit 85, equivalent to conduit 33 of FIG. 1, is connected
      to conduit 56. The interior of housing 83 contains seals such as O-ring
      seals 86 which seal off the space between the inner wall of housing 83 and
      the surface of the lower valve stem section 81. Additional seals 87 seal
      off the inner wall of housing 83 and the upper stem section 82. A
      passageway 60 fluidly communicates the line pressure downstream of valve
      member 67 and valve chamber 84 above seals 86. Valve stem section 82 is
      not connected to valve member 67.
PAR  The operation of the valve system of FIGS. 2 and 3 is the same as the
      operation of the valve system described with respect to FIG. 1. However,
      the larger surface of the valve stem section 81 provides a greater
      counterbalancing force than the substantially same surfaces for the lower
      and upper valve stems, as described in FIG. 1, would. The diameter,
      D.sub.L2 of the lower valve stem section 81 is larger than the diameter
      D.sub.u of upper valve stem 50. Thus pressure (P.sub.r) or (P.sub.a)
      acting on the larger cross-sectional area (D.sub.L2) of lower valve stem
      section 81 exerts a greater upward force on valve member 67 than the
      downward force exerted on valve member 67 resulting from the pressure
      (P.sub.r) or (P.sub.a) acting on the smaller cross-sectional area
      (D.sub.u) of upper valve stem 50. When exhaust operating fluid pressure
      (P.sub.r) is less than internal valve pressure (P.sub.v) lower valve stem
      80, detached from valve member 50, is forced to its lowermost position in
      chamber 84 by the pressure differential (P.sub.v - P.sub.a) acting on
      D.sub.L2. Passageway 60 balances the upward and downward forces acting on
      upper diameter section (D.sub.L1) resulting from pressure (P.sub.v).
PAR  The manner of installing valve operator 40 on valve housing 41 and removing
      it from valve housing 41 is illustrated in FIGS. 4A to 4F. Referring to
      FIG. 4A a manipulator, not shown, moves valve operator 40 towards valve
      housing 41. Valve stem 65 has an annular groove 90 formed at its upper
      end. The lower end of valve stem 50 contains two annular grooves 91, 92.
      The end of valve stem 50 forms a cavity 93 into which the upper end of
      valve stem 65 moves. Locking balls 94 are contained in slots 95 formed in
      the wall of the cavity 93 and are allowed limited lateral movement. A ring
      member 96, having spring arms 97 formed at its upper end for engagement
      with grooves 91 and 92 and having a serrated portion formed along the
      length thereof, is initially connected to the lower end of valve stem 50
      by means of sheat pin 99 as seen in FIGS. 4A, 4B and 4C. Another ring
      member 100 is connected to valve operator housing section 49 and contains
      serrated spring arms 101 on its lower end. Spring arms 101 are formed with
      a lower stepped portion 102, which mates with a stepped upper surface 103
      of valve housing 41, as well as a tapered surface 104 which engages a
      tapered surface 105 on a piston member 106 which is biased downwardly by
      spring 108 arranged in chamber 109.
PAR  As shown in FIG. 4B the stepped surface 102 has engaged surface 103 and
      clamp ring 63 (FIG. 2) is set with the components in that position. Valve
      stem 50 is then operated to open valve member 67 by forcing piston 45 and
      valve stem 50 downwardly as shown in FIG. 4C, until ring 96 engages
      shoulder 110 formed on valve housing 41. In that position the valve member
      is within one-half inch of full stroke open. Referring to FIG. 4D piston
      45 and valve stem 50 are moved to full stroke open of the valve member
      which movement shears pin 99 and moves arms 97 into recess 91. Also, in
      this position the stem 50 is locked to valve stem 65 by locking balls 94
      moving into recess 90. This is the operating position for valve operator
      40.
PAR  When it is desired to remove valve operator 40 the manipulator releases
      clamp 63 and then picks up the valve operator housing 42 using plate
      member holders 64. The lower end of valve operator housing 42 is raised
      slightly, as shown in FIG. 4E, to free spring arms 101 and permit them to
      move inwardly. When valve stem 50 and spring arms 97 reach the serrated
      portion 111 of ring 100 the serrated portion 112 engages the serated
      portion 11. Further upward movement of valve stem 50 moves spring arms 97
      out of groove 91 and moves recess 114 to adjacent balls 94 as shown in FIG
      4F. That position permits balls 94 to move out of the annular groove 90
      and release valve stem 50 from valve stem 65. Also, a shoulder 116 on
      valve stem 65 engages with shoulder 117 on valve housing 41 to prevent
      further upward movement of valve stem 65 and valve stem 50 is thereby
      released for removal with valve operator 40.
PAR  FIG. 5 shows a modified balanced fail-safe valve system in which the valve
      operator 40a is not removable. All of the components are the same except
      the valve operator housing 42a is not releasably connected to valve
      housing 41a in the embodiment of FIG. 5. Such an arrangement permits
      direct connection of operating and exhaust conduits 54a and 56a,
      respectively, to the lower end of housing 42a.
PAR  FIG. 6 shows a modification of the piston-cylinder arrangement of FIG. 2.
      In FIG. 6 the piston 45a seals with seat 45e only at the end of power
      stroke of the piston. Also, a by-pass 45c is formed in piston 45a to
      permit fluid to leak through the piston in its power stroke to permit
      fluid to be monitored during movement of piston 45a. The upper portion of
      by-pass 45c is threaded to received varied sized orifices.
PAR  Changes and modifications may be made in the specific illustrative
      embodiments of the invention shown and/or described herein without
      departing from the scope of the invention as defined in the appended
      claims.
CLMS
STM  Having fully described the objects, advantages, apparatus and operation of
      our invention we claim:
NUM  1.
PAR  1. A hydraulically operable valve system for use in controlling flow of
      fluids through a submerged flowline comprising:
PA1  a valve housing arranged on said submerged flowline;
PA1  a valve chamber arranged in said valve housing;
PA1  a valve element movable in said valve chamber between open and closed
      positions for controlling the flow of fluids through said flowline;
PA1  first fluid pressure operable means connected to said valve element for
      urging said valve element from one to another of said positions of said
      valve element upon application of fluid pressure to said first fluid
      pressure operable means;
PA1  biading means arranged in said valve housing for urging said valve element
      from said other to said one of said positions of said valve element; and
PA1  second fluid pressure operable means detached from and engagable with said
      valve element to urge said valve element toward said one position of said
      valve element upon application of same or about same fluid pressure
      applied to said first fluid pressure operable means to counterbalance the
      force applied to said valve element by means of said first pressure
      operable means.
NUM  2.
PAR  2. A valve system as recited in claim 1 in which said one position of said
      valve element being the closed position thereof and said other position of
      said valve element being the open position thereof.
NUM  3.
PAR  3. A valve system as recited in claim 2 in which said first fluid pressure
      operated means comprises:
PA1  a first valve stem connected to said valve element;
PA1  spring means arranged in said housing for urging said first valve stem and
      said connected valve element to the open position of said valve element;
      and
PA1  said second fluid pressure operable menas comprises a second valve stem
      detached from and engagabeable with said valve element.
NUM  4.
PAR  4. A valve system as recited in claim 3 including:
PA1  a first cylinder having a power end and an exhaust end;
PA1  a first piston arranged in said first cylinder and connected to said first
      valve stem and having power and exhaust strokes;
PA1  a second cylinder having a power end;
PA1  a second piston arranged in said second cylinder;
PA1  means for supplying power operating fluid to said power end of said first
      cylinder comprising a reservoir at ambient pressure; a pump connected to
      said reservoir; an accumulator connected to said pump; conduit means
      connecting said accumulator to said power end of said first cylinder and
      said reservoir to said exhaust end of said first cylinder and to said
      power end of said second cylinder; and valve means having one position
      permitting flow of fluids from said accumulator to said power end of said
      first cylinder and for permitting flow of fluids from said exhaust end of
      said first cylinder to said reservoir and having another position
      permitting flow of fluids from said power end of said first cylinder to
      said reservoir and the exhaust end of said first cylinder to said
      reservoir and preventing flow of fluids from said accumulator to said
      power end of said first cylinder.
NUM  5.
PAR  5. A valve system as recited in claim 4 including means providing a seal
      between said first piston and said first cylinder only on the end of said
      power stroke of said first piston; and means on said first piston to
      permit leakage of fluid through said first piston during reciprocation
      thereof in said first cylinder.
NUM  6.
PAR  6. A valve system as recited in claim 5 in which said biasing means
      comprises two concentic springs.
NUM  7.
PAR  7. A valve system as recited in claim 3 including
PA1  a first cylinder;
PA1  a piston reciprocal in said first cylinder and connected to said first
      valve stem;
PA1  a second cylinder, said second valve stem being arranged in said second
      cylinder; and
PA1  a closed hydraulic system having means for fluidly communicating said first
      and second cylinders at anbient pressure to balance the opposing forces
      applied to said valve element by means of the fluid pressure applied to
      said valve stems.
NUM  8.
PAR  8. A valve system as recited in claim 7 in which said second valve stem has
      a larger cross-sectional area than said first valve stem.
NUM  9.
PAR  9. A hydraulically operable fail-safe valve system for use on a submerged
      flowline comprising:
PA1  a valve housing arranged on said submerged flowline;
PA1  a valve chamber arranged in said valve housing;
PA1  a valve element movable in said valve chamber between open and closed
      positions for controlling the flow of fluids through said submerged
      flowline; a first valve stem connected to said valve element;
PA1  a valve operator housing;
PA1  a first cylinder arranged in said valve operator housing having a power end
      and an exhaust end;
PA1  a piston having power and exhaust strokes arranged in said first cylinder;
PA1  a second valve stem connected to said piston;
PA1  means for sealingly locking said valve operator housing to said valve
      housing;
PA1  means for releasably locking said second valve stem to said first valve
      stem;
PA1  biasing means arranged in said valve stem operator housing for urging said
      second valve stem and said piston and said first valve stem and said valve
      element from said open position of said valve element to said closed
      position thereof;
PA1  a source of power fluid;
PA1  first conduit means arranged in said valve operator and extending to said
      first cylinder to convey power fluid to said first cylinder for powering
      said piston in its power stroke;
PA1  second conduit means arranged in said valve operator housing and connected
      to the exhaust end of said first cylinder;
PA1  third conduit means arranged in said valve housing connected to a source of
      power fluid for conveying power fluid to said first conduit;
PA1  fourth confuit means arranged in said valve housing for exhausting fluid
      from said third conduit; said first and third conduits and said second and
      fourth conduits sealingly engaging when said valve operator housing and
      said valve housing are locked together;
PA1  a second cylinder arranged in said valve housing;
PA1  a valve stem piston arranged in said second cylinder detached from and
      engageable with said valve element;
PA1  a source of fluid pressure at the exhaust pressure end of said first
      cylinder; and
PA1  a fifth conduit connecting said second cylinder to said source of fluid
      pressure at the exhaust end of said first cylinder to balance the fluid
      pressure force applied to said second valve stem.
NUM  10.
PAR  10. A hydraulically operable fail-safe valve system for use on a submerged
      flowline comprising:
PA1  a valve housing arranged on said submerged flowline;
PA1  a valve chamber arranged in said valve housing;
PA1  a valve element movable in said valve chamber between open and closed
      positions for controlling the flow of fluids through said flowline;
PA1  a first valve stem connected to said valve element;
PA1  a valve operator housing;
PA1  a first cylinder arranged in said valve operator housing having a power end
      and an exhaust end;
PA1  a piston having power and exhaust strokes arranged in said first cylinder;
PA1  a second valve stem connected to said piston;
PA1  means for sealingly locking said valve operator housing to said valve
      housing;
PA1  means for releasably locking said second valve stem to said first valve
      stem;
PA1  biasing means arranged in said valve operator housing for urging said
      second valve stem and said piston and said first valve stem and said valve
      element from said open position of said valve element to said closed
      position thereof;
PA1  a second cylinder arranged in said valve housing;
PA1  a valve stem piston arranged in said second cylinder detached from and
      engageable with said valve element; and
PA1  means for fluidly communicating the exhaust end of said first cylinder and
      said second cylinder to balance the fluid pressure force applied to said
      second valve stem.
NUM  11.
PAR  11. A hydraulically operable valve system for use in controlling fluids
      through a flowline comprising:
PA1  a valve housing arranged on said submerged flowline;
PA1  a valve chamber arranged in said valve housing;
PA1  a valve element movable in said valve chamber between open and closed
      positions for controlling the flow of fluids through said flowline;
PA1  a first cylinder;
PA1  a piston reciprocal in said first cylinder;
PA1  a first valve stem connected to said piston and to said valve element,
      application of fluid pressure to said piston moving said valve element
      from one to another position thereof;
PA1  biasing means arranged in said valve housing or urging said valve element
      from said other to said one position thereof;
PA1  a second cylinder;
PA1  a second valve stem detached from and engageable with said valve element
      arranged in said second cylinder; and
PA1  means fluidly communicating said first and second cylinders to balance the
      opposing forces applied to said valve element through fluid pressure
      applied to said valve stems.
NUM  12.
PAR  12. A valve system as recited in claim 11 in which said second valve stem
      has a larger cross-sectional area than said first valve stem.
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ABST
PAL  A water valve comprises a housing in which a spring biased slider moves
      between a sealing wall and a sliding wall normal to the liquid flow
      direction, the spring contacting the sliding wall of the housing.
PARN
PAR  This is a continuation, of application Ser. No. 413,353, filed Nov. 6, 1973
     .
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a water faucet or water cock or valve with a
      sliding part transversely movable to the flow path in a housing.
PAC  BACKGROUND
PAR  Slider-watercocks using flat components as gating or blocking components
      are known. In one of these known water faucets, a slider plate is
      pivotably mounted on as axis parallel to the direction of flow. The flow
      orifice will vary with rotation of this plate and in relation to the
      contour of the slider. The drawback of such a faucet consists in the
      requirement of rotation for adjustment of the flow cross-section.
PAR  Furthermore, water faucets with simple sliders are also known; however,
      they are not readily suited to control the flow rate of a warm or hot
      liquid. Accordingly, prior watercocks with sliders have not been entirely
      satisfactory.
PAC  SUMMARY
PAR  It is an object of the present invention to overcome the defects of the
      prior art including those indicated above. The invention addresses the
      task of creating a water faucet with a slider part moving transversely to
      the liquid flow path, which slider may be actuated with as little effort
      as possible, the faucet insuring at most only minimal as well as complete
      housing impermeability.
PAR  The invention solves the problems of prior water faucets essentially in
      that the slider is of rectangular design and capable of translation, and
      in that it is connected to an actuation rod penetrating the housing
      through a tight insert opening. In order to ensure slider tightness even
      in the presence of impurities in the liquid being transmitted, the slider
      is appropriately provided with an approximately oval toroid at its sealing
      surface.
PAR  The slider is suitably spring-loaded approximately at the center of mass of
      its sealing surface. The spring is preferably an elastic component with
      four spring legs. Advantageously the elastic component is provided with
      two apertures, and the slider with two pins or studs upon which the
      elastic components are seated. The spring component therefore is not
      rigidly connected with the slider, though it is protected from rotating
      and tilting by means of the two pins. The sealing surface inside the
      housing is normal to the direction of flow, while the sliding surface for
      the spring legs is oblique thereto; such an arrangement allows especially
      simple injection molding manufacture of the housing.
PAR  The actuation rod and the slider advantageously are connected by a
      universal joint. The slider is then easily driven in the direction of
      control while being free to swing in the direction of flow; it is pressed
      against the sealing surface only by the spring component. It is of further
      advantage in this respect that the connection between actuation rod and
      slider be located above the plane of latter, in particular outside the
      longitudinal center of the slider and in the vicinity of its sealing
      surface.
PAR  It is of especial advantage that both housing and slider consist of
      plastic, and of different kinds, the plastic of the housing material being
      preferably heat resistant and thermally dimensionally stable, while the
      plastic material of the slider being elastically deformable upon heating.
      The slider sealing surface therefore better hugs the housing sealing
      surface.
PAR  In a further development of the invention, the housing is provided with a
      flange for mounting a vacuum box or the like for displacing the actuation
      rod by the utilization of reduced or partial pressure. In a variation from
      activation by means of a partial vacuum setting box, actuation may also be
      achieved by means of a Bowden, conduithoused cable. The slider then will
      be appropriately provided with a wedge-like regulation slit, such slit
      being located at the actuation side of the slider approximately one
      quarter of the width from the lengthwise edge. Essentially the regulation
      slit is parallel to the slider lengthwise edge. The length of the control
      slit is advantageously one third of the slider length. The regulation slit
      is also of advantage when the actuation occurs by means of a partial
      vacuum setting box with modulated partial vacuum.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  Further advantages and characteristics of the invention will be explained
      in greater detail by means of the attached drawing illustrating an
      embodiment in schematic form.
PAR  FIG. 1 is an elevation view, partially in section, of a water faucet of the
      invention with a flange-fastened partial-vacuum setting box;
PAR  FIG. 2 is a partial sectional view through the housing along lines II--II
      of FIG. 1;
PAR  FIG. 3 is an exploded perspective view of the slider with spring component;
      and
PAR  FIG. 4 is a slider with regulating slit, at various lift levels.
DETD
PAC  DETAILED DESCRIPTION OF EMBODIMENT
PAR  As shown in FIG. 1, the water faucet of the invention comprises a housing 1
      with an intake nipple 8 and an exhaust nipple 9. The housing 1 includes a
      slider chamber 10 preferably of one piece and approximately
      parallelepipedic, and diametrically opposite thereto, an intake orifice
      23. The housing 1 is suitably provided with a flange 12 in the vicinity of
      intake orifice 23. A known partial-vacuum setting box 11 of arbitrary
      construction is fastened to this flange 12. An actuation rod 4 is
      displaced traversely to the flow direction inside the housing 1 by means
      of such partial-pressure box 11. A slider 2, supported in the housing 1,
      may be displaced transversely to the direction of flow in the slider
      chamber 10 by means of actuation rod 4. The slider 2 thereby more or less
      opens the flow orifice by means of its edge close to the actuation rod 4.
PAR  The design of slider 2 is especially clearly shown in FIG. 3. Such slider 2
      is provided with an oval boss or projection 16 in the form of a torus or
      annular ring; the oval boss 16 is approximately 1/2mm high and 1.0 mm wide
      in the illustrated embodiment. The back side of slider 2 preferably is
      provided with two studs 15' and 15" and a ball-bearing pan 17 with
      extremities 19. The actuation rod 4 penetrates this ball-bearing pan 17 by
      means of a ball-end 18. The linkage is such that the slider 2 may be moved
      to and fro in the housing 1 by the actuation rod 4, while being pivotable
      in the transverse direction, that is, in the direction of liquid flow.
PAR  In order to achieve the desired sealing, the slider 2 is spring-loaded.
      This is achieved by means of an elastic spring component 3 comprising four
      spring legs 13', 13", 13'" and 13"". The spring component 3 is provided
      with apertures 14' and 14" allowing passage therethrough of studs 15' and
      15" of slider 2, so that the spring component will be supported rather
      loosely, yet be prevented from rotating or tilting. The pairs of spring
      legs 13' and 13" or 13'" and 13"" are separated by a distance exceeding
      the ID of the flow orifice.
PAR  The inner surface 20 of the housing 1 facing the slider 2 is designed as
      the sealing surface and is located normal to the flow direction, whereas
      the opposite inside surface is designed as a sliding surface 21. Such
      surface 21 is slightly conical or sloped with respect to sealing surface
      20 or to the flow direction. This taper greatly facilitates the
      manufacture of the housing 1 as an injection molded article, there being
      then the necessary draft providing feasibility of easy removal of the mold
      required for forming slider chamber 10.
PAR  Preferably the housing 1 and the slider 2 will be made of plastic, the
      housing for instance being made of a suitable hard synthetic plastic
      commercially available, such as glass fiber reinforced ULTRAMID AK (nylon
      6/6 copolymerizate), or other nylon, or acetal, preferably glass fiber
      reinforced; and the slider for instance being made of a suitable elastic
      synthetic plastic commercially available, such as HOSTAFORM C 9020, a
      polyacetal resin. The selection of two differing plastics or of the
      differing properties of the plastics results in an especially good seal,
      and mostly so if the housing plastic is heat-resistant and dimensionally
      stable with respect to heating, while the slider plastic is elastically
      deformable when heated but otherwise also thermally resistant.
PAR  In a further development of the invention as illustrated in FIG. 4, the
      slider 2 may comprise a regulation slit 22. The latter is of wedge-shaped
      design and located at the actuation end of the slider. Its length is about
      one-third that of the slider 2. The slit furthermore is located at a
      fourth of the slider width. FIG. 4 shows various locations of slider 2
      with respect to the flow cross-section. Regulating slit 22 will be
      especially applicable if slider 2 is activated by a Bowden, metal-sheathed
      cable or if the partial vacuum used to actuate partial-vacuum setting box
      11 is modulated.
PAR  FIG. 1 shows that the intake orifice 23 is suitably sealed with respect to
      the housing 1. Use is made of a seal 5 seated in the orifice 23 with an
      O-ring 7. A U-ring 6 seals the actuation rod. High-alloyed steel is
      preferably used as the material for elastic spring component 3 and
      actuation rod 4. The latter preferably will be polished so as to be of
      negligible influence on the flow when the flow cross-section is opened by
      displacement of the slider 2 upwardly from the position shown in FIG. 1.
PAR  The invention is not restricted to the embodiment as illustrated and
      described. Rather, it encompasses all expert variations as well as partial
      or sub-combinations of the characteristics and steps described and/or
      represented.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a valve comprising a housing and a slider movable within said housing
      transversely to the direction of liquid flow through the valve, the
      improvement comprising:
PA1  said housing having a cooperative sealing surface on the interior thereof
      for said slider, a spring sliding surface opposite said cooperative
      sliding surface, and a sealed insert orifice at one end thereof;
PA1  an actuation rod linked to said slider by a universal or ball joint, said
      actuation rod extending into said housing through said sealed insert
      orifice;
PA1  said slider having a rectangular shape, a first face containing a toroidal
      sealing surface in slidable cooperation with said cooperative sealing
      surface, and a second face having a spring retaining surface, said slider
      being translational against said cooperative sealing surface in a
      direction normal to the direction of liquid flow; and
PA1  spring means for loading said toroidal slider sealing surface against said
      cooperative sealing surface at the center of mass of said slider sealing
      surface, said spring means comprising a spring retained against rotation
      on said spring retaining surface and having a center portion extending
      across the center of said slider and four spring legs extending outwardly
      from said center portion and terminating in sliding portions in sliding
      relationship with said spring sliding surface.
NUM  2.
PAR  2. A valve as set forth in claim 1, wherein said toroidal sealing surface
      is an approximately oval-shaped annular toroid.
NUM  3.
PAR  3. A valve in accordance with claim 1, wherein said spring is provided with
      two apertures and said slider is provided with two complementary studs
      extending through said two apertures in said spring, the axes of said
      studs being in the direction of liquid flow through the valve, said spring
      seating on said studs while permitting relative movement between said
      spring and said slider in the flow direction.
NUM  4.
PAR  4. A valve in accordance with claim 1, wherein a plane passing through said
      actuation rod and said universal or ball joint and perpendicular to the
      direction of liquid flow through the valve lies downstream from a plane
      passing through the center of said slider.
NUM  5.
PAR  5. A valve in accordance with claim 1, wherein said housing including said
      cooperative sealing surface is formed of a temperature resistant and
      thermally dimensionally stable plastic, and said slider is formed of a
      different plastic which is elastically deformable when heated.
NUM  6.
PAR  6. A valve in accordance with claim 1, wherein said housing is provided
      with means for mounting a partial-pressure setting box, said means
      comprising a flange.
NUM  7.
PAR  7. A valve in accordance with claim 1 comprising means for actuation
      utilizing a bowden cable or by modulated partial pressure, said means
      comprising a wedge-shaped regulating slit.
NUM  8.
PAR  8. A valve in accordance with claim 7, wherein said regulating slit is
      located at the fastening edge of said slider.
NUM  9.
PAR  9. A valve in accordance with claim 8, wherein said regulating slit is
      located at the fastening edge at a position approximately one-fourth the
      width of said slider from one of the slider edges, said regulating slit
      being essentially parallel to said longitudinal edge of said slider and
      about one-third the length of said slider.
PATN
WKU  039333400
SRC  5
APN  538883&
APT  1
ART  242
APD  19750106
TTL  Method of and apparatus for dry mixing
ISD  19760120
NCL  8
ECL  1
EXP  Jenkins; Robert W.
NDR  3
NFG  8
INVT
NAM  Krull; Frank B.
STR  Highway M-35 Ingallstan, P.O. Box 55
CTY  Menominee
STA  MI
ZIP  49858
RLAP
COD  71
APN  420657
APD  19731130
PSC  04
CLAS
OCL  259 14
XCL  259147
XCL  259149
XCL  259154
XCL  259165
EDF  2
ICL  B01F 1306
ICL  B01F 1504
ICL  B01F 1502
FSC  259
FSS  14;147;149;154;165;30;3;57;125;116;146;148;153;164;165;175;176;177 R;177 A
UREF
PNO  2494119
ISD  19500100
NAM  Essick
OCL  259177R
UREF
PNO  3164378
ISD  19650100
NAM  Hager
OCL  259177R
UREF
PNO  3266779
ISD  19660800
NAM  Fischer
OCL  259 14
UREF
PNO  3279763
ISD  19661000
NAM  Seman
OCL  259 14
ABST
PAL  A method and apparatus for mixing fine powdered materials without creating
      an objectionable dusty environment, which consists in placing an
      open-topped container on a scale, placing a hood over the open-topped
      container, and with the hood interior connected to a source of suction,
      successively pouring the materials to be mixed into the container through
      a hole in the top of the hood and proportioning the materials by means of
      the scale. With the container thus filled, its open-topped upper portion
      is inserted into the downwardly facing mouth of a tiltable mixing drum and
      secured thereto in such a manner that the container tightly closes the
      mouth of the mixing drum so that admixture of the drum contents during
      rotation of the drum can take place without dispersing dust or fine powder
      into the atmosphere.
PARN
PAR  This invention like that of my U.S. Pat. No. 3,792,837, relates to dry
      mixing of different materials, including fine lightweight pulverized
      material such as very fine aluminum powder, the instant application being
      a continuation of my allowed application Ser. No. 420,657, filed Nov. 30,
      1973.
BSUM
PAR  As explained in my aforesaid patent, the admixture of fine powdered
      materials could not be carried out, prior to the invention of that patent,
      without creating an obnoxious and unhealthy dusty environment. The
      invention of the patent overcame that objection but had the disadvantage
      of requiring all but the finest powdered material to be charged into the
      drum of the mixing machine in the conventional way and limited the
      quantity of material that could be introduced dust-free into the mixing
      drum.
PAR  The present invention makes it possible not only to introduce a
      considerably larger quantity of material into the mixing drum in a
      dust-free manner, but provides a convenient way of proportioning the
      ingredients of the admixture and then introducing the entire batch into
      the mixing drum without disturbing the material.
PAR  The purpose and object of this invention is thus to provide an improved
      method and apparatus for effecting the admixture of dry powdered and
      powder-like materials.
PAR  With these observations and objectives in mind, the manner in which the
      invention achieves its purpose will be appreciated from the following
      description and the accompanying drawings which exemplify the invention,
      it being understood that changes may be made in the precise method of
      practicing the invention and in the specific apparatus disclosed herein
      without departing from the essentials of the invention set forth in the
      appended claims.
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PAR  The accompanying drawings illustrate one complete example of the embodiment
      of the invention constructed according to the best mode so far devised for
      the practical application of the principles thereof, and a modification of
      a part of that complete embodiment, in which drawings:
PAR  FIG. 1 is a side view of the mixing machine used to admix the materials;
PAR  FIG. 2 is a side view of part of the mixing drum and the container of
      materials to be mixed, showing the same in the act of being assembled;
PAR  FIG. 3 is a front elevational view of the apparatus with which the
      different materials are proportioned and combined in a dust-free manner,
      preparatory to being admixed in the mixing drum;
PAR  FIG. 4 is a prespective view of one of the parts of the apparatus depicted
      in FIG. 3;
PAR  FIG. 5 is a side view of the lower portion of one of a pair of stanchions
      that form part of a frame that supports the aforesaid apparatus;
PAR  FIG. 6 is a sectional view through FIG. 3 on the plane of the line 6--6;
PAR  FIG. 7 is a perspective view of the container into which the different
      materials are loaded preparatory to being mixed; and
PAR  FIG. 8 is a fragmentary view of a part of the apparatus shown in FIG. 3,
      illustrating a modification thereof.
DETD
PAR  Referring now to the accompanying drawings, and especially to FIG. 1, the
      numeral 8 designates generally a more or less conventional mixing machine
      comprising a tub-like drum 9 mounted in the usual manner for rotation
      about its central axis and for endwise tilting motion in a frame 10 which
      has wheels 11 to facilitate transporting the machine. A motor 12 provides
      a power source for imparting rotation to the drum. The motor is drivingly
      connected with the drum through reduction transmission means 13 which
      drives a pinion 14 that meshes with a ring gear 15 encircling and fixed to
      the drum. Another motor (not shown) also acting through appropriate
      reduction transmission means, is used to tilt the mixing drum between a
      charging position which -- for this invention -- has the single charging
      and discharging mouth 16 of the drum facing downward, as shown in dotted
      lines in FIG. 1, and a mixing position (shown in full lines in FIG. 1) in
      which position the mixing blades (not shown) on the interior walls of the
      drum are most effective.
PAR  In accordance with this invention, all of the materials to be admixed are
      preferably simultaneously charged or deposited into the mixing drum by
      attaching to its mouth an open-topped container 17 which holds the
      materials to be mixed. As indicated in FIG. 2, during the charging of the
      mixing drum, the container is lifted up into the downwardly facing mouth
      of the mixing drum until a flange 18 fixed to and encircling the side wall
      19 of the container abuts a similar flange 20 that encircles the mouth of
      the mixing drum. The flanges are then releasably secured together by bolts
      21, and as a result the container and mixing drum coact to provide a
      closed chamber in which the materials can be thoroughly admixed without
      creating an objectionable and hazardously dusty environment.
PAR  The sides and bottom of container 17 are of course imperforate, and its
      upper portion at least is cylindrical and of a size to telescope into the
      round mouth 16 of the mixing drum. To facilitate carrying the container, a
      handle-forming bar 22 extends diametrically across its open top, as shown
      in FIG. 7. The capacity of the container 17 is determined only by the
      diameter of the mixing drum mouth and the extent that the dimensions of
      the frame 10 in which the mixing drum is tiltably mounted permit the
      container to protrude from the mixing drum. Space to accommodate the
      container 17 during its releasable attachment to the drum 9 (depicted in
      FIG. 2) can be provided in any suitable way, as for instance by increasing
      the height of the drum supporting frame 10, or providing a pit in the
      floor on which the machine stands with its wheels straddling the pit.
PAR  For the complete operation to be performed without creating a dusty
      environment, it is necessary that the materials to be mixed be originally
      introduced into the container 17 in a dust-free manner. This is
      accomplished by covering the open top of the container, preparatory to
      charging different materials into it, with a removable hood 23, having
      carrying handles 23A and three angularly extending support legs 42, as
      shown in FIGS. 3 and 6, connecting the hood interior with the intake port
      of a suitable source of suction which may be an industrial vacuum cleaner
      24, and then feeding the materials into the container through a hole 25 in
      the top of the hood. A funnel 26 projecting upwardly from the edge of the
      hole 25 guides the material into and through the hole 25.
PAR  As is well known, the vacuum cleaner 24 has an exhaust port (not shown) and
      preferably that outlet port has a hose (also not shown) connected to it
      and leading to the exterior of the building in which the apparatus is
      located.
PAR  The materials to be mixed are delivered by the producers thereof in cans or
      receptacles 27 that have funnel-shaped upper ends 28 leading to the mouth
      of the can, which is closed by a removable cap 29. To facilitate transfer
      of the material from the cans or receptacles 27 to the container 17, the
      cans or receptacles are placed on and secured to individual carriers 30
      (FIGS. 3 and 4) that are tiltably mounted on an upper cross bar 31 of a
      supporting stand 32.
PAR  The stand 32 comprises a pair of spaced apart vertical uprights 33
      connected by the upper cross bar 31 and a lower cross bar 34. As shown in
      FIG. 5, the spaced apart vertical uprights 33 of the stand 32 form parts
      of stanchions that have angularly divergent legs. Although the supporting
      stand 32 can be made of any suitable material, it is shown as having been
      fabricated from welded-together lengths of tubing. The carriers 30 are
      similarly fashioned into a sturdy L-shaped structure having a back 35 and
      a forwardly projecting supporting shelf 36 at its bottom. The back 35
      consists of spaced apart vertical tubular members 35' secured together by
      transverse members 39 and 39A, and the shelf 36 is formed by forwardly
      projecting end portions of the tubular members 35'.
PAR  A strap 37 which may be a band of flexible metal, is fixed to the back 35
      as by being welded thereto, intermediate the transverse members 39 and
      39A, and provides means for holding a can or receptable 27 on the carrier.
      For this purpose, the strap is wrapped around the can after it has been
      set onto the shelf of the carrier, and has its ends separably connected in
      any acceptable way to securely hold the can or receptacle on the carrier.
      For illustration, the ends of the band are shown provided with hooks 38 to
      receive the legs of a U-shaped connector 48, which -- upon being engaged
      with the hooks -- holds the ends of the band together.
PAR  The carriers 30 are tiltably mounted on the stand by having their
      transverse members 39, which are tubular and of sufficient diameter for
      the purpose, slipped onto the upper cross bar 31 before one of its ends is
      joined to its respective upright 33. An integrally formed handle 40
      projecting upwardly from the back 35 of each carrier, facilitates tilting
      the carriers and the cans or receptacles thereon from an upright storage
      position to an inverted discharging position, in the latter of which the
      funnel-shaped end 28 can be positioned directly above the funnel 26 on the
      hood 23. When thus positioned, the cap 29 of the inverted can or
      receptacle 27 is removed to allow material to flow into the container 17.
PAR  By placing the container 17 on the platform of a scale 41, the materials
      poured into it from the several cans or receptacles may be accurately
      proportioned, since the hood 23 is supported independently of the
      container 17 by its legs 42, as shown in FIGS. 3 and 6.
PAR  The stand 32 can be built to accommodate any number of cans or receptacles
      27 and, to facilitate bringing any selected one of them into alignment
      with the assembled container 17 and hood 23, the legs or stanchions of the
      stand 32 can be equipped with wheels.
PAR  The carriers 30 are so proportioned that they and the cans or receptacles
      27 secured thereon automatically assume and occupy an upright position,
      except when intentionally tilted forward to transfer material therefrom.
      That upright position is defined by engagement of the lower portion of the
      carriers with the bottom cross bar 34; and -- for sake of balance -- some
      of the carriers engage the cross bar 34 at one side thereof and others
      engage the opposite side of that cross bar, as shown in FIG. 3.
PAR  With the funnel 26 on the hood 23 fixed thereto, some space inevitably
      exists between it and the mouth of the can or receptacle in discharging
      position thereabove. While experience has shown that little or none of
      even the fluffiest material escapes through that space as it drops into
      the funnel, if desired that space can be closed in the manner shown in
      FIG. 8. In that case, the fixed funnel is replaced by a cylindrical sleeve
      43 slidably mounted in a necked hole 44 in the top wall of the hood. A
      spring 45 surrounding the sleeve 43 and confined between a flange 46 at
      its upper end and the top wall of the hood, biases the sleeve upwardly and
      into engagement with the conical end portion 28 of an inverted can or
      receptacle in position above the hood.
PAR  The spring can be compressed sufficiently to enable the can or receptacle
      to be swung into position; and - to hold the parts assembled when the
      sleeve 32 is not held down by a can or receptacle -- outward movement of
      the sleeve is limited by a suitable stop, which for illustration purposes
      is shown as a pin 47 inserted through holes in the sleeve 43. Obviously,
      during assembly of the parts, the pin 47 is inserted from the bottom of
      the hood while the sleeve is held depressed.
PAR  Although the procedure and method by which this invention achieves its
      objective of mixing different materials in the dry state -- some or all of
      which may be finely pulverized -- without creating an objectionably dusty
      environment, should be clear from the foregoing description, for
      convenience the following brief recapitulation may be helpful.
PAR  With the container 17 setting on the platform of the proportioning scale 41
      and the hood 23 supported in position thereover by legs 42, the suction
      source (vacuum cleaner) 24 is turned on to maintain a subatmospheric
      condition inside the hood. Now, one after the other of the different
      materials is poured into the container 17 through the funnel-equipped hole
      25 in the top of the hood, the amount of each being weighed on the scale
      41.
PAR  When all of the materials needed to produce a particular product -- as, for
      instance, a compound useful to stop leaks in automobile radiators -- have
      been introduced into the container 17 and correctly proportioned by
      weighing the same as they enter the container, the suction source is
      turned off and the hood 23 lifted off the container. The filled container
      is then carefully moved to a position beneath the now downwardly facing
      mouth of the mixing drum, as shown by dotted lines in FIG. 1, and then
      lifted and inserted into the mouth of the drum to which it is secured by
      bolting the flanges 18 and 20 together. That done, the admixture of the
      materials is effected by operation of the mixing machine in the
      conventional manner, but since the attachment of the container to the
      mixing drum tightly seals the junction therebetween, none of the drum
      contents can escape even though some or all of them are finely pulverized.
PAR  Those skilled in the art will appreciate that the invention can be embodied
      in forms other than as herein disclosed for purposes of illustration.
CLMS
STM  The invention is defined by the following claims:
NUM  1.
PAR  1. A method of mixing dry powdered material which comprises:
PA1  A. providing a mixing drum having a mouth;
PA1  B. providing an open-topped container having an upper portion of a size to
      fit into the mouth of the mixing drum;
PA1  C. placing a hood over the open top of said container;
PA1  D. through a hole in the top of said hood, pouring the materials to be
      mixed into said container;
PA1  E. as the materials are poured into the container, maintaining a
      subatmospheric pressure in the hood by connecting its interior with a
      source of suction;
PA1  F. when all of the materials to be mixed have been poured into the
      open-topped container, lifting the hood from its position over the open
      top of the container;
PA1  G. with the mouth of the mixing drum facing downward, inserting the upper
      open-topped portion of the container into the mixing drum; and
PA1  H. securing the container to the mixing drum with the space between the
      sides of the container and the mouth of the mixing drum sealed, so that
      the container coacts with the mixing drum to form a closed chamber
      confining the materials to be mixed,
PA2  whereby mixing of the materials can be effected without dispersion of
      powdered material into the atmosphere.
NUM  2.
PAR  2. The method of claim 1, further characterized by:
PA1  supporting the open-topped container by means of a scale while the
      materials are poured into it, to thereby weigh and proportion the
      different materials.
NUM  3.
PAR  3. The method of claim 2, further characterized by:
PA1  supporting the hood independently of the container, so that the weight of
      the hood does not affect the weighing of the materials as they are poured
      into the container.
NUM  4.
PAR  4. The method of claim 3, further characterized by:
PA1  A. supplying the different materials in comparable sized and shaped
      receptacles with funnel-shaped discharge mouths capable of being closed
      and opened;
PA1  B. tiltably mounting said receptacles in an elevated upright position with
      the discharge mouths thereof closed;
PA1  C. aligning one of said receptacles with the assembled open-topped
      container and hood;
PA1  D. tilting said receptacle to face its funnel-shaped mouth downward and in
      line with the hole in the top of the hood;
PA1  E. opening the mouth of said receptacle and thereby allowing a weight
      measured quantity of the receptacle contents to flow down into said
      container;
PA1  F. closing the mouth of the receptacle and returning the receptacle to its
      upright position; and
PA1  G. repeating the aforesaid steps with each of the receptacles.
NUM  5.
PAR  5. The method of claim 4, further characterized by:
PA1  A. providing the hood with an upwardly biased sleeve that projects slidably
      up through the hole in the top of the hood;
PA1  B. depressing said sleeve preparatory to aligning the funnel-shaped mouth
      of said receptacle with the hole in the top of the hood; and
PA1  C. after the mouth of said receptacle has been opened, releasing said
      upwardly biased sleeve so that the top of the sleeve abuts the
      funnel-shaped discharge mouth and forms a duct leading from the mouth of
      the receptacle to the interior of said hood.
NUM  6.
PAR  6. A method of mixing dry powdered materials which comprises:
PA1  A. providing a mixing drum having an opening to receive materials to be
      mixed therein;
PA1  B. providing an open-topped material receiving container of a size
      complementary to the material receiving opening of said mixing drum;
PA1  C. placing a hood over the open top of said container;
PA1  D. through a filling opening in the top of said hood pouring the materials
      to be mixed into said container;
PA1  E. when all of the materials to be mixed have been poured into the
      open-topped container, lifting the hood from its position over the top of
      the container; and
PA1  F. securing the loaded container to the mixing drum with the container
      closing the opening in the mixing drum so that the container coacts with
      the mixing drum to form a unitary closed chamber confining the materials
      to be mixed.
NUM  7.
PAR  7. A method of mixing dry powdered materials which comprises:
PA1  A. providing a mixing drum having an opening to receive materials to be
      mixed therein;
PA1  B. providing an open-topped material receiving container of a size
      complementary to the material receiving opening of said mixing drum;
PA1  C. maintaining a zone of subatmospheric pressure directly above the open
      top of said material receiving container;
PA1  D. pouring the materials to be mixed through said zone of subatmospheric
      pressure and into said open topped container; and
PA1  E. when all of the materials to be mixed have been poured into said
      container, securing the same to the mixing drum with the container closing
      the opening in the mixing drum so that the container coacts with the
      mixing drum to form a unitary closed chamber confining the materials to be
      mixed.
NUM  8.
PAR  8. Apparatus for mixing dry powdered materials without creating a dusty
      environment, comprising:
PA1  A. a rotatable mixing drum having a mouth through which the drum is charged
      and discharged and a radially projecting flange encircling the mouth of
      the drum;
PA1  B. an open-topped container having imperforate bottom and side walls,
PA2  the upper open-topped portion of the container having a cross sectional
      size and shape to telescope into the mouth of the mixing drum;
PA1  C. a radially projecting flange encircling the medial portion of the
      container side wall to engage the flange encircling the mouth of the
      mixing drum when the container is telescoped into the drum,
PA2  said flanges having mating surfaces which fit one another in a dust-tight
      manner; and
PA1  D. fastening means contacting only said flanges for detachably securing the
      flanges together, to thereby fix the container to the mixing drum with the
      open top of the container inside the mixing drum,
PA2  so that the container and the mixing drum together form a closed chamber in
      which the materials can be mixed without creating a dusty environment.
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ABST
PAL  A transit concrete mixer has a fill and discharge opening at the apex end
      of a conically tapered mixing drum. The drum is mounted for rotation on
      its axis at an angle relative to the horizontal which places the drum on
      an upward slant from its bottom to the fill and discharge opening.
      Internal helical blading of the drum moves the concrete into and out of
      the drum upon its rotation in opposite directions. A rotary mixing tool is
      mounted in the wide end of the drum on the axis of the latter in
      cooperative relation to the helical blading.
BSUM
PAC  BACKGROUND
PAR  The invention relates to concrete mixers. More particularly, the invention
      is concerned with a concrete mixer of the type wherein a mixing drum
      tapers conically toward a fill and discharge opening; wherein a stub axle
      is secured to the drum bottom and journaled in a bearing on a vehicle
      frame for rotation on an axis which slants from the drum bottom upwardly
      relative to the horizontal toward the fill and discharge opening; wherein
      the inner wall of the mixing drum is provided with helical concrete
      conveying elements; and wherein the mixing drum contains an auxiliary
      coaxial mixing tool.
PAR  A transit concrete mixer of this general type has heretofore been known in
      which the mixing tool consists of a helix that is mounted in a fixed
      position within the mixing drum. The helix extends over about two-thirds
      of the length of the mixing drum, and at its end next to the drum bottom
      it is journaled on a stub shaft which is fixed to the drum bottom and
      projects into the core of the helix. At its other end the helix core is
      extended to project outward through the fill and discharge opening of the
      drum where it has an angled portion which is sustained on a mounting frame
      for the drum. The additional mixing effect which this helix produces is
      small. The production costs are high due to the mounting of the helix at
      both ends and the spreading of its axial length over a substantial portion
      of the drum length. The weight of the mixer is thereby considerably
      increased.
PAR  Also heretofore known has been a transit concrete mixer in which a
      substantially cylindrical mixing drum is rotatable on a horizontal axis.
      In that case the mixing drum has helical blades secured to its inner wall
      and it is provided with a coaxial supplemental helix. The supplemental
      helix is supported on an overhung shaft which extends through and is
      rotatably mounted on the drum bottom. The other end of the shaft is
      journaled in a spider secured within the drum. The supplemental helix
      extends over the main portion of the length of the mixing drum. The drum
      and the helix are rotated by a drive shaft which extends parallel to the
      drum wall; said drive shaft, on one hand, drives a pinion in mesh with a
      ring gear on the drum; and on the other hand, the drive shaft is connected
      by a chain drive with the helix supporting shaft at the end of the latter
      which projects from the drum bottom. This prior art mixer has the
      disadvantage that the long helix increases the production costs and also
      considerably increases the weight of the mixer. Moreover, the spider which
      supports the free end of the helix supporting shaft and which faces the
      discharge opening of the drum from the inside, interferes with the outward
      movement of the concrete through the discharge opening.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide an improved transit
      concrete mixer of the hereinbefore outlined general character which will
      mix the concrete more thoroughly and efficiently; which may be produced at
      only little additional cost; which will entail no weight increase; and
      which will afford an unobstructed concrete discharge.
PAR  That object is achieved, according to the invention, by mounting the mixing
      tool on a rotary overhung driving shaft which projects into the drum from
      its bottom side, and by dimensioning the mixing tool so that it extends in
      the axial direction of the drum from the drum bottom a maximal distance of
      about one-half, and preferably of about one-quarter to one-third of the
      total length of the mixing drum.
PAR  The invention is based on the observation that in a transit concrete mixer
      whose mixing drum conically tapers toward the fill and discharge opening
      on a slanting axis which is upwardly inclined relative to the horizontal,
      the largely predominant portion of the concrete is contained in a portion
      of the mixing drum adjacent its bottom. In order to produce an additional
      forced intermixing effect it is therefore sufficient to operate with a
      mixing tool that rotates only in the bottom zone of the mixing drum. Such
      a forced intermixing tool may be mounted on an overhung shaft. That makes
      it unnecessary to extend the shaft through the entire length of the mixing
      drum and/or to provide another support for the shaft within the mixing
      drum. The design therefore becomes simple, light and inexpensive. The
      concrete conveying elements which are secured to the inside wall of the
      drum and which conventionally have the shape of helically extended blades
      may have a larger pitch than heretofore and may perform only a conveying
      function since the mixing is exclusively reserved for the mixing tool. In
      transit, the drum may therefore be rotated at a smaller number of
      revolutions per minute. This results in a prolonged life of the parts
      which are subject to wear.
PAR  Preferably, the mixing tool comprises a circular series of arms projecting
      radially from the shaft and having at their free ends blades which extend
      close to the inner edges of concrete conveying elements in the drum. This
      produces an excellent force intermixing effect with simple means. However,
      it is of course also possible within the scope of the invention to use
      other mixing tools, preferably force intermixing tools, with discontinuous
      flow and feed toward the center of gravity.
PAR  In the preferred embodiment of the invention the drum supporting stub axle
      is hollow and the shaft which mounts the mixing tool is extended through
      the hollow stub axle and may be rotatably supported therein. In this
      manner a simple, space saving and reliable mounting of the mixing tool
      supporting shaft will be obtained.
PAR  Preferably, the mixing tool supporting shaft is driven by means of speed
      reducing gearing by a motor on the vehicle frame.
PAR  In this connection, it is particularly advantageous if the speed reducing
      gearing is sustained on the vehicle by means of a movable torque brace and
      is at least partially supported on the stub axle or shaft; and if flexible
      power transmitting means, particularly hydraulic conduits extend between a
      pump on the vehicle frame and a fluid motor associated with the speed
      reducing gearing. In this manner all effects of vehicle frame distortion
      upon the speed reducing gearing are eliminated so that the gearing will
      operate with little wear.
PAR  A particularly simple drive will be obtained if the drum is provided with a
      driving ring gear at its bottom; if the mixing tool supporting shaft is
      provided with a gear wheel inside the ring gear; and if an intermediate
      gear wheel is rotatably mounted on a support so as to mesh with the shaft
      gear wheel and with the ring gear. In this case one drive suffices because
      the transmission which turns the mixing drum by means of the ring gear
      simultaneously turns the mixing tool by means of the intermediate gear.
PAR  In the last mentioned case a double armed rocker element is preferably
      journaled on the shaft and stabilized relative to the vehicle frame by a
      movable torque brace. One arm of the rocker element forms the support for
      the intermediate gear, and the other arm mounts a conventional speed
      reducing gear assembly which cooperates with the ring gear to drive the
      mixing drum. The entire drive mechanism and support arrangement thereby
      become space saving, and easy to manufacture and install.
PAR  It is also possible, however, to pivot on the stub axle a support which is
      stabilized relative to the vehicle frame by a movable torque brace, and to
      mount two speed reducing gear assemblies on said support, one of which
      drives the mixing tool supporting shaft and the other of which drives the
      hollow stub shaft which is rigidly secured to the mixing drum. In this
      manner it is possible to provide an independent speed reducing gear drive
      for the mixing drum and another for the mixing tool.
DRWD
PAC  DRAWINGS
PAR  The foregoing and other objects and advantages will become more fully
      apparent as this specification proceeds with reference to the accompanying
      drawings wherein:
PAR  FIG. 1 is a schematic side view, partly in section, of a mixing drum
      incorporating a first embodiment of the invention in a transit concrete
      mixer;
PAR  FIG. 2 is a sectional view of the drum bottom zone of the mixing drum
      according to FIG. 1;
PAR  FIG. 3 is an elevational view of the drum bottom, taken in the direction of
      arrow III in FIG. 2;
PAR  FIG. 4 is a schematic side view, partly in section, of a mixing drum
      incorporating a second embodiment of the invention in a transit concrete
      mixer;
PAR  FIG. 5 is a sectional view of the bottom zone of the mixing drum according
      to FIG. 4;
PAR  FIG. 6 is an elevational view of the bottom zone of the mixing drum
      according to FIG. 5, taken in the direction of arrow V;
PAR  FIG. 7 is a schematic partial section of a mixing drum incorporating a
      third embodiment of the invention in a transit concrete mixer; and
PAR  FIG. 8 is an elevational view in the direction of arrow VIII in FIG. 7,
      showing the drum bottom zone on a larger scale than FIG. 7.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIGS. 1-3 the reference numeral 1 designates a mixing drum which
      conically tapers in opposite directions from the zone 1a of maximum
      diameter. The rearwardly tapering section is designated by the reference
      numeral 1b and terminates in the customary fill and discharge opening 2.
      The forwardly extending section is designated by the reference numeral 1c
      and terminates in a drum bottom 3. The mixing drum 1 is supported on a
      frame 4 which may be the chassis frame of a motor truck, not shown, or an
      intermediate frame mounted on the chassis frame. The mixing drum 1 has an
      axis A which slants upward relative to the frame 4. It is rotatably
      supported by means of a circular rail 5 which surrounds the drum section
      1b and rests on a pedestal 6, and by means of a hollow stub shaft 7 which
      is connected to a hub 3a of the drum bottom 3. The stub shaft 7 is
      journaled in a mounting barrel 8 which in turn is connected to a pedestal
      10 on the frame 4 by means of a hinge 9 which facilitates mounting of the
      drum in its operative position and which is locked upon completion of the
      assembly.
PAR  The mounting barrel 8 supports a conventional water tank 11.
PAR  The inner wall of the drum is provided with helical blades 12 of relatively
      large pitch whereby concrete fed into the drum through the opening 2 is
      drawn toward the drum bottom 3 upon rotation of the drum in one direction,
      and whereby the concrete is discharged through the opening 2 upon rotation
      of the drum in the other direction. The blades 12 are laid out so as to be
      specifically adapted for conveying concrete.
PAR  For transmitting driving torque to the drum a ring gear 13 is secured
      thereto exteriorly of the drum bottom 3. The ring gear 13 meshes with a
      pinion 14 (FIG. 3) of a fluid motor indicated at 15. The fluid motor 15 is
      mounted on a rocker arm 16 which is pivoted at its inner end on the stub
      shaft 7. At its outer end the rocker arm 16 is stabilized relative to the
      frame 4 by means of a movable torque brace 17.
PAR  The fluid motor 15 is driven via hydraulic conduit lines by a pump, not
      shown, which is mounted on the frame 4 and driven by the internal
      combustion engine of the vehicle as by a separate motor.
PAR  Provided within the mixing drum 1 is a mixing tool generally designated by
      the reference numeral 18. The mixing tool comprises two circular series of
      arms 19 which are provided at their free ends with blades 20. The mixing
      tool 18 is supported by an overhung shaft 21 which projects freely into
      the interior of the mixing drum 1 and is journaled in the hollow stub axle
      7. The shaft 21 is driven independently of the mixing drum by a motor 22,
      for instance a fluid motor, via a speed reducing gearing 23. The mixing
      tool is so dimensioned that it extends in the axial direction of the
      mixing drum from the drum bottom over a range of about one-fourth of the
      length of the mixing drum. It could also cover a somewhat greater range,
      up to a maximum of about one-half of the length of the mixing drum but the
      optimal length range is about one-fourth up to one-third of the drum
      length. As may be seen particularly from FIG. 3 the mixing tool 18 rotates
      in a direction opposite to the direction of rotation of the mixing drum 1;
      and the blades 20 are so arranged that during rotation they barely clear
      the inner edges of the helical blades 12. In this manner positive mixing
      of the concrete within the mixing drum during transit is achieved. In
      practice, the mixing drum may rotate very slowly or may temporarily even
      not rotate at all.
PAR  Insofar as the embodiment according to FIGS. 4 to 6 conforms with the
      embodiment according to FIGS. 1 to 3, corresponding parts are designated
      by the same reference numerals, and they will not be described again
      hereinbelow. The mixing tool supporting shaft 21 is here directly
      journaled in the bearing barrel 8 and secured against axial displacement.
      The drum supporting hollow stub shaft 7' extends hub-like into the
      interior of the mixing drum and is journaled on the shaft 21. In this case
      the shaft 21 therefore forms the connection between the hub-like stub
      shaft 7' and the bearing barrel 8.
PAR  A double armed rocker element 16' is journaled on the shaft 21 and secured
      against axial displacement thereon. Like the rocker arm 16 of the
      embodiment according to FIGS. 1 to 3, one arm 16'a of the rocker element
      16' mounts the fluid motor 15 whose associated pinion 14 meshes with the
      ring gear 13. The rocker 16', however, has another arm 16' b which extends
      radially outward from the shaft 21 at the side of the latter opposite to
      the arm 16'a; and journaled on the arm 16'b is an intermediate gear 24
      which meshes with the ring gear 13 on one hand, and on the other hand with
      a gear wheel 25 which is keyed to the shaft 21 inside the ring gear 13.
PAR  In this embodiment the shaft 21 with the mixing tool 18 is turned by the
      same drive which turns the drum 1. The rotation of the ring gear 13 by
      operation of the fluid motor 15 and its associated pinion 14 is
      transmitted by the intermediate gear 24 to the gear wheel 25 and by the
      latter to the shaft 21 with the mixing tool 18. As a result, and due to
      the use of the shaft 21 as a supporting element for the drum 1, a
      particularly simple, space saving assembly outside of the drum bottom 3 is
      achieved.
PAR  In the embodiment according to FIGS. 7 and 8 parts which are identical with
      corresponding parts of the embodiment according to FIGS. 1 to 3 or
      according to FIGS. 4 to 6 are again designated by the same reference
      numeral and will not be redescribed hereinbelow.
PAR  The stub axle 7" which is rigidly connected with drum bottom 3 engages and
      extends beyond the supporting bearing 8" which is mounted pendulum fashion
      on the pedestal 10. The shaft 21 which carries the mixing tool 18 extends
      through and outward beyond the hollow stub axle 7". A housinglike support
      member 26 is journaled on the stub axle 7" and carries two fluid motors 27
      and 28. Hydraulic conduit lines, not shown, connect the motors 27 and 28
      with a motor driven pump, not shown, which is mounted on the vehicle frame
      4. The fluid motor 28 drives the stub axle 7" and therefore the drum 1 by
      means of a speed reducing gearing 29. The fluid motor 27 drives the mixing
      tool supporting shaft 21 by means of another speed reducing gearing 30
      (FIG. 7). The housinglike support member 26 is stabilized relative to the
      vehicle frame 4 by means of a movable torque brace 17".
PAR  The two last mentioned embodiments have the advantage that distortions of
      the vehicle frame do not in any way affect the speed reducing gearings.
PAR  The invention is not limited to the embodiments shown by way of example.
      The number of circular scoop assemblies which form the mixing tool 18 is
      optional. Instead of circular scoop assemblies other mixing tools may be
      used, for instance a helical mixing element, preferably with interrupted
      helix flights. The drive of the speed reducing gearings of the two last
      mentioned embodiments could be effected by flexible shafting driven by a
      motor on the vehicle frame rather than by pumps and fluid motors. In the
      embodiment according to FIGS. 4 to 6 the drum could be provided with an
      outwardly projecting stub axle which is journaled in the bearing barrel 8
      and which in turn supports the rocker 16'.
CLMS
STM  I claim:
NUM  1.
PAR  1. A transit concrete mixer wherein a mixing drum tapers conically toward a
      fill and discharge opening and is mounted on a vehicle frame for rotation
      on an axis which extends in the direction from the drum bottom toward said
      opening on an upward slant relative to the horizontal by means of a stub
      axle secured to said drum bottom and projecting therefrom into a
      supporting bearing; wherein said drum is provided at its inner wall
      surface with axial concrete conveying elements and encloses a coaxial
      supplemental mixing tool which extends in the direction of the drum axis
      from said drum bottom over a range of not more than about one-half of the
      total drum length, said mixing tool being mounted on an overhung shaft
      associated with said drum bottom; and wherein drive means exteriorly of
      said drum are operatively connected to said mixing drum and to said
      overhung shaft.
NUM  2.
PAR  2. A transit concrete mixer as set forth by claim 1 wherein said mixing
      tool comprises a circular series of arms which extend radially from said
      overhung shaft, and blades at the free ends of said arms which project
      closely to the inner edges of said concrete conveying elements.
NUM  3.
PAR  3. A transit concrete mixer as set forth by claim 1 wherein said mixing
      tool comprises two coaxial groups of said arms and blades thereon, one
      behind the other.
NUM  4.
PAR  4. A transit concrete mixer as set forth by claim 1 wherein said stub axle
      is hollow and said mixing tool mounting shaft extends through said stub
      axle.
NUM  5.
PAR  5. A transit concrete mixer as set forth by claim 4, wherein said mixing
      tool mounting shaft is journaled within said stub axle.
NUM  6.
PAR  6. A transit concrete mixer as set forth by claim 1, and further comprising
      a motor on said vehicle frame and a speed reducing gearing operatively
      connecting said motor with said mixing tool mounting shaft.
NUM  7.
PAR  7. A transit concrete mixer as set forth by claim 6, wherein said speed
      reducing gearing is mounted for pivotal movement about the axis of said
      stub shaft; wherein a torque brace is operatively interposed between said
      speed reducing gearing and said vehicle frame; wherein a pump on said
      vehicle frame is driven by said motor; wherein a fluid motor is drivingly
      connected with said speed reducing gearing; and wherein flexible conduit
      lines connect said pump with said fluid motor.
NUM  8.
PAR  8. A transit concrete mixer as set forth by claim 1 wherein said drive
      means comprise a ring gear secured to said drum bottom, a gear wheel
      secured to said shaft interiorly of said ring gear, and an intermediate
      gear in mesh with said ring gear and gear wheel.
NUM  9.
PAR  9. A transit concrete mixer as set forth by claim 8 and further comprising
      a double armed rocker element which is pivoted on said shaft, and a torque
      brace operatively interposed between said rocker element and said vehicle
      frame, said intermediate gear being mounted on one arm of said rocker
      element, and a speed reducing gearing being mounted on the other arm of
      said rocker element including a pinion in mesh with said ring gear.
NUM  10.
PAR  10. A transit concrete mixer as set forth by claim 1, and further
      comprising a support which is pivoted on said stub axle, and a torque
      brace operatively interposed between said support and said vehicle frame;
      and wherein said drive means include two speed reducing gearings one of
      which drives said mixing tool mounting shaft, and the other of said speed
      reducing gearings driving said stub shaft.
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ABST
PAL  An ore processing furnace particularly adapted for processing ores at
      generally low temperatures ranging between 600.degree. Fahrenheit and
      1200.degree. Fahrenheit: said furnace comprising an ore containing and
      processing chamber structure surrounded by a fire box and having ore
      heating tubes extending inwardly from the fire box to a central exhaust
      gas pipe whereby the ore heating tubes extend through a body of ore in
      said chamber; vapor collectors disposed above said ore heating tubes and
      extending upwardly through said chamber structure; vapor collectors above
      said ore heating tubes direct vapor upwardly through vapor conduits to an
      upper portion of said furnace in the area of an ore receiver at the upper
      portion thereof and the vapors are collected in a plenum which also
      exchanges heat to the ore for preheating it before it passes downwardly
      into an area around the ore heating tubes and a condenser communicating
      with the plenum condenses ore vapor to a liquid or a solid condition as
      may be appropriate.
PAL  Variable delivery fuel means is directed to furnish energy to burners in
      the lower portion of the fire box and the variable delivery air driving
      means is disposed to deliver air to said air insulating chamber whereby
      variable delivery of fuel and insulating air as well as variable drive of
      said augur provides for coordinating controls adapted to coordinate the
      processing of ore in said chamber structure and heat transferred to said
      vapor and to said insulating air is used to preheat ore in an upward area
      of said furnace at the receiver thereof. Additionally, hot gas from said
      central exhaust pipe heats a heat exchanger which is disposed in an area
      of an ore receiver at the upper portion of said furnace for exchanging
      heat to the ore and preheating it before it gravitates downwardly into an
      area of said ore heating tubes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various furnaces have been devised for low temperature processing of ores,
      however, many of them have been inefficient due to substantial heat losses
      and also due to a lack of efficiency in transferring heat from the fire
      box to the ore as it passes downwardly through the furnace. Accordingly,
      many prior art or processing furnaces have been inefficient due to
      improper transfer of heat to the ore and loss of heat from the furnace due
      to radiation conduction or convection of such heat away from the furnace
      and away from the ore being processed therein.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises an ore processing furnace particularly
      adapted for processing ores such as antimony or the like which require
      temperatures ranging generally between 600.degree. and 1200.degree.
      Fahrenheit. The furnace comprises efficient means for heating the ore in
      the ore containing and processing chamber as well as efficient means for
      transferring heat of the exhaust and air insulation as well as ore vapors
      to an upper area of the furnace wherein the heat normally lost from such
      furnaces is transferred into the ore in a receiver area thereof for
      preheating the ore preliminary to its passage into an area wherein ore
      heating tubes are disposed in communication with the fire box of the
      furnace. The furnace of the invention has a novel fire box which surrounds
      an ore processing chamber and ore heating tubes extend from the fire box
      radially inward to a central hot gas exhaust pipe and thus extends through
      ore in the chamber while vapor collectors are disposed above the heating
      tubes in a generally horizontal position and these vapor collectors are
      generally of downwardly directed V-shaped in cross section structure
      adapted to trap the rising vapors and edges of these collectors are
      generally overlapped in a superimposed relationship to each other so that
      rising vapors in the chamber will meet and pass into one or the other of
      the collectors. These vapor collectors communicate with conduits which
      extend upwardly to a vapor receiving plenum which has an outlet
      communicating with a condenser for condensing the ore into a liquid or
      solid state as desired and which may be appropriate.
PAR  The plenum receiving the hot vapor is disposed in an upper area of the
      furnace near the receiver thereof and is adapted to transfer heat to
      incoming or downwardly moving ore in an area directly below an opening
      which extends downwardly in a converging relationship from the ore
      receiver of the furnace so that heat is efficiently transferred from the
      vapor receiving plenum to ore in the upper portion of the furnace for
      preheating the ore before it reaches the area of the ore heating tubes
      which communicate with the fire box. Additionally, a heat exchange means
      communicates with the interior and surrounding areas about the hot gas
      exhaust pipe so that hot gases from the exhaust pipe are transferred
      outwardly in an area surrounding the central exhaust pipe and into ore in
      the ore receiver of the furnace above the ore heating tubes thereof so
      that the exhaust gases from the fire box are used to preheat the ore
      before it reaches the ore processing temperature afforded by the ore
      heating tubes which extend from the fire box into the hot gas outlet pipe
      in a generally horizontal and radial direction. The ore heating tubes are
      raised in a generally radiating array diverging outwardly from the hot gas
      outlet pipe to the surrounding fire box area of the furnace. An air
      insulating chamber around the fire box insulates the fire box from losses
      and an insulating layer around the insulating air chamber further prevents
      conductive losses. The air from the air chamber moves upwardly through
      conduits to an area of the exhaust gas outlet pipe below the
      aforementioned heat exchanger so that the heat conducted from the fire box
      to the insulating air is transferred into the area of the hot gas exhaust
      into the area of the heat exchanger which preheats the ore in the ore
      receiver of the furnace.
PAR  The furnace of the invention comprises rate controlled fuel means adapted
      to deliver fuel to burners in the lower portions of the fire box at a
      variable rate. Additionally, an ore removal augur is adapted to remove ore
      waste from the lower portion of the ore processing chamber structure of
      the invention and this augur being operable at a variable rate cooperates
      with the variable fuel delivery means in the fire box and further a
      variable delivery air supply means is disposed in communication with the
      insulating air chamber surrounding the fire box so that various rates may
      be adjusted to efficiently process ore so as to remove an optimum
      percentage of vaporous elements from the ore as it passes downwardly
      through the furnace. Additionally, vibrating means is coupled to the ore
      receiver at the upper part of the furnace in order to assist in the
      downward gravity flow operation of the crushed ore into intimate
      relationship with the ore heating tubes of the furnace. The ore heating
      tubes of the furnace are directed below the vapor collectors and thus heat
      rising from the tubes also heat the vapor collectors which are disposed
      such that the ore contacts the upper surface of these vapor collectors and
      thus any ore which is processed above the tubes will emit vapor which will
      pass upwardly into the next superimposed vapor collector thereabove.
PAR  Accordingly, it is an object of the present invention to provide a very
      efficient ore processing furnace adapted to operate in a temperature
      ranging between 600.degree. and 1,200.degree. Fahrenheit and wherein heat
      carried in the exhaust gases and in the ore vapors as well as insulating
      air surrounding the fire box is utilized to preheat ore in an upper
      portion of the furnace before the ore reaches the ore heating tubes in the
      processing chamber of the furnace.
PAR  Another object of the invention is to provide an ore processing furnace
      particularly adapted for processing ore such as those containing antimony
      or the like.
PAR  Another object of the invention is to provide a novel means for heating ore
      in a furnace and for collecting desirable vapors therefrom.
PAR  Another object of the invention is to provide a novel furnace construction
      having substantially circular cross section with radiating ore heating
      tubes extending from a surrounding fire box into a central exhaust gas
      outlet system and novel collectors disposed over the ore heating tubes for
      collecting vapors from the ore.
PAR  Another object of the invention is to provide an ore heating furnace in
      which various factors such as heat input or movement rate may be adjusted
      to obtain optimum results in processing of ore in the furnace.
PAR  Another object of the invention is to provide means by which exhaust gas
      from the furnace as well as insulating air surrounding the fire box
      thereof and hot vapors processed from the ore all exchange their heat to
      ore entering the processing chamber whereby the ore is preheated thereby.
PAR  Another object of the invention is to provide a very simple efficient and
      economical ore processing furnace.
PAR  Further objects and advantages of the invention may be apparent from the
      following specification, appended claims and accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary vertical sectional view of the ore processing
      furnace of the invention showing structure further broken away and in
      section and portions in elevation to amplify and facilitate the
      disclosure;
PAR  FIG. 2 is a planned sectional view taken from the line 2--2 of FIG. 1;
PAR  FIG. 3 is an enlarged fragmentary sectional view taken from the line 3--3
      of FIG. 2;
PAR  FIG. 4 is a fragmentary planned sectional view taken from the line 4--4 of
      FIG. 3; and
PAR  FIG. 5 is a diagramatic view of the staggered relationship of the vapor
      collectors of the furnace in relation to the disposition of the ore
      heating tubes therein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIG. 1 of the drawings, the furnace is provided with an ore
      containing and processing chamber structure defined by a generally
      cylindrical wall member 10 which is preferably made of steel or the like.
      This chamber structure 10 is provided with a downwardly converging bottom
      12 communicating with an outlet 14 thereof in which a helical augur 16 is
      adapted rotatably to move ore waste such as rock particles or the like in
      the direction of an arrow 18 through a waste outlet conduit 20.
PAR  The ore waste removal augur 16 is preferably driven by variable speed motor
      for rate control of the flow of waste material in order to also control
      the compaction inflow of ore particles being processed in the chamber
      structure 10.
PAR  The chamber wall structure 10 is provided with an upper open end portion 22
      with which an ore receiver 24 communicates. This ore receiver 24 is
      composed of a generally downwardly converging fresto-conical structure and
      this structure is provided with an inwardly directed generally downwardly
      converging ore feed structure 26 having a central opening 28 therein which
      feeds ore downwardly into a generally central area of the chamber
      structure 10.
PAR  Surrounding the ore processing chamber wall 10 is a fire box surrounding
      wall 30 which constitutes a heat retaining wall spaced from the wall
      structure 10 of the ore processing chamber. The spaced relationship of the
      wall 30 from the wall 10 provides a fire box area 32 in the lower portion
      of which burner means 34 is disposed. This means 34 is preferably gas
      fired and communicates with a variable delivery fuel means 36 which may be
      a variable air delivery pump carrying a fuel gas mixture so that variable
      delivery of fuel to the burners 34 may be accomplished.
PAR  The burner structure 34 is preferably a generally circular structure
      adapted to surround the generally circular fire box wall 10.
PAR  Communicating with the fire box area 32 through openings 38 in the wall 10
      are ore heating tubes 40. These ore heating tubes 40 extend radially
      inward in a generally horizontal direction and communicate at their inner
      ends with the interior of the exhaust gas pipe 42 shown best in FIGS. 1
      and 2 of the drawings. This pipe 42 is disposed generally centrally in the
      chamber 10 and extends upwardly through a central area of the ore receiver
      24 as shown best in FIG. 1 of the drawings. Thus hot gas from the fire box
      32 passes horizontally through the ore heating tubes 40 and directly above
      these ore heating tubes 40 are vapor collectors 44 which are disposed to
      receive rising vapors vaporized from the ore in the chamber structure 10.
PAR  As shown best in FIGS. 3 and 5 of the drawings, the vapor collectors 44 are
      disposed and staggered and superimposed relationship to each other and
      each collector 44 is disposed over a respective ore heating tube 40.
      Opposite edges of superimposed vapor collectors 44 being designated 46 and
      48 generally overlap each other as shown in FIGS. 3 and 4 of the drawings
      so that vapor rising upwardly will enter one or the other of the vapor
      collectors 44 and pass upwardly through respective branch conduits 50
      which enter generally vertical vapor conducting tubes 52 which transfer
      the vapor upwardly into a vapor receiving plenum 54 having an outlet 56
      communicating with a conventional vapor condenser 58 adapted to condense
      the vapor to either liquid or solid state as may be desired and
      appropriate to the particular material being condensed.
PAR  The vapor plenum 54 is a generally circular structure surrounding the
      centrally located hot gas exhaust pipe and the plenum 54 is directly below
      the outlet opening 28 of the downwardly converging receiver structure 26
      so as to receive ore thereon and such that heat transfer is made between
      the vapors entering the plenum 54 and the incoming ore so as to preheat
      the ore by means of the heat in the vapors entering the plenum 54.
PAR  These vapors are antimony vapors in case of antimony ore and may be other
      vapors depending upon the ores being processed.
PAR  Hot gases from the exhaust pipe 42 pass upwardly into communication with
      heat exchanger coils 60 internally of the exhaust pipe 42 and these coils
      60 communicate in a closed circuit relationship with coils 62 outside the
      exhaust pipe 42 and in the area of the ore entering the receiver 24 so
      that hot gases from the fire box which pass upwardly through the exhaust
      pipe 42 after heating the ore by means of the tubes 40 is used to preheat
      the ore before it passes downwardly into an area of the ore heating tubes
      40.
PAR  Additionally, the hot gas exhaust pipe 42 receives hot air from tubes 64
      which pass upwardly from an insulating air chamber 66 surrounding the
      outer wall 30 of the fire box 32. The insulating air space 66 being
      supplied air by variable delivery air moving blower 68 which delivers
      insulating air into the chamber 66 which is surrounded by a wall structure
      70 and a layer of insulation 72. Thus the insulating air chamber 66
      conducts air which prevents heat exchange to a substantial degree to the
      wall 70 and the insulation 72 prevents losses externally of the wall 70.
      Accordingly, air heated in the air insulation chamber 66 passes upwardly
      through the tubes 64 and contributes to the heat in the hot gas exhaust
      pipe 42 which heat is extracted by the heat exchanger coil 60 and
      transferred to the coil 62 which in turn transfer heat to the ore entering
      the furnace for preheating it before it reaches the ore heating tubes 40.
PAR  A liquid circulating pump 74 is disposed in circuit with the coils 60 and
      62 and is adapted to deliver liquid through the coils so that heat will be
      transferred by the liquid from the coils 60 to the coils 62.
PAR  The liquid may be water or any other suitable liquid even liquid metal
      depending upon the desired temperature range in which exchange is to be
      made from the heated air and gases passing upwardly through the hot gas
      exhaust pipe 42.
PAR  Vibrators 76 are coupled to the ore receiver 24 and may be used
      vibrationally to cause particulate or crushed ore to move downward through
      the ore processing chamber 10 to the augur 16 and these vibrators 76 may
      also be operated variably to aid in optimum flow relationship to the heat
      input and the vaporization of materials from the crushed ore as desired.
PAR  In operation, the ore enters the receiver above the downwardly converging
      structure 26 and the ore is gravity fed or vibrated downward through the
      opening 28 onto the plenum 54 which preheats the ore while the ore is also
      being preheated by the coils 62 hereinbefore described.
PAR  As the vibrators move the ore downward into the chamber 10 it is heated by
      the heating tubes 40 which receive substantial heat from the fire box 32.
      The ore surrounding the areas of the tubes 40 as well as the vapor
      collectors 44 is heated such that material such as antimony or the like is
      vaporized and this vapor passes upwardly through the ore and into upwardly
      converging structures of the vapor collectors 44 and thence into the
      plenum 54 and the condenser 58.
PAR  The superimposed overlapping edges 46 and 48 of the vapor collectors 44
      provides assurance that the entire cross sectional area of the chamber 10
      is covered by vapor collectors so that all the vapor rising will pass into
      the various vapor collectors as it moves upwardly through the heated ore.
PAR  Diagramatically, FIG. 5 discloses the overlapping relationship of the
      superimposed vapor collectors 44 in relation to the ore heating tubes 40.
      It will be understood that the vapor collectors 44 are tapered radially
      and convergingly inward toward the pipe 52 as shown generally in FIG. 4 of
      the drawings. Thus the construction is adapted in a manner to attain
      complete coverage of the cross section of the ore processing chamber by
      the vapor collectors so that all of the rising vapors will be collected
      and transferred through the conduits 52 to the plenum 54.
PAR  It will be appreciated that the heat transfer from the insulating air
      chambers 66, the vapor plenum 54 and the gases passing upwardly through
      the hot gas exhaust pipe is all utilized to preheat the ore before it
      reaches the main processing area of the furnace wherein the ore heating
      tubes 40 are disposed.
PAR  By operating the vibrator 76, the augur 16, the variable fuel delivery
      means 36 and the variable delivery air supply means 68 provide means by
      which the functions thermodynamically may be coordinated to attain optimum
      processing of the ore to obtain the greatest percentage of the ore vapors
      from the ore as may be economically feasible.
PAR  It will be obvious to those skilled in the art that various modifications
      may be resorted to without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An ore processing furnace adapted for processing ores such as those
      containing antimony and which require temperatures ranging generally
      between 600.degree. Fahrenheit and 1200.degree. Fahrenheit; said furnace
      comprising: an ore containing and processing chamber structure having a
      surrounding wall and an upper open end provided with an ore receiver; said
      chamber structure having a lower partially enclosed end; a power operated
      means in said lower end adapted to be driven at a controlled rate to move
      ore waste such as rock particles or the like from said lower end of said
      chamber structure; a heat retaining wall surrounding said chamber
      structure and disposed in spaced relation thereto and defining a fire box
      space adjacent said chamber structure; said surrounding wall of said
      chamber structure having a plurality of openings extending therethrough;
      ore heating tubes communicating with said space; a central hot gas exhaust
      pipe extending upwardly through said chamber structure; said ore heating
      tubes intercommunicating with said openings and said hot gas exhaust pipe
      for conducting hot gas through the interior of said chamber structure
      whereby said ore heating tubes conduct heat to ore in said chamber
      structure; vapor collectors above said ore heating tubes; vapor conduits
      communicating with said vapor collectors and extending upwardly through
      said chamber structure.
NUM  2.
PAR  2. The invention as defined in claim 1, wherein: an air housing structure
      having upper and lower ends is provided with a wall surrounding said heat
      retaining wall and spaced therefrom to provide an insulating air space
      around said heat retaining wall.
NUM  3.
PAR  3. The invention as defined in claim 2, wherein: means is provided for
      delivering air under pressure to said insulating air space near said lower
      end of said air chamber structure; and conduit means for conducting heated
      air into an area above said vapor collectors of said ore receiver for
      preheating ore therein.
NUM  4.
PAR  4. The invention as defined in claim 1, wherein: said power operated means
      comprises a rotatable augur.
NUM  5.
PAR  5. The invention as defined in claim 1, wherein: said central hot gas
      exhaust pipe also extends through said ore receiver and said heat
      retaining wall of said air housing structure is provided with insulation
      material adapted to prevent heat transfer to the atmosphere surrounding
      said furnace.
NUM  6.
PAR  6. The invention as defined in claim 1, wherein: said ore receiver is
      provided with a downwardly converging generally inverted frusto-conical
      funnel like structure having an opening therein surrounding said hot gas
      exhaust pipe; a plenum below said opening of said ore receiver; said
      plenum communicating with said vapor conduits whereby hot vapor in said
      plenum tends to preheat ore which gravitates from said opening in said ore
      receiver and said preheating of ore being in an area above said vapor
      collectors.
NUM  7.
PAR  7. The invention as defined in claim 1, wherein: heat exchange means is
      disposed to be heated by hot gases rising in said exhaust pipe; said heat
      exchange means being disposed to preheat ore surrounding said exhaust pipe
      and in an area above said vapor collectors.
NUM  8.
PAR  8. The invention as defined in claim 2, wherein: a layer of insulation is
      disposed around said air housing structure.
NUM  9.
PAR  9. The invention as defined in claim 3, wherein: said means for delivering
      air under pressure is a variable delivery means adapted to vary the flow
      of air in said insulating air chamber.
NUM  10.
PAR  10. The invention as defined in claim 1, wherein: said vapor collectors are
      disposed above said ore heating tubes and are generally roofed shaped
      structures having apex portions with downwardly diverging structure
      generally in the form of an inverted V-shaped trough.
NUM  11.
PAR  11. The invention as defined in claim 10, wherein: adjacent edges of said
      vapor collectors are superimposed one above the other and are in generally
      overlapped relationship to each other so that vapors rising in the body of
      ore around said heating tubes will enter an adjacent collector or the next
      superimposed collector therabove.
NUM  12.
PAR  12. The invention as defined in claim 11, wherein: said vapor collectors in
      their superimposed relationship have generally overlapping edges which are
      radially tapered divergingly in a direction from said central hot gas
      exhaust pipe toward the said surrounding wall of said ore containing and
      processing chamber structure.
NUM  13.
PAR  13. The invention as defined in claim 1, wherein: fuel burners are disposed
      in a lower area of said fire box and variable delivery fuel means is
      disposed for delivery of fuel to said burners for generating hot gas in
      said fire box.
NUM  14.
PAR  14. The invention as defined in claim 7, wherein: said heat exchange means
      is provided with a tubular coil in said hot gas exhaust pipe; said coil
      having inlet and outlet portions projecting through the wall of said hot
      gas outlet pipe and having integral external coils disposed radially
      outward from the periphery of said hot gas exhaust pipe to conduct
      preheating energy to said ore.
NUM  15.
PAR  15. The invention as defined in claim 14, wherein: said coils are provided
      with a heat transfer liquid and pump means for circulating said liquid in
      said coils.
NUM  16.
PAR  16. The invention as defined in claim 1, wherein: a condenser is disposed
      for receiving vapor from said vapor conduits whereby said vapor may be
      condensed for collecting liquid or solid material vaporized from said ore.
NUM  17.
PAR  17. The invention as defined in claim 1, wherein: vibrator means is
      provided for vibrating said ore downwardly into said ore containing and
      processing chamber structure.
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ABST
PAL  Metallic scrap contaminated with combustibles is melted in a well-type
      furnace to recover the metallic component with the aid of preheated air
      and heat generated by burning the fumes generated by the combustible
      contaminants. The scrap is fed into a depository well which communicates
      with a main furnace well under a combustion chamber in which burners are
      operated. Melting heat is transmitted through the molten material within
      the wells to the incoming scrap within the depository well to maintain its
      temperature at a level sufficient to melt the scrap and both
      significantly, heat the air above the depository well and vaporize the
      combustibles. A negative pressure is maintained above the depository well
      by a hood covering the depository well thus preventing the escape of fumes
      but admitting air. The hood communicates with a duct system which
      incorporates a blower and leads to the burners. The fumes and air from the
      depository well are thereby directed into the burners, which ignite and
      burn the same; sometimes with conventional fuel such as natural gas, the
      latter being needed in only a reduced amount.
PARN
PAR  This application is a division of application Ser. No. 284,244, filed Aug.
      28, 1972, now U.S. Pat. No. 3,839,016.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to the reclaiming of metal from
      by-products and scrap, and more particularly, to an improved well-type
      melting furnace and process for use therewith.
PAR  In the recovery of metals from scrap materials, some of the greatest
      problems have been presented by scrap contaminated with combustibles,
      particularly hydrocarbons, such as oil, paint, grease and the like. Such
      hydrocarbon-contaminated materials have required rather elaborate
      processing to drive off by vaporization as much of the hydrocarbon
      contaminant as possible while avoiding oxidation of the metal, which would
      decrease recovery. The processing of such scrap results in production of
      fully or partially unburned hydrocarbon-bearing fumes which previously
      were wasted and which added a further problem of pollution. A superior
      solution to these problems for rotary furnaces, involving in situ
      utilization of the combustible vapors as fuel for the melting process, has
      been set forth in the copending application of Robert G. Snyder, et al,
      "Method of Reclaiming Metal from Scrap Materials," Ser. No. 59,640, filed
      7/30/70, and now assigned to the same assignee as the present invention
      now abandoned.
PAR  The well-type melting furnace which is often used for such recovery
      operations has presented certain additional problems peculiar to its own
      design. Such a well-type furnace consists of a vertically-extending
      central heating chamber over a well which extends horizontally both within
      and on at least one side thereof, outside the heating chamber. The outside
      well portion of the furnace normally has been open to permit fumes of
      unburned hydrocarbons and other combustibles to escape and dissipate in
      the surrounding atmosphere. Due to the design of the furnace, it has been
      proven difficult to dispose of such fumes without disturbing its
      operation.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improved well-type melting furnace for
      reclaiming metals from metallic scrap material contaminated with
      combustibles. It includes a large well which is operatively divided into
      two communicating wells: one being the receiving well for scrap material
      during melting and the other being the main holding well for molten metal.
      A combustion chamber, defined over the main holding well is equipped with
      a burner secured within the input opening of the combustion chamber to
      provide the heat for melting and treating the scrap material. Heat from
      molten material flowing between the holding well and the scrap receiving
      well produces combustible fumes by vaporizing the combustibles of the
      scrap material, and significantly preheats the air above the scrap
      receiving well. A vaporization chamber defined over the scrap receiving
      well has an exhaust opening and duct means connecting the same with the
      burner. The vaporization chamber collects the fumes and preheated air for
      ignition at the burner in the combustion chamber. In this manner the
      vaporized combustibles generated by scrap material in the receiving well
      are prevented from escaping and are utilized in the melting process. Since
      the combustible fumes are thus utilized and the combustion air is
      preheated, the efficiency of the furnace is markedly increased and the
      requirements of the furnace for conventional fuels are significantly
      reduced. At the same time the exhaust of combustible fumes and air
      pollutants from the combustion chamber of the furnace is substantially
      eliminated.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
PAR  FIG. 1 is a plan view of an improved well-type melting furnace embodying
      the present invention; and
PAR  FIG. 2 is an elevational view of the furnace of FIG. 1, shown partially in
      cross-section to better illustrate certain portions thereof.
DETD
PAC  DETAILED DESCRIPTION
PAR  This invention is susceptible of embodiment in many different forms. There
      is shown in the drawings and will be herein described in detail, however,
      a preferred embodiment of the invention. It should be understood that the
      descriptions contained herein are but an exemplification of the principles
      of the invention and are not intended to limit the scope of the invention
      to the embodiment illustrated and described.
PAR  The furnace 10 illustrated in FIGS. 1 and 2 is a well-type furnace divided
      into a combustion and primary heating chamber 12, in which is mounted a
      pair of burners 40 supplied with gaseous fuel, and a vaporization chamber
      30, both overlying a well 26 for the molten metal pool M. The well 26
      actually is divided into a holding well 27, underlying the combustion
      chamber 12 and a material receiving and melting well 25 underlying the
      vaporization chamber 30. When contaminated raw material is supplied to the
      melting well 25 combustible fumes are developed in the vaporization
      chamber 30 and a duct system 35 feeds the fumes so developed to the
      burners 40 which burns these fumes, along with more typical gaseous
      flammable fuel to melt materials deposited within the furnace.
PAR  Structurally the furnace 10 has a bottom floor 11 of a generally
      rectangular configuration. At one side of the floor over a substantial
      portion thereof is the heating and combustion chamber 12 (FIG. 2). It is
      defined by front and rear walls 14 and 15 (FIG. 1) extending upwardly from
      respective front and rear edges of floor 11, and a first side wall 16
      extending upwardly from one side of floor 11, all being of the same given
      height. A second side wall 17 has a plurality of openings 18 (only one (1)
      being shown) to provide communication between the receiving well and the
      holding well and to provide separation between the vaporization chamber 30
      and combustion chamber 12. An upper covering wall 19 secured over the top
      edge of walls 14 through 17 serves to complete combustion chamber 12.
PAR  Respective opposite side wall portions 22 and 23 of side walls 14 and 15
      also extend beyond wall 17 and upwardly from floor 11 to a height which is
      a fraction of that of chamber 12, and together with a third side wall 24
      at the remaining side edge of floor 11, define receiving or depository
      well 25. This well is open at its upper edges to enable scrap metal to be
      deposited within the well for processing. Further this depository well 25
      communicates through openings 18 with the holding and combustion chamber
      in the partition wall 17. The entire lower portion of the furnace 10
      adjacent floor 11, wherein molten metal will be contained (the level of
      which is represented by the broken line in FIG. 2), is the unitary well
      portion 26, which includes a main well 27 under combustion chamber 12, and
      the depository well 25.
PAR  A hood 29 is secured over scrap depository well 25 and completely encloses
      the opening of the well to form the vaporization chamber 30. The chamber
      is equipped with doors (not shown) providing access to the well for
      feeding, stirring, etc. Hood 29 is part of the system of ducts 35, which
      includes a longitudinal tube 31 extending over upper covering wall 19
      between chambers 25 and 30. At one end, tube 31 is connected to and
      communicates with hood 29, while at the other end, it is secured to a
      blower assembly 33 and communicates therewith. The blower assembly 33 is
      connected to a tube 34, which extends upwardly and transversely from the
      burners 40 to communicate with both the burners at the lower end, and with
      the blower assembly 33 at the upper end. The tube 34 carries a blower
      discharge damper 36 and an air valve 37 immediately below the blower 33,
      as well as individual dampers 42 for each of the burners for controlling
      the volume and air mixture of the fume input into the burners 40, thus
      completing the duct system 35.
PAR  The burners 40, of conventional design, are mounted within respective
      apertures in side walls 16 and extend therethrough into combustion chamber
      12. They are supplied both with natural gas or other similar fuel in a
      conventional manner, through typical respective gas regulators and valves
      (not shown) and also with fumes from vaporization chamber 12, through the
      duct system 35. The combustion chamber 30 is also equipped with an exhaust
      stack 45, upper wall 19 being provided with a suitable aperture for
      affording communication between stack 45 and chamber 12.
PAR  The processing of the contaminated scrap is begun by initially depositing a
      predetermined amount of metal in either molten or solid state within well
      26 and heating the material to its melting temperature by operating
      burners 40 in the conventional manner with a natural gas or similar fuel.
      A pool of molten metal is thus established within main well 27 and
      depository well 25, flowing between the two chambers via apertures 18.
      Subsequently, contaminated scrap material and selected amounts of flux are
      initially fed into vaporization chamber 30. At the same time, the
      temperature within combustion chamber 12 is raised to a preselected level
      adequate to melt the metal constituents of the scrap, and to ignite any
      combustible or hydrocarbon constituents as well.
PAR  However, before the scrap is melted, it first must rest in depository well
      25, whose temperature is generally lower than that of the main well 27,
      being established by conduction from the heated material in well 27
      through apertures 18. Although the temperature is too low for the ignition
      of the combustibles because of combustible material and air ratio, it is
      at a high enough level to vaporize the combustible or hydrocarbon
      constituents of the scrap. At the same time, the metal constituents of the
      scrap become covered with molten flux, preventing oxidation of the metal,
      while the hood 29 is either supplied with ports, or is provided with large
      enough clearances so that vaporization chamber 25 is richly supplied with
      air. Blower 33 establishes a suction through tube 31, so that the result
      is a negative pressure within hood 29 and depository well 25 which
      prevents vaporized combustibles and other fumes from escaping. Also,
      because of the oxygen-rich atmosphere, at least a partial oxidation of the
      fumes is achieved as they are driven off of the scrap.
PAR  Meanwhile, the melting of the metal constituents proceeds with the aid of
      mixing of the mass in well 25 either manually or mechanically as disclosed
      in the U.S. Pat. No. 3,703,340. Thus, the scrap originally placed in well
      25 is melted and eventually finds its way into main well 26 through
      apertures 18. As the melting of the scrap continues, the fumes driven off
      the scrap into chamber 30 are forced into tube 31 by the negative pressure
      generated by blower 33. The blower then forces these fumes into tube 34
      and the burners 40, where they are mixed with the normal natural gas fuel
      of the burners and then ignited within combustion chamber 12.
PAR  A large amount of air is drawn into the duct system 35 by the action of
      blower 33 so that all the air to support combustion within chamber 12 is
      normally supplied from vaporization chamber 30. Excessive amounts of air,
      such as for example might result during the initial start-up of the
      furnace, when the amount of scrap and degree of heat is still too low to
      generate much fume, may be compensated for by adjustment of air valve 37,
      or the amount of fuel supplied to burners 40 as may the converse condition
      of too little air because of an excessive amount of fume. Additional
      compensation may also be had to control the volumetric rate of flow of the
      total gaseous content through duct system 35 by adjustment of discharge
      damper 36. Also the flow into each respective one of burners 40 may be
      balanced by individual adjustment of dampers 42. Air valve 37 is powered
      by a motor which responds to a signal generated by a sensor 44 positioned
      below stack 45 to open and the close the valve automatically to maintain
      the proper fuel-air ratio and therefore oxygen level, for complete
      combustion of the fumes and gas.
PAR  If desired an additional motorized valve 50 connected to a source of air
      and controlled to maintain the temperature of the gaseous materials
      entering the blower 33 at a predetermined level.
PAR  After initial start-up, additional fuel and scrap is fed at a steady rate
      into well 25. If the scrap contains an adequate percentage of
      combustibles, fumes will be generated and channeled into combustion
      chamber 12 having a heat valve such that their combustion will maintain
      the chamber 12 at the preselected temperature. The burner then acts merely
      as a pilot light to ignite the fumes, and the natural gas supply is
      reduced accordingly to a minimum. The temperature of the chamber 12 is
      then maintained quite readily near the preselected temperature by varying
      the feed rates of the scrap to prevent an excessive amount of fumes from
      being generated, while at the same time furnishing a sufficient volumetric
      rate of fumes to maintain the preselected temperature.
PAR  If the scrap contains lesser percentages of contaminants, so that not
      enough combustible fumes are generated to heat the chamber 12 to the
      fume-igniting preselected temperature when such scrap is fed at rates that
      may be accommodated by the furnace, the resultant temperature drop is
      monitored, and more gas is directed to the burners 40, at a volumetric
      rate which generally varies inversely to that of the production of the
      fumes, and in any case in sufficient quantity to maintain the temperature
      at the preselected level. Thus, in either case, a fuel mixture with heat
      producing potential adequate to yield the selected temperature is readily
      obtained, and all of the combustible contaminating components of the scrap
      are utilized as fuel by the burner. This reduces the amount of natural gas
      or equivalent outside fuel required by the burner to melt the scrap, as
      well as preventing wastage of the fumes from exhaust stack 45. At the same
      time, the exhaust which finally escapes through stack 45 is free of any
      combustible fumes, which no fumes are allowed to escape into the area
      around the furnace from chamber 30. In this manner, a significant savings
      due to lowered fuel gas consumption and the elimination of wastage of
      combustible fumes is achieved together with the substantial elimination of
      the release of combustible fumes into the atmosphere about the furnace.
CLMS
STM  I claim:
NUM  1.
PAR  1. A well-type melting furnace for reclaiming metals from metallic scrap
      material contaminated with combustibles comprising: a well for containing
      scrap material during melting; means defining a combustion chamber over a
      portion of said well, said chamber having an exhaust opening and an input
      opening; means defining a vaporization chamber over the remaining portion
      of said well, said vaporization chamber having an outlet adjacent an upper
      end of said vaporization chamber; a burner secured within said input
      opening for heating and melting said scrap material and forming a molten
      metal pool within said well to produce combustible fumes in said
      vaporization chamber by vaporizing said combustibles; and duct means
      connecting said vaporization chamber outlet with said burner for
      collecting said fumes from said vaporization chamber and channeling them
      directly into and through said burner for ignition in said combustion
      chamber, said combustibles being thereby captured for utilization in
      melting said scrap material, and the exhaust of combustible fumes being
      thereby substantially eliminated.
NUM  2.
PAR  2. A furnace as in claim 1, which further includes means for introducing
      oxygen into said burner for mixture with said combustible fumes.
NUM  3.
PAR  3. A melting furnace as in claim 1 in which said vaporization chamber
      includes means allowing air to enter therewithin to establish an oxidizing
      atmosphere in the vaporization chamber and to accommodate combustion in
      said combustion chamber.
NUM  4.
PAR  4. A furnace as in claim 1 which further includes blower means positioned
      within said duct means and creating a negative pressure within said
      vaporization chamber to insure the collection of said fumes and prevent
      their escape, said blower forcing said collected fumes into said burner.
NUM  5.
PAR  5. A furnace as in claim 1 in which said burner is also supplied with a
      flammable gaseous fuel for simultaneous ignition with said combustible
      fumes.
NUM  6.
PAR  6. A furnace as in claim 1 which further includes means positioned adjacent
      said combustion chamber exhaust opening for sensing the degree of
      combustion of said fumes, and means responsive to said sensor means for
      supplying oxygen to said combustion chamber in variable amounts to insure
      complete combustion of said fumes.
NUM  7.
PAR  7. A furnace as in claim 1 in which said scrap is deposited in said
      remaining portion of said well at a rate to maintain said combustion
      chamber at a temperature sufficient to ignite said fumes.
NUM  8.
PAR  8. A furnace as in claim 1 in which said means defining said combustion
      chamber and said means defining said vaporization chamber include a common
      wall extending downwardly into said well below the normal level of
      material within said well to divide said well into a first portion below
      said combustion chamber and a second portion below said vaporization
      chamber, while permitting communication between said well portions for the
      transmission of heat by conduction through said material from said first
      portion to said second portion to cause vaporization of said combustibles
      within said second portion into said vaporization chamber.
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ABST
PAL  A liquid spring shock absorber is provided with an improved piston
      head-piston rod assembly free of stress force concentrating design
      features. The shock absorber assembly further includes a slidably
      extending member for the accomodation of tension loads.
PARN
PAR  This is a continuation-in-part of copending application Ser. No. 390,875
      filed Aug. 23, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to shock absorbers and, more specifically, to a
      shock absorber assembly incorporating a liquid spring assembly capable of
      withstanding both compression and tension forces.
PAR  A need for highly-efficient, low cost, reliable shock absorbers has arisen
      in several diverse areas. Because of the increase in emphasis on
      automotive safety, devices have been developed for the mitigation of
      impact forces encountered by automobile bumpers. It has also been found
      desirable to provide the coupling mechanism of railroad cars with an
      energy absorbing system. One such device which has met with success in
      these applications is the liquid spring, fluid amplification shock
      absorber. This device employs a housing adapted to hold a body of fluid, a
      sweeping means, such as a piston head, slidably disposed within the
      housing, and a body of compressible fluid within the housing. Impact
      forces are transmitted through a piston rod to the piston head which then
      sweeps through the housing. The piston rod and head compress and displace
      the fluid therein, whereby the impact force is dissipated. The fluid
      amplified, liquid spring shock absorber is described more fully in U.S.
      Pat. No. 3,722,640.
PAR  While this device has been found to be highly suitable for mitigation of
      compressive shock forces, some difficulties have been encountered when the
      device is required to withstand tension loads which occur, for example,
      when an automotive vehicle is towed by its bumper or when railway cars are
      in draft.
PAR  Further difficulties have been experienced in holding the concentricity
      tolerances to provide even flow between the piston and housing of the
      aforementioned patent. Additionally, even flow problems have been
      encountered where the side loading of a side blow on a vehicle bumper has
      caused shifting of the piston head in the housing.
PAR  The incidence of malfunction of the liquid spring shock absorber associated
      with tension loads is related to the fact that these devices operate by
      virtue of a 10% compression of volume of the fluid within the housing.
      Piston rod displacement, therefore, dictates the size of the entire unit.
      In order to reduce the assembly size and weight and resulting cost, it is
      necessary to reduce piston rod displacement to a minimum. The piston rod
      is, therefore, designed to the minimum dimensions which will withstand
      only the compressive forces anticipated. Such design requires the use of
      costly, relatively brittle materials, and of course, notching or threading
      the piston rod in order to accomodate tension loads results in the
      concentration of stress forces which induces fatigue failures.
PAR  Furthermore, where the piston rod is used to accept tension loads, the
      point of attachment between the piston head and piston rod is also a
      potential stress concentration point and for this reason it has been
      necessary to construct a solid, one-piece piston head and rod. This, of
      course, is very costly due to the waste of construction materials.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention the above-identified problems and
      disadvantages associated with the automotive, rail transportation, and
      industrial applications of liquid spring shock absorbers are obviated. The
      shock absorber assembly of the present invention includes a liquid spring
      assembly, as heretofore described, including the improvements wherein the
      piston rod is press fitted within the piston head such that the frictional
      force created by the press fit is sufficient to maintain the piston rod in
      fixed relation with the piston head even after the liquid spring assembly
      is pressurized. Furthermore, the shock abosrber assembly of the present
      invention utilizes a piston rod of constant cross-sectional area which is
      free from stress force concentrating design features. Finally, the shock
      absorber assembly contemplated herein accomodates tension loads through
      utilization of a jacketing member which is slidably disposed over the
      liquid spring assembly and which abuts with the outwardly disposed end of
      the liquid spring assembly piston rod. This jacketing member also includes
      means for maintaining its slidable disposition over the liquid spring
      assembly even when subjected to maximum extension by application of a
      tension load.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The various embodiments of the shock absorber assemblies of this invention
      will be better understood by reference to the following drawings:
PAR  FIG. 1 is a vertical longitudinal section of a typical shock absorber
      assembly of this invention.
PAR  FIG. 2 is an end view of the shock absorber assembly taken along line 2--2
      of FIG. 1.
PAR  FIG. 3 is a plan view of the shock absorber assembly taken along line 3--3
      of FIG. 1.
PAR  FIG. 4 is a view similar to that of FIG. 3 but of another embodiment of the
      invention.
PAR  FIG. 5 is a sectional view of one embodiment of the invention taken along
      line 5--5 of FIG. 4.
PAR  FIG. 6 is a view partially in section, of the embodiment shown in FIG. 4
      taken along lines 6--6.
PAR  FIG. 7 is a vertical sectional view of another embodiment of the invention
      showing a piston head mounted on a piston rod.
PAR  FIG. 8 is an enlarged sectional view taken along line 8--8 of FIG. 7.
PAR  FIG. 9 is a fragmentary sectional view of the shock absorber assembly taken
      along line 9--9 of FIG. 1.
PAR  FIG. 10 is an enlarged fragmentary view taken along line 10--10 of FIG. 9.
PAR  FIG. 11 is a sectional view taken along line 11--11 of FIG. 10.
PAR  FIG. 12 is an end elevation of one embodiment of a piston head as used in
      this invention.
PAR  FIG. 13 is a vertical sectional view of a piston head of one embodiment
      this invention being formed by a die tool.
PAR  FIG. 14 is an elevation view of the die tool of FIG. 13 as viewed from line
      14--14.
DETD
PAC  DESCRIPTION OF VARIOUS EMBODIMENTS
PAR  FIG. 1 illustrates one embodiment of the shock absorber assembly of the
      present invention suitable for use as a bumper shock on automotive
      passenger vehicles. This shock absorber assembly, designated generally 20,
      includes a liquid spring, fluid amplified, shock absorber subassembly 30
      in slidable communication with a jacketing member 50.
PAR  The liquid spring assembly 30 includes a housing 32, which is capable of
      holding fluids, a closed end 33, and a crimped portion at 34. Crimped
      portion 34 holds in place a cap 35 which supports a seal 36. A guide ring
      37 is disposed between the seal 36 and cap 35 to absorb bearing loads and
      prevent extrusion of the seal when liquid-spring assembly 30 is
      pressurized. Piston head 40 is capable of reciprocal movement within
      housing 32 and is mounted on piston rod 44.
PAR  In this configuration the liquid spring piston rod operates in a bore 39 of
      the seal 36 and acts as a liquid spring piston. The piston head 40
      reciprocates in housing 32 and acts as a shock absorber head. Together
      piston head 40 and piston rod 44 provide an integrated liquid spring
      shock, e.g. both spring and shock absorber. The construction, materials,
      and operation of the liquid spring shock absorber subassembly employed in
      this invention is explained in greater detail in U.S. Pat. Nos. 3,256,005
      and 3,722,640.
PAR  Referring more particularly to the piston head and piston rod, one feature
      of the present invention is the novel low cost securement means utilized
      to form this assembly. Because of tension loads to which the piston rod 44
      may be subjected, it is necessary to utilize a piston rod-to-piston head
      assembly design which is free of stress concentration features such as
      threads, notches, weld points, etc. The present invention meets these
      needs by mounting the piston head 40 to the piston rod 44 by means of an
      interference press fit at 46. The frictional force created by interference
      fit 46 must be sufficient to overcome internal pressure forces within the
      housing 32 which work to expel piston rod 44 from the liquid spring
      assembly.
PAR  In order to provide an appropriate interference fit the piston head 40 is
      provided with a circular pocket having an internal diameter slightly less
      than the diameter of the piston rod 44. The pocket should be deep enough
      such that the piston rod 44 may be inserted therein to a depth at least
      equal to its diameter, as is clearly shown in FIG. 1. This insures that
      the piston rod will not come loose due to non-axial loading.
PAR  A typical assembly employs a piston rod of 0.3 inch diameter. At the normal
      preload pressure of 10,000 psi, sufficient frictional force will be
      created only where at least 700 pounds of pre fit load are required to
      secure the interference fit. This frictional force will be sufficient to
      overcome the internal pressure forces acting on the piston rod 44 at
      surface 48.
PAR  An interference fit which develops the requisite frictional forces is
      desirable not only for liquid spring shock absorbers wherein the piston
      rod is adapted to accomodate tension load bearing attachments, but also
      those liquid spring shock absorbers assemblies which utilize a jacketing
      member as described hereinbelow. In these latter applications the
      requisite frictional forces need be developed in the interference fit
      since the liquid spring is pressurized prior to assembly to the jacketing
      member. Without the appropriate interference fit it is possible for the
      piston rod to be expelled from the liquid spring assembly with bullet-like
      velocity with obvious attendant safety perils.
PAR  Of course, other embodiments of the piston rod 44 and piston head 40 may
      provide alternative securements means, as is demonstrated in FIGS. 7 and
      8, wherein piston rod 44 is provided with knurled surface 70. This
      configuration is of value where insertion of piston rod 44 into piston
      head 40 does not provide an interference fit 46 with sufficient frictional
      holding force. The knurled surface 40 will assist in developing the
      required frictional force without concentrating stress forces through a
      cross-section of piston rod 44. It is required, however, that the
      frictional force created by the interference press fit at 46 will be
      sufficient to maintain the piston rod 44 in a fixed relationship with the
      piston head 40 after the liquid spring shock absorber assembly 30 has been
      pressurized.
PAR  FIGS. 1 and 3 illustrate one embodiment of the tension load accomodating
      feature incorporated in the shock absorber assembly of the present
      invention. A jacketing member 50 is maintained in slidable communication
      with the liquid spring shock assembly 30. Jacketing member 50 includes a
      jacketing tube 51 with an open end at 53 which is slidably disposed over
      housing 32 and a closed end at 55 which abuts with the outwardly disposed
      end portion of the piston rod 44. The housing 32 is provided with a
      plurality of protuberances which extend radially from the housing 32 near
      its crimped end 34. The jacketing tube 51 is provided with elongated guide
      means which align with the protuberances thereby maintaining the jacketing
      member in slidable communication with liquid spring assembly 30. Jacketing
      member 50 is also provided with connecting means such as threaded bolt 58
      or slotted flange 59 for accomodation of tension load-bearing attachments.
PAR  A particularly preferred means for maintaining jacketing member 50 in
      slidable communication with liquid spring assembly 30 is illustrated in
      FIGS. 1 and 3. The liquid spring assembly 30 has holes 38 drilled through
      the housing 32 and into cap 35. The jacking tube 51 is provided with
      elongated slots 52 which include an enlarged aperture 54 located therein
      other than at the towing extremity 56. Jacketing member 50 is placed over
      the pre-pressurized liquid spring shock absorber sub-assembly 30 and the
      entire shock absorber assembly 20 is compressed until apertures 54 align
      with holes 38. Tow pins 60 are then inserted through the apertures 54 into
      holes 38 and the jacketing member is released. Tow pins 60 are made from
      strong impact resistent material, such as steel, and they are provided
      with an enlarged portion 62 and a narrow portion 64. Enlarged portion 62
      communicates with the hole 38 while the narrow portion 64 is slidably
      engaged within the slot 52. The resulting shoulder in the tow pin 60
      prevents it from working loose during use because of vibration and sudden
      impacts.
PAR  Pin 60 is inserted through housing 32 into cap 35 so as to provide
      additional cap 35 retention means. Since the crimped cylinder has a safety
      margin of only 50% the pins 60 increase this by another 50% providing a
      100% safety factor for holding the liquid spring 30,000 P.S.I. internal
      pressure. Additionally, when tow loads are imposed the internal liquid
      spring pressure acting against cap 35 reacts against the tow loads to
      reduce the effect of rotating the pins out of the cylinder 32.
PAR  Another preferred embodiment of this feature of the invention is
      illustrated in FIGS. 4, 5 and 6. This embodiment is desirable where the
      bumper shock assembly will be subjected to more extreme impact conditions
      under which a slotted jacking tube 51 might collapse or distort. Jacking
      tube 151 is provided, in this embodiment, with a plurality of raised
      elongated grooves 152 which includes an aperture 154 located therein
      opposite the towing extremity 156. The grooved guide means 152 provide
      jacking tube 151 with a riblike construction which has great structural
      integrity. Furthermore, this embodiment obviates the need for shouldered
      tow pins since the groove wall itself holds straight tow pins 160 in
      place.
PAR  Both FIGS. 3 and 6 show embodiments of the shock absorber assembly 20 in
      its extended position with tow pins 60 and 160 at their towing extremities
      56 and 156, respectively. Because of the displacement and compression of
      the compressible fluid within housing 32, the piston head 40 and piston
      rod 44 are urged toward seal 36. This displacement prevents the occurrance
      of check valving with its associated high initial shock forces which are
      unacceptable in automotive bumper shocks. Moreover, the shock absorber
      assembly 20 when held in this preloaded position is relatively free of
      rattles and vibration which may accelerate fatigue failures. FIGS. 9, 10,
      11 and 12 illustrate another embodiment of the improved shock absorber
      assembly of the present invention. The piston head 40 includes a shaped
      peripheral surface which forms a fluid passage with the housing 32. This
      passage or annular orifice is designated as C in FIGS. 9 and 11. In order
      to provide the appropriate fluid amplified response it is important that
      the uniformity of passage C be maintained around piston head 40.
      Commercial manufacturing techniques, however, make it difficult to
      maintain the rigid tolerance requirements of fluid amplified, liquid
      spring shock absorbers. To alleviate these problems it has been suggested
      to place bearing pads on the piston head to reduce deviations in fluid
      flow. The bearing pads 41 of the present invention extend to the inner
      wall of housing 32 such that piston head 40 is maintained in concentric
      relationship with housing 32. Where a poor tolerance piston head 40 had
      been manufactured, the bearing pads of this embodiment of the invention
      can be utilized to correct the problem. Additionally, when the vehicle
      bumper is subjected to a corner blow, the forces tend to drive an unpadded
      piston head to one side, due to sliding fit tolerances. This radically
      lowers the shock force when the greatest shock force is required, because
      only one bumper shock may be operated. The bearing pads 41 of this
      invention are formed as an integral part of piston head 40 by stamping the
      face 43 of piston head 40 with a die tool as best illustrated in FIG. 13.
      As a result of the stamping operation material is displaced from face 43,
      outwardly, to form the bearing pad 41. Die tool 80 includes a threaded
      stop 82 which allows the degree of upset to be controlled precisely, and
      an outer collar 84 can be employed to shape, exactly, the external surface
      of bearing pad 41. The bearing pads 41 of the present invention also aid
      in dampening the return movement of piston head 40 to its stable position
      after release of compression forces. This dampening effect prevents the
      piston rod 44 from impacting on the abutting, closed end 55 of the jacking
      tube 51 with so great a force as to allow jacking tube 51 to shear towing
      pins 60 thereby resulting in malfunction of the shock absorber assembly.
PAR  It should be understood that the various modification and changes in the
      embodiments discussed herein can be made without departing from the spirit
      and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a liquid spring shock absorber assembly including housing means
      adapted to hold a body of fluid, a piston head having a longitudinal axis
      and slidably disposed within said housing means, a semi-flexible seal and
      retaining cap disposed within one end of said housing means, and a body of
      compressible fluid within said housing means the improvements comprising:
PA1  a. a piston rod slidably disposed along the longitudinal axis of said
      piston head and through said seal and cap and having a first end portion
      disposed outside said housing means and a second end portion frictionally
      engaged in a press fit relationship within said piston head, whereby the
      area of frictional engagement and the frictional force created by said
      press fit is sufficient to maintain said piston rod and said piston head
      in fixed engagement after said compressible fluid is pressurized within
      said housing means; and
PA1  b. a jacketing member having an open end slidably disposed over said
      housing means, a closed end abutting the first end portion of said piston
      rod, guide means for maintaining said open end in slidable disposition
      with said housing means, and a plurality of tow pins inserted through said
      housing means and into said retaining cap, said tow pins being aligned
      with said guide means, whereby said jacketing member accomodates tension
      loads applied to the shock abosrber assembly and none of said loads are
      transmitted to said piston rod.
NUM  2.
PAR  2. The liquid spring shock absorber assembly of claim 1 wherein said piston
      rod is of uniform cross-sectional area throughout its length, whereby said
      piston rod has no stress force concentrating design features.
NUM  3.
PAR  3. The liquid spring shock absorber assembly of claim 1 wherein each one of
      said tow pins is aligned within a single guide means.
NUM  4.
PAR  4. The liquid spring shock absorber assembly of claim 3 wherein said guide
      means are slots, said slots and said tow pins shaped so as to prevent
      disengagement of said tow pins from said housing means and said retaining
      cap.
NUM  5.
PAR  5. The liquid spring shock absorber assembly of claim 3 wherein said guide
      means are elongated axially extending raised grooves.
NUM  6.
PAR  6. The liquid spring shock absorber assembly of claim 1 wherein said piston
      head includes a shaped peripheral surface forming a fluid passage between
      said housing and said shaped surface and a plurality of integrally formed
      bearing pads which extend radially from said shaped surface to said
      housing, whereby said piston head is maintained in concentric relationship
      within said housing.
NUM  7.
PAR  7. The liquid spring shock absorber assembly of claim 1 wherein said piston
      rod is inserted to a depth within said piston head at least equal to the
      diameter of said piston rod.
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PAL  Two consecutive portions of a single helical spring having a zig-zag
      arrangement are mutually interfitted with each other with their turns
      remaining out of contact, and with their taxes being in substantially
      tangential contact or, at the most, intersecting at an acute angle not in
      excess of 10 degrees. The ends of the two portions are firmly connected to
      each other directly at their deflection points, and the interconnection
      preferably is connected to one end of a soft spring whose opposite end is
      fixed to a rigid support. Consecutive helical spring portions may be wound
      in the same direction or in respective opposite directions.
BSUM
PAC  FIELD AND BACKGROUND OF THE INVENTION
PAR  The present invention relates to a zigzag arrangement of helical springs in
      devices for generating artificial reverberation.
PAR  Helical springs are used as a reverberation generating means in the most
      varied devices, from studio equipments of highest quality to electronic
      musical instruments, music amplifiers or electoacoustic installations, for
      improving the acoustic properties of rooms. In comparison with other
      possibilities of generating reverberation, helical springs are
      advantageous primarily because of their small dimensions, simplicity and
      cheapness.
PAR  Usually, such springs are stretched in straight lines so that, even though
      occupying a small volume, they extend over extensive distances. To reduce
      the constructional lengths of reverberation devices, an angular
      arrangement of helical springs has been provided.
PAR  Such an arrangement is known, for example, from U.S. Pat. No. 3,363,202.
      This patent discloses two helical springs arranged at an acute angle and
      changing into a meander-shaped flat spring in the vertex area of the
      angle. The two end portions of the flat springs remote from the helical
      springs are united at their point of intersection. At this point of
      intersection, a small helical spring is attached which, at its other end,
      is suspended from an elastic support.
PAR  This arrangement has the substantial disadvantage that the flat,
      meander-shaped, elastic elements differ from the helical spring not only
      in their external appearance, i.e. their shape, but also in the polar
      moment of inertia, per turn, and the elasticity, per turn. In consequence,
      and junction of a helical spring and a meander-shaped element constitutes
      a point of dicontinuity for the oscillations passing through the device,
      which discontinuity produces reflections reducing the quality of the
      artificial reverberation generated in the device and, therefore,
      undesirable.
PAR  Since the moment of inertial is proportional to the third power of the
      diameter of the helical spring, there results the further requirement that
      any deflection of any form must be designed so as to be effective as near
      to the spring axis as possible, or directly in the spring axis, because,
      otherwise, a too large moment of inertia would be implicated and an
      unacceptably strong junction area would be formed. The criterion for the
      design of such angular arrangements is thereby given. The smaller the
      junction area, the more frequently and universally such deflections per
      spring may be provided.
PAR  Another drawback of the arrangement in accordance with U.S. Pat. No.
      3,368,202 is that, due to the flat, elastic elements at the deflection
      points, the effective length of the helical springs is considerably
      shortened and a relatively large space is necessary for the deflection.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to such an arrangement for helical springs of the
      type mentioned in the beginning in which the drawbacks of the prior art
      are eliminated and a smooth transmission at the angular connection is
      insured.
PAR  In accordance with the invention, this is obtained by providing that, in
      the deflection zone, two consecutive portions of a single helical spring
      have their turns mutually interfitted without contacting each other, and
      are arranged so that the axes of the spring portions are in tangential
      contact or, at most, intersect at a very acute angle (.alpha.) and that
      the ends of the spring portions are firmly connected to each other
      directly at the deflection points.
PAR  According to another feature of the invention, in the deflection area, a
      portion of each of the last turns of the spring portions is bent toward
      the axial center and rigidly connected, at the deflection point, to a
      small, yielding spring the other end of which is fixed to a rigid holding
      support.
PAR  Advantageously, in accordance with another feature of the invention, the
      windings of consecutive spring portions may be of opposite directions,
      i.e. one of the spring portions may be right-hand wound and the other
      left-hand wound or inversely. A more close interfitting and more simple
      mounting of the helical spring portions is thereby made possible.
PAR  An object of the invention is to provide an improved zigzag arrangement of
      helical spring portions in devices for generating artificial
      reverberation.
PAR  Another object of the invention is to provide such a zigzag arrangement in
      which two consecutive helical spring portions have their turns mutually
      interfitted with each other while remaining out of contact.
PAR  A further object of the invention is to provide such a zigzag arrangement
      in which the axes of the two consecutive helical spring portions are in
      substantially tangential contact.
PAR  Yet another object of the invention is to provide such a zigzag arrangement
      in which the ends of the two consecutive helical spring portions are
      firmly interconnected at the deflection point.
PAR  For an understanding of the principles of the invention, reference is made
      to the following description of typical embodiments thereof as illustrated
      in the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the Drawing:
PAR  FIG. 1 is a general view of an angular interconnection of two consecutive
      helical spring portions in accordance with the invention;
PAR  FIG. 2 is enlarged view illustrating the invention with the two consecutive
      spring portions wound in respective opposite directions; and
PAR  FIG. 3 is a view similar to FIG. 2, but illustrating the two consecutive
      spring portions as wound in the same direction.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, two consecutive portions of a single helical spring generating
      the reverberation are designated 1 and 2. The longitudinal axes of the
      spring portions form an acute angle .alpha., which should not be larger
      than 10.degree. to prevent noticeable quality losses. The ideal would be a
      tangential contact of the longitudinal axes of the two helical spring
      portions, which could be obtained by a corresponding bending of the same
      with the effect of practically avoiding a junction. However, in practice,
      it has been found that a bending necessary for a tangential contact of the
      spring axes would be useful only in cases where the deflection angle of
      the two spring portions cannot be made sufficiently acute. To avoid such a
      bending which, from the standpoint of manufacture, is not advantageous,
      the angle between the axes of the two helical spring portions should not
      exceed the mentioned value of 10.degree. except for cases in which
      particular effects are desired which, however, have nothing to do with the
      aim of obtaining a reverberation as natural as possible.
PAR  As may also be seen in FIG. 1, in the zone of deflection, the two helical
      spring portions 1 and 2 have a larger pitch permitting a contact-free
      interfitting of their turns. The extremities 3 and 4 of the spring
      portions in the deflection area are bent inwardly toward the axis and
      joined to each other, which may be done by gluing, soldering, or welding.
      A small, yielding helical spring 6 has one end attached at point 5, the
      other end of which is, preferably, firmly connected to a rigid support 7.
      Spring 6 which, as compared to the two reverberation spring portions 1 and
      2, has a substantially smaller diameter and is softer, serves only to
      permit the use of the reverberation device, equipped with the inventive
      arrangement, in any position. The system could also be operated without
      the spring 6, in suspended position with the deflection area below, which,
      however, would not be too practical. That is why it is preferred to use
      the slightly more expensive arrangement with the small spring 6 to obtain
      a system which is insensitive to shocks and operable in any position.
PAR  For the contact-free interfitting of the turns of the two reverberation
      spring portions in the zone adjacent the deflection, various geometrical
      solutions are possible, One of them is, for example, that the two spring
      portions are wound in the same direction and interconnected in a slightly
      offset position, the connection of the two spring portions being made at
      the intersection of the two longitudinal axes.
PAR  Another, more advantageous, solution is to use consecutive spring portions
      having opposing windings with the result of obtaining a smaller axial
      length of the two spring portions and facilitating the mounting.
PAR  It is also possible to provide the two portions of the spring, in the
      deflection zone, not only with an equal pitch but with a considerably
      larger pitch than in the rest of the zone, or to vary the pitch of the
      spring portions in the deflection zone in accordance with the requirements
      of the mounting.
PAR  There are certainly still other possibilities for obtaining a contact-free
      interfitting of the turns of the consecutive reverberation spring portions
      in the deflection zone. However, there may be considered only such
      arrangements in which the joint of the two spring portions is located at
      the point of intersection of the two axes and the two spring portions form
      an angle as acute as possible or are connected tangentially.
PAR  As to the possible solutions in which two consecutive reverberation spring
      portions are joined to each other at an acute angle, two of them are shown
      in FIG. 2 and 3. FIG. 2 shows the immediate vicinity of the deflection
      point where two consecutive reverberation spring portions 1 and 2, having
      opposing windings, are used. To reduce the amount of inertia at the
      deflection point as much as possible, end portions 3, 4 of the last turn
      are bent toward the center and connected to each other at the point of
      intersection 5 of the two longitudinal axes by soldering, welding, or
      gluing.
PAR  FIG. 3 shows a possible solution for spring portions wound in the same
      direction. The small suspension spring 6 may be attached directly at the
      point of intersection 5, as shown in FIG. 2, or, according to FIG. 3, at a
      point which is somewhat offset, which is obtained by bending one of the
      spring end portions (in FIG. 3 the portion 3) outwardly in the direction
      of the angle bisector. Small spring 6 is fixed to this short intermediate
      portion.
PAR  The arrangement in accordance with the invention largely simplifies the
      mounting as compared to the known arrangements of the same type and
      results in a practically reflection-free angular connection of the
      reverberation springs, provided that the angle .alpha. formed by the two
      axes is made as small as possible. Therefore, the invention may also be
      applied in arrangements where more than one deflection is provided without
      causing a noticeable loss in the quality of the artificially generated
      reverberation. The interfitting of the turns of the two consecutive spring
      portions in the vicinity of the deflection point also results in a
      substantially more compact construction as compared to the prior art.
PAR  While specific embodiments of the invention have been shown and described
      in detail to illustrate the application of the principles of the
      invention, it will be understood that the invention may be embodied
      otherwise without departing from such principles.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a zigzag arrangement of helical springs, in devices for generating
      artificial reverberation, the improvement comprising, in combination, two
      consecutive portions of a single helical spring having their helical turns
      mutually interfitted with each other while remaining out of contact, and
      with their axes in substantially tangential contact; and means firmly
      interconnecting adjacent ends of said two consecutive helical spring
      portions to each other directly at the deflection point of the two
      consecutive helical spring portions.
NUM  2.
PAR  2. In a zigzag arrangement of helical springs, the improvement claimed in
      claim 1, in which the axes of said two consecutive helical spring portions
      intersect each other at a very small acute angle.
NUM  3.
PAR  3. In a zigzag arrangement of helical springs, the improvement claimed in
      claim 2, in wich said acute angle is not in excess of 10.degree..
NUM  4.
PAR  4. In a zigzag arrangement of helical springs, the improvement claimed in
      claim 1, in which, in the deflection area of the two consecutive helical
      spring portions, a portion of the last turn of each spring portion is bent
      toward the axis of the associated spring portion, the two bent portions
      being interconnected substantially at the deflection point of the two
      consecutive spring portions; and a soft spring having one end connected to
      the interconnected ends of the two spring portions and the other end
      connected to a rigid support, said soft spring being relatively small as
      compared to the two consecutive reverberation generating spring portions.
NUM  5.
PAR  5. In a zigzag arrangement of helical springs, the improvement claimed in
      claim 4, in which the interconnection point of the two spring portions and
      the soft spring is at the deflection point of the two consecutive helical
      spring portions.
NUM  6.
PAR  6. In a zigzag arrangement of helical springs, the improvement claimed in
      claim 1, in which said two consecutive helical spring portions are wound
      in the same direction.
NUM  7.
PAR  7. In a zigzag arrangement of helical springs, the improvement claimed in
      claim 6, in which the last turn of one spring portion is bent to extend
      substantially axially to the last turn of the other spring portion for
      connection thereto.
NUM  8.
PAR  8. In a zigzag arrangement of helical springs, the improvement claimed in
      claim 1, wherein consecutive helical spring portions are wound in
      respective mutually opposite directions.
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PAL  A clamping or gripping device comprises a handle by which the device can be
      held in one hand to position it relatively to the work, a carrier mounted
      or mountable on the handle, or on a part on the handle, a first jaw
      carried by the handle, and a second jaw pivotally mounted on the carrier.
      The carrier is movable along the handle, or along a part on the handle, to
      move the second jaw bodily towards and away from the first jaw; and there
      is pivotally mounted on the carrier a lever so arranged that, when the
      device is being held by the handle in one hand to position it relatively
      to the work, the lever is movable by the same hand, as that which is
      holding the handle, in a direction towards the handle to cause leverage to
      be exerted on the second jaw to cause clamping or gripping pressure to be
      applied, against the work, in the direction of the first jaw.
BSUM
PAR  This invention relates to a clamping or gripping device of that kind having
      a first jaw, a pivotable second jaw bodily movable towards said first jaw
      to engage work on which clamping or gripping pressure is to be exerted,
      and means operable to cause said second jaw, when engaged with the work,
      to tend to turn whereby to cause clamping or gripping pressure to be
      applied, against the work, in the direction of the first jaw.
PAR  A known clamping device of this kind comprises a first jaw carried by a
      frame member, a second jaw slidable along the frame member to engage the
      work and able to pivot relatively to the frame member, and means, manually
      operable from behind the frame member, to cause the second jaw to tend to
      turn relatively to the frame member, whereby to exert a final clamping
      pressure against the work. However, a disadvantage of this known
      construction is that when the device is being held in, or steadied by, one
      hand to position it relatively to the work, the operator will need to use
      his other hand to operate the means for causing the second jaw to exert a
      final clamping pressure against the work, so that he does not, at the time
      he operates said means, have a hand free to hold, or adjust the position
      of, the work itself.
PAR  According to the invention, a clamping or gripping device comprises a
      handle by which the device can be held in one hand to position it
      relatively to work to be clamped or gripped, a carrier mounted, or
      mountable, on the handle or on a part on the handle, and two opposed jaws
      extending, in use, laterally of the handle and comprising a first jaw
      which is in, or is securable in, stationary relationship relatively to the
      handle, and a second jaw pivotally mounted on the carrier, said carrier
      being movable along the handle or a part on the handle to move the second
      jaw bodily towards, or in a direction away from, the first jaw and said
      carrier having pivotally mounted thereon a lever which is so arranged
      that, when the device is being held by the handle in one hand to position
      it relatively to the work, said lever is movable by the same hand, as that
      which is holding the handle, in a direction towards the handle to cause
      leverage to be exerted on the aforesaid second jaw to cause clamping or
      gripping pressure to be applied, against the work, in the direction of the
      first jaw. Preferably, movement of the lever towards the handle causes a
      part of, or turning with, the lever to cam against a part of, or bearing
      on, the second jaw, whereby to cause leverage to be exerted on said second
      jaw to tend to turn the latter towards the first jaw to apply clamping or
      gripping pressure. The lever may have an inner end having a cam edge
      engaging a thrust block in turn engaging a longitudinal edge of the second
      jaw, and an opposite longitudinal edge of said second jaw may engage a
      rubber pressure pad acting between a surface or surfaces of the carrier
      and said pad-engaging longitudinal jaw-edge, whereby said pressure pad is
      compressed, as the lever is turned to cause leverage to be exerted on said
      second jaw. Preferably, the carrier is slidable against frictional
      resistance along the handle, said frictional resistance holding the
      carrier against sliding out of an adjusted position under the action of
      gravity. The carrier may have mounted therein a part or moulding of
      plastics material which, in use, frictionally engages the handle and holds
      the carrier against sliding out of an adjusted position under the action
      of gravity. The handle may be slidably engaged at one side by a rear wall
      of the carrier or a part on or against said wall, and at the other side by
      the inner end of the second jaw. The first jaw may be an integral
      extension of the handle. Both jaws may have, pivoted to their outer ends,
      terminal parts or pads for engaging the work to be clamped or gripped,
      said pivoted terminal parts or pads being angularly movable relatively to
      the jaws whereby, to the extent permitted by their range of angular
      movement, to have a self-aligning capability relatively to the work. Said
      terminal parts or pads may be of low-friction material.
PAR  The carrier, with the second jaw and the lever pivotally mounted thereon,
      may constitute components of a unit removable from the handle and
      replaceable on the handle in a reversed position to enable the device to
      be used to apply expansive force.
PAR  Also, according to the invention, a movable-jaw unit suitable for use as
      part of a clamping or gripping device of a construction set forth in the
      third paragraph of this Specification comprises a carrier constructed to
      accept, and slidably engageable with, a handle or bar, a jaw pivotally
      mounted on said carrier, and a lever pivotally mounted on said carrier and
      so arranged that, when the carrier is mounted on the bar or handle, said
      lever is, by a hand holding or gripping the bar or handle, movable in a
      direction towards the bar or handle to cause leverage to be exerted on the
      pivoted jaw.
PAR  Further, according to the invention, a kit of parts comprises a pair of
      movable-jaw units of a construction set forth in the last preceding
      paragraph, at least one fixed-jaw unit comprising a fixed jaw secured to,
      or integral with, a handle of bar form with which either of said
      movable-jaw units is slidably engageable in either of two
      mutually-reversed positions relative to the fixed jaw to form a two-jaw
      device, and a bar with which, selectively, (a) both movable-jaw units are
      slidably engageable in either of two mutually-reversed positions to form a
      two-jaw device the jaws of which can be set further apart than in the case
      where one of said movable-jaw units is engaged with said fixed-jaw unit,
      and (b) a single one of said movable-jaw units is slidably engageable.
DRWD
PAR  In the accompanying drawings:
PAR  FIG. 1 shows, in side view, and by way of example, a clamping device
      constructed in accordance with the invention;
PAR  FIG. 2 is an edge view of the device shown in FIG. 1;
PAR  FIG. 3 is a sectional view on the line III--III, FIG. 2;
PAR  FIG. 4 is a plan view of a carrier and insert of the device shown in FIGS.
      1 to 3;
PAR  FIG. 5 shows a movable-jaw unit, of the assembly in FIG. 1, in a reversed
      position; and
PAR  FIGS. 6, 7 and 8 show some different arrangements which may be set up
      utilising a kit of parts including a pair of movable-jaw units each
      constructed in accordance with the invention and a plain length of bar.
DETD
PAR  Referring to FIGS. 1 to 4 of the drawings, the clamping device shown
      therein may be used, for example, in the light engineering field and by
      amateurs or hobbyists working at home on constructional projects, and
      comprises a handle 1 in the form of a straight steel or alloy steel bar,
      and first and second jaws, designated 2 and 3 respectively, which are also
      of steel or alloy steel and which extend laterally from the handle 1. The
      first jaw 2 is fixed in relation to the handle 1, being constituted by an
      integral extension of said handle 1.
PAR  Slidably mounted on the handle 1 is a sheet-metal carrier 4, of a U-form in
      cross-section, having a pair of spaced side walls 5. The aforesaid second
      jaw 3 is pivotally mounted on the carrier 4, being connected to the latter
      by, and fulcrummed about, a pivot pin 6 mounted at its ends in the said
      carrier walls 5. The carrier 4 has a pair of opposed inturned top flanges
      7 welded together at 7a and integral with front portions of the carrier
      side walls 5. Engaging between these flanges 7 and a longitudinal top edge
      10 of the pivoted second jaw 3 is a rubber pressure pad 8. Also pivotally
      mounted on the carrier 4 is a trigger-shaped lever 9 connected to the
      carrier 4 by, and fulcrummed about, a pivot pin 11 spaced beneath the
      pivoted second jaw 3 and, like the pin 6, mounted at its ends in the walls
      5. The lever 9 is a zinc die-casting. The inner end of the lever 9 is
      formed with a cam edge 12 which engages against an aluminium thrust block
      13 disposed between said cam edge 12 and a longitudinal bottom edge 14,
      opposite to the aforesaid top edge 10, of the pivoted jaw 3. The block 13
      slidably engages the said jaw edge 14 at a location spaced forwards of the
      jaw pivot 6, and has a recess 13a having a curved face engaged by, and
      locating the said block 13 upon, the cam edge 12. The lever 9 is so
      mounted in relation to the handle 1 that a hand grasping the said handle 1
      can at the same time readily turn the said lever 9 towards the handle 1
      from an inoperative position, shown in full lines in FIG. 3, to an
      operative position.
PAR  The carrier 4 has, inserted against and welded to a rear wall 15 of said
      carrier, a D-sectioned metal insert 16 slidably engaging the rear side of
      the handle 1 when the carrier is slid along the handle, and the rear end,
      3a of the pivoted jaw 3 slidably engages, opposite to the part 16, the
      front side of said handle 1 when the carrier is slid along the handle. The
      said carrier 4 has mounted in a slot 22 therein a moulding 17, of plastics
      material, which engages the surface of the handle 1 and offers frictional
      resistance to the sliding of the carrier 4 along the handle, said
      resistance being arranged to be sufficient to prevent the carrier 4, with
      the jaw and other parts thereon, from sliding down the handle under the
      action of gravity.
PAR  The outer end of each jaw, 2 or 3, has pivotally mounted thereon, by pivot
      pins 18, 19, respectively, a clamping pad 20 of a material having a low
      coefficient of friction. Each pad 20 is slotted at the end to receive the
      respective jaw end and has an obtuse-angled interior surface 21 which
      permits a certain amount of tilting movement of the pad relatively to the
      respective jaw, whereby when, in use, the pads 20 are engaged with the
      parts to be clamped they have, to the extent permitted by their range of
      tilting movement, a self-aligning capability relatively to the parts to be
      clamped. The pads 20 may be of low friction acetal plastics material. The
      moulding 17 can conveniently also be of said acetal plastics material,
      since although said material is low-friction material, it can provide
      sufficient frictional resistance to prevent the carrier 4, with the jaw
      and other parts thereon, sliding down the handle under the action of
      gravity.
PAR  A convenient method of using the clamp shown is as follows:
PAR  The lever 9 is first turned into its inoperative position (unless already
      in said position) and the carrier 4, with the jaw 3 carried by, slid by
      hand down the handle to space the jaws 2, 3 and the pads thereon
      sufficiently far apart to suit the thickness of the parts to be clamped.
      The device is then offered up to the work to be clamped by holding the
      device by the handle 1 in one hand and the carrier 4 slid back up the
      handle in the direction of the arrow A, FIG. 1, so that the pads 20 on the
      respective jaws 2, 3 engage the parts to be clamped at opposite sides.
      This upward sliding of the carrier 4 can be effected by propelling the
      carrier 4 upwards by the thumb of the hand that is holding the handle 1.
      The user then grips the lever 9 by the same hand as that which is holding
      the device by the handle 1 and pulls the lever 9 towards the handle 1 into
      an operative position, for example that shown in broken lines at 9' in
      FIG. 3, this movement of the lever causing the cam edge 12 to move
      relatively to the bottom edge 14 of the pivoted jaw 3 to cam against the
      curved face of the recess 13a in the block 13 and cause the block 13 to
      thrust against said edge 14 against the pressure of the pressure pad 8,
      said movement of the lever towards the handle thus causing leverage to be
      exerted on the pivoted jaw 3 to cause the pad 20 thereon to apply clamping
      pressure firmly against the parts to be clamped, in the direction of the
      pad 20 on the jaw 2. When the lever 9 reaches a position in which the work
      is firmly clamped, the hand can be removed from the lever 9 and handle 1,
      the device then remaining firmly clamped to the work without the device
      needing to be supported by the hand until the lever 9 is turned back by
      hand to its inoperative position. The above-described operation of firmly
      clamping the work results also in the carrier 4 becoming firmly pressed or
      jammed against the handle 1, whereby the carrier cannot then be manually
      displaced downwards along the handle until the lever 9 is turned back
      towards its inoperative position. The arrangement of the cam is such that
      the lever 9, when in an operative position, with the lever sufficiently
      turned and with the device firmly clamped to the work, will not
      inadvertently move back to its inoperative position.
PAR  Movement of the lever 9 into an operative position to cause the work to be
      clamped can develop a powerful clamping force of, for example, 100 lbs.
      between the pads. The gripping power of the device shown is that of a very
      strong human hand. The elasticity of the pads and of the unit formed by
      the handle 1 and jaw 2 prevents or reduces the possibility of
      over-tightening.
PAR  The degree of compression exerted on the work by the clamping jaws can be
      selected, by the operator making appropriate choice of the extent to which
      he turns the lever 9 towards the handle 1. The device can thus when
      desired be operated in such a way as to exert only a light clamping
      pressure in a case where the work is a delicate object.
PAR  The device shown constitutes simple, robust and easily operated clamping
      means operable by one hand, leaving the other hand free, for example to
      hold, or to adjust, the position of the work. Whilst the device is shown
      in a position in which the hand is vertical, it may also be used, in
      appropriate circumstances, in positions to which the handle is inclined or
      horizontal.
PAR  An advantage of the pads 20 of the device shown being of low-friction
      material is that in a case where the work being clamped comprises two
      parts which may tend to slide the one over the other, for example two
      panels of wood with freshly-laid glue between them, the pads 20, during
      positioning of the device on the work before clamping will tend to slide
      over the work, rather than to tend to push the parts of the work out of
      register with each other.
PAR  The various parts of the device may be of any other suitable materials. If
      desired means for frictionally holding the carrier 4, with the parts
      carried thereby, against sliding from an adjusted position under the
      action of gravity may be omitted, and the carrier 4 could instead be
      supported, when in an adjusted position, by the hand of the operator until
      he moves the lever 9 to carry out the clamping operation. However, it is
      preferred to provide the device with means for frictionally holding the
      carrier 4, with the parts carried thereby, against sliding down the handle
      under the action of gravity,
PAR  The movable-jaw unit, comprising the pivoted jaw 3, with its pad 20,
      carrier 4 with moulding 17, and pivoted lever 9, can be slid off the
      handle 1 and replaced in the reversed position shown in FIG. 5 to enable
      the device to be used for applying expansive force to inner faces of a
      workpiece. The pad 20 on the first jaw 2 is provided with a plane surface
      to engage such work.
PAR  There may be provided a kit of parts comprising (a) a pair of movable-jaw
      units M (FIG. 6) of the same construction as the movable-jaw unit referred
      to in the last preceding paragraph, (b) a pair of fixed-jaw units of the
      same construction as the L-shaped unit constituted by the jaw 2, with its
      pad 20, and the handle 1, and (c) a length of plain straight bar B (FIG.
      6). Said kit may be utilised in various ways. For example, one of the
      movable-jaw units M may be mounted on one of the two fixed-jaw units to
      form a device assembled as shown in FIGS. 1 to 4 or in FIG. 5. Or, each
      unit M may be mounted on a respective one of the fixed jaw units to form a
      pair of such devices. Or, for clamping parts requiring a jaw setting wider
      than can be obtained using a unit M mounted on one of the fixed-jaw units,
      both units M can be mounted on the bar B as shown in FIG. 6 and the levers
      9 on both units M operated. The flexure of the long bar B is offset by two
      distinct clamping actions. In establishing a preliminary grip the bar B
      can be held in one hand and one unit M propelled up to the work by, and
      the lever 9 of said unit operated by, the same hand as that holding the
      bar B. After operation of said lever 9 of the one unit M to establish a
      preliminary grip, the said hand can then be transferred to the other unit
      M to operate the lever 9 of the latter. The units M can, in a case where
      expansive force is required, be mounted on the bar B in the reversed
      relationship shown in FIG. 7. Another alternative arrangement utilising
      parts of the aforesaid kit is shown in FIG. 8. In this latter arrangement,
      one of the units M is slidably engaged with the bar B close to one end of
      the latter and the other end of the bar B is passed through, with a close
      fit in, a hole H in the top of a work-bench or like surface. The pad 20 of
      the jaw 3 of said unit M is, in this arrangement, brought down onto a
      workpiece resting on the bench and the bar B assumes a tilt-jamming
      attitude in the hole H. Operation of the lever 9 of the unit M causes
      pressure to be developed on to the workpiece.
CLMS
STM  I claim:
NUM  1.
PAR  1. A clamping or gripping device comprising:
PA1  a a handle including an elongated shaft for holding the device in one hand
      to position it relatively to work to be clamped or gripped;
PA1  b a first elongated jaw mounted on said handle and extending in a direction
      transverse to said shaft;
PA1  c a carrier slidably mounted on said shaft for movement towards and away
      from said first jaw, said carrier having a portion thereof in contact with
      one side of said shaft;
PA1  d frictional resistance means on said carrier and in sliding contact with
      said shaft to retain said carrier against movement along said shaft under
      the influence of gravity;
PA1  e a second elongated jaw having a radiused inner end;
PA1  f means mounting said second jaw on said carrier for pivotal movement about
      an axis and at a position such that the surface of the radiused inner end
      thereof abuts the side of said shaft, opposite said one side;
PA1  g a lever pivotally mounted on said carrier and having a cam edge face;
PA1  h a thrust block interposed between said cam edge face and said second jaw,
      said block having a curved face engaging the surface of said cam face and
      a face slidingly engaging a surface of said second jaw at the side of said
      pivot axis opposite said radiused inner end; and
PA1  i means biasing said second jaw towards said lever;
PA1  j said lever being arranged such that when the device is held by said
      handle in one hand to position it relatively to the work, said lever is
      movable by said one hand from an inoperative position in a direction
      towards said shaft to cause leverage to be exerted, by cam action between
      said cam edge face and said thrust block against said biasing means, on
      said second jaw to cause clamping or gripping pressure to be applied
      against the work in the direction of said first jaw and said portion of
      said carrier and said radiused inner end of said second jaw to jam against
      said opposite sides of said shaft, respectively, whereby the carrier
      cannot be displaced along the shaft until said lever is returned to said
      inoperative position.
NUM  2.
PAR  2. A clamping or gripping device according to claim 1 wherein said biasing
      means is a resilient pressure pad arranged to be compressed by said second
      jaw as said lever is pivoted and applies leverage to said second jaw.
NUM  3.
PAR  3. A clamping or gripping device according to claim 1 wherein said
      frictional resistance means is a plastic element mounted on said carrier
      and frictionally engaging said shaft.
NUM  4.
PAR  4. A clamping or gripping device according to claim 1 wherein said first
      jaw is an integral extension of said handle.
NUM  5.
PAR  5. A clamping or gripping device according to claim 1 further comprising a
      terminal part pivotally mounted on each of said first and second jaws for
      engaging the work to be clamped or gripped, said pivoted terminal parts
      being angularly movable relative to the respective jaws whereby they are
      capable of self-alignment relatively to the work.
NUM  6.
PAR  6. A clamping or gripping device according to claim 5 wherein said terminal
      parts are of low-friction material.
NUM  7.
PAR  7. A clamping or gripping device according to claim 1 wherein at least the
      cam edge face of said lever is of zinc and said thrust block is of
      aluminum.
NUM  8.
PAR  8. A clamping or gripping device, comprising:
PA1  a a bar;
PA1  b a carrier slidably mounted on said bar, said carrier having a portion
      thereof in contact with one side of said bar;
PA1  c frictional resistance means on said carrier and in sliding contact with
      said bar to retain said carrier against movement along said bar under the
      influence of gravity;
PA1  d an elongated jaw having a radiused inner end;
PA1  e means mounting said jaw on said carrier for pivotal movement about an
      axis and at a position such that the surface of the radiused inner end
      thereof abuts the side of said bar, opposite said one side;
PA1  f a lever pivotally mounted on said carrier and having a cam edge face;
PA1  g a thrust block interposed between said cam edge face and said jaw, said
      block having a curved face engaging the surface of said cam face and a
      face slidingly engaging a surface of said jaw at the side of said pivot
      axis, opposite said radiused inner end; and
PA1  h means biasing said jaw towards said lever;
PA1  i said lever being movable from an inoperative position in a direction
      towards said bar to cause leverage to be exerted, by cam action between
      said cam edge face and said thrust block against said biasing means, on
      said jaw to cause clamping or gripping pressure to be applied against the
      work and said portion of said carrier and said radiused inner end of said
      second jaw to jam against said opposite sides of said bar, respectively,
      whereby the carrier cannot be displaced along the bar until such lever is
      returned to said inoperative position.
NUM  9.
PAR  9. A clamping or gripping device, comprising:
PA1  a a bar;
PA1  b a pair of carriers slidably mounted on said bar, each said carrier having
      a portion thereof in contact with one side of said bar;
PA1  c frictional resistance means on each said carrier and in sliding contact
      with said bar to retain each said carrier against movement along said bar
      under the influence of gravity;
PA1  d a pair of elongated jaws, each having a radiused inner end;
PA1  e means mounting one of said jaws on each of said carriers for pivotal
      movement about an axis and at a position such that the surface of the
      radiused inner end thereof abuts the side of said bar, opposite said one
      side;
PA1  f said bar being slidably engaged at one side by said radiused inner end of
      each of said jaws and at the side opposite said one side by a pair of each
      of said carriers;
PA1  g a pair of levers, each pivotally mounted on one of said carriers and
      having a cam edge face;
PA1  h a pair of thrust blocks, each interposed between said cam edge face and
      said jaw on one of said carriers and having a curved face engaging the
      surface of said cam face and a face slidingly engaging a surface of said
      jaw at the side of the pivot axis opposite said radiused inner end; and
PA1  i. means on each carrier biasing said jaw towards said lever,
PA1  j. each said lever being movable from an inoperative position in a
      direction towards said bar to cause leverage to be exerted, by cam action
      between said cam edge face and said thrust block against said biasing
      means, on said jaw to cause clamping or gripping pressure to be applied
      against the work and said portion of said carrier and said radiused inner
      end of said second jaw to jam against said opposite sides of said bar,
      respectively, whereby the carrier cannot be displaced along the bar until
      such lever is returned to said inoperative position.
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ABST
PAL  An improved roll slitting machine of the type used to slit wide rolls of
      material into narrow width rolls or ribbons includes an air chuck having
      gripping jaws which are actuated through multiple fluid logic paths to
      grip the roll of material for rotation about a changeable stationary
      mandrel. One end of the mandrel is supported by the machine frame and the
      opposite end is supported for quick release in the chuck.
BSUM
PAR  The present invention relates generally to machinery for use in the fabric
      and film industries in which wide widths of material rolled upon central
      core, typically cardboard, are slit into ribbons or narrower rolls. Such
      machines are commonly referred to as single knife cutters and they
      generally comprise a stationary mandrel mounted on the machine which
      supports the roll of material and means to rotate the roll of material
      about the stationary mandrel while simultaneously advancing a rotating
      circular knife blade radially into the roll. The knife is moved through
      the material on the roll and then through the core to slit the roll. The
      knife is moved through the material on the roll and then through the core
      to slit the roll. The blade is then moved to another location along the
      length of the roll to form the next desired slit.
PAR  Among the problems which have existed in machines of this type is the
      difficulty and inconvenience of gripping the roll of material for rotation
      during the slitting operation. Typically, the chucking operation has been
      performed by mechanical chucks which engage either the periphery or the
      core of the roll of material in a typical clamping operation. While such
      chucks have been used for many years, they have demonstrated significant
      failings in that their use is often restricted by the type and condition
      of the roll of material which is to be engaged, they are relatively
      difficult to use, they take more time than is necessary to engage and
      disengage them, and they have been known, on too many occasions, to damage
      the material and/or the ends of the core.
PAR  A further problem which has existed in machines of this type is the
      difficulty in supporting rolls of material having different core
      diameters. Since a mandrel can only be used to support a roll of material
      having an internal core diameter substantially complementary to the
      diameter of the mandrel, the mandrel must often be changed to accommodate
      different rolls of material. This operation is typically time consuming
      and difficult causing large amounts of time during which the machine
      cannot be in use and creating scheduling problems for the machine
      operators.
PAR  In general, it is an object of the present invention to provide a single
      knife slitting machine which improves the performance which was available
      in the prior art and obviates one or more of the above stated
      disadvantages.
PAR  Specifically, it is an object of the present invention to provide an air
      chuck for such a machine which can be operated quickly and efficiently,
      upon the simple application of appropriate pneumatic pressure, to engage
      or disengage a roll of material such that upon rotation of the chuck, the
      roll of material will be rotated about its own axis.
PAR  It is a still further object of the present invention to provide an air
      chuck which can be operated to engage different portions of the roll of
      material. Specifically, it is an object of the invention to provide an air
      chuck which can grip the inside or outside surface of the core or the
      periphery of the roll of material, or to simultaneously grip the core and
      periphery of the roll of material.
PAR  It is a still further object of the invention to provide such an air chuck
      with multiple fluid operating paths for controlling the operation of the
      chuck.
PAR  It is a still further object of the invention to provide a mandrel for such
      a machine which is supported in the air chuck and which can be quickly and
      easily changed so that rolls of the material having various core diameters
      can be readily mounted on the machine.
PAR  In accordance with one illustrative example of the present invention, there
      is provided an improved single knife slitting machine. The slitting
      machine includes a stationary mandrel which is mounted, at one end, on a
      mounting mechanism on the frame of the machine and on the other end in an
      air chuck. The air chuck is arranged to engage a roll of material fitted
      coaxially about the stationary mandrel and when so engaged is driven by
      conventional drive means to rotate a roll of material. A carriage is
      mounted for movement, parallel, to the mandrel, to different cutting
      positions along the length of the roll of material. A power driven
      circular knife blade is mounted on the carriage for movement in a plane
      perpendicular to the axis of the mandrel to make periodic slicing cuts
      into the roll of material and core. The chuck includes a stationary member
      coaxial with the mandrel and mounted to the frame of the machine and a
      coaxial rotatable member supported by bearing means in the stationary
      chuck member for rotation about its axis. One end of the mandrel is
      supported by bearing means in the rotatable chuck member, which provides
      free rotation of the rotatable chuck body member about the mandrel, and by
      locking means on the stationary chuck body member which engages the end of
      the mandrel for quick release of the mandrel from the chuck. Mounted
      coaxially for rotation with the rotatable chuck body member and in a
      position to engage the roll of material are a plurality of chuck jaws
      which move between a gripping position in which they engage the roll of
      material and a release position in which the roll of material can be
      removed from the mandrel. Multiple fluid logic or air paths are provided
      which direct air from an air pressure supply source, through a rotational
      air coupling between the stationary and rotatable chuck body members, to
      appropriate piston and cylinder assemblies which control the gripping jaws
      to move between their release and gripping positions.
PAR  To slit a roll of material on the machine, a properly sized mandrel is
      selected and positioned in the machine with one end supported by the
      bearing means in the rotatable chuck body member and the locking means in
      the stationary chuck body member and the other end supported by the
      machine frame. A roll of material is fitted coaxially on the mandrel. Air
      from the air source passes through one of the air paths to quickly
      energize the chuck jaws to move the jaws to the gripping position where
      they securely engage the roll of material. Drive means drives the
      rotatable chuck member which rotates the roll of material about the
      stationary mandrel while simultaneously the rotating knife blade is driven
      into and out of the roll of material to cut the roll into smaller rolls or
      ribbons of predetermined widths. When the roll of material has been cut as
      desired, the drive means are disengaged and air from the air source is
      passed through another of the air paths to the piston and cylinder
      assemblies or pressure is withdrawn from those assemblies to quickly
      disengage the chuck jaws from the material. The individual widths of
      material are then removed from the mandrel and the machine is ready for
      slitting another roll of material. If the next roll of material has a
      different diameter core than the previously cut roll and requires a
      different sized mandrel, the original mandrel is removed by simply
      releasing the locking means securing the mandrel to the stationary chuck
      body, sliding the mandrel out of the chuck, and sliding a new mandrel into
      the chuck and locking it into the machine.
PAR  The multiple fluid logic paths provide for a wide variation in the control
      and arrangement of the chuck jaws on the chuck. Thus, without any
      modification to the chuck, the jaws can be operated to grip either the
      inside or outside surface of the core so that rolls of material having
      different lengths of core can readily be cut on the machine. The multiple
      fluid logic paths also permit control of two or more sets of chuck jaws
      which can be arranged to simultaneously engage two or more portions of the
      roll of material.
DRWD
PAR  The above brief description, as well as further other objects, features and
      advantages of the present invention, will be best understood by reference
      to the following detailed description of the invention, when taken in
      conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a front elevation view of a portion of a single knife cutting
      machine incorporating the present invention;
PAR  FIG. 2 is a sectional view of one illustrative embodiment of the present
      invention taken along the line 2--2 of FIG. 1 and locking in the direction
      of the arrows and showing the interconnection between the air chuck and
      the frame of the machine, a stationary mandrel and a roll of material;
PAR  FIG. 3 is a sectional view taken along the lines 3--3 of FIG. 2 and looking
      in the direction of the arrows and showing the chuck jaws engaging the
      oustide surface of the core;
PAR  FIG. 4 is a diagrammatic representation of one illustrative example showing
      multiple air paths for controlling the piston and cylinder assemblies
      which activate the set of chuck jaws shown in FIG. 3;
PAR  FIG. 5 is an enlarged, detailed view of a portion of FIG. 2 showing the air
      coupling between the rotatable and stationary chuck body members;
PAR  FIG. 6 is a sectional view taken along the line 6--6 of FIG. 2 and looking
      in the direction of the arrows and showing a keying arrangement for
      insuring proper orientation of the mandrel in the chuck;
PAR  FIG. 7 is an enlarged, detailed view showing one of the chuck jaws which
      engage the surface of the core of the roll of material;
PAR  FIG. 8 is a sectional view of another illustrative embodiment of the
      invention showing the interconnection between the air chuck and the frame
      of a machine, a stationary mandrel and a roll of material;
PAR  FIG. 9 is a sectional view taken along the lines 9--9 of FIG. 8 and looking
      in the direction of the arrows and showing the chuck jaws engaging the
      inside surface of the core;
PAR  FIG. 10 is a sectional view of another illustrative embodiment of the
      invention showing the interconnection between the air chuck and the frame
      of a machine, a stationary mandrel and a roll of material;
PAR  FIG. 11 is a sectional view, partially broken away, taken along the lines
      11--11 of FIG. 10 and looking in the direction of the arrows and showing
      the chuck jaws arranged to engage the periphery of the roll of material.
DETD
PAR  Referring to FIG. 1, there is shown a partial view of a roll slitting
      machine generally designated by numeral 10. The machine 10 generally
      comprises a frame 12 having an air chuck 14 supported on chuck mounting
      arm 16 secured to the frame. Track 18 which runs the length of the machine
      supports a carriage 20 on which is mounted a blade B and appropriate means
      to rotate the blade and move it radially into the roll of material R. A
      motor 22 is provided which drives a gear reduction unit 24, the output of
      which is connected to a pulley 26 which drives belt 28, which then drives
      a second pulley 30 which is connected to the air chuck 14 as will be
      described in greater detail below. Air lines 31, 32 are also connected to
      the air chuck 14 and their function will also be described in greater
      detail below.
PAR  The air chuck 14, in accordance with the present invention, provides two
      functions, the first being to engage the roll of material R to drive it
      through its rotational movement about its own axis and the second being to
      provide support for one end of a stationary mandrel so that the mandrel
      can be quickly and easily removed or inserted in the machine. The
      following description will first be directed to the support functions for
      the mandrel and thereafter a description will be given of the chucking and
      driving mechanism.
PAR  Referring now to FIG. 2, chuck 14 includes a stationary chuck body member
      34, mounted on fixed arm 16 and a rotatable chuck body member 36,
      coaxially mounted with stationary chuck body member 34 and a pair of ball
      bearings 38, 40 positioned between the stationary and rotatable chuck body
      members. Pulley 30 is fixed to chuck member 36, as by screws 42. Mounted
      on the forward end of the rotatable chuck body member are a pair of discs
      or plates 44, 46 supported in spaced apart relation by spacers 48 and
      which have mounted therebetween piston and cylinder assembly, PC which
      control chuck jaws, J, to grip the outside surface of core, C, of the roll
      of material as will be described below. Mounted forward of disc 46 is
      plate 50 spaced from the forward face of disc 46 by spacers 52 to abut the
      rearward face of roll R.
PAR  Supported in chuck 14 is one end of a mandrel, M, the other end of which is
      supported by the machine frame as is well known in the art, and which, in
      turn, supports the roll of material. The mandrel has a main body portion
      54 having a flat side, not shown, arranged to face the rotating cutting
      blade and having a diameter substantially equal to the internal diameter
      of the core, C, and a reduced diameter rear portion 56 supported in
      rotatable chuck body member 36 by bearings 58, 59 which are retained in
      member 36 by C-rings 60, 61. As best shown in FIG. 6, the rearward end of
      mandrel M is cut to form a key which is seated in a similarly shaped hole
      in plate 62 attached to the inner face of rear plate 64 on stationary
      chuck member 34, to insure proper orientation of the flat side of mandrel
      M with respect to the rotating cutting blade when the mandrel is seated in
      the chuck. Secured to the rearward end of mandrel M is a threaded rod, 66
      which extends through hole 68 in rear plate 64 of the stationary chuck
      body member. Knob 70 having an internal thread engages threaded rod 66 to
      secure the rearward end of the mandrel to the chuck. It is thus seen that
      the mandrel can be quickly and easily removed from the chuck by
      disengaging knob 70 from screw 66 and sliding the entire mandrel forward.
      Mandrels for this machine can thus be formed with various diameter main
      portions 54 to support rolls of material having various core diameters,
      however, all the mandrels are formed with the rear portion 56 having the
      same dimensions. As will be described in greater detail below, the mandrel
      has ball bearings 72 mounted on the reduced diameter portion thereof which
      provides additional internal clamping support for the rearward extension
      of core C when the core is gripped by the jaws of air chuck 14.
PAR  Pivotably mounted between plates 46 and 48 for rotation with rotatable
      chuck member 36 are chuck jaws, J, which are activated by piston and
      cylinder assembly PC to engage or grip the outer surface of core C and
      when so engaged to hold the roll of material for rotation about its axis
      during the roll slitting operation. The chuck jaws and associated piston
      and cylinder assembly are best understood by considering FIGS. 2, 3, and
      7. Three chuck jaws, J, are pivotably mounted at pivots 74 which are
      secured between discs 44, 46 at 120.degree. intervals. Each of the chuck
      jaws, extending from pivot 74 in one direction, terminate in a gripping
      head 76 which extends parallel to the axis of the slitting machine. Each
      gripping head is formed with soft rubber or other suitable gripping
      material which has grooves, also extending axially along the machine, to
      provide good friction contact with the core C as will be described below.
      The chuck jaws J extend in the opposite direction from pivot 74 to second
      pivots 78 which are secured in brackets 80.
PAR  The movement of the chuck jaws between the gripping and release position is
      provided by three piston and cylinder assemblies which are interconnected
      with the chuck jaws at bracket 80. As can be readily seen in FIG. 3,
      extension of the pistion and cylinder assembly will rotate chuck jaws J
      about pivot 74 into the gripping position shown, wherein the gripping head
      76 frictionally engages the outer surface of core C to hold the roll of
      material for rotation. Retraction of the piston and cylinder assembly
      pivots the chuck jaws about pivot 74 in the opposite direction to bring
      the jaws to their release position.
PAR  Pneumatic force for operating the chuck jaws is provided by multiple air
      paths connected between a conventional source of air pressure, now shown,
      and the piston and cylinder assembly PC. Specifically, a first air path
      for activating the chuck jaws to engage the roll of material is provided
      by air fed from a source of air pressure through external air line 32 to a
      first air path or passageway 82, extending through the chuck body, to an
      air line 84 which distributes the air to appropriate ports 86 of the
      piston and cylinder assembly to extend the assemblies which rotate the
      chuck jaws into the gripping position. The second air path for moving the
      chuck jaws between the gripping position and the release position includes
      external air line 31 which interconnects with second passageway 88 to
      deliver air to air line 90 which distributes the air to appropriate ports
      92 in the piston and cylinder assembly to retract the assembly thereby
      pivoting chuck jaws J about pivot 74 for movement to the release position
      where the chuck jaws no longer engage the core of the material.
PAR  The multiple air paths for controlling piston and cylinder assembly PC is
      shown schematically in FIG. 4. With a control valve, V, in the position
      shown, air from the air supply is fed through air line 31, air passageway
      88 and air line 90 to ports 92 of the piston and cylinder assembly which
      retracts the assembly thereby moving the chuck jaws from the engage to the
      release position. To extend the chuck jaws, valve, V, is rotated
      90.degree. so that air passes through air line 32, air passageway 82 and
      air line 84 to ports 86 of the piston and cylinder assembly. Thus it is
      readily seen, that with multiple air paths, the chuck jaws are actively
      operated to move between the release and gripping positions to provide
      quick and effective gripping and release of the roll of material.
PAR  Returning to FIG. 2, each of the air passageways 82, 88 includes first
      sections 94, 96 respectively, extending through the stationary chuck body
      member, which interconnects with second sections 98, 100, respectively,
      extending through the rotatable chuck body member, through rotating air
      couplings 102, 104. Rotating air couplings 102, 104 couple the air between
      the stationary and rotating chuck body members so that during rotation of
      the chuck, the chuck jaws are forced into positive engagement with the
      core. For a better understanding of the construction and operation of the
      rotating air coupling, refer to FIG. 5 which is an enlarged detailed view
      of the rotating air coupling 104, and a partial view of coupling 102. As
      shown, air coupling 104 includes a circumferential groove 106 formed in
      the surface of stationary chuck body member 34 which is interconnected to
      receive air from the first section 96 of the air passageway and to
      distribute air in the groove and which in turn is aligned with the second
      portion 100 of the air passageway. The rotatable chuck body member 36 is
      formed with two circumferential grooves, 108, 110, disposed in opposite
      sides of groove 106 which are seated two O-rings 112, 114 which seal the
      air coupler. During rotation of chuck member 36, air which is supplied
      under pressure through passageway 96 is forced around the circumference of
      member 36 in groove 106 and into passageway 100 since the coupling is
      sealed by O-rings 112, 114. Rotating coupling 102 shown partially in FIG.
      5, operates in the same manner and includes circumferential groove, 116
      and O-ring 118 which together with O-ring 112 seal the coupling.
PAR  The improved slitting machine may be more completely understood by
      considering the following description of its operation. A mandrel having a
      main body diameter which is substantially equal to the internal diameter
      of the core of material to be slit is selected. Bearings 72 are positioned
      on the mandrel and the mandrel is mounted on the slitting machine with one
      end supported on the frame and the opposite end inserted into chuck 14,
      seated in plate 62 so that the flat side of the mandrel is oriented toward
      the cutting blade, and locked in place with lock knob 70. A roll of
      material is inserted over the mandrel with the rearward end abutting the
      forward face of plate 50 and the core extending rearwardly over ball
      bearing 72 and through a central cut-out in plate 46. The offset of the
      roll of material from the forward face of plate 46 can, of course, be
      changed by varying the length of spacers 52 to accommodate different
      length cores or the core can be cut to predetermined lengths. With the
      roll of material in place, air from the air source is passed through line
      32 and passageway 82 to activate piston and cylinder assembly PC which
      moves the chuck jaws from the release position to the engage position
      wherein the gripping heads 76 frictionally engage the outer surface of the
      core. Bearings 72 are positioned on the mandrel opposite bearing heads 76
      to provide internal bearing support for the core and to permit free
      rotation of the roll of material about the mandrel. The roll of material
      is now tightly engaged in the chuck. Upon energization of motor 22, the
      rotatable chuck body member 36 is driven by the conventional belt and
      pulley system and the roll of material is rotated about stationary mandrel
      M. The mandrel is fixed in position since one end is locked in the
      stationary chuck member, while the rotatable body member is free to rotate
      since the mandrel is supported by bearings 58, 60 and 72. The roll of
      material is slit into segments by moving the rotating knife blade R into
      and through the material and core. Slitting proceeds from the far end of
      the machine towards the clutch. Upon completion of the slitting operation,
      the rotation of the clutch is stopped and air is fed from the air supply
      source through passageway 88 to actively retract the piston and cylinder
      assembly thereby moving the chuck jaws from the engage to the release
      position. The segments of the roll are then removed from the mandrel.
PAR  What has been described is an improved roll slitting machine for slitting a
      roll of material which has a core extending sufficiently beyond the face
      of the material so that the outer surface of the core can be gripped and
      held for rotation by the chuck jaws. Very often, due to manufacturing
      methods or core breakage, the core does not extend a sufficient distance
      beyond the rear face of the roll of material to permit effective
      engagement of the outer surface of the core by the chuck jaws. When this
      situation arose in the past, a new chuck had to be installed on the
      slitting machine, a portion of the rearward end of the material had to be
      cut off to expose more of the outer surface of the core, or another
      slitting machine, having an appropriate chucking arrangement had to be
      used in the slitting operation. In accordance with this invention, a roll
      of material having a relatively short core can be slit on the same
      slitting machine as a roll of material having a long core without
      modifying the machine.
PAR  Referring to FIGS. 8 and 9, there is shown a partial sectional view of the
      roll of material R having a core C extending a relatively short distance
      rearward of the rearward face of the roll of material supported for
      rotation about stationary mandrel M by chuck 14. The common elements
      between FIGS. 8, 9 and FIGS. 1-7 are indicated by the same reference
      numerals. As shown in FIG. 8, although plate 50 and spacers 52 (see FIG.
      2) are removed, the core C does not extend sufficiently rearward of the
      rearward face of the roll of material to allow gripping heads 76 of chuck
      jaws J to adequately grip the outer surface of the core for rotation of
      the roll of material during the slitting operation. However, by utilizing
      the multiple fluid logic paths which control the operation of the chuck
      jaws through the piston and cylinder assemblies, the gripping head of the
      chuck jaws can be positioned to grip the internal surface of the core
      without modification to the chuck.
PAR  This gripping operation can best be understood by reference to FIG. 9,
      which is similar to FIG. 3. Prior to inserting the roll of material on to
      the slitting machine, piston and cylinder assembly PC are extended
      pivoting chuck jaw, J, about pivot 74 until gripping head 76 contacts the
      mandrel. After the roll of material is inserted on the machine, the piston
      and cylinder assembly is partially retracted causing the chuck jaws to
      pivot in the opposite sense about pivot 74 until the gripping heads firmly
      frictionally engage the inner surface of the core with sufficient force to
      hold the roll of material for rotation about the stationary mandrel. The
      multiple air paths arranged in the chuck provide the chuck with the
      capability of this operation.
PAR  To more fully understand the operation of the chucking arrangement shown in
      FIGS. 8 and 9, this chucking arrangement will now be discussed in greater
      detail with reference also to FIG. 2. Prior to inserting the roll of
      material on the mandrel, air is fed from the air source through air
      passageway 82 to air line 84 which extends the piston and cylinder
      assembly to pivot the chuck jaws around pivot 74 until the gripping heads
      76 are in contact with the mandrel. The roll of material is then slipped
      over the mandrel and positioned with the rearward face of the roll
      abutting the forward face of plate 46. Air is then supplied from the air
      source through air passageway 96, partially retracting the piston and
      cylinder assembly and pivoting the gripping heads into frictional
      engagement with the inner surface of the core to hold the core during the
      slitting operation. After slitting, air is again supplied to the piston
      and cylinder assembly through air passageway 82 to extend the piston and
      cylinder assembly, pivoting the gripping heads out of engagement with the
      core and permitting the removal of the roll of material from the mandrel.
PAR  It is often necessary to grip the periphery of the roll of material instead
      of or in addition to gripping the core during the roll slitting operation.
      In accordance with this invention, a slitting machine can be readily
      arranged to grip the periphery of the material. Such an arrangement is
      shown in detail in FIGS. 10 and 11 where common elements from the previous
      figures are given like reference numerals. In this embodiment of the
      invention, the chuck jaws and piston and cylinder assemblies have been
      modified, as described in greater detail below, so that one air logic path
      actuates the piston and cylinder assembly to force a spiked gripper
      attached at the end of the chuck jaw into the material for positive
      engagement of the roll of material during rotation and slitting and a
      second air logic path activates the piston and cylinder for positive
      disengagement of the spiked gripper from the material.
PAR  The principle of operation of the chuck for gripping the periphery of the
      roll of material in accordance with this invention can best be understood
      by reference to FIG. 11. As shown in FIG. 11, a roll of material R' is
      inserted over the mandrel. (Note the forward portion 54' of mandrel M'
      which is D-shaped with the flat portion of the mandrel oriented to face
      the cutting blade so that the blade can cut all the way through the core.)
      Arranged around plate 46' (FIG. 10) are chuck arms A which are previously
      mounted at one end on shaft 120 extending through plates 44' and 46' which
      is rotatably mounted on inner shaft 122 secured to plates 44' and 46'.
      Mounted on the opposite end of the chuck arm A is a spiked gripping member
      124 which, as will be explained in greater detail below, is arranged to
      penetrate the surface of the material to firmly hold the material during
      rotation of the roll of material. Linkage 126, positioned between plates
      44' and 46' is secured at one end to shaft 120. Force for controlling
      chuck jaws J are provided by piston and cylinder assembly PC' positioned
      between plates 44' and 46' and interconnected with the chuck jaws through
      pivot 128 on linkage 126. As will now be readily apparent, extension of
      the piston and cylinder assembly displaces linkage 126 outwardly in the
      direction of the periphery of plate 46' producing rotation of shaft 120
      about shaft 122 and movement of the chuck arms A and spiked gripping
      member out of engagement with the roll of material. Retraction of the
      piston and cylinder assembly produces inward displacement of linkage 126
      forcing the gripping spike into the material to securely hold the roll of
      material.
PAR  What has been described above and illustrated in the drawings are some
      examples of a machine which uses the concepts of the present invention.
      These examples however do not in any way exhaust all possible applications
      for this invention. For example, any number of air logic paths can be
      provided to control multiple sets of chuck jaws arranged to engage various
      portions of the roll of material simultaneously. Thus, one set of chuck
      jaws can be controlled to grip the outer surface of the core while a
      second set of chuck jaws can simultaneously grip the periphery of the
      material. Other variations in the specifics of this machine, both major
      and minor, can also be made without departing from the spirit and scope of
      the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a slitting machine for making radial cuts in a roll of material as
      said roll is rotated about a stationary mandrel, a fluid actuated chuck
      for gripping said roll of material, said chuck including a stationary
      chuck body member mounted in the frame of said machine coaxially with said
      mandrel, a rotatable chuck body member coaxially mounted within said
      stationary chuck body member and bearing means therebetween providing free
      rotation of said rotatable chuck body member with respect to said
      stationary chuck body member, mandrel mounting means positioned within
      said chuck to receive one end of the mandrel for supporting said mandrel
      in a stationary non-rotating manner, chuck jaw means mounted on said
      rotatable chuck body member for movement between a gripping position in
      which said jaws engage said roll of material and a release position
      disengaged from the roll of material, fluid powdered actuation means
      operatively connected to said chuck jaw means to move said jaws means
      between the release position and the gripping position, fluid pressure
      means having multiple fluid paths for controlling said actuating means
      including for each of said multiple fluid paths coupling means between the
      rotatable chuck body member and a source of fluid pressure and means
      providing a fluid passageway between said coupling means and said
      actuating means for controlling said actuating means, drive means
      connected to said rotatable chuck body member for actuating a roll of
      material on the machine mandrel by rotating said rotatable chuck body
      member and said chuck jaw means when said chuck jaw means are engaged with
      the roll of material mounted on the mandrel.
NUM  2.
PAR  2. In a slitting machine for making radial cuts in a roll of material as
      said roll is rotated about a stationary mandrel, a fluid actuated chuck
      for gripping said roll of material, said chuck including a stationary
      chuck body member mounted in the frame of said machine coaxially with said
      mandrel, a rotatable chuck body member coaxially mounted with said
      stationary chuck body member and bearing means therebetween providing free
      rotation of said rotatable chuck body member with respect to said
      stationary chuck body member, mandrel mounting means positioned within
      said chuck to receive one end of the mandrel for supporting said mandrel
      in a stationary non-rotating manner, chuck jaw means mounted on said
      rotatable chuck body member for movement between a gripping position in
      which said jaws engage said roll of material and a release position
      disengaged from the roll of material, fluid powered actuation means
      operatively connected to said chuck jaw means to move said chuck jaw means
      between the release and the gripping position, said fluid pressure means
      having at least two separately controllable fluid paths for controlling
      separate functions of said actuating means including for each of said
      fluid paths coupling means between said rotatable chuck body member and
      said stationary chuck body member, means providing a fluid passageway in
      said rotatable chuck body member between said coupling means and said
      actuating means and means providing a fluid passageway in said stationary
      chuck body member between said coupling means and a source of fluid
      pressure, drive means connected to said rotatable chuck body member for
      rotating a roll of material on the machine mandrel by rotating said
      rotatable chuck body member and said chuck jaw means when said chuck jaw
      means are engaged with the roll of material on the mandrel.
NUM  3.
PAR  3. In a slitting machine for making radial cuts in a roll of material as
      said roll is rotated about its axis the improvement comprising a removable
      mandrel and a fluid actuated chuck for gripping said roll of material and
      said mandrel supporting said roll of material as it is rotated, said chuck
      including a stationary chuck body member mounted in the frame of said
      machine coaxially with said mandrel, a rotatable chuck body member
      coaxially mounted within said stationary chuck body member and bearing
      means therebetween providing free rotation of said rotatable chuck body
      member with respect to said stationary chuck body member, mandrel mounting
      means positioned in said chuck to receive one end of said mandrel
      including bearing means mounted between said rotatable chuck body member
      and said mandrel and locking means mounted on said stationary chuck body
      member engaging said mandrel for supporting said mandrel in stationary
      non-rotating manner, chuck jaw means movably mounted on said rotatable
      chuck body member and movable from a gripping position in which said jaw
      means engages said roll of material and a release position disengaged from
      said roll of material, fluid powered actuation means operatively connected
      to said chuck jaw means to move said jaw means between the release
      position and the gripping position, fluid pressure means including
      coupling means between the rotatable chuck body member and a source of
      fluid pressure and means providing a fluid passageway between said
      coupling means and said actuating means for controlling said actuating
      means, drive means connected to said rotatable chuck body member for
      rotating a roll of material on the machine mandrel by rotating said
      rotatable chuck body member and said chuck jaw means when the chuck jaw
      means is engaged with the roll of material mounted on the mandrel.
NUM  4.
PAR  4. The slitting machine of claim 3 wherein said coupling means includes
      fluid distribution means formed in the surface of said stationary chuck
      body member adjacent said rotatable chuck body member, a fluid passageway
      in said stationary chuck body member extending between a source of fluid
      and said fluid pressure distribution means, a fluid passageway in said
      rotatable chuck body member having one end coupled to said actuation means
      and the opposite end positioned to receive fluid from said fluid
      distribution means so that fluid supplied to the fluid passageway in the
      stationary chuck body member flows into said fluid distribution means and
      into said fluid passageway in said rotatable chuck body member to control
      said actuation means.
NUM  5.
PAR  5. The slitting machine of claim 4 wherein said roll of material has a
      hollow central core and said chuck jaws engage the outer surface of said
      central core when in the gripping position.
NUM  6.
PAR  6. The slitting machine of claim 4 wherein said roll of material has a
      hollow central core and said chuck jaws engage the inner surface of said
      central core when in the gripping position.
NUM  7.
PAR  7. The slitting machine of claim 3 wherein said removable mandrel includes
      a material mounting section sized to receive and support said roll of
      material and a mandrel mounting section sized to be secured and supported
      in said mounting means so that mandrels can be readily interchanged in
      said slitting machine for supporting rolls of materials of various sizes.
NUM  8.
PAR  8. The slitting machine of claim 7 wherein said removable mandrel further
      includes locking and orientation means on said mandrel mounting section
      for axially retaining and orienting said mandrel in said chuck.
NUM  9.
PAR  9. The slitting machine of claim 8 wherein said stationary chuck body
      member has orientation means positioned thereon to cooperate with the
      orientation means on said mandrel to orient said removable mandrel in said
      slitting machine.
NUM  10.
PAR  10. The slitting machine of claim 3 wherein said coupling means includes
      fluid distribution means formed in one of the adjacent surfaces of said
      rotatable and stationary chuck body members providing fluid flow between
      the rotatable and stationary chuck body members.
NUM  11.
PAR  11. In a slitting machine for making radial cuts in a roll of material as
      said roll is rotated about is axis, the improvement comprising a fluid
      actuated chuck and removable mandrel, said chuck gripping said roll of
      material and said mandrel supporting said roll of material as it is
      rotated, said chuck including a stationary chuck body member mounted in
      the frame of said machine coaxially with the location of said mandrel, a
      rotatable chuck body member coaxially mounted with said stationary chuck
      body member and bearing means therebetween providing free rotation of said
      rotatable chuck body member with respect to said stationary chuck body
      member, mandrel mounting means positioned in said chuck to receive one end
      of said mandrel including complementary locating and locking means on said
      mandrel and said stationary member for supporting said mandrel in a
      stationary manner, chuck jaw means mounted on said rotatable chuck body
      member for movement between a gripping position in which said jaws engage
      said roll of material and a release position disengaged from said roll of
      material, fluid power actuation means operatively connected to said jaw
      means to move said chuck jaw means between the release position and the
      gripping position, fluid pressure means having multiple fluid paths for
      controlling said actuating means including for each of the fluid paths
      coupling means between said rotatable chuck body member and said
      stationary chuck body member, means providing a fluid passageway between
      said coupling means through said stationary chuck body member to a source
      of fluid pressure and means providing a fluid passageway between said
      coupling means and through said rotatable chuck body member to said
      actuating means, drive means connected to said rotatable chuck body means
      for rotating a roll of material on the machine mandrel by rotating said
      rotatable chuck body member and said chuck jaw means when said chuck jaw
      means are engaged with the roll of material mounted on the mandrel.
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ABST
PAL  A double plating wall framer for use in assembling wall frames with a
      series of cross beams secured at each end to an end beam and, optionally,
      to an auxiliary end beam. The wall framer includes a movable frame
      locating member for retaining the end beams within the wall framer and
      allowing the wall framer to be used in assembling wall frames either with
      or without auxiliary end beams.
BSUM
PAR  In the construction of both single and multiple unit dwellings,
      pre-assembled wall frames are used within the interior in the fabrication
      of the walls. These pre-assembled wall frames include a series of
      cross-beams secured at each end to an end beam, or plate. At times, the
      contractors require an additional, or auxiliary, end beam, or plate,
      secured at one or both ends of the cross beams; the provision of two end
      beams is known in the construction arts as "double plating". The
      pre-assembled wall frames are secured within the dwelling, and after all
      electrical and utility work is completed, the wall frames are covered with
      a suitable material, such as sheets of wall board, to complete the
      fabrication of the walls.
PAR  Because of the cost of labor and the number and variety of wall frames
      needed in the construction of a dwelling, attempts have been made to
      mechanize the assembly of wall frames. Wall framers which can either be
      permanently secured within a plant or moved to various construction sites
      are now used in assembling wall frames. However, none of the existing wall
      framers provide for the easy assembly of a wall frame which has an
      additional, or auxiliary, end beam secured at the end of the cross-beams.
      Existing wall framers have frame locating members attached thereto and
      projecting upwardly therefrom which define the channels into which the
      cross-beams and end beams are placed during the assembly of a wall frame.
      It is difficult to secure an auxiliary end beam to the assembled wall
      frame while the assembled wall frame is within the wall framer because the
      frame locating members along the outer edge of the end beams prevent close
      contact between the auxiliary end beam and the end beam within the
      assembled wall frame. If an auxiliary end beam is secured to an assembled
      wall frame while the assembled wall frame is within the wall framer, it is
      very difficult to remove the double plated wall frame from the wall framer
      because of the frame locating members which are pinched between the end
      beam and the auxiliary end beam.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly described, the present invention is directed to a wall framer which
      can be used in assembling wall frames in which a series of cross beams are
      secured at each end to an end beam and, optionally, to an additional, or
      auxiliary, end beam. The wall framer includes support structure for the
      beams, a number of movable frame locating members for retaining one of the
      end beams within the wall framer and in contact with the cross beams, and
      a number of additional frame locating members for retaining an auxiliary
      end beam within the wall framer. The movable frame locating members are
      arranged so that, when an auxiliary end beam is inserted into the wall
      framer and into contact with the end beam already present, the movable
      frame locating members are depressed just below the end beam support
      surface and support the auxiliary end beam in proper alignment with the
      end beam already present.
PAR  Thus, it is an object of the present invention to provide improved wall
      framing apparatus.
PAR  It is another object of the present invention to provide a wall framer
      which can be used to easily assemble wall frames which either do or do not
      have an auxiliary end beam secured at the end of the cross beams.
DRWD
PAR  Other objects, features, and advantages of the present invention will
      become apparent from reading the following specification, when taken in
      conjunction with the accompanying drawing, which describes an illustrative
      embodiment of the invention.
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a pictorial view of a wall framer of an illustrative embodiment
      of the present invention as it would appear while retaining the cross
      beams and end beams during the assembly of a wall frame.
PAR  FIG. 2 is a top view of the wall framer of FIG. 1.
PAR  FIG. 3 is a view of a movable auxiliary flange of the present invention as
      it would appear during the insertion of an auxiliary end beam into the
      wall framer.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now in more detail to the drawing, in which like numerals
      indicate like parts throughout the several views, FIG. 1 shows a double
      plating wall framer 10 having therein an assembled wall frame 50. Wall
      framer 10 has a generally rectangular base defined by front cross bar 11,
      rear cross bar 12, left elongate bar 13, and right elongate bar 14.
      Extending outwardly at an angle from front bar 11 are left connecting bar
      15 and right connecting bar 16. These two bars are connected together at
      the ends and a vertically adjustable jack 17 extends downward from the
      point where the two bars are connected. Jack 17 is used to support the
      wall framer front and to adjust the level of the wall framer front
      relative to the wall framer rear. Preferably, the wall framer base is an
      integral part of a mobile trailer with wheels so that the wall framer can
      be transported from one construction site to another with a minimum of
      effort. Of course, the wall framer base can be permanently secured to the
      floor of a wall framer construction plant in any conventional manner. If
      the wall framer base is permanently secured to the floor of a construction
      plant, jack 17 would not be needed.
PAR  Extending upwardly from left elongate bar 13 is left front framing table
      support 18, extending upwardly from the middle of front cross bar 11 is
      middle front framing table support 19, and extending upwardly from right
      elongate bar 14 is right front framing table support 20. Not shown, but
      extending upwardly along the length of wall framer 10 from left elongate
      bar 13 and right elongate bar 14 are additional left framing table
      supports and right framing table supports, respectively. Also not shown is
      an additional middle framing table support extending upwardly from the
      middle of rear cross bar 12.
PAR  The framing table includes left table strut 21 supported by the left
      framing table supports, middle table strut 23 supported by the middle
      framing table supports and right table strut 22 and right auxiliary strut
      24 supported by the right framing table supports. Each of left table strut
      21, middle table strut 23, and right table strut 22 extend along the
      length of wall framer 10, and together the top surfaces of these table
      struts form an approximately planar surface. Preferably, either left table
      strut 21 and the corresponding left framing table supports or right table
      strut 22 and the corresponding right framing table supports are laterally
      adjustable in order to provide various table widths for assembling various
      sizes of wall frames.
PAR  Secured to right table strut 22 at a spaced distance defined by right
      auxiliary flange opening 43 is right auxiliary strut 24. The top surface
      of right auxiliary strut 24 is spaced a predetermined distance below the
      top surface of right table strut 22. Attached to a series of pivots 39a on
      right table strut 22 along the length thereof and within right auxiliary
      flange opening 43 are right auxiliary side flanges 39. These flanges have
      portions 39b extending above the top surface of right table strut 22 and
      act to retain right end beam 52 in contact with the ends of cross beams 54
      on the framing table during assembly of wall frame 50. As depicted in FIG.
      3, right auxiliary side flanges 39 are L-shaped with one leg 39c extending
      downwardly at an angle from the vertical into right auxiliary flange
      opening 43 and movable rotatably within a vertical plane and one leg 39d
      extending outwardly and over right auxiliary strut 24. The extension of
      the leg 39c downwardly is accomplished by pivotally attaching right
      auxiliary flanges 39 to right auxiliary strut 24 at a point on the flanges
      between the center of gravity of the flanges and the intersection of the
      two legs 39c and 39d of the flanges. The extension of the leg 39d at an
      angle from the vertical is accomplished by pivotally attaching right
      auxiliary flanges 39 through a point on the leg 39c extending downward
      which is offset from the longitudinal axis of the downwardly-extending
      leg. The point of attachment of right auxiliary side flanges 39 on right
      table strut 22 and the predetermined distance between the top surfaces of
      right table strut 22 and right auxiliary strut 24 are such that, when each
      right auxiliary side flange 39 is pivoted and one edge 39e of the
      outwardly-extending leg 39d of each right auxiliary side flange 39
      contacts right auxiliary strut 24, the other edge 39f of the
      outwardly-extending leg is in the same plane as the top surface of right
      table strut 22.
PAR  Although not depicted in the drawing, it is within the scope of this
      invention to provide a left auxiliary strut with left auxiliary side
      flanges. In this manner wall frames could be assembled with double end
      beams attached at each end of the cross beams.
PAR  Attached along the outer edge of right auxiliary strut 24 and extending
      upwardly above the top surface of right auxiliary strut 24 is a series of
      right side flanges 38. These flanges act to keep right auxiliary end beam
      53 in direct contact with right end beam 52 during the assembly of wall
      frame 50. Similarly, attached along the outer edge of left table strut 21
      is a series of left side flanges 37. These flanges act to keep left end
      beam 51 in direct contact with the ends of cross beams 54 during the
      assembly of wall frame 50.
PAR  Left end flange 35 and right end flange 36 are secured to the top surfaces
      of left table strut 21 and right table strut 22, respectively, very near
      the front of wall framer 10. Left end flange 35 keeps left end beam 51 and
      the cross beam 54 nearest the front of wall framer 10 in position during
      assembly. Similarly, right end flange 36 keeps right end beam 52 and the
      cross beam 54 nearest the front of wall framer 10 in position.
PAR  Extending upwardly through the plane of the framing table are left
      retaining pins 29 and right retaining pins 30. Left retaining pins 29 are
      mounted on left pin supports 27 which are slidable within left pin channel
      25. Right retaining pins 30 are mounted on right pin supports 28 which are
      slidable within right pin channel 26. During the assembly of wall frame 50
      the pins are positioned so that holding each cross beam 54 in position on
      the framing table are a pair of left retaining pins 29 and a pair of right
      retaining pins 30. By having the retaining pins slidable along the length
      of the framing table, various spacings between cross beams 54 and the use
      of various widths of cross beams 54 can be achieved during the assembly of
      a wall frame 50.
PAR  Attached along the length of left table strut 21 at a position just
      outwardly from and below left table strut 21 is left nail gun support 41.
      Left nail gun support 41 acts as a guide track for a nail gun (not shown)
      removably attachable to left nail gun support 41. The nail gun, which can
      be pneumatically operated, is used to project nails through left end beam
      51 and into the ends of cross beams 54. There is a similar right nail gun
      support 42 attached to right auxiliary strut 24 for use in nailing right
      end beam 52 and right auxiliary end beam 53 to the ends of cross beams 54.
PAR  Extending the length of wall framer 10 just below the framing table are
      vertically adjustable left guide channel 31 containing a series of left
      rollers 33 and right guide channel 32 containing a series of right rollers
      34. After wall frame 50 is assembled, left guide channel 31 and right
      guide channel 32 are raised, lifting wall frame 50 from the framing table.
      Supported only by left rollers 33 and right rollers 34, wall frame 50 is
      easily guided for removal from wall frame 10.
PAR  In use, left retaining pins 29 and right retaining pins 30 are positioned
      along left pin channel 25 and right pin channel 26, respectively, in
      accordance with the width of cross beams 54 to be used and the desired
      spacing between cross beams 54 in the assembled wall frame 50. Left end
      beam 51 is positioned on left table strut 21 such that the end of left end
      beam 51 is in contact with left end flange 35 and the outer edge of left
      end beam 51 is in contact with left side flanges 37. Right end beam 52 is
      then positioned on right table strut 22 with the end of right end beam 52
      in contact with right end flange 36 and the outer edge of right end beam
      52 in contact with right auxiliary side flanges 39. If a double plated
      wall frame is required, a right auxiliary end beam 53 is inserted between
      the outer edge of right end beam 52 and right side flanges 38. Right
      auxiliary end beam 53 contacts leg portion 39d of right auxiliary side
      flanges 39, causing right auxiliary side flanges 39 to pivot. The
      outwardly extending leg of right auxiliary side flanges 39 moves downward
      until edge 39e comes into contact with right auxiliary strut 24 and the
      downwardly extending leg portions 39b of right auxiliary side flanges 39
      moves below the framing surface within right auxiliary flange opening 43.
      Right auxiliary side flanges 39 pivot until below the framing surface and
      in contact with right auxiliary strut 24 and edges 39f of the right
      auxiliary side flanges 39 support right auxiliary end beam 53 in proper
      alignment with right end beam 52. If a double plated wall frame is not
      needed, then the step of positioning right auxiliary end beam 53 on the
      framing table is omitted. Next, cross beams 54 are positioned between left
      end beam 51 and right end beam 52 within the pairs of left retaining pins
      29 and right retaining pins 30. A nail gun is then attached to left nail
      gun support 41 and nails are projected through left end beam 51 and into
      the ends of each cross beam 54 as the nail gun is moved along the length
      of wall framer 10. Another nail gun is attached to right nail gun support
      42 and nails are projected through right auxiliary end beam 53, if
      present, right end beam 52, and into the ends of each cross beam 54. Left
      guide channel 31 and right guide channel 32 are then raised to lift the
      wall frame 50 off the framing table. Wall frame 50 is then pushed along
      left rollers 33 and right rollers 34 to the end of wall framer 10 where
      wall frame 50 is removed.
PAR  The window formed by window cross beams 56 and window beams 55 can be added
      either while wall frame 50 is on wall framer 10 or after removal
      therefrom. Because of the many various types and sizes of windows, the
      window-forming step is normally done by hand using conventional
      procedures.
PAR  While this invention has been described in detail, with particular
      reference to preferred embodiments thereof, it will be understood that
      variations and modifications can be effected within the spirit and scope
      of the invention as described in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for supporting components of a frame structure, comprising:
PA1  first means defining positions for receiving a plurality of structural
      members in predetermined certain relation;
PA1  second means defining a position for receiving a second structural member
      in predetermined certain position adjacent at least some of said plural
      structural members;
PA1  said second means including first locating means against which a side
      surface of such second structural member is abutted to be in said certain
      position;
PA1  a second locating means mounted in spaced apart relation with said first
      locating means to provide abutment for a third structural member
      optionally positioned alongside and contiguous to said second structural
      member; and
PA1  means operatively associated with said first locating means and normally
      operative to dispose said first locating means into a first position for
      said abutment with a second structural member and selectively operative to
      displace said first locating means from said first position in response to
      placement of a third structural member in abutment with said second
      locating means, so that the position of said third structural member is
      defined by abutment with said second locating means and by contiguity with
      said second structural member.
NUM  2.
PAR  2. Apparatus as in claim 1, wherein:
PA1  said second means includes a support member for supporting said second
      structural member;
PA1  said first locating means comprises a plurality of locating members each
      having an abutment surface extending outwardly from said support member to
      define the positioning for such second structural member; and
PA1  said locating members having a support element extending from said abutment
      surface in a direction toward said second locating means to provide a
      support surface for placement of such third structural member.
NUM  3.
PAR  3. Apparatus as in claim 2, wherein each of said locating members normally
      assumes said first position and is selectively displaceable to a second
      position whereat said abutment surface is withdrawn from said outward
      extent, and each of said locating means includes means defining said
      second position whereat said support elements of said second members
      define a support surface for such third structural member which is
      substantially level with said support surface of said second support
      means.
NUM  4.
PAR  4. Apparatus as in claim 2, wherein said means operatively associated with
      said first locating means includes means which normally urges each of said
      locating member into said first position and which is yieldable to allow
      said locating members to be displaced to a second position wherein said
      abutment surface is withdrawn from said outward extent.
NUM  5.
PAR  5. Apparatus as in claim 4, wherein each of said locating members has a
      predetermined center of gravity, and each of said locating members is
      pivotally supported relative to said center of gravity to gravitationally
      assume said first position.
NUM  6.
PAR  6. Apparatus as in claim 2, wherein each of said locating members is
      normally disposed in said first position with said abutment surface
      extending outwardly, and said locating members are operative to move to
      said second position in response to placement of such third structural
      member onto said support element.
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ABST
PAL  A copying machine for producing one or more copy sheets from a document
      original has a carriage for the original which is driven by an endless
      circulating chain. The carriage is uncoupled from the chain at each end of
      its reciprocating stroke and the further movement of the chain then
      actuates other control functions while the carriage is stationary and
      uncoupled. Only one driving motor is therefore needed in the machine. The
      copy sheet guide path is defined in relation to the movement of the
      carriage so that a copy sheet traverses the whole guide path during one
      reciprocating stroke of the carriage. The copy sheets are held in a
      cassette-type stack holder which is inserted vertically and which forms an
      extension of a vertical leg of the copy sheet guide path.
PARN
PAR  This is a division of application Ser. No. 351,288 filed Apr. 16, 1973.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to copying machines for producing a copy or copies
      from an original which is laid on a reciprocably movable carriage which is
      driven by a chain drive having a circulating chain.
PAR  Furthermore, the present invention is concerned more particularly with
      copying machines of this type which incorporate a holder for a stack of
      sheet-form copy material, a document scanning mechanism which includes a
      scanning aperture in the path of movement of the carriage and an exposure
      aperture in the path of the copy sheet material, a copy sheet charging
      device, a developing device for the exposed copy sheets, and a drying
      device, and wherein drive means are provided for the carriage and for the
      sheet-form copy material.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Known copying machines of this latter type in general have two drive
      circuits, one of which is provided for the reciprocating carriage and the
      other of which is provided for transport means for the copy sheet
      material. Because of this, either a number of motors must be used or else
      complicated coupling arrangements must be provided in order to be able to
      drive the moving parts, such as the carriage, discontinuously in different
      changing directions. In such known copying machines the inclusion of a
      multiple copy mechanism is expensive because, for each setting of a
      desired number of copies, a continuous reciprocating movement of the
      carriage is necessary. The known coupling means are not only complicated
      but they also raise the problem of ensuring that the original to be copied
      and its carriage on the one hand and the copy sheet material on the other
      hand are brought in exact spatial and timed synchronization to their
      respective correct positions at the scanning and exposure apertures
      respectively. Any play in the coupling components impairs the necessary
      synchronization.
PAR  It is known to bring sheet-form copy material into a ready position in
      front of the entry to the copy sheet guide path in which the ready
      position is accurately defined by stops or abutments. The use of such a
      ready position is aimed to make ineffective any differences or deviations
      which may arise in the withdrawal of the individual copy sheets from the
      stack. However, for this purpose the known copying machines require bulky
      control means, particularly alternately driven and stationary rollers or
      pairs of rollers, with the result that not only are many additional
      components necessary which must be controlled and coupled together, but
      also there is increased initial expense and increased likelihood of faults
      arising. It is also to be noted that in order to set stationary transport
      means into rotation moments of inertia must be overcome which load the
      coupling means and can also lead to inaccuracies.
PAR  In certain known copying machines the copy sheet stack holder is arranged
      horizontally. In such cases it is known to insert a stack of copy sheets
      directly into a stack holder which is provided with counterpressure means
      with a withdrawal roller acting on the uppermost sheet of the stack, or
      alternatively to provide a cassette which can be fitted into the stack
      holder.
PAR  Such a form of stack holder necessitates a considerable cost outlay. The
      manual operations involved in manually loading a stack of copy sheets
      directly into a holder is comparatively complicated. The use of a box-type
      insertable cassette increases the basic cost for the machine installation
      since free space must be left around the machine, in general in the
      longitudinal direction of the machine, which is longer than the maximum
      theoretical length of copy sheet material which can be handled.
PAR  Upon the insertion of a cassette there is furthermore the problem that the
      stack of sheets, upon the insertion of the cassette, is not displaced in
      the region of the leading edges of the sheets as is necessary to bring
      them to the withdrawal roller, although with inserted cassettes
      counterpressure means are used to act on the rear wall of the cassette
      which at this position is either open or flexible, the counterpressure
      means pressing the leading edges of the copy sheets towards the withdrawal
      roller.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a copying machine of
      the type first mentioned above for the production of copies, which has an
      improved control system in comparison with the known machines, which has
      high accuracy in spite of having less complicated coupling means than the
      known machines, and which is also of a construction which as a result of
      the use of a reduced number of components as compared with the known
      machines and because of its special arrangement for the copy sheet holder
      is of small size and thus requires little space for its installation.
PAR  These objects are achieved in accordance with the present invention in that
      the carriage is uncoupled from the chain at its end positions, and in that
      the chain which continues to circulate is provided with means which
      actuate other controls, particularly during the time that the carriage is
      uncoupled.
PAR  In this way, the drive motor for the carriage is also used to control and
      to drive feed means for the copy sheet material, with the result that
      synchronization is achieved between the movement of the carriage and the
      movement of the copy sheet material in a particularly favourable way.
      Further, it also means that control functions can be performed with the
      carriage uncoupled, and the drive motor can be comparatively small because
      it drives the carriage and said other controls alternately.
PAR  Preferably, there is provided on the carriage a slide block in which a
      vertically slotted guide is reciprocably movable parallel to the carriage,
      the guide being interlocked with a pin carried by the endless chain, and
      the slot in the guide being of a length at least equal to the distance
      between two main lengths of the chain. Releasable coupling means are
      provided in the slide block which effect a rigid locking of the slotted
      guide in the slide block in each of the two directions of movement
      thereof. In this way the engagement between the chain and the slotted
      guide is always maintained intact.
PAR  The coupling means are preferably formed simply as levers which are
      pivotable against spring force. Striker elements are preferably provided
      on a support panel of the machine in the vicinity of the areas where the
      chain reverses its direction of movement, these striker elements being
      arranged to lift the levers from their engagement with the slotted guide.
      This is particularly advantageous because the couplings co-operate with
      projections on one side only of the slotted guide. Thus, such
      projections/coupling means may be arranged above and below the slide block
      and respectively act only in one direction of driving movement.
PAR  It is known to provide copying machines with a control shaft provided with
      control cams and drive members in order to provide a central control for
      the machine. Such control shafts may be formed as switching rollers.
PAR  In accordance with a preferred feature of the present invention there is
      provided a control shaft fitted with a driving disc with cams which is
      rotatable through the cams by means of pins provided on the chain. The
      control shaft is movable when the carriage is stationary and uncoupled,
      and this is particularly advantageous.
PAR  According to another preferred feature of the present invention, the
      driving disc is arranged coaxially with respect to a driven shaft of one
      of the sprocket wheels for the chain and the control shaft is preferably
      guided by this driven shaft which is formed as a hollow shaft. A drive
      motor can then be directly flanged on to the driven hollow shaft.
PAR  Preferably, the driving disc has two cams displaced relative to one another
      by about 120.degree. and which project into the path of movement of
      pick-up pins arranged at suitable distances apart on the chain. One of
      these pick-up pins is preferably the pin which engages with the slotted
      guide. In this way it is possible to control a revolution of the control
      shaft by entrainment of the driving disc through 360.degree., this being
      of advantage in order to be able to move the control means back into a
      predetermined initial position after each cycle.
PAR  According to a preferred feature of the invention only one driving motor is
      provided for the movable parts of the machine and the guide path for the
      copy sheets is so defined in relation to the movement of the carriage that
      a copy sheet traverses the whole of the guide path for the copy sheet
      material during one back and forth movement of the carriage.
PAR  The driving motor is preferably triggered by a copying master switch which
      drives and/or switches on the chain, the copy sheet withdrawal roller by
      way of the control shaft, an element determining the input of the copy
      sheet material, a multiple copy mechanism, and also a supplementary toner
      device. In this way one achieves a particularly favourable construction,
      especially in relation to the synchronized drive of the original and of
      the copy sheet material.
PAR  It is preferable if in the path of movement of the carriage there is
      provided an abutment which co-operates with an actuating member of the
      copying master switch and which is in locked engagement with the multiple
      copy mechanism in such a manner that this abutment causes the opening of
      the copying master switch when the multiple copy mechanism is in its
      initial position.
PAR  According to a further preferred feature of the invention the
      aforementioned abutment is arranged on a trip lever which is subject to a
      spring force and which is in engagement with the multiple copy, mechanism
      and which in its initial position is movable away from the locking
      position for the actuating lever of the copying master switch. Upon this
      release, a continuous back and forth movement of the carriage is
      controlled by a particularly simple means when multiple copies are to be
      made from a single original.
PAR  The accurate entry of the copy sheet material into its guide path may be
      achieved without the use of involved control means by providing a movable
      trip member positioned in front of the feed means in the guide path for
      the copy sheet material, the trip member acting to hold back the leading
      edge of the copy sheet from entry into the feed means of the guide path
      until the original and its carriage have reached a predetermined position.
PAR  By this means it is possible that the copy sheet material is substantially
      wholly fed through into the guide path with only the leading edge of the
      sheet held back in front of the continuously driven feed rollers until a
      particular point in time, with the result that the sheet may take up an
      attitude in which it has a slight degree of curvature.
PAR  Because of this there is preferably provided in the machine of the present
      invention a pivotable blade which is positioned subsequent to the copy
      sheet stack holder and a withdrawal roller and in the guide path of the
      copy sheet material in advance of a pair of driven feed rollers. The
      pivotable blade is movable by the control shaft to a position in front of
      the nip of the rollers of the feed roller pair for the feeding of a copy
      sheet towards the nip and in dependence upon a predetermined position of
      the chain is movable away from the nip in order to free the leading edge
      of the copy sheet for movement into the nip of the rollers. In order to
      achieve very precise control this blade must be located as far as is
      possible immediately at the nip of the rollers. For this purpose the
      rollers of the feed roller pair preferably comprise disc-type sections and
      the blade has cutaway portions which match and fit the positions of the
      disc-type roller sections.
PAR  A short structural length of the machine is achieved in that the copy sheet
      stack holder is arranged vertically as an extension of a vertical leg of
      the guide path for the copy sheet material and is arranged to be fitted
      into a receiving pocket at one side of which is positioned the copy sheet
      withdrawal roller and at the other side of which are arranged extensible
      support and counterpressure means for the copy sheets in the stack holder.
PAR  In order to simplify the insertion of a new stack of copy sheets a cassette
      is used. The easy insertion of this without any displacement of the free
      lower edges of the stack may be achieved by the support and
      counterpressure means including at least one counterpressure roller
      mounted in the pocket on a slotted guide movable in the direction towards
      the copy sheet withdrawal roller and also under a spring loading, the
      counterpressure roller being mounted on a support having a cam-type
      projection extending into the path of movement of a restoring star member
      which is connected to a spring-loaded setting lever by means of a
      unidirectional coupling, the setting lever projecting over the
      cassette-receiving pocket in its free position and upon actuation by a
      cassette being inserted into the pocket actuating the restoring star
      member by means of the coupling so that the star member releases the
      cam-type projection when the cassette is fully inserted.
PAR  Preferably, the restoring star member, which has pick-up projections
      extending therefrom parallel to its axis of rotation, is mounted on a
      setting shaft, to which the setting lever is secured, for rotation in only
      one direction, and additional means may be provided in order to prevent a
      restoring movement of the star member relative to fixed components of the
      machine.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Two embodiments of copying machine in accordance with the invention are
      illustrated in the accompanying drawings and are described in detail
      hereinafter. In the drawings:
PAR  FIG. 1 is a schematic side view of a first embodiment of copying machine in
      which the more important functional parts of the machine are shown
      schematically;
PAR  FIG. 2 is a side view of the copying machine, similar to the view of FIG.
      1, but in which in order to show the drive means more clearly the view is
      taken from externally of one side support panel adjacent to the parts
      involved in the copying process;
PAR  FIG. 3 is a side view from the other side of the copying machine, i.e. the
      machine operator's side, and looking towards the other side support panel
      which is at the other side of the parts involved in the copying progress;
PAR  FIG. 4 is a view of the machine when open, and as viewed from the
      right-hand side of FIG. 1;
PAR  FIG. 5 is an illustration on an enlarged scale of a drive element, and
      partly illustrating the connection between the carriage for the document
      original and the drive chain;
PAR  FIG. 6 is a plan view of part of FIG. 1 with the carriage and top panel
      removed to illustrate more clearly the control shaft arrangement;
PAR  FIG. 7 is a sectional view taken along the line VII--VII of FIG. 6 showing
      on an enlarged scale the controlled part, i.e. an arresting element for
      copy sheet material which is illustrated also in FIG. 4;
PAR  FIG. 8 is a view of a part of the machine as shown in FIG. 2 on an enlarged
      scale;
PAR  FIG. 9 is a side view in section taken along the line IX--IX of FIG. 6 to
      show the control of the copying master switch and its interlocking with a
      multi-copy mechanism;
PAR  FIG. 10 is a detail view on an enlarged scale of a part of the machine
      shown in FIG. 1 to illustrate the counterpressure roller and is a section
      taken along the line X--X of FIG. 11;
PAR  FIG. 11 is a partial side view of FIG. 10;
PAR  FIG. 12 is a sectional view taken along the line XII--XII of FIG. 11, but
      only showing those parts necessary for an understanding of this part of
      the machine;
PAR  FIG. 13 is a schematic electrical circuit diagram of the copying machine;
PAR  FIG. 14 is a side view, similar to that of FIG. 1, of a copying machine
      which differs slightly from that of FIG. 1, and showing particularly the
      arrangement and function of a cassette for holding a stack of copy sheets;
      and,
PAR  FIG. 15 is an electrical control circuit for the machine illustrated in
      FIG. 14.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the various Figures of the drawings the same or equivalent elements are
      indicated by the same reference numerals, although with reference to the
      embodiment shown in FIGS. 1 to 13 on the one hand and the embodiment shown
      in FIGS. 14 and 15 on the other hand there are certain differences.
PAR  The basic construction of the copying machines is shown schematically in
      FIGS. 1 to 4 and 14.
PAR  The machine has a casing which is indicated at 160 in FIG. 14. Within the
      casing 160 are arranged two lateral support panels 1 and 2 and a base
      plate 3. The machine casing 160 has an upper side 21.
PAR  Between the lateral support panels 1 and 2 between which or upon which the
      rest of the working parts are fixed or mounted, insofar as they are not
      arranged on the base plate 3, is fitted a cassette 4 which is set in an
      upright position and which is partially received in a pocket 5. Adjacent
      to this cassette 4 and in the guide path for the copy sheet material are
      provided permanently driven pairs of feed rollers 6, 7 and 8. Between the
      pairs of feed rollers 6 and 7 there is arranged a conventional copy sheet
      charging device 9 with discharge wires, and between the pairs of feed
      rollers 7 and 8 there is arranged an exposure aperture 10 with an exposure
      plate 11. The reference numeral 161 in FIG. 14 indicates a plate-like
      counterpressure or guide means. Below the pair of feed rollers 8 is
      located a developing unit 12 in which the previously vertical copy sheet
      guide path changes direction; the subsequent substantially horizontal leg
      of the guide path includes a permanently driven pair of squeeze and feed
      rollers 13 and further transport rollers 14, 15 and 16, by means of which
      a copy sheet is transported to a delivery area 17. This delivery area 17
      is accessible from the side of the machine at which the operator stands,
      as can be seen best from FIG. 3. In the region of the delivery area 17 the
      lateral support panel 2 is provided with an aperture 18. Furthermore, an
      end panel 19 (FIGS. 3 and 14) of the copying machine is open in front of
      the delivery area 17 so that the copy sheet can be withdrawn.
PAR  A drying fan 20 is provided inside the machine in the region of the
      delivery area 17 and is directed towards the copy sheets as they arrive at
      the delivery area.
PAR  Rails 22 are provided at the upper side 21 of the machine and as shown
      extend out beyond the actual machine casing. A carriage 23 which is
      arranged to receive a document original is guided on the rails 22 for back
      and forth reciprocating movement as indicated by the arrow 181. The
      carriage 23 is movable back and forth over a scanning aperture 24 in the
      upper side 21 of the machine casing. Below this scanning aperture 24,
      which may be covered by a transparent material, extends a vertical section
      25 of a light tunnel of the scanning mechanism. At the bottom of this
      vertical section 25 there is provided a reflector 26 which turns the image
      through 90.degree. and along a horizontal section 27 of the tunnel. The
      light tunnel terminates at the exposure aperture 10. Optical means 28 may
      be provided in the horizontal section of light tunnel. Scanning light
      sources 158 are provided at each side of and below the scanning aperture
      24.
PAR  In the usual way, the carriage 23 may comprise a frame guided on the rails
      22 and incorporating a transparent plate on which a document original is
      laid. A hingeable cover 29 is secured to the carriage 23 and provides a
      top cover for an original laid on the transparent plate. Such covers are
      well-known.
PAR  The carriage 23 is driven by an endless chain 30 which runs around two
      sprocket wheels 31 and 32. The sprocket wheel 32 has a driving disc 33
      mounted co-axially therewith, the driving disc being shown on an enlarged
      scale in FIG. 8. The carriage drive is best understood from a
      consideration of FIGS. 2, 5 and 8. A slide block 34 which is shown
      enlarged in FIG. 5 is provided on the carriage 23 outside the lateral
      support panel 1 and extending down at the side of it. A slotted guide 35
      having a vertical slot 36 is mounted in the slide block 34 for
      reciprocating movement on runners 37 and 38 which extend in the
      longitudinal direction of the machine. The slot 36 has a length which
      corresponds at least to the distance between the two horizontal sections
      39 and 40 of the chain 30. A pin 41 carried by and projecting from the
      chain 30 is permanently engaged in the slot 36. As the chain 30 moves
      around the sprocket wheels 31 and 32 so this pin 41 entrains the slotted
      guide 35 to traverse it over the whole longitudinal extent of the chain
      30.
PAR  Reference is now made to FIGS. 14 and 15. Above the pair of feed rollers 7
      there is positioned a charging device 9 above which is arranged a
      mechanism indicated generally at 162 comprising copy sheet withdrawal
      roller means and transport means for feeding copy sheets to the charging
      device. These components are mounted in a housing extension 164 projecting
      up above the upper surface of the machine casing. The front end walls 165
      of the extension 164 remote from the upper side 21 of the machine casing
      extends to form a top face 166 of the extension. In this casing extension
      164 there is provided a recess 167 which is accessible from the top
      through an aperture 5. The recess 167 is closed at its sides and extends
      down as far as a copy sheet withdrawal roller 82 which is arranged to be
      driven and which is mounted within the casing. This copy sheet withdrawal
      roller 82 projects into the recess 167 so that it presses against the
      uppermost sheet of a stack 168 of copy sheets in a cassette-type copy
      sheet stack holder 4 which can be fitted into the recess 167. The wall 169
      of the stack holder 4 which is at the side facing the copy sheet
      withdrawal roller 82 has a hole at its end opposite the roller. This hole
      is indicated at 170 and is provided so that the roller 82 can press
      directly against the copy sheet material which is within the cassette-type
      stack holder 4. The wall 171 on the other side of the stack holder is
      provided at this same lower end either with holes or with a section 172 of
      wall which can be pivoted about a hinge and through which or against
      which, upon the introduction of the cassette-type stack holder,
      compression springs 173 act respectively in order to press the copy sheets
      in the holder towards the withdrawal roller 82. The copy sheet withdrawal
      and feed means includes in the illustrated embodiment a pair of rollers 6
      which consist of a driven roller 174 and a co-operating roller 175 having
      a flat area on its peripheral surface and which is also illustrated in
      FIG. 2. Such a roller pair is described for example in British Patent
      Specification No. 1 229 323 and in U.S. Pat. No. 3 552 849. A spring 102
      acts upon the roller 175 having the flat surface area. Moreover, this
      roller 175 is provided on an adjacent disc which lies next to the nip
      between the rollers 174 and 175 and outside an end roller bearing with a
      locking slot 176. A locking lever 177 engages in the slot 176 and is
      mounted for pivotal movement at 178. When this locking lever 177 is
      released, the spring 102 draws the rollers 175 in the counterclockwise
      sense, so that the arcuate portion of the periphery of the roller 175
      comes into contact with the driven roller 174 and a copy sheet positioned
      in the nip is entrained by the rollers.
PAR  For control purposes an arm 179 is provided on the lever 177 and actuates a
      switch 180 which will be referred to again later.
PAR  Below the pair of feed rollers 8 is located the entry to the developing
      unit 12 which includes a curved guide surface 163. A more detailed
      description of this part of the machine is unnecessary since such
      developing units are well-known. At the exit side of the development unit
      there is the further pair of feed rollers 13 through which the copy sheets
      coming from the developing unit are passed, the copy sheets then moving
      over guide means 14 and 15 to the delivery area 17. The delivery area 17
      can be made accessible through a side wall of the machine which is cut
      away at the appropriate position, or may be accessible through the end
      wall 19 of the machine, in order to be able to take out the finished
      copies.
PAR  As in FIG. 1, rails 22 are provided on the upper side 21 of the machine
      casing for guidance of the carriage 23 back and forth in the direction of
      the double-headed arrow 181. As drive means for the carriage 23 there is
      provided, for example, a chain drive guided over two sprocket wheels 31
      and 32, the chain being provided with a pin 58 which moves in a vertical
      slot 36 in a slotted guide 35. The slot 36 is of such a length that the
      pin 58 remains in the slot as it traverses along the length of the upper
      and lower sections of the chain. This guidance arrangement is shown only
      by way of example. The construction and arrangement of the slotted guide
      35 is also only shown in simplified form in FIG. 14. For example, the
      slotted guide 35 is shown immediately adjacent to the carriage 23.
PAR  This chain drive with the sprocket wheels 31 and 32 is preferably
      positioned alongside the horizontal section 27 of the light tunnel
      carrying the scanned image to the exposure aperture.
PAR  The basic operation of the cassette and of the associated components is now
      described with reference to FIG. 15. A main electrical circuit 182 which
      incorporates the fan 20 is arranged to be switched into operation by means
      of a main switch 159. By means of this main switch 159 the copying machine
      is brought to an operational ready state.
PAR  The copy sheet withdrawal roller 82 is associated with a control disc 183
      (FIG. 14) with a drive which can be set for a preselected number of
      revolutions. This drive is shown only schematically in FIG. 14 by the
      illustration of a motor coupling unit 184, and is switched into operation
      by a separate switch l85 when a copy is to be produced. Furthermore, a
      control motor 68 which drives the roller 174, the feed roller pairs 7, 8
      and 13 and also the sprocket wheel 32 by means of a chain 71 is also
      located in the machine. The electrical circuit for this motor 68 is made
      ready by the main switch 159. It includes two parallel branches 187 and
      186, the branch 187 including the above-mentioned switch 180 and the other
      branch 186 including a switch 123 which is actuated directly by the
      carriage 23 when the carriage is positioned in its withdrawn end position
      as shown in FIG. 1. In this position of the carriage the switch 123 is
      open.
PAR  The scanning light source 158 and the copy sheet charging device 9 are also
      connected into the electrical circuit which includes the two branches 187
      and l86.
PAR  If, after closing the main switch 159 and placing an original to be copied
      on the carriage, one wishes to make a copy, the switch 185 is closed by
      the operator. The copy sheet withdrawal roller 82 then feeds a copy sheet
      into the nip of the rollers 174 and 175. The leading edge of the copy
      sheet unlocks the roller 175 by actuating the lever 177, with the result
      that the switch 180 closes and the motor 68 which controls movement of the
      carriage 23 is switched into circuit. By this means it is possible to
      ensure that any irregularities in the withdrawal of the copy sheets due to
      friction or the like do not adversely affect the operation of the machine
      since the initiation of the carriage drive only takes place when the
      leading edge of the copy sheet has reached a predetermined position, i.e.
      when it strikes the lever 177. By the unlocking of the roller 175 there
      then exists an accurately defined copy sheet feed on account of the
      definite drive by means of the roller 174 and the other rollers driven by
      the chain 71, with the result that the spacings and speeds can be so
      chosen that the leading edge of the copy sheet enters the exposure
      aperture 10 when the leading edge of the original to be copied comes above
      the scanning aperture 24.
PAR  Reference will now again be made to the embodiment shown in FIGS. 1 to 13.
PAR  One special feature is that the slotted guide 35 can be locked relative to
      the slide block within the rails 37, 38 in the respective directions of
      movement by coupling means formed as pivotable levers 42 and 43. These
      coupling levers each represent in practice a unilaterally acting arrester
      member. The pivocable levers, of which the one, 42, is arranged above the
      rails 37 and 38 and the other, 43, is arranged below the rails 37 and 38,
      are pivotable respectively about pins 44 and 45 on the slide block. The
      levers have extension pieces 46 and 47 respectively at the ends at which
      they are pivotably mounted, these extension pieces having springs 48 and
      49 secured thereto which are secured at their other ends to fixed pins 50
      and 51 on the slide block. Towards their pivotally movable ends the levers
      42 and 43 have arresting surfaces 52 and 53 respectively by which the
      slotted guide 35, which has corresponding abutment surfaces, can be
      engaged for joint movement of the guide and slide block. The slotted guide
      35 is provided with respective upper and lower grooves forming tracks
      engaged by the rails 37 and 38 with flanges either side of the tracks, and
      the abutment surfaces of the slotted guide are preferably formed by
      lateral projections jutting out behind the rails 37 and 38 as they are
      viewed in FIG. 5.
PAR  The pivotally movable ends of the levers 42, 43 each have an inclined
      running surface 54, 55 set at an acute angle to the direction of movement
      of the slotted guide. When, for example, the carriage 23 is moved into the
      position shown in FIG. 2, a suitably shaped uncoupling key 56 (FIGS. 2 and
      5) strikes against the running surface 55 and lifts the pivotable lever 43
      out of its position of engagement with the slotted guide. In this way, the
      slide block 34 then remains stationary while the slotted guide 35 can be
      entrained for further movement by the pin 41 as it travels around the
      sprocket wheel 32.
PAR  A corresponding peg-shaped key or abutment 57 (FIG. 2) is provided above
      the sprocket wheel 31 to strike against the running surface 54 so that at
      this end position of the slide block, and of the carriage, an uncoupling
      occurs by pivotal movement of the lever 42 against the force of the spring
      48.
PAR  Two further pins 58 and 59 are also arranged on the chain 30 besides the
      above-mentioned pin 41. The pin 58, which may be shorter than the pin 41,
      projects towards the same side as the pin 41 and extends out sufficiently
      far to strike the disc 33 so that it can come into engagement with cams 60
      and 61 on the disc 33. The pin 59 projects outwardly on the other side of
      the chain 30 and serves to actuate two switches 62 and 63 whose actuating
      elements, of which one is shown at 64, project into the path of movement
      of the pin 59. These switches 62 and 63 serve to switch into circuit the
      copy sheet charging device 9 (by switch 63) and the scanning light source
      158 (by switch 62). Switching of these components out of circuit is
      effected by an abutment on the slotted guide 35 and by means of a rod 65
      which projects as far as the extreme position of movement of the slotted
      guide 35 at the sprocket wheel 31. The abutment on the slotted guide is
      indicated at 66 and engages an arcuate end piece 67 of the rod 65, the rod
      being directly linked to the switches 62 and 63.
PAR  In FIG. 6 is shown the driving disc 33 as well as a shaft 69 on which it is
      mounted and which acts as a control shaft. This shaft 69 is guided for
      free rotational movement through an assembly of two wheels comprising the
      sprocket wheel 32 and a gear wheel 70 connected to the sprocket wheel 32
      for fixed rotation therewith.
PAR  In FIG. 2 can be seen a drive chain 71 which is driven from a gear wheel 72
      with which is associated, inside the support panels 1 and 2, the drive
      motor 68 (FIG. 1). This drive chain 71 drives one roller of each of the
      roller pairs 6, 7 and 8 through respective gear wheels 73, 74 and 75.
      Between the driven rollers (not shown in FIG. 4) and the rollers of these
      roller pairs which are visible in FIG. 4 gear connections are provided,
      one gear wheel 76, 77, 78 of each connection being visible in FIG. 4.
      Furthermore, by means of the drive chain 71, the feed roller 13 is driven
      by means of a chain-gearwheel combination 76, and the feed roller 14 is
      driven by means of a gearwheel 161. Subsequent transport rollers such as
      16 are connected by a transmission linkage with others of the rollers
      which are rotated in the same sense.
PAR  It will thus be appreciated that the copying machine functions with only
      one drive motor, for which the prerequisite is a compressed copy sheet
      guide path which includes only one change of direction, with additionally
      the control movements being effected by this drive motor, admittedly with
      the carriage stationary.
PAR  Reference is now made to FIG. 6 and to the associated FIGS. 7 to 9. The
      control shaft 69 extends through the two side support panels 1 and 2. The
      control shaft is driven by the driving disc 33 by means of the cams 60 and
      61 on the disc which are entrained by the pins 58 and 41 on the chain 30.
      FIG. 2 shows the instant when the slotted guide 35 is uncoupled from the
      slide block. At this moment the pin 58 strikes against the cam 61 and
      entrains it through 240.degree.. After just 120.degree. of this rotation
      the cam 60 arrives at the lower section of the chain 30 and at a point in
      time at which the pin 41 arrives at the driving disc 33. This pin 41 then
      entrains the cam 60 until it reaches its initial position as shown in FIG.
      2. An intermediate position is shown in FIG. 8, which also shows the
      position of the control shaft 69 in this intermediate position.
PAR  FIG. 2 shows the carriage 23 in its initial position. From this it follows
      that before a movement of the carriage, i.e. before the slotted guide 35
      arrives at the position shown in FIG. 5 to pick up the slide block 34
      through engagement by the pivotable lever 42, the control shaft 69
      undergoes a rotation.
PAR  At its end externally of the side support panel 2 the control shaft 69
      carries a gearwheel 79 fixed for rotation therewith. This gearwheel 79,
      which is also shown in FIG. 3, drives a second drive chain 80. This drive
      chain 80 is guided over a gearwheel 81 on the shaft of the copy sheet
      withdrawal roller 82 (FIGS. 1 and 4) as well as over a gearwheel 83 which
      in a manner synchronised with the working cycle drives an adjustable
      supplementary developing device which is shown only schematically at 84.
PAR  Idler wheels 85 and 86 are provided in the track of the two drive chains 71
      and 80.
PAR  Consequently, with the rotation of the control shaft 69 before the movement
      of the carriage 23, the copy sheet withdrawal roller 82 has fed a sheet of
      copy paper from the stack 4 into the guide path in the direction towards
      the feed roller pair 6. In the guide path in advance of the feed roller
      pair 6 there is provided a pivotable trip blade 87 (FIGS. 1, 4 and 7).
      This blade 87 is pivotably mounted at 88 and 89 to the side support panels
      1 and 2, the pivotal mounting being accomplished by lateral bent
      projections 90 of the blade which have bearing openings for mounting pins.
      A lower bent section 91 of the blade is movable exactly over the nip of
      the rollers of the feed roller pair 6. The rollers of this feed roller
      pair 6 are, as is shown in FIG. 4, in which the front feed roller 92 is
      shown, formed as roller discs 93 and 94. The blade 87, and particularly
      the bent lower section 91 thereof, has recesses 95 and 96 at its lower
      edge which fit around the roller discs 93 and 94 so that the bent blade
      section 91 is arranged directly above the nip of the rollers of the roller
      pair 6 when the blade is pivoted inwardly of the machine. The pivotally
      suspended blade 87 is connected to a slide 98 by means of a rod 97 and
      pivotable intermediate members, and the slide 98 is provided with a slot
      99 which receives the control shaft 69. The slide is mounted without the
      capacity for pivotal movement in the direction shown in FIG. 7 on an
      intermediate support panel 100 by means of a pin 101. The slide 98 is
      acted upon by a spring 102 which at its other end at 103 is secured to the
      intermediate support panel 100. A cam follower 104 is provided on the
      slide 98 in the form of a pin extending perpendicular to the slide, the
      cam follower 104 co-operating with a cam 105 which is secured for
      rotational movement on the control shaft 69 and which has a spiral profile
      over a considerable proportion of its circumference.
PAR  In the initial position, in which the cam 60 is in the position shown in
      FIG. 2, the cam follower 104 rests in a notch 106 of the cam 105. From
      this notch 106 the cam surface 107 spirals outwardly towards a notch 108
      at which, when the follower 104 drops into it, the spring 102 is able to
      pull the slide 98 to the right as viewed in FIG. 7.
PAR  The notch 106 serves additionally for resilient locking of the control
      shaft 69 in a defined initial position. Upon driving of the control shaft
      69 in the manner described above the cam surface 107 moves the slide 98 to
      the left, as viewed in FIG. 7, with the result that the bent lower section
      91 of the blade 87 is brought in front of the nip of the roller pair 6.
      Simultaneously, the copy sheet withdrawal roller 82 which performs a
      number of revolutions dependent upon the transmission between the sprocket
      wheels 79 and 81, feeds a copy sheet to the bent lower section 91 of the
      blade 87. When the notch 108 reaches the cam follower 104 and the slide 98
      is moved rapidly to the right under the force of the spring 102 and opens
      up the entry into the feed roller pair 6, and because of the rapidity and
      direction of this pivotal movement the leading edge of the copy sheet
      moves into the nip of the pair of feed rollers 6.
PAR  From a comparison of FIGS. 7 and 8, it will be apparent that at this point
      in time the pin 41 located in the slotted guide 35 is then at the sprocket
      wheel 32, i.e. the carriage 23 remains stationary until this point in
      time, and indeed remains stationary until the slotted guide 35 reaches the
      position shown in FIG. 5 in relation to the slide block 34. It can be seen
      from FIG. 2 that there is a certain space left between the sprocket wheel
      32 and the slotted guide 35 when it is located in this position. This
      space is so dimensioned that the carriage 23 in its movement guides the
      leading edge of the original over the scanning aperture 24 at exactly the
      same time as the leading edge of the copy sheet arrives at the exposure
      aperture 10.
PAR  From FIG. 3 it can be seen that in front of the side support panel 2 there
      is arranged a setting disc 109 which is also shown in FIG. 6. The setting
      disc 109 consists of a wheel provided with teeth around its periphery and
      which acts as a setting wheel for a multiple copy mechanism. This multiple
      copy mechanism is shown in FIG. 6 and also in FIG. 9. A shaft 110 on which
      the setting disc 109 is mounted in the side support panel 2 and in the
      intermediate support panel 100 and carries a gearwheel 111 whose teeth
      correspond to the tooth arrangement on the setting disc 109. This
      toothing, which is shown in FIG. 9 at 112, is interrupted at one region
      113. A cam 114 mounted on the control shaft 69 engages with this toothing
      112 and moves the gearwheel 111, upon each revolution of the control shaft
      69, by one tooth on the setting disc 109. The break 113 in the toothing
      112 is at a position which is associated with the number "1" on the
      setting disc 109. This number indicates to the operator that only one copy
      is to be produced, and in this position the cam 114 can rotate without
      engagement with the teeth 112.
PAR  At positions around the toothed wheel 111 which are associated with the
      teeth there are provided locking depressions 115, 116 . . . in which a
      locating pin 117 on a trip lever 118 is removably engageable. This trip
      lever 118 is pivotably mounted on a pivot pin 119 in the support panel 2
      and is also mounted in such a way that it is to a certain extent tiltable
      laterally, which as shown in FIG. 6 is achieved by enlarged side pieces of
      the pin 119. This trip lever 118 is stressed in one direction by a spring
      120 secured at one end to the lever and at the other end to the
      intermediate support panel 100, in such a manner that the pin 117 is drawn
      resiliently against the toothed wheel 111 and against the locking
      depressions 115, 116, etc. By means of the setting disc 109 the toothed
      wheel 111 can be rotated ratchet-wise relative to the locating pin 117 in
      order to set a required number of copies to be made from a single
      original.
PAR  The trip lever 118 co-operates with an actuating lever 121 of the copying
      master switch 122 which is also shown in FIG. 3. The actuating lever 121
      also operates a switch 123 in the electrical circuit of the drive motor 68
      (see also FIG. 13).
PAR  When the actuating lever 121, which is pivotably mounted on a pin 124 on
      the support panel 2, is depressed in order to actuate the switch 123, an
      inclined surface 125 thereof which extends inwardly and downwardly at an
      angle from its upper edge comes into contact with a correspondingly
      inclined surface 126 on an extension of the trip lever 118, with the
      result that the trip lever 118 is moved for a short time laterally against
      the force of the spring 120 as viewed in FIG. 6. The actuating lever 121
      is moved downwards until a lug 127 on the trip lever 118 snaps over the
      upper surface of a lug 127' of the actuating lever, under the action of
      the spring 120. As a result of the lateral movement due to the
      co-operation of the inclined surfaces 125 and 126, the trip lever 118,
      again with reference to FIG. 6, is pivoted to the left so far that an
      extension stop 128 thereof is moved laterally out of the path of movement
      of the carriage 23. The spring 120 can pull the extension stop 128 into
      this position towards the side wall of the carriage so that the extension
      stop after movement of the carriage from its basic position is then drawn
      back to the right into the path into the path of movement of the carriage
      if only one copy is to be made. The carriage 23 breaks the switch 123
      after the complete ending of its back and forth movement since the trip
      lever 118 swings upwardly with reference to FIG. 6.
PAR  These conditions apply for the production of the last of a series of copies
      or for the production of only one copy, in which the position of the gap
      113 in the teeth 112 is positioned in front of the switching cam 114. In
      this position the locating pin 117 lies in a deeper profile than it does
      with the depressions 115, 116, . . . so that the extension stop 128 can
      perform the lateral movement into the path of the carriage. If, on the
      other hand, the setting disc 109 and consequently the toothed wheel 111
      are adjusted so that now multiple copies are to be produced from a single
      original, then the locating pin 117 lies in the flatter depressions 115,
      116, . . . against the force of the spring 120 in such a laterally pivoted
      position that the extension stop 128 is not reached by the carriage 23, so
      that the switch 123 remains closed to initiate a new working cycle in the
      manner described above, since the carriage travels past the extension stop
      128.
PAR  Thus, the functioning of the machine has been described above at the same
      time as the description of its construction. With reference to FIG. 2 it
      is pointed out that the sprocket wheel 31 is formed as an idler wheel and
      is arranged on a pivotable lever 130 which has a force exerted thereon by
      a spring 129.
PAR  The advantages of the uncoupling of the carriage in its initial position
      will now be explained, particularly with reference to FIG. 2.
      Correspondingly, the movement of the chain 30 could also be utilized for
      the uncoupling at the other end of the stroke of the carriage. In the
      embodiment described above, the short-term standstill of the carriage at
      the said other end of its stroke has the advantage that the carriage
      remains with its one edge above the scanning aperture until the scanning
      light source is switched off and thus covers the scanning aperture so that
      the operator is not troubled by light emitted from the machine. It can be
      seen from FIG. 1 that the cassette 4 is inserted into the pocket 5 with a
      stack of copy sheets therein. The cassette is open at its front wall
      facing towards the withdrawal roller 82 and also similarly at its rear
      wall where at least one, and preferably two, counterpressure rollers 131
      press against the leading or lower part of the stack in order to press a
      sheet against the withdrawal roller 82. The rollers 131 are mounted on
      respective slides 132 which are each movable parallel to a slot 133
      therein on two rods 134 and 135, and in a direction perpendicular to the
      direction of insertion of the cassette 4. A spring 136 is secured at one
      end to each slide 132 and at the other end is secured by fastening means
      to a support panel, the spring 136 being such that it endeavours to pull
      the roller 131 into the pocket 5 for the cassette.
PAR  Above the two rods 134 and 135 there is a further rod 137 extending between
      the side support panels 1 and 2. A hollow shaft 138 is rotatably mounted
      on this further rod 137 and a setting lever 139 is secured at about the
      centre of the hollow shaft 138 for fixed rotation therewith. The setting
      lever 139 projects into the cassette pocket 5 in its free position so that
      it can be pressed downwardly by the insertion of a cassette. The hollow
      shaft 138 is of square shape at its two ends 140 in the immediate vicinity
      of the slides 132. At each shaft end one half 141 of a unidirectional
      wedge clutch is mounted on the square end 140 so as to be axially movable
      but not rotatably movable relative to the shaft. The other half 142 of the
      clutch carries a restoring star member 143 which has pick-up pegs 144,
      145, 146 and 147 on its respective star arms and extending parallel to its
      axis of rotation. The clutch half 142 is rotatable in one direction about
      the rod 137. It carries on its hub, at its left-hand side as viewed in
      FIG. 11, a projection with four gradually sloping teeth which fall away
      steeply on the toothed side in the counter-clockwise sense. Two of these
      teeth are shown in FIG. 10 at 148 and 149. A resilient locating pin 150
      engages in the teeth and is secured to a ring 151 arranged for fixed
      rotation with the rod 137. This locating pin 150 prevents a rotation of
      the restoring star member 143 in counter-clockwise sense with reference to
      FIG. 10. The only possible direction of rotation is that indicated by the
      arrow 152.
PAR  The two halves 141 and 142 of the clutch are urged together resiliently by
      a spring 153 which is seated at one end on the setting lever 139 and the
      other end on the axially displaceable half 141 of the clutch.
PAR  At the other side of the setting lever 139 there is provided a
      corresponding spring 154 for the other counterpressure roller 131.
PAR  A lug 155 is provided on the setting lever 139 to provide a connecting
      piece for the securement of one end of a tesnion spring 156 which is
      secured at its other end to the rod 134.
PAR  Thus, the arrangement as just described is held in the illustrated basic
      position with the setting lever 139 directed upwardly at an angle into the
      cassette pocket 5. A cassette inserted into the pocket forces the setting
      lever 139 down in the clockwise sense according to FIG. 12. This causes
      the star members 143 to be rotated in the direction of the arrow 152 and
      the pick-up pegs 144-147 strike against a raised abutment 157 which is
      provided on each slide 132. Thus, the slides 132 and consequently also the
      counterpressure rollers 131 are entrained towards the left with reference
      to FIG. 10, and the locating pins 150 slide on the inclined surface of the
      teeth 149 and take up a new rest position behind these teeth. The extent
      of the movement and the angle of displacement are so determined relative
      to one another that the abutments 157 are freed by the pick-up pegs
      144-147 when the cassette has reached its lowest position. Then, the
      springs 136 pull the slides 132 to the right with reference to FIG. 10.
PAR  If the cassette is changed in order to put in a new supply of copy sheets,
      the spring 156 pulls the setting lever 139 into its basic position as
      shown in FIG. 12, its movement being in a counter-clockwise direction.
      Thus, the hollow shaft 138 and also the half 141 of the clutch are
      entrained and the clutch half 141 can rotate relative to the other half
      142 of the clutch in this restoring movement direction. The necessary
      axial movement can be performed against the force of the spring 153 on the
      free section of the square end 140 of the hollow shaft.
PAR  FIG. 13 is an electrical circuit diagram showing the main switch 159 which
      is also shown in FIG. 3 and by means of which the drying fan 20 is
      directly switched on. The other parts and their functions will be apparent
      from the preceding description.
CLMS
STM  We claim:
NUM  1.
PAR  1. A copying machine for producing one or a number of copies from an
      original, comprising a casing having an upper surface, a reciprocally
      movable carriage mounted on the upper surface of said casing and arranged
      to support an original positioned thereon for movement with said carriage,
      chain drive means for said carriage including an endless circulating
      chain, a control shaft and a wheel assembly mounted on said control shaft
      and in engagement with said circulating chain, said wheel assembly
      providing rotational movement to said control shaft, a stack holder for
      copy sheet material with each copy sheet having a leading edge, means
      forming a guide path for the copy sheets through the casing and said guide
      path means including feed roller means for feeding individual copy sheets
      along the guide path, said feed roller means including a first pair of
      feed rollers forming a nip therebetween for gripping an individual copy
      sheet and passing it along said guide path, means for removing individual
      copy sheets from said stack holder and for introducing the copy sheets
      into the guide path, and a movable trip element positioned in the guide
      path from said stack holder immediately in front of said first pair of
      feed rollers, said movable trip element being arranged to hold the leading
      edge of a copy sheet withdrawn from the stack holder by said means for
      removing individual copy sheets until the carriage supporting the original
      has reached a predetermined position said trip element pivotally mounted
      in said casing for pivotal movement about an axis spaced from and in
      generally parallel relation with said control shaft, and means operatively
      connected to said trip element and supported on said control shaft for
      pivotally displacing said trip element from in front of said first pair of
      rollers so that the leading edge of a copy sheet can be freed for entry
      into the nip of said feed roller.
NUM  2.
PAR  2. A copying machine for producing one or a number of copies from an
      original, comprising a casing having an upper surface, a reciprocally
      movable carriage mounted on the upper surface of said casing and arranged
      to support an original thereon for movement with said carriage, chain
      drive means for said carriage including an endless circulating chain, a
      stack holder for copy sheet material with each copy sheet having a leading
      edge, means forming a guide path for the copy sheets through said casing
      and said guide path means including feed roller means, means for removing
      individual copy sheets from said stack holder for introducing the copy
      sheets into the guide path, a movable trip element positioned in the guide
      path from said stack holder in advance of said feed roller means, said
      trip element arranged to hold the leading edge of a copy sheet withdrawn
      from said stack holder by said means for removing individual copy sheets
      and to retain the copy sheet from entry into said feed roller means until
      the carriage supporting the original has reached a predetermined position,
      said casing includes a vertical extension extending upwardly from its
      upper surface, said vertical extension forming a receiving pocket therein
      with an opening thereto in the upper end of said vertical extension, said
      stack holder is a cassette positioned vertically in said vertical
      extension and forming an upward extension of the guide path for the copy
      sheet material, said cassette being insertable into said receiving pocket
      through the opening in the upper end of said vertical extension, a copy
      sheet withdrawn roller located within said vertical extension on one side
      of said receiving pocket, support and counterpressure means located within
      said vertical extension on the opposite side of said receiving pocket from
      said copy sheet withdrawal roller and said withdrawal roller and support
      and counter-pressure means arranged to pressure load the copy sheet
      material upon insertion of said cassette into said receiving pocket, said
      support and counter-pressure means comprises at least one spring-loaded
      counter-pressure roller mounted in said vertical extension adjacent said
      receiving pocket, a slotted guide positioned within said vertical
      extension and supporting said counter-pressure roller for movement in the
      direction toward said copy sheet withdrawal roller, the spring-loaded
      setting lever positioned within said vertical extension and arranged to
      extend into said receiving pocket, a unidirectional coupling operatively
      connected to said setting lever, a restoring wheel connected to said
      unidirectional coupling for connection to said spring-loaded setting
      lever, said slide for the counter-pressure roller having a cam-type
      projection extending into the path of said restoring wheel, said setting
      lever being arranged in a free position in said receiving pocket and upon
      actuation by the insertion of a cassette into said pocket said setting
      lever actuates said restoring wheel by means of said coupling so that the
      wheel rotates into contact with said cam-type projection on said slide
      when the cassette is fully inserted and displaces said slide and
      counter-pressure roller.
NUM  3.
PAR  3. A copying machine, as claimed in claim 2, in which said restoring wheel
      has pick-up projections extending therefrom parallel to the axis of
      rotation of said restoring wheel, a shaft for mounting said restoring
      wheel for rotation in only one direction, and said shaft having said
      setting lever secured thereto.
NUM  4.
PAR  4. A copying machine, as claimed in claim 3, wherein said shaft is a hollow
      shaft, a rod extending through and rotatably supporting said hollow shaft,
      said hollow shaft having a polygonal shape at its ends, said shaft
      carrying one half of said unidirectional coupling at one such end and
      spring means on said shaft against which said coupling is axially
      displaceable, the other half of said unidirectional coupling being mounted
      on said rod and said restoring wheel mounted on said rod to be rotatable
      therewith, and tooth means on said restoring wheel for locking said
      restoring wheel against rotation in one direction, and a co-operating
      resilient ratchet pin mounted on said rod.
NUM  5.
PAR  5. A copy machine, as claimed in claim 1, wherein said pivotal trip element
      comprises a blade which is positioned in front of the nip of said first
      pair of feed rollers and in that position prevents the leading edge of a
      sheet of copy paper from entering the nip, the rollers of said first pair
      of feed rollers being formed as laterally spaced disk-type elements, and
      said blade having recessed portions which fit around said disk-type
      elements.
NUM  6.
PAR  6. A copying machine for producing one or a number of copies from an
      original, comprising a casing having an upper surface, a reciprocally
      movable carriage mounted on the upper surface of said casing and arranged
      to support an original positioned thereon for movement with said carriage,
      chain drive means for said carriage including an endless circulating
      chain, a stack holder for copy sheet material with each copy sheet having
      a leading edge, means forming a guide path for the copy sheets through the
      casing and said guide path means including feed roller means, means for
      removing individual copy sheets from stack holder for introducing the copy
      sheets into the guide path, a movable trip element positioned in the guide
      path from said stack holder in advance of the feed roller means, said
      movable trip element being arranged to hold the leading edge of a copy
      sheet withdrawn from the stack holder by said means for removing
      individual copy sheets until the carriage supporting the original has
      reached a predetermined position, a vertical extension extending upwardly
      from the upper surface of said casing, said vertical extension having a
      receiving pocket therein with an opening thereto in the upper end of said
      vertical extension, said stack holder is a cassette vertically
      positionable in said vertical extension and forming an upward extension of
      the guide path for the copy sheet material within said casing, said
      cassette being insertable into said receiving pocket, a copy sheet
      withdrawal roller within said vertical extension located on one side of
      said receiving pocket for operative engagement with the copy sheet
      material within said cassette, and support and counterpressure means
      within said vertical extension located on the other side of said pocket
      and arranged to provide counterpressure to the stack of sheets within said
      cassette for forming a pressure-loading on the copy sheet material within
      said cassette when it is inserted into said receiving pocket.
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ABST
PAL  Paper inserts, such as statements, payroll checks, and the like, are
      stacked on the downward sloping bottom of a hopper behind inward extending
      front stop plates that form a clearance over the hopper bottom. A pair of
      pinch rollers are constantly driven in front of the stop plates to pass on
      inserts delivered thereto. At least one front feed roller is disposed
      substantially below the stop plates and two rear feed rollers are disposed
      behind the stop plates. The front and rear feed rollers are of resilient
      material and project upward above the bottom of the hopper. A cylindrical
      gate is adjustably positioned above the front feed roller so that an
      intermittent rotation of the feed rollers advances the lowermost insert of
      the stack under the gate to be engaged by the pairs of constantly driven
      pinch rollers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Insert machines that insert statements, checks, folded letters, or the like
      into envelopes conventionally have a feeder which requires a pile of
      inserts to be slipped forward with what is known as "shingling" so that
      the front edge of the uppermost insert rests against the bottom of the
      hopper. An upper intermittently driven roller draws off and feeds the
      topmost check each time it is rotated. The stacking of "shingled" inserts
      is time consuming as top fed insert feeders must have additional loadings
      of inserts placed under and behind those remaining in the hopper of the
      feeder. Further, top fed insert feeders often mis-align and mangle
      multi-leaf inserts such as checks or statements with attached additional
      leaves or parts. The insert feeder of this invention provides for the more
      effective and easier bottom feeding of inserts from its hopper.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a top view of a paper insert feeder according to my invention;
PAR  FIG. 2 is a section taken on line 2--2 of FIG. 1 through a fragment of the
      feeder;
PAR  FIG. 3 is a section taken on line 3--3 of FIG. 1 through a broken away
      upper portion of the feeder;
PAR  FIG. 4 is a section taken on line 4--4 of FIG. 2;
PAR  FIG. 5 is a section taken on line 5--5 of FIG. 1;
PAR  FIG. 6 is a perspective view of a payroll check and a partly opened
      attached form which is one type of paper insert fed by the device of this
      invention; and,
PAR  FIG. 7 is a longitudinal, vertical section through a fragment of the bottom
      of the hopper of the feeder showing a magnetically attached insert lift
      fixed thereto.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 1, the paper insert feeder 10 of this invention is fixed
      to a conventional envelope stuffing machine (not shown) by means of
      forward projecting hooks 11. A constantly driven gear on the envelope
      stuffing machine meshes with and drives the projecting gear 12 constantly
      while feeder 10 is being used. Referring additionally to FIGS. 2-5, feeder
      10 has two rectangular side covers 13 and 14 between which there is
      disposed a forwardly sloping bottom plate 15 of insert hopper 9.
PAR  As may be seen in FIGS. 1-3, side plates 16 and 16' with inwardly extending
      bottom flanges 17 and 17' are disposed on the sloping bottom plate 15. A
      nob 18 is fixed on shaft 19 which has right and left hand threaded
      portions 20 and 20'. The threaded portions 20 and 20' extend through and
      engage downward extensions 21 of the side plates 16 and 16'. The downward
      extensions 21 project through lateral slots 22 and 22' in the sloping
      bottom plate 15. The rotation of nob 18 thus adjusts the spacing of side
      plates 16 and 16' to receive a pile of paper inserts 23 therebetween.
      Front stop plates 24 and 24' are fixed to extend inward from the front
      ends of side plates 16 and 16' with a clearance over the front end of
      bottom plate 15.
PAR  Referring further to FIGS. 1-5, driven gear 12 is mounted on shaft 30 which
      extends over the front of bottom plate 15 and mounts a constantly driven
      pair of rollers 31. A shaft 32 below shaft 30 mounts a second pair of
      rolles 33. Spring mountings 34 at the ends of shaft 32 urge the rollers 33
      against the rollers 31 to form a co-acting pair of constantly driven
      rollers. Rollers 31 are preferably covered with a layer 35 of resilient
      material.
PAR  Referring to FIG. 2, a small spur gear 35' on shaft 30 drives an idler gear
      36 which, in turn, drives gear 37. As shown in FIG. 4, gear 37 is
      rotatably mounted on shaft 38. A serrated disk 39 is keyed to shaft 38 and
      is urged by a spring 40 against a clutch plate 41 so that the shaft 38 is
      driven by gear 37 through clutch plate 41. A solenoid 42 activates a
      locking member 43 that engages the serrations on the edge of disk 39 to
      stop its rotation and thereby the rotation of shaft 38. In this manner as
      solenoid 42 is activated to release and then lock disk 39, gear 37
      intermittently drives shaft 38.
PAR  Shaft 38 is journalled between sides 44 and 44' and an upper cross member
      45 extends between sides 44 and 44' above it. An eccentrically mounted
      disk 46 allows shaft 38 to rotate freely within it so that shaft 38 serves
      as a mounting for the cylindrical gate 47 formed by a resilient covering
      on disk 46. An arm 49 is connected to a nut 50 turned onto threaded shaft
      51. Shaft 51 extends downward from member 45 and is positioned by a spring
      52 and a collar 53 and capped by a gate adjustment nob 54 above member 45.
      The rotation of nob 54 vertically positions gate 47.
PAR  As may be seen in FIG. 5, shaft 38 mounts a spur gear 55 within side cover
      14. Spur gear 55 meshes with and drives gear 56 mounted on shaft 57 which
      extends under bottom plate 15 and mounts front feed roller 58 covered with
      resilient material 59. As may be seen in FIG. 3, front feed roller 58 is
      disposed directly below gate 47. The clearance between front feed roller
      58 and gate 47 is set by means of nob 54.
PAR  Referring further to FIG. 5, shaft 57 mounts a pulley 60 outside gear 56.
      By means of a belt 63 and a pulley 62 mounted on a shaft 61, shaft 57
      drives shaft 61. As may be seen in FIGS. 1 and 3, shaft 61 mounts the rear
      feed rollers 64 and 65 which project upward through openings in bottom
      plate 15. Rollers 64 and 65 are best made with a resilient, soft rubber
      cover 66 having closely spaced radial projections 67.
PAR  FIG. 6 shows a paper insert 23 which could be a check 70 having an attached
      statement 71. As shown in FIG. 3 in phantom lines, the inserts 23 are
      placed in feeder 10 in the hopper 9 formed by the sloping bottom plate and
      the sides 16 and 16'. The inserts 23 rest against the front stop plates 24
      and 24' and the sides 16 and 16' are moved up to the ends of the inserts
      23 by turning nob 18 as shown in FIG. 1.
PAR  When an insert 23 is to be fed, solenoid 42 releases serrated disk 39 so
      that shaft 38 is driven counter-clockwise as shown while shafts 57 and 61
      are driven clockwise. The rear feed rollers 64 and 65 advance the
      lowermost insert 23 between front feed roller 58 and gate 47. A careful
      vertical adjustment of gate 47 allows it to stop and hold all but the
      lowermost insert which is advanced between the constantly driven pairs of
      pinch rollers 31 and 33. On the passage of the lowermost insert 23, a
      switch 75 causes selenoid 42 to again move locking element 43 to engage
      the serrated disk 39 and stop the rotation of shafts 38, 57, and 61 and
      the front feed roller 58 and the rear feed rollers 64 and 65. When another
      insert is to be fed, the feeder 10 repeats the operation. The electrical
      circuitry connecting solenoid 42 and switch 75 to a sensing switch (not
      shown) in the stuffer to activate feeder 10 is well known.
PAR  Some inserts 23 feed better if an insert lift 77, as shown in FIGS. 3 and
      7, is fixed to the bottom of the hopper 9 on plate 15. The insert lift 77
      is a small plastic wedge that may be held to the bottom plate 15 by means
      of an embedded magnet 78, two sided sticking tape, or any other suitable
      means. Insert lift 77 throws the weight of the inserts 23 forward enough
      so that the lowermost insert is sure to be advanced by the rear feed
      rollers 64 and 65.
PAR  While this invention has been shown and described in the best form known,
      it will nevertheless be understood that this is purely exemplary and that
      modifications may be made without departing from the spirit of the
      invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A feeder for paper inserts comprising, in combination,
PA1  a. a hopper having a forward sloping bottom plate, sides extending upward
      from said bottom plate and having front ends, and front stop plates
      extending inward from the front ends of said sides with a clearance over
      said bottom plate;
PA1  b. a first driven shaft;
PA1  c. at least two first rollers mounted on said first shaft;
PA1  d. a second spring mounted shaft;
PA1  e. second rollers mounted on said second shaft contacting said first
      rollers forming at least a pair of driven pinch rollers at the front of
      said bottom plate;
PA1  f. a third shaft extending across said hopper above said bottom plate in
      front of said front stop plates;
PA1  g. first transmission means enabling said first shaft to intermittently
      drive said third shaft;
PA1  h. a fourth shaft mounted below said bottom plate substantially under said
      front stop plates;
PA1  i. at least one front feed roller mounted on said fourth shaft, said bottom
      plate containing a first opening through which said at least one front
      feed roller projects;
PA1  j. gate means disposed in front of said front stop plates above said at
      least one front feed roller;
PA1  k. adjustment means positioning said gate means a distance over said at
      least one front feed roller to permit passage therebetween of a single
      paper insert;
PA1  l. a fifth shaft journalled behind said fourth shaft below said bottom
      plate;
PA1  m. second transmission means connecting said third shaft to said fourth and
      fifth shafts so that said third shaft drives said fourth and fifth shafts;
      and
PA1  n. at least one pair of rear feed rollers mounted on said fifth shaft, said
      bottom plate containing second openings through which said rear feed
      rollers project, said paper inserts being stacked in said hopper between
      said sides against said front stop plates and resting at least partially
      on said at least one pair of rear feed rollers, said first transmission
      means intermittently driving said third shaft and thereby said front and
      rear feed rollers advancing a lowermost paper insert into said at least
      one pair of pinch rollers.
NUM  2.
PAR  2. The combination according to claim 1 wherein said gate is a disk having
      a resilient cover, said disk being eccentrically mounted on said third
      shaft with said third shaft turning freely therein; and wherein said
      adjustment means positioning said gate over said at least one feed roller
      is an arm extending from said eccentrically mounted disk, and means
      adjustably positioning said arm.
NUM  3.
PAR  3. The combination according to claim 2 wherein said means positioning said
      arm is a nut fixed on said arm, a longitudinally fixed threaded shaft
      engaged by said nut, and an adjustment nob on said threaded shaft to
      rotate said threaded shaft positioning said gate over said front feed
      roller.
NUM  4.
PAR  4. The combination according to claim 3 wherein said first transmission
      means comprises a first spur gear fixed on said first shaft, an idler gear
      driven by said first spur gear, a second spur gear driven by said idler
      gear and being rotatably mounted on said third shaft, slip clutch means
      through which said second spur gear drives said third shaft, a serrated
      disk mounted on said third shaft, and solenoid operated means engaging
      said serrated disk arresting said disk slipping said clutch means and
      intermittently stopping said third shaft.
NUM  5.
PAR  5. The combination according to claim 4 wherein said second transmission
      means is a third spur gear fixed on said third shaft, a fourth spur gear
      fixed on said fourth shaft engaging said third spur gear, a first pulley
      on said fourth shaft, a second pulley on said fifth shaft, and a belt
      connecting said pulleys, said fourth shaft driving said fifth shaft
      thereby.
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ABST
PAL  A delivery arrangement including a conveyor and take-off mechanism for
      delivering a series of printed sheets onto a pile in which nozzles are
      provided distributed along the width of a sheet, for directing a jet of
      air to the underside in a direction opposite the sheet movement. A guide
      plate spaced under the sheet and extending upstream from the nozzles
      serves to confine the jet. Formed on the surface of the guide plate are a
      plurality of upraised islands, spaced from one another over the area of
      the guide plate, the islands presenting plateau surfaces at approximately
      the same elevation above the guide plate. Consequently, when a sheet is
      sucked downwardly by the jet of air it engages the plateau surfaces in
      light frictional engagement to apply frictional drag to the body of the
      sheet. The source of pressurized air for the nozzles includes means for
      automatically varying the pressure, and hence the frictional drag, in
      accordance with the speed of the press. In a preferred embodiment the
      plateau surfaces, which are spaced both laterally and longitudinally of
      the guide plate, occupy less than half of the total area of the guide
      plate and at least a portion of the guide plate is formed with a gradual
      curvature in a direction downwardly away from the sheet.
BSUM
PAR  In prior U.S. Pat. No. 3,779,545 which issued Dec. 18, 1973 to one of the
      present co-inventors, means including a wide nozzle and guide plate are
      provided for inhibiting fluttering of a conveyed sheet and for
      decelerating it prior to depositing upon a delivery pile. It has been
      found that anti-flutter and deceleration may be more efficiently achieved
      by forming the surface of the guide plate with a plurality of upraised
      islands spaced from one another over the area of the guide plate, and with
      the islands presenting plateau surfaces at approximately the same
      elevation above the guide plate.
PAR  It is, accordingly, the object of the present invention to provide improved
      means for controlling and declerating a sheet, which provides optimum and
      consistent deceleration and which more completely overcomes any tendency
      toward fluttering and whipping in the air stream. It is a related object
      to provide a delivery arrangement for a printing press which is capable of
      operating at a higher speed than earlier devices intended for the same
      purpose and in which the deceleration characteristics are varied
      automatically in accordance with changes in press speed.
DRWD
PAR  Other objects and advantages of the invention will become apparent upon
      reading the attached detailed description and upon reference to the
      drawings in which:
PAR  FIG. 1 is a diagrammatic side elevational view of a delivery arrangement
      employing the present invention.
PAR  FIG. 2 is a perspective view showing the nozzle and guide plate assembly of
      FIG. 1 in enlarged form.
PAR  FIG. 3 is a plan view, in partial section, of the assembly shown in FIG. 2.
PAR  FIG. 4 is a vertical section taken along the line 4--4 in FIG. 3.
PAR  FIG. 5 is a graph showing the force exerted upon a sheet as a function of
      sheet height.
PAR  FIG. 6 shows means for varying air pressure in accordance with press speed.
PAR  FIG. 7 is a perspective view of a modified form of the assembly shown in
      FIG. 2.
DETD
PAR  While the invention has been described in connection with certain preferred
      embodiments, it will be understood that we do not intend to be limited to
      the particular embodiments shown, but intend, on the contrary, to cover
      the various alternative and equivalent constructions included within the
      spirit and scope of the appended claims.
PAR  Turning now to the drawings there is shown a delivery arrangement 10 having
      an endless chain 11 which is indicated by the dot-dash line and which
      carries a series of grippers 12 for gripping a series of transported
      sheets 13. The chain is trained around rollers or sprockets 14, 15 which
      are driven at "press" speed via a connection 16 from the press drive 17.
      Sheets 13 may be printed on either one or both sides in the associated
      lithographic printing press (not shown).
PAR  The purpose of the conveyor is to convey sheets to a position above a
      delivery pile 20 where the sheets are supported on a platform 21 which is
      suspended upon chains diagrammatically indicated at 22 for progressive
      sinking movement as sheets are added to the top of the pile. To form a
      straight stack, a series of "front" guide members 23 are provided at the
      left-hand side of the pile and a series of "rear"  guide members 24 are
      provided along the right-hand side of the pile. The means for maintaining
      the top of the pile at a constant level by gradual lowering of the
      platform 21 does not form a part of the present invention and for details
      of the automatic level adjusting mechanism cross reference is made, for
      example, to U.S. Pat. No. 2,262,236.
PAR  For removing the successive sheets from the conveyor, for decelerating
      them, and for depositing them on the pile 20, a take-off mechanism 30 is
      provided. The take-off mechanism does not per se form a part of the
      present invention, and any suitable take-off mechanism, synchronized with
      the arrival of the sheets, may be used, for example, that illustrated in
      U.S. application Ser. No. 448,629 filed Mar. 6, 1974, now U.S. Pat. No.
      3,900,193. Referring to the take-off mechanism 30 shown diagrammatically
      in FIG. 1, it includes grippers 31 mounted upon a reciprocated member 32
      which is reciprocated by an arm 33 pivoted at 34. For oscillating the arm
      33 a cam 35 is provided mounted upon the shaft of the member 15 and having
      a cam follower 36 in the form of a roller secured to the arm. The cam
      follower is maintained in contact with the cam by means of a tension
      spring 37. Means (not shown) are provided for releasing the grippers 12 on
      the conveyor chain so that the leading edge of the sheet may be gripped by
      the grippers 31 which rapidly decelerate the sheet so that the leading
      edge is reduced to zero velocity by the time the leading edge arrives at
      the "front" pile guides 23, at which time the grippers 31 are released to
      allow the sheet to settle onto the top of the pile.
PAR  For the purpose of acting upon the underside of a sheet, a nozzle and guide
      plate assembly 40 is provided including a horizontal guide plate 41 and
      manifold 42. The manifold has a conduit 43 (FIG. 1) which is connected to
      a source of pressurized air, with air being admitted from the conduit to
      the upper surface of the guide plate through openings 44. In order to form
      the air which flows through the openings 44 into wide horizontal jets
      parallel to the surface of the guide plate, a nozzle plate 45 is spaced a
      small distance above the guide plate and separated therefrom by a
      separator plate 46 which is of comb-like construction having fingers 47
      (FIG. 3) and defining openings 48 which are in register with the plate
      openings 44. Because of the confinement provided by the nozzle plate 45 in
      the vertical dimension and the fingers 47 in the horizontal dimension, the
      air in the jets ejects along the guide plate at high velocity, a velocity
      which may range, for example, between 60 feet per second to a maximum of,
      say, 600 feet per second.
PAR  In accordance with the present invention the surface of the guide plate 41
      is formed with a plurality of upraised islands which are spaced from one
      another over the area of the guide plate, the islands presenting plateau
      surfaces at approximately the same elevation above the guide plate and
      against which the arriving sheet is sucked by the action of the horizontal
      air jets. In the illustrated embodiment the upraised islands are five in
      number, indicated at 51-51, generally alined with the fingers 47 in the
      separator plate and defining between them passageways 61-64 which are
      alined with the individual air jets indicated by the arrows. In the
      preferred embodiment the islands are not only laterally spaced from one
      another but are staggered in the direction of the air stream, the islands
      51, 53, 55 constituting a first row and the islands 52, 54 a second row.
PAR  Since all of the islands have approximately the same height and are
      substantially flat topped forming plateau surfaces which are frictionally
      engaged by each passing sheet, the body of the sheet is both decelerated
      and supported so that the fluttering and whipping found in conventional
      air-stream retarders cannot occur.
PAR  Our observations show that a sheet which is arranged parallel to a jet
      stream confined by a guide plate may be either drawn downwardly toward the
      plate or repelled upwardly from the plate depending upon the height of the
      sheet from the plate. The variation of positive and negative (sucking)
      force has been plotted in FIG. 5 as a function of the spacing a of the
      sheet above the plate. Thus it will be noted that when the sheet is at a
      level above the plate less than a reference amount a.sub.0, the sheet
      tends to be raised by the jet stream. However, when the sheet is raised
      above the level a.sub.0 the opposite effect occurs, that is, the sheet
      tends to be sucked downwardly in the direction of the plate. The spacing
      a.sub.0, which is at the transition point between these two conditions,
      may be referred to as the "neutral" or "floating" level. It has been found
      that when a sheet is at the "floating" level the effect of the jet stream
      is to cause the sheet to flutter or whip vigorously to the extent that
      control of the sheet may be lost. It is, therefore, one of the aspects of
      the present invention to make the spacing of the plateau surfaces, above
      the guide plate, an amount greater than the amount a.sub.0, so that the
      traversing sheet will tend to be sucked downwardly by the jet stream
      against the plateau surfaces with a predetermined force while effectively
      precluding any possibility of flutter so that the sheet is maintained
      straight and under complete control. In a practical case the height of the
      plateau surfaces, which determines the sheet path above the guide plate,
      and which is indicated at a.sub.1 in FIG. 4, may be within the range of
      0.2 centimeters to 0.5 centimeters. It is found further that the dimension
      a.sub.1 may be related to the thickness of the jets at the nozzle
      assembly, the dimension being at least twice the jet thickness.
PAR  In any event the plateau height may be empirically determined, for a given
      design, and for a given nozzle assembly and operating pressure by noting
      the level at which a sheet tends to float above the guide plate absent the
      islands, and by forming islands having a plateau height which exceeds the
      floating height by a safe margin, for example, by a margin of 25 percent
      or greater. Since the curve at the level 1.25 .times. a.sub.0 (FIG. 5) is
      sloped, the margin may be adjusted, along with the plateau area, to obtain
      any desired degree of retarding force.
PAR  It is one of the features of the present invention that the plateau
      surfaces are spaced from one another both laterally and longitudinally as
      shown in the drawings and it is a further feature of the invention that
      the total area of the plateau surfaces is substantially less than half of
      the total area of the guide plate.
PAR  As a still further feature of the invention it is preferred to vary the air
      pressure furnished to the manifold 42 in accordance with the operating
      speed of the press, that is, in accordance with the speed with which the
      sheets are delivered. Thus there may be interposed, between the source of
      pressurized air indicated at 70 (FIG. 6), and the manifold duct 43, a
      speed responsive throttling valve 71 having a plunger 72. The position of
      the plunger is controlled by a flyball governor 73 which may be driven by
      a belt 74 from the press drive 17. The faster the rotation of the drive,
      the higher the plunger position and the greater the air flow, so that the
      force acting upon the sheets is increased generally in proportion to press
      speed. In short, the retarding force and anti-flutter effect are both
      increased as a function of sheet velocity.
PAR  It is a further feature of the invention, in one of its aspects, that the
      guide plate 41 may be formed into separate portions by means of a U-shaped
      slit 75. As shown in FIG. 7, the slit separates the guide plate 41 into a
      frame portion 41a and a central portion 41, the latter having a gradual
      downward curvature away from the sheet. The plate may in addition be bent
      downwardly to form a skirt 41c. The advantage of the structure shown in
      FIG. 7 is that the thickness of the jet defined between the portion 41b of
      the guide plate and the sheet varies inversely in accordance with the
      approach of the sheet to the plateaus and to the nozzle structure, so that
      the sheet is more gradually subjected to the jet forces as it proceeds
      along the path of conveyance. In addition the frame 41a and the skirt 41c
      may contact the trailing portion of the sheet to provide additional
      retardation and support.
PAR  The structure described above effectively carries out the objects of the
      invention, with the sheet being held, by the plateau surfaces, at a level
      above the guide plate which is sufficient to develop a well-defined
      sucking action so that retarding frictional forces are reliably
      established with no fluttering tendency, the anti-flutter effect being
      distributed in the longitudinal dimension of the sheet by reason of the
      longitudinal offset of the islands while the lateral spacing of the
      islands provides access between them for the jets produced by the
      successive nozzle openings. The arrangement is found to work particularly
      efficiently at high speed and for all thicknesses of sheets down to the
      thinnest normally handled in a lithographic press.
PAR  The term plateau as used herein covers any raised region including the use
      of longitudinal ribs and does not necessarily imply a flat, two
      dimensional surface.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a delivery arrangement for a sheet-fed printing press for delivering
      sheets onto a delivery pile, the combination comprising means for
      supporting a pile of sheets, a conveyor for conveying sheets by their
      leading edges longitudinally along a sheet delivery path to a position
      above the pile, a take-off mechanism at the delivery pile synchronized
      with the arrival of the sheets for taking the sheets from the conveyor and
      for decelerating the leading edges thereof for depositing them on the
      pile, a nozzle assembly including spaced fingers defining a series of
      nozzles spaced edge to edge in a plane, a source of air under pressure for
      feeding the nozzle assembly, the nozzle assembly being located adjacent
      the pile below the level of the approaching sheets and extending along the
      width of the sheets so that laterally spaced jets of air are directed
      substantially parallel to the underside of each sheet in a direction
      upstream of sheet movement, a guide plate spaced under the sheet path and
      extending from the nozzle assembly in the upstream direction tending to
      confine the jets of air under an arriving sheet, the surface of the guide
      plate having formed on the surface thereof a plurality of upraised islands
      laterally spaced from one another so as to be in respective alinement with
      the fingers between the jets, the islands presenting plateau surfaces at
      approximately the same elevation above the guide plate and substantially
      parallel thereto and extending above the plane of the nozzles so that when
      the sheet is sucked downwardly by the effect of the jets it is drawn to
      the plateau surfaces in light frictional engagement to apply frictional
      drag to the body of the sheet while preventing fluttering thereof.
NUM  2.
PAR  2. The combination as claimed in claim 1 in which adjacent islands are
      spaced from one another both laterally and longitudinally of the guide
      plate.
NUM  3.
PAR  3. The combination as claimed in claim 1 in which the plateau surfaces are
      at a constant height above the guide plate which is greater than the
      neutral height at which a sheet in the absence of the islands would tend
      to float on the air stream.
NUM  4.
PAR  4. The combination as claimed in claim 1 in which all portions of the
      plateau surfaces are at a constant height above the guide plate at least
      twice as great as the thickness of the jets at the nozzle assembly.
NUM  5.
PAR  5. The combination as claimed in claim 4 in which the total area of the
      plateau surfaces is substantially less than half of the total area of the
      guide plate on which the plateau surfaces are formed.
NUM  6.
PAR  6. The combination as claimed in claim 1 in which at least a portion of the
      guide plate is formed with a gradual curvature in a direction downwardly
      away from the sheet and terminating in a skirt which is bent downwardly at
      a sharp angle.
NUM  7.
PAR  7. The combination as claimed in claim 1 in which the nozzle assembly
      includes a nozzle plate spaced above the guide plate, a manifold arranged
      below the guide plate, a separator plate interposed between the guide
      plate and the nozzle plate, the separator plate being integrally formed
      with laterally spaced fingers respectively alined with the islands, the
      guide plate having spaced through-openings for feeding air from the
      manifold to the underside of the nozzle plate between the fingers to
      define wide nozzles spaced edge to edge to produce jets of air directed
      between the islands.
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ABST
PAL  A sheet delivery arrangement including a conveyor for depositing sheets on
      a pile and a jogger for squaring up the pile, the jogger having an
      associated interceptor member spaced slightly above the pile for
      intercepting the curled edge of a sheet deposited on the pile to prevent
      such curled edge from being inserted between the jogging element and the
      pile. The interceptor member is coupled to the conveyor for movement
      between an interposed position phased with the arrival of a sheet and a
      retracted position clear of the pile in which the engaged edge of the
      sheet becomes fully supported on the pile. In the preferred embodiment the
      interceptor member is mounted upon the jogging element for movement with
      the latter, and in an alternate embodiment the interceptor member is
      independently mounted for movement synchronized with the arrival of
      successive sheets.
BSUM
PAR  In a conventional sheet pile delivery forming a part of a sheet-fed
      lithograph press the printed sheets are transported by grippers on a
      conveyor. Successive grippers are released at a predetermined phase
      position so that the sheets are deposited one by one on a pile formed on a
      platform below the conveyor. To keep the pile square and orderly the
      topmost portion of the pile is acted upon along one or more of its edges
      by jogging elements. Such jogging elements are normally power oscillated
      for the purpose of engaging the projecting edge of an errant sheet and
      gently moving it into alinement with the pile.
PAR  Such devices work well in the case of sheets which are relatively thick and
      perfectly flat. Often, however, the edge of a sheet may be downwardly
      curled due to the amount, and pattern, of damp ink in the printed
      impression; however, curling may also occur in thin sheet stock quite
      independently of the inking.
PAR  Because of the curl, the edge of the sheet tends to hang downwardly, over
      the edge of the pile, into a position interposed between the jogging
      element and the pile. Consequently, the jogging element cannot apply an
      edgewise push to the sheet to restore it to proper position on the pile,
      but, instead, the jogging element acts flatly upon the surface of the
      sheet, creasing the downwardly bent portion over the edge of the pile. The
      situation is complicated by the fact that a curled sheet does not settle
      from the point of release onto the pile in a consistent or predictable
      way; a curled leading edge may tend, for example, to overtravel in an
      irregular fashion depending upon the amount of curl. It is possible for an
      offending sheet to be jogged by hand or promptly removed by an alert and
      dexterous pressman, but more frequently an entire succession of curled
      sheets may be trapped between the jogging element and the pile requiring
      shut-down of the press to correct the situation.
PAR  It is, accordingly, an object of the present invention to provide means for
      intentionally intercepting the edge of a sheet arriving at the pile to
      hold the edge in a slightly elevated position until the sheet has come to
      rest upon the pile so that the curved edge cannot bend around the side of
      the pile or hang down into the space between the pile and the jogger. It
      is a related object to provide auxiliary means for supporting the curled
      edge of a sheet to keep it in a horizontal position thereby to insure that
      the jogger acts edgewise upon the sheet in performing its jogging
      function, even in the case of sheets having a serious degree of curl. It
      is a general object to provide a sheet delivery arrangement which insures
      the formation of a square and orderly pile independently of the inking
      pattern on the sheet and which is effective for all thicknesses of sheet
      stock, even the thinnest sheets which can be normally handled by a
      lithograph press.
DRWD
PAR  Other objects and advantages of the invention will become apparent upon
      reading the attached description and upon reference to the drawings in
      which:
PAR  FIG. 1 is an elevational view of a sheet delivery mechanism including a
      conveyor with pile delivery and set forth in schematic form;
PAR  FIG. 2 is a fragmentary elevation looking along the line 2--2 in FIG. 1;
PAR  FIG. 3a is a diagram showing the curled edge of a sheet hanging down
      between the jogger and the pile;
PAR  FIG. 3b is a corresponding diagram showing how the edge of a curled sheet
      is in position to be acted upon edgewise by the jogger in the inventive
      construction;
PAR  FIGS. 4a-4e inclusive are a set of stop motion diagrams showing the manner
      in which the interceptor member performs its function synchronized with
      the arrival of a curled sheet; and
PAR  FIG. 5 is a view similar to FIG. 1 but showing an alternate.
PAR  FIG. 6 shows a further alternate construction.
DETD
PAR  Turning now to the drawings, there is shown a delivery mechanism 10 for
      receiving printed sheets from an associated lithograph press and for
      depositing such sheets upon a pile for periodic removal. The sheets are
      transported by a pair of endless conveyor chains diagrammatically
      indicated at 11 and which chains are trained about pairs of sprocket
      wheels 12, 13, the drive connection between the conveyor and the press
      drive being indicated by the dotted lines 14, 15. At spaced positions
      along the conveyor chains 11 are sets of grippers 16. A conventional
      release mechanism 17 is provided for releasing the successive sheets at a
      predetermined position, a typical sheet, at point of release, being
      indicated, by the solid line, at S.
PAR  Arranged below the point of release is a delivery platform 20 supported
      upon chains 21, 22 and which carries a pallet 23 upon which the pile of
      sheets, indicated at P, is deposited. It will be understood that the
      platform supporting means is entirely conventional and of the type in
      which the platform 20 is automatically and progressively lowered so that
      the top of the pile, indicated at T, is maintained at a predetermined
      position with respect to the level at which the sheets are released.
PAR  In accordance with the present invention a jogging element is provided for
      engaging at least one edge of the pile for squaring up the pile, the
      jogging element having an associated interceptor member which is spaced
      slightly above the pile and which is movable inwardly and outwardly with
      respect to the pile for providing temporary support for the adjacent
      curled edge of an arriving sheet to prevent such edge from being inserted
      between the jogging element and the pile, with the interceptor member
      being cyclically retracted clear of the pile so that the engaged edge may
      become fully supported upon the pile in position for edgewise engagement
      by the jogging element.
PAR  Thus referring to FIGS. 1 and 2 there is provided a jogging element 30
      mounted upon a horizontal shaft 31 and having a flat face 32 which extends
      vertically along the pile to a point slightly above the top of the pile.
      For the purpose of oscillating the shaft 31, an oscillating mechanism,
      generally indicated at 33, is connected between the shaft and the press
      drive. Since such oscillating mechanism is per se conventional, it is not
      illustrated in detail. For intercepting the curled edge E of an arriving
      sheet S, which is shown dotted in FIG. 1 in the act of arrival, an
      interceptor member 40 is provided which is secured to the jogging element
      30 and which has a base portion 41 and a horizontal ledge portion 42
      which, in the receiving position illustrated in FIG. 1, projects slightly
      over the edge of the pile. Preferably the base of the interceptor member
      is secured to the jogging element by means providing relative adjustment.
      For example, the interceptor member may be clamped to the jogging element
      by means of a clamping screw 43 with the members being provided with slots
      44, 45 for relative vertical and horizontal adjustment. Preferably the
      height of the ledge 42 is so adjusted that it reliably clears the top of
      the pile on the inward stroke while being spaced a small amount downwardly
      from the upper end of the jogging element to form a reliably deep,
      right-angled pocket 46.
PAR  The benefit provided by the interceptor member 40 will be apparent by
      comparing FIGS. 3a and 3b. FIG. 3a shows how, in the absence of the
      present invention, the curled edge E of a delivered sheet may become
      inserted between the jogging element and the pile so that the hanging
      portion, instead of being pushed into precise alinement with the pile in
      the ensuing stroke of the jogging element, is, instead, flattened
      alongside the pile. This is to be contrasted with the present
      construction, FIG. 3b, which insures that the curled edge E will, upon
      retraction of the interceptor member, be supported with the edge either
      alined with the edge of the pile or projecting only a small amount
      therefrom so that any engagement by the jogging element takes place
      edgewise, just as though the sheet were perfectly flat and free of any
      curling tendency.
PAR  It is necessary in practicing the present invention for the oscillating
      mechanism 33 to produce one cycle of oscillation of the jogging element,
      and the interceptor member which it supports, for each sheet arrival and
      for the movement to be synchronized so that the interceptor member is in a
      position to receive a sheet as it arrives at the top of the pile, with
      subsequent retraction, as soon as the sheet has settled upon the pile, to
      release the supported edge to free the interceptor for reinsertion in
      readiness for the next sheet in the series.
PAR  Such phasing will be made clear upon reference to the series of stop motion
      views 4a- 4e. In FIG. 4a the sheet S is in the act of being released. At
      this time the interceptor member 40 is either in readiness to receive the
      sheet or completing jogging movement prior to assuming a position of
      readiness. In any event the interceptor member is in receiving position as
      the sheet settles downwardly toward the pile, as illustrated at 4b.
PAR  Next, referring to FIG. 4c, the curled edge E of the sheet is engaged and
      supported by the interceptor member 40 while the body of the sheet is
      supported by the pile. A moment thereafter, after the sheet has settled
      upon the pile, the interceptor member 40 is retracted as shown in FIG. 4d.
      Such retraction does not disturb the lateral positioning of the sheet
      because of the large amount of friction between the body of the sheet and
      the top of the pile. As the interceptor member is withdrawn, the edge E of
      the sheet drops to become fully supported by the pile. Following this, and
      as a new sheet S approaches on the conveyor, the interceptor member 40
      rocks forwardly to intercept the new sheet (FIG. 4e) and with slight
      forward overtravel of the jogging element 30 (illustrated in FIG. 4a) so
      that the latter may engage the edge of the deposited sheet to perform its
      normal jogging function.
PAR  It will be apparent to one skilled in the art that the structure may, if
      desired, be simplified by permanently securing the interceptor member 40
      to the jogging element 30. If desired the jogging element may be slit and
      a portion bent, as a tongue projection, into horizontal sheet-intercepting
      position. As a further alternative the interceptor member may be in the
      form of a simple stud or bracket projection permanently secured to, and
      extending horizontally from, the face of the jogging element in the same
      relative position as illustrated in FIG. 1.
PAR  Further in accordance with the present invention it is not essential for
      the interceptor member 40 to be supported upon, or to form a part of, the
      jogging element. Thus it will be seen upon referring to FIG. 5 that the
      interceptor member may be separately mounted and separately oscillated
      between its intercepting and retracted positions. In this figure
      corresponding elements are indicated by corresponding reference numerals
      with addition of subscript a. In this embodiment the interceptor member,
      indicated at 40a is in the form of a dog-leg lever rockable about a shaft
      31a and having a receiving ledge 42a. For moving the interceptor member
      from its illustrated receiving position to a retracted position (indicated
      by the dot-dash outline, an oscillating mechanism is provided in the form
      of a cam 33a having a connection to the press drive and which rotates on a
      1:1 basis with respect to the deposited sheets. The cam 33a is so phased
      that the ledge 42a is safely interposed in the path of a curled edge E as
      the sheet S settles down into contact with the pile. The associated
      jogging element, indicated at 30a, may be driven in the same fashion as
      the jogging element in FIG. 1 or, if desired, the jogging element may be
      of the stationary type closely spaced to the pile and thus serving as a
      limit stop to determine the registered positions of the added sheets. The
      effect of the inventive construction is the same as in FIG. 1, that is,
      the curled edge of a deposited sheet is positively prevented from hanging
      down between the jogger and the pile.
PAR  While only one interceptor member 40 (or 40a) has been illustrated mounted
      on and actuated by a shaft 31 (or 31a), it will be apparent that two or
      more such interceptors may be spaced along the shaft for engaging the
      curled edge at more than one point. More specifically, two of the
      assemblies 30, 40 may be provided in spaced relation on shaft 31 and
      cooperating to engage the edge of a single sheet. Also additional
      interceptor assemblies, similarly phased, may be provided along more than
      one edge of the piles. The term "oscillating" is used herein in the
      general sense of cyclical back and forth movement.
PAR  In accordance with one of the aspects of the invention means are provided
      for clamping the interceptor member to the jogging element in such a way
      as to permit not only rectangular adjustment but also angular adjustment.
      Thus referring to FIG. 6 a modified jogging element 30b is shown
      oscillated by shaft 31b and mounting an interceptor member 40b. The
      members are provided with slots 44b, 45b engaged by a clamping screw 43b.
      In this way not only the elevation and degree of projection may be changed
      but the interceptor member may be rocked in the direction of the arrow
      prior to being clamped in fixed position; for example, it might be
      desirable in some circumstances for the interceptor member to be rocked
      downwardly, making the substantially right angles pocket 46b slightly
      obtuse. Thus the term "generally right angled" as applied to the pocket is
      intended to include angles ranging from a right angle to somewhat greater
      than a right angle.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a sheet delivery arrangement for a sheet-fed lithograph press, the
      combination comprising a driven sheet conveyor having grippers at spaced
      intervals, a platform under the conveyor, means acting upon the grippers
      in a predetermined phase position for dropping sheets seriatim toward the
      platform to form a pile thereon, means including a vertically extending
      jogging element extending along at least one side of the pile adjacent the
      top thereof and movable away from the pile and then adjacent the pile to
      square up the edge thereof, the jogging element having a horizontal
      interceptor member in the form of a projection extending in the direction
      of the pile so as to overlie the pile, the projection being of such
      limited extent as to clear the lateral edge of the pile when the jogging
      element is in fully retracted position, and means for oscillating the
      jogging element in phase synchronism with the movement of the conveyor
      into its sheet dropping position so that the projection receptively
      extends over the pile to intercept the edge of a sheet dropped from the
      conveyor thereby to prevent the edge of the sheet, particularly when in
      curled condition, from becoming inserted between the jogging element and
      the pile, the jogging element being subsequently retracted clear of the
      pile in the course of its oscillating movement permitting the intercepted
      edge of the sheet to become fully supported upon the pile and freeing the
      projection to receive the next sheet.
NUM  2.
PAR  2. The combination as claimed in claim 1 in which means are provided for
      adjustably clamping the interceptor member to the jogging element.
NUM  3.
PAR  3. The combination as claimed in claim 1 in which the interceptor member is
      in the form of a projection extending generally at right angles to the
      jogging element spaced a small amount downwardly from the upper end of the
      jogging element to form an angular pocket for receiving the edge of an
      arriving sheet.
NUM  4.
PAR  4. The combination as claimed in claim 1 in which a supporting shaft
      extends horizontally alongside the pile, at least one recited jogging
      element with an associated interceptor member being mounted on the shaft,
      and means coupled to the press drive for oscillating the shaft.
NUM  5.
PAR  5. The combination as claimed in claim 1 in which the interceptor is in the
      form of a projection spaced a small amount downwardly from the upper end
      of the jogging element and having clamping means permitting relative
      angular adjustment of the projection prior to clamping of the projection
      in position.
NUM  6.
PAR  6. In a sheet delivery arrangement for a sheet-fed lithograph press, the
      combination comprising a driven sheet conveyor having grippers at spaced
      intervals, a platform under the conveyor, releasing means acting upon the
      grippers in predetermined phase position for dropping sheets seriatim
      toward the platform to form a pile thereon, means including a vertically
      extending jogging element at the top of the pile and extending along at
      least one side thereof, means for oscillating the jogging element for
      cyclical engagement of the edge of successively dropped sheets to square
      up the pile, an interceptor member associated with the jogging element and
      projecting horizontally inward above the pile, the interceptor member
      being made up of a horizontal ledge portion and a vertical portion rigidly
      joined together in intersecting relation to form a deep, positive
      generally right-angled pocket for the leading edge of the sheet, means
      mounting the interceptor member for horizontal movement between a sheet
      intercepting position and a retracted position in which it is clear of the
      pile, and a cyclical drive connection between the conveyor and the
      interceptor member so phased that the interceptor member is in its
      intercepting position as a sheet from the conveyor arrives at the pile,
      the leading edge of the sheet being thereby engaged and temporarily
      supported in the pocket of the interceptor member in registered relation
      above the level of the pile while the body of the sheet settles on pile so
      that the leading edge cannot, by reason of curling, become inserted
      between the jogging element and the pile, the interceptor member being
      subsequently retracted during the course of its cyclical movement with the
      body of the sheet being held by friction against the pile so that the
      engaged edge of the sheet may become fully supported upon the pile for
      edgewise engagement by the jogging element.
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ABST
PAL  A game device which includes a pair of rigid strip members such as planks,
      each carrying at least two upwardly projecting loop parts. With the strip
      members placed in parallel fashion upon the ground two or more players
      stand upon the strip members, grasping the bight of the loop parts with
      each hand. The players pull upwardly on the loop parts, causing the strip
      members to be held against the feet, and walk or shuffle the strip members
      across the ground.
BSUM
PAC  Summary of the Invention
PAR  This invention relates to a game device which can be utilized by two or
      more players and which has specific application to an exercise and
      coordination developing game used with the feet.
PAR  The game device of this invention includes a pair of rigid strip members,
      such as planks, having upper and lower faces. At least two loop parts are
      connected to each strip member with the bight portions thereof projecting
      from the upper face of the strip member. The loop parts are spaced apart
      along the longitudinal dimension of each strip member and are secured at
      their end parts to the strip members. With the two strip members placed
      parallel to one another upon the ground, two or more players stand with
      one foot upon each strip member. Each player then grasps the bight portion
      of a loop part with each hand, pulling upon the loop parts to cause the
      strip members to be held against the bottom of the players' feet. The
      players then walk in unison, causing the strip members to be shuffled
      across the ground.
PAR  The players of the game device of this invention, besides enjoying the game
      device and the exercise from its use, also develop teamwork and
      coordination. The strip members of the game device may be sized to
      accommodate two, three or more players, with the greater the number of
      players utilizing the game device at one time the greater the degree of
      teamwork and coordination required to walk the strip members across the
      ground. By utilizing two or more game devices, races and similar contests
      can be run.
PAR  Accordingly, it is an object of this invention to provide a game device
      which is used by the feet and played by two or more players and which
      develops teamwork and coordination among the players.
PAR  It is another object of this invention to provide a game device
      constituting strip members, such as planks, upon which two or more players
      stand and through connected loop parts shuffle or walk the strip members
      across the ground.
PAR  Still another object of this invention is to provide a game device which
      can be used by two or more players to traverse the ground in a
      coordination and teamwork building exercise.
PAR  Still another object of this invention is to provide a game device which is
      used with the feet and played by two or more players and which is of
      economical construction.
PAR  Other objects of this invention will become apparent upon a reading of the
      invention's description.
DRWD
PAC  Brief Description of the Drawings
PAR  A preferred embodiment of this invention has been chosen for purposes of
      illustration and description wherein:
PAR  FIG. 1 is a perspective view of the game device of this invention shown
      being used by three players.
PAR  FIG. 2 is a cross sectional view of one of the strip members of the game
      device taken along line 2--2 of FIG. 3.
PAR  FIG. 3 is a perspective view of the component parts of the game device of
      FIG. 1 shown without the players.
DETD
PAC  Description of the Preferred Embodiment
PAR  The preferred embodiment is not intended to be exhaustive or to limit the
      invention to the precise form disclosed. It is chosen and described in
      order to best explain the principles of the invention and its application
      and practical use to thereby enable others skilled in the art to best
      utilize the invention.
PAR  Game device 10 shown pictorially in FIG. 3 includes two strip members 12
      which are of equal length and width. Strip members 12 may be formed of
      wood, a plastic material, fiberglass or of similar material so as to form
      a rigid, plank-like configuration. Each strip member 12 has an upper face
      14 and a lower face 16. A plurality of loop parts 18 are connected to each
      strap member 12. Each loop part 18 is secured at its ends 20 to its
      connecting strip member 12 with its bight 22 projecting from upper face 14
      of the strip member. End portions 20 of each loop part 18 are aligned
      transversely relative to the connecting strip member and are spaced apart
      so as to accommodate the insertion of the foot of a player between the end
      portions. In the illustrated embodiment there are three loop parts 18
      connected to each strip member 12, with the spacing between each loop part
      and the ends of connecting strip member 12 being sufficient to accommodate
      three standing players, as shown in FIG. 1. Each loop part 18 is
      preferably of a rope or cord construction so as to have a flexible
      characteristic. Loop parts 18 are illustrated in FIG. 3 in their extended
      form for purposes of illustration only. It is to be understood, however,
      that in some embodiments of this invention each loop part 18 may be formed
      of resilient material which can be bent or molded into a free upstanding
      form projecting upwardly from upper face 14 of its connecting strip member
      in a spaced relationship relative to each other.
PAR  In a working embodiment of the game device, each strip member 12 is sixty
      inches long, with the three loop parts 18 connected to each strip member
      being spaced 15 inches apart, beginning 15 inches from one end of the
      strip member. The height of each loop part 18 in its extended position as
      measured from the upper face 14 of the connecting strip member is
      approximately 29 inches, and the width of each strip member is
      approximately 51/4 inches. It is to be understood that the length of strip
      members 12 and the number of loop parts 18 can vary, depending upon the
      number of players each strip member is designed to accommodate.
      Additionally, the length of loop parts 18 as measured from connecting
      strip member upper face 14 to the bight 22 of the loop member can vary and
      can even be made so as to be adjustable, depending upon whether children
      or adults are utilizing the game device.
PAR  To play the game device, strip members 12 are placed upon ground 24,
      slightly spaced apart and in parallel fashion. Participants 26 each place
      one foot upon upper face 14 of each strip member 12 between end portions
      20 of a loop part 18. Each participant then grasps the bights 22 of the
      loop parts between which his feet are placed with his hands and pulls
      upwardly on the loop parts to cause strip members 12 to be drawn against
      his feet. The participants then walk or shuffle the strip members 12 along
      the ground in coordinated fashion. Both backward and forward movement as
      well as parallel hill climbing can be accomplished upon strip members 12.
      To vary the use of the game device, one or more participants 26 can be
      turned so as to face one another during the walking or shuffling of strip
      members 12.
PAR  It is to be understood that the invention is not to be limited to the
      details above given but may be modified within the scope of the appended
      claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A game for two or more players and used with the feet comprising a pair
      of rigid strip members, each member having upper and lower faces, first
      and second loop parts connected to each member between the ends of the
      member, each loop part having two end portions and an intermediate bight
      portion and bein secured to its connecting member at its end portions with
      its bight portion projecting from the upper face of the member, the end
      portions of each loop part being spaced apart along a line extending
      transversely of its connecting member, said strip members each being of a
      width to accommodate a players foot and being of a length to allow at
      least two players to stand adjacently thereon, each said transverse
      spacing of said end portions being of a distance to accommodate a players
      foot therebetween and being of such longitudinal spacing such that when
      said members are placed side by side upon the ground generally paralleling
      one another one player may stand with one foot upon each member upper face
      positioned between the end portions of a said loop part with a hand
      gripping the bight portion of the loop part and a second player may stand
      next to said one player with one foot upon each member upper face
      positioned between the end portions of another loop part with a hand
      gripping the bight portion of the loop part to allow said players to walk
      in unison causing a shuffling motion of said members over the ground while
      holding said members against their feet by pulling upwardly on said loop
      parts.
NUM  2.
PAR  2. The game device of claim 1 wherein there are three loop parts connected
      to each member to accommodate three players, each loop part being spaced
      from another loop part and the ends of its connecting strip member.
NUM  3.
PAR  3. The game device of claim 1 wherein said loop parts are of a flexible
      cord-like construction.
PATN
WKU  039333540
SRC  5
APN  5072492
APT  1
ART  334
APD  19740918
TTL  Reflex testing amusement device
ISD  19760120
NCL  43
ECL  35
EXP  Shapiro; Paul E.
NDR  2
NFG  5
INVT
NAM  Goldfarb; Adolph E.
CTY  Tarzana
STA  CA
INVT
NAM  Benkoe; Erwin
CTY  Encino
STA  CA
ASSG
NAM  Brunswick Corporation
CTY  Skokie
STA  IL
COD  02
CLAS
OCL  273  1E
XCL   35 22R
XCL  272 76
EDF  2
ICL  A63B 6900
FSC  273
FSS  1 E;102.2
FSC   35
FSS  22 R
FSC  272
FSS  76
UREF
PNO  2984017
ISD  19610500
NAM  Pask
XCL   35 22R
UREF
PNO  3024020
ISD  19620300
NAM  Alton
XCL   35 22R
UREF
PNO  3550941
ISD  19701200
NAM  Spiro et al.
OCL  273102.2R
UREF
PNO  3563230
ISD  19710200
NAM  Gibbs et al.
XCL  273  1E
UREF
PNO  3698385
ISD  19721000
NAM  Low et al.
XCL   35 22R
UREF
PNO  3802098
ISD  19740400
NAM  Sampson
XCL  273102.2
LREP
FR2  Heimovics; John G.
FR2  Epstein; Sheldon L.
FR2  Gutman; David S.
ABST
PAL  An amusement device for use in simulating some of the essential competitive
      features of the Oriental martial arts such as karate, jujitsu and aikido
      is described. The preferred embodiment comprises a pair of identical
      pictures of combatants -one picture for each participant. The picture of
      each combatant camouflages a series of 10 lights, each light being located
      at a key attack/defense point on the combatant's body. At the start, one
      of these ten lights is turned on and the participants each try to hit
      their light to turn it off. The first "hit" causes both first lights to
      extinguish and a second light in each series to illuminate. The player to
      make the first "hit" gets a scoring credit for that "hit." The
      participants strike at the second light and so on as the 10 lights are
      sequenced in a pseudo-random order. The game continues for a predetermined
      period and at the end a winner is determined by comparing the number of
      "hits" made by the players. Modifications for a single-player game and a
      game which runs until a predetermined score is made are also taught.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention is in the field of amusement devices and, more particularly,
      is an amusement device for developing and testing reflexive responses used
      in karate, jujitsu, aikido and other related martial arts.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Many commercially successful amusement devices particularly those adapted
      for coin-operated service share a common characteristic; namely, they
      provide a simulated environment of an exciting, real-life competitive
      experience by offering just the essential features of competition. In the
      United States, ice hockey is a favorite sport in which competition centers
      around rapid offensive and defensive movements of two competing teams in
      shooting a high-speed puck into or away from a team goal. The spirit of
      ice hockey has been captured in an amusement device known as the
      AIR-HOCKEY Game sold by Brunswick Corporation and as described in U.S.
      Pat. No. 3,773,325 entitled Air Cushion Table Game.
PAR  The martial arts of karate, jujitsu and aikido are also attracting large
      participant and spectator interest in the United States and other
      countries in response to the growing awareness of Oriental culture.
      Accordingly, there is a need to provide an amusement and training device
      which is capable of capturing the essense of the competitive activity in a
      simple and low-cost manner. The essence of the Oriental martial arts is
      basically
PAC  relaxation
PAC  coordination
PAC  balance
PAC  speed.
PAL  The application of brute force is discouraged as the objective is to turn
      the advisary's strength against himself. Therefore, mechanical karate
      fighters, such as taught in U.S. Pat. No. 3,804,406 to Viscione on 16 APR
      74 are unnecessarily complex and expensive. Accordingly, it is a principal
      object of this invention to provide a simple and low-cost amusement and
      training device which provides through simulation the essence of
      competition in the Oriental martial arts.
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The amusement device of this invention is characterized by a picture, such
      as a display of a combatant, which is adapted to be hit by a participant,
      a series of lights mounted behind the picture and preferably each located
      at a different key attack or defensive position on the body of the
      combatant, means for detecting when the picture is hit in the vicinity of
      a light and means, responsive to these detecting means, for illuminating
      one of said lights and for controlling which light in the series is next
      illuminated when the picture is hit in the vicinity of an illuminated
      light. In order to demonstrate high performance or win against an
      opponent, the participant must rapidly extinguish each light in the series
      by touching or hitting the picture at the illuminated light. The lights
      are illuminated in a random or pseudo-random order which the participant
      cannot anticipate and therefore his relaxation, coordination, balance and
      speed are tested much the same as they would be in combat in determining
      the quality of his performance.
DRWD
PAR  One embodiment of an amusement device of this invention is illustrated in
      the drawings in which:
PAR  FIG. 1 is a front view of a coin-operated, two-player amusement device of
      the invention;
PAR  FIG. 2 is a side view of the amusement device of FIG. 1;
PAR  FIG. 3 is a sectional view showing the details of a light and button taken
      along section 3--3' of FIG. 1;
PAR  FIG. 4 is a simplified electronic schematic of the basic circuitry of the
      amusement device of FIGS. 1-3; and
PAR  FIG. 5 is a simplified electronic schematic of a modified circuit of FIG. 4
      adapted to stop play after a player has achieved a predetermined score.
DETD
PAR  Turning to FIG. 1, it can be seen that the amusement device 20 appears to a
      participant as comprising a supporting frame 22 which encloses a near
      life-size picture 24 of a combatant 26. Located at key attack/defense
      points on the body of the combatant 26 are a series of 10 lights 1, 2, 3,
      4, 5, 6, 7, 8, 9, .phi. (drawn in dotted-line circles) mounted and
      camouflaged behind the picture 24 so that the positions of these lights
      can be seen only when they are illuminated. These lights are normally
      extinguished and therefore their positions cannot be seen until they are
      illuminated. Located near the head of the combatant are a "GET READY"
      light 28, a score indicator 30 and a "WINNER" light 32. The space 34 below
      the picture 24 is empty so that a participant can approach the picture 24
      without having any obstruction blocking his feet.
PAR  As shown in the side view of FIG. 2, the preferred embodiment of the
      amusement device is a two-player game. A first picture 24A is provided for
      a participant on the left and a second picture 24B is provided for the
      participant on the right. The pictures illustrate a combatant and are
      substantially identical in every important respect so that neither
      participant has an advantage. A first and a second series of 10 lights are
      mounted behind the surfaces of their respective pictures as described
      above. The lights in each series are mounted in identical postions behind
      the surfaces of their respective pictures and camouflaged so that the
      positions of the lights can only be seen when they are illuminated. Each
      picture is offset at approximately a 7.degree. angle with respect to a
      vertical plane to improve the optical illusion and to provide an edge at
      the top of the empty space 34--just above knee level-- to discourage the
      participants from kicking the combatant 26. Thus, the angle between the
      pictures is approximately 14.degree.. To further confine the participants
      to the game, a pair of side rails 36 are attached to the sides of the
      frame 22. One side of the frame 22 also contains coin slots 38 which the
      participants use to pay for their playing time.
PAR  The participants start the amusement device by walking onto opposite sides
      of base 40 and inserting a coin for each player in coin slots 38. When two
      coins are inserted, both sides of the amusement device are activated
      whereas only one side will be activated if only one coin is inserted.
      After the coins are registered by the coin accepter (not shown), "GET
      READY" lights 28 will glow for about five seconds. At the end of the five
      second period during which the participants can position themselves, the
      "GET READY"  light 28 will go out simultaneously with the issuance of a
      noise (i.e., recorded grunting sound, bell or gong). One of the lights 1,
      2, 3, 4, 5, 6, 7, 8, 9, .phi., will then be illuminated and each
      participant will try to strike, touch or hit his combatant at the
      illuminated point. As used herein, the word "hit" means any touching,
      striking or hitting of a picture 24 by a participant. In trying to hit the
      lighted portion of his combatant 26, a participant can use his hands,
      forearms, elbows or any other part of his body except his legs or feet
      (the latter being discouraged for safety reasons by the rails 36 and the
      7.degree. overhang above the empty space 34). The score indicator 30 on
      the side having the first "hit" will register a score and simultaneously
      the light that was illuminated will extinguish and another of the lights
      1, 2, 3, 4, 5, 6, 7, 8, 9, .phi., will go on. The players again race to
      "knock out" the light which, in turn, causes still another light to come
      on. Because the lights are arranged to come on in a psuedo-random
      sequence, neither participant can anticipate which light is next. The
      result is that the player with the best relaxation, coordination, balance
      and speed will invariably win as he captures control through the use of
      circular attack/defense motions taught in the Oriental martial arts and
      sets the rhythm for the game. Skilled participants can establish a rhythm
      of about 2-3 "hits" per second which is very discouraging and upsetting to
      their opponents. With each "hit", a grunt, a moan or an "ug" (previously
      recorded) sounds from the combatant for the purpose of adding just a touch
      of realism.
PAR  Although the preferred embodiment is configured to run for a period of
      either 30 or 60 seconds and to use a pseudo-random sequence for
      illuminating lights 1, 2, 3, 4, 5, 6, 7, 8, 9, .phi. , an alternative
      construction might include the use of a purely random sequence generator
      for the combatant lights or the use of a circuit to stop the game after a
      predetermined score had been achieved by one of the participants. In
      either case, the "WINNER" light 32 is illuminated at the end of the
      playing period to identify the victor.
PAR  Turning to FIG. 3, a cross-sectional view of the picture 24 taken through
      plane 3--3' and light 6 can be seen. At the outer surface is a screened
      face sheet 42 of polyvinylchloride plastic, the inner surface of which is
      printed with the picture 24 of the combatant 26 and other desired indicia.
      Behind the face sheet 42 (except in the area of the lights 1, 2, 3, 4, 5,
      6, 7, 8, 9, .phi.) is a polyurethane foam pad 44 used to absorb impact
      energy and to prevent injury to the participants. The sheet 42 and the
      foam pad 44 are affixed to panel 46 made from 3/4 inch plywood which is
      capable of withstanding repeated impact. The combination of the sheet 42,
      the foam pad 44 and the panel 46 is secured within the frame 22,
      preferably by hinges and pins to afford easy access and repair.
PAR  The lights, 1, 2, 3, 4, 5, 6, 7, 8, 9, .phi. are all identical with light 6
      shown in FIG. 3. They comprise means for detecting when the picture 24 is
      hit in the vicinity of a light which, in this embodiment, include a button
      48 biased forward against the picture 24 screen 42 by a spring 50 secured
      to the panel 46, (contiguous to a lightbulb L6A/B installed in a socket 54
      attached to the panel 46 by a bracket 56 which is partially hidden) and
      microswitch 6A/B (either side) secured to the panel 46 and having its
      actuating arm 60 resting against the rear edge of the button 48 so as to
      be activated by the movement of the button. The button is made of a
      translucent material such as acrylic plastic and transmits the
      illumination from adjacent lightbulb L6 to the picture when the light is
      energized and illuminates the contiguous area of the combatant 26 on the
      face sheet 42. When the light is extinguished, the position of the light
      and the button behind the surface of the picture is hidden by the printing
      on the inside surface of the face sheet 42. When the participant strikes
      at the light 6, he pushes the shoulder of button 48 against foam plastic
      bumper ring 62 which serves to absorb shock and prevent injury to both the
      player and the game. In moving rearward, the rear edge of the button 48
      forces the actuating arm 60 of the microswitch 6A/B back, thereby causing
      this normally-open switch to close and to send a signal indicating that
      the picture has been hit in the vicinity of its associated light. When
      pressure on the button 48 is released, bias spring 50 returns to button 48
      to its normal position and the microswitch 6A/B again opens.
PAR  In this embodiment, the electronic circuits, consituting means, responsive
      to the detecting means, for illuminating one of the lights and for
      controlling which light in each series is next illuminated when a picture
      is hit in the vicinity of an illuminated light are shown in FIG. 4. These
      means also include means for extinguishing a light in the vicinity of the
      area in which the picture 24 was hit. Two sets of microswitches 1A, 2A,
      3A, 4A, 5A, 6A, 7A, 8A, 9A, .phi.A, and 1B, 2B, 3B, 4B, 5B, 6B, 7B, 8B,
      9B, .phi.B are provided -- one for each side. As described above, each
      switch has a corresponding light L1A, L2A, L3A, L4A, L5A, L6A, L7A, L8A,
      L9A, L.phi.A and L1B, L2B, L3B, L4B, L5B, L6B, L7B, L8B, L9B, L.phi.B. The
      armature of each of the switches is tied to a common bus energized to 5
      volts. The pole of each switch is connected to one of the input terminals
      of its respective two-input NAND gate NA1, NA2, NA3, NA4, NA5, NA6, NA7,
      NA8, NA9, NA.phi. and NB1, NB2, NB3, NB4, NB5, NB6, NB7, NB8, NB9, NB.phi.
      (typically a 7400 integrated circuit). The other input to each of these
      NAND gates is connected to the "high" side of its respective light L1A. .
      . L.phi.A and L1B. . . L.phi.B. Thus no signal will issue from any of
      these NAND gates unless a switch corresponding to an illuminated light is
      closed. When such a condition occures, a signal will issue from
      corresponding NOR gate 100A or 100B (typically 7430 integrated circuit).
      Since the signals coming from NOR gates 100A amd 100B are not uniform,
      they are fed into respective 100 MILLISECOND PULSE GENERATOR 102A or 102B
      (typically comprising a 555 integrated circuit in a pulse generating,
      monostable circuit). Thus when each participant strikes a lighted button,
      a respective 100 millisecond pulse is applied to one of the two inputs of
      respective NAND gates 104A and 104B (typically a 7400 integrated circuit).
      The other input of each of these NAND gates is connected to means for
      determining which picture was hit first for each illuminated light in the
      series and in this embodiment constituting a latching circuit comprising
      the cross-connected NAND gates 106A and 106B (comprising a 7400 integrated
      circuit). The latching circuit determines whether the "A" signal or the
      "B" signal was first and then provides the appropriate "turn-on"  signal
      to the proper NAND gate 104A or 104B so that only the first signal can
      pass to the remainder of the circuit including means for totalling the
      score of such first hits for each participant. The latching circuit biases
      off the other NAND gate 104A or 104B so that no further signal results
      from the "second" pulse.
PAR  The "first" pulse then activates means for sounding a score. In this
      embodiment either sound unit 108A or 108B will isssue an appropriate
      groan, moan or "ug" as previously described upon receiving a "first pulse"
      from NAND gates 104A or 104B respectively. Each "first" pulse is also
      applied to a respective binary-coded-decimal (BCD) COUNTER 110A or 110B
      (typically a 7490 integrated circuit) of the score totalling means where
      the score of each player is accumulated. The outputs of the BCD COUNTERS
      110A and 110B are fed to their respective BCD DECODERS 112A and 112B
      (typically 7447 integrated circuits) which in turn drive corresponding
      SCORE DISPLAYS 114A and 114B made of seven segment readout devices that
      appear as score indicator 30 in FIG. 1.
PAR  Since the contest is more interesting if a winner is declared, means for
      comparing the scores of the participants and identifying a winner are
      provided. An output from each BCD COUNTER 110A and 110B is fed to an input
      of BINARY COMPARATOR 116 (typically a bank of 7485 integrated circuits).
      After a predetermined period of play has elapsed and the game has ended,
      the scores for the "A" and "B" players are compared. If the "A" score is
      greater the COMPARATOR 116 causes "WINNER" light 118A to illuminate as
      shown at light 32 in FIG. 1. Correspondingly, a victory by "B" would cause
      "WINNER" light 118B to illuminate.
PAR  In order to sequence the lamps L1A...L.phi.A and L1B...L.phi.B, a novel
      pseudo-random light driver circuit is provided. An output signal from each
      100 MILLISECOND PULSE GENERATOR 102A and 102B is also fed to a respective
      input of NOR gate 120 (typically a 7402 integrated circuit) which in turn
      drvies a 10 MILLISECOND PULSE GENERATOR 122 (typically comprising a 555
      integrating circuit in a pulse generating, monostable circuit) which
      provides sharp triggering pulses. These triggering pulses are applied to
      the input terminal of an UP/DOWN BINARY COUNTER 124 (typically a 74190
      integrated circuit). The ripple clock output of the COUNTER 124 generates
      a pulse with every .phi. count and is connected to the input of a DIVIDE
      BY 2 (.div. 2) circuit 126 (comprising a 74107 integrated circuit) which,
      in turn, is connected to the UP/DOWN input of the COUNTER 124. The four
      outputs of the COUNTER 124 are then fed to a BCD/DECIMAL CONVERTER 128
      which drives the lamps L1A...L.phi.A and L1B...L.phi.B through Darlington
      amplifiers (not shown) to cause the corresponding lights in both series to
      be illuminated and extinguished at the same time. Each time a pulse
      appears at the input of the NOR gate 120, the UP/DOWN BINARY COUNTER 124
      changes its stored count by .+-. 1, depending on the signal appearing at
      the UP/DOWN input. This, in turn, causes another one of each of the lamps
      L1A...L.phi.A and L1B...L.phi.B to light. Whether the COUNTER 124 counts
      up or down depends on the input of the .div. 2 circuit 126. That circuit
      counts the number of pulses received from the COUNTER 124 and reverses the
      logical sign of its binary output signal on every other pulse. Thus the
      series in which the lamps are illuminated contains the sequence ...1, 2,
      3, 4, 5, 6, 7, 8, 9, .phi., 1, .phi., 9, 8, 7, 6, 5, 4, 3, 2, 1, .phi., 1,
      2, ... with the shift from counting down to counting up coming at the
      sequences ....phi., 1, .phi.... and ...1, .phi., 1... . Although random
      signal generators or other pseudo-random signal generators can be used,
      this pseudo-random signal is preferred because it performs well in play
      and because this low-cost and high-reliability circuit is easily checked
      for proper performance in the field by stepping through its known
      sequence.
PAR  Because a defective lightbulb or microswitch could disable the amusement
      device in the field, an automatic advancing circuit is included to provide
      an input to the COUNTER 124 in the event pulses are not normally received.
      OR gate 130 has an input connected to each of the PULSE GENERATORS 102A
      and 102B. The output of OR gate 130 is connected to 2 SECOND DELAY AND
      PULSE GENERATOR 132. GENERATOR 132 will issue an output pulse to COUNTER
      124 every two seconds unless its input is reset by a signal coming from OR
      gate 130. Thus if a bulb or microswitch is defective (particularly in the
      single player mode) and no signal issues from either generator 102A or
      102B, the DELAY & PULSE GENERATOR 132 will wait two seconds from the time
      the last pulse was received and then cause COUNTER 124 to index by .+-. 1.
PAR  As noted earlier, the game is activated by the insertion of coins in the
      slots 38. These coins then pass into COIN ACCEPTOR 140 which measures
      their value and tests for counterfeits. In the United States, the COIN
      ACCEPTOR 140 is designed to issue one output pulse for each quarter
      ($0.25) received. If only one quarter is received, only one side ("A" or
      "B") is energized and the amusement device becomes a "one player" game in
      which the participant seeks to obtain the highest possible score during
      the alotted time of 30 or 60 seconds. If two quarters are received, then
      both sides ("A" and "B") are energized and the amusement device becomes a
      "two player game" for competition between the participants.
PAR  Upon registering a coin, the coin acceptor 140 issues a pulse to reset
      counters 110A and 110B back to zero and to start the 5 SECOND "GET READY"
      DELAY CIRCUIT 142 which then energizes "GET READY" light 144A and 144B
      (shown as light 28 in FIG. 1) for 5 seconds. As noted earlier, this period
      gives the participants time to position themselves in front of their
      respective combatants 26 and to focus their attention on the game. At the
      end of the period, the 5 SECOND "GET READY" DELAY CIRCUIT 142 extinguishes
      the "GET READY" lights 144A and 144B and energizes "GET READY" SOUND
      GENERATOR 146 which, in turn, issues a noise such as a grunting sound,
      bell or gong that signals the beginning of the match. A "RUN" signal is
      also sent to RUN/STOP LATCHING CIRCUIT 150, comprising cross-coupled NAND
      gates 150R and 150S, to trigger NAND gate 150R to "ON" thereby generating
      a "RUN" signal which, in turn, is transmitted to other portions of the
      circuit (by connections not shown) to cause their activation.
PAR  For coin-operated games, means for terminating play after a predetermined
      time are required. In the embodiment, timing of the game is controlled by
      GAME TIMER 152 comprising 1 HERTZ CLOCK GENERATOR 154, OR gate 156, NAND
      gate 158 and DIVIDE BY 30/60 (.div. 30/60) circuit 160 (typically
      including a 7490 integrated circuit). One hertz pulses from CLOCK
      GENERATOR 154 are applied to one of the inputs of OR gate 156. During the
      5 second "GET READY" period, DELAY CIRCUIT 142 transmits a "WAIT" pulse to
      the other input of the OR gate 156 and this prevents the 1 hertz clock
      pulses from being duplicated at the output of the OR gate 156. At the end
      of the 5 second period, 1 hertz pulses are fed from the output of the OR
      gate 156 to an input of NAND gate 158. If a "RUN" signal appears at the
      other input of NAND gate 158 because NAND gate 150R has been triggered
      "ON", 1 hertz pulses will be transmitted from the output of NAND gate 158
      to the input of the DIVIDE BY 30/60 CIRCUIT 160. This circuit will divide
      the input pulses by either 30 or 60 (at the owner's selection) so that an
      output pulse will issue for every 30 or every 60 input pulses -that is,
      every 30 or 60 seconds. That output pulse is then applied to an input of
      TIE BREAKER NAND GATE 162 which in this embodiment is included in means
      for continuing play after the predetermined playing time has elapsed when
      the participants' scores are equal.
PAR  If the score is not tied at the end of the playing period (30 or 60
      seconds), then the receipt of an output pulse from the DIVIDE BY 30/60
      CIRCUIT 160 will cause TIE BREAKER NAND GATE 162 to issue a triggering
      pulse to NAND gate 150S, thereby switching the RUN/STOP latching circuit
      150 to the "STOP" mode. If there is a tie at the end of the playing
      period, COMPARATOR 116 will issue an A=B pulse signal to the other input
      of TIE BREAKER NAND gate 116 to prevent that gate from issuing a
      "TURN-OFF" pulse until either "A" or "B" scores another "hit" in a
      "sudden-death" playoff.
PAR  The preferred embodiment of the amusement device of this invention is one
      adapted for two-player, coin-operated applications. In some applications,
      a single player game may be desired and such a modification can be
      achieved by eliminating the second combatant 26 and those portions of the
      electronic circuitry which are only needed to accomodate the second
      player. This would include switches 1B....phi.B, lights, L1B...L.phi.B,
      NAND gates NB1...NB.phi., NOR gate 100B and the elements 104A, 104B, 106A,
      106B, 108B, 110B, 112B, 114B, 116, 118B and 144B. Gates 120 and 130 would
      be replaced by jumpers from the output of PULSE GENERATOR 102A to the
      inputs of GENERATORS 122 and 132. Similarly, TIE BREAKER NAND gate 162
      would be unnecessary and could be replaced by a jumper between the output
      of circuit 160 and the input of gate 150S.
PAR  Another adaptation for either a one-player or a two-player game
      incorporates means for terminating play after a participant has achieved a
      predetermined score or number of "hits". Instead of comparing the "A" and
      "B" scores with COMPARATOR 166 as shown in FIG. 4, the alternative circuit
      in FIG. 5 uses COMPARATORS 116A' and 116B' to compare the scores in BCD
      COUNTERS 110A' and 110B' with a predetermined number M stored in BINARY
      MEMORY 170. When the first participant has scored M "hits", a pulse will
      appear on either of the output lines A=M or B=M and turn on the respective
      "WINNER" light 118A' or 118B'. The pulse will also pass through OR gate
      172 and can be applied to the input of RUN/STOP NAND gate 150S to stop the
      game. With this modification, elements 154, 156, 158, 160 and 162 are
      unnecessary and can be removed. For a one-player version, elements 110B',
      116B', 118B' and 172 are unnecessary as the output line A=M can be
      connected to the input of the NAND gate 150S to stop the game.
PAR  The basic logic of the electronic circuitry has been described in full
      detail. Illustrations of specific timing, biasing, pulse shaping circuits
      and the like have been avoided as none of these relate to the invention
      and are simply matters of designers' choice for the type of integrated
      circuit logic selected. Integrated circuits known as the 7400 series and
      the 555 timer circuit have been selected for the preferred embodiment
      because of their low cost. A complete description of these elements may be
      found in the Signetics Digital, Linear, MOS integrated Circuits Data Book
      copyrighted in 1974 by Signetics Corporation of Menlo Park, California
      94025. Through the use of other logical elements, a wide variety of
      amusement devices can be made within the spirit and scope of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An amusement device comprising:
PA1  a first picture of a combatant adapted to be hit by a participant;
PA1  a first series of lights mounted and camouflaged behind the surface of the
      picture so that their positions can only be seen when they are
      illuminated;
PA1  first detecting means for detecting when the picture is hit in the vicinity
      of a light in the first series; and
PA1  illuminating means responsive to the detecting means for illuminating said
      lights one at a time and for controlling which light in the series is next
      illuminated when the picture is hit in the vicinity of an illuminated
      light.
NUM  2.
PAR  2. The amusement device of claim 1 wherein the picture is offset at
      approximately a 7.degree. angle with respect to a vertical plane.
NUM  3.
PAR  3. The amusement device of claim 1 wherein the series of lights comprises
      10 lights.
NUM  4.
PAR  4. The amusement device of claim 1 wherein the illuminating means includes
      a random signal generator for selecting which light will next be
      illuminated, whereby the lights are illuminated in a random sequence.
NUM  5.
PAR  5. The amusement device of claim 1 wherein the illuminating means includes
      a psuedo-random signal generator for selecting which light will next be
      illuminated, whereby the lights are illuminated in a psuedo-random
      sequence.
NUM  6.
PAR  6. The amusement device of claim 5 wherein the generator provides a
      psuedo-random signal which includes the series:
PAC  ....phi., 1, .phi....
PAL  whereby the lights are illuminated in a sequence including this series.
NUM  7.
PAR  7. The amusement device of claim 5 wherein the generator provides a
      psuedo-random signal which includes the series:
PAC  ...1, .phi., 1...
PAL  whereby the lights are illuminated in sequence including this series.
NUM  8.
PAR  8. The amusement device of claim 7 wherein the series of lights consists of
      10 lights.
NUM  9.
PAR  9. The amusement device of claim 8 wherein the generator provides a signal
      which includes the series:
PAC  ...1,2,3,4,5,6,7,8,9,.phi.,1,.phi. ,9,8,7,6,5,4,3,2,1,.phi.,1,2,...
PAL  whereby the lights are illuminated in a sequence including this series.
NUM  10.
PAR  10. The amusement device of claim 1 wherein the means for detecting when
      the picture is hit comprise:
PA1  a button biased against the picture in a
PA1  location contiguos to a light.
NUM  11.
PAR  11. The amusement device of claim 10 wherein the button is made of a
      translucent material and transmits the illumination from an adjacent light
      to the picture when the light is energized.
NUM  12.
PAR  12. The amusement device of claim 10 comprising in addition:
PA1  a switch activated by the movement of the button.
NUM  13.
PAR  13. The amusement device of claim 1 wherein the illuminating means
      includes:
PA1  means for extinguishing a light in the
PA1  vicinity of the area in which the picture was hit.
NUM  14.
PAR  14. The amusement device of claim 1 comprising in addition:
PA1  means for sounding a score.
NUM  15.
PAR  15. The amusement device of claim 1 comprising in addition:
PA1  a second picture;
PA1  a second series of lights mounted behind the second picture;
PA1  second detecting means for detecting when the second picture is hit in the
      vicinity of a light in the second series; and
PAL  wherein the illuminating means are:
PA1  responsive to the second detecting means for illuminating said lights in
      said second series one at a time and for controlling which light in the
      second series is next illuminated when the second picture is hit in the
      vicinity of an illuminated light.
NUM  16.
PAR  16. The amusement device of claim 15 wherein the pictures are substantially
      identical.
NUM  17.
PAR  17. The amusement device of claim 16 wherein the lights in each series are
      mounted in identical positions behind their respective pictures.
NUM  18.
PAR  18. The amusement device of claim 17 wherein the illuminating means cause
      the corresponding lights in both series to be illuminated and extinguished
      at the same time.
NUM  19.
PAR  19. The amusement device of claim 15 wherein each picture illustrates a
      combatant.
NUM  20.
PAR  20. The amusement device of claim 18 wherein each picture is set at
      approximately a 7.degree. angle with respect to a vertical plane.
NUM  21.
PAR  21. The amusement device of claim 20 wherein the angle between the pictures
      is approximately 14.degree..
NUM  22.
PAR  22. The amusement device of claim 15 wherein each series of lights is
      camouflaged behind the surface of its respective picture so that the
      positions of the lights can be seen only when they are illuminated.
NUM  23.
PAR  23. The amusement device of claim 15 wherein each series of lights contains
      10 lights.
NUM  24.
PAR  24. The amusement device of claim 15 wherein each picture illustrates a
      combatant and each series of lights consists of 10 lights camouflaged
      behind the surface of the picture of their respective combatant so that
      the position of the lights can be seen only when they are illuminated.
NUM  25.
PAR  25. The amusement device of claim 15 comprising in addition:
PA1  means for determining which picture was hit first for each illuminated
      light in the series; and
PA1  means for totaling the score of such first hits for each participant.
NUM  26.
PAR  26. The amusement device of claim 25 comprising in addition:
PA1  means for comparing the scores of the participants and identifying the
      winner.
NUM  27.
PAR  27. The amusement device of claim 26 wherein the score comparing means
      determines the winner after a predetermined period of play has elapsed.
NUM  28.
PAR  28. The amusement device of claim 25 comprising in addition:
PA1  means for terminating play after a participant has achieved a predetermined
      score.
NUM  29.
PAR  29. The amusement device of claim 15 comprising in addition:
PA1  means for sounding a score.
NUM  30.
PAR  30. The amusement device of claim 15 further including means for sounding a
      grunt when a picture has been hit in the immediate vicinity of an
      illuminated light.
NUM  31.
PAR  31. The amusement device of claim 1 wherein the picture comprises a
      flexible sheet and the detecting means comprise a movable element behind
      the sheet and adjacent to a light.
NUM  32.
PAR  32. The amusement device of claim 31 further including a soft resilient
      cushion behind the sheet and around the movable element.
NUM  33.
PAR  33. The amusement device of claim 1 wherein the picture is relatively soft
      and resilient in the vicinity of the lights.
NUM  34.
PAR  34. The amusement device of claim 1 further including means for sounding a
      grunt when the picture has been hit in the immediate vicinity of an
      illuminated light.
NUM  35.
PAR  35. An amusement device for simulating competition in the martial arts
      comprising:
PA1  a pair of substantially identical pictures of a combatant, each picture set
      at an angle with respect to a vertical plane;
PA1  two series of lights, each series of lights camouflaged behind the surface
      of its respective picture such that the positions of the individual lights
      can only be seen when they are illuminated;
PA1  means for detecting when a picture has been hit in the immediate vicinity
      of a light;
PA1  switching means for extinguishing a light in each series and for
      illuminating another light in each series each time either picture is hit
      in the vicinity of an illuminated light;
PA1  means for determining which picture has hit first for each illuminated
      light in the series; and
PA1  means for totaling the score of such first hits for each participant.
NUM  36.
PAR  36. The amusement device of claim 35 wherein the pictures are set at
      approximately a 14.degree. angle with respect to each other.
NUM  37.
PAR  37. The amusement device of claim 35 wherein each series of lights
      comprises 10 lights.
NUM  38.
PAR  38. The amusement device of claim 35 wherein the switching means includes a
      psuedo-random signal generator for selecting which light will next be
      illuminated, the generator providing a signal which includes:
PAC  the series ....phi.,1,.phi.... and
PAC  the series ...1,.phi.,1... ,
PAL  whereby the lights are illuminated in a sequence containing both of these
      series.
NUM  39.
PAR  39. The amusement device of claim 35 comprising in addition:
PA1  means for terminating play after a predetermined time; and
PA1  means for comparing the participants' scores and determining the winner.
NUM  40.
PAR  40. The amusement device of claim 39 comprising in addition:
PA1  means for continuing play after the predetermined time has elapsed when the
      participants scores are equal.
NUM  41.
PAR  41. The amusement device of claim 35 comprising in addition:
PA1  means for terminating play after a participant has achieved a predetermined
      score.
NUM  42.
PAR  42. The amusement device of claim 35 comprising in addition:
PA1  means for sounding a score.
NUM  43.
PAR  43. The amusement device of claim 35 further including means for sounding a
      grunt when a picture has been hit in the immediate vicinity of an
      illuminated light.
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ABST
PAL  A simulated, parlor-type tennis game in which the type of shot, the
      direction of travel of a stroked ball, and the direction of player
      movement are selectively determined by a player, while the distance the
      stroked ball travels and the distance a player marker is moved along
      selected paths are determined responsive to a random selector device. A
      ball bounce indicator is provided to indicate on a playing board an
      allowable return area after the first bounce of a ball. A ball flight
      indicator and a player position indicator are positionable on the playing
      board to indicate the ball flight and player movement respectively. The
      outcome of a play therefore depends not only on chance, but also on the
      strategy invoked by the player.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a new and unique approach to a parlor
      tennis game in which the actual playing conditions and strategy of the
      game of lawn tennis are incorporated to the extent reasonably possible.
      The game includes a playing board having a scale diagram of a tennis court
      with various landing areas indicated thereon. A random selector means,
      preferably in the form of three die cubes are used to determine the
      magnitude of travel of a stroked ball and the magnitude of player
      movement. As used herein the term "stroked" refers to a simulated stroke
      during play. It should be understood that no actual engagement of any
      object with a ball occurs. Although the following description refers
      specifically to the game of lawn tennis, it is apparent that it could
      easily be adapted to badminton, volleyball, handball, table tennis, and
      the like.
PAR  In order to incorporate as much strategy and to be as realistic as
      possible, a ball flight indicator is provided for selectively indicating
      the intended path of a stroked ball and for simulating both the
      acceleration as well as the magnitude of travel of a stroke. A second
      indicator, called a ball bounce indicator, is placed in alignment with one
      end of the ball flight indicator for indicating the distance between the
      first and second bounce of a ball responsive to one of said die cubes. A
      third indicator, called a player position indicator, is positioned by a
      player for selectively indicating the direction of player movement on the
      playing board, while the magnitude of player movement is determined in
      response to one of the die cubes.
PAR  A serve and lob chart is provided having three columns thereon for
      indicating the results of the first serve, the second serve, and lobs
      responsive to various combinations of the three die cubes.
PAR  During the course of play, a player indicates the direction he wishes to
      return a ball by placing the ball flight indicator along the intended path
      of flight. The ball flight indicator includes two scales, one slidably
      attached to the other. One scale indicates the distance a ball travels
      during acceleration, and the second, slidable scale indicates the distance
      the ball travels during the deceleration period before it bounces. The
      ball bounce indicator is placed in axial alignment with the ball flight
      indicator for indicating the distance between the first and second bounce
      of the ball. The indicia on each of the three die cubes indicate positions
      reached on each of the three scales, which in turn determines the final
      position of the ball.
PAR  In addition, the player receiving a stroke places his player position
      indicator along his intended path of travel, and the indicator includes a
      scale which determines, responsive to a cast of one die cube, how far the
      player travels and whether he can get to the ball return area before the
      second bounce.
PAR  It is therefore an object of the present invention to realistically
      simulate in a parlor game the actual playing conditions and strategy of
      the game of lawn tennis as much as possible.
PAR  It is further an object of the present invention to provide a parlor-type
      tennis game in which inexperienced tennis players can enhance their
      knowledge of the strategy of the game.
PAR  A further object is to combine strategy and chance with the emphasis on
      strategy as much as possible in a parlor-type tennis game.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      upon reading the following detailed specification in association with the
      accompanying drawings, in which:
PAR  FIG. 1 is a plan view illustrating the playing board used with the present
      invention;
PAR  FIG. 2 is a plan view of the front side of the ball flight indicator;
PAR  FIG. 3 is a plan view of the underside of the ball flight indicator, which
      is illustrative of the player position indicator;
PAR  FIG. 4 is a plan view of the ball volley and bounce indicator;
PAR  FIG. 5 is a chart which represents the results of the first serve, second
      serve, and lobs;
PAR  FIG. 6 is a plan view of the playing board, similar to FIG. 1, except
      showing a sample play executed thereon; and
PAR  FIG. 7 is a perspective view of the random selector device, which in the
      preferred embodiment are three conventional die cubes.
DETD
PAC  DETAILED DISCLOSURE OF A PREFERRED EMBODIMENT
PAR  Turning now to a discussion of a preferred embodiment, the tennis game
      according to the present invention, in general comprises a playing board
      10 having a tennis court scale diagram 12 with various landing areas 14
      indicated thereon. In addition, some type of random selector means is
      provided. For example, three die cubes may be used, or any other type of
      random selection device which will provide random, three digit
      combinations.
PAR  In addition to the playing board 10 and random selector means, a ball
      flight indicator means 40 having suitable indicia on the face thereof may
      be selectively positioned along the intended flight path of a stroked
      ball. The speed and magnitude of travel of the stroke may then be set on
      the ball flight indicator responsive to said random selector means. A
      player position indicator means 60 is likewise selectively positionable
      along the path of player movement, and the magnitude of player movement is
      similarly indicated thereon during the course of play responsive to the
      random selector means.
PAR  Another indicator known as a ball bounce indicator 80 is, in some cases,
      removably positionable with respect to the ball flight indicator 40, in
      axial alignment therewith, for indicating the distance between the first
      and second bounce of the ball responsive to said random selector means.
      After serves, the ball bounce indicator is positioned at certain of said
      landing areas to indicate the distance between the first and second bounce
      of a serve.
PAR  Finally, a chart (FIG. 5) is provided for indicating the results of
      selected shots, such as serves and lobs, responsive to the random selector
      means.
PAR  Turning now to a more detailed description of the invention, the playing
      board 10, is formed of any suitable material, however is preferably formed
      of a material such as cork, wood, or some similar material which will
      readily receive a marker indicating the position of the ball and players.
      Preferably, such markers are pins having an enlarged colored head, one
      color indicating the ball, and other colors indicating the players,
      although other attaching means could be used. For example, the board might
      be coated with a metallic paint or substance with the player markers 11,13
      having a piece of magnetically charged material on the bottom thereof.
PAR  The court diagram 12 is a scale diagram of a tennis court having various
      landing areas 14 indicated thereon. For example, the letters A, B, C, D,
      E, with the arrows extending therefrom indicate different landing areas
      within a service court to show the point within the service area where a
      particular serve has landed and the direction it is taking on the bounce.
      The areas a, b, indicate the position which the server takes to serve,
      while the areas c indicate the recommended receiving position for a player
      about to receive a serve.
PAR  The court diagram 12 further includes a net 16, a back boundary line 18,
      side boundary lines 20 for singles play, side boundary lines 22 for
      doubles play, and service boundary lines 24.
PAR  The areas 1, 1A, 2, 3, 3A, 4, 4A, 5, 6, 6A, 7, 7A, 8, 9, and 9A indicate
      lob return player position areas which will be explained hereinafter.
PAR  The ball flight indicator 40 is used to indicate the direction, speed, and
      magnitude of a stroke from its starting point to contact with the playing
      surface or the tennis net. The indicator 40 comprises two scales, one
      being a fixed scale 42 and the other being a slidable scale 44. A pair of
      parallel, longitudinally extending members 46 are suitably fixed in spaced
      relation to each other by a plurality of transverse plates 47 to form
      fixed scale 42. The moveable scale 44 is slidably retained between the two
      members 46 and plates 47 much in the same way as a conventional slide
      rule. Fixed scale 42 represents the acceleration portion of the ball
      flight and is graduated into numbered increments, 1-6, with the space
      between the numbers gradually decreasing as the numbers increase. The
      movable scale 44 represents the deceleration portion of the ball flight,
      and is graduated into numbered increments, 6-1, with the space between
      numbers gradually decreasing as the numbers decrease. It should be noted
      that the sliding scale is numbered in reverse order with respect to the
      fixed scale for reasons to be hereinafter described. The possible ball
      travel distance on the fixed scale is greater than that on the movable
      scale indicating that a harder hit ball will travel farther than a softly
      hit ball. For example, a fixed scale reading of 6 plus a movable scale
      reading of 2 will yield a longer total ball distance traveled than a
      respective reading of 5 and 3. In using the ball flight indicator, the
      zero point 48 of the fixed scale 42 is positioned at the point where a
      player strokes the ball, and the indicator 40 is physically set down along
      the intended path which the player selects. As the three die cubes are
      thrown, the largest number is set on the fixed scale 42 representing the
      acceleration part of the ball flight. The second highest number indicated
      by the three die cubes is then placed on the movable portion 44 of the
      ball flight indicator at a point opposite the designated point on the
      fixed scale. Thusly positioned, the first ball bounce will occur at the
      zero point 50 of the movable scale 44. The ball marker 11 is then placed
      at the point indicating the place on the court diagram 12 that the ball
      has first struck the surface of the court.
PAR  The ball bounce indicator 80 consists of a single linear member having two
      scales 82,84 thereon. The first scale 82 is used as a continuance of the
      ball flight indicator, and represents the distance that a ball travels
      between its first and second bounce on the playing surface. This is the
      area on the court that the other player must reach to be eligible to hit a
      return shot. Scale 82 is graduated into equally spaced numbers, 1-6 and is
      referred to as the ball bounce indicator or the allowable return area
      indicator. The second scale 84 or the volley scale is used to indicate the
      distance and direction traveled by a ball struck while still in flight. It
      is graduated into numbered positions, 1-6, with the space between the
      numbers being gradually increased as the numbers become higher.
PAR  The player position indicator 60 may be an entirely separate scale
      indicator, or it may be imprinted on the opposite side of the ball flight
      indicator 40 as shown in FIG. 3. Indicator 60 comprises two fixed scales
      62,64. The first scale 62 is the player position indicator on all shots
      except lobs, and is used to determine the direction and magnitude of
      player movement during the course of play. The other fixed scale 64
      determines the player position for the return of lob shots only. Each of
      scales 62,64 is graduated into numbered positions 1-6 with the space
      between the positions being gradually decreased as the numbers increase.
      This is for the purpose of compensating for normal movement just before
      and during the initial flight of a ball. The possible travel distance on
      the lob player position scale 64 is greater than that of the other scale
      62 as a result of the longer flight time of a lob.
PAR  The scale of all of the indicators described hereinabove is compatible with
      the scale to which the court diagram 12 is drawn.
PAR  The play indicator chart (FIG. 5) determines the result of the serve and
      the lob shot during the play of the game. It consists of a listing of all
      possible combinations of the three die cubes. Opposite each combination,
      there is a space which indicates the outcome of a first serve, second
      serve, and lob. The column begins with the number combination 6--6--6 and
      decreases successively to 1--1--1. The first serve and second serve column
      contain a proportionate number of the possible variations of serve results
      encountered during actual play. The lob column will likewise contain the
      various possible results of a lob shot, and indicate whether a lob is
      good, and in which of the landing areas 14 that the lob or serve has
      struck the surface of the playing court.
PAR  The random selector means preferably includes three die cubes, each of the
      conventional type having one of the numbers 1-6 on each of the six sides
      and will be used by the player as set forth herein.
PAR  During play, the server will place his player marker 13 in the serve box b
      to the right of the court's center mark and behind the base line. The
      first service of each game will start from this position and then
      alternate right to left during the course of the game as is conventional
      in the rules of lawn tennis.
PAR  The server will throw the three die cubes and call out the numbers thereon
      in a high to low sequence, such as 6-4-1, and refer to the first serve
      column on the play indicator chart (FIG. 5) for the result of the serve.
      If the serve is an "ace" the server wins the point automatically, and
      moves to the alternate serving position for play of the next point. If the
      serve is a "fault" as indicated in the above 6-4-1 example, or a
      "foot-fault", the server will throw the three die cubes again, call out
      the number as previously indicated and refer to the second serve column on
      the play indicator chart for the result of this serve. If the chart
      indicates a good serve such as 6-6-5 which reads "good D," it means the
      ball has landed in the service court at position D. The ball bounce
      indicator is then placed at position D in the direction indicated by the
      arrow to represent the bounce of the ball. The opponent or "receiver" then
      places the player position indicator 60 so that it extends from the marker
      to a point intersecting the ball bounce indicator 80. If on a first serve,
      the intersection must be somewhere between the numbers 5 and 6 on scale
      84, and if on a second serve it must be somewhere between numbers 4 and 6
      on scale 82. The receiver then casts one die and moves his player FIG. 13
      along the player position indicator 60 a distance equal to the number of
      spaces indicated by the die cube. If his number is insufficient to reach
      or surpass the ball bounce indicator between the points designated, the
      ball has passed him and he loses the point. If his number does reach or
      exceeds the ball bounce indicator, he places the tennis ball marker 11 and
      his player marker 13 at the intersection point and is now ready to hit his
      return stroke.
PAR  The receiving player now places the starting end of the ball flight
      indicator 40 at the ball marker 11 and pivots the other end of the
      indicator in the direction he wants his return shot to follow. He then
      casts the three die cubes, calls out the numbers in high to low sequence,
      such as 6-4-2. The slidable scale 44 of the ball flight indicator 40 is
      moved to a position where the point 4 is opposite the point 6 on fixed
      scale 42, as illustrated in FIG. 2. The total of these two numbers, 6 and
      4 in the example, indicate speed and length of ball flights and will
      immediately show whether the shot was netted, landed out of court (where
      the combination of the two numbers along the path indicated show a point
      outside of the court's diagram), or landed in the court. If the ball lands
      in the court, the ball bounce indicator 80 is used as described
      hereinabove to indicate the position the opposing player must obtain in
      order to be eligible to hit a return shot. In the example given herein,
      this would be position 2 on the ball bounce indicator 80. Play continues
      in this manner until the point is won or lost.
PAR  A player wishing to follow his shot to an advantageous position at the net,
      may announce this to his opponent and utilize the player position
      indicator and throw one die cube to move into his announced position
      before his opponent hits a return shot. If his opponent attempts a passing
      return shot and the highest number die carries the ball past the player at
      the net, it will be considered a passing shot, and the point will be
      awarded based on whether the ball lands in or out of court. If the highest
      die number does not accomplish the above, the net player may hit a volley
      return if he can get into the ball flight position before the first bounce
      occurs, or hit any type of shot return by getting into the position where
      the player position indicator 60 intersects the ball bounce indicator 82.
      Also a player wishing to improve his court position in anticipation of an
      opponent's shot may do so by notifying the other player of his intention
      prior to the other's shot. Then by using one die cube and the player
      position indicator, the court position change is made.
PAR  A volley, or shot struck before the ball bounces may be executed basically
      in the same manner as stated hereinabove, except that the volley indicator
      scale 84 on indicator 80 will be used, and only two die cubes will be
      cast, the highest number showing the flight of the ball, and the second
      showing the ball bounce or the allowable return area on scale 82.
PAR  A player wishing to lob must announce his intention to do so before making
      his shot, then casts the three die cubes and refers to the lob column on
      the play indicator chart (FIG. 5) for the result. There are lob return
      position areas marked on each side of the net playing areas and indicated
      in the play indicator lob column as LRP followed by the number 1-9. A
      player returning a lob must be able to get his player into the LRP area
      number designated by the lob column. There are six additional areas used
      in doubles play only, and these are indicated with a suffix "A", such as
      1A, 2A, etc. The lob player position indicator scale 64 of the player
      position indicator 60 will be used instead of scale 62, to allow the
      player to travel a greater distance.
PAR  Referring now to FIG. 6, a better understanding of the invention will be
      apparent from the following discussion of the play of one point. Server A
      casts the three die cubes and calls out 5--5--1, and referring to the
      chart reads "good, position A." Since this was the first serve, the
      allowable return area is 5 and 6 on the ball bounce indicator 80. The
      server places the ball bounce indicator 80 into position in the direction
      indicated by the small arrow extending from A and places a first ball
      marker 11 at position 5 (shown as 100) and a second ball marker at
      position 6 (shown as 102).
PAR  Player B casts one die, which for purposes of illustration designates a 4,
      and places the player position indicator 60 so that it intersects the
      imaginary line between the two ball markers without exceeding the number 4
      position. One of the ball markers is placed at this point 104. It should
      be noted that if player B could not reach a point between 100 and 102 with
      the number 4  point on the player position indicator, he would have been
      passed and lost the point.
PAR  Player B then places the ball flight indicator 40 with the starting
      position 48 at the ball marker 11 and the ball flight indicator 40
      extending along his selected path down the right side line indicated by
      the dotted line 106. He then casts the three die cubes, which in this case
      show 5-4-3. The first two numbers 5 plus 4 indicate the speed and length
      of the shot from the start position to court contact on the ball flight
      indicator, and the third number 3 indicates the ball bounce or the court
      area the receiving player must reach to be eligible to hit a return shot.
      Player B moves the sliding scale 44 of the ball flight indicator 40 to
      line up number 4 on the center scale with number 5 on the outer scale 42,
      and places a first ball marker 11 at the initial ball bounce position 108
      at the end of the center scale 44. He then places the ball bounce or
      allowable return area scale 80 in position aligned longitudinally with
      ball flight indicator 40 and places a second ball marker at position 3 on
      the scale which is designated as point 110 on diagram 12. The ball flight
      indicator 40 and ball bounce indicator 80 are then removed from the court.
PAR  Player A then casts one die which in this case shows 6, and placing the
      player position indicator 60 as described hereinabove, finds he can elect
      to hit his return shot from anywhere between points 108 and 110. He
      decides to advance forward into the allowable return area as far as
      possible to point 112 and strike a cross-court shot. He places the ball
      marker 11 at the selected spot 112, and places the ball indicator as
      described hereinabove, casts the die cubes and results in the number
      6-5-3. The ball flight indicator 40 is adjusted as described hereinabove
      and discovers that he has hit the ball along the path designated 114 to
      point 116, which is outside the base line 18. Therefore player A loses the
      point.
PAR  It is obvious that, besides other playing techniques which may be
      incorporated into the rules of play, various modifications might be made
      to the invention apparatus described hereinabove without departing from
      the scope of the invention, which is set forth in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A simulated tennis game comprising:
PA1  a. a playing board having a tennis court scale diagram with various landing
      areas indicated thereon, player pieces, at least one ball marker piece,
      and a random selector means;
PA1  b. a ball flight indicator means, selectively positionable on said playing
      board, for selectively indicating the intended path of a stroked ball, and
      for indicating the speed, magnitude of travel, and point of first bounce
      of a stroked ball, said random selector means determining said speed and
      magnitude;
PA1  c. a ball bounce indicator means positionable at said point of first bounce
      along the path of a stroked ball for indicating the allowable return area
      between the first and second bounce of a ball, said random selector means
      determining the distance between said first and second bounce on the
      board;
PA1  d. a player position indicator means, selectively positionable on the
      playing board, for selectively indicating the direction of player piece
      movement, and the magnitude of player piece movement during the course of
      play, said random selector means determining said magnitude of player
      piece movement; and
PA1  e. a chart means carrying indicia indicative of results of selected shots,
      said random selector means cooperating with said chart means for
      determining a particular result.
NUM  2.
PAR  2. The tennis game according to claim 1 wherein said ball flight indicator
      includes:
PA1  a. a first fixed scale for representing the acceleration phase of ball
      flight and
PA1  b. a second longitudinal scale, means for attaching said second scale to
      said first scale for sliding movement thereof in a longitudinal direction,
      said second scale representing the deceleration phase of ball flight.
NUM  3.
PAR  3. The tennis game according to claim 2 wherein said first and second
      scales are divided into numbered increments, the numbers on said first
      scale increasing in value and the numbers on said second, slidable scale
      decreasing in value, whereby two randomly selected digits are set, one on
      the sliding scale moved to a point aligned with the other on the fixed
      scale, and so arranged one end of said ball flight indicator represents
      the point at which a stroke is made and the other end represents the point
      of contact with the playing surface.
NUM  4.
PAR  4. The tennis game according to claim 1 wherein said random selector means
      includes a plurality of die cubes.
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PAL  A hand held board has a top spun thereon and then whipped to keep it
      spinning with a whip provided for this purpose. The size and density of
      the top is critical to provide a satisfactory whip top that can easily be
      kept spinning on a hand held board. While a dowel handle with at least a 6
      inch soft string whip element attached thereto may be used to whip a top
      and keep it spinning, a 1/2 inch strip of sponge or foam rubber as a whip
      element between 6 and 12 inches long projecting from a suitable handle
      forms a superior top whip, particularly for a novice.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my patent application Ser.
      No. 341,862 filed Mar. 16, 1973, now U.S. Pat. No. 3,863,925 and entitled
      WHIPTOP GAME.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to tops and whips that are used to whip them for
      continued spinning.
PAR  2. Description of the Prior Art
PAR  U.S. Pat. No. 2,058,692 shows a top and a whip used to keep the top
      spinning. The top of the instant invention is spun and whipped to keep it
      spinning on a hand held board. This requires specific design features not
      suggested by the forementioned patent.
PAC  SUMMARY OF THE INVENTION
PAR  A top, for use with a whip which is used to keep the top spinning and a
      hand held board on which the top is spun, has a density between 0.5 and
      1.0, is between 1.5 and 3.0 inches high, is between 1.25 and 2.5 inches in
      diameter with a tapering cylindrical body, and has upper and lower
      projections that terminate in ends between 3/16 and 9/16 inches in
      diameter, the projections being less than half the height of the top. The
      hand held board has a surface that extends at least seven inches in length
      and width with a handle extending from the center of one side.
PAR  In play, the top is spun by its upper projection by one hand on the board
      which is held by the other hand. When the top is spinning, a whip is used
      to keep it spinning for an indefinite extended play period. The top is
      kept on the board by tilting to board to move the spinning top in a
      desired direction. The spinning top makes a pleasing sound on the board
      which acts as a sounding board to amplify this sound. The whip striking
      the spinning top also makes a unique and pleasing sound. The spinning top
      may be tossed in the air and caught to continue spinning on the board.
      Other play may be evolved.
PAR  The whip may be a dowel with soft string whip elements fixed to one end.
      The whip elements should be at least 6 inches long and less than 12 inches
      long. A whip that is easier for beginners to use is formed from a length
      of 1/2 inch cardboard tubing from which a 1/2 inch strip of foam or sponge
      rubber stripping extends. The rubber whip element should be about 6 inches
      long for best results. A 12 inch whip element is too long to use
      effectively and a shorter whip element is harder for beginners to use. A
      conical handle rolled for use with a flat rubber whip element may be used.
PAR  The density and size of a whip top used on a hand held board is important
      for a whip top which is too dense and heavy will not easily be whipped up
      to speed and too light a top will be knocked aside and not rotated by
      whipping. Too small a diameter top is very hard to whip to spin it and too
      large a diameter top will be spun too slowly when whipped. Further, a whip
      top must be in a desired height range to be easily whipped and still have
      spinning stability.
PAR  The board should be flat to facilitate the striking of a top spinning
      thereon with a whip. For easiest whipping, the whip element should be
      about 6 inches long.
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PAC  BRIEF DESCRIPTION OF THE DRAWING:
PAR  FIG. 1 is a perspective view of a top, a whip, and a board for spinning the
      top thereon according to a preferred embodiment of this invention;
PAR  FIG. 2 is a perspective view of a dowel handle with a string whip element
      which may be used with this invention;
PAR  FIG. 3 is a top view of a hand held board on which a spinning top is being
      whipped by a modified whip;
PAR  FIG. 4 is a plan view of a blank used to form the whip handle of the whip
      of FIG. 3;
PAR  FIG. 5 is a perspective view of the whip element of the whip of FIG. 3;
PAR  FIG. 6 is a side view of a whip top according to this invention;
PAR  FIG. 7 is a perspective view of a whip element which may be used in the
      whip of FIG. 3; and
PAR  FIG. 8 is a perspective view of a preferred form of a whip to be used with
      the apparatus of this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS:
PAR  As shown in FIGS. 1 and 3, a hand held board 10 has a substantially square
      surface 11 from which a handle 12 projects from the center of one side.
      The entire board 10 may be die-cut from any suitable sheet stock such as
      1/4 inch or thinner plywood. Surface 11 should measure at least seven
      inches in length and width to provide a large enough surface to spin and
      whip a top thereon. A hole 13 for hanging board 10 may be provided in
      handle 12.
PAR  As may be seen in FIGS. 1, 3, and 6, whipping top 15 has a substantially
      cylindrical body 16 which may taper downwards. Body 16 is at least 11/4
      inches in diameter and less than 21/2 inches in diameter. Upper and lower
      projections 17 and 18 are between 3/16 and 9/16 inches in diameter as the
      projections 17 and 18 are hand twirled to initially spin top 15 on board
      10. Top 15 should be between 11/2 and 3 inches in height with a body 16
      being at least half the top height to be able to be whipped while
      spinning. The density of the top 15 should be between 0.5 and 1.0. While
      best made from a solid block of turned wood, top 15 may be made from any
      suitable material.
PAR  As shown in FIGS. 1 and 8, a preferred whip 20 has at least an eight inch
      handle 21 of 1/2 inch cardboard tubing from which there projects six
      inches of a 1/2 inch square or round sponge or foam rubber whip element
      22. A wrapping of tape 23 about whip element 22 and the end of handle 21
      secures the whip element 22 to handle 21.
PAR  As shown in FIGS. 3, 4, and 5, a modified whip 30 has a conical handle 31
      rolled from blank 32 which is glued in the rolled form at edge 37. A short
      two inch whip element 33 of foam or sponge rubber is fixed by stiches 34
      or the like to project from handle 31. A handle 31 with a whip element 33
      less than 6 inches long requires greater skill to correctly strike a top
      15 and keep it spinning without knocking it from hand held board 10. A
      longer, easier to use, element 36 is shown in FIG. 7 that would project at
      least 6 inches from a handle 31. A longer whip element of sponge or foam
      rubber allows less accuracy while satisfactorily whipping and spinning a
      top.
PAR  As shown in FIG. 2, a twelve inch dowel 40 has strands of soft cord 41
      fixed to extend at least 6 inches from one end to serve as whip elements.
PAR  For play, the top 15 must be large enough to be easily whipped while being
      small enough to be whipped to a high speed of rotation. It must be massive
      enough to hold a spin for a reasonable time and not be knocked from board
      10 when struck by a whip element while being light enough to be rotated by
      a whip element when struck. The design factors required to provide a whip,
      a whip top, and a hand held board on which the top is spun are critical.
PAR  In use, the board 10 amplifies the hum of spinning top 15. Board 10 may be
      used to throw spinning top 15 upward and catch it while still spinning.
      The top 15 may be whipped up to speed and tossed again. Other play can be
      evolved such as tossing one or more tops 15 between two boards 10. The
      sound of a whip element 22 on a spinning top 15 is very satisfactory. This
      carefully designed top 15, its board 10, and whip 20 provide a unique play
      value.
PAR  While this invention has been shown and described in the best forms known,
      it will nevertheless be understood that these may be changed and modified
      without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A top and apparatus for play therewith comprising, in combination, a top
      having a substantially cylindrical downwardly tapering body at least one
      half the height of said top, and having upper and lower projections
      extending from said body to be hand twirled to initially spin said top, a
      board for spinning said top thereon, said board having a handle extending
      from one side thereof, and a whip for striking said top while spinning on
      said board to accelerate the spinning of said top, said whip having a
      handle and a flexible whip element of foam rubber projecting from said
      whip handle for striking said top.
NUM  2.
PAR  2. The combination according to claim 1 wherein said handle is a cardboard
      tube from within which said whip element projects, and with the addition
      of a turn of tape about said tube and said whip element securing said whip
      element to said tube.
NUM  3.
PAR  3. The combination according to claim 2 wherein said whip element is a 1/2
      inch strip.
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ABST
PAL  A board game simulating an athletic contest utilizes a plurality of spinner
      cards to provide the players with options. The spinner cards carry indicia
      associating them with positions on the game board corresponding to
      positions of the contestants on the playing field. A spinner assembly
      having a spinner disc, a spinner shaft and a pivotally mounted pointer arm
      is adapted for demountable securement to a number of spinner cards.
PARN
PAR  This is a division of application Ser. No. 267,399, filed June 29, 1972,
      now U.S. Pat. No. 3,853,322.
BSUM
PAR  This invention relates to a board game which simulates an athletic contest.
      It is more particularly concerned with such a board game including novel
      spinner means for determining by chance the outcome of plays available to
      the players of the game.
PAR  Board games simulating athletic contests are well-known. These usually
      employ a board representing the playing field of the contest and markers
      of some sort which are placed on the board to simulate the position of
      contestants on the playing field. These games are played by two people.
      Hereinafter, the term "player" signifies one or the other of the people
      who are playing the board game while the term "contestant" signifies one
      of the contestants in the athletic contest simulated by the game.
PAR  In one class of board games, the outcome depends ultimately on chance,
      which is invoked by rolling dice, spinning a spinner device, or by other
      means. The spinner device is essentially a pointer arm freely rotatable
      about a pivot in the center of a card containing a circular scale, the
      circumference of which is marked off into divisions representing various
      outcomes of the play. The player spins the spinner to determine his
      success or failure. My invention is concerned with board games of this
      class.
PAR  It is an object of my invention to provide a board game having a plurality
      of spinner means corresponding to options available to the players, which
      spinner means are associated with positions occupied by the contestants on
      the playing field by indicia on the board and on the spinner means. It is
      another object to provide a board game as above-described in which the
      spinner means may represent more than one option. It is another object to
      provide improved spinner means for board games. Other objects of my
      invention will appear in the course of the description thereof which
      follows.
PAR  An embodiment of my invention presently preferred by me is a board game
      simulating tennis, which will be described and illustrated hereinafter. It
      will be understood however, that my invention is not limited to tennis,
      but is adapted to other athletic contests as well.
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PAR  My preferred embodiment is illustrated in the attached figures to which
      reference is now made.
PAR  FIG. 1 is a plan of my game board,
PAR  FIG. 2 is a plan of a spinner card, and
PAR  FIG. 3 is a perspective of my spinner device.
DETD
PAR  My game board 11 carries the representation of a regulation singles tennis
      court 12, slightly modified as will appear. FIG. 1 is shaded for color.
      The two backcourt areas 13--13 are the same color, green. The two short
      forecourt areas 14--14 are the same color, blue. A deep portion 15 of each
      forecourt adjoining backcourt area 13 is colored red. The two service or
      serve return positions 16--16 behind each back line are colored the same
      color, red. The two backcourt positions 17 behind the back line are
      colored green. The numerals 1 through 10 which appear on board 11 in the
      places shown on each side of the court 12 are indicia affixed to the game
      board 11, and are not reference characters.
PAR  The game includes a marker for each contestant which is placed on game
      board 11 in the appropriate location as well as a marker for the ball,
      which may likewise be placed on the game board. These are not illustrated
      and require no further description because they are not part of my
      invention.
PAR  My game offers each player options at every stage thereof. Each option
      requires a different spinner device to determine its success or failure.
      It is a feature of my invention that the plurality of different spinner
      cards is comprehended by a detachable spinner mechanism described
      hereinafter which is used with any desired spinner card. The options and
      the spinner cards therefore are associated with the positions of the
      contestants on the tennis court. For example, the contest begins with one
      contestant serving from a service position 16 to the other contestant in
      the diagonally opposite court. In the simpler form of my game the server
      has the option of two serves, denominated the power serve and the spin
      serve, respectively. Each of these has its own spinner card. The spinner
      is spun by the player having the serve and it indicates if the ball is
      returnable, and if so, whether it must be returned from area 9 or 10 as
      marked by the numerical indicia on the board 11. My fully elaborated game
      also gives the server the option of trying to gain the net, which requires
      two more spinner cards, one for each type of service. The receiver has a
      total of eight options, depending on the server's choice of option,
      corresponding to different strategies in returning the serve. These
      require eight spinner cards. Furthermore, the outcome of each option is
      different for backhand or for forehand returns, which returns are
      predetermined by the portion of the court from which the serve must be
      returned, that is to say either area 9 or 10 on the appropriate side of
      the board.
PAR  If the serve is returned in play, the server then has a number of options
      open to him depending on whether the return is short or long, on his
      forehand or backhand, whether he has elected to go to the net or stay in
      the backcourt, and so on. In fact, the tennis game which I have devised to
      provide each player with most of the options available to a contestant on
      the court requires fifty-six spinner cards, nearly all of which have
      double scales as will be described. Without some quick and convenient way
      of associating or keying the appropriate spinner card with the positions
      of the contestants on the court, the effort required of the players would
      be greater than the game would support.
PAR  I have devised an effective means for associating the appropriate spinner
      cards with the positions of the contestants on the court employing
      corresponding indicia on the board and on the spinner cards. I utilize
      indicia of two types -- color and numerals. Both of these appear on the
      board 11 illustrated in FIG. 1 which I have described. The spinner cards,
      to be described, are likewise identified by color and by numerals which
      associate the cards with the positions of the contestants on the court.
PAR  A typical spinner card is illustrated in FIG. 2. This card 19 is provided
      with a central circular area 20 divided by a diameter into semi-circles 21
      and 22. It is also provided with an inner circular scale 23 surrounding
      circular area 20 and an outer circular scale 24 surrounding inner scale
      23. The card 19 is formed with a circular hole 25 concentric with circle
      20 and circular scales 23 and 24 for the spinner mechanism of FIG. 3 to be
      described. Scales 23 and 24 are marked off in divisions indicating the
      outcome of the stroke which card 19 represents. Semi-circle 21 is colored
      the same color as the zone of the court occupied by the opposing
      contestant and semi-circle 22 is colored the same color as the zone
      occupied by the player having the ball in his court. In FIG. 2,
      semi-circle 21 is lined for green, indicating that the opposing contestant
      is in the backcourt 13, and semi-circle 22 is lined for blue indicating
      that the ball to be returned is in the short forecourt zone 14.
      Semi-circle 22 also is marked with two numerals, 1 and 3. These numerals
      are not reference characters but indicia applied to the spinner card 19
      like the numerals which are applied to board 11 of FIG. 1. The numeral 1,
      which is applied as a white numeral on a black background, indicates that
      inner scale 23 must be used, which is likewise colored black with white
      numerals and legends. Numeral 3, which is applied as a black numeral on a
      white background, indicates that outer scale 24 must be used, which is
      likewise colored white with black numerals and legends. These numerals 1
      and 3 on semi-circle 22 correspond to numerals 1 and 3 in blue court zone
      14 of FIG. 1 and represent the position of the ball in the blue zone and
      accordingly the position in that zone occupied by the player who must
      return the ball. The position, of course, has resulted from the outcome of
      the preceding return of the opposing player, not here described, but
      determined by a spin of another spinner device with its own card.
PAR  The scales 23 and 24 of FIG. 2 indicate, by the legend "out", that the ball
      was outside the court, by the legend "net", that it went into the net, by
      the legend "win", that it was not returnable, or by one of the numerals
      that it fell within the opponent's court in the area corresponding to the
      numeral indicated. The scales comparable to scales 23 and 24 on the other
      spinner cards are generally similar.
PAR  My spinner device is illustrated in FIG. 3. A shaft 27 is provided on one
      end with a finger grip portion 28 of somewhat greater diameter. Pivoted
      for free movement about shaft 27 adjacent finger grip 28 is a pointer arm
      29 which has a pointer indicator 30 on one end. The other end of arm 29
      terminates in a counter balance 31. Arm 29 is pivoted at a point
      intermediate indicator 30 and counter balance 31. A disk 32 of transparent
      material, preferably plastic, is fixed to shaft 27 so that pointer arm 29
      is pivoted between disk 32 and finger grip 28. The radial extent of disk
      32 is at least as great as the greatest radial extent of the pointer arm
      29. The end 33 of shaft 27 projects through disk 32 a distance sufficient
      to permit it to be inserted into hole 25 of spinner card 19 previously
      described. My spinner device is thus adapted for use with any one of a
      plurality of spinner cards which has a center hole 25 of the size adapted
      to receive end 33 of spinner shaft 27. The different player options of the
      spinner card underlying transparent disk 32 will be visible therethrough.
      The lower surface of disk 32 contacts the underlying spinner card to limit
      penetration of projecting end 33 of spinner shaft 27 to the approximate
      depth of the spinner card opening. The axial length of the finger grip 28
      is greater than the axial length of the projecting end 33 of shaft 27.
CLMS
STM  I claim:
NUM  1.
PAR  1. A spinner assembly for a board game comprising
PA1  a transparent spinner disc having an opening therethrough,
PA1  said spinner disc having an upper surface and a lower surface,
PA1  a spinner shaft having a first portion and a second portion,
PA1  said spinner shaft first portion originating above said spinner disc upper
      surface, extending through said disc opening and projecting beyond said
      spinner disc lower surface,
PA1  said spinner shaft being fixedly secured to said spinner disc,
PA1  said spinner shaft second portion providing a finger grip on said spinner
      shaft first portion above said spinner disc upper surface,
PA1  a pointer arm pivotally mounted on said spinner shaft first portion between
      said spinner disc upper surface and said spinner shaft second portion,
PA1  the radial extent of said transparent spinner disc being at least as great
      as the greatest radial extent of said pointer arm,
PA1  a number of spinner scale elements each representing different player
      options and each having an opening therein for receipt of said spinner
      shaft first portion projection,
PA1  one said spinner scale element underlying said spinner disc and having a
      said opening generally aligned with said spinner disc opening, and
PA1  said spinner shaft first portion projection removably secured within said
      spinner scale element opening, whereby a single spinner disc, spinner
      shaft and pointer arm combination will function as a unit and may be
      employed sequentially with said spinner scale elements by removing said
      spinner shaft first portion projection from said spinner scale element
      opening and inserting said first portion projection into the opening of
      another said spinner scale element.
NUM  2.
PAR  2. The spinner assembly of claim 1 wherein
PA1  the different player options of said spinner scale element underlying said
      transparent spinner disc will be visible therethrough.
NUM  3.
PAR  3. The spinner assembly of claim 2 wherein
PA1  said spinner shaft has said second portion of larger diameter than said
      first portion.
NUM  4.
PAR  4. The spinner assembly of claim 2 wherein
PA1  each said spinner scale element has at least one generally circular scale
      divided into a number of scale sectors each representing a player option
      and indicating the outcome of a particular spin when indexed by said
      pointer arm.
NUM  5.
PAR  5. The spinner assembly of claim 2 wherein
PA1  said spinner shaft is secured to any of said spinner scale elements solely
      by entry of said spinner shaft first portion projection into said spinner
      scale element opening.
NUM  6.
PAR  6. The spinner assembly of claim 1 wherein
PA1  said disc lower surface contacts said underlying spinner scale element to
      limit penetration of said spinner shaft first portion projection to the
      approximate depth of said spinner scale element opening.
NUM  7.
PAR  7. The spinner assembly of claim 1 wherein
PA1  said finger grip axial length is greater than the axial length of said
      spinner shaft first portion projection.
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PAL  A frusto-conical sheath of a heat resisting, non-porous, extrudable, low
      coefficient of friction material for sheathing the frusto-conical contour
      of a hydraulic port part to receive an O-ring when a mating fitting is
      screwed into the port part.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to sealing hydraulic fittings in
      their mating parts and more particularly to sealing those fittings which
      are sealed by means of O-rings.
PAR  In the past, elastomeric O-rings used to seal fittings subjected to cyclic
      hydraulic pressure fluctuations often failed because of installation
      damage, loss of elastomer due to abrasion or high pressure extrusion
      nibbling, or loss of sealing force due to high temperature compression set
      of the elastomer.
PAR  Further, under some conditions, fretting corrosion occurred at the
      interface between the fitting head and its mating surface which caused
      loss of torque and loosening of the fitting.
PAC  SUMMARY OF THE INVENTION
PAR  It is a general object of the present invention to provide sheathing of a
      port contour and the area immediately adjacent thereto with a thin,
      compliant, low coefficient of friction material. The material's low
      coefficient of friction prevents installation damage to a fitting mounted
      O-ring as it is squeezed down into the port contour by the fitting.
      Further, it prevents abrasion deterioration of the O-ring due to
      compression sliding in the port contour and compression set due to
      internal temperature generation in the O-ring when the assembly is
      subjected to high frequency cyclic hydraulic pressure. The material's
      deformation characteristic prevents hydraulic extrusion nibbling loss to
      the O-ring as well as fitting or port area fretting corrosion.
PAR  The above and additional objects and advantages of the present invention
      will become apparent to those skilled in the art from a consideration of
      the following detailed description when taken in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an iisometric view of the present invention;
PAR  FIG. 2 is a sectional view of the present invention in its operative
      environment;
PAR  FIG. 3 is an isometric view of an alternate embodiment of the present
      invention;
PAR  FIG. 4 is a sectional view of the alternate embodiment in its operative
      environment;
PAR  FIG. 5 is an isometric view of a further alternative embodiment of the
      present invention;
PAR  FIG. 6 is a sectional view of the further alternative embodiment being
      assembled; and
PAR  FIG. 7 is a sectional view of the further alternative embodiment in its
      operative environment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, there is shown an O-ring port contour sheath 10
      having a frusto-conical configuration and made from a heat-resisting,
      non-porous, extrudable, low coefficient of friction material of at least
      0.004 inch thickness. Such a material is TFE, a polymerized
      tetrafluoro-ethylene plastic. Certain other plastics in their toughest and
      highest melting grades may be used instead of TFE. These equivalents are
      polyethylene or vinyl chlorides, fluorides or mixtures of them.
PAR  Shown nested in the sheath 10 in FIG. 2 is a non-porous, elastomeric toroid
      or O-ring 12 which may be made of nitrile or fluorocarbon rubber.
PAR  The sheath 10 is inserted in the frusto-conical port contour 15 of a
      hydraulic cylinder or mating part 16 (only a portion shown) and a plug or
      fitting 14 with the O-ring 12 mounted next to the head is inserted through
      sheath 10 to engage threads 18. Although of normally circular cross
      section, the O-ring 12 is compressed into a generally triangular cross
      section by the threading engagement. As the O-ring is squeezed into the
      port contour by the threading of the fitting, the O-ring rotates relative
      to the mating part 16 and slides against the interior surface of the
      sheath 10 and causes cold flow of the sheath 10 into any irregularities in
      the port contour 15. Cuts and abrasions to the O-ring which normally occur
      at this point due to sliding of the O-ring on the irregularities are
      eliminated.
PAR  As the threaded engagement tightens, the compressing of the O-ring 12
      causes the sheath 10 to cold flow further to fill part of an area 19
      bounded by the mating part 16, the port contour 15, and the outer surface
      of the O-ring 12.
PAR  Under some conditions of cyclic high pressure, a small amount of motion
      between the fitting 14 and the mating part 16 occurs causing a minute
      temporary gap 17 into which the high pressure extrudes the O-ring
      material. When the pressure is relaxed, the gap 17 closes and pinches or
      "nibbles" off a minute amount of the extruded material. In time, such
      cumulative material loss results in a leak. However, with the cold flow of
      the sheath 10 into the area 19, the O-ring material is prevented from
      entering the gap 17, thus eliminating the problem of hydraulic nibbling.
PAR  Under normal cyclic hydraulic pressure, the O-ring compresses away from the
      threads 18 under pressure so that sliding against the port contour 15
      occurs and when the pressure is relaxed, the resiliency of the O-ring
      elastomer causes the O-ring 12 to slide back along the port contour 15 to
      some nominal position. Unless the port contour 15 is very smooth, this
      movement which is repeated with every cycle abrades a minute amount of
      material from the O-ring 12 at every cycle. In time, a sufficient amount
      of O-ring material is lost to result in a leak. However, the sheath 10 by
      providing a low coefficient of friction surface over the port contour 15
      eliminates this abrasive loss.
PAR  Under high frequency cyclic pressure, the rapid alternate compression and
      relaxation of the O-ring generates heat within the elastomer from internal
      molecular friction, as well as friction from rubbing against the port
      contour. This heat build-up causes O-ring temperatures far in excess of
      the operating temperature of the components in which the O-ring is
      installed and leads to loss of elasticity and resulting compression set of
      the O-ring. However, the cold flow of the sheath 10 into area 19 reduces
      the volume available for the O-ring 12 to compress into as well as
      reducing the friction against the port contour 15. Thus, the heat build-up
      during high frequency cycling will be much less due to the sheath 10.
PAR  Referring now to FIGS. 3 and 4, there is shown an alternate embodiment in
      the form of a frusto-conical contour sheath 20 having an annular flange 22
      about the major diameter of the frusto-conical area.
PAR  As shown in FIG. 4, the flange 22 extends over the surface area immediately
      adjacent to the port contour 15 and under the head of the fitting 14. The
      frusto-conical area of the sheath 20 acts as described aforein for the
      frusto-conical area of the sheath 10 of the aforementioned embodiment
      while the flange 22 acts as hereinafter described.
PAR  During the installation of the fitting, the flange helps to hold the sheath
      portion in assembly position while the fitting 14 is threaded in. As the
      fitting 14 is tightened, the flange 22 is trapped between the head of the
      fitting 14 and its mating part 16. Further torque extrudes the flange
      material into the irregularities and voids between the head of the fitting
      14 and the mating part 16 and then pinches the flange 22 off from the
      sheath 20.
PAR  Under high pressure cyclic conditions minute movement at the interface
      between the head of the fitting 14 and its mating piece 16 causes fretting
      corrosion and it has been found that the material of the flange 22 helps
      to eliminate the fretting corrosion.
PAR  Referring now to FIGS. 5, 6 and 7, there is shown a further alternate
      embodiment in the form of a double frusto-conical configuration sheath 30
      with a flange 32. The sheath 30 has a frusto-conical configuration portion
      34 to conform to the frusto-conical port contour 15 and a larger major
      diameter frusto-conical configuration portion 36. This double
      frusto-conical configuration aids assembly when the port contour angles
      are acute.
PAR  As shown in FIG. 6, the portion 36 rests on the edge of the port contour 15
      during assembly and acts to guide the O-ring 12 into the frusto-conical
      portion 34. The major diameter of the portion 36 is chosen such that the
      first contact of the O-ring 12 with the sheath 30 during installation will
      occur within the major diameter rather than on the outer perimeter of the
      major diameter. This sizing causes the sheath 30 to remain concentric with
      the O-ring 12 during assembly. Thus the O-ring 12 slides smoothly and
      evenly into the sheath 30 which results in proper assembly.
PAR  During installation, the frusto-conical portion 36 cold flows to conform to
      the port contour 15, into the gap 17, and the area 19. After installation,
      the assembled configuration is similar to that shown in FIG. 7.
PAR  The sheath 30 and flange 22 act as described aforein for the flanged
      alternate embodiment shown in FIG. 3 and 4.
PAR  While the invention has been described in conjunction with specific
      embodiments, it is to be understood that many alternatives, modifications,
      and variations will be apparent to those skilled in the art in light of
      the aforegoing description. Accordingly, it is intended to embrace all
      such alternatives, modifications, and variations that fall within the
      spirit and scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. For use in combination with a frusto-conical port contour and a fitting,
      a seal comprising: a frusto-conical contour sheath of a heat-resisting,
      non-porous, extrudable, low coefficient of friction material for
      positioning over the frusto-conical port contour; and a non-porous,
      elastomeric, toroidal ring for insertion around the fitting and
      compressably nesting in said sheath when the fitting is positioned in the
      port contour.
NUM  2.
PAR  2. The invention as claimed in claim 1 wherein the frusto-conical contour
      sheath has an annular flange portion in the plane of the major diameter.
NUM  3.
PAR  3. The invention as claimed in claim 2 wherein the frusto-conical contour
      sheath has a plurality of frusto-conical configuration portions so as to
      aid the nesting of said O-ring in said sheath.
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PAL  A vehicle leveling system in which the four ends of the axles of a vehicle
      have air-lift type shock absorbers into which compressed air can be
      injected or removed. Each of the shock absorbers are connected by tubing
      to a central chamber which is level with the vehicle floor. Inside of the
      chamber is a heavy plumb bob which comprises a vertical shaft suspended by
      a flexible straight wire. The bob is an inverted truncated cone. The
      supporting wire is sealed through the closed roof of the chamber and can
      be raised and lowered. Four valves are placed around the circumference of
      the chamber, 90 degrees apart, with valve stems that project radially
      inwardly, and are just barely in contact with the circumferential surface
      of the plumb bob.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention lies in the field of vehicle leveling systems. More
      particularly, it is in the field of pneumatic leveling systems in which
      compressed air is supplied to one or more leveling cylinders by an
      automatic gravity controlled valving system.
PAR  In the prior art vehicles such as automobile trailers or recreational
      vehicles, farm and industrial machines as well as other portable equipment
      requiring leveling have been leveled by manual means operating screw or
      hydraulic levelers at each of the corners of the vehicle. These require
      much repetition of raising or lowering until a balanced condition of the
      cylinders is reached at which time the floor of the vehicle is leveled.
      There has been a need for an automatic leveling system which, on one
      operation, controls the flow of compressed air to a plurality of lifting
      cylinders at each corner of the vehicle, so as to attain a horizontal
      condition automatically, simply and quickly.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of this invention to provide a simple automatic
      means for leveling a vehicle which rests on a non-level surface. It is a
      further object of this invention to provide a self-leveling system in
      which gravity provides an operating force on a valving system which, in
      conjunction with a plurality of leveling cylinders, automatically brings a
      vehicle surface to a horizontal position.
PAR  This and other objects are realized and the limitions of the prior art are
      overcome in this invention by providing a pressurized cylinder which can
      be attached to a portion of the vehicle which is parallel to the floor of
      the vehicle. There are four valves radially attached to the cylinder at
      90.degree. in the circumference to each other. Inside of the cylinder is
      an inverted conical plumb bob suspended by a small wire sealed through the
      closed top of the chamber, the tapered plumb bob is positioned at a
      vertical position such that its tapered surface contacts the tips of the
      stems of the valves, so that when the vehicle is level all of the valves
      will be closed.
PAR  If the floor of the chamber is not level the plumb bob will swing by
      gravity in the direction of the maximum slope of the base (to the low
      side) and will contact one, or at most two, of the valves and open the
      stems, to the point where compressed air will flow from the chamber to the
      corresponding lift cylinders connected by tubing to those valves. As
      compressed air is supplied to the cylinders, that corner, or those
      corners, will be raised until the plumb bob swings to a central position
      and permits the corresponding valves to close, at which time the floor of
      the vehicle and the base of the chamber should be level.
PAR  The central support wire for the plumb bob is attached to a lever which is
      commonly in a horizontal position and contains a screw means for raising
      or lowering the plumb bob so that a proper portion of the surface of the
      plumb bob will contact the tips of the valve stems. For traveling
      position, the lever is raised and the plumb bob is pressed tightly against
      the upper surface of the chamber which stabilizes the plumb bob and
      prevents it from swinging. At the same time as it is raised, a smaller
      diameter portion of the plumb bob is in the plane of the valves so that
      there is considerable clearance between the plumb bob and the valves,
      avoiding further operation of the valves.
PAR  To exhaust the compressed air from the chamber and the leveling cylinders
      the lever is pushed to a lower position, where all the valves are opened
      and the chamber is opened to the atmosphere by a separate control valve.
      This exhausts the chamber to the atmosphere, and also each of the four
      lift or leveling cylinders.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and advantages of this invention and a better
      understanding of the principles and details of the invention will be
      evident from the following description taken in conjunction with the
      appended drawings in which:
PAR  FIG. 1 represents a vertical cross section of the control chamber.
PAR  FIG. 2 represents a horizontal cross section of the chamber along the plane
      2--2.
PAR  FIG. 3 represents a horizontal view in schematic form of the complete
      leveling system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and in particular FIG. 3 there is shown in
      schematic form a vehicle 76 having four wheels 86A, 86B, 86C, 86D. There
      are four lift cylinders, which can be air lift type shock absorbers,
      positioned between the axles and the frame of the vehicle 76 at each of
      the wheels. These lift cylinders are numbered 82A, 82B, 82C, 82D. Each of
      the lift cylinders is connected by a small diameter tubing 84A, 84B, 84C,
      84D, respectively, to a control chamber indicated generally by the numeral
      10, which is supplied with compressed air from a source 78 through a valve
      75 and pipe 70. The control cylinder 10 is shown in greater detail in
      FIGS. 1 and 2.
PAR  Referring to FIG. 1 there is shown a cylinder 12 attached as by threads 16
      to a base plate 14 and sealed by means of a compression sealing means 18.
      A tubing 70 is sealed through the wall 12 carrying a valve 75 which can
      accept compressed air through an inlet pipe 74. The compressed air will
      flow into the cylinder, into the space 11, or conversely when the valve is
      turned to open the space 11 through the tubing 70 to an exhaust port 80
      where the compressed air will exhaust to the atmosphere.
PAR  Axially located inside the cylinder is a plumb bob, comprising a central
      post 28 supporting a heavy plumb bob 30 which is shaped as an inverted
      truncated cone. The post or rod means 28 is attached to the plumb bob as
      by threads 32 and lock nut 34. The plumb bob is supported by an axial wire
      26 which passes up through an axial hole in a screw 22 which is sealed
      through the closed end 20 of the chamber 12. A nut 42 holds a horizontal
      strap 44 tightly to the cylinder. An upright portion 46 of the strap 44
      carries a pivot 60 to which a vertically moving lever 56 is pivoted.
PAR  The support wire 26 is sealed through a central opening 24 in the screw 22
      and a sealing packing gland 50. The wire extends further and is supported
      in a screw 52 which is threaded into the lever 56 by means of threads 54.
      Thus, the plumb bob can be raised or lowered within the cylinder by
      operation of the screw 52. It can also be raised and lowered by means of
      the lever 56 to one of three possible positions indicated generally as A,
      B, and C. At an appropriate level in the cylinder 12 are positioned four
      valves numbered 66A, 66B, 66C, 66D. Each of these are of the type which
      have a valve stem numbered 68A, 68B, 68C, 68D, respectively. These valve
      stems are in possible contact position with the plumb bob. When the floor
      of the vehicle and the under surface of the plate 14 is horizontal and the
      lever 56 is in the position B, the plumb bob will hang vertically from the
      wire 26, and will be centrally positioned inside the cylinder 12. Its
      circumferential surface 36 will then just barely contact the valve stems
      68 and they will all remain closed.
PAR  If the plate 14 is tilted out of the horizontal, then the pendulum will
      swing in the direction of the greatest slope and will exert a side
      pressure on one or two of the valves, pushing their stems inwardly to the
      point where the valves are partially opened. If the inner space 11 of the
      chamber has previously been pressurized with compressed air through valve
      75, this compressed air will then flow through the one or two valves, to
      the appropriate lift cylinders connected to these valves. Consequently,
      that corner or corners of the vehicle connected to that valve or valves
      will be raised. As they are raised, the floor of the cylinder will be
      moved into a horizontal position, and the plumb bob will them move back to
      its center position, releasing the valve stems and closing the valves.
PAR  Once the valves have been operated to pressurize one or more of the
      cylinders so as to level the vehicle, the lever 56 is raised to the
      position A. Here the plumb bob is at a position where it is above the
      level of the valves and can no longer contact the valve stems. Preferably
      as shown in FIG. 1, a flange surface 38 can be attached to the central
      axial rod 28 so that by lifting the lever 56 to the position A the flange
      38 will seat against the surface 20 of the case, and will hold the plumb
      bob in a rigid axial position, so that there will be no chance of further
      contact of the plumb bob and the valve stems.
PAR  When it is desired to prepare the vehicle for travel condition the
      compressed air in the lift cylinders and in the chamber must be
      discharged. This is accomplished by opening the valves 75, discharging the
      compressed air in the space 11 of the chamber to the atmosphere. Then the
      lever 56 is moved down to the position C. Because of the increased
      diameter of the plumb bob all valves are opened, permitting the compressed
      air in each of the lift cylinders to be discharged through the valves into
      the space 11 and out through the valves 75 to atmosphere. After the
      cylinders are discharged, the lever is moved to the upper position A where
      it is locked in position by meams 64. In this position the plumb bob is
      rigidly clamped and vibration due to the movement of the vehicle cannot
      cause relative movement of the plumb bob.
PAR  Important features of this invention are the single axially supported plumb
      bob weighted so as to be able to exert considerable pressure on the valve
      stems and to operate those which are in the direction of the lowest
      portion of the vehicle surface. Further, the tapered downwardly shape of
      the plumb bob is important so that vertical adjustment of the position of
      the plumb bob by screw 52 will permit fine adjustment of the valves.
      Further important features are the clamping flange 38 which becomes
      effective as the lever 56 is lifted to position A so as to rigidly clamp
      the position of the plumb bob, and finally the remaining feature of
      lowering the lever 56 so that the plumb bob can be dropped to a point
      where its larger diameter will open all valves simultaneously and cause
      the air to be discharged from the lift cylinders.
PAR  Of course, in a vehicle having three wheels, only three lift cylinders will
      be required and three valves in the control chamber. These valves would
      preferably be in a 120.degree. spaced relation.
PAR  While the invention has been described in terms of a vehicle with wheels
      etc, it could also be applied to a structure supported by at least three
      points of support, with lift cylinders in each point of support, the
      structure standing on a surface that changes angle with the horizontal,
      such as a floating object, and so on.
PAR  While the invention has been described with a certain degree of
      particularity, it is manifest that many changes may be made in the details
      of construction and the arrangement of components. It is understood that
      the invention is not to be limited to the specific embodiments set forth
      herein by way of exemplifying the invention, but the invention is to be
      limited only by the scope of the attached claim or claims, including the
      full range of equivalency to which each element or step thereof is
      entitled.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A vehicle leveling system comprising
PA1  a. a vehicle having a frame to be maintained in a horizontal position, said
      frame having at least three spaced points of support;
PA1  b. pressure fluid lift cylinder means in each of said points of support,
      said lift cylinder means connected by conduit to a pressure fluid control
      chamber;
PA1  c. said pressure fluid control chamber comprising a cylinder having a base
      attached to said frame to be coplanar therewith;
PA1  d. a plumb bob axially supported in said chamber by a flexible wire, said
      plumb bob in the shape of an inverted truncated cone;
PA1  e. a plurality of at least three valves mounted circumferentially spaced in
      the wall of said chamber at a selected horizontal plane relative to said
      plumb bob, and valve stems projecting inwardly from each valve to the
      surface of said plumb bob when said base is horizontal, said valves
      connected by said conduits to said lift cylinders; and
PA1  f. means to provide pressure fluid to the interior of said control chamber.
NUM  2.
PAR  2. The system as in claim 1 in which said points of support comprise wheels
      turning on axles.
NUM  3.
PAR  3. The system as in claim 2 including four wheels and four lift cylinders,
      and four valves spaced at 90 degrees around said chamber.
NUM  4.
PAR  4. The system as in claim 1 including means to support said plumb bob out
      of contact with said valve stems.
NUM  5.
PAR  5. The system as in claim 4 including means to lift said plumb bob above
      said valve stems.
NUM  6.
PAR  6. The system as in claim 4 including means to stabilize said plumb bob to
      limit its horizontal movement.
NUM  7.
PAR  7. The system as in claim 1 including means to lower said plumb bob whereby
      a larger diameter portion of said plumb bob contacts all valve stems to
      open all valves.
NUM  8.
PAR  8. The system as in claim 1 including means to exhaust the interior of said
      chamber to the atmosphere.
NUM  9.
PAR  9. The system as in claim 1 in which each of said valves is connected to
      that one of said lift means which is positioned with respect to said frame
      generally at about the same angle as said each valve is positioned with
      respect to said frame.
NUM  10.
PAR  10. The system as in claim 1 including means to raise and lower said plumb
      bob.
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ABST
PAL  A ski including at least a body and a top bend portion extending from one
      end of said body, said top bend portion being provided with a plurality of
      air holes passing through said top bend portion from the front to the back
      surface thereof and allowing air flow to pass therethrough in gliding of
      said ski.
BSUM
PAR  The present invention relates to a ski which can increase gliding speed by
      preventing wind resistance in gliding, and more particularly to a ski
      suitable for a downhill race in which considerable speed is required.
PAR  In a downhill race, a speed above 150 km/hour is required. In gliding at
      such a high speed, a ski is severely rocked due to uneven snow surface and
      wind pressure effect applied to top bend portion of the ski, thus bringing
      the skier in an uneasiness and a fear. Especially, the effect of wind
      pressure applied to the top bend portion not only puts a psychological
      burden on a skier but also lowers the gliding speed of a ski, the latter
      being the most serious obstacle to a downhill race. When high wind
      pressure is applied on a top bend portion of a ski, said wind pressure
      effects pushing said top bend portion upwardly due to the curved shape
      thereof, thereby raising the front portion of the ski away from the snow
      surface, said raising of the front portion causing the ski to rock and
      shake. Rocking or shaking of a ski naturally results in the increase of
      wind resistance applied to the skis and the skier, thereby decreasing
      gliding speed of the ski and at the same time bringing the skier into a
      fear, so that the skier cannot make a good record.
PAR  Conventionally, in order to overcome these problems, it has been tried to
      attach a spoiler (wing) or a weight or the like to a ski. However,
      spoilers are forbidden in a formal skiing race while weights do not have
      much effect.
PAR  From the abovementioned standpoint, the object of the present invention is
      to provide a ski by which raising up of said ski from snow surface which
      is caused by wind resistance applied on the top bend portion of said ski
      in gliding is prevented, and therefore gliding speed can be increased.
PAR  In order to achieve this object, a ski according to the present invention
      includes at least a body with a suitable length and a top bend portion
      integrally extending upwardly and forwardly from one end of said body,
      said top bend portion being provided with a plurality of air holes passing
      through said top bend portion from the front to the back surface thereof
      and allowing air flow to pass therethrough in gliding of said ski. Said
      holes preferably extends from the front to the back of said top bend
      portion in parallel with the longitudinal axis of said body or with the
      plane to contact with snow surface, but it may extend at an upward or
      downward slope from the front to the back of said top bend portion.
PAR  According to a ski of the present invention, in gliding of said ski, air in
      front of a top bend portion passes through said holes, and said air having
      past therethrough contacts with air above the top bend portion which does
      not have past through said holes, so that swirling wind is formed. Said
      swirling wind pushes down the front portion of the ski, thereby ensuring
      the sufficient contact of said front portion with snow surface or
      preventing raising of said front portion away from snow surface, whereby
      the ski is prevented from shaking and rocking.
PAR  The number of such air holes varies more or less in relation to the size of
      a ski (width, thickness, length or the like), but preferable is about 12
      per 20 cm.sup.2 of imaginary area of a ski seen above snow surface when
      the ski is seen from the front.
PAR  The size of each hole varies more or less in accordance with the strength
      and the size of the ski, but normally it is 5 - 10 mm.
PAR  The present invention relates to a ski including at least a body and a top
      bend portion, and of course, it relates to a ski provided with a rear bend
      portion in addition to these body and top bend portion.
PAR  Further, the present invention can be applied to any one of skis the bodies
      of which are made of wood, plastics, metal or their combination. In other
      words, holes for preventing raising of a ski according to the present
      invention can be provided in a top bend portion thereof made of any one of
      wood, plastics, metal and their combination.
DRWD
PAR  Other features and advantages of the present invention will be apparent
      from the following description of a variety of embodiments of the present
      invention given with reference to the appended drawings in which:
PAR  FIG. 1 is a side view of an embodiment of a ski according to the present
      invention;
PAR  FIG. 2 is a plan view of the ski of FIG. 1;
PAR  FIG. 3 is an enlarged section taken along the line III -- III of FIG. 2;
PAR  FIG. 4 is a partly enlarged plan view of the ski of FIG. 2;
PAR  FIGS. 5 and 6 are sections of modifications of air holes shown in FIG. 3;
PAR  FIGS. 7 and 8 are sections of another embodiments of a ski according to the
      present invention.
DETD
PAR  Referring to FIGS. 1 and 2, shown is an embodiment of a ski according to
      the present invention, which comprises a body 10, a top bend portion 12
      forwardly and upwardly extending integrally from one end of said body 10
      and a rear bend portion 14 integrally extending from the other end of said
      body 10 and forming a slight rearward curvature.
PAR  The top bend portion 12 is provided with a plurality of cylinder-shaped
      holes 16, each hole 16 passing through the top bend portion 12 from the
      front surface 12a to the back surface 12b and extending in parallel with
      the longitudinal axis 15 of the body 10 of the ski (namely, the axis of
      each hole 16 is parallel with the axis 15 of the body 10 of the ski). In
      this case, the ski is disposed with its longitudinal axis being in
      parallel with snow surface S.
PAR  In using a ski provided with such holes 16 in a top bend portion and
      especially in gliding at high speed, air flow A.sub.1 in front of the top
      bend portion 12 is introduced into the holes 16 in large part, and the air
      flow A.sub.1 having passed through said holes 16 comes in contact with air
      flow A.sub.2 not having past through the holes but past above the top bend
      portion 12 in the front portion of the ski or the fore part of the body 10
      so that the air flow A.sub.1 becomes whirling wind A.sub.1 '.
PAR  Said whirling wind has an effect of pushing down the upper surface of the
      front portion of the ski, so that the front portion is not raised away
      from snow surface S but contacts appropriately with snow surface.
      Therefore, the ski in gliding is prevented from shaking and rocking so
      that the skier is free from uneasiness and fear thus affording to
      sufficiently increasing gliding speed of the ski.
PAR  In FIG. 5, shown are cylinder-shaped air holes 116 extending at a slight
      downward slope with respect to the longitudinal axis of a body of a ski
      from the front surface 12a to the back surface of the top bend portion. In
      FIG. 6 shown are cylinder-shaped air holes 216 extending at a slight
      upward slope with respect to the longitudinal axis of the body of a ski.
      If the slope of such air holes 116 or 216 is too steep, air flow cannot
      pass through the holes in gliding.
PAR  In FIG. 7, shown are air holes 316 which are modifications of the holes
      illustrated in FIG. 3. Each of said air holes is provided with a guide
      edge portion 316a for improving suction of air flow received by the outer
      surface of the top bend portion and for preventing snow from attaching to
      the entrance of the hole.
PAR  Further, as shown in FIG. 8, a substantially Y-sectioned hole 416 with an
      enlarged entrance can have more remarkable effects of air flow suction and
      prevention of snow attachment.
PAR  The shape in section of an air hole according to the present invention is
      most preferably a circle but not limited thereto and may be an ellipse, a
      rectangle, polygon or the like. Further, such a hole is adapted to pass
      through the top bend portion without concern with its structure such as a
      simple (FIG. 1 or FIG. 2) or a composite (e.g. FIG. 6) structure. For
      example, the top bend portion shown in FIG. 6 comprises wooden inner
      material 12a and metal outer material 12b.
PAR  The following is the result of a speed test of downhill skiing performed by
      using skis according to the present invention. (Test)
PAR  Four skiers M.sub.1, M.sub.2, M.sub.3 and M.sub.4 wore the same kind of
      ski, and made three trials respectively. The approach distance was 250 m.
TBL                Speed Test km/h                                             

     ______________________________________                                    

     trial                                                                     

     skier      First     Second      Third                                    

     ______________________________________                                    

     M.sub.1    --        163.667     180.000                                  

     M.sub.2    153.139   165.017     180.000                                  

     M.sub.3    149.254   163.934     176.527                                  

     M.sub.4    144.092   160.000     176.139                                  

     ______________________________________                                    

PAR  As apparent from the result above, by using a ski provided with air holes
      according to the present invention, wind resistance received by the
      surface of a top bend portion did not increase due to presence of the air
      holes even when gliding speed of the ski was more than 150 km/h, and the
      gliding speed at last reached 180 km/h.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A ski including at least a body and a top bend portion extending from
      one end of said body, said top bend portion being provided with a
      plurality of air holes passing through said top bend portion from the
      front to the back surface thereof and allowing air flow to pass
      therethrough in gliding of said ski.
NUM  2.
PAR  2. A ski as claimed in claim 1, in which each of said air holes extends
      substantially in parallel with the longitudinal axis of said body of said
      ski.
NUM  3.
PAR  3. A ski as claimed in claim 1, in which each of said air holes has an
      enlarged entrance adjacent to the front surface of said top bend portion,
      whereby air flow can effectively pass through said hole.
NUM  4.
PAR  4. A ski as claimed in claim 1, in which each of said air holes has
      circular section.
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PAL  A ski braking device adapted to be preset automatically by fitting the ski
      boot to the ski. It comprises essentially a pair of braking arms having a
      common transverse shaft. These arms are normally parallel to the top
      surface of the ski and their shaft is rigid with a crank arm pivoted to a
      longitudinally movable member associated with spring means and adapted to
      transform the movement of rotation of said shaft into a movement of
      translation of said longitudinally movable member against the resistance
      of a spring. This arrangement constitutes a knee action mechanism and the
      device can operate efficiently whether the ski is sliding downhill with
      the ski tip or the heel end first. Means for locking the device against
      operation for transport or other purposes are provided.
BSUM
PAR  The present invention relates to braking devices designed for mounting on a
      ski with a view to stop the free sliding thereof on the snow surface after
      its separation from the skier's boot, for example in case of fall having
      caused the release of the corresponding binding.
PAR  This device is of the type comprising a pivoting brake lever adapted to be
      brought into frictional engagement with, or to penetrate into, the snow
      under the action of a return spring. This brake lever is rigid with a
      rotary shaft extending across the ski and comprises advantageously a pair
      of arms disposed on either side of the ski.
PAR  In the inoperative position, the arm or arms of said brake lever is or are
      retained in an upper or raised position, for example a position in which
      said arm or arms is or are substantially parallel to the ski axis so as to
      be prevented from contacting the snow surface. The brake lever may be held
      in this position by a control member actuated when positioning the
      corresponding boot on the ski. Thus, as long as the ski boot is normally
      positioned on the ski, the brake lever is held in said upper position and
      no braking force is exerted on the ski. When the ski boot escapes from the
      ski, this brake lever is released and its return spring tends to move said
      lever to its operative or braking position in which said arm or arms
      project from the underface of the ski so as to rub the snow surface or
      penetrate into it.
PAR  The device according to this invention is designed with a view to provide a
      number of advantages in comparison with hitherto known devices of this
      character.
PAR  The first advantage characterising this device is that it provides the same
      braking action whether the ski is sliding in one or the opposite
      direction, that is, when the ski slides in its normal direction or when it
      slides with the heel facing downhill.
PAR  Another advantageous feature characterising this invention is that when the
      aforesaid arms of the device are in their operative position, a
      progressively increasing resistance is provided, this resistance having
      its lowest value when the aforesaid arms are substantially perpendicular
      to the bottom surface of the ski. The reason of this specific arrangement
      is to reduce the risks likely to derive from this braking device in case
      the latter happened to strike a skier, for in this occurrence the braking
      arms would have the possibility of assuming a position coplanar with the
      ski during a shock. However, the progressiveness of the resistance offered
      by these arms would not interfere under any circumstances with an
      efficient braking action for the arm folding movement would become
      gradually more difficult and therefore the braking force or efficiency
      would increase as a function of the sliding speed attained by the ski.
PAR  Besides, the basic principle of the device of this invention also affords
      many other advantages which will appear as the following description
      proceeds.
PAR  This ski braking device is characterised essentially in that the shaft
      supporting the braking arm or arms is coupled through mechanical means
      adapted to transform its movement of rotation into a movement of
      translation with a member movable longitudinally in one or the other
      direction, said member being responsive to a compression coil spring
      reacting against another member substantially fixed in the longitudinal
      direction.
PAR  With this arrangement, the braking action exerted by the movable arm or
      arms is the same in both directions. On the other hand, the braking
      resistance increases as the arm or arms tend to be pivoted back against
      the ski, this resistance having its lowest or minimum value when said arms
      are substantially perpendicular to the ski.
PAR  In a specific form of embodiment of the present device the means for
      interconnecting the shaft of said braking lever and the longitudinally
      movable member consists of a crank arm rigid with said shaft and pivoted
      to one end of said longitudinally movable member, said one end being
      displaceable on one or the other side in relation to a plane parallel to
      said ski and containing the axis of said braking lever.
PAR  In another advantageous form of embodiment of this device the coupling
      means provided between the shaft of said braking lever and the
      longitudinally movable member comprise a toothed pinion rigid with said
      shaft and a rack formed integrally with, or rigidly connected to, said
      movable member.
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PAR  However, other features and advantages of this device will appear as the
      following description proceeds with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 is a plan view from above showing a first form of embodiment of the
      ski braking device according to this invention, this device being shown in
      its operative or braking position;
PAR  FIG. 2 is a corresponding side elevational view of the same device;
PAR  FIG. 3 is a view similar to FIG. 2 illustrating the device in its
      inoperative position, or before its actuation;
PAR  FIG. 4 is a similar view showing the device in its neutral position, for
      instance when the ski is to be transported;
PAR  FIG. 5 is a similar view showing the device during the forward movement of
      the braking arms;
PAR  FIG. 6 is a plan view from above showing a different form of embodiment of
      the device;
PAR  FIG. 7 is a section taken along the line VII--VII of FIG. 6, and
PAR  FIG. 8 is a section taken along the line VIII--VIII of FIG. 7.
DETD
PAR  In the form of embodiment illustrated in FIGS. 1 to 5 of the drawings the
      ski braking device according to this invention comprises a pair of braking
      levers 1 consisting of the two lateral arms of a substantially U-shaped
      member of which the central section 2 constitutes the pivot shaft. This
      shaft 2 is rotatably mounted in holes or notches formed in a pair of
      upstanding lugs 5 disposed adjacent the two lateral sides of the ski S and
      forming an integral part of a base member or plate 3 secured to the top
      surface of the ski S by means of screws 4 or any other suitable fastening
      members.
PAR  The shaft 2 is coupled with a member 6 movable in the longitudinal
      direction of the ski and responsive to a return spring 7 serving the
      purpose of constantly urging this member 6 to the position in which both
      braking arms 1 project downwards normally to the lower or bottom surface
      of the ski S (FIG. 2).
PAR  The shaft 2 is coupled to said movable member 6 through the medium of a
      member 8 rigid with said shaft and constituting a kind of crank arm. This
      crank arm 8 has its outer end pivoted to an adjacent end of said movable
      member 6 by means of a pin 9. In the example illustrated, this member 6 is
      substantially U-shaped and the pivot pin 9 extends between the two lateral
      arms thereof.
PAR  The opposite end 10 of member 6 comprises an aperture constituting a guide
      means for a rod 11 having its yoke-shaped end 12 located externally of the
      U-shaped member 6 and pivotally mounted by means of a fixed transverse
      pivot pin 13 to a pair of lateral wings 14 of a channel member formed
      integrally with the aforesaid base member or plate 3. Of course, the crank
      8 and U-shaped member 6 are also located between the lateral wings of said
      channel member.
PAR  At its opposite end, the rod 11 carries a flat head 15 engaged by one end
      of a return spring 16 reacting at its opposite end against the end 10 of
      said movable member 6.
PAR  Due to their specific nature, the coupling means provided between said
      shaft 2 and movable member 6 tend to transform the movements of rotation
      of said shaft 2 into movements of longitudinal translation of the U-shaped
      member 6 in one or the other direction. However, according to the action
      exerted on said arms 1, the pivot pin 9 carried by the corresponding end
      of U-shaped member 6 can move to one or the other side of the horizontal
      plane X-Y containing the axis of shaft 2 which is parallel to the top
      surface of the ski S.
PAR  Thus, if the braking arms 1 are pivoted to the rear as shown by the arrow
      F.sub.1, the pivot pin 9 is caused to move to a position beneath the plane
      X-Y (see FIG. 3). On the other hand, if these arms are pivoted in the
      direction of the arrow F.sub.2, said pivot pin 9 is caused to move to a
      position above said plane X-Y (see FIG. 5).
PAR  However, the force of return spring 7 tends to keep the three axes of
      pivots 2, 9 and 13 in coplanar relationship. Now, by construction the two
      braking arms 1 are disposed substantially normally to the bottom surface
      of the ski (see FIG. 2). Under these conditions, these two arms 1 are in
      their active or braking position and can rub the snow or penetrate into it
      to stop the ski by preventing the free sliding thereof on the snow
      surface.
PAR  However, these arms 1 are adapted to be held in their upper, inoperative
      position as shown in FIG. 3 as long as the corresponding ski boot is
      properly positioned on the ski S. The arms 1 may be retained in this
      inoperative position by any suitable control member adapted to be actuated
      by the boot when the latter is fitted to the ski binding.
PAR  This member may consist for example of a U-shaped member pivoted on the ski
      and having one end shaped to constitute a pedal engageable by the boot,
      the opposite ends of this U-shaped member being engaged in this case under
      the end portions of the pair of braking arms 1, as illustrated in FIG. 3.
      Under these conditions, the device itself must be mounted to the ski ahead
      of the front or toe binding device, or, alternatively and in contrast
      thereto, at the rear of the heel hold-down device of the ski binding, the
      retaining pedal being mounted at the location contemplated for receiving
      the boot. As long as the boot remains in its operative position on the
      ski, the two braking arms are kept in their raised or inoperative
      position, but when the boot leaves the ski for any reason these two arms
      are released and can thus pivot in the direction of the arrow F.sub.2 to
      their operative or braking position illustrated in FIG. 2.
PAR  The braking action is the same in both directions, i.e. whether the ski is
      sliding dowhill with the ski-tip or its heel end pointing ahead.
PAR  In the first case, the braking arms 1 tend to pivot in the direction of the
      arrow F.sub.1 due to the resistance caused by the rubbing contact between
      said arms and the snow, and in the second case they tend to pivot in the
      direction of the other arrow F.sub.2 for the same reason. However, the
      pivoting conditions are exactly the same in either case and the action of
      the return spring 16 is also the same. This is due of course to the fact
      that this spring 16 controls the member 6 mounted for longitudinal
      movement and also to the specific nature of the coupling means
      contemplated between this member 6 and pivot shaft 2.
PAR  On the other hand, irrespective of the direction of the pivotal movement
      accomplished by the braking arms 1, the rotation of shaft 2 is attended by
      a movement of longitudinal translation of the member 6 to the rear, so
      that the pivot pin 9 is caused to move towards one side or the opposite
      side of the above-defined plane X-Y, as already explained in the
      foregoing. But in either case the action of spring 16 is exactly the same
      and tends to restore the arms 1 to their normal braking position
      illustrated in FIG. 2.
PAR  Yet another feature characterising this invention lies in the fact that the
      braking effort is of progressive nature as the arms 1 depart from their
      normal position shown in FIG. 2. In fact, the greater the departure of
      said arms 1 from this normal position, the greater the compression of
      return spring 16 and the greater the resistance offered by this spring.
      Therefore, the lowest spring resistance is encountered when the arms 1 are
      in the position illustrated in FIG. 2. Now this obviously constitutes an
      important advantage likely to minimize the risks of injuries in case the
      ski provided with the device of the present invention happens to strike
      another skier. In fact, the braking arms 1 can in this case pivot in one
      or the other direction to prevent a severe shock or blow.
PAR  Furthermore, when the ski thus released from the boot is sliding on the
      snow surface the braking arms 1 tend to be pushed back in one or the other
      direction and encounter a gradually increasing resistance ensuring an
      efficient braking action. The greater the tendency of the ski to increase
      its speed, the stronger the braking action exerted by the device.
PAR  Preferably, the device according to this invention comprises additional
      means for controlling the lifting of said arms 1 to their inoperative
      position (FIG. 3) so that they can subsequently be retained in this
      position by means of the retaining pedal 17.
PAR  However, means may also be contemplated for locking these braking arms in
      their upper, inoperative position during a prolonged time period, for
      example when transporting the ski. In the form of embodiment illustrated
      in FIGS. 1 to 5 of the drawings these means merge into one and consist of
      a small thrust lever 18 pivoted to the pin 13. At the upper end this small
      lever 18 comprises an integral control head 19 (not shown in FIG. 1)
      formed with a countersunk cavity 20 adapted to receive the tip 21 of a ski
      pole. Thus, the user may engage this tip into the head cavity 20 of thrust
      lever 18 to pivot the latter in the direction of the arrow F.sub.3 (see
      FIG. 3) in order to push the movable strap 6 backwards and thus move the
      pivot pin 2 to the position in which the two braking arms 1 are raised to
      their inoperative or neutral position.
PAR  However, it is also possible to actuate the head 19 of thrust lever 18
      manually for pivoting this lever 18 in the direction of the arrow F.sub.4
      to the position illustrated in FIG. 4. This also permits of rotating the
      pivot shaft 2 to the desired position for raising the braking arms 1, but
      at the same time the opposite end 22 of thrust lever 18 will engage the
      end 10 of movable member or strap 6 so as to push and lock same in a
      stable position. The braking arms 1 are thus held against movement in
      their upper position without requiring the holding of pedal 17 in the
      corresponding upper or released position.
PAR  The two means contemplated for controlling the braking arms 1 and locking
      these arms permanently, for instance when it is desired to transport the
      ski, may differ widely from those described and illustrated herein which
      are given by way of illustrative example only. Besides, these two types of
      means may be dissociated, if desired.
PAR  FIGS. 6 and 7 illustrate another form of embodiment of the ski braking
      device of this invention wherein the common shaft 2a of the pair of
      braking arms 1a is also operatively connected or coupled to a member
      mounted for movement in the longitudinal direction by means of mechanical
      elements adapted to convert the movement of rotation of this shaft 2a into
      a movement of longitudinal translation. The element thus contemplated
      consists in this case of a slide 6a movable in a guiding slideway 23
      formed in the hollow base member 3a secured to the top surface of the ski.
PAR  The coupling means between this slide 6a and shaft 2a consist of a
      combination of a rack 24 formed on this slide with a toothed pinion 25
      rigid with shaft 2a.
PAR  The return spring 16a controlling the slide 6a is a coil compression spring
      as in the preceding form of embodiment. However, in the present instance
      the spring 16a bears with one end against a fixed element and with the
      opposite end against one portion of said slide 6a. Thus, whatever the
      direction in which said slide is moved, the spring 16a constantly tends to
      restore it to its position shown in FIG. 7 wherein the braking arms 1a are
      disposed substantially at right angles to the bottom surface of the ski S.
PAR  To this end, the return spring 16a is enclosed or contained partly in a
      recess 26 formed in said slide 6a and partly in the inner cavity of said
      base member 3a.
PAR  Under these conditions, the operation of the ski braking device according
      to this modified form of embodiment is substantially the same as in the
      case of the first form of embodiment, and exactly the same advantages are
      obtained in either case. In fact, the braking action is unchanged and
      effective irrespective of the direction in which the ski is sliding. On
      the other hand, the braking effort is applied progressively and the
      resistance produced by the return spring decreases as the braking arms
      approach their position at right angles to the main ski surface.
PAR  Of course, this device is also provided with control means permitting of
      raising the braking arms to their inoperative position so that they can be
      held in this position by means of a retaining pedal 17 or any other
      suitable device adapted to be actuated automatically when the boot is
      fitted to the ski binding.
PAR  In the form of embodiment illustrated in FIGS. 6 and 7 the means
      controlling the lifting of said braking arms 1a consist of a lever 28
      rigid with shaft 2a but extending in a direction opposite to that of the
      relevant braking arm 1a. When the braking arms are in their operative
      position, this lever 28 projects upwards (see FIG. 7). To retract the
      braking arms to their inoperative position it is only necessary to exert a
      pressure on the upper end of said lever 28 so as to tilt same forwards,
      i.e. in the direction of the arrow F.sub.5. Thus, the braking arms 1a may
      be brought into locking engagement with the corresponding ends of
      retaining pedal 17.
PAR  Furthermore, the device illustrated in FIGS. 6 and 7 of the drawings
      comprises means for holding the braking arms 1a in their upper or
      inoperative position during the transport or other handling of the ski.
      These means consist of a movable bolt or rod 29 slidably mounted in a
      transverse bore formed in said base member 3a. One end of this rod carries
      a knob 30 or other projecting member for actuating same manually. The
      opposite end of bolt 29 projects somewhat from the corresponding lateral
      side of base member 3a under the location of the corresponding braking arm
      1a when the latter has been lifted to its inoperative position. This end
      is advantageously cranked, as shown in FIG. 8, to provide a seat 31
      adapted to receive the corresponding braking arm 1a. However a return
      spring 32 housed within the base member 3a constantly urges the locking
      bolt 29 to its retracted or release position shown in dash lines in FIG.
      8.
PAR  To bring the bolt 29 to its arm-locking position it is only necessary to
      exert a thrust in the direction of the arrow F.sub.6 on the control end 30
      of this bolt, so that the seat 31 formed at the operative end thereof will
      position itself under the corresponding arm 1a. Due to the action of
      return spring 16a, this arm 1a is urged against the locking bolt 29 and
      locked against movement and the force of its return spring 32. To release
      the lock bolt 29 and allow same to resume automatically its retracted
      position under the force of said spring 32 it is only necessary to lift
      slightly the braking arms 1a.
PAR  Under these conditions the user may fix his ski boot and preset the present
      braking device by applying two different methods, indifferently.
PAR  In the first method, the user presets the device by fitting the ski boot on
      the relevant ski while the braking arms 1a are in their projecting or
      service position. This method is advantageous in that these arms will thus
      prevent the ski from sliding untimely, for instance before the skier has
      properly fitted the boot in its binding.
PAR  When the boot is fastened in position the retaining pedal 17 is moved
      automatically to its position in which it retains the braking arms 1a in
      their raised position. However, since these arms project in this case
      beneath the bottom surface of the ski S, the lever 28 must be actuated,
      for example by using the tip of a ski pole, for lifting said arms above
      the corresponding ends of pedal 17 so as to lock them by means of this
      pedal 17. Thus, the braking device is ready to operate but remains in its
      non-braking or neutral position.
PAR  In the second method of presetting the device of this invention the user
      fits his ski boot in the ski binding while leaving the braking arms 1a
      locked in their upper or neutral position by means of lock bolt 29. In
      this case, the ends of the retaining pedal 17 engage the underface of arms
      1a to subsequently hold them in their upper position. However, the
      arrangement is such that the ends of said pedal 17 will then lift slightly
      the braking arms 1a above the level of lock bolt 29. Under these
      conditions, this lock bolt 29 is released and resumes automatically its
      retracted position (in dash lines in FIG. 8) and the braking device is
      ready to operate.
PAR  In either case the braking device is preset automatically without requiring
      any particular intervention from the skier. Therefore, any risk of locking
      the device in its upper or inoperative position is safely precluded during
      the normal use of the skis, in contrast to certain known prior art devices
      of the same type.
PAR  Of course, the means contemplated in the form of embodiment illustrated in
      FIGS. 6 to 8 for on the one hand lifting the braking arms 1a and on the
      other hand locking these arms in their transport position may be adapted
      to the form of embodiment illustrated in FIGS. 1 to 5 of the drawings, as
      a substitute for the lever 18 described in the foregoing. Besides, any
      other suitable means may be contemplated in both forms of embodiment for
      controlling the lifting of the braking arms 1a and locking them for
      transport or other purposes.
PAR  In addition to the above-disclosed advantages, the device according to the
      present invention provides a number of additional advantageous features,
      notably the fact that, due to its original conception, this device cannot
      interfere with the normal operation of the safety binding mounted on the
      ski. In fact, this device is located outside the area normally reserved
      for the ski boot and its binding, so that any detrimental frictional
      contact therewith is safely avoided.
PAR  Besides, the means such as pedal 17 or other similar member for retaining
      the braking arms in their upper position cannot interfere with the normal
      operation of the safety ski binding due to the existing lever arms
      providing a minimum pressure against the ski boot.
PAR  Another advantage deriving from the use of the device of this invention
      lies in the fact that in case of untimely release thereof the braking arms
      can pivot on the snow without any risk of causing a severe fall of the
      skier. Besides, a beginner can of course use his skis without positioning
      the braking arms in their raised position, so that he can keep his or her
      balance even on a very steep grade.
PAR  As already mentioned in the foregoing, many modifications may be brought to
      the device described and illustrated herein without departing from the
      basic principles thereof as disclosed in the appended claims.
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STM  What is claimed as new is:
NUM  1.
PAR  1. Ski braking device for stopping the free sliding of a ski on snow in
      case the ski is accidentally or otherwise separated from the ski boot
      comprising a pivoting braking lever adapted to be brought into frictional
      contact with, or sunk into, the snow under the force of a spring, said
      lever being rotatably rigid with a rotary shaft extending across the ski,
      said rotary shaft being coupled through mechanical means adapted to
      convert rotation of the shaft into translation of said mechanical means,
      said mechanical means comprising a toothed pinion rigid with said shaft
      and a rack portion, said rack portion being movable in the longitudinal
      direction and responsive to a compression spring reacting against a member
      substantially fixed in the longidutinal direction.
NUM  2.
PAR  2. Ski braking device according to claim 1 wherein said compression spring
      bears with either end against one portion of said rack portion and a fixed
      member, respectively.
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ABST
PAL  In a ski of the type comprising a hollow core assembly provided with a ski
      top constituting unit, a ski bottom constituting unit which are firmly
      laminated to the top side and the bottom side of said hollow core
      assembly, and side members arranged at the lateral sides of this assembly,
      the hollow core assembly has, at a substantially central part of the ski
      relative to the transverse direction of this ski, a hollow structure
      defined (a) by a longitudinally extending central channel member having a
      substantially U-shaped cross section and made of a fiber-reinforced
      plastic, and (b) by a cover plate firmly secured to the end edges of the
      two legs of said U-shaped central channel member to cover the opening of
      said U-shape. This core assembly has flanking members made of such
      material as foamed hard polyurethane resin, wood pieces or honeycomb and
      securely bonded to the lateral sides of the hollow structure to sandwich
      the hollow structure therebetween and extending longitudinally of the ski.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the invention:
PAR  The present invention is concerned with a ski of the hollow core assembly
      type having a centrally longitudinally extending hollow structure
      sandwiched between two flanking members.
PAR  B. Description of the prior art:
PAR  As a means of improving the function and operability of skis, there has
      been the concept to reduce the total weight of the ski as much as
      possible.
PAR  In order to attain this reduction of the total weight of the ski, there has
      been practiced in general to provide a ski having a hollow-structured core
      assembly which constitutes the main part of the ski and which is comprised
      generally of a central core member and flanking members sandwiching the
      central core member therebetween. However, it is presently considered
      quite difficult in the ski manufacturing industry to form a hollow
      structure within the core assembly, as considered from its relation with
      the ski top and bottom constituting units which are to be laminated on the
      top and bottom sides of the core assembly, respectively. A brief
      description will hereunder be made on the known manner of forming a hollow
      structure within the core assembly of a ski. As shown in FIG. 9, a central
      core member 1 made of a glass fiber-reinforced plastic (which will
      hereinafter to be referred to briefly as FRP) and cross-sectionally having
      a U-shaped channel is provided to extend longitudinally in the central
      part of the ski. On the lateral sides of this central core member 1 are
      provided flanking members 2 and 2 made of a material such as a foamed hard
      polyurethane resin, wood pieces or honeycomb. The central core member 1
      and the flanking members 2 and 2, in combination, constitute a core
      assembly 3. To the extreme lateral sides of this core assembly 3 are
      firmly secured side members 4 and 4, and to the top side of the core
      assembly 3 is firmly laminated a ski top constituting unit which is
      comprised of a top plate 5 made of FRP, top edges 6 and 6 and a ski
      surface decorating member 7. To the bottom side of the core assembly 3 is
      firmly laminated a ski bottom constituting unit which is comprised of a
      bottom plate 8 made of FRP, sole edges 9 and 9 and a gliding surface
      member 10. This cross-sectionally U-shaped central core member 1 has,
      accordingly, a longitudinally extending channel of a U-shaped cross
      section and its opening is covered with the top plate 5 made of FRP,
      thereby presenting a hollow portion 11 in the ski. It should be noted
      that, in a conventional ski having the aforesaid core assembly
      arrangement, the plane of bonding between the end edges of the opening of
      the U-shaped central core member 1 and the top plate 5 made of FRP tends
      to be broken or become separated apart relative to each other by the
      concentrated application, to this plane of bonding, of considerable
      amounts of shearing forces caused by the impacts and vibrations which
      occur during the operation of the ski. Thus, such a ski can be said to be
      exposed to a great deal of danger during its use and to be poor in its
      mechanical strength and short in its service life. Moreover, when, at the
      time of manufacture of such a ski, it is intended to laminate the top
      plate 5 made of FRP onto the core assembly 3 by bonding them together, it
      is mandatory that this top plate 5 of FRP be made with separately prepared
      semi-hardened resin-impregnated sheets, i.e., prepreg sheets, and
      therefore, there occurs the inconvenience that, during the heat-pressing
      step at the time of forming the whole core assembly, the FRP resin of the
      top plate oozes into the space in the U-shaped channel of the central core
      member 1, adversely affecting the formation of a desirable neat shape of
      the U-shaped channel, causing a subtle disorder of the structural balance
      of the ski as a whole.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, a primary object of the present invention to improve the
      aforesaid inconvenience and drawback of the skis of the hollow core
      assembly type of the prior art and to provide a ski which is light in
      weight and which can be built so as to be able to resist the shearing
      force applied to the ski during use without sacrificing this light weight
      and which is of a prolonged service life.
PAR  Another object of the present invention is to provide a ski which is easy
      to manufacture and which can be made without any substantial increase in
      the cost of manufacture.
PAR  These and other objects as well as the features and advantages of the
      present invention will become apparent from the followed detailed
      description of the invention.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective external view of an example of the ski according to
      the present invention.
PAR  FIG. 2 is a view taken along the line II--II in FIG. 1.
PAR  FIG. 3 is an exploded perspective view of the ski of FIG. 1.
PAR  FIGS. 4 through 6 are explanatory illustrations to show the steps of
      forming the hollow core assembly of the ski according to the present
      invention.
PAR  FIG. 7 is a transverse vertical sectional view of another example of the
      ski according to the present invention.
PAR  FIG. 8 is a transverse vertical sectional view of a still another example
      of the ski according to the present invention showing an integral
      structure of the cover plate and the bottom plate.
PAR  FIG. 9 is a transverse vertical sectional view showing an example of the
      known skis.
PAR  Like parts are indicated by like reference numerals for the simplicity of
      explanation.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Description of an example of the ski according to the present invention
      will be made hereunder by referring to FIGS. 1 through 6.
PAR  FIG. 2 shows an example of the ski 20 of this invention taken in a
      transverse vertical section. The ski includes a hollow core assembly 22, a
      ski top constituting unit 23 and a ski bottom constituting unit 24 which
      are laminated on the top and the bottom sides of the hollow core assembly
      22, respectively. The ski top constituting unit 23 is comprised of a top
      plate 23a made of FRP, top edges 23b and 23b and a ski surface decorating
      member 23c. The ski bottom constituting unit 24 is comprised of a bottom
      plate 24a made of FRP, sole edges 24b and 24b and a glinding surface
      member 24c. The hollow core assembly 22 includes therein a hollow
      structure 27 which is defined (1) by a central channel member 25 made of
      FRP and having a substantially U-shaped cross section and is positioned at
      substantially the central part of the ski relative to the transverse
      direction thereof and extends longitudinally of the ski, and (2) by a
      cover plate 26 made of FRP and tightly covering the opening of said
      U-shaped central member 25 and having a flat outer surface, said opening
      being defined between the two legs of the U-shape on the free end side of
      these legs. The hollow core assembly 22 is comprised of the hollow
      structure and two flanking members 28 and 28 having substantially flat
      upper and lower surfaces and sandwiching this hollow structure 27
      therebetween, which members being made of a material such as a foamed hard
      polyurethane resin, wood pieces or honeycomb and are firmly bonded to the
      lateral sides of the hollow structure. In this example, these two flanking
      members 28 and 28 are provided in such a way that their upper surfaces lie
      substantially in the same plane with the outer or the upper surface of the
      hollow structure.
PAR  The hollow core assembly 22 is formed in the manner as shown in FIGS. 4
      through 6. Pre-preg FRP sheets not completely hardened yet are molded into
      a substantially U-shaped central channel member 25, by the use of a dummy
      29. Then, while keeping this dummy 29 in the state of being engagingly fit
      in this central channel member 25, flanking members 28 and 28 together
      with side members 21 and 21 are bonded to the sides of the central channel
      member 25, respectively. FIG. 4 shows this state. In this part of the
      hollow core assembly forming process, it should be noted that the central
      channel member 25 is prepared so that the end edges of the legs of the
      central channel member 25 defining an opening therebetween are positioned,
      when this central channel member 25 is sandwiched in place between the
      flanking members 28 and 28, lower than the upper planes of these two
      flanking members for a certain distance; in other words, there is formed a
      depth from the upper surface lines of the flanking members 28 and 28 up to
      the end edges of the opening of the central channel member 25 for a
      distance corresponding exactly to the thickness of the cover plate 26
      which is used for covering the opening defined between the two legs of the
      central channel member 25. It should be noted that the central channel
      member 25 having such a dimension and shape as discussed above can be made
      in a very simple manner by molding it with a dummy 29 as referred to
      above, and by molding the cover plate separately from the central channel
      member 25. However, any other forming method may be used. For example, a
      dummy 29 having a rectangular cross section and having a thickness
      identical with the aforesaid depth of the upper edges of the central
      channel member 25 is combined with not completely hardened pre-preg FRP
      sheets which are laminated for forming the central channel member 25. On
      top of this combined items is placed a plurality of not completely
      hardened pre-preg FRP sheets which are used for forming the cover plate 26
      and which are wrapped in a plastic film for later easy detachment of the
      cover plate from the mating molded article and the mold. The resulting
      assembly of parts is then subjected to heat molding. Thereafter, the
      wrapped-up molded cover plate 26 is removed from the mold, and the dummy
      29 is withdrawn. Thus, it is possible to mold both the central channel
      member 25 and the cover plate 26 at the same time. Then, as shown in FIG.
      5, the dummy 29 is withdrawn from the central channel member 25.
      Thereafter, the unwrapped cover plate 26 is fit in the depths or the
      shouldered portions 30 and 30 which are formed on the end edges of the
      legs of the central channel member 25 and this cover plate 26 is bonded
      firmly to these end edges. In this way, a core assembly 22 having a hollow
      portion 27 therein is obtained. FIG. 6 is vertical sectional view of this
      hollow core assembly 22.
PAR  As stated above, in the ski according to the present invention, the hollow
      structure 27 is formed in substantially the central part of the core
      assembly 22 by the central channel member 25 having a U-shaped cross
      section, the cover plate 26 and the two flanking members 28 and 28. This
      hollow portion 27 is formed in the following manner. The end edges of the
      two legs of said central channel member 25 are prepared so that they are
      positioned lower than the upper planes of the flanking members 28 and 28
      when assembled together and a cover plate 26 is fit in this depth or the
      shouldered portions 30 and 30 and is bonded to these end edges in such a
      way that the outer surface of the cover plate 26 lies in the same plane
      with the upper flat surfaces of the two flanking members 28 and 28. As a
      result, the shearing force which is applied to the top plate 23a is
      supported almost evenly by the entire cover plate 26 throughout the
      surface area thereof and by the two flanking members 28 and 28, and no
      detachment of the cover plate 26 from the end edges of the hollow
      structure 27 occurs. Accordingly, it is possible to improve the service
      life of the ski 20 without causing the breaking of the top plate 23a made
      of FRP which is laminated on top of the hollow core assembly 22. Also, at
      the time when this top plate 23a is laminated on top of the hollow core
      assembly 22, semi-hardened pre-preg FRP sheets which are formed into this
      top plate 23a are laminated on top of the core assembly 22 and then these
      sheets are subjected to heat-pressing. Nevertheless, the resin will never
      ooze into the space of the hollow portion 27 of the U-shaped central
      channel member 25 by being blocked by the cover plate 26, whereby it is
      possible to accomplish the predetermined exact shaping of the hollow
      structure 27.
PAR  In the above-discussed example, side members are bonded to the outer sides
      of the two flanking members 28 and 28 which constitute parts of the hollow
      core assembly. It should be noted, however, that these flanking members
      may be formed with a formed hard polyurethane resin and those "skin
      layers" having an increased density of foam which are produced at the
      outer side edge portions of the flanking members by the pressure generated
      at the time of foaming may be used concurrently to serve as the side
      members 21 and 21.
PAR  FIG. 7 shows another embodiment of the ski according to the present
      invention. This ski is comprised, similarly to the preceding embodiment,
      of a hollow core assembly 22 having side members 21 and 21 bonded to the
      lateral sides thereof, a ski top constituting unit 23, and a ski bottom
      constituting unit 24. This ski top constituting unit 23, in turn, is
      comprised of a top plate 23a made of FRP, top edges 23b and 23b and a ski
      surface decorating member 23c. Also, the ski bottom constituting unit 24
      is comprised of a bottom plate 24a made of FRP, sole edges 24b and 24b and
      a glinding surface member 24c. The hollow core assembly 22 of this second
      example has a substantially U-shaped channel provided at substantially the
      central part thereof as in the preceding example. However, this hollow
      core assembly 22 includes therein a hollow structure 27 made of FRP, which
      structure 27 is formed by a central channel member 25 having a
      substantially U-shaped cross section whose opening faces, in this example,
      the bottom of the ski which is the opposite arrangement in position of the
      opening of the preceding example, and also by a cover plate 26 for
      covering said opening of the central channel member 25 and by the two
      flanking members described below. Like the preceding example, this opening
      is defined between a pair of legs of the central channel member on the
      free end side of these legs. At the lateral sides of this hollow structure
      27 are arranged flanking members 28 and 28 which are made of a material
      such as a foamed hard polyurethane resin, wood pieces or honeycomb and
      which in this second embodiment are bonded to the hollow structure 27 at
      the lateral sides thereof in such a way that the top and the bottom planes
      of these flanking members lie in the same plane with the top and the
      bottom surfaces of the hollow structure, respectively.
PAR  As in the preceding example, the end edges of the two legs of the opening
      of the central channel member are positioned higher than or short of the
      bottom surface lines of the two flanking members 28 and 28 for a distance
      corresponding to the thickness of the cover plate 26.
PAR  The ski having the aforesaid core assembly structure is of the arrangement
      that the opening of the central channel member 25 which constitutes a part
      of the hollow core assembly and whose channel has a substantially U-shaped
      cross section and is positioned at substantially the central part of the
      hollow core assembly 22 faces the bottom of the ski. Accordingly, in this
      example, a screw 36 is used to securely attach a base plate 35 for a
      fastening member or binding to the upper central surface of the ski 20 by
      threading this screw 36 into the upper surface of the base plate 35
      through the base wall 25a of the central channel member 25. Moreover, the
      central channel member 25 is bonded firmly to the flanking members 28 and
      28 at both lateral sides and is positively supported by these flanking
      members. Thus, it is possible to improve the holding force of the screw
      36. Furthermore, the opening formed between the two legs of the central
      channel member 25 is covered tightly by the cover plate 26 which is
      securely bonded to the two end edges of the opening, and the bottom
      surface of this cover plate 26 lies in the same plane with the bottom
      surfaces of the two flanking members 28 and 28. A bottom plate 24a is
      firmly bonded to the bottom surface of the resulting hollow core assembly
      22. Accordingly, the shearing force which is applied to the bottom plate
      24a and produced at the inter-face of bonding between the end edges of the
      central channel member 25 and the cover plate 26 is supported almost
      evenly by this cover plate 26 and the flanking members 28 and 28, without
      causing any detachment of the cover plate 26 from the end edges of the
      hollow structure 27. Thus, the shearing force will hardly act upon the
      bottom plate 24a made of FRP which is laminated to the bottom side of the
      core assembly 22. As a result, it is possible to improve the durability of
      the ski.
PAR  It should be noted that description has been made of examples wherein the
      top and bottom faces of the cover plate 26 in each example are of
      substantially flat surfaces. However, these are some examples which are
      selected by the choice of the users. Depending on the designing of the
      cover plate, the latter may have an outer surface which is integrally
      united with the bottom plate 24a as shown in FIG. 8. Accordingly, the
      appearance of this cover plate 26 gives the impression of having an uneven
      outer surface. Nevertheless, the function as well as the principle of the
      present invention are the same as those of the preceding examples.
PAR  It should be noted also that the side plates may be made of a phenolic
      resin or acrilonitrilebutadiene-styrene (ABS) resin. Further, instead of
      FRP, other fiber reinforced plastics may be used. For example, carbon
      fibers may be used as such reinforcing fibers.
PAR  As discussed above, according to the present invention, there is provided
      an improvement that, in a ski having a core assembly provided with a ski
      top constituting unit and a ski bottom constituting unit which are
      laminated on the top and the bottom surfaces of the core assembly, the
      core assembly includes therein a hollow structure defined (1) by a central
      channel member made of a fiber reinforced plastic and having a
      substantially U-shaped cross section and positioned substantially in the
      central part of the ski relative to the transverse direction of the ski
      and extending longitudinally of this ski, and (2) by a cover plate
      covering the opening of the U-shape of the central channel member, the
      core assembly further includes two flanking members bonded to the lateral
      sides of the hollow structure in such a way that the upper surfaces and
      the lower surfaces of these flanking members lie in the same plane as the
      upper surface and the lower surface of the hollow structure. Thus, by
      forming a hollow portion within the core assembly which constitutes the
      main part of the ski, the latter body as a whole can be provided so as to
      have a greatly reduced total weight. Also, the opening of the central
      channel member which constitutes a part of the hollow core assembly is
      covered by a cover plate and moreover the outer surface of the cover plate
      lies in a plane same as those planes of the upper or the lower surface of
      the two flanking members sandwiching the hollow structure therebetween.
      Thus, the end edges of the legs of the central channel member are not
      arranged to be brought into direct contact with either the ski top
      constituting unit or the ski bottom constituting unit which is laminated
      to the top or the bottom surface of the hollow core assembly. Accordingly,
      it is possible to form, within the ski, a closed transverse vertical
      section by the central channel member, the cover plate and the two
      flanking members. Thus, the shearing force which is produced at the
      inter-face of bonding of the end edges of the central channel member is
      distributed evenly throughout the cover plate and also the shearing force
      applied to the top plate or the bottom plate is supported evenly by the
      cover plate and the flanking members. The cover plate, sandwiched between
      the two flanking members, can effectively withstand the shearing force
      applied to the top or bottom plate, preventing the breakage between the
      central channel member and the top or bottom plate. Therefore, it is
      possible to increase the mechanical strength of the ski without damaging
      the light weight feature of the ski. Thus, it is possible to attain the
      objects of the present invention without substantially altering the design
      of known skis and their manufacturing techniques.
CLMS
STM  We claim:
NUM  1.
PAR  1. A ski having a hollow core assembly provided with a ski top constituting
      unit firmly laminated to the top surface of the core assembly, and a ski
      bottom constituting unit firmly laminated to the bottom side of said core
      assembly, said hollow core assembly comprising:
PA1  a central channel member having a substantially U-shaped cross section and
      being positioned at a substantially central part of the ski relative to
      the transverse direction thereof and extending longitudinally thereof,
      said central channel member of U-shaped cross section having a pair of leg
      members defining an opening therebetween on the free end side thereof,
PA1  two flanking members secured firmly to the lateral sides of said central
      channel member, respectively, and each having a substantially flat surface
      on that side of the ski which is faced by said opening of the U-shaped
      central member,
PA1  said end edges of the substantially U-shaped central member being
      positioned short of said substantially flat surfaces of the two flanking
      members, defining a space between the two flanking members on the free end
      side of the leg members of the central channel member, and
PA1  a cover plate covering the opening of said U-shaped central channel member
      and being bonded firmly to the end edges of said central channel member,
      said cover plate being sandwiched between the flanking members within said
      space defined therebetween, whereby said core assembly has therein a
      longitudinally extending central hollow structure at substantially the
      central part of the ski relative to the transverse direction thereof.
NUM  2.
PAR  2. A ski having a hollow core assembly according to claim 1, in which said
      end edges of the central channel member faces the top surface of the ski.
NUM  3.
PAR  3. A ski having a hollow core assembly according to claim 1, in which said
      end edges of the central channel member faces the bottom surface of the
      ski.
NUM  4.
PAR  4. A ski having a hollow core assembly according to claim 1, in which said
      end edges of the central channel member faces the bottom surface of the
      ski, and the cover plate is integral as a onepiece with a bottom plate of
      the ski.
NUM  5.
PAR  5. A ski having a hollow core assembly according to claim 1, in which said
      central channel member and the cover plate are made with a fiber
      reinforced plastic and said flanking members are made with a foamed hard
      polyurethane resin.
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ABST
PAL  A safety ski binding having a sole holder pivotally secured to a base
      member. The sole holder is held in condition of use by a locking member,
      which locking member is engaged by a locking part. The locking part is
      urged into engagement with the locking member by a spring. The locking
      part is guided in a limited manner in a guideway provided on a support
      part, which support part is pivotally secured to the base. The support
      part carries both the spring and a shaft on which the release lever is
      pivotally secured. The locking member has a notch and a recess therein,
      the locking part being urged into engagement with the notch while the ski
      binding is in the condition of use and in the recess when the ski binding
      is in the position to receive the ski boot therein.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a safety ski binding having a pivotal sole holder,
      which in condition of use holds the ski boot on the ski and can be opened
      voluntarily, for example with the ski pole, whereby the sole holder is
      held in condition of use by a locking member, which locking member is
      engaged by a locking part loaded by a spring, which locking part is
      connected to a pivotal release lever.
PAC  BACKGROUND OF THE INVENTION
PAR  A ski binding of this general type is already known (from Austrian Pat. No.
      275 372) and has also been proven to be successful in practice. In that
      patent, the locking spring always acts onto the sole holder. Upon
      operation of the release lever, the lock is completely freed, however, the
      release lever itself remains under the influence of the spring and thus
      also the sole holder.
PAR  The purpose of the invention is now to produce a further development at
      which both the locking member and also the sole holder, upon operation of
      the release lever, entirely leave the effective range of the locking
      spring. This purpose is attained by supporting the locking part for
      movement in a limited manner in a guideway of a support part. The support
      part is supported pivotally about an axis and carries both the spring and
      also a further shaft. The release lever is pivotally supported on the
      further shaft. The locking member has a notch therein into which is
      received the locking part and following the notch a recess is provided on
      the locking member.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The subject matter of the invention is illustrated in one exemplary
      embodiment in the drawing, in which:
PAR  FIG. 1 is a cross-sectional view of an inventively constructed heel
      binding;
PAR  FIG. 2 illustrates the binding in a position during a safety release;
PAR  FIG. 3 illustrates the release of the binding after operating the release
      lever; and
PAR  FIG. 4 is a cross-sectional view along the line IV--IV of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  As one can recognize in the drawing, the sole holder 1 is pivotally
      supported for movement about an axis 3 which is arranged in the base
      member 2. The sole holder has mounted thereon a pair of independent and
      coaxial shafts 4 which pivotally support a locking member 5 depending
      downwardly therefrom. The locking member 5 has a tongue 5A which grips
      under a locking projection 6 secured to the base member 2. Furthermore, a
      U-shaped constructed support part 7 is pivotally supported for movement
      about the axis 3. The support part 7 has a pair of parallel arms or side
      members 7A and 7B (FIG. 4), each of which has a longitudinal slot 8
      therein. Each longitudinal slot 8 forms a guide for locking part 9. The
      locking part 9 has a recess in the area between the side members and a
      spring abutment 10 is provided in the recess. A locking spring 11 is
      supported at one end against the spring abutment 10. The other end of the
      spring 11 is supported on a spring abutment 12, which can be adjusted in
      axial direction of the spring 11 by means of a screw 21 which is rotatably
      supported in the support part 7.
PAR  The locking member 5 also has a notch 13 therein which is adapted to
      receive the locking part 9 therein. The locking part 9 is pressed into the
      notch 13 and into a condition of use, as illustrated in FIG. 1, by the
      spring 11. A recess 14 is provided above the notch 13 on the locking
      member 5. The recess 14 functions as a free position, so that the locking
      member 5, in the unlocked position, can swing away from the locking
      projection 6 on the base member 2 through the release lever 17.
PAR  A shaft 15 is mounted on the support part 7. The release lever 17 is
      pivotally supported on the shaft 15. The shaft 15 penetrates through
      slotted holes 16 in the sole holder 1, which holes are concentric with
      respect to the pivot axis 3. The release lever 17 has also guideways 18 at
      its front end and forwardly of the shaft 15. Sliding members 19 mounted at
      the remote ends of the two shafts 4 are received in the guideways 18.
      Thus, the sliding members 19 form the support for the release lever during
      operation of the same. The release lever can be operated by lifting its
      rear end or by pulling the belt 20 which is connected to it.
PAR  When an overload occurs as for example during a fall, a safety release
      takes place, as this is illustrated in FIG. 2. The sole holder 1 is hereby
      pivoted upwardly about the axis 3. Through this movement, the tongue 5A on
      the locking member 5 slides along the locking projection 6 on the base
      member 2 and urges the locking part 9 rearwardly against the resistive
      force of the spring 11 to cause the locking part 9 to move back into the
      longitudinal slot 8. When the sole holder 1 is moved about the pivot axis
      3, the support part 7 is also pivoted about the axis 3 in the same manner,
      so that the locking member 5 remains, through the locking part 9, under
      the effect of the spring 11. FIG. 2 illustrates the moment of release.
      Starting at this point, the spring 11 can begin to relax again, because
      the locking member 5, when it slides along the vertical part of the
      locking projection 6, can slightly swing frontwardly. The ski binding
      remains then in the open position and is generally ready for the boot to
      enter. As soon as the sole holder 1 is pressed downwardly, the tongue on
      the blocking member 5 grips under the locking projection 6 under the
      pressure of the spring 11 and the ski binding assumes the position of use
      according to FIG. 1.
PAR  For the arbitrary stepping out of the binding, the release lever 17 must be
      swung upwardly. This can be done for example by pulling up on the belt 20
      as illustrated in FIG. 3. The release lever 17 is thereby pivotally
      supported on the sliding members 19 which slides in the guideways 18
      during such movement and the shaft 15 moves upwardly in the concentric
      longitudinal slots 16. The shaft 15 pivots the support part 7 about the
      axis 3, through which the locking part 9 disengages the notch 13 of the
      locking member 5. The movement of the locking part 9 is limited by the
      ends of the longitudinal slots 8, said locking part 9 now abutting the
      ends of the slots 8 under the pressure of the spring 11. The locking
      member 5 can now practically swing freely, until the lowermost point of
      the recess 14 of the locking member 5 contacts the locking part 9. Locking
      member 5 and locking projection 6 are now, as can be seen in FIG. 3,
      completely free from one another and the sole holder 1 can freely pivot
      about the axis 3. If the release lever 17 is pressed downwardly, it also
      swings the support part 7 downwardly, which causes the locking part 9 to
      engage the notch 13 of the locking member 5 and the tongue 5A of the
      locking member 5 again grips under the locking projection 6 of the base
      member 2, so that the position of use according to FIG. 1 is obtained.
PAR  Although a particular preferred embodiment of the invention has been
      disclosed in detail for illustrative purposes, it will be recognized that
      variations or modifications of the disclosed apparatus, including the
      rearrangement of parts, lie within the scope of the present invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A safety ski binding, comprising:
PA1  a base member having means defining a locking projection thereon;
PA1  sole holder means pivotally supported to said base member for movement
      about a first pivot axis;
PA1  support means pivotally supported to said base member for movement about a
      second pivot axis, said support means including guide means thereon and a
      movable locking part guided for movement by said guide means;
PA1  a locking member pivotally supported on said sole holder means, said
      locking member having a recess therein receiving said locking projection
      when said sole holder means is in a position of use;
PA1  resilient means mounted on and movable with said support means, said
      resilient means being positioned between and engaging said support means
      and said locking part to resiliently urge said locking part into
      engagement with said locking member so that said locking member is also
      urged by said resilient means into engagement with said locking
      projection, said locking projection being maintained in said recess by the
      force of said resilient means; and
PA1  release lever means pivotally supported on said sole holder means for
      movement between first and second limits about a third pivot axis, said
      release lever means including securement means for securing said release
      lever means to said support means, whereby a pivoting movement of said
      release lever means about said third pivot axis will effect a pivoting
      movement of said support means about said second pivot axis to prevent
      said resilient means from resiliently urging said locking part into
      engagement with said locking member so that said sole holder is free to
      pivot about said first pivot axis.
NUM  2.
PAR  2. A safety ski binding according to claim 1, wherein said locking member
      has a pair of spaced pockets thereon separate from said recess, said
      locking part being urged, when said sole holder means is in said position
      of use and said release lever means is at said first limit, into one of
      said pockets to urge said locking projection into said recess and into the
      other of said pockets when said release lever means is at said second
      limit.
NUM  3.
PAR  3. A safety ski binding according to claim 1, wherein said first and second
      pivot axes are one and the same pivot axis.
NUM  4.
PAR  4. A safety ski binding according to claim 1, wherein said release lever
      means is movable relative to said third pivot axis, said release lever
      means having at least one slotted guideway therein and a slide slidably
      received in said guideway, said third pivot axis being defined by at least
      one pin secured to said slide.
NUM  5.
PAR  5. A safety ski binding according to claim 4, wherein said securement means
      includes an elongated slot in said sole holder means receiving a pin
      secured to said release lever means, said pin being connected to said
      support means.
NUM  6.
PAR  6. A safety ski binding according to claim 5, wherein said elongated slot
      is arcuate and concentric about said second pivot axis.
NUM  7.
PAR  7. A safety ski binding according to claim 4, wherein said release lever
      means includes a pair of arms straddling said sole holder means, each of
      said arms having one of said slotted guideways thereon, said third pivot
      axis being defined by a pair of axially aligned pins, each being secured
      to a slide in one of said guideways.
NUM  8.
PAR  8. A safety ski binding according to claim 1, wherein said support means is
      generally U-shaped having a pair of parallel arms;
PA1  wherein said guide means comprises an elongated slot in each of said
      parallel arms, said locking part being slidingly received in both of said
      slots.
NUM  9.
PAR  9. A safety ski binding according to claim 8, wherein said resilient means
      is a spring extending between a bight portion of said U-shaped support
      means and said locking part.
NUM  10.
PAR  10. A safety ski binding, comprising:
PA1  a base member having means defining one of a locking projection and recess
      thereon;
PA1  sole holder means pivotally supported to said base member for movement
      about a first pivot axis;
PA1  support means pivotally supported to said base member for movement about a
      second pivot axis, said support means including a movable locking part
      thereon;
PA1  a locking member pivotally supported on said sole holder means, said
      locking member having the other of said locking projections and said
      recess thereon and engaging said one of said locking projection and said
      recess when said sole holder means is in a position of use;
PA1  resilient means mounted on and movable with said support means, said
      resilient means being positioned between and engaging said support means
      and said locking part to resiliently urge said locking part into
      engagement with said locking member so that said locking member is also
      urged by said resilient means into engagement with said one of said
      locking projection and said recess, one of said locking projection and
      said recess being maintained in engagement with said other of said locking
      projection and said recess by the force of said resilient means; and
PA1  release lever means pivotally supported on said sole holder means for
      movement between first and second limits about a third pivot axis, said
      release lever means including securement means for securing said release
      lever means to said support means, whereby a pivoting movement of said
      release lever means about said third pivot axis will effect a pivoting
      movement of said support means about said second pivot axis to prevent
      said resilient means from resiliently urging said locking part into
      engagement with said locking member so that said sole holder is free to
      pivot about said first pivot axis.
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ABST
PAL  In a ski pole having a tubular rod it is proposed to make up the rod of a
      central metal tube and end portions of plastic having lower module of
      elasticity, heat conductivity and density. The metal rod terminates short
      of the disc and of the handle. The upper end portion is hollow and expands
      upward so as to form a hollow handle receiving the ends of the hand strap,
      one of which ends is adjustable. The lower end portion, which likewise is
      hollow, is shaped with abutments for the disc boss and is narrowed at the
      bottom so as to receive the spike.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to ski poles, and a main object of the invention is
      to make it possible with manufactured materials to make ski poles which
      are really well suited for race and cross-country skiing and hence can
      compare in this respect with the Ton-kin rods commonly used at present.
PAR  Whereas metal tube poles are dominating in alpine skiing, they have had no
      success as far as race and cross-country skiing is concerned. There are
      several reasons for this. An important reason is that metal poles have a
      much too quick rebound and therefore feel hard and in the long run are
      tiring for the arm and the hand. Besides, they cause uncomfortable
      chinking, so that they sound and sing just up into the ear for each step
      on icy snow.
PAR  Attempts have been made with glass-reinforced plastics as materials for ski
      poles, but here difficulties have been encountered with respect to
      combining light weight and correct resiliency on the one hand and
      satisfactory mechanical strength on the other.
PAR  Further, attempts have been made for improving the mechanical properties of
      metal poles by making the metal tube with a crosssection decreasing
      towards both ends from a thicker central portion, so as better to
      withstand buckling stresses while at the same time having somewhat more
      flexible end portions. However, this is by far not sufficient for
      eliminating the drawbacks set out above and, besides, entails the risk of
      breaking of the pole in the vicinity of the disc when it gets stuck in
      crust or packed snow.
PAR  The consequence has therefore been that the natural materials a bamboo and
      Ton-kin are still the dominating materials for poles for race and
      cross-country skiing. However, in view of the intensive expansion that is
      at present taking place in both these sport branches it cannot be expected
      that the supply of these materials will be sufficient for covering the
      demand in the long run, so that there exists a pronounced demand for
      finding satisfactory substitutes.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention aims at eliminating the existing drawbacks, and in
      particular those referred to above, in ski poles of manufactured
      materials. The present pole has a rod which for a substantial part
      consists of a relatively rigid material, such as metal, and like the metal
      poles with varying cross-section referred to above, it is more rigid in
      the central portion than at one or both ends. The pole according to the
      invention is primarily characterized in that the relatively rigid tube at
      least at one end terminates short of the corresponding ends of the part of
      the rod extending between handle and disc, and is extended by a portion of
      a material having a lower module of elasticity, such as a suitable
      plastic. It is thereby possible to combine the strength qualities of a
      metal rod, especially the buckling strength, with the desired properties
      with respect to resiliency, sound insulation etc., due to the more
      flexible end portions, so that it is possible to arrive at a very light
      pole which is both efficient and convenient and at the same time more safe
      against breaking than those commonly used today. The tube in the central
      portion may conveniently consist of spring-hard metal and may with a view
      to reduction of weight and to buckling strength taper towards the ends in
      known manner, so as more evenly to distribute the flexing. At the same
      time the softer material in one or both end portions will have a slower
      and hence more convenient rebound, so that it will be possible to
      attenuate and adapt the resiliency of the pole in good harmony with the
      rhytmus of the arm.
PAR  An additional advantage to making the lower end portion of the pole consist
      of a relatively soft material consists in that this portion will be
      capable of flexing and hence of escaping instead of breaking when the pole
      is forced down into crust or packed snow during downhill skiing. Further,
      plastic materials suitable for the purpose have a considerably lower
      density than those used in metal poles, so that the moment of interia will
      be reduced, in spite of the fact that greater wall thicknesses will be
      needed in the softer end portions than in the metal tube.
PAR  Even for the upper end portion of the rod the use of moldable plastics can
      be utilized for achieving further advantages. Thus, plastic materials
      suitable for the purpose will have a considerably lower heat conductivity
      than the metal rod, and when this portion is also made hollow to save
      weight, the hand will therefore be cooled off much less than in the case
      of usual handles surrounding a metal tube. Further, by making the end
      portion of the pole with crosssectional dimensions sufficiently great for
      forming the handle, there will be sufficient room inside it for receiving
      the free ends of the hand strap, which can be made use of for easy
      mounting and, if desired, also for length adjustment of the strap, which
      will be illustrated more in detail by an example.
PAR  As regards the connection between the softer end portions and the metal
      tube, the same can easily be effected by a shrinking operation. In the
      softer lower end portion the spike may be fastened directly either by
      molding the plastic around it, or by forcing it into a suitably narrow
      opening. Likewise, this portion may have shoulders as abutments for the
      disc, while permitting the same to be threaded directly into position.
DRWD
PAR  As an example a preferred embodiment of the ski pole according to the
      invention is illustrated in the accompanying drawing, wherein
PAR  FIG. 1 is a sketch of the pole at a small scale;
PAR  FIG. 2 is a view in axial section of the softer lower end portion of the
      rod mounted on the adjacent end of the metal tube; and
PAR  FIG. 3 is a corresponding view in axial section of the upper end portion of
      the pole with the hand strap attached.
DETD
PAR  In the drawing, 1 designates the metal tube, 2 and 3 the upper and lower
      end portion, respectively, of the rod, both made of plastic, 4 the hand
      strap, 5 the disc and 6 the spike. The metal rod 1 -- which may
      conveniently taper towards the ends, although this has not been
      illustrated clearly since it does not form part of the invention --
      terminates at the bottom at a distance short of the disc 5 and at the top
      at a distance short of the part of the end portion 2 to be gripped by the
      hand when the latter is passed through the hand strap 4. The portions 2
      and 3 of plastic are softer than the tube 1, so that under load the pole
      will be deformed in the manner illustrated with some exaggeration in FIG.
      1, as it will flex more at the top and at the bottom than in the middle,
      irrespective of whether the pole is resting with the pike 6 on hard icy
      ground or with the disc 5 on crust or snow.
PAR  As illustrated in FIG. 2, the lower end portion 3 has an exterior shoulder
      7 which is intended to serve as an abutment for the disc boss when the
      disc 5 is forced onto the rod from its lower end past a conical thickening
      forming an upwardly facing shoulder 8 for supporting the lower edge of the
      disc boss. In its lower extremity the space within the tubular end portion
      3 is narrowed as shown at 9, so as to grip the spike 6 firmly when the
      same is forced into it.
PAR  As shown in FIG. 3 the upper part of the tubular upper end portion 2 of the
      rod has increased cross-sectional dimensions suitable for forming the
      handle. In the area of transition to the tube 1 it is reinforced by ribs
      10 on the outer side as to attenuate the variation in resistance to
      bending.
PAR  As further illustrated in FIG. 3 a knob 11 is inserted in the upper end of
      the end portion 2, and just below the knob the wall of the portion 2 has
      an opening 12, into which the end portions of the hand strap 4 extend in
      superposed position. The opening 12 is so narrow as just to give room for
      the strap ends, so that the lower strap end 13, which at its extremity is
      bent back and fixed in double condition so as to form a shoulder, is
      locked inside the opening. The other end portion 14 is passed upwards
      through an opening 15 and downwards again through an opening 16 in the
      knob 11, and between these openings the knob has an upwardly projecting
      pin 17 on which the end portion 14 can be fixed selectively with holes 18
      for length adjustment of the loop of the hand strap.
PAR  Since in the embodiment shown any pull on the knob 11 from the hand strap 4
      will tend to pull it downwards, the knob may be fitted detachably into the
      portion 2. Thereby the mounting of the hand strap 4 can take place easily
      with the knob detached, by at first threading the end 13 and thereafter
      the end 14 of the strap in through the hole 12, then passing the strap end
      14 out and in through the openings 15 and 16, respectively, and fixing it
      on the pin 17, and finally putting it down into the portion 2, whereafter
      the knob 11 is placed in position.
PAR  Although a specific embodiment of the invention has been described and
      illustrated, it will be understood that many modifications are possible
      without exceeding the scope of the invention as set out in the claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A ski pole comprising a rod having upper and lower end portions with
      hand strap and disc, wherein a substantial intermediate part of said rod
      comprises a tube of a material having a high modulus of elasticity, such
      as metal, at least one end of said rod comprising a portion of a lower
      modulus of elasticity, such as plastic, connected to the intermediate part
      at a location spaced from the adjacent one of the hand strap and the disc.
NUM  2.
PAR  2. A ski pole as claimed in claim 1, wherein the end portion or portions of
      the rod are likewise tubular and mounted on the outside of the tube.
NUM  3.
PAR  3. A ski pole as claimed in claim 1, wherein the lower end portion of the
      rod is hollow and consists of a material having a considerably lower
      density than the tube and is narrowed at its end so as to form an
      attachment for the spike and is molded with a shoulder forming an abutment
      for the disc.
NUM  4.
PAR  4. A ski pole as claimed in claim 1, wherein the upper end portion of the
      rod consists of a material with a relatively low heat conductivity and is
      formed with a integral hollow handle portion with increased cross-section.
NUM  5.
PAR  5. A ski pole as claimed in claim 4, wherein a portion of the hand strap
      extends into the handle portion through an opening in its side wall spaced
      from the terminal edge of the handle and has ends that terminate in the
      hollow space therein.
NUM  6.
PAR  6. A ski pole as claimed in claim 5, wherein a knob is placed detachably in
      the free extremity of the handle portion and formed with two openings, and
      one of said strap ends extends from the opening in the side wall of the
      handle upwards through one and downwards through the other opening in the
      knob, and wherein said knob has an upward projection between said two
      openings, and the said strap end has adjustment holes for selectively
      engaging said projection.
NUM  7.
PAR  7. A ski pole as claimed in claim 5, in which the other strap end is
      sufficiently thickened in its extremity for being locked within the handle
      by the insertion of the former strap end through the opening in said side
      wall.
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ABST
PAL  A ski holder including a single connecting plate, holding pins and an
      elastic tensioning element with openings for engaging the holding pins.
BSUM
PAR  The present invention relates to a device for clamping a pair of skis.
PAR  A holder for a pair of skis is shown in German publication specification OS
      1,578,789 and comprises two connecting plates, on which, in each case, a
      rubber ring is unreleasably held in an eye. Each connecting plate is here
      to be fastened by means of two screws located at the same height on each
      ski.
PAR  When not in use, each rubber ring is laid about a raised flap on the end of
      the connecting plate lying opposite the eye, while for joining of the two
      skis the ring must be laid about the flap of the connecting plate on the
      other ski. Aside from the point that there are needed two connecting
      plates with a rubber ring each, care must be taken that they lie at the
      same height, i.e., at the same distance from the end of the ski during
      fastening.
PAR  The purpose of the present invention is to achieve the same effect with
      considerably less expenditure and to provide a practical holder for a pair
      of skis.
PAR  According to the invention this is achieved by a holder which consists of a
      single connecting plate, to be mounted at will on one of the skis and of a
      single elastic and flexible tensioning element, which has at each end at
      least one opening, for which there are provided holding pins spaced from
      one another on the connecting plate. Thereby the use of material is in
      practice only half as great as in the known holder. Furthermore, the
      assembling can be simplified and the assembling time reduced by more than
      half, since the adjusting and mounting of the second connecting plate
      becomes unnecessary. The tensioning element can then be detachably
      connected at one end of the connecting plate and can have at the other end
      a handle for the drawing around about the two skis and hooking-in of the
      other opening or eye.
PAR  It has proved especially advantageous for the connecting plate to carry in
      a manner known per se an adhesive coating covered on the ski supporting
      surface by a removable protective sheet. Hereby the assembling of the
      holder is possibly still more rapid and simple.
PAR  Expediently the connecting plate is of approximately triangular form and
      carries a holding pin for the tensioning element at the end of the base,
      in each instance, the triangle apex being, in a manner known per se, at an
      angle to a hook.
PAR  In an embodiment of the invention, the connecting plate can be made
      rhomboidal in form and having an upward extending rib over the long
      diagonal, with the holding pins for the tensioning element lying in obtuse
      angles to the plate. The rib then forms a scratching strip for cleaning
      the soles of the ski boots of snow or ice before stepping into the ski
      binding.
PAR  The tensioning element can consist of two layers which are clamped together
      to form hook-in places or eyes for example.
DRWD
PAR  Three examples of embodiments of the subject of this invention are
      described in detail in the following with the aid of the appended
      drawings.
PAR  FIG. 1 shows a plan view of a holder according to a first embodiment
      unattached to skis;
PAR  FIG. 2 shows the holder according to FIG. 1 in side view, holding a pair of
      skis;
PAR  FIGS. 3 and 4 show in side view and in plan, a second embodiment of the
      holder, unattached to skis; and,
PAR  FIGS. 5 and 6 show the representations corresponding to FIGS. 3 and 4 of a
      third embodiment.
DETD
PAR  The holder represented in FIGS. 1 and 2 for a pair of skis 1,2 which is
      indicated only by a short section, comprises, according to the invention,
      only one connecting plate 3 and a flexible and elastic tensioning element
      4, for example, in the form of a rubber shaped-piece. The connecting plate
      has the form of a triangle with rounded corners at the base and is
      fastened by means of an adhesive coating 5 provided on its ski supporting
      surface to the ski 1 (or 2). Expediently the fastening is made in the zone
      directly in front of the ski binding. At the ends of the base of the
      connecting plate 3 there is provided in each case holding pins 6, 7 for
      the tensioning element 4. The tensioning element has at one end--for
      example in reference to FIG. 1 the left end--a hooking-in opening or eye,
      with which it is slipped onto the holding pin 6. The other end of the
      tensioning element 4 is formed as a handle 8, and includes two hook-in
      openings or eyes 9. The tip of the connecting plate 3 is bent off into a
      hook 10 about which the tensioning element is laid in the holder is not in
      use as is shown in FIG. 1.
PAR  For the clamping of the pair of skis 1 and 2; first, the tensioning element
      4 is removed from the holding pin 7 and the two skis are put together.
      Then the tensioning element is wrapped around the two skis and again
      fastened with one of the hook-in openings 9 to the holding pin 7.
      According to the thickness of the skis, the fastening is carried out in
      the first or second hook-in opening.
PAR  Before putting the skis in use the reverse procedure is followed.
PAR  According to a variant, the two ends of the tensioning element can, of
      course, also be made alike--i.e., each with a handle 8 or the like
      projection over the openings.
PAR  FIGS. 3 and 4 show an extremely simple embodiment of the holder according
      to the invention. The rectangular connecting plate 11 carries only two
      holding pines 12, 13 for the tensioning element 14. This consists of a
      two-layered rubber band, which is clamped together by means of clamps 15
      to form hook-in places or eyes.
PAR  When not clamping skis, the holding pin 12 serves for the deflection or
      positioning of the rubber band; while in use it holds the free end which,
      when not in use, is fastened over the other end to the holding pin 13.
PAR  The connecting plate 16 of the third embodiment of the holder according to
      the invention as represented in FIGS. 5 and 6 is rhomboidally shaped. The
      tensioning element 17 corresponds, however, in the example represented, to
      that of the first embodiment according to FIGS. 1 and 2, but can be
      constructed like the embodiment shown in FIGS. 3 and 4. The connecting
      plate has a rib 18 extending upward and over the long diagonal, while two
      holding pins 19,20 for the tensioning element lie in the obtuse angles to
      the connecting plate. The rib forms a scraping strip for cleaning the
      soles of the ski boots of snow and ice before stepping into the ski
      binding, so that the binding may function properly, which is not always
      possible with cakes of snow present under the soles.
PAR  For holding the tensioning element 17 when not attached to skis, the face
      surfaces of the rib 18 are kept concave. Because of the possibly increased
      strain in the scraping of the ski boot on the rib 18, in this case the
      connecting plate can be adapted to screw onto the ski. Screws 21 are
      provided for this purpose.
CLMS
STM  I claim:
NUM  1.
PAR  1. Holder for a pair of skis arranged to grip said skis in a stacked
      configuration, including a rhomboidally-shaped connecting plate for
      mounting upon the flat surface of the longitudinal axis of one of said
      stacked skis, said plate including a scraping strip in the form of an
      upwardly extending rib disposed over the long diagonal axis of said plate;
      a single elastic and flexible tensioning element having at least one
      opening; and a holding pin mounted at an obtuse angle on said plate, said
      tensioning element engaging said holding pin by means of said opening,
      said tensioning element secured to said plate opposite said holding pin.
NUM  2.
PAR  2. The holder of claim 1 in which the face surfaces of the rib are concave
      for positioning the tensioning element when not engaged in holding said
      skis.
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ABST
PAL  A wheeled container having a rectangular bottom and a semi-cylindrical
      cover, part of which is formed as a telescoping lid. The bottom has a low
      sill and upwardly extending end walls, the end opposite the wheel having a
      lifting handle and legs. In one embodiment the lid is guided and supported
      by a pair of curved tracks inside the end walls.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to containers, especially those used for the handling
      of plastic or other refuse bags.
PAR  2. Description of the Prior Art
PAR  Representative of the pertinent prior art are Isaac U.S. Pat. No. 2,572,486
      and Herman U.S. Pat. No. 3,218,090. Among the disadvantages of such
      constructions is the fact that the plastic refuse bags must be lifted a
      considerable distance to remove them from the container. A further
      drawback of these prior constructions is the fact that the lid is either
      entirely separable from the container and thus inconvenient to handle and
      subject to damage, or is secured to the container in a manner which
      requires additional outside clearance.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a novel and improved
      container for refuse bags which obviates difficulties attendant upon prior
      constructions and has a lid not subject to damage and requiring no
      additional outside clearance.
PAR  It is another object to provide a wheeled container of this type which is
      easily manufactured and has a low and neat outside appearance.
PAR  It is a further object to provide an improved refuse container of this
      nature which can accommodate a plurality of filled plastic refuse bags and
      from which the bags can be easily removed with a minimum of lifting.
PAR  It is also an object to provide an improved container of this character
      which by its inherent construction has a high degree of rain protection.
PAR  Briefly, each illustrated embodiment of the container comprises a flat,
      rectangular bottom, a semi-cylindrical cover having a stationary portion
      extending upwardly and curved over the bottom, and a curved lid portion
      movable between a closed position and an open position overlapping the
      stationary portion, and a pair of end walls having straight lower edges
      and curved upper edges conforming to the cover. In one embodiment a pair
      of tracks are secured to the inner surfaces of said end walls for guiding
      and supporting the lid portion when moved between its positions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of the container shown in wheeled form.
PAR  FIG. 2 is an end elevational view taken in the direction of arrow 2 of FIG.
      1.
PAR  FIG. 3 is a cross-sectional view in elevation taken along the line 3--3 of
      FIG. 1 and showing the lid in its closed position.
PAR  FIG. 4 is a detailed cross-sectional view taken along the line 4--4 of FIG.
      3, parts being broken away and showing the guides for the lid rollers.
PAR  FIG. 5 is a fragmentary cross-sectional view taken along the line 5--5 of
      FIG. 3 and showing the manner in which the guides support the lid.
PAR  FIG. 6 is a front elevational view of a second embodiment of the container;
      and
PAR  FIG. 7 is a side cross-sectional view taken along the line 7--7 of FIG. 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring first to the embodiment of FIGS. 1 to 5, the wheeled container
      generally indicated at 11 comprises a rectangular bottom 12, a curved
      cover generally indicated at 13, and a pair of end walls 14 and 15 having
      straight bottoms and curved upper edges to conform to the shape of the
      cover. The container is shown as having a downwardly and forwardly
      extending fork 16 secured to the underside of the bottom at one end
      thereof and carrying a wheel 17. A pair of fixed legs 18 and 19 extend
      downwardly from opposite corners at the other end of the bottom so that
      the latter will be level when the legs rest on the ground.
PAR  Cover 13 comprises a stationary portion 21 and a lid portion 22, as seen in
      FIG. 3. Stationary portion 21 has a vertical section extending upwardly
      from the rear edge of bottom 12 and bending into a curved portion which
      partially envelopes the container. The outer edge 23 of stationary cover
      portion 21 is a substantial distance past the central plane of the
      container so that this section of the stationary cover portion has a
      downward slope. The height of cover 13 and the length of the container are
      such as to accommodate several filled plastic refuse bags of ordinary
      size. A pair of side flanges 24 and 25 extend from edge 23 of cover
      portion 21 along side walls 14 and 15 respectively, terminating at the
      bottoms of the end walls.
PAR  Lid portion 22 has an upper section curved similarly to the curved portion
      of stationary cover portion 21 and a flatter lower portion. In its closed
      position as shown in FIG. 3, the lower edge 26 of lid portion 22 is
      closely adjacent bottom 12. If desired, a short upwardly extending sill 27
      may be provided along the adjacent edge of bottom 12, disposed inwardly of
      the lower edge of the lid portion.
PAR  The extent of lid portion 22 is such that a substantial area of its curved
      section underlies stationary cover portion 21, as seen in FIG. 3, thus
      inhibiting the entry of rain water. Means are provided for both supporting
      and guiding the movement of lid portion 22 between its open and closed
      positions. This means is in the form of a pair of flanges 28 and 29
      extending inwardly from end walls 14 and 15 respectively (FIG. 4). These
      flanges are spaced inwardly from and extend parallel to stationary cover
      portion 21 and continued past edge 23 of the stationary cover portion. As
      they approach sill 27, these flanges are somewhat closer to the edges of
      end walls 14 and 15 and overlap the corners of sill 27. It will be
      observed in FIG. 5 that the side edges of lid portion 22 are supported
      along almost their entire length by flanges 28 and 29 thus adding to the
      sturdiness of the device.
PAR  The end 31 of lid portion 22 beneath fixed cover portion 21 supports a pair
      of rollers 32 and 33 which are confined between fixed cover portion 21 and
      guides 28 and 29 respectively, as seen in FIG. 4. A handle 34 is provided
      on lid portion 22 for moving it between open and closed positions. A
      lifting handle 35 is also secured to the outer surface of end wall 15 for
      wheeling the container.
PAR  In use, handle 34 will be grasped and lid portion 22 slid back under fixed
      cover portion 21 to approximately the dot-dash line position of FIG. 3.
      This will expose the interior of the container, permitting a large access
      area for loading with plastic refuse bags. The movement of lid portion 22
      will be smooth as facilitated by guides 28 and 29 and rollers 32 and 33.
      After loading, lid portion 22 may be closed by again grasping handle 34
      and sliding the lid downwardly. The forward portions of guides 28 and 29
      will guide and support the lid which will overlap sill 27 for additional
      rain protection.
PAR  After one or more bags have been loaded into the container, it may be
      wheeled toward the pickup area by grasping and lifting handle 35. The
      container may either be left at the pickup site so that the refuse
      collectors may open the lid, remove the refuse bags and reclose the lid,
      or the householder may remove the refuse bags himself at the pickup point
      and return the container.
PAR  During time intervals between refuse pickups, empty or partially filled
      plastic bags may be kept in the container and additional refuse added
      thereto from time to time. This may be easily accomplished since there is
      wide access to the refuse bags when lid portion 22 is opened.
PAR  FIGS. 6 and 7 show a second embodiment of the invention which is basically
      similar to the first embodiment and is generally indicated at 101. The
      container has a bottom 102 of rectangular shape and a cover generally
      indicated at 103 having a fixed portion 104 extending upwardly from the
      rear edge 105 of the bottom and curving around over the top thereof, the
      upper edge 106 of the fixed portion being located past the center plane of
      the container. The lid portion 107 of the cover has a curved shape similar
      to that of the fixed cover portion and is movable between open and closed
      positions. In its closed position the lid portion has an upper section 108
      overlapping a section 109 of the fixed cover portion and a lower edge 111
      closely adjacent the forward edge 112 of the container bottom.
PAR  The container has a pair of end walls 113 and 114 having straight lower
      edges connected to bottom 102 and curved upper edges 115 connected to the
      fixed cover portion and extending forwardly and downwardly toward the
      forward edge of the container bottom. A sill 116 extends upwardly from the
      forward edge 112 of the bottom.
PAR  Lid portion 107 of the cover is pivotally connected at 117 and 118 to end
      walls 113 and 114 respectively. Thus, the lid portion is swingable between
      the closed position shown in solid lines in FIG. 7 and an open position
      shown in dot-dash lines. The pivots are connected to end walls 119 and 121
      of lid portion 107, the end walls being of generally quadrant shape.
PAR  As in the previous embodiment, the container when in its closed position
      will have a substantial degree of rain protection, since the lower edge
      111 of lid portion 107 overlaps sill 116 and the upper portion 108
      overlaps fixed cover portion 109. In the open position of the lid portion,
      free access may be had to the interior of the container for the handling
      of refuse bags.
PAR  If desired, spring means (not shown) could be provided in either embodiment
      of the container for constantly urging the lid portion toward its closed
      position, so that refuse will not inadvertently be left exposed. Instead
      of the lid portion being movable by hand, it could be pedal-operated to
      its open position, thus enabling a user who is carrying refuse bags in
      both hands to place them in the container without having to put them down.
CLMS
STM  I claim:
NUM  1.
PAR  1. A container for hand-carried refuse bags comprising a bottom of
      rectangular shape, a cover having a fixed portion extending upwardly from
      the rear edge of said bottom and curving around over the top thereof, a
      lid portion of the cover having end walls and having a curved shape
      intermediate the end walls similar to that of the fixed cover portion and
      movable between open and closed positions, the lid portion in its closed
      position having an upper section overlapping a section of the fixed cover
      portion and a lower edge closely adjacent the forward edge of the
      container bottom, whereby said refuse bags need be lifted only
      approximately to the level of said bottom in order to deposit them in or
      remove them from the container when the lid portion is open, a pair of end
      walls on the container having straight lower edges connected to the bottom
      and curved upper edges connected to the fixed cover portion and extending
      forwardly and downwardly toward the forward edge of said container bottom,
      and means connected to said end walls and guiding and supporting said lid
      portion during its movement between open and closed positions including
      pivots connecting said lid and container end walls with said pivots being
      located so that said end walls extend a substantial distance above said
      pivots, said last-mentioned means being only adjacent the end walls
      whereby access to said container space will be unobstructed when said lid
      portion is open.
NUM  2.
PAR  2. A container for hand-carried refuse bags comprising a bottom of
      rectangular shape, a cover having a fixed portion extending upwardly from
      the rear edge of said bottom and curving around over the top thereof, a
      lid portion of the cover having a curved shape similar to that of the
      fixed cover portion and movable between open and closed positions, the lid
      portion in its closed position having an upper section overlapping a
      section of the fixed cover portion and a lower edge closely adjacent the
      forward edge of the container bottom, whereby said refuse bags need be
      lifted only approximately to the level of said bottom in order to deposit
      them in or remove them from the container when the lid portion is open, a
      pair of end walls on the container having straight lower edges connected
      to the bottom and curved upper edges connected to the fixed cover portion
      and extending forwardly and downwardly toward the forward edge of said
      container bottom, and means connected to said end walls and guiding and
      supporting said lid portion during its movement between open and closed
      positions, said last-mentioned means being only adjacent the end walls
      whereby access to said container space will be unobstructed when said lid
      portion is open, said means for guiding and supporting said lid portion
      comprising a pair of flanges extending inwardly from said end walls, said
      flanges being substantially parallel to said fixed cover portion and
      extending forwardly and downwardly from the forward edge of said container
      bottom, and friction-reducing means carried by said lid portion and
      disposed between said flanges and said fixed cover portion, said flanges
      being closely adjacent the edges of said lid portion along most of its
      extent, whereby said flanges both guide and support said lid portion
      during its movement.
NUM  3.
PAR  3. The combination according to claim 2, further provided with a low sill
      extending upwardly from the forward edge of said container bottom, said
      lid portion in its closed position overlapping said sill.
NUM  4.
PAR  4. The combination according to claim 2, the upper edge of said fixed cover
      portion being located past the center plane of said container.
NUM  5.
PAR  5. A container for refuse bags comprising a bottom of rectangular shape, a
      cover having a fixed portion extending upwardly from the rear edge of said
      bottom and curving around over the top thereof, the upper edge of said
      fixed cover portion being located past the center plane of the container,
      a lid portion of the cover having a curved shape similar to that of the
      fixed cover portion and movable between open and closed positions, the lid
      portion in its closed position having an upper section underlying a
      section of the fixed cover portion and a lower edge closely adjacent the
      forward edge of the container bottom, whereby said refuse bags need be
      lifted only approximately to the level of said bottom in order to deposit
      them in the container when the lid portion is open, a pair of end walls on
      the container having straight lower edges connected to the bottom and
      curved upper edges connected to the fixed cover portion, a pair of flanges
      extending inwardly from said end walls, said flanges being substantially
      parallel to said fixed cover portion and extending forwardly and
      downwardly toward the forward edge of said container bottom, and
      friction-reducing means carried by said lid portion and disposed between
      said flanges and said fixed cover portion, said flanges being closely
      adjacent the edges of said lid portion along most of its extent, whereby
      said flanges both guide and support said lid portion during its movement.
NUM  6.
PAR  6. The combination according to claim 5, said lid portion of the cover
      being further provided with a handle for moving it between its open and
      closed positions.
NUM  7.
PAR  7. A container for refuse bags comprising a bottom of rectangular shape, a
      cover having a fixed portion extending upwardly from the rear edge of said
      bottom and curving around over the top thereof, the upper edge of said
      fixed cover portion being located past the center plane of the container,
      a lid portion of the cover having a curved shape similar to that of the
      fixed cover portion and movable between open and closed positions, the lid
      portion in its closed position having an upper section underlying a
      section of the fixed cover portion and a lower edge closely adjacent the
      forward edge of the container bottom, whereby said refuse bags need be
      lifted only approximately to the level of said bottom in order to deposit
      them in the container when the lid portion is open, a pair of end walls on
      the container having straight lower edges connected to the bottom and
      curved upper edges connected to the fixed cover portion, a pair of flanges
      extending inwardly from said end walls, said flanges being substantially
      parallel to said fixed cover portion and extending forwardly and
      downwardly toward the forward edge of said container bottom,
      friction-reducing means carried by said lid portion and disposed between
      said flanges and said fixed cover portion, said flanges being closely
      adjacent the edges of said lid portion along most of its extent, whereby
      said flanges both guide and support said lid portion during its movement,
      a wheel below the forward portion of said container bottom, a pair of
      fixed legs extending downwardly from the rear portion of said container
      bottom, and a handle on the rear end wall for lifting the rear portion of
      said container.
NUM  8.
PAR  8. The combination according to claim 7, further provided with a low sill
      extending upwardly from the forward edge of said container bottom, said
      lid portion in its closed position overlapping said sill.
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PAL  For a motor vehicle suspension of the type including dual leaf spring
      assemblies and a connecting rocker arm, a pair of elongated generally
      coextensive downwardly arched leaf springs in laminar coactive
      load-supporting relation include a front end attachment eye on the upper
      of the springs and a fail-safe terminal portion on the lower of the
      springs substantially enveloping the eye. The rear end portions of the
      springs have nested upwardly arched load supporting portions for
      engagement with the rocker arm. In non-loaded and normally loaded
      conditions of the associated vehicle the leaf springs provide constant
      rate spring action, and when excessive suspension random loads must be
      supported supplementary compression spring means carried by the leaf
      springs engage the vehicle frame with progressively increasing spring rate
      and avoid overstressing the leaf springs.
BSUM
PAR  This invention relates generally to suspensions for automotive vehicle
      trucks and trailers, and is more particularly concerned with a dual leaf
      spring suspension in the sense that pairs of elongated leaf springs act
      together in load supporting relation and two such pairs of the springs are
      associated in load supporting relation with tandem axles of a vehicle.
PAR  Attention is invited to McGee U.S. Pat. No. 3,580,347 as representative of
      the principal prior art disclosure within the applicant's present
      knowledge. The disclosure herein relates to improvements in the type of
      leaf spring suspension disclosed in that patent, and more particularly in
      features which improve upon the functioning, durability, structural
      simplicity and greater efficiency in the spring assemblies.
PAR  According to the aforesaid patent, a tandem axle suspension includes two
      pairs of leaf springs and a rocker arm in the system. Each pair of springs
      is connected in load supporting relation upon one of the respective axles,
      has a forward end connection to a vehicle frame bracket and a rear end
      connection to the rocker arm which is intermediately pivotally mounted on
      the frame. Each of the spring leaves is tapered in thickness, the tapering
      of the top front and bottom rear of each pair of leaves differs from the
      bottom front and top rear leaf halves. In that arrangement, furthermore,
      until a preset vehicle load level is reached, the bottom front and top
      rear leaf halves of each pair carry only the unladen vehicle load, the top
      front and bottom rear leaf halves remaining unloaded. Under loaded vehicle
      condition, each leaf half takes a portion of the vertical load, the
      opposite end portions of the leaves being separated in the relatively
      unloaded condition of the vehicle. Such arrangement is intended to provide
      a variable rate multi-tapered leaf spring assembly in which there is a
      different spring rate for the loaded and unloaded conditions of the
      vehicle. However, while this produces ride improvement at unloaded or low
      load conditions, it penalizes the ride at high suspension loads.
PAR  According to the principles of the present invention several important
      improvements are provided, namely:
PAR  Constant rate tapered leaf spring assemblies are provided having large
      spring deflection under loaded and unloaded vehicle conditions ensuring
      suspension ride quality;
PAR  All of the leaf spring members are identically tapered;
PAR  Under both loaded and unloaded conditions of the vehicle, each leaf half
      takes the same portion of the suspension vertical load and windup torque
      and only the top front leaf half is connected to the vehicle bracket for
      resisting horizontal acceleration and braking forces;
PAR  The bottom front leaf half end envelopes the top front spring eye to
      provide a fail-safe to keep the axle connected to the frame should the
      spring eye fail;
PAR  Both of the rear portions of each spring pair is in load supporting
      relation to the walking beam;
PAR  Increased suspension reliability, load carrying capacity and durability are
      attained by the provision of auxiliary spring means which act to spare the
      leaf spring assemblies from excessive vehicle overload imposition either
      from actual cargo overload or rough travel conditions;
PAR  Improved attachment of the spring assemblies to the vehicle frame is
      provided;
PAR  There is an improved attachment of the walking beam to the vehicle frame.
DRWD
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of a preferred embodiment thereof,
      taken in conjunction with the accompanying drawings although variations
      and modifications may be effected without departing from the spirit and
      scope of the novel concepts embodied in the disclosure, and in which:
PAR  FIG. 1 is a side elevational view of a preferred embodiment of the
      invention;
PAR  FIG. 2 is a plan view of one of the leaf spring assemblies;
PAR  FIG. 3 is an enlarged fragmentary vertical sectional detail view taken
      substantially along the line III--III of FIG. 1;
PAR  FIG. 4 is an enlarged fragmentary vertical sectional detail view taken
      substantially along the line IV--IV of FIG. 1; and
PAR  FIG. 5 is a fragmentary enlarged sectional detail view taken substantially
      along the line V--V of FIG. 1.
DETD
PAR  A dual leaf spring suspension embodying features of the present invention
      includes as principal components preferably identical pairs of constant
      rate elongated tapered thickness spring assemblies 10 (FIGS. 1 and 2)
      located in adjacently spaced generally longitudinal alignment for
      supporting a vehicle through a frame 11 on tandem wheel axles (not shown)
      including respective axle housings 12. At their front ends, the leaf
      spring assemblies 10 are connected to the frame 11 by means of respective
      brackets 13 secured to the frame as by means of screws 14. At their rear
      end portions, the spring assemblies 10 are connected to the frame 11 by
      means of a walking beam or rocker arm 15 which is centrally rockably
      attached to the frame 11 by means of a bracket 17 secured to the frame 11
      as by means of screws 18. Attachment of the spring assemblies 10 to the
      axle housings 12 is by means of respective axle clamp assemblies 19 each
      of which comprises a spring cap 20 overlying the center of the spring
      assembly 10, a spring seat and axle pad 21 underyling the spring assembly
      and engaging the top portion of the axle housing 12, axle clamp means 22
      engaging the bottom portion of the axle housing 12, and a pair of U-bolts
      23 securing the clamp assembly together and into engagement with the
      spring assembly 10 and the axle housing 12, as shown (FIGS. 1 and 4).
PAR  Each of the leaf spring assemblies 10 comprises an upper metal spring
      member 24 and a lower metal spring member 25 which are generally
      coextensive, preferably identically tapered in thickness from a thicker
      central area toward each opposite end, of partial ellipse camber convexly
      downwardly, in internested relation, with shims or liners 27 between their
      central areas and on top of such area of the upper spring 24, and
      centrally connected together in assembly as by means of a bolt 28 (FIG.
      2). At the front of each spring assembly 10, the upper spring member 24 is
      provided with means comprising an integral upwardly turned cylindrical eye
      29 which carries a composite bushing including an outer metal sleeve 30
      (FIG. 3) in press fit engagement within the eye 29 and of the same length.
      Between the sleeve 30 and an inner smaller diameter metal sleeve 31 is an
      elastomeric sleeve 32. The inner sleeve 31 is slightly longer than the
      length of the eye 29 (and the width of the spring members 24 and 25 at
      this point) and is engaged on a pin in the form of a hexagon head bolt 33
      which also extends through respective eccentric compression, washers 34
      carried by spaced outer and inner flanges 35 and 37, respectively, of the
      hanger bracket 13 and fixedly engaging the respective ends of the sleeve
      31 as drawn up by the bolt 33. Eccentricity of the washers 34 enables
      suitable adjustment in order to provide precise positioning of the spring
      assembly for accurate location of the axle to which it is secured with
      respect to means driving the axle. A centered relationship of the forward
      end portions of the springs 24 and 25 between the flanges 35 and 37 is
      maintained by the sleeve 31 in engagement with the washers 34, so that
      there can be free limited rotational movement of the spring eye 29 about
      the axis of the bolt 33 and conical flexibility about the longitudinal
      axis of the spring leaves as permitted by the elastomeric sleeve 32.
PAR  At their front ends, the spring members 24 and 25 are in mutual laminar
      load supporting relation under the attaching bolt 33, so that under both
      loaded and unloaded conditions of the associated vehicle each of the leaf
      members 24 and 25 assumes equal portion of the suspension vertical load
      and windup torque through the hanger bracket 13. However, only the upper
      spring member 24 will absorb horizontal acceleration and braking forces by
      reason of engagement of the eye 29 about the bolt 33 assisted to a limited
      extent by a front end portion of the lower spring 25 curled into an
      elongated cylindrically shaped auxiliary eye 38 (FIG. 1) substantially
      enveloping the eye 29 in the manner of a so-called military wrapper.
      Thereby the auxiliary eye 38 provides a fail-safe or reserve safety device
      to maintain the axle connected to the frame through the bolt 33 and the
      hanger bracket 13 should the spring eye 29 fail for any reason.
PAR  At their rear end portions, the spring members 24 and 25 are provided with
      complementary reversely curved, upwardly convex, internested, mutually
      load supporting respective terminals 39 the upper of which provides an
      upwardly facing cam surface 40 engageable with the associated end portion
      of the rocker arm 15. Each end portion of the rocker arm 15 has, for this
      purpose, a downwardly facing cam surface 41 (FIGS. 1 and 5) which engages
      the spring cam surface 40 under load, with both of the terminal portions
      39 of the springs 24 and 25 in mutual load supporting nested relation.
      Carried by each respective end portion of the rocker arm 15 spaced below
      the cam surface 41 and underlying the lower spring terminal 39 in normally
      limited spaced relation between flanges 43, is an elastomeric stop roller
      34 mounted on a roll pin 35 limiting relative movement of the spring
      terminals away from the cam surfaces 41 in the running operation of the
      suspension wherein the rocker arm 15 may rock throughout a range
      exemplified by the dash line and dot dash line phantom representations in
      FIG. 1. To stop upward overrun swinging of at least the forward end
      portion of the rocker arm 15, a stop bracket 47 is desirably mounted on
      the frame 11 in overlying relation to the rocker arm.
PAR  In an improved rocker mounting of the arm 15, the frame mounted bracket 17
      has a pintle projection 48 (FIG. 4) about which is engaged an inner metal
      sleeve 49 which has uniformly between it and an outer larger diameter
      metal sleeve 50 an elastomeric sleeve 51. The outer sleeve 50 is press
      fitted into a bore 52 in the central portion of the rocker arm 15 and is
      of no greater length than the width of the rocker arm. However the inner
      sleeve 49 is longer than and projects to opposite sides of the rocker arm
      15 and projects at its outer end slightly beyond the end of the pintle 48.
      Thereby a compression cap 53 drawn up by a bolt 54 clamps the inner end of
      the sleeve 49 against the bracket 17. This arrangement provides for the
      limited rotational or torque and conical movements of the walking beam or
      rocker arm 15 desirable in the running operation of the suspension system.
PAR  As will be appreciated, the leaf spring assemblies 10 act as constant rate
      spring assemblies. By permitting relatively large spring deflection
      between loaded and unloaded vehicle conditions, the spring assemblies 10
      ensure suspension ride quality. To increase the suspension reliability,
      load carrying capacity and durability of the suspension system, means are
      provided for changing the constant rate spring action of the spring
      assemblies 10 into progressively increasing rate spring system when
      excessive suspension random loads are encountered. For this purpose, each
      of the spring assemblies 10 is provided with resiliently compressible
      spring means desirably in the form of an elastomeric spring block 55
      (FIGS. 1 and 4) which is normally inactive but functions to limit approach
      of the frame 11 and the associated axle housing 12 so that the load of the
      steel springs 24 and 25 can be kept below a detrimental value. In a
      desirable arrangement, the compression springs 55 are mounted on
      rearwardly projecting rigid respective shelves 57 formed as integral
      projections from the spring caps 20. Thereby the compression springs 55
      are located to underlie the adjacent outer portion of the frame 11.
      Suitable means such as stud bolts 58 secure the springs 55 in place on the
      respective shelves 57. The mass and upward extent of the springs 55 is
      such that when the axle clamps 19 and the frame 11 approach close to one
      another as indicated in dash outline in FIG. 1, the springs 55 will engage
      respective surfaces rigid with the underside of the frame 11 and be
      compressed as indicated on comparison of the full line and dotted line
      positions of the spring in FIG. 4.
PAR  In order to provide thrust reinforcement for the frame 11, which may be in
      the form of a metal channel, a bumper stop bracket 59 is desirably secured
      to the frame 11 over the spring 55 of the forwardmost spring assembly 10.
      For the same purpose, the rocker arm bracket 17 is desirably provided with
      a rearward extension portions 60 underlying and engaging with the frame 11
      to serve as a bumper stop for the spring 55 of the rearmost spring
      assembly 10. In addition, a reinforcing insert piece 61 is desirably
      mounted within the channel of the frame 11 and may extend not only along
      the area of the frame 11 to which the bracket 17 is secured, but also
      along the area of the frame 11 to which the stop 47 is secured, thereby
      substantially reinforcing the frame by helping to assume shock thrusts of
      the suspension elements thereagainst.
PAR  It will be understood that variations and modifications may be effected
      without deparing from the spirit and scope of the novel concepts of this
      invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In combination with a motor vehicle frame and tandem axle housings, the
      frame having respective hanger brackets spaced forwardly from the axle
      housings, a rocker arm rockably mounted on the frame and having a
      downwardly facing camming surface on a forward end portion located
      forwardly in spaced relation adjacent to the rearmost of said hanger
      brackets and a rear end portion camming surface located substantially
      rearwardly from the rear of the tandem axle housings:
PA1  two pairs of elongated generally coextensive downwardly arched leaf spring
      assemblies;
PA1  one of said assemblies having its front end portion attached to the front
      hanger bracket and having a rear end portion cammingly engaging the front
      end camming surface of the rocker arm;
PA1  the other of said spring assemblies being located rearwardly in alignment
      with said one spring assembly and having its front end portion attached to
      the rearmost of said hanger brackets and its rear end portion provided
      with a camming surface engaging the camming surface on the rear end
      portion of the rocker arm;
PA1  means attaching the spring assemblies centrally thereof with respectively
      the front and rear axle housings;
PA1  a rocker arm bracket carried by said frame;
PA1  means rockably connecting the rocker arm intermediate its ends to said
      rocker arm bracket comprising a pintle projection on the rocker arm
      bracket, a combination bushing including a metal sleeve engaged about the
      pintle and a metal sleeve engaged with the rocker arm with an elastomeric
      sleeve maintaining spaced relation between the metal sleeves, and means
      securing a cap against an outer end of the inner sleeve to secure it to
      the rocker arm bracket, whereby to provide for rocking torque and conical
      movements of the rocker arm about the pintle; and
PA1  a compression spring carried by the rear spring assembly and engageable
      with a bumper surface provided by said rocker arm bracket.
NUM  2.
PAR  2. A combination according to claim 1, said one spring assembly including a
      compression spring, and said frame having a surface engageable by such
      compression spring.
NUM  3.
PAR  3. In combination with a vehicle frame and an axle housing:
PA1  a leaf spring assembly comprising a pair of laminar leaf springs mutually
      coacting in load supporting relation throughout their length;
PA1  means connecting the spring assembly at one end in load supporting relation
      to the vehicle frame;
PA1  a rocker arm pivotally mounted on the frame and having a cam surface
      engagement with the opposite end of the spring assembly;
PA1  means connected the spring assembly intermediate its ends in load
      supporting relation to the axle housing;
PA1  said spring assembly providing a constant rate load supporting relation
      between the frame and the axle housing; and
PA1  supplementary spring means carried by the central portion of the spring
      assembly normally spaced from the frame and thrusting against the frame
      with progressively increasing spring rate under excessive suspension
      random loads.
NUM  4.
PAR  4. A combination according to claim 3, wherein said means attaching the
      spring assembly to the axle housing comprises a clamp structure, said
      clamp structure including a support for said supplementary spring means.
NUM  5.
PAR  5. A combination according to claim 4, wherein said frame has a bumper
      surface for said supplementary spring means, and means reinforcing the
      frame in the area of said surface.
NUM  6.
PAR  6. In a suspension for use in a motor vehicle including a frame, an axle
      housing, a hanger bracket attached to the frame forwardly spaced from the
      axle housing and having a spring attachment pin, and a downwardly facing
      camming surface carried by the frame spaced rearwardly from the axle
      housing, the improvement comprising:
PA1  a pair of elongated generally coextensive downwardly arched leaf springs in
      laminar coactive load-supporting relation;
PA1  central portions of the springs being attachable in load supporting
      relation to the axle housing;
PA1  the upper of said springs having a front end eye for pinned load supporting
      attachment to said bracket;
PA1  the lower of said springs having a front terminal portion substantially
      enveloping the upper spring eye as a failsafe connection with the bracket
      in the event of failure of said eye;
PA1  rear end portions of the springs being in mutually load supporting
      engagement, the upper spring rear portion having a cam surface for load
      supporting engagement with said camming surface carried by the frame;
PA1  a combination bushing carried by said eye including a metal sleeve engaged
      within the eye, an elastomeric sleeve engaged within said metal sleeve, a
      second metal sleeve engaged within said elastomeric sleeve and engageable
      about the bracket pin, the elastomeric sleeve maintaining spaced relation
      of the metal sleeves, said second sleeve being longer than and projecting
      beyond each opposite end of the eye to be fixedly engaged by and between
      members carried by the hanger bracket to permit free limited rotational
      movement of the spring eye about the axis of the pin and conical
      flexibility about the longitudinal axis of the leaf springs as permitted
      by the elastomeric sleeve;
PA1  said pair of springs being adapted to provide a constant rate load
      supporting relation between the frame and the axle housing; and
PA1  supplementary spring means carried by said pair of springs for normally
      spaced relation to a downwardly facing surface on the frame, the
      supplementary spring means being adapted to thrust against such surface
      with progressively increasing spring rate under excessive suspension
      random loads.
NUM  7.
PAR  7. In a suspension for use in a motor vehicle including a frame, an axle
      housing, a hanger bracket attached to the frame forwardly spaced from the
      axle housing, and a downwardly facing camming surface carried by the frame
      spaced rearwardly from the axle housing, the improvement comprising:
PA1  a pair of elongated generally coextensive downwardly arched leaf springs in
      laminar coactive load-supporting relation;
PA1  central portions of the springs being attachable in load supporting
      relation to the axle housing;
PA1  the upper of said springs having a front end eye for pinned load supporting
      attachment to said bracket;
PA1  the lower of said springs having a front terminal portion substantially
      enveloping the upper spring eye as a failsafe connection with the bracket
      in the event of failure of said eye;
PA1  rear end portions of the springs being in mutually load supporting
      engagement, the upper spring rear portion having a cam surface for load
      supporting engagement with said camming surface carried by the frame;
PA1  said springs being of equal thickness at said central portions and each
      tapering uniformly toward each of its opposite end portions; and
PA1  an overload compression spring carried by said pair of leaf springs and to
      remain under normal vehicle load spaced below a surface fixed with respect
      to said frame but engageable with said fixed surface for changing the
      constant rate spring action of the leaf springs into progressively
      increasing rate spring system when excessive suspension random loads are
      encountered.
NUM  8.
PAR  8. A suspension in combination with a motor vehicle having a frame, an axle
      housing, a hanger bracket attached to the frame forwardly spaced from the
      axle housing, and a downwardly facing camming surface carried by the frame
      spaced rearwardly from the axle housing:
PA1  a pair of elongated generally coextensive downwardly arched leaf springs in
      laminar coactive load-supporting relation;
PA1  means attaching central portions of the springs in load supporting relation
      to the axle housing;
PA1  the upper of said springs having a front end attachment eye;
PA1  pin means securing said eye to said bracket in load supporting relation;
PA1  the lower of said springs having a front terminal portion substantially
      enveloping the upper spring eye as a failsafe connection with said
      attaching means and said bracket in the event of failure of said eye;
PA1  rear end portions of the springs being in mutually load supporting
      engagement;
PA1  the upper spring rear portion having a cam surface in load supporting
      engagement with said camming surface carried by the frame;
PA1  a combination bushing between said pin means and said eye comprising a pair
      of differential metal sleeves and an elastomeric sleeve engaged between
      said metal sleeves and permitting limited torque and conical movements of
      the eye relative to the pin in the running operation of the suspension;
PA1  a supplemental upwardly directed compression spring bumper;
PA1  a mount for said compression spring bumper carried by said means for
      attaching the central portions of the leaf springs to the axle housing and
      positioned under the frame; and
PA1  a downwardly facing bumper surface on the frame against which said
      compression spring bumper is engageable.
NUM  9.
PAR  9. A suspension in combination with a motor vehicle having a frame, an axle
      housing, a hanger bracket attached to the frame forwardly spaced from the
      axle housing, and a downwardly facing camming surface carried by the frame
      spaced rearwardly from the axle housing:
PA1  a pair of elongated generally coextensive downwardly arched leaf springs in
      laminar coactive substantially constant rate spring action load-supporting
      relation;
PA1  means attaching central portions of the springs in load supporting relation
      to the axle housing;
PA1  the upper of said springs having a front end attachment eye;
PA1  pin means securing said eye to said bracket in load supporting relation;
PA1  the lower of said springs having a front terminal portion substantially
      enveloping the upper spring eye as a failsafe connection with said
      attaching means and said bracket in the event of failure of said eye;
PA1  rear end portions of the springs being in mutually load supporting
      engagement;
PA1  the upper spring rear portion having a cam surface in load supporting
      engagement with said camming surface carried by the frame; and
PA1  an overload compression spring carried by said pair of leaf springs and
      under normal load spaced below a surface fixed with respect to said frame
      but engageable with said fixed surface for changing the constant rate
      spring action of the leaf springs into progressively increasing rate
      spring system when excessive suspension random loads are encountered.
NUM  10.
PAR  10. A combination according to claim 9, wherein said overload spring
      comprises an elastomeric spring, and means associated with said means for
      attaching central portions of the springs to the axle housing mounting
      said compression spring under said frame.
NUM  11.
PAR  11. A combination according to claim 10, including reinforcing means
      carried by the frame and providing said surface.
NUM  12.
PAR  12. A combination according to claim 11, said reinforcing means including a
      bracket rockably mounting said rocker arm.
NUM  13.
PAR  13. A combination according to claim 11, said reinforcing means comprising
      a bracket carried by said frame.
NUM  14.
PAR  14. A suspension in combination with a motor vehicle having a frame, an
      axle housing, a hanger bracket attached to the frame forwardly spaced from
      the axle housing, and a downwardly facing camming surface carried by the
      frame spaced rearwardly from the axle housing:
PA1  a pair of elongated generally coextensive downwardly arched leaf springs in
      laminar coactive load-supporting relation;
PA1  means attaching central portions of the springs in load supporting relation
      to the axle housing;
PA1  the upper of said springs having a front end attachment eye;
PA1  pin means securing said eye to said bracket in load supporting relation;
PA1  the lower of said springs having a front terminal portion substantially
      enveloping the upper spring eye as a failsafe connection with said
      attaching means and said bracket in the event of failure of said eye;
PA1  rear end portions of the springs being in mutually load supporting
      engagement;
PA1  the upper spring rear portion having a cam surface in load supporting
      engagement with said camming surface carried by the frame;
PA1  a supplemental upwardly directed compression spring bumper;
PA1  a mount for said compression spring bumper carried by said means for
      attaching the central portions of the leaf springs to the axle housing and
      positioned under the frame; and
PA1  a downwardly facing bumper surface on the frame against which said
      compression spring bumper is engageable.
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ABST
PAL  A levelling valve for a vehicle suspension system comprises an inlet valve
      and an exhaust valve for respectively controlling the flow of pressure
      fluid from an inlet to an intermediate chamber and from the intermediate
      chamber to exhaust. A valve operting device includes a movable member
      arranged to operate each of the valves, the movable member being pivotable
      with respect to valve operating members of the valves, pivotal movement of
      the movable member with respect to one valve member effecting movement of
      the other valve member to a valve open position.
BSUM
PAR  This invention relates to levelling valves for use in suspension system of
      vehicles.
PAR  Levelling valves are normally mounted on either the sprung or unsprung part
      of a vehicle, usually the sprung part, with a linkage connecting an
      operating member of the valve to the other part of the vehicle. When there
      is relative movement between the vehicle parts, due to loading or
      unloading of the vehicle, the linkage actuates the operating member and
      the valve is operated to increase or decrease the fluid pressure in the
      vehicle suspension structs so that the sprung and unsprung parts are
      restored to their normal relative positions.
PAR  In accordance with the present invention, there is provided a levelling
      valve for a vehicle suspension system, comprising an inlet valve for
      controlling the flow of pressure fluid from an inlet to an intermediate
      chamber adapted to be connected to a vehicle suspension member, an exhaust
      valve for controlling the flow of pressure fluid from the intermediate
      chamber, and valve operating means including a movable member arranged to
      operate each of the valves, the movable member being pivotable with
      respect to valve operating members of the respective valves, such pivoting
      with respect to one valve member effecting movement of the other valve
      member to a valve open position.
DRWD
PAR  Two embodiments of a levelling valve in accordance with the invention for a
      vehicle suspension system will now be described, by way of example, with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 is an axial cross-section of one embodiment;
PAR  FIG. 2 is a plan view of the other embodiment with a cover removed:
PAR  FIGS. 3 and 4 are sections taken on the lines III--III and IV--IV,
      respectively, of FIG. 2.
DETD
PAR  The valve of FIG. 1 comprises a housing 1 in which an operating spindle 2
      is sealingly and rotatably mounted. The spindle 2 has a recess 3 which
      receives a reduced diameter portion 4 of a rockable spindle 5 housed
      within an exhaust chamber 6, which in use communicates through an outlet
      port 7 with a fluid reservoir (not shown). The rockable spindle 5 is
      arranged to operate needle inlet and exhaust valves 8 and 9, the inlet
      valve 8 controlling the flow of pressure fluid between an inlet chamber 11
      communicating in use with a primary accumulator or other pressure source
      (not shown) and, through an intermediate chamber 12, with a port 13
      connected in use to the vehicle suspension struts. The exhaust valve 9
      controls the flow of pressure fluid between the port 13 and the exhaust
      chamber 6.
PAR  Each of the needle valves 8, 9 comprises a needle valve member 14, 14A
      which is biased towards its valve seat by a coil compression spring 15,
      15A, the valve member having an aperture 16, 16A and an annular projection
      17, 17A intermediate the ends of the aperture. The rockable spindle 5
      passes with clearance through the apertures 16, 16A.
PAR  When the spindle 5 is rotated anti-clockwise as seen in the drawing it
      pivots on projection 17A of valve 9 and slides the valve member 14 to open
      valve 8 while holding the valve 9 closed. Conversely, clockwise rotation
      of spindle 5 opens the valve 9 and closes the valve 8.
PAR  It will be appreciated that fluid pressure in the exhaust chamber 6, which
      is at all times full of fluid, is less than the pressure in the
      intermediate chamber 12 which is in turn less than the inlet pressure in
      the inlet chamber 11. To prevent the higher pressure fluid in the
      intermediate chamber 12 from entering the exhaust chamber 6 past the valve
      member 14 of valve 8, a U-section packing seal 18 surrounds the valve
      member.
PAR  In use, the levelling valve is mounted on, say the sprung part of the
      vehicle and a linkage extends from the unsprung part to the operating
      spindle 2 so that a relative movement between the vehicle parts, due to
      changes in vehicle loading, effects rotation of the operating spindle.
      Usually the linkage includes lost-motion or damping means to absorb short
      term relative movements between the parts, due for example to uneven road
      surfaces or sudden acceleration or braking of the vehicle.
PAR  Furthermore, in the above described valve there is a clearance or lost
      motion connection between the operating spindle 2 and the portion 4 of the
      rockable spindle 5 to provide an operating delay before the spindle 5 is
      actuated. Thus the valve only operates in response to a long term change
      in vehicle loading.
PAR  When the vehicle is loaded, the operating spindle 2 is rotated clockwise to
      rotate the spindle 5 anti-clockwise and operate the valve 8. The fluid
      pressure in the strut is thus increased until the sprung and unsprung
      parts of the vehicle assume their normal relative positions and thereby
      return the spindles 2 and 5 to their illustrated, inoperative positions.
      Unloading of the vehicle causes the valve 9 to be operated to release the
      strut pressure into the exhaust chamber 6 until the vehicle parts again
      assume their normal relative positions.
PAR  It will be seen that the above described valve has the advantages that the
      operating delay is determined by the clearance between the operating
      spindle 2 and the portion 4 of the spindle 5 and by the clearance between
      the spindle 5 and the valve members 14, 14A which is very small. Both of
      these clearances are easily controlled during manufacture of the valve
      parts.
PAR  The lever ratio between the valve members and the end portion 4 of spindle
      5 provides a good mechanical advantage so that the torques on operating
      spindle 2 required to operate the valve are kept at low levels.
PAR  Another advantage is that the operating spindle 2 and its seals are
      subjected to the relatively low pressure in the main exhaust chamber 6, so
      that the seal friction is kept to a minimum. Since the frictional losses
      are small, there is no significant change in operating delay of the valve
      due to changes in the frictional losses.
PAR  In an alternative embodiment, each of the apertures 16, 16A may have its
      cross sectional area decreasing gradually from both its ends to provide a
      peak intermediate the ends where the cross sectional area is smallest. The
      spindle 5 is pivotable on the peak.
PAR  The spindle 5 may be permanently engaged with each valve member, i.e. it
      may pass through each aperture without clearance.
PAR  The embodiment of FIGS. 2 to 4 is generally similar to that of FIG. 1 and
      the same reference numerals are used to denote corresponding parts. In
      this embodiment the rockable operating member is constituted by a plate 21
      carrying two adjustable struts 22,22A each having a recess in one end
      receiving a rounded end 23,23A of the associated valve member 14,14A. The
      valve members are biased to their valve closed positions by the respective
      springs 15,15A acting between the cover 24 and the plate 21. A further
      spring 25 urges the plate 21 into the recess 3 in the operating spindle 2.
PAR  This embodiment includes an internal damping means comprising a
      reciprocable damping piston 26 connected intermediate the ends of a piston
      rod 26A slidable in rod guides 27, the piston rod 26A being pivotally
      coupled at one end to an operating arm 28 comprising a yoke member 29 and
      a connecting rod 30. The rod 30 is in the form of a roll pin i.e. a
      tubular member having a longitudinal slit, forced into apertures in the
      yoke member and the operating spindle 2, respectively. Rotational movement
      of the spindle 2 is damped by movement of the damping piston 26.
PAR  Operation of the valve illustrated in FIGS. 2 to 4 is generally the same as
      that of FIG. 1 and need not be further described.
PAR  It will be appreciated that in each embodiment the amount of clearance
      between the rockable members 5, 21 and the operating spindle 2 is
      important. If there is too little clearance the levelling valve will
      operate satisfactorily, but the inlet and exhaust valves will continually
      open and close causing rapid wear of the valve parts. On the other hand,
      if there is too great a clearance the levelling valve will only operate
      when there are large changes in vehicle loading.
PAR  The embodiments of FIG. 1 preferably also has an internal damping means.
CLMS
STM  I claim:
NUM  1.
PAR  1. A levelling valve for a vehicle suspension system having an adjustable
      suspension member, comprising an inlet for connection to a source of
      pressure fluid, means defining an intermediate chamber adapted to be
      connected to said vehicle suspension member, an inlet valve for
      controlling the flow of pressure fluid from said inlet to said
      intermediate chamber, an exhaust valve for controlling the flow of
      pressure fluid from said intermediate chamber, said valves including
      respective valve operating members movable to open and close said valves
      and valve operating means including a movable member arranged to operate
      each of said inlet and exhaust valves, said movable member being pivotable
      with respect to said valve operating members of the respective valves,
      such pivoting with respect to either one valve operating member effecting
      movement of the other valve operating member to a valve open position.
NUM  2.
PAR  2. A levelling valve according to claim 1, wherein said movable member is
      rockably supported and movable between a first operative position in which
      said inlet valve is open and said exhaust valve is closed and a second
      operative position in which said exhaust valve is open and said inlet
      valve is closed through a normal intermediate position in which both said
      valves are closed.
NUM  3.
PAR  3. A levelling valve according to claim 1, wherein said operating means
      includes an input member, and wherein said movable member is elongate and
      is engageable at one end with said input member, at the other end with one
      of said valve operating members and intermediate its ends with the other
      of said valve operating members to provide a predetermined mechanical
      lever ratio.
NUM  4.
PAR  4. A levelling valve according to claim 3, wherein said input member
      comprises a shaft mounted for rotation and defining an opening therein
      receiving said one end of said movable member whereby, in operation,
      rotation of said shaft rocks said movable member to operate one of said
      valves.
NUM  5.
PAR  5. A levelling valve according to claim 4, wherein said one end of said
      movable member fits into said opening with predetermined clearance to
      permit a predetermined rotation of said shaft to take place without
      corresponding movement of said movable member.
NUM  6.
PAR  6. A levelling valve according to claim 1, wherein said inlet valve and
      said exhaust valve are needle valves.
NUM  7.
PAR  7. A levelling valve according to claim 1, further including means defining
      an exhaust chamber, wherein said exhaust valve controls the flow of fluid
      from said intermediate chamber to said exhaust chamber, and wherein said
      movable member is positioned in said exhaust chamber.
NUM  8.
PAR  8. A levelling valve according to claim 1, wherein the valve operating
      members define respective apertures, said movable member extending through
      said apertures so as to be pivotable with respect to said operating
      members.
NUM  9.
PAR  9. A levelling valve according to claim 8, wherein each aperture has an
      inwardly directed projection on its surface, said movable member being
      pivotable on the projections.
NUM  10.
PAR  10. A levelling valve according to claim 8 wherein said movable member
      passes through the apertures with predetermined clearances.
NUM  11.
PAR  11. A levelling valve according to claim 1 including means resiliently
      biasing each said valve to its closed position, the biasing force of said
      resilient means being transmitted to said valve operating members by said
      movable member.
NUM  12.
PAR  12. A levelling valve according to claim 1, wherein means are provided for
      adjusting the position of each said valve operating member relative to
      said movable member.
NUM  13.
PAR  13. A levelling valve according to claim 1, wherein each valve operating
      member comprises a rod having a part spherical portion for engaging said
      movable member.
NUM  14.
PAR  14. A levelling valve according to claim 4 including resilient biasing
      means resiliently urging said movable member into said opening in said
      shaft.
NUM  15.
PAR  15. A levelling valve for a vehicle suspension system having an adjustable
      suspension member, comprising an inlet for connection to a source of
      pressure fluid, means defining an intermediate chamber adapted to be
      connected to said vehicle suspension member, means defining an exhaust
      chamber communicating with said intermediate chamber, an inlet valve for
      controlling the flow of pressure fluid from said inlet to said
      intermediate chamber, an exhaust valve for controlling the flow of
      pressure fluid from said intermediate chamber to said exhaust chamber, and
      valve operating means including a movable member subjected to the fluid
      pressure in said exhaust chamber and arranged to operate each of said
      inlet and exhaust valves.
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PAL  A safety belt device for use in vehicles, having at least one belt
      extending across the body of a passenger sitting on a seat, in which the
      belt is held in a disengaging position forwardly of the seat irrespective
      of the door opening and closing operation when the passenger is not
      sitting on the seat, providing for the passenger to get into the vehicle,
      and is placed in an engaging position when the passenger has sat down on
      the seat and closed the door, restraining the body of the passenger, and
      is retracted to the disengaging position when the passenger sitting on the
      seat has opened the door providing for alighting of the passenger from the
      vehicle.
BSUM
PAR  This invention relates to a safety belt device for use in vehicles.
PAR  An object of the present invention is to provide a safety belt device which
      is so designed that a belt is automatically released and tightly engaged
      around the body of a passenger when the passenger has sat down on a seat
      and closed the adjacent door of the vehicle.
PAR  Another object of the invention is to provide a safety belt device of the
      character described, in which the belt is held in a disengaging position
      forwardly of the seat when the passenger is not sitting on the seat, so as
      not to interfere with the passenger sitting on the seat.
PAR  Still another object of the invention is to provide a safety belt device of
      the character described, in which the belt is automatically retracted to
      the disengaging position when the passenger has opened the door to get out
      of the vehicle, releasing the passenger from restraint and allowing the
      passenger to get off the vehicle.
PAR  The safety belt device according to the present invention has at least one
      belt extending across the body of a passenger sitting on a seat, with one
      end thereof anchored to a retractor provided on the inner surface of a
      door at a location opposite to the outer side of the seat and the other
      end anchored to the inner side of the seat or to the body of the vehicle
      adjacent the inner side of the seat, or alternatively with one end thereof
      anchored to the inner side of the door and the other end anchored to a
      retractor provided on the inner side of the seat or on the body of the
      vehicle adjacent the inner side of the seat, in a way to restrain the
      waist portion of the passenger when the door is closed, and a drawing belt
      or wire provided at the forward portion of the inner side of the door,
      with one end thereof connected to said belt and the other end anchored to
      winding means driven by a motor in timed relation to the door opening
      operation or an operation preparatory for opening the door, for
      withdrawing the belt from said retractor and placing the same in the
      disengaging position incident to the door opening operation.
DRWD
PAR  The present invention will be described in further detail hereunder with
      reference to the accompanying drawings.
PAR  FIG. 1 is a fragmentary perspective view of a vehicle equipped with the
      safety belt device of the invention; a door adjacent the driver's seat
      being left opened after alighting of the driver and a door adjacent the
      assistant driver's seat being held closed after a passenger has sat down
      on the seat;
PAR  FIG. 2 is a front view of a guide ring shifting mechanism provided on the
      inner side of the door;
PAR  FIG. 3 is a wiring circuit diagram of the safety belt device;
PAR  FIG. 4 is a fragmentary perspective view of a vehicle equipped with another
      embodiment of the safety belt device of the invention;
PAR  FIGS. 5 to 7 are views showing still another embodiment of the safety belt
      device of the invention, of which FIG. 5 is a perspective view of the
      essential portion of the device; FIG. 6 is a sectional side view of the
      mechanism shown in FIG. 5; and FIG. 7 is a plan view of the mechanism
      shown in FIG. 5;
PAR  FIG. 8 is a perspective view of a still another embodiment of the safety
      belt device of the invention, showing a drawing belt operating mechanism;
      and
PAR  FIGS. 9 to 11 show a further embodiment of the safety belt device of the
      invention, of which FIG. 9 is a perspective view of the essential portion;
      FIG. 10 is a perspective view of the three-point belt; and FIG. 11 is an
      illustrative view showing the connection between a short pole and an
      anchor.
DETD
PAR  The first embodiment of the invention will be described with reference to
      FIGS. 1 - 3. In FIG. 1, reference numeral 1 designates the body of an
      automobile, 2 doors and 3 seats. A waist belt 4 has one end 4a anchored to
      an anchor plate 6 fixed to the central portion 5 of the automobile body,
      with the other end 4b thereof extending through a guide ring 7 and
      anchored to a retractor 8 provided at the lower portion of the door 2. The
      retractor 8 is of a known type which is so constructed as to lock the belt
      automatically against withdrawal therefrom when the automobile undergoes a
      positive or negative acceleration as in the case of a head-on collision or
      rear-end collision. A shoulder belt 9 is extending obliquely across the
      chest portion of a passenger, with one end 9a anchored to an anchor plate
      11 fixed to the upper portion of the door 2 after passing through a guide
      ring 10, with the other end 9b thereof anchored toa retractor 12 fixed to
      the central portion 5 of the automobile body.
PAR  FIG. 2 shows a mechanism for shifting the waist belt guide ring 7 and the
      shoulder belt guide ring 10, which is arranged in the inside of the door 2
      upon removing an inner lining 2a of said door. As shown, a drive shaft 14
      of a motor 13 which is rotatable in one or the other direction, has a
      pulley drum 15 mounted on one end and a cup ring 16 mounted on the other
      end thereof. A wire 17 is engaged around the pulley drum 15 and two other
      pulley drums 18, 19. The pulley drum 18 is located adjacent the retractor
      8 and the pulley drum 19 is located in a position slanting upwardly of
      said retractor 8. A substantially C-shaped guide rail 20 is provided
      between the pulley drums 18 and 19 along the wire 17, extending slantingly
      upwardly from the inner lower portion of the door, and the waist belt
      guide ring 7 having the waist belt 4 loosely passing therethrough is
      connected by means of a string 21 to a suitable location of the wire 17
      extending in said guide rail 20. A slit 22 is formed in the inner lining
      2a of the door 2 along the guide rail 20 (see FIG. 1). In order to prevent
      an oscillatory movement of the waist belt guide ring 7, the string 21 is
      passed through an oscillation preventive ring 23 which is loosely received
      in the guide rail 20 and fixed to the wire 17 adjacent the waist belt
      guide ring 7. A plastic wire 24 having one end anchored to the coupling
      ring 16 to be wound therearound is passed in an outer tube 25 embedded in
      a door framework and also in a guide rail 26 provided at the upper end
      portion of the door framework 2, and connected at the other end to the
      shoulder belt guide ring 10 having the shoulder belt 9 loosely passing
      therethrough, through a roller 27 and a string 28. Reference numeral 29
      designates a door switch incorporated in a door lock for controlling the
      direction of rotation of the motor 13, and 30 designates a stop switch for
      controlling the motor 13. An actuator 31 is provided in engagement with
      the stop switch 30, which is formed therein with an opening which is
      larger in diameter than the wire 17 to provide for free movement of the
      wire therein. A stopper 32 is fixed to a suitable location of the length
      of the wire 17 between the pulley drum 19 and the actuator 31, which will
      be carried by the wire into abutment against the actuator 31 when said
      wire is shifted to a position to completely raise the waist belt 4 and
      shoulder belt 9, thereby to actuate the stop switch 30. Reference numeral
      33 designates another stop switch similar to the stop switch 30, which
      will be actuated by an actuator 34 in contact therewith. A stopper 35 is
      fixed to a suitable location of the length of the wire 17 between the
      pulley drum 18 and the actuator 34. This stopper 35 will be carried by the
      wire into abutment against the actuator 34 when said wire is shifted to a
      position to completely lower the belts 4 and 9, thereby to actuate the
      stop swith 33. In FIG. 2, the solid line arrows indicate a belt raising
      direction and the dotted line arrows indicate a belt lowering direction.
PAR  Referring to FIG. 3, there is shown an electric circuit of the safety belt
      device, including the door switch 29, the stop switches 30, 33, the motor
      13 and a seat switch 36 which is provided below the seat 3 and will be
      actuated to close a motor driving circuit when a passenger sits down on
      the seat.
PAR  The safety belt device of the construction described above will operate in
      the following manner: Namely, when the door 2 is open, the guide rings 7
      and 10 for the waist belt 4 and shoulder belt 9 are located adjacent the
      door hinge and, therefore, said belts will not interfere with the
      passenger getting on the automobile. When the passenger has got on the
      automobile and sat down on the seat, the seat switch 36 is switched on but
      the guide rings 7, 10 are still immovably held in their positions
      respectively. Now, when the door 2 is closed in this state, the door
      switch 29 is switched on and the motor 13 is driven in a reverse direction
      as indicated by the dotted line arrow. The guide ring 7 connected to the
      wire engaged around the pulley drums 15, 18, 19 moves along the guide rail
      20 by being carried by said wire, toward the lower portion of the door 2.
      At the same time, the plastic wire 24 wound on the cup ring 16, mounted on
      the drive shaft 14 of the motor 13, is forcibly paid out thereform, so
      that the guide ring 10 is carried by said wire and the shoulder belt 9 is
      raised by said guide ring 10. When the stopper 35 fixed to the wire 17 is
      brought into abutment against the actuator 34, the stop switch 33 is
      switched off and thus the motor 13 is stopped. The excess portions of the
      belts 4, 9 are taken up by the respective retractors 8, 12. Thus, the body
      of the passenger is restrained by the waist belt 4 and the shoulder belt
      9. Now, the operation of the device in the event when the passenger gets
      off the automobile will be described. When the passenger pulls a handle
      inside the door, 2, the door switch 29 is actuated, with the result that
      the motor 13 rotates in the normal direction as indicated by the solid
      line arrow and the guide rings 7, 10 are shifted to their original
      positions, so that the belts 4, 9 release the passenger from restraint.
      Thus, the passenger can get off the automobile without being interfered by
      the belts 4, 9. When the stopper 32 fixed to the wire 17 is brought into
      abutment against the actuator 31, the stop switch 30 is turned off to stop
      the motor 13. Now, when the passenger closes the door after getting off
      the automobile, the door switch 29 is actuated but the seat switch 36 is
      in its off-position, so that the belts 4, 9 are immovably held in their
      disengaging positions.
PAR  FIG. 4 shows another embodiment of the safety belt device accordiing to the
      invention. In this embodiment, the waist belt 4 is connected in the same
      manner as in the preceding embodiment shown in FIG. 1 but the shoulder
      belt 9 has one end 9c anchored to an anchor plate 42 which is fixed to an
      anchor element 41 provided centrally of the automobile roof, with the
      other end 9d connected to the retractor 8 for the waist belt 4, after
      passing the waist belt guide ring 7. Namely, the waist belt 4 and shoulder
      belt 9 are loosely passed through the waist belt guide ring 7 and
      connected to the retractor 8 to be taken up thereby. Therefore, according
      to this embodiment, the cup ring 16, the plastic wire 24, the outer tube
      25, the guide rail 26, the roller 27, the string 28, the shoulder belt
      guide ring 10 and the anchor plate 11, shown in FIG. 2 become unnecessary.
      In the operation of this embodiment, the raising and lowering of the waist
      belt 4 and shoulder belt 9 are effected by the waist belt guide ring 7
      which is shifted as described in the preceding embodiment.
PAR  It is to be understood that, in the first and second embodiments described
      above, the shoulder belt 9 and the means for operating the same may be
      removed when it is desired to use only the waist belt 4.
PAR  The third embodiment of the invention will be described with reference to
      FIGS. 5 - 7. This embodiment is a modification of the first embodiment
      shown in FIG. 2, in which the waist belt 4 only is used which is operated
      by a different form of belt driving mechanism. According to this
      embodiment, a winding reel 51 is disposed at the position of the pulley
      drum 19 in FIG. 2, and a gear 53 is fixedly mounted on a shaft 52 of said
      reel 51, substantially parallel to the shaft 8a of the retractor 8 (see
      FIG. 2), and further a reduction gearing 56 is interposed between the gear
      53 and a drive gear 55 of a motor 54, to constitute a driving mechanism.
      All of the motor 54, the reduction gearing 56 and the winding reel 51 are
      disposed inside the inner lining 2a of the door 2. A driving circuit 66
      for the motor 54 is arranged such that the motor is set in motion by a
      door switch S.sub.1 which will be closed when the door 2 is slightly
      opened, and is stopped by a switch S.sub.2 which will be opened when the
      diameter of a winding of a wire 58 on the winding reel 51 increases and
      reaches a predetermined value. A ratchet wheel 62 is fixedly mounted on
      the shaft 52 of the winding reel 51, while a ratchet pawl 62 for
      preventing reverse rotation of said shaft 52 by engagment with said
      ratchet wheel 62 is formed on a plunger 64 operated by a solenoid 63. The
      aforesaid door switch S.sub.1 is incorporated in an exciting circuit 67
      for the solenoid 63, as shown in FIG. 7.
PAR  This embodiment operates in the following manner:
PAR  Namely, when the passenger sitting on the seat 3 closes the door 2, the
      door switch S.sub.1 and hence the exciting circuit 67 for the solenoid 63
      are opened, with the result that the shaft 52 of the winding pulley 51 is
      released from restraint against reverse rotation by the ratchet pawl 65,
      and thus the belt 4 is retracted automatically be the winding shaft 8a of
      the retractor 8 while unwinding the wire 58 from the winding reel 51.
      Therefore, the belt 4 is stretched taut, extending from the anchor plate 6
      around the belly portion of the passenger and thus restraining the body of
      the passenger in cooperation with the seat 3. Namely, the belt 4 is placed
      in its engaging position (see the left side seat 3 and the belt 4 in FIG.
      1).
PAR  With the belt 4 being in its engaging position, when the door 4 is slightly
      opened, the door switch S.sub.1 is opened and the switch S.sub.2 is also
      opened which has previously been closed as a result of unwinding of the
      wire 58, so that the driving circuit 66 is closed and the exciting circuit
      67 is also closed. As a result, the motor 54 is set in motion and
      concurrently the solenoid 63 is excited, and the winding reel 51 driven at
      a slow speed by the motor 54 winds up the wire 58 while withdrawing the
      belt 4 from the winding shaft 8a of the retractor 8 through said wire
      against the biasing force of a spring acting on said winding shaft 8a. At
      the same time, the ratchet pawl 65 engages the ratchet wheel 62 to prevent
      reverse rotation of the shaft 52. Thus, the belt 4 is drawn upwardly by
      the guide ring 7 and cleared from the body of the passenger. Namely, the
      belt 4 is placed in its disengaging position. The switch S.sub.2 is opened
      at the same time when the diameter of the winding of wire 58 on the
      winding reel 51 has increased and reached the predetermined value, so that
      the driving circuit 66 is opened and the motor 54 stops its rotation. The
      belt 4 is held in its disengaged position because the shaft 52 is held
      against reverse rotation by the ratchet pawl 65. When the door 2 is
      further opened to its full open position like the right side door shown in
      FIG. 1, the retractor 8 is also moved away from the way of the passenger,
      so that the passenger can get off the automobile without being interfered
      by the belt 4.
PAR  Next, the fourth embodiment of the invention will be described with
      reference to FIG. 8. This embodiment is a modification of the third
      embodiment, in which a drawing belt 71 is used in lieu of the guide rail
      20, the oscillation preventive ring 57, the wire 58, the flexible
      connecting member 59 and the waist belt guide ring 7, shown in FIG. 5. One
      end of the drawing belt 71 is fixedly connected to the most suitable
      location of the belt 4 by sewing and the other end thereof is secured to
      the winding reel 51.
PAR  It should be understood that, in the first to fourth embodiments described
      above, the mounting positions of the retractor 8 and the anchor plate 6
      may be changed to each other.
PAR  FIGS. 9 - 11 show the fifth embodiment of the invention. This embodiment
      comprises a shoulder belt added to the third and fourth embodiment.
      Namely, a belt 81 consists of a three point belt composed of a waist belt
      83 and a shoulder belt 84, which are branched from a common belt 82. The
      free end of the common belt 82 is secured to the winding shaft 8a of the
      retractor 8 provided on the inner side of the associated door 2. The free
      end of the waist belt 83 is provided with an anchor 85 and connected to a
      hook 87, fixed to the central portion 5 of the automobile body, by way of
      said anchor 85, while the free end of the shoulder belt 84 is provided
      with an anchor 86 and connected to an upright short pole 88, fixed to the
      inner portion of the backside of the seat 3 (see FIG. 11), by way of said
      anchor 86. The construction of the three point belt is variable widely but
      an example thereof is shown in FIG. 10. In this example, the common belt
      82 and the waist belt 83 are connected with each other by means of a
      coupler 89, and the shoulder belt 84 is connected to said coupler 89
      through a coupler 91 which is pivotably connected to said coupler 89 by
      means of a pin 90. The anchors 85, 86 are of a type which provides for
      free adjustment of the lengths of the waist belt 83 and shoulder belt 84.
PAR  The other construction of this embodiment is the same as that of the fourth
      embodiment. Namely, a drawing belt 71 is fixed to the common belt 82 by
      sewing as at 72 and a mechanism for winding said drawing belt on the
      winding reel 51 (though not apparent in FIGS. 9 - 11) concurrently with
      opening of the door 2 is the same as that of the third and fourth
      embodiments shown in FIGS. 6 and 7.
PAR  The function of the common belt 82 and waist belt 83 of the three point
      belt 81 are the same as that of the belt 6 in the third and fourth
      embodiments. Namely, when the door 2 is closed, the common belt 82 is
      concurrently retracted into the retractor 8 and the waist belt 83 is
      placed in its engaging position extending around the belly and waist
      portion of the passenger, whereas when the door 2 is opened, the common
      belt 82 is withdrawn from the retractor 8 by the drawing belt 71 and the
      waist belt 83 is cleared from the seat and simultaneously the retractor 8
      is moved away with the door from the way of the passenger. The shoulder
      belt 84 connected to the common belt 82 is placed in its engaging position
      around the shoulder of the passenger, at the same time when the waist belt
      83 is placed in its engaging position (see the left side shoulder belt in
      FIG. 9), and is placed in its disengaging position at the same time when
      the waist belt is placed in its disengaging position (see the right side
      shoulder belt in FIG. 9).
PAR  It should be understood that, in the first to fifth embodiments, while the
      waist belt 4, 83 is connected to the central portion 5 of the automobile
      body, it may alternatively be connected to the inside portion 3b of the
      seat 3.
PAR  As may be understood from the foregoing description, the safety belt
      devices of the invention are so constructed and operative that the belt is
      automatically placed in the engaging position to restrain the body of the
      passenger, by the door opening and closing operation and, therefore, with
      the safety belt device of the invention, the inadvertent failure in
      tightening the belt or the cumbersomeness of a belt tightening operation
      can be eliminated. Further, the safety belt device of the invention is so
      designed that the belt is shifted by the door opening and closing
      operation, only when the seat switch is in its closed position, so that an
      unnecessary movement of the belt can be avoided, and the belt is cleared
      forwardly from the seat when the passenger gets into or out of the
      automobile, so that it does not interfere with the passenger getting on or
      off the automobile at all.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safety belt device for vehicles, comprising: a first safety belt
      retractor provided on the inner surface of a door of a vehicle at a
      location opposite the outer side of a seat adjacent said door; a second
      safety belt retractor fixed to the central portion of a vehicle body; a
      first safety belt having one end connected to said first retractor and
      extending from said first retractor across said seat with the other end
      thereof secured to the inner side of the seat; a second safety belt having
      one end connected to said second retractor and extending obliquely from
      said second retractor across the chest portion of a passenger with the
      other end thereof secured to the upper portion of a door framework of the
      vehicle; and a belt driving mechanism wholly positioned in a portion of
      the door and including a motor which drives a pulley drum and a cup ring,
      a first drawing member connected to said first safety belt and moved by
      said motor around said pulley drum and two other pulley drums spaced apart
      from each other, a second drawing member connected to said second safety
      belt and moved by said motor around said cup ring and along the door
      framework of the vehicle at the same time said first drawing member is
      moved, a door switch incorporated in a door lock for controlling the
      direction of rotation of said motor, a seat switch provided below the seat
      and actuated to close a motor driving circuit when a passenger sits down
      on the seat, a first stop swich for controlling said motor in cooperation
      with a first actuator and a first stopper which is fixed to said first
      drawing member at a predetermined location between one of said two other
      pulley drums and said first actuator, and a second stop switch for
      controlling said motor in cooperation with a second actuator and a second
      stopper which is fixed to said first drawing member at a predetermined
      location between the other of said two other pulley drums and said second
      actuator, and said motor being set in motion by said door switch in timed
      relation with a door opening operation, whereby when the door is closed,
      said first safety belt and said second safety belt are retracted into said
      first retractor and said second retractor, respectively, and placed in
      their engaging position to restrain the waist and the chest portions of a
      passenger sitting on the seat.
NUM  2.
PAR  2. A safety belt device for vehicles as defined in claim 1, in which said
      first safety belt comprises a waist belt and said second safety belt
      comprises a shoulder belt.
NUM  3.
PAR  3. A safety belt device for vehicles as defined in claim 1, in which said
      first drawing member extends partially in a first guide rail and said
      second drawing member extends partially in a second guide rail.
NUM  4.
PAR  4. A safety belt device for vehicles as defined in claim 1, wherein said
      first drawing member and said second drawing member comprise belts.
NUM  5.
PAR  5. A safety belt device for vehicles as defined in claim 1, wherein said
      first drawing member and said second drawing member comprise wires.
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ABST
PAL  A vehicle occupant restraining belt which is expansible upon collision of
      the vehicle. An expansible belt section is formed of a resilient or
      extendible peripheral wall defining an elongate cavity. Gas producing
      means provided on the belt section supplies the cavity with pressurized
      gas to expand the peripheral wall.
BSUM
PAR  The present invention relates generally to safety apparatus and more
      particularly to an occupant protecting seat belt system for use in
      vehicles such as automobiles, air planes, vessels and the like for
      restraining violent forward movement of the occupant resulting from
      collision at high speed.
PAR  Generally, an occupant restraining belt system includes shoulder and lap
      belts arranged to extend respectively across the chest and the lap of the
      seated occupant. The belt straps are at their terminal ends secured to
      relatively unyielding parts of the vehicle and confines the occupant in a
      restricted safety area in the event of a so-called "second collision." At
      this instant, when the occupant is thrown forward by inertia, his body
      stresses strongly the belt straps restraining the forward movement. The
      resultant local pressure exerted on his body is dangerous as it often
      produces serious internal injuries, particularly at the portions of his
      body engaging the side edges of the belts.
PAR  It is therefore a general object of this invention to provide an improved
      seat belt which overcomes the above fault.
PAR  Another object of this invention is to provide improved seat belts in which
      a portion of each belt member is expansible by pressurized fluid to
      disperse the pressure exerted by the occupant to an enlarged contact area
      of the belt.
DRWD
PAR  These and other objects and features of the invention will be readily
      apparent from the following detailed description taken in conjunction with
      the accompanying drawing, in which:
PAR  FIG. 1 is a general view of the interior of a vehicle showing a seated
      occupant with a seat belt according to the invention buckled up and
      expanded protective contact areas indicated by phantom lines; and
PAR  FIG. 2 is a partially cut-away perspective view of a preferred example of a
      seat belt according to the present invention.
DETD
PAR  Referring to FIG. 1, a conventional interior of a vehicle body indicated at
      10 includes a body floor 12 and a seat 14 mounted on the floor 12. The
      body 10 further accommodates a collision sensing apparatus 16 of any known
      type, preferably under the seat 14. A seat belt generally indicated at 20
      comprises a shoulder strap 22 one end of which is fixed to a relatively
      unyielding, rearward portion of the body 10 and a lap strap 24 having the
      opposite ends secured to the floor. When an occupant 18 is seated as
      shown, the shoulder strap 22 is buckled up to extend from the lap strap
      diagonally across the chest of the occupant, while the lap strap 24
      extends across his lap. The arrangement described above is already known,
      although the explanation thereof is necessary for clear understanding of
      the invention.
PAR  An embodiment of an improved seat belt according to the invention is now
      described in the succeeding paragraphs. As is apparent from FIG. 2, the
      illustrated shoulder and lap straps 22 and 24, at least at the sections
      contacting the body of the occupant, are made of a flattened tube 26 of
      resilient material. The interior of the belt or tube 26 defines an
      elongate cavity 28 therein. Supported on the belt section 26 is a
      plurality of gas producing means 30 at a certain distance apart. Each gas
      producing means 30 comprises a generally elliptical casing or capsule 32
      defining a gas expansion chamber 34 which opens into the cavity 28.
      Contained in the chamber 34 is a chemical charge 36 which is ignitable to
      produce highly pressurized gas. An igniter assembly 38 is located in the
      chamber 34 in the midst of the chemical charge 36 and is electrically
      connected to the previously mentioned collision sensing apparatus 16
      through insulated, flexible electrical wires 40. It is apparent that the
      portion of the belt devoid of cavity 28 sections is also formed with a
      path (no number) to receive the electrical wires 40. It is preferable to
      cover the capsule 32 with the same material as the belt for a good
      appearance. Furthermore, a reinforcing panel or sheet 42 is inserted
      between the capsule 32 and the belt 26 with a view to insulate both the
      belt and the occupant from the great heat generated in the chamber 34 upon
      activation of the gas producing means 30.
PAR  In normal driving of the vehicle, the above specified seat belt is exactly
      like any conventional belt system. However, as soon as a collision occurs,
      a signal produced at the collision sensing apparatus 16 is passed to the
      igniter assembly 38, whereupon the chemical charge 36 is fired. The
      instantaneous expansion of gases in chamber 34 causes pressurized gas to
      fill the cavity 28, expanding the belt section 26. The expanded contact
      area of the belt remarkably softens the momentum created by the occupant's
      body being thrown against the belt.
PAR  In lieu of a flattened, resilient tube of the embodiment above, a belt
      according to the invention may be composed of a collapsible or
      bellows-like member which is extendible toward the occupant in the
      described manner.
PAR  Although the foregoing description assumes the employment of a belt system
      of the type combining shoulder and lap belts, it would be readily
      understood that this invention applies to any other type of vehicle seat
      belt presently available.
PAR  The seat belt of this invention provides an increased protecting effect if
      used together with the so-called "safety air bag" in a high-speed vehicle,
      because the space between the occupant and the vehicle body is filled with
      the inflated bag and together with the belt almost immobilizes the torso
      of the occupant.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A safety device mounted on a vehicle having a body and a seat assembly,
      which comprises:
PA1  means for producing an electric signal when said vehicle collides with an
      object;
PA1  at least one occupant restraining seat belt mounted on said body and having
      therein at least two expansible sections in each of which a cavity
      extending along the length of said seat belt is formed;
PA1  at least two gas generators mounted on said expansible sections for
      generating pressurized gas in response to said electric signal and for
      feeding the pressurized gas into said cavity so as to cause said
      expansible sections to expand, each of said gas generators including a
      casing mounted on each of said expansible belt sections and defining
      therein a chamber communicating with each of said cavities, an ignitable
      chemical charge filling said chamber, electro-conductive wires embedded in
      said belt for conveying said electric signal, and an ignitor assembly
      located within said chamber and connected to said wires to be responsive
      to said electric signal; and
PA1  a reinforcing member of insulating material laid between said casing and
      said belt section.
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ABST
PAL  A protective overhead guard device for lift trucks includes a rigid rear
      leg construction connected to the rear ends of the side members of the
      overhead guard canopy for adjustment pivotally to a plurality of
      positions, said connections to the side members being fixed and rigid. The
      lower ends of the legs connect to adjustable brackets for different
      longitudinal adjusted positions of the counterweight.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of art to which the invention pertains includes vehicular
      protective overhead guards.
PAR  Driver overhead guard structures have generally been adopted as standard
      equipment on lift trucks for the protection of operators from falling
      objects under specified conditions. It is of advantage to maximize
      standardization of chassis design within a given range of truck lifting
      capacities by including means for adjusting the truck frame or
      counterweight in a longitudinal direction as a function of the maximum
      load to be handled in any given truck operation. Various constructions
      have heretofore been devised for this purpose, a relevant one of which is
      disclosed in assignee's U.S. Pat. No. 3,061,034.
PAR  It is also of advantage to provide an overhead guard device for such
      vehicles which provides adjustment means for varying the effective length
      thereof, either in combination with a longitudinally adjustable
      counterweight, as in the above-mentioned patent, or for different trucks
      having different capacities whether the counterweight of any given such
      truck is adjustable or not, and to which such an adjustable overhead guard
      is adaptable.
PAR  A previous design for a longitudinally adjustable guard for the above
      purpose is disclosed in assignee's U.S. Pat. No. 3,687,484.
PAC  SUMMARY
PAR  My invention is an improvement in adjustable overhead guard structure for
      industrial vehicles such as lift trucks. It is a primary object of the
      invention to provide an improved driver's overhead guard device for
      vehicles which provides improved adjustment means for varying the
      effective length of the guard device. The guard may also be used in
      combination with a longitudinally adjustable vehicle counterbalance or
      other device so that for any given adjusted location of the counterbalance
      or device within a predetermined range the guard device may be adjusted to
      maintain a structurally strong and rigid connected relationship to the
      counterbalance or device.
PAR  Other more particular objects and features of the invention will be
      apparent to those skilled in the art from the following description and
      drawing forming a part hereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of the driver's overhead guard shown connected
      to the forward and counterweight portions of a lift truck or other
      industrial type vehicle and wherein a plurality of adjustment positions of
      the rear leg portions of the guard are illustrated;
PAR  FIG. 2 is an enlarged partial view of one upper rear corner portion of the
      guard showing the relative positions of the one rear leg and guard side
      rail in one position of adjustment;
PAR  FIG. 3 is similar to FIG. 2 and shows a second position of adjustment;
PAR  FIG. 4 is similar to FIG. 2 and shows a third position of adjustment; and
PAR  FIG. 5 is an exploded view of the one upper rear corner portion in which
      the parts are aligned for a fourth position of adjustment.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Although my invention is applicable to any suitable industrial type vehicle
      having a need therefore, it is particularly suited for lift truck
      applications which will be referred to hereinafter for convenience. The
      guard assembly 10 includes a pair of rigid forward guard legs 11 secured
      to truck mounting posts shown in broken lines at 12, an overhead guard
      canopy grid assembly 14 extending over an operator's compartment in the
      usual manner having a pair of side rails 16 connected rigidly to forward
      legs 11 and having a front reinforcing structural member 18 with a
      U-shaped open pocket portion 20 and a transverse reinforcing structural
      member 22 adjacent the rear end of the side rails which is adapted to be
      connected by a pair of downwardly extending rigid pivotal structural leg
      members 24 to any one of a plurality of counterweights or to a single
      longitudinally adjustable counterweight for various size trucks and/or
      battery compartments. The adjustable and, alternatively, multiple
      counterweights, for convenience of illustration, are represented at 27
      simply by the broken lines of a counterweight.
PAR  Each leg 24 comprises preferably a rigid hollow box beam having secured at
      the upper end thereof a block member 26 and a longitudinal plate member 28
      having three spaced openings 30, 32 and 34 therein. An opening 36 extends
      through the upper end of leg 24, block 26 and plate 28 for registry with a
      pivot post 38 having a threaded end 40 for receiving a nut 42, post 38
      being rigidly secured, as by welding, at its one end to the end of the
      respective side rail 16.
PAR  A plurality of threaded openings 44, 46, 48 and 51 are so located in the
      rear portion of each side rail 16 that when located in registry with
      respective ones of openings 30, 32 and 34 the adjustment positions of leg
      24 as illustrated by letters A, B, C and D, may be effected. The threaded
      openings 44, 46, 48 and 51 have been numbered in a sequence corresponding
      to the letter sequence A, B, C and D denoting the said pivotal positions
      of legs 24. For example, to secure each leg 24 in position A the leg is
      pivoted on post 38 to align axially openings 30 and 44 and a threaded bolt
      50 is inserted to secure plate 28 to side rail 16 in that position.
      Maximum rearward pivotal adjustment of the legs, as shown, is effected by
      pivoting leg 24 on post 38 to align openings 30 and 51 tightening nut 42
      and inserting and tightening bolt 50 in said openings, thereby effecting
      rigid leg position D. Intermediate pivotal positions B and C are effected
      by aligning and securing pairs of openings 32, 46 and 34, 48,
      respectively, as shown in FIGS. 3 and 4.
PAR  The bottom of each leg 24 may be suitably secured in any one of its various
      adjustment positions by an angle bracket 52 which may be secured to any
      one of a number of counterweights for different length trucks, or to a
      single counterweight securing leg 24 adjustable to various longitudinal
      positions on a single truck. This may be done simply by selectively
      locating a stud 54 on a respective counterweight and securing leg 24 to
      the vertical post portion 56 of each bracket by a bolt and nut 58 which
      extends through alignable openings in leg 24 and post 56. The same bracket
      52 may be used in each of the four adjustment positions illustrated while
      being capable of alignment with the openings for reception of bolt and nut
      58 by the use of shims 60, 62 and 64 of various predetermined thicknesses
      to effect such alignment in each of the positions B, C and D, the
      construction being such, of course, that studs 54 are adapted to connect
      each combination of bracket and shim to the respective counterweight or
      adjusted counterweight position in the range of truck capacities and/or
      truck battery compartment length as may be involved for the same or
      different lift trucks. Of course, it will also be appreciated that the
      same construction is applicable to a variety of types of lift trucks or
      other industrial vehicles having prime movers other than electric, such as
      internal combustion engines.
PAR  My invention provides, as will now be appreciated, structurally rigid
      design of relatively high strength for adjustable overhead guards. It will
      be apparent to those skilled in the art that various changes in the
      structure and relative arrangement of parts may be made without
      necessarily departing from the scope of my invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an industrial vehicle having an operator's compartment and a driver's
      overhead guard of generally inverted U-shaped construction connected to
      the vehicle forwardly and rearwardly of the compartment, the improvement
      comprising a downwardly extending end support leg means pivotably
      connected at the upper end to one end portion of the overhead bridge of
      the guard and adjustable to a plurality of pivoted positions in relation
      to the bridge and to the vehicle, means secured to the upper end of the
      support leg means which extends outwardly therefrom contiguous to said one
      end portion of the bridge, and means for connecting said secured means to
      said contiguous one end portion at a location spaced from said pivotal
      connection at each position of said plurality of pivoted positions of said
      support leg means.
NUM  2.
PAR  2. An industrial vehicle as claimed in claim 1 wherein said vehicle is a
      lift truck, said overhead guard being connected rearwardly of the
      compartment to a counterweight of the lift truck by said support leg
      means, and bracket means for securing said support leg means to the
      counterweight.
NUM  3.
PAR  3. An industrial vehicle as claimed in claim 1 wherein said connecting
      means comprises a plurality of spaced and selectively alignable openings
      in said secured means and in the contiguous one end bridge portion, and a
      member for securely connecting selected pairs of said openings.
NUM  4.
PAR  4. An industrial vehicle as claimed in claim 1 wherein the support leg
      means is of fixed length, and vertically adjustable connecting means for
      securing the lower ends of the support leg means to the vehicle at
      different pivoted adjusted positions thereof.
NUM  5.
PAR  5. An industrial vehicle as claimed in claim 1 wherein a pivot post is
      secured to the said one end portion of the bridge from which is pivotally
      supported the support leg means, said pivot post being in spaced relation
      to said connecting means.
NUM  6.
PAR  6. An industrial vehicle as claimed in claim 1 wherein said support leg
      means comprises a pair of downwardly extending legs to each of which is
      connected a said connecting means for connecting the upper ends of the
      support legs to opposite side rails of said one portion of the bridge, and
      means for securing the lower ends of the support legs to the vehicle.
NUM  7.
PAR  7. An industrial vehicle as claimed in claim 6 wherein the portion of the
      vehicle to which the support legs are secured is adjustable longitudinally
      to a plurality of positions wherein each support leg is pivotally
      adjustable for rigid non-pivotable connection at both ends thereof.
NUM  8.
PAR  8. A driver's overhead guard of generally inverted U-shaped construction
      adjustable for use with industrial vehicles of different lengths having
      corresponding different length requirements for an overhead guard, the
      improvement comprising downwardly extending support leg means pivotally
      connected at the upper end to one end portion of the overhead bridge of
      the guard and adjustable to a plurality of pivoted positions, means
      secured to the upper end of the support leg means which extends outwardly
      therefrom contiguous to said one end portion of the bridge, means for
      connecting said secured means to said contiguous one end portion at a
      location spaced from said pivotal connection at each position of said
      plurality of pivoted positions of said support leg means, and means for
      securing the lower end of said support leg means to a respective vehicle
      for which a selectable pivoted position of the support leg means is
      provided.
NUM  9.
PAR  9. A driver's overhead guard as claimed in claim 8 wherein the support leg
      means is of a fixed length and the means for securing the latter to the
      vehicle varies in height in relation to the selected pivoted position of
      the support leg means.
NUM  10.
PAR  10. A driver's overhead guard as claimed in claim 8 wherein a pivot post is
      secured to the said one end portion of the bridge from which is pivotally
      supported the support leg means, said pivot post being in spaced relation
      to said connecting means.
NUM  11.
PAR  11. A driver's overhead guard as claimed in claim 8 wherein the overhead
      bridge of the guard has a pair of transversely spaced side rails, said
      support leg means comprising a pair of support legs pivotally connected to
      respective ones of said side rails, said secured means comprising a pair
      of securing elements, a plurality of selectively spaced alignable openings
      in each side rail and securing contiguous element, and a member for
      securing each contiguous element and side rail at selected pivoted
      positions of each support leg by connecting selected alignable pairs of
      said openings.
NUM  12.
PAR  12. A driver's overhead guard as claimed in claim 11 wherein the support
      legs are fixed in length, and bracket means for securing the lower ends
      thereof to different ones of said vehicles.
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ABST
PAL  A pair of extensible leveling and stabilizing legs are connected pivotally
      to the underside of a trailer, the legs can be raised from their ground
      engaging position extending downward to the ground in an outward direction
      transverse to the longitudinal axis of the trailer, to a retracted
      position extending parallel to the underside of the trailer. Force means
      are provided which tend to move the legs toward each other and thus
      continuously maintain stabilizing and leveling contact of the ground
      engaging portion of the legs with the ground. The force means can also be
      used to maintain the legs in a raised and retracted position.
PARN
PAR  This application is a continuation-in-part of my copending application,
      Ser. No. 260,656, filed June 7, 1972, now U.S. Pat. NO. 3,801,128  the
      entire contents of which are incorporated herein by reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved device for supporting parked
      trailers in a level and stable condition. In addition, the present device
      automatically adjusts as the ground underneath the support compacts or
      shifts due to weight of the trailer and the movement of people within the
      trailer, thus retaining stable and level support of the trailer. Further,
      the improved trailer supporting device of the present invention can be
      retracted and held beneath the trailer during periods of non-use of the
      supporting device, such as when the trailer is being pulled on the road.
PAR  A retractable stabilizing and leveling support assembly for trailers is
      disclosed in U.S. Pat. No. 3,454,251, issued July 8, 1969, comprising a
      pair of extensible legs connected pivotally to laterally spaced
      longitudinal beams of a trailer frame. The legs are interconnected when in
      the supporting position by elongated tie rods which are adjustable in
      length to accommodate variable spacings between legs. The tie rods are
      removable, whereupon the supports can be swung up and individually latched
      in a retracted position.
PAR  The trailer support assembly of U.S. Pat. No. 3,454,251 has several
      inconvenient features, especially when utilized to stabilize trailers such
      as mobile homes or campers. In positioning the stabilizer apparatus of
      U.S. Pat. No. 3,454,251, several steps are necessary, including loosening
      of the pivot nut, swinging the support leg down, adjusting the length of
      the support leg and finally connecting the tie rods between the two
      stabilizer legs. Such a tedious, time conuming procedure is not
      convenient, especially when the trailer is a mobile home or trailer which
      is frequently being moved and where the stabilizer apparatus is being
      positioned and retracted quite frequently. The support legs in the
      apparatus of U.S. Pat. No. 3,454,251 must each be individually raised or
      lowered. It would be convenient to have a stabilizer system for mobile
      homes, campers and other trailers which are frequently moved, which can be
      positioned and retracted in a simple manner requiring no outside tools or
      equipment.
PAR  In addition, it would be desirable to have a stabilizer apparatus which
      would automatically adjust to compensate for compacting or moving of the
      earth or other support on which the stabilizer rests. Mobile homes are
      especially prone to settling problems, due to the movement of persons
      within the house trailer, which creates a rocking and tilting motion,
      which in turn transfers the major portion of the weight of the trailer
      from one support to the other. The ground underneath the supports tends to
      compact under this rocking and tilting and ultimately the support becomes
      loose. With the devices of the prior art, one had to adjust each leg
      manually to counteract this loosening tendency.
PAR  A device is shown in U.S. Pat. No. 2,924,463 wherein the support legs pivot
      from the frame of the trailer and rest on the ground at an angle. A
      support member having a section of chain is hooked between the two legs.
      To adjust the legs, the weight of the trailer must be lifted by an
      auxiliary means so that the support legs are free. The chain member
      portion of the support member is shortened so as to draw the two legs
      together or lengthened to allow the two legs to separate, depending on
      whether the adjustment made is to raise or lower the support for the
      trailer. This is a disadvantage to the trailer owner each time he desires
      to readjust the support legs.
PAR  Other methods of adjusting the length of the support legs using methods
      similar to the common means used in jacking of an automobile to change a
      tire are disclosed in U.S. Pat. Nos. 2,162,181, 2,634,941, 2,979,304,
      3,093,362, 3,096,065 and 3,167,327.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly, the present invention provides a trailer stabilizing and leveling
      support assembly comprising two support members which are pivotally
      connected by attachment means to the bottom of the trailer frame and means
      for applying a force to the support members in a direction transverse to
      the trailer so as to move the leg assemblies towards or away from each
      other. A preferred means for applying the force to the support members
      being an elongate member of adjustable length and a spring tension
      mechanism connecting the two support members. The spring tension member
      being connected from one end of the elongate members to one support
      member. The other end of the elongate member is connected to the other
      support member and means are provided for adjusting the length of the
      elongate member. As the elongate member is lengthened, the support members
      are pivoted into a retracted position adjacent the underside of the
      trailer. When the elongate member is shortened, the support members are
      swung downward until they extend downward and outward from the trailer and
      a foot member on the ends of the support members engage the ground.
      Continued shortening of the elongate member extends the spring tension
      member providing a continuous force tending to move the support members
      towards each other thereby maintaining constant engagement between the
      foot members and the ground. As the trailer is rocked or tilted by
      movement of people therein, the ground underneath the foot members may
      compact or give away. If this happens, the apparatus of the present
      invention automatically counteracts such by the two support members being
      drawn towards each other, thus, maintaining the foot members in firm
      contact with the ground.
PAR  It is thus the principal object of the present invention to provide a
      stabilizing and leveling support assembly which overcomes the complex and
      tedious operation involved in engaging and retracting the support members
      for a mobile trailer of the prior art apparatus.
PAR  Another important object of the present invention is to provide a
      stabilizing and support assembly which automatically adjusts for
      compacting and shifting of the ground underneath the support leg, which if
      not adjusted for, results in the support leg becoming loose which allows
      the trailer to become unstable.
PAR  The foregoing and other objects and advantages of this invention will
      appear from the following detailed description taken in connection with
      the accompanying drawing of the preferred embodiment.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view showing one preferred embodiment of the
      stabilizing and leveling support assembly of this invention.
PAR  FIG. 2 is a partial cross-section taken along line 2--2 of FIG. 1.
PAR  FIG. 3 is an end elevation showing the apparatus of FIG. 1 in its retracted
      position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, there is shown for purposes of illustration, a
      perspective view of one preferred embodiment of the apparatus of the
      present invention. The apparatus comprises two leg members 12 which have
      attaching means 13 attached at one end thereof. The attaching means shown
      comprises plate 13(a) and a channel shaped bracket 13(b). Leg assemblies
      12 are attached by nut and bolt 14 to the channel shaped members 13 for
      pivotal movement in a vertical plane.
PAR  Each leg member 12 comprises two elongated, hollow sections 12(a) and
      12(b). The lower leg section 12(b) is received slidably within the hollow
      upper leg section 12(a) for telescopic adjustment. The lower section 12(b)
      has a plurality of transverse openings 15 therein located along its
      length. Section 12(a ) has at least a single opening 16 and, preferably, a
      plurality of openings 16. The openings 15 and 16 are arranged respectively
      to register in pairs for the reception of a locking pin 17. The leg
      sections thus may be secured together in a plurality of desired positions
      of relative extension and retraction, to provide a desired overall leg
      length. To provide incremental adjustment, the spacing between opening 16
      in the upper leg section is made different from the spacing between
      openings 15 in the lower section. For example, by spacing the openings in
      the lower leg section 12(b) three-quarters of an inch between centers and
      in the upper leg section 12 a one-half inch between centers, incremental
      adjustments of one-quarter inch are provided. Alternatively, a single
      opening can be placed in upper section 12(a) and the openings spaced
      one-half inch between centers in the lower section 12(b) whereupon
      incremental adjustments of one-half inch are provided.
PAR  The bottom end of the lower leg section 12(b) is provided with a ground
      engaging foot member 18 pivotally attached thereto. As is shown in FIG. 1,
      two brackets 19 are integrally attached to foot means 18 enclosing two
      sides of the bottom and of leg section 12(b). A nut and bolt 20 secures
      the foot member to the end of leg member 12(b) so that the foot member 18
      can rotate about the longitudinal axis of the nut and bolt 20.
PAR  Means are provided for maintaining a force tending to move the leg members
      toward and away from each other. In the embodiment shown in the drawings,
      an elongate member 22 of adjustable length and a spring 23 connect the leg
      members 12. The elongate member 22 and spring 23 are longitudinally
      attached to each other end to end so that the spring 23 extending from one
      end of the elongate member 22 is attached at its other end to one of the
      leg members 12 (in FIG. 1 the spring is shown attached to a lug 24 which
      is in turn attached to the right leg member 12). The second leg member 12
      is pivotally attached to elongate member as is shown best in FIG. 2. A lug
      30 is attached to the upper leg section 12(a) and a bolt 29 is attached to
      elongate member 22 extending transversely therefrom. Bolt 29 extends
      through an opening in lug 30 and is held in that position by nut 27.
PAR  The elongate member 22 comprises a tubular member 22(a) having a square
      cross-section. An elongate rod 22(b), FIG. 2, extends into one end of
      tubular member 22(a). The end of elongate rod 22(b) extending from tubular
      member 22(a) has the shape of a lug 22(c) so that it can engage with a lug
      wrench or crank and rotated about its longitudinal axis. A bearing member
      22(d) is integrally attached to the end of tubular member 22(a) and
      bushing 22(e) is positioned between the lug 22(c) portion of elongate rod
      22(b) and bushing 22(e). A second tubular member 22(f) extends
      telescopically into the other end of tubular member 22(a). A nut 22(g) on
      the end of tubular member 22(f) engages threads on rod 22(b), so that as
      rod 22(b) rotates, nut 22(g) and tubular member 22(f) moves longitudinally
      back and forth in tubular member 22(a). The nut 22(g) is sized so that it
      cannot turn inside tubular member 22(a) but is free to move longitudinally
      within tubular member 22(a). The other end of tubular member 22(f) is
      received telescopically by a length adjusting member 22(j). There is an
      opening in adjusting member 22(j) and a plurality of openings in the end
      of tubular member 22(f). The openings in tubular member 22(f) can be
      aligned with the opening in adjusting member 22(j) and a pin member 22(h)
      is inserted therethrough. The adjusting member 22(j) is in turn attached
      to spring 23.
PAR  When lug 22(c) is rotated in one direction, the elongate member 22 is
      shortened due to the nut 22(g) advancing towards lug 22(c). Bushing 22(e)
      prevents rod 22(b) from moving longitudinally within tubular member 22(a)
      as the elongate member 22 is shortened. Rotating the lug 22(c) in the
      opposite direction results in lengthening elongate member 22 due to the
      nut 22(g) receeding away from lug 22(c). Bearing ring 22(i) prevents rod
      22(b) from moving longitudinally within tubular member 22(a) as the
      elongate member 22 is shortened. When elongate member 22 is shortened the
      leg members 12 are drawn towards each other and into their downward,
      ground extending position as shown in FIG. 1. When the elongate member 22
      is lengthened, the leg members 12 are pushed away from each other rotating
      upwards and towards the underside of the trailer as shown in FIG. 3.
PAR  The stabilizer assembly is normally installed on both the front or back
      ends of the trailer; however, this is not essential, the stabilizer
      assembly can be installed on the front alone or the back alone in addition
      to being installed on both. The stabilizer assembly can be installed
      during the manufacture of the trailer or can be installed as an addition
      to an existing trailer. The assembly is identical in construction and
      operation whether installed on the front or the back end of the trailer,
      the rear assembly is illustrated in FIG. 3.
PAR  Each leg member is detachably secured to the trailer by appropriate means
      without modifying the trailer. In the drawings, plate 11 is attached to
      the underside of the trailer and, preferably, to the frame of the trailer.
PAR  The desired length of the leg member 12 can be predetermined with reference
      to the particular trailer to which it is to be secured. The only critical
      requirement as to length of leg members 12 is that it be adjustable to be
      greater than the perpendicular distance from the ground to the plate 11.
      Normally, the desired length is selected so that the leg member 12 is
      inclined at an angle of approximately 30.degree. with respect to
      perpendicular, however, as mentioned above, this is not critical. The
      particular length of leg member 12 is adjusted as explained hereinbefore
      by withdrawing pin 17 and extending member 12(b) to a position within the
      desired range where the openings in member 12(a) and 12(b) register and
      then replacing pin 17. Under normal conditions, this length need never be
      readjusted. However, if the trailer is parked where the ground on which
      the support leg rests is somewhat higher or lower than the ground upon
      which the trailer wheels are resting, it may be necessary to adjust the
      length of the leg members 12 accordingly. The leg members 12 are
      positioned so that they extend downward and outward in a lateral direction
      away from longitudinal axis of the trailer as shown in FIG. 2 and in
      phantom in FIG. 3 with the foot members 18 on the ends thereof resting on
      the ground.
PAR  The rod 22 and spring 23 are attached to each other as is shown in FIG. 1
      by hooking an eye shaped portion of the spring 23 onto a hook 31 on the
      rod 22. The rod extends coaxially into a portion of the spring 23. The
      free end of the spring 23 is attached to one of the leg members 12, as
      explained hereinbefore.
PAR  The leg assemblies can be lowered from the position shown in FIG. 3 by
      rotating lug 22(c) with a lug wrench or a crank. As the leg assemblies
      lower the foot members 18 touch the ground. Continued rotation of lug
      22(c) then extends spring 23 resulting in a force tending to pull the leg
      members 12 towards each other equal to the force exerted by the extended
      spring 23. The tension of the spring 23 holds the leg members 12 securely
      against the ground. As the ground compacts or shifts under the weight of
      the trailer and its occupants, the spring tension draws the leg members
      together and thus automatically adjusts the leg members so that constant
      contact is made with the ground.
PAR  Varying sized springs having varying spring constants can be utilized in
      practicing the present invention. It is preferred that the spring constant
      be approximately 100 pounds per inch or greater, however, this is not
      critical. The ground engaging foot members 18 preferably have upwardly
      curved edges 32 on the sides of the foot members which are toward the
      center of the trailer as shown in FIG. 1 to allow the foot member to move
      under the tension of spring 23 without digging into the ground.
PAR  The leg assemblies can be raised to their retracted position shown in FIG.
      3 by rotating lug 22(c) in the opposite direction to that used in lowering
      the legs. The elongate number 22 lengthens and forces the leg assemblies
      to rotate into their retracted position.
PAR  It will be apparent to those skilled in the art that various changes may be
      made in size, shape, number and arrangement of parts described
      hereinbefore without departing from the spirit of this invention. The leg
      members 12 can be round rather than rectangular as shown in FIGS. 1 - 3.
      When round legs are used, the upper section is provided with internal
      threads and the lower section provided with external threads. The ground
      engaging foot member 18 is attached to the lower leg section so that it
      can rotate about its longitudinal axis. With this modified leg apparatus,
      the trailer can be leveled after the legs have been situated in their
      support position. That is, if after the stabilizing and supporting
      position, it is found that one corner of the trailer is low with respect
      to another, the low corner can be jacked up by rotating the lower leg
      section, thus extending the lower leg section further from the upper leg
      section. The low corner is thus raised with respect to the other corners.
      If the corner had been high rather than low, the lower leg section would
      have been rotated so that it retracts into the upper leg section, thus
      lowering the high corner with respect to the other corners.
PAR  The elongate member 22 and spring 23 can be connected to the leg at any
      point therealong between their ends. Preferably, they are connected to the
      mid-portion of the leg assemblies 12, and it is particularly advantageous
      to connect them to the lower portion of the upper section 12(a) of leg
      assemblies 12.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stabilizing and leveling support assembly for trailers, comprising:
PA1  a. a pair of extensible leg assemblies,
PA1  b. means for attaching one end of said leg assemblies to the underside of a
      trailer, one leg assembly adjacent each lateral side of the trailer with
      said leg assemblies being secured by said attaching means for pivotal
      movement of said leg assemblies between an operative position extending
      downward and outward from the trailer and a raised position extending
      outward from the trailer and generally adjacent to the underside of the
      trailer,
PA1  c. an elongate member of adjustable length with one end of said elongate
      member having a spring attached axially thereto with the other end of said
      spring being pivotally connected to one of said leg assemblies, and with
      the other end of said elongate member pivotally connected to the other leg
      assembly,
PA1  d. means for adjusting the length of said elongate member thereby applying
      a force to said leg assemblies in a direction transverse to the trailer
      and towards or away from each other, said force tending to move the
      respective leg assemblies towards each other when the length of said
      elongate member is shortened and away from each other with the length of
      said elongate member is lengthened.
NUM  2.
PAR  2. A stabilizing and leveling support assembly for trailers as claimed in
      claim 1 wherein the elongate member comprises two elongate sections with
      one section being received in the other for telescopic adjustment.
NUM  3.
PAR  3. A stabilizing and leveling support assembly for trailers as claimed in
      claim 2 wherein one end portion of the first elongate section is attached
      to the first leg assembly through a journal bearing, the other end portion
      of the first elongate section being threaded, the one end portion of the
      second elongate section being hollow with internal threads which engage
      the threads on the first elongate section, a spring is attached axially to
      the other end of the second elongate section, the other end of the spring
      being attached to the second leg assembly, and the means for adjusting the
      length of said elongate member comprises means for rotating said first
      elongate section.
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PAL  A bicycle having a steering member (handlebars) which is mounted in a tube
      connected to the tubular mounting member for the front fork, said tube
      being arched in such a way that the arch centre is positioned in front of
      the bicycle, the mounting tube of the steering member being arched in the
      same manner and slidably mounted therein, tightening means being provided
      to fix the mounting tube of the steering member at a desired height, the
      frame being shaped in such a way that a substantially horizontal line
      through the saddle and the handlebars, a straight line from the crank
      through the mounting tube for the saddle, and a straight line from the
      crank to the handlebars constitute a triangle in which the angle at the
      saddle will be about 73.degree. and the angle at the handlebars about
      62.degree., whereby an optimal comfort for the driver is obtained.
BSUM
PAR  This invention relates to a bicycle of the type which has a frame portion
      extending obliquely from the crank and carrying a tube in which the saddle
      mounting tube is adjustably mounted by means of tensioning means, so that
      the saddle can be fixed at a desirable height, the frame further having an
      oblique front fork tube in which a mounting tube for the tube of the
      steering member is adjustably mounted.
PAR  The frames for bicycles of the known constructions have a tube member in
      which the saddle tube is adjustably mounted and a mounting tube for the
      front fork which is substantially parallel to the said tube, so that the
      saddle tube and the steering member tube are straight, and when adjusting
      the height of the saddle and the handlebars the distance between the
      saddle and the handlebars will be substantially the same at all levels of
      the saddle and the handlebars. As tall persons who must have the saddle
      and the handlebars mounted at a high level have generally long arms and a
      long torso the comfortable driving position for small persons will be
      different than for tall persons, and the bicycle should, accordingly, be
      constructed in such a way that at a certain high position of the saddle
      and the handlebars it gives optimal driving comfort for a person of a
      corresponding height, whereas the comfort will decrease at higher and
      lower levels of the saddle and the handlebars.
PAR  In order to obtain a comfortable driving position for persons of varying
      heights the horizontal distance between the saddle and the handlebars must
      increase by increasing height. In order to fulfil this requirement
      handlebars have been proposed which can rotate in their mounting tube
      about a horizontal axis and be fixed in different positions, but such an
      adjustment results in oblique positions of the handles, which is not
      comfortable, and further the steering member must have a rather
      complicated construction. The rotatable connection between the handlebars
      and the substantially vertical tube involves a risk of unintentional
      rotation of the handlebars.
PAR  The bicycle according to this invention is characterized in that the
      mounting tube for the steering member extends upwardly from the frame
      portion receiving the front fork tube and is arched in such a way that the
      centre is positioned in front of the frame when the front wheel is in
      position for straight ahead driving, the tube of the handlebars being
      arched in the same way and slidably mounted in the mounting tube,
      tensioning means being provided adapted to fix the two arched tube members
      in relation to each other.
PAR  By this construction an adjustment of the handlebars to a higher position
      will have the effect that the handles are moved away from the saddle, so
      that the distance from the saddle to the handles will increase at
      increased height of the handlebars. Thereby the same driving comfort can
      be obtained by a high level of the handlebars as at a low level.
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PAR  The invention will be described below with reference to the accompanying
      drawing, in which
PAR  FIG. 1 shows a bicycle according to the invention in side view and partly
      in cross-section, and
PAR  FIG. 2 the same as FIG. 1 seen from the top.
DETD
PAR  The bicycle has an angular frame portion which may be manufactured by
      pressure moulding of a plastics material, e.g. reinforced by glass fibres,
      and shaped as a hollow body. From the crank 2 in which the crank shaft is
      mounted in bearings fixed in the frame a frame portion 3 extends obliquely
      upwardly and rearwardly, and a further frame portion 4 extends obliquely
      upwardly and forwardly. The frame portion 4 carries a front fork tube 5
      which extends substantially parallel to the frame portion 3.
PAR  A rear fork 6 may consist of steel plates which are rotatably mounted in
      the frame about the axis of the crank, and the fork has a forwardly
      extending portion 7 which is embedded in a body 8 of elastic material,
      e.g. an elastic plastics material or a rubber material, which is mounted
      in a bead 9 on a wall 10 of the frame and follows the periphery of the
      crank. Thereby the rear fork will be resilient and can carry out small
      oscillations about the axis of the crank.
PAR  The rear fork 6 carries a rear wheel 11 with a sprocket wheel on which a
      rather broad band of a rubber material is arranged. The band 12 connects
      the sprocket wheel with a sprocket wheel 13 on the crank shaft.
PAR  In the frame portion 3 a steel tube 14 is mounted, in which a tube 15
      carrying the saddle 16 is adjustably mounted. In the tube 15 a series of
      recesses 17 is provided, in which a wing screw 18 which is screwed into a
      pipe stub 19 on the frame portion 3 can be inserted. Thereby the position
      of the saddle can be adjusted stepwise.
PAR  In the tubular frame member 5 a tube 21 connected to the front fork 20 is
      mounted, said tube 21 being mounting tube for the steering member tube 25.
      Between the front fork and the mounting tube 21 an annular member 23 of
      elastic material, such as an elastic plastic or rubber, is mounted.
      Thereby the front fork is resiliently mounted.
PAR  The mounting tube 21 is arched and follows a part of a circle having its
      centre in front of the frame when the front wheel 24 is in position for
      straight ahead driving. In the mounting tube 21 is mounted the
      correspondingly arched sheering member tube 25 which has recesses 17
      corresponding to the recesses 17 in the tube 15 and a fixing screw 18
      corresponding to the screw 18 in the frame portion 3.
PAR  It appears from FIG. 1 that a lifting of the steering member as shown by
      the stippled line 26 and a lifting of the saddle 16 as shown by the
      stippled line 27 will have the effect that the horizontal distance between
      the saddle and the handlebars will increase.
PAR  Experiments have shown that a particularly good driving comfort is obtained
      if the angle a between the axis of the tube 14 and a horizontal line 28
      through the saddle and the handlebars is approximately 73.degree., and the
      angle b between the line 28 and a line 29 between the crank and a point 30
      on the handlebars corresponding to the position of the handles is
      approximately 62.degree.. The angle between the axis of the tube 14 and
      the axis 31 of the frame portion 4 may suitably be 90.degree..
PAR  The wheels 11 and 24 can each be manufactured of two shells 32 and 33, e.g.
      of plastics material, which are welded together and carries a tyre 34
      consisting of an elastic material, e.g. a plastics material or a rubber
      material, in which a screw spring of steel is embedded.
PAR  Thereby a sufficient hardness for a good driving comfort with small wheels
      can be obtained.
CLMS
STM  I claim:
NUM  1.
PAR  1. A bicycle comprising a frame portion extending obliquely from a crank
      and carrying a tube in which a saddle mounting tube is adjustably mounted
      by means of tightening means, so that the saddle can be fixed at a desired
      height, the frame further having an oblique front fork tube in which a
      mounting tube for a steering member tube tube is adjustably mounted, said
      mounting tube extending upwardly from the frame portion which receives the
      front fork tube and being arched in such a way that the centre is
      positioned in front of the frame when the front wheel is in position for
      straight ahead driving, a steering member tube arched in the same way as
      the mounting tube and slidably mounted in the mounting tube, and
      tightening means for fixing the two arched tubes in relation to each
      other.
NUM  2.
PAR  2. A bicycle according to claim 1 wherein the tightening means for the
      steering member tube and the saddle mounting tube include wing screws
      which are each mounted in a pipe stub on the said mounting tube, the screw
      being adapted to be received in recesses in the steering member tube and
      the saddle tube, respectively.
NUM  3.
PAR  3. A bicycle according to claim 1 including a saddle carried by the saddle
      mounting tube and handlebars carried by the steering member tube, wherein
      the frame, the steering member tube, and the mounting tube are so shaped
      that a substantially horizontal line through the saddle and the
      handlebars, a straight line from the crank through the saddle mounting
      tube, and a straight line from the crank to the handles in each position
      of the handlebars and the saddle constitute a triangle in which the angle
      at the saddle will be approximately 73.degree. and the angle at the
      handlebars approximately 62.degree. .
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PAL  An intermediate semi-trailer unit which is towed by a highway tractor and
      tows a standard cargo semi-trailer. The standard trailer is attached to
      the intermediate trailer unit by a fifth wheel mounted on a portion of the
      chassis which permanently extends rearwardly beyond the cargo container of
      the intermediate trailer unit. The fifth wheel is positioned over or ahead
      of the rearmost bogie of the intermediate trailer unit. Means are provided
      to form, temporarily, a horizontal platform over the fifth wheel for the
      loading and unloading of the cargo container.
PARN
     This is a continuation of application Ser. No. 370,744 filed June 18, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  For several reasons, the tandem trailer truck concept has become an
      essential part of any large scale cargo movement over the highway.
      Furthermore, the idea that one crew and one tractor can tow two or more
      trailers is attractive, not only because of the increased volume of goods
      shipped by truck and the increasing cost of individual crews and tractors,
      but also because the use of several smaller trailers rather than one large
      trailer is more compatible with modern "cargo module" systems. The cargo
      module system makes use of a single cargo container which is easily
      transferable between transportation means.
PAR  One important drawback to tandem trailer arrangements has been the problem
      of safety. A single tractor and trailer loaded with 30 tons of cargo and
      traveling at 70 miles per hour represents a serious danger no matter how
      carefully the equipment is maintained and driven. The addition of trailers
      to the vehicle adds not only to the instability of the combination during
      heavy breaking, on corners or over bumps, but also adds to the sheer mass
      of the inertial body.
PAR  One of the key elements in the tandem structure is the connection between
      the trailers. This connection must be strong, stable, compatible with
      existing equipment, and easy to connect and disconnect. In addition it
      must take up the load of the rear trailer in such a way that it does not
      lift the front end of the front trailer. Also, the connection must not
      interfere with loading and unloading operations.
PAR  Most of the connections under consideration use the standard fifth-wheel
      connector, it being regarded as the best way of hitching a following
      trailer to a tractor or other trailer. The problem stems from the need to
      attach the fifth wheel to the leading trailer.
PAR  The most popular solution, is to mount the fifth wheel on a small chassis
      which is, in turn, mounted on a set of wheels called a bogie. This
      structure is pulled behind the forward trailer through a combination of
      poles and hooks, with the rear trailer attached to the fifth wheel.
      Although this idea is relatively inexpensive and is suited for use with
      present equipment, the connection between the structure and the leading
      trailer is regarded as inadequate for safety and stability. Technically,
      this arrangement is a true trailer rather than a semi-trailer (the proper
      term for a trailer not completely supported by its own road wheels), a
      fact which can greatly modify its operating charactereistics.
PAR  All of the other solutions involve radically redesigned trailers, an idea
      which will not be accepted quickly due to large capital investment and the
      problems of acceptance by government regulatory agencies and the drivers.
      In addition, most of the present designs have technical drawbacks. In one
      plan, the chassis of the two trailers would be rigidly connected and the
      bogie of the forward trailer moved back to form a tardem axle at the rear
      of the combination (see the U.S. patent of Roshia U.S. Pat. No.
      3,102,738). This concept is limited to short trailer lengths, it requires
      that both trailers be of the new design, and it results in two
      non-self-supported halves should the non-conventional connection
      accidently come apart in transit.
PAR  The idea of attaching the rear trailer of a fifth wheel which is, in turn,
      connected directly to the chassis of the forward trailer, has taken
      several forms. In a somewhat different form of truck, an automobile
      carrier (see the Davis et al. U.S. Pat. No. 1,880,123) the concept of
      extending the chassis beyond the auto deck and attaching a fifth wheel to
      the extension was attempted. Since loading operations were always carried
      out from the rear of the rear trailer and, therefore, not impeded by the
      presence of the fifth wheel and since relative low-weight density of
      automobiles did not apparently cause the force couple of the forward
      trailer to result in a lifting of the front of the trailer by the weight
      of the rear of the trailer, the problems of transfer of the idea to a
      regular cargo trailer were not recognized.
PAR  In order to allow the loading and unloading of cargo, trailer designers
      decided that the fifth wheel must not extend beyond the end of the cargo
      container (see the Bennett et al. U.S. Pat. No. 3,163,306). The restricted
      access to a fifth wheel under the cargo container and the need for a
      specially designed rear trailer are obvious problems. In a refinement of
      the above idea, the fifth wheel and its associated bogie are slidably
      mounted to the frame (see the Crockett et al. U.S. Pat. No. 3,374,010). In
      its forward position, the fifth wheel is out of the way of the loading
      operation, and in the rearward position, it is accessible to a standard
      rear trailer. The problems of creating a practical sliding connection
      which is easy to operate and strong enough to withstand the tremendous
      stresses involved are formidable. These and other difficulties experienced
      with the prior art devices have been obviated in a novel manner by the
      present invention.
PAR  It is, therefore, an outstanding object of the invention to provide a
      trailer unit adapted to carry cargo behind a highway tractor in order to
      move goods over the road.
PAR  Another object of this invention is the provision of a trailer unit adapted
      to tow an additional cargo trailer using a standard fifth-wheel
      arrangement.
PAR  A further object of the present invention is the provision of a trailer
      unit in which the rear fifth-wheel unit is unencumbered by overhang of the
      cargo container because the trailer chassis extends beyond the cargo
      container.
PAR  It is another object of the instant invention to provide a trailer unit in
      which the rear fifth wheel is supported from directly beneath by a bogie
      thereby avoiding a force couple between the front and rear of the trailer.
PAR  A still further object of the invention is the provision of a trailer unit
      having a rigid chassis in which looseness and relative movement within
      itself are eliminated.
PAR  It is a further object of the invention to provide a trailer in which a
      gate is provided which can form a loading platform over the rear fifth
      wheel and behind the cargo container.
PAR  It is a still further object of the present invention to provide a trailer
      unit which forms a safe, stable tandem trailer which is simple to connect
      with another standard trailer.
PAR  With these and other objects in view, as will be apparent to those skilled
      in the art, the invention resides in the combination of parts set forth in
      the specification and covered by the claims appended hereto.
PAC  SUMMARY OF THE INVENTION
PAR  This invention involves a cargo-carrying trailer unit adapted to be towed
      behind a standard highway tractor and adapted to tow a standard trailer.
      The trailer of this invention includes an elongated cargo container
      accessible at the rear end, a chassis on which the container is mounted
      and which extends beyond the rear of the container, and a king pin at the
      front end of the chassis to engage a fifth wheel on a tractor. Mounted on
      the extended portion of the chassis are a fifth wheel and the trailer
      bogies at least one of which is located beneath or to the rear of the
      fifth wheel. A movable horizontal platform is provided over the fifth
      wheel, the platform extending from the end of the cargo container to a
      point above the rear end of the chassis.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The character of the invention, however, may be best understood by
      reference to one of its structural forms, as illustrated by the
      accompanying drawings, in which:
PAR  FIG. 1 is a side elevation view of a tandem trailer truck arrangement
      embodying the principles of the present invention,
PAR  FIG. 2 is a side elevation view of a trailer unit being unloaded,
PAR  FIG. 3 is a perspective view of the rear of the trailer unit with the
      platform in its inoperative position, and
PAR  FIG. 4 is a plan view of the rear of the trailer unit with the platform in
      its operational position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring first to FIG. 1, wherein are best shown the general features of
      the present invention, the tandem trailer system, denoted generally by the
      numeral 10, is shown to include a highway tractor 11, a forward trailer
      12, and a rear trailer 13.
PAR  The highway tractor 11 is of the normal type having at its rear end a
      standard tiltable fifth wheel type connector 14.
PAR  The forward trailer 12 is attached to the tractor 11 by a king pin 15
      (shown in FIG. 2) and the fifth wheel 14. It should be noted that the
      trailers of this discussion are of the type more specifically known as
      semi-trailers, that is, trailers designed so that a portion of the weight
      is carried by the towing vehicle. The forward trailer 12 consists of a
      rectangular, closed cargo container 16 having a rear end access door 17,
      and a chassis 18 which extends beyond the end of the cargo container 16 to
      form an extension 19. On the upper surface of the extension 19 is mounted
      a tiltable standard fifth wheel 20 by which the rear trailer 13 can be
      connected to the chassis 18 of the forward trailer 12. Beneath or to the
      rear of the fifth wheel 20 is the rearmost bogie 21 of the forward trailer
      12. The rearmost bogie 21 should be placed so that downward force exterted
      on the fifth wheel 20 does not result in a lifting of the forward end of
      the forward trailer 12. Additional bogies 22 are attached to the chassis
      18 consistant with regulations on weight to wheel ratios.
PAR  On the upper surface of the chassis 18, just behind the cargo container 12,
      is hingedly mounted by hinge 23, a platform 24. Attached to the rearward
      or downward surface of the platform 24 is a plate 25 which engages the
      fifth wheel 20 when the platform is in its horizontal position, and
      foldable legs 26 which engage the chassis 18 when the platform is in its
      horizontal position. A pulley 27, crank 28 and cable 29, are attached to
      the cargo container 16 or in the case of removable cargo containers to the
      chassis, in order to move the platform 24 between its horizontal and
      vertical positions. FIG. 1 shows the platform 24 in its vertical position.
PAR  Rear trailer 13 is a semi-trailer of standard design. FIG. 2 shows the
      forward trailer 12 as it is being unloaded by a fork lift 30 onto a
      loading dock 31. The platform 24 is in its horizontal position with the
      plate 25 contacting the fifth wheel 20, and the legs 26 unfolded.
PAR  FIG. 3 shows details of the extension 19 and the platform 24 in its
      vertical position.
PAR  FIG. 4 shows a top view of the platform 24 in its horizontal position. The
      platform 24 is held on hinge 23, between the platform 24 and the chassis
      18.
PAR  The operation of the invention will now be readily understood in view of
      the above description. FIG. 1 shows the tandem trailer system using the
      described trailer unit as the forward trailer. As shown, it would be used
      for bulk transfer of goods over long distances. The platform 24 is held in
      its vertical position by cable 29, and the legs 26 are folded.
PAR  To load or unload the contents of the forward trailer 12, the rear trailer
      13 is decoupled in the normal manner and the rear of the forward trailer
      is positioned against a loading dock. The crank 28 is operated to release
      the cable 29 and thereby allow the platform 24 to move to its horizontal
      position. In the horizontal position, the platform 24 is supported from
      beneath by the plate 25 which is in contact with the fifth wheel 20, and
      the legs 26 which unfold and contact the chassis 18. The platform thereby
      allows access from the loading dock 31 to the cargo container 16.
PAR  It is obvious that minor changes may be made in the form and construction
      of the invention without departing from the material spirit thereof. It is
      not, however, desired to confine the invention to the exact form herein
      shown and described, but it is desired to include all such as properly
      come within the scope claimed.
CLMS
STM  The invention having been thus described, what is claimed as new and
      desired to secure by Letters Patent is:
NUM  1.
PAR  1. A trailer unit to be towed behind a highway tractor, and behind which
      may be towed another trailer, the trailer unit comprising:
PA1  a. a cargo container,
PA1  b. a chassis on which the container is mounted, the chassis having a first
      and a second end, a portion of the chassis associated with the second end
      extending downwardly and rigidly beyond an end of the cargo container,
PA1  c. first attaching means associated with the first end of the chassis by
      which the chassis can be connected to a highway tractor,
PA1  d. a second attaching means associated with the portion of the chassis
      which extends beyond the end of the cargo container, by which another
      standard trailer can be attached to the chassis, the second attaching
      means being entirely below a horizontal plane which includes the lowest
      portion of the cargo container and at the level of the first attaching
      means,
PA1  e. a single set only of wheels attached to the said portion of the chassis,
      at a point where the set is at least as far away from the first end as the
      second attaching means, an entrance to the cargo container being provided
      facing toward and adjacent the second end of the chassis, and
PA1  f. a horizontal platform provided between the cargo container entrance and
      a vertical plane including the second end of the chassis.
NUM  2.
PAR  2. A trailer unit as recited in claim 1, wherein means is provided to move
      the platform so that it extends only a small distance toward the second
      end beyond the end of the cargo container.
NUM  3.
PAR  3. A trailer unit as recited in claim 1, wherein the platform is hingedly
      connected to the chassis near the end of the cargo container.
NUM  4.
PAR  4. A trailer unit as recited in claim 3, wherein a cable is connected to
      the platform to control movement of the platform.
NUM  5.
PAR  5. A trailer unit as recited in claim 1, wherein means are provided to
      support the horizontal platform against movement even if considerable
      weight is placed on it.
NUM  6.
PAR  6. A trailer unit as recited in claim 1, wherein the first attaching means
      is a king pin suitable for connection to a fifth wheel and the second
      attaching means is a fifth wheel.
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ABST
PAL  The book cover is unique in that the unit can be sent in the normal manner
      through the mail as a card, and instead of being discarded when received,
      it is usable as a book cover for different thicknesses of books
      particularly those of the paperback type. The undesirable picture and
      title on the outer cover will be hidden. The cover folds into post card
      form and is secured by a tab disposed in an end slot, the tab being usable
      as a bookmarker when the cover is applied to a book.
PARN
PAR  This is a continuation of application, Ser. No. 419,482, filed Nov. 28,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  While post cards and book covers have been used for many years as separate
      items, it is not believed that the two have been combined to be usable
      first as a post card by a sender and thereafter as a book cover by a
      receiver.
PAC  SUMMARY OF THE INVENTION
PAR  The invention pertains to a cut paper board sheet to provide a central body
      portion having pocket portion and a flap portion at opposite sides
      thereof. Scored lines are provided between the central body portion and
      the end pocket and flap portions so that books of different thicknesses
      can be enclosed within the cover. The end having the pocket portion
      receives the outer end of the front cover. The scored portion adjacent
      thereto extends over the book back with the central body portion extended
      over the back cover and the flap extending over the inner face thereof. A
      tab is cut from the central portion of the flap which functions as a
      bookmarker, a closure lock for the unit when used as a post card, and with
      an aperture in the end is used as a support on a display area.
PAR  The tab is inserted in a slot at the bottom of the pocket when retaining
      the body, pocket and flap in fixed facing relation to each other. The
      outer side of the pocket portion contains printed matter, pictures and the
      like as found on a postal card with the opposite side having a section for
      an address and a section for a message. The inside of the unit can also be
      used for sending written matter as in a letter. A rack is usually provided
      for supporting a plurality of the units on a projecting finger which
      receives the hole at the end of the tabs. The same or different pictures
      or display matter may be shown on the plurality of cut sheets so displayed
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a view in elevation of a cut and scored sheet of paper board,
      showing one side thereof, which embodies features of the present
      invention;
PAR  FIG. 2 is a reduced view of the cut and scored sheet illustrated in FIG. 1,
      as viewed on the opposite side thereof;
PAR  FIG. 3 is a view of a rack having a plurality of the cut and scored sheet
      displayed thereon;
PAR  FIG. 4 is an enlarged sectional view of the structure illustrated in FIG.
      1, taken on the line 4--4 thereof;
PAR  FIG. 5 is an end view of the cover illustrated in FIG. 1 applied to a book
      with some of the end pages in open position, and
PAR  FIG. 6 is a view of the cut and scored sheet illustrated in FIG. 2, when
      folded in post card configuration.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A sheet of material 11 is cut to provide a central body portion 12', a
      front cover portion 13, a back cover portion 12 and an end flap portion
      14. Between the portions a plurality of scored lines 15 are provided
      relative to a scored line 16 which is folded to form an edge of the cover
      at the back of the book. One of the scored line 15 is bent thereafter to
      provide a predetermined width to the back of the cover which varies
      depending upon the thickness of the book. The scored line 15 between the
      back cover portion and flap portion will be correspondingly bent to have
      the flap portion fold against the inner face of the back cover. The front
      cover portion 13 of the sheet has wings 17 cut from the sides and a flap
      18 cut from the bottom. The flaps 17 are bent inwardly and the flap 18 is
      bent downwardly and adhered thereto to form a pocket 19. It is in this
      pocket that the front cover of the book is inserted after which the cut
      sheet is bent on the line 16 at one edge of the back and at one of the
      adjacent scored lines 15 at the other edge of the back. The corresponding
      scored line 15 at the other end of the back cover portion is then bent to
      dispose the flap portion 14 of the sheet against the inner face of the
      back cover of the book.
PAR  The flap portion 14 has a tab 21 cut therefrom and through the scored lines
      15 and provided with an aperture 22 adjacent to its free end. As
      illustrated more specifically in FIG. 3, a rack 23 has a supporting base
      portion 24 and a projecting finger portion 25 which supports a plurality
      of the formed units 26 by threading the tabs 21 onto the projecting finger
      25. The exposed face 27 of the units 26 has lettering, design, picture or
      a combination thereof provided thereon to form the postal card design. The
      exposed back cover portion has an area 28 for the address of the person to
      whom the card is to be sent and an area 29 for a message which is to be
      forwarded. The areas 31 of the flap portion can have a printed matter
      thereon describing a specific area in which the cards are being sold.
PAR  As illustrated in FIG. 4, the edge forming the bottom of the pocket portion
      13 has a slot 32 therethrough which is slightly wider than the width of
      tab 21 for receiving the tab. When the flap position 14 is folded against
      the back cover portion 12 and the pocket portion 13 is folded there
      against, the tab 21 is inserted through the slot 32 to maintain the three
      portions in fixed relation so that the unit can be sent through the mail
      like any other post card. When the post card is received, instead of being
      discarded, it has a further attractive life when used as a cover for a
      book such as the standard paperback book which comes in a standard size
      but in various thicknesses. The thickness of the book is taken care of by
      the scored lines 15, select ones of which are bent in the manner pointed
      out hereinabove.
PAR  When used as a cover as illustrated in FIG. 5, the pocket 19 receives the
      front cover 34 of the book. The back cover portion 12 is disposed adjacent
      to the outside of the back cover 35 while the flap portion 14 is folded
      against the inside of the back cover 35. The tab 21 is used as a bookmark
      to indicate the last page used before the book was closed. The tab 21 is
      also used as a means for retaining the foldable section in abutted
      relation for mailing, and also a supporting means by which the units are
      displayed. The rack 23 supports a sales card 20 which advertises the
      combination post card and book cover or a book cover alone. The material
      of the cut paper board sheet can be made of different fibers or filaments
      to provide a sheet which is durable, one that can be written and printed
      upon and which will not rupture when bent on the score lines.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a book cover and post card combination, a sheet of paper board cut to
      provide a central body portion for the back of a book, front and back
      cover portions extending from opposite edges edges of said body portion
      for the covers of the book, the edge of the front cover portion opposite
      to the body portion being folded back upon itself to form an inner pocket,
      the edge of the back cover portion opposite to the body portion being
      folded back upon itself to form an inner flap, a first scored line between
      the body portion and the front cover portion which provides a width for
      the front cover portion which equals the width of the front cover of a
      book, a plurality of scored lines in said central body portion spaced from
      said first scored line, one of which folds to have the free edges of the
      front and back cover portions disposed in aligned relation, a plurality of
      scored lines located adjacent to and forming the fold between the back
      cover portion and said flap, a tab cut inwardly from the edge of said flap
      opposite said fold and extending through said last mentioned plurality of
      scored lines to form a book mark for extending between the book pages at
      the edge opposite to said central body portion, and postcard decorative
      printed matter on the exposed side of the front cover portion located
      opposite to the side having the pocket, said pocket having a slot in the
      outer closed edge for receiving said tab and retaining the flap against
      said pocket when the front and back cover portions are engaged when folded
      on said one scored line so that the book cover can be employed as a postal
      card a postcard indication with an area for an address and a stamp on the
      outer side of the back cover portion to be on the opposite side from the
      post card decoration printed matter when the cover portions are secured as
      a postcard.
NUM  2.
PAR  2. In a book cover and post card combination as recited in claim 1, wherein
      after the front cover portion is folded on said first scored line the back
      cover portion is folded on one of the plurality of scored lines in said
      central body portion to cover the back portion of books of variable
      thickness, and folding the flap on a line located between the back cover
      portion and the flap to provide a cover which fits books of different
      thickness.
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ABST
PAL  A packer and tension slip assembly is disposed in the annular area between
      two coaxial drilling casings having different diameters. The coaxial
      casings are secured one to the other by placing the inner casing in
      tension with the outer casing. A packoff unit is attached to and completes
      the assembly forming an pressure tight seal in the defined annulus. The
      packer and tension slip assembly also serves to center one string in
      respect to the other and can be retrieved when no longer required, and
      subsequently reused.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an assembly which will lock one drill string to
      another and form a pressure seal.
PAR  2. Prior Art
PAR  The present invention is a device which can be installed in the annulus
      between two coaxial drill strings and will; lock one string, in tension,
      with regard to the other, form a pressure tight seal, and center one
      string with the other. The device may be used in most drilling operations,
      however, it is particularly suitable for use in offshore drilling
      installations.
PAR  In any drilling operation it is possible to have some impairment occur
      which limits the ability to continue drilling operations, this is commonly
      referred to as losing the hole. However, in offshore drilling this problem
      is compounded due to the large distance between the drilling platform and
      the ground surface, or mudline. If some disaster or problem arises which
      causes the hole to be lost, the capability of recovering the hole must
      exist. Thus, in most offshore drilling operations a large first casing is
      drilled to a given depth below the mudline, then a second smaller casing
      is drilled through the first larger casing to a greater depth, a third and
      smaller casing may then be used to drill to any given depth through the
      first and second casings. The present invention is used to secure and seal
      the first two casings one to the other. The present invention is placed
      immediately after the second casing is drilled into its final position and
      remains in position until it is no longer needed.
PAR  In the drilling industry there exists many prior art methods for packing
      off (sealing) one portion of a casing, or for sealing one casing off with
      respect to the other. However, these devices serve only to provide a seal
      and do not secure one casing to the other. A separate problem is that
      prior art devices are not recoverable and when positioned, become a
      permenant part of the casing. There also exists devices for centering one
      string of casing with respect to the other, however, the device does not
      secure one string to the other, nor pack off the annulus.
PAR  The present invention attempts to solve these problems by providing a
      device which will pack off, center and secure one coaxial string of casing
      to the other. An additional feature is that the device is retrievable and
      may be reused.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a device which may be employed in drilling
      operations to secure an inner coaxial casing string to an outer coaxial
      casing, and to provide a pressure seal for the annulus between the coaxial
      casing strings. The securing portion of the device is comprised of an
      upper supporting ring which has a plurality of inner and outer
      circumferentially disposed slip arms having corrugated feet which engage
      the inner and outer casing walls. The corrugated feet are adjustably
      mounted such that the outer feet can be secure against the outer casing
      while the inner feet are secured against the inner casing. Then by
      adjusting the verticle placement of the inner slip arm the inner casing is
      placed in tension in relation to the outer casing. A resilient sealing
      ring is mounted over the upper supporting ring and held in place by an
      upper packing ring. The upper packing ring is able to be secured to the
      upper support ring by a plurality of bolts. Tightening of these bolts
      compresses the packing ring and provides a pressure tight seal.
PAR  It is an object of this invention to provide a device which will secure one
      coaxial string to another and seal the annulus there between.
PAR  It is another object to provide a device for sealing and securing which is
      retrievable.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cut away side view of the upper end of the coaxial casings
      showing the present invention installed in place;
PAR  FIG. 2 is a section view taken along line 2--2 of FIG. 1;
PAR  FIG. 3 is a section view taken along line 3--3 of FIG. 2 showing the slip
      portion of the assembly and the temporary spacing and support plate;
PAR  FIG. 4 is a section view taken along line 4--4 of FIG. 2 showing the
      invention in position;
PAR  FIG. 5 is a sectional view of an offshore drilling platform and coaxial
      casing utilizing the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The presently preferred embodiment of the invention is shown
      diagrammatically in FIG. 5 to illustrate the environment and the
      application of the present invention. The packer and tension slip assembly
      20 shown in place, in FIG. 5, is located between two coaxial casing
      strings 15 and 16. The outer casing 15 is larger in diameter than the
      inner casing 16. In offshore drilling operations, the larger outer casing
      15 is normally drilled to a specified depth below the mudline 17. An inner
      casing 16 having a smaller diameter is then drilled through the outer
      casing to a greater depth than the outer casing 15. This step diameter
      reducing method of drilling a hole is especially essential in offshore
      drilling operations because of the increased possibility of an emergency
      or problem arising in which the casings may break or become damaged
      somewhere between the deck 19 and the mudline 17. If this step diameter
      reduction procedure is used it is possible to cap or recover the drill
      hole at the mudline 17.
PAR  The present invention is employed near the deck level 19 of the casings, as
      shown generally in FIG. 5 and in detail in FIG. 1. The device serves to
      pack off (pack off is a term which refers to the ability to seal some
      portion of a casing or to seal one casing to another in order that
      pressurized drilling or other operations may continue), center one casing
      the relation to the other casing, allow a third casing to be drilled
      through the inner casing and hold the inner casing in tension with respect
      to the outer casing. An additional feature of the device is that it is
      retrievable and may be reused.
PAR  The device 20 (FIG. 4) is basically comprised of: an upper supporting ring
      37 having a plurality of inner and outer slip arms 28 and 27, an inner and
      outer slip setting ring 31 and 32, a packing ring assembly 60 having an
      upper and lower packing ring 47 and 49 with a resilient packing ring 48
      disposed therebetween, and a spacer and support plate 40 (FIG. 3) which is
      used to position and retrieve the assembly 20.
PAR  The upper supporting ring 37 forms the basic body of the assembly 20. It is
      generally annular in shape having an inner diameter slightly larger than
      the outer diameter of the inner casing 16 and an outer diameter slightly
      smaller than the inner diameter of the outer casing 15. The depth of the
      annular support ring 37 is not critical except it must provide sufficient
      rigidity. This annular supporting ring has a top surface 56 and a bottom
      surface 57. Around the outer periphery of the annular supporting ring 37
      are disposed a plurality of generally rectangular shaped slots 54 which
      extend through the thickness of the annular supporting ring. Thus, when
      the upper support ring 37 is viewed from the top as in FIG. 2, the annular
      support ring 37 has a plurality of recesses or slots 54 around its outer
      periphery. On one of the sides of slot 54, which extend perpendicular to
      the outer periphery, is disposed a threaded pin 23 which is capable of
      receiving an aperture in the end of the outer slip arm 27. The slot 54 is
      of sufficient dimension so as to allow the end of the outer slip arm 27 to
      be disposed in the slot and on pin 23. Also disposed cirumferentially
      around the inner periphery of the annular upper support ring is a
      plurality of recessed slots 55 disposed in alignment with the slot recess
      54. This rectangular recessed slot 55 also contains a threaded pin 24
      which is capable of being disposed through a slot in the inner slip arm
      28. This inner recessed slot 55 is also capable of containing the inner
      slip arm 28 and providing sufficient area for the inner slip arm 28 to
      rotate freely about pin 24. This recessed slot 55 is disposed into the
      upper support ring 37 from the bottom 57, but does not extend through the
      upper support ring 37. A circular recess 38 extends from the base of the
      recessed slot 55 still further upward into the upper support ring 37, but
      does not extend through the upper support ring. The circular recess 38 is
      capable of receiving a circular spring 39.
PAR  The upper support ring 37 has a plurality of pairs of apertures 61 and 62
      disposed circumferentially around and through the upper support ring 37.
      These apertures 61 and 62 allow the inner and outer cap bolts 21 and 22 to
      be disposed through the upper support ring 37, as best shown in FIG. 2.
      These apertures 61 and 62 are counter bored to allow the heads of the
      inner and outer cap bolts 21 and 22 to be disposed so as to be flush with
      the top 56 of the upper support ring. Also, disposed circumferentially
      around the upper support ring are a plurality of apertures 45 which are
      threaded but do not extend through the upper support ring, also shown in
      FIG. 2. These apertures 45 are to receive bolt 53 (FIG. 4) which secures
      the packing ring assembly 60 in position. A third set of apertures is
      disposed circumferentially around the upper support ring to receive bolt
      44 which secures the spacing and support plate to the upper support ring
      37. These apertures 63 do not extend through the upper support ring and
      are threaded to receive bolt 44.
PAR  A plurality of outer slip arms 27 (FIG. 3) are circumferentially disposed
      in each of the circumferentially disposed slots 54 on pins 23. The outer
      slip arms 27 each have a body which is generally rectangular in cross
      section and elongated in shape (FIG. 3 and FIG. 4). The outer slip arms 27
      extend downward from the bottom 57 of the upper support plate. One end of
      the outer slip arm 27 contains an aperture 26 which is disposed on pin 23
      and may be contained in place by a nut or other locking means. It is
      especially important, however, that the fastening means allow the outer
      slip arm to freely rotate on pin 23 within the slot 54. The opposite end
      of the outer slip arm contains a foot 29. The foot 29 is generally arcular
      in shape, triangular in cross section. The outer arcular periphery of the
      foot 29 is formed to the same diameter as the inner diameter of the outer
      casing. The foot 29 however, only extends radially around a portion of the
      arc. Side 74 of the foot 29 which faces the wall of the outer casing has a
      plurality of surfaces in a generally corrugated pattern so as to be able
      to grip into the wall of the outer casing. The opposite side 70 of the
      foot 29 is beveled and intersects the bottom of side 74 such that the foot
      29 appears to be generally triangular in shape, best shown in FIG. 3. This
      inclined face 70 engages the inclined face 72 of the outer slip setting
      ring 32. In addition, to side 72 of the foot being inclined a portion of
      the body of the outer slip arm is tapered to allow the outer slip setting
      ring to be disposed upwardly without contacting the body of the slip arm.
PAR  The inner slip arm 28 is formed in much the same manner as the outer slip
      arm 27, a body, a foot 30 with a corrugated side 75 for engaging the wall
      of the inner casing, and an inclined side 71 which is engagable with the
      inclined side 73 of the inner slip setting ring 31. The only distinction
      between the inner and outer slip arm is that the inner slip arm has a
      slotted aperture 25, as shown in FIG. 3, which is disposed over pin 24.
      This slot extends longitudinally along the body of the inner slip arm and
      allows the inner slip arm to be displaced vertically in addition to
      radially in relation to pin 24.
PAR  The inner slip setting ring 31 is annular in shape and has a rectangular
      cross-section with side 73 being inclined. The outer diameter of the inner
      slip setting ring 31 bisects the annulus between the casings. The inner
      diameter of side 73 varies from top to bottom thereby forming the inclined
      surface which is engagable with the inclined surface 71 of the foot 30.
      When the inner slip ring 31 is disposed in position as shown in FIG. 4,
      the inner diameter of the bottom of side 73 is smaller than the upper
      diameter of side 73. Thus, as the inner slip setting ring is disposed
      vertically upward, the engagement of the inclined surfaces forces the foot
      30 to dispose radially upward toward the inner casing. The inner slip
      setting ring 31 also has a plurality of apertures 64 disposed
      circumferentially through it which are in alignment with apertures 61 in
      the upper supporting ring 37. These apertures 64 allow the inner cap bolts
      21 to be disposed therethrough, and allow a nut 36 to be engaged with the
      threaded end of the inner cap bolt.
PAR  The outer slip setting ring 32 is the mirror image of the inner slip
      setting ring 31 and is disposed such that the inclined end can be disposed
      so as to engage the inclined surface of foot 29 while the inner perphery
      engages the outer perphery of the inner slip setting ring 31. Apertures 65
      are threaded through the outer slip setting ring 32. These apertures 65
      are to receive the outer cap bolt 22 which extends through the outer slip
      setting ring 32.
PAR  The spacer and support plate 40 is generally annular in shape and best
      illustrated in FIG. 3. The cross section of the spacing and support plate
      40 is generally Z-shaped, having an upper flange 42, a bottom flange 43
      and a web 41. The upper flange 42 serves to engage the end of the inner
      casing 16 while the bottom flange is fastened to the top of the upper
      support ring 37. Flange 43 has a plurality of circumferentially disposed
      apertures which are aligned with apertures 45 in the upper support ring
      37. The spacer and support plate 40 is disposed such that web 41 is
      parallel the wall of the inner casing 16, and the aperture 63 in flange 43
      is aligned with apertures 45 in the upper support ring 37. Bolts 44 are
      disposed through the bottom flange 43 into the upper support ring 37 and
      and thereby secure the spacing and support plate 40 to the slip assembly
      20. The spacing and support plate 40 is for temporary use and is used to
      position the slip assembly 20 until the feet 29 and 30 are engaged with
      the walls of the casing, and thereby secure the assembly 20 in position.
      Once the slip assembly 20 is secured in position by feet 29 and 30, the
      spacing and support plate 40 is removed since the slip assembly 20 will
      secure itself in position. It is an additional feature of this invention
      to provide a retrievable slip and packing assembly 20, consequently the
      upper spacing and support plate may be used to retrieve the slip assembly
      20.
PAR  The packing portion 60 of the assembly 20, best shown in FIG. 4, is
      comprised of: a top and bottom spacing ring 49 and 47, a bolt 53 and a
      resilient packing ring 48. The bottom packing ring 47 is annular in shape
      and has a generally rectangular cross section. The bottom packing ring 47
      is sized such that it fits over the top of the slip assembly 20 in the
      annular area between the inner and outer casings. The bottom packing ring
      47 is formed from a metal and is solid except for a plurality of apertures
      68 which are in alignment with apertures 45 in the upper supporting ring
      37. The apertures 68 are threaded to allow bolt 53 to be disposed
      therethrough.
PAR  The upper packing ring 49 is also annular in shape, but has a generally
      triangular shaped cross section, as best illustrated in FIG. 4. The outer
      diameter of the upper packing ring 49 is slightly smaller than the inner
      diameter of the outer casing 15. The inner diameter of the upper packing
      ring 49 is approximately equal to the inner diameter of the inner diameter
      of the inner casing 16. The thickness of the upper packing ring 49 varies
      and consequently the upper surface is generally inclined. The thickness of
      the upper packing ring 49 is smallest near the inner casing 16 and largest
      near the outer casing 15. A small recess 51 is formed on the bottom
      surface of the upper packing ring 49 near the inner casing 16 such that
      the upper packing ring will engage the end and wall of the casing 16. The
      upper packing ring 49 has a plurality of apertures 69 disposed
      therethrough, in alignment with apertures 45 and the upper support ring 37
      to allow bolts 53 to be disposed therethrough. Each aperture 69 is counter
      bored 50 such that the head of bolt 53 will not extend into or beyond the
      top of the upper packing ring 49.
PAR  The resilient packing ring 48 is annular in shape and has a generally
      rectangular cross section. The packing ring is normally formed from a
      heavy rubber or neoprene material or any other suitable sealing expanding
      type of material. The outer diameter of the packing ring is slightly
      smaller than the inner diameter of the outer casing 15 and the inner
      diameter of the packing ring 48 is slightly larger than the outer diameter
      of the inner casing 16. Thus, when the packing ring 48 is disposed in
      position it will fit into the annular area between the inner and outer
      casing. The packing ring 48 has a plurality of apertures 52 disposed
      therethrough, in alignment with aperture 45 in the upper support ring 37
      for receiving bolt 53. The packing ring 48 must be compressable such that
      when bolt 53 is engaged with the upper support ring 37 and tightened that
      is expands and thereby seals the annular area between the two casings.
PAR  Having now described the physical characteristics of the packing and
      tension slip assembly 20, a typical use of the present invention will be
      described. Initially the outer and inner slip arms 27 and 28 must be
      mounted on respective pins 23 and 24, in addition, the springs 39 must be
      disposed in recesses 38 such that when it is in its initial position it
      urges the inner slip arm downward such that pin 24 engages the top of slot
      25 as best illustrated in FIG. 3. The inner and outer cap bolts 21 and 22
      are then disposed through the upper support ring 37 and are threaded
      through the inner and outer slip setting rings 31 and 32. Nuts 36 and 35
      are then disposed on the threaded ends 31 and 34 of the inner and outer
      cap bolts 21 and 22. However, the lock nuts 35 and 36 should not be
      positioned such that the inner and outer slip setting rings force the feet
      29 and 30 of the outer and inner slip arms into their extended positions.
      The bolt should allow the inner and outer slip setting rings to be
      disposed such that the feet 29 and 30 are in their collapsed position as
      illustrated in FIG. 3. The spacing and support plate 40 is then fastened
      to the upper support ring by bolts 44.
PAR  The slip portion of the assembly 20 is then lowered into the annulus
      between the two casings with the spacing with the support plate
      temporarily attached thereto, as best illustrated in FIG. 3. The plurality
      of outer slip arms 27 are then engaged with the outer casing 15, by
      tightening the outer cap bolt 22 which causes the outer slip setting ring
      32 to move upward. This results in the foot 29 and outer slip arm 27
      rotating about pin 23 until foot 29 engages the outer casing 15. The inner
      slip arm arms 28 are then positioned by tightening the inner cap bolts 21.
      This tightening of inner cap bolts 21, causes the inner casing to be
      stretched as the inner slip arm is forced to dispose vertically upward, as
      pin 24 moves along slot 25. Spring 39 initially held the inner slip arm 28
      down but after the feet are set, the inner slip arm may be disposed
      vertically upward. It should be noted that tensioning of the casings is
      possible because of the frictional force which the earth exerts against
      the embedded end of the casing. Without this force, the casings would
      displace and not become tensioned.
PAR  After the inner and outer slip arms are set and the inner string tensioned,
      as illustrated in FIG. 4, the spacing and support plate 40 may be removed
      by disengaging bolts 44. The bottom packing ring 47 is then disposed over
      the top 56 of the upper support ring 37. Next, the resilient packing ring
      48 is disposed in position on top of the bottom ring 47. Last, the upper
      packing ring 49 is disposed on top of the resilient packing ring 48. The
      packing unit 60 is then secured in place by disposing bolt 53 through the
      upper packing ring 49, resilient packing ring 48, bottom packing ring 47
      and into the aperture 45 in the upper support ring 37. As bolt 53 is
      tightened, the resilient packing ring 48 is compressed and forms a seal
      between the inner and outer casing. This seal prevents any moisture from
      entering or leaving the annulus between the casings, whether the moisture
      is under pressure or not.
PAR  Another feature of the present invention is that the packing unit and slip
      assembly are retrievable. It is retrievable by first removing the packing
      unit by; unfastening bolt 53 and removing the upper packing ring 49, the
      resilient packing ring 48 and lower packing ring 47. Next, the spacing and
      support plate 40 is disposed in position in the annulus and bolted to the
      top of the upper support ring 37 by bolts 44. The inner and outer slip
      arms 27 and 28 can be disengaged by loosening cap bolts 21 and 22. The cap
      bolts cannot completely disengage due to stop nuts which are disposed at
      the end 33 and 34 of the inner and outer cap bolts. When the inner and
      outer cap bolts are loosened to the point where these stop nuts prevent
      further rotation, the inner and outer slip setting rings 31 and 32 can be
      disengaged from both casings by striking the head of the inner and outer
      cap bolts 21 and 22 with a hammer. This forces the slip setting rings 31
      and 32 downward allowing the slip arms 27 and 28 to rotate and become
      disengaged with the walls of the casings. The complete assembly 20 can
      then be removed from the annular hole between the casings, and later
      reused.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for securing an inner coaxial pipe to an outer coaxial pipe and
      for forming a seal in the annulus between said coaxial pipes, comprising:
PA1  a. locking means having a plurality of circumferentially disposed engaging
      means, each said engaging means having first and second sides, said first
      side arranged and configured to selectively engage the walls of said
      coaxial pipes such that one of said coaxial pipes is placed in tension
      with respect to the other and held in position, said second side having at
      least one inclined surface which matingly engages with one of two setting
      rings, said setting rings being positioned in said annulus such that
      selective movement of said setting rings causes said first side of said
      engaging means to be disposed against the walls of said coaxial pipes; and
PA1  b. a temporary spacing and support plate coupled to said locking means
      positioning said locking means until said locking means is secured by said
      engaging means and supporting said locking means during retrieval of said
      locking means, said support plate arranged and configured in said device
      so as to be completely removable therefrom;
PA1  whereby said temporary spacing and support plate may be coupled to said
      locking means until said locking means is secured in position, after which
      said spacing and support plate may be removed without affecting said
      locking means.
NUM  2.
PAR  2. The device of claim 1 wherein said engaging means are pivotly mounted on
      said locking means and have corrugated surfaces which selectively engage
      the walls of said coaxial pipes.
NUM  3.
PAR  3. The device of claim 2 wherein said engaging means are disposed
      circumferentially, at least one being adjacent to said inner casing an at
      least one being adjacent to said outer casing so as to be disposed
      vertically in relation to said coaxial pipes, after being secured in
      position so as to place one of said coaxial pipes in tension with relation
      to the other.
NUM  4.
PAR  4. The device of claim 1 wherein said spacing and support plate is annular
      in shape with a web and two flanges forming a Z-shaped cross section, one
      flange being capable of engaging the end of one of said coaxial pipes,
      while the other flange being capable of being secured to said locking
      means.
NUM  5.
PAR  5. The device of claim 1 wherein said setting rings have a generally
      rectangular cross section.
NUM  6.
PAR  6. The device of claim 1 wherein said locking means are coupled to pin
      means such that said locking means may rotate thereabout.
NUM  7.
PAR  7. The device of claim 1 wherein said locking means have arm members, said
      arm members disposed in said annulus between said coaxial pipes in a
      generally downward direction.
NUM  8.
PAR  8. The device of claim 7 wherein, in addition thereto, bolt means are
      coupled to said setting rings, said bolt means for selectively raising and
      lowering said setting rings such that said engaging means are selectively
      disposed against said walls of said coaxial pipes.
NUM  9.
PAR  9. The device of claim 1, wherein said locking means and said temporary
      spacing and support plate are coupled to an upper supprt ring, said upper
      support ring having an annular shape with an inner diameter slightly
      larger than the diameter of said inner coaxial pipe and an outer diameter
      slightly less than the diameter of said outer coaxial pipe.
NUM  10.
PAR  10. A device for securing an inner coaxial pipe to an outer coaxial pipe,
      and for forming a seal in the annulus between said coaxial pipes,
      comprising:
PA1  a. a locking means having a plurality of circumferentially disposed
      engaging means, each said engaging means having first and second sides,
      said first side arranged and configured to selectively engage the walls of
      said coaxial pipes such that one of said coaxial pipes is placed in
      tension with respect to the other and held in position, said second side
      having at least one inclined surface which matingly engages with at least
      one setting ring, and said setting ring being positioned in said annulus
      such that selective movement of each said setting ring causes said first
      side of said engaging means to be disposed against the walls of said
      coaxial pipes;
PA1  b. a temporary spacing and support plate coupled to said locking means
      positioning said locking means until said locking means is secured by said
      engaging means, and supporting said locking means during retrieval of said
      locking means said support plate arranged and configured in said device so
      as to be completely removable therefrom such that said temporary spacing
      and support plate may be coupled to said locking means until said locking
      means is secured in position, after which said temporary spacing and
      support plate may be removed without affecting said locking means;
PA1  c. bolt means disposed in said device in a general downward direction, said
      bolt means coupled to said locking means and to said support plate and to
      each said setting ring such that when said bolt means are selectively
      moved, each said setting ring engages and disposes said first side of said
      engaging means against the walls of said coaxial pipes; and
PA1  packing means for sealing said annulus of said coaxial pipes, said packing
      means having an annular shape and disposed in said annulus, said packing
      means being selectively secured to said locking means;
PA1  whereby said temporary spacing and support plate may be coupled to said
      locking means until said locking means is secured in position, after which
      said spacing and support plate may be removed without affecting said
      locking means and said packing means may be disposed in position; and
PA1  after use of said device, said packing means may be removed, said spacing
      and support plate replaced and secured to said locking means and said
      locking means may be retrieved.
NUM  11.
PAR  11. The device of claim 10 wherein said packing means is a resilient
      material.
NUM  12.
PAR  12. The device of claim 11 wherein said resilient material is neoprene
      rubber.
NUM  13.
PAR  13. The device of claim 10 wherein two setting rings are disposed in said
      device such that said second side of said engaging means matingly engage
      with at least one of said setting rings, each said setting ring having a
      generally rectangular cross section.
NUM  14.
PAR  14. The device of claim 13 wherein said spacing and support plate is
      annular in shape with a web and two flanges forming a Z-shaped cross
      section, one flange arranged and configured to selectively engage the end
      of one of said coaxial pipes, while the other flange is arranged and
      configured to selectively engage said locking means.
NUM  15.
PAR  15. The device of claim 10 wherein said locking means are coupled to pin
      means such that said locking means may rotate thereabout.
NUM  16.
PAR  16. The device of claim 10 wherein said engaging means has a spring means
      disposed thereon above, said spring means urging said engaging means
      downward.
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ABST
PAL  A hanger assembly for pipe joints which includes a pipe joint coupling and
      a removable stabilizer for connecting the coupling to the hanger bar. The
      stabilizer includes a saddle sandwiched between the shield and the
      clamping bands of the coupling. The shield, in turn, surrounds the
      resilient sleeve into which the ends of the pipes project. The saddle is
      formed from a pair of thin arcuate saddle plates, the outer edges of which
      are provided with outwardly projecting alignment tabs.
PAL  An outwardly projecting flat lug on the saddle is formed from a pair of
      flat rectangular opposed lug elements joined at their distal ends along a
      common edge and respectively joined to the saddle plates at their proximal
      ends. The lug has a hole for receiving a securing bolt which passes both
      through the lug and through an eyelet, at one end of the hanger rod. The
      other end of the hanger rod is anchored to the supporting structure. In
      one embodiment, the lug is disposed axially while, in the other
      embodiment, the lug is disposed radially. Each stabilizer depicted in the
      drawing is formed from a unitary piece of sheet metal. In a third
      embodiment, the axially disposed lug elements diverge from each other so
      as to pivot the saddle plates to conform to varying sizes of pipes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of The Invention
PAR  This invention relates to a hanger assembly for pipe joints and is more
      particularly concerned with a combination pipe joint coupling and
      stabilizer, the combination serving to join the ends of the pipes together
      and also to support these ends, at the joint, in a prescribed position
      with respect to a supporting structure.
PAR  2. Description of the Prior Art
PAR  In the past, two generally accepted types of supports have been provided
      for cast iron pipes which are utilized extensively in plumbing. One of
      these prior art supports is the clevis hanger which is usually inserted
      over the end of the pipe, prior to the time that the pipe is coupled to
      the next adjacent pipe, the clevis hanger loosely encompassing the pipe
      and providing a threaded socket which receives the end of the hanger rod.
      The pipe so supported is usually free to slide axially in the clevis
      hanger and may pivot, but is supported at an appropriate elevation and is
      restrained from appreciable lateral movement. The clevis hanger may also
      be installed by removing its axle bolt, in which event it may be installed
      over the central part of the pipe. The reinstalling of the axle is
      difficult and a tight fit is never provided nor is the pipe held rigidly.
PAR  The second type of prior art support includes the split ring hanger which
      has essentially the same function as the clevis hanger except that a split
      ring hanger may be installed on a pipe after the pipe ends have been
      joined. In other words, the split ring hanger may be inserted onto the
      pipe without being placed over the end of the pipe. The split ring hanger
      receives the hanger rod for supporting the pipe. This prior device, like
      the preceding device, does not appreciably arrest the pipe from movement
      in an axial direction or from pivoting; however, it does support the pipe
      section and arrest appreciable lateral movement thereof.
PAR  In each of the prior art devices, the joint portion of a pipe is
      essentially free for limited movement so that, at times, the joint may be
      ruptured due to inadvertent movement of the pipes, this instability
      causing excessive stress at the pipe joint.
PAR  Still other prior art supports for pipes include brackets, one hole strips,
      wire staples, stakes and sway braces, all of which are well known in the
      art.
PAR  While substantially all plumbing codes require that pipes for plumbing be
      supported at the joints, this has been interpreted to mean as close to the
      joint as practical, since no hanger has, heretofore, been developed to my
      knowledge with a capability of supporting the pipes at the joints. Thus,
      in the past, when a NO-HUB pipe joint, as recommended by the Cast Iron
      Soil Pipe Institute, was used, the supports were disposed adjacent to the
      joint on one or both sides for supporting the pipes themselves. Pamphlet
      No. 100 entitled "INSTALLATION SUGGESTIONS FOR NO-HUB PIPE AND FITTINGS,"
      printed first in October 1966 and subsequently in February 1967, May 1969
      and June 1972, illustrate the many recommended ways in which the NO-HUB
      joint is to be supported. U.S. Pat. No. 3,233,922 discloses the NO-HUB
      pipe joint itself.
PAR  The present invention provides a means by which the NO-HUB pipe joint of
      U.S. Pat. No. 3,233,922 can be supported at the pipe joint.
PAR  Other disadvantages of the prior art hangers are that many of them are
      expensive, they are time consuming and expensive to install, they do not
      support the very ends of the pipes and they permit appreciable
      longitudinal movement of the pipe, as well as some lateral movement
      thereof.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Briefly described, the present invention includes a removal stabilizer
      which is formed from a flat sheet metal blank into a lug, connected to a
      thin arcuate saddle which is sandwiched between the compression bands and
      the shield of the prior art coupling depicted in U.S. Pat. No. 3,233,922.
      The saddle conforms to the curvature or outer contour of the shield and is
      held in place by the compression bands around the outer periphery of the
      shield. Up turned tabs, on the edges of the saddle, act as guides for the
      bands. The flat rectangular lug projects outwardly between the bands from
      the central portion of the saddle, the lug provided with a hole, through
      which a lock bolt projects for securing the lug to the eyelet on the end
      of the hanger rod. The lug is disposed either radially or
      circumferentially, depending upon the needs of the plumber and the type of
      pipe coupling employed.
PAR  Accordingly, it is an object of the present invention to provide a hanger
      assembly for pipe which will couple the end portions of the pipes together
      and also provide support of these pipes at their coupled end portions.
PAR  Another object of the present invention is to provide a hanger assembly
      which is inexpensive to manufacture, durable in structure and efficient in
      operation.
PAR  Another object of the present invention is to provide a hanger assembly for
      pipes which will arrest the pipes from any appreciable axial movement
      while at the same time, providing a sufficiently flexible joint that, if
      movement of the pipe occurs, the hanger assembly will compensate therefor.
PAR  Another object of the present invention is to provide a hanger assembly
      which will materially reduce the cost of joining and supporting pipes.
PAR  Another object of the present invention is to provide a stabilizer for a
      pipe coupling, the stabilizer being quickly, easily and inexpensively
      installed on a conventional pipe coupling and readily and easily removed
      therefrom, without special tools.
PAR  Another object of the present invention is to provide a stabilizer for a
      pipe coupling, the stabilizer being inexpensive, light in weight and
      occupying very little space.
PAR  Another object of the present invention is to provide a stabilizer for a
      pipe coupling, the stabilizer being readily and easily mass produced.
PAR  Another object of the present invention is to provide a stabilizer for a
      pipe coupling providing firm and positive support at the joints for the
      coupling and the pipes connected thereto.
PAR  Another object of the invention is to provide a hanger assembly for pipes
      which will reduce to a minimum the space required to provide a suitable
      supported pipe joint.
PAR  Other objects, features and advantages of the present invention will become
      apparent from the following description when taken in conjunction with the
      accompanying drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of a hanger assembly constructed in
      accordance with the present invention, the hanger assembly receiving the
      end portions of abutting pipes and having an axial lug stabilizer;
PAR  FIG. 2 is a side elevational view of the hanger assembly and pipes depicted
      in FIG. 1, the hanger assembly and pipes being supported by a hanger rod;
PAR  FIG. 3 is a cross-sectional view taken substantially along line 3--3 in
      FIG. 2, the drawing also depicting the suspension of the hanger rod from a
      structure;
PAR  FIG. 4 is a plan view of the flat blank from which the stabilizer of FIGS.
      1 through 3 is formed;
PAR  FIG. 5 is a fragmentary perspective view of a second embodiment of the
      present invention, depicting a radial lug stabilizer and a second type of
      pipe coupling, receiving the stabilizer and joining the portions of
      abutting pipes together in a supported condition;
PAR  FIG. 6 is an exploded side elevational view of a detail showing the
      stabilizers, lock bolt, eyelet and a portion of the hanger rod of the
      structure depicted in FIG. 5;
PAR  FIG. 7 is a plan view of the blank from which the stabilizer of FIGS. 5 and
      6 is made;
PAR  FIG. 8 is an end elevational view of a modified form of stabilizer; and
PAR  FIG. 9 is an end elevational view of another modified form of stabilizer.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring now in detail to the embodiments chosen for the purpose of
      illustrating the present invention, numbered 9 in FIG. 1, 2 and 3 denotes,
      generally, a pipe joint which butt joins the end portions of two abutting
      aligned pipes or pipe sections 14 and 15. In more detail, this pipe joint
      9 includes a resilient, elastomeric, symmetrical, gasket 10 which is a
      straight, hollow, cylindrical member, provided with a central, annular,
      inwardly protruding, partition 11. The partition 11 is integrally formed
      with the gasket 10 and projects radially inwardly to provide an abutment
      of about the same thickness as and against which the ends 12 and 13 of the
      opposed straight, cylindrical cast iron pipes 14 and 15 abut.
PAR  The inside diameter of the gasket 10 is slightly larger than the outside
      diameter of the adjacent complimentary end portions of pipes 14 and 15 so
      that these end portions are snugly received within the gasket 10 as the
      partition 11 is sandwiched between ends 12 and 13. The pipes 14 and 15,
      therefore, are held, generally, in coaxial alignment along a longitudinal
      axis OC, shown by broken lines in FIG. 1.
PAR  A rectangular, sheet metal shield 16, having a width equal to or greater
      than the length of gasket 10 and a length greater than the outside
      circumference of gasket 10, encircles or surrounds the outer periphery of
      gasket 10. The end portions of shield 16 overlap each other when the
      shield 16 encompasses the gasket 10. Shield 16 is corrugated in an axial
      direction to provide lands and grooves for adding rigidly in the axial
      direction to the shield 16.
PAR  In FIGS. 1, 2 and 3, the shield 16 is shown being held in place and
      compressed against the outside periphery of gasket 10 by a pair of spaced,
      clamping or compression bands, belts or straps 17 and 18 are respectively
      provided with fastening members, denoted by numerals 20 and 21.
PAR  In the present embodiment, these fastening members 20 and 21 are on the
      ends of the bands 17 and 18 so as to secure, and progressively draw-in,
      their own other end portions. The fastening members 20 and 21 may be
      selected from any number of conventional toggle latches, buckles, clamps,
      welds, bands or detents which either tighten and hold the bands 17 and 18
      or, once the bands 17 and 18 have been tensioned around the shell, will
      simply hold the end portions of the bands 17 or 18 together to form
      compression bails around the shield 16. The bands 17 and 18 hence each
      apply a force radially inwardly to cause the shield 16 to bind firmly the
      gasket 10 against the outside periphery of pipes 14 and 15 for preventing
      leaking of the butt joint, thus formed.
PAR  In the embodiments depicted in the drawings, the fastening members 20 and
      21 are illustrated as including rotatable worm screws 22 and 23
      respectively journalled for free rotation in housings 24 and 25. The
      housing 24 and 25 hold the screws 22 and 23 for tangentially exposing the
      threaded periphery of each screw 22 or 23 to the upper surface of the end
      portons of bands 17 or 18 for progressively engaging the thread of the
      screw in equally spaced slots 26 or 27 thereof, as the screw is rotated.
      Of course, when screw 22 or 23 is rotated in one direction, its associated
      band 17 or 18 is tightened as it is rotated in the opposite direction, the
      band 17 or 18 is loosened.
PAR  Spaced brads 28, pressing through longitudinal slots 29 in the lower
      periphery of the bands 17 and 18, secure the bands 17 and 18 in spaced
      relationship to the opposite edge portions of shield 16. The bands 17 and
      18 are substantially more narrow than shield 16 so as to leave a space
      axially between the inner edges of the two bands 17 and 18 as their outer
      edges are radially aligned, respectively, with the edges of shield 16.
PAR  The pipe joint or coupling 9, thus far described is conventional, being
      disclosed in U.S. Pat. No. 3,233,922.
PAR  According to the present invention, a stabilizer, denoted by numeral 30, is
      provided, the function of which is to suspend the pipe joint or coupling 9
      (and hence the joined end portions of pipe 14 and 15) from a supporting
      structure, while limiting appreciable movement of joint or coupling 9 in
      substantially any direction.
PAR  In more detail, the axial lug stabilizer 30, as depicted in FIG. 1, 2, 3
      and 4, is produced from a flat, symmetrical blank (shown in FIG. 4) having
      a pair of spaced, opposed, rectangular, saddle plates 31a and 31b
      integrally joined along common parallel bend line edges 45a and 45b to a
      central lug plate 32. Saddle plate 31a has a pair of spaced, opposed,
      straight, parallel, side edges 33a and 34a, a straight outer edge 35a
      which is perpendicular to edges 33a and 34a, and inner edges 36a and 37a
      which respectively project inwardly toward each other from the inner ends
      of edges 33a and 34a. Edges 36a and 37a are aligned with edges 45a and
      each other.
PAR  At the outer edge 35a, the plate 31a is provided with a pair of small
      rectangular tabs 38a and 39a which project parallel to edge 35a, in
      opposite directions, away from the 33a and 34a, respectively.
PAR  In like manner, the plate 31b is complimentary to the plate 31a, having
      spaced, opposed, straight, parallel, side edges 33b and 34b, a straight
      outer edge 35b,  inner edges 36b and 37b, bend line edge 45b and tabs 38b
      and 39b. Edges 33a and 33b are aligned with each other, as are edges 34a
      and 34b. Edges 35a, 35b, 37a, 37b are parallel to each other and the edges
      36a, 37a and 45a being parallel to the aligned edges 36b, 37b and 45b.
PAR  The lug plate 32 is less wide than plates 31a or 31b, being defined by a
      pair of straight parallel side edges 41 and 42, the edge 41 extending
      between the inner ends of edges 36a and 36b and the edge 42 extending
      between the inner ends of edges 37a and 37b. The fold line edges 45a and
      45b are perpendicular to edges 41 and 42 and form the proximal ends of the
      lug 40 when the blank is shaped. The lug plate 32 is provided with a pair
      of holes 43 which are equally spaced from the transverse center line or
      bend line 44 of the blank.
PAR  When the blank of FIG. 4 is shaped into the stabilizer 30 of FIGS. 1, 2 and
      3, both the stamping of the blank and its subsequent shaping is produced
      by progressive dies (not shown) as will be understood by those skilled in
      the art. It will also be understood that, to reduce the adverse effect of
      knotch embrittlement, it would be desirable to curve or round out the
      corners forming the knotches. This would not depart from the scope of my
      invention.
PAR  When shaped from the blank of FIG. 4 to the stabilizer 30 of FIGS. 1, 2 and
      3, the two saddle plates 31a and 31b are bent about bend line edges 45a
      and 45b, to be perpendicular to the lug plate 44. Then the lug plate 44 is
      bent against itself, about transverse center line 44 so as to align the
      saddle plates 31a  and 31b. Also, the tabs 38a, 38b, 39a, 39b, at the
      corners of the blank, are bent upwardly, i.e., in the same direction as
      the reversely bent lug plate 32. Furthermore, the saddle plates 31a and
      31b are bent arcuately about an axis spaced from the inner surface of the
      saddle plates 31a and 31b.
PAR  As seen in FIGS. 1, 2 and 3, the reversely bent lug plate 32 forms the lug
      40 by providing opposed, flat, rectangular lug elements 32a and 32b joined
      at their distal or outer end by a common distal edge formed at bend line
      44. Normally, the lug elements 32a, 32b are flat against each other so
      that holes 43 are aligned. The saddle plates 31a and 31b thus project in
      opposite directions from the proximal ends of the elements 32a and 32b at
      bend lines 45a and 45b. The bend lines 45a and 45b also form the proximal
      edges of saddle plates 31a and 31b, respectively.
PAR  When in final shape, saddle plates 31a, 31b form abutting segments of the
      arc of the saddle 31 since their adjacent proximal edges 36a and 37b are
      brought into contiguous relationship. The transverse curvature of the
      saddle 31 is such that the upper surface of saddle 31 is convex and the
      lower surface is concaved. This curvature is uniform and essentially
      continuous so that, when saddle 31 is secured against the shield 16, the
      two are concentric.
PAR  The width of the saddle 31, i.e., the axial distance from one edge 33a to
      the other edge 34a, or from edge 33b to edge 34b is equal to the width of
      shield 16. Thus, the distance from one radially outwardly projecting tab
      38a or 38b to its opposed tab 39a or 39b is equal to or slightly greater
      than the distance from the outer edge of band 17 to the outer edge of band
      18. Thus, these bands 17 and 18, in passing over the outer periphery of
      the saddle 31, pass inwardly adjacent the tabs 38a, 38b, 39a, 39b with
      band 17 adjacent to tabs 38a, 38b, and band 18 adjacnet to tabs 39a and
      39b.
PAR  Furthermore, the width of lug 40, i.e., from edge 41 to edge 42 is equal to
      or slightly less than the distance between the inner edges of bands 17 and
      18. Hence, with the bands 17 and 18 tightened, axial outward movement of
      the bands 17 and 18 is limited by the tabs 38a, 38b, 39a, 39b and inward
      movement of the bands 17 and 18 is limited by edges 41 and 42 of the flat
      lug 40, since it forms a space element for between the bands.
PAR  Since the saddle 31 is firmly sandwiched between the bands 17 and 18 and
      the shield 16, with the gasket 10 compressed and thus resiliently urging
      the shield 16 into fractional engagement with the lower surface of saddle
      31 and with the bands 17 and 18 applying radial forces inwardly, on the
      upper surface of the saddle 31, it is held, quite firmly, in place and
      will not, under normal conditions, shift in any direction. Therefore, the
      position of lug 40 is quite stationary with respect to the pipes 14 and
      15.
PAR  Due to the symmetry of the stabilizer 30 and the pipe coupling or joint 9,
      the center of aligned holes 43 in lug 40 is always on the radial plane of
      partition 11. Thus, it is important to note that the lug 40 will support
      the joint 9 at the very junction of pipes 14 and 15.
PAR  In the usual installation, as depicted in FIG. 3, an anchor insert 50 is
      inserted into the concrete flooring 51 for receiving an internally
      threaded nut 52. One end of an externally threaded hanger rod 53 is
      threaded upwardly into nut 52 and the other end threadedly receives the
      body of an eyelet 54. The lower portion of eyelet 54 has a flat eye 55
      provided with a hole 56. When holes 43 and 56 are aligned, they receive a
      bolt 57 therethrough so that a nut 58 threaded on the end of bolt 57
      prevents its removal. This firmly clamps the stabilizer 30 in place with
      respect to the supporting structure or flooring 51.
PAR  The hanger assembly depicted in FIGS. 1, 2, 3 and 4 is recommended for 11/2
      to 4 inch pipe. Larger installations should use the structure of the
      second embodiment, depicted in FIGS. 5, 6 and 7. This second embodiment is
      primarily for 5 inch, 6 inch and 8 inch cast iron pipes.
PAR  In more detail, the structure depicted in FIGS. 5, 6 and 7 include a pipe
      joint or coupling 109 provided with a gasket 110, for coupling pipes 114
      and 115 in the manner described above. The coupling 109 also includes a
      shield 116 which is surrounded by spaced compression bands 117 and 118.
      These compression bands 117 and 118 are retained in place on the shield by
      brads 128 which pass through slots 129 in the bands 117 and 118. The slots
      129 permit limited adjustment circumferentially of the bands 117 and 118
      with respect to the shield 116. Of course, no brads 128 are provided in
      the vicinity of the stabilizer, denoted generally by numeral 130.
PAR  It will be seen in FIG. 5 that coupling 109 is provided with a total of
      four compression juxtaposed bands. Thus, between the outer bands 117 and
      118 are provided a pair of inner bands 117a and 118a, each being identical
      and spaced from each other axially. The construction of the joint or
      coupling 109 is conventional and is illustrated in the above mentioned
      Pamphlet 100, on page 2 thereof.
PAR  According to the present invention, the radial lug stabilizer 130 is
      produced from a blank depicted in FIG. 7. This blank includes a pair of
      spaced opposed saddle plates 131a and 131b which form the saddle 131 of
      stabilizer 130. The saddle plate 131a is defined by a pair of opposed
      parallel side edges 133a and 134a, an outer or distal edge 135a and an
      inner or proximal edge in the form of a bend line 145a.
PAR  Spaced tabs 138a and 139a project outwardly from distal edge 135a. The
      saddle plate 131b is complimentary to plate 131a, being provided with
      opposed edges 133b and 134b, and outer distal edge 135b and an inner or
      proximal bend line 145b. Tabs 138b and 139b extend outwardly from distal
      edge 135b in a direction opposite to the direction in which tabs 138a and
      139a project.
PAR  The plates 131a and 131b are connected together, integrally, by a lug plate
      132, the lug plate extending from the bend line 145a to bend line 145b. As
      seen in FIG. 7, there is provided a small recess in one edge of one
      portion of the lug plate 132 so as to provide a recessed edge 141 which is
      spaced inwardly from the aligned edges 133a and 133b. Offset from the edge
      141 in a recess on the opposite side of the plate 132, the recess
      providing a recessed edge 142 which is spaced inwardly from the aligned
      edges 134a and 134b. The inwardly edge 141 extends from the saddle plate
      131a inwardly to the transverse center line 144 of plate 132. On the
      opposite side, the edte 142 extends inwardly from the plate 131b to
      terminate adjacent the center line 144. Center line 144 in parallel to and
      equidistant between bend lines 145a and 145b as well as being parallel to
      the distal edges 135a and 135b.
PAR  Between the termination of edge 142 and the plate 131a, the plate 132 is
      provided with flange 137, the outer edge which is parallel to side edges
      134a and 134b. In like manner, between the end of edge 141 and plate 131b,
      the plate 132 is provided a flange 136, the outer edge of which is
      parallel to side edges 133a and 133b.
PAR  When the blank shown in FIG. 7 is assembled into the stabilizer 130
      depicted in FIGS. 5 and 6, the blank is bent along the center line 144 so
      as to fold one-half of the blank against the other half of the blank. The
      plates 131a and 132b are folded outwardly along bend lines 145a and 145b.
      The folding of the plate 132 produces the flat rectangular lug 140 in
      which the holes 143 are in alignment with each other. This upstanding lug
      140 is completed by the bending of flange over edge 141 and the bending of
      flange 137 over edge 142. These flanges thus lock the two halves of the
      plate 132 in place so that they will not pivot their common upper edge
      formed by bend line 144.
PAR  The plates 131a and 131b are deformed arcuately around an axis spaced below
      plates 131a and 131b and perpendicular to the plane of the lug 140. Thus,
      the outer or upper surface of saddle 131 is convex and the inner or lower
      surface is concave. This curvature conforms to the contour of the outer
      periphery of the shield 116 when it is wrapped around the end portions of
      pipes 114 and 115.
PAR  The tabs 138a, 138b, 139a, 139b are respectively turned upwardly or
      outwardly, so that they project about parallel to and in the direction of
      the lug 140.
PAR  When the plates 131a and 131b are deformed to produce the curvature, the
      metal is stretched in the vicinity of the proximal ends of plates 131a and
      131b and the proximal ends of lug elements 142a and 142b.
PAR  When the radial lug stabilizer 130 is installed, the saddle 131, formed by
      saddle plates 131a and 131b, is sandwiched between the juxtaposed
      compression or clamping bands 117, 117a, 118, 118a and shield 116. Bands
      117 and 117a pass over plate 131a while bands 118 and 118a pass over plate
      131b so as to pass on opposite sides of lug 140. No appreciable spacing is
      necessary between the inner bands 117a and 118a, since lug 140 projects
      radially between them and is essentially flat.
PAR  When the bands 117, 117a, 118, 118a are tightened, the lug 140 is quite
      firmly fixed with respect to the pipes 114 and 115. A bolt 157, which
      passes through the holes 143 and into the hole of the eyelet 155, is
      secured in place by bolt 158 while the body 154 of the eyelet 155
      threadedly receives the hanger rod 153, in a manner similar to that
      described for the preceding embodiment. The hanger rod 153 securely
      supports, from a supporting structure, the ends of the pipes 114, 115 at
      the joint, as recommended by most of the plumbing codes.
PAR  The saddle 131 is approximately by the width of the shield 116 and the tabs
      138a, 138b, 139a, 139b are disposed adjacent the outer edges of bands 117,
      118. Thus tabs 138a, 139a prevent outward movement of the band 117, with
      respect to the saddle plate 131a. In like manner, the tabs 138b, 139b
      prevent outward movement of the band 118. These tabs 138a, 138b, 139b also
      align the saddle 131 properly with the bands 117 and 118.
PAR  If desired, the upper corners of saddle plates 131a and 131b may be
      provided with additional upturned tabs to arrest inward movement of the
      bands 117a and 118a. Such an upturned tab 238 is illustrated in FIG. 9,
      the tab 138 being carried by the saddle plate 231a adjacent its inner
      corners. The outer corner of plate 231a has tabs, such as tab 238a. The
      saddle plate 231a, of course, is otherwise identical in construction to
      the saddle plate 131a and has an upstanding lug 240 which projects from
      the central portion of the outer surface of the saddle 231.
PAR  Still another modification is found in FIG. 8 wherein the element 32a and
      32b of the lug plate 32 are illustrated as diverging downwardly from each
      other at angle .beta. . By such an arrangement, the stabilizer 30 can be
      produced to fit varying diameter couplings 9. When such a stabilizer 30,
      as illustrated in FIG. 8 is employed, the bending of common upper edge 44
      will adjust the positions of the saddle plates 31a and 31b to conform
      generally to the contour of the shield 16. If the shield 16 is relatively
      large, the angle will be large and the saddle plates 31a and 31b will
      conform generally to the larger diameter shield 16. On the other hand,
      should the couplings 9 be for a smaller pipe size, the urging together of
      the lug elements 32a and 32b to form a smaller angle or no angle at all,
      will reduce the effective radius of the saddle plates 31a and 31b so that
      they conform to the smaller diameter shield 16.
PAR  It is now seen that the present application discloses a very inexpensive
      and yet efficient way of supporting a pipe joint, at the pipe joint
      itself. Furthermore, when properly installed, the stabilizer 30 or 130 and
      coupling 9 or 109 of the present invention will quite firmly hold the
      joined pipes 14, 15 or 114, 115 against any appreciable movement in any
      direction. Since the saddles 31 or 131 of the stabilizers 30 or 130
      conform to the curvature of the shields 16 or 116 of the couplings 9 or
      109, the presence of the saddle plates 31a, 31b, 131a, 131b between the
      shield 16 or 116 and the compression bands 17, 18 or 117, 117a, 118, 118a
      does not materially affect the function of the compression bands in
      applying uniform circumferential pressure for sealing the gaskets 10 or
      110.
PAR  The use of the stabilizers 30 or 130 in conjunction with the couplings 9 or
      109, however, materially reduce not only the cost of the equipment
      necessary to produce a properly supported pipe joint but materially reduce
      the amount of labor involved in making the installation.
PAR  Furthermore, the stabilizer of the present invention occupies very little
      space and, therefore, can be installed where other hanger assemblies
      cannot be employed. No appreciable increase in diameter of the joint is
      involved in utilizing the stabilizer of the present invention, except, of
      course, the increase necessitated by the outwardly projecting lug.
PAR  If the bolts 22, 23, 57 or 157 receive the same size Allen wrench or
      screwdriver, only this single tool is necessary for the entire
      installation.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A hanger assembly comprising, in combination, a coupling for joining two
      end portions of pipes together and a stabilizer secured to said coupling,
      said stabilizer including a lug projecting away from said coupling by
      means of which the coupling and pipes can be supported from a supporting
      structure and a saddle carrying said lug, and a band for circumscribing a
      portion of the coupling, said band passing over a portion of said saddle,
      said saddle conforming to the contour of said coupling and being
      sufficiently thin that it does not materially alter the contour of the
      circumscribing band.
NUM  2.
PAR  2. The hanger assembly defined in claim 1 wherein said stabilizer includes
      a saddle, said lug projecting outwardly from the central portion of said
      saddle, and wherein said coupling includes an additional band, the pair of
      bands passing on opposite sides of said lug and for passing around the
      junction of said end portions of said pipes.
NUM  3.
PAR  3. The hanger assembly defined in claim 1 wherein said coupling includes a
      shield for extending around said end portions of said pipes and a pair of
      compression bands outwardly of and for extending around said shield for
      compressing said shield toward said end portions of said pipe when said
      shield extends around said end portions of said pipe, and wherein said
      stabilizer includes a saddle for carrying said lug, said saddle projecting
      in opposite directions from said lug and being curved to be generally
      concentric with said shield and said bands when they are installed around
      said end portions of said pipe, said saddle being sufficiently wide that
      said bands will simultaneously pass over said saddle and on opposite sides
      of said lug for securing said saddle against said shield.
NUM  4.
PAR  4. The hanger assembly defined in claim 3 wherein said lug is generally
      flat and is disposed radially with respect to said coupling, when said
      coupling is installed on said end portions of said pipes.
NUM  5.
PAR  5. The hanger assembly defined in claim 3 wherein said lug is generally
      flat and is disposed axially with respect to said coupling, when said
      coupling is installed on said end portions of said pipes.
NUM  6.
PAR  6. The hanger assembly defined in claim 3 including tabs projecting
      outwardly from the edges of said saddle, said tabs confining said bands
      therebetween, when the coupling and saddle are installed on the end
      portions of said pipes.
NUM  7.
PAR  7. The hanger assembly defined in claim 4 wherein said lug includes a pair
      of flat lug elements joined along a common edge and diverging from each
      other as they extend away from said common edge, said saddle including a
      pair of saddle plates extending in opposite directions respectively from
      the edges of said lug elements.
NUM  8.
PAR  8. The hanger assembly defined in claim 1 wherein said lug is generally
      flat and provided with a hole through which a bolt can project for
      securing said lug to said supporting structure.
NUM  9.
PAR  9. A hanger assembly comprising in combination:
PA1  a. a coupling for joining two abutting end portions of pipes together, said
      coupling including a shield for extending around said end portions of said
      pipes and a pair of radially spaced compression bands circumscribing said
      shield for compressing said shield toward said end portions of said pipe;
PA1  b. a stabilizer for securing said coupling to a supporting structure, said
      stabilizer including a saddle removably disposed between said shield and
      said bands and a lug carried by said saddle and protruding outwardly of
      said coupling and said saddle.
NUM  10.
PAR  10. The assembly defined in claim 9 wherein said lug and said saddle are
      formed from a unitary sheet metal blank, said blank having spaced opposed
      saddle plates and a lug plate between and integrally joining said saddle
      plates along common edges, said lug plate being reversely bent
      intermediate its ends to define a pair of opposed abutting lug elements
      joined at their distal ends by another common edge, said blank being bent
      at the common edges of each of said saddle plates and said lug for
      disposing said saddle plates in oppositely extending relationship;
      respectively extending from said lug elements.
NUM  11.
PAR  11. The assembly defined in claim 10 wherein one of said saddle plates is
      received under one of said bands and the other of said saddle plates is
      received under the other of said bands.
NUM  12.
PAR  12. The assembly defined in claim 10 wherein said saddle plates are wider
      than said lug plates for providing end portions of said saddle plates
      which protruded beyond said lug plates, said end portions of said saddle
      plates at one end of said lug plates extending beneath one of said bands
      and said end portions of said saddle plates at the other end of said lug
      plates extending beneath the other of said bands.
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ABST
PAL  A quick-connect tubing coupling comprising a cup-shaped cage externally
      attached to a first tube with an end portion of the tube concentrically
      contained within the cage. The inside diameter of the cage is sufficiently
      greater than the outside diameter of the tube portion contained therein to
      provide a space therebetween. The cage has a plurality of axially
      extending cantilevered leaf springs projecting radially inwardly toward
      the first tube portion, some of the leaf springs being longer than the
      others.
PAL  A second tube is outwardly cupped at one end to encapsulate an O-ring, the
      cupped end portion of the second tube being concentrically received
      between the cage and the first tube end portion. The cupped end of the
      second tube provides a shoulder behind which the longer leaf springs can
      lock with the O-ring in a sealed mode or behind which the shorter leaf
      springs can lock with the first and second tubes axially displaced to
      provide a pressure relief vent. Interengageable positioning means on the
      first and second tubes provide an anti-rotational interlock therebetween.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In many automotive, household appliance and machine tool applications,
      fluid conduits or tubes that carry pressurized fluids must be capable of
      being disconnected to permit repair or replacement of components of the
      system. To facilitate initial connection and subsequent disconnection,
      there has been developed a class of quick-connect fittings or tube
      coupling devices as exemplified by the disclosure of U.S. Pat. No.
      3,711,125 issued Jan. 16, 1973 to David C. Dehar for a "Quick-Connect
      Fitting for a Hydraulic Conduit."
PAR  One apparent disadvantage of the quick-connect or disconnect fitting shown
      in this patent is that no provision appears to have been made for venting
      or releasing any residual pressure in the conduit or tubing before the
      fitting is disconnected whereupon the connection may come apart more
      quickly than is desired or expected. This problem was recognized in the
      disclosure of U.S. Pat. No. 3,718,350 issued Feb. 27, 1973 to Lee F. Klein
      for a "Snap Ring Coupling." The Klein patent discloses a disconnect
      fitting "having an intermediate disconnect position in which the pressure
      may leak off from the conduits but the coupling will not be forcibly
      disconnected by the pressure contained in the conduit system."
PAR  It is an object of the present invention to provide an improved potentially
      reliable, low cost, easy to assemble, leak-tight, quick-connect, fluid
      fitting or coupling which does not require assembly tools to make the
      connection. It is a further object to provide an improved fitting or
      coupling having a safe, nearly foolproof, diverted pressure
      venting-before-release during disassembly. It is yet a further object that
      the improved fitting or coupling will have low susceptibility to
      unintentional disassembly, yet may be easily disassembled with a special
      tool or with two common screwdrivers, if necessary.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a quick-connect tubing coupling comprising
      a cup-shaped cage externally attached to a first tube with an end portion
      of the tube concentrically contained within the cage. The inside diameter
      of the cage is sufficiently greater than the outside diameter of the
      portion of the tube contained therein to provide a space therebetween. The
      cage has a plurality of axially extending cantilevered leaf springs
      projecting-radially inwardly toward the end portion of the first tube
      contained therein, some of the leaf springs being longer than the others.
PAR  A second tube to be coupled to the first tube is outwardly cupped at one
      end to encapsulate an O-ring, the cupped end portion of the second tube
      being concentrically received between the cage and the first tube end
      portion. The cupped end of the second tube provides a shoulder behind
      which the longer leaf springs can lock with the O-ring in a sealed mode or
      behind which the shorter leaf springs can lock with the first and second
      tubes axially displaced to provide a pressure relief vent.
PAR  Interengageable positioning means on the first and second tubes preferably
      provide an anti-rotational interlock therebetween.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  Further features and advantages of the present invention will be made more
      apparent as this description proceeds, reference being had to the
      accompanying drawing, wherein:
PAR  FIG. 1 is an assembly view in part sectional of the tube coupling embodying
      the present invention;
PAR  FIG. 2 is a cross-sectional view of one tube element taken substantially on
      the line 2--2 of FIG. 1; and
PAR  FIG. 3 is a cross-sectional view of the other tube element taken
      substantially on the line 2--2 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the drawing, in FIG. 1 the reference numeral 11 designates
      generally the quick-connect tube coupling assembly embodying the present
      invention. The assembly 11 comprises a first tube 12 having a cup shaped
      cage 13 externally attached thereto, an end portion 14 of the first tube
      12 being concentrically contained within the cage 13. The cup-shaped cage
      13 has a base wall 15 apertured at 16 to receive the tube 12. The cage 13
      is retained on the tube by upset beads 17-18 which are roll-formed with
      the cage in place. The upset beads 17-18 abut the outer and inner surfaces
      of the base wall 15 and hold the cage 13 against axial movement on the
      tube 12.
PAR  The end portion 14 of tube 12 is of reduced diameter compared to the normal
      diameter of the tube. The important relationship, however, is that the
      inside diameter of the cage 13 is sufficiently greater than the outside
      diameter of the tube 12 to provide a space to receive a second tube 19
      therebetween.
PAR  The second tube 19 has a cupped end 21 adapted to encapsulate an O-ring 22.
      The cupped end 21 of the tube 19 is concentrically received between the
      cage 13 and the end portion 14 of tube 12. The cage 13 has a plurality of
      axially extending cantilevered leaf springs. As shown in FIG. 1, the
      springs are of two lengths. Spring 23 is somewhat longer than spring 24.
      Preferably, each of the springs 23-24 has a diametrically opposed
      counterpart (not visible).
PAR  The cupped end 21 of tube 19 provides a shoulder 25 behind which the pairs
      of leaf springs 23 and 24 are adapted to lock. In assembled condition, as
      shown in FIG. 1, springs 23 are adapted to lock behind the shoulder 25 to
      maintain the O-ring in a compressed or sealed mode.
PAR  The springs 24 are adapted to lock behind the shoulder 25 when it is
      desired to disconnect the tubes 12 and 19. Such disconnection may be
      accomplished by inserting a special tool (or the blades of a pair of
      common screwdrivers) into the space between the tube 19 and the cage 13 to
      lift the springs 23 above the shoulder 25 on the cupped end 21 of the tube
      19. The tube 19 then may be axially moved relative to the tube 12 until
      the ends of the short springs 24 abut the shoulder 25. The purpose of this
      secondary stop is to provide a means of venting whatever residual pressure
      may be contained within the tubes 12 and 19. The residual fluid will
      travel between the abutting tube walls, and past the O-ring and then be
      evacuated to the atmosphere. The relationship of the springs 24 to the
      shoulder 25 thus prevents any sudden or unexpected separation of the tubes
      12-19 upon disengagement of the springs 23 from the shoulder 25. To
      complete the disengagement of the tubes 12-19, it then only is necessary
      to lift the springs 24 by use of the special tool or pair of common
      screwdrivers and the tube 19 may then be completely withdrawn from the
      cage 13.
PAR  The assembly or coupling of the tubes 12-19 is quite simply accomplished
      without any tools. The cupped end 21 of tube 19 is concentrically aligned
      with the space between end portions 14 of tube 12 and the cage 13. The
      cupped end 21 is then forced into the space causing first the springs 24
      and then the springs 23 to be deflected outwardly as the cupped end passes
      therebeneath. Sufficient force must be applied to cause the O-ring to be
      compressed sufficiently for the springs 23 to lock behind the cupped
      shoulder 25 thereby providing a seal between the tubes 12-19. Any
      vibrations in the system will cause the leaf springs 23 to creep downward
      on the shoulders 25 to increase the clamping force.
PAR  As shown in FIGS. 2 and 3, the tubes 12 and 19 are provided with
      complementary splined portions 26 and 27 which in assembled position of
      the tubes are interlocked with each other. These splines or
      anti-rotational elements are provided to prevent O-ring abrasion or metal
      fretting of abutting tube surfaces.
PAR  It is to be understood this invention is not limited to the exact
      constructions illustrated and described above, but that various changes
      and modifications may be made without departing from the spirit and scope
      of the invention as defined by the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A quick-connect tubing coupling comprising:
PA1  a first tube having a cup-shaped cage externally attached thereto,
PA1  the cup-shaped cage having an opened end and an apertured base wall spaced
      from the opened end through which aperture an end portion of first tube
      projects into the cage,
PA1  the first tube having spaced upset beads projecting externally from its
      outer surface and engaged with the outer and inner sides of the base wall
      of the cage holding the latter against axial movement,
PA1  the inside diameter of the cage being sufficiently greater than the outside
      diameter of the tube end portion contained therewithin to provide a space
      therebetween,
PA1  the cage having a plurality of cantilevered leaf springs that extend
      axially from the cage open end toward its base wall and that project
      radially inwardly toward the tube end portion within the cage,
PA1  some of the leaf springs being longer than the others,
PA1  an O-ring positioned on the tube end portion contained within said cage,
PA1  a second tube outwardly cupped at one end to encapsulate said O-ring,
PA1  the cupped end of the second tube being concentrically received between the
      cage and the first tube end portion,
PA1  the cupped end of the second tube providing a shoulder behind which the
      longer leaf springs can lock with said O-ring compressed in a sealed mode
      between said cupped end and the upset bead engaging the inner side of the
      base wall or behind which the shorter leaf springs can lock with the first
      and second tubes axially displaced so that said O-ring is released from
      its sealed mode to provide a pressure relief vent.
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ABST
PAL  The present invention concerns a separable coupling between two tubes.
PAL  According to the invention, a tube of a thermoplastic material which
      dilates under the action of heat and which retains its dilated form after
      cooling, is used as first tube, the extremity of the first tube is
      introduced in a sleeve of an elastomer material, which has an internal
      diameter at most equal to the external diameter of the second tube and
      which is inserted in a rigid hollow cylindrical body, provided at least at
      the end of the introduction of the first tube with an abutment for the
      sleeve, and the extremity of the first tube introduced in the sleeve is
      heated to dilate this extremity.
BSUM
PAR  The present invention concerns a separable coupling between two tubes.
PAR  In the patent application for "Dilatable tube, method for its production
      and applications thereof" filed on the same day in the name of the same
      Applicant, a tube, which dilates under the action of heat, and retains its
      dilated form after cooling is described. This tube can be obtained by
      stretching a heated tube composed of a thermoplastic material irradiated
      with electron, and having an elastic memory activable above the ambient
      temperature, so as to reduce its diameter, followed by a cooling of the
      tube so stretched.
PAR  The Applicant has found that such a tube may be used to produce a coupling
      easily separable between two tubes.
PAR  According to the present invention, to produce such a coupling, a tube
      composed of a thermoplastic material which dilates under heat and retains
      its dilated form after cooling, is used as first tube, the extremity of
      this first tube is introduced into a sleeve of elastomer material, which
      has an internal diameter at most equal to the external diameter of the
      second tube and which is inserted in a hollow, rigid and cylindrical body
      of which at least the end in which the first tube is to be introduced, is
      provided with a stop ring for the sleeve, ring which leaves a free passage
      for the first tube, and the extremity of the first tube introduced in the
      sleeve is heated, so that this extremity dilates and thus compresses the
      sleeve and assumes a diameter greater than the sectional dimension of the
      free passage of the stop ring.
PAR  A hollow cylindrical body also provided at the other extremity with an
      abutment for the sleeve is advantageously used, so preventing any
      displacement of the sleeve of elastomer material.
PAR  As elastomer material, a material which well supports the heat, especially
      a silicone rubber, is advantageously used.
DRWD
PAR  Other characteristics and advantages of the invention will appear from the
      description which follows and refers to the annexed drawing, in which:
PAR  FIG. 1 is a cross section of a coupling according to the invention;
PAR  FIG. 2 is a view in perspective, with a partial section, of a device
      comprising several couplings according to the invention.
DETD
PAR  In FIG. 1, a coupling 1 is represented secured to a tube 2 in which a tube
      3 can be introduced. The tube 2 is a polyethylene tube having an elastic
      memory (polyethylene irradiated with electrons) which has been stretched
      so as to reduce its diameter, this tube therefore being heat unstable in
      that it dilates under the effect of heat. The extremity 4 of this tube is
      inserted in the extremity of a silicone rubber sleeve 5. The sleeve itself
      is inserted in a rigid cylindrical tube 6 provided, at one of its
      extremities opposed to the end where the tube 2 is inserted, with an
      annular inwardly extending retaining portion 7 used as an abutment for the
      sleeve 5. A metal abutment 8 which is secured to the tube 6 by sticking
      with a thermosetting resin 9 and allows heating by induction, is also
      provided at the other end of the tube 6.
PAR  When the extremity 4 of the tube 1 is inserted in the sleeve 5, the
      abutment 8 is heated by induction so as to heat indirectly this extremity
      4 to a temperature at least equal to the temperature which activates the
      elastic memory. This extremity 4 dilates and compresses the silicone
      rubber sleeve. This extremity thus becomes secured to the sleeve 5 and the
      tube 6.
PAR  The tube 3 shown in FIG. 1, which can be inserted in the sleeve 5, has a
      diameter slightly greater than that of the sleeve in order to assure by
      pressure a sealed junction. In the case shown in FIG. 1, the tube 3 is of
      the same nature as tube 2 and is provided with a metal ring 10 used as
      stop ring which has been secured to the tube 3 by heating this tube, for
      example in an indirect manner by heating the metal ring by induction.
PAR  In FIG. 2 is shown a device containing several couplings of a type very
      similar to that shown in FIG. 1.
PAR  In a housing 11, several tubes, such as 12, similar to the tube 2 shown in
      FIG. 1 are assembled. The extremity 14 of these tubes is inserted in the
      sleeve, such as 15, of silicone rubber. These coulplings are themselves
      inserted in parallel cylindrical holes provided in a rigid part 16. At
      each end of these cylindrical holes there are provided apertured plates 17
      and 18 used as abutments for the sleeves 15.
PAR  These plates 17 and 18 are joined to the part 16 by a bolt and screw system
      19. The plate 18, at the other side where the tube 12 are inserted, is a
      metal plate which can be used to heat indirectly the tube 12 by induction
      for example in order to obtain expansion of the extremity 14.
PAR  Tubes 13, which are of the same type as tube 3 in FIG. 1, fit into the
      sleeve. These tubes are secured to an apertured metal plate 20 by
      expansion under the effect of heat.
PAR  Such a system permits the simultaneous coupling of two series of tubes and
      may be used especially in automatic analysers.
PAR  While two complete embodiments of the invention have been disclosed herein,
      it will be appreciated that modification of these particular embodiments
      of the invention may be resorted to without departing from the scope of
      the invention.
CLMS
STM  Having now described my invention what I claim as new and desired to secure
      by Letters Patent is:
NUM  1.
PAR  1. Process for the production of a separable coupling between a first tube
      and a second tube, comprising using a tube which is composed of a
      thermoplastic material having a plastic memory which dilates under the
      effect of heat and retains its dilated form after cooling as the first
      tube, introducing an end portion of the first tube into a first part of a
      bore of a sleeve of an elastomer material, the bore having a diameter at
      the most equal to the external diameter of the second tube, the sleeve
      being encompassed by means defining a hollow cylindrical body harder than
      the sleeve and having at an end of the body adjacent the first tube an
      abutment for longitudinally retaining the sleeve, which abutment has an
      edge defining a free passage for the first tube, heating said end portion
      of the first tube in the sleeve so that said end portion dilates and thus
      radially compresses the sleeve and assumes a diameter which is such that
      said dilated end portion extends radially outwardly beyond said edge of
      the abutment whereby the first tube is retained axially against movement
      in the body and sleeve in both directions, and inserting an end portion of
      the second tube in a second part of the bore axially adjacent said first
      part.
NUM  2.
PAR  2. Process according to claim 1, in which the elastomer material is a
      silicone rubber.
NUM  3.
PAR  3. Process according to claim 1, in which the abutment is of metal and is
      heated by induction so as to heat indirectly the end portion of the first
      tube.
NUM  4.
PAR  4. Process for the production of a separable coupling between a first tube
      and a second tube, comprising using a tube which is composed of a
      thermoplastic material irradiated with electrons and having a plastic
      memory which dilates under the effect of heat and retains its dilated form
      after cooling as the first tube, introducing an end portion of the first
      tube into a first part of a bore of a sleeve of an elastomer material, the
      bore having a diameter at the most equal to the external diameter of the
      second tube, the sleeve being encompassed by means defining a hollow
      cylindrical body harder than the sleeve and having at an end of the body
      adjacent the first tube an abutment for longitudinally retaining the
      sleeve, which abutment has an edge defining a free passage for the first
      tube, heating said end portion of the first tube in the sleeve so that
      said end portion dilates and thus radially compresses the sleeve and
      assumes a diameter which is such that said dilated end portion extends
      radially outwardly beyond said edge of the abutment whereby the first tube
      is retained axially against movement in the body and sleeve in both
      directions, and inserting an end portion of the second tube in a second
      part of the bore axially adjacent said first part.
NUM  5.
PAR  5. A coupling for separably coupling a first tube and a second tube,
      comprising a sleeve of elastomer material defining a throughway bore,
      means defining a hollow cylindrical body which encompasses the sleeve and
      is harder than the sleeve and has at a first end of the body an abutment
      for axially retaining the sleeve, the abutment having an edge defining a
      free passage for allowing the first tube entry into the bore of the sleeve
      before final assembly of the first tube with the sleeve and body, the bore
      of the sleeve having in the free state of the sleeve in the body and
      before introduction of the first and second tubes a diameter which is at
      the most equal to the diameter of the second tube, the first tube being of
      a thermoplastic material of a type having a plastic memory and capable of
      expanding upon application of heat and having an end portion which is
      engaged in a first part of the bore and is in an expanded state which is a
      result of application of heat to said end portion sufficient to activate
      said plastic memory, said expanded end portion having such diameter that
      it puts the sleeve in a radially compressed state in said first bore part
      and extends radially beyond said edge of the abutment whereby said end
      portion of the first tube is axially retained in the sleeve in both
      directions, the second tube being separably engaged in a second part of
      the bore axially adjacent said first part of the bore, and a metal stop
      ring engaging the second tube spaced from an end thereof, the second tube
      being of a thermoplastic material of a type having a plastic memory and
      capable of expanding upon application of heat and having an intermediate
      portion which is engaged with the metal stop ring and is in an expanded
      state which is a result of application of heat to said intermediate
      portion sufficient to activate said plastic memory, said expanded
      intermediate portion having such diameter that it puts the sleeve in a
      radially compressed state in said metal stop ring.
NUM  6.
PAR  6. A coupling device for separably coupling a series of first tubes and a
      series of second tubes, the first tubes being composed of a thermoplastic
      material; comprising sleeve means of elastomer material defining
      throughway bores for respectively receiving the first tubes in a first
      part of the bores and the second tubes in a second part of the bores
      axially adjacent said first part of the bores, means defining a hollow
      body which at least partly surrounds the sleeve means to position them in
      parallel relation and is harder than the sleeve means and has at a first
      end of the body a transverse portion extending transversely of the bores
      of the sleeve means, the transverse portion defining a plurality of
      apertures which are coaxial with but of smaller size than the bores so as
      to constitute abutments for axially retaining the sleeve means, the
      apertures affording the corresponding first tubes a free passage so as to
      allow the first tubes to enter the corresponding bores before final
      assembly of the first tubes with the sleeve means and body, the bores of
      the sleeve means having in the free state of the sleeve means in the body
      and before introduction of the first tubes and second tubes a diameter
      which is at the most equal to the diameter of the corresponding second
      tubes the first tubes being of a type having a plastic memory and capable
      of expanding upon application of heat and having an end portion which is
      engaged in the first part of the corresponding bores and is in an expanded
      state which is a result of the application of heat to said end portion
      sufficient to activate said plastic memory, said expanded end portions of
      the first tubes having such diameter that they put the sleeve means in a
      radially compressed state in said first part of the bores and extend
      radially beyond the corresponding apertures whereby said end portions of
      the first tubes are axially retained in the sleeve means in both
      directions, the second tubes being separably engaged in the second part of
      the corresponding bores.
NUM  7.
PAR  7. A device according to claim 6, further comprising, at an end of the body
      opposed to said first end and integral with the body, a plate defining a
      plurality of second apertures corresponding to and coaxial with the bores
      and allowing the passage of the second tubes, said plate retaining the
      sleeve means in the body.
NUM  8.
PAR  8. A device according to claim 6, in which the second tubes are of a
      material of the same type as the first tubes and there is provided a
      second plate defining a plurality of second apertures, the second tubes
      extending through the respective second apertures and having a portion
      which is in an expanded state which is a result of the application of heat
      to said portion of the second tubes sufficient to activate said plastic
      memory, said expanded portions of the second tubes thus retaining the
      second tubes in the second apertures.
NUM  9.
PAR  9. A coupling device for separably coupling a series of first tubes and a
      series of second tubes, comprising sleeve means of elastomer material
      defining throughway bores for respectively receiving the first tubes in
      one part of the bores and the second tubes in a second part of the bores
      axially adjacent said first part of the bores, means defining a hollow
      body which at least partly surrounds the sleeve means to position them in
      parallel relation and has at a first end of the body a transverse portion
      extending transversely of the bores of the sleeve means, the transverse
      portion defining a plurality of apertures which are coaxial with but of
      smaller size than the bores so as to constitute abutments for axially
      retaining the sleeve means, the apertures affording the corresponding
      first tubes a free passage so as to allow the first tubes to enter the
      corresponding bores before final assembly of the first tubes with the
      sleeve means and body, the bores of the sleeve means having in the free
      state of the sleeve means in the body and before introduction of the first
      tubes and second tubes a diameter which is at the most equal to the
      diameter of the corresponding second tube, the first tubes being composed
      of a thermoplastic material of a type irradiated with electrons and having
      a plastic memory and capable of expanding upon application of heat, the
      first tubes having an end portion which is engaged in the first part of
      the corresponding bores and is in an expanded state which is a result of
      the application of heat to said end portion sufficient to activate said
      plastic memory, said expanded end portions of the first tubes having such
      diameter that they put the sleeve means in a radially compressed state in
      said first part of the bores and extend radially beyond the corresponding
      apertures whereby said end portions of the first tubes are axially
      retained in the sleeve means in both directions, the second tubes being
      separably engaged in the second part of the corresponding bores.
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ABST
PAL  A lock mechanism having a casing through which a spring-biased bolt is
      slidably movable, the bolt having an end which can be normally extended
      for a relatively short distance beyond the casing to assume a so-called
      "latching" position. A slidable sensing bar is arranged alongside of the
      bolt and in sliding contact therewith and the sensing bar is spring-biased
      so that it normally projects out of the casing for a distance co-extensive
      with the bolt while the bolt is either retracted or is in its latching
      position. A roller carried by the bolt is interposed between the bolt and
      the sensing bar and is confined in the casing in such a manner that while
      it rests upon a cam portion of the sensing bar, its bodily movement in the
      casing will be limited by a stop located therein and the bolt and the
      sensing bar will be maintained together in either the fully retracted
      position of the bolt or in its latching position. When the door on which
      the lock is fitted is moved to closing position, or is slammed shut, the
      sensing bar, contacting the striking plate on the door frame, will be held
      against advancement and the bolt entering the bolt opening in the striking
      plate, will be advanced by its spring bias to move the roller away from
      the stop, causing the bolt to be extended beyond its latching position to
      a locking or "dead bolt" position.
BSUM
PAR  The present invention relates to a lock mechanism and more particularly to
      mechanism employed in a lock for use upon a door or similar closure, an
      example of such mechanism being shown and described in my U.S. Pat. No.
      3,872,697 dated Mar. 25, 1975. The present invention is an improvement
      over the construction disclosed in said application.
PAR  It is a primary object of the invention to provide a simple and effective
      means to automatically project the bolt of a lock upon the closing or
      slamming of a door to an advanced or fully projected condition or to a
      so-called dead bolt position.
DRWD
PAR  In the accompanying drawings, wherein an illustrative embodiment of the
      invention is disclosed,
PAR  FIG. 1 is a longitudinal sectional view through a lock mechanism
      constructed according to the invention, with the bolt of the lock shown in
      its fully retracted position;
PAR  FIG. 2 is a similar view but showing the bolt in partially projected or
      latching position, and
PAR  FIG. 3 is a similar view showing the bolt in its fully extended or
      so-called dead bolt position.
DETD
PAR  Referring to the drawings, 1 indicates a portion of that part of the lock
      casing that contains the elements of the lock forming the present
      invention.
PAR  A sliding bolt is indicated at 2, said bolt being shown fully retracted or
      in the so-called "open" position of the lock in FIG. 1. In FIG. 2 the bolt
      is shown partially projected or in its latching position.
PAR  In FIG. 3 the bolt is shown fully extended or in the bolted or dead bolt
      condition of the lock.
PAR  The casing 1 is closed at one end by a wall 3 provided with a projecting
      spindle 4 that extends into the interior of the casing 1 and is surrounded
      by a coil spring 5 which extends into a recess 6 formed in one end of a
      sensing bar 7. The casing has an outlet end 35 for the emergence of the
      bolt 2.
PAR  The sensing bar 7 is located alongside of and in sliding contact with the
      bolt 2 and has a sliding movement both in company with and also
      independently of the bolt. In the fully retracted position of the bolt as
      shown in FIG. 1, as well as in its latching position of FIG. 2, it will be
      noted that the sensing bar 7 extends co-extensively with the bolt. That is
      to say, that in the two above-mentioned positions of the bolt, the end 8
      of the sensing bar 7 will be located at the end 9 of the bolt.
PAR  In the fully retracted bolt position of FIG. 1, the biasing spring 5 has
      been compressed by the retracting movement of the bolt. Shoulders 10 and
      11 on the bolt abut against shoulders 12, 13 (FIG. 3) on the sensing bar 7
      to bring the sensing bar to either of the two positions shown respectively
      in FIGS. 1 and 2.
PAR  Provided at one end of the bolt 2 is a head 14 formed with a
      circumferential groove 15 within which a roller 16 is loosely mounted and
      is freely rotatively mounted.
PAR  In the condition of the lock mechanism as shown in FIG. 1, the roller is
      confined between a cam 17 provided at one end of the sensing bar 7 and the
      wall of the casing 1. In FIG. 2 wherein both the bolt 2 and sensing bar 7
      have been moved to partially advanced or latching position, the roller is
      similarly confined.
PAR  When the bolt 2 is moved to the fully advanced or bolting position of FIG.
      3, it will be seen that the advancing movement of the bolt 2 has caused
      movement of the roller 16 away from the cam 17 on the sensing bar 7, so
      that the roller rests on and can roll on the surface of the part 19 of the
      sensing bar.
PAR  A fixed stop 20 is provided within the casing 1 on the wall thereof and it
      normally limits the advancement of the bolt 2 to the position shown in
      FIG. 2 until upon closure of the door on which the lock is fitted. When
      the door is closed or is slammed shut the end of the sensing bar will
      contact the striker plate 30 (FIG. 3) on the door frame, bringing the
      sensing bar toward the right and from the position of FIG. 2 substantially
      back to the position of FIGS. 1 and 3. When the bolt 2 becomes aligned
      with the opening 31 in the striker plate 30 and enters into said opening,
      the roller 16, being then in the lowered position and resting upon the
      part 19 of the sensing bar as shown in FIG. 3, and away from contact with
      the inclined end 22 of the stop 20, will permit the bolt to be advanced to
      its extended or dead bolt position by the urge of the coil spring 23 that
      is confined between the end wall 3 of the casing and the head 14 of the
      bolt 2. The head 14 is apertured to permit the cam-bearing and portion of
      the sensing bar to pass through it.
PAR  To manually retract the bolt there is provided a stem 26 movable in the
      slot 29 of the casing 1, which stem can be key-controlled by lock means of
      known character to enable the bolt to be advanced or retracted by key or
      knob operation.
PAR  The operation of the improved lock construction is substantially as
      follows:
PAR  The fully retracted or open position of the lock is shown in FIG. 1. There
      the bolt 2 is fully retracted; springs 5 and 23 are compressed and sensing
      bar 7 is in its retracted position extending co-extensively with the bolt
      2.
PAR  When stem 26 is freed by key knob operation, so that it can slidably move
      in the slot 31, springs 23 and 5 respectively become operative to move the
      bolt 2 and the sensing bar 7 together into the latching position of FIG.
      2. The advancing movement of the bolt is limited by contact of the roller
      16 with the surface 22 on the stop 20. Advancing movement of the sensing
      bar 7 is limited by the contact of the shoulders 12 and 13 on the sensing
      bar with the co-operating shoulders 10 and 11 on the bolt.
PAR  When a door or other closure carrying the lock is closed or is slammed
      shut, an automatic bolting of the door is attained. During closure of the
      door the sensing bar 7 will come into contact with the striker plate 30 on
      the door frame and the sensing bar 7 will be pushed back from the position
      of FIG. 2 to the position of FIG. 3, bringing the cam 17 of the sensing
      bar away from the roller 16 so that the roller will drop down and will
      rest on the part 19 of the sensing bar and will clear the stop 20. This
      will free the bolt 2 from its coupling to the sensing bar so that the
      spring 23 can become effective to advance the bolt to the fully projected
      or dead bolt position of FIG. 3.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A lock mechanism comprising, a casing having a bolt outlet, a
      spring-biased bolt mounted within the casing and capable of projection
      therefrom to either a partially advanced or fully advanced position, a
      sensing bar arranged alongside of and in slidable contact with the bolt,
      said sensing bar being adapted to extend co-extensively with the bolt
      while the bolt is in its partially advanced position, a roller carried by
      the bolt, a cam carried by the sensing bar and on which the roller rests
      while the bolt is in its fully retracted or partially advanced positions
      and while the sensing bar is co-extensive to the bolt, stop means for
      limiting movement of the roller while said roller rests on the cam, the
      bolt having a sliding movement relatively to the sensing bar to bring it
      into fully advanced position when sliding movement of the sensing bar is
      prevented by contact with a striker plate on a door frame.
NUM  2.
PAR  2. A lock mechanism having a casing provided with a bolt outlet, a bolt
      slidably mounted in the casing for projection through the outlet, spring
      means for biasing the bolt toward the outlet, a spring-biased sensing bar
      slidably mounted in the casing and arranged alongside of and in slidable
      contact with the bolt, stop means in the casing, a roller carried by the
      bolt and capable of transverse movement relatively to the bolt, said
      roller being controlled as to its transverse movement by said sensing bar
      and cooperating with the stop means when in a first position to limit the
      projection of the bolt and sensing bar out of the casing and when in a
      second position to be free of said stop means, said sensing bar being held
      against its spring bias when it contacts with the striking plate on a door
      frame to thereby free the roller from restriction by the stop means,
      thereby permitting movement of the bolt under its spring bias to a dead
      bolt position.
NUM  3.
PAR  3. A lock mechanism according to claim 2, wherein the bolt has a groove,
      the roller being carried in said groove, the roller riding upon a surface
      on the sensing bar, a cam on the sensing bar adjacent to one end of the
      sensing bar, the stop means and cam being effective to confine the roller
      between them while the bolt and sensing bar are in the first position in
      contiguous and co-extensive relation, the sensing bar being halted from
      advancing movement by contact with a striking plate on a door frame to
      permit the roller to move from between the cam and stop means and allow
      the bolt to be moved under its spring bias to an extended dead bolt
      position.
NUM  4.
PAR  4. A lock mechanism comprising, a casing provided with a bolt outlet, a
      bolt slidably mounted in the casing and spring-biased toward the outlet, a
      spring-biased sensing bar located in the casing alongside of the bolt and
      movable in company therewith, stop means respectively mounted on the
      casing and on the sensing bar, a roller carried by the bolt and disposed
      between the stop means, the stop means on the sensing bar having a cam
      against which the roller rests at times to maintain the roller in one
      position to abut the stop means on the casing to limit the extent of
      projection of the bolt and sensing bar to latching position out of the
      casing, the bolt being capable of advancement out of the casing to a dead
      bolt position when the roller moves to a second position away from the cam
      and bypasses the stop means on the casing, this occurring when movement of
      the sensing bar out of the outlet by contact of the sensing bar with a
      striking plate on a door frame is prevented.
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PAL  A blow-molded plastic container base and cover portions formed of double
      wall construction are hinged together for movement between open and closed
      positions with respect to one another. A latch assembly is provided for
      positively locking the cover portion in a closed disposition. The latch
      assembly includes an elongated bolt means slidably mounted within a
      trough-shaped groove in the front of the cover portion. The cover and base
      further include formed portions which matingly engage with one another
      upon closing of the cover and which include aligned locking apertures.
      Upon closing of the cover portion, the bolt means may be slid axially into
      the aforesaid apertures to positively lock the cover and base together.
      The bolt means further includes a detent means extending radially outward
      and which may be rotated into a cut-out portion in the trough-shaped
      groove when the bolt is engaged within the locking apertures. The detent
      means thereby serves to axially lock the bolt into a fixed position when
      the cover is locked to the base portion of the container.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the plastic container art, and more
      particularly to a new and improved plastic container and associated latch
      for locking the blow molded cover and base portions thereof together in
      the closed position of the cover.
PAR  The provision of a container body separate from its cover has certain
      advantages in production and in the fact that it permits merchandise to be
      shrink-wrapped in the body prior to application of the cover. It also
      permits utilization of different materials and materials of different
      color, in forming the cover and body portions. The blow-molding of such
      container parts is itself quite desirable from various points of view. For
      example, the provision of a container body, and cover of hollow,
      doulbe-wall construction provides a cushioned arrangement wherein the
      inner wall can be shaped to engage and receive the article being packaged.
      Such double-wall construction of a container cover and base portions are
      known and described in the prior art, as for example in U.S. Pat. No.
      3,659,999, issued on May 2, 1972 and assigned to the same assignee of the
      present invention.
PAR  Problems are encountered however in providing a suitable latch for such
      hinged container parts. Where the latch is formed separate from the
      container parts, an additional assembly step is involved, potentially
      adding to production costs. While this situation can be avoided by molding
      the latch integral with one of the container parts, problems remain in
      providing a latch of sufficient strength and durability without imposing
      undesirable design limitations. An additional problem with prior art
      latches exists with the relative degree of positive locking imparted to
      the cover and base portions of a container. In a number of situations
      where blow molded containers are utilized to transport or convey various
      articles, it is desirable to have a latch which will not open when
      subjected to accidental jarring or transient impact which could "spring"
      the latch. Some prior art latches which are molded integral with one of
      the container parts to provide simply a snap-type of latching are
      particularly vulnerable to any type of such jarring impact.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an object of this invention is to provide a separate latch
      element which facilitates design and manufacture of the body and cover
      portions of a container.
PAR  Another object of this invention is to provide a separate latch element
      which is easily assembled with the cover portion of a blow molded
      container of double-wall construction.
PAR  Another object of the present invention is to provide a latching means for
      the aforesaid blow molded container which will be securely mounted to the
      container and provide positive locking to the body and closed cover
      portion thereof which will not be subject to opening through accidental
      jarring or impact forces.
PAR  A still further object of this invention is to provide a latch construction
      for a blow molded container which includes excellent latching action,
      simplified operation, and which is only moderately stressed during
      movement between the latched and released positions.
PAR  In summary, the present invention provides an axially sliding bolt-type of
      latch for positively locking the cover and base portions of a blow molded
      plastic container together. More specifically, a trough-shaped groove is
      provided on the front portion of the container cover and the aforesaid
      bolt means is mounted slidably therein and biased towards the bottom of
      the groove by protruding resilient sidewall portions in the groove. Upon
      closing of the cover portion of the container, apertures disposed in a
      protruding shoulder portion of the cover which are structurally aligned
      with the bolt means, become aligned with additional apertures on the base
      portion of the container. In this manner, after closing of the cover, the
      bolt means may be axially urged to engage all of the aforesaid apertures
      and provide positive locking between the cover and base. In addition, an
      additional locking means is provided on the bolt itself to prohibit
      accidental axial sliding of the bolt out of engagement with the above
      locking apertures.
PAR  The foregoing and other objects, advantages and characterizing features of
      the present invention will become clearly apparent from the ensuing
      detailed description of an illustrative embodiment thereof, taken together
      with the accompanying drawings wherein like reference characters denote
      like parts throughout the various views.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top plan view of an illustrative container in closed position
      embodying the present invention;
PAR  FIG. 2 is a front elevational view thereof;
PAR  FIG. 3 is a side elevational view thereof;
PAR  FIG. 4 is a fragmentary vertical sectional view, on an enlarged scale,
      taken about on line 4--4 of FIG. 1 showing the latch means of the present
      invention in detail;
PAR  FIG. 5 is a fragmentary top view in section taken about on line 5--5 of
      FIG. 4;
PAR  FIG. 6 is a vertical sectional view taken about on line 6-6 of FIG. 1;
PAR  FIG. 7 is a fragmentary vertical sectional view taken about on line 7--7 of
      FIG. 4 showing vertically overlapping portions of the base and cover
      portions of the container which are engaged by the bolt means of the
      present invention;
PAR  FIG. 8 is a fragmentary vertical sectional view taken about on line 8--8 of
      FIG. 4;
PAR  FIG. 9 is a fragmentary vertical sectional view taken about on line 9--9 of
      FIG. 4 showing the trough-shaped groove in which a bolt means of the
      present invention is mounted;
PAR  FIG. 10 is a front elevational view of a blow molded container
      incorporating a latching bolt means constituting a second embodiment of
      this invention;
PAR  FIG. 11 is a fragmentary top plan view of the container shown in FIG. 10;
PAR  FIG. 12 is a fragmentary vertical sectional view taken about on line 12--12
      of FIG. 11 showing a bolt means employed in the second embodiment of the
      present invention; and
PAR  FIG. 13 is a detailed view specifically showing a reverse longitudinal side
      view of the bolt means shown in FIG. 12.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now in detail to the illustrative embodiments depicted in the
      accompanying drawings, there is shown in FIGS. 1 and 2 a plastic container
      20 which includes a base portion 22 and cover portion 24. As further shown
      in FIG. 3 of the drawings, base 22 and cover 24 are hingedly connected one
      to another at 26 for relative movement between an open and closed position
      of the cover 24 with respect to the base or body portion 22. As further
      shown in FIG. 6 the container portions, being formed of a thermoplastic
      material, include a doublewall blow molded construction. Through the use
      of such doublewall construction, a cushioned arrangement is provided
      wherein the inner walls of the base and cover portion can be shaped or
      formed to receive and engage the article being packaged or transported. It
      is to be further appreciated from FIGS. 1-4 that the base and cover
      portion of the container further include mating edges about their
      respective peripheral areas for providing a generally sealed container
      when the cover portion is in a closed position and locked as will be
      described hereinbelow.
PAR  As generally shown in FIG. 2, a bolt means 26 is shown in a latched
      position locking the base and cover portions together. One end of the bolt
      means 26 is mounted in a trough-shaped groove 28 as shown in detail in
      FIGS. 5 and 9. The bolt means is both rotatable and axially slidable
      within the trough-shaped groove and is biased downwardly into a mounted
      engagement with the bottom of the groove by the resilient sidewall
      portions 30 of the groove. The sidewall portions 30 are formed integral
      with the groove to provide an interference type of fit which precludes
      looseness and random movement of the bolt means within the groove.
PAR  As further shown in FIG. 2, the cover portion 24 includes a bolt mounting
      channel portion 32 which includes three locking apertures 34 as seen in
      detail in FIGS. 4 and 5. The locking apertures 34 are aligned with one
      another and with the trough-shaped groove 28 so that the second end of the
      bolt means 26 may be axially slid into and out of engagement with the
      locking apertures 34.
PAR  The base or body portion 22 of the container further includes a locking
      shoulder 36 as shown in detail in FIGS. 4 and 5. The locking shoulder also
      includes two locking apertures denoted as 38. When the cover 24 is in a
      closed position, the locking apertures 38, being aligned with one another,
      become aligned with the locking apertures 34 so that the bolt means 26 may
      be axially engaged within all of the aforesaid locking apertures so that
      the base and cover portion of the container are affirmatively or
      positively locked one to another.
PAR  As seen in more detail in FIGS. 4 and 7, two of the locking apertures 34
      are spaced from one another by a downwardly opening recess or cavity in
      the bolt mounting channel 32. Correspondingly, the locking shoulder 36 on
      the base portion 22 is so formed to matingly be received within the
      aforesaid recess on the bolt mounting channel when the cover is moved to a
      closed position as shown in FIG. 2. It can be appreciated, therefore, that
      the mating edges of the base and cover portions adjacent to the aforesaid
      recess on the cover and the locking shoulder on the base will provide
      ready alignment of the locking apertures 34 and 38 to thereby assure
      facilitated engagement of the bolt means 26 therein. As shown further in
      FIG. 7, it can be seen that all of the locking apertures will be aligned
      by the lower edge of the bolt mounting channel 32 coming into abutment
      with the top edge of the base portion adjacent to the locking shoulder.
PAR  As further illustrated in FIG. 4, the bolt means 26 is formed of a wire
      material and includes a detent means or loop means 40 extending radially
      outward from the circumferential surface of the midportion of the bolt.
      The detent means 40 may be used to grasp the bolt means for urging the
      latter in an axial direction. As shown in FIG. 4, a recess or cut-out
      portion is provided between bolt mounting channel 32 and the end of the
      trough-shaped groove 28 so that the detent means or loop 40 may be rotated
      through an angular movement of substantially 180.degree.  as indicated by
      the dotted line positions in FIGS. 4 and 8. It is to be further understood
      that the recess between bolt mounting channel 32 and the groove 28 could
      merely be a cut-out portion anywhere along the length of the trough-shaped
      groove 28 which would eliminate interference to rotation of the detent
      means when the latter was longitudinally aligned therewith.
PAR  In utilizing the embodiment of the present invention illustrated in FIGS.
      1-9, it is to be understood that the cover portion 24 would be free to be
      opened and closed with respect to the base 22 when the bolt means 26 is
      urged axially to the right as seen in FIG. 4 with the detent means 40
      assuming the position shown in dotted lines therein. In view of the
      trough-shaped cross section of the groove 28, it is possible to slide the
      bolt means 26 to the right in FIG. 4 and out of engagement with the
      apertures 38 only when the detent or loop means 40 has been rotated to
      assume essentially a vertically upward disposition as shown in FIGS. 4, 8
      and 9. Upon desired closing and latching of the cover portion to the base
      portion of the container, the molded locking shoulder 36 on the base will
      be received within the opposed recess in the molded channel 32 between the
      locking apertures 34 as shown in FIG. 4. The locking apertures 38 on the
      molded shoulder 36 will become aligned with the locking apertures 34 on
      the molded channel 32 and the bolt means 26 may be axially urged to the
      left as shown in FIG. 4 by grasping the loop or detent means 40. Upon
      sufficient translation of the bolt means to the left as shown in FIG. 4
      all of the locking apertures 34 and 38 will be engaged thereby. In such a
      disposition, the cover is affirmatively locked to the base.
PAR  In addition to the locking of the cover to the base, means are further
      provided for locking the bolt 26 in a fixed longitudinal position so that
      it may not be accidentally jarred loose and out of engagement with the
      locking apertures 34 and 38. In accordance with this objective the loop
      portion 40 may be rotated through essentially 180.degree. to assume the
      position shown in dotted lines in FIGS. 4 and 7 when the loop 40 is
      longitudinally aligned with the cut-out portion at the end of the groove
      28 shown in FIG. 4. As the loop 40 is rotated to the downward disposition,
      a protuberance 42 is engaged and snappingly overridden by the final
      rotational movement of the loop. With the loop 40 therefore being
      resiliently urged towards the front exterior wall of the base portion as
      shown in FIG. 8, the bolt means may not be inadvertently jarred to the
      left and out of engagement with the locking apertures 34 and 38 in view of
      the abutment of the loop 40 with the adjacent structure of the
      trough-shaped groove 28. When it is desired to open the container, a
      finger recess 44 is provided in the base portion directly beneath the loop
      40 so that the latter may be easily grasped and rotated over the
      protuberance 42 to its vertically upward disposition. After such rotation,
      the bolt means may be slid to the right out of engagement with the locking
      apertures 34 and 38.
PAR  Should it be desired to maintain the cover in a locked disposition and the
      loop means 40 accidentally is either left in the upward disposition shown
      in FIG. 4 or somehow becomes displaced to such upward disposition, a
      safety shoulder 46 is molded into the front of the cover portion adjacent
      to the cut-out portion at the end of the groove 28. The safety shoulder 46
      serves to shield the upwardly oriented loop 40 in FIG. 4 from lateral
      contact which would tend to urge the loop and bolt means to the right
      thereby allowing the cover to become unlocked from the base portion.
PAR  A second embodiment of the present invention is illustrated in FIGS. 10-13
      which incorporates a bolt means molded out of a thermoplastic material as
      opposed to the wire formed bolt means 26 described hereinabove. As shown
      in FIGS. 10 and 11, a trough-shaped groove 28a is provided for slidably
      receiving one end of the bolt means 26a shown in detail in FIG. 13. The
      groove 28a further includes resilient side portions 30a which resiliently
      bias the bolt means into a seated engagement with the bottom of the groove
      28a. The other end of the bolt means 26a may be received in locking
      apertures which are defined in a bolt mounting channel 32a on the cover of
      the container and in a locking shoulder 36a on the base portion of the
      container, all being analagous to the corresponding description of such
      elements given above. As can be appreciated from viewing FIGS. 11 and 12
      together, bolt means 26a also includes a detent means 40a extending
      radially outward from the midportion of the bolt means. When the bolt
      means is engaged within all of the locking apertures and is longitudinally
      aligned with the cut-out section between the groove 28a and mounting
      channel 32a, detent means 40a may be rotated substantially 180.degree. to
      assume the downward disposition shown in FIG. 12. Correspondingly, the
      bolt means may only be axially moved into and out of engagement with the
      locking apertures when the detent means 40a is disposed in the upper
      disposition shown in dotted lines in FIG. 12. The engagement therefore of
      the detent 40a with the end of the groove 28a when the detent is rotated
      to its lower disposition shown in FIG. 12 serves the same purpose as loop
      means 40 described above wherein the respective bolt means may not be
      jarred out of engagement with the respective locking apertures. It is to
      be noted also that the molded bolt means 26a includes a recess 41 at the
      free end thereof. Provision of the recess 41 enables a user of the
      container to easily grasp the detent means and rotate it to the desired
      annular disposition.
PAR  From the foregoing, it is apparent that the objects of the present
      invention have been fully accomplished. As a result of this invention, a
      sliding and rotating bolt means is provided on the cover portion of a
      plastic container for engaging three molded bolt receiving portions of
      double-wall channels with end walls, two on the cover forming part of the
      bolt mounting channel and one on the base portion comprising the locking
      shoulder. Once engaged, the bolt means may be axially retained by rotation
      of a detent means on the bolt into axial engagement with the adjacent
      mounting groove for such bolt means.
PAR  Therefore, it can be seen that the separate manufacture of a bolt means
      simplifies the design and manufacture of the base and cover portions.
      Although such separate manufacture of the bolt means involves assembling
      the bolt into the cover, this can be easily accomplished by a
      consideration of FIG. 4. As can be easily visualized, the bolt 26 is
      assembled within the cover by merely pressing the bolt into engagement
      with the resilient sidewalls of the trough-shaped groove whereby the bolt
      would be aligned for sliding engagement within the locking apertures 34.
CLMS
STM  I claim:
NUM  1.
PAR  1. A latch assembly for a container wherein the container includes a base
      portion and cover portion of double wall thermoplastic construction
      hingedly connected to one another for movement between open and closed
      positions relative thereto and with mating edges on said base and cover
      portions adapted to abut in the closed position of said cover portion,
      said latch assembly comprising:
PA1  a bolt means, one end of said bolt means being mounted within a groove on
      said cover portion and being axially slidable therein;
PA1  a bolt mounting portion disposed on said cover portion in alignment with
      said groove; and
PA1  locking apertures, at least one locking aperture disposed on said bolt
      mounting channel and on said base portion, said locking apertures being
      aligned with one another in the closed position of said cover portion for
      axially receiving the second end of said bolt means so that said cover and
      base portions may be selectively locked together.
NUM  2.
PAR  2. A latch assembly as set forth in claim 1 wherein said bolt mounting
      portion on said cover portion includes at least two aligned locking
      apertures spaced from one another by an interposing recess formed in said
      bolt mounting portion, a locking shoulder on said base portion, said
      locking shoulder being apertured and adapted to be received in said recess
      of said cover portion upon closing thereof so that all of said apertures
      are in axial alignment for receiving said second end of said bolt means.
NUM  3.
PAR  3. A latch assembly as set forth in claim 2 further including a bolt
      locking means for axially retaining said bolt means engaged within all of
      said locking apertures.
NUM  4.
PAR  4. A latch assembly as set forth in claim 3 wherein said bolt locking means
      comprises a detent means extending radially outward from the
      circumferential surface of said bolt means and a cut-out portion on said
      groove whereby said detent means is rotatable into engagement with said
      cut-out portion to axially retain said bolt means in a fixed position.
NUM  5.
PAR  5. A latch assembly as set forth in claim 4 wherein said cut-out portion
      extends through said groove so that said detent means is rotatable through
      a range of substantially 180.degree. to axially lock and unlock said bolt
      means when said detent means is longitudinally aligned with said cut-out
      portion.
NUM  6.
PAR  6. A latch assembly as set forth in claim 5 further including a safety
      shoulder, said safety shoulder being disposed on top of said bolt mounting
      channel adjacent to said cut-out portion so that when said bolt means is
      received within said locking apertures and said detent means is in an
      unlocked disposition, said detent means and said bolt means will be
      shielded against accidental axial movement and corresponding unlocking of
      said cover portion.
NUM  7.
PAR  7. A latch assembly for an article wherein the article includes a base
      portion and cover hingedly connected to one another for movement between
      open and closed positions relative thereto, said latch assembly
      comprising: at least one locking aperture disposed in each of said base
      and cover portions, said locking apertures being aligned with one another
      in the closed position of said cover portion;
PA1  a bolt means being mounted on said article and axially slidable in said
      locking apertures when said cover portion is in its closed position so
      that said base and cover portions may be selectively locked together,
      wherein said bolt means is axially slidable and rotatably mounted within a
      trough-shaped groove on said article, said trough-shaped groove including
      resilient sidewall portions for retaining said bolt means in sliding
      engagement with the bottom of said trough-shaped groove.
NUM  8.
PAR  8. A latch assembly as set forth in claim 7 further including a bolt
      locking means for axially retaining said bolt means engaged within said
      locking apertures, said bolt locking means comprising a detent means
      extending radially outward from the circumferential surface of said bolt
      means and a cutout portion on said trough-shaped groove whereby said
      detent means is rotatable into engagement with said cutout portion to
      axially retain said bolt means in a fixed position.
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ABST
PAL  Electrically operated lock for a closure, such as a truck door,
      characterized by a bolt movable between locked and unlocked positions and
      latched against movement in both positions, the bolt movement being under
      control of a two position switch and other switches which disconnect
      electrical energization when the bolt moves to either position. The
      apparatus is located at an inaccessibly position, preferably inside the
      truck, to prevent tampering therewith from outside the truck.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the transportation of materials by truck between a loading point and a
      destination, it is common practice to maintain the compartment closure in
      locked condition by use of a padlock which engages a suitable hasp or the
      like to prevent theft or tampering with the contents while in transit. In
      some instances the door is locked at the loading point by authorized
      personnel and unlocked at the destination by personnel other than the
      driver, who is not provided with a key, thus obviating suspicion that the
      driver has unlocked the closure during transit. Such locks are relatively
      easy to remove by cutting or jimmying. While there is no certainty that
      the driver may have removed the lock in such manner during transit, he is
      under a heavy burden to explain why the truck was left unattended at any
      stopping point to permit theft or pilfering of the contents. As will be
      apparent, this suspicion could be obviated if a locking system were
      provided which is jimmy-proof or otherwise tamper-proof by the driver or
      any other person than the driver.
PAR  Electrically operated bolts for locking closures, such as doors, have long
      been known as exemplified by U.S. Pat. No. 603,321 to Carlton (1898) and
      U.S. Pat. No. 947,866 to Taylor (1910), these differing in the manner in
      which control of the bolt was desired. In a further advancement in the
      art, as exemplified by U.S. Pat. No. 1,558,707 to Milligan (1925), it was
      recognized that a need existed for a solenoid operated bolt which could be
      positively latched in its locked and unlocked positions. In this
      connection, selective energization of two solenoids was apparently under
      manual control of an operator and one of the solenoids could remain
      energized after moving the bolt to desired position unless the operator
      opened a suitable switch. This inadvertence to open the circuit was not
      only a waste of electrical energy but also could burn up the insulation of
      a field winding unless it was designated for continuous energization. It
      is believed apparent that if the circuits could automatically be opened
      after throwing the bolt to one or the other of its two positions any
      inadvertence in opening a manually operated switch would be obviated.
PAR  Another disadvantage of the Milligan construction appears to reside in the
      manner in which the bolt locking latch is actuated by magnetic attraction
      toward the solenoid cores, the flux density in the magnetic circuit being
      relatively weak due to the large air gap therein. As will be apparent,
      just prior to release of a latch, it is bucking movement of a core and,
      hence, the attractive force must be in excess of the axial force on the
      core. It is believed apparent, accordingly, that it would be advantageous
      to move the latch under control of an independent actuator so that the
      actuator could be designed to perform its unlatching function independent
      of the core moving function and not dependent upon some partially common
      flux density therebetween.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention, in one of its forms, most closely resembles the
      concepts of the Milligan patent referred to in that it employs two
      solenoids for selectively moving a bolt between locked and unlocked
      positions and means for locking the bolt in each position. It differs in
      its broader aspects in that (a) locking or unlocking of the bolt in its
      two positions is effected by two other solenoids each designed for
      producing forces independent of bolt moving forces, (b) movement of the
      bolt between its two positions automatically opens circuits to the bolt
      moving solenoids, and (c) the opening of the circuits is under control of
      the two other solenoids referred to. In its more limited aspects, it
      differs in specific details of orientation of components, construction,
      and combinations, to be subsequently described in detail.
PAR  In other forms of the invention, a reversible electric rotary motor is
      provided for moving the bolt between its two positions, the motor
      preferably being connected to the bolt by a self locking drive mechanism,
      such as a worm and worm wheel, which locks the bolt from movement when the
      motor is de-energized.
PAR  Activation of the solenoids is accomplished through the movement of a two
      position switch. Advantageously, this switch is controlled by a tumbler
      lock which can be operated only by authorized personnel having a key
      therefor.
PAR  In accordance with the foregoing, the principal object of the invention
      includes the provision of:
PAR  Effecting movement of a closure locking bolt between locked and unlocked
      positions under control of a two position electric switch, means for
      automatically locking the bolt in each position, and means for
      discontinuing electrical energization of the system when the bolt is moved
      to one or the other of its positions.
PAR  Another object includes the provision of a locking bolt in combination with
      a container door, such as a truck door, and certain orientations of
      components relative thereto, to render the bolt tamper-proof.
PAR  Still further objects, advantages and salient features will become more
      apparent from the detailed description to follow, the appended claims, and
      the attached drawing to now be briefly described.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side elevation of a truck, a portion being broken away,
      depicting an application of the subject invention;
PAR  FIG. 2 is a circuit diagram and general arrangement of components of one
      form of the invention generally depicted in FIG. 1;
PAR  FIG. 3 illustrates an alternative form of bolt actuator; and
PAR  FIG. 4 illustrates another alternative form of bolt actuator.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring first to FIGS. 1 and 2, truck 10 is provided with a door 12,
      illustrated as the curtain type having articulated sections 14 and side
      rollers 16 which roll in side channels 18 which extend vertically along
      the sides of the truck opening and which are curved at their upper ends
      and thence extend horizontally adjacent the truck roof whereby the
      sections may be moved to closed position, as shown in FIG. 1, or moved to
      open position (not shown) adjacent and inside the truck roof.
PAR  Locking device 20 is disposed inside the truck near the roof thereof and
      includes a slideable bolt 22 which may be moved into the path of one of
      the rollers, best shown in FIG. 2, for preventing upward movement of the
      door from its closed position. A two position switch 24 is disposed at a
      convenient position on the truck which is electrically connected between
      storage battery 26 and the bolt actuator, to now be described.
      Conveniently, switch 24 can be a part of a tumbler lock which can be
      operated only by authorized personnel having a key to the same. A suitable
      lock is the 4901 Ace 10 Tumbler round lock manufactured by Chicago Lock
      Company of Chicago, Ill.
PAR  Referring now to FIG. 2, bolt actuator 20 comprises a rectangular casing
      which houses first and second axially aligned solenoids 30, 32 having
      field windings 34, 36, respectively, which move a common core 38,
      connected to bolt 22 which may be moved into or out of the path of
      movement of a roller 16. Core 38 is provided with a pair of circular
      grooves 40, 42, the purpose of which will subsequently appear.
PAR  A third solenoid 44, having a locking bar 46 which may drop into groove 40
      is associated with solenoid 30, its core 48 being connected to the bar and
      also associated with a switch 50 adapted to close when bar 46 moves to
      unlocked position from groove 40. A fourth like solenoid 52, having a like
      locking bar 54 which may drop into groove 42 is associated with solenoid
      32, its core being connected to bar 54 and also associated with switch 56
      adapted to open when bar 54 drops into groove 42.
PAR  In the operation of the construction just described, it will be assumed
      that bolt 22 is in the full line door locking position and switch 24 is
      moved to the full line position. Since switch 56 is now closed, current
      flows to solenoid field winding 49 and to solenoid field winding 34 which
      are in parallel. Bar 46 first moves out of locking position with groove 40
      after which solenoid 30 moves core 38 and bolt 22 to the left to unlocked
      position. (Switch 50 is also moved to closed position but at this time is
      not in circuit with line current.) When bolt 22 moves to its left unlocked
      position and bar 54 is aligned with groove 42 the bar is free to drop into
      same, opening switch 56 and opening all circuits even though switch 24
      remains in closed position. The reason bar 54 may drop into groove 42 is
      that solenoid 52 is not energized at this time. When switch 24 is moved to
      its dotted position, the reverse action takes place. Switch 50 is now
      closed and solenoids 32 and 52 are energized in parallel. Bar 54 moves out
      of groove 42 and solenoid 32 moves bolt 22 back to its locked full line
      position whereupon bar 46 drops into groove 40 (since solenoid 44 is not
      energized at this time). This, of course, completes the cycle and all
      circuits are again open even though switch 24 is not moved from its dotted
      position.
PAR  Referring now to FIG. 3, bolt 122 is rectilinearly moveable relative to
      side channel 18 between locked and unlocked positions in the same manner
      as bolt 22, previously described. Actuator 120 differs somewhat in that a
      reversible direct current motor 130 drives a worm 60 which meshes with a
      worm wheel 62 which, as illustrated, is of infinite pitch diameter.
      Preferably, bolt 122 is provided with a longitudinal keyway 64 and a key
      66 engageable therewith to prevent rotation of worm wheel 62 but to permit
      it to move rectilinearly between locked and unlocked positions relative to
      the door (not shown). Motor 130 is of the direct current reversible type
      having a pair of input leads 68, the polarity of which may be reversed.
      For simplicity of disclosure, the motor may be considered as having a
      permanent magnet field, and a pair of brushes contacting the commutator of
      the armature which contains suitable windings which, when energized,
      produce a rotary magnetic field which rotates the armature. Motors of this
      type are conventional and well known and have advantages in that they are
      simple and require only reversal of polarity to the brushes to effect
      rotation of the armature in either of opposite directions. Further, with a
      permanent magnetic field, no current flows to the armature windings when
      one of leads 68 is disconnected from the D.C. electrical supply. Two
      position switches 150, 156 are mechanically connected for conjoint
      movement by a connecting bar 70. The switches are preferably mico-switches
      having an "overcenter" actuator which "flips" between two positions upon
      relatively small movement of the actuator. A collar, pin, or the like 142
      is provided on bolt 122 for conjointly flipping the switches between their
      two positions and a two position manual switch 124 is provided to initiate
      energization to leads 68. In the operation of this construction it will be
      assumed that bolt 122 is in unlocked (left) position and switch 124 is
      moved to the full line position as shown. Motor 130 now rotates, moving
      the bolt toward locked position. When abutment 142 engages switch 150,
      switches 150, 156 are flipped to the full line positions which opens the
      circuit to the motor which comes to rest. When switch 124 is moved to the
      dotted line position, which reverses polarity to the armature, the bolt
      moves toward the left until abutment 142 engages switch 156 moving it and
      switch 150 to their left positions (not shown) which again opens the
      circuit to the motor, permitting it to come to rest. As will be apparent,
      abutment 142 provides a lost motion connection between switches 150, 156
      which permits bolt 122 to move between slightly less than its full throw.
      As it approaches the end of its throw, at either end thereof, switches
      150, 156 open the circuit and also condition the circuits for reversal of
      polarity to the motor armature when switch 124 is moved to its other
      position.
PAR  Referring now to FIG. 4, the circuit is the same as in FIG. 3, but the
      mechanical connection between motor 230 and bolt 222 is varied somewhat.
      In this construction, a pinion 160 and a rack 162 are employed in lieu of
      worm 60 and worm wheel 62. Since this connection is not self-locking when
      the motor is at rest, it is preferred that it be made so by providing a
      self-locking reduction gearing between the motor armature and pinion 160,
      for example, a worm on the armature shaft which engages a worm wheel
      affixed to the pinion drive shaft. Motor-reduction gear units of this type
      are well known and have the advantage in that the motor may be of the high
      speed type with attendant reduction in size for a desired power output.
PAR  As will now be apparent, the several embodiments disclosed have an overall
      operation which is the same in that:
PAR  1. When the manual control switch is moved to one of its positions and
      retained thereat, the bolt automatically moves from one of its positions
      to the other.
PAR  2. When the bolt moves to its other position, the circuit is automatically
      opened and the manual switch becomes inoperative until it is moved to its
      other position.
PAR  3. When the bolt comes to rest at either of its two positions, a circuit is
      established which may move the bolt in the opposite direction when the
      manual switch is moved to its other position.
PAR  The invention has been illustrated on an articulated truck door for
      purposes of illustration. However, it will be apparent to one skilled in
      the art that the lock can be used with sliding doors, as well, and in
      connection with a closure for any container for which security is desired,
      such as boxcars.
PAR  The invention has been described in detail with particular reference to
      preferred embodiments thereof, but it will be understood that variations
      and modifications can be effected within the spirit and scope of this
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a lock for use with a moveable closure or the like having a two
      position bolt adapted to move into the path of movement of the closure to
      a locked position to prevent movement thereof or move out of the path of
      movement of the closure to unlocked position to permit movement thereof,
      the improvements, comprising:
PA1  a. electric motor means including a pair of solenoids adapted to be
      selectively energized for moving the bolt between its two positions,
PA1  b. means for preventing movement of the bolt when disposed at its two
      positions,
PA1  c. a two position control switch for energizing the motor means for
      selectively causing same to move the bolt between its two positions, and
PA1  d. other switch means operated by movement of the bolt for de-energizing
      the motor means when the bolt moves to its two positions.
NUM  2.
PAR  2. Apparatus in accordance with claim 1, wherein said other switch means
      establishes a circuit for moving the bolt from one of its positions to the
      other when the control switch is moved to its other position.
NUM  3.
PAR  3. Apparatus in accordance with claim 1 including means for preventing
      movement of the bolt when disposed at its two positions.
NUM  4.
PAR  4. Apparatus in accordance with claim 3 including other switch means
      operated by movement of the bolt for deenergizing the motor means when the
      bolt moves to its two positions.
NUM  5.
PAR  5. Apparatus in accordance with claim 1, wherein said closure is disposed
      at the rear end of a truck and constructed as an articulated curtain
      adapted to be guided by side rails from a vertical closed position thereat
      to a horizontal open position adjacent and beneath the roof of the truck.
NUM  6.
PAR  6. Apparatus in accordance with claim 5 wherein the lock is disposed near
      the roof of the truck.
NUM  7.
PAR  7. Apparatus in accordance with claim 5 wherein said bolt slideably extends
      through an opening in one of said rails and moves between blocked and
      unblocked positions relative to an abutment, such as a roller, carried by
      the closure.
NUM  8.
PAR  8. Apparatus in accordance with claim 7 wherein the lock is disposed inside
      the truck near the roof thereof.
NUM  9.
PAR  9. Apparatus in accordance with claim 8 wherein the electric motor means is
      energized by a battery carried by the truck.
NUM  10.
PAR  10. In a lock for use with a movable closure or the like having a two
      position bolt adapted to move into the path of movement of the closure to
      a locked position to prevent movement thereof or move out of the path of
      movement of the closure to unlocked position to permit movement thereof,
      the improvements comprising:
PA1  a. a first solenoid having a movable core connected to the bolt for moving
      it to locked position,
PA1  b. a second solenoid having a movable core connected to the bolt for moving
      it to unlocked position,
PA1  c. a third solenoid having a movable core and means operable thereby for
      releasing said locking bolt from locked position,
PA1  d. a fourth solenoid having a movable core and means operable thereby for
      releasing said locking bolt from unlocked position,
PA1  e. a control switch for selectively energizing either said first and fourth
      solenoids or said second and third solenoids to move the bolt between
      locked and unlocked positions,
PA1  f. each of said third and fourth solenoids having a switch movable thereby
      to open a circuit when it moves to its locked position so that all
      solenoids are de-energized to obviate application of continued electrical
      energy after the bolt is in either of its two positions.
NUM  11.
PAR  11. Apparatus in accordance with claim 10 wherein:
PA1  the cores of the first and second solenoids are axially aligned and
      connected to form a common core with a pair of field windings surrounding
      same and so wound to selectively move the bolt between its two positions.
NUM  12.
PAR  12. Apparatus in accordance with claim 10 wherein:
PA1  the bolt is disposed at one side of the core and moves parallel therewith.
NUM  13.
PAR  13. Apparatus in accordance with claim 10 wherein:
PA1  the cores of the third and fourth solenoids are moved toward locking
      position when de-energized.
NUM  14.
PAR  14. Apparatus in accordance with claim 13 wherein:
PA1  the cores of the third and fourth solenoids are oriented in substantially
      vertical positions and drop by urge of gravity to their locking positions.
NUM  15.
PAR  15. Apparatus in accordance with claim 10 wherein:
PA1  the cores of the first and second solenoids are axially aligned to form a
      common core with a pair of field windings surrounding same and so wound to
      selectively push or pull the bolt between its two positions, said common
      core having a pair of axially spaced depressions therein each being
      selectively engagable by the means operable by the third and fourth
      solenoids respectively.
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ABST
PAL  A safety latch for holding a closure such as a door in its locked position
      or in a partially open position to enhance security. A pair of swingably
      connected links are provided in combination with a keeper. In one position
      of the links the closure is held against opening and in another position
      of the links the closure is held against further opening from a partially
      opened position.
BSUM
PAR  This invention relates to a safety latch for holding a closure in a closure
      structure such as a door or window in either a closed locked position or
      partially opened position. When holding the closure in closed position the
      bar provides additional security over that derived from the use of
      conventional door locks, latches, chains and the like. When holding the
      closure in a partially opened position it again provides security for the
      user and permits him to speak through the opening between the closure and
      the frame without permitting the closure to be swung past the partially
      opened position or to be picked from the outside as can be done with some
      "chain" and partially open latches.
PAR  The main object of the present invention is to provide a latch of the above
      described nature which is easily installed on a door or the like and which
      at the same time provides optimum security for the occupant of the house
      or apartment using the same.
PAR  Heretofore, it has been customary to provide a secondary door holding means
      in addition to the usual door lock or latch. Such prior art holding means
      have generally comprised a chain which is secured at one end of the door
      frame and adapted to be secured at its other end to a slotted member on
      the door to permit the door to be held in a partially opened position
      against further opening by a person outside the door. Such chain devices
      are characteristically weak in construction and the screws holding the
      chain attaching elements are usually placed in a manner so as not to
      provide a great amount of resistance against the door being pushed or
      kicked further open from the outside.
PAR  Another object of the invention is the provision of a door holding means
      which constitutes an improvement over the prior art in that the same is
      stronger than analogous devices heretofore available.
DRWD
PAR  Other objects and advantages will be apparent from the following
      specification and from the drawings.
PAR  FIG. 1 is a fragmentary elevation of a closure such as a door showing the
      latch attached to the closure and frame.
PAR  FIG. 2 is a horizontal section through the closure and frame of FIG. 1
      showing the latch in plan view.
PAR  FIG. 3 is a top plan view of the keeper.
PAR  FIG. 4 is a view similar to FIG. 2 showing the closure in secured partially
      opened position.
PAR  FIG. 5 is a view similar to FIG. 1 showing a modified form of the invention
      in unlatched position.
PAR  FIG. 6 is a view similar to FIG. 5 with the latch in latched closed door
      position.
PAR  FIG. 7 is a top plan view of the keeper of FIG. 5 and 6.
PAR  FIG. 8 is a top plan view of a modified form of the keeper.
PAR  FIGS. 9 and 10 are views of another modified form of keeper also showing
      the latch.
DETD
PAR  Referring to FIG. 1, a portion of a closure such as a door generally
      designated 1 is shown in its closed position relative to its frame 2. The
      invention comprises an elongated rectangular plate 4 secured to the frame
      2 by means of wood screws 5. Plate 4 is similar to a hinge plate and is
      provided at its outer edge with bent ears 7 adapted to receive a hinge pin
      8 therethrough. Swingably supported on pin 8 is a link 10 which is
      provided with a bent ear 11 at its opposite end for receiving a pin 12
      therethrough.
PAR  Swingably supported on pin 12 is a second link generally designated 14
      which is formed at one end with upper and lower ears 15, 16 respectively,
      in which the pin 12 is secured. Link 14 is provided at its opposite end
      with a vertically extending pin 18 which may be fixedly secured to link 14
      by welding. Pin 18 projects downwardly below the lower edge of link 14 and
      is adapted to be received within a slot 20 (FIG. 3) formed in one leg of
      an angle bar keeper 21 which in turn is secured to the closure 1 by means
      of screws 22 (FIG. 1).
PAR  Slot 20 is formed at one end with a reentrant portion 24 which, when the
      pin 18 is received therein, prevents the closure 1 from opening from the
      position of FIG. 2. The opposite end of slot 20 is formed with an offset
      portion 25 which, when the pin 18 is moved along the length of slot 20 and
      into offset portion 25, allows the door to be opened to the partially
      opened position of FIG. 4. As best seen in FIG. 1, the lower end of pin 18
      is upset to provide an enlargement 26 which prevents the pin 18 from being
      removed from the slot 20 at any point along the length of said slot except
      at an enlarged portion 27 of said slot at the left hand end thereof. To
      facilitate manipulation of the link 14, the same may be provided along its
      upper edge with a horizontally outwardly extending flange 30 by which the
      link 14 may be moved upwardly relative to the link 10 so that the pin 18
      and head 26 may be withdrawn completely out of slot 20 at area 27 if it is
      desired to swing the links completely away from the door 1 and against the
      frame 2 to a completely inoperative position.
PAR  As noted above, when the links are in a position shown in FIG. 2, the door
      1 cannot be opened. If it is desired to place the door in the secured
      partially opened position of FIG. 4, the pin 18 may be moved out of the
      portion 24 along the length of the slot 20 and into the end 25 so that the
      door may be held in the position of FIG. 4 against further opening.
PAR  If it is desired not to use the latch the lever 14 may be raised upwardly
      so that the enlargement 26 on the pin 18 passes through the enlarged
      portion 27 of the slot 20 thereby permitting the entire assembly to be
      swung against the frame 2 without any interference to the operation of the
      door.
PAR  A modified form of the invention is shown in FIGS. 5-7 wherein the pin
      connecting the links 10, 14 is provided with an extension 32 adapted to
      fit within the right hand end of slot 33 in keeper 34 when the latch is in
      the closed position of FIG. 6. When it is desired to permit the door to be
      partially opened to the position similar to that shown in FIG. 4, it is
      merely necessary to raise the lever 14 so that the extension 32 passes out
      of slot 33 to permit the pin 18 to be moved to the right hand end of slot
      33. It will be noted that the enlarged end 35 of slot 33 permits the pin
      18 to pass out of slot 33 so that the latch may be moved to the position
      of FIG. 5 and then swung against the frame if it is desired to make the
      latch inoperative.
PAR  The latch shown in FIGS. 5,6 may also be employed with a keeper shown in
      FIG. 8. In this case the keeper 40 is provided with a slot 41 which
      terminates in an arcuate extension 42 into which the pin 18 may be swung
      to lock the door in closed position. In order to permit the door to be
      swung to the partially open position, the pin 18 may be moved to the right
      hand end of slot 41 and secured against further opening.
PAR  The latch structure of FIGS. 1 and 2 may also be employed with a keeper 44
      such as that shown in FIGS. 9,10. In this case a slot 33 is provided
      similar to that shown in FIG. 7 and a cam 45 preferably integral with
      keeper 44 holds the latch in locked position as seen in FIG. 10. When it
      is desired to move the latch to the partially opened position, it is
      merely necessary to raise the link 14 so that the bottom edge of said link
      is above the cam 45 to permit swinging the pin 18 to the right hand end of
      slot 33. If the door is to be closed from the partially opened position,
      it is merely necessary to urge the link 14 to the left so that it
      automatically rides up on cam 45 and drops into the space between said cam
      and the door to secure the door in the closed secured position.
PAR  It will be seen that the preferred embodiments of the above described
      invention provide an extremely strong and rugged latch providing adequate
      protection against unauthorized entrance. It will also be noted that there
      is no possibility that the door may be opened by an intruder while the
      latch is being moved from the locked to the partially opened position.
      Furthermore, when the door is in the closed latched position and also when
      the door is in the partially open secure position, it cannot be picked
      from outside because of the presence of head 26 on pin 18.
CLMS
STM  I claim:
NUM  1.
PAR  1. A safety latch for holding a closure of a closure structure such as a
      door, window or the like having a frame, a hinge edge and an opposite
      latch edge, comprising:
PA1  a first link,
PA1  means swingably connecting one end of said first link to such frame at the
      latch edge,
PA1  a second link swingably connected at one of its ends to an opposite end of
      said first link, and vertically slidable relative to the latter between
      upper and lower positions,
PA1  a keeper member carried by said closure and including a horizontally
      disposed flange formed with an elongated slot,
PA1  said second link being provided at the end opposite said one end with a
      projection adapted to be received in said slot,
PA1  said keeper member being provided with an upwardly projecting portion,
      whereby
PA1  said second link may be raised to its upper position and moved to a
      position between said portion and said closure and lowered to a position
      interposed between said portion and said closure to hold said closure
      against opening from a closed position with said projection at one end of
      said slot, and whereby said latch holds said closure against further
      openings from a partially open position when said second link is released
      from said interposed position and said projection is at the opposite end
      of said slot.
NUM  2.
PAR  2. A safety latch for holding a closure of a closure structure such as a
      door, window or the like having a frame, a hinge edge and an opposite
      latch edge, comprising:
PA1  a first link,
PA1  means swingably connecting one end of said first link to such frame at the
      latch edge,
PA1  a second link swingably connected at one of its ends to the opposite end of
      said first link,
PA1  a keeper member carried by said closure and formed with an elongated slot,
PA1  said second link being provided at the end opposite said one end with a
      projection adapted to be received in said slot,
PA1  a second projection at the connection between said links and adapted to be
      also received in said slot when the latch is in locked position, whereby
PA1  said latch holds said closure against opening when both said projections
      are in said slot, and whereby said latch holds said closure against
      further opening from a partially open position when said first projection
      only is in said slot.
NUM  3.
PAR  3. A safety latch for holding a door of a door structure that includes a
      frame, a hinge edge and an opposite latch edge, comprising:
PA1  a first link,
PA1  means swingably connecting one end of said first link to such frame at the
      latch edge,
PA1  a second link swingably connected at one of its ends to the opposite end of
      said first link,
PA1  a keeper member carried by said door and including a horizontally disposed
      flange formed with a horizontally elongated slot having a laterally offset
      portion at one end,
PA1  said second link being provided at the end opposite said one end with a
      projection adapted to be received in said slot, whereby
PA1  said latch holds said door against opening when said projection is in said
      offset portion of the slot and whereby said latch holds said door against
      further opening from a partially open position when said projection is at
      the opposite end of said slot.
NUM  4.
PAR  4. A safety latch according to claim 3 wherein said portion is an arcuate
      extension of said slot and in which said projection is received when said
      latch is in locked position.
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ABST
PAL  An anti-pilferage locking device for securing two confronting edges of an
      outer door structure in a railway car against longitudinal relative
      movement having a hasp pivotally secured to the outer surface of the car
      door structure adjacent to one of the confronting edges, a keeper secured
      to the outer surface of the car adjacent the opposite confronting edge of
      the car door structure, a cam vertically spaced from the keeper and
      pivotally secured to the outer surface adjacent said opposite confronting
      edge and above said keeper, and an anti-pilferage sealing means connecting
      with the cam and the keeper and trapping the hasp, the lower horizontal
      edge of the cam being flat at one end and curved at the other to control
      cam rotation relative to the hasp, the keeper having an outer vertical lip
      entrapping the hasp which entraps said lower edge of the cam; whereby, the
      hasp is receivably entrained on the keeper, the cam limits vertical
      movement of the hasp, and the sealing means is cooperatively received
      through the cam and keeper to sealingly secure the hasp on the keeper.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to the railway car art and in particular relates to
      an anti-pilferage device for securing two confronting edges of the outer
      door structure of a railway car.
PAR  2. Description of the Prior Art
PAR  It is well known in the prior art to provide a locking device for securing
      two confronting edges of an outer door structure of a sliding door and a
      fixed post or two sliding doors in a railway boxcar. A variety of securing
      means have been used for this purpose as, for instance, shown by U.S. Pat.
      No. 3,596,959 to R. Ferris granted Aug. 3, 1971. An additional lock may be
      used on the boxcar above the securing means for an additional lock at such
      height above the ground that this additional lock could not be easily
      reached and therefore functions as an anti-pilfering device. Such
      additional anti-pilfering device or lock may take the form as shown by
      U.S. Reissue Pat. No. 21,942 to A. Hartwig, reissued Nov. 11, 1941 and
      incorporated herein by reference thereto. This anti-pilfering lock
      provides for a hasp secured to the outer surface of the car door structure
      adjacent to one confronting edge and engaged on a keeper secured to the
      outer surface adjacent to the opposite confronting edge of the door
      structure. A freely pivotal arcuate cam member is also provided to
      wedgingly engage the hasp on the keeper. While this structure clearly
      provides a means of securing the door structure in a closed position, it
      does not disclose any means of securing the cam above the keeper where the
      cam limits upward vertical movement of the hasp on the keeper which limits
      horizontal and downward movement of the hasp. Consequently, since the cam
      is freely pivotal, it can be dislodged from its position to permit the
      hasp to get free of the keeper through structural vibrations resulting
      from normal rail use of the railway car. The proposed inventive design
      disclosed below overcomes this undesirable possibility of uncoupling of
      the hasp from the keeper.
PAC  SUMMARY
PAR  The invention relates to an anti-pilferage locking device for securing two
      confronting edges of an outer door structure in a railway car against
      longitudinal relative movement.
PAR  The invention is adapted for use with a door structure including either
      sliding double doors having confronting edges; or alternately, a single
      sliding door confronting the frame or door post of the car door structure.
      The invention provides a means of preventing pilferage while the railway
      car is in transit or awaiting transit, and additionally provides a
      secondary door locking device capable of sustaining the impact loads
      impressed on the door structure.
PAR  It is a general object of this invention to provide an anti-pilferage
      locking device having an elongated hasp pivotally secured on the outer
      surface of the car adjacent to one of the confronting edges and receivably
      entrained on a keeper secured to the outer surface of the car adjacent to
      the opposite confronting edge and having a cam entrapping the hasp against
      upward vertical movement from the keeper.
PAR  Another object of the invention is to provide a hasp retaining means in the
      keeper to restrain outward lateral movement of the hasp entrained on the
      keeper.
PAR  It is a further object of the invention to provide an anti-pilferage
      sealing means cooperatively received through an aperture in the cam
      structure and an aperture in the keeper to sealingly secure the hasp in a
      position entrapping it on the keeper.
PAR  Another object is to provide a cam having a bottom edge that is flat at the
      end opposite the door structure confronting edges and is curved or arcuate
      at the other end of the cam bottom edge adjacent the confronting edges.
      Also the curved end of the bottom edge is horizontally offset from the
      pivot point of the cam and spaced above the hasp to eliminate any tendency
      of the hasp to move the cam away to allow the hasp to escape.
PAR  These and other objects will become apparent from reference to the
      following description and attached drawings and appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation view of the anti-pilferage locking device
      secured to the railway car;
PAR  FIG. 2 is an end elevation view at line 2--2 of FIG. 1; and
PAR  FIG. 3 is a plan view of the anti-pilferage locking device shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With reference to the drawings and specifically to FIG. 1, there is shown a
      portion of the railroad boxcar b, having a sliding door d coupling with
      door post p. The post p and door d comprise the door structure 1. A novel
      and inventive anti-pilferage locking device 2 fixedly couples the door d
      with the post p.
PAR  As shown in FIGS. 1 and 3, the locking device 2 includes an elongated hasp
      3 pivotally secured to the sliding door d adjacent to its confronting edge
      1a by a U-shaped eye member 4a. More particularly, the eye member is
      laterally outstanding from the door d and is secured to the door through a
      reinforcing plate 4b welded to the door d as illustrated at w. To secure
      the hasp 3, the eye member entraps one end of the hasp 3 through a loose
      fitting attachment hole 3a. From this structure, it can be seen that the
      hasp 3 is freely pivotal on the member 4a in any direction.
PAR  To fixedly couple the door d with the post p, the pivotally secured hasp 3
      is receivably entrained on a laterally outstanding keeper 6 which is
      rigidly interconnected with the post p adjacent to its confronting edge 1b
      by a bracket 5. The bracket 5, shown in FIG. 2, is channel-shaped and
      includes a vertical outer plate 5a parallel to the post p. Additionally,
      the bracket 5 includes integral upper and lower flanges 5b and 5c
      extending inward from the upper and lower edges of the plate 5a to abut
      the post. Thus it can be seen that by welding the flanges 5b and 5c to the
      post p as shown at w in FIG. 2, the plate 5a provides a fixed mounting
      surface for rigidly interconnecting the keeper 6 with the post p.
      Therefore, to secure the keeper 6 to the bracket 5 and thereby
      interconnect it with the post p, its inner end 6a is welded to the plate
      5a as indicated at w in FIG. 2.
PAR  The structure of the laterally outstanding keeper 6 includes an inner
      horizontal portion 6b, an outer vertical lip or catch 6c, and an aperture
      6d vertically extending through the lip 6c. This structure, as discussed
      above, cooperates with the hasp 3 to fixedly couple the door d with the
      post p. Specifically, the free end of the hasp 3 is inwardly and
      downwardly entrained on the horizontal portion 6b through a slot or
      aperature 3b in the hasp 3 and thereby prevents longitudinal or downward
      movement of the hasp 3 when it is entrained on the keeper. Similarly, as
      particularly evident in FIG. 2, the catch 6c prevents laterally outward
      movement of the hasp 3.
PAR  The invention further discloses a locking cam 7 entrapping the hasp 3
      entrained on the keeper 6 against upward vertical movement from the
      keeper. The cam 7 is vertically spaced above the keeper 6 and is pivotally
      secured to the plate 5a by a cam pivotal means 8 such as a nut and bolt
      combination, a rivet, or other pivotal means. The bottom edge 7a of the
      cam 7 has a flat edge portion 7' at the end opposite the door structure 1,
      and has a curved or arcuate edge 7" at the other end adjacent to the
      confronting edge 1b.
PAR  The pivotal mounting of the cam 7 provides for the curved edge portion 7"
      of the bottom edge 7a to be horizontally offset from the pivotal means 8
      and spaced above the hasp 3 to eliminate any tendency of the hasp to pivot
      the cam away, thereby allowing the hasp to escape. Additionally, as can be
      seen in FIG. 1, the upward or clockwise rotation of the cam 7 is limited
      by a cam abuting pin 9. Similarly, the downward or counter clockwise
      rotation of the cam is limited by interference between the hasp 3 and the
      flat edge portion 7' of the bottom edge 7a.
PAR  The invention also discloses a means of sealingly securing the cam 7 in the
      position where it entraps the hasp 3. More particularly, the cam 7
      additionally includes a laterally outstanding integral flange 7b which has
      an aperture 7c in substantial vertical alignment with the aperature 6d in
      the lip 6c of the keeper. The holes 7c and 6d provide for securing an
      anti-pilferage sealing means 10, such as a sealing cable or a padlock,
      through said vertically aligned apertures 7c and 6d to sealingly secure
      the cam in the hasp entrapping position.
PAR  From the above, it can be seen that all the longitudinal and lateral loads
      sustained by the anti-pilferage device are transferred directly through
      the hasp 3 to the keeper 6. Therefore, there are no shearing loads imposed
      on the sealing means 10. This feature clearly enhances the load bearing
      capability of the invention and facilitates its use as a secondary door
      locking device capable of sustaining the impact loads impressed on the
      door structure.
PAR  Additionally, and as a deterant to pilferage, the fact that no shearing
      loads are imposed on the sealing means 10 by the structure substantially
      improves the security of the anti-pilferage device. Specifically, since
      the sealing means 10 indirectly secures the hasp and keeper and therefore
      does not sustain any shearing loads, a thief attempting to gain access to
      the railway car cannot break the sealing means 10 by using the door
      structure against itself; i.e., by prying or wedging the car doors open to
      break the lock.
PAR  The foregoing description and drawings merely explain and illustrate the
      invention and the invention is not limited thereto, except insofar as the
      appended claims are so limited, as those skilled in the art who have the
      disclosure before them will be able to make modifications and variations
      therein without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A door structure of a railway car including a first door engaging member
      having a first edge and a second door engaging member having a second edge
      confronting the first edge, an anti-pilferage locking device for securing
      the second door engaging member and the first door engaging member against
      longitudinal relative movement, the improvement comprising:
PA1  a keeper secured to the outer surface of the first member adjacent the
      first edge, said keeper including a substantially horizontal laterally
      outstanding portion and an elevated catch at its outer end having a
      vertical aperture therethrough,
PA1  an elongated hasp pivotally secured on the outer surface of the door
      adjacent the second edge and having a loose fit therewith for
      multi-pivotal movement,
PA1  said hasp having a free end portion having a slot therein, said slot in a
      locked position of said hasp receiving said keeper wherein said
      outstanding portion projects through said slot and said elevated catch
      overlaps a portion of said hasp to entrain the same against outward
      lateral movement,
PA1  a cam vertically spaced above said keeper, means pivotally securing said
      cam to the outer surface of the first member adjacent the first edge,
PA1  said cam including a bottom edge having a flat edge portion,
PA1  a flange projecting outwardly from said cam, said cam having an aperture
      therethrough in substantially vertical alignment with the aperture in said
      catch,
PA1  said means pivotally securing said cam to the outer surface of the first
      member being positioned vertically above said keeper and said flange and
      in substantial vertical alignment therewith whereby during a closed
      position of said hasp, said free end portion of said hasp is disposed
      immediately below said flat edge portion of said cam to restrain said hasp
      against upward movement,
PA1  and anti-pilferage locking means within said apertures to secure said hasp
      on said keeper.
NUM  2.
PAR  2. The invention according to claim 1, and
PA1  a channel-shaped bracket having a platelike center portion and two parallel
      channel wall portions, said center portion being laterally outwardly
      spaced from and rigidly connected to the post adjacent the first edge by
      said channel wall portions, said keeper being carried by said bracket, and
PA1  a cam stop positioned on said first member for limiting the pivoting
      movement of said cam and to maintain said cam in an out-of-the-way
      position relative to said hasp and keeper when said cam is pivoted to a
      raised position.
NUM  3.
PAR  3. The invention in accordance with claim 1,
PA1  said cam including a curved edge portion continuous to said flat edge
      portion, and said cam stop projecting outwardly from said first member and
      being horizontally spaced from said cam pivotal means.
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ABST
PAL  A combined resilient filler support arrangement for physically covering the
      space between an energy-absorber type automobile rear bumper and the
      adjacent fixed rear body portion, and for inherently providing a spring
      action capable of returning the components thereof to their original
      positions after being deflected in response to an external impact against
      the rear bumper.
BSUM
PAR  This invention relates generally to automotive bumper-to-body filler means
      and, more specifically, to such filler means having provisions
      incorporated therein for "springing back" to an original free position
      after being deflected for any reason.
PAR  With the advent of automobile bumpers having energy-absorber means
      associated therewith for returning the bumpers to their original positions
      after any movement or deflection occasioned by external impact
      thereagainst, such bumpers having generally been spaced a predetermined
      distance apart from the adjacent automobile body, there has arisen a need
      to not only fill the space therebetween for the sake of appearance, but to
      assure that such filler will be able to deflect or buckle, etc., with
      movement of the bumper relative to the body and, thence, be able to return
      to its original position upon retraction by the energy-absorber type
      bumper.
PAR  Accordingly, an object of the invention is to provide improved
      bumper-to-body filler means which satisfies the above-described need.
PAR  Another object of the invention is to provide improved bumper-to-body
      filler means including an exposed filler member, and associated nonexposed
      filler support members which support the filler member in a predetermined
      position intermediate the bumper and the adjacent body and serve to cause
      the filler to "spring back" after being deflected or buckled for any
      reason, such as by external impact thereagainst or against the automobile
      bumper.
PAR  A further object of the invention is to provide improved bumper-to-body
      filler means including a filler member extending across the width of the
      automobile in the space between the bumper and the adjacent automobile
      body, and left- and right-hand support members therefor, each of such
      support members including an upper wall to which the filler member is
      secured, a lower wall which is secured to the bumper assembly, and one end
      wall interconnecting the upper and lower walls, with a plurality of spaced
      U-shaped brackets or ribs formed around the inner surfaces of the upper,
      end, and lower walls, serving to provide a spring-back action to the end
      and upper walls and, hence, to the filler member in the event of any
      deflection thereof resulting from an external source impact against the
      associated bumper.
DRWD
PAR  These and other objects and advantages of the invention will be apparent
      when reference is made to the following description and accompanying
      drawings, wherein:
PAR  FIG. 1 is a rear view of an automobile embodying the invention;
PAR  FIGS. 2 and 3 are fragmentary cross-sectional views taken along the planes
      of lines 2--2 and 3--3, respectively, of FIG. 1, and looking in the
      direction of the arrows; and
PAR  FIG. 4 is an exploded perspective view of a portion of the FIG. 1
      structure.
DETD
PAR  Referring now to the drawings in greater detail, FIG. 1 illustrates an
      automobile 10 having a rear bumper 12 mounted laterally thereacross, just
      below a pair of tail light housings 14 mounted substantially at the
      corners of the automobile body and an intermediate body portion 16. The
      latter body portion 16 may consist of a metal strip or a series of
      laterally aligned back-up light and/or turn signal lenses mounted adjacent
      the bottom edge of a trunk lid 18. A housing or compartment 20 for a
      license plate mounting bracket and/or a gasoline tank inlet cover may be
      formed so as to separate the body portion 16 into left- and right-hand
      sections.
PAR  A bumper-to-body flexible filler and filler support arrangement 22 is
      mounted longitudinally between the bumper 12 and the rear body sections
      16, and laterally between the tail light housings 14.
PAR  As illustrated in FIGS. 2-4, the bumper-to-body flexible filler and filler
      support arrangement 22 includes a molded plastic filler member 24 mounted
      on substantially a horizontal or slightly upwardly sloping plane, as
      desired, in the space between the upper edge of the bumper and the bottom
      edges of the body portion 16. As may be noted in FIG. 4, the filler member
      24 includes a central open portion which serves as the compartment 20, the
      central open portion being formed to include bottom and side walls 26 and
      28, respectively, and a U-shaped flange 30 formed along the rear edges of
      the bottom and side walls 26 and 28. Apertures 32, formed in the side
      walls 28, serve as a means for mounting light sources 34 (FIGS. 1 and 2)
      for illuminating the usual license plate which may be mounted
      therebetween. Substantially vertical, downwardly extending flanges 36 and
      38 are formed on the rear edge of the filler member 24, on respective
      opposite sides of the compartment 20 for a purpose to be explained.
PAR  The filler member 24 is supported by a pair of left- and right-hand filler
      support members 40 and 42, respectively, (FIG. 4), each having an upper
      wall 44, a lower or bottom wall 46, and an end wall 48 interconnecting the
      upper and bottom walls. A plurality of flexible U-shaped support brackets
      or ribs 50 are formed so as to be secured along the outer edges thereof
      against the respective inner surfaces of the upper, bottom and end walls
      44, 46, and 48. The ribs 50 may be either separately formed, detachable
      parts or integrally molded components of the filler member 24.
PAR  The filler member 24 is secured to the end walls 48 of the filled support
      members 40 and 42 by suitable fasteners 52 (FIG. 3) mounted through the
      respective flanges 36 and 38, while the filler support members 40 and 42,
      in turn, are secured to the upper surface 54 of a reinforcement member 56
      by suitable fasteners 58 (FIG. 2) mounted through the respective bottom
      walls 46. The reinforcement member 56 is secured by any suitable means,
      such as welding, to the inner surface of the bumper 12. As may be noted in
      FIG. 4, the upper surface 54 of the reinforcement member 56 includes a
      plurality of pockets or slots 60 formed across the width thereof, i.e.,
      perpendicular to the bumper 12, in order to better reinforce the bumper
      12. Suitable energy absorbers 62 (FIG. 3) are secured by fasteners 64
      adjacent the respective vertical mounting surfaces 66 (FIG. 4) formed
      adjacent the ends of the reinforcement member 56, to return the latter and
      its associated bumper 12 to its original position after any
      impact-actuated movement thereof. It may be also noted in FIG. 4 that the
      bottom walls 46 of the filler support members 40 and 42 are shaped so as
      to conform to the general shape of the surface 54 of the member 52,
      spanning any adjacent pockets 60.
PAR  The filler member 24 and the filler support members 40 and 42 are each
      formed of a suitable plastic material. Upon impact, the plastic materials
      can deflect without damage thereto, with the ribs 50 providing a "spring"
      action for returning the filler member 24 to its original position with
      respect to the bumper 12 and the laterally aligned lenses 16.
PAR  It should be apparent that the invention provides external means for
      enhancing the appearance of the rear portion of an automobile, while
      including inherent means for restoring the inventive assembly to its
      original position after having been distorted by impact thereagainst.
PAR  It should also be apparent that the inventive filler and support
      arrangement may be used in conjunction with either a front or a rear
      bumper system.
PAR  While but one embodiment of the invention has been shown and described,
      other modifications thereof are possible.
CLMS
STM  We claim:
NUM  1.
PAR  1. A filler and support arrangement for use in the space between an
      automotive bumper assembly and an adjacent body portion, said bumper
      assembly including an exposed bumper and an unexposed reinforcement member
      secured to the inner surface of said bumper, said filler and support
      arrangement comprising a laterally extending flexible plastic filler
      member, left- and right-hand flexible plastic support members, each having
      an upper wall, a lower wall, and an end wall interconnecting said upper
      and lower walls, said filler member being secured to said end walls, said
      left- and right-hand support members being secured at said respective
      lower walls thereof to portions of an upper surface of said reinforcement
      member, a plurality of substantially U-shaped ribs secured at the outer
      edges thereof to the respective inner surfaces of said upper, lower, and
      end walls of each of said left- and right-hand support members for
      providing a spring-back reaction of said filler member to its original
      position after being deflected in response to an external impact against
      said bumper.
NUM  2.
PAR  2. A filler and support arrangement for use in the space between an
      automotive bumper assembly and an adjacent body portion, said bumper
      assembly including an exposed bumper and an unexposed reinforcement member
      secured to the inner surface of said bumper, said filler and support
      arrangement comprising a flexible plastic filler member including a
      central compartment portion with substantially horizontal lateral
      extensions formed on oppositely disposed sides thereof, and a
      substantially vertical downwardly extending flange formed along an edge of
      each of said lateral extensions, left- and right-hand flexible plastic
      support members, each having an upper wall, a lower wall, and an end wall
      interconnecting said upper and lower walls, said filler member being
      secured at said respective downwardly extending flanges thereof to said
      end walls, said left- and right-hand support members being secured at said
      respective lower walls thereof to oppositely disposed end-portions of an
      upper surface of said reinforcement member, a plurality of U-shaped ribs
      secured at the outer edges thereof to the respective inner surfaces of
      said upper, lower, and end walls of each of said left- and right-hand
      support members for providing a spring-back reaction of said filler member
      to its original substantially horizontal position after being deflected in
      response to an external impact against said bumper causing said bumper
      and, hence, said filler member to move relative to said adjacent body
      portion.
NUM  3.
PAR  3. A filler and support arrangement for use in the space between an
      automotive bumper assembly and an adjacent body portion, said bumper
      assembly including an exposed bumper and an unexposed reinforcement member
      secured to the inner surface of said bumper, said filler and support
      arrangement comprising a flexible plastic filler member including a
      central compartment portion suitable for mounting a license plate therein,
      with substantially horizontal lateral extensions formed on oppositely
      disposed sides of said compartment portion, and a substantially vertical
      downwardly extending flange formed along an edge of each of said lateral
      extensions, left- and right-hand flexible plastic support members, each
      having an upper wall, a lower wall, and an end wall interconnecting said
      upper and lower walls, said filler member being secured at said respective
      downwardly extending flanges thereof to said end walls, said left- and
      right-hand support members being secured at said respective lower walls
      thereof to an upper surface of said reinforcement member, said lateral
      extensions of said filler member being formed to conform to said
      respective upper walls of said support member, said downwardly extending
      flanges of said filler member being formed to conform to said respective
      end walls of said support members, and said lower walls of said support
      members being formed to conform to oppositely disposed end-portions of
      said bumper reinforcement member, a plurality of U-shaped ribs secured at
      the outer edges thereof to the respective inner surfaces of said upper,
      lower, and end walls of each of said left- and right-hand support members
      for providing a spring-back reaction of said filler member to its original
      substantially horizontal position after being deflected in response to an
      external impact against said bumper causing said bumper and, hence, said
      filler member to move relative to said adjacent body portion.
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ABST
PAL  The bumper assembly of a vehicle is supported by a pair of energy absorber
      units each of which incorporates a piston assembly which strokes in an
      inner cylinder to force gas from an inner chamber to a gas spring chamber
      through an expansible and contractable control chamber controlled by
      one-way valves and bleed orifices. On the return stroke, compressed gas in
      the control chamber exerts a force opposing the gas spring return force
      exerted on the piston assembly. Gas in the control chamber meters through
      the bleed orifices into the inner chamber so that the return rate of the
      piston assembly is effectively controlled and reduced.
BSUM
PAR  This invention relates to energy absorber units for vehicles and more
      particularly to a telescoping energy absorbing unit incorporating a
      plurality of fluid pressurized chambers including an intermediate control
      chamber in series between primary energy absorbing chamber and an outer
      chamber with one-way valves and bleed orifices to control the return rate
      of the piston assembly of the unit.
PAR  The gas springs of many units used to absorb the energy of impact loads
      applied to a bumper have a high return velocity depending on friction and
      accelerated mass. Before this invention some prior art devices
      incorporated only a mechanical stop to dissipate the energy of return.
      Other devices employed added mechanical friction shoes or friction
      mechanisms to provide an added mechanical drag load to dissipate return
      energy and thereby reduce rebound forces to prevent damage to vehicle
      components. The present invention eliminates such mechanical devices and
      provides an expansible control chamber, with one-way valves and bleed
      orifices, which expands on the primary energy absorbing stroke of the
      unit. On the return stroke gas trapped in the control chamber provides a
      gradually reducing force opposing the recovery force. The pressure in the
      control chamber gradually reduces as gas trapped therein bleeds off to
      control the rate of return of the energy absorbing piston.
PAR  An object of this invention is to provide a new and improved energy
      absorbing unit with a control chamber in series between a primary and a
      gas spring chamber which is charged with fluid during a primary energy
      absorbing phase of operation and which is subsequently sealed by one way
      valves to provide a force that reduces the recovery rate of the piston
      assembly of the unit.
PAR  Another object of this invention is to provide a new and improved energy
      absorbing unit having a control chamber interposed between a primary
      energy absorbing chamber and a gas spring chamber to control the rate of
      return of a piston assembly in moving from a telescoped position to a
      fully extended position.
PAR  Another object of this invention is to provide a new and improved energy
      absorbing unit with one-way valves having shaft and face seals for
      effective rebound control and which allows for misalignment of components
      in the system.
DRWD
PAR  These and other objects, advantages and features of this invention will be
      more apparent from the following detail description and drawing in which:
PAR  FIG. 1 is a perspective view of an energy absorbing system incorporating
      this invention;
PAR  FIG. 2 is a longitudinal cross-section view of one of the energy absorbing
      units used in the FIG. 1 embodiment;
PAR  FIG. 3 is an enlarged view of a portion of FIG. 2 illustrating a first
      phase of operation;
PAR  FIG. 4 is a view similar to that of FIG. 3 showing the construction in a
      moved position;
PAR  FIG. 5 is an exploded perspective view of the valve devices used in the
      energy absorbing unit of FIGS. 1 - 4.
DETD
PAR  Turning now in detail to the drawing, there is shown in FIG. 1 a pair of
      energy absorbing units 10 each secured to the side rails 12 of the frame
      of vehicle 14 by front and rear bracket assemblies 16 and 18. Each energy
      absorbing unit has a piston assembly 20 that includes an axially
      projecting piston rod 22 which is attached to a bumper assembly 24 by a
      connecting bracket 26. The energy absorbing units 10 provide for the
      inward movement of the bumper assembly 24 when impacted by at least a
      minimum impact force to dissipate impact energy. After the impact load is
      removed the energy stored in units 10 automatically return the bumper
      assembly to its original extended position.
PAR  The energy absorbing units 10 are operatively connected to an inflatable
      safety bag 28 by pneumatic lines 30 and 32. The safety bag is mounted in
      the interior of the vehicle in a collapsed package and is automatically
      inflated in response to a predetermined impact load applied to the bumper
      assembly 24 which strokes the piston assembly of either one or both of the
      energy absorbing units a predetermined distance. The piston assembly 20 of
      each energy absorbing unit includes a piston 34 which is mounted for
      sliding movement in an inner cylinder 36 of energy absorbing unit 10 and
      cooperates therewith to form an expansible and contractable chamber 38
      that contains a pressurized gas. As the piston assembly strokes rearwardly
      the piston 34 will reduce the volume of the chamber 38 to force gas from
      this chamber through special valve constructions which will be later
      described to absorb impact energy.
PAR  The inner cylinder 36 extends axially from an annular end wall 42 which
      closes a casing or outer cylinder 44. The outer cylinder 44 surrounds the
      inner cylinder 36 and provides a chamber 46 which contains a pressurized
      gas for inflating the safety bag 28 and to provide a gas spring to return
      the piston assembly back to its original position after the impact force
      is removed.
PAR  To provide for air bag inflation after a predetermined stroke of the piston
      assembly, the outer cylinder 44 is formed with a punch disk 48 secured in
      an end wall 50 thereof which seals the chamber 46 from a hose fitting 52.
      The hose fitting 52 projects axially from end wall 50 through bracket 18
      and into the end of pneumatic line 30 which may be a high pressure hose
      suitably clamped on the hose fitting. The punch disk 48 may be fractured
      by the end 56 of a pin 58 that extends longitudinally axially from the
      piston 34 of the piston assembly. The inner cylinder 36 has an end cap 62
      secured thereto that has a central stepped recessed portion 64 and a
      center passage 66 through which pin 58 extends. An intermediate cylinder
      68 is mounted for telescoping movement on the inner cylinder 36. An
      annular elastomeric fluid seal 69 supported in a groove in cylinder 36
      slidably engages the inner wall of cylinder 68. The intermediate cylinder
      68 has an end wall 70 with a central opening 72 through which a reduced
      diameter portion 73 of pin 58 extends. As shown the inner peripheral edge
      of opening 72 abuts a shoulder 74 on pin 58 so that the pin 58 will move
      the intermediate cylinder 68 axially when the piston assembly is stroked
      into cylinder 36.
PAR  This stroking movement expands a captive return control chamber 76 formed
      between the end cap 62 of the inner cylinder 36 and the intermediate
      cylinder 68. Gas trapped in the return control chamber 76 on the primary
      energy absorbing stroke of the piston assembly is subsequently bled off on
      the recovery stroke through special valve devices to control the return
      speed of the piston assembly 20 in moving the bumper assembly back to its
      original position.
PAR  As shown a disk-like valve element 80, preferably of a suitably elastomeric
      material, is closely fitted on pin 58 so that it can move with pin 58 a
      limited distance within the confines of the stepped recessed portion 64 of
      cap 62. The valve element 80 has a front face which contacts a front face
      portion 82 of cap 62 to provide a one-way valve to seal chamber 76 on the
      recovery stroke of the piston assembly. The valve element 80 is formed
      with radial grooves 84 and 86 formed in the front faces thereof to bleed
      gas from chamber 76 into chamber 38 on the recovery stroke to control the
      rate of the recovery stroke of piston assembly 20. A ring-like retainer 88
      is snapped fitted in a groove in cap 62 to confine the valve element 80 in
      the recess portion of the cap 62. This retainer has openings 90 and
      clearance 92 between the internal peripheral portion of the retainer and
      the outer periphery of pin 58 to facilitate the passage of gas
      therethrough. Also the retainer has an axially extending abutment portion
      93 to engage the valve element 80 to limit its movement in the recessed
      portion of the cap 62.
PAR  In addition to supporting the valve element 80 the pin 58 supports a second
      ring-like valve element 94 of a suitable elastomeric material on the
      reduced diameter portion 73 which extends outwardly through the opening 72
      of end wall 70. This valve element is adapted to engage wall 70 on the
      recovery stroke of the piston assembly to seal chamber 76 from chamber 46.
      As shown valve element 94 is trapped between the end wall 70 of cylinder
      68 and a nut 98 threaded on the reduced diameter portion 73 of pin 58. As
      the piston rod assembly and connected pin 58 move inwardly the valve
      element 80 moves axially with respect to the face 82 of cap 62 to open
      this valve so that gas can flow from chamber 38 onto return control
      chamber 76. Gas in chamber 76 can flow through the restriction provided by
      the second valve element 80.
PAR  The piston rod 22 has a stop collar 100 which is seated on a shoulder
      portion thereof adjacent to front bracket 26. The collar 100 has a
      radially flared shear ring 102 at the inner end thereof which is adapted
      to contact a projecting stop 104 that extends outwardly from the end wall
      42. This ring limits the inward movement of the piston assembly when the
      bumper is impacted by a predetermined impact load to prevent rupture of
      the punch disk 48 at low speed so that there will be no inflation of the
      safety bag on low speed impacts. At high speed impacts, such as at 10 mph
      the ring 102 will be sheared to permit the further inward travel of the
      piston assembly so that the punch disk will be contacted and ruptured by
      the end 56 of the pin 58 to cause the inflation of the safety bag 28. The
      enlarged shoulder portion 103 of the piston rod 22 contacts the internal
      wall of the stop 104 to limit the travel of the piston assembly in the
      return stroke.
PAR  The end walls 50 of the outer cylinder support a valve assembly 108. This
      valve assembly provides an entrance for the supply of gas into the energy
      absorbing unit 10 and also for the pressure relief of the unit in the
      event of excessive gas pressure therein. The valve assembly 108 is fully
      described in my U.S. Pat. No. 3,834,412, issued Sept. 10, 1974 and need
      not be further described here.
PAR  When the bumper assembly is impacted by a force which moves it inwardly,
      the piston assembly 20 is stroked in cylinder 36. As the piston assembly
      moves inwardly as shown in FIG. 3, the valve element 80 will be carried by
      rod 58 into engagement with the abutment 93 of retainer 92. Gas in chamber
      38 flows in a restriction around the valve element 80 into control chamber
      76 as it expands to absorb impact energy. Also if pressure in chamber 76
      is sufficiently high, gas will flow from chamber 76 to chamber 46 through
      the imperfect seal between shoulder 74 and the inner edge of opening 72
      and past the restriction provided by valve element 94 and end wall 70. On
      the completion of the energy absorbing stroke, the control chamber 76 may
      be in the expanded position as shown in FIG. 4. The gas in chamber 46
      compressed by the inward movement of the intermediate cylinder 68 acts as
      a spring and exerts a force on the end wall 70 of cylinder 68 to urge
      cylinder 68 and the connected piston assembly 20 back toward the FIG. 2
      position. When this movement begins the valve element 80 is moved into
      engagement with the face portion 82 of cap 62 to seal chamber 76. The gas
      trapped in chamber 76 by the two valve elements 80 and 94 exerts a force
      on the cylinder 68 opposing the spring force of the gas in chamber 46. As
      the gas in the control chamber 76 bleeds back into chamber 38 the piston
      assembly returns to its original position at a low velocity to prevent
      damage from the recovery stroke.
PAR  While a preferred embodiment of this invention has been shown and described
      other embodiments and modifications will now be apparent to those skilled
      in the art. Accordingly, this invention is not limited by the disclosure
      of a preferred embodiment but only by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A telescoping energy absorbing unit for a vehicle operatively connecting
      a bumper assembly to the vehicle comprising a first cylinder secured to
      the vehicle, a piston assembly mounted for telescopic movement between
      first and second positions with respect to said first cylinder, said
      piston assembly having a piston and a piston rod axially projecting from
      said piston, means operatively connecting said piston rod to the bumper
      assembly, said piston cooperating with said first cylinder to form a first
      expansible and contractable chamber, a second cylinder mounted for sliding
      movement on said first cylinder and cooperating therewith to form a second
      expansible and contractable chamber, means drivingly connecting said
      second cylinder to said piston assembly for movement therewith, a sealed
      housing surrounding said first and second cylinders and cooperating
      therewith to form a third chamber, a pressurized fluid medium in said
      first, second and third chambers, first valve means operatively connected
      between said first and second cylinders to permit the flow of fluid from
      said first chamber into said second chamber when said piston assembly is
      moved from said first position toward said second position and to
      subsequently restrict and meter the flow of fluid from said second chamber
      into said first chamber in response to the movement of said piston
      assembly back to said first position, and second valve means operatively
      connected between said second and third chambers to seal said second
      chamber from said third chamber so that the fluid trapped in said second
      chamber exerts a force to reduce the rate of recovery of said piston
      assembly in moving to said first position.
NUM  2.
PAR  2. A telescoping energy absorbing unit operatively connecting a bumper
      assembly to a vehicle comprising a first cylinder secured to the vehicle,
      a piston assembly operatively connected to said bumper assembly and
      operatively mounted in said first cylinder for telescoping movement
      between first and second positions with respect to said first cylinder,
      said piston assembly incorporating a piston slidably mounted in said first
      cylinder to form an expansible and contractable first chamber, a second
      cylinder mounting for sliding movement on said first cylinder and
      cooperating therewith to form a second expansible and contractable
      chamber, means drivingly connecting said second cylinder to said piston
      assembly, a sealed housing surrounding said first and second cylinders to
      form a third chamber connected in series with said first and second
      chambers, a pressurized gas in said chambers, first valve means
      operatively connected between said first and second chambers and second
      valve means operatively connected between said second and third chambers
      to permit the flow of gas from said first chamber through said second
      chamber into said third chamber in response to the contraction of said
      first chamber and the expansion of said second chamber, said first valve
      means being operative to subsequently seal said second chamber and to
      meter the gas from said second chamber into said first chamber in response
      to the movement of said piston assembly from said second position toward
      said first position by the spring force exerted on said second cylinder to
      thereby reduce the speed of said piston assembly when moving to said first
      position.
NUM  3.
PAR  3. A telescoping energy absorbing unit operatively connecting a bumper
      assembly to a vehicle comprising a first cylinder secured to the vehicle,
      a piston assembly operatively connected to the bumper assembly mounted for
      telescoping movement between first and second positions in said first
      cylinder, said piston assembly incorporating a piston and a piston rod
      operatively connecting said piston to the bumper assembly, said piston
      cooperating with a first cylinder to form a first expansible and
      contractable chamber, a second cylinder mounted for sliding movement on
      said first cylinder and cooperating therewith to form a second expansible
      and contractable chamber, a pin axially extending from said piston through
      said first and second cylinders to drivingly connect said second cylinder
      to said first piston assembly, a housing surrounding said first and second
      cylinders to form a third chamber, a pressurized gas in said chambers, a
      one-way valve carried by said pin and operatively disposed between said
      pin and the first cylinder to permit the flow of gas from said first
      chamber into said second chamber in response to movement of piston
      assembly toward said second position, said valve having bleed passage
      means therein to limit the flow of gas from said second chamber into said
      first chamber to limit the rate of travel of said piston assembly in
      moving toward said second position, an additional valve means operatively
      disposed between said third chamber and said second chamber to prevent the
      flow of gas from said third chamber into said second chamber when said
      piston assembly moves toward said second position.
NUM  4.
PAR  4. A telescoping energy absorber unit operatively connecting a bumper
      assembly to a vehicle comprising a first cylinder secured to the vehicle,
      a piston assembly connected to the bumper assembly mounted for telescopic
      movement between first and second position in said first cylinder, said
      piston assembly having a piston and a piston rod axially projecting from
      said piston, said piston cooperating with said first cylinder to form a
      first expansible and contractable chamber, a second cylinder mounted for
      telescopic movement on said first cylinder and cooperating therewith to
      form a second expansible and contractable chamber, means drivingly
      connecting said second cylinder to said piston assembly, a sealed housing
      surrounding said first and second cylinders to form a third chamber, a
      pressurized gas in said chambers, said gas in said third chamber providing
      a spring force acting on said second cylinder for urging said piston
      assembly to said first position, valve means operatively connected between
      said first and second chambers to permit the flow of fluid from said first
      chamber into said second chamber in response to the inward telescoping
      movement of said piston assembly toward said second position and to
      subsequently restrict and meter the flow of fluid from said second chamber
      to said first chamber in response to movement of said piston assembly to
      said second position to reduce the speed of said piston assembly in moving
      to said second position, and additional valve means to block the flow of
      gas from said third chamber into said second chamber when said piston
      assembly is moving to said first position.
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ABST
PAL  Energy absorbing media for vehicle bumpers and other vehicular components
      comprising stacked energy absorbing layers each formed by a pair of sheets
      of thin plastic material secured together. Each sheet has rows of spaced
      projections formed therein which interlock with the rows of spaced
      projections of the mating sheet. The projections flex in directions
      parallel and perpendicular to the bases of the sheets in response to
      impact to absorb impact energy.
BSUM
PAR  This invention relates to energy absorbers for vehicles and more
      particularly to a new improved self-restoring energy absorber comprising
      layered sheets of plastic stock having a plurality of projections which
      intermesh and mutually support each other and which deflect in response to
      an impact to absorb impact energy.
PAR  Many current automotive vehicles have energy absorbing devices that enable
      them to withstand low speed front and rear impacts without damage to the
      vehicle bodywork and vehicle components such as the suspension. As the
      state of this art has progressed, there has been increasing utilization of
      resilient plastic structures as an energy absorbing medium. In one prior
      art construction a rigid external bumper supports a plurality of discrete
      outwardly-extending energy absorbing blocks of resilient plastic material
      each having rows of deep longitudinally-extending cells which deflect on
      impact to absorb impact energy. In another prior art system a unitary
      multicelled plastic energy absorber grid, supported on special bracket
      construction internally of the vehicle body and covered by a plastic
      external facia to simulate vehicle body work, is used to absorb impact
      energy.
PAR  While these prior art systems are generally satisfactory and successfully
      manage low-speed impact energy, the material and manufacturing expense of
      the cellular energy absorbing media adds substantially to vehicle costs
      and is therefore not generally satisfactory for use on economy type
      vehicles.
PAR  The energy absorber of this invention comprises a plurality of extruded
      thin-walled sheets of relatively inexpensive plastic material such as low
      density polyethylene copolymers of ethylene and vinylacetate and blends of
      polyethylene and ethylene-propylene rubber. Substantially identical
      projections are thermoformed in these sheets which are in rows and are
      spaced predetermined distances from each other. The projections are in a
      pattern which permits their intermeshing or interlocking when the sheets
      are sandwiched in a face to face relationship. In the preferred embodiment
      the thermoformed projections are in the shape of truncated pyramids spaced
      around design quadrilaterals in each sheet. When the sheets are brought
      together, the pyramids of each sheet will project onto the design
      quadrilateral of the opposing sheet and there is contact by the edges or
      sides of the pyramids of one sheet with the edges or sides of the
      surrounding pyramids of the opposing sheet to provide mutual support for
      each other. After being intermeshed, the two sheets are heat sealed
      together at the top of each pyramid to provide a basic energy absorbing
      layer.
PAR  Building from a first basic layer additional layers, similar to the first
      layer of cooperating sheets of pyramids, are easily secured in sequence to
      form an energy absorbing unit of any desired and practical thickness.
      After building the layers of pyramids into a block like configuration,
      shaping can be readily obtained by cutting the block into a desired
      contour if necessary.
PAR  The energy absorbing block is secured to a rigid support such as the bumper
      beam of a vehicle bumper assembly and may be covered by plastic facia to
      protect the energy absorber from foreign matter and provide a finely
      finished appearance for the vehicle.
PAR  When impacted, the pyramids in the impact zone will mutually support each
      other and experience side to side and top to bottom deflection, preferably
      simultaneously, to absorb impact energy. The plastic thermoformable
      material utilized in making the energy absorber will function with high
      efficiency over a wide range of temperatures including subfreezing
      temperatures to absorb impact energy. After being impacted, the pyramids
      will substantially recover to their original shapes without any
      appreciable damage so that the integrity and appearance of the bumper
      assembly is maintained.
PAR  A feature, object and advantage of this invention is to provide a new and
      improved low cost energy absorbing layer of cooperating plastic sheet
      material having thermoformable interlocking projections which have limited
      side to side contact with each other and which deflect in response to an
      impact load applied thereto to absorb impact energy.
PAR  Another feature, object and advantage of this invention is to provide a new
      and improved lightweight energy management medium for vehicles which
      comprises a plurality of sheets of plastic material having layers of
      intermeshed projections which deflect to absorb impact energy with high
      efficiency and which progressively recover after deflection and return to
      their original configuration.
PAR  Another feature, object and advantage of this invention is to provide a new
      and improved energy management medium for vehicles which is economical to
      produce and is made from a thermoformable polymeric material and which has
      a plurality of rows of intermeshing truncated pyramids that can be used in
      bumper and other vehicle applications to absorb energy of impact.
DRWD
PAR  These and other objects, features and advantages of the invention will be
      more apparent from the following detailed description and drawings in
      which:
PAR  FIG. 1 is a perspective view of the front portion of an automotive vehicle
      incorporating this invention;
PAR  FIG. 2 is a sectional view taken along lines 2--2 of FIG. 1;
PAR  FIG. 3 is a sectional view taken along lines 3--3 of FIG. 2;
PAR  FIG. 4 is a view taken along line 4--4 of FIG. 2;
PAR  FIG. 5 is a perspective view of sheets of plastic material with projections
      formed therein;
PAR  FIG. 6 is a top plan view illustrating another embodiment of this invention
      showing different orientations of the projections formed in the plastic
      sheet material; and
PAR  FIG. 7 is a sectional view of one of the thermoformed projections taken
      generally along line 7--7 of FIG. 6 and modified to illustrate the heat
      welding of the projection to adjacent plastic sheet material.
DETD
PAR  Turning now in greater detail to the drawings, there is shown an energy
      absorbing bumper assembly 10 that extends horizontally across the front of
      the body 12 of a vehicle 14. Bumper assembly 10 comprises an elongated
      steel bumper beam 16 disposed externally of the vehicle which is rigidly
      connected to the vehicle by a pair of mounting brackets 20 of which only
      one is shown. Each mounting bracket is L-shaped and has a flange 22 which
      fits against the rear of the bumper beam and is secured thereto by bolt
      and nut fasteners 24. The main body portion of each bracket extends
      generally at right angles with respect to flange 22 and fits against an
      associated side rail 26 of the vehicle frame and is rigidly secured
      thereto by bolt and nut fasteners 28. A flexible energy absorber assembly
      30 is bonded or otherwise secured to the outer face of the bumper beam 16
      and extends across the entire width of the vehicle. This energy absorber
      assembly is covered by a thin walled and contoured flexible plastic facia
      32 which may be color matched with the vehicle body work or suitably
      coated to simulate a conventional bright work bumper. This plastic facia
      protects the energy absorber assembly from foreign matter such as dirt and
      water and provides a finished appearance for the vehicle. The facia may be
      secured to the bumper beam and to the vehicle body work by any suitable
      means such as by fasteners 34.
PAR  The energy absorber assembly 30 is comprised of a plurality of energy
      absorbing layers 36 each comprising a pair of thin wall sheets 38 and 40
      of polymeric material which are heat welded together. As best shown in
      FIGS. 3 and 4 sheets 38 and 40 each have a plurality of projections 42 and
      44 thermoformed in horizontally and vertically extending rows. In a first
      form of the invention the projections 44 are in the shape of identical
      truncated pyramids arranged in a repeating pattern. Preferably, the length
      and width of the sides of each pyramid are equal to each other and equal
      to the height of the pyramid. As shown in FIGS. 3 and 4 the orientations
      of the pyramids of each sheet are identical. Each sheet has a plurality of
      basic groups of pyramids comprising four adjacent pyramids disposed around
      a design quadrilateral q with zero offset from the corners thereof. With
      this pyramid arrangement the sheets can be readily assembled together as
      shown in FIG. 5 so that the pyramids interlock with each other. The
      pyramids of each sheet project onto the design quadrilateral of the
      opposing sheet and the edges of each pyramid will contact the
      corresponding edges of the surrounding four pyramids. For example the four
      edges 48 of the pyramid identified by reference numeral 44 of sheet 40
      will contact corresponding edges 50 of the basic group of four pyramids 42
      of sheet 38. After the sheets are assembled with the pyramids interlocked,
      the sheets are heat welded together to retain the pyramids 42 and 44 in a
      common plane between the bases of the sheets 38 and 40. After heat welding
      a plurality of layers 36 are assembled and joined together by heat sealing
      or by other suitable fastening means to build an entire array to form the
      energy absorbers assembly 30 illustrated in FIG. 2. The energy absorber 30
      is suitably secured onto the outer face of bumper beam 16 and extends
      entirely across the front of the vehicle.
PAR  The assembled layers of intermeshed truncated pyramids provide an improved
      energy management media which has high efficiency in absorbing the energy
      of an impact load directed on the bumper assembly and possesses good
      recovery or memory for a wide range of temperature variations. Assuming
      that the vehicle incorporating the bumper assembly 10 is traveling at a
      predetermined speed such as 5 mph and strikes a barrier, the energy
      absorber will be deflected and reduced in overall volume by the impact
      force.
PAR  The specific energy absorbed by the pyramids varies according to pyramid
      size. Tests have shown that 1/2 inch pyramids absorb greater amounts of
      energy at strains beyond 20% as compared to 3/8, 3/4 and 1 inch pyramids
      since the force required to crush a pyramid is dependent on the thickness.
PAR  Instead of using identical pyramid patterns with zero offset from the
      design quadrilateral as in FIGS. 3 and 4 other patterns may be selected to
      provide energy absorbing layers with good energy absorbing and recovery
      characteristics. In FIG. 6 for example a pair of separate sheets 54 and 56
      are shown each with groups of four identical pyramids 58 and 60
      respectively which are offset from their design quadrilateral q by a
      predetermined distance o. The pyramid pattern of sheet 56 is a mirror
      image of the pyramid pattern of sheet 54. With the pyramids offset from
      the corners of the design quadrilateral as illustrated the sheets 54 and
      56 can be assembled together in a manner similar to that of FIG. 5. When
      assembled the pyramids of each sheet project onto the corresponding design
      quadrilaterals of the opposing sheet. The design quadrilaterals are
      properly dimensioned so that each side face of each pyramid will be in
      partial contact with the corresponding side face of a surrounding pyramid
      instead of edge to edge contact as with the pyramid orientation of FIGS. 3
      and 4. With this offset pyramid array there is increased mutual support of
      the pyramids which provides for higher energy absorption at equal strains
      as compared to the pyramid arrangement shown in FIGS. 3 and 4. Sheets 54
      and 56 can be heat welded together at the juncture of the tops of the
      pyramids and the adjacent sheet as illustrated at w in FIG. 7.
PAR  Also as shown in FIG. 7 the sides of the pyramids have a small inclination,
      preferably around 15.degree. for 1/2 inch pyramids having a material
      density of 12 lbs./ft.sup.3 to provide for an optimum amount of energy
      absorption. As in the first embodiment the sides of the pyramids are equal
      and the base line dimensions b are equal to pyramid height h. Maximum
      energy absorption will occur when the pyramid walls are flexed
      simultaneously side to side and lengthwise. If the height h is greater
      than the baseline dimension b, flexure will occur mostly in the direction
      of h. If the baseline dimension b is greater than pyramid height h flexure
      will occur mostly in a direction parallel with the base.
PAR  As in the first embodiment the plurality of layers formed from the sheets
      54 and 56 are built up and heat welded together to form a flexible energy
      absorbing assembly which can be mounted on the bumper beam and covered by
      a facia of resilient plastic material.
PAR  While this invention has been illustrated and described as employing
      pyramids with a square design quadrilateral, pyramids having a rectangular
      design quadrilateral may also be used. Additionally projections having
      shapes other than pyramids may be used. Accordingly, the scope of this
      invention is set forth in the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A resilient energy absorber operatively mounted on a rigid support of a
      vehicle comprising a first thin sheet of plastic material, said sheet
      having a plurality of projections equal in size and spaced a predetermined
      distance from each other in a plurality of rows to form a first pattern, a
      second thin wall sheet of plastic material, said second sheet having a
      plurality of projections equal in size and spaced a predetermined distance
      from each other in a plurality of rows to form a second pattern, said
      first sheet being operatively mounted on said second sheet with the
      projections of said first sheet fitting into the spaces between the
      projections of said second sheet, each of said projections of said first
      sheet having contact with the surrounding projections of said second sheet
      whereby an impact force directed onto said energy absorber deflects said
      projections of said first and second sheets and said projections flex to
      absorb the energy of said impact force.
NUM  2.
PAR  2. A resilient energy absorbing bumper system for a vehicle comprising a
      rigid bumper support secured to the vehicle, a resilient energy absorber
      mounted on said support and extending outwardly therefrom, said energy
      absorbing comprising first and second sheet means of resilient thin walled
      plastic material disposed in a face to face relationship with respect to
      each other, each of said sheet means comprising a base and a plurality of
      rows of spaced projections extending therefrom, said rows of said
      projections of said first sheet extending between the rows of projections
      of said second sheet means, said projections of said first sheet means
      being surrounded by predetermined projections of said second sheet means,
      said projections of said sheet means having planar side wall means which
      contact each other and which flex in response to the force of the impact
      load directed on said resilient energy absorber means to absorb the energy
      of said impact force.
NUM  3.
PAR  3. A resilient impact energy absorber for providing impact protection for a
      vehicle and disposed on a rigid support secured to the vehicle comprising
      a resilient energy absorbing media mounted on said rigid support and
      extending outwardly therefrom for absorbing the energy of a predetermined
      impact of said vehicle, said energy absorbing media comprising first and
      second sheet means of resilient polymer material secured in face to face
      relationship to each other, said first sheet means having a base and a
      plurality of projections extending from said base toward said second sheet
      means, said projections being disposed in a plurality of rows and spaced
      from each other to form a first pattern, said second sheet means having a
      base and a plurality of projections extending from said base thereof
      toward said base of said first sheet means and said last recited
      projections being disposed in a plurality of rows and spaced from each
      other to form a second pattern of said projections, said second pattern
      being a mirror image of said first pattern, said projections of said sheet
      means interlocking with each other between the rows thereof and being
      disposed in a common plane between said bases of said sheets, said
      projections of said first and second sheets having side portions which
      contact each other and which flex in response to an impact force applied
      to said energy absorber to absorb the energy of said impact force.
NUM  4.
PAR  4. A resilient impact energy absorber for providing impact protection for a
      vehicle and operatively mounted on a rigid bumper beam supported by said
      vehicle, said energy absorber comprising a plurality of discrete energy
      absorbing layers stacked on top of one another to a predetermined
      thickness, each of said layers comprising first and second sheets of
      resilient plastic material secured in face to face relationship with
      respect to each other, said first sheet of each layer having a base and a
      plurality of integral thin walled projections thermoformed therein,
      extending toward said second sheet, said projections being spaced from
      each other and being disposed in a plurality of spaced rows, said second
      sheet of each layer having a base and a plurality of integral thin walled
      projections thermoformed therein extending from said base thereof toward
      the base of said first sheet means, said last mentioned projections being
      spaced from each other and being disposed in a plurality of spaced rows,
      said projections of said first and second sheets interlocking with each
      other and being disposed in a common plane equal to the height of one of
      said projections, means joining said sheets of each of said layers
      together, said projections being in the form of truncated pyramids, said
      pyramids of said first sheet contacting portions of predetermined pyramids
      of said second sheet, said pyramids flexing in response to an impact force
      applied to said energy absorber to absorb impact energy, and a plastic
      facia covering said energy absorber.
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ABST
PAL  Fluid-operated, load-handling apparatus is provided with an interlock
      control system. The fluid-operated apparatus specifically is a
      pneumatically-operated hoist having a two-handle operator control, one for
      raising a load and one for lowering the load. The interlock system enables
      normal operation of the hoist when a load is properly engaged by a
      load-engaging unit of the hoist and also when no load at all is present.
      However, the system prevents operation of the hoist if a load is present
      and not properly engaged. The interlock system includes a load-sensing
      device and a load-sensitive valve operated by the device, and further
      includes a pressure-sensitive valve. The hoist can be operated normally
      when neither valve is actuated or both are actuated, but not when one is
      actuated.
BSUM
PAR  This invention relates to a fluid-operated hoist with an interlock system.
PAR  Fluid operated hoists as shown in U.S. Pat. No. 3,325,148 are now in
      wide-spread use for manipulating loads. Hoists of this type have an
      operator control for either raising a load or lowering it. Such hoists are
      frequently used with fluid-operated, load-engaging units which are
      operated by fluid-pressure to engage and disengage the loads. U.S. Pat.
      No. 3,423,119 discloses examples of such units employing vacuum.
PAR  Heretofore, it has been possible with such fluid-operated hoists for an
      operator to raise a load when the load-engaging unit has not been fully
      engaged therewith. Under these conditions, the load can be dropped from a
      height above the floor or other support and can injure the operator or
      others, or damage the load or whatever it drops upon. If the operator does
      not quickly release the control when this occurs, the load-engaging unit
      can quickly rise or fly up, with no load being present, and cause injury
      to the operator or others or damage the unit itself or an object, if
      struck.
PAR  Mechanical means have been employed to a limited extent in the past to
      prevent the load-engaging unit from quickly rising or flying up if the
      load is released. Means of this nature are disclosed in U.S. Pat. No.
      3,276,747. Such mechanical means physically stops the cable drum of the
      hoist when its speed of rotation is excessive. At the same time, the hoist
      hook is completely stopped and the operator loses control over it. Also,
      the operator often may have to manipulate the load more slowly than he
      otherwise would in order to prevent premature operation of the mechanical
      means. While this arrangement can prevent injury from the hook flying up,
      there is no known means available for this type of hoist for preventing
      injury or damage if the load is dropped.
PAR  The present invention provides a fluid-operated, load-handling hoist
      including a safety interlock system which prevents a load being handled
      from being lifted by the hoist when the load is not fully engaged by a
      load-engaging unit of the hoist. The interlock system includes a
      load-sensing device which is effective to operate a load-sensitive valve
      when a load is present adjacent the load-engaging unit. The system further
      includes a pressure-sensitive valve which is actuated when the
      load-engaging unit engages the laod under proper pressure to provide full
      engagement. If both of the valves are actuated, the hoist can be operated
      normally; this is also true if neither of the valves is actuated. If,
      however, a load is present by the load-engaging unit and is not properly
      engaged thereby, then only one of the valves will be operated and the
      hoist operation will be blocked. With a vacuum cup in the unit, a vacuum
      of a sufficient value must be attained before the pressure-sensitive valve
      will be actuated. If a positive-pressure clamp is employed in the
      load-engaging unit, then pressure behind the clamp must be of a sufficient
      value before the pressure-sensitive valve will be actuated.
PAR  It is, therefore, a principal object of the invention to provide a
      fluid-operated, load-handling hoist with an interlock system to prevent
      injury and to prevent damage.
PAR  Another object of the invention is to provide a fluid-operated hoist with
      an interlock system which prevents operation of the hoist in the event
      that a load-engaging unit thereof fails to properly engage a load.
PAR  A further object of the invention is to provide a fluid-operated hoist with
      an interlock system which enables normal operation of the hoist if no load
      is present or if a load is present and properly engaged, but prevents
      operation of the hoist if a load is present and not properly engaged.
PAR  Yet another object of the invention is to provide a fluid-operated hoist
      with an interlock system including a load-sensitive valve and a
      pressure-sensitive valve, either of which alone can prevent operation of
      the hoist.
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PAR  Many other objects and advantages of the invention will be apparent from
      the following detailed description of preferred embodiments thereof,
      reference being made to the accompanying drawings, in which:
PAR  FIG. 1 is a schematic overall view in perspective, with parts broken away
      and with parts in section, of a fluid-operated hoist, a fluid-operated,
      load-engaging unit, and an interlock system according to the invention;
PAR  FIG. 2 is a diagrammatic view of fluid controls of the apparatus of FIG. 1;
PAR  FIG. 3 is an enlarged, schematic view in longitudinal cross section of a
      load-sensitive valve of the interlock system; and
PAR  FIG. 4 is an enlarged, schematic view in longitudinal cross section of a
      pressure-sensitive valve of the interlock system.
DETD
PAR  Referring particularly to FIG. 1, a fluid-operated hoist is indicated at 10
      and preferably is of the type shown in U.S. Pat. No. 3,325,148, although
      other fluid-operated hoists can also be used advantageously with the
      invention. The hoist 10 basically includes a chamber 12 to which fluid,
      usually air, is supplied under pressure. The chamber 12 is formed by a
      hoist housing 14 and an end cover 16, along with a movable piston 18
      forming the other end of the chamber. A cable drum 20 is located adjacent
      the piston 18 and carries a flexible cable or elongate flexible member 22.
      When fluid under sufficient pressure is supplied to the chamber 12, it
      forces the piston 18 toward the left, as shown in FIG. 1, and moves the
      cable drum 20 in the same direction. The drum 20 is supported on a
      ball-screw assembly (not shown) which causes the drum to rotate as it
      moves longitudinally therealong in the housing 14. When the piston moves
      toward the left, the drum 20 rotates in a manner to raise the cable 22 and
      any load carried thereby. When the pressure in the chamber 12 is
      sufficiently low, the weight of the load carried on the cable will cause
      the drum to rotate in the opposite manner to lower the cable and to cause
      the piston 18 to move toward the right on the ball-screw assembly,
      reducing the volume of the chamber 12. Hence, when the pressure in the
      chamber 12 is sufficiently high, it will raise the cable 22 and the load;
      when the pressure is sufficiently low, the load and the cable will move
      lower.
PAR  The pressure in the chamber 12 is controlled through a manifold member or
      block 24 and a remotely-located hand controller 26 which is spaced from
      the hoist and can be controlled by an operator standing on the floor
      therebelow near a load to be manipulated. Fluid such as air is supplied
      from a suitable source through a line 28 to the manifold block 24 where
      the flow can be contolled by a needle valve 30. This air can then pass
      through flexible lines or hoses 32 and 34 to the controller 26. When an up
      handle 36 of the controller 26 is manipulated or depressed, the air can
      then flow through a flexible line or hose 38 to the manifold block 24 and
      past a second needle valve 40 into the chamber 12 through an inlet passage
      42. The pressure in the chamber 12 can then be increased as long as the up
      lever 36 is depressed, with this pressure increasing up to the supply
      pressure of the air in the supply line 28, if the lever is depressed long
      enough. Also, air pressure in the hoist chamber 12 can be decreased by
      manipulation or depression of a down handle or lever 44 of the controller
      26 whereby the chamber 12 can then be vented through the passage 42, the
      line 38, and a vent (not shown) in the controller 26. The rate of the air
      pressure increase or decrease also can be controlled by the extent the
      lever 36 or 44 is depressed, as is more fully described in the aforesaid
      U.S. Pat. No. 3,325,148.
PAR  A fluid-operated, load-engaging unit 46 is connected through a hook 48 to
      the cable 22. The unit 46 can be of a type disclosed more fully in U.S.
      Pat. No. 3,423,119. The unit 46 basically includes a frame 50 having a
      ring 52 connected to the hook 48. A fluid-operated, load-engaging vacuum
      cup 54 is mounted on a central hub or supporting block 56 which, in turn,
      is fastened to the frame 50. Vacuum is established in the cup 54 to enable
      it to securely engage a load and means are also provided to supply air
      under pressure to the vacuum cup to blow off the cup and enable the unit
      to quickly disengage a load.
PAR  Air from a suitable source, which can be the same as that for the line 28,
      is supplied through a line 58 to a three-position valve 60 (FIGS. 1 and
      2). In one position of this valve, air is supplied through a line 62 to a
      venturi passage 64 in a block 66, with this air being dissipated through
      an exhaust silencer 68. A vacuum line 70 communicates with the throat of
      the venturi passage 64 so that a vacuum is established in the line 70 when
      air is supplied through the venturi passage 64, in a manner well-known in
      the art. The vacuum line 70 is connected with the vacuum cup 54 through
      the hub 56 to establish a vacuum therein. A check valve can be located in
      the line 70 or the hub 56 to prevent the vacuum established in the cup 54
      from being lost in the event of failure of the air supplied to the
      venturi.
PAR  In another position of the valve 60, air is supplied through a line 72 to
      the hub 56 and the vacuum cup 54 to supply air under pressure thereto and
      quickly destroy the vacuum therein. This enables the vacuum cup 54 to be
      disengaged quickly from the load and thereby enable faster manipulation of
      the load by the operator.
PAR  It will be appreciated that when the operator engages the vacuum cup 54
      with the load, he might depress the up lever 56 of the controller 26 to
      begin to raise the load before the vacuum is fully established between the
      load and the cup. A proper vacuum may also not be attained because the
      surface of the load is too rough or uneven or because the vacuum cup is
      damaged or defective, by way of example. In such instances, the load might
      be raised several feet and then be dropped because of the partial vacuum.
      The load can injure the operator or others as well as cause damage to the
      load itself or whatever it is dropped upon. At the same time, if the load
      is dropped with the operator having the lever 36 depressed, the
      load-engaging unit 46 and the cable 22 will quickly rise or fly up since
      the pressure in the chamber 12 of the hoist 10 is at a substantial value
      and there is no load on the unit 46. This can result in damage to the
      operator or anyone else in the way of the flying unit as well as damage to
      the unit itself, the hoist, or other objects.
PAR  To prevent such an occurrence, the invention provides a safety interlock
      system which prevents operation of the hoist if a proper pressure,
      negative in this instance, has not been established in the load-engaging
      unit and yet the hoist can be operated normally if the load is properly
      engaged or no load is present at all. The interlock system basically
      includes three components: a load-sensing device 74, a load-sensitive
      valve 76, and a pressure-sensitive valve 78. The load-sensitive valve 76
      and the pressure-sensitive valve 78 are in series with the controller 26,
      between the hoist chamber 12 and the fluid supply 28.
PAR  The load-sensing device 74 is supported below the frame 50 and has a lever
      arm 80 with a roller 82 positioned near the vacuum cup 54 so as to be
      engaged and raised in a counterclockwise direction by a load engaged by
      the vacuum cup 54. The device 74 has an internal valve which is in a
      normally closed position and which is opened when the lever arm 80 is
      raised. Air is supplied to the device 74 through a branch line 84
      communicating with the air line 62 for the venturi passage 64. The devices
      74 also has an outlet line 86 which communicates with the load-sensitive
      valve 76.
PAR  The load-sensitive valve 76, also shown in FIG. 3, has an inlet 88 which
      receives the flexible line 32 and contains a spool 90 which enables the
      inlet 88 to communicate with an outlet 92, as shown, or an outlet 94, when
      the spool 90 is shifted toward the right. The spool 90 is normally in the
      lefthand position, as shown, being urged to that position by a spring 96.
      When air uder sufficient pressure is supplied through an inlet 98, the
      spool moves to the right. In the latter position, the inlet 88
      communicates with the outlet 94 and is blocked from the outlet 92. The
      outlet 92 communicates with the pressure-sensitive valve 78 through a line
      100 and the outlet 94 communicates with the pressure-sensitive valve 78
      through a line 102.
PAR  The pressure-sensitive valve 78 is also shown in FIG. 4. It has an inlet
      104 communicating with the line 100 and an inlet 106 communicating with
      the line 102. The valve 78 has a spool 108 which enables the inlet 104 to
      communicate with an outlet 110 when the spool is in the position shown,
      toward the left end of the valve, and the inlet 106 communicates with the
      outlet 110 when the spool is positioned towards the right end of the
      valve. The spool is urged toward the left end by a spring 112 and is moved
      to the right end when vacuum of a sufficient value is established at the
      right end through an inlet 114. The outlet 110 connects with the flexible
      line 34 and the inlet 114 communicates with the hub 56 and the vacuum cup
      54 through a line 116.
PAR  The operation of the interlock system will now be described. Assuming there
      is no load carried by the vacuum cup 54, it is desired that the
      load-engaging unit 46 be able to be raised and lowered by normal operation
      of the hoist 10. Accordingly, the valve of the load-sensing device 74 is
      closed and the spool 90 of the valve 76 is in the left hand position under
      the influence of the spring 96 so that the inlet 88 communicates with the
      outlet 92 and the line 32 communicates with the line 100. With no load,
      there can be no vacuum in the cup 54 so that the spool 108 of the valve 78
      is in the left hand position under the influence of the spring 112, with
      the inlet 104 communicating with the outlet 110. The line 100 thereby
      communicates with the line 34 so that the line 32 communicates with the
      line 34 and the air supply 28 is in communication with the controller 26.
      Hence, the controller 26 can be used to supply air to the hoist chamber 12
      in the same manner as if the interlock system were not present. It may be
      noted that for any position of the interlock system, the pressure in the
      chamber 12 can be decreased to lower a load by venting the air through the
      line 38 to the controller by the operation of the down lever 44.
PAR  Assume that a load is present and is engaged properly by the load-engaging
      unit 46 and specifically the vacuum cup 54, with full vacuum established
      in the cup 54. The lever 80 of the load-sensing device 74 will now be
      raised and open the valve therein so that air from the line 62 and the
      line 84 will communicate through the line 86 with the inlet 98 of the
      load-sensitive valve 76. This air pressure will move the spool 98 toward
      the right and establish communication between the inlet 88 and the outlet
      94 and between the lines 32 and 102. The full vacuum in the cup 54 also
      communicates through the end portion of the line 72 and the line 116 to
      the inlet 114 of the pressure-sensitive valve 78. The spring 112 is
      selected so that this vacuum is sufficient to overcome the force of the
      spring and move the spool 108 toward the right. If desired, the spring 112
      can be adjustable. With the spool 108 toward the right, the inlet 106
      communicates with the outlet 110 so that the line 102 communicates with
      the line 34. Once again then, with the load properly engaged, the line 32
      communicates with the line 34 and the air supply 28 communicates with the
      controller 26 as if no interlock system were present. The hoist 10 can
      then be operated normally through the controller 26.
PAR  An object may be engaged by the vacuum cup 54 but a proper vacuum is not
      established either because the operator immediately tries to raise the
      load through the controller 26 before sufficient vacuum can be
      established, because the surface of the object is rough so that excess
      leakage occurs between it and the vacuum cup, or because the vacuum cup is
      defective, by way of example. In this instance, the valve of the
      load-sensing device 74 is open so that the inlet 88 of the valve 76
      communicates with the outlet 94, whereby the lines 32 and 102 are in
      communication. The vacuum, in this instance, however, is insufficient to
      overcome the force of the spring 112 in the valve 78. Consequently, the
      spool 108 remains in the left hand position and the line 102 is blocked
      from the line 34. Hence, the lines 32 and 34 are blocked and the air
      supply through the line 28 cannot reach the controller 26. Consequently,
      any manipulation of the up lever 36 by the operator has no effect on the
      hoist and the improperly engaged load cannot be raised until proper vacuum
      is established. If the up lever 36 is held down by the operator, and the
      vacuum of proper value does become established between the cup 54 and the
      load, then the communication between the lines 32 and 34 will result and
      the load will begin to be raised immediately when the proper vacuum is
      established. Hence, the interlock system does not cause undue delay in the
      manipulation of the load by the operator.
PAR  It will be understood that rather than employing a vacuum, a positive
      pressure can be used to engage the load, as by using a clamping cylinder
      to clamp or squeeze the load. The pressure-sensitive valve 78 can then be
      designed somewhat similar to the valve 76 of FIG. 3, whereby the air
      pressure communicating with the end of the spool opposite the spring will
      overcome the force of the spring when the pressure is of a sufficient
      value to move the spool and cause the desired communication to be
      established between the inlets and outlet of the valve. A
      positive-pressure, load-engaging unit with which the safety system can be
      employed is shown in FIGS. 4 and 5 of U.S. Pat. No. 3,734,325, by way of
      example.
PAR  Various modifications of the above-described embodiments of the invention
      will be apparent to those skilled in the art, and it is to be understood
      that such modifications can be made without departing from the scope of
      the invention, if they are within the spirit and the tenor of the
      accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination, a fluid-operated hoist including a hoist chamber, a
      flexible member, and a piston in said chamber for raising and lowering the
      flexible member in response to pressure of fluid in said chamber,
      fluid-operated, load-engaging means carried by said flexible member for
      engaging and disengaging a load, a load-sensing device having a valve with
      two positions, being in one position when a load is engaged by said
      load-engaging means and in another position when there is no load engaged
      by said load-engaging means, means for supplying fluid under pressure to
      said load-sensing device, a load-sensitive valve, means connecting said
      load-sensitive valve and said load-sensing device to supply fluid under
      pressure to said load-sensitive valve when said load-sensing device is in
      the one position, said load-sensing device and said load-sensitive valve
      enabling control of fluid under pressure in said hoist chamber when said
      load-sensing device is in the one position, and a remote controller for
      controlling the pressure of fluid in said chamber, said load-sensitive
      valve being in series with said remote controller and said hoist.
NUM  2.
PAR  2. In combination, a fluid-operated hoist including a hoist chamber, a
      flexible member, a piston in said chamber for raising and lowering the
      flexible member in response to pressure of fluid in said chamber, a remote
      controller communicating with said hoist chamber for supplying fluid under
      pressure to said chamber and selectively venting pressure from said
      chamber, and a supply of fluid for said controller, a load-engaging unit
      connected with said flexible member for engaging and disengaging a load, a
      load-sensing device having a valve with two positions, being open when a
      load is engaged by said load-engaging means and being closed when there is
      no load engaged by said load-engaging means, means for supplying fluid
      under pressure to said load-sensing device, a load-sensitive valve, means
      connecting said load-sensitive valve with said load-sensing device to
      supply fluid under pressure to said load-sensitive valve when the valve of
      said load-sensing device is open, a pressure-sensitive valve, means
      connecting said load-engaging unit with said pressure-sensitive valve to
      cause said pressure-sensitive valve to be in one position when pressure of
      said load-engaging unit is of a particular value and a load is properly
      engaged by said unit, and said controller being in communication with said
      hoist to supply fluid to said chamber when said load-sensitive valve is in
      one position and said pressure-sensitive valve is in one position.
NUM  3.
PAR  3. The combination according to claim 2 characterized by said
      pressure-sensitive valve and said load-sensitive valve being connected in
      series with said hoist.
NUM  4.
PAR  4. The combination according to claim 3 characterized by said
      load-sensitive valve having one inlet and two outlets and said
      pressure-sensitive valve having two inlets and one outlet, the inlet of
      said load-sensitive valve and the outlet of said pressure-sensitive valve
      being in communication when a load is properly engaged by said
      load-engaging unit and when no load is present adjacent the load-engaging
      unit.
NUM  5.
PAR  5. The combination according to claim 4 characterized by said
      load-sensitive valve inlet communicating with one of said fluid supply and
      said controller and said outlet of said pressure-sensitive valve
      communicating with the other of said fluid supply and said controller.
NUM  6.
PAR  6. The combination according to claim 2 wherein said load-engaging unit
      comprises a vacuum cup for engaging and disengaging a load and said
      pressure-sensitive valve is in the one position when the vacuum of the
      vacuum cup reaches a particular value.
NUM  7.
PAR  7. In combination, a fluid-operated hoist including a hoist chamber, a
      flexible member, and a piston in said chamber for raising and lowering the
      flexible member in response to pressure of fluid in said chamber,
      fluid-operated, load-engaging means carried by said flexible member for
      engaging and disengaging a load, a load-sensing device having a valve with
      two positions, being in one position when a load is engaged by said
      load-engaging means and in another position when there is no load engaged
      by said load-engaging means, means for supplying fluid under pressure to
      said load-sensing device, a load-sensitive valve, means connecting said
      load-sensitive valve and said load-sensing device to supply fluid under
      pressure to said load-sensitive valve when said load-sensing device is in
      the one position, a pressure-sensitive valve, and means connecting said
      pressure-sensitive valve with said fluid-operated, load-engaging means,
      said pressure-sensitive valve being in one position when a load is
      properly engaged by said load-engaging means and being in a second
      position otherwise, said load-sensitive valve, said load-sensing device,
      and said pressure-sensitive valve enabling control of fluid under pressure
      in said hoist when said pressure-sensitive valve is in the one position
      and said load-sensing device is in the one position, and also enabling
      control of fluid under pressure in said hoist when said pressure-sensitive
      valve is in the second position and said load-sensing device is in the
      other position.
NUM  8.
PAR  8. The combination according to claim 7 characterized by a remote
      controller for controlling the pressure of fluid in said chamber, said
      load-sensitive valve and said pressure-sensitive valve being in series
      with said remote controller.
NUM  9.
PAR  9. The combination according to claim 7 wherein said load-engaging unit
      comprises vacuum means for engaging and disengaging a load and said
      pressure-sensitive valve is in the one position when the vacuum of the
      vacuum means reaches a particular valve.
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ABST
PAL  The upper ends of a pair of grapple tongs are joined through means of a
      pair of cross link assemblies and an extensible and retractable hydraulic
      actuator. A pair of suspension link assemblies respectively have lower
      ends pivotally connected to the upper ends of the pair of tongs and have
      upper ends pivotally connected to a yoke which is connected to an output
      shaft of a rotary joint. The geometry of the pivotal connections of the
      cross and suspension link assemblies with the pair of tongs is such that
      the actuator undergoes very little vertical translation during the
      operation thereof and a pair of relatively short fluid hoses extend
      between the lower end of the rotary joint output shaft and the actuator
      and pass through the yoke.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a grapple structure and more specifically
      relates to an improvement in the grapple structures disclosed in U.S. Pat.
      Nos. 3,620,394 and 3,667,796 respectively issued to Symons et al and Funk
      respectively on Nov. 16, 1971 and June 6, 1972.
PAR  The grapples disclosed in the above-identified patents are both of a type
      including a pair of opposed arcuate tongs having upper end portions
      interconnected through means of a pair of cross link assemblies and an
      extensible and retractable hydraulic actuator. The tongs of the patented
      structures are suspended from a swivel joint through means of a pair of
      suspension link assemblies having respective lower ends connected to the
      pair of tongs so as to share the pivotal connection of a respective end of
      one of the cross link assemblies with a tong, and respective upper ends
      connected to a universal connector joined to an output shaft of the swivel
      joint.
PAR  It has been found that the above-described grapple structure is not
      entirely satisfactory since the points of connection of the actuator and
      the cross and suspension link assemblies are so related that the actuator
      undergoes substantial vertical movement during its actuation for opening
      and closing the grapple tongs. This movement is underside since it
      requires that a pair of hoses connected undesirable the swivel joint and
      the actuator for supplying fluid to and exhausting fluid from the actuator
      be of sufficient length to accommodate the movement. These relatively long
      hoses have parts which project outwardly in the area below the swivel
      joint and above the grapple tongs and are thus vulnerable to being damaged
      by being struck by or coming into contact with trees or the like during
      operation of the grapple structure.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a novel grapple
      structure of the type including a pair of arcuate tongs having respective
      upper end portions interconnected by a pair of cross link assemblies and
      an extensible and retractable actuator and suspended from a swivel joint
      through means of a pair of suspension link assemblies.
PAR  An object of the invention is to provide a grapple structure of the type
      described in the foregoing paragraph wherein the geometry of the parts
      thereof is such that the hydraulic actuator undergoes very little vertical
      displacement during its operation in opening and closing the grapple
      tongs. Specifically, it is an object to provide such a grapple structure
      wherein the suspension link assemblies have lower ends attached to the
      grapple tongs at respective locations midway between the respective
      locations whereat the ends of the cross link assemblies are connected to
      the grapple tongs.
PAR  A further object of the invention is to provide a structure wherein a pair
      of fluid conveying hoses are routed so as to be protected from damage.
PAR  These and other objects will be apparent from a reading of the following
      specification in conjunction with the appended drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a rear elevational view of a grapple skidder embodying a grapple
      structure constructed according to the prior art and shown in an open
      condition.
PAR  FIG. 2 is a view similar to FIG. 1, but omitting part of the vehicle and
      showing the grapple structure in a closed condition.
PAR  FIG. 3 is a rear elevational view of a grapple structure of the present
      invention connected to a rotary joint and being shown in a fully closed
      condition.
PAR  FIG. 4 is a view similar to FIG. 3, but showing only the grapple structure
      (absent the hydraulic actuator) in a fully open condition.
PAR  FIG. 5 is a side elevational view showing the connection between the
      suspension links and the rotary joint of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, therein is shown a wheeled industrial vehicle of
      the type with which the present invention is particularly adapted for use.
      Specifically, the vehicle is of an articulated type including a front
      frame section (not shown) supported on a pair of front drive wheels 10 and
      pivotally connected to a rear frame section 12 supported by a pair of rear
      drive wheels 14. Mounted on the rear frame section 12 is a boom structure
      including a generally A-shaped main section 16 having transversely spaced
      legs securely mounted, as at 18, to the vehicle frame section 12 for
      swinging about a transverse horizontal axis defined by the connection 18.
      A fore-and-aft extending boom section 20 is pivotally connected
      intermediate front and rear ends thereof to the top of the A-shaped boom
      section 16, in a manner not shown, for swinging movement about a
      horizontal pivot axis. Forming the forward end of the boom section 20 is a
      cross arm structure 22 having a pair of hydraulic actuators 24
      respectively connected between the opposite ends thereof and the frame
      section 12, the actuators 24 being of an extensible and retractable type
      which are operative to cause the boom section 20 to be pivoted about its
      connection with the top of the boom section 16.
PAR  The boom structure forms no part of the present invention, however, if it
      is desired to study a more complete illustration of a boom structure of a
      similar type, resort may be had to U.S. Pat. No. 3,731,827 granted to
      Eaves on May 8, 1973.
PAR  For the purpose of delineating applicant's contribution to the art, a prior
      art grapple structure 26 is shown coupled to the output shaft of a
      conventional rotary joint 28 forming the rearward end of the boom section
      20. As viewed in FIGS. 1 and 2, the grapple structure 26 includes right
      and left suspension or hanging link assemblies 30 and 32, respectively. As
      can best be seen in FIG. 2, each of the link assemblies 30 and 32 includes
      a pair of links having upper ends pivotally connected by a pin 34 to a
      universal connection 36 having its upper end pinned, as at 38, to the
      lower end of the output shaft of the rotary joint 28. The lower ends of
      the right and left suspension link assemblies 30 and 32 are respectively
      pivotally connected to right and left grapple tongs 40 and 42 by means of
      respective pivot pins 44 and 46. The pins 44 and 46 are respectively
      spaced from the upper ends of the grapple tongs 40 and 42 as viewed in
      FIGS. 1 and 2 and connected between the pivot pin 44 and a pin 48 adjacent
      the upper end of the grapple tong 42 is a first cross link assembly 50
      while connected between the pivot pin 46 and a pivot pin 52 located
      adjacent the top of the grapple tong 40 is a second cross link assembly
      54. Like the suspension link assemblies 30 and 32, the link assemblies 52
      and 54 each comprise a pair of links.
PAR  The cross link assemblies 50 and 54 act to cause the grapple tongs 40 and
      42 to move symmetrically when they are swung towards and away from each
      other between the opened and closed positions shown in FIGS. 1 and 2 and
      for the purpose of selectively moving the grapple tongs between their
      opened and closed positions there is provided an extensible and
      retractable hydraulic actuator 56 including a cylinder having one end
      pivotally connected to the pivot pin 48 and a rod pivotally connected to
      the pivot pin 52. Working and exhaust fluid is carried to and from the
      right and left ends of the cylinder of the actuator 56 respectively
      through means of fluid hoses 58 and 60 having lower ends connected to the
      cylinder and upper ends connected to couplings at the opposite sides of
      the output shaft of the rotary joint 28. The rotary joint 28 acts as a
      fluid manifold, in a manner well known in the art, for transferring
      pressure fluid from a pump (not shown) mounted on the vehicle to the
      actuator and for transferring exhaust fluid from the actuator to a
      reservoir (not shown) located on the vehicle.
PAR  Of significance relative to the present invention, it is to be noted that
      the hydraulic actuator 56 undergoes considerable vertical travel during
      opening and closing operation of the grapple tongs 40 and 42 thus
      necessitating that the fluid hoses 58 and 60 be sufficiently long to
      accommodate this travel. The present invention is directed to the end of
      eliminating this vertical travel of the hydraulic actuator 56.
PAR  Referring now to FIG. 3, therein is shown a grapple structure 62
      constructed according to the principles of the present invention. The
      grapple structure 62 includes a rotary joint 64 adapted for securement to
      the rear end of a boom section such as the boom section 20 illustrated in
      FIGS. 1 and 2. The rotary joint 64 differs from the rotary joint 28 in
      that it includes a bifurcated output shaft 66 having downwardly projecting
      right and left legs 68 and 70, respectively, as shown in FIG. 3. A
      universal connector in the form of a connecting yoke 72 includes right and
      left pairs of upwardly extending lugs 74 and 76, respectively, forming
      upwardly opening clevises having the right and left legs 68 and 70 of the
      output shaft 66 received therebetween and connected thereto by right and
      left pivot pins 78 and 80. As can best be seen in FIG. 5, the connecting
      yoke 72 also includes transversely spaced right and left pairs of
      downwardly extending lugs 82 and 84 forming downwardly opening clevises.
      As viewed in FIG. 3, the grapple structure includes right and left
      suspension or hanging link assemblies 86 and 88 having their upper ends
      respectively received between the pairs of lugs 82 and 84 and respectively
      connected thereto through means of pins 90 and 92. The lower ends of the
      right and left pairs of suspension link assemblies 86 and 88,
      respectively, are pivotally connected to upper end portions of a pair of
      arcuate grapple tongs 94 and 96 through means of right and left pivot pins
      98 and 100.
PAR  The upper ends of the pair of grapple tongs 94 and 96 are connected
      together through means of first and second cross link assemblies 102 and
      104, the former having its right end pivotally connected, as at a pin 106,
      to the right grapple tong 94 at a location above the pivot pin 98 and has
      its left end pivotally connected to the left grapple tong 96, as at pin
      108, at a location below the pivot pin 100. The cross link assembly 104
      has its right end pivotally connected to the grapple tong 94, as at pin
      110, at a location below the pivot pin 98 while the left end of the link
      assembly 104 is pivotally connected to the grapple tong 96, as at pin 112,
      at a location above the pivot pin 100. The pivot pins 106 and 110 are
      respectively located equidistant from the pivot pin 96 and the pivot pins
      108 and 112 are similarly located equidistant from the pivot pin 100.
PAR  An extensible and retractable hydraulic actuator 114 is pivotally connected
      at its opposite ends to the grapple tongs 94 and 96 through means of the
      pivot pins 106 and 112. Passing centrally through the connecting yoke 72
      and having upper ends coupled to connections at the lower end of the
      output shaft 66 of the rotary joint 64, and having lower ends connected to
      couplings at the left end of the hydraulic actuator 114 are a pair of
      fluid hoses 116 and 118 for conveying exhaust and pressure fluid to and
      from the hydraulic actuator 114. The hose 118 is in fluid communication
      with a pipe 120 which extends from the left end to the right end of the
      actuator 114. It is here noted that the rotary joint 64 serves as a rotary
      manifold in a manner well known in the art so as to convey fluid from and
      to pressure and return fluid hoses (not shown) located on the boom section
      20 to the fluid hoses 116 and 118.
PAR  It will be appreciated then that the pivot pins 98 and 100 connecting the
      lower ends of the suspension or hanging link assemblies 86 and 88 to the
      grapple tongs 94 and 96 serve as instant centers for the rotation of the
      grapple tongs thereabout when the hydraulic actuator 14 is extended or
      retracted. As can best be seen in FIGS. 3 and 4, the pivot pins 106 and
      112 to which the opposite ends of the actuator 114 are connected will
      undergo only a small vertical rise as the grapple tongs 94 and 96 are
      moved from their fully closed position shown in FIG. 3 to their fully open
      position shown in FIG. 4 and that during this movement of the grapple
      tongs 94 and 96 the fluid hoses 116 and 118 will remain substantially in
      their respective positions shown in FIG. 3 wherein they are protected by
      the yoke 72 and the suspension link assemblies 86 and 88.
PAR  The operation of the grapple structure 62 is thought to be apparent from
      the foregoing description and for the sake of brevity no further
      description is given.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a grapple skidder including a wheel-supported frame having a boom
      means supported thereon, a rotary joint mounted at a free end of the boom
      means and having a normally downwardly projecting output shaft, a
      universal connector means pivotally connected to the output shaft and to
      upper ends of first and second suspension link assemblies of a grapple
      structure, first and second arcuate grapple tongs having upper end
      portions respectively pivotally connected to lower ends of said first and
      second suspension link assemblies for swinging movement about respective
      first and second axes; first and second cross link assemblies crossing
      each other midway between and having respective opposite first and second
      ends respectively pivotally connected to the upper end portions of said
      first and second grapple tongs, an extensible and retractable hydraulic
      actuator means coupled between said upper end portions of said first and
      second tongs and a pair of fluid hoses interconnected between said output
      shaft of the rotary joint and said hydraulic actuator, the improvement
      comprising: said respective first ends of the first and second cross link
      assemblies respectively being connected to the upper end of the first
      grapple tong at locations equidistant from and on opposite sides of said
      first axis; and said respective second ends of the first and second cross
      link assemblies respectively being connected to the upper end of the
      second grapple tong at locations equidistant from and on opposite sides of
      said second axis.
NUM  2.
PAR  2. The grapple skidder defined in claim 1 wherein said universal connector
      has a passageway extending downwardly therethrough; said output shaft of
      said rotary joint having a pair of fluid hose couplings at the lower end;
      and said pair of fluid hoses extending through said passageway between
      said pair of fluid hose couplings and said actuator.
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ABST
PAL  An attachment device for underwater salvage operations which has an
       elongd cylindrical body and a plurality of extendable lugs supported in
      one or more apertures near the tapered end of the cylindrical body. After
      insertion in a predrilled hole, the lugs are extended either by a spring
      action or mechanically by a shaft passing through the center of the
      cylindrical body. An external concentric collar on the hollow body
      supports a shackle for attachment of a cable. A scalloped handle attached
      to the hollow body at the end adjacent to the shackle permits the collar
      to be tightened down firmly against the hull after attachment to increase
      side load bending strength by the lift cable attached to the shackle. The
      end of the cylindrical body adjacent to the extendable lugs may be tapered
      to aid in alignment and insertion in a predrilled hole.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to an attachment device for underwater
      salvage and more particularly to a salvage attachment lift device for
      sunken vessels, including extendable lugs, designed for insertion in a
      predrilled hole.
PAR  Underwater salvage attachment devices, when used, have usually been
      make-shift equipment fabricated at the salvage site. They generally are
      not fabricated to provide optimum strength to weight ratio or to
      specifically facilitate diver and/or manipulator use. Prefabricated
      devices for underwater salvage vary from grapples, for bodily grasping the
      submerged object, hooks which penetrate the object, to complicated
      attachment devices which provide apparatus for assisting in connecting
      cables or other elevating means to the sunken object. These devices
      generally are complicated and cumbersome with little consideration given
      to manipulation and attachment underwater by divers. While the operation
      of these devices is generally satisfactory after attachment, they present
      problems because of the considerable amount of time and effort which must
      be expended during attachment because of the necessity of special tools
      and rigging. The present invention solves these problems by providing a
      device which is relatively simple to manipulate and attach while still
      providing the necessary strength for salvaging operations.
PAC  SUMMARY OF THE INVENTION
PAR  The purpose of this invention is to provide an underwater salvage
      attachment device which is easy to manipulate and use underwater by a
      diver, while still providing optimum strength to weight ratio. The
      attachment device is fabricated from an elongated body which may have a
      conical tapered end cap for insertion into a predrilled hole. A plurality
      of lugs supported in one or more holes in the cylindrical body adjacent to
      the conical end cap are extended by various means after insertion in a
      predrilled hole. A collar on the opposite end of the hollow body is
      tightened down against the ship's hull after the lugs have been extended
      into position. To facilitate tightening down and retention of the collar,
      a scalloped handle is attached to the cylindrical body adjacent to the
      collar. A shackle, pivotally mounted on the collar, permits attachment of
      the cable for lifting a sunken object. Tightening of the collar firmly
      against the hull increases side load bending strength from the lift cable
      attached to the shackle. The entire device should be constructed of high
      corrosion resistant material such as stainless steel.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide an underwater salvage
      attachment device which is simple and easy to use.
PAR  It is another object of the present invention to provide an underwater
      salvage attachment device fabricated to provide optimum strength to weight
      ratio.
PAR  Another object of the present invention is to provide an underwater salvage
      attachment device which facilitates underwater manipulation by a diver.
PAR  Yet another object of the present invention is to provide an underwater
      salvage attachment device which can be adjusted to increase side load
      bending strength after attachment.
PAR  Other objects, advantages, and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional side elevation of one embodiment of the underwater
      salvage attachment device.
PAR  FIG. 2 is a partial section end view through 2--2 of FIG. 1.
PAR  FIG. 3 is a sectional side elevation of a second embodiment of the
      underwater salvage attachment device.
PAR  FIG. 3a is a section through 3a -- 3a of FIG. 3.
PAR  FIG. 4 is a section through 4 -- 4 of FIG. 3.
PAR  FIG. 4a is a section through 4a -- 4a of FIG. 4.
PAR  FIG. 5 is a partial top view of a third embodiment of the underwater
      salvage attachment device.
PAR  FIG. 6 is a side view of the attachment device of FIG. 5.
PAR  FIG. 7 is a partial top view of a fourth embodiment of the underwater
      salvage attachment device.
PAR  FIG. 8 is a side view of the attachment device of FIG. 7.
PAR  FIG. 9 is a section through 9 -- 9 of FIG. 8.
PAR  FIG. 10 is a section through 10 -- 10 of FIG. 9.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The underwater salvage attachment device is shown in FIG. 1 and is
      comprised of a hollow elongated body 10 for insertion into a predrilled
      hole having a shackle 12 attached to a concentric collar 14 supported on
      the exterior surface of hollow body 10. The device is held in place by a
      plurality of extendable lugs 16 which are forced outward after insertion
      into a predrilled hole by spike 18. A conical end cap 22, attached to the
      end of the hollow body 10, aids in alignment and insertion in the
      predrilled hole.
PAR  The hollow body 10 is preferably constructed of stainless steel and has a
      helical threaded portion extending from the end adjacent to the shackle to
      near the extendable lugs 16. The external threaded portion mates with
      internal threads on collar 14. The extendable lugs 16 may be of any
      suitable shape, preferably cylindrical, and are seated in apertures at the
      interior end of the hollow body 10. An expansion type snap ring 24 holds
      the extendable lugs 16 flush with the exterior surface of the hollow body
      10 and is seated in a groove in the hollow body aligned with slots in the
      extendable lugs 16. The interior end of the lugs 16 have tapered portions
      34 terminating in a shoulder 40 which limits the amount of extension of
      the lugs. Preferably there are four of the extendable lugs 16 equally
      spaced around the hollow body 10.
PAR  The lugs 16 are forced outward by spike 18 fitted inside of the hollow body
      10. The outward force is supplied by tapered end 38 of spike 18, engaging
      the tapered portion 34 of lugs 16. The lugs 16 ride upward on the spike to
      the neck portion 36 when the spike is completely engaged. The lugs 16 may
      be held in the extended position by an interference fit between taper 34
      and neck 36.
PAR  Conically tapered end cap 22 screws onto machine threads at the end of
      hollow body 10. Aperture 46 in end cap 22 permits the spike 18 to be
      driven outward for removal of the attachment device for reuse. A plastic
      end plug 32 seals the internal area of the hollow body 10 from the outside
      environment after lubrication and assembly of the spike 18 and tapered
      lugs 16. The end plug 32 is sufficiently thin to permit piercing by spike
      18.
PAR  Shackle 12 is attached by pins 28, which are force-fitted into the collar
      14 with shackle 12 free to rotate. The shackle 12 may be attached to the
      collar before or after the collar is threaded on hollow body 10. A
      scalloped handle 20 is attached to the end of the hollow body 10 by a
      plurality of screws 30 after the shackle-collar assembly has been mounted
      on the body 10. The handle 20 provides a grip for holding the body 10
      while tightening the collar 14 against a bulkhead after attachment to a
      sunken object. The handle 20 also serves the additional purpose of
      providing a flange for retention of the collar 14.
PAR  During assembly, lugs 16 and spike 18 are fully lubricated and plastic cap
      plug 32 inserted to prevent moisture and dirt from entering the interior
      lubricated areas. After assembly, a bolt 42 (see FIG. 2) is inserted in a
      hole through spike 18 and hollow body 10 and held in place by a cotter pin
      44. This bolt 42 acts as a safety device to prevent the spike 18 from
      being pushed inward prior to any anticipated use of the device. With the
      bolt 42 in place, the user knows the device is ready for use. The cotter
      pin 44 and bolt 42 are removed prior to a diver taking the device
      underwater for use. If desired, a second hole in spike 18 can be provided
      for reinsertion of the bolt 42 after the device has been attached, in
      order to prevent the spike 18 from working out of the hollow body 10.
PAR  In operation, the device is inserted in a predrilled hole and the spike 18
      driven in to force lugs 16 outward and hold them in place via flat neck
      portion 36. The collar 14 is then tightened down against the object by
      gripping handle 20 and turning the shackle 12 or vice versa.
PAR  A variation of the embodiment shown in FIG. 1 is illustrated in FIG. 3. In
      this figure, the hollow body 10 is substantially the same with the shackle
      12 attached to collar 14 threaded on the body in the same manner.
      Scalloped handle 20 is also fitted on the hollow body 10 as before.
      However, in this embodiment two interlocking lugs 46 (see FIG. 4) are
      extended by the action of a shaft comprised of lug driver arm 48 attached
      to a threaded rod 50. The threaded rod 50 ia attached to the driver arm 48
      by a nipple 54 seated in a socket 52 and held in place by pins 56. This
      permits driver arm 48 to move in or out when rod 50 is rotated clockwise
      or counter-clockwise, respectively. Hex head nut 58 attached to the
      exterior end of rod 50 facilitates rotation with a wrench.
PAR  The lugs 46 are shown in their extended position with lug driver arm 48
      fully seated. The lugs 46 are extended and retracted by the action of pin
      62 in oppositely angled slots 60 in each of the lugs 46 (FIG. 4a). The pin
      62 is press fitted in a hole in the end of driver arm 48 (see FIG. 4) and
      slides freely in slots 60. The lugs 46 are retracted by rotating hex nut
      58 counter-clockwise until pin 62 reaches the full extent of its travel to
      the right in slots 60. The lugs 46 will then be flush with the outside
      surface of hollow body 10 and the threaded rod will extend a distance
      outward from the end of the body. A conically tapered end cap 64 is
      attached to the end of the hollow body 10 as before, except that it has no
      aperture.
PAR  In operation, the device is inserted in a predrilled hole with lugs 46
      fully retracted. The hex nut 58 is then rotated clockwise, moving the
      driver arm 48 to the left, causing lugs 46 to be extended. After the lugs
      46 are fully extended (i.e., pin 62 full seated in slots 60), the collar
      14 is tightened down on the hull by gripping handle 20 and turning shackle
      12 as before. The advantage of this embodiment is that the lugs may be
      retracted and the device removed more readily while still providing a
      great strength to weight ratio.
PAR  A third embodiment is illustrated in FIG. 5 in which only the lug end of
      the body is shown for clarity. In this embodiment, the body 10 has
      exterior threads but is not hollow as before. The collar 14 and shackle 12
      are mounted on the body 10 as in the first two embodiments. Also,
      scalloped handle 20 is attached to body 10 in the same manner. However, in
      this embodiment, the extendable lugs are provided by a rotatable plate 66,
      attached to the end of the body 10 by a pin 68. A spring 70, attached to
      plate 66, retains it in the extended position. When rotated 90.degree.
      clockwise (see FIG. 5), the edges 72 are flush with the exterior surface
      of body 10. With plate 66 in this position, notch 74 in plate 66 provides
      clearance for spring retaining pin 76, which acts as a stop.
PAR  In operation, the device is inserted in a predrilled hole with rotatable
      plate 66 held in the closed position (i.e., lugs retracted). When the
      device is fully inserted in the predrilled hole, the spring 70
      automatically rotates the lug plate 66 counter-clockwise to the extended
      lug position. The collar 14 is then tightened down as before. This
      embodiment is more readily adapted for diver manipulation and is quicker
      to attach but is not as preferred because it does not provide the great
      strength of the previous embodiments.
PAR  A fourth embodiment is illustrated in FIG. 7 in which only the end of the
      body 10 containing the extendable lugs is shown, since the shackle and
      collar on the opposite end are the same as before. The body 10 is solid
      and has a tapered conical tip 78 and a rectangular slot 80 (FIG. 8)
      passing through the body. The lugs 82 and 84 have a cam surface tapered
      outward so that when installed they are flush with the external surface of
      the body at 86. The lugs 82 and 84 are held in place by retaining pins 88
      and 90 engaging slots 92 and 94 (FIG. 9). Springs 96 and 98 fitted into
      holes between the lugs 82 and 84 maintain the lugs in the open (i.e.,
      extended) position. The lugs 82 and 84 are constructed as shown in FIG. 10
      so that they can intermesh when the salvage device is being inserted in a
      hole and a force is being applied to the tapered cam surface of the lugs
      82 and 84.
PAR  In operation, this latter embodiment is inserted in a predrilled hole with
      the tapered conical portion 78 guiding the device into the hole. The lugs
      82 and 84 are compressed by the action of the hole on the tapered cam
      surfaces until they are flush with the surface of the body and the device
      can pass through the hole. When it is fully inserted, the springs 96 and
      98 force the lugs 82 and 84 outward, locking the device in the predrilled
      hole. The collar 14 and shackle 12 are then tightened down against the
      hull as before. This latter embodiment has the advantage of being the
      easiest to manipulate by an underwater diver, and it is especially useful
      in confined situations. The strength to weight ratio is not as great as
      the first two embodiments and it is not retractable as is the embodiment
      of FIG. 3.
PAR  Thus, there has been disclosed a variety of underwater salvage attachment
      devices which are advantageous in that they are relatively simple to
      manipulate while still providing a high strength to weight ratio. Various
      alternatives will become apparent to those skilled in the art. For
      example, a single spring could be substituted for the two springs in the
      embodiment of FIG. 9. However, it is not as desirable since it may not
      provide the uniform expansion that the two-spring configuration does.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  We claim:
NUM  1.
PAR  1. An attachment device for underwater salvage comprising:
PA1  a. an elongated cylindrical body;
PA1  b. an external concentric collar adjustably mounted on said body toward one
      end thereof;
PA1  c. a shackle for cable attachments pivotally mounted on said collar,
      forming a shackle-collar assembly; said shackle being free to rotate on
      said collar;
PA1  d. a plurality of extendable lugs supported in at least one aperture in the
      opposite end of the body from the shackle-collar assembly;
PA1  e. means in said cylindrical body for extending said lugs after insertion
      of the device in a predrilled hole;
PA1  f. means for adjusting the collar in a direction parallel to the
      longitudinal axis of said cylindrical body;
PA1  g. said means for adjusting the collar comprises a helical thread on said
      body and a handle rigidly attached to the shackle end of said body to
      facilitate tightening down and retention of the collar, whereby the device
      may be securely tightened against an object after attachment to increase
      side load bending strength, and provide ease in manipulation by an
      underwater diver and a high strength to weight ratio.
NUM  2.
PAR  2. The attachment device of claim 1 wherein the lug end of said body has a
      conically tapered tip to aid in insertion of said device in a predrilled
      hole.
NUM  3.
PAR  3. The attachment device of claim 2 wherein:
PA1  a. said body is hollow, and said means for extending the lugs comprises a
      shaft movably inserted in said hollow body to forcibly extend the lugs
      when the shaft is moved into said body along the longitudinal axis.
NUM  4.
PAR  4. The attachment device of claim 1 wherein the extendable lugs are
      provided by a rectangular rotatable plate seated in a slot in the end of
      said body, and the means for extending the lugs comprises a spring biased
      to rotate the plate into a position where the long axis of the plate is
      perpendicular to the axis of the body.
NUM  5.
PAR  5. The attachment device of claim 4 wherein said rectangular plate has a
      width not greater than the diameter of the body so that when the plate is
      rotated 90.degree. it is flush with the exterior surface of the body to
      permit insertion into a predrilled hole.
NUM  6.
PAR  6. An attachment device for underwater salvage comprising:
PA1  a. an elongated cylindrical body;
PA1  b. an external concentric collar adjustably mounted on said body toward one
      end thereof;
PA1  c. a shackle attached to said collar;
PA1  d. a plurality of extendable lugs supported in at least one aperture in the
      opposite end of the body from the concentric collar and shackle;
PA1  e. means for extending said lugs after insertion of the device in a
      predrilled hole;
PA1  f. said lug end of said body has a conically tapered tip to aid in
      insertion of said device in a predrilled hole;
PA1  g. means for adjusting the collar in a direction parallel to the axis of
      said body;
PA1  h. said means for adjusting the collar comprises a helical thread on said
      cylindrical body and a handle rigidly attached to the shackle end of said
      body to facilitate tightening down and retention of the collar, whereby
      the device may be securely tightened against an object after attachment to
      increase side load bending strength;
PA1  i. said cylindrical body being hollow and said means for extending the lugs
      comprises a shaft movably inserted in said hollow cylindrical body to
      forcibly extend the lugs when the shaft is moved into said body along the
      longitudinal axis;
PA1  j. said lugs being comprised of a plurality of equally spaced pins
      perpendicular to the axis of said body, and having their interior end
      conically tapered and terminating in a shoulder acting as a stop to limit
      their extension;
PA1  k. a resilient circular snap ring engaging a groove in the exterior surface
      of said cylindrical body and a slot in each lug for retaining said lugs
      flush with the exterior surface of said body during insertion in a
      predrilled hole; and
PA1  l. said shaft being comprised of a spike having a tapered tip terminating
      in a flat neck portion whereby said spike forces said lugs outward when it
      is driven into said body.
NUM  7.
PAR  7. The attachment device of claim 6 wherein there are four lugs equally
      spaced around the periphery of said body.
NUM  8.
PAR  8. The attachment device of claim 7 wherein the diameter of the neck
      portion of said spike is chosen to create an interference fit with the
      lugs thereby forcibly restraining the lugs from movement.
NUM  9.
PAR  9. The attachment device of claim 8 wherein the conically tapered tip
      comprises:
PA1  a. an end cap threaded on said body, said end cap having an aperture
      whereby the spike may be hammered out for removal of the attachment
      device; and
PA1  b. a plastic end plug inserted in the end of the hollow body between the
      end cap and spike for sealing out dust and moisture prior to use.
NUM  10.
PAR  10. An attachment device for underwater salvage comprising:
PA1  a. an elongated cylindrical body;
PA1  b. an external concentric collar adjustably mounted on said body toward one
      end thereof;
PA1  c. a shackle attached to said collar;
PA1  d. a plurality of extendable lugs supported in at least one aperture in the
      opposite end of the body from the concentric collar and shackle;
PA1  e. means for extending said lugs after insertion of the device in a
      predrilled hole;
PA1  f. said lug end of said body has a conically tapered tip to aid in
      insertion of said device in a predrilled hole;
PA1  g. means for adjusting the collar in a direction parallel to the axis of
      said body;
PA1  h. said means for adjusting the collar comprises a helical thread on said
      cylindrical body and a handle rigidly attached to the shackle end of said
      body to facilitate tightening down and retention of the collar, whereby
      the device may be securely tightened against an object after attachment to
      increase side load bending strength;
PA1  i. said cylindrical body being hollow and said means for extending the lugs
      comprises a shaft movably inserted in said hollow cylindrical body to
      forcibly extend the lugs when the shaft is moved into said body along the
      longitudinal axis;
PA1  j. said lugs being comprised of two metal pieces contoured to intermesh
      when retracted, fitted in a rectangular aperture in said body, said lugs
      each having a longitudinal slot diverging in opposite directions from a
      point on the axis of said body outward; and
PA1  k. said shaft comprising a rod threaded into said body and a driver arm
      attached to the interior end of said rod; said driver arm having a pin
      passing through the arm and engaging the slot in each lug whereby said
      lugs are extended when the rod is threaded into the body and retracted
      when the rod is threaded out.
NUM  11.
PAR  11. The attachment device of claim 10 wherein means is securely attached to
      said rod for threading it in and out.
NUM  12.
PAR  12. An attachment device for underwater salvage comprising:
PA1  a. an elongated cylindrical body;
PA1  b. an external concentric collar adjustably mounted on said body toward one
      end thereof;
PA1  c. a shackle attached to said collar;
PA1  d. a plurality of extendable lugs supported in at least one aperture in the
      opposite end of the body from the concentric collar and shackle;
PA1  e. means for extending said lugs after insertion of the device in a
      predrilled hole;
PA1  f. said lug end of said body has a conically tapered tip to aid in
      insertion of said device in a predrilled hole;
PA1  g. means for adjusting the collar in a direction parallel to the axis of
      said body;
PA1  h. said means for adjusting the collar comprises a helical thread on said
      cylindrical body and a handle rigidly attached to the shackle end of said
      body to facilitate tightening down and retention of the collar, whereby
      the device may be securely tightened against an object after attachment to
      increase side load bending strength;
PA1  i. said lugs being comprised of two metal pieces contoured to intermesh
      when retracted, fitted into a rectangular aperture in said body;
PA1  j. said lugs having longitudinal cam surfaces tapering outward from a point
      flush with said body when extended;
PA1  k. means retaining said lugs in said body; and
PA1  l. said means for extending said lugs comprising at least one spring
      between said lugs, engaging a countersunk hole in each lug; and
PA1  m. said spring being biased against any force applied to the cam surfaces
      whereby said lugs are forced inward during insertion in a predrilled hole
      and automatically extended when they pass through the hole.
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ABST
PAL  A bicycle seat mount for mounting the usual saddle seat including a special
      post and cooperating clamping bracket. The clamping bracket is adjustable
      to releasably clamp the wires of the saddle seat to permit forward and
      rearward adjustment and is attached to the post for vertical pivotal
      movement about the transversely disposed apex of an angular support
      surface provided at the upper end of the post.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  Saddle seats for bicycles or the like have been mounted in the prior art by
      many different types of seat wire clamping brackets carried in various
      ways on the upper end of the posts. They usually include the wire-clamping
      brackets carried by fittings which fit on the posts and extend radially
      therefrom. The clamping bracket is usually connected to the post fitting
      by a transverse pivot bolt about the axis of which the saddle seat is
      adjustably tilted upon loosening the bolt. It is difficult to tighten the
      bolt sufficiently to hold the seat in adjusted position and there is a
      tendency for the bolt to break under stress. The prior art assemblies are
      usually made heavy and combersome because they extend radially from the
      post and must resist resulting forces.
PAR  The present invention provides a simple seat wire clamp which permits
      forward and rearward adjustment with ease and which is connected to the
      post by a novel attaching arrangement including a special formation on the
      upper end of the post. The attachment is such that the major portion of
      the wire clamp is located directly over the post and attached directly
      thereto so that it will more effectively resist the forces to which the
      seat is subjected. This attachment and the positioning of the clamp
      directly over the post makes it possible to provide an assembly which is
      very simple and light in weight and which is free of the usual transverse
      pivot bolt and resultant disadvantages.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The best mode contemplated in carrying out this invention is illustrated in
      the accompanying drawings in which:
PAR  FIG. 1 is a side elevational view showing a saddle seat partly broken away
      to show the mounting clamp bracket and upper end of the post.
PAR  FIG. 2 is a top view of the mounting bracket, with the seat wires indicated
      by broken lines.
PAR  FIG. 3 is an axial vertical sectional view through the seat bracket taken
      on line 3--3 of FIG. 2.
PAR  FIG. 4 is a side elevational view of the post and mounting bracket taken at
      a right angle to that of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  With specific reference to FIG. 1 of the drawings, a common bicycle saddle
      seat is shown generally at S, the mounting bracket assembly of this
      invention is indicated generally at 10, and the support post is indicated
      at P with a special formation at its upper extremity to provide a pivot
      and support surface according to this invention. The bracket 10 is adapted
      to clamp to the substantially parallel portions of the usual pair of seat
      wires W which extend longitudinally or forwardly and rearwardly of the
      seat.
PAR  According to this invention, the upper end of the post P is formed to
      provide an angular support surface which has a transversely disposed
      vertex or summit line and which has surface areas on opposite sides of
      that line declining forwardly and rearwardly, respectively. This surface
      is provided by means of a plug 11 which is hollow but has a closed upper
      end and which is inserted in the open upper end of the tubular post P.
      This post is shown slightly inclined rearwardly and the plug may be
      retained therein by any suitable means such as by cementing. The upper end
      of the post and cooperating plug are formed in any suitable manner to
      provide the support surface with the transversely disposed vertex line 12
      having the downwardly inclined surface areas 13, respectively forwardly
      and rearwardly thereof. This surface arrangement is adapted to support the
      bracket assembly 10 positioned directly thereabove for tilting movement
      forwardly or rearwardly about the vertex line 12 which may be considered
      the pivot axis and which is at the axis of the post.
PAR  The bracket assembly consists of a lower support element 15 and an upper
      clamp element 16 for cooperating therewith. The lower element has a flat
      lower surface which rests on the transverse vertex line 12. It is provided
      with parallel wire-receiving cradling grooves 17 in its upper surface. The
      upper clamp element 16 is provided with similar aligning wireembracing
      grooves 18 in its lower surface. Clamping bolts are passed freely
      downwardly through aligning opening in the upper and lower elements 16
      anad 15 and are tapped into sockets in the plug 11. These bolts include a
      bolt 19 forwardly of the pivot line 12 and a bolt 20 rearwardly of that
      line. A spacer washer 21 is provided around bolt 19 and is of such
      thickness that the upper element 16 can move toward element 15 to clamp
      the wires W but its movement toward the lower element is limited. Thus,
      the bolts not only clamp the upper element 16 to the lower element 15 but
      also provide means for tilting or rocking the bracket assembly and,
      therefore, the entire seat about the pivot support line 12.
PAR  It will further be apparent that when the clamping element 16 is released
      sufficiently from the seat wires by proper adjustment of all the bolts 19
      and 20, the wires W may be slipped forwardly or rearwardly on the bracket
      assembly to thereby adjust the seat forwardly or rearwardly.
PAR  It will be noted especially from FIG. 1 that most of the assembly 10 is
      located directly over the upper end of the post P, although the members 15
      and 16 do have rearwardly extending lug formations 15a and 16a.
      Furthermore, it will be noted that the attachment of the bracket assembly
      is directly into the post, the bolts 19 and 20 being anchored directly
      into the plug 11 thereof. The direct support of the bracket assembly on
      the post with most of it directly over the post makes it possible to use a
      more simple seat mounting assembly and one which is lighter in weight.
      Furthermore, it is not necessary to provide a transverse pivot pin or bolt
      to take the various stresses developed on the seat and these stresses will
      actually tend to keep the plug in the post. The use of the spacer 21
      between the clamping elements 15 and 16 will ensure that the actual
      clamping of the wires W will be behind the pivot support line 12. Without
      this spacer there would be a tendency for the forward end of member 15 to
      swing up towards member 16, due to leverage of wires W resulting from
      weight on the rearward part of the seat, thereby tending to swing the rear
      lugs 15a downwardly from the wire.
PAR  It will be apparent from the above that this invention provides a simple
      light-weight mount for a saddle-type bicycle seat with ready adjustment
      forwardly, rearwardly or tilting downwardly or upwardly. The adjustment of
      the seat when once made is maintained. The mount is such that forces
      developed on the seat will tend to maintain the cooperative relationship
      of the parts without breakage.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A seat mount for a bicycle seat or the like comprising a post having an
      angular formation on its upper end with a transverse vertex line and areas
      which decline downwardly both forwardly and rearwardly from the vertex
      line, a bracket assembly connectable to the seat and having a lower
      surface disposed in contacting engagement with said vertex line permitting
      tilting movement of the bracket assembly about said vertex line which
      supports said bracket assembly thereon, and adjusting bolts connected to
      the bracket assembly and the upper end of the post forwardly and
      rearwardly of the vertex line to tilt the bracket assembly about said
      line.
NUM  2.
PAR  2. A seat mount according to claim 1 in which the post is a hollow post
      with an open upper end, a plug inserted and secured in the end and having
      a closed upper end, the post and plug being formed to provide the angular
      formation as a support for the seat.
NUM  3.
PAR  3. A seat mount according to claim 2 in which the adjusting bolts are
      tapped into the closed upper end of the plug forwardly and rearwardly of
      the vertex.
NUM  4.
PAR  4. A seat mount for a bicycle seat or the like comprising a post having an
      angular formation on its upper end with a transverse vertex line and areas
      which decline downwardly both forwardly and rearwardly from the vertex
      line, a bracket assembly connectable to wires of the seat and resting on
      said vertex line, said bracket assembly including a lower support element
      with a substantially flat lower surface resting on said vertex line and an
      upper clamping element for clamping the seat wires to said lower support
      element, and adjusting bolts connected to the bracket assembly and the
      upper end of the post forwardly and rearwardly of the vertex line to tilt
      the bracket assembly about said line.
NUM  5.
PAR  5. A seat mount according to claim 4 in which the lower support element has
      wire-cradling grooves in its upper surface and the upper element has
      aligning wire-embracing grooves in its lower surface.
NUM  6.
PAR  6. A seat mount according to claim 5 in which the bolts pass freely through
      the upper and lower bracket elements and a spacer washer is provided
      around the bolt which is forwardly of the vertex line and between the two
      elements.
NUM  7.
PAR  7. A seat mount for a bicycle seat or the like comprising a post having an
      angular formation on its upper end with a transverse vertex line and areas
      which decline downwardly both forwardly and rearwardly from the vertex
      line, a bracket assembly connectable to wires of the seat and resting on
      said vertex line, said bracket assembly including a lower support element
      resting on the vertex line and an upper clamping element for clamping the
      seat wires to said lower support element, adjusting bolts connected to the
      bracket assembly and the upper end of the post forwardly and rearwardly of
      the vertex line to tilt the bracket assembly about said line, and spacer
      means disposed between the two elements of the bracket assembly forwardly
      of said vertex line which permits clamping of said wires but limits
      movement of the upper element toward the lower element forwardly of the
      vertex line.
NUM  8.
PAR  8. A seat mount according to claim 7 in which said bracket assembly is
      located mainly above the post but the upper and lower elements thereof
      have rearwardly extending wire-embracing lugs.
NUM  9.
PAR  9. A seat mount for a bicycle seat or the like comprising a post having an
      upper end, a bracket assembly connectable to a bicycle seat and having a
      lower surface disposed in contacting engagement with and supported on the
      upper end of said post, one of said lower bracket assembly surface and
      said upper post end having an angular formation with a transverse vertex
      line and areas which recede both forwardly and rearwardly of the vertex
      line and the other having a cooperative surface bearing against said
      vertex line thereby permitting tilting of said bracket assembly relative
      to said post, and adjusting bolts connected to said bracket assembly and
      to the upper end of said post forwardly and rearwardly of the vertex line
      to tilt the bracket assembly about the vertex line.
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ABST
PAL  A safety wheel rim for use with pneumatic tires has a removable band which
      is securable so as to obstruct the mouth of the well used to receive the
      beads of a tire when fitting the tire onto the rim. The band can thus be
      locked against radial expansion regardless of the position of the tire
      beads so that the beads cannot accidentally enter the well in the event of
      deflation of the tire while travelling. The well may be offset from the
      median plane of the rim and also spaced from the bead-retaining flanges.
      Examples of the securing means for the band shown are an inflation valve
      stem which is screw-threaded through the outer of overlapping ends of the
      band and which cannot be inflated unless the band is secured, and screws
      arranged to tighten the band circumferentially.
PARN
PAR  This is a continuation, of application Ser. No. 356,303, filed May 2, 1973.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to wheels for use with pneumatic tires, and is
      concerned with the safety aspects of the design of the rims of such wheels
      and of their combination with pneumatic (usually tubeless) tires.
PAC  BACKGROUND OF THE INVENTION
PAR  A pneumatic tire has two inextensible beads which are retained on a wheel
      rim by radially projecting bead flanges at each side of the rim and rest
      on the base of the rim between the flanges. A single piece rim is commonly
      used, because it can be mass-produced cheaply and for tubeless tires only
      requires to be sealed at the valve hole. In order to make it possible for
      the beads to pass over the bead flanges, a well is provided in the base of
      the rim, into which one side of both beads can be sunk so that their
      opposite sides are raised high enough to pass over the bead flange. After
      the tire is fitted, the well performs no useful function until it is
      necessary to remove the tire. This done by a reverse operation, the beads
      being dislodged into the well.
PAR  In normal service the well of the rim presents no problem, but if a tire
      failure such as a blowout occurs, it presents a real hazard particularly
      at the high speeds commonplace today which nowadays is considered to be an
      unacceptable risk. After a blowout, and loss of pressure, one, or both
      tire beads frequently become dislodged by the forces acting on the wheel
      and tire and find their way into the well. Once this happens, the tire
      bead is able, under the stresses present, to pass over the rim flange, and
      set up steering reactions that cannot be controlled by the driver.
PAR  If the tire beads could be prevented from going into the well after a
      blowout, the deflated tire will remain on the rim, and improved vehicle
      control is possible.
PAR  There are multi-part types of rim that take apart for tire servicing, adn
      therefore do not require a well, but these are costly, and difficult to
      seal for tubeless application. The most common type also have the
      disadvantage that they utilise the air pressure within the tire to
      maintain an integral assembly. When this pressure is lost, as in a
      blowout, the rim frequently falls apart, and sheds its tire.
PAR  There has recently been made public, in U.K. P.S. 1160412, a proposal for a
      deformable one piece rim. The diameter of one of the flanges of a
      well-less rim is increased, or else a partial well is eliminated, by
      deforming the rim in a press tool after the tire has been fitted.
PAR  We are approaching it from an entirely different direction, one which in
      our view has many advantages. It depends on providing a well in the rim
      but obstructing access to the well at times when such access, in the event
      of tire deflation, would be dangerous.
PAR  Partial or complete obstruction of the well of a rim has been proposed
      before, for entirely different purposes. There are many early patents
      where inventors have been concerned to shift a well right to one side of
      the rim in order to allow as much room as possible within the radius of
      the rim for brake drums. Because they had done this, they had to provide
      something on which the bead of the tubed tire could be supported. See, for
      example, U.K. Pat. No. 304297 and 248305. It was also common to wrap a
      fabric layer or a split ring round the rim within the well of a spoked
      wheel to prevent the ends of the spokes from chafing the tube of a tubed
      tire on the rim (see U.K. Pat. No. 248305). This is still common practice
      with bicycle wheels today.
PAR  A modern example of the former type of proposal is seen in U.S. Pat. No.
      2840133. Here the inventor was faced with the additional difficulty of how
      to inflate his tubeless tire when, by shifting the well right up next to a
      flange, he had deprived it of its usual initial seat during inflation
      (i.e. with the heel of the bead on the base of the rim at the flange). His
      invention was directed at how to inflate a tubeless tire in this
      situation, which he solves by having means retaining the tire bead against
      which the bead seals inboard of the well for initial inflation, and
      special air passages from a permanently bridged portion of the well into
      which an inlet inflation valve opens. When inflation pressure is high
      enough, the bead flips outwardly over the bridging strip, and seats hard
      against the flange of the rim. This same action wedges the frustoconical
      bridging strip into position. There is nothing, apart from the presence of
      the bead of the tire, holding the bridging strip in place. It should also
      be noted that the ends of the strip do not meet and are not connected
      together.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is concerned with prevention of the catastrophic loss of
      steering control which frequently occurs if, when a vehicle tire deflates
      or explodes, one or both of the beads of the tire shift, fall into the
      well and then escape from the rim. It can be seen that in the arrangement
      of U.S. Pat. No. 2840133, for example, as soon as the bead shifts inwardly
      on deflation, the bridging strip is free to expand and fly off the rim
      under centrifugal force. Apart from the danger this itself would cause,
      the well is then uncovered for the bead to fall into.
PAR  Even if a bead falls into the well without escaping from the rim there is a
      loss of concentricity and hence of some steering control.
PAR  The present invention therefore provides a removable well obstructor in and
      for a wheel rim which when positioned in the rim is provided with means
      positively retaining it against radial displacement. The means are
      effective whether or not a tire is actually present, and whatever the
      position of the beads of such a tire.
PAR  The well obstructor thus denies the beads access to the well so that they
      should not escape from the rim and so that they also remain generally
      concentric with the axis of rotation of the wheel. Consequently when a
      blowout occurs there is a greatly reduced chance of the tire being lost
      with loss of control, and the beads remaining concentric retain as much as
      possible of steering control and tend to cause the vehicle to continue to
      run on the rubber material of the tire, the latter especially if low
      aspect tires are used. This latter has a second effect; the presence of a
      sandwich of rubber between the rim flange and the road will tend to
      prevent the flange engaging the road directly. If the vehicle deviates
      from a straight path, digging in of the flanges into the road can cause
      the vehicle to overturn.
PAR  In any such arrangement the obstructor can only be removed by a conscious
      human action, i.e. the release of the retaining means. A particularly
      suitable obstructor from the point of view of effectiveness, cheapness and
      ease of retention, is a band secured around the mouth of the well and
      retained by a screw or screws against circumferential expansion. The
      person installing or removing the tire has merely to push the beads across
      the rim so that the screw or screws are accessible, and do them up or undo
      them as the case may be. Especially effective are arrangements where the
      screw is arranged tangentially across a circumferential gap in the band,
      so that it can place the band under circumferential tension. The screw is
      then positioned within the well.
PAR  Alternatively, and this is a further safety feature, a radially directed
      obstructor-retaining screw may forbid passage of a bead over the
      obstructor towards the flange against which it will seat unless that screw
      is tightly home and effective to retain the obstructor. A further
      alternative is that a radially directed obstructor-retaining screw is a
      stem for an inflation valve so that the tire cannot be inflated unless the
      retaining means is effective.
PAR  When the well is positioned near a flange it allows, as in the prior art,
      more room for a brake drum assembly; but also the depth of the well may be
      minimized, and its accessibility for the fitting or removing of the
      obstructor improved.
PAR  There is no problem in the present invention in obtaining inflation of a
      tubeless tire since the seat for the bead of the tire during initial
      inflation is on the rim base beyond one edge of the obstructor and
      adjacent a flange: for this reason it is preferred that the obstructor has
      a truly cylindrical outer peripheral surface and the rim base has
      frustoconical portions adjacent the flanges. It is thus preferred that the
      well is spaced from the flange and that the rim base axially outwardly of
      the well is of a diameter such as to allow at least the heel to be seated
      thereon during initial inflation, i.e. inflation pressure is not required
      to force the bead over the obstructor. The safety wheel embodying the
      invention, and its rim, is simple to construct and a tire can be fitted
      onto it without the use of special tools or apparatus. It costs little if
      any more than conventional wheels.
PAR  The advantages in terms of increased safety are very considerable,
      especially in present day road conditions, where high speeds are becoming
      commonplace, and roads are becoming more crowded, especially on motorways,
      where the consequences of a tire blowout is usually very costly in human
      lives and material damage.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS AND OF PARTICULAR EMBODIMENTS
PAR  In the accompanying drawings there are shown various particular forms of
      the present invention, given by way of example only. In the drawings:
PAR  FIG. 1 is a section on a radius of a first embodiment of rim,
PAR  FIG. 2 is a section on the line II -- II, FIG. 1,
PAR  FIG. 3 is a view on the arrow III, FIG. 2,
PAR  FIG. 4 is a section on a radius of a second embodiment of rim, which is
      integral with a wheel disc,
PAR  FIG. 5 is a diametrical section of a third embodiment, showing a
      non-integral wheel disc,
PAR  FIG. 6 is a detail from FIG. 5,
PAR  FIG. 7 is a scrap perspective view of part of the third embodiment,
PAR  FIGS. 8, 9 and 10 show respectively further different well obstructors, the
      Figures a being elevations and the Figures b top views of the respective
      securing arrangements, and
PAR  FIG. 11 shows typical stages of fitting of a tire and a well obstructor to
      any rim embodying the invention.
DETD
PAR  The first embodiment of rim according to the invention is shown in FIGS. 1
      to 3. It is a one-piece rolled steel rim 1 with a base 2 and two bead
      flanges 3,4. The base has frustoconical portions 5, having an angle of
      conicity of about 4.degree. or 5.degree., adjacent the flanges. Tire beads
      6,7 in normal use are positioned adjacent the bead flanges and are borne
      by the frustoconical portions 5. Close to one of the bead flanges 4 is a
      well 8, which is considerably axially narrower than a conventional,
      centrally situated well. At its mouth is its radially outermost part, its
      side walls 9,10 merge into the base 2, one wall 10 merging into one of the
      frustoconical parts 5 which lies between it and the flange 4. A removable
      well obstructor 11 can occupy the mouth of the well so that its outer
      surface is flush with the surface of the base 2. THe obstructor is a split
      ring of metal of the same gauge as the metal of the remainder of the rim
      1.
PAR  One wall 10 has an aperture 12 for the insertion of an inflation valve.
      Each flange has an axially outwardly curving lip 13 at its outer radial
      portion.
PAR  The obstructor 11 is not in position when the tire is fitted, this being
      done by putting one side of the beads successively into the well and then
      passing their other sides over the flange 4 (see also FIG. 11). Because of
      the position of the well closely adjacent to the flange 4 only one bead
      need be received in it at a time. Then both beads are removed away from
      the well towards the bead flange 3 and the obstructor 11 is fitted and
      fastened in position, by fastening means for its ends. As shown in FIGS. 2
      and 3 one end 14 is joggled inwardly and is secured radially inwardly of
      the other end 16 by a screw 17. The stem of the screw 17 passes through a
      circumferentially elongate slot 18 in the end 16 and screwthreadedly
      engages a captive nut 19 secured to the end 14 e.g. by welding. The ring
      is circumferentially held tight and the screw 17 tightened up so that the
      ring cannot radially expand. The beads are then moved towards the
      respective bead flanges, one moving over the obstructor, and the tire is
      inflated through a valve provided in the aperture 12. The bead 7 may first
      seat not against the flange but against a frustoconical portion 5, as
      indicated at 7', but inflation will still be possible since this seating
      is between the edge of obstructor nearest the flange 4 and that flange. To
      remove the tire, air is released from it and the bead against the flange 4
      is dislodged towards the flange 3, the obstructor 11 unfastened and
      removed to render the well accessible so that the tire can be taken off
      the rim by using the well.
PAR  A rolled rim will be attached to a wheel disc.
PAR  During use of the tire, should it lose its air, the beads cannot enter the
      well and the beads are retained concentrically on the rim. It is preferred
      to use a low-aspect tire (that is one of about 60% aspect ratio or less)
      because such a tire, with a proper choice of the dimensions of the rim and
      having considerable lateral rigidity in the tread and breaker portion will
      offer considerable controllability after air-loss, since the tire will not
      be able to roll over to any great extent or even be able to shift the
      beads away from the flanges inwardly of the rim, except under exceptional
      circumstances. This advantage is not available, at least to such a degree,
      where tires are of a higher aspect ratio, unless especially designed with
      a stiffened sidewall. The aspect ratio of a tire is the ratio of its
      radial height to its axial width.
PAR  The lips 13 provide a bearing surface for the sidewalls of a deflated tire
      (particularly one of low aspect ratio). A sandwich of rubber formed by the
      collapsed sidewall between these surfaces and the ground will also
      contribute to preservation of steering control and tend to avoid the
      digging in of flanges into the road surface, which can cause overturning
      of the vehicle.
PAR  It is also apparent that should the screw 17 not be tightened during
      fitting it will protrude radially outward and prevent or hinder the tire
      bead 7 from being seated adjacent the flange 4 and inflated.
PAR  A second embodiment is shown in FIG. 4. Here, a rim 20 is integral with a
      wheel disc 21, which may be interrupted or gapped. These may be rolled,
      pressed, forged or cast parts, in either steel or alloy.
PAR  A base 22 of the rim has a central truly cylindrical portion with a
      frustoconical portion 23 merging into it on one axial side. Part of its
      cylindrical portion is made up by a well obstructor 24, fitted in the
      mouth of a well 25, the base of which is at the radially outermost part of
      the wheel disc 21.
PAR  The well 25 is, as in the first embodiment, between the median plane P of
      the rim and one of its flanges. In the present case it is nearer flange 26
      than flange 36. Between the well 25 and the flange 26 there is a
      frustoconical portion 27 outwardly stepped from the radius of the
      cylindrical portion of the base 22.
PAR  The portions 23 and 27 support beads 28,29 respectively of a tubeless tire,
      which, at least when the tire is inflated, seat against the flanges 26,36
      respectively.
PAR  Axially inwardly of the beads when thus seated are respective safety ridges
      or studs 30,31, formed in the surface of the base of the rim. Ridge or
      stud 31 lies between the edge of the obstructor 24 nearest the flange 26,
      and that flange. These ridges or studs are to hinder lateral movement of
      the beads when the tire is deflated, but do not prevent such movement
      (otherwise the tire could not be fitted). They are an optional feature
      only.
PAR  The edges of the obstructor 24 are seated in respective annular rebates 35
      at the mouth of the well.
PAR  An inflation valve 32 of metal or rubber is fitted to an aperture 33 in one
      wall of the well, and one or more apertures 34 pierce the well obstructor
      24 to allow passage of air freely from the well to within the tire, and
      vice versa.
PAR  Various forms of obstructor suitable for this embodiment will be described
      more fully in connection with FIGS. 8 to 10.
PAR  In a third embodiment, shown in FIGS. 5 to 7, a removable wheel rim well
      obstructor for a rim 40 generally as in the first embodiment is in the
      form of a steel band 41 which is of a length slightly greater than the
      circumference of the base 42 of the wheel rim so that its ends overlap
      when the strip is placed in its operating position. In this operating
      position its radially inwardly chamfered axial edges 43 rest on the sides
      of the mouth of an off-centre well 44 of the rim 40. The band may be as
      described in the first embodiment or as will be described with reference
      to FIGS. 8 to 10. One end of the band has a screw-threaded aperture 46
      which receives a screw-threaded element 47 in the form of a hollow stem
      which is the body of an inflation valve (the non-return parts of which are
      not shown in the drawings). The other end of the band, lying radially
      inside the first, has a plain aperture 45. The element 47 holds the two
      ends of the band 41 together so that it forms a ring and allows it to be
      secured firmly in place by passing the element 47 radially inwardly
      through an aperture 48 in the base of the well and providing on it a
      faceted part 49 with interposition between the nut and the outside of the
      base of the well of an O ring 50 and a gasket 51 to ensure the sealing of
      the leak path from the inside of the tire, which exists around the outside
      of the element 47. The radially inward end of the element 47 is
      screw-threaded at 52 for the reception of a nozzle of an inflation pump in
      conventional manner.
PAR  The radially outward end 53 of the element 47 projects, however, radially
      outwardly from the obstructor and acts as a safety bolt, that is to say,
      prevents any possibility of a tire bead indicated at 54, FIG. 5, from
      moving across the wheel rim upon deflation. This will increase further the
      degree of control available to the driver if there is a sudden deflation
      since, although the presence of the well obstructor will prevent any bead
      getting into the well and thus will prevent the tire from flying off, even
      the sliding motion of the beads along the rim which is possible when the
      tires of comparatively high aspect are used (say 70% or more) contributes
      to loss of control and it is desirable to prevent this. It is also
      noticeable that the use of the safety element to secure the well
      obstructor prevents rotation of the well obstructor relative to the wheel
      rim and, when the safety element is a valve body it ensures that the tire
      cannot be inflated until both the well obstructor and the safety element
      are securely in position.
PAR  FIG. 5 also indicates how the wheel rim 40 may be mounted on a wheel disc
      diagrammatically indicated at 55 and having a hub portion 56 for securing
      to a wheel hub, with the well off-set from the disc to an extent where the
      removable obstructor 41 bears some of the pressure of the tire bead 54
      during normal running of the tire. The tire 57 is shown as a low aspect
      ratio tubeless tire.
PAR  Various forms of obstructor bands are illustrated in FIGS. 8 to 10. It
      should be borne in mind that bands because of their ease of manufacture,
      comparative cheapness and lightness are preferred to act by themselves as
      obstructors, the invention comprehends obstructors which fully occupy the
      well.
PAR  FIGS. 8a and b show a band obstructor 60 of which the ends are
      circumferentially overlapped and secured together by a screw 61 engaging a
      captive nut 62. This differs from the form of obstructor 11 described
      earlier only in that there is no allowance for manufacturing tolerance, in
      that neither aperture through which the screw passes is circumferentially
      elongate.
PAR  FIGS. 9a and b show a preferred form of band obstructor 63. The ends 64,65
      of the band are both radially inturned to lie opposite each other. A screw
      66 extends between the ends, its stem screw threadedly engaging an
      aperture in end 64 and passable freely through an aperture in end 65. Its
      head engages the end 65. An elongate slot 67 is provided in the band
      adjacent the end 65 to allow access of a screwdriver to the head of the
      screw 66. Turning the screw draws the ends 64,65 together tangentially (or
      allows them to move apart) so that when the obstructor band is positioned
      in a rim it may be placed under a desired degree of circumferential
      tension.
PAR  FIGS. 10a and b show another form 68 where a similar tensioning effect may
      be obtained, but where one band end 69 is inturned radially and one, 70,
      outturned radially from a chordal portion 71. In the embodiments shown in
      FIGS. 9 and 10 the regions where the obstructors do not fully close the
      mouth of the well when the obstructor is fixed are not sufficiently large
      to allow a bead to enter a significant distance into the well. These
      regions also allow the passage of air freely between the well into the
      tire.
PAR  In both these last two forms of band, the screw which acts to retain the
      band in use is housed within the rim well the mouth of which the band is
      obstructing.
PAR  FIG. 11 is to illustrate the stages 1  to 5  used to fit a tire T to a
      typical rim R embodying the invention and make it ready for inflation.
      Removal of a tire involves carrying out the same steps in the reverse
      order.
PAR  In stages 1  to 3,  beads B of the tire are put one by one in the well W
      while at the opposite diameter  of the tire the bead portion there is
      pushed over the rim flange at that axial side of the rim. In stage 4  both
      beads B are pushed to one side of the rim to render the well accessible to
      the mechanic, and an obstructor is fitted and its retaining means engaged.
PAR  Then in stage 5  one bead is passed over the obstructor to engage the base
      of the rim between the well and the nearer flange, and the tire is ready
      for inflation.
CLMS
STM  I claim:
NUM  1.
PAR  1. A safety road wheel for receiving a tubeless pneumatic tire with
      inextensible beads having, in combination, a rim supported by a wheel
      structure and having a flange each axial side of the rim and a base, the
      base of the rim having a cylindrical portion and bead seats, each bead
      seat being adjacent a different one of said flanges, the bead seats being
      adapted to receive and seat beads of a tubeless tire to support loads
      transmitted between the beads and rim during use, the cylindrical portion
      of the rim having a well disposed axially between the bead seats and
      having side walls and a well base, the well being axially adjacent one of
      the bead seats and spaced from the other bead seat, the side walls
      extending radially inwardly of the cylindrical portion of the rim towards
      the well base, the well having a well mouth circumferentially continuous
      around the rim and being adapted to receive a tire bead during fitting of
      a tire, removable obstructor for the well, the obstructor including a band
      to extend circumferentially around the well at least at the mouth thereof
      and with ends of the band juxtaposed, and coupling means acting between
      the ends of the band effective for holding them positively together and
      retaining the band inextensibly and holding the obstructor radially
      towards the base of the well, the obstructor when so retained denying the
      tire bead access to any substantial circumferential length of the well,
      the said retaining means being operable at will to retain or release the
      said obstructor.
NUM  2.
PAR  2. A safety road wheel as claimed in claim 1 wherein the bead seats are
      frusto-conical, radially outwardly flaring, portions of the base, the
      obstructor being spaced away from each flange by at least an axial
      distance equal to the axial width of a said frusto-conical portion, the
      radius of the cylindrical portion and the least radius of the bead seats
      being at least as large as the greatest radius of the obstructor.
NUM  3.
PAR  3. A safety road wheel as claimed in claim 1 wherein the band is disposed
      as a circumferentially gapped circle at a radially outer part of the well
      and abutting against the side walls of the well at the mouth of the well,
      the retaining means for the obstructor including a tangentially disposed
      tightenable screw, the said screw acting between tangentially spaced ends
      of the band across the gap of the circle to exert circumferential tension
      on the band.
NUM  4.
PAR  4. A wheel assembly including a wheel structure having a central hub
      portion and a wheel rim, the rim having a base and a radially outwardly
      projecting flange at each axial edge of the base, the base having a
      radially inset well between the flanges and nearer to one of them than to
      the other, a tubeless tire having bead portions each having a base and a
      heel, the bead portions to be laterally seated against the flanges
      respectively, the axial distance between the said one flange and the well
      being such that a bead seat is defined between them on which substantially
      the whole base of a bead portion of the tire seats in use and on which the
      heel of the base of the bead portion is disposed for initial inflation,
      the axial width of the well being slightly greater than the axial width of
      each bead portion, and a removable well obstructor, adjustable force
      applying means positively but releasably retaining the obstructor
      inextensibly in the rim with a selectable level of force between the
      obstructor and the rim adjacent the well to occupy at least a radially
      outer portion of the well around substantially the whole circumference of
      the rim.
NUM  5.
PAR  5. A wheel assembly according to claim 4 wherein at least one radially
      outward projection extending circumferentially around the base of the rim
      immediately adjacent that side of the well which is nearer a flange to
      hinder lateral travel of the tire beads.
NUM  6.
PAR  6. A wheel assembly as claimed in claim 5 wherein a stepped ledge is
      provided in each side wall of the well at the mouth of the well, and
      lateral edges of the obstructor engage respectively in the said ledges.
NUM  7.
PAR  7. A wheel assembly according to claim 4 wherein the well obstructor
      includes a band having a truly cylindrical radially outer peripheral
      surface and in which the least radius of the base of the rim at each axial
      side of the well is at least as great as the greatest radius of the band
      when retained in the rim to occupy a radially outer portion of the well.
NUM  8.
PAR  8. In a flanged wheel rim having a well having a continuous circumferential
      mouth in the substantially cylindrical base of the rim and between bead
      seat portions of the base for sealingly receiving beads of a tubeless
      tire, the improvement comprising a removable obstructor including a band
      extending without interruption adjacent the mouth of the well for
      substantially the whole circumference of the well and tangentially
      directed screw means positively holding the obstructor under
      circumferential tension in the well irrespective of the position of any
      tire on the rim by positively holding the adjacent ends of the band
      adjacently together whereby to form the band into an inextensible broken
      ring, the said means being controlledly releasable at will.
NUM  9.
PAR  9. In a one-piece wheel rim having mounted thereon a tubeless tire, the rim
      having flanges, a rim base between the flanges, and a circumferentially
      continuous well with side walls and a well base, the beads of the tire
      being seated on bead seat portions respectively remote from each other
      across the well and adjacent the flanges, the beads having occupied the
      well during the mounting of the tire on the rim, and an inextensible strip
      spaced over the well base, the improvement for avoiding shedding of a tire
      bead from the rim in the event of deflation comprising screw-threaded
      means engageable to hold together circumferentially adjacent ends of the
      strip and positively prevent radial expansion of the strip, and a lateral
      retention means for a bead of the tire axially between one flange of the
      rim and the axial edge of the strip axially nearer the one flange.
NUM  10.
PAR  10. The improvement claimed in claim 9 wherein the rim is apertureless
      except for a valve aperture in the circumferentially continuous well, and
      there is at least one aperture in the strip for passing air from the well
      to inside the tire.
NUM  11.
PAR  11. A method of assembling a wheel and tubeless pneumatic tire, the wheel
      having, in combination, a rim supported by a wheel structure and a flange
      each axial side of the rim and a base, the base of the rim having a
      cylindrical portion and bead seats, each bead seat being adjacent a
      different one of said flanges, the bead seats being adapted to receive and
      seat beads of a tubeless tire to support loads transmitted between the
      beads and the rim during use, the cylindrical portion of the rim having a
      well disposed axially between the bead seats and having side walls and a
      well base, the well being axially adjacent one of the bead seats and
      spaced from the other bead seat, the side walls extending radially
      inwardly of the cylindrical portion of the rim towards the well base, the
      well having a well mouth and circumferentially continuous around the rim
      and being adapted to receive a tire bead during fitting of a tire, a
      removable obstructor for the well, the obstructor including a band to
      extend circumferentially around the well at least at the mouth thereof and
      with ends of the band juxtaposed, and coupling means acting between the
      ends of the band effective for holding them positively together and
      retaining the band inextensibly and holding the obstructor radially
      towards the base of the well, the obstructor when so retained denying the
      tire bead access to any substantial circumferential length of the well,
      the said retaining means being operable at will to retain or release the
      said obstructor, the method including the steps of using the well to
      accommodate the beads of the tire successively as they are passed over a
      flange of the rim onto the rim, then moving the beads axially clear of the
      well, placing a well obstructor at the well, securing together the ends of
      the band together by the retaining means to lock the obstructor against
      circumferential expansion, passing one bead of the tire substantially
      completely past the obstructor to seat it on the bead seat adjacent the
      well, and inflating the tire.
NUM  12.
PAR  12. A wheel rim having at each lateral edge a radially upstanding flange
      and a base disposed between the flanges and offering adjacent each flange
      respective seat portions for seating substantially the whole of the axial
      width of respective beads of a tubeless tire, a radially inwardly
      projecting well circumferentially continuous and lying substantially
      wholly between the seat portions, a mouth of the well lying radially flush
      with adjacent portions of the base, an aperture in the well affording a
      sole air path through the rim from a radially inner surface thereof to a
      radially outer surface thereof and adapted to receive an inflation valve,
      an obstructor for denying the beads access to the well from the seat
      portions, the obstructor occupying at least the mouth of the well over
      substantially the whole of the circumference thereof and extending
      substantially flush with the said adjacent portions of the base, means in
      the obstructor offering an air path for air from the valve aperture to a
      radially outer surface of the obstructor, the obstructor comprising an
      inextensible element comprising coupling means for positively acting
      between adjacent ends of the element to clamp the obstructor over the
      mouth of the well and to restrain the element against circumferential
      expansion.
NUM  13.
PAR  13. A wheel rim as claimed in claim 12 wherein the obstructor comprises a
      two-ended strap extending circumferentially around the rim in the mouth of
      the well and having a diameter at most equal to that of the adjacent
      portions of the base, and wherein the coupling means positively acting
      between the ends of the strap comprises screw means for holding the ends
      of the strap together, the screw means being engaged through apertures in
      the said ends.
NUM  14.
PAR  14. A wheel rim as claimed in claim 13 wherein a screw of the said screw
      means extends radially of the rim and bears by means of its head on one of
      the said ends and a nut screwthreadedly engaged on the screw bears on the
      other of the said ends to urge the two ends radially together.
NUM  15.
PAR  15. A wheel rim as claimed in claim 13 wherein the said ends are radially
      directed and a screw of the screw means extends tangentially of the rim
      and bears by means of its head on one of the said ends and screwthreadedly
      engage on the other of the said ends to urge the two ends tangentially
      together.
NUM  16.
PAR  16. A wheel rim as claimed in claim 13 where the obstructor substantially
      fully occupies the well.
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ABST
PAL  In pneumatic refuse systems, each vertical branch duct for receiving the
      refuse is normally connected to a main suction duct through a valve which,
      when closed, causes the refuse to be collected in the bottom of the branch
      duct and, when periodically opened, releases the accumulated refuse into
      the main duct. Liquid in the accumulated refuse also accumulates,
      undesirably, on the upper side of the valve. The invention provides an
      annular chamber positioned around the botttom of the branch duct, and
      circumferentially spaced-apart openings from the annular chamber to the
      interior of the branch duct at the level of the top of the valve, so that
      liquid accumulating at the bottom of the branch duct is collected in the
      annular chamber; a small bypass duct extends from the annular chamber to
      the adjacent main duct, so that the collected liquid is sucked out of the
      annular chamber and into the main duct, thereby clearing the valve of
      liquid.
BSUM
PAR  This invention relates to an arrangement at central installations for
      pneumatic transport of packaged refuse through a plurality of
      substantially vertical branch ducts connected to substantially horizontal
      main ducts, where the necessary vacuum of the transport air taken into the
      main duct(s) is maintained by means of a fan unit connected to the main
      ducts of the installation, which fan unit is connected on its suction side
      to one or more separator means, and where in each branch duct, before its
      connection to the main duct in question, a valve housing and movably
      therein a valve body, preferably of disc shape, are provided, through
      which at definite intervals packaged refuse is sluiced out to the main
      duct in question, which refuse was supplied to the branch ducts through
      their lockable refuse-chute doors and accumulated between said sluicing
      intervals.
PAR  It was found, particularly at central installations for pneumatic transport
      of packaged refuse from the different storeys in large multi-storey
      buildings, that in a great and increasing number of cases a.o. wet kitchen
      refuse had not been enveloped in a safe manner. Due to the refuse
      accumulating between the sluicing intervals above the valve means, it is
      also possible that in some cases the package located closest to the valve
      means is caused to break in some place by the weight of the refuse
      accumulated thereon, so that the moisture of vegetables, fish remainders
      etc. can flow out and as a sticky liquid film cover the valve means. This
      invention has as its object to eliminate this disadvantage and prevent the
      damaging effect, to which the valve means, i.e. the movable valve disc,
      may be subjected by the accumulation of liquid.
PAR  The arrangement according to the invention is characterized in that the
      branch duct is provided with an outside annular space for collecting
      liquid possibly included in the refuse, that said space communicates with
      the branch duct and is located above said valve housing and said movable
      valve body and extends along the circumference of the branch duct, and
      that said annular space is in permanent direct connection with said main
      duct through a separate pipe duct.
PAR  An advantageous embodiment of this arrangement is characterized in that the
      shell surface of the branch duct abutting the upper surface of the valve
      housing is provided with one or more apertures or slits constituting said
      connection. A preferred embodiment is characterized in that it comprises a
      throttle member in the form of a valve in said pipe duct.
DRWD
PAR  The invention is described in greater detail in the following, with
      reference to the accompanying drawing showing by way of an example an
      embodiment of the arrangement in which
PAR  FIG. 1 is an elevational view, partly in section, of apparatus according to
      the invention; and
PAR  FIG. 2 is an enlarged fragmentary view, partly in section, of the
      correspondingly-numbered parts at the left of the apparatus as shown in
      FIG. 1.
DETD
PAR  In the drawing, 1 designates one of a plurality of substantially vertical
      branch ducts connected to a central installation for large
      apartment-houses, hospitals etc., and 2 refers to a substantially
      horizontal main duct (not shown in detail). 3 designates a valve housing,
      which is provided with a disc-shaped valve body 4 reciprocating in the
      direction of the arrows and intended for sluicing-out operations to the
      main duct 2 at intervals determined by a time clock, a volumenometer, a
      level indicator etc. The branch duct 1, as appears specially from the
      enlargement, is provided with an outside annular space 5 for collecting
      the liquid possibly originating from deficiently packaged or leaking
      refuse. Particularly in summer-time, the refuse from kitchens comprises
      relatively large amounts of vegetable remainders, overmellow fruits etc.
      Also kitchen-refuse of tea-type has the tendency of delivering
      considerable amounts of liquid when it is being compressed in the vertical
      branch ducts. The accumulation of liquid on the valve disc constitutes, at
      least during the warm season, not only a sanitary inconveniency, but also
      gradually jeopardizes the easy movability of the valve disc 4. The space
      5, which extends like a sleeve along the circumference of the branch duct
      1, communicates through slits or a number of apertures 6 with the branch
      duct. 7 designates a separate, relatively narrow pipe duct, through which
      said space 5 communicates with the permanent vacuum in the main duct 2
      which is maintained in a manner known per se by means of a fan unit (not
      shown) connected to all main ducts of the installation. Owing to said
      vacuum in the main duct 2, the valve disc 4 always can be maintained dry
      and free from nasty-smelling liquid. 9 designates the connection of the
      pipe duct 7 in the space below the valve housing 3 and valve body 4, which
      space with respect to pressure is connected directly to the main duct 2. 8
      designates a throttle member in the form of a valve in said pipe duct 7.
CLMS
STM  I claim:
NUM  1.
PAR  1. In apparatus for controlling the flow of refuse from a bottom portion of
      a vertically-extending branch duct to a pneumatic main duct positioned
      beneath said bottom portion of said branch duct and operated at below
      atmospheric pressure, comprising a valve positioned between said bottom
      portion of said branch duct and said main duct, said valve having an upper
      surface on which said refuse accumulates in said bottom portion of said
      branch duct when said valve is in its closed position and which permits
      said refuse to pass through said valve and be sucked away by said
      pneumatic main duct when said valve is in its open position, said refuse
      being capable of producing on the upper surface of said valve an
      accumulation of liquid harmful to the operation of said valve,
PA1  the improvement comprising an annular chamber extending about said bottom
      portion of said branch duct at the level of the upper surface of said
      valve and having at least one opening providing liquid communication
      between said annular chamber and the interior of said branch duct at the
      level of said upper surface of said valve, thereby to collect liquid
      accumulating at said upper surface of said valve, and means connecting
      said annular chamber to the interior of said main duct when said valve is
      closed, so that the suction exerted by said lower-than-atmospheric
      pressure in said main duct removes said collected liquid from said annular
      chamber to said main duct to maintain said upper surface of said valve
      substantially dry.
NUM  2.
PAR  2. The apparatus of claim 1, in which said means connecting said annular
      chamber to said interior of said main duct comprises a bypass duct
      permanently connected between said annular chamber and said main duct.
NUM  3.
PAR  3. The apparatus of claim 2, in which said at least one opening comprises a
      plurality of openings spaced about said lower portion of said branch duct,
      and said apparatus comprises throttle valve means in said bypass duct for
      adjusting the cross-sectional size of said bypass duct.
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PAL  Apparatus for withdrawing fine material from a silo having a base sloped
      toward a discharge zone comprises a chamber within which an air feed
      nozzle registers with the lower end of a conveyor conduit which extends
      upwardly out of the silo. Fine material is admitted to the chamber via
      apertures and is entrained in air passing from the nozzle into the
      conduit.
BSUM
PAR  This invention relates to a device for the pneumatic withdrawal of fine
      material from a silo container having a container base obliquely inclined
      to a material discharge zone and provided with aeratable elements for
      loosening the material, the silo also having a pneumatic conveyor conduit
      whose material-receiving end terminates above a feed air nozzle projecting
      from below into the material discharge zone.
PAR  Silo containers can be utilized for various purposes, for example as a
      mixing and/or storage silo container for ground raw cement or the like,
      wherein air is then blown from below through the aeratable elements in the
      base into the material stored in the container so that the material is
      pneumatically loosened, mixed, if necessary, and readily extracted. In
      this connection it should also be stated that the silo containers here
      concerned are in particular those of relatively high storage capacity.
PAR  In known silo containers of large capacity, in addition to the aeratable
      elements referred to, a number of further outlet fittings such as rotary
      sliders, flat sliders and other outlet members disposed in the area of the
      outlet aperture in the base are also provided for emptying the container.
      Because of their movable parts these outlet fittings are frequently very
      liable to have faults; in addition they involve a certain structural
      height, so that firstly the storage capacity of the container is affected
      thereby and secondly the constructional costs are increased.
PAR  Silo containers of this type are also known wherein the exit apertures at
      the base of the container are provided with a relief roof or a small
      chamber. This type of relief roof is merely intended to prevent the fine
      material being extracted from directly pressing on the exit aperture and
      hence having an undesired effect on the emptying process; a chamber
      provided above the exit aperture in another known construction acts as a
      mixing chamber wherein the material coming from the container interior to
      be extracted is first better mixed. For reasonably satisfactory
      functioning both of the relief roof and of the mixing chamber, these are
      preferably connected via a further air line to a filter unit or the like,
      and this involves extra costs.
PAR  In the case of most applications of silo containers it is necessary for the
      fine material coming from the container to be conveyed upwards, so that it
      can then for instance be transferred by further conveyor members to
      further treatment stations or consuming points. With the constructions
      referred to earlier this is effected for example by disposing a pneumatic
      conveyor channel below the outlet provided at the base and which directs
      the fine material to a mechanical or pneumatic vertical conveyor which
      transports it to the required outlet point. This method involves
      undesirably high expenditure on equipment, especially for large storage
      conveyors, with the further disadvantage of relatively high space
      requirements for the installation and disposition of the conveyor members.
PAR  Smaller mixing containers are also known wherein a mixing and conveyor pipe
      is coaxially disposed, with its lower end terminating above a feed air
      nozzle projecting through the material discharge zone. This mixing and
      conveyor pipe ends either in the upper area of the mixing container, for
      purely mixing containers, or in a second mixing container, or in some
      other type of material receiving member. Because of the arrangement and
      construction of the material receiving end there can however be no
      reliable and controllable extraction of the material with these known
      constructions.
PAR  This invention has for its principal object the avoidance of the defects of
      known constructions by the provision of a device wherein reliable
      extraction of the material from the container to a higher disposed
      material-receiving station can be achieved with relatively low
      constructional costs and space requirements.
PAR  According to the invention, the material-receiving end of the pneumatic
      conveyor pipe is surrounded at a distance by a relief chamber disposed in
      the area above the material discharge zone and connected to the remaining
      interior space in the container by material entry slots in the lowest part
      of the chamber wall.
PAR  With the construction provided by the invention the loosened fine material
      moving towards the material discharge zone is relatively well directed in
      controlled fashion towards the aperture in the material receiving end of
      the pneumatic conveyor pipe. With the aid of the pneumatic conveyor pipe
      the fine material can then be fed upwards without difficulty either
      vertically or obliquely, and at the required feed rate to the receiving
      members concerned. It should be mentioned at this point that "withdrawal"
      of the fine material means both the emptying of the container and the
      pneumatic conveyance to required discharge station.
PAR  With the device provided by the invention, outlet apertures in the base of
      silo containers and the outlet fittings associated therewith become
      unnecessary, so that the difficulties and increased costs associated with
      these are also avoided. A silo container of relatively large capacity can
      thus be emptied in extremely simple and economical manner, and at the same
      time the fine material extracted from the silo container is conveyed to
      the desired higher disposed receiving station.
PAR  In accordance with the invention it is also possible to adjust the
      discharge rate from the silo container and hence also the feed rate of the
      pneumatic conveyor pipe. This can be effected in simple manner, either by
      making the size of the aperture of the material entry slots in the relief
      chamber adjustable, or by controlling the amount of air supplied through
      the feed air nozzle. It is obviously also possible to combine these two
      features.
PAR  In accordance with the invention the relief chamber may be of relatively
      simple construction in that it has a substantially cylindrical housing, or
      the housing has a polygonal cross-section of generally constant size over
      its entire height. In either case the height of the relief chamber will be
      a multiple of its diameter.
PAR  If, as in accordance with the invention, the material-receiving end of the
      pneumatic conveyor pipe is disposed generally coaxially in the relief
      chamber, there will be extremely effective and uniform flow of material
      towards the material-receiving end of the conveyor pipe.
DRWD
PAR  One embodiment of the invention will be described in more detail below with
      reference to the drawings, in which:
PAR  FIG. 1 is a schematic vertical section through the device provided by the
      invention; and
PAR  FIG. 2 is a sectional view along the line II--II in FIG. 1.
DETD
PAR  The schematic drawings show a silo container 1 of relatively large capacity
      for fine material, with an upper cover 2 having a material inlet aperture
      3, and with a base 5 inclined to a material discharge zone 4. In this
      embodiment the base 5 on the side facing the container interior is
      provided with air-permeable, porous plates 6 for loosening the fine
      material in the container. As may also be clearly seen from the drawings
      (see especially FIG. 1), the aeration surface 6a in the material discharge
      zone 4 is in general flat and horizontal. A feed air nozzle 7 projects
      from below through about the center of this aeration surface 6a into the
      material discharge zone 4.
PAR  Also provided is a pneumatic conveyor pipe 8 whose one section 9 is
      disposed generally vertically in the silo container 1 and whose
      material-receiving end 10 is approximately coaxial with the feed air
      nozzle 7 and terminates above that nozzle. The material discharge end 11
      of the pneumatic conveyor pipe 8 lies outside the silo container 1 and
      leads to an onward conveyor member 12, which in this case comprises a
      pneumatic conveyor channel. The material discharge end 11 can in this case
      terminate directly in the pneumatic conveyor channel 12, so that
      distribution members or the like are not necessary. For many embodiments,
      especially those in which other onward conveyor members are used, it may
      however be desirable to take the material discharge end of the pneumatic
      conveyor channel into a distributor disposed above the onward conveyor
      members.
PAR  An important feature in this embodiment of the invention is that the
      material-receiving end 10 of the pneumatic conveyor pipe 8 is surrounded
      at a distance by the wall of a housing forming a relief chamber 13 which
      is disposed above the material discharge zone 4 and is connected by
      material entry slots 14, provided in the lower part of the chamber wall
      15, to the remaining internal space of the silo container 1. The relief
      chamber 13 can have a polygonal cross-section which remains substantially
      the same over the entire height of the chamber. In the present embodiment
      (see especially FIG. 2) a substantially cylindrical housing 15, relatively
      simple to make, has been chosen; it lies generally coaxial with the
      material-receiving end 10 of the pneumatic conveyor pipe and hence
      surrounds this pipe at a uniform distance, selected according to
      requirements and in this case approximately the diameter of the conveyor
      pipe. Whether a polygonal cross-section or a cylindrical housing is chosen
      for the relief chamber, it will be desirable in either case to form the
      housing so that the height of the relief chamber is a multiple of its
      cross-sectional area or diameter, thus producing a relatively slender
      relief chamber 13; the ratio between the height and the diameter can for
      instance lie in the range 2.5-5:1.
PAR  The material entry slots 14 of the relief chamber 13, lying in this case
      directly above the aeration surface of the base 5 are provided with slider
      or throttle elements 14a, not shown in detail, so that the size of their
      aperture can be adjusted thereby to provide the possibility of regulating
      the feed of material to the pneumatic conveyor pipe and hence to enable
      the rate of conveyance of the pneumatic conveyor pipe to be adjusted.
      Control of the rate of extraction from the silo container and thus control
      of the conveyance rate of the pneumatic conveyor pipe can also be provided
      by a valve 7a for adjusting the amount of feeding air fed through the feed
      air nozzle 7. These two possible controls can be used separately or in
      conjunction.
PAR  As may also be clearly seen from the drawings, in the chosen embodiment the
      material discharge zone 4 is provided in the immediate vicinity of the
      peripheral wall of the silo container 1, in that the wall 15 of the relief
      chamber 13 lies directly against the inner side of the container wall and
      is affixed thereto. This arrangement also permits simplified holding
      against the inner container wall of the section of conveyor pipe 9 which
      passes generally vertically through the silo container 1.
PAR  In this connection it should however be noted that equally effective
      operation of the device provided in accordance with the invention for the
      extraction and direct pneumatic conveyance of the fine material in the
      container can also be achieved if for instance the material discharge zone
      4 and thus the relief chamber 13 and the material-receiving end 10 of the
      pneumatic conveyor pipe 8 are disposed generally centrally in the silo
      container.
PAR  To ensure that the aeratable base below the relief chamber provides
      effective loosening, the generally flat horizontal aeration surface 6a is
      preferably made to correspond generally in shape and disposition to the
      cross-section of the relief chamber 13.
PAR  The disposition and form of the loosening base in a silo container in
      accordance with the invention, and the disposition and form of the
      material-receiving end of the pneumatic conveyor pipe provide an effective
      combination of pneumatic emptying means and pneumatic conveyance means,
      marked by great simplicity, low space requirements (as compared with the
      known constructions referred to initially) and reduced power consumption.
PAR  It will obviously be understood that the pneumatic conveyor pipe need not
      necessarily be disposed vertically in the silo conveyor, but depending on
      the particular usage the conveyor pipe may also be slightly inclined to
      lead out from the peripheral wall of the container.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for pneumatically withdrawing fine material from a silo
      container having a peripheral wall and a base, said base being inclined
      toward a discharge zone, said apparatus comprising a housing within said
      container forming a relief chamber at said zone, said housing having
      apertures adjacent the base of said container to provide an entry for fine
      material into said chamber; an airfeed nozzle extending into said chamber
      from below; and a conveyor conduit extending into said chamber from above
      and having a receiving end in register with and spaced above said nozzle.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein said conduit and said chamber are
      substantially coaxial.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said chamber has a substantially
      uniform cross-sectional area over its height.
NUM  4.
PAR  4. Apparatus according to claim 1 wherein said housing has a height to
      cross-sectional area ratio between 2.5-5:1.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein said housing is immediately
      adjacent the wall of said container.
NUM  6.
PAR  6. Apparatus according to claim 1 including means for adjusting the size of
      said apertures.
NUM  7.
PAR  7. Apparatus according to claim 1 including means for adjusting the flow of
      air through said nozzle.
NUM  8.
PAR  8. Apparatus according to claim 1 wherein said base is aeratable.
NUM  9.
PAR  9. Apparatus according to claim 1 wherein said chamber has a bottom which
      is aeratable.
NUM  10.
PAR  10. Apparatus according to claim 1 including conveyor means outward of said
      container, and wherein said conduit communicates with said conveyor means.
NUM  11.
PAR  11. Apparatus according to claim 1 wherein said housing is cylindrical,
      coaxial with and spaced from said conveyor conduit, the spacing between
      said conveyor conduit and said housing corresponding substantially to the
      diameter of said conveyor conduit.
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ABST
PAL  A stabilizer for a tubular string includes a tubular body with a sleeve
      split transversely which forms two portions that fit on the body with
      means for securing the split sleeve on the body.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  Various types stabilizers have been proposed and are in use at the present
      time in tubular strings such as by way of example only, drill strings,
      sucker rods and the like. Those stabilizers with which applicant is
      familiar include radially projecting bearing surfaces formed on a tubular
      body or formed on a sleeve carried on a tubular body. Such arrangements as
      known to applicant include either a body or mandrel which is split
      transversely which is threadedly connected together along with a one piece
      sleeve to form the stabilizer, which may require that one portion of the
      mandrel be reduced in diameter for receiving the sleeve thereon.
PAR  In other forms of stabilizers, the sleeve is split longitudinally and then
      secured on the tubular body, while in other forms of stabilizers the
      sleeve may be shrunk fit on the tubular body or positioned thereon by
      other means.
PAR  Some references with which applicant is familiar include those to Salvatori
      U.S. Pat. No. 3,447,839; Cook U.S. Pat. No. 3,322,217; Smith U.S. Pat No.
      1,716,247; Swart U.S. Pat. No. 2,813,697; Ortloff et al, U.S. Pat. No.
      3,268,274; and Sandstone U.S. Pat. No. 2,352,412.
PAR  Under some conditions, it is not uncommon for one portion, such as by way
      of example only, the lower portion of a stabilizer, when it is employed in
      a drill string, to be more subject to wear than another portion, such as
      the upper portion. Thus, when the lower portion becomes sufficiently worn,
      it is necessary to replace the entire stabilizer, the difficulty of
      renewing or replacing such worn stabilizer depending upon the type
      employed.
PAR  The present invention provides a stabilizer wherein substantially the same
      outer diameter is provided throughout the longitudinal extent of tubular
      body on which the stabilizer is carried so as to inhibit stress areas in
      the mandrel during drilling operations.
PAR  Another object of the present invention is to provide a stabilizer
      including a tubular body, a sleeve split transversely to form two sleeve
      portions for fitting on the body and means for securing the split sleeve
      portions on the body.
PAR  Another object of the present invention is to provide a stabilizer
      including a tubular body, a sleeve split transversely to form two sleeve
      portions for fitting on the body and means for securing the split sleeve
      portions on the body whereby when one portion of the stabilizer wears more
      than the other, it is only necessary to replace that portion of the
      stabilizer which is worn.
PAR  Still another object of the present invention is to provide a method of
      forming a stabilizer on a cylindrical member by forming right hand threads
      on the member intermediate the ends thereof, forming left hand threads on
      the member adjacent the right hand threads and threading sleeves on each
      the left and right hand threads of the member until the sleeves abut.
PAR  Still another object of the present invention is to provide a method of
      forming a stabilizer on a cylindrical member by forming right hand threads
      on the member intermediate the ends thereof, forming left hand threads on
      the member adjacent the right hand threads and threading sleeves on each
      the left and right hand threads of the member until the sleeves abut and
      locking the sleeves on the cylindrical member.
PAR  Still another object of the present invention is to provide a stabilizer of
      relatively simple construction which overcomes the problems of stabilizers
      presently in use and known to applicant, and which is constructed so that
      even though it employs a sleeve which is split transversely, it will tend
      to retain its position and not become loosened when it is used in drilling
      operations.
PAR  Yet a further object of the present invention is to provide a stabilizer
      having radially extending bearing surfaces thereon and including a sleeve
      that is split transversely so that it may be readily and quickly
      positioned on a tubular member such as a sucker rod, drill string, casing
      and the like.
PAR  Still another object of the present invention is to provide a stabilizer
      for a tubular member which can be replaced with a minimum of effort.
PAR  Other objects and advantages of the present invention will become more
      readily apparent from a consideration of the following description and
      drawings.
PAR  A further object of the invention is to provide a stabilizer including a
      mandrel, a sleeve split transversely for positioning on the mandrel and
      means for receiving the split sleeve on the mandrel and wherein said
      sleeve is curved longitudinally on its outer surface and provides a
      bearing surface thereon.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of the preferred embodiment of the present
      invention, partly in section illustrating the tubular member and the
      sleeve which is split transversely for positioning on the tubular member;
PAR  FIG. 2 is a side elvation illustrating the preferred embodiment of the
      present invention with the transverse split sleeve in final assembled
      relationship on the tubular member with the portions of such sleeve formed
      by the transverse split in abutting relationship; and
PAR  FIG. 3 is an enlarged partial sectional view on the line 3--3 of FIG. 2
      illustrating one form of locking means which may be employed with a
      stabilizer.
DETD
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention will be described in detail with regard to a specific
      application in connection with a tubular member having a longitudinal bore
      therein, such as a drill string member; however, it can be appreciated
      that the present invention may be employed in any tubular string such as
      tubing, casing, sucker rod and the like when desired.
PAR  Attention is first directed to FIGS. 1 and 2 wherein the stabilizer for a
      tubular string is illustrated generally by the numeral 10 and is shown as
      including a tubular body referred to generally at 11. A sleeve is referred
      to generally at 13 in FIG. 2 and is split transversely as shown at 14 to
      form sleeve portions 16 and 17. Means referred to generally at 20 are
      provided for securing the split sleeve 13 in position on the tubular body
      11.
PAR  The form of the tubular body 11 as illustrated includes means at each end
      21 and 22 for securing the tubular body in a tubular string. Such means is
      illustrated as including a longitudinally extending, tapered, threaded
      recess 23 at the end 21 which is normally termed a box, and longitudinally
      extending, tapered, threaded portion 24 at the other end normally termed a
      pin. In addition, the tubular body 11 is shown as including a longitudinal
      bore 25 extending through the tubular body 11 for fluid communication
      therethrough.
PAR  The body 11 is of substantially uniform outer diameter from the end 21 to
      the end 22 thereof and includes on its outer surface left hand threads 30
      with right hand threads 31 also being formed on the outer surface 11a of
      the body adjacent the threads 30. In the form of the invention
      illustrated, the left hand threads 30 are positioned on the body 11 in
      closer relationship to the threaded box 23 than the right hand threads 31
      which are in turn closer to the threaded pin in 24 than the left hand
      threads 30 as shown in FIGS. 1 and 2 of the drawings.
PAR  A circumferentially extending groove 32 is provided in the tubular body 11
      for purposes as will be described.
PAR  The sleeve portions 16 and 17 of the sleeve 13 each include conforming left
      hand threads 35 and 36 formed on the surface 37 of the interior of each
      hollow sleeve portion 16 and 17. The threads 35 and 36 extend from each
      end 16a and 17a respectively of the sleeve portion 16 and 17 and extend a
      suitable, desired distance toward the other end of each sleeve portion.
PAR  As previously noted, the present invention is, for purposes of illustration
      only, described in configuration for use in a drill string, and it can be
      appreciated that the form and arrangement of the securing means may be
      varied as described.
PAR  The sleeve 13 also includes radially extending bearing surfaces referred to
      generally at 38 which are shown as inclined relative to the longitudinal
      axis of the sleeve member 13 and are circumferentially spaced by recesses
      39 formed in the sleeve 13. The radial extent of the bearing surfaces 38
      is such that it will engage an adjacently positioned surface such as the
      wall of a well bore, or where the invention may be employed in a sucker
      rod or other type tubular string, the stabilizer may engage a surrounding
      tubular member.
PAR  It will be further noted that in the form of the invention illustrated, the
      sleeve 13 is generally arcuate in configuration from one end to the other
      so that the central portion referred to generally at 39a in FIG. 2
      projects radially outward to a greater extent than the portions 40 at each
      end of the bearing means 38. Thus, the outer surface is convex in
      configuration with respect to the longitudinal axis of sleeve 13.
PAR  As illustrated in the drawings the individual radially extending bearing
      surfaces 38 are integrally formed on the sleeve; however, in some
      circumstances such surfaces may be formed separate from the sleeve and
      then secured in position thereon by welding or other suitable means.
PAR  Cooperating means referred to generally at 45 are provided to interconnect
      the sleeve portions 16 and 17 when they are in assembled relationship on
      the tubular body 11 and as illustrated such cooperating means 45 is shown
      as including the pin 46 positioned in the opening 47 in the end 16a of one
      of the sleeve portions 16 and a conforming opening 48 extending
      longitudinally of and from the end 17a of the other sleeve portion 17.
PAR  In addition, suitable locking means referred to generally at 50 in FIG. 3
      are provided for locking the sleeve 13 on the tubular body 11. Such
      securing or lock means 50 includes the circumferential groove 32 formed in
      the outer surface of the tubular body 11 and an opening 51 in at least one
      of the sleeve portions such as the sleeve portion 17 as shown.
PAR  When the sleeve portions 16 and 17 are in final assembled relationship on
      the tubular body 11 as illustrated in FIG. 2 of the drawings, the opening
      51 aligns with the groove 32 to enable the pin means to be inserted
      therein. As illustrated, the form of the pin means 52 is shown as
      constituting a hollow cylindrical member 53 which is provided with a slot
      54 extending longitudinally thereof. In addition, the hollow cylindrical
      member 53 may be of a slightly larger outer diameter than the diameter of
      the opening 51 so that when it is positioned in the opening and forced
      thereinto, it will snuggly fit therein and within the groove 32 to aid in
      assuring proper retention of the sleeve 13 on the tubular member 11 during
      use. Also, if desired the hollow cylindrical member 53 may be formed of
      suitable material so that it will tend to contract when forced into the
      smaller diameter opening 51, but by reason of its physical
      characteristics, it will continually tend to expand so as to form the snug
      fit hereinabove referred to.
PAR  To assemble the sleeve means 13 on the tubular body 11, each sleeve portion
      16 and 17 is slipped over an end of the tubular member 11 and engaged with
      its respective threaded surface. Rotation of the sleeve portion 16 and 17
      moves them towards each other and as they move toward each other, the pin
      means 46 may be aligned with the opening 48. When the end of the pin 46 is
      engaged within the end of the opening 48, the sleeve portions 16 and 17
      may be rotated simultaneously until their ends 16a and 17a abut as shown
      in FIG. 2 of the drawings.
PAR  Thereupon the pin means 52 may be inserted in the opening 51 and forced
      therein and into groove 32 by any suitable means.
PAR  Where the present invention is to be employed in a tubular string such as a
      drill string in a well bore so that the inclined, radially extending
      bearing surfaces 38 engage an adajcent well bore, such bearing surfaces 38
      will be of a suitable radial extent to engage the well bore as previously
      noted. In some circumstances, it has been found that the lower portion of
      the sleeve 13 will wear more quickly than the upper portion thereof as the
      tubular string in which the body 11 is positioned during drilling
      operations.
PAR  With stabilizer arrangements heretofore used, it has been necessary to
      replace the entire stabilizer sleeve 13, and the configuration and
      arrangement of such stabilizer arrangement on the tubular body 13 at least
      in some instances has required complete disassembly of the body 11 so that
      the sleeve 13 could be replaced, or such prior art devices have
      encountered other objections such as severe variations in the outer
      diameter of the tubular member to provide an engaging means for the sleeve
      means 13, which severe diameter changes in turn has provided areas or
      portions in the tubular body 11 more subject to stress concentration than
      other portion during rotation of the body 11 along with the tubular string
      in which it is connected in drilling operations.
PAR  The presented invention overcomes this and other disadvantages presently
      encountered with stabilizer arrangements in that either portion 16 or 17
      may be readily replaced merely by disengaging the pin means 52, that is by
      withdrawing or driving the pin 52 out of the opening 51 whereupon the
      sleeve 13 may be rotated in a direction reversed to that indicated by the
      arrows 60 and 61 in FIG. 1 to separate the two portions 16 and 17 and to
      enable either or both of the sleeve portions which have become worn to be
      quickly and easily replaced.
PAR  It can also be appreciated that the present invention enables the
      stabilizer arrangement to be readily formed merely by forming a left hand
      threaded surface 30 on the outer surface of the body 11 and thereafter
      forming a right hand surface 31 adjacent the left hand surface 30.
PAR  Each sleeve portion 16 and 17 may then be positioned over the end of the
      tubular member and since each respective sleeve portion 16 and 17 include
      left and right hand threads 35 and 36 for engaging with the left and right
      hand threads 30 and 31 such sleeve portions upon rotation will move
      towards each other, and as previously noted when the pin 46 engages in the
      end of the opening 48, the two sleeve portions 16 and 17 may be rotated
      simultaneously in the same direction into abutting relationship.
PAR  Since the left hand threaded surface 30 and right hand surface 31 are
      positioned on the tubular body in relation to the pin and box ends 23 and
      24 as shown, rotation of the tubular string in which the present invention
      is employed during normal drilling operations will tend to continually
      urge the sleeve portion 16 and 17 into abutting relationship. Should some
      emergency require slight or some rotation of the tubular string in an
      opposite direction, the locking or securing means 52 prevents separation
      of the sleeves 16 and 17 from each other.
PAR  The foregoing disclosure and description of the invention are illustrative
      and explanatory thereof, and various changes in the size, shape, and
      materials as well as in the details of the illustrated construction may be
      made without departing from the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A stabilizer for a tubular string including:
PA1  a. a tubular body;
PA1  b. sleeve means split transversely to form two sleeve portions for fitting
      on said body;
PA1  c. means for securing said split sleeve means on said body; and
PA1  d. said securing means including left and right hand threads on said body
      and conforming left hand threads on one sleeve portion and right hand
      threads on the other sleeve portion whereby rotation of said sleeve
      portions on said body positions said sleeve portions in end to end
      abutting relationship on said body.
NUM  2.
PAR  2. The invention of claim 1 wherein said sleeve portions each include
      radially extending bearing surfaces thereon.
NUM  3.
PAR  3. The invention of claim 2 including cooperating means to align said
      radially extending surfaces in end to end abutting relationship when said
      split sleeve is secured on said body.
NUM  4.
PAR  4. The invention of claim 3 wherein said cooperating means includes means
      on each of said sleeve portions engageable to interconnect said sleeve
      portions.
NUM  5.
PAR  5. The invention of claim 2 wherein said radially extending bearing
      surfaces are integrally formed on said sleeve portions.
NUM  6.
PAR  6. The invention of claim 4 wherein said cooperating means includes pin
      means projecting from one of said sleeve portions and an opening in the
      other of said sleeve portions for receiving said pin means.
NUM  7.
PAR  7. The invention of claim 1 wherein said securing means includes
      cooperating means between at least one of said sleeve portions and said
      body to retain said split sleeve in position on said body.
NUM  8.
PAR  8. The invention of claim 7 wherein said cooperating means includes a
      circumferentially extending groove on said body, a transverse opening in
      said one sleeve portion, and pin means for positioning in the opening and
      groove.
NUM  9.
PAR  9. The invention of claim 8 wherein said pin means of said cooperating
      means is hollow and split longitudinally and is larger than the opening in
      said one sleeve whereby said pin means fits snugly in the opening.
NUM  10.
PAR  10. The invention of claim 1 wherein said body is provided with threaded
      means for securing each end thereof in the tubular string.
NUM  11.
PAR  11. The invention of claim 1 wherein said body is provided with a threaded
      box at one end and a threaded pin at the other end for securing said body
      in the tubular string.
NUM  12.
PAR  12. The invention of claim 1 wherein said body is provided with a
      longitudinal bore therethrough.
NUM  13.
PAR  13. The invention of claim 11 wherein said body is provided with a
      longitudinal bore therethrough.
NUM  14.
PAR  14. The invention of claim 1 wherein said body is provided with a threaded
      box at one end and a threaded pin at the other end for securing said body
      in the tubular string and wherein said securing means includes left and
      right hand threads on said body and conforming right and left hand threads
      on said sleeve portions whereby said sleeve portions may be positioned in
      end to end abutting relationship on said body, said left hand threads on
      said body being positioned on said body at a position closer to said
      threaded box than said right hand threads on said body.
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ABST
PAL  A ball bushing device adapted to be mounted on a shaft, comprising a sleeve
      element containing a bore defined by an interior wall surface, plural
      balls within the sleeve, and a raceway structure between the balls and the
      sleeve element, the raceway structure having curved elastic plate members
      and having a generally concavo-convex surface facing toward the shaft and
      the concave surface facing toward the sleeve element.
BSUM
PAR  This invention relates to bushings, particularly bushings bushings of the
      kind which consists of a sleeve and a shaft, and of balls guided in a
      holder arranged therebetween, which holder is provided for the carrying of
      the balls with separate raceways inserted into the sleeve.
PAR   Ball bushings of this type are known, for example, as shown in the Swedish
      Laid Out Document No. 349,370. The raceways arranged therein are
      adjustable through a small angle from the direction of the bushing shaft,
      due to the fact that the raceway sides abutting the bore wall of the
      sleeve are chamfered toward the ends, as a result in normal position, only
      the central portion of the raceways in question abut the sleeve bore wall.
      This renders a certain obliqueness of the shaft possible relative to the
      sleeve and, in addition, to a certain extent eliminates high edge loads in
      the bushing with a possible bending of the shaft.
PAR  At such a bushing, however, the loaded balls in the central portion of the
      sleeve are subjected to high stresses because the raceways in this area
      are in substantially rigid contact with the bore wall of the sleeve. This
      implies poor radial resilience properties of the raceway. This
      arrangement, moreover, does not permit the sleeve being eccentrically
      placed relative to the shaft, which implies that if two bushings support,
      with rigid connection, a common machine element and are disposed each on
      one of two parallel shafts, as is usually the case, these shafts must be
      in parallel with high accuracy in order to permit axial movement of the
      machine element.
PAR  In accordance with the object and means of the present invention, an
      arrangement is obtained in which overload on any of the loaded balls is
      avoided, the balls are fed smoothly into the loaded zone, and a certain
      eccentricity between sleeve and shaft is permissible.
PAR  The invention is described in greater detail in the following, with
      reference to the accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  FIGS. 1 and 2 are sectional elevation views of the present invention under
      various conditions.
DETD
PAR  FIG. 1 in the drawing schematically shows a view of a ball bushing, to
      which the arrangement according to the invention is applied, and where 1
      designates the sleeve, 2 the shaft and 3 the balls comprised in the
      bushing. The bushing further includes a holder (not shown) intended for
      guiding the balls. The raceways are designated by 4. FIG. 2 shows that by
      means of the raceway according to the invention high edge loads upon
      deflection of the shaft are avoided. The raceways, which preferably are
      made of hardened steel, are inserted and guided in grooves in the inner
      surface of the sleeve. The raceways are so curved that their contact
      surfaces with the balls are convex, and their surfaces abutting the sleeve
      are concave. This implies that the central portions of the raceways, at
      least in unloaded state, are located closer to the shaft surface then
      their end portions, and that the central portions are located at a certain
      distance from the sleeve bore wall surface. This in its turn implies that
      the central portions of the raceways upon loading can perform a resilient
      motion in radial direction. At increasing load on the bushing, the balls
      are thereby also loaded to an increasing degree at the end portions of the
      raceways. As a result a more uniform distribution of the load over the
      entire bushing length is realized.
PAR  Due to the design of the raceways, the balls, upon their feeding into the
      loaded zone, are subjected to a continuously increasing load, which
      implies a smooth feed into the loaded zone.
PAR  In order to lock the raceways in the axial direction, the holder, for
      example, can be formed with an outwardly directed end flange, which
      prevents motion of the raceway in one direction. By means of a washer
      inserted in the opposed end of the sleeve, motion in the other direction
      is prevented. The axial locking may also be effected in such a manner that
      the end portions of the raceway are folded alternatingly so that the
      resulting flaps engage with the sleeve and holder, respectively.
CLMS
STM  I claim:
NUM  1.
PAR  1. A ball bushing device adapted to be mounted on a shaft, comprising:
PA1  a. a sleeve element adapted to be disposed around said shaft and comprising
      an interior wall surface defining a bore within which said shaft can be
      received;
PA1  b. plural balls disposed within said sleeve element and adapted to be
      maintained adjacent to said shaft; and
PA1  c. a raceway structure located between said balls and said sleeve element,
      said raceway structure comprising curved elastic plate members having a
      substantially concavo-convex configuration and comprising a central
      portion and end portions, the convex surface facing toward said balls and
      the concave surface facing toward said sleeve element and in an unloaded
      condition said central portion being disposed closer to said shaft and
      more remote from said sleeve element than said end portions.
NUM  2.
PAR  2. A ball bushing device as in claim 1, wherein said concave surface abuts
      said sleeve element.
NUM  3.
PAR  3. A ball bushing device as in claim 2, further comprising holder means for
      guiding said balls, said holder means being located between said balls and
      said sleeve element.
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ABST
PAL  A bearing and support structure for a speed racing roller skate including a
      support plate, a truck projecting downwardly from the center of the
      support plate, an axle projecting laterally and horizontally from the
      truck and extending into a cylindrical bearing sleeve. The cylindrical
      bearing sleeve is provided with an internal annular bearing spacer flange
      intermediate its ends, and a first ball bearing assembly is disposed
      around the axle within the sleeve and adjacent the annular spacer flange.
      A second ball bearing assembly is disposed inside the sleeve adjacent the
      spacer flange arouund the axle and on theopposite side of the spacer
      flange from the first bearing assembly. A nut is threaded on the end of
      the axle to retain the bearings and sleeve in concentric position around
      the axle, and at a particular axial position thereon. A wooden wheel
      concentrically surrounds, and is bonded to, the cylindrical sleeve.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention
PAR  This invention relates to bearing structures, and more particularly, to a
      bearing and support structure used in roller skates of the type used for
      speed racing.
PAR  Brief Description of the Prior Art
PAR  In speed racing on roller skates, a portion of the success of the racer can
      be attributed to the skill, strength and stamina of the racer, and a
      portion to the particular skate construction which characterizes the
      skates worn by the racer. In the latter regard, the type of wheel
      construction used on roller skates, and especially the types of bearings
      employed in such wheels, is of great importance, since the frictional drag
      which is offered by the bearing structure to the turning of the wheel is a
      major factor in the speed which can be attained by the skater.
PAR  Efforts have previously been directed to the devising of improved bearing
      structures for use in speed racing roller skates. Such bearing structures
      generally must take into account several characteristics of roller skates
      of the speed skating type. Thus, it has been found that the best material
      for the construction of the wheels of speed racing roller skates is wood,
      and a considerable amount of investigation and research has gone into the
      particular types of woods which function most effectively for this
      purpose. Since wood is the preferred material of wheel construction in the
      best speed skates, bearings used to support these wheels on the axles of
      the skates must take into consideration several properties of wood which
      impose limitations on the types of bearings which can be employed. Thus,
      for example, the wooden rollers wear away more rapidly, and get "out of
      round" more quickly, than would metal wheels, and wooden wheels also tend
      to undergo cracking or splitting when subject to abusive usage, or even
      when merely subjected to long periods of usage.
PAR  It has also come to be required in most roller skating contexts, including
      speed racing, that the axles which support the wheels of the skates do not
      project laterally beyond the outer sides or peripheries of the wheels of
      the skates so as to expose a relatively sharp gouging or penetrating
      member which can deface the walls adjacent the rink, or result in injury
      to persons who may collide with the skater. Moreover, each wheel is
      generally mounted on its axle in a cantilevered fashion with respect to
      the point of mechanical support of the axle at the truck which projects
      downwardly from the foot plates of the skates. The cantilevered mounting
      arrangement imposes a high bending moment on the axles due to loading of
      the axles via the wheels mounted thereon at points spaced a significant
      distance from the inward point of support of each axle at the truck.
PAR  One type of bearing structure which has previously been used is one which
      provides a generally cylindrical sleeve positioned concentrically around
      the axle and having a large bore extending therethrough which is divided
      or partitioned by an annular spacer flange which is located substantially
      midway of the cylindrical sleeve. A large opening is provided through the
      center of the annular spacer flange to accommodate extension of the axle
      therethrough. A pair of annular ball bearings are positioned inside the
      sleeve and on opposite sides of the spacer flange.
PAR  In the described bearing structure, the cylindrical sleeve has generally
      been made shorter in length than the thickness through the wooden wheel
      which it supports, with the result that incomplete support near the outer
      end of the wheel at the surface of the bore therethrough has been
      provided. Less than optimum overall radial support is therefore provided
      to prevent the wheel getting out of round, and becoming cracked as a
      result of hard use and stresses acting on the outer periphery of the
      wheel. Moreover, in the described bearing structure, the generally
      cylindrical sleeve has not been firmly bonded to the wall of the bore
      through the wooden wheel which is mounted on the cylindrical sleeve, and
      separation sometimes occurs which, in extreme circumstances, will even
      allow the wooden wheel to turn upon the cylindrical sleeve.
PAC  BRIEF DESCRIPTION OF THE PRESENT INVENTION
PAR  The present invention provides an improved bearing structure for use in
      roller skates of the type used in speed skating. Broadly described, the
      bearing structure of the present invention comprises an elongated
      cylindrical sleeve having a bore of non-uniform diameter extending from
      one end of the sleeve to the other. The bore is partitioned into a pair of
      bearing receiving chambers by means of an annular spacer flange which
      projects radially inwardly from the internal wall of the sleeve, and which
      is centrally apertured or bored to accommodate extension of a wheel axle
      therethrough. The sleeve is further characterized in having a plurality of
      axially extending, circumferentially spaced ribs projecting over a portion
      of the length of the sleeve on the outer periphery thereof. These ribs
      bite into and grip the internal wall of a wooden skate wheel, and also
      provide a space between the outer periphery of the cylindrical sleeve and
      the internal wall of the bore through the wheel to accommodate a glue or
      mastic material which firmly and tenaciously bonds the sleeve to the
      wooden wheel.
PAR  Projecting coaxially into the sleeve is the axle of the skate. The axle
      further extends through a pair of ball bearings which are mounted in the
      bore of the sleeve on opposite sides of the annular spacer flange which
      projects radially inwardly from the internal wall of the sleeve. In a
      preferred embodiment, the sleeve has a length which is substantially the
      same as the thickness of the wooden wheel mounted thereon, and the axle
      terminates short of the outer end of the sleeve so as to protect the
      exposed end of the axle. The bearings mounted around the axle and inside
      the sleeve have an inner race in contact with the axle and an outer race
      in contact with the cylindrical sleeve.
PAR  An important object of the present invention is to provide an improved
      bearing and support structure for speed racing roller skates, which
      bearing and support structure reinforces and provides enhanced mechanical
      strength to the wooden wheels used on such skates.
PAR  Another object of the invention is to provide a bearing and support
      structure for use in mounting the wooden wheels on racing skates used in
      racing roller skating, which bearing and support structure is more firmly
      bonded to the surrounding wooden skate wheel, and which is balanced with
      respect to the forces acting on the bearing in such a way that less
      frictional drag acts during the skating to oppose the rotational movement
      of the wheels mounted on the skates by means of the bearing and support
      structure.
PAR  A further object of the invention is to provide a high mechanical strength
      support structure used in combination with ball bearings in a wheel
      assembly used on roller skates used in racing.
PAR  Additional objects and advantages of the invention will become apparent as
      the following detailed description is read in conjunction with the
      accompanying drawings which illustrate the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view partly in elevation and partly in section illustrating,
      primarily in section, the bearing and support structure of the present
      invention as it appears when mounted on the axle of a roller skate.
PAR  FIG. 2 is a side elevation view of a cylindrical sleeve forming a portion
      of the bearing and support structure of the present invention.
PAR  FIG. 3 is a sectional view taken along line 3--3 of FIG. 2.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring initially to FIG. 1 of the drawings, a foot support plate 10 of a
      roller skate is illustrated as being supported upon a downwardly
      projecting truck 12. The truck 12 has secured to the lower side thereof,
      an axle housing 14 from which project in opposite directions, a pair of
      horizontally extending axles 16. The axles are generally cylindrical in
      shape, and carry a hub 18 or other suitable retaining or stop structure to
      prevent inward movement of the wheels and bearings toward the truck 12.
PAR  In addition to the axle 16, the bearing and support structure of the
      present invention includes a generally cylindrical sleeve 20 which has a
      bore 22 formed therethrough and extending from one end of the sleeve to
      the other. The bore 22 is not of uniform diameter over the length of the
      sleeve, but includes a portion of changing diameter which extends from the
      outer end 20a of the sleeve to a point 20b spaced inwardly from the outer
      end of the sleeve along the bore. The described taper of the bore 22 is
      very slight, and the diameter of the bore decreases gradually from the
      outer end of the sleeve to the point 20b inwardly in the sleeve. This
      configuration of the bore is provided for a purpose hereinafter explained
      in greater detail.
PAR  The sleeve 20 further has formed internally in the bore 22, an annular
      spacer flange 24 which projects radially inwardly and defines a central
      opening or aperture 26 which is located concentrically in the sleeve 20
      with respect to the bore 22. On the outer periphery of the sleeve 20,
      there are formed a plurality of axially extending, circumferentially
      spaced ribs 28 which are preferably generally triangular shaped in cross
      section, with an edge at the outer side thereof. The ribs 28 project from
      the inner end 20b of the sleeve 20, and extend approximately half the
      length of the sleeve.
PAR  Dimensions and material of construction of the sleeve 20 are of some
      significance and importance to the achievement of some of the advantages
      afforded by the bearing and support structure of the present invention.
      The sleeve is preferably constructed of a high density synthetic resin
      material of high mechanical strength, and the most suitable material of
      construction which I have found is a polycarbonate material sold under the
      tradename Lexan by the General Electric Company of Schenectady, New York.
      This material has very high impact strength, and can withstand heavy
      loading in compression. It enables the sleeve 20 to retain a truly round
      cross sectional configuration after molding. Other synthetic resin
      materials, such as polyester and polyacetal resins, can, however, also be
      employed. The sleeve is preferably molded to a thickness, as measured in a
      radial direction through the outer end of the sleeve, of about 0.125 inch.
      As to the other dimensions of the sleeve, the sleeve is preferably formed
      to have a length of about 1.62 inches. This length enables the sleeve to
      fit well within, and extend from one side to the other of, the standard or
      conventional wooden wheels used on racing skates. These wheels are
      substantially universally made of about 1.62 inches thickness as measured
      from the inside of the wheel near the skate to the outside thereof. One
      other type of wheel is currently sometimes used in roller skate racing,
      with such wheel being an oversized wheel of 2.25 inches thickness. It is
      to be understood that the sleeve 20 of the present invention, while
      functioning best with the conventional 1.62 inches wheel, also functions
      well with the 2.25 inches wheels and affords advantage even when used with
      wheels of this size.
PAR  The distance from the inner end 20b of the sleeve 20 to the inwardly facing
      shoulder formed by the annular spacer flange 24 is about 0.36 inch, the
      distance through the flange, measured axially (parallel to the axle 16) is
      about 0.36 inch, and the distance over which the tapered, slightly
      diametrically diminishing portion of the bore 22 extends is about 0.60
      inch. From the point 20b where this taper terminates to the outwardly
      facing shoulder formed by the annular spacing flange 26 is a distance of
      about 0.36 inch.
PAR  Positioned inside the spacer 20 in the bore 22 and adjacent the annular
      spacer flange 26 are a pair of ball bearings 30 and 32. The inner ball
      bearing 30 is positioned so that its inner race bears against the axle 16
      and, in an axial direction, against the hub 18. The outer race fits
      closely within the bore 22 of the sleeve 20 and also bears in an axial
      direction against the shoulder formed by the annular spacer flange 26. The
      outer ball bearing 32 is similarly located, with its inner race
      surrounding and bearing against the axle 16, and its outer race positioned
      within and bearing against the sleeve 20. It will be noted that the outer
      race 32 seats in a portion of the bore 22 which is of uniform diameter and
      which lies just inwardly of the tapered, diminishing diameter portion of
      the bore 22. The races 30 and 32 are retained in abutting contact with the
      annular spacer flange 26 by the shoulder 18 acting in cooperation with a
      lock nut 34 which is threaded on the outer end of the axle 16.
PAR  The wooden skate wheel used in the bearing and supporting assembly is
      designated generally by reference numeral 36. The skate wheel 36 is a
      generally cylindrical element having a central bore of substantially
      uniform diameter formed therethrough. The dimensions of the types of
      wooden skate wheels used in racing skates have already been described. The
      types of woods of which such wheels for racing skates are made have been
      the subject of extensive investigation. I have found that a wood which is
      preferably employed in the bearing and supporting structure of the present
      invention is alder wood. This wood seems to retain its cylindrical shape
      over longer periods of time, and to afford a better friction surface for
      racing.
PAR  When the bearing and support structure of the present invention is
      assembled, the sleeve 20 is first coated with an adhesive or mastic
      material such that the adhesive material forms a thin layer around the
      entire outer periphery of the sleeve 20, and between the ribs 28. The
      thickness of this layer of adhesive does not exceed the thickness, in a
      radial sense, of the ribs 28. The sleeve 20 is then pushed into the bore
      through the wooden wheel 36 and no resistance to this movement of any
      significance is encountered as the unribbed portion of the sleeve 20 is
      first advanced into the bore through the wheel 36 from the inside of the
      wheel toward the outer side thereof.
PAR  When the ribs 28 commence to enter the bore through the wheel 36, however,
      the ribs do displace some of the wood or bite into the inner surface of
      the bore through the wheel by reason of the ribs being made slightly
      larger, in an outside diameter sense, than the diameter of the bore
      through the wheel. Thus, the sleeve 20 must be forced the remainder of the
      way into its seated position in the bore through the wheel 36, and in thus
      seating the sleeve 20, the ribs 28 are caused to bite into and engage the
      surrounding wood of the wheel. Moreover, in the course of positioning the
      sleeve 20 within the wooden wheel 36, the adhesive or mastic material
      carried around the outer periphery of the sleeve 20 fills the entire space
      between the ribs and outer periphery of the sleeve, and the defining
      surface of the bore through the wheel 36. Thus, when the sleeve has been
      seated within the wheel 36 in the position shown in FIG. 1, the adhesive
      is then allowed to set up and establish a firm, uniform bond between the
      sleeve and the wheel over a large area equivalent, essentially, to the
      entire outer periphery of the sleeve 20.
PAR  I have found that the bearing and supporting structure of the present
      invention provides a minimum of frictional resistance to the rotation of
      the wheels 36 on the axles 16 so that better performance of the racing
      skater can be realized. Moreover, the use of the bearing and supporting
      structure imparts an extended effective service life to the wooden wheels
      employed in racing skates, and seems to aid substantially in retaining the
      wheels in a true round condition and in preventing cracking or splitting
      of the wheels when they are subjected to hard or abusive use. Further, in
      the employment of the bearing and supporting structure of this invention,
      the free outer end of the skate axle is in a protected position and is not
      exposed so as to gouge or impale objects or people who may come in contact
      with the outer end of the axle.
PAR  Although a preferred embodiment of the invention has been herein shown and
      has been described in detail, it will be understood that various changes
      and innovations can be made in the described structure without departure
      from such principles. All changes and innovations of this type are
      therefore deemed to be circumscribed by the spirit and scope of the
      present invention, except as the same may be necessarily limited by the
      appended claims or reasonable equivalents thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved bearing and support structure for use in roller skates
      comprising:
PA1  an elongated cylindrical sleeve having a bore of non-uniform diameter
      extending from one end of the sleeve to the other end thereof;
PA1  an annular spacer flange projecting radially inwardly into the bore from
      the sleeve and spaced axially inwardly in the bore from the opposite ends
      of the sleeve, said flange partitioning the bore into a first portion of
      uniform diameter extending from one end of the sleeve to the flange, and a
      second portion which includes a bearing seat zone of uniform diameter
      adjacent said flange with the remainder of said second portion extending
      from said bearing seat zone to the second end of said sleeve and
      continuously increasing in diameter from said bearing seat zone to said
      second end of the sleeve;
PA1  a skate axle extending into said bore concentrically in the sleeve from
      said one end at least past said bearing seat zone;
PA1  a first bearing disposed in the first portion of said bore adjacent said
      flange and around said axle between the axle and the sleeve;
PA1  a second bearing disposed in the bore at said bearing seat zone and around
      said axle between the axle and the sleeve; and
PA1  a wheel mounted on and bonded to said sleeve.
NUM  2.
PAR  2. An improved bearing and support structure as defined in claim 1 and
      further characterized in including axially extending ribs secured on the
      outer periphery of said sleeve circumferentially spaced from each other
      therearound and extending from said one end of the sleeve toward the
      second end thereof, said ribs frictionally engaging said wheel.
NUM  3.
PAR  3. An improved bearing and support structure as defined in claim 1 wherein
      said bearings are ball bearing assemblies each having an inner race
      contacting said axle and an outer race contacting said sleeve, and wherein
      said axle terminates at a location spaced inwardly in said bore from the
      second end of said sleeve whereby the axle end is protectively shielded by
      said sleeve.
NUM  4.
PAR  4. An improved bearing and support structure as defined in claim 1 wherein
      said sleeve is constructed of a high density polycarbonate synthetic
      resin.
NUM  5.
PAR  5. An improved bearing and support structure as defined in claim 1 wherein
      the ends of said sleeve are substantially conterminous with the sides of
      the wheel mounted on the sleeve.
NUM  6.
PAR  6. An improved bearing and support structure as defined in claim 1 wherein
      the axial distance from said one end of the sleeve to the flange is about
      0.36 inch, and the axial distance from the second end of the sleeve to the
      flange is about 0.96 inch.
NUM  7.
PAR  7. An improved bearing and support structure as defined in claim 1 wherein
      the radial thickness of said sleeve is about 0.125 inch.
NUM  8.
PAR  8. An improved bearing and support structure as defined in claim 2 wherein
      said ribs extend axially over about half the length of the sleeve.
NUM  9.
PAR  9. An improved bearing and support structure as defined in claim 2 wherein
      said sleeve is constructed of a high density polycarbonate synthetic
      resin.
NUM  10.
PAR  10. An improved bearing and support structure as defined in claim 2 wherein
      the ends of said sleeve are substantially conterminous with the sides of
      the wheel mounted on the sleeve.
NUM  11.
PAR  11. An improved bearing and support structure as defined in claim 2 wherein
      said bearings are ball bearing assemblies each having an inner race
      contacting said axle and an outer race contacting said sleeve, and wherein
      said axle terminates at a location spaced inwardly in said bore from the
      second end of said sleeve whereby the axle end is protectively shielded by
      said sleeve.
NUM  12.
PAR  12. An improved bearing and support structure as defined in claim 11
      wherein said sleeve is constructed of a high density polycarbonate
      synthetic resin.
NUM  13.
PAR  13. An improved bearing and support structure as defined in claim 12
      wherein said ribs extend axially over about half the length of the sleeve.
NUM  14.
PAR  14. An insert sleeve for insertion in a wheel between the wheel and
      bearings around a supporting axle, the insert sleeve comprising:
PA1  a cylinder of high density synthetic resin having a bore of non-uniform
      diameter extending therethrough;
PA1  an annular spacer flange disposed in the bore of the cylinder and
      projecting radially inwardly into the cylinder toward the axis thereof for
      retaining a pair of bearing elements spaced from each other in the bore of
      the cylinder; and
PA1  a plurality of circumferentially spaced axially extending ribs on the outer
      periphery of the cylinder and projecting from one end thereof toward the
      other end thereof over less than the full length of the cylinder;
PA1  said cylinder having a bore therethrough which includes a first portion of
      uniform diameter extending from one end of the cylinder to said annular
      spacer flange, and a second portion between said spacer flange and the
      other end of the cylinder, said second portion including a bearing seat
      zone of uniform diameter in the bore and located adjacent said spacer
      flange, with the remainder of said second portion extending from said
      bearing seat zone to said other end of the cylinder and having a
      continuously increasing diameter from said bearing seat zone to said other
      end of the cylinder.
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ABST
PAL  A refrigeration apparatus enclosure structure wherein an inner laminate
      wall portion of the enclosure defines the inner sheet liner and insulation
      disposed within an outer cabinet portion of the enclosure and is secured
      to a portion of the cabinet wall with the sheet liner portion maintained
      spaced from the cabinet wall to provide thermal insulation therebetween.
      The laminate wall is secured to the cabinet by insulative support means
      extending through openings in the insulation to the sheet liner and means
      are provided for securing the sheet liner to the inner end of the
      insulative supports. The insulating supports may further support other
      elements within the enclosure inwardly of the sheet liner.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to refrigeration apparatus enclosure structures, and
      in particular to means for mounting the sheet liner and insulation means
      of the enclosure to the outer cabinet.
PAR  2. Description of the Prior Art
PAR  In conventional refrigeration appliance cabinet constructions, an outer
      metal cabinet is provided having an inner liner which may conventionally
      be formed of plastic spaced inwardly therefrom to define a space in which
      is provided suitable insulation. The insulation may be in the form of
      fiber glass pads and in one improved form, the insulation comprises
      foamed-in-place insulation. One such foamed-in-place refrigeration
      apparatus enclosure construction is shown in U.S. Pat. No. 2,962,183 of J.
      C. Rill, Jr. et al. Such foamed-in-place cabinet constructions are
      relatively costly as they utilize separate liner elements, relatively
      costly preparations for the foaming operation, and costly fixtures for
      accurately retaining the cabinet and liner elements during the foaming
      operation. The liners are relatively expensive in that they require
      relatively costly tooling and processing steps, and the cost problems of
      such conventional foamed-in-place construction are aggravated where a
      number of different size models must be provided.
PAR  One attempted solution to this problem is that shown in U.S. Pat. No.
      3,635,536 of Robert Lackey et al, wherein a portable refrigerator is shown
      as having a low cost cabinet utilizing a foam slab box having integral
      sides formed of a single sheet of foamed plastic. This patent teaches that
      if the foamed plastic is formed in a chilled mold process, coating of the
      inner and outer sides of the sheet may be omitted as the plastic is thusly
      formed with a thick impervious skin. In the absence of such a molding
      process, metal vinyl-clad sheets of extremely thin gauge may be utilized
      as an outer facing material. The box sides are formed from a notched slab
      which permits folding to the box configuration. The notches comprise cut
      portions on the inside of the sheet permitting the thick slab to be folded
      inwardly to form the box sides.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprehends an improved refrigeration apparatus
      enclosure structure wherein a laminate wall defining the inner sheet liner
      and insulation of the enclosure is secured to the rear wall of the outer
      cabinet by insulative support means extending through openings in the
      insulation to the liner portion of the laminate wall. Securing means are
      mounted to the insulative supports for securing the sheet liner in spaced
      relationship to the cabinet wall with the insulation portion of the
      laminate wall abutting the inner surface of the cabinet wall. The
      insulative supports and openings in the laminate wall are preselected to
      maintain an alignment of the laminate wall with the cabinet wall whereby
      the periphery of the sheet liner portion is maintained spaced from the
      other cabinet walls to dispose the laminate wall in thermally insulated
      relationship. Further insulation means may be provided around the
      periphery of the laminate wall within the cabinet to fill the peripheral
      void therebetween.
PAR  The laminate wall support means is further adapted to provide support
      within the enclosure for supporting shelves and the like within the
      enclosure inwardly of the sheet liner. The supported shelves and the like
      synergistically cooperate with the securing means to retain the laminate
      wall in the desired preselected association with the outer cabinet wall.
PAR  More specifically the present invention comprehends an improved
      refrigeration apparatus enclosure construction including an outer cabinet,
      an inner laminate wall within the outer cabinet defined by an inner sheet
      liner and outer insulation extending between the inner sheet liner and the
      outer cabinet, the inner liner having folded corner portions to conform
      the laminate to the contours of the outer cabinet, the insulation being
      cut through at the folded portions to define voids outwardly of the folded
      liner portions, insulation means filling the voids, and a rear laminate
      wall secured to a rear wall of the outer cabinet by insulative support
      means extending through openings in the insulation to the liner portion of
      the rear laminate wall.
PAR  The invention further comprehends a method of constructing such a
      refrigeration apparatus enclosure including the steps of fabricating an
      outer cabinet, securing insulative supports to a rear portion of said
      cabinet, providing a first flat laminate of sheet liner and insulation,
      forming openings in said insulation, positioning said first laminate over
      said insulative supports against said rear wall, slitting a second
      laminate of sheet liner through the insulation along lines corresponding
      to the corners of the outer cabinet, folding the sheet liner at the slits
      with the sheet liner disposed inwardly, fitting the folded laminate within
      the outer cabinet with the outwardly disposed insulation confronting the
      inner surfaces of the cabinet, securing the laminate to the outer cabinet,
      and securing internal components adjacent said liner to said insulative
      supports.
PAR  Thus, the refrigeration apparatus enclosure of the present invention is
      extremely simple and economical of construction while yet providing the
      highly desirable features discussed above.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other features and advantages of the invention will be apparent from the
      following description taken in connection with the accompanying drawing
      wherein:
PAR  FIG. 1 is perspective view of a refrigeration apparatus having an enclosure
      embodying the invention;
PAR  FIG. 2 is a fragmentary perspective view of a pair of laminate sheets
      illustrating the process of forming the same into laminate wall elements
      of the enclosure construction;
PAR  FIG. 3 is an exploded perspective view illustrating the arrangement of the
      laminate walls in constructing the enclosure of the invention;
PAR  FIG. 4 is a vertical front section of the enclosure substantially along
      line 4--4 of FIG. 3 after assembly and having a divider wall therein
      dividing the space within the cabinet into a pair of refrigeration
      chambers.
PAR  FIG. 5 is a fragmentary enlarged vertical section taken substantially along
      the line 5--5 of FIG. 1;
PAR  FIG. 6 is a vertical section taken substantially along the line 6--6 of
      FIG. 5; and
PAR  FIG. 7 is a vertical section taken substantially along the line 7--7 of
      FIG. 3.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the exemplary embodiment of the invention as shown in FIGS. 1-7 of the
      drawing, a refrigeration apparatus generally designated 10 illustratively
      comprises a refrigerator defining an above-freezing compartment 11 and a
      below-freezing compartment 12 defined by an insulated enclosure 13
      provided with a pair of doors 14 and 15 for selectively closing chambers
      11 and 12. The refrigeration apparatus may include conventional evaporator
      means 16, control means 17, shelves 18, and drawer means 19. The present
      invention is concerned with the forming of the insulated enclosures 13 and
      as will be obvious to those skilled in the art, it may be utilized with
      other arrangements of refrigeration appliances, the refrigerator-freezer
      arrangement of FIG. 1 being illustrative only.
PAR  Broadly as shown in FIG. 3, the invention comprehends providing an
      enclosure 13 defined by an outer cabinet generally designated 20, rear
      wall means generally designated 21, and wall means 22 cooperating with
      rear wall means 21 to provide an insulative lining of the cabinet. The
      outer cabinet may be formed in a conventional manner from suitable
      material, such as metal, to define a forwardly opening boxlike
      construction having a top wall 23, left sidewall 24, right sidewall 25,
      rear wall 26, bottom wall 27 and a flange 9 extending around the periphery
      of the front opening 8. Wall means 21 and 22 cooperatively provide an
      inner sheet liner means and a body of insulation between the inner sheet
      liner means and outer cabinet to form the completed enclosure 13.
PAR  More specifically, as shown in FIG. 2, the laminate wall means 21 and 22
      may be formed from a laminate sheet generally designated 28 defined by a
      flat sheet liner portion 29 of metal or plastic and a body of insulation
      30 bonded between the sheet liner 29 including a thin plastic sheet 45 to
      form a laminate sandwich which may be provided in continuous length by
      suitable apparatus (not shown). At spaced intervals, the insulation is cut
      through such as at slits 31, 32, 33 and 34, permitting the sheet liner 29
      to be folded along the insulation slit lines into a pair of U-shaped
      laminate wall elements 35 and 36 to define the laminate wall means 22. The
      flat laminate sheet 28 may be cut into discrete portions 37 and 38 to form
      the rear wall means 21, as shown in FIG. 3. As shown therein, the first
      laminate wall element 35 defines an upwardly opening U-shaped
      configuration and the second laminate wall element 36 defines a downwardly
      opening U-shaped configuration. The U-shaped configuration and slit
      insulation allow manipulation of the laminate past the flange 9 when
      inserting the elements into the cabinet 13 through front opening 8.
PAR  As further shown in FIG. 3, cabinet rear wall 26 is provided with a
      plurality of locating support posts 39 and rear laminate wall portions 37
      and 38 are provided with a plurality of corresponding openings 40 for
      receiving the support posts both for locating the rear wall portions 37
      and 38 in centered relationship to the walls 23, 24, 25 and 27 of the
      outer cabinet and for securing the laminate wall portions 37 and 38 to the
      rear wall 25 of the cabinet.
PAR  As may be seen in FIG. 3, the folded corners of the U-shaped laminate walls
      35 and 36 define voids 41. Further, as shown in FIG. 4, as the rear
      laminate walls 37 and 38 are spaced inwardly from the cabinet walls 23,
      24, 25 and 27, respectively, a peripheral void 42 extends fully about the
      rear laminate wall means 21. In the illustrated embodiment, void 42 is
      filled with fiberglass insulation 43 as shown in FIG. 6 which may be
      installed therein prior to the installation of the U-shaped wall elements
      35 and 36. By utilizing the separate confronting U-shaped elements 35 and
      36, different insulation thicknesses in the insulation means of the
      refrigeration and freezer compartments of the enclosure 13 may be
      provided. Further, as seen in FIG. 4, laminate wall elements 35 and 36 may
      be maintained spaced apart to provide a thermal break in the resultant
      space 50 between the two compartments.
PAR  As shown in FIG. 5, the voids 41 may be filled with insulation 44. In the
      illustrated embodiment, insulation 44 comprises foamed-in-place insulation
      which bonds the laminate walls to the outer cabinet 13 at all four corners
      of the enclosure. Alternatively, if desired, insulation 44 may comprise
      preformed blocks of insulation material, such as urethane foam, which may
      be suitably cemented in place as desired.
PAR  The laminate walls may further be bonded to the cabinet walls by suitable
      bonding adhesive 80 as desired. In the illustrated embodiment, the sheet
      45 provides the insulation means 30 of the laminate walls with an outer
      vapor barrier.
PAR  As illustrated in FIG. 6, a bead of flexible adhesive sealant 46 may be
      laid along the seams between the sheet liner portion of the U-shaped
      laminate wall elements 35 and 36 and the front surface of the rear
      laminate wall portions 37 and 38.
PAR  Conventional breaker strip trim 47 may be assembled onto the U-shaped wall
      elements 35 and 36 and flange 9 as shown in FIG. 1.
PAR  As best seen in FIGS. 4 and 5, the compartments 11 and 12 are separated by
      a divider wall, or mullion, 48 which is retained between the sidewalls of
      the enclosure by means of a channel bracket 49 secured to sheet liner 29
      of upper U-shaped wall element 36 and sheet liner 29 of lower U-shaped
      wall element 35 adjacent gap 50 so as to straddle the gap and effectively
      close the same along the sidewalls of the enclosure. Divider wall 48, as
      best seen in FIG. 5, may comprise a pair of laminate walls including a
      sheet liner portion 51 and insulation portion 52 which define a double
      laminate sandwich having top and bottom metal sheet liner wall portions
      exposed to the chambers 12 and 11, respectively. As shown in FIG. 5, the
      bracket may be secured to the liners 29 by suitable fasteners, such as
      screws 54.
PAR  As shown in FIG. 6, mounting or support posts 39 for locating and mounting
      the rear wall portions 37 and 38 comprise plastic posts secured to the
      outer cabinet, and to the inner sheet liner 29 of the rear laminate walls
      by suitable means. The fastening means may further serve to mount support
      brackets to the sheet liner as for carrying the shelves 18 or the
      evaporator 16 in the enclosure.
PAR  More specifically, cabinet rear wall 26 is provided at spaced locations
      with a plurality of forwardly projecting insulative support posts 39
      which, as shown in FIGS. 3 and 6, may be secured to the cabinet wall by
      suitable securing means, such as screws 57. Illustratively, laminate wall
      38 is provided with a corresponding plurality of openings 60 extending
      through the insulation 30 to the inner sheet liner 29. The front end
      surface 61 of the support posts is spaced from the cabinet wall 26 a
      distance substantially equal to the thickness of the insulation 30 so
      that, as shown in FIG. 6, in the assembled relationship of the elements,
      the support post surface 61 is flush against the sheet liner 29.
PAR  Laminate wall 38 is secured to the support posts 39 by the clip bracket 59
      and suitable fastening means, such as screw 58, extending through one leg
      62 of the bracket through openings 40 in the sheet liner 29 and into the
      inner end of the support post. Clip bracket 59 further defines a turned
      end 63 projecting inwardly from the sheet liner to define a support
      portion such as for supporting the heat exchanger 16 or brackets 70
      provided for carrying the shelves 15 within the enclosure on laminate wall
      37.
PAR  As shown in FIG. 7, the support posts 39 are secured to the rear cabinet
      wall 26 by screws 57. In the illustration shown, the rear laminate wall
      portion 37 is then fitted over the posts and secured thereto by screws 58b
      which also pass through bracket 70 to also secure the bracket to the posts
      39. As shown, the opening 60 may be slightly larger than the cross section
      of the support post for facilitated installation of the laminate wall on
      the cabinet wall.
PAR  The support posts 39 may be formed of a suitable insulative material such
      as molded synthetic resin and, thus, effectively maintain the thermal
      insulation between the sheet liner 29 and the outer cabinet 26. By
      suitably positioning the support posts 39 and the openings 60, the
      peripheral edge of the sheet liner 19 may be maintained spaced inwardly
      from the side walls 24 and 25, top wall 23 and bottom wall 27 of the outer
      cabinet so as to maintain the insulated association of the sheet liner to
      the outer cabinet. In illustrating the invention, the laminate walls 37
      and 38 are described as the back walls of the enclosure. As will be
      obvious to those skilled in the art, any portion of the cabinet may be so
      constructed as to utilize the support within the scope of the invention.
PAR  Thus, the invention comprehends an improved simplified method of
      constructing a refrigeration apparatus enclosure wherein a plurality of
      flat laminates defining an inner sheet liner and an outer insulation are
      provided. The laminates for the back wall are inserted first into the
      outer cabinet and maintained in position by the insulative support posts.
      The other laminates are folded to conform to the internal configuration of
      the cabinet after firstly slitting the insulation along the desired fold
      lines with the laminate elements being firstly cut from a continuous low
      cost laminate stock material. Internal elements such as the heat exchanger
      and shelf supports can be mounted to the rear wall laminates by securing
      them to the insulative supports.
PAR  The use of the laminate construction permits adaptation of the internal
      construction of the enclosure to a wide variety of sizes and shapes of the
      refrigeration appliance enclosure. As the insulative supports effectively
      position the rear wall laminates in spaced relationship to the cabinet
      sides, the internal construction is easily assembled without fixtures.
      Mounting of the evaporator and shelf brackets to the insulative supports
      provides a support which will not crack the inner liner when plastic is
      utilized for the inner liner material.
PAR  The foregoing disclosure of specific embodiments is illustrative of the
      broad inventive concepts comprehended by the invention.
PAR  Having described the invention, the embodiments of the invention in which
      an exclusive property or privilege is claimed are defined as follows:
CLMS
NUM  1.
PAR  1.  A refrigeration apparatus enclosure structure comprising: an outer
      cabinet; a preformed inner, laminate wall within said outer cabinet
      defined by unitary construction of an inner sheet liner having an outer
      surface bonded to outer insulation confronting said outer cabinet, said
      insulation having a plurality of preformed openings therethrough, said
      sheet liner comprising the inner wall element of the enclosure structure;
      insulative support means secured to said cabinet and extending forwardly
      therefrom to be received in said openings in said insulation and terminate
      at said outer surface of said sheet liner, the laminate wall being
      positioned in preselected relationship to said outer cabinet by the
      disposition of said support means in said preformed openings whereby the
      sheet liner is fully spaced from said outer cabinet; and securing means
      securing said sheet liner to said support means for securing said sheet
      liner in preselected positioned relationship of said laminate wall with
      said cabinet wall whereby said sheet liner is in thermally insulated
      relationship to said cabinet.
NUM  2.
PAR  2. The refrigeration apparatus enclosure of claim 1 wherein said support
      means comprises a post formed of insulative material.
NUM  3.
PAR  3. The refrigeration apparatus enclosure of claim 1 wherein said sheet
      liner is provided with openings aligned with said insulation openings.
NUM  4.
PAR  4. The refrigeration apparatus enclosure of claim 1 wherein said cabinet
      back wall is provided with openings, and said support means includes
      securing means extending through said cabinet openings for securing said
      support means to said cabinet.
NUM  5.
PAR  5. The refrigeration apparatus enclosure of claim 1 wherein said support
      means comprises a post formed of synthetic resin insulative material.
NUM  6.
PAR  6. The refrigeration apparatus enclosure of claim 1 wherein said securing
      means further defines a support extending inwardly from said inner sheet
      liner for supporting an element within the enclosure.
NUM  7.
PAR  7. The refrigeration apparatus enclosure of claim 1 wherein said cabinet
      defines a back wall.
NUM  8.
PAR  8. The refrigeration apparatus enclosure structure of claim 1 further
      including shelf means, said securing means further defining means for
      supporting said shelf means within the cabinet.
NUM  9.
PAR  9. The refrigeration apparatus enclosure structure of claim 1 further
      including heat exchanger means for cooling the interior of the cabinet,
      said support means supporting said heat exchanger means within the
      cabinet.
NUM  10.
PAR  10. The refrigeration apparatus enclosure structure of claim 1 wherein said
      insulation includes an outer vapor barrier portion.
NUM  11.
PAR  11. The refrigeration apparatus enclosure structure of claim 1 wherein said
      securing means extends through said sheet liner.
NUM  12.
PAR  12. A refrigeration apparatus enclosure comprising: an outer cabinet having
      a rear wall, a top wall, and a bottom wall; support post means secured to
      said rear wall of said cabinet; a first and a second inner laminate wall
      within said outer cabinet each defined by a unitary construction of an
      inner sheet liner and outer insulation extending between said inner sheet
      liner and said outer cabinet, said first inner laminate wall positioned
      against a rear wall of said cabinet and defining openings fitted over said
      support post means, said first laminate wall inner sheet liner overlying
      the inner end of the support post means, said first inner wall including
      an upper portion positioned a preselected distance below said cabinet top
      wall as a result of the fitting of said rear wall over said support post
      means, said second laminate wall inner sheet liner having folded corner
      portions to conform the laminate to the contours of said outer cabinet,
      said second wall insulation being cut through at said folded portions to
      define voids outwardly of said folded sheet liner portions; and insulation
      means filling said voids.
NUM  13.
PAR  13. The enclosure of claim 12 wherein said support posts are formed from an
      insulative material.
NUM  14.
PAR  14. The enclosure of claim 13 wherein securing means are provided for
      securing said first wall inner laminate to said posts.
NUM  15.
PAR  15. The enclosure of claim 13 wherein said securing means further defines
      means for supporting an element within the enclosure.
NUM  16.
PAR  16. A refrigeration apparatus enclosure comprising: an outer cabinet having
      a rear wall, a top wall, and a bottom wall; support post means secured to
      said rear wall of said cabinet; a first and a second inner laminate wall
      within said outer cabinet each defined by a unitary construction of an
      inner sheet liner and outer insulation extending between said inner sheet
      liner and said outer cabinet, said first inner laminate wall positioned
      against a rear wall of said cabinet and defining openings fitted over said
      support post means, said first laminate wall inner sheet liner overlying
      the inner end of the support post means, said first inner wall including a
      lower portion positioned a preselected distance above said cabinet bottom
      wall as a result of the fitting of said rear wall over said support post
      means, said second laminate wall inner sheet liner having folded corner
      portions to conform the laminate to the contours of said outer cabinet,
      said second wall insulation being cut through at said folded portions to
      define voids outwardly of said folded sheet liner portions; and insulation
      means filling said voids.
NUM  17.
PAR  17. The enclosure of claim 16 wherein said support posts are formed from an
      insulative material.
NUM  18.
PAR  18. The enclosure of claim 16 wherein securing means are provided for
      securing said first wall to said posts.
NUM  19.
PAR  19. The enclosure of claim 16 wherein said securing means further defines
      means for supporting an element within the enclosure.
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ABST
PAL  A display stand for articles of merchandise, such as electronic
      calculators, which prospective customers may be expected to operate in
      order to test the suitability of the merchandise. The display stand
      comprises a housing having back and end walls and a front panel which is
      pivotally mounted along its top edge to permit the bottom edge to be moved
      outwardly from the back and end walls of the housing. The top of the
      display stand comprises a display shelf pivotally mounted along its bottom
      edge to permit the top edge to be moved between a first position in which
      it is in overlapping relationship with the front panel and a second
      position which permits access to the interior of the housing. A lock is
      provided on the top panel to permit securing of the top panel and the
      display shelf in the overlapping position to preclude access to the
      interior of the housing which includes a source of electrical power in the
      form of a typical 115 volt AC outlet. The display shelf is adapted to have
      articles of merchandise, such as the electronic calculators earlier
      mentioned, securely attached to it by screws or the like which pass
      through the display shelf. The display shelf is provided with an aperture
      which permits communication of the electrical power from the interior of
      the housing to the calculator to provide it with power during usage by
      prospective customers.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention may be generally described as a display stand for merchandise
      which prospective customers may be expected to operate in order to test
      the suitability of the merchandise. The display stand comprises a housing
      having a display shelf which forms part of the housing and is so oriented
      that merchandise may be displayed upon the top surface of the shelf. Means
      are provided for mounting the display shelf to the housing to permit the
      shelf to be moved between a first position which exposes the top and
      bottom surfaces of the shelf to permit secure mounting of the merchandise
      on the shelf and a second position in which only the top surface of the
      shelf is exposed to a prospective customer in order to prevent removal of
      merchandise from the shelf by the prospective customer. The display shelf
      may also be provided with an aperture which will permit communication of a
      source of electrical power provided in the display stand to the
      merchandise displayed upon the display shelf when electrical power is
      needed to operate the merchandise.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one embodiment of the present invention;
PAR  FIG. 2 is an elevational view of an end of the embodiment shown in FIG. 1
      with the front panel and display shelf in a partially pivoted position;
      and
PAR  FIG. 3 is a cross-sectional view of the embodiment of FIG. 1 taken along
      line 3--3 of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  To display properly certain types of merchandise to prospective customers
      it is necessary to permit the customer to have access to the merchandise
      in order that he may examine and operate the merchandise. For example, in
      the sale of electronic calculators it is desirable to provide the customer
      access to the calculator in order that he may use the calculator in
      determining whether it functions in a manner which he desires and to
      permit him to observe the operation of the calculator. Because of the
      relatively high cost of such items it also is desirable to provide
      security for the merchandise to prevent its theft. Such security is
      normally provided by requiring that sales personnel be present during
      customer usage of the merchandise. However, this is relatively expensive
      and limits the availability of the salesman to other customers who may be
      shopping for other items. The present invention provides a display stand
      which will permit prospective customers to operate or otherwise inspect
      the merchandise without requiring the presence of sales personnel and
      without risking theft of the merchandise. To be more particular, reference
      is made to the drawings which illustrate a preferred embodiment of the
      invention. With particular reference to FIG. 1, the display stand 10
      includes a pair of end walls 12, a back wall 14, a bottom 15, a front
      panel 16 and a display shelf 18 which form an enclosure having an interior
      space 19. The front panel 16 is pivotally attached along its top edge to
      lip 22 of back wall 14 by hinge 20 which runs the length of the top edge
      24 of panel 16. Hinge 20 permits pivotal movement of the panel 16 between
      a first position illustrated in FIGS. 1 and 3 and a second position, such
      as illustrated in FIG. 2. Panel 16 is limited in its downward movement, as
      illustrated in FIG. 3, by stops 26 which take the form of boards 26
      affixed to the interior surfaces of end walls 12. Its movement in the
      opposite direction will, of course, be limited by the abutment of panel 16
      with the lip 22 of back wall 14. The display shelf 18 is pivotally
      attached along its bottom edge 28 to the upwardly extending lip 30 of
      bottom 15 by a hinge 32. The shelf 18 is supported in its first position
      by a pair of stops 34 which take the form of boards affixed to the
      interior surface of end walls 12. The display shelf 18 comprises a base 36
      which extends between end walls 12 and has secured thereto at intervals
      along the length thereof extruded channels 38 and along the bottom edge
      thereof extruded channel 40 which cooperate to form a channel or track
      within which may be positioned a relatively thin panel 42. Both the base
      36 and panel 42 are provided with registering apertures 44. The interior
      of display stand 10 contains a source of electrical power which takes the
      form of a conventional AC outlet 46 which through an electrical conductor
      48 extends through the back wall 14 and may be connected to any
      conventional wall outlet for AC power. It can be observed from FIG. 3
      that, when the top panel 16 and display shelf 18 are in their first
      positions, they overlap. Specifically, the bottom edge 50 of the top panel
      16 will overlap the top edge 52 of display shelf 18. The panel 16 and
      shelf 18 may be temporarily secured in this position by a conventional key
      operated rotatable lock 54 having an elongated finger 56 which when lock
      54 is rotated to the locked position engages a slot 58 cut in the end wall
      12. When so engaged the finger 56 cannot be withdrawn from slot 58 and
      thus panel 16 and display shelf 18 may not be moved relative to each
      other.
PAR  If the article of merchandise to be displayed by display stand 10 is an
      electronic calculator, for example, the article may be affixed to the
      panel 42 by unlocking top panel 16 and rotating it to a position such as
      shown in FIG. 2. The display shelf 18 is then pivoted upwardly and the
      panel 42 withdrawn from the extruded channels 38 and extruded channel 40.
      The calculator, as for example calculator 60, may then be affixed to panel
      42 as by passing screws 62 through the bottom of panel 42 into threaded
      recesses provided in the bottom of the calculator. The panel 42 may than
      be reinserted into the channels 38 and 40 and the display shelf 18 pivoted
      to the position shown in FIGS. 1 and 3. The top panel 16 may then be
      pivoted downwardly to its first position and the lock 54 operated to lock
      the top panel 16 in its first position. If power is to be provided to the
      calculator 60, before locking of the top panel 16 and movement of the
      display shelf 18 to its first position, the charging unit 68 of the
      calculator may be inserted into the source of electrical power 46 and the
      charging conductor 66 passed through apertures 44 in base 36 and panel 42
      and attached to the receptacle provided in calculator 60.
PAR  With the display stand 10 it is possible to display relatively expensive
      items of merchandise which customers may be expected to operate without
      risking theft of the articles because in the locked position shown in FIG.
      3 the calculator 60 may not be easily removed from panel 42 because it is
      attached thereto by the screws 62 and panel 42 is affixed to the base 36
      by extruded channels 38 and 40. Movement of panel 42 on base 36 is
      prohibited by the top panel 16 which overlaps the top end 52 of base 36
      and the top end 64 of panel 42 preventing a customer from withdrawing the
      item of merchandise from the display stand.
PAR  Another form of embodiment which could be utilized involves forming the lip
      30 of bottom 15 and shelf 18 as an integral or rigidly integrated unit
      which could be slidably mounted relative to end walls 12 in slots provided
      in end walls 12. Such mounting would permit withdrawal of the panel 18 and
      lip 30 from the display stand 10. After attachment of the items of
      merchandise the panel 18 and lip 30 could be reinserted and a suitable
      lock means which could, for example, pass through lip 30 into base 15
      operated to secure the display shelf in a fixed position.
PAR  Other forms of the invention will suggest themselves to those skilled in
      the art after a reading of the above. Therefore, while rather specific
      terms have been used to describe a preferred embodiment of the invention
      they are not intended nor should they be construed as a limitation upon
      the invention as defined by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A display stand for merchandise which prospective customers may be
      expected to operate in order to test the suitability of the merchandise,
      the display stand comprising:
PA1  a housing having a display shelf which forms part of the housing and is so
      oriented that merchandise may be displayed upon the top surface of the
      shelf;
PA1  means for mounting the display shelf to the housing to permit the shelf to
      be moved between a first position which permits access to the bottom
      surface of the shelf and a second position in which the bottom surface of
      the shelf is inaccessible,
PA1  securing means adapted to temporarily affix the merchandise to the display
      shelf so that a prospective customer has physical access to the
      merchandise, which securing means is positioned beneath the top surface of
      said shelf and is accessible when said shelf is in the first position and
      cannot be removed by the prospective customer when the display shelf is in
      the second position to prevent removal of the merchandise from the shelf
      by the prospective customer,
PA1  said display shelf comprising:
PA1  a base;
PA1  a panel to which said articles of merchandise may be mounted; and
PA1  means for attaching said panel to said base which permits said panel to be
      removed from said base when said display shelf is in said first position
      to permit attachment of the articles of merchandise to the panel and
      returned to and securely attached to the base after attachment of the
      article of merchandise to the panel.
NUM  2.
PAR  2. The display stand of claim 1 in which said housing includes a source of
      electrical power and the display shelf is provided with an aperture to
      permit communication of the electrical power from the interior of the
      housing to an article of merchandise secured to the top surface of the
      display shelf.
NUM  3.
PAR  3. The display stand of claim 1 wherein said housing includes a source of
      electrical power and said panel and base are provided with apertures which
      permit communication of such power to articles of merchandise mounted to
      the panel.
NUM  4.
PAR  4. A display stand for merchandise which prospective customers may be
      expected to operate in order to test the suitability of the merchandise,
      the display stand comprising:
PA1  a housing having adjoining back and end walls;
PA1  a front panel pivotally mounted at its top edge to permit the bottom edge
      of the front panel to be moved between a first and second position;
PA1  a display shelf pivotally mounted along its bottom edge to permit the top
      edge to be moved between a first position and a second position, the top
      edge of said display shelf and the bottom edge of said front panel being
      adapted to overlap and when both are in their first positions to complete
      the housing;
PA1  means for temporarily securing one of said panel or shelf when they are in
      the overlapping first position to preclude access to the interior of the
      housing; and
PA1  securing means adapted to temporarily affix the merchandise to the display
      shelf so that a prospective customer has physical access to the
      merchandise, which securing means is positioned beneath the top surface of
      said shelf and is accesible when said self is in the first positon and
      cannot be removed by the prospective customer when the display shelf is in
      the second position to prevent removal of the merchandise from the shelf
      by the prospective customer.
NUM  5.
PAR  5. The display stand of claim 4 wherein said housing includes a source of
      electrical power and the display shelf is provided with an aperture to
      permit communication of the electrical power from the interior of the
      housing to an article of merchandise secured to the top surface of the
      display shelf.
NUM  6.
PAR  6. The display stand of claim 4 wherein said display shelf comprises:
PA1  a base;
PA1  a panel to which said articles of merchandise may be mounted; and
PA1  means for attaching said panel to said base which permits said panel to be
      removed from said base when said display shelf is in said first position
      to permit attachment of the articles of merchandise to the panel and
      returned to and securely attached to the base after attachment of the
      article of merchandise to the panel.
NUM  7.
PAR  7. The display stand of claim 6 wherein said housing includes a source of
      electrical power and said panel and base are provided with apertures which
      permit communication of such power to articles of merchandise mounted on
      the panel.
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ABST
PAL  A revolving kitchen package which includes a combination of various
      appliances and work areas assembled into a single unit revolvable within a
      wall section so as to present selected ones of the areas to particular
      regions on selected sides of the wall section.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Modern living, especially in suitable climates, encompasses outdoor living
      in addition to indoor living. This is indicated by the proliferation of
      patio areas which have become commonly used as outdoor living areas. Where
      climates are not suitable for substantial amounts of outdoor living,
      indoor living is divided or separated into various activity areas. This is
      indicated by the prevalence of homes which include family rooms, dens,
      playrooms, game rooms or similar areas in addition to the usual functional
      kitchen, dining room, and the like.
PAR  It has become common practice to utilize the additional area to perform
      some of the functions which are normally performed in the kitchen, such as
      food preparation, cooking, and eating for example. In such cases it is
      usually necessary to provide duplication of appliances or appurtenances or
      to hand carry items between areas. Duplication is expensive and space
      consuming, while transporting entails effort and inconvenience.
PAR  The prior art is replete with devices such as furniture built into a wall
      as a movable part thereof, or food servers in the form of rotatable tables
      which revolve through wall apertures. None of these devices, however,
      provides a means for presenting any one of several work areas selectively
      to regions on remote sides of separating walls.
PAC  SUMMARY OF THE INVENTION
PAR  The present overcomes the above and other disadvantages of the prior art by
      providing a unit comprising a group of work areas and/or appliance areas
      which are assembled into a single unit revolvably mounted in a wall or in
      a juncture between a plurality of walls so as to form in itself a wall
      section, the unit being movable about a central axis so as to selectively
      present a desired particular area to a selected region within or without
      the walls. The unit may comprise, for example, a cooking area with a top
      cooking surface and an oven, a refrigeration area, a sink and cleaning
      area, a food preparation and storage area, and other areas, each with its
      own electrical and plumbing facilities, as required.
PAR  It will be apparent that the cooking area could be used in the kitchen
      region or a patio region, or even in a third region such as a family room,
      which regions are all separated from one another by walls.
PAR  The assembled unit is driven electrically by a switch-actuated motor which
      revolves the unit, through suitable gearing, guided by a circular hidden
      track. Electrical and fluid plumbing, including drain, are provided
      through a novel coupling whereby rotation of the unit is permitted without
      fouling of the coupling.
PAR  Thus, a selected work area may be presented to a desired region, indoor and
      outdoor, by operation of a switch, thus eliminating the need for either
      duplication of work areas or hand carrying between regions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other objectives of this invention will be apparent from the
      following description taken in connection with the accompanying drawings,
      wherein:
PAR  FIG. 1 is a pictorial elevational view of an embodiment of the invention;
PAR  FIG. 2 is an enlarged axial sectional view of the structure shown in FIG.
      1;
PAR  FIG. 3 is a schematic top plan view of the structure shown in FIG. 1;
PAR  FIG. 4 is an enlarged schematic view of the patio screen structure;
PAR  FIGS. 5-7 are diagrammatic views of the movable unit illustrating rotatable
      plumbing coupling;
PAR  FIG. 8 is a vertical sectional view through a suggested electrical coupler;
      and
PAR  FIG. 9 is a vertical sectional view through the plumbing coupling.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring more particularly to the drawings wherein like characters of
      reference designate like parts throughout the several views, in FIG. 1
      there is shown a wall 10 having a first section 12 and a second section 14
      which lie substantially in a common plane in spaced end-to-end alignment.
      Wall sections 12 and 14 may include respective windows 13 and 15 if
      desired.
PAR  Within the space between adjacent ends of wall sections 12 and 14 is a
      kitchen package 16 embodying the invention. Package 16 comprises a
      grouping of selected appliances and work areas arranged side-by-side in a
      somewhat circular fashion around a central vertical axis, including a
      first large diameter grouping 18 at the top, a second large diameter
      grouping 20 at the bottom, and an interconnecting pedestal portion 22
      between the two groupings 18 and 20.
PAR  The overall diameter of top and bottom groupings 18 and 20 are
      substantially equal and are adapted to fit into the space between wall
      sections 12 and 14 as shown. Short extensions 24 and 26 of respective wall
      sections 12 and 14 are shaped to occupy space between the top and bottom
      wall sections 18 and 20 on either side of the pedestal 22 and may be
      primarily comprised of glass.
PAR  The assembled package 16 is adapted to rotate about its central axis, in a
      manner to be described, within the opening between wall sections. To
      adequately perform this function, the axis of rotation lies substantially
      inwardly of the wall 10 within the interior portion of the house, whereby
      only one work or appliance area will be located at one time in the
      exterior patio area. However, it is to be understood that in some
      installations it may be desirable to provide the larger number of areas at
      the exterior, in which case the axis of rotation will be disposed on the
      exterior side of the wall 10.
PAR  In the arrangement shown in FIGS. 1 and 2, a third wall section 28 within
      the interior may be positioned so as to provide access to one of the work
      or appliance areas from a third region, if desired. In this case the
      package 16 will be located as shown in an opening in third wall section 28
      at its juncture with wall sections 12 and 14. This arrangement is
      particularly suitable where a kitchen and a family room adjoin and it is
      desired to provide ready access to the kitchen package from either room as
      well as from the patio.
PAR  While the package 16 may comprise any selected arrangement of appliances
      and work areas, one suggested arrangement is depicted in the drawings.
      Bottom grouping 20 is shown as including a preparation area 30 including
      sink 32, disposer and storage cabinet, and above it in top grouping 16 is
      a storage cabinet 34. An adjacent bottom area is a "planning" area
      including dishwasher 36 having above it, in top grouping 16, a pull-down
      refrigerator or freezer 37 and a calculator 38. The next area is a heating
      area including, in the bottom grouping, a surface cooking unit 40 and
      oven, and above, in the upper grouping 16, a pull-down upper oven 42. The
      fourth area, in lower grouping 20, includes another preparation area with
      a refrigerator, canister dispenser, etc. 44, and above it a pull-down
      freezer 46. Shelves 48 are convenientely located between adjacent areas at
      corners of the package. Controls for appliances, as necessary, may be
      placed on adjacent surfaces of the pedestal 22, including faucet 56 etc.
      for the sink. Electrical controls for the heating, refrigerating,
      dishwashing and other electrical units, as well as suitable electrical
      outlets, are also located on the pedestal. The plumbing and electrical
      connections will be described hereinafter.
PAR  To revolve the package 16, switches (not shown) are conveniently located in
      each region for energization of a motor and gear train 52 (FIG. 2) which
      are mounted on floor 56 of the package and which rotates a gear 54 located
      within a lower portion of the package. Gear 54 projects through the floor
      56 and meshes with a cog rail 58 which is suitably fixed to any base or
      platform on which the package is located. Rail 58 is annular in shape and,
      therefore, the package will rotate about its vertical axis which coincides
      with the center of the rail. Roller bearings 60 are provided at selected
      intervals on the bottom of floor 56 for engagement with a concentric
      annular track 62 for supporting and guiding the package.
PAR  Around the entire periphery of the opening in the wall 10 there is provided
      suitable weather-protecting means such as a flexible flap 64 to adjustably
      seal the gap between wall and package.
PAR  The plumbing is effectively provided through a novel coupling 64 which is
      shown in detail in FIG. 9. The coupling 64 includes a movable upper
      element 66 which includes a central drain pipe section 68 and a disclike
      member 70 which is bolted or otherwise fixed to floor 56 for rotating
      movement with the package. Member 70 is provided with a number of
      downwardly directed annular concentric rings 72 which nest within similar
      upwardly directed concentric rings 74 which are provided on the upper
      surface of a fixed base member 76 of the coupling. Base member 76 is
      immovably fixed to any stationary base or platform and, therefore, will
      not revolve. Consequently, rings 72 of the upper member 66 will
      frictionally rotate around rings 74 of the lower member 76.
PAR  The spacing between pairs of adjoining rings 72-74 provide open channels
      78, 79 and 80 which are annular in shape. O-ring seals 82 are provided
      between the respective rings in each pair to prevent leakage of fluids
      from the channels, and rigid clips 84 are attached at intervals around the
      periphery of the base member 76 to engage a lip 86 on outer ring 72 of
      member 66 to constantly retain the seals 82 in compression between the
      rings.
PAR  Connected to each channel 78, 79 and 80 within fixed base member 76 is a
      respective inlet pipe 81, 82 and 83. Also, connected to each channel 78,
      79 and 80 within the movable member 66 is a respective outlet pipe 84, 85
      and 86. Outlet pipes 84, 85 and 86 move with the coupling member 66 but
      always remain in communication with their respective channels.
PAR  Hot water, for example, may be injected into channel 78 via inlet pipe 81
      and will then flow out of channel 78 via outlet pipe 84 and through
      additional piping 88 to the sink 32. Likewise, cold water which is
      injected by pipe 83 into channel 80 will flow out through pipe 86 and
      additional piping 89 to the sink 32. In the same manner, gas which is
      injected from pipe 82 into channel 79 will flow out through pipe 85 and
      additional piping 90 to the cooking appliances.
PAR  The drain 92 from sink 32 is attached by a coupling 94 to the drain pipe
      section 68 of upper coupling member 66, which pipe section 68 communicates
      directly with a similar outlet drain pipe section 96 of the fixed coupling
      member 76. Thus, all plumbing conveniences are provided for the package.
PAR  FIGS. 5, 6 and 7 illustrate various positions of the plumbing which forms a
      part of the kitchen package and shows how communication is maintained
      between this plumbing and the fixed outlet plumbing when the package is
      located in different positions.
PAR  Electrical wiring comprises a cable 98 (FIGS. 2 and 8) which may be
      connected to a source of electrical energy at one end and at its other end
      enters a terminal box 100 carried at the top of the package. Box 100 is
      fixed at its upper end portion 102 to a suitable support 104, and its
      lower portion 106 is fixed to the top of the package and is rotatable with
      respect to the upper portion 102 so that it can revolve with the package.
      The wires 108-110 of cable 98 are attached to respective terminal members
      in the fixed portion 102, which terminal members include flexible contacts
      112-114 which engage a pair of fixed contacts 116-118 in the movable
      portion 106 of the box.
PAR  Contacts 116-118 are carried by a support member 120 which is fixed to box
      portion 106 for rotary movement therewith. When the package and box
      portion 106 revolve, the support member 120 and contacts 116-118 will also
      move. Thus, sliding contact between the flexible contacts 112-114 and
      fixed contacts 116-118 is maintained. Since all wiring into the package is
      taken from contacts 116-118, as by wires 122-124 of cable 126, no kinking
      of the wiring occurs. Cable 126 may extend downwardly through the pedestal
      22 for connection to appliances and outlets as required.
PAR  In FIGS. 3 and 4 the kitchen package 16 is adapted to extend partly into a
      patio area. In such a case it is sometimes desirable to provide a folding
      screen or partition 128 to be moved into shielding relation to the package
      as shown. Such screen or partition may take any convenient form.
PAR  From the foregoing it will be apparent that all of the objectives of this
      invention have been achieved by the invention shown and described. It will
      be apparent, however, that various modifications and changes in the
      invention may be made by those skilled in the art without departing from
      the spirit of the invention as expressed in the accompanying claims.
      Therefore, all matter shown and described is to be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  I claim:
NUM  1.
PAR  1. A kitchen package adapted for movable mounting within a wall comprising
      a group of selected appliances and conveniences assembled into a unit,
      means for rotating said unit about a vertical axis to locate selected ones
      of said appliances and conveniences in predetermined position with respect
      to said wall, one of said conveniences comprising a water-utilizing device
      having a water inlet and a drain, and coupling means comprising a first
      fixed member mounted on said support for connection to external drainage
      means and source of water, and a second member mounted on said unit for
      rotation therewith and connected in rotatable water-tight relation to said
      first member, said second member being connected to said drain and water
      inlet of said device, said coupling members having therein separate
      cooperating compartment means for conveying fluids to said water inlet and
      separately from said drain.
NUM  2.
PAR  2. A kitchen package adapted for mounting within an opening in a wall and
      for rotation upon a base within said opening about a vertical axis,
      comprising spaced upper and lower groups of selected appliances and
      conveniences arranged in circular fashion around said axis, said groups
      being of substantially equal outside diametric size, a pedestal section of
      smaller diametric size interconnecting said groups and forming a unit
      therewith, said axis extending through said pedestal, means for rotating
      said unit about said axis on said base, water control elements located in
      said pedestal section for cooperative use with at least one of said
      conveniences, at least one of said conveniences comprising a drain and
      coupling means in said base comprising a first fixed member mounted on
      said base for connection to external drainage means and source of water,
      and a second member mounted on the unit for rotation therewith and
      connected in rotatable water-tight relation to said first member, said
      second member being connected to said drain of the device and to said
      water control elements in said pedestal section, said coupling members
      having separate cooperating compartment means therein for conveying water
      to said water control elements and for separately conveying fluids from
      said drain.
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ABST
PAL  The rear and side panels of a drawer are formed from a single slab of
      foamed rigid poly(vinyl chloride) having a reinforcing densified core and
      a densified outer skin with a wood grain pattern thereon. A longitudinal
      groove is formed in one surface of the slab adjacent the bottom edge
      thereof, and two V-shaped grooves are cut across the width of the same
      surface at appropriate ultimate corner forming locations. Appropriate
      guide slots and drawer front fastening configurations are formed on the
      slab. The slab is heated and bent at the V-shaped groove locations to form
      the rear and side panels of the drawer. A drawer bottom panel is installed
      in the longitudinal groove adjacent the bottom edge of the rear and side
      panels and the drawer front is attached. The drawer looks, feels, sounds,
      and handles like wood, but is less expensive and has many desirable
      qualities not possessed by wood.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is related to application Ser. No. 123,739 filed Mar. 12,
      1971, entitled "Method for Producing Thick, Reinforced, Cellular Slabs of
      Rigid Poly(Vinyl Chloride) by Extrusion,"  in the names of Andrew E.
      Graham, Jr., and Rickie L. Sitler and now U.S. Pat. No. 3,806,567.
PAR  This is a continuation of application Ser. No. 127,258, filed Mar. 23, 1971
     .
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a drawer having the rear and side panels thereof
      fabricated from a foamed plastic slab. More particularly, the invention
      relates to a drawer having rear and side panels made from a single slab of
      extruded foamed rigid poly(vinyl chloride) having a reinforcing dense core
      and a densified outer skin with a simulated wood grain pattern thereon.
PAR  2. Description of the Prior Art
PAR  The desirability of having a drawer or drawer frame which would be durable,
      inexpensive, require less storage space and be simple to fabricate and
      assemble has long been recognized.
PAR  Prefabricated plastic drawers have been produced in the past by deep
      drawing and injection molding processes. However, such methods required
      the use of a variety of expensive dies, molds and raw material. In
      addition, exorbitant shipping and storage space was required, and the
      drawers so formed looked, felt, sounded and handled like plastic.
PAR  An attempt to correct the foregoing problems is disclosed by U.S. Pat. No.
      3,462,208, wherein a drawer form is fabricated from an extruded profiled
      sheet of plastic by cutting appropriately shaped blanks therefrom and
      bending the plastic to form a drawer having back and side walls integral
      with a bottom portion.
PAR  U.S. Pat. No. 3,312,516 also discloses a method for forming a plastic
      drawer wherein the back and side walls thereof are formed from an extruded
      profiled plastic board having an outwardly protruding channeled rib in its
      lower portion and an outwardly projecting flange at its upper edge. The
      profiled board is heated at the points which are to form the rear corners
      of the drawer, and the board is bent at these points to form the drawer
      frame. By this method, drawers of different sizes can be produced without
      changing the profile of the board by simply cutting it correspondingly.
PAR  While the foregoing inventions constitute an advance in the direction of
      providing an inexpensive, durable plastic drawer which would be easier to
      ship, store and assemble, there still remained the need for a drawer which
      would incorporate all of these good features and yet more closely resemble
      wood in appearance, size to weight ratio, feel, sound and thickness, and
      which could be worked like wood with normal wood-working tools.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a plastic drawer which is
      inexpensive and durable, easy to ship, store and assemble. It is the
      further object to provide such a drawer which more closely resembles wood
      and which can be worked by use of regular wood-working tools and methods.
PAR  The foregoing and other objects are achieved by this invention which
      comprises a drawer structure having two side walls and a rear wall made of
      one continuous foamed rigid poly(vinyl chloride) board. The board used in
      this invention is produced by the method set forth in the abovementioned
      copending related application. The board may have rounded or square
      longitudinal edges, a dense reinforcing core and a dense outer skin which
      may completely envelop the board, all of which contribute to the
      structure's being sufficiently rigid and durable for extended use. A
      longitudinal groove is formed on one surface of the board adjacent the
      lower edge thereof to receive a drawer bottom panel after the board has
      been bent to form the drawer's rear and side panels. Two V-shaped grooves
      extend across the width of the board's inside surface defining the
      drawer's rear corner locations. A centering notch may be provided in the
      lower edge of the rear panel, or grooves may be provided in the outer
      surface of the side panels, all intended to function with cooperating
      drawer guide means provided on a drawer receiving structure. Drawer
      fastening means are provided on the front end portions of the side panels
      adapted to function with cooperating fastening means on a drawer front.
PAR  The foregoing construction provides a rigid, durable, relatively
      inexpensive drawer structure, which may be easily fabricated and
      assembled, stored and shipped, and which closely approximates wood in
      weight, feel, sound and looks. In addition, drawer size changes may be
      easily made by merely cutting and grooving the boards appropriately.
      Further, ordinary wood-working tools and techniques can be used to work on
      the boards.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. I is a perspective view of the machined and cut board used in
      construction of the drawer of this invention, with dowels inserted in the
      bored openings in the ends of the board;
PAR  FIG. II is a sectional view taken along line 2--2 of FIG. I and showing the
      structure of the board;
PAR  FIG. III is a perspective view showing the board of FIG. I folded to form
      the rear and side panels of a drawer with a drawer bottom panel partially
      inserted into its receiving groove in the board;
PAR  FIG. IV is a perspective view of the drawer structure of this invention,
      with the bottom fully installed and a decorative front panel mounted on
      the front of the drawer.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. I of the drawings, the foamed, reinforced board 1 used for
      forming the drawer 2 of this invention consists primarily of a rectangular
      slab having longitudinal edges 3 and 4. The board 1 is provided with a
      longitudinal groove 5 in the planar surface 6. The groove is interrupted
      by V-shaped grooves 7 and 8 which extend across the width of the board. A
      centering guide notch 9 is provided in the lower edge of the board 1, and
      dowels 10 are installed in holes previously bored in the ends 11 and 12 of
      the board 1. It will be understood that the longitudinal edges 3 and 4 of
      the board 1 may be machined into square edges, or one edge may be rounded
      and the other squared if this is desired.
PAR  Referring to FIG. II, it can be seen that the board consists of a densified
      outer skin 13 and a dense reinforcing core portion 14 which is surrounded
      by cellular layer 15. As previously stated, the board used in forming the
      drawer of this invention is provided by the method set forth in the
      above-mentioned copending application.
PAR  The board surfaces may be decorated by a wood grain pattern printed on one
      or both sides as desired. Or, the surfaces of the board may be embossed
      with a wood grain pattern by means of rollers or a flatbed press, for
      example. The surfaces may then be shade wiped with a dark ink followed by
      a clear coating. Alternatively, the surface embossed board may be sprayed
      with a finished coat of enamel paint. The board could even be colored.
PAR  In forming the drawer of this invention, the longitudinal groove 5 is
      formed on the surface 6 of the board 1 by routing or shallow ripping. The
      board is then cut to the desired length, and the notch 9 is then formed in
      the central lower edge 4 of the board 1 to ultimately serve as a centering
      guide adapted to function with cooperating guide members on a drawer
      receiving structure. Alternatively, grooves (not shown) may be formed in
      the outer surfaces of the side panels to function in a similar manner.
      V-shaped grooves 7 and 8 are cut across the width of the board's surface 6
      at the predetermined locations of the ultimate rear corner portions 16 and
      17, thus dividing the board into the three sections which ultimately form
      the rear and side panels of the drawer 2. Holes are bored in the end
      portions 11 and 12 of the board 1 to receive dowels 10. The dowels 10 are
      inserted in the holes and secured therein by means of a natural or
      synthetic glue. A natural or synthetic glue or a solvent welding
      composition is then applied to the slanting surfaces 20 of V-shaped
      grooves 7 and 8. The remaining portion 21 in the V-shaped groove areas may
      then be heated and the board 1 bent at these points to close the V-shaped
      grooves, thereby forming drawer corner portions 16 and 17 and the back 22
      and sides 18 and 19 of the drawer 2. The drawer bottom panel 23 is then
      installed in the now continuous groove 5; and the drawer front 24, after
      having been appropriately bored for the dowel locations in end portions 11
      and 12 of the board 1, is attached to the drawer by a dowel and glue
      joint. Obviously other types of well-known joints could be used to attach
      the drawer front to the sides thereof such as: lock joints, french dove
      tail (DADO), box joint, rabbetted joint, halfblind dove tail joint, etc.
      As previously stated, other guide modifications may be made to the board
      instead of the centering notch 9.
PAR  The above-described operations are amenable to automated mechanization thus
      making fabrication and assembly favorable from the manufacturing point of
      view.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A drawer comprising two side walls, an integral rear wall, a bottom and
      a front, said side walls and rear wall characterized in that they are made
      of one continuous foamed thermoplastic slab having a dense reinforcing
      core and a densified skin on the planar surfaces, said dense reinforcing
      core is centrally located and consists of consolidated portions of the
      foamed thermoplastic slab material, said resulting slab structure thereby
      being a three-part structure having a first densified core, secondly, a
      layer of foam material surrounding said core forming an annulus around the
      core, and a third part consisting of a densified skin substantially
      surrounding the densified core and foam material layer, said densified
      skin surfaces having a simulated wood grain, drawer bottom receiving means
      on the inner surfaces of said side walls and rear wall, bendable rear
      corner forming means joining said side walls and rear wall and spaced
      apart a distance equal to the length of the rear wall, a drawer bottom
      panel positioned in said bottom panel receiving means, drawer front
      fastening means on the end of said side walls, and a drawer front fastened
      to said ends of said side walls.
NUM  2.
PAR  2. A drawer according to claim 1 wherein the foamed thermoplastic slab is
      made of rigid poly(vinyl chloride).
NUM  3.
PAR  3. The drawer of claim 1 wherein the drawer bottom receiving means consists
      of a continuous groove disposed adjacent the lower edges of the wall
      surfaces.
NUM  4.
PAR  4. The drawer of claim 1 wherein the bendable rear corner forming means
      comprises a pair of substantially V-shaped grooves extending across the
      width of the inner surface of said walls and partially through the
      thickness thereof.
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ABST
PAL  A drawer utilizes a front panel that is removably secured to the front of a
      drawer pan. Fasteners on the rear portion of the front panel cooperate
      with mounting means on the front of the drawer pan to rapidly and
      invisibly secure the front panel onto the drawer pan.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The drawer assembly of this invention relates to removable drawer
      assemblies.
PAR  When it has been necessary to clean drawers by full immersion, e.g., in
      hospitals, laboratories, etc., it has been the practice to utilize a
      drawer which is able to withstand immersion cleansing without
      deterioration. Such drawers have been one-piece, either stainless steel or
      plastic, which may be totally immersed in a cleansing solution. These
      drawers, though highly functional in nature, may not comprise any
      deteriorable materials in their front panels for decorative purposes,
      since such materials, e.g., wood, may not be readily cleansed by immersion
      without deterioration.
PAR  In instances where it has been desired to rearrange decorative front panels
      of drawers, some prior art drawers attach decorative frontings to drawer
      pans which are removable. However, these frontings are usually
      screwmounted to the drawer pan and require great time and effort to remove
      and thus are not suitable for uses which require frequent immersion type
      cleaning of the drawer pan. Further, these drawers are not able to
      withstand continual assembly and disassembly without excessive wear on the
      assembly components. Also, such drawers normally require matching of
      components before reassembly.
PAC  SUMMARY OF THE INVENTION
PAR  The drawer of this invention utilizes a drawer pan having a mounting means
      for mounting a panel on its front and a front panel which is removably
      secured on the mounting means by a fastening means. The fastening means is
      invisible from the front side of the panel. The fastening means includes a
      plate member secured to the rear of the panel and a latch member mounted
      on and removable with respect to the plate member which slidably engages
      the mounting means on the drawer pan.
PAR  In the preferred embodiment, the latch member includes a lever arm fastener
      with a finger-like extension that slidably engages the mounting means,
      while the mounting means includes an extension integrally attached to the
      front of the drawer pan with a slot capable of receiving the finger-like
      extensions of the lever arm fastener.
PAR  Also in the preferred embodiment, the plate member includes a flange and
      the drawer pan includes a channel in which the flange is inserted.
PAR  Accordingly, this invention provides a drawer with a readily removable
      drawer front, so that the drawer pan may be thoroughly cleansed by full
      immersion without damage to the front panel.
PAR  Further, this invention provides an easily and inexpensively manufactured
      drawer which may be disassembled and reassembled numerous times without
      damage to the drawer front and/or pan.
PAR  And still further, the drawer fronts of this drawer do not have to be
      perfectly matched with their respective drawer frame for proper reassembly
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front and side, elevational perspective view of the drawer;
PAR  FIG. 2 is a side elevational, perspective view of the drawer fronting of
      FIG. 1 shown removed from the drawer pan which is partially shown in
      perspective;
PAR  FIG. 3 is a close-up, rear view of the drawer fastener shown in FIG. 2;
PAR  FIG. 4 is a side elevational view of the drawer front fastener of FIG. 3
      taken along the plane IV--IV;
PAR  FIG. 5 is a partial, vertical, cross-sectional view of the drawer taken
      along plane V--V of FIG. 1; and
PAR  FIG. 6 is a partial, vertical, cross-sectional view of the drawer taken
      along plane VI--VI of FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, the drawer 1 comprises a front panel 20
      removably secured on a drawer pan 10. The panel 20 is secured to pan 10 by
      fasteners 30 which cooperate with extensions 11, channel 12e, and flanges
      13 on the front panel 10e of drawer pan 10.
PAR  More specifically, as shown in FIG. 2, molded drawer pan 10 which is
      plastic or the like includes a bottom 10a, side walls 10b and 10c, rear
      wall 10d and front wall 10e. At the top of each respective wall section, a
      peripheral flange or channel element 12 is integrally molded thereon.
      Channel element 12b extends from side wall 10b, channel element 12d
      extends from rear wall 10d, etc.
PAR  Two forwardly protruding extensions 11 are integrally molded on the front
      wall 10e of drawer pan 10. Extensions 11 protrude generally perpendicular
      to wall 10d and have flanges 13 integrally molded thereon. Extensions 13
      define a common planar surface with each other and with the downwardly
      directed portion of channel 12e to provide a suitable surface upon which
      front panel 20 abuts. Extensions 11 comprise therein rectangular slots 11a
       which, when aligned, define a plane generally parallel to the plane
      defined by flanges 13 and the downwardly directed portion of channel 12e.
PAR  A particular advantage in the abovedescribed molded drawer pan 10 is found
      in extending channel 12 peripherally around the upwardly open rim of
      drawer pan 10. As is discussed above, the downwardly directed portion of
      channel 12e is suitable for use as an abutting surface with front panel
      20. Also, channel elements 12b and 12c attached to side walls 10b and 10c
      of drawer pan 10 may serve as a drawer rail without the need of further
      drawer mounting apparatus attached to the drawer pan. Further, channel 12d
      extending from rear wall 10d of drawer pan 10 may be useful as a spacer,
      when drawer pan 10 is placed in a cabinet or the like.
PAR  Front panel 20 is generally rectangular in shape and may be any one of a
      number of suitable decorative materials. In the preferred embodiment shown
      in FIGS. 1, 2, and 5, front panel 20 is comprised of a particle board
      whose front portion 20a is covered with a decorative facing.
PAR  Fasteners 30, shown in FIGS. 2-6, each comprise a plate member 31 which has
      lever arms 32 pivotally mounted thereon by means of pin or rivot 36. Plate
      member 31 is generally rectangular in shape and has at its upper portion a
      flange 34 integrally formed thereon. Flange 34 has two knob portions 34a
      on its lower part which comprise holes therein suitable for attaching a
      pin or other fastening means therethrough. Each flange 34 comprises a lip
      35 which is directed outward from flange 34 in the same direction that
      flange 34 is directed outward from plate member 31.
PAR  A rotation guide 33 projects generally perpendicular from the lower portion
      of plate member 31 and is formed integrally thereon. Rotation guide 33
      projects outwardly from body member 31 in the same direction that flange
      34 and lip 35 similarly project. Rotation guide 33 comprises a
      rectangularshaped slot 33a which extends generally along the length of
      rotation guide 33.
PAR  Referring particularly to FIGS. 3, 4, and 6, lever arm fastener 32 is
      elongated and rectangular in shape. A finger 32a protrudes generally
      perpendicular from each arm 32. Finger 32a comprises thereon a protrusion
      32b which extends in a direction that is perpendicular to the plane of
      both lever arm 32 and finger 32a. A rotator 32c extends from arm 32 below
      finger 32a. Rotator 32c comprises, on its downwardmost end portion, a lip
      32d which provides a flat gripping surface for facilitating manual
      rotation of rotator 32c and arm 32. The top portion 32e of arm 32 is inset
      with respect to the main portion of arm 32, so as to provide a suitable
      mounting surface for attaching arm 32.
PAR  Arm 32 is attached to plate member 31 by attaching mount portion 32e of arm
      32 to protruding portion 34a of flange 34. Arm 32 is mounted on the
      protruding portion 34a in the preferred embodiment nearest the side edge
      of plate member 31 towards which finger 32a extends. Rotator extension 32c
      of arm 32 extends through slot 33a in rotator guide 33. The available path
      of rotation of arm 32 along pivot 36 is limited to the extent of slot 33a
      in guide 33.
PAR  As shown in FIGS. 2 and 5, fasteners 30 are attached to the rear portion
      20b of front panel 20 by means of screws inserted through screw holes 31a
      of fastener body 31. Fasteners 30 are mounted in spaced relation from each
      other so as to be generally symmetric on rear portion 20b of panel 20.
PAR  When engaged in the position shown in FIG. 1 wherein front panel 20 is
      secured to drawer pan 10 by means of fasteners 30, each flange 34 is in
      slotted engagement with the downward protruding portion of channel 12e as
      shown in FIG. 5. As is further shown in FIG. 5, lip 35 extending from
      flange 34, abuts the upward portion of channel 12e. Fasteners 30 are
      positioned so as to be between extensions 11 along front wall 10e.
PAR  As seen at FIG. 6, after flanges 34 are nested in channel 12e as discussed
      above, front panel 20 is secured to front 10e of drawer pan 10 by rotating
      arms 32 in channel 33a outward along front panel 20. When so rotated,
      fingers 32a are inserted into slot 11a of extension 11. The protruding
      surface 32b on finger 32a is locked over the inwardmost wall portion 11b
      which forms slot 11a in extension 11.
PAR  As is apparent in FIG. 6, the bottom portion of finger 32a rides along the
      bottom portion of slot 11a so that as lever arms 32 are rotated into a
      locking position onto extensions 11, channel 12e of drawer 10 is forced
      downward on lip 35 of fastener 30. Similarly, rotating arms 32 ride
      against the outside of slot 33a (FIG. 4) so that as lever arms 32 are
      rotated into a locking position onto extension 11, front panel 20 is
      forced tight against flanges 13. Once so engaged, fingers 32a resist
      disengagement by any other means than deliberate rotation of arm 32.
PAR  When both arms 31 are rotated so that respective fingers 32a are snap fit
      into slots 11a, front panel 20 is rigidly secured to drawer pan 10 along
      flanges 13 thereof. As is readily apparent from the above description,
      spacing of fasteners 30 on front panel 20, positioning of extensions 11,
      flanges 13 and channel 12e and alignment of slots 11a is provided so that
      a relatively tight fit of front panel 20 on drawer pan 10 is accomplished.
      Alignment and positioning of these various elements is well within the
      mechanical ability of one skilled in the art.
PAC  OPERATION
PAR  When it is desired to attach front panel 20 to drawer pan 10, flanges 34 of
      each fastener body 31 are slid into the downward projecting portion of
      channel 12e on front wall 10e of drawer pan 10. When so positioned,
      rotator extension 32c is used to pivot arms 32 in a direction generally
      opposite to each other so that respective fingers 32a are slid into slots
      11a of extension 11. Fingers 32a are pressed into slots 11a with
      sufficient force so as to snap fit protrusion 32b over wall 11b of slot
      11a.
PAR  When it is desired to remove front panel 20 from drawer pan 10, arms 32 are
      rotated toward each other so as to disengage the snap fit of finger 32a in
      slot 11a. Front panel 20 is moved downward with respect to drawer 10 so as
      to slidably disengage flange 34 with downward protruding portion of
      channel 12E.
PAR  As should readily be apparent by the above description, fasteners 30 are
      accessible for attaching and removing front panel 20 from drawer pan 10.
      Thus, when it is desired to remove the door front, one must simply reach
      underneath front panel 20, contact rotator extension 32c and rotate arm 32
      into the desired position. Because of this accessibility, drawer 1 does
      not have to be totally removed from a cabinet or the like in which it is
      mounted to remove front panel 20. Also, drawer 10 does not have to be
      emptied or have any of its contents displaced when it is desired to detach
      front panel 20.
PAR  It will be understood that various changes in the details, materials,
      steps, and arrangements of parts which have been herein described and
      illustrated in order to explain the nature of the invention, may be made
      by those skilled in the art within the principle and the scope of the
      invention as expressed in the appended claims.
CLMS
STM  The embodiments of the invention in which an enclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A drawer with a removable front panel comprising:
PA1  a drawer pan having mounting means for mounting a panel on the front
      thereof;
PA1  a front panel removably secured on said drawer pan; and
PA1  fastening means attached to the back side of said drawer panel and
      invisible from the front side of said panel, said fastening means
      including a plate member secured to said panel and a latch member mounted
      on and movable with respect to said plate member and slidably engaging
      said mounting means for removably securing said panel to said pan; and
      gripping means positioned to be invisible from the front of said drawer
      for moving said latch member into engagement with said mounting means to
      secure said front panel on said drawer pan.
NUM  2.
PAR  2. The drawer of claim 1 wherein said latch member includes a lever arm
      fastener with a finger-like extension, said finger-like extension slidably
      engaging said mounting means.
NUM  3.
PAR  3. The drawer of claim 2 wherein said mounting means includes a slotted
      extension integrally attached to the front of said drawer pan, said
      slotted extension being capable of receiving said finger-like extensions.
NUM  4.
PAR  4. The drawer of claim 3 wherein said drawer pan further includes a channel
      portion integrally attached to the front thereof and said plate member
      includes a flange, said flange being inserted into said channel to further
      secure said front panel on said drawer pan.
NUM  5.
PAR  5. The drawer of claim 4 wherein said channel portion extends peripherally
      around the upwardly open rim of said drawer pan, said channel portion
      along the sides of said drawer pan serving as a drawer rail.
NUM  6.
PAR  6. The drawer of claim 2 wherein said lever arm fastener is pivotally
      mounted on said plate member and said plate member further includes a
      means for limiting rotation of said lever arm fastener.
NUM  7.
PAR  7. The drawer of claim 6 wherein said means for limiting the pivotal
      rotation of said lever arm fastener includes a slotted channel-like member
      extending perpendicularly from said plate member, said lever arm fastener
      projecting through said slotted channel-like member.
NUM  8.
PAR  8. The drawer of claim 7 wherein said gripping means includes a rotator
      extension on said lever arm fastener, said rotator extension projecting
      through said slotted channel-like member and being accessible from the
      front of said front panel by reaching around the perimeter of said front
      panel, said rotator extension being invisible from said panel front.
NUM  9.
PAR  9. The drawer of claim 1 wherein said drawer pan is comprised on one-piece
      molded plastic so as to allow immersible cleaning thereof.
NUM  10.
PAR  10. A drawer with a removable front panel comprising:
PA1  a drawer pan having mounting means for mounting a panel on the front
      thereof;
PA1  a front panel removably secured on said drawer pan; and
PA1  fastening means attached to the back side of said front panel and
      accessible from the front of said front panel, said fastening means
      including a plate member secured to said panel and a latch member mounted
      on and movable with respect to said plate member and slidably engaging
      said mounting means for removably securing said panel to said pan; and
      gripping means being accessible by reaching around the perimeter of said
      front panel from said panel front and invisible from said panel front for
      moving said latch member into engagement with said mounting means to
      secure said panel to said pan.
NUM  11.
PAR  11. The drawer of claim 10 wherein said latch member includes a lever arm
      fastener, said lever arm fastener being pivotally mounted on said plate
      member and including a rotator extension, said extension being accessible
      from an edge of said front panel to allow rotation of said lever arm
      therefrom.
NUM  12.
PAR  12. The drawer of claim 1 wherein said gripping means includes an extension
      on said latch member, said extension being located such that it extends
      adjacent an edge of said front panel along the back of said front panel.
NUM  13.
PAR  13. The drawer of claim 10 wherein said gripping means includes an
      extension on said latch member, said extension being located such that it
      extends adjacent an edge of said front panel along the back of said front
      panel.
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ABST
PAL  An adaptor, for insertion into a power distribution rail to feed current to
      the rail, comprises a housing which is shaped and dimensioned to permit
      the adaptor to be inserted into the open bottom of the rail in a
      predetermined orientation relative to the rail and thereafter to be
      rotated through a limited angle between laterally spaced facing edges of
      opposing webs in the rail to turn supporting clips extending from the
      adaptor into support channels in the rail and to effect electrical contact
      between the adaptor and conductors carried by the rail. The adaptor
      housing comprises a pair of diametrically opposed cylindrical quadrants
      spaced from one another by a diametrical distance less than the distance
      between the laterally spaced facing edges of the rail web. The opposing
      ends of each cylindrical quadrant merge into a pair of flat planar
      sections which extend at substantially right angles to one another and
      which intersect the flat planar sections extending from the ends of the
      other cylindrical quadrant to define a pair of spaced substantially
      parallel edges located respectively between the opposing ends of the pair
      of cylindrical quadrants with the distance between the pair of edges being
      greater than the distance between the laterally spaced facing edges of the
      rail webs. The supporting clips extending from the adaptor are of
      elongated substantially rectangular configuration with the opposing
      elongated edges of each clip being disposed substantially parallel to a
      pair of the flat planar sections.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is concerned with a power distribution appparatus of
      the type comprising a power distribution rail associated with adaptors
      operative to feed current to the rail, and to pick up current from the
      rail. Such apparatuses are in themselves known in the prior art and are
      employed, for example, to permit lamps or other electrically energizable
      appliances to be located at any desired position along an elongated power
      distribution rail.
PAR  Power distribution systems of the general type discussed above
      conventionally employ a rail taking the form of an open-bottom
      channel-shaped metallic section each side of which includes a plurality of
      webs which are longitudinally spaced from one another to define elongated
      ducts along the opposing sides of the rail having elongated conductors
      supported therein in electrically insulated relation to the rail for
      electrical contact with the adaptor. The webs further define elongated
      support channels along the interior opposing sides of the rail which are
      spaced from the ducts and which are adapted to receive supporting clips
      comprising a portion of an adaptor, the support channels and clips being
      so positioned relative to one another that, when the clips engage the
      support channels contacts on the adaptor are properly located for
      electrical contact with the conductors supported by the rail. Each web on
      one side of the rail extends toward a corresponding web on one side of the
      rail extends toward a corresponding web on the other side of the rail, and
      the facing edges of each pair of corresponding webs are laterally spaced
      from one another to define an open region extending along the center line
      of the rail into which the adaptor may be inserted.
PAR  Various types of adaptors have been suggested heretofore for cooperation
      with a rail of the type described. In general, the prior art adaptors have
      been so designed that they must be inserted into the rail from one end of
      the rail and thereafter moved along the rail longitudinally to a desired
      position. This type of operation is inconvenient.
PAR  It is the primary object of the present invention to provide a different
      form of adaptor structure, capable of use to feed current to an electrical
      contact rail, which adaptor is so arranged that it may be inserted at any
      desired point within the rail and mated with only the correct rail
      conductors, and wherein the adaptor is far simpler in design, more easily
      locked in a correct operating position, and capable of being manufactured
      in smaller sizes than adaptors suggested heretofore.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is characterized by an adaptor structure which
      includes a support portion having supporting clips outstanding therefrom,
      with the exterior of said support portion being dimensioned to permit the
      adaptor to be inserted into the open region between the facing edges of
      the rail webs from the bottom of the rail and thereafter to be rotated
      through a limited angle to turn the adaptor supporting clips into the rail
      support channels thereby to effect electrical contact between the adaptor
      and the rail conductor. The adaptor support portion exterior comprises a
      pair of diametrically opposed cylindrical segments, preferably cylindrical
      quadrants, which are spaced from one another by a diametrical distance
      less than the distance between the laterally spaced facing edges of the
      webs in the rail, and this aspect of the structure, cooperating with
      polarizing clips which extend outwardly from the adaptor, permits the
      adaptor to be inserted into the rail and then turned in one direction
      only. To limit the angle through which the adaptor may be turned, once
      correctly inserted into the rails, the oposing ends of each cylindrical
      segment merge into a pair of flat planar sections with the flat planar
      section extending from each end of one the segments intersecting a flat
      planar section extending from one end of the other of said segments. The
      intersecting planar sections thus define a pair of spaced, substantially
      parallel edges on the support portion exterior which edges are located
      respectively between the opposing ends of the aforementioned pair of
      cylindrical segments, and the cylindrical segments and associated planar
      sections are so dimensioned that the distance between said pair of edges
      is greater than the distance between the laterally spaced facing edges of
      the webs in the rail therby limiting the angle through which the adaptor
      may be turned.
PAR  The aforementioned support portion of the adaptor may constitute a section
      of an adaptor housing which is integral with the supporting clips and
      which supports the electrical contacts which are to engage the rail
      conductors. In a preferred form of the invention, the adaptor housing is
      formed by two substantially symmetrical housing sections which complement
      one another, and a portion of the housing thus formed when the sections
      are juxtaposed includes a circular cylindrical section which may be
      associated with a clamping ring to retain the housing halves together. A
      screw can also be provided, extending between the housing halves, to
      assist in holding the halves together at a position spaced from the
      clamping ring. The housing halves can, if desired, be fabricated of
      insulating plastic material since the adaptor is subject only to very low
      mechanical stresses.
PAR  The adaptor is also provided with means, accessible from the bottom side of
      the adaptor, to rotate the adaptor through a desired angle. These means
      can take the form of a slot in the underside of the adaptor dimensioned to
      receive a screw driver or coin. The underside of the adaptor can, indeed,
      include a cover plate in which said slot is formed, with the cover plate
      being an integral portion of the aforementioned housing halves and being
      positioned for substantially flush engagement with the underside of the
      electrical contact rail. When such a cover plate is provided, the feeder
      will appear to be a homogeneous part of the contact rail, especially if
      the cover plate is designed in the form of a square or rectangular plate
      dimensioned to conform to the width of the contact rail.
PAR  The electrical contacts which form a portion of the adaptor preferably
      comprise L-shaped metal clips which are attached, within the housing, to
      appropriate cables, and which include portions which protrude radially
      outward of the housing through appropriate apertures formed in the
      housing. Compression springs are preferably provided in the housing,
      extending between a fixed portion of the housing and the L-shaped
      contacts, to urge the contacts radially outward thereby to achieve
      resilient engagement between the contacts and the rail conductors. The
      exterior of the housing supports a grounding clip which is also resilient
      in a radially outward direction. To assure that the apparatus can be
      installed in only one orientation relative to the rail, the supporting
      clips are of a polarizing nature and constitute, for example, a single
      radially extending clip on one side of the adaptor and a pair of axially
      spaced radially extending clips on the other side thereof.
PAR  The overall structure thus takes the form of a swiveling-type contact rail
      adaptor, in contrast to prior art feeder devices which must be inserted
      into the contact rail in a longitudinal direction only. When the adaptor
      of the present invention is to be employed as a feeder having lead wires
      which emerge above the contact rail, all that is necessary is to provide
      an aperture in the upper portion of the contact rail section, adjacent the
      point of installation, through which the lead wires or cable associated
      with the feeder can protrude. The feeder is then readily installed be
      being inserted at the proper point in the rail, by thereafter being turned
      through 90.degree. with the angle of rotation being automatically defined
      and limited by the contoured configuration of the adaptor support portion,
      whereafter the adaptor is locked in its turned position by means of a set
      screw extending through the cover plate at the bottom of the adaptor
      housing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The foregoing objects, advantages, construction and operation of the
      present invention will become more readily apparent from the following
      description and accompanying drawings wherein:
PAR  FIG. 1 is a side view of an adaptor constructed in accordance with the
      present invention;
PAR  FIG. 2 is an end view of the adaptor as viewed in the direction indicated
      by arrow II in FIG. 1;
PAR  FIG. 3 is a cross sectional interior view of the right half of the housing
      shown in FIG. 2;
PAR  FIG. 4 is a plan view of the adaptor as viewed in the direction of the
      arrows IV in FIGS. 1 and 2;
PAR  FIG. 5 is a perspective illustration of a known contact rail into which the
      adaptor of the present invention can be inserted; and
PAR  FIG. 6 is a perspective view of the adaptor of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The adaptor of the present invention comprises a housing taking the form of
      two housing halves 1 and 2 which are of symmetrical configuration. These
      housing halves can be fabricated of an insulating plastic material,
      include bottom portions which define a cover plate 3 having a slot 4
      therein for the reception of a screw driver or coin to facilitate rotation
      of the adaptor, and which, at a location above the cover plate, are shaped
      to define radially extending supporting clips integral with the housing
      halves and constituting a pair of axially spaced, radially extending
      substantially rectangular clips 7 and 8 on one side of the housing, and a
      single radially extending, rectangularly shaped clip 10 on the other side
      of the housing.
PAR  The two symmetrical housing halves are juxtaposed along an axial parting
      plane (see FIGS. 2, 4 and 6) to provice a complete housing. This housing
      includes a contoured support portion (which will be described in further
      detail subsequently) in the region above supporting clips 7, 8, 10 through
      which electrical contacts S', T', R', and N' protrude (see FIG. 6). The
      housing halves are differently shaped above this support portion to
      provide a region 20 of circular cylindrical configuration which may be
      surrounded by a clamping ring 16 which holds the housing halves together
      at a position near the top of the adaptor; and the assembly may further
      include a screw or bolt 16a passing between the housing halves near the
      bottom of the assembly to assist in retaining the housing halves together.
PAR  A set screw 5 may be screwed into and through the cover plate 3 after
      installation and rotation of the apparatus to lock the adaptor in a
      desired turned position. The set screw 5 is positioned to engage a lower
      edge 6 of the contact rail (see FIG. 5) after the apparatus has been
      turned into its operating position, and functions to prevent the apparatus
      from being turned back to its initial insertion position.
PAR  The supporting clips 7 and 8 are intended to be turned into, and to engage,
      a pair of support channels 7a and 8a of the contact rail 9 (see FIG. 5).
      Similarly, the support clip 10 located on the other side of the adaptor is
      intended to be turned into and to engage support channel 10a of the rail.
      The supporting clips, and support portion of the adaptor to be described,
      are so dimensioned that the adaptor may be initially inserted through the
      open bottom of the channel with the support clips 7, 8, 10 extending
      longitudinally between the spaced facing edges of corresponding webs on
      the opposing sides of the rail 9, and the adaptor may then be turned in a
      single direction through an angle to cause the aforementioned supporting
      clips to be inserted into their corresponding support channels thereby
      simultaneously to effect electrical contact between the radially extending
      contacts S', T', R', N' of the adaptor and the corresponding
      insulator-supported conductors S, T, R, N which are supported in ducts
      within the rail (see FIG. 5). The exterior of the housing includes an
      arcuate grounding clip 15 which is supported on the housing by the
      aforementioned screw 16a, and which includes a portion spaced from the
      housing and free to flex at a position between supporting clips 10 and
      cover plate 3 (see FIGS. 1 and 6). This radially resilient grounding clip
      15 is positioned to engage the ground conductor 18 forming a portion of
      the rail when the adaptor has been turned into its operating position.
PAR  To achieve a resilient engagement between the adaptor contacts and the
      corresponding rail conductors, the electrical contacts S', T', R', and N'
      are preferably of L-shaped configuration as best shown in FIG. 3. One leg
      of each contact protrudes outwardly of the housing, through appropriate
      apertures formed therein, in a generally radial direction, and an
      additional portion of each contact located within the housing extends in a
      generally axial direction. These axially extending portions of the
      contacts are associated respectively, with compression springs 16d which
      extend between fixed surfaces 17 in the housing interior and the axially
      extending portions of the several contacts. The springs 16d thus urge the
      contacts in a radially outward direction. The axially extending portions
      of the four adaptor contacts are soldered, respectively, to cables 11, 12,
      13 and 14 which extend outwardly of the housing through the top thereof.
      An additional cable 19 is connected to an axially extending portion of
      grounding clip 15 at a position near the top of the adaptor (see
      especially in FIGS. 1, 2 and 6) for passage, along with the other cables,
      through an aperture 21 in the top of the rail 9 adjacent the point of
      installation (see FIG. 5).
PAR  The contoured configuration of the support portion of the housing, in the
      region of the radially extending adaptor contacts (see FIG. 6) will be
      most readily appreciated by reference to the plan view of FIG. 4. This
      particular portion of the housing comprises two circularly cylindrical
      segments 1a and 2a, each of which preferably comprises a cylindrical
      quadrant, which are positioned in diametrically opposed relation to one
      another. Because of the symmetrical configuration of the two housing
      halves 1, 2, one end of each cylindrical quadrant terminates at a position
      adjacent the parting line between the two housing halves. The opposing
      ends of the two cylindrical quadrants merge into a pair of flat planar
      sections respectively which are oriented at substantially right angles to
      one another. More particularly, as viewed in FIG. 4, the upper end of
      cylindrical quadrant 1a merges into a flat planar section 1b, and the
      lower end of quadrant 1a merges into a planar section 2b which is formed
      in the other housing half. Similarly, the lower end of quadrant 2a merges
      into a flat planar section 2c, and the upper end of quadrant 2a merges
      into flat planar section 1c. The flat planar sections associated with the
      two quadrants are oriented at right angles to one another and intersect
      one another to form two spaced axially extending, substantially parallel
      edges 1d, 2d, which are located respectively between the opposing ends of
      the cylindrical quadrants 1a, 2a.
PAR  The flat planar sections 1b, 2c are disposed in generally parallel relation
      to one another and are in alignment with or generally parallel to the
      opposing elongated edges of rectangular supporting clips 7, 8, 10. The
      distance between planar sections 1c, 2b along the parting line between the
      housings, and the distance between the flat planar sections 1b, 2c along
      the normal to said parting line, are equal to one another and equal to the
      diametrical distance between cylindrical segments 1a, 2a; and each of
      these distances is substantially equal to or slightly less than the
      distance between the facing edges of webs extending from opposing sides of
      rail 9. The distance between intersection edges 1d, 2d is, however,
      greater than the distance between the facing edges of opposing webs in
      rail 9.
PAR  Because of the configuration of the support section described above, the
      adaptor can be inserted through the bottom of rail 9 with planar sections
      1b, 2c in alignment with elongated edges of the opposing webs in said
      rail, i.e., with supporting clips 7, 8, 10 extending in the direction of
      elongation of the rail 9. The cylindrical segments 1a, 2a, will then
      permit the adaptor to be rotated in a single direction relative to the
      rail webs, and such rotation can be effected only if the supporting clips
      7, 8, 10 are so oriented that, upon rotation of the adaptor in the
      aforementioned single possible direction, supporting clip 10 will be
      turned into supporting channel 10a and supporting clips 7, 8 will be
      turned into supporting channels 7a, 8a. If the adaptor is inserted with
      the supporting clips in incorrect position relative to the rail, the
      adaptor cannot be turned at all and, instead, the adaptor must be removed,
      turned through 180.degree., and then reinserted into the bottom of the
      channel before it can be turned into its operative position. When the
      adaptor, properly oriented, is turned toward its operating position, the
      angle through which it may be turned is automatically defined by edges 1d,
      2d, i.e., once those edges engage the opposing webs in rail 9, the adaptor
      cannot be turned further. The angle through which the adaptor may be
      turned is, by reason of the configuration described, substantially
      90.degree., and once the adaptor has been turned through this angle it may
      be locked in place by advancing set screw 5 into engagement with inner
      edge 6 of the rail.
CLMS
STM  Having thus described our invention we claim:
NUM  1.
PAR  1. An adaptor for insertion into a power distribution rail to feed current
      into the rail wherein the rail is of the type comprising an openbottomed
      channel-shaped metallic section having a top positioned opposite said open
      bottom and having a pair of spaced sides extending downwardly from said
      top, each of said rail sides including a plurality of webs which are
      longitudinally spaced from one another to define elongated ducts along the
      opposing interior sides of the rail having elongated conductors supported
      therein in electrically insulated relation to the rail for electrical
      contact with said adaptor and to further define elongated channels along
      the opposing sides of the rail spaced from the ducts and adapted to
      receive supporting clips comprising a portion of said adaptor, each web on
      one side of the rail extending toward a corresponding web on the other
      side of the rail with the facing edges of each pair of corresponding webs
      being laterally spaced from one another to define an open region extending
      along the vertical center line of  the rail into which said adaptor may be
      inserted from the open bottom of said rail, the top of said rail having an
      aperture therein, said adaptor including a plurality of outwardly
      extending electrical contacts respectively connected to electrical
      conductors extending upwardly from said contacts for passage through said
      aperture in the top of said rail when said adaptor is inserted into the
      open bottom of said rail, said adaptor comprising a support portion having
      said supporting clips adjacent thereto, the exterior of said support
      portion being dimensioned to permit said adaptor to be inserted into the
      open region of the rail from the bottom of the rail below said aperture in
      the top of said rail in a predetermined orientation relative to the rail
      and being shaped to permit said inserted adaptor thereafter to be rotated
      through a limited angle between the laterally spaced facing edges of the
      pairs of corresponding webs to turn said supporting clips into the rail
      channels and to effect electrical contact between said adaptor contacts
      and the rail conductors, said support portion exterior comprising a pair
      of diametrically opposed cylindrical segments spaced from one another by a
      diametrical distance less than the distance between the laterally spaced
      facing edges of the webs in the rail, the opposing ends of each
      cylindrical segment merging into a pair of flat planar sections, the flat
      planar section extending from each end of one of said segments
      intersecting a flat planar section extending from one end of the other of
      said segments whereby said intersecting planar sections define a pair of
      spaced, substantially parallel edges located respectively between the
      opposing ends of said pair of cylindrical segments, the distance between
      said pair of edges being greater than the distance between the laterally
      spaced facing edges of the webs in the rail, and means adjacent the
      lowermost end of said adaptor for rotating said adaptor through said
      limited angle after said adaptor has been inserted into the bottom of said
      rail with its electrical conductors passing from said inserted adaptor to
      the exterior of the rail via said aperture in the top of said rail.
NUM  2.
PAR  2. The adaptor of claim 1 wherein each of said cylindrical segments is
      substantially a cylindrical quadrant.
NUM  3.
PAR  3. The adaptor of claim 2 wherein the pair of flat planar sections which
      extend from the opposing ends of each cylindrical quadrant are oriented at
      substantially right angles to one another.
NUM  4.
PAR  4. The adaptor of claim 2 wherein said intersecting flat planar sections
      intersect one another at substantially right angles.
NUM  5.
PAR  5. The adaptor of claim 1 wherein each of said supporting clips is of
      elongated, substantially rectangular configuration, the opposing elongated
      edges of each clip being substantially parallel to the pair of said flat
      planar sections which extend along the laterally spaced facing edges of
      said rail webs when said adaptor is initially inserted into the open
      bottom of said rail.
NUM  6.
PAR  6. The adaptor of claim 2 wherein said adaptor comprises a housing having a
      section which constitutes said support portion, said housing consisting of
      two substantially symmetrical housing elements juxtaposed at a parting
      plane extending along the central axis of said adaptor, one of said
      cylindrical quadrants comprising an exterior portion of one of said
      housing elements and the other of said cylindrical quadrants comprising an
      exterior portion of the other of said housing elements.
NUM  7.
PAR  7. The adaptor of claim 6 wherein one end of each of said cylindrical
      quadrants is located substantially at said parting plane.
NUM  8.
PAR  8. The adaptor of claim 6 wherein said housing elements are fabricated of
      an insulating plastic material.
NUM  9.
PAR  9. The adaptor of claim 6 wherein said housing elements include portions
      which, when juxtaposed, form a circularly cylindrical housing section, and
      a clamping ring disposed about said circularly cylindrical housing section
      for holding said housing elements together.
NUM  10.
PAR  10. The adaptor of claim 9 including a threaded element for holding said
      housing elements together at a position spaced from said clamping ring.
NUM  11.
PAR  11. The adaptor of claim 6 wherein said housing elements include portions
      which, when juxtaposed, form a cover plate at the bottom of said adaptor
      shaped and dimensioned to overlie the open bottom of the rail section in
      substantially flush engagement therewith.
NUM  12.
PAR  12. The adaptor of claim 11 wherein said cover plate includes said means
      for rotating said adaptor from the bottom of the rail.
NUM  13.
PAR  13. The adaptor of claim 12 wherein said means for rotating comprises a
      slot in said cover plate.
NUM  14.
PAR  14. The adaptor of claim 1 wherein said plurality of electrical contacts
      extend in generally radial directions outwardly of said adaptor through
      apertures in said support portion for making electrical contact with the
      elongated conductors in the rail, and resilient means within the adaptor
      for urging each of said contacts in a radially outward direction.
NUM  15.
PAR  15. The adaptor of claim 14 including a grounding contact adjacent said
      supporting clips, said grounding contact being resilient in a radially
      outward direction.
NUM  16.
PAR  16. The adaptor of claim 1 wherein said adaptor includes a housing, said
      support portion comprising a shaped section of the housing exterior, said
      supporting clips being integral with said housing and constituting a
      single radially extending supporting clip on one side of the housing and a
      pair of radially extending axially spaced supporting clips on the opposite
      side of the housing.
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ABST
PAL  An electrical connector assembly incorporating means for limiting cable
      tension to a predetermined value and precluding thereby mechanical failure
      of the cable.
BSUM
PAR  Various types of large, mobile, electrically powered underground mining
      machines are in common use today in the coal mining industry. Typically,
      such machines are connected to their respective power sources through
      heavy duty electrical cables and connectors. Inasmuch as the cables
      employed for this purpose are subject to extreme wear in the harsh
      underground mining environment, sustaining considerable flexing, bending,
      surface abrasion and tension during normal use, mechanical failure thereof
      is a rather commonplace occurrence. In particular, the mechanical tension
      loads imposed upon connecting cables by the forward motion of the machines
      powered therethrough may become excessive and precipitate cable failure.
PAR  Low voltage pilot circuits have long been employed to eliminate some of the
      hazards attendant the use of high powered electrical machinery in
      underground mining environments. They are well known to those skilled in
      the art and therefore will not be described in detail here inasmuch as
      such description is not necessary for an understanding of the present
      invention. Suffice it to note that one major function of pilot circuits is
      to ensure that live high voltage conductors will not be exposed during
      makeup and takedown of electrical connections.
PAR  According to the present invention a pilot circuit utilized in conjunction
      with a deformable or elastomeric connector portion as hereinbelow
      described limits the mechanical tension loads imposed upon connecting
      cables by forward motion of the machines powered therethrough and thereby
      precludes failure of the cables in tension. Additional objects and
      advantages of the present invention will become apparent upon a reading of
      the following description and illustrations in which:
DRWD
PAR  FIG. 1 is a longitudinal, central section through a male electrical
      connector assembly embodying the principles of the present invention; and
PAR  FIG. 2 is a longitudinal central section of a male connector similar to
      that illustrated in FIG. 1 showing an alternative embodiment of the
      present invention.
DETD
PAR  An electrical connector assembly generally indicated at 10 in FIG. 1
      comprises a rigid elongated cylindrical body member 12 formed from any
      suitable electrical insulating material such as neoprene. Body member 12
      comprises: a free or forward end portion 14 terminating at a transverse
      face 18 whereat connector 10 mates with a suitable female connector 13;
      and a constrained or rearward end portion 16 terminating at a transverse
      face 20 whereat connector 10 is electrically connected to a cable 26.
PAR  Body member 12 has rigidly axially disposed therewithin and extending
      longitudinally therethrough a plurality of electrical power contacts 22
      and pilot contacts 24. Axially adjacent forward end portions 22a and 24a,
      and rearward end portions 22b and 24b, of contacts 22 and 24 protrude
      through faces 18 and 20, respectively. The rearward extremities of contact
      portions 22b and 24b are suitably adapted to be electrically connected to
      a respective plurality of conductors 25 protruding axially from cable 26
      adjacent face 20 by any suitable means, for example set screws 23 as shown
      in FIG. 1. The forward extremities of contact portions 22a and 24a are
      formed as power contact pins 21, and pilot contact pins 19, respectively,
      to be received within the respective cooperating sockets of female
      receptacle 13.
PAR  An elongated annular sleeve 28 formed from any suitably resilient
      electrical insulating material, such as neoprene, rigidly retains within
      one end thereof body member portion 16 by any suitable means, for example
      cooperable load bearing threads 29 about the outer periphery of body
      portion 16 and the adjacent inner periphery of sleeve 28, and/or a
      circumferential clamp 30 (FIG. 1). The longitudinally opposed end of
      sleeve 28 similarly retains therewithin cable 26 in rigid engagement by
      means of, for example, a circumferential clamp 27 (FIG. 1) or a bonded
      joint (not shown). The assembly of sleeve 28 to connector body 12 and
      cable 26 as described hereinabove provides a structure wherein all
      substantial axial tension loads imposed upon the assembly during operation
      are transmitted from cable 26 to member 12 through sleeve 28 rather than
      through conductors 25.
PAR  A bearing 41 comprises a plurality of circumferentially spaced ball
      bearings 42 disposed in an annular raceway 44. Raceway 44 is disposed
      rearwardly adjacent and in longitudinal abutment with an annular band of
      suitably deformable material 46 within a circumferentially extending
      groove 45 about the periphery of body member portion 14 adjacent face 18.
      The outer peripheries of band 46 and raceway 44 are of substantially the
      same diameter as body member portion 14.
PAR  An elongated annular coupling collar or connecting member 32 formed of any
      suitably durable material, such as bronze alloy, has extending axially
      therethrough a stepped bore 34 comprising a forward coupling portion 36
      and a rearward reduced diameter sleeve portion 38 of substantially the
      same diameter as body member portion 14. An annular forwardly facing
      shoulder 40 extends about the inner periphery of collar 32 at the
      interface of bore portions 36 and 38.
PAR  Body member portion 14 is axially rotatably secured within collar bore
      portion 38 by rolling engagement of ball bearings 42 with a cooperating
      annular groove 43 extending about the inner periphery of collar bore
      portion 38. In this configuration an inwardly open annular groove 62
      disposed about the inner periphery of bore portion 38 forwardly adjacent
      groove 43 is located radially outwardly adjacent band 46, and face 18 is
      in approximate transverse alignment with shoulder 40. Collar bore portion
      36 releasably secures therewithin receptacle 13 by, for example,
      engagement between an external thread 33 about the periphery of receptacle
      13 and a plurality of circumferentially spaced cooperating pins 48
      extending radially inwardly from the internal periphery of collar bore
      portion 36. When connector 10 is thus assembled contact pins 19 and 21 are
      electrically engaged within the respective cooperating sockets of
      receptacle 13 and a rearwardly facing end 15 of receptacle 13 abuts face
      18.
PAR  The hereinabove disclosed structure cooperates with a conventional pilot
      circuit as follows to limit certain mechanical tension loads on connecting
      cables. Typically a pilot circuit ensures that live main power contact
      pins 21 will not be exposed during connection makeup and takedown by
      interrupting the main power circuit when pilot contact pins 19 are
      electrically disengaged from receptacle 13. Deformable band 46 of this
      invention provides means whereby a pilot circuit may be used to limit
      those excessive tension loads on cables, such as cable 26, caused by
      forward progress of the machines powered therethrough. Such loads are
      transmitted from cable 26 through sleeve 28 to body 12 via force
      transmitting joints in the manner hereinabbove indicated, and thence to
      receptacle 13 through body member 12, deformable band 46, raceway 44, ball
      bearings 42, collar 32, pins 48 and threads 33. Connector body 12 is urged
      rearward with respect to collar 32 in response to the tension loading
      being applied thereto. It is to be understood that inasmuch as receptacle
      13 is rigidly engaged with collar 32 as hereinabove described, rearward
      displacement of body 12 with respect to collar 32 is equivalent to a
      separation of faces 18 and 15. As the tension loading increases, faces 18
      and 15 separate and band 46 is compressed in its axial dimension. As the
      tension loading further increases, band 46 is further compressed in its
      axial dimension, the material thereof being deformed outwardly into groove
      62, and faces 18 and 15 separate sufficiently that pilot contact pins 19
      electrically disengage from receptacle 13 thereby interrupting power to
      the machine. Interruption of the power circuit arrests the forward motion
      of the affected machine, limits the increasing cable tension and thus
      precludes mechanical failure of the cable in tension. It is to be
      understood that pilot contact pins such as pins 19 typically have a very
      short electrical engagement length within their cooperating receptacle
      sockets, and that they will therefore disengage upon very small separation
      of faces 18 and 15 such as, for example, a separation of one quarter inch.
      Additionally, it is to be understood that in practice, band 46 may be any
      suitably deformable and elastomeric material which will deform
      sufficiently to limit maximum tension loads to a value substantially less
      than the ultimate strength of the cable, for example 1000 to 2000 pounds,
      and which upon relaxation of the tension loading will regain its original
      shape, exerting in the process a biasing force which will return connector
      10 to its untensioned configuration with faces 18 and 15 again in abutment
      and pins 19 electrically engaged within receptacle 13.
PAR  The hereinabove described embodiment of the present invention teaches a
      strain limiting concept and is illustrative thereof. The fundamental
      invention may be practiced in various alternative embodiments without
      departing from the essence or scope thereof. For example, FIG. 2
      illustrates a connector 10' utilizing the invention herein. Connector 10'
      is similar to the connector 10 described hereinabove, the primary
      distinction therebetween being that for the present embodiment the
      connector body 12 performs the function of previously described deformable
      band 46. Accordingly, in the description of connector 10' hereinbelow,
      like elements are assigned like numerals, and similar elements are
      assigned like numerals primed.
PAR  FIG. 2 illustrates a connector body member 12' formed of any suitably
      elastomeric or deformable electrical insulating material and having a
      form, structure and assembly thereof as described hereinabove with the
      following exceptions: deformable band 46 is not employed in this
      embodiment; therefore, groove 45' is of a longitudinal width to
      accommodate only the bearing 41 and groove 62 is not incorporated.
      Additionally, at least one of the pilot contacts 24' extending
      longitudinally through body member 12' comprises a pair of axially aligned
      forward and rearward contact segments 24a' and 24b' respectively, having a
      longitudinally extending bore 54 through a rigid, electrically insulating
      sleeve 55 communicating therebetween. An elongated electrically conductive
      compression member such as a coil spring 50 is disposed slideably within
      bore 54 axially intermediate an electrically connected to a pair of butt
      contacts 52. During operation, contact segments 24a' and 24b' communicate
      electrically with each other through bore 54 via contacts 52 and
      compression member 50. As mechanical tension loading is applied to cable
      26 the tension is transmitted from cable 26 through body member 12' to
      receptacle 13 in substantially the manner previously described. Connector
      body 12' gradually elongates in response to the tension loading applied
      thereto, and in particular the longitudinal distance between the
      respective ends of contacts 24a' and 24b' communicating through bore 54
      increases until compression of member 50 is completely relieved and it
      therefore no longer provides electrical communication between the
      respective contact segments 24a' and 24b'. At this point the pilot circuit
      is broken, the main power circuit to the machine is interrupted, and the
      tension increase thereby arrested.
PAR  As a further example, it is noted that an identical result is achieved if a
      strain limiting mechanism as described in either embodiment hereinabove is
      incorporated into the female rather than the male connector, or into both
      male and female connector parts.
PAR  Additionally, it is to be understood that various modifications to these or
      other embodiments may be incorporated without departing from the scope of
      the invention. For example: coupling collar 32 could couple to a
      cooperating receptacle 13 by means of a continuous mating thread rather
      than by a pin and groove mechanism; deformable band 46 could be replaced
      by a plurality of circumferentially spaced compression springs; pilot pins
      19 could be replaced by butt contacts; coupling collar 32 could be
      rotatably secured to body member 12 by any suitable apparatus in lieu of
      bearing 41; and the like.
PAR  Inasmuch as it has been shown that this invention may be practiced in
      various embodiments and with numerous modifications without departing from
      the spirit and scope thereof, it is requested that the invention be
      interpreted broadly and limited only by the scope of the claims appended
      hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical connector portion comprising: an insulating body member;
      at least one elongated electrical contact rigidly carried by said body
      member and extending along an axis; said contact being adapted to move
      relative to a mating contact of a mating connector portion in one
      direction along said axis while in electrical communication with such
      mating contact for only a given distance; a connecting member supported on
      said body member for limited relative movement therebetween along said
      axis; deformable means extending between said members for permitting said
      members to relatively move at least a predetermined distance only upon a
      predetermined minimum force acting to move said body member relative to
      said connecting member in a direction opposite said one direction; and
      said predetermined distance being greater than such given distance.
NUM  2.
PAR  2. An electrical connector portion as specified in claim 1 wherein said
      connecting member includes means adapted to be rigidly and releasably
      connected to such mating connector portion.
NUM  3.
PAR  3. An electrical connector portion as specified in claim 1 wherein said
      deformable means is formed from a resilient elastomer.
NUM  4.
PAR  4. An electrical connector portion as specified in claim 1 wherein said
      deformable means is captively received radially intermediate an inner
      peripheral portion of said connecting member and an outer peripheral
      portion of said body member.
NUM  5.
PAR  5. An electrical connector portion as specified in claim 1 wherein said
      body member includes a circumferential groove extending radially inwardly
      from the outer periphery thereof and said deformable means is disposed
      within said groove.
NUM  6.
PAR  6. An electrical connector portion as specified in claim 1 wherein said
      connecting member is coaxially rotatably carried by said body member.
NUM  7.
PAR  7. An electrical connector portion as specified in claim 1 additionally
      comprising: at least one other elongated electrical contact rigidly
      carried by said body member and extending parallel to said axis; said
      other contact being adapted to move relative to another mating contact of
      such mating connector portion in said one direction while in electrical
      communication with such another mating contact for only a second given
      distance; and said predetermined distance being less than such second
      given distance.
NUM  8.
PAR  8. An electrical connector portion as specified in claim 7 wherein: said at
      least one contact is a pilot contact being adapted to carry a relatively
      low voltage; and said at least one other contact is a power contact being
      adapted to carry a relatively high voltage.
NUM  9.
PAR  9. An electrical connector portion as specified in claim 1 wherein said
      connecting member encompasses a portion of said body member adjacent one
      end of said body member.
NUM  10.
PAR  10. An electrical connector portion as specified in claim 9 wherein the end
      of said contact adjacent said portion of said body member is
      longitudinally spaced therefrom.
NUM  11.
PAR  11. An electrical connector portion comprising: a unitary insulating body
      member; at least one elongated contact assembly carried by said body
      member and extending along an axis; said contact assembly including first
      and second contact portions spaced along said axis a first predetermined
      distance from each other and an intermediate contact portion; the length
      of said intermediate contact portion spanning said first distance to
      provide electrical communication between said first and second contact
      portions; said body member being deformable to increase the dimension
      thereof in the direction of said axis upon a tensile force acting on said
      body member in a direction parallel to said axis; said first and second
      contact portions being separated from each other a second distance greater
      than said first distance upon said tensile force acting with a
      predetermined minimum magnitude on said body member; the maximum length of
      said intermediate contact portion being less than said second distance to
      interrupt electrical communication between said first and second contact
      portions upon said force reaching said predetermined minimum magnitude.
NUM  12.
PAR  12. An electrical connector portion as specified in claim 11 wherein said
      intermediate contact portion is movably received within a substantially
      rigid sleeve carried by said body member.
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ABST
PAL  An electrical connector has a deflectable plate-like butt contact terminal
      portion carried at one end of a resiliently twistable, generally U-shaped
      channel which has its other end connected by a web to the mounting portion
      of the connector. The mounting portion of the connector is generally
      U-shaped and adapted to be mounted in a hole extending through a support
      panel. The butt contact terminal portion and channel may have a frontal
      area which is no greater than that of the mounting portion thereby
      reducing space requirements. The connector may conveniently be made by
      bending a sheet metal stamping.
BSUM
PAR  This invention relates generally to electrical connectors and more
      particularly to electrical connectors having a deflectable butt contact
      terminal portion.
PAR  A typical use for an electrical connector having a deflectable butt contact
      terminal is in a lamp socket wherein the connector carrying an electrical
      lead is mechanically connected to the lamp socket and establishes
      electrical contact with a stud terminal of the lamp bulb through the butt
      contact terminal portion of the connector.
PAR  Another typical use of this type of electrical connector is in conjunction
      with an instrument panel wherein the electrical connector carrying an
      electrical lead is inserted in a hole in a support panel behind the
      instrument panel and mechanically connected to the support panel. The
      electrical connector thus secured establishes electrical contact with a
      stud terminal of an electrical instrument or the like carried by the
      instrument panel through the butt contact terminal portion.
PAR  Because of these typical uses, especially the latter, it is essential that
      the butt contact terminal portion be deflectable to allow for the variable
      positions that the stud terminal could take with respect to the connector
      due to manufacturing variations of the several parts which might be
      involved in the complete assembly.
PAR  The U.S. Pat. No. 2,982,939 issued to Robert E. Kirk on May 2, 1961 for a
      "Socket and Locking Means", discloses an electrical connector 12 having a
      butt contact terminal portion which is deflectable to accommodate the
      variable position that stud terminal 14c of the lamp bulb 14 takes due to
      manufacturing variations in the several parts of the assembly. The
      particular deflectable butt contact terminal portion disclosed takes the
      form of an elongated C-shaped leaf spring 12 connected at one end to a
      transverse arm 12t . A second curved arm 12e connected to the other end of
      the C-shaped leaf spring abuts the transverse arm. Such a connector has a
      major drawback in applications where space is a premium in that the butt
      contact terminal portion has a greatly elongated frontal area requiring
      elongated slots for inserting the terminal into the lamp socket. See FIG.
      2 of the aforementioned Kirk patent.
PAR  It is generally an object of this invention to provide an electrical
      connector having a deflectable butt contact terminal portion which
      improves upon that shown in the Kirk patent by reducing the frontal area
      required while maintaining the same or greater deflection capabilities of
      the butt contact terminal portion.
PAR  Another object of this invention is to provide an electrical connector
      having a butt contact terminal portion which is deflectable toward the
      mounting portion by virtue of a torsionally resilient interconnecting
      channel portion which reduces the frontal area and consequently the space
      required by the connector.
PAR  Still another object of this invention is to provide an electrical
      connector having a deflectable butt contact terminal portion attached to a
      mounting portion of the terminal adapted to be mounted in a hole in a
      support panel which deflectable butt contact terminal portion may be
      designed to have a frontal area no greater than that of the mounting
      portion so that the connector may be inserted into the hole of the support
      panel terminal portion first without the hole being any larger than that
      required by the mounting portion which secures the terminal to the support
      panel by engaging portions of the support panel adjacent the hole.
PAR  Yet another object of this invention is to provide an electrical connector
      which may be stamped and bent from sheet metal so as to have a plate-like
      butt contact terminal portion which is deflectable toward the mounting
      portion by virtue of the torsional resilience of a plurality of legs in a
      channel which is bent from a flat strip portion of the sheet metal blank
      along its minimum thickness and which channel connects the plate-like butt
      contact terminal portion to the mounting portion.
PAR  Yet another object of this invention is to provide an electrical connector
      having a deflectable butt contact terminal which is plate-like and has a
      dished central portion adapted to universally adjust on the rounded
      contact surface of a stud connector which may be veriably positioned with
      respect to the connector because of manufacturing variations.
DRWD
PAR  The exact nature of this invention as well as other objects and advantages
      thereof will be readily apparent from consideration of the following
      specification relating to the annexed drawings in which:
PAR  FIG. 1 is a plan view of a sheet metal stamping from which an electrical
      connector in accordance with this invention may be made.
PAR  FIG. 2 is a perspective view of an electrical connector in accordance with
      this invention which has been bent to form from the sheet metal stamping
      shown in FIG. 1.
PAR  FIG. 3 is a front view of the electrical connector shown in FIG. 2.
PAR  FIG. 4 is a top view of the electrical connector shown in FIG. 3 mounted in
      a support panel with an electrical lead attached and the butt contact
      terminal portion engaging a stud terminal.
PAR  FIG. 5 is a side view of the connector, support panel and stud terminal
      shown in FIG. 4.
DETD
PAR  Referring now to the drawings and more particularly to FIG. 2, the
      electrical connector 10 comprises a generally U-shaped mounting portion 12
      having two flat parallel legs 14 and 16 interconnected by a flat bottom
      leg 18. Each of the parallel legs have a stop shoulder 20 at their free
      ends and resilient wings 22 which are contiguous with their rear end and
      bent forwardly in a diverging relationship. The wings 22 terminate short
      lateral flanges 24 adapted to biasingly engage one side of a support
      panel. The parallel legs also have cutout spring arms 26 with reversely
      folded free ends which terminate in latch shoulders 28 adapted to engage
      the other side of the support panel. A cutout tab 30 bent downwardly from
      the bottom leg 18 has its forward face coplanar with the stop shoulders
      20. The bottom leg 18 also has a contiguous rearwardly extending ferrule
      portion 32 of conventional design having two pairs of wings 34 and 36
      which are adapted to be crimped onto the exposed end portion of an
      electrical lead and the insulator sheath therefor respectively.
PAR  The electrical connector 10 also includes terminal portion 38 comprising a
      plate-like butt contact terminal portion 40 having a centrally dished
      portion 42. The butt contact terminal portion 40 is perpendicular and
      connected to a U-shaped channel portion 44 having two flat parallel legs
      46 and 48 interconnected by a flat bottom leg 50. The plate-like butt
      contact terminal 40 is within the frontal area defined by the channel
      portion 44 and connected thereto solely by bight portion 52 contiguous
      with the upper right hand corner of the terminal 40 and the free end of
      the channel leg 46. The channel portion 44 in turn is connected to the
      mounting portion 12 solely by a web 54 contiguous and coplanar with the
      free end portions of the legs 14 and 48 of the U-shaped mounting portion
      12 and the U-shaped channel portion 44 respectively.
PAR  Referring now to FIGS. 4 and 5, the electrical connector 10 may first be
      crimped onto the end of an electrical lead 56 in conventional manner and
      then inserted into a hole 58 in a support panel 60 from the back side; the
      left hand side as viewed in FIGS. 4 and 5. In this regard it should be
      particularly noted that the frontal area of the butt contact terminal 40
      and the U-shaped channel 44 is within the frontal area defined by the
      U-shaped mounting portion 12 so that the hole 58 need not be any larger
      than that necessitated by portion 12. See particularly FIG. 3.
PAR  The electrical connector 10 is inserted into the hole 58 and securely
      fastened to the panel in the following manner. After the channel portion
      44 has passed through the hole 58, the rounded front faces of the spring
      arms 26 engage the left side of the panel 60 whereupon the spring arms 26
      are cammed inwardly to pass through the hole. The movement of the
      connector 10 through the hole 58 continues until the stop shoulders 20 and
      tab 30 engage the left side of the panel 60 at which time the latch
      shoulders 28 are sprung outwardly and engage the right or front side of
      the panel. The back or left side of the panel is also biasingly engaged by
      the resilient wings 22 which prevent the electrical connector 10 from
      working loose from the panel 60.
PAR  The electrical connection 10 thus securely mounted on the panel 60
      electrically connects the lead 56 to a stud terminal 62 of an instrument
      or other electrical device carried by an instrument panel or the like (not
      shown) disposed ahead of the mounting panel 60. Due to manufacturing
      variations in the several parts, the position of the stud terminal 62 with
      respect to the butt contact portion 40 of the connector 10 varies and
      consequently the butt contact portion 40 deflects toward the left to
      adjust for the various positions that the stud terminal 62 might take.
      More particularly the butt contact terminal portion 40 moves toward the
      left as seen in FIGS. 4 and 5 in response to an axial force applied in
      this direction by the stud terminal 62. Movement of the butt contact
      terminal portion 40 toward the securely mounted connector mounting portion
      12 is accommodated by the compound twisting of the three legs 46, 48 and
      50 of the U-shaped channel portion 44. More particularly, the leg 46
      twists about its vertical axis along its length from the bottom where it
      connects with the leg 50 to the top free end where it is connected to the
      butt contact portion 40 by the bight 52; the leg 50 twists about its
      horizontal axis along its length to accommodate an axial displacement of
      the right end (as viewed in FIG. 3) toward the mounting portion 12; and
      the leg 48 twists about its vertical axis along its length from the top
      where it connects with the web 54 to the bottom where it connects with the
      leg 50. These individual twists of the leg are additive resulting in the
      axial displacement of the butt contact portion 40 toward the mounting
      portion 12. When displaced, the butt contact portion 40 remains
      substantially transverse to the mounting portion 12, however, some small
      universal movement is permitted thus enabling the dished central portion
      42 to center on the rounded stud terminal 62. In some instances, the
      deflection of the web 54 in the manner of a cantilevered beam contributes
      to the axial displacement of the butt contact portion 40.
PAR  In practice we have found that an electrical connector stamped and bent
      from sheet metal stock about 0.012 inch thick will have a capability of
      the butt contact terminal portion deflecting up to approximately 0.2 inch
      when the channel portion is bent from a strip portion about 0.08 inch wide
      into a configuration where the parallel legs 46 and 48 are about 0.42 inch
      long and the bottom leg 50 is about 0.34 inch long. Thus the deflection
      characteristics of the butt contact terminal portion of an electrical
      connector in accordance with our invention are believed to be at least as
      good as and possibly better than those of the elongated leaf spring type
      referred to in the introduction while at the same time saving space.
PAR  The electrical connector may conveniently be made by bending the sheet
      metal stamping shown in FIG. 1. The correspondence between the several
      portions of the stamping and the electrical connector is readily apparent,
      however, for convenience many portions of the stamping are identical by
      adding the letter designation "a" to the identifying numberals for their
      counterparts in the electrical connector shown in FIGS. 2, 3, 4 and 5.
PAR  We wish it to be understood that we do not desire to be limited to the
      exact details of construction shown and described, for obvious
      modifications will occur to a person skilled in the art.
CLMS
STM  What is Claimed Is:
NUM  1.
PAR  1. An electrical connector with a deflectable butt contact terminal portion
      comprising:
PA1  a unitary sheet metal stamping having a generally U-shaped mounting portion
      having substantially parallel leg portions and an interconnecting portion
      having a stop tab, each of said parallel leg portions having spring arms
      carrying latch shoulders and resilient wings whereby said connector is
      adapted to be snap mounted in a hole extending through a support panel and
      secured thereto by engagement with portions of the panel adjacent the hole
      and on opposite sides thereof,
PA1  a generally U-shaped channel portion having a frontal area no greater than
      the frontal area of said mounting portion, said generally U-shaped channel
      portion further having first and second leg portions of equal length which
      are spaced from each other and substantially parallel, said leg portions
      having first and second end portions respectively at the free ends
      thereof,
PA1  a web connecting said first end portion to said mounting portion, said web
      and said first end portion and a portion of one of said leg portions of
      said mounting portion being contiguous and substantially coplanar,
PA1  a plate-like butt contact terminal portion disposed in a substantially
      perpendicular relationship to said second end portion and having a frontal
      area no greater than the frontal area of said mounting portion, said
      plate-like butt contact terminal portion having a central dished portion
      adapted to engage a rounded end of a stud terminal, and
PA1  a bight portion constituting the sole means connecting said plate-like butt
      contact terminal portion to said second end portion whereby said terminal
      portion is deflectable toward said mounting portion and universally center
      on the rounded end of a stud terminal located at various distances from
      the mounting portion due to manufacturing variations by the resilient
      twisting of said channel portion.
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ABST
PAL  The present invention provides electrical connector assembly block
      apparatus comprising a pair of matable connector block parts which are
      provided with mutually engagable overcenter locking or latching means. The
      over-center locking means are comprised of at least one pair of lever arm
      members located on one connector block part which are pivotal about and
      deflectable along two orthogonal axes and are engageable with a double
      ramp portion on the matable connector block part to provide overcenter
      locking. The lever arm members are provided with means for forcibly
      rotating the lever arm members about the one of the two orthogonal axes
      which is perpendicular to the connector block to separate the end portions
      thereby permitting easy disengagement of the end portions with the double
      ramp member. The rear surface of the ramp member is provided with a shaped
      notch which is matable with corresponding projections of the lever arm
      members to provide a locked position. The rear portion of the double ramp
      member is further provided with means forming a pair of divergent camming
      surfaces to separate the locking ends of the lever arm members.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed to the field of matable electrical
      connector assembly blocks for establishing electrical circuits between
      pairs of conductors. More specifically, the present invention is directed
      to that portion of the above noted field which is concerned with the
      mechanism by which matable connector block members are maintained in
      assembled relationship. More particularly still, the present invention is
      directed to that portion of the above noted field which is concerned with
      mechanisms by which matable pairs of connector block members held in
      assembled relation by latching means of the overcenter locking type may be
      easily intentionally separated while maintaining a positively locked
      relationship when separation is not intended.
PAR  2. Description of the Prior Art
PAR  Matable electrical connector blocks which house pairs of mutually engagable
      electrical connector contacts and which are operative to maintain the
      contacts or terminals in an engaged relation are well known. Since the
      electrical contacts are usually recessed within the various portions of
      the electrical connector body it is known to be necessary to tightly
      engage the connector bodies to be sure that the electrical contacts are in
      an operable mutually engaged and conducting relationship. This connection
      may be assured in a variety of ways such as by providing mutually
      engagable screw and nut mechanisms on the sides of the connectors or by
      providing threaded connections between the pairs of matable connectors.
      Another form of assuring that the matable connector blocks are suitably
      engaged to provide for positive connection between the electrical contacts
      is to provide overcenter locking or latching apparatus. FIG. 1 of the
      drawing of this application illustrates one well known form of overcenter
      locking mechanism.
PAR  Connector blocks such as illustrated in FIG. 1 are frequently provided with
      a plurality of pairs of mutually interengagable electrical contacts which
      are intended to carry significant amounts of current which may reach
      values of several amperes or higher. These high values of current are
      frequently carried by bayonet type male contacts which are received
      between a pair of resiliently biased female contacts in the operative
      mode. In order to assure adequate contact between the pairs of contacts
      carrying high values of current it is normally the practice to provide a
      relatively high spring force between the contacts. This dictates that the
      overcenter locking mechanism provided with the connector blocks be
      arranged so that when the overcenter condition is reached a sufficiently
      high connecting force is generated to overcome any expected level of
      friction generated resistive force produced by the high level of spring
      force acting between the various pairs of electrical contact members.
PAR  In order to overcome the above noted high levels of resistive forces
      generated between the electrical contact members, overcenter locking
      mechanisms such as illustrated in FIG. 1 are normally comprised of at
      least one double ramp member situated on a first connector block member
      and at least one lever arm latching member situated on the mating
      connector block member. The latching member is engagable with the double
      ramp member when the connector is assembled. The double ramp member is
      normally provided with a first relatively gradual ramp surface which the
      lever arm latching member will initially engage when the matable connector
      block members are assembled and a second relatively steep rear ramp
      surface which provides an abrupt drop off. The connector block members are
      normally made of a relatively rigid plastic material having a high
      dielectric constant with the lever arm latching member capable of
      generating a relatively high degree of force when deflected through a
      small angle. The force is generated primarily by deformation of the
      latching member. Thus, the shallow or gradual ramp surface is operative to
      spread the lever arm member away from its normal position under the
      application of a relatively small degree of assembly force operating over
      an extended distance and the rear ramp surface is operative to rapidly
      accelerate the matable connector block members together once the
      overcenter position has been passed by dissipating the stored force over a
      relatively shorter distance. This mechanism is also operative to provide
      for complete separation of the two connector block members in the event
      that the overcenter position is not reached so that the connectors are
      forcibly separated and the lack of electrical circuit can be visually
      detected by the absence of mating of the two matable connector block
      members.
PAR  The structure briefly described hereinabove results in the anomalous
      situation that the connector block members may not be easily separated in
      order to accomplish any necessary servicing which may be required of the
      electrical apparatus assiciated with the circuits passing through the
      connector block members. This problem is further made more difficult by
      the fact that these connectors are frequently used to pass electrical
      current through wall structures under circumstances which make the
      connector relatively inaccessible once it has been installed in use. In
      those instances where more than one overcenter locking mechanism is
      provided on any one pair of matable connector block members it is normally
      the case that special tools are required to separate the connector block
      members with force levels being generated which approach levels
      sufficiently high to fracture the plastic. It is therefore a specific
      object of the present invention to provide an improved overcenter locking
      apparatus for pairs of matable connector block members which will operate
      in the same manner and with the same degree of reliability as prior
      overcenter locking mechanisms but which will be readily disengageable to
      permit easy intentional separation of the connector block members.
PAR  One way of accomplishing the general objectives set forth hereinabove would
      be to provide a rearwardly extending lever arm mechanism which could be
      gripped to forcibly move the double ramp member engaging end of the
      latching member outwardly away from the connector block member having the
      double ramp portion to facilitate the disassembly of the connector block
      members. As a practical matter however this is not possible due to the
      fact that the material forming the rearwardly extending portion would be
      deformable to the same degree that the forwardly extending latching member
      is deformable. Thus, even with a very long rearward extension, the lifting
      force necessary to overcome the resistance to deflection of the latching
      member and any binding with the double ramp portion could not be
      generated. It is therefore a further object of the present invention to
      provide a mechanism by which matable connector block members may be easily
      separated, which mechanism does not significantly increase the physical
      size of the connector block members and the space required within any
      associated housing structure to receive the connector block members. It is
      a further object of the present invention to provide an overcenter
      latching mechanism having improved release operation which may be
      integrally molded with the dielectric material normally utilized to form
      the matable connector block members.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides an overcenter locking or latching mechanism
      for matable connector block assembly members having a specially contoured
      double ramp portion formed on one of the matable pair and a locking
      mechanism formed on the other of the matable pair of connector blocks
      which locking mechanism is comprised of two distinct but cooperating lever
      arm members. The pair of lever arm members are pivotally connected to the
      connector block member through a connection which permits incremental
      rotational motion of each of the lever arm members about two orthogonal
      axes. Each lever arm member has a portion which extends from the pivotal
      connection in a direction which will permit it to come into contact with
      the double ramp member and a second portion which extends generally away
      from the first portion. The first portion is further provided with an end
      member adapted to contactively abut the double ramp portion and is further
      provided with a surface projection contoured to mate with a mating contour
      on the rear of the double ramp member to provide positive locking. Each
      lever arm forwardly extending portion is elastically deflectable along the
      two orthogonal axes to permit movement of a transversely extending end
      portion of the lever arm member for engagement with and disengagement from
      the double ramp member.
PAR  The double ramp member is provided with a pair of camming surfaces along
      the side wall portions thereof and is further provided with a suitably
      shaped, for example a V-shaped, notch or groove at the rear of the double
      ramp portion for receipt of suitably contoured projections on the lever
      arm members. The camming surfaces are arranged in proximity to the shaped
      groove.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 of the drawing illustrates a connector block assembly having an
      overcenter locking or latching mechanism according to the prior art.
PAR  FIG. 2 illustrates in a side elevational view the overcenter locking
      mechanism of the present invention in a partially assembled configuration.
PAR  FIG. 3 illustrates in a top elevational view the overcenter locking
      mechanism of the present invention in assembled relationship.
PAR  FIG. 4 illustrates in a top elevational view the overcenter locking
      mechanism of the present invention in a partially intentionally
      disassembled relation.
PAR  FIG. 5 is an enlarged sectional view taken along section lines 5--5 of FIG.
      4 of the double ramp member and the portion of the lever arm members which
      contactively engage the double ramp member.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings wherein like numbers designate like structure
      throughout the various views thereof, FIG. 1 illustrates an electrical
      connector block assembly having an overcenter locking mechanism according
      to the prior art. The connector block assembly is comprised of a first, in
      this case female, connector block member 11 and a second, in this case
      male, connector block member 13. The female connector block member 11 is
      provided with a plurality of bayonet type, male, electrical contact blades
      or members denoted as 14. The male connector block member 13 is provided
      with suitable female contact type members positioned to be complementary
      to the bayonet contact blades 14 for receiving these blades to establish
      electrical circuit communication therebetween. The female and male
      connector block members 11 and 13 are provided with an overcenter locking
      mechanism which is illustrated as comprising a double ramp member 16
      situated on the first connector block member 11 and a corresponding
      locking or latching mechanism 18 mounted on the second connector block
      member 13.
PAR  Double ramp member 16 is provided with a first or forward ramp surface 20
      and a second or rearward ramp surface 22. First ramp surface 20 is
      arranged to contactively abut a complementary surface 24 situated on the
      leading edge of the transverse element 25 of the locking or latching
      mechanism 18. Transverse element 25 is connected to the connector block
      member 13 by deflectable arm members 26. The ramp surface 20 and the
      complementary contactive surface 24 are suitably contoured so that motion
      of the male connector block member 13 toward and into connective
      relationship with the female connector block member 11 will produce a
      sufficient thrust on the surface 24 to cause the lever arm members 26 of
      the latching mechanism 18 to be deflected upwardly allowing the contactive
      surface 24 to ride up and over the double ramp member 16. Locking
      mechanism 18 is provided with a further abutment surface 28 which is
      arranged to fall behind, and be in locked engagement with, the the
      rearward ramp surface 22 of the double ramp member 16. Ramp surface 22 of
      this form of prior art connector is arranged to have a gradually
      increasing ramp angle so that at the point where the ramp surface 22 joins
      the upper surface 30 of the female connector block 11 it is virtually
      perpendicular to that surface. Other configurations are also well known.
      It will be appreciated that the specific slopes selected for the forward
      and rearward ramp surfaces 20, 22 will depend upon the force levels
      desired for assembly of the connector block members 11, 13 and the
      rigidity of the latching mechanism 18.
PAR  The engaging surface 28 provided on the latching mechanism 18 is here
      illustrated as being arranged to be also generally perpendicular to the
      upper surface 30 of the female connector block member 11. This provides a
      positive lock engagement between the male connector block member 13 and
      the female connector block member 11. The ramp surface 20 of the double
      ramp member 16 operating against surface 24 which will also act to
      forcibly separate the male and female connector block members by
      propelling them apart when the assembly force has been insufficient to
      cause the locking mechanism 18 to reach the overcenter position. However,
      once the overcenter position has been obtained, the ramp surface 22 on
      double ramp member 16 and the surface 28 are mutually cooperative to
      rapidly and forcefully propel the male member into fully assembled
      relation with the female member thereby providing that on visual
      inspection only an inspector may determine whether or not the electrical
      circuits have been properly completed.
PAR  It will be appreciated from a consideration of the foregoing and the
      illustration of FIG. 1 that the overcenter latching mechanism here
      illustrated and described presents a problem in the event of intentional
      disassembly. The amount of force required to separate the latching
      mechanism 18, particularly where a plurality of latching mechanisms are
      utilized, requires that a fairly high degree of force be applied without
      mechanical advantage such as that provided by the initial or forward ramp
      surface 20. Furthermore, the separation force required to remove the male
      connector member from the female connector member is relatively high due
      to the frictional forces exerted between the male and female electrical
      terminal or contact members with the added complication of maintaining the
      overcenter latching mechanism disengaged while separation is accomplished.
      It will thus be appreciated that the present invention, as it provides a
      mechanism for conveniently and easily unlocking the locking mechanism, is
      of great utility.
PAR  Referring now to FIG. 2, a pair of easily releasable overcenter locking
      mechanisms according to the present invention are illustrated in
      association with a first or female connector block member 10 and a matable
      second or male connector block member 12. In view of the fact that the
      overcenter locking mechanism of the present invention may be used with a
      wide variety of connector block configurations, and particularly with a
      wide variety of electrical terminal members, the connector blocks as here
      illustrated are intended to be merely representative and for that reason
      the configuration of the blocks is left in a simple rectangular block form
      without illustrating any representative configuration of the electrical
      terminals contained therein. Second connector block member 12 has been
      illustrated to be partially inserted within first connector block 10
      resulting in contactive abutment between the double ramp members 116 and
      the latching mechanism 118, both according to the present invention. This
      contact has resulted in a slight stressing of each locking mechanism 118
      which is illustrated by the slight angularity between the forwardly
      projecting portions 120 and the rearwardly projecting portions 122.
PAR  The forwardly projecting portion 120 of each locking mechanism 118 is
      provided with a contactive surface 124 which is arranged to contactively
      abut the first or initial ramp surface 126 of the double ramp member 116.
      Each of the locking mechanisms 118 is coupled to the second connector
      block member 12 by the post 128. The structure as shown and described may
      be conveniently molded of plastic dielectric material into a unitary body.
PAR  Referring now to FIG. 3, the overcenter locking mechanism 118 of the
      present invention is illustrated in a top elevational view in a coupled
      arrangement wherein the locking mechanism 118 is in locked engagement with
      the double ramp portion 116. The locking mechanism 118 is illustrated as
      being comprised of two separate and distinct lever arm members each of
      which has a forwardly extending portion 120 and a rearwardly extending
      portion 122. Each forwardly extending portion 120 terminates in a
      transverse portion or member 130 with the transverse portions 130 arranged
      to be directed generally toward each other. In the engaged position, the
      forwardly extending portions 120 are arranged to be generally parallel to
      each other. The rearwardly extending portions are provided with an angular
      bend as at 132 and are arranged to be directed generally away from each
      other. The purpose of this will be explained hereinbelow. Each of the
      transverse portions 130 is further provided with an inwardly or rearwardly
      projecting tab of material or corner 134. Double ramp member 116 is
      illustrated in this view with the rear portion partially broken away and
      includes a V-shaped notch 136 which is positioned to receive the
      rearwardly projecting corner 134 so as to lock these corners into position
      behind the double ramp portion 116. As can clearly be seen from this view,
      and from consideration of FIG. 2, the forwardly extending portions 120 and
      the rearwardly extending portions 122 of the lever arm members have
      substantially the same thickness, or dimension in the direction of the
      deflection encountered in assembling the connector blocks 10, 12. However,
      the dimension of the forwardly extending portions 120 of the lever arms in
      the transverse direction can be seen from FIG. 3 to be smaller than the
      comparable dimension of the rearwardly extending portions 122 of the lever
      arm members. This dimensional change facilitates flexure of the forwardly
      extending portions 120 in the transverse direction to ease disassembly as
      described hereinbelow.
PAR  Referring now to FIGS. 3 and 4, and particularly to FIG. 4 which shows the
      relationship of the components of the present invention in an
      intentionally partially disassembled mode, the operation of the present
      invention will be described. In assemblying the second electrical
      connector block member 12 to the first electrical connector block member
      10, the two components need only be properly oriented with respect to each
      other and forcibly brought together in the manner generally described
      hereinabove with respect to FIG. 1. Thus, second connector block member 12
      will be moved in the direction denoted by arrow A in FIG. 2, relative to
      the first connector block member 10. In those instances where the female
      connector block member 10 may be fixedly attached to another component, it
      will only be necessary to forcibly move the male member 12 in the
      direction of Arrow A in FIG. 2 to assure proper engagement with the female
      member 10. The application of force tending to insert the male member 12
      into the female member 10 will cause the locking mechanisms 118 and
      particularly the forwardly projecting portions 120 of the lever arm
      members to be deflected from their normal position due to the interaction
      of the initial ramp surface 126 and the forward angular portion 124 of the
      lever arm members 20. The amount of deflection will be a function of the
      depth to which the male member 12 has penetrated the female member 10 and
      the height of double ramp member 116. In those instances where
      insufficient force has been applied, the reaction force produced by the
      lever arm members 120 due to their deflected position and the cooperating
      surfaces 124, 126 will be sufficient to forcibly propel the male member 12
      away from the female member 10 or leftward, relative to FIG. 2, so as to
      clearly and visibly indicate, through a clearly disassembled connector
      block relation, the lack of a circuit connection between the electrical
      contacts within the male member 12 and the electrical contacts within the
      female member 10. However, when a sufficiently large application force has
      been applied to the male member 12, the locking mechanisms 118 and
      particularly the forwardly extending portions thereof will ride up and
      over the peak 125 of the double ramp member 116 and the reaction force
      produced by the forwardly extending portions 120 of the deflected lever
      arm members added to the insertion force will be sufficient to forcibly
      propel the male member 12 in the direction of assembly of the connector
      block members, that is the direction of arrow A of FIG. 2, and the
      electrical connector will be fully assembled. This action is essentially
      the same as that accomplished by the prior art device illustrated in FIG.
      1. The significant difference in the operation of the present invention
      resides in the ease of disassembly.
PAR  Disassembly is accomplished by forcing the rearwardly extending portions
      122 of the locking mechanism 118 together so as to angularly rotate
      rearwardly extending portions 122 and forwardly extending portions 120
      about the pivots 128. This will have the effect of causing the transverse
      members 130 to move away from each other. The initial movement will cause
      the projecting corners 134 to forcibly bias the V-shaped notch or groove
      136 leftward (relative to FIGS. 3 and 4) for a distance sufficient to
      permit the projecting corners 134 to freely move apart. When the
      projecting corners 134 have moved apart a distance at least equal to the
      distance between the opposed sides of the V-shaped groove or notch 136,
      the male member 12 may be relatively easily removed from the female member
      10. In order to permit the easy disassembly with a minimum of force
      applied to the rearwardly extending portions 122, the double ramp member
      116 is further provided with a pair of camming surfaces 138, described
      hereinbelow with reference to FIG. 5, positioned on either side of the
      V-shaped groove or notch 136 and at the rear, or extreme right hand
      portion (relative to FIGS. 2, 3 and 4) of the double ramp portion 116.
      Camming surfaces 138 are operative to reduce the amount of deflection
      required to disengage corners 134 from the V-shaped notch or groove 136.
      The camming surfaces 138 also cooperate with the inner edges 135 of the
      transverse portions 130 to apply a separating force directly to the
      transverse portions 130 to further facilitate their separation upon
      intentional disassembly. By providing the forwardly extending portions 120
      with a reduced transverse dimension compared with their thickness in the
      assembly deflection direction, the amount of deflection force generated in
      disassembly is relatively slight.
PAR  Referring now to FIG. 5, an enlarged partial sectional view taken along the
      line 5--5 of FIG. 4 illustrates the interrelationship between the
      transverse portions 130 of the forwardly projecting lever arm members 120,
      the inwardly and rearwardly projecting corners 134 and inner surfaces 135
      and camming surfaces 138 of the double ramp member 116. As illustrated in
      this view, the camming surfaces 138 are provided by undercutting the
      vertical side walls of the double ramp portion 116 so as to be generally
      perpendicular to the surface of the connector body 10 and at an angle to
      the centerline of the double ramp member 116.
PAR  It can thus be seen that the present invention readily accomplishes its
      stated objectives. Improvements are provided to each of the component
      parts of the overcenter locking or latching apparatus, that is to the
      double ramp member and to the latching mechanism which cooperates with the
      double ramp member, to provide structure which maintains reliable
      overcenter locking capability and which is easily intentionally
      disassembled. By providing a latching mechanism which is comprised of two
      separately operable but mutually cooperative members, only a slight
      relative movement in the transverse direction of the transverse portions
      of these members is necessary in order to free the latching mechanism for
      easy disassembly. By further providing the camming surfaces and by
      tailoring the relative cross sectional dimensions of the forwardly
      extending portions 120, the amount of force required to be generated by
      the lever arm portions while at the same time assuring that the lever arm
      portions 120 are capable of the amount of deflection (by elastic
      deformation) required to free the connector block members. It can also be
      seen that this structure is readily integrally molded with the connector
      block members, does not require the use of additional tools or implements
      and does not greatly alter the size relationships for the connector block
      assembly.
CLMS
STM  We claim:
NUM  1.
PAR  1. In combination with a pair of matable electrical connector block
      members, easily releasible overcenter locking means comprising:
PA1  first and second locking lever arm members attached to one member of the
      matable pair, each of said lever arm members having a forwardly extending
      portion and a rearwardly extending portion, each of the forwardly
      extending portions terminating in a transverse portion, said transverse
      portions being arranged to extend toward each other and to be in closely
      spaced relation to each other;
PA1  means forming a deformable pivot connection between each of the first and
      second locking lever arm members and the one member of the matable pair,
      each pivot connection being at least slightly deformable about one axis,
      each of said at least one axis of each pivot connection being arranged to
      be generally perpendicular to the plane formed by the two forwardly
      extending lever arm portions; and
PA1  a double ramp member formed on the other member of the matable pair and
      having first and second ramp surfaces, said double ramp member being
      positioned on said other member of the matable pair as to be intermediate
      said forwardly extending lever arm portions, said transverse portions and
      said pivot connections when the matable pair of connector block members
      are in fully assembled relation;
PA1  each transverse portion including a cooperative surface for cooperating
      with the double ramp member first surface to deflect the forwardly
      extending portions in the direction of said one pivot axis and for
      cooperating with the double ramp member second surface to apply energy
      stored in said forwardly extending lever arm portions by their deflection
      to apply an additive force to urge the matable pair of connector blocks
      together;
PA1  said rearwardly extending lever arm portions operative to forcibly rotate
      said first and second locking lever arm members about said one pivot axis
      to cause said transverse portions to be rotated apart whereby the
      cooperation of the forwardly extending lever arm portions and the second
      surface of the double ramp member in generating a force to urge the
      matable pair of connector block members together may be avoided during
      intentional disassembly.
NUM  2.
PAR  2. The apparatus of claim 1 wherein each transverse portion includes a
      rearwardly directed projection arranged to be in close proximity to a
      similar projection on the other transverse portion and said double ramp
      member includes a projection receiving notch intermediate its second ramp
      surface and the surface of the other of the matable pair of connector
      block members whereby the transverse portions of the forwardly extending
      lever arm portions will be locked in closely spaced relation by the
      cooperation of said projections with said notch when the matable pair of
      connector block members are in fully assembled relation.
NUM  3.
PAR  3. The apparatus of claim 2 including further a pair of cam surfaces on
      opposite sides of said double ramp member, said cam surfaces being
      arranged to be generally perpendicular to the surface of the other member
      of the matable pair and to be angularly disposed in relation to said
      second surface of said double ramp member, said cam surfaces cooperative
      with the transverse portions during intentional disassembly to apply a
      separation force to the ends of the forwardly extending portions through
      the transverse portions whereby the transverse portions are forced apart
      to facilitate disassembly.
NUM  4.
PAR  4. In combination with an overcenter locking mechanism for a pair of
      matable electrical connector block members of the type having at least one
      double ramp member formed on one of the pair of connector block members
      and means forming a latching mechanism on the other of the pair of
      connector block members wherein the double ramp member is provided with a
      first surface for cooperating with the latching mechanism to deflect the
      latching mechanism in a first direction toward a stressed condition and a
      second surface for cooperating with the latching mechanism when in the
      stressed condition to generate a force tending to urge the connector block
      members to a fully assembled condition, the improvement wherein said
      latching mechanism comprises:
PA1  first and second forwardly extending lever arm portions having transverse
      portions at the free ends thereof, said transverse portions extending from
      one of the first and second forwardly extending lever arm portions toward
      the other of the first and second lever arm portions, the ends of said
      transverse portions being in normally closely spaced relation;
PA1  first and second rotationally deformable means rotationally deformable in
      opposite directions transverse to the first direction connecting said
      first and second forwardly extending lever arm portions to the other of
      the pair of connector block members; and
PA1  first and second rearwardly extending portions connected to said first and
      second forwardly extending portions in proximity to said first and second
      rotationally deformable means operative to apply a rotationally deforming
      force to said deformable means in said opposite directions for causing
      said transverse portions to move apart whereby the cooperative action of
      the transverse portions and the double ramp member second surface may be
      avoided upon intentional disassembly.
NUM  5.
PAR  5. The apparatus of claim 4 wherein said transverse portions include
      rearwardly directed projections arranged at the closely spaced ends of the
      transverse portions and the double ramp member is provided with a
      projection receiving notch intermediate the second surface of the double
      ramp member and the surface of the one connector block member, said
      projections and double ramp member notch being cooperative to lock the
      transverse portions in closely spaced relation.
NUM  6.
PAR  6. The apparatus of claim 5 wherein said double ramp member includes a pair
      of cam surfaces disposed on opposite sides thereof and arranged to be
      generally angularly disposed in relation to the double ramp member second
      surface and the adjacent surface of the one connector block member, said
      double ramp member projection receiving notch being arranged to be
      intermediate said cam surfaces.
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ABST
PAL  Synergistic antifogging action is observed by applying a combination of (1)
      a hydroxyalkyl acrylate or methacrylate or the like and (2) an
      organosiloxane-oxyalkylene block copolymer to a glass or plastic surface
      which is normally fogging.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Fog is prevented on a transparent or reflecting substrate by applying to a
      surface thereof a synergistic combination of (1) hydrophilic acrylate or
      methacrylate polymer, e.g., hydroxethyl methacrylate polymer and (2) a
      siloxane-oxyalkylene block copolymer.
PAC  DETAILED DESCRIPTION
PAR  This invention relates to the preparation of novel synergistic antifog
      coatings.
PAR  Fog is the formation of minute water droplets on the surface of a
      substrate, which obscures vision. Any material, which has the ability to
      prevent the condensation of these droplets, has antifog activity. Coatings
      formulated from hydrophilic acrylic polymers, such as poly-hydroxyethyl
      methacrylate are examples. See for example Shepherd U.S. Pat. No.
      3,515,579 the entire disclosure of which is incorporated by reference.
      These polymers absorb moisture before condensation and thus prevent fog
      formation. Hydrophilic coatings are generally water insoluble and remain
      effective until the polymer is saturated with moisture. Once the moisture
      is evaporated, the coating again becomes effective. Antifog coatings of
      this type remain functional permanently until they are mechanically
      damaged or removed. Certain wetting agents, such as
      organosiloxane-oxyalkylene block copolymers (L-77, L-530, Union Carbide
      Corp.) are also known as nonfogging agents, see Morehouse U.S. pat. No.
      3,337,351 the entire disclosure of which is incorporated by reference.
      L-77 and L-530 are also described in Union Carbide Organosilicone Block
      Copolymers, Technical Brochure F-42361, the entire disclosure of which is
      hereby incorporated by reference. The antifog activity of these silicone
      materials follows another mechanism. When applied on the surface of a
      substrate, the attractive force of the wetting agent lowers the surface
      tension of the moisture droplets. Thus the droplets collapse, forming a
      monolithic transparent film. These wetting agents are water soluble and
      can be removed easily from the substrate by wetting with water. They are,
      therefore, effective only temporarily.
PAR  The use of hydroxyethyl methacrylate polymer (poly HEMA) antifog coating in
      meat packaging applications was explored. Poly-hydroxyethyl methacrylate
      was subsequently found to be suitable for this application on polyethylene
      film at a coating thickness of 0.01-0.1 mil. Following the preliminary
      studies, it was further demonstrated that in the presence of a small
      amount, generally 0.05-5 parts of L-77 organosiloxane-oxyalkylene block
      copolymer per 100 parts of poly HEMA in the poly-HEMA coating, a strong
      synergistic antifog activity existed on polyethylene films. The same
      phenomenon was also observed when L-77 (1 phr) was incorporated in the
      formulations of either Lens Coating as hereinafter defined (on
      polycarbonate) or Glass Coating as hereinafter defined (on glass).
PAR  The term poly HEMA as used in the present specification and claims refers
      to commercial polymerized hydroxyethyl methacrylate. Normally the starting
      monomer contains about 0.05-0.3% of ethylene glycol dimethacrylate as an
      impurity as well as about 0.05-0.3% of methacrylic acid as an impurity.
      These impurities are not normally removed in the polymerization but the
      art still calls the polymerization product poly HEMA.
PAR  As hydrophilic acrylic polymers there can be used polymer of hydroxy lower
      alkyl acrylates and methacrylates and hydroxy lower alkoxy lower alkyl
      acrylates and methacrylates. The lower alkoxy and lower alkyl groups
      usually have 2 to 3 carbon atoms. Thus there can be used polymers of
      2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, diethylene glycol
      monoacrylate, diethylene glycol monomethacrylate, hydroxy propyl acrylates
      and methacrylates, e.g., 2-hydroxypropyl acrylate, 2-hydroxypropyl
      methacrylate, 3-hydroxypropyl acrylate, 3-hydroxypropyl methacrylate,
      dipropylene glycol monomethacrylate. Acrylamide, methylol acrylamide,
      N-methylacrylamide, N-methyl methacrylamide, N-isopropyl acrylamide,
      methacrylamide and methylol methacrylamide also are useful hydrophilic
      monomers as are acrylamide, N,N-diisopropyl acrylamide, etc.
PAR  In preparing hydroxyalkyl monoacrylates and methacrylates a small amount of
      the diacrylate or dimethacrylate is also formed. This need not be removed
      and in fact its presence is frequently helpful in forming hard, abrasion,
      scratch and solvent resistant coatings. Usually not over 2% of such
      monomer, e.g., ethylene glycol dimethacrylate, ethylene glycol diacrylate,
      diethylene glycol dimethacrylate or the like, is employed. The amount of
      diester used as a cross-linking agent can be as much as 20%.
PAR  It is also advantageous to have present (1) an unsaturated acid or (2) an
      unsaturated amine, preferably including an unsaturated amide. It has been
      found desirable to copolymerize 80 to 99%, usually 85 to 98%, of the
      acrylate or methacrylate with 20 to 1%, usually 2 to 15%, of an
      ethylenically unsaturated mono or polycarboxylic acid or partial ester of
      an ethylenically unsaturated polycarboxylic acid.
PAR  To increase resistance to ammonia and other common alkaline cleaning
      preparations it has been found desirable instead of including an
      ethylenically unsaturated acid to include an ethylenically unsaturated
      amine, preferably together with an ethylenically unsaturated amide, to
      form a "terpolymer" with or without (a) an aminoplast or (b) ammonium
      dichromate.
PAR  When a "terpolymer" is formed it contains 75 to 98% of the acrylate or
      methacrylate with 1 to 10%, preferably 2 to 10% of the ethylenically
      unsaturated amine and 1 to 15%, preferably 2 to 10% of the unsaturated
      amide and preferably a small amount, e.g., 0.25 to 20%, preferably 0.5 to
      10% of a polyethylenically unsaturated crosslinking agent.
PAR  The aminoplast, if employed, is employed in minor amount, usually 0.1 to 4%
      by weight of the terpolymer and the ammonium dichromate is normally used
      in an amount of 0.2 to 1%, preferably 0.1 to 0.5%, by weight of the
      terpolymer. The use of either the aminoplast or the dichromate results in
      a hard abrasion resistant coating or glass or plastic substrates.
PAR  As the ethylenically unsaturated acid there can be used acrylic acid,
      cinnamic acid, crotonic acid, methacrylic acid, itaconic acid, aconitic
      acid, maleic acid, fumaric acid, mesaconic acid and citraconic acid. Also,
      there can be used partial esters such as mono 2-hydroxypropyl itaconate,
      mono 2-hydroxyethyl itaconate, mono 2-hydroxyethyl citraconate, mono
      2-hydroxypropyl aconitate, mono 2-hydroxyethyl maleate, mono
      2-hydroxypropyl fumarate, mono methyl itaconate, monoethyl itaconate, mono
      methyl Cellosolve ester of itaconic acid (methyl Cellosolve is the
      monomethyl ether of ethylene glycol), mono methyl Cellosolve ester of
      maleic acid.
PAR  As the ethylenically unsaturated amine there can be used p-aminostyrene,
      o-aminostyrene, 2-amino-4-vinyltoluene, alkylamino alkyl acrylates and
      methacrylates, e.g., diethylaminoethyl acrylate, diethylaminoethyl
      methacrylate, dimethylaminoethyl acrylate, dimethylaminoethyl
      methacrylate, t-butylaminoethyl acrylate, t-butylaminoethyl methacrylate,
      piperidinoethyl acrylate, piperidinoethyl methacrylate, morpholinoethyl
      acrylate, morpholinoethyl methacrylate, 2-vinylpyridine, 3-vinyl pyridine,
      4-vinyl pyridine, 2-ethyl-5-vinylpyridine, dimethylamino propyl acrylate,
      dimethylamino propyl methacrylate, dipropylaminoethyl acrylate,
      dipropylaminoethyl methacrylate, di-n-butylaminoethyl acrylate,
      di-n-butylaminoethyl methacrylate, di-sec. butylaminoethyl acrylate,
      di-sec. butylaminoethyl methacrylate, dimethylaminoethyl vinyl ether,
      dimethylaminoethyl vinyl sulfide, diethylaminoethyl vinyl ether,
      diethylaminoethyl vinyl sulfide, aminoethyl vinyl ether, aminoethyl vinyl
      sulfide, mono methylaminoethyl vinyl sulfide, monoethylaminoethyl vinyl
      ether, N-(gamma-monomethylamino) propyl acrylamide,
      N-(beta-monomethylamino) ethyl acrylamide, N-(betamonomethylamino) ethyl
      methacrylamide, 10-aminodecyl vinyl ether, 8-aminooctyl vinyl ether,
      5-aminopentyl vinyl ether, 3-aminopropyl vinyl ether, 4-aminobutyl vinyl
      ether, 2-aminobutyl vinyl ether, monoethylaminoethyl methacrylate,
      N-(3,5,5-trimethylhexyl) aminoethyl vinyl ether, N-cyclohexylaminoethyl
      vinyl ether, 2-(1,1,3,3-tetramethylbutylamino) ethyl methacrylate,
      N-t-butylaminoethyl vinyl ether, N-methylaminoethyl vinyl ether,
      N-2-ethylhexylaminoethyl vinyl ether, N-t-butylaminoethyl vinyl ether,
      N-t-octylaminoethyl vinyl ether, 2-pyrrolidinoethyl acrylate,
      2-pyrrolidinoethyl methacrylate, 3 -(dimethylaminoethyl) - 2 -
      hydroxypropyl acrylate, 3 -(dimethylaminoethyl) - 2-hydroxy propyl
      methacrylate, 2-aminoethyl acrylate, 2-aminoethyl methacrylate. The
      presently preferred amino compounds are alkylaminoethyl acrylates and
      methacrylates, most preferably t-butyl aminoethyl methacrylate.
PAR  As the ethylenically unsaturated amide there is most preferably alkyl
      substituted acrylamides and methacrylamides, most preferably N-isopropyl
      acrylamide. There can also be used N-isopropyl methacrylamide, N-t-butyl
      acrylamide, N-t-butyl methacrylamide, diacetone acrylamide, diacetone
      methacrylamide, methylol acrylamide, methylol methacrylamide, acrylamide,
      methacrylamide, N-methyl acrylamide, N-methyl methacrylamide,
      N-(2-hydroxyethyl) acrylamide, N - (2 - hydroxyethyl) methacrylamide,
      N-butyl acrylamide, N-butyl methacrylamide, fumaric diamide, N,N'-dimethyl
      maleamide, N,N'-diethyl itaconic diamide, N,N'-dimethyl citraconic
      diamide, N,N'-dipropyl fumaric diamide, N,N'-diisopropylacrylamide.
PAR  As the aminoplasts there are used condensation products of an aldehyde,
      preferably formaldehyde, with a urea (i.e. urea per se or substituted
      ureas) or aminotriazine, e.g., urea, thiourea, ethylene urea,
      dicyandiamide, melamine, benzoguanamine, acetoguanamine, formoguanamine,
      ammeline, ammelide, 2,4,6-triethyl triamino 1,3,5-triazine,
      2,4,6-triphenyl triamino 1,3,5-triazine as well as the other amino
      triazines disclosed in Widmer U.S. Pat. No. 2,197,357, for example. The
      aminoplast is normally present as a solvent dispersion of a solvent
      dispersible, fusible, thermosetting, aminoplast resin forming reaction
      product of the urea or aminotriazine and the aldehyde. The aminoplast is
      normally soluble in water and/or alcohol. It can be a low molecular weight
      resin or a monomer such as dimethylolurea, sesquimethylol urea,
      trimethylol melamine, dimethylol melamine, hexamethylol melamine,
      trimethylol melamine trimethyl ether, hexamethylol melamine hexamethyl
      ether or trimethylol benzoguanamine for example. The use of melamine or
      other aminotriazines is preferred to urea.
PAR  As the organosiloxane-oxyalkylene copolymers useful in the compositions of
      this invention are of the class that are known as "block" copolymers,
      block copolymers are composed of at least two sections or blocks at least
      one section or block composed of one type of recurring units or groups
      (e.g., siloxane groups as in the copolymers useful in this invention) and
      at least one other section or block composed of a different type of
      recurring units or groups (e.g., oxyalkylene groups as in the copolymers
      useful in this invention). Block copolymers can have linear, cyclic,
      branched or crosslinked structures.
PAR  The siloxane blocks in the copolymers employed in the compositions of this
      invention contain at least two siloxane groups that are represented by the
      formula
EQU  R.sub.b SiO.sub.(4.sub.-b)/2                               ( 1)
PAL  wherein R is a monovalent hydrocarbon groups, a halogen-substituted
      monovalent hydrocarbon group or a divalent hydrocarbon group and b has a
      value from 1 to 3. Preferably, each R contains from one to about 20 carbon
      atoms. The groups represented by R can be the same or different in any
      given siloxane group or throughout the siloxane block, and the value of b
      in the various siloxane groups in the siloxane block can be the same or
      different. The divalent hydrocarbon groups represented by R link the
      siloxane block to the oxyalkylene block. Each siloxane block contains at
      least one group represented by Formula 1 wherein at least one group
      represented by R is a divalent hydrocarbon group. The siloxane block has a
      ratio of hydrocarbon groups to silicon atoms from 1:1 to 3:1.
PAR  Illustrative of the monovalent hydrocarbon groups that are represented by
      the R in Formula (1) are the alkenyl groups (for example, the vinyl group
      and the allyl group); the cycloalkenyl groups (for example, the
      cyclohexenyl group); the alkyl groups (for example, the methyl, ethyl,
      isopropyl, octyl, dodecyl, octadecyl and eicosyl groups); the aryl groups
      (for example, the phenyl, napthyl, and terphenyl groups); the aralkyl
      groups (for example, the benzyl and the phenylethyl groups); the alkaryl
      groups such as, the styryl, tolyl and n-hexylphenyl groups, and the
      cycloalkyl groups (for example, the cyclohexyl group).
PAR  Illustrative of the halogen-substituted monovalent hydrocarbon groups that
      are represented by R in Formula (1) are the chloromethyl, trichloroethyl,
      perfluorovinyl, parabromobenzyl, iodophenyl,
      alpha-chloro-beta-phenylethyl, parachlorotolyl, and bromocyclohexyl groups
      and the like.
PAR  Illustrative of the divalent hydrocarbon groups represented by R in Formula
      1 are the alkylene groups (such as, the methylene, ethylene, propylene,
      butylene, 2,2-di-methyl-1,3-propylene, decylene and eicosylene groups),
      the arylene groups (such as the phenylene and p,p'-diphenylene groups),
      and the alkarylene groups (such as, the phenyl-ethylene group).
      Preferably, the divalent hydrocarbon group is an alkylene group containing
      from two to four successive carbon atoms. Siloxane groups containing
      divalent groups as substituents are illustrated by groups having the
      formulas:
      ##EQU1##
      These divalent hydrocarbon groups are linked to a silicon atom of the
      siloxane block by a silicon-to-carbon bond and to an oxygen atom of the
      oxyalkylene block by a carbon-to-oxygen bond.
PAR  The siloxane block can contain siloxane groups that are represented by
      Formula (1) wherein either the same hydrocarbon groups are attached to the
      silicon atoms (e.g., the dimethylsiloxy, diphenylsiloxy and diethylsiloxy
      groups) or different hydrocarbon groups are attached to the silicon atoms
      (e.g., the methylphenylsiloxy, phenylethylmethylsiloxy and
      ethylvinylsiloxy groups).
PAR  The siloxane block in the copolymers useful in the compositions of this
      invention can contain one or more types of siloxanes groups that are
      represented by Formula 1 provided that at least one group has at least one
      divalent hydrocarbon substituent. By way of illustration, only
      ethylenemethylsiloxy groups,
      ##EQU2##
      can be present in the siloxane block or the siloxane block can contain
      more than one type of siloxane group, e.g., the block can contain both
      ethylenemethylsiloxy groups and diphenylsiloxy groups, or the block can
      contain ethylenemethylsiloxy groups, diphenylsiloxy groups and
      diethylsiloxy groups.
PAR  The siloxane block contained in the copolymers useful in the compositions
      of this invention can contain trifunctional siloxane groups (e.g.,
      monomethylsiloxane groups, CH.sub.3 SiO.sub.1.5), difunctional siloxane
      groups (e.g., dimethylsiloxane groups, (CH.sub.3).sub.2 SiO.sub.1),
      monofunctional siloxane groups (e.g., trimethylsiloxane groups,
EQU  (CH.sub.3).sub.3 Sio.sub.0.5)
PAL  or combinations of these types of siloxane groups having the same or
      different substituents. Due to the functionality of the siloxane groups,
      the siloxane block can be predominantly linear or cyclic or branched or it
      can have combinations of these structures.
PAR  The siloxane block contained in the copolymers useful in the compositions
      of this invention can contain organic end-blocking or chain terminating
      organic groups as well as the monofunctional siloxane chain terminating
      groups encompassed by Formula (1). By way of illustration, the siloxane
      block can contain such organic end-blocking groups as the hydroxyl group,
      the aryloxy groups (such as, the phenoxy group), the alkoxy groups (such
      as, the methoxy, ethoxy, propoxy and butoxy groups), the acyloxy groups
      (such as the acetoxy group), and the like.
PAR  The siloxane blocks in the copolymers useful in the compositions of this
      invention contain at least two siloxane groups that are represented by
      Formula (1). Preferably, the siloxane blocks contain a total of at least
      five siloxane groups that are represented by Formula 1 and by Formula 1-a
      below. That part of the average molecular weight of the copolymer that is
      attributable to the siloxane blocks can be as high as 50,000 or greater.
PAR  A siloxane block can contain, in addition to the groups represented by
      Formula (1), one or more siloxane groups represented by the formula:
      ##EQU3##
      wherein R has the meaning defined in Formula 1, e has a value from 0 to
      2,f has a value from 1 to 2 and e+f has a value from 1 to 3.
PAR  The oxyalkylene blocks in the copolymers employed in the compositions of
      this invention each contain at least four oxyalkylene groups that are
      represented by the formula:
EQU  [--R'O--]                                                  (2)
PAL  wherein R' is an alkylene group. Preferably, the alkylene group represented
      by R' in Formula 2 contains from two to about 10 carbon atoms, and most
      preferably from two to three carbon atoms. Water-solubility of the
      copolymer is enhanced when R' contains less than three carbon atoms. It is
      therefore important that at least one C.sub.2 H.sub.4 O group be present
      in the copolymer for it to be at least partially water-soluble.
      Illustrative of the oxyalkylene groups that are represented by Formula 2
      are the oxyethylene, oxy-1,2-propylene, oxy-1,3-propylene, oxy-2,2 -
      dimethyl - 1,3 -propylene, oxy-1,10-decylene groups, and the like.
PAR  The oxyalkylene blocks in the copolymers useful in the compositions of this
      invention can contain one or more of the various types of oxyalkylene
      groups represented by Formula 2. By way of illustration, the oxyalkylene
      blocks can contain only oxyethylene groups or only oxypropylene groups or
      both oxyethylene and oxypropylene groups, or other combinations of the
      various types of oxyalkylene groups represented by Formula 2.
PAR  The oxyalkylene blocks in the copolymers useful in the compositions of this
      invention can contain organic end-blocking or chain terminating groups. By
      way of illustration, the oxyalkylene blocks can contain such end-blocking
      groups as the hydroxy group, the aryloxy group (such as, the phenoxy
      group), the alkoxy groups (such as, the methoxy, ethoxy, propoxy and
      butoxy groups), alkenyloxy groups (such as, the vinyloxy and the allyloxy
      groups). Also, single group can serve as an end-blocking group for more
      than one oxyalkylene block. For example, the glyceroxy group,
      ##EQU4##
      can serve as an end-blocking group for three oxyalkylene chains.
PAR  The oxyalkylene blocks in the ccopolymers useful in the compositions of
      this invention each contain at least four oxyalkylene groups that are
      represented by Formula 2. Preferably, each block contains at least five of
      such groups. That part of the average molecular weight of the copolymer
      that is attributable to the oxyalkylene blocks can vary from 176 for
      (C.sub.2 H.sub.4 O).sub.4 to 50,000 or greater.
PAR  The block copolymers useful in the compositions of this invention can
      contain siloxane blocks and oxyalkylene blocks in any relative amount. In
      order to possess desirable properties, the copolymer should contain from 5
      parts by weight to 95 parts by weight of siloxane blocks and from 5 parts
      by weight to 95 parts by weight of oxyalkylene blocks per 100 parts by
      weight of the copolymer. Preferably, the copolymers contain 5 parts by
      weight to 50 parts by weight of the siloxane blocks and from 50 parts by
      weight to 95 parts by weight of the oxyalkylene blocks per 100 parts by
      weight of the copolymer.
PAR  The block copolymers useful in the compositions of this invention can
      contain more than one of each of the blocks and the blocks can be arranged
      in various configurations such as, linear, cyclic or branched
      configurations.
PAR  Organosiloxane-oxyalkylene block copolymers which are especially useful in
      compositions of the present invention include those having the following
      formulas:
EQU  (p) Me.sub.3 Si(OSiMe.sub.2).sub.6[OMeSiCH.sub.2 CH.sub.2 CH.sub.2
      O(C.sub.2 H.sub.4 O).sub.8 Me].sub.7 OSiMe.sub.3
PAL  Molecular weight of about 3600
EQU  (q)  Me.sub.3 Si(OSiMe.sub.2).sub.19 [OMeSiCH.sub.2 CH.sub.2 CH.sub.2
      O(C.sub.2 H.sub.4 O).sub.19 (C.sub.3 H.sub.6 O).sub.14 Bu]OSiMe.sub.3
PAL  Molecular weight of about 7000
EQU  (r)  Me.sub.3 Si(OSiMe.sub.2).sub.7 [OMeSiCH.sub.2 CH.sub. 2 CH.sub.2
      O(C.sub.2 H.sub.4 O).sub.15 Me].sub.3 OSiMe.sub.3
PAL  Molecular weight of about 3100
PAR  Specific commercial organosilicone block copolymers within the Morehouse
      patent disclosure which can be used include L-520 which has the structure
EQU  CH.sub.2 = CHSi(O(Si(CH.sub.3).sub.2 O).sub.z (CH.sub.2 CH.sub.2 O).sub.x
      (C.sub.3 H.sub.6 O).sub.y --C.sub.4 H.sub.9).sub.3
PAL  where the organic portion is a mixed copolymer containing equal weights of
      propylene and ethylene oxides and terminated with a butoxy group. The
      silicon base and each of thee three organic branch chains has a molecular
      weight of about 1500 so that the total molecular weight is about 6000 (see
      Kirk-Othmer, Encylopedia of Chemical Technology, 2nd Edition, Vol. 19,
      page 554), L-530 which is similar to L-520 is a liquid having a viscosity
      of 2000 centistokes at 25.degree. C. L-77 which also can be used is a
      similar organo silicone block copolymer in liquid form having a viscosity
      of 18 centistokes at 25.degree.C and a specific gravity of 1.02. L-77 is
      also described in U.S. Pat. No. 3,299,112 and U.S. Pat. No. 2,846,458.
      L-530 is described in U.S. Pat. No. 2,846,458. L-520 is described in  U.S.
      Pat. No. 2,834,748. The entire disclosure of these three patents is hereby
      incorporated by reference.
PAR  As stated, there can be used 0.05-5%, preferably 1-5% of the
      organosiloxane-oxyalkylene block copolymer based on the hydrophilic
      acrylic polymer.
PAR  In polymerizing the hydrophilic acrylate monomer there can be employed any
      conventional cross-linking agent which does not interfere with the
      transparency of the coating in an amount of 0.025 to 20%, preferably
      0.1-1%.
PAR  In addition to the crosslinking agents previously mentioned there can be
      added for example ethylene glycol dimethacrylate, ethylene glycol
      diacrylate, divinyl benzene, divinyl toluene, triallyl melamine,
      N,N'-methylene-bis-acrylamide, glycerine trimethacrylate, diallyl maleate,
      divinyl ether, diallyl mono ethylene glycol citrate, allyl vinyl maleate,
      ethylene glycol vinyl allyl citrate, diallyl itaconate, ethylene glycol
      diester of itaconic acid, propylene glycol dimethacrylate, propylene
      glycol diacrylate, divinyl sulfone, hexahydro-1,3,5-triacryltriazine,
      triallyl phosphite, diallyl ester of benzene phosphonic acid, polyester of
      maleic anhydride with triethylene glycol, diethylene glycol diacrylate,
      polyallyl sucrose, polyallyl glucose, e.g., diallyl sucrose and triallyl
      glucose, sucrose diacrylate, glucose dimethacrylate, pentaerythritol
      diacrylate, sorbitol dimethacrylate.
PAR  Polymerization can take place at room temperature or below, e.g. at
      20.degree. to 150.degree.C.
PAR  Free radical catalysts such as t-butyl peroctoate, isopropyl percarbonate,
      benzoyl peroxide, methyl ethyl ketone peroxide, cumene hydroperoxide,
      dicumyl peroxide can be employed to hasten polymerization and/or cure. The
      catalysts are usually employed in an amount of 0.05 to 1.0 gram,
      preferably 0.1 to 0.2 gram of catalyst per 100 grams of polymerizable
      material. The reaction is also catalyzed by ultraviolet light, gamma and
      other irradiation. The nonfog coating can be applied to the transparent or
      reflecting substrate to prevent coating in a thickness of 0.01 to 10 mils
      or more. Preferably the coating is applied at a thickness of not over 1
      mil.
PAR  The transparent reflecting surfaces which can be treated include glass
      surfaces such as automobile windows, e.g., the windshield, backlight and
      side windows, train windows, windows in buildings, e.g., apartments,
      homes, stores and office buildings, glass mirrors, eyeglasses including
      for example conventional eyeglasses, sunglasses, diving masks and ski
      glasses, camera lenses, microscope lenses, telescope lenses, binoculars
      and opera glasses, gun sights, drinking glasses (whereby the condensation
      occurring when iced drinks are placed therein is eliminated), transparent
      plastic surfaces including aeroplane windows, car and train windows,
      transparent films and containers used as coverings for packaged foods,
      e.g., meat packaged in a tray having a transparent top film of biaxially
      oriented irradiated polyethylene, reflecting metal surfaces such as chrome
      mirrors, etc.
PAR  As used in the present specification and claims the term "automobile" is
      intended to cover cars, trucks, buses and all other automotive vehicles.
PAR  The transparent plastic having a fogging tendency can be polymerized methyl
      methacrylate, polycarbonate, e.g., 4,4'-isopropylidene diphenol
      polycarbonate as well as other polycarbonates as shown in Fritz U.S. Pat.
      No. 3,305,520 and Christopher and Fox "Polycarbonates" (pp. 161- 176 (1926
      )), diethylene glycol bis (allyl carbonate), cellulose acetate, cellulose
      propionate, cellulose acetate-propionate, biaxially oriented polyethylene,
      biaxially oriented irradiated polyethylene (e.g., irradiated to 2-20
      megarad), biaxially oriented polypropylene, biaxially oriented
      polystyrene, biaxially oriented styrene-acrylonitrile copolymer, biaxially
      oriented polyethylene terephthalate (Mylar), biaxially oriented vinyl
      chloride, biaxially oriented vinylidene chloride polymers, e.g.,
      vinylidene chloride-vinyl chloride copolymer, vinylidene
      chloride-acrylonitrile copolymer, quench chilled polyethylene, quench
      chilled polypropylene and transparent fogging plastics made by other
      conventional techniques.
PAR  As stated reflecting metal surfaces can be made nonfogging as can
      reflecting plastic, e.g., metallized Mylar or reflecting glass, e.g., a
      mirror (glass having a metal backing).
PAR  Glass windows, for example, can be in the form of tempered glass, plate
      glass or safety glass, e.g., two layers of glass laminated together with a
      thin layer of polyvinyl butyral or two layers of glass bonded together
      with Volan (methacrylato chromic chloride).
PAR  The poly-HEMA solution used in Example 1 (and elsewhere below) was prepared
      by adding 20 parts by weight of polymerization grade hydroxyethyl
      methacrylate (HEMA) (containing 0.04-0.06 ppm of hydroquinone monomethyl
      ether as an inhibitor and also containing 0.3% of ethylene glycol
      dimethacrylic and 0.3% of methacrylic acid as impurities) to 80 parts by
      weight of commercial grade 2-methoxyethanol (Methyl Cellosolve). There was
      added 0.05 part by weight of 2,2'-azobisisobutyronitrile as an initiator
      and polymerization was carried out at 80.degree.C until a Brookfield
      viscosity of 300- 350 centipoises was reached. This is also called
      Formulation C.
PAR  The Lens Coating was made from (a) 18 parts of polymerization grade HEMA
      (as set forth supra), (b) 0.8 part polymerization grade t-butyl-aminoethyl
      methacrylate and (c) 1.2 parts of N-isopropylacrylamide. The mixture of
      monomers was added to 80 parts of Methyl Cellosolve and 0.1 part of
      t-butyl peroctoate as an initiator and heated at 90.degree.-93.degree.C.
      until a Brookfield viscosity of 150-200 centipoise was reached. This was
      adjusted to 16% solids with Methyl Cellosolve. The product is designated
      Formulation A.
PAR  To 93.5 parts of Formulation A there was added (a) 2.7 parts of xylene, (b)
      3.0 parts of water, (c) 0.06 part of Raybo 3 (an antisilk agent which is a
      1% polymethyl siloxane solution in xylene) and (d) 0.75 part of Uformite
      MM 83, a methoxymethyl-melamine polymer 80% solids in a mixture of
      isobutanol and isopropanol. This final product is the Lens Coating.
PAR  Glass Coating III was made by taking Formulation C and reducing it from 20%
      solids to 17.7% solids by adding more Methyl Cellosolve. This mixture is
      called Formulation B. To 96.0 parts of Formulation B there were added (a)
      3.92 parts of xylene, (b) 0.08 parts of Raybo 3, (c) 0.26 part of silane
      A-187 (gamma-glycidoxypropyl trimethoxy silane), (d) 0.68 part of Cymel
      303 (hexamethoxymethyl melamine) and (e) 0.01 part of toluene sulfonic
      acid.
PAR  Glass Coating I was made by adding to 96.0 parts of Formulation B, (a) 3.92
      parts of xylene, (b) 0.08 part Raybo 3, (c) 0.84 part of ERL-4221
      (3,4-epoxy, cyclohexylmethyl -3', 4'-epoxycyclohexane carboxylate), (d)
      0.21 part maleic anhydride and (e) 0.06 part triethylene diamine.
PAR  Unless otherwise indicated, all parts and percentages are by weight.
DETD
PAC  EXAMPLE 1
PAR  A poly-HEMA solution in 2-methoxyethanol (20% solids) (Formulation C) was
      diluted to two percent solids with the same solvent. A 12 .times. 12 inch
      polyethylene film was coated by wiping with a soft cloth saturated with
      the diluted poly-HEMA solution. The coated film was dried for 30 minutes
      at 150.degree.F. The addition of 0.1% of L-77 to this solution improved
      the wettability and uniformity of coating and enhanced the anti-fog
      performance of the coated polyethylene film. This amount of the
      organosilicone-oxyalkylene copolymer used did not impair the film's
      appearance or mechanical properties. Table I shows the synergistic
      anti-fog capacities of the poly-HEMA/L-77 coatings on polyethylene films.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     EFFECT OF L-77 ON THE ANTI-FOG PERFORMANCE OF POLY-HEMA                   

     COATING APPLIED THICKNESS OF                                              

                              "BOILING                                         

                                    "REFRIGER-                                 

     SOLUTION                                                                  

             CONC.SOLIDS,                                                      

                     COATING, MILS.                                            

                              WATER ATION TEST"*                               

             %                TEST"*                                           

     __________________________________________________________________________

     Poly-HEMA                                                                 

     (in 2-methoxy-                                                            

             2.0     0.01     1.0   6.0                                        

     ethanol)                                                                  

     L-77                                                                      

     (in ethanol)                                                              

             0.1     --       0.0   1.5                                        

     Poly-HEMA/L-77                                                            

     (in 2-methoxy-                                                            

             2.0/0.1 0.01     6.0   &gt;15.0                                      

     ethanol)                                                                  

     __________________________________________________________________________

      *Minutes to fogging                                                      

PAL  For the "Boiling Water Test," the coated substrate was put on top of a 200
      ml. beaker containing 100 ml. of boiling water. While the water was kept
      boiling, time, in minutes, to fogging of the film was observed. The
      coating is rated satisfactory if it remains clear for more than 1 minute.
      For the "Refrigeration Test," the coated substrate was put on top of a 200
      ml. beaker containing 100 ml. of room temperature water (25.degree.C). The
      beaker was then put in a refrigerator (5.degree.C). Time, in minutes, to
      fogging was observed. The coating passes the test if it remains fog free
      for more than 5 minutes.
PAC  EXAMPLE 2
PAR  L-77 (0.15 weight percent) was incorporated in the Lens Coating identified
      above. A polycarbonate substrate (American Allsafe "monogoggle" lens) was
      coated by dipping in the Lens Coating. After air drying the coated lenses
      were heat cured. The anti-fog activity was determined by a standard
      method. It is based on time to half-fogging when the samples are exposed
      to water vapor at 40.degree.C under a constant air flow of 1100 cc's per
      minute. The permanency of the anti-fog activity was determined by
      intermittent testing. Samples were exposed to the anti-fog test for a 5
      minute period or until failure (half-fogging). If failure had not occurred
      at 5 minutes, the sample was removed from the test and allowed to air dry
      for 20 minutes after which this test cycle was repeated up to nine
      additional times. Table II shows again the synergistic anti-fog activity
      of Lens Coating in the presence of one part per hundred resin (phr) of
      L-77 in the formulation. The HEMA terpolymer controlled L-77 release, thus
      imparting permanency of the synergistic anti-fog activity. L-77 was most
      effective in the Lens Coating and moderately effective in Glass Coating I.
      The optimum level of L-77 was 1.0 phr.
PAR  In both the Lens Coating/L-77 and Glass Coating-I/L-77 systems a degree of
      sustained anti-fog activity, enhanced by the silicone copolymers, was
      observed. L-77 (1.0 phr) in the Lens Coating film was effective for three
      10 minute anti-fog/dry cycles when tested intermittently with an
      air-drying period of 20 minutes between tests. L-77 (1.0 phr) in the Glass
      Coating-I film was effective for two 10 minute anti-fog/dry cycles under
      the same conditions. Under normal wear conditions, where severe water
      condensation is limited, we can expect a relatively high degree of
      serviceability of the HYDRON/L- 77 anti-fog coatings.
TBL                                    TABLE II                                

     __________________________________________________________________________

     ANTI-FOG PERFORMANCE OF HYDRON LENS COATING/L-77                          

     Coating Solution                                                          

                  Anti-Fog Capacity minutes                                    

                  (Intermittent testing)                                       

     __________________________________________________________________________

     Lens Coating 0.70/0.60/0.60                                               

     Lens Coating  5.00   5.00    5.00   5.00   5.00   5.00                    

     Containing L-77                                                           

                  (No Fog)                                                     

                         (No Fog)                                              

                                 (No Fog)                                      

                                        (No Fog)                               

                                               (No Fog)                        

                                                      (No Fog)                 

     at 0.15 wt. pts.                                                          

                   5.00   5.00    5.00   5.00                                  

                  (No Fog)                                                     

                         (1/3 Fog)                                             

                                 (1/3 Fog)                                     

                                        (1/3 Fog)                              

     Ethanol containing                                                        

                   5.00   5.00   0.05                                          

     L-77 at 0.15 wt. pts.*                                                    

                  (No Fog)                                                     

                         (1/10 Fog)                                            

     __________________________________________________________________________

      *Film cast from this solution exhibited haze and required buffing to     

      clarity before anti-fog testing.                                         

PAR  The organo-siloxane-oxyalkylene block copolymers can also be incorporated
      into a hydroxyethyl methacrylate polymer anti-fog film. This is based on
      saturating cured films with a cleaning solution containing L-77 or L-530.
      As it cleans, the hydroxyethyl methacrylate polymer film either absorbs or
      adsorbs the silicone copolymer. The charged hydroxyethyl methacrylate
      polymer film exhibits enhanced anti-fog capacity. The preparation and
      application of HYDRON cleaning solution are described in Example 3.
PAC  EXAMPLE 3
PAR  An experimental Cleaning Solution was prepared by incorporating 1 weight
      percent of L-77 into a water/isopropanol (9/1 by volume) solution which
      had been adjusted to pH 9.5 with ammonium hydroxide. This solution was
      applied generously via spraying and buffed to dryness on both uncoated
      substrates (window glass, polycarbonate) and the same substrates with a
      hydroxyethyl methacrylate polymer coating.
PAR  Table III shows that the L-77 applied to the hydroxyethyl methacrylate
      surfaces results in greatly enhanced anti-fog activity.
TBL                TABLE III                                                   

     ______________________________________                                    

     EFFECTS OF L-77 APPLIED TO HYDROXYETHYL METHACRYLATE POLYMER              

     COATINGS via CLEANING SOLUTION                                            

     TEST SAMPLE     ANTI-FOG CAPACITY (HL                                     

                     ANALYTICAL METHOD                                         

                     T:10), MINUTES:                                           

                   BEFORE USE                                                  

                             AFTER USE                                         

                   OF CLEANING                                                 

                             OF CLEANING                                       

                   SOLUTION  SOLUTION                                          

     ______________________________________                                    

     Polycarbonate lens                                                        

                     0.00        18.00                                         

     Polycarbonate lens with                                                   

     Lens Coating    0.70        38.00                                         

     Window Glass    0.00        15.00                                         

     Window Glass with                                                         

     Glass Coating III                                                         

                     0.75        24.00                                         

     ______________________________________                                    

PAR  In each of Examples 1, 2 and 3 in place of L-77 there can be used the same
      amount of the organosiloxane-oxyalkylene block copolymer (q) of the
      Morehouse patent having a molecular weight of about 7000 with similar
      results. Likewise there can be used in Examples 1, 2 and 3 the same amount
      of L-520 in place of L-77. The coating can consist of or consist
      essentially of the hydrophilic acrylate or methacrylate and the
      organosiloxane-oxyalkylene block copolymer.
PAC  EXAMPLE 4
PAR  Formulation C was diluted to 2% solids in 2-methoxyethanol. A 6 .times. 6
      inch irradiated basically oriented polyethylene film 1 mil thick (8
      megarad irradiation) was coated by wiping with a soft cloth saturated with
      the diluted poly-HEMA solution. The coated film was dried for 30 minutes
      at 150.degree.F. while being held in tension to prevent shrinkage. The
      addition of 0.2% of Me.sub.3 Si(OSiMe.sub.2).sub.19 [OMeSi CH.sub.2
      CH.sub.2 CH.sub.2 -- O(C.sub.2 H.sub.4 O).sub.19 (C.sub.3 H.sub.6
      O).sub.14 Bu]OSiMe.sub.3, molecular weight about 7000 enhanced the
      anti-fog performance of the coated irradiated polyethylene film.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A normally fogging transparent or reflecting substrate having on at
      least one surface thereof a non-fogging water insoluble hydrophilic
      coating comprising: (1) a hydrophilic acrylate or methacrylate polymer
      selected from the group consisting of polymers of hydroxy lower alkyl
      acrylates, hydroxy lower alkyl methacrylates, hydroxy lower alkoxy lower
      alkyl acrylates and hydroxy lower alkoxy lower alkyl methacrylates and (2)
      in an amount sufficient to synergistically improve the anti-fog activity
      of the hydrophilic polymeric compound of an organo-siloxane-oxyalkylene
      block copolymer comprising (a) at least one siloxane block containing at
      least two siloxane units represented by the formula:
EQU  R.sub.b SiO.sub.(4.sub.-b) /2
PAL  whrein R contains from one to about 20 carbon atoms and is selected from
      the group consisting of monovalent hydrocarbon groups, halogen-substituted
      monovalent hydrocarbon groups, and divalent hydrocarbon groups and b has a
      value from 1 to 3 inclusive, said siloxane block containing at least one
      of said siloxane units wherein at least one R group is a divalent
      hydrocarbon group, and (b) at least one oxyalkylene block containing at
      least four oxyalkylene groups represented by the formula--R'O--, wherein
      R' is an alkylene group containing from two to about 10 carbon atoms, said
      siloxane oxyalkylene blocks being interconnected by said divalent
      hydrocarbon group.
NUM  2.
PAR  2. A substrate according to claim 1 wherein the hydrophilic polymer is a
      polymer of hydroxyethyl methacrylate.
NUM  3.
PAR  3. A substrate according to claim 1 wherein the organosiloxane-oxyalkylene
      block copolymer is 0.05-5% of the hydrophilic polymer.
NUM  4.
PAR  4. A substrate according to claim 3 wherein the substrate is glass.
NUM  5.
PAR  5. A substrate according to claim 3 which is a polycarbonate.
NUM  6.
PAR  6. A substrate according to claim 3 which is polyethylene or polypropylene.
NUM  7.
PAR  7. A substrate according to claim 6 which is irradiated polyethylene.
NUM  8.
PAR  8. A substrate according to claim 3 wherein the substrate is an organic
      plastic.
NUM  9.
PAR  9. A substrate according to claim 8 wherein the organic substrate is
      selected from the group consisting of polymerized methyl methacrylate,
      polycarbonate, cellulose acetate, cellulose propionate, cellulose
      acetate-propionate, biaxially oriented polyethylene, biaxially oriented
      irradiated polyethylene, biaxially oriented polypropylene, biaxially
      oriented polystyrene, biaxially oriented styrene-acrylonitrile copolymer,
      biaxially oriented polyethylene terephthalates, biaxially oriented vinyl
      chloride polymer, biaxially oriented vinylidene chloride polymer, quench
      chilled polyethylene and quench chilled polypropylene.
NUM  10.
PAR  10. A substrate according to claim 1 which is a lens.
NUM  11.
PAR  11. A substrate according to claim 1 which is a window.
NUM  12.
PAR  12. A substrate according to claim 1 which is a mirror.
NUM  13.
PAR  13. A substrate according to claim 1 which is a drinking glass.
NUM  14.
PAR  14. A substrate according to claim1 wherein the coating consists
      essentially of said hydrophilic polymer and said
      organosiloxane-oxyalkylene block copolymer.
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ABST
PAL  Light from a fluorescent lamp successively passes a field stop, a
      condensing lens assembly close to that stop, an aperture stop and a
      microscope objective. The condensing lens assembly projects an aerial
      image of the lamp in the vicinity of the aperture stop and focuses the
      field stop at infinity; the microscope objective focuses an image of the
      field stop on its object plane. A dispersive lens may be interposed
      between the fluorescent lamp and the field stop to enable the use of
      condensing lens assemblies of short focal length.
BSUM
PAC  FIELD OF THE INVENTION
PAR  My present invention relates to a microscope-illuminating system utilizing
      the Kohler principle of illumination.
PAC  BACKGROUND OF THE INVENTION
PAR  According to the well-known Kohler principle, the image of a light source
      is projected through a collective lens by way of a first diaphragm onto an
      image plane of a microscope objective for illumination of its object
      plane. It is also known in such a system to insert a pair of axially
      spaced diaphragms between the light source and the objective, i.e. a first
      diaphragm proximal to the source serving as a field stop and a second
      diaphragm remote from the source acting as an aperture stop; the latter
      diaphragm lies in the image plane of the microscope objective. Since the
      filaments of the ordinary incandescent lamps produce a disjointed image, a
      diffuser such as a plate with a matt finish is generally disposed behind
      the lamp to scatter its light rays. In many instances, moreover, it is
      necessary to provide a protective heat filter or special cooling means.
PAC  OBJECT OF THE INVENTION
PAR  The object of my present invention is to provide an illuminating system of
      the character described which uses cold light, thus eliminating the need
      for heat-protective means, and which does not require the interposition of
      light-scattering surfaces between the primary source and the microscope
      objective.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with my present invention, an aerial image of a fluorescent
      lamp serving as the light source is produced just ahead of the
      aperture-control diaphragm by collective lens means positioned between the
      two diaphragms, preferably close to the field-control diaphragm and remote
      from the aperture-control diaphragm, the same collective lens means
      serving to focus the field-control diaphragm at infinity whereby an image
      of that diaphragm is formed at a focal plane of the microscope objective,
      namely the aforementioned object plane, which is illuminated by rays from
      the aerial lamp image.
PAR  If necessary, the apparent position of the fluorescent lamp may be moved
      even closer to the collective lens means (thereby allowing a shortening of
      the focal lengths from the latter) by the insertion of dispersive lens
      means between the lamp and the field-control diaphragm proximal thereto.
PAR  The luminous intensity of such a fluorescent lamp can be readily varied by
      controlling its energizing voltage or current.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The above and other features of my invention will now be described in
      detail with reference to the accompanying drawing in which:
PAR  FIG. 1 is a diagrammatic view of a conventional microscope-illuminating
      system based on Kohler's principle;
PAR  FIG. 2 is a view similar to FIG. 1, showing my present invention; and
PAR  FIG. 3 is a view like FIG. 2 but illustrating a modification designed for
      the illumination of larger fields of view.
DETD
PAC  SPECIFIC DESCRIPTION
PAR  FIG. 1 shows a conventional illumination system in accordance with Kohler's
      principles wherein an aerial image of the filament of a lamp 1 is formed
      in the plane of an aperture-control diaphragm 5 by a convergent lens 3,
      the filament image being homogenized by a diffuser element 2. A diaphragm
      4 disposed in front of the image plane is focused onto an object plane 7
      by a condensing objective 6.
PAR  In contrast to this conventional system, FIG. 2 shows a fluorescent lamp 8
      disposed at an appropriate distance from a diaphragm 9 whcih defines the
      image field. An ancillary lens system 10, 11 forms an aerial lamp image 14
      immediately ahead of an aperture stop 12 preceding a condensing microscope
      objective 13. Field diaphragm 9 is disposed in the front focal plane of
      the ancillary lens system 10, 11. It is focused at infinity by lenses 10,
      11 so that via the condenser 13 an image of this field-control diaphragm
      the light is formed in the object plane 15.  Means for controlling the
      operating current of lamp 8 to vary the light intensity have been
      indicated diagrammatically at 17. A weak yellow filter, not shown, may be
      used to block objectionable ultraviolet radiation.
PAR  In cases where, for better illumination of the field of light, a greater
      overall length is required to determine the sizes in which the lamp image
      is depicted, I prefer to insert a supplemental lens 16 the ray path
      between lamp 8 and field stop 9 as shown in FIG. 3. This is necessary if,
      in consideration of the size of the aperture stop 12, lens system 10, 11
      must have a very short focal length.
PAR  The novel illuminating system according to my invention makes it possible
      for the first time expediently to employ cold light while fulfilling
      Kohler's conditions of illumination so that the diaphragm delineating the
      light field and also the location of the light-source image are properly
      associated with the path of the light rays in the microscope. The short
      and compact structure which is made possible by this arrangement makes it
      possible with almost any microscope equipped with a condenser to carry out
      Kohler's illumination properly in conjunction with cold light.
CLMS
STM  I claim:
NUM  1.
PAR  1. An illuminating system for a microscope provided with an objective,
      comprising:
PA1  a fluorescent lamp remote from said objective;
PA1  a field-control diaphragm proximal to said lamp and an aperture-control
      diaphragm remote from said lamp disposed along the objective axis between
      said objective and said lamp; and
PA1  collective lens means between said diaphragms producing an aerial image of
      said lamp immediately ahead of said aperture-control diaphragm while
      focusing said field-control diaphragm at infinity whereby an image of said
      field-control diaphragm is formed at a focal plane of said objective
      illuminated by rays from said aerial image.
NUM  2.
PAR  2. A system as defined in claim 1 wherein said collective lens means is
      disposed relatively close to said field-control diaphragm and relatively
      remote from said aperture-control diaphragm.
NUM  3.
PAR  3. A system as defined in claim 2, further comprising dispersive lens means
      between said lamp and said field-control diaphragm.
NUM  4.
PAR  4. A system as defined in claim 1 wherein said lamp is provided with
      control means for varying its luminous intensity.
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ABST
PAL  Adaptors in combination with light sources for distributing light over
      fiberoptic cables, each adaptor housing a fiberoptic bifurcated segment
      for receiving light from the source at one end and dividing between two or
      more separate outputs at the other end. Permanently mountable adaptors,
      pluggable adaptors, and adaptors with permanently affixed cables are
      disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to apparatus for providing light from a
      source along flexible fiberoptic cables and particularly to such apparatus
      including adaptors using bifurcated fiberoptic segments for splitting
      light from a source between a plurality of terminal illuminating devices.
PAR  2. Description of the Prior Art
PAR  In surgical medicine today, fiberoptics has come to play an important role
      in providing illumination to previously inaccessible areas as well as
      better controlled illumination to previously accessible areas. An example
      of the latter is the surgeon's headlamp. Since, during a surgical
      operation, continuous performance of all equipment is critical, light
      sources feeding fiberoptic cables for medical use commonly have provision
      for an immediate changeover in case of failure of a lightbulb. Some
      sources have two or more lightbulbs that may be switched into position by
      a panel switch while others have two or more complete light sources within
      the same housing selectable by a panel switch simultaneously or in the
      alternative.
PAR  In surgical use, it is not uncommon to require fiberoptic illumination for
      two or more devices simultaneously. For example, in eye operations, an
      ophthalmascope and a surgical microscope. In abdominal surgery, a headlamp
      and a retractor with integral illuminating may both be required. Either an
      additional light source is require or a twin light source loses its
      insurance aspect of an alternative source on failure.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, light sources for fiberoptic
      cables are provided with adaptors whereby a single source may be divided
      along two or more paths to provide light to a plurality of devices and
      locations. These adaptors include fiberoptic cables or bundles gathered to
      a single face at one end and bifurcated to two faces at the other end. A
      variety of housings for the cables or bundles are designed for permanent
      attachment to a light source, for plug-in attachment to a light source and
      for permanently attached fiberoptic cables or plug-in attached fiberoptic
      cables. The adaptors in combination with a light source provide a flexible
      multiplicity of light outputs to a plurality of devices at remote
      locations. Thus, it is an object of the invention to provide a light
      source for distributing light over fiberoptic cables with a multiplicity
      of light output connections for distribution to a variety of devices. It
      is a further object of the invention to provide a novel distribution
      system for light from a source through fiberoptic cables. It is still a
      further object of the invention to provide a novel bifurcated fiberoptic
      adaptor for dividing the light output from a source along two or
      morepaths.
PAR  Further objects and features of the invention will become apparent upon
      reading the following description together with the Drawing.
DRWD
     BRIEF DESCRIPTION OF THE DRAWING:
PAR  FIG. 1 is a perspective view of light source apparatus with adaptors
      according to the invention connected.
PAR  FIG. 2 is a perspective view of a one embodiment of the invention.
PAR  FIG. 3 is a cross section taken along 3--3 of FIG. 2.
PAR  FIG. 4 is a plan view of a plug-in adaptor according to a second embodiment
      of the invention.
PAR  FIG. 5 is a plan view of a plug-in adaptor with permanently attached
      fiberoptic cables according to a third embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  While light sources for fiberoptics may take many forms, a preferred
      arrangement for surgical purposes has two nearly independent sources of
      light in a single unit making it possible to cover nearly all possible
      failures by switching the unit from one source to the other as can be done
      in twin source 10 of FIG. 1. Source 10 has a first light output at socket
      11 and a second light output at permanently mounted bifurcated adapter 12.
       Internally source 10 has two independent light units selectable by
      switches 14. Intensity control 13 varies the intensity of the selected
      light unit or units in a conventional manner permitting intensity
      correction when the light is reduced by division along several paths.
      While adaptor 12 is described as permanently mounted, mounting is by means
      of screws 15 permitting change if desired. Adaptor 12 is in accordance
      with FIG. 2 while connected to one output socket of adaptor 12 is plug-in
      adaptor 16 according to FIG. 4. Connected to the other output socket of
      adaptor 12 is adaptor 17 with permanently affixed cables as in FIG. 5.
PAR  The units (not illustrated) inside source 10 are arranged in conventional
      manner to focus their illumination on the polished ends of fiber bundles
      mounted to the front of source 10.
PAR  FIG. 2 depicts screw mounted bifurcated adaptor 12. At the receiving end,
      surface 20 is flush for mounting to the front panel of source 10. Two
      output connectors 21 and 22 are depicted as separated by a 30.degree.
      angle for connection of separate fiberoptic cables. Since the unit of FIG.
      2 is for permanent mounting, on occasion it will be used with only one
      output device. For this purpose, it is desirable to block the unused
      output with a protective dust cover. Thus, termination plug 24 is
      connected to adaptor 12 by small chain 25 secured by stud 26.
PAR  FIG. 3 is a cross-sectional view of adaptor 12 showing the bifurcated
      fiberoptic bundle. Fiberoptic bundle 27 typically contains about 15,000
      glass fibers which are cemented together in a single polished receiving
      face 28 at one end and are separated into two groups each cemented
      together at a polished transmitting face 30, 31. The number of fibers is
      not critical and while the separation will commonly distribute
      substantially half the fibers to face 30 and the other half to face 31,
      uneven distributions can be made where desired to operate devices
      requiring different illumination intensities. Cement 32 holds the
      receiving end of fiberoptic bundle 27 in place and cement 34 holds the
      transmitting ends of fiberoptics bundle 27 in place. Snaprings 35 serve to
      lock the plug-in ends of fiberoptic cables in adaptor 12. Housing 36 of
      adaptor 12 is cast or molded of metal or plastic and has extending legs 37
      and 38 on each side that carry recesses 40 and 41 for mounting screws 15.
PAR  FIG. 4 depicts adaptor 16 having plug-in jack 44 at the receiving end and
      two plug-in receptacles 45 and 46 at the transmitting end similar to 21
      and 22 of FIG. 2. Body 47 houses a bifurcated fiberoptic bundle similar to
      fiberoptic bundle 27, but extending into jack 44 at the receiving end.
PAR  An adaptor with permanently attached fiberoptic cables is depicted as
      adaptor 17 in FIG. 5. Adaptor 17 is essentially similar to adaptor 16
      except that receptacles 45 and 46 are replaced by permanently attached
      fiberoptic cables 50 and 51. While not illustrated, the receptacles 21 and
      22 of adaptor 12 can also easily be replaced by permanently connected
      fiberoptic cables. In adaptor 17 the cable fibers do not run through the
      body of the adaptor, but are terminated within the adaptor with faces
      matching the faces of the internal bifurcated bundle. Again, the internal
      bifurcated bundle is essentially identical to that described with respect
      to FIG. 3.
PAR  In operation, each of the adaptors divides the received light along two
      equal paths. It will be recognized that by combining adaptors it is
      possible to separate the light from one output of source 10 into as many
      separate paths as desired. The loss in illumination intensity along each
      path due to dividing the light can be compensated at least partially by
      intensity controls in sources having provision for intensity control.
PAR  While the invention has been described with relation to specific
      embodiments, obvious variations are contemplated and it is the intention
      to cover the invention as set forth within the scope of the appended
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In apparatus having a light source and an outlet connection, for piping
      light from said source through light conductors to a remote location, the
      combination with said outlet connection of a bifurcated fiberoptic adaptor
      comprising:
PA1  a. a rigid body;
PA1  b. a bifurcated fiberoptic bundle within said body consisting of multiple
      thousands of optical fibers all gathered together at a single receiving
      end and gathered in two groups at their opposite extremities to provide
      two transmitting ends;
PA1  c. means to bond said fibers together at said receiving end both to each
      other and to said body;
PA1  d. means to bond said fibers together in two groups at said transmitting
      ends both to each other and to said body;
PA1  e. means integral with said body for mating said receiving end to said
      light source; and,
PA1  f. means integral with said body for mating said transmitting ends to
      flexible fiberoptic cables, all for dividing the light along two separate
      paths to be piped to two separate locations.
NUM  2.
PAR  2. In apparatus according to claim 1, the combination in which said light
      source is enclosed in a housing and said bifurcated adaptor is permanently
      secured to the exterior of said housing.
NUM  3.
PAR  3. In apparatus according to claim 2, the combination in which said adaptor
      comprises a cast body, a fiberoptic bundle within said body, a single face
      comprising all the fibers in said bundle polished flush with said body on
      a surface secured to said housing, and two further faces each comprising
      substantially one half the fibers in said bundle terminating with polished
      surfaces within separate connector receptacles mounted to said body and
      directed away from said housing.
NUM  4.
PAR  4. In apparatus according to claim 3, the combination in which said two
      further faces are separated by an angle of substantially 30.degree. .
NUM  5.
PAR  5. In apparatus according to claim 1, the combination in which said outlet
      connection includes a female connector and said bifurcated adaptor has a
      male connector at a first end, two female connectors at a second end and
      an internal fiberoptic bundle with one end of all fibers integrally
      terminated at said male connector, and the other end of the fibers
      terminated one-half at each of said two female connectors.
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ABST
PAL  An optical connector to provide input-output coupling to an optical
       transsion line without interrupting completely the flow of optical
      radiation. An optically transparent dielectric block is inserted between
      portions of a fiber bundle transmission line. The block has one flat side
      along its length which is bonded to a second material having at least one
      flat side along its length cooperating with the flat side of the block.
      The input-output bundles are attached to the second material which has the
      same index of refraction as the first block.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to optical connectors in an optical transmission
      line and more particularly to an optical connector which permits input of
      radiation into a main line and output of radiation from a main
      transmission line without any loss of radiation.
PAR  Heretofore optical fiber bundles have been used for transmitting light from
      one place to another. Straight-through couplings have been used which
      permit coupling two optical fiber bundles together without any light loss
      between the bundle paths. There is a need for coupling light into and from
      an optical transmission line without interrupting the flow of
      transmission. Such lines may be used for communications, as well as other
      purposes.
PAR  Application Ser. No. 395,679 filed 10 Sept. 1973 is directed to a T coupler
      for coupling information from and into an optical multimode fiber bundle
      transmission line. This application is an improvement allowing additional
      information to be added or removed from an optical multimode fiber bundle
      transmission line.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides an optical connector for connecting two main
      optical transmission lines together without the loss of any radiation in
      the coupling. Further, additional means is provided for coupling radiation
      from the main transmission line to an auxiliary line and to couple
      radiation from an auxiliary line into the main line. The connector
      includes a main dielectric rod and an auxiliary dielectric rod connected
      together with an optical bond index matching epoxy so that radiation will
      not be reflected at the interface between the main dielectric rod and the
      auxiliary rod. Thus, radiation may pass freely from one dielectric rod to
      the other. Therefore radiation may be coupled from the main line to the
      auxiliary line and vice versa without the loss of any radiation. The
      medium surrounding the coupler has an index of refraction which is less
      than that of the coupler material as is well known in the fiber optic
      bundle art.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a side view of a coupler of this device.
PAR  FIG. 2 is a cross sectional view of the device of FIG. 1 across the middle
      thereof.
PAR  FIGS. 3 and 4 illustrate the connector of FIG. 1 with different auxiliary
      input and output connections.
PAR  FIG. 5 illustrates a device similar to that of FIG. 1 with two auxiliary
      dielectric rods connected with the main rod.
PAR  FIG. 6 illustrates a cross sectional view of an auxiliary dielectric rod
      secured to a hexagon main dielectric rod.
PAR  FIG. 7 illustrates a modification of the device of FIG. 1 in which the
      auxiliary dielectric rod is provided with mirrors on the end.
DETD
PAC  DETAILED DESCRIPTION
PAR  Now referring to the drawings where like reference characters refer to like
      parts, there is shown by illustration in FIG. 1, an optical radiation
      connector made in accordance with the teaching of this invention. As
      shown, the device of FIG. 1 includes a main block or rod 10 of optically
      transparent material having the same cross sectional area as the optical
      transmission lines 11 between which the rod is inserted. The rod 10
      includes an upper flat side surface to which is bonded an auxiliary rod 12
      of like material with the same index of refraction (such as PYREX) and
      cross sectional area at the joint as that of the main rod. The bonding
      material, such as an epoxy must have the same index of refraction as that
      of the main and auxiliary rods. The auxiliary rod is shown as having a
      flat surface that matches that of the main rod, is of a longer length, and
      bent into a somewhat u-shape.
PAR  Single multimode optical fiber bundle transmission lines may be attached to
      the ends of the main connector in order to optically connect the two main
      transmission lines together without any undue optical loss. The auxiliary
      rod may be connected to single or multiple optic fiber bundles 13, 14 as
      desired.
PAR  FIGS. 3 and 4 illustrate different arrangements of separate fiber bundle
      connections. In FIG. 3, auxiliary fiber optic bundles 15, 16 connect with
      each end of the auxiliary rod and direct radiation into each end.
      Auxiliary fiber optic bundles 17, 18 also connect to each end of the
      auxiliary rod and directs radiation from the auxiliary rod. FIG. 4
      illustrates more than one fiber optic bundle 21, 22 and 23, 24 connected
      to each end of the auxiliary rod and directs radiation into one end or out
      the opposite end.
PAR  FIG. 5 is a modification of the connector device of FIGS. 1-4 and includes
      a second auxiliary rod 12 on the lower side of the main rod. The lower
      auxiliary rod is connected the same as the upper rod and operates in the
      same manner. As shown separate auxiliary fiber optic bundles are connected
      with each end of each of the auxiliary rods in order to direct radiation
      into and out of the auxiliary and main rods.
PAR  FIG. 6 is a cross sectional view of a main 25 and auxiliary rod 26 in which
      the main rod has a shape of a hexagon. The modification in FIG. 6 could be
      modified further by securing an auxiliary rod to each face of the hexagon
      rod. This modification is shown as a hexagon, but the main rod could have
      more or less sidefaces and operate substantially the same.
PAR  FIG. 7 illustrates a main rod 10 with an auxiliary rod 27 of shorter length
      than that of the main rod. The auxiliary rod is provided with mirrored end
      surfaces 28 which will reflect radiation out from each end depending upon
      direction of travel of the radiation in the main rod.
PAR  In the operation of each of the devices as shown, radiation will be
      transmitted from one main fiber optic transmission line to the main
      connector rod, out the main connector rod to the connected main
      transmission line as well as out the auxiliary rod. If the radiation is
      bidirectional, the radiation may be directed through the coupler from
      either end. The arrows illustrated in the various modifications are
      representative only since the radiation may enter and emerge in directions
      opposite to the direction of the arrows, as shown.
PAR  The connectors shown and described in this application are easily
      constructed and may be connected to single or multiple fiber optic bundles
      as desired. If the cross sectional areas are conserved in construction and
      the numerical aperture of the dielectric rod is equal or greater than the
      numerical aperture of the fiber used there need be no loss in the device
      except for the unavoidable single packing fraction loss on re-entering a
      fiber bundle. In all of the different modifications even with multiple
      input and output ports, a single dielectric volume serves the scrambling
      functions so that the connector may be smaller than normally used to
      connect optical transmission lines together. The main requirement in
      construction is that the scrambling volume must be long enough to ensure
      even distribution of the light over the output faces.
PAR  Obviously many modification and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise thas as specifically described.
CLMS
STM  What is claimed and desired to be secured by letters patent of the United
      States is:
NUM  1.
PAR  1. An optical connector for connecting two sections of a main fiber optic
      bundle transmission line together and for coupling radiation into and out
      of the main transmission line; which comprises:
PA1  a main optical transmission dielectric rod having ends with a cross
      sectional area equal to said main transmission lines;
PA1  said dielectric rod including at least one side with a flat surface along a
      portion of the length thereof;
PA1  an auxiliary dielectric rod having the same index of refraction as said
      main dielectric rod;
PA1  said auxiliary dielectric rod including a flat side surface and joined with
      said main dielectric rod along its flat surface in optical alignment
      therewith;
PA1  whereby said main dielectric rod may be optically connected to said main
      radiation transmission line and said auxiliary rod may be connected with
      auxiliary fiber optic bundles.
NUM  2.
PAR  2. An optical connector as claimed in claim 1, in which
PA1  said connector includes more than one auxiliary dielectric rod secured onto
      said main dielectric rod.
NUM  3.
PAR  3. An optical connector as claimed in claim 2, in which;
PA1  said main dielectric rod has the shape of a hexagon.
NUM  4.
PAR  4. An optical connector as claimed in claim 1, in which;
PA1  said auxillary optical transmission rod include mirrored surfaces at each
      end, for input and output of radiation into and from said auxiliary rod.
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ABST
PAL  A contact lens wherein the body of the lens is made of soft plastic with a
      stabilized optical area in the lens, stabilization of the optical area
      being realized with the addition of stabilizing means at or slightly
      radially outwardly disposed with respect to the approximate maximum pupil
      opening of the eye.
BSUM
PAR  The present invention relates to an improved contact lens and more
      particularly to an improved "soft" lens having a stabilized optical area.
PAR  Recent developments have been made in materials for use in the manufacture
      of contact lenses. These developments involve the use of resins or plastic
      materials having hydrophilic characteristics, for example such as set
      forth in U.S. Pat. No. 2,976,576 to Wichterle et al. or U.S. Pat. No.
      3,503,942 issued to Seiderman.
PAR  The use of materials as noted above in the manufacture of contact lens has
      been noted to be desirable in that the lens will be more adaptable to the
      eye and is indicated to be more comfortable when placed on the cornea and
      in use. Such lenses, however, do have a characteristic of attaching
      themselves very closely to the epithelium of the cornea and in this manner
      the lens is caused to adjust to the particular configuration of the
      cornea. It can readily be seen that if an individual is afflicted with a
      significant degree of astigmatism the lens will adapt to a non-spherical
      shape which may result in distortion of the optical area of the lens.
PAR  It should be noted that the optical area of a contact lens generally is
      defined in the central portion of the lens and extends across an arc of
      approximately 5 mm. equally spaced about the central axis of the lens.
      This dimension is recognized to be approximately equal, or slightly
      smaller than the maximum diameter of the pupil of the eye. The lens area
      extending outwardly of the optical portion is not used for correcting
      vision. It is employed on corneal contact lenses primarily to provide a
      supporting and area contacting surface for the lens to hold the lens on
      the eye and to support it in the proper position with regard to the pupil
      of the eye. However, this portion of the lens contributes significantly to
      problems for the user in that the eyelid moves over the periphery of the
      lens and may cause an uncomfortable sensation. The soft lens in addition
      to being a more adaptable to the eye contour and surface, is indicated to
      reduce the discomfort characteristic in that the lens surface is not dry
      and tears or lacrimal fluid are provided as a lubricant to ease the
      passage of the eyelid over the outer surface of the corneal lens. This
      significantly reduces the lid sensation which previously gave rise to some
      problems.
PAR  The characteristic of soft lenses, however, is that they will adapt to the
      configuration of the cornea on which they are used. Generally, an
      individual with a vision deficiency has astigmatism as well as other
      visual defects. Astigmatism, as is well known, is a spherical abberation
      in the cornea. When the lens adapt itself to this spherical aberration the
      optical area thereof may be distorted and the visual deficiency will not
      be corrected as desired.
PAR  The present invention contemplates the provision of auxiliary means in
      combination with a soft plastic lens which will provide for stabilization
      of the optical area of the lens so that it will not be distorted when the
      remaining portion of the lens adapts itself to any spherical aberration of
      the cornea on which it is deposited. This will assure a continuing
      correction of any visual defficiency originally adjusted with the lens and
      will still secure to the user the advantages of the soft plastic which is
      indicated to be desirable.
PAR  It is, accordingly, a general object of the present invention to provide an
      improved soft plastic lens with a stabilized optical area.
PAR  Other objects and advantages of the present invention reside in the
      provision of an improved soft plastic corneal lens having a stabilized
      optical area which is easy to manufacture, readily adapted to present
      modes of manufacturing, which is easy to use and which is durable in use.
DRWD
PAR  The novel features which are believed to be characteristic of the present
      invention are set forth with particularity in the appended claims. The
      invention itself, however, together with further objects and advantages
      thereof will best be understood by reference to the following description
      taken in connection with the accompanying drawings, in which:
PAR  FIG. 1 is a front view of a conventional corneal lens;
PAR  FIG. 2 is a view similar to FIG. 1 with means embedded within the lens to
      stabilize the optical area of a soft corneal lens;
PAR  FIG. 3 is a view similar to FIG. 1 illustrating another mode of stabilizing
      the optical area by insertion of a transparent ring of material about the
      periphery of the optical area;
PAR  FIG. 4 is a side view of the lens of FIG. 3;
PAR  FIG. 5 is a rear view of the lens of FIG. 2;
PAR  FIG. 6 is a side section view of a one-diopter myopic producing perfect
      point imagery, with FIG. 6A being a magnification of the area adjacent to
      the retina of the eye showing dispersion of the bundle of light rays;
PAR  FIG. 7 is a view of the eye of FIG. 6 after correction using a contact lens
      having a spherical anterior and posterior surface, with FIG. 7A
      illustrating the dispersion of the light rays utilizing a lens of this
      configuration;
PAR  FIG. 8 is another representation of the eye of FIG. 6 with vision being
      corrected by using a contact lens having a spherical anterior and aspheric
      posterior surfaces, with FIG. 8A showing significant dispersion of the
      light rays with a lens of this characteristic; and
PAR  FIG. 9 is still another view of the eye of FIG. 1 with vision defects
      corrected using a contact lens having aspheric anterior and posterior
      surfaces, with FIG. 9A showing no spherical aberration and good focusing
      of the bundle of light rays at the image point.
DETD
PAR  Referring more particularly now to the drawings a contact lens of the type
      commonly known in the art is illustrated in FIG. 1 of the drawings. This
      lens is of the type adapted to fit on the cornea of the eye and may be
      ground to a configuration which will permit bending of light rays as they
      pass therethrough to correct for visual deficiencies of the user.
PAR  Different forms of corneal contact lens have been devised over the years.
      Some such lens involve a configuration wherein the outer periphery of the
      lens rests upon the cornea with the central portion being maintained in
      space relation to the cornea with a tear layer interposed between the
      posterior surface of the lens and the cornea. Other design concepts
      involve lens which rest only on the central protion of the cornea or lens
      which attempt to rest wholly upon the cornea during use.
PAR  The recent development of soft plastics, as noted above, has given rise to
      the provision of means to overcome one of the more common objections to
      users of contact lens. That is, it frequently is noted by users of these
      devices that an uncomfortable lid sensation will develop due to passage of
      the eye lid over the un-wetted outer surface of the contact lens. The lid
      surface is very sensitive to foreign articles on the surface of the eye
      and is useful in the process of eliminating these objects in combination
      with tears produced by the ducts.
PAR  The soft plastics employed in manufacture of contact lens have hydrophilic
      characteristics which permit the surface to be readily wetted by the
      natural fluids in the eye. Accordingly, the lid sensation is significantly
      reduced in that the lid will pass over the lens which is lubricated by the
      natural fluids in the eye.
PAR  One of the strong objections to the use of soft plastics, as they are
      commonly known, is that they readily adapt to the overall configuration of
      the cornea. Since most people with visual defects have, among other
      problems, astigmatism it can readily be seen that the cornea frequently
      does not define a portion of a perfect sphere. Accordingly, when the soft
      lens changes its shape to adapt itself to adapt to the particular surface
      configuration of the cornea on which it is placed the optical area of the
      lens must also change in accordance with the overall change in
      configuration of the lens itself. It can readily be seen that the optical
      characteristics of the lens may be modified by this action to an extent
      where the original correction is no longer available to the user and
      visual deficiencies again exist. It should be noted also that the shape of
      the cornea changes during the course of each day so that the shape of the
      optical area of the corneal contact lens would change in accordance with
      the change and shape of the cornea. With this condition, the visual
      correction with the use of the lens would be altered during the course of
      the day and no predictable correction could be obtained for any period of
      wear during the day.
PAR  The present invention contemplates correction of the limitation of use of
      soft plastics so that the optical area of such lenses will be stabilized
      and will not change in accordance with changes in orientation of portions
      of the soft lens.
PAR  The lens 20 of FIG. 1 is, accordingly, provided with stabilizing means 22
      as illustrated in FIG. 2 of the drawings. The stabilizing means 22 may be
      provided in different ways. For example, the schematic illustration of
      FIG. 2 contemplates the provision of a rigid wire ring 22 embedded within
      the body of the lens 20. The ring 22 will be positioned within the lens
      about a radial dimension extending at or slightly beyond the maximum pupil
      opening generally anticipated by users. Accordingly, the optical area of
      the lens will be defined within the ring 22.
PAR  It has been found that the provision of a rigid element such as the ring 22
      extending about the optical area of the lens 20 will define means for
      stabilizing the area within the ring so that is does not distort during
      re-orientation of the soft plastic body of the lens 20. Accordingly, the
      advantages of the use of soft plastic may be realized without the
      disadvantages of the heretofore unstable optical area associated with said
      soft plastic lenses. The wetting characteristics of such materials may be
      employed to advantage without impairment of the optical area of the
      lenses. It should be noted also that the portion of the lens 20 extending
      radially outwardly from ring 22 may still adapt to particular
      configurations of the cornea without significantly modifying the optical
      area defined within the ring 22 so that the optical area is fully
      stabilized during periods of wear.
PAR  A modification of the means of FIG. 2 is schematically illustrated in FIG.
      3 where a transparent, relatively rigid ring 24 is embedded within the
      soft plastic body of the lens 20. The ring 24 again is positioned in the
      lens 20 to that the inner periphery thereof extends at or beyond the
      maximum pupil opening of the user and for this reason it will not
      interfere with the vision of the user.
PAR  The lens of FIG. 3 is schematically illustrated in cross-section in FIG. 4
      with the transparent ring 24 shown extending about the optical area of the
      lens and embedded wholly within the body of the lens 20.
PAR  FIG. 5 is a view of the posterior surface of the lens of FIG. 2
      illustrating the wire stabilizing means embedded within the body of the
      lens 20 and further illustrating a slight beveled surface 26 on the
      posterior surface of the lens as seen also in the section view of FIG. 4
      of the drawings.
PAR  Contact lenses are commonly made by grinding and polishing segments of a
      spherical surface on the anterior and posterior surfaces of the lenses.
      Correction for visual defects made be provided by defining a spherical
      surface with a different radius on the opposing lens surface so that light
      rays are bent as they pass through the lens to functionally cooperate with
      the lacrimal fluid, cornea and lens of the eye to approximate or achieve
      normal vision, or what the user will interpret and accept as normal
      vision.
PAR  One of the problems with the provision and development of contact lenses is
      that the corneal surface does not correspond to a segment of a true
      sphere. It is irregularly shaped and more closely defines an ellipsoidal
      curve with characteristic flattening toward the peripheral areas of the
      cornea. Accordingly, visual defects are difficult, if not impossible, to
      correct completely upon combining the refractive characteristics of a
      spherical surface with an ellipsoidal surface as represented by the
      cornea. This condition is further impaired when we realize that most
      visual defects are accompanied by a degree of astigmatism. This results in
      aberration of the ellipsoidal surface of the cornea to the extent that a
      different radius of curvature will be defined depending upon the arc
      selected to measure said radius of curvature.
PAR  The above problems are made even more difficult when a soft plastic lens is
      used for the correction of vision and the lens begins to adapt itself to a
      particular configuration of the surface of the cornea. The illustrations
      of FIGS. 6-9 graphically set forth the results of a computer ray tracing
      analysis and demonstrate the characteristics of a visual deficiency and
      the functional effect of corneal contact lens used in combination with the
      eye.
PAR  FIG. 6 is a schematic illustration of a human eye with a myopic deficiency
      of about 1.0 diopter. Functional light transmitting surfaces have been
      assumed to be spherical expect for the anterior surfaces of the cornea and
      lens. The anterior surface of the cornea was assumed to be ellipsoidal
      with a vertex radius of 7.50 mm with the cornea flattening peripherally
      outwardly so that at a distance of about 4.5 mm from the central axis.
      Meridional radius of curvature is about 7.94mm.
PAR  The anterior surface of the lens was assumed to be aspheric. For computer
      analysis all terms of the corneal and lens surfaces and the conic constant
      of the light refracting means were adjusted until all spherical aberration
      was removed from the axial image point. This is graphically illustrated in
      FIG. 6A. It is to be noted that the point focus of the light rays of FIGS.
      6 and 6A is displaced from the retina by an amount equivalent to a diopter
      of myopia.
PAR  It can readily be seen that the light rays have begun to diverge as they
      strike the retina (FIGS. 6-6A) and for this reason present an image that
      is not in sharp focus. It is necessary to have the point focus at the
      retina for a clearly defined image that is properly in focus.
PAR  In the schematic illustration of FIG. 7 a minus 1 diopter contact lens has
      been placed on the cornea to correct the visual deficiency of the eye of
      FIG. 6. The contact lens is of the type having spherically ground anterior
      and posterior surfaces. The anterior surface was ground to a radius of
      7.62 mm while the posterior surface was ground to a 7.50 mm radius. The
      thickness of the fluid separating the lens from the cornea is assumed to
      be 0.015 mm. This results, of course, in an apical clearance between the
      cornea and the lens to define an "edge touch" of the lens with the cornea
      at a zone 8.5 mm in diameter. FIG. 7A illustrates that significant
      spherical aberration has been introduced and visual acuity is not enhanced
      by use of the contact lens, especially at large pupil openings. The
      maximum bundle of rays is represented at a 9 mm diameter pupil opening.
      However, even at a pupil opening of 2 mm the circle of least image
      confusion is displaced from the retina by an amount corresponding to
      approximately +0.2 diopters.
PAR  The schematic illustration of FIG. 8 shows the effect produced by a lens
      similar to the one of FIG. 7, except that the posterior surface has the
      same ellipsoidal form as the anterior of the cornea. A tear layer of 0.004
      mm is assumed to separate posterior surface of the lens and the exterior
      surface of the cornea. The pattern of spherical aberration -- that is, the
      dispersion of the ray bundle -- illustrated in FIG. 8A is observed to be
      worse than the illustration set forth in FIG. 7A. It may be concluded from
      this that an aspheric posterior although desirable from the fitting
      standpoint, cannot be expected to yield better vision than a spherical
      posterior lens surface, if both are used with spherical anterior surfaces.
PAR  The schematic illustration of FIG. 9 represents a different accommodation
      of a contact lens to an eye. The illustration sets forth an indication of
      what an aspheric anterior surface may accomplish. When properly designed,
      it is apparent that no spherical aberration need be introduced; that is,
      perfect images may be maintained. The posterior surface lens may be either
      spherical or, for a better fit if desired, aspherical. Either a spherical
      or aspherical posterior lens surface will result in nearly the same degree
      of image perfection.
PAR  It is to be noted in the above illustration that each of the
      representations contemplates a stabilized optical area in the contact lens
      as distinguished from an unstable area which could give rise to defraction
      of light rays in a different manner than that originally contemplated when
      the lens was produced to correct the particular visual dificiency of the
      user. It should be noted, however, from the schematic illustrations set
      forth in FIGS. 6-9 that it may be desirable to provide a lens in which the
      posterior surface will adapt to the exterior surface of the cornea. That
      is, the aberration introduced by change in the posterior surface of the
      lens does not have as significant an effect on vision of the user as an
      aberration on the anterior surface of the lens.
PAR  The present invention, accordingly, provides means for stabilizing the
      optical area of the lens and particularly for stabilizing the anterior
      portion of the lens so that the correction originally provided in the lens
      will not be affected when the lens adapts itself to the surface contour of
      the cornea of the user.
PAR  While a specific embodiment of the present invention has been shown and
      described it will, of course, be understood that other modifications and
      alternative configuration may be used without departing from the ture
      spirit and scope of this invention. It therefore is intended by the
      appended claims to cover all such modifications and alternative
      constructions as fall within their true spirit and scope.
CLMS
STM  What is claimed and intended to be secured by Letters Patent of the United
      States, is:
NUM  1.
PAR  1. An improved contact lens made of hydrophilic plastic material which is
      adapted generally to orient itself in a manner corresponding with the eye
      contour and surface on which it rests, the improvement comprising:
PA1  a contact lens body having a central optical area corresponding generally
      to the maximum pupil opening of the eye and an outer peripheral area in
      surrounding relationship with said optical area;
PA1  means embedded wholly within said lens body and positioned radially beyond
      said central optical area for stabilizing the anterior portion of said
      central optical area against re-orientation in a manner corresponding to
      the eye contour, whereby the optical characteristics originally provided
      in said optical area is retained during re-orientation of the lens body;
      and
PA1  an inwardly beveled surface on the posterior outermost radial edge of said
      peripheral area.
NUM  2.
PAR  2. The lens of claim 1 wherein the stabilizing means is disposed radially
      outwardly of the maximum pupil opening of the user.
NUM  3.
PAR  3. The lens of claim 1 wherein the stabilizing means is a rigid 5 gauge
      wire ring.
NUM  4.
PAR  4. The lens of claim 1 wherein the stabilizing means is a rigid transparent
      ring.
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ABST
PAL  A system for processing a strip of motion picture film with a multi-purpose
      film handling cartridge adapted for use in film-exposing, processing and
      projection operations. Responsive to varying rates of travel of the film
      strip across a processing station provided in the cartridge as it is being
      transported between the paired spools to which respective ends of the film
      strip are attached, a variable-speed driving mechanism mounted externally
      of the cartridge controls the speed of the spool to establish a constant
      rate of travel of the film strip across the processing station at any
      particular instance even though the winding diameters of the film strip on
      the spools are ever being varied, so that a uniform application of a
      coating of processing fluid is effected along the length of the exposed
      film strip without the necessity of providing any particular constant
      speed device within the cartridge. The variable speed driving mechanism is
      associated with an actuating member adapted to be accessible to the
      operator from the outside of the system housing and which once manually
      operated for actuation cannot be released from the actuating position by
      hand but automatically released when the entire length of the film strip
      has been processed to thereby prevent accidental interruptions of the
      running processing operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a processing system utilizing a multi-purpose
      motion picture film handling cartridge permitting the photographer himself
      to process and project the film strip easily and without failure. More
      particularly, it relates to a variable-speed driving mechanism adapted for
      association with externally mounted drive means of the cartridge to impart
      a constant speed to the film strip as it is transported across a
      processing station positioned within the cartridge.
PAR  2. Description of the Prior Art
PAR  The field of amatueur motion picture photography has developed rapid
      processing and projection systems utilizing compact multi-purpose film
      handling cartridges. The film handling cartridge is adapted to be mounted
      first in a motion picture camera for exposure purposes and then in a
      motion picture projector for projection purposes. After a strip of
      photographic motion picture film contained in the cartridge has been
      exposed, the film strip is processed with the cartridge remaining
      unremoved from the same camera employing a rapid processing system, or
      mounted in a specially designed processor, or in a processor-projector
      unit which is constructed for facilitating processing and projection
      operations. In these systems, the processing fluid is stored in an
      applicator positioned within the cartridge from which it is expressed onto
      the exposed film strip when the processing station is rendered operable.
      Examplary of such systems are those described in U.S. Pat. Nos. 3,644,024
      and 3,604,790.
PAR  In applying a thin coating of processing fluid to an exposed strip of
      motion picture film contained in the cartridge, it is of importance to
      maintain constant the rate of travel of the film strip as it contacts the
      applicator, or otherwise uniform processing results can not be effected
      particularly when the exposed film is processed not in a processing
      laboratory but in the aforesaid rapid processing system employed in a
      camera projector, or a handy processor specially designed therefor. The
      presently proposed variable-speed driving mechanisms adapted for use in
      such rapid processing systems to impart a constant speed to the film strip
      as it contacts the applicator are described in U.S. Pat. Nos. 3,616,740
      and 3,623,417. The variable speed driving mechanism disclosed herein is
      associated with a specially designed applicator to control the speed of a
      drive motor incorporated therein in accordance with the amount of
      processing fluid remaining in the applicator as it is expelled from the
      orifice of the applicator.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a rapid processing system
      utilizing a multi-purpose motion picture film handling cartridge having an
      applicator positioned therein in a simple arrangement and permitting the
      photographer himself to process the exposed film strip easily and without
      failure.
PAR  The rapid processing system has eliminated the inconvenience associated
      with the time delay between the mailing of the cartridge containing an
      exposed film to a processing laboratory and its availability for
      projection. Such a rapid access to photographic information is very
      advantageous not only to users engaging in special photography requiring
      rapid interpretation of the developed film but also to those engaging in
      home motion picture photography. To enjoy such an advantage, it is to be
      recognized that the rapid processing system has to be provided with
      facilities for easy and steady handling of the cartridge of the type
      described. The present invention in one aspect contemplates a rapid
      processing system with facilities permitting the photographer himself to
      handle the cartridge of the type described easily and without failure. On
      the other hand, in processing the film strip with the cartridge, it is of
      importance to apply a uniform coating of processing fluid on the film
      strip along its length in a controlled constant coverage per unit of time.
PAR  Another object of the present invention, therefore, is to provide a novel
      method of imparting a constant speed to the film strip as it contacts the
      applicator, and a device for performing the method externally provided of
      the cartridge within the rapid processing system.
PAR  As is well known, with the film handling cartridge containing a pair of
      coplaner spools which constitutes the main part of the film advance means,
      the rate of travel of the film strip across the processing station is
      varied with variation in the winding diameters on the spools as the film
      strip is transported between the spools driven in a constant speed,
      thereby a uniform fluid coating on the film strip along its length cannot
      be effected during the entire operation of the applicator. To achieve the
      above mentioned object, the constant film transportation speed device
      constructed in accordance with a preferred embodiment comprises a constant
      speed motor and a variable speed driving mechanism, such as that
      comprising the opposed cone pulleys and a driving belt, arranged between
      the constant speed motor and the take-up spool upon operation of the
      mechanism to adjust the position of the belt in accordance as such a
      predetermined function of the diameter on the take-up spool, said function
      being programmed in belt-position adjusting means engaging with the
      take-up spool, that the variation in the winding diameter on the take-up
      spool is compensated for establishing a constant rate of travel of the
      film strip across the applicator as it is being transported from the
      supply spool to the take-up spool driven in varying speeds dependent upon
      the function.
PAR  According to another preferred embodiment, the constant film transportation
      speed device comprises a variable speed motor connected through suitable
      motion transmitting means to the take-up spool and a motor speed control
      circuit adapted to be responsive to the speed of a sprocket which is
      brought into engagement with perforation holes of the film strip when the
      processing station is rendered operable for maintaining a constant rate of
      travel of the film strip across the applicator as the film strip is being
      transported from the supply spool to the take-up spool driven in
      decreasing speeds even though it is coiled in turns of increasing
      diameters on the take-up spool.
PAR  Still another embodiment comprises a drive governor or motor engaging the
      take-up spool and a driven governor engaging the supply spool, the driven
      governor being selected to have such an inertia that the rate of travel of
      the strip across the applicator is held constant as it is being
      transported between the supply and take-up spools.
PAR  A further object of the invention is to provide a processing system
      provided with an indicator indicating for the operator how much proportion
      of the length of the film strip has been processed, the incicator being
      associated with the aforesaid variable-speed driving mechanism.
PAR  An additional object of the invention is to provide a mechanism of simple
      construction which jointly actuates and jointly releases the drive means
      including a motor and the variable-speed driving mechanism in response to
      an actuation and to a release, respectively, of a member movably mounted
      in the housing of the processing system, in which once the movable member
      is manually operated for the actuation, it can not be released from the
      actuating position by hand but it can be automatically released only when
      the entire length of the film strip has been processed, thereby manual
      accidental interruption of the processing operation can be prevented.
PAR  Other objects and features of the invention will become apparent from the
      following detailed description taken in conjunction with the accompanying
      drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a multi-purpose motion picture film
      handling cartridge usuable in the present invention.
PAR  FIG. 2 is a sectional plan view of the cartridge of FIG. 1 illustrating an
      arrangement of various main parts in an exposing operation position.
PAR  FIG. 3 is a sectional plan view of the cartridge of FIG. 1 illustrating an
      arrangement of various main parts in a processing operation position and
      particularly the operative relationship between the applicator and the
      film strip for applying a coating of processing fluid on the film strip.
PAR  FIG. 4 is a perspective view of a projector adapted to receive the
      cartridge of FIG. 1 after the film strip has been fully processed in a
      stage shown in FIG. 3.
PAR  FIG. 5 is a perspective view of a preferred embodiment of a constant film
      transportation speed device adapted for use in the processing system
      according to the present invention, wherein all those parts non-essential
      for the invention have been omitted.
PAR  FIG. 6 is a circuit diagram of the device of FIG. 5.
PAR  FIG. 7 is a perspective view of another embodiment of a constant film
      transportation speed device adapted for use in the processing system
      according to the invention.
PAR  FIG. 8 is a circuit diagram of the device of FIG. 7.
PAR  FIG. 9 is a circuit diagram shown in FIG. 8 with a modification.
PAR  FIG. 10 is a perspective view of still another embodiment of the constant
      film transportation speed device adapted for use in the processing system
      according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIGS. 1, 2 and 3, there is shown a multi-purpose motion
      picture film handling cartridge usuable in the invention. The cartridge
      comprises a housing 1, a supply spool 2 and take-up spool 3 coplanarly
      mounted therein for rotation about parallel axes to which respective ends
      of a strip of motion picture film 5 are permanently attached. The spools
      are provided with fluted recesses which are adapted to receive externally
      mounted drive means through apertures provided through the cartridge's
      wall as shown in FIG. 1, constituting means for reversibly transporting
      the film strip 5 between the supply spool 2 and the take-up spools 3
      across an opening 4. The opening 4 constitutes a film gate adapted to
      serve as an exposure station during a first pass of the photosensitive
      film strip 5 across the pressure plate 7 as shown in FIG. 2 and as a
      projection station during subsequent operations in which the film strip,
      in a fully processed condition, is advanced from the supply spool 2 to the
      take-up spool 3 across a projection aperture 7' provided through the
      pressure plate 7 and with a reflecting mirror 6 mounted on the opposite
      side of the pressure plate 7 to the film 5. The housing 1 is provided with
      an elongated slot 8 passing through the wall adapted to receive an
      externally mounted actuator when the cartridge is mounted in the
      processing system for purposes of effecting an upward displacement of the
      actuator along the slot 8 when the processing station is rendered
      operable, thereby seal means 12 normally biased by a spring 13 for sealing
      the orifice 10' of an applicator 10 is displaced into an unsealing
      relationship with the applicator 10 as shown in FIG. 3 to permit the
      processing fluid 11 contained in the applicator 10 to be expressed onto
      the film strip 5 as it is being transported from the take-up spool 3 to
      the supply spool 2 as shown in FIG. 3.
PAR  In operation of the cartridge 1, after the film strip has been exposed, the
      cartridge 1 is mounted in a processor-projector unit employing the
      processing system of the invention for facilitating processing and
      projection operations. As shown in FIG. 4, the processorprojector unit
      comprises a housing 50, a projection lens 51 mounted in a lens mount 52,
      an illumination system including a lamp 53 and drive means shown in
      phantom. The rear panel of the housing 50 is provided with a control knob
      62 for selection of processing and projection operations and with a
      processing operation actuating knob 33 movable along the slot 50a passing
      through the unit's wall. The cartridge 1 is positioned in the housing 50
      of the processor-projector unit as shown in phantom, with the projector
      aperture 7' being in alignment with the projection system and with the
      reflecting mirror 6 being disposed to direct an illumination light beam
      coming from the lamp 53 to the projection aperture 7' to permit image
      carrying light rays to leave the cartridge 1 through the opening 4 and to
      be projected by the projection lens 51 onto a screen not shown. Further,
      the fluted recess of the spool 2 is engaged with a spindle shaft not shown
      on which a pulley 54 is coaxially mounted, while the fluted recess of the
      take up spool 3 is engaged with a spindle shaft not shown on which is
      coaxially mounted a pulley 57 connected by a belt 58 to another pulley 59
      which is driven into rotation by a motor 60 through a friction gearing
      arrangement not shown engaging a friction gear 61 mounted on the shaft of
      the motor 60.
PAR  Referring now to FIG. 5, one preferred embodiment of a constant film
      transportation speed device is illustrated as comprising a housing
      including members 15 and 16, the outer side of the housing member 15
      constituting a portion of the wall of a cartridge chamber, a constant
      speed motor 17 mounted on the housing member 16 and a variable-speed
      driving mechanism mounted between the housing members 15 and 16 and
      comprising the opposed cone pulleys 18 and 19 and a driving belt 20, the
      position of which is adapted to be adjusted by a forked slider 25 movably
      mounted on the guide rod 26 and biased by an expansion spring 27 to urge
      the slider 25 toward the maximum speed position of the cone pulley
      assembly 18 and 19. Fixedly mounted on the slider 25 is a lever 24 which
      is fulcrumed about the rod 26 and of which one arm 24' has a bevelled edge
      formed at an end portion adapted to be engageable with a worm gear 23
      rotatably mounted between the housing member 15 and 16 when the
      variable-speed driving mechanism is actuated by the operation of an
      actuating member 32 movably mounted on the housing member 15. Coaxially
      mounted on the worm gear 23 is a gear 22 engaging a pinion gear 21 coaxial
      to the shaft of the cone pulley 19. These elements 21, 22, 23, 24 and 25
      form part of the belt position adjusting means. One end of the shaft of
      the cone pulley 19 is adapted to engage the fluted recess of the supply
      spool 2 which serves as the take-up spool during processing operations,
      when the cartridge is mounted in the cartridge chamber behind the housing
      member 15. The other arm 24, of the lever 24 is provided with a
      longitudinally elongated slot in which an elongated crank pin 28 mounted
      on a web of a bell crank 29 which is mounted on a pivot pin 31 and which
      is biased by a helical spring 37 in a counter-clockwise direction. The
      other web of the bell crank 29 has a pin 30 mounted at an end portion for
      abutting engagement with an extension 32' of a slide 32 having
      longitudinally elongated slots 32 in which respective pins mounted on the
      housing member 15 are engaged. The slide 32 having a hand knob 33 which is
      accessible to the operator from the outside of the processor-projector
      unit as shown in FIG. 4 is normally biased by a helical spring 34 toward
      the position shown in FIG. 5. These elements 28, 29, 30, 31, 32, 33 and 34
      form part of the actuating mechanism which jointly actuates and jointly
      releases the constant speed motor 17 and the variable-speed driving
      mechanism 18, 19, 20 and 43 in response to an actuation and a release,
      respectively, of the slide 32 with its hand knob 33. When the slide 32 is
      advanced in a direction indicated by the arrow, the pawl 39' of a lock
      lever 39 pivots about a pin 41 planted on the housing member 15 in a
      counter-clockwise direction under the force of the spring 37. Such a
      pivotal movement of the lever 39 results in an outward movement of a
      plunger 40' of an electromagnet 40 mounted on the housing member 16. It is
      to be noted that once the slide 32 is manually set in an advanced
      position, it is locked by the lock lever 39 and cannot be released by hand
      from the advanced position to the initial position, but it is released
      when the solenoid of the electromagnet 40 is energized to cause an inward
      movement of the plunger 40' which results in the disengagement of the pawl
      39' from the recessed portion 32'". The device of FIG. 5 is further
      provided with switches connected with one another and to the terminals A
      and B of a power source as shown in FIG. 6 and arranged in the following
      manners. The normally open switch 42 is positioned so that when the
      cartridge is inserted into the cartridge chamber, the fixed contact and
      the movable contact having a projection extending into the cartridge
      chamber is closed in engagement of the projection with the cartridge's
      wall. The normal open switch 38 is positioned adjacent the extension 32'
      of the slide 32 upon setting of the slide 32 to its locked position to be
      closed in engagement of the movable contact thereof with the extension
      32'. The normally open switch 35 is positioned in a path of an extension
      24'" of the lever 24 so that it is closed when the belt 20 has reached the
      minimum speed position.
PAR  The operation of the device shown in FIGS. 5 and 6 is as follows. For a
      processing purpose, the cartridge containing an exposed film strip coiled
      on the take-up spool 3 is inserted into the cartridge chamber. During the
      insetting operation, the fluted recess of the supply spool 2 is brought
      into engagement with a spindle shaft 43 and, at the same time, the switch
      42 is closed by the engagement of the projection with the wall of the
      cartridge 1. Next, for initiation of the processing operation, the knob 33
      is advanced in the direction of the arrow, thereupon the bell crank 29 is
      turned in a counter-clockwise direction under the force of the spring 37,
      and, in response thereto, the lever 24 is turned in a clockwise direction
      by the engagement of the crank pin 28 with the slot 24" to cause the
      bevelled edge 24' of the lever 24 to engage the worm gear 23 at the
      maximum speed position. At the same time, the switch 38 connected in
      series with the switch 42 is closed so that the motor 17 is energized to
      drive the variable speed mechanism. Further, such a sliding movement of
      the slide 32 results in a displacement of the seal means 12 into an
      unsealing relationship with the orifice 10 of the applicator 10. As the
      driven cone pulley 19 is rotated with rotation of the supply spool 2, the
      gear 22 engaging the pinion gear 21 coaxial to the shaft of the pulley 19
      is rotated with rotation of a worm gear 23 which causes the position of
      the belt 20 to vary in such a manner that the rate of travel of the film
      strip across the applicator is held constant during the entire operation
      of the applicator as it is being transported from the take-up spool 3 to
      the supply spool 2 which is driven in decreasing speeds. The indicator 36
      is provided with a slot 36a through which the extension 24'" can be seen
      in registration with the scale of the indicator 36. Reading the indicium
      on the scale which registers with the position of the extension 24'", the
      operator can estimate how much proportion of the length of the film strip
      has been processed or remains unprocessed. When the entire length of the
      exposed film strip has been processed, the lever 24 is brought into
      contact with the switch 35, thereby the switch 35 is closed to energize
      the solenoid of the electromagnet 40, so that the lock pawl 39' is
      disengaged from the recess 32'". When the slide 32 is returned to its
      initial position, the switch 38 is opened to deenergize the motor 17. At
      the same time, such a release movement of the slide 32 causes the bell
      crank 29 to turn in a clockwise direction, resulting in the disengagement
      of the bevelled edge 24' of the lever 24 from the worm gear 23, thereupon
      the forked slider 25 and the belt 20 are reset by the force of the charged
      spring 27 to their starting position, i.e., the maximum speed position.
      Although the embodiment described above provide a provision for resetting
      the variable-speed driving mechanism to the initial position which is made
      in the switch 35, a modification may be made in such manner that
      responsive to an end signal such as a notch provided in the film strip at
      a position adjacent the termination of the film strip section which is to
      be continuously processed, a reasonable mechanism provided therefor
      energizes the solenoid of the electromagnet 40 to return the slide 32 to
      its initial position.
PAR  It will be seen from the foregoing description of one specific embodiment
      that the present invention provides a driving apparatus for use in
      processing an exposed strip of motion picture film with a cartridge of the
      type described, which apparatus is characterized by the use of a
      continuously variable speed driving mechanism arranged between the motion
      transmitting device associated with a motor and the spool type of film
      advance means provided in the cartridge for controlling the speed of the
      film advance means in accordance with the variation in the winding
      diameter on the driven spool to impart a constant speed to the film as it
      is being transported across the processing station positioned within the
      cartridge from a supply spool to the driven take-up spool, the provision
      for programming a constant film transportation speed establishing function
      relating the varying winding diameters to the speeds of the spool being
      made in the speed control means incorporated in the variable-speed driving
      mechanism. Therefore, it is to be understood that the driving apparatus
      permits the photographer himself to easily process the exposed film strip
      with the cartridge, while nevertheless effecting an uniform application of
      a coating of processing fluid onto the film strip along its entire
      surface. The driving apparatus is further provided with a mechanism which
      actuates and releases the driving apparatus to an active state and to an
      idle state in response to a manual actuation and to an automatical
      release, respectively, of a movable member which is accessible to the
      operator from the outside of the apparatus only when it is in its released
      position, and which is secured in its actuated position by engagement with
      lock means mounted in the apparatus until a switching device associated
      with an electromagnet device is operated to cause the lock means to be
      disengaged from the movable member in response to an operation condition
      of the speed control means, or to a detection of an end signal provided in
      the film strip. Therefore, it is to be understood that the driving
      apparatus permits the operator to handle the cartridge without failure for
      continuous processing of the film strip over its entire length because of
      the prevention of manual accidental interruption of the once initiated
      processing operation. Furthermore, the driving apparatus is provided with
      an indicator associated with the speed control means to permit the
      operator to estimate how much proportion of the length of the film strip
      has been processed or remains unprocessed.
PAR  Referring now to FIGS. 7 and 8, there is shown another embodiment of a
      constant film transportation speed system according to the invention. A
      cartridge 1 of the type described is mounted in the housing of a cartridge
      chamber provided in a processor not shown. One side wall of the housing
      115 is provided with an aperture through which one end of the shaft of a
      pulley 116 engages a fluted recess provided in the supply spool of the
      cartridge 1. The other end of the shaft is journally mounted in a shaft
      mount 117, and the pulley 116 is connected by a belt 118 to a small drive
      pulley 119 coaxially mounted on the shaft of a variable speed motor 120,
      thus the spools constitute part of the film advance means of which the
      speed is varied with the speed of the motor 120. Movably mounted on the
      housing 115 is a slide 128 constituting part of an actuating mechanism and
      having two longitudinally elongated slots 128" in which is slidably
      engaged respective pins 115a planted on the housing 115. The slide 128 is
      provided with an elongated pin 129 adapted to engage the seal means 12
      (see FIGS. 3 and 4) through an elongated slot 8 (see FIG. 1) when the
      cartridge 1 is mounted in the chamber. The slide 128 is bent by an angle
      of about 90.degree. at one end portion and the top edge of the bent
      portion is provided with a knob 130 which is accessible to the operator
      from the outside of the processor. The other end portion of the slide 128
      is provided with an extension 128' extending perpendicularly to the length
      of the slide 128 and the top edge thereof is tapered to provide a camming
      surface 128a on which a cam follower 126 mounted on one end portion of
      paired arms 122 extending from a pin 123 is slidably engaged. Rotatably
      mounted at a center between the arms 122 is a sprocket wheel 121 through a
      shaft 124 of which one end is connected to a tachogenerator 125. The arms
      122 are biased by a helical spring 127 to urge the cam follower 126
      against the camming surface 128, and are arranged so that when the slide
      128 is displaced in a direction indicated by the arrow, the sprocket wheel
      121 is brought into operative relationship with the perforation holes 5'
      of the film strip 5. The displaced slide 128 is secured in its actuating
      position by a click spring 131 which also serves as a securing means in
      its released position. A main switch 132 of a control circuit to be
      subsequently described is positioned adjacent the extension of the slide
      128 so that when the slide 128 is actuated, the main switch 132 is closed.
PAR  The operation of the mechanism shown in FIG. 7 is as follows. After the
      cartridge 1 is inserted in the chamber, the knob 130 is pushed in a
      direction indicated by the arrow, thereupon the main switch 132 of the
      control circuit shown in FIG. 8 is closed to energize the motor 120. At
      the same time, the teeth of the sprocket wheel 121 is brought into
      engagement with the perforation holes 5', thereby the rotation of the
      sprocket 121 is transmitted to the tacho-generator 125 which produces
      output voltages dependent upon the transportation speeds of the film
      strip. The alternating voltages produced in the tacho-generator 125 are
      rectified by a smoothing circuit comprising a rectifier diode 133, a
      resistor 134 and a condenser 135, and is applied to the base electrode of
      a transistor 137. The emitter electrode of the transistor 137 is connected
      to an interconnection between a resistor 136 and a constant voltage diode
      138 which is selected to provide a reference voltage corresponding to a
      normal transportation speed of the film strip. The collector electrode of
      the transistor 137 is connected to a resistor 139 and to the base
      electrode of a drive transistor 140 of which the collector electrode is
      connected to the motor 120. An electric power is supplied between the two
      terminals A and B. When the rectified voltage of the alternating voltage
      from the tacho-generator 125 is almost equal to, or lower than the
      reference voltage of the diode 138, in other words, when the
      transportation speed of the film is equal to, or slower than a normal
      speed, the voltage between the base and emitter electrodes is almost zero,
      so that the transistor 137 is rendered non-conductive, thereby the
      transistor 140 is turned on to permit the motor 120 to rotate in
      increasing speeds. As the speed of the motor 120 increases with increase
      in the transportation speed of the film, the potential of the base
      electrode of the transistor 137 increases to render conductive the
      transistor 137. As a collector current flows through the transistor 137,
      the potential of the base electrode of the transistor 140 is decreased to
      render non-conductive the transistor 140, thereby the motor 120 is
      deenergized.
PAR  In FIG. 9, there is illustrated an alternate embodiment of the control
      circuit for the mechanism shown in FIG. 7. The same numerals primed are
      employed in that figure to denote parts of that embodiment of the
      invention which remain substantially unchanged from the embodiment
      illustrated in FIG. 8. In the figure, the output of the tacho-generator
      125 is converted to a direct current input by a circuit comprising a diode
      133', resistor 134'  and condenser 135', and the direct current is
      supplied to the base of a transistor 137', the base being connected to a
      resistor 141. When the base potential of the transistor 137' is equal to,
      or lower than the voltage of a reference diode 138', in other words, when
      the film transportation speed is equal to, or slower than a predetermined
      level, the transistor 137' is rendered non-conductive to increase the base
      potential of the transistor 140 so that the transistor 140 is rendered
      conductive to energize the motor 120. As the film transportation speed
      increases with increase in the base potential of the transistor 137', the
      transistor is turned off to deenergize the motor 120.
PAR  In the driving apparatus illustrated in FIG. 7 which is adapted for use in
      processing an exposed strip of motion picture film with a cartridge of the
      type described, a motor speed control circuit responsive to the speed of a
      sprocket wheel which is brought into operative relationship with the film
      strip when the processing system is rendered operative, and associated
      with a variable speed motor upon comparison of the sprocket speeds as
      detected in electrical signals with a reference signal to control the
      speed of the motor is provided for imparting a constant speed to the film
      strip to maintain a constant rate of travel of the film strip across the
      processing station within the cartridge as it is being transported from a
      supply spool to the driven take-up spool. Therefore it is to be understood
      that the driving apparatus of the invention permits the user to easily and
      steadily process the exposed film strip with the cartridge mounted in a
      processor, while still applying an uniform coating of processing fluid on
      the film strip along the length.
PAR  FIG. 10 illustrates one example of still another embodiment of the constant
      film transportation speed device according to the invention. The device
      comprises housing members 200 and 201, the back side of the housing member
      200 defining part of a chamber for receiving the cartridge 1 of the type
      described, shafts 221 and 223 having fluted portions 215 and 216 formed at
      one end and extending into the chamber to engage the fluted recesses
      provided in the spools 2 and 3, respectively, pulleys 220 and 222 mounted
      on the shaft 221 and 223 respectively between the housing members 200 and
      201. The pulley 220 is connected by a belt 219 to a drive pulley 218
      mounted on the shaft of a motor 217, while the pulley 222 is connected by
      a belt 224 to a driven pulley 225 mounted on a shaft 226. The shaft 226 is
      provided with a governor 227 of windmill type. As is understood from the
      construction of the film advance means of spool type, the winding diameter
      of the film on the driven spool 2 is the minimum at the initiation of the
      processing operation, so that the spool 2 has to be driven in the maximum
      speed. As the winding diameter on the spool 2 increases, the speed of the
      spool 2 has to be decreased so as to maintain constant the transportation
      speed of the film strip through the processing station between the spools
      2 and 3. On the other hand, as the film strip is transported from the
      spool 3 to the spool 2, the winding diameter on the spool 3 engaging the
      governor 227 is decreased with increase in the speed of the governor. On
      this account, the governor 227 is selected to have such an inertia as to
      maintain a constant transportation speed of the film across the processing
      station.
PAR  It will thus be appreciated that the processing system of the invention
      adapted for use with a multipurpose motion picture film handling cartridge
      of the types in which the rate of travel of the film strip across the
      processing station varies with time so long as the film advance means of
      the cartridge is driven in a constant speed may control the speed of the
      film advance means by provision of a suitable expedient mounted externally
      of the cartridge to impart a constant speed to the film strip so that a
      uniform coating of processing fluid can be applied on the film strip along
      its entire surface.
PAR  While there have been described what are, at present, considered to be
      preferred embodiments of the invention, it will be understood that
      variations and modifications can be effected within the spirit and scope
      of the invention as described hereinabove.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A film handling system capable of using a film cartridge comprising a
      film cartridge accommodating a strip of film therewithin and adapted to be
      utilized commonly in each process for exposure, development as well as
      projection of the film, said cartridge comprising a housing, a first reel
      means disposed within said housing for entwining a strip of film
      therearound at a predetermined position, a second reel means disposed
      within said housing for taking up said strip of film taken out from said
      first reel means, a means disposed within said housing for storing
      developer to develop said film, said means being provided with an opening
      wherefrom said developer is adapted to impinge selectively on the film
      path of said strip of film, an apparatus capable of effecting at least
      said development process for the film accommodated within said film
      cartridge, said apparatus comprising driving means for actuating said
      apparatus, said driving means being adapted to provide a driving force of
      nearly constant speed at all times, a film cartridge chamber for
      accommodating therewithin said film cartridge at a predetermined position,
      a film strip advance means for transporting said film in said film
      cartridge disposed within said film cartridge chamber, said means being
      arranged selectively to be mechanically linked with at least said second
      reel means and being actuated by the driving force of said driving means,
      a mechanical transducer means for decelerating the rotational speed of
      said film strip advance means with respect to the rotational speed of said
      driving means at a predetermined ratio corresponding to the amount of film
      taken around said second reel means, whereby the travelling speed of the
      film is substantially made constant when the film accommodated within said
      film cartridge is subjected to at least the development process.
NUM  2.
PAR  2. A system, as described in claim 1, wherein said film cartridge includes
      an opening provided at a portion of said housing to expose the film
      accommodated within said cartridge, and an opening provided at a portion
      of said housing to permit the projection light flux to be incident upon
      said cartridge in order to project the film accommodated within said
      cartridge.
NUM  3.
PAR  3. A system described in claim 2 wherein said developer storing means is
      provided with an opening for ejecting said developer, said opening housing
      having a means for obstructing the ejection of said developer.
NUM  4.
PAR  4. A system as described in claim 3, wherein said film cartridge comprises
      an opening adapted to be accessible to a means for releasing the said
      means for obstructing the ejection of said developer from the outside of
      said housing.
NUM  5.
PAR  5. A system as described in claim 1, wherein said mechanical transducer
      means comprises displacing means coordinated to correspond to the amount
      of the cartridge accommodating film which is wound up around said second
      reel means, and means for varying the transmission speed ratio disposed
      between said driving means and said film advance means in cooperation with
      said displacing means for varying the transmission speed ratio of said
      driving means for driving said film advance means with respect to said
      film advance means.
NUM  6.
PAR  6. A system as described in claim 5, wherein said displacing means
      comprises a member for measuring the film, said member being operatively
      connected with said transmission speed ratio varying means.
NUM  7.
PAR  7. A system as described in claim 6, wherein said transmission speed ratio
      varying means comprises first and second pulleys arranged parallel with
      each other, and an endless band running around said first and second
      pulleys operatively connected with said film measuring member so as to be
      displaceable on said pulleys along the axial directions thereof in
      cooperation with the displacement of said displacing means, said first
      pulley being formed to be continuously larger in diameter along the axial
      direction thereof and being rotatable by said driving means, said second
      pulley being formed to be continuously larger in diameter in the inverse
      direction to said first pulley and being rotatable with the help of the
      rotational motion of said first pulley through said endless band.
NUM  8.
PAR  8. A film handling system capable of using a film cartridge comprising a
      film cartridge accommodating a strip of film therewithin and adapted to be
      utilized commonly in each process for exposure, development and projection
      of the film, said cartridge comprising a housing, a first reel means
      disposed within said housing for entwining a strip of film therearound at
      a predetermined position, a second reel means disposed within said housing
      for taking up said strip of film out from said first reel means, a means
      disposed within said housing for storing developer to develop said film,
      said means being provided with an opening through which said developer is
      adapted to impinge selectively on the film path of said strip of film, an
      apparatus capable of effecting at least the development process for the
      film accommodated within said film cartridge, said apparatus comprising a
      driving means for actuating said apparatus, said driving means being
      adapted to provide a driving force of nearly constant speed at all times,
      a film cartridge chamber for accommodating therewithin said film cartridge
      at a predetermined position, a film strip advance means for transporting
      said film in said film cartridge disposed within said film cartridge
      chamber, said means comprising a first pulley mechanically linked with
      said driving means, said pulley being formed to be continuously larger in
      diameter along the axial direction thereof and being rotated by said
      driving force of said driving means, a second pulley mechanically linked
      with said second reel means selectively to be rotated, said pulley being
      formed to be continuously larger in diameter along the inverse direction
      to said first pulley, an endless band running around said first and second
      pulleys, and continuously displaceable on said pulleys along the axial
      directions thereof, and means for controlling the displacement of said
      endless band corresponding to the total rotational frequency of said
      second pulley, said control means comprising means rotatable in
      association with said second pulley whereby the running path of said
      endless band is adapted to be displaced corresponding to the amount of the
      film entwined around said second reel means so as to render the film
      transportation speed substantially constant at the time of passing on said
      opening for appearance of said developer by virtue of varying the speed
      ratio of said second pulley to said first pulley.
NUM  9.
PAR  9. A system as described in claim 8, wherein said film cartridge includes
      an opening provided at a portion of said housing to expose the film
      accommodated within said cartridge, and an opening provided at a portion
      of said housing to permit the projection light flux to be incident upon
      said cartridge in order to project the film accommodated within said
      cartridge.
NUM  10.
PAR  10. A system as described in claim 9, wherein said developer, storing means
      is provided with an opening for ejecting said developer said opening
      having a means for obstructing the ejection of said developer.
NUM  11.
PAR  11. A system as described in claim 10, wherein said film cartridge
      comprises an opening, means for releasing said means for obstructing the
      ejection of said developer accessible through said opening from the
      outside of said housing.
NUM  12.
PAR  12. A system as described in claim 11, wherein said control means comprises
      a member for measuring the film, said member being operatively connected
      with said endless band.
NUM  13.
PAR  13. A film handling system capable of using a film cartridge comprising a
      film cartridge accommodating a strip of film therewithin and adapted to be
      utilized commonly in each process for exposure, development and projection
      of the film, said cartridge comprising a housing, a first reel means
      disposed within said housing for entwining a strip of film therearound at
      a predetermined position, a second reel means disposed within said housing
      for taking up said strip of film taken out from said first reel means, a
      means disposed within said housing for storing developer for developing
      said film, said means being provided with an opening wherefrom said
      developer is adapted to impinge selectively on the film path of said strip
      of film, an apparatus capable of effecting at least said development
      process for the film accommodated within said film cartridge, said
      apparatus comprising a film cartridge chamber accommodating said film
      cartridge therewithin at a predetermined position, driving means for
      rotating said second reel means, said driving means being mechanically
      linked at least with said second reel means when said film cartridge is in
      said film cartridge chamber, means for controlling the rotational speed of
      said driving means, said control means comprising a tacho-generator means,
      said tacho-generator means being engaged selectively with a portion of
      said film and comprising a rotation means having a part thereof made of a
      ferromagnetic material to be rotatable in response to the transportation
      of said film, and a coil means engaged with said rotation means
      electromagnetically to generate electrical signals corresponding to the
      rotational speed of said rotation means, switching means arranged
      electrically between said coil means and said driving means, said
      switching means being actuated in response to electrical signals from said
      coil means so as to control the supply of electric current to said driving
      means, whereby said switching means is controlled by electrical signal
      from said coil means, said signal of which is generated in response to the
      film transportation speed at least in the development process for the film
      accommodated within said film cartridge so as to render the film
      transportation speed substantially constant.
NUM  14.
PAR  14. A system as described in claim 13, wherein said film cartridge includes
      an opening provided at a portion of said housing to expose the film
      accommodated within said cartridge and an opening provided at a portion of
      said housing to permit the projection light flux to be incident upon said
      cartridge in order to project the film accommodated within said cartridge.
NUM  15.
PAR  15. A system as described in claim 14, wherein said developer storing means
      is provided with an opening for ejecting said developer, said opening
      having a means for obstructing the ejection of said developer.
NUM  16.
PAR  16. A system as described in claim 15, wherein said film cartridge
      comprises an opening, a means for releasing said means for obstructing the
      ejection of said developer through said opening accessible from the
      outside of said housing.
NUM  17.
PAR  17. A system as described in claim 13, wherein said rotation means includes
      a sprocket wheel which is adapted to be rotatable in engagement with
      perforation holes of said film.
NUM  18.
PAR  18. A system as described in claim 17, wherein said rotation means includes
      a permanent magnet mounted coaxially with said sprocket wheel to be
      rotatable with said sprocket wheel, said coil means being arranged around
      said permanent magnet.
NUM  19.
PAR  19. A system as described in claim 13, wherein said switching means
      comprises a transistor circuit.
NUM  20.
PAR  20. A film handling system capable of using a film cartridge comprising a
      film cartridge accommodating a strip therewithin and adapted to be
      utilized commonly in each process for exposure, development and projection
      of the film, said cartridge comprising a housing, a first reel means
      disposed within said housing for entwining a strip of film therearound at
      a predetermined position, a second reel means disposed within said housing
      for taking up said strip of film taken out from said first reel means, a
      means disposed within said housing for storing developer to develop said
      film, said means being provided with an opening through which said
      developer is adapted to impinge selectively on the film path of said strip
      of film, an apparatus capable of effecting at least the development
      process for the film accommodated within said film cartridge, said
      apparatus comprising a film cartridge chamber for accommodating
      therewithin said film cartridge at a predetermined position, driving means
      for actuating said apparatus, said driving means being adapted to be
      mechanically linked at least with said second reel means when said film
      cartridge is in said film cartridge chamber and including a rotation
      driving means for rotating said second reel means, a tacho-generator
      means, said tacho-generator means comprising a sprocket wheel adapted to
      be rotatable in engagement with perforation holes of said film, said
      sprocket wheel being rotated in cooperation with the travelling action of
      said film. a permanent magnet rotatable with said sprocket wheel, a coil
      means engaged electromagnetically with said permanent magnet, said coil
      means generating electric signals corresponding to the rotational speed of
      said permanent magnet, a switching means actuated in response to
      electrical signals emitted from said coil means and adapted to control the
      supply of electric current to said driving means as well as to maintain
      the rotational speed of said rotation driving means constant, said
      switching means arranged electrically between said coil means and said
      rotation driving means, whereby, at the time of effecting at least the
      development process for the film accommodated within said film cartridge,
      said switching means is controlled by electric signals emitted from said
      coil means and generated in response to the film transportation speed
      which is to be rendered substantially constant.
NUM  21.
PAR  21. A system as described in claim 20, wherein said film cartridge includes
      an opening provided at a portion of said housing to permit the projection
      light flux to be incident upon said cartridge in order to project the film
      accommodated within said cartridge.
NUM  22.
PAR  22. A system as described in claim 21, wherein said developer storing means
      is provided with an opening for ejecting said developer, said opening
      having a means for obstructing the ejection of said developer.
NUM  23.
PAR  23. A system as described in claim 22, wherein said film cartridge
      comprises an opening adapted to be accessible to a means for releasing the
      said means for obstructing the ejection of said developer from the outside
      of said housing.
NUM  24.
PAR  24. A system as described in claim 20, wherein said switching means
      contains a transistor circuit.
NUM  25.
PAR  25. A film handling system which can use a film cartridge comprising a film
      cartridge accommodating a strip of film therewithin and adapted to be
      utilized commonly in each process for exposure, development and projection
      of the film, said cartridge comprising a housing, a first reel means
      disposed within said housing for entwining a strip of film therearound at
      a predetermined position, a second reel means disposed within said housing
      for taking up said strip of film taken out from said first reel means, a
      means disposed within said housing for storing developer to develop said
      film, said means being provided with an opening wherefrom said developer
      is adapted to impinge selectively on the film path of said strip of film,
      an apparatus capable of effecting at least the development process for the
      film accommodated within said film cartridge, said apparatus comprising a
      driving means for rotating and driving said second reel means, said
      driving means being adapted to rotate said first reel means in cooperation
      with the backward feeding movement of said film entwined around said first
      reel means when said second reel means is driven for rotational motion, a
      braking means engaged with said first reel means, said braking means
      comprising a governor of the wind mill type for controlling the rotational
      speed of said first reel means with the help of air resistance
      corresponding to the rotational speed of said second reel means when said
      first reel means is rotated for effecting the backward feeding of said
      film, whereby the film transportation speed is rendered substantially
      constant when carrying out the development process for the film
      accommodated within said film cartridge.
NUM  26.
PAR  26. A system as described in claim 25, wherein said film cartridge includes
      an opening provided at a portion of said housing to expose the film
      accommodated within said cartridge, and an opening provided at a portion
      of said housing to permit the projection light flux to be incident upon
      said cartridge in order to project the film accommodated within said
      cartridge.
NUM  27.
PAR  27. A system as described in claim 26, wherein said developer storing means
      is provided with an opening for ejecting said developer, said opening
      having a means for obstructing the ejection of said developer.
NUM  28.
PAR  28. A system as described in claim 27, wherein said film cartridge
      comprises an opening adapted to be accessible to a means for releasing
      said means for obstructing the ejection of said developer from the outside
      of said housing.
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ABST
PAL  A drive mechanism for a spiral array of individual film photographs
      comprising a rotary driving plate having a spiral array of switch
      operating portions adapted to energize a driving motor for driving the
      driving plate; rotary axis means coupled to said driving plate; a
      photographic mount coupled to said rotary axis means and carrying a spiral
      array of individual photographs. A rectilinear bearing means on said frame
      adapted to guide said rotary axis means and said rotary driving plate
      together with said photographic mount in a rectilinear path laterally of
      the rotary axis of said rotary axis means, and mounting means carrying a
      track follower adapted to operate said switch and engagable with said
      switch operating portions. The track follower engaging a spiral track
      means on the rotary driving plate and serving to index said plate relative
      to said swith operating portions and also to activate said rotary driving
      plates in a direction along said rectilinear bearing means. The disclosure
      also relating to novel pawl means adapted to operate a single revolution
      at a time according to energization of a reduction gear motor for moving
      said rotary driving plate from one switch operating portion to the next
      one for controlling successive energization and movement of said pawl.
PAL  Additionally, the disclosure relates to specific details of the switch
      operating portions arranged in a spiral array on the rotary driving member
      and the relative geometry and spacing of the switch operating portions
      relative to rectangular photographs carried by the photographs mount of
      the invention. Additionally, the disclosure relates to an indicator arm
      used in conjunction with the foregoing rotary driving plate and photograph
      mount for moving the rotary driving plate and the photograph mount
      manually in a direction along a rectilinear path on the frame for reseting
      the rotary driving plate and respective individual photographs relative to
      an exposure area maintained in stationary position on the frame which
      carries the rectilinear bearing means.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various mechanisms have been used to drive and index spiral arrays of
      individual film photographs, and these mechanisms have either been costly
      to produce or complicated to operate and control and have also lacked
      simple mechanisms for precision indexing and advancement of a spiral array
      of individual photographs for successive exposure thereof and projection
      thereof onto a viewing surface such as a screen or the like. Many of the
      prior art mechanisms have been devoted to short run movies and are not
      particularly adapted for use in displaying individual slides as they
      relate to recorded commentaries directed to the subject matter displayed
      by individual photographs.
PAC  PRIOR ART
PAR  The prior art contains several patents of which the following are known to
      applicant:
PA1  U.s. pat. No. 594,094
PA1  U.s. pat. No. 1,092,053
PA1  U.s. pat. No. 1,208,573
PA1  U.s. pat. No. 1,236,819
PA1  U.s. pat. No. 2,093,033
PA1  U.s. pat. No. 3,450,468
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a novel rotary driving plate having a
      spiral array of switch operating portions and a corresponding spiral
      track, together with a motor carrying a pawl adapted to engage and drive
      the rotary driving plate in relation to the spiral array of switch
      operating portions which operate a switch and cause momentary
      denergization of the motor so that its output shaft drives the pawl a
      single revolution thereby moving the rotary driving plate from one
      indexing portion to another while the rotary driving plate carries the
      photograph mount having a spiral array of photographs corresponding to the
      spiral array of switch operating portions carried by the rotary driving
      plate. The rotary driving plate is mounted to rotate on a frame and it is
      coupled to a rotary axis means which is guided by a rectilinear guide on
      the frame so that the rotary driving plate may be rotated and concurrently
      moved in a direction laterally of its rotary axis so that individual
      photographs on the photograph mount carried by the rotary driving plate
      may be successively exposed to a light source and through a projector
      means for exposing and displaying each individual photograph as desired.
PAR  The rotary driving plate of the invention is provided with a spiral array
      of openings therein which constitute the aforementioned switch operating
      portions and these openings are engaged successively by a track following
      roller stationarily mounted on the frame of the invention which roller
      operates to engage the individual openings and traverses recess track
      portions between the individual openings thereby constituting a spiral
      track which is interconnecting the openings. The recess spiral track
      actuates the motor controlling switch in one direction, while the indexing
      roller when it falls into one of the openings actuates the switch in an
      opposite direction. The opposite direction being a closed position of the
      switch which functions in cooperation with a latching relay of the circuit
      which energizes the motor, and causes it to rotate an actuating pawl one
      revolution during which time the track followers moved into one of the
      recess portions and said switch thereby deenergizes the motor. The high
      reduction gear train interconnecting the motor and the actuating pawl is
      such as to allow the pawl to coast to a stop as it rotates after the motor
      is de-energized and such that each energization of the motor by engagement
      of the track follower in the recessed track means causes the motor to be
      deenergized and coast to a stop leaving the pawl in position for reentry
      into one of the openings in the spiral array and to thereby move the
      spiral array of openings from one opening to the next in succession. The
      circuit to motor and the aforementioned switch includes a manual switch
      for initially energizing the motor momentarily whereupon the track
      follower operating switch de-energizes the motor.
PAR  The track following and indexing roller does a combined function of
      indexing each respective opening in the spiral array and at the same time,
      engaging the track between the openings so as to move a rotary axis means
      of the rotary driving plate in a rectilinear path along rectilinear
      bearing means carried by the frame. Thus the track following roller serves
      two functions concurrently, while the motor or pawl actuating means
      operates a pawl for a single revolution as controlled by the track
      follower operated switch.
PAR  The invention also comprises a novel indicator arm adapted to move the
      rotary driving plate of the invention and its rotary axis means in a
      rectilinear path along the rectilinear guide means hereinbefore described,
      such that the pivotal movement of the indicator arm relative to the frame
      causes a pointer end of the arm to traverse an arcuate path along which
      incremental indicia is disposed so that the manual operation of the
      indicator arm allows the operator to determine the shifting of the spiral
      array of photographs carried by the photographic mount connected to the
      rotary driving plate such that the operator can determine positions for
      resetting the spiral array in order to expose any one of a great number of
      photographs thereof.
PAR  The invention also comprises novel annular stop means at the periphery of
      the rotary driving plate and also spiral stop means around the middle
      portion of the rotary driving plat so that manual resetting of the rotary
      driving plate by the indicator arm may be limited to movement so that it
      will not pass beyond a position of the innermost spiral or the outermost
      spiral array of indexing portions which may be engaged by the indexing and
      track following mechanism of the invention.
PAR  Additionally, the invention comprises an inner spiral array of indexing
      portions which are so recessed that the track following roller which
      actuates the motor control switch will traverse deep recesses and
      constantly hold the motor energized until the motor has actuated the
      rotary driving member a distance to traverse several of the spiral array
      of indexing portions near the center of the rotary driving plate and
      automatically to arrive at a start position corresponding to an inner
      spiral array of photographs carried by the photograph mount of the
      invention.
PAR  The combined track following and indexing roller of the invention is
      resiliently mounted on the frame and urged toward the rotary driving plate
      so that the track following roller is urged into indexing recesses as well
      as interconnecting recess track portions and thereby creating sufficient
      following force to move the rotary driving plate together with the rotary
      axis means and the photographic mount, in a direction laterally of the
      rotary axis of the rotary axis means as the rotary driving plate is
      rotated successively by the power operated or motor actuated pawl which
      rotates the rotary driving plate.
PAR  The hereinbefore described drive mechanism is particularly adapted for use
      in conjunction with projectors adapted for display and recorded commentary
      relative to various subjects. The mechanism containing a photograph mount
      capable of carrying a substantial number of photographs, as for example, a
      six inch diameter photographic mount may carry as many as 150 individual
      photographs which may be readily and easily indexed with a light source
      and projector by means of the drive mechanism of the invention. The
      invention lends itself readily to very simple and economical slide
      projectors of a very reliable and easily operated character. The mechanism
      is particularly simple and precise, as well as being subject readily to
      manual or motorized movements of the rotary driving plate so that the
      mechanism can be used with automatic sequencing means and verbal
      recordings or may be reset manually to view or review various photographs
      of a substantial number available for display on a single photograph
      holder or mount. The rotary driving plate as well as the photograph mount
      may be easily and readily moved by an indicator arm while the indexing
      roller of the invention held stationarily on the frame is cammed into and
      out of indexing openings in the rotary driving member as it is moved
      laterally on its axis proceeding in either direction from the center
      outward or from the center inward. Thus the mechanism may be readily reset
      manually and these features in combination with the simple drive and
      indexing means provided by the resiliently mounted indexing roller and the
      single revolution motor driven pawl, provide for versatility in the
      projection of a great number of pictures in a very compact machine.
PAR  Accordingly, it is an object of the invention to provide a very simple and
      compact mechanism for use in connection with a projector in displaying any
      one of a great plurality of translucent photographs arranged in a spiral
      array on a photograph mount.
PAR  Another object is to provide a very simple drive mechanism for a spiral
      array of individual film photographs which is very versatile in its ease
      of manual resetting as well as motor drive capabilities.
PAR  Another object of the invention is to provide novel indexing and switch
      operating means for operating the rotary driving plate by means of a motor
      and for correspondingly indexing any one of a substantial spiral array of
      translucent photographs.
PAR  Another object of the invention is to provide a very compact drive
      mechanism and spiral array of photographs which may be carried on a very
      thin mount to provide for the simple storage and display of a great amount
      of photographic information in a very compact and readily portable means.
PAR  Another object of the invention is to provide a very simple drive mechanism
      for a spiral array of individual film photographs complying a novel
      indexing and track following mechanism which indexes various individual
      photographs in a spiral array and also motivates a rotary driving plate on
      a rectilinear bearing means laterally of the rotary axis of the driving
      plate and the spiral array of photographs, thereby providing a very simple
      mechanism usable in combination with a motor driven single revolution pawl
      which is activated by a switch controlled by the track following and
      indexing mechanism for each cylce of operation of the motor which operates
      on a single revolution function for each energization.
PAR  Another object of the invention is provide a very simple drive mechanism
      for a spiral array of individual film photographs employing novel reset
      indicator lever means which may be used accurately to select for
      projection any one of a plurality of photographs in a spiral array.
PAR  Further objects and advantages of the invention may be apparent from the
      following specification, appended claims and accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical sectional view of a drive mechanism for a spiral array
      of individual film photographs showing portions of the structure
      fragmentarily and in section to amplify the illustration;
PAR  FIG. 2 is a fragmentary bottom plan view taken form the line 2--2 of FIG.
      1;
PAR  FIG. 3 is a sectional view taken from the line 3--3 of FIG. 2;
PAR  FIG. 4 is a fragmentary top or plan view taken from the line 4--4 of FIG. 1
      showing the relative disposition of individual photographs of a spiral
      array directly related to indexing portions of a rotary driving plate
      coupled to the spiral array of photographs which are carried by a
      photograph mount.
PAR  FIG. 5 is a bottom plan sectional view taken from the line 5--5 of FIG. 1
      showing a rotary driving plate of the invention;
PAR  FIG. 6 is a fragmentary sectional view taken from the line 6--6 of FIG. 1;
PAR  FIG. 7 is an enlarged fragmentary sectional view taken from the line 7--7
      of FIG. 5;
PAR  FIG. 8 is another enlarged fragmentary sectional view taken from the line
      8--8 of FIG. 5;
PAR  FIG. 9 is a fragmentary plan view taken from the line 9--9 of FIG. 1
      showing portions of the mechanism broken away to disclose a reset
      indicator arm of the invention;
PAR  FIG. 10 is a fragmentary sectional view taken from the line 10--10 of FIG.
      9; and
PAR  FIG. 11 is a simple diagramatic view of the driving motor of the invention
      in circuit with a latching relay and an automatic indexing switch and a
      manual switch together with a reversing switch.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As shown in FIG. 1 of the drawings, the drive mechanism for a spiral array
      of individual photographs in accordance with the present invention is
      provided with a pair of superimposed frame plates 20 and 30 respectively.
      These frame plates are fixed together by conventional means not shown, but
      are held in juxtaposition by interconnecting structure such as members 32
      shown in FIG. 1 of the drawings.
PAR  The frame plate 20 and the frame plate 30 are each provided with respective
      rectilinear guide bearings slots 34 and 36. These slots are similar and
      the slot 36 shown in FIG. 2 is representative of the shape of these
      rectilinear guide bearings in the frame plates 20 and 30.
PAR  A rotary axis bearing means 38 is provided with a pair of trunnions 40 and
      42 which are rotatable and movable in the rectilinear guide bearing slots
      34 and 36. The rotary axis means 38 is fixed to a rotary driving plate 44
      which is generally circular and provided with a central portion 46 and a
      periphery 48. Refering to FIG. 5 of the drawings, it will be seen that the
      rotary driving plate 44 is provided with a downwardly directed annular
      stop ledge 50 which bears on an upper surface 52 of the frame plate 30.
      The rotary driving plate 44 surrounding a middle portion 54 thereof, is
      provided with a spiral stop ledge 56 which also bears upon the upper
      surface 52 of the frame plate 30. Thus the rotary driving plate 44 is
      slidable and rotatable on the upper surface 52 of the frame plate 30; and
      mounted on a lower surface 58 of the frame plate 30 is a reduction gear
      motor 60 having an output shaft 62 carrying a pawl 64 shown best in FIG. 6
      of the drawings. The motor 60 is mounted on a plate spring 66 secured by a
      screw 68 to the lower surface 58 of the frame plate 20. The spring mount
      66 provides resilient flexing action of the motor to compensate for
      initial misalignment of the pawl 64 as it approaches one of the openings
      70 in the rotary driving plate 44.
PAR  The openings 70 are disposed in a spiral array and when the pawl 64 passes
      into one of the openings 70 as shown in FIG. 6, the rotary driving plate
      is rotated about the rotary axis 39 of the rotary axis means 38; and in
      the event that the pawl 64 does not readily pass into one of the openings
      70, the spring mount 66 flexes until the pawl moves far enough in a rotary
      direction to drop into one of the openings 70, all as will be hereinafter
      described in detail.
PAR  Mounted on the frame plate 30 by means of screws 72, is a plate spring 74
      on which a track following roller 76 is rotatably mounted by means of an
      axle 78. The axle 78 is direct substantially radially with respect to the
      axis of the rotary axis means 38; and this roller 76 is adapted to be
      urged resiliently by the spring mount 74 into one open end of one of the
      holes 70, the holes passing all of the way through the rotary driving
      plate 44, all as shown best in FIG. 6 of the drawings.
PAR  As shown in FIG. 6, it will be seen that the track following roller 76
      engages in opposite ends of the holes 70 from which the pawl 64 enters and
      leaves, all as indicated by an arrow and broken lines in FIG. 6.
PAR  Extending between the holes 70 are recess track portions 80, as shown best
      in FIGS. 6, 7, and 8. These recessed spiral track portions interconnecting
      all of the indexing openings 70 provide for the indexing of one of the
      openings 70 in a particular position relative to the frame and also for
      the motivation of the rotary driving plate 44 in a direction laterally of
      its axis within the rectilinear guide slots 34 and 36 hereinbefore
      described. The motor 60, together with its reduction gear box 61, is
      controlled by a switch 82 fixed to the frame by a bolt 84. This switch 82
      as shown best in FIGS. 2 and 3 of the drawings, is provided with a plunger
      86 which bears on a lower surface 88 of the resilient track follower mount
      74; and as shown in FIG. 3, the switch 82 is in closed position when the
      track following roller 76 is in one of the holes 70 and the plunger 86 of
      the switch 82 is moved in a direction toward the switch 82 when the roller
      passes out of the opening 70 and into a respective recess track portion 80
      hereinbefore described.
PAR  When the pawl 64 is driven by the motor 60 in the direction of the arrow 61
      in FIG. 6 of the drawings, the pawl 64 first enters one of the openings 70
      and thereby rotates the rotary driving plate about its rotary axis 39
      until the pawl 64 passes out of the opening and coasts to a stop in a
      broken line position 65 shown in FIG. 6 of the drawings. It being noted
      that when the pawl 64 rotates the rotary driving plate to a position
      wherein the recessed track portion 80 moves the roller 76 out of the
      respective opening 70, the switch 82 is opened de-energizing the motor and
      due to the high reduction ratio of the gear train 61, the motor coasts to
      a stop with the pawl 64 in the position approximately as shown by broken
      lines 65 in FIG. 6 of the drawings.
PAR  Referring to the schematic FIG. 11, it will be seen that the switch 82 is
      by-passed by a manually or otherwise operable switch 90 which may be used
      momentarily to energize the motor 60 through a latching relay 91 whereupon
      the switch 82 is activated as hereinbefore described, de-energizing the
      motor and additionally, a reversing switch 92 is provided for reversing
      the direction of rotation of the pawl 64 and resultant rotation of the
      rotary driving plate 44 so that the driving mechanism of the invention may
      be spaced back to dispose a desirable photograph in position for
      projection as will be hereinafter described.
PAR  The frame plate 20 is provided with a rectangular opening 94 below which a
      mirror 96 is disposed to receive light from a light source 98. The light
      is projected by the mirror upwardly through a translucent photograph 100
      carried by a disc shaped photograph mount 102.
PAR  The photograph mount 102 is shown in FIG. 1 and 4 and the individual
      photographs 100 are arranged in a spiral array directly corresponding to
      the openings 70 in the rotary driving plate 44.
PAR  It will be seen that each photograph 100 is provided with an edge 104
      directed toward a middle portion of the photograph mount 102 and that the
      middle portion of each individual photograph 100 is substantially aligned
      with or related to a center of one of the openings 70 in the rotary
      driving plate 44. The centers of the openings 70 and the median edge
      portions 104 are all equally spaced so as to provide for equal spacing of
      the individual photographs 100 which are individually disposable above the
      mirror 96 and over the opening 94 so that light may be projected through
      the translucent photographs and to a suitable projecting lense which is no
      part of the present invention.
PAR  It will be understood that the median portion of the inner edge of each
      photograph is related to a center of each respective openings 70, however,
      some offset relationship may occur without departing from the operative
      relationship. Therefore, each photograph is related to one of the openings
      70.
PAR  It will be seen that the openings 70 are all equally spaced from the inner
      portion of the spiral array to the outermost portion of the spiral array,
      and that the openings are also spaced radially outward in a substantially
      equal spacing from the inner spiral array to the outer spiral array. Thus
      the photographs 100 have their adjacent innermost edges substantially
      contiguous with the adjacent sides slightly diverging outward toward the
      periphery of the photograph mount 102.
PAR  The photograph mount plate is provided with a triangular opening 106 which
      is fitted over a triangular knob 108 carried on the spindle 40 of the
      rotary axis bearing means which is fixed to the rotary driving plate 44.
PAR  Any one of a great number of the photographs mounts may be placed over the
      triangular driving knob 108 and held in juxtaposition as hereinbefore
      described, relative to the indexing openings in the rotary drive plate 44.
      Thus, indexing by means of the pawl 64 and roller 76 may correspond
      directly, all as shown best in FIG. 4 of the drawings.
PAR  An indicator arm 110 is pivotally mounted by means of a pin 112 extending
      from a lower surface 114 of the upper frame plate 20. This arm 110 at one
      end is provided with a bifurcated yoke 116 straddling the rotary axis
      means 38 and the opposite end of the pointer lever 110 is provided with an
      angularly disposed portion 118 extending upward through a slot 120 in the
      frame plate 20 and a manual knob 122 is disposed above the upper surface
      124 of the frame plate 20 and this manual knob 122 is adapted to be
      operated to dispose a pointer portion 126 of the knob 122 in
      correspondence with graduation indicia 128 on the upper surface of the
      frame plate, all as shown best in FIG. 9 of the drawings.
PAR  It will be seen that the bifurcated portion 116 of the indicator lever arm
      110 is capable of moving the bearing axis means 38 together with the
      rotary driving plate 44 and the knob 108 in a rectilinear path of the
      rectilinear bearing means 34 and 36 so as to cause the roller 76 to snap
      in and out of various openings 70 as the rotary driving plate 44 is moved
      relative to stationary roller 76.
PAR  As the rotary driving plate is moved in a direction of an arrow A in FIG. 1
      of the drawings, an inner surface 130 of the annular stop 50 contacts a
      respective edge 132 of the indexing roller mount 74. When in this position
      the outer spiral array of openings 70 is substantially alinged with the
      indexing roller 76.
PAR  When the rotary driving plate 44 is moved in the direction of the arrow B,
      as shown in FIG. 1, the spiral stop 56 is engaged by an edge 134 of the
      indexing roller mount 74 and this places the inner spiral array of
      openings 70 in alignment with the indexing roller 76.
PAR  Referring to FIG. 5 of the drawings, it will be seen that the spiral stop
      56 is provided with an end portion 136 and an opposite end portion 138.
      The end portion 36 is adjacent to an opening 70 at a location 140 and the
      end portion 138 of the spiral stop 56 is located adjacent to one of the
      openings 70 at a location 142.
PAR  The rotary driving plate 44 between the openings at the locations 140 and
      142 is provided with deep recessed track portions as shown in FIG. 8 and
      designated 144. These track portions are substantially deeper than the
      track portions 80 hereinbefore described, and allow the roller 76 to be in
      a depressed position wherein the plunger 86 of the switch 82 holds the
      switch closed and maintains the motor 60 energized. Accordingly, the motor
      will continue to energize and move the pawl 64 continuously until all of
      the inner spiral array of openings have been traversed from the openings
      70 at the location 140 to the openings 70 at the location 142. Whereupon,
      the spiral track between the openings 70 at the location 142 and another
      opening 70 at a location 144 is the spiral track 80 as shown which raises
      the indexing roller 76 sufficiently to open the swithc 82 and de-energize
      the motor 60 which allows the pawl 64 to coast to its broken line position
      64 ready for the next indexing operation.
PAR  It will be appreciated by those skilled in the art that various
      modifications of the invention may be resorted to without departing from
      the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a drive mechanism for a spiral array of individual film photographs
      wherein the spiral array of individual photographs are carried by a
      photograph mount, the combination of: a frame; a rotary driving plate
      movably mounted on said frame; a photograph mount having a spiral array of
      individual translucent photographs; means coupling said rotary driving
      plate and said photograph mount and adapted to rotatably drive said
      photograph mount; said rotary driving plate having a spiral array of
      switch operating portions; each of said switch operating portions disposed
      in corresponding relationship to one of said translucent photographs; a
      stationary switch mounted on said frame and disposed to be intermittently
      and successively actuated by said switch operating portions of said rotary
      driving plate; a power operated means mounted on said frame and coupled to
      said switch and adapted to be intermittently energized by said switch; a
      pall driven by said power operated means; a spiral array of pall engaging
      portions carried by said rotary driving plate and disposed to be
      individually engaged by said pall for rotating said rotary driving plate;
      said pall engaging portions each disposed and corresponding with one of
      said photographs and corresponding ones of said switch operating portions
      (portion).
NUM  2.
PAR  2. The invention as defined in claim 1 wherein rotary axis means is coupled
      to said plate; a stationary frame; rectilinear guide means on said frame;
      said rotary axis means moveably mounted by said rectilinear bearing means
      such that said rotary axis means and said rotary driving plate are
      disposed to move relative to said frame in a direction laterally relative
      to the rotary axis of said rotary axis means.
NUM  3.
PAR  3. The invention as defined in claim 2 wherein a indicator arm is pivotally
      mounted on said frame and engagable with said rotary axis means for moving
      said rotary axis means and said rotary driving plate rectilinearly along
      said rectilinear bearing means; said indicator arm having one end
      engagable with said rotary axis means and an opposite end provided with a
      pointer, said indicator arm pivotally mounted on said frame between said
      ends; indicia located on said frame on an arcuate path traversed by said
      pointer portion of said indicator arm and adapted to indicate the
      disposition of said photographic mount and particularly individual
      photographs thereon in correspondence to their position relative to said
      frame.
NUM  4.
PAR  4. The invention as defined in claim 2 wherein said rotary driving plate is
      provided with spiral track means; said spiral track means corresponding to
      said spiral array of photographs; track follower means stationarily
      mounted on said frame and adapted to engage said spiral track means to
      thereby force said rotary driving plate to move relative to said frame in
      a rectilinear path of said rectilinear bearing means when said rotary
      driving plate is rotated by said power operated means and said pawl.
NUM  5.
PAR  5. The invention as defined in claim 4 wherein said rotary driving plate is
      provided with opposite sides and a spiral assembly of holes extending
      therethrough from side to side, each hole having a first open end
      constituting one of said switch operating portions and each hole having a
      second open end constituting one of said pawl engagable portions.
NUM  6.
PAR  6. The invention as defined in claim 5 wherein said rotary driving plate is
      provided with recess portions recessed in one side of said driving plate;
      said recess portions interconnecting said first open ends of said holes
      and constituting said spiral track means.
NUM  7.
PAR  7. The invention as defined in claim 6 wherein said track follower means
      comprising an indexing roller; a resilient roller mount for said indexing
      roller; said roller mount supported stationarily on said frame; said
      roller mount tending resiliently to urge said indexing roller into said
      spiral track and into said first open ends of said openings.
NUM  8.
PAR  8. The invention as defined in claim 4 wherein said switch operating
      portions constitute openings in said driving plates; said spiral track
      comprising first spiral recess portions in said driving plate
      interconnecting adjacent ones of said openings; said track follower means
      being a roller resiliently mounted on said frame and tending to engage
      said openings and said spiral recess portions and acting as a detent in
      each respective opening and acting in said spiral recesses to move said
      rotary driving plate in said rectilinear path.
NUM  9.
PAR  9. The invention as defined in claim 8 wherein said openings constitute
      said switch operating portions of said driving plate; said switch operated
      by said roller as it is forced into each of said openings.
NUM  10.
PAR  10. The invention as defined in claim 9 wherein said first spiral recess
      track portions are shallower than said openings so as to actuate said
      switch oppositely with respect to the actuation of said switch when said
      roller is forced into one of said openings.
NUM  11.
PAR  11. The invention as defined in claim 8 wherein said rotary driving plate
      is provided with a central portion; a spiral stop surrounding said central
      portion and stop engaging means engagable by said spiral stop for limiting
      rectilinear movement of said driving plate in a first direction.
NUM  12.
PAR  12. The invention as defined in claim 11 wherein said rotary driving plate
      is provided with a peripheral annular stop engagable with said stop
      engaging means for limiting rectilinear movement of said driving plate in
      a second direction relative to said frame.
NUM  13.
PAR  13. The invention as defined in claim 12 wherein said spiral stop and said
      annular stop correspond generally and respectively with inner and outer
      spiral arrays of said openings.
NUM  14.
PAR  14. The invention as defined in claim 11 wherein said openings constitute
      said switch operating portions of said driving plate; said switch operated
      by said roller as it is forced into each of said openings; said rotary
      driving plate having deep recessed track portions interconnecting with
      said openings of an innermost spiral array of said openings nearest a
      middle portion of said rotary driving plate whereby said switch is
      operated during disposition of said roller in said deep recess track
      portions.
NUM  15.
PAR  15. The invention as defined in claim 1 wherein said power operated means
      comprises: a reduction gear motor having a low speed output shaft; said
      pawl carried by said shaft in position to engage one of said pawl
      engagable openings for driving said rotary driving plate during a partial
      revolution of said shaft.
NUM  16.
PAR  16. The invention as defined in claim 1 wherein said rotary driving plate
      is provided with a spiral array of individually recessed portions; track
      portions recessed between said individually recessed portions and being
      shallower than said individually recessed portions; an indexing member
      mounted on said frame in stationary position thereon resilient means
      tending to force said indexing member successively into said individual
      recess portions and said track portions whereby said indexing member
      successively engages said indexing recesses and said spiral track portions
      during rotary movement of said driving plate by said power operated means
      and said pawl; whereby said indexing member is constantly engaged in
      either the individual spiral recesses or the spiral track portions thereby
      individually indexing said rotary driving plate in various positions
      corresponding to said photographs and also said indexing member tending,
      due to said spiral track means, to force said rotary drive plate to move
      in a rectilinear path along said rectilinear bearing means.
NUM  17.
PAR  17. The invention as defined in claim 1 wherein the alignment of said
      individual photographs with a given position on said frame correspond with
      said switch operating portions of said rotary driving plate; said switch
      operating portions being circular openings in said driving plate; said
      individual photographs being rectangular and having edges directed toward
      a center of said photographic mount and said rotary driving plate; said
      edges having middle portions related to centers of respective ones of said
      circular openings.
NUM  18.
PAR  18. The invention as defined in claim 17 wherein said circular openings are
      disposed and spaced from each other such that centers of said circular
      openings are equally and uniformally spaced from each other throughout
      said spiral array in order to provide uniform equal spacing for
      corresponding movement of said individual photographs relative to an
      exposure position on said frame.
NUM  19.
PAR  19. In a drive mechanism for a spiral array of individual film photographs
      wherein the spiral array of individual photographs are carried by a
      photograph mount, the combination of: a rotary driving plate; a photograph
      mount having a spiral array of individual translucent photographs thereon;
      means coupled to said rotary driving plate and adapted to rotatably drive
      said photograph mount; said rotary driving plate having a spiral array of
      switch operating portions; each of said switch operating portions being
      related to a corresponding one of said translucent photographs; a
      stationary switch disposed to be intermittently and successively actuated
      by said switch operating portions of said rotary driving plate; a power
      operating means coupled to said switch and adapted to be intermittently
      energized by said switch; a pawl driven by said power operated means; a
      spiral array of pawl engageable portions carried by said rotary driving
      plate and disposed to be individually engaged by said pawl for rotating
      said rotary driving plate; said pawl engageable portions being related to
      corresponding ones of said photographs and corresponding ones of said
      switch operation portion; rotary axis means is coupled to said plate; a
      stationary frame; rectilinear guide means on said frame; said rotary axis
      means moveably mounted by said rectilinear bearing means such that said
      rotary axis means and said rotary driving plate are disposed to move
      relative to said frame in a direction laterally relative to the rotary
      axis of said rotary axis means; said rotary driving plate is provided with
      spiral track means; said spiral track means corresponding to said spiral
      array of photographs; track follower means stationarily mounted on said
      frame and adapted to engage said spiral track means to thereby force said
      rotary driving plate to move relative to said frame in a rectilinear path
      of said rectilinear bearing means when said rotary driving plate is
      rotated by said power operated means and said pawl; said rotary driving
      plate is provided with opposite sides and a spiral assembly of holes
      extending therethrough from side to side, each hole having a first open
      end constituting one of said switch operating portions and each hole
      having a second open end constituting one of said pawl engageable
      portions; said rotary driving plate is provided with recess portions
      recessed in one side of said driving plate; said recess portions
      interconnecting said first open ends of said holes and constituting said
      spiral track means; said track follower means comprising an indexing
      roller; a resilient roller mount for said indexing roller; said roller
      mount supported stationarily on said frame; said roller mount tending
      resiliently to urge said indexing roller into said spiral track and into
      said first open ends of said openings: said switch is disposed to be
      operated by movement of said roller mount as said indexing roller moves
      into and out of said first open ends of said openings.
NUM  20.
PAR  20. In a drive mechanism for a spiral array of individual film photographs
      wherein the spiral array of individual photographs are carried by a
      photograph mount, the combination of: a frame; a rotary driving plate
      movably mounted on said frame; a photograph mount having a spiral array of
      individual translucent photographs thereon; means coupling said rotary
      driving plate and said photograph mount and adapted to rotatably drive
      said photograph mount; said rotary driving plate having a spiral array of
      switch operating portions; each of said switch operating portions disposed
      in corresponding relationship to one of said translucent photographs; a
      stationary switch mounted on said frame and disposed to be intermittently
      and successively actuated by said switch operating portions of said rotary
      driving plate; a power operating means mounted on said frame and coupled
      to said switch and adapted to intermittently be energized by said switch;
      and further means intermittently operable by said power operated means for
      moving said rotary driving plate; the individual switch operating portions
      of said spiral array being equally spaced in a spiral direction as well as
      a radial direction; each of said translucent photographs being rectangular
      and having edges directed toward the middle of said photograph mount and a
      median portion of each of said edges being related to the respective one
      of said switch operating portions; said photographs having side edges
      closely adjacent each other at said first mentioned edges and said side
      edges being disposed in a slightly diverging relation toward the outer
      most portion of said photograph mount; said individual switch operating
      portions of said spiral array being equally spaced in a spiral direction
      as well as in a radial direction so as to provide for a maximum number of
      film photographs on said photograph mount in relation to the spiral array
      of switch operating portions on said rotary driving plate.
PATN
WKU  039334147
SRC  5
APN  5192625
APT  1
ART  211
APD  19741030
TTL  Electrostatic copying machine
ISD  19760120
NCL  3
ECL  1
EXA  Hutchison; Kenneth C.
EXP  Hayes; Monroe H.
NDR  3
NFG  3
INVT
NAM  Limberger, deceased; Walter
CTY  LATE OF Hamburg-Poppenbuttel
CNT  DT
INVT
NAM  Limberger, heir; by Jurgen
CTY  Hamburg-Poppenbuttel
CNT  DT
INVT
NAM  Limberger, heir; by Ursula
CTY  Hamburg-Poppenbuttel
CNT  DT
ASSG
NAM  Lumoprint Zindler KG
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720419
APN  2218977
RLAP
COD  71
APN  351289
APD  19730416
PSC  04
CLAS
OCL  355  3R
XCL  271  3
XCL  355 11
XCL  355 51
EDF  2
ICL  G03G 1522
FSC  355
FSS  3 R;8;11;14;18;27;78;97-111;47-51
FSC  271
FSS  3;4;10;18
UREF
PNO  3044386
ISD  19620700
NAM  Limberger
XCL  355 50
UREF
PNO  3438707
ISD  19690400
NAM  Hanson
OCL  355 14
UREF
PNO  3560087
ISD  19710200
NAM  Washio et al.
OCL  355 14
UREF
PNO  3728015
ISD  19730400
NAM  Opravil
OCL  355  8
UREF
PNO  3776629
ISD  19731200
NAM  Ogawa
OCL  355  8
UREF
PNO  3806112
ISD  19740400
NAM  Melby et al.
OCL  271 10
UREF
PNO  3827687
ISD  19740800
NAM  Kono
XCL  355  3R
UREF
PNO  3883241
ISD  19750500
NAM  Zeuthen
OCL  355  3R
LREP
FRM  Toren, McGeady and Stanger
ABST
PAL  An electrostatic copying machine which has a carriage for a documents
      original reciprocably movable at the upper side of the machine casing
      above a scanning aperture and which has an L-shaped light tunnel between
      the scanning aperture and the exposure station also has an L-shaped path
      for copy sheets through the machine. A copy sheet moves vertically
      downwardly in a straight line from a stack holder through electrostatic
      charging means and an exposure station and is turned to a horizontal path
      by a curved plate in a subsequent developing unit. The stack holder may be
      of the cassette type having a window through which the number of remaining
      copy sheets can be observed.
PARN
PAR  This is a continuation of application Ser. No. 351,289 filed Apr. 16, 1973.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an electrostatic copying machine comprising a
      stack holder for sheet-form copy material, copy sheet withdrawal means
      associated with the stack holder and in the path of the copy sheet
      material, copy sheet charging means, an exposure station, a developing
      unit, drying means, a carriage for a document original which is
      reciprocably movable at the upper side of the machine casing above a
      scanning aperture, and an L-shaped light tunnel between the scanning
      aperture and the exposure station.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Copying machines of this type are known in which the copy sheets follow a
      U-shaped path through the machine. In certain of such machines a stack of
      copy sheets lies beneath the upper surface of the machine adjacent to the
      scanning aperture and adjacent to a vertical section of the light tunnel,
      and the copy sheet withdrawal means and the copy sheet charging means are
      arranged on a horizontal section of the copy sheet path parallel to the
      upper surface of the machine. The exposure station is in a vertical
      section of the copy sheet path and following the exposure station are
      special direction changing means to feed the copy sheet material into the
      other horizontal section of the path which includes the developing unit
      and the drying means. The two horizontal sections of the copy sheet path
      extend above and below the horizontal portion of the light tunnel.
PAR  It is also already known to arrange the copy sheet charging means in the
      vertical section of the copy sheet path when using a U-shaped copy sheet
      path of the type described above. This vertical arrangement of the
      charging means has advantages in respect of ventilation.
PAR  The location of the stack holder below the path of movement of the carriage
      for the original has the disadvantage that when the stack of copy sheets
      is used up the carriage must be raised in order to gain access to a
      hingeable section in the upper surface of the machine casing through
      which, when it has been opened, the supply of copy sheet material can be
      replenished. However, with this arrangement it is not possible for the
      machine operator to see what proportion of the stack of copy sheets still
      remains to be used.
PAR  Because of these difficulties it is also known to arrange the copy sheet
      material stack in the lower branch of a U-shaped copy sheet path just
      above the bottom of the machine casing and to use a box-type insertable
      unit as the stack holder. Such an arrangement has other disadvantages
      however, particularly the fact that the developing unit and drying means
      must then be positioned in the upper part of the machine. Again, it is
      still not possible readily to observe the supply of copy sheet material.
PAR  It is also known to provide a substantially rectilinear copy sheet path
      through a machine, wherein the copy sheet stack holder is arranged to
      extend towards the path at one side thereof and a delivery table is
      provided at the other side of the path. This machine has the disadvantage
      of a comparatively large structural length, because all the functional
      component parts must be arranged in sequence one after another along the
      length of the machine.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an electrostatic
      copying machine of the type first mentioned above which has an extremely
      short structural length, whose supply of copy sheet material can be
      replenished easily, wherein it is possible to observe the copy sheet
      supply to ascertain the quantity remaining, and wherein this short
      structural length is achieved additionally with a minimum of copy sheet
      guide means.
PAR  This is achieved in accordance with the present invention in that an
      L-shaped copy sheet path is provided, in which a copy sheet is guided from
      the stack holder through the copy sheet charging means and through the
      exposure station in a straight line and with the sole change of direction
      to the other section of the path being effected by means of a curved guide
      in the developing unit.
PAR  It is of particular advantage is the stack holder if positioned vertically.
      In this way, one achieves an extremely short machine casing, since its
      length is dependent substantially only on the length of sheet to be
      processed, with the proviso that the carriage above the upper surface of
      the casing must be movable outwardly sufficiently far to ensure that all
      portions of an original laid on the carriage pass over the scanning
      aperture. The term "scanning aperture" includes an arrangement in which
      the aperture itself is covered by a transparent plate or the like.
PAR  Primarily, the vertical arrangement of the stack holder in combination with
      the also vertical leg of the copy sheet path through the copy sheet
      charging means and the exposure station gives the advantage that a
      particularly favourable operation of the copy sheet charging means is
      attainable, and these components can be arranged directly below one
      another without direction-changing means. In this way, frictional effects
      on the copy sheet material can be avoided, whereas normally one has to
      allow for the fact that friction effects can lead to a certain degree of
      electrostatic charge on the copy sheets.
PAR  Preferably, the greater part of the stack holder projects upwardly from the
      machine and has its one end which is insertable into a receiving pocket
      open at one face. Spring means may be provided which press the copy sheet
      stack towards a copy sheet withdrawal roller arranged at the beginning of
      the copy sheet path in the machine. Thus, it is not only very easy to
      replace the stack holder, but, according to a preferred embodiment of the
      invention, a cassette-type stack holder is used which has in its end which
      projects into the functional part of the machine an aperture formed as an
      optically dim window through which the supply of copy sheet material
      therein can be observed.
PAR  According to a further preferred feature of the invention, at least the
      part of a cassette-type stack holder which is inserted into the receiving
      pocket has an inwardly movable, preferably hinged, wall section at its
      face adjacent to said spring means.
PAR  In order to achieve a machine casing of particularly low height it is
      preferable to provide an upward extension at the end of the upper surface
      of the casing remote from the scanning aperture, and to provide the
      receiving pocket for insertion of the stack holder in the upper surface of
      this extension. Thus, if this upward extension is positioned immediately
      above and as a continuation of an end wall of the machine there is the
      possibility of installing the machine in a space-saving way against a wall
      of a room so that the upward extension is against the room wall and out of
      the way, especially as this portion does not have to be attended to in the
      normal operation of the machine.
PAR  A preferred embodiment of the invention provides a machine in which a
      vertical leg of the copy sheet path includes the copy sheet withdrawal
      means, the copy sheet charging means and the exposure station, and a
      horizontal leg of the path includes the developing unit and drying means,
      with the latter leg arranged directly beneath a horizontal section of the
      light tunnel and with guide means for the carriage provided alongside the
      light tunnel.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A preferred embodiment of electrostatic copying machine in accordance with
      the invention will now be described by way of example and with reference
      to the accompanying drawings, in which:
PAR  FIG. 1 is a schematic sectional side view of the machine wherein individual
      parts are shown in functional representation,
PAR  FIG. 2 is an electrical circuit diagram of the control circuit for the
      machine of FIG. 1; and,
PAR  FIG. 3 is an end view on an enlarged scale of the machine shown in FIG. 1,
      as viewed from the right-hand side of FIG. 1 and with the facing end wall
      of the machine casing removed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the upper surface 1 of the machine casing 2, at one end and extending
      transversely to the longitudinal axis of the machine, there is provided a
      scanning aperture 3 beneath which scanning light sources 5 and 6 are
      arranged on each side of the vertical section 4 of a light tunnel. This
      vertical section 4 of the tunnel extends into a horizontal tunnel section
      7 and optical reflector means 8 are provided at the junction of the two
      tunnel sections. An optical lens 65 is provided in the horizontal tunnel
      section 7. At the end of the tunnel section 7 remote from the reflector
      means 8 there is an exposure station 9 which comprises a transparent plate
      10, plate-form counter-pressure means 11, and pairs of driven feed rollers
      12 and 13 respectively arranged above and below the two plates 10, 11. The
      feed roller pairs 12, 13 guide the copy sheets through the exposure
      station. This exposure station is arranged in the vertical leg or section
      of the copy sheet path. Above the feed roller pair 12 there is provided on
      each side of the copy sheet path an electrostatic charging device 14, and
      above this there is provided a group of components indicated generally at
      15 and comprising copy sheet withdrawal rollers and feed means for
      inserting the copy sheet material into the guide path. These components
      are mounted in an upwardly projecting extension 16 of the machine casing
      which rises above the upper surface 1 of the casing. The end wall 17 of
      this upward extension 16 remote from the upper surface 1 becomes at the
      top an upper wall 18 of the extension. In this upward extension 16 there
      is provided a recess 19 which is accessible from the top through an
      aperture 61. The recess 19 is closed at its sides and extends down to just
      below a copy sheet withdrawal roller 20 which is drivable and is mounted
      in the casing. This copy sheet withdrawal roller 20 projects into the
      recess 19 so that it presses against the topmost sheet of a stack 21 of
      copy sheets in a cassette-type stack holder 22 which is insertable
      vertically into the recess 19. The wall 23 of the stack holder 22 which is
      at the side facing the withdrawal roller 20 is cut away at the lower end.
      This cut-out is indicated at 24 and is provided so that the roller 20 can
      press directly against the copy sheets which are located within the
      cassette-type stack holder 22. The opposite wall 25 of the stack holder 22
      is at this same end provided either with holes or with a wall section 26
      which is pivotable about a hinge. After the insertion of a cassette-type
      stack holder, counter-pressure springs 27 act either through these holes
      or against the hinged wall section 26. The springs 27 may be arranged as a
      plurality of springs positioned next to one another across the width of
      the stack holder and press the copy sheets within the stack holder towards
      the withdrawal roller 20. The withdrawal and feed means 15 include in the
      illustrated embodiment a pair of rollers comprising a driven roller 28 and
      a roller 29 which has a flat area on its peripheral surface and which is
      also shown in FIG. 2. Such a roller pair is described for example in U.S.
      Pat. No. 3,552,849 and British patent specification No. 1,229,323.
PAR  A spring 30 acts on the roller 29 which has the flat peripheral area. The
      spring 30, as is shown in FIG. 3, is arranged on a disc 66 which is
      provided on a shaft 69 of the roller 29, and in fact on the end of the
      shaft 69 which extends out through an inner support panel 67 of the casing
      so that the spring cannot wind itself around the shaft. For example, a
      crank pin 71 may be provided on the disc 68 for the spring 30. The other
      end of the spring 30 is secured to a pin 70 fixed in the support panel 67.
      A further disc 66 is also arranged on the shaft 69 outside the region of
      the roller 29 and lies alongside the nip of the rollers 28 and 29. The
      disc 66 has a peripheral locking recess 31 which is shown in FIGS. 1 and
      2. A locking lever 32 engages in the locking recess 31 and is hinged
      pivotally at 33.
PAR  This hinge connection is shown in FIG. 3 at the inner support panel 72. The
      hinge is in the form of a rod, preferably extending as far as the other
      support panel 67, where it is shown as also hinged at 33'. There is thus
      provided a cross-piece from which in the region of the disc 66 the locking
      lever 32 extends perpendicular to the cross-piece. This means that it is
      possible, in the region of the hinge 33', which is shown as a rotary
      bearing, to mount a lever corresponding to the lever 32 likewise laterally
      outwardly of the roller 29, so that then beneath the nip of rollers 28 and
      29 there extends a deflector blade indicated at 73 in FIG. 2 by means of
      which the lever 32 can be tilted out of the locking recess 31 when the
      leading edge of a copy sheet presses against the deflector blade 73. In
      this way the locking lever 32 is pivoted and the deflector blade 73 is
      removed from the track of a copy sheet corresponding to the arrow 94 in
      FIG. 2 so that then the spring 30 drives the roller 29 in the
      counter-clockwise sense and the arcuate portion of the circumference of
      the roller 29 comes into contact with the driven roller 28 and the copy
      sheet located in the nip is then entrained by the rollers.
PAR  It is possible to provide a weight-equalizing spring 74 for weight
      equaliation on the pivot mounting at 33 so that the copy sheet control is
      effected without a special loading on the copy sheets.
PAR  For control purposes, an arm 34 is provided on the lever 32 and actuates a
      switch 35 which will be referred to later.
PAR  Beneath the pair of feed rollers 13 there is the entry to a developing unit
      36 which incorporates a curved guide 37. A more detailed description of
      this unit is not necessary since such developing units are well-known. At
      the output side of the developing unit there is provided a further pair of
      feed rollers 38 through which the copy sheets coming from the developing
      unit are fed, the sheets then passing over guide means 39 to a delivery
      area 40. The delivery area 40 may be accessible through a side wall of the
      casing if this is cut away at this position, or may be accessible from the
      side of the end wall 42 of the casing, in order to be able to remove the
      finished copy sheets.
PAR  Rails 43 are provided at both sides of the upper surface 1 of the casing
      for guidance of a carriage 44 back and forth in the direction of the
      double-headed arrow 45. The carriage 44 engages the rails 43 on downwardly
      open profiled channels formed in the carriage. A drive chain 75 which is
      guided around two sprocket wheels 46 and 47 may be provided for example as
      drive means for the carriage, the chain 75 carrying a pin 48 which moves
      in a vertical slot 50 in a slide block 49. The slide block 49 is set on
      one side of the carriage 44 and projects downwardly therefrom in front of
      one of the side support panels, and indeed downwardly to a region at which
      the chain 75 is located on the outside of the support panel. The slot 50
      in the slide block 49 is sufficiently long that the pin 48 remains in the
      slot as it is moved along the upper and lower horizontal sections of the
      chain drive. This guidance system is shown only by way of example. Other
      known guidance systems may alternatively be provided. One of the sprocket
      wheels 46 is arranged to be an idler wheel.
PAR  This chain drive comprising the sprocket wheels 46 and 47 is preferably
      positioned alongside the horizontal section 7 of the light tunnel.
PAR  The method of operation of the machine will now be described with reference
      to FIG. 2. A main electrical circuit 52 which incorporates the drying fan
      41 is controlled by a main switch 51. By means of the main switch 51 the
      machine is brought to an operational ready state.
PAR  Associated with the copy sheet withdrawal roller 20 is a control disc 53
      with a drive which can be set for a predetermined number of revolutions.
      This drive is indicated in FIG. 1 as a motor coupling unit 54 and is
      energised by a separate switch 55 when a copy is to be made. Furthermore,
      a control motor 56 is provided in the machine which, by means of a chain
      57, drives the roller 28, the pairs of feed rollers 12, 13 and 38, and
      also the sprocket wheel 47. The electrical circuit for this motor 56 is
      controlled by the main switch 51. It has two parallel branches 58 and 59,
      in one of which, i.e. branch 58, the above-mentioned switch 35 is
      arranged, and in the other of which, i.e. branch 59, is arranged a switch
      60 which is actuated directly by the carriage 44 when it is positioned in
      its withdrawn end position as shown in FIG. 1. In this position of the
      carriage the switch 60 is open.
PAR  The scanning light sources 5 and 6 and the copy sheet charging means 14 are
      also included in the circuit having the two branches 58 and 59. If, after
      closure of the main switch 51 and the laying of an original on the
      carriage, one wishes to make a copy, then the switch 55 is closed
      manually. The copy sheet withdrawal roller 20 then feeds a copy sheet into
      the nip of the rollers 28 and 29. The leading edge of the copy sheet
      unlocks the roller 29 by actuating the lever 32, with the result that the
      switch 35 is closed and the motor 56 which drives the carriage 44 is
      energized. By this means any irregularity in the withdrawal of the copy
      sheets due to friction or other effects has no effect because the
      initiation of the carriage drive only takes place when the leading edge of
      the copy sheet has reached the predetermined position against the lever
      32. By the unlocking of the roller 29 and as a result of the positive
      drive by means of the roller 28 and the rollers driven by the chain 57
      there is thus an accurately defined feed arrangement, and the spacings and
      speeds are so chosen that the leading edge of the copy sheet enters the
      exposure station 9 at the same time that the leading edge of the original
      arrives over the scanning aperture 3.
PAR  It can be seen from FIG. 3 that a sprocket wheel 98 is arranged on the end
      of the shaft 76 of the roller 28 which extends through the support panel
      72. In FIG. 3 the roller 77 of the roller pair 12 is visible, while behind
      this the shaft 78 of the co-operating roller 79 extends outwardly of the
      panel 72 and carries a sprocket wheel 80. Correspondingly, the roller 81
      of the roller pair 13 is also visible in FIG. 3. The shaft 82 of the
      associated roller 83 extends through the panel 72 and carries a sprocket
      wheel 84. It will be apparent that the chain 57 is guided around the
      sprocket wheels 98, 80 and 84, and co-operates with the chain drive 75
      which in FIG. 3 is indicated generally at 85.
PAR  For the rest, the various components shown in FIG. 3 are given the same
      reference numerals as they bear in FIGS. 1 and 2. It can be seen that the
      motor coupling unit 54 which co-operates with the control disc 53 is
      arranged on the support panel 67 behind the shaft 86 of the copy sheet
      withdrawal roller 20.
PAR  Gearwheels 87 and 88 are provided on the rollers 77 and 81 respectively and
      mesh with corresponding gearwheels of the associated rollers of the roller
      pairs 12 and 13. These associated rollers are the rollers 79 and 83.
PAR  A base plate 91 of the machine is provided between the side support panels
      67 and 72 and on this base plate are provided casing side walls 89 and 90
      outside the various control mechanisms. The switches 55 and 51 which are
      manually operable may be provided for example as part of a bank of
      switches 93 in a stepped recess 92 in the machine casing.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electrostatic copying machine in which an image is transferred from
      an original to a copy sheet, comprising an L-shaped machine casing
      including a first box-shaped part having longitudinally extending
      horizontally arranged upper and lower surfaces, a second box-shaped part
      extending vertically upwardly from one end of the upper surface of said
      first box-shaped part, said first box-shaped part including side surfaces
      extending vertically between said upper and lower surfaces and consisting
      of a first side surface, a second side surface located at the end of said
      first box-shaped part from which said second box-shaped part extends and
      disposed opposite to and spaced from said first side surface, a third side
      surface and a fourth side surface disposed opposite to and spaced from
      said third side surface, said first and second side surfaces disposed
      substantially perpendicularly to and extending between said third and
      fourth side surfaces, a horizontally arranged scanning aperture located in
      said upper surface adjacent to said first side surface and extending
      between said third and fourth side surfaces, a carriage movably mounted on
      said upper surface of said casing for reciprocal movement in the direction
      between said first and second side surfaces over said scanning aperture,
      an L-shaped light tunnel located within said first box-shaped part and
      having a vertically extending leg depending downwardly from said scanning
      aperture in said upper surface and a horizontally extending leg extending
      from the lower end of said vertical leg toward said second side surface
      and being in parallel relation therewith and spaced between and from said
      upper and lower surfaces, an optical reflector located at the junction of
      the vertical and horizontal legs of said light tunnel, the end of said
      horizontally extending leg of said light tunnel remote from said reflector
      aligned vertically below said second box-shaped part and forming an
      exposure station arranged to receive light rays from said reflector, said
      second box-shaped part located on the opposite side of said scanning
      aperture from said first side surface, said second box-shaped part forming
      an upward extension of the interior of said first box-shaped part from the
      upper surface of said first box-shaped part, said second box-shaped part
      having a downwardly extending recess in its upper horizontally arranged
      end, said second box-shaped part comprising two pair of vertically
      extending sides with one side of one said pair aligned with said second
      side surface and with one side of the other said pair aligned with said
      third side surface and the other side of the other said pair aligned with
      said fourth side surface, means defining an L-shaped path forming the
      complete path for the copy sheets through said machine casing, said
      L-shaped path comprising a vertical leg and a horizontal leg with said
      vertical leg extending substantially parallel to said vertical leg of said
      light tunnel and located at the opposite end of said machine casing
      adjacent said second side surface, said vertical leg of said L-shaped path
      extending downwardly from the lower end of said recess said second
      box-shaped part into said first box-shaped part to adjacent and above the
      lower surface of said first box-shaped part, said vertical leg of said
      L-shaped path intersecting the exposure station at the end of said
      horizontal leg of said L-shaped light tunnel, said horizontal leg of said
      L-shaped path connected to the lower end of said vertical leg and
      extending therefrom through said first box-shaped part toward said first
      side surface below and in generally parallel relation with said horizontal
      leg of said light tunnel, a developing unit positioned within said first
      box-shaped part and located in said horizontal leg of said L-shaped path
      at its junction with said vertical leg of said L-shaped path and said
      developing unit including a curved guide arranged to deflect copy sheets
      from a vertical to a horizontal orientation as they pass along said
      L-shaped path, a drying fan located in the horizontal leg of said L-shaped
      path and spaced from said developing unit toward said first side surface,
      a cassette-type stack holder arranged to hold copy sheets, said stack
      holder being removably insertable in the vertical direction into the
      recess in the upper end of said second box-shaped part with said stack
      holder extending vertically and arranged to position the copy sheets
      vertically for passage vertically downward directly into the upper end of
      the vertical leg of said L-shaped path, said cassette-type stack holder
      extending upwardly from the upper end of said second box-shaped part,
      means in the upper end of said vertical leg of said L-shaped path for
      removing individual copy sheets from said cassette-type stack holder and
      for passing them downwardly through the vertical leg of said L-shaped
      path, and an electrostatic charging device positioned in said vertical leg
      of said L-shaped path in advance of the position at which said vertical
      leg of said L-shaped path intersects the exposure station in said L-shaped
      light tunnel, said means for removing individual copy sheets and for
      passing them downwardly comprises a withdrawal roller located in said
      second box-shaped part at the lower end of said recess therein for
      removing individual copy sheets from said stack holder and three pairs of
      rollers spaced vertically and positioned in said L-shaped path for moving
      a copy sheet vertically downwardly within said casing with a first one of
      said pairs located between said withdrawal roller and said electrostatic
      charging device, a second one of said pairs located between said
      electrostatic charging device and said exposure station and a third one of
      said pairs located between said exposure station and said developing unit,
      said copying machine providing a compact and space saving device by the
      correlated L-shaped arrangements of said casing, said light tunnel and
      said path of the copy sheets.
NUM  2.
PAR  2. An electrostatic copying machine, as set forth in claim 1, wherein
      spring means are mounted on the inside wall of the recess formed in said
      second box-shaped part and extend into contact with said cassette-type
      stack holder for biasing the copy sheets within said stack holder toward
      said withdrawal roller on the upper end of said vertical leg of said
      L-shaped path so that the copy sheets are positively displaced into
      contact with said withdrawal roller.
NUM  3.
PAR  3. An electrostatic copying machine, as set forth in claim 2, wherein said
      cassette-type stack holder has a pivotally mounted wall section contacted
      by said spring means so that said wall section is displaced by said spring
      means against the copy sheets within said stack holder for positive
      displacement of the copy sheets toward said withdrawal roller in the upper
      end of said vertical leg of said L-shaped path.
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ABST
PAL  A painting system has a container and a flexible wall with a source of
      pressure on the flexible wall for extending the flexible wall toward the
      paint and forcing paint through an opening, a valve and a conducting tube
      into an applicator. A membrane is fitted inside a container, and a cover
      is placed over the container. Ordinary water pressure from a tap is fed
      through the hose into the membrane area forcing the membrane toward the
      paint, and forcing the paint from the container. In one applicator, paint
      is fed into a hollow tube which is turnable to align openings in a tube
      wall with distributors which communicate the paint to a plurality of
      tubes. Paint flows through the selected tubes through an array of openings
      in paint distributing surfaces. A relatively narrow, pointed surface
      extends outward from a relatively large circular surface. An auxiliary
      distributing surface extends perpendicularly to the pointed surface. A
      sponge roller is provided with a fitted cover and is positioned over a
      foraminous tube. Extensions on the tube support semi-circular walls at
      ends of a semi-cylindrical housing. A flange extends around edges of the
      housing substantially tangentially to the roller surface. Slots in the
      semi-circular walls and springs urge the flange toward the surface to be
      painted. An edging device is provided with a truncated conical sponge
      roller, end plates on the roller and a slideable guard on the remote end
      of a tube with a spring urging the guard toward the surface to be painted.
      In a brush modification, paint is flowed to a header and then to a series
      of tubes which open near tips of bristles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Conventional painting techniques employ brushing, spraying or rolling paint
      onto a surface to be coated. In brushing operations, brushes of selected
      sizes are dipped into containers of paint, part of the paint is removed
      from the brush by touching a brush or drawing a brush along an edge of the
      container, the paint-laden brush is touched to the surface to be coated in
      several places, and then the paint is evenly spread over a limited area
      before repeating steps of the cycle. Because of the wiping and working
      nature of brush techniques and the accompanying working of the coating
      into surface irregularities, brushing has been recognized as one of the
      desirable ways of producing a coating.
PAR  Rolling techniques are accomplished by coating a roller with paint in a
      tray or a pail, removing part of the paint from the roller, such as by
      compressing the roller surface on a tray or shaking excess paint from the
      roller, and rolling the roller along the surface to be painted, usually in
      one direction and then in another direction. While a normal force is
      exerted between the roller and the surface to be coated, little frictional
      forces are developed. Consequently, the paint may not be warped into the
      surface to be coated as much as in brushing techniques. However, long
      experience with rolling has indicated that rolling is a desirable method
      of coating surfaces with paint. In some situations, rolling paint may
      fling small specks of paint in undesired directions. That condition, while
      tolerable in some situations, creates problems in other situations.
PAR  Spraying techniques employ air operated jet pumps to draw paint from
      containers and to break up the paint into fine-misted droplets. Paint is
      propelled by the air from a nozzle to a surface to be coated. Because
      there is no working of the paint once it reaches the surface, spraying
      must be less desirable for certain purposes than brushing or rolling
      techniques. Spraying has the added disadvantage of propelling paint
      droplets in undesired directions and coating surfaces other than the
      surface intended to be coated.
PAR  While the equipment needed for brushing and rolling may not be cumbersome
      and expensive, paint spraying apparatus usually requires an air
      compressor, an air storage device, heavy duty air hose and connection, and
      an expensive spraying gun. Air compressor operated spraying systems are
      well known.
PAR  Some systems have been described which cap a conventional paint can and
      tightly grip the paint can against the possibilities of explosions and
      pressure leaks and then deliver air from a compressor into the paint can
      to force paint out through an elongated tube to a roller for distribution.
      The clamps may be difficult to apply uniformly to insure against rupture
      or leakage of the pails, and an expensive air compressor is required to
      drive the paint.
PAR  An additional drawback of spraying devices is the need to initially and
      continuously adjust the paint viscosity to a correct degree for preventing
      clogging of the sprayer or running of the coating once it is applied.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention introduces a new technique for the application of
      paint. The keynote of the invention is non-stop painting. An internal flow
      system completely eliminates the time consuming process used by familiar
      brushes and rollers. The dipping requirement of known applicators that
      slows the painter down and therefore balloons the cost of painting is
      eliminated in the present invention. Painting contracts undeniably show
      how slow the painting process is with 10 to 1 labor to material cost
      ratios. The practical need for new painting equipment is apparent, and the
      present invention fulfills this need.
PAR  The present painting system embodies the principal of moving paint from a
      supply tank under pressure, or from an elevated tank in a gravity flow
      system, through a flexible line to a distributor, which may be a speed
      brush variable applicator, non-stop roller, corner roller or edger. With
      an operating pressure of approximately 25 psi, paint flows from the
      supplier through connecting line to the distributor, then inside the
      distributor where flow control is adjusted, and finally out through jet
      openings in the surface for non-stop painting. In the case of the speed
      brush the paint is fed internally to the extremities of the bristles. Each
      of the five distributors are interchangeable with the supply system,
      whether pressure or gravity type and will vary in individual size for
      various job requirements.
PAR  The complete range of equipment comprises five distributors, a speed brush,
      a variable applicator, a non-stop roller, a corner roller and an edger; a
      special handle; and two supply systems.
PAR  The speed brush has a handle with a hollow interior through which a tube
      passes from the end of the handle to the base of the brush housing, where
      there is a thumb controlled valve regulating paint flow. In a preferred
      embodiment the housing of the brush is circular in form at its base,
      rather than rectangular as in the typical brush. The circular base
      provides sufficient housing for the bristles that have a unique outward
      flare without loss of bristle density at the end of the brush. The outward
      flare of the bristles enables the painter to move into corners with ease
      and helps to maintain a dripless brushing action with constantly flowing
      paint. The interior construction of the brush has a flexible dispersing
      unit appearing much like a flattened funnel. This unit spreads the paint
      coming in from the flexible tubing out into the fan shape of the bristles
      and contains the paint so that it is not free until it reaches to within
      one-quarter to three-eighths inches of the tips of the bristles. The
      unique combination of the flare brush and internally supplied paint
      coupled with the finger-tip control provides the system with non-stop
      brush painting.
PAR  This completely new variable paint applicator enables painting as fast as
      the painter wishes to move, with finger tip control. The primary function
      of the variable applicator is to serve as an all-in-one interior painter.
      This multipurpose applicator using the system techniques speeds and
      simplifies the painting of everything from painting flat surfaces, to
      edging, cornering, striping and touching up.
PAR  The overall appearance of the variable applicator is that of an eyedrop cut
      in half. At the upper point of the eyedrop there are two features. First
      there is a cornering device that permits painting of inside corners. The
      second feature uses the other side of the cornering device and has an
      edging surface with protector for edging a surface or for one wall
      cornering. In the middle of the eyedrop back there is a four-way control
      valve with a dial and a pointer for the directional control of paint
      flowing to the jets. The valve setting determines applicator use such as
      pointing or spotting, inside cornering only, edging or narrow striping,
      flat surface painting. On the left side of the center section there is an
      on-off flow control valve which is thumb operated. The bottom of the
      eyedrop-formed applicator has a 1/4 inch male fitting for connection to
      the flexible line and a flow control valve that regulates the amount of
      paint flowing into the applicator. The flat surface of the variable
      applicator has 29 jet openings controlled by three of the different valves
      described above. This flat surface to which the paint is internally fed is
      designed as a replaceable unit with interchangeable textured materials for
      varied job requirements. Two of the three valves controlling the paint
      flow are standard shut off and needle valves. The third valve is unique in
      that it is designed with a central vertical core having four openings
      offset from each other in such a manner as to direct the paint flow, one
      at a time, into four annular manifolds mounted one on top of the other.
      Each manifold has its own connecting lines to specific jet openings on the
      surface of the applicator. Example: position 1 on the dial keeps all jets
      closed except the one at the point of the eyedrop used for pointing or
      spotting. Position 2 opens eight jets in all on the left side and bottom
      of the applicator for painting inside corners only. Position 3 on the dial
      opens three jets for edging or narrow striping, while keeping all other
      jets closed. Position 4 on the dial opens all the jets on the flat surface
      for painting walls, etc.
PAR  The non-stop roller uses the internal flow concept and provides the painter
      with two unique features. Regulated paint flow to the roller surface
      provides non-stop painting. The elimination of paint splatter is
      accomplished through the incorporation of a plastic cover or guard that
      houses the roller and collects all splattered paint as it flies off the
      spinning roller in action.
PAR  As in the case of the speed brush, the non-stop roller is constructed with
      a hollow handle having a thumb controlled valve regulating paint flow.
      This handle is in addition to the universal handle with a shut off valve
      as described below.
PAR  The roller unit consists of a cylindrical synthetic sponge, approximately 2
      inches in diameter for the 7 inch roller. The tube on which the roller is
      mounted has jet openings throughout the length of the tube which is
      covered by the roller. To eliminate wear on the inside of the synthetic
      roller a closely fitting perforated plastic tube or spring is inserted
      over the tube, keeping the moving roller from contact with the stationary
      tubing. To provide a variable textured rolling surface and to eliminate
      wear of the roller on the outside, replaceable jackets are constructed of
      light, medium and coarse material sleeves that slip over the roller and
      that contact the surface of the roller.
PAR  In creating the unique feature of splatterless roller painting, a plastic
      cover with an adjoining flat roller finisher has been designed. The
      plastic cover has a simple attachment feature allowing for elimination or
      replacement on roller units at will. The flat roller finisher is
      adjustable for contact with the painting surface as an aid to smoothing
      out the paint spread on the surface by the roller. It is designed for
      quick replacement of interchange with units of light, medium or coarse
      material, as used on the roller. The flat roller finisher provides a
      unique feature of spreading the paint into corners and edging unlike
      conventional rollers.
PAR  The corner roller has the same basic construction as the non-stop roller,
      excepting the lengths and shapes of the rollers. The shape of the corner
      roller is best described as annular with a sloping outer surface and a
      pointed outside edge. The typical dimensions on this roller are two inches
      through the center with a 4 inch maximum diameter. A plastic cover with a
      roller finisher and variable textured jackets are provided for use in the
      corner roller, as in the non-stop roller.
PAR  The edger is of the same basic construction as the non-stop roller and
      corner roller. A unique feature of the edger, in addition to its internal
      controlled flow of paint, is the plastic shield at one side of the roller.
      This shield, held under spring tension of a rubber band, is projected out
      ahead of the roller for proper placement. With light hand pressure the
      roller is brought into position against the painting surface and the
      plastic shield. The shape of the roller unit is best described as that of
      a truncated cone with the pointed half removed. The size of the edger
      varies with job requirements, but compares with the established sizes of
      the corner rollers, the typical size being two inches through the center
      with an overall 4 inch diameter. The edger can be used with or without a
      plastic cover to safeguard against paint splatter.
PAR  The non-stop roller, corner roller and edger are all designed to connect
      with a new universal handle with a shut off valve. The handle hooks up at
      the end of the quarter-inch flexible line supplying pressurized paint. The
      base of the hollow handle has a one-quarter inch male fitting, for hose
      connection, and a flow control shut off valve at the other end with a
      female fitting to allow attachment of desired distributor.
PAR  The pressure supply tank with an approximately three and one-quarter gallon
      capacity is designed to withstand a pressure of 75 psi. This unit provides
      the distributors with paint at an operating pressure of approximately 25
      psi. Working with a full capacity of three gallons of paint the tank is
      designed to hook up to a standard garden hose, with a built-in pressure
      regulator set at 25 psi. The pressure regulator with a hose connector is
      built into the top of a lid for the pressure tank. The lid with a seal is
      threaded to attach it at the top of the tank. Fitted to the inside of the
      lid at the top of the tank is a diaphram capable of expanding to the full
      size of the tank. The function of the diaphram is to act as a separator
      between the pressurized water and paint, as the paint is forced out of the
      tank, through the flexible line and into the distributor. To flush the
      entire system, including the distributor, requires only the removal of the
      diaphram and excess paint before turning the water on again. The use of
      water for flushing and cleaning assumes the use of water base paints. An
      adapter hose with a funnel type end and a clamp enables hookup to inside
      showers or kitchen and bathroom water foucets. At the bottom side of the
      pressure tank an outlet is provided with a shut off valve and a male
      fitting for the quarter-inch flexible line used to connect paint supply to
      the distributor. Where overhead space is available, the pressure tank,
      placed approximately 10 feet above the level of the distributor, delivers
      paint by gravity force, eliminating the need for a hose and water
      pressure. To connect the supply with a distributor a 50-foot length of
      flexible line having a one-quarter inch inside diameter is used.
PAR  A portable paint supplier is a plastic container having an approximate
      capacity of one-half gallon. Hand squeezing the portable supplier forces
      paint into a distributor when overhead clearance restricts the use of a
      gravity flow technique. When using the portable paint supplier a hose
      length of 10 feet is recommended for gravity feeding. A four-foot hose
      length is recommended when hand squeezing the supplier. In a preferred
      embodiment, the lightweight portable paint supplier has a flat bottom for
      free standing. A shut off valve with male fitting for a quarter-inch
      flexible line hookup is mounted at the base of sidewall. A 3-inch built-in
      handle is provided for carrying the supplier or belting it through for
      portage at a waistline. A hook at the top of the handle attaches to
      overhead fixtures. A screw-on cap with a two-inch opening has a one-way
      air valve to permit air flow into the container. The top of the container
      serves as a squeeze portion or bubble for hand pressurizing the container.
PAR  One object of the invention is the provision of a paint applying system
      having a paint container and a flexible wall in engagement with paint in
      the container, whereby moving the flexible wall in the direction of the
      paint forces paint from the container to a paint distributor.
PAR  Another embodiment of the invention is the provision of a paint applying
      system with a squeezable flexible wall paint container for forcing paint
      toward an applier.
PAR  Another object of the invention is the provision of a paint applying system
      having a rigid wall container with a flexible membrane contacting paint
      within the container and a water pressure system for forcing the membrane
      toward the paint and driving paint from the container.
PAR  Another object of the invention is the provision of a paint applying system
      having a distributor which has several paint applying surfaces and paint
      supplying openings leading to the surfaces with a variable communication
      device for communicating a paint supply with selected openings.
PAR  Another object of the invention is the provision of a paint applying system
      with a splatter shield for rollers and edging around the splatter shield.
PAR  Another object of the invention is the provision of a paint applying system
      with spring-mounted shields adjacent paint distributors for contacting a
      surface adjacent the distributor.
PAR  Another object of the invention is the provision of a paint applying system
      having roller type distributors with porous rollers and fabric sleeves for
      covering the rollers.
PAR  Another object of the invention is the provision of a paint applying system
      having a distributor brush with a bladder being flattened into a plurality
      of radiating fine tubes opening near tips of bristles for supplying paint
      continuously to the bristle tips.
PAR  These and other features, advantages and objects of the invention are
      apparent in the disclosure which includes the foregoing and ongoing
      specification, and the claims, and the drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic detail of a paint applying system of the present
      invention using water pressure to move a diaphram in the direction of
      paint within a rigid container for supplying paint to a distributor.
PAR  FIG. 2 is a detail of the paint container shown in FIG. 1.
PAR  FIG. 3 is a top perspective view of a paint distributor shown in FIG. 1.
PAR  FIG. 4 is a bottom perspective view of the paint distributor shown in FIG.
      3.
PAR  FIG. 5 is a detail of internal selective and variable communication means
      within the paint distributor shown in FIG. 3.
PAR  FIG. 6 is an internal detail of the paint distributor shown in FIG. 3.
PAR  FIG. 7 is a detail of a roller paint distributor with a splatter shield and
      an edging distributor around the splatter shield.
PAR  FIG. 8 is a detail of a porous roller being covered by a fabric sleeve.
PAR  FIG. 9 is a detail of an edger having a edge shield spring mounted adjacent
      the conical sponge roller.
PAR  FIG. 10 is a detail of a paint applying system distributor brush of the
      present invention with an internal bladder and fine tubes terminating near
      tips of bristles.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  In FIG. 1, a paint applying system is generally referred to by the numeral
      1. A paint holding tank 12 has a supply of paint 14. A lid 16 on top of
      container 12 seals the container. A flexible rubber diaphram 18 expands
      downward in the direction of paint 14 when filled with water 20 from a
      hose 22. As faucet 24 is turned on, water pressure fills holes 22 and
      fitting 26. A pressure regulating valve 28 limits water pressure to
      diaphram 18 to about 25 psi. An over pressure water release valve is
      connected to the lid to release water from diaphram 18 in the improbable
      event of failure of pressure regulator 28.
PAR  As seen in FIGS. 1 and 2, outlet 30 is connected to a valve 32 which is
      controlled by handle 34. Paint flows through flexible tubing 36 to valve
      38 and then to distributor 40.
PAR  In FIG. 3 distributor 40 is shown with a fitting 42 and a substantially
      semi-cylindrical body 44 which has a pointed projecting end 46. A shield
      48 extends perpendicularly along one side of end 46. A variable selector
      control housing 50 is mounted on top of the body 44. A thumb button 52
      controls the flow of paint, permitting flow when the button is depressed.
      A selector 54 with a pointer 56 is turned to select flow to groups of
      orifices in the painting surfaces. Plate 58 indicates which selections are
      best suited for certain painting functions.
PAR  As shown in FIG. 4 face 60 is a flat surface rounded along one edge and
      pointed along an opposite edge. A circular array of orifices 62 is open
      together with an arrow shaped array of orifices 64 and a terminal orifice
      66 in the point in one setting of selector 54. That is the desirable
      setting when spreading paint over a large surface. When smaller surfaces
      are coated, openings 64 and 66 may be selected to the exclusion of
      orifices 62 in the circular array. For fine work, opening 66 may be
      isolated as a single supply orifice. Openings 68 are provided in an
      outward facing sloping surface of wall 67 which projects upward from the
      pointed end 46 opposite the thin shield 48.
PAR  The means of distribution are best shown with reference to FIG. 5 and FIG.
      6. Selector knob 54 and pointer 56 are rigidly connected to stem 70, which
      is in turn connected rigidly to a hollow cylinder 72 with varied radial
      openings 74. Tube 72 rotates in sealed relation on bushing 76 which is
      supplied with paint through pipe 78. Stationary annular communicators 82,
      86, 92 and 98 have openings such as indicated at 88, 94 and 99 which
      communicate with openings 74 at selected positions of the knob 54 to flow
      paint into predetermined orifices on the spreading surfaces. Tubes 97, for
      example, lead to orifices 62 as shown in FIG. 6 for full distribution over
      the lower surface of the roller. The orifices 62 are shown in circular
      array schematically in FIG. 4. Tubes 84, 90 and 96 lead to other selected
      openings in the applicator surfaces.
PAR  A shielded roller distributor is generally indicated by the numeral 100 in
      FIG. 7. A flexible tube leads to handle 102 and to valve 104 which is
      controlled by thumb button 106. When the button is depressed, paint flows
      through rigid tube 108 into foraminous tube 110. Paint flows outward
      through openings 112 into cylindrical sponge 114. The cylindrical surface
      116 of sponge 114 coats a wall being painted. Seals 118 prevent radial
      flow of paint upward from ends of the cylindrical sponge.
PAR  A splatter guard and auxiliary spreader 120 has semicircular end walls 122.
PAR  Roller 114 is surrounded by a semi-cylindrical wall 124. Flanges 126 are
      coated with a fibrous material to act as auxiliary spreading areas. As
      roller 114 is pressed against a wall, flanges 126 are pressed against the
      wall and smoothe the paint over the wall. The square corners of the
      flanges enable the complete painting of walls up to corners.
PAR  The end walls 122 of the splatter guard are provided with slots. Springs or
      rubber bands 127 pull lugs 128 which are fixed on the end walls 122 toward
      roller axle 129, urging the flanges 126 against the wall being painted.
PAR  As shown in FIG. 8, cylindrical sponges 114 are covered with sleeves 130 of
      fabric, preferably stretchable knitted fabric to provide the desired
      surface effect and to promote long wear of the roller.
PAR  An edger is generally represented in FIG. 9. Handle 140 is supplied with
      paint from a pressure source through tube 142. Push button 145 controls
      valve 146 to supply paint to the rigid bent tube 150. Washer 152 stops
      sealing plate 153 from moving toward the bend of the handle. Sponge 155,
      which is preferably a truncated conical sponge, is mounted on a foraminous
      shaft for receiving paint between plates 153 and 157. Washer 159 permits
      free movement of the plate.
PAR  Shields 160 is mounted on the end of the assembly by attaching tap 161 to
      the end of the axle. A rubber band 162 is stretched between the cap and a
      lug to urge shield 160 to the left and downward as shown in the drawing
      along groove 164. Thus, the straight edge of shield 160 is pressed against
      the wall in a corner near the large end of sponge 155.
PAR  In FIG. 10 a speed brush has a handle 200 which is supplied with paint
      through flexible tube 202. Thumb button 203 controls a valve which
      supplies paint to the bristles. A circular head 204 holds the anchored
      ends of bristles 207 in a tapered array. Fine tubes 209 formed by pinching
      and sealing intermediate portions of parallel webs lead to bladder or
      header 210 and carry the paint to tips 212 of the bristles for
      distribution.
PAR  Although the invention has been described with reference to specific
      embodiments, it will be obvious to those skilled in the art that
      modifications and variations of the invention may be constructed without
      departing from the spirit and scope of the invention. The scope of the
      invention is defined in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A paint applying system comprising an upright paint container having a
      base wall and an upright wall connected to the base wall and extending
      upward therefrom, paint disposed in the container in contact with the base
      wall and the upright wall, a flexible wall in engagement with the paint in
      the container, a water pressure source means for continuously applying
      water pressure to the flexible wall in a direction to extend the flexible
      wall toward the paint within the container, an opening in the upright wall
      near the base wall of the container for flowing paint out of the container
      through the opening upon pressurizing of the paint by extension of the
      flexible wall toward the paint, valve means connected adjacent to the
      opening externally of the container for controlling the flow of paint
      outward through the opening and through the valve means, and paint
      conducting means having a proximal end connected to the valve means for
      conducting paint outward from the valve means, and paint applying means
      connected to a distal end of the conducting means for receiving and
      distributing paint flowing to the paint applying means from the conducting
      means, the paint applying means including a second valve connected to the
      distal end of the paint conducting means for controlling flow of paint
      from the paint conducting means to the paint applying means.
NUM  2.
PAR  2. The paint applying apparatus of claim 1 wherein the container comprises
      a rigid wall and wherein the source of pressure comprises water
      superimposed on paint and an elevation of the container above the paint
      applying means whereby paint flows outward from the container under
      influence of differential pressures through the conducting means to the
      paint applying means.
NUM  3.
PAR  3. The apparatus of claim 1 wherein the container comprises a rigid wall
      structure having an upward opening and wherein the flexible wall comprises
      a flexible membrane member connected to the opening for extension toward
      the paint and further comprising a cover having an opening communicating
      with the member and a connection means for connecting the opening in the
      cover to the source of water pressure.
NUM  4.
PAR  4. The painting apparatus of claim 1 wherein the paint applying means
      comprises a head having a plurality of distribution tubes and a surface
      having a plurality of openings connected to the tubes and a selector
      connected between the conduit means and the tubes for directing flow into
      selected tubes, and thereby directing flow of paint out through selected
      openings.
NUM  5.
PAR  5. The painting apparatus of claim 4 wherein the paint applying surface has
      a relatively large surface portion near a point of communication with the
      paint conducting means and has a relatively narrow surface portion remote
      from the paint conducting means, whereby paint may be directed by the
      selector to openings in the relatively large portion or to openings in the
      relatively narrow portion.
NUM  6.
PAR  6. The painting apparatus of claim 5 wherein the narrow portion terminates
      in a point remote from the relatively large portion.
NUM  7.
PAR  7. The painting apparatus of claim 5 further comprising a side wall portion
      adjacent the surface portion with openings in the side wall portion
      wherein paint may be flowed selectively through the openings in the side
      wall portion.
NUM  8.
PAR  8. The painting apparatus of claim 4 wherein the selector comprises a
      hollow shaft connected to a dial and means for flowing paint into the
      hollow shaft, means for mounting the hollow shaft for turning with the
      dial and stationary means mounted around the shaft and connected to tubes
      and apertures in a cylindrical wall of the shaft cooperating with
      complementary apertures in inner walls of the stationary means for
      aligning therewith and for flowing paint outward from the shaft into the
      stationary means and thence into tubes connected to the stationary means.
NUM  9.
PAR  9. The paint applying apparatus of claim 1 wherein the paint applying means
      comprises a handle connected to the conducting means, a valve connected to
      the handle remote from the conducting means, a rigid tubular frame
      extending along an axis of the handle outward therefrom and then at an
      angle thereto and communicating with a foraminous wall distributor pipe, a
      cylindrical sponge extending around the pipe, and a cylindrical sleeve
      fitted over the sponge for flowing paint outward from the foraminous pipe
      to a surface to be painted.
NUM  10.
PAR  10. The apparatus of claim 9 further comprising a relatively large
      semi-cylindrical housing mounted on longitudinal extensions of the
      foraminous pipe, a flange extending outward from edges of the
      semi-cylindrical housing, and a soft paint-spreading material mounted on
      the flange and extending generally tangential to a surface of the fabric
      on the cylindrical sponge for spreading paint flowing from the sponge and
      fabric.
NUM  11.
PAR  11. The paint applying apparatus of claim 10 further comprising elongated
      openings extending substantially perpendicular to the flange along
      semi-circular end walls of the semi-cylindrical housing, lug means
      extending outward from the housing remote from the flange, and spring
      means connecting the lug means and the pipe extensions for urging the
      cylindrical housing toward a surface being painted.
NUM  12.
PAR  12. The apparatus of claim 9 further comprising a generally truncated
      conical shape on an outer surface of the sponge, end plates at opposite
      axial ends of the sponge, a plate mounted on a distal foraminous pipe
      extension, an elongated opening in the plate whereby the plate may slide
      along the extension, lug means on the plate and spring means connecting
      the lug means and the pipe extension for urging the plate in a direction
      toward a wall being painted, whereby the plate acts as an edge slield for
      preventing flow of paint beyond the plate.
NUM  13.
PAR  13. The apparatus of claim 1 further comprising a handle on a distal end of
      the paint conducting means, a valve in the handle, bristle means extending
      outward from the handle and paint distribution means within the bristle
      means, the paint distribution means comprising a main paint line from the
      valve in the handle, a header communicating with the main paint line, and
      a plurality of distributing tubes extending from the header to positions
      spaced slightly inward from an outer edge of the bristles.
NUM  14.
PAR  14. The apparatus of claim 13 wherein the tubes are integrally formed
      elongated openings in a web which joins the tubes one to another.
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PAL  13. A hermetically sealed motor blower unit comprising, in combination, a
      sealed housing having a thrust plate mounted therein and having a
      re-entrant wall forming a central cavity in said housing, a rotor within
      said housing, said rotor comprising an impeller, a hollow shaft embracing
      said cavity and a thrust collar adapted to cooperate with said thrust
      plate to support the axial thrust of said shaft, one or more journal
      bearings within said housing for supporting the radial load of said shaft
      and electric motor means for rotating said rotor, said motor means
      comprising a motor-stator located within said cavity and adapted to
      cooperate through a portion of said re-entrant wall with a motor-rotor
      mounted within said hollow shaft, the portion of said re-entrant wall
      located between said motor-stator and said motor-rotor being made
      relatively thin to reduce electrical losses, the bearing surfaces of said
      thrust plate, thrust collar and journal bearings being in communication
      with the discharge of said impeller, whereby fluid pumped by said impeller
      can flow directly to said bearing surfaces to lubricate them.
BSUM
PAR  This invention relates to electric motors and more particularly to
      improvements in a so-called "inside-out" motor, i.e. a motor of the type
      having a hollow rotor and a stator located within the central cavity of
      the hollow rotor. The motor of the present invention possesses particular
      advantages when incorporated in a motor blower unit for pumping a
      corrosive gas under reduced pressure and will be illustratively described
      as applied to this problem. However as the description proceeds it will
      become apparent that the present motor is not limited to this application
      but may be used with advantage for a wide variety of other purposes, some
      of which are indicated hereinafter.
PAR  In recent years there has been a considerable interest in the separation of
      the different isotopes of some of the chemical elements, notably the
      separation of the uranium isotopes, and a brief discussion of certain of
      the problems encountered in effecting such a separation will serve to
      illustrate the utility of the present motor. The separation of isotopes
      and particularly of the uranium isotopes is an exceedingly complicated
      problem. Numerous methods have been proposed for accomplishing such a
      separation and substantially all of them require the use of a uranium
      compound that may be maintained in gaseous form. The most easily available
      uranium compound that will meet these requirements is the hexafluoride
      which is a solid at ordinary temperatures but sublimes at about
      60.degree.C and thus may be easily vaporized.
PAR  One of the preferred methods of separating isotopes is the so-called
      diffusion method wherein the isotopic mixture in gaseous form is passed
      over the surface of a finely porous, permeable membrane and a portion of
      the gas is caused to diffuse through the membrane to yield a product that
      is enriched with respect to the lighter component of the mixture. In
      carrying out the diffusion method large quantities of gas must be handled
      at relatively low pressures and a diffusion separation system must include
      suitable pumps for handling this large quantity of gas.
PAR  In pumping highly corrosive gases such as uranium hexafluoride a number of
      special problems arise that are not ordinarily encountered in handling
      non-corrosive gases. Uranium hexafluoride attacks chemically all of the
      common lubricants and packing materials thereby destroying their
      lubricating and sealing properties. Furthermore the reaction products
      produced as a result of the chemical interaction between the corrosive gas
      and the lubricant may contaminate the gas being pumped. Accordingly any
      pump that is to be used for pumping such a corrosive gas should be so
      constructed that there is no contact between the lubricant and the gas
      being pumped.
PAR  It has been previously proposed that this problem be solved by providing a
      sealed motor blower unit wherein the pump impeller and rotor of an
      electric motor are encased in a sealed housing and the stator of the
      electric motor is so located outside the housing that the rotor cooperates
      with the stator through a relatively thin diaphragm to rotate the rotor
      and associated pump impeller. The rotor and impeller are supported in
      gas-lubricated thrust and journal bearings located within the sealed
      casing and lubricated by the gas being pumped. A motor blower unit of this
      type is disclosed in a co-pending application of John R. Menke, Ser. No.
      537,457, filed May 26, 1944.
PAR  Such motor blower units are subject to a number of disadvantages which
      limit their effectiveness to a certain extent. Thus from the point of view
      of operating efficiency of the electric motor that drives the pump
      impeller it is desirable that the diaphragm between the rotor and stator
      be made relatively thin. However when the unit is operated at pressures
      substantially less than atmospheric pressure the diaphragm must be strong
      enough to withstand the external pressure of the atmosphere without
      collapsing and therefore under these conditions cannot be made as thin as
      it should be for efficient operation of the motor.
PAR  Another disadvantage of the previously proposed construction is that it is
      somewhat difficult to cool the rotor satisfactorily. The rotor is commonly
      made relatively large in order to provide the desired stability when
      operating with gas-lubricated bearings and since the rotor is located
      within a sealed casing it tends to overheat. This tendency to overheat
      makes it necessary to use a larger driving motor to obtain the same useful
      power. This effect is particularly disadvantageous in the case of a
      gas-lubricated unit which desirably operates at relatively high speeds.
PAR  It is accordingly an object of the present invention to provide an improved
      motor adapted to be more effectively incorporated in a sealed motor pump
      unit for handling corrosive fluids.
PAR  It is another object of the invention to provide an electric motor adapted
      to be more effectively incorporated in a motor blower unit for handling
      gases at relatively low absolute pressures.
PAR  It is a further object of the invention to provide an improved
      gas-lubricated electric motor.
PAR  It is still another object of the invention to provide an improved
      "inside-out" motor.
PAR  It is a still further object of the invention to provide a gas-lubricated
      motor having improved operating stability.
PAR  It is still another object of the invention to provide an electric motor
      which is compact in construction and efficient in operation.
PAR  It is still another object of the invention to provide a sealed motor in
      which the interior parts are readily accessible for maintenance or repair.
PAR  Other objects of the invention will be in part obvious and in part pointed
      out hereinafter.
DRWD
PAR  The many objects and advantages of the invention may be best understood by
      referring to the accompanying drawings which illustrate a motor blower
      unit incorporating a preferred embodiment of the present invention and
      wherein
PAR  FIG. 1 is a vertical axial section showing the relative arrangement of the
      stator and rotor of the electric motor and the pump impeller.
PAR  FIG. 2 is a horizontal section taken on the line 2--2 of FIG. 1 and showing
      the upper surface of the thrust plate.
PAR  FIG. 3 is a horizontal section taken on the line 3--3 of FIG. 1 and showing
      certain details of the arrangement of the journal bearings with respect to
      the rotor.
DETD
PAR  Referring to the drawings and more particularly to FIG. 1, there is shown a
      motor blower unit comprising generally a sealed gas-tight casing 10 and a
      rotor 12 adapted to rotate about a vertical axis. The rotor 12 comprises a
      hollow open-ended shaft 14 located in a well 26 of the casing, a thrust
      collar 16 which forms a part of a thrust bearing 18 and has a plane
      annular bearing surface on its underside and an impeller 20 located in the
      upper part of the casing. The gas to be pumped is drawn into the casing
      centrally through a flanged inlet 22 and flows through the vanes of
      impeller 20 to a discharge passage 24. The rotating impeller 20 cooperates
      with the passage 24 to compress and pump the gas flow therethrough.
PAR  The bottom of well 26 has a re-entrant wall which forms a central cavity 27
      within the open end of hollow shaft 14. The re-entrant wall comprises a
      thin, cylindrical diaphragm 30 which at its lower end is sealed to the
      bottom of well 26 and a disc or collar 52 to which the upper end of the
      diaphragm 30 is sealed. At its lower end the cavity 27 is closed by a
      flanged block 72 which is fixed to the bottom of casing 10 in any suitable
      manner such as by the bolts 73. Mounted within the cavity 27 there is a
      motor-stator 28 which cooperates through diaphragm 30 with a motor-rotor
      comprising a plurality of rotor bars 32 mounted on the interior surface of
      the hollow shaft 14. (The terms motor-rotor and motor-stator are used in
      the following description and claims to designate respectively the
      electrically active rotating and electrically active stationary portions
      of the present construction.) In order to reduce electrical losses
      diaphragm 30 may be made of a metal having a high electrical resistance
      such as Monel or a nichrome metal or it may be made of a suitably attached
      non-conductor. The motor-stator 28 is mounted on a central tubular core 50
      which is in turn mounted on the block 72. Near its upper end the core 50
      is cut away to form an annular shoulder 56 on which rests a depending
      flange 54 of the collar 52, the construction being such that the core 50
      provides support for the collar 52 and also provides support for the
      relatively thin diaphragm 30.
PAR  The rotor 12 receives its principal vertical support from the thrust
      bearing 18 and is laterally guided by the journal bearings 34 and 36
      located within the well 26. The thrust bearing 18 comprises in addition to
      the thrust collar 16 a thrust plate 38 which (see FIG. 2) is provided with
      a series of curved grooves extending inwardly in an arc from the periphery
      of the thrust plate 38. The construction of the thrust collar 16 and
      thrust plate 38 is such that as the rotor 12 rotates the plane bearing
      surface of the thrust collar 16 cooperates with the grooved bearing
      surface of the thrust plate 38 to cause a portion of the gas being pumped
      by impeller 20 to be drawn between the thrust bearing surfaces and forced
      into the well 26. In this manner the thrust bearing surfaces are
      lubricated by the gas being pumped and an elevated gas pressure is built
      up within the well 26.
PAR  The radial thrust of the rotor 12 is supported by the gas-lubricated
      journal bearings 34 and 36. The shaft 14 is provided with an external
      bearing surface and the shaft itself forms a journal of the bearings 34
      and 36. Referring to FIGS. 1 and 3 the bearings 34 and 36 are similar in
      construction and each comprises a plurality (in this case 6) of bearing
      shoes 40 that are tiltable about a vertical axis. The shoes 40 have
      bearing surfaces confronting the external bearing surface of the shaft 14
      and cooperate therewith to support the radial thrust of the shaft and
      rotor. Each shoe is provided at its outer surface with a projection 42
      which rests in a notch 44 of the well 26 to provide vertical support for
      the shoe. Additional support for the shoes 40 is provided at their upper
      and lower ends by the projecting portions 46 which cooperate with the
      retaining shoulders 48 of the casing 10 to hold the bearing shoes in
      place. The shoes 40 are so mounted that they are free to tilt and thus
      adjust themselves to the proper position with respect to the bearing
      surface of the rotor 12.
PAR  In order to reduce the starting torque required to initiate rotation of the
      rotor 12 and prevent possible damage to the thrust bearing surfaces of the
      thrust bearing 18 means are provided for temporarily lifting the rotor
      until the rotor speed is great enough to cause a sufficient quantity of
      gaseous lubricant to be drawn between the thrust bearing surfaces to
      sustain the weight of the rotor. Within the tubular core 50 and axially
      slidable with respect thereto there is a rotor lifting tube 58 which at
      its upper end is provided with a solid head 60 and at its lower end has a
      rod-like extension 62. The head 60 has an upper peripheral flange 61 to
      which is sealed one end of a flexible bellows 64, the lower end of the
      bellows 64 being sealed to the top of collar 52. The function of the
      bellows is to prevent leakage from the cavity 27 into the interior of the
      sealed casing while permitting axial movement of the tube 58.
PAR  On the upper surface of head 60 there is formed a small well 66 which is so
      constructed as to receive and retain a ball bearing 68 that is adapted to
      fit into a conical notch 70 formed in the rotor 12. The arrangement is
      such that as the lifting tube 58 is moved upwardly the rotor 12 and more
      particularly the thrust collar 16 is lifted off of the thrust plate 18 and
      the weight of the rotor is supported on the ball bearing 68.
PAR  Means for moving the tube 58 upward to lift the rotor 12 are provided near
      the bottom of the casing 10. The rod-like extension 62 of the lifting tube
      58 extends downwardly through the block 72. In order to seal the cavity 27
      and prevent leakage therefrom past the extension 62 a packing is provided
      around the extension comprising a packing nut 78 which is threaded into
      the block 72 and bears against a suitable packing 80. Formed in the
      extension 62 there is a keyway 76 having slidable therein a key 74 that is
      fixed to the block 72 in such manner as to prevent rotational movement of
      the extension 62 and lifting tube 58 while permitting axial movement of
      the tube and extension.
PAR  The lower end of extension 62 is threaded to cooperate with a nut 82 in
      such manner that rotation of nut 82 produces axial movement of the
      extension 62 and consequently of the tube 58. Nut 82 has an inwardly
      extending flange 84 which cooperates with the peripheral portion of
      packing nut 78 to prevent axial movement of the nut 82 while permitting
      rotation thereof. Thus by rotation of nut 82 the tube 58 may be raised to
      cause the rotor 12 to be lifted to such an extent that the weight of the
      rotor is carried on the ball bearing 68. When the machine has come up to
      speed the nut 82 may be rotated in the opposite direction to lower the
      tube 58 and permit the rotor to be carried on the thrust bearing 18.
PAR  In order to cool the motor-stator 28 and also the shaft portion 14 of the
      rotor as well as the motor-rotor a suitable coolant such as water or oil
      is supplied to the central cavity 27. The coolant is introduced through a
      conduit 86 in block 72, flows upwardly around the motor-stator windings,
      thence through holes 88 in the flange 54 and holes 90 in the tube 58.
      Coolant flows down through tube 58 and then through holes 92 in the bottom
      of tube 58 and out through conduit 94 of block 72. As stated the coolant
      cools the motor-stator windings and also through the diaphragm 30 the
      motor-rotor 32 and shaft 14.
PAR  The outside of well 26 is also cooled. Surrounding the well 26 there is a
      coolant chamber 96, into which coolant is introduced through a conduit 98.
      The coolant flows in a generally upward direction through the chamber 96
      and then flows out of the chamber through a conduit 100. The coolant
      flowing through the chamber 96 aids in cooling the journal bearings 34 and
      36 and the shaft 14.
PAR  As previously indicated the motor blower unit described above may be used
      with particular advantage in pumping a highly corrosive gas, for example
      uranium hexafluoride, at pressures substantially below atmospheric
      pressure. The rotor 12 which includes a pump impeller 20 is completely
      sealed from the outside atmosphere as well as from the coolant and the
      casing, and the rotor may be made of materials resistant to the action of
      the corrosive gas. The pressure within the cavity 27 will normally be
      maintained at a value somewhat above atmospheric pressure and thus when
      the motor blower unit is used to pump a gas at a reduced pressure the
      pressure within diaphragm 30 will be greater than the pressure at the
      outer surface of the diaphragm, i.e. the pressure within the well 26 of
      the casing 10. Thus the diaphragm 30 in the present construction may be
      made much thinner than it could be when using the prior constructions
      wherein the greater pressure is exerted against the outside of the
      diaphragm and therefore the diaphragm must be made relatively heavy to
      prevent its collapse. The reduction in the thickness of the diaphragm that
      may be made when using the present construction substantially increases
      the operating efficiency of the motor.
PAR  A further advantage of the present motor construction arises out of the
      improved cooling that is obtainable. The coolant supplied to the cavity 27
      cools the interior of the rotor 12 and the coolant supplied to chamber 96
      cools the exterior of the rotor. Thus unusually effective cooling is
      obtained with the result that the efficiency of the motor is further
      improved and the impeller may be driven at the same speed with a
      relatively smaller motor or, if desired, at a higher speed with the same
      size motor.
PAR  A still further advantage of the present construction is the improved
      stability that is obtained. By locating the motor-stator within the rotor
      (as well as within the motor-rotor) a relatively large proportion of the
      exterior surface of the rotor may be used as the bearing surface of the
      journal bearings that support the radial thrust of the rotor. The journal
      bearings may be located closely adjacent one another and the rotor made
      relatively compact in construction so that a proportionately large bearing
      area compared to the total rotor mass is available for supporting the
      radial thrust of the rotor. In this way the stability of the rotating
      shaft and associated impeller may be substantially improved. This feature
      is of considerable importance in the case of gas-lubricated bearings where
      the attainment of desired stability presents a difficult problem. In such
      gas-lubricated bearings the tendency of the shaft to "whip" is very
      difficult to overcome. As the mass of the rotor increases "whip" tends to
      occur at lower speeds of rotation. Hence the present construction, wherein
      there is a relatively high ratio of bearing area to rotor mass, permits
      the use of higher speeds of rotation without undesirable "whip."
PAR  Still another advantage of the present construction is that the interior
      parts of the unit such as the motor-stator 28 are easily accessible for
      repairs. Such repairs may be effected simply by removing the bolts 73 and
      the flanged block 72.
PAR  It is to be understood that the foregoing description is illustrative only
      and that many changes might be made in the specific embodiment described.
      Thus, for example, the motor-rotor need not be a series of bars but may be
      a continuous sleeve of a conductive material such as copper or aluminum.
      Fixed journal shoes or a solid journal bearing may be used in place of the
      tiltable shoes 40. The lifting of the rotor during the starting up period
      may be effected by introducing a gas under pressure into the well 26 in
      any suitable manner as through the conduit 110 (see FIG. 1). Other
      variations will be apparent to those skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electric motor comprising, in combination, a hollow rotor having an
      external bearing surface, a motor-stator located within said hollow rotor,
      a plurality of tiltable bearing shoes having bearing surfaces confronting
      the external bearing surface of said rotor and adapted to cooperate
      therewith to support the radial thrust of said rotor, said bearing shoes
      being radially opposite at least a part of said motor-stator and a
      motor-rotor mounted on said rotor in operative relationship with respect
      to said motor-stator, said motor-rotor and said motor-stator cooperating
      to rotate said rotor.
NUM  2.
PAR  2. An electric motor comprising, in combination, a sealed housing having a
      thrust plate formed therein and having a re-entrant wall forming a central
      cavity in said housing, a rotor mounted within said housing, said rotor
      comprising a motor-rotor embracing said central cavity and a thrust collar
      adapted to cooperate with said thrust plate to support the axial thrust of
      said rotor and a motor-stator mounted in said cavity for cooperating with
      said motor-rotor to rotate said rotor, the portion of said re-entrant wall
      between said motor-stator and motor-rotor being made relatively thin to
      minimize electrical losses in said motor.
NUM  3.
PAR  3. An electric motor comprising, in combination, a sealed housing having a
      thrust plate formed therein and having a re-entrant wall forming a central
      cavity in said housing, a rotor mounted within said housing, said rotor
      comprising a motor-rotor embracing said central cavity and a thrust collar
      adapted to cooperate with said thrust plate to support the axial thrust of
      said rotor, a journal bearing within said housing for supporting the
      radial load of said rotor, and a motor-stator located within said central
      cavity and cooperating through a portion of said re-entrant wall with said
      motor-rotor to rotate said rotor, the portion of said re-entrant wall
      between said motor-stator and motor-rotor being made relatively thin to
      reduce electrical losses.
NUM  4.
PAR  4. An electric motor comprising, in combination, a sealed housing having a
      thrust plate formed therein and having a re-entrant wall forming a central
      cavity in said housing, said thrust plate having a recessed bearing
      surface, a rotor mounted within said housing, said rotor comprising a
      motor-rotor embracing said cavity and a thrust collar having a bearing
      surface adapted to cooperate with said recessed bearing surface to support
      the axial thrust of said rotor, one or more journal bearings within said
      housing for supporting the radial load of said rotor, and a motor-stator
      mounted within said cavity and adapted to cooperate through a relatively
      thin portion of said re-entrant wall with said motor-rotor to rotate said
      rotor.
NUM  5.
PAR  5. An electric motor comprising, in combination, a sealed housing having a
      thrust plate mounted therein and having a re-entrant wall forming a
      central cavity in said housing, a rotor mounted within said housing for
      rotation about a vertical axis, said rotor comprising a motor-rotor
      embracing said cavity and a thrust collar adapted to cooperate with said
      thrust plate to form a thrust bearing supporting said rotor, a
      motor-stator mounted within said cavity and adapted to cooperate through a
      relatively thin portion of said re-entrant wall with said motor-rotor to
      rotate said rotor, and lifting means for temporarily lifting said rotor
      until the speed of said rotor is sufficient to cause said thrust bearing
      to support said rotor.
NUM  6.
PAR  6. An electric motor comprising, in combination, a sealed housing having a
      thrust plate mounted therein and having a re-entrant wall forming a
      central cavity in said housing, a rotor mounted within said housing for
      rotation about a vertical axis, said rotor comprising a motor-rotor
      embracing said cavity and a thrust collar adapted to cooperate with said
      thrust plate to form a thrust bearing supporting said rotor, a
      motor-stator mounted within said cavity and adapted to cooperate through
      said re-entrant wall with said motor-rotor to rotate said rotor, lifting
      means for temporarily lifting said rotor until the speed of said rotor is
      sufficient to cause said thrust bearing to support said rotor, said
      lifitng means comprising a ball bearing adapted to support said rotor, a
      vertically movable supporting member for supporting said ball bearing, and
      means for moving said supporting member up and down to cause said ball
      bearing to engage and disengage said rotor as desired.
NUM  7.
PAR  7. An electric motor comprising, in combination, a sealed housing having a
      thrust plate formed therein and having a re-entrant wall forming a central
      cavity in said housing, a rotor within said housing, said rotor comprising
      a motor-rotor embracing said re-entrant wall and a thrust collar adapted
      to cooperate with said thrust plate to support the axial thrust of said
      rotor, a motor-stator within said cavity adapted to cooperate through a
      portion of said re-entrant wall with said motor-rotor to rotate said
      rotor; and cooling means for cooling said motor-stator and through said
      re-entrant wall said rotor.
NUM  8.
PAR  8. An electric motor comprising, in combination, a sealed housing having a
      thrust plate formed therein and having a re-entrant wall forming a central
      cavity in said housing, a rotor within said housing, said rotor comprising
      a motor-rotor embracing said re-entrant wall and a thrust collar adapted
      to cooperate with said thrust plate to support the axial thrust of said
      rotor, a motor-stator within said cavity adapted to cooperate through a
      relatively thin portion of said re-entrant wall with said motor-rotor to
      rotate said rotor, and cooling means for cooling said motor-stator, said
      cooling means comprising a coolant supply conduit for supplying a coolant
      to the interior of said cavity and to said motor-stator and an axial tube
      for removing said coolant from the inner portion of said cavity.
NUM  9.
PAR  9. An electric motor comprising, in combination, a sealed housing having a
      re-entrant wall forming a central cavity in said housing, a hollow shaft
      located in a well of said housing and partially embracing said cavity,
      motor means for rotating said shaft, said motor means comprising a
      motor-stator located within said cavity, a motor-rotor mounted on the
      inner surface of said hollow shaft and a relatively thin diaphragm forming
      part of said re-entrant wall and located between said motor-stator and
      motor-rotor, first cooling means for cooling said cavity and through said
      diaphragm said shaft, and second cooling means for cooling the exterior of
      said wall and through said wall said shaft.
NUM  10.
PAR  10. An electric motor comprising, in combination, a sealed housing having a
      re-entrant wall forming a central cavity in said housing, a hollow shaft
      located in a well of said housing and partially embracing said cavity,
      motor means for rotating said shaft, said motor means comprising a
      motor-stator located within said cavity, a motor-rotor mounted on the
      inner surface of said hollow shaft and a relatively thin diaphragm forming
      part of said re-entrant wall and located between said motor-stator and
      motor-rotor, first cooling means comprising a coolant supply conduit for
      supplying a coolant to the interior of said cavity and to said
      motor-stator and an axial tube extending into said cavity for removing
      coolant from the interior of said cavity, and second cooling means
      comprising a chamber formed in said housing adjacent said well and coolant
      inlet and outlet means for supplying coolant to said chamber, said first
      and second cooling means cooperating to cool said hollow shaft from both
      the inside and outside thereof.
NUM  11.
PAR  11. A hermetically sealed motor blower unit comprising, in combination, a
      sealed housing having a thrust plate formed therein and having a
      re-entrant wall forming a central cavity in said housing, a rotor mounted
      within said housing, said rotor comprising an impeller, a motor-rotor
      embracing said cavity and a thrust collar adapted to cooperate with said
      thrust plate to support the axial thrust of said rotor, electric motor
      means for rotating said rotor, said motor means comprising said
      motor-rotor, a motor-stator positioned within said cavity and a relatively
      thin diaphragm forming part of said re-entrant wall and located between
      said motor-stator and said motor-rotor, the bearing surfaces of said
      thrust plate and thrust collar being in free communication with the
      discharge of said impeller, whereby fluid pumped by said impeller can flow
      directly to said bearing surfaces to lubricate them.
NUM  12.
PAR  12. A hermetically sealed motor blower unit comprising, in combination, a
      sealed housing having a thrust plate formed therein and having a
      re-entrant wall forming a central cavity in said housing, a rotor mounted
      within said housing, said rotor comprising an impeller, a hollow shaft
      embracing said cavity and a thrust collar adapted to cooperate with said
      thrust plate to support the axial thrust of said shaft, and electric motor
      means for rotating said rotor, said motor means comprising a motor-stator
      within said cavity, a motor-rotor mounted in said rotor, and a relatively
      thin diaphragm forming part of said re-entrant wall and located between
      said motor-stator and motor-rotor, the bearing surfaces of said thrust
      plate and thrust collar being in free communication with the discharge of
      said impeller, whereby fluid pumped by said impeller can flow directly to
      said bearing surfaces to lubricate them.
NUM  13.
PAR  13. A hermetically sealed motor blower unit comprising, in combination, a
      sealed housing having a thrust plate mounted therein and having a
      re-entrant wall forming a central cavity in said housing, a rotor within
      said housing, said rotor comprising an impeller, a hollow shaft embracing
      said cavity and a thrust collar adapted to cooperate with said thrust
      plate to support the axial thrust of said shaft, one or more journal
      bearings within said housing for supporting the radial load of said shaft
      and electric motor means for rotating said rotor, said motor means
      comprising a motor-stator located within said cavity and adapted to
      cooperate through a portion of said re-entrant wall with a motor-rotor
      mounted within said hollow shaft, the portion of said re-entrant wall
      located between said motor-stator and said motor-rotor being made
      relatively thin to reduce electrical losses, the bearing surfaces of said
      thrust plate, thrust collar and journal bearings being in communication
      with the discharge of said impeller, whereby fluid pumped by said impeller
      can flow directly to said bearing surfaces to lubricate them.
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ABST
PAL  Multiaxially oriented containers are formed from an extruded, molecularly
      orientable thermoplastic parison having a programmed wall thickness. The
      parison while at extrusion temperature is sealed at one end and expanded
      incrementally in a conditioning mold into the shape of a preform which is
      allowed to set therein for a brief time period in order to develop an
      outer skin at reduced temperature. The full wall of the variable thickness
      preform is then reduced in temperature to within the orientation
      temperature range and the preform then stretched longitudinally and
      expanded radially in a finishing mold to develop axial and radial
      orientation while forming the container. Since the thicker portion(s) of
      the programmed parison do not cool as much in the conditioning mold as do
      the thinner portion(s) they consequently subsequently stretch to a greater
      extent, and this phenomenom must be compensated for in the initial
      programming step. The container finish is preferably formed in the
      conditioning mold while the thermoplastic is at elevated temperature. The
      molecularly orientable thermoplastic may be a high
      nitrile-group-containing polymer having excellent barrier properties of
      the type covered by the trademark LOPAC.
PARN
PAR  This is a division, of copending application Ser. No. 336,023, filed Feb.
      26, 1973, which in turn is a division of application Ser. No. 148,544,
      filed June 1, 1971, now U.S. Pat. No. 3,754,851.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed toward blow molding containers from tubular
      parisons and more particularly to blow molding containers where the
      thermoplastic is multiaxially molecularly oriented during forming.
PAR  It is known to molecularly orient thermoplastics in systems wherein such
      materials are being blow molded into hollow articles such as containers.
      Such molecular orientation is highly desirable, when the thermoplastic is
      of such a nature that orientation can be developed therein, since it can
      represent an attractive route toward improving the strength properties of
      the finished container. Alternative ways of improving strength involve
      changing the chemical structure of the thermoplastic during synthesis by
      means of strength imparting modifiers, or by increasing the wall thickness
      of the finished article. The former alternative may undesirably affect
      other properties of the material while the latter is rather costly,
      especially when the thermoplastic is one of the more recently developed
      low permeability nitrile based resins known as LOPAC, a registered
      trademark of Monsanto Company. Accordingly it would seem desirable to
      develop such orientation during the forming operation since in any event
      the plastic must be molded in some way into the shape of the finished
      article.
PAR  Generally speaking, to molecularly orient an orientable thermoplastic, its
      temperature must be within a particular range at the time the material is
      stretched to develop the orientation, this range being lower than the
      temperature at which the thermoplastic is extruded yet considerably above
      room temperature.
PAR  Prior art teachings for developing such molecular orientation, such as that
      disclosed in U.S. Pat. No. 3,470,282, have been based on injection molding
      the thermoplastic followed by temperature conditioning and stretching
      axially and radially in the blow mold. Though this technique is generally
      satisfactory, it is not without its shortcomings. As is also known, it is
      highly desirable to develop a preselected distribution of wall thickness
      in the thermoplastic prior to final blowing in order to compensate for the
      different amount of stretching that occurs during blowing and consequently
      to achieve fairly uniform wall thickness in the finished article, or
      alternatively to provide a particular area of the finished article which
      has a different wall thickness than other areas for performance purposes.
      When the parison is formed by injection molding, the position of the
      entire injection mold surface corresponding to the parison shape must be
      controlled to obtain such a programmed parison whereas only the position
      of the much less extensive surfaces defining an annular outlet orifice
      need be controlled to vary the parison wall thickness when forming by
      extrusion. In addition, very high temperatures and pressures and
      consequently heavy equipment are required for injection molding, such
      temperature and pressure conditions possibly being deleterious in the
      sense of promoting degradation when the thermoplastic is of the heat
      sensitive variety. Also,when the thermoplastic is relatively viscous and
      stiff in flow at molding conditions, it may not be possible to
      conveniently inject such material into narrow injection molding cavities,
      or, put another way, the size of the container which is possible to mold
      from such materials may be restricted since the material will not flow
      sufficiently far into the relatively narrow, deep, injection mold without
      undesirably deflecting the inner core pin. Also, it has been found that in
      transferring an injection molded parison to the blow molding station, it
      has a tendency to undesirably shrink and curl, possibly due to the flow
      orientation developed in the thermoplastic during the injection molding
      step.
PAR  Other prior art techniques, such as that disclosed in U.S. Pat. No.
      3,294,885 and other related patents, teach reheating the thermoplastic
      back up to orientation temperature after initial cooling and prior to
      stretching. Though such techniques are again considered generally
      satisfactory under certain conditions, if the parison is programmed such
      that the wall thickness is varied as discussed previously, it is difficult
      to achieve a relatively uniform temperature through the full wall of the
      varying thickness material without using a special zone type of heating
      approach, and if substantial temperature gradients exist across the
      parison thickness the extent of stretch and consequently of molecular
      orientation will vary, i.e. the hot thin sections will stretch greater
      than the cooler thicker sections and the desired orientation level and
      material distribution pattern in the finished container may not be
      attainable.
PAR  Other problems with prior art blow molding orientation tehcniques have
      occurred in the area of manipulating the thermoplastic while at
      orientation temperature, e.g. shaping the finish of the container and/or
      forming a welded seal. Special heated mold members and/or multi-arm
      sealing mechanisms such as that set forth in U.S. Pat. No. 3,430,290 have
      been used in the past.
PAC  SUMMARY OF THE INVENTION
PAR  Now, however, there has been developed a unique process for providing
      multiaxial orientation in a blow molded article, which overcomes the
      aforementioned difficulties of the prior art.
PAR  Accordingly, it is a principal object of this invention to provide an
      improved combination of process steps for forming multiaxially oriented
      blow molded thermoplastic articles such as containers.
PAR  Another object of this invention is to provide such an improved process
      wherein the latent heat added to the thermoplastic during extrusion is
      utilized to bring the material to a temperature at which substantial
      molecular orientation of the thermoplastic occurs on stretching.
PAR  A further object of this invention is to provide such an improved process
      wherein a preselected wall thickness pattern of the material in the
      finished container is readily achievable by controlling the distribution
      of material in the parison from which the container is eventually formed.
PAR  An additional object of this invention is to provide such an improved
      method capable of producing multiaxially oriented containers at high
      speeds on a continuous basis.
PAR  Another object of this invention is to provide such an improved method
      wherein the affect of wall thickness on orientation temperature is minimal
      and not critical.
PAR  A further object of this invention is to provide an improved method of blow
      molding multiaxially oriented containers which is especially adaptable for
      use with high nitrile-group-containing thermoplastic polymers.
PAR  A further object of this invention is to provide means for carrying out the
      above mentioned objects.
PAR  Other objects of this invention will in part be obvious and will in part
      appear hereinafter.
PAR  These and other objects are accomplished by providing a method of making a
      multiaxially oriented container having a controlled distribution of wall
      thickness which comprises extruding a molecularly orientable thermoplastic
      parison at a temperature above that at which substantial molecular
      orientation occurs, increasing the thickness of one portion of the parison
      with respect to another portion during extrusion, exposing the variable
      wall thickness parison to a temperature conditioning medium to bring its
      temperature to within the range at which substantial molecular orientation
      can occur, the temperature of the increased thickness portion of the
      parison being incrementally greater than said another portion of the
      parison, elongating the temperature conditioned parison to develop unaxial
      orientation, said elongating causing the thickened parison portion to
      stretch more than said another parison portion such that the wall
      thickness of the increased thickness portion is reduced and approaches
      that of said another portion, and expanding the thus elongated parison
      radially outwardly against the walls of a cavity of a blow mold
      corresponding to the configuration of the container to develop radial
      orientation and form said container.
PAR  In its more specific aspects, the method may include closing separated
      sections of a conditioning mold on a portion of the variable wall
      thickness parison just after it has been extruded and while it is at
      extrusion temperature, while pinching its open end shut in the joint
      between the conditioning mold sections and introducing pressurized fluid
      into the thus closed conditioning mold to incrementally expand the parison
      outwardly into contact with cooled surfaces of a cavity to form a preform
      of varying wall thickness having an outer skin at reduced temperature
      which is capable of supporting itself suring transfer to subsequent phases
      of the process. The method disclosed is particularly suitable for
      processing high nitrile-group-containing thermoplastics wherein at least
      60 percent by weight of the thermoplastic has been polymerized from a
      nitrile group containing monomer such as methacrylonitrile, the
      thermoplastic including at least one polymerized comonomer having at least
      one ethylenically unsaturated bond in its molecular structure, such as
      styrene.
PAR  The apparatus of the invention includes the parison conditioning mold
      upstream of the temperature conditioning means, said conditioning mold
      having an external cavity similar to but smaller in surface area than the
      cavity of the finishing blow mold, and including means for cooling the
      walls of this internal cavity.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In describing the overall invention, reference will be made to the
      accompanying drawings wherein:
PAR  FIGS. 1-5 are partially sectioned, schematic, elevational views of a
      combination of apparatus parts illustrating successive steps in the
      process of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  Referring now to the drawings, there is illustrated in FIGS. 1-5, various
      parts of an integrated apparatus combination for forming multiaxially
      oriented containers having a controlled distribution of wall thickness
      therein.
PAR  The first portion of this apparatus combination illustrated in FIG. 1,
      comprises surface means, generally indicated as 10, for forming a parison
      12. Surface means 10 comprises extruder head 14 having an axially movable
      mandrel 16 disposed therein. Head 14 has an end portion, which may
      converge inwardly as at 18, and which cooperates with tip member 20 at the
      forward end of mandrel 16 to define an annular extrusion outlet orifice
      between the inner surface 112 of end portion 18 and the outer surface 110
      of tip member 20. "Extrusion", as herein utilized, is meant to define the
      forcing of a thermoplastic at elevated temperature through an annular
      outlet orifice formed by surface means such as tip member 20 and end
      portion 18 of an extruder head to form an elongated, unconfined, open
      ended, hollow tubular parison, such as 12.
PAR  Means, generally indicated as 22, are provided for programming the wall
      thickness of the thermoplastic during its formation into parison 12.
      Programming means 22 preferably comprises the system illustrated and
      described in complete detail in copending application Ser. No. 851,521,
      filed June 26, 1969, now U.S. No. 3,697,632, and assigned to the assignee
      of the present invention, the disclosure of which is incorporated herein
      by reference. Such programming means in the illustrated embodiment of FIG.
      1 includes a housing 24 associated with the upper portion of mandrel 16
      and piston 26 on the upper portion of mandrel 16 which is reciprocatably
      operable within housing 24 by means of the application of pressurized
      fluid on either side of piston 26 through nozzles 28 and 30.
PAR  Positioned downstream of surface means 10 and programming means 22 is a
      parison conditioning mold generally indicated as 32 in FIG. 2.
      Conditioning mold 32 comprises separable sections 34 and 36 which together
      define internal cavity 38 when in closed position. Cavity 38 is similar to
      but smaller in surface area than that of the cavity within which the
      finished container is to be molded. In the embodiment of FIG. 2, cavity 38
      is in the form of an elongated cylinder having a portion 40 above its
      center corresponding to the neck finish of a bottle, which may include
      thread defining portions 39 and shoulder 41. Also included as part of
      cavity 38, is moile holding section 42 immediately adjacent neck finish
      defining portion 40, neck flash holding section 44 at the upper end of
      cavity 38 and "tail" flash holding portion 46 at the lower end of mold 32.
      Conditioning mold 32 further includes means for regulating the surface
      temperature of the wall of internal cavity 38 which, in the illustrated
      embodiment, comprises a series of internal channels 43 adjacent the
      surface of cavity 38 through which conventional cooling means may be
      circulated to reduce the surface temperature of cavity 38.
PAR  First means, generally indicated as 48, are provided for expanding parison
      12 in cavity 38, which in the illustrated embodiment, comprises hollow
      needle 50 mounted on piston 52 which is operable in a bore formed in
      conditioning mold section 36 by means of pressurized fluid introduced
      through passage 54.
PAR  Temperature conditioning means separate from such conditioning mold and
      finishing mold, to be described, generally indicated at 56 in FIG. 3, are
      provided downstream of conditioning mold 32 for bringing the temperature
      of preform 80 formed from parison 12 to within the range at which
      substantial molecular orientation occurs on stretching. Means 56 in the
      illustrated embodiment of FIG. 3, comprise housing 58 having inlet 60 and
      outlet 62 formed therein for passage of temperature conditioned air
      therethrough to reduce the temperature of one or more thermoplastic
      preforms 80 to the desired orientation temperature. Such preforms are
      seated in holders 64 which are suspended from carrier plate 66 which in
      turn is rotated by drive means 68, which may include an electric motor 70
      and associated gear reducer 72.
PAR  Means 74 may be provided (FIG. 3) for transferring a parison portion when
      shaped into a preform from conditioning mold 32 to the temperature
      conditioning means 56. Transfer means 74 may include a pair of jaws 76 and
      78 which are closeable around the illustrated protruding surface portion
      of moile section 49 of preform 80.
PAR  Finishing mold 82 (FIG. 4) is provided downstream of conditioning mold 38
      and has an internal cavity configuration 84 conforming to the shape of the
      container to be molded therein. Finishing mold 82 includes separable
      sections 86 and 88 which when in the closed position together define
      cavity 84. In the embodiment illustrated in FIGS. 4 and 5, cavity 84
      depicts the configuration of a bottle which is a registered trademark of
      the Coca-Cola Company. Mold 82, in the embodiment of FIG. 4, has an open
      end 90 for the purpose of admitting shaft 96 into cavity 84, and is also
      equipped with cooling means for regulating the surface temperature of the
      wall of cavity 84. Such cooling means also may comprise a series of
      channels 92 through which a suitable cooling medium may be circulated in a
      well known manner.
PAR  Means 94 (FIG. 4) operable through opening 90 in finishing mold 82 are
      provided for longitudinally stretching preform 80 prior to full radial
      expansion in finishing mold 82. Such stretching means may include axially
      extending shaft 96 having a foot portion 98 on its leading end and a
      hollow passage 100 formed therein.
PAR  Second means, distinct from the first expanding means 48, which function in
      conditioning mold 38, are provided for expanding the parison portion or
      preform 80 in finishing mold 82. Such second means include a source of
      pressurized fluid supply (not shown) connected by conventional conduits to
      passage 100 in shaft 96. Resilient sealing member 102 supported on
      retaining ring 104 is provided for compressively seating on upper surface
      portion 106 around opening 90 of finishing mold 82 to seal the interior
      portion of preform 80 from the surroundings during the container forming
      step.
PAR  In operation, a molecularly orientable thermoplastic 108, (FIG. 1) such as
      a high nitrile-group-containing polymer comprising 90% of polymerized
      methacrylonitrile and 10% polymerized styrene, is forced through extrusion
      head 14 by means of a conventional extruder (not shown) toward surface
      means 10. Though the preferred material for use in the method of the
      present invention is such a high nitrile-group-containing polymer, it
      should be understood that any molecularly orientable thermoplastic may be
      utilized. Typical alternative thermoplastics include polymerized 1-olefins
      such as polyethylene and polypropylene, and polyvinyl chloride. Polymer
      108 is forced between outer surface 110 of tip member 20 and inner surface
      112 of end portion 18 of extruder head 14 in a continuous manner to form
      elongated, unconfined, open ended, hollow parison 12 at a temperature in
      excess of that at which substantial molecular orientation occurs on
      stretching. Such a temperature for the high nitrile-group-containing
      polymer of the illustrated embodiment is within the range of between
      400.degree. to 500.degree.F.
PAR  As thermoplastic 108 is being forced through surface means 10, piston 26,
      by means of pressurized fluid introduced through nozzle 30 is forced
      upwardly so as to increase the size of the opening between tip member 20
      and end portion 18, thereby correspondingly increasing the thickness of
      the wall of parison 12 during its extrusion, as illustrated in FIG. 1.
      Such upward movement may be caused to occur at the precise time during the
      extrusion that the parison portion which will define portion 115 of bottle
      114 (FIG. 5) adjacent its neck finish 45, is issuing from the outlet. Such
      a preselected increase in wall thickness is readily achievable by means of
      the technique disclosed in copending application Ser. No. 851,521, filed
      June 26, 1969, now U.S. Pat. No. 3,697,632. Obviously, downward movement
      of tip member 20 to decrease the size of the opening will decrease the
      thickness of the wall of extruding parison 12.
PAR  When a sufficient portion of parison 12 to occupy the desired space between
      sections 34 and 36 of mold 38 has been extruded, sections 34 and 36 are
      caused to come together on such a portion of said variable wall thickness
      parison 12, and in so doing, its open end 116 is pinched shut by means of
      pinch lands 118 in the joint between sections 36 and 34. The variable wall
      thickness parison is thus enclosed within conditioning mold 32. The other
      end of the parison portion may be severed from the extrusion head 14 by
      conventional knife means (not shown) or may be isolated from head 14 by
      clamping between pinch lands 120 at the upper end of mold 32. As can be
      appreciated, since the temperature of the thermoplastic of parison 12 is
      relatively high at this stage of the process, no difficulty will be
      encountered in forming a tight welded end(s) between the surfaces of the
      pinch lands of conditioning mold 32. After the portion of the parison for
      shaping within conditioning mold 32 has been extruded and enclosed,
      conditioning mold 32 is moved away from surface means 10 such that another
      similar conditioning mold may enclose the next subsequent parison portion
      being continuously extruded and programmed in the manner illustrated in
      FIG. 1.
PAR  Hollow needle 50 is then caused to reciprocate through the wall of the
      enclosed parison in the flash defining portion 51 thereof, whereupon
      pressurized fluid is introduced through passage 54, the interior of needle
      50 and then into the mold enclosed parison portion to expand it
      incrementally outwardly into contact with the cooled surfaces of cavity
      38, thereby forming a self supporting preform of varying wall thickness,
      such preform having an outer skin at reduced temperature due to its
      contact with the cooled surface of cavity 38. The extent of outward
      expansion of the variable wall thickness parison portion within
      conditioning mold 32 is minimal, is rather critical, and should be between
      150 to 300% of the smallest inside diameter of the parison portion formed
      during extrusion. For example, as can be seen from FIG. 2, the portion 81
      of preform 80 after expansion is not greatly reduced in thickness over
      that which it had when issuing from surface means 10 in FIG. 1, (for
      example, from 0.250 to 0.180 inch). This is important, since if the extent
      of expansion occurring in conditioning mold 32 is too great, the stresses
      which necessarily must be developed in the thermoplastic to provide the
      desired molecular orientation cannot be sufficiently generated during the
      subsequent blowing step if the initial expansion at the elevated extrusion
      temperature (whereat such stresses cannot be developed) is excessive. On
      the other hand, some expansion is required and is preferably that which is
      necessary to form molded neck finish 45 on preform 80 while the
      thermoplastic is within the general temperature range of 400.degree. to
      500.degree.F., such neck finish molding also desirably being carried out
      at this elevated thermoplastic temperature in order to accurately define
      the rather critical closure supporting surfaces of bottle 114. Such
      expansion is also desirous for the purpose of forming an outer reduced
      temperature skin on the preform relatively quickly in order that it be
      able to support itself without use of auxiliary means during the
      subsequent transfer stages of the process.
PAR  After a relatively brief period of time (e.g. on the order of 5 to 15
      second(s) subsequent to the expansion of the parison portion in
      conditioning mold 32) sections 34 and 36 are caused to be separated and
      the preform 80 having a blown, accurately defined neck finish 45, ejected
      from mold 32 which is then immediately available to accept another parison
      portion for the next cycle. Opposing jaws 76 and 78 then close on the
      moile section of preform 80 and transport and deposit it, (either manually
      or in an automated fashion) in holders 60 of temperature conditioning
      means 56. However, the moile section and neck flash may be removed, if
      desired, between conditioning mold 38 and temperature conditioning means
      56 by means of the technique disclosed in copending application Ser. No.
      120,514, filed Mar. 3, 1971, now U.S. Pat. No. 3,754,851, and assigned to
      the assignee of the present invention. Likewise, the tail section 47 (FIG.
      2) may be broken away in a conventional manner either at this stage of the
      process, i.e. after preform shaping and prior to final blowing, or after
      final blowing of bottle 114. Since the thermoplastic is still quite
      pliable at this stage of the process in comparison with its subsequent
      condition, removal of the waste portions at this stage is facilitated.
PAR  Preform 80 is retained in temperature conditioning means 56 for a period of
      time sufficient to reduce the temperature of the termoplastic such that it
      is within the range at which substantial molecular orientation can occur
      on stretching. For the high nitrile-group-containing polymer of the
      illustrated embodiment, this range is between about 250.degree. to
      350.degree.F., and will vary somewhat from this range for other
      thermoplastics. As will be appreciated, the temperature of the outer skin
      of the preform developed through shock chill contact with cooled surfaces
      of cavity 38 of conditioning mold 32 will tend to increase as a result of
      its heat conductive contact with the hotter inner surfaces of the integral
      preform wall. Also, the thicker portion 81 of preform 80 will be at a
      slightly greater temperature than that of unthickened adjoining
      portion(s), since, for a given period of time, the amount of heat
      extracted from the thicker portion will be less than that from the thinner
      portion(s), though it is important that the entire wall of the preform
      still be within a temperature range at which substantial molecular
      orientation can occur on leaving temperature conditioning means 56. The
      time during which the preform will be exposed to a temperature
      conditioning medium is obviously dependent on the temperature and nature
      of the latter, the nature of the thermoplastic and the thickness and
      temperature of the preform. Generally speaking the time of exposure to
      such a medium for most orientable thermoplastics is between 5 to 200
      seconds.
PAR  After the thermoplastic of the wall of preform 80 has been brought within
      the molecular orientation temperature range, it is removed from holder 64,
      either automatically or manually, and transferred to a position between
      the open sections of finishing mold 82, which are then closed thereon to
      enclose it within cavity 84 of sections 86 and 88. As is apparent from
      FIG. 4, the thus enclosed preform 80 is well supported at annular shelf
      122 formed in each of sections 86 and 88. In the embodiment illustrated in
      FIG. 4, the moil 49 and waste section 51 above neck finish 45 must have
      been removed at this stage of the process in order for shaft 96 to enter
      the supported parison. However, it should be understood that preform 80
      could be formed in conditioning mold 32 without closing off one end,
      whereupon such an open ended preform could be positioned in finishing mold
      82 without removing the flash adjacent the neck finish. In any event,
      prior to final blowing, and the illustrated embodiment, after it is
      enclosed within mold 32, the length of the temperature conditioned preform
      80 is increased by introducing foot 98 on shaft 96 against the inner
      surface of the closed end thereof such that the preform is stretched
      longitudinally toward lower surface 124 of cavity 84 of finishing mold 82.
      Such longitudinal stretching, while within the molecular orientation
      temperature range, serves to develop uniaxial molecular orientation in the
      thermoplastic. Also, since thickened portion 81 of preform 80 is at an
      incrementally greater temperature than an adjoining unthickened portion(s)
      thereof, such elongation causes the thick portion to stretch more than the
      cooler thinner portion with the result that thermoplastic from the thick
      section 81 moves into the thinner section which eventually forms the base
      area 117 of bottle 114. Thus, contrary to expectations, to program
      material into the base of the bottle in the present invention, it is
      necessary to add it to that part of the preform adjacent the neck and well
      above the lower section of the preform. After the preform has been thus
      stretched in the axial direction, and preferably after the closed end is
      forced against base portion 124 of the cavity, pressurized fluid is
      introduced through passage 100 in shaft 96 to expand the elongated parison
      or preform radially outwardly against the walls of cavity 84 and thus
      develop radial orientation in the temperature conditioned thermoplastic
      while forming the body of the container. On contacting the cooled surfaces
      of cavity 84, the temperature of the thermoplastic will be reduced
      sufficiently further to lock in the orientation stresses produced during
      the longitudinal and radial stretching of the thermoplastic. As can be
      appreciated, the thin cooler sections of preform 80 will stretch during
      final expansion less than thicker hotter sections thereof (e.g. that
      identified as 81) thereby producing a relatively uniform wall thickness
      distribution in both the axial and circumferential directions in the
      finished container, even though the extent of stretching during the final
      blowing must necessarily vary in order to produce the variable diameter
      container 114.
PAR  The above description and particularly the drawings are set forth for
      purposes of illustration only and are not to be taken in a limited sense.
PAR  Though any type of orientable thermoplastic may be used in the present
      invention, the preferred thermoplastics are those wherein a major
      component thereof has been polymerized from a monomer containing at least
      one nitrile group (--CN) in its molecular structure. This
      nitrile-group-bearing polymerized monomer should be present at a level of
      at least 60 percent by weight in the thermoplastic, and preferably at a
      level of between 85 to 95 weight percent, in order to provide the formed
      article with the combination of chemical and physical properties which
      necessarily must be present in order that the article be effective in the
      preferred use of packaging environmentally sensitive materials. When
      shaping such polymers according to the technique of the present invention,
      the temperature of the thermoplastic during the various stages of the
      process should be within the following ranges in order to obtain the
      desired molecular orientation and material distribution in the finished
      product: extrusion -- 400.degree. to 500.degree.F.; after conditioning and
      during longitudinal and radial stretching -- 250.degree. to 325.degree.F.
      The temperature will vary within the limits of the aforementioned ranges
      depending on the level of the nitrile group containing constituent in the
      polymer. Generally speaking, as the level of the nitrile group containing
      constitutent in the polymer is increased, the temperature of the
      thermoplastic during the various steps of the process should accordingly
      be increased whereas the reverse should be done as the level is decreased
      toward 60 weight percent.
PAR  Typical of the high nitrile-group-containing monomers suitable for use in
      the thermoplastics processable according to the present invention are, for
      example, acrylonitrile, methacrylonitrile, ethacrylonitrile,
      propacrylonitrile, alphachloroacrylonitrile, alpha-bromoacrylonitrile,
      alpha-fluoroacrylonitrile, alpha-cyano-styrene, vinyldene cyanide,
      alpha-cyano acrylic acids, alpha-cyano acrylates such as alpha-cyano
      methyl acrylates, alphacyano ethyl acrylates, and the like, 2,
      3-dicyanobutene-2, 1, 2-dicyanopropene-1, alpha-methylene glutaronitrile,
      and the like. The preferred monomers are acrylonitrile and
      methacrylonitrile with the latter being particularly preferred.
PAR  Any monomer or monomers which are copolymerizable with the
      nitrile-group-containing component of the polymer may be employed in the
      practice of this invention. Such a co-monomer is present for the purpose
      of improving melt processing (parison shaping) of the thermoplastic, since
      if there is an excess of CN groups in the polymer, the material becomes
      polar and this tends to reduce the melt processability characteristic of
      the polymer. The co-monomer tends to reduce this tendency but not
      sufficiently so as to destroy the barrier properties imparted by the
      nitrile-group-containing constituent. This co-monomer can be present up to
      a level of 40 perecent by weight, 5 to 15 percent by weight being
      preferred. Exemplary of such monomers are ethylenically unsatufated
      aromatic compounds such as styrene, alpha-methyl styrene, ortho-, meta-,
      and para- substituted alkyl styrenes, e.g., ortho-methyl styrene,
      ortho-ethyl styrene, para-methyl styrene, paraethyl styrene, ortho-,
      meta-, or para- propyl styrene, ortho-, meta-, or para-isopropyl styrene,
      ortho-, meta-, para-butyl styrene, ortho-, meta-, or para- secondary butyl
      styrene, ortho-, meta-, or para- tertiary butyl styrene, etc.,
      alpha-halogenated styrene, e.g., alpha-chlorostyrene, alphabromostyrene,
      ring-substituted halogenated styrenes, e.g., ortho-chlorostyrene,
      para-chlorostyrene, and the like; esters of ethylenically unsaturated
      carboxylic acids e.g., methyl acrylate, methyl methacrylate, ethyl
      methacrylate, ethyl acrylate, butylacrylate, propyl acrylate, butyl
      methacrylate, glycidol acrylate, glycidol methacrylate, and the like,
      ethylenically unsaturated acids, carboxylic acids such as acrylic acid,
      methacrylic acid, propacrylic acid, crotonic acid, citraconic acid, and
      the like. Vinyl esters, e.g., vinyl formate, vinyl acetate, vinyl
      propionate, vinyl butyrate, etc.; vinyl and vinylidene halides, e.g.,
      vinyl chloride, vinyl bromides, vinylidene chloride, vinylidene chloride,
      vinyl fluorides, etc.; vinyl ethers, e.g. methyl vinyl ether, ethyl vinyl
      ether, alpha-olefins, e.g., ethylene, propylene, butene, pentene, hexene,
      heptene, oxtene, isobutene, and other isomers thereof.
PAR  When it is desired to provide the finished article with substantially
      enhanced physical properties, up to 40 percent by weight of impact
      modifying materials which are compatible with the high nitrile based
      polymer of the resin may be used. The proportion of such materials when
      considered with the level of non-nitrile-group containing material in the
      polymer should not be allowed to exceed 40 percent if radical shifts in
      property levels of the finished product are to be avoided. Typical impact
      modifiers which may be blended with the polymer of the present invention
      are synethtic or natural rubber components such as, for example,
      polybutadiene, butadiene-styrene copolymers, isoprene, neeoprene, nitrile
      rubbers, acrylate rubbers, natural rubbers, interpolymers of butadiene
      with acrylonitrile, methacrylonitrile, tertiary butyl styrene, styrene and
      mixtures thereof such as acrylonitrile-butadiene copolymers,
      methacrylonitrile-butadiene copolymer, acrylonitrile-styrene-butadiene
      terpolymers, methacrylonitrile-styrene-butadiene terpolymers,
      methacrylonitrile-tertiarybutyl styrene-butadiene terpolymers,
      acrylonitrile-tertiarybutyl styrene-butadiene terpolymers,
      ethylene-propylene copolymers, chlorinated or fluorinated rubbers, etc.
      Other tough polymers, not considered or known as rubber based materials
      may be used as impact modifiers. These include polycarbonate,
      polyethylene, polyethylene/vinyl acetate, polyethylene/vinyl alcohol,
      polyamides, polyketones, phenoxies, polyacetals, and silicones.
PAR  The above description and particularly the drawings are set forth for
      purposes of illustration only and are not to be taken in a limited sense.
      Various modifications and alterations will be readily suggested to persons
      skilled in the art. It is intended, therefore, that the foregoing be
      considered as exemplary only and that the scope of the invention be
      ascertained from the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for forming biaxially oriented containers comprising:
PA1  a. surface means for forming a parison;
PA1  b. a conditioning mold downstream of said surface means, said conditioning
      mold having an internal cavity smaller in surface area than that of said
      container, said conditioning mold including cooling means for regulating
      the surface temperature of the wall of said internal cavity;
PA1  c. a finishing mold downstream of the conditioning mold, said finishing
      mold having an internal cavity configuration conforming to that of the
      container and having cooling means for regulating the surface temperature
      of the wall of the cavity of said finishing mold;
PA1  d. first means for expanding the parison in the conditioning mold to form a
      preform;
PA1  e. means for longitudinally stretching the preform subsequent to expansion
      in the conditioning mold and prior to expansion in the finishing mold;
PA1  f. temperature conditioning means separate from said conditioning mold and
      finishing mold for bringing the temperature of the preform to within the
      range at which substantial molecular orientation occurs on stretching; and
PA1  g. second means distinct from said first means for expanding the preform in
      the finishing mold.
NUM  2.
PAR  2. The apparatus of claim 1 wherein the internal caviy of the conditioning
      mold is in the form of an elongated cylinder having a portion adjacent one
      end corresponding to a neck finish section of said container.
NUM  3.
PAR  3. The apparatus of claim 1 including means for transferring the preform
      from the conditioning mold to the temperature conditioning means.
NUM  4.
PAR  4. The apparatus of claim 2 wherein said conditioning mold has a moile
      holding section adjacent the neck finish defining portion of the internal
      cavity.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said temperature conditioning means is
      between the conditioning mold and finishing mold.
NUM  6.
PAR  6. The apparatus of claim 1 including:
PA1  means for programming the wall thickness of the parison during forming
      thereof.
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ABST
PAL  A press for treatment of material includes a high pressure chamber formed
      of a vertical high pressure cylinder having end closures projecting into
      the cylinder and a press stand with a clear opening which is somewhat
      greater than the length of the high pressure chamber when the end closures
      are fully inserted. The high pressure cylinder is mounted on a carrying
      device which can move it into the clear opening of the press stand with
      gaps between the press stand and the end closures. One of the end closures
      is constituted by a piston slidable in the high pressure chamber. This
      piston has an annular portion which is slidable in an annular space formed
      at the end of the high pressure cylinder. Fluid under pressure can be
      supplied to the space on the side of the annular projection facing away
      from the high pressure cylinder to move the piston into the high pressure
      chamber and holding it there during movement of the high pressure chamber
      into the press stand, whereafter such pressure fluid can be released.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a press with a preferably vertically
      arranged high pressure chamber having a high pressure cylinder, end
      closures projecting into this cylinder and a press stand to take up the
      axial forces exerted on the end closures by a medium under high pressure.
      Presses of the type mentioned are used, among other things, for isostatic
      compression of powder bodies, resistance elements, and the like at
      pressures in the region of 1,000 -- 10,000 bar. The cylinder is charged
      outside the press stand with components to be treated, and then inserted
      in the press stand and supplied with pressure medium. The press stand is
      then removed after treatment and the cylinder is emptied outside the press
      stand.
PAR  2. The Prior Art
PAR  With presses of this type, the high pressure chamber with the closures
      completely inserted must have a shorter length than the clear opening of
      the press so that the clearance necessary for insertion and withdrawal of
      the chamber is obtained between the end closures and the press. When the
      pressure in the chamber is increased, the end closures are first forced
      out until they come into contact with support surfaces in the press stand
      and then move only as far as the support surface yields under the load.
      Because of the friction between the closures and the cylinder, the
      pressure chamber is still held between the support surfaces of the press
      stand with a considerable force even when the pressure is removed. This
      complicates removal of the pressure chamber. The end closures must
      therefore be returned to their innermost positions in the cylinder so that
      the clearance between the end closures and the support surfaces which is
      suitable for moving the press is again obtained. A press with appliances
      for achieving this insertion of end closures is described in U.S. Pat. No.
      3,550,199.
PAR  In the known press, a piston was built into the end closure or the support
      of a press stand. The cross-section, taking up the load, in the end
      closure just below the pressure chamber space was thus reduced, as well as
      the load-transmitting contact surface of the end closure and the press
      stand. At relatively low compression pressure, this involves little or no
      inconvenience. At very high working pressures, for example at working
      pressures of more than 4000 bar, this involves a considerable
      inconvenience from the point of view of strength. Similarly, the
      suspension of a supporting ring for the end closure by means of spring
      units involves no problems when the diameter of the pressure cylinder is
      small, but a considerable problem when the diameter of the cylinder is
      large. There are certain problems in accommodating sufficiently strong or
      sufficiently many spring units. The new operating mechanism means a
      simplification which makes the manufacture simpler and less expensive, and
      which makes it possible to use simpler constructional material.
PAC  SUMMARY OF THE INVENTION
PAR  In the press according to the invention, the mechanism which returns the
      end closures to their innermost positions is constructed in a new and
      improved manner.
PAR  According to the invention, the lower end closure is constructed so that it
      forms a piston running in an operating cylinder connected to the high
      pressure cylinder. The outer part of the lower end closure is constructed
      with two separate diameters which are surrounded by a ring connected to
      the high pressure cylinder, the internal diameters of said ring being
      adjusted to said diameters. An annular shoulder projection is formed on
      the end closure and the ring at the transition between the different
      diameters. The shoulder on the end closure forms an annular piston
      surface. An annular cylinder space is formed between said shoulders, the
      smaller diameter of the end closures and the larger diameter of the ring.
      This space is supplied with pressure medium for the insertion of the end
      closure on the line of the shoulder facing away from the high pressure
      cylinder.
PAR  There is thus provided a releasable means for holding the piston on its
      innermost position.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be described in more detail with reference to the
      accompanying drawings.
PAR  FIG. 1 shows a side view of a press having a high pressure chamber which is
      supported by a stationary pillar and a movable press stand positioned at
      the side of the high pressure chamber,
PAR  FIG. 2 is a side view,
PAR  FIG. 3 is a section on the line B -- B in FIG. 2 and
PAR  FIG. 4 is a section on a larger scale through the lower part of the high
      pressure chamber cylinder, the lower end closure and the upper part of the
      lower yoke of the press stand.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In the figures, 1 designates a stand supporting a high pressure cylinder 2.
      The stand is provided with two lugs 3 in which a rod 4 is inserted. The
      cylinder 2 is provided with two lugs 5 having bearing surfaces
      accommodating the rod 4. The distance between the outer surfaces of the
      lugs 5 is less than the distance between the inner surfaces of the lugs 3.
      This means that the cylinder is axially displaceable by a distance which
      is just as long as the difference in distance between said surfaces. The
      cylinder normally rests on the lower lug 3, a gap 6 thus being formed
      between the upper lugs 3 and 5, which makes it possible to adjust the
      vertical position of the cylinder somewhat in relation to the clear
      opening of the press stand. The cylinder 2 is closed by an upper end
      closure 7 and a lower end closure 8 projecting somewhat into the cylinder.
      The upper end closure is provided with a channel 10 for supply of pressure
      medium from a pressure medium in a cylinder which is formed by a ring 11.
      The press contains a displaceable press stand 12 which is supported by
      wheels 13 running on rails 14 set into the floor 15. The press stand is of
      the type consisting of an upper yoke 16, a lower yoke 17, and a pair of
      spacers 18 which are held together by a prestressed strip sheath 19. The
      press stand is displaced between the positions shown in FIGS. 1 and 3 by
      means of an operating cylinder 20. The opening of the press stand is
      somewhat higher than the distance between the end surfaces of the
      completely inserted end closures. The cylinder is fixed at such a height
      that the clearances 21 and 22 between the yoke of the press stand and the
      end closures of the cylinder are approximately of the same size.
PAR  As shown in FIG. 4, the lower end closure 8 is formed with an inner part 8a
      with a diameter to fit in the cylinder 2 and with a slot for a seal 25, a
      middle portion 8b with a slot for a seal 26 and an outer portion 8c having
      a smaller diameter than the middle portion 8b.  A ring 27 is fastened to
      the cylinder 2 by bolts. The part 27 a of the ring located nearest to the
      high pressure cylinder 2 has an inner diameter fitting the middle portion
      8b of the end closure, and its lower part 27b has an internal diameter
      fitting the outer portion 8c of the end closure. In the part 27 there is a
      slot for a seal 28. The lower end closure 8 thus forms an annular piston
      and the ring 27 forms a cylinder in which the annular piston runs. The
      middle portion 8b of the end closure 8 forms an annular piston surface.
      The space 30 formed by the portions 8b and 8c of the end closure 8 and the
      cylindrical surface of the ring 27 in the part 27a and the inner plane
      surface of the part 27b communicates with a pressure medium source (not
      shown) through a channel 31 and conduits and valves (not shown). In the
      part 27a there is a radial channel 33 through which the space between the
      high pressure cylinder 2 and the part 8b communicate with the atmosphere
      outside the cylinder 2.
PAR  The press operates in the following manner. The working space 32 is charged
      with material, and the upper end closure 7 is inserted into the cylinder 2
      so that a closed pressure chamber is formed, after which the press stand
      is displaced from the position shown in FIG. 1 to the position shown in
      FIG. 3. During the movement of the stand, the space 30 is kept filled with
      pressure medium so that the lower end closure is held in its upper or
      innermost position shown in FIG. 4, so that its lower surface is held at a
      somewhat higher level than the surface of the lower yoke 17, a gap 22
      being provided which allows the stand 12 to be displaced to the position
      shown in FIG. 3. The upper end closure 7 is inserted into its innermost
      position so that a gap 21 is formed between this end closure and
      force-absorbing surface of the upper yoke 16 of the press stand. When the
      press stand is in the position shown in FIG. 3, the cylinder space 30 is
      put into communication with a collecting container for pressure medium by
      way of a valve, so that the pressure can freely flow out of the space 30.
      By the pressure of the material and pressure medium in the pressure
      chamber space 32, the lower end closure 8 is pressed downwards till it
      makes contact with the yoke 17. Pressure medium is now introduced through
      the channel 10 in the lower end closure 8 in the space 32, which in a
      first stage is released through the channel 9 in the upper end closure 7.
      When a valve in the release channel 9 is closed, the pressure in the
      pressure chamber is raised to the intended treatment level. When the
      treatment is finished, the pressure chamber is put into connection with a
      collecting container for pressure medium. At the same time, the lower end
      closure is raised to its inner position by introducing pressure medium in
      the cylinder space 30, thus obtaining an upwardly directed force on the
      annular piston surface of the part 8b.  The upper end closure 7 is pressed
      into its inner position by means of a manipulator (not shown) for handling
      the end closure. Gaps 21 and 22 are thus again formed between the end
      closures 7 and 8 and the yokes 16 and 17, so that the stand 12 can be
      returned unimpededly to the position shown in FIG. 1, the upper end
      closure can be removed, the treated material can be withdrawn and the
      pressure chamber can be charged anew.
CLMS
STM  I claim:
NUM  1.
PAR  1. Press for treating material with a high pressure, comprising a high
      pressure chamber including a vertical high pressure cylinder (2) having
      end closures (7,8) projecting into the cylinder (2), a press stand (12)
      with a clear opening which is somewhat greater than the length of the high
      pressure chamber when the end closures (7,8) are fully inserted, which
      stand (12) surrounds the high pressure chamber during the pressing
      operation and takes up the axial forces which a pressure medium in the
      pressure chamber exerts on the end closures (7,8), carrying members (1, 3,
      4, 5) for the pressure chamber for holding said chamber in such a position
      that gaps (21,22) are formed between the press stand (12) and the end
      closures (7,8) of the chamber when the end closures are inserted to their
      innermost positions in the cylinder, in which a ring (27) is connected to
      one end of the high pressure chamber and one of the end closures (8)
      comprises a piston slidable within said ring.
NUM  2.
PAR  2. Press according to claim 1 having releasable means (8b, 30) for holding
      the piston in its innermost position.
NUM  3.
PAR  3. Press according to claim 1, having means at such end of the high
      pressure cylinder forming an annular space (30) around the piston, the
      piston having an annular enlargement (8b) slidable in said annular space,
      and releasable means (31) to supply pressure fluid to said annular space
      on the side of the enlargement facing away from the high pressure
      cylinder.
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ABST
PAL  An automatic gas ignition system including an electrically-energized gas
      ignition element in proximity to a gas burner and a magnetic heat-sensing
      device comprising a permanent magnet and a sensing plate having a Curie
      temperature at or above the ignition temperature of the gas in the system.
      The sensing plate is located close to the ignition element so as to be
      heated thereby. The magnet is attracted into contact with the sensing
      plate when the latter is at a temperature below its Curie temperature, and
      is released from the plate when the latter is heated to its Curie
      temperature by the ignition element. The magnet is operatively connected
      to a valve supplying gas to the burner in such a manner as to maintain the
      valve closed when the magnet is attracted to the sensing plate, and to
      open the valve when the magnet is released by the plate. Thus, gas is
      permitted to flow to the burner only when the ignition element has reached
      a gas ignition temperature.
BSUM
PAR  The present invention related to improvements in automatic systems for gas
      fired devices, and in particular to a novel and improved automatic
      ignition and heat detection system for gas burners.
PAR  In many conventional gas fired appliances such as automatic clothes dryers,
      kitchen cooking ranges and the like, it is customary to provide pilot
      burners for igniting the main burners when gas is supplied to the latter.
      These pilot burners are continually operating to provide a constant flame,
      and consequently result in a considerable waste of gas which is burned
      even when its flame is not required for operation of the appliance. In
      view of present-day fuel shortages, such waste of gas occasioned by the
      widespread use of appliances incorporating pilot burners, presents a
      serious problem.
PAR  It is an object of the present invention to provide an electrically
      operated ignition system for gas fired appliances which will replace
      conventional gas pilot burners.
PAR  Another object of the invention is to provide an electrically operated
      ignition system for gas fired appliances which includes an electrical
      ignition element which is energized to heat the same only when the
      appliance is to be brought into operation, and a novel heat-sensing gas
      control device which provides the safety feature of blocking flow of the
      gas to the burner until the ignition element has been heated to a
      gas-ignition temperature.
PAR  Still another object of the invention is to provide an ignition system of
      the character described in which the heat sensing device also functions to
      deenergize the ignition element after the burner has been properly fired.
PAR  A further object of the invention is the provision of an ignition system of
      the character described which is composed of few simple parts and is made
      in compact form so that it can be easily and conveniently installed in any
      standard gas-fired appliance which has an available source of electrical
      power.
PAR  In accordance with the invention there is provided an automatic fuel
      ignition and heat detection system for gas fired appliances having a
      source of electrical power, a burner and a fuel valve for controlling the
      flow of gas to the burner. The system comprises an electrical ignition
      element connected to the source of electrical power and located in
      proximity to the burner outlet for igniting gas flowing from the burner
      when the ignition element is brought to a gas ignition temperature, a
      heat-sensing element mounted adjacent to the ignition element in a
      position to receive the heat therefrom, and a permanent magnet normally
      attracted by the heat sensing element into engagement therewith. The heat
      sensing element has a Curie temperature at least as high as the gas
      ignition temperature, so that is loses its magnetic attractability when
      heated by the ignition element to the gas ignition temperature, and
      releases the permanent magnet. The magent is operatively connected to the
      fuel valve in such a manner as to maintain the fuel valve closed when the
      magnet is attracted into engagement with the heat sensing element, and to
      open the fuel valve when the magnet is released by the heated sensing
      element.
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PAR  Additional objects and advantages of the invention will become apparent
      during the course of the following specification when taken in connection
      with the accompanying drawings, in which:
PAR  FIG. 1 is an elevation view, shown partially in section, of a gas burner
      installation incorporating a preferred embodiment of the automatic
      ignition and detection system of the present invention, the system being
      shown in its normal position in which the gas supply to the burner is shut
      off;
PAR  FIG. 2 is an elevational view similar to FIG. 1 but showing the system in
      its operative position in which gas is flowing through the burner and is
      ignited to produce a flame;
PAR  FIG. 3 is an elevational view of a gas burner installation incorporating a
      modified type of heat sensing and gas flow control system made in
      accordance with the invention, with portions thereof shown in section to
      disclose inner constructional details; and
PAR  FIG. 4 is a diagrammatic view of the ignition and detection systems of
      FIGS. 1 and 2, showing the electrical circuitry thereof schematically.
DETD
PAR  Referring in detail to the drawings, and particularly to FIGS. 1 and 2,
      there is shown the burner portion of a gas fired appliance such as a
      clothes dryer, kitchen range, or the like, which would normally include a
      gas fed pilot burner for igniting the main burner when gas is fed to the
      latter. The burner portion is designated generally by the reference
      numeral 10, and may be in the form shown for clothes dryers, in the usual
      circular form for cooking ranges, or in other forms. The burner 10 is fed
      by a pipe 12 leading to a source of gas under pressure through a gas
      control valve assembly 14 mounted in a housing 16.
PAR  Mounted proximate the burner 10 is an ignition and heat-sensing unit 18
      made in accordance with the present invention. This ignition unit 18
      includes a channel-shaped metal housing 20 affixed to the body of the
      appliance with its open end facing upwardly. Mounted on the bottom wall of
      the housing 20 is an electrically-insulated block 22 of heat resistant
      material. The block 22 has a recess 24 in its bottom surface, within which
      is mounted an electric ignition element 26. The ignition element 26 may be
      a bar of silicon carbide material which is heated to ignition temperature
      of the gas upon being electrically energized, or it may be any other
      suitable resistant material in plate or wire form.
PAR  The block 22 is also formed with a rectangular recess 28 which extends
      therethrough. Within this recess 28 is mounted a heat-sensing plate 30 in
      a position in which it closely overlies the ignition element 26. The plate
      30 rests upon a flange 32 of block 22 which forms a ledge bordering the
      recess 28, and is held in position by a pair of downwardly struck legs 34
      integral with the metal housing 20. The lower wall of the housing 20 has a
      cut-away recess 36 registering with the recess 28 of block 22, and the
      legs 34 are bent down at opposite ends of this recess 36.
PAR  Located within the channel of housing 20 is an elongated lever 38 which is
      pivotally mounted intermediate its ends by a pivot pin 40 which is
      journalled at its ends in the opposite side walls of the channel-shaped
      housing 20. At the forward end of one arm 38a of lever 38, a permanent
      magnet 42 is mounted by means of a screw shank 44, so that the distance by
      which the magnet 42 depends from the lever 38, may be adjusted.
PAR  The heat-sensing plate 30 is made of a material which, under normal room
      temperatures, is magnetically-attractable. The plate 30 is made of a
      nickel-iron alloy of the type having a Curie temperature at or above the
      ignition temperature of the gas in the system. A preferred material of
      this type is a commercially available nickel-iron alloy marketed under the
      trademark "INVAR 36," which has a Curie temperature of 280.degree.C. When
      this alloy is heated to its Curie temperature of 280.degree.C or above, it
      loses its ability to be attracted to a magnet, and thus performs the
      heat-sensing function to be presently described.
PAR  The permanent magnet 42 is attracted to the heat-sensing plate 30, under
      normal temperature, and adheres magnetically thereto, as shown in FIG. 1.
      A compression spring 46 is mounted between the lever arm 38a and the
      bottom wall of the housing 30 and urges the lever arm 38a and the magnet
      42 carried thereby in a upward direction. The spring 46 is not sufficient
      strength, however, to cause the magnet 42 to release from the heat-sensing
      plate 30.
PAR  An adjustment screw 48 is mounted at the end portion of the opposite arm
      38b of lever 38. This screw 48 engages a movable contact arm 52 of a
      single pole, double-throw switch 50. The contact arm 52 mounts a pair of
      contacts 54 and 56 and is biased in an upward direction so that the
      contact 54 is normally in engagement with an upper fixed contact 58 and
      the contact 56 is normally spaced from a lower fixed contact 60. When the
      magnet 42 is released from the heat-sensing plate 30, the lever 38 turns
      in a clockwise direction about pivot 40 under force of the spring 46, as
      shown in FIG. 2, causing the screw 48 to depress the movable contact arm
      52 and separate contact 54 from contact 58, while bringing contact 56 into
      engagement with contact 60.
PAR  Reference is now made to FIG. 4, which shows the ignition and heat-sensing
      system 18 schematically, and also shows the electrical circuit employed
      for automatic operation thereof. It will be seen that the gas pipe 12
      communicates with a conduit 62, which in turn communicates with a gas
      inlet pipe 64 connected to a source of gas under pressure. The gas control
      valve assembly 14 is shown as including a main solenoid valve 66 and a
      safety solenoid valve 68. The safety solenoid valve 68 has a valve head 70
      which is normally biased in a downward direction by a spring 72 so as to
      be seated within a valve seat 74 connecting gas inlet pipe 64 with conduit
      62, and thus normally block the flow of gas from inlet pipe 64 to conduit
      62. The valve head 70 is carried by a valve stem 76 which is made of a
      magnetically-permeable metal and is slidably mounted within a solenoid
      core 78 in such a manner that the stem 76 serves as an armature of the
      solenoid valve 68. The safety solenoid valve 68 also includes an actuating
      coil 80 surrounding core 78 and adapted to lift the valve stem 76 when
      electrically energized.
PAR  The main solenoid valve 66 is of similar construction, having a valve head
      82 which is normally biased by a spring (not shown) to a seated condition
      in a valve seat 84 connecting the conduit 62 with burner pipe 12, and thus
      normally blocking the flow of gas from conduit 62 to said burner pipe 12.
      The valve head 82 is carried by a valve stem 86 slidably mounted within
      solenoid core 88 and serving as the armature of the main solenoid valve
      66. The core 88 is associated with an actuating coil 90 which, when
      energized, lifts the valve stem 86 and thus raises the valve head 82 from
      its normal seated position within the valve seat 84.
PAR  The circuit shown in FIG. 2 provides means for connecting the ignition
      element 26 across a pair of terminals 92 and 94 of an electrical power
      supply source which may be a standard house power line supplying 110 volt
      alternating current. Specifically, one terminal of ignition element 26 is
      connected by lead 96 to terminal 92. The other terminal of ignition
      element 26 is connected by lead 98 through a resistor 102, on-off switch
      104 and lead 106 to the other power supply terminal 94. The on-off switch
      may be a thermostat switch or a switch automatically operated by the
      timing mechanism of an automatic clothes drying machine or similar
      appliance, or may be a manually-operated switch of a cooking range.
PAR  One end of the actuating coil 80 of the safety solenoid valve 68 is
      connected by lead 108 to the lead 96, while the other end of coil 80 is
      connected by lead 110 to the lead 100. One end of the actuating coil 90 of
      the main solenoid valve 66 is connected by lead 112 to the lead 96, while
      the other end of coil 90 is connected by lead 114 to the fixed contact 60
      of switch 50. The other fixed contact 58 of switch 50 is connected by lead
      116 to lead 100. The movable contact arm 52 of switch 50 is connected by
      lead 118 through on-off switch 104 and lead 106 to the power supply
      terminal 94.
PAR  In operation, when the on-off switch 104 is closed by the timer, thermostat
      or manual means to effect ignition of the burner, a branch circuit is
      closed through the ignition element 26. Current thus flows from power
      source terminal 94 through lead 106, the closed on-off switch 104 and lead
      118 to the double-throw switch 50. In this condition, the magnet 42 is
      attracted to the heat-sensing plate 30, and the lever 38 is in the
      position of FIGS. 1 and 4 in which the contacts 54 and 58 of switch 50 are
      in engagement. Current therefore flows through the movable switch arm 52,
      through closed contacts 54 and 58 and leads 116, 100 and 98 to one
      terminal of the ignition element 26, thence through the ignition element
      26 and lead 96 to power source terminal 92, to complete the circuit. The
      ignition element 26 is thus energized and heated to gas-ignition
      temperature.
PAR  At the same time, current flows from power source terminal 94 through lead
      106, closed switch 104, lead 118, closed switch contacts 54, 58 and leads
      116, 100 and 110 through the actuating coil 80 of safety solenoid valve
      68, and thence through leads 108 and 96 to the other power source terminal
      92. The actuating coil 80 is thus energized to elevate the valve stem 76
      against tension of spring 72 and lift the valve head 70 from valve seat
      74. Gas thus flows from gas inlet pipe 64 into the pipe conduit 62.
      However, the gas cannot flow further to reach the burner 10 because the
      main solenoid valve 66 has not been energized and the valve head 82
      remains seated in valve seat 84 to prevent gas from flowing from pipe
      conduit 62 to burner pipe 12.
PAR  At this initial stage, the ignition element 26 is being heated, but no gas
      is permitted to flow to the burner 10 until the ignition element reaches a
      temperature at which it will ignite the gas.
PAR  When the ignition element 26 reaches a gas ignition temperature, it heats
      the adjacent heat-sensing plate 30 to the same temperature, which is also
      the Curie temperature of the plate. As the heat-sensing plate 30 reaches
      its Curie temperature, it loses its ability to attract the permanent
      magnet 42 and thus releases the magnet. The spring 46 thus biases the
      lever 38 to turn about pivot pin 40 in a clockwise direction, lowering
      lever arm 38b and causing the mounted screw 48 to depress the movable
      switch arm 52. The contacts 54 and 58 of double-throw switch 50 are thus
      separated, and the contacts 56 and 60 are brought into engagement as shown
      in FIG. 2. This releases gas to flow to the burner 10 in the following
      manner:
PAR  Current now flows from power source terminal 94 through lead 106, closed
      on-off switch 104, lead 118, movable switch arm 52, closed contacts 56 and
      60, and lead 114 through the actuating coil 90 of main solenoid valve 66,
      thence through lead 112 and lead 96 to the other power source terminal 92.
      The actuating coil 90 of main solenoid valve 66 is thus energized to lift
      valve head 82 from valve seat 84 and permit gas to flow from pipe conduit
      62 through burner pipe 12 to the burner 10. The safety solenoid valve 68
      is maintained open, since current now flows from power source terminal 94
      through lead 106, closed on-off switch 104, resistor 102, leads 100 and
      110 to the actuating coil 80 of safety solenoid valve 68 and thence
      through leads 108 and 96 to the other power source terminal 92. The
      resistor 102 is a current limiter for safety solenoid 68, and affords
      sufficient current to maintain the safety solenoid valve 68 in open
      condition.
PAR  Gas now flows through both open solenoid valves 66 and 68 and through pipe
      12 to the burner 10. As the gas flows out of the nozzle of burner 10 it is
      ignited by the hot ignition element 36 to produce the desired burner
      flame. At this stage, the ignition element 26 is deenergized since the
      contacts 54 and 58 of double-throw switch 50 have been opened. This
      deenergization of the ignition element 36 is a desirable feature of the
      system once the burner has been ignited, resulting in conservation of
      electrical energy and also preventing damage to the ignition element
      through overheating.
PAR  The flame from the ignited burner 10 impinges on the heat-sensing plate 30
      maintaining the latter heated to above its Curie temperature and thus
      maintaining switch contacts 56 and 60 in engagement so that gas continues
      to flow to the burner 10 and continue the burner flame until the on-off
      switch 104 is opened by a thermostat, timer mechanism or manual means.
      This opens the entire circuit, closing the solenoid valves 66 and 68, and
      extinguishing the burner flame. The heat-sensing plate 30 now cools to
      below its Curie temperature, and attracts magnet 42, causing lever 38 to
      pivot in a counter-clockwise direction, and thereby enabling the biased
      switch contact arm 52 to lift and separate contacts 56 and 60, while
      bringing contacts 54 and 58 into engagement. This resets the system to its
      starting condition.
PAR  In the event that the heated ignition element 26 should fail to ignite the
      gas flowing from burner 10, as, for example, by reason of a draft or low
      electrical current condition, or if the burner 10 is accidentally
      extinguished, the system will operate automatically to shut off the flow
      of gas to the burner. In such event, the heat-sensing plate 30, in the
      absence of a flame, will cool to below its Curie temperature and attract
      magnet 42. The lever 38 will pivot so as to elevate arm 38b and cause
      switch contacts 56 and 60 to open and deenergize the coil 90 of main
      solenoid valve 66. The latter now closes, and its valve head 82 enters
      valve seat 84 to shut off the flow of gas to burner 10. The ignition
      element 26 is now energized and is reheated, and gas will not flow to the
      burner 10 until the ignition element 26 reaches a gas ignition temperature
      which is sensed by the heat-sensing plate 30.
PAR  In the event that the circuit current is interrupted for any reason, but
      the heat-sensing plate 30 is too hot to attract magnet 42, the current
      limiting resistor 102 acts as a safety means to cut off the flow of gas.
      In this situation, since the magnet 42 is unattracted, the switch contacts
      56 and 60 remain closed and the contacts 54 and 58 are separated. When the
      current is resumed, the main solenoid valve 66 is opened through the
      engaged switch contacts 54 and 58. The safety solenoid valve 68 remains
      closed, however since current flows thereto only through the current
      limiting resistor 102. This resistor is of such value that it can maintain
      solenoid valve 68 open once it has been energized through the closed
      contacts 54, 58, but it does not permit sufficient current to the
      actuating coil 80 of safety solenoid valve 68 to open the latter from a
      closed condition.
PAR  The embodiment of the invention described above is particularly adapted for
      use in automatic appliances in which the burner ignition control is
      automatically effected by a thermostat or timer mechanism. FIG. 3
      illustrates an embodiment of control system according to the present
      invention which is of simplified structure and is particularly adapted for
      installation in a gas cooking range wherein the opening of the gas valve
      is performed manually.
PAR  In the embodiment of FIG. 3, the gas burner 120 (shown schematically) is
      connected by pipe 122 to a valve housing 124 comprising a lower chamber
      132 communicating with an upper chamber 134 through an aperture 136. The
      aperture 136 is bordered by a valve seat 138, and is normally closed by a
      valve assembly 140. The valve housing 124 is fed by a gas inlet pipe 128
      connected to a source of gas under pressure.
PAR  Mounted below the valve housing 124 is an electric ignition element 126
      which is similar to the element 26 previously described, and when
      electrically energized is capable of igniting the gas flowing from the
      nozzle of burner 120. Mounted on a fixed support 144 immediately above the
      ignition element 126 is a heat-sensing plate 130 which is similar to the
      heat-sensing plate 30 previously described. The plate 130 is made of a
      nickel-iron alloy having a Curie temperature of approximately the ignition
      temperature of the gas, so that at normal room temperature the plate 130
      will attract a magnet, but upon reaching its Curie temperature it will
      lose its magnetic attractability.
PAR  The valve assembly 140 includes a valve head 146 mounted on an elongated
      valve stem 148 which extends slidably through an aperature 150 in the
      lower wall of valve housing 124 and makes a wiping seal with a sealing
      gasket 152 bordering the aperture 150. A compression spring 154 is
      disposed between the valve head 146 and the lower wall of valve housing
      124.
PAR  The valve head 146 is in the form of a disc of resilient material, and is
      sized to rest upon the valve seat 138 in the manner shown in FIG. 3 to
      block the flow the gas through aperture 136. A permanent magnet 142 is
      mounted on the bottom end of valve stem 148 and is attracted to and
      engages the heat-sensing plate 130. In this engaged position of the magnet
      142, the valve head 146 is pressed against valve seat 138 and the flow of
      gas to burner 120 is blocked. The compression spring 154 urges the valve
      head 146 upwardly, out of its seated position, but the spring is not
      strong enough to pull the magnet 142 away from the heat-sensing plate 130.
PAR  In operation, when a manual control (not shown) is operated to supply gas
      to the inlet pipe 128 and to initiate firing of the burner 120, the
      ignition element 126 is energized and begins to heat. When the ignition
      element 126 reaches the fuel ignition temperature, it also heats the
      adjacent heat-sensing plate 130 to its Curie temperature, causing the
      element 130 to lose capacity to attract magnet 142. The heat-sensing
      element therefore releases magnet 142, and the compression spring 154
      functions to lift the valve head 146 from valve seat 138, so that gas
      flows to burner 120.
PAR  As the gas flows from the mouth of burner 120, it is ignited by the
      ignition element 126 to produce the desired flame. The burner is so
      located that the flame heats the heat-sensing plate 130 and maintains it
      at its Curie temperature, so that the gas valve 140 remains open.
      Conventional timer means (not shown) may be provided to deenergize the
      ignition element 126 after a short period so that the element does not
      continue to heat after the burner is fired. When the cooking operation is
      completed, the user may turn off the flame in the usual manner by
      operation of the manual control which shuts off the flow of gas through
      inlet pipe 128.
PAR  It will be seen that in both of the aforementioned embodiments, no gas is
      permitted to flow to the burner until an ignition temperature is attained,
      which is a desirable safety feature in systems of this type. The
      heat-sensing element has a fixed value and is extremely sensitive and
      accurate, while at the same time the structure of the ignition and sensing
      unit is simple, compact and sturdy, and the unit may be installed in areas
      of high ambient temperatures where other devices cannot function.
PAR  While preferred embodiments of the invention have been shown and described
      herein, it is obvious that numerous omissions, changes and additions may
      be made in such embodiments without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic fuel ignition and detection system for gas fired devices
      having a source of electrical power, a burner provided with an outlet, and
      a fuel valve for controlling the flow of gas into said burner,
PA1  said system comprising an electrical ignition element connected to said
      source of electrical power and located in proximity to said burner outlet
      for igniting gas flowing thereto when said ignition element is energized
      and brought to a gas ignition temperature,
PA1  a heat-sensing element mounted adjacent to said ignition element in a
      position to receive the heat therefrom,
PA1  said heat-sensing element being normally magnetically attractable and
      having a Curie temperature at least as high as said gas ignition
      temperature at which it loses its magnetic attractability,
PA1  a permanent magnet positioned to be attracted to and engaged by said
      heat-sensing element when the temperature of the latter is below its Curie
      temperature, said magnet being released by said heat-sensing element when
      the latter is heated to its Curie temperature,
PA1  biasing means urging said magnet in a direction away from said heat-sensing
      element,
PA1  and means operatively connecting said magnet to said fuel valve for closing
      said fuel valve when said magnet is in engagement with said heat-sensing
      element, and opening said fuel valve when said magnet is released by said
      heat-sensing element and moved out of engagement therewith by said biasing
      means,
PA1  whereby gas is fed through said burner only after said ignition element has
      been heated to said gas ignition temperature.
NUM  2.
PAR  2. A system according to claim 1 in which said heat-sensing element is
      formed of a nickel-iron alloy having a Curie temperature of above
      250.degree.C.
NUM  3.
PAR  3. A system according to claim 1 which also includes means for deenergizing
      said ignition element after said burner is ignited, and in which said
      heat-sensing element is positioned adjacent said burner outlet in a
      position to be heated by the flame emitted from said burner, whereby said
      fuel valve is maintained open after said ignition element is deenergized.
NUM  4.
PAR  4. A system according to claim 1 which also includes electrical switch and
      circuit means connecting said ignition element to said electrical power
      source through said switch means, said switch means having a first
      position in which said ignition element is connected to said electrical
      power source for energization of said ignition element, and a second
      position in which said ignition element is disconnected from said power
      source, said coupling means including means operatively connecting said
      magnet to said switch means for bringing said switch means to its first
      position when said magnet is in engagement with said heat-sensing element,
      and bringing said switch means to its second position when said magnet is
      biased out of engagement with said heat-sensing element.
NUM  5.
PAR  5. A system according to claim 4 in which said fuel valve is a normally
      closed electromagnetic fuel valve including a solenoid for opening said
      valve and having an actuating coil, said system also including circuit
      means connecting said actuating coil to said electrical power source
      through said switch means, said switch means in said second position
      connecting said actuating coil to said power source for energization of
      said solenoid and opening of said fuel valve to feed gas to said burner,
      said switch in said first position disconnecting said actuating coil from
      said power source to close said fuel valve.
NUM  6.
PAR  6. A system according to claim 5 which also includes a second fuel valve
      for controlling the flow of gas to said burner and located in series with
      said first fuel valve, and a second solenoid for opening said second fuel
      valve and having an actuating coil, said system also including an
      energizing circuit connecting the actuating coil of said second solenoid
      to said electrical power source through said switch means whereby said
      second fuel valve is opened when said switch means is in its first
      position.
NUM  7.
PAR  7. A system according to claim 6 which also includes resistance means and a
      holding circuit connecting the actuating coil of said second solenoid
      directly to said power source through resistance means, said resistance
      means having a value sufficient to hold said second fuel valve in open
      condition after said switch means is brought to its second position and
      said energizing circuit is opened.
NUM  8.
PAR  8. A system according to claim 4 in which said switch means comprises a
      double-throw switch having a contact arm movable between the first and
      second positions of said switch means.
NUM  9.
PAR  9. A system according to claim 8 which includes an elongated lever
      pivotally mounted intermediate its ends, said magnet being mounted on one
      end of said lever, the other end of said lever engaging the contact arm of
      said switch.
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ABST
PAL  A vertically fired means for the combustion of waste gases in a noise-proof
      manner having a vertically oriented cylindrical furnace with burner
      insertion into the bottom of the furnace, which is raised a selected
      distance above the surface grade. The inlet air opening at the bottom of
      the furnace is of a cross section area less than a selected fraction of
      the cross section area of the combustion zone. A cylindrical windshield
      encircling the bottom of the furnace provides limited access of air to the
      area below the inlet air opening at the bottom of the furnace to suitably
      isolate wind flow from the inlet air opening. The cross-sectional area for
      air flow due to limited access is at least equal to a selected fractional
      area of the furnace, which is the inlet air opening. Suitable isolation of
      air flow energies from the inlet air opening requires the limited access
      area to be no greater than 2.5 times the air inlet area. The inlet air
      opening is preferably not more than 85% of the furnace area. One or more
      burners are provided from suitable manifolds so that the flame resulting
      from the combustion of the waste gases issues preferably in the inlet air
      opening to the furnace. The inlet air opening area is preferably in the
      range of 0.2 to 0.85 of the cross section area of the furnace.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention lies in the field of combustion apparatus. More
      particularly, it is concerned with a vertically fired furnace for the
      combustion of waste combustible gases in a noise-proof and glare-proof
      manner, to satisfy environmental requirements.
PAR  It is further in the field of combustion devices which are out in the open
      and exposed to current wind flow. Provision must be made for protection
      from the wind effects so that the combustion is not seriously effected by
      the pressures and vacuums caused by the flow of the wind over the furnace.
PAR  In the conventional vertically oriented furnaces with burner insertion in
      the side of the furnace wind baffles must be provided to prevent wind
      force from directly reaching the burners. Such wind baffles do divert the
      direct wind force from burners but have a disadvantage that can be serious
      according to the volume of gas being burned. The disadvantages exists
      because wind impact increases pressure at the upwind surface of the wind
      baffle in an amount equal to V2/2g energy of the wind, but at the downwind
      surface pressure is decreased by essentially the same amount.
PAR  The upwind pressure increase plus the low downwind pressure causes violent
      air flow inside the baffle means, which may upset the pressure to the
      various burners which receive air for combustion from the space inside of
      the wind baffle. At low gas burning rates, this effect has caused flame to
      be drawn back out of the burners into the space inside of the wind baffle,
      where there can be considerable heat damage to the structure. It becomes
      important, therefore, to so design the wind baffle that a uniform air
      pressure which is substantially equal to atmospheric pressure is available
      at the air inlet, so as to supply air uniformly to the combustion flame.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of this invention to provide a furnace construction
      with a suitable wind baffle means to provide a uniform pressure condition
      at the inlet to the furnace, within the shielding of the wind baffle.
PAR  This and other objects are realized and the limitations of the prior art
      are overcome in this invention by using a vertically oriented cylindrical
      furnace of cross sectional area A. The cross sectional shape can be
      circular or polygonal. The height of the furnace should be at least equal
      to the diameter of the furnace, and preferably greater. The furnace wall
      can be made of sheet metal and is preferably lined with refractory so as
      to protect the metal. The lower end of the furnace is partially closed
      with an annular disc. The inner diameter of the disc is such that with the
      burners in place within the opening of this annular plate, the area of
      cross section for the movement of air into the combustion zone inside the
      furnace is B, where B is in the range of 0.2 to 0.85 of area A.
PAR  The furnace is supported on columns so that the base of the furnace is a
      selected distance above the grade surface. To protect the lower end of the
      furnace from direct wind contact, a cylindrical wall, baffle or wind
      shield is provided, substantially coaxial with the furnace and in one
      embodiment, of larger diameter, such that the cross sectional area of the
      annular space between the baffle and the outer surface of the furnace is
      at least equal to 0.9A, but no greater than 2A. The baffle is preferably
      of a height somewhat greater than the distance of the base of the furnace
      above the grade surface.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects and advantages of this invention and a better
      understanding of the principles and details of the invention will be
      evident from the following description taken in conjunction with the
      appended drawings in which:
PAR  FIG. 1 represents a vertical cross sectional view of the furnace and the
      wind baffle.
PAR  FIG. 2 is a cross sectional view of the system of FIG. 1 taken along the
      plane 2--2.
PAR  FIG. 3 represents a second embodiment of wind baffle.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, the furnace is indicated generally by the numeral
      10. It comprises a cylindrical structure 12 with vertical axis, the
      internal diameter is represented by the numeral 26 and there is a cross
      sectional area indicated by the letter A. At the lower end of the
      cylindrical furnace structure there is a partial closure in the form of an
      annular plate 16 which has a central axial opening 18 of diameter
      indicated by numeral 20, the area of the opening exclusive of the
      obstruction provided by the burners 28 is indicated by the letter B. There
      is a preferred range to the ratio of area B to area A.
PAR  The furnace 12 is of a selected height which is greater than the diameter
      indicated by the numeral 26. Furthermore, it is raised a selected distance
      22 above the grade surface 40 and supported on a plurality of legs 24, in
      a manner well known in the art. There is a manifold, or plural manifolds,
      indicated by the numerals 30 and 32 having conduit inlets 34 and 36,
      respectively, for supplying the waste combustible gas to the burners,
      indicated schematically by the numerals 28. These are supplied with the
      combustible waste gas by means of risers 54 so that the burners 28 are
      substantially in the plane of the disc 16. Thus, there is good turbulent
      contact between the inlet air going upward through the opening 18 in
      accordance with arrows 52 and the combustible gas issuing from the
      burners.
PAR  A cylindrical wind screen, or shield, 42 is provided surrounding the
      furnace, and having a closed contact at its bottom end with the grade
      surface 40. The height of the wind screen 42 is such that the upper end 44
      is well above the bottom 16 of the furnace by a length such as 46 for
      example. Combustion air enters the furnace through the annular area 56
      between the outside of the furnace wall and the inside of the wind screen,
      down into the space 58 below the furnace and up through the opening 18.
      Here the air mixes with the gas issuing from the burners 28 and forms a
      turbulent mixture which is ignited and maintained in an ignited state by
      means of one or more pilot lights, not shown, but well known in the art.
      This turbulent mixing of the inlet air with the combustion gas provides
      for rapid and complete burning, so that by the time the hot gas has
      reached the top 14 of the furnace, there is complete combustion with a
      minimum of pollutants that would effect the environment in the vicinity of
      the furnace. The combustion is preferably complete within the cylindrical
      wall of the furnace, so that there is no glare or light evolved from the
      gases emerging from the top of the furnace.
PAR  Air movement from the space 58 below the floor of the furnace is primarily
      due to the draft inside of the furnace due to the presence of the heated
      gas inside the furnace, compared to the cool atmospheric air outside of
      the furnace. The inlet air rising upwardly in the space 58 meets the gases
      discharged from the burners within the opening 18 at the base of the
      furnace so that the burning which results can proceed within the interior
      of the furnace. However, when small quantities of gas are being burned
      there is little heat inside the furnace to create draft or "stack" effect.
      As a result there is very little draft, which typically would be in the
      order of 0.03 inch WC.
PAR  If the base of the furnace is not protected by a windshield, then wind
      blowing under the furnace will generate a suction at the opening 18, which
      even with low wind velocities would tend to reverse the flow of gases in
      the furnace and to draw the flame from inside the furnace down into the
      space 58, where the flame could do damage to the metal parts of the
      burners and structure.
PAR  If with the furnace draft 0.03 inch WC there should be unobstructed flow of
      wind at 10 miles per hour (14.66 feet per second) in the space between the
      furnace and the grade surface, the low pressure exerted by the moving wind
      would be -0.049 inch WC and the burning gas would be drawn downwardly into
      the space between the opening 18 and outside of the furnace. At 20 miles
      per hour (29.33 feet per second) the wind exerted low pressure is -0.198
      inch WC which is greater than the draft effect created by burning of
      significantly increased gas quantity, and the flame would move downwardly
      into the space beneath the furnace to create greater heat damage. This
      explains why it is vital to the operation of vertically fired furnaces to
      completely isolate the area adjacent the upstream entrance to a burner
      opening from any significant cross air movement.
PAR  Air must be admitted to the space beneath the bottom of the furnace to
      permit burning of gas as discharged from the burners in a satisfactory
      manner. That is, air movement from the space beneath the floor must be
      toward the interior of the furnace in any case. It is also vitally
      important to a satisfactory state of burning for the air movement to be at
      greatest possible velocity.
PAR  The velocity of air movement through a burner opening is proportional to
      the square root of the pressure drop. Since the draft energy occurs inside
      the furnace toward which the air movement is required, and since the
      pressure drop is the pressure difference between the space beneath the
      furnace and the interior of the furnace, it is obvious that any low
      pressure due to wind caused air velocity in the space beneath the furance
      is to be avoided.
PAR  In this invention air enters the space beneath the furnace through the
      annular area 56 in accordance with the flow arrows 50. The air entry
      direction is downwardly and at a point most removed from burner opening
      18. Entry velocity is spent in the downward direction to establish a
      stable pressure condition for upward air movement to the area adjacent to
      the upstream entry to the burner opening 18 in which one or more burners
      28 are disposed. Any number of burners, of course, can be used, as
      desired, in accordance with the volume of combustible gas to be burned.
      The design of the burners and their spacing, etc. form no part of this
      invention and conventional designs of burners and manifolds are
      satisfactory. The important thing is that the burners are positioned
      within the opening 18 so that the air and gas meet at a point where the
      velocity of the air is the greatest, that is, within the reduced area B of
      the entrance opening, as compared to the larger area of the space below
      the burner, and the larger space above the burners, inside the furnace.
PAR  For optimum conditions the area B of the air opening 18, that is, the free
      air space between the burners within the opening 18, which is defined as
      area B, should be not more than 0.85  of the area A of the furnace. The
      ratio of B/A as small as 0.2 provides the minimum area B that should be
      provided. A preferred value would be in the range of 0.5 to 0.75 of the
      area A.
PAR  One reason for making the area B smaller than A is to obtain higher
      velocity of air movement in the region of the issuance of gas from the
      burners, to get maximum turbulence. Another reason is to provide a radial
      distance 60 of the opening 18 in the bottom annular plate 16, so that the
      location of the burning gas in the opening 18 is displaced as much as
      possible from the annular space 56 where there is a movement of inlet air.
PAR  This specification is made for several reasons. One reason is to be sure
      that the dimension 60 sufficiently isolates the outer edge of the inlet
      air opening 18 from the velocity of air entry into the space 56. Another
      reason is that since air flows through burner opening 18 at a velocity
      according to the square root of the differences in pressure beneath the
      furnace and the pressure inside the furnace, pressure difference is
      required for suitable operation when gas flow for burning is either minor
      or major.
PAR  If the area B should be equal to the area A the recited pressure difference
      would be very small, for example, 0.10 inch WC, but if the area B should
      be 0.85 of the area A the pressure difference would rise from 0.10 inch WC
      to 0.138 inch WC. The rise in pressure drop would increase air flow
      velocity 17.6 percent to better burn the gas. But this velocity increase
      is the least that can be accepted. If the area B should be 50 percent of
      the area A the velocity increase would be 100 percent. An earlier
      statement is that maximum air flow velocity is critical in satisfactory
      burning. It is critical because air flow velocity is a source of
      turbulence. Burning completeness and speed is directly proportional to
      turbulence and turbulence is proportional to air velocity.
PAR  The area of annular space 56 is, as has been stated, at least equal to the
      area B. The area 56 is established by the spacing of the wind baffle from
      the exterior of the furnace. The downward flow or air in accordance to
      arrows 50 is critical for even pressure in the space below the furnace,
      cannot be maintained if the area 56 is more than 2.5 times the area B. In
      other words, the area 56 should be at least equal to but not more than 2.5
      times the area of B.
PAR  Note that also the area B is the total cross section area which may be
      provided by one or more burner openings. But for all cases, the dimension
      60 holds for burner opening area closest to the air flow, as per the
      arrows 50. As a rule of thumb, dimension 60 is dimension 26 times 0.04
      plus refractory thickness for the furnace wall above 16 as a minimum
      figure.
PAR  While the furnace is described as cylindrical with vertical axis, the cross
      section can be circular or any desired polygonal shape. Similarly, the
      wind shield or baffle can correspondingly be circular or polygonal.
PAR  Referring now to FIG. 3 there is shown a variation of the embodiment of
      FIGS. 1 and 2. The difference lies substantially in the positioning of the
      wind shield or screen. In FIG. 1 the wind shield is a cylindrical metal
      element which is of larger diameter and substantially coaxial with the
      furnace cylinder 12. The wind screen 42 has an annular radius 48 greater
      than that of the cylinder, and while its bottom edge rests on the grade,
      its top edge 44 is a selected distance 46 above the bottom of the cylinder
      16.
PAR  In FIG. 3 the wind screen comprises a skirt 70 which is attached to and is
      substantially a continuation downward of the outer surface of the cylinder
      12. The skirt 70 terminates with its lower edge 76 a distance 72 above the
      grade surface 40. Air for combustion enters the cylinder 12 through the
      circumferential area C below the skirt, in accordance with arrows 74, and
      passes upward through the opening 18, past the burners where it mingles
      with the issuing gas from the burners 28.
PAR  The length of skirt 78 below the base 16 of the cylinder, in combination
      with the length of the support columns 24, is such that the turbulence of
      the wind driven air below the skirt is sufficiently far displaced from the
      opening 18 in the base of the cylinder that there is little, if any,
      effect on the air through the opening 18, due to the turbulence in the
      opening C. All other factors in FIG. 3 which are substantially the same as
      those in FIG. 1 including the ratio of areas A and B, and the positioning
      of the burners within the opening 18 so as to meet the incoming air at its
      maximum velocity, etc.
PAR  With the skirt type of windscreen of FIG. 3, it will be obvious that the
      dimension 60 shown in FIG. 1 will be of little importance. Conversely, the
      dimension 78 of FIG. 3 will be of the same importance to FIG. 3 that the
      dimension 60 is to FIG. 1. The dimension 48 of FIG. 1 compares to the
      dimension 72 of FIG. 3.
PAR  The ratio of the areas B and A are substantially the same in both FIGS. 1
      and 3 and the area of opening C of FIG. 3 and area 56 of FIG. 3 and area
      56 of FIG. 1 are in the same ratio to their corresponding areas B.
PAR  As in FIG. 1, the wind screen of FIG. 3 is for the purpose of controlling
      the air inlet to the burners in such a way that there will always be a
      substantially atmospheric pressure below the burners compared to the
      draft-reduced pressure above the burners, in spite of wind action, and
      further, whatever wind action there is, and the turbulence that it forms,
      will be substantially distant from the burners, so that such turbulence
      will not affect the distribution of air to the burners.
PAR  While the skirt 70 is shown to have the same diameter as the outer surface
      of the cylinder 12, the diameter of the skirt can be of other diameter so
      long as it is sealed to the annular flange 16. Also, the cross-sectional
      shape of the skirt 70 can, corresponding to the shape of the cylinder 12,
      be circular or polygonal.
PAR  While the invention has been described with a certain degree of
      particularity, it is manifest that many changes may be made in the details
      of construction and the arrangement of components. It is understood that
      the invention is not to be limited to the specific embodiments set forth
      herein by way of exemplifying the invention, but the invention is to be
      limited only by the scope of the attached claim or claims, including the
      full range of equivalency to which each element or step thereof is
      entitled.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A vertically fired furnace for burning combustible waste gases
      comprising;
PA1  a. a cylindrical or polygonal furnace of internal cross-sectional area A,
      said furnace supported with its axis vertical and with its base a selected
      distance above the grade surface on which it is supported;
PA1  b. plate means partially closing off the bottom of said furnace, said plate
      means having at least one opening for air and fuel entry;
PA1  c. burner means positioned in said at least one opening, in the plane of
      said plate means, the net cross-sectional area of said at least one
      opening for the passage of air being B;
PA1  d. cylindrical wind baffle means coaxial with the bottom of said furnace,
      and partially enclosing the space between the bottom of said furnace and
      the grade surface on which said furnace is supported, the remaining
      opening for supplying combustion air to said burner means being of area C
      and positioned at least a selected distance from said burner means; and
PA1  e. means to supply combustible gas to said burner means.
NUM  2.
PAR  2. The furnace as in claim 1 in which said wind baffle comprises a
      cylindrical or polygonal metal wall of diameter greater than the diameter
      of said furnace, said wall resting on said grade surface and extending
      above the bottom of said furnace, providing an annular air opening of area
      C.
NUM  3.
PAR  3. The furnace as in claim 1 in which said wind baffle comprises a
      cylindrical metal skirt depending from and coaxial with the bottom of said
      furnace, and extending downward and spaced from said grade surface,
      leaving a circumferential opening of area C.
NUM  4.
PAR  4. The furnace as in claim 1 in which area B is not more than 0.85 area A.
NUM  5.
PAR  5. The furnace as in claim 1 in which area B is in the range of 0.2 to 0.85
      times area A.
NUM  6.
PAR  6. The furnace as in claim 1 in which area B is in the range of 0.5 to 0.75
      times area A.
NUM  7.
PAR  7. The furnace as in claim 1 in which said area C is in the range of 1.0 to
      2.5 times area B.
NUM  8.
PAR  8. The furnace as in claim 1 including refractory lining on the interior
      surface of said furnace wall and said plate means.
NUM  9.
PAR  9. The furnace as in claim 1 in which the minimum dimension from the
      outside surface of said furnace to the nearest edge of said area B is
      equal to (0.04 D + T) where D is the internal-diameter of the furnace and
      T is the thickness of refractory coating inside the said furnace above
      area B.
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ABST
PAL  A process for the treatment of natural and/or synthetic fibrous and
      filamentary materials, including living human hair, which involves
      applying to the fibrous or filamentary materials a polymeric compound
      containing at least one poly (oxyalkylene) or polyamide chain and at least
      one thiosulphuric acid or thiosulphate group. Such compounds having more
      than one thiosulphuric acid or thiosulphate group are curable and can be
      used with advantage in textile finishing, for example in the pigment
      dyeing and printing of fibrous materials including pure synthetic fibres,
      in application to fibres or fabrics to impart shape stabilisation, in
      application to keratinous fabrics to impart shrink resist properties and
      for the flat setting and permanent creasing of fabrics, and to impart
      antistatic properties to fibres and filaments. Hair may be treated
      according to the invention to improve its handle and for permanent waving
      and setting.
BSUM
PAR  The present invention relates to the treatment of fibrous and filamentary
      materials including living human hair with certain polymeric compounds
      containing thiosulphuric acid or thiosulphate groups.
PAR  The invention provides a process for the treatment of fibrous and
      filamentary materials which comprises applying thereto a polymeric
      compound containing at least one poly (oxyalkylene) chain and at least one
      thiosulphuric acid or thiosulphate group (hereinafter referred to as a
      Bunte Salt group). Compounds containing a single Bunte Salt group are
      water-soluble and may have surface active properties. Compounds having
      more than one, and especially more than two, Bunte Salt groups in addition
      to being water-soluble may also be surface active and can be cured to
      water-insoluble condensation products. Such curable resins can be used in
      textile finishing. For example they may be employed for the pigment dyeing
      and printing of fibrous materials such as wool fabrics, polyester fabrics,
      cellulosic fabrics and paper. When applied as textile finishing agents to
      cotton, rayon, polyamide or polyester fibres or fabrics they can impart
      shape stabilisation thereto. In addition they may also act as antistatic
      agents. When applied to keratinous fabrics they can impart shrink resist
      properties and additionally certain compounds can be used for flat setting
      and permanent creasing of the fabric. They may also be used for the
      treatment of living human hair. Because of their surface active properties
      they can be incorporated into shampoos and can impart to the hair an
      attractive handle. In addition they may be employed for the permanent
      waving or setting of hair.
PAR  The preferred compounds for use in the present invention are curable and
      contain one or more polyoxyalkylene chains and substantially two or more
      Bunte Salt groups each bound through a linking group to a
      chain-terminating oxygen atom. A preferred group of such compounds
      comprises:
PA1  A. a radical of a polyhydric alcohol;
PA1  B. bound to this radical at least two poly (oxyalkylene) chains; and
PA1  C. at least two Bunte Salt groups each bound through a linking group to a
      chain-terminating oxygen atom. Compounds wherein the linking group
      comprises an alkylenecarbonyl group are novel per se and are described and
      claimed in our Application No.
PAR  Compounds of especial interest contain three polyoxyalkylene chains and up
      to three Bunte Salt groups per molecule and have molecular weights in the
      range 500-10,000 especially 1,500-5,000. The linking groups may be the
      same or different in different poly (oxyalkylene) chains, and may be, for
      example, alkylene chains which may contain from 1 to 6 carbon atoms and
      may be unsubstituted or substituted with, for example, one or more
      hydroxyl groups. The linking groups may also be divalent acyl radicals of
      carboxylic acids. The compounds of the invention may also contain free
      hydroxyl or thiol groups or polyoxyalkylene chains linked together by
      thioether or disulphide bridges.
PAR  Compounds which may be employed are represented by the general formula:
TBL           [(O-alkylene).sub.m OH].sub.q                                    

     R                                 I                                       

              [(O-alkylene).sub.m O X SSO.sub.3 Y].sub.p                       

PAL  or by the general formula
PAC  Y O.sub.3 SSX -- (O-alkylene).sub.m -- XSSO.sub.3 Y        II
PAL  wherein
PA1  p is an integer from 2 to 6;
PA1  q is O or an integer from 1 to 4 subject to the proviso that (p+q) is in
      the range 3 to 6;
PA1  m is an integer of value at least 1 (most usually from 5 to 25) and may
      have different values in each of the p and q chains;
PA1  R represents a radical formed by removal of the hydroxyl groups from an
      aliphatic polyhydric alcohol containing at least two carbon atoms. Each
      `alkylene` group contains a chain of at least 2 and at most 6 carbon atoms
      between consecutive oxygen atoms;
PA1  X represents a divalent group containing 1 to 10 carbon atoms;
PA1  Y represents a hydrogen atom or a salt forming ion or group
PAR  The preferred compounds are of formula
PAC  R.sub.1 [(O-alkylene).sub.m O .times. SSO.sub.3 Y].sub.p.sbsb.1III
PAL  wherein m, X and Y are as defined in formula I,
PAL  R represents a radical derived from an aliphatic alcohol containing from 3
      to 6 carbon atoms and from 3 to 6 hydroxyl groups and p.sub.1 is an
      integer from 3 to 6.
PAR  The compounds which may be employed may also contain disulphide linkages
      between polyoxyalkylene chains. Where the linkage is between chains
      attached to different groups R.sub.1 the compounds may be of the formula
      IV.
TBL         [(O-alkylene).sub.m O X S--S X O (alkylene O).sub.m ]              

     R.sub.1                                  R.sub.1                          

                                                    IV                         

            [(O-alkylene).sub.m O X SSO.sub.3 Y].sub.p  p [YO.sub.3 SS X O     

            (alkylene O).sub.m ]                                               

PAL  wherein R.sub.1 has the meaning given in formula III, alkylene, m, X and Y
      have the meaning given in formula I and p.sub.2 represents an integer from
      2 to 5. The compounds may also contain disulphide linkages between
      polyexyalkylene chains bound to the same group R.sub.1 and in this case
      may be of the general formula V
TBL           [(O-alkylene).sub.m O X S]                                       

     R.sub.1  [(O-alkylene).sub.m O X S]                                       

                                       V                                       

              [(O-alkylene).sub.m O X S--SO.sub.3 Y].sub.p                     

PAL  wherein R.sub.1 has the meaning given in formula III, m and alkylene have
      the same meanings as in formula I and p.sub.3 represents an integer from 1
      to 4.
PAR  The group R represents a radical formed by notional removal of the hydroxyl
      groups from an aliphatic polyhydric alcohol. Suitable radicals are, for
      example, those derived from ethylene glycol, propylene glycol,
      cyclohexane, 1,4-diol, 1,1,1-trimethylolethane, 1,1,1-trimethylolpropane,
      pentaerythritol and sucrose. The group R may also comprise a hydroxy
      terminated adduct of an adduct of one or more alkylene oxides with ammonia
      or an amine, examples of such compounds being the propylene oxide adducts
      of ammonia, ethylenediamine; or triethanolamine. Preferably R is derived
      from an alcohol containing three hydroxyl groups, and the preferred
      radical is derived from glycerol.
PAR  The alkylene groups may be C.sub.2 H.sub.4, C.sub.3 H.sub.6, or C.sub.4
      H.sub.8 radicals. Compounds containing C.sub.3 H.sub.6 and/or C.sub.4
      H.sub.8 radicals are hydrophobic and the Bunte Salt compounds derived
      therefrom act as surface active agents.
PAR  The compounds may for example contain mixtures of C.sub.2 H.sub.4 and
      C.sub.3 H.sub.6 derived groups and may be random or block copolymers. The
      surface tension properties may be adjusted by selection of the ratio of
      C.sub.2 H.sub.4 to C.sub.3 H.sub.6 radicals. For example a suitable triol
      may be formed as a block copolymer by condensing glycerol with propylene
      oxide and "tipping" the resulting triol with ethylene oxide.
PAR  Condensation products of glycerol and ethylene oxide and/or propylene oxide
      are available commercially, for example those sold under the trade names
      Polyurax (B.P. Chemicals), Caradol (Shell Chemical Co) and Propylan
      (Lancro Chemicals Ltd.).
PAR  The group X is preferably a substituted or unsubstituted divalent aliphatic
      radical and may for example be of the formula
PAC  -- (CH.sub.2).sub.n.sup.- or -- CO(CH.sub.2).sub.n.sub.-1 .sup.-
PAL  where n is an integer of 1 to 6, or may be of the formula
      ##EQU1##
PAR  Compounds of especial interest have molecular weights in the range 1,500 -
      5,000 and are of the formula
      ##EQU2##
      wherein m has the same meaning as in formula I. Water soluble salts, for
      example the alkali metal (especially sodium), ammonium or amine salts may
      also be used. Other useful compounds of molecular weight 1,500 - 5,000 are
      of the formula
      ##EQU3##
      or their alkali metal (especially sodium), ammonium or amine salts.
PAR  Another preferred group of resins which can be used are derived from
      aliphatic polyamide/epichlorohydrin resins. Such resins may be prepared by
PA1  a. condensing a dicarboxylic acid with a polyamine containing at least two
      primary amino groups and at least one secondary amino group;
PA1  b. reacting the condensate with a compound capable of introducing
      hydroxyazetidinium ions, N-glycidyl groups or groups containing
      replaceable chlorine atoms; and
PA1  c. reacting the product with a water-soluble thiosulphate.
PAL  Preparative Methods
PAR  Polymeric compounds for use in the present invention may be prepared by
      esterifying an alcohol containing at least one poly(oxyalkylene) chain and
      at least two terminal hydroxyl groups with a halogen substituted
      carboxylic acid or functional derivative thereof and reacting the
      resulting halogeno-ester with a water soluble thiosulphate. If the alcohol
      is of the general formula
PAC  [R] [(O-alkylene).sub.m OH].sub.p.sub.+q                   VIII
PAL  where R, alkylene, m, p and q have the meanings given above and is reacted
      with an acid Cl(CH.sub.2).sub.n COOH where n is an integer of value 1 to 5
      or a chloride or anhydride thereof there is produced an intermediate
      chloro compound of the general formula
TBL           [(O-alkylene).sub.m OH].sub.q                                    

     R                                IX                                       

              [(O-alkylene).sub.m O CO(CH.sub.2).sub.n Cl].sub.p               

      which reacts with a water-soluble thiosulphate to produce a compound of
      formula I wherein X represents a -- CO(CH.sub.2).sub.n -- residue.
PAR  The esterification reaction can conveniently be carried out by refluxing
      the polyol and the halogenocarboxylic acid in an organic solvent, for
      example toluene. A catalyst e.g. toluene - p - sulphonic acid is normally
      present and the water produced is distilled off and collected in a Dean
      and Stark trap. The chloro-ester so obtained can be converted to the Bunte
      Salt by reaction with sodium thiosulphate in an aqueous/alcoholic medium
      under reflux.
PAR  In an alternative method an alcohol containing at least one poly
      (oxyalkylene) chain and at least two terminal hydroxyl groups, for example
      a polyol of the general formula VIII can be reacted with an epihalohydrin,
      for example epichlorohydrin, followed by reacting the resulting
      epihalohydrin adduct with a base to produce an epoxy-terminated adduct
      with a water soluble thiosulphate. The polyol of general formula VII
      reacts with epichlorohydrin in the presence of SnCl.sub.4 under reflux in
      an organic solvent such as toluene and subsequently with a base to produce
      a compound of the formula
      ##EQU4##
      wherein R, alkylene, m, p and q have the meanings previously assigned.
      This epoxy compound can readily be converted by treatment with sodium
      thiosulphate in an aqueous/alcoholic solvent into a compound of formula I
      wherein X represents a
      ##EQU5##
PAR  Compounds for use in the invention can also be produced by treatment of the
      corresponding thiol compounds with a water-soluble bisulphite and a water-
      soluble tetrathionate. Suitable thiol compounds have
PA1  a. a radical containing at least one poly (oxyalkylene) chain and at least
      two chain terminating oxygen atoms notionally derived from terminal
      hydroxyl groups; and
PA1  b. at least two thiol groups each bound through an alkylene,
      hydroxy-substituted alkylene or alkylcarbonyl group to a chain terminating
      oxygen atom.
PAR  Suitable thiols are of the general formula
PAC  [R] [(O-alkylene).sub.m) O CO CH.sub.2 SH].sub.p.sbsb.1    XI
PAL  or of the formula
      ##EQU6##
      wherein R, alkylene and m are defined in formula I and p.sub.1 is an
      integer from 3 to 6.
PAR  The compounds of formula XI or XII can produce Bunte Salt terminated
      compounds of the general formula I on warming with sodium bisulphite and
      sodium tetrathionate in an aqueous/alcoholic medium. Suitable
      thiol-terminated starting materials are disclosed, for example, in British
      Pat. Specification No. 1,278,934. The reaction may also give rise to
      compounds containing disulphide linkages, such compounds being of the
      general formula IV or V. Normally these disulphide compounds, which are
      within the scope of the invention, are minor components of the reaction
      products.
PAR  In preparing the polyamide-based compounds the dicarboxylic acids which may
      be used as starting materials preferably contain 3 to 20 carbon atoms and
      contain saturated aliphatic (including cycloaliphatic) carbon atoms, and
      are reacted with a polyalkylene polyamine containing from 2 to 8 alkylene
      groups. Examples of suitable aliphatic dicarboxylic acids include malonic,
      succinic, adipic or azelaic acids and their amide forming derivatives such
      as dimethyl esters, or mixtures of such acids and esters. One or more
      polyamines can be used in the formation of these epichlorohydrinpolyamine
      resins; specific examples are diethylenetriamine, triethylenetetramine,
      tetraethylenepentamine, dipropylenetriamine, and N.N-bis (3-aminopropyl)
      methylamine. Suitable amines preferably contain at least 2 amino groups
      separated by a hydrocarbon group having the general formula C.sub.n
      H.sub.2n where n is at least 2. The condensation reaction can for example
      be represented by the equation
PAC  x moles HOOC(CH.sub.2).sub.4 --COOH + x moles H.sub.2 N(CH.sub.2).sub.2
      NH(CH.sub.2).sub.2 NH.sub.2.fwdarw.HOOC(CH.sub.2).sub.4 CO
      (NH(CH.sub.2).sub.2 NH(CH.sub.2).sub.2 NH.CO(CH.sub.2).sub.4
      CO).sub..alpha.7 NH(CH.sub.2).sub.2 NH(CH ).sub.2 NH.sub.2
PAR  The product from step (a), which generally has a molecular weight of about
      10,000, can then be treated with an epihalohydrib, dihalohydrin or an
      .alpha.-, .beta.-, or .gamma.-halogen-carboxylic acid halide, for example
      chloroacetyl chloride, chloropropionyl chloride or chlorobutyryl chloride.
      The most preferred reagent is epichlorohydrin, and the precise structure
      of the amine-epichlorohydrin resins which are the corresponding products
      has been the subject of some controversy. It is believed, although the
      usefulness of this invention does not depend on the truth of this belief,
      that they contain hydroxyazetidinium ions
      ##EQU7##
      and/or N-chlorohydrin groups
      ##EQU8##
      and/or N-glycidyl groups
      ##EQU9##
      If chloroacetyl chloride is used, then the groups which are present will
      be
      ##EQU10##
      The polyamide/epichlorohydrin product of step (b) is a commercially
      available resin and is sold under the trade names "Hercosett 57", "Kymene
      557" and "Alcoset".
PAR  The reaction with the water-soluble thiosulphate is carried out by adding
      to a solution of the product of step (b) an aqueous or aqueous/alcoholic
      solution of a water soluble thiosulphate, especially sodium thiosulphate,
      at a pH of 4 to 10 for a period of 1 to 24 hours depending on reaction
      temperature. If excess thiosulphate is employed the product separates as a
      lower phase of pale yellow colour, viscous and very soluble in water. The
      polyamide/epichlorohydrin resins give rise to side groups of the formula:
      ##EQU11##
      whereas the polyamide/chloroacetyl chloride resins give rise to side
      chains to the formula:
      ##EQU12##
PAR  Suitable curable resins can also be produced by treating a protein, for
      example casein, with epichlorohydrin and subsequently treating the adduct
      formed with sodium thiosulphate to yield the thiosulphato curable resin.
PAL  Curing Reactions
PAR  Polymeric compounds containing substantially two or more Bunte Salt groups
      per molecule are curable and may be converted into insoluble cross-linked
      condensation products. It has been found that when preparing the compounds
      by substitution of terminal halo-atoms, substitutions of about 60% give
      satisfactory curable products. The resins cure on prolonged exposure to
      light or heating. Curing is effected by treatment with acids, bases or
      reducing agents. Suitable reducing agents include quaternary phosphonium
      compounds, for example THPC (tetrakis-(hydroxymethyl)phosphonium
      chloride), sodium borohydride, thioglycollic acid and thiol-containing
      compounds such as thioethanol, cysteine, thioglycerol and resins
      containing free thiol groups such, for example, as those mentioned in
      British Pat. Specification No. 1,278,934. Curing may also be assisted by
      nucleophilic substances such as thiourea, nitrous acid, acid hypochlorite,
      iodide ions or thiocyanate ions. Curing may also be promoted by diamines,
      for example ethylene diamine, diethylene triamine, 1,6-diaminohexane or
      piperazine, especially with compounds of the formula R--O--CO--CH.sub.2
      SSO.sub.3 Na.sup.+ or R--NH--CO--CH.sub.2 SSO.sub.3 Na.sup.+. In addition,
      tertiary amines may promote curing.
PAR  The compounds may be insolubilised by treatment with polyvalent metal ions,
      for example magnesium ions, and it may be advantageous to treat the resins
      in this way and simultaneously or subsequently treat them with a curing
      agent.
PAL  Textile Applications
PAR  In one aspect the invention provides a process for the treatment of textile
      material which comprises applying thereto a compound containing at least
      one poly (oxyalkylene) chain and at least two Bunte Salt groups and curing
      the resin on the material. The compound may be of any of the general
      formulae I to VII and from 0.1 to 15% of the resin, preferably 0.5 - 5% kg
      weight on the weight of material can conveniently be applied. The
      invention also consists in textile fibres, especially wool fibres, bearing
      a deposit of a cured resin as defined herein and/or of any one of the
      general formulae I to VII.
PAR  The compounds may be applied to synthetic fibres, for example polyamide,
      polyester or acrylic fibres and impart an attractive handle thereto. In
      addition they may also act as antistatic agents. The compounds may be
      applied to natural or regenerated cellulosic fibres and can impart wrinkle
      resist and permanent press properties thereto. They may act as pigment
      binding agents and can be employed in the pigment dyeing or printing of
      natural regenerated and synthetic fibrous or filamentary materials.
PAR  The compounds are of especial value for the treatment of keratinous textile
      materials, usually derived from the wool of sheep, or from alpaca,
      cashmere, mohair, vicuna, guanaco, camel hair or llama or blends of these
      materials with sheep's wool. The treatment of such materials according to
      the invention can be used to impart shrink-resist and/or permanent press
      properties thereto. The wool may be mixed with other textile fibres, for
      example polyamide, polyester or cellulosic fibres but in the shrink-resist
      treatment of wool-containing fabrics generally at least 30% of the
      material is wool, and wool rich blends, for example 60:40 wool/cotton
      blends, 80:20 wool/nylon blends and 80:20 wool/polyester blends may be
      used.
PAR  The compounds may be applied to the textile material by any conventional
      technique, for example by padding or by exhaustion from a dyebath. In the
      treatment of wool the resins have the advantage that they are anionic and
      are compatible with wool dyes which normally contain anionic solubilising
      groups. Thus acid levelling, acid milling, premetallised and solubilised
      vat dyes can be used but for best dye fastness to washing it is preferred
      to use fibre-reactive dyes, i.e. dyes that can react with the keratin
      fibre and become covalently bonded thereto. The acid levelling dyestuffs
      can be, for example of the azo type and should be water soluble and
      contain at least one anionic solubilising group, generally a sulphonic
      acid group. Acid milling dyes generally have a greater molecular weight
      and fewer solubilising gruops than the acid levelling dyes, but there is
      no rigid distinction between the two classes. The premetallised dyes
      comprise a class of dyes having 0.0' - dihydroxy azo, o-amino-o'-hydroxy
      azo or o-carbonyl-o'-hydroxy azo groups which are co-ordinated to a metal
      atom, for example chromium or cobalt. The dyes may be used as 1:1 or 2:1
      complexes. Vat dyes, which are most commonly of the indigoid or
      anthraquinone structure, are solubilised by conversion to their
      water-soluble leuco esters and can subsequently be developed after
      application by oxidation to the insoluble form. It has also been found
      that pigments can be applied to wool fibres by pad dyeing or printing in
      the presence of the resins herein described, and that the resulting
      pigment dyed or printed materials have high wash and rub fastness.
PAR  The process is especially advantageous when combined with dyeing with an
      aqueous solution of water-soluble wool dye. Previously shrinkproofing
      resins have been found to be incompatible with reactive dyes owing either
      to the formation of ion complexes or to their water-insolubility. A
      preferred process for dyeing with such a dye comprises impregnating the
      fibres at a pH of 5-12 with an aqueous composition comprising a reactive
      dye and a water-soluble polymer comprising thiosulphuric acid or
      thiosulphate groups, a reducing agent for the keratin and an additive for
      facilitating penetration of the dye into the keratin fibres, storing the
      dyed and polymer-treated fibres in the presence of moisture to allow
      penetration of the dye into the fibres and deposition of the resin
      thereon, and thereafter subjecting the fibres to a washing treatment. If
      necessary the washing solution may contain 0.1-2.0% by weight of a curing
      agent for the resin.
PAR  When producing shades on wool or similar materials by a method of
      impregnation followed by storage, it is possible, if desired, to add to
      the dye liquor a further surfactant which produces rapid wetting of the
      wool at room temperature. These additives are exemplified by non-ionic
      condensation products of e.g. lauryl diethanolamide. The anionic Bunte
      Salts can themselves serve as wetting agents.
PAR  The reactive dyes which may be employed also include whitening agents which
      react with fibres in the same way. Dyestuffs falling within this class can
      incorporate the following groups:
PA1  epoxy-, ethylene-imino-, isocyanate, isothiocyanate, carbamic acid
      aryl-ester-, propiolic acid amino, monochloro- and dichloro-crotonylamino,
      chloroacrylamino-, acrylamino, sulpho halo, sulphuric acid ester,
      sulphonyloxy-, thiosulphato, labile halo atoms, trichloro-pyridazino-,
      dichloroquinoxalino-, allysulphonyl-, monochlorotriazinyl-,
      vinylsulphonyl-, and certain reactive ammonium or hydrazinium residues.
PAR  The process of dyeing according to the invention is applicable by
      pad-dyeing. Especially good results in pad-dyeing are obtained with highly
      reactive dyes, for example those incorporating a 2,4-dichlorotriazinyl,
      2,3-dichloroquinoxaline, 2-chloro - 4 methoxytriazinyl, 2,4-dichloro - 5 -
      carbonylpyrimidine or 2,4 - difluoro - 5 -chloro-pyrimidine group.
PAR  Reducing agents are preferably incorporated into the pad liquor, and
      examples include alkali metal, ammonium and amine sulphites and
      bisulphites, for example, sodium bisulphite, sodium metabisulphite, and
      monoethanolamine bisulphite, certain quaternary phosphonium compounds, for
      example, tetrakis-(hydroxymethyl) - phosphonium chloride, sodium
      borohydride, and thioglycollic acid and other materials capable of
      breaking disulphide bonds in the keratin molecule. The amount of reducing
      agent per 100 parts by weight of paste may for example be from 1 to 50,
      preferably from 1 to 20 parts by weight. Sodium bisulphite is preferred
      and has the advantage that it exerts a bleaching action on the wool and
      therefore allows very bright shades to be obtained, and also appears to
      promote reaction between the wool and the resin.
PAR  It is preferred to include an additive in the pad liquor to assist
      penetration of the dye into the keratin fibres. While the invention does
      not depend on any theory as to its mode of action, it is believed that the
      additive can cause swelling of the keratin fibre and/or disaggregation of
      the dyestuff. Suitable additives include acid amines or thioamides, for
      example urea, thiourea, sulphamide, or derivatives thereof, furfuraldehyde
      and cinnamaldehyde, and the additive is preferably present in the aqueous
      composition in a concentration of 100 - 400 grams per litre, especially in
      the case of urea about 300 g/l.
PAR  The simultaneous dyeing and resin treatment can be carried out by
      dissolving the reactive dye and the resin in water, preferably in the
      presence of an acid amide or thioamide, for example urea, and in the
      presence of a reducing agent for the keratin, for example sodium
      bisulphite, and subsequently impregnating the fibres with the dye
      composition for example, by impregnation with a pad mangle. The process
      can be carried out at ambient temperatures or from 10.degree. to
      60.degree.C although slightly elevated temperatures, preferably below
      50.degree.C, are best. The dyeing can be carried out at a pH in the range
      2-12 but is preferably conducted at a pH of about 10. The fibres are
      allowed to remain in contact with the dye for the minimum time for proper
      penetration, e.g. between 10 mins. and 72 hrs, typically between 1 and 24
      hours. For example, the fibres may be removed, squeezed to express excess
      liquid and then stored in the presence of moisture for 10 mins. to 72 hrs
      to ensure that the bulk of resin and of the dye becomes attached to the
      keratinous fibres leading to a full shade development of the dye. After
      the storage period the fibres may be washed off with a solution of a
      curing agent, for example a mixture of magnesium chloride and ammonium
      thioglycollate and optionally are subsequently treated with an aqueous
      solution of a base. Conventional equipment can be used for applying these
      solutions, for example, a beam washer, a winch or a conventional washing
      range.
PAL  Pigment Dyeing
PAR  The resins of the invention can be used to advantage in the production of
      fast dyed shades on all fibres using pigments. Pigments are generally
      classified as water insoluble colours and their current use on textile
      materials is limited by the following restrictions:
PA1  i. Pale depths only can be achieved due to the poor rub fastness of deeper
      shades.
PA1  ii. A pigment dyeing or print always appears `glassy` to the trained
      observer.
PA1  iii. Usually up to 10% o.w.f. polymer binder is employed which has a very
      great effect on harshening the `handle` of the material.
PAR  The use of the Bunte Salt polymers either alone or in a mixture completely
      eliminates the above problems and allows the production of a wide range of
      satisfactory shades on all fibres by printing or dyeing. Printing or
      dyeing is carried out with a mixture of the Bunte Salt polymer, pigment
      and thickener followed by a curing step which may be a simple cold rinse
      in a solution of reducing agent or diamine, or which may be a heat curing
      step carried out for example for 5 minutes at 140.degree.C. Washing in
      cold water completes these processes.
PAR  One great advantage of the pigment dyeing procedure is that solid shades
      can be achieved on wool/synthetic fibre blends. Other advantages include
      the shrink proofing effect imparted to wool and the antistatic effects and
      wrinkle resistance imparted to such fibres as polyester cotton.
PAL  Treatment of Hair
PAR  It has been found that the process of this invention can be employed for
      the treatment of hair, including living human hair.
PAR  The polymeric compounds defined above can be formulated into a composition
      for the treatment of hair comprising the polymeric compound and at least
      one inert solvent or diluent. Such compositions provide a further aspect
      of the invention. Preferably the composition contains from 0.5 to 15% by
      weight, preferably from 2 to 6% by weight, of the polymeric compound. The
      composition preferably also contains a reducing agent for the keratin
      (other than a curing agent for the polymer), for example sodium
      bisulphite, and optionally also a nucleophilic substance such as thiourea.
      The reducing agent is conveniently present in an amount of from 0.2 to 10%
      by weight based on the weight of the composition. In order that the
      composition should have satisfactory storage stability it preferably
      contains at least 20% by weight of water and is adjusted to pH in the
      range 3-10, preferably about 7. The composition may be in the form of an
      aqueous or aqueous/alcoholic silution and may be, for example, in the form
      of a shampoo or wave-setting lotion. It may alternatively be in the form
      of a cream or gel, the resin being dissolved in the aqueous phase thereof.
      The composition may contain any other conventional ingredient for use in
      cosmetics provided that the ingredient does not react with Bunte Salts.
      For example the composition may additionally contain one or more
      surfactants, hair dyes, pigments, perfumes, swelling agents or thickening
      agents. The composition may also be formulated as an aerosol.
PAR  In a further aspect the present invention provides a process for the
      treatment of hair, including living human hair, which comprises applying
      thereto a curable water-soluble polymer containing at least one poly
      (oxyalkylene) chain and two or more thiosulphuric acid or thiosulphate
      groups and curing the polymer on the hair. The polymeric compounds when
      applied to hair can enhance the appearance by making it brighter and may
      also facilitate combing out of the hair. When the hair has become degraded
      by the action of, for example, sea water, sunlight, bleaching agents or
      permanent waving agents, the compounds may have the effect of increasing
      the strength thereof. The compounds may also be used for the shape
      stabilisation of hair and are therefore of value for incorporation into
      permanent waving compositions. The hair may be formed into the desired
      shape or configuration, a solution of the resin is applied thereto and the
      polymer is subsequently cured.
PAR  The compounds can be applied to the hair by any conventional method, for
      example by brushing, spraying or dipping, and preferably remain in contact
      with the hair for a period of 5-30 minutes. The hair is then rinsed with
      an aqueous solution of a curing agent, for example a mixture of ammonium
      thioglycollate and magnesium chloride.
PAR  The invention is illustrated by the following Examples in which Examples I
      to VI, XXVI and XXVII relate to the preparation of resins for use in the
      method of the invention and Examples VII to XXV and XXVIII to XXXII are
      Examples of the invention.
DETD
PAC  EXAMPLE I
PAR  A polythiol was prepared from a mixture of 800 g (0.2 g-mol). of a triol of
      average molecular weight 4,000 made from glycerol and propylene oxide,
      55.2 g (0.6 g-mol.) of thioglycollic acid, 5 g of toluene-p- sulphonic
      acid and 350 ml of toluene by heating to reflux with stirring in an
      atmosphere of nitrogen. Water (10.8 ml, 0.6 g-mol.) formed during the
      reaction was removed as its azetrope with toluene. The mixture was cooled
      and washed with water, and the organic layer was separated. On removal
      under vacuum of the solvent from the organic layer there remained 793 g
      (94% of the theoretical yield) of the desired tris(thioglycollate) having
      a thiol content of 0.59 equiv./kg.
PAR  The above polythiol resin (1 mole) was treated with sodium bisulphite (4
      moles) in water and isopropanol was added to the liquor until a clear
      solution was obtained. The solution was heated to 60.degree.C for 4 hours
      and sodium tetrathionate (Na.sub.2 S.sub.4 O.sub.6, 2 moles) was added,
      the solution then being maintained at 60.degree.C for a further hour. A
      further 4 moles of sodium bisulphite and 2 moles sodium tetrathionate were
      then added as before. A yellow oil separated from the solution and was
      discarded. The solution was cooled and allowed to stand overnight, and the
      solvent was evaporated off in vacuo to give a clear, viscous, curable,
      organic resin which was soluble in water and exhibited surface active
      properties, and the infrared spectrum of the product showed bands
      characteristic of Bunte Salt groups at 1,030 cm.sup.-.sup.1 and
      1,050-1,190 cm.sup.-.sup.1. The product was anionic and readily
      precipitated when treated with the blue basic dye Basacryl Blue XRL CCI
      Basic Blue 79). White precipitates of cured resin formed readily on
      treatment with hydrochloric or sulphuric acid, magnesium chloride, THPC or
      ammonium thioglycollate, and at pH 2.0 with thioglycollic acid in the
      presence of tertiary amines or thiourea. Boiling in dilute mineral acids
      produced the corresponding insoluble thiols, but disulphides can be formed
      under these conditions if thiourea is present.
PAC  EXAMPLE II
PAR  A triol (100g) of average molecular weight 3,000 prepared by condensation
      of glycerol with propylene oxide (Polyurax G3000, B.P.Chemicals Ltd) was
      dissolved in toluene (300 ml). Chloroacetic acid (15 g) was added together
      with toluene p-sulphonic acid (5 g). The mixture was refluxed for 4 hours
      at 110.degree.C in an atmosphere of nitrogen and the water liberated was
      collected as its azeotrope with toluene in a Dean and Stark apparatus. The
      theoretical yield of water (1.8 ml) was recovered. The reaction mixture
      was washed with water and sodium bicarbonate (1% w/v) several times to
      remove excess chloroacetic acid and catalyst, and the toluene was removed
      by rotary vacuum evaporation. The residual tris-chloroacetyl ester (95 g)
      was dissolved in isopropanol (300 ml) and sodium thiosulphate pentahydrate
      (30 g) in water (50 ml) was added. Isopropanol and water were subsequently
      added as required to maintain a clear solution, together with acetic acid
      to bring the pH to 5.0. Refluxing was carried out for 4 hours at
      80.degree.C with stirring and at the end of this time a sample of the
      reaction liquor dissolved in water without turbidity. The solution was
      cooled and allowed to stand for 10 hours after which it was observed that
      separation into two phases had occurred. The upper resin phase was
      separated from the lower aqueous phase which contained a high proportion
      of dissolved salt. The resin phase was evaporated down in vacuo to give a
      clear viscous resinous material (92 g) which was readily soluble in water
      and exhibited surface active properties. The infra-red spectrum exhibited
      bands of 1,030 and 1,050-1190 cm.sup.-.sup.1 characteristic of Bunte Salt
      groups. Estimation of the Bunte Salt groups by conversion to thiol groups
      and subsequent titration indicated the presence of three Bunte Salt groups
      per molecule.
PAR  The reaction is believed to take place as follows:
      ##EQU13##
PAR  In like manner Bunte Salt resins were prepared from the following polyol
      starting materials:- Propylan G 1000, G 1500, G 3000, G 4000 and G 5000
      (Lancro Chemicals Ltd) and Voranol CP 700 (Dow Chemical Co), the figures
      indicating the molecular weight of the polyol.
PAC  EXAMPLE III
PAR  The resin prepared in Example II decomposed over the course of a few days
      when allowed to stand. A composition which could be stored for prolonged
      periods was prepared by diluting the evaporated product with water until
      the solids content was 80%, and adding a buffer(disodium hydrogen
      phosphate) to maintain the pH at about 7. The resulting concentrated
      solution was stored for a period of several months without noticeable
      deterioration.
PAC  EXAMPLE IV
PAR  Polyurax G 3,000 (100 g) was dissolved in toluene (100 ml) and stannic
      chloride (0.4 g) was added. Epichlorohydrin (12 g) was then added and the
      mixture was refluxed for 2 hours at 110.degree.C. The solution was cooled
      and washed with a solution of sodium hydroxide at pH 12. The organic phase
      was evaporated to dryness on a rotary vacuum evaporator and the resulting
      epoxy-terminated resin was dissolved in isopropanol(200 ml A solution of
      sodium thiosulphate pentahydrate (30 g) in water (50 ml) was added.
      Further isopropanol and water were then added as necessary to give a clear
      solution. The pH was adjusted to 7.0 and the mixture was refluxed for 4
      hours. During this period a little dilute acid was added as necessary to
      maintain the pH at 7.0. The mixture was cooled and allowed to stand
      overnight. The mixture was observed to have separated into two layers, the
      upper of which contained a resin similar to that prepared in Examples I
      and II. The upper layer was separated and solvent was removed by rotary
      vacuum evaporation. The resulting pale yellow resin was water soluble and
      surface active. Its infra-red spectrum showed bands attributable to Bunte
      Salt groups.
PAR  A stable aqueous concentrate of the resin was prepared as described in
      Example III.
PAR  The reaction is believed to be as follows:
      ##EQU14##
FNT  * in the presence of epichlorhydrin
PAC  EXAMPLE V
PAR  Propylan 3 (300g), glycerol/propylene oxide condensation product of
      molecular weight 3000, was dissolved on toluene (300 ml) and
      .beta.-chloropropionic acid (80 g) and toluene p-sulphonic acid (15 g)
      were added. The mixture was refluxed for 5 hours at 110.degree.C and the
      expected 5.4 ml of water was distilled off and collected at its azeotrope
      with toluene in a Dean and Stark trap. The mixture was cooled, washed with
      aqueous sodium bicarbonate and the resulting tris(.beta.-chloropropionyl)
      ester was recovered by evaporation. A portion of the ester (200 g) was
      dissolved in ethanol (200 ml) and potassium iodide (12 g) was added. The
      mixture was refluxed for 1 hour after which a precipitate of sodium
      chloride was noted, the product now being in the form of the
      tris(.beta.-iodopropionyl ester). Sodium thiosulphate pentahydrate (70 g)
      in water (100 ml) was added and the mixture was refluxed for 6 hours. At
      the end of this time a sample of the mixture when added to water was
      completely miscible and no turbidity appeared. The mixture was cooled and
      allowed to stand overnight. It separated into two phases of which the
      upper phase contained a pale yellow curable resin which was readily
      soluble in water, exhibited surface active properties, and gave an
      immediate precipitate with THPC. The product is believed to be
      ##EQU15##
      The remaining ester portion was similarly treated, but without iodide
      catalysis; no Bunte Salt was formed.
PAC  EXAMPLE VI
PAR  A diol of molecular weight approximately 2,000 containing propylene oxide
      derived units (Propylan D 2,112  Lankro Chemicals Ltd.) (212 g.) was
      dissolved in toluene (150 ml) and chloracetic acid (50 g) and toluene
      p-sulphonic acid (12 g) were added. The mixture was refluxed for 1 hour at
      125.degree.C and cooled. The excess acid was removed by stirring with
      sodium carbonate (30 g) in water (500 ml) for 1 hour. The organic layer
      was separated and the dissolved ester was recovered by evaporation.
PAR  The ester was dissolved in isopropyl alcohol (200 ml) and sodium
      thiosulphate pentahydrate (170 g) in water (150 ml) was added. The mixture
      was refluxed for 2 hours, cooled and allowed to stand. Separation into 2
      phases occurred, and the upper resin-containing phase was separated and
      concentrated as described in Example I. A water-soluble resin was obtained
      which exhibited surface active properties and gave an immediate
      precipitate with THPC. The infra-red spectrum of the product showed bands
      characteristic of Bunte Salt groups.
PAC  EXAMPLE VII
PAR  The following composition was applied by padding to a carbonised woollen
      flannel cloth and to worsted serge:-
     Resin of Example I                                                        

                    30     g/l, corresponding to 3%                            

                    on     the weight of fabric(o.w.f,)                        

     Urea           300    g/l                                                 

     Polysaccharide-base                                                       

     thickener (Guaranate AP5)                                                 

                    6      g/l                                                 

     Sodium metabisulphite                                                     

                    20     litre                                               

     Procion Red MG (a                                                         

     reactive dye)  20     g/l                                                 

PAR  The material was wound up on a batch, covered with a polyethylene sheet and
      stored for 24 hours. It was then washed with water, then with a solution
      of aqueous ammonia (1cc 880 ammonia per liter) at 60.degree.C for 15
      minutes and then with dilute acetic acid. The area felting shrinkages
      determined after test washing in a 15 liter "Cubex" washing machine at
      40.degree.C and pH 7 at a 15:1 liquor:goods ratio are shown in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                        % AREA SHRINKAGE                                       

     Fabric    Resin treatment                                                 

                        pH                                                     

                          1 hr. Wash                                           

                                 2 hr. Wash                                    

                                        3 hr. Wash                             

     __________________________________________________________________________

     Worsted serge                                                             

               Untreated                                                       

                        --                                                     

                          32%    --     --                                     

               As Example VII                                                  

                        4  1%     3%    8%                                     

     Woollen flannel,                                                          

               Untreated                                                       

                        --18%                                                  

                          29%    32%                                           

     scoured and milled                                                        

               As Example VII                                                  

                        4  0%     0%    1%                                     

     (not carbonised                                                           

     __________________________________________________________________________

PAC  EXAMPLE VIII
PAR  A wool serge fabric was treated by padding to the wet pick up indicated in
      the following Table with the following liquor.
TBL  Resin of Example II      38 g/l                                           

     Urea                     300 g/l                                          

     Procion Red Mg CI Reactive Red 5                                          

                              100 g/l                                          

     Sodium bisulphite        20 g/l                                           

     Guaranate AP 5           6 g/l                                            

PAR  The treated fabric was wound up, covered with a polyethylene sheet and
      stored for 24 hours at room temperature. It was then washed as indicated
      in Table II and the felting shrinkage was determined by washing as in
      Example VII. The results are shown in Table II in which "MgCl.sub.2 wash"
      means a wash with a 2% aqueous solution of magnesium chloride at the
      indicated temperature and pH values followed by a wash with 0.5% aqueous
      ammonia for 15 minutes. It may be seen that the red dyed material
      exhibited a low felting shrinkage after washing, especially when treated
      with T.H.P.C. or magnesium chloride.
PAR  Some of the fabric treated in the above manner was sprayed with a solution
      of monoethanolamine bisulphite to give 2% solids on weight of wool and
      then creased in a hot steam press. This fabric was then tested for 3 hours
      by the above Cubex method and it was observed that no felting shrinkage
      occurred and that the crease remained completely intact. Thus the Bunte
      Salt resins are capable of imparting very high antifelting properties
      coupled with permanent press.
TBL                                    TABLE II                                

     __________________________________________________________________________

                                                % Area Shrinkage               

     Fabric   Wet Pick Up                                                      

                       % resin o.w.f.                                          

                                 Aftertreatment 1 hr wash                      

                                                       2 hr wash               

                                                              3 hr             

     __________________________________________________________________________

                                                              wash             

                                0.5% aqueous ammonia                           

                                                11     24     40               

                                1% THPC (15 mins. 20.degree.C)                 

                                                3      5      11               

     Wool Serge                                                                

              130%     4.9      MgCl.sub.2 wash (20.degree.C, PH               

                                                2)     4      2                

                                MgCl.sub.2 wash (20.degree.C, PH               

                                                1      1      1                

                                MgCl.sub.2 wash (60.degree.C, PH               

                                                1      1      2                

     Uncarbonised               0.5% aqueous ammonia                           

                                                2      4      12               

     Flannel, scoured                                                          

              166%     6.3       1% THPC (15 mins. 20.degree.C)                

                                                -1     -2     -2               

     and milled                 MgCl.sub.2 wash (20.degree.C, pH               

                                                1)     0      1                

     Double Jersey                                                             

              129%     4.9      0.5% aqueous ammonia                           

                                                2      4      12               

                                 1% THPC (15 mins. 20.degree.C)                

                                                1      1      1                

                                MgCl.sub.2 wash (20.degree.C,                  

     __________________________________________________________________________

                                pH5)                                           

PAR  One of the dyed and magnesium chloride after-treated serge samples was
      exposed to the Xenotest accelerated fadeometer until Standard 6 on the
      Blue Scale had just started to fade. The fabric was then test washed as
      before and the results compared with an untreated sample.
TBL  ______________________________________                                    

     Sample       % Area Felting Shrinkage                                     

                1 Hr Wash                                                      

                         2 Hr Wash  3 Hr Wash                                  

     ______________________________________                                    

     Unexposed    -1         0          0                                      

     Exposed      -1         0          0                                      

     ______________________________________                                    

PAR  There was therefore no substantial deterioration in the shrinkproofing
      effect observed with this sample on exposure to light.
PAC  EXAMPLE IX
PAR  A wool serge fabric was impregnated by padding with the following
      composition to a wet pick-up of 130% by weight on the weight of the fabric
TBL  Urea                  300     g/l                                         

     Thioglycerol          0       g/l or 5 g/l                                

     Resin of Example IV   50      g/l                                         

     Sodium bisulphite     20      g/l                                         

     Guaranate AP 5        6       g/l                                         

     Procion Red MG        20      g/l                                         

PAR  The impregnated fabric was stored for 24 hours as in Example VIII and then
      washed in an aqueous magnesium chloride solution for 15 minutes at
      60.degree.C. The resulting red dyed fabric showed the following shrink
      resist results on test washing as before
TBL               % Area Felting Shrinkage                                     

                  1 hour wash                                                  

                          2 hour wash                                          

                                    3 hour wash                                

     ______________________________________                                    

     UNTREATED      45%       --        --                                     

     WITHOUT THIOGLYCEROL                                                      

                    9%        19%       26%                                    

     WITH THIOGLYCEROL                                                         

                    0%         5%        8%                                    

     ______________________________________                                    

PAC  EXAMPLE X
PAR  A worsted serge fabric was padded to 100% wet pick up with a solution
      containing
TBL  Resin of Example II 4% o.w.f.                                             

     Sodium bisulphite   10 g/l                                                

     Thiourea            20 g/l                                                

     Sodium Carbonate    to give pH 8                                          

PAR  After padding the fabric was rinsed with an aqueous solution of 2% v/v
      magnesium chloride and 2% v/v ammonium thioglycollate adjusted to pH 9,
      then with water, and then dried. A sample of the treated fabric exhibited
      about zero area felting shrinkage after 3 hours test washing.
PAC  EXAMPLE XI
PAL  Light Stability of the Polymers
PAR  Worsted serge was padded through the following pad liquors:
TBL  (i)     Polyol-based Bunte salt (80%)                                     

                                    40 g/l                                     

             Sodium Sulphite        20 g/l                                     

     (ii)    As (i) but including Polyamide-                                   

             based Bunte Salt (50% (for                                        

             preparation see Example XXVI)                                     

                                    20 g/l                                     

PAR  Immediately after padding the fabrics were cured in the following solutions
      for 10 minutes at 20.degree.C.
PAR  a. Ammonium thioglycollate (2% w/v) Mg Cl.sub.2 6H.sub.2 O (2% w/v),
PA1  b. Hexamethylene diamine (2% w/v) NaCl (5% w/v).
PAL  passed well with water and dried. Samples from these experiments were then
      exposed for 72 hours in the Xenotest machine, an exposure time, in fact,
      sufficient to fade the blue standard number 6 on the Blue Wool Scale. The
      exposed and non-exposed samples were then wash-tested for shrink
      resistance as before. The results are shown in Table III.
TBL                TABLE III                                                   

     ______________________________________                                    

     Pad   After      light     % AREA SHRINKAGE                               

     Liquor                                                                    

           Treatment  Exposure  1 hr.  2 hr.  3 hr.                            

     ______________________________________                                    

     (i)   a          No        0      0      0                                

     (i)   a          Yes       9      22     25                               

     (i)   b          No        0      1      1                                

     (i)   b          Yes       7      10     17                               

     (ii)  a          No        -1     -1     -1                               

     (ii)  a          Yes       0      0      0                                

     (ii)  b          No        -1     0      0                                

     (ii)  b          Yes       0      1      2                                

     ______________________________________                                    

PAR  It is evident from this table that the use of the polyamide-based Bunte
      Salt improves the stability of the cured fabric to light.
PAC  EXAMPLE XII
PAR  Wool serge samples (a) without pretreatment, (b) pretreated with 5% o.w.f.
      THPC or (c) pretreated with 10 g/l ammonium thioglycollate were treated by
      exhaustion in a bath at a liquor:goods ratio of 30:1 with Glaubers Salt
      (10% o.w.f.), formic acid (1% o.w.f.) and the resin of Example II (4%
      o.w.f.). The bath was raised to the boil over a period of 1 hour and
      maintained at the boil for a further 30 minutes. Each sample was then
      divided into two portions, one of which was not treated further, while the
      other half was washed for 15 minutes at ambient temperature with aqueous
      magnesium chloride (2%) solution, adjusted by addition of ammonia to pH 9.
      The samples were tested for felting shrinkage by washing as previously
      described. The results obtained are shown in Table IV.
PAR  The method was repeated except that Lanasol Blue 3R (CI Reactive Blue 50)
      (2% o.w.f.) and an amphoteric levelling agent containing ethylene oxide
      derived groups, Albegal B, (1% o.w.f.) were included in the resin
      treatment liquor. An excellent dyeing was obtained and the fabric had good
      shrink resist properties.
TBL                                    TABLE IV                                

     __________________________________________________________________________

                            % AREA FELTING SHRINKAGE                           

     FABRIC        AFTERTREATMENT                                              

                            1 hr. Wash                                         

                                   2 hr. Wash                                  

                                          3 hr. Wash                           

     __________________________________________________________________________

     Untreated     --       45     --     --                                   

     Pretreated with 3% owf                                                    

     THPC          Nil       9     15     24                                   

     Pretreated with 10 g/l                                                    

                   Nil      21     35     49                                   

     ammonium thioglycollate                                                   

                   MgCl.sub.2 wash                                             

                             3      4      5                                   

     No pretreatment but resin                                                 

                   Nil      22     49     --                                   

     treated       MgCl.sub.2 wash                                             

                            15     46     --                                   

     __________________________________________________________________________

PAC  EXAMPLE XIII
PAR  Wool yarn was treated in a package dyeing machine for a period of 20
      minutes with an aqueous solution containing 5% by weight on the weight of
      yarn of THPC and 15 g/1 ammonium thioglycollate. An aqueous solution
      containing the following composition was then applied.
TBL  ______________________________________                                    

     Resin of Example I 4% o.w.f.                                              

     Formic Acid        1.5% o.w.f.                                            

     Glauber's Salt     10% o.w.f.                                             

     Lanasol Blue 3R    2% o.w.f.                                              

     ______________________________________                                    

PAL  After 2 hours the resin and dye were observed to have exhausted onto the
      yarn and an excellent blue dyed yarn having a high degree of resistance to
      felting shrinkage was obtained.
PAC  EXAMPLE XIV
PAR  A wool fabric was impregnated by padding with an aqueous composition
      containing the pigment dye Hostaperm Red E3B (CI Pigment Voilet 19) (1.5
      g/l), the resin of Example II (50 g/l) and sodium bisulphite (10 g/l). The
      impregnated fabric was stored for 15 minutes and then washed in a dilute
      solution containing magnesium chloride and ammonium thioglycollate. A blue
      dyed fabric was obtained having good shrink resist properties. The pigment
      was well retained by the fabric and exhibited satisfactory fastness to
      washing, light and mechanical abrasion.
PAC  EXAMPLE XV
PAR  A sample of bleached human hair was treated with an aqueous composition
      comprising
TBL         Resin of Example II                                                

                           20 g/l                                              

            Sodium bisulphite                                                  

                           10 g/l                                              

PAL  The solution was allowed to remain in contact with the hair for 10 minutes,
      after which it was washed with a dilute aqueous solution containing
      ammonium thioglycollate and magnesium chloride. The hair was then allowed
      to dry. It was found to have an improved handle and gloss and was easier
      to disentangle on combing than the untreated hair.
PAC  EXAMPLE XVI
PAR  A sample of human hair was wound around a small diameter hair curler and
      treated with the aqueous composition of Example XV. The composition was
      allowed to remain in contact with the hair for 15 minutes at 40.degree.C
      after which the hair was washed with a 2% by weight aqueous solution of
      magnesium chloride. The hair was then set in the usual way on a large
      diameter curler, washed with water and dried in a current of warm air. An
      excellent permanent curl was obtained which wasy very resistant to
      washing. The test was repeated in the absence of the resin, and the curl
      obtained was much less pronounced and less resistant to washing.
PAC  EXAMPLE XVII
PAR  A sample of human hair was impregnated with the following composition.
TBL  ______________________________________                                    

            Hostaperm Red E3B                                                  

                           1.5     g/l                                         

            Resin of Example II                                                

                           50      g/l                                         

            Sodium bisulphite                                                  

                           10      g/l                                         

     ______________________________________                                    

PAL  Hostaperm Red is a pigment dye. The hair was immediately wound onto a small
      diameter hair curler and allowed to remain thereon for 16 minutes. It was
      then rinsed in a dilute aqueous solution of magnesium chloride and
      ammonium thioglycollate. The hair was dyed red and permanently curled.
      Both the curl and the dyeing were fast to washing. In the absence of the
      resin no dyeing is observed and the permanent waving is less pronounced
      and less fast to washing.
PAC  EXAMPLE XVIII
PAR  A print paste was prepared comprising
TBL  Bunte Salt of Example II                                                  

                           30 g/l                                              

     Hostaperm Red E3B      6 g/l                                              

     Sodium sulphite       10 g/l                                              

     Alginate/starch ether                                                     

     thickener             50 g/l                                              

PAL  The above paste was applied by screen printing to a wool serge fabric and
      to cotton cloth, knitted polyester fabric, polyamide fabric and knitted
      acrylic fabric. Each fabric was then washed in saturated aqueous salt
      solution containing 2% ammonium thioglycollate for about 5 minutes at
      ambient temperatures. The fabric was washed in water and dried. In each
      case a bright red dyeing fast to washing, rubbing and dry-cleaning was
      obtained.
PAC  EXAMPLE XIX
PAR  A knitted double jersey Crimplene polyester fabric was printed with the
      following print pastes (1-3) to a 3-colour flowered design.
PA1  1. 50 g/l Bunte Salt concentrate of Example III 6 g/1 Hostaperm Pink E (CI
      Pigment Red 122) 50 g/l of a 50:50 mixture starch ether: alginate
      thickness 10 g/1 thiourea (adjusted paste to pH 9.0)
PA1  2. as 1 but using 12 g/1 Helizarin Blue BT as pigment.
PA1  3. As 1 but using 3 g/1 Helizarin Green GG as pigment.
PAR  After being printed the fabric was aftertreated for 5 minutes at
      20.degree.C in a saturated salt solution containing 2% (w/v) ammonium
      thioglycollate and then washed off in cold water and dried at
      110.degree.C. A very bright, clear print was produced, fast to washing,
      wet rubbing and light. The fastness to wet rubbing is particularly
      satisfactory in the deeper shades and is unexpectedly high for a print
      based on the use of pigment dyes.
PAC  EXAMPLES XX
PAR  The procedure of Example XIX was repeated except that the fabrics used were
PA1  a. 100% wool worsted
PA1  b. 100% nylon continuous filament knitwear
PA1  c. Triacetate continuous filament knitwear
PA1  d. Cotton woven poplin
PA1  e. 50:50 wool/polyester worsted
PAL  In all cases fast prints of high wet rub fastness and lightfastness were
      produced.
PAC  EXAMPLE XXI
PAR  The procedure of Example XIX was followed except that curing was by a
      Thermosol treatment at 140.degree.C for 5 mins. Again fast prints of high
      fastness were produced.
PAC  Example XXII
PAR  The prints on 100% wool from Example XX were test washed for 3 hours at pH
      7.0, and felting occurred only in the unprinted areas, producing an
      attractive seersucker effect.
PAR  This effect could be produced in the absence of colour by printing an
      unmilled woollen cloth in a floral design with the following paste:
PA1  50 g/l Bunte Salt concentrate of Example III
PA1  50 g/1 of a 50:50 mixture starch ether/alignate thickener
PA1  20 g/l Sodium sulphite
PAR  The fabric was cured by immersion for 10 minutes cold in a solution at pH
      9.0 containing:
PA1  2% MgCl.sub.2 w/v
PA1  2% ammonium thioglycollate followed by rinsing in cold water and drying.
PAR  The fabric was then milled in a `Cherry Tree` milling machine in the
      presence of dilute acetic acid. An attractive floral effect was produced
      whereby the white printed floral areas had completely resisted milling and
      the weave structure was clear, but the unprinted areas had milled
      normally.
PAC  EXAMPLE XXIII
PAR  The following liquor was applied by padding to wool serge, polyester
      knitwear. wool/polyester knitted fabric and blended worsted and nylon
      knitwear to give 100% wet pick up in each case
PA1  6 g/l Hostaperm Red E3B
PA1  50 g/l Bunte salt concentrate from Example III
PA1  12 g/l Guaranate AP5
PA1  10 g/l Thiourea
PA1  Adjusted to pH 9.0
PAR  The fabrics were then cured as in Example XIX. An attractive dyeing, fast
      to light, wet rubbing and washing was achieved on all the above fabrics.
      It was noted that the coloration was solid on the wool/polyester blend
      fabrics.
PAC  EXAMPLE XXIV
PAR  Woollen fabric was padded with the following composition
PA1  50 g/l Bunte salt concentrate of Example III
PA1  5 g/l Sodium bicarbonate and dried for 5 mins at 130.degree.C.
PAR  The fabric was then test washed for 3 hours and found to be resistant to
      felting.
PAC  EXAMPLE XXV
PAR  The following surface coating mixture was prepared
TBL  Hostaperm Red E3B          10 g/l                                         

     Bunte salt concentrate of Example III                                     

                                50 g/l                                         

     Hydroxyethylcellulose thickener                                           

                                20 g/l                                         

     Thiourea                   20 g/l                                         

PAR  The mixture was applied to wool and lead-primed metal surfaces. These
      materials were then heated for 10 minutes at 140.degree.C. A bright red,
      water resistant coating was obtained on both materials.
PAC  EXAMPLE XXVI
PAL  Preparation of Bunte Salt Derivative of Hercosett 57
PAR  Sodium thiosulphate (40 g) was added to 400 mls. of an aqueous solution of
      a polyamide/epichlorohydrin resin sold under the trade name Hercosett 57
      (10% solids). A clear pale yellow solution was produced which was left to
      stand over-night, where upon it had separated into two phases. The more
      viscous lower phase (200mls) was separated from the upper phase.
PAR  The viscous phase was pale yellow in colour and very soluble in water. In
      addition it appeared to be very anionic in that it readily precipitated
      with the basic dye Basacryl Blue XRL (BASF) in marked contrast to
      Hercosett 57. Similarly the new resin was not precipitated by the anionic
      reactive dye Procion Red MG, in contrast to the ready precipitation of
      Hercosett 57.
PAR  The new resin is believed to the Bunte Salt derivative of the original
      polyamide/epichlorohydrin resin formed in the following manner
      ##EQU16##
PAR  The observed chemical properties of the resin are summarised in the
      following Table.
TBL  ______________________________________                                    

     Aqueous Solution of                                                       

                   Reagent        Result                                       

     ______________________________________                                    

     Bunte Salt polyamide                                                      

                 Thioglycollic Acid                                            

                              Instant white Preci-                             

                              pitate, insoluble in                             

                              acids, alkalis and                               

                              common organic solvents                          

     Hercosett 57                                                              

                 Thioglycollic Acid                                            

                              No effect                                        

     Bunte Salt polyamide                                                      

                 Thioglycerol White precipitate,                               

                              insoluble in acids,                              

                              alkalis and common                               

                              organic solvents.                                

     Hercosett 57                                                              

                 Thioglycerol No effect                                        

     Bunte Salt polyamide                                                      

                 H.sub.2 SO.sub.4 (conc) in                                    

                              Instant white precipi-                           

                              tate insoluble -- acids,                         

                              alkalis and common                               

                              organic solvents                                 

     Hercosett 57                                                              

                 H.sub.2 SO.sub.4 (conc)                                       

                              No effect                                        

     Bunte Salt polyamide                                                      

                 THPC         Instant white                                    

                              precipitate                                      

     Hercosett 57                                                              

                 THPC         No effect                                        

     ______________________________________                                    

PAC  EXAMPLE XXVII
PAL  Preparation of a thiosulphato derivative of Gelatin
PAR  A suspension of gelatin (40g) in water (400 ml) was treated dropwise with
      epichlorohydrin (20 ml) at a temperature of 40.degree. C with stirring.
      Addition took 15 minutes and the temperature was then raised to
      60.degree.C and maintained for 1 hour. The pH was maintained at 7.5
      throughout this stage. The solution was then cooled to 40.degree.C and
      acidified to pH 5 with acetic acid. A solution of 100 ml sodium
      thiosulphate (Na.sub.2 S.sub.2 O.sub.3.5H.sub.2 O, 60.5 g) was added
      dropwise with the acetic acid during the reaction. The solution was
      allowed to stand overnight whereupon it separated into two phases. The
      lower phase was viscous and pale yellow in colour and contained a curable
      resin which exhibited the same reactions as the Hercosett derivative.
PAC  EXAMPLE XXVIII
PAR  The polyamide derived resin described above was applied to a prechlorinated
      knitted Boteny fabric having a cover factor of 1.1 using a pad mangle. The
      pad liquor contained the following substances.
TBL  ______________________________________                                    

     Procion Red MG       as specified                                         

     Urea                 as specified                                         

     Guaranate AP5        as specified                                         

     Sodium Metabisulphite                                                     

                          as specified                                         

     Dispersol VP         10g/litre                                            

     Bunte salt resin                                                          

      (50% solids)        60g/litre                                            

     ______________________________________                                    

PAR  The concentrations of dye, urea, guaranate AP5 and sodium metabisulphite
      were varied and the effect of these variations is shown in the following
      table. In each case samples of the material were a) dried, b) batched and
      washed off with 1% aqueous solution of ammonia (normal wash off for
      pad-batch dyeing) or c) batched and washed off with a 1% solution of
      thioglycollic acid. Batch was carried out as follows: the dyed and resin
      treated fabric was wound up covered with polyethylene sheet and stored for
      a period of 24 hours. After treatments a), b) and c) above the fabric was
      then washed for 1 hour, 2 hours and 3 hours at pH7 in the presence of a
      detergent of 40.degree.C in a Cubex washing machine with a liquor ratio of
      15:1 to determine the felting shrinkage. The untreated fabric exhibited an
      area felting shrinkage of 47% in this test after washing for 1 hour. The
      results are shown in Table V. It is evident that samples given a reduction
      cure give excellent shrinkproofing. The necessity for a thickened liquor
      is also demonstrated.
TBL                                    TABLE V                                 

     __________________________________________________________________________

                          SODIUM        % AREA SHRINKAGE (1 hr. wash)          

     SAMPLE          UREA METABI-                                              

                                 GUARANATE                                     

                                        A. DRIED AFTER                         

                                                  B. NORMAL                    

                                                          C. WASHED OFF 15     

                          SULPHITE                                             

                                 AP5    BATCHING  WASH OFF                     

                                                          min 20.degree.C in   

                                                          1%                   

                                                          SH.CH.sub.2 OOOH     

     __________________________________________________________________________

     1. (a) No Dye in Liquor                                                   

                     Og/1 Og/1   Og/1   15        49      44                   

        b) 10g/l Dye Og/1 Og/1   Og/1   30        36      32                   

     2. a) No Dye in Liquor                                                    

                     300g/l                                                    

                          Og/l   Og/l   38        38      37                   

        b) 10g/l Dye 300g/l                                                    

                          Og/l   Og/l   41        43      44                   

     3. a) No Dye in Liquor                                                    

                     300g/l                                                    

                          10g/l  Og/l   39        41      1 (-2)* (9)**        

        b) 10g/l Dye 300g/l                                                    

                          10g/l  Og/l   30        44      15                   

     4. a) No Dye in Liquor                                                    

                     300g/l                                                    

                          10g/l  5g/l   13         1(5)*(8)**                  

                                                          -2 (2)*(1)**         

        b) 10g/l Dye 300g/l                                                    

                          10g/l  5g/l   16        21      3 (6)* (12)**        

     5. a) No Dye in Liquor                                                    

                     300g/l                                                    

                          Og/l   5g/l   22        38      4 (1)* (0)**         

        b) 10g/l Dye 300g/l                                                    

                          0g/l   5g/l   31        34      1 (13)*              

     6. a) No Dye in Liquor                                                    

                     Og/l 10g/l  5g/l   39        33      0 (5)* (7)**         

        b) 10 g/l Dye                                                          

                     Og/l 10g/l  5g/l   27        37      3 (3)* (6)**         

     7. a) No Dye in Liquor                                                    

                     Og/l 0g/l   5g/l   37        45      16                   

        b) 10g/l Dye Og/l 0g/l   5g/l   33        42      15                   

     __________________________________________________________________________

       *--2 hr. wash                                                           

      **--3 hr. wash                                                           

PAC  EXAMPLE XXIX
PAR  A pad liquor was made up containing:-
PA1  60g/l Thiosulphate resin (50% solids) from Example XXVI
PA1  300g/l Urea
PA1  10g/l Dispersol VP Sodium Bisulphite
PAL  See Table
PA1  5g/l Guaranate AP5
PA1  10g/l Procion Red MG
PAL  The pre-chlorinated wool knitwear of Example XXVIII was padded through the
      above bath and the material batched for 24 hours at room temperature. The
      material was then washed in an aqueous solution containing THPC (1% v/v)
      for 15 minutes at 20.degree.C. Shrinkage results were obtained from a 15
      litre Cubex test and are given in Table VI.
TBL                TABLE VI                                                    

     ______________________________________                                    

                      Chlorinated Knitwear                                     

                      % Area Shrinkage                                         

     ______________________________________                                    

      Og/l Bisulphite   1      (1)*   (1)**                                    

     10g/l Bisulphite   3      (1)*   (2)**                                    

                               *      2 hr Wash                                

                               **     3 hr Wash                                

     ______________________________________                                    

PAC  EXAMPLE XXX
PAR  Pre-chlorinated wool knitwear was padded through a liquor identical to that
      used in Example XXIX, with the exception that 10g/l sodium bisulphite was
      included. The material was batched for 24 hours at 20.degree.C and washed
      off as follows:
PA1  A. 1% (v/v) H.sub.2 SO.sub.4 15 mins., 20.degree.C.
PA1  B. 1% (v/v) H.sub.2 SO.sub.4 15 mins., 50.degree.C.
PAL  The shrinkage results from the 15 litre Cubex test are given in Table VII.
TBL                TABLE VII                                                   

     ______________________________________                                    

     After-treatment      % Area Shrinkage                                     

                    1hr.    2hr.      3hr.                                     

     ______________________________________                                    

     A                    10        --      --                                 

     B                     0        2       6                                  

     ______________________________________                                    

PAL  It is evident that sulphuric acid curing is more efficient at 50.degree.C
      than at room temperature.
PAC  EXAMPLE XXXI
PAR  Using the pad liquor of Example XXX adjusted to pH10 with sodium carbonate
      the following fabrics were treated on a pad mangle with a dye/resin
      mixture, batched 24 hrs. at room temperature and subsequently washed off
      with a 1% aqueous solution of tetrakis-hydroxymethyl-phosphonium chloride.
      The treated fabrics were tested for shrink-resistance as in Example
      XXVIII. The fabrics treated were as follows:
PA1  1. Untreated botany single jersey.
PA1  2. A single jersey fabric which had been insufficiently piece chlorinated
      and which therefore gave pool shrinkage results at pH5 when pad-batch
      processed with Bunte Hercosett (compare with the excellent results
      previously obtained on top chlorinated fabrics).
PA1  3. Carbonised woolen, scoured and milled.
PA1  4. Wool serge.
PA1  5. Peroxide bleached yarns knitted into double jersey fabrics.
PA1  6. Scoured and milled flannel.
PA1  7. Dylan treated flannel.
PA1  8. Untreated double jersey.
PA1  9. Peroxide bleached worsted tropical.
PAR  The results are shown in the following Table (VIII).
PAR  It is evident that a great improvement in the washability of the fabrics is
      brought about by carrying out the process at pH10.
TBL                                    TABLE VIII                              

     __________________________________________________________________________

     SHRINK RESIST RESULTS (15 1-Cubex)                                        

              Pad Liquor:                                                      

                     300g/l urea, 10g/l Dispersol VP, 5g/l Guaranate AP5,      

                     10g/l Bisulphite                                          

               60g/l (3% o.w.f.) Hercosett Bunte Salt.                         

              Curing:                                                          

                     1% THPC 15 min. 20.degree.C.                              

     FABRIC             pH OF PAD LIQUOR.                                      

                                    PROCION RED MG                             

                                              % AREA SHRINKAGE                 

                                              1 hr WASH                        

                                                      2hr WASH                 

                                                             3hr WASH          

     Untreated single jersey                                                   

     (No resin-area shrinkage 62%)                                             

                        5           --        50      --     --                

     (No resin-area shrinkage 62%)                                             

                        10          --        48      --     --                

     Poorly chlorinated single                                                 

     jersey (No resin-area                                                     

     shrinkage 54%)     5           --        2       17     37                

     shrinkage 54%)     10          --        1       2      4                 

     shrinkage 54%)     10          10g/l     1       -1     -1                

     Carbonised Woollen scoured                                                

     and milled (No resin-area                                                 

     shrinkage                                                                 

     14% (1hr), 22% (2hr), 30% (3hr)                                           

                        5           --        14      22     --                

     14% (1hr), 22% (2hr), 30% (3hr)                                           

                        10          --        0       2      5                 

     14% (1hr), 22% (2hr), 30% (3hr)                                           

                        10          10g/l     1       2      6                 

     Wool serge                                                                

     (No resin-area shrinkage 32%)                                             

                        5           --        29      --     --                

     (No resin-area shrinkage 32%)                                             

                        10          --        16      34     --                

     (No resin-area shrinkage 32%)                                             

                        10          10g/l     13      28     --                

     Peroxide bleached double jersey                                           

     (No resin-area shrinkage)                                                 

                        5           10g/l     9       15     20                

     15% (1hr), 21% (2hr), 24% (3hr)                                           

     15% (1hr), 21% (2hr), 24% (3hr)                                           

                        10          --        3       7      7                 

     15% (1hr), 21% (2hr), 24% (3hr)                                           

                        10          10g/l     1       3      7                 

     Scoured and milled.                                                       

     (not carbonised)                                                          

     (No resin-area shrinkage)                                                 

     19% (1hr), 29% (2hr), 32% (3hr)                                           

                        10          10g/l     8       13     17                

     Dylan, Carbonised                                                         

     scoured and milled                                                        

     (No resin-area shrinkage)                                                 

     16% (1hr), 25% (2hr), 30% (3hr)                                           

                        10          10g/l     4       7      10                

     Untreated double jersey                                                   

     (No resin-area shrinkage                                                  

     13% (1hr), 23% (2hr), 19% (3hr)                                           

                        10          10g/l     9       14     19                

     Peroxide Bleached Worsted                                                 

     Tropical                                                                  

     (No resin-area shrinkage)                                                 

     11% (1hr), 23% (2hr), 31% (3hr)                                           

                        10          10g/l     -1      -1     -1                

     __________________________________________________________________________

PAC  EXAMPLE XXXII
PAR  The following aqueous composition was applied by padding to a carbonized
      woolen flannel cloth, a peroxide bleached double jersey fabric and a
      poorly chlorinated single jersey fabric.
TBL  ______________________________________                                    

     Urea           300 g/litre                                                

     Dispersol VP    10 g/litre                                                

     Guarnate AP5    5 g/litre                                                 

     Gelatin derivative                                                        

                     3% on the weight of fabric                                

     ______________________________________                                    

PAR  In some cases the pH of the composition was adjusted to 10 using aqueous
      sodium carbonate. The treated fabrics were stored for 24 hours, and then
      washed off for 15 minutes in a 1% solution of thioglycollic acid. The
      fabrics were then washed in a Cubex washing machine as described in
      Example XXVIII and the felting shrinkages were determined, and are shown
      in Table IX.
PAR  The process according to the invention can be applied successfully not only
      to natural fibres and to natural synthetic fibre blends, but also to pure
      synthetic fibres, e.g. polyester fibres. An important aspect of the
      invention is that it permits satisfactory pigment dyeing of synthetic
      fibres. Especially good results have been obtained with the pigment dyeing
      of polyester at ambient temperatures. The stability to light obtained by
      use together of polyol and polyamide/epichlorohydrin Bunte Salts is of
      importance (see Example XI).
TBL                                    TABLE IX                                

     __________________________________________________________________________

                                     % AREA SHRINKAGE                          

     Fabric            Pad liquor applied                                      

                                 pH  1 hr. Wash                                

                                            2 hr. Wash                         

                                                   3 hr. Wash                  

     __________________________________________________________________________

     Carbonised Woollen Flannel                                                

                       NIL       --  14%    22%    30%                         

                       YES       4   10%    20%                                

                       YES       10   1%     1%     1%                         

     Peroxide bleached double Jersey                                           

                       NIL       --  15%    21%    24%                         

                       YES       4    5%     8%    15%                         

                       YES       10   1%     1%     1%                         

     Poorly chlorinated single Jersey                                          

                       NIL       --  54%                                       

                       YES       4    0%     0%                                

     __________________________________________________________________________

CLMS
STM  What I claim is:
NUM  1.
PAR  1. A process for the treatment of fibrous or filamentary material which
      comprises applying thereto a polymeric compound comprising:
PA1  a. a radical derived by the removal of two or more hydroxyl groups from a
      polyhydric alcohol;
PA1  b. bound to this radical through an oxygen atom at the sites vacated by
      said hydroxyl groups at least two poly(oxyalkylene) chains; and
PA1  c. at least two thiosulfuric acid or thiosulfate groups each bound through
      a linking group to a chain terminating oxygen atom of said
      poly(oxyalkylene) chains, said linking group containing from 1 to 10
      carbon atoms and being an alkylene, alkylenecarbonyl or hydroxy alkylene
      group, and curing the compound on the fibres.
NUM  2.
PAR  2. A process according to claim 1 wherein the polymeric compound has
      substantially three poly (oxyalkylene) chains and substantially three
      thiosulphuric acid or thiosulphate groups per molecule.
NUM  3.
PAR  3. A process according to claim 1 wherein the polymeric compound has a
      molecular weight of 1,500-3,500.
NUM  4.
PAR  4. A process according to claim 1 wherein the polymeric compound contains
      polyoxyalkylene chains linked together by thioether or disulphide bridges.
NUM  5.
PAR  5. A process according to claim 1 wherein the polymeric compound has the
      formula
      ##EQU17##
      or the formula
PAC  YO.sub.3 SSX -- (O-alkylene).sub.m --XSSO.sub.3 Y
PAL  wherein
PA1  p is from 2 to 6;
PA1  q is 0 to 4 subject to the proviso that (p + q) is from 2 to 6;
PA1  m is at least 1 and may have different values in each of the p and q
      chains;
PA1  R represents a radical formed by removal of the hydroxyl groups groups from
      an aliphatic alcohol containing at least two carbon atoms and at least two
      hydroxyl groups;
PA1  each "alkylene" group contains a chain of from 2 to 6 carbon atoms between
      consecutive oxygen atoms;
PA1  X represents said linking group; and
PA1  Y represents a hydrogen atom or a salt-forming ion or group.
NUM  6.
PAR  6. A process according to claim 5 wherein the compound has the general
      formula
PAC  [R] [(O-alkylene).sub.m O X SSO.sub.3 Y].sub.p.sbsb.1
PAL  wherein m, X and Y and "alkylene" are as defined in claim 5, R represents a
      radical derived from an aliphatic alcohol containing 3-6 carbon atoms and
      3-6 hydroxyl groups and p.sub.1 is from 3 to 6.
NUM  7.
PAR  7. A process according to claim 5 wherein R represents a residue derived
      from glycerol.
NUM  8.
PAR  8. A process according to claim 5 wherein the alkylene groups comprise
      propylene groups or a mixture of ethylene and propylene groups.
NUM  9.
PAR  9. A process according to claim 5 wherein X represents -C - (CH) - where n
      1 to 6.
NUM  10.
PAR  10. A process according to claim 5 wherein X represents a radical of the
      formula
      ##EQU18##
NUM  11.
PAR  11. A process according to claim 5 wherein the compound is selected from
      those of the general formula
      ##EQU19##
      where m has the same meaning as in claim 9 and alkali metal, ammonium and
      amine salts thereof.
NUM  12.
PAR  12. A process according to claim 5 wherein the compound is selected from
      those of the general formula
      ##EQU20##
      wherein m has the same meaning as in claim 9 and alkali metal, ammonium
      and amine salts thereof.
NUM  13.
PAR  13. A process according to any 1, wherein the amount of resin applied to
      the fibres is 0.1 to 10% by weight on the weight of fibre.
NUM  14.
PAR  14. A process according to claim 1 wherein the resin is applied in the
      presence of thiourea or thioglycerol.
NUM  15.
PAR  15. A process according to claim 1 wherein the resin is applied in aqueous
      solution.
NUM  16.
PAR  16. A process according to claim 1 wherein said curing step is effected
      with an aqueous solution of an acid, a base, a Lewis acid, a substance
      containing thiol groups, an amine, thiourea, thioglycerol, thiocyanate or
      iodide ions.
NUM  17.
PAR  17. A process according to claim 1 wherein the fibres are further treated
      with aqueous magnesium chloride and/or ammonium thioglycollate.
NUM  18.
PAR  18. A process according to claim 1 wherein the fibres comprise keratinous
      fibres.
NUM  19.
PAR  19. A process according to claim 2 wherein the polymeric compound is
      applied to the fibres in the presence of a wool dye.
NUM  20.
PAR  20. A process according to claim 19 wherein the wool dye is an acid
      levelling, acid milling, 1:1 or 1:2 -- premetallised or reactive dye.
NUM  21.
PAR  21. A process according to claim 19 wherein the dye and polymeric compound
      are applied by exhaustion at the boil.
NUM  22.
PAR  22. A process according to claim 19 which comprises applying to wool fibres
      by padding a composition comprising a polymeric compound as defined in
      claim 1, an acid levelling, acid milling, 1:1 or 1:2 -- premetallised or
      reactive dye, an acid amide or thioamide, and a reducing agent for
      keratin, storing the impregnated fibres in the presence of moisture for 10
      secs-72 hours and then washing the fibres.
NUM  23.
PAR  23. A process according to claim 1 for pigment dyeing of synthetic fibres
      or filaments, in which the compound is applied together with a pigment and
      then cured.
NUM  24.
PAR  24. A process according to claim 23 wherein the synthetic fibres or
      filaments are polyester fibres or filaments.
NUM  25.
PAR  25. A process according to claim 1 wherein the fibrous or filamentary
      material is a textile fibre.
NUM  26.
PAR  26. A process according to claim 1 wherein the fibrous or filamentary
      material is a textile fabric.
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ABST
PAL  A coloring composition for dyeing keratinous material comprising water, an
      organic dye carrier, a premetallized dye soluble in the carrier, a
      stain-inhibiting agent and an anionic surface active agent. The dyes are
      premetallized dyes and the composition includes dye carriers, anionic
      surface active agents, and stain inhibiting agents in an aqueous solution.
      The composition is effective as a semi-permanent hair dye that can be
      applied to hair without staining the skin of the user.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part application of Ser. No. 227,601, filed Feb.
      18, 1972, and application Ser. No. 712,398, filed Mar. 12, 1968, Both
      applications are now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the dyeing of keratinous materials. More
      particularly, it relates to coloring compositions for producing a
      semi-permanent dyeing of hair for cosmetic purposes. The dyeing of the
      hair is accurately reproducible, nonstaining to the skin and is
      advantageously accomplished by directly applying the coloring composition
      of this invention to the hair at normal room temperature.
PAR  2. Description of the Prior Art
PAR  Coloring preparations for modifying or changing the natural hair color may
      be classed generally into the permanent colors and the temporary colors.
      In current practice permanent colors are oxidation dyes based on certain
      coal tar intermediates which develop color in the presence of an oxidizing
      agent such as hydrogen peroxide in an alkaline solution. The permanent
      colors are retained by the hair until the hair grows out, although the
      original shade may become altered as the result of frequent shampooing,
      perspiration, exposure to light, use of permanent waves or other chemical
      hair treatments.
PAR  The temporary colors are used to give color highlights to the hair, to
      correct yellowish streaks in gray hair, to blend in mixed gray hair and to
      brighten and intensify the natural hair color.
PAR  The temporary dyes are of several different types. There are acid dyes in
      conjunction with organic acids such as citric and tartaric, and sometimes
      with a surfactant. Another type is the cationic or basic dyes combined
      with buffering salts such as borates, citrates or phosphates. Still
      another type comprises the complex dyes which are formed by the
      interaction of acid dyes (including direct dyes) with cationic
      surfactants.
PAR  The dyes of all these types of temporary dyes impart color to the hair by
      way of forming a film on the hair surface. These films are of varying
      durability. Thus, the first-mentioned type, the acid dyes, can be
      completely removed by a single shampooing, while the second-mentioned
      type, the buffering cationic or basic dyes, usually last through a few
      shampooings.
PAR  In recent years, a demand has been created for hair colors of the temporary
      type--which do not require irritating oxidative dyes or high temperatures
      as is the case for some permanent colors--but which as well would provide
      a hair coloring with longer-lasting characteristics, in effect, a hair
      coloring which will withstand many shampoo treatments and will be
      semipermanent in its lasting properties. The present invention is directed
      towards fulfilling this need.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of this invention relates to the semi-permanent dyeing
      of keratinic fibers including human hair and furs at body and room
      temperatures, thereby preventing damage to the hair and the likelihood of
      toxic irritation which are associated with permanent type colors utilizing
      hydrogen peroxide or other oxidants in an alkaline solution while being
      non-staining to the skin of the user. The present invention may also be
      employed for dyeing either natural or synthetic polyamide fibers such as
      silk or animal bristles. As the dye compositions of the present invention
      are non-reactive, it is possible to obtain superior control over the final
      hair colors obtained. This is particularly so as the extent of absorption
      of a mixture of dyes from the coloring compositions disclosed herein is
      predictable and accurately reproducible giving strong level shades on
      normal hair, on hair which has been bleached, or on hair which has been
      permanent-waved.
PAR  The present invention is based upon the discovery that improved
      semi-permanent hair coloring compositions for dyeing at room temperature
      and which is non-staining to the skin of the user may be achieved through
      the use of an organic dye carrier in combination with an anionic surface
      active agent which co-assists the adsorption of the dye materials onto the
      outer surface of the keratinic fibers to be treated and thereafter to
      co-assist the penetration of the dye materials into the micropores of the
      fibers and in further combination with an alkoxylated lanolin or fatty
      alcohol to yield a composition which is non-staining to the skin of the
      user. Briefly stated, the hair coloring compositions of the present
      invention comprise a major amount of water, a premetalized dye soluble in
      a compatible organic dye carrier and capable of penetrating keratinic
      fibers, a compatible organic dye carrier for co-assisting the transfer of
      the dye into keratinic fibers, an anionic surface active agent and a stain
      retarding agent selected from alkoxylated lanolins and fatty alcohols.
      Preferred compatible organic dye carriers for the present invention
      include benzyl alcohol derivatives, alkyl phenones, cyclohexane compounds,
      n-nonylaldehyde, 2-phenoxyethanol, and 2-methyl-1-pentanol.
PAR  In addition to the basic essential ingredients in the coloring compositions
      of the present invention, namely a premetallized dye, a stain-retarding
      agent, a dye carrier and an anionic surfactant, it is preferable to
      include conventional components used in hair coloring preparations, such
      as a cellulose ether thickening agent, a lather-forming agent, a pH buffer
      and perfume for their usual and intended effect. Advantageously, the
      coloring compositions are buffered at a pH of from 4 to 6 although a pH of
      from 2 to 7 is suitable for the present invention.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A preferred formulation for the coloring compositions of this invention is
      listed below in Table I. (The formula below is listed in terms of parts
      per hundred by weight.)
TBL                TABLE I                                                     

     ______________________________________                                    

     Premetallized dye 0.1 to 10                                               

     Compatible dye carrier                                                    

                       1 to 10                                                 

     Stain inhibiting agent                                                    

                       0.1 to 5                                                

     Anionic surfactant                                                        

                       0.01 to 5                                               

     Cellulose ether   about 1                                                 

     (thickener)                                                               

     pH buffer solution                                                        

                       about 20                                                

     Lather forming agent                                                      

                       1 to 10                                                 

     Perfume           (in sufficient quantity)                                

     Distilled water   make to 100                                             

     ______________________________________                                    

PAR  Any of the wide range of non-toxic and non-irritating premetallized dyes
      are suitable for the present invention to produce a wide range of desired
      effects. They may be chromium and/or cobalt containing dyes and their
      chemistry is discussed in the Journal of The Society of Dyers and
      Colourists, 71, pp. 705-724 (Dec. 1955). They are available commercially
      under such tradenames as Irgalan, Cibalan, Vialon, Ortalan and Capracyl
      dyes. Examples of such dyes are listed in Table II in which they have been
      identified by tradename and corresponding Colour Index name.
PAC  TABLE II
PA1  Cibalan Brown 2 GL (Acid Brown 224)
PA1  Irgalan Navy Blue 5RL (Acid Blue 188)
PA1  Cibalan Brown TL (Acid Brown 21)
PA1  Cibalan Bordeaux EL (Acid Red 251)
PA1  Irgalan Dark Brown 5R (Acid Brown 48)
PA1  Cibalan Bordeaux 3BL (Acid Violet 70) Cibalan Violet RL (Acid Violet 68) )
PA1  Cibalan Blue 3GL (Acid Blue 171)
PA1  Cibalan Green GL (Acid Green 43)
PA1  Cibalan Brown BL (Acid Brown 19)
PA1  Cibalan Red Brown RL (Acid Brown 226)
PA1  Cibalan Black 2BL (No C.I. name and No. yet given)
PA1  Cibalan Black 2GL (No C.I. name and No. yet given)
PA1  Cibalan Grey BL (Acid Black 60)
PAR  Preferred compatible organic dye carriers for the present invention include
      benzyl alcohol derivatives, alkyl phenones, cyclohexane compounds,
      n-nonylaldehyde and 2-methyl-1-pentanol. The most effective dye carriers
      for the present invention are listed below in Table III.
PAC  TABLE III
PAC  Benzyl Alcohol Derivatives
PAC  A. Alkyl Substituted Benzyl Alcohol
PA1  .alpha.,.alpha.-dimethyl benzyl alcohol
PA1  .alpha.-propyl benzyl alcohol
PA1  Dl-.alpha.methyl benzyl alcohol
PAC  B. Benzyloxyalkanols
PA1  2-Benzyloxyethanol
PA1  2-Benzyloxypropanol
PA1  2-Benzyoxybutanol
PAC  C. Esterified benzyl alcohol of C.sub.1 -C.sub.4 carboxylic acids
PA1  benzyl acetate
PA1  benzyl propionate
PA1  benzyl butyrate
PAC  Alkyl Phenones
PA1  acetophenone
PA1  2,4-dimethyl acetophenone
PA1  4-ethyl acetophenone
PA1  propiophenone
PAC  Cyclohexane Compounds
PA1  cyclohexanol
PA1  2-methyl cyclohexanol
PA1  3,5-dimethyl cyclohexanone
PA1  4-methyl cychlohexanone
PAR  Equally effective are 2-phenoxyethanol, n-nonylaldehyde and
      2-methyl-1-pentanol.
PAR  Any of the well-known anionic surface active agents are suitable for the
      present invention and such agents are listed in such sources as the annual
      McCutcheon's catalog "Detergents and Emulsifiers Annual." Some specific
      examples are sodium lauryl sulfate, triethanolamine lauryl sulfate and
      ethoxylated fatty alcohol sulfates. There is no criticality to the anionic
      surface active agent to be used.
PAR  The coloring compositions of the present invention are rendered
      non-staining to the skin of the user by a stain-inhibiting agent selected
      from polyoxyalkylene lanolins, lanolin alcohols, lanolin fatty esters, and
      fatty alcohols. The polyoxyalkylene lanolins should have an average degree
      of alkoxylation of from about 10 to 80. Examples are polyoxyethylene
      lanolins which are ethoxylated polymers of lanolin in which the average
      degree of ethoxylation ranges from 10 to 80 moles of ethylene oxide. The
      fatty alcohols are C.sub.8 -C.sub.20 fatty alcohols with C.sub.12
      -C.sub.18 fatty alcohols being preferred. Examples of such alcohols are
      lauryl, myristyl, palmityl and stearyl alcohols. These agents may be used
      alone or in combination.
PAR  As to the cellulose ether thickening agent, any commercially available
      cellulose ether can be used. Examples are hydroxyethyl cellulose,
      carboxymethyl cellulose, hydroxypropyl cellulose, and sodium carboxymethyl
      cellulose.
PAR  The lather-forming agent used is preferably a mixture of lauryl
      diethanolamide and a dicarboxylic sodium salt derivative or coconut oil.
      Any lather-forming compound or composition conventionally used in hair
      coloring compositions can be used in the instant composition.
PAR  The pH buffers used are preferably the known phosphate, citrate and
      phthalate buffers suitable for the pH desired. Examples are sodium
      citrate; potassium acid phosphate-disodium phosphate; potassium acid
      phthalate-sodium hydroxide; potassium acid phosphate-sodium hydroxide; and
      citric acid-disodium phosphate.
PAR  The following examples illustrate the formulation and use of certain
      specific hair coloring compositions of the present invention. All of these
      compositions have the advantage of producing predictable and accurately
      reproducible coloring of the hair and have the important property of not
      staining the user's skin.
DETD
PAC  EXAMPLE 1
PAR  A hair coloring composition is formulated utilizing the constituents listed
      in Table IV below and the pH of the solution is adjusted by a suitable
      buffer to 5.0. The composition is applied to dry or wet, living human hair
      and left for fifteen minutes. Thereafter, the composition is shampooed out
      utilizing conventional soaps and the hair is found to be colored a medium
      brown while an examination of the scalp shows no staining. (The formula
      listed below is in terms of parts per hundred by weight).
TBL                TABLE IV                                                    

     ______________________________________                                    

     2-Benzyloxyethanol    4.0                                                 

     Cibalan brown TL (Acid Brown 21)                                          

                           1.0                                                 

     Triethanolamine lauryl sulfate                                            

                           1.0                                                 

     Buffer Solution       20.0                                                

     Carboxymethyl cellulose                                                   

                           1.0                                                 

     Lauryl alcohol        1.0                                                 

     Perfume               (in sufficient                                      

                           quantity)                                           

     Distilled water       make to 100                                         

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  A hair coloring composition is formulated utilizing the consituents listed
      below in Table V and the pH is adjusted to 4.0. The composition is applied
      to dry or wet human hair and left for 15 minutes. After the coloring
      composition is shampooed, the hair is found to be colored a bordeaux
      shade. The skin of the user is not stained. (The formula listed below is
      in terms of parts per hundred by weight).
TBL                TABLE V                                                     

     ______________________________________                                    

     .alpha.,.alpha.-Dimethylbenzyl alcohol                                    

                            1.0                                                

     Cibalan Bordeaux EL (Acid Red 251)                                        

                            0.5                                                

     Sodium laurylsulfate   0.1                                                

     Hydroxyethyl cellulose 1.0                                                

     Myristyl alcohol       1.0                                                

     Buffer Solution        20.0                                               

     Glycerin               5.0                                                

     Perfume                (in sufficient                                     

                            quantity)                                          

     Distilled water        make to 100                                        

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  A hair coloring composition is formulated from the constituents listed
      below in Table VI and the pH is adjusted to 6.0. The composition is
      applied to dry or wet human hair in the conventional manner and produces a
      dark brown coloring. The skin of the user is not stained. (The formula
      listed below is in terms of parts per hundred by weight).
TBL                TABLE VI                                                    

     ______________________________________                                    

     Lanolin alcohol         2.0                                               

     DL-.alpha.-Methyl benzyl alcohol                                          

                             2.0                                               

     Dicarboxylic coconut derivative                                           

                             0.5                                               

     sodium salt                                                               

     Polyoxyethylene (40) lanolins                                             

                             0.3                                               

     Lauryl diethanolamide   0.3                                               

     Triethanolamine lauryl sulfate                                            

                             2.0                                               

     Irgalan Dark Brown 5R (Acid Brown 48)                                     

                             1.0                                               

     Buffer solution         20.0                                              

     Hydroxyethyl cellulose  1.0                                               

     Perfume                 (in sufficient                                    

                             quantity)                                         

     Distilled water         make to 100                                       

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  A hair coloring composition is formulated as indicated below in Table VII
      and the pH adjusted to 6.0. After applying the hair coloring composition
      to dry or wet human hair in the conventional manner, the hair is found to
      have been colored a dark brown. The skin of the user is not stained. (The
      formula listed below is in terms of parts per hundred by weight).
TBL                TABLE VII                                                   

     ______________________________________                                    

     Lauryl alcohol          2.0                                               

     Benzyl acetate          2.0                                               

     Dicarboxylic coconut derivative                                           

                             0.5                                               

     sodium salt                                                               

     Polyoxy ethylene lanolin (Lanogel 41)                                     

                             0.3                                               

     Lauryl diethanolamide   0.3                                               

     Triethanolamine lauryl sulfate                                            

                             2.0                                               

     Irgalan dark brown 5R (Acid                                               

                             1.0                                               

     Brown 48)                                                                 

     Hydroxyethyl cellulose  2.5                                               

     Buffer solution         20.0                                              

     Perfume                 (in sufficient                                    

                             quantity)                                         

     Distilled water         make to 100                                       

     ______________________________________                                    

PAR  Although the above specification describes preferred hair coloring
      compositions and the method of making them in accordance with the
      teachings of the present invention, it is to be understood that various
      changes may be made without departing from the scope of the invention as
      set forth in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1.  An aqueous hair coloring composition that is non-staining to the skin
      consisting essentially of:
PA1  a. a major amount of water;
PA1  b. from about 0.1 to about 10% by weight of a premetallized dye soluble in
      a compatible organic dye carrier and capable of penetrating keratinic
      fibers;
PA1  c. from about 0.1 to about 10% by weight of a compatible organic dye
      carrier for coassisting the transfer of said dye into keratinic fibers,
      said dye carrier selected from the group consisting of:
PA2  1. a benzyl alcohol derivative selected from the group consisting of benzyl
      alcohols, C.sub.1 -C.sub.4 carboxylic acid esterified benzyl alcohol and
      benzyloxyalkanols;
PA2  2. an alkyl phenone;
PA2  3. an oxygen substituted cyclohexane selected from the group consisting of
      cyclohexanols and cyclohexanones;
PA2  4. n-nonylaldehyde;
PA2  5. 2-methyl-1-pentanol;
PA2  6. 2-phenoxy-ethanol;
PA1  d. from about 0.1 to about 5% by weight of an anionic surface active agent;
      and
PA1  e. from about 0.1 to about 5% by weight of a skin stain inhibiting agent
      selected from the group consisting of polyoxyalkylene (10 - 80) lanolins,
      lanolin alchols, lanolin fatty esters and C.sub.8 -C.sub.20 fatty
      alcohols.
NUM  2.
PAR  2. An aqueous hair coloring composition as set forth in claim 1 in which
      said skin stain inhibiting agent is a polyoxyalkylene lanolin which has an
      average degree of alkoxylation of from about 10 to about 80.
NUM  3.
PAR  3. An aqueous hair coloring composition as set forth in claim 2 in which
      said organic dye carrier is an alkyl phenone selected from the group
      consisting of acetophenone, 2,4-dimethyl acetophenone, 4-ethyl
      acetophenone and propiophenone.
NUM  4.
PAR  4. An aqueous hair coloring composition as set forth in claim 1 in which
      said organic dye carrier is an alkyl phenone selected from the group
      consisting of acetophenone, 2,4-dimethyl acetophenone, 4-ethyl
      acetophenone and propiophenone.
NUM  5.
PAR  5. An aqueous hair coloring composition as set forth in claim 2 in which
      said organic dye carrier is an .alpha. -substituted benzyl alcohol
      selected from the group consisting of .alpha.,.alpha.-dimethyl benzyl
      alcohol, .alpha. -propyl benzyl alcohol and DL-.alpha.-methyl benzyl
      alcohol.
NUM  6.
PAR  6. An aqueous hair coloring composition as set forth in claim 1 in which
      said organic dye carrier is an .alpha.-substituted benzyl alcohol selected
      from the group consisting of .alpha.,.alpha.-dimethyl benzyl alcohol,
      .alpha.-propyl benzyl alcohol and DL-.alpha.-methyl benzyl alcohol.
NUM  7.
PAR  7. An aqueous hair coloring composition as set forth in claim 2 in which
      the organic dye carrier is an oxygen substituted cyclohexane selected from
      the group consisting of 3,5-dimethyl cyclohexanone, 4-methyl
      cyclohexanone, cyclohexanol and 2-methyl cyclohexanol.
NUM  8.
PAR  8. An aqueous hair coloring composition as set forth in claim 1 in which
      the organic dye carrier is an oxygen substituted cyclohexane selected from
      the group consisting of 3,5-dimethyl cyclohexanone, 4-methyl
      cyclohexanone, cyclohexanol and 2-methyl cyclohexanol.
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PAL  Dry leather is dyed with azoic dyes without wetting the leather with water
      by incorporating into the leather the required diazonium component and any
      required coupling component in a substantially non-aqueous volatile
      low-viscosity solvent and incorporating into the leather any other
      materials required for the coupling reaction in such a solvent or as a
      vapor. The coupling component can be a natural or synthetic phenolic
      tanning agent employed in tanning the leather. Dye patterns can be applied
      to the surface of the leather by using a light-sensitive diazonium
      component and photo-imaging the surface before effecting coupling. Dry
      leather is dyed by such processes without significant change in
      properties.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to the dyeing of leather with azoic dyes and more
      particularly is directed to the azoic dyeing of dry or "crusted" leather,
      especially leather having a buffed suede surface, without wetting the
      leather with water.
PAR  2. Prior Art
PAR  The makers of leather goods face increasing need for leather of various
      colors and surface decoration effects in order to respond to rapid changes
      in the colors, textures, and decorative effects desired in high fashion
      clothing and accessories. They are also in need of economical processes to
      obtain such leather and to achieve uniform color and strength throughout.
      Processes by which dyes are chemically combined with leather and form
      uniformly within the structure and fibers of leather are most desired as
      they reduce frictional transfer of dye to other materials and changes in
      the color of leather upon abrasion. An acceptable process for dyeing and
      patterning dry leather should not make significant change in the esthetic
      or physical surface or bulk properties of the leather, such as results
      from the water-wetting of leather. Such processes are especially needed
      for dyeing and patterning dry napped suede leather for use in shoe tops,
      jackets, and other similar applications. Inexpensive patterning processes
      are also needed for preparing leather for use in handicraft kits.
PAR  The available art processes for dyeing dry leathers do not fill these
      needs. For dyeing such leathers in depth, it is the usual practice to
      rewet the leather with water containing additives which assist in removing
      oils and greases which would prevent even penetration of the dye, to
      adjust the acidity of the leather for optimum dye absorption and fixation,
      to introduce the dye into the leather, to adjust conditions to increase
      the efficiency of dye utilization, to rinse for removal of unabsorbed dye,
      to introduce fat liquor for desired flexibility and other physical
      properties, to redry the leather, to correct the effect of these processes
      on the surface and bulk esthetic and physical properties, and to continue
      with the conventional surface treatments which provide properties
      appropriate for the intended use. The dyes used have sometimes been azoic
      dyes formed in the presence of leather, (see U.S. Pat. No. 641,394, and
      Wilson, "Modern Practice in Leather Manufacture", Reinhold, New York
      (1941)), but usually have been preformed dyes of the acid, basic, direct,
      metallized, and mordant types, with dyes of different types frequently
      being used together or sequentially to obtain the desired degree of
      penetration and fullness of shade. Such operations are obviously complex,
      expensive, and difficult to control. Optical imaging of leather involving
      diazo dyes and aqueous solutions are disclosed in U.S. Pat. Nos.
      1,472,323, 2,357,097 and 2,541,178.
PAR  Dry leathers have also been dyed by spraying or brushing with solutions of
      preformed dyes, for example in aqueous, alcoholic, or hydrocarbon
      solvents, (see "The Chemistry and Technology of Leather", Volume 3,
      Reinhold, New York (1956-1962)), but such processes usually result in
      incomplete and uneven penetration of the dyes.
PAR  The dyeing of buffed suede leathers has presented special problems because
      of the large amounts of dyes and time-consuming processes required to
      obtain complete and even penetration. In one process, for example,
      water-wet leather is impregnated with an aromatic amine with the
      assistance of an organic acid, the amine is diazotized with hydrochloric
      acid and sodium nitrite, the leather is thoroughly rinsed to remove
      unreacted sodium nitrite, the leather is impregnated with a material, such
      as toluene-diamine or a naphthol, which couples with the diazonium salt of
      the aromatic amine to form a dye within the leather, the leather is rinsed
      thoroughly under conditions which remove unreacted amines to avoid later
      darkening due to amine oxidation, and the leather is fat-liquored, dried,
      and finished in conventional fashion. In a similar process, the water-wet
      leather is impregnated with the coupling material under alkaline
      conditions, rinsed, acidified, impregnated with a diazonium component to
      produce an azoic dye within the leather, rinsed to remove unreacted
      diazonium salt, and finished in conventional fashion. After the drying of
      suede leathers dyed by either of these processes, they must be rebuffed to
      restore the suede surface, with a loss in surface depth of shade because
      of uneven penetration or formation of the dye in the leather fibers.
PAR  No satisfactory technique has been available for applying to leather large
      patterned areas of solid color or decorative patterns having fine detail.
      Techniques are particularly needed which are useful with napped suede
      leathers. Application of colored patterns to leather by block or
      letterpress printing without embossing the leather is virtually
      impossible, especially when the color is applied in large areas, in fine
      detail, or in separated portions of a large area. The stencil application
      of dye solutions is limited to the effects which can be obtained with such
      solutions. The silk screen application of pigmented pastes results in a
      stiffening of the surface which is particularly objectionable with buffed
      suede leathers. There is thus considerable need for a process which
      applies color to the surface of leather, and especially to napped suede
      leather, without significant change in the surface or bulk esthetic or
      physical properties of the leather. There are also needs for a process
      which applies one color to the surface and another color in depth
      throughout a piece of leather, and for a process which applies patterns to
      colored leather without expensive and complex equipment operated by highly
      skilled workmen.
PAR  It is an object of this invention to provide a simple and economical
      process for forming azoic dyes within the structure and fibers of leather
      without wetting the leather with water and without significant change in
      the surface and bulk esthetic or physical properties of the leather. It is
      another object of this invention to provide a process for the production
      of colored napped suede leather from dry napped leather without change in
      the surface properties of the leather such as would require rebuffing for
      restoration of the suede surface. It is a further object of this invention
      to provide a process for the production of dye patterns on the surface of
      leather, particularly while dyeing the bulk of the leather in the same or
      a different color in uniform strength and shade throughout and without
      significantly changing the surface esthetic or physical properties of the
      leather. These and other objects are achieved by the process of this
      invention as described hereinbelow.
PAC  SUMMARY OF THE INVENTION
PAR  In summary, this invention is an improved process for dyeing leather with
      azoic dyes comprising interacting, within leather,
PA1  a diazonium component, and
PA1  a coupling component to form a colored dye,
PAL  wherein the improvement consists essentially of
PA1  a. incorporating into substantially dry leather
PA2  1. a diazonium component, and
PA2  2. coupling component as required in solution in a substantially
      non-aqueous, volatile, low-viscosity liquid, and
PA1  b. interreacting the diazonium component and a coupling component,
PA2  without wetting the leather with water.
PAL  By this process, there is obtained colored leather having azoic dye formed
      therein from substantially dry leather without wetting with water and
      without significant change in the properties thereof.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  A preferred embodiment of this invention is the above process wherein the
      liquid solvent for the diazonium component and the liquid solvent for any
      coupling component incorporated into substantially dry leather each have
      viscosities less than about 2 centipoise at 20.degree.C. and vapor
      pressures greater than about 10 millimeters of mercury at 30.degree.C.,
      when incorporated into substantially dry leather, and contain less than
      about 25 percent water. In a more preferred embodiment of this invention,
      the liquids are at least partially evaporated from the leather at a
      temperature not over about 50.degree.C. before effecting interaction of
      the diazonium component with the coupling component. In one particularly
      preferred embodiment, the liquids have viscosities less than about 1
      centipoise at 20.degree.C. and vapor pressures greater than about 25
      millimeters of mercury at 30.degree.C. and contain less than about 10
      percent water and the liquids are at least partially evaporated from the
      leather before effecting interaction of the diazonium component with the
      coupling component. In another particularly preferred embodiment, the
      liquids consist essentially of at least one material chosen from among
PA1  aliphatic alcohols containing 1 to 3 carbon atoms,
PA1  aliphatic ketones containing 3 to 7 carbon atoms,
PA1  such cyclic aliphatic ethers containing 4 carbon atoms as tetrahydrofuran,
      p-dioxane and m-dioxane,
PA1  ethylene glycol monomethyl, dimethyl, and diethyl ethers,
PA1  alkyl esters of alkanoic acids containing 3 to 6 carbon atoms,
PA1  aliphatic and aromatic hydrocarbons containing 6 to 8 carbon atoms, and
PA1  such chlorine containing aliphatic and aromatic hydrocarbons as chloroform,
      carbon tetrachloride, 1,1-dichloroethane, 1,2-dichloroethane,
      trichloroethylene, 1,1,2,2-tetrachloroethane,
      1,1,2-trichloro-1,2,2-trifluoroethane,
      1,2-dichloro-1,1,2,2-tetrafluoroethane, and chlorobenzene,
PAL  and contain not more than about 10 percent water.
PAR  Another preferred embodiment of this invention is the above process in
      which a diazonium component and any coupling component are incorporated
      into dry leather in a volume of liquid sufficient to penetrate throughout
      the leather but not greater than the volume which the leather is able to
      absorb and contain without dripping. By such processes, leather is dyed in
      uniform strength and shade throughout, without removing from the leather
      desirable substances, such as fat liquors, which may be soluble in the
      liquids in which the components are dissolved.
PAR  A particularly simple and economical embodiment of this invention is the
      above process in which the leather into which the diazonium component is
      incorporated contains, as substantially the only coupling component,
      sufficient phenolic tanning agents and products of the reaction of
      phenolic tanning agents with leather to form a significant amount of
      colored dye and no additional coupling agent is incorporated into the
      leather. Substantially dry leather is dyed with particular economy and
      simplicity by such processes. In another particularly preferred
      embodiment, at least one other coupling component is incorporated into
      leather containing phenolic tanning agents and products of the reaction of
      phenolic tanning agents with leather. Leather is dyed economically in a
      variety of shades by such processes.
PAR  Another preferred embodiment of this invention is the above process in
      which a coupling component is incorporated into the leather before or
      after incorporation of the diazonium component, more preferably with the
      diazonium component and other components of the solution incorporated into
      the leather chosen so that the diazonium and coupling components interact
      after the diazonium component is incorporated into the leather because of
      process steps which effect their interaction. It is most convenient when
      the solution incorporated into leather contains both diazonium and
      coupling components. In a particularly preferred embodiment, the solution
      contains both diazonium and coupling components and sufficient acidic
      materials to prevent coupling of the diazonium and coupling components,
      and the process step effecting interaction of the diazonium and coupling
      components comprises incorporating into the leather, without wetting the
      leather with water, a nitrogenous base in sufficient amount to counteract
      the acidic materials. In a most preferred embodiment, the acidic material
      is an alkylbenzenesulfonic acid and the nitrogenous base is ammonia
      incorporated into the leather containing diazonium and coupling components
      by exposing the leather to moist ammonia vapors.
PAR  Another embodiment of this invention is the above process in which at least
      one diazonium component incorporated into dry leathr is light-sensitive
      and the surface of the leather is exposed to suitable light to decompose
      substantially all the light-sensitive diazonium component therein before
      effecting interaction of diazonium components with coupling components. In
      a preferred embodiment, only a portion of the surface of the leather is
      exposed to light to decompose the light-sensitive diazonium components
      therein. Dry leather is dyed in one color in at least a portion of the
      surface and anothr color elsewhere by such processes. The application of
      colored patterns to the surface of dry leather without significant change
      in the surface or bulk physical properties of the leather is simple and
      inexpensive by such processes.
PAR  In a highly preferred embodiment of this invention, a solution containing a
      light-sensitive diazonium component, a coupling component, and an amount
      of an acidic material sufficient to prevent interaction of the diazonium
      and coupling components in a liquid having a viscosity of less than about
      1 centipoise at 20.degree.C. and a vapor pressure greater than about 25
      millimeters of mercury at 30.degree.C. and containing less than about 10
      percent water is incorporated into dry, buffed, suede leather, a portion
      of the liquid is evaporated at a temperature below about 50.degree.C., a
      portion of the surface of the leather is exposed to ultraviolet light to
      decompose substantially all the light-sensitive diazonium component
      therein, and the leather is thereafter exposed to moist ammonia vapors for
      a sufficient time to affect coupling of the diazonium and coupling
      components.
PAC  DESCRIPTION OF THE INVENTION
PAR  The leathers which can be dyed by the process described herein include
      those tanned by such conventional processes as mineral tannage, vegetable
      tannage, and synthetic tannage and by combinations of these processes.
      Leathers tanned with colorless mineral materials, with vegetable
      materials, and with synthetic tanning materials are preferred because of
      their generally lighter colors. Leathers tanned at some stage with
      synthetic and vegetable tanning materials containing phenolic moieties are
      particularly preferred in processes in which diazonium salts interact to
      form colored dyes primarily with the tanning material or with products of
      the interaction of the tanning material with the leather. These leathers
      will preferably be unfinished in that they will not be surface-finished
      with fillers, lacquers, waxes, or other materials which will affect the
      penetration of the leather by low-viscosity non-aqueous liquids, but they
      can contain any of those materials which are normally present in leather
      which are non-reactive with diazonium salts and with the other materials
      involved in the process described herein, such as fat liquors,
      water-proofing materials, etc., in amounts which do not interfere with the
      dyeing process.
PAR  The process of this invention involves the incorporation of materials into
      substantially dry leather, by which is meant leather which can absorb
      significant amounts of water before water can be expelled therefrom by
      squeezing, pressing, or otherwise compacting. Such leather preferably
      contains water in amounts which are in equilibrium with ambient air having
      relative humidities as high as substantially 100 percent but cannot
      contain amounts of water sufficient to make it appear wet throughout or on
      the surface. For example, such leather can contain as much as 25 percent
      to 35 percent moisture removable by azeotropic distillation with a
      water-immiscible hydrocarbon like toluene.
PAR  The diazonium components which are useful in dyeing leather by this process
      include those diazonium components which are conventionally used in the
      production of azoic dyes and in processes in which azoic dyes are formed
      in textiles and paper, which can be obtained in useful concentrations in
      solutions in substantially non-aqueous, volatile, low-viscosity liquids.
      Such diazonium components are conventionally prepared from aromatic amines
      by diazotization in solution in water or other polar solvents as is known
      in the art.
PAR  Typical diazotizable aromatic amines include carbocyclic and heterocyclic
      aromatic amines which can be nuclearly unsubstituted or nuclearly
      substituted with one or more groups, including for example, the nitro,
      chlorine, bromine, alkyl, alkoxy, cyano, carboxy, keto, arylazo,
      acylamine, and sulfo groups. These substituent groups may be present in
      combination in the aromatic amine, which is preferably an aniline.
      Exemplifying diazotizable anilines are
PA1  4-nitroaniline
PA1  2-chloro-4-nitroaniline
PA1  4-aminoacetanilide
PA1  2-nitro-4-methylaniline
PA1  4-(o-tolylazo)-2-methylaniline
PA1  1-naphthylamine
PA1  2,5-dimethoxyaniline
PA1  4-cyanoaniline
PA1  3-chloroaniline
PA1  4-chloroaniline
PA1  2,5-dichloroaniline
PA1  o-toluidine
PA1  p-toluidine
PA1  4-chloro-6-(phenylsulfonyl)aniline
PA1  2-amino-5-chlorobenzenesulfonic acid
PA1  2,5-dichlorosulfanilic acid
PA1  aniline-2,5-disulfonic acid
PAL  Exemplifying diazotizable heterocyclic amines are
PA1  2-aminobenzothiazole
PA1  2-amino-4-chlorobenzothiazole
PA1  2-amino-4-bromobenzothiazole
PA1  2-amino-4-nitrobenzothiazole
PA1  6-acetyl-2-aminobenzothiazole
PA1  6-amino-6-(trifluoroacetyl)benzothiazole
PA1  2-aminoimidazole
PAL  Exemplifying diazotizable naphthalene derivatives are
PA1  1-amino-2-naphthalenesulfonic acid
PA1  5-amino-1-naphthalenesulfonic acid
PA1  5-amino-2-naphthalenesulfonic acid
PA1  8-amino-2-naphthalenesulfonic acid
PA1  5-acetamide-8-amino-2-naphthalenesulfonic acid
PA1  8-acetamide-5-amino-2-naphthalenesulfonic acid
PA1  2-amino-1-naphthalenesulfonic acid
PA1  6-amino-2-naphthalenesulfonic acid
PA1  8-amino-1,6-naphthalenedisulfonic acid
PA1  7-amino-1,3-naphthalenedisulfonic acid
PA1  6-amino-1,3-naphthalenedisulfonic acid
PAL  The preferred diazonium components useful as described herein are diazonium
      salts derived from such aromatic amines.
PAR  Solutions of diazonium salts in substantially non-aqueous, volatile,
      low-viscosity liquids can be obtained in several ways. For example, some
      diazonium salts can be prepared in water solutions containing sufficiently
      high concentrations of diazonium salt for dilution with non-aqueous
      liquids to obtain useful substantially non-aqueous liquid solutions as
      defined herein. Alternately, some diazonium salts can be formed in
      substantially non-aqueous liquids by dissolving the aromatic amine in the
      liquid and introducing into the solution a diazotizing agent, such as
      nitrogen trioxide (N.sub.2 O.sub.3); a mixed anhydride of nitrous acid and
      another acid, such as nitrosylsulfuric acid or nitrosyl chloride; an ester
      of nitrous acid, such as ethyl nitrite or tertiary-butyl nitrite; or a
      nitrous acid salt, such as sodium nitrite, and a suitably strong acid to
      convert the nitrite salt into nitrous acid.
PAR  The preferred technique for obtaining a solution of a diazonium component
      in a suitable liquid for use in the process of this invention is to
      dissolve in the liquid an isolated stable solid diazonium salt. Such
      stable diazonium salts can be, for example, complexes of diazonium salts
      with zinc chloride, salts with aromatic sulfonic acids, or salts with
      fluoboric acids as are known in the art. They include the stable diazonium
      salts described by Lubs in "The Chemistry of Synthetic Dyes and Pigments,"
      Reinhold, New York (1955) at pages 209 to 215, including those described
      in the booklet "Du Pont `Naphthanil` and `Naphthanil` Diazo Colors on
      Cotton," distributed by Du Pont in 1953, such as
PA1  3-chlorophenyldiazonium fluoborate
PA1  2,5-dichlorophenyldiazonium zinc chloride
PA1  3-nitro-6-methoxyphenyldiazonium zinc chloride
PA1  anthraquinone-1-diazonium zinc chloride
PA1  4-(4'-methoxyphenyl)phenyldiazonium chloride
PA1  4-nitro-6-methoxyphenyldiazonium-1,5-naphthalene disulfonate
PAL  and other similar stable diazonium salts. They also include the stable
      diazonium salts commonly used in azographic photoimaging processes as
      described by Kosar in "Light-Sensitive Systems," Wiley, New York (1965) at
      pages 194 to 214 and by Dinaburg in "Photosensitive Diazo Compounds,"
      Focal Press, New York (1968), at pages 96 to 115, including
PA1  p-diazodimethylaniline zinc chloride
PA1  p-diazodiethylaniline zinc chloride
PA1  p-diazo-N-methyl-N-hydroxyethylaniline zinc chloride
PA1  p-diazo-N-ethyl-N-hydroxyethylaniline zinc chloride
PA1  4-diazo-2,5-diethoxymorpholinobenzene zinc chloride
PA1  p-diazomorpholinobenzene zinc chloride
PA1  p-diazo-N-ethyl-o-toluidine zinc chloride
PA1  p-diazo-N-diethyl-m-toluidine zinc chloride
PA1  p-diazo-N-ethyl-N-hydroxyethyl-m-toluidine zinc chloride
PA1  p-diazo-N-diethyl-m-phenetidine zinc chloride
PAL  and the corresponding salts of fluoboric acid, sometimes called
      borofluoride salts.
PAR  All such diazonium salts are useful in this process which are sufficiently
      soluble in substantially nonaqueous solvents as described herein, which
      are sufficiently temperature-stable and light-stable for application in
      solution to leather, and which interact with coupling components which can
      be incorporated into leather to form suitable and desirable colors.
      Particularly preferred diazonium salts for use in the photoimaging process
      described herein are 4-(N,N'-diethylamino)phenyldiazonium fluoborate,
      4-(N,N'-dibetahydroxyethylamino)-phenyldiazonium fluoborate, and
      4-morpholinophenyldiazonium fluoborate because of the solubility of these
      salts in the solvents preferred for use in this process, the stability of
      these salts in combination with color-forming materials under practical
      conditions, the rates of photodecomposition of these salts, the rates of
      interaction of these salts with color-forming materials, and the colors
      formed by such interactions with phenolic tanning materials and the
      products of the interaction of phenolic tanning materials with leather.
      More photostable diazonium salts are normally preferred for the dyeing
      process described herein which do not involve photoimaging.
PAR  Diazonium coupling components which interact with diazonium components in
      the process of this invention include materials of various chemical
      classes, as is known in the art. For instance, they can be aromatic amine
      compounds having no diazotizable amino group and unsubstituted in the
      ortho or para position, compounds with activated methylene groups, or
      phenolic compounds having an unsubstituted position ortho or para to the
      phenolic group.
PAR  One class of aromatic amine compounds satisfactory for use as coupling
      components have a nuclearly-attached tertiary nitrogen atom and an
      unsubstituted nuclear position ortho to or preferably para to the tertiary
      nitrogen atom. Substituents on the tertiary nitrogen atom can be
PA1  alkyl of 1 to 3 carbon atoms, such as methyl, ethyl, and propyl, preferably
      methyl or ethyl;
PA1  hydroxylalkyl, such as hydroxyethyl;
PA1  cyanoalkyl of 2 to 4 carbon atoms, such as cyanomethyl, beta-cyanoethyl or
      2-cyanopropyl, preferably beta-cyanoethyl; and
PA1  acyloxyalkyl in which the acyl group is aliphatic acyl having 2 to 5 carbon
      atoms, such as acetyl, propionyl, and butyryl, preferably acetyl, or is
      arylacyl having 7 to 10 carbon atoms, such as benzoyl, toluoyl, or xyloyl,
      preferably benzoyl, and in which the alkyl moiety has 2 to 4 carbon atoms,
      such as ethyl or propyl, preferably ethyl.
PAL  Typical such tertiary amines include
PA1  dimethylaniline
PA1  diethyl-m-toluidine
PA1  di-(n-propyl)-o-toluidine
PA1  N-cyanomethyl-N-(2'-acetoxyethyl)aniline
PA1  N,n-bis-(2'-cyanoethyl)aniline
PA1  N-methyl-N-(3'-cyanopropyl)-m-toluidine
PA1  N-cyanomethyl-N-(2'-acetoxyethyl)aniline
PA1  N,n-bis-(2'-acetoxyethyl)aniline
PA1  N,n-bis(3'-butyroxypropyl)-m-toluidine
PA1  N,n-bis-(2'-benzoyloxyethyl)-m-toluidine
PA1  N,n-bis-(2'-polyoxyethyl)-m-toluidine
PA1  N-(2-cyanoethyl)-N-(2'-benzoyloxymethyl)aniline
PA1  N-ethyl-N-(2'-cyanoethyl)aniline
PA1  N-ethyl-N-(2'-cyanoethyl)-m-toluidine
PA1  N-(2'-cyanoethyl)-N-(2'-hydroxyethyl)aniline
PA1  2-(N-ethylanilino)ethanol
PA1  phenyldiethanolamine
PA1  N,n-bis-(2'-hydroxyethyl)-m-toluidine
PA1  N-(2'-cyanoethyl)-N-(2'-mesitoyloxyethyl)aniline
PA1  N,n-bis-(2'-pivaloyloxyethyl)aniline
PA1  m-chlorodimethylaniline
PAL  Aromatic amine coupling components which do not include a tertiary nitrogen
      atom include
PA1  7-amino-1-naphtholsulfonic acid
PA1  8-anilino-1-naphthalenesulfonic acid
PA1  8-p-toluidino-1-naphthalenesulfonic acid
PA1  6-anilino-1-naphtholsulfonic acid
PAR  Compounds with activated methylene groups useful as coupling components
      include
PA1  beta-diketones, such as benzoylacetone, 1,3-cyclohexanedione, and
      1,3-perinaphthalineanedione;
PA1  beta-keto esters, such as ethyl acetoacetate, phenylacetoacetate,
      methyl-4,4,4-trifluoroacetoacetate, and methyl-p-nitrobenzoylacetate;
PA1  beta-ketoamides, such as acetoacet-4'-chloroanilide, acetoacetotoluidide,
      benzoylacet-3'-methoxyanilide, benzoylacet-alphabetanaphthylamide, and
      N,N'-ditolylmalonamide;
PA1  beta-ketonitriles, such as benzoylacetonitrile, 2'-thenoylacetonitrile,
      anisoylacetonitrile, 1-naphthoylacetonitrile, and
      p-nitrocannamoylacetonitrile; including heterocyclic betaketoamides, such
      as barbituric acid and N-substituted barbituric acids;
PA1  anilides of cyanoacetic acid, such as 2-cyanoacetanilide,
      2-cyano-p-acetanisidide, and 2-cyano-4'-nitroacetanilide; and
PA1  beta-imineamides, such as 1-phenyl-3-methylpyrazol-5-one, 2-iminobarbituric
      acid and 1-(alpha-naphthyl)-3-methylpyrazol-5-one.
PAR  Coupling components useful in this process include particularly the diazo
      coupling components sold under the trade name "Naphthol" and "Naphthanil"
      and other similar materials well known in the textile dyeing art, such as
      are described in "The Chemistry of Synthetic Dyes and Pigments," at pages
      182 to 193. A representative group of such coupling components is
      described in the booklet "Du Pont `Naphthanil` and `Naphthanil` Diazo
      Colors on Cotton," referred to above, such as
PA1  3-hydroxy-2-naphthanilide
PA1  3-hydroxy-2-naphth-o-toluidide
PA1  3-hydroxy-N-1-naphthyl-2-naphthamide
PAL  and other similar coupling components. The useful coupling components also
      include the coupling components particularly used with light-sensitive
      diazonium salts in azographic imaging systems such as are described, for
      example, in "Light-Sensitive Systems," at pages 220 to 249. Preferred
      coupling components for use in photoimaging processes as described herein
      include
PA1  6,7-dihydroxy-2-naphthalene sodium sulfonate
PA1  2,3-dihydroxynaphthalene
PA1  beta-oxynaphthoic acid monoethanolamide
PA1  beta-oxynaphthoic acid aminoethyleneamide hydrochloride
PA1  beta-oxynaphthoic acid morpholinopropylamide
PA1  2,7-dihydroxy-3,6-naphthalene disodium sulfonate acetoacetanilide
PA1  beta-resorcylic acid monoethanolamide
PA1  ethylenediamine-N,N'-bisacetacetamide
PA1  resorcinol
PA1  monochlororesorcinol
PA1  diresorcinol
PA1  diresorcinol sulfide
PA1  m-hydroxyphenylurea
PA1  4-bromo-3,5-resorcylic acid
PA1  4-bromo-3,5-resorcylamide
PA1  phloroglucinol
PAL  and other similar coupling components. More preferred coupling components
      of this type are acetoacetanilide and beta-oxynaphthoic acid
      morpholinopropylamide, which change color less upon prolonged exposure to
      ambient light and atmospheric conditions than do, for example, phenolic
      coupling components like resorcinol and phloroglucinol and most amino
      coupling components.
PAR  Preferred coupling components for interaction with diazonium salts to form
      colored dyes in the process described herein are phenolic natural
      vegetable and synthetic tanning agents and the products of their
      interaction with leather. Such materials contain unsubstituted positions
      ortho or para to phenolic groups and, therefore, interact with diazonium
      salts to form colored dyes under appropriate conditions. Tanning agents of
      vegetable origin can, for example, contain derivatives of gallic acid,
      digallic acid, and similar phenolic materials, as is known in the leather
      tanning art. Synthetic tanning agents can be sulfonated derivatives of
      products of the interaction of a phenol or a naphthol with formaldehyde
      and other materials.
PAR  The process of this invention involves incorporating materials into leather
      in solution in liquid which can be applied to the surface of the leather,
      penetrate into the leather, and evaporate from the leather without
      significant change in the surface or bulk esthetic and physical properties
      of the leather. Significant changes in leather properties are changes
      which significantly reduce the operability of the leather in its intended
      use. They include changes in the stiffness, hand, appearance, drape,
      wettability, and coatability of the leather which make it less desirable
      for the intended use. For example, they include changes produced by water,
      such as the matting of surface fibers in buffed suede leathers to such a
      degree that a rebuffing operation is required to restore suede leather
      properties and the stiffening of leathers to such a degree that a
      softening operation is required to restore the leather to a suppleness
      suitable for the intended use.
PAR  The liquids useful as solvents in this process are substantially
      non-aqueous, since the incorporation of substantially aqueous solvents
      into leather changes the surface and bulk esthetic and physical properties
      of the leather. Substantially non-aqueous liquid solvents can, however,
      contain water in such proportions that the solvents can be incorporated
      into leather without significant change in the properties of the leather.
      Such amounts of water are, in general, less than about 25 percent, based
      on the total weight of solvent. The maximum permissable amount of water in
      a liquid solvent useful as described herein may be limited by its effect
      on the solubility of the materials in the solution, by the amount of water
      present in the leather, by the type of leather, or by the effect of the
      water present in the liquid on the properties of the leather. It is
      preferred that the solvents of this process contain less than about 10
      percent water. By the use of such liquids as solvents, diazonium
      components and other materials are incorporated into substantially dry
      leather without significant change in surface or bulk esthetic and
      physical properties.
PAR  The liquid solvents employed in this process are volatile in that they have
      sufficiently high vapor pressures to evaporate from the surface of leather
      at normal ambient temperatures, e.g. above about 15.degree.C. The
      diazonium components involved in the process have different but usually
      low stabilities at elevated temperatures, decomposing upon heating and
      losing their ability to form colored dyes. Suitable liquids have vapor
      pressures greater than about 10 millimeters of mercury at 30.degree.C. and
      the preferred liquids have vapor pressures greater than about 25
      millimeters of mercury at 30.degree.C. and, therefore, evaporate
      especially quickly from leather surfaces upon exposure to air at
      temperatures below about 50.degree.C. Many suitable liquids are well known
      as solvents for organic materials, particularly for use in paints,
      lacquers, and varnishes.
PAR  Liquid solvents useful in this process are low in viscosity, having
      sufficiently low viscosities to spread upon and penetrate rapidly into
      substantially dry leather. For example, they have viscosities below about
      2 centipoise at 20.degree.C. and preferably have viscosities below about 1
      centipoise at 20.degree.C.
PAR  Liquids suitable for use as solvents in this process can be of several
      different chemical types so long as they do not adversely interact with
      the other materials involved in the process, have no significant adverse
      effect on the properties of leather, and are otherwise suitable for use in
      leather processing. For example, they include
PA1  aliphatic alcohols containing 1 to 3 carbon atoms,
PA1  aliphatic ketones containing 3 to 7 carbon atoms,
PA1  cyclic aliphatic ethers containing 4 carbon atoms, such as tetrahydrofuran,
      p-dioxane, m-dioxane,
PA1  ethylene glycol monomethyl, dimethyl, and diethyl ethers,
PA1  aliphatic esters of alkanoic acids, which esters contain 3 to 6 carbon
      atoms, such as methyl, ethyl, and propyl acetate and propionate, ethyl
      butyrate, and diethyl carbonate,
PA1  chlorine-containing hydrocarbons, such as chloroform, carbon tetrachloride,
      1,1-dichloroethane, 1,2-dichloroethane, trichloroethylene,
      1,1,2,2-tetrachloroethane, 1,1,2-trichloro-1,2,2-trifluoroethane,
      1,2-dichloro-1,1,2,2-tetrafluoroethane, and chlorobenzene
PAL  and mixtures thereof. The preferred liquids are aliphatic alcohols
      containing 1 to 3 carbon atoms and aliphatic ketones containing 3 to 7
      carbon atoms, and particularly ethanol, isopropanol, acetone, methyl ethyl
      ketone, and methylisobutyl ketone which are substantially non-aqueous but
      may contain small amounts of water as indicated hereinabove.
PAR  The solutions of diazonium components incorporated into leather as
      described herein can contain diazonium components in any concentration
      which is soluble in the solution liquid and which is sufficient to produce
      significant color when incorporated in practical volumes into leather
      containing coupling components. Typically these solutions contain between
      about 1 and 10 weight percent diazonium components and preferably they
      contain between about 2 and 5 percent by weight diazonium components. The
      use of amounts of diazonium components greatly in excess of the
      stoichiometric equivalent of the amounts of coupling components present in
      the leather should be avoided to reduce the effect of the dyeing process
      on the properties of the leather.
PAR  Solutions of diazonium components incorporated into leather in the process
      of this invention can contain other components in addition to the
      diazonium component and water in amounts discussed hereinabove. These
      materials can be desirable adjuncts of the diazonium component or the
      dyeing process or can be materials which have desirable effects on the
      leather being dyed. For example, these solutions can contain stabilizers
      for the diazonium components such as urea, thiourea,
      1,3,6-naphthalenetrisulfonic acid or its salts, and other such materials
      as described in "Light-Sensitive Systems," at page 292, and
      "Photosensitive Diazo Compounds," at page 92, and elsewhere as is known in
      the art. Such stabilizing materials are typically used in substantially
      stoichiometric amounts with respect to the diazonium component being
      stabilized. These solutions can also optionally contain fluorochemicals,
      silicones and other such materials which as are soluble therein and reduce
      the tendency of the leather to water-spot as well as oils, fat liquors,
      and other such materials which make the leather more supple or otherwise
      improve its physical properties. Other materials which can be included in
      solutions of diazonium components are discussed hereinbelow.
PAR  Solutions of diazonium components can be incorporated into leather by any
      convenient procedure which introduces the desired amount of the solution
      into the leather. For example, such solutions can be applied by brushing
      or spraying the solution onto the leather or by dipping the leather into
      the solution. The amount of solution incorporated into the leather can be
      controlled by the amount applied; by the conditions of application, such
      as the pressure and equipment used in spraying and the area rate of
      application in brushing; and by adjustment of the properties of the
      solution and of the leather surface which influence the rate and amount of
      solution absorbed. The preferred method of application is by spraying,
      using conditions which result in the degree of penetration which is
      desired. Thus, minimum amounts of solution should be applied with low
      spraying pressures when dyeing is desired primarily on the surface of the
      leather and larger amounts should be applied with higher spraying
      pressures when dyeing is desired throughout the leather. The minimum
      amount of solution applied should be sufficient to incorporate into the
      leather enough diazonium component to form significant color in the
      portions of the leather desired to be dyed. Preferably the amount of
      solution applied is not greater than the amount which the leather is able
      to absorb and contain without dripping and preferably is such an amount
      that no liquid is expelled from the leather upon pressing or squeezing, so
      as to avoid removing from the leather desirable materials such as fat
      liquors which are soluble in the solution. Typical amounts incorporated
      when dyeing is desired throughout are between about 30 and 80 percent of
      the nominal volume of the leather.
PAR  Interaction of diazonium components and coupling components within leather
      can be effected in any of several ways. In a very simple process of this
      invention, the diazonium components interact with coupling components
      immediately upon incorporation of the diazonium component solution into
      leather. The preferred conditions for interaction of different diazonium
      and coupling components are slightly different, but in general such
      components interact rapidly when they are in a medium containing
      sufficient of a polar solvent for ionic interactions, e.g. more than about
      10 percent moisture by weight, and having a pH greater than about 5.
      Immediate interaction of diazonium and coupling components within leather
      is therefore effected whenever the leather after incorporation of the
      diazonium component solution has a pH at which interaction is relatively
      fast and contains sufficient moisture. Since substantially dry leather
      normally contains sufficient moisture, such conditions prevail when either
      the diazonium component solution or the leather contains an excess of
      alkaline materials over the acidic materials present in the other.
      Processes of this very simple type are preferred when it is desired to dye
      leather primarily in and near the surface rather than throughout, since
      the leather is dyed first and most intensely near the surface as the
      diazonium component solution penetrates through the surface.
PAR  Uniform dyeing of leather throughout is more effectively obtained in
      processes in which the diazonium component solution penetrates throughout
      the leather without interaction between diazonium and coupling components
      and conditions are thereafter changed to promote interaction of the
      diazonium and coupling components. Such interaction can be substantially
      prevented by maintaining a solution of leather containing components of
      both types in sufficiently acidic condition, ordinarly at a pH less than
      about 5 dependent on the diazonium and coupling components as is known in
      the art. In such processes a diazonium solution containing a sufficient
      amount of a suitable acidic material can be incorporated into an acidic
      leather or into a leather containing insufficient alkaline materials to
      neutralize the acidic materials in the diazonium component solution.
      Acidic materials which prevent or retard interaction between diazonium and
      coupling components include the inorganic acids but are preferably organic
      acids, such as tartaric acid, citric acid, naphthalenesulfonic acid, or
      benzenesulfonic acid, as described in "Light-Sensitive Systems," at pages
      249 to 259. A preferred acidic material for use in diazonium component
      solutions containing photosensitive diazonium components is an
      alkylbenzenesulfonic acid, such as the dodecylbenzenesulfonic acid
      obtainable from the Richardson Company, Melrose Park, Illinois, as
      "Richonic Acid B." Such acidic materials are usually employed in diazonium
      component solutions in at least about stoichiometric amounts with respect
      to the diazonium components and are preferably employed in amounts such
      that leather has a pH less than about 5 after incorporation of the
      diazonium component solution therein.
PAR  Changing conditions to effect interaction of diazonium and coupling
      components present together in leather without interaction can be effected
      in several ways to form azoic dyes within the fibers of the leather
      without significantly changing the properties of the leather. For example,
      with leather containing diazonium components which are sufficiently stable
      toward heat; acidic materials, such as tartaric acid, which prevent the
      interaction of the components; and materials which decompose upon heating
      to liberate alkaline materials, such as ammonium chloride, biuret, and
      urea; interaction of the diazonium and coupling components can be effected
      by heating the leather to temperatures and for times which induce the
      formation of sufficient alkaline materials to counteract the stabilizing
      action of the acidic materials. Preferably interaction of diazonium and
      coupling components in leathers containing acidic materials is effected by
      introducing into the leather sufficient alkaline materials to neutralize
      the acidic materials. For instance, an alkaline material can be
      incorporated into the leather in sufficient amount in solution in a
      substantially non-aqueous, volatile, low-viscosity liquid as defined
      hereinabove. The alkaline material can be any inorganic or organic
      material sufficiently alkaline and soluble in such a liquid to a
      sufficient degree but is preferably a nitrogenous base, such as ammonia or
      a primary, secondary, or tertiary amine containing up to about 30 carbon
      atoms. In a more preferred process, the alkaline material is ammonia
      incorporated into the leather by exposure of the leather to moist ammonia
      vapors, such as are obtained by evaporation of aqueous ammonium hydroxide.
      Typically the leather is exposed to the enclosed vapors of dilute aqueous
      ammonia at ambient temperatures for times between about 1 and 10 minutes.
PAR  Whenever a diazonium component solution is incorporated as described herein
      into leather not already containing sufficient coupling components to form
      significant amounts of color or optionally whenever the coupling
      components present in the leather form color of hue or strength other than
      desired, the process of this invention includes incorporation of one or
      more additional coupling components into the leather without significantly
      changing the surface or bulk esthetic or physical properties of the
      leather. Such coupling components are preferably incorporated into the
      leather in the same solution as the diazonium component but can be
      incorporated in a different solution either before or subsequent to
      incorporation of the diazonium component. When in the same solution as the
      diazonium component, the solution must be stabilized to prevent
      interaction between the diazonium and coupling components, for example, by
      inclusion in the solution of acidic materials as described above. When
      incorporated in a different solution, the coupling component can be in a
      substantially non-aqueous, volatile, low-viscosity liquid as defined
      hereinabove, which liquid can be but is not necessarily the same as the
      liquid in which the diazonium component is incorporated. When the two
      components are in different solutions, the total amount of solution
      present in and on the leather at any one time is preferably less than the
      leather is able to absorb and contain without dripping and preferably is
      an amount such that no liquid is expelled from the leather upon pressing
      or squeezing. Solutions of coupling components incorporated into leather
      as described can contain any amount of coupling agent below the amount
      which saturates the solution and which is sufficient when incorporated
      into the leather in a practical volume of solution to form significant
      color. Such solutions will normally contain between about 1 and 10 weight
      percent coupling component and preferably contain between about 2 and 5
      weight percent.
PAR  The quantities of diazonium and coupling components incorporated into
      leather are preferably such that only insignificant amounts of either
      component remain in the leather after interaction is effected between such
      components. For example, leather dyed in colors only slightly shaded from
      those derived from natural and synthetic tanning agents and reaction
      products of such agents with leather can be obtained by incorporating
      small amounts of appropriate coupling components into the leather without
      increasing the amount of diazonium component incorporated into the leather
      above that stoichiometrically equivalent to the phenolic agents in the
      leather. When it is desired, however, to dye leather containing phenolic
      tanning agents in colors distinctly different from those formed by
      interaction of diazonium components with these tanning agents, coupling
      agents in amounts up to about three times the stoichiometric equivalent to
      the diazonium component can be incorporated into the leather in amounts
      independent of but preferably in excess of the stoichiometric equivalent
      of tanning agents. Particularly when the coupling component is chosen for
      more rapid interaction than the tanning agent with the diazonium
      component, the formation of colored dye by the tanning agent will be
      reduced. In such processes, the total amount of material incorporated into
      the leather must be small enough to have an insignificant effect on the
      properties of the leather.
PAR  In one aspect of the invention process, the diazonium component
      incorporated into leather is light-sensitive and the surface of the
      leather is exposed to suitable light to photo-decompose substantially all
      the diazonium component therein before effecting interaction of diazonium
      components with coupling components. By such a process, leather can be
      dyed in one color throughout and another color in the surface. If the
      desired surface color is not that of the undyed leather, a photostable
      diazonium component can be incorporated into the leather along with a
      light-sensitive diazonium component to obtain leather dyed in the surface
      with a color derived from the photostable diazonium component and dyed
      elsewhere with a color derived from both the photostable and
      light-sensitive diazonium components. In a preferred aspect of the
      invention, only a portion of the surface of the leather containing a
      photosensitive diazonium component is exposed to light to decompose the
      diazonium component and a colored pattern is thereby simply and
      inexpensively applied to the surface of the leather without significant
      change in surface or bulk physical properties.
PAR  The photoimaging techniques used in dyeing and patterning leather as
      described herein can be those which are well known in the paper and film
      azographic imaging art, such as are appropriate with the particular
      photosensitive diazonium components employed, their sensitivity to light
      of various wavelengths, their stability toward heat, their reactivity with
      the coupling components employed, and their efficiency of stabilization
      against interaction with coupling components. For example, exposure times
      can be between a few seconds and a few minutes at distances up to a few
      feet depending upon the intensity of the light source in the region
      between about 3600 and 4500 Angstroms. Suitable high intensity light
      sources include carbon arcs, mercury vapor arcs, fluorescent lamps with
      ultraviolet-emitting phosphors, argon glow lamps, and electronic flash
      units containing photoemitting gases such as xenon. It is particularly
      desirable when photoimaging leathers with rough or buffed surfaces to use
      light from a diffuse source or to expose the surface of the leather to
      light from a series of different angles so as to assure substantially
      complete decomposition of the diazonium component in those portions of the
      leather surface which would otherwise be in the shadows of fibers and
      other irregularities in the surface of the leather. The photoimaging can
      be through masks, stencils, or plastic films, etc., which can be positives
      or negatives depending upon the effects desired. Such imaging media are
      preferably placed near the leather when sharp detail is desired in the
      photoimaged patterns.
PAR  In a preferred aspect of the dyeing process of this invention at least a
      portion of any liquid employed as a solvent in incorporating a diazonium
      component or other material into leather is evaporated from the leather at
      a temperature not over about 50.degree.C. before incorporating another
      solution into the leather or effecting interaction of the diazonium
      component with a coupling component. Such evaporation will normally occur
      upon exposure of the leather into which a solution is incorporated to the
      atmosphere during normal handling of the leather. In general, it is
      desirable to evaporate at least enough of the liquid to leave the surface
      of the leather free of liquid, particularly before exposing such surface
      to light to decompose the diazonium component therein. The liquid does not
      influence the rate or extent of decomposition of the diazonium component,
      but it is desirable to have the diazonium component entirely inside the
      structure of the leather and not in a solution upon the surface of the
      leather fibers or other structural units. Complete evaporation of the
      liquid from the interior of the leather is not required or advantageous,
      but will normally occur during later processing of the leather. Exposure
      of the leather to temperatures above about 50.degree.C. is desirably
      avoided because of the thermal instability of diazonium components.
      Preferably any such drying is obtained by passing air at ambient
      temperatures, e.g., temperatures above about 15.degree.C., over the
      surface of the leather.
PAR  The following examples illustrate the invention. Parts and percentages
      referred to therein are by weight, unless otherwise indicated.
DETD
PAC  EXAMPLE 1
PAR  About 20 milliliters of an acetone solution containing about 0.5 gram of
      4-morpholinophenyldiazonium fluoborate and made acidic with about one
      milliliter of dodecylbenzenesulfonic acid was applied by brushing to one
      surface of about 75 square centimeters of a dry vegetable tanned
      beige-colored soft buffed suede clothing leather. The solution spread
      evenly over the surface of the leather and penetrated throughout. After
      the rapid evaporation of most of the acetone, one surface of the leather
      was exposed through a negative plastic transparency for about 2 mimutes at
      a distance of about 2 inches to an ultraviolet light source in a "contact
      printer" of a type suitable for use with azographic reproduction
      processes. The leather was then exposed for about 4 minutes to the vapors
      of aqueous ammonia. The surface portions not exposed to ultraviolet light
      were dyed a dark brown shade while those surface portions exposed to
      ultraviolet light remained a substantially unchanged beige color. The
      leather was dyed dark brown throughout, as shown by the even coloration of
      a cross-section. The surface and bulk esthetic and physical properties of
      the leather were not significantly affected by the dyeing process.
PAC  EXAMPLE 2
PAR  To about 75 square centimeters of another portion of the leather used in
      Example 1 was applied by brushing about 0.5 milliliter per square
      centimeter of an acetone solution containing about 0.2 gram per milliliter
      of 4-morpholinophenyl diazonium fluoborate, about 0.02 gram per milliliter
      of dodecylbenzenesulfonic acid, and about 0.1 gram per milliliter of
      N-(N'-morpholino-gamma-propyl)-2-hydroxy-3-naphthamide as a coupling
      agent. A major portion of the acetone evaporated from the leather during
      about 10 minutes exposure to the laboratory atmosphere. One surface of the
      leather was exposed through a negative plastic transparency for about 3
      minutes to ultraviolet light in a "contact printer" and the leather was
      then exposed for about 5 minutes to moist ammonia vapors. The portion of
      the leather surface exposed to ultraviolet light reamined a beige color.
      The surface portions not exposed to ultraviolet light were dyed a purple
      brown shade and the leather was dyed the same purple brown color
      throughout by interaction of the diazonium salt with the coupling agent
      and with the vegetable tanning agent and/or with products of the
      interaction of the tanning agent with the leather. The surface and bulk
      esthetic and physical properties of the leather were not significantly
      affected by the dyeing process.
PAC  EXAMPLE 3
PAR  Procedures substantially like those of Examples 1 and 2 were followed in
      which a solution containing p-diethylaminophenyl diazonium borofluoride, a
      small stoichiometric excess of resorcinol as a coupling agent, and
      sufficient citric acid monohydrate to prevent interaction of the diazonium
      salt and the coupling agent were dissolved in methylethylketone and the
      solution was sprayed at moderate pressure onto the surface of the buffed
      suede leather, the major portion of the solvent was quickly evaporated,
      the surface of the leather was imaged through a negative with ultraviolet
      light for about 2 minutes in a "contact printer," and the leather was then
      exposed to moist ammonia fumes. The portions of the surface exposed to
      ultraviolet light remained substantially the original color of the
      leather. The portions of the surface not exposed to ultraviolet light were
      dyed a brown shade and the leather was dyed the same brown shade
      throughout. The surface and bulk esthetic and physical properties of the
      leather were substantially unaffected by the dyeing process.
PAC  EXAMPLE 4
PAR  Procedures substantially like those of Examples 1 to 3 were followed in
      which a solution containing p-diethylaminophenyl diazonium borofluoride,
      phloroglucinol as a coupling agent, and sufficient dodecylbenzenesulfonic
      acid to prevent interaction of the diazonium salt and the coupling agent
      were dissolved in acetone and the solution was sprayed at low pressure
      onto one surface of a dry chrome tanned "brushed casual" shoe cowhide
      leather. The solution spread evenly over the sprayed surface of the
      leather but did not penetrate throughout. The major portion of the acetone
      was evaporated quickly by exposing the leather to the laboratory
      atmosphere for a few minutes and the leather was then exposed for several
      minutes to moist ammonia vapors. The sprayed surface of the leather and
      those portions into which the sprayed solution penetrated became dyed an
      olive green color but the leather remained substantially unchanged in
      color on the unsprayed surface and in those portions into which the
      solution did not penetrate. The surface and bulk esthetic and physical
      properties of the leather were not significantly affected by the dyeing
      process.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved process for dyeing leather with azoic dyes without
      significantly changing the surface or bulk esthetic or physical properties
      of the leather which comprises interacting within leather a diazonium and
      a coupling component to form a colored dye wherein the improvement
      consists essentially of (a) incorporating into substantially dry leather
      simultaneously or sequentially
PA1  (1) a diazonium component, and
PA1  (2) coupling component as required, in solution in a substantially
      non-aqueous, volatile, low-viscosity solvent liquid containing less than
      about 25% water, (b) interacting the diazonium component and a coupling
      component without wetting the leather with water, and (c) evaporating any
      remaining solvent liquid from the leather at ambient temperatures.
NUM  2.
PAR  2. The process of claim 1 wherein the solvent liquid has a viscosity of
      less than about 2 centipoise at 20.degree.C., and a vapor pressure of at
      least 10 millimeters of mercury at 30.degree.C.
NUM  3.
PAR  3. The process of claim 2 wherein the solvent liquid has a viscosity of
      less than about 1 centipoise at 20.degree.C., a vapor pressure of at least
      25 millimeters of mercury at 30.degree.C. and contains less than about 10
      percent water.
NUM  4.
PAR  4. A process of claim 1 wherein the solvent liquid is at least partially
      evaporated from the leather at a temperature of no more than 50.degree.C.
      before interreaction of the diazonium component and coupling component.
NUM  5.
PAR  5. A process of claim 1 wherein the volume of solvent liquid used is
      sufficient to penetrate the leather but nor more than sufficient to
      saturate the leather.
NUM  6.
PAR  6. A process of claim 1 wherein the coupling component is a phenolic
      tanning agent or a reaction product of leather and a phenolic tanning
      agent.
NUM  7.
PAR  7. A process of claim 1 wherein a coupling component is incorporated into
      the leather before a diazonium component.
NUM  8.
PAR  8. A process of claim 1 wherein a coupling component is incorporated into
      the leather after a diazonium component.
NUM  9.
PAR  9. A process of claim 1 wherein a coupling component is incorporated into
      the leather in the same solvent liquid with a diazonium component.
NUM  10.
PAR  10. A process of claim 1 wherein a diazonium conponent incorporated into
      the leather is light sensitive and is photoactivated before interreaction
      of the diazonium component and a coupling component.
NUM  11.
PAR  11. A process of claim 3 wherein the solvent liquid contains
PA1  an aliphatic alcohol of 1 to 3 carbon atoms,
PA1  an aliphatic ketone of 3 to 7 carbon atoms,
PA1  a cyclic aliphatic ether of 4 carbon atoms,
PA1  ethylene glycol monomethyl, dimethyl or diethyl ether,
PA1  an aliphatic ester of an alkanoic acid, which ester contains 3 to 6 carbon
      atoms, or
PA1  chloroform, carbon tetrachloride, 1,1-dichloro-ethane, 1,2-dichloroethane,
      trichloroethylene, 1,1,2,2-tetrachloroethane,
      1,1,2-trichloro-1,2,2-trifluoroethane,
      1,2-dichloro-1,1,2,2-tetrafluoroethane, or chlorobenzene.
NUM  12.
PAR  12. A process of claim 1 wherein at least one coupling component is
      incorporated into the leather which is not a phenolic tanning agent nor a
      reaction product of leather and a phenolic tanning agent.
NUM  13.
PAR  13. A process of claim 9 wherein the solvent liquid contains in addition to
      a coupling component and a diazonium component a sufficient amount of an
      acidic component to prevent a coupling reaction.
NUM  14.
PAR  14. A process of claim 10 wherein the light sensitive diazonium component
      is photoactivated in a pattern.
NUM  15.
PAR  15. A process of claim 13 wherein the coupling reaction is initiated by
      neutralizing the acidic component with a base.
NUM  16.
PAR  16. A process of claim 13 wherein
PA1  the leather is dry buffed suede;
PA1  the solvent liquid has a viscosity of less than about 1 centipoise at
      20.degree.C., a vapor pressure greater than about 25 millimeters of
      mercury at 30.degree.C. and contains less than about 10 percent water;
PA1  a diazonium component is used which is light sensitive;
PA1  a portion of the liquid is evaporated at a temperature below about
      50.degree.C. prior to the coupling reaction;
PA1  a portion of the leather surface is exposed to ultraviolet light after
      solvent evaporation and before the coupling reaction to photoactivate some
      of the diazonium component; and
PA1  the leather is exposed to moist ammonia vapors for a time sufficient to
      effect the coupling reaction.
NUM  17.
PAR  17. A process of claim 15 wherein the acidic component is an
      alkylbenzenesulfonic acid and the base is ammonia.
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ABST
PAL  The surfactants of this invention are phenolic-formaldehyde resins that
      have been sulfomethylated with from 1-13 moles of sulfomethylation per
      1000 grams of the starting resin and further modified by reaction with up
      to 20 moles, preferably 0.25 to 10 moles, per 1000 grams of starting resin
      of a blocking agent of the type X(CHR).sub.m (CH.sub.2).sub.n Y, wherein X
      is a halogen, an activated double bond, epoxy ring or halohydrin, Y is a
      property group such as sulfonate, phosphonate, carboxylate or hydroxyl, R
      is another property group such as hydrogen, hydroxyl, mercaptan or amine,
      and n and m are integers from 0 to 5, with n or m being at least 1, to at
      least partially block the phenolic hydroxyl group of the resin. The
      phenolic-formaldehyde resin may also be cross-linked to tailor its
      molecular weight and then treated with urea or ammonia, if desired.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a divisional of our copending application, Ser. No.
      333,995, filed Feb. 20, 1973 now U.S. Pat. No. 3,870,681 issued Mar. 11,
      1975.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to modified phenolic-formaldehyde resin surfactants.
      More specifically, this invention relates to modified
      phenolic-formaldehyde resin surfactants that have been further modified by
      blocking of the phenolic hydroxyl groups. Additionally, this invention
      relates to the use of these surfactants as dispersants in dyestuffs.
PAR  2. The Prior Art
PAR  Phenolic resins have found widespread use in numerous areas, in particular,
      molded and cast plastic articles, adhesives for plywood as laminating
      resins and in thermal insulation to name a few. Because these resins are
      versatile and inexpensive, numerous reactants have been used to modify the
      resins in order to improve certain properties, for example, dispersing
      ability, or to inhibit a property that is undesirable for certain uses.
PAR  By way of illustration of modifying phenolic-formaldehyde resins, the
      following patents are cited. U.S. Pat. No. 3,065,039 to E. Komarek et al.
      describes sulfomethylating a phenol-formaldehyde resin and its use as a
      synthetic tanning agent. U.S. Pat. No. 2,076,624 to M. DeGroote is
      directed to a process for breaking emulsions with phenol resins that have
      been reacted with alkylene oxides. U.S. Pat. No. 2,658,885 to G. F.
      D'Alelio describes soluble copolymers of epoxyalkoxy
      hydrocarbon-substituted phenol-aldehyde resins useful in cements,
      impregnates, coatings, etc. U.S. Pat. No. 3,606,988 to K. Walz et al.
      teaches a process for dyeing nitrogen-containing fibers in the presence of
      a dyeing auxiliary consisting of the reaction product of an alkylene oxide
      and the condensation product of a phenolic compound, formaldehyde and an
      amine. The art cited is meant to show the state of the art and is not
      intended to be all inclusive of phenolic modifications or their uses.
PAR  It is, therefore, the general object of this invention to produce a
      sulfomethylated phenolic-formaldehyde resin in which some or all of the
      free phenolic hydroxyl groups are blocked. Another object of this
      invention is to produce a modified phenolic-formaldehyde resin useful as a
      surfactant. Still another object of this invention is to provide a
      dyestuff composition containing a sulfomethylated phenolic-formaldehyde
      resin having some or all free hydroxyl groups blocked as a dispersing
      agent.
PAR  Further objects, features and advantages of this invention will be evident
      from the following detailed description of the invention.
PAC  SUMMARY OF THE INVENTION
PAR  The improved modified resin surfactant of this invention is a water-soluble
      phenolic-formaldehyde resin containing 1-13 moles of sulfomethylation per
      1000 grams by solids weight of starting resin and further modified by
      reaction with up to 20 moles, preferably from 2 to 10 moles (per 1000
      grams by solids weight of starting resin), of an agent of the type
      X(CHR).sub.m (CH.sub.2).sub.n Y, wherein X is a halogen, an activated
      double bond, epoxy ring or halohydrin, Y is a property group such as
      sulfonate, phosphonate, carboxylate or hydroxyl, R is another property
      group such as hydrogen, hydroxyl, mercaptan or amine, and n and m are
      integers from 0 to 5 with n or m at least 1 to at least partially block
      the phenolic hydroxyl. The surfactants may be cross-linked to tailor
      molecular weight and treated with urea or ammonia. These surfactants are
      useful in dyestuff compositions comprising an admixture of a dye cake,
      i.e., disperse dyes or vat dyes, and up to 75% by weight of the surfactant
      or this invention.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The surfactants of this invention are modified phenolic-formaldehyde
      resins. The phenolic-formaldehyde resins which are modified to make the
      dispersants of this invention are, in general, prepared by reacting a
      phenol and formaldehyde. Besides phenol, other phenolic-type starting
      materials may be employed, such as cresol, phenol-cresol mixtures, and
      resorcinol. For the purpose of this specification phenol will be referred
      to, but it is understood to include any of the hereinabove-mentioned
      starting materials.
PAR  The type of reactions between formaldehyde and a phenol by way of
      condensation and/or polymerization is substantially different depending
      upon whether these reactions are effected in the presence of an alkaline
      catalyst or in the presence of an acid catalyst. Various catalyst can be
      utilized including both acids and bases. Alkaline catalysts commonly used
      for catalyzing the pehnol-formaldehyde reaction are the oxides and
      hydroxides of alkaline earths and alkali metals, ammonia, and amines such
      as ethanolamine. Acid catalysts commonly used include mineral and organic
      acids, for example, sulfuric or oxalic acid.
PAR  When an alkaline catalyst, such as sodium hydroxide, calcium hydroxide,
      barium hydroxide and others, are employed, the initial reaction consists
      primarily in the production of methylol substituents on the benzene ring
      of the phenol, and the reaction product initially produced is soluble in
      water and in organic solvents. The reaction product in this condition is
      referred to as an "A-stage resin." Such alkaline catalyzed products are
      generally referred to as "resoles." The A-stage resole is soluble in
      aqueous alkaline solutions. The A-stage resole is the preferred starting
      resin for preparation of the sulfomethylated phenolic-formaldehyde
      dispersants of this invention. Further reaction results in polymerization
      of the methylol phenols to form a product that is insoluble in alkaline
      solution, and the reaction product in this condition is commonly referred
      to as being in the "B-stage." Further polymerization at elevated
      temperatures results in the conversion of the B-stage resin into the
      thermoset condition in which it normally occurs in manufactured products,
      this condition being generally referred to as the "C-stage."
PAR  As distinguished from the resoles produced by alkaline catalyzed reaction
      between formaldehyde and a phenol, the presence of an acid catalyst
      results in a different reaction mechanism, resulting in more highly
      polymerized reaction products which are commonly referred to in the art as
      "novolaks." Such novolaks do not possess the solubility in water of the
      resoles, and are generally utilized by effecting a cure in the presence of
      a substantial quantity of a curing agent, such as hexamethylene tetramine.
      In order to use a novolak resin as the starting resin to make the
      dispersants of this invention, it is adjusted to an alkaline pH.
PAR  In a preferred practice of this invention, a phenol and aldehyde mixture
      are heated in the presence of a catalytic amount of sodium hydroxide and
      brought to the A-stage. It is conventional in the preparation of the resin
      to commingle a phenol with an aqueous solution of formaldehyde in the
      molar ratio desired. For the alkaline catalyzed resins, such molar ratio
      usually is in the order of 1.0 moles to 3.0 moles of formaldehyde per mole
      of phenol, preferably 1.3-2.0 moles of formaldehyde per mole of phenol,
      and for preparing the resole conventional practice is to employ an aqueous
      formaldehyde solution containing approximately 37% of formaldehyde,
      paraformaldehyde or other comparable aldehydes. About 0.1 to 15% by weight
      of sodium hydroxide or other alkaline catalyst is added to the composition
      for promoting the reaction for forming the A-stage resin. The reaction of
      phenol and formaldehyde takes place by heating at a temperature between
      70.degree.C. and 150.degree.C. for 1/2 to 6 hours. By virtue of the water
      initially included in the reaction mixture and that which is formed during
      reaction, an A-stage resole as initially produced usually contains
      approximately 40 to 70% solids. It is to be noted that during this heating
      some cross-linking will occur with the production of water. Solids content
      of the starting resin as used herein, denotes the weight of the
      cross-linked resin obtainable from the resole solution as a percentage of
      the total weight of the resole solution
PAR  The phenol-formaldehyde resole is modified by adding to it sulfomethylation
      solubilizing groups. By the term "sulfomethylation" as used herein; it is
      meant either the sulfonation with sodium sulfite or sulfur dioxide of a
      hydroxy methyl phenol, or phenol with hydroxy methane sulfonate. The term
      "sulfomethylation" thus includes the sulfonation at a carbon atom.
PAR  When the phenolic-formaldehyde resins are reacted with the solubilizing
      group, sulfomethyl groups are introduced into the resin. The amount of
      sulfomethylated groups may vary from about 1 up to about 13 moles of
      sulfomethylation per 1000 grams of wet resin; however, generally only 1 to
      6 moles of sulfomethylation are added to get the desired water solubility.
      It is thought that sulfomethylation occurs primarily in the ortho- or
      paraposition of the phenolic ring.
PAR  To sulfomethylate, the phenolic-formaldehyde resin is preferably reacted
      with formaldehyde or paraformaldehyde or the like and the alkali metal
      salts of sulfurous acid in an alkaline medium under a wide variety of
      reaction conditions. Thus, the temperature of the aqueous medium in which
      the reaction is carried out may be varied considerably. The temperatures
      need only be sufficient to bring about the introduction of methylol or
      sulfomethylol groups into the resin. Generally, temperatures between about
      30.degree.C. to 130.degree.C. may be used although temperatures between
      90.degree.-95.degree.C. are preferred. Lower temperatures require longer
      reaction times and in order to complete the reaction within a reasonable
      time, i.e., 2 to 8 hours, preferably 4 hours, the preferred temperatures
      are used. Examples of alkali metal salts of sulfurous acid which are
      useful in this invention include sodium sulfite, potassium sulfite, sodium
      bisulfite, potassium bisulfite, sodium metabisulfite, potassium
      metabisulfite and the like. The alkali metal sulfite and bisulfites
      contain one mole of combined SO.sub.2 for each mole of the sulfite. The
      alkali metal metabisulfites, on the other hand, contain 2 moles of
      combined SO.sub.2 for each mole of the metabisulfite. Accordingly, only
      one-half molecular proportion of alkali metal metabisulfite is required to
      a given amount of combined SO.sub.2 equivalent to the combined SO.sub.2 in
      one molecular proportion of alkali metal sulfites or bisulfites. The
      preferred alkali metal salts of sulfurous acid, for the purposes of this
      invention, are sodium sulfite and sodium metabisulfite.
PAR  The amount of the alkali metal salt of sulfurous acid, for example, sodium
      sulfite, used in relation to the aromatic ring residues in the resin
      determines the water-solubility of the reaction product formed, it being
      understood, of course, that formaldehyde is also used with such salt, as
      described above. Although strictly speaking the formaldehyde and alkali
      metal salt of sulfurous acid both influence the water-solubility of the
      final product under acid conditions, the alkali metal salt through
      introduction of sulfonate groups and the formaldehyde through the
      formation of methylol groups, the alkali metal salt of sulfurous acid
      exerts the primary solubilizing influence. The degree of solubility in
      water of the final product may be varied widely by proper selection of the
      proportions of the alkali metal salt of sulfurous acid with relation to
      the aromatic ring residues in the resole. Thus, it is possible to use the
      sulfurous acid salt in an amount sufficient to provide from 0.5 to 2.0
      moles of combined SO.sub.2 for each aromatic ring residue (for example,
      phenol residue) in resin when products having high solubility in water are
      desired. By decreasing the proportion of the alkali metal salt of
      sulfurous acid with relation to the aromatic ring residues in the resin,
      the water-solubility of the product decreases and its salt sensitivity
      increases. Thus, if the sulfurous acid salt is used in amounts sufficient
      to provide from about 0.15 to 0.90 moles of combined SO.sub.2 for each
      aromatic ring residue in the resin, excellent dispersing agents are
      obtained. These agents have sufficient water-solubility to be soluble in
      water which is acidic, neutral and alkaline. If the mole ratio of combined
      SO.sub.2 in the sulfurous acid salt to aromatic ring residues in the resin
      is appreciably below 0.1, the products are substantially insoluble in
      neutral or acidic aqueous media.
PAR  The molecular proportions of formaldehyde, either as formalin, or as
      paraformaldehyde, and the alkali metal salt of sulfurous acid may be
      varied widely with relation to each other and also with relation to the
      aromatic ring residues in the resin depending on the properties desired in
      the dispersant. For most purposes, the mole ratio of formaldehyde to the
      alkali metal salt of sulfurous acid is preferably at least one mole of
      formaldehyde for each mole of combined SO.sub.2 in the alkali metal salt.
      If less formaldehyde is used, an excess of the alkali metal salt of
      sulfurous acid remains in the reaction mixtures and does not take part in
      the reaction. Hence, the solids concentration of the reaction mixture is
      increased without any corresponding benefit. Moreover, if the reaction
      mixture is neutralized at the end of the reaction, as is usually the case,
      more acid is required to neutralize the reaction mixture. Consequently,
      more salt is formed and the solids content of the final product is
      increased without any corresponding benefit in the properties of the end
      product. When it is desired to cross-link the resin to the maximum
      possible extent, it is possible to increase the amount of formaldehyde
      substantially. In such a case, the mole ratio of formaldehyde to combined
      SO.sub.2 in the alkali metal salt of sulfurous acid may be as high as
      25:1.
PAR  The pH of the reaction mixture will vary considerably depending on the
      particular alkali metal salt of sulfurous acid used. Thus, with sodium
      sulfite the pH will be higher initially than in the case where sodium
      bisulfite or sodium metabisulfite is used. Moreover, since sodium
      hydroxide is liberated during the reaction when sodium sulfite is used and
      is not liberated in those instances when sodium bisulfite or sodium
      metabisulfite is employed, the reaction mixture at the completion of the
      reaction will have a higher pH when sodium sulfite is used. The alkalinity
      of the reaction mixture is normally derived from the alkali metal salt of
      the sulfurous acid and it is not necessary to add alkali for this purpose,
      especially when the amount of the alkali metal salt of sulfurous acid used
      is sufficient to neutralize the acidity of the resin and the formalin
      solution. If the amount of the alkali metal salt of sulfurous acid
      employed is not sufficient for such neutralization a small amount of an
      alkali metal hydroxide is added to make the reaction mixture slightly
      alkaline. When sodium sulfite is used, the sulfomethylated
      phenolic-formaldehyde resin generally has a final pH of between 9.5 and
      12.0.
PAR  Since free formaldehyde and methylol groups are present, at least during
      the initial stages of the sulfomethylation reaction, a certain amount of
      cross-linking of the resin takes place resulting in increased molecular
      weight. In dye dispersants, increased molecular weight is desirable up to
      a point to produce desirable dispersant properties. Additional amounts of
      formaldehyde, say 0.2 to 1.0 moles of formaldehyde per 1000 grams of
      sulfomethylated resin, may be used to effect cross-linking. Also heating,
      at say 90.degree.C., for 1-3 hours promotes the formaldehyde cross-linking
      which does not block the phenolic hydroxyl. Formaldehyde, for instance, is
      an effective cross-linking agent; whereas, epicholorohydrin is less
      effective. It should also be pointed out that too high a molecular weight,
      i.e., over 30,000, of the sulfomethylated resin is undesirable. For the
      purposes of this specification the term "low molecular weight" refers to
      dispersants having a molecular weight less than 500; and "high molecular
      weight" refers to dispersants having a molecular weight more than 15,000.
      Dispersants having a molecular weight between 2,000 and 20,000 are
      preferred.
PAR  After sulfomethylation of the resin and cross-linking is effected to the
      desired level, an alkaline mixture or solution is obtained which may be
      used as such or neutralized with an acid or made acidic. If the solution
      is neutralized or made acidic, it is preferably cooled prior to the
      addition of acid to avoid high temperatures caused by the heat of
      neutralization of alkali in the mixture. In the preparation of the
      dispersants of this invention, the pH of the final solution is usually
      lowered with a mineral acid, such as sulfuric acid preferably together
      with an organic acid, such as glycolic acid or acetic acid, as a buffering
      agent. In such instances the final pH of the solution is normally adjusted
      between about 6 and 10. When a minimum amount of water is used in the
      reaction mixture, the final solution is quite viscous. Such solutions may
      be diluted with water to increase their pumpability either before or after
      they are neutralized.
PAR  It may be desirable to react the sulfomethylated, cross-linked,
      phenolic-formaldehyde resin with urea or ammonia after blocking is
      completed. This reaction allows a greater amount of sulfomethylation to be
      effective by deactivating unreacted methylol groups, while still
      maintaining good heat stability. Generally, 0.5 to 7.5 moles of ammonia or
      urea per 1000 grams of cross-linked, sulfomethylated resin is used at a
      temperature between 80.degree.C. and 150.degree.C. for from 5 minutes to 1
      hour.
PAR  When products which are soluble in water under acid conditions are desired,
      it is important to use sufficient water in the reaction mixture to
      dissolve all of the reagents and the final product, otherwise the reaction
      does not proceed as rapidly as is desired and various difficulties are
      encountered. When the final solution is to be shipped, it is usually
      desirable to use the minimum amount of water in the reaction mixture.
PAR  The phenolic-formaldehyde resins are further modified by reaction with from
      up to 20 moles, preferably from 2 to 10 moles, per 1000 grams by solids
      weight of starting resin with an agent of the type X(CHR).sub.m
      (CH.sub.2).sub.n Y, wherein X is a halogen, an activated double bond,
      epoxy ring or halohydrin, Y is a property group such as an alkane
      sulfonate, phosphonate, carboxylate or hydroxyl, R is another property
      group such as hydrogen, hydroxyl, mercaptan, or amine, and n and m are
      integers from 0 to 5 and n or m is at least 1 to at least partially block
      the phenolic hydroxyl. The reaction of the resin with any of the reactants
      serves primarily to lower the phenolic hydroxyl content of the resin.
      Depending upon the starting resin the acid hydroxyl content begins to be
      blocked by small amounts of reactant per 1000 grams of resin and can be
      reduced to substantially zero.
PAR  Examples of the blocking agents contemplated with the type exemplified by
      X(CH.sub.2 R).sub.m (CH.sub.2).sub.n Y, when m is 0, include for example,
      ethylene oxide, propylene oxide, chloromethanesulfonate,
      chloromethanephosphonate, 2-chloroethanol, 2-bromoethanol and acrolein,
      among others. When m is 1 or more, blocking agents include, for example,
      1-chloro-2-hydroxyethane phosphonate and acrylamide. When X is a
      halohydrin specific blocking agents include for example,
      3-chloro-2-hydroxypropane phosphonate, 3-chloro-1, 2-dihydroxypropane, and
      3-chloro-2-hydroxypropane sulfonate, when Y is a phosphonate or hydroxyl
      respectively, R is a hydrogen, m is 1 and n is 0. More than one blocking
      agent may be used in the same reaction to form the blocked resin. For
      example, epichlorohydrin and 3-chloro-2-hydroxypropane sulfonate may be
      reacted at the same time with the sulfomethylated resin to tailor an end
      product having particular properties.
PAR  It should also be pointed out that particularly good results are obtained
      when two or more dispersants are mixed together.
PAR  The blocked resins are made by simply dissolving the starting resin in
      water and intermixing a given amount of blocking agent and reacting at a
      temperature between about 10.degree.C. and 200.degree.C. with the time
      depending upon the temperature used and the degree of reaction desired.
      Typically, the blocked resin is neutralized, allowed to cool and then
      dried. A catalyst, such as sodium hydroxide may be used if desired but is
      not necessary.
PAR  The surfactants of this invention are particularly useful as dispersants
      with disperse dyes or vat dyes in either the dry or liquid form. The
      blocked resins may be added to the dye cake before, during or after
      grinding. For most dyeing applications a surfactant having 1 to 6 moles of
      blocking agent per 1000 grams of starting resin is used. It is generally
      preferred to add the surfactant prior to grinding so that it will be
      thoroughly mixed and aid in particle size reduction. The amount of blocked
      resin dispersant added to a dye will vary widely, depending upon the
      particular dye cake, the materials to be dyed and the effect desired.
      Amounts up to 75% of the blocked resin dispersant, based upon the weight
      of dried dye cake may be used. The most important factor in determining
      the proper amount of blocked resin to the used in making up the dyestuff
      is the particular dye cake used. Generally this amount will vary from dye
      to dye.
PAR  Dyestuff compositions comprise, for the most part, a dye cake, i.e.,
      disperse dyes or vat dyes, and a dispersant. These dyestuff compositions
      are widely used to color both natural and synthetic fibers. The dye
      dispersants that may be used to disperse the dye cake vary widely in
      method of manufacture and source. In the dyestuff composition the
      dispersant serves three basic functions. It assists in reducing the dye
      particle to a fine size, it maintains a dispersing medium and it is used
      as an inexpensive diluent. Generally, dye dispersants are of two major
      types, one of those being sulfonated lignins from the wood pulping
      industry via the sulfite or kraft process, the other being a water soluble
      aromatic, i.e., napthalene sulfonate, from the petroleum industry. The
      disadvantages of sulfonated lignins include fiber staining, reduction if
      diazo type dyes, dark brown color and a tendency to stabilize foams.
PAR  Fiber staining by the lignin occurs mainly on cellulosic and nitrogenous
      fibers such as cotton, nylon and wool; polyester fibers are also stained
      but to a lesser extent. A second disadvantage of sulfonated lignin
      dispersants has been that when dyeing with diazo-type dyes under high
      temperature and pressure dyeing processes, the oxidizable lignin
      structures tend to reduce the diazo dye linkage. Another disadvantage is
      the brown color. Lastly, foam stabilization properties are troublesome for
      several reasons.
PAR  The advantages that water-soluble lignin dispersants possess over other
      dispersants include the ability to impart better heat stability to the dye
      dispersion, and to disperse with equal effectiveness. Another advantage of
      a water-soluble lignin dispersant is that it tends to act as a dye
      retarder. Some dyes have a tendency to start dyeing at very low
      temperatures. Dyers prefer colors to dye a fiber at a steady rate
      proportional to temperature increase. If the color dyes too rapidly, the
      goods take on a streaky appearance; and creases in the material dye more
      rapidly than the face of the cloth.
PAR  The dispersants described herein possess excellent dispersion properties,
      low color, no azo dye reduction tendencies, no fiber staining properties
      and low viscosities at high solids contents.
PAR  As stated earlier, these modified water soluble resins are particularly
      useful dispersants (dyestuffs, pigments, etc.), as metal complexing agents
      (cement, nuclei growth control, water purification) and as emulsion
      stabilizers (asphalt, chemical impurities in dyestuffs, dyestuff carriers,
      etc.).
PAR  The practice of this invention may clearly be seen in the following
      examples.
DETD
PAC  EXAMPLE 1
PAR  This example illustrates a preferred process for making the sulfomethylated
      phenolic-formaldehyde resin used to make the dispersants of this
      invention.
PAR  A resole resin was prepared by condensing 1 to 1.3 molar portions of phenol
      to formaldehyde in the presence of a sodium hydroxide catalyst. The
      reaction was carried out at about 70.degree.C. until the resin reached the
      A-stage. The A-stage resin had a solids content of 59.4% and a pH of 8.8
      with a major portion of the resin having a molecular weight of between 125
      and 1800. To a 1 gallon reactor kettle, 1512 grams of the resin were
      charged. To this was added 600 grams of reagent grade Na.sub.2 SO.sub.3,
      1200 grams water and 372 grams of 37% formaldehyde. The contents were
      continuously stirred and heated to 90.degree.-95.degree.C. for 4 hours to
      effect sulfomethylation. The pH of this reaction, 10 minutes after heating
      was discontinued, was 10.3
PAC  EXAMPLE 2
PAR  Samples of the sulfomethylated phenolic-formaldehyde resin of Example 1
      were reacted with ethylene oxide to make a resin in which the phenolic
      hydroxyl groups are blocked. The conditions used were as follows. The pH
      of the sulfomethylated resin (1000 grams) was lowered to 9.5 with acetic
      acid (47 grams) and placed in a 2-liter stainless steel bomb and the
      entire contents frozen. Liquid ethylene oxide (47 grams) was added to the
      bomb, after purging with nitrogen, and the bomb capped and heated to
      90.degree.C. The pressure rose to approximately 3 atmospheres and then
      fell to zero soon after the 90.degree.C. temperature was reached. The
      heating was discontinued after 30 minutes at 90.degree.C. Upon removing
      from the bomb the pH was 11.7. The process was repeated in order to add
      more ethylene oxide to the resin. In order to keep hydrolysis of the
      ethylene oxide to a minimum, the multistage addition was used. When all
      the ethylene oxide desired (usually between 1 and 6 moles) was added the
      pH was lowered to 8.5 and 30 grams of urea were added. After 10-30 minutes
      at 90.degree.C., 20 grams of boric acid were added and the final pH
      adjusted to 8.0 with acetic acid if necessary.
TBL                TABLE I                                                     

     ______________________________________                                    

               Maximum Possible                                                

                              Moles EO/                                        

     Run No.   Blocking       1000 grams wet resin                             

     ______________________________________                                    

     2         1              1                                                

     3         2              2                                                

     4         3              3                                                

     5         4.5            4.5                                              

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  Samples of the sulfomethylated phenolic-formaldehyde resin of Example 1
      were reacted with varying ratios and amounts of epichlorohydrin and
      3-chloro-2-hydroxypropane sulfonate (CHP) to make a resin in which the
      phenolic hydroxyl groups are blocked. The conditions used in the synthesis
      of these compounds are as follows. The CHP was added to the resin (1000
      grams) to lower the pH to 9.5 (if the amount of CHP to be added was not
      sufficient to lower the pH to 9.5 acetic acid was used). Water in the
      equivalent amount as the total CHP and epichlorohydrin to be used was
      added to the reaction solution and the mixture was heated to 80.degree.C.
      under stirring. The epichlorohydrin was then added over a 5 to 10 minute
      period. The rest of the CHP was then added and the pH adjusted between 9.5
      and 10.0 with 50% sodium hydroxide solution. The mixture was stirred and
      kept at 80.degree.C. for 30 minutes and then heated to 90.degree.C. and
      reacted for 60  minutes. At the end of the reaction period the pH was
      dropped with acetic acid to 8.5 and 30 grams urea were added. After 10
      minutes at 90.degree.C., 20 grams of boric acid were added and the final
      pH adjusted to 8.0 with acetic acid if necessary.
TBL                TABLE II                                                    

     ______________________________________                                    

                 Maximum        Moles/1000 grams wet resin                     

     Run         Blocking       (Example 1)                                    

     No.         Possible       CHP        epichlorohydrin                     

     ______________________________________                                    

     6           5.0             0         2.5                                 

     7           2.5            2.5        0                                   

     8           3.0            2.0        0.5                                 

     9           3.5            1.5        1.0                                 

     10          3.0            1.5        0.75                                

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  To illustrate other blocking agents, a number of other products were
      prepared and tested as disperse dye dispersing agents (Table IV). Some of
      these products are shown in the following table. They were typically
      prepared using conditions similar to those given in Examples 2 and 3,
      except that higher temperatures and pressures were needed in runs 23-25 in
      order to get reaction to occur.
TBL                TABLE III                                                   

     ______________________________________                                    

                               Moles of Additive/                              

                               1000 grams wet resin                            

     Run No. Blocking Additive (Example 1)                                     

     ______________________________________                                    

     11      propylene oxide   3                                               

     12         "              4.5                                             

     13      2-chloroethanol   1                                               

     14         "              2                                               

     15         "              3                                               

     16         "              4                                               

     17         "              6                                               

     18         "              10                                              

     19      chloroacetic acid 0.6                                             

     20         "              1.2                                             

     21         "              2.0                                             

     22         "              6.0                                             

     23      chloromethane phosphonate                                         

                               1.0                                             

     24         "              3.0                                             

     25      chloromethane sulfonate                                           

                               3.0                                             

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  In order to clearly illustrate the advantages in physical properties
      obtained by the dispersants of this invention they were tested as disperse
      dyestuff dispersants. These tests were conducted according to the test
      procedures outlined below.
PAR  A standard diazo disperse dye paste was prepared by adding Disperse Brown
      1, C.I. 21000, (50 grams dry crude), dispersing agent (35 grams on dry
      solids basis) and water (to 40% solids) to a 1-quart ball mill. After
      milling 1 gram of solids material (2.5 grams liquid basis) was mixed with
      250 milliliters of tap water and poured through a Buchner funnel
      containing a tared, 9.0 cm., No. 4 Whatman filter paper (with vacuum). The
      paper was washed with 300 milliliters of tap water (120.degree. to
      140.degree.F.), dried, weighed and the residual dye material left on the
      filter calculated. If residual materials is less than 0.01 grams the
      dispersion is called excellent, between 0.01 and 0.05 grams the dispersion
      is considered good, and anything above 0.05 grams residual is considered
      poor.
PAR  A thermosol test was also run to determine fiber staining. This procedure
      involves padding a 65/35:dacron/cotton checkered cloth with a 60 g/l
      dispersant solution. The cloth is then dried and thermosoled at
      210.degree.C. for 90 seconds. The cloth is then treated with a
      caustic-dithionite solution (100.degree.C.-30 sec.) and then oxidized in a
      sodium perborate solution (10 minutes at 50.degree.C.). The cloth is then
      scoured in dilute soda ash (1 g/l) with a surfactant for 5 minutes at
      100.degree.C. Finally the cloth is rinsed and dried at 105.degree.C. The
      cotton was found to be more sensitive to stain than the polyester and
      results are described in terms of stain on cotton fiber.
PAR  The test to determine the color value of the dispersant involves measuring
      the absorption of a pH 6.0 dispersant solution at 280 and 500 nm and then
      calculating an 68 .sub.500 value.
PAR  The diazo dye reduction test was performed by charging a pressure bomb with
      500 mg of C.I? 21000, Disperse Brown C.I. 1 dye, 200 cc water, and 20
      grams of sulfonated dispersant. The mixture was thoroughly stirred and the
      pH adjusted to between 5 and 6 with acetic acid. A 10 gram nylon skein was
      placed in the dye mixture, the bomb sealed and heated to 130.degree.C. for
      1 hour. After cooling, the skein was removed from the bomb, washed, dried
      and compared visually to a skein which had been similarly treated except
      the sulfonated dispersant was omitted. If desired the reduction in color
      can be determined spectrometrically on the residual solution.
TBL                                    TABLE IV                                

     __________________________________________________________________________

            Blocking Agent                                                     

                         Dis- Fiber                                            

                                  Diazo                                        

     Run    and moles/1000                                                     

                         persion                                               

                              Stain-                                           

                                  Dye   Color                                  

     No.    grams of Run No. 1                                                 

                         Results.sup.a                                         

                              ing.sup.b                                        

                                  Reduction.sup.c                              

                                        Value                                  

     __________________________________________________________________________

      1.sup.d                                                                  

            no blocking  1    4   3     0.01                                   

      2     ethylene oxide - 1                                                 

                         1    4   --    0.0075                                 

      3     ethylene oxide - 2                                                 

                         1    3   --    0.0055                                 

      4     ethylene oxide - 3                                                 

                         1    2   --    0.0035                                 

      5     ethylene oxide - 4.5                                               

                         2    1   --    0.0060                                 

      6     CHP - epi.sup.e 0:2.5                                              

                         2    1   1     0.0025                                 

      7     CHP - epi.sup.e 2.5:0                                              

                         1    1   2     0.0085                                 

      8     CHP - epi.sup.e 2.0:0.5                                            

                         1    1   --    0.0050                                 

      9     CHP - epi.sup.e 1.5:1.0                                            

                         1    1   1     --                                     

     10     CHP - epi.sup.e 1.5:0.75                                           

                         1    1   --    0.0070                                 

     12     propylene oxide 4.5                                                

                         1    --  --    --                                     

     13     2-chloroethanol 1                                                  

                         1    --  --    --                                     

     14     2-chloroethanol 2                                                  

                         1    --  --    --                                     

     16     2-chloroethanol 4                                                  

                         1    1   --    0.0065                                 

     17     2-chloroethanol 6                                                  

                         2    --  --    --                                     

     18     2-chloroethanol 10                                                 

                         3    --  --    --                                     

     20     chloroacetic acid 1.2                                              

                         1    --  --    --                                     

     21     chloroacetic acid 2.0                                              

                         1    3   --    --                                     

     22     chloroacetic acid 6.0                                              

                         2    1   --    --                                     

     Reax 85A.sup.f      1    3   4     1.9                                    

     __________________________________________________________________________

      Notes:                                                                   

      .sup.a 1 - indicates excellent dispersion, 5 indicates poor dispersion   

      .sup.b 1 - indicates no fiber staining, 5 indicates a great deal of fiber

      staining.                                                                

      .sup.c 1 - indicates no azo dye reduction, 5 indicates a great deal of az

      dye reduction.                                                           

      .sup.d Product produced in Example 1 plus addition of urea (3g/100g wet  

      resin) and boric acid (2g/100g wet resin).                               

      .sup.e CHP is 3-chloro-2-hydroxypropane sulfonate and epi is             

      epichlorohydrin. Runs 8-10 are combinations of these products while 6 is 

      epi alone and 7 is CHP alone.                                            

      .sup.f Reax 85A is a commercial disperse dye dispersant made of lignin.  

PAR  While the invention has been described and illustrated herein by references
      to various specific materials, procedures and examples, it is understood
      that the invention is not restricted to the particular materials,
      combinations of materials, and procedures selected for that purpose.
PAR  Numerous variations of such details can be employed, as will be appreciated
      by those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dyestuff composition comprising, a disperse or vat dye cake and from 1
      to 75% by weight of a water-soluble dispersant on said dyestuff
      composition, said water-soluble dispersant being reaction products of
      sulfomethylated phenolic-formaldehyde resin and 0.25 moles to 20 moles per
      1000 grams of said resin of an agent of the type X(CHR).sub.m
      (CH.sub.2).sub.n Y, wherein X is a halogen, a halohydrin group, an
      activated double bond or an epoxide group, Y is a sulfonate, carboxylate,
      phosphonate or hydroxyl, mercaptan, amine or hydrogen, and n and m are
      integers from 0 to 5 with m and n together being at least 1, to give resin
      adducts with the phenolic hydroxyl at least partially blocked.
NUM  2.
PAR  2. The dyestuff composition of claim 1 wherein said resin dispersant is
      reacted with from 1 to 10 moles of said agent per 1000 grams of resin.
NUM  3.
PAR  3. The dyestuff composition of claim 1 wherein said resin dispersant
      contains from 1 to 13 moles of sulfomethylation.
NUM  4.
PAR  4. The dyestuff composition of claim 1 wherein said agent is chloromethane
      sulfonate.
NUM  5.
PAR  5. The dyestuff composition of claim 1 wherein said agent is chloroacetic
      acid.
NUM  6.
PAR  6. The dyestuff composition of claim 1 wherein said agent is
      3-chloro-2-hydroxypropane-sulfonate.
NUM  7.
PAR  7. The dyestuff composition of claim 1 wherein said agent is ethylene
      oxide.
NUM  8.
PAR  8. The dyestuff composition of claim 1 wherein said agent is
      2-chloroethanol.
NUM  9.
PAR  9. The dyestuff composition of claim 1 wherein said agent is propylene
      oxide.
NUM  10.
PAR  10. The dyestuff composition of claim 1 wherein said agent is
      epichlorohydrin.
NUM  11.
PAR  11. The dyestuff composition of claim 1 wherein said reaction products are
      formed by reacting more than one of said agents.
NUM  12.
PAR  12. A dyestuff composition comprising a disperse or vat dye cake and from 1
      to 75% by weight of dispersant on said dyestuff composition, said
      dispersant being a mixture of more than one blocked, water-soluble,
      sulfomethylated phenolic-formaldehyde resin of claim 1.
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ABST
PAL  A method of chemically cleaning textiles in organic solvents with the use
      of cleaning intensifiers and small quantities of water, comprises bringing
      the solvents during the cleaning operation into contact with inorganic or
      organic adsorption materials which are provided with an insolubly fixed
      impregnation of polycondensation products containing polyalkylene glycol
      units.
BSUM
PAC  THE PRIOR ART
PAR  Greying of the textiles, giving rise to complaints, can readily occur when
      chemically cleaning white or pastel-colored textiles. Such difficulties
      cannot always be avoided despite increased precautionary measures such as
      the use of freshly distilled solvents, cleaning intensifiers which have as
      light a color as possible, antistatic material and the like, and cleaning
      with a low level of liquor. The reasons for this greying resides in the
      nature and the special sensitivity of many fibrous materials, the moisture
      content of the material to be cleaned and the cleaning liquor, and
      particularly in the dirt content of the liquor. Therefore, it has already
      been proposed to add adsorption agents such as wood flour, filter paper,
      fibrous textile materials etc. to the cleaning liquor in order to remove
      from the solvent the detached, water soluble dirt which is chiefly
      responsible for the greying of the textiles. Furthermore, attempts have
      been made to solve the said problems by careful filtration of the solvents
      during the cleaning operation. However, it has been found that the said
      measures were not able to reliably prevent greying.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to reduce the risk of or to
      prevent the greying, during chemical cleaning, of textiles particularly
      white or pastel-colored textiles.
PAR  It is another object of the present invention to provide a development in
      the method of chemically cleaning a textile in an organic solvent which
      comprises contacting a textile with an organic solvent containing cleaning
      intensifiers and a small quantity of water, separating said textiles from
      said solvent and recovering said cleaned textile, wherein the improvement
      comprises bringing said organic solvent during the cleaning operation into
      substantially continuous contact with an adsorption material having an
      insolubly fixed impregnation of a polycondensation product containing
      polyalkylene glycol units, said contacting with said adsorption material
      being selected from the group consisting of (1) passing said organic
      solvent through a layer of said adsorption material in particulate form,
      (2) passing said organic solvent through a continuous porous sheet of said
      adsorption material in the presence of said textile and (3) passing said
      organic solvent through a continuous porous sheet of said adsorption
      material in the absence of said textile.
PAR  These and further objects of the invention will become apparent as the
      description thereof proceeds.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a method of chemically cleaning textiles.
      In general the invention relates to a method of chemically cleaning
      textiles in organic solvents, the solvents being treated with impregnated
      adsorption or filter materials, having an increased adsorptive power for
      dirt, for the purpose of preventing the greying of the textiles during the
      cleaning operation.
PAR  More particularly the present invention provides a method of chemically
      cleaning textiles in organic solvents with the use of cleaning
      intensifiers and small quantities of water, in which method during the
      cleaning operation, the solvents are brought into contact with inorganic
      or organic adsorption or filter materials which are provided with an
      insolubly fixed impregnation of polycondensation products or polymers
      containing polyalkylene glycol units. Specifically the present invention
      is directed to a development in the method of chemically cleaning a
      textile in an organic solvent which comprises contacting a textile with an
      organic solvent containing cleaning intensifiers and a small quantity of
      water, separating said textile from said solvent and recovering said
      cleaned textile, wherein the improvement comprises bringing said organic
      solvent during the cleaning operation into substantially continuous
      contact with an adsorption material having an insolubly fixed impregnation
      of a polycondensation product containing polyalkylene glycol units, said
      contacting with said adsorption material being selected from the group
      consisting of (1) passing said organic solvent through a layer of said
      adsorption material in particulate form, (2) passing said organic solvent
      through a continuous porous sheet of said adsorption material in the
      presence of said textile and (3) passing said organic solvent through a
      continuous porous sheet of said adsorption material in the absence of said
      textile.
PAR  The present invention is further directed to an adsorption material for
      solvent filtration during the chemical cleaning of textiles comprising a
      filter made from adsorption a material selected from the group consisting
      of keiselguhr, textile fibers, paper, and the mixtures thereof, said
      adsorption material having an insolubly fixed impregnation of a
      polycondensation product containing polyalkylene glycol units.
PAR  The cleaning method in accordance with the invention uses the conventional
      solvents employed in chemical cleaning, such as halogenated methane and
      ethane solvents for example trichloroethylene, trichloroethane, carbon
      tetrachloride, perchloroethylene or monofluorotrichloromethane, aliphatic
      hydrocarbon solvents for example benzine, heavy benzine (b.p.
      145.degree.-200.degree.C) etc. So-called cleaning intensifiers are added
      to these solvents with the cleaning intensifiers usually being anionic
      surface-active compounds or nonionic surface-active compounds selected
      from the group consisting of higher alkyl sulfates, higher alkyl ether
      sulfates, higher alkyl sulfonates, higher alkylbenzene sulfonates, mono-
      or di-higher alkyl sulfosuccinates or the alkylene oxide adducts to higher
      fatty alcohols, to higher alkyl phenols or the like, the alkyl chain of
      the said compounds having 8 to 20 carbon atoms. Furthermore, small
      quantities of water, preferably about 1 to 2 percent by weight based upon
      the textile material used, are added to the cleaning liquors in order to
      promote the releasing of the water-soluble dirt with a relative humidity
      of 70 to 85% being maintained above the cleaning liquor.
PAR  Preferably, the method of cleaning the textile is carried out in such a
      manner that the cleaning liquor is pumped through a filter in order to
      remove water-soluble or water-dispersed dirt during the cleaning
      operation. However, absorbent substances may be added directly to the
      cleaning liquor in the presence of the textile. The adsorption or filter
      materials may comprise fine-particulate, inorganic or organic materials in
      powdered or granulated form such as kieselguhr, polystyrene foam powder or
      polyurethane foam powder which can be utilized as a filter aid or may
      comprise fibrous materials made from inorganic or organic, natural or
      synthetic materials such as cellulose, albumen, polyamide, polyurethane,
      polyacrylonitrile, polyester, polyvinyl chloride, polyethylene or the like
      in the form of a continuous porous sheet such as textile fabrics, knitted
      fabrics, flocks, felts, filter plugs, filter cartridges or filter papers.
      Since the adsorptive power of these materials is inadequate for the amount
      of dirt contained in the liquor, they are provided, in accordance with the
      invention, with an insolubly fixed impregnation of polycondensation
      product or polymers containing polyalkylene glycol units. Unexpectedly, it
      has been found that this impregnation considerably improves the adsorptive
      power of the impregnated materials with respect to the water-soluble dirt.
PAR  Polycondensation products or polymers containing 20 to 97 percent by
      weight, preferably 40 to 80 percent by weight, of polyalkylene glycol
      units are suitable for impregnating the adsorption or filter materials.
      The polyalkylene glycol units are composed of units of alkylene glycol or
      alkylene oxide having 2 to 4 carbon atoms. They are produced preferably by
      polymerizing ethylene oxide and/or propylene oxide or by adding these
      alkylene oxides, together with butylene oxide, to compounds having
      reactive hydrogen atoms, for example alcohols, carboxylic acids, amines,
      carbonamides, and the like. These oxyalkylated compounds contain 3 to 100
      alkylene oxide units per molecule and have a molecular weight of from 200
      to 2000, preferably from 500 to 1000.
PAR  Suitable polycondensation products or polymers having a content of the
      above-mentioned polyalkylene glycol units can be manufactured in a variety
      of ways. Suitable starting materials are virtually all reactive compounds
      which permit polyalkylene glycols, or compounds containing polyalkylene
      glycol units to be introduced into polycondensation products or polymers,
      provided they can be applied to the filter materials in the form of their
      starting components or in the form of soluble preliminary condensation
      products or prepolymers and can be fixed thereto in an insoluble manner.
      By way of example, this can be effected by a drying process or by thermal
      after treatment.
PAR  Examples of suitable products include the water-soluble preliminary
      condensation products formed from aminotriazines or their derivatives,
      oxo-compounds and polyalkylene oxides, according to U.S. Pat. No.
      2,986,479. Condensable aminotriazines which may be used are melamine or
      aminotriazine derivatives such as hydroxydiaminotriazine. Oxo-compounds
      which may be used include primarily formaldehyde and formaldehyde yielding
      compounds, such as paraformaldehyde, trihydroxymethylene, and
      methylaldehyde, as well as other aldehydes and ketones. Polyalkylene
      oxides which may be used include polyoxyethylene glycols having a
      molecular weight of from 300 to 2000, preferably from 600 to 1000.
      However, the corresponding polymerization products of other alkylene
      oxides such as propylene oxide, epichlorohydrin and mixed polymerizates of
      different alkylene oxides, may be used. One mol of aminotriazine is
      condensed with 5 to 6 mols of oxo-compound and 1-3 mols of the
      polyalkylene oxide. The water-soluble derivatives can be insolubly
      impregnated on drying at 100.degree.C to 150.degree.C. Examples of other
      suitable products include those according to U.S. Pat. No. 3,163,556 based
      upon the soluble preliminary condensation products formed by
      aminotriazines or their derivatives with oxo-compounds and polyalkylene
      oxides as described in U.S. Pat. No. 2,986,479 (A) in which the
      condensates of triazines and oxo-compounds are replaced by condensation
      products formed by urea and glyoxal and/or their alkylol derivatives such
      as the methylol derivative derived from formaldehyde, and/or (B) in which
      the polyalkylene oxides are replaced by addition products of alkylene
      oxides, especially of ethylene oxide with compounds which contain
      exchangeable hydrogen atoms which are attached to the molecule through
      oxygen, sulfur or nitrogen atoms.
PAR  Examples of suitable alkylene oxide addition products according to the
      present invention are oxoalkylation products of mono- or polyalcohols,
      phenols, alkyl phenols, mono- and polyvalent carboxylic acids, mono- or
      polyvalent polycarboxylic acid amides, mono- or polyvalent alkyl amines,
      alkylol amines, fatty acid alkylol amides, fatty acid trialkylol amino
      esters and the like. The hydrocarbon radical of the compounds may belong
      to the aliphatic, cycloaliphatic or aromatic or fatty aromatic series and
      should contain about 1 to 30 carbon atoms in the molecule. The amount of
      alkylene oxide, especially ethylene oxide, which is added should amount to
      about 3 to 100 mols per 1 mol of compound containing the exchangeable
      hydrogen atom. More particularly, they are, therefore, addition products
      of alkylene oxides and fatty alcohols, fatty acids, naphthenic acids,
      resin acids, di- or polycarboxylic acids, ammonium, mono-, di- and
      trialkylol amines, glycols, glycerin, pentaerythrite, trimethylol propane,
      sugar alcohols, alkylene diamines, di-alkylene triamines etc.
PAR  More particularly, the preferred polycondensation products in accordance
      with U.S. Pat. No. 2,986,479 and U.S. Pat. No. 3,163,556 is a reaction
      product of a component (a) selected from the group consisting of
      water-soluble melamineformaldehyde condensates and water-soluble
      urea-glyoxal-formaldehyde condensates with a component (b) selected from
      the group consisting of polyalkylene oxides, such as polyethylene oxides,
      and products of addition of alkylene oxides to a compound selected from
      the group consisting of phenols, fatty alcohols, fatty acids, fatty acid
      amides, alkylamines, and alkylolamines.
PAR  Also suitable are the water-soluble preliminary polycondensation products
      manufactured in accordance with U.S. Pat. No. 3,347,803 which teaches a
      process for the preparation of hardenable water-soluble synthetic resinous
      products containing halohydrin groups which comprises reacting at a
      temperature from 50.degree. to 100.degree.C. (A) a member selected from
      the group consisting of polyamines, aqueous ammonia and mixtures thereof
      with (B) a polylower alkylene oxide derivative having 3 to 70 alkylene
      oxide units and having more than one halohydrin group in the molecule, the
      molar ratio of A to B being selected so that the number of halohydrin
      groups to the number of reactive hydrogen atoms attached to a nitrogen
      atom is 4:5 to 7:5 in the presence of acid binding agents selected from
      the group consisting of alkali metal hydroxides, alkali metal carbonates
      and alkali metal bicarbonates, and alkaline earth metal carbonates,
      continuing said reaction until the reaction mixture reached a pH of
      between 7 to 7.5, and thereafter discontinuing said reaction by
      acidification to a pH of less than 6, whereby stabilized, incompletely
      condensed, water-soluble resins are obtained which are readily hardenable
      in an alkaline medium.
PAR  Also suitable are the water-soluble preliminary polycondensation products
      manufactured in accordance with German Pat. No. 1,419,042 and disclosed in
      U.S. Pat. No. 3,347,803,  in which the polycondensation product consists
      of the reaction product of a component (a) selected from the group
      consisting of a water-soluble compound having reactive amino groups
      containing polyalkylene oxide units and water-soluble polyamines
      containing polyalkylene oxide units reacted with a component (b) selected
      from the group consisting of epichlorohydrin and compounds having more
      than one substituent selected from the group consisting of epoxide,
      halogenhydrin, and the mixtures thereof in the molecule.
PAR  Further examples of suitable polycondensation products are those produced
      in accordance with German Pat. No. 1,445,217 and disclosed in U.S. Pat.
      No. 3,347,803 which teaches water-soluble polyvalent amines obtained by
      condensation of a component (a) selected from the group consisting of
      polychlorohydrin ethers of polyalkylene oxides and polychlorohydrin ethers
      of compounds having polyalkylene oxide reacted with a component (b)
      selected from the group consisting of ammonia and mixtures of ammonia and
      polyvalent amines, further reacted with a component (c) selected from the
      group consisting of epichlorohydrin ethers of polyols, dichlorohydrin
      ethers of polyols, bischlorohydrin ethers of polyols, and the mixtures
      thereof.
PAR  Preferred examples of polycondensation products include (1) the reaction
      product of a bischlorohydrin ether of a polyethylene glycol having a
      molecular weight ranging from 600 to 1000 condensed with dipropylene
      triamine and reacted with epichlorohydrin, (2) the reaction product of
      ethylene chlorohydrin containing polyethylene oxide reacted with
      diethylenetriamine and reacted with epichlorohydrin (3) a reaction product
      of dipropylenetriamine with a bischlorohydrin ether of a polyethylene
      glycol having a molecular weight ranging from 600 to 1000, and (4) the
      reaction product from melamine formaldehyde and polyethylene glycol having
      a molecular weight ranging from 600 to 1000.
PAR  The above-mentioned soluble condensation products can readily be applied to
      the absorption or filter materials from aqueous solution and can be fixed
      in an insoluble manner by means of a subsequent drying process with
      temperatures increased to 150.degree.C if required, or by adding
      acid-binding catalysts to the impregnating solution. The condensation
      products can also be readily and fully applied to the adsorption or filter
      materials from diluted aqueous solution, so that the impregnating
      solutions can be utilized to good advantage. The components required to
      manufacture the condensation products, such as polyalkylene oxides or
      products of addition of alkylene oxide, melamine, urea, formaldehyde,
      glyoxal, polyamines, ammonia, polyepoxide or halohydrin compounds in a
      non-precondensed form, can be used for impregnation instead of the
      preliminary condensation products and can be condensed and hardened by
      suitable measures such as adding acids or acid-forming catalysts or
      acid-binding agents and/or by thermal treatment.
PAR  Further suitable polycondensation products or polymers can be obtained, in
      accordance with Belgian Pat. No. 560,446, from polyalkylene glycol
      polyamines and polyalkylene glycol diiodide or, in accordance with the
      British Pat. No. 805,549, by polymerization of acrylic acid polyalkylene
      glycol esters. In this instance the cross-linking or polymerization is
      also carried out on the filter material by the effect of increased
      temperature in the presence of acid-binding agents, or suitable catalysts
      if required.
PAR  The impregnating agents are applied to the adsorption or filter materials
      in quantities of approximately 0.1 to 30% by weight, preferably 1 to 15%
      by weight. Impregnation is effected with diluted aqueous solutions of the
      soluble polycondensation products or polymers by saturating, immersing, or
      spraying the materials to be impregnated. Advantageously, the impregnating
      solutions contain approximately 15 to 30% by weight of the soluble
      polycondensation products or polymers and, if required, auxiliary solvents
      such as lower alcohols having 1 to 3 carbon atoms. After the surplus
      solution has been allowed to drain off or has been centrifuged or squeezed
      out, the impregnated material is dried and, if required, subjected to
      thermal after-treatment until the impregnating agent has been fully fixed.
PAR  Advantageously, the impregnated materials are used in the form of alluvial
      filters, filter plugs or filter cartridges through which the liquid is
      pumped in a substantially continuous fashion. By way of example, textile
      fiber plugs or charges of keiselguhr, particularly finished filter
      cartridges made from paper materials, are suitable. The impregnated
      materials may also be added to the cleaning liquor itself in the form of
      pieces of textile fabric, or in granulated or powder form, or the like.
      Normally, the impregnated materials will be used in the conventional
      manner instead of the adsorption or filter materials normally used. The
      impregnated materials collect the detached dirt to a sufficient extent
      during the course of the cleaning operation, this manifesting itself in a
      clearly preceptible darkening of the color of the adsorption or filter
      materials. After these materials have been completely saturated with dirt,
      they are exchanged for freshly-impregnated filter materials.
PAR  The present invention has the advantages of overcoming the difficulties
      previously involved in the cleaning of light or pastel-colored textiles
      and gives excellent cleaning results with extremely low costs and
      expenditure of labor. There is not need to adapt the cleaning process or
      modify the cleaning machines and apparatus. The following examples
      illustrate the invention without limiting it in any respect.
DETD
PAC  EXAMPLE 1
PAR  6 kg of soiled light-colored ladies outer garments, made from rayon,
      polyester and polyacrylonitrile, were cleaned for 10 minutes without
      filtration of the cleaning fluid in a Bowe R9 cleaning apparatus in 80
      liters of perchloroethylene with the addition of 5 gm/liter of a
      conventional anionic sulface-active cleaning intensifier comprising:
PA1  30% sulfosuccinic acid oleyl ester
PA1  14% dodecylbenzene sulfonate
PA1  14% alkylphenol-ethylene oxide-adduct having about 9 to 12 carbon atoms in
      the alkyl and 10 ethylene oxide units
PA1  10% water
PA1  remainder solvent
PAL  and 1% water based on the weight of the articles, which were then
      spin-dried and then dried in a conventional manner.
PAR  1 liter of the cleaning liquor was removed from the cleaning machine after
      the second, fourth, sixth, eighth and tenth minute, and these samples were
      used in a mixed state as a test liquor for the cleaning tests described
      hereinafter.
PAR  A laboratory cleaning apparatus having a capacity of holding 100 gm of
      textiles and 1 liter of test liquor was charged with the test quantities
      of the cleaning liquor from the cleaning machine. A Scheibler laboratory
      filter having a filter area of 0.04 m.sup.2 was connected to the
      apparatus. The textile material used was 25 gms each of white knitted
      material made from wool, or polyacrylonitrile or polyester, and 25 gm of a
      mixed fabric made from wool and polyester (45:55). The cleaning time was
      10 minutes with a liquor temperature of 25.degree.C. The liquor was
      clarified by the connected filter during the entire cleaning time. 6 gm
      keiselguhr and 1.5 gm/liter of the above-mentioned cleaning intensifier,
      and 1% water, based upon the weight of the articles, were added to the
      liquor as filtering aids before the cleaning operation began.
PAR  At the end of the cleaning time, the cleaning liquor was drained off, the
      test fabric was centrifuged to a residual moisture of 40% in a centrifuge
      and dried for 15 minutes at 60.degree.C. The degree of whiteness of the
      test fabric thus cleaned was determined by means of a reflectometer. The
      greying of the test pieces were calculated from the degrees of whiteness
      in accordance with the following formula:
      ##EQU1##
      Wo = degree of whiteness of the uncleaned fabric Wv = degree of whiteness
      of the cleaned fabric.
PAL  In a test of the process of the invention, 6 gm keiselguhr were used as a
      filtering aid which had been treated for 5 minutes at 25.degree.C in a 25%
      aqueous solution of the following polycondensation product adjusted to a
      pH value of approximately 11 with a concentrated aqueous solution of
      sodium hydroxide, with the addition of 1 gm/liter of a commercially
      available nonionic wetting agent, coconut fatty alkyl + 9 ethylene oxide
      adduct. After centrifuging, the filtering aid was dried to a residual
      moisture of 100% at 140.degree.C thus fixing the polycondensation product.
PAR  The polycondensation product was manufactured in the following manner: 355
      gm of bischlorohydrin ether of a polyethylene glycol having a molecular
      weight of 1000 were condensed with 44 gm of dipropylene triamine at an
      increased temperature until the pH value of the reaction mixture was below
      8.5. After cooling to about 60.degree.C, 30 gm epichlorohydrin were added
      and maintained at this temperature for 50 to 60 minutes until the pH value
      had dropped to about 7. The reaction product was then made up with water
      to 600 gm of the finished product.
PAR  The following greying values were calculated after measuring the degree of
      whiteness; and the results are compiled in Table 1 below.
TBL                Table 1                                                     

     ______________________________________                                    

     Percent Greying with                                                      

            wool     polyacrylo-  polyester                                    

                                          wool/                                

     Method knitted  nitrile knitted                                           

                                  knitted polyester                            

            fabric   fabric       fabric  fabric                               

     ______________________________________                                    

     Normal 10       8            7       11                                   

     In                                                                        

     accord-                                                                   

     ance with                                                                 

             3       1            0.8      2                                   

     invention                                                                 

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  Cleaning tests were carried out under the same conditions in the laboratory
      cleaning apparatus described in Example 1. However, instead of the
      keiselguhr, 0.5 gm of a wool fabric was added to the test liquor with the
      test materials. In the comparison test, a wool fabric was impregnated with
      a 20% aqueous solution of the following polycondensation product adjusted
      to a pH value of 9.8 to 10 with a concentrated aqueous solution of sodium
      hydroxide and applied to the fabric by foularding. Drying was effected at
      120.degree.C, after enough of the absorbed liquor was squeezed out of the
      wool fabric such that the remaining absorbed liquor was 100% to 120% by
      weight of the wool fabric.
PAR  The polycondensation product was manufactured in the following manner: 290
      gm (approximately 0.3 mol) of a reaction product of 1 mol ethylene
      chlorohydrin and 20 mols ethylene oxide were mixed with 33 gm
      (approximately 0.3 mol) diethylenetriamine for 4 hours at 120.degree.C
      under reflux. The reaction mixture was then cooled to approximately
      60.degree.C, 100 gm water and 55 gm epichlorohydrin were added and mixing
      was continued at 55.degree. to 60.degree.C for 1.5 to 2 hours until the pH
      value of the reaction mixture had dropped to about 7. The viscous product
      obtained was adjusted to pH 6 with hydrochloric acid and made up to 510 gm
      with water.
PAR  The following greying values were calculated after measuring the degree of
      whiteness; and the results are compiled in Table 2 below.
TBL                Table 2                                                     

     ______________________________________                                    

     Percent Greying with                                                      

            wool     polyacrylo-  polyester                                    

                                          wool/                                

     Method knitted  nitrile knitted                                           

                                  knitted polyester                            

            fabric   fabric       fabric  fabric                               

     ______________________________________                                    

     Normal 10       8            7       11                                   

     In                                                                        

     accord-                                                                   

     ance with                                                                 

             1       0.5          0.2      1                                   

     invention                                                                 

     ______________________________________                                    

PAR  As may be seen from the values shown in the table, the wool fabric
      impregnated with the polycondensation product largely absorbed the
      contaminants, for example the dirt, present in the test liquor. Thus, the
      greying of the test pieces of textile could be reduced to a minimum.
PAC  EXAMPLE 3
PAR  6 kgm of soiled, light-colored ladies outer garments were cleaned in the
      Bowe cleaning apparatus in the manner described in Example 1. However,
      1,1,1-trichloroethane was used as a solvent instead of perchloroethylene.
      The test liquor thus obtained was used for the greying tests in the
      laboratory cleaning apparatus in the manner described in Example 1. 4 gm
      keiselguhr and 2 gm polyurethane, foam powder having a particle size of
      0.01 to 8 mm were used as adsorption material. In a corresponding
      comparison test, a polyurethane foam powder was used which was impregnated
      by treatment with 200 gm of the following polycondensation product, 6 gm
      sodium hydrogen carbonate and 5 gm of a cationic active plasticizer, (a
      fatty acid alkanolamide) in a liter of water. The treatment lasted for 5
      minutes at 25.degree.C. The substance was subsequently centrifuged to a
      residual moisture content of 80% and was dried in a conventional manner at
      100.degree.C.
PAR  The polycondensation product was manufactured in the following manner: 13.2
      kgm dipropylenetriamine, 35 kgm of 40% aqueous solution of sodium
      hydroxide and 150 kgm of water were added to 236 kgm of bischlorohydrin
      ether of a polyethylene glycol having a molecular weight of 600, and
      heated to boiling for 40 minutes after reflux. After this period of time,
      the pH value of the viscous reaction mixture had dropped to 7.2. The final
      pH valve was adjusted to 5.5 by adding 66 kgm of 10% hydrochloric acid.
PAR  The degree of greying was determined after drying the cleaned test pieces.
      The following values were obtained and are compiled in Table 3.
TBL                Table 3                                                     

     ______________________________________                                    

             Percent Greying with                                              

                                     poly-  wool/                              

               wool     polyacrylo-  ester  poly-                              

     Filter Aid                                                                

               knitted  nitrile knitted                                        

                                     knitted                                   

                                            ester                              

     Keiselguhr                                                                

               fabric   fabric       fabric fabric                             

     ______________________________________                                    

     plus untreated                                                            

               8        6            5      9                                  

     polyurethane                                                              

     powder                                                                    

     plus treated                                                              

     polyurethane                                                              

               1        1            0.5    1.5                                

     powder                                                                    

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  6 kgm of soiled light-colored ladies outer garments were cleaned in
      trichloroethylene in the Bowe cleaning apparatus utilizing the procedure
      described in Example 1. The samples taken from the cleaning liquor in the
      described manner were used in the laboratory cleaning apparatus under the
      same conditions with the only difference being that, after passing through
      the Scheibler filter, the liquor passed through a special filter
      containing 1 gm of nylon flock. Nylon flock material, which had been
      impregnated with a polycondensation product corresponding to Example 1,
      was used in a corresponding comparison test.
PAR  The following greying values were ascertained and are reported below in
      Table 4.
TBL                Table 4                                                     

     ______________________________________                                    

     Percent Greying with                                                      

                                            wool/                              

             wool      polyacrylo-  polyester                                  

                                            poly-                              

     Nylon   knitted   nitrile knitted                                         

                                    knitted ester                              

     flock   fabric    fabric       fabric  fabric                             

     ______________________________________                                    

     Untreated                                                                 

             14        10           9       16                                 

     Treated  4         2           2        5                                 

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  6 kgm of soiled light-colored ladies outer garments made from the fibrous
      materials rayon, polyester and polyacrylonitrile were cleaned for 10
      minutes without filtration in a cleaning apparatus of the Bowe-Vacumat
      type in 90 liters of monofluorotrichloromethane with 1% water based upon
      the weight of the articles and with the addition of 5 gm/liter of a
      conventional cleaning intensifier comprising:
PA1  40% Sodium petroleum sulfonate (62%, molecular weight approximately 460,
      the remainder mineral oil)
PA1  10% Oleyl alcohol
PA1  20% of the adduct of 9 mols ethyleneoxide to nonylphenol
PA1  10% Water
PA1  Remainder monofluorotrichloromethane.
PAR  The articles were then centrifuged and dried in a conventional manner. The
      liquor was removed in the same manner as described in Example 1. The
      comparison test was carried out under the condition described in Example
      1. After passing through the Scheibler filter, the cleaning liquor passed
      through a special filter in which the filter element was a paper filter
      manufactured by the firm Machery, Nagel & Co., size 32 cm diameter, number
      6161/4.
PAR  A paper filter impregnated in accordance with the invention was used in a
      further test, in which the polycondensation product utilized was that
      described in Example 1 and applied as in Example 1.
PAR  The following greying values were calculated and are compiled in Table 5
      below.
TBL                Table 5                                                     

     ______________________________________                                    

     Percent Greying with                                                      

                                            wool/                              

             wool      polyacrylo-  polyester                                  

                                            poly-                              

     Filter  knitted   nitrile knitted                                         

                                    knitted ester                              

     material                                                                  

             fabric    fabric       fabric  fabric                             

     ______________________________________                                    

     Untreated                                                                 

     Paper   7         6            4       7                                  

     Treated                                                                   

     Paper   1         0.5          0.3     1.5                                

     ______________________________________                                    

PAR  The dirt in this test was also absorbed to a substantially greater extent
      by the impregnated paper filter than by the non-impregnated paper filter.
PAC  EXAMPLE 6
PAR  10 kgm of soiled, light-colored ladies outer garments made from the fibrous
      materials cotton, rayon, polyester and polyacrylonitrile were cleaned for
      20 minutes without filtration in a cleaning apparatus of the Hoffmann Jet
      15 type in 200 liters of heavy benzine, boiling range 145.degree.C to
      200.degree.C, with the addition of 5 gm/liter of a conventional cleaning
      intensifier and 1.5% water based upon the weight of the articles. The
      clothing was then centrifuged and dried in a tumbler. After 2,6,10, 14 and
      20 minutes respectively quantities of 500 cm.sup.3 of the liquor were
      removed and, after mixing, were used as a test liquor for further tests.
      The laboratory cleaning apparatus described in Example 1 was used,
      although the Scheibler filter was covered with a cotton fabric instead of
      a polyester fabric. The cleaning time was 20 minutes. The comparison test
      was carried out with a cotton fabric which had been impregnated with the
      polycondensation product as described in Example 1. As is shown by the
      following greying values in Table 6, the greying is considerably less when
      using the filter impregnated in accordance with the invention than when
      using the conventional method.
TBL                Table 6                                                     

     ______________________________________                                    

     Percent Greying with                                                      

                                            wool/                              

             wool      polyacrylo-  polyester                                  

                                            poly-                              

     Filter  knitted   nitrile knitted                                         

                                    knitted ester                              

     material                                                                  

             fabric    fabric       fabric  fabric                             

     ______________________________________                                    

     Untreated                                                                 

     Cotton  6         5            5       7                                  

     Treated                                                                   

     Cotton  1         0.3          0.1     1                                  

     ______________________________________                                    

PAC  EXAMPLE 7
PAR  Cleaning tests were carried out under the same conditions in the laboratory
      cleaning apparatus described in Example 1. However, instead of the
      keiselguhr, 0.5 gm of a polyester fabric was added to the test liquor
      together with the test materials. A treated polyester fabric, which had
      been foularded with 250 gm of the following condensation product in 1
      liter of water with the addition of 4 gm ammonium nitrate and dried at
      80.degree.C to 100.degree.C, was used in the comparison test.
PAR  The condensation product was manufactured in the following manner: 1 mol
      melamine, 6 mols 30% formaldehyde and 2 mols polyethyleneglycol of
      molecular weight 1000 were mixed and heated to 85.degree.C for 10 minutes.
      The reaction mixture was then heated to boiling with further mixing and
      distilling off of the water until the temperature of the fluid had
      increased to 130.degree.C. The reaction was then terminated and the
      preliminary condensation product was used for treatment.
PAR  The following greying values were calculated; and are reported in Table 7
      below.
TBL                Table 7                                                     

     ______________________________________                                    

     Percent Greying with                                                      

            wool     polyacrylo-  polyester                                    

                                          wool/                                

     Method knitted  nitrile knitted                                           

                                  knitted polyester                            

            fabric   fabric       fabric  fabric                               

     ______________________________________                                    

     Normal 10       8            7       11                                   

     In                                                                        

     accord-                                                                   

     ance with                                                                 

             2       0.5          0.4     0.8                                  

     the                                                                       

     invent-                                                                   

     ion                                                                       

     ______________________________________                                    

PAR  Although the present invention has been disclosed in connection with a few
      preferred embodiments thereof, variations and modifications may be
      resorted to by those skilled in the art without departing from the
      principles of the new invention. All of these variations and modifications
      are considered to be within the true spirit and scope of the present
      invention as disclosed in the foregoing description and defined by the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the method of chemically cleaning and preventing greying of a textile
      in an organic solvent which comprises contacting a textile with an organic
      solvent containing cleaning intensifiers and a small quantity of water,
      said organic solvent being selected from the group consisting of
      halogenated methane and ethane solvents and aliphatic hydrocarbon
      solvents, separating said textile from said solvent and recovering said
      cleaned textile, the improvement which comprises bringing said organic
      solvent during the cleaning operation into substantially continuous
      contact with an adsorption material having an insolubly fixed impregnation
      of a polycondensation product containing polyalkylene glycol units, said
      polycondensation product containing polyalkylene glycol units being
      selected from the group consisting of (I) a reaction product of a
      component (a) selected from the group consisting of water-soluble
      melamine-formaldehyde condensates and water-soluble
      urea-glyoxal-formaldehyde condensates with a component (b) selected from
      the group consisting of polyalkylene oxides and products of addition of
      alkylene oxides to a compound selected from the group consisting of
      phenols, fatty alcohols, fatty acids, fatty acid amides, alkylamines, and
      alkylolamines, (II) a reaction product of a component (a) selected from
      the group consisting of polyalkylene polyamines, aqueous ammonia and
      mixtures thereof with a component (b) consisting of alkylene oxide
      derivatives having 3 to 70 alkylene oxide units and more than one
      halogenhydrin in the molecule, (III) a reaction product of a component (a)
      selected from the group consisting of a water-soluble compound having
      reactive amino groups containing polyalkylene oxide units and
      water-soluble polyalkylene polyamines containing polyalkylene oxide units
      reacted with a component (b) selected from the group consisting of
      epichlorohydrin and compounds having more than one substituent selected
      from the group consisting of epoxide, halogenhydrin, and the mixtures
      thereof in the molecule, and (IV) a water-soluble polyvalent amine
      obtained by condensation of a component (a) selected from the group
      consisting of polychlorohydrin ethers of polyalkylene oxides and
      polychlorohydrin ethers of compounds having polyalkylene oxide reacted
      with a component (b) selected from the group consisting of ammonia and
      mixtures of ammonia and polyvalent amines, further reacted with a
      component (c) selected from the group consisting of epichlorohydrin ethers
      of polyols, dichlorohydrin ethers of polyols, bischlorohydrin ethers of
      polyols, and the mixtures thereof, said contacting with said adsorption
      material consisting of passing said organic solvent through a layer of
      said adsorption material in particulate form.
NUM  2.
PAR  2. The method of claim 1, in which said polycondensation product contains
      from 20 to 97% by weight of polyalkylene glycol units.
NUM  3.
PAR  3. The method of claim 2, in which said polycondensation product contains
      from 40 to 80% by weight of polyalkylene glycol units.
NUM  4.
PAR  4. The method of claim 1, in which said polycondensation product contains a
      polyalkylene glycol unit selected from the group consisting of
      polyethylene glycol units, polypropylene glycol units and the mixtures
      thereof.
NUM  5.
PAR  5. The method of claim 1, in which said polyalkylene glycol units contains
      from 3 to 100 oxyalkylene units per molecule.
NUM  6.
PAR  6. The method of claim 1, in which said polycondensation product consists
      of a water-soluble hardenable preliminary condensation product for
      impregnating said adsorption filter material.
NUM  7.
PAR  7. The method of claim 1, in which said adsorption material is selected
      from the group consisting of keiselguhr, polyurethane foam powder, and the
      mixtures thereof.
NUM  8.
PAR  8. The method of claim 1, in which said adsorption material is impregnated
      with from about 0.1 to 30% by weight of said polycondensation product.
NUM  9.
PAR  9. The method of claim 1, in which said polycondensation product is
      selected from the group consisting of (1) the reaction product of a
      bischlorohydrin ether of a polyethylene glycol having a molecular weight
      ranging from 600 to 1000 condensed with dipropylenetriamine and reacted
      with epichlorohydrin, (2) the reaction product of ethylene chlorohydrin
      containing polyethylene oxide reacted with diethylenetriamine and reacted
      with epichlorohydrin, (3) a reaction product of dipropylenetriamine with a
      bischlorohydrin ether of a polyethylene glycol having a molecular weight
      ranging from 600 to 1000, and (4) the reaction product from melamine
      formaldehyde and polyethyleneglycol having a molecular weight ranging from
      600 to 1000.
NUM  10.
PAR  10. The method of claim 1, in which said adsorption material is keiselguhr
      having an insolubly fixed impregnation of a polycondensation product
      consisting of the reaction product of a bischlorohydrin ether of a
      polyethylene glycol having a molecular weight ranging from 600 to 1,000
      condensed with dipropylenetriamine and reacted with epichlorohydrin, and
      in which said contacting with said adsorption material consists of passing
      said organic solvent through a layer of said impregnated keiselguhr in
      particulate form.
NUM  11.
PAR  11. The method of claim 1, in which said adsorption material is a mixture
      of keiselguhr and polyurethane foam powder, said polyurethane foam powder
      having an insolubly fixed impregnation of a polycondensation product
      consisting of a reaction product of dipropylenetriamine with a
      bischlorohydrin ether of a polyethylene glycol having a molecular weight
      ranging from 600 to 1,000, and in which said contacting with said
      adsorption material consists of passing said organic solvent through a
      layer of said mixture.
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PAL  This invention relates to a process for making textiles containing
      cellulose crease-resistant.
PAL  The process of the invention involves contacting the textile with an
      aqueous treatment bath to which alkali chlorides or bromides of sodium and
      potassium have been added and which contains
      1,3-dimethylol-4,5-dihydroxyethylene urea, the hydroxyl and methylol
      groups of which can optionally be partially or completely etherified with
      low, monohydric aliphatic alcohols with 1 to 3 carbon atoms and potential
      acid catalysts. It is possible for the treatment bath to contain in
      addition other precondensates normally used in the treatment of textiles
      provided at least 40% by weight based on the weight of the sum of the
      N-methylol derivatives calculated as anhydrous substances is the
      optionally etherified 1,3-dimethylol-4,5-dihydroxyethylene urea. 1 to 12%
      by weight of the alkali metal chloride or a bromide of sodium and
      potassium based on the weight of the N-methylol derivatives calculated as
      anhydrous substances are employed in the treatment bath. After contacting
      the textile with the bath it is dried and heated to cure the resin and/or
      crosslink it with the fibre.
BSUM
PAR  This invention relates to a process for making a textile containing
      cellulose crease-resistant.
PAR  Textiles which contain cellulose can be given a creaseresistant finish with
      resin precondensates. Suitable resin precondensates are those which react
      with one another under the action of heat and with addition of catalysts
      to form waterinsoluble resins or react by crosslinking with the cellulose.
      Many different types of N-methylol derivatives of nitrogenous compounds
      are used for this purpose, it also being possible for the methylol groups
      to be present in etherified form. Examples of the starting substances
      forming the basis of the methylol compounds are urea and urea derivatives,
      such as cyclic ethylene urea and propylene urea, which can also contain
      substituents, such as hydroxyl groups, in the alkylene group, urones and
      possibly substituted triazone resins, as well as melamine. In addition,
      nitrogen-free resins, such as acetal resins, have also acquired a certain
      importance.
PAR  The process generally employed for the crease-resistant finishing of
      textiles comprises impregnating the textile material with aqueous
      solutions of such resin precondensates, which contain a catalyst capable
      of behaving as an acid, whereafter it is squeezed out to the required
      solution absorption, dried and thereafter heated to a relatively high
      temperature for the curing or crosslinking with the fibre, it being mainly
      in the heating stage that the concurrently employed catalyst develops its
      effect.
PAR  A modification of this process as described consists in having a relatively
      long time period between the drying and curing, in which period the
      pretreated material is subjected to certain technical processes such as
      for example, ready-making into the finished garment. This process is
      usually referred to as one "with deferred curing."
PAR  The above-mentioned N-methylol compounds are not equivalent to one another.
      Some of them produce an unfavourable ratio of crease recovery to tensile
      strength or else the creaseresistant properties are not sufficiently
      wash-resistant, while others are sensitive to chlorine-containing
      detergents, and yet others impair the degree of whiteness of the textiles
      treated therewith and have an unfavourable influence on the lightfastness
      of dyed textiles. This means, in other words, it is necessary always to
      select those resin precondensates or mixtures of resin precondensates
      which are most suitable for the specifically required purpose. Added to
      this is the problem of choosing the correct catalyst.
PAR  Among the catalysts, and as already briefly mentioned, there are generally
      used so-called potential acid catalysts, i.e. those catalysts which only
      develop their acidic effect under heat. Examples include magnesium
      chloride, zinc chloride, zinc nitrate and ammonium salts and salts of
      amines.
PAR  It has been proposed to add to such catalysts inert inorganic salts such as
      sodium chloride, lithium chloride, calcium chloride and sodium-dihydrogen
      phosphate when effecting the finish with the above-mentioned N-methylol
      compounds, since in this way a higher moisture-restraining power of the
      finished fabric is produced. Apart from the fact that calcium chloride and
      also sodium-dihydrogen phosphate cannot themselves be referred to as being
      "inert," since they do indeed act as weak catalysts, these inert salts
      have to be used in disproportionately large quantities in order to fulfill
      the required purpose. This means of course that these salts have to be
      washed out again after the finishing, which necessitates an additional
      working step and makes it impossible in practice to use this procedure
      with the deferred curing process.
PAR  1,3-Dimethylol-4,5-dihydroxyethylene urea has recently acquired particular
      significance in respect of the processes initially referred to. However,
      with this resin precondensate, of which the N-methylol and hydroxyl groups
      can also be partially or completely etherified with low alcohols, the
      problem arises that with white materials, the degree of whiteness suffers
      considerably, and with coloured materials changes in the colour tone are
      observed during the heat treatment.
PAR  It has now surprisingly been found that these disadvantages are avoided if
      alkali metal chlorides such as sodium, potassium or lithium chlorides or
      bromides of sodium and potassium more especially NaCl and KCl, are added
      to the treatment baths which contain 1,3-dimethylol-4,5-dihydroxyethylene
      urea, the hydroxyl and methylol groups of which can optionally be
      partially or completely etherified with low, monohydric, aliphatic
      alcohols with 1 to 3 carbon atoms, and potentially acid catalysts. Besides
      the dimethyloldihydroxyethylene urea, it is also possible to use at the
      same time other precondensates used in the treatment of textiles.
PAR  Thus according to the present invention there is provided a process for
      making textile material containing cellulose creaseresistant, comprising
      contacting the textile material with an aqueous finishing solution
      containing one or more N-methylol derivatives of nitrogenous compounds of
      which the methylol groups may optionally be etherified and of which at
      least 40% by weight based on the weight of the sum of the N-methylol
      derivatives calculated as anhydrous substances is
      1,3-dimethylol-4,5-dihydroxyethylene urea, the hydroxyl and methylol
      groups of which may optionally be partially or completely etherified with
      a monohydric alphatic alcohol containing 1 to 3 carbon atoms, a potential
      acid catalyst, and from 1 to 12% by weight based on the weight of the
      N-methylol derivatives calculated as anhydrous substances of an alkali
      metal chloride or a bromide of sodium and potassium and drying and heating
      the textile material to cure the resin and/or cross-link it with the
      fibre.
PAR  The process according to the invention is used for making textile material
      containing cellulose crease-resistant by application of aqueous finishing
      solutions which contain N-methylol derivatives of nitrogenous compounds,
      the methylol groups being optionally present in their etherified form,
      potentially acid catalysts, inert inorganic metal salts and optionally
      acetal resins, drying and heating to relatively high temperatues, it being
      possible for another processing of the textile material, more particularly
      ready-made to the finished garment, to be interposed between the drying
      and heating.
PAR  N-methylol derivatives of other nitrogenous compounds can be used in the
      process provided at least 40% by weight of the N-methylol derivatives is
      1,3-dimethylol-4,5-dihydroxyethylene urea calculated as anhydrous
      substances.
PAR  The textile material treated by the process according to the invention
      suprisingly shows practically no yellowing and, with coloured material,
      there is practically no change in colour tone. In addition, textiles as
      thus finished usually show an advantageous behaviour when being washed
      with detergents which contain chlorine. In addition, by adding the neutral
      salts, the crease-resistant properties and the wash-and-wear behaviour are
      not in practice affected.
PAR  The alkali metal salts are used in amounts from 1 to 12  and more
      particularly 2 to 8% by weight, based on the weight of the N-methylol
      derivatives, calculated as anhydrous substances. Sodium chloride and
      potassium chloride have proved to be particularly suitable as inert
      inorganic salt.
PAR  The possibility of the inert, inorganic metal salts being added at the
      outset to the concentrated solution of the dimethylol dihydroxytethylene
      urea which is marketed as a commercial product and which, as will
      hereinafter be more fully explained may also contain other resin
      precondensates, thus simplyfying the process is possible.
PAR  As already mentioned, the 1,3-dimethylol-4,5-dihydroxyethylene urea can
      also be present in a form in which it is partially or completely
      etherified with monohydric alcohols with 1 to 3 carbon atoms. Such
      products have previously been used in the treatment of textiles.
      Furthermore, the commercial products or the treatment solutions produced
      therefrom can also contain monohydric alcohols with 1 to 3 carbon atoms,
      whether these are produced in the preparation or whether they are
      purposely added to effect a more rapid and thorough wetting of the textile
      material to be treated during the process.
PAR  To be considered as potential acid catalysts are the usual catalysts used
      for curing 1,3-dimethylol-4,5 dihydroxyethylene urea in the treatment of
      textiles, such as potentially acid metal salts and ammonium salts and
      salts of amines, zinc nitrate being most suitable and magnesium chloride
      and zinc chloride being the next most suitable.
PAR  As already mentioned, it is possible for some of the
      dimethyloldihydroxyethylene urea to be replaced by some of the other resin
      precondensates which are normally used in the treatment of textiles and
      which can be cured under acid conditions and heat or cross-linked with the
      textile material. Nevertheless, the proportion of the dimethylol
      dihydroxyethylene urea should amount to at least 40% by weight and more
      especially at least 60% by weight, based on the sum of
      dimethyloldihydroxyethylene urea and other resin precondensates.
PAR  Examples of additional resin precondensates are the N-methylol compounds of
      urea which are optionally etherified with low monohydric alcohols,
      ethylene urea, propylene urea, 5-hydroxypropylene urea, the alkyl and
      hydroxyalkyl carbamates and tetrahydrotriazinone. Water-soluble methylol
      compounds of malamine with at least 4 methylol groups, in which the
      methylol groups are partially or completely etherified with low,
      monohydric aliphatic alcohols with 1 to 3 carbon atoms, have proved to be
      particularly suitable. This is because with these compounds the advantages
      of good whiteness and very small shifts in colour tone and the favourable
      resistance to chlorine and operational safety as regards breadth of
      condensationn are particularly apparent. In addition a more favourable
      ratio between effect and strength is to be observed, the individual
      effects not only being additive, but having a mutually favourable
      influence.
PAR  Furthermore, nitrogen-free resins, such as acetal resins and semiacetals,
      i.e. products which can be obtained by reacting formaldehyde with
      monohydric or polyhydric alcohols, are also suitable.
PAR  It is obviously also possible for the treatment baths for use in the
      invention to have added thereto conventional finishing agents, such as
      handle-improving additives, waterrepellent and oil-repellent agents,
      flame-proofing agents, optical brighteners and the like.
PAR  Among the cellulose-containing textile materials are included woven and
      knitted fabrics and fleeces which contain at least 15% by weight of
      cotton, regenerated cellulose or linen or consist of the same. The textile
      material in sheet form can thus contain up to 85% by weight of fibres of a
      different nature, more particularly synthetic fibres.
PAR  The treatment of the textile material is carried out in the usual way by
      the dry condensation process, in which the treatment solution is applied
      to the textile material, for example, by immersion. Thereafter, the
      material is squeezed out to the required solution absorption, dried and
      heated to a relatively high temperature to cure the resin or cross-link it
      with the textile. Suitable temperatures are 140.degree. to 190.degree.C
      and the heating should usually be effected for about 10 seconds to 10
      minutes in order to cure the dimethyloldihydroxyethylene urea or its
      mixtures with the other precondensates. As already mentioned, the process
      of the invention is also suitable for the delayed hardening process. This
      differs from the dry condensation process in that a premature curing of
      the dimethyloldihydroxyethylene urea is avoided by careful drying and the
      curing only taking place after additional processing steps, more
      especially after the ready-making operation, by heating by means of hot
      air, steam or contact heat to higher temperature. There may be a period of
      several months between drying and curing.
PAR  The application of the solution can obviously be effected in other ways,
      for example, by spraying, slop-padding or application under pressure.
PAR  The following test methods are used in the examples for evaluating the
      technical effects: Dry crease angle (average of warp and weft) according
      to DIN 53890, Wet crease angle according to GUTV (Gutezeichenverband
      Textilveredlung e.V.), wash and wear behaviour: classification after 5
      machine washings at 90.degree.C; evaluation of the dried specimens by the
      "Monsanto Standard".  Judgement of the degree of whiteness by the GEIGY
      whiteness scale from 50 to 260, 50 characterising a very poor, yellowish
      white and 260 a maximum whiteness which can be achieved with optical
      brighteners (A. Rauchle et al. TEXTILVEREDLUNG 2, No. 9 pages 719 to 729).
PAR  The invention will now be illustrated with reference to the following
      Examples. All percentages mentioned therein are by weight unless otherwise
      indicated.
DETD
PAC  EXAMPLE 1
PAR  A mercerised, bleached and optically pre-brightened pure cotton poplin with
      a weight per square meter of 126 g was treated with a bath solution by
      impregnation and squeezing out to 70% solution absorption, the bath
      solution containing, per liter, 150 g of the following resin, 22 g of
      magnesium chloride hexahydrate and 0.5 cc of 60% acetic acid. The resin
      used was a 44% aqueous solution of 1,3-dimethylol-4,5-dihydroxyethylene
      urea, in which were dissolved 3% by weight of common salt, based on the
      weight of resin, calculated as anhydrous substance. The fabric as thus
      treated was thereafter dried at 110.degree.C and condensed for 3 minutes
      at 180.degree.C. (Finish A).
PAR  For comparison purposes, pieces of the same cotton poplin were finished in
      the same manner, but without adding common salt (Finish B).
PAR  The superiority of the process according to the invention was readily
      apparent from the following figures: in the case of the resin to which
      common salt was added, both a good degree of whiteness and also optimal
      crease effects and wash-and-wear effects were obtained.
TBL  ______________________________________                                    

             Crease angle;                                                     

                       Wash-and-wear                                           

                                    Whiteness                                  

             average of                                                        

                       effect       scale                                      

             warp and weft                                                     

                       (Monsanto note)                                         

             dry   wet                                                         

     ______________________________________                                    

     A)  according                                                             

         to the                                                                

         invention 142     138   4.6        220                                

     B)  prior art 141     140   4.5        190                                

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  A 100% cotton batiste (weight per square meter 98 g), dyed with
      ANTHRASOLBLAU IBC (C.I. 69826) was impregnated with a bath solution and
      squeezed out to 68% solution absorption, the bath solution containing, per
      liter, 80 g of 1,3-dimethylol-4,5-dihydroxyethylene urea (100%), 4g of
      potassium chloride, 2 cc of 60% acetic acid and 12g of zinc nitrate
      hexahydrate. Drying was then carried out at 120.degree.C and condensation
      for 5 minutes at 165.degree.C (Finish A).
PAR  For comparison purposes, a piece of the same dyed batiste was finished in
      exactly the same way, with the sole difference that the bath solution did
      not contain any neutral salt (Finish B). The results set out in the
      following table were obtained:
TBL                                  Change                                    

              Crease angle;                                                    

                        Wash-and-wear                                          

                                     in                                        

              average of                                                       

                        effect       colour                                    

              warp and weft                                                    

                        (Monsanto note)                                        

                                     tone                                      

              dry   wet                                                        

     ______________________________________                                    

     A)   according                          very                              

          to the                                                               

          invention 142     144   4.6        slight                            

     B)   prior art 146     145   4.7        very                              

                                             strong                            

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  A bleached polyester/cotton poplin (50:50) with a weight per square meter
      of 102 g was padded with a solution and with a squeezing or wringing
      effect of 62%, the solution containing, per liter, 200 g of the following
      resin, 30 g of a 20% non-ionic polyethylene emulsion, 15 g of zinc
      chloride, 6g/l of an optical brightener of the formula:
      ##SPC1##
PAL  in normal commercial form (content of active substance practically 100%)
      and 1cc of 60% acetic acid. The resin was an aqueous solution which
      contains 32% of 1,3-dimethylol-4,5-dihydroxyethylene urea, 10% of
      trimethylether of pentamethylol melamine and 2% of common salt (related to
      the anhydrous resin precondensates). The woven fabric was thereafter dried
      and condensed for 21/2 minutes at 170.degree.C (Finish A).
PAR  For comparison purposes, a finish was produced on the same woven fabric
      under the same conditions, with the sole difference that the treatment
      solution did not contain common salt (Finish B).
PAR  The results obtained are set out in the following table:
TBL            Tensile                                                         

                      Crease angle;                                            

                              Wash-and-wear                                    

                                      White-                                   

               strength                                                        

                      average effect  ness                                     

               according to                                                    

                      warp and weft   scale                                    

               Schopper                                                        

               weft   dry wet                                                  

     __________________________________________________________________________

     A)                                                                        

       according to                                                            

               31 kg  147 144 4.7     240                                      

       the invention                                                           

     B)                                                                        

       prior art                                                               

               29 kg  148 142 4.7     220                                      

     __________________________________________________________________________

PAC  EXAMPLE 4
PAR  The poplin described in Example 3 was finished according to Example 3, in
      one case with addition of common salt (Finish A), and in another case
      without common salt (Finish B), the sole difference being that 15 g/l of
      zinc nitrate hexahydrate were used instead of 15 g/l of zinc chloride. In
      this case an even greater improvement as regards the degree of whiteness
      was shown by the addition of neutral salt.
TBL  ______________________________________                                    

     Whiteness scale                                                           

     ______________________________________                                    

     Finish A          230                                                     

     Finish B          190                                                     

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  A dyed Helanca/staple rayon fabric (70:30) was treated by dipping and
      squeezing out to 75% solution absorption, using a bath solution
      containing, per liter, 180 g of a 44% aqueous solution of
      1,3-dimethylol-4,5-dihydroxyethylene urea, 9 g of lithium chloride, 4 g of
      2-methyl-2-aminopropanol hydrochloride, 3 g of polyvinyl alcohol with a
      molecular weight of 1700 and a degree of saponification of 99%, and also
      20 g of a 25% non-ionic, finely divided emulsion of stearic acid amide.
      The padded fabric was thereafter dried at 110.degree.C and it was only
      after being stored for 4 weeks and being ready-made in the form of pressed
      trousers that it was condensed for 8 minutes at 160.degree.C.
PAR  The trousers as thus finished showed excellent wash-and-wear properties and
      the ironed crease had a good permanence on being washed. The change in
      colour tone on heating was negligible and the loss of abrasion resistance
      was small.
PAC  EXAMPLE 6
PAR  Example 5 was repeated, with the difference that sodium bromide was used as
      neutral salt. The same good results were also obtained when sodium bromide
      was used.
PAC  EXAMPLE 7
PAR  A white, bleached, optically pre-brightened staple rayon/polyester muslin
      (67:33), with a weight per square meter of 152 g, was kissed with a bath
      solution (application 35%), which contained, per liter, 50 g of
      1,3-dimethylol-4,5-dihydroxyethylene urea, 20 g of ethylene glycol
      disemiformal, 30 g of dimethylol urea, 2 g of sodium chloride, and 20 g of
      zinc chloride. The material was thereafter dried and condensed for 2
      minutes at 165.degree.C. The finish showed a high spring elasticity and a
      good degree of whiteness.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for making textile containing cellulose crease-resistant which
      comprises contacting the textile material with an aqueous finishing
      solution containing one or more N-methylol or N-methylol ether derivatives
      of nitrogenous compounds and of which at least 40% by weight based on the
      weight of the sum of the N-methylol derivatives calculated as anhydrous
      substances is 1,3-dimethylol-4,5-dihydroxyethylene urea the hydroxyl and
      methylol groups of which are free or are partially or completely
      etherified with a monohydric aliphatic alcohol containing 1 to 3 carbon
      atoms, a potential acid catalyst, and from 1 to 12% by weight based on the
      weight of the N-methylol derivatives calculated as anhydrous substances of
      an alkali metal chloride or a bromide of sodium or potassium and drying
      and subjecting the textile material to a heat treatment.
NUM  2.
PAR  2. A process according to claim 1 which comprises using the alkali metal
      chlorides or the bromides of sodium and potassium in a quantity of from 2
      to 8% by weight, based on the weight of the N-methylol derivatives
      calculated as anhydrous substances.
NUM  3.
PAR  3. A process according to claim 1 which comprises initially adding the
      inert inorganic salts to the aqueous solution of the N-methylol
      derivatives of nitrogenous compounds containing
      1,3-dimethylol-4,5-dihydroxyethylene urea.
NUM  4.
PAR  4. A process according to claim 1 which comprises using at least 60% by
      weight of the N-methylol derivatives of nitrogenous compounds based on the
      weight of the sum of the N-methylol derivatives calculated as anhydrous
      substances is 1,3-dimethylol-4,5-dihydroxyethylene urea.
NUM  5.
PAR  5. A process according to claim 1 which comprises using a finishing
      solution containing, in addition to the
      1,3-dimethylol-4,5-dihydroxyethylene urea the hydroxyl and methylol groups
      of which are free or partially or completely etherified with a monohydric
      aliphatic alcohol containing 1 to 3 carbon atoms, methylol melamines with
      a least 4 methylol groups, the methylol groups being partially or
      completely etherified with monohydric, aliphatic alcohols with 1 to 3
      carbon atoms, in an amount of from 1 to 40% based on the weight of the
      1,3-dimethylol-4,5-dihydroxyethylene urea and methylol melamine,
      calculated as anhydrous substances.
NUM  6.
PAR  6. A process according to claim 1 which comprises using as the inert
      inorganic salt sodium chloride or potassium chloride.
NUM  7.
PAR  7. A process according to claim 1 which comprises using N-methylol
      derivatives of nitrogenous compounds additionally including one or more
      acetal resins.
NUM  8.
PAR  8. A process according to claim 1 which comprises between the drying and
      heating subjecting the textile material to other processes.
NUM  9.
PAR  9. A process according to claim 8 which comprises as the other processes
      ready-making of the finished garment.
NUM  10.
PAR  10. A process according to claim 1 which comprises subjecting the treated
      textile material to a heat treatment at 140.degree. to 190.degree.C.
NUM  11.
PAR  11. The cellulosic textile material treated according to the process of
      claim 1.
NUM  12.
PAR  12. A process according to claim 5 which comprises subjecting the treated
      textile material to a heat treatment at 140.degree. to 190.degree.C.
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ABST
PAL  Preventing corrosion and scale formation in water re-circulating systems by
      adding to each cubic meter of the water being re-circulated from about 5
      to 100 grams of a compound selected from the group consisting of those of
      the formula
      ##EQU1##
      and the water-soluble salts thereof R being hydrogen, alkyl, alkenyl or
      alkinyl having up to 4 carbon atoms; phenyl; cycloalkyl having 3 to 6
      carbon atoms; benzyl; phenethyl or
      ##EQU2##
      wherein R' is hydrogen, alkyl having 1 to 4 carbon atoms or carboxyl, R"
      is hydrogen or methyl and R'" is carboxyl.
BSUM
PAR  This invention relates to a process for preventing both corrosion and the
      formation of scale in water-conducting systems which comprises adding a
      substance based on phosphonic carboxylic acid or its salts to the water.
PAR  The main problems arising in hydraulic engineering, e.g. when using
      untreated water for cooling purposes are the occurrence of corrosion and
      the formation of scale.
PAR  The corrosion of metals such as steel, aluminium, copper and alloys of
      these metals which are commonly used for water circulation tanks is mainly
      due to the action of oxygen and carbon dioxide dissolved in the water.
PAR  The prevention of corrosion by removing the oxygen, for example by the
      addition of hydrazine or sulphide, is impossible for economical and
      technical reasons in open cooling circuits, and corrosion inhibitors such
      as chromates or polyphosphates are therefore added to the cooling water.
PAR  Although chromates are, no doubt, very efficient corrosion inhibitors,
      their use is often undesirable since it often entails considerable
      disadvantages on account of their well known toxic effects.
PAR  The formation of scale in a cooling circuit, due mainly to the deposition
      of carbonates, sulphates, phosphates and hydroxides of calcium and
      magnesium on the heat transfer surfaces, impedes the transfer of heat in
      the heat exchangers and, therefore, reduces the efficiency of the plant.
PAR  Furthermore, the deposits of scale are liable to promote corrosion due to
      the formation of pockets of aeration.
PAR  Apart from the addition of corrosion inhibitors, polyphosphates have
      previously also been added to cooling water in order to prevent formation
      of scale. The action of the various polymeric phosphates consists in
      forming water-soluble complexes with calcium and magnesium which would
      otherwise harden the water. Also polyphosphates have a so-called threshold
      effect, that is to say when added in less than stoichiometric quantities
      they are capable of preventing the formation of a firm scale deposit by
      disturbing the growth of the crystal lattice.
PAR  Polyphosphates have, however, the serious disadvantage of being unstable at
      the temperatures at which they are employed and of readily hydrolysing to
      the ortho-phosphate which thus interferes with the protection against
      corrosion as well as soiling the circulating water by the inevitable
      formation of sludge. Another disadvantage of the phosphates is their
      property of promoting the growth of algae in the cooling circuit and
      having an undesirable eutrophic action on water.
PAR  We have now found a process for preventing corrosion and the formation of
      scale in water conducting systems, in particular in cooling water
      re-circulating systems which is characterised in that one or more
      phosphonocarboxylic acids or their water-soluble salts and optionally
      other corrosion inhibitors are added to the water.
PAR  Water-soluble salt means that the salt is soluble in water under the herein
      referred to application conditions. Such salts are preferably alkaline,
      alkaline earth, ammonium or zinc salts.
PAR  Phosphonocarboxylic acids are understood in the context of this invention
      to be those phosphonocarboxylic acids which contain more than one carboxyl
      group.
PAR  Phosphonocarboxylic acids which are suitable for the process according to
      the invention have the following general formula.
      ##EQU3##
      wherein R represents a hydrogen atom, an optionally substituted alkyl,
      alkenyl or alkinyl group, in each case having up to 4 carbon atoms, an
      aryl, cycloalkyl or aralkyl group or the group
      ##EQU4##
      in which R' represents hydrogen, an alkyl group having up to 4 carbon
      atoms or a carboxyl group;
PA1  R" represents hydrogen or methyl; and
PA1  R"' represents a carboxyl group.
PAR  These phosphonocarboxylic acids are particularly distinguished by their low
      phosphorus content combined with their high lime binding capacity compared
      with the conventional polyphosphates. Another important advantage is their
      resistance to hydrolysis and the thermostability of these
      phosphonocarboxylic acids compared with the usual polyphosphates,
      especially at high temperatures.
PAR  The following are specific examples of such phosphonocarboxylic acids:
PA1  .alpha.-Methyl-phosphonosuccinic acid;
PA1  Phosphonosuccinic acid;
PA1  1-Phosphonopropane-2,3-dicarboxylic acid; and
PA1  2-Phosphono-butane-tricarboxylic acid-(1,2,4).
PAR  The preparation of such phosphonocarboxylic acids has been described e.g.
      in German Offenlegungsschrift No. 2 015 068.
PAR  The quantity of phosphonocarboxylic acids or salts used may vary within
      wide limits but it is advisable to add about 5 to 100 g/m.sup.3 of
      phosphonocarboxylic acid based on the water.
PAR  The action of the phosphonocarboxylic acids or their derivatives can be
      considerably improved by the addition of zinc salts, e.g. zinc sulphate,
      zinc phosphate, and/or phosphoric acid or phosphates which surprisingly
      have a distinct synergistic effect. Also any of the additives mentioned in
      H.O. Held, Kuhlwasser, Vulkan-Verlag, Essen, 1970, page 218 may be used.
PAR  The invention will now be explained more fully with the aid of the
      following specific examples. The phosphonocarboxylic acid mentioned there
      (phosphonobutanetricarboxylic acid) is particularly readily available. The
      accompanying figure illustrates the inhibitory action of
      2-phosphono-butanetricarboxylic acid-(1,2,4) on carbon steel (St 35) in
      experiments carried out with stirrers (room temperature, pH 6.5 to 8.0).
      The rate of corrosion is entered along the ordinate
      ##EQU5##
      and the quantity of phosphonocarboxylic acid used is entered along the
      abscissa (in ppm).
DETD
PAC  EXAMPLE 1
PAR  This example illustrates the inhibitory effect of
      2-phosphonobutane-tricarboxylic acid-(1,2,4) on the corrosion of carbon
      steel St 35 (the steel used for cooling towers).
PAR  Sections of St 35 pipe which had been annealed under conditions of stress
      relief and pickled with hydrochloric acid before the experiment, were
      attached to a plastic stirrer and displaced at the rate of 0.63 m/s in tap
      water (total hardness 17.5.degree.d, temporary hardness 7.5.degree.d, 110
      ppm SO.sub.4.sup.-.sup.-, 185 ppm Cl.sup.-, total salt content
      approximately 700 ppm) to which increasing quantities of
      2-phosphono-butanetricarboxylic acid-(1,2,4) were added. The experiment
      was carried out at room temperature. The pH of the water fluctuated in the
      range from 6.8 to 8.4. When the experiment had been carried out for 4
      days, the test samples were again pickled and the total loss was
      determined. In the attached figure, the weight loss of the pipe sections
      expressed in g Fe/m.sup.2 .d is plotted against the concentration of
      2-phosphonobutanetricarboxylic acid-(1,2,4). The loss of Fe drops very
      sharply with increasing concentrations of inhibitor but rises again very
      slowly at concentrations above 160 ppm of 2-phosphono-butane-tricarboxylic
      acid- (1,2,4). The formation of the corresponding iron complex in the
      presence of oxygen is very noticeable here (see figure).
PAC  EXAMPLE 2
PAR  In an experiment carried out as described in Example 1, the loss of Fe from
      St 35 steel in tap water which had not been treated with inhibitor was
      15.97 g/m.sup.2.d. The loss of Fe in the presence of 30 ppm of
      2-phosphono-butane-tricarboxylic acid-(1,2,4) was 1.07 g/m.sup.2.d whereas
      if in addition 10 ppm of Zn.sup.+.sup.+ were added in the form of zinc
      sulphate, the rate of corrosion was reduced to 0.32 g/m.sup.2,d.
PAR  When Zn was added alone in substantially the same quantity, the resulting
      effect was less marked. The loss of Fe by corrosion measured in this case
      was 11.99 g/m.sup.2 .d.
PAC  EXAMPLE 3
PAR  An additional synergistic effect is obtained by adding phosphate in the
      form of phosphoric acid or alkali metal phosphates to the combination of
      2-phosphono-butanetricarboxylic acid-(1,2,4) and zinc.
PAR  Under the experimental conditions described in the previous examples, a
      combination of 30 ppm of 2-phosphonobutane-tricarboxylic acid-(1,2,4) and
      10 ppm of Zn.sup.+.sup.+ resulted in a loss of Fe by corrosion of 0.32
      g/m.sup.2 .d. If in addition 10 ppm of PO.sub.4 .sup.-.sup.-.sup.-  were
      added in the form of H.sub.3 PO.sub.4, the weight loss of the pipe
      sections was only 0.024 g/m.sup.2 .d.
PAR  Preferred corrosion inhibitory compositions containing 10 to 60% by weight
      of the indicated phosphonopolycarboxylic acid or salt include 1 to 20% by
      weight of a Zn salt and 5 to 30% by weight of H.sub.3 PO.sub.4, the total
      adding up to 100%. We claim:
CLMS
NUM  1.
PAR  1.  A process for preventing corrosion and the formation of scale in a
      water re-circulating system which comprises adding to each cubic meter of
      the water being re-circulated from about 5 to 100 grams of a compound
      selected from the group consisting of those of the formula
      ##EQU6##
      and the water-soluble salts thereof, R being hydrogen, alkyl, alkenyl or
      alkinyl having up to 4 carbon atoms; phenyl; cycloalkyl having 3 to 6
      carbon atoms; benzyl; phenethyl or
      ##EQU7##
      wherein R' is hydrogen, alkyl having 1 to 4 carbon atoms or carboxyl, R"
      is hydrogen or methyl and R'" is carboxyl.
NUM  2.
PAR  2. The process of claim 1 wherein the compound of said formula is
      2-phosphono-butane-tricarboxylic acid-(1,2,4) or a water soluble base
      addition salt thereof.
NUM  3.
PAR  3. The process of claim 1 wherein an additional corrosion inhibitor is
      added to said water to be re-circulated.
NUM  4.
PAR  4. The process of claim 3 wherein said additional corrosion inhibitor
      introduces phosphate or zinc ions into solution.
NUM  5.
PAR  5. The process of claim 1 wherein the salt added to said water is the zinc
      salt of 2-phosphono-butane-tricarboxylic acid-(1,2,4).
NUM  6.
PAR  6. The process of claim 1 wherein said water re-circulating system is a
      cooling water circulating system.
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PAL  A sterilization apparatus for plastic webbing comprises a chamber
      containing one or more rollers having a porous surface. Disinfectant is
      fed through the porous roller surface as the webbing passes thereover,
      thus sterilizing the surface of the webbing.
BSUM
PAR  The invention refers to a device for sterilizing webs of packaging material
      preparatory to their processing by packaging machines.
PAR  The degree of sterilization of a surface depends, for a given sterilizing
      agent, on the temperature at which it is applied and on the length of its
      time of action upon said surface. Generally, the higher the temperature of
      the sterilant and the longer its action on the surface, the higher is its
      sterilizing effect.
PAR  Since for various considerations the temperature of the sterilant cannot be
      raised above certain limits, the sterilizing effect can only be increased
      by lengthening the contact time between sterilant and web surface. At the
      very high speeds, at which modern packaging machines process the web into
      finished packages, the obtaining of a sufficiently long contact between
      sterilant and that surface of the web, which will become the internal
      surface of the finished package and will therefore come into contact with
      its contents, once the package is filled, constitutes a major problem.
      Various proposals for its solution were made. One comprises a container
      filled with a hot hydrogen peroxide solution, and a guide roll dipping in
      it to keep the web completely immersed in the sterilant while it passes
      under the guide roll.
PAR  Among the disadvantages of this system are the waste of sterilant, which is
      also absorbed by the outer web surface, which requires no sterilization,
      and furthermore a strong discoloration of anything printed on said outer
      surface by the warm hydrogen peroxide.
PAR  In another proposal, a film of cold hydrogen peroxide is applied to the
      internal web face and is successively heated by radiators. This solution
      has the disadvantage that the heated sterilant film is evaporated before
      it has been sufficiently long in contact with the web.
PAR  It is therefore the object of the invention to supply a web sterilizing
      device, which eliminates the above mentioned drawbacks of the known art
      and permits prolonging at will the contact time between the internal web
      face and the sterilant, without the need of reducing thereby the speed at
      which the web is fed into the packaging machine.
PAR  The device according to the invention comprises: a closed vessel forming a
      sterilization chamber and having an inlet for the introduction of the web
      into it; an outlet connecting said chamber with the packaging machine; a
      plurality of drums rotatably mounted within said sterilization chamber and
      whose cylindrical surfaces are impregnated with a sterilant; guide means
      leading the internal web face along said impregnated drum surfaces and
      towards said outlet, and means to keep an overpressure of sterile air
      within said sterilization chamber to prevent the penetration of unsterile
      external air into its interior.
PAR  By varying the number and/or the circumference of the drums and/or the arc
      of contact between their impregnated surfaces and the web, the length of
      the contact time between web face and sterilant may be adjusted at will to
      the production speed of the packaging machine machine associated with the
      sterilizing device. This device eliminates any waste of sterilant, since
      it merely applies it to the internal web face, and removes it therefrom
      before the web enters the packaging machine, thereby eliminating the
      danger that the sterilant impairs the taste of the packaged goods.
DRWD
PAR  These and other advantages of the invention will clearly result from the
      following detailed description of one of its possible embodiments, made
      with reference to the fiqures of the attached drawing, wherein:
PAR  FIG. 1 is a schematic, partly sectional elevation of the embodiment;
PAR  FIG. 2 is a cross sectional view through one drum and its
      sterilant-circulating system.
DETD
PAR  With reference to the FIGURES, the closed vessel forming the sterilization
      chamber of the web is generally indicated at 1. The web of packaging
      material 2 is introduced into the chamber 1 through a slit 1a in one of
      its walls, in the direction indicated by the arrow A. Within the chamber,
      a guide roll 3 leads the web 2 towards the sterilant-impregnated surface 8
      of a first drum 4. After having travelled around the major part of the
      drum circumference, web 2 passes over guide rolls 9 and 10, thence around
      the major part of the sterilant-impregnated surface 8 of a second drum 4',
      thence over a guide roll 11, a squeeze roll 12 having the double purpose
      of wiping any remaining sterilant from its interior face and leading it
      towards the outlet of the sterilization chamber. It is obvious that the
      web 2 enters the sterilization chamber in a position in which its internal
      face will contact the impregnated drum surfaces when led around them. The
      pairs of guide rolls 3, 9 and 10, 11 respectively are positioned in such a
      manner as to extend the contact between web and drum surface over the
      greatest possible arc of the drum circumference, such as from the
      generatrix a' to a on drum 4 and b to b' on drum 4'. The outlet of the
      sterilization chamber forms a duct 13, which tightly connects the chamber
      with the packaging machine (not shown,) so as to prevent the reinfection
      of the web during its transition from the chamber to the machine. Warm
      sterile air at a temperature of approximately 80.degree.C is blown through
      a pipe 14 into the duct 13, so as to pass first along the interior web
      face and evaporate any sterilant still adhering to it, and thence into the
      chamber interior, to create an overpressure therein, and to issue finally
      through slit 1a, to prevent the inflow of unsterile external air through
      it.
PAR  An advantageous way of impregnating the cylindrical surfaces 8 with
      sterilant is schematically shown in FIG. 2. Each drum comprises a hollow
      external cylinder 17 formed by said permeable surface 8 and two flanges 15
      and 16. The external cylinder encloses an internal cylinder 18, coaxial
      with it. Both cylinders are rigidly mounted on a shaft 5 and define
      between them a space 24. A hollow shaft 19, of a diameter larger than
      shaft 5 and coaxial with it is fastened, as by welding, to one side of the
      internal cylinder 18, passes through flange 16, to which it is welded, and
      penetrates, with a tight fit, into the inlet compartment 20 of a
      stationary distributor 21, within which it is rotatable. The chamber 22
      formed between shaft 19 and 5 communicates through inlet apertures in the
      wall of shaft 19 with the sterilant emitted into compartment 20 through
      the input pipe 23 and with the space 24 through outlet apertures located
      in the wall of shaft 19 correspondingly to said space. This arrangement
      permits a warm liquid sterilant, such as hydrogen peroxide, to flow from
      pipe 23 into the space 24 during the rotation of the drum. Part of the
      sterilant impregnates the permeable surface 8, while the remaining
      sterilant enters from space 24 into an axially extending passage 26 of
      shaft 5 located between flange 15 and the adjacent end of the internal
      cylinder 18. From passage 26 the sterilant flows, through outlet holes 27
      provided in the wall of shaft 5 into a discharge compartment 28 of
      distributor 21 and thence through the outlet pipe 29 to a reheating
      station 30 (shown schematically), where it is brought back to its
      operational temperature and recirculated into the drum through pipe 23.
PAR  The permeable surface 8 may be either a porous metal, such as sintered
      stainless steel, or a plastic foam with open cells, supported by a rigid
      metal grid or mesh. The drums are entrained in rotation by the web and
      rotate therefore with the speed at which the web travels, with no danger
      of tearing, scratching or otherwise damaging its surface. The sterilant
      preferably used is hydrogen peroxide, which is easily evaporated from the
      web surface before it enters the packaging machine.
PAR  It is obvious that many changes may be brought to the here described
      arrangement of the drums and to the system of impregnation of their
      surfaces with sterilant, without departing from the idea of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for the sterilization of packaging material comprising:
PA1  a closed sterilization chamber;
PA1  a plurality of drums rotably mounted within said chamber, each of said
      drums comprises a hollow external cylinder having a permeable cylindrical
      surface impregnated with a heated sterilant, said hollow external cylinder
      enclosing a smaller cylinder, both said external cylinder and said smaller
      cylinder being coaxially and rigidly attached to a common shaft, said
      hollow cylinder and said smaller cylinder having a space therebetween;
PA1  guide means for leading packaging material along said impregnated drum
      surfaces;
PA1  overpressurizing means for keeping an overpressure of sterile air within
      said sterilization chamber to prevent unsterile external atmosphere from
      penetrating into the interior of said chamber; and
PA1  means for circulating the heated sterilant within said space which
      comprises: a stationary distributor having an inlet compartment having an
      interior and an outlet compartment for the sterilant; a hollow shaft
      surrounding said common shaft to define a fluid chamber with said common
      shaft and extending from the interior of said inlet compartment to said
      space; inlet and outlet apertures in the walls of said hollow shaft
      corresponding respectively to said inlet compartment and said space to
      permit the inflow of sterilant to said space; and an axially extending
      passage within said common shaft to communicate said space with said
      outlet compartment of said distributor.
NUM  2.
PAR  2. A device according to claim 1, wherein means for reheating the sterilant
      is connected to said outlet compartment and said inlet compartment to
      reheat sterilant flowing therebetween.
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PAL  A process and apparatus for determining total oxygen demand of combustible
      materials in aqueous dispersion. The total oxygen demand is determined as
      the difference in concentration of oxygen within two feed gas streams
      composed of an inert gas containing oxygen; the first feed gas stream
      serving as the reference and the second feed gas stream serving as the
      combustion supporting one, which passes through a combustion conduit
      having a porous catalyst bed and contained within a combustion zone which
      is heated to a combustion supporting temperature. A small sample of the
      combustible material in aqueous dispersion is injected into the combustion
      supporting feed gas stream in advance of the catalyst bed within the
      combustion zone. As the sample is swept through the combustion conduit,
      the combustible materials in aqueous dispersion are burned. The effluent
      gas stream is directed through a continuous differential oxygen detection
      device and an electrical signal corresponding to the total oxygen demand
      for burning the combustible materials is generated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The determination of total oxygen demand of combustible materials in
      aqueous dispersion is usefully adopted in the field of pollution control.
      Water pollution control is a long standing problem and ever increasing in
      importance as population and various industries continue to grow in
      relation to water resources.
PAR  As a hitherto known method for determining the total oxygen demand of
      combustible materials in aqueous dispersion, there is, for example, a
      method described in the specifications of U.S. Pat. No. 3,560,156.
PAR  According to this method, the concentration of oxygen in a feed gas stream
      composed of an inert gas containing oxygen must be maintained within a
      narrow range from 10 to 10,000 parts per million. This limitation makes it
      difficult to utilize air, which is inexpensive, and has a relatively
      stable ratio of components existing throughout the world, as a feed gas
      stream.
PAR  Also, according to this method, two values of electrical output from an
      oxygen detector, which changes in relation to the total oxygen demand, are
      necessary. In applying this prior art, the first value is that registered
      by the oxygen detector when the sample of combustible materials in aqueous
      dispersion is not supplied to, nor present in, the feed gas stream. The
      difference between these two values of electrical output must then be
      determined after the measurement of the values. Such a method, however, is
      complicated, high in cost and involves considerable difficulty.
PAR  An object of the present invention is to provide a method and an apparatus
      for determining with very high sensitivity and simplicity the total oxygen
      demand of combustible materials in aqueous dispersion while avoiding the
      deficiencies of the prior art.
DRWD
PAR  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects are accomplished by this invention, a preferred
      embodiment of which is shown by way of example in the accompanying
      drawings.
PAR  FIG. 1 is a schematic illustration of one form of the present invention.
PAR  FIG. 2 is a graph relating to the electrical output signal of a continuous
      differential oxygen detector and the total oxygen demand of the sample
      being subjected to measurement.
PAR  FIGS. 3 - 7 represent a group of diagrams with diagrams (a) showing
      relationships attained with prior art methods and apparatus, in comparison
      with diagrams (b) showing relationships according to method and apparatus
      of this invention.
PAR  FIG. 8 is a schematic illustration of a modified form of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following terminologies will be used in the specification as herein
      defined:
PA1  "Combustible materials" refers to materials which can be chemically reacted
      with oxygen to form oxides under heating conditions, namely, substances
      which burn.
PA1  "Total Oxygen Demand", (herein abbreviated as "TOD"), is the amount of
      oxygen required when the combustible materials in aqueous dispersion burn
      in the presence of an oxygen containing feed gas stream, as described
      above.
PAR  The following sequence provides a first embodiment of the invention:
PA1  1. A feed gas stream, composed of an inert gas containing oxygen or air is
      supplied into a first flow path of a continuous detector for determining
      the difference in concentration of oxygen and caused to pass through that
      flow path, whereafter
PA1  2. the feed gas stream passing through and discharged from the first flow
      path of the detector is then supplied into a combustion conduit,
      containing therein a porous catalyst bed and heated to a combustion
      supporting temperature, and is thereby caused to pass through the
      combustion conduit, whereafter
PA1  3. the feed gas stream passing through and discharged from the combustion
      conduit is introduced into a second flow path of the continuous detector
      for determining the difference in concentration of oxygen and caused to
      pass through the second flow path, and
PA1  4. while the foregoing procedures of steps 1-3 are continued, a certain
      amount of aqueous dispersion of combustible materials is supplied into the
      combustion conduit upstream of the porous catalyst bed therein contained.
      The difference between the concentration of oxygen in the feed gas stream
      before passing through and after discharged from the combustion conduit is
      determined by the continuous detector for determining the difference in
      concentration of oxygen.
PAR  By this method, the combustible materials in the aqueous dispersion burn by
      taking oxygen from the feed gas stream. Thus, the concentration of oxygen
      in the feed gas stream which is discharged from the combustion conduit,
      after the aqueous dispersion of the combustible materials have been
      introduced into the combustible conduit, is lowered by an amount
      corresponding to the TOD, as compared with the concentration of oxygen
      before introduction of the aqueous dispersion into the combustion conduit.
      Namely, the difference in the concentration of oxygen in the feed gas
      stream before and after introduction of the aqueous dispersion of the
      combustible materials into the combustion conduit corresponds to TOD.
PAR  This method determines the difference in the concentration of oxygen before
      and after combustion of the combustible materials in the feed gas stream
      wherein said variations occur as time goes by, and it is possible to
      provide an apparatus having high sensitivity for the determination.
PAR  Next, a further improvement of this method provides a second preferred
      embodiment of the invention:
PA1  1. A feed gas stream composed of an inert gas containing oxygen or air is
      divided into two parts, whereafter
PA1  2. a first feed gas stream is supplied into a first flow path of a
      continuous detector for determining the difference in the concentration of
      oxygen and is caused to pass through this first flow path, whereafter
PA1  3. a second feed gas stream is supplied into a combustion conduit,
      containing therein a porous catalyst bed and heated to a combustion
      supporting temperature, and is thereby caused to pass through this second
      flow path, and
PA1  4. this second feed gas stream, passing through and discharged from the
      combustion conduit, is introduced into a second flow path of the
      continuous detector and is caused to pass through this second flow path,
      and
PA1  5. while the foregoing procedures of steps 1-4 are continued, a certain
      amount of aqueous dispersion of combustible materials is introduced into
      the combustion conduit upstream of the porous catalyst bed, and the
      difference in concentrations of oxygen in these two feed gas streams is
      determined by the continuous detector.
PAR  Because this improved method utilizes a feed gas stream which is divided
      into two parts, it is completely free from changes in oxygen concentration
      within the feed gas stream which occur as time passes. Such changes in
      oxygen concentration are encountered when using prior art methods.
PAR  In the two embodiments of the invention disclosed above, if the relation
      between an electrical output signal corresponding to the difference in
      concentration of oxygen and the known TOD of an aqueous dispersion of
      combustible materials has been determined in advance, it is possible
      thereafter to determine the TOD of unknown combustible materials in an
      aqueous dispersion.
PAR  The structure of an apparatus according to the invention which is
      preferable for practicing these embodiments is as follows:
PA1  1. means for supplying a feed gas stream composed of an inert gas
      containing oxygen or air,
PA1  2. a combustion conduit having an inlet and an outlet for passage of a feed
      gas stream and containing therein a porous catalyst bed capable of
      supporting combustion of combustible materials.
PA1  3. means for supplying a certain amount of an aqueous dispersion of
      combustible materials into the combustion conduit,
PA1  4. means for heating the combustion conduit to a combustion supporting
      temperature within the range of 600.degree.-1000.degree. C, and
PA1  5. means for continuously detecting the difference in concentration of
      oxygen between a first feed gas stream having nothing to do with
      combustion of the combustible materials and a second feed gas stream
      involved with the combustion.
PAR  The first embodiment of the method and the apparatus of the present
      invention will be explained by reference to the accompanying drawings.
PAR  In FIG. 1, the basic components comprise means for supplying a feed gas
      stream 1, a nitrogen gas bomb 2, an oxygen concentration controller unit
      3, a constant temperature vessel 4, a silicone rubber tube 5, a sample
      inlet means 6, a combustion conduit 7, a heating zone 8, an electric
      furnace 9, a temperature controller 10, a porous catalyst bed 11, a water
      bubbler 12, a continuous detector for determining the difference in
      concentration of oxygen 13, which contains separated gas flow paths 14 and
      15, a sample inlet 16, a sample outlet 17, a valve 18, a slider 19 and a
      recorder 20.
PAR  The means for supplying a feed gas stream 1 consists of a nitrogen gas bomb
      2 and the oxygen concentration controller unit 3. In oxygen concentration
      controller unit 3, a silicone rubber tube 5 enclosed inside a constant
      temperature vessel 4, is kept at a constant temperature and nitrogen gas
      is supplied at a regulated flow rate from the nitrogen gas bomb 2 into the
      silicone rubber tube 5. By keeping constant the environmental temperature
      of the silicone rubber tube 5, it is possible to keep constant the ratio
      of oxygen permeating and diffusing the porous silicone rubber tube 5 from
      the air, therefore, making it possible to obtain a feed gas stream having
      a constant concentration of oxygen. This feed gas steam is then divided
      into two parts, whereafter a first is introduced into a first flow path 14
      of continuous detector for determining the difference in concentration of
      oxygen (herein abbreviated as "continuous detector") 13 and discharged
      into the atmosphere. A second feed gas stream is introduced into the
      combustion conduit 7 via the sample inlet means 6. The temperature of the
      heating zone 8, including the combustion conduit 7 containing the porous
      catalyst bed 11 is controlled by the electric furnace 9 and the
      temperature controller 10, so as to furnish a combustion supporting
      temperature. This second feed gas stream is passed through the porous
      catalyst bed 11 and is introduced into a water bubbler 12 which keeps the
      concentration of moisture in the gas stream constant. Thereafter this
      second feed gas stream is introduced into flow path 15 of continuous
      detector 13 and discharged into the atmosphere.
PAR  While these processes are continued, a sample of the aqueous dispersion
      containing the combustible materials, whose value of TOD is to be
      determined, (hereafter referred to as "sample"), is caused to flow from
      inlet 16 to outlet 17. This is accomplished when valve 18 is activated,
      causing the slider 19 part of sample inlet means 6 to move and thereby
      introduce a predetermined amount of sample in the form of liquid drops
      into the feed gas stream at a point upstream of the porous catalyst bed 11
      within the combustion conduit 7. During this process, the sample
      evaporates, and the combustible materials burn by taking oxygen from the
      feed gas stream. Oxygen is consumed in an amount corresponding to TOD. As
      a result, the concentration of oxygen in the second feed gas stream after
      discharge from the combustion conduit 7 is reduced by an amount
      corresponding to TOD of the sample.
PAR  The sample to be introduced into the second feed gas stream may either be
      introduced in a liquid state, or may be evaporated in advance and
      introduced in a vaporous state.
PAR  The continuous detector 13 consists of a solid electrolyte tube, having the
      property of conducting electricity purely by means of oxygen ions, and two
      gas flow paths, a first formed outside and a second inside a partition of
      the tube. It gives rise to an electromotive force according to the
      Nernst's relation, depending upon the difference in concentration of
      oxygen in the first and second feed gas streams introduced into the first
      and second flow paths.
PAR  Now, when the concentration of oxygen in the feed gas stream is made
      sufficiently large, that is more than about 10 times the maximum value of
      TOD to be determined, the ratio of the concentration of oxygen in the
      first and second feed gas streams approaches 1 and it is possible to
      directly obtain an electrical output signal from continuous detector 13
      corresponding to the difference in the concentrations of oxygen. Thus,
      when this electrical output signal is recorded by recorder 20, it is
      possible to determine the difference in oxygen concentration between the
      first feed gas stream introduced into the gas flow path 14 of continuous
      detector 13 and the second feed gas stream, which has been introduced into
      the gas flow path 15 of continuous detector 13; the difference is oxygen
      concentrations corresponding to the TOD of the sample.
PAR  Several methods of supplying the feed gas stream are available, including a
      method of continuously mixing an inert gas and oxygen in a constant ratio,
      a method using a premixed gas bomb obtained by combining an inert gas and
      oxygen in a constant ratio in advance of filling the gas bomb under
      pressure, a method by occurence of electrolysis, and a method utilizing
      permeation and diffusion of oxygen through a porous partition, such as a
      silicone rubber tube. Adopttion of a system employing a premixed gas bomb
      is advantageous in that stability and uniformity of the gas stream, as
      well as desired concentration of oxygen, are obtained. However, such a
      system also has a deficiency in that the mixed gas bomb is very expensive.
      From the viewpoint of economy and uniformity, however, a method of
      controlling the concentration of oxygen in the feed gas stream by
      utilizing permeation and diffusion through a porous partition is
      advantageous and is preferred for these reasons. However, by this method a
      10% by volume concentration is obtained at best and a greater
      concentration is difficult to achieve.
PAR  Any gas which is essentially inert may be used as a feed gas, however,
      nitrogen gas is economically advantageous as compared with helium and
      argon gas. By utilizing a continuous detector 13 for determining the
      difference in concentration of oxygen between two feed gas streams, it
      becomes possible to use air existing in the natural world, which is
      economically very advantageous.
PAR  As to the concentration of oxygen in the feed gas stream, basically it is
      sufficient when oxygen is contained in an amount necessary for combustion
      of the sample, however, it is appropriate to determine the concentration
      of oxygen by taking into account the range of the TOD, the characteristics
      of the detector and the economical availability of a feed gas stream
      containing a predetermined amount of oxygen.
PAR  The TOD of waste water differs somewhat depending upon the water quality.
      It is less than about 1,000 ppm in many cases and the highest TOD may be
      considered less than several 10s of thousands ppm. When a TOD of about 0.1
      ppm can be determined as a lower limit of concentration, almost all
      objectives of the invention may be achieved.
PAR  In addition, an oxygen concentration cell comprising a solid electrolyte
      partition adopted as continuous detector 13 is very high in detection
      sensitivity, readily responsive and capable of determining the
      concentration of oxygen in a broad range, from a zone of low concentration
      of oxygen less than 1 ppm to a zone of high concentration of oxygen which
      approaches 100% and moreover, is capable of determining a fine change of
      about 1/10,000 of the concentration of oxygen.
PAR  When a decision as to the method of supplying the feed gas stream is made
      from the foregoing, the concentration of oyxgen in the feed gas stream may
      be 10 ppm - 10% by volume and generally it may not be more than 1,000 ppm.
      However, when analyzing a sample having a high TOD of more than 100 -
      1,000 ppm, it is economically more advantageous to use air obtained from
      the natural world as the feed gas stream.
PAR  The porous catalyst bed is prepared by packing one or more types of
      catalyst in a bed, in which catalyst is held by asbestos, and quartz
      fiber, as occasion demands. In such case, the catalyst is packed to allow
      sufficient space so that it does not impose a large resistance to flow of
      the feed gas stream. As the catalyst, platinum, cobalt, nickel, silica
      gel, and quartz may be used. The heating temperature of the combustion
      conduit will vary depending upon the kind of catalyst used; 800.degree. -
      1,000.degree. C in case of platinum catalyst and in cases of silica gel
      and quartz, the best results is obtained when the temperature is between
      600.degree. - 800.degree. C. Accordingly, it is generally preferable to
      make the heating temperature of the combustion conduit 600.degree. -
      1,000.degree. C.
PAR  It is necessary to keep the following parameters constant; the amount of
      sample introduced into the gas stream, the combustion temperature, and the
      flow rate of the feed gas stream, although the concentration of the oxygen
      in the feed gas stream need not be kept absolutely constant.
PAR  An electrical output signal from continuous detector 13 is recorded by
      recorder 20. The relationship between the electrical output signal of
      continuous detector 13 and TOD can be more readily understood by reference
      to the drawings.
PAR  FIG. 2 is a graph showing the relationship between the electrical output
      signal of a continuous detector and the TOD. The TOD is graduated on the
      abscissa in ppm units and the output voltage is graduated on the ordinate
      in mV units.
PAR  FIG. 2 illustrates a case, in which air is used as the feed gas stream,
      that is, a source of compressed air was used as means for supplying the
      feed gas stream (in apparatus 1 of FIG. 1), the flowing rate of the feed
      gas stream is 150 cc/min and the amount of the sample is 20 ul (micro
      liter) of an aqueous solution of potassium hydrogen phthalate. The
      relationship between the output voltage of continuous detector 13 and the
      TOD is, shown in FIG. 2, a very excellent linear one. In this case, a 17
      .theta. .times. 350mm quartz glass pipe is used as the combustion conduit
      and platinum is used as the catalyst, while the temperature of the
      combustion conduit is maintained at 800.degree. C.
PAR  While in the foregoing explanation of FIG. 1, and FIG. 2, disclosure is
      made in reference to a specific example of the second embodiment of the
      invention for determination of TOD, the first embodiment may also be
      practiced in substantially the same way. As illustrated in FIG. 8, wherein
      similar parts are numbered in a similar manner as in FIG. 1, the first
      embodiment of the invention may be practiced by limiting the feed gas
      stream to a single feed gas stream, which is passed through a first flow
      path 14 of continuous detector 13, after being supplied from oxygen
      concentration controller unit 3 and before being introduced through the
      sample inlet means 6, and the combustion conduit 7, whereafter the feed
      gas stream is introduced through the sample inlet means 6 and the
      combustion conduit 7, passed through the water bubbler 12 and into the
      second gas flow path 15 of continuous detector 13.
PAR  In order to better clarify and more fully explain the improvements made by
      the invention, comparison of characteristics of the method and apparatus
      of the invention with that of the prior art is helpful.
PAR  First, the method of obtaining an electrical output signal corresponding to
      the TOD differs. Namely, in prior art method and apparatus two values of
      an electrical output signal are recorded, a first signal when no sample is
      present in the feed gas stream and a second signal when sample is
      introduced into the feed gas stream, and the value of an electrical output
      signal which is the difference between the two values must therefore be
      determined. In the present invention, only a single electrical output
      signal corresponding to the difference in concentration of oxygen between
      a first feed gas stream having nothing to do with combustion of the sample
      and a second feed gas stream passing through the combustion conduit and
      taking part in combustion of the sample materials need be obtained,
      thereby simplifying the operation.
PAR  Secondly, in the prior art method and apparatus, the only feed gas stream
      utilized is that which passes through the combustion conduit, whereas in
      the present invention, a separated gas stream is used, namely, a first gas
      stream taking part in combustion of the sample and a second gas stream
      having nothing to do with the combustion. Therefore, the invention may be
      expected to provide a method and apparatus for determining TOD with very
      high sensitivity.
PAR  Thirdly, in the prior art method and apparatus, an inert gas containing
      from 10 ppm to 10,000 ppm by volume of oxygen is utilized as the feed gas
      stream, while, in the present invention, an inert gas containing oxygen in
      an amount within the broad range of 10 ppm - 10% by volume may be used,
      and, more significantly, air obtained from the natural world which is
      inexpensive and has a relatively stable concentration of oxygen may also
      be used.
PAR  FIGS. 3 - 7 are a group of drawings showing the principle of the present
      invention in comparison with the prior art methods and apparatus wherein
      FIGS. 3a - 7a and FIGS. 3b -- 7b show the principle of the prior art
      method and apparatus and that of the present invention, respectively. More
      specifically; 3a and 3b show the concentration of oxygen in the feed gas
      stream, as a function of time; 4a and 4b show the concentration of oxygen
      of the feed gas stream taking part in combustion of the sample after
      combustion of the sample, as a function of time; 5a and 5b show values of
      electrical output signals, from the oxygen detector, or the continuous
      detector, corresponding to 4a and 4b; 6a and 6b show the relationship
      between the values of the electrical output signal of the oxygen detector,
      or the continuous detector, and the concentration of oxygen; and 7a and 7b
      show the relationship between the difference in concentration of oxygen
      and TOD.
PAR  When feed gas streams, whose concentration of oxygen change with time like
      3a and 3b, are passing through the apparatus of the prior art and the
      apparatus of the invention, respectively, and a sample is introduced into
      the combustion conduit, lowering of the concentration of oxygen of the
      feed gas stream occurs during the combustion of the sample, (as shown by
      oblique lines in 4a and 4b at times of t.sub.1 and t.sub.2), as a result
      of combustion of that sample. Amounts of oxygen corresponding to these
      portions shown by oblique lines represent the TOD of the sample.
PAR  The prior art apparatus utilizes a device for determining the concentration
      of oxygen which produces an electrical output signal corresponding to the
      concentration of oxygen. By recording the electrical output signal
      produced by the device as times passes and while a sample is injected and
      burned in the combustion conduit, a graphic representation of that
      electrical signal, as shown in 5a, is obtained. The invention, however, by
      utilizing a continuous detector for determining the difference in
      concentration of oxygen, is capable of directly producing an electrical
      output signal corresponding to that difference in oxygen concentration.
      The corresponding electrical signal produced by the invention is shown in
      FIG. 5b. Namely, by the invention, when no combustion is carried out, any
      changes in concentration of oxygen in either of the two separated feed gas
      streams are the same as times passes, and the difference in concentration
      of oxygen between these two feed gas streams is zero and, accordingly, the
      electrical output signal generated by continuous detector 13 is also zero.
      Furthermore, when combustion of a sample is carried out using the
      invention, the concentration of oxygen in the second feed gas stream,
      which takes part in the combustion, is lowered and an electrical output
      signal corresponding to the difference in oxygen concentration between the
      first (reference) feed gas stream and the second (combustion supporting)
      feed gas stream may be directly obtained. In reference to the drawings,
      FIGS. 5a and 5b show, by oblique lines, the electrical output signals
      corresponding to the lowered concentration of oxygen in the feed gas
      streams, (combustion supporting) as shown by the oblique lines in FIGS. 4a
      and 4b, respectively.
PAR  One method for obtaining electrical output signals corresponding to the
      portions shown by oblique lines in FIGS. 4 and 5 is by obtaining
      electrical output signals corresponding to the areas of the portions shown
      by oblique lines, while another method is by obtaining electrical output
      signals which correspond to the amplitudes of the portions shown by
      oblique lines. The latter method is adopted in the invention, however,
      there is no essential difference when the former method is applied.
PAR  In order to determine an electrical output signal corresponding to a change
      in the concentration of oxygen caused by combustion of sample as shown in
      5a, namely, the maximum amplitude of the portion shown by oblique lines in
      the prior art method and apparatus, it is necessary to obtain electrical
      output signals corresponding to the concentration of oxygen of the feed
      gas stream at times t.sub.1 and t.sub.2 as shown in 3a and 4a. The
      electrical output signals corresponding to the concentration of oxygen of
      the feed gas stream at t.sub.1 and t.sub.2 in 4a are obtained from the
      oxygen detector, and are labeled E.sub.t.sbsb.1 and E.sub.t.sbsb.2 as
      shown in 5a, respectively. Because the prior art method and apparatus
      determine the concentration of oxygen of the feed gas stream only after
      discharge from the combustion conduit, it is difficult to obtain
      electrical output signals corresponding to the concentration of oxygen
      without combustion, at t.sub.1 and t.sub.2 in 3a. Therefore, the prior art
      methods and apparatus utilize the concentration of oxygen in the feed gas
      stream immediately before introduction of the sample as a reference, that
      is, at time t'.sub.1 and t'.sub.2, in FIG. 4a. From the difference between
      this reference and the concentration of oxygen in the feed gas stream at
      t.sub.1 and t.sub.2, the lowered portion of the concentration of oxygen of
      the feed gas stream, as shown by oblique lines in FIG. 4a and caused by
      combustion of the sample, can be determined. Namely, in FIG. 5a electrical
      output signal E.sub.t.sub.'.sbsb.1, or E.sub.t.sub.'.sbsb.2, corresponding
      to the concentration of oxygen in the feed gas stream at time t'.sub.1, or
      t'.sub.2, which corresponds to a time immediately preceeding the
      introduction of sample, is made a reference and is necessary for
      determination of the difference between E.sub.t.sub.'.sbsb.1 and
      E.sub.t.sbsb.1 or between E.sub.t.sub.'.sbsb.2  and E.sub.t.sbsb.2. The
      value of (E.sub.t.sub.'.sbsb.1 - E.sub.t.sbsb.1) or (E.sub.t.sub.'.sbsb.1
      - E.sub.t.sbsb.2) corresponds to the total oxygen demand of the sample.
PAR  In comparison, an electrical output signal obtained in the present
      invention is shown in FIG. 5b. The portion shown by oblique lines in 5b is
      an electrical output signal directly corresponding to the difference in
      oxygen concentration between the separated feed gas streams at time
      t.sub.1, or t.sub.2. Accordingly, to determine the amplitude of the
      portion shown by oblique lines, it is sufficient to measure the electrical
      output signal of continuous detector 13 at a single point in time, that is
      the time at which it reaches its maximum. An electrical output signal at
      t.sub.1, or t.sub.2, reaches maximum amplitude at E.sub.t.sbsb.1, or
      E.sub.t.sbsb.2, in FIG. 5b.
PAR  Since the prior art method and apparatus requires two electrical output
      signals differing as a function of time, an electrical output signal
      E.sub.t.sub.'.sbsb.1  at t'.sbsb.1 and an electrical output signal
      E.sub.t.sbsb.1 at t.sub.1, to measure the maximum amplitude of the portion
      of FIG. 5a shown by oblique lines, it is necessary to compare and contrast
      the measurements before and after introducing the sample, which is
      troublesome. The determination of the changed portion of the concentration
      of oxygen caused by combustion via the prior art methods and apparatus,
      adopts a method of determining a relatively small electrical output
      signal, corresponding to the difference in the concentration of oxygen,
      (E.sub.t.sub.'.sbsb.1 - E.sub.t.sbsb.1), from two relatively large
      electrical output signals, corresponding to the concentration of oxygen,
      E.sub.t.sub.'.sbsb.1  and E.sub.t.sbsb.1 in FIG. 5a. Therefore, the error
      in this determination is great and the permissible range of the
      concentration of oxygen with the inert gas, adopted as a feed gas stream,
      is narrow. Therefore, practice of the prior art to determine TOD requires
      that the concentration of oxygen in relation to the inert gas in the feed
      gas stream must be kept at a level such that the amount of oxygen is in
      the vicinity of the maximum value of the TOD of the sample.
PAR  By comparison, the invention requires measurement of only a single
      electrical output signal E.sub.t.sbsb.1 at time t.sub.1, which is directly
      produced while the combustion of the sample is carried out. Since the
      electrical output signal obtained when no combustion is being carried out
      is zero and the signal produced when combustion is being carried out is
      directly obtained, the sensitivity of the TOD determination is high.
      Furthermore, by using a method which determines the difference in
      concentration of oxygen, a feed gas stream composed of a broad range in
      concentration of oxygen with inert gas can be utilized, as well as air
      existing in the natural world. As a result, determination of high TOD, on
      the magnitude of several 10s of thousand ppm, may be easily performed
      using the invention, while it would be difficult by prior art methods and
      apparatus.
PAR  FIG. 6a and FIG. 6b illustrate the relationship between the electrical
      signal generated by the prior art methods and appartus or that of the
      invention, and the concentration of oxygen or the difference in
      concentration of oxygen, respectively. Since the prior art utilizes a
      detector which measures only the concentration of oxygen at a given
      instant in time, it is necessary to determine the concentrations of oxygen
      at P.sub.t.sub.'.sbsb.1, and P.sub.t.sbsb.1, or P.sub.t.sub.'.sbsb.2 and
      P.sub.t.sbsb.2, in FIG. 6a, which correspond to E.sub.t.sub.'.sbsb.1 and
      E.sub.t.sbsb.1, or E.sub.t.sub.'.sbsb.2 and E.sub.t.sbsb.2, respectively.
      Thereafter, the difference of (P.sub.t.sub.'.sbsb.1 - P.sub.t.sbsb.1), or
      (P.sub.t.sub.'.sbsb.2  - P.sub.t.sbsb.2), must be determined; wherein
      P.sub.t.sub.'.sbsb.1 and P.sub.t.sub.'.sbsb.2  are the concentration of
      oxygen immediately before combustion of a sample at times t.sub.'.sbsb.1
      and t.sub.'.sbsb.2 in FIG. 4a, respectively, and P.sub.3.sbsb.t.sbsb.1
      and P.sub.3.sbsb.t.sbsb.2 are the concentrations of oxygen without
      combustion at times t.sub.1 and t.sub.2 in FIG. 3a, respectively.
PAR  The error resulting from prior art methods is determined by the change in
      concentrations of oxygen in the feed gas stream between times t'.sub.1 and
      t.sub.1, or t'.sub.2 and t.sub.2, in FIG. 3a, which is
      (P.sub.t.sub.'.sbsb.1  - P.sub.3.sbsb.t.sbsb.1) or (P.sub.t.sub.'.sbsb.2
      - P.sub.3.sbsb.t.sbsb.2). In order to avoid such error when practicing
      prior art, it is necessary to keep the concentration of oxygen in the feed
      gas stream constant. This requires not only a complicated means for
      supplying the feed gas stream, but makes it necessary to use a very
      expensive feed gas stream such as a mixed gas bomb.
PAR  In contrast, the invention, because it makes it possible to obtain directly
      an electrical output signal corresponding to the difference in
      concentration of oxygen between two separated portions of the feed gas
      stream, also makes it possible to directly obtain the difference in
      concentration of oxygen .DELTA.P, in 6b. Furthermore, the error resulting
      from prior art methods, as discussed above, does not occur with the
      invention, which determines a difference in concentration of oxygen,
      resulting from combustion of sample, at a single point in time. This means
      that the feed gas stream may be simple and it is possible to use an
      inexpensive feed gas.
PAR  The relationship between the concentration of oxygen and the electrical
      output signal from the detector used in prior art methods and apparatus
      does not become linear. Therefore, even if the difference in concentration
      of oxygen upon combustion of the sample is the same, that is, even if the
      sample is the same, the value of the electrical output signal from the
      detector varies depending upon the concentration of oxygen in the feed gas
      stream.
PAR  In contrast, because it is possible to directly obtain an electrical output
      signal in proportion to the difference in concentration of oxygen in the
      present invention, even if the concentration of oxygen in the feed gas
      stream varies, it is always possible to obtain the same electrical output
      signal from the continuous detector 13 for the same sample.
PAR  Finally, FIG. 7a and 7b show the relationship between the difference in
      concentration of oxygen and the Total Oxygen Demand (TOD), as determined
      prior art and apparatus and that of the invention, respectively, from
      which it is possible to determine the TOD of the sample.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for determining the total oxygen demand of combustible
      materials in an aqueous dispersion said materials being provided in a feed
      gas stream, using means forming a combustion zone and a detector for
      determining differences of concentration of oxygen in comparative samples,
      having two flow paths, which comprises the following steps:
PA1  a. dividing a feed gas stream composed of an inert gas containing oxygen
      into two parts.
PA1  b. supplying a first part of said feed gas stream into said first flow path
      through said detector for determining differences in the concentration of
      oxygen, and
PA1  c. supplying a second part of said feed gas stream through a combustion
      conduit in said combustion zone which contains a catalyst bed and is
      heated to a combustion supporting temperature, wherein said second part of
      said feed gas stream flows through said combustion supporting catalyst bed
      in said combustion zone, and
PA1  d. thereafter channeling the effluent second part of said feed gas stream
      from said combustion conduit into said second flow path through said
      detector, and
PA1  e. while continuing the above procedures, injecting a small amount of an
      aqueous dispersion of combustible materials into said combustion conduit
      upstream of said catalyst bed, whereby said combustible materials are
      burned and an electrical signal corresponding to the total oxygen demand
      for burning said combustible material is generated by said detector.
NUM  2.
PAR  2. A method as described in claim 1 wherein said feed gas stream containing
      oxygen includes air.
NUM  3.
PAR  3. A method as described in claim 1 wherein said dispersion of combustible
      materials is continuously injected.
NUM  4.
PAR  4. A method as described in claim 1 wherein said aqueous dispersion of
      combustible materials is injected intermittently.
NUM  5.
PAR  5. A method as described in claim 1 wherein said aqueous dispersion of
      combustible materials is injected in a vaporous state.
NUM  6.
PAR  6. A method as described in claim 1 wherein said inert gas is selected from
      the group consisting of nitrogen, helium and argon.
NUM  7.
PAR  7. A method as described in claim 1 wherein said feed gas stream contains
      not more than 10% by volume or oxygen.
NUM  8.
PAR  8. A method as described in claim 1 wherein said catalyst is selected from
      the group consisting of platinum, cobalt, quartz and silica gel.
NUM  9.
PAR  9. A method as described in claim 1 wherein said consisting of asbestos,
      glass fiber and quartz fiber.
NUM  10.
PAR  10. A method for determining the total oxygen demand of combustible
      materials in an aqueous dispersion said materials being provided in a feed
      gas stream, using means forming a combustion zone and a detector for
      determining differences of concentration of oxygen in comparative samples,
      having two flow paths, which comprises the following steps:
PA1  a. supplying said feed gas stream composed of an inert gas containing
      oxygen into a first flow path of said detector for determining differences
      in the concentration of oxygen.
PA1  b. supplying the effluent gas from said first flow path of said detector
      into a combustion conduit containing a combustion supporting catalyst bed
      in a combustion zone which is heated to a combustion supporting
      temperature, wherein said feed gas stream flows through said combustion
      supporting catalyst bed in said combustion zone,
PA1  c. supplying the effluent gas from said combustion conduit into a second
      flow path of said detector, and
PA1  d. while continuing the above procedures, injecting a small amount of an
      aqueous dispersion of combustible materials into and said combustion
      conduit upstream of said catalyst bed, whereby said combustible materials
      are burned and an electrical signal corresponding to the total oxygen
      demand for burning said combustible materials is generated by said
      detector.
NUM  11.
PAR  11. A method as described in claim 10, wherein said feed gas stream
      containing oxygen includes air.
NUM  12.
PAR  12. A method as described in claim 10 wherein said aqueous dispersion of
      combustible materials is continuously injected.
NUM  13.
PAR  13. A method as described in claim 10 wherein said aqueous dispersion of
      combustible materials is injected intermittently.
NUM  14.
PAR  14. A method as described in claim 10 wherein said aqueous dispersion of
      combustible materials is injected in a vaporous state.
NUM  15.
PAR  15. A method as described in claim 10 wherein said inert gas is selected
      from the group consisting of nitrogen, helium and argon.
NUM  16.
PAR  16. A method as described in claim 10 wherein said feed gas stream contains
      not more than 10% by volume of oxygen.
NUM  17.
PAR  17. A method as described in claim 10 wherein said catalyst is selected
      from the group consisting of platinum, cobalt, quartz and silica gel.
NUM  18.
PAR  18. A method as described in claim 10 wherein said catalyst is supported by
      a material selected from the group consisting of asbestos, glass fiber and
      quartz fiber.
NUM  19.
PAR  19. An apparatus for determining the total oxygen demand of combustible
      materials in an aqueous dispersion which comprises:
PA1  a. a means for supplying a feed gas stream containing oxygen,
PA1  b. a combustion conduit having an inlet and an outlet and a heating zone in
      which is provided a combustion supporting catalyst bed; said combustion
      conduit being adapted to receive injected combustible materials in aqueous
      dispersions by rapidly injecting them into said heating zone,
PA1  c. a means for heating said combustion conduit to a temperature within
      range of from 600.degree. to 1000.degree. C.
PA1  d. means forming a first flow path for delivering a first portion of said
      feed gas stream to a detecting means.
PA1  e. means forming a second flow path for delivering a second portion of said
      feed gas stream into said combustion conduit including means for injecting
      combustible materials therein and for delivering combustion products to
      said detecting means, and
PA1  f. a means for detecting oxygen as a difference in concentration between
      said two portions of said feed gas stream; said first portion taking part
      in a combustion supporting process and said second portion having nothing
      to do with it.
NUM  20.
PAR  20. An apparatus as described in claim 19 wherein said means for injecting
      combustible materials in an aqueous dispersion is operable intermittently.
NUM  21.
PAR  21. An apparatus as described in claim 19 wherein a graphic recorder is
      electrically connected said means for detecting oxygen.
NUM  22.
PAR  22. An apparatus as described in claim 19 wherein a porous silicone rubber
      tube surrounded with a constant temperature means is connected to a
      container of nitrogen gas said means for supplying the feed gas stream
      containing oxygen.
NUM  23.
PAR  23. An apparatus as described in claim 19 wherein said means for supplying
      a feed gas stream containing oxygen comprises means of continuously mixing
      an inert gas and oxygen at a constant rate.
NUM  24.
PAR  24. An apparatus as described in claim 19 wherein said means for detecting
      oxygen is an oxygen concentration cell comprised of a solid electrolyte
      tube having the property of conducting electricity purely by means of
      oxygen ions, and two gas flow paths formed inside and outside partition of
      said tube, whereby said cell generates an electrical signal according to
      the Nernst's relation.
NUM  25.
PAR  25. An apparatus as described in claim 19 wherein said means for injecting
      said combustible materials in aqueous dispersion comprises a slide plate
      system.
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ABST
PAL  A method and apparatus for the detection of primary and secondary amino
      acids in a known sequence in a liquid sample stream. The amino acids are
      rendered detectable by reaction with a fluorometric reagent such as
      fluorescamine. A conversion reagent, e.g., N-chlorosuccinimide, is added
      to the sample streams only when secondary amine is present. Baseline shift
      in the fluorometric detection is avoided by adding an inert liquid diluent
      stream to the sample stream at a predetermined flow rate at all times
      except when the conversion reagent is added. By maintaining the diluent
      and N-chlorosuccinimide streams under constant pressure and synchronously
      switching between streams to coincide with the presence of a primary or
      secondary amino acid, liquid flow through the fluorometer is maintained at
      a substantially constant rate throughout the run.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Fluorometric analysis has been performed for the detection of primary and
      secondary amino acids from a single column. One such system is described
      in a paper by Felix and Terkelsen, entitled "Total Fluorometric Amino Acid
      Analysis using Fluorescamine," Archives of Biochemistry and Biophysics,
      Vol. 157, No. 1, July 1973. The same system is described in a paper by the
      same authors entitled "Determination of Hydroxyproline in Fluorometric
      Amino Acid Analysis with Fluorescamine," Analytical Biochemistry, Vol. 56,
      No. 2, December 1973, p. 610. In the above Felix et al articles, standard
      amino acid mixtures are eluted from a chromotographic column by the use of
      standard buffer solutions. Fluorescamine is added to the solution prior to
      passage through the fluorometer. When the sample stream contains secondary
      amino acid, an oxidizing agent, N-chlorosuccinimide (herein NCS) is added
      to the sample stream prior to reaction with the fluorescamine. This
      converts the secondary amino acid to a form which is detectable by the
      fluorometer upon reaction with the fluorescamine.
PAR  The secondary amino acids, e.g. proline and 4-hydroxyproline, of the
      sequentially eluted sample stream must be converted to another form to be
      rendered detectable by reaction with conventional fluorogens, e. g.,
      fluorescamine or O-phthalaldehyde. One conversion technique is reaction
      with an oxidizing agent, N-chlorosuccinimide, as illustrated in the above
      Felix et al articles. However, the oxidizing agent is known to adversely
      affect the quantitative detection of the primary amino acids in the
      stream. Thus, the oxidizing agent conventionally is added to the reagent
      stream only when the secondary amino acid is present by "pulsing" the
      oxidizing agent into the stream at that time.
PAR  A disadvantage of the above system is that the pulsing causes a sudden
      increase in the flow rate of liquid through the fluorometer. In turn, this
      causes a marked "baseline" shift in the recorded chromatograms as
      illustrated in the foregoing papers. Complex electronics is required to
      compensate for this baseline shift which is the cause of potential
      analytical error, as by failure to properly compensate for the pulse in
      the calibration. The same problem is inherent in other fluorometric
      detection systems in which an oxidizing agent is pulsed during the
      presence of only a secondary amino acid.
PAC  SUMMARY OF THE INVENTION AND OBJECTS
PAR  It is a general object of the invention to provide a system for avoiding
      baseline shift in the detection of substances in a known sequence in a
      sample stream in which detection of one of the substances is impeded by
      reaction with a reagent and detectability of the second substance is
      improved by reaction with same reagent.
PAR  It is a particular object of the invention to provide a system of the
      foregoing type which avoids baseline shift in the fluorometric detection
      of primary and secondary amino acids in a known sequence wherein only the
      secondary amino acid is reacted with an oxidizing agent to render it
      detectable upon reaction with the fluorometric reagent.
PAR  In accordance with the above objects, the present method includes the
      addition of an inert diluent stream at a predetermined flow rate to the
      sample stream when the flow path includes the first substance. When the
      sample stream includes the second substance, the conversion reagent is
      added at essentially the same flow rate as the liquid diluent stream which
      is simultaneously discontinued. In this manner, liquid flows through the
      detection zone at a substantially constant rate to avoid baseline shift.
      Downstream from the above location, a detection reagent is added which is
      capable of quantitatively reacting with the first and second substances at
      that point in the stream to render them detectable. Then, the stream is
      passed at a constant flow rate through a suitable detector.
PAR  For simplicity of description, the present invention will be described with
      respect to preferred embodiment in which the first substance is a primary
      amino acid, the second substance is a secondary amino acid, the conversion
      reagent is an oxidizing agent, and the detection reagent is a fluorogenic
      reagent.
PAR  The apparatus of the present invention is particularly adapted for carrying
      out the above process. It includes a source of the above liquid sample, a
      source of oxidizing agent under a predetermined pressure, a source of
      inert diluent under essentially the same pumping pressure, a fluorometer,
      and a process line connecting the sample stream source and detector means.
      Switch valve means is provided for communicating with the liquid diluent
      and conversion reagent at the inlet side and with the process line at its
      outlet side. Such valve means is capable of synchronously alternating flow
      in the process line between liquid diluent and conversion reagent. For
      fluorometry, a fluorogenic agent source is connected to the process line
      downstream from the valve means.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of apparatus suitable for carrying out
      the process of the present invention.
PAR  FIG. 2 illustrates chromatograms of a system for detecting primary and
      secondary amino acids from a single sequential sample without a baseline
      shift.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Briefly described, the present system includes the detection of at least a
      first and second substance in a known sequence in a liquid sample stream
      in which detectability of the first substance is impeded by reaction with
      a conversion reagent and detectability of the second substance is improved
      by reaction with the same conversion reagent. To simplify the description,
      the present process will be described with primary and secondary amino
      acids as the first and second substances and an oxidizing agent as the
      conversion reagent. More specifically, it will be described in the
      environment of fluorometry.
PAR  Referring to the present system, a conventional mixture of primary and
      secondary amino acids are supplied with standard buffer solutions to
      chromatographic column 11 under constant pressure to provide a selected
      flow rate through the column. The amino acids are eluted in sequence from
      the column to form the sample stream. It is directed at a constant flow
      rate through process line 12 to fluorometric detector 13 of a conventional
      type connected to a recorder 14. Time delay coils 16 and 18 are provided
      in line 12 to allow sufficient residence time for purposes set forth
      hereinafter. A pressurized source 19 of conversion reagent 19 for the
      secondary amino acid and a pressurized source 20 of an inert liquid
      diluent, e.g., water, are connected to common switch valve means 21 which
      is in turn connected to line 12 at a selected location 22.
PAR  Valve means 21 include a first position in which liquid flows only from
      source 19 and a second position in which liquid flows only from source 20.
      Valve means 21 synchronously alternates from flow into process line 12
      from sources 19 or 20 by external manual or automatic control means, not
      shown.
PAR  Any other valve means which performs the above function of switching
      between sources 19 and 20 may be employed. For example, separate on-off
      valves flowing through a common manifold with a synchronous switch may
      also be employed.
PAR  Sources 19 and 20 are maintained at essentially the same back pressure so
      that the flow of liquid through valve means 21 is essentially constant
      when liquid is supplied through either of sources 19 or 20. One means for
      creating uniform back pressure is by the use of a gas, e.g., air, from a
      common source. Alternatively, the uniform back pressure may be created by
      a common pump to both reservoirs.
PAR  A source of fluorogenic detection reagent is supplied at a uniform flow
      rate through four-way manifold 17 to process line 12. Uniformity of flow
      rate may be maintained by controlled constant back pressure as set forth
      above. If the fluorogenic agent is of the type that requires an alkaline
      pH for detection, such as fluorescamine, an alkaline buffer solution is
      supplied at a constant flow rate to the system from pressurized buffer
      source 24 to line 12 through manifold 17.
PAR  Referring to the present process, a continuous method for the detection of
      primary and secondary amino acids in known sequence in a liquid sample is
      carried out while avoiding a baseline shift in the recorded chromatogram.
      A mixture of primary and secondary amino acids are eluted from
      chromatographic column 11 in sequence at a constant flow rate. In a
      standard mixture of amino acids, the primary amino acids constitute the
      first four amino acids to be eluted. During passage of such amino acids
      through location 22, the inert liquid diluent flows at a constant rate
      through valve means 21 and into line 12. This is accomplished by
      maintaining a constant pressure as set forth above. The sample stream is
      then buffered to an alkaline pH from a suitable buffer (e.g., lithium
      borate), from source 24 through manifold 17, if required for the
      particular fluorogenic reagent. The fluorogenic reagent, e.g.,
      fluorescamine, is directed continuously through manifold 17 into line 12
      from source 23. Time delay coil 18 provides sufficient residence time for
      completion of the reaction between the amino acids and fluorescamine.
      Then, the sample stream passes through fluorometer 13 and the results are
      recorded as a chromatogram by recorder 14.
PAR  Immediately prior to the passage of the first secondary amino acid in the
      sample stream, typically proline, valve means 21 is actuated to shift from
      inert diluent source 20 to oxidizing agent source 19. In this manner, the
      oxidizing agent is simultaneously substituted for the discontinued liquid
      diluent stream.
PAR  Reaction coil 16 provides sufficient residence time for oxidation of the
      proline with the oxidizing agent supplied from source 19.
PAR  After passage of the secondary amino acid, proline, valve means 21 is again
      switched to its original position so that the flow of NCS is discontinued
      and the flow of inert liquid diluent is reinstituted.
PAR  It is apparent that in the above system, constant flow rate of liquid
      passes the detection zone of fluorometer 13. Thus, there is no baseline
      shift in the recorded chromatogram.
PAR  The system of the present invention is applicable to other sample streams
      containing first and second substances in which detectability of one
      substance is impeded by reaction with a conversion reagent and
      detectability of the other substance is improved by reaction with the same
      conversion reagent. More specifically, it is also applicable to other
      fluorometric detection systems for the determination of primary and
      secondary amino acids. Such systems include the use of other fluorogenic
      reagents such as O-phthalaldehyde and other oxidizing or conversion
      reagents. In certain detection systems, it may not be necessary to utilize
      the buffer from source 24.
PAR  In order to more clearly disclose the nature of the present invention, a
      specific example of the practice thereof is hereinafter given. It should
      be understood, however, that this is done by way of example and is
      intended to neither delineate the scope of the present invention nor limit
      the appended claims.
PAC  Example 1
PAR  A sample comprising a standard calibration mixture of the nine amino acids
      illustrated in FIGS. 2 and 3 is run through a 2 .times. 30 cm
      chromatographic column 11 filled with DC-4A cation exchange resin (Durrum
      Chemical Corp., Palo Alto, Calif.). A buffer solution comprising 0.2 N
      sodium citrate with a pH value of 3.25 is forced under pressure through
      the column to elute the sample stream at a constant flow rate of 6 ml/hr.
      For this purpose, the column is pressurized from an air reservoir at 400
      psi. As illustrated in FIG. 2 and 3, the first four amino acids eluted
      from the column are the primary amino acids, aspartic acid, threonine,
      serine and glutamic acid. Diluent, water, is supplied from source 20
      pressurized at 100 psi through valve 21 at a flow rate of 6 ml/hr during
      this stage of elution. At a time just prior to the flow of secondary amino
      acid, proline, past location 22, valve means 21 is actuated to shift the
      flow of liquid from water (source 20) to oxidizing agent, comprising
      10.sup..sup.-3 M NCS in water (source 19). The time of this shift is
      designated "start" on the time line of the chromatograms of FIGS. 2 and 3.
      Source 19 is maintained under the same pressure (100 psi) as the water to
      provide the same flow rate (6 ml/hr.). Time delay coil 16 is 10 feet long
      to provide an approximate residence time of 30 seconds, sufficient for
      oxidation of the secondary amino acids. Time delay coil 18 is 30 feet long
      to provide the same residence time for reaction of the fluorescamine and
      amino acids.
PAR  Fluorogenic reagent is supplied continuously from source 23 maintained
      under 50 psi pressure to provide a flow rate of 3 ml/hr. This stream
      comprises fluorescamine at a concentration of 30 mg/100 ml of acetone.
      Fluorometer 13 is of the type sold under the trademark "Fluoromonitor" by
      American Instrument Co., Silver Spring, Md.
PAR  After passage of the proline at the time designated "stop" on the time line
      of FIGS. 2 and 3, valve means 21 is actuated to discontinue NCS flow from
      source 19 and to reinstitute water flow from source 20 at the same flow
      rate as in the original system. The remainder of the amino acids
      illustrated in FIGS. 2 and 3 in order of elution are glycine, alanine,
      cystine, and valine. The two chromatograms were formed simultaneously with
      the more sensitive run schematically illustrated as the upper run at a
      sensitivity of 0-10 millivolts and the lower run at a sensitivity of 0-100
      millivolts. These are recorded simultaneously from the same signal.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a continuous method for avoiding baseline shift in the detection of
      at least a first and second substance in a known sequence in a liquid
      sample stream moving in a flow path at a substantially constant flow rate
      to a detection zone, wherein detectability of said first substance is
      impeded by reaction with a conversion reagent and detectability of said
      second substance is improved by reaction with said conversion reagent, the
      steps of
PA1  a. adding an inert liquid diluent stream at a predetermined flow rate to
      said sample stream in said flow path when the sample stream includes said
      first substance at a selected location in said flow path,
PA1  b. adding a conversion reagent stream at essentially the same flow rate as
      the liquid diluent stream of step (a) at said selected location when the
      sample stream at said location includes said second substance and
      simultaneously discontinuing the flow of said liquid diluent stream,
      whereby liquid flows through said detection zone at a substantially
      constant rate during detection of said first and second substances.
NUM  2.
PAR  2. The method of claim 1 together with the step of
PA1  c. continuously adding a detection reagent to the sample stream flowing in
      said flow path downstream from said selected location, said detection
      reagent being capable of quantitatively reacting with said first and
      second substance in said stream to render the same substances detectable.
NUM  3.
PAR  3. The method of claim 2 in which said first substance is a primary amino
      acid and said second substance is a secondary amino acid.
NUM  4.
PAR  4. The method of claim 3 in which said detection reagent is a fluorogenic
      reagent.
NUM  5.
PAR  5. The method of claim 3 in which said primary and secondary amino acids
      are placed into sequence from a mixture of the same to form said sample
      stream by sequential elution from a chromatographic column.
NUM  6.
PAR  6. The method of claim 3 in which the conversion reagent is an oxidizing
      agent.
NUM  7.
PAR  7. The method of claim 1 in which the inert diluent stream is added to the
      sample stream at said selected location.
NUM  8.
PAR  8. The method of claim 4 in which the inert diluent stream and conversion
      reagent stream are directed through common switch valve means capable of
      synchronously alternating flow between said streams:
NUM  9.
PAR  9. The method of claim 1 in which the flow of conversion reagent stream in
      step (b) is discontinued and the flow of inert diluent is reinstituted
      when the sample stream at said selected location again includes said first
      substance.
NUM  10.
PAR  10. In a system suitable for the determination of a first substance and a
      second substance in a known sequence in a liquid sample stream while
      avoiding a baseline shift in a detection zone by maintaining a constant
      flow rate therethrough,
PA1  a. a source of said liquid sample containing a known sequence of said first
      and second substances,
PA1  b. a source of liquid conversion reagent under a predetermined pressure,
      said conversion reagent being capable of improving the detectability of
      the second substance while impeding detectability of the first substance,
PA1  c. a source of an inert liquid diluent under pressure substantially equal
      to said predetermined pressure,
PA1  d. detector means,
PA1  e. a process line connecting said sample stream source and detector means,
PA1  f. switch valve means communicating at the inlet side with said liquid
      diluent source and conversion reagent source and at the outlet side with
      said process line, said valve means being capable of synchronously
      alternating flow into said line from said liquid diluent and liquid
      reagent source.
NUM  11.
PAR  11. The system of claim 10 together with
PA1  g. a source of detection reagent communicating with said line downstream
      from said valve means for reacting with said first and second substances
      to render the same detectable.
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ABST
PAL  A method of simultaneously sampling particulate mercury, organic mercurial
      vapors, and metallic mercury vapor in the working and occupational
      environment and determining the amount of mercury derived from each such
      source in the sampled air. A known volume of air is passed through a
      sampling tube containing a filter for particulate mercury collection, a
      first adsorber for the selective adsorption of organic mercurial vapors,
      and a second adsorber for the adsorption of metallic mercury vapor. Carbon
      black molecular sieves are particularly useful as the selective adsorber
      for organic mercurial vapors. The amount of mercury adsorbed or collected
      in each section of the sampling tube is readily quantitatively determined
      by flameless atomic absorption spectrophotometry.
GOVT
PAC  BACKGROUND OF THE INVENTION
PAR  The invention described herein was made in the course of, or under, a
      contract with the U.S. ATOMIC ENERGY COMMISSION. It relates to apparatus
      and materials for simultaneously sampling atmospheric metallic mercury
      vapor and atmospheric organic mercurials and a method for determining the
      amount of mercury vapor and the amount of organic mercurials in the air
      volume sampled.
BSUM
PAR  Mercury is used for a wide variety of industrial and chemical purposes.
      Unfortunately, mercury and its compounds have only recently been generally
      appreciated as a virulent poison that is readily absorbed through the
      respiratory tract, the gastrointestinal tract, or through unbroken skin.
      It acts as a cumulative poison since only small amounts can be eliminated
      at a time by the human body. The maximum allowable concentration of
      metallic mercury vapor in air has been set at 0.1 mg/m.sup.3 by National
      Institute of Occupational Safety and Health (NIOSH) for occupational
      exposure. Since mercury is very volatile, dangerous levels are readily
      attained in air. Air saturated with mercury vapor at 20.degree.C contains
      a concentration which exceeds the toxic limit by more than 100 times, and
      the danger increases at higher temperatures.
PAR  Organic mercurials, such as, e.g., (CH.sub.3).sub.2 Hg and CH.sub.3 HgCl,
      in the atmosphere present a substantially greater danger than even
      metallic mercury vapor, because they are absorbed into the bodies of most
      living creatures at a much faster rate than is mercury vapor. Further,
      there is little or no tendency of the body to eliminate some of them.
PAR  Because many of the organic compounds of mercury are more hazardous than
      metallic mercury, it is highly useful to know the form of the mercury
      present in a mercury contaminated environment. One of the major problems
      encountered in analyzing mercury in air is that of distinguishing
      contamination from metallic mercury vapor from that of other forms of
      mercury. In most analytical methods for mercury in air, metallic,
      particulate, and organic mercury are collected simultaneously and measured
      as total mercury. Methods for metallic mercury are usually based on
      amalgamation with precious metals and are not capable of detecting most
      organic mercurials. Conversely, the metallic mercury methods are often
      nonspecific for metallic mercury with interferences from particulate
      mercury and some organic mercurials.
PAR  Accordingly, it is readily apparent that a straightforward accurate method
      of sampling and measuring the content of both metallic mercury vapor and
      organic mercurials in the occupational environment would be quite
      advantageous. Further, to be most useful, the method should be capable of
      sampling mercury vapor and organic mercurials simultaneously but yet be
      able to distinguish fully between them so that the amount of each in the
      sampled air is accurately determined. In addition, any such method and its
      associated apparatus should be capable of accurately sampling low
      concentrations of mercury vapor and organic mercurials over long periods
      of time at relatively low flow rates. Finally, the sampling apparatus
      should be compact enough to be carried or worn in the working environment
      for long periods without unduly hampering normal work activity.
PAR  In U.S. Pat. application Ser. No. 386,465 for "Mercury Sampling Material
      and Method" filed Aug. 7, 1973, now U.S. Pat. No. 3,888,124, issued June
      10, 1975, the present inventors disclose adsorbing media for sampling
      metallic mercury vapor from an air stream which comprise silver metal
      coated on finely divided particulate siliceous substrates. Such substrates
      may range from common sea sand to calcined diatomaceous earths.
      Particularly useful for the purpose is the calcined diatomaceous earth
      manufactured and sold under the tradename of Chromosorb P. The amount of
      mercury adsorbed on the silvered substrate is readily quantitatively
      determined by flameless atomic absorption spectrophotometry. Heating the
      silvered substrate to 700.degree.C volatilizes all absorbed mercury and
      renders the substrate once again useful for mercury vapor sampling.
PAR  It is known in the art that iodized charcoals or charcoals prepared from
      coconut shells are capable of quantitatively adsorbing rather large
      quantities of mercury vapor and/or organic mercurials. Unfortunately, the
      charcoals do not differentiate between mercury vapor and organic
      mercurials, but readily adsorb both simultaneously. In addition, they are
      highly unsuitable for flameless atomic absorption spectroscopy in that
      when heated sufficiently to drive off the adsorbed mercury they also tend
      to produce decomposition products which interfere strongly with the usual
      spectroscopy methods employed to determine mercury.
PAC  SUMMARY OF THE INVENTION
PAR  Through use of the apparatus, material, and method of the invention, the
      content of mercury in air may be quantitatively sampled and the amount
      present as particulates, organic mercurial vapor, or metallic mercury
      vapor accurately determined.
PAR  The invention encompasses a sampling tube for simultaneously and
      selectively sampling organic mercurial and metallic mercury vapors from
      air which comprises (a) a cylinder having an air intake end and an air
      outlet end, (b) a first particulate adsorber within said cylinder and
      adjacent said air intake end for selectively and quantitatively adsorbing
      organic mercurial vapors in air passing therethrough, (c) a second
      particulate adsorber within said cylinder for adsorbing metallic mercury
      in air passing therethrough, and (d) porous plug means for maintaining
      said first and second adsorbers separate from each other in said cylinder,
      said plug means producing no substantial pressure drop in air passing
      through said cylinder. The invention also encompasses a method for
      determining the content of mercury in organic mercurial and metallic
      mercury vapors in air which comprises (a) passing a known volume of said
      air through a first adsorber which selectively and quantitatively adsorbs
      organic mercurial vapors, (b) then passing said air volume through a
      second adsorber which quantitatively adsorbs mercury vapor, (c)
      individually thermally desorbing collected vapors from said first and
      second adsorbers, (d) reducing said desorbed organic mercurial vapors to
      metallic mercury vapor, and (e) individually measuring by flameless atomic
      adsorption spectroscopy the amount of metallic mercury vapor obtained from
      each of said first and second adsorbers. In one embodiment of a sampling
      tube of the invention, a first adsorber is disposed within a glass tube to
      selectively and quantitatively adsorb organic mercurial vapors from air
      passing therethrough while disposed downstream of said first adsorber is a
      second adsorber which quantitatively adsorbs metallic mercury vapor. The
      first adsorber for organic mercurial vapors is a large surface area carbon
      black which preferably can act as a molecular sieve. A preferred material
      for use as this adsorber is a carbon black prepared by the thermal
      degradation of polyvinylidene chloride and having a surface area of about
      1000 m.sup.2 /g and a pore radius of 10 to 12 angstroms. The second
      adsorber, for adsorbing metallic mercury vapors, is a silvered particulate
      substrate. Silvered siliceous particulates are suitable for this purpose
      but silvered calcined diatomaceous earths are preferred.
PAR  In another embodiment of the invention a filter is attached to the intake
      end of the sampling tube whereby particulate mercury as well as organic
      mercurial and metallic mercury vapors may be collected simultaneously for
      analysis.
PAR  The sampling tubes of these embodiments are adapted for use with standard
      battery operated portable air sampling pumps. They may readily be worn on
      the upper portion of the body for sampling the occupational and working
      environment.
PAR  When the desired volume of air has passed through the sampling tube, the
      content of mercury in the air as metallic mercury vapor or as organic
      mercurial vapors is readily determined in the following manner. The glass
      sampling tube is broken between the first adsorber and second adsorber
      sections to form two sections. One section is placed in a thermal
      desorption unit and heated to 700.degree.C to thermally desorb all
      mercury. The thermal desorption unit is designed to reduce organic
      mercurials on the first section to elementary mercury and metallic mercury
      vapor desorbed is drawn through a flameless atomic absorption
      spectrophotometer operating on the 2537 A wavelength of mercury where the
      amount of mercury desorbed from the adsorber in the sampling tube section
      is measured. The second section of sampling tube containing the other
      adsorber section is then inserted in the thermal desorption unit and the
      process is repeated. In the event that particulate mercury is also sampled
      and analysis required, the filter is removed from the sampling tube and
      digested with nitric acid. Particulate mercury on the digested filter is
      reduced to metallic mercury vapor by a chemical process and is transferred
      into a sampling tube containing a silver-coated particulate substrate. The
      mercury is then desorbed and measured using the same thermal desorption
      unit and spectrophotometer as used for the determination of the mercury
      collected as organic mercurial and metallic mercury vapors.
PAR  The mercury contents of each absorption section in the range of 0.3 mg to 3
      .mu.g are readily analyzed using the method, apparatus, and material of
      the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of a mercury sampling tube in one
      embodiment of the invention.
PAR  FIG. 2 is a cross-sectional view of a particulate mercury filter which
      together with the sampling tube of FIG. 1 constitutes a second embodiment
      of the invention.
PAR  FIG. 3 is a schematic of an atmospheric mercury analysis system in
      accordance with the invention.
PAR  FIG. 4 is a cross-sectional view of a thermal mercury desorption unit
      useful in the practice of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  An embodiment of a sampling tube useful for sampling organic mercurial
      vapors, mercury vapor, and particulate mercury in the working and
      occupational environment is shown in FIGS. 1 and 2. The sampling tube may
      be either two-stage as shown in FIG. 1 or three-stage with attachment of
      the particulate mercury filter shown in FIG. 2. The two-stage sampling
      tube comprises a cylinder or tube 1 containing a material 2 for
      amalgamating mercury vapor and a material 3 for adsorbing organic
      mercurial vapors. Materials 2 and 3 are particulate in nature and are held
      in place by porous plugs 4, 5, 6, and 7. A spacer 8 may be inserted
      between plugs 5 and 6. Prior to use in the two-stage configuration, tube 1
      may be open at both ends or alternatively, as shown in FIG. 1, have its
      downstream end 9 sealed. In the embodiment shown in FIG. 1 when sampling
      is to be commenced, seal 10 is broken and removed and the sampling tube is
      attached to an appropriate pump (not shown). Air to be sampled enters tube
      1 through intake 11. In the three-stage configuration, a filter holder 12
      for a particulate filter 13 is attached to tube 1 at intake 11 with a
      tight seal as shown in FIG. 2.
PAR  In the embodiment shown in FIG. 1, tube 1 is typically glass or Pyrex
      tubing flame sealed at one end. Plugs 4, 5, 6, and 7 may be any porous
      material which will not interfere with mercury absorption and
      determination or produce any substantial pressure drop in tube 1 and which
      will hold materials 2 and 3 in place without leakage at 700.degree.C.
      Quartz glass wool is suitable for this purpose. Spacer 8 is not essential
      but serves the desirable purpose of maintaining a central section 15 of
      tube 1 free of any adsorber and aiding in the separation of the absorber
      sections. After sampling has occurred tube 1 can then be readily broken in
      two at this section before analysis of the amalgamating material 2 or
      adsorber 3. This avoids any possibility of contamination of one adsorber
      by the other during subsequent processing. Spacer 8 may be of any inert
      material free of mercury and of any geometry which will maintain plugs 5
      and 6 at the desired spacing and permit a free flow of gas therethrough.
      Typically, it is merely a section of glass tubing having an outside
      diameter which will fit into tube 1. In the three-stage embodiment of FIG.
      2, particulate filter 13 may be any material which will collect
      particulate mercury but allow passage of organic mercurial and mercury
      vapors therethrough. Filter holder 12 may be of any geometry that will
      hold filter 13 securely in place such that any gas entering intake 11 of
      tube 1 must first pass through filter 13. Suitable filters include common
      laboratory membrane filters. If such filters are used, they preferably
      will have a larger diameter than tube 1, as will filter holder 12, so as
      to alleviate any pressure drop that may be associated with their use.
PAR  Amalgamating material 2, which is used to collect mercury vapor
      quantitatively, is a silvered siliceous particulate. As used within this
      application, a siliceous material is one which is composed of about 50% or
      more of silica. A silvered substrate is one which has been coated or
      plated with a thin layer of silver. Particulate substrates may readily be
      silvered according to the following technique. A silver nitrate solution
      is prepared by dissolving 20 g of AgNO.sub.3 crystals in 30 cm.sup.3 of
      distilled water. Ammonium hydroxide solution (28%) is stirred into the
      AgNO.sub.3 solution until a dark brown precipitate of Ag.sub.2 O forms and
      the solution begins to clear. A second AgNO.sub.3 solution, prepared by
      dissolving 4 g of AgNO.sub.3 crystals in 60 cm.sup.3 of distilled water,
      is then added dropwise until the solution is a distinct straw color. A KOH
      solution consisting of 14 g of KOH in 100 cm.sup.3 of distilled water is
      then added slowly with constant stirring. Ammonium hydroxide is added
      until the solution just clears. The second AgNO.sub.3 solution is added
      until a thin straw or brown precipitate appears. The solution is then
      filtered through glass wool. A dextrose solution consisting of 7.8 g of
      dextrose in 120 cm.sup.3 of distilled water is then mixed in and the
      particulate material to be plated is immediately immersed therein and left
      until coated with silver. To ensure that all surfaces of the particulates
      are plated, it is desirable that they be continuously stirred during the
      plating process.
PAR  The siliceous particulate substrate may range from essentially pure silica
      sand to a wide variety of calcined diatomaceous earths. The primary
      requirement of such substrates is that when silvered they present large
      effective surface areas for mercury collection. The literature reveals a
      wide variety of siliceous materials and calcined diatomaceous earths
      having surface areas ranging from about 0.6 to about 13 m.sup.2 /g. When
      silvered, particulate siliceous substrates having effective surface areas
      in this range are suitable for use as amalgamating material 2. A preferred
      amalgamating material 2 is a commercially available type of calcined
      diatomite sold under the tradename Chromosorb P by Johns-Manville sized to
      30-60 mesh and plated with silver. Chromosorb P is prepared by calcining
      natural diatomite (Kieselguhr) at a temperature up to 1600.degree.C.
      Because natural diatomite does not have a constant composition, there is
      some variation in the chemical composition of Chromosorb P. Thus,
      Blandenet and Robin, J. Gas Chromat., p. 225 (July 1964) and Palframan and
      Walker, Analyst, vol. 92, p. 71 (1967) indicate the following
      compositions.
TBL  ______________________________________                                    

              Blandenet et al.                                                 

                             Palframan et al.                                  

     ______________________________________                                    

     H.sub.2 O  0.28             0.3                                           

     SiO.sub.2  89.2             90.6                                          

     Al.sub.2 O.sub.3                                                          

                5.1              4.4                                           

     Fe.sub.2 O.sub.3                                                          

                1.50             1.6                                           

     TiO.sub.2  0.30             0.2                                           

     CaO        0.90             0.6                                           

     MgO        1.00             0.6                                           

     Na.sub.2 O 0.70                                                           

     K.sub.2 O  0.55             1.0                                           

     ______________________________________                                    

      Palframan et al. report the surface area of 60 to 80 mesh Chromosorb P as
      4.0 m.sup.2 /g based on a Johns-Manville technical bulletin. Blandenet et
      al. report specific surface areas ranging from 2.80 to 5.24 m.sup.2 /g,
      depending on the measuring technique.
PAR  The purpose of adsorber material 3 is to selectively and quantitatively
      adsorb organic mercurial vapors, e.g., those of methyl mercury chloride,
      dimethyl mercury, ethyl mercury chloride, diethyl mercury, and diphenyl
      mercury, while permitting the free passage of metallic mercury vapor
      therethrough. Adsorber material 3 may be such as to temporarily detrain
      mercury vapor from the air passing therethrough but may not adsorb it.
      That is to say, adsorber 3 must be capable of readily releasing any such
      detrained mercury to mercury-free air or inert gas passed therethrough
      while at the same time quantitatively retaining all adsorbed organic
      mercurials.
PAR  Selective adsorption of organic mercurial vapors may be achieved through
      use of a carbon molecular sieve as adsorber material 3. Porous carbon
      blacks are suitable for this purpose with preferred materials for adsorber
      3 being carbon blacks prepared by thermal degradation of
      chlorine-containing polymers of the type having the general formula
      (C.sub.2 H.sub.2 Cl.sub.2).sub.n according to the reaction
EQU  (C.sub.2 H.sub.2 Cl.sub.2).sub.n .fwdarw. 2n C + 2n HCl.
PAL  A particularly useful material for adsorber 3 is prepared by the thermal
      degradation of polyvinylidene chloride and is sold under the tradename of
      Carbosieve B by Supelco, Inc., Bellefonte, Pa. 16823. Carbosieve B is the
      same porous carbon black known as type B carbon molecular sieve. See,
      e.g., R. Kaiser, "Carbon Molecular Sieve," Chromatographia, vol. 3, p. 38
      (1970). It is essentially pure carbon, having a carbon content of 99.998%.
      Its density is 0.226 g/cm.sup.3 and it has a surface area of approximately
      1000 m.sup.2 /g and a pore radius in the range of 10-12 angstroms.
PAR  In the sampling tube of FIG. 1, the carbon adsorber 3 is preferably placed
      next to intake 11 rather than the silvered siliceous material 2 because
      there is a tendency for the silvered material 2 to collect those mercurial
      molecules containing both an organic and an inorganic component as, e.g.,
      CH.sub.3 HgCl. This is turn would result in a false indication as to the
      relative content of organic mercurial vapors and metallic mercury vapor
      when the collected mercury is desorbed and analyzed. By assuring that all
      the air being sampled first passes through an adsorber 3 which
      quantitatively and selectively adsorbs all organic mercurial vapors, this
      problem is avoided.
PAR  The efficacy of a particular adsorber for mercury vapor or organic
      mercurial vapors is readily determined through use of a parameter called
      "breakthrough time." This is the period that a specified flow of a given
      concentration of the vapor can continue before detectable traces of
      mercury exit from the sampling tube. Breakthrough times are dependent on
      the configuration of the sampling tube, i.e., length of sorbent section,
      packing, etc., the concentration and type of vapor passing through the
      adsorber material, and the flow rate of the vapor through the sampling
      tubes. Breakthrough times for various types of mercury vapors for 45-60
      mesh Carbosieve B and 30-60 mesh silvered Chromosorb P are given in Table
      I. The conditions under which these breakthrough times were determined are
      as follows: temperature, 20.degree.C; sampling rate, 0.5 l/min; sampling
      tube i.d., 4 mm; concentration, threshold limit value (Hg.degree., 0.1
      mg/m.sup.3) (organic Hg, 0.01 mg/m.sup.3).
TBL                Table I                                                     

     ______________________________________                                    

                Carbosieve B  Silvered Chromosorb P                            

     Vapor      (2 mm section)                                                 

                              (5 mm section)                                   

     ______________________________________                                    

     Hg (metallic)                                                             

                 &lt; 5 sec       13 h                                            

     CH.sub.3 HgCl                                                             

                &gt; 24 h        &gt; 1 hr                                           

     C.sub.2 H.sub.5 HgCl                                                      

                &gt; 24 h        not determined                                   

     (CH.sub.3).sub.2 Hg                                                       

                &gt; 24 h        &lt; 30 sec                                         

     (C.sub.2 H.sub.5).sub.2 Hg                                                

                &gt; 24 h        &lt; 30 sec                                         

     (C.sub.6 H.sub.5).sub.2 Hg                                                

                &gt; 24 h        &lt; 30 sec                                         

     ______________________________________                                    

PAR  Analysis of mercury collected by a three-stage sampling tube is performed
      in the following manner assuming the use of a membrane filter as
      particulate filter 13. The membrane filter is removed from the samples and
      digested in a Teflon decomposition vessel with nitric acid. Particulate
      mercury in the digested filter is reduced to metallic mercury vapor and is
      transferred into a tube containing a silver coated particulate substrate
      of the type herein disclosed. From this tube, the amount of particulate
      mercury collected by the filter is determined in the same manner as
      indicated below for the analysis of organic mercurial vapors and metallic
      mercury vapor.
PAR  Before analysis is commenced, the two-section sampling tube of FIG. 1 used
      for the adsorption of organic and metallic mercury is first conditioned
      after sampling by passing either pure air or pure nitrogen or other
      nonreactive gas through the tube to remove any metallic mercury which may
      have remained in adsorber 3. Normally, a flow of several minutes duration
      at the normal sampling flow rate is adequate for this purpose. Tube 1 is
      then broken at region 15 between plugs 5 and 6 and the mercury content of
      sections 14 and 16 is analyzed separately. Adsorber 3 in section 14
      contains mercury collected as organic mercurial vapor, while material 2 in
      section 16 contains only mercury collected as metallic mercury vapor. Each
      section is analyzed by thermally desorbing the mercury through the
      adsorption cell of a flameless atomic absorption spectrophotometer.
      Absorption signals at the 2537 A Hg line are recorded by strip chart
      recorders. The recorder signals are compared to standard calibration
      curves covering the concentration range over which sampling is being
      conducted, and the concentration of the mercury in the tube section is
      calculated from the signals. The mercury concentration in micrograms per
      cubic meter at the sampling conditions is calculated for each type of
      mercury using the following formula:
      ##EQU1##
PAR  The mercury analysis system is shown schematically in FIG. 3. The primary
      components are thermal desorption unit 20 and flameless atomic absorption
      spectrophotometer 21 and 22. Section 16 of tube 1 containing metallic
      mercury vapor adsorber 2 or section 14 containing organic mercurial vapor
      adsorber 3 is placed in thermal desorption unit 20 and the air flow
      therethrough is adjusted to approximately 1.0 l/min. Air flow through the
      system is controlled by means of flowmeter 31 and rotometer 32. The air
      entering desorption unit 20 first passes through drying tube 23 containing
      a drying agent such as Mg(ClO.sub.4).sub.2 and a filter 24 which removes
      any mercury that might be present in the air flow entering desorption unit
      20. Preferably, filter 24 contains charcoal and silvered Chromosorb P. Air
      entering drying tube 23, filter 24 and desorption unit 20 is drawn from
      the surrounding ambient atmosphere by a vacuum pump (not shown). This pump
      is attached to a ballast tank to prevent fluctuations in air flow. In
      thermal desorption unit 20 either material 2 or adsorber 3 is heated to
      700.degree.C for a time sufficient to completely desorb all mercury
      therefrom. In the case of adsorber 3 for organic mercurials, the organic
      mercury compounds are reduced so that the mercury leaves unit 20 as
      metallic mercury vapor. Power for heating desorption unit 20 is provided
      by variable transformer 25 and transmitted to desorption unit 20 through
      three-way switch 26. Cooling air is metered into desorption unit 20
      through flowmeter 27. The condensation of thermally desorbed mercury vapor
      in tube 28 is prevented by means of heating tape 29 powered by variable
      transformer 30.
PAR  Any reliable flameless atomic absorption spectrophotometer or mercury
      analysis system set to absorb the 2537 A wavelength of mercury may be used
      to detect the mercury vapor released from desorption unit 20. In FIG. 3, a
      dual optical cell system made from two modified Coleman Mercury Analyzer
      Systems (MAS-50) is shown. The modification consisted of changing the
      tubing in each MAS-50 to glass and rerouting to bypass the air pump. The
      air pump for each MAS-50 was turned off and not used. The reason for the
      use of two spectrophotometers is merely to extend the range of the method
      through the use of a dual optical cell system. Thus, spectrophotometer 21
      has an absorption cell 15.5 cm in length and is used for the determination
      of mercury concentrations in the 0.001 to 0.20 .mu.g range.
      Spectrophotometer 22 has an absorption cell 2.5 cm long and is used for
      the determination of mercury concentration in the 0.01 to 2.5 .mu.g range.
      The range and sensitivity of the method is the same for the three forms of
      mercury, i.e., particulate, metallic vapor, and organic mercurial vapor,
      since the same analytical technique is used for each form. With modified
      Coleman Model MAS-50 spectrophotometers, the sensitivity of the method
      using the 0 to 100% absorption scale for both optical cells is 0.001 .mu.g
      for the 15.5 cm cell and 0.01 .mu.g for the 2.5 cm cell. The range and
      sensitivity of the method may be extended, however, to as low as 0.002
      .mu.g using electronic scale expansion. Absorption signals from the
      spectrophotometer 21 are recorded by 0-10 mV strip chart recorder 33 while
      those from spectrophotometer 22 are recorded by 0-10 mV strip chart
      recorder 34.
PAR  Thermal desorption unit 20 is shown in more detail in FIG. 4. It is
      designed for the determination of mercury collected on 4 mm i.d. sampling
      tubes of the type shown in FIG. 1 and containing a silvered siliceous
      adsorber 2 and a high surface area carbon black adsorber 3. A sampling
      tube 36 is inserted into section 35 of desorption unit 20 where the
      mercury is thermally desorbed and transferred to section 37 which contains
      gold section 38. Gold section 38 contains gold granules which amalgamate
      all the mercury released from section 35 and allow impurities to pass. The
      mercury is then desorbed from granules 38 and passed into flameless atomic
      absorption spectrophotometers 21 and 22 (See FIG. 3) where the amount of
      desorbed mercury is determined. Sampling tube 36 is inserted into section
      35 by means of loading mechanism 39. Mechanism 39 consists of a female
      glass joint 40, male glass joint 70, a steel spring 41, and a plunger tube
      42. Tube 42 which may be 3 or 4 mm o.d. quartz glass has a length
      sufficient to hold sampling tube 36 lightly in place in desorption section
      35 when spring 41 is appropriately adjusted. After sampling tube 36 is
      inserted, joints 40 and 70 are firmly mated by means of a clamp (not
      shown). Sample desorption section 35 is composed of 8 mm i.d. quartz
      tubing 43 and 5 mm i.d. quartz tubing 44 having a tapered junction 45 so
      that sampling tube tips fit snugly against the junction. Sample desorption
      section 35 is heated by 28 coils of 18-gauge Nichrome wire 46 wrapped
      around tubes 43 and 44. Just downstream of taper 45, tube 44 contains a 40
      mm section of rod-shaped CuO 47 held in place by quartz glass wool plugs
      48 and 49. When heated, CuO 47 oxidizes organic vapors desorbed from the
      sampling tube. Section 37 which contains gold section 38 is an extension
      of tube 44. Desorption section 37 has 30 coils of size 20 Nichrome wire 52
      wrapped around tube 44 with the coils concentrated over gold section 38.
      Gold section 38 consists of a 25  mm length of 35-50 mesh granular gold
      mixed one-to-one with 20-40 mesh sea sand. The sand is added to the gold
      to prevent fusing of the gold and to allow better air flow therethrough.
      The mixture of gold and sand is held in place by quartz glass wool plugs
      50 and 51. Surrounding desorption sections 35 and 37 is cooling jacket 53
      made of Pyrex glass. Jacket 53 not only contains the flow of cooling air
      but also acts as electrical insulation for heating coils 46 and 52.
      Cooling air enters jacket 53 through intake 55 and exits through a
      plurality of vents 54 spaced around jacket 53. In the embodiment shown in
      FIG. 4, there are seven vents 54. Leads 59, 60, and 61 for heating coils
      46 and 52 from three-way switch 26 (see FIG. 3) enter jacket 53 through 5
      mm holes in glass nipples 56, 57, and 58, respectively. Solderless
      connectors (not shown) between leads 59, 60, and 61 and coils 46 and 52
      are placed inside jacket 53 to prevent exposing uninsulated wire outside
      jacket 53. Insulated leads 59, 60, and 61 are sealed in place with a heat
      resistant sealer. Jacket 53 is tapered somewhat at both ends and mated to
      end closures 62 and 63. Outlet 64 from desorption unit 20 is butt
      connected with a Tygon overseal to glass tube 28 (see FIG. 3) which leads
      to spectrophotometer 21. To make this connection the end 65 of quartz tube
      44 slides through opening 66 in closure 62. Opening 66 is kept to a
      minimum to limit the escape of cooling air from jacket 53.
PAR  Operation of the analysis system shown in FIGS. 3 and 4 is straightforward.
      Spectrophotometers 21 and 22 are turned on and allowed to stabilize as is
      heating tape 29. The vacuum pump is then turned on and flowmeter 31 used
      to adjust the flowrate through the system to about 1.0 l/min. The optimum
      flowrate may readily be determined by analyzing standards and determining
      which rate of flow gives optimum recorder responses. Cooling air flow
      through desorption unit 20 is commenced and the rate of flow adjusted to
      about 15 l/min by means of flowmeter 27. Recorders 33 and 34 are turned on
      and allowed to stabilize. Spectrophotometers 21 and 22 and recorders 33
      and 34 are then adjusted to the desired 0 and 100% transmittance settings.
      The system is purged by switching three-way switch 26 to heat desorption
      section 35 of desorption unit 20 for 30 seconds and then switching
      immediately to heat section 37 for 30 seconds.
PAR  After the desorption unit 20 is allowed to cool for one minute, analysis
      commences by removing the clamp from joints 40 and 70, inserting sampling
      tube 36 which contains either amalgamating material 2 or adsorber 3,
      reclamping joints 40 and 70, switching on the heat section 35 of
      desorption unit 20 for 30 seconds, and then immediately switching to heat
      section 37 for about 25 seconds. At this time recorder 33 and 34 will
      record the absorption signal of any mercury desorbed from sampling tube
      36. Three-way switch 26 is then turned to its off position, desorption
      unit 20 allowed to cool, and sample tube 36 is removed. The cycle is then
      repeated with a new sample tube.
PAR  The foregoing description and examples are illustrative only and the scope
      of the invention is not limited to the embodiments described herein.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A sampling tube for simultaneously and selectively sampling organic and
      metallic mercury vapors from air which comprises (a) a cylinder having an
      air intake end and an air outlet end, (b) a first particulate adsorber
      within said cylinder and adjacent said air intake end for selectively and
      quantitatively adsorbing organic mercurial vapors in air passing
      therethrough, (c) a second particulate adsorber within said cylinder for
      adsorbing metallic mercury in air passing therethrough, and (d) porous
      plug means for maintaining said first and second adsorbers in spaced
      relationship in said cylinder, said plug means producing no substantial
      pressure drop in air passing through said cylinder.
NUM  2.
PAR  2. The sampling tube of claim 1 having spacer means intermediate said plug
      means for maintaining said first and second adsorbers in spaced
      relationship within said cylinder.
NUM  3.
PAR  3. The sampling tube of claim 1 wherein said first adsorber is carbon black
      consisting essentially of pure carbon having a surface area of about 1000
      m.sup.2 /g and a pore radius of 10 to 12 angstroms, and said second
      absorbing material is a silvered calcined diatomaceous earth.
NUM  4.
PAR  4. The sampling tube of claim 1 having filter means for removing and
      collecting particulate mercury from air entering the intake end of said
      cylinder.
NUM  5.
PAR  5. A method for determining the content of mercury in organic mercurial and
      metallic mercury vapors in air which comprises (a) passing a known volume
      of said air through a first adsorber which selectively and quantitatively
      adsorbs organic mercurial vapors, (b) then passing said air volume through
      a second adsorber which quantitatively adsorbs metallic mercury vapor, (c)
      individually thermally desorbing collected vapors from said first and
      second adsorbers, (d) reducing said desorbed organic mercurial vapors to
      metallic mercury vapor, and (e) individually measuring by flameless atomic
      adsorption spectroscopy the amount of metallic mercury vapor obtained from
      each of said first and second adsorbers.
NUM  6.
PAR  6. The method of claim 5 wherein after said known volume of air has passed
      through said first and second adsorbers pure air or inert gas is passed
      through said first and second adsorbers for a time sufficient to detrain
      any metallic mercury vapor in said first adsorber and adsorb it in said
      second adsorber.
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ABST
PAL  Apparatus for and method of photoinization in which a gas permeable
      membrane is extended across a chamber in a housing dividing said chamber
      into two subchambers, a ballast chamber having a gas inlet and a gas
      outlet on one side of said membrane, and a photoionization chamber having
      detection electrodes and a radiation source on the other side of said
      membrane, gases from a sample stream being diffused into said
      photoionization chamber through said membrane.
BSUM
PAR  This invention relates to improved photoionization apparatus and methods.
PAR  It is a principal object of this invention to permit the use of a sealed
      radiation source for photoionization of a component of a gaseous stream
      without affecting instrument sensitivity by the deposit of particulate
      matter on the radiation transmitting surface exposed to the
      photoionization chamber. It is a further object of this invention to
      selectively remove interfering species from the gaseous stream thereby to
      permit detection with improved specificity of a predetermined component of
      the gaseous stream. It is yet a further object of this invention to
      compensate for interference of varying oxygen content in gaseous streams.
PAR  In general this invention features a housing having a chamber therein, gas
      inlet and outlet passages communicating with the chamber, a radiation
      source exposed to the chamber and detection electrodes in the chamber. A
      gas permeable membrane extends across the chamber dividing it into a
      ballast chamber on one side of the membrane, the gas inelt and outlet
      communicating therewith, and a photoionization chamber on the other side
      of the membrane, the radiation source exposed thereto and the electrodes
      positioned therein. Gases from a gaseous stream flow from the inlet
      through the ballast chamber and exit through the outlet. A portion of the
      gases is diffused through the membrane into the photoionization chamber
      where it is exposed to radiant energy from the radiation source an
      ionization of a component of the stream is detected at the electrodes.
PAR  In particular embodiments of the invention a purge gas passage communicates
      with the photoionization chamber. The inlet passage and the purge gas
      passage each have connected in series therewith a combustion chamber and
      heating means therefor in which the combustion chamber contains a
      catalyst, e.g., platinum, effective for the conversion of hydrocarbons to
      non-interfering species. The inlet passage and the purge gas passage each
      also have connected in series therewith a radiation source for the
      conversion of oxygen to ozone. A branch conduit is connected to the
      conduit carrying the gaseous stream to the inlet passage. Heating means
      are provided adjacent the inlet and outlet passages.
PAR  In the detection of an inorganic component in the effluent gaseous steam,
      where interference from hydrocarbon species may be anticipated, prior to
      passing the gases into the photoionization chamber the gases are first
      contacted with a heated catalyst, preferably platinum, to convert the
      hydrocarbons to non-interfering species. When air is used as a purge gas
      in the photoionization chamber, it similarly may first be passed over a
      heated catalyst to convert any hydrocarbons present therein to
      non-interfering species.
PAR  In the detection of ammonia in the presence of nitric oxide, ozone is
      introduced into the gases and is reacted with the nitric oxide to remove
      the interference therefrom. Preferably the ozone is added in the
      photoionization chamber.
PAR  In the detection of nitric oxide in the presence of ammonia, an acid gas is
      added to the effluent gaseous stream and is reacted with the ammonia to
      remove the interference therefrom prior to passing the gases through the
      membrane. The acid gas may be sulphur dioxide or hydrogen chloride.
PAR  To compensate for the interference of varying or unknown quantities of
      oxygen in streams nearly oxygen free or having low levels, under about
      10%, of oxygen, oxygen, preferably in air, is added to the gases to raise
      the oxygen level thereof above about 10%. Preferably the oxygen is added
      to the gases in the photoionization chamber.
DRWD
PAR  Other objects, features and advantages of this invention will be apparent
      to those skilled in the art from the following detailed description of
      preferred embodiments thereof taken together with the accompanying
      drawings, in which:
PAR  FIG. 1 is a sectional view in elevation of photoionization apparatus
      according to the invention;
PA1  Fig. 2 is a reduced sectional view taken along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a reduced sectional view taken along the line 3--3 of FIG. 1; and
PAR  FIG. 4 is a schematic illustration of a system employing the invention.
DETD
PAR  With reference to FIGS. 1-3 of the drawings, the apparatus includes a
      housing 10 comprising a base 12, a cover 14 and an intermediate portion 16
      therebetween.
PAR  Positioned within a central cavity in base 12 is a stainless steel ballast
      member 18. Ballast member 18 has a recess 20 in its upper surface defining
      a ballast chamber having a volume of about 0.32 cc. Inlet and outlet
      passages 22, 24, respectively, communicate through base 12 and member 18
      with ballast chamber 20. An electric heating element 26 is positioned in
      an annular recess about member 18 adjacent inlet and outlet passages 22,
      24, an electric cable 28 connected to a power supply (not shown) extending
      thereto through base 12 and member 18.
PAR  Also positioned within a cavity in base 12, above member 18 is a member 30
      having a photoionization chamber 32 having a volume of about 0.80 cc.
      facing ballast chamber 20. An annular groove 34 extends about the
      circumference of member 30 and a collar 36 extends about groove 34
      defining with groove 34 an annular chamber. A purge gas passage 38
      communicates with photoionization chamber 32 through base 12, groove 34
      and member 30. The opening through base 12 for purge gas passage 38, shown
      in broken lines in FIG. 1, is shown positioned above the openings for
      passages 22, 24 for convenience of illustration only. No outlet is
      provided for the purge gas since it will pass the membrane 48 to be
      described, into ballast chamber 20. Detection electrodes 40, 42 extend
      from groove 34 into chamber 32, the cables 44, 46 therefor extending to
      groove 34 through base 12 and member 30.
PAR  Ballast chamber 20 and photoionization chamber 32 are separated from each
      other by a gas permeable membrane 48 extending thereacross between members
      18 and 30 having an effective area of about 1.26 cm.sup.2 exposed to
      chambers 20, 32. An elastomeric O-ring 50 is positioned in an annular
      recess in the upper surface of member 18 about ballast chamber 20 tightly
      sealing membrane 48. The selection of a membrane depends on the particular
      use therefor. Where the primary purpose is to exclude particulates from
      the photoionization chamber, a 1 mil porous membrane with a pore size of
      5-10 microns, such as porous teflon (polytetrafluoroethylene) sold by
      Millipore Corp., Bedford, Mass., or such as porous polyvinyl chloride,
      sold under the trademark Celgard by Celanese Corp., New York, N.Y., may be
      used. Where selective permeability is desired to exclude, as well, from
      the photoionization chamber high molecular weight organic materials, a 1
      mil gas permeable, continuous membrane of dimethyl silicone sold by
      General Electric Co., Schenectady, N.Y., may be used.
PAR  Positioned within intermediate portion 16 of housing 10 and extending into
      cover 14, is a source 52 of monochromatic vacuum ultraviolet radiation,
      i.e., radiation in the range of 1200-1400 A producing energy levels of at
      least 8-10 eV. Such sources are low pressure gas filled lamps producing
      predetermined energy levels, e.g. H.sub.2 (10.2 eV), Kr (10.0 eV), and Xe
      (9.5, 8.4 eV).
PAR  The source or lamp 52 has its anode 54 in contact with electrical connector
      56 and its cathode 58 in contact with electrical connector 60 secured in
      retainer 62. Lamp 52 has an ultraviolet transmitting window 64, e.g., of
      magnesium fluoride or lithium fluoride, exposed to photoionization chamber
      32. A glass capillary 66 is provided in lamp 52 to collimate the emission
      therefrom. Cables 68, 70 from connectors 56, 60 extend outwardly through
      intermediate portion 16 to a power supply (not shown).
PAR  As illustrated schematically in FIG. 4, electrodes 40, 42 in
      photoionization chamber 32 are connected to a power source 72 which
      positively biases electrode 42. As ionization proceeds in chamber 32
      current flow is amplified by amplifier 74 and changes are indicated by
      signal processor 76 which may be of the meter type as illustrated or of
      the digital type.
PAR  As also illustrated in FIG. 4, inlet passage 22 and purge gas passage 38
      respectively may have conduits 78, 80 connecting in series with each of
      inlet passage 22 and purge gas passage 38, combustion chambers 82, 84
      containing platinized alumina pellets, and having heaters 83, 85
      respectively thereadjacent, and sources of radiation 86, 88 in the 1849 A
      range such as mercury vapor lamps. Conduit 78 also has a branch conduit 90
      connected thereto and a valve 92 is provided in conduit 80 adjacent purge
      gas passage 38.
PAR  The provision of the membrane 48 between the ballast and photoionization
      chambers 20, 32 effectively isolates the photoionization chamber 32 from
      the gaseous stream passed through ballast chamber 20. Gases from the
      stream are diffused through membrane 48 while any particulate matter in
      the stream is excluded from the photoionization chamber 32 thereby
      preventing any deposits from accumulating on window 64 with resultant
      attenuation of radiation emitted from lamp 52. The separation of the
      chambers 20, 32 further permits treatment of the gases either in the
      stream or in the photoionization chamber to enhance the selectivity of the
      process by the removal or separation of interfering species or by
      compensation therefor. During the operation of the apparatus heating
      element 26 is operated to heat the gases to 55.degree.-60.degree. C. as
      they enter ballast chamber 20 to prevent any moisture condensation
      particularly on membrane 48, which could interfere with diffusion of gases
      therethrough.
PAC  Determination Of NO In The Presence Of NH.sub.3
PAR  Although nitric oxide (NO) and ammonia NH.sub.3 have ionization potentials
      of 9.2 eV and 10.15 eV, respectively, no radiation source is presently
      available for distinguishing the two species. A 10 eV radiation source
      will respond to both species in a ratio of about 1:0.6 (NO:NH.sub.3). To
      remove the interference of the ammonia and to permit accurate detection of
      nitric oxide, an acid gas such as SO.sub.2 or HCl is added to the stream
      and reacted with the NH.sub.3 converting the NH.sub.3 to a non-interfering
      compound. It has been found, however, that if the reaction of the NH.sub.3
      with SO.sub.2 is allowed to proceed in the photoionization chamber 32 a
      precipitate forms on the window 64 attenuating radiation and the signal
      resulting from the ionization of NO. Therefore, the SO.sub.2 is added to
      the stream is conduit 78 through branch conduit 90 and the reaction with
      the NH.sub.3 is allowed to proceed before the gases pass through membrane
      48. Using a porous membrane, NO diffuses through the membrane, but no
      particulates form on window 64 and there is no attenuation of radiation or
      signal.
PAC  Determination Of NH.sub.3 In The Presence Of NO
PAR  The reaction of nitric oxide (NO) with ozone (O.sub.3) is employed to
      effectively remove the interference of NO when measuring NH.sub.3. Thus an
      oxygen containing stream (air) is employed as a purge gas in
      photoionization chamber 32. The purge gas in conduit 80 is exposed to
      mercury vapor lamp 88 producing radiation in the region of 1849 A
      resulting in the production of ozone in the purge gas which is pumped into
      photoionization chamber 32. The O.sub.3 reacts quickly with NO in chamber
      32 to produce NO.sub.2 which has a response of only about 3% of NO thus
      reducing interference to a tolerable level. The reaction of NH.sub.3 with
      O.sub.3 is slow and no significant reduction of signal results. As in the
      determination of NO in the presence of NH.sub.3, a 10 eV radiation source
      and a porous membrane are employed. The membrane 48 permits the treatment
      with O.sub.3 of only the small portion of the sample passing through the
      membrane. If the sample stream in conduit 78 contains significant
      quantities of oxygen, however, it is possible to pass the stream past
      mercury vapor lamp 86 to produce O.sub.3 and thus to treat the entire
      sample.
PAC  Determination Of Inorganics In The Presence Of Hydrocarbons
PAR  Many hydrocarbons will respond to a 10 eV radiation source with a
      significantly higher response than inorganics such as NO and NH.sub.3.
      Accordingly, to measure such inorganics it is necessary to remove any
      hydrocarbons from both the sample stream and from the purge gas. This is
      accomplished by passing the sample stream and the purge gas, respectively,
      in conduits 78, 80, through combustion chambers 82, 84 containing
      platinized alumina pellets heated by heaters 83, 85 to between
      200.degree.-300.degree. C. The hydrocarbons contacting the platinum
      catalyst are thermally decomposed and oxidized to non-interfering species
      such as CO.sub.2 and H.sub.2 O. To oxidize the hydrocarbons it is
      necessary that the gaseous streams contain oxygen which may be added ahead
      of the combustion chambers, if necessary. The determination of stable
      inorganics can then proceed.
PAC  Compensation For Oxygen Interference
PAR  Oxygen in the sample stream has the effect of quenching the signal
      resulting from ionization of many species. This is a particular problem in
      gases having variable, trace or small amounts of oxygen. Thus the rate of
      signal attenuation increases rapidly with the addition of small amounts of
      oxygen to an oxygen free stream and hence in such circumstances the signal
      is unreliable. It has been found, however, that above a certain level,
      signal attenuation from oxygen stabilizes. The signal produced by nitric
      oxide in the presence of from 10-20% oxygen changes only slightly. Thus,
      the addition of oxygen to the photoionization chamber 32 stabilizes signal
      attenuation due to variable oxygen content. Accordingly, to compensate for
      oxygen interference, the oxygen level in the photoionization chamber 32 is
      raised to above 10%, preferably about 20% by flowing air thereinto through
      purge gas passage 38. Air, as the purge gas, is flowed into chamber 32 at
      a rate of 20 cc/min., controlled by valve 92, and the sample gas is flowed
      through ballast chamber 20 at a rate of from 500-1000 cc/min. The oxygen
      in the sample stream can then vary from 0-20% without significant
      alteration of signal strength. Advantageously, the presence of membrane 48
      avoids the necessity of treating and diluting the sample stream.
      Hydrocarbons are removed from the air prior to passage thereof into
      chamber 32, as above described.
PAC  Determination Of Organic Sulphur Compounds
PAR  Organic sulphur compounds have low ionization potentials and can be ionized
      by a 9.5 eV xenon source. Interference is encountered however from high
      molecular weight hydrocarbon materials such as terpenes. To minimize such
      interferences a continuous membrane of dimethyl silicone is employed
      between chambers 20, 32. Organic sulphur compounds, such as CH.sub.3 SH,
      CH.sub.3 SSCH.sub.3, and CH.sub.3 SCH.sub.3, have high diffusivities
      through such a membrane as compared to high molecular weight hydrocarbons.
      Thus, using a 9.5 eV radiation source and a dimethyl silicone membrane,
      organic sulphur compounds can be measured despite the presence of high
      molecular weight hydrocarbons in the sample stream.
PAR  It has been found that H.sub.2 S can be detected with the organic sulphur
      compounds aforementioned, using a 10.0 eV krypton source or a 10.2 eV
      hydrogen source.
PAC  Determination Of Aromatic Hydrocarbons
PAR  Aromatic hydrocarbons have substantially higher diffusivities through a
      dimethyl silicone membrane than paraffins and aliphatic hydrocarbons.
      Specific measurement of aromatics with paraffins and aliphatics in the
      sample stream is made employing a 9.5 eV radiation source and a dimethyl
      silicone membrane.
PAR  Other embodiments of this invention will occur to those skilled in the art
      which are within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In photoionization apparatus, comprising:
PA1  a housing having a chamber therein;
PA1  a gas inlet passage and a gas outlet passage, each said passage extending
      through said housing and communicating with said chamber;
PA1  a radiation source exposed to said chamber; and detection electrodes in
      said chamber;
PA1  the improvement in which:
PA2  a gas permeable organic plastic membrane extends across said chamber
      dividing said chamber into two subchambers, a ballast chamber on one side
      of said membrane and a photoionization chamber on the other side of said
      membrane;
PA2  said inlet and outlet passages extending through said housing and
      communicating with said ballast chamber; and
PA2  said electrodes positioned in and said radiation source exposed to said
      photoionization chamber.
NUM  2.
PAR  2. The improvment claimed in claim 1 further including heating means
      positioned in said housing adjacent said inlet and outlet passages.
NUM  3.
PAR  3. The improvement claimed in claim 1 in which said membrane is porous.
NUM  4.
PAR  4. The improvement claimed in claim 1 further including a gas conduit
      connected with said gas inlet passage, said gas conduit including in
      series therewith a source of radiation for the conversion of oxygen to
      ozone.
NUM  5.
PAR  5. The improvement claimed in claim 1 further including a gas conduit line
      connected with said gas inlet passage, said gas conduit line having a
      branch conduit line connected thereto for the introduction of reactant
      gases into said gas conduit line.
NUM  6.
PAR  6. The improvement claimed in claim 1 further including a gas conduit
      connected with said gas inlet passage, said gas conduit including in
      series therewith a combustion chamber containing catalytic material for
      the conversion of hydrocarbons to non-interfering species, and further
      including heating means adjacent said combustion chamber.
NUM  7.
PAR  7. The improvement claimed in claim 6 in which said catalytic material
      comprises platinum.
NUM  8.
PAR  8. The improvement claimed in claim 1 in which said membrane is continuous.
NUM  9.
PAR  9. The improvement claimed in claim 4 in which said membrane comprises
      dimethyl silicone.
NUM  10.
PAR  10. The improvement claimed in claim 1 further including a purge gas
      passage extending through said housing and communicating with said
      photoionization chamber.
NUM  11.
PAR  11. The improvement claimed in claim 10 further including a purge gas
      conduit connected with said purge gas passage, said purge gas conduit
      including in series therewith a source of radiation for the conversion of
      oxygen to ozone.
NUM  12.
PAR  12. The improvement claimed in claim 10 further including a purge gas
      conduit connected with said purge gas passage, said purge gas conduit
      including in series therewith a combustion chamber containing catalytic
      material for the oxidation of hydrocarbons, and further including heating
      means adjacent said combustion chamber.
NUM  13.
PAR  13. The improvement claimed in claim 12 in which said catalytic material
      comprises platinum.
NUM  14.
PAR  14. In the method of selective photoionization of a component in a gaseous
      stream in which gases from said stream are passed through a
      photoionization chamber, radiant energy of a predetermined level is passed
      through said chamber with said gases therein, and ionization of said
      component is detected at detector electrodes in said chamber, the
      improvement in which
PA1  said gaseous stream is passed through an inlet into a ballast chamber and
      is passed through an outlet out of said ballast chamber, a portion of said
      gases from said stream being diffused from said ballast chamber into said
      photoionization chamber through a gas permeable organic plastic membrane.
NUM  15.
PAR  15. The method claimed in claim 14 further including the step, prior to
      passing said gases into said photoionization chamber, of heating a
      catalyst effective to assist in the oxidation of hydrocarbon compounds in
      said gaseous stream and contacting said gaseous stream with said catalyst
      oxidizing said hydrocarbon compounds.
NUM  16.
PAR  16. The method claimed in claim 15 in which said catalyst is platinum.
NUM  17.
PAR  17. The method claimed in claim 14 in which said component is ammonia
      (NH.sub.3) and said gases include ammonia (NH.sub.3) and nitric oxide
      (NO), said method further including the steps of introducing ozone
      (O.sub.3) into said gases, reacting said nitric oxide (NO) with said ozone
      (O.sub.3) and thereafter detecting said ammonia (NH.sub.3).
NUM  18.
PAR  18. The method claimed in claim 17 in which said ozone is introduced into
      said gases in said photoionization chamber.
NUM  19.
PAR  19. The method claimed in claim 14 in which said component is nitric oxide
      (NO) and said gases include nitric oxide (NO) and ammonia (NH.sub.3), said
      method further including the step, prior to passing said gases into said
      photoionization chamber, of adding an acid gas to said gaseous stream and
      reacting said acid gas with said ammonia (NH.sub.3).
NUM  20.
PAR  20. The method claimed in claim 19 in which said acid gas is sulfur dioxide
      (SO.sub.2).
NUM  21.
PAR  21. The method claimed in claim 19 in which said acid gas is hydrogen
      chloride (HCl).
NUM  22.
PAR  22. The method claimed in claim 14 in which said gases include less than
      about 10% oxygen (O.sub.2), said method further including the step of
      introducing oxygen (O.sub.2) as a separate purge gas directly into said
      photoionization chamber in an amount sufficient to raise the level of
      oxygen (O.sub.2) in said photoionization chamber to a level above about
      10%.
NUM  23.
PAR  23. The method claimed in claim 22 in which oxygen is introduced into said
      photoionization chamber in air.
NUM  24.
PAR  24. The method claimed in claim 23 further including the step, prior to
      introducing said air into said photoionization chamber, of heating a
      catalyst effective to assist in the oxidation of hydrocarbon compounds in
      said air and contacting said air with said catalyst oxidizing said
      hydrocarbon compounds.
NUM  25.
PAR  25. The method claimed in claim 23 in which said catalyst is platinum.
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ABST
PAL  A method of gas detection and differentiation between various noxious gases
      including exposing a semi-conductor catalytic sensor in the atmosphere to
      be evaluated, sequentially providing first and second voltage level inputs
      to the sensor, and determining the relative change in the output of the
      sensor as said input voltage is changed from the first level to a second
      level. A reduction in the output of the sensor in response to the increase
      in input voltage corresponds to the presence of carbon monoxide and the
      absence of hydrocarbons in the atmosphere being evaluated. An increase in
      the sensor output in response to an increase in the input voltage
      indicates the presence of hydrocarbons in the atmosphere being evaluated.
PAL  A method of calibrating the semi-conductor catalytic gas sensor including
      purging the sensor of any gas by applying a first input voltage to heat
      the sensor and oxidize any noxious gases collected thereon, then applying
      a second input voltage to the sensor in an uncontaminated atmosphere to
      heat the sensor to a second lower temperature, and then adjusting an
      indicator to a predetermined value.
BSUM
PAR  The apparatus of the present invention includes a semi-conductor catalytic
      sensor, a voltage regulator circuit for providing discrete levels of input
      voltage to the sensor, and an indicator circuit response to the output of
      the sensor. The indicator circuit includes an audio alarm which is
      triggered when the gas toxicity reaches a predetermined level.
PAR  The gas sensor includes a calibration feature to compensate for sensor
      variations between usages and a switch for selecting the appropriate input
      voltage levels to the sensors for first purging the sensor, and then for
      calibration as well as for sensing gases and differentiating between
      gases. A moisturizing collar is also provided for operation of the sensor
      at the desired relative humidity level.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a method and apparatus for detecting
      the presence of harmful gases and, more specifically, to an improved gas
      detection apparatus which can differentiate between various noxious gases.
PAR  While gas measuring and detection instruments are well-known, recent
      government regulation has created a need for more precise, more reliable
      and faster responding instruments. The EPA (Environmental Protection
      Agency) has the overall responsibility for assuring that the atmosphere
      which we all breathe is relatively free of dangerous contaminants. In
      addition, the OHSA (Occupational Health and Safety Act) has set standards
      for the air which workers breathe to insure that the air is free from
      toxic, noxious and hazardous substances which might endanger the worker's
      health or safety.
PAR  For example, with respect to carbon monoxide, under OHSA the government has
      established a maximum contaminant level of 50 ppm (parts per million)
      average, over an eight hour time interval, and a 200 ppm maximum at any
      one time.
PAR  Various problems have been encountered with the prior gas detection and
      monitoring instruments. For example, as might be expected, the industrial
      needs include low cost instrumentation which is portable, accurate and
      reliable. Furthermore, industry needs instrumentation which can
      differentiate among various gases because of the different critical
      contaminant levels of different gases.
PAR  In addition, rather than only intermittent testing, a detector which
      operates continuously is important in industry so that a worker may carry
      the detector with him through a plant or wear it on his person to sense
      the presence of a potentially noxious gas and to provide an alarm. While
      permanently mounted fixed monitors may be placed in high-risk areas, the
      high-risk areas must be first identified with the use of continuously
      operating portable instruments. It is not practical to go through a plant
      initially with an instrument which must be repeatedly triggered to
      evaluate the atmosphere. Pockets of noxious gases may be missed easily.
      Thus, continuous operation is an important industrial pre-requisite.
PAR  Obviously, the gas detection instruments must be of low cost since they do
      not add to the profitability of the product manufactured. Of course,
      accuracy and reliability is also of critical importance because of the
      potential financial penalties which may be assessed under the OHSA for
      non-compliance.
PAR  Furthermore, a significant factor in compliance with OHSA standards is fast
      response, i.e., the ability of the gas detector to respond virtually
      immediately to indicate both the presence and amount of toxic gases. As a
      practical matter, a gas detection system which requires several hours to
      provide an indication of toxicity level is of dubious value to the worker
      who has been breathing toxic fumes for those several hours.
PAR  In addition, depending on the particular environment, the gas detection
      instrument must be selective, i.e., the instrument should respond to the
      presence of a gas such as carbon monoxide and it should be able to
      differentiate between that gas and other gases such as hydrocarbons.
PAR  However, all types of gas detection devices prior to the present invention
      had at least one drawback. The chemical types of sensor, including the
      colorimetric systems, are relatively slow and non-continuous. A sample of
      gas is introduced through a powdered reagent into a tube and a visible
      color change or stain occurs. The length of the stain must be physically
      measured to determine the concentration or contamination level. Thus,
      systems relying on chemical reactions are slow, non-continuous and costly.
      Furthermore, the tubes, once stained, are not reusable.
PAR  The optical systems rely on the infrared absorption spectra of the gas.
      These systems are not portable and are too expensive to install at various
      locations in a plant. In the absence of portability, continuous sampling
      and prompt indications of toxicity levels, optical systems are not
      feasible.
PAR  A third type of system utilized to detect the presence of toxic gas is gas
      chromatography in which a sample of gas is injected into an absorption
      column and the reaction is timed and observed. Thus, a slow response and
      non-continuous sampling are obvious drawbacks of gas chromatography
      systems.
PAR  A fourth prior art system is electrochemical gas detection wherein an
      oxidation-reduction reaction takes place in a fuel cell with the gas being
      sampled serving as one electrolyte. The fuel cell generates a current
      proportional to the electrolyte concentration and this type of system
      requires a pump and filter, reference electrodes, oxidation and reduction
      electrodes, feedback voltage circuitry and readout circuitry as well as
      the secondary electrolyte (typically sulphuric acid). This type of system,
      however, cannot selectively identify carbon monoxide, is quite complex and
      not generally satisfactory.
PAR  Because of the OHSA requirement of an average contaminant level over an
      eight-hour period, a portable system must operate without interruption for
      recharging for at least an eight-hour period. The system must operate
      continuously since the presence of toxic gases often occurs as a small
      "air pocket" and intermittent sampling of the air could result in the
      instrument operator missing the presence of an air pocket.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  To provide a low cost portable, continuously operable gas detection unit, a
      catalytic sensor is required. There are two types of catalytic sensors
      commonly in use, the thermal type which measures the temperature change of
      the catalytic material and the semi-conductor catalytic sensor.
PAR  One typical thermal type of catalytic sensor is hopcalite, which operates
      by carbon monoxide being oxidized by the hopcalite. This reaction requires
      dry air; the reaction occurs by drawing dry air through the detector cell,
      and the oxidation rate is based on the carbon monoxide concentration level
      which results in the relative temperature change of the hopcalite.
      Thermistors measure the temperature rise of the hopcalite material and the
      change in temperature is registered on a meter. This is an indirect
      measurement of carbon monoxide since it is a temperature measurement and
      thus is not preferred.
PAR  The semi-conductor type of catalytic sensor is composed of largely tin
      oxide material in which the impedance directly changes when the catalytic
      tin oxide material in which the impedance directly changes when the
      catalytic reaction takes place. The semi-conductor material is heated to
      approximately 300.degree.F and when carbon monoxide contacts the metal
      oxides, a catalytic reaction takes place. This reaction changes the
      semi-conductor's impedance, which may be measured and read directly on a
      meter. This catalytic reaction will always take place given the proper
      heated metal oxides, but the reaction must occur the same each time so
      that a repeatable measurement can be made.
PAR  It has now been determined that semi-conductor catalytic sensors are
      sensitive to humidity changes, sensor heater voltage or heater
      temperature, and to sensor variations between usage. At zero humidity, the
      sensor barely reacts to 50 ppm of gas. At 25% humidity, a true 50 ppm
      reading would be 20 ppm, at 50% humidity -- 35 ppm, 75% humidity -- 45
      ppm. It is apparent that changes in humidity above 50% creates less error
      than when the humidity is less than 50%.
PAR  Small heater variances effect the output reading of the instrument. The
      heater voltage will change from battery discharge on portable units.
      Typically, only 0.05 of a volt variance gives a 20 ppm difference at 50
      ppm true concentration. It has been found that at a true 50 ppm the unit
      could read 35 to 75 ppm if not zeroed after a period of inactivity.
PAR  The device of the present invention has been developed to compensate for
      those variables. The humidity compensation is accomplished by a
      moisturizing ring that surrounds the sensor on the portable unit. This
      ring is moistened before testing especially when the humidity is below
      50%.
PAR  A circuit has been incorporated in the portable unit that gives the sensor
      a constant heater voltage and temperature to eliminate variances from the
      DC battery supply.
PAR  The present invention has an adjustment control to eliminate the variations
      from a non-zeroed instrument. For better accuracy, the zero adjustment is
      done at 50 ppm instead of zero and is named the Set Point Adjustment. This
      set point adjustment does more than zero the meter, it also compensates
      for sensor composition changes, drift and other variables which permits
      the unit to make repeatable readings.
PAR  The sensor of the present invention also differentiates between carbon
      monoxide and other noxious gases. This is based on my discovery that the
      sensitivity of the semi-conductor catalytic converter may be varied by
      changing the converter input voltage, and further that such sensitivity
      variations provide different relative impedance changes depending upon the
      particular noxious gases being oxidized.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide an improved direct
      reading apparatus for sensing the presence of noxious gases and for
      differentiating between carbon monoxide and other noxious gases including
      hydrocarbons, the apparatus including a semi-conductor catalytic gas
      sensor, a voltage regulator for providing input voltage at first and
      second levels to the sensor, and an output means including a scale and an
      indicator for indicating the output of the sensor at each input power
      level and for further indicating the relative change in the output of the
      sensor as the input power is changed from the first level to the second
      level.
PAR  It is another object of the present invention to provide a gas detector
      having a calibration feature to compensate for gas sensor variations
      between usages, including a switch for selecting the appropriate voltage
      input level to the sensor for first purging the sensor of accumulated
      noxious gases and then providing a second voltage input to the sensor for
      calibration purposes.
PAR  It is yet another object of the present invention to provide an improved
      apparatus for detecting the presence of noxious gases and including a
      semi-conductor catalytic sensor, a constant voltage heater source for said
      sensor and means for insuring the humidity level of the noxious gas
      exposed to the sensor.
PAR  It is yet another object of the present invention to provide a method of
      calibrating a semi-conductor catalytic gas sensor, an input voltage
      regulator and an output means including a scale and an indicator, said
      calibrating method including purging the sensor of any accumulated gas by
      applying a first input voltage to the sensor to heat the sensor and to
      oxidize any noxious gases accumulated thereon until the output means
      stabilizes at a constant output level, then applying a second input
      voltage to said sensor in an uncontaminated atmosphere to heat the sensor
      to a second level lower than the first level, and then adjusting the
      output indicator to a predetermined position on said scale.
PAR  Still another object of the present invention is the provision of an
      improved method for detecting the presence of noxious gases and for
      differentiating among noxious gases with a semi-conductor catalytic
      converter including providing first and second voltage input levels to
      said converter, directly sensing the change in impedance of said converter
      at said two voltage input levels, and determining the relative change in
      said impedance as said voltage is changed from said first level to said
      second level.
DRWD
PAC  IN THE DRAWINGS
PAR  The various objects of the present invention, together with other objects
      and advantages which may be attained by its use, will become more apparent
      upon reading the following detailed description taken in conjunction with
      the drawings.
PAR  In the drawings, wherein the reference numerals identify corrsponding
      parts:
PAR  FIG. 1 is a partly broken away pictorial illustration of the gas detector
      of the present invention;
PAR  FIG. 2 is an enlarged sectional illustration of the sensor of the present
      invention;
PAR  FIG. 3 is a graph illustrating the calibration feature of the present
      invention;
PAR  FIG. 4 is an illustration of the moisturizing collar of the present
      invention;
PAR  FIG. 5 is a circuit diagram showing electronic circuitry of the present
      invention; and
PAR  FIG. 6 is a graph illustrating the change in sensitivity of the catalytic
      converter as utilized for differentiating among noxious gases.
DETD
PAC  AS SHOWN IN THE DRAWINGS
PAR  For a more complete understanding of the operation of the gas detection
      apparatus and the method of using the same, a preliminary explanation of
      the principles of the gas sensor operation is provided. The sensor is a
      semi-conductor catalytic converter composed of metal oxides, largely tin
      oxide material. The metal oxides react with carbon monoxide to catalyze CO
      to CO.sub.2. Hydrocarbons are catalyzed to CO.sub.2 plus water. The
      catalytic reaction changes the electrical impedance characteristics of the
      semi-conductor which changes can be directly measured on a meter.
PAR  More specifically, the catalytic converter includes a pair of balanced
      electrical coils imbedded in the metal oxides. One coil is heated by the
      instrumentation. As the metal oxides react with the toxic gases, the oxide
      impedance changes and the change in impedance is measured from the second
      coil to ground to drive an indicating device such as a meter.
PAR  Referring more particularly to the drawings, the gas detection apparatus 10
      includes a sensor 11 mounted interiorly of a hollow externally threaded
      shaft 12 which provides an air flow passage between the sensor and the air
      being sampled. Threaded onto and surrounding the shaft 12 is a
      moisturizing collar 13 having internal threads 14.
PAR  The sensor 11 is mounted in a housing which is open on one side, by virtue
      of a a 100 mesh stainless steel gauze lattice 15. This gauze lattice is
      shown as being at the bottom of the sensor in FIG. 1. The toxic gas flows
      through the shaft and the lattice by normal diffusion and ambient
      convection. The heat of the sensor including the heat generated by
      oxidation causes additional convection currents to be established and the
      oxidized gas flows outwardly through the gauze lattice and exits through
      the shaft 12. Thus, the shaft 12 provides both a support for the collar 13
      and an inlet/outlet air flow passage.
PAR  It has been discovered that the calibration of the sensor 11 of the present
      invention is not reliable if operated in an atmosphere having less than
      50% relative humidity. To prevent a loss in reliability, the moisturizing
      collar 13 is provided with a wick or spongy material 16 which may be kept
      moistened on a regular basis. Since the moisturizing collar surrounds the
      air flow passage (shaft 12) there is assurance that the atmosphere being
      sensed is at the minimum relative humidity necessary for reliable
      operation.
PAR  The detector 10 includes a first switch 17 which has three positions as
      will be explained in greater detail and a normally open second switch 18.
      Visual output means 19 are provided including a logarithmic scale 20 and
      an indicator 21. A knurled adjustment knob 22 is provided to manually
      position the indicator 21 on the scale 20.
PAR  The sensor 11 is a catalytic converter including a pair of balanced
      electrical coils 23 and 23a imbedded in a catalyst or metal oxide bed 24.
      The first coil 23 is utilized as a heater coil and the opposite coil 23a
      functions as an electrode. The impedance of the bead is measured and
      changes in this impedance, indicative of catalytic reactions and hence the
      concentration of contaminants, are relfected as impedance changes measured
      from the output coil 23a to ground.
PAR  An inherent problem with catalytic converters of this type is their
      logarithmic response at low contamination levels. With specific reference
      to FIG. 3, this is illustrated by comparison to the solid or "normal"
      curve 25. Thus, as the concentration increases initially from O there is a
      much greater change in voltage output (assuming the same heater voltage or
      voltage input), and as the concentration continues to increase the
      magnitude of the voltage changes decreases to an almost linear portion of
      the curve 25.
PAR  Thus, it must be appreciated that a significant error may occur in reading
      low concentrations of contaminants. The smallest change in contaminant
      concentration at low contaminant levels will cause a large voltage
      variation. Hence, catalytic converter operations and calibrations at low
      concentrations are inaccurate without the addition of complex, expensive
      additional circuitry.
PAR  To compensate for these problems, the detector of the present invention is
      calibrated at a linear portion of the normal curve 25. Specifically,
      calibration should be accomplished at a "mid-point" on the logarithmic
      scale 20 such as shown at the point 26 on the graph of FIG. 3. A point 26
      is shown on normal curve 25 corresponding to a contaminant concentration
      level indicated at 27 and a voltage output level indicated at 28.
PAR  To explain the problem of low concentration converter operation and
      calibration, consider the dashed response curve 29. This curve is slightly
      higher than the normal curve 25. The voltage output indicated at 28 from
      normal curve 25 would reflect a much lower contaminant concentration as
      shown at 30 if the sensor was erroneously calibrated and operated on curve
      29. Since the scale is logarithmic, concentration 30 could easily be a
      significant variation from concentration 27. Similarly, at the same
      concentration as 27, the voltage output would be higher as shown as level
      31 if the sensor was operated on curve 29.
PAR  On the lower side of normal curve 25 as shown by the dotted curve 32 also
      indicating erroneous calibration, the initial voltage output shown at 28
      would result in a high misreading as contaminant level 33 whereas the
      proper contaminant level shown at 27 would yield an erroneous lower
      voltage output reading as shown at voltage level 34.
PAR  Considering this latter situation, if the converter was calibrated to zero
      but the actual concentration was 1 ppm (erroneously thought to be 0 ppm),
      as shown at point 35 on the graph, then the calibrated curve for the
      particular catalytic converter would be the dotted curve 32 instead of the
      true curve 25. Thus, upon reaching a voltage level at 28 which should
      reflect the concentration level 27 (assume this to be the critical
      concentration), the actual concentration which yields this voltage is the
      higher concentration shown as level 33. Since this exceeds the critical
      concentration, then we have a situation where an excessive concentration
      has been necessary to indicate a critical concentration level.
PAR  To compensate for and eliminate this problem, I have discovered that the
      catalytic converter of the present invention should always be calibrated
      somewhere around the middle of the scale 20. Specifically, since the
      indicia on the scale can always be changed, calibration should take place
      on a linear portion of the logarithmic response curve of the converter.
PAR  Having thus explained the calibration principles and the principles of
      operation of the converter, reference should be had to the circuit diagram
      for a more complete understanding of the present invention. The power may
      be supplied in one of two fashions. The power supply 40 can be two
      batteries 41 and 42 of 4.8 volts and 1.2 volts respectively, connected
      together at center terminal 43. Alternatively, 110 volt line voltage can
      be used with conventional circuitry to obtain the equivalent voltages.
PAR  The circuit includes a voltage regulator portion shown within the block 45.
      The voltage regulator includes a first transistor 46, a second transistor
      47 and a third transistor 48. The collector of the first transistor is
      connected to the common point 43 between the two batteries. The base of
      the first transistor is connected to the collector of the second
      transistor 47 and the base of the second transistor 47 is connected to the
      collector of the third transistor 48. In the circuit from the emitter of
      transistor 47 to the collector of transistor 48 are a series resistor 49
      and capacitor 50 with the common connection between the resistor and
      capacitor connected to the high voltage side of the power supply 40.
PAR  Switch 17, illustrated in this figure as well as in FIG. 1, is a three
      position switch corresponding to the three terminals 51, 52 and 53.
      Position 51 is the OFF position. When the switch is in position 52 there
      is a direct path from the positive side of the 1.2 volt battery to the
      heater coil 23 of the catalytic converter 11. Thus at the terminal V.sub.h
      the 1.2 volt is the applied heater voltage.
PAR  When the switch 17 is in position 3, i.e., terminal 53, the heater voltage
      is a lower value depending upon the overall resistance of the voltage
      regulator circuit 45. In a preferred embodiment this would be 0.75 volts
      as will be explained later.
PAR  As explained previously, the heater voltage or voltage applied to the input
      side of the catalytic converter is that voltage between terminal 55 and
      ground. The output of the catalytic converter is a variable impedance
      depending upon the concentration of contaminants. The output of the
      catalytic converter is coupled through a series resistor 56 then to a
      voltage divider network including a resistor 57 and a potentiometer or
      variable resistor 58 all three of which are connected together at a common
      point 59.
PAR  Also connected at this terminal 59 is a second potentiometer 60 connected
      to the normally open switch 18 previously discussed. The opposite end of
      the normally open switch 18 is grounded.
PAR  The output from the catalytic converter and the voltage divider network is
      coupled to a DC amplifier shown in the block 65, the DC amplifier
      including transistor 66 and 67 each having their emitters grounded through
      a resistor 68, 69 respectively as is conventional. The voltage divider
      input is coupled to the base of the first transistor 66 and the collector
      of the first transistor is connected directly to the base of the second
      transistor. Suitable conventional biasing voltage is provided to each
      collector.
PAR  In addition to the voltage regulator 45 it is necessary to provide a
      voltage reference level for biasing the various transistors. To this end,
      as is known, there is provided a voltage reference circuit 70 including a
      Zener diode 71 and a series resistor 72. One side of the Zener is grounded
      and the other side is connected through resistor 72 to the power supply
      40.
PAR  The output of the DC amplifier 65 is connected to a meter drive circuit 75.
      The meter drive circuit operates so that the meter can be a conventional
      volt meter measuring the voltage drop across a resistor. To accomplish
      this, the meter drive circuit 75 takes its output from DC amplifier 65 and
      includes a first potentiometer 76 connected to one side of the meter 19
      having a scale 20 and indicator 21 as illustrated in FIG. 1. The other
      side of the meter is connected through a resistor 77 to ground so that the
      meter is floating as is known for zero suppression at the lower end of the
      logarithmic scale. The junction between the potentiometer 76 and the
      output from the DC amplifier 65 is shown as a terminal 78 and this
      terminal is utilized if it is desired to record the output on a graph or
      other recording device.
PAR  The output of the DC amplifier also serves as the input to a Schmitt
      trigger circuit 80. The Schmitt trigger circuit 80 is conventional and
      hence will not be described in greater detail except to point out one
      particular feature with respect to the second transistor 81. Transistor 81
      has a potentiometer 82 coupled between its base and ground for adjustment
      of the trigger point. The output taken from the collector of transistor 81
      drives a conventional threshold oscillator circuit 85 which is connected
      to an audio alarm indicated as a speaker 90.
PAR  Having thus explained the circuit, the method of operating the gas
      detection apparatus will now be explained.
PAR  Each time that the gas detector is to be turned on, the first step is to
      purge the catalytic converter 11 of any accumulated contaminants. This is
      done by moving switch 17 to the first position corresponding to terminal
      52. The 1.2 volts is supplied to heat the converter raising the converter
      temperature to the range of 400.degree.F. This serves to accelerate
      oxidation of any contaminants on the converter.
PAR  After the indicator reading has stabilized the purging is completed. The
      stabilization is shown by a relatively constant output of the indicator 21
      of the meter 19.
PAR  The next step is to move switch 17 to its next position corresponding to
      terminal 53. The heater voltage reflected at terminal 55 drops to a
      preselected value depending upon the gas to be detected. If it is desired
      to detect carbon monoxide, then the heater voltage level would be 0.75
      volts. If it is desired to detect vinyl chloride then a heater voltage of
      1.0 volts would be applied. Obviously, this can be adjusted by virtue of
      the circuit including resistor 61. With the switch 17 in this third
      position at terminal 53 the temperature of the converter will be about
      300.degree.F.
PAR  The next step is to calibrate the apparatus in a non-contaminated
      atmosphere. The need for calibration at a linear portion of the response
      curve has been explained. To accomplish this with circuitry, there is
      provided a calibration circuit which provides the equivalent voltage
      output of the converter at a point in the linear portion of the catalytic
      converter response curve.
PAR  To simplify this explanation, when the gas detection apparatus is set up at
      the factory to detect carbon monoxide, it has been found that the
      contaminant level of 50 ppm is on the linear portion of the response curve
      and substantially at the middle of the scale. Thus, we use the 50 ppm
      midpoint as a calibration point. The circuitry including the resistor 57
      and potentiometer 60 are selected to provide an approximate reading
      equivalent to the voltage output of the catalytic converter in the
      presence of a comtamination level of 50 ppm. Thus, to calibrate, switch 18
      is closed and the meter 19 is observed to determine where the indicator 21
      will stabilize. If the indicator stabilizes at a point other than 50 ppm,
      the adjusting knob 22 is turned until the meter is calibrated at 50 ppm.
      Thus, adjusting knob 22 is the wiper of potentiometer 60. Once the
      calibration step is complete, the switch 18 is returned to its normally
      open position.
PAR  It should be noted that closing switch 18 simulates an impedance change at
      terminal 59 identical to the impedance change of the converter. At this
      terminal there occurs a direct reading of the converter impedance of
      output coil 23a. Thus, while the voltage is amplified to drive the meter,
      there is still direct reading of impedance, as contrasted with the thermal
      type converters which measure a change in temperature.
PAR  As shown by the dashed line in FIG. 5, switches 17 and 18 are tied together
      so that closing switch 18 for calibration purposes also moves switch 17 to
      position 3 (terminal 53). Thus, calibration occurs at a heater voltage of
      0.75 volts which conforms to the normal operating heater voltage.
PAR  At this point, a word should be said about the need for calibration in a
      non-contaminated atmosphere. In a non-contaminated atmosphere, the output
      of the catalytic converter should be at the quiescent level. Thus, there
      is no additive effect between the output of the converter and the output
      of the test circuit when the normally open switch 18 is closed. Thus, it
      may be seen that the normally open switch 18, when closed, provides a bias
      to the entire system equivalent to a contamination level of 50 ppm.
PAR  Since the initial part of the logarithmic response is so steep that low
      contamination levels cannot be accurately read, it must be appreciated
      that by keeping switch 18 closed and thus biasing the system to 50 ppm,
      levels of contamination of 51, 52 or 53 ppm with switch 18 closed, are
      substantially equivalent to actual contamination levels of 1, 2 or 3 ppm
      respectively. Thus, indications of low contaminant levels can be obtained
      in this fashion.
PAR  As an alternative method of calibration with switch 17 in position 3 and
      switch 18 open, the sensor may be exposed to a known carbon monoxide level
      using a conventional calibration chamber having its own moisturizing
      collar and threaded onto shaft 12. Rotation of knob 22 adjusts the
      indicator to the known concentration of contaminants in the chamber.
PAR  Once calibration has been completed and switch 18 opened, the meter or
      output means 19 is observed to indicate the concentration level. The
      Schmitt trigger is calibrated to turn on the oscillator and the alarm at a
      predetermined concentration level. In the case of carbon monoxide, this
      would be set for 200 ppm which is the OHSA maximum one time contaminant
      level.
PAR  To provide this adjustment, the potentiometer 82 is provided to the base of
      the second transistor 81 in the Schmitt trigger circuitry. This is an
      internal adjustment in the apparatus so that the audio alarm can be
      sounded at any desired contaminant level. It must be appreciated that
      "contaminant level" is reflected as "voltage output" regardless of what
      the actual scale numerals are on the scale 20. This, however, is true of
      any meter.
PAR  The feature of distinguishing among hazardous gases will now be explained.
      I have discovered that with the sensor of the present invention, the
      output is dependent not only upon the relative humidity but also upon the
      heater voltage at terminal 55. To compensate for problems of relative
      humidity the moisturizing collar 13 has been provided as previously
      explained.
PAR  Consider the situation where the gas detector is being operated with switch
      17 in position 53, i.e., 0.75 volts as the heater voltage. I have
      discovered that by switching to a higher heater voltage of 1.2 volts at
      terminal 52, if only carbon monoxide is present, the voltage output of the
      catalytic converter and the meter reading drop. If other toxic gases such
      as hydrocarbons are present then upon increasing the heater voltage, the
      sensor voltage output increases and the meter reading increases.
PAR  FIG. 6 is a graph of converter sensitivity as a function of heater voltage
      (the voltage across coil 23) for different gases. Curve 95 is a typical
      response curve for carbon monoxide. As heater voltage is increased the
      sensitivity of the sensor decreases and hence the output (change in
      impedance) is reduced at a given concentration. At that same
      concentration, a different gas such as methane has a response curve 96
      showing an increase in sensitivity at increased heater voltages. The two
      curves intersect at 97.
PAR  Thus, by increasing heater voltage if only carbon monoxide is present, the
      output voltage drops (curve 95) but if a hydrocarbon such as methane is
      present the output voltage increases (curve 96). If both gases are present
      the output voltage is initially higher and increases although slightly
      less than methane alone being present, because the cumulative effects of
      the two gases results in an increased output.
PAR  Curve 98 is a typical response curve for another toxic gas, isobutane,
      illustrating the step or threshold which occurs at a 0.50 heater voltage.
      Thus, below the threshold heater voltage the converter cannot detect this
      type of gas. Knowledge of the converter response curve is important to
      insure that all purging, detecting and differentiating of gases, i.e., all
      converter operations, occur above the threshold heater voltage.
PAR  Hence, based upon this discovery, it is possible to not only sense the
      toxicity level or contaminant level but to distinguish among various toxic
      gases. By moving switch 17 and observing either the decrease or increase
      in the output of the gas detector, the presence of only carbon monoxide
      can be determined and the presence or absence of other toxic contaminants
      may also be determined.
PAR  As may be appreciated, it is possible to provide an indicator circuit to
      accomplish this same result by utilizing a differential comparator and two
      indicator lights, one indicator light to show if the second input to the
      comparator is higher and the other indicator light to show if the second
      input to the comparator is lower where the two inputs to the comparator
      are the output from the DC amplifier 65 taken at terminal 78 before and
      after the switch 17 is moved.
PAR  Much of the circuitry shown in the figure can be designed to individual
      specifications. However, in order to provide a more complete description
      of the invention, the following information is provided. The catalytic
      converter is the model TGS solid state gas sensor manufactured by Figaro
      of Osaka, Japan. With respect to the voltage regulating circuit 45,
      resistor 49 has a resistance of 120 ohms, capacitor 50 is 1 uf, and the
      transistors 46, 47 and 48 are 2N 6179, 2N 4126, and 2N 3104, respectively.
PAR  In the test and biasing circuit from the output of the sensor, resistor 56
      is 560 ohms, resistor 57 is 68 k ohms, variable resistor 58 is 20 k ohms
      and variable resistor 60 is 50 k ohms. With respect to the DC amplifier
      circuit 65, both transistors are 2N 3416 and the emitter bias resistors
      are 1,2 k ohms and 1.8 k ohms, respectively. The collector bias resistor
      for transistor 66 is 2.7 k ohms. Potentiometer 76 is 5 k ohms.
PAR  With respect to the reference voltage circuit 70, the Zener diode is type
      1N 5229 and resistor 72 is 100 ohms. In the Schmitt trigger circuit, the
      input resistor is 1.2 k ohms and the grounding resistor providing a bias
      at the base of the first transistor is 6.8 k ohms. The two transistors are
      2N 3416s and both of their emitters are biased with a 1 k ohm resistor.
      The variable resistor 82 utilized to adjust the audio signaling level is a
      10 k ohm potentiometer. The collector of the first transistor has in its
      circuit a 2.2 k ohm resistor connected to the reference voltage circuit 70
      and a 2.7 k ohm resistor connected to the base of the second transistor
      81. The oscillator circuit is conventional for providing an alarm through
      a 8 ohm 0.1 watt speaker 90.
PAR  The foregoing is a complete description of the preferred embodiment of the
      present invention. It must be appreciated that many different circuits can
      be derived to provide the same functions and that many modifications and
      variations can be made without departing from the spirit and scope of the
      present invention. The invention, therefore, should be limited only by the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for continuously sensing the presence of noxious gases in the
      atmosphere and for differentiating between carbon monoxide and other
      noxious gases including hydrocarbons, including the steps of providing a
      semi-conductor catalytic sensor, flowing the gas to be sensed along a flow
      path to said sensor, moisturizing the gas in said flow path to at least
      50% relative humidity, exposing said moisturized gas to said sensor for
      oxidation of said gas, sequentially applying input voltages at first ans
      second levels to said sensor, and determining the relative change in the
      impedance of said sensor as said input voltage is changed from said first
      level to said second level.
NUM  2.
PAR  2. In the method as defined in claim 1 wherein said sensor has a decreasing
      sensitivity to carbon monoxide at increased input voltages and an
      increasing sensitivity to hydrocarbons at increased input voltages and
      wherein the sensitivity to both carbon monoxide and hydrocarbons are equal
      at a predetermined input voltage, said steps of sequentially applying
      input voltages further includes applying said input voltage at a first
      level below said predetermined voltage and applying said input voltage at
      a second level above said predetermined voltage.
NUM  3.
PAR  3. A method for continuously and accurately sensing the presence of noxious
      gases in the atmosphere including the steps of providing a semi-conductor
      catalytic converter, flowing the gas to be sensed along a flow path to
      said converter, moisturizing the gas in said flow path to at least 50%
      relative humidity, exposing said moisturized gas to said converter,
      applying an input voltage to said converter to heat said converter and
      thus oxidize the gases being sensed, the impedance of said converter
      changing in proportion to the concentration of noxious gases, and deriving
      a signal indicative of said concentration of noxious gases in response to
      said impedance change.
NUM  4.
PAR  4. The method of claim 3 wherein said step of mositurizing the gas in said
      flow path to at least 50% relative humidity comprehends the steps of
      providing a water-absorbent element capable of retaining moisture, wetting
      said element with water and interposing said wetted element in said flow
      path.
NUM  5.
PAR  5. A method for detecting the presence of a first noxious gas in the
      atmosphere and for determining the presence of interferring noxious gases
      in the atmosphere including the steps of providing a semi-conductor
      catalytic converter having predetermined sensitivities to said first gas
      at first and second input voltages, said converter having a different
      sensitivity to interferring gases at least at one of said input voltages,
      flowing the gas to be sensed along a flow path to said converter,
      moisturizing the gas in said flow path to at least 50% relative humidity,
      exposing said moisturized gas to said converter, sequentially applying
      first and second input voltages to said converter, and determining the
      presence or absence of interferring gases by the relative change in
      impedance of said converter as said input voltage is changed from said
      first level to said second level as compared to the expected change in
      impedance based upon converter sensitivity to said first gas.
NUM  6.
PAR  6. Apparatus for sensing the presence of noxious gases in the atmosphere
      and for differentiating between first and second different noxious gases
      including a single semi-conductor catalytic converter, means for defining
      a gas flow path between the atmosphere and the single semi-conductor
      catalytic converter, a moisturizing element interposed in said floww path
      for moisturizing said atmosphere to at least 50% relative humidity, a
      voltage regulator for supplying input voltages to said single
      semi-conductor catalytic converter at discrete levels, a switch means
      connected between said voltage regulator and said converter for selecting
      and coupling discrete input voltage levels to said single semi-conductor
      catalytic converter, and means for measuring the output of said single
      semi-conductor catalytic converter, said single semi-conductor catalytic
      converter output changing in inverse proportion to the change in input
      voltages if only said first noxious gas is present; said single
      semi-conductor catalytic converter output changing in direction proportion
      to the change in input voltage if at least said second noxious gas is
      present.
NUM  7.
PAR  7. The apparatus as defined in claim 6 wherein said path defining means is
      a threaded shaft, said moisturizing element includes a collar threaded on
      said shaft, said collar having an internal reusable moisturizing wick.
NUM  8.
PAR  8. The apparatus as defined in claim 6 wherein said output measuring means
      measures the impedance of said converter.
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ABST
PAL  A high temperature reactor comprises a tube which defines a reactor
      chamber; means for introducing the inert fluid into the reactor tube to
      provide a protective blanket for the inside surface of the tube; means for
      introducing reactants into the chamber, the reactants being confined
      centrally within the chamber by the protective blanket; and, means, for
      generating high intensity radiant energy which is directed into the
      chamber to coincide with at least a portion of the path of the reactants.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a high temperature process which
      enables the carrying out of a myriad of chemical reactions many of which
      heretofore have been impractical or only theoretically possible. The
      present invention further relates to a reactor for carrying out the
      process of the invention. Both the process and the reactor utilize
      radiation coupling as a heat source and maintain the contemplated chemical
      reactions in isolation within a protective fluid blanket or envelope out
      of contact with the containing surfaces of the reactor.
PAR  High temperature reactors are presently employed to carry out pyrolysis,
      thermolysis, disassociation, decomposition and combustion reactions of
      both organic and inorganic compounds. Such reactors transfer heat to the
      reactants by convection and/or conduction but this characteristic
      inherently produces two major problems which limit the nature and scope of
      the reactions which may be carried out. Both problems result from the fact
      that in a conventional reactor which transfers heat to the reactants by
      convection, the highest temperature in the system is necessarily at the
      interface between the inside wall of the reactor and the reactant stream.
PAR  The first problem involves the limitations on available temperatures of
      reaction which are imposed by the strength at elevated temperatures of
      known reactor wall materials. The decreasing capability of such materials
      to maintain their integrity under conditions of increasing temperature is,
      of course, well known. However, since it is necessary that such materials
      be heated in order that thermal energy may be transferred to the reactant
      stream, available reaction temperatures have been limited by the
      temperature to which the reactor wall could be safely heated. This factor
      is particularly critical in cases where the contemplated reaction either
      must take place at or produces high pressures.
PAR  The second problem inherently results both because the wall of a
      conventional reactor is at the highest temperature in the system and
      because convective/conductive heat transfer requires contact between the
      wall and the reactant stream. Being at such elevated temperature, the
      reactor wall is an ideal if not the most desirable reaction site in the
      system and, in many instances, reaction products will accumulate and build
      up on the wall. Such build-up impairs the ability of the system to
      transfer heat to the reactants and this ever increasing thermal impedance
      requires the source temperature to be raised progressively just to
      maintain the initial rate of heat transfer into the reactant stream.
      Obviously, as the build-up increases, the required source temperature will
      eventually exceed the capabilities of the reactor wall material. Moreover,
      as additional energy is required to sustain the reaction, the process
      becomes less efficient in both the technical and economic sense. Thus, at
      the point where the contemplated reaction can no longer be sustained on
      the basis of either heat transfer, strength of materials, or economic
      considerations, the system must be shut down and cleaned.
PAR  Usually, cleaning is performed mechanically by scraping the reactor wall or
      chemically by burning off the deposits. In some continuous processes, it
      has been attempted to scrape the reactor wall while the reaction proceeds.
      However, the scraping tool itself necessarily gets hot, becomes a reaction
      site and, thereafter, must be cleaned. In any event, this down time
      represents a substantial economic loss. In many instances, a second system
      will be installed in order to minimize lost production time. However, such
      additional equipment generally represents a substantial capital
      investment.
PAR  U.S. Pat. No. 2,926,073 discloses a reactor which is designed to produce
      carbon black and hydrogen by the pyrolysis of natural gas. The process is
      stated to be continuous but, in practice, the convective heat transfer
      principle under which the reactor operates causes serious problems both in
      sustaining and controlling the reaction. Since the heated tubes of the
      reactor are ideal reaction sites, carbon invariably builds up and
      eventually clogs the system. More serious, however, is the problem of
      thermal runway which can result in explosions. With respect to this
      condition, it has been determined that during pyrolysis of natural gas,
      thermal conductivity of the gas phase suddenly increases from about five
      to thirty times, depending upon the composition of the gas. Because the
      temperatures in a conventional convective reactor cannot be regulated with
      sufficient speed and accuracy to compensate for this phenomenon, in some
      instances the system would become unstable and explosions would result.
      Such conditions are inherent in conventional reactors and, as yet, no way
      has been found to overcome this problem.
PAR  U.S. Pat. No. 3,565,766 represents a recent attempt to upgrade coal by
      pyrolysis. The disclosed system comprises a series of hollow steel vessels
      which act as a multi-stage fluidized beds at successively increasing
      temperatures up to about 1,600.degree.F. Fluidization at lower
      temperatures is achieved by an inert gas which may itself supply heat
      although external heating is contemplated. At higher temperatures,
      fluidization is achieved by the overhead gas obtained in the final stage;
      and, in the final stage, temperature is maintained by internal combustion
      of the char in air or oxygen. Because it relies primarily upon heat
      transfer by convection, this system is subject to many of the defects and
      disadvantages which have previously been discussed.
PAC  SUMMARY OF THE INVENTION
PAR  In the present high temperature chemical reaction process, an annular
      envelope of an inert fluid which is substantially transparent to radiation
      is generated; the envelope has a substantial axial length. Next, at least
      one reactant is passed through the core of the envelope along a
      predetermined path which is substantially coincident with the envelope
      axis, the reactants being confined within the envelope. After the reactant
      flow has started, high intensity radiant energy is directed through the
      envelope to coincide with at least a portion of the path of the reactants.
      Sufficient radiant energy is absorbed in the core to raise the temperature
      of the reactants to a level required to initiate the desired chemical
      reaction.
PAR  In the event that the reactants are themselves transparent to radiant
      energy, an absorptive target is introduced into the reactant stream. The
      target will absorb sufficient radiant energy to raise the temperature in
      the core to the desired level. In some instances, however, while the
      reactants are transparent to radiation, one or more of the reaction
      products will be an absorber. In such event, once the reaction has been
      initiated the target may be withdrawn and the reaction will continue. An
      example of such reaction is the pyrolysis of methane to carbon and
      hydrogen.
PAR  Some reactions will reverse either partially or completely if the reaction
      products are not cooled immediately and rapidly. In such cases, it is
      further contemplated that cooling of reaction products and any remaining
      targets to prevent such undesired chemical reactions, preferably by
      radiation heat transfer, be carried out immediately upon completion of the
      desired reaction.
PAR  The high temperature reactor of the present invention transfers
      substantially all of the required heat to the reactants by radiation
      coupling. The reactor comprises a tube having an inlet end and an outlet
      end, the interior of the tube defining a reactor chamber. Means for
      introducing an inert fluid into the reactor chamber provide a protective
      blanket for the radially inward surface of the reactor tube. Means for
      introducing at least one reactant into the reactor chamber through the
      inlet end cause such reactants to be directed in a predetermined path
      axially of the reactor tube. The inert fluid blanket confines the
      reactants substantially centrally within the reactor chamber and out of
      contact with the reactor tube. High intensity radiant energy is generated
      and directed into the reactor chamber to coincide with at least a portion
      of the path of the reactants, sufficient radiant energy being absorbed to
      raise the temperature of the reactants to a level required to initiate the
      desired chemical reaction.
PAR  In contrast to the conventional convective reactors, the present invention
      relies upon radiation coupling to transfer heat to the reactant stream.
      The amount of heat transferred is independent both of physical contact
      between the reactor wall and the stream and of the degree of turbulent
      mixing in the stream. The primary consideration for heat transfer in the
      present system is the radiation absorption coefficient (.alpha.) of the
      reactants. The inert fluid blanket which protects the reactor wall is
      desirably substantially transparent to radiation and thus exhibits a very
      low value of .alpha.. This enables radiant energy to be transferred
      through the blanket to the reactant stream with little or no energy
      losses. Ideally, the reactants themselves or the target medium will
      exhibit high .alpha. values and will thus absorb large amounts of energy.
      Since materials which are good absorbers are generally good emitters of
      radiation, when the reactants or targets are raised to a sufficiently high
      temperature, they become secondary radiators which re-radiate energy
      throughout the entire reacting volume and further enhance the heat
      transfer characteristics of the system. This occurs almost instantaneously
      and is subject to precise and rapid control. Thus, in the process and
      apparatus of the present invention, the reacting core may be raised to
      extremely high temperatures while the protective blanket remains
      relatively cool. Moreover, the re-radiation phenomenon which ensures rapid
      and uniform heating of the reactants is completely independent of the
      degree of turbulent mixing which may exist in the reactant stream.
PAR  The present high temperature chemical process and apparatus provide a
      solution to problems which have plagued the art and thus permit the
      carrying out of reactions which heretofore have been impractical or only
      theoretically possible. Because heat is supplied by radiation coupling
      rather than by convection and/or conduction, the temperature of the
      reactant stream may be independent of both the temperature of the reactor
      wall and of the condition of the reaction stream, and the serious strength
      of materials problem is overcome. Two embodiments of the present reactor
      contemplate that the reactor wall in fact be cooled and a third
      embodiment, although it provides a heated wall as a source of radiant
      energy, is not subjected to the high pressures which are normally
      attendant to many kinds of reactions. For this reason, refractory
      materials such as carbon or thorium oxide, which are not suitable for use
      as a wall material in a conventional reactor, may be successfully
      employed. As compared to the most temperature-resistant alloys which melt
      at about 1600.degree.C., thorium oxide, for example, is servicable at
      temperatures greater than 3,000.degree.C. This feature reaction
      temperatures far in excess of those presently achievable and reactions
      which had been only theoretically feasible may be carried out.
PAR  Moreover, the provision of the protective inert fluid blanket, which is
      made possible by the use of radiation coupling, isolates the reactor wall
      from the reactant stream and makes it impossible under normal operating
      conditions for any precipitates or other deposits to accumulate and clog
      the system.
PAR  The use of radiation coupling further provides accurate and almost
      instantaneous control of heat transfer rates which is impossible to
      achieve in a conventional convective reactor. Furthermore, the present
      reactor may provide a power density at the reaction site in excess of
      10,000 watts/cm.sup.2. The embodiment which is most suitable for large
      scale commercial purposes has achieved a power density of about 180
      watts/cm.sup.2. Even this lower figure represents a great improvement over
      the 2-3 watts/cm.sup.2 which is ordinarily obtained in conventional
      reactors.
PAR  The reactions which may be carried out by the process of this invention as
      implemented by the present reactor are many and varied. For example,
      organic compounds, particularly hydrocarbons, may be pyrolized to produce
      carbon and hydrogen without the attendant build-up and thermal runaway
      problems which were encountered in the prior art. Saturated hydrocarbons
      may be partially pyrolized to obtain unsaturated hydrocarbons; thus, for
      example, propane and ethane may be dehydrogenated to propylene and
      ethylene, respectively. Unsaturated hydrocarbons may be partially
      pyrolized in the presence of hydrogen to form saturated hydrocarbons and,
      more specifically, petroleum products may be thermally cracked. Thus, gas
      oil may be readily converted into diesel oil, kerosene, gasoline fractions
      or even methane. Halogen intermediates may be added to partially pyrolized
      hydrocarbons to produce higher molecular weight compounds. Hydrocarbons
      may be completely or incompletely pyrolized in the presence of steam to
      form carbon monoxide and hydrogen; additional hydrogen may then be added
      and the reaction carried out to form alkane series hydrocarbons which are
      high BTU-value fuel gases.
PAR  Inorganic compounds may likewise be pyrolized. For example salts or oxides
      of iron, mercury, silver, tungsten and tantalum, among others, may be
      disassociated to obtain pure metals. Oxides of iron, nickel, cobalt,
      copper and silver, to name a few, may be directly reduced in the presence
      of hydrogen with the same result. This list is by no means intended to be
      exhaustive.
PAR  Novel composite products may also be produced by the present process. For
      example, carbon or talc particles coated with silicon carbide may be
      obtained. This product serves as an excellent abrasive because as it is
      used, it continually breaks up and forms fresh new sharp surfaces.
      Particles of certain elements such as U.sup.235 amy also be encapsulated
      in a chemically-tight envelope of another material such as carbon; this
      particular product is useful as a nuclear reactor fuel element.
PAR  It is further contemplated that the present invention may provide the
      terminal step in conventional aerobic incineration of waste such as
      garbage and sewage. The relatively low temperatures encountered in current
      incineration processing techniques permit the formation of organic
      peroxides and oxides of nitrogen which are major contributors to
      photochemical smog and other forms of air pollution. Because such
      compounds are not stable at the higher processing temperatures afforded by
      the present invention, a waste incineration effluent which is very low in
      pollutants may be obtained.
PAR  Further, the present invention contemplates the high temperature anaerobic
      destructive distillation and/or disassociation of waste to yield useful
      products such as carbon black, activated charcoal, hydrogen, and glass
      cullet, to name a few. The addition of steam to such waste will produce
      carbon monoxide and hydrogen which may then be processed in the
      conventional manner to obtain fuel gases. Finally, the addition of
      hydrogen to such waste will produce petroleum-equivalent heavy oils and
      other petroleum products. Thus, substantial reductions in air pollution as
      well as significant economic gains may be realized through such
      contemplated applications of the present invention.
PAR  The present invention represents a major breakthrough in the art. Because
      it makes available for the first time a source of thermal energy which has
      never been harnessed in this manner, its potential applications are
      numerous and varied. Moreover, in surmounting the strength of materials
      problem which has shackled the art for many years, this invention makes
      possible in the practical sense many useful chemical reactions which have
      long been known but which could not be performed because of temperature
      limitations inherent in reactors which depended upon convective and/or
      conductive heat transfer.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation in partial section of one embodiment of the reactor
      of the present invention;
PAR  FIG. 2A is an elevation in section of the inlet end of a second embodiment
      of the reactor of the present invention;
PAR  FIG. 2B is an elevation in section of the outlet end of the second
      embodiment of the reactor of the present invention; FIGS. 2A and 2B
      represent halves of an integral structure which has been divided along
      line A--A in order to provide an illustration of sufficient size to show
      clearly certain structural details;
PAR  FIG. 2C is a perspective in partial section of the second embodiment of the
      reactor of the present invention wherein certain elements have either been
      removed or illustrated diagrammatically to illustrate more clearly the
      operation of the reactor;
PAR  FIG. 3 is a section taken substantially along line 3--3 of FIG. 2A;
PAR  FIG. 4 is a section taken substantially along line 4--4 of FIG. 2B;
PAR  FIG. 5 is a section taken substantially along line 5--5 of FIG. 2A; and,
PAR  FIG. 6 is a perspective of a portion of the reactor tube heating means of
      the second embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring specifically to FIG. 1, a first embodiment of the present
      high-temperature chemical reactor 10 comprises a reactor tube 11 which has
      an inlet end 12 and an outlet end 14. The reactor tube 11 includes an
      inner wall 15 and an outer wall 16 which define an annular channel
      therebetween and the interior of the tube 11 constitutes a reaction
      chamber 17. The tube 11 is made of a material which is substantially
      transparent to radiation. Suitable materials of this nature which exhibit
      a very low absorption coefficient (.alpha.) include glass, quartz, hot
      sintered aluminum oxide, hot sintered yttrium oxide, pyrex (a borosilicate
      glass), vycor (a silicate glass) and sapphire; organic polymers such as
      plexiglass (acrylic), lucite (acrylic), polyethylene, polypropylene and
      polystyrene; and, inorganic salts such as the halides of sodium,
      potassium, cesium, lithium or lead.
PAR  As used herein, the term "radiation" is intended to encompass all forms of
      radiation including high-energy or impacting nuclear particles. However,
      because the practical use of such radiation is not possible under the
      present state of the art, black body or other electromagnetic radiation,
      particularly of wavelengths ranging from about 100 microns to 0.01
      microns, is considered to be the primary energy source upon which design
      considerations are to be based.
PAR  During operation of the reactor 10 a fluid medium which is substantially
      transparent to radiation is introduced through inlet 18, circulates
      throughout the annular channel to cool the reactor tube 11 and exits
      through outlet 19. Such fluid medium may be a gas or a liquid;
      representative suitable fluids which have low coefficients of absorption
      (.alpha.) include liquid or gaseous water, heavy water, nitrogen, oxygen
      and air.
PAR  Means for introducing an inert fluid into the reactor chamber 17 through an
      inlet 20 comprises first and second laminar diffusers 21 and 22,
      respectively, which are disposed adjacent the inlet end 12 of the tube 11.
      Such diffusers 21, 22 may be in the form of honeycomb cores or any other
      suitable configuration which causes a fluid directed under pressure
      therethrough to flow in a substantially laminar fashion. The inert fluid
      is thus introduced substantially axially into the reactor chamber 17 to
      provide a protective blanket for the radially inward surface of the
      reactor tube 11 and is collected for recirculation as it exits through
      outlet 23. The inert fluid is substantially transparent to radiation in
      that it has a low .alpha. value. Fluids which are suitable for this
      purpose include simple gases such as helium, neon, argon, krypton and
      xenon; complex gases which do not decompose to form a solid product such
      as hydrogen, nitrogen, oxygen and ammonia; and, liquid or gaseous water.
      The term "inert" as used herein, involves two factors: the ability of the
      fluid to react chemically with the material of the reactor tube 11 and the
      ability of the fluid to react chemically with the materials which are
      being processed. Thus, the selection of an "inert" blanket fluid depends
      in each instance upon the particular environment. It is always desirable
      that the fluid be inert with respect to the reactor tube and it is usually
      desirable that the fluid be inert with respect to the reaction which is
      carried out. However, it is contemplated that in some instances the
      blanket fluid shall also participate in the reaction as, for example,
      where iron or carbon particles are reacted in the presence of a steam
      blanket to produce iron oxide and hydrogen or carbon monoxide and
      hydrogen, respectively.
PAR  Reactants are introduced into the reactor chamber 17 through an inlet 24 at
      the inlet end 12 of the reactor tube 11. The reactants are directed along
      a predetermined path 25 axially of the reactor tube 11 and are confined by
      the protective inert fluid blanket substantially centrally within the
      reactor chamber 17 out of contact with the reactor tube 11.
PAR  A high-intensity radiant energy source (not shown) is disposed within a
      polished reflector 31 which is mounted on a frame 32 externally of the
      reactor tube 11. The radiant energy source may be a plasma arc, a heated
      filament, a seeded flame, a pulsed flashlamp or other suitable means; a
      laser may also serve as the source but, at present, laser technology has
      not been sufficiently developed to the extent where it is economically
      practical for the purposes contemplated by the present invention. The
      radiant energy generated by the source is collected by the reflector 31
      and is directed through the tube 11 into the reactor chamber 17 to
      coincide with at least a portion of the path 25 of the reactants.
      Sufficient radiant energy will thus be absorbed to raise the temperature
      of the reactants to a level required to initiate and carry out the desired
      chemical reaction. As previously stated, the tube 11, the cooling fluid
      and the inert blanket are all substantially transparent to radiant energy.
      Accordingly, they do not interfere to any great extent with the
      transmission of energy to the reactant steam and remain relatively cool.
      Thus the reactor tube 11 is not subjected to appreciable thermal stress
      and remains free from precipitates and other deposits which would normally
      accumulate.
PAR  The above discussion presumes that the reactants themselves exhibit a
      relatively high radiation absorption coefficient (.alpha.). However, if
      such is not the case, a radiant energy absorptive target must be
      introduced into the reactor chamber 17 coincident with at least one point
      along the path 25 of the reactants. In the embodiment of FIG. 1, the
      target medium is a finely divided solid such as carbon powder or other
      suitable material which enters the reactor chamber 17 together with the
      reactants through inlet 24 and absorbs sufficient radiant energy to raise
      the temperature of the reactants to the required level.
PAR  Alternatively, the target may be a liquid such as tar, asphalt, linseed oil
      or diesel oil, and may include solutions, dispersions, gels and
      suspensions of varied make-up which may be readily selected from available
      materials to suit particular requirements. The target may be a gas which
      preferably exhibits absorption in the electromagnetic spectrum from about
      100 microns to about 0.01 microns; such gases include ethylene, propylene,
      oxides of nitrogen, bromine, chlorine, iodine, and ethyl bromide. The
      target may also be a solid element made of a material such as carbon which
      is disposed in the reactor chamber 17 along at least a portion of the path
      25 of the reactants.
PAR  Other means for raising the temperature of the reaction to the required
      level may include an electrically heated element, an electric arc or a
      flame disposed within the reactor chamber 17 coincident with at least a
      portion of the path 25 of the reactants. In such instances, the initiating
      heat source is self-contained and is not derived from the radiant energy
      generating means. Such means are particularly useful where the reactants
      themselves are transparent to radiation but at least one of the reaction
      products is an absorber. Thus, once the contemplated reaction has been
      initiated, the temperature raising means may be deactivated because the
      reaction products will absorb sufficient radiant energy to sustain the
      reaction. Likewise, if a target medium is used, it may be discontinued or
      withdrawn once the reaction has begun as by operation of a control means
      35. An example of a reaction where a target or other initiating means is
      required only at the outset is the pyrolysis of methane to produce carbon
      and hydrogen.
PAR  As previously stated, some reactions will reverse either partially or
      completely if the reaction products are not cooled immediately and
      rapidly. For this purpose, reaction product cooling means 40 may be
      provided within the reactor chamber 17 adjacent the outlet end 14 of the
      reactor tube 11. One embodiment of such means 40 is disposed substantially
      centrally within the reactor chamber 17 and includes a tubular member 41
      having an internal channel 42 through which is circulated a coolant such
      as water. The radially inward surface of the tube 41 is designed to
      constitute an absorber of radiant energy. As the reaction products,
      remains reactants and targets, if any, pass within the cooled tube 41,
      heat is transferred rapidly by radiation coupling and the system is
      effectively quenched to prevent any further undesired chemical reactions.
PAR  Referring to FIGS. 2A-6, inclusive, and particularly to FIGS. 2A-2C, a
      second embodiment of the present reactor 60 comprises a reactor tube 61
      having an inlet end 62 and an outlet end 63; the interior of the tube 61
      defines a reactor chamber 65. The reactor tube 61 is made of a porous
      material which is capable of emitting radiant energy; preferably the pore
      diameter is in the range of about 0.001 to 0.020 inch to permit uniform
      flow of sufficient inert fluid through the tube wall to provide an
      adequate protective blanket. Other wall constructions such as mesh,
      screening or various types or perforations may also be used to provide the
      desired result. The reactor tube 61 may be made from materials such as
      graphite, carbon, sintered stainless steel, sintered tungsten, or sintered
      molybdenum, and, inorganic materials such as oxides of thorium, magnesium,
      zinc, aluminum or zirconium, among others. Tungsten, nickel and molybdenum
      are also suitable for use as mesh or screening.
PAR  A fluid-tight, tubular pressure vessel 70 which is preferably made of
      stainless steel encloses the reactor tube 61. The integrity of the vessel
      70 is maintained by a series of sealing flanges 71, 72; 73, 74; and 75, 76
      which join the several sections of the reactor 60. Flanges 72, 73 and 76
      further are grooved to receive stainless steel O-rings 77, 78 and 79,
      respectively, which act as pressure seals. The reactor tube 61 is slidably
      mounted at one end within a graphite sleeve 81 which allows for any
      elongation of the tube 61 which may occur during operation at elevated
      temperatures.
PAR  The pressure vessel 70 further includes an inlet 83 for admitting an inert
      fluid, which as in the case of the FIG. 1 embodiment, is substantially
      transparent to radiant energy. The inert fluid is first directed under
      pressure into a plenum 85 which is defined between the reactor tube 61 and
      the pressure vessel wall 70. Thereafter, such fluid is directed through
      the porous wall of the tube 61 into the reactor chamber 65 to constitute a
      protective blanket for the radially inward surface of the reactor tube 61.
PAR  Means for cooling the pressure vessel 70 comprises cooling coils 87 which
      are disposed about the radially outward surface of the pressure vessel 70.
      The coils 87 are preferably covered with a flame-sprayed aluminum coating
      which enhances the thermal contact between the vessel 70 and the coils 87
      to increase cooling efficiency. Such coils 87 are also disposed about a
      viewport 88 which is provided in the pressure vessel wall.
PAR  As shown best in FIGS. 2A and 3, the reactants are introduced into the
      reactor chamber 65 through the inlet end 62 of the reactor tube 61. Means
      for introducing the reactants comprises an inlet section 90 which is
      mounted in fluid-tight relationship by flanges 71, 72 adjacent the inlet
      end 62 of the tube 61. The reactants are carried in a gaseous stream
      through inlet 91, past a tangential baffle 92 and into a plenum 93 which
      is defined between an outer wall 94 and a diffuser 95. Suitable materials
      for the diffuser 95, whose function is to minimize turbulence in the
      stream, include porous carbon, steel wool and mesh screening. As in the
      case of the FIG. 1 embodiment, the reactants are directed in a
      predetermined path axially of the reactor tube 61 and are confined by the
      protective blanket substantially centrally within the reactor chamber 65
      and out of contact with the inner wall of the reactor tube.
PAR  In the second embodiment, the reactor tube 61 itself generates the
      high-intensity radiant energy which is directed centrally therewithin
      substantially coincident with at least a portion of the path of the
      reactants. Heating is provided by a plurality of carbon electrodes
      100a-100f which are disposed radially outwardly of and spaced
      circumferentially about the tube 61; the heat generated by the electrodes
      100 is transferred to the tube 61 by radiation. In the second embodiment,
      as best shown in FIGS. 2A, 5 and 6, electrodes 100a and 100b, for example,
      are embedded at one end in an arcuate carbon cross-over element 101a;
      electrodes 100c and 100d are embedded in cross-over 101b; and, electrodes
      100e and 100f are likewise embedded in cross-over 101c. Tubular alumina
      spacers 102a-102c have the dual function of centering the porous reactor
      tube 61 and of dividing the three circuits. Referring specifically to
      FIGS. 2B and 4, each carbon electrode 100a-100f is mounted at its other
      end in a copper bus bar electrode 104. Although there are six such
      electrodes 104, only one is actually shown in FIG. 4 as a matter of
      convenience. Each copper bus bar electrode 104 includes a phenolic flange
      105 and a ceramic insulator 106. The electrode 104 is cooled by water
      which circulates in an internal channel 107, entering through inlet 108
      and exiting through outlet 109. A high current electrical connection is
      illustrated at 110. A polytetrafluoroethylene seal 111 assists in
      preventing any leakage from the pressure vessel 70. The electrical system
      illustrated herein is particularly suitable for use with a three-phase
      power source. However, other systems may be used where circumstances
      warrant. It is further contemplated that the porous tube 61 may itself be
      heated directly by electrical resistance; in such event the electrodes 100
      may be eliminated.
PAR  The thermal efficiency of the tube heating means is further improved by the
      provision of a molybdenum heat shield 120 which reflects electromagnetic
      radiation from the carbon electrodes 100 toward the porous tube 61. In
      that the heat shield 120 reflects rather than transfers heat, it functions
      as an insulator and may thus be made of any material which exhibits this
      characteristic and which can withstand the temperatures generated by the
      electrodes 100. The heat shield 120 is disposed within the pressure vessel
      70 radially outwardly of the electrodes 100 and preferably comprises a
      flat strip of rectangular cross-section which is wound in a series of
      helical turns. Such construction allows the inert blanket gas to enter
      through the inlet 83 and to circulate freely throughout the plenum 85.
PAR  As in the case of the FIG. 1 embodiment, a target medium or other
      initiating means may be provided if required. Target media are introduced
      into the reactor chamber 65 through an inlet 121. Also, reaction product
      cooling means 125 of a construction as previously described, or of any
      other suitable construction, may be provided to prevent any undesired
      chemical reactions which might occur if the reaction products were not
      cooled immediately after formation.
PAR  The primary advantage of the second embodiment over the first embodiment is
      that in the former, the inert fluid blanket is introduced into the chamber
      65 in a radially inward direction whereas in the latter, the blanket is
      introduced axially into the chamber 17. It will be appreciated that
      laminar flow can be maintained for only relatively short distances before
      turbulence causes intermixing and destroys the integrity of the protective
      blanket. Because radial blanket introduction does not require laminar flow
      of the blanket fluid, much greater axial reactor chamber lengths may be
      obtained. All that need be done in the second embodiment is to maintain
      the absolute level of the inert fluid pressure greater than the absolute
      level of the pressure in the reactant stream in order to prevent any
      reactants and/or reaction products from impinging upon the reactor tube
      61. This feature aids in making the second embodiment more suitable for
      large scale commercial operation.
PAR  A further distinction between the respective embodiments is that the
      reactor tube 11 of FIF. 1 is positively cooled whereas the tube 61 of FIG.
      2 must be heated and may operate at temperatures in excess of
      3,000.degree.C as in the case where porous thorium oxide is the base
      material. Although the cool wall is better able to withstand pressure
      because it is not subject to thermal stress, the hot wall 61 is not
      subject to a pressure gradient, except perhaps the relatively small
      differential between the fluid blanket and the reactive stream. The
      pressure is borne by the stainless steel pressure vessel wall 70 which, of
      course, is cooled by the coils 87 and thus is not subject to thermal
      stress. Accordingly, a refractory material, such as carbon or thorium
      oxide, which can withstand temperatures far in excess of those tolerable
      by conventional reactor wall materials but which are unsuitable for use in
      a conventional convective reactor, may now be employed for the first time
      to provide a practical, ultra-high-temperature system.
PAR  The present invention further contemplates a third embodiment which
      combines features of the first two. Accordingly, the reactor tube may be
      constructed of a porous material which is substantially transparent to
      radiation. Suitable wall materials include for example porous quartz,
      porous glass frit, and porous sapphire. An inert fluid which is
      substantially transparent to radiation may thus be introduced into the
      reactor chamber radially inwardly through the porous reactor wall rather
      than axially in a laminar fashion as described with respect to the first
      embodiment. Radiant energy is generated, collected and directed into the
      reactor chamber also as described with respect to the first embodiment.
PAR  The third embodiment provides the higher power density of the first
      embodiment and the radially injected fluid blanket of the second
      embodiment. However, at the present stage of development, the second
      embodiment is the most suitable for large scale commercial applications
      since its radiant energy source is derived from ordinary electrical
      resistance heating. The second embodiment is therefore more readily
      capable of being serviced and maintained. Moreover, the second embodiment
      may be made to carry out all of the processes and reactions contemplated
      by the present invention merely by adjusting the residence time of the
      reactants within the reactor chamber to compensate for the lower power
      density.
PAR  The high temperature chemical reaction process of the present invention
      comprises the steps of generating an annular envelope of blanket of an
      inert fluid which is substantially transparent to radiation. The envelope
      has a substantial axial length. The annular envelope may be generated in a
      direction generally parallel to its axis or in a direction generally
      perpendicular to its axis and radially inwardly of its outer
      circumferential surface.
PAR  In the former instance, as previously described with respect to the first
      embodiment of the present reactor, the envelope fluid must be maintained
      in laminar flow to prevent intermixing with the reactant stream. This
      requirement imposes certain limitations upon the axial length of the
      envelope because such laminar flow, and thus blanket integrity, cannot be
      maintained for indefinite lengths downstream, especially if a particularly
      violent reaction is contemplated. Accordingly, this manner of generating
      the envelope is most suitable for smaller-scale and laboratory
      applications.
PAR  In the latter instance, as previously described with respect to the second
      and third embodiments of the present invention, the integrity of the fluid
      envelope is independent of any flow considerations and may be maintained
      for an axial distance much greater than that obtainable in the case of the
      axially injected laminar envelope. The primary requirement is to maintain
      the flow of the inert fluid under a greater pressure than that of the
      reactant stream to prevent the reactants from "punching through" or
      otherwise breaking out of confinement within the envelope.
PAR  After the envelope has been generated, at least one reactant is passed
      through its core along a predetermined path which is substantially
      coincident with the envelope axis. The envelope confines the reactants
      therewithin and out of contact with the containing surfaces of the reactor
      chamber.
PAR  Finally, high intensity radiant energy is directed into the envelope core
      to coincide with at least a portion of the predetermined path of the
      reactants. Such radiant energy may be directed to at least one point along
      the path of the reactants as in the first and third embodiments, or it may
      be directed along a finite length of the path as contemplated by the
      second embodiment. In either case, sufficient radiant energy is absorbed
      in the core to raise the temperature of the reactants to a level required
      to initiate the desired chemical reaction.
PAR  In the event that the reactants will not themselves absorb radiant energy,
      an absorptive target may be introduced along the path of the reactants,
      preferably before the radiant energy is directed into the core. The target
      will then absorb sufficient radiant energy to raise the temperature in the
      core to the level required to initiate the desired chemical reaction. As
      previously stated, if the contemplated reaction is such that the
      transparent reactants produce at least one product which absorbs radiant
      energy, the target may be deactivated after the reaction has been
      initiated.
PAR  The contemplated process may further include the step of cooling the
      reaction products and any remaining reactants and/or targets immediately
      after the desired reaction has been completed. The purpose of this
      procedure is to terminate the desired reaction and to prevent the
      occurence of any further undesired reaction. The products, targets and
      remaining reactants may be cooled conveniently and effectively by
      radiation heat transfer to a cool, radiant energy absorbing surface.
CLMS
STM  I claim:
NUM  1.
PAR  1. A high temperature reactor wherein substantially all of the heat is
      supplied by radiation coupling comprising:
PA1  a. a reactor tube having an inlet end and an outlet end, the interior of
      the tube defining a reactor chamber, the reactor tube being made of a
      porous refractory material capable of emitting sufficient radiant energy
      to raise the temperature of reactants within the reactor tube to a level
      required to initiate and sustain the desired chemical reaction; the pores
      of the refractory material being of such diameter as to permit a uniform
      flow of sufficient inert fluid which is substantially transparent to
      radiant energy through the tube wall to constitute a protective blanket
      for the radially inward surface of the reactor tube;
PA1  b. a fluid-tight, tubular pressure vessel enclosing the reactor tube to
      define an inert fluid plenum between the reactor tube and the pressure
      vessel, the inlet and outlet ends of the reactor tube being sealed from
      the plenum; the pressure vessel having an inlet for admitting the inert
      fluid which is directed under pressure into the plenum and through the
      porous tube wall into the reactor chember;
PA1  c. means for introducing at least one reactant into the reactor chamber
      through the inlet end of the reactor tube, the reactants being directed in
      a predetermined path axially of the reactor tube and being confined by the
      protective blanket substantially centrally within the reactor chamber and
      out of contact with the inner wall of the reactor tube;
PA1  d. electrical means disposed within the plenum and spaced radially
      outwardly of the reactor tube for heating the reactor tube to the
      temperature level at which it emits sufficient radiant energy to initiate
      and sustain the desired chemical reaction, the radiant energy being
      directed centrally therewithin substantially coincident with at least a
      portion of the path of the reactants; and
PA1  e. a circumferential heat shield disposed within the pressure vessel and
      radially outwardly of the heating means, the heat shield reflecting
      radiant energy toward the reactor tube.
NUM  2.
PAR  2. A reactor according to claim 1 further including means for introducing a
      radiant energy absorptive target into the reactor chamber coincident with
      at least one point along the path of the reactants which are transparent
      to radiant energy, sufficient radiant energy being absorbed by the target
      to raise the temperature of the reactants to a level required to initiate
      the desired chemical reaction.
NUM  3.
PAR  3. A reactor according to claim 2 wherein the target is a liquid.
NUM  4.
PAR  4. A reactor according to claim 2 wherein the target is a gas which
      exhibits absorption in the electromagnetic spectrum from about 100 microns
      to about 0.01 microns.
NUM  5.
PAR  5. A reactor according to claim 2 wherein the target is finely divided
      carbon powder which is introduced through the inlet end of the reactor
      tube along a predetermined path coincident with the path of the reactants.
NUM  6.
PAR  6. A reactor according to claim 2 wherein the target is a solid element
      which is disposed in the reactor chamber along at least a portion of the
      path of the reactants.
NUM  7.
PAR  7. A reactor according to claim 6 wherein the solid element is made of
      carbon.
NUM  8.
PAR  8. A reactor according to claim 1 further including means disposed within
      the reactor chamber coincident with at least a portion of the path of the
      reactants for raising the temperature of the reactants to a level required
      to initiate the desired chemical reaction.
NUM  9.
PAR  9. A reactor according to claim 8 wherein the means for raising the
      temperature of the reactants comprises an electrically heated element.
NUM  10.
PAR  10. A reactor according to claim 8 wherein the means for raising the
      temperature of the reactants comprises an electrical arc.
NUM  11.
PAR  11. A reactor according to claim 8 wherein the means for raising the
      temperature of the reactants comprises a flame.
NUM  12.
PAR  12. A reactor according to claim 1 further including reaction product
      cooling means disposed substantially centrally within the reactor chamber
      adjacent the outlet end of the reactor tube.
NUM  13.
PAR  13. A reactor according to claim 1 wherein the porous material is graphite,
      carbon, sintered stainless steel,
NUM  14.
PAR  14. A reactor according to claim 1 wherein the porous material is thorium
      oxide, magnesium oxide, zinc oxide, aluminum oxide or zirconium oxide.
NUM  15.
PAR  15. A reactor according to claim 1 further including means for cooling the
      pressure vessel.
NUM  16.
PAR  16. A reactor according to claim 15 wherein the means for cooling the
      pressure vessel comprises cooling coils disposed about the outer surface
      of the pressure vessel.
NUM  17.
PAR  17. A reactor according to claim 1 wherein the means for heating the
      reactor tube comprises a plurality of electrical resistors disposed within
      the plenum and spaced circumferentially about the tube, the heat from the
      resistors being transferred to the porous reactor tube by radiation.
NUM  18.
PAR  18. A reactor according to claim 1 wherein the diameter of the pores in the
      reactor tube is in the range of about 0.001 to 0.020 inch.
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PAL  Apparatus for the melt synthesis of inorganic compounds from elemental
      reactants, at least one of which is highly volatile at the temperature of
      the reaction. An enclosure means defining a reaction chamber and a
      reservoir-closure means containing the volatile elemental reactant form
      the reaction vessel which is sealed by a combination mechanical-liquid
      seal which is of a character to permit diffusion by high-pressure gas
      through it. Heating means are provided to effect at least three heating
      regimes: (I) liquefaction of a liquid sealant, (II) formation and
      maintenance of a molten reaction mass, and (III) heating of the volatile
      elemental reactant to vaporize it.
PARN
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 365,135 filed May 30, 1973,  now U.S. Pat. No. 3,825,242, issued
      July 23, 1974, which was in turn a divisional application of our Ser. No.
      169,315 filed Aug. 5, 1971, now U.S. Pat. No. 3,777,009.
BSUM
PAR  This invention relates to method and apparatus for synthesizing inorganic
      materials formed of two or more elemental constituents, at least one of
      which is volatile at elevated temperatures, and more particularly to the
      synthesis of such materials as polycrystalline GaP.
PAR  During the past decade there has developed a growing interest in various
      uses for the Group III-V, Group II-VI and Group II-IV-VI compounds because
      of their unique quantum-electronic properties. Thus these materials may be
      used as the detector elements in infrared detectors, as light-emitting
      diodes, as infrared window elements, and in Gunn diodes and Hall
      generators. Exemplary of such Group III-V compounds are those formed by
      reacting one or more of such Group III elements as gallium and indium with
      one or more of such Group V elements as phosphorous, arsenic and antimony.
      Exemplary of such Group II-VI compounds are those formed by reacting one
      or more of such Group II elements as zinc, cadmium and mercury with one or
      more of such Group VI elements as sulfur, selenium and tellurium.
      Mercury-cadmium-telluride, lead-tin-telluride and lead-tin-sellenide may
      be cited as examples of ternary systems formed of Group II-IV-VI
      compounds. A number of various dopants may also be added to these
      intermetallic compounds. Because the quantum-electronic properties of any
      one such inorganic compound depend upon the ratio of the various elemental
      components making up the compound, it is very important to be able
      accurately to control these ratios and to be able to reproduce them from
      batch to batch.
PAR  Many of these elemental components have very high vapor pressure at
      elevated temperatures both in their elemental state and in their combined
      state, a fact which has made the synthesis of these compounds in their
      polycrystalline state exceeding difficult and costly. For example, the
      vapor pressure of arsenic over molten GaAs (m.p. 1270.degree.C) and of
      phosphorus over molten GaP (m.p. 1470.degree.C) are one atmosphere and 35
      atmospheres, respectively. The vapor pressure of mercury over molten
      HgCdTe increases with increasing cadmium concentration from about 18
      atmospheres for HgTe to above 100 atmospheres. Thus considerable technical
      difficulty is encountered in the preparation of these and other volatile
      materials, and much ingenuity is required to avoid the loss of material by
      volatilization which can lead to decomposition, formation of inhomogenous
      material, or in some cases even catastropic failure of the reaction
      vessel.
PAR  Although the principal difficulties of producing single crystals from the
      polycrystalline materials such as the arsenides, phosphides, tellurides,
      selenides and the like have been largely overcome by use of
      liquid-encapsulated crystal growing techniques, the excessive cost of the
      polycrystalline compounds themselves has materially hindered single
      crystal manufacture and use of these compounds.
PAR  In general, processes for the synthesis of these materials containing one
      or more volatile constituents has been based on the use of different types
      of sealing techniques using both solid and liquid sealing. In addition,
      other techniques have been described which reduce the loss of the volatile
      component by making use of particular thermodynamic and kinetic properties
      of fluids. All of these techniques, however, have inherent difficulties
      and limitations which may be briefly summarized.
PAR  One type of the solid sealing devices used has been in the form of sealed
      quartz ampoules. Quartz can be worked easily and forms an impervious
      diffusion barrier for most volatile species. However, its mechanical
      strength is limited, especially at high temperature, and sealed quartz
      ampoules are vulnerable to stresses caused by significant increases in
      internal vapor pressure, particularly during exothermic reactions. The
      range of application is therefore generally limited to temperatures below
      1200.degree.C and pressures below 20 atmospheres. With special
      precautions, such as using heavy-wall ampoules backed up by an inert gas
      pressure or by solid liners, it is possible to extend the pressure range
      somewhat higher. These are delicate techniques which often lead to
      catastrophic failure of the ampoule. Quartz is also susceptible to
      chemical attack by many constituents or by trace impurities which can
      further reduce its mechanical strength or cause contamination of the
      material.
PAR  One specific example of the use of the solid sealing method using a quartz
      ampoule for synthesizing polycrystalline material is a process termed the
      horizontal Bridgman technique in which the components are combined using
      vapor/liquid-phase reactions and then horizontally zone-refined to produce
      an ingot which is subsequently cleaned and etched. For example,
      polycrystalline GaP production involves the reaction of P or PH.sub.3
      vapor passing over molten gallium which results in a sponge-like GaP mass
      which generally contains excess gallium. This technique, in addition to
      producing inferior material, is exceedingly slow.
PAR  Another example of the use of solid sealing is in the synthesis of the
      ternary HgCdTe compound which is at present produced by a slow, controlled
      reaction of the elements in an evacuated quartz ampoule. The reaction must
      be carried out very slowly with continuous rocking of the ampoule to
      prevent overheating and vaporizing the mercury which could cause the
      ampoule to burst. Typical reaction cycles require about 60 to 80 hours to
      form the compound. Thus, producing the inorganic compounds by these prior
      art methods is time consuming and expensive. Moreover, the quality of the
      ingot is difficult to control and it is generally necessary to use an
      excess of the volatile component. Finally, the process demands the use of
      small quartz ampoules and results in low yields and small ingots. Typical
      processing using quartz ampoules are described in U.S. Pat. Nos. 3,366,454
      and 3,649,193.
PAR  Some of the difficulties of synthesizing compounds and of producing single
      crystals from the polycrystalline materials such as the arsenides,
      phosphides, tellurides, selenides and the like have been overcome by a
      liquid sealing technique called liquid encapsulation. In this technique a
      molten layer of a liquid encapsulant, such as boric oxide (B.sub.2
      O.sub.3), is formed over the volatile material to maintain a liquid
      diffusion barrier which is backed up by an inert gas overpressure inside a
      high-pressure chamber or autoclave. Several compatible high-pressure
      materials, such as quartz, graphite or boron nitride, can be used for
      crucibles. This technique is particularly attractive for Czochralski
      pulling of high-melting point, volatile crystals such as GaP. (See for
      example U.S. Pat. Nos. 3,649,193 and 3,704,093 and German
      Offenlegungsschrifts Nos. 2,137,772 and 2,142,388.
PAR  In U.S. Pat. No. 3,704,093 there is described and claimed an improved
      method for synthesizing intermetallic compounds using a liquid
      encapsulant. By this method the reactants are placed in an open crucible
      and an encapsulant such as B.sub.2 O.sub.3 is placed on top of them. The
      crucible is placed within a vessel which is then pressurized to a level
      equal to or above the highest vapor pressure attained by the volatile
      component during the reaction. The crucible is gradually moved into a
      heating zone, e.g., within rf coils, in a manner to first heat and melt
      the encapsulant and then the reactants. Through the use of the molten
      encapsulant and the surrounding elevated pressure, it is possible by this
      method to form compounds having volatile constituents, in particular those
      which form at the lower temperatures and are made up of constituents
      having lower vapor pressures at the synthesis temperature. The
      high-pressure capabilities of presently available high-pressure furnaces
      (e.g., up to about 100 atmospheres maximum) eliminate the practical use of
      the method of U.S. Pat. No. 3,704,093 for the synthesis of GaP. Moreover,
      since the encapsulant is in physical contact with the reactants (over and
      around them) it is not possible for some reactant systems to get
      sufficient heat into the encapsulant before the vapor pressure of the
      volatile component becomes sufficiently high to result in some loss of
      that component to the reactant system. In some instances one of the
      reactants in molten form may have a specific gravity which is materially
      less than that of the molten encapsulant in which case a physical
      inversion may take place resulting in the molten reactant becoming the top
      layer separated from the other reactant by a layer of encapsulant.
PAR  Among the general difficulties and limitations encountered in the use of
      the liquid-encapsulation technique wherein the encapsulant is in actual
      physical contact with the molten constituents or molten compound formed is
      the fact that B.sub.2 O.sub.3, the most commonly used encapsulant, may
      contaminate the material (especially II-VI compounds) or adhere to the
      crystal formed and cause cracking.
PAR  Techniques which do not require the sealing of the reaction vessel have
      been disclosed. An example of such a technique is the synthesis of
      polycrystalline GaP wherein the reactants are contained within a quartz
      vessel equipped with a capillary tube serving as a fluid connection and
      pressure equalizer between the volume within the quartz vessel and the
      pressurized inert gas surrounding it. (See for example A. G. Fischer
      "Techniques for Melt-Growth of Luminescent Semiconductor Crystals Under
      Pressure", Journal of the Electrochemical Society Vol. 117, No. 2, pp
      41C-47C (February 1970) and German Offenlegungsschrift No. 2,142,388.) The
      phosphorus is maintained at a temperature just sufficient to vaporize it
      and the resulting phosphorus vapor is brought into contact with molten
      gallium maintained at a temperature above that at which melt synthesis of
      GaP takes place. To minimize condensation and vapor transport of
      phosphorus vapor, the quartz vessel and the capillary tube are heated so
      that free phosphorus is maintained in the vapor phase inside of the quartz
      vessel. The capillary tube therefore serves as a means to balance the
      pressures inside and outside the quartz vessel and as a diffusion zone to
      reduce the rate of loss of phosphorus out of the quartz vessel into the
      "cold" high-pressure chamber. This process has several disadvantages.
      Among these are the continuous loss of phosphorus through the capillary
      which lowers the phosphorus yield and makes the process less attractive
      economically than if the phosphorus yield could be maintained near
      maximum; and the interior of the furnace in which the process is carried
      out, along with the auxiliary equipment contained therein, becomes
      contaminated with deposits of the volatile constituent which may be
      corrosive and which may require tedious cleanup procedures.
PAR  In our copending application Ser. No. 365,135, of which this application is
      a continuation-in-part, we have described improved apparatus for carrying
      out the synthesis of inorganic compounds from elemental reactants, at
      least one of which is highly volatile at the synthesis temperature. This
      apparatus comprises a reaction vessel having closure means which forms a
      mechanical seal with the vessel and also permits the use of a liquid
      sealant to provide a combined liquid-mechanical seal of a character which
      prevents the liquid sealant from entering the reaction chamber within the
      vessel but which permits the diffusing of high-pressure gases through the
      seal. This apparatus therefore possesses the advantages of a sealed system
      (containment of reactants) without the disadvantages of having to use a
      quartz ampoule or the like. Moreover, it eliminates the contacting of a
      liquid encapsulant with the molten reaction mass and thus eliminates the
      disadvantages inherent in the use of a liquid encapsulant. Finally, it
      eliminates the discharge of any appreciable amount of the volatile
      component into the pressure furnace and the necessity for extensive
      clean-up after runs.
PAR  In the specific apparatus embodiments of Ser. No. 365,135, the elemental
      reactants, e.g., gallium and arsenic are premixed in the reaction chamber
      of the sealed vessel prior to heating and subjected to a single heating
      zone. This is a completely satisfactory arrangement in such cases wherein
      the vapor pressure of the volatile reactant at the melt synthesis
      temperature is not above the safe pressure capabilities of the pressurized
      furnace in which the reaction vessel is located. Since presently available
      pressure-furnaces are capable of being pressurized up to about 100
      atmospheres, the apparatus embodying the unique mechanical-liquid seal of
      Ser. No. 365,135 and having a single reactant chamber for premixed
      reactants is not practical for synthesizing GaP, for the vapor pressure of
      elemental phosphorus at the melt synthesis temperature of GaP
      (1470.degree.C) is of the order of several hundred atmospheres. For all
      practical purposes, compounds formed of elements, one of which has a vapor
      pressure of greater than about 75 atmospheres at synthesis temperature
      require separate heating zones.
PAR  It would therefore be desirable to have an apparatus which embodies the
      advantages of the mechanical-liquid seal and which is suitable for the
      melt synthesis of such compounds as GaP from elemental reactants, at least
      one of the reactants having a vapor pressure at melt synthesis temperature
      greater than 75 atmospheres.
PAR  It is therefore a primary object of the invention to provide an apparatus
      for direct melt synthesis of inorganic compounds from elemental reactants,
      at least one of which has a vapor pressure of greater than 75 atmospheres
      at melt synthesis temperature. It is another object to provide an improved
      apparatus for the melt synthesis of GaP. An additional object is to
      provide an apparatus of the character described which permits accurate
      control of the composition of the compound and the reproductibility of
      compositions. It is another object to provide an apparatus of the
      character described which does not require an appreciable excess of the
      volatile component, does not use an encapsulant and is free from any
      external contamination. It is still another object to provide such an
      apparatus which lends itself to rapid melt synthesis of such material as
      polycrystalline GaP of high quality on a relatively large scale. Still
      another object is to provide such an apparatus which can be modified to
      achieve directional cooling of the reaction product.
PAR  Other objects of the invention will in part be obvious and will in part be
      apparent hereinafter.
PAR  The invention accordingly comprises the features of construction,
      combination of elements, and arrangement of parts which will be
      exemplified in the constructions hereinafter set forth, and the scope of
      the invention will be indicated in the claims.
PAR  In brief, the apparatus of this invention comprises enclosure means
      defining a reaction chamber to contain the nonvolatile elemental reactant,
      e.g., gallium and the molten reaction product, e.g., GaP, and closure
      means which constitutes a reservoir for the volatile elemental reactant,
      e.g., phosphorus. The closure means is engageable with the enclosure means
      through a mechanical-liquid seal of a character which prevents the liquid
      sealant of the liquid seal from entering the reaction chamber while
      simultaneously permitting the diffusing of high-pressure gases
      therethrough. Heating means are provided to attain three heating regimes
      in sequence: (I) heating the sealant to liquefy it, (II) heating the
      nonvolatile reactant to the melt synthesis temperature to form a molten
      mass and maintaining this mass at the synthesis temperature until the
      reaction is complete, and (III) heating the volatile reactant to a
      temperature sufficient to vaporize it and drive it into contact with the
      molten mass. The heating means may also include means to attain a fourth
      heating regime which constitutes gradually reducing the temperature of the
      bottom of the molten mass to effect controlled crystallization of the
      reaction product.
PAR  The isolation of the volatile elemental component in a heating zone
      different from that in which the nonvolatile component and subsequently
      the reaction mass are located is known in the prior art. See for example
      German Offenlegungsschrifts Nos. 2,142,388 and 2,137,772, U.S. Pat. Nos.
      3,366,454 and 3,649,193 and the Fischer article previously cited. The
      apparatus of Offlengungsscrift No. 2,142,388 uses either a capillary
      connection between the reaction vessel and the furnace atmosphere or a
      liquid encapsulant and requires that a tubing extend from the volatile
      component reservoir to beneath the molten mass to deliver the vaporized
      volatile component for reaction. The use of the tubing introduces an added
      apparatus component and adds to the complexity of operation; while the
      capillary connection or the liquid encapsulant posses the disadvantages
      previously described.
PAR  In Offenlegungsscrift No. 2,137,772 and U.S. Pat. Nos. 3,649,193 and
      3,366,454 the volatile component is placed either below or beside the
      molten mass and its vapor is permitted to rise and penetrate into the
      molten mass. In those cases where the volatile component is below the
      molten mass it may pass through a porous barrier defining a part of the
      bottom of the crucible containing the molten mass. Liquid encapsulation
      may be used to seal in the molten mass and in some cases the entire
      reaction system may be enclosed within a sealed quartz ampoule. In
      addition to requiring an excessive amount of time to complete the
      reaction, such apparatus possess the disadvantages associated with the use
      of sealed ampoules and liquid encapsulants described previously.
PAR  In contrast to this prior art apparatus using two different heating zones,
      the apparatus of this invention uses the minimum number of apparatus
      elements, provides a sealed system which is safe and readily assembled and
      which is capable of preventing any appreciable leak of the volatile
      constituent into the furnace atmosphere. The apparatus of this invention
      makes it possible to rapidly synthesize large-sized ignots of GaP of good
      quality using essentially stoichiometric quantities of elemental
      reactants.
DRWD
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      connection with the accompanying drawings in which
PAR  FIG. 1 is a longitudinal cross section of one embodiment of the reaction
      vessel of this invention showing the manner in which the components making
      up the vessel are assembled;
PAR  FIG. 2 is a cross section of the channeled plug of the reservoir enclosure
      means of FIG. 1 taken through plane 2--2 of FIG. 1;
PAR  FIG. 3 is a longitudinal cross section through a high-pressure furnace
      illustrating the assembling of the reaction vessel embodiment of FIG. 1
      just prior to a run;
PAR  FIG. 4 is a longitudinal cross section through the reaction vessel
      embodiment of FIG. 1 during melt synthesis;
PAR  FIG. 5 is a longitudinal cross section through another embodiment of the
      reaction vessel of this invention during melt synthesis showing the use of
      heating means which permit controlled crystallization of the product
      material; and
PAR  FIG. 6 is a plot of time vs temperature for the heating regimes established
     .
DETD
PAR  For convenience in describing the apparatus of this invention, the
      synthesis of GaP from gallium and phosphorus will be used as illustrative.
      It is, of course, within the scope of this invention to use any other
      suitable combination of volatile and nonvolatile elemental reactants.
PAR  FIG. 1 illustrates one embodiment of the reaction vessel of the apparatus
      of this invention with the component parts disassembled. This reaction
      vessel, generally indicated in the drawings by reference numeral 10,
      comprises an enclosure means 11 and a reservoir-closure means 12 having a
      channeled plug 13. Enclosure means 11 defines within it a reaction chamber
      14, shown in FIG. 1 to contain a removable crucible 15 for containing the
      molten mass (a term used hereinafter to include the molten nonvolatile
      constituent, gallium, as well as the molten reaction product, GaP).
      Enclosure means 11 has an upper access opening 16 and its upper rim has a
      deep groove beween rims 18 and 19 to define an annular channel 20 designed
      to hold a liquid sealant. The enclosure means 11 has an integral
      supporting rod 21 suitable for engagement with a chuck 22 affixed to a
      load-bearing rod 23 which may be driven to impart translational, and if
      desired rotational, motion to the enclosure means. A suitable load-bearing
      rod and its driving mechanism is described in U.S. Pat. No. 3,552,931. For
      the synthesis of GaP, the enclosure means 11 is conveniently formed from
      graphite and crucible 15 from boron nitride.
PAR  The reservoir-closure 12 is constructed, preferably of graphite, as an
      open-ended cylinder having a thick-walled top 28, a thick side wall 29,
      and an annular skirt section 30 joined to side wall 29 through an
      externally frustoconically-configured section 31. Defined within the
      reservoir-closure 12 is a reservoir chamber 32 for containing the volatile
      reactant, phosphorus. This reservoir chamber is closed by plug 13 which
      has an upper section with threads 33 adapted to engage threads 34 cut into
      the internal wall of the reservoir-closure. Plug 13 has a hexagonal nut 35
      affixed to the side exposed to the reaction chamber for ease in screwing
      it into and removing it from the open end 36 of the reservoir-closure 12.
      Plug 13 has a plurality of gas channels 37 (see also FIG. 2) extending
      therethrough to provide for fluid communication between the reservoir
      chamber 32 and reaction chamber 14 when the reaction vessel is assembled.
PAR  The skirt section 30 of the reservoir-closure is sized to fit into channel
      21 of the enclosure means 11 and to define a spacing with the internal
      walls of both rims 17 and 18. The frustonconical section 31 is cut at an
      angle so that its external surface makes physical contact all around with
      the internal edge of rim 18 and skirt section 30 is of a length such that
      it does not touch the bottom of channel 20 when assembled as shown in FIG.
      4 and described below.
PAR  Reservoir-closure 12 has a connector piece 40 integral with or affixed to
      top 28. This connector piece has external threads 41 and an internal
      chamber 42. A deep cap member 43 with internal threads 44 adapted to
      engage threads 41 has a supporting rod 45, terminating in a large-diameter
      head 46, slidably mounted therein. The external end of rod 45 is rigidly
      affixed, such as by pin 47, to a sleeve 48 which in turn is attached to a
      chuck 49 affixed to a load-bearing rod 50 which may be driven to impart
      translational, and if desired rotational, motion to the reservoir-closure.
      A suitable load-bearing rod and its driving mechanism is described in U.S.
      Pat. No. 3,552,931. Reservoir-closure 12 and plug 13, like enclosure means
      11, are conveniently formed of graphite.
PAR  When cap member 43 is screwed onto connector piece 40, head 46 of
      supporting rod 45 may slide freely in chamber 42. As will be described
      below, this arrangement provides a means for ready antomatic seating of
      the reservoir closure and permits it some free translational motion should
      this be necessary.
PAR  In FIG. 3 the reaction chamber 10 is shown within a pressurized vessel 55
      in the position occupied by the vessel components at the time a run is
      begun. The pressurized vessel 55 is shown diagramatically in FIG. 3. It
      may be, for example, the high-pressure, high temperature furnace described
      in U.S. Pat. No. 3,639,718  which permits operations to be carried out
      therein at temperatures up to 4000.degree.C and pressures ranging from
      10.sup.-.sup.5 torr to 100 atmospheres. This furnace provides suitable
      pressure seals 56 and 57 for the lower load-bearing rod 23 and the upper
      load-bearing rod 50. Pressurizing gas is introduced into furnace volume 58
      through an inlet conduit 59, the fluid flow through which is controlled by
      valve 60. In a similar manner furnace volume 58 is in communication with a
      vacuum pump through conduit 61, the fluid flow through which is controlled
      by valve 62. In keeping with known practice, a suitable thermocouple
      junction 63 is inserted into supporting rod 21 and additional thermocouple
      junctions are placed at other suitable locations within the furnace volume
      if desired. The heating means 65 of FIG. 3 is illustrated as rf coils 66
      connected through leads 67 and 68 by way of a coupling 69 to a suitable rf
      power supply (not shown).
PAR  To begin a run to make an ingot of polycrystalline GaP, the
      reservoir-closure 12 is inverted so that the required amount of elemental
      phosphorus may be introduced into reservoir chamber 32. Then plug 13 is
      screwed into the reservoir closure thus making it possible to reinvert it
      and attach it to chuck 49 of load-bearing rod 50 through cap 43, rod 45
      and sleeve 48 as shown in FIG. 3. The reservoir-closure 12 is held by rod
      50 above enclosure means 11 at this point.
PAR  Enclosure means 11 is attached to load-bearing rod 23 through a chuck 22
      and positioned within the upper end of heating means 65 and the power to
      rf coils 66 is adjusted so that the solid sealant 75 in channel 20 is
      melted to form a liquid sealant. Exemplary of such a solid sealant is
      B.sub.2 O.sub.3 which has a melting point of about 450.degree.C. The
      melting of the liquid sealant thus constitutes the first heating regime as
      shown in FIG. 6.
PAR  Once the sealant 75 in channel 20 has been liquefied, upper load-bearing
      rod 50 is moved downwardly to seat the reservoir-closure 12 onto the
      enclosure means 11 as shown in FIG. 4. Since FIG. 4 represents the
      position of the reaction vessel 10 in the heater 65 at the time when the
      melt synthesis reaction is near completion, it should be noted that when
      the reaction vessel first is closed and the second heating regime
      (indicated by bracket II of FIG. 6) is begun, the reaction vessel is
      located in heater 65 as shown in FIG. 3. Seating of reservoir-closure 12
      onto enclosure means 11 is done by introducing annular skirt 30 into the
      liquid sealant 75 and permitting the frustoconical section 31 to rest
      against the inner edge of rim 18. Liquid sealant 75 thus surrounds
      essentially all of skirt 30 by virtue of the fact that the skirt is sized
      to leave spacings between the inside and outside surfaces of the skirt and
      the walls of channel 20 and to fall short of reaching the bottom of
      channel 20. Thus there is established a liquid seal around skirt 30 and a
      mechanical seal between the inner edge of rim 18 and the surface of
      frustoconical section 31. It will be seen that this arrangement provides
      for relatively easy alignment.
PAR  After the reservoir-closure 12 has been moved downwardly to seat on the
      enclosure means, the upper load-bearing rod 50 is moved downwardly to
      position head 46 of supporting rod 45 well into chamber 42 of connector
      piece 40. This causes reservoir-closure to rest with its full weight
      supported by enclosure means 11. If a surge of high-pressure gas from
      reaction chamber 14 should unexpectedly force itself through liquid
      sealant 75, reservoir-closure 12 would be free to move upwardly and then
      drop back in proper alignment. In addition, this arrangement provides
      automatic compensation for any slight differences which may arise in the
      speed at which the upper and lower load bearing rods are moved
      translationally.
PAR  Because the sealant is positioned outside the reaction chamber 14 and is
      held above the level of the reactants within the chamber, it is possible
      to melt it and derive the benefit of its sealing ability prior to the
      heating of the reactants according to the second and third regimes. This
      in turn means that the mechanical and liquid seals plus the pressurized
      gas around the vessel are most efficiently used to prevent leakage of the
      volatile component from the reaction chamber and that there can be no
      contamination of the reaction product by the liquid sealant. These facts
      in turn mean that the compositiion and purity of the final intermetallic
      compound can be accurately controlled and reproduced.
PAR  In the second heating regime it is necessary to bring the gallium (molten
      mass 76) in crucible 15 up to the melt synthesis temperature, i.e.,
      slightly above the melting point of GaP or up to about 1500.degree.C. The
      power to the rf coils 66 is adjusted to accomplish this. As this is being
      done the third heating regime, i.e., the heating of the phosphorus 77 is
      begun. This regime is indicated by bracket III of FIG. 6. As noted above,
      just after the reaction vessel is sealed it is positioned in the upper
      portion of heater 65 which means that heating of phosphorus 77 is begun
      through radiation rather than directly by coils 66. As the phosphorus 77
      is heated radiatively it develops vapor pressure sufficient to drive
      phosphorus vapor through gas channel 37 in plug 13 into reaction chamber
      14. Thus as will be seen in FIG. 6, there is a time overlap for the second
      and third heating regimes. By maintaining the molten mass 76, which in the
      beginning is pure gallium and in the end is GaP, at or slightly above the
      melt temperature of GaP, the reaction of P + Ga .fwdarw. GaP proceeds very
      rapidly with no real gas diffusion problems.
PAR  The temperature of the molten mass 76 is continually monitored by
      thermocouple 63 or by any other suitable means. As the reaction between
      the phosphorus vapor and molten gallium proceeds, the temperature of the
      phosphorus reservoir is gradually raised. In this heating, the pressure of
      the elemental phosphorus in the reaction vessel is never increased to the
      point where it exceeds the pressure capabilities of the furnace. The rate
      of heating of the phosphorus is controlled to be sufficiently slow so that
      the phosphorous vapor delivered to the reaction chamber is immediately
      gettered by the molten gallium to form GaP. Raising of the phosphorus
      temperature is accomplished by lowering the reaction vessel into the rf
      coils to the position shown in FIG. 4. This imparts a driving force to the
      phosphorus, making it possible to react essentially all of the phosphorus
      in the reservoir. This in turn means that the amount of phosphorus
      required is the stoichiometric quantity plus a small allowance for the
      volume within the reaction vessel which is filled with phosphorus vapor at
      the end of the run. With the depletion of the phosphorus supply in
      reservoir 12, its temperature may be rasied without fear of excessive
      pressure buildup in the reaction vessel.
PAR  At any time during the melt synthesis reaction pressures within the vessel
      and around it are equalized by diffusion of gases through the seals since
      they are not of a character to handle the pressures encountered. This
      equalization of pressures means that the dangers of explosions or
      implosions are minimized. It also means that the reaction vessel walls do
      not have to be able to withstand large pressure differentials. Thus
      little, if any, consideration need be given to the use of a suitable ratio
      of vessel wall thickness to reaction chamber volume; and relatively large
      batches of material may be handled. Under some abnormal conditions, a
      small amount of the volatile component, e.g., phosphorus may be lost to
      the surrounding atmosphere as evidenced by a slight bubbling of the liquid
      sealant. However, the actual quantity is small and may be compensated for
      in determining the quantities of reactants used. If the same rate of
      heating is used for a series of runs to produce the same intermetallic
      compound, then the composition of the final products should be
      reproducibly accurate.
PAR  Upon completion of the reaction it may be desirable to hold the melt at the
      reaction temperature for a period of time, e.g., from a few minutes to
      about 1/2 hour, to ensure completion of the reaction. If a polycrystalline
      product is desired, then the molten GaP product can be quenched relatively
      rapidly by turning off the heating means, e.g., the power to rf coils. In
      some cases it may be desirable to repeat the heating and cooling cycle to
      ensure complete reaction. The product is removed as an ingot from the
      reaction vessel. Alternatively, the melt may be directionally solidified
      using the Bridgman-Stockbarger method to produce a single crystal or a
      large polycrystalline ingot. A reaction vessel suitable for this is
      illustrated in FIG. 5.
PAR  In addition to graphite, the reaction vessel may be constructed from a
      number of other materials including boron nitride, quartz, high-melting
      metals such as molybdenum and tantalum, and refractories such as alumina,
      zirconia and titania. If rf heating is used, then a portion of the
      reaction vessel may be constructed of graphite to serve as a susceptor for
      the rf radiation. However, if the reactants, or the reaction product, are
      of a nature to react with or be contaminated by graphite, then the vessel
      and plug may be lined with an inert material in any suitable manner.
      Heating means other than an rf coil may be used. Such heating means
      include, but are not limited to, resistance heaters, lasers, and the like,
      the use of resistance heaters being shown in FIG. 5.
PAR  A number of different sealants may be used. These include, but are not
      limited to boric oxide (B.sub.2 O.sub.3), barium oxide and these oxides in
      admixture with barium chloride and sodium fluoride, potassium chloride,
      sodium chloride and the like. The density of the molten sealant is not
      important, nor is its reactivity with the metal reactants or resulting
      reaction product important. The sealant should, however, be a compound
      which melts below the reaction temperature and which has a very low vapor
      pressure over the temperature range at which it is used.
PAR  The embodiment of the apparatus of this invention illustrated in FIG. 5
      provides for another type of mechanical seal, separate heating means for
      the various heating regimes (including a fourth regime) and for controlled
      crystallization of the GaP reaction product. It will, of course, be
      appreciated that the reaction vessel is placed within the working chamber
      of a high-pressure furnace or similar device, such as shown in FIG. 3, so
      that the atmosphere around it may be controlled.
PAR  The enclosure means 80 is internally configured to contain within its
      reaction chamber 81 a crucible 82 with a conically-shaped bottom 83
      designed to achieve directional cooling. The upper access opening 84 of
      the enclosure means is internally threaded at 85 and terminates in an
      inwardly directed shoulder 86. Enclosure means 80 has a support 87 adapted
      for attachment to a load-bearing rod 23 through chuck 22 as in the
      apparatus of FIG. 1.
PAR  The reservoir-closure 90, containing phosphorus 77, has a neck section 91
      which terminates in a larger-diameter mechanical sealing section 92 having
      external threads 93 loosely engageable with threads 84 of the enclosure
      means. The neck section 91 is internally threaded at 94 to receive a
      threaded plug 95 for closing the internal volume 96 of reservoir-closure
      90. Plug 95 has gas channels 97 to provide fluid communication between
      reservoir volume 96 and reaction chamber 81. Reservoir-closure 90 has a
      supporting rod 98 which is connected to an upper load-bearing rod 50
      through a chuck 99.
PAR  The heating regimes are attained in the apparatus of FIG. 5 through a
      plurality of heating means shown to be resistance heaters. Thus for the
      first heating regime there is provided resistance heater 105 connected by
      lead wires 106 and 107 to a power supply 108. Heater 105 surrounds the
      upper portion of enclosure means 80 to melt the sealant 75 which is
      contained within the annular spaced defined by the lower end of neck
      section 91 of the reservoir-closure and the threaded wall 85 of the access
      opening. For the second heating regime (formation and maintenance of
      molten mass 76) there are provided two adjacent heaters 110 and 111
      connected to power supply 108 by lead wires 112 and 113, and 114 and 115,
      respectively. These heaters are separate so that heater 111 may be
      individually regulated during a fourth heating regime when the GaP in the
      bottom of the crucible is controllably cooled to begin directional
      cooling. The third heating regime (vaporizing phosphorus 77) is achieved
      through the use of resistance heater 116 connected by lead wire 117 and
      118 to a power supply 119.
PAR  In using the reaction vessel of FIG. 5, it is first disassembled, the
      reservoir-enclosure is inverted, the required amount of phosphorus placed
      in reservoir 96 and plug 95 screwed in place. The required amount of
      gallium is placed in crucible 82 and it is placed in the enclosure 80. The
      enclosure and reservoir-enclosure are then placed separately in a
      glove-box. The box is evacuated and then nitrogen or some other
      appropriate pressurizing gas is introduced into the glove-box to a
      pressure of about one atmosphere. The reservoir-closure is then screwed
      into the threaded section to make a tight mechanical seal with the
      shoulder 86, thus essentially retaining the pressurizing gas within the
      reaction vessel. The assembled vessel is removed from the glove-box, a
      quantity of sealant (normally in solid form) is placed in the annular
      volume and the entire assembly is positioned on load-bearing rod 23
      located within the working chamber of the furnace or other suitable
      pressurizable device. The furnace is then pressurized with the same gas
      introduced into the reaction vessel until the pressure surrounding the
      reaction vessel is equal to or greater than the maximum vapor pressurized
      to be developed by the phosphorus at any time during the melt synthesis.
PAR  To begin the synthesis, power to resistance heater 105 is turned on to melt
      sealant 75. This heater is left on throughout the synthesis to ensure that
      the sealant remains liquid. A small amount of the sealant may work its way
      between threads 85 and 93. However, even if it does penetrate to the
      bottom of sealing its section 92 entry into chamber 81 will be blocked by
      the seal around shoulder 86. There is thus established a mechanical-liquid
      seal as described in connection with FIG. 4. Subsequent to the
      establishment of this seal, heaters 110 and 111 are turned on to effect
      the second heating regime, i.e., the formation of the gallium into a
      molten mass at about 1500.degree.C. Finally, heater 116 is turned on to
      vaporize the phosphorus and gradually raise its temperature to about
      590.degree.C, thus effecting the third heating regime. GaP is soluble in
      molten Ga and as it forms it collects on the bottom of the molten mass 76.
      When essentially all of the GaP has formed, the power to heater 111 is
      gradually decreased to begin the directional cooling of the GaP in the
      conical section 83 of crucible 82. With the completion of the synthesis of
      the GaP, power to heaters 116 and 105 is turned off and that to heater 110
      decreased to complete the controlled cooling and crystallization of the
      GaP.
PAR  It is, of course, within the scope of this invention to combine or
      interchange features of the reaction vessels illustrated. Thus one or more
      resistance heaters may be used with the reaction vessel of FIGS. 1-4,
      regulating power to them as described for the apparatus of FIG. 5 in place
      of moving the reaction vessel during a run to achieve directional cooling
      if desired. Likewise, rf heating means may be used with the reaction
      vessel of FIG. 5.
PAR  By sealing the reaction vessel, both mechanically and with a liquid
      sealant, in a manner to permit the diffusion of high-pressure gases
      through the seal it is possible to maintain the pressures within and
      outside of the reaction vessel at essentially the same level, thus
      eliminating the need for a thick-walled vessel and thus permitting
      relatively large batches to be handled. By using a liquid sealant instead
      of an encapsulant and by maintaining the sealant above the reactants and
      out of contact with them it is possible to make full use of the sealing
      properties of the sealant before any appreciable amount of vapor pressure
      is developed by one or more of the reactants and to prevent any
      contamination of the reaction product. Furthermore, by isolating the
      volatile phosphorus from the molten reaction mass it is possible to
      rapidly synthesize GaP within the physical limits of presently available
      high-pressure furnaces. The amount of phosphorus contamination within the
      furnace is kept to a minimum and the apparatus is of a nature which makes
      it safely operable by a technician.
PAR  It will thus be seen that the objects set forth above, among those made
      apparent from the preceding description, are efficiently attained and,
      since certain changes may be made the above constructions without
      departing from the scope of the invention, it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  We claim:
NUM  1.
PAR  1. A reaction vessel suitable for carrying out the melt synthesis of an
      inorganic compound formed by reacting elemental reactants, at least one of
      which is essentially nonvolatile and at least another of which is volatile
      at elevated temperatures, comprising in combination
PA1  a. enclosure means defining a reaction chamber for containing a molten mass
      of said nonvolatile reactant and of said inorganic compound and having an
      upper access opening;
PA1  b. reservoir-closure means defining a reservoir for said volatile reactant,
      engageable with said upper access opening thereby to form a mechanical
      seal and having a removable plug defining the bottom of said
      reservoir-closure means and fluid communication means in said plug through
      which said volatile reactant may be introduced as a gas into said reaction
      chamber above said molten means; and
PA1  c. liquid sealant channel means associated with said mechanical seal to
      define therewith a combination liquid-mechanical seal of a character which
      prevents said liquid sealant from entering said reaction chamber but which
      permits the diffusing of high-pressure gases therethrough.
NUM  2.
PAR  2. A reaction vessel in accordance with claim 1 wherein said liquid sealant
      channel means comprises an annular groove in said enclosure means defined
      between an outside rim and an inside rim around said access opening and
      said reservoir-closure means has a bottom skirt section extendable into
      said liquid sealant channel and connected to the sidewall of said
      reservoir-enclosure means through a frustoconical section providing a
      mechanical sealing surface engageable with the inner edge of said outside
      rim to form said mechanical seal.
NUM  3.
PAR  3. A reaction vessel in accordance with claim 2 including upper support
      means for permitting said reservoir-closure means to undergo temporary
      small translational movement when engaged with said enclosure means.
NUM  4.
PAR  4. A reaction vessel in accordance with claim 1 wherein said upper access
      opening is threaded and terminates in an inwardly directed shoulder and
      said reservoir-closure means has a neck section terminating in a threaded
      sealing section engageable with said upper access opening to form said
      mechanical seal with said shoulder and to define said liquid sealant
      channel means between said neck section and said upper access opening.
NUM  5.
PAR  5. A reaction vessel in accordance with claim 4 wherein said neck section
      is internally threaded, said removable plug is threadably engageable
      therewith and said fluid communication means comprise gas channels through
      said plug.
NUM  6.
PAR  6. A reaction vessel in accordance with claim 1 including crucible means
      within said reaction chamber.
NUM  7.
PAR  7. A reaction vessel in accordance with claim 6 wherein said crucible means
      terminates at the lower end in a conical configuration.
NUM  8.
PAR  8. An apparatus for carrying out the melt synthesis of an inorganic
      compound formed by reacting elemental reactants, at least one of which is
      essentially nonvolatile and at least another of which is volatile at
      elevated temperatures comprising in combination
PA1  a. a reaction vessel comprising in combination
PA2  1. enclosure means defining a reaction chamber for containing a molten mass
      of said nonvolatile reactant and of said inorganic compound and having an
      upper access opening,
PAR  2. reservoir-closure means defining a reservoir for said volatile reactant,
      engageable with said upper access opening thereby to form a mechanical
      seal and having a removable plug defining the bottom of said
      reservoir-closure means and fluid communication means in said plug through
      which said volatile reactant may be introduced as a gas into said reaction
      chamber above said molten mass, and
PA2  3. liquid sealant channel means associated with said mechanical seal to
      define therewith a combination liquid-mechanical seal of a character which
      prevents said liquid sealant from entering said reaction chamber but which
      permits the diffusion of high-pressure gases therethrough; and
PA1  b. heating means for attaining at least three heating regimes in the
      following order: (I) the liquefaction of sealant in said liquid sealant
      channel, (II) the formation and maintenance of a molten mass within said
      reaction chamber at the temperature at which said reacting is carried out,
      and (III) the vaporization of said volatile elemental reactant.
NUM  9.
PAR  9. An apparatus in accordance with claim 8 wherein said heating means
      comprises a single heater surrounding at least a portion of said reaction
      vessel and means are provided to effect relative motion between said
      heating means and said reaction means.
NUM  10.
PAR  10. An apparatus in accordance with claim 8 wherein said heating means
      comprises individual heaters associated with said liquid sealant channel
      means, said reaction chamber and said reservoir-closure means.
NUM  11.
PAR  11. An apparatus in accordance with claim 8 wherein said heating means
      comprises rf coils.
NUM  12.
PAR  12. An apparatus in accordance with claim 8 wherein said heating means
      comprise electrical resistance heating means.
NUM  13.
PAR  13. An apparatus in accordance with claim 8 wherein said liquid sealant
      channel means comprises an annular groove in said enclosure means defined
      between an outside rim and an inside rim around said access opening and
      said reservoir-closure means has a bottom skirt section extendable into
      said liquid sealant channel and connected to the sidewall of said
      reservoir-enclosure means through a frustoconical section providing a
      mechanical sealing surface engageable with the inner edge of said outside
      rim to form said mechanical seal.
NUM  14.
PAR  14. A reaction vessel in accordance with claim 8 including upper support
      means for permitting said reservoir-closure means to undergo temporary
      small translational movement when engaged with said enclosure means.
NUM  15.
PAR  15. A reaction vessel in accordance with claim 8 wherein said upper access
      opening is threaded and terminates in an inwardly directed shoulder and
      said reservoir-closure means has a neck section terminating in a threaded
      sealing section engageable with said upper access opening to form said
      mechanical seal with said shoulder and to define said liquid sealant
      channel means between said neck section and said upper access opening.
NUM  16.
PAR  16. A reaction vessel in accordance with claim 15 wherein said neck section
      is internally threaded, said removable plug is threadably engageable
      therewith and said fluid communication means comprise gas channels through
      said plug.
NUM  17.
PAR  17. A reaction vessel in accordance with claim 8 including crucible means
      within said reaction chamber.
NUM  18.
PAR  18. A reaction vessel in accordance with claim 17 wherein said crucible
      means terminates at the lower end in a conical configuration.
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ABST
PAL  An analyzing apparatus which automatically and sequentially analyzes a
      large number and variety of chemical samples which are divided into a
      plurality of fractions, whereby each sample is simultaneously tested with
      different chemicals under suitable reaction conditions. The system
      operates under pressurized closed flow conditions, that is to say, the
      solution flow lines are compressed with an inert gas, whereby the
      formation of air bubbles in the flow system, oxidization of samples,
      reagents, the rise of noxious fumes, are prevented.
BSUM
PAR  This invention relates to an automatic chemical analyzer suitable for use
      in clinics, pharmacies and the like.
PAR  There has been a growing need in the fields of chemical analysis and
      medical analysis for an apparatus which can analyze samples like serum
      repeatedly with high reproducibility and reliability.
PAR  However, it has been very difficult to design an apparatus having fully
      automatic capabilities due to the inherently complicated nature of the
      operational system involved. But in spite of such difficulties, it was
      highly desirable to provide a fully integrated system of automation
      covering such operations as sequential sampling, reagent selection, test
      type selection, reaction tube selection, flow line washing, etc.;
      otherwise sequential analysis without cross-contamination of the solutions
      involved becomes impossible
PAR  According to this invention there is provided a new automated assay system
      which satisfies such needs. In particular, it is an apparatus with fully
      automatic processes that include the measuring of sample volume, feeding
      of reagent, cleaning of the system, and recording of analytical instrument
      readout (detection).
PAR  An object of this invention is to provide an improved apparatus that
      automatically and sequentially analyzes fluid samples. Samples may be
      divided into smaller portions, diluted by a proper diluent or reagent and,
      afer a chemical reaction, the diluted sample analyzed by a colorimeter or
      a flame photometer, for example.
PAR  Briefly, according to this invention a sequential multi-test system employs
      a compressed closed flow system; namely, all the sample, reagent and
      cleaning solution flow lines are pressurized with nitrogen gas and
      isolated from the atmosphere. The closed system has the following
      advantages: (a) The pressurized flow lines prevent the formation of air
      bubbles. (b) Samples and reagent will not oxidize as they are isolated
      from the air. (c) Being completely closed, the flow lines are free from
      noxious gas fumes. (d) Analytical mechanisms are simple and durable.
PAR  Moreover, the sequential multi-test system according to this invention
      allows automatic sequential analysis of a plurality of constituents by
      means of plural channels. With this system, analysis is carried out while
      automatically changing reagents in sequence. Each time a sample is
      analyzed, the flow line is cleaned and dried automatically before
      proceeding with the analysis of the next sample. All operations including
      data recording may be directed by operation control tape.
DRWD
PAR  These and other objects of the invention will become more readily apparent
      by reading the following detailed description in conjunction with the
      accompanying drawings, of which
PAR  FIG. 1 is a diagrammatic illustration of the apparatus constituting this
      invention.
PAR  FIG. 2 is a cross section of a novel valve construction used in this
      invention.
PAR  FIG. 3 is a projected plan indicating the major section of the sample
      measuring valve used in FIG. 1.
PAR  FIG. 4 is a view of the flow lines of the members shown in FIG. 3.
PAR  FIG. 5 shows a sample measuring valve cleaning system.
PAR  FIG. 6 is a projected plan indicating the major section of a reaction
      solution selection valve used in this invention.
PAR  FIG. 7 is a partial cross-section view of the reaction bath.
PAR  FIG. 8 is a projected plan indicating the major section of a waste valve.
DETD
PAC  THE OVERALL SYSTEM
PAR  FIG. 1 relates to an embodiment of the invention constructed so that up to
      ten tests per sample can be simultaneously performed. On reaction bath is
      provided for each analysis, therefore there are 10 reaction baths 1 - 10,
      each of which accommodates 10 reaction tubes 11 - 20. (FIG. 1 only shows
      reaction baths 1, 2 and 10.) This means that the samples of 10 patients
      can be simultaneously examined with respect to 10 test items. A turntable
      21 (actually two turntables are provided) accommodates forty sample tubes
      22. Samples such as serum, urine, etc., are placed into sample holding
      tubes 22 mounted on the said motor-driven turntable 21. The turntable 21
      rotates intermittently. Each time the turntable rotates, sample is picked
      up by a pipette 23 and introduced into a sample measuring valve 24 (its
      structure will be described in detail later). Sample pickup is achieved by
      a sample pickup device 25 such as a pump or plunger connected to one of
      the flow lines of the sample measuring valve 24. The sample measuring
      valve 24 is designed to draw the sample into ten sample measuring channels
      26 - 35 and thus to divide the sample into 10 portions corresponding to
      the reagents used for testing or the separate tests. After the sample is
      divided, the sample measuring valve is slightly turned (1/20 of a turn in
      this embodiment) so that sample measuring channels 26 - 35 will coincide
      with reagent inlet flow lines 36 - 45 and reagent outlet flow lines 46 -
      55 (not all numbered in FIG. 1). The various reagents, water, acetic acid,
      etc., are contained in reagent reservoirs 56 - 65. (Only reservoirs 56, 57
      and 65 are shown in FIG. 1). Reagents preselected according to test items
      are delivered by constant flow pumps 66 - 75 (66, 67 and 75 shown) into
      reagent inlet flow lines 36 - 45 to respective sample measuring holes 26 -
      35. A gas cylinder 107 containing an inert gas suh as nitrogen or argon
      pressurizes the reagent reservoirs 56 - 65 and thereby prevent the
      generation of air bubbles which would impair measurement accuracy. Valve
      108 regulates the gas pressure and 109 is a pressure gauge. The reservoirs
      are pressurized at about 1.5 - 3.0 kg/cm.sup.2.
PAR  The reagents which are introduced into the sampling valve 24 together with
      the measured sample fractions are delivered through reagent outlet flow
      lines 46 - 55 into reaction tube selector valves 76 - 85, respectively
      (76, 77 and 85 shown). The reagent outlet flow lines 46 - 55 are connected
      to inlets 86 - 95 of the selector valves 76 - 85 through pipes 96 - 105,
      respectively (96, 97 and 105 shown). Each reaction tube selector valve is
      provided with one inlet flow line (86 - 95) and ten direction outlet flow
      lines a1 - a10. For example, mixture of the reagent and sample discharge
      from outlet flow line a1 of the selector valve 76 is injectd through pipe
      106 into reaction tube 11 provided in the reaction tube bath 1. A mixture
      passing through selector valves 77 - 85 is likewise delivered into
      reaction tubes 11 of the respective reaction baths 2 - 10.
PAR  Thus, one sample stored in one sample tube 22 is divided into ten equal
      portions by the sample measuring valve 24. The ten equal portions of the
      sample together with the reagent are distributed through their respective
      selector valves 76 - 85 into the first reaction tube 11 in their
      respective reaction baths 1 - 10. Then, one sample in the second sample
      holding tube is likewise divided into ten portions by the sample measuring
      valve 24, and the ten portions are distributed through their respective
      selector valves 76 - 85 into the second reaction tube 12 in their reaction
      baths 1 - 10. Thus after the ten portions of the sample are sequentially
      measured, they are delivered into the 3rd - 10th reaction tubes. Operation
      of these valves and pumps is controlled by signals optionally read out
      from the operation tape.
PAR  Each reaction bath (1 - 10) is partitioned by a plate 110 into two
      compartments. The lower compartment 111 is supplied with a circulation of
      warm water by a water suppply unit 113 to control the temperature and
      therefore reaction of the sample. Warm water is thermostatically
      controlled by warm water piped through pipe 114 from the water supply unit
      113. The upper compartment 112 is pressurized with an inert gas such as
      nitrogen at 1.5 - 3.0 kg/cm.sup.2 by a gas cylinder 115 through pipe 116.
      A reaction tube lies astride both compartments 111 and 112 opening into
      the upper compartment. The bottom end of the reaction tube is connected to
      a pipe through which sample is delivered to the analytical instrument
      (detector) after reaction. A motor-driven stirrer 117 is inserted into the
      reaction tube to stir the sample and reagent. As reaction tubes 11 - 20 in
      the respective reaction baths 1 - 10 are filled with samples a reaction
      reagent contained in a reagent reservoir 118 is fed into the reaction
      tubes 11 - 20 through flow lines 119 - 128 via pump 129 and passageway 130
      of the reagent selector valve 141. Reagent in the reservoirs 132 - 140 are
      likewise supplied to the reaction tubes 11 - 20 of the respective reaction
      baths 2 - 10 through reagent selector valves 142 - 150, (only 142 and 150
      shown) and pumps 151 - 159 (only 151 and 159 shown) respectively. The
      reaction reagents are selected according to analysis, such as methanol and
      acetic acid.
PAR  The sample and reagent in each of the reaction tubes 11 - 20 of the
      respective reaction baths 1 - 10 are stirred by the stirrer 117, and after
      the lapse of the reaction time, it is delivered into a reaction solution
      selector valve 160 through pipes 171 - 180 (only 171, 172 and 173 shown).
PAR  The reaction solution selector valve 160 is provided with passageways 181 -
      190 (shown as open circles on FIG. 1) which are connected to the said
      pipes 171 - 180. Cleaning flow lines (shown as black dots on FIG. 1) 191 -
      200 are speced radially among the said passageways 181 - 190. A loop flow
      line 201 is connected to the said cleaning flow lines 191 - 200. A
      distribution duct 202 is arranged for selecting the said passageways 181 -
      190 (the structure will be described in detail with reference to FIG. 3).
      The connections of reaction solution selector valves 161 - 169
      corresponding to the 2nd to the 10th reaction baths are the same as
      described above for valve 160.
PAR  The reaction solution selector valves 160 - 169 (160, 161 and 169 shown)
      are connected to analytical instruments (detectors) 203 - 212 (only 203,
      204 and 212 are shown) including a colorimeter respectively. Each time a
      reaction solution selector valve 160 makes 1/20 of a turn, the reaction
      solution in reaction tubes 11 - 20 is directed to detector 203 in order,
      the detection signal of which is recorded by a recorder 213. After
      detection, the reaction solution passes through pipe 214 into the first
      waste valve 215.
PAR  The first waste valve is equipped with flow lines 216 - 225 (not all shown)
      connecting to a waste reservoir 226 and flow lines 227 - 236 (not all
      shown) connecting to the second waste valve 237. The flow lines 262 - 270
      are connected to the 2nd to the 10th detectors (204 - 212), respectively.
      The rotation (1/20 of a turn) of the said second waste valve 237 exposes
      flow lines 227 - 236 to the air, or alternately isolates them from the
      air.
PAC  DETECTION FLOW LINE CLEANING SYSTEM
PAR  Next, cleaning of the reaction tube and the detector flow line will be
      described. In FIG. 1, when a pipe 173 of the reaction tube 13 in the
      reaction bath 1 is connected with a duct 202 of the reaction solution
      selector valve 160, a sample in the reaction tube 13 is forced out by
      nitrogen gas from a pressure cylinder 115 and is delivered through pipes
      173 and 374 into the detector 203. At this time, the first waste valve 215
      is connected with the seocnd waste valve 237 which is isolated from the
      air (closed) (this will be described in detail with regard to FIG. 8),
      thereby the liquid sample is sent through the pipe 214 and the first waste
      valve 215 to the second waste valve 237.
PAR  After detection or analysis, the reaction solution selector valve 160 makes
      1/20 of a turn to block the reaction tube and the detector flow line. By
      the rotation of valve 160, the duct 202 is connected to the cleaning flow
      line 193 and the passageways 252 and 253 (see FIG. 6) ae connected to the
      cleaning flow line 183 and passageway 192 and cleaning flow line 182 and
      passageway 191, respectively. After the second waste valve is released,
      the detected sample in the pipe 227 is discharged. Next, the first waste
      valve 215 is rotated 1/20 of a turn and thereby is connected with a waste
      reservoir 226. At the same time, a cleaning solution such as the alkaline
      solution in a cleaning solution reservoir 250 from the cleaning solution
      pump 251 is delivered through a reaction solution selector valve 160,
      passageways 252 and 253, pipes 173 and 172 into reaction tubes 13 and 12
      and through a detector 203 through flow lines 193 and 202. After the
      cleaning solution cleans the detector 203, it is discharged through the
      first waste valve 215 into the waste reservoir 226. The cleaning solution
      back washes into the reaction tubes and spills into the upper section of
      the reaction bath from which it is drained.
PAR  Thus, the interlocking selector valves feed samples successively into
      detectors and clean the empty reaction tubes and detectors.
PAC  VALVE ASSEMBLY
PAR  FIG. 2 is a cross section view of one embodiment of the novel valves useful
      in applicant's invention. A rotary slide member 281, upper fixed member
      282 and lower fixed member 283 are made of borosilicate glass,
      polytetrafluoroethylene, artificial ruby, etc., making them resist to all
      erosive organic and inorganic substances. Upper fixed member 282 is
      supported by a cylindrical framework 284, the center of which is equipped
      with a conical groove to receive a steel ball 285. An upper base plate 286
      is equipped with a removable screwed cylinder 289 and the said steel ball
      285 is pressed by a pressure rod 288 which is supported by the cylinder
      289. A coil spring 290 is used for biasing the said pressure rod 288
      against steel ball 285. Lower fixed member 283 is supported by framework
      291 and 292. The framework 291 is clamped down to a plate 293 by a screw
      294. The framework 295 supports the rotary member 281. Antisolvent
      bushings 296 and 297 are provided on the surfaces of frameworks 284 and
      292 which are in contact with a framework 295 to maintain axial alinement
      of the rotary slide member 281 with fixed members 282 and 283 and to
      enable the rotary member to rotate smoothly. In the framework 295 Geneva
      gear 298 is held by screws 299 to allow the rotary member to rotate. Said
      Geneva gear engages intermittently with a roller 300 supported by a
      support shaft 301. A bevel gear 302 supported by support shaft 301,
      engages with a bevel gear 303 which is locked on a drive shaft 304 of a
      motor 305 and the said gear transmits the power of the motor 305 to the
      Geneva gear 298, rotating the rotary member 281 to change the valve
      positions. The motor is intermittently driven by limit switches.
PAC  SAMPLE MEASURING VALVE
PAR  FIG. 3 is an exploded view of the flow directing sample measuring valve 24
      shown in FIG. 1: The rotary slide member 281, the upper fixed member 282
      and the lower fixed member 283.
PAR  Elements in FIG. 3 carry the same numbers as their respective elements in
      the other drawings. The said members 281, 282, and 283 are alined and
      moved relative to each other by an assembly such as described with
      reference to FIG. 2. In the rotary member 281, ten sample measuring holes
      26 - 35 are radially spaced. The upper fixed member 282 is equipped with
      radially spaced reagent inlet flow lines 36 - 45 of the same number as the
      rotary member 281 and with five grooves 311 - 315 astride reagent inlet
      flow lines 36, 38, 40, 42 and 44. The said lower fixed member 283 is
      equipped with radially spaced reagent outlet flow lines 46 - 55 of the
      same number as the said sample measuring holes in rotary slide 281 and
      with one flow line; for example, a sample inlet flow line 316 and a sample
      suction flow line 317 astride a flow line 47. Furthermore, grooves 318 -
      321 are engraved astride flow lines 49, 51, 53 and 55 on the surface of
      the lower fixed member 283 which is in contact with said rotary member
      281. The sample inlet flow line 316 is connected to the reagent reservoir
      and the sample suction flow line 317 connects to the sample suction pump
      25.
PAR  FIG. 4 shows the positions of the flow lines and grooves of the sample
      measuring valve in FIG. 3, when the sample volume is measured. The reagent
      inlet flow lines 36 - 45 of the upper fixed member 282 coincide with the
      reagent outlet flow lines 46 - 55 of the lower fixed member 283,
      respectively. When the sample measuring holes 26 - 35 are positioned
      between the reagent outlet flow lines 45 - 55, one (27 in this figure) of
      the sample measuring holes 26 - 35 coincides with the sample inlet flow
      line 316, and the hole 27 coincides with a sample suction flow line 317. A
      sample from the sample inlet flow line 316 passes through the sample
      measuring hole 27 and reaches the next sample measuring hole 28 via groove
      312 of the upper fixed member 282. Then, the sample is guided through
      groove 318 of the lower fixed member into the sample mesuring hole 29.
      Thus, the sample proceeds through the grooves of the upper fixed member
      and the lower fixed member successively until it finally reaches sample
      suction flow line 317 through sample measuring hole 26. Then, the rotary
      member 281 is given 1/20 of a turn in the direction of the arrow with each
      sample measuring hole loaded with sample. The holes 26 - 35 are shifted to
      the positions of the reagent inlet flow lines 36 - 45, respectively. As a
      result, samples measured out in their volume measuring holes together with
      reagents in the reagent reservoirs 56 - 65 are guided through reagent
      outlet flow lines 45 - 55 into their respective selector valves 76 - 85.
      After the sample is discharged from the sample volume measuring hole, the
      rotary member 281 is given 1/20 of a turn and the sample measuring holes
      are cleaned.
PAC  CLEANING SYSTEM OF THE SAMPLE MEASURING VALVE
PAR  FIG. 5 is a flow line of the sample measuring valve cleaning system.
      Cleaning of the sample measuring valve 24 is achieved after a sample is
      injected and delivered into the reaction tube. In the FIGS., 23 and 331
      are the sample tube and the cleaning solution reservoir, respectively. The
      water supply tube 332 feeds water continuously. Surplus water drains off
      from the right space 333 through drain pipe. A sample suction pipe 23 is
      constructed so that it can shuttle between the sample tube 22 and the
      cleaning solution reservoir 331.
PAR  The needle valve 334 consists of a needle valve block 335 and plungers 336
      - 339. The needle valve is connected to a constant flow pump 25. Sealed
      vessels 341, 342 and 343 which are pressurized by an inert gas from a gas
      cylinder (not shown), are filled with cleaning solution, tap water and
      distilled water pumped from reservoirs 344, 345 and 346. Constant pressure
      valves 347, 348 and 349 allow the cleaning solution to return through the
      lines into the reservoirs 344, 345 and 346 when pressure in the sealed
      vessels 341, 342 and 343 exceeds a given level after supply pumps 350, 351
      and 352 have delivered the solution. Pressure gauges 353, 354 and 355
      indicate pressure in the sealed vessels and switching valves 356, 357 and
      358 are used for drainage.
PAR  In this structure, when a plunger 337 is opened, pressure in the sealed
      vessel 341 forces the cleaning solution through the needle valve 334,
      through the sample measuring valve 24 and the sample suction tube 23 and
      into the cleaning solution reservoir 332, thereby cleaning the sample
      measuring flow lines.
PAR  Next, if the plunger 337 is closed and the plunger 338 is opened, the tap
      water in the closed vessel 342 flows in the same flow lines and drains off
      all the cleaning solution. Furthermore, when the plunger 338 is closed and
      the plunger 339 is opened, the distilled water in the closed vessel 343
      flows to clean the flow lines completely; then the plunger 39 is closed.
      After the sample suction tube 23 is moved from the cleaning reservoir 331
      into the sample tube 22 as in the dotted line, the plunger 336 is opened
      and the constant flow pump 25 is operated to draw up a sample in the
      sample tube 22. On this occasion, the sample is drawn up but not to the
      extent that the sample tip reaches the needle valve block 335. Then the
      plunger 336 is closed, the rotor 281 of the sample measuring valve 24 is
      rotated by 18.degree. (see FIG. 4), a given quantity of reagent in the
      sample measuring hole 26 is delivered from a supply tube 360, and a given
      quantity of sample is fed through supply tube 96 and selector valve 76
      into the reaction tube 11. The samples in the respective sample measuring
      holes 27 - 35 likewise transferred into the reaction tubes 11 of the
      respective reaction baths 2 - 10.
PAR  By repeating this sequence, various samples can be successively analyzed. A
      routine technique is capable of automatically controlling with ease all
      the operations of the plungers 336 - 339, constant flow pump 25, sample
      suction tube 23, and the sample measuring valve 24 as well as the
      supplying of the reagent solution by a programmer.
PAC  REACTION SOLUTION SELECTOR VALVE
PAR  FIG. 6 is a projected plan indicating the major section of reaction
      solution selector valve 160 used in FIG. 1. FIG. 6 shows only the rotary
      member 371 and the upper and the lower fixed members 372 and 373, which
      can be supported and rotated with the same structure as that of the valve
      shown in FIG. 2. The rotary member 371 is equipped with an oblique duct
      202 one exit of which passes through the rotary center and two grooves 252
      and 253 on the surface in contact with the lower fixed member 373. The
      upper fixed member 372 is equipped with an axially positioned flow line
      374 one end of which is connected to the detector 203. The lower fixed
      member 373 is equipped with flow lines 181 - 190 connected to reaction
      tubes 11 - 20 at equidistant radially spaced intervals over a circle, and
      in addition there are cleaning solution flow lines 191 - 200 between the
      said flow lines 181 - 190. The flow lines 191 - 200 are connected to each
      other by a loop flow line 201 except between the flow lines 191 and 200.
      Grooves 252 and 253 engraved in the said rotary member are long enough to
      connect two adjoining flow lines (for example, 182 and 192).
PAR  When, for example, duct 202 in the rotary member 371 connects to the flow
      line 183 of the lower fixed member 373, a reaction solution in the
      reaction tube 13 passes through a pipe 173, duct 202, and a flow line 374
      of the upper fixed member 372 into the detector 203, where the sample
      solution is detected. On this occasion, the grooves 252 and 253 in the
      rotary member 371 coincide with flow lines 182 and 192 and 191 and 181,
      respectively. The reaction tube is always cleaned by a cleaning system
      similar to that for the sample measuring valve 24 shown in FIG. 1. Since a
      cleaning solution is always delivered from the cleaning solution supply
      pump 251 into loop flow line 201 through pipe 375 (see FIG. 1), the
      solution proceeds to the grooves 252 and 253 through the flow lines 192
      and 191 and it is guided into the flow lines 182 and 181. Then, it passes
      through pipes 171 and 172, cleaning reaction tubes 11 and 12. When the
      rotary member 371 makes 1/20 of a turn in the direction of the arrow and
      the flow line 202 is coincident with a flow line 193 of the lower fixed
      member 373, the cleaning solution flows into the detector 203 through flow
      line 201, flow lines 193, 202 and 374, and grooves 252 and 253 coincide
      with flow lines 183 and 192 and 182 and 191. As a result, reaction tubes
      12 and 13 are cleaned.
PAC  REACTION BATH
PAR  Referring now to FIG. 7, the major elements of the reaction bath 1 are
      described. The reaction tube 11 is a cylinder with an open top and a
      funnel-shaped bottom end 382. The reaction bath 1 is formed by plates 390,
      391, 392 and 393 defining an enclosure. A plate 110 divides the enclosure
      into two compartments, namely the pressurized chamber 112 and the water
      bath 111. The reaction process is directly observed through the
      observation window 386. An O-ring 383 positioned at a ring convex 384 on
      the periphery near the base and a push-up member 385 for the reaction tube
      11 held down onto the base plate 390 by screws 387 serve to keep the
      reaction tube 11 and the base plate 386 airtight.
PAR  A hole 388 in the center of the funnel-shaped base 384 of the reaction tube
      11 leads via a connector 389 into a supply tube 171 connecting to a valve
      160 (see FIG. 1). On the other hand, the upper section of the reaction
      tube 11 is locked by a partitioned panel 110 and a flange pipe-like
      fixture member 395 clamped by screws 396. In the center of the internal
      surface of the fixture member 395 there is a step 397 on which a column
      member 398 is positioned. The column member 398 not only acts as a bearing
      for the stirrer 117 rotated by a belt 399 but has an opening 400
      connecting via a connector 401 to a sample or reagent supply tube 402 and
      injects the solution via a nozzle 403 into the reaction tube 11. The
      fixture member 395 has a window 404 which allows the cleaning solution for
      the reaction tube 11 to flow out into the upper compartment 112.
PAC  WASTE VALVE
PAR  FIG. 8 illustrates one embodiment of the waste valve 215 shown in FIG. 1,
      which consists of a rotary slide member 411, upper fixed member 412 and
      lower fixed member 413. These members are made of borosilic acid glass,
      ethylene-tetrafluoride resin, ruby, etc. which resist all erosive organic
      and inorganic substances. The rotary member 411 is equipped with flow
      lines 414 - 423 radially spaced over a concentric circle and with grooves
      424 - 433 on the surface in contact with the upper fixed member 412. One
      end of each groove coincides with each of the said flow lines 414 - 423
      and the other end extends circumferentially halfway toward the adjacent
      flow line. The upper fixed member 412 is equipped with flow lines 434 -
      443 of the same number of the said flow lines 414 - 423 over a concentric
      circle. The lower fixed member 413 is equipped with the first group of
      flow lines 444 - 453 connecting to the waste reservoir 226 and the second
      group of flow lines 454 - 463 connecting to the second waste valve 237
      (see FIG. 1). The flow lines 434 -  443 are connected to the detectors 203
      - 212, the flow lines 444 - 453 are connected to the waste reservoir 226
      and the flow lines 454 - 463 are connected to the second waste valve 237
      through flow lines 227 - 236 respectively.
PAR  When the sample solution is detected by the detector 203, the flow lines
      434 - 443 of the upper fixed member 412 are connected to flow lines 454 -
      463 of the lower fixed member 413 through flow lines 414 - 423. At this
      time, the pipes 227 - 236 are connected to the flow lines 471 - 480 of the
      second waste valve 237 and isolated from the air. After the detection, the
      first and second waste valves 215 and 237 are rotated 1/20 of a turn,
      respectively. Then, the flow lines 434 - 443 of the first waste valve 215
      are connected to flow lines 454 - 463 through flow lines 414 - 423, and
      the rotation of the said second waste valve 237 exposes pipes 227 - 236 to
      the air. Therefore, residual solution in the pipes 227 - 236 is wasted
      from flow lines 238 - 247 of the second waste valve 237 and, residual
      solution in the pipes between the detectors and first waste valve 215 is
      discharged by the cleaning solution supplied from the pump 250, into the
      waste reservoir 226 through first waste valve 215 and pipes 216 - 225.
      With this waste system, drops in the flow line pressure can be prevented,
      since the cleaning of detectors is completed under the condition that flow
      lines are isolated from the air.
PAR  As described in detail hereinabove, this invention provides an automatical
      sequential analyzing apparatus of multiconstituents of many samples. If
      all operations of the automated assay system based on the invention are
      programmed in advance, all procedures except arrangement of samples can be
      achieved fully automatically. Moreover, diagnostic data on the patient's
      samples can be obtained by connecting this system to an on-line computer
      which processes signals from a detector.
PAR  While I have described certain presently preferred embodiments of my
      invention, it is to be understood that it may be otherwise embodied within
      the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An automatic analyzing apparatus comprising:
PA1  a. a plurality of reaction baths corresponding to selectable reaction
      treatments or conditions, said baths divided by a partition plate into
      upper and lower chambers, means for circulating a heated fluid in the
      lower chambers to maintain a constant temperature, and means connecting
      the upper chambers to an inert gas source to pressurize said upper
      chambers;
PA1  b. a plurality of reaction tubes, housed in each reaction bath and
      supported by said partition to open into said upper chambers;
PA1  c. means for drawing sample;
PA1  d. means for dividing the drawn sample into a given number of portions;
PA1  e. means for distributing the divided sample portions, each to a reaction
      tube in each reaction bath;
PA1  f. means for supplying reagents to the reaction tubes comprising reagent
      reservoirs, which are closed, and means for supplying compressed inert gas
      to said reservoirs in order to supply reagent to said reaction tubes;
PA1  g. means for sequentially feeding contents from reaction tubes in each
      reaction bath to an analyzer associated with said bath; and,
PA1  h. means for backwashing a cleansing solution into said reaction tubes via
      said means for sequentially feeding contents from reaction tubes to said
      analyzer.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein said means for drawing and
      dividing the sample further include:
PA1  a. a sample suction tube for drawing sample to be analyzed, means for
      moving said sample suction tube back and forth between sample tubes
      containing sample and a cleaning solution reservoir;
PA1  b. a sample measuring valve for measuring and fractionating a given
      quantity of sample drawn by said sample suction tube;
PA1  c. a constant flow pump for drawing a sample via said sample measuring
      valve and suction tube; and,
PA1  d. means for backwashing a cleaning solution into said cleaning solution
      reservoir by passing the solution through the said sample measuring valve
      and said sample suction tube.
NUM  3.
PAR  3. An apparatus according to claim 1 wherein said means for sequentially
      feeding and means for backwashing further include:
PA1  a. one or more cleaning solution sources connected to a common delivery
      means;
PA1  b. a waste reservoir;
PA1  c. a waste valve system for directing flow from the analyzers to the waste
      reservoir or for sealing the analyzers;
PA1  d. a reaction solution selection valve for sequentially feeding the
      contents of said reaction tubes to said analyzers comprising:
PA2  i. means for connecting the cleaning solution delivery means to the
      reaction tubes, the contents of which have been previously delivered to
      the analyzer in order to backwash cleaning solution through said reaction
      tube to said waste reservoir; and,
PA2  ii. means for connecting the cleaning solution delivery means to the
      analyzers after every analysis to wash cleaning solution through said
      waste valve system to said waste reservoir.
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ABST
PAL  An automatically controlled apparatus for purifying extracts of vegetable
      and animal specimens for the determination free from interference of
      traces of selected extract constituents by a combined flushing and
      codistilling process of the extracts with solvents comprises for the
      reception of samples detachable sample coils through which an inert gas
      stream obtained from a source of supply and carrying a solvent flowing
      substantially continuously from a supply vessel is conducted and purifying
      tubes which are connected to said sample coils and extend through a stove
      and terminate in cooling coils in receivers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to apparatus for automatically purifying extracts of
      vegetable and animal specimens for the determination free from
      interference of traces of selected extract constituents.
PAC  SUMMARY OF THE INVENTION
PAR  The general aim of the invention is to provide apparatus which will permit
      a number of raw extracts of biological material to be automatically
      consecutively sufficiently purified without supervision to permit traces
      of particular organic-chemical substances contained in the extracts, such
      as impurities or active substances, to be determined.
PAR  The quantitative determination of traces of organic-chemical active
      substances, such as of residues of insecticides in foodstuffs, usually
      involves the following procedural steps:
PAR  1. Concentration of the substances that are to be measured by the
      preparation of an extract of the substrates in question.
PAR  2. Purification of the extract in such a manner that all substances, such
      as waxes, fats and dyes, which would interfere with the determination of
      the active substances (e.g. by gas chromatography and UV
      spectrophotometry) are removed.
PAR  3. Identification and quantitative analysis of the active substances.
PAR  The more specific object of the invention is to provide apparatus for
      carrying out the second above procedural step on a large number of samples
      of different kinds and composition containing required evaporable
      organic-chemical substances in extract form, by time-saving standardized
      procedures with the substantial elimination of manual control and
      supervision.
PAR  For the preparation of extracts for the trace analysis of organic-chemical
      substances several methods are available which are adapted to the
      individual peculiarities of the different samples and to the properties of
      the trace substances that are to be identified. Closest to the present
      invention is an instrument which operates on the basis of a flushing and
      codistillation process, and which substantially consists of glass tubes
      filled with glass wool having a Tee fitting at one end and a ground spigot
      at the other end for connection to a flexible cooling tube. The side
      branch of the Tee fitting is connected to the carrier gas supply, whereas
      the other branch is closed by a rubber disc (septum). The arrangement
      works by first taking up a sample with an injection syringe. The rubber
      disc is then pierced with the needle of the syringe and the sample
      injected into the tube. The same procedure must be performed with the
      solvent which is injected at intervals of about 2 minutes in 10
      consecutive portions. When the injections have been completed the cooling
      tube is detached and flushed out with a small volume of solvent.
PAR  On the average each sample requires 1 to 2 hours work (preparation, control
      of apparatus, cleaning components of apparatus) by one person.
PAR  The invention aims at eliminating these defects and at reducing the
      expenditure in time and labor involved in the purifying of samples by the
      flushing and codistillation process, in other words at substantially
      raising the number of samples that can be purified within a given period
      of time whilst achieving an acceptable degree of purity for a quantitative
      determination.
PAR  According to the invention these objects are attained by the provision for
      the reception of the samples of detachable coils through which an inert
      gas stream carrying a solvent supplied substantially continuously from a
      supply vessel is conducted, and of purifying tubes which are connected to
      said sample coils and extend through a stove and terminate in cooling
      coils located inside a condenser.
PAR  The following advantages are achieved by using the apparatus according to
      the invention:
PAR  1. Continuous washing with the solvent ensures that the residence time of
      any temperature-sensitive substances which are to be determined is reduced
      to the minimum compatible with determination.
PAR  2. Reproducibility of the results is improved by the complete automation of
      the procedural steps and the elimination of human error in manual control.
PAR  3. The apparatus can operate day and night without supervision, thereby
      reducing the labor cost and general overheads by saving time.
PAR  4. The proposed change in procedure is responsible for the possibility of
      securing the advantages of automation.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In order that the invention may be more readily understood an embodiment of
      the apparatus according to the invention will be hereunder described in
      greater detail with reference to the accompanying drawing, in which:
PAR  FIG. 1 is a schematic representation of an embodiment of apparatus
      according to the invention, and
PAR  FIG. 2 is a diagram illustrating the disposition of an on-line detection
      system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The apparatus illustrated in FIG. 1 is functionally based on the principle
      of combined flushing and codistillation. The liquid raw extract in FIG. 1
      is first conveyed in a continuous inert gas stream into a hot zone, where
      the constituents dissolved in the extract are precipitated on a large
      surface. A volatile solvent which is then conducted over the surface picks
      up the desired more volatile trace components from the precipitate in a
      combination flushing and codistillation process and carries them into a
      low temperature condenser. A fresh precipitation surface must be provided
      for each sample.
PAR  The inert gas stream, e.g. nitrogen, obtained from a source of supply G
      (FIG. 1) is introduced in a known manner for instance into a pressurized
      gas container fitted with a pressure reducing valve and a gas distributing
      system. The gas stream is controlled by a fine regulating valve V.sub.G
      and a flow meter F. The purpose of the gas is to convey the several
      extract samples contained in the PTFE coils PS to the point of
      precipitation 0 and also to carry the solvents obtained from a reservoir
      PL. The velocity of transportation is controlled by the regulating valve
      V.sub.G in conjunction with F. In association with a valve VP the
      reservoir PL forms a solvent metering device. The addition of solvent is
      started or stopped by a pneumatically operating magnetic valve V.sub.L
      supplied from PL. The opening and closing times of this valve at intervals
      of 0 to 30 hours can be controlled by preset time switches T.sub.L1 and
      T.sub.L2.
PAR  The inert gas stream is then admitted by a multiple way valve MV in
      predetermined order to each of the continuously connected sample coils PS.
      A servo motor causes the central supply pipe to be alternately connected
      to each of the valve exits, assumed in the drawing to number 20. Two time
      switches T.sub.MV1 and T.sub.MV2 control the time for which the servo
      motor holds the connection to each exit as well as the duration of the
      change-over to the next exit. These switching times therefore determine
      the interference-free residence times of the samples at the place of
      precipitation 0.
PAR  The samples (up to 20 in the drawing) are introduced into the several
      sample coils by calibrated syringes before the apparatus is started up.
      These coils are flexible PTFE tubes which each have a capacity of 2.5 ml.
      On the one hand they are connected in a gas-tight manner by special
      threaded pipe unions to the exits of MV and on the other hand by
      commercial patented couplings of PTFE to (likewise 20) purifying
      unbranched glass tubes R. Up to about two thirds of the length of each of
      these tubes is filled with materials having a large surface area such as
      moderately tightly packed quartz wool or commercially available
      superficially etched glass balls, the empty parts of the tubes being
      equally divided between the two tube ends. The large surface area
      materials assure that the extract substances dissolved from the sample are
      deposited in the purifying tubes.
PAR  The tubes are fitted into holes in the solid aluminum block of the flushing
      and codistillating stove 0. The temperature is maintained by a controller
      TO in the range between about 20.degree. and 300.degree.C.
PAR  Similar patented couplings to those at the tube entries couple the tube
      ends to flexible PTFE tubes. For the purpose of quantitatively condensing
      the codistillation vapors they form coils cooled in an electronically
      controlled cold bath K of an alcoholic medium at -30.degree.C. Receiving
      tubes A into which the PTFE tubes discharge are similarly cooled.
PAR  When the sample from the sample coil has been transferred into the hot pipe
      the substantially continuously controlled solvent supply continues until
      the empirically determined quantitative separation of the desired traces
      from the conjoint extractives from the raw extract has taken place. At the
      end of the purifying operations in the case of all (20) samples all
      electrically operated or controlled devices are stopped by a preadjustable
      time switch T.sub.N. T.sub.N together with the parts T.sub.MV1, T.sub.MV2,
      T.sub.L1, T.sub.L2, V.sub.L and F are combined in one central control
      unit.
PAR  The purifying step on a sample proceeds automatically as follows:
PA0  1. Switch on power from the mains.
PA0  2. Turn on gas supply and adjust rate of flow.
PA0  3. Regulate flow rate of solvent to the desired rate.
PA0  4. Set time switch for solvent circulation to the desired value; these are
      the residence time and the time interval for connecting up the next sample
      coil.
PA0  5. Switch on stove and raise to necessary temperature level.
PA0  6. Switch on cold bath and adjust.
PA0  7. Connect sample coils to the purifying tubes in the oven and flush with
      solvent. After detaching the sample coils from the multiple way valve feed
      samples into coils and reconnect. Change the receiving tubes.
PA0  8. Calculate the total working time and set stop relay T.sub.N accordingly.
      If the test conditions are not changed the functions 1 to 6 can be
      centrally switched on and off by T.sub.N.
PA0  9. start up the automatic purifying operations.
PA0  10. At the end of these operations reduce the purified samples in the
      condensers to a given volume and inject an aliquot part into a suitable
      gas chromatographic identifying and analysing apparatus.
PAR  The continuous current of solvent also permits the desired substances to be
      determined directly after the purification of the sample in an on-line
      detection system, as illustrated in FIG. 2.
PAR  The vapors emerging from the purifying tube are condensed in a PTFE coil in
      the cooling bath K. The condensate is conveyed through a multi-port valve
      MV which connects the used purifying tube R to the T-piece V for the
      removal of air bubbles by vacuum means. From here the liquid stream enters
      the detector D (ultraviolet or differential refractometer), where the
      presence of the desired substances is established. The detector D is
      associated with an indicating instrument S (recording instrument). After
      having passed through the detector the several samples can be collected in
      a fraction collector FS if desired.
PAR  As a result of these steps it has been found that the times for purifying
      the samples for instance for the examination of different varieties of
      fruit or vegetable residues can be curtailed to about 1/6th of the times
      previously needed. Moreover, the results obtained are more accurate
      because the reproducibility of the results is better.
PAR  The invention may be embodied in other specific forms without departing
      from the spirit or essential characteristics thereof. The embodiment is
      therefore to be considered in all respects as illustrative and not
      restrictive.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for automatically purifying extracts of vegetable and animal
      specimens for the determination, free from interference by substances
      including waxes, fats and dyes which interfere with the determination of
      the active substances, of traces of selected extract constituents by a
      combined flushing and codistilling process of the extracts with solvents,
      comprising:
PA1  a. a plurality of sample coil tubes for the reception of samples, each
      sample coil tube having inlet and outlet ends,
PA1  b. means for feeding a mixture of solvent and inert gas to said sample coil
      tubes,
PA1  c. multiple way valve means detachably connected to the inlet ends of said
      sample coil tubes for connecting said mixture feeding means to each of
      said sample coil tubes in sequence,
PA1  d. a plurality of purifying tubes for receiving precipitated constitutents
      from said samples, each purifying tube having inlet and outlet ends, the
      inlet end of each purifying tube being detachably connected to the outlet
      end of one of said sample coil tubes,
PA1  e. means surrounding said purifying tubes for heating said purifying tubes
      to flush and codistil vapors,
PA1  f. a plurality of cooling tubes for quantitatively condensing vapors from
      said purifying tubes forming a condensate therein, each cooling tube
      having inlet and outlet ends, the inlet end of each cooling tube being
      connected to the outlet end of one of said purifying tubes,
PA1  g. means surrounding said cooling tubes for cooling said cooling tubes,
PA1  h. a plurality of receiving tubes, each connected to the outlet end of one
      of said cooling tubes, for receiving the condensate discharged from said
      cooling tubes
PA1  i. timing means for controlling said multiple way valve means to control
      the time interval during which said mixture feeding means is connected to
      each sample coil tube and the time interval between connections of said
      mixture feeding means to successive sample coil tubes, and
PA1  j. control means for regulating the temperature of said heating means and
      said cooling means.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein the purifying tubes are
      unbranched glass tube sections which are at least partly filled with
      materials having a large surface area for depositing the extract
      substances dissolved from the sample in the purifying tube.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein the purifying tubes are
      unbranched glass tube sections which are at least partly filled with
      quartz wool.
NUM  4.
PAR  4. Apparatus according to claim 2 wherein the purifying tubes are
      unbranched glass tube sections which are least partly filled with etched
      glass balls.
NUM  5.
PAR  5. Apparatus according to claim 2 wherein said means for feeding a mixture
      of solvent and inert gas comprises a first conduit for feeding said
      solvent, a second conduit for feeding said inert gas, said first and
      second conduits merging into a further conduit connected to said multiple
      way valve, and valve means in each of said first, second and further
      conduits for regulating flow of said solvent, inert gas and mixture
      respectively.
NUM  6.
PAR  6. Apparatus according to claim 5 further comprising timing means
      controlling said valve means in said further conduit for regulating the
      flow of said mixture to said multiple way valve.
NUM  7.
PAR  7. Apparatus according to claim 6 further comprising means for detecting
      the presence of at least one substance contained in the condensate
      discharged from said cooling tubes and T-shaped conduit means extending
      from said cooling tubes to said detector means whereby a vacuum may be
      applied to remove air bubbles from said condensate.
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ABST
PAL  A combustible gas sensor for use in a closed loop fuel control system for a
      combustion engine comprises a pair of sensor conduits within the main
      exhaust conduit of the engine, with exhaust gas drawn through one of the
      sensor conduits and a mixture of exhaust gas and air drawn through the
      other by engine induction vacuum at controlled rates. A catalyst coated
      capillary tube within each secondary conduit has air drawn through it at a
      constant rate. On account of the catalytically induced combustion on its
      outer surface, the capillary tube exposed to the air-exhaust mixture heats
      more than the other by an amount dependent upon the concentration of
      combustible gas in the exhaust. The capillary tubes are connected in
      series; and the pressure at the junction, when compared with a reference,
      is a function of the combustible gas concentration. The use of two
      capillary tubes in each conduit connected in a "bridge" configuration
      eliminates the need for a separately generated reference pressure.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  My invention relates to systems that control the input air-fuel mixture to
      a combustion engine in order to minimize undesirable emissions in the
      engine exhaust. It relates in particular to a closed loop fuel control
      system using a combustible gas sensor in the exhaust system to provide a
      feedback control signal.
PAR  Catalytic devices for inducing chemical changes in certain constituents of
      engine exhaust gases are well known. One type of catalyst induces
      oxidation of carbon monoxide and unburned hydrocarbons to carbon dioxide
      and water; while another kind induces reduction of oxides of nitrogen to
      nitrogen and oxygen. Often both types of catalysts are needed to meet all
      emission goals for a particular engine.
PAR  It is generally known that a single catalytic device containing both types
      of catalyst can be used if the air-fuel ratio of the fuel mixture fed to
      the engine is kept at a constant ratio just slightly on the rich side of
      stoichiometric, since at this point the emission levels of all three major
      undesirable exhaust constituents are reasonably low. The air-fuel ratio
      must be maintained quite closely: oxides of nitrogen increase sharply as
      the mixture crosses to the lean side of stoichiometric; and carbon
      monoxide increases rapidly as the mixture becomes more rich. Standard open
      loop fuel controls cannot maintain the air-fuel mixture with sufficient
      precision to take advantage of this situation.
PAR  A closed loop system, using a sensor device sensitive to some fuel or
      exhaust parameter to provide a feedback control signal to the fuel
      induction system, will provide sufficient control over the air-fuel
      mixture to keep it within the desired range. An important part of such a
      system, of course, is a suitable sensor.
PAR  My sensor is generally of the type wherein the difference in temperature
      between a catalytic bed exposed to exhaust gases and another catalytic bed
      exposed to a mixture of exhaust gases and excess air is measured to
      produce a signal that is a function of the concentration of combustible
      gas in the exhaust gases. Over a certain range of air-fuel ratio, such a
      differential temperature varies predictably with air-fuel ratio to provide
      a useful feedback signal.
PAR  In particular, my sensor uses a number of capillary tubes having fluid
      drawn through them at a constant rate to provide a pressure analogue of
      the temperature. This pressure can be applied directly to a differential
      pressure motor connected to air-fuel ratio changing apparatus in a
      carburetor or fuel injection system.
PAR  Further details and advantages of my invention will be apparent in the
      accompanying Figures and following description of the preferred embodiment
     .
DRWD
PAC  SUMMARY OF THE DRAWINGS
PAR  FIG. 1 is a schematic diagram of my invention in its environment.
PAR  FIG. 2 is a top view of a preferred embodiment of my invention.
PAR  FIG. 3 is a view along line 3--3 in FIG. 2.
PAR  FIG. 4 is a view along line 4--4 in FIG. 3.
PAR  FIG. 5 is a view along line 5--5 in FIG. 3.
PAR  FIG. 6 is an exploded perspective view of my invention in its environment.
PAR  FIG. 7 is a graphical representation of the relationship between the
      differential temperature in my invention and air-fuel ratio.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, an air valve carburetor, generally indicated as 10,
      has an induction bore 11 in which air admitted through an air inlet 12 is
      mixed in a controlled ratio with fuel from a fuel reservoir 13 and
      delivered through an outlet 14 to a combustion engine 15. The exhaust
      gases from the engine 15 enter an exhaust system comprising a main exhaust
      conduit 16, a portion of which is also shown in FIG. 6. A portion of the
      wall of the main exhaust conduit 16 is cut out to form a window 17; and
      around the window 17 is welded a mounting bracket 18.
PAR  As seen most clearly in FIG. 6, a sensor assembly 20 comprises an upper
      sensor bed 21 and a lower sensor bed 22 fixed perpendicularly to a
      mounting plate 23. The mounting plate 23 is adapted to be fixed and sealed
      to the mounting bracket 18 with the sensor beds 21 and 22 projecting into
      the main exhaust conduit 16.
PAR  Each of the sensor beds 21 and 22 comprise identical lower housings 24
      closed by identical cover plates 25. These parts form a sensor conduit 26
      in upper sensor bed 21 and a sensor conduit 27 in lower sensor bed 22. The
      sensor conduits 26 and 27 are identical in size and shape, each being
      generally U-shaped with the two ends of the U against the mounting plate
      23, as seen in FIG. 4.
PAR  An outlet opening 30 through the mounting plate 23 opens to one end of the
      sensor conduit 26; likewise outlet opening 31 through mounting plate 23
      opens to the corresponding end of sensor conduit 27. Openings 30, 31 and
      others yet to be described through plate 23 are shown in FIGS. 3 and 6 and
      are indicated schematically in FIG. 1. As shown in FIG. 1, a vacuum
      conduit 32 connects each of the sensor conduits through its outlet opening
      30 or 31 to a mixing region 33 in the induction bore 11 which, as will be
      explained later, is maintained at a substantially constant pressure below
      atmospheric pressure.
PAR  Near the other end of sensor conduits 26 and 27, exhaust inlets 34 and 35,
      respectively, are formed through the cover plates 25, as shown in FIG. 6.
      Exhaust inlets 34 and 35 open the interior of the sensor conduits 26 and
      27, respectively, to the interior of the main exhaust conduit 16. In
      addition, an air inlet opening 36 through mounting plate 23 communicates
      the same end of sensor conduit 27 only to the atmosphere through an air
      inlet conduit 37 and an air cleaner 38, shown in FIG. 1.
PAR  The engine induction vacuum present in mixing chamber 33 causes exhaust
      gases to be drawn through sensor conduit 26 from exhaust inlet 34 to
      outlet opening 30 and a mixture of exhaust gases and air to be drawn
      through sensor conduit 27 from exhaust inlet 35 and air inlet 36 to outlet
      31. Exhaust inlets 34 and 35 and air inlet 36 are all orifices whose
      diameter is chosen to produce substantially equivalent mass flow rates
      through the sensor conduits and establish a desirable air-exhaust ratio in
      sensor conduit 27. In tests, satisfactory results were obtained with a
      flow through sensor conduit 27 of two CFH air to 16.5 CFH exhaust gas.
PAR  In this preferred embodiment, each of the sensor conduits 26 and 27
      contains a pair of capillary tubes, numbered from top to bottom in FIGS.
      5, 40, 41 42 and 43. Each of the capillary tubes 40-43 is a stainless
      steel tube with an inner diameter that is small in relation to its length.
      Typical dimensions for such a tube are: outer diameter, 0.062 inch; inner
      diameter, 0.028 inch; and length, approximately six to seven inches. With
      a fixed length and diameter, and assuming constant laminar flow through
      the tube, the differential pressure across the tube is in direct
      proportion to the fluid's viscosity, which is a function of temperature.
      Thus each capillary tube generates a differential pressure signal which is
      a function of its temperature.
PAR  The capillary tubes 40-43 are each bent into a generally U-shaped
      configuration to conform with the shape of sensor conduits 26 and 27 and
      are further bent as shown in FIGS. 4 through 6 so that their ends can be
      mounted side by side in the mounting plate 23 but a substantial portion of
      each will be vertically aligned. Each of the tubes 40-43 is coated on its
      outer surface with an oxidation catalyst material in order to induce
      oxidation in the gases flowing over and around it.
PAR  The ends of tubes 40-43 open through the mounting plate 23 are
      interconnected with each other and additional conduits. Referring to FIGS.
      1 and 6, the inlet end 44 of tube 40 and inlet end 45 of tube 42 are each
      open to the air inlet conduit 37; the outlet end 46 of tube 40 is
      connected to the inlet end 47 of tube 43; the outlet end 48 of tube 42 is
      connected to the inlet end 49 of tube 41; and the outlet end 50 of tube 41
      and outlet end 51 of tube 43 are each open to a vacuum conduit 54. These
      connections could be made in any of a number of standard ways, including
      separate conduits connected to the tube ends 44-51 or a connection member
      attached to mounting plate 23 and having openings aligned with tube ends
      44-51 and appropriate internal connections.
PAR  The vacuum conduit 54 connects outlet end 50 of tube 41 and outlet end 51
      of tube 43 with induction bore 11 below mixing region 33 through a
      constant flow regulator 55, the function of which is to maintain a very
      constant mass flow rate in the air drawn through tubes 40-43 to the
      sub-atmospheric induction bore 11, since any variation in this flow rate
      will result in inaccuracy in the sensor output signal. The constant flow
      regulator 55 can be any standard device capable of accomplishing this
      task, the best example being a sonic or choked flow orifice in conduit 54.
      Since a choked flow orifice requires a larger vacuum on its downstream
      side than exists in mixing region 33, the conduit 54 is connected to the
      induction bore 11 below throttle 64, where vacuum is substantially greater
      except at wide open throttle, when a separate power enrichment system, not
      described herein, would presumably override the system of my invention.
PAR  A signal pressure tap 56 is provided between outlet end 48 of capillary
      tube 42 and inlet end 49 of capillary tube 41. Similarly, a signal
      pressure tap 57 is provided between outlet end 46 of capillary tube 40 and
      inlet end 47 of capillary tube 43. The capillary tubes 40-43 are thus seen
      to be connected in a bridge network with air being drawn at a constant
      mass flow rate through two parallel paths, one comprising tubes 42 and 41
      and the other comprising tubes 40 and 43. Tubes in the same sensor conduit
      are arranged so that one is in the upstream leg of one path and the other
      is in the downstream leg of the other path, and each path contains a
      signal pressure tap between its upstream and downstream tubes. In
      operation, the sensor conduits 26 and 27 are both heated by the exhaust
      gases flowing past them to a temperature above the minimum activation
      temperature of the catalyst coating on the capillary tubes. With the
      catalyst thus active and excess air being mixed with the exhaust gases in
      sensor conduit 27, the variation with air-fuel ratio of the temperature of
      capillary tubes 40 and 41 will be different from that of capillary tubes
      42 and 43.
PAR  Referring to FIG. 7, the variation with air-fuel ratio of capillary tubes
      40 and 41 is shown as line 60. Maximum oxidation of combustible matter and
      the exhaust gases, and thus the maximum temperature reached by tubes 40
      and 41, is achieved about stoichiometric. As the mixture deviates toward
      the lean side less carbon monoxide is available for oxidation; and as the
      mixture varies toward the rich side less oxygen is available. A scarcity
      of either carbon monoxide or oxygen slows the oxidation process and thus
      lowers the temperature.
PAR  The variation with air-fuel ratio of the temperature in tubes 42 and 43,
      however, is shown as line 61. This temperature variation is similar to
      that shown by line 60 on the lean side of stoichiometric except for a
      slight cooling effect due to the added air. However, on the rich side, the
      temperature rises sharply because of the oxidation due to the availability
      of extra oxygen along with the increased carbon monoxide. It happens that
      the intersection of lines 60 and 61, which indicates identical
      temperatures in each sensor conduit, occurs approximately at the desired
      operating point of the engine, slightly to the rich side of
      stoichiometric. Thus the differential exhaust temperature, obtained by
      subtracting line 60 from line 61, is indicated as dashed line 62, which
      crosses zero at the same air-fuel ratio at which lines 60 and 61
      intersect. As is apparent from FIG. 7, there is a useful range of air-fuel
      ratios around the desired operating point in which the differential
      temperature shown in line 62 varies in a smooth and continuous manner with
      a continuously negative derivative which, in fact, roughly approximates a
      constant. The difference between the pressure measured at pressure tap 56
      and a constant reference pressure is a pressure analogue of the
      differential temperature portrayed in line 62. The difference between the
      pressure at signal pressure signal tap 57 and the constant reference
      pressure is also a pressure analogue of differential temperature 62, but
      varying in the opposite direction. Therefore the differential pressure
      across the bridge network from tap 56 to tap 57 is also an analogue of the
      differential temperature 62; and an external constant reference pressure
      is unnecessary.
PAR  The air valve carburetor 10 will now be described with sufficient detail to
      show how the differential pressure between tap 56 and tap 57 can be
      utilized to vary the air-fuel ratio.
PAR  Referring to FIG. 1, the induction bore 11, already mentioned, contains two
      valves: a throttle valve 64, disposed in the usual manner on a throttle
      shaft 65; and an air valve 66, disposed upstream from throttle 64 on a
      valve shaft 67. Mixing region 33, already mentioned, is the volume between
      throttle valve 64 and air valve 66. A spring 68 is secured to downstream
      edge 70 of air valve 67 and extends to a bracket 71 to bias air valve 66
      to the closed position shown. A tang 72 reaches upwardly from air valve 66
      and is connected by a link 73 to a diaphragm 74. A chamber 75, formed
      between the right side of diaphragm 74 and a cover member 76, is connected
      by a tube 77 to mixing region 33.
PAR  A chamber 78, defined between the left side of diaphragm 74 and a cover
      member 79, is subjected to substantially atmospheric pressure, which is
      communicated to chamber 78 through openings 80 and 81.
PAR  In operation, chamber 75 is subjected to the sub-atmospheric pressure
      created in mixing region 33 as throttle valve 64 is opened, and diaphragm
      74 acts through link 73 to pull air valve 66 clockwise to an open
      position. Spring 68, which does not appreciably change its force as air
      valve 66 opens, is effective to balance the opening force of diaphragm 74,
      thereby creating a substantially constant sub-atmospheric pressure in
      mixing region 33. By thus establishing a generally constant pressure drop
      across air valve 66, the area about air valve 66, and thus the rotative
      position of air valve 66, is determined by and is a measure of the rate of
      air flow through induction bore 11. A tab 82 extends upwardly from air
      valve 66 and is connected through a link 83 to one end 84 of a lever 85.
      The opposite end 86 of lever 85 is pivoted about a pin 87. Between ends 84
      and 86, a hanger 88 extends from lever 85 into the carburetor fuel
      reservoir 13. The lower end 90 of hanger 88 has a hook 91 which is
      received in a recess 92 formed in a metering rod 93.
PAR  Metering rod 93 is disposed in a fuel passage 94 having its lower end 95
      disposed to receive fuel from a well 96 formed in the bottom of the fuel
      reservoir 13. The upper end 97 of fuel passage 94 has an opening 98
      through which fuel is discharged into mixing region 33. It will be
      appreciated, therefore, that the fuel in fuel reservoir 13 is subjected to
      a substantially constant metering head -- from the substantially
      atmospheric pressure in the upper portion of the fuel bowl to the
      generally constant sub-atmospheric pressure in mixing region 33.
PAR  A metering jet or orifice 100 is disposed in fuel passage 94 around the tip
      101 of metering rod 93. Metering rod 93 has flat tapered surfaces 102 on
      opposite sides which, upon reciprocation of metering rod 93 in jet 100,
      vary the area available for fuel flow through jet 100.
PAR  In operation, as air valve 66 opens by clockwise rotation, link 83 rotates
      lever 85 in a clockwise direction. Lever 85 then lifts hanger 88 to move
      metering rod 93 generally upwardly and rightwardly in fuel passage 94.
      Thus as air valve 66 is opened to increase the area available for air flow
      through air inlet 12, metering rod 93 is shifted to increase the area
      available for fuel flow through metering orifice 100. By this means, the
      air-fuel ratio may be maintained approximately constant with varying
      position of the throttle valve 64.
PAR  A spring 103 extends from a ledge 104 formed in fuel passage 94 to the
      lower end 105 of metering rod 93 to take up any slack in the linkage and
      to load metering rod 93 against jet 100.
PAR  A slot 106 is formed in the end 84 of lever 85. Link 83 is connected to
      lever 85 by having one end 107 disposed in slot 106. A link 108 extends
      from end 107 to an arm 110 of a supplementary lever 111 pivoted at 112.
      The opposite arm 113 of lever 111 is connected by a link 114 to one end
      115 of an aneroid 116. The opposite end 117 of aneroid 116 is connected to
      a reciprocable plunger 118 threadedly received by an adjusting screw 119,
      guided in the bore 121 of an adjustable stop 122, and extended to a
      diaphragm 123.
PAR  A chamber 124 defined between the right side of diaphragm 123 and a cover
      member 125 is connected by means of a conduit 126 to signal pressure tap
      57; while a chamber 127 defined between the left side of diaphragm 123 and
      a cover member 128 is connected by a conduit 129 to signal pressure tap
      56. The sensor assembly is set up in such a way that the pressure at
      pressure tap 56 always exceeds the pressure at tap 57. The resulting
      rightward bias of diaphragm 123 is resisted by a spring 131 disposed
      between the head 132 of adjusting screw 119 and a support 133. The linkage
      is shown with the adjusting screw 119 biased away from the adjustable stop
      122.
PAR  If the air-fuel ratio of the mixture supplied to the engine 15 varies to
      the lean side of the desired operating point, the temperature in sensor
      conduit 27 will decrease relative to that in sensor conduit 26. This will
      cause the pressure differential between taps 56 and 57, and thus across
      the diaphragm 123, to decrease, with a resulting leftward movement of
      diaphragm 123, plunger 118, aneroid 116, link 114 and arm 113 of the
      supplementary lever 111. This leftward movement is aided by spring 131 and
      another spring 134, extending between arm 113 and a fixed support 135. The
      counterclockwise rotation of supplementary lever 111 causes link 108 to
      move downward and reposition end 107 of link 83 in slot 106, whereby a
      shorter lever arm is defined between end 107 of link 83 and pivot pin 87.
      This increases the travel of metering rod 93 through metering jet 100 for
      equivalent opening movement of air valve 66 to provide an enriched
      air-fuel mixture. The adjustable stop 122 provides a limit to this
      enrichment, although it will not come into use most of the time during
      normal operation.
PAR  When the air-fuel ratio of the mixture supplied to engine 15 varies to the
      rich side of the desired operating point, the temperature in sensor
      conduit 27 increases with respect to that in sensor conduit 26; and the
      pressure differential between tap 56 and tap 57, and thus across diaphragm
      123, increases. This causes rightward movement of the diaphragm 123,
      plunger 118, aneroid 116 and link 114 to rotate supplementary lever 111 in
      a clockwise direction. Link 108 accordingly raises the end 107 of link 83
      in slot 106 to increase the length of the lever arm defined between link
      end 107 and pivot pin 87. This reduces the travel of metering rod 93
      through metering jet 100 for equivalent opening movement of air valve 66
      to provide a leaner air-fuel mixture.
PAR  Aneroid 116 provides correction for changes in ambient air pressure or
      ambient air temperature. Upon a decrease in the ambient air pressure or an
      increase in ambient air temperature, both indicative of a reduction in air
      density and consequently in the mass rate of air flow through air inlet 12
      for equivalent volume air flow, aneroid 116 expands to force link 114 to
      the right and cause clockwise rotation of supplementary lever 111. This
      has the effect of decreasing the air-fuel ratio, which would otherwise be
      on the rich side due to the low air density.
PAR  Upon an increase in ambient air pressure or decrease in ambient air
      temperature, both indicative of an increase in air density, aneroid 116
      contracts. Spring 134 then causes counterclockwise rotation of
      supplementary lever 111 to produce a richer air-fuel ratio, which would
      otherwise be too lean.
CLMS
STM  I claim:
NUM  1.
PAR  1. For use with an internal combustion engine having means for inducting
      air and fuel in a variable ratio and engine exhaust means, apparatus for
      sensing air-fuel ratio of the engine exhaust gases and generating a signal
      for application to the air and fuel inducting means for controlling the
      ratio of air and fuel inducted in closed loop control, the apparatus
      comprising:
PA1  a pair of sensor conduits within the exhaust means, each sensor conduit
      having an exhaust gas inlet orifice open in the exhaust means and an
      outlet, one of the sensor conduits having an air inlet orifice adjacent
      the exhaust gas inlet orifice and open to atmosphere;
PA1  first, second, third and fourth capillary tubes having inlets and outlets
      and being coated on their outer surfaces with an oxidationn catalyst
      substance, the first and fourth capillary tubes being coadjacent within
      the one sensor conduit, the second and third capillary tubes being
      coadjacent within the other of the sensor conduits, the inlet of the
      second capillary tube communicating with the outlet of the first capillary
      tube, the inlet of the fourth capillary tube communicating with the outlet
      of the third capillary tube, and the inlets of the first and third
      capillary tubes being open to atmosphere;
PA1  means for generating a substantially constant air pressure less than
      atmospheric, said means communicating with the outlets of the sensor
      conduits, whereby a metered flow of exhaust gas and air is drawn through
      the one sensor conduit over the first and fourth capillary tubes, a
      metered flow of exhaust gas is drawn through the other sensor conduit over
      the second and third capillary tubes, and the temperature of each tube is
      determined by the temperature of the gases flowing over it and the heat of
      catalytically induced chemical reactions adjacent its outer surface;
PA1  means communicating with the outlets of the second and fourth capillary
      tubes for drawing air therethrough from the atmosphere through the first
      and third capillary tubes, said means including constant flow regulating
      means, whereby the pressure drop through each capillary tube is dependent
      on its temperature;
PA1  a first signal pressure tap between the first and second capillary tubes;
      and
PA1  a second signal pressure tap between the third and fourth capillary tubes,
      the pressure differential between the first and second signal pressure
      taps comprising a signal indicative of exhaust gas air-fuel ratio.
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ABST
PAL  This device is for taking a sample of blood from a patient and dispensing a
      predetermined volumetric sample for analysis. A blood collection needle is
      in fluid communication with the interior of a closed longitudinally
      collapsible container such as a bellows having substantially rigid ends.
      The bellows is elastically compressed from its normally extended position
      to decrease the interior volume and it is temporarily secured in the
      compressed position. Once the needle is in place for drawing blood, the
      bellows is manually released and its elastic extension assists in
      withdrawing a sample. Samples from the device are dispensed by
      recompressing the bellows so that some of the blood overflows through a
      passage into a "ladle" in the top portion of the container. A measured
      sample is then withdrawn by removing the cap from an outlet tube from the
      ladle. A plurality of outlet tubes may be used for samples of different
      predetermined volumes. If desired, an auxiliary sample can be withdrawn by
      way of a T adjacent the needle. The T can be used for dispensing a sample
      without measurement or a controlled volume can be dispensed from another
      exit aperture in related embodiments.
BSUM
PAC  BACKGROUND
PAR  Very commonly samples are taken of a patient's blood for laboratory tests.
      This blood is obtained from the patient's veins by means of a hypodermic
      needle inserted into a suitable superficial vein which has been previously
      distended by means of a tourniquet. The required quantity of blood is
      drawn into the syringe by pulling on the barrel of the instrument.
PAR  More recently the conventional syringe has been partially replaced by a
      technique employing a series of preevacuated containers. When such a
      system is used, a single needle penetrates the vein and a series of
      evacuated containers are sequentially connected thereto for drawing a
      number of blood samples for different analyses. The individual containers
      are advantageous since they are disposable and presterilized and can
      secure consistent blood volume.
PAR  Such an arrangement can have problems, however, since the angle of vein
      penetration is sometimes awkward when the container is large. In some
      instances the puncture needle has been placed eccentrically on the
      container to minimize this problem. When the individual preevacuated
      containers are changed there is a significant chance that the puncture
      needle will be displaced or will penetrate the opposite wall of the vein.
      In either case this necessitates an additional puncture and often results
      in hematoma formation. The condition of the patient's vein and the skill
      of the operator are important factors in determining whether this may
      occur.
PAR  In addition, the preevacuated collection tubes often contain a substance
      such as an anticoagulant or blood preservative which can have significant
      adverse effects on the patient if it is aspirated into the patient's
      bloodstream. Such could happen, for example, if the container has
      developed a leak and the vacuum has been lost. This condition cannot be
      ascertained by simple inspection and careless work on the part of the
      person taking the sample could lead to undesirable or toxic substances
      entering the patient's bloodstream.
PAR  Blood is composed of a solid component, namely the red blood cells,
      platelets, and white cells and a fluid component or plasma. These
      components can be separated and depending on the tests being carried out
      it is desirable to select any of three or four fractions of the blood
      sample. Whole blood is desirable for red blood cell counts, white blood
      cell counts, platelet counts and erythrocyte sedimentation rates. When
      whole blood is desired the blood is collected into an anticoagulant
      substance such as calcium oxalate or heparin. Plasma is sampled for
      measurement of blood albumin, globulin, fibrinogen, and protein
      electrophoresis, and is employed in cross matching of blood. Plasma is the
      liquid portion of the blood obtained after centrifuging anticoagulated
      blood. Serum is the fluid left after blood has coagulated. It is
      essentially plasma without its proteins which remain in the coagulated
      portion. In addition, it may be desirable for some tests to obtain a
      sample rich in the so-called buffy layer which remains after centrifuging
      as a thin layer rich in white blood cells atop the heavier red blood
      cells.
PAR  Due to different concentrations of body chemicals inside the blood cells
      and outside in the plasma or serum it is essential for most tests to
      separate the cells from the plasma rather quickly after blood has been
      withdrawn from veins and before the contents of the cells leak out into
      the plasma.
PAR  Ordinarily when blood samples are taken, analysis is made on whole blood or
      on the serum remaining as a supernatant liquid following blood
      coagulation, or alternatively on the liquid plasma which overlies
      precipitated solid elements of the blood. It is desirable to provide a
      technique for safely and quickly collecting blood from the patient, and
      separating blood into the desired fractions. Various tests require samples
      of predetermined volume and it is helpful to the laboratory technician to
      have simple means for rapidly and reliably taking samples of measured
      volume.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  There is, therefore, provided in practice of this invention according to a
      presently preferred embodiment a blood collection device in the form of a
      closed, longitudinally collapsible elastic container that is normally
      extended to have a larger interior volume and is elastically compressed to
      a position having a smaller interior volume. A blood collection needle
      connected to the container permits drawing blood from a patient. Manually
      releasable means are provided for temporarily securing the container in
      its compressed position so that when released its inherent elasticity
      increases the interior volume and assists in drawing blood.
PAR  Preferably the container has a ladle within the top portion with an
      overflow passage between the ladle and the balance of the interior of the
      container. An outlet tube from a lower portion of the ladle permits
      withdrawing a sample of measured volume. As an alternate to the ladle
      means of separating, filtering and dispensing of precise measured volumes
      are provided by external attachments.
DRWD
PAC  DRAWINGS
PAR  These and other features and advantages of the present invention will be
      appreciated as the same becomes better understood by reference to the
      following detailed description of a presently preferred embodiment when
      considered in connection with the accompanying drawings wherein:
PAR  FIG. 1 illustrates in perspective a blood collection device constructed
      according to principles of this invention in its compressed condition;
PAR  FIG. 2 illustrates the device in its normally expanded condition for
      drawing a blood sample, and also an accessory for drawing a second sample;
PAR  FIG. 3 is a transverse cross section indicating connection of the accessory
      to the blood collection device;
PAR  FIG. 4 is a vertical cross section through the blood collection device;
PAR  FIG. 5 illustrates in perspective a kit containing the collection device
      and accessories for blood collection and analysis;
PAR  FIG. 6 illustrates in perspective a tube for sedimentation analysis;
PAR  FIG. 7 is a fragmentary view of an alternative arrangement for dispensing
      measured volumes of blood;
PAR  FIG. 8 is an exploded, fragmentary side view, partly in cross section of an
      alternative arrangement for dispensing a sample;
PAR  FIG. 9 illustrates in an exploded view another means for dispensing a
      sample of controlled volume; and
PAR  FIG. 10 illustrates in fragmentary, longitudinal cross section a pipette
      for receiving a measured volume sample.
DETD
PAC  DESCRIPTION
PAR  A blood collection device constructed according to principles of this
      invention is illustrated in perspective in FIG. 1 temporarily latched in a
      collapsed or compressed position. FIG. 2 is a perspective view of the
      device as used for drawing blood from a vein in a person's arm. FIG. 4 is
      a vertical cross section of the blood collection device indicating the
      interior construction thereof for dispensing a measured volume sample.
      Since used in the orientation of FIG. 1 for dispensing of blood samples,
      the positions illustrated in that figure are used herein for convenience
      in description.
PAR  The blood collection device has a substantially rigid flat base 10 so that
      the device can be placed upright on a table, or the base may be grasped by
      the person taking the blood sample as hereinafter described. The top
      portion 11 is also substantially rigid. The top and bottom portions are
      interconnected by an elastically collapsible envelope in the form of a
      rectangular corrugated bellows 12. The bellows and top and bottom portions
      are preferably made of transparent plastic by blow molding or similar
      techniques. Translucent plastic can be used but is less preferable since
      it is desirable to view the collected sample with clarity. Inserts or
      other stiffening arrangements such as ribs can be used for rigidifying the
      end portions while leaving the bellows flexible. As molded the bellows is
      normally relatively extended so that the interior volume of the device is
      relatively large. The plastic is sufficiently elastic that the bellows can
      be longitudinally compressed into a position wherein the interior volume
      of the device is relatively small. A pair of plastic straps 13 are
      connected to opposite sides of the base 10 and have laterally extending
      ears 14 near their upper end. The ears can be temporarily secured into
      small hooks 16 on the sides of the top portion 11 of the device. The
      straps thus serve to temporarily secure the blood collection device with
      the bellows in its elastically compressed position.
PAR  A tube 17 extends upwardly from the top portion 11 for receiving the
      ferrule 18 of a conventional venapuncture needle 19. The tube 17 is
      eccentrically located on the top so as to be quite near one side of the
      device for facilitating taking a blood sample. A side arm 21 on the tube
      17 is normally closed by a rubber cap 22.
PAR  A vent 23 in the top 11 is also normally closed by a rubber cap 24.
PAR  When the blood sampling device is packaged for use the entire assembly is
      sterilized and packaged in a sterile container or plastic wrapping so as
      to maintain sterility until use. Ordinarily the tube 17 is sealed by a
      removable cap and replaced by the sterile needle just prior to use. When
      packaged the straps 13 are in place as illustrated in FIG. 1 so that the
      ears 14 engage the hooks 16 and keep the bellows 12 in its compressed
      condition.
PAR  The person taking the blood sample removes the device from its sterile
      package and installs the needle if necessary. The device is then
      manipulated so that the needle punctures a patient's vein in the usual
      manner. The straps 13 are then manually snapped off of the hooks thereby
      releasing the bellows. The elastic memory of the plastic causes the
      bellows to expand, thereby increasing the internal volume of the blood
      sampling device, and the resultant lowered pressure assists in drawing a
      blood sample. If desired the person taking the sample can also gently pull
      on the base 10 to assist expansion and assure an adequate blood sample.
      This is done by grasping the top to hold the needle in place and drawing
      back on the base, much like the plunger is withdrawn in a conventional
      syringe. An internal thread or external straps (not shown) can be included
      to prevent undue elongation of the bellows.
PAR  Ordinarily the blood collection device is empty when used and free of
      reagents that might react with the blood. This permits the blood collected
      therein to coagulate in the usual manner for separation of the serum
      plasma fraction from the red cell fraction. In some diagnostic tests
      samples of whole blood treated with heparin or other anticoagulants are
      desirable and means are therefore provided for obtaining such samples
      without again puncturing the patient's vein.
PAR  Thus, as illustrated in FIG. 2 after the straps 13 have been released and
      the bellows expanded to draw at least some blood into the collection
      device, an additional whole blood sample can be taken from the side arm 21
      on the tube 17 leading to the needle. For this purpose a smaller circular
      bellows shaped container 26 is preferably used. An L-shaped tube 27
      extends from one end of the bellows 26 and is eccentrically placed on the
      end so that when the end of the tube 27 is pointed downwardly, as it is
      when taking a sample, the juncture of the tube and the bellows is near the
      top. Chemicals that prevent coagulation can have an adverse effect on a
      patient if introduced into the blood stream and the chance of inadvertent
      administration of such material to a patient is avoided by placing the
      tube inlet high on the container.
PAR  To use the auxiliary blood collection device 26 the belllows is manually
      compressed and the end of the L-shaped tube 27 is put into the side arm 21
      of the principal blood collection device. Alternatively the auxiliary
      device may be packaged in a compressed state and released to elastically
      expand in the same manner as the principal device. A U-shaped clip
      overlapping the ends is suitable for holding it in a compressed position.
      The end of the L-shaped tube is cut on the diagonal as illustrated in FIG.
      3 so that the opening faces towards the needle 19 when the auxiliary
      device is introduced from the right side. The end of the L-shaped tube
      thus blocks the passage from the tube 17 on the blood collection device
      and assures that most, if not all, of the blood drawn into the auxiliary
      device 26 comes directly from the vein rather than being extracted from
      the principal blood collection device. If one wishes to draw a sample from
      the principal device, the auxiliary device is inserted from the left side
      to block the opposite end of the tube 17.
PAR  The blood is drawn into the auxiliary device by release of the bellows,
      which in its normal expansion causes a reduced pressure to aid in drawing
      the sample. If desired the auxiliary blood collection device can be in the
      form of a cylindrical tube, collapsible by pinching the sides, however, it
      is found that greater volumetric efficiency is obtained with a bellows
      construction.
PAR  As illustrated in FIG. 4, a separate compartment 28 is provided in the top
      portion 11 of the blood collection device for isolating samples of
      measured volume rather quickly and without pipetting or other tedious
      extraction techniques. Since this compartment is used in the manner of a
      ladle for obtaining aliquots of blood or serum it is referred to herein as
      a ladle. The ladle 28 is most simply formed by a bottom wall 29 separating
      it from the balance of the interior of the container and a pair of side
      walls 31 spaced apart from the side walls of the top portion 10. The other
      two side walls forming a ladle are preferably side walls of the top. An
      overflow passage or weir 32 is provided through one of the side walls 31
      to provide fluid communcation between the ladle and the balance of the
      container. Preferably the overflow passage is on the side remote from the
      tube 17 so that the ladle does not fill as the device is initially used
      for drawing a blood sample. An outlet tube or spout 33 extends from a
      lower portion of the ladle 28 to the outside of the container. The outlet
      end of the tube is normally sealed by a rubber cap 34.
PAR  When one wishes to withdraw a sample from the blood collection device it is
      placed upright on a table or other convenient support. The technician
      presses down on the top portion thereby compressing the bellows 12. The
      cap 24 on the vent 23 may be opened or air can escape through the tube 17
      by which blood was drawn originally. When the top portion is pressed down
      the overflow passage 32 dips into the blood or serum within the collection
      device and the ladle fills. When the top is released and the ladle rises,
      any excess liquid flows back until the liquid level within the ladle is
      even with the bottom of the passage. The volume of liquid received within
      the ladle is therefore determined by the volume beneath the level of the
      overflow passage.
PAR  The sample is then removed from the ladle by taking the cap 34 off of the
      spout 33 and permitting the liquid to flow into a test tube or other
      suitable sample receptacle. The top can be depressed as many times as
      desired for dipping the ladle into the liquid in the container for
      obtaining multiple samples or larger samples. If desired, the top can be
      pressed down while the cap is off the spout to simply dispense liquid
      without measurement.
PAR  If desired when serum samples are to be collected, a fine pore filter can
      be provided in the overflow passage 32 to strain out small aggregates of
      fibrin in the serum. Alternatively, the floor of the ladle can be a filter
      of fine porosity through which serum can be squeezed by compression of the
      top with the vent 23 open. When the vent is closed, the filter effectively
      resists counterflow of liquid so that the ladle remains full until the
      desired sample is removed.
PAR  One feature of plastic containers for blood is that the plastic is
      nonwettable. This discourages clots from adhering to the walls of the
      container which is advantageous, but the same quality is a disadvantage in
      that the clotting is retarded and delays may cause a change in the
      chemistry of the serum.
PAR  A screen 36 or perforated disk is therefore positioned within the bellows
      and is ordinarily held in place simply by being enfolded within the
      bellows. This disk is ordinarily of plastic with glass fragments, beads or
      the like, exposed on the surfaces like sandpaper to provide a site for
      clotting. The glass surfaces not only accelerate clotting, but also the
      perforated disk can serve to anchor the resultant clot within the
      container.
PAR  FIG. 5 illustrates in perspective a kit particularly suited for taking and
      analyzing blood specimens. The kit not only provides a convenient package
      for the most common items used in analysis, but also serves as a support
      stand for some of the items. The kit has a tray 41 with a series of
      receiving pockets. It will be recognized that some of the items contained
      in the kit may be wrapped or otherwise contained in sterile packages and
      these may be included although not illustrated. Preferably, the kit is
      assembled and the entire structure, tray and all, is sterilized and
      packaged.
PAR  In one of the pockets in the tray 41 there is a blood collection device 42
      as hereinabove described and illustrated. Two or more auxiliary blood
      collection devices 43 may also be included in the kit. Such devices are
      similar to that hereinabove described and illustrated in FIG. 2 and may
      contain anticoagulants or other common blood analysis reagents. A
      microscope slide 44 is contained in another pocket in the tray.
      Preferably, the microscope slide is a self-smearing slide of the type
      described in my co-pending patent application entited "Urine Collection
      and Analysis Device" Ser. No. 363,383, filed May 24, 1973.
PAR  A conventional microhematocrit tube 46 is provided in the kit and if
      desired, a small dab or gum may be provided in or near that pocket to
      "stopper" the microhematocrit tube after it has been filled. This tube is
      ordinarily filled by capillary action when touched to the side arm 21
      (FIG. 1) on the blood collection device after it has been removed from the
      patient's vein and before standing upright.
PAR  A U-shaped sedimentation tube 47, also illustrated in FIG. 6, is preferably
      included in the kit. One problem with sedimentation rate tests is the care
      that must be taken in placing the sample in the sedimentation tube.
      Ordinarily, a Pasteur pipette is used and introduced into the bottom of
      the sedimentation tube for gradual filling from the bottom to avoid
      bubbles.
PAR  The sedimentation tube provided in the kit has a U-shaped transparent tube
      48, one opening of which has a funnel shaped mouth. A blood sample
      introduced into the funnel shaped mouth runs down one arm of the U-shaped
      tube and fills the other arm from the bottom. The ease of reliable filling
      more than offsets the small additional amount of blood required for this
      type of sedimentation tube. A backing sheet 51 behind the U-tube 48
      provides measuring indicia that are clearly readable and a support base 52
      keeps the sedimentation tube upright. Alternatively, the backing sheet 51
      can be longer at the bottom and fit into a slot in the tray 41 to be held
      upright.
PAR  It will be apparent that other items useful in blood analysis, such as a
      needle storage tube 53, centrifuge tube or other items may be included in
      the collection and analysis kit.
PAR  FIG. 7 illustrates in fragmentary perspective a slightly different
      embodiment of ladle and extraction spout for a blood collection device
      constructed according to principles of this invention. In this case the
      collection container 56 is indicated to be circular rather than the
      rectangular form hereinabove described and illustrated in FIG. 1. The
      ladle 57 is in the form of a separate basinlike member secured within the
      top portion of the blood collection device so that it is spaced apart from
      the top and blood can overflow its edges for filling.
PAR  A plurality of outlet tubes or spouts 58 dip into the ladle and extend to
      the outside of the container. Each of the outlet tubes or spouts 58 is
      ordinarily sealed by a cap 59. The inside diameter of the outlet tubes is
      small enough that they can fill by capillary action for starting a siphon.
      Alternatively, the upper portion of the outlet tubes can be below the
      upper liquid level in the ladle when filled so as to be self-priming.
PAR  When the blood collection device illustrated in FIG. 7 is used, it is
      filled in the same general manner as hereinabove described and the ladle
      57 is filled by depressing the top until the liquid overflows into the
      ladle. Thereafter the cap 59 on one of the outlet tubes is removed and
      liquid in the ladle above the inlet to that tube flows out and into an
      analysis vessel. Thus, for example, if the cap is removed from outlet tube
      58a, the liquid will drop only to the level indicated in FIG. 7. The
      volume of liquid between that point and the top of the ladle being well
      known provides a sample of known quantity. Since the ends of the several
      outlet tubes 58 are at different levels within the ladle, various size
      samples can be withdrawn by removing the cap from any selected tube and
      draining the quantity of liquid above its entrance to either the entrance
      of a higher tube or to the top of the ladle.
PAR  Instead of using a sample cap that merely fits over the end of the outlet
      tube or spout, a stopper may be used having a long rod that fits into the
      tube. This has an advantage in limiting the volume of liquid within the
      tube so that the measured volume is only that within the ladle and better
      measurement accuracy is obtained. Further, when such a rod-like stopper is
      withdrawn from the outlet tube it helps draw liquid into the tube for
      "priming" it for continued liquid flow.
PAR  The means for controlling the volume of sample dispensed from the
      elastically collapsible container may be external rather than within the
      container. Thus, for example, in FIG. 8 a simple dispenser from the
      container is provided without any internal ladle. As illustrated in this
      embodiment, the elastically collapsible container 61 is in the form of a
      rectangular bellows. The top portion of the bellows is illustrated herein
      and the balance is as hereinabove described except that the interior is
      completely hollow rather than having an internal ladle as in the
      embodiment of FIGS. 1 through 4. A screen or other means for assuring
      controlled coagulation may be included.
PAR  A tube 62 rises above the top of the container for receiving a needle (not
      shown) for drawing a blood sample. A side arm 63 on the tube permits
      drawing on auxiliary sample as hereinabove described. The side arm is
      ordinarily plugged by a small rubber stopper 64 when a sample is being
      taken in the main body of the container. After such a sample has been
      collected, the stopper 64 is removed and put in the upstanding tube 62 for
      plugging it.
PAR  To dispense a sample, the plug is put into the upstanding tube and a
      dispensing tip 66 is fitted on the side arm 63. A small filter 67 is
      preferably provided in the dispensing tip to catch any protein particles
      and to permit dispensing of a filtered sample of liquid. One dispenses a
      sample simply by pushing down on top of the collapsible container or the
      tube 62 to squeeze out a sample which flows into any convenient measuring
      device. It will be apparent that if desired the dispensing tip can be
      provided with a measured volume dispensing device itself, such as a
      plunger in a reservoir or ladle as hereinabove described.
PAR  FIG. 9 illustrates in exploded perspective a syringe-type sampling device
      connectable to a collapsible blood sampling container. As illustrated in
      this embodiment, the sampling container is in the form of a rectangular
      bellows 68, only the top portion of which is illustrated. A sampling tube
      59 on the top receives a needle (not shown) for drawing a blood sample all
      as hereinabove described. Another tube 71 on the top of the collapsible
      container is in liquid communication with the inside, preferably by way of
      a fine filter an appreciable distance below the top to assure withdrawal
      of a clear liquid sample. A rubber plug 72 has a relatively larger
      diameter 73 near its cap to fit snugly into the tube 71 and keep it closed
      during withdrawal of a blood sample from a patient. Thereafter the cap 72
      is removed and a smaller diameter portion 74 inserted in the sampling tube
      69 to plug it during dispensing of a sample.
PAR  Samples of controlled volume are obtained from the collapsible container by
      a syringe, the tip 76 of which fits into the tube 71 on the top of the
      collapsible container. The syringe has a barrel 77 with suitable
      calibration markings 78 indicating the internal volume. A plunger 70 fits
      into the barrel and is preferably sealed thereto by an O-ring 81. The
      general nature of such syringes is well known, and other sealing
      arrangements may of course be used.
PAR  Beneath the enlarged top 82 of the plunger, there is a reduced diameter
      groove 83 extending circumferentially around the plunger. A plurality of
      longitudinally extending grooves 84 extend from the peripheral groove a
      predetermined distance along the length of the plunger. One such groove
      (hidden on the reverse side) extends most of the length of the plunger. A
      small tab 86 extends inwardly at the upper end of the barrel 77 and fits
      into the grooves in the plunger (the tab 86 is formed or added after the
      plunger is assembled in the barrel).
PAR  To use the syringe it is inserted in the tube 71 on the top of the
      collapsible container and the plunger is rotated in the barrel until a
      selected one of the longitudinal slots 84 in the plunger is aligned with
      the tab 86 in the barrel. When the collapsible container is squeezed, a
      sample flows up into the syringe and displaces the plunger. The distance
      it can move is limited by the tab engaging the end of the respective
      longitudinal slot 84. The several slots in the plunger each have a
      predetermined length so that the displacement provides a volume of
      predetermined size in the syringe. The full length slot permits a full
      stroke of the plunger so that it can be used with the calibration markings
      in the usual manner.
PAR  FIG. 10 illustrates the top end of a pipette suitable for extracting a
      sample from a collapsible container as hereinabove described. Such a
      calibrated pipette can be used in lieu of the syringe described and
      illustrated in FIG. 9. Such a pipette is in the form of a transparent tube
      88, the upper end of which is illustrated in FIG. 10. The lower end of
      this tube may be inserted in the opening 71 in the top of the collapsible
      container (FIG. 9) and the pipette filled by collapsing the container in
      the same general manner as the described syringe is filled.
PAR  To fill the pipette the air originally in it must be displaced. A hole 89
      is therefore formed in one wall of the pipette near the top and a thin
      rubber sleeve 91 is positioned over the end so as to block the hole. As a
      sample is squeezed into the pipette, air can escape from under this
      sleeve. The sleeve acts as a check valve so that the sample so received
      does not run from the pipette when it is removed from the collection
      container. The sample can be dispensed when desired by simply peeling back
      part of the rubber sleeve.
PAR  Although limited embodiments of blood collection device have been described
      and illustrated herein many modifications and variations will be apparent
      to one skilled in the art. Thus, for example in order to enhance the
      elasticity of the plastic bellows, one can imbed or mount a spring within
      the container. Similarly, instead of a rectangular blood sampling device
      it can have a circular cross section for the end portions and bellows. The
      rectangular cross section is preferred so that the collection device will
      rest stably on a patient's arm as auxiliary samples are taken by way of
      the T-shaped entrance tube.
PAR  The bellows described in the preferred embodiment is advantageous since the
      internal volume of the blood collection device can be relatively well
      known, for example, about 20 ml. Alternatively, generally helically
      extending folds can be provided in the envelope extending between the top
      and bottom of the device and these parts can twist somewhat relative to
      each other as the device is longitudinally compressed. The straight
      bellows is preferred, however, since this twisting can interfere with
      sampling dispensing.
PAR  A check valve can be provided in the inlet tube of the auxiliary collection
      devices containing anticoagulant so that blood can enter the collection
      device but the anticoagulant cannot flow in the reverse direction to enter
      a patient's bloodstream. If this is done, an auxiliary opening for
      draining blood from the collection device may be needed or the check valve
      portion can simply be snipped off after a sample is taken.
PAR  Many other modifications and variations will be apparent to one skilled in
      the art, and it is therefore to be understood that within the scope of the
      appended claims, the invention may be practiced otherwise than as
      specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A blood collection device comprising:
PA1  a closed, longitudinally collapsible elastic container movable between a
      normally extended position having a larger interior volume and a
      compressed position having a smaller interior volume;
PA1  a blood collection needle in fluid communication with the interior of the
      container;
PA1  manually releasable means for temporarily securing the container in its
      compressed position; and
PA1  a permeable member mounted within the container and including blood
      clotting sites exposed on the surfaces thereof.
NUM  2.
PAR  2. A blood collection device comprising:
PA1  a closed longitudinally collapsible elastic container movable between a
      normally extended position having a larger interior volume and a
      compressed position having a smaller interior volume;
PA1  a blood collection needle in fluid communication with the interior of the
      container;
PA1  manually releasable means for temporarily securing the container in its
      compressed position;
PA1  a ladle having a predetermined volume in the upper portion of the container
      for receiving an aliquot of blood from the balance of the container;
PA1  an overflow passage between the ladle and the balance of the interior of
      the container, the overflow passage being above the normal liquid level of
      a sample of blood in the container; and
PA1  an outlet spout from a lower portion of the ladle to the outside of the
      container for discharging an aliquot of blood therefrom.
NUM  3.
PAR  3. A blood collection device as defined in claim 2 comprising a plurality
      of outlet spouts, the height between the entrance to each outlet spout and
      the overflow passage defining a different predetermined volume within the
      ladle.
NUM  4.
PAR  4. A blood collection device comprising:
PA1  a closed, longitudinally collapsible elastic container movable between a
      normally extended position having a larger interior volume and a
      compressed position having a smaller interior volume;
PA1  a blood collection needle in fluid communication with the interior of the
      container;
PA1  manually releasable means for temporarily securing the container in its
      compressed position;
PA1  a ladle in an upper portion of the container for collecting an aliquot of
      blood from the interior of the container;
PA1  a permeable filter between the ladle and the balance of the container for
      passage of blood therebetween; and
PA1  an outlet spout from a relatively lower portion of the ladle to the outside
      of the container for discharging an aliquot of blood therefrom.
NUM  5.
PAR  5. A blood collection device comprising:
PA1  a closed container having a substantially rigid top portion and a
      collapsible lower portion;
PA1  means connected to the top portion for receiving blood from a patient;
PA1  a ladle fixed within the top portion for receiving an aliquot of blood from
      the balance of the container upon collapse thereof;
PA1  an overflow passage between the ladle and the balance of the interior of
      the container for flow of blood therebetween; and
PA1  an outlet spout from a relatively lower portion of the ladle to the outside
      of the container for discharge of an aliquot of blood therefrom.
NUM  6.
PAR  6. A blood collection device as defined in claim 5 comprising a plurality
      of outlet spouts, the height between the entrance to each outlet spout and
      the overflow passage defining a different predetermined volume within the
      ladle.
NUM  7.
PAR  7. A blood collection device as defined in claim 5 further comprising;
PA1  a permeable filter between the ladle and the balance of the container for
      passage of blood therethrough.
NUM  8.
PAR  8. A blood collection device as defined in claim 5 wherein the collapsible
      lower portion has a normally extended position having a larger interior
      volume and an elastically compressed position having a smaller interior
      volume.
NUM  9.
PAR  9. A blood collection device as defined in claim 5 wherein the collapsible
      portion comprises a corrugated bellows having a normally extended rest
      position with its two ends spaced relatively further apart, and
      elastically collapsible to a compressed position with its two ends spaced
      relatively closer together.
NUM  10.
PAR  10. A sample collection syringe comprising:
PA1  a hollow barrel;
PA1  means at one end of the barrel for receiving a sample;
PA1  a plunger fittable into the barrel;
PA1  a stop in the barrel for limiting retraction of the plunger; and
PA1  a plurality of stops radially positioned around the plunger for engaging
      the stop in the barrel, each of said stops limiting retraction of the
      plunger to a predetermined distance less than the full stroke thereof.
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ABST
PAL  A gas-tight chemical reaction vessel for the chemical analysis of an
      intractable material such as glass. The reaction vessel comprises a body
      having at least two concentric chambers, one of which is adapted to
      contain a reagent, at least one other of which is adapted to receive a
      sample cap which in turn is adapted to receive a sample. The reaction
      vessel has a sealing member for sealing the chambers of the body and a cap
      for securing the sealing member against the body. The body, sealing member
      and sample cap are made of a material, desirably polytetrafluoroethylene,
      which is chemically inert to the reagents.
BSUM
PAR  This invention relates to apparatus for the chemical analysis of
      intractable materials.
PAR  The dissolution of materials for chemical analysis is often difficult due
      to the nature of the material. Glasses in particular which contain a
      substantial proportion of silicon dioxide may be classed as very
      difficult. Such glasses can be dissolved by treatment with a reagent, such
      as hydrofluoric acid alone or hydrofluoric acid in admixture with a
      mineral acid, or by fusion above 900.degree.C with an alkaline material.
PAR  Where analysis is required to determine trace impurities (parts per million
      or parts per billion), it is important that the corresponding impurity
      introduced by the reagent and by the apparatus be only a small part of the
      total impurity concentration.
PAR  According to this invention there is provided a gas-tight chemical reaction
      vessel, including a body member having a first chamber for reagents and at
      least one sample chamber, a sample cap for each sample chamber, a sealing
      member for sealing to the body member, and a cap for securing the sealing
      member against the body, and in which the body, the sealing member and the
      sample cap are made of a material which is chemically inert to the
      reagents.
DRWD
PAR  Embodiments of the invention will now be described with reference to the
      accompanying drawing in which
PAR  FIG. 1 is an exploded cross section of a vessel for glass dissolution; and
PAR  FIG. 2 is an alternative embodiment of the vessel of FIG. 1.
DETD
PAR  Referring to FIG. 1, the reaction vessel consists of a body 1 having
      concentric chambers 2 and 3, a sealing member 4 and a screw cap 5. The
      inner chamber 3 is adapted to contain a sample cap 6. The body 1, the seal
      4 and the sample cap 6 are all made of polytetrafluoroethylene (PTFE)
      which is chemically inert to the reagents involved. The screw cap 5,
      however, may be made of aluminum alloy or other suitable material as it is
      not in contact with the reagents.
PAR  In use the glass sample, for example a soda-lime glass with iron as
      impurity, is crushed and placed in the sample cap 6 which is then placed
      in the inner chamber 3. The outer chamber 2 is filled with a mixture of
      hydrofluoric and nitric acids and the vessel is sealed and maintained at a
      temperature of 105.degree. to 110.degree.C for at least 4 hours. Under
      these conditions the acid mixture vaporizes within the sealed vessel to
      produce an atmosphere which is thermodynamically related to the chosen
      acid mixture and its temperature. The sample matrix undergoes attack by
      the acid vapour in accordance with the following general equation:
EQU  (Na.sub.2 O, CaO, SiO.sub.2, FeO.sub.2) + HF + HNO.sub.3 .fwdarw.
      NaNO.sub.3 + Ca(NO.sub.3).sub.2 + Fe(NO.sub.3).sub.3 + SiF.sub.4 + H.sub.2
      O
PAR  It can be shown that if the correct ratio of nitric to hydrofluoric acid is
      chosen then the tendency will be towards the formation of the nitrates
      rather than the fluorides of the elements present. The important exception
      is silicon which forms a volatile fluoride which is absorbed into the acid
      on cooling thus effecting separation of silicon from the sample matrix.
PAR  Contamination of the sample by solvent acid mixture or its distillate is
      avoided as any condensate which forms on the inside of the seal 4 is
      directed to the outer acid chamber 2, and this movement is further
      assisted by the non-wetting properties of PTFE used in the construction of
      the vessel. The sample container 6 at the end of the reaction period
      therefore contains an uncontaminated water soluble mixture from which a
      large part of the sample matrix has been separated. The trace elements in
      the water soluble mixture can then be determined by known techniques.
PAR  Since the reaction is carried out by acid vapour in a sealed system
      contamination of the sample by solvent impurities and atmospheric
      impurities is greatly reduced compared with dissolution by acid solutions
      in open vessels. Furthermore, the use of ultra-high purity acids is not
      required as purification takes place in situ.
PAR  FIG. 2 shows an alternative embodiment of the vessel of FIG. 1. The
      arrangement is similar to that shown in FIG. 1 but the screw cap 5 is made
      of stainless steel, and the body 1 is enclosed in a stainless steel outer
      casing 7 to which the screw cap may be fitted. This vessel is suitable for
      use at temperatures up to 250.degree.C and pressures of several
      atmospheres thus increasing the range of sample types which can be
      dissolved, for example rocks and ores.
PAR  The following Example illustrates the invention.
PAC  EXAMPLE 1
PAR  This example relates to the dissolution of a soda lime glass prior to the
      determination of trace metalic impurities by a modifid Atomic Absorption
      Spectroscope technique. A vessel as shown in FIG. 1 was employed. Between
      50 and 100 mg of the finely powdered glass sample were weighed accurately
      into the sample cap 6 which was then placed in the inner chamber 3 of the
      vessel. A polypropylene pipette was used to introduce 3 ml of an acid
      mixture of 1 part nitric acid (S. G. 1.72) and 2 parts hydrofluoric acid
      40% w/v HF) into the outer chamber 2. Both acids were Analytical Reagent
      grade. The seal 4 was placed in position and the vessel was sealed with
      the screw cap 5.
PAR  The vessel was maintained upright and placed in a hot air oven at
      110.degree.C for 4 hours after which it was allowed to cool to room
      temperature and the screw cap and seal were carefully removed. The sample
      cap 6 was removed from the inner chamber 3 and 2 ml double quartz
      distilled water was added. The mixture was stirred with a PTFE rod until
      all solids had dissolved thus providing a sample suitable for analysis by
      Atomic Absorption Spectroscopy.
PAR  It is to be understood that the foregoing description of specific examples
      of this invention is made by way of example only and is not to be
      considered as a limitation on its scope.
CLMS
STM  I claim:
NUM  1.
PAR  1. A gas-tight chemical reaction vessel comprising a body member having a
      first chamber for reagents and at least one sample chamber, a sample cap
      within each sample chamber, said cap being adapted to contain a sample of
      intractable material, a sealing member for sealing the body member, and a
      cap for securing the sealing member against the body, said sealing member
      providing a gas-tight relationship with said body while retaining a vapor
      passageway between said first and said sample chambers, and in which the
      body, the sealing member and the sample cap are made of a material which
      is chemically inert to the reagents.
NUM  2.
PAR  2. The reaction vessel of claim 1 in which the inert materials is
      polytetrafluoroethylene.
NUM  3.
PAR  3. The reaction vessel of claim 1 which further includes an outer container
      to which the cap is secured to hold the sealing member against the body.
NUM  4.
PAR  4. The reaction vessel of claim 1 in which the first chamber is concentric
      with the sample chamber.
NUM  5.
PAR  5. The reaction vessel of claim 4 in which the inner surface of the sealing
      member is tapered from its center to it periphery so that it slopes
      downwardly toward the first chamber.
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ABST
PAL  Thin, continuous steel wires are produced by solidification of a jet of
      liquid steel projected into a cooling fluid. The solidication is initiated
      and accelerated by the presence of oxygen in the cooling fluid and by
      selection of the relative amounts of silicon and manganese in the liquid
      steel so as to provide solid silica as the oxidation product which is
      principally formed.
PARN
PAR  This is a divisional, of U.S. application Ser. No. 248,569, filed Apr. 28,
      1972, now abandoned.
BSUM
PAR  The present invention relates to the manufacture of very thin, continuous
      steel wires obtained by solidification of a jet of liquid steel projected
      into a cooling fluid.
PAR  As is known, a liquid jet which is ejected under pressure from a container
      provided with an orifice assumes a cylindrical shape over a certain length
      upon its emergence from the orifice before undergoing constrictions or
      oscillations, and then is divided up to give rise to drops. The length of
      the cylindrical portion of the jet depends on a number of parameters:
      shape, dimensions and physical condition of the orifice; pressure exerted
      on the liquid and speed of ejection; diameter of the jet; nature and
      properties of the liquid; nature and properties of the fluid into which
      the jet is projected.
PAR  To give an idea, a jet of liquid steel projected into a gaseous fluid at a
      temperature of between 1450.degree.C. and 1650.degree.C. with a diameter
      of 30 to 400.mu. and a speed of between a few meters per second and 30 to
      40 meters per second assumes and retains a cylindrical shape over a length
      not exceeding a few centimeters, and therefore for a period of time of the
      order of a hundredth or thousandth of a second.
PAR  If it is desired to obtain a continuous cylindrical wire, and in particular
      a steel wire, from a jet of liquid steel projected into a cooling fluid,
      it is therefore necessary to have its solidification take place during a
      very short period of time. This problem is particularly difficult to solve
      in the case of iron or steel whose properties, as compared with those of
      other metals, do not favor rapid solidification, namely high specific
      heat, low heat conductivity, high latent heat of fusion, high density,
      possibility of supercooling, etc.
PAR  In order to obtain rapid solidification of a jet of liquid steel, it is
      therefore indispensable to use a very effective cooling fluid. For this
      purpose, it is favorable to use a gas which is a good conductor of heat
      (for instance, hydrogen, helium, carbon dioxide, nitrogen) to which a
      cooling liquid in subdivided form can be added. In this respect water,
      which has a high heat of vaporization and a high thermal capacity, used in
      the form of a mist, would seem particularly indicated.
PAR  However, it is not sufficient to use a vigorous cooling means. It is also
      necessary to initiate the solidification without delay, and in particular
      to combat supercooling phenomena, which problem has not been
      satisfactorily solved up to the time of the present invention. The present
      invention is directed precisely at initiating the solidification of the
      jet immediately upon its penetration into the cooling fluid so that it can
      progress sufficiently to fix the jet in its cylindrical shape before the
      jet has had time to be destroyed.
PAR  The method of the invention for the manufacture of a thin, continuous steel
      wire by solidification of a jet of liquid steel projected into a cooling
      fluid is characterized by the fact that the solidification is initiated
      and accelerated by the presence of oxygen in the cooling fluid and by the
      presence of silicon in the steel; the silicon content of the steel, with
      due consideration of the amount of manganese possibly present in the
      steel, being sufficient for solid silica to be the oxidation product which
      is principally formed.
PAR  As can be seen, the invention thus consists in operating in an oxidizing
      medium and in selecting the silicon and manganese contents of the steel in
      such a manner as to favor the precipitation of solid silica and not the
      formation of soluble complex silicates, this being done by using the Fe --
      Si -- Mn -- O equilibrium diagram.
PAR  If the contents of manganese and silicon in the steel, expressed in
      percentage by weight with respect to the iron content of the steel, are
      designated by x and y, respectively, then the equilibrium curve defining
      the zones of formation of silica and silicate can be defined by the
      equation:
EQU  y = 0.55 x.sup.2 - 0.18 x + 0.1                            (1)
PAL  which applies at a temperature close to 1550.degree.C. and within the range
      of 0.5% .ltoreq. x .ltoreq. 1.5% and 0.2% .ltoreq. y .ltoreq. 1.5%.
PAR  In accordance with the invention, for any value of x, y, must have a value
      greater than that given by equation 1 in order to favor the formation of
      insoluble silica in the steel.
PAR  Preferably a substantial excess of silicon (y) will be used and it will be
      selected between 0.5% and 3%, manganese (x) being between practically 0%
      and 1.5% and silicon (y) being greater than the value given by equation 1.
      The following compositions of steel which are entirely suitable may be
      indicated by way of example:
TBL         y (% Si)      x(% Mn)                                              

     ______________________________________                                    

            0.7           0.7                                                  

            1.2           1.1                                                  

            1.5           1.2                                                  

            2.4           1.4                                                  

     ______________________________________                                    

PAR  Oxygen must be present in order to initiate and accelerate the
      solidification. However, while the silicon and manganese are included in
      the steel, the oxygen is contributed by the cooling fluid. One can employ
      oxygen mixed with the cooling fluid in the form either of pure oxygen or
      of air, provided, however, that an inert gas (helium, nitrogen) is used as
      cooling fluid. However, it is preferable to employ an oxidizing compound
      capable of giving rise to active oxygen at high temperature in contact
      with the jet of steel of high temperature or of directly producing an
      oxidation reaction. By way of example of suitable oxidizing compounds,
      water and carbon dioxide may be mentioned.
PAR  Of course, the content of oxygen or of oxidizing compound in the cooling
      fluid must be such that the oxygen contacted with the liquid steel is in a
      trace amount; it is not a question, as a matter of fact, of oxidizing the
      steel, and even less so of burning it, but rather of causing the formation
      of microprecipitations of silica, constituting so many solidification
      seeds.
PAR  The following table shows various compositions by weight of the steel, some
      of which satisfy the parameters set forth above and have given rise to the
      formation of a thin, continuous steel wire, while others do not satisfy
      the parameters indicated above and, under the same above stated conditions
      of operation, do not give rise to the formation of a thin, continuous
      steel wire. In both cases, hydrogen to which a water mist was added was
      employed as the cooling fluid.
TBL  ______________________________________                                    

     Example No.                                                               

              % C    % Si(y) % Mn(x)                                           

                                    Formation of a Wire                        

     ______________________________________                                    

     1        0.25   0.37    0.40   yes                                        

     2        0.25   0.35    0.85   no                                         

     3        0.25   0.33    1.10   no                                         

     4        0.30   0.73    1.10   yes                                        

     5        0.30   0.75    1.38   no                                         

     6        0.30   1.20    1.70   no                                         

     7        0.60   0.30    0.40   yes                                        

     8        0.60   0.30    0.90   no                                         

     9        0.65   0.80    1.00   yes                                        

     10       0.65   0.80    1.34   no                                         

     11       0.65   1.22    1.26   yes                                        

     12       0.65   1.20    1.90   no                                         

     13       0.30   2.50    0.03   yes                                        

     ______________________________________                                    

PAR  The above tests clearly show the influence of the silicon and manganese
      contents. At times a very slight change in the composition of the steel is
      sufficient for the formation of a steel wire to become possible or
      impossible. In the absence of the mist of water or another source of
      oxygen, no steel wire is obtained.
PAR  As already indicated, it seems that, depending on the relative proportions
      of silicon and manganese in the steel, the oxidation product which is
      principally formed is either silica, which is solid at the temperature in
      question, or a complex silicate of manganese and iron, which is liquid at
      the same temperature. In conventional metallurgy, the silicon and
      manganese contents are selected in such a manner as to avoid inclusions of
      solid silica in the steel and favor the formation of silicates. The
      invention, on the other hand, selects the silicon and manganese contents
      in such a manner as to favor the formation and precipitation of silica
      either throughout the jet of liquid steel or on its surface. The presence
      of silica initiates and accelerates the solidification of the steel. This
      requires the presence of oxygen or an oxidizing compound or mixture
      capable of contributing oxygen in contact with the silicon-containing
      liquid steel. The silica thus formed acts as solidification initiator and
      accelerator.
PAR  The use of silicon and manganese in the relative amounts indicated
      furthermore has the advantage of imparting good mechanical properties to
      the steel wires, making them suitable for the manufacture of reinforcing
      elements which can be used in the manufacture of tires and other
      reinforced rubber articles.
PAR  It is understood that the scope of the present invention is not limited by
      the explanations which have been suggested for the mechanism of action of
      the silica. Whatever this mechanism may be, the basic point of the
      invention is the formation of silica obtained under oxidizing conditions
      at high temperature due to a suitable composition of the steel.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Thin, continuous steel wires of a diameter between 30 and 400.mu. having
      manganese (x) and silicon (y) contents, expressed in percentages by weight
      with respect to the iron content of the steel, such that for any value of
      (x) the value for (y) is greater than that given by the equation
EQU  y = 0.55 x.sup.2 - 0.18x + 0.1
PAL  said steel wires having silica as the principal oxidation product therein.
NUM  2.
PAR  2. Thin, continuous steel wires of a diameter between 30 and 400.mu. having
      manganese and silicon contents so selected from the Fe--Si--Mn--O
      equilibrium diagram that silica is the principal oxidation product
      therein.
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ABST
PAL  A porous seal element usable as a blade tip seal in a turbomachine or as an
      element of a labyrinth seal is made up of a large number of strips
      disposed edgewise to the sealing face of the element and extending in the
      direction of relative movement of the seal elements. The strips have
      grooves extending across the strip for discharge of a cooling fluid such
      as air. The presence of the grooves provides a low density structure at
      the seal face of the seal element which may be abraded if there is rubbing
      contact and provides for metering of coolant at the rear face of the seal
      element. The seal element is fabricated by etching sheets so each sheet
      defines a number of parallel strips joined by weak ties and with the
      grooves extending across the strips; stacking the sheets and bonding them
      together; and then separating the bonded structure at the weak ties so
      that each stack of strips defines a seal element.
PARN
PAR  This application is a division of our application Ser. No. 307,446 filed
      Nov. 17, 1972 now U.S. Pat. No. 3,834,001.
BSUM
PAR  The invention described herein was made in the course of work under a
      contract with the Department of Defense.
PAR  Our invention is directed to providing improved porous structures,
      ordinarily in ring form, to provide a porous gas-cooled abradable element
      of a labyrinth seal or other structure of this general sort.
PAR  It is well known that rotating machines such as compressors and turbines,
      for example, ordinarily have parts rotating at high speed relative to each
      other across which there are pressure differences which make provision of
      seals to minimize leakage very important. Particularly in larger machines
      for aircraft in which the structure is relatively light and in those in
      which thermal expansion is quite considerable, there arise serious
      problems of minimizing clearance of blade tip or other labyrinth type
      seals without destructive rubbing of the parts.
PAR  This problem has led to various proposed abradable seal elements, among
      them porous metallic structures such as those shown in U.S. Pat. No.
      3,365,172 to McDonald, Jan. 23, 1968; U.S. Pat. No. 3,411,794 to Allen,
      Nov. 19, 1968; and U.S. Pat. No. 3,529,905 to Meginnis, Sept. 22, 1970;
      also in the U.S. patent application of Emmerson, Griffin, and Meginnis
      Ser. No. 190,179, filed Oct. 18, 1971, [U.S. Pat. No. 3,719,365]. By
      providing a sufficiently open, reticulate, or porous structure, a metallic
      seal element may be sufficiently abradable or crushable that contact with
      the rotating blade tips, ridges, or knives on the other member of the seal
      will provide the necessary clearance for rotation without damaging the
      other member of the seal or destroying the effectiveness of the abradable
      part.
PAR  In many cases it is considered desirable to cool the parts of the seal,
      which may be done, for example, by passing air diverted from the
      compressor of a gas turbine engine through a porous seal ring with the air
      exhausting into the space between the two elements of the seal.
PAR  We consider it desirable to provide a structure for a cooled seal giving
      efficient and consistent use of the cooling air along with an abradable
      structure of such nature that wear or abrasion of the sealing face of the
      ring does not harmfully alter the fluid flow characteristics of the ring.
      We also consider it quite desirable to provide a structure such that the
      cooling air is discharged from the cooled seal ring in a tangential
      direction according with the direction of movement of the other element of
      the seal. This minimizes fluid friction opposing relative movement of the
      parts and tends to energize any stagnant boundary layer adjacent the seal
      ring.
PAR  It may be noted that the structure of the Emmerson et al application
      referred to above is directed to the same general purpose. As will be
      seen, the nature of the preferred embodiment of our invention and its
      method of fabrication are quite different from those of the prior
      application.
PAR  The objects of our invention are to provide improved labyrinth seal
      structures, to provide improved cooling arrangements for labyrinth seals
      of turbomachines, and to provide improved porous laminated structures
      particularly suited for use as seal rings. As used here, the term
      "labyrinth" applies to any seal in which leakage occurs through a gap
      between a surface on one member and an edge or ridge on another, or a
      plural number of edges or ridges.
PAR  The nature of our invention and the manner in which our objects are
      achieved will be clearly understood by those skilled in the art from the
      succeeding detailed description of preferred embodiments of the invention
      and the accompanying drawings thereof.
DRWD
PAR  FIG. 1 is a somewhat schematic partial sectional view of an axial-flow
      turbine taken on a plane containing the axis of rotation.
PAR  FIG. 2 is a transverse sectional view of the same taken on the plane
      indicated by the line 2--2 in FIG. 1.
PAR  FIG. 3 is a plan view of a portion of an etched sheet at an intermediate
      stage in the manufacture of the seal structure.
PAR  FIG. 4 is a perspective view illustrating the stacking of the sheets to
      provide the laminated structure.
PAR  FIG. 5 is an enlarged partial cross-sectional view through the seal
      structure taken on the plane indicated by line 5--5 in FIG. 2.
PAR  FIG. 6 is a view similar to FIG. 3 of a different embodiment of the
      invention.
PAR  FIG. 7 is a fragmentary enlarged sectional view of a seal structure
      according to the second embodiment, taken on a plane indicated by the line
      2--2 in FIG. 1.
PAR  FIG. 8 is a sectional view of the same taken on the plane indicated by the
      line 8--8 in FIG. 7.
DETD
PAR  FIG. 1 shows enough of the structure of an axialflow turbine to explain a
      use of our improved seal element. A turbine case 2 has mounted within it
      by any suitable conventional means the outer shroud 3 of a turbine nozzle
      4, which includes an annular cascade of vanes 6 and an inner shroud 7. The
      nozzle 4 directs motive fluid to a rotor stage 8 comprising a wheel 10,
      only the peripheral portion of which is illustrated, and an annular row of
      blades 11 extending radially from the wheel. A fixed shroud 12 extending
      around the rotor immediately adjacent the tips of the blade 11 embodies
      our invention. This shroud is a composite structure including a forward
      channel section ring 14 and a rear channel section ring 15. The forward
      ring pilots onto the rear edge of the turbine nozzle shroud 3 and the rear
      ring engages a forwardly projecting flange on an annular wall structure
      16, which may be the turbine exhaust duct or may be the case for a
      succeeding turbine stage. The shroud 12 is of a porous nature so as to be
      cooled by air supplied to it. This air, which may come from the compressor
      (not shown) of the engine is supplied through the space 18 outside shroud
      3 and through the ring of openings 19 into a chamber or plenum 20 between
      the case 2 and shroud 12. Except for the structure of the shroud 12, to be
      explained, the organization just described may be considered conventional
      and may incorporate various known suitable details of structure.
PAR  Our invention is primarily concerned with the porous abradable seal
      structure or seal ring 22 which forms the principal part of the length of
      the shroud 12, the portion 22 being diffusion bonded or otherwise fixed to
      the forward ring 14 and rear ring 15 to define the complete shroud ring.
      Preferably, this shroud 12 is segmented and, in the particular example
      described, may be in eight 45.degree. segments. Suitable means may be
      provided to locate the segments of the shroud 12 circumferentially of the
      turbine case, following known practice.
PAR  Before proceeding to the details of structure and mode of fabrication of
      the seal ring 22, it may be well to point out that we are aware that
      laminated structures for service as abradable seal elements have been
      proposed in the past. In addition to the Emmerson et al application
      referred to above, we call attention to U.S. Pat. Nos. 3,411,794 to Allen,
      Nov. 19, 1968 and to Meginnis U.S. Pat. No. 3,529,905, Sept. 22, 1970.
      These are, however, of greatly different structure from that to be
      described. We are also aware that laminated bodies with passages etched or
      otherwise machined into the laminations have been proposed as means for
      providing porous structures or controlling flow through the face of the
      body. Disclosures along this line include the following U.S. Pat. Nos.:
      Addoms et al No. 3,413,704, Dec. 3, 1968; Kydd No. 3,457,619, July 29,
      1969; Beer et al No. 3,515,499, June 2, 1970; and Pearson No. 3,612,397,
      Oct. 12, 1971.
PAR  As indicated generally in FIG. 1 and more clearly in FIG. 5, the specific
      seal structure 22 shown in FIG. 1 is made up of a number of stacked and
      abutting layers or strips 23. To give some idea of possible dimensions,
      the strips in a particular embodiment are about 15 mils thick and about 80
      to 100 mils wide, a mil being one thousandth of an inch. The strips are
      stacked with their edges at the seal face 24, which is the radially inner
      face in the structure illustrated, and the rear face 26. The strips extend
      circumferentially of the rotor; that is, in the direction of movement of
      the blades 11 with respect to the seal structure 22. The width of the seal
      structure, that is, its length axially of the turbine will depend upon the
      nature of the installation and, in the blade tip seal illustrated in FIG.
      1, the distance between rings 14 and 15 might be from one to two inches.
      Obviously, a large number of layers must be stacked to achieve this
      dimension.
PAR  We have devised a method which makes it possible to achieve this deep
      stacking of the very narrow seal strips involving forming each strip as a
      part of a sheet which bears a large number of parallel seal strips and
      bonding the sheets together before separating the sheets so bonded into
      the individual seal structures or aggregations of seal strips.
PAR  Proceeding now to FIGS. 3 and 5, the first form of seal strip structure
      employs a sheet or layer 27 only a portion of which is shown greatly
      enlarged in FIG. 3, the sheet 27 comprising a number of strips 23
      extending generally parallel, these strips being joined at intervals such
      as perhaps every inch or so by weak ties 28.
PAR  Sheet 27 is preferably prepared from a sheet of suitable metal by a process
      of photoetching, which involves cleaning and polishing the sheet, coating
      it with a photoresist, exposing the sheet to light with a suitable pattern
      overlying it, selectively washing off the photoresist, and then etching
      the sheet in a suitable chemical etchant bath. The sheet 27 is etched from
      the face illustrated in FIG. 3 to provide grooves 30 extending across each
      strip and leaving lands 31 in the original plane of the strip between the
      grooves. Preferably, the grooves 30 are of constant depth but, as will be
      noted, each groove comprises a relatively narrow portion 32 and a
      relatively wide portion 34. The narrow portion is at the edge of the strip
      which will be at the rear face 26 of the seal structure and the wide
      portion is at the seal face 24 of the seal structure. The material is
      etched away at the ties 28 to reduce the thickness of the material and
      thus make the ties less strong. The open slots 35 which separate the
      strips 23 except at the ties 28 are provided by etching the metal from
      both faces and thus cutting completely through. The grooves 30 are
      preferably about half the thickness of the metal or somewhat deeper. Of
      course, other ways of producing the sheet than photoetching might be
      substituted if desired.
PAR  As stated, FIG. 3 illustrates only a small portion of the area of such a
      sheet much enlarged; the sheet normally would be of substantial size. The
      horizontal dimension in FIG. 3 would be equal to the desired length of the
      seal segments 22 and the width several inches or more, to provide the
      desired number of seal strips in a single operation.
PAR  FIG. 4 illustrates in axonometric fashion the stacking of two sheets 27,
      the lower sheet being shown so as to exhibit its etched surface bearing
      the grooves 30 and lands 31 and the upper sheet 27 illustrated as viewed
      from the under or plain side. As will be apparent, when the sheets are so
      stacked they define between them the grooves 30 which occupy a relatively
      great portion of the volume of the strip adjacent the seal face and a
      relatively small portion adjacent the rear face 26.
PAR  When the sheets are stacked with the strips stacked on top of each other,
      they are subjected to heat and pressure in a suitable furnace and under
      conditions such as to achieve a diffusion bonding of the various adjacent
      sheets together, as is well understood by those skilled in the
      metallurgical art. Preferably, the ties 28 are also aligned when the parts
      are stacked, but this is not necessary. As will be seen in FIG. 5, when
      the sheets have been bonded and the stacks of strips have been separated,
      by sawing or otherwise, at the ties 28, the porous seal structure with the
      grooves is provided.
PAR  It may be mentioned at this point that the grooves 30 are inclined at an
      acute angle to the surfaces of the seal, about a 45.degree. angle as
      illustrated. This is to give the discharged cooling air a component of
      velocity in the direction of movement of the blades 11 or other rotating
      part with which the seal element 22 cooperates.
PAR  The seal face portion of the seal structure may have a metal volume of
      about 30% of its total volume, whereas the rear face portion may have a
      metal volume of around 80% of the total volume of that portion. This metal
      volume ratio may be called the "metal density."
PAR  The procedure of laying up, bonding, and separating the seal sheets as just
      described provides a straight seal strip, but it is a very simple matter
      to impart a curvature to this strip so that it is of an arcuate
      configuration as illustrated in FIG. 2 by passing the strip through
      appropriate rolls or exerting force on it by curved dies, for example.
      Alternatively, the pattern of etching may produce curved strips 23 rather
      than straight ones.
PAR  FIGS. 6, 7, and 8 illustrate a somewhat different seal structure which is
      fabricated in essentially the same way as that just described. The
      structure of FIG. 6 differs from that of FIG. 4 primarily in that the webs
      36 between the narrow portions of lands 31 are omitted. In the structure
      of FIG. 6, sheets 42 are operated upon by photoetching or otherwise
      generally as previously described to provide strips 43 having a rear face
      44 in the assembled seal structure and having grooves 46 extending across
      the strip. Each groove 46 includes a relatively narrow portion 47
      extending part way through the strip and a wide portion 48 extending
      entirely through the strip. Thus the lands 50 between the grooves comprise
      a wide portion 51 between the groove portions 47 and a narrow free
      standing portion or spur 52 between the groove portions 48. The weak ties
      between adjacent strips are provided by lands 54, corresponding otherwise
      to the narrow free standing portions 52, which extend from one strip to
      the other, such lands 54 being present at only a relatively small
      proportion of the total number of lands. This structure is fabricated by
      etching from the face of the sheet illustrated in FIG. 6 over all of the
      area except that of the lands 50 (51, 52, and 54) and then etching from
      the rear face of the sheet to create the wide groove portion 48 and
      separate the land portions 52 from the adjoining strip.
PAR  Because of the lack of a web to support adjacent lands 52, the structure is
      stabilized by the provision of plain thin unetched intermediate sheets 55
      when the sheets are stacked and bonded to provide the laminated sheet from
      which the seal structures are obtained by separation of the laminated
      structures at ties 54. This separation may be done by sawing along edge 44
      of strips 43. As shown most clearly in FIG. 8, preferably two sheets 42
      are laid up together with a thin sheet 55 laid up between each set of two
      sheets 42. Sheets 55 are preferably slotted along edge 44 from each tie 54
      to the next, to facilitate subsequent separation of the sheets, before the
      sheets are laid up and bonded. After the sheets have been laid up and
      bonded, they may readily be sawed or otherwise taken apart to form seal
      strips or seal structures which may be bent to the desired curvature.
PAR  Both of the seal structures illustrated are considered to be exceptionally
      effective in providing a cooled seal which distributes the cooling fluid
      through many small openings in the body of the seal structure, which has a
      seal face area of low density which may be abraded without undue damage to
      structure which comes in contact with it, and which has a fluid metering
      or distributing structure defined by the narrow grooves 32 or 47.
PAR  The technique of fabrication is quite feasible, involving only known
      techniques of photoetching and diffusion bonding. The technique is
      suitable for use with metals of a high temperature corrosion resistant
      nature suited for use as blade tip seals and other seals in
      turbomachinery.
PAR  It will be obvious that the seal structure 22 of FIG. 1 cooperates with the
      blade tip 60 to minimize flow of fluid between the higher and lower
      pressure faces of the blade through the narrow gap 62. Obviously, the same
      seal structure 22 may be used with blades bearing rotating tip shrouds
      which may bear seal knives and also, of course, the seal structure 22 may
      be used with other circumferentially ridged cooperating seal elements
      which are not a part of a blade structure.
PAR  The detailed description of preferred embodiments of our invention for the
      purpose of explaining the principles thereof is not to be considered as
      limiting or restricting the invention, as many modifications may be made
      by the exercise of skill in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A laminated metal body usable in the manufacture of a porous seal
      element having a seal face adapted to cooperate with the other element of
      a seal and having a rear face, the body comprising a plural number of
      metal sheets each divided by parallel slots into parallel metal strips,
      each strip having two edges, the strips being joined by weak metal ties
      extending between edges of adjacent strips across the slots, the sheets
      being stacked and bonded together with the strips aligned and abutting, a
      large portion of the strips having grooves extending across at least one
      face thereof to define with the face of an abutting strip pores extending
      between the stacked strips from edge to edge of the strips.
NUM  2.
PAR  2. A laminated metal body usable in the manufacture of a porous seal
      element having a seal face adapted to cooperate with the other element of
      a seal and having a rear face, the body comprising a plural number of
      metal sheets each divided by parallel slots into parallel metal strips,
      each strip having two edges, the strips being joined by weak metal ties
      extending between edges of adjacent strips across the slots, the sheets
      being stacked and bonded together with the strips aligned and abutting, a
      large portion of the strips having grooves extending across at least one
      face thereof to define with the face of an abutting strip pores extending
      between the stacked strips from edge to edge of the strips, the grooves
      being of larger cross-sectional area adjacent the seal face than adjacent
      the rear face.
NUM  3.
PAR  3. A laminated metal body usable in the manufacture of a porous seal
      element having a seal face adapted to cooperate with the other element of
      a seal and having a rear face, the body comprising a plural number of
      metal sheets each divided by parallel slots into parallel metal strips,
      each strip having two edges, the strips being joined by weak metal ties
      extending between edges of adjacent strips across the slots, the sheets
      being stacked and bonded together with the strips aligned and abutting, at
      least substantially all of the strips having grooves extending across at
      least one face thereof to define with the face of an abutting strip pores
      extending between the stacked strips from edge to edge of the strips.
NUM  4.
PAR  4. A laminated metal body usable in the manufacture of a porous seal
      element having a seal face adapted to cooperate with the other element of
      a seal and having a rear face, the body comprising a plural number of
      metal sheets each divided by parallel slots into parallel metal strips,
      each strip having two edges, the strips being joined by weak metal ties
      extending between edges of adjacent strips across the slots, the sheets
      being stacked and bonded together with the strips aligned and abutting, a
      large portion of the strips having grooves extending across at least one
      face thereof to define with the face of an abutting strip pores extending
      between the stacked strips from edge to edge of the strips, the grooves
      adjacent the seal face extending entirely through the thickness of the
      sheets.
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ABST
PAL  A coking component consisting essentially of a mixture of 10 to 60 percent
      of finely ground coke and at least one carbon-containing substance
      selected from coking coal, non-coking coal, petroleum coke, semi-coke or
      lignite. The carbon-containing substance has a particle size which is
      approximately 90 percent below three millimeters. The coking component is
      easier to transport than coke dust and increases the fixed carbon content
      of the coking mixture. The coking component is then mixed with coal and
      the so formed coking mixture is coked.
PAC  BACKGROUND OF THE INVENTION
PAR  This is a continuation of application Ser. No. 214,450, filed Dec. 30,
      1971, now abandoned.
PAR  (1) Field to which the invention relates.
PAR  The invention relates to a coking component which is easy to transport and
      has an increased fixed carbon content.
PAR  It is known to add 10-12 % coke dust to coal blends to be coked in order to
      improve the mechanical strength properties of the coke to be produced,
      this being a particularly desirable way to reduce the volatiles in the
      case where coals with more than 25 % volatiles are coked. It makes no
      difference in the improvement obtained to add coke dust to the same type
      raw material from which the coke dust was produced.
PAR  (2) The prior art
PAR  The coke dust added in the prior art to the blends to be coked is ground in
      the coking plant itself. The coking plants have to be specially equipped
      to do this. Transportation of the coke dust inside the coking plant onto
      the blending equipment for preparing the coke oven blend is done
      pneumatically, in bags or silo cars, which again necessitates special
      equipment. Finally, storing the coke dust and proportioning it when
      blending it with the coke oven blend creates further difficulties.
PAC  SUMMARY OF THE INVENTION
PAR  The instant aim of the invention is to make the use of coke dust in blends
      to be coked more economical and to reduce or eliminate as much as possible
      the difficulties in working with coke dust.
PAR  According to the instant invention this can be achieved by producing a
      coking component consisting essentially of a mixture of finely ground coke
      and a carbon containing substance having a size composition similar to the
      size composition of fine coal. By carbon containing substance is meant a
      substance consisting mainly of carbon and capable of being converted into
      coke in a process of coking. For instance the carbon containing substance
      can be any type of coal or raw petroleum coke.
PAR  The significance of this is:
PAR  If one produces the finely ground coke before transportation, this has the
      double advantage on one hand of a weight reduction both of the amount of
      volatiles and the humidity of the mixture to be transported, and on the
      other side of the fact that this commodity contains considerably more
      fixed carbon per volume unit than regular coal, fixed carbon being the
      substance which counts in coking. One cubic meter of coke dust contains
      about 0.62 tons of fixed carbon including ash whereas coal used for coking
      with a volume weight of, for example, 0.72 tons per cubicmeter and about
      22 % volatiles and 10 % moisture, contains only 0.52 tons of fixed carbon
      including ash per cubic meter.
PAR  These advantages of coke dust during handling can however not be easily
      exploited, since the coke dust generates dust and behaves like a liquid
      and thus creates considerable difficulties in connection with
      proportioning, storage, transportation etc.
PAR  However if one mixes the coke dust as explained by this invention with a
      carbon containing substance, for instance, a fine coal, the undesirable
      properties of the coke dust do not appear anymore as such, and one obtains
      a mixture that handles normally and without difficulty. It is an essential
      part of the instant invention that the carbon containing substance used to
      produce the mixture must have a size composition similar to the size
      composition of fine coal. As a matter of fact only then can carbon
      containing substances bind the finely ground coke in such a way that the
      final product maintains its shape and no segregation occurs during the
      various handling and transportation operations, especially unloading and
      reloading. The volume weight of the mixture in accordance with this
      invention is about the same as that of the said carbon containing
      substance. It thus exceeds the arithmetical average of the volume weights
      of the carbon containing substance and the coke dust so that the
      above-mentioned advantages of the coke dust are not only preserved in the
      mixture but there also occurs an additional increase in density due to a
      filling effect of the finely ground coke dust in connection with the
      carbon containing substance.
PAR  In other words, by applying the instant invention to a coal destined for
      coking in a coke oven, which coal heretofore has used up in all respects
      full transport space, the inventive weight is reduced by preliminary
      coking and the transport volume required is reduced by fine grinding and
      mixing the finely ground coke with the carbon containing substance.
PAR  In addition, the coking component in accordance with the invention,
      including of the carbon containing substance and finely ground coke, can
      be transported without difficulty using the regular conveying equipment
      available in the respective plant. It can be stored in silos without
      difficulty and proportioning it for blending in view of preparing a coke
      oven charge does not present a problem.
PAR  Blending the coking component according to the invention with the other
      regular components to constitute the coke oven input blend is then done in
      the usual way.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In the production of a coking component in accordance with the instant
      invention, the following points of view respectively should be taken into
      account:
PAR  The coking of the raw material used to produce the coke dust, which raw
      material can be a coking coal but also a non-coking coal, lignite,
      petroleum coke or high temperature coke, can be accomplished by any
      process suited for the respective raw material. Preferably a continuous
      process is applied which also permits the through-put of non-coking raw
      materials. Coking/devolatilization should be as complete as possible,
      i.e., the resulting coke should have less than 2 % or, still better, less
      than 1 % volatiles.
PAR  If the coke produced is not dry, it should be dried before grinding. Ball
      mills are suitable for this grinding, and as in the case of coke dust used
      up to this date, the grinding is done in such a way that a cement-like
      degree of fineness is achieved, i.e., substantially a size of 90% below
      0.5 mm, preferably 90% below 0.2 mm.
PAR  The carbon containing substance, for instance, coal, lignite, semi-coke or
      petroleum coke, functioning as a vehicle for the coke dust, serves this
      purpose best if it shows 90 % below 3 mm. In order to avoid segregation of
      the mixture, the carbon containing substance should have a moisture
      content of 5-10%. In the case of lower moisture the danger exists that the
      stability of the mixture becomes too weak; at higher humidity, just as in
      the case of direct water addition, there exists the danger of clot
      formation.
PAR  The proportion between coke dust and the carbon containing substance can
      vary within fairly wide limits, governed by the respective conditions, and
      can be optimized by means of practical tests. As already indicated, one of
      the aims of the invention is also to achieve as high a volume weight
      corresponding to a low stowage factor of the coking component as possible.
      At less than 10 % coke dust in the mixture, the advantages obtained by the
      invention will generally be too insignificant. More than 60 % of coke dust
      in the mixture would however favour segregation of the mixture. The
      moisture content of the carbon containing substance can also have some
      influence on the above limits, especially in combination with the size
      composition of the carbon containing substance.
PAR  Apart from this, the proportion of coke dust in the coking component, in
      accordance with the invention, can be governed by the specific
      requirements of the coking plant. In case the coke oven blend is supposed
      to contain a high percentage of the carbon containing substance used as a
      binder for the coke dust, the component in accordance with the invention
      should contain an accordingly small percentage of coke dust, being careful
      that the percentage of the coke dust does not fall below the above
      mentioned limit of 10-12 %. If only a small percentage of the carbon
      containing substance can be used in the coking blend, the relative
      proportion of coke dust to carbon containing substance in the component
      according to the invention will be as high as the preservation of the
      stability of the component permits, this in order to exploit to the
      highest possible degree the beneficial effect of the coke dust.
PAR  Likewise the type of carbon containing substance chosen to serve as vehicle
      to the coke dust is governed by the other coals used in the coke oven
      blend. As to the properties of the mixture from the transport point of
      view the qualitative analytical properties of the coking component
      according to the invention are of no importance.
PAC  EXAMPLE I
PAR  A preferred embodiment of the invention is to convert a high volatile coal
      which can be used in a coke oven blend into a coking component according
      to the invention, because in that case the removing of the volatiles is
      specifically advantageous in connection with transportation. The use of
      such high volatile coal as such must be limited because of its effect on
      the mechanical properties of the coke to be produced. Therefore the
      transformation of such coal into a coking component according to the
      invention, whereby such coal functions as raw material and as
      binder/vehicle for the coke dust, has the further advantage that the
      percentage of such coal which can be used in coking operations is
      increased.
PAR  Below is described an example for the production of such a coking
      component. 100 tons of high volatile non coking coal of Australian origin,
      analysis A (table 1) are coked in a continuous way in a rotary hearth
      furnace, resulting in 54 tons of coke with analysis B, (table 1).
PAR  This coke is ground in a ball mill to 90 % below 0.2 mm. It is then
      homogeneously mixed with 54 tons of high volatile soft coking fine coal of
      Australian origin having an analysis C (table 1).
PAR  The resulting coking component according to the invention has the analysis
      D (table 1).
PAR  The fixed carbon content in the coking component according to the invention
      goes up to 70 % from 48 % and 52% respectively in the two basis coals.
TBL                Table 1                                                     

     ______________________________________                                    

     A             B         C          D                                      

     ______________________________________                                    

     Water   10%       0         10%      5%                                   

     Ash     7%        11.6%     7%       9.3%                                 

     Volatiles                                                                 

             40%       0.5%      35%      18%                                  

     Swelling-                                                                 

             1         0         4-5      3                                    

      Index                                                                    

     Density 720kg/m.sup.3                                                     

                       620kg/m.sup.3                                           

                                 720kg/m.sup.3                                 

                                          720Kg/m.sup.3                        

     Fixed   48%       88%       52%      70%                                  

     Carbon                                                                    

     Size    0-20 mm   --        90% below                                     

                                          95% below                            

                                 3 mm     3 mm                                 

     ______________________________________                                    

PAC  EXAMPLE II
PAR  A further advantageous embodiment is the utilization of coals that have no
      swelling index, such as oxidized coal, for example. For practical purposes
      such coal becomes utilizable only after it has been converted into a
      coking component according to the invention. Also in this case the fine
      coal used as binder/vehicle for the coke dust can be the same coal, for
      instance, oxidized coal as the one used as a raw material for the coke
      dust. This of course is possibly only to the extent that the other
      components of the blend have enough swelling properties to tolerate a
      certain percentage of such coal. Below is described an example:
PAR  100 tons of oxidized coal of Canadian origin, analysis A (table 2) are
      coked in a continuous way in a rotary hearth furnace, resulting in 72 tons
      of coke with analysis B (table 2). This coke is ground in a ball-mill to
      90 % below 0.2 mm. It is then homogeneously mixed with 72 tons of fine
      coking coal of Canadian origin, having an analysis C (table 2).
PAR  The resulting coking component according to the invention has the analysis
      D (table 2).
PAR  The fixed carbon content in the coking component according to the invention
      goes up to 75 % from 63.4 % in the two basis coals.
TBL                Table 2                                                     

     ______________________________________                                    

     A            B         C          D                                       

     ______________________________________                                    

     Water  10%       0         10%      5%                                    

     Ash    10%       12%       10%      11%                                   

     Volatiles                                                                 

            20%       0.5%      20%      10.2%                                 

     Swelling                                                                  

            1         0         7        3-4                                   

      Index                                                                    

     Density                                                                   

            720kg/m.sup.3                                                      

                      620kg/m.sup.3                                            

                                720kg/m.sup.3                                  

                                         720kg/m.sup.3                         

     Fixed  63,4%     87,6%     63,4%    75%                                   

     Carbon                                                                    

     Size   0-10 mm   --        90% below                                      

                                         95% below                             

                                3 mm     3 mm                                  

     ______________________________________                                    

PAC  EXAMPLE III
PAR  Finally an advantageous embodiment consists in completely devolatilizing
      crude petroleum coke, then finely grinding it and mixing it with a coking
      or a non-coking fine coal or with raw petroleum coke of corresponding size
      composition. Since petroleum coke has practically no ash, the ratio of
      fixed carbon to other analytical figures is particularly advantageous. If
      one also uses raw petroleum coke as binder/vehicle for the dust, one
      achieves the technically best possible concentration of fixed carbon for
      transportation. The use in a coke oven blend of coke dust produced from
      petroleum coke is also novel per se. Furthermore because of the
      significantly low ash content and the high proportion of fixed carbon in
      relation with volume, it is particularly advantageous. Below is described
      an example:
PAR  100 tons of petroleum coke of U.S. origin, analysis A (table 3) are coked
      in a continuous way in a rotary hearth furnace, resulting in 81 tons of
      coke with analysis B (table 3). This coke is ground in a ball-mill to 90 %
      below 0.2 mm. It is then homogeneously mixed with 81 tons of petroleum
      coke of U.S. origin having an analysis C (table 3).
PAR  The resulting coking component according to the invention has the analysis
      D (table 3).
PAR  The fixed carbon in the coking component according to the invention goes up
      to 90% from 81 % in the original raw petroleum coke.
TBL                Table 3                                                     

     ______________________________________                                    

     A             B         C          D                                      

     ______________________________________                                    

     Water   10%       0         10%      5%                                   

     Ash     &lt;0.5%     &lt;0.5%     &lt;0.5%    &lt;0.5%                                

     Volatiles                                                                 

             10%       0.5%      10%      5%                                   

     Swelling-                                                                 

             1         0         1        0                                    

      Index                                                                    

     Density 720kg/m.sup.3                                                     

                       620kg/m.sup.3                                           

                                 720kg/m.sup.3                                 

                                          720kg/m.sup.3                        

     Fixed   81%       99%       81%      90%                                  

     Carbon                                                                    

     Size    0-30 mm   --        0-10 mm  0-10 mm                              

     ______________________________________                                    

CLMS
STM  What we claim is:
NUM  1.
PAR  1. A coking component of a coking mixture which is easier to transport than
      coke dust and which has an increased fixed carbon content, said coking
      component consisting of a mixture of 10-60% of finely ground coke and at
      least one carbon-containing substance selected from the group consisting
      of coking coal, non-coking coal, petroleum coke, semi-coke or lignite;
      said carbon-containing substance having a particle size of 90% below 3 mm;
      said coking component adapted to be mixed with coal to form the coking
      mixture and coked.
NUM  2.
PAR  2. The coking component according to claim 1 in which the finely ground
      coke has less than 2% volatile content.
NUM  3.
PAR  3. The coking component according to claim 2 in which the finely ground
      coke has less than 1% volatile content.
NUM  4.
PAR  4. The coking component according to claim 1 in which the finely ground
      coke has a size of 90% below 0.5 mm.
NUM  5.
PAR  5. The coking component according to claim 4 in which the finely ground
      coke has a size of 90 % below 0.2 mm.
NUM  6.
PAR  6. The coking component according to claim 1 in which the finely ground
      coke is high temperature coke.
NUM  7.
PAR  7. The coking component according to claim 1 in which the percentage of
      finely ground coke represents 30-60 % of the mixture.
NUM  8.
PAR  8. The coking component according to claim 1 in which the finely ground
      coke is made of at least one coal of the group consisting of coking coal,
      non coking coal and petroleum coke.
NUM  9.
PAR  9. The coking component according to claim 1 in which said carbon
      containing substance is produced from the same raw material basis as the
      finely ground coke.
NUM  10.
PAR  10. The coking component as claimed in claim 1, said carbon-containing
      substance being a high volatile soft coking fine coal, and said component
      having the following analysis, with percentages taken as percent by
      weight:
TBL  Water                5%                                                   

     Ash                 9.3%                                                  

     Volatiles           18%                                                   

     Density             720 kg/m.sup.3                                        

     Fixed Carbon        70%                                                   

     Particle Size       95% below 3 mm.                                       

NUM  11.
PAR  11. The coking component as claimed in claim 1, said carbon-containing
      substance being fine coking coal, and said component having the following
      analysis, with percentages taken as percent by weight:
TBL  Water                5%                                                   

     Ash                 11%                                                   

     Volatiles           10.2%                                                 

     Density             720 kg/m.sup.3                                        

     Fixed Carbon        75%                                                   

     Particle Size       95% below 3 mm.                                       

NUM  12.
PAR  12. The coking component as claimed in claim 1, said carbon-containing
      substance being petroleum coke, and said component having the following
      analysis, with percentages taken as percent by weight:
TBL  Water               5%                                                    

     Ash                 less than 0.5%                                        

     Volatiles           5%                                                    

     Density             720 kg/m.sup.3                                        

     Fixed Carbon        90%                                                   

     Particle Size       up to 10 mm.                                          
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ABST
PAL  A flash back arrestor for use in gas supply lines. The arrestor includes an
      elongated passageway through which the gases flow in one direction and
      through which the flash back must pass in the reverse direction. A
      pressure-actuated valve at the inlet end of the passageway is actuated by
      pressures from the flash back at the discharge end of the passageway. The
      valve consists of a valve member in the form of a piston freely movable
      under the influence of flash back pressures against a valve seat at the
      inlet to the passageway. The valve member carries a locking arrangement
      which moves under the influence of the flash back to latch the valve
      member with a biasing force to the closed position after a flash back
      occurs. Additionally, a second valve is provided actuated by the flash
      back to vent the flash back to the atmosphere. A separate flow actuated
      check valve prevents backflow to the gas supply tank in the event the flow
      direction should reverse, not caused by a flash back.
BSUM
PAR  This invention pertains to the art of flash back arrestors for use in a gas
      supply line.
PAR  The invention is particularly suited for use in connection with the supply
      lines for oxy-acetylene torches and will be described with particular
      reference thereto, although it will be appreciated that the invention has
      broader Applications and may be used in any gas supply pipe or hose
      wherein it is desired to stop the travel of a flash back.
PAR  It is well known that serious and costly explosions may sometimes occur
      when operating oxy-acetylene torches should the burning gases at the tip
      of the torch backfire into the gas supply lines. In such instances, the
      back fire creates a high pressure wave in the hose which rapidly travels
      down the supply line against the onflowing gas. Sometimes back to the
      supply tank in which instance it may cause a serious explosion.
PAR  Various means have been proposed in the past to prevent such flash backs
      from traveling back to the gas supply source. Typical patents illustrating
      such apparatus are as follows: U.S. Pat. Nos. 2,609,281 issued Sept. 2,
      1952 to E. H. Smith; 2,252,905 issued Aug. 19, 1941 to H. Windlin;
      2,255,135 issued Sept. 9, 1941 to M. Tornow; and 2,490,175 issued Dec. 6,
      1949 to O. Thurman. U.S. Pat. No. 1,817,148 issued Aug. 4, 1931 to A. P.
      Hornor describes a flash arrestor for surgical purposes.
PAR  Such apparatus normally includes an elongated passageway with a normally
      open valve at one end which is moved to its closed position by pressures
      at the outlet end of the passageway. The valve usually included a diaphram
      against which the flash back pressures operate and the valve for stopping
      the movement of the flash must move against the bias of a spring or of the
      diaphram in order to be closed. Furthermore, in a number of instances, no
      means were provided for locking the valve in the closed position once a
      flash back had occurred. Also there was no means for venting of the flash
      back to the atmosphere resulting in the possible development of
      excessively high pressures in the supply hoses and the rupture thereof.
PAR  A further difficulty is that such devices have been unduly complicated and
      unduly bulky. This partly results from the fact that the valve requires an
      appreciable length of time to move to the closed position. To allow for
      this time, the length of the passageway had to be unduly long which added
      to the bulk.
PAC  THE INVENTION
PAR  The present invention contemplates a flash back arrestor which overcomes
      all of the difficulties of the prior art, has a minimum of bulk, is safe
      and positive in operation, latches the safety valve in the closed position
      when a flash back does occur, gives an indication to the operator that a
      flash back has occured, and is easily reset.
PAR  In accordance with the present invention, a flash back arresting device for
      gas supply lines is provided of the type having an elongated passage
      between the inlet and outlet and a valve at the inlet of the passage
      actuated by high pressures which might occur at the outlet of the passage,
      the valve being in the form of a piston exposed at one surface to the
      flash back pressures and freely slidable from a first normally open valve
      position to a second valve closed position in combination with means on
      the piston for latching the piston in the second position.
PAR  Further in accordance with the invention, the means include a locking
      plunger having a surface exposed to the flash back pressures which moves
      from a retracted first position to a second extended position where it is
      locked and biases the valve member to the closed position.
PAR  Further in accordance with the invention, the locking plunger has a
      latching pin therein which when released by movement of the locking
      plunger can move to the latching position and once in a latching position
      prevents opening of the valve until the latching pin is manually returned
      to its unlatched position.
PAR  Further in accordance with the invention, the device includes a passage to
      the atmosphere closed by a valve member, preferably at the outlet end,
      actuated by flash back pressures to vent such flash back pressures to the
      atmosphere.
PAR  In all instances, the elongated passage must be of a length such that
      considering the velocity of propagation of the flash, the valve
      communicating the inlet of the passage to the supply tank will have time
      to close before the flash traveling through the passage reaches such
      valve.
PAC  OBJECTS
PAR  The principal object of the invention is a provision of a new and improved
      flash back arrestor which is relatively small in bulk, positive in
      operation and which when a flash back occurs will close a valve to the
      fuel supply tank before the flash back can reach the valve and will also
      prevent flow of gas from the tank out of the outlet of the device should
      the hoses be ruptured or the operator injured and otherwise unable to stop
      the flow of gas.
PAR  Another object of the invention is the provision of a new and improved
      flash back arrestor wherein the valve member can freely move to the closed
      position without working against the bias of a spring or otherwise.
PAR  A further object of the invention is the provision of a new and improved
      flash back arrestor wherein the valve member may freely move to the closed
      position without the impediment of the force or bias of a spring or
      otherwise and yet will be biased to the closed position by a releasable
      latching means.
PAR  A further object of the invention is the provision of a new and improved
      flash back arrestor wherein the flash back pressures must flow through the
      valve member of a valve which member can move to vent the inside of the
      device to the atmosphere.
PAR  A further object of the invention is the provision of a new and improved
      flash back arrestor having a one way flow control valve at the inlet, an
      elongated passage communicating the flow valve to the outlet, a pressure
      actuated flow control valve at the inlet of the passage actuated by high
      pressures which might occur at the outlet of the passageway and a third
      valve communicating the outlet of the device to the atmosphere when flash
      back pressures exist.
DRWD
PAR  The invention may take form in certain parts and arrangements of parts, a
      preferred embodiment of which will be described in detail in this
      specification and illustrated in the accompanying drawing which forms a
      part hereof and wherein:
PAR  FIG. 1 is a cross-sectional view of a flash back arrestor showing the
      arrangements of the parts; the upper half showing the valve in the normal
      position and the lower half in the actuated position.
PAR  FIG. 2 is a cross-sectional view taken through the line 2--2 of FIG. 1;
      and,
PAR  FIG. 3 is a partial cross-sectional view taken on the line 3--3 of FIG. 1.
DETD
PAR  Referring now to the drawings, wherein the showings are for the purposes of
      illustrating a preferred embodiment of the invention only and not for the
      purposes of limiting same, FIG. 1 shows a housing A having on the inside
      thereof a flow controlled check valve B, a flash back pressure actuated
      valve C, an elongated passageway D leading from the valve C to the inside
      of the housing A and a flash back pressure release valve E.
PAR  The housing A may take any one of a number of different forms, but in the
      embodiment shown is comprised generally of a sleeve 10 having mounted on
      the righthand or discharge end an end cap 11 and at the left or inlet end
      an end cap 12. These caps may be fixed relative to the sleeve in any
      desired way, but in the embodiment shown the ends of the sleeve 10 are
      threaded into bores in the ends of the caps 11, 12 as at 13.
PAR  Sealing means 14, 15 are provided at the right and lefthand ends of the
      sleeve 10.
PAR  An insert member made up of a flange 17 and a cylindrical sleeve 18 is
      positioned in the righthand end of the sleeve 10. The outer diameter of
      the flange 17 fits into a small counterbore in the righthand end of the
      sleeve 10. An O-ring 20 in a groove in the periphery of the flange 17
      provides a gas-tight seal. The righthand end of flange 17 has a flat
      surface 21 which abutts against a flat surface 22 on end cap 11.
PAR  End cap 11 is provided with a vent opening 23 which may be threaded as
      shown through surface 22 and an outlet opening 24 generally on the axis of
      the sleeve 10 which also opens through surface 22 spaced from the opening
      of opening 23 through the surface 22. Surface 22 surrounding opening 24
      through surface 22 forms a valve seat 25 as will appear.
PAR  Cylindrical sleeve 18 has an axial passage or cylinder bore 30 extending
      therethrough generally aligned with opening 24 and a valve member 31 is
      slidably supported in this bore 30.
PAR  Valve member 31 is in the shape of a sleeve having an internal passage 29
      and an outer diameter such as to slide in cylinder bore 30 and has a
      groove in its outer surface in which an O-ring 32 is mounted in sliding
      sealing engagement with cylinder bore 30. Valve member 31 also has a
      flange 34 on its righthand end against which a valve gasket 35 is mounted.
PAR  The cylinder bore 30 is counter bored from the righthand end to provide a
      space 38 externally of valve member 31 and a shoulder 39. This counterbore
      is further counter bored on the righthand end to provide a space 40 for
      flange 34 and a shoulder 42 which limits movement of the valve member 31
      to the left. A compression spring 44 bearing against shoulder 39 biases
      valve member 31 to the right and valve gasket 35 against valve seat 25.
      Surface 21 adjacent passage 23 is cut away to provide a passage 45 from
      the inside of the housing A to the passage 23 when the valve member 31 is
      moved to the left against the bias of spring 44.
PAR  Space 40 is vented to atmosphere through any clearance which may exist
      between the outer surface of flange 34 and the cylindrical surface
      surrounding the space 40 and passage 45. It is to be further noted that
      the inner diameter of valve seat 25 is greater than the diameter of
      cylinder bore 30 so that any forces developed by gas pressures on the
      righthand end of valve member 31 will be slightly in excess of the forces
      developed by gas pressures on the lefthand end, which would normally tend
      to move valve member 31 to the left and open valve E. The bias of spring
      44 overcomes any force differentials developed at the normal operating
      pressures of the device. However, in the event of excessive pressures,
      such as would be caused by a flash back, the force differential would move
      valve member 31 to the left communicating passage 24 to passage 23 through
      passage 45. This excessive pressure would immediately be vented to
      atmosphere.
PAR  Passage 29 communicates passage 24 to the inside passage 46 of a sleeve 47
      mounted on the outside of sleeve 18 and extending a distance to the left
      of the passage 29 through valve member 31.
PAR  This sleeve 47 is radially spaced from the inner surface of housing sleeve
      10 to provide a space 48.
PAR  The lefthand end cap 12 is the inlet side of the device and has an axially
      extending passage 49 offset from the axis of the housing in which check
      valve B is positioned. Check valve B is important to the overall operation
      of the device, but its specific construction forms no part of the present
      invention. In general, check valve B includes a housing 50 generally in
      the shape of a sleeve having a base 51 with a gas passage 57 therethrough.
      The sleeve has a bore 52 in which a compression spring 53 is positioned
      and a counter bore 56 in which valve member 54 in the shape of a flat
      plate moves. Compression spring 53 biases valve member 54 against a
      non-metallic valve seat 55 held in position by a stem 59 threaded into the
      passage 49 in the lefthand end of cap 12. The walls of the sleeve 50 are
      cut away as at 58 to form passages for gas entering from the lefthand side
      of the device into an inlet chamber 60 formed on the inside of end cap 12.
PAR  Inlet chamber 60 of end cap 12 is defined by the outer wall 61 of end cap
      12 and an inner wall 62 having a large diameter passage 63 therethrough
      surrounded on its righthand end by valve seat 64 which valve seat
      generally has an axis on the central axis of the housing A.
PAR  An insert member 70 is mounted in the lefthand end of sleeve 10 and
      includes a flange 71 having an outer periphery which fits between the end
      cap 12 and the lefthand end of sleeve 10 and a cylindrical sleeve 72 the
      inside surface of which defines a cylinder bore 75 in which valve member
      76 is slidably supported. The lefthand surface of flange 71 and the
      righthand surface of flange 62 are shaped to provide a passage or closed
      valve chamber 77 around valve seat 64. In effect valve C sealingly divides
      the two chambers when closed.
PAR  Insert 70 has a projection 78 having a passage 79 opening to chamber 77
      outwardly of valve seat 64. This projection 78 provides a mounting for
      passage D which is in the form of a helix of tubing 80 with one end brazed
      into an opening of corresponding size in the projection 78. The opposite
      end of tube D opens into space 48.
PAR  The helix may consist of any number of turns, but in the embodiment shown
      has six and one half turns and has an axial length substantially the
      maximum which will fit between the flanges 71 and 17.
PAR  Sleeve 45 extends to relatively close spaced relationship with the
      righthand end of the sleeve 72 to provide a space 80 through which the
      gases may flow.
PAR  Valve C is comprised of the valve seat 64 and a valve member 76 slidably
      supported in cylinder bore 75. This member is in the shape of a sleeve
      having an O-ring 83 positioned in a groove in the outer surface which is
      in sliding sealing engagement with the walls of the cylinder bore 75. The
      valve member 76 has a flange 84 on its lefthand end which engages the
      lefthand surface of flange 71 and acts as a stop to restrict the righthand
      movement of the valve member 76. A washer 85 of synthetic sealing material
      is mounted on the lefthand end of the valve member 76 and has a diameter
      such as to sealingly engage the valve seat 64 such that when the valve
      member 76 is in the lefthand position as shown in the lower part of FIG.
      1, communication and flow of gas from the inlet chamber 60 to the passage
      79 is prevented.
PAR  It will be appreciated that the normal position of the valve member 76 is
      in the righthand or retracted position such that the valve C is normally
      open so gases can flow freely from inlet chamber 60 to passage 79 and into
      the tube D.
PAR  As an important feature of the invention, means are provided for latching
      the valve member 76 in the valve closed position and holding it there with
      a resilient bias. In the embodiment of the invention shown, such means
      include a locking member 90 slidably supported in a cylinder bore 91 in
      the valve member 76. Such locking member 90 has a groove in its outer
      surface in which a sealing ring 92 is mounted which seals the locking
      member as it moves back and forth in the valve member bore 91. The
      lefthand end of locking member 90 has a portion 95 of reduced diameter to
      form a lefthand facing shoulder 96 against which one end of a helical
      compression spring 98 bears, the other end of which bears against a
      shoulder 99 at the lefthand end of the cylinder bore 91. Thus, the locking
      member 90 is always biased to the right relative to the valve member 76 by
      the spring 98 and vice versa. A C-ring 100 snapped into a groove in the
      righthand end of cylinder bore 91 provides a stop limiting the righthand
      movement of the locking member 90 relative to the valve member 76.
PAR  The reduced portion 95 of the locking member 90 extends beyond the lefthand
      end of the valve member 76 into a cylindrical opening 102 of an insert
      sleeve 103 threadably supported in the end cap 12. Such opening has an
      undercut base 104 forming a lefthand facing tapered shoulder 105 for
      reasons which will appear hereinafter. The locking member 90 has a bore
      107 in its lefthand end in which a latching member 110 is movably
      supported. The latching member has a diameter such as to slidingly fit
      within the bore 107 and has a pin 112 of reduced diameter extending to the
      left through an opening in the base of sleeve 103 and through a
      corresponding opening 113 in the lefthand surface of the end cap 12. An
      O-ring 111 slidingly seals the pin 112. The juncture of pin 112 with the
      larger diameter portion of member 110 forms a shoulder 114. This shoulder
      is preferably at an angle to the length of the pin.
PAR  The walls of the sleeve formed by the bore 107 and the reduced portion of
      locking member 110 have a plurality of transverse openings therethrough in
      which latches in the form of balls 115 of a slightly smaller diameter are
      movably supported. The position of held openings is such that when the
      latching member 110 is in the righthand position, the balls will be
      engaged by the shoulder 114. Further, the balls within the confines of
      opening 102 and are held in engagement with the outer surface of pin 112
      by the surface of cylinder bore 102. Thus, the latching member 110 is
      normally locked in the righthand position shown in the upper half of FIG.
      1 by the balls engaging the shoulder 114 and being held against radial
      displacement by the surfaces of cylinder bore 102. In this same position,
      locking member 95 is helf against ring 100 by spring 98 and the valve
      member 76 is thus held in the righthand position so that the sealing
      member 85 is spaced from the valve seat 64.
PAR  It will be noted that with this arrangement the valve member 76, the
      locking member 90 and the latching member 110 are all free to move axially
      in the cylinder bore 75 as a unit: the only restraint being the friction
      of the O-ring 83 against the cylinder bore 75 and the friction of the
      O-ring 111 against the pin 112. No spring is used to bias the assembly of
      these three units to the right or valve open position. The righthand end
      of member 76 and locking member 90 are exposed to any gas pressure in
      passage 46.
PAR  In operation, gases under regulated pressure, for example, 10 lbs. per sq.
      inch flow inwardly through check valve B and move the valve plate 54 away
      from its valve seat 55 against the force of spring 53. These gases then
      flow through the spaces 58 of the valve sleeve 50 into inlet chamber 60.
PAR  If, by chance, the valve member 76 were in the valve closed position but
      with the latching pin 110 in the righthand position, the gas pressure on
      the lefthand end of the valve member would move the valve member to the
      right thus opening the valve so that gases can flow to the passage 79 and
      through the helical coil tube 80 into the righthand end of the space 48.
      These gases then flow lengthwise of the housing through space 48, space 82
      into the inside of sleeve 46, thence through the passage 46 and the inside
      29 of the sleeve piston 31 and through passage 24 into a hose not shown
      leading to a torch or other device using the gas.
PAR  Spring 44 biases valve member 31 to the right so that its packing 35 is in
      sealing engagement with the valve seat 23. Inlet gas pressure biases
      latching pin to the left against balls 115.
PAR  In the event of a flash back which as previously indicated is a high
      pressure wave, usually accompanied by flame which progresses in a
      direction opposite to the normal flow of gas, the high pressure wave flows
      into the device through passage 24, the passage 29 and passage 46. This
      pressure wave would then normally flow outwardly through space 82
      longitudinally through space 48 to the open end of the tube 80. This
      pressure must then flow through the tube 80 to passage 79 and thence would
      normally flow past the valve seat 64 to valve B. Valve B is incapable of
      closing fast enough to stop the flash back. However, during the length of
      time that the gases are flowing the length of space 48 and the length of
      the helical tube 80, the pressure has had time to cause valve member 76 to
      move to the left such that the valve washer 85 is in sealing engagement
      with the valve seat 64. As the valve member 76 moves to the left the
      locking member 90 and the latching member 110 move therewith. However,
      when the valve member 76 has reached the limit of its movement, i.e.,
      against valve seat 64, the pressure continues to exert a force on locking
      member 90 and forces it to the left against the bias of spring 98 as is
      shown in the lower half of FIG. 1, until the balls 115 have cleared the
      shoulder 105, at which time the balls 115 are free to move radially
      outwardly and clear the shoulder 114 on latching member 110. It will be
      appreciated that because of the clearances, the pressure of the gases in
      inlet chamber 60 exist in the space to the right of the latching member
      110 and these pressures then force the latching member 110 to the left
      which forces the balls radially outwardly until the shoulder 114 engages
      the base of bore 103. At this point, pin 112 of latching member 110
      projects outwardly beyond the end of the housing as shown at 125.
PAR  It is to be particularly noted that the valve member 76 only has to move a
      very short distance in order to engage valve seat 64 and the length of
      time required for this movement is less than the length of time for the
      pressure wave to flow through the passages previously described.
PAR  In the valve closed position, the steel balls are held in the radially
      outward position by the larger diameter portion of latching member 110 and
      the locking member and latching member cannot move to the right because
      the balls 115 would engage shoulder 105.
PAR  The valve member 76 is thus biased into sealing engagement with the valve
      seat 64 by spring 98. It will thus be appreciated that the flash back is
      effectively prevented from flowing past valve C to the source of fuel.
PAR  At the same time that the flash back pressure is urging valve member 76 to
      the closed position, this pressure also exerts a force on the righthand
      side of valve member 31, which as will be noted has a greater area on its
      righthand end than on its lefthand end such that this pressure will force
      the sleeve piston 31 to the left thus opening the valve E and allowing the
      flash back pressures to be exhausted to the atmosphere through passages 45
      and 23.
PAR  It will thus be seen that disruptive pressures will not develop in the
      hoses connecting the device to the torch or otherwise which is using the
      gas from which the flash back originated.
PAR  The operator can readily see that a flash back has occured by virtue of the
      pin 112 projecting out of the lefthand end of the end cap 12. To reset the
      device for operation, all the operator must do is to press the pin 112 to
      the right which causes the head of the latching member 110 to engage the
      base of cylinder bore 105. As the latching member moves to the right the
      balls are free to move radially inwardly and away from shoulder 104 such
      that locking member 90 is then free to move to the right under the bias of
      spring 98 and against the locking C-ring 100. The valve member 76 will
      also be forced to the open position by pressing the latching member 110 to
      the right, although it will be appreciated that in the event that the
      valve member 76 should not move to the valve open position, that gas
      pressures in the inlet chamber 60 on the lefthand end of the valve member
      80 and the locking member 90 would force the valve to the open position.
PAR  Of course, as soon as the flash back pressure has been relieved, the sleeve
      piston 31 will be forced to the closed position by means of spring 44.
PAR  The invention has been described with reference to a preferred embodiment.
      Obviously modifications and alterations will occur to others upon a
      reading and understanding of this specification and it is my intention to
      include all such modifications and alterations insofar as they come within
      the scope of the appended claims.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. A safety device for automatically interrupting a flash back through a
      gas supply conduit comprising in combination; a housing, means defining a
      passageway in said housing having an inlet end and an outlet end, a
      pressure actuated valve comprising a valve seat surrounding the inlet end
      of said passageway and a valve member freely slidable in said housing on a
      line of movement from a first position spaced from said valve seat to a
      second position sealingly engaging said valve seat, said valve member
      having a first pressure surface on the end remote from said valve seat
      exposed to pressures at the outlet end of said passageway and a second
      pressure surface exposed to pressures at the inlet end of said passageway,
      a locking member slidably supported in said valve member on said line of
      movement and having a first position toward said pressure surface and a
      second position toward said valve seat, said locking member having first
      pressure surface on the end remote from said valve seat exposed to the
      pressures at the outlet of said passageway and means biasing said locking
      member relative to said valve member to said first position.
NUM  2.
PAR  2. The combination of claim 1 including means coacting with said housing
      for latching said locking member in said second position when said valve
      member and locking member are moved to said second position by pressures
      on said first pressure surfaces.
NUM  3.
PAR  3. The combination of claim 2 wherein means define a bore to the outside of
      said housing, and said latching means comprise a latching member movable
      on said line of movement in the end of said locking member remote from
      said pressure surface and having a pin extending through said bore to the
      outside of said housing.
NUM  4.
PAR  4. The combination of claim 3 wherein said bore has an undercut providing a
      shoulder facing the outside of said housing, said latching member has a
      portion of reduced diameter forming a shoulder facing the outside of said
      housing, transversely movable members carried by said locking member which
      in the first position engage the shoulder of said locking member and the
      innerwall of said bore and in the second position engage said shoulder of
      said housing bore and the outer surface of said latching member and coact
      with said locking member to prevent movement to its first position.
NUM  5.
PAR  5. A pressure release valve for a flash back arrestor comprising in
      combination a housing having a wall, means defining a first outlet passage
      through said wall, a valve seat surrounding said passage, a valve member
      slidable in a bore in said housing and means biasing said valve member
      toward said valve seat, means defining a space outwardly of said valve
      seat, means defining a second passage through said wall to the outside
      communicating with said space, said valve member being in the shape of a
      sleeve defining a passage communicating the inside of the housing with
      said first passage, the diameter of the valve seat being greater than the
      inner diameter of said sleeve whereby said sleeve has a pressure surface
      facing said first passage and excessive pressure in said first passage
      will force said valve member against the biasing means away from the valve
      sent to communicate the first passage to said space.
NUM  6.
PAR  6. A flash back arrestor comprising in combination a housing comprised of
      an elongated sleeve, first and second closure means respectively closing
      the ends of said sleeve, first insert member on the inside of said sleeve
      abutting against the inner surface of said first closure means defining an
      outlet passage through said first closure means, a first valve seat
      surrounding said outlet passage, a first valve member slidable in said
      first closure means, means biasing said first valve member into sealing
      engagement with said first valve seat, means communicating the outside of
      said first valve seat externally of said housing, said first valve member
      being in the form of an open ended sleeve whereby said passageway is
      communicated to the inside of said housing through the inside of said
      first valve member, said second closure means having a check valve therein
      an inlet passage to the inside of said housing surrounded by a second
      valve seat, a second valve member closure means and having a first surface
      movable into and out of engagement with said second valve seat, means
      defining a passageway communicating with the side of said second valve
      seat remote from said inlet passage to the inside of said housing, said
      means including an elongated tube in the shape of a helix, said second
      valve member on the end opposite from its first surface being exposed to
      the inside of said housing, said second valve member being freely slidable
      in said housing from a first position spaced from said second valve seat
      to a second position in sealing engagement with said second valve seat and
      means for latching said second valve member against said second valve seat
      when pressures in said housing move said second valve member against said
      second valve seat.
NUM  7.
PAR  7. A safety device for automatically interrupting a flash back through a
      gas supply conduit comprising in combination a housing having an inlet and
      an outlet chamber means, defining an elongated passageway
      intercommunicating said chambers, a valve between said inlet chamber and
      the inlet to said elongated passageway, said valve comprising a valve seat
      and a valve member freely slidable in sealed relationship with said
      housing on a line of movement from a normal first position spaced from
      said valve seat to a second position where a first surface on one end
      thereof is in sealing engagement with said valve seat, said valve member
      having a second surface on the opposite end exposed to pressure in said
      outlet chamber whereby high pressures in said outlet chamber from a flash
      back will move said valve member from said first position to said second
      position and latching means biasing said valve member to said second
      position after said valve member has moved a predetermined distance from
      said first position to said second position.
NUM  8.
PAR  8. The combination of claim 7 wherein said latching means comprise a
      locking member slidable in said valve member on said line of movement and
      having a first surface on one end facing said inlet chamber and a second
      surface on the other end facing said outlet chamber whereby high pressures
      in said outlet chamber from a flash back move said locking member from a
      first to a second position, means biasing said locking member relative to
      said valve member towards said first position and means associated with
      said housing locking said locking member in said second position whenever
      flash back pressures move said locking member thereto.
NUM  9.
PAR  9. The combination of claim 8 wherein said locking member has a bore in its
      first surface and a latching member is slidably mounted in said bore, said
      latching member having a portion of reduced diameter providing a shoulder
      and extending through sealing means externally of said housing, said
      latching member having a first position seated in said bore and retracted
      in said housing and a second position at least partially removed from said
      bore and extending outwardly of said housing, said housing having a bore
      in which the inlet pressure end of said locking member is slidable, said
      bore having an undercut base providing a shoulder, lateral openings in the
      walls of the bore of the locking member, locking balls in said lateral
      openings and in the first position engaging the shoulder of said latching
      member and the walls of the housing bore to prevent said latching member
      moving to the latching position, and in the second position said balls
      moving laterally out of said lateral openings into said undercut when said
      locking member is moved to the second position, whereby said balls engage
      the shoulder formed by said undercut and said latching member can move
      from its first position to a second position holding said balls against
      said shoulder and locking said locking member in its second position.
NUM  10.
PAR  10. A housing for a flash back arrestor comprised of a first sleeve, first
      and second ends closing respective opposite ends of said sleeve, a second
      sleeve inside said first sleeve extending from said first end toward but
      spaced from the second end and spaced from the inner wall of said first
      sleeve and defining therebetween a space, means defining a chamber in said
      second end, a tube in the shape of a helix in said space having an end
      communicating with said chamber, the other end of said tube opening to
      said space and flash pressure actuated valve means movable under flash
      pressures in said second sleeve to close off the communication between
      said chamber and said tube.
NUM  11.
PAR  11. The combination of claim 10 wherein said first end has fastened to one
      end of said first sleeve and having a first central passage therethrough;
      a valve seat surrounding said central passage, means defining a second
      passage communicating the outside of said valve seat to the outside of
      said housing, a pressure actuated valve member slidable in said first end,
      means biasing said valve member against said valve seat, said valve member
      having a pressure surface inwardly of said valve seat facing said first
      passage and movable under pressures in said first passage to vent same to
      the outside of said housing.
NUM  12.
PAR  12. A flash back arrestor comprising in combination an elongated housing
      having first and second ends, an inlet passage in said first end, a
      pressure-actuated valve in said passage, an elongated tube in said housing
      having an inlet passage communicating with the outlet of said
      pressure-actuated valve and an outlet end communicating with the inside of
      said housing, said pressure-actuated valve including a piston member
      having a first valve open and a second valve closed position and having a
      pair of oppositely facing surfaces, one exposed to pressure at the outlet
      and the other exposed to pressure at the inlet end of said tube, said
      piston member being freely movable from said first position to said second
      position when pressures at the outlet end of said tube exceed pressures at
      the inlet end of said tube, and means latching said piston member against
      movement when it has moved to a closed position under such pressure
      differential.
NUM  13.
PAR  13. The combination of claim 12 wherein said tube is in the form of a helix
      and its outlet end is remote from said first end, said helix being
      positioned adjacent the inner surfaces of said housing, a sleeve member
      inwardly of said helix and extending from said second end toward but
      spaced from said first end and means defining an outlet passage in said
      second end communicating with the inside of said sleeve.
NUM  14.
PAR  14. The combination of claim 13 wherein said outlet passage is surrounded
      by a valve seat, a piston, means biasing said piston into sealing
      engagement with said valve seat and means defining a second outlet passage
      in said housing communicating with the side of said valve seat remote from
      said outlet passage, said piston being in the form of a sleeve and
      defining a passage communicating the outlet passage with said inside of
      said housing.
NUM  15.
PAR  15. The combination of claim 12 wherein said latching means include a
      locking piston slidably supported in said valve piston member from a first
      unlocked to a second locked position and having first and second pressure
      surfaces exposed to pressures at the outlet and the inlet end of said tube
      respectively, means biasing said locking piston towards said first
      pressure surface of said valve piston member, said locking piston moving a
      greater distance than said valve piston member under said pressure
      differentials and means coacting with said housing for latching said
      locking piston in a fixed position after it has moved a predetermined
      distance greater than said valve piston member whereby said valve piston
      member is biased to said closed position.
NUM  16.
PAR  16. The combination of claim 15 wherein said locking piston has a closed
      bore in said second surface, a locking pin having one end slidable in said
      bore and an opposite end of reduced diameter extending through the wall of
      said housing and having a first shoulder facing away from said locking
      piston, said wall of said housing having a bore, said locking piston
      having a portion which is slidable in said bore said bore having an
      undercut base forming a second shoulder facing opposite to said first
      shoulder, and laterally movable members carried by said locking piston and
      held in an innermost position by the wall of said housing bore when said
      locking piston is in its first position, said first shoulders on said
      locking pin engaging said members when said locking pin is retracted in
      said locking piston bore, said locking pin moving said laterally movable
      members outwardly when said locking piston moves to its second position
      and said laterally movable members engaging said second shoulder
      preventing movement of said locking piston to the unlatched position.
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ABST
PAL  An oxidizing gas is injected through a nozzle into a bed of carbonaceous
      particles in a downward direction at an angle of declination at least as
      great as the angle of repose of the bed particles and at a gas inlet
      velocity of about 50 to 500 feet per second to supply the gas needed to
      fluidize the bed of carbonaceous particles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a process for preventing the deposition of solids
      on a gas inlet nozzle positioned in a fluidized bed of particles. It
      particularly relates to a method of preventing the presence of stagnant or
      slow moving particles in the zone of the gas inlet in a bed of particles.
      More particularly, it relates to preventing the formation of metallic ash
      deposits on the nozzle inlet which supplies an oxidizing gas to fluidize a
      bed of carbonaceous solids containing metallic contaminants.
PAR  2. Description of the Prior Art
PAR  Fluid bed gasification processes in which a solid carbonaceous material is
      reacted with an oxygen-containing gas, such as, air or oxygen, and/or
      steam are well-known in the art. Such a gasification process is shown, for
      example, in U.S. Pat. No. 3,661,543, which is incorporated herein by
      reference, and in which an oxidizing gas (air or oxygen) and steam are
      injected into the bottom of a coke gasification zone. In such processes,
      the gas inlet nozzle is located in the fluid coke bed and conventionally
      discharges a gas steam upwardly into the bed. Usually, areas of
      defluidized coke are present between nozzle injection points. When
      petroleum coke, which contains metallic contaminants, such as, vanadium
      and nickel components, is gasified by reaction with steam and an oxidizing
      gas to produce a fuel gas, a metallic ash-rich coke residue builds up near
      and around the oxidizing gas inlet of the conventional straight tube,
      upwardly directed, nozzle. Some of this ash subsequently forms a deposit
      on the surface and tip of the gas inlet nozzle and thereby interferes with
      the operation of the nozzle. It is believed that the passage of the
      metallic ash-rich coke particles through the small oxidizing zone near the
      gas inlet causes some of the metallic components to be converted to
      metallic oxides, some of which melt at a temperature lower than the
      temperature at which the gasification zone is maintained. This molten
      material readily adheres to the surface and tip of the gas inlet nozzle,
      solidifies and clogs the orifice of the nozzle.
PAR  It has now been found that the presence of stagnant or slow moving
      particles near the oxidizing gas inlet nozzle and the consequent formation
      of a solid deposition on the nozzle can be minimized or prevented when the
      oxidizing gas which also serves as fluidizing gas is injected into a bed
      of particles in a downward direction at a specified angle and at a given
      gas exit velocity from the nozzle.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention there is provided a process for preventing
      the presence of relatively slower moving particles in the immediate gas
      inlet zone of a fluidized bed of particles, which comprises introducing a
      fluidizing gas into a bed of particles as a downwardly directed stream at
      an angle of declination (from the horizontal axis) at least as great as
      the angle of repose of the bed particles and at an inlet velocity into
      said bed of about 50 to 500 feet per second.
PAR  An improved apparatus for carrying out the process of the invention is also
      provided.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 illustrates, in diagrammatic form, a suitable apparatus for carrying
      out a preferred embodiment of the invention.
PAR  FIG. 2 is a detailed schematic representation of the gas inlet nozzle shown
      in the apparatus of FIG. 1.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  The preferred embodiment of the invention will be described with reference
      to the accompanying drawing.
PAR  Referring to FIG. 1, a gasifier 1 contains a bed of carbonaceous material
      (coke) 2 supported on a bed support sheet 3. When the bed is fluidized by
      the introduction of a fluidizing gas into the bed, as will be described
      later, the fluidized bed has an upper level indicated at 4. Generally, a
      portion of defluidized carbonaceous particles having a level indicated at
      11 is also present under operating conditions. Although in the following
      description the carbonaceous material present in the gasifier will be
      designated as coke, suitable solid carbonaceous materials for the
      gasification process include petroleum coke, coal coke, coal, peat,
      graphite, charcoal or mixtures thereof. When it is desired to obtain a
      fuel gas comprising hydrogen and carbon monoxide by gasification of coke
      with steam and an oxygen-containing gas, the gasifier is maintained at a
      temperature of about 1000.degree. to 2800.degree.F., preferably in the
      range of about 1700.degree. to 1900.degree.F. and at a pressure up to
      about 2000 pounds per square inch gauge (psig), preferably at a pressure
      not greater than about 60 psig. Steam and an oxygen-containing gas, such
      as, air or oxygen, are passed via line 5 through internal inlet conduit 6
      into nozzles 7 located in the gasifier to serve also as the fluidizing gas
      needed to form a fluidized bed of the coke particles. The only
      introduction of fluidizing gas into the gasifier to fluidize the coke
      particles and maintain them in a state of fluidized bed is through nozzles
      7. Each nozzle 7 is connected to a vertical inlet conduit 6. More than one
      nozzle 7 may be connected to the same vertical inlet conduit. Although
      vertical inlet conduit 6 is shown as having two symmetrical nozzles 7, one
      or more than two nozzles connected to a single inlet conduit would also be
      suitable. In FIG. 1, three inlet conduits, each having two nozzles, are
      shown. It is to be understood that one or more such inlet conduits having
      one or more nozzles could be used depending on the specific gasification
      process and size of the gasification vessel utilized. In commercial size
      gasifiers, more than one such nozzles would be utilized to fluidize the
      bed. Returning to FIG. 1, each nozzle 7 is directed in a downward
      direction at an angle of declination from horizontal axis 8 at least as
      great (that is, at least equal to) or greater than the angle of repose 9
      of the coke particles present in gasifier 1. The angle of declination of
      nozzle 7 can range up to an angle of about 90.degree.. By the expression
      "angle of repose" is intended herein the specific angle that a powdered,
      granular or particulate matter will assume when it is unloaded in an
      unconfined manner. For example, for fluid petroleum coke, a typical angle
      of repose is 30.degree.. Preferably, the nozzle is downwardly directed at
      an angle 15.degree.  to 60.degree. greater than the angle of repose of the
      particles present in the gasifier. The gaseous mixture of steam and an
      oxidizing gas introduced into the gasifier via line 5, then through
      internal vertical conduit 6, leaves the orifice of nozzle 7 at an exit
      velocity in the range of about 50 to 500 feet per second, preferably at a
      gas exit velocity from the nozzle in the range of about 100 to 350 feet
      per second. For example, an angle of declination 15.degree. to 30.degree.
      greater than the angle of repose of the particles may be utilized with a
      gas exit velocity greater than 175 feet per second. Desirably, the higher
      gas exit velocities are utilized as the angle of declination of the nozzle
      approaches the angle of repose of the particles.
PAR  Reaction of the coke particles with the steam and oxygen-containing gas
      produces a fuel gas which is removed overhead from the gasifier via line
      10. An ash-rich coke residue containing metallic components, including
      vanadium compounds, is present in the gasifier. The surface and tip of the
      nozzle are substantially free of ash depositions.
PAR  By injecting the oxidizing gas in a downward direction into the bed, the
      nozzle surface is above the oxidizing zone which is near the inlet of the
      oxidizing gas. The presence of stagnant or slow moving coke particles near
      the gas inlet is controlled by injecting the oxidizing gas at a specified
      range of velocity into the bed.
PAR  In FIG. 2, nozzle 7 of FIG. 1 is shown in enlarged side elevation section.
PAR  Although the process of the invention is particularly well suited for
      gasification reactions, it is also applicable to other fluidized bed
      systems to inhibit the presence of slow moving particles near a gas inlet
      or to provide for more uniform mixing of the particles in a fluid bed.
PAR  The following example is presented to illustrate the process and nozzle of
      the present invention.
PAC  EXAMPLE
PAR  Tests were conducted with nozzles having three different types of
      configuration as follows:
PAR  A. An upwardly directed flow nozzle having a vertical straight tube stem or
      inlet conduit having an opening at its upper end. The internal diameter of
      the tube was one-fourths of an inch and the opening in the tip was 0.23
      inches.
PAR  B. A side directed flow nozzle having a vertical straight tube stem or
      inlet conduit closed at its upper end. The internal diameter of the tube
      was one-fourths of an inch and the outer diameter was three-eighths inches
      with four holes of 2 millimeters spaced 90.degree. apart. The gas exited
      from the holes at a 90.degree.  angle from the vertical axis of the inlet
      tube.
PAR  C. A downwardly directed flow nozzle having a vertical straight tube inlet
      stem and a nozzle directed at an angle of declination 90.degree. from the
      horizontal axis. The internal diameter of the stem was one-eighths of an
      inch and the outer diameter of the stem was one-fourth of an inch.
PAR  The tests were carried out in a 3 inch by 96 inches reactor in which a high
      ash coke obtained from a commercial coker was gasified continuously by
      reaction with a gas mixture of steam and air. A single nozzle design was
      evaluated during each run. The operating conditions and results are
      summarized in the following table.
TBL  ______________________________________                                    

                     Feed Coke from Commercial Fluid Coker                     

     Nozzle Design     A        B        C                                     

     ______________________________________                                    

     Ash Content of Feed Coke,                                                 

                       0.68     0.68     0.68                                  

       wt. %                                                                   

     Vanadium Content of Feed                                                  

       coke,ppm        2800     2800     2800                                  

     Temperature, .degree.F.                                                   

                       1800     1800     1800                                  

     Pressure, psig    0        0        0                                     

     Gasification Level, %                                                     

                       69       67       64                                    

     Length of Test Run, Hrs.                                                  

                       105      99       144                                   

     Gas Exit Velocity, Ft/Sec.                                                

     at 1000.degree.F. 97       95       149                                   

     Wt. of Deposit                                                            

               .times. 100 2.2      0.4    0.0                                 

     Wt. of Ash Fed                                                            

     ______________________________________                                    

PAR  The above data show that no deposit was formed on the downwardly directed
      nozzle.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a gasification process wherein an oxygen-containing fluidizing gas is
      introduced through a nozzle into a bed of carbonaceous particles
      containing metallic contaminants, the improvement which comprises:
      preventing the formation of metallic ash deposits on said nozzle by
      introducing said oxygen-containing fluidizing gas into said bed as a
      downwardly directed stream at an angle of declination from a horizontal
      axis at least as great as the angle of repose of said bed particles and at
      an inlet velocity into said bed in the range of about 50 to 500 feet per
      second.
NUM  2.
PAR  2. The process of claim 1 wherein said inlet velocity of said
      oxygen-containing gas is in the range of about 100 to 350 feet per second.
NUM  3.
PAR  3. The process of claim 1 wherein said downwardly directed nozzle is at an
      angle of declination of about 15.degree. to 60.degree. greater than the
      angle of repose of said carbonaceous bed of particles.
NUM  4.
PAR  4. The process of claim 1 wherein said angle of declination ranges up to an
      angle of about 90.degree..
NUM  5.
PAR  5. The process of claim 1 wherein said inlet velocity of said gas is
      greater than about 175 feet per second and said angle of declination is
      about 15.degree. to 30.degree. greater than said angle of repose.
NUM  6.
PAR  6. The process of claim 1, wherein said oxygen-containing gas comprises a
      mixture of steam and an oxidizing gas.
NUM  7.
PAR  7. In a gasification process wherein an oxidizing fluidizing gas is
      introduced into a bed of carbonaceous particles containing metallic
      impurities through a nozzle positioned in said bed, the improvement which
      comprises: preventing the formation of metallic ash deposits on said
      nozzle by introducing said fluidizing gas into said bed through a
      downwardly directed nozzle at an angle of declination from a horizontal
      axis at least as great as the angle of repose of said bed particles and at
      a gas exit velocity from said nozzle in the range of about 50 to 500 feet
      per second.
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PAL  Substitute Natural Gas is produced by passing methanol vapour, optioally
      admixed with a minor proportion of recycle carbon dioxide, through a bed
      of nickel catalyst in an isothermal reactor and removing carbon dioxide
      from the product gas, the methanol vapour being passed into the catalyst
      bed at a temperature of at least 250.degree.C, preferably about
      250.degree.C, and the bed being maintained at a temperature of from
      250.degree.C to 350.degree.C, preferably about 300.degree.C, by external
      cooling with boiling water at a steam pressure of at least 550 psig.
BSUM
PAR  This invention relates to a process for the production of a substitute
      natural gas (SNG) and in particular to such a process using methanol
      feedstock.
PAR  Methanol as an SNG feedstock has the following in-built advantages:
PA1  1. It is clean, free of sulphur, and any gum forming or coke forming
      substances;
PA1  2. It is therefore readily vapourized and requires no desulphurization step
      before being passed to a nickel catalyst;
PA1  3. It is a partially oxygenated compound and may be regarded as
      CH.sub.2.H.sub.2 O. It thus carries an in-built water supply as far as any
      steam reforming process is concerned;
PA1  4. If one considers the ideal overall stoichiometry of the conversion of
      methanol to methane viz.
EQU  CH.sub.3 OH = 0.75CH.sub.4 + 0.25CO.sub.2 + 0.5H.sub.2 O
PA1  it is readily appreciated that the process is a net generator of high
      quality water, thus no process water supply is required. Under oxygen free
      conditions, no deaeration or scavenging step is needed;
PA1  5. Methanol is capable of drying gases and of carbon dioxide removal.
PAR  In addition to the direct advantages of methanol as an SNG feedstock the
      properties of methanol are such that it constitutes an economical and
      convenient energy transfer medium in that it may be readily transported by
      pipeline without many of the practical difficulties and high cost involved
      in gas pipelines or pipelines for other liquids such as heavy oils. Other
      materials such as coal and light and heavy oils have been proposed as SNG
      feedstocks but the use of such materials is in many instances complicated
      by the necessity to transport the feedstock to the area of gas demand or
      indeed to manufacture the gas at source, for example, at the minehead, and
      then to transport the gas by pipeline to the area of gas demand. Thus it
      may be advantageous to convert such materials or other inconvenient solid,
      liquid or gaseous energy sources, often by well proven technology, to
      methanol for transportation, either by pipeline or sea tanker, and
      thereafter to manufacture SNG directly from the methanol in the area of
      gas demand. Previous processes for the production of SNG using methanol
      feedstock have involved the following steps:
PA1  A. initial gasification of methanol over a nickel catalyst to an outlet
      temperature of 500.degree.-550.degree.C;
PA1  b. cooling of gases so produced which contain mainly methane, hydrogen and
      carbon dioxide with less than 1% carbon monoxide, in the presence of
      steam, to 250.degree.-300.degree.C. A typical dry gas analysis would be:
TBL                 % Vol.                                                     

     ______________________________________                                    

     CH.sub.4         65.0                                                     

     CO.sub.2         21.5                                                     

      H.sub.2         13.0                                                     

     CO               0.5                                                      

                      100.0                                                    

     ______________________________________                                    

PA1  c. adiabatic methanation of said gases to give a gas containing about 2 per
      cent water;
PA1  d. further cooling to 250.degree.-300.degree.C and final methanation to
      give a gas of a 1000 BTU/FT3 after carbon dioxide removal;
PA1  e. carbon dioxide removal by hot carbonate washing or other means;
PA1  f. gas drying, e.g. by a glycol wash process.
PAR  Methanol gives a high temperature rise on the initial gasification step
      (step (a)) and this necessitates the use of a high steam ratio in order to
      avoid carbon deposition in the outlet gas and further to avoid
      unacceptably high outlet temperatures from the reactor giving rise to
      problems in reactor design. This route may be improved by incorporating a
      number of adiabatic reactors in series with methanol addition and steam
      raising between each stage. Low steam ratios may then be achieved without
      excessive outlet temperatures.
PAR  We have now found that the production of SNG from methanol may be carried
      out at improved thermal efficiency and with less complicated plant design
      by using an isothermal reactor as opposed to an adiabatic reactor.
PAR  Accordingly, the present invention provides a process for the production of
      SNG from methanol feedstock which process comprises passing methanol
      vapour optionally admixed with a minor proportion of recycle carbon
      dioxide through a bed of nickel catalyst in an isothermal reactor and
      removing carbon dioxide from the product gas, the methanol vapour being
      passed into the catalyst bed at a temperature of at least 250.degree.C
      preferably about 250.degree.C and the bed being maintained by the reaction
      at a temperature of from 250.degree.C to 350.degree.C preferably about
      300.degree.C.
PAR  Experiment has shown that the reaction of methanol vapour to form SNG takes
      place readily over a nickel catalyst at 250.degree.C. Thus, provided the
      reaction temperature remains at all times about 250.degree.C, there is no
      tendancy for the reaction to `quench`. The overall reaction is in fact
      strongly exothermic providing heat in excess of that required to maintain
      the catalyst bed in the required temperature range of from 250.degree. to
      350.degree.C. The surplus heat or as much of the surplus heat as is
      necessary is preferably utilized in the process of the present invention
      for vapourizing and preheating further methanol feedstock to the required
      temperature of at least 250.degree.C prior to entry into the reactor.
PAR  One form of isothermal reactor which may be conveniently employed in the
      process of the present invention comprises a plurality of tubes surrounded
      by a shell such that when the reactor is in use catalyst may be contained
      in the tubes and boiling water may be circulated through the shell at an
      appropriate rate thereby conducting away surplus heat generated in the
      reaction tubes and maintaining isothermal or near isothermal reaction
      conditions.
PAR  An alternative and preferred form of isothermal reactor for use in the
      process of the present invention comprises an inner tube sheathed by an
      outer tube concentric with said tube such that when the reactor is in use
      catalyst may be contained in the inner tube and boiling water may be
      circulated through the annular space between the inner and outer tubes to
      maintain isothermal or near isothermal conditions for the reaction
      occurring in the inner tube. This arrangement enables high heat transfer
      areas to be obtained without the need for large pressure vessels. However
      the tubes of the concentric tube reactor are limited in size by practical
      considerations, for example to an inner tube having an inside diameter of
      about 4 inches, thus in a preferred embodiment, to secure adequate output,
      a plurality of concentric tube reactors may be employed. In such an
      arrangement all the reactors, optionally contained in a mild steel casing
      and insulated from one another for example with purlite insulation, may be
      piped separately to inlet and outlet headers for both feedstock and
      cooling water.
PAR  At steam pressures above 550 psig. the boiling point of water is above
      250.degree.C. Thus by raising steam in the above described isothermal
      reactors at 550 psig. or higher pressure, reaction quenching may be
      prevented and the temperature rise of the reactants may at the same time
      be limited such that the temperature of the catalyst bed and the outlet
      temperature of products is close to 250.degree.C and lies in the required
      range of from 250.degree. to 350.degree.C. At temperatures in this range
      methanol is completely converted to methane and carbon dioxide with less
      than 1% hydrogen in dry gas product and minor traces of carbon monoxide
      (.about.0.1%) only.
PAR  Circulation of boiling water through the reactors may be effected by means
      of a pump or by natural circulation. As stated above, some of the surplus
      heat conducted away by the boiling water is preferably utilized in the
      process of the present invention to vapourize and preheat methanol
      feedstock, according to known techniques. The remainder of the surplus
      heat may be used, for example, to drive turbines or other machinery.
PAR  As catalyst in the process of the present invention may be employed, for
      example, any of the nickel catalysts conventionally used in the
      gasification of methanol. A preferred catalyst in Catalytic Rich Gas (CRG)
      catalyst as described in British Patent Specification No. 820,257 and
      which consists of reduced nickel activated with alumina, and contains, for
      example, 15% of nickel. Such a catalyst may be prepared by treating an
      aqueous solution of water-soluble salts, for example, the nitrates, of
      nickel and aluminium with an alkali, such as sodium carbonate, to produce
      a precipitate of a mixture of nickel and aluminium compounds, washing and
      drying the precipitate, reducing the nickel compound to metallic nickel,
      and granulating or pelleting the resulting mixture of reduced nickel and
      alumina. Alternatively, granules of active alumina may be impregnated with
      an aqueous solution of nickel nitrate, then roasted, and the nickel oxide
      reduced to metallic nickel.
PAR  Removal of carbon dioxide from the gas produced in the reactor, usually
      after cooling of the gas, may be effected by any known technique. For
      instance the gas may be partially scrubbed of carbon dioxide using a
      `coarse` process such as water washing or `flash` Benfield. Cryogenic
      separation may be used to bring the level of CO.sub.2 down to 6 to 10%
      volume. The remainder of the carbon dioxide may be removed using methanol
      feedstock scrubbing which depends in principle on the high solubility of
      carbon dioxide in methanol at high pressures and low temperatures. Recycle
      carbon dioxide contained in methanol feedstock which has been obtained in
      this way has little effect on the equilibrium obtained at the outlet of
      the reactor.
PAR  After removal of carbon dioxide, preferably followed by enrichment in
      conventional manner, the gas obtained by the process of the present
      invention is intended to be interchangeable with natural gas.
PAR  It is to be understood that the invention also includes SNG when produced
      by the process of the invention and apparatus for producing SNG as
      specifically described herein.
DETD
PAR  The invention will now be further illustrated by the following examples of
      which Example 1 is a comparative example relating to the known adiabatic
      process and Example 2 relates to the isothermal process of the present
      invention.
PAC  EXAMPLE 1
PAC  Multistage Adiabatic Process
PAR  A typical flow diagram for this process is shown in the accompanying FIG.
      1.
PAR  The object of this process is to limit the temperature rise in each reactor
      to 250.degree.C by interstage cooling. Initially water and methanol are
      mixed in the ratio 4 lbs./lb vapourised and fed to the first adiabatic
      reactor at a preheat of 250.degree.C. Gases leave the reactor in
      equilibrium at 500.degree.C and are cooled to 250.degree.C. Cooling may be
      achieved wholly by a steam raising waste heat boiler or partly by a boiler
      and partly by direct injection of methanol feed. In this example liquid
      methanol at ambient temperature is used and this, of course, eliminates
      the need for a methanol vapouriser. The amount of methanol added is
      arranged so as to give a 250.degree.C temperature rise in the next
      adiabatic reactor. Temperature control is achieved by bypass control of
      the waste heat boiler. The process is continued in a similar manner for
      any number of reactors the number being limited by complexity of plant and
      reactor sizing. The outlet temperature of 500.degree.C from the final
      reactor is not compatible with the production of a satisfactory substitute
      natural gas and a further two adiabatic stages are required. In the first
      stage the gas is cooled to 250.degree.C but no further methanol is added.
      The resultant outlet temperature is in the range 300.degree.-350.degree.C
      depending on the number of preceding stages. This gas is then cooled to a
      temperature at which water is condensed and all the water that was
      originally added to the methanol is rejected. The gas is reheated to
      250.degree.C and passed to a final reactor where equilibrium is reached at
      an outlet temperature in the range 260.degree.-300.degree.C. The final
      gas, after carbon dioxide removal to 1% and enrichment to 1000 Btu/scf is
      a fully interchangeable substitute natural gas. CRG catalyst would be used
      throughout the process. The major advantage of the process is the high
      thermal efficiency of using the multiple reactor arrangement in that the
      greater the stages employed the less water is required to be vapourised
      per unit mass of methanol gasified. If more than four stages are used the
      process is self supporting in heat requirement and surplus steam may be
      expected or used for power generation.
PAR  The composition of the gas produced at each stage of the process
      illustrated in FIG. 1 is given in the following Table 1.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Ex Stage 1  Ex Stage 2                                                    

                         Ex Stage 3                                            

                                 Ex Stage 4                                    

                                         Ex Stage 5                            

     Wet     Dry Wet Dry Wet Dry Wet Dry Wet Dry                               

     __________________________________________________________________________

     CO.sub.2                                                                  

         4.4 24.4                                                              

                 6.3 24.6                                                      

                         7.9 24.7                                              

                                 9.3 24.3                                      

                                         10.6                                  

                                             24.0                              

     CO  0.1 0.6 0.1 0.4 0.2 0.6 0.2 0.5 0.2 0.5                               

     H.sub.2                                                                   

         6.8 37.8                                                              

                 6.8 26.6                                                      

                         6.8 21.2                                              

                                 6.5 17.0                                      

                                         6.3 14.3                              

     CH.sub.4                                                                  

         6.7 37.2                                                              

                 12.4                                                          

                     28.4                                                      

                         17.1                                                  

                             53.5                                              

                                 22.3                                          

                                     58.2                                      

                                         27.1                                  

                                             61.2                              

     H.sub.2 O                                                                 

         82.0                                                                  

             --  74.4                                                          

                     --  68.0                                                  

                             --  61.7                                          

                                     --  55.8                                  

                                             --                                

     C.sub.3 H.sub.8                                                           

         --  --  --  --  --  --  --  --  --  --                                

     __________________________________________________________________________

                 Ex Stage 6                                                    

                         Ex Stage 7                                            

                                 Final gas ex Stage 8                          

                                           After                               

                                             After                             

                 Wet Dry Wet Dry Wet Dry   CO.sub.2                            

                                             enrich-                           

                                           re-                                 

                                           moval                               

                                             ment                              

     __________________________________________________________________________

             CO.sub.2                                                          

                 11.5                                                          

                     24.6                                                      

                         10.6                                                  

                             25.0                                              

                                 16.7                                          

                                     25.0  1.0                                 

                                             1.0                               

             CO  0.3 0.6 0.0 0.0 0.0 0.0   0.0                                 

                                             0.0                               

             H.sub.2                                                           

                 6.2 13.3                                                      

                         0.7 1.7 0.2 0.3   0.4                                 

                                             0.4                               

             CH.sub.4                                                          

                 28.7                                                          

                     61.5                                                      

                         31.1                                                  

                             73.3                                              

                                 49.9                                          

                                     74.7  98.6                                

                                             97.2                              

             H.sub.2 O                                                         

                 53.3                                                          

                     --  57.6                                                  

                             --  33.2                                          

                                     --    --                                  

                                             --                                

             C.sub.3 H.sub.8                                                   

                 --  --  --  --  --  --    --                                  

                                             1.4                               

     __________________________________________________________________________

PAC  EXAMPLE 2
PAC  Single Stage `Isothermal` Process
PAR  In this process the temperature rise due to the exothermic reaction is
      controlled by directly cooling the catalyst vessel with a jacket of
      boiling water and steam. This technique enables methanol to be gasified
      directly without the necessity to add water to the feed. This example is
      also used to demonstrate the use of methanol to recycle carbon dioxide
      round the process. Methanol containing 20 mole percent of carbon dioxide
      is vapourised and preheated to 250.degree.C prior to introduction to the
      isothermal reactor. The reactor (the design of which is discussed
      hereinbelow) is cooled with boiling water at 850 lb/in..sup.2 and the
      flows are adjusted to give an outlet temperature of 300.degree.C. The
      gases are cooled and passed to the first stage of carbon dioxide removal.
      There is insufficient heat in the gases to vapourise and preheat the feed
      and this must therefore be accomplished by heat exchange with steam. In
      the coarse carbon dioxide removal unit, carbon dioxide formed from the
      methanol feed is removed. The recycle carbon dioxide is then removed in
      the `Rectisol` unit leaving a gas which is substantially free of carbon
      dioxide and which after enrichment to 1000 Btu./scf, is interchangeable
      with natural gas.
PAR  Two types of reactor design may be used:
PA0  a. the catalyst may be contained in tubes in a bundle contained in a
      pressure shell through which the cooling water and steam circulates. The
      major limitation with this design is the size of the outer shell. For
      example a 10 mmscfd plant would have a heat release of 64.10.sup.6
      Btu./hr. in the reactor. For an assumed heat flux of 1000 Btu./ft..sup.2 a
      heat transfer area of 6400 ft..sup.2 is required. If 3 inch I.D., 3.5 inch
      O.D. tubes 20 ft. long are used, 407 tubes would be required and the
      methanol loading to the catalyst would be 2250 lb/ft..sup.2 hr. If the
      tubes are arranged on a 5 inch triangular pitch the shell would be 9 ft.
      I.D. and 9 ft. 6 in. O.D. This type of design results in comparatively low
      heat transfer area to cross sectional area ratio because of practical and
      economic restrictions on the outer pressure shell. This ratio cannot be
      improved by reducing the catalyst tube diameter beyond 3 inches because of
      difficulties with loading and unloading of catalyst. The length of the
      reactor could be extended but such a vessel 100 ft. long for example would
      be very expensive.
PA0  b. The catalyst may be contained in tubes each of which is surrounded by
      another tube with boiling water in the annular space between them. This
      eliminates the problems with a large pressure vessel and the loading to
      the catalyst, the length of the tubes and the number of tubes can all be
      increased. For example a 50 mmscfd plant with a loading of 7000
      lb/ft..sup.2 hr to the tubes and an assumed heat flux of 1000
      Btu./ft.sup.2 hr would have 346 4.5 inch O.D. 4 inch I.D. tubes 100 ft.
      long each surrounded by a cooling water tube. The catalyst tubes would
      probably contain 1/4 inch CRG catalyst. Such an arrangement could be
      contained in a mild steel casing with purlite insulation between the tubes
      and the casing size would be approximately 12 ft. by 20 ft. Each tube
      would be piped separately to inlet and outlet headers for both gas and
      cooling water and the water would be circulated by pumps to a steam drum
      situated above the tubes.
PAR  A typical flow diagram for the process of the invention incorporating a
      reactor as described at (b) above is shown in the accompanying FIG. 2. The
      composition of the gas produced at various stages of this process is
      presented in the following Table 2.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

     Ex Cooled Catalyst                                                        

                     Ex Primary                                                

                             Ex Secondary                                      

                                     Product                                   

     Tubes           CO.sub.2 Removal                                          

                             CO.sub.2 Removal                                  

                                     Gas                                       

     __________________________________________________________________________

     Wet       Dry   Dry     Dry     After                                     

                             Enrichment                                        

     __________________________________________________________________________

     CO.sub.2                                                                  

         26.50 37.43 21.57   1.00    0.98                                      

     CO  0.01  0.01  0.01    0.02    0.02                                      

     H.sub.2                                                                   

         0.35  0.49  0.61    0.78    0.77                                      

     CH.sub.4                                                                  

         43.95 62.07 77.81   98.20   96.66                                     

     H.sub.2 O                                                                 

         29.19 --    --      --      --                                        

     C.sub.3 H.sub.8                                                           

         --    --    --      --      1.57                                      

     __________________________________________________________________________

PAR  It is believed that in addition to methanol gasification to SNG, other
      exothermic reactions could be profitably carried out in the apparatus of
      the present invention employing an isothermal reactor. Examples of such
      reactions would be methanation of carbon oxides to convert a lean gas,
      such as LURGI gas, to SNG and reduction of hydrogen content of GRH
      effluent or FBH effluent. The invention could also be applied to the
      direct gasification of naphtha feedstocks provided the reactor feed is
      comprised, in part, of elemental hydrogen. The presence of hydrogen
      reduces the "quench" temperature of the gasification reaction so that,
      although the reactants may be cooled to the jacket temperature by passage
      over a layer of deactivated catalyst, the hydrogen enables the reaction to
      proceed. The source of hydrogen for this type of process would be
      typically the effluent from a CRG reactor or the effluent from a high
      temperature tubular reformer.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the production of gases suitable for substitution for
      Natural Gas which process comprises preheating methanol to a temperature
      of at least 250.degree.C to form a methanol vapor, passing said vapor
      through a bed of nickel catalyst in an isothermal reactor to form a
      product gas, maintaining said catalyst bed at a single isothermal
      temperature within the range of 250.degree. to 350.degree.C by external
      cooling with boiling water at a steam pressure of at least 550 psig, and
      removing carbon dioxide from said product gas.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the carbon dioxide removed from
      the reactor product gases is recycled to the reactor inlet.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein carbon dioxide is removed from
      the reactor product gases to a level of 6 to 10% volume by cryogenic
      separation and the remainder is removed by scrubbing with methanol
      feedstock.
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ABST
PAL  There is disclosed a method for the gasification of coal in situ which
      comprises drilling at least one well or borehole from the earth's surface
      so that the well or borehole enters the coalbed or seam horizontally and
      intersects the coalbed in a direction normal to its major natural fracture
      system, initiating burning of the coal with the introduction of a
      combustion-supporting gas such as air to convert the coal in situ to a
      heating gas of relatively high calorific value and recovering the gas. In
      a further embodiment the recovered gas may be used to drive one or more
      generators for the production of electricity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the in situ or underground gasification of coal
      by drilling boreholes into the major fracture system of the coal, igniting
      the coal and recovering the gas formed.
PAR  2. Description of the Prior Art
PAR  In 1971, more than 75 percent of the energy used in the United States came
      from petroleum and natural gas. Coal, which is our most abundant energy
      resource, supplied only 18 percent of the total energy consumed in that
      year. The increasing short supply of petroleum and natural gas has caused
      many people in the energy field to consider various methods of converting
      our vast coal reserves to an environmentally acceptable fuel.
PAR  Coal gasification has become the subject of many studies in recent years as
      a conversion technique which shows promise of providing a substitute for
      high Btu natural gas. Such a substitute gas would have its greatest impact
      on the industrial sector, primarily in the electric power generation
      field. Low Btu gas can be produced from coal either above ground or in
      place.
PAR  Since 1969, with the passage of the Federal Coal Mine Health and Safety
      Act, the Bureau of Mines has increased its emphasis on reducing the
      occupational hazards associated with coal mining. The in situ gasification
      of coal has therefore become a possible means of extracting energy value
      from coal while minimizing health and safety problems.
PAR  The production of coal energy by the use of wells through underground
      mining has been a continual subject of interest in the field of energy
      production for many years. Coal gasification by use of above ground
      retorting is well known in the art and was developed in Germany prior to
      World War II. In this method, oxygen and steam are simultaneously injected
      into a field retort and upon combustion, a gas having a calorific value
      sufficient for commercial usage and coal tar liquids is produced.
PAR  Various ideas have been advanced for conducting the gasification of coal
      underground or in situ, that is, to convert the coal "in place" to a
      usable gas having a high calorific value. Many technological advances were
      made in this area and efforts were primarily confined to the advancement
      of theories on the subject until substantial work and testing was done in
      Russia. Much of the Russian work involved considerable underground mining
      and construction in an effort to provide the necessary passageways for air
      to pass through the coal. Some efforts involved breaking up the coal
      underground to provide air passages but the problem with the Russian
      approach was that the numerous wells required to break up the coal
      underground and provide adequate air passages made the approach
      uneconomical as the amount of excavation encountered was tremendous.
PAR  The art then progressed to drilling holes in the coal seam and charging
      with dynamite. As the burning front progressed through the stratum the
      charges were automatically set off in an effort to break off and crush the
      coal and render a segment of the bed more permeable. This resulted in
      irregularities too great to sustain continued gas flow and the gas
      produced contained such large amounts of air that the heating value of the
      gas was lowered substantially.
PAR  A further approach involved shaft and borehole mining combinations but
      these progressed only to the point that steeply sloping seams near
      outcrops could be utilized to provide a useful gas. A major problem with
      this system as well as the previous systems discussed involved the large
      amount of excavation and mining required as well as the further problem
      that the rate of air injection which directly affected the gas produced
      was responsible for providing a gas of low Btu value. The low permeability
      of the coal contributed to this problem.
PAR  A good deal of prior art has been written on this subject matter and
      various aspects of in situ gasification of coal are disclosed in recently
      issued U.S. patents. Patents which are concerned with this subject matter
      include U.S. Pat. Nos. 3,563,606; 3,513,913; 3,628,929; 3,709,295 and
      3,775,073. In addition, a publication of the Bureau of Mines of the United
      States Department of Interior, Information Circular 8193, issued 1963,
      contains a bibliography of the underground gasification of coal for the
      period 1945-1960.
PAR  The present invention is considered to provide a number of advantages in
      new methods for the in situ gasification of coal and to provide a major
      advance in this art.
PAC  SUMMARY OF THE INVENTION
PAR  It is accordingly one object of the invention to provide a method for the
      in situ gasification of coal to provide a heating gas of high Btu value.
PAR  A further object of the invention is to provide a method by which the in
      situ gasification of coal can be carried out to provide increased
      conversions of the coal and achieve maximum penetration of the coal by
      taking advantage of its area of greatest natural permeability.
PAR  A still further object of the invention is to provide a method for the in
      situ conversion of coal to a heating gas of high calorific value by use of
      the horizontal borehole method in which a minimum number of boreholes are
      required to be drilled.
PAR  A still further object of the invention is to provide a method for the in
      situ gasification of coal for conversion of a substantial portion of the
      coal into a heating gas of high calorific value by methods which provide
      maximum fracture and permeability of the gas into the coalbed together
      with methods for recovery of the product gas produced.
PAR  Other objects and advantages to the present invention will become apparent
      as the description thereof proceeds.
PAR  In satisfaction of the foregoing objects and advantages there is provided
      by this invention a method for the in situ gasification of coal which
      comprises drilling at least one well or borehole from the surface of the
      earth so that it enters the coalbed or seam horizontally and intersects
      the major fracture system of the coalbed, initiating burning of the coal
      while introducing a combustion-supporting gas such as air to convert the
      coal in situ to a gas of relatively high calorific value and recovering
      the gas produced. In a further embodiment the gas recovered may be used to
      drive one or more generators for the production of electricity.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Reference is now made to the drawings accompanying this application where
      it will be seen that,
PAR  FIG. 1 represents a schematic diagram of one embodiment of directional
      drilling of the boreholes according to the method of this invention;
PAR  FIG. 2 is a plan view illustrating the combustion front of the burning coal
      as the in situ conversion progresses;
PAR  FIG. 3 illustrates the method of intersection of a bed of Eastern coal to
      achieve communication with the major natural fracture system of the coal
      and therefore maximum permeability;
PAR  FIG. 4 is an enlarged view of a core sample of coal showing the areas of
      maximum fracture densities; and
PAR  FIG. 5 is an enlarged view of a core sample of coal showing the significant
      areas of permeability.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  As indicated above, this invention is concerned with new methods for the in
      situ gasification of coal. The method of the present invention utilizes a
      combination of procedures and techniques which provide a novel advance in
      the gasification of coal in place. In one aspect use is made of boreholes
      or wells drilled from the earth's surface and preferably drilled on a
      slant so as to intersect the coalbed while traveling in a horizontal
      direction. Use is also made of the discovery that maximum permeability of
      coal is achieved by drilling the boreholes parallel to the direction of
      lowest permeability so that air to support the combustion and the product
      gases will travel in the direction of greatest permeability at right
      angles toward the producer borehole. Using these techniques it has been
      found that major advantages are achieved over the use of vertical wells or
      blind boreholes which provided insufficient exposed area to sustain a
      quality product gas. Moreover, the number of wells required to develop
      coal resources can be considerably reduced over the systems used
      heretofore. Various advantages are achieved in use of the methods of this
      invention including the burning of coal in the natural fracture system
      over large areas, control of the burning operation over the entire life of
      the burn, as by the use of water and polymer quenching, reduction of the
      number of wells necessary to be drilled to accomplish the in situ
      gasification to at least 2% of the number now required, drilling of the
      wells from a surface location beginning vertically or at some
      predetermined angle but passing through the coal horizontally and back to
      the surface vertically or at some angle at a point many hundreds of feet
      away, and the use of positive and negative quencher wells to improve the
      recovery of gases generated. In addition, large blocks of coal (e.g. 2,400
      to 4,000 feet long by 200 to 1,000 feet wide), can be burned between each
      injection without additional wells. Also subsidence, if it occurs will be
      over a very large area to result in a more environmentally acceptable
      operation. Further, the wells can be cased from top to bottom, the quality
      of the producer gas during devolatilization can be maintained at a higher
      Btu value, and liquid hydrocarbons will be produced during operation.
PAR  The concept as set forth with respect to the method of this invention will
      produce a gas of a relatively high calorific value, that is, on the order
      of a Btu value of greater than 400 during devolatilization of the coal and
      a low Btu value gas greater than 100 during the combustion of the
      remaining coke.
PAR  The wells or boreholes are directionally drilled perpendicular to the
      direction of maximum permeability and the coal converted to a gas by
      forward and/or reverse burning utilizing air, oxygen enriched air, or
      oxygen. Control of the burn (forward or reverse) will be accomplished by
      air and/or oxygen injection control, the use of water injection, and/or
      the injection of various polymers. The wells are directionally drilled
      either continuously (down from surface-through the coal back to surface)
      or down from the surface, but not returned to the surface (blind end in
      coal) and can be cased throughout the length. Burning (reverse or forward)
      is then initiated in the coal and the flame front progresses through the
      major fracture system and to some degree through the minor fracture system
      and the gas produced is collected in the production wells and returned to
      the surface for firing gas turbines and boilers and conversion to methane,
      methanol or other liquid hydrocarbons.
PAR  As indicated this invention is predicated on two primary discoveries. One
      discovery involves the method by which the boreholes and wells are drilled
      into the coal seam. The second concerns the method in which the coalbed is
      fractured in order to obtain greatest permeability of the gas being
      introduced and thus the greatest conversion.
PAR  In drilling the borehole, it is preferable that it be started at any
      desired angle from vertical and started from the surface. The borehole may
      be started at any desired angle from vertical so long as the drilling
      equipment will permit the borehole to be traveling horizontally when it
      reaches the coalbed or seam. In general, however, with conventional
      equipment the angle of initiation will be determined by the depth of the
      coalbed and dip of the coalbed. With conventional angle drilling rigs the
      angle of deviation should increase at a uniform rate of 5.degree. per 100
      feet of drilled hole for maximum benefits.
PAR  A preferred embodiment utilizing the slant drilling concept is illustrated
      in FIG. 1 where there is seen surface 3, overburden 4 which may be rock,
      clay, subsoil and the like, and coalbed or seam 5. The coalbed may be of
      varying thickness and depths and many thousands of feet long. From the
      surface, borehole 1 is drilled by well A on a slant of any desired angle
      from vertical and then proceeds at a greater slant so that it intersects
      the coalbed 5 while traveling in a horizontal direction. As seen in the
      drawing, a second borehole 2 is drilled from well B at a suitable distance
      from borehole 1 and in a reverse direction so that it will intersect the
      same coalbed while traveling on the horizontal axis. Thereafter each well
      is cased into the coalbed or seam and burning of the coal is initiated by
      establishing in situ combustion within the coalbed 5. To establish
      combustion, ignition is started and a combustion supporting gas is
      introduced from borehole 1 in the direction of arrow 6 and in borehole 2
      in the direction of arrow 7, the gas being necessary to support combustion
      of the coal and its conversion.
PAR  While the wells or boreholes may be drilled at any desired angle or from
      vertical, in the preferred embodiment the direction of deviation is
      determined by the orientation of the natural fracture system existing in
      the coal. This fracture system controls the directional permeability of
      the coal and thus the preferential direction of flow of the product gases.
      Therefore, in the preferred aspect, the directionally deviated wells are
      drilled parallel to the direction of lowest permeability so that air or
      other combustion and product gases will travel in the direction of
      greatest permeability at right angles toward the producer borehole.
PAR  In the system of FIG. 1, the combustion may be started in one or both
      horizontal boreholes. In the seam, either forward or reverse combustion
      can be accomplished with these two wells or any combination of wells. A
      reverse combustion process may also be used in which vertical wells are
      provided to monitor the location of the combustion zone. This may also be
      done by use of deviating wells which cross the combustion wells at right
      angles. The gases produced are removed by additional wells or boreholes
      drilled for that purpose into the coalbed or seam at the point where the
      gas is produced as is known in the art.
PAR  In the underground combustion of coal in general, a production well is
      provided in a manner so as to be in direct communication with a maximum
      portion of the coalbed in the area where the gas is to be produced. Casing
      is barely notched into the coal seam and cemented and the open or uncased
      hole extends to the bottom of the coalbed. All other strata are cemented
      and sealed off from the producing wellbore in order that production from
      the wells must come through the coalbed itself. The production wells may
      be drilled by procedures well known to the art. Essentially, any well
      pattern combination with which communication between the wells may be
      effected may be utilized with the present invention. In addition, the
      completion technique used may consist of any of the various well isolation
      methods as long as the coal seam is left undamaged and remains isolated
      from the overburdened strata.
PAR  After the wells or boreholes are drilled, and the vertical fractures
      opened, an excess of a combustion supporting gas such as air or oxygen, is
      introduced to form a highly volatile or combustible combination with the
      hydrocarbons contained within the coal deposit. Ignition of the coal
      deposit forms a crumbled network of coal in the coal deposit for
      propagation of a combustion front through the coal seam. The amount of
      combustion movement is directly proportional to the gas injection rate so
      that the advancement of the combustion front may be controlled as it moves
      throughout the coal deposit. The requirement of creating the combustion
      front is alleviated in that the combustion front is already initiated
      during the fracture network formation and propagated by the subsequent
      injection of a second combustion front throughout the coal deposit. It is
      understood that by any of the processes described, a reverse combustion
      drive may be induced by reversing injection of the combustible gas into
      the production wells.
PAR  The burning or combustion of a coal seam according to the present invention
      is illustrated in FIG. 2 in which there are shown the combustion fronts
      achieved using this system. Thus, a combustion front is initiated as
      indicated with the combustion supporting gas such as air being introduced
      at the (+) side and the gases produced as a result of the combustion being
      removed from the other or (-) side and removed from the system by
      production wells. Thus FIG. 2 illustrates the relative positioning of the
      injection wells and production wells. It will be understood that the
      combustion zone migrates laterally toward the producing wells.
PAR  An important aspect of the present invention resides in the method by which
      the bed of coal is fractured as this is achieved by the boreholes being
      drilled and entering the coalbed in the horizontal direction and
      continuing in that direction. By this invention, maximum permeability of
      the coal by the combustion front is achieved to provide maximum conversion
      within the system. Thus the manner in which the coal is intersected
      provides maximum permeability and thus maximum conversion.
PAR  The proper fracturing of the coal according to the present invention
      depends on determining prior to drilling the natural fracture system of
      the coal. This is carried out by obtaining one or more oriented cores for
      study and determination of the major and minor natural fracture systems.
PAR  The major fracture system of Eastern coal is illustrated in FIG. 3 together
      with the relating position of a borehole 1 drilled into the coalbed 5
      horizontally. Thus coalbed 5 comprises butt cleats 9 lying in one
      direction and face cleats 10 lying in the perpendicular direction. In
      Eastern coal, the face cleat or face cleat direction is the direction of
      the major fracture system while the butt cleat direction is the direction
      of the minor fracture system. The cleats are not as distinct for Western
      coal. The spacing of natural fractures may be as close as one inch.
PAR  According to this invention the borehole is drilled so as to intersect the
      major natural fracture system perpendicularly and in a horizontal
      direction as this has been found to provide maximum permeability. As shown
      in FIG. 3, borehole 1 intersects face cleats 10 at right angles or
      perpendicularly, and travels in the same direction or parallel to the butt
      cleat 9. This direction would be different for Western coal. In FIG. 3,
      the greatest flow of gases such as methane will be through the face cleat
      fractures into the horizontal boreholes. Thus, maximum fracture of the
      coal is obtained.
PAR  In order for maximum benefits to be obtained from the invention, it is
      necessary to determine beforehand the direction of the natural fracture
      system. It is therefore necessary to conduct directional property studies
      including orientation of joint strikes, permeability, tensile strength,
      sonic velocity and inherent rock weakness. The results of these studies,
      together with geologic structure setting, will lead to an accurate
      prediction of the gaseous flow path in the coalbed.
PAR  Upon receipt of an oriented core, individual pieces are placed in a
      goniometer and orientation marks are scribed on the core. After each piece
      has been oriented, measurements are made of the orientations of individual
      joint strikes that can be seen. Once the natural fractures are delineated,
      their orientations are measured and their frequency of occurrence is
      summarized for the entire coalbed formation. Intervals of maximum fracture
      density may be regarded as zones of weakness which could be extended
      during stimulation of the coalbed. A specific embodiment is shown of a
      core sample in FIG. 4. In this sample the intervals are defined as N
      20.degree. E and N 60.degree. E. This sample was taken from the Hanna,
      Wyo. coal field.
PAR  Specimens are selected from various sections of the coalbed for
      measurements of permeability to gas in different directions. Permeability
      measurements are made in a Hassler cell, using whole core permeability
      techniques with dry nitrogen as the flow medium. Measurements are made in
      eight different directions, 221/2  degrees apart. Permeability will be
      observed to be quite directional and statistically significant. A specific
      example from the Hanna field is shown in FIG. 5. As seen in this sample
      permeability was significant in the interval N (11.degree. to 56.degree.)
      E.
PAR  Ultrasonic pulse transit time measurements may be made on the same
      specimens for which permeability is known. Measurements are made at
      atmospheric pressure using a through transmission arrangement of
      transducers. The mechanical pulse generated by a 21/2  megahertz
      piezoelectric crystal is transmitted diametrically through the test
      specimen at a pulse amplitude of 2,200 volts and detected by a receiver
      transducer. Interval travel time is recorded after 1,000 pulses were
      counted and averaged by a Hewlett Packard counter timer. Transit time
      measurements are made at 15.degree. intervals about the circumference of
      the specimens. Variations with direction are measured and longest transit
      times confirm the directions of open conduits or directional flow
      channels.
PAR  Since coal has very little tensile strength itself, cylindrical specimens
      are extracted from the sandstone above the coal and tested to determine if
      directional variations are indicative of failure planes. Specimens 3
      inches in diameter by 11/2  inches thick are tested by the line load
      technique. In this test, specimens are placed on their edge between half
      cylinders welded to the platens of the loading machine and a compressive
      load is applied across the diameter. Tensile strength normal to the axis
      of loading was determined from the magnitude of the applied load at
      failure by the formula
EQU  S.sub.T = 2 P/.pi. dt
PAL  where
PA1  S.sub.T = tensile strength normal to the axis of loading, psi.
PA1  P = applied load at failure, lbs.
PA1  d = diameter of disk, in.
PA1  t = thickness of disk, in.
PAL  In this manner, four to eight specimens will be tested for each of 6
      directions representing 30.degree. intervals so that a statistical
      evaluation can be obtained.
PAR  To further support the data to determine the direction of drilling,
      specimens may be taken to determine the point load induced fracture. Here
      cylindrical specimens having a diameter/thickness ratio of about 2 are
      tested to define the inherent planes of weakness within the formation. In
      these tests, a load is applied through the central axis of a disk by a
      pair of opposing hemispherical indentors until a tensile fracture is
      induced in the specimen. If the test specimen is a homogeneous isotropic
      material, random fracturing will occur. However, if a weak direction
      exists within the specimen, the fracture would be expected to occur in
      this direction.
PAR  It has been demonstrated that the natural fracture system can be mapped in
      the subsurface so that both the orientation of the cleats and their
      directional flow paths can be utilized. Together with the advances made in
      drilling technology that permit the long horizontal boreholes to be
      drilled through the coal seam, sufficient channels will be created to
      sustain a gasification zone through the coalbed in predetermined
      directions. By using positive and negative pressured wells in a specific
      relationships to the face and butt cleats, directional control of movement
      of the combustion zone will result. This knowledge of underground
      directional control thus determines the appropriate well patterns to be
      established to produce a quality gas which can be used to generate
      electricity.
PAR  An advantageous aspect of the present invention resides in the combination
      of the system of the present invention with one or more electric
      generators. Preferably such generators are built in close proximity to the
      production wells to make maximum use of the fuel produced.
PAR  The burning of the coal will be incomplete -- producing a gaseous fuel such
      as carbon monoxide or hydrogen rather than an incombustible product of
      combustion such as carbon dioxide or water. The carbon monoxide, hydrogen
      and other products of incomplete combustion will be drawn upwardly to the
      surface by a heat-resistant blower via a conduit or production well. That
      heat-resistant blower will move those products of incomplete combustion to
      a utilization area, where those components which are desirable as fuels
      will be separated from the rest of the components of the products of
      incomplete combustion and will be used to heat water in a boiler. The rest
      of the components of the products of incomplete combustion will be
      suitably treated to separate out from them any marketable compounds or
      compositions.
PAR  The boiler could be the boiler of any electric generating plant; and that
      electric generating plant would be erected close to the site. By locating
      the electric generating plant immediately adjacent the area, all of the
      shipping costs associated with combustible materials that are mined are
      avoided. Further, by locating the electric generating plant immediately
      adjacent the area, the gases which exhaust from that electric generating
      plant into the surrounding atmosphere are not immediately added to the air
      adjacent a large city. In addition, because the odor-producing and
      smoke-producing components developed by the process can be removed from
      the gaseous fuels before those gaseous fuels are burned under the boiler,
      the exhaust gases from the electric generating plant will contain fewer
      air pollutants than the exhaust gases from electric generating plants
      using solid fuels.
PAR  In the process of this invention a preferred method for controlling the
      temperature of the flame front and in addition, adjust the calorific value
      of the produced gas, is by the simultaneous injection of water with the
      combustion-supporting gas. A water gas shift reaction is thereby obtained
      at the site of the combustion front which yields a considerably enhanced
      calorific content produced gas and lowers the temperature of the
      combustion front. The temperature lowering results in a decreased loss of
      heat to the surroundings strata and a decrease in the destructive
      degradation of coal tar liquids. The increased hydrogen content of the
      resulting produced gas yields a high energy content energy source gas.
PAR  The following example is presented to illustrate the invention but it is
      not to be considered as limited thereto. Unless otherwise indicated, parts
      are by weight in the example and throughout the specification.
PAC  EXAMPLE
PAR  Core samples of coal are obtained from a coal field and subjected to
      examination to determine the orientation of the joints, the permeability,
      tensile strength, sonic velocity and inherent rock weakness as described
      hereinbefore. As a result, it is determined that the intervals or zones of
      weakness could be defined as lying at north 20.degree. east and north
      60.degree. east. The permeability is determined to lie in the area of
      north 11.degree. to 56.degree. east. As a result, it is determined that
      three wells or boreholes are to be drilled. Two of the wells are drilled
      in a position such that the drill will be traveling in a direction at
      right angles to the indications of maximum permeability and orientation
      and from different directions. Each of the wells is started at a slant of
      60.degree. so as to intersect a coalbed which lays 450 feet below the
      surface. The intention is to gasify a block of coal 1000 feet long by 500
      feet wide. An injection a well is drilled at each defined end of the
      coalbed until the drill intersects the bed after which casing etc. of the
      well in the normal matter is completed. A vertical production well is
      drilled into the coalbed for removal of the gas. The coalbed is then
      ignited from both injection wells and combustion supporting gas is
      introduced to maintain combustion of the coal bed. The combustion
      supporting gas used is air and is introduced in sufficient amount to
      maintain the combustion front from both sides of the coalbed. Water is
      injected with the combustion gas in order to maintain control of the
      temperature of the combustion front and to favorably influence the water
      gas shift reaction taking place.
PAR  The resulting gases of combustion are removed through the production well
      and are found to comprise a mixture of hydrogen, carbon monoxide, methane,
      carbon dioxide and oxygen. The combustible hydrogen, carbon monoxide and
      methane gases are separated from the remaining constituents and are
      suitable to power a steam turbine for the production of electricity.
PAR  The invention has been described herein with reference to certain preferred
      embodiments. However, as obvious variations thereon will appear to those
      skilled in the art, the invention is not to be considered as limited
      thereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the in situ combustion of coal in a coalbed comprising:
PA1  determining the major natural fracture system of the coalbed;
PA1  drilling at least one well or borehole from the surface to intersect the
      coalbed while traveling in a horizontal direction and intersecting the
      major natural fracture system of the coalbed at a predetermined angle;
PA1  maintaining said well or borehole in said horizontal direction intersecting
      the major natural fracture system of the coalbed at said predetermined
      angle;
PA1  initiating burning of the coal while introducing a combustion supporting
      gas through said well or borehole to convert the coal in situ to a
      relatively high Btu gas; and
PA1  recovering said relatively high Btu gas.
NUM  2.
PAR  2. A method according to claim 1 wherein a horizontal production well or
      borehole is drilled into the coalbed to recover the produced gas.
NUM  3.
PAR  3. A method according to claim 1 wherein the major natural fracture system
      of the coalbed is determined by removing core samples therefrom and
      testing to determine the fracture system orientation and the areas of
      maximum permeability.
NUM  4.
PAR  4. A method according to claim 3 wherein the borehole or well is drilled at
      right angles to the major natural fracture system of the coalbed.
NUM  5.
PAR  5. A method according to claim 3 wherein at least two boreholes or wells
      are drilled into opposite ends of the coalbed so as to intersect the
      coalbed in a horizontal direction.
NUM  6.
PAR  6. A method according to claim 5 wherein the coalbed is Eastern coal
      wherein the major natural fracture system is the face cleats and the
      boreholes or wells are drilled at right angles thereto.
NUM  7.
PAR  7. A method according to claim 5 wherein the combustion supporting gas is
      air or oxygen.
NUM  8.
PAR  8. A method according to claim 7 wherein the gas recovered comprises a
      mixture of hydrogen, carbon monoxide, methane, carbon dioxide and oxygen.
NUM  9.
PAR  9. A method according to claim 7 wherein the injection well or borehole is
      started at a slant from the surface at some angle from vertical and
      proceeds in a more horizontal direction until it intersects the coal while
      traveling in the horizontal direction.
NUM  10.
PAR  10. A method according to claim 8 wherein the production gases recovered
      are subjected to separation to remove combustible gases suitable to
      produce electricity.
NUM  11.
PAR  11. The method of claim 3 wherein the coalbed is Western coal and said at
      least one well or borehole is drilled at right angles to the natural
      fracture system.
NUM  12.
PAR  12. The method of claim 5 wherein the coalbed is Western coal and the wells
      or boreholes are drilled at right angles to the natural fracture system.
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ABST
PAL  A surface tension device for use in a liquid acquisition reservoir and
      comprised of a porous membrane that maintains a separation between gas and
      liquid and thereby isolates accummulated gas from the liquid acquired and
      subsequently delivered free of entrained gases; and comprised of a porous
      baffle held spaced from the vessel wall and establishing a liquid
      acquisition chamber separated from the liquid a storage chamber and
      wherein pure liquid is acquired and subsequently withdrawn through an
      opening; the baffle being characterized by its ski-shape as it is
      installed within the confines of a cylindrical storage vessel with
      hemispherical ends and to the end that substantially complete acquisition
      of the available liquid from the resevoir is assured.
BSUM
PAC  BACKGROUND
PAR  The storage of liquid such as exotic fuels to be utilized in aircraft and
      the like which assume various attitudes and which are subjected to
      accelerating and decelerating forces when in flight is of primary concern.
      For example, it is required that liquid Hydrazine be stored for long
      periods of time and used in emergency situations, and it is imperative
      that the fuel be free of gas pockets and/or entrained bubbles, this
      requirement being complicated by gravitational reversals and the like at
      critical moments and by the fact that gas pockets and excess entrainment
      of gas cannot be tolerated in certain equipment utilizing the liquid fuel.
      To a degree, a questionable solution to the problem has been the isolation
      of such liquids within collapsible membranes which are initially purged of
      gas and which theoretically will supply pure liquid. However in actuality,
      the stored supply of such liquid will liberate gases in time due to
      deterioration, etc. and all to the end that the intolerable gases are
      eventually present and not always detectible in advance of emergency
      situations when the availability of such liquids is critical.
PAC  FIELD OF INVENTION
PAR  In view of the foregoing, it is an object of this invention to provide
      means which assures the exclusion of gas from a liquid supply line, and
      wherein a liquid acquisition opening is maintained in constant
      communication with the liquid supply and isolated from any accummulation
      of gas as may be caused by deterioration of said liquid or otherwise.
PAR  An object of this invention is to provide a liquid acquisition device and
      liquid storage vessel combination which is operable in various attitudes
      and when subjected to accelerating and decelerating forces. With the
      present invention substantially large area of screen is employed and
      through which the stored liquid will pass while the surface tension
      phenomenon at and between the elements of the screen prevents passage of
      gases therethrough; and it is the arrangement of the said screen with
      respect to the configuration of the liquid storage vessel and its liquid
      acquisition opening which is unique as hereinafter disclosed. As a
      consequence pure liquid is acquired despite the otherwise adverse
      attitudes and forces which are likely to be encountered.
PAC  SUMMARY OF INVENTION
PAR  The surface tension device X that I provide is incorporated within a liquid
      storage vessel V and combined therewith in such a manner that a liquid gas
      interface is maintained and through which liquid is free to pass while gas
      is restricted; and thereby establishing the gas and liquid separation
      which is required. The surface tension device X can take various
      configurations dependent upon the form and disposition of the liquid
      storage vessel V into which it is to be incorporated, and device X
      characteristically conforms to the interior wall configuration of the
      vessel V and is therefore ski-shaped when combined with a cylindrical
      vessel and this being the preferred form of the invention. The surface
      tension is established by an ultrafine mesh partition P of the
      characteristic ski configuration spaced from the interior wall of vessel V
      and with the perimeter of the partition coextensively sealed to the
      interior wall of the vessel and thereby establishing separated liquid
      storage and liquid acquisition chambers Y and Z. Thus, the gas separating
      surface tension device X for a liquid supply which I will now describe in
      detail involves, generally, the partition P which establishes a gas-liquid
      interface between the liquid storage chamber Y and the liquid acquisition
      chamber Z a bottom shell S that is spaced from the partition P and which
      thereby establishes the acquisition chamber Z, and an acquisition opening
      15, there being a diaphram or membrane M into which the liquid supply is
      charged and from which gas is initially purged.
DRWD
PAC  DRAWINGS
PAR  The various objects and features of this invention will be fully understood
      from the following detailed description of the typical preferred form and
      application thereof, throughout which description reference is made to the
      accompanying drawings, in which:
PAR  FIG. 1 is a side elevation of a typical liquid storage vessel with the
      surface tension device incorporated therein.
PAR  FIG. 2 is an enlarged sectional view taken as indicated by line 2--2 on
      FIG. 1.
PAR  FIG. 3 is an enlarged detailed sectional view illustrating the delivery end
      of the surface tension device.
PAR  FIG. 4 is an enlarged detailed sectional view illustrating the opposite
      closed end of the surface tension device and,
PAR  FIG. 5 is a detailed fragmentary section illustrating the pleated surface
      tension element which characterizes the present invention.
DETD
PAC  PREFERRED EMBODIMENT
PAR  The liquid storage vessel V which is charged with liquid for subsequent
      acquisition can take many forms and/or special configurations, and
      normally contains a body of liquid subject to gravity filling the vessel V
      to full capacity. Such vessels can be rectangular, or spherical, and in
      the present case cylindrical with hemispherical ends; in which case the
      vessel V has an interior wall comprised of an elongated cylindrical
      section 10 closed at opposite ends by hemispherical sections 11 and 12.
      The vessel wall is imperforate with the exception of the various service
      openings that may be required in order to fill and purge and to depleat
      the interior as circumstances require. For example, there is a fluid
      charging opening 13, and an acquisition opening 15, all of which open into
      the interior of the vessel V and which are valve controlled as indicated.
PAR  The attitude of vessel V is normally horizontal while it is subject to
      various attitudes or positioning with respect to gravity and/or the
      equivalent G forces to be experienced in a moving vehicle. Therefore, the
      primary means employed in such liquid supplying vessels V to assure pure
      liquid acquisition at opening 15 is in the form of the diaphram or
      membrane M within which the liquid body is charged and outside of which a
      displacement fluid replaceably enters the vessel V through opening 13. As
      shown, the membrane M is a shell of soft flexible material such as
      aluminum that is formed to lie contiguously against the interior of the
      sections 10, 11 and 12 with its perimeter secured to and sealed with the
      interior of the vessel. The membrane M is sufficiently rigid so as to
      retain its formed shape initially conforming to the upper half interior of
      vessel V, and it is sufficiently deformible so as to collapse around the
      body of stored liquid as and when it is depleated from the vessel V
      thereby establishing and maintaining a gas-liquid separation between said
      liquid and a displacement fluid entering into the upper interior of the
      vessel through charge opening 13. However, there is no provision in the
      vessel V and membrane M combination to disperse the accumulation of gases
      developed within the liquid body and below the membrane M, as may be
      caused by deterioration of said liquid and resulting in the formation of
      gas.
PAR  In accordance with this invention I provide the partition P of ultrafine
      mesh screen 20 (250 .times. 1370 mesh) or the like that establishes and
      maintains the gas-liquid interface between the stored body of liquid and
      the acquisition opening 15 therefor. A typical location for the
      acquisition opening 15 is at one end section of the vessel V near the
      bottom or lowermost side of the vessel or at the centerline of the vessel
      as shown, and a characteristic feature of the partition P is that it lies
      near the interior wall of the vessel and in this instance near the bottom
      of section 10 and end section 11. The ultrafine screen 20 is the surface
      tension device per se through which all liquid must pass in order to be
      discharged through the acquisition opening 15. In practice, the mesh of
      the surface tension screen 20 is such that liquid being drawn from the
      vessel will readily pass therethrough while entrainments such as foreign
      particles and particularly gas bubbles will not pass therethrough.
      Consequently, there is a restriction and/or coalescence of gas at the
      screen 20 within the liquid storage chamber Y while the liquid is
      displaced therethrough from chamber Y into the acquisition chamber Z.
PAR  In carrying out this invention, the surface tension screen 20 is of
      substantial area and is a tightly woven fabric of fine metal wire,
      preferably stainless steel. The screen 20 is therefore inherently flexible
      but is self supporting by means of pleating the same uniformly into
      accordion folds 21 that have webs 22; and to the end that the partition P
      thereof is structurally sufficient to span a substantial distance between
      the concavity formed by the interior wall of the vessel. Accordingly, the
      metal fabric of screen 20 is welded or otherwise fused to the shell S that
      engages contiguously with the interior wall of the vessel to position the
      screen 20 on a chord line spaced from the interior wall and continued into
      the hemispherical sections 11 and 12.
PAR  The surface tension device is a ski shaped unit comprised of the partition
      P and the shell S, which together form a chambered body from which the
      acquisition opening 15 extends. The screen 20 spans transversely on a
      shallow cord line as shown and to the end that the radial depth and/or
      volume of the acquisition chamber Z within device X is minimized. The
      chamber Z is essentially a passage from which liquid is expelled through
      opening 15. In practice, there is a tubing 25 formed integrally with the
      wall 26 of shell S, said tubing 25 being received and sealed within the
      opening 15 so as to transfer liquid from the chamber Z and into said
      discharge opening 15. As shown throughout the drawings, the wall 26 of
      shell S is comprised of an elongated semi cylindrical section 30 and
      opposite hemispherical ends 31 and 32 complementary with the above
      described sections 10, 11 and 12 of the storage vessel V; and it is these
      sections of vessel V and device X which are contiguously complementary,
      with the membrane M disposed therebetween and with its discharge tube 15'
      sealed within and between the tubing 25 and opening 15.
PAR  A feature is the transverse disposition of the accordion folds 21 and
      structured webs 22 thereof spaced uniformly from the interior wall through
      the cylindrical vessel section 10 so as to establish an acquisition
      chamber Z within the storage chamber Y; and correspondingly spaced
      uniformly from the interior wall of hemispherical section 11 so as to form
      a radiused partition section 27. In practice, a portion of section 27 is a
      solid baffle as shown. The complementary portions of the partition P and
      shell S are fastened and sealed together as by means of a continuous seam
      of welding, thereby isolating chamber Z from chamber Y; and the said
      perimeters thereof lie contiguously against the inner surface of membrane
      M by means of straightening the section 27 and by shaping the surface
      tension device X to a configuration determined by the limits of said inner
      surface. The acquisition opening 15, tubing 25 and discharge tube 15' are
      coaxial with the central axis of the cylindrical vessel section 10 and
      hemispherical end 11, in which case the section 31 of shell S and
      overlying section 27 of partition P are extended so that the opening 15
      etc. are embraced within the extent of device X and are in open
      communication with the chamber Z.
PAR  From the foregoing it will be seen that the surface tension device X is
      comprised of a flexible fabric that is pleated so as to become
      structurally inflexible and sufficient for maintaining a gas-liquid
      interface through which the liquid passes and gas is restricted. Further,
      the lineal increase of screen 20 resulting from said pleating multiplies
      the area of screen exposed to storage chamber Y and subject to the passage
      of liquid therethrough, while gas is restricted to said chamber Y; and
      thus the flow of liquid can be substantial. The planar portion of the
      partition P formed thereby is disposed near the interior wall of the
      vessel so as to form a minimized acquisition chamber Z while the storage
      chamber Y remains of maximum volume. The acquisition opening 15 is in open
      communication with the chamber Z and is essentially a continuation
      thereof, the liquid passing through the surface tension screen 20 being
      acquired as pure liquid devoid of gas within chamber Z and subsequently
      discharged through opening 15. It will be observed that the surface
      tension device X operates independently of membrane M and that gas is
      excluded from chamber Z despite the vessels attitudes and application of G
      forces whatever complex thereof may be imposed. Consequently, the
      acquisition of pure liquid is assured and the accumulation of unwanted gas
      within the diaphram of membrane M is confined to the storage chamber Y.
PAR  Having described only a typical preferred from and application of my
      invention, I do not wish to be limited or restricted to the specific
      details herein set forth, but wish to reserve to myself any modifications
      or variations that may appear to those skilled in the art:
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for acquisition of gas-free liquid from a closed storage vessel
      having an acquisition opening in one side portion thereof, and including;
      a collapsible imperforate membrane coextensively lining the interior of
      the vessel, and a porous surface tension partition juxtapositioned in
      closely spaced relation to and with its periphery sealed with the membrane
      and disposed over said side portion of the vessel and the acquisition
      opening therein and defining a liquid acquisition chamber in open
      communication with said liquid acquisition opening and separate from a
      liquid storage chamber within the membrane.
NUM  2.
PAR  2. The liquid acquisition device as set forth in claim 1 wherein the porous
      surface tension partition is pleated with the structural folds thereof
      extending transversely between its opposite supporting perimeters sealed
      with the said imperforate membrane.
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ABST
PAL  The apparatus includes a steam separator between two successive stages of
      steam utilization that condensate liquid is automatically extracted with
      negligible impediment to high-velocity passage, to the second stage. The
      separator separates the liquid component by centrifugal action, into a
      region outside the region of gas discharge to the second stage, and an
      inverted-bucket steam trap is the means of continuously draining the
      separated condensate.
BSUM
PAR  This invention relates to the extraction of liquid from the exhaust
      products of a first stage of steam utilization, so that the remaining dry
      steam and other components may be directly supplied to a second and
      succeeding stage of steam utilization.
PAR  In steam-utilization devices such as sugar evaporators, wood-pulp driers
      and like heaters, the relatively low flow rates which are customary are
      conducive to air adherence to the heating surface, and therefore
      accumulation within the heater, thereby considerably and unduly reducing
      the heat-transfer rate and impairing the efficiency and utility of the
      heater. A syphon pickup to a steam trap is the conventional means of
      disposing of accumulated condensate within the heater, but such a
      technique cannot deal effectively with the problem of accumulated
      non-condensible gas, such as air.
PAR  It is, accordingly, an object of the invention to provide an improved
      technique and apparatus for dealing with the indicated problem.
PAR  It is a specific object to provide means whereby high-velocity steam flows
      can be relied upon to create turbulence and thus to scavenge
      non-condensible gas components from a steam-utilization device such as a
      heater.
PAR  Another specific object is to provide means whereby the high-velocity
      exhaust discharge of such a steam-utilization device may be purged or
      substantially purged of its liquid-condensate component, so that similar
      scrubbing or air-scavenging action may characterize further use of the
      same steam in a succeeding stage of steam utilization.
PAR  A further specific object is to provide means whereby liquid condensate may
      be effectively drained from a continuous high-velocity flow of steam,
      between successive stages of steam utilization.
PAR  It is a general object to meet the above objects with structure of basic
      simplicity, reliability and effectiveness, such structure lending itself
      to ready installation and maintenance, and constituting negligible
      impedance to such variation in flow as may be desired in the downstream
      stage of steam utilization.
DRWD
PAR  Other objects and various further features of novelty and invention will be
      pointed out or will occur to those skilled in the art from a reading of
      the following specification in conjunction with the accompanying drawings.
      In said drawings, which show, for illustrative purposes only, preferred
      forms of the invention:
PAR  FIG. 1 is a simplified vertical sectional view through a combined trap and
      separator of the invention, schematically shown in its connection between
      two successive stages of steam utilization;
PAR  FIG. 2 is a similar view of a modified construction; and
PAR  FIG. 3 is a sectional view taken at 3--3 in FIG. 2.
DETD
PAR  In FIG. 1, the invention is shown in application to a high-velocity steam
      system operating from a suitable source 10 of high-pressure steam and
      involving two successive stages 11-12 of steam utilization, such as
      heaters, driers, or the like, interconnected by a combined gas trap and
      liquid separator. The stages 11-12 may be but two successive stages of a
      larger plurality; and the indicated combined trap and separator is
      preferably provided in such quantity as can serve the interconnection of
      each successive pair of stages, it being understood that the exhaust
      designation 13 for the second stage 12 may be suggestive of such
      interconnection of a subsequent stage or stages. The reason for preferring
      such a succession of stages is to enable high-velocity flow through all
      stages, so as to assure against local accumulation of non-condensible
      gases in any single stage of the system.
PAR  Basically, the interstage connection device relies upon velocity of
      first-stage exhaust products to locally react with internal formations in
      a separating chamber 14 such that the condensate component of this exhaust
      will tend to locally stratify or separate or concentrate in a first zone,
      in contrast to local predominance of dry gases (live steam and
      non-condensibles, such as air) at a second zone, the second zone being
      used for pickup of dry gases supplied at high velocity to the next
      succeeding utilization stage 12. In the form shown, the separating chamber
      14 is cylindrical and on an upstanding axis coincident with the axis of
      inlet flow at an inlet connection 15. Gaseous components of separation are
      picked up from a central zone, by the upstream-directed open end of an
      elbow or conduit member 16, shown welded to part of the chamber wall for
      horizontal discharge connection to the inlet of second stage 12. Also as
      shown, a conical assembly 17 of angularly spaced deflector blades is
      interposed between the inlet 15 and outlet 16, being fixedly supported by
      the cylindrical chamber wall; the axis of the blade assembly 17 is
      preferably coincident with those of inlet 15, of the intake end of outlet
      16, and of the chamber 14. It will be understood that the action of blade
      assembly 17 upon the indicated high-velocity flow is such as to impart a
      continuous swirl about the chamber axis, with the heavier or condensate
      components being radially outwardly propelled to an outer zone by
      centrifugal force, as suggested by the dashed arrows 18. Condensate
      droplets thus are intercepted by and run down the interior wall surface of
      chamber 14, being collected upon the bottom wall plate 19 which closes
      chamber 14. Meanwhile, the remaining components of the flow are relatively
      dry and are picked up by means 16 for next-stage utilization, as suggested
      by arrow 20.
PAR  In accordance with a feature of the invention, the collected condensate at
      the bottom of the separator chamber 14 is subjected to continuous drainage
      via a steam trap which is preferably of the inverted-bucket variety. As
      shown, all operative parts of the steam trap are carried by the bottom
      plate 19 of the separator chamber and are contained within a cup-shaped
      trap housing 21 having a radial flange 22 for removable fit to the plate
      19, as suggested by the dashed lines 23 indicative of bolt-circle
      alignment to secure housing 21 to chamber 14. Thus, the long arm of a
      J-shaped pipe 24 is secured to plate 19 at a drainage port, and its short
      arm is positioned for upward discharge within the inner volume of an
      inverted bucket 25, having a small venting orifice 26 in its closed upper
      end wall. Bucket 25 is suspended by a swing arm 27 which pivotally
      connects a fixed bracket 28 on plate 19 to a bracket 29 on the closed end
      of bucket 26. Plate 19 also is fitted with a valve seat 30 for coaction
      with a valve member 31 on arm 27, and a conduit or elbow 32 at a bottom
      corner of chamber 14 provides for lateral discharge of such condensate as
      is passed by valve means 30-31. The arrangement is such that drain pipe 24
      discharges into the inner volume of bucket 25 at all times, regardless of
      bucket elevation, or of the open or closed condition of valve means 30-31.
PAR  In operation, the mixture of gases and condensate exhausting as from a
      first-stage heating equipment 11, enters the upper part of the separating
      chamber 14. The velocity of flow of the entering mixture of condensate and
      gases, in the direction opposite to the vertex of the hollow cone 17 and
      over its tangentially located blades, produces a centrifugal effect,
      causing the mixture to rotate on its own directional axis, driving the
      liquid component to the walls and bottom of the chamber. From there, the
      collected liquid, through drain tube 24, is discharged inside the inverted
      bucket 25, which with its bleed 26, lever mechanism 27, and valve means
      30-31 is used to differentiate by density, between a vapor and a liquid;
      the liquid that enters the inverted bucket is discharged through the valve
      seat 30, to the outlet 32. Simultaneously, the vapors and gases in the
      upper chamber, which are not affected by the centrifugal force of the
      separating element, are discharged through the spaces between the blades
      of the cone 17, to and via elbow 16 to the second stage 12 of steam
      utilization. When gases fill the bucket at a rate greater than the small
      bleed flow provided by orifice 26, the bucket becomes buoyant, and through
      the lever mechanism 27, closes the valve seat 30, thus preventing the
      gases from escaping through the condensate-discharge outlet 32.
PAR  The modification of FIGS. 2 and 3 will be recognized for its correspondence
      to what has been described in connection with FIG. 1; for this reason,
      corresponding parts in FIGS. 2 and 3 are given the same reference numbers
      as in FIG. 1, with primed notation.
PAR  In FIGS. 2 and 3, the volumetric flow capacity of the inlet accommodation
      15' and of the dry-gas outlet 16' are again of the same order of
      magnitude. Swirl action is enhanced by mounting the conical
      deflector-plate assembly 17' within a short nipple or passage 35 which
      receives and contains the full flow via inlet 15'. Further deflector
      blades 36 surrounding the intake end of conduit 16' impart added momentum
      to the swirl, as it is developed in the larger-diameter region of chamber
      14', downstream of the blade cone 17' and of nipple 35. Substantial stored
      energy in the rotating flow is thus productive of strong centrifugal
      action on the liquid, with resultant delivery of assuredly dry gaseous
      components via conduit 16'. Collected liquid at the bottom of chamber 14'
      is drained by a J-shaped tube 24', shown built-up from three
      miter-connected straight sections of tubing, whereby the lower section 37
      is horizontal and serves to orient means such as a perforated plate 38 for
      support of a bottom position of the inverted bucket 25'. FIG. 3 indicates
      a preference that the long arm or section of the drain conduit 24' shall
      be offset laterally to one side of the path of movement of bucket 25',
      thus avoiding mechanical interference and providing a means for
      economizing the use of housing material, at 14' and 21'.
PAR  It will be seen that the described structure and its connections meet all
      stated objects. In particular, the invention makes possible a great
      improvement in efficiency of heat transfer, for every stage of the system,
      because it draws off continuously and at high velocity more air and other
      non-condensable gases than any other device known to me, all due to the
      turbulent scrubbing action that is possible with a high-velocity system.
      Moreover, the high flow velocity permits highly efficient liquid
      separation and drainage, without loss of steam. Still further, a
      high-velocity system of the character indicated enables rapid purge of all
      air within the system, as upon a start-up of steam supply at 10. And by so
      selecting the conical blade assembly 17 (17') such that the total
      gas-passage area between swirl-inducing blades is greater than the
      effective area of either of the inlet or outlet connections 15 (15') or 16
      (16'), one is assured of negligible pressure drop between stages 11-12
      and, therefore, relatively great accommodation to such velocity changes as
      may be dictated by the particular utilization that is made at any given
      stage or stages.
PAR  While the invention has been described in detail for the preferred forms
      shown, it will be understood that modifications may be made without
      departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A steam-utilization system, comprising a single supply of high-pressure
      steam and two successive stages of steam utilization, said first stage
      having an input connected to said supply and an output connection for
      continuously exhausting from said first stage a combined flow of steam and
      condensate and such other noncondensable products as may be contained
      therein, said second stage having an input connection of substantially the
      same volumetric flow-rate capacity as the output connection of said first
      stage, a separator chamber having an inlet and an outlet respectively
      connected to said first-stage output and to said second-stage input, said
      chamber including a generally conical array of swirl-inducing blades on an
      upstanding axis and effectively dividing the interior of said chamber into
      an upper region and a lower region, the chamber inlet being into the upper
      region and the chamber outlet comprising outletconduit means with an open
      end located within and above the bottom of the lower region, said open end
      being radially spaced from the chamber wall and facing said array, whereby
      a substantial fraction of the condensate content of the first-stage
      exhaust is collected at the bottom of the lower region without admission
      to said second-stage input connection, a condensate-drain outlet
      connection from the region of condensate collection in said chamber, and
      condensate-discharge means including an inverted-bucket steam trap, said
      drain outlet connection being positioned to discharge into the space
      within the inverted bucket of said trap.
NUM  2.
PAR  2. A combined gas trap and liquid separator, comprising an upper
      gas-chamber body and a lower liquid-trap-chamber body removably carried by
      and beneath said gas-chamber body, said gas-chamber body having an upper
      inlet port for admission of a flow of liquid-gas mixture, flow-deflector
      means comprising a generally conical array of swirl-inducing blades
      carried within said gas-chamber body and effectively dividing the interior
      of said gas-chamber body into an upper inlet region and a lower discharge
      region, thereby imparting to the inlet flow of admitted mixture a rotary
      swirl about a central axis of flow, and thereby also centrifugally
      directing to an outer zone of greatest radii about said axis the liquid
      component of the mixture, a gas-outlet port including a conduit having an
      open inlet end above the bottom of the lower region and facing the flow
      discharged by said deflector means, said open end having an area confined
      to a central zone of lesser radii about said axis, trap means including an
      inverted bucket movably suspended within said trap-chamber body, and a
      liquid drain conduit extending from the outer zone of said gas-chamber
      body and positioned to discharge into the interior of said inverted
      bucket, said trap means including valve-controlled means discharging
      external to said bodies and having an operating connection to a movable
      part of the bucket suspension.
NUM  3.
PAR  3. The gas trap and liquid separator of claim 2, in which the inlet to the
      gas-outlet conduit is at an elevation above the connection of said drain
      conduit to said gas-chamber body.
NUM  4.
PAR  4. The gas trap and liquid separator of claim 2, wherein the elevation of
      drain-conduit discharge into the inverted bucket is such as to be within
      the inner volume of the bucket for all possible bucket elevations
      determined by said suspension.
NUM  5.
PAR  5. The gas trap and liquid separator of claim 2, wherein the effective
      sectional area of said inlet port and of said gas-outlet port are of the
      same general order of magnitude.
NUM  6.
PAR  6. The gas trap and liquid separator of claim 2, in which said drain
      conduit is generally J-shaped and contained within said trap-chamber body,
      the long arm of the J-shape being connected to and supported by the bottom
      of the gaschamber body and being offset from the path of movement of the
      inverted bucket as determined by said suspension.
NUM  7.
PAR  7. The gas trap and liquid separator of claim 6, in which bucket-support
      means is carried by a lower part of said J-shaped drain conduit, being so
      located in elevation as to support said bucket in a predetermined
      lowermost location in the path of movement determined by said suspension.
NUM  8.
PAR  8. A combined gas trap and liquid separator comprising an upstanding
      generally cylindrical gas-chamber body having an inlet-chamber region and
      a discharge-chamber region separated by a generally conical array of
      swirl-inducing blades on an upstanding axis, an inlet connection to said
      inlet-chamber region for admitting a flow of liquid-gas mixture thereto, a
      gas-outlet connection to said discharge-chamber region and including a
      conduit with an open inlet end of area substantially less than that of
      said gas-chamber body and facing the axis of discharge of said array and
      located above the bottom of said gas-chamber body, a cupped trap housing
      removably secured at its open end to the bottom of said gas-chamber body,
      trap means including an inverted bucket movably suspended in the volume
      within said trap housing, a drain conduit extending from and through the
      bottom of said gas-chamber body into the included volume of said trap
      housing, said drain conduit being positioned to discharge into the inner
      volume of said inverted bucket, and trap-discharge passage means extending
      upwardly through the gas-chamber bottom and forming part of an external
      liquid-discharge connection to the gas-chamber body, said trap means
      including a valve in said trap-discharge passage means and operated by a
      movable part of the bucket suspension, whereby said trap housing may be
      removed without disturbing any of said connections.
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ABST
PAL  An apparatus for the treatment of gases containing polluting or noxious
      constituents which comprises a washing and centrifuging chamber, means to
      spray a washing liquid, specific to the chemical reaction it is desired to
      obtain with the gas, means to augment the length of the path travelled by
      the gas-liquid droplet mixture and promote the chemical reaction between
      the gas and liquid, means to separate the gas and liquid and recover both
      the gas and liquid.
BSUM
PAR  The present invention relates to a purifier for the physical-chemical
      treatment of combustion gases and other gases containing polluting ot
      noxious constituents.
PAR  Atmospheric pollution control measures require equipment capable of
      completely purifying gases resulting in particular from various types of
      combustion.
PAR  Anti-pollution devices for incinerators and boilers are already known, but
      they are generally designed for removing dust from gases and do not have
      any action on their toxicity.
PAR  Chemical treatment devices are also known which involve the gases being
      washed, notably washers with filtering layers, enabling the gases to be
      absorbed effectively by intimate wetting, but they cause a considerable
      loss of charge and the clogging up of the equipment, and allow only a
      small throughput to be obtained.
PAR  Other known dynamic devices give greater throughputs, particularly
      centrifugal washers of the cyclone type, but absorption by washing is
      insufficient because the time during which the gases are in contact with
      the droplets of the washing liquid is too short, since the path travelled
      by these gases and these droplets through the cyclone can be represented
      as a short spiral, between the inlet and the outlet of the cyclone, which
      does not allow an intimate, repeated and prolonged contact to be obtained.
      In addition, the final drying of the gas is insufficient.
PAR  It would therefore be desirable that the purifying action be a combination
      of a physical treatment (dust removal) of the gases, and a chemical
      treatment (absorption and neutralisation).
PAR  The object of the invention is to overcome the disadvantages of purifiers,
      and aims to provide a purifying device of the cyclone washer type, which
      treats physically-chemically combustion gases and other gases containing
      polluting or noxious constituents.
PAR  To this end, the invention relates to a purifier characterised in that it
      comprises a a washing and centrifugeing chamber, receiving the gas to be
      treated and in which a a washing liquid, specific to the chemical reaction
      that is desired to obtain with the gas, is sprayed into the gaseous
      atmosphere, this chamber being followed by means of augmenting the length
      of the gas-liquid droplets mixture path and promoting the reaction of the
      liquid with the gas, with a minimum loss of charge, as well as stages and
      chambers for separating and recovering the treatment liquid from the dry
      gas passing to the exit.
PAR  According to another characteristic feature of the invention, the purifier
      comprises at least one sprayer located in the neck of a
      convergent-divergent passage, formed by at least one vertical deflector
      and the inner wall of the cylinder, and designed to accentuate, by means
      of the Venturi effect, the centrifueging movement, the liquid spraying
      pressure being greater than that of the gas. The means of augmenting the
      length of the path followed by the mixture comprises a ring with blades
      which direct the gas-droplets mixture to at least to one wetting and
      drying system.
PAR  It is particularly advantageous for the system to comprise two truncated
      cones with their apices facing one another, each constituted by a
      honeycomb vane structure.
PAR  The exit of the purifier is provided with means of drying the gas before it
      escapes into the atmosphere.
PAR  To this end, a static turbine is located at the entry of the central gas
      evacuation duct, which turbine has the shape of a cone consisting of
      deflecting blades to give the gas droplets mixture a giratory movement
      designed to separate the liquid from the gas by centrifugeing.
PAR  The successive stages and chambers in which the dust is removed and the
      gases are absorbed in an optimal manner, thanks to a prolonged and
      repeated centrifugeing and washing action, with a very high degree of
      drying and without risk of clogging, enables any gas to be treated by
      physical-chemical means, particularly those gases which are produced in
      various combustion processes, such as those involved in central heating,
      industry, and the incineration of garbage and industrial waste.
PAR  Purification according to the invention has the great advantage of using a
      means of simple construction and operation, as well as providing an
      efficient means of treating polluting gases.
DRWD
PAR  A purifier according to the invention is represented by way of a
      non-limitative example in the accompanying figures in which:
PAR  FIG. 1 is a plan view of the purifier as seen with the top of the upper
      chamber removed;
PAR  FIG. 2 is a front view, partially in section, along II-II in FIG. 1;
PAR  FIG. 3 is a view from the right, partially sectionned, along III-III in
      FIG. 1;
PAR  FIG. 4 is a simplified plan view of the truncated system, showing two
      variants of the honeycombs in the right hand part and in the left hand
      part of the figure.
DETD
PAR  The device comprises a cylindrical upper part or upper chamber 1, which has
      the form of a vertical cyclone, and into which pass the gases to be
      purified by means of a tangential duct 2, comprising, on penetrating into
      the chamber, a curved and vertical deflector 3. The deflector causes the
      gases to be auto-recycled by the action of the washers-sprayers 4,
      creating a Venturi effect, and accentuating the centrifuging effect of the
      gases and the washing by the sprayed liquid, which is specific to the
      chemical reaction it is desired to obtain. The liquid spraying pressure of
      said washer-sprayers 4 is greater than the pressure of the gases in the
      first chamber 1.
PAR  This first chamber comprises, at its lower part, a horizontal ring, formed
      by helicoidal blades 5, the effect of which is, on one hand, to give the
      gases and sprayed liquid droplets a greater centrifugal movement produced
      by their tangential entry into the cyclone, and on the other, to project
      this gas-droplets mixture, through the chamber 6, against the walls of a
      truncated circular system 7 located below. This truncated circular system
      7 is constituted by honeycomb, curved vanes 8 of which the entry faces are
      oriented in the gyrating direction produced by the blades 5 following an
      angle formed with the blades 5 so that this orientation of the vanes 8
      produce forced wetting and contact through the multitude of the molecules
      and particles of the gas and the liquid which strike violently against the
      walls of these oblique, curved vanes, through which the gas and liquid are
      subsequently ejected peripherically into a third chamber 9 located below.
PAR  These shocks and wetting operations are added to the effects of turbulence
      on the gas streams in this chamber 9, which enables a maximum absorption
      of the gases by the sprayed droplets to be obtained in the chamber 1.
PAR  This third chamber 9 is closed at its base by a second system 10 of
      truncated cone shape, and of which the small base is directed toward that
      of the first system located above. This second system also consists of
      honeycomb, curved vanes. The entry face of these curved vanes is oriented
      in a direction opposite to that of the gyratory movement of the cyclone,
      which produces a drying effect by agglomerating the sprayed, very small
      diameter liquid particles, since in order to be evacuated into a central
      duct, the gas-droplets mixture is divided into multi-gas streams which
      describe a rotation of 180.degree., causing the separation of droplets of
      greater density, which flow away peripherically toward the base of the
      cyclone.
PAR  The gases then penetrate into a last chamber 11, located in the central,
      lower area of the purifier, where a final centrifugal separation and
      liquid removal operation is carried out on the gases by means of a static
      turbine 12. This static turbine has a truncated shape, of which the apex
      is directed downward; it covers the central gas evacuation duct 13.
PAR  This static turbine 12 is constituted by the deflectors 14, in the form of
      segments of a truncated cone, partly overlapping one another, to leave a
      desired space between them, the entry flow of the gases between the
      deflectors being directed in the gyratory direction in which they enter
      the cyclone. This arrangement in the turbine gives the gases that are
      leaving a convergent, conical, helicoidal movement. This violent movement
      of the gases produces the removal of the droplets and various residues,
      which are projected peripherally toward the base of the purifier in the
      form of a hopper 15, whereas the purified gases are discharged upward by
      the central evacuation duct 13.
PAR  It is to be understood that the invention is not limited to the examples
      herein above described and illustrated, and on the basis of which other
      modes and forms of embodiment can be envisaged without departing from the
      scope of the invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A purifier of the cyclone-washer type for treating gases containing
      polluting or noxious constituents comprising:
PA1  a cylindrical wall concentric about a vertical axis defining a first
      chamber therein,
PA1  inlet duct means communicating with said first chamber through which gases
      to be treated can enter said first chamber,
PA1  said inlet duct means being directed tangentially into said first chamber
      for swirling the gases entering within said first chamber in a first
      direction about said vertical axis,
PA1  spray means associated with said first chamber for spraying washing liquid
      droplets into the swirling gases in said first chamber for treating gases
      therein,
PA1  said cylindrical wall extending downwardly below said first chamber,
PA1  a ring of helicoidal blades positioned within said cylindrical wall in the
      lower part of said first chamber, said helicoidal blades projecting the
      swirling mixture of gases and liquid droplets downwardly from said first
      chamber within said cylindrical wall below said ring of blades,
PA1  a honeycomb structure of curved vanes positioned within said cylindrical
      wall below said ring of blades for increasing the length of the path
      traversed by said mixture of gases and liquid droplets,
PA1  a hopper at lower part of said cylindrical wall below said honeycomb
      structure for receiving the washing liquid, and
PA1  a central evacuation duct communicating with the region within said
      cylindrical wall below said honeycomb structure and extending upwardly
      along said axis.
NUM  2.
PAR  2. A purifier of the cyclone-washer type for treating gases containing
      polluting or noxious constituents, as claimed in claim 1, in which:
PA1  said honeycomb structure is formed by two truncated conical honeycombs of
      curved vanes each concentric about said axis,
PA1  said truncated conical honeycombs being positioned with their small ends
      adjacent one to another.
NUM  3.
PAR  3. A purifier of the cyclone-washer type for treating gases containing
      polluting or noxious constituents, as claimed in claim 1, in which:
PA1  a static turbine is located at the lower end of said central evacuation
      duct,
PA1  said turbine having a conical configuration with its narrow end extending
      downwardly,
PA1  said turbine including a plurality of deflecting blades directing the gases
      inwardly into the lower end of said evacuation duct in the same direction
      of swirling motion as the swirling direction of the gases entering said
      first chamber.
NUM  4.
PAR  4. A purifier of the cyclone-washer type for treating gases containing
      polluting or noxious constituents, as claimed in claim 1, in which:
PA1  said honeycomb structure includes two truncated conical systems of curved
      vanes,
PA1  each of said truncated conical systems of curved vanes extending around
      said central evacuation duct, and
PA1  one of said truncated conical systems being positioned above the other.
NUM  5.
PAR  5. A purifier of the cyclone-washer type for treating gases containing
      polluting or noxious constituents, as claimed in claim 4, in which:
PA1  one of said truncated conical systems of curved vanes is inverted with
      respect to the other.
NUM  6.
PAR  6. A purifier of the cyclone-washer type for treating gases containing
      polluting or noxious constituents, as claimed in claim 4, in which:
PA1  the curved vanes in said two conical systems are arranged according to
      parallel planes superimposed and perpendicular to said vertical axis.
NUM  7.
PAR  7. A purifier of the cyclone-washer type for treating gases containing
      polluting or noxious constituents, as claimed in claim 1, in which
PA1  said honeycomb structure includes a first and a second system of curved
      vanes,
PA1  each of said systems of curved vanes extending around said evacuation duct
      with said first system being positioned above said second system,
PA1  said first system of curved vanes defining entry faces directed in said
      first direction of swirling movement about said vertical axis and curving
      obliquely therefrom for producing forced wetting and contact of the gases
      and droplets striking violently against the walls of these oblique curved
      vanes, and
PA1  said second system of curved vanes defining entry faces oriented in a
      direction opposite to said first direction of swirling motion for causing
      the gas streams passing through said second system to turn into the
      opposite direction for producing a drying effect by agglomerating the
      sprayed liquid droplets.
NUM  8.
PAR  8. A purifier of the cyclone-washer type for treating gases containing
      polluting or noxious constituents comprising:
PA1  a cylindrical wall concentric about an axis defining a first chamber
      therein,
PA1  inlet duct means communicating with said first chamber through which gases
      to be treated can enter said first chamber,
PA1  said inlet duct means being directed into said first chamber off from said
      axis for producing a gyratory movement about said axis of the gases within
      said first chamber,
PA1  spray means associated with said first chamber for spraying washing liquid
      droplets into the moving gases within said first chamber,
PA1  said cylindrical wall extending beyond said first chamber defining a second
      chamber,
PA1  a ring of blades positioned within said cylindrical wall between said first
      and second chambers for directing the gyratory moving mixture of gases and
      liquid droplets into said second chamber,
PA1  a honeycomb structure containing multiple oblique vanes positioned within
      said second chamber, said honeycomb structure including a first and a
      second system of vanes,
PA1  said first system of oblique vanes having their entry faces oriented in the
      direction of the gyratory motion of said mixture,
PA1  said second system of oblique vanes having their entry faces oriented in a
      direction opposite to said direction of gyratory motion,
PA1  a hopper positioned beyond said honeycomb structure for receiving the
      washing liquid, and
PA1  a central evacuation duct extending along said axis through said chambers,
      said evacuation duct communicating with the interior of said cylindrical
      wall beyond said honeycomb structure for carrying away the washed gases.
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ABST
PAL  A dust collecting bag with a central opening in the endwall thereof, which
      opening can be covered and uncovered by a cover flap hinged on the endwall
      of which it constitutes an integral part so that a portion of its free
      edge opposite the hinged mounting is positioned within the area of the
      opening. The central opening has at least one locking flap disposed along
      a portion of the edge opposite the hinged mounting of the cover flap and
      the portion of the free edge of the cover flap within the area of the
      opening has slits extending from the edge, with the portion of the cover
      flap defined by the slits being pivotable out of the plane defined by the
      remainder of the cover flap. The locking flap bridges the space between
      the cover flap and the edge of the opening.
BSUM
PAR  The present invention relates to a dust collecting bag, the end side of
      which is constituted by an endwall of comparatively rigid material, by way
      of example paper board.
PAR  It is a principal object of the invention to provide a dust collecting bag
      of the kind mentioned, which is comparatively cheap and which after its
      use can be closed in an efficient manner.
PAR  This object has been reached by a dust collecting bag made in accordance
      with the invention, characterized by a central opening in the endwall,
      which can be covered and uncovered respectively by pivoting of a cover
      flap hinged on said endwall. The cover flap may constitute an integrated
      part along a portion of the edge of said opening. The flap is shaped in
      such a way that when it covers the opening at least a part of its free
      defining edge is positioned within the area of the opening. At least one
      locking flap is provided, which bridges the interspace between the cover
      flap and the edge of the opening. The locking flap or flaps are pliant
      against the bias of a spring action and are passed in connection with the
      pivoting of the cover flap to the closing position and thereafter keep the
      cover flap in the closed position by lying tight against the outside of
      said cover flap.
DRWD
PAR  A few examples of embodiments of the object of the invention will be
      described with reference to the accompanying drawings, in which
PAR  FIG. 1 is a view of the endwall of a dust collecting bag, according to a
      first example of an embodiment of the invention showing the uncovered
      opening
PAR  FIG. 2 is a corresponding view of the dust collecting bag illustrated in
      FIG. 1 but showing the flap covering the opening
PAR  FIG. 3 shows an inner sheet constituting part of the endwall,
PAR  FIG. 4 shows an outer sheet constituting part of the same endwall before
      its mounting,
PAR  FIG. 5 is a view corresponding to FIG. 1 illustrating a dust collecting bag
      according to a second example of an embodiment of the invention,
PAR  FIG. 6 is a view corresponding to FIG. 2 illustrating the dust collecting
      bag of the embodiment shown in FIG. 5,
PAR  FIG. 7 is a corresponding view of the last mentioned dust collecting bag
      with the flap engaged in an open position, and
PAR  FIG. 8 is a perspective view of a dust collecting bag of the invention.
DETD
PAR  The dust collecting bag according to FIG. 8, is made of a filter material,
      as is well known. The part of the bag made of filter material is fastened
      to the back side of the endwall indicated at 1, e.g., by glueing. In one
      embodiment according to FIGS. 1-4, the endwall 1 comprises two sheets 2
      and 3, connected with each other e.g., by glueing. The end wall also can
      be made in the shape of a large sheet of stiff material, e.g., paper
      board, which is bent double. Sheet 3 of the endwall 1 exhibits a central
      opening 4, which can be covered and uncovered respectively by pivoting of
      a cover flap 5 hinged on the sheet 3 along a portion of the edge of said
      opening. The flap which may be an integral part of the endwall is shaped
      such that at least a part of its free defining edge is positioned within
      the area of the opening when it covers the opening of the sheet 3. In the
      embodiment illustrated in the drawing, the whole free defining edge of the
      cover flap is positioned within the area of the opening of the sheet 3.
      Sheet 2 of the endwall includes a number of flaps of a resilient material
      defining an opening 8 therein and bridging the interspace between the
      edges of the cover flap and the opening in sheet 3 when sheets 2 and 3 are
      connected; these flaps are indicated at 6 and 7. The flaps 7 which are
      somewhat shorter than the flaps indicated at 6, keep the cover flaps in
      its position shown in FIG. 2, where the flaps 7 lie against the outside of
      the cover flap. As is most clearly evident from FIG. 3, the locking flaps
      6 and 7, in the embodiment illustrated, are arranged along the edge of the
      opening 8 and are shaped by slits 9 cut in a radial direction from the
      edge of the opening. Right in front of the short locking flaps 7, the
      cover flap 5, which is punched out of the outer sheet 3 and constitutes an
      integral part therewith connected along the folding line indicated at 10,
      exhibits an edge 11, which is substantially parallel to the end edges of
      the locking flaps 7. The locking flaps 6 extend farther past the edge of
      the covering flap 5 than the locking flaps 7 do, which means that the
      locking flaps 7 are passed by the cover flap 5 during its pivoting
      movement to the closing position, while the cover flap still lies against
      the outside of the locking flaps 6. Upon closing the cover flap, the
      locking flaps 7 thus are positioned at the outside of the cover flap and
      retain the same in closed position.
PAR  The endwall illustrated in FIGS. 5 - 7 has been given the same reference
      numbers for those details which correspondingly appear in the embodiment
      illustrated in FIGS. 1 - 4. The dust collecting bag according to the
      second embodiment differs from the one described above substantially with
      respect to the cover flap 5, which at its free edge portion opposite the
      hinged mounting exhibits two slits 12, and the locking flaps 7 which are
      shorter than the locking flaps in the previous Figures. In connection with
      the closing operation, the edge portion of the cover flap positioned
      between the slits is bent out of the plane of the other portion of the
      cover flap past the locking flaps 7. Behind the pivotable mounting of the
      cover flap, the endwall, in addition, exhibits a cut out portion 14, the
      defining edge of which occupies such a position that the free edge of the
      cover flap can be flipped past the same, which makes possible a steady
      support of the cover flap in an open position, when the dust collecting
      bag is used.
PAR  In connection with vacuum cleaners provided with a lid exhibiting a tube
      penetrating into the dust collecting bag, the locking flaps 6 and 7
      cooperate to provide a comparatively efficient tightening and stiffening
      up against said tube providing a good adaptability to different tube
      dimensions.
PAR  The invention is not limited to the embodiments described above and
      illustrated in the drawings by way of example only, but can be varied as
      to its details within the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Dust collecting bag including a substantially rigid endwall, said
      endwall comprising:
PA1  a central opening, said opening including locking means disposed about a
      small portion of its edge;
PA1  a cover flap having a free defining edge, said cover flap pivotally
      resiliently mounted on said endwall along a portion of the edge of said
      opening, said cover flap covering said opening when locked into a covering
      position by said locking means, with at least a portion of said free
      defining edge positioned within the area of the opening;
PA1  said cover flap further includes the presence of slits extending from said
      at least a portion of said free defining edge, said portion located
      substantially diametrically opposite the pivotable mounting of said cover
      flap and with the part of said free edge defined by said slits being
      pivotable out of the plane defined by the remainder of the cover flap;
PA1  said locking means located substantially diametrically opposite the pivotal
      mounting of said cover flap and consisting of at least one pliable locking
      flap, said locking flap overlying said at least a portion of said free
      defining edge and biased against the resilient mounting of the cover flap
      when the cover flap is in a closed and locked position.
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PAL  A filter cartridge for suspended particles comprising a frame and a filter
      web supported by the frame, the filter web being embedded in the frame
      which is formed of plastic material. The outside of the filter web is
      provided with a support grid or wire network which is likewise embedded in
      the frame. The filter web and the support grid network are folded into the
      shape of a bellows.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved construction of filter
      cartridge for suspended particles or the like of the type incorporating a
      frame and a filter web supported by the frame, the filter web being
      embedded in the frame which is fabricated from plastic, and wherein the
      outside or outer surface of the filter web is equipped with a support grid
      network or grate which likewise is embedded in the frame.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary objective of the invention to improve such type filter
      cartridge which has become known to the art by virtue of its disclosure in
      Swiss Pat. No. 535,063, the subject matter of which is hereby incorporated
      by reference.
PAR  Another object of the present invention aims at improving upon the prior
      art filter cartridge discussed above and particularly in rendering less
      expensive the fabrication thereof while of course without impairing the
      effectiveness of the filter.
PAR  Now in order to implement these and still further objects of the invention,
      which will become more readily apparent as the description proceeds, the
      filter cartridge of this development is characterized in that the filter
      web is elongate and is folded along a plurality of fold regions spaced
      apart along the web to give it a pleated configuration, the grid means are
      elongate and comprise a plurality of essentially planar grids extending
      substantially parallel to one another with the pleats extending between
      respective pairs of adjacent grids, and at least one of the grids is
      formed with projections protruding out of the plane of the grid into the
      space between successive pleats of the filter web to maintain the grids
      and the successive pleats in spaced relationship.
PAR  By virtue of these measures it is possible to obtain a filter cartridge
      having a very large effective filter surface. For instance when using
      filter cartridges in order to provide a given effective filter surface in
      the wall of a building or structure, considerably fewer filter cartridges
      are required when using a cartridge according to the invention, having a
      large effective filter surface, than are required when using the
      heretofore known filter cartridges. The entire inlet surface of the filter
      of this development can be constructed to be considerably larger than the
      known filter cartridges. Also since the embedding of the filter web and
      the support grid network in the plastic frame essentially requires the
      same expenditure of time, regardless of whether the filter web is short or
      long, the fabrication costs for this purpose are approximately the same as
      those for fabricating the heretofore known but considerably smaller
      filters.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawing wherein:
PAR  FIG. 1 is a perspective view of a filter cartridge constructed according to
      the invention; and
PAR  FIG. 2 is a fragmentary sectional view through the filter cartridge
      depicted in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawing, the exemplary embodiment of filter cartridge of
      this development will be recognized to possess a substantially rectangular
      mouth frame portion 1 and two substantially rectangular plate-shaped side
      frame portions 2 forming a frame or frame means 1, 2. The mouth frame
      potion 1 defines an inlet opening through which a suspension to be
      filtered enters the filter cartridge. The filtered suspension leaves the
      filter cartridge by way of an outlet region defined between the side frame
      portions 2. This frame 1, 2 is fabricated from plastic. Within the frame
      1, 2 there is arranged a filter web 3 which is folded into to form a
      bellows-like structure and a support grid network or grate 4 which is
      likewise folded into the shape of a bellows. The filter web 3 has one main
      surface facing the inlet opening defined by the mouth frame portion 1 and
      its other main surface facing the outlet region defined between the side
      frame portions 2. The support grid network 4 is composed of the lengthwise
      extending wires 5 and the transversely extending wires 6. These
      lengthwise- and transversely extending wires 5, 6 are welded or otherwise
      suitably connected with one another at their common crossover locations.
      The filter web 3 bears against the support grid network 4 and is
      adhesively bonded or otherwise appropriately connected at the common
      crossover locations of the wires 5 and 6. The filter web 3 is folded to
      form the bellows-like structure such that in the showing of FIG. 2 there
      are formed a number of superimposed filter web sections. These filter web
      sections extend from a rear deflecting or turning location 7 to a front
      deflecting or turning location 8 and from that location again to a rear
      deflecting location 7 and so forth. The filter cartridge depicted in FIGS.
      1 and 2 has ten such superimposed filter web sections and four front
      deflecting locations 8 as well as five rear deflecting locations 7.
PAR  At each of the deflecting locations 7 and 8 there are arranged above one
      another two transverse extending wires 6 which are connected with one
      another by means of the clamps 9 and 10 respectively. Since the lengthwise
      extending wires 5 do not extend about the deflecting or turning locations
      7 and 8, rather in each instance terminate at the last-mentioned two
      transverse extending wires 6 the clamps 9 and 10 hold together the
      individual support grid network sections. The filter web 3 extends of
      course without interruption over and about the deflecting location 7 and
      8. Both ends 11 of the filter web 3 are embedded in the lower and upper
      horizontally extending frame struts or beams 12 of the mouth frame portion
      1. The same is also the case for the lengthwise extending wires 5 at both
      ends of the support grid network 4.
PAR  In FIG. 2 there has only been illustrated the upper strut 12 with the
      embedded upper support grid network end and the upper filter web end. The
      transversely extending wires 6 of the support grid network and the
      lengthwise edges 13 of the filter web 3 are embedded in the same manner in
      both of the side frame portions 2. As also best seen by referring to FIG.
      2 the side frame portions 2 extend both in height as well as also in depth
      over and past the folded filter web 3 and the support grid network or
      grate 4. In the elevational or height direction the side frame portions 2
      are limited or bounded by the edges 15.
PAR  As best seen by referring to FIG. 2 the support grid network 4 possesses a
      number of projections 16 which extend out of the plane of the grid network
      or grate. These projections are located in the intermediate spaces 17
      enclosed between the planes of adjacent sections of the grid network and
      serve to maintain in spaced relationship neighbouring filter web- and
      support grid network sections. The projections or protuberances 16 are
      formed from the lengthwise extending wires 5 of the support grid network
      4. The lengthwise extending wires 5 are formed for this purpose into the
      depicted loops and in each such loop there is again located a transverse
      extending wire 6.
PAR  The filter web is fabricated at a production machine in very large lengths.
      For the fabrication of the filter cartridge a correspondingly long filter
      web section or piece is cut from one such large length. In the series or
      mass production it is possible to also fabricate the support grid network
      or grate in a continuous manner in that actually always sections of the
      lengthwise extending wires 5 provided with the transversely extending
      wires 6 follow in succession in the lengthwise direction of the grid
      network and such support grid network sections are connected with one
      another by clamps 9 and 10. With such continuous fabrication there is also
      undertaken the bending of the lengthwise extending wires for forming the
      projections 16. From such continuous fabrication of the supporting grid
      network there is again removed a support grid network of appropriate
      length, and this network is covered with the previously discussed filter
      web section. The crossover locations of the wires 5 and 6 are previously
      provided with adhesive, so that now the filter web which is located in an
      extended or stretched state adheres at the stretched locations at the
      support grid network. Now the support grid network can be simply folded to
      form the bellows-like structure depicted in FIG. 2. In this position the
      folded filter web and the folded support grid network with its lengthwise
      extending edges 13 and with its transverse extending wires 6 are brought
      into a mold. In the latter there is then introduced plastic for forming
      the side frame portions 2. With this molding operation the ends of the
      transverse extending wires 6 and the lengthwise edges 13 of the filter web
      are embedded in the plastic. The thus formed structure is then erected on
      its front side and there is then formed the mouth frame portion 1.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims.
CLMS
STM  Accordingly, what is claimed is:
NUM  1.
PAR  1. A filter cartridge for filtering suspended particles from a fluid
      passing through the cartridge, comprising:
PA1  a frame defining an inlet opening for admitting fluid to be filtered and an
      outlet region for permitting filtered fluid to leave the frame;
PA1  grid means positioned in the frame and having peripheral portions embedded
      therein;
PA1  an elongate filter web positioned in the frame and having peripheral
      portions embedded therein, the web being supported and backed by the grid
      means and having one main surface facing towards said inlet opening and
      its other main surface facing towards the grid means and said outlet
      region so that fluid to be filtered passes through the web in the
      direction from said one main surface towards said other main surface,
PAL  the grid means being elongate and comprising a plurality of essentially
      planar grids extending substantially parallel to one another away from the
      inlet opening and secured together end-to-end by clamps, and the web being
      folded along a plurality of fold regions spaced apart along the web to
      give it a pleated configuration with the pleats extending between
      respective pairs of adjacent grids, at least one of said grids being
      formed with a projection protruding out of the plane of the grid into the
      space between successive pleats of the filter web to maintain the grids
      and said successive pleats in spaced relationship.
NUM  2.
PAR  2. The filter cartridge as defined in claim 1, wherein said frame is formed
      of plastic.
NUM  3.
PAR  3. The filter cartridge as defined in claim 1, wherein said frame comprises
      a substantially rectangular mouth frame portion and two substantially
      rectangular plate-shaped side frame portions, said side frame portions
      extending over the entire depth of said filter web.
NUM  4.
PAR  4. The filter cartridge as defined in claim 1, wherein said grids are made
      of wire and said projection is formed from a wire of that grid which is
      formed with the projection.
PATN
WKU  039334538
SRC  5
APN  4670175
APT  1
ART  173
APD  19740506
TTL  Flame hydrolysis mandrel and method of using
ISD  19760120
NCL  17
ECL  1
EXP  Lindsay, Jr.; Robert L.
NDR  1
NFG  8
INVT
NAM  Burke; Gerald E.
CTY  Painted Post
STA  NY
INVT
NAM  DeLuca; Robert D.
CTY  Big Flats
STA  NY
ASSG
NAM  Corning Glass Works
CTY  Corning
STA  NY
COD  02
CLAS
OCL   65  3
XCL   65 11W
XCL   65 18
XCL   65 31
XCL   65 89
XCL   65184
XCL   65374
XCL   65DIG7
XCL  164346
XCL  164400
XCL  242159
XCL  249183
XCL  427167
EDF  2
ICL  C03C 2502
ICL  C03B  932
ICL  C03B 1906
ICL  C03C 1500
FSC  242
FSS  159;118.11
FSC  249
FSS  183;63
FSC  164
FSS  345;346;400
FSC   65
FSS  4;11 W;3;18;DIG. 7;31;374;2;89;184
FSC  427
FSS  167
UREF
PNO  2171890
ISD  19390900
NAM  Precourt
OCL  242118.11
UREF
PNO  3486870
ISD  19691200
NAM  Vervaart et al.
XCL   65 18
UREF
PNO  3737292
ISD  19730600
NAM  Keck et al.
XCL   65  4
UREF
PNO  3741796
ISD  19730600
NAM  Walker
XCL   65 18
FREF
PNO  11,140
ISD  18910600
CNT  UK
OCL  249183
LREP
FR2  Simmons, Jr.; William J.
FR2  Zebrowski; Walter S.
FR2  Patty, Jr.; Clarence R.
ABST
PAL  There is disclosed a method and apparatus for providing optically pure
      glass blanks, tubing, crucibles and the like for use in forming optical
      waveguides, lenses, prisms, filters, lamp envelopes and the like. A glass
      layer is formed at a high temperature on a mandrel which includes a
      support rod or tube upon which is disposed a layer of refractory metal
      wire, gauze, foil or the like. The mandrel is so constructed that
      stresses, which heretofore have developed in the glass layer during
      cooling, are avoided, and the mandrel is easily removed from the glass
      layer, thereby forming a hollow glass cylinder that is free from cracks,
      checks and the like.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method and apparatus for producing high optical
      quality glass articles, and more particularly, it relates to an improved
      mandrel for use in such glass deposition processes as the flame hydrolysis
      process and to a method of using this mandrel.
PAR  The production of high quality, high purity vitreous materials has always
      been important in optics since optical systems have required low loss,
      distortion free components. It has recently been found that fused silica
      and similar high purity glasses formed by the flame hydrolysis process can
      be used to advantage in the production of low attenuation optical
      waveguides which heretofore have not been satisfactorily formed by other
      glass forming techniques. In addition, because of this, high quality,
      flame hydrolysis-produced glasses, such as fused silica, are finding
      greater application in the formation of lenses, prisms and the like.
      Although the present invention is useful for forming various optical
      devices by the process of building up a layer of glass on a rotating
      mandrel, it will be specifically described in connection with the
      formation of optical waveguides by the flame hydrolysis process.
PAR  The flame hydrolysis technique has recently been employed to prepare single
      mode waveguides and multimode waveguides of both the step-index and
      graded-index type. A method of forming step-index waveguides is taught in
      U.S. Pat. No. 3,737,292 issued June 5, 1973, to D. B. Keck et al., and a
      method of forming graded-index waveguides is disclosed in U.S. Pat.
      application Ser. No. 239,496 filed by P. C. Schultz on Mar. 30, 1972,
      entitled "Method of Forming a Light Focusing Fiber Waveguide" now U.S.
      Pat. No. 3,826,560. The flame hydrolysis process basically consists of
      introducing the vapor of a hydrolyzable compound into a flame to form a
      glass soot which is directed toward a rotating mandrel to form a coating
      thereon which is referred to as a soot preform. The soot preform must be
      subjected to a temperature within the consolidation temperature range for
      a time sufficient to permit the soot particles to fuse and consolidate,
      thereby forming a dense glass which is free from particle boundaries. The
      mandrel is usually employed to support the soot preform in the
      consolidation furnace, but it must be removed prior to drawing the
      consolidated soot preform into a fiber. However, the consolidation process
      causes the consolidated glass to bond tightly to the mandrel. Even a
      slight expansion mismatch between the mandrel material and that of the
      consolidated glass can cause large stresses to exist in the consolidated
      glass after it has cooled, and such stresses can cause the consolidated
      dense glass to crack during removal of the mandrel. Stress can be relieved
      by annealing the consolidated preform-mandrel composite prior to removing
      the mandrel, but this increases the processing time and thus increases the
      cost of manufacturing optical waveguides.
PAR  An apparent solution to the expansion mismatch problem is to use a mandrel
      of the same material as that which is being deposited by flame hydrolysis.
      However, optical waveguides include core and cladding materials which have
      different expansion characteristics, and there is necessarily an expansion
      mismatch between the consolidated optical waveguide preform and the
      mandrel. Moreover, many optical waveguide materials, such as fused silica
      and doped fused silica cannot be melted and formed into suitable mandrels
      by conventional glass forming techniques. Therefore, mandrels for use in
      the formation of articles of such glasses have been made from graphite,
      glass ceramic, quartz, and crystalline material such as alumina, mullite
      and the like, which have expansion coefficients different from both the
      core and cladding materials.
PAR  The process of removing the mandrel from the consolidated optical waveguide
      preform is difficult and time consuming. Although the mandrel can be
      removed by grinding or drilling, it is usually removed by pumping an
      etchant through a hollow mandrel until the mandrel is completely
      dissolved. The process of manufacturing optical waveguides could be made
      faster and simpler by improving the mandrel removing process.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      mandrel for use in the formation of glass articles by the process of
      forming a dense glass layer on a mandrel and thereafter removing the
      mandrel. Another object is to provide a mandrel that is easily removed
      from a dense glass cylinder that has been formed thereon at high
      temperatures. Still another object is to provide a mandrel which prevents
      the formation of large stresses in a dense glass layer formed thereon
      during the cooling of the mandrel-glass composite. Another object is to
      provide an improved method of making high optical quality glass articles
      such as optical waveguides.
PAR  Briefly, the present invention relates to a method and apparatus for
      forming a glass article. The apparatus generally comprises a cylindrically
      shaped mandrel and means for forming a glass coating on the surface of the
      mandrel. In accordance with the present invention, the mandrel is
      characterized in that it comprises a cylindrical support and tubular means
      slidably mounted on the surface of the support, the outer surface of the
      tubular means being formed of refractory metal.
PAR  The aforementioned mandrel is utilized in the formation of a glass article
      by forming a dense glass layer on the surface of the tubular means,
      removing the cylindrical support from the tubular means, and thereafter
      removing the tubular means from the inner surface of the dense glass
      layer, thereby forming a hollow cylindrical dense glass structure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 illustrate the application of first and second coatings of
      glass soot to a mandrel.
PAR  FIG. 3 illustrates, in partial cross-section, a reusable mandrel
      constructed in accordance with the present invention.
PAR  FIGS. 4 and 5 illustrate steps in the removal of the mandrel of FIG. 3 from
      a consolidated dense glass cylinder.
PAR  FIG. 6 illustrates, in partial cross-section, a mandrel having a refractory
      wire coil surface.
PAR  FIG. 7 illustrates the process of removing the mandrel coil from a
      consolidated glass cylinder.
PAR  FIG. 8 illustrates, in partial cross-section, another embodiment of the
      present invention wherein the mandrel includes a refractory metal foil
      surface.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  It is to be noted that the drawings are illustrative and symbolic of the
      present invention, and there is no intention to indicate the scale or
      relative proportions of the elements shown therein. For the purpose of
      simplicity, the present invention will be substantially described in
      connection with an apparatus and method for forming a glass optical
      waveguide although this invention is not intended to be limited thereto.
PAR  Referring to FIG. 1, a coating 10 of glass soot is applied to cylindrical
      mandrel 12 by means of flame hydrolysis burner 14. Fuel gas and oxygen or
      air are supplied to burner 14 from a source (not shown). This mixture is
      burned to produce flame 16 which is emitted from the burner. A gas-vapor
      mixture is hydrolyzed within flame 16 to form a glass soot that leaves the
      flame in a stream 18, which is directed toward mandrel 12. The flame
      hydrolysis method of forming soot coatings on cylindrical mandrels is
      described in greater detail in the aforementioned U.S. Pat. No. 3,737,292
      and the aforementioned Schultz application. Mandrel 12 is supported by
      means of support portion 20 and is rotated and translated as indicated by
      arrows adjacent thereto in FIG. 1 for uniform deposition of soot.
PAR  To form a step-index optical waveguide, a second coating 22 of glass soot
      may be applied over the outside peripheral surface of first coating 10 as
      shown in FIG. 2. In accordance with well known practice the refractive
      index of coating 22 is made lower than that of coating 10 by changing the
      composition of the soot 24 being produced in flame 16. This can be
      accomplished by changing the concentration or type of dopant material
      being introduced into the flame, or by omitting the dopant material.
      Mandrel 12 is again rotated and translated to provide a uniform deposition
      of coating 22, the composite structure including first coating 10 and
      second coating 22 constituting an optical waveguide soot preform 30.
PAR  To form a graded-index optical waveguide, there is deposited on mandrel 12
      a coating of soot having a radially varying composition by means of flame
      hydrolysis.
PAR  In the manufacture of optical waveguides, the materials of the core and
      cladding of the waveguide should be produced from a glass having minimum
      light attenuation characteristics, and although any optical quality glass
      may be used, fused silica is a particularly suitable glass. For structural
      and other practical considerations, it is desirable for the core and
      cladding glasses to have similar physical characteristics. Since the core
      glass must have a higher index of refraction than the cladding for proper
      operation, the core glass may desirably be formed of the same type of
      glass used for the cladding and doped with a small amount of some other
      material to slightly increase the refractive index thereof. For example,
      if pure fused silica is used as the cladding glass, the core glass can
      consist of fused silica doped with a material to increase its refractive
      index.
PAR  There are many suitable materials that can satisfactorily be used as a
      dopant alone or in combination with each other. These include, but are not
      limited to, titanium oxide, tantalum oxide, tin oxide, niobium oxide,
      zirconium oxide, aluminum oxide, lanthanum oxide and germanium oxide.
      Optical waveguides can also be made by forming the core from one or more
      of the aforementioned dopant oxides, the cladding being made from one or
      more materials having a lower refractive index. For example, a core made
      of pure germanium oxide may be surrounded by a cladding layer of silica
      doped germanium oxide.
PAR  After a soot preform of the desired dimensions has been formed on the
      mandrel, the mandrel-preform composite is inserted into a furnace wherein
      the soot is subjected to a temperature within the consolidation
      temperature range thereof. The particles of soot fuse and consolidate to
      form a dense glass body free from particle boundaries. The consolidation
      temperature depends upon the composition of the glass soot. For example,
      the consolidation temperature is in the range of about 1250.degree.to to
      1700.degree.C for high silica content soot, consolidation at 1250.degree.C
      requiring a very long time. The preferred consolidation temperature for
      high silica content soot is between 1400.degree.C and 1500.degree.C. The
      consolidation temperatures for soot of other compositions is lower than
      that for silica, high germania content soot being easily consolidated at
      about 900.degree.C. Moreover, if the surface upon which the glass is being
      deposited is maintained at a sufficiently high temperature, a layer of
      consolidated dense glass can be directly deposited on the mandrel by flame
      hydrolysis. This can be accomplished by the use of auxiliary heating means
      and/or increasing the temperature of the flame in which the vapor is
      hydrolyzed. Glass consisting of germania and up to 25% silica has been
      deposited in this manner directly upon a mandrel. Another method of
      forming a glass layer on a mandrel is disclosed in U.S. Pat. No. 2,904,713
      issued Sept. 15, 1959. In accordance with the teachings of that patent,
      glass powder is dropped onto the surface of a mandrel that is disposed in
      a furnace.
PAR  After the dense glass layer has been formed on the surface of the mandrel,
      either by direct deposition of glass or by consolidation of soot, the
      mandrel is removed. The resulting hollow, dense glass structure is then
      heated to a temperature sufficiently high to cause the viscosity thereof
      to become low enough for drawing. For example, a high silica content
      structure can be drawn at about 2000.degree.C. As the structure is drawn,
      it decreases in diameter until the central hole collapses. Drawing is
      continued until the final desired waveguide dimensions are obtained.
PAR  In accordance with the present invention, the mandrel comprises a tubular
      member that is slidably or releasably mounted on a cylindrical support.
      The tubular member functions as a release agent in that the cylindrical
      support can be readily removed therefrom. Moreover, the tubular member is
      so constructed that it can be relatively easily removed from the glass
      layer or article formed thereon. The tubular member may also compress to
      avoid the buildup of stress in the glass layer that has been formed
      thereon. The cylindrical support may be in the form of a rod or tube and
      may be formed of any material having adequate strength and high
      temperature properties such as metal, glass, ceramic or the like.
      Depending upon the construction of the tubular member, it may be necessary
      to construct the cylindrical support from a material having a coefficient
      of expansion that is greater than that of the glass layer which is to be
      formed on the mandrel. At least the outer surface of the tubular member
      consists of a refractory metal such as platinum, tantalum, niobium,
      tungsten, rhenium, iridium, stainless steel, or the like. The particular
      metal to be employed depends in part upon the highest temperature to which
      the mandrel will be subjected. Depending upon the thermal coefficients of
      expansion of the cylindrical support and the glass being deposited, the
      tubular member may also include a layer of resilient or compressive
      material disposed between the metallic outer surface and the cylindrical
      support.
PAR  The embodiments hereinafter described illustrate some of the forms which
      the metallic outer surface may take. The compressive layer may be employed
      with any of these embodiments although it is specifically illustrated and
      described in connection with only one of them. If the glass layer is
      directly deposited on the mandrel, rather than depositing and
      consolidating a soot coating, the metallic outer surface should be free
      from openings into which the molten glass can flow as it is being
      deposited. However, if the glass layer is formed by depositing a coating
      of soot on the mandrel and thereafter consolidating the soot, the metallic
      outer surface can be porous, but the openings should be small enough that
      the soot particles do not pass therethrough. The usual diameter of the
      soot particles is about 0.1 .mu.m, but particles as small as 0.05 .mu.m in
      diameter have been formed. A porous metallic outer surface is advantageous
      in that an etchant can be caused to flow through the pores or openings
      therein to thereby remove at least a portion of the inner surface of the
      adjacent glass layer and facilitate the removal of the metallic outer
      surface of the mandrel from the glass layer.
PAR  FIG. 3 illustrates a reusable mandrel consisting of a layer 38 of metallic
      gauze disposed around support member 40. This embodiment may be
      constructed by wrapping a piece of metallic gauze around the support
      member to form at least one layer thereof and welding or otherwise bonding
      the edges to form a continuous tube or cylinder. A gauze tube could also
      be formed separately from support member 40 and slipped onto that member.
      The mesh size of the gauze is chosen to be small enough that the particles
      of soot deposited during the flame hydrolysis process do not penetrate the
      gauze and adhere to support member 40.
PAR  After soot preform 42 is deposited upon the surface of the mandrel, the
      mandrel is used as a support for the soot preform while it is consolidated
      into a dense glass layer. During the consolidation process, the viscosity
      of the glass soot remains sufficiently high to prevent the soot from
      flowing through openings of gauze 38. After the soot is consolidated,
      support member 40 can therefore be relatively easily removed, thereby
      leaving the composite structure illustrated in FIG. 4, which comprises a
      hollow cylinder 44 of consolidated glass having metallic gauze 38 adhering
      to the inner surface thereof. As illustrated by arrows 46 acid may be
      pumped through glass cylinder 44 where it passes through mesh 38 and
      attacks that portion of the glass adhering to the mesh. An acid such as
      HF, HCl or the like is chosen which attacks the glass but not the metallic
      gauze. After a sufficient amount of glass has been removed, the metallic
      gauze may be removed intact so that it may be reused.
PAR  If the expansion coefficient of support member 40 is greater than that of
      the glass cylinder 44, member 40 will shrink away from gauze 38 as it
      cools after the process of consolidation as illustrated in FIG. 5. If the
      coefficients of expansion of the materials employed are such that glass
      cylinder 44 tends to shrink onto gauze 38 upon cooling, the resiliency of
      the gauze may prevent the buildup of stress which would otherwise tend to
      occur due to expansion mismatch. If the expansion coefficient of glass
      cylinder 44 is much greater than that of support member 40, a layer of
      resilient material may have to be employed between gauze 38 and support
      member 40.
PAR  In the embodiment illustrated in FIG. 6, the mandrel comprises a coil of
      metallic wire 50 tightly wound around support member 52. After soot
      preform 54 is deposited upon the surface of coil 50 the mandrel is
      utilized to support the preform during the consolidation thereof. The
      mandrel of this embodiment should only be employed if the expansion
      coefficient of support member 52 is equal to or greater than that of the
      consolidated glass, since coil 50 cannot be compressed onto support member
      52. However, if a coil of very fine wire were disposed upon a support
      member having a layer of resilient material on the surface thereof, a high
      expansion glass could be deposited. As such glass shrinks upon cooling,
      the fine wire coil deforms and compresses the resilient layer.
PAR  After the consolidation process, support member 52 is removed leaving a
      hollow cylinder 56 of consolidated glass having coil 50 adhering to the
      inner surface thereof. Since coil 50 is tightly wound, soot particles
      cannot pass therethrough during the soot deposition process. Moreover, as
      explained in connection with the embodiment of FIG. 3, glass does not flow
      through the adjacent turns of coil 50 during the consolidation process. In
      this embodiment, acid is therefore not usually required to weaken the bond
      between the glass and metallic layer, and coil 50 can be unwound from the
      inner surface of the glass as shown in FIG. 8. If any difficulty is
      encountered during the removal of coil 50, an etching solution can be
      applied to the inner surface of coil 50 where it will flow between
      adjacent coil turns and attack the glass to facilitate removal of the
      wire.
PAR  FIG. 8 illustrates an embodiment wherein a layer of compressible material
      is disposed between the metallic layer and the support member. In this
      embodiment, a layer 60 of fibrous refractory material such as alumina
      silicate, zirconia, alumina or the like is disposed upon the surface of
      support member 62. Sheets of fibrous alumina silicate suitable for use as
      layer 60 are commercially sold under the trademark Fiberfrax paper. Layer
      60 may be applied by wrapping a sheet of such fibrous material around
      support member 62. Layer 60 could also be formed by brushing onto the
      surface of support member 62 a suspension of refractory fibers or powder
      in a volatile vehicle to form a layer of non-compacted fibers or powder
      after the vehicle evaporates. A layer 64 of metallic foil may be wrapped
      around layer 60 or may be initially formed into a cylinder and then
      slipped over support member 62 and compressive layer 60. The maximum
      thickness of the foil is one tenth the outside diameter of the
      consolidated glass cylinder.
PAR  A soot preform is deposited upon the metallic foil and thereafter
      consolidated. After support member 62 and compressive layer 60 are removed
      from the interior of the consolidated glass cylinder, the foil layer 64
      can also be removed. During the removal operation, the foil cylinder
      becomes distorted to such an extent that it cannot be reused. However, if
      a valuable metal such as platinum is employed, the metal is easily
      reclaimed. As described in connection with the previous embodiments, the
      foil may be disposed directly upon the surface of support member 62 if the
      expansion coefficient of support member 62 is greater than that of the
      consolidated glass layer.
PAR  Since the metallic foil layer 64 presents a continuous, non-porous surface,
      a mandrel employing this layer may be used for the direct deposition of a
      glass layer by the flame hydrolysis or similar process. When used in this
      manner, the foil must be of a material which can withstand extremely high
      temperatures since the flame temperature is high enough to deposit a layer
      of glass rather than a layer of soot as previously described. A mandrel
      employing a metallic mesh or coil cannot be used in the process of
      directly depositing a layer of glass since the molten glass is capable of
      flowing between adjacent turns of a coil or fibers of the gauze where they
      both adhere to the support member and become embedded throughout the
      metallic layer.
PAR  Following are examples of methods of producing multimode waveguides in
      accordance with the present invention.
PAR  A cylindrical mandrel is formed by winding a 0.04 inch diameter platinum
      wire in a very close pitch around a 0.25 inch diameter alumina rod. Liquid
      SiCl.sub.4 maintained at a temperature of 32.degree.C is provided in a
      first container and liquid GeCl.sub.4 maintained at a temperature of
      35.degree.C is provided in a second container. Dry oxygen is bubbled
      through both liquids so that vapors of each are picked up by the oxygen.
      The oxygen is bubbled through the liquid SiCl.sub.4 at the rate of 2000 cc
      per minute and through the GeCl.sub.4 at the rate of 380 cc per minute.
      The resultant vapors entrained within the oxygen are combined and passed
      through a gas-oxygen flame where the vapors hydrolyze to form a steady
      stream of soot having a composition of 25% by weight GeO.sub.2 and 75% by
      weight SiO.sub.2. The soot is directed toward the rotating mandrel which
      is translated with respect to the flame so that a uniform coating of soot
      is deposited on the platinum coil portion of the mandrel to form a soot
      preform. This process is continued until the preform is about 1.5 inches
      in diameter. The flow of oxygen to the liquid GeCl.sub.4 is terminated and
      a second coating of 100% SiO.sub.2 soot is deposited upon the first layer
      until the diameter of the resultant preform is about 2.4 inches. The soot
      preform-mandrel composite is inserted into a globar furnace having a
      temperature of about 1500.degree.C, thereby fusing the soot particles and
      forming a consolidated glass layer free from particle boundaries. Upon
      removal from the induction furnace the alumina rod shrinks away from the
      platinum coil while cooling. The alumina rod is removed from the hollow
      glass cylinder leaving the platinum coil adhering to the inner surface
      thereof. Hydrofluoric acid is pumped through the platinum coil. Some of
      the acid penetrates between adjacent turns of the coil and weakens the
      bond between the coil and the glass. The platinum wire is then pulled and
      uncoiled from the interior of the glass cylinder. The tubular member so
      formed is rinsed in 50% hydrofluoric acid solution, flame polished and
      again washed in said acid solution to provide a clean tubular member
      having an outside diameter of about 1.1 inches. This structure is then
      placed in an induction furnace and is drawn in an oxygen atmosphere at
      about 2000.degree.C. As the structure is drawn, it decreases in diameter
      and the central hole collapses. Drawing is continued until the final
      waveguide dimensions of about 5 mils outside diameter are obtained.
PAR  In the following example a glass layer is directly deposited on a mandrel,
      thereby eliminating the consolidation step. A sheet of 1 mil thick
      platinum foil 5 inches long and about 1 inch wide is wrapped around a
      5/16-inch diameter cylinder and welded to form a tube having a 5/16-inch
      inner diameter. A sheet of 1/32-inch thick fibrous alumina silicate about
      12 inches long is coiled around a 1/4-inch diameter alumina tube to form a
      cylinder having an axial length of about 6 inches, and the platinum foil
      cylinder is inserted thereover. Liquid SiCl.sub.4 maintained at a
      temperature of 23.degree.C is provided in a first container and liquid
      GeCl.sub.4 maintained at a temperature of 31.degree.C is provided in a
      second container. Helium is bubbled through the second container at a rate
      of 1200 cc per minute and the resultant mixture containing helium and
      entrained vapors is passed through a gas-oxygen flame which is directed
      toward the platinum foil surface of the rotating mandrel. The gas-oxygen
      mixture is adjusted so that the temperature at the mandrel is about
      900.degree.C. The flame is translated with respect to the mandrel and a
      layer of 100% GeO.sub.2 glass is deposited on the mandrel until a glass
      cylinder having a diameter of 7/8-inch is formed. Dry oxygen is then
      bubbled through the first container at the rate of 100 cc per minute and
      the resultant mixture of oxygen and vapors entrained therewith is combined
      with the mixture from the second container. This mixture of oxygen, helium
      and vapors of GeCl.sub.4 and SiCl.sub.4 is hydrolyzed within the flame
      hydrolysis burner to provide upon the surface of the GeO.sub.2 cylinder a
      cladding layer having a composition of 90% by weight GeO.sub.2 and 10% by
      weight SiO.sub.2. This cladding layer is deposited until a glass cylinder
      having a diameter of 1 inch is formed. Since the redraw blank thus formed
      has a very high germania content, its thermal coefficient of expansion is
      much greater than that of the alumina tube and it tends to shrink onto the
      platinum foil tube after the flame hydrolysis burner is extinguished.
      However, the sheet of fibrous alumina silicate compresses and the platinum
      foil tube deforms, thereby preventing the formation of large stress within
      the cylindrical glass redraw blank. The presence of the fibrous alumina
      silicate sheet enables the removal of the alumina tube from the structure.
      The fibrous alumina silicate sheet is then removed. The resultant hollow
      glass redraw blank is placed in an annealing furnace at a temperature of
      650.degree.C. After the redraw blank has been annealed for 60 minutes, the
      platinum foil is grasped by a pair of tweezers and removed from the inner
      surface of the hollow glass cylinder. After removal from the annealing
      furnace, the tubular member so formed is acid rinsed, flame polished and
      drawn into a fiber in accordance with the previous example.
CLMS
STM  We claim:
NUM  1.
PAR  1. In an apparatus for forming a hollow cylindrical glass article
      comprising
PA1  a cylindrically shaped mandrel, and
PA1  means for forming a glass coating on the surface of said mandrel,
PAL  said mandrel being characterized in that it comprises
PA1  a cylindrical support, and
PA1  tubular means slidably mounted on the surface of said support, the outer
      surface of said tubular means being formed of refractory metal.
NUM  2.
PAR  2. An apparatus in accordance with claim 1 wherein said tubular means
      comprises an inner layer of compressible material disposed on said
      support, said refractory metal outer surface being disposed on the outer
      surface of said compressible layer.
NUM  3.
PAR  3. An apparatus in accordance with claim 2 wherein said compressible layer
      comprises a layer of refractory fibers.
NUM  4.
PAR  4. An apparatus in accordance with claim 3 wherein said outer surface of
      said tubular means comprises a tube of metallic foil.
NUM  5.
PAR  5. An apparatus in accordance with claim 3 wherein said outer surface of
      said tubular means comprises a tightly wound coil of metallic wire.
NUM  6.
PAR  6. An apparatus in accordance with claim 3 wherein said outer surface of
      said tubular means comprises a layer of metallic gauze.
NUM  7.
PAR  7. An apparatus in accordance with claim 1 wherein the thermal coefficient
      of expansion of said cylindrical support is greater than that of said
      hollow cylindrical glass article to be formed thereon and wherein said
      tubular means comprises a tube of metallic foil.
NUM  8.
PAR  8. An apparatus in accordance with claim 1 wherein the thermal coefficient
      of expansion of said cylindrical support is greater than that of said
      hollow cylindrical glass article to be formed thereon and wherein said
      tubular means comprises a coil of metallic wire tightly wound on said
      cylindrical support so that adjacent turns of said coil are in contact.
NUM  9.
PAR  9. An apparatus in accordance with claim 1 wherein said tubular means
      comprises a layer of metallic gauze.
NUM  10.
PAR  10. A method of forming an article of glass having a predetermined thermal
      coefficient of expansion comprising the steps of
PA1  providing a mandrel having a tubular member slidably mounted on a
      cylindrical support, said tubular member having a refractory metal outer
      surface,
PA1  forming at an elevated temperature a dense glass layer on said refractory
      metal surface,
PA1  removing said cylindrical support from said tubular member, and
PA1  removing said tubular member from the inner surface of said dense glass
      layer, thereby resulting in a hollow cylindrical dense glass structure.
NUM  11.
PAR  11. A method in accordance with claim 10 further comprising the steps of
PA1  heating said hollow, cylindrical dense glass structure to the drawing
      temperature of the materials thereof, and
PA1  drawing the heated structure to reduce the cross-sectional area thereof and
      to collapse the hole therein and to form a fiber having a solid
      cross-section.
NUM  12.
PAR  12. A method in accordance with claim 10 wherein the thermal coefficient of
      expansion of said cylindrical support is less than said predetermined
      thermal coefficient of expansion, wherein said tubular member comprises a
      compressible layer surrounded by a tube of metallic foil, and wherein the
      step of removing said tubular member comprises removing said compressible
      layer and thereafter mechanically removing said metallic foil from the
      inner surface of said dense glass structure.
NUM  13.
PAR  13. A method in accordance with claim 10 wherein the step of forming a
      dense glass layer comprises the steps of
PA1  depositing on said tubular member a coating of flame hydrolysis-produced
      glass soot to form a soot preform, and
PA1  heating said soot preform to a temperature within the consolidation
      temperature range for a time sufficient to cause said soot particles to
      fuse and form said dense glass layer.
NUM  14.
PAR  14. A method in accordance with claim 13 wherein the thermal coefficient of
      expansion of said cylindrical support is greater than said given thermal
      coefficient of expansion, wherein said tubular member comprises a coil of
      wire tightly wound around said cylindrical support, and wherein the step
      of removing said tubular member comprises unwinding said coil of wire from
      the inner surface of said dense glass structure after said cylindrical
      support has been removed.
NUM  15.
PAR  15. A method in accordance with claim 13 wherein the thermal coefficient of
      expansion of said cylindrical support is greater than said given thermal
      coefficient of expansion, wherein said tubular member comprises a layer of
      metallic gauze, and wherein the step of removing said tubular member
      comprises applying an etchant solution to the inner surface of said layer
      of gauze after said cylindrical support has been removed, said etchant
      solution flowing between the fibers of said gauze and attacking the inner
      surface of said dense glass structure adjacent to said gauze, and
      thereafter mechanically removing said gauze from the inner surface of said
      dense glass structure.
NUM  16.
PAR  16. A method in accordance with claim 13 wherein the step of depositing
      said glass soot includes the step of varying the composition of said soot
      during the deposition thereof so that the refractive index of that portion
      of said soot coating which is disposed on said tubular member is greater
      than that of the outer surface of said soot coating.
NUM  17.
PAR  17. A method in accordance with claim 16 further comprising the steps of
PA1  heating said hollow cylindrical dense glass structure to the drawing
      temperature of the materials thereof, and
PA1  drawing the heated structure to reduce the cross-sectional area thereof and
      to collapse the hole therein and to form a fiber having a solid
      cross-section.
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PAL  A method of making low loss glass optical waveguides, wherein at least one
      coating of glass soot is deposited by the flame hydrolysis process on a
      starting member. The soot coating is heated to its consolidation
      temperature in an atmosphere containing helium and an amount of chlorine
      that is effective to substantially remove the water from the glass soot
      while the soot is being consolidated to form a dense glass layer. The
      starting member is removed unless it is to form a part of the optical
      waveguide. The resultant structure, including the dense glass body, is
      then drawn into a waveguide fiber.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of forming, by the flame hydrolysis
      technique, high optical purity blanks from which high quality optical
      waveguides, lenses, prisms and the like can be made. This invention is
      particularly applicable to optical waveguides which must be formed from
      extremely pure materials.
PAR  High capacity communication systems operating around 10.sup.15 Hz are
      needed to accommodate future increases in communication traffic. These
      systems are referred to as optical communication systems since 10.sup.15
      Hz is within the frequency spectrum of light. Optical waveguides, which
      are the most promising medium for transmission at such frequencies,
      normally consist of an optical fiber having a transparent core surrounded
      by transparent cladding material having a refractive index lower than that
      of the core.
PAR  The stringent optical requirements placed on the transmission medium to be
      employed in optical communication systems has negated the use of
      conventional glass fiber optics, since attenuation therein due to both
      scattering and impurity absorption is much too high. Thus, unique methods
      had to be developed for preparing very high purity glasses in fiber optic
      form. Glass preparation techniques which have shown much promise are based
      on the flame hydrolysis process which employs vapor phase reaction of high
      purity vapors. This approach to the formation of low loss optical
      waveguides is based on methods described in U.S. Pat. Nos. 2,272,342 and
      2,326,059 issued to J. F. Hyde and M. E. Nordberg, respectively. The flame
      hydrolysis technique has been employed to prepare single mode waveguides
      and multimode waveguides of both the step-index and graded-index type.
      Various methods employing the flame hydrolysis technique for forming glass
      optical waveguide fibers are taught in U.S. Pat. Nos. 3,711,262; 3,737,292
      and 3,737,293. A method employing the flame hydrolysis technique to form a
      graded-index type waveguide is taught in U.S. patent application Ser. No.
      239,496 filed Mar. 30, 1972, entitled "Method of Forming a Light Focusing
      Fiber Waveguide" now U.S. Pat. No. 3,826,560.
PAR  The usefulness of glass optical waveguides in optical transmission systems
      depends upon the attainment of very low loss transmission over the entire
      wavelength range of about 700-1100 nm. This can be achieved by reducing
      attenuation due to optical scattering and absorption to a level which
      approaches the minimum theoretically attainable level. Waveguides in which
      at least 80% of the scattering loss can be accounted for by intrinsic
      glass scattering have been made by the aforementioned flame hydrolysis
      technique. However, due to the presence of residual water produced by this
      technique, absorption losses between 700 nm and 1100 nm have been
      excessively large. By residual water in glass is meant that the glass
      contains a high level of OH, H.sub.2 and H.sub.2 O. One explanation of
      residual water may be found in U.S. Pat. No. 3,531,271 to W. H. Dumbaugh,
      Jr. The maximum attenuation in the aforementioned wavelength range that is
      attributable to residual water occurs at about 950 nm and is related to
      the OH content by the coefficient 1.25 dB/km/ppm OH. The remaining portion
      of the attenuation at  950 nm, which is due to factors such as intrinsic
      material scattering, amounts to about 4 dB/km. For example, a glass
      optical waveguide having an attenuation less than 6 dB/km at 800 nm may
      have an attenuation greater than 100 dB/km at 950 nm due to the presence
      of water therein. To be useful in optical communication systems, optical
      waveguide attenuation is preferably less than 10 dB/km at the wavelength
      of light being propagated therein. In order to achieve such low
      attenuation over the entire range between 700 nm and 1100 nm, a glass
      waveguide fiber must be rendered substantially water-free, i.e., the
      amount of residual water within the fiber must be reduced to a level of
      less than 10 ppm.
PAR  Since residual water causes a strong absorption at about 2.73 .mu.m, but
      light transmission at about 2.1 .mu.m is relatively unaffected by water,
      residual water content in a glass waveguide may be specified in terms of
      an absorption coefficient referred to as the "beta value" and designated
      .beta..sub.OH, which is calculated from the formula:
      ##EQU1##
      wherein t is the glass thickness in mm, T.sub.2.1 and T.sub.2.73 are the
      transmittances in percent at 2.1 .mu.m and 2.73 .mu.m, respectively,
      .beta..sub.OH being in terms of mm.sup..sup.-1. To produce waveguides
      having an attenuation less than 20 dB/km over the range 700-1100 nm, it
      has been found that the waveguide glass must have a .beta..sub.OH of less
      than 0.001.
PAR  2. Description of the Prior Art
PAR  Since it is impossible to reduce the water content to acceptable levels
      after flame hydrolysis-produced soot has been consolidated to form a solid
      glass coating, the water must be removed before or during the
      consolidation process. Heretofore, various methods were employed to reduce
      the water content in optical waveguides produced by flame hydrolysis. Such
      disadvantages as long processing times, equipment problems and incomplete
      water removal were encountered.
PAR  One prior art method of producing low water content fused silica included
      the steps of forming by flame hydrolysis a SiO.sub.2 soot preform and then
      placing the preform in a preheated furnace at approximately 1500.degree.C.
      for approximately 30 minutes. The furnace contained a reducing atmosphere
      of cracked ammonia or forming gas. During the heat treatment, the soot was
      sintered and consolidated into a dense glass body which was to a certain
      extent water-free (.beta..sub.OH approximately equal to 0.02), but the
      amount of water remaining in the resultant glass was excessive in terms of
      tolerable amounts for optical communication systems.
PAR  A .beta..sub.OH value of about 0.01 was achieved by consolidating a soot
      preform in an inert dry atmosphere such as nitrogen, helium, neon or
      argon. In accordance with this method, which is disclosed in copending
      patent application Ser. No. 239,742 filed Mar. 30, 1972, the inert gas
      replaces trapped air in the preform and subsequently dissolves in the
      glass. Since this method includes gradient sintering, gases can escape
      through unconsolidated parts of the preform. Optical waveguides made by
      the process exhibited attenuations as low as 30 dB/km at 950 nm, a value
      that is not sufficiently low for the propagation of optical signals.
PAR  In my copending patent application Ser. No. 239,746 filed Mar. 30, 1972,
      there is disclosed a method of forming a glass optical waveguide
      containing less than 20 ppm residual water. In accordance with the method
      of that application the flame hydrolysis-produced soot preform is placed
      in a chamber which is evacuated to less than 10.sup..sup.-5 Torr. The
      chamber is heated below the sintering temperature of the soot to permit
      entrapped gas to escape from the preform and the temperature is maintained
      until an equilibrium is reached between the partial pressure of the
      entrapped gas in the porous preform and the partial pressure of the same
      gas in the furnace environment. A period of about 24 hours is required for
      equilibrium to be reached, at which time the porous preform is further
      heated to consolidate the soot particles and to form a dense glass member.
      An optical waveguide formed in accordance with this method exhibited an
      attenuation of less than 20 dB/km. Although relatively low loss optical
      waveguides can be produced, this process is disadvantageous in that it
      requires an extremely long time for water removal, and it may result in
      the volatilization of some dopant oxides. Also, equipment problems have
      been encountered because of the need to maintain very low pressures for
      long periods of time. Moreover, the preform cannot be consolidated until
      after the water removal step is completed.
PAR  Various methods have been heretofore employed to make low water content
      glasses by methods other than the flame hydrolysis technique. None of
      these methods have been found to satisfactorily remove water from a flame
      hydrolysis-produced soot preform which is to be used in the manufacture of
      optical waveguides. For example, the aforementioned patent to W. H.
      Dumbaugh, Jr. teaches a method of making a low water content glass body by
      mixing the batch ingredients together with an effective amount of a
      chemically-reactive, chlorine containing agent and melting the glass in
      the presence of a dry atmosphere flowing directly over the glass melt.
      Obviously, this method cannot be adapted to the flame hydrolysis process
      wherein the glass article is not formed by melting batch ingredients.
      Moreover, it is noted that even though chlorine containing compounds such
      as SiCl.sub.4 are employed in the flame hydrolysis process to form silica
      containing soot preforms, the chlorine present does not result in the
      formation of water-free soot.
PAR  Another prior art method for removing water from glass bodies produced by a
      technique other than flame hydrolysis is disclosed in U.S. Pat. No.
      3,459,522 issued to T. H. Elmer et al. This patent describes a method of
      removing residual water from a porous, high silica content glass body by
      subjecting it to a flowing stream of a substantially dry atmosphere
      containing 10% or more of either chlorine gas or a chlorine vapor at a
      temperature of 600.degree.-1000.degree.C. The treated porous glass body is
      thereafter consolidated in a dry, nonoxidizing atmosphere to produce a
      nonporous, transparent glass article. The porous glass body disclosed in
      the Elmer et al. patent is well known under the commercial designation
      "96% silica glass", which is produced by consolidating a porous glass body
      characterized by a multiplicity of intercommunicating, submicroscopic
      pores throughout its mass. The basic production steps involved in the
      formation of such a porous body, which are described in U.S. Pat. No.
      2,221,709 issued to H. P. Hood et al., include the steps of forming an
      article from a borosilicate glass, thermally treating the article at a
      temperature of 500.degree.-600.degree.C. to separate the glass into a
      silica-rich phase and a silica-poor phase, leeching the silica-poor phase
      to produce a porous structure composed of the silica-rich phase, removing
      the leeching residue, and thermally consolidating the porous structure
      into a nonporous vitreous article.
PAR  Because of the kind of microstructure present in the porous glass body
      disclosed in the Elmer patent and due to the fact that the chlorination
      process disclosed therein is carried out at a temperature below the
      consolidation temperature, an atmosphere containing a relatively large
      concentration of chlorine must be employed. That patent therefore requires
      a chlorine containing atmosphere having 10% or more of either chlorine gas
      or a chlorine vapor, and most of the examples disclosed therein employ
      chlorine gas with no diluent. The Elmer patent further teaches that after
      chlorine treatment, it is undesirable to maintain the porous glass in a
      chlorine containing atmosphere while the temperature is increased to the
      consolidation temperature because of economic considerations and because
      this may result in retention of an excess amount of chlorine within the
      glass and may cause splitting of the glass. Therefore, the chlorine
      treated porous glass is removed from the chlorine atmosphere and
      transferred in an inert atmosphere such as nitrogen for further heat
      treatment, consolidation being preferably performed in an inert atmosphere
      or vacuum at a temperature between 1200.degree.C. and 1300.degree.C.
PAR  For at least the following reasons the method of the Elmer et al. patent is
      unsatisfactory for removing water from flame hydrolysis-produced glass
      soot preforms from which optical waveguides are made. The high chlorine
      content of the chlorine containing atmosphere employed by the Elmer et al.
      patent can cause reboil in subsequent heat treatment of the preform and
      can also introduce an unacceptable level of contamination in the glass due
      to the presence of contaminants in commercial grade chlorine sources.
      Transferring the soot preform from the chlorination chamber to the
      consolidation chamber can permit water to reenter the porous soot blank.
      Whereas the Elmer patent teaches separate chlorination and consolidation
      steps, it is more economical and efficient to remove water from the glass
      soot concurrently with the consolidation of such soot. Moreover, the rate
      of removal of water by chlorine is temperature related, it being slower at
      temperatures between 600.degree.C. and 1000.degree.C. than at the soot
      consolidation temperature which is between about 1250.degree.C. and
      1700.degree.C. for silica.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an effective
      and economical method of removing residual water from a flame
      hydrolysis-deposited glass soot preform during the consolidation process.
      A further object is to provide a method of forming water-free optical
      waveguides having extremely low concentrations of contaminants.
PAR  Briefly, the present invention relates to an improved method of forming a
      glass article by the flame hydrolysis-process. This process conventionally
      comprises the steps of depositing on a starting member a coating of flame
      hydrolysis-produced glass soot to form a soot preform, consolidating the
      soot preform to form a dense glass layer, and forming the dense glass
      layer into a desired shape. The consolidation step conventionally
      comprises subjecting the soot preform to a temperature in the
      consolidation temperature range, for a time sufficient to permit the soot
      particles to fuse and consolidate, thereby forming a dense glass layer
      which is free from particle boundaries. In connection with the fusing of
      glass soot particles formed by flame hydrolysis, this process is sometimes
      referred to as sintering even though no particle boundaries remain.
PAR  In accordance with the present invention, the step of consolidating is
      characterized in that it comprises heating the soot preform to a
      temperature within the consolidation temperature range for a time
      sufficient to cause the soot particles to fuse and form a dense glass
      layer, and simultaneously subjecting the soot preform to a stream of a
      substantially dry chlorine containing atmosphere. The chlorine permeates
      the interstices of the soot preform during the consolidation thereof and
      replaces hydroxyl ions by chlorine ions, thereby resulting in a glass
      article that is substantially water-free.
PAR  The method of the present invention is particularly applicable to the
      formation of any type of glass optical waveguide produced by flame
      hydrolysis. This method involves the deposition of the desired number of
      soot coatings on a starting member which may form a part of the resultant
      waveguide structure or which may be removed during the waveguide
      fabrication process. The starting member may be in the form of a solid
      cylindrical rod, a hollow cylinder, a flat substrate or the like. After
      the soot preform is consolidated in accordance with the improved method
      set forth hereinabove, the starting member is generally removed, and the
      consolidated preform may be drawn into a fiber. Optical waveguides formed
      by the method of the present invention have exhibited an attenuation less
      than 10 dB/km between 650 and 1100 nm.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 illustrate the application of first and second coatings of
      glass soot to a starting member.
PAR  FIG. 3 is a schematic representation of a consolidation furnace and a
      consolidation atmosphere system.
PAR  FIG. 4 is a graph illustrating the temperature profile of a typical
      consolidation furnace and includes step-by-step schematic illustrations of
      the consolidation of a soot preform.
PAR  FIG. 5 is a graph of attenuation curves for a plurality of optical
      waveguides.
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PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It is to be noted that the drawings are illustrated and symbolic of the
      present invention and there is no intention to indicate the scale or
      relative proportions of the elements shown therein. For the purposes of
      simplicity, the present invention will be substantially described in
      connection with the formation of a low loss optical waveguide although
      this invention is not intended to be limited thereto.
PAR  Referring to FIG. 1, a coating 10 of glass soot is applied to a
      substantially cylindrical starting member or rod 12 by means of flame
      hydrolysis burner 14. Fuel gas and oxygen or air are supplied to burner 14
      from a source not shown. This mixture is burned to produce flame 16 which
      is emitted from the burner. The vapor of a hydrolyzable compound is
      introduced into flame 16, and the gas-vapor mixture is hydrolyzed within
      the flame to form a glass soot that leaves flame 16 in a stream 18 which
      is directed toward starting member 12. The flame hydrolysis method of
      forming a coating of glass soot is described in greater detail in the
      aforementioned U.S. Pat. Nos. 3,711,262; 3,737,292 and 3,737,293, in the
      aforementioned application Ser. No. 239,496 and in U.S. patent application
      Ser. No. 239,701 filed Mar. 30, 1972, entitled "Planar Optical waveguide".
      Starting member 12 is supported by means of support portion 20 and is
      rotated and translated as indicated by the arrows adjacent thereto in FIG.
      1 for uniform deposition of the soot. It is to be understood that an
      elongated ribbon burner, not shown, that provides a long stream of soot
      could be used in place of the substantially concentric burner illustrated
      in FIG. 1 whereby starting member 12 would only have to be rotated.
      Further, a plurality of burners 14 could be employed in a row to similarly
      require only rotation.
PAR  To form step-index optical waveguide, a second coating 26 of glass soot may
      be applied over the outside peripheral surface of first coating 10 as
      shown in FIG. 2. In accordance with well known practive the refractive
      index of coating 26 is made lower than that of coating 10 by changing the
      composition of the soot being produced in flame 16. This can be
      accomplished by changing the concentration or type of dopant material
      being introduced into the flame, or by omitting the dopant material.
      Support member 20 is again rotated and translated to provide a uniform
      deposition of coating 26, the composite structure including first coating
      10 and second coating 26 constituting an optical waveguide preform 30.
PAR  Since glass starting member 12 is ultimately removed, the material of
      member 12 need only be such as to have a composition and coefficient of
      expansion compatible with the material of layer 10. A suitable material
      may be a normally produced glass having a composition similar to that of
      the layer 10 material although it does not need the high purity thereof.
      It may be normally produced glass having ordinary or even an excessive
      level of impurity or entrapped gas that would otherwise render it
      unsuitable for effective light propagation. The starting member may also
      be formed of graphite or the like.
PAR  In the manufacture of optical waveguides, the materials of the core and
      cladding of the waveguide should be produced from a glass having minimum
      light attenuation characteristics, and although any optical quality glass
      may be used, fused silica is a particularly suitable glass. For structural
      and other practical considerations, it is desirable for the core and
      cladding glasses to have similar physical characteristics. Since the core
      glass must have a higher index of refraction than the cladding for proper
      operation, the core glass may desirably be formed of the same type of
      glass used for the cladding and doped with a small amount of some other
      material to slightly increase the refractive index thereof. For example,
      if pure fused silica is used as the cladding glass, the core glass can
      consist of fused silica doped with a material to increase its refractive
      index.
PAR  There are many suitable materials that can satisfactorily be used as a
      dopant alone or in combination with each other. These include, but are not
      limited to, titanium oxide, tantalum oxide, tin oxide, niobium oxide,
      zirconium oxide, aluminum oxide, lanthanum oxide and germanium oxide.
      Optical waveguides can also be made by forming the core from one or more
      of the aforementioned dopant oxides, the cladding being made from one or
      more materials having a lower refractive index. For example, a core made
      of pure germanium oxide may be surrounded by a cladding layer of fused
      silica and germanium oxide.
PAR  The flame hydrolysis technique results in the formation of glasses having
      extremely low losses due to scattering and impurity absorption. Optical
      waveguides made by this technique have exhibited total losses as low as 2
      dB/km at 1,060 nm. However, even when optical waveguides are formed of
      glasses having such high optical quality, light attenuation at certain
      regions of the wavelength spectrum may be so great as to preclude the use
      of such waveguides for the propagation of light in those regions. For
      example, an optical waveguide having a core of 90% SiO.sub.2 and 10%
      GeO.sub.2 and a cladding of pure SiO.sub.2 was made by the flame
      therefrom. process, no attempt being made to remove water therfrom. It was
      found that water was responsible for such an excessive attenuation in the
      700-1100 nm region that the waveguide was useless for the propagation of
      optical signals at most wavelengths within that region. At 950 nm the
      attenuation was over 100 dB/km. Various oxides from which such glass
      optical waveguides are formed, especially SiO.sub.2, have a great affinity
      for water. However, after such glass waveguides are completely formed, the
      inner, light propagating portion thereof is inaccessible to water. The
      tendency of these glasses to absorb water is not detrimental to water-free
      glass optical waveguides after they are formed since most of the light
      energy is propagated in and around the core, and the presence of water on
      the outer surface has a negligable effect on the propagation of such
      energy. However, in the formation of optical waveguides by flame
      hydrolysis, residual water, which is produced by the flame, appears
      throughout those portions of the waveguide that have been produced by
      flame hydrolysis. Also, water is readily adsorbed by the soot during
      handling in air prior to the consolidation process because of the
      extremely high porosity thereof.
PAR  In accordance with the present invention the soot preform deposited by
      flame hydrolysis is consolidated in a continuously flowing atmosphere
      comprising helium and an effective amount up to about 5 vol. percent
      chlorine to form a dense glass body having a reduced water content. Even a
      very small percentage of chlorine in the consolidation furnace will react
      with water in the soot, thereby lowering the concentration of water in the
      resultant device; however, an appreciable reduction in water content
      begins to occur when the consolidation atmosphere contains about 0.5 vol.
      percent chlorine. Helium is employed as the diluent gas since it can
      readily pass through the interstices of the porous soot preform and purge
      residual gas therefrom. Hydrogen cannot be used as the diluent gas since
      it tends to increase the water content of the glass. Gases heavier than
      helium are not sufficiently effective in purging residual gas from the
      soot. Whereas the attenuation due to residual water is greatly decreased
      by the present chlorine treatment, the attenuation at all wavelengths
      between 700 and 1100 nm increases slightly. Therefore, the amount of
      chlorine present in the consolidation atmosphere should be no more than
      that required to render the soot substantially water-free. Any amount of
      chlorine in addition to the required amount may increase attenuation with
      no accompanying beneficial result. It is thought that the slight increase
      in attenuation throughout the useable wavelength spectrum, which results
      from this chlorine treatment, is due to impurities which are present in
      the chlorine gas source. It is noted that the percentage of chlorine
      required in the consolidation atmosphere of the present invention is
      relatively low as compared to prior chlorinating atmospheres since
      chlorine is extremely reactive at soot consolidation temperatures. The
      consolidation temperature depends upon the composition of the glass soot
      and is in the range of 1250.degree.-1700.degree.C. for high silica content
      soot. It is also time dependent, consolidation at 1250.degree.C. requiring
      a very long time. The preferred consolidation temperature for high silica
      content soot is between 1400.degree.C. and 1500.degree.C. Other glasses
      can be consolidated at lower temperatures, pure germania, for example,
      consolidating at about 900.degree.C.
PAR  Chlorine may be supplied to the consolidation furnace as chlorine gas or as
      a chlorine containing compound that is gaseous or that can be supplied to
      the consolidation furnace in vapor form. Any volatile chlorine containing
      compound can be employed that does not adversely affect the glass by
      significantly increasing the light absorption thereof or degrading such
      physical properties as ease of fiber formation. Such chlorides as
      SiCl.sub.4, BCl.sub.3 and CCl.sub.4 are examples of suitable chlorine
      containing compounds. Other suitable compounds are set forth in the
      aforementioned U.S. Pat. No. 3,459,522. Vapors of these compounds can be
      transported to the consolidation furnace by bubbling a gas such as helium
      or oxygen therethrough. The chlorine containing vapors are very unstable
      and therefore break down in the furnace to release chlorine gas which
      functions as described hereinabove to remove water from the glass soot
      during consolidation thereof. The amount of chlorine that will be released
      by such a compound can be varied by controlling the temperature of the
      compound source and the rate of carrier gas flow therethrough.
PAR  FIG. 3 schematically illustrates the consolidation furnace 34 and the
      chlorination-consolidation atmosphere system 36. The vertical side walls
      of furnace 34 are broken to illustrate that the relative depth thereof is
      greater than that shown. Atmosphere system 36 is capable of providing
      furnace 34 with the proper mixture of helium and chlorine gases. Helium
      source 38 is connected by regulator 40 and flow meter 42 to an output line
      44. Chlorine source 46 is connected to line 44 by regulator 48, flow meter
      50, scrubber 52, condenser 54 and valve 56. Scrubber 52, which contains
      deionized water, was found to be useful for removing hydrolyzable
      impurities such as vanadium which could contaminate preform 30 during the
      consolidation thereof. Such impurities could result in an optical
      waveguide having undesirably high levels of attenuation. Condenser 54 was
      employed to dry the chlorine gas after it passed through scrubber 52.
      Valve 56 controls the percentage of chlorine present in the gas mixture
      flowing through line 44.
PAR  Oxygen source 58 is connected to a regulator 60 and a flowmeter 62. The
      output from flowmeter 62 is connected to line 44 by a first line
      containing a valve 64 and by a second line containing a valve 66 and a
      bubbler 68 in which there is disposed a chlorine containing compound.
      Although oxygen is not a necessary part of the consolidation atmosphere,
      it has been found that when it is present in small amounts it can be
      effective to diminish or prevent the reduction of dopant oxides present in
      the soot. For example, germania tends to reduce to GeO during the
      consolidation process, thereby causing the resultant optical waveguide to
      have greater absorption loss. The introduction of 0.5 vol. percent of
      oxygen into the consolidation atmosphere has been effective to inhibit
      this reduction process. This oxygen can be added to the consolidation
      atmosphere by closing valve 66 of FIG. 3 and adjusting valve 64 for proper
      flow.
PAR  The oxygen line including valve 66 can be utilized to introduce the vapor
      of a chlorine-containing compound into furnace 34. A mixture of helium and
      such vapor can be introduced into the furnace by closing valves 56 and 64
      and adjusting valve 66 to provide the proper flow of oxygen into bubbler
      68. The temperature of the liquid, chlorine-containing compound and the
      rate of oxygen flow can be adjusted to provide the proper amount of
      chlorine in furnace 34. If no oxygen is needed in the consolidation
      atmosphere, the chlorine compound vapors may be generated by bubbling
      helium through bubbler 68 and mixing the resultant gas-vapor mixture with
      additional helium to achieve the proper percentage of chlorine in the
      consolidation furnace atmosphere.
PAR  The inside diameter of the furnace muffle should be only slightly larger
      than the outside diameter of the soot preform. For example, a preform
      having a diameter of 1.75 inches was consolidated in a furnace, the muffle
      of which had a 2.75 inch inside diameter. The consolidation atmosphere
      flow rate depends upon the size of the preform and the size of the furnace
      muffle. In general, the flow rate should be such that the total volume of
      atmosphere within the muffle changes between about one and six times per
      minute, the preferred rate being about four times per minute. If the flow
      rate is too low, reaction products may not be completely removed prior to
      consolidation of the soot. If the flow rate is too great, the
      consolidation gases may cool the soot preform.
PAR  As indicated by arrow 70, preform 30 is inserted downwardly into furnace
      34. The rate of insertion is low enough to permit the tip of the preform
      to consolidate first, the consolidation process then continuing up the
      preform until it reaches that end of the preformed adjacent to support
      portion 30. The temperature profile of furnace 34 is illustrated by curve
      74 of FIG. 4. The maximum furnace temperature, which is preferably between
      1400.degree.C and 1500.degree.C for high silica content soot, must be
      adequate to fuse the particles of glass soot and thereby consolidate the
      soot preform into a dense glass body in which no particle boundaries
      exist.
PAR  Gradient consolidation can also be accomplished by rapidly inserting a
      preform into a furnace having a temperature profile such that the
      temperature at one end of the preform is higher than that at the other.
      The end of the preform that is subjected to the higher temperature will
      consolidate first, and the consolidation process will continue toward the
      end which is subjected to a lower temperature. It may be advantageous to
      gradually increase the temperature at that end of the preform which is to
      be consolidated last after the first end of the preform has begun to
      consolidate.
PAR  As soot preform 30 enters furnace 34 the chlorine containing consolidation
      atmosphere passes through the interstices of the soot where it lowers the
      water content by causing hydroxyl ions to be replaced by chlorine ions. In
      addition, the helium purges residual gases from the interstices of the
      soot. As illustrated in FIG. 4, consolidation of the soot begins at the
      tip that is initially inserted, and it then gradually progresses to the
      opposite end of the preform. Four phases of the consolidation process are
      indicated by letters A through D. In positions B through D, wherein a part
      or all of the soot preform is consolidated, the original outline of the
      soot preform is represented by dashed lines. Due to the type of
      microstructure present in the soot preform, the outside thereof would
      sinter first if the entire preform were suddenly immersed in the high
      temperature region of the furnace. Gases would therefore be entrapped in
      the resultant dense glass body and the chlorine present in the furnace
      atmosphere would be unable to completely penetrate into the interstices of
      the soot preform to remove water therefrom. The preform is therefore
      initially inserted to position A of FIG. 4 where it is heated to a
      temperature just below the consolidation temperature. The preform is then
      further inserted to position B where it is held for a time that is
      sufficient to insure consolidation of the end portion thereof. As
      indicated by positions C and D, the preform is then lowered at such a rate
      that entrapped gases are permitted to escape and the chlorination
      atmosphere is permitted to penetrate and substantially remove the water
      therefrom. The resultant dense glass body is then slowly moved back to
      position A, where it receives a slight annealing treatment, and then
      removed from the furnace. The rate of insertion between positions B and D
      depends upon the size of the soot preform and the composition thereof, the
      preferred rate being between about 0.1 inch per minute and 1.0 inch per
      minute.
PAR  The method of the present invention has produced glasses having an OH
      content less than 1 part per million. This method is economical and time
      saving in that the chlorination process which removes water from the soot
      is accomplished simultaneously with the soot consolidation process. Since
      the chlorination process is performed at relatively high consolidation
      temperatures, relatively small percentages of chlorine can be present in
      the consolidation atmosphere. This method therefore does not result in the
      trapping of undesirable amounts of chlorine gas which could produce
      detrimental effects in the subsequent heat treatment of the resultant
      dense glass body such as drawing an optical waveguide fiber therefrom.
PAR  If both the core and cladding of the optical waveguide are to be formed by
      the flame hydrolysis technique, a plurality of layers of soot of different
      composition can be built up as described in conjunction with FIGS. 1 and
      2, and thereafter, both layers can be simultaneously chlorinated and
      consolidated. Alternatively, the first layer of soot can be chlorinated
      and consolidated to form a dense, water-free glass layer on starting
      member 12 prior to applying a second coating of soot thereto. In
      accordance with this latter embodiment, after the first soot coating is
      chlorinated and consolidated, the surface thereof may be polished and
      cleaned to remove surface irregularities prior to the application of the
      second soot coating. A particularly suitable method for smoothing the
      outside surface of the consolidated first coating includes mechanically
      polishing and thereafter flame polishing the surface. Hydrofluoric acid
      washing of the surfaces should be performed before and after all polishing
      operations to avoid contamination.
PAR  Starting member 12 may be removed by grinding, drilling, acid etching or
      the like. This step is discussed in greater detail in the aforementioned
      U.S. Pat. No. 3,737,292, which also discusses drawing the resultant
      composite structure into an optical waveguide.
PAR  The invention will be further described with reference to specific
      embodiments thereof which are set forth in the following examples. In
      Examples 2-5, which pertain to the manufacture of optical waveguides, the
      inside diameter of the furnace muffle was 2.75 inches and the length
      thereof was 18 inches. The consolidation gas mixture was supplied to the
      muffle at the rate of 30 cubic feet per hour in these examples.
PAC  EXAMPLE 1
PAR  A tubular starting member of fused quartz, approximately 0.2 inch in
      diameter and about 10 inches long was secured to a handle. Dry oxygen was
      bubbled through liquid SiCl.sub.4 which had been heated to 35.degree.C.,
      and vapors of that liquid were picked up by the oxygen. This oxygen along
      with the vapor entrained therewith was then passed through a gas-oxygen
      flame where the vapors hydrolyzed to form a steady stream of approximately
      0.1 .mu.m sphere like particles of SiO.sub.2. The stream of particles was
      directed to the starting member, and a soot coating of these particles was
      applied up to about 2.0 inches in diameter.
PAR  A gas mixture containing 90 vol. percent helium and 10 vol. percent
      chlorine was admitted to a consolidation furnace at a flow rate of 30
      cubic feet per hour. The preform of silica soot was placed in the furnace
      at position A of FIG. 4, which was about 5 inches above the peak
      temperature region of a 3 inch ID alumina muffle that was disposed in the
      furnace. The temperature profile within the muffle is indicated in FIG. 4,
      the peak temperature being about 1500.degree.C. After remaining in
      position A for 15 minutes, the preform was lowered at a rate of 15 inches
      per minute until the end of the preform was 1 inch above the
      1500.degree.C. peak temperature region as illustrated by position B. The
      preform was maintained in this position for about 10 minutes to insure
      consolidation of the end portion thereof. The preform was then lowered at
      about 50 inches per hour through the 1500.degree.C. zone until it reached
      position D where it was held for 5 minutes to completely consolidate the
      preform. The resultant consolidated dense glass body was then withdrawn to
      position A at a rate of 50 inches per minute and was then removed from the
      furnace. The consolidated vitreous silica contained less than 1 part per
      million OH.
PAC  EXAMPLE 2
PAR  A starting member as described in Example 1 was used to form an optical
      waveguide blank. Liquid SiCl.sub.4 and liquid GeCl.sub.4 were maintained
      at 32.degree.C. in first and second containers, respectively. Dry oxygen
      was bubbled through the first container at 2300 cc per minute and through
      the second container at 500 cc per minute. The resultant vapors entrained
      within the oxygen were combined and passed through a gas-oxygen flame
      where the vapor was hydrolyzed to form a steady stream of particles having
      a composition of 10% by weight GeO.sub.2 and 90% by weight SiO.sub.2. The
      stream was directed to the starting member and a soot coating of these
      particles was applied up to about 1.1 inch in diameter. A second coating
      of 100% SiO.sub.2 was then applied over the first soot coating by
      terminating the flow of oxygen to the liquid GeCl.sub.4, thereby causing
      the introduction of only SiCl.sub.4 vapor to the flame. The SiO.sub.2 soot
      was applied until an outside diameter of approximately 1.75  inches was
      obtained.
PAR  Chlorine gas was purified by means of an apparatus such as that illustrated
      in FIG. 3 wherein it was passed through deionized water and a condenser
      coil which was maintained at a temperature of about 0.degree.C. A gas
      mixture containing 3 vol. percent chlorine, 0.5 vol. percent oxygen and
      96.5 vol. percent helium, was flowed into the consolidation furnace. The
      soot preform was processed in the furnace in the manner described in
      Example 1. Hydrofluoric acid was pumped through the tubular quartz
      starting member until it was completely removed. The resultant structure
      was drawn at a temeprature of about 2000.degree.C. to collapse the central
      hole and decrease the outside diameter thereof. Drawing was continued
      until the final waveguide diameter of 125 .mu.m was achieved, the core
      diameter being about 84 .mu.m. This waveguide was found to contain less
      than 1 ppm OH. As indicated by curve 80 of FIG. 5, the attenuation of this
      waveguide was less than 15 dB/km for wavelengths greater than 600 nm and
      no peak occurred at 950 nm.
PAC  EXAMPLE 3
PAR  An optical waveguide preform was formed in accordance with Example 2. The
      chlorine gas was purified as described in Example 2, and its content in
      the consolidating gas mixture was reduced to 1 vol. percent, the remainder
      being 0.5 vol. percent oxygen and 98.5 vol. percent helium. The preform
      was consolidated and drawn into an optical waveguide in the manner
      described in Example 2. As indicated by curve 82 of FIG. 5, the
      attenuation of this waveguide was less than 10 dB/km at wavelengths
      greater than 650 nm. It is noted that a small peak occurs in curve 82 at
      about 950 nm. It was determined that this waveguide contained about 3 ppm
      OH and a .beta..sub.OH value of about 0.003.
PAC  EXAMPLE 4
PAR  To illustrate the advantage of employing chlorine during the consolidation
      process two identical preforms were prepared. One of these preforms was
      processed in an atmosphere containing 1 vol. percent chlorine, 0.5 vol.
      percent oxygen and 98.5 vol. percent helium as described in Example 3. The
      attenuation of the resultant optical waveguide was less than 10 dB/km
      between 700 and 1100 nm, the attenuation curve being similar to curve 82
      of FIG. 5. The second of the two identical blanks was processed for 30
      minutes in position A of the furnace (see FIG. 4) in a gas mixture
      containing 96.5 vol. percent helium, 3 vol. percent chlorine and 0.5 vol.
      percent oxygen. This preform was then processed through the remainder of
      the cycle described in Example 1 in 100% helium. Curve 84 of FIG. 5
      clearly illustrates the increase in attenuation due to the water content
      of the optical waveguide formed from the preform which was chlorine
      treated in the presoak only. The attenuation at 950 nm was about 100
      dB/km. To summarize this comparison, the waveguide, which was drawn from a
      preform which was presoaked in an atmosphere containing 3  vol. percent
      chlorine and then consolidated in an atmosphere containing 100% helium,
      exhibited an attenuation of 100 dB/km at 950 nm whereas a waveguide drawn
      from a preform, which was both presoaked and consolidated in an atmosphere
      containing 1 vol. percent chlorine, exhibited an attenuation of only about
      10 dB/km at that wavelength.
PAC  EXAMPLE 5
PAR  An optical waveguide preform was formed in accordance with Example 2. The
      consolidation atmosphere was obtained by bubbling 0.5 vol. percent oxygen
      through SiCl.sub.4 at 35.degree.C. and mixing the resulting oxygen-vapor
      mixture with 99.5 vol. percent helium. After the preform was consolidated
      in this atmosphere in accordance with the steps set forth in Example 1, it
      was formed into an optical waveguide in the manner described in Example 2.
      As shown by curve 86 of FIG. 5, the attenuation of this waveguide was less
      than 18 dB/km between 600 and 1100 nm except around 950 nm where it was
      about 23 dB/km. It is noted that the attenuation curve for this waveguide
      is slightly higher than curves 80 and 82 due to the presence of impurities
      therein. However, the peak at 950 nm is only about 10 dB/km greater than
      the background portion of curve 86, indicating that about 8 ppm OH is
      present in this waveguide.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the method of forming a glass article comprising the steps of
PA1  depositing on a starting member a coating of flame hydrolysis-produced
      glass soot to form a soot preform,
PA1  consolidating said soot preform to form a dense glass layer free from
      particle boundaries, and
PA1  forming said dense glass layer into a desired shape, said consolidation
      step being characterized in that it comprises
PA1  heating said soot preform to a temperature within the consolidation
      temperature range for a time sufficient to cause said soot particles to
      fuse and form a dense glass layer, and simultaneously
PA1  subjecting said soot preform to a stream of a substantially dry,
      hydrogen-free, chlorine containing atmosphere that is substantially free
      from contaminants that would adversely affect the optical properties of
      said glass article, said chlorine permeating the interstices of said soot
      preform during the consolidation thereof and replacing hydroxyl ions by
      chlorine ions, thereby resulting in a glass article that is substantially
      water-free.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein the step of heating
      comprises initially subjecting one end of said preform to a temperature
      that is higher than that to which the remainder of said preform is
      subjected so that said one end consolidates first, and consolidation
      continues to progress from said one end toward the remaining end of said
      preform.
NUM  3.
PAR  3. A method in accordance with claim 1 wherein the step of heating
      comprises gradually inserting said preform into a furnace at such a rate
      that the part thereof that is initially inserted consolidates first and
      consolidation continues to progress gradually until said entire soot
      preform is consolidated.
NUM  4.
PAR  4. A method in accordance with claim 3 wherein, after the initial portion
      of said preform begins to consolidate, said preform is inserted into said
      furnace at a rate of 0.1 to 1.0 inch per minute.
NUM  5.
PAR  5. A method in accordance with claim 4 wherein, after said preform is
      completely consolidated, it is withdrawn from said furnace at a rate of
      0.1 to 1.0 inch per minute.
NUM  6.
PAR  6. A method in accordance with claim 1 wherein said chlorine containing
      atmosphere comprises up to 5 volume percent chlorine, the remainder of
      said atmosphere primarily consisting of helium.
NUM  7.
PAR  7. A method in accordance with claim 1 further comprising the step of
      removing said starting member prior to the step of forming said member to
      a desired shape.
NUM  8.
PAR  8. A method in accordance with claim 1 wherein said soot has a high silica
      content and the step of heating comprises subjecting said soot preform to
      a maximum temperature in the range of 1200.degree.-1700.degree.C.
NUM  9.
PAR  9. A method in accordance with claim 1 further comprising the steps of
      depositing on said soot preform a second coating of flame
      hydrolysis-produced glass soot having an index of refraction less than
      that of the glass of said soot preform prior to the step of consolidating
      said soot preform.
NUM  10.
PAR  10. A method in accordance with claim 9 wherein said soot preform is formed
      of doped fused silica and said second coating is formed of fused silica
      doped to a lesser degree than that of soot preform.
NUM  11.
PAR  11. The method of claim 10 further comprising the step of removing said
      starting member, and wherein the step of forming comprises
PA1  heating the structure so formed to the drawing temperature of the materials
      thereof, and
PA1  drawing the heated structure to reduce the cross-sectional area thereof and
      to collapse the hole resulting from removing said starting member and to
      form a clad fiber having a solid cross-section.
NUM  12.
PAR  12. A method in accordance with claim 1 further comprising the steps of
PA1  depositing on the surface of said dense glass layer a second coating of
      flame hydrolysis-produced glass soot,
PA1  heating said second coating of soot to a temperature within the
      consolidation temperature range for a time sufficient to cause said soot
      particles to fuse and form a second dense glass layer, and simultaneously
PA1  subjecting said second coating of soot to a stream of a substantially dry
      chlorine containing atmosphere.
NUM  13.
PAR  13. A method in accordance with claim 12 further comprising the step of
      removing said starting member, and wherein the step of forming comprises
PA1  heating the structure so formed to the drawing temperature of the material
      thereof, and
PA1  drawing the heated structure to reduce the cross-sectional area thereof and
      to collapse the hole resulting from removing said starting member and to
      form a clad fiber having a solid cross-section.
NUM  14.
PAR  14. In the method of forming a glass optical waveguide fiber comprising the
      steps of
PA1  depositing on a cylindrically shaped starting member a coating of flame
      hydrolysis-produced glass soot to form a soot preform,
PA1  consolidating said soot preform to form a dense glass layer free from
      particle boundaries,
PA1  heating the structure so formed to the drawing temperature of the materials
      thereof, and
PA1  drawing the heated structure to reduce the cross-sectional area thereof,
      thereby forming an optical waveguide fiber having a solid cross-section,
PAL  said consolidation step being characterized in that it comprises
PA1  heating said soot preform to a temperature within the consolidation
      temperature range for a time sufficient to cause said soot particles to
      fuse and form a dense glass layer, and simultaneously
PA1  subjecting said soot preform to a stream of a substantially dry,
      hydrogen-free chlorine containing atmosphere that is substantially free
      from contaminants that would increase the light absorption of said
      waveguide fiber, said chlorine permeating the interstices of said soot
      preform during the consolidation thereof and replacing hydroxyl ions by
      chlorine ions, thereby resulting in a glass waveguide fiber that is
      substantially water-free.
NUM  15.
PAR  15. A method in accordance with claim 14 wherein the step of heating
      comprises initially subjecting one end of said preform to a temperature
      that is higher than that to which the remainder of said preform is
      subjected so that said one end consolidates first, and consolidation
      continues to progress from said one end toward the remaining end of said
      preform.
NUM  16.
PAR  16. A method in accordance with claim 15 wherein said chlorine containing
      atmosphere comprises up to 5 volume percent chlorine, the remainder of
      said atmosphere primarily consisting of helium.
NUM  17.
PAR  17. A method in accordance with claim 16 further comprising the step of
      removing said starting member prior to the step of drawing.
NUM  18.
PAR  18. A method in accordance with claim 17 further comprising the steps of
PA1  depositing on the surface of said dense glass layer a second coating of
      flame hydrolysis-produced glass soot,
PA1  heating said second coating of soot to a temperature within the
      consolidation temperature range for a time sufficient to cause said soot
      particles to fuse and form a second dense glass layer, and simultaneously
PA1  subjecting said second coating of soot to a stream of a substantially dry
      chlorine containing atmosphere that is substantially free from
      contaminants that would increase the light absorption of said waveguide
      fiber, said chlorine permeating the interstices of said second layer of
      soot during the consolidation thereof and replacing hydroxyl ions by
      chlorine ions, thereby resulting in a glass waveguide fiber that is
      substantially water-free.
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ABST
PAL  Misregistration and losses between the ends of coupled optical
      fibre-bundles are reduced by tapering the fibre ends. The ends are etched
      to remove a portion of the outer cladding glass around each glass core.
      The tapered ends are inserted into a low refractive index glass tube and
      drawn down in the tube to form a solid core glass zone. The solid end is
      polished to facilitate coupling to another bundle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the launching of light into optical fibre-bundles
      and particularly to a novel coupling arrangement between the fibre ends.
PAR  2. Description of the Prior Art
PAR  Optical coupling between one fibre-bundle and another may be achieved by
      polishing the ends of the bundles and placing a polished end of one bundle
      in close proximity with one of the polished ends of the other bundle.
      Unless special measures are taken to ensure that the ends of individual
      fibres of the first bundle all register exactly with the ends of fibres of
      the second bundle the randomness of registration will contribute to
      optical loss in the coupling. Some of the light will not be launched into
      the cores of the fibres of the second bundle but will be lost through
      being launched either into the cladding or into the interstices between
      fibres. In a typical close packed multi-mode optical fibre-bundle only
      about 60% of the total cross section of the bundle is provided by the
      fibre cores, and hence the loss arising from lack of registration will be
      a significant proportion of the total loss of such a coupling. This
      problem of launching efficiency is not confined to the launching of light
      from one fibre-bundle into another, but is a general problem affecting the
      launching of light into a fibre-bundle from any light source.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore the primary object of the present invention to provide an
      improved method for coupling ends of fibre-bundles with minimum losses
      from misregistration.
PAR  According to the present invention, this is achieved by forming a novel
      coupling region at at least one of the ends of a glass optical
      fibre-bundle. The method includes the steps of etching the fibres at that
      end of the bundle to produce tapered ends to the fibres, of inserting the
      tapered ends into the bore of a glass tube having a lower refractive index
      than that of the fibre cores, of fusing the assembly of tube and fibre
      ends while drawing it down so as to provide a zone from which interstices
      between the side walls of the tapered ends of the fibres have been
      eliminated, and of providing the fibre-bundle with a polished end within
      said zone.
PAR  There follows a description of the provision of a fibre optic bundle having
      a coupling region embodying the invention in a preferred form. The
      description refers to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 depicts the end regions of an individual optical fibre of a
      fibre-bundle after it has been provided with a taper, and
PAR  FIG. 2 depicts schematically an axial section through the coupling region
      of the entire optical fibre-bundle.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The fibres at one end of an optical fibre optic bundle are tapered by
      etching. An individual fibre of the bundle is depicted in FIG. 1, and
      comprises a central region 1 of core glass, typically 70.mu. diameter,
      surrounded by lower refractive index cladding glass 2 typically 4.mu.
      thick. The fibre optic bundle typically contains 500 to 1000 such fibres.
      The etching of the fibre ends is designed to remove entirely the cladding
      glass from a short section at their extreme ends and to provide a gradual
      transition from there to the region where the fibres have their full
      thickness of cladding glass. The taper is provided by gathering the fibres
      into a loose bundle and slowly lowering their ends into a hydrofluoric
      acid etch at a controlled rate. A selective etch which would
      preferentially etch the cladding glass would be an advantage, but is not
      essential.
PAR  The fibre ends are then rinsed, cleaned, and inserted into the bore of a
      glass tube 3 (FIG. 2) of lower refractive index than the fibre cores 1.
      Next the assembly of tube and fibre ends is heated to fuse it and is drawn
      down to provide a zone 4 from which interstices 5 between fibres have been
      eliminated. Finally, the fibre-bundle is served, ground and polished
      within the zone 4 to provide an end face 6.
PAR  If the fibre-bundle is to be directly coupled to another, one factor
      contributing to optical loss in the coupling is mismatch between the
      adjacent end diameters of the two bundles. The presence of a taper in the
      zone 4 means that, within a limited range of values, the diameter of the
      end face 6 may be selected by sitting it an appropriate distance along the
      length of the zone 4.
PAR  It is to be understood that the foregoing description of a specific example
      of this invention is made by way of example only and is not to be
      considered as a limitation on its scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of providing a coupling region at at least one of the ends of a
      glass optical fibre-bundle including a plurality of glass fibres each
      having an inner core glass and outer cladding glass, which method includes
      the steps of etching the fibres at that end of the bundle to remove the
      cladding glass and produce tapered ends to the individual fibres, of
      inserting the tapered ends into the bore of a glass tube having a lower
      refractive index than that of the fibre cores, of heating and fusing the
      assembly of tube and fibre ends while drawing it down so as to provide a
      solid zone of core glass within the tube and to eliminate the cladding
      glass and interstices between the side walls of the tapered ends of the
      fibres in said zone, and of forming a polished end within said zone.
NUM  2.
PAR  2. The method of claim 1 including severing the fibre-bundle within said
      end zone and grinding and polising the severed end to provide an end face.
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ABST
PAL  Apparatus for increasing the rate of evaporation of liquid from wound
      linear material, such as glass strand, by subjecting successive outer
      layers of the package to an air jet.
PARN
PAR  This is a division of application Ser. No. 356,537, filed May 2, 1973 now
      Pat. 3,851,453, granted Dec. 3, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the field of textiles it is often necessary to collect moist or wet
      multifilament continuous linear material into a "wet" wound package. But
      such practice, while necessary, gives rise to a myriad of difficulties
      since the linear material must eventually be dried.
PAR  For example, it has been the practice to protect glass filaments in glass
      filament forming operations by applying both water and a liquid sizing or
      other protective liquid to them before they are combined into a bundle or
      strand for collection into a wound package of wet glass strand. This
      practice requires subsequent package drying, and product problems ensuing
      from such drying. But the very nature of glass filaments demands
      application of a protective liquid before the filaments are combined into
      a strand; unprotected glass filaments tend to abrade each other upon
      contact. So processes forming glass filaments must apply a protectve
      coating to the glass filaments before combining them into a bundle.
PAR  Prior practices use bulk drying techniques to dry wet glass strand
      packages. This conventional drying takes a long time, and causes migration
      of solids in the sizing or coating to the periphery of the packages.
      Liquid moves outward to the periphery of the packages for evaporation;
      such movement tends to move solids to the periphery of the package. So
      solids tend to concentrate nearer the periphery of the package.
PAR  Consequently, strands from packages dried using prior bulk drying
      techniques have a nonuniform amount of solids along their lengths. And
      these strands are not fully satisfactory because the properties of the
      strands are not uniform along their lengths.
PAR  Dried packages of glass strand are ready for additional processing. The
      type of additional processing depends on the end use of strand. Glass
      strands suitable for textile application commonly pass through twisting
      and plying operations. Glass strands for use as a reinforcement for
      materials such as plastics may be combined into a multiple strand roving.
PAR  As one can appreciate, conventional package drying operations are
      cumbersome and not wholly satisfactory. Migration of solids effected
      during package drying produces a strand that does not have a uniform
      sizing treatment along its length. Then too, when wet strand collected
      into a package and subsequently dried, cohesive force of the sizing tends
      to cohere adjacent strands together. And this tends to cause strand
      breakage during subsequent processing when strand is withdrawn from the
      package.
PAR  There has been a pressing need for improvement.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is improved apparatus for and method of
      processing linear material.
PAR  Another object of the invention is apparatus for and method of evaporating
      liquid from individual layers of linear material wound into a package as
      the individual layers of such material are formed on the exterior of the
      package during its formation.
PAR  Yet another object of the invention is apparatus for and method of forming
      a dry wound glass strand package from a wet strand in a glass filament
      forming position.
PAR  Still another object is an improved multifilament textile product.
PAR  These and other objects are attained by apparatus comprising means for
      collecting wet linear material into successive layers and for evaporating
      liquid from individual layers. The means for evaporating liquid including
      means for subjecting individual layers to a stream of drying medium and
      means for effecting relative movement of the stream and the individual
      layers such that the individual layers are progressively subjected to the
      stream moved across them.
PAR  The above and other objects and advantages will become more apparent as the
      invention is more fully described hereinafter with reference made to the
      accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in elevation of a textile twister embodying the principles
      of the invention. A nozzle carried by the ring rail of the twister
      releases a stream of heated air against the circumferential surface of a
      package during package formation.
PAR  FIG. 2 is an enlarged view in elevation of the station portion of the
      apparatus shown in FIG. 1.
PAR  FIG. 3 is a view in elevation of another textile twister embodying the
      principles of the invention.
PAR  FIG. 4 is a side elevation view of a apparatus according to the principles
      of the invention in a glass filament forming operation.
PAR  FIG. 5 is an enlarged side elevation view of the glass strand collection
      station of the winder shown in FIG. 4.
PAR  FIG. 6 is a plan view of one position of another textile twister according
      to the principles of the invention. A plurality of side by side nozzles
      each release a stream of air against the exterior of a collecting package.
PAR  FIG. 7 is a view in elevation of the apparatus of FIG. 1 modified to
      include two nozzles each releasing a stream of drying gas that impinges
      against the exterior of the package in a common region.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIGS. 1 and 2 show a textile twister embodying the principles of the
      invention. The twister advances wet glass strand for collection into
      successive layers as a wet wound package on a rotating bobbin. The twister
      includes means for subjecting the layers of the package to a stream of
      heated gas effective to evaporate liquid from them. In the embodiment the
      stream is moved progressively in a direction axially of the rotating
      package. So the stream is able to progressively evaporate liquid from
      successive strand layers as they are formed during package build.
PAR  As shown the twister includes a pair of rotatably driven strand engaging
      feed rollers 10 and 12 that advance a glass strand 14 from a supply to a
      twisting station.
PAR  The twisting station includes a horizontally disposed ring rail 16 having a
      circular opening 18 defined by a circular track portion 20 (see FIG. 2). A
      traveler or flyer 22 is freely movable along the circular track portion 20
      in a conventional manner. Further, the station includes conventional
      mounting means rotatably holding a bobbin 24 vertically in alignment with
      the opening 18. As shown the mounting means is rotated (and consequently
      the bobbin 24) at high speeds by a driven belt 26 that engages a whorl 28.
PAR  The bobbin 24 collects the twisted strand 14 (yarn) into successive layers
      as a longitudinal wound package 30. The diameter of the package 30
      increases during package build. As shown a liquid coating is applied to
      the advancing strand 14 by an applicator 32 before the twisted strand 14
      is collected onto the package 30 at the twisting station. The liquid
      coating can be either an aqueous or solvent treatment.
PAR  The twister vertically reciprocates the horizontal ring rail 16 slowly, in
      a conventional manner, back and forth along the length of the bobbin 24
      ("traverses" the ring rail 16) to distribute the twisted strand 14 onto
      the package 30 during package formation.
PAR  Joined to the underside of the ring rail 16 is a nozzle 36 that directs a
      high energy stream of heated gas, normally air, against the
      circumferential surface of the package 30 throughout package formation.
      Heated air under pressure is supplied to the nozzle 36 from a plenum 38,
      or other suitable source, through a flexible supply hose 40.
PAR  The reciprocating movement of the ring rail 16 moves the nozzle 36 up and
      down lengthwise of the package 30 throughout package formation. So each of
      the individual layers of the package 30 is progressively subjected to the
      heated air stream as the nozzle 36 is moved first in one direction axially
      of the package 30 and then in the other direction axially of the package.
PAR  In FIG. 1 the strand 14 is supplied from a body of strand packaged in a
      open topped tubular container 42. The strand 14 can be packaged in the
      container 42 in known ways. For example, the packaging method disclosed in
      U.S. Pat. 3,107,441 can be used to provide a strand packaged in a
      container. The strand in the container 42 can be either wet or dry;
      however, the strand 14 will normally be wet.
PAR  The strand 14 is advanced upwardly from the container 42 to a guide pigtail
      46 and then advanced horizontally to another guide pigtail 48 by the
      strand advancing feed rollers 10 and 12, which are below the guide pigtail
      48. So these rollers advance the strand 14 downwardly from the pigtail 48.
      The strand 14 travels across the applicator 32 to receive the liquid
      coating (for example a conventional sizing) and then through a guide
      pigtail 50 aligned with and above the bobbin 24. The wet strand 14 travels
      through the traveler 22 on the ring rail 16 and collects on the package
      30.
PAR  As the flyer 16 rotates around the bobbin 24 on the circular track 20
      during package build, the traveling strand 14 "balloons" outwardly between
      the guide pigtail 50 and the traveler 22 as indicated by the dashed lines
      in FIG. 1.
PAR  Twisted strand 14 is collected on the bobbin 24. The amount of twist given
      to the strand 14 can be controlled in a conventional manner to build a
      package 30 of yarn having a desired amount of twist.
PAR  Referring to FIG. 2 it can be seen that the nozzle 36 is carried on the
      underside of the ring rail 16 by a bracket 54. The dashed lines show the
      nozzle 36 at the upper portion of the package 16 as the ring rail 14 is
      reciprocated progressively back and forth lengthwise of the package 30
      (bobbin 24).
PAR  The exit end of the nozzle 36 faces the package 30 and releases or
      discharges a stream of heated air (indicated by dashed lines in FIG. 2)
      against the circumferential surface of the package 30. The stream impinges
      the package 30 in a zone along the length of the package 30. So only a
      portion of the circumferential surface of the package (outer layers) is
      subjected to drying influence of the stream of heated air at any one
      moment. But movement of the stream (nozzle 36) effects progressive drying
      as the nozzle 36 is moved back and forth lengthwise of the package 30. So
      the moving stream is effective to progressively evaporate liquid from
      successive exterior layers of the package 30 during package formation.
PAR  The impinging stream of heated air increases the rate of evaporation of
      liquid from the outer layers of the package 30. The rate of evaporation is
      a function of temperature of the air, velocity of the air and the dryness
      of the air. So it is possible to control the rate of evaporation by
      controlling the temperature, moisture content and velocity of the air
      stream impinging against the exterior of the package 30.
PAR  It has been found that a boundary layer of air forms at the exterior
      surface of packages rotating at high speeds. So the energy of the stream
      must be sufficient to penetrate through the layer for effective drying. A
      stream that penetrates through the layer is able to directly contact the
      exterior of the package, thus promoting effective heat transfer and
      removal of the evaporated liquid.
PAR  In practice a package normally does not need to be "bone" dry. But when a
      liquid coating is used that contains particulate matter such as
      conventional sizings and coatings for glass strand, the particulates must
      be immobilized by the drying to obtain full benefit from such drying.
      Hence, in drying a wet strand package like package 30, sufficient moisture
      should be evaporated from its outer layers as they are formed to preclude
      movement of particulates within the wound package. So upon drying there
      should not be enough liquid left in the package to transport particulates.
PAR  It is also possible to dry materials which are rate or temperature
      sensitive by varying the velocity, humidity, and temperature
      relationships.
PAR  Since the nozzle 36 moves with the ring rail 16, the nozzle 36, which in
      the embodiment continually discharges a stream, is reciprocated lengthwise
      of the package 30 throughout package formation. Consequently, each layer
      is dried during package formation.
PAR  The nozzle 36 is shown in a preferred disposition discharging a stream
      against the circumferential surface of the package 30 in the zone of
      strand lay (indicated in FIG. 2) onto the package. This zone moves as the
      strand 14 is moved with the reciprocation of the ring rail 16.
PAR  In practice, a simple tube has been used for the nozzle 36 and has given
      good results when used on a conventional twister having a ring diameter of
      5 3/4 inches. In such an arrangement air at from 135.degree. to
      190.degree. centigrade has been characteristically discharged from the
      tube nozzle. The velocity of the discharged air has been
      characteristically from 66-135 feet-per-second.
PAR  A variety of nozzles can be used. For example, nozzles for shaping streams
      in known ways can be used; other conventional nozzles can be used.
PAR  While good results can be obtained using heated air, it is possible to
      supply room temperature air to the nozzle 36. Other drying mediums or
      gases might be used.
PAR  It is possible to use a stream of gas having a gas component that reacts
      with an ingredient of a liquid coating applied to the strand. For example,
      if a resorcinol containing coating would be applied to a strand, a gaseous
      stream containing a mixture of formaldehyde and ammonia might be used to
      promote polymerization. Further, the gaseous stream might include a
      catalyst component. For example, if an epoxy containing coating would be
      applied to a strand, a gaseous stream containing an amine or polyamine
      might be used.
PAR  The reactive or catalytic components could be mixed with the gaseous stream
      in a variety of ways. For example, these gas components might be entrained
      in the heated air discharged from the nozzle 36. Also, separate nozzles
      might be used (see FIG. 7). One nozzle could discharge a reactive or
      catalytic gas stream to the same or another zone of the package.
PAR  The invention is shown in FIGS. 1 and 2 on a twister. But the invention has
      application whenever wet linear material is collected as layers. So in a
      broad sense the invention includes means effective to evaporate liquid
      from individual layers of wet linear material during its collection into
      layers. And such means for evaporating liquid includes means for
      subjecting individual layers to a stream of drying medium moved
      progressively across the layer.
PAR  FIG. 3 shows two positions of a twister embodying the principles of the
      invention. Except for the strand feeding arrangement, the twister is like
      the twister shown in FIGS. 1 and 2. Each of the positions include a pair
      of strand engaging feed rollers 110 and 112 for advancing wet strand 114
      from driven rotatable wet serving packages 115 carried by a conventional
      support above the twisting station. The feed rollers 110 and 112 advance
      the strand 114 downwardly to a ring rail 116 and traveler 122 arrangement.
      A rotatably driven vertically oriented bobbin 124 collects the twisted
      strand into a wound package 130. Individual sizing applicators 132 apply
      liquid coating to the strand 112 along its path to twisting station.
      Individual nozzles 136 each direct a stream of drying gas against the
      circumferential surface at each of the packages 130 during package
      formation; the drying effect of the streams is explained in connection
      with the embodiment of the invention shown in FIGS. 1 and 2. Heated air
      under pressure is supplied to each of the nozzles 136 from a plenum 138
      through flexible supply tubes 140.
PAR  FIGS. 4 and 5 show apparatus for forming continuous glass filaments from
      molten glass streams and collecting the glass filaments (gathered into a
      strand) as a wound package. The glass filaments are treated with liquid
      coating and combined into a wet untwisted filament bundle or strand. The
      strand is collected on a spindle or collet of a winder at a wound package.
PAR  The collection apparatus includes means for directing a stream of heated
      air against the outer circumferential surface of successive layers of the
      package throughout package formation and for effecting movement of the
      stream such that the individual layers are subjected to the drying
      influence of the stream progressively in a direction axially of the
      package to evaporate liquid from successive layers.
PAR  As illustrated a container 200 holds a supply of molten glass. The
      container 200, which is normally made of platinum or an alloy of platinum,
      can connect to a forehearth that supplies molten glass from a furnace or
      can connect to other means for supplying molten glass. For example, the
      container 200 can connect to a melter effective to reduce glass marbles to
      a heat-softened condition.
PAR  Electrical terminals 202 are at the ends of the container 200; these
      terminals connect to a source of electrical energy. When electrically
      energized through the terminals 202, the container 200 supplies heat by
      conventional resistance heating to molten glass held in it. The heat
      maintains the molten glass at proper fiber forming temperatures and
      viscosities.
PAR  The container 200 has a bottom wall 204 that has orifices or passageways
      for delivering individual streams 206 of molten glass from the container
      200. In the embodiment shown the openings in the bottom wall 204 comprise
      rows of spaced apart depending orificed projections or tubular members
      208.
PAR  Individual continuous glass filaments 210 are withdrawn from the individual
      molten glass streams 206. The filaments 210 are combined into a strand 212
      as they turn on a gathering shoe 214 located below the container 200.
PAR  Normally apparatus applies both water and a liquid sizing or other
      protective coating material to the traveling filaments 210. As shown a
      nozzle 220 adjacent to the bottom wall 204 directs water spray onto the
      continuous filaments 210 before the shoe 214 combines them into the glass
      strand 212.
PAR  An applicator 224 held within a housing 226 just above the gathering shoe
      214 applies the liquid sizing or other coating material to the swiftly
      traveling continuous glass filaments 210. The applicator 224 can be any
      suitable type known to the art; however, the applicator 224 is shown as an
      endless belt moved through liquid held in the housing 226. As the
      continuous glass filaments 210 speed downwardly in touching relationship
      across the surface of the moving endless belt 224, some of the liquid on
      the belt transfers to them.
PAR  A winder 230 collects the strand 212 as a wound package 232 on a driven
      rotatable collector or collet 234. The package 232 is shown formed on a
      tube 236 telescoped onto the collet 234.
PAR  Advancement of the strand 212 downwardly to the package 232 during rotation
      of the collet 234 draws the continuous glass filaments 210 from the molten
      glass streams 206.
PAR  A traversing member 240 that is mounted for reciprocal motion on a support
      242 of the winder 230 engages the strand 212. When reciprocated the member
      240 moves the advancing strands 212 back and forth lengthwise of the
      package 232 during package formation.
PAR  The support 242 is an assembly that provides substantially infinite
      adjustment for the traversing member 240 and that includes a forward unit
      244, a rearward unit 246 and a cam housing 248. The forward unit 244 and
      rearward unit 246 each moves about a separate axis spaced from the collet
      234 and package 232. Reference letter A in FIG. 4 indicates the axis about
      which the rearward unit 246 moves. The forward unit 244 is mounted on the
      forward portion of the rearward unit 246 and moves about an axis indicated
      by the reference letter B in FIG. 4. The axes A and B are in spaced
      relation and extend in parallel directions lengthwise of the collet 234.
PAR  The cam housing 248 is a tubular member on the forward portion of the
      forward unit 244 and extends in a direction substantially parallel to the
      axis of rotation of the collet 234.
PAR  The traversing member 240 slidably mounts on the cam housing 248. A motor
      and drive arrangement within the winder 230 and support 242 reciprocates
      the traversing member 240 lengthwise of the collecting package 232. U.S.
      Pat. 3,717,448 discloses a winder like winder 230 and describes the
      operation of the motor and drive unit for reciprocating the traversing
      member 240.
PAR  The traversing member 240 engages the strand 212 along its path to the
      collet 234 and reciprocates the strand 212 back and forth lengthwise of
      the collet 234 to distribute the advancing strand 212 on the collet 234
      (package 232). The motion given to the strand 212 is lateral of the
      strands direction of travel to the package 232 and is a combination of
      both rapidly reciprocating motion imparted to the strand by the traversing
      member 240 and slower reciprocating motion parted to the support 242.
PAR  The apparatus of FIGS. 4 and 5 includes means effective to evaporate liquid
      from successive layers of the package as they are formed. As shown there
      is a nozzle 250 that releases a stream of drying gas carried by the
      traversing member 240. Gas, e.g. air, superheated steam, etc., under
      pressure is supplied from a suitable source to the interior of the nozzle
      250 through a flexible tube 252.
PAR  A bracket 254 joined to the underside of the member 240 holds the nozzle
      250 so that the stream of air it releases is directed to impinge the
      circumferential surface in the region of strand lay onto the package. The
      nozzle 250 is reciprocated with the member 240. So the nozzle 250 (stream)
      is reciprocated with reciprocation of the strand 212. Accordingly, the
      nozzle 250 directs its stream in the zone of strand lay on the package
      throughout package formation. Evaporation is effected by the stream as
      discussed in relation to the apparatus shown in FIGS. 1 and 2.
PAR  FIG. 6 is a plan view of a textile twister position that uses a plurality
      of adjacent nozzles 260 each discharging a stream of heat air against the
      circumferential surface of a collecting package 262 on a bobbin 264. The
      nozzles 260 are held on a ring rail 266 with a circular track 268 defining
      an opening 270. A traveler 272 freely moves on the track 268. As shown the
      nozzles 260 are carried by the ring rail 266 at the circumference of the
      opening 270. The nozzles 260 are reciprocated with the ring rail 266.
PAR  The streams of heated air from the nozzles 260 effect drying of the package
      264 as explained in relation to the other embodiments of the invention.
      But in the apparatus of FIG. 6 the nozzles 260 each direct a drying stream
      to individual circumferentially spaced apart zones.
PAR  FIG. 7 shows the apparatus of FIGS. 1 and 2 modified to include two stream
      discharging tubes, denoted by reference numbers 336 and 336a, each
      oriented to discharge a stream of gas (such as air) that impinges the
      package 30 in the same region. As illustrated the nozzles 336 and 336a are
      supplied heated air through flexible supply tubes 340 and 340a
      respectively. Brackets 354 and 354a hold the nozzles 336 and 336a on the
      ring rail 16. So both the nozzles are reciprocated with the ring rail 16.
PAR  In the embodiments shown each of the nozzles continuously releases a stream
      of gas, but the apparatus can be modified in known ways to have the
      nozzles intermittently or periodically release streams of gas.
PAR  Further, it is possible to dry a variety of different types of linear
      material. For example, it is possible to dry wet multifilament linear
      material such as nylon, polyester, etc. during collection. Further it is
      possible to collect linear material of discontinuous filaments besides
      continuous filament material. Also, the invention can be used with bulky
      or textured multifilament linear material.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for packaging glass strand comprising:
PA1  means for supplying streams of molten glass for attenuation into continuous
      glass filaments:
PA1  means for applying liquid to the filaments;
PA1  means for gathering the wet filaments into a glass strand;
PA1  a winder under the means for supplying molten glass streams including a
      rotatable collector upon which the glass strand is collected into
      successive layers as a wound package, means for rotating the collector,
      and strand traversing means including a reciprocatable mounted strand
      guide and means for reciprocating such guide lengthwise of the collector
      to distribute the strand on the package during its formation; and
PA1  means immediately adjacent to the outer circumferential surface of the
      package for directing a stream of air at the package effective to increase
      the rate of evaporation of liquid from successive outer layers of the
      package wherein such means is mounted to reciprocate with the strand guide
      whereby the exterior of the package is progressively subjected to the
      drying influence of the stream during package formation.
NUM  2.
PAR  2. Apparatus of claim 1 including means for subjecting the layers to a
      stream of heated air.
NUM  3.
PAR  3. Apparatus of claim 1 wherein the means for subjecting the successive
      layers to a stream of air is carried on the strand guide.
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ABST
PAL  Apparatus and method for surface treating vitreous materials with treatment
      gases to form a metallic oxide surface condition on the vitreous material.
      The apparatus, which is preferably an enclosure having an entrance and
      exit end and is mounted over a conveyor belt, incorporates manifold means
      for distributing the treatment gas within the enclosure and also heating
      means for maintaining the interior of the enclosure above a critical
      temperature. The method comprised is applying a treatment gas to the
      vitreous surface while maintaining the gas above a critical temperature
      substantially below the pyrolitic decomposition temperature which is
      necessary to accomplish the actual surface treatment.
PARN
PAR  This application is a continuation of my earlier copending application
      Serial No. 54,417 filed July 13, 1970 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus and method for surface
      treating vitreous material, for example, glass and glazed surfaces such as
      china or porcelain.
PAR  Vitreous surfaces have, particularly immediately following the formation of
      the surfaces, high free energy. The nature of the surface makes it
      susceptible to abrasion damage from other similar surfaces and to
      undesirable reactions with the atmosphere and/or other materials it may
      contact. One of the more troublesome and technically demanding aspects of
      this situation is the treatment of newly formed glassware. Food and
      beverage bottles, for instance, are quite strong, at least theoretically,
      when formed, but, unless protected, undergo strength degradation as a
      result of contact with other bottles and attack by the atmosphere.
      Moisture in the atmosphere is particularly detrimental to the newly
      formed, unprotected glass surface. When it is considered that these
      bottles are processed on high-speed filling and packing lines which
      constantly jostle the bottles together with substantial force, it will be
      appreciated that damage can occur as a result of the mutual contact
      between the bottles. In fact, pristine, treated glass bottles are unsuited
      for use in modern packing lines unless greatly increased quantities of
      glass are included to compensate for the damage in loss and strength.
PAR  As is known in the art, the problem of abrasion and atmospheric damage to
      glassware has been, in large part, solved by various surface treatments on
      the glass substantially immediately upon formation or at least prior to
      packing of the glass. One basic and most important facet of such
      treatments is the surface treatment of the glass, prior to annealing, with
      various metallic compounds which pyrolytically decompose upon contact with
      the heated, freshly formed glass to form metallic oxide surface layers on
      the glass or other vitreous material. Exemplary of the more widely used
      and better performing of these metal oxide treatments is the formation of
      tin oxide on glass surfaces by exposure to stannic chloride vapor. The tin
      oxide surface treatment when present in films less than that which would
      cause objectionable light interference and iridescence, produces a surface
      condition which is lubricous, highly resistant to abrasion damage and
      protective against atmospheric attack.
PAR  While stannic chloride does not decompose to form a tin oxide layer on the
      glass surface until exposed to temperatures on the order of 1000.degree.
      F., it has been found that the stannic chloride vapor is subject to
      degradation through exposure to moisture. For that reason, it has been
      common practice to bubble dry air through the stannic chloride liquid to
      form the stannic chloride vapor in an air carrier. When free of water, air
      has been found to be a substantially inert carrier gas for stannic
      chloride vapor. Further, it has been possible to conduct the dry air
      containing stannic chloride vapor to the heated glass surface without
      encountering substantial problems. For this reason, treatment of glass
      with stannic chloride has been widely accepted and is in standard
      commercial use.
PAR  Unfortunately, after the stannic chloride vapor is vented into a coating
      enclosure and passed over the glass surface, a substantial residue of
      stannic chloride vapor remains which has not been pyrolytically
      decomposed. As a result of the practicalities of the coating situation,
      such as moist air admitted into the enclosure with the ware to be treated,
      the vapor in the enclosure comes into contact with moisture. When so
      exposed, stannic chloride forms a sticky, objectionable material which has
      an obnoxious vapor, coats surfaces which it contacts and, further, tends
      to corrode and attack such surfaces. This results in plugged vents,
      corroded hoods, and precludes any possible recycle of the stannic chloride
      vapor. For these reasons, it has to be the practice to vent the stannic
      chloride vapor to the atmosphere after exposing it to the glass.
PAR  While the background has been presented with regard to glassware, this has
      been done because the problems involved in treating glassware with
      metallic oxide compositions are most demanding. Also, stannic chloride has
      been used as illustrative of the treatment gases. This has been done
      because of the widespread use of such treatment gas. However, the problems
      discussed exist in greater or lesser extent with regard to other vitreous
      surfaces and other treatment gases employed to produce metallic oxide
      surface treatments. These are the treatment gases which will be more
      widely illustrated below.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a method whereby treatment gas for
      producing metallic oxide treatments of vitreous materials can be rendered
      innocuous relative to the surroundings rather than noxious as is the
      situation with conventional coating methods. More specifically, it has
      been discovered that if the treatment gas is maintained at or above a
      critical temperature substantially below the pyrolytic decomposition
      temperature which is involved in the actual surface treatment, the
      treatment gases do not, upon exposure to moisture and air, form
      objectionable and corrosive layers on the apparatus, do not hydrolyze into
      dangerous constituents and are likewise compatible and unobjectionable
      substances. In the case of stannic chloride, the treatment gas must be
      maintained above a temperature within the range of about 185.degree. F. to
      195.degree. F., and preferably above 187.degree. F. Other treatment gases
      display similar well known temperatures at which they will not undergo
      hydrolysis when exposed to water vapor.
PAR  The invention, of course does not involve new physical or chemical laws.
      Rather, by forcing the working temperatures of the coating gas into ranges
      substantially above these normally encountered, the propensity of the
      coating gases to form hydrates is avoided. The hydrates tend to form
      objectionable coatings and are themselves very hydroscopic in nature.
      Thus, the additional water attracted results in hydrolysis and, in the
      place of stannic chloride, the formation of hydrochloric acid. It will be
      recognized that great difficulties have been encountered in attempting to
      vent the treatment gases and temperatures below those disclosed in the
      instant invention and, without maintaining the critical temperature, the
      treatment gases would accumulate in the vicinity of the coating operation
      with obvious adverse affects. The unstable and corrosive nature of the
      hydrates made it difficult to even conduct the gases to appropriate
      anti-polluting equipment.
PAR  Another facet of the instant invention involves the now possible expediency
      of recycling the treatment gas and the use of heated but not dry air to
      form the stannic chloride vapor initially. Thus, if the temperature is
      maintained above the critical temperature of the instant invention, air
      and coating material within the coating enclosure could be bled therefrom,
      exposed to the stannic chloride liquid to form additional stannic chloride
      vapor and returned to the enclosure. This has been attempted previously
      but, since the critical temperature of the instant invention was not
      maintained, the treatment gas formed corrosive deposits which plugged the
      lines and corroded the equipment.
PAR  From the above discussion, it will be appreciated that the instant
      invention by a most simple and readily understood expedient completely
      avoids the serious and longstanding problem of clogging and corrosion of
      treatment equipment. Further, the instant invention permits recycling of
      the treatment gas or safe and trouble-free transfer of surplus treatment
      gas to appropirate scrubbing or other purification means which are
      conventionally located somewhere remote from the actual manufacturing
      area. After being conducted to, for instance, a water scrubber, the
      temperature of the gas is allowed to drop below the critical temperature
      of the instant invention, exposed to water, hydrolyzed, and neutralized.
      Previously, even a short run of vent pipe which often connected with the
      atmosphere was subject to frequent failure and plugging as a result of the
      formation of corrosive deposits within the vent.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a coating apparatus and auxiliary equipment
      constructed according to the present invention; and
PAR  FIG. 2 is a side view of the apparatus shown in FIG. 1, with a portion of
      the side wall removed to show the interior details.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Treatment apparatus, according to the instant invention, is generally
      indicated in the drawings by reference numeral 10. As illustrated in FIG.
      1, apparatus 10 includes an enclosure 11 suspended by support rods 12. An
      entrance aperture 13 is provided in one end of enclosure 11. Guide bars 14
      having rollers 15 mounted therebetween are provided to facilitate the
      entrance of bottles 16 into entrance of bottles 16 into entrance aperture
      13 even when bottles 16 are somewhat mis-aligned. Bottles 16 are carried
      on conveyor 17, which is located immediately below enclosure 11.
PAR  Treatment gas is formed in vapor generator 18 in a conventional manner and
      supplied to the interior of enclosure 11 by means of conduit 19. Heating
      means 20, visible through entrance aperture 13, are provided inside the
      enclosure 11 in order that the critical minimum temperature of the instant
      invention may be maintained within enclosure 11. While heating means 20
      are illustrated as gas burners fed by pipe 22, it will, of course, be
      understood that electrical heaters, steam heaters or any other source of
      auxiliary heat would be appropriate to function as heating means 20.
PAR  Communicating with the interior of enclosure 11 and extending from a top
      portion thereof is vent 23, which conducts excess treatment gas to an
      appropriate disposal means (not shown). Also, vent 23 may be wholly or
      partially connected to vapor generator 18 in order that the treatment gas
      be recycled. However, for the most part, it is possible to recycle the
      treatment gas merely by setting up an internal flow within enclosure 11,
      whereby treatment gas is repeatedly recycled over bottles 16. The
      important point being that treatment gas can be maintained within
      enclosure 11 for a more or less indefinite period even though moisture
      laden air enters enclosure 11 through, for example, aperture 13.
      Conventionally, it was necessary to purge the moisture and the treatment
      gas from enclosure 11 through vent 23 by providing an excess of dry air
      and treatment gas from vapor generator 18.
PAR  If necessary, vent 23 may, itself, be heated, for example, by wrapping with
      electrical resistance heaters. However, the heat generated by heating
      means 20 is usually sufficient to heat the excess treatment gas to and
      maintain the gas at a temperature above the critical temperature at which
      hydration of the gas is initiated. Other obvious steps such as insulating
      vent may also be employed.
PAR  The interior details of the invention will be more readily appreciated upon
      consideration of FIG. 2, wherein enclosure 11 is shown partially cut-away.
      It can be more readily seen that heating means 20 extend through enclosure
      11 in the preferred embodiment. Also, it can be more readily recognized
      that conduit 19, which is connected to vapor generator 18, are also
      connected to a number of distribution legs 25 which supply the treatment
      gas throughout the interior of enclosure 11.
PAR  The foregoing description and illustration of particular embodiments and a
      preferred embodiment are given by way of example. Other forms, variations,
      and modifications may readily be devised by those skilled in the art in
      accordance with the teachings herein. Therefore, the spirit and scope of
      the invention is limited only by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for coating newly formed vitreous articles with a metal oxide
      by pyrolytic decomposition of a treatment gas thereon which treatment gas
      is normally hydrolized in the presence of water vapor into objectionable
      and corrosive constituents which can then undesirably accumulate on the
      surfaces of associated treatment equipment to clog, corrode or otherwise
      interfere with the treatment equipment, said method comprising the steps
      of:
PA1  providing an enclosure having entrance and exit openings therein for the
      passage of said articles,
PA1  moving said articles through said enclosure,
PA1  allowing ambient air of uncontrolled water vapor content to pass into said
      enclosure through said openings,
PA1  providing an upwardly extending vent from said enclosure for conducting
      used treatment gas vapors from said enclosure,
PA1  directing a supply of said treatment gas inside said enclosure through a
      distribution manifold on both sides of said articles in a direction
      towards said articles while said articles are at a temperature above the
      pyrolytic decomposition temperature of said treatment gas,
PA1  burning sufficient quantities of heating gas within the enclosure, at
      locations along both sides of the enclosure between said openings and at a
      lower level of said enclosure opposite said vent (1) to substantially
      maintain the atmosphere temperature within said enclosure above a
      predetermined critical temperature at which water vapor forms hydrates
      with the treatment gas and, at the same time, (2) to maintain the internal
      surfaces of the enclosure and of the vent above said critical temperature
      due to movement of the heated atmosphere therewithin from the lower level
      where the heating gas is burned to and through said vent whereby said
      objectionable constituents are substantially prevented from forming either
      in said atmosphere or on the internal surfaces of said enclosure and vent
      in spite of the fact that water vapor is present as a combustion product
      of said heating gas as a contaminant from the external ambient atmosphere
      entering through said openings.
NUM  2.
PAR  2. A method as set forth in claim 1 wherein the treatment gas is a tin
      compound.
NUM  3.
PAR  3. A method as set forth in claim 2 wherein the tin compound is stannic
      chloride.
NUM  4.
PAR  4. A method as set forth in claim 3 wherein the stannic chloride vapor is
      maintained above a critical temperature within the range of about
      185.degree. F. to 195.degree. F.
NUM  5.
PAR  5. A method as set forth in claim 4 wherein said critical temperature is
      about 187.degree. F.
NUM  6.
PAR  6. A method as set forth in claim 1 further comprising the step of:
PA1  repeatedly directing a recycle stream of the treatment gas to said articles
      during said moving and directing steps.
NUM  7.
PAR  7. Apparatus for coating newly formed vitreous articles with a metal oxide
      by pyrolytic decomposition of a treatment gas thereon which treatment gas
      is normally hydrolized in the presence of water vapor into objectionable
      and corrosive constituents which can then undesirably accumulate on the
      surfaces of associated treatment equipment to clog, corrode or otherwise
      interfere with the treatment equipment, said apparatus comprising:
PA1  an enclosure having entrance and exit openings therein for the passage of
      said articles and through which openings ambient air of uncontrolled water
      vapor content passes into said enclosure, said enclosure also being
      provided with an upwardly extending vent for conducting used treatment gas
      vapors from said enclosure,
PA1  means for moving said articles through said enclosure,
PA1  manifold distribution means for directing a supply of said treatment gas
      inside said enclosure through a distribution manifold on both sides of
      said articles in a direction towards said articles while said articles are
      at a temperature above the pyrolytic decomposition temperature of said
      treatment gas,
PA1  means for burning sufficient quantities of heating gas within the
      enclosure, at locations along both sides of the enclosure between said
      openings and at the lower level of said enclosure opposite said vent (1)
      to substantially maintain the atmosphere temperature within said enclosure
      above a predetermined critical temperature at which water vapor forms
      hydrates with the treatment gas and, at the same time, (2) to maintain the
      internal surfaces of the enclosure and of the vent above said critical
      temperature due to movement of the heated atmosphere therewithin from the
      lower level where the heating gas is burned to and through said vent
      whereby said objectionable constituents are substantially prevented from
      forming either in said atmosphere or on the internal surfaces of said
      enclosure and vent in spite of the fact that water vapor is present as a
      combustion product of said heating gas and as a contaminant from the
      external ambient atmosphere entering through said openings.
PATN
WKU  039334589
SRC  5
APN  5297400
APT  1
ART  176
APD  19741205
TTL  Method of making a rigid unitary fertilizer composite
ISD  19760120
NCL  11
ECL  1
EXA  Lander; Ferris H.
EXP  Spear, Jr.; Frank A.
INVT
NAM  Philipp; Warren H.
STR  6234 Columbia Road
CTY  North Olmsted
STA  OH
ZIP  44070
RLAP
COD  72
APN  412272
APD  19731102
PSC  03
CLAS
OCL   71 27
XCL   71 11
XCL   71 64A
XCL   61 64F
EDF  2
ICL  C05G  100
ICL  C05C 1300
FSC   71
FSS  27;28;29;30;64 A;64 R;64 E;64 F;11
UREF
PNO  3057713
ISD  19621000
NAM  Gessler
OCL   71 64
FREF
PNO  192,405
ISD  19670200
CNT  SU
OCL   71 27
OREF
PAL  The Condensed Chemical Dictionary, Van Nostrand Reinhold, 8th Ed., pp.
      53-55.
LREP
FRM  McNenny, Farrington, Pearne & Gordon
ABST
PAL  This invention presents a method of making a rigid unitary fertilizer
      composite for fertilizing plants and trees and articles produced by the
      method. In the form of a spike, the composite has sufficient strength and
      toughness so as to enable it to be pushed or pounded into the ground near
      the roots of plants and trees. The method involves making an aqueous paste
      containing plant nutrients, acrylamide, and a catalyst for the
      polymerization of the acrylamide. The paste is then molded to the desired
      shape. The acrylamide is allowed to polymerize, after which time the
      excess water is removed by drying. The final product, which should contain
      at least 5 weight percent polyacrylamide, is a rigid mass.
PARN
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 412,272, filed Nov. 2, 1973, and now abandoned.
BSUM
PAR  This invention relates to a simple method of making rigid unitary
      fertilizer composites such as fertilizer spikes which have sufficient
      strength and toughness so as to enable them to be pushed or pounded
      directly into the ground near the roots of plants and trees, thereby
      providing them with the necessary nutrients. Such rigid composites are
      made by molding an aqueous slurry or paste containing powdered or
      granulated plant nutrients, acrylamide (CH.sub.2 :CHCONH.sub.2), and a
      quantity of a suitable catalyst such as a peroxydisulfate of ammonium or
      potassium to cause polymerization of the acrylamide. Polymerization of the
      acrylamide is allowed to occur, thereby binding the plant nutrients in a
      polyacrylamide matrix. After polymerization of the acrylamide has taken
      place, the molded composite shape is dried to remove excess water. The
      result is a hard, tough, rigid unitary mass. The quantity of acrylamide
      used to make the paste or slurry should be such as to provide at least 5
      weight percent of polyacrylamide in the final product.
PAR  The advantages of using rigid fertilizer composites in the form of spikes
      for supplying nutrients to plants by pounding or inserting them into the
      ground near the roots of plants and trees over other fertilizing methods
      is recognized by those familiar with the art. In view of this, several
      patents have been issued concerning methods for the preparation of rigid
      fertilizer composites in stick or spike form for supplying nutrients to
      plants and trees.
PAR  The fertilizing stick of L. C. Antrim (U.S. Pat. No. 2,032,608) is formed
      by pressing a mixture containing water, fertilizer, a cellular fibrous
      material and a binder. The resulting gluey mass is then dried. The binding
      agents cited include gum arabic, agar, dextrine, starch, and flour. In
      general, the nutrient concentration of this composite is quite low.
PAR  The fertilizing block of A. H. Martin (U.S. Pat. No. 2,531,360) is made by
      compressing a mixture of plant nutrients with the binding agent,
      cyanamide, to a pressure of about 15,000 lbs. per square inch. This
      method, however, requires the use of high pressure equipment, and
      therefore offers a disadvantage in terms of economy for the mass
      production of large numbers of fertilizer composites such as spikes.
PAR  The fertilizing sticks described by A. E. Gessler (U.S. Pat. No. 3,057,713)
      are formed by drying an aqueous molded dough consisting essentially of a
      powdered super-phosphate, but also containing other plant nutrients,
      phosphoric acid and asbestos fiber. The hardening mechanism involves a
      reaction between the fibrous magnesium silicate in the asbestos and the
      phosphoric acid to form a hard, fibrous binder for the mass. Fertilizer
      composites of this type are limited to those of high phosphate content at
      the expense of high nitrogen and potash concentrations.
PAR  Other binders used in fertilizer composites presented in the patent
      literature are polyvinyl alcohol resin derived from a partial hydrolysis
      of polyvinyl acetate, P. L. Boatwright (U.S. Pat. No. 3,232,007), and
      commercial wheat paste, R. D. Parry (U.S. Pat. No. 3,290,821).
PAR  A recent innovation in the art of fertilizer composites is the method of
      making a slow release fertilizer given by R. U. Schenk (U.S. Pat. No.
      3,502,458). This method involves the making of a rigid fertilizer mass
      such as a spike by the application of pressure and heat to an essentially
      dry mixture of fibrous organic material, fertilizing material and a
      bonding agent. Binders used for this purpose include Cumar V-3,
      urea-formaldehyde, phenolformaldehyde, Vinsol, and Eastobond M-2. A
      disadvantage of this process is that high pressure equipment is required
      which in some cases must be able to withstand temperatures up to
      380.degree. F.
PAR  In U.S.S.R. Author's Certificate No. 192405, there is disclosed the use of
      acrylamide as a base for nutrient salts. According to that certificate,
      the resulting product is a uniform, viscous, sticky polymer mass, rather
      than a rigid composite which may be pushed or pounded directly into the
      ground. Since the polymer mass has water as its main ingredient (about 77
      percent by weight, corresponding to a water volume percent of 84), any
      attempts to dry the polymer mass would merely result in a powdery product
      which would not be capable of retaining a predetermined shape, if in fact
      any shape resulted after the drying operations. Furthermore, the process
      is based on the saponification of acrylonitrile with sulfuric acid,
      followed by neutralization. Because of the relatively large amount of
      sulfuric acid used, the product must contain large amounts of sulfates.
      For composites of high primary plant nutrient value (nitrogen, phosphate,
      potassium), sulfate salts are undesirable. Also, sulfates leave an acid
      residue in the soil which may not be desirable in some cases.
PAR  My invention involves rigid, unitary fertilizer composites and a method of
      making those composites, whereby powdered or granulated plant nutrients,
      soil conditioners, plant hormones and insecticides are bonded together in
      a polyacrylamide matrix. The invention does not reside, therefore, in a
      particular fertilizer formulation, insecticide, or plant hormone, since
      such compositions and formulations are well known in the art. The
      invention is, rather, in the particular vehicle or matrix within which
      those compositions and formulations are suspended. It should be understood
      that the phrase "plant and soil conditioner" as used in the claims
      embraces fertilizers, insecticides, and plant hormones. In contrast to the
      many processes used to make rigid fertilizer composites, my method does
      not necessitate the use of high pressure to bond the ingredients into a
      rigid form, nor does my method provide composites having deleterious
      binders or binders which merely provide bulk and thereby reduce the
      concentration of nutrients in the composite. At the same time, the
      fertilizer composite in spike form made by the method of my invention has
      good mechanical strength and sufficient toughness so that the spike may be
      driven into the ground near the roots of plants and trees without
      fracturing of the spike as a result of brittleness. Such a composite may
      be made to contain quick release plant nutrients which are often required
      by plants and trees in the spring when their growth activity is beginning.
      For the remainder of the growing season, slow release, organically bonded
      nitrogen from the polyacrylamide binder is available to the plant or tree.
      Because the rigid composites produced by my method may contain a minimum
      of inert ingredients, a composite may be formulated to comprise a high
      concentration of plant nutrients.
PAR  As was previously indicated, production of composites by my method requires
      simple equipment, and does not necessitate the use of high pressure and/or
      high temperature processes. In view of this advantage, my method lends
      itself well to inexpensive production of large numbers of unit rigid
      composites and is especially adaptable for the mass production of small
      fertilizer spikes which may be used to fertilize small bushes and
      houseplants.
PAR  The general method of my invention for the production of rigid fertilizer
      composites is as follows. An aqueous paste or slurry is made which
      contains granulated or powdered plant nutrients, acrylamide, (CH.sub.2
      :CHCONH.sub.2) and the necessary amount of an appropriate catalyst to
      cause the acrylamide to polymerize to polyacrylamide. The amount of
      acrylamide used in the paste or slurry should be such as to insure a
      polyacrylamide content of at least about 5 weight percent in the final
      composite, and preferably between about 10 and 30 weight percent. The
      paste or slurry is then molded into the desired shape such as a spike. The
      molded mixture is allowed to stiffen due to the polymerization of the
      acrylamide. The polymerization of the acrylamide may be hastened by
      heating the mixture to about 70.degree. C. After polymerization of the
      acrylamide in the molded mixture has taken place, the molded composite
      has, in general, rubberlike mechanical properties. The molded composite is
      then dried in dry air at room temperature or, more conveniently, in an
      oven at about 100.degree. C. The dried final product is rigid, which, in
      the form of a spike, may be driven into the ground without fracture. This
      method may be used to make a variety of shapes such as blocks, sticks,
      spikes, or cylinders, etc.
PAR  It is not necessary that the polymerization of the acrylamide in the
      aqueous mixture be accomplished at elevated temperatures. Using ammonium
      peroxydisulfate as the catalyst, the polymerization at 70.degree. C. is
      completed within several minutes, whereas, in the same mixture, the
      polymerization at room temperature requires several hours for completion.
PAR  There are many catalysts which may be used to promote the polymerization of
      acrylamide. Even ionizing radiation (e.g., X-rays, electron beams, and
      gamma radiation) will promote the polymerization of acrylamide in an
      aqueous slurry. The most convenient catalysts for this polymerization,
      however, are ammonium peroxydisulfate and potassium peroxydisulfate.
PAR  Within the spirit of my invention is the incorporation, in addition to
      plant nutrients, of plant hormones, insecticides, fungicides and soil
      conditioners into the aqueous paste or slurry to be molded.
PAR  A convenient procedure for making the aqueous paste or slurry which is to
      be molded is to first make up a concentrated aqueous solution of
      acrylamide, the solution comprising at least 50 weight percent of
      acrylamide, containing about 0.1 weight percent of either ammonium
      peroxydisulfate or potassium peroxydisulfate as a catalyst. This solution
      is then added with stirring to the dry powdered or granulated plant
      nutrients in such an amount as to form a paste or slurry, having water
      present in an amount between about 5 and 40 percent by volume. The amount
      of solution added, however, must be of sufficient quantity so as to insure
      at least five weight percent of polyacrylamide in the final dried
      composite. In order to prevent premature polymerization of the acrylamide
      in solution, the catalyst should be added just prior to addition of the
      solution to the dry plant nutrients. I found that each 100 grams of
      powdered plant nutrients required from 25 to 40 milliliters of the
      concentrated acrylamide solutions to make a moldable paste or slurry. In
      general, the greater the amount of acrylamide present in the molded
      mixture, the harder and tougher will be the final composite.
DETD
PAR  The following specific examples on a laboratory scale are presented to
      illustrate my method for the preparation of fertilizer spikes.
PAC  EXAMPLE I
PAR  To 1,000 grams of a powdered dry mixture containing the following
      ingredients of fine enough particle size to pass through a 60-mesh sieve,
     Ammonium dihydrogen phosphate (NH.sub.4 H.sub.2 PO.sub.4)                 

     60% by weight                                                             

     Potassium Nitrate (KNO.sub.3)                                             

     40% by weight                                                             

PAL  is added 350 milliliters of an aqueous solution containing 55% by weight of
      acrylamide (CH.sub.2 :CHCONH.sub.2) and 0.1% by weight of potassium
      peroxydisulfate (K.sub.2 S.sub.2 O.sub.8). The mixture is stirred to form
      a paste and has a water content of 18% by volume. The paste is molded into
      spikes and then heated to about 70.degree. C. whereupon the acrylamide in
      the mixture polymerizes. This requires several minutes at 70.degree. C. At
      this point, the molded spikes have a rubberlike consistency. The molded
      spikes are now dried at 110.degree. C. for about five hours in an oven and
      allowed to cool to room temperature. The fertilizer spikes thus produced
      are hard and tough enough to be pushed into the ground.
PAC  EXAMPLE II
PAR  This example involves the preparation of fertilizer spikes for acid-loving
      plants, such as rhododendrons and evergreens. The spikes are made as
      follows.
PAR  Three hundred milliliters of an aqueous solution containing 50% by weight
      of acrylamide and 0.1% by weight of ammonium peroxydisulfate
      ((NH.sub.4).sub.2 S.sub.2 O.sub.8) is added to 1000 grams of dry powdered
      plant nutrients of the following composition:
     Ammonium dihydrogen phosphate (NH.sub.4 H.sub.2 PO.sub.4)                 

     60% by weight                                                             

     Potassium dihydrogen phosphate (KH.sub.2 PO.sub.4)                        

     40% by weight                                                             

PAL  The mixture is stirred to form a paste having a water content of 18.7% by
      volume, which is molded into spikes. These molded spikes are allowed to
      remain at room temperature for about 12 hours, during which time
      polymerization of the acrylamide occurs. After the polymerization is
      complete, the rubberlike spikes are dried for several days in dry air at
      room temperature, after which time they become tough and hard.
PAC  EXAMPLE III
PAR  A slurry was made by thoroughly mixing 59.5 grams of ammonium dihydrogen
      phosphate, 25.5 grams of potassium nitrate, and 15.0 grams of acrylamide
      with 5 milliliters of water (about 8 volume percent water). A sufficient
      amount of a polymerization catalyst (peroxydisulfate of either ammonium or
      potassium) is dissolved in the measured volume of water prior to adding
      the water to the dry mixture. The slurry was a powdery, non-free-flowing
      slurry which had to be tamped into the mold. After the slurry was tamped
      into the mold, the mold was heated to about 70.degree. C. to cause the
      acrylamide to polymerize. Upon cooling to room temperature, the composite
      was removed from the mold and dried at about 110.degree. C. for about 12
      hours. The dried, rigid composite was cooled to room temperature and
      examined, and was found to be hard and nonporous.
PAC  EXAMPLE IV
PAR  A composite was molded by employing the identical steps and ingredients set
      forth in Example III, except that 7.5 milliliters of water (about 11
      volume percent water) was employed in mixing the slurry. The slurry was
      non-free-flowing and had to be tamped into the mold, and the finished,
      dried composite was hard and nonporous.
PAC  EXAMPLE v
PAR  A composite was molded by employing the identical steps and ingredients set
      forth in Examples III and IV, except that 10 milliliters of water (about
      14 volume percent water) was employed in making the slurry. The slurry was
      a non-free-flowing, dough-like paste which had to be tamped into the mold.
      The finished dried composite was hard and nonporous.
PAC  EXAMPLE VI
PAR  A composite was molded by employing the steps and ingredients set forth in
      Examples III through V, except that 18 milliliters of water (about 23
      volume percent water) was employed. A free-flowing slurry was formed which
      could be poured into the mold. The slurry settled into the mold without
      tamping, and the finished dried composite was hard but slightly porous.
      The product was not quite as strong as that made from slurries of lower
      water content, but nevertheless was strong enough in spike form to allow
      pounding into the ground without fracture.
PAC  EXAMPLE VII
PAR  A composite was formed by employing the identical steps and ingredients set
      forth in Examples III through VI, except that 40 milliliters of water
      (about 40 volume percent water) was employed. The slurry was a
      free-flowing, watery slurry that was readily pourable into the mold. The
      polymerized slurry, after removal from the mold, was easily deformed
      because of its fluidity. The composite had some tendency to lose its
      molded shape during the drying operation and after drying was quite porous
      and easily fractured. However, the composite could be driven into soft
      earth and would be suitable for houseplants and soft earth planting beds.
PAC  EXAMPLE VIII
PAR  The eighth example is given to demonstrate the making of rigid, unitary
      fertilizer composites of high nitrogen content, and demonstrates the use
      of ammonium nitrate in the slurry mix. Because ammonium nitrate is very
      soluble in water, it is advantageous, but not absolutely necessary, to use
      a slurry containing a low volume percent of water. To the following
      mixture:
PA1  30 grams of potassium dihydrogen phosphate (powder),
PA1  55 grams of ammonium nitrate (granular), and
PA1  15 grams of acrylamide,
PAL  was added 5 milliliters of water (about 7.7 volume percent water) which
      contained the peroxydisulfate catalyst. The mixture was thoroughly
      triturated in a mortar with a pestle until a uniform paste was obtained.
      The paste was tamped into a mold, then heated to about 70.degree. C. to
      cause polymerization of the acrylamide. When cooled to room temperature,
      the molded composite was removed from the mold and dried in an oven at
      100.degree. C. for about 24 hours. Although the composite was flexible or
      rubbery at 100.degree. C., when cooled to room temperature it became hard.
      The finished dried product was tough and nonporous. The finished product
      was hydroscopic (because of the ammonium nitrate) and thus should be
      stored in the absence of moisture.
PAC  EXAMPLE IX
PAR  The ninth example is given to demonstrate the use of a water-soluble
      organic liquid, ethanol, added to the slurry mix to improve moldability of
      the slurry containing a low volume percent of water.
PAR  A composite was formed by employing the identical steps and ingredients set
      forth in Example VIII, except that a solution comprising 3 milliliters of
      water and 1 milliliter of ethanol (about 4.8 volume percent water) was
      employed instead of the 5 milliliters of water used in the previous
      Example VIII.
PAR  The finished product was tough and nonporous.
PAR  The lack of porosity in the final composite is beneficial in terms of
      hardness and resistance to fracture. This property is important for long
      fertilizer spikes which must be pounded deep into the ground. For smaller
      spikes, 6 inches or less in length, which are intended to be used for
      houseplants, rosebushes, etc., high strength is not necessary. Thus, great
      porosity may be tolerated. After the spike is in the ground, lack of
      porosity is not a factor because the soluble fertilizer ingredients are
      readily leached out by ground water as the solid water-soluble polymer
      (polyacrylamide) swells and disintegrates.
PAR  For all uses and sizes of the fertilizer composites, one should compromise
      in favor of the strength of the final product rather than the pourability
      of the slurry into the mold. In practice, then, the ideal water content
      range is toward the low end, or between about 10 and 20 volume percent
      water. When a higher water-soluble, finely powdered ingredient, such as
      ammonium nitrate, is used, very little water is needed to make a good
      slurry. On the other hand, when a less soluble ingredient is incorporated
      into the mix, a somewhat higher water content is required to make the
      slurry to be molded.
PAR  My method is not restricted to those plant nutrient compositions given in
      the examples. Any suitable plant nutrient formulation may be incorporated
      into the product. Also, the preparation of the aqueous paste or slurry to
      be molded is not limited to the method illustrated in the previous
      examples; any suitable method may be employed so long as the paste or
      slurry to be molded contains acrylamide. In addition to acrylamide, the
      aqueous paste or slurry to be molded may contain ingredients to improve
      moldability of the slurry or paste and also to improve the physical
      properties of the final composite product. These additions may include
      fillers, plasticizers, surface active agents, and organic liquids.
PAR  To increase the toughness of the fertilizer composite, the aqueous paste to
      be molded may contain, in addition to plant nutrients, acrylamide and a
      suitable polymerization catalyst, water-soluble monomers other than
      acrylamide whose molecular structure has one or more carbon-to-carbon
      double bonds, said organic monomers being capable of addition
      polymerization in the aqueous paste or slurry. These organic monomers
      would include acrylic acid (CH.sub.2 :CHCO.sub.2 H), acrylonitrile
      (CH.sub.2 :CHCN) and the water-soluble esters of acrylic acid. The
      quantity of organic monomers, including the acrylamide, present in the
      aqueous paste or slurry should be such as to provide at least 5 percent by
      weight of organic polymeric material in the final composite product.
PAR  For fertilizer composites made in the shape of a spike, the pointed end, as
      well as the opposite end, which may be subjected to pounding action of a
      mallet, should be harder and tougher than the rest of the spike. This may
      be accomplished by increasing the acrylamide content in the paste or
      slurry used to mold these ends. In fact, the aqueous slurry or paste to be
      molded for the ends of the spike may contain simply acrylamide and a
      suitable polymerization catalyst with no inorganic plant nutrients added.
PAR  For those fertilizer composites made by my method that are hydroscopic, the
      absorption of atmospheric moisture may cause softening of the finished
      product. This softening may be inhibited if not prevented by coating the
      dried composite with a waterproof coating. Coating the composite to
      prevent absorption of atmospheric moisture may be accomplished by dipping
      the dried composite in a solution of a water-insoluble polymer in a
      suitable organic liquid, such as a solution of poly-methyl-methacrylate or
      polyphenylene oxide in chloroform, and then allowing the solvent to
      evaporate.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of forming a rigid, unitary mass plant and soil conditioner
      composite for use in treating plants and trees comprising the steps of
      forming an aqueous paste of plant and soil conditioners, acrylamide, a
      catalyst, and between about 5 and 40 volume percent water, said acrylamide
      being present in an amount sufficient to provide at least 5 percent by
      weight of polyacrylamide in the final product, forming said aqueous paste
      to a desired shape, polymerizing said acrylamide to form polyacrylamide,
      and drying said molded content to remove substantially all of said water.
NUM  2.
PAR  2. A method according to claim 1, wherein said aqueous paste is formed into
      the shape of a spike.
NUM  3.
PAR  3. The method of claim 1, whereby the aqueous paste to be formed is made by
      mixing a concentrated aqueous solution of said acrylamide and containing
      said catalyst for the polymerization of the acrylamide with dry powdered
      plant nutrients.
NUM  4.
PAR  4. The method of claim 1, whereby the formed aqueous paste is heated to a
      temperature between ambient and 100.degree. C. to shorten the time for
      polymerization of the acrylamide in the mixture.
NUM  5.
PAR  5. The method of claim 1, whereby drying of the formed composite is done at
      a temperature between ambient and 150.degree.C.
NUM  6.
PAR  6. The method of claim 1, whereby the plant and soil conditioners used to
      make the paste to be molded are in the form of a fine powder having a
      particle size which permits the dry powdered plant and soil conditioners
      to pass through a 60-mesh sieve.
NUM  7.
PAR  7. The method of claim 1, whereby the quantity of acrylamide present in the
      aqueous slurry to be formed is such as to provide in the range of 10
      percent to 30 percent by weight of polyacrylamide in the final composite
      product.
NUM  8.
PAR  8. The method of claim 1, whereby the catalyst used for the polymerization
      of the acrylamide in the aqueous paste to be formed is also a plant and
      soil conditioner.
NUM  9.
PAR  9. The method of claim 1, whereby the aqueous paste to be molded contains
      at least one water-soluble organic monomers other than acrylamide selected
      from the group consisting of acrylic acid, acrylonitrile and water-soluble
      esters of acrylic acid, and whose molecular structure has at least one
      carbon-to-carbon double bond, said organic monomers being capable of
      addition polymerization in the aqueous paste.
NUM  10.
PAR  10. The method of claim 9, whereby the water-soluble organic monomer other
      than acrylamide is acrylic acid.
NUM  11.
PAR  11. A plant and soil conditioner produced by the method set forth in claim
      1.
PATN
WKU  039334597
SRC  5
APN  5139805
APT  1
ART  176
APD  19741011
TTL  High-magnesium ammonium polyphosphate solutions
ISD  19760120
NCL  2
ECL  1
EXA  Therkorn; Ernest G.
EXP  Hart; Charles N.
INVT
NAM  Moore; William Percy
CTY  Hopewell
STA  VA
INVT
NAM  Sansing; James Earl
CTY  Baton Rouge
STA  LA
ASSG
NAM  Allied Chemical Corporation
CTY  New York
STA  NY
COD  02
RLAP
COD  74
APN  390832
APD  19730823
PSC  04
CLAS
OCL   71 34
XCL   71 64C
XCL   21 605R
XCL  252384
XCL  423306
EDF  2
ICL  C05B  700
FSC   21
FSS  2;60.5 R;60.5 A
FSC   71
FSS  34;64 C
FSC  252
FSS  384
FSC  423
FSS  306;315
UREF
PNO  2950961
ISD  19600800
NAM  Striplin et al.
OCL   71 42
UREF
PNO  3305299
ISD  19670200
NAM  Cohen et al.
OCL   21 60.5R
OREF
PAL  Search copy Def. Pub.; Jones, Def. Pub. search copy of serial No. filed
      June 21, 1971,          Def. Pub. No. T900,026.
LREP
FR2  Kelly; Fred L.
ABST
PAL  A stable ammonium polyphosphate fertilizer solution having a relatively
      high amount of magnesium is prepared by mixing aqueous ammonia with
      wet-process superphosphoric acid in a reaction zone to give a P.sub.2
      O.sub.5 /N weight ratio within the range 3.6-4.0. The temperature of the
      reaction mixture is preferably maintained at about 50.degree.-70.degree.C.
      but the product solution should be cooled to about 25.degree.-35.degree.C.
      prior to storage. The product solution shows relatively low corrosion
      toward carbon steel storage tanks; however, to further reduce corrosion,
      the solution is preferably stored under a layer of liquid paraffin
      hydrocarbons.
PARN
PAR  This is a division of application Ser. No. 390,832, filed Aug. 23, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to production storage of high-magnesium ammonium
      polyphosphate solutions.
PAR  So-called wet-process phosphoric acid is conventionally produced by
      digesting phosphate rock with sulfuric acid which reacts to form
      phosphoric acid of a concentration of about 30% P.sub.2 O.sub.5 by weight,
      and gypsum which is insoluble in the reaction products. The gypsum is
      separated from the phosphoric acid by the usual means such as filtration
      settling or both and the resultant weak acid may be used as an article of
      commerce. For many important commercial uses, such as, for example,
      production of liquid fertilizers, the weak acid is concentrated by
      evaporation to provide phosporic acid containing about 50-70% P.sub.2
      O.sub.5.
PAR  While the wet-process for phosphoric acid is simple in concept, it is
      fraught with many technical difficulties, and the resultant phosphoric
      acid is a highly impure material, containing relatively large amounts of
      dissolved sulfates and smaller amounts of fluorides, fluosilicates and
      salts of aluminum, magnesium, iron and other metals. These impurities
      precipitate and settle out as solids or sludge at a slow rate occurring
      over an interval of many days and even months. The amount of solids which
      settle out varies with the purity of the phosphate rock from which the
      acid is derived and is generally from 0.5 to 10 percent weight of acid.
PAR  So-called superphosphoric acid containing at least 66% P.sub.2 O.sub.5
      content may be economically prepared by evaporating water from wet-process
      phosphoric acid. The term superphosphoric acid as used herein is defined
      as phosphoric acid containing substantial quantities of both ortho- and
      polyphosphoric acids. These polyphosphoric acids include pyrophosphoric
      acid and other linear polymers.
PAR  Ammonium polyphosphate solutions made from wet process phosphoric acid
      normally contain as metal impurities iron, aluminum and magnesium. Of
      these, magnesium occurs in smallest concentration but has the most
      deleterious effect on the stability of the ammonium polyphosphate
      solutions. Commercial ammonium polyphosphate solutions for fertilizer use
      normally are made with 45-65% of their P.sub.2 O.sub.5 content as
      polyphosphate. It has been found that such solutions containing a
      Mg/P.sub.2 O.sub.5 weight ratio of 0.0056 stored at ambient temperatures,
      will precipitate solids containing magnesium in about 4 months. Moreover,
      such solutions containing larger amounts of magnesium are much less
      stable, e.g., solutions containing a Mg/P.sub.2 O.sub.5 weight ratio of
      0.01 will precipitate solids containing magnesium in about 2 days. For
      purposes of this invention, the present stable, highmagnesium ammonium
      polyphosphate solutions are defined as solutions which remain stable for
      at least 250 days although they have a Mg/P.sub.2 O.sub.5 weight ratio of
      at least 0.0056.
PAR  It is known that iron and aluminum ions present as predominant metal
      impurities in wet-process phosphoric acid, form gelatinous precipitates
      that render ammonium salt fertilizer solutions prepared therefrom
      thixotropic and gelatinous. U.S. Pat. No. 3,044,851 discloses that the
      formation of gelatinous iron and aluminum precipitates can be prevented by
      heating the acid to expel the fluoride impurities, and thereafter forming
      acyclic polyphosphoric acids, including pyrophosphoric acid, in the acid.
      Moreover, this patent discloses that magnesium requires a far higher
      concentration of polyphosphates to prevent precipitation than the same
      amount of other metal impurities and suggests that magnesium can be
      selectively removed from the dilute wet-process said by passing the acid
      over a cation exchange resin. Unfortunately, such treatment of the dilute
      wet-process acid is expensive and time consuming.
PAR  It has also been suggested to remove the magnesium impurity by "over
      ammoniation" of superphosphoric acid, analyzing at least 66% P.sub.2
      O.sub.5. The superphosphoric acid is diluted with water and then
      ammoniated to a N/P.sub.2 O.sub.5 ratio of about 0.4 to precipitate the
      magnesium as a complex ammonium phosphate. This procedure has the
      disadvantage that substantial loss of phosphate occurs only a small
      proportion of the complex ammonium phosphate precipitate is magnesium.
PAR  U.S. Pat. No. 3,642,439 relates to a method of separating magnesium from
      wet-process phosphoric acid characterized in that the magnesium is
      separated as a readily filterable fluoride-phosphate complex compound
      containing magnesium and aluminum. The fluoride ion required for formation
      of the magnesiumcontaining precipitate is preferably formed by hydrolysis
      of fluroine compounds normally in the crude acid. In the case of
      insufficient quantities of any of said precipitation components, additions
      of such components are made to the acid or to the reaction components from
      which the acid is produced. The wet-process phosphoric acid low in
      magnesium is especially useful for production of stable ammonium
      polyphosphate fertilizer solutions.
PAR  These prior art methods for separating magnesium from wet-process
      phosphoric acid have made a substantial contribution to the development of
      commercial liquid fertilizers. However, the continuing heavy utilization
      of available phosphate rock resources has consumed most of the high grade
      rock which contains relatively small amounts of magnesium. Thus, much of
      the supply of phosphate rock presently available to the fertilizer
      industry contains so much magnesium that its removal is relatively
      expensive or even impractical. Accordingly, it is now considered highly
      desirable to develop a suitable process for producing a high-magnesium
      ammonium polyphosphate fertilizer solution which is stable during storage
      and use. Desirably, this stable, high-magnesium ammonium polyphosphate
      should be relatively non-corrosive to carbon steel equipment generally
      used during storage and utilization of the fertilizer solution.
PAC  SUMMARY OF THE INVENTION
PAR  It is one object of the present invention to establish a simple and
      economical process for producing a stable ammonium polyphosphate solution
      with a high magnesium content.
PAR  It is another object of the present invention to produce a stable ammonium
      polyphosphate solution with a high magnesium content.
PAR  It is an additional object of the present invention to maintain the
      magnesium content of an ammonium polyphosphate solution within the desired
      required limits.
PAR  It is still another object of the present invention to provide an improved
      method for controlling corrosiveness to ferrous metals of a high-magnesium
      ammonium polyphosphate solution.
PAR  In accordance with the present invention, aqueous ammonia and
      superphosphoric acid containing about 0.7-2.0% by weight MgO are mixed in
      a reaction zone to give a P.sub.2 O.sub.5 /N weight ratio varying from 3.6
      to 4.0. During the mixing, the reaction mixture is maintained at about
      50.degree.-100.degree.C., preferably at 50.degree.-70.degree.C. The
      mixture is then cooled to about 25.degree.-35.degree.C. The resulting
      fertilizer solution is stable, i.e., it remains clear on storage for at
      least 250 days at 25.degree.-35.degree.C. The product is relatively
      non-corrosive toward carbon steel storage tanks provided that the pH of
      the solution is maintained at about 5.0-5.7 during storage. However, in
      order to further reduce corrosion, the solution is preferably stored under
      a layer of liquid paraffin hydrocarbons having a boiling point of about
      150.degree.-300.degree.C.
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Superphosphoric acid containing about 0.8-1.5`% by weight MgO and generally
      66-76% by weight P.sub.2 O.sub.5, preferably 68-73% by weight P.sub.2
      O.sub.5, is mixed in a reaction zone with aqueous ammonia containing
      generally 24.varies.40% by weight ammonia and preferably 30-40% by weight
      ammonia to result in a solution having a P.sub.2 O.sub.5 /N weight ratio
      varying from 3.6 to 4.0, preferably from 3.65 to 3.8. Preferably, the
      reaction is at 50.degree.-70.degree.C. but product is cooled to
      25.degree.-35.degree.C. prior to storage. Furthermore, the proportions of
      the aqueous ammonia and superphosphoric acid mixed is such that the pH of
      the reaction solution is within the range of 5.0-5.7 and preferably within
      the range 5.2-5.5. The superphosphoric acid used in the process should
      contain at least 50%, preferably 65-73%, of the total P.sub.2 O.sub.5 in
      the form of polyphosphate. As indicated hereinabove, the product solution
      is relative noncorrosive toward mild steel provided that the pH of the
      solution is maintained at 5.0-5.7 but relatively severe corrosion occurs
      at the air-liquid interface during storage of the solution. However, we
      have found that this excessive corrosion at the airliquid interface can be
      effectively controlled by use of a thin layer of paraffin hydrocarbons on
      the surface of the product solution. Generally, a layer of oil about
      0.05-0.2 inch in thickness is sufficient. Preferably, a mixture of
      paraffin hydrocarbons is used having a boiling point of about
      150.degree.-300.degree.C.
PAR  In the following examples, all parts and percentages are by weight. These
      examples are an illustration of the invention and are not intended to
      limit the invention in any way.
DETD
PAC  EXAMPLE 1
PAR  The phosphate rock used in this example was obtained from phosphate mining
      operations in central Florida and was typical of the material now
      commercially available in that it contained relatively large amounts of
      magnesium impurities. This rock was acidulated with sulfuric acid in
      typical phosphoric acid production equipment using the so-called Prayon
      process. The weak acid produced contained 30.3% P.sub.2 O.sub.5, 1.9% F,
      0.32% MgO, 0.8% A1.sub.2 O.sub.3 `and 1.5% Fe.sub.2 O.sub.3. The weak
      wet-process phosphoric acid was concentrated in conventional evaporators
      to 51% P.sub.2 O.sub.5 concentration.
PAR  The concentrated phosphoric acid was fed to the bottom of a
      submerged-combustion-type evaporator where it was brought in contact with
      air and combustion gases having a temperature of about 700.degree.C. On
      contacting the hot gases, the acid was heated to about 290.degree.C.,
      entrained in the gases and dehydrated to superphosphoric acid containing
      0.79% MgO and 74.7% P.sub.2 O.sub.5 ; 68% of the P.sub.2 O.sub.5 content
      was in the polyphosphate form. The entrained acid product was separated
      from the gases and cooled. The superphosphoric acid was reacted with
      24-40% aqueous ammonia at 50.degree.-95.degree.C. at various controlled
      ratios to produce aqueous ammonium phosphate fertilizer solutions. The
      numerous samples produced were cooled to 32.degree.C. and stored for
      extended periods of time; storage performance was noted. The ratio of
      P.sub.2 O.sub.5 /N in the samples was varied by changing the amount of
      NH.sub.3 added while holding the P.sub.2 O.sub.5 concentration at about
      34-37%. In all the tests sulfate concentration was about 1.8%. The test
      samples were stored 120 days at 32.degree.C. and the amount of solids
      precipitating from solution was measured in each sample. One sample which
      was adjusted to 3.3 P.sub.2 O.sub.5 /N weight ratio at pH 6.1,
      precipitated to give 10% (by vol.) solids in the sample after 120days.
      Another sample at 3.4 P.sub.2 O.sub.5 /N weight ratio, at pH 6.0, showed
      6.5% (by vol.) solids in the sample. The amount of precipitation decreased
      as P.sub.2 O.sub.5 /N ratio was increased until it became insignificant at
      about pH 5.4-5.7 at 3.6-3.8 P.sub.2 O.sub.5 /N weight ratio; moreover,
      these stable solutions remained stable for more than 250 days.
PAC  EXAMPLE 2
PAR  Corrosion measurements were made on the solutions of Example 1 at
      32.degree.C. using carbon steel (ASTM-1020). Corrosion rate was nearly
      constant at 1.0-1.4 mils per year as the P.sub.2 O.sub.5 /N weight ratio
      was increased from 3.2 to 3.9; however, at P.sub.2 O.sub.5 /N weight
      ratios higher than 3.9, corrosion rates increased sharply, e.g., going
      from 1.4 mils per year at 3.9 P.sub.2 O.sub.5 /N weight ratio to 10.0 mils
      per year at 4.1 P.sub.2 O.sub.5 /N weight ratio. In all samples, the
      corrosion rate was relatively greater at the air-liquid interface.
PAC  EXAMPLE 3
PAR  Product samples from Example 1 were treated with paraffin hydrocarbon oils
      to further reduce corrosion during storage. To a sample of the ammonium
      polyphosphate solution made at a P.sub.2 O.sub.5 /N weight ratio of 3.4
      was added 0.8% of a vacuumpump oil (a paraffin hydrocarbon oil) onto the
      surface of the solution. When the sample was agitated an emulsion was
      formed. When the same amount of the oil was added to another sample from
      Example 1 made at a P.sub.2 O.sub.5 /N weight ratio of 3.75, the emulsion
      formed briefly upon agitation, but very quickly resolved to a floating
      thin layer of oil for corrosion protection. The corrosion rate on carbon
      steel was reduced from 1.4 to 0.6 mils per year. This small amount of oil
      provided an oil layer about 0.1 inch in thickness. Moreover, corrosion at
      the airliquid interface was practically nil. Similar results were obtained
      when a 1/8inch layer of ordinary 10W-30 motor oil was used in place of the
      vacuum pump oil. Also, similar results were obtained when the fertilizer
      solution was stored in aluminum storage tanks.
PAC  EXAMPLE 4
PAR  Superphosphoric acid having a content of about 72% P.sub.2 O.sub.5 and
      about 1% MgO was mixed with about 33% aqueous ammonia at
      50.degree.-70.degree.C. to give a solution having a P.sub.2 O.sub.5 /N
      weight ratio of 3.7. The solution had a pH of about 5.5. The temperature
      in the reactor was controlled at 50.degree.-70.degree.C. by recycling a
      stream cooled to 35.degree.C. The entire solution was then cooled to
      35.degree.C. and water was added to adjust the P.sub.2 O.sub.5 content to
      34%. The solution contained 0.48% MgO but remained clear when stored at pH
      5.5 for 250 days. A similar sample having a P.sub.2 O.sub.5 /N weight
      ratio of 3.4 precipitated solids in only 4 days.
PAC  EXAMPLE 5
PAR  Another series of ammonium polyphosphate solutions were prepared in a
      manner similar to that used in Example 1, except that the phosphate rock
      used was very low in magnesium content and controlled amounts of magnesium
      were added. Storage tests were run at 30.degree.C. with all samples
      containing essentially 34% P.sub.2 O.sub.5. The days of clear storage were
      measured for each sample to determine the length of storage which could be
      obtained before any appreciable precipitation occured. With a MgO
      concentration of 0.36% precipitation was appreciable after 50 days storage
      under conditions of 3.4 P.sub.2 O.sub.5 /N weight ratio and pH 6. However,
      when the P.sub.2 O.sub.5 /N weight ratio was increased to 3.65 and pH
      decreased to 5.55, the product was still clear after 350 days storage at
      pH 5.55. The contrast was still more significant when the MgO
      concentration of the solution was increased to 0.48%.
PAC  EXAMPLE 6
PAR  This example demonstrates that an even sharper break in precipitation
      tendency is obtained when the MgO concentration of the ammonium
      polyphosphate solution is relatively low and polyphosphate concentration
      is relatively high. Using the technique of Example 1, product containing
      65% polyphosphate was produced with 0.35% MgO and 0.06% CaO. All samples
      contained approximately 37% P.sub.2 O.sub.5. Storage tests were conducted
      for 120 days at 32.degree.C. and the amount of wet solids precipitated was
      recorded. Solution made at 3.35 P.sub.2 O.sub.5 /N weight ratio showed 10%
      (by vol.) solids. Solutions were perfectly clear after 120 days storage in
      the samples having P.sub.2 O.sub.5 /N weight ratios of 3.6, 3.74, and 3.99
     .
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for producing and storing stable ammonium polyphosphate
      solutions containing at least 0.35% by weight MgO, comprising:
PA1  a. mixing 24-40% by weight aqueous ammonia with superphosphoric acid
      containing 66-76% by weight P.sub.2 O.sub.5 and 0.7-2.0% by weight MgO to
      give a reaction solution having a P.sub.2 O.sub.5 /N weight ratio of
      3.6-4.0 and a pH in the range 5.0-5.7;
PA1  b. maintaining the temperature of the reaction at 50.degree.-100.degree.C.;
PA1  c. cooling said reaction solution after mixing to a temperature of
      25.degree.-35.degree.C.; and
PA1  d. storing said solution at 25.degree.-35.degree.C. in a carbon steel tank,
      under a layer of liquid paraffin hydrocarbon having a boiling point of
      150.degree.-300.degree.C., and at pH 5.0-5.7, whereby the solution remains
      stable and does not precipitate solids for at least 250 days, and shows a
      corrosion rate in said carbon steel tank of less than 1.4 mils per year,
      said corrosion rate being measured below the air-liquid interface of the
      solution.
NUM  2.
PAR  2. The process of claim 1 wherein the layer of liquid paraffin hydrocarbon
      is about 0.05-0.2 inch in thickness.
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BSUM
PAR  The present invention relates to new and valuable herbicides containing
      compositions of active ingredients.
PAR  It is known that benzofuranyl methane sulfonates, carbamates, halogen fatty
      acids, pyridazones, uracils, pyrazole acetamides, pyrazolium sulfates and
      phenylsulfonyl methane sulfone-o-toluidide have a herbicidal action.
      However, this action is not always satisfactory.
PAR  I have now found that a composition of
PAR  A. A COMPOUND OF THE FORMULA
      ##SPC1##
PAL  And/or
PAR  B. ONE OR MORE COMPOUNDS OF THE FORMULA
      ##EQU1##
      where R denotes alkyl, phenyl which may be substituted by methyl or
      halogen, nitrobenzenesulfonyl or aminobenzenesulfonyl, and R.sup.1 denotes
      alkyl which may be substituted by halogen, alkenyl which may be
      substituted by halogen, alkynyl which may be substituted by halogen,
      phenyl which may be substituted by halogen or alkyl, benzyl which may be
      substituted by halogen or alkyl, 3-methoxycarbonylaminophenyl or the
      radical
      ##EQU2##
      with the proviso that, in a composition of a+b, b+g and b+h, R.sup.1 is
      not 3-methoxycarbonylaminophenyl, and/or
PAR  C. ONE OR MORE COMPOUNDS OF THE FORMULA
      ##EQU3##
      where X denotes hydrogen or halogen, R denotes alkyl, haloalkyl,
      benzamidooxy, or benzyl which may be substituted by halogen, methyl,
      methoxy or haloalkyl, and R.sup.1 denotes hydrogen, alkyl which may be
      substituted by halogen, or benzyl which may be substituted by halogen, or
      a salt of such a compound, and/or
PAR  D. A COMPOUND OF THE FORMULA
      ##SPC2##
PAL  Where each of R, R.sup.1 and R.sup.2 denotes lower alkyl, and/or
PAR  E. A COMPOUND OF THE FORMULA
      ##SPC3##
PAL  Where R denotes alkoxy, or phenyl which may be substituted by halogen or
      alkyl, and/or
PAR  F. A COMPOUND OF THE FORMULA
      ##SPC4##
PAL  Where R denotes lower alkyl, and/or
PAR  G. A COMPOUND OF THE FORMULA
      ##SPC5##
PAL  Where R denotes hydrogen, .alpha.,.alpha.-dimethyl-.beta.-acetoxypropionyl
      or acetyl, and/or
PAR  H. A COMPOUND OF THE FORMULA
      ##SPC6##
PAL  Where X denotes amino,
      .alpha.-hydroxy-.beta.,.beta.,.beta.-trichloroethylamino, acetylamino,
      haloacetylamino, acetoacetylamino, alkylamino, dialkylamino, alkoxyamino,
      alkoxyalkylamino, dimethylformamidine, an ester of adipamic acid, a
      dialkyl ester of aminotartronic acid, methoxy, or the radical
      ##EQU4##
      R denoting lower alkyl, phenyl or hydrogen, Y denotes chloro, bromo or
      methoxy, and Z denotes hydrogen, methyl, trifluoromethyl or halogen, with
      the proviso that, in a composition of a+h, X does not denote amino,
      .alpha.-hydroxy-.beta.,.beta.,.beta.-trichloroethylamino or --NHCOOR, R
      denoting alkyl of a maximum of 4 carbon atoms, hydrogen, or a salt, when Z
      is hydrogen and Y is chloro or bromo, and with the proviso that, in a
      composition of b+h, R.sup.1 does not denote 3-methoxycarbonylaminophenyl,
      or a salt of such a compound, e.g., sodium, dimethylamine, diethanolamine
      and dimethylethanolamine salt, has a better herbicidal action than the
      individual active ingredients.
PAR  The compositions may contain one or more compounds of the formula a and of
      the formulas b, c, d, e, f, g and h.
PAR  The ratio of the active ingredients to each other may be selected at will,
      and are for instance from 0.1 to 10:1:0.1 to 10 parts (by weight) of the
      various active ingredients.
PAR  The amount used of the agents according to the invention may vary and
      depends in essence on the type of effect to be achieved; it is generally
      from 0.1 to 30 (and more), preferably from 0.2 to 6, kg per hectare of
      active ingredient. The agents according to the invention may be used once
      or several times before or after planting, before sowing, pre-emergence,
      during emergence, and postemergence.
PAR  The compositions are selective in Triticum spp., Hordeum spp., Secale spp.,
      Zea mays, Oryza sative, Gossypium hirsutum, Medicago sativa, Pisum
      sativum, Phaseolus vulgaris, Arachis spp., Beta spp., Brassica napus,
      Solanum tuberosum, Saccharum officinarum, Tilia spp., Ulmus spp., Pyrus
      spp., Malus spp., Allium cepa, Daucus carota, Spinachia oleracea and other
      crops.
PAR  The compositions may also be used as total herbicides on ditches, aquatic
      areas, railroad tracks, and barren or waste land, etc.
PAR  Preferred compositions according to the invention are: a + b + c, a + b +
      d, a + b + e, a + b + f, a + b + g, a + c + d, a + c + e, a + c + f, a + c
      + g, a + b + h, a + c + h, a + d + e, a + d + f, a + d + g, a + d + h, a +
      e + f, a + e + g, a + e + h, a + f + g, a + f + h, a + g + h, b + c + d, b
      + c + e, b + c + f, b + c + g, b + c + h, b + d + e, b + d + f, b +  d +
      g, b + d + h, b + e + f, b + e + g, b + e + h, b + f + g, b + f + h, b + g
      + h, c + d + e, c + d + f, c + d + g, c + d + h, c + e + f, c + e + g, c +
      e + h, c + f + g, c + f + h, c + g + h, d + e + f, d + e + g, d + e + h, d
      + f + g, d + f + h, d + g + h, e + f + g, e + f + h, e + g + h f + g + h,
      a + b, a +  c, a + d, a + e, a + f, h + g, a + h, b + c, b + d, b + e, b +
      f, b + g, b + h, c + d, c + e, c + f, c + g, c + h, d + e, d + f, d + g, d
      + h, e + f, e + g, e + h, f + g, f + h.
PAR  Application may be effected for instance in the form of directly sprayable
      solutions, powders, suspensions, dispersions, emulsions, oil dispersions,
      pastes, dusts, broadcasting agents, or granules by spraying, atomizing,
      dusting, broadcasting or watering. THe forms of application depend
      entirely on the purpose for which the agents are being used; in any case
      they should ensure a fine distribution of the active ingredient.
PAR  For the preparation of solutions, emulsions, pastes and oil dispersions to
      be sprayed direct, mineral oil fractions of medium to high boiling point,
      such as kerosene or diesel oil, further coal-tar oils, etc. and oils of
      vegetable or mineral origin, aliphatic, cyclic and aromatic hydrocarbons
      such as benzene, toluene, xylene, paraffin, tetrahydronaphthalene,
      alkylated naphthalenes and their derivatives such as methanol, ethanol,
      propanol, butanol, chloroform, carbon tetrachloride, cyclohexanol,
      cyclohexanone, chlorobenzene, isophorone, etc., and strongly polar
      solvents such as dimethylformamide, dimethyl sulfoxide,
      N-methylpyrrolidone, water, etc. are suitable.
PAR  Aqueous formulations may be prepared from emulsion concentrates, pastes,
      oil dispersions or wettable powders by adding water. To prepare emulsions,
      pastes and oil dispersions the ingredients as such or dissolved in an oil
      or solvent may be homogenized in water by means of wetting or dispersing
      agents, adherents or emulsifiers. Concentrates which are suitable for
      dilution with water may be prepared from active ingredient, wetting agent,
      adherent, emulsifying or dispersing agent and possibly solvent or oil.
PAR  Examples of surfactants are: alkali metal, alkaline earth metal and
      ammonium salts of ligninsulfonic acid, naphthalenesulfonic acids,
      phenosulfonic acids, alkylaryl sulfonates, alkyl sulfates, and alkyl
      sulfonates, alkali metal and alkaline earth metal salts of
      dibutylnaphthalenesulfonic acid, lauryl ether sulfate, fatty alcohol
      sulfates, alkali metal and alkaline earth metal salts of fatty acids,
      salts of sulfated hexadecanols, heptadecanols, and octadecanols, salts of
      sulfated fatty alcohol glycol ether, condensation products of sulfonated
      naphthalene and naphthalene derivatives with formaldehyde, condensation
      products of naphthalene or naphthalenesulfonic acids with phenol and
      formaldehyde, polyoxyethylene octylphenol ethers, ethoxylated
      isooctylphenol, ethoxylated octylphenol and ethoxylated nonylphenol,
      alkylphenol polyglycol ethers, tributylphenyl polyglycol ethers, alkylaryl
      polyether alcohols, isotridecyl alcohol, fatty alcohol ethylene oxide
      condensates, ethoxylated castor oil, polyoxyethylene alkyl ethers,
      ethoxylated polyoxypropylene, lauryl alcohol polyglycol ether acetal,
      sorbitol esters, lignin, sulfite waste liquors and methyl cellulose.
PAR  Powders, dusts and broadcasting agents may be prepared by mixing or
      grinding the active ingredients with a solid carrier.
PAR  Granules, e.g., coated, impregnated or homogeneous granules, may be
      prepared by bonding the active ingredients to solid carriers. Examples of
      solid carriers are mineral earths such as silica gel, silicic acid, silica
      gels, silicates, talc, kaolin, Attaclay, limestone, lime, chalk, bole,
      loess, clay, dolomite, diatomaceous earth, calcium sulfate, magnesium
      sulfate, magnesium oxide, ground plastics, fertilizers such as ammonium
      sulfate, ammonium phosphate, ammonium nitrate, and ureas, and vegetable
      products such as grain flours, bark meal, wood meal, and nutshell meal,
      cellulosic powders, etc.
PAR  The formulations contain from 0.1 to 95, and preferably 0.5 to 90, % by
      weight of active ingredient.
PAR  There may be added to the compositions or individual active ingredients (if
      desired, immediately before use (tankmix)) oils of various types,
      herbicides, fungicides, nematocides, insecticides, bactericides, trace
      elements, fertilizers, antifoams (e.g., silicones), growth regulators,
      antidotes and other herbicidally effective compounds such as
PA1  substituted anilines
PA1  substituted aryloxycarboxylic acids and salts, esters and amides thereof,
PA1  substituted ethers
PA1  substituted arsonic acids and their salts, esters and amides
PA1  substituted benzimidazoles
PA1  substituted benzisothiazoles
PA1  substituted benzothiadiazinone dioxides
PA1  substituted benzoxazines
PA1  substituted benzoxazinones
PA1  substituted benzothiadiazoles
PA1  substituted biurets
PA1  substituted quinolines
PA1  substituted carbamates
PA1  substituted aliphatic carboxylic acids and their salts, esters and amides
PA1  substituted aromatic carboxylic acids and their salts, esters and amides
PA1  substituted carbamoylalkylthio- or -dithiophosphates
PA1  substituted quinazolines
PA1  substituted cycloalkylamidocarbothiolic acids and their salts, esters and
      amides
PA1  substituted cycloalkylcarbonamidothiazoles
PA1  substituted dicarboxylic acids and their salts, esters and amides
PA1  substituted dihydrobenzofuranyl sulfonates
PA1  substituted disulfides
PA1  substituted dipyridylium salts
PA1  substituted dithiocarbamates
PA1  substituted dithiophosphoric acids and their salts, esters and amides
PA1  substituted ureas
PA1  substituted hexahydro-1H-carbothioates
PA1  substituted hydantoins
PA1  substituted hydrazides
PA1  substituted hydrazonium salts
PA1  substituted isoxazole pyrimidones
PA1  substituted imidazoles
PA1  substituted isothiazole pyrimidones
PA1  substituted ketones
PA1  substituted naphthoquinones
PA1  substituted aliphatic nitriles
PA1  substituted aromatic nitriles
PA1  substituted oxadiazoles
PA1  substituted oxadiazinones
PA1  substituted oxadiazolidine diones
PA1  substituted oxadiazine diones
PA1  substituted phenols and their salts and esters
PA1  substituted phosphonic acids and their salts, esters and amides
PA1  substituted phosphonium chlorides
PA1  substituted phosphonalkyl glycines
PA1  substituted phosphites
PA1  substituted phosphoric acids and their salts, esters and amides
PA1  substituted piperidines
PA1  substituted pyrazoles
PA1  substituted pyrazole alkylcarboxylic acids and their salts, esters and
      amides
PA1  substituted pyrazolium salts
PA1  substituted pyrazolium alkyl sulfates
PA1  substituted pyridazines
PA1  substituted pyridine carboxylic acids and their salts, esters and amides
PA1  substituted pyridines
PA1  substituted pyridine carboxylates
PA1  substituted pyridinones
PA1  substituted pyrimidines
PA1  substituted pyrimidones
PA1  substituted pyrrolidine carboxylic acid and its salts, esters and amides
PA1  substituted pyrrolidines
PA1  substituted pyrrolidones
PA1  substituted arylsulfonic acids and their salts, esters and amides
PA1  substituted styrenes
PA1  substituted tetrahydrooxadiazine diones
PA1  substituted tetrahydroxadiazole diones
PA1  substituted tetrahydromethanoidenes
PA1  substituted tetrahydroxadiazole thiones
PA1  substituted tetrahydrothiadiazine thiones
PA1  substituted tetrahydrothiadiazole diones
PA1  substituted aromatic thiocarbonylamides
PA1  substituted thiocarboxylic acids and their salts, esters and amides
PA1  substituted thiol carbamates
PA1  substituted thioureas
PA1  substituted thiophosphoric acids and their salts, esters and amides
PA1  substituted triazines
PA1  substituted triazoles
PA1  substituted uracils, and
PA1  substituted uretidine diones.
PAR  The last-mentioned herbicidal compounds may also be applied before or after
      the active ingredients or compositions thereof according to the invention.
PAR  These agents may be added to the herbicides according to the invention in a
      ratio by weight of from 1:10 to 10:1. The same applies to oils,
      fungicides, nematocides, insecticides, bactericides, antidotes and growth
      regulators.
PAR  The new compositions have a strong herbicidal action and may therefore be
      used as weedkillers or for controlling the growth of unwanted plants.
      Whether the new active ingredients are used as total or selective agents
      depends in essence on the amount of ingredient used per unit area.
PAR  By weeds and unwanted plant growth are meant all monocotyledonous and
      dicotyledonous plants which grow in loci where they are not desired.
PAR  The agents according to the invention may therefore be used for controlling
      for instance Gramineae, such as
     Cynodon spp.       Dactylis spp.                                          

     Digitaria spp.     Avena spp.                                             

     Echinochloa spp.   Bromus spp.                                            

     Setaria spp.       Uniola spp.                                            

     Panicum spp.       Poa spp.                                               

     Alopecurus spp.    Leptochloa spp.                                        

     Lolium spp.        Brachiaria spp.                                        

     Sorghum spp.       Eleusine spp.                                          

     Agropyron spp.     Cenchrus spp.                                          

     Phalaris spp.      Eragrostis spp.                                        

     Apera spp.         Phragmitres communis                                   

     etc.;                                                                     

     Cyperaceae, such as                                                       

      Carex spp.        Eleocharis spp.                                        

      Cyperus spp.      Scirpus spp.                                           

      etc.;                                                                    

     dicotyledonous weeds, such as                                             

     Malvaceae, e.g.,                                                          

      Abutilon theoprasti                                                      

                        Hibiscus spp.                                          

      Sida spp.         Malva spp.                                             

      etc.;                                                                    

     Compositae, such as                                                       

      Ambrosia spp.     Centaurea spp.                                         

      Lactuca spp.      Tussilago spp.                                         

      Senecio spp.      Lapsana communis                                       

      Sonchus spp.      Tagetes spp.                                           

      Xanthium spp.     Erigeron spp.                                          

      Iva spp.          Anthemis spp.                                          

      Galinsoga spp.    Matricaria spp.                                        

      Taraxacum spp.    Artemisia spp.                                         

      Chrysanthemum spp.                                                       

                        Bidens spp.                                            

      Cirsium spp.      etc.;                                                  

     Convolvulaceae, such as                                                   

      Convolvulus spp.  Cuscuta spp.                                           

       Ipomoea spp.     Jaquemontia tamnifolia                                 

      etc.;                                                                    

     Cruciferae, such as                                                       

      Barbarea vulgaris Arabidopsis thaliana                                   

      Brassica spp.     Descurainia spp.                                       

      Capsella spp.     Draba spp.                                             

      Sisymbrium spp.   Coronopus didymus                                      

      Thlaspi spp.      Lepidium spp.                                          

      Sinapis arvensis  Raphanus spp.                                          

      etc.;                                                                    

     Geraniaceae, such as                                                      

      Erodium spp.      Geranium spp.                                          

      etc.;                                                                    

     Portulacaceae, such as                                                    

      Portulaca spp.    etc.;                                                  

     Primulaceae, such as                                                      

      Anagallis arvensis                                                       

                        Lysimachia spp.                                        

      etc.                                                                     

     Rubiaceae, such as                                                        

      Richardia spp.    Diodia spp.                                            

      Gallium spp.      etc.;                                                  

     Scrophulariaceae, such as                                                 

      Linaria spp.      Digitalis spp.                                         

      Veronica spp.     etc.;                                                  

     Solanaceae, such as                                                       

      Physalis spp.     Nicandra spp.                                          

      Solanum spp.      Datura spp.                                            

      etc.;                                                                    

     Urticaceae, such as                                                       

      Urtica spp.                                                              

     Violaceae, such as                                                        

      Viola spp.        etc.;                                                  

     Zygophyllaceae, such as                                                   

      Tribulus terrestis                                                       

                        etc.;                                                  

     Euphorbiaceae, such as                                                    

      Mercurialis annua Euphorbia spp.                                         

     Umbelliferae, such as                                                     

      Daucus carota     Ammi majus                                             

      Aethusa cynapium  etc.;                                                  

     Commelinaeae, such as                                                     

      Commelina spp.    etc.;                                                  

     Labiatae, such as                                                         

      Lamium spp.       Galeopsis spp.                                         

      etc.;                                                                    

     Leguminosae, such as                                                      

      Medicago spp.     Sesbania exaltata                                      

      Trifolium spp.    Cassia spp.                                            

      Vicia spp.        Lathyrus spp.                                          

      etc.;                                                                    

     Plantaginaceae, such as                                                   

      Plantago spp.     etc.;                                                  

     Polygonaceae, such as                                                     

      Polygonum spp.    Fagopyrum spp.                                         

      Rumex spp.        etc.;                                                  

     Aizoaceae, such as                                                        

      Mollugo verticillata                                                     

                        etc.;                                                  

     Amaranthaceae, such as                                                    

      Amaranthus spp.   etc.;                                                  

     Boraginaceae, such as                                                     

      Amsinckia spp.    Anchusa spp.                                           

      Myostis spp.      Lithospermum spp.                                      

      etc.;                                                                    

     Caryophyllaceae, such as                                                  

      Stellaria spp.    Silene spp.                                            

      Spergula spp.     Cerastium spp.                                         

      Saponaria spp.    Agrostemma githago                                     

      Scleranthus annuus                                                       

                        etc.;                                                  

     Chenopodiaceae, such as                                                   

      Chenopodium spp.  Atriplex spp.                                          

      Kochia spp.       Monolepsis nuttalliana                                 

      Salsola Kali      etc.;                                                  

     Lythraceae, such as                                                       

      Cuphea spp.       etc.;                                                  

     Oxalidaceae, such as                                                      

      Oxalis spp.                                                              

     Ranunculaceae, such as                                                    

      Ranunculus spp.   Adonis spp.                                            

      Delphinium spp.   etc.;                                                  

     Papaveraceae, such as                                                     

      Papaver spp.      Fumaria officinalis                                    

      etc.;                                                                    

     Onagraceae, such as                                                       

      Jussiaea spp.     etc.;                                                  

     Rosaceae, such as                                                         

      Alchemillia spp.  Potentilla spp.                                        

      etc.;                                                                    

     Potamogetonaceae, such as                                                 

      Potamogeton spp.  etc.;                                                  

     Najadaceae, such as                                                       

      Najas spp.        etc.;                                                  

     Equisetaceae                                                              

      Equisetum spp.    etc.;                                                  

     Marsileaceae, such as                                                     

      Marsilea quadrifolia                                                     

                        etc.;                                                  

     Polypodiaceae,                                                            

      Pteridium quilinum                                                       

     Alismataceae                                                              

      Alisma spp.       Sagittaria sagittifolia                                

      etc.                                                                     

PAR  In the greenhouse and in the open, compositions of the following compounds
      were tested on the abovementioned plants:
PA1  2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranylmethanesulfonate
PA1  3,4-dichlorobenzyl N-methylcarbamate
PA1  isopropyl N-phenylcarbamate
PA1  methyl N-(4-nitrobenzenesulfonyl)-carbamate
PA1  methyl N-(4-aminobenzenesulfonyl)-carbamate
PA1  methyl N-3,4-dichlorophenylcarbamate
PA1  N-3-chlorophenylcarbamate
PA1  4-chlorobutyn-2-yl-1-N-3-chlorophenylcarbamate
PA1  butyn-1-yl-3 N-3-chlorophenylcarbamate
PA1  3-methoxycarbonylaminophenyl-N-(3'-methylphenyl)-carbamate
PA1  O-(n-phenyl-carbamoyl)-propanonoxime
PA1  trichloroacetic acid, sodium salt
PA1  .alpha.,.alpha.-dichloropropionic acid, sodium salt
PA1  .alpha.,.alpha.,.beta.-trichloropropionic acid, sodium salt
PA1  benzyl-.alpha.,.alpha.-dichloropropionate
PA1  .alpha.,.alpha.,.beta.,.beta.-tetrafluoropropionic acid, sodium salt
PA1  .alpha.,.alpha.-dichlorobutyric acid, sodium salt
PA1  methyl .alpha.-chloro-.beta.-(4-chlorophenyl)-propionate
PA1  benzamidooxyacetic acid
PA1  3-cyclohexyl-5,6-trimethylene uracil
PA1  1-.alpha.,.alpha.-dimethyl-.beta.-acetoxypropionyl-3-cyclohexyl-5,6-trimeth
     ylene uracil
PA1  3,4,5-tribromo-N,N-.alpha.-trimethylpyrazole-1-acetamide
PA1  3,4,5-tribromo-N,N-dimethyl-.alpha.-ethylpyrazole acetamide
PA1  3,4,5-tribromo-N,N-.alpha.-triethylpyrazole acetamide
PA1  3,4,5-tribromo-N,N-diethyl-.alpha.-methylpyrazole acetamide
PA1  1,1,1-trifluoro-4'-(phenylsulfonyl)-methanesulfone-o-toluidide
PA1  1-phenyl-4-amino-5-chloropyridazone-(6)
PA1  1-phenyl-4-amino-5-bromopyridazone-(6)
PA1  1-phenyl-4-amino-5-methoxypyridazone-(6)
PA1  1-m-trifluoromethylphenyl-4-amino-5-chloropyridazone-(6)
PA1  1-m-trifluoromethylphenyl-4-amino-5-bromopyridazone-(6)
PA1  1-m-methylphenyl-4-amino-5-bromopyridazone-(6)
PA1  1-m-methylphenyl-4-amino-5-chloropyridazone-(6)
PA1  1-phenyl-4-(.alpha.-hydroxy-.beta.,.beta.,.beta.-trichloroethyl)-amino-5-br
     omopyridazone-(6)
PA1  1-m-trifluoromethylphenyl-4-(.alpha.-hydroxy-.beta.,.beta.,.beta.-trichloro
     ethyl)-amino-5-chloropyridazone-(6)
PA1  1-m-trifluoromethylphenyl-4-(.alpha.-hydroxy-.beta.,.beta.,.beta.-trichloro
     ethyl)-amino-5-bromopyridazone-(6)
PA1  1-phenyl-4-acetylamino-5-chloropyridazone-(6)
PA1  1-phenyl-4-acetylamino-5-bromopyridazone-(6)
PA1  1-m-trifluoromethylphenyl-4-acetylamino-5-bromopyridazone-(6)
PA1  1-m-trifluoromethylphenyl-4-acetylamino-5-chloropyridazone-(6)
PA1  1-m-trifluoromethylphenyl-4-chloroacetylamino-5-chloropyridazone-(6)
PA1  1-phenyl-4-bromoacetylamino-5-bromopyridazone-(6)
PA1  1-phenyl-4-acetoacetylamino-5-bromopyridazone-(6)
PA1  1-m-trifluoromethylphenyl-4-chloroacetylamino-5-bromopyridazone-(6)
PA1  1-m-trifluoromethylphenyl-4-diethylamino-5-chloropyridazone-(6)
PA1  tert-butyl-N-[m-methylphenyl-5-bromopyridazone-(6)-yl-(4)]-oxamate
PA1  1-phenyl-4-methoxy-5-chloropyridazone-(6)
PA1  methyl N-[(1-phenyl-5-bromopyridazone-(6)-yl-(4)]-oxamate
PA1  phenyl N-[(1-phenyl-5-bromopyridazone-(6)-yl-(4)]-oxamate
PA1  ethyl N-[(1-m-trifluoromethylphenyl-5-bromopyridazone-(6)-yl-(4)]-oxamate
PA1  N-[(1-m-trifluoromethylphenyl-5-bromopyridazone-(6)-yl-(4)]-oxamic acid
PA1  N-[(1-m-trifluoromethylphenyl-5-chloropyridazone-(6)-yl-(4)]-oxamic acid
PA1  tert-butyl
      N-[(1-m-trifluoromethylphenyl-5-bromopyridazone-(6)-yl-(4)]-oxamate
PA1  N-[(1-m-trifluoromethylphenyl-5-bromopyridazone-(6)-yl-(4)]-oxamic acid
PA1  N-[(1-m-trifluoromethylphenyl)-4-dichloroacetylamino-5-bromopyridazone-(6)]
PA1  N-[(1-phenyl-5-bromopyridazone-(6)-yl-(4)]-oxamic acid, sodium salt
PA1  N-[(1-phenyl-5-bromopyridazone-(6)-yl-(4)]-oxamic acid,
      dimethylethanolamine salt
PA1  isopropyl N-[(1-phenyl-5-bromopyridazone-(6)-yl-(4)]-oxamate
PA1  1-phenyl-4-dichloroacetylamino-5-bromopyridazone-(6)
PA1  N-[(1-phenyl-5-bromopyridazone-(6)-yl-(4)]-adipamic acid, methylester
PA1  N-[(1-m-trifluoromethylphenyl-5-bromopyridazone-(6)-yl-(4)]-dimethylformami
     dine
PA1  1-m-trifluoromethylphenyl-4-methylamino-5-chloropyridazone-(6)
PA1  1-m-trifluoromethylphenyl-4-methylamino-5-bromopyridazone-(6)
PA1  1-m-trifluoromethylphenyl-4-dimethylamino-5-chloropyridazone-(6)
PA1  1-m-trifluoromethylphenyl-4-dimethylamino-5-bromopyridazone-(6)
PA1  diethyl N-[4-(1-phenyl-5-bromopyridazone)-yl]-aminotartrate
PA1  1-m-trifluoromethylphenyl-4-methoxy-5-chloropyridazone-(6)
PA1  1-m-trifluoromethylphenyl-4-methoxy-5-bromopyridazone-(6)
PA1  1-m-trifluoromethylphenyl-4,5-dimethoxypyridazone-(6)
PA1  1-m-methylphenyl-4-methoxy-5-bromopyridazone-(6)
PA1  1-m-methylphenyl-4-methoxy-5-chloropyridazone-(6)
PA1  1-m-methylphenyl-4-methoxy-5-methoxypyridazone-(6)
PA1  1-phenyl-4,5-dimethoxypyridazone-(6)
PA1  1-phenyl-4-methoxy-5-bromopyridazone-(6)
PA1  1-m-trifluoromethylphenyl-4-methoxyamino-5-chloropyridazone-(6)
PA1  1-m-trifluoromethylphenyl-4-methylmethoxyamino-5-chloropyridazone-(6)
PA1  .beta.-chloroethyl 2,2-dichloropropionate
PA1  1,2-dimethyl-3,5-diphenylpyrazolium methyl sulfate
PA1  1,2-dimethyl-3,5-diphenylpyrazolium tolyl sulfonate
PA1  1-phenyl-4-chloroacetyl-5-bromopyridazone-(6).
PAR  The application rates in the abovementioned tests were from 0.1 to 5 and
      more kg per hectare. The action of compositions of the above agents
      corresponds to that of the compositions in Examples 1 to 34.
DETD
PAC  EXAMPLE 1 Examples
PAR  An agricultural plot was sown with various seeds. The soil prepared in this
      manner was then immediately treated with the following individual active
      ingredients and compositions thereof in granular form, the granules being
      incorporated into the soil:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate,
      0.15, 1.5 and 1.8 kg/ha;
PA1  Ii. isopropyl N-phenylcarbamate, 0.15, 1.5 and 1.8 kg/ha;
PA1  Iii. isopropyl N-3-chlorophenylcarbamate, 0.15, 1.5 and 1.8 kg/ha;
PA1  Iv. butyn-1-yl-3 N-3-chlorophenylcarbamate, 0.15, 1.5 and 1.8 kg/ha;
PA1  V. o-(n-phenylcarbamoyl)-propanonoxime, 0.15, 1.5 and 1.8 kg/ha;
PA1  Xii. 1-phenyl-4-amino-5-chloropyridazone-(6), 0.15, 1.5 and 1.8 kg/ha;
PA1  I + ii + xii: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha;
PA1  I + iii + xii: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha;
PA1  I + iv + xii: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha;
PA1  I + v + xii: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha.
PAR  After 3 to 4 weeks it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         

                     I           II          III                               

     kg/ha       0.15                                                          

                     1.5 1.8 0.15                                              

                                 1.5 1.8 0.15                                  

                                             1.5 1.8                           

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                 0    5   7  0    0   0  0    0   0                            

     Allium cepa 0    0   0  0    0   0  0    0   0                            

     Unwanted plants:                                                          

     Avena fatua 5   60  70  5   42  49  4   41  48                            

     Echinochloa crus-galli                                                    

                 10  70  80  0   30  37  0   20  26                            

     Matricaria chamomilla                                                     

                 0   30  38  7   63  75  6   61  73                            

     Active Ingredient                                                         

                     IV          V           XII                               

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0    0   0  0    0   0  0    0   0                            

     Allium cepa 0    0   0  0    0   0  0    0   0                            

     Avena fatua 3   40  46  3   41  56  0   15  19                            

      Echinochloa crus-galli                                                   

                 0   18  25  0   25  30  2   20  26                            

     Matricaria chamomilla                                                     

                 4   59  69  5   60  64  7   60  77                            

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

                 I + II + XII   I + III + XII                                  

     kg/ha       0.15+                                                         

                      0.15+                                                    

                           1.5+ 0.15+                                          

                                     0.15+                                     

                                          1.5+                                 

                 0.15+                                                         

                      1.5+ 0.15+                                               

                                0.15+                                          

                                     1.5+ 0.15+                                

                 1.5  0.15 0.15 1.5  0.15 0.15                                 

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                  0   0    5    0    0    5                                    

     Allium cepa  0   0    0    0    0    0                                    

     Unwanted plants:                                                          

     Avena fatua 68   83   98   60   82   96                                   

     Echinochloa crus-galli                                                    

                 70   79   100  67   70   100                                  

     Matricaria chamomilla                                                     

                 98   100  80   100  100  81                                   

     Active ingredient                                                         

                 I + IV + XII   I + V + XII                                    

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0   0    5     0   0    5                                    

     Allium cepa  0   0    0     0   0    0                                    

     Avena fatua 61   81   95   60   83   93                                   

     Echinochloa crus-galli                                                    

                 67   70   100  69   75   100                                  

     Matricaria chamomilla                                                     

                 97   100  86   98   100  79                                   

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 2
PAR  In the greenhouse, loamy sandy soil was filled into pots and sown with the
      seeds of various plants. The soil prepared in this manner was subsequently
      treated with the following amounts of the following individual active
      ingredients and compositions thereof as dispersions:
PA1  Ii. isopropyl N-phenylcarbamate, 0.5, 1, 1.5 and 2 kg/ha;
PA1  Iv. butyn-1-yl-3 N-3-chlorophenylcarbamate, 0.5, 1, 1.5 and 2 kg/ha;
PA1  V. o-(n-phenylcarbamoyl)-propanonoxime, 0.5, 1, 1.5 and 2 kg/ha;
PA1  Vi. .alpha.,.alpha.-dichloropropionic acid, sodium salt, 0.5, 1, 1.5 and 2
      kg/ha;
PA1  Vii. trichloroacetic acid, sodium salt, 0.5, 1, 1.5 and 2 kg/ha;
PA1  Ii + vi: 0.5+1.5, 1.5+0.5 and 1+1 kg/ha;
PA1  Iv + vi: 0.5+1.5, 1.5+0.5 and 1+1 kg/ha;
PA1  V + vi: 0.5+1.5, 1.5+0.5 and 1+1 kg/ha;
PA1  Ii + vii: 0.5+1.5, 1.5+0.5 and 1+1 kg/ha.
PAR  After 3 to 4 weeks it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         

                 II            IV            V                                 

     kg/ha       0.5 1  1.5 2  0.5 1  1.5 2  0.5 1  1.5 2                      

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                 0   0  0   0  0   0  0   0  0   0  0   0                      

     Unwanted plants:                                                          

     Avena fatua 12  30 42  53 15  30 40  50 15  27 41  56                     

     Echinochloa crus-galli                                                    

                 11  18 30  40 6   12 18  30 10  12 25  30                     

     Matricaria chamomilla                                                     

                 18  40 63  78 20  45 59  70 18  35 59  76                     

     Active ingredient                                                         

                 VI            VII                                             

     kg/ha       0.5 1  1.5 2  0.5 1  1.5 2                                    

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0   0  0   0  0   0  0   0                                    

     Avena fatua 15  27 60  76 10  24 45  56                                   

     Echinochloa crus-galli                                                    

                 10  23 35  44 10  17 30  40                                   

     Matricaria chamomilla                                                     

                 0   0  3   5  0   0  2   7                                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

                 II + VI     IV + VI     V + VI                                

     kg/ha       0.5+                                                          

                     1.5+                                                      

                         1+1 0.5+                                              

                                 1.5+                                          

                                     1+1 0.5+                                  

                                             1.5+                              

                                                 1+1                           

                 1.5 0.5     1.5 0.5     1.5 0.5                               

     __________________________________________________________________________

     Crop plant: 0.5+                                                          

     Beta vulgaris    0   0   0   0   0   0   0   0   0                        

     Unwanted plants:                                                          

     Avena fatua     100 90  90  100 92  90  100 90  92                        

     Echinochloa crus-galli                                                    

                     83  78  80  79  65  73  82  72  83                        

     Matricaria chamomilla                                                     

                     60  94  77  61  93  82  45  93  73                        

     Active ingredient                                                         

                 II + VII                                                      

     kg/ha       0.5+                                                          

                     1.5+                                                      

                         1+1                                                   

                 1.5 0.5                                                       

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0   0   0                                                    

     Avena fatua 90  89  91                                                    

     Echinochloa crus-galli                                                    

                 79  74  73                                                    

     Matricaria chamomilla                                                     

                 60  96  78                                                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 3
PAR  In the greenhouse, loamy sandy soil was filled into pots and sown with the
      seeds of various plants. The soil prepared in this manner was subsequently
      treated with the following amounts of the following individual active
      ingredients and compositions thereof as emulsions:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methanesulfate, 0.25,
      0.5, 0.75 and 1 kg/ha;
PA1  Ix. 1,1,1-trifluoro-4'-(phenylsulfonyl)-methanesulfone-o-toluidide, 0.25,
      0.5, 0.75 and 1 kg/ha;
PA1  X. 3,4,5-tribromo-N,N,.alpha.-trimethylpyrazole-1-acetamide, 0.25, 0.5,
      0.75 and 1 kg/ha;
PA1  I + ix: 0.25+0.75, 0.75+0.25 and 0.25+0.25 kg/ha;
PA1  I + x: 0.25+0.75, 0.75+0.25 and 0.25+0.25 kg/ha;
PA1  Ix + x: 0.25+0.75, 0.75+0.25 and 0.25+0.25 kg/ha;
PA1  I + ix + x: 0.25+0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25 kg/ha.
PAR  After 3 to 4 weeks it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         

                 I                IX               X                           

     kg/ha       0.25                                                          

                     0.5 0.75                                                  

                             1    0.25                                         

                                      0.5 0.75                                 

                                              1    0.25                        

                                                       0.5 0.75                

                                                               1               

     __________________________________________________________________________

      Crop plants:                                                             

     Brassica napus                                                            

                 0   0   0   0    0   0   0   0    0   0   0   0               

     Soja max.   0   0   0   0    0   0   0   0    0   0   0   0               

     Gossypium hirsutum                                                        

                 0   0   0   0    0   0   0   0    0   0   0   0               

     Arachis hypogaea                                                          

                 0   0   0   0    0   0   0   0    0   0   0   0               

     Unwanted plants:                                                          

     Avena fatua 10  16  30  40   0   10  15  25   20  30  56  67              

     Lolium multiflorum                                                        

                 0   4   10  14   8   30  70  75   17  31  90  95              

     Echinochloa crus-galli                                                    

                 15  30  40  50   17  40  80  90   15  25  40  56              

     Active ingredient                                                         

                 I + IX           I + X            IX + X                      

     kg/ha       0.25+ 0.75+                                                   

                            0.25+ 0.25+ 0.75+                                  

                                             0.25+ 0.25+ 0.75+                 

                                                              0.25+            

                 0.75  0.25 0.25  0.75  0.25 0.25  0.75  0.25 0.25             

     __________________________________________________________________________

     Brassica napus                                                            

                 0     0    0     0     0    0     0     0    0                

     Soja max.   0     0    0     0     0    0     0     0    0                

     Gossypium hirsutum                                                        

                 0     0    0     0     0    0     0     0    0                

     Arachis hypogaea                                                          

                 0     0    0     0     0    0     0     0    0                

     Avena fatua 65    68   50    100   83   67    100   72   58               

     Lolium multiflorum                                                        

                 100   56   48    100   65   55    100   100  63               

     Echinochloa crus-galli                                                    

                 100   93   70    92    94   69    93    100  70               

     Active ingredient                                                         

                 I + IX + X                                                    

     kg/ha       0.25+ 0.25+                                                   

                            0.5+                                               

                 0.25+ 0.5+ 0.25+                                              

                 0.5   0.25 0.25                                               

     __________________________________________________________________________

     Crop plants:                                                              

     Brassica napus                                                            

                 0     0    0                                                  

     Soja max.   0     0    0                                                  

     Gossypium hirsutum                                                        

                 0     0    0                                                  

     Arachis hypogaea                                                          

                 0     0    0                                                  

     Unwanted plants:                                                          

     Avena fatua 93    78   75                                                 

     Lolium multiflorum                                                        

                 77    84   65                                                 

     Echinochloa crus-galli                                                    

                 90    100  89                                                 

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 4
PAR  In the greenhouse, loamy sandy soil was filled into pots and sown with the
      seeds of various plants. The soil prepared in this manner was subsequently
      treated with the following amounts of the following individual active
      ingredients and compositions thereof as dispersions:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate,
      0.15, 1.5 and 1.8 kg/ha;
PA1  Ii. isopropyl N-phenylcarbamate, 0.15, 1.5 and 1.8 kg/ha;
PA1  Iii. isopropyl N-3-chlorophenylcarbamate, 0.15, 1.5 and 1.8 kg/ha;
PA1  Iv. butyn-1-yl-3 N-3-chlorophenylcarbmate, 0.15, 1.5 and 1.8 kg/ha;
PA1  V. o-(n-phenylcarbamoyl)-propanonoxime, 0.15, 1.5 and 1.8 kg/ha;
PA1  Vi. .alpha.,.alpha.-dichloropropionic acid, sodium salt, 0.15, 1.5 and 1.8
      kg/ha;
PA1  Vii. trichloroacetic acid, sodium salt, 0.15, 1.5 and 1.8 kg/ha;
PA1  Viii. .alpha.,.alpha.,.beta.,.beta.-tetrafluoropropionic acid, sodium salt,
      0.15, 1.5 and 1.8 kg/ha;
PA1  I + ii + vi: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha;
PA1  I + ii + vii: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha;
PA1  I + iii + vi: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha;
PA1  I + iv + vi: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha;
PA1  I + iv + vii: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha;
PA1  I + v + vi: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha;
PA1  I + v + vii: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha;
PA1  I + ii + vii: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha.
PAR  After 3 to 4 weeks it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility. The results are given below:
     Active ingredient                                                         

                     I            II           III          IV                 

     kg/ha       0.5 1.5 1.8  0.5 1.5 1.8  0.5 1.5 1.8  0.5 1.5 1.8            

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                 0    5   7   0    0   0   0    0   0   0    0   0             

     Brassica napus                                                            

                 0    0   0   0    0   0   0    0   0   0    0   0             

     Unwanted plants:                                                          

     Avena fatua 5   60  70   5   42  49   4   41  48   3   40  46             

     Echinochloa crus-galli                                                    

                 10  70  80   0   30  37   0   20  26   0   18  25             

     Lolium multiflorum                                                        

                 0   20  27   15  60  76   10  43  54   13  50  63             

     Active ingredient                                                         

                     V            VI           VII          VIII               

     kg/ha       0.5 1.5 1.8  0.5 1.5 1.8  0.5 1.5 1.8  0.5 1.5 1.8            

     __________________________________________________________________________

      Beta vulgaris                                                            

                 0    0   0   0    0   0   0    0   0   0    0   0             

     Brassica napus                                                            

                 0    0   0   0    0   0   0    0   0   0    0   0             

     Avena fatua 3   41  56   7   60  70   5   45  50   5   50  60             

     Echinochloa crus-galli                                                    

                 0   25  30   3   35  40   3   30  40   5   48  56             

     Lolium multiflorum                                                        

                 16  63  67   5   35  42   3   24  30   8   52  60             

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  Active ingredient                                                         

                 I + II + VI      I + II + VII     I + III + VI                

     kg/ha       0.15+ 0.15+                                                   

                            1.5+  0.15+ 0.15+                                  

                                             1.5+  0.15+ 0.15+                 

                                                              1.5+             

                 0.15+ 1.5+ 0.15+ 0.15+ 1.5+ 0.15+ 0.15+ 1.5+ 0.15+            

                 1.5   0.15 0.15  1.5   0.15 0.15  1.5   0.15 0.15             

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                 0      0    5     0     0    5    0      0    5               

     Brassica napus                                                            

                 0      0    0     0     0    0    0      0    0               

     Unwanted plants:                                                          

     Avena fatua 100   90   100   88    92   100   100   85   100              

     Echinochloa crus-galli                                                    

                 85    80   100   82    80   100   86    70   100              

     Lolium multiflorum                                                        

                 87    97    77   85    97   100   82    84    70              

     Active ingredient                                                         

                 I + IV + VI      I + IV + VII     I + V + VI                  

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0     0   5      0     0   5     0     0   5                 

     Brassica napus                                                            

                  0     0   0      0     0   0     0     0   0                 

     Avena fatua 98    90   100   89    88   100   100   89  100               

     Echinochloa crus-galli                                                    

                 87    70   100   82    68   100   87    75  100               

     Lolium multiflorum                                                        

                 83    92   73    76    90   70    89    100 77                

     Active ingredient                                                         

                 I + V + VII      I + II + VIII                                

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0     0    5      0    0     5                                

     Brassica napus                                                            

                 0     0    0      0    0     0                                

     Avena fatua 100   90   100   93    88   100                               

     Echinochloa crus-galli                                                    

                 78    75   100   97    100  100                               

     Lolium multiflorum                                                        

                 88    100  76    99    100  100                               

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 5
PAR  An agricultural plot was sown with the seeds of various plants. The soil
      prepared in this manner was then treated with the following amounts of the
      following individual active ingredients and compositions thereof as dusts:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate, 1, 2
      and 4 kg/ha;
PA1  Ii. isopropyl N-phenylcarbamate, 1, 2 and 4 kg/ha;
PA1  Iii. isopropyl N-3-chlorophenylcarbamate, 1, 2 and 4 kg/ha;
PA1  Iv. butyn-1-yl-3- N-3-chlorophenylcarbamate, 1, 2 and 4 kg/ha;
PA1  V. o-(n-phenylcarbamoyl)-propanonoxime, 1, 2 and 4 kg/ha;
PA1  Xii. 1-phenyl-4-amino-5-chloropyridazone-(6), 1, 2 and 4 kg/ha;
PA1  I + ii + xii: 1+1+2, 1+2+1 and 2+1+1 kg/ha;
PA1  I + iii + xii: 1+1+2, 1+2+1 and 2+1+1 kg/ha;
PA1  I + iv + xii: 1+1+2, 1+2+1 and 2+1+1 kg/ha;
PA1  I + v + xii: 1+1+2, 1+2+1 and 2+1+1 hg/ha;
PAL  and, for comparison,
PA1  Xi n-p-chlorophenyl-N',N'-dimethylurea, 1, 2 and 4 kg/ha;
PA1  I + xi + xii: 1+2+1 kg/ha;
PA1  I + xi + ii: 1+2+1 kg/ha.
PAR  After 3 to 4 weeks it was ascertained that the compositions had the same
      herbicidal action as their components and the compositions I+XI+XII and
      I+XI+II, combined with superior crop plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         

                    I          II          III                                 

     kg/ha       1  2   4   1  2   4   1   2   4                               

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                 4  10  30  0  0   10  0   0   10                              

     Allium cepa 0  0   5   0  0   0   0   0   0                               

     Unwanted plants:                                                          

     Avena fatua 40 80  100 30 53  100 33  54  95                              

     Echinochloa crus-galli                                                    

                 50 85  100 18 40  70  10  30  67                              

     Matricaria chamomilla                                                     

                 22 40  70  40 78  100 38  80  100                             

     Active ingredient                                                         

                    IV         V           XI         XII                      

     kg/ha       1  2   4   1  2   4   1   2   4   1  2   4                    

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0  0   5   0  0   10  25  100 100 0  0   10                   

     Allium cepa 0  0   0   0  0   0   70  100 100 0  0   5                    

     Avena fatua 30 50  100 29 56  100 70  100 100 12 20  75                   

     Echinochloa crus-galli                                                    

                 12 30  70  12 30  68  95  100 100 13 32  75                   

     Matricaria chamomilla                                                     

                 45 70  100 35 76  100 100 100 100 50 85  100                  

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

                 I + II + XII   I + III + XII  I + IV + XII                    

     kg/ha       1+1+2                                                         

                      1+2+1                                                    

                           2+1+1                                               

                                1+1+2                                          

                                     1+2+1                                     

                                          2+1+1                                

                                               1+1+2                           

                                                    1+2+1                      

                                                         2+1+1                 

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                 4    4    10   4    4    10   4    4    10                    

     Allium cepa 0    0    0    0    0    0    0    0    0                     

     Unwanted plants:                                                          

     Avena fatua 100  100  100  100  100  100  100  100  100                   

     Echinochloa crus-galli                                                    

                 100  100  100  100  100  100  100  100  100                   

     Matricaria chamomilla                                                     

                 100  100  100  100  100  100  100  100  100                   

     Active ingredient                                                         

                 I + V + XII    I + XI + XII                                   

                                        I + XI + II                            

     kg/ha       1+1+2                                                         

                      1+2+1                                                    

                           2+1+1                                               

                                1+2+1   1+2+1                                  

     __________________________________________________________________________

     Beta vulgaris                                                             

                 4    4    10   100     100                                    

     Allium cepa 0    0    0    100     100                                    

     Avena fatua 100  100  100  100     100                                    

     Echinochloa crus-galli                                                    

                 100  100  100  100     100                                    

     Matricaria chamomilla                                                     

                 100  100  100  100     100                                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 6
PAR  An agricultural plot was sown with various seeds. The soil prepared in this
      manner was then immediately treated with the following amounts of the
      following individual active ingredients and compositions thereof as oil
      dispersions:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate,
      0.25, 1, 1.5, 2 and 4 kg/ha;
PA1  Vi. .alpha.,.alpha.-dichloropropionic acid, sodium salt, 0.25, 1, 1.5, 2
      and 4 kg/ha;
PA1  Vii. trichloroacetic acid, sodium salt, 0.25, 1, 1.5, 2 and 4 kg/ha;
PA1  Viii. .alpha.,.alpha.,.beta.,.beta.-tetrafluoropropionic acid, sodium salt,
      0.25, 1, 1.5, 2 and 4 kg/ha;
PA1  Xii. 1-phenyl-4-amino-5-chloropyridazone-(6), 0.25, 1, 1.5, 2 and 4 kg/ha;
PA1  I + vi + xii: 0.25+0.25+1, 0.25+1+0.25, 1+0.25+0.25, 1+1+2, 1+2+1 and 2+1+1
      kg/ha;
PA1  I + vii + xii: 0.25+0.25+1, 0.25+1+0.25, 1+0.25+0.25, 1+1+2, 1+2+1 and
      2+1+1 kg/ha;
PA1  I + viii + xii: 0.25+0.25+1, 0.25+1+0.25, 1+0.25+0.25, 1+1+2, 1+2+1 and
      2+1+1 kg/ha;
PAL  and, for comparison,
PA1  Xi. n-p-chlorophenyl-N',N'-dimethylurea, 2 and 4 kg/ha;
PA1  Xi + xii + i: 2+1+1 kg/ha.
PAR  After 3 to 4 weeks it was ascertained that, at a rate of 1.5 kg/ha, the
      compositions had a better herbicidal action than the individual compounds
      I, VI, VII, VIII and XII, combined with the same crop plant compatibility,
      and that they had, at a rate of 4 kg/ha, bettercrop plant compatibility
      than XI and the composition XI + XII + I, combined with the same good
      herbicidal action.
PAR  The results are given below:
     Active ingredient I                 VI               VII                  

     kg/ha      0.25                                                           

                    1  1.5 2  4   0.25                                         

                                      1  1.5 2  4  0.25                        

                                                       1  1.5 2  4             

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                0   4  5   10 30  0   0  0   0  5  0   0  0   0  0             

     Unwanted plants:                                                          

     Avena fatua                                                               

                10  40 60  80 100 10  27 60  76 90 10  24 45  56 95            

     Echinochloa                                                               

                15  50 70  85 100 10  23 35  44 90 9   17 30  40 52            

     crus-galli                                                                

     Matricaria 5   22 30  40 70  0   0  3   5  10 0   0  2   7  15            

     chamomilla                                                                

     Active ingredient                                                         

                 VIII              XII               XI                        

     kg/ha       0.25                                                          

                     1  1.5 2  4   0.25                                        

                                       1  1.5 2  4   2   4                     

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0   0  0   0  0   0   0  0   0  10  100 100                   

     Avena fatua 8   35 50  67 80  3   12 15  20 75  100 100                   

     Echinochloa crus-galli                                                    

                 5   30 48  61 100 5   13 20  32 75  100 100                   

     Matricaria chamomilla                                                     

                 0   5  10  17 25  15  50 60  85 100 100 100                   

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

                 I + VI + XII     I + VII + XII    I + VIII + XII              

     kg/ha       0.25+ 0.25+                                                   

                            1+    0.25+ 0.25+                                  

                                             1     0.25+ 0.25+                 

                                                              1+               

                 0.25+ 1+   0.25+ 0.25+ 1+   0.25+ 0.25+ 1+   0.25+            

                 1     0.25 0.25  1     0.25 0.25  1     0.25 0.25             

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0     0    4     0     0    4     0     0    4               

     Unwanted plants:                                                          

     Avena fatua 70    80   89    72    74   90    68    83   87               

     Echinochloa crus-galli                                                    

                 75    80   98    75    73   95    70    87   92               

     Matricaria chamomilla                                                     

                 91    62   74    92    60   75    89    63   76               

     Active ingredient                                                         

                 I + VI + XII   I + VII + XII  I + VII + XII  I+ XII+XI        

     kg/ha       1+1+2                                                         

                      1+2+1                                                    

                           2+1+1                                               

                                1+1+2                                          

                                     1+2+1                                     

                                          2+1+1                                

                                               1+1+2                           

                                                    1+2+1                      

                                                         2+1+1                 

                                                              1+1+2            

     __________________________________________________________________________

     Beta vulgaris                                                             

                  4    4    10   4    4    10   4    10  100                   

     Avena fatua 100  100  100  100  100  100  100  100  100  100              

     Echinochloa crus-galli                                                    

                 100  100  100  100  100  100  100  100  100  100              

     Matricaria chamomilla                                                     

                 100  100  100  100  100  100  100  100  100  100              

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 7
PAR  In the greenhouse, loamy sandy soil was filled into pots and sown with the
      seeds of various plants. The soil prepared in this manner was subsequently
      treated with the following amounts of the following individual active
      ingredients and compositions thereof as dispersions:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate,
      0.25, 1 and 1.5 kg/ha;
PA1  Xii. 1-phenyl-4-amino-5-chloropyridazone-(6), 0.25, 1 and 1.5 kg/ha;
PA1  Xiii. 3-cyclohexyl-5,6-trimethylene uracil, 0.25, 1 and 1.5 kg/ha;
PA1  Xiv.
      1-(.alpha.,.alpha.-dimethyl-.beta.-acetoxypropionyl)-3-cyclohexyl-5,6-trim
     ethylene uracil, 0.25, 1 and 1.5 kg/ha;
PA1  I + xii + xiii: 0.25+0.25+1, 0.25+1+0.25 and 1+0.25+0.25 kg/ha;
PA1  I + xii + xiv: 0.25+0.25+1, 0.25+1+0.25 and 1+0.25+0.25 kg/ha.
PAR  After 3 to 4 weeks it was ascertained that the compositions had a better
      herbidical action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
TBL  __________________________________________________________________________

     Active ingredient                                                         

                 I          XII        XIII       XIV                          

     kg/ha       0.25                                                          

                     1  1.5 0.25                                               

                                1  1.5 0.25                                    

                                           1  1.5 0.25                         

                                                      1  1.5                   

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0   4  5  0    0  0   0   0  0   0   0  0                    

     Unwanted plants:                                                          

     Avena fatua 10  40 60  3   10 15   5  18 20  10  20 25                    

     Echinochloa crus-galli                                                    

                 15  52 70  5   13 20  15  65 70  17  70 70                    

     Matricaria chamomilla                                                     

                  5  22 30  15  50 60  20  70 75  25  78 85                    

     Active ingredient                                                         

                 I + XII + XIII        I + XII + XIV                           

     kg/ha       0.25+  0.25+   1+     0.25+  0.25+   1+                       

                 0.25+  1+      0.25+  0.25+  1+      0.25+                    

                 1      0.25    0.25   1      0.25    0.25                     

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0      0       4      0      0       4                       

     Avena fatua  70    63      84       71   67      90                       

     Echinochloa crus-galli                                                    

                 100    80      100    100    83      93                       

     Matricaria chamomilla                                                     

                 100    100     90     100    100     91                       

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 8
PAR  In the greenhouse, loamy sandy soil was filled into pots and sown with the
      seeds of various plants. The soil prepared in this manner was subsequently
      treated with the following amounts of the following individual active
      ingredients and compositions thereof as pastes:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate,
      0.25, 1.5 and 2 kg/ha;
PA1  Ix. 1,1,1-trifluoro-4'-(phenylsulfonyl)-methanesulfone-o-toluidide, 0.25,
      1.5 and 2 kg/ha;
PA1  X. 3,4,5-tribromo-N,N-.alpha.-trimethylpyrazole-1-acetamide, 0.25, 1.5 and
      2 kg/ha;
PA1  Xii. 1-phenyl-4-amino-5-chloropyridazone-(6), 0.25, 1.5 and 2 kg/ha;
PA1  I + ix + xii: 0.25+0.25+1.5, 0.25+1.5+0.25 and 1.5+0.25+0.25 kg/ha;
PA1  I + x + xii: 0.25+0.25+1.5, 0.25+1.5+0.25 and 1.5+0.25+0.25 kg/ha.
PAR  After 3 to 4 weeks it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:  -trifluoro-
TBL  __________________________________________________________________________

     Active ingredient                                                         

                 I          IX          X          XII                         

     kg/ha       0.25                                                          

                     1.5 2  0.25                                               

                                1.5 2   0.25                                   

                                            1.5 2  0.25                        

                                                       1.5                     

                                                          2                    

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0   5  10  0   5  10   0   5   7 0    0   0                  

     Unwanted plants:                                                          

     Avena fatua 10  60  80  0  80  95  20  80  95 3   15  20                  

     Echinochloa crus-galli                                                    

                 15  70  85 17  78  100 15  75  95 5   20  32                  

     Matricaria chamomilla                                                     

                  5  30  40 10  25  35   5  20  31 15  60  85                  

     Active ingredient                                                         

                 I + XII + IX           I + XII + X                            

     kg/ha       0.25+   0.25+  1.5+    0.25+   0.25+  1.5+                    

                 0.25+   1.5+   0.25+   0.25+   1.5+   0.25+                   

                 1.5     0.25   0.25    1.5     0.25   0.25                    

     __________________________________________________________________________

     Beta vulgaris                                                             

                  5       0      5       5       0      5                      

     Avena fatua 100     70     100     100     80     100                     

     Echinochloa crus-galli                                                    

                 100     90     100     100     88     100                     

     Matricaria chamomilla                                                     

                  82     100     91      77     100     86                     

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 9
PAR  In the greenhouse, various plants were treated at a growth height of from 2
      to 10 cm with the following amounts of the following individual active
      ingredients and compositions thereof as emulsions:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate,
      0.15, 1.5 and 1.8 kg/ha;
PA1  Ii. isopropyl N-phenylcarbamate, 0.15, 1.5 and 1.8 kg/ha;
PA1  Iii. isopropyl N-3-chlorophenylcarbamate, 0.15, 1.5 and 1.8 kg/ha;
PA1  Iv. butyn-1-yl-3 N-3-chlorophenylcarbamate, 0.15, 1.5 and 1.8 kg/ha;
PA1  V. o-(n-phenylcarbamoyl)-propanonoxime, 0.15, 1.5 and 1.8 kg/ha;
PA1  Xii. 1-phenyl-4-amino-5-chloropyridazone-(6), 0.15, 1.5 and 1.8 kg/ha;
PA1  I + ii + xii: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha;
PA1  I + iii + xii: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha;
PA1  I + iv + xii: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha;
PA1  I + v + xii: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha;
PAR  After 10 to 14 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
TBL  __________________________________________________________________________

     Active ingredient                                                         

                    I           II          III         IV                     

     kg/ha          0.15                                                       

                        1.5 1.8 0.15                                           

                                    1.5 1.8 0.15                               

                                                1.5 1.8 0.15                   

                                                            1.5 1.8            

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris  0    5  10  0    0   0  0    0   0  0    0   0             

     Allium cepa    0    0   0  0    0   0  0    0   0  0    0   0             

     Unwanted plants:                                                          

     Avena fatua    10  60  70  5   47  60  4   43  55  5   38  45             

     Echinochloa crus-galli                                                    

                    8   57  66  5   52  62  0   35  40  0   27  35             

     Matricaria chamomilla                                                     

                    5   50  64  7   48  57  5   40  50  5   35  43             

     Active ingredient                                                         

                    V                       XII                                

     kg/ha          0.15    1.5     1.8     0.15    1.5     1.8                

     __________________________________________________________________________

     Beta vulgaris  0        0       0      0        0       0                 

     Allium cepa    0         0      0      0        0       0                 

     Avena fatua    4       45      56      0       15      19                 

     Echinochloa crus-galli                                                    

                    4       49      60      6       40      46                 

     Matricaria chamomilla                                                     

                    5       43      53      8       50      55                 

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  __________________________________________________________________________

     Active ingredient                                                         

                 I + II + XII      I + III + XII                               

     kg/ha       0.15+ 0.15+ 1.5+  0.15+ 0.15+ 1.5+                            

                 0.15+ 1.5+  0.15+ 0.15+ 1,5+  0.15+                           

                 1.5   0.15  0.15  1.5   0.15  0.15                            

     __________________________________________________________________________

      Crop plants:                                                             

     Beta vulgaris                                                             

                  0     0     5     0     0     5                              

     Allium cepa  0     0     0     0     0     0                              

     Unwanted plants:                                                          

     Avena fatua 68    92    98    69    90    96                              

     Echinochloa crus-galli                                                    

                 90    100   100   84    86    94                              

     Matricaria chamomilla                                                     

                 62    92    94    91    83    93                              

     Active ingredient                                                         

                 I + IV + XII      I + V + XII                                 

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0     0     5     0     0      5                             

     Allium cepa  0     0     0     0     0     0                              

     Avena fatua 70    83    93    65    93    97                              

     Echinochloa crus-galli                                                    

                 85    79    91    89    96    100                             

     Matricaria chamomilla                                                     

                 91    80    90    93    87    92                              

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 10
PAR  In the greenhouse, various plants were treated at a growth height of from 2
      to 10 cm with the following amounts of the following individual
      ingredients and compositions thereof as oil dispersions:
PA1  Ii. isopropyl N-phenylcarbamate, 0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Iii. isopropyl N-3-chlorophenylcarbamate, 0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Iv. butyn-1-yl-3 N-3-chlorophenylcarbamate, 0.25, 0.5, 0.75 and 1 kg/ha;
PA1  V. o-(n-phenylcarbamoyl)-propanonoxime, 0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Vi. .alpha.,.alpha.-dichloropropionic acid, sodium salt, 0.25, 0.5, 0.75
      and 1 kg/ha;
PA1  Vii. trichloroacetic acid, sodium salt, 0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Viii. .alpha.,.alpha.,.beta.,.beta.-tetrafluoropropionic acid, sodium salt,
      0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Ii + vi: 0.25+0.75, 0.75+0.25 and 0.5+0.5 kg/ha;
PA1  Ii + vii: 0.25+0.75, 0.75+0.25 and 0.5+0.5 kg/ha;
PA1  Iii + vi: 0.25+0.75, 0.75+0.25 and 0.5+0.5 kg/ha;
PA1  Iv + vii: 0.25+0.75, 0.75+0.25 and 0.5+0.5 kg/ha;
PA1  V + vi: 0.25+0.75, 0.75+0.25 and 0.5+0.5 kg/ha;
PA1  V + vii: 0.25+0.75, 0.75+0.25 and 0.5+0.5 kg/ha;
PA1  Ii + viii: 0.25+0.75, 0.75+0.25 and 0.5+0.5 kg/ha.
PAR  After 12 to 16 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
TBL  __________________________________________________________________________

     Active ingredient                                                         

                    II              III             IV                         

     kg/ha          0.25                                                       

                        0.5 0.75                                               

                                1   0.25                                       

                                        0.5 0.75                               

                                                1   0.25                       

                                                        0.5 0.75               

                                                                1              

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris  0    0   0   0  0    0   0   0  0   0    0   0             

     Unwanted plants:                                                          

     Avena fatua    10  18  25  30  5   12  20  27  8   17  25  30             

     Echinochloa crus-galli                                                    

                    8   15  27  35  5   10  14  22  7   11  16  20             

     Matricaria chamomilla                                                     

                    10  16  25  32  10  16  20  30  8   14  20  26             

     Active ingredient                                                         

                    V               VI              VII                        

     __________________________________________________________________________

     Beta vulgaris  0    0   0   0  0    0   0   0  0   0    0   0             

     Avena fatua    7   15  24  32  11  16  20  27  0   0    3   5             

     Echinochloa crus-galli                                                    

                    6   10  20  30  15  22  30  35  0   5    9  10             

     Matricaria chamomilla                                                     

                    9   15  26  35  6   10  14  15  5   9   13  20             

     Active ingredient                                                         

                    VIII                                                       

     __________________________________________________________________________

     Beta vulgaris  0    0   0   0                                             

     Avena fatua    12  15  20  25                                             

     Echinochloa crus-galli                                                    

                    10  14  23  30                                             

     Matricaria chamomilla                                                     

                    6   10  17  20                                             

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  __________________________________________________________________________

     Active ingredient                                                         

                 II + VI       II + VII      III + VI                          

     kg/ha       0.25+                                                         

                      0.75+                                                    

                           0.5+                                                

                               0.25+                                           

                                    0.75+                                      

                                         0.5+                                  

                                             0.25+                             

                                                  0.75+                        

                                                       0.5+                    

                 0.75 0.25 0.5 0.75 0.25 0.5 0.75 0.25 0.5                     

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    0   0    0    0   0    0    0                      

     Unwanted plants:                                                          

     Avena fatua 68   75   72  55   62   60  63   60   67                      

     Echinochloa crus-galli                                                    

                 69   80   75  55   65   58  72   66   70                      

     Matricaria chamomilla                                                     

                 62   70   65  63   69   65  62   63   65                      

     Active ingredient                                                         

                 IV + VII      V + VI        V + VII                           

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0   0    0    0   0    0    0                      

     Avena fatua 55   58   55  65   73   70  51   63   53                      

     Echinochloa crus-galli                                                    

                 62   69   65  74   71   69  55   58   55                      

     Matricaria chamomilla                                                     

                 56   60   59  60   70   63  60   70   63                      

     Active ingredient                                                         

                 II + VIII                                                     

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0                                                  

     Avena fatua 68   77   70                                                  

     Echinochloa crus-galli                                                    

                 70   74   65                                                  

     Matricaria chamomilla                                                     

                 65   68   63                                                  

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 11
PAR  In the greenhouse, various plants were treated at a growth height of from 2
      to 8 cm with the following amounts of the following individual active
      ingredients and compositions thereof as pastes:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate,
      0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Ix. 1,1,1-trifluor-4'-(phenylsulfonyl)-methanesulfone-o-toluidide, 0.25,
      0.5, 0.75 and 1 kg/ha;
PA1  X. 3,4,5-tribromo-N,N-.alpha.-trimethylpyrazole-1-acetamide, 0.25, 0.5,
      0.75 and 1 kg/ha;
PA1  I + ix: 0.25+0.75, 0.75+0.25 and 0.25+0.25 kg/ha;
PA1  I + x: 0.25+0.75, 0.75+0.25 and 0.25+0.25 kg/ha;
PA1  Ix + x: 0.25+0.75, 0.75+0.25 and 0.25+0.25 kg/ha;
PA1  I + ix + x: 0.25+0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25 kg/ha.
PAR  After 10 to 14 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
TBL  __________________________________________________________________________

     Active ingredient                                                         

                 I              IX             X                               

     kg/ha       0.25                                                          

                     0.5 0.75                                                  

                             1  0.25                                           

                                    0.5 0.75                                   

                                            1  0.25                            

                                                   0.5 0.75                    

                                                           1                   

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0   0   0   0  0   0   0   0 0    0   5   7                  

     Unwanted plants:                                                          

     Avena fatua 17  30  38  55  0  10  38  55 8   17  70  75                  

     Alopecurus myosuroides                                                    

                 12  27  40  45 12  23  30  34 12  28  35 47                   

     Echinochloa crus-galli                                                    

                 10  23  30  34 10  20  30  34 9   20  30  50                  

     Active ingredient                                                         

                 I + IX         I + X          IX + X                          

     kg/ha       0.25+                                                         

                      0.75+                                                    

                           0.25+                                               

                                0.25+                                          

                                     0.75+                                     

                                          0.25+                                

                                               0.25+                           

                                                    0.75+                      

                                                         0.25+                 

                 0.75 0.25 0.25 0.75 0.25 0.25 0.75 0.25 0.25                  

     __________________________________________________________________________

     Beta vulgaris                                                             

                 15    5    5    5    0    0    5   15    5                    

     Avena fatua 80   79   60   100  83   63   100  70   50                    

     Alopecurus myosuroides                                                    

                 70   77   50   80   90   65   71   70   51                    

     Echinochloa crus-galli                                                    

                 89   87   68   78   77   57   89   87   67                    

     Active ingredient                                                         

                 I + IX + X                                                    

     kg/ha       0.25+0.25+0.5  0.25+0.5+0.25  0.5+0.25+0.25                   

     __________________________________________________________________________

     Beta vulgaris                                                             

                  5             12              5                              

     Avena fatua 75             73             78                              

     Alopecurus myosuroides                                                    

                 77             74             79                              

     Echinochloa crus-galli                                                    

                 86             93             90                              

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 12
PAR  In the greenhouse, various plants were treated at a growth height of from 2
      to 12 cm with the following amounts of the following individual active
      ingredients and compositions thereof as dusts:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate,
      0.15, 1.5 and 1.8 kg/ha;
PA1  Ii. isopropyl N-phenylcarbamate, 0.15, 1.5 and 1.8 kg/ha;
PA1  Iii. isopropyl N-3-chlorophenylcarbamate, 0.15, 1.5 and 1.8 kg/ha;
PA1  Iv. butyn-1-yl-3 N-3-chlorophenylcarbamate, 0.15, 1.5 and 1.8 kg/ha;
PA1  V. o-(n-phenylcaramoyl)-propanonoxime, 0.15, 1.5 and 1.8 kg/ha;
PA1  Vi. .alpha.,.alpha.-dichloroprpionic acid, sodium salt, 0.15, 1.5 and 1.8
      kg/ha;
PA1  Vii. trichloropropionic acid, sodium salt, 0.15, 1.5 and 1.8 kg/ha;
PA1  Viii. .alpha.,.alpha.,.beta.,.beta.-tetrafluoropropionic acid, sodium salt,
      0.15, 1.5 and 1.8 kg/ha;
PA1  I + ii + vi: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha;
PA1  I + ii + vii: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha;
PA1  I + iii + vi: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha;
PA1  I + iv + vi: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha;
PA1  I + iv + vii: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha;
PA1  I + v + vi: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha;
PA1  I + v + vii: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha;
PA1  I + ii + viii: 0.15+0.15+1.5, 0.15+1.5+0.15 and 1.5+0.15+0.15 kg/ha.
PAR  After 10 to 15 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
TBL  __________________________________________________________________________

     Active ingredient                                                         

                    I           II          III         IV                     

     kg/ha          0.15                                                       

                        1.5 1.8 0.15                                           

                                    1.5 1.8 0.15                               

                                                1.5 1.8 0.15                   

                                                            1.5 1.8            

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris  0    5  10   0   0   0  0    0   0  0    0   0             

     Unwanted plants:                                                          

     Avena fatua    10  60  70   5  47  60  4   43  55  5   38  45             

     Echinochloa crus-galli                                                    

                    8   57  66   5  52  62  0   35  40  0   27  35             

     Alopecurus myosuroides                                                    

                    12  30  40  10  55  61  10  55  60  13  65  70             

     Active ingredient                                                         

                    V           VI          VII         VIII                   

     __________________________________________________________________________

     Beta vulgaris  0    0   0   0   0   0  0    0   0  0    0   0             

     Avena fatua    4   45  56  10  40  50  0    6   8  10  37  45             

     Echinochloa crus-galli                                                    

                    4   49  60  12  50  62  0   12  15  5   48  55             

     Alopecurus myosuroides                                                    

                    8   50  57  10  47  60  7   41  48  9   40  50             

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  __________________________________________________________________________

     Active ingredient                                                         

                 I + II + VI    I + II + VII   I + III + VI                    

     kg/ha       0.15+                                                         

                      0.15+                                                    

                           1.5+ 0.15+                                          

                                     0.15+                                     

                                          1.5+ 0.15+                           

                                                    0.15+                      

                                                         1.5+                  

                 0.15+                                                         

                      1.5+ 0.15+                                               

                                0.15+                                          

                                     1.5+ 0.15+                                

                                               0.15+                           

                                                    1.5+ 0.15+                 

                 1.5  0.15 0.15 1.5  0.15 0.15 1.5  0.15 0.15                  

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    5    0    0    5    0    0    5                    

     Unwanted plants:                                                          

     Avena fatua 92   100  100  60   94   97   91   96   100                   

     Echinochloa crus-galli                                                    

                 95   100  100  63   95   93   94   92   100                   

     Alopecurus myosuroides                                                    

                 100  100  87   96   100  83   100  98    89                   

     Active ingredient                                                         

                 I + IV + VI    I + IV + VII   I + V + VI                      

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0   5     0    0    5    0    0    5                    

     Avena fatua 92    90  100  60   86   98   91   97   100                   

     Echinochloa crus-galli                                                    

                 93    84  100  68   72   92   93   100  100                   

     Alopecurus myosuroides                                                    

                 100  100  89   100  100  87   99   100   84                   

     Active ingredient                                                         

                 I + V + VII    I + II + VIII                                  

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    5    0    0    5                                   

     Avena fatua 72    92  97   85   100  100                                  

     Echinochloa crus-galli                                                    

                 65    94  95   94   98   100                                  

     Alopecurus myosuroides                                                    

                 94   100  82   96   100  86                                   

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 13
PAR  In the greenhouse, various plants were treated at a growth height of from 2
      to 14 cm with the following amounts of the following individual active
      ingredients and compositions thereof as oil dispersions:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate, 1, 2
      and 4 kg/ha;
PA1  Ii. isopropyl N-phenylcarbamate, 1, 2 and 4 kg/ha;
PA1  Iii. isopropyl N-3-chlorophenylcarbamate, 1, 2 and 4 kg/ha;
PA1  Iv. butyn-1-yl-3 N-3-chlorophenylcarbamate, 1, 2 and 4 kg/ha;
PA1  V. o-(n-phenylcarbamoyl)-propanonoxime, 1, 2 and 4 kg/ha;
PA1  Xii. 1-phenyl-4-amino-5-chloropyridazone-(6), 1, 2 and 4 kg/ha;
PA1  I + ii + xii: 1+1+2, 1+2+1 and 2+1+1 kg/ha;
PA1  I + iii + xii: 1+1+2, 1+2+1 and 2+1+1 kg/ha;
PA1  I + iv + xii: 1+1+2, 1+2+1 and 2+1+1 kg/ha;
PA1  I + v + xii: 1+1+2, 1+2+1 and 2+1+1 kg/ha;
PAL  and, for comparison,
PA1  Xi. n-p-chlorophenyl-N',N'-dimethylurea, 1, 2 and 4 kg/ha;
PA1  I + xi + ii: 1+2+1 kg/ha;
PA1  I + xi + xii: 1+2+1 kg/ha.
PAR  After 10 to 14 days it was ascertained that the compositions had better
      crop plant compatibility than compound XI and the compositions I + XI + II
      and I + XI + XII, combined with the same good herbicidal action.
PAR  The results are given below:
TBL  __________________________________________________________________________

     Active ingredient                                                         

                    I         II         III       IV                          

     kg/ha       1  2  4   1  2   4   1  2  4   1  2  4                        

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0 20  40  0  0   15  0  0  0   0  0 25                       

     Unwanted plants:                                                          

     Avena fatua 55 75 100 30 65   98 27 59 98  30 50 98                       

     Echinochloa crus-galli                                                    

                 45 70 100 35 66  100 22 44 95  20 41 85                       

     Matricaria chamomilla                                                     

                 34 70 100 32 63   97 30 55 96  26 48 98                       

     Active ingredient                                                         

                    V         XI         XII                                   

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0  0  19 100                                                 

                              100 100  0  0 10                                 

     Avena fatua 32 60 100 70 90  100 12 22 65                                 

     Echinochloa crus-galli                                                    

                 30 67 100 70 90  100 25 53 90                                 

     Matricaria chamomilla                                                     

                 35 59  98 90 100 100 45 60 100                                

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  __________________________________________________________________________

     Active ingredient                                                         

                 I + II + XII   I + III + XII  I + IV + XII                    

     kg/ha       1+1+2                                                         

                      1+2+1                                                    

                           2+1+1                                               

                                1+1+2                                          

                                     1+2+1                                     

                                          2+1+1                                

                                               1+1+2                           

                                                    1+2+1                      

                                                         2+1+1                 

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    20   0    0    20   0    0    20                   

     Unwanted plants:                                                          

     Avena fatua 100  100  100  100  100  100  100  100  100                   

     Echinochloa crus-galli                                                    

                 100  100  100  100  100  100  100  100  100                   

     Matricaria chamomilla                                                     

                 100  100  100  100  100  100  100  100  100                   

     Active ingredient                                                         

                 I + V + XII    I + XI + XII   I + XI + II                     

     kg/ha       1+1+2                                                         

                      1+2+1                                                    

                           2+1+1                                               

                                1+2+ 1         1+2+1                           

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    20  100            100                             

     Avena fatua 100  100  100  100            100                             

     Echinochloa crus-galli                                                    

                 100  100  100  100            100                             

     Matricaria chamomilla                                                     

                 100  100  100  100            100                             

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 14
PAR  In the open, various plants were treated at a growth height of from 2 to 15
      cm with the following amounts of the following individual active
      ingredients and compositions thereof as oil dispersions:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate,
      0.25, 1 and 1.5 kg/ha;
PA1  Xii. 1-phenyl-4-amino-5-chloropyridazone-(6), 0.25, 1 and 1.5 kg/ha;
PA1  Xiii. 3-cyclohexyl-5,6-trimethylene uracil, 0.25, 1 and 1.5 kg/ha;
PA1  Xiv.
      1-.alpha.,.alpha.-dimethyl-.beta.-acetoxypropionyl-3-cyclohexyl-5,6-trimet
     hylene uracil, 0.25, 1 and 1.5 kg/ha;
PA1  I + xii + xiii: 0.25+0.25+1, 0.25+1+0.25 and 1+0.25+0.25 kg/ha;
PA1  I + xii + xiv: 0.25+0.25+1, 0.25+1+0.25 and 1+0.25+0.25 kg/ha;
PAR  After 12 to 15 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
TBL  __________________________________________________________________________

     Active ingredient                                                         

                 I          XII        XIII       XIV                          

     kg/ha       0.25                                                          

                     1  1.5 0.25                                               

                                1  1.5 0.25                                    

                                           1  1.5 0.25                         

                                                      1  1.5                   

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0  0  5   0   0  0   0   0  0   0   0  6                     

     Unwanted plants:                                                          

     Avena fatua 17  55 60  7   12 15  10  35 45  7   36 47                    

     Echinochloa crus-galli                                                    

                 12  45 57  10  25 40  14  48 60  12  40 60                    

     Matricaria chamomilla                                                     

                 10  34 50  15  40 50  15  45 60  15  40 65                    

     Active ingredient                                                         

                 I + XII + XIII        I + XII + XIV                           

     kg/ha       0.25+  0.25+   1+     0.25+  0.25+   1+                       

                 0.25+  1+      0.25+  0.25+  1+      0.25+                    

                 1      0.25    0.25   1      0.25    0.25                     

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0      0       0      0      0       0                       

     Avena fatua  93    77      100    94     72      100                      

     Echinochloa crus-galli                                                    

                 100    87      100    93     86      98                       

     Matricaria chamomilla                                                     

                 100    100      97    100    100     95                       

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 15
PAR  In the greenhouse, various plants were treated at a growth height of from 3
      to 17 cm with the following amounts of the following individual active
      ingredients and compositions thereof as dispersions:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate,
      0.25, 1.5 and 2 kg/ha;
PA1  Ix. 1,1,1-trifluoro-4'-(phenylsulfonyl)-methanesulfone-o-toluidide, 0.25,
      1.5 and 2 kg/ha;
PA1  Xii. 1-phenyl-4-amino-5-chloropyridazone-(6), 0.25, 1.5 and 2 kg/ha;
PA1  I + xii + ix: 0.25+0.25+1.5, 0.25+1.5+0.25 and 1.5+0.25+0.25 kg/ha;
PA1  I + xii + x: 0.25+0.25+1.5, 0.25+1.5+0.25 and 1.5+0.25+0.25 kg/ha.
PAR  After 10 to 12 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
TBL  __________________________________________________________________________

     Active ingredient                                                         

                     I          XII        IX         X                        

     kg/ha       0.25                                                          

                     1.5 2  0.25                                               

                                1.5 2  0.25                                    

                                           1.5 2  0.25                         

                                                      1.5 2                    

     __________________________________________________________________________

     Crop plant:                                                               

     Malus spp.   0   0   0  0   0   0 0    0   0 0    0   0                   

     Unwanted plants:                                                          

     Avena fatua 17  60  75  7  15  22 0   35  40 8   70  85                   

     Echinochloa crus-galli                                                    

                 12  57  70 10  40  53 10  50  56 9   70  80                   

     Matricaria chamomilla                                                     

                 10  50  70 15  50  60 8   25  34 15  65  86                   

     Active ingredient                                                         

                 I + XII + IX          I + XII + X                             

     kg/ha       0.25+   0.25+  1.5+   0.25+   0.25+  1.5+                     

                 0.25+   1.5+   0.25+  0.25+   1.5+   0.25+                    

                 1.5     0.25   0.25   1.5     0.25   0.25                     

     __________________________________________________________________________

     Malus spp.   0       0      0      0       0      0                       

     Avena fatua 92      70     100    100     77     100                      

     Echinochloa crus-galli                                                    

                 100     94     100    100     94     100                      

     Matricaria chamomilla                                                     

                 87      100    100    100     100    100                      

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 16
PAR  In the greenhouse, various plants were treated at a growth height of from 2
      to 16 cm with the following amounts of the following individual active
      ingredients and compositions thereof as solutions:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate,
      0.25, 0.5 and 1 kg/ha;
PA1  Xii. 1-phenyl-4-amino-5-chloropyridazone-(6), 0.25, 0.5 and 1 kg/ha;
PA1  Xi. 4-chlorobutyn-2-yl-1 N-3-chlorophenylcarbamate, 0.25, 0.5 and 1 kg/ha;
PA1  Xvii. methyl .alpha.-chloro-.beta.-(4-chlorophenyl)-propionate, 0.25, 0.5
      and 1 kg/ha;
PA1  Xviii. 1,2-dimethyl-3,5-diphenylpyrazolium methyl sulfate, 0.25, 0.5 and 1
      kg/ha;
PA1  I + xii + xv: 0.25+0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25 kg/ha;
PA1  I + xii + xvii: 0.25+0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25 kg/ha;
PA1  I + xii + xviii: 0.25+0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25 kg/ha.
PAR  After 12 to 15 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
TBL  __________________________________________________________________________

     Active ingredient                                                         

                     I          XII         XV         XVII                    

     kg/ha       0.25                                                          

                     0.5 1  0.25                                               

                                0.5 1   0.25                                   

                                            0.5 1  0.25                        

                                                       0.5 1                   

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0   0   0  0   0   0  0   0    0 0   0   0                   

     Unwanted plants:                                                          

     Avena fatua 17  30  55  7  11  12  10  30  70 15  30  45                  

     Echinochloa crus-galli                                                    

                 12  27  45 10  14  25  0   5   12 0   0   2                   

     Matricaria chamomilla                                                     

                 10  23  34 15  35  45  1   6   10 0   0   2                   

     Active ingredient      XVIII                                              

     kg/ha                  0.25                                               

                                0.5 1                                          

     __________________________________________________________________________

     Beta vulgaris          0   0   0                                          

     Avena fatua            15  32  49                                         

     Echinochloa crus-galli 0   0   3                                          

     Matricaria chamomilla  0   0   5                                          

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  __________________________________________________________________________

     Active ingredient                                                         

                 I + XII + XV   I + XII + XVII I + XII + XVIII                 

     kg/ha       0.25+                                                         

                      0.25+                                                    

                           0.5+ 0.25+                                          

                                     0.25+                                     

                                          0.5+ 0.25+                           

                                                    0.25+                      

                                                         0.5+                  

                 0.25+                                                         

                      0.5+ 0.25+                                               

                                0.25+                                          

                                     0.5+ 0.25+                                

                                               0.25+                           

                                                    0.5+ 0.25+                 

                 0.5  0.25 0.25 0.5  0.25 0.25 0.5  0.25 0.25                  

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Unwanted plants:                                                          

     Avena fatua 91   75   83   91   80   90   90   80   89                    

     Echinochloa crus-galli                                                    

                 75   65   75   60   64   75   60   63   74                    

     Matricaria chamomilla                                                     

                 70   82   78   63   83   74   62   81   77                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 =  complete destruction                                              

PAC  EXAMPLE 17
PAR  In the greenhouse, various plants were treated at a growth height of from 2
      to 8 cm with the following amounts of the following individual active
      ingredients and compositions thereof as dispersions:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate,
      0.25, 1, 1.5, 2 and 4 kg/ha;
PA1  Vi. .alpha.,.alpha.-dichloropropionic acid, sodium salt, 0.25, 1, 1.5, 2
      and 4 kg/ha;
PA1  Vii. trichloroacetic acid, sodium salt, 0.25, 1, 1.5, 2 and 4 kg/ha;
PA1  Viii. .alpha.,.alpha.,.beta.,.beta.-tetrafluoropropionic acid, sodium salt,
      0.25, 1, 1.5, 2 and 4 kg/ha;
PA1  Xii. 1-phenyl-4-amino-5-chloropyridazone-(6), 0.25, 1, 1.5, 2 and 4 kg/ha;
PA1  I + vi + xii: 0.25+0.25+1, 0.25+1+0.25, 1+0.25+0.25, 1+1+2, 1+2+1 and 2+1+1
      kg/ha;
PA1  I + vii + xii: 0.25+0.25+1, 0.25+1+0.25, 1+0.25+0.25, 1+1+2, 1+2+1 and
      2+1+1 kg/ha;
PA1  I + viii + xii: 0.25+0.25+1, 0.25+1+0.25, 1+0.25+0.25, 1+1+2, 1+2+1 and
      2+1+1 kg/ha;
PAL  and, for comparison,
PA1  Xi. 1-p-chlorophenyl-3,3-dimethylurea, 2 and 4 kg/ha;
PA1  I + xii + xi: 1+1+2 kg/ha.
PAR  After 10 to 14 days it was ascertained that the compositions I+VI+XII,
      I+VII+XII and I+VIII+XII had, at a rate of 1.5 kg/ha, a better herbicidal
      action than their components combined with the same good crop plant
      compatibility, and, at a rate of 4 kg/ha, better crop plant compatability
      than XI and the composition I+XII+XI, combined with the same good
      herbicidal action.
PAR  The results are given below:
     Active ingredient                                                         

               I                 VI                VII                         

     kg/ha     0.25                                                            

                   1  1.5 2  4   0.25                                          

                                     1  1.5 2  4   0.25                        

                                                       1  1.5 2  4             

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

               0   0  5   20 40  0   0  0   0  10  0   0  0   0  6             

     Unwanted plants:                                                          

     Avena fatua                                                               

               17  55 60  75 100 11  27 40  60 98  0   5  6   15 40            

     Echinochloa                                                               

               12  45 57  70 100 15  35 50  70 100 0   10 12  20 48            

     crus-galli                                                                

     Matricaria                                                                

               10  34 50  70 100 6   15 20  30 70  5   20 30  40 75            

     chamomilla                                                                

     Active ingredient                                                         

                  VIII                XII                  XI                  

     kg/ha        0.25                                                         

                      1   1.5 2   4   0.25 1   1.5 2   4   2   4               

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0   0   0   0   10  0    0   0   0   10  100 100             

     Avena fatua  12  25  37  55  97  7    15  15  22  65  90  100             

     Echinochloa crus-galli                                                    

                  10  30  48  63  100 10   25  40  63  90  100 100             

     Matricaria chamomilla                                                     

                  6   20  30  40  80  15   45  50  60  100 100 100             

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  Active ingredient                                                         

                 I + VI + XII     I + VII + XII    I + VIII + XII              

     kg/ha       0.25+ 0.25+                                                   

                            1+    0.25+ 0.25+                                  

                                             1+    0.25+ 0.25+                 

                                                              1+               

                 0.25+ 1+   0.25+ 0.25+ 1+   0.25+ 0.25+ 1+   0.25+            

                 1     0.25 0.25  1     0.25 0.25  1     0.25 0.25             

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0     0    0     0     0    0     0     0    0               

     Unwanted plants:                                                          

     Avena fatua 80    84   100   70    62   94    82    87   100              

     Echinochloa crus-galli                                                    

                 90    93   100   74    70   92    83    89    97              

     Matricaria chamomilla                                                     

                 93    78    91   95    82   90    93    92    90              

     Active ingredient                                                         

                 I + VI + XII   I + VII + XII  I + VIII +  XII                 

                                                              I+XII+XI         

     kg/ha       1+1+2                                                         

                      1+2+1                                                    

                           2+1+1                                               

                                1+1+2                                          

                                     1+2+1                                     

                                          2+1+1                                

                                               1+1+2                           

                                                    1+2+1                      

                                                         2+1+1                 

                                                              1+1+2            

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    20   0    0    20   0    0    20  100              

     Avena fatua 100  100  100  100  100  100  100  100  100  100              

     Echinochloa crus-galli                                                    

                 100  100  100  100  100  100  100  100  100  100              

     Matricaria chamomilla                                                     

                 100  100  100  100  100  100  100  100  100  100              

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 18
PAR  In the open, various plants were treated at a growth height of from 2 to 10
      cm with the following amounts of the following individual active
      ingredients and compositions thereof as dispersions:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate,
      0.25, 0.5 and 1 kg/ha;
PA1  Vi. .alpha.,.alpha.-dichloropropionic acid, sodium slat, 0.25, 0.5 and 1
      kg/ha;
PA1  Xiii. 3-cyclohexyl-5,6-trimethylene uracil, 0.25, 0.5 and 1 kg/ha;
PA1  Xv. 4-chlorobutyn-2-yl-1 N-3-chlorophenylcarbamate, 0.25, 0.5 and 1 kg/ha;
PA1  Xvi. 3-methoxycarbonylaminophenyl-N-(3'-methylphenyl)-carbamate, 0.25, 0.5
      and 1 kg/ha;
PA1  Xvii. methyl .alpha.-chloro-.beta.-(4-chlorophenyl)-propionate, 0.25, 0.5
      and 1 kg/ha;
PA1  I + xiii + xv: 0.25+0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25 kg/ha;
PA1  I + xiii + xvii: 0.25+0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25 kg/ha;
PA1  I + xiii + xvi: 0.25 +0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25 kg/ha;
PA1  I + xiii + vi: 0.25+0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25 kg/ha;
PAR  After 12 to 15 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
TBL  Active ingredient                                                         

                      I           VI           XIII         XV                 

     kg/ha        0.25                                                         

                      0.5 1   0.25                                             

                                  0.5  1   0.25                                

                                               0.5  1   0.25                   

                                                            0.5 1              

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                   0   0   0   0   0    0   0   0    0  0   0    0             

     Unwanted plants:                                                          

     Avena fatua  17  30  35  11  16   27  10  15   35  10  30  70             

     Echinochloa crus-galli                                                    

                  12  27  45  15  22   35  14  28   48  0   5   12             

     Matricaria chamomilla                                                     

                  10  23  34   6  10   15  15  24   45  1   6   10             

     Active ingredient                                                         

                      XVI         XVII                                         

     kg/ha        0.25                                                         

                      0.5 1   0.25                                             

                                  0.5  1                                       

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0   0  0   0    0                                       

     Avena fatua  0    3  20  15  30   45                                      

     Echinochloa crus-galli                                                    

                  0   10  15  0   0    2                                       

     Matricaria chamomilla                                                     

                  7   20  30  0   0    2                                       

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

                 I + XIII + XV    I + XIII + XVII  I + XIII + XVI              

     kg/ha       0.25+ 0.25+                                                   

                            0.5+  0.25+ 0.25+                                  

                                             0.5+  0.25+ 0.25+                 

                                                              0.5+             

                 0.25+ 0.5+ 0.25+ 0.25+ 0.5+ 0.25+ 0.25+ 0.5+ 0.25+            

                 0.5   0.25 0.25  0.5   0.25 0.25  0.5   0.25 0.25             

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0     0    0     0     0    0     0     0    0               

     Unwanted plants:                                                          

     Avena fatua 95    76   87    88    80   90    76    72   76               

     Echinochloa crus-galli                                                    

                 68    80   76    70    75   78    70    74   72               

     Matricaria chamomilla                                                     

                 65    70   82    82    70   75    87    85   87               

     Active ingredient                                                         

                 I + XIII + VI                                                 

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0     0    0                                                 

     Avena fatua 77    80   87                                                 

     Echinochloa crus-galli                                                    

                 85    90   92                                                 

     Matricaria chamomilla                                                     

                 70    82   85                                                 

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 19
PAR  In the greenhouse, various plants were treated at a growth height of from
      1.5 to 12 cm with the following amounts of the following individual active
      ingredients and compositions thereof as tankmix emulsions:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate,
      0.25, 0.5 and 1 kg/ha;
PA1  Xii. 1-phenyl-4-amino-5-chloropyridazone-(6), 0.25, 0.5 and 1 kg/ha;
PA1  Xxi. benzyl .alpha.,.alpha.-dichloropropionate, 0.25, 0.5 and 1 kg/ha;
PA1  Xxii. .beta.-chloroethyl .alpha.,.alpha.-dichloropropionate, 0.25, 0.5 and
      1 kg/ha;
PA1  I + xii + xxi: 0.25+0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25 kg/ha;
PA1  I + xii + xxii: 0.25+0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25 kg/ha.
PAR  After 12 to 15 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         

                      I           XII         XXI          XXII                

     kg/ha        0.25                                                         

                      0.5 1   0.25                                             

                                  0.5 1   0.25                                 

                                              0.5  1   0.25                    

                                                           0.5  1              

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                   0   0   0   0   0   0   0   0    0   0   0    0             

     Unwanted plants:                                                          

     Avena fatua  17  30  55   7  11  12  13  19   30  11  16   28             

     Echinochloa crus-galli                                                    

                  12  27  45  10  15  25  18  26   38  15  24   35             

     Matricaria chamomilla                                                     

                  10  23  34  15  35  45   8  14   18   6  13   16             

     Active ingredient                                                         

                 I + XII + XXI  I + XII + XXII                                 

     kg/ha       0.25+                                                         

                      0.25+                                                    

                           0.5+ 0.25+                                          

                                     0.25+                                     

                                          0.5+                                 

                 0.25+                                                         

                      0.5+ 0.25+                                               

                                0.25+                                          

                                     0.5+ 0.25+                                

                 0.5  0.25 0.25 0.5  0.25 0.25                                 

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0                                   

     Avena fatua 81   80   87   78   76   84                                   

     Echinochloa crus-galli                                                    

                 86   82   91   83   80   89                                   

     Matricaria chamomilla                                                     

                 78   90   83   75   87   82                                   

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 20
PAR  In the greenhouse, various plants were treated at a growth height of from 2
      to 17 cm with the following amounts of the following individual active
      ingredients and compositions thereof as oil dispersions:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate,
      0.25, 0.5 and 1 kg/ha;
PA1  X. 3,4,5-tribromo-N,N-.alpha.-trimethylpyrazole-1-acetamide, 0.25, 0.5 and
      1 kg/ha;
PA1  Xii. 1-phenyl-4-amino-5-chloropyridazone-(6), 0.25, 0.5 and 1 kg/ha;
PA1  Xiii. 3-cyclohexyl-5,6-trimethylene uracil, 0.5, 0.5 and 1 kg/ha;
PA1  Xviii. 1,2-dimethyl-3,5-diphenylpyrazolium methyl sulfate, 0.25, 0.5 and 1
      kg/ha;
PA1  I + x + xviii: 0.25+0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25 kg/ha;
PA1  I + xii + xviii: 0.25+0.25+ 0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25 kg/ha;
PA1  I + xiii + xviii: 0.25+0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25 kg/ha.
PAR  After 12 to 15 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         

                     I            X           XII          XIII                

     kg/ha       0.25                                                          

                     0.5  1   0.25                                             

                                  0.5 1   0.25                                 

                                              0.5  1   0.25                    

                                                           0.5  1              

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0   0    0  0    0   7   0   0    0   0   0    0             

     Unwanted plants:                                                          

     Avena fatua 17  30   55  8   17  75   7  11   12  10  15   35             

     Echinochloa crus-galli                                                    

                 12  27   45  9   20  50  10  15   25  14  28   48             

     Matricaria chamomilla                                                     

                 10  23   34  15  24  43  15  35   45  15  24   45             

     Active ingredient                                                         

                     XVIII                                                     

     kg/ha       0.25                                                          

                     0.5  1                                                    

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0   0    0                                                    

     Avena fatua 15  32   49                                                   

     Echinochloa crus-galli                                                    

                 0   0    3                                                    

     Matricaria chamomilla                                                     

                 0   0    5                                                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

                 I + XII + X      I + XIII + XVIII I + XII + XVIII             

     kg/ha       0.25+ 0.25+                                                   

                            0.5+  0.25+ 0.25+                                  

                                             0.5+  0.25+ 0.25+                 

                                                              0.5+             

                 0.25+ 0.5+ 0.25+ 0.25+ 0.5+ 0.25+ 0.25+ 0.5+ 0.25+            

                 0.5   0.25 0.25  0.5   0.25 0.25  0.5   0.25 0.25             

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0     0    0     0     0    0     0     0    0               

     Unwanted plants:                                                          

     Avena fatua 83    76   78    95    83   90    98    79   87               

     Echinochloa crus-galli                                                    

                 80    72   86    60    74   76    60    62   72               

     Matricaria chamomilla                                                     

                 87    85   95    76    70   75    62    86   75               

     __________________________________________________________________________

      0 = no damage                                                            

      100 = complete destruction                                               

PAC  EXAMPLE 21
PAR  In the greenhouse, various plants were treated at a growth height of from 2
      to 19 cm with the following amounts of the following individual active
      ingredients and compositions thereof as emulsions:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate,
      0.25, 0.5 and 1 kg/ha;
PA1  Xv. 4-chlorobutyn-2-yl-1 N-3-chlorophenylcarbamate, 0.25, 0.5 and 1 kg/ha;
PA1  Xvi. 3-methoxycarbonylaminophenyl-N-(3'-methylphenyl)-carbamate, 0.25, 0.5
      and 1 kg/ha;
PA1  Xviii 1,2-dimethyl-3,5-diphenylpyrazolium methyl sulfate, 0.25, 0.5 and 1
      kg/ha;
PA1  I + xv + xviii: 0.25+0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25 kg/ha;
PA1  I + xvi + xviii: 0.25+0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25 kg/ha.
PAR  After 10 to 14 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
TBL  Active ingredient                                                         

                      I            XV          XVI         XVIII               

     kg/ha       0.25 0.5 1   0.25 0.5 1   0.25                                

                                               0.5 1   0.25                    

                                                           0.5  1              

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0   0  0    0    0  0    0   0  0   0    0              

     Unwanted plants:                                                          

     Avena fatua 17   30  55  10   30  70  0    3  20  15  32   49             

     Echinochloa crus-galli                                                    

                 12   27  45  0    5   12  0   10  15  0   0    3              

     Matricaria chamomilla                                                     

                 10   23  34  1    6   10  7   20  30  0   0    5              

     Active ingredient                                                         

                 I + XV + XVIII I + XVI + XVIII                                

     kg/ha       0.25+                                                         

                      0.25+                                                    

                           0.5+ 0.25+                                          

                                     0.25+                                     

                                          0.5+                                 

                 0.25+                                                         

                      0.5+ 0.25+                                               

                                0.25+                                          

                                     0.5+ 0.25+                                

                 0.5  0.25 0.25 0.5  0.25 0.25                                 

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0                                   

     Avena fatua 97   95   82   87   70   80                                   

     Echinochloa crus-galli                                                    

                 50   53   64   50   60   62                                   

     Matricaria chamomilla                                                     

                 47   50   60   55   66   72                                   

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 22
PAR  In the open, various plants were treated at a growth height of from 2 to 10
      cm with the following amounts of the following individual active
      ingredient and compositions thereof as dispersions or emulsions:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate,
      0.25, 0.5 and 1 kg/ha;
PA1  V. .alpha.,.alpha.-dichloropropionic acid, sodium salt, 0.25, 0.5 and 1
      kg/ha;
PA1  Vii. trichloroacetic acid, sodium salt, 0.25, 0.5 and 1 kg/ha;
PA1  Xv. 4-chlorobutyn-2-yl-1 N-3-chlorophenylcarbamate, 0.25, 0.5 and 1 kg/ha;
PA1  Xvi. 3-methoxycarbonylaminophenyl-N-(3'-methylphenyl)-carbamate, 0.25, 0.5
      and 1 kg/ha;
PA1  Xvii methyl .alpha.-chloro-.beta.-(4-chlorophenyl)-propionate, 0.25, 0.5
      and 1 kg/ha;
PA1  I + xv + vi: 0.25+0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25 kg/ha;
PA1  I + xv + vii: 0.25+0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25 kg/ha;
PA1  I + xv + xvii: 0.25+0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25 kg/ha;
PA1  I + xvi + vi: 0.25+0.25+0.5, 0.25+0.5+0.25 and 0.50+0.25+0.25 kg/ha;
PA1  I + xvi + vii: 0.25+0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25 kg/ha;
PA1  I + xvi + xvii: 0.25+0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25 kg/ha.
PAR  After 12 to 15 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         

                     I          VI         VII                                 

     kg/ha       0.25                                                          

                     0.5 1  0.25                                               

                                0.5 1  0.25                                    

                                           0.5 1                               

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                  0   0   0 0    0   0 0   0   0                               

     Solanum tuberosum                                                         

                  0   0   0 0    0   0 0   0   0                               

     Unwanted plants:                                                          

     Avena fatua 17  30  55 11  16  27 0   0   5                               

     Echinochloa crus-galli                                                    

                 12  27  45 15  22  35 0   5   10                              

     Matricaria chamomilla                                                     

                 10  23  34 6   10  15 5   9   20                              

     Active ingredient                                                         

                     XV         XVI        XVII                                

     kg/ha       0.25                                                          

                     0.5 1  0.25                                               

                                0.5 1  0.25                                    

                                           0.5 1                               

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0   0    0 0   0    0 0   0   0                               

     Solanum tuberosum                                                         

                 0   0    0 0   0    0 0   0   0                               

     Avena fatua 10  30  70 0   3   20 15  30  45                              

     Echinochloa crus-galli                                                    

                 0   5   12 0   10  15 0   0   2                               

     Matricaria chamomilla                                                     

                 1   6   10 7   20  30 0   0   2                               

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

                 I + XV + VI      I + XV + VII     I + XV + XVII               

     kg/ha       0.25+ 0.25+                                                   

                            0.5+  0.25+ 0.25+                                  

                                             0.5+  0.25+ 0.25+                 

                                                              0.5+             

                 0.25+ 0.5+ 0.25+ 0.25+ 0.5+ 0.25+ 0.25+ 0.5+ 0.25+            

                 0.5   0.25 0.25  0.5   0.25 0.25  0.5   0.25 0.25             

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                  0     0    0     0     0    0     0     0    0               

     Solanum tuberosum                                                         

                  0     0    0     0     0    0     0     0    0               

     Unwanted plants:                                                          

     Avena fatua 76    92   86    70    83   74    95    95   80               

     Echinochloa crus-galli                                                    

                 70    67   78    54    52   63    48    55   62               

     Matricaria chamomilla                                                     

                 60    61   67    63    56   65    44    50   60               

     Active ingredient                                                         

                 I + XVI + VI                                                  

                          I + XVI + VII                                        

                                   I +  XVI + XVII                             

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0  0  0  0  0  0  0  0  0                                    

     Solanum tuberosum                                                         

                  0  0  0  0  0  0  0  0  0                                    

     Avena fatua 64 67 76 50 55 65 84 70 82                                    

     Echinochloa crus-galli                                                    

                 70 71 80 55 58 62 47 57 64                                    

     Matricaria chamomilla                                                     

                 65 74 60 62 70 76 50 70 72                                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 23
PAR  In the greenhouse, various plants were treated at a growth height of from 2
      to 16 cm with the following amounts of the following individual active
      ingredients and compositions thereof as pastes:
PA1  Ii. isopropyl N-phenylcarbamate, 0.25, 1, 1.75 and 2 kg/ha;
PA1  Xii. 1-phenyl-4-amino-5-chloropyridazone-(6), 0.25, 1, 1.75 and 2 kg/ha;
PA1  Xiii. 3-cyclohexyl-5,6-trimethylene uracil, 0.25, 1, 1.75 and 2 kg/ha;
PA1  Xv. 4-chlorobutyn-2-yl-1 N-3-chlorophenylcarbamate, 0.25, 1, 1.75 and 2
      kg/ha;
PA1  Xviii. 1,2-dimethyl-3,5-diphenylpyrazolium methyl sulfate, 0.25, 1, 1.75
      and 2 kg/ha;
PA1  Xii + ii: 0.25+1.75, 1.75+0.25 and 1+1 kg/ha;
PA1  Xii + xv: 0.25+1.75, 1.75+0.25 and 1+1 kg/ha;
PA1  Xii + xviii: 0.25+1.75, 1.75+0.25 and 1+1 kg/ha;
PA1  Xiii+xviii: 0.25+1.75, 1.75+0.25 and 1+1 kg/ha.
PAR  After 12 to 15 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         

                 II            XII            XIII                             

     kg/ha       0.25                                                          

                     1  1.75                                                   

                            2  0.25                                            

                                   1   1.75                                    

                                           2  0.25                             

                                                  1  1.75                      

                                                         2                     

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0   0  0   0  0   0   0   0  0   0 10  15                    

     Unwanted plants:                                                          

     Avena fatua 10  30 60  65  7  12  19  22 10  35 65  75                    

     Echinochloa crus-galli                                                    

                  8  35 60  66 10  25  45  53 14  48 67  87                    

     Matricaria chamomilla                                                     

                 10  32 55  63 15  45  55  60 15  45 70  90                    

     Active ingredient                                                         

                 XV            XVIII                                           

     kg/ha       0.25                                                          

                     1  1.75                                                   

                            2  0.25                                            

                                   1   1.75                                    

                                           2                                   

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0    0  0   0 0   0    5   7                                  

     Avena fatua 10  70 85  90 15  49  80  83                                  

     Echinochloa crus-galli                                                    

                 0   12 24  30 0   3    5   7                                  

     Matricaria chamomilla                                                     

                 1   10 19  24 0   5   10  14                                  

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

                 XII + II      XII + XV      XII + XVIII                       

     kg/ha       0.25+                                                         

                      1.75+                                                    

                           1+1 0.25+                                           

                                    1.75+                                      

                                         1+1 0.25+                             

                                                  1.75+                        

                                                       1+1                     

                 1.75 0.25     1.75 0.25     1.75 0.25                         

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    0   0    0    0   0    0    0                      

     Unwanted plants:                                                          

     Avena fatua 100  65    80 100  67   100 100  72   94                      

     Echinochloa crus-galli                                                    

                 100  90    92  72  81    74  55  82   75                      

     Matricaria chamomilla                                                     

                 100  97   100  71  93    91  63  92   87                      

     Active ingredient                                                         

                 XIII + XVIII                                                  

     kg/ha       0.25+                                                         

                      1.75+                                                    

                           1+1                                                 

                 1.75 0.25                                                     

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0                                                  

     Avena fatua 100  100  100                                                 

     Echinochloa crus-galli                                                    

                  58   99   88                                                 

     Matricaria chamomilla                                                     

                  62  100   82                                                 

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 24
PAR  In the greenhouse, various plants were treated at a growth height of from 2
      to 8 cm with the following amounts of the following individual active
      ingredients and compositions thereof as dusts:
PA1  Ii. isopropyl N-phenylcarbamate, 0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Vi. .alpha.,.alpha.-dichloropropionic acid, sodium salt, 0.25, 0.5, 0.75
      and 1 kg/ha;
PA1  Vii. trichloroacetic acid, sodium salt, 0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Xiii. 3-cyclohexyl-5,6-trimethylene uracil, 0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Xv. 4-chlorobutyn-2-yl-1 N-3e-chlorophenylcarbamate, 0.25, 0.5, 0.75 and 1
      kg/ha;
PA1  Xiii + ii: 0.25+0.75, 0.75+0.25 and 0.5+0.5 kg/ha;
PA1  Xiii + vi: 0.25+0.75, 0.75+0.25 and 0.5+0.5 kg/ha;
PA1  Xiii + vii: 0.25+0.75, 0.75+0.25 and 0.5+0.5 kg/ha;
PA1  Xiii + xv: 0.25+0.75, 0.75+0.25 and 0.5+0.5 kg/ha.
PAR  After 12 to 15 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         

                 II             VI             VII                             

     kg/ha       0.25                                                          

                     0.5 0.75                                                  

                             1  0.25                                           

                                    0.5 0.75                                   

                                            1  0.25                            

                                                   0.5 0.75                    

                                                           1                   

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                 0   0   0   0  0   0   0   0  0   0   0   0                   

     Unwanted plants:                                                          

     Avena fatua 10  18  25  30 11  16  20  27 0   0   3   5                   

     Echinochloa crus-galli                                                    

                 8   15  27  35 15  22  30  35 0   5   9   10                  

     Matricaria chamomilla                                                     

                 10  16  25  32 6   10  14  15 5   9   13  20                  

     Active ingredient                                                         

                 XV             XIII                                           

     kg/ha       0.25                                                          

                     0.5 0.75                                                  

                             1  0.25                                           

                                    0.5 0.75                                   

                                            1                                  

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0   0   0   0  0   0   0   0                                  

     Avena fatua 10  30  47  70 10  15  26  35                                 

     Echinochloa crus-galli                                                    

                 0   5   10  12 14  28  40  48                                 

     Matricaria chamomilla                                                     

                 1   6   6   10 15  24  35  45                                 

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

                 XIII + II     XIII + XV     XIII + VI                         

     kg/ha       0.25+                                                         

                      0.75+                                                    

                           0.5+                                                

                               0.25+                                           

                                    0.75+                                      

                                         0.5+                                  

                                             0.25+                             

                                                  0.75+                        

                                                       0.5+                    

                 0.75 0.25 0.5 0.75 0.25 0.5 0.75 0.25 0.5                     

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    0   0    0    0   0    0    0                      

     Unwanted plants:                                                          

     Avena fatua 70   86   85  98   84   96  75   87   83                      

     Echinochloa crus-galli                                                    

                 76   91   79  60   77   70  80   92   87                      

     Matricaria chamomilla                                                     

                 84   77   76  55   70   67  61   78   70                      

     Active ingredient                                                         

                 XIII + VII                                                    

     kg/ha       0.25+                                                         

                      0.75+                                                    

                           0.5+                                                

                 0.75 0.25 0.5                                                 

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0                                                  

     Avena fatua 59   75   68                                                  

     Echinochloa crus-galli                                                    

                 60   78   81                                                  

     Matricaria chamomilla                                                     

                 61   72   77                                                  

     __________________________________________________________________________

       0 = no damage?                                                          

      100 = complete destruction                                               

PAC  EXAMPLE 25
PAR  In the greenhouse, loamy sandy soil was filled into pots and sown with the
      seeds of various plants. The soil prepared in this manner was subsequently
      treated with the following amounts of the following individual active
      ingredients and compositions thereof as dispersions:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate,
      0.25, 1.5 and 2 kg/ha;
PA1  Ii. isopropyl N-phenylcarbamate, 0.25 1.5 and 2 kg/ha;
PA1  Vi. .alpha.,.alpha.-dichloropropionic acid, sodium salt, 0.25, 1.5 and 2
      kg/ha;
PA1  Vii. trichloroacetic acid, sodium salt, 0.25, 1.5 and 2 kg/ha;
PA1  X. 3,4,5-tribromo-N,N-.alpha.-trimethylpyrazole-1-acetamide, 0.25, 1.5 and
      2 kg/ha;
PA1  Xix. 1-m-trifluoromethylphenyl-4-methylamino-5-chloropyridazone-(6), 0.25,
      1.5 and 2 kg/ha;
PA1  Xx. 1-m-trifluoromethylphenyl-4-dimethylamino-5-chloropyridazone-(6), 0.25,
      1.5 and 2 kg/ha;
PA1  I + ii + x: 0.25+0.25+1.5, 0.25+1.5+0.25 and 1.5+0.25+0.25 kg/ha;
PA1  I + vi + xix: 0.25+0.25+1.5, 0.25+1.5+0.25 and 1.5+0.25+0.25 kg/ha;
PA1  I + vi + xx: 0.25+0.25+1.5, 0.25+1.5+0.25 and 1.5+0.25+0.25 kg/ha;
PA1  I + vii + xix: 0.25+0.25+1.5, 0.25+1.5+0.25 and 1.5+0.25+0.25 kg/ha;
PA1  I + vii + xx: 0.25+0.25+1.5, 0.25+1.5+0.25 and 1.5+0.25+0.25 kg/ha.
PAR  After 12 to 15 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
TBL  __________________________________________________________________________

     Active ingredient                                                         

                     I          II         VI         VII                      

     kg/ha       0.25                                                          

                     1.5 2  0.25                                               

                                1.5 2  0.25                                    

                                           1.5 2  0.25                         

                                                      1.5 2                    

     __________________________________________________________________________

     Crop plant:                                                               

     Gossypium hirsutum                                                        

                  0   0   0  0   0   0 0    0   0 0   0    0                   

     Unwanted plants:                                                          

     Amaranthus retroflexus                                                    

                 10  58  70 12  40  58 0    5  10 0   6   10                   

     Echinochloa crus-galli                                                    

                 15  70  85 10  30  40 10  35  44 9   30  40                   

     Setaria faberii                                                           

                 15  67  80 10  28  37 13  38  53 10  30  35                   

     Active ingredient                                                         

                     X          XIX        XX                                  

     kg/ha       0.25                                                          

                     1.5 2  0.25                                               

                                1.5 2  0.25                                    

                                           1.5 2                               

     __________________________________________________________________________

     Gossypium hirsutum                                                        

                  0   0   0  0   0   0 0    0   0                              

     Amaranthus retroflexus                                                    

                 15  65  80  5  37  46 5   33  45                              

     Echinochloa crus-galli                                                    

                 15  75  95 10  53  65 5   37  48                              

     Setaria faberii                                                           

                 13  73  92  5  40  50 4   22  31                              

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  __________________________________________________________________________

     Active ingredient                                                         

                 I + II + X     I + VI + XIX   I + VI + XX                     

     kg/ha       0.25+                                                         

                      0.25+                                                    

                           1.5+ 0.25+                                          

                                     0.25+                                     

                                          1.5+ 0.25+                           

                                                    0.25+                      

                                                         1.5+                  

                 0.25+                                                         

                      1.5+ 0.25+                                               

                                0.25+                                          

                                     1.5+ 0.25+                                

                                               0.25+                           

                                                    1.5+ 0.25+                 

                 1.5  0.25 0.25 1.5  0.25 0.25 1.5  0.25 0.25                  

     __________________________________________________________________________

     Crop plant:                                                               

     Gossypium hirsutum                                                        

                  0    0    0    0    0    0    0    0    0                    

     Unwanted plants:                                                          

     Amaranthus retroflexus                                                    

                 100  97   100  84   59    95  80   60   96                    

     Chinochloa crus-galli                                                     

                 100  93   100  100  95   100  94   90   100                   

     Setaria faberii                                                           

                 100  90   100  98   92   100  87   91   100                   

     Active ingredient                                                         

                 I + VII + XIX  I + VII + XX                                   

     __________________________________________________________________________

     Gossypium hirsutum                                                        

                  0    0    0    0    0    0                                   

     Amaranthus retroflexus                                                    

                  83  59    97  79   58    95                                  

     Echinochloa crus1galli                                                    

                 100  92   100  94   88   100                                  

     Setaria faberii                                                           

                  98  88   100  85   87   100                                  

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 26
PAR  In the open, various plants were treated at a growth height of from 2 to 10
      cm with the following amounts of the following individual active
      ingredients and compositions thereof as oil dispersions:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate,
      0.25, 0.5 and 1 kg/ha;
PA1  Ii. isopropyl N-phenylcarbamate, 0.25, 0.5 and 1 kg/ha;
PA1  Vi. .alpha.,.alpha.-dichloropropionic acid, sodium salt, 0.25, 0.5 and 1
      kg/ha;
PA1  Vii. trichloroacetic acid, sodium salt, 0.25, 0.5 and 1 kg/ha;
PA1  Viii. .alpha.,.alpha..beta.,.beta.-tetrafluoropropionic acid, sodium salt,
      0.25, 0.5 and 1 kg/ha;
PA1  Ix. 1,1,1-trifluoro-4'-(phenylsulfonyl)-methanesulfone-o-toluidide, 0.25,
      0.5 and 1 kg/ha;
PA1  X. 3,4,5-tribromo-N,N-.alpha.-trimethylpyrazole-1-acetamide, 0.25, 0.5 and
      1 kg/ha;
PA1  Xii. 1-phenyl-4-amino-5-chloropyridazone-(6), 0.25, 0.5 and 1 kg/ha;
PA1  Xiii. 3-cyclohexyl-5,6-trimethylene uracil, 0.25, 0.5 and 1 kg/ha;
PA1  Xv. 4-chlorobutyn-2-yl-1 N-3-chlorophenylcarbamate, 0.25, 0.5 and 1 kg/ha;
PA1  Xvi. 3-methoxycarbonylaminophenyl-N-(3'-methylphenyl)-carbamate, 0.25, 0.5
      and 1 kg/ha;
PA1  Xviii. methyl .alpha.-chloro-.beta.-(4-chlorophenyl)-propionate, 0.25, 0.5
      and 1 kg/ha;
PA1  Xviii. 1,2-dimethyl-3,5-diphenylpyrazolium methyl sulfate, 0.25, 0.5 and 1
      kg/ha;
PA1  Xi+vii+xiii, xv+vii+xiii, xv+vii+xiii, xvi+vi+xviii, xvi+vii+xviii,
      xvi+viii+xviii, xvi+xvii+xviii, xvi+vi+xiii, xvi+vii+xii, xvi+viii+xiii,
      xvi+xvii+xiii, ii+viii+xiii, ii+vii+xiii, xv+vi+xviii, xv+vii+xviii,
      xv+viii+xviii, xv+xvii+xviii, xv+vi+xiii, ii+vi+x, ii+vii+x, ii+vi+xviii,
      ii+xvii+xviii, ii+vi+ix, ii+vi+xiii, ii+xvii+xiii, i+ii+xvii, i+ii+xviii,
      i+vi+xviii, i+xvii+xii, i+xvii+xviii, i+x+xviii, i+ix+xviii, each of these
      compositions at rates of 0.25+0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25
      kg/ha.
PAR  After 12 to 16 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
TBL  __________________________________________________________________________

     Active ingredient                                                         

                     I          II         VI         VII                      

     kg/ha       0.25                                                          

                     0.5 1  0.25                                               

                                0.5 1  0.25                                    

                                           0.5 1  0.25                         

                                                      0.5 1                    

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0   0   0 0    0   0 0    0   0 0   0    0                   

     Unwanted plants:                                                          

     Avena fatua 17  30  55 10  18  30 11  16  27 0   0    5                   

     Echinochloa crus-galli                                                    

                 12  27  45 8   15  35 15  22  35 0   5   10                   

     Matricaria chamomilla                                                     

                 10  23  34 10  16  32 6   10  15 5   9   20                   

     Active ingredient                                                         

                     VIII       IX         X          XII                      

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0   0   0 0    0   0 0    0   7 0   0    0                   

     Avena fatua 12  15  25 0   10  55 8   17  75 7   11  12                   

     Echinochloa crus-galli                                                    

                 10  14  30 10  20  34 9   20  50 10  15  25                   

     Matricaria chamomilla                                                     

                  6  10  20 8   15  20 15  24  43 15  35  45                   

     __________________________________________________________________________

TBL  __________________________________________________________________________

     Active ingredient                                                         

                     XIII       XV         XVI        XVII                     

     kg/ha       0.25                                                          

                     0.5 1  0.25                                               

                                0.5 1  0.25                                    

                                           0.5 1  0.25                         

                                                      0.5 1                    

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0   0   0 0   0    0 0    0   0 0   0   0                    

     Unwanted plants:                                                          

     Avena fatua 10  15  35 10  30  70 0    3  20 15  30  45                   

     Echinochloa crus-galli                                                    

                 14  28  48 0   5   12 0   10  15 0   0   2                    

     Matricaria chamomilla                                                     

                 15  24  40 1   6   10 7   20  30 0   0   2                    

     Active ingredient                                                         

                 XVIII                                                         

     kg/ha       0.25                                                          

                     0.5 1                                                     

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0   0   0                                                     

     Avena fatua 15  32  49                                                    

     Echinochloa crus-galli                                                    

                 0   0   3                                                     

     Matricaria chamomilla                                                     

                 0   0   5                                                     

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  __________________________________________________________________________

     Active ingredient                                                         

                 I + II + XVII  I + II + XVIII I + VI + XVIII                  

     kg/ha       0.25+                                                         

                      0.25+                                                    

                           0.5+ 0.25+                                          

                                     0.25+                                     

                                          0.5+ 0.25+                           

                                                    0.25+                      

                                                         0.5+                  

                 0.25+                                                         

                      0.5+ 0.25+                                               

                                0.25+                                          

                                     0.5+ 0.25+                                

                                               0.25+                           

                                                    0.5+ 0.25+                 

                 0.5  0.25 0.25 0.5  0.25 0.25 0.5  0.25 0.25                  

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Unwanted plants:                                                          

     Avena fatua 95   87   92   97   85   80   96   85   95                    

     Echinochloa crus-galli                                                    

                 60   65   70   62   66   72   64   72   80                    

     Matricaria chamomilla                                                     

                 65   62   68   65   62   70   55   58   64                    

     Active ingredient                                                         

                 I + XVII +XII  I + XVII + XVIII                               

                                               I + X + XVIII                   

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0   0     0    0    0                    

     Avena fatua 80   96   90   100  97   100  95   87   90                    

     Echinochloa crus-galli                                                    

                 65   50   75   50   50   65   60   70   75                    

     Matricaria chamomilla                                                     

                 87   68   80   50   47   60   67   72   80                    

     Active ingredient                                                         

                 I + IX + XVIII II + VI + X    II + VII + X                    

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Avena fatua 87   80   82   79   70   75   70   60   65                    

     Echinochloa crus-galli                                                    

                 60   70   75   80   76   77   65   60   67                    

     Matricaria chamomilla                                                     

                 55   67   70   85   72   80   80   75   75                    

     Active ingredient                                                         

                 II + VI + XVIII                                               

                                II + XVII + XVIII                              

                                               II + VI + IX                    

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Unwanted plants:                                                          

     Avena fatua 97   86   80   95   92   85   70   65   70                    

     Echinochloa crus-galli                                                    

                 65   70   68   50   45   54   80   77   78                    

     Matricaria chamomilla                                                     

                 60   65   60   52   50   52   70   66   72                    

     Active ingredient                                                         

                 II + VI + XIII II + VII + XIII                                

                                               II + VIII + XIII                

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Avena fatua 73   75   76   60   58   65   75   72   75                    

     Echinochloa crus-galli                                                    

                 78   80   82   75   65   68   85   75   76                    

     Matricaria chamomilla                                                     

                 82   72   75   80   75   75   80   72   80                    

     Active ingredient                                                         

                 II + XVII + XIII                                              

                                XV + VI + XVIII                                

                                                XV + VII + XVIII               

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Avena fatua 76   87   80   90   80   92   80   70   80                    

     Echinochloa crus-galli                                                    

                 72   60   65   60   60   58   20   40   40                    

     Matricaria chamomilla                                                     

                 72   66   70   40   47   50   35   50   47                    

     Active ingredient                                                         

                 XV + VIII + XVIII                                             

                                XV + XVII + XVIII                              

                                               XV + VI + XIII                  

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Unwanted plants:                                                          

     Avena fatua 90   77   95   95   90   97   70   72   87                    

     Echinochloa crus-galli                                                    

                 45   50   50   25   22   42   80   70   70                    

     Matricaria chamomilla                                                     

                 40   45   50   30   28   45   70   60   65                    

     Active ingredient                                                         

                 XV + VII +  XIII                                              

                                XV + VIII + XIII                               

                                               XV + XVII + XIII                

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Avena fatua 68   63   78   75   72   90   76   86   90                    

     Echinochloa crus-galli                                                    

                 65   57   56   75   65   66   65   50   55                    

     Matricaria chamomilla                                                     

                 70   66   68   73   60   65   62   55   60                    

     Active ingredient                                                         

                 XVI + VI + XVIII                                              

                                XVI + VII + XVIII                              

                                               XVI + VIII + XVIII              

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Avena fatua 80   68   65   70   53   63   80   70   69                    

     Echinochloa crus-galli                                                    

                 50   60   60   18   40   55   50   52   58                    

     Matricaria chamomilla                                                     

                 55   55   68   50   50   72   50   55   63                    

     Active ingredient                                                         

                 XVI + XVII + XVIII                                            

                                XVI + VI + XIII                                

                                               XVI + VII + XIII                

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Unwanted plants:                                                          

     Avena fatua 84   82   70   58   63   60   52   48   50                    

     Echinochloa crus-galli                                                    

                 30   22   47   80   73   77   65   57   60                    

     Matricaria chamomilla                                                     

                 45   45   56   75   70   78   72   68   78                    

     Active ingredient                                                         

                 XVI + VIII + XIII                                             

                                XVI + XVII + XIII                              

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0                                   

     Avena fatua 65   63   62   68   78   64                                   

     Echinochloa crus-galli                                                    

                 75   64   70   66   62   60                                   

     Matricaria chamomilla                                                     

                 74   70   79   69   58   73                                   

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 27
PAR  In the greenhouse, various plants were treated at a growth height of from 2
      to 15 cm with the following amounts of the following individual active
      ingredients and compositions thereof as emulsions:
PA1  Ii. isopropyl N-phenylcarbamate, 0.25 0.5 and 1 kg/ha;
PA1  Vi. .alpha.,.alpha.-dichloropropionic acid, sodium salt, 0.25, 0.5 and 1
      kg/ha;
PA1  Vii. trichloroacetic acid, sodium salt, 0.25, 0.5 and 1 kg/ha;
PA1  Viii. .alpha.,.alpha.,.beta.,.beta.-tetrafluoropropionic acid, sodium salt,
      0.25, 0.5 and 1 kg/ha;
PA1  Ix. 1,1,1-trifluoro-4'-(phenylsulfonyl)-methansulfone-o-toluidide, 0.25,
      0.5 and 1 kg/ha;
PA1  X. 3,4,5-tribromo-N,N-.alpha.-trimethylpyrazole-1-acetamide, 0.25, 0.5 and
      1 kg/ha;
PA1  Xii. 1-phenyl-4-amino-5-chloropyridazone-(6), 0.25, 0.5 and 1 kg/ha;
PA1  Xiii. 3-cyclohexyl-5,6-trimethylene uracil, 0.25, 0.5 and 1 kg/ha;
PA1  Xv. 4-chlorobutyn-2yl-1 N-3-chlorophenylcarbamate, 0.25, 0.5 and 1 kg/ha;
PA1  Xvi. 3-methoxycarbonylaminophenyl-N-(3'-methylphenyl)-carbamate, 0.25, 0.5
      and 1 kg/ha;
PA1  Xvii. methyl .alpha.-chloro-.beta.-(4-chlorophenyl)-propionate, 0.25, 0.5
      and 1 kg/ha;
PA1  Xviii. 1,2-dimethyl-3,5-diphenylpyrazolium methyl sulfate, 0.25, 0.5 and 1
      kg/ha;
PA1  Ii+vi+xii, ii+vii+xii, ii+viii+xii, ii+xvii+xii, vi+x+xii, x+xvii+ix,
      x+xviii+xiii, x+xviii+xii, xv+vi+xii, xv+vii+xii, xv+vii+xii, xv+xvii+xii,
      xvi+vi+xii, xvi+vii+xii, xvi+vii+xii, xvi+xvii+xii, xvii+x+xviii,
      xviii+ix+xii, xviii+ix+xiii, each of these compositions at rates of
      0.25+0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25 kg/ha.
PAR  After 10 to 14 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         

                     II         VI          VII       VIII                     

     kg/ha       0.25                                                          

                     0.5 1  0.25                                               

                                0.5 1  0.25                                    

                                           0.5 1  0.25                         

                                                      0.5  1                   

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                 0    0   0 0    0   0 0   0    0  0   0    0                  

     Unwanted plants:                                                          

     Avena fatua 10  18  30 11  16  27 0   0    5 12  15   25                  

     Echinochloa crus-galli                                                    

                 8   15  35 15  22  35 0   5   10 10  14   30                  

     Matricaria chamomilla                                                     

                 10  16  31 6   10  15 5   9   20  6  10   20                  

     Active ingredient                                                         

                     IX         X          XII        XIII                     

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0    0   0 0    0   7 0   0    0  0   0    0                  

     Avena fatua 0   10  55 8   17  75 7   11  12 10  15   35                  

     Echinochloa crus-galli                                                    

                 10  20  34 9   20  50 10  15  25 14  28   48                  

     Matricaria chamomilla                                                     

                 8   15  20 15  24  43 15  35  45 15  24   45                  

     Active ingredient                                                         

                     XV         XVI        XVII       XVIII                    

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0    0   0 0    0   0 0   0    0  0   0    0                  

     Avena fatua 10  30  70 0    3  20 15  30  45 15  32   49                  

     Echinochloa crus-galli                                                    

                 0    5  12 0   10  15 0   0    2  0   0    3                  

     Matricaria chamomilla                                                     

                 1    6  10 7   20  30 0   0    2  0   0    5                  

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

                 II + VI + XII  II + VII + XII II + VIII + XII                 

     kg/ha       0.25+                                                         

                      0.25+                                                    

                           0.5+ 0.25+                                          

                                     0.25+                                     

                                          0.5+ 0.25+                           

                                                    0.25+                      

                                                         0.5+                  

                 0.25+                                                         

                      0.5+ 0.25+                                               

                                0.25+                                          

                                     0.5+ 0.25+                                

                                               0.25+                           

                                                    0.5+ 0.25+                 

                 0.5  0.25 0.25 0.5  0.25 0.25 0.5  0.25 0.25                  

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Unwanted plants:                                                          

     Avena fatua 60   70   70   60   54   62   70   68   74                    

     Echinochloa crus-galli                                                    

                 62   76   74   60   60   63   70   70   70                    

     Matricaria chamomilla                                                     

                 90   76   75   87   70   74   90   76   74                    

     Active ingredient                                                         

                 II + XVII + XII                                               

                                VI + X + XII   X + XVIII + IX                  

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Avena fatua 73   83   76   66   70   67   70   75   67                    

     Echinochloa crus-galli                                                    

                 59   55   63   80   80   77   64   55   65                    

     Matricaria chamomilla                                                     

                 83   67   70   93   87   81   68   60   70                    

     Active ingredient                                                         

                 X + XVIII + XIII                                              

                                X + XVIII + XII                                

                                               XV + VI + XII                   

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Avena fatua 75   85   80   70   83   73   68   70   83                    

     Echinochloa crus-galli                                                    

                 74   60   70   62   55   65   66   69   65                    

     Matricaria chamomilla                                                     

                 80   72   78   87   73   77   85   64   65                    

     Active ingredient                                                         

                 XV + VII + XII XV + VIII +  XII                               

                                               XV + XVII + XII                 

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Unwanted plants:                                                          

     Avena fatua 57   53   74   70   69   84   73   82   88                    

     Echinochloa crus-galli                                                    

                 52   50   52   63   58   60   52   47   49                    

     Matricaria chamomilla                                                     

                 83   67   63   80   63   66   70   55   60                    

     Active ingredient                                                         

                 XVI + VI + XII XVI + VII + XII                                

                                               XVI + VIII + XII                

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Avena fatua 58   60   57   46   42   43   55   56   57                    

     Echinochloa crus-galli                                                    

                 67   70   72   51   50   56   61   59   66                    

     Matricaria chamomilla                                                     

                 90   69   80   85   68   76   83   68   79                    

     Active ingredient                                                         

                 XVI + XVII + XII                                              

                                XVII + X + XVIII                               

                                               XVIII + IX + XII                

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Avena fatua 60   75   61   90   84   88   61   68   74                    

     Echinochloa crus-galli                                                    

                 50   44   56   42   56   40   59   65   56                    

     Matricaria chamomilla                                                     

                 78   60   70   53   60   51   80   71   61                    

     Active ingredient                                                         

                 XVIII + IX + XIII                                             

                                XII + XV + XVI                                 

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    0    0    0    0                                   

     Unwanted plants:                                                          

     Avena fatua 66   71   78   65   80   64                                   

     Echinochloa crus-galli                                                    

                 75   70   60   63   60   57                                   

     Matricaria chamomilla                                                     

                 70   67   60   80   70   85                                   

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 28
PAR  In the greenhouse, various plants were treated at a growth height of from 2
      to 12 cm with the following amounts of the following individual active
      ingredients and compositions thereof as oil dispersions:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate,
      0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Ii. isopropyl N-phenylcarbamate, 0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Vi. .alpha.,.alpha.-dichloropropionic acid, sodium salt, 0.25, 0.5, 0.75
      and 1 kg/ha;
PA1  Vii. trichloroacetic acid, sodium salt, 0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Viii. .alpha.,.alpha.,.beta.,.beta.-tetrafluoropropionic acid, sodium salt,
      0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Ix. 1,1,1 -trifluoro-4'-(phenylsulfonyl)-methanesulfone-o-toluidide, 0.25,
      0.5, 0.75 and 1 kg/ha;
PA1  X. 3,4,5-tribromo-N,N-.alpha.-trimethylpyrazole-1-acetamide, 0.25, 0.5,
      0.75 and 1 kg/ha;
PA1  Xii. 1-phenyl-4-amino-5-chloropyridazone-(6), 0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Xiii. 3-cyclohexyl-5,6-trimethylene uracil, 0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Xiv.
      1-(.alpha.,.alpha.-dimethyl-.beta.-acetoxypropionyl)-3-cyclohexyl-5,6-trim
     ethylene uracil, 0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Xv. 4-chlorobutyn-2-yl-1 N-3-chlorophenylcarbamate, 0.25, 0.5, 0.75 and 1
      kg/ha;
PA1  Xvi. 3-methoxycarbonylaminophenyl-N-(3'-methylphenyl)-carbamate, 0.25, 0.5,
      0.75 and 1 kg/ha;
PA1  Xvii. methyl.alpha.-chloro-.beta.-(4-chlorophenyl)-propionate, 0.25, 0.5,
      0.75 and 1 kg/ha;
PA1  Xviii. 1,2-dimethyl-3,5-diphenylpyrazolium methyl sulfate, 0.25, 0.5, 0.75
      and 1 kg/ha;
PA1  I+xviii, ii+xiv, ii+xvii, ii+xviii, vi+xii, vi+xiv, vi+xv, vi+xvi,
      vi+xviii, vii+xii, vii+xv, vii+xvi, vii+xviii, viii+xii, viii+xiii,
      viii+xv, viii+xvi, viii+xviii, ix+xviii, x+xviii, xv+xiv, xv+xvii,
      xv+xviii, xvi+xvii, xvi+xviii, xvii+xiii, xvii+xiv, xvii+xviii, xv+xvi,
      each of these compositions at rate of 0.25+0.75, 0.75+0.25 and 0.5+0.5
      kg/ha.
PAR  After 10 to 15 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         

                 I              II             VI                              

     kg/ha       0.25                                                          

                     0.5 0.75                                                  

                             1  0.25                                           

                                    0.5 0.75                                   

                                            1  0.25                            

                                                   0.5 0.75                    

                                                           1                   

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0   0   0   0  0   0   0   0  0   0   0   0                  

     Unwanted plants:                                                          

     Avena fatua 17  30  38  55 10  18  25  30 11  16  20  27                  

     Echinochloa crus-galli                                                    

                 12  27  40  45  8  15  27  35 15  22  30  35                  

     Matricaria chamomilla                                                     

                 10  23  30  34 10  16  25  32  6  10  14  15                  

     Active ingredient                                                         

                 VII            VIII           IX                              

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0   0   0    0  0   0   0   0 0    0   0   0                  

     Avena fatua 0   0   3    5 13  15  20  25 0   10  38  55                  

     Echinochloa crus-galli                                                    

                 0   5   9   10 10  14  23  30 10  20  30  34                  

     Matricaria chamomilla                                                     

                 5   9   13  20  6  10  17  20 8   15  18  20                  

     Active ingredient                                                         

                 X              XII            XIII                            

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0    0   5   7  0   0  0    0  0   0   0   0                  

     Avena fatua 8   17  70  75  7  11  12  12 10  15  26  35                  

     Echinochloa crus-galli                                                    

                 9   20  30  50 10  15  19  25 14  28  40  48                  

     Matricaria chamomilla                                                     

                 15  24  37  43 15  35  42  45 15  24  35  45                  

     Active ingredient                                                         

                 XIV            XV             XVI                             

     __________________________________________________________________________

     Crop plant:                                                               

      Beta vulgaris                                                            

                  0   0   0   0 0   0    0   0 0    0   0   0                  

     Unwanted plants:                                                          

     Avena fatua  7  30  32  36 10  30  47  70 0    3  10  20                  

     Echinochloa crus-galli                                                    

                 12  20  30  40 0   5   10  12 0   10  14  15                  

     Matricaria chamomilla                                                     

                 14  30  40  50 1   6    6  10 7   20  24  30                  

     Active ingredient                                                         

                 XVII           XVIII                                          

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0   0   0    0 0   0   0    0                                 

     Avena fatua 15  30  38  45 15  32  40  49                                 

     Echinochloa crus-galli                                                    

                 0   0   0    2 0   0   0    3                                 

     Matricaria chamomilla                                                     

                 0   0   0    2 0   0   0    9                                 

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

                  I + XVIII     II + XIV       II + XVII                       

     kg/ha        0.25+                                                        

                       0.75+                                                   

                            0.5+                                               

                                0.25+                                          

                                     0.75+                                     

                                          0.5+ 0.25+                           

                                                   0.75+ 0.5+                  

                  0.75 0.25 0.5 0.75 0.25 0.5  0.75                            

                                                   0.25  0.5                   

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    0   0    0    0    0    0     0                    

     Unwanted plants:                                                          

     Avena fatua  93   90   95  94   75   83   85   76    84                   

     Echinochloa crus-galli                                                    

                  60   74   64  63   65   57   40   63    52                   

     Matricaria chamomilla                                                     

                  52   72   60  55   67   60   45   66    53                   

     Active ingredient                                                         

                  II + XVIII    VI + XII       VI + XIV                        

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0   0    0    0    0    0     0                    

     Avena fatua  86   73   86  57   64   62   94   65    81                   

     Echinochloa crus-galli                                                    

                  42   63   49  70   76   74   62   66    66                   

     Matricaria chamomilla                                                     

                  44   65   54  86   70   83   48   52    50                   

     Active ingredient                                                         

                  VI + XI       VI + XVI       VI + XVIII                      

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0   0    0    0    0    0     0                    

     Avena fatua  93   70   82  58   57   55   88   70    85                   

     Echinochloa crus-galli                                                    

                  61   67   63  65   66   67   52   67    60                   

     Matricaria chamomilla                                                     

                  47   65   57  70   60   68   40   51    47                   

     Active ingredient                                                         

                  XVII + XIII   XVII + XIV     XVII + XVIII                    

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    0   0    0    0    0    0     0                    

     Unwanted plants:                                                          

     Avena fatua  77   83   81  96   83   95   90   87    94                   

     Echinochloa crus-galli                                                    

                  75   50   63  48   19   39   23   17    20                   

     Matricaria chamomilla                                                     

                  72   52   65  40   35   40   29   25    31                   

     Active ingredient                                                         

                  VIII + XIII   VIII + XI     VIII + XVI                       

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0   0    0    0    0    0     0                    

     Avena fatua  72   65   64  95   66   82   58   57    54                   

     Echinochloa crus-galli                                                    

                  86   73   76  57   60   56   60   60    59                   

     Matricaria chamomilla                                                     

                  80   70   71  49   53   50   72   61    68                   

     Active ingredient                                                         

                  VIII + XVIII  IX + XVIII     X + XVIII                       

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0   0    0    0    0    0     0                    

     Avena fatua  87   70   82  73   87   76   80   100   85                   

     Echinochloa crus-galli                                                    

                  46   58   50  46   65   54   48   68    55                   

     Matricaria chamomilla                                                     

                  39   53   47  42   53   55   50   73    60                   

     Active ingredient                                                         

                  VII + XII     VII + XV       VII + XVI                       

     __________________________________________________________________________

      Crop plant:                                                              

     Beta vulgaris                                                             

                  0    0    0   0    0    0    0    0     0                    

     Unwanted plants:                                                          

     Avena fatua  48   46   46  83   55   70   46   39    40                   

     Echinochloa crus-galli                                                    

                  55   55   54  47   43   46   50   44    51                   

     Matricaria chamomilla                                                     

                  80   64   82  45   50   52   70   63    70                   

     Active ingredient                                                         

                  VII + XVIII   VIII + XII     XV + XVII                       

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0   0    0    0    0    0     0                    

     Avena fatua  74   56   68  60   63   60   82   96    94                   

     Echinochloa crus-galli                                                    

                  20   44   40  64   68   66   22   47    40                   

     Matricaria chamomilla                                                     

                  38   50   46  80   70   84   30   39    42                   

     Active ingredient                                                         

                  XV + XVIII    XVI + XVII     XVI + XVIII                     

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0   0    0    0    0    0     0                    

     Avena fatua  86   96   97  73   61   67   72   61    70                   

     Echinochloa crus-galli                                                    

                  24   45   40  20   49   46   22   49    43                   

     Matricaria chamomilla                                                     

                  27   43   39  40   60   58   43   60    56                   

     Active ingredient                                                         

                  XV + XIV      XV + XVI                                       

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    0   0    0    0                                    

     Unwanted plants:                                                          

     Avena fatua  95   93   96  60   95   78                                   

     Echinochloa crus-galli                                                    

                  46   47   47  58   52   60                                   

     Matricaria chamomilla                                                     

                  40   42   50  67   50   70                                   

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 29
PAR  In the greenhouse, loamy sandy soil was filled into pots and sown with the
      seeds of various plants. The soil prepared in this manner was subsequently
      treated with the following amounts of the following individual active
      ingredients and compositions thereof as granules:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5 -benzofuranyl methane sulfonate;
      0.25, 0.5 and 1 kg/ha;
PA1  Ii. isopropyl N-phenylcarbamate, 0.25, 0.5 and 1 kg/ha;
PA1  Vi. .alpha.,.alpha.-dichloropropionic acid, sodium salt, 0.25, 0.5 and 1
      kg/ha;
PA1  Vii. trichloroacetic acid, sodium salt, 0.25, 0.5 and 1 kg/ha;
PA1  Viii. .alpha.,.alpha.,.beta.,.beta.-tetrafluoropropionic acid, sodium salt,
      0.25, 0.5 and 1 kg/ha;
PA1  Ix. 1,1,1-trifluoro-4'-(phenylsulfonyl)-methanesulfone-o-toluidide, 0.25,
      0.5 and 1 kg/ha;
PA1  X. 3,4,5-tribromo-N,N-.alpha.-trimethylpyrazole-1-acetamide, 0.25, 0.5 and
      1 kg/ha;
PA1  Xii. 1-phenyl-4-amino-5-chloropyridazone-(6), 0.25, 0.5 and 1 kg/ha
PA1  Xiii. 3-cyclohexyl-5,6-trimethylene uracil, 0.25, 0.5 and 1 kg/ha;
PA1  Vi+x+xiii, vii+x+xiii, vi+x+xii, ix+xiii+xii, ii+vi+xiii, ii+vii+xiii,
      ii+viii+xiii, ii+vi+xii, ii+vii+xii, ii+viii+xii, vi+x+ix, i+vii+xiii,
      i+vi+xiii, i+ix+xiii, ii+vi+x, ii+vii+x, ii+vi+ix, ii+vii+ix, i+ii+x,
      i+ii+ix, i+ii+xiii, i+vi+x, i+vi+ix, ii+xii+xiii, i+vii+ix, each of these
      compositions at rates of 0.25+0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25
      kg/ha.
PAR  After 18 to 24 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         

                     I          II         VI         VII                      

     kg/ha       0.25                                                          

                     0.5 1  0.25                                               

                                0.5 1  0.25                                    

                                           0.5 1  0.25                         

                                                      0.5 1                    

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                 0   2.5 4  0   0   0  0   0   0  0   0   0                    

     Unwanted plants:                                                          

     Avena fatua 10  16  40 7   12  30 10  15  27 10  10  24                   

     Echinochloa crus-galli                                                    

                 15  30  50 10  11  18 10  10  23 9   10  17                   

     Matricaria chamomilla                                                     

                 5   9   22 7   18  40 0   0   0  0   0   0                    

     Active ingredient                                                         

                     VIII       IX         X          XII                      

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0   0   0  0   0   0  0   0   0  0   0   0                    

     Avena fatua 8   18  35 0   10  25 20  30  67 3   5   12                   

     Echinochloa crus-galli                                                    

                 5   15  30 17  40  90 15  25  56 5   8   13                   

     Matricaria chamomilla                                                     

                 0   0   5  10  14  19 5   9   15 15  30  50                   

     Active ingredient                                                         

                     XIII                                                      

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0   0   0                                                     

     Avena fatua 5   10  18                                                    

     Echinochloa crus-galli                                                    

                 16  29  65                                                    

     Matricaria chamomilla                                                     

                 20  40  70                                                    

     Active ingredient                                                         

                 VI + X + XIII                                                 

                                VII+ XIII      VI + X + XII                    

     kg/ha       0.25+                                                         

                      0.25+                                                    

                           0.5+ 0.25+                                          

                                     0.25+                                     

                                          0.5+ 0.25+                           

                                                    0.25+                      

                                                         0.5+                  

                 0.25+                                                         

                      0.5+ 0.25+                                               

                                0.25+                                          

                                     0.5+ 0.25+                                

                                               0.25+                           

                                                    0.5+ 0.25+                 

                 0.5  0.25 0.25 0.5  0.25 0.25 0.5  0.25 0.25                  

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Unwanted plants:                                                          

     Avena fatua 68   82   78   76   83   73   71   80   75                    

     Echinochloa crus-galli                                                    

                 93   87   77   89   78   75   70   78   79                    

     Matricaria chamomilla                                                     

                 82   67   62   82   67   62   72   63   58                    

     Active ingredient                                                         

                 IX + XIII + XII                                               

                                II + XII + XIII                                

                                               II + VI + XIII                  

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Avena fatua 65   60   65   60   62   65   63   62   64                    

     Echinochloa crus-galli                                                    

                 79   75   86   87   75   72   86   73   75                    

     Matricaria chamomilla                                                     

                 87   82   85   96   98   95   83   64   77                    

     Active ingredient                                                         

                 II + VII + XIII                                               

                                II + VIII + XIII                               

                                               II + VI + XII                   

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Avena fatua 61   58   65   62   58   60   57   60   63                    

     Echinochloa crus-galli                                                    

                 84   70   74   85   90   80   65   62   64                    

     Matricaria chamomilla                                                     

                 85   64   75   88   100  83   73   61   70                    

     Active ingredient                                                         

                 II + XII + XII II + XIII + XII                                

                                               VI + X + IX                     

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    0    0  0                                          

                                      0    0    0    0                         

     Unwanted plants:                                                          

     Avena fatua 57   60   62   53   65   58   92   83   79                    

     Echinochloa crus-galli                                                    

                 65   60   61   71   80   70   98   88   78                    

     Matricaria chamomilla                                                     

                 74   59   70   90   94   89   60   55   53                    

     Active ingredient                                                         

                 I + VII + XIII I + VI + XIII  I + IX + XII                    

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Avena fatua 62   57   68   61   62   68   60   68   67                    

     Echinochloa crus-galli                                                    

                 87   75   91   90   79   92   96   94   97                    

     Matricaria chamomilla                                                     

                 81   62   66   82   62   65   90   77   75                    

     Active ingredient                                                         

                 II + VI + X    II + VII + X   II + VI + IX                    

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Avena fatua 86   77   79   81   71   78   70   65   67                    

     Echinochloa crus-galli                                                    

                 82   72   74   82   70   72   87   73   75                    

     Matricaria chamomilla                                                     

                 55   50   60   55   50   61   59   55   64                    

     Active ingredient                                                         

                 II + VIII + IX I + II + X     I + II + IX                     

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Unwanted plants:                                                          

     Avena fatua 72   73   79   77   74   75   67   64   65                    

     Echinochloa crus-galli                                                    

                 85   69   72   86   78   92   90   78   92                    

     Matricaria chamomilla                                                     

                 58   50   60   60   65   60   65   70   63                    

     Active ingredient                                                         

                 I + II + XIII  I + VI + X     I + VII + X                     

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Avena fatua 56   58   60   82   74   82   81   70   82                    

     Echinochloa crus-galli                                                    

                 90   77   92   86   75   90   85   72   91                    

     Matricaria chamomilla                                                     

                 95   88   85   60   48   50   52   48   50                    

     Active ingredient                                                         

                 I + VI + IX    I + VII + IX                                   

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0                                   

     Avena fatua 72   65   60   69   60   71                                   

     Echinochloa crus -galli                                                   

                 91   80   90   89   76   92                                   

     Matricaria chamomilla                                                     

                 57   53   55   60   52   56                                   

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 30
PAR  In the greenhouse, loamy sandy soil was filled into pots and sown with the
      seeds of various plants. The soil prepared in this manner was subsequently
      treated with the following amounts of the following individual active
      ingredients and compositions thereof as granules:
PA1  Ii. isopropyl N-phenylcarbamate, 0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Vi. .alpha.,.alpha.-dichloropropionic acid, sodium salt, 0.25, 0.5, 0.75
      and 1 kg/ha;
PA1  Vii. trichloroacetic acid, sodium salt, 0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Viii. .alpha.,.alpha.,.beta.,.beta.-tetrafluoropropionic acid, sodium salt,
      0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Ix. 1,1,1-trifluoro-4'-(phenylsulfonyl)-methanesulfone-o-toluidide, 0.25,
      0.5, 0.75 and 1 kg/ha;
PA1  X. 3,4,5-tribromo-N,N-.alpha.-trimethylpyrazole-1-acetamide, 0.25, 0.5,
      0.75 and 1 kg/ha;
PA1  Xii. 1-phenyl-4-amino-5-chloropyridazone-(6), 0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Xiii. 3-cyclohexyl-5,6-trimethylene uracil, 0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Xiv.
      1-(.alpha.,.alpha.-dimethyl-.beta.-acetoxypropionyl)-3-cyclohexyl-5,6-trim
     ethylene uracil, 0.25, 0.5, 0.75 and 1 kg/ha;
PA1  I+xiii, vi+xii, vi+xiii, vi+xiv, vii+ix, vii+x, vii+xii, vii+xiii, ii+ix,
      ii+x, viii+xii, ii+xii, ii+xiii, ii+xiv, vi+ix, vi+x, viii+ix, viii+x,
      viii+xiii, ix+xii, ix+xiii, and X+XII, each of these compositions at rates
      of 0.25+0.75, 0.75+0.25 and 0.5+0.5 kg/ha.
PAR  After 3 to 4 weeks it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         

                 II             VI             VII                             

     kg/ha       0.25                                                          

                     0.5 0.75                                                  

                             1  0.25                                           

                                    0.5 0.75                                   

                                            1  0.25                            

                                                   0.5 0.75                    

                                                           1                   

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                 0   0   0   0  0   0   0   0  0   0   0   0                   

     Unwanted plants:                                                          

     Avena fatua 7   12  20  30 10  15  21  27 10  10  15  24                  

     Echinochloa crus-galli                                                    

                 10  11  14  18 10  10  13  23 9   10  11  17                  

     Matricaria chamomilla                                                     

                 7   18  29  40 0   0   0   0  0   0   0   0                   

     Active ingredient                                                         

                 VIII           IX             X                               

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0   0   0   0  0   0   0   0  0   0   0   0                   

     Avena fatua 8   18  25  35 0   10  15  25 20  30  56  67                  

     Echinochloa crus-galli                                                    

                 5   15  20  30 17  40  80  90 15  25  38  56                  

     Matricaria chamomilla                                                     

                 0   0   2   5  10  14  15  19 5   9   12  15                  

     Active ingredient                                                         

                 XII            XIII           XIV                             

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0   0   0   0  0   0   0   0  0   0   0   0                   

     Avena fatua 3   5   8   12 5   10  15  18 10  12  15  20                  

     Echinochloa crus-galli                                                    

                 5   8   10  13 16  29  48  65 17  45  60  70                  

     Matricaria chamomilla                                                     

                 15  30  40  50 20  40  56  70 25  40  68  90                  

     __________________________________________________________________________

      0 = no damage                                                            

      100 = complete destruction                                               

     Active ingredient                                                         

                 X + XIII        VI + XII       VI + XIII                      

     kg/ha       0.25 +                                                        

                       0.75+                                                   

                            0.5+ 0.25+                                         

                                      0.75+                                    

                                           0.5+ 0.25+ 0.75+                    

                                                           0.5+                

                 0.75  0.25 0.5  0.75 0.25 0.5  0.75  0.25 0.5                 

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                 0     0    0    0    0    0    0     0    0                   

     Unwanted plants:                                                          

     Avena fatua 72    95   77   65   63   59   62    63   64                  

     Echinochloa crus-galli                                                    

                 96    90   91   58   60   55   92    68   76                  

     Matricaria chamomilla                                                     

                 94    70   87   78   52   79   90    59   78                  

     Active ingredient                                                         

                 VI + XIV        VII + IX       VII + X                        

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0     0    0    0    0    0    0     0    0                   

     Avena fatua 62    70   65   78   60   70   100   72   78                  

     Echinochloa crus-galli                                                    

                 100   67   91   90   64   76   83    63   70                  

     Matricaria chamomilla                                                     

                 100   64   77   53   50   52   51    43   46                  

     Active ingredient                                                         

                 VII + XII       VII + XIII     II + IX                        

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0     0    0    0    0    0    0     0    0                   

     Avena fatua 60    55   53   63   57   58   74    65   79                  

     Echinochloa crus-galli                                                    

                 58    55   55   93   65   83   89    69   80                  

     Matricaria chamomilla                                                     

                 79    52   77   91   59   78   60    75   70                  

     __________________________________________________________________________

      0 = no damage                                                            

      100 = complete destruction                                               

     Active ingredient                                                         

                 II + X          II + XII       II + XIII                      

     kg/ha       0.25+ 0.75+                                                   

                            0.5+ 0.25+                                         

                                      0.75+                                    

                                           0.5+ 0.25+ 0.75+                    

                                                           0.5+                

                 0.75  0.25 0.5  0.75 0.25 0.5  0.75  0.25 0.5                 

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                 0     0    0    0    0    0    0     0    0                   

     Unwanted plants:                                                          

     Avena fatua 97    78   80   60   61   65   60    61   39                  

     Echinochloa crus-galli                                                    

                 85    67   73   60   56   60   91    69   78                  

     Matricaria chamomilla                                                     

                 65    71   65   83   81   85   100   86   92                  

     Active ingredient                                                         

                 II + XIV        VI + IX        VI + X                         

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0     0    0    0    0    0    0     0    0                   

     Avena fatua 60    69   62   77   65   72   98    79   80                  

     Echinochloa crus-galli                                                    

                 100   68   90   89   68   77   83    65   72                  

     Matricaria chamomilla                                                     

                 100   90   93   63   50   52   51    43   47                  

     Active ingredient                                                         

                 VIII + IX       VII + X        VIII + XII                     

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0     0    0    0    0    0    0     0    0                   

     Avena fatua 68    70   75   92   82   84   45    65   60                  

     Echinochloa crus-galli                                                    

                 85    75   82   80   73   78   53    62   60                  

     Matricaria chamomilla                                                     

                 60    50   51   50   45   46   79    60   70                  

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

                 VIII + XIII    IX + XII       IX + XIII                       

     kg/ha       0.25+                                                         

                      0.75+                                                    

                           0.5+ 0.25+                                          

                                     0.75+                                     

                                          0.5+ 0.25+ 0.75+                     

                                                          0.5+                 

                 0.75 0.25 0.5  0.75 0.25 0.5  0.75  0.25 0.5                  

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                 0    0    0    0    0    0    0     0    0                    

     Unwanted plants:                                                          

     Avena fatua 53   77   65   60   71   62   61    72   68                   

     Echinochloa crus-galli                                                    

                 90   73   81   65   85   75   98    93   94                   

     Matricaria chamomilla                                                     

                 93   60   77   87   70   81   100   73   91                   

     Active ingredient                                                         

                 X + XII                                                       

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0    0    0                                                   

     Avena fatua 65   94   73                                                  

     Echinochloa crus-galli                                                    

                 61   80   70                                                  

     Matricaria chamomilla                                                     

                 82   64   76                                                  

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 31
PAR  An agricultural plot was sown with the seeds of various plants. The soil
      prepared in this manner was subsequently treated with the following
      amounts of the following individual active ingredients and compositions
      thereof as dispersions:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate,
      0.25, 1.5 and 2 kg/ha;
PA1  Ii. isopropyl N-phenylcarbamate, 0.25, 1.5 and 2 kg/ha;
PA1  Vi. .alpha.,.alpha.-dichloropropionic acid, sodium salt, 0.25, 1.5 and 2
      kg/ha;
PA1  Vii. trichloroacetic acid, sodium salt, 0.25, 1.5 and 2 kg/ha;
PA1  X. 3,4,5-tribromo-N,N-.alpha.-trimethylpyrazole-1-acetamide, 0.25, 1.5 and
      2 kg/ha;
PA1  Xix. 1-m-trifluoromethylphenyl-4-methylamino-5-chloropyridazone-(6), 0,25.
      1.5 and 2 kg/ha;
PA1  Xx. 1-m-trifluoromethylphenyl-4-dimethylamino-5-chloropyridazone-(6), 0.25,
      1.5 and 2 kg/ha;
PA1  I + ii + xx: 0.25+0.25+1.5, 0.25+1.5+0.25 and 1.5+0.25+0.25 kg/ha;
PA1  Ii + vi + xix: 0.25+0.25+1.5, 0.25+1.5+0.25 and 1.5+0.25+0.25 kg/ha;
PA1  Ii + vi + xx: 0.25+0.25+1.5, 0.25+1.5+0.25 and 1.5+0.25+0.25 kg/ha;
PA1  Ii + vii + xix: 0.25+0.25+1.5, 0.25+1.5+0.25 and 1.5+0.25+0.25 kg/ha;
PA1  Vi + x + xix: 0.25+0.25+1.5, 0.25+1.5+0.25 and 1.5+0.25+0.25 kg/ha;
PA1  Vi + x + xx: 0.25+0.25+1.5, 0.25+1.5+0.25 and 1.5+0.25+0.25 kg/ha.
PAR  After 3 to 4 weeks it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         

                     I          II         VI         VII                      

     kg/ha       0.25                                                          

                     1.5 2  0.25                                               

                                1.5 2  0.25                                    

                                           1.5 2  0.25                         

                                                      1.5 2                    

     __________________________________________________________________________

     Crop plant:                                                               

     Gossypium hirsutum                                                        

                  0   0   0  0   0   0 0    0   0 0    0   0                   

     Unwanted plants:                                                          

     Amaranthus retroflexus                                                    

                 10  58  70 12  40  58 0    5  10 0    6  10                   

     Echinochloa crus-galli                                                    

                 15  70  85 10  30  40 10  35  48 9   30  40                   

     Setaria faberii                                                           

                 15  67  80 10  28  37 15  38  53 10  30  35                   

     Active ingredient                                                         

                     X          XIX        XX                                  

     __________________________________________________________________________

     Gossypium hirsutum                                                        

                  0   0   0 0    0   0 0    0   0                              

     Amaranthus retroflexus                                                    

                 15  65  80 5   37  46 5   33  45                              

     Echinochloa crus-galli                                                    

                 15  75  95 10  53  65 5   37  48                              

     Setaria faberii                                                           

                 13  73  92 5   40  50 22   3  31                              

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

                 I + II + XX    II + VI + XIX  II + VI + XX                    

     kg/ha       0.25+                                                         

                      0.25+                                                    

                           1.5+ 0.25+                                          

                                     0.25+                                     

                                          1.5+ 0.25+                           

                                                    0.25+                      

                                                         1.5+                  

                 0.25+                                                         

                      1.5+ 0.25+                                               

                                0.25+                                          

                                     1.5+ 0.25+                                

                                               0.25+                           

                                                    1.5+ 0.25+                 

                 1.5  0.25 0.25 1.5  0.25 0.25 1.5  0.25 0.25                  

     __________________________________________________________________________

     Crop plant:                                                               

     Gossypium hirsutum                                                        

                  0    0    0    0    0    0    0    0    0                    

     Unwanted plants:                                                          

     Amaranthus retroflexus                                                    

                 93   91   100  86   59   81   83   60   82                    

     Echinochloa crus-galli                                                    

                 95   87   100  100  92   88   92   87   81                    

     Setaria faberii                                                           

                 87   83   100  98   90   85   84   88   88                    

     Active ingredient                                                         

                 II + VII + XIX II + VII + XIX VI +  X + XIX                   

     __________________________________________________________________________

     Gossypium hirsutum                                                        

                  0    0    0    0    0    0    0    0    0                    

     Amaranthus retroflexus                                                    

                 86   61   82   80   61   81    90  100  62                    

     Echinochloa crus-galli                                                    

                 100  86   92   91   83   80   100  100  95                    

     Setaria faberii                                                           

                 94   82   95   79   81   80   100  100  91                    

     Active ingredient                                                         

                 VI + X + XX                                                   

     __________________________________________________________________________

     Gossypium hirsutum                                                        

                  0    0    0                                                  

     Amaranthus retroflexus                                                    

                 85   100  58                                                  

     Echinochloa crus-galli                                                    

                 96   100  92                                                  

     Setaria faberii                                                           

                 97   100  90                                                  

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 32
PAR  An agricultural plot was sown with the seeds of various plants. The soil
      prepared in this manner was subsequently treated with the following
      amounts of the following individual active ingredients and compositions
      thereof as dispersions:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate, 0.5,
      1, 1.5 and 2 kg/ha;
PA1  Ii. isopropyl N-phenylcarbamate, 0.5, 1, 1.5 and 2 kg/ha;
PA1  Vi. .alpha.,.alpha.-dichlorpropionic acid, sodium salt, 0.5, 1, 1.5 and 2
      kg/ha;
PA1  Vii. trichloroacetic acid, sodium salt, 0.5, 1, 1.5 and 2 kg/ha;
PA1  X. 3,4,5-tribromo-N,N-.alpha.-trimethylpyrazole-1-acetamide, 0.5, 1, 1.5
      and 2 kg/ha;
PA1  Xix. 1-m-trifluoromethylphenyl-4-methylamino-5-chloropyridazone-(6), 0.5,
      1, 1.5 and 2 kg/ha;
PA1  Xx. 1-m-trifluoromethylphenyl-4-dimethylamino-5-chloropyridazone-(6), 0.5,
      1, 1.5 and 2 kg/ha;
PA1  I + xix: 0.5+1.5, 1.5+0.5 and 1+1 kg/ha;
PA1  I + xx: 0.5+1.5, 1.5+0.5 and 1+1 kg/ha;
PA1  Ii + ix: 0.5+1.5, 1.5+0.5 and 1+1 kg/ha;
PA1  Ii + xx: 0.5+1.5, 1.5+0.5 and 1+1 kg/ha;
PA1  Vi + xix: 0.5+1.5, 1.5+0.5 and 1+1 kg/ha;
PA1  Vii + xix: 0.5+1.5, 1.5+0.5 and 1+1 kg/ha;
PA1  Vi + xx: 0.5+1.5, 1.5+0.5 and 1+1 kg/ha;
PA1  Vii + xx: 0.5+1.5, 1.5+0.5 and 1+1 kg/ha;
PA1  X + xx: 0.5+1.5, 1.5+0.5 and 1+1 kg/ha;
PA1  X + xix: 0.5+1.5, 1.5+0.5 and 1+1 kg/ha.
PAR  After 3 to 4 weeks it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         

                 I             II            VI                                

     kg/ha       0.5 1  1.5 2  0.5 1  1.5 2  0.5 1  1.5 2                      

     __________________________________________________________________________

     Crop plant:                                                               

     Gossypium hirsutum                                                        

                 0   0  0   0  0   0  0   0  0   0  0   0                      

     Unwanted plants:                                                          

     Amaranthus retroflexus                                                    

                 17  30 58  70 20  30 40  58 0   0  5   10                     

     Echinochloa crus-galli                                                    

                 30  50 70  85 11  18 30  40 10  23 35  48                     

     Setaria faberii                                                           

                 28  52 67  80 18  24 28  37 20  29 38  53                     

     Active ingredient                                                         

                 VII           X             XIX          XX                   

     kg/ha       0.5 1  1.5 2  0.5 1  1.5 2  0.5 1  1.5 2 0.5                  

                                                             1 1.5             

                                                                  2            

     __________________________________________________________________________

     Gossypium hirsutum                                                        

                 0   0  0   0  0   0  0   0  0   0  0   0 0  0 0  0            

      Amaranthus retroflexus                                                   

                 0   0  6   10 26  42 65  80 12  20 37  46                     

                                                          10 23                

                                                               33 45           

     Echinochloa crus-galli                                                    

                 10  17 30  40 25  56 75  95 15  27 53  65                     

                                                          13 25                

                                                               37 48           

     Setaria faberii                                                           

                 14  22 30  35 20  48 73  92 10  24 40  50                     

                                                          8  18                

                                                               22 31           

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  Active ingredient                                                         

                 I + XIX      I + XX       II + XIX     II + XX                

     kg/ha       0.5+                                                          

                     1.5+ 1+1 0.5+                                             

                                  1.5+ 1+1 0.5+                                

                                               1.5+ 1+1 0.5+                   

                                                            1.5+               

                                                                1+1            

                 1.5 0.5      1.5 0.5      1.5 0.5      1.5 0.5                

     __________________________________________________________________________

     Crop plant:                                                               

     Gossypium hirsutum                                                        

                 0   0    0   0   0    0   0   0    0   0   0   0              

     Unwanted plants:                                                          

     Amaranthus retroflexus                                                    

                 89  100  87  88  100  90  91  88   86  89  86  89             

     Echinochloa crus-galli                                                    

                 100 100  100 99  100  100 96  82   81  85  80  81             

     Setaria faberii                                                           

                 98  100  100 87  100  100 93  75   84  78  73  79             

     Active ingredient                                                         

                 VI + XIX     VII + XIX    VI + XX      VII + XX               

     __________________________________________________________________________

     Gossypium hirsutum                                                        

                 0   0    0   0   0    0   0   0    0   0   0   0              

     Amaranthus retroflexus                                                    

                 74  60   58  75  65   57  70  55   60  70  55  60             

     Echinochloa crus-galli                                                    

                 95  86   87  95  81   80  83  85   85  82  80  81             

     Setaria faberii                                                           

                 93  84   89  90  78   83  80  82   83  73  76  77             

     Active ingredient                                                         

                 X + XIX      X + XX                                           

     __________________________________________________________________________

     Gossypium hirsutum                                                        

                 0   0    0   0   0    0                                       

     Amaranthus retroflexus                                                    

                 97  100  97  95  100  98                                      

     Echinochloa crus-galli                                                    

                 100 100  100 94  100  100                                     

     Setaria faberii                                                           

                 94  100  100 80  100  98                                      

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 33
PAR  In the greenhouse, various plants were treated at a growth height of from 2
      to 12 cm with the following amounts of the following individual active
      ingredients and compositions thereof as tankmix emulsions or dispersions:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate,
      0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Ii. isopropyl N-phenylcarbamate, 0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Vi. .alpha.,.alpha.-dichloropropionic acid, sodium salt, 0.25, 0.5, 0.75
      and 1 kg/ha;
PA1  Viii. .alpha.,.alpha., .beta.,.beta.-tetrafluoropropionic acid, sodium
      salt, 0.25, 0.5, 0.75 and 1 kg/ha;
PA1  X. 3,4,5-tribromo-N,N-.alpha.-trimethylpyrazole-1-acetamide, 0.25, 0.5,
      0.75 and 1 kg/ha;
PA1  Xii. 1-phenyl-4-amino-5-chloropyridazone-(6), 0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Xiii. 3-cyclohexyl-5,6-trimethylene uracil, 0.25, 0.5, 0.75 and 1 kg/ha;
PA1  Xv. 4-chlorobutyn-2-yl-1 N-3-chlorophenylcarbamate, 0.25, 0.5, 0.75 and 1
      kg/ha;
PA1  Xvi. 3-methoxycarbonylaminophenyl-N-(3'-methylphenyl)carbamate, 0.25, 0.5,
      0.75 and 1 kg/ha;
PA1  Xvii. methyl .alpha.-chloro-.beta.-(4-chlorophenyl)-propionate, 0.25, 0.5,
      0.75 and 1 kg/ha;
PA1  Xviii. 1,2-dimethyl-3,5-diphenylpyrazolium methyl sulfate, 0.25, 0.5, 0.75
      and 1 kg/ha;
PA1  Xv+xvi+x, ii+xvii+x, xvi+xvii+x, xv+xvi+x, xv+xvii+x, ii+viii+x,
      xvi+viii+x, xv+viii+x, xvii+xii+x, xvi+xviii+x, xvi+xiii+x, xvi+xii+x,
      xv+xii+x, vi+xviii+x, xvii+xiii+x, i+xiii+x, i+xii+x, ii+xviii+x,
      ii+xiii+x, ii+xii+x, xv+xviii+x, xv+xiii+x, i+xv+x, i+xvii+x,
      xvi+xvii+xiii, xv+xvii+xviii, ii+viii+xviii, ii+viii+xii, xviii+xiii+xii,
      vi+xiii+xvii, viii+xiii+xii, xvi+xviii+xii, vi+xviii+xiii, vi+xviii+xii,
      xvii+xviii+xiii, xvii+xviii+xii, xvii+xiii+xii, ii+xviii+xiii,
      ii+xviii+xii, xv+xviii+xiii, xv+xviii+xii, xvi+xviii+xiii, i+ii+xiii,
      i+xvi+xii, i+xv+xvi, i+ii+xv, i+ii+xvi, each of these compositions at a
      rate of 0.25+0.25+0.5, 0.25+0.5+0.25 and 0.5+0.25+0.25 kg/ha;
PA1  I+ii, i+xv, i+vi, i+viii, i+xvii, xvi+x, xv+viii, xv+x, viii+x, xvii+x,
      x+xiii, x+xii, each of these compositions at a rate of 0.25+0.75,
      0.75+0.25 and 0.5+0.5 kg/ha.
PAR  After 10 to 14 days it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         

                 I              II             IV                              

     kg/ha       0.25                                                          

                     0.5 0.75                                                  

                             1  0.25                                           

                                    0.5 0.75                                   

                                            1  0.25                            

                                                   0.5 0.75                    

                                                           1                   

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                 0   0   0   0  0   0   0   0  0   0   0   0                   

     Unwanted plants:                                                          

     Avena fatua 17  33  38  55 10  18  25  30 11  16  20  27                  

     Echinochloa crus-galli                                                    

                 12  27  40  45 8   15  27  35 15  22  30  35                  

     Matricaria chamomilla                                                     

                 10  23  30  34 10  16  25  32 6   10  14  15                  

     Active ingredient                                                         

                 VIII           X              XII                             

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0   0   0   0  0   0   5   7  0   0   0   0                   

     Avena fatua 12  15  20  25 8   17  70  75 7   11  12  12                  

     Echinochloa crus-galli                                                    

                 10  14  23  30 9   20  30  50 10  15  19  25                  

     Matricaria chamomila                                                      

                 6   10  17  20 15  24  37  43 15  35  42  45                  

     Active ingredient                                                         

                 XIII           XV             XVI                             

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0   0   0   0  0   0   0   0  0   0   0   0                   

     Avena fatua 10  25  26  35 10  30  47  70 0   3   10  20                  

     Echinochloa crus-galli                                                    

                 14  28  40  48 0   5   10  12 0   10  14  15                  

     Matricaria chamomilla                                                     

                 15  24  35  45 1   6   6   10 7   20  24  30                  

     Active ingredient                                                         

                 XVII           XVIII                                          

     kg/ha       0.25                                                          

                     0.5 0.75                                                  

                             1  0.25                                           

                                    0.5 1                                      

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                 0   0   0   0  0   0   0                                      

     Unwanted plants:                                                          

     Avena fatua 15  30  38  45 15  32  49                                     

     Echinochloa crus-galli                                                    

                 0   0   0   2  0   0   3                                      

     Matricaria chamomilla                                                     

                 0   0   0   2  0   0   9                                      

     __________________________________________________________________________

       0 =  no damage                                                          

      100 = complete destruction                                               

TBL  __________________________________________________________________________

     Active ingredient                                                         

                 XV + VI + X    II + XVII + X  XVI + XVII + X                  

     kg/ha       0.25+                                                         

                      0.25+                                                    

                           0.5+ 0.25+                                          

                                     0.25+                                     

                                          0.5+ 0.25+                           

                                                    0.25+                      

                                                         0.5+                  

                 0.25+                                                         

                      0.5+ 0.25+                                               

                                0.25+                                          

                                     0.5+ 0.25+                                

                                               0.25+                           

                                                    0.5+ 0.25+                 

                 0.5  0.25 0.25 0.5  0.25 0.25 0.5  0.25 0.25                  

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Unwanted plants:                                                          

     Avena fatua 76   72   87   80   86   79   70   76   64                    

     Echinochloa crus-galli                                                    

                 73   69   67   66   55   62   58   47   57                    

     Matricaria chamomilla                                                     

                 69   64   65   72   63   69   68   60   73                    

     Active ingredient                                                         

                 XVI + XVII+XIII                                               

                               XV + XVII + X   XV + XVII + XVIII               

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Avena fatua 78   77   66   80   86   91   95   93   97                    

     Echinochloa crus-galli                                                    

                 66   52   62   58   47   52   --   --   43                    

     Matricaria chamomilla                                                     

                 69   60   73   63   54   59   39   38   44                    

     Active ingredient                                                         

                 II + VIII + X  II+VIII+XVIII  II+VIII + XII                   

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Avena fatua 77   71   76   92   78   83   71   70   75                    

     Echinochloa crus-galli                                                    

                 76   69   72   56   60   63   70   70   73                    

     Matricaria chamomilla                                                     

                 78   73   75   54   58   60   89   73   75                    

     Active ingredient                                                         

                 XVI + VII + X  XV + VIII + X  XVII + X + XII                  

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Avena fatua 67   67   61   77   71   88   83   77   83                    

     Echinochloa crus-galli                                                    

                 68   67   67   68   61   62   57   68   57                    

     Matricaria chamomilla                                                     

                 75   74   89   69   64   65   68   77   68                    

     Active ingredient                                                         

                 XVI + X + XVIII                                               

                                XVI + X + XIII XVI + X + XII                   

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     AVena fatua 78   70   68   71   65   69   67   62   56                    

     Echinochloa crus-galli                                                    

                 47   58   57   75   72   71   62   68   67                    

     Matricaria chamomilla                                                     

                 60   69   73   84   84   88   95   84   88                    

     Active ingredient                                                         

                 XV + X + XII   XVIII+XIII+XII VI + XIII+XII                   

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Avena fatua 67   72   83   74   85   87   70   81   71                    

     Echinochloa crus-galli                                                    

                 62   68   62   67   76   62   82   90   84                    

     Matricaria chamomilla                                                     

                 94   78   74   88   77   68   94   83   78                    

     Active ingredient                                                         

                 VIII+XIII+XII  XVI+XVIII+XII  Vi+X+XVIII                      

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Unwanted plants:                                                          

     Avena fatua 71   82   70   64   77   63   89   81   77                    

     Echinochloa crus-galli                                                    

                 77   86   76   53   48   58   62   73   69                    

     Matricaria chamomilla                                                     

                 94   82   78   80   60   73   59   68   63                    

     Active ingredient                                                         

                 XVII+X+XIII    VI+XVIII+XIII  VI+XVIII+XII                    

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Avena fatua 86   85   86   89   91   79   75   88   76                    

     Echinochloa crus-galli                                                    

                 75   72   61   81   67   74   68   63   70                    

     Matricaria chamomilla                                                     

                 77   76   68   67   59   63   79   59   63                    

     Active ingredient                                                         

                 XVII+XVIII+XIII                                               

                                XVII+XVIII+XII XVII+XIII+XII                   

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0   1 0   0    0                    

     AVena fatua 93   95   92   79   91   90   74   85   85                    

     Echinochloa crus-galli                                                    

                 65   52   51   53   48   47   67   76   62                    

     Matricaria chamomilla                                                     

                 62   53   52   72   53   52   88   77   68                    

     Active ingredient                                                         

                 X+XIII+XII     II+XVIII+XIII  II+XVIII+XII                    

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Unwanted plants:                                                          

     Avena fatua 67   78   72   88   90   81   74   87   78                    

     Echinochloa crus-galli                                                    

                 75   85   82   74   60   67   61   56   63                    

     Matricaria chamomilla                                                     

                 100  92   92   72   63   69   83   63   68                    

     Active ingredient                                                         

                 XV+XVIIII+XIII XV+XVIII+XII   XVI+XVIII+XIII                  

     __________________________________________________________________________

     Beta vulgaris                                                             

                   0   0    0    0    0    0    0    0    0                    

     Avena fatua 74   90   93   74   87   90   78   80   66                    

     Echinochloa crus-galli                                                    

                 53   52   57   53   48   53   66   52   62                    

     Matricaria chamomilla                                                     

                 74   54   59   74   54   59   69   60   73                    

     Active ingredient                                                         

                 I + X + XIII   I + X + XII    II + X + XVIII                  

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Avena fatua 88   83   88   74   79   86   88   80   79                    

     Echinochloa crus-galli                                                    

                 86   84   87   73   80   84   55   66   62                    

     Matricaria chamomilla                                                     

                 87   86   91   98   87   91   63   72   68                    

     Active ingredient                                                         

                 II + X + XIII  II + X + XII   XV + X + XVIII                  

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Unwanted plants:                                                          

     Avena fatua 81   75   74   67   72   71   88   80   91                    

     Echinochloa crus-galli                                                    

                 83   80   76   70   76   72   47   58   52                    

     Matricaria chamomilla                                                     

                 87   86   84   98   87   84   54   63   59                    

     Active ingredient                                                         

                 XV + X + XIII  I + II + XIII  I + XVI + XII                   

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Avena fatua 81   75   86   90   83   91   65   66   78                    

     Echinochloa crus-galli                                                    

                 75   72   61   90   79   87   64   70   74                    

     Matricaria chamomilla                                                     

                 78   77   69   80   80   85   90   82   83                    

     Active ingredient                                                         

                 I + XV + X     I + XV +  XVI  I + XV + II                     

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Avena fatua 82   92   89   68   85   81   83   95   91                    

     Echinochloa crus-galli                                                    

                 70   65   74   60   55   65   65   63   72                    

     Matricaria chamomilla                                                     

                 73   69   77   68   61   69   64   64   71                    

     Active ingredient                                                         

                 I + XVI + II   I + XVII + X                                   

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    0    0    0    0                                   

     Unwanted plants:                                                          

     Avena fatua 73   68   81   87   82   94                                   

     Echinochloa crus-galli                                                    

                 65   67   72   60   58   74                                   

     Matricaria chamomilla                                                     

                 70   78   77   72   63   76                                   

     Active ingredient                                                         

                 I + II         I + XV         I + VI                          

     kg/ha       0.25+                                                         

                      0.75+                                                    

                           0.5+ 0.25+                                          

                                     0.75+                                     

                                          0.5+ 0.25+                           

                                                    0.75+                      

                                                         0.5+                  

                 0.75 0.25 0.5  0.75 0.25 0.5  0.75 0.25 0.5                   

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0   0                     

     Avena fatua 80   86   89   100  86   100  75   87   87                    

     Echinochloa crus-galli                                                    

                 77   85   80   60   78   70   70   93   87                    

     Matricaria chamomilla                                                     

                 73   78   77   54   69   67   62   74   71                    

     Active ingredient                                                         

                 I + VIII       I + XVII       XVI + X                         

     __________________________________________________________________________

     Beta vulgaris                                                             

                  0    0    0    0    0    0    0    0    0                    

     Avena fatua 75   88   86   93   91   100  100  66   68                    

     Echinochloa crus-galli                                                    

                 73   88   89   50   78   65   68   61   68                    

     Matricaria chamomilla                                                     

                 65   74   71   48   68   61   82   77   82                    

     Active ingredient                                                         

                 XV + VIII      XV +0 X        VIII + X                        

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                  0    0    0    5    0    0    5    0    0                    

     Unwanted plants:                                                          

     Avena fatua 68   97   83   100  93   85   100  66   80                    

     Echinochloa crus-galli                                                    

                 61   58   57   68   57   63   78   69   72                    

     Matricaria chamomilla                                                     

                 56   50   54   76   58   68   81   70   72                    

     Active ingredient                                                         

                 XVII + X       X +0 XIII      X + XII                         

     __________________________________________________________________________

     Beta vulgaris                                                             

                  5    0    0    0    5    0    0    5    0                    

     Avena fatua 100  84   85   72   100  80   68   100  68                    

     Echinochloa crus-galli                                                    

                 68   47   58   87   82   86   66   78   73                    

     Matricaria chamomilla                                                     

                 75   53   62   88   90   86   95   80   97                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 34
PAR  In the greenhouse, loamy sandy soil was filled into pots and sown with the
      seeds of various plants. The soil prepared in this manner was subsequently
      treated with the following amounts of the following individual active
      ingredients and compositions thereof as granules:
PA1  I. 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate,
      0.25, 0.5, 1, 1.5 and 2 kg/ha;
PA1  Ii. isopropyl N-phenylcarbamate, 0.25, 0.5, 1, 1.5 and 2 kg/ha;
PA1  Vi. .alpha.,.alpha.-dichloropropionic acid, sodium salt, 0.25, 0.5, 1, 1.5
      and 2 kg/ha;
PA1  Vii. trichloroacetic acid, sodium salt, 0.25, 0.5, 1, 1.5 and 2 kg/ha;
PA1  Viii. .alpha.,.alpha.,.beta.,.beta.-tetrafluoropropionic acid, sodium salt,
      0.25, 0.5, 1, 1.5 and 2 kg/ha;
PA1  Ix. 1,1,1-trifluoro-4'-(phenylsulfonyl)-methanesulfone-o-toluidide, 0.25,
      0.5, 1, 1.5 and 2 kg/ha;
PA1  X. 3,4,5-tribromo-N,N-.alpha.-trimethylpyrazole-1-acetamide, 0.25, 0.5, 1,
      1.5 and 2 kg/ha;
PA1  Xii. 1-phenyl-4-amino-5-chloropyridazone-(6), 0.25, 0.5, 1, 1.5 and 2
      kg/ha;
PA1  Xiii. 3-cyclohexyl-5,6-trimethylene uracil, 0.25, 0.5, 1, 1.5 and 2 kg/ha;
PA1  I+x+xiii, i+x+xii, ii+ix+x, ii+x+xiii, ii+x+xii, vi+ix+xiii, vi+xiiii+xii,
      viii+xiii+xii, ix+x+xiii, ix+x+xii, ii+ix+xii, ii+ix+xiii, ii+viii+ix,
      ii+viii+x, each of these compositions at a rate of 0.25+0.25+1.5,
      0.25+1.5+0.25 and 1.5+0.25+0.25 kg/ha;
PA1  I+ii, i+vi, i+vii, i+viii and II+XII, each of these compositions at a rate
      of 0.5+1.5, 1.5+0.5 and 1+1 kg/ha.
PAR  After 3 to 4 weeks it was ascertained that the compositions had a better
      herbicidal action than their components, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
     Active                                                                    

     ingredient                                                                

              I                 II                VI                           

     kg/ha    0.25                                                             

                  0.5 1  1.5 2  0.25                                           

                                    0.5 1  1.5 2  0.25                         

                                                      0.5 1  1.5 2             

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

              0   0   0  0   0  0   0   0  0   0  0   0   0  0   0             

     Unwanted plants:                                                          

     Avena fatua                                                               

              10  16  40 60  80 7   12  30 42  53 10  15  27 60  76            

     Echinochloa crus-                                                         

              15  30  58 70  85 10  11  18 30  40 10  10  23 35  44            

     galli                                                                     

     Matricaria                                                                

              5   9   22 30  40 7   18  40 63  78 0   0   0  3   5             

     chamomilla                                                                

     Active ingredient                                                         

                 VII              VIII                 IX                      

     kg/ha       0.5 1   1.5  2   0.25                                         

                                      0.5 1    1.5 2   0.25                    

                                                           1.5  2              

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0   0   0    0   0   0   0    0   0   0   5    10             

     Avena fatua 10  24  45   56  8   18  35   50  67  0   80   95             

     Echinochloa crus-galli                                                    

                 10  17  30   40  5   15  30   48  61  17  78   100            

     Matricaria chamomilla                                                     

                 0   0   2    7   0   0   5    10  17  10  25   35             

     Active ingredient                                                         

                 X             XII                    XIII                     

     kg/ha       0.25 1.5  2   0.25 0.5  1   1.5  2   0.25 1.5  2              

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0    5    7   0    0    0   0    0   0    0    20             

     Avena fatua 20   80   95  3    5    12  15   20  5    20   30             

     Echinochloa crus-galli                                                    

                 15   75   95  5    8    13  20   32  16   70   90             

     Matricaria chamomilla                                                     

                 5    20   31  15   30   50  60   85  20   75   95             

     Active ingredient                                                         

                 II + XII    I + II      I + VI                                

     kg/ha       0.5+                                                          

                     1.5+                                                      

                         1+1 0.5+                                              

                                 1.5+                                          

                                     1+1 0.5+ 1.5+                             

                                                  1+1                          

                 1.5 0.5     1.5 0.5     1.5  0.5                              

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                 0   0   0   25  5   4   25   5  4                             

     Unwanted plants:                                                          

     Avena fatua 67  87  82  98  100 100 100  100                              

                                                 100                           

     Echinochloa crus-galli                                                    

                 71  78  71  100 100 100 100  100                              

                                                 100                           

     Matricaria chamomilla                                                     

                 100 100 100 100 100 100 52   70 62                            

     Active ingredient                                                         

                 I + VII     I + VIII                                          

     __________________________________________________________________________

     Beta vulgaris                                                             

                 25  5   4   25  5   4                                         

     Avena fatua 100 100 100 100 100 100                                       

     Echinochloa crus-galli                                                    

                 100 100 100 100 100 100                                       

     Matricaria chamomilla                                                     

                 51  70  62  59  70  67                                        

     Active ingredient                                                         

                 II + VIII + X  II + VIII + IX I + X + XIII                    

     kg/ha       0.25+                                                         

                      0.25+                                                    

                           1.5+ 0.25+                                          

                                     0.25+                                     

                                          1.5+ 0.25+                           

                                                    0.25+                      

                                                         1.5+                  

                 0.25+                                                         

                      1.5+ 0.25+                                               

                                0.25+                                          

                                     1.5+ 0.25+                                

                                               0.25+                           

                                                    1.5+ 0.25+                 

                 1.5  0.25 0.25 1.5  0.25 0.25 1.5  0.25 0.25                  

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                 5    0    0    5    0    0    0    5    5                     

     Unwanted plants:                                                          

     Avena fatua 100  100  100  100  97   95   95   100  100                   

     Echinochloa crus-galli                                                    

                 100  100  97   100  100  98   100  100  100                   

     Matricaria chamomilla                                                     

                 71   70   100  77   72   100  100  100  100                   

     Active ingredient                                                         

                 I + X + XII    II + X + IX    II + X + XIII                   

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0    5    5    5    5    0    0    5    0                     

     Avena fatua 87   100  100  100  100  100  92   100  100                   

     Echinochloa crus-galli                                                    

                 95   100  100  100  100  100  100  100  100                   

     Matricaria chamomilla                                                     

                 100  85   90   77   77   100  100  93   100                   

     Active ingredient                                                         

                 II + X + XII   VI + IX + XIII VI +  XIII + XII                

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0    5    0    0    5    0    0    0    0                     

     Avena fatua 82   100  100  70   100  100  70   77   100                   

     Echinochloa crus-galli                                                    

                 85   100  100  100  100  100  90   100  96                    

     Matricaria chamomilla                                                     

                 100  87   100  100  90   73   100  100  86                    

     Active ingredient                                                         

                 VIII + XIII + XII                                             

                                X + IX + XIII  X + IX + XII                    

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                 0    0    0    0    5    5    0    5    5                     

     Unwanted plants:                                                          

     Avena fatua 68   71   98   86   100  100  80   100  100                   

     Echinochloa crus-galli                                                    

                 87   100  100  100  100  100  97   100  100                   

     Matricaria chamomilla                                                     

                 100  100  95   100  96   95   100  87   85                    

     Active ingredient                                                         

                 II + IX + XII  II + IX + XIII                                 

     __________________________________________________________________________

     Beta vulgaris                                                             

                 0    5    0    0    5    0                                    

     Avena fatua 68   100  85   70   100  97                                   

     Echinochloa crus-galli                                                    

                 93   100  100  100  100  100                                  

     Matricaria chamomilla                                                     

                 100  87   100  100  95   100                                  

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 35
PAR  In the greenhouse, various plants were treated at a growth height of from 3
      to 8 cm with the following amounts of the following individual active
      ingredients and compositions thereof as dispersions or emulsions:
PA1  I. 1-phenyl-4-amino-5-chloropyridazone-(6), 1, 1.5, 2 and 3 kg/ha;
PA1  Ii. benzamidooxyacetic acid, 1, 1.5, 2, and 3 kg/ha.
PAR  After 18 to 25 days it was ascertained that the composition had a better
      herbicidal action than its compounds, combined with the same good crop
      plant compatibility.
PAR  The results are given below:
TBL  Active ingredient                                                         

               I            II                                                 

     kg/ha     1  1.5 2  3  1  1.5 2  3                                        

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                0  0   0  0  0  0   0  10                                      

     Unwanted plants:                                                          

     Kochia scoparia                                                           

               20 25  40 80 40 65  80 90                                       

     Chenopodium album                                                         

               45 50  65 90 30 40  53 70                                       

     Poa annua 35 45  70 90 15 25  30 40                                       

     Active ingredient                                                         

               I + II                                                          

     kg/ha     2 + 1 1 + 2 1.5 + 1.5                                           

                                   1 + 1                                       

     __________________________________________________________________________

     Crop plant:                                                               

     Beta vulgaris                                                             

                0     0     0      0                                           

     Unwanted plants:                                                          

     Kochia scoparia                                                           

               100   100   100     96                                          

     Chenopodium album                                                         

               100   100   100     100                                         

     Poa annua 100   100   100     95                                          

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAL  The action of compositions of I with salts or esters of benzamidooxyacetic
      acid corresponds to that of I + II.
CLMS
STM  I claim:
NUM  1.
PAR  1. A herbicide composition consisting essentially of an inert carrier and a
      herbicidally effective amount of a mixture of (a)
      2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl methane sulfonate and (b)
      1-m-trifluoromethylphenyl-4-dimethylamino-5-chloropyridazone-(6) in a
      weight ratio of (a) to (b) in the range of 3:1 to 1:3.
PATN
WKU  039334619
SRC  5
APN  4761502
APT  1
ART  124
APD  19740603
TTL  Herbicide
ISD  19760120
NCL  4
ECL  1
EXA  Mills; Catherine L.
EXP  Gotts; Lewis
INVT
NAM  Fischer; Adolf
CTY  Mutterstadt
CNT  DT
ASSG
NAM  BASF Aktiengesellschaft
CTY  Ludwigshafen (Rhein)
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730616
APN  2330743
CLAS
OCL   71 91
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ABST
PAL  New and valuable herbicides containing compositions of different active
      ingredients.
BSUM
PAR  This application discloses and claims subject matter described in German
      patent application No. P 23 30 743.9, filed June 16, 1973, which is
      incorporated herein be reference.
PAR  The present invention relates to new and valuable herbicides containing
      compositions of different active ingredients.
PAR  It is known that benzothiadiazinone dioxides (German Laid-Open Application
      DOS 1,542,836) and hexahydro-1-H-azepine-1-carbothiolates (German
      Laid-Open Application DOS 1,300,947) have a herbicidal action. However,
      this action is not always satisfactory.
PAR  I have now found that a composition of
PAR  A. A COMPOUND OF THE FORMULA
      ##SPC1##
PAL  Where R denotes hydrogen and R.sup.1 denotes lower alkyl, or a salt
      thereof, e.g. ammonium, sodium, potassium, lithium, calcium, magnesium,
      ethylamine, dimethylamine, ethanolamine, and diethanolamine, etc., and
PAR  B. A COMPOUND OF THE FORMULA
      ##SPC2##
PAL  Where X denotes lower alkyl, n denotes one of the integers 0, 1, 2 and 3,
      and R denotes lower alkyl, unsubstituted phenyl, phenyl substituted by
      halogen or alkyl, unsubstituted benzyl or benzyl substituted by halogen or
      alkyl, has a much better herbicidal action than its components.
PAR  The compositions may contain one or more compounds of the formula a and of
      the formula b in a ratio of a:b of from 0.1:10 to 10:1 parts by weight.
PAR  The amount used of the agents of the invention may vary and depends in
      essence on the effect desired; it generally is from 0.1 to 30 and more,
      and preferably from 0.2 to 6, kg of active ingredient per hectare. The
      agents according to the invention may be applied either once or several
      times before or after planting, before sowing, pre- or postemergence, or
      during emergence of the crop plants or weeds.
PAR  The compositions are suitable for controllng unwanted plants in crops such
      as Oryza sativa, Triticum spp., Hordeum volgare, Secale cereale, Zea mays,
      Sorghum spp., Soja hispida, and Solanum tuberosum.
PAR  The compositions may also be used as total herbicides on ditches, aquatic
      areas, railway tracks and barren and waste land.
PAR  Application may be effected for instance in the form of directly sprayable
      solutions, powders, suspensions, dispersions, emulsions, oil dispersions,
      pastes, dusts, or granules by spraying, atomizing, dusting, broadcasting
      or watering. The forms of application depend entirely on the purpose for
      which the agents are being used; in any case they should ensure a fine
      distribution of the active ingredient.
PAR  For the preparation of solutions, emulsions, pastes and oil dispersions to
      be sprayed direct, mineral oil fractions of medium to high boiling point,
      such as kerosene or diesel oil, further coal-tar oils and oils of
      vegetable or mineral origin, aliphatic, cyclic and aromatic hydrocarbons
      such as benzene, toluene, xylene, paraffin, tetrahydronapthalene,
      alkylated naphthalenes, methanol, ethanol, propanol, butanol, chloroform,
      carbon tetrachloride, cyclohexanol, cyclohexanone, chlorobenzene,
      isophorone, etc., and strongly polar solvents such as dimethylformamide,
      dimethyl sulfoxide, N-methylpyrrolidone, water, etc. are suitable.
PAR  Aqueous formulations may be prepared from emulsion concentrates, pastes,
      oil dispersions or wettable powders by adding water. To prepare emulsions,
      pastes and oil dispersions the ingredients as such or dissolved in an oil
      or solvent may be homogenized in water by means of wetting or dispersing
      agents, adherents or emulsifiers. Concentrates which are suitable for
      dilution with water may be prepared from active ingredient, wetting agent,
      adherent, emulsifying or dispersing agent and possibly solvent or oil.
PAR  Examples of surfactants are: alkali metal, alkaline earth metal and
      ammonium salts of ligninsulfonic acid, naphthalenesulfonic acids,
      phenolsulfonic acids, alkylaryl sulfonates, alkyl sulfates, and alkyl
      sulfonates, alkali metal and alkaline earth metal salts of
      dibutylnaphthalenesulfonic acid, lauryl ether sulfate, fatty alcohol
      sulfates, alkali metal and alkaline earth metal salts of fatty acids,
      salts of sulfated hexadecanols, heptadecanols, and octadecanols, salts of
      sulfated fatty alcohol glycol ether, condensation products of sulfonated
      naphthalene and naphthalene derivatives with formaldehyde, condensation
      products of naphthalene or naphthalenesulfonic acids with phenol and
      formaldehyde, polyoxyethylene octylphenol ethers, ethoxylated
      isooctylphenol, ethoxylated octylphenol and ethoxylated nonylphenol,
      alkylphenol polyglycol ethers, tributylphenyl polyglycol ethers, alkylaryl
      polyether alcohols, isotridecyl alcohol, fatty alcohol ethylene oxide
      condensates, ethoxylated castor oil, polyoxyethylene alkyl ethers,
      ethoxylated polyoxypropylene, lauryl alcohol polyglycol ether acetal,
      sorbitol esters, lignin, sulfite waste liquors and methyl cellulose.
PAR  Powders, broadcasting agents and dusts may be prepared by mixing or
      grinding the active ingredients with a solid carrier.
PAR  Granules, e.g., coated, impregnated or homogeneous granules, may be
      prepared by bonding the active ingredients to solid carriers. Examples of
      solid carriers are mineral earths such as silica gel, silicic acid,
      silicates, talc, kaolin, Attaclay, limestone, lime, chalk, bole, loess,
      clay, dolomite, diatomaceous earth, calcium sulfate, magnesium sulfate,
      magnesium oxide, ground plastics, fertilizers such as ammonium sulfate,
      ammonium phosphate, ammonium nitrate, and ureas, and vegetable products
      such as grain flours, bark meal, wood meal, and nutshell meal, cellulosic
      powders, etc.
PAR  The formulations contain from 0.1 to 95, preferably from 0.5 to 90, % by
      weight of active ingredient.
PAR  There may be added (if desired, immediately before use (tankmix)) to the
      compositions or individual active ingredients (used singly, either before,
      simultaneously with and/or after the active ingredients of the invention)
      oils of various types, herbicides, fungicides, nematocides, insecticides,
      bactericides, trace elements, fertilizers, antifoams (e.g., silicones),
      growth regulators, antidotes and other herbicidally effective compounds
      such as
PA1  substituted anilines,
PA1  substituted aryloxycarboxylic acids and salts, esters and amides thereof,
PA1  substituted ethers,
PA1  substituted arsonic acids and their salts, esters and amides,
PA1  substituted benzimidazoles,
PA1  substituted benzisothiazoles,
PA1  substituted benzothiadiazinone dioxides,
PA1  substituted benzoxazines,
PA1  substituted benzoxazinones,
PA1  substituted benzothiadiazoles,
PA1  substituted biurets,
PA1  substituted quinolines,
PA1  substituted carbamates,
PA1  substituted aliphatic carboxylic acids and their salts, esters, and amides,
PA1  substituted aromatic carboxylic acids and their salts, esters and amides,
PA1  substituted carbamoylalkylthiol- or -dithiophosphates,
PA1  substituted quinazolines,
PA1  substituted cycloalkylamidocarbothiolic acids and their salts, esters and
      amides,
PA1  substituted cycloalkylcarbonamidothiazoles,
PA1  substituted dicarboxylic acids and their salts, esters and amides,
PA1  substituted dihydrobenzofuranyl sulfonates,
PA1  substituted disulfides,
PA1  substituted dipyridylium salts,
PA1  substituted dithiocarbamates,
PA1  substituted dithiophosphoric acids and their salts, esters and amides,
PA1  substituted ureas,
PA1  substituted hexahydro-1-H-carbothioates,
PA1  substituted hydantoins,
PA1  substituted hydrazides,
PA1  substituted hydrazonium salts,
PA1  substituted isooxazole pyrimidones,
PA1  substituted imidazoles,
PA1  substituted isothiazole pyrimidones,
PA1  substituted ketones,
PA1  substituted naphthoquinones,
PA1  substituted aliphatic nitriles,
PA1  substituted aromatic nitriles,
PA1  substituted oxadiazoles,
PA1  substituted oxadiazinones,
PA1  substituted oxadiazolidine diones,
PA1  substituted oxadiazine diones,
PA1  substituted phenols and their salts and esters,
PA1  substituted phosphonic acids and their salts, esters and amides,
PA1  substituted phosphonium chlorides,
PA1  substituted phosphonalkylglycines,
PA1  substituted phosphites,
PA1  substituted phosphoric acids and their salts, esters and amides,
PA1  substituted piperidines,
PA1  substituted pyrazoles,
PA1  substituted pyrazole alkylcarboxylic acids and their salts, esters and
      amides,
PA1  substituted pyrazolium salts,
PA1  substituted pyrazolium alkyl sulfates,
PA1  substituted pyridazines,
PA1  substituted pyridazones,
PA1  substituted pyridine carboxylic acids and their salts, esters and amides,
PA1  substituted pyridines,
PA1  substituted pyridine carboxylates,
PA1  substituted pyridinones,
PA1  substituted pyrimidines,
PA1  substituted pyrimidones,
PA1  substituted pyrrolidine carboxylic acid and its salts, esters and amides,
PA1  substituted pyrrolidines,
PA1  substituted pyrrolidones,
PA1  substituted arylsulfonic acids and their salts, esters and amides,
PA1  substituted styrenes,
PA1  substituted tetrahydrooxadiazine diones,
PA1  substituted tetrahydrooxadiazole diones,
PA1  substituted tetrahydromethanoindes,
PA1  substituted tetrahydrooxadiazole thiones,
PA1  substituted tetrahydrodiazine thiones,
PA1  substituted tetrahydrothiadiazole diones,
PA1  substituted aromatic thiocarbonylamides,
PA1  substituted thiocarboxylic acids and their salts, esters and amides,
PA1  substituted thiol carbamates,
PA1  substituted thioureas,
PA1  substituted thiophosphoric acids and their salts, esters and amides,
PA1  substituted triazines,
PA1  substituted uracils,
PA1  substituted uretidine diones.
PAR  These agents may be added to the herbidides according to the invention in a
      ratio by weight of from 1:10 to 10:1. The same applies to oils,
      fungicides, nematocides, insecticides, bactericides, trace elements,
      fertilizers, antidotes and growth regulators.
PAR  The agents have a strong herbicidal action and may therefore be used as
      weedkillers or for controlling the growth of unwanted plants. Whether the
      new active ingredients are used as total or selective agents depends in
      essence on the amount of ingredient used per unit area.
PAR  By "weeds" and "unwanted plant growth" are meant all monocotyledonous and
      dicotyledonous plants which grow in loci where they are not desired.
PAR  The agents according to the invention may therefore be used for controlling
      for instance
     Gramineae, such as                                                        

      Cynodon spp.        Dactylis spp.                                        

      Digitaria spp.      Avena spp.                                           

      Echinochloa spp.    Bromus spp.                                          

      Setaria spp.        Uniola spp.                                          

      Panicum spp.        Poa spp.                                             

      Alopecurus spp.     Leptochloa spp.                                      

      Lolium spp.         Brachiaria spp.                                      

      Sorghum spp.        Eleusine spp.                                        

      Agropyron spp.      Cenchrus spp.                                        

      Phalaris spp.       Eragrostis spp.                                      

      Apera spp.          etc.;                                                

     Cyperaceae, such as                                                       

      Carex spp.          Eleocharis spp.                                      

      Cyperus spp.        etc.;                                                

      Scirpus spp.                                                             

     diotyledonous weeds, such as                                              

      Malvaceae, e.g.,    Hibiscus spp.                                        

      Abutilon theoprasti                                                      

      Sida spp.           etc.;                                                

      Malva spp.                                                               

     Compositae, such as                                                       

      Ambrosia spp.       Centaurea spp.                                       

      Lactuca spp.        Tussilago spp.                                       

      Senecio spp.        Lapsana communis                                     

      Sonchus spp.        Tagetes spp.                                         

      Xanthium spp.       Erigeron spp.                                        

      Iva spp.            Anthemis spp.                                        

      Galinsoga spp.      Matricaria spp.                                      

      Taraxacum spp.      Artemisia spp.                                       

      Chrysanthemum spp.  etc.;                                                

      Bidens spp.                                                              

      Cirisum spp.                                                             

     Convolvulaceae, such as                                                   

      Convoluvulus spp.   Cuscuta spp.                                         

      Ipomoea spp.        etc.;                                                

      Jaquemontia tamnifolia                                                   

     Cruciferae, such as                                                       

      Barbarea vulgaris   Arabidopsis thaliana                                 

      Brassica spp.       Descurainia spp.                                     

      Capsella spp.       Draba spp.                                           

      Sisymbrium spp.     Coronopus didymus                                    

      Thalaspi spp.       Ledpidium spp.                                       

      Sinapis arvensis    etc.;                                                

      Raphanus spp.                                                            

     Geraniaceae, such as                                                      

      Erodium spp.        etc.;                                                

      Geranium spp.                                                            

     Portulacaceae, such as                                                    

      Portulaca spp.      etc.;                                                

     Primulaceae, such as                                                      

      Anagallis arvensis  etc.;                                                

      Lysimachia spp.                                                          

     Rubiaceae, such as                                                        

      Richardia spp.      Diodia spp.                                          

      Galium spp.         etc.;                                                

     Scrophulariaceae, such as                                                 

      Linaria  spp.                                                            

     Digitalis spp.                                                            

      Veronica spp.       etc.;                                                

     Solanaceae, such as                                                       

      Physalis spp.       Nicandra spp.                                        

      Solanum spp.        etc.;                                                

      Datura spp.                                                              

     Urticaceae, such as                                                       

      Urtica spp.         etc.;                                                

     Violaceae, such as                                                        

      Viola spp.          etc.;                                                

     Zygophyllaceae, such as                                                   

      Tribulus terrestis  etc.;                                                

     Euphorbiaceae, such as                                                    

      Mercurialis annua   Euphorbia spp.                                       

     Umbelliferae, such as                                                     

      Daucus carota       Ammi majus                                           

      Aethusa cynapium    etc.                                                 

     Commelinaeae, such as                                                     

      Commelina spp.      etc.;                                                

     Labiatae, such as                                                         

      Lamium spp.         etc.;                                                

      Galeopsis spp.                                                           

     Leguminosae, such as                                                      

      Medicago spp.       Sesbania exaltata                                    

      Trifolium spp.      Cassia spp.                                          

      Vicia spp.          etc.;                                                

      Lathyrus spp.                                                            

     Plantaginaceae, such as                                                   

      Plantago spp.       etc.;                                                

     Polygonaceae, such as                                                     

      Polygonum spp.      Fagopyrum spp.                                       

      Rumex spp.          etc.;                                                

     Aizoaceae, such as                                                        

      Mollugo verticillata                                                     

                          etc.;                                                

     Amaranthaceae, such as                                                    

      Amaranthus spp.     etc.;                                                

     Boraginaceae, such as                                                     

      Amsinckia spp.      Anchusa spp.                                         

      Myostis spp.        etc.;                                                

      Lithospermum spp.                                                        

     Caryophyllaceae, such as                                                  

      Stellaria spp.      Silene spp.                                          

      Spergula spp.       Cerastium spp.                                       

      Saponaria spp.      Agrostemma githago                                   

      Scleranthus annuus  etc.;                                                

     Chenopodiaceae, such as                                                   

      Chenopodium spp.    Atriplex spp.                                        

      Kochia spp.         Monolepsis nuttaliana                                

      Salsola kali        etc.;                                                

     Lythraceae, such as                                                       

      Cuphea spp.         etc.;                                                

     Oxalidaceae, such as                                                      

      Oxalis spp.         etc.;                                                

     Ranunculaceae, such as                                                    

      Ranunculus spp.     Adonis spp.                                          

      Delphinium spp.     etc.;                                                

     Papaveraceae, such as                                                     

      Papaver spp.        etc.;                                                

      Fumaria officinalis                                                      

     Onagraceae, such as                                                       

      Jussiaea spp.       etc.;                                                

     Rosaceae, such as                                                         

      Alchemillia spp.    etc.;                                                

      Potentilla spp.                                                          

     Potamogetonaceae, such as                                                 

      Potamogeton spp.    etc.;                                                

     Najadaceace, such as                                                      

      Najas spp.                                                               

     Marsileaceae, such as                                                     

      Marsilea quadrifolia                                                     

                          etc.;                                                

     Polypodiaceae, such as                                                    

      Pteridium aguilinum;                                                     

     Alismataceae, such as                                                     

      Alisma spp.         etc.;                                                

      Sagittaria sagittifolia                                                  

     Equisetaceae, such as                                                     

      Equisetaceae spp.   etc.                                                 

PAR  In the greenhouse and in the open the following compounds and compositions
      thereof were tested on the abovementioned plants:
PA1  3-methyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide
PA1  3-ethyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide
PA1  3-propyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide
PA1  3-butyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide
PA1  3-isobutyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, sodium salt
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, dimethylamine salt
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, diethanolamine salt
PA1  3-sec-butyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, methylamine salt
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, trimethylamine salt
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, ethylamine salt
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, diethylamine salt
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, ethanolamine salt
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, aniline salt
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, pyridine salt
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, phenylenediamine salt
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, cyclohexylamine salt
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide,
      dodecylhexamethylenimine salt
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, hydrazine, salt
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, magnesium salt
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, calcium salt
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, ammonium salt
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, potassium salt
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, lithium salt
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, sodium salt
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, dimethylamine salt
PA1  3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, diethanolamine salt
PA1  3-sec-butyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, sodium salt
PA1  3-sec-butyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, dimethylamine salt
PA1  3-sec-butyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, diethanolamine salt
PA1  3-n-butyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, sodium salt
PA1  3-n-butyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, dimethylamine salt
PA1  3-n-butyl-2,1,3-benzothiadiazinone-( 4)-2,2-dioxide, diethanolamine salt
PA1  3-n-propyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, sodium salt
PA1  3-n-propyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, dimethylamine salt
PA1  3-n-propyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, diethanolamine salt
PA1  3-ethyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, sodium salt
PA1  3-ethyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, dimethylamine salt
PA1  3-ethyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, diethanolamine salt
PA1  3-methyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, dimethylamine salt
PA1  3-methyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, sodium salt
PA1  3-methyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, diethanolamine salt
PA1  S-ethyl-(methylhexahydro-1-H-azepine)-1-carbothiolate
PA1  S-propyl-(methylhexahydro-1-H-azepine)-1-carbothiolate
PA1  S-isopropyl-(methylhexahydro-1H-azepine)-1-carbothiolate
PA1  S-benzyl-(methylhexahydro-1-H-azepine)-1-carbothiolate
PA1  S-ethylhexahydro-1-H-azepine-1-carbothiolate
PA1  S-ethyl-(2-methylhexahydro-1-H-azepine)-1-carbothiolate
PA1  S-ethyl-(3-methylhexahydro-1-H-azepine)-1-carbothiolate
PA1  S-ethyl-(4-methylhexahydro-1-H-azepine)-1-carbothiolate
PA1  S-propyl-(3-methylhexahydro-1-H-azepine)-1-carbothiolate
PA1  S-isopropyl-(3-methylhexahydro-1-H-azepine)-1-carbothiolate
PA1  S-isopropyl-(4-methylhexahydro-1-H-azepine)-1-carbothiolate.
PAR  The action of the above compositions corresponds to that of those in
      Examples 1 to 6.
DETD
PAC  EXAMPLE 1
PAR  In the open, various plants were treated at a growth height of from 0.5 to
      18 cm with the following amounts of the following individual active
      ingredients and compositions thereof as granules:
PA1  I. 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, 0.5, 1, 1.5, 2,
      2.5, 3 and 4 kg per hectare;
PA1  V. s-ethyl-(methylhexahydro-1-H-azepine)-1-carbothiolate, 0.5, 1, 1.5, 2,
      2.5, 3 and 4 kg per hectare;
PA1  Vi. s-propyl-(methylhexahydro-1-H-azepine)-1-carbothiolate, 0.5, 1, 1.5, 2,
      2.5, 3 and 4 kg per hectare;
PA1  Vii. s-isopropyl-(methylhexahydro-1-H-azepine)-1-carbothiolate, 0.5, 1,
      1.5, 2, 2.5, 3 and 4 kg per hectare;
PA1  Viii. s-benzyl-(methylhexahydro-1-H-azepine)-1-carbothiolate, 0.5, 1, 1.5,
      2, 2.5, 3 and 4 kg per hectare;
PA1  Ix s-ethylhexahydro-1-H-azepine-1-carbothiolate, 0.5, 1, 1.5, 2, 2.5, 3 and
      4 kg per hectare;
PA1  I + v: 0.5 + 1.5, 1.5 + 0.5, 1 + 1, 1.5 + 1.5, 2.5 + 0.5, 0.5 + 2.5, 3 + 1
      and 1 + 3 kg per hectare;
PA1  I + vi: 0.5 + 1.5, 1.5 + 0.5; 1 + 1, 1.5 + 1.5, 2.5 + 0.5, 0.5 + 2.5, 3 + 1
      and 1 + 3 kg per hectare;
PA1  I + vii: 0.5 + 1.5, 1.5 + 0.5, 1 + 1, 1.5 + 1.5, 2.5 + 0.5, 0.5 + 2.5, 3 +
      1 and 1 + 3 kg per hectare;
PA1  I + viii: 0.5 + 1.5, 1.5 + 0.5, 1 + 1, 1.5 + 1.5, 2.5 + 0.5, 0.5 + 2.5, 3 +
      1 and 1 + 3 kg per hectare;
PA1  I + ix: 0.5 + 1.5, 1.5 + 0.5, 1 + 1, 1.5 + 1.5, 2.5 + 0.5, 0.5 + 2.5, 3 + 1
      and 1 + 3 kg per hectare.
PAR  After 2 to 3 weeks it was ascertained that the compositions had a better
      herbicidal action than their individual components, combined with the same
      good crop plant compatibility.
PAR  The results are given below:
TBL  Active ingredient      I                                                  

     kg/ha          0.5 1   1.5 2   2.5 3   4                                  

     __________________________________________________________________________

     Crop plant:                                                               

     Oryza sativa    0   0   0   0   0   0   0                                 

     Unwanted plants:                                                          

     Echinochloa crus-galli                                                    

                     0  10  15  20  24  25  30                                 

     Monochoria vaginalis                                                      

                    48  57  73  80  85  90  95                                 

     Alisma plantago-aquatica                                                  

                    40  55  70  80  85  95  100                                

     Active ingredient      V                                                  

     kg/n           0.3 1   1.5 2   2.5 3   4                                  

     __________________________________________________________________________

     Oryza sativa   0   0   0   0   0   0   0                                  

     Echinochloa crus-galli                                                    

                    16  20  25  30  38  45  50                                 

     Monochoria vaginalis                                                      

                    3   10  18  27  34  40  45                                 

     Alisma plantago-aquatica                                                  

                    0   5   17  25  32  40  45                                 

     Active ingredient      VI                                                 

     kg/ha          0.5 1   1.5 2   2.5 3   4                                  

     __________________________________________________________________________

     Oryza sativa   0   0    0   0   0   0   0                                 

     Echinochloa crus-galli                                                    

                    25  35  40  45  50  60  70                                 

     Monochoria vaginalis                                                      

                    3   10  23  32  38  45  52                                 

     Alisma plantago-aquatica                                                  

                    4   8   19  28  36  45  53                                 

     Active ingredient      VII                                                

     kg/ha          0.5 1   1.5  2  2.5  3   4                                 

     __________________________________________________________________________

     Oryza sativa   0   0    0   0   0   0   0                                 

     Echinochloa crus-galli                                                    

                    27  36  44  50  55  60  65                                 

     Monochoria vaginalis                                                      

                    0   3    7  15  26  35  40                                 

     Alisma plantago-aquatica                                                  

                    0   5   14  22  29  37  42                                 

     Active ingredient      VIII                                               

     kg/ha          0.5 1   1.5 2   2.5  3   4                                 

     __________________________________________________________________________

     Oryza sativa   0   0   0   0   0    0   0                                 

     Echinochloa crus-galli                                                    

                    15  28  37  48  69  80  94                                 

     Monochoria vaginalis                                                      

                    0   2   8   15  25  36  42                                 

     Alisma plantago-aquatica                                                  

                    0   4   5   5   8   10  18                                 

     Active ingredient      IX                                                 

     kg/ha          0.5 1   1.5 2   2.5 3   4                                  

     __________________________________________________________________________

     Oryza sativa   0   0   0   0   0   0   0                                  

     Echinochloa crus-galli                                                    

                    18  25  30  38  44  50  55                                 

     Monochoria vaginalis                                                      

                    4   10  20  27  35  40  45                                 

     Alisma plantago-aquatica                                                  

                    0   0   0   0   2   5   7                                  

     Active ingredient                                                         

                    I + V       I + VI                                         

     kg/ha          0.5+                                                       

                        1.5+    0.5+                                           

                                    1.5+                                       

     1.5            0.5 1+1 1.5 0.5 1+1                                        

     __________________________________________________________________________

     Oryza sativa    0   0   0   0   0   0                                     

     Echinochloa crus-galli                                                    

                    60  66   65 76  75  79                                     

     Monochoria vaginalis                                                      

                    100 100 100 100 100 97                                     

     Alisma plantago-aquatica                                                  

                    92  100  97 95  100 96                                     

     Active ingredient                                                         

                    I + VII     I + VII                                        

     kg/ha          0.5+                                                       

                         1.5+   0.5+                                           

                                     1.5+                                      

                    1.5 0.5 1+1 1.5 0.5 1+1                                    

     __________________________________________________________________________

     Oryza sativa    0   0   0   0   0   0                                     

     Echinochloa crus-galli                                                    

                    79   76 81  71   64 72                                     

     Monochoria vaginalis                                                      

                    89  100 98  92  100 94                                     

     Alisma plantago-aquatica                                                  

                    88  100 97  80  100 95                                     

     Active ingredient                                                         

                    I + IX                                                     

     kg/ha          0.5 + 1.5                                                  

                            1.5 + 0.5                                          

                                    1 + 1                                      

     __________________________________________________________________________

     Oryza sativa    0       0       0                                         

     Echinochloa crus-galli                                                    

                    66       69     73                                         

     Monochoria vaginalis                                                      

                    100     100     100                                        

     Alisma plantago-aquatica                                                  

                    76      100     88                                         

     Active ingredient                                                         

                    I + V                                                      

     kg/ha          1.5+                                                       

                        2.5+                                                   

                            0.5+                                               

                    1.5 0.5 2.5 3+1 1+3                                        

     __________________________________________________________________________

     Oryza sativa    0   0   0   0   0                                         

     Echinochloa crus-galli                                                    

                    76  74  72   80  91                                        

     Monochoria vaginalis                                                      

                    100 100 100 100 100                                        

     Alisma plantago-aquatica                                                  

                    100 100 100 100 100                                        

     Active ingredient                                                         

                    I + VI                                                     

     kg/ha           1.5+                                                      

                         2.5+                                                  

                             0.5+                                              

                    1.5 0.5 2.5 3+1 1+3                                        

     __________________________________________________________________________

     Oryza sativa    0   0   0   0   0                                         

     Echinochloa crus-galli                                                    

                     90  84  86  96 100                                        

     Monochoria vaginalis                                                      

                    100 100 100 100 100                                        

     Alisma plantago-aquatica                                                  

                    100 100 100 100 100                                        

     Active ingredient                                                         

                    I + VII                                                    

     kg/ha           1.5+                                                      

                         2.5+                                                  

                             0.5+                                              

                    1.5 0.5 2.5 3+1 1+3                                        

     __________________________________________________________________________

     Oryza sativa    0   0   0   0   O                                         

     Echinochloa crus-galli                                                    

                     94  86  90  97 100                                        

     Monochoria vaginalis                                                      

                    100 100 100 100 100                                        

     Alisma plantago-aquatica                                                  

                    100 100 100 100 100                                        

     Active ingredient                                                         

                    I + VIII                                                   

     kg/ha           1.5+                                                      

                         2.5+                                                  

                             0.5+                                              

                    1.5 0.5 2.5 3+1 1+3                                        

     __________________________________________________________________________

     Oryza sativa    0   0   0   0   0                                         

     Echinochloa crus-galli                                                    

                     86  74 100  88 100                                        

     Monochoria vaginalis                                                      

                    100 100 100 100 100                                        

     Alisma plantago-aquatica                                                  

                    100 100  84 100  99                                        

     Active ingredient                                                         

                    I + IX                                                     

     kg/ha           1.5+                                                      

                         2.5+                                                  

                             0.5+                                              

                    1.5 0.5 2.5 3+1 1+3                                        

     __________________________________________________________________________

     Oryza sativa    0   0   0   0   0                                         

     Echinochloa crus-galli                                                    

                     81  77  80  85  97                                        

     Monochoria vaginalis                                                      

                    100 100 100 100 100                                        

     Alisma plantago-aquatica                                                  

                    100 100 77  100  96                                        

      0 = no damage                                                            

     100 = complete destruction                                                

     __________________________________________________________________________

PAC  EXAMPLE 2
PAR  In the greenhouse, various plants were treated at a growth height of from 2
      to 20 cm with the following amounts of the following individual active
      ingredients and compositions thereof as dispersions:
PA1  I. 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, 0.5, 5 and 5.5 kg
      per hectare;
PA1  Vi. s-propyl-(methylhexahydro-1-H-azepine)-1-carbothiolate, 0.5, 5 and 5.5
      kg per hectare;
PA1  I + vi: 0.5 + 5 and 5 + 0.5 kg per hectare;
PAL  and, for comparison,
PA1  X. ethyl N-ethyl-N-cyclohexylthiolcarbamate; 5 and 5.5 kg per hectare;
PA1  I + x: 0.5 + 5 kg per hectare.
PAR  After 14 to 18 days it was ascertained that the composition of I + VI had
      better crop plant compatibility than active ingredient X and the
      composition of I + X, combined with the same or superior herbicidal
      action.
PAR  The results are given below:
     Active ingredient                                                         

                    I             VI                                           

     kg/ha          0.5   5   5.5 0.5  5  5.5                                  

     __________________________________________________________________________

     Crop plant:                                                               

     Oryza sativa    0    0    0   0   0   0                                   

     Unwanted plants:                                                          

     Echinochloa crus-galli                                                    

                     0   35    40  25 76  85                                   

     Monochoria vaginalis                                                      

                    48   100  100  3  61  70                                   

     Alisma plantago-aquatica                                                  

                    40   100  100  4  64  73                                   

     Active ingredient                                                         

                    I + VI    X   I + X                                        

     kg/ha          0.5+5                                                      

                         5+0.5                                                 

                               5  5.5 0.5+5                                    

     __________________________________________________________________________

     Oryza sativa    0    0   25  35   25                                      

     Echinochloa crus-galli                                                    

                    100   98  75  80  100                                      

     Monochoria vaginalis                                                      

                    100  100  70  75  100                                      

     Alisma plantago-aquatica                                                  

                    100  100  50  58  100                                      

      0 = no damage                                                            

     100 = complete destruction                                                

     __________________________________________________________________________

PAC  EXAMPLE 3
PAR  In the open, various plants were treated at a growth height of from 2 to 24
      cm with the following amounts of the following individual active
      ingredients and compositions thereof as emulsions:
PA1  Iii. 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, dimethylamine
      salt, 0.5, 1, 1.5, 2, 2.5, 3 and 4 kg per hectare;
PA1  V. s-ethyl-(methylhexahydro-1-H-azepine)-1-carbothiolate, 0.5, 1, 1.5, 2,
      2.5, 3 and 4 kg per hectare;
PA1  Vi. s-propyl-(methylhexahydro-1-H-azepine)-1-carbothiolate, 0.5, 1, 1.5, 2,
      2.5, 3 and 4 kg per hectare;
PA1  Vii. s-isopropyl-(methylhexahydro-1-H-azepine)-1-carbothiolate, 0.5, 1,
      1.5, 2, 2.5, 3 and 4 kg per hectare;
PA1  Viii. s-benzyl-(methylhexahydro-1-H-azepine)-1-carbothiolate, 0.5, 1, 1.5,
      2, 2.5, 3 and 4 kg per hectare;
PA1  Ix. s-ethylhexahydro-1-H-azepine-1-carbothiolate, 0.5, 1, 1.5, 2, 2.5, 3
      and 4 kg per hectare;
PA1  Iii + v: 0.5 + 1.5, 1.5 + 0.5, 1 + 1, 1.5 + 1.5, 2.5 + 0.5, 0.5 + 2.5, 3 +
      1 and 1 + 3 kg per hectare;
PA1  Iii + vi: 0.5 + 1.5, 1.5 + 0.5, 1 + 1, 1.5 + 1.5, 2.5 + 0.5, 0.5 + 2.5, 3 +
      1 and 1 + 3 kg per hectare;
PA1  Iii + vii: 0.5 + 1.5, 1.5 + 0.5, 1 + 1, 1.5 + 1.5, 2.5 + 0.5, 0.5 + 2.5, 3
      + 1 and 1 + 3 kg per hectare;
PA1  Iii + viii: 0.5 + 1.5, 1.5 + 0.5, 1 + 1, 1.5 + 1.5, 2.5 + 0.5, 0.5 + 2.5, 3
      + 1 and 1 + 3 kg per hectare;
PA1  Iii + ix: 0.5 + 1.5, 1.5 + 0.5, 1 + 1, 1.5 + 1.5, 2.5 + 0.5, 0.5 + 2.5, 3 +
      1 and 1 + 3 kg per hectare.
PAR  After 12 to 17 days it was ascertained that the compositions had a better
      herbicidal action than their individual components, combined with the same
      good crop plant compatibility.
PAR  The results are given below:
     Active ingredient          III                                            

     kg/ha          0.5 1   1.5 2    2.5   3   4                               

     __________________________________________________________________________

     Crop plant:                                                               

     Oryza sativa   0   0   0   0     0    0   0                               

     Unwanted plants:                                                          

     Echinochloa crus-galli                                                    

                    5   10  13  15   20   25  40                               

     Monochoria vaginalis                                                      

                    48  55  72  81   86   90  96                               

     Alisma plantago-aquatica                                                  

                    30  52  80  92   98   100 100                              

     Active ingredient          V                                              

     kg/ha          0.5 1   1.5 2    2.5   3   4                               

     __________________________________________________________________________

     Oryza sativa   0   0   0   0     0    0   0                               

     Echinochloa crus-galli                                                    

                    16  20  25  30   38   45  50                               

     Monochoria vaginalis                                                      

                    3   10  18  27   34   40  45                               

     Alisma plantago-aquatica                                                  

                    0   5   17  25   32   40  45                               

     Active ingredient          VI                                             

     kg/ha          0.5 1   1.5 2    2.5   3   4                               

     __________________________________________________________________________

     Oryza sativa   0   0   0   0     0    0   0                               

     Echinochloa crus-galli                                                    

                    25  35  40  45   50   60  70                               

     Monochoria vaginalis                                                      

                    3   10  23  32   38   45  52                               

     Alisma plantago-aquatica                                                  

                    4   8   19  28   36   45  53                               

     Active ingredient          VII                                            

     kg/ha          0.5 1   1.5 2    2.5   3   4                               

     __________________________________________________________________________

     Oryza sativa   0   0   0   0     0    0   0                               

     Echinochloa crus-galli                                                    

                    27  36  44  50   55   60  65                               

     Monochoria vaginalis                                                      

                    0   3   7   15   26   35  40                               

     Alisma plantago-aquatica                                                  

                    0   5   14  22   29   37  42                               

     Active ingredient          VIII                                           

     kg/ha          0.5 1   1.5 2    2.5   3   4                               

     __________________________________________________________________________

     Oryza sativa   0   0   0   0     0    0   0                               

     Echinochloa crus-galli                                                    

                    15  28  37  48   69   80  94                               

     Monochoria vaginalis                                                      

                    0   2   8   15   25   36  42                               

     Alisma plantago-aquatica                                                  

                    0   4   5   5     8   10  18                               

     Active ingredient          IX                                             

     kg/ha          0.5 1   1.5 2    2.5   3   4                               

     __________________________________________________________________________

     Oryza sativa   0   0   0   0     0    0   0                               

     Echinochloa crus-galli                                                    

                    18  25  30  38   44   50  55                               

     Monochoria vaginalis                                                      

                    4   10  20  27   35   40  45                               

     Alisma plantago-aquatica                                                  

                    0   0   0   0     2    5   7                               

     Active ingredient                                                         

                    III + V     III + VI                                       

                    0.5+                                                       

                        1.5+    0.5+ 1.5+                                      

     kg/ha          1.5 0.5 1+1 1.5  0.5                                       

     __________________________________________________________________________

     Oryza sativa    0   0   0   0    0    0                                   

     Echinochloa crus-galli                                                    

                    67  65  64  81   73   80                                   

     Monochoria vaginalis                                                      

                    100 100 100 100  100  100                                  

     Alisma plantago-aquatica                                                  

                    83  100 92  84   100  98                                   

     Active ingredient                                                         

                    III + VII   III + VIII                                     

                    0.5+                                                       

                        1.5+    0.5+ 1.5+                                      

     kg/ha          1.5 0.5 1+1 1.5  0.5                                       

     __________________________________________________________________________

     Oryza sativa    0   0   0   0    0    0                                   

     Echinochloa crus-galli                                                    

                    85  75  81  78   62   72                                   

     Monochoria vaginalis                                                      

                    91  100 94  92   100  92                                   

     Alisma plantago-aquatica                                                  

                    79  100 92  69   100  91                                   

     Active ingredient                                                         

                    III + IX                                                   

     kg/ha          0.5 + 1.5                                                  

                            1.5 + 0.5                                          

                                     1 + 1                                     

     __________________________________________________________________________

     Oryza sativa    0       0        0                                        

     Echinochloa crus-galli                                                    

                     69      67       70                                       

     Monochoria vaginalis                                                      

                    100     100      100                                       

     Alisma plantago-aquatica                                                  

                     65     100       87                                       

     Active ingredient                                                         

                    III + V                                                    

                     1.5+                                                      

                         2.5+                                                  

                             0.5+                                              

     kg/ha          1.5 0.5 2.5 3 + 1                                          

                                     1 + 3                                     

     __________________________________________________________________________

     Oryza sativa    0   0    0  0    0                                        

     Echinochloa crus-galli                                                    

                     72  71  78  79   90                                       

     Monochoria vaginalis                                                      

                    100 100 100 100  100                                       

     Alisma plantago-aquatica                                                  

                    100 100  98 100  100                                       

     Active ingredient                                                         

                    III + VI                                                   

                     1.5+                                                      

                         2.5+                                                  

                             0.5+                                              

     kg/ha          1.5 0.5 2.5 3 + 1                                          

                                     1 + 3                                     

     __________________________________________________________________________

     Oryza sativa    0   0   0   0    0                                        

     Echinochloa crus-galli                                                    

                     88  82  90  97  100                                       

     Monochoria vaginalis                                                      

                    100 100 100 100  100                                       

     Alisma plantago-aquatica                                                  

                    100 100 100 100  100                                       

     Active ingredient                                                         

                    III + VII                                                  

                     1.5+                                                      

                         2.5+                                                  

                             0.5+                                              

     kg/ha          1.5 0.5 2.5 3 + 1                                          

                                     1 + 3                                     

     __________________________________________________________________________

     Oryza sativa    0   0   0   0    0                                        

     Echinochloa crus-galli                                                    

                     92  83 96   97  100                                       

     Monochoria vaginalis                                                      

                    100 100 100 100  100                                       

     Alisma plantago-aquatica                                                  

                    100 100 94  100  100                                       

     Active ingredient                                                         

                    III + VIII                                                 

                     1.5+                                                      

                         2.5+                                                  

                            0.5+                                               

     kg/ha          1.5 0.5 2.5 3 + 1                                          

                                     1 + 3                                     

     __________________________________________________________________________

     Oryza sativa    0   0   0   0    0                                        

     Echinochloa crus-galli                                                    

                     79  74 84   87   98                                       

     Monochoria vaginalis                                                      

                    100 100 100 100  100                                       

     Alisma plantago-aquatica                                                  

                    100 100 67  100   93                                       

     __________________________________________________________________________

       0 = no damage?                                                          

      100 = complete destruction ?                                             

PAC  EXAMPLE 4
PAR  In the open, various plants were treated at a growth height of from 2 to 18
      cm with the following amounts of the following individual active
      ingredients and compositions thereof as pastes:
PA1  Ii. 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, sodium salt, 0.5,
      1, 1.5, 2, 2.5, 3 and 4 kg per hectare;
PA1  V. s-ethyl-(methylhexahydro-1-H-azepine)-1-carbothiolate, 0.5, 1, 1.5, 2,
      2.5, 3 and 4 kg per hectare;
PA1  Vi. s-propyl-(methylhexahydro-1-H-azepine)-1-carbothiolate, 0.5, 1, 1.5, 2,
      2.5, 3 and 4 kg per hectare;
PA1  Vii. s-isopropyl-(methylhexahydro-1-H-azepine)-1-carbothiolate, 0.5, 1,
      1.5, 2, 2.5, 3 and 4 kg per hectare;
PA1  Viii. s-benzyl-(methylhexahydro-1-H-azepine)-1-carbothiolate, 0.5, 1, 1.5,
      2, 2.5, 3 and 4 kg per hectare;
PA1  Ix. s-ethylhexahydro-1-H-azepine-1-carbothiolate, 0.5, 1, 1.5, 2, 2.5, 3
      and 4 kg per hectare;
PA1  Ii + v: 0.5 + 1,5, 1.5 + 0.5, 1.5 + 1.5, 2.5 + 0.5, 0.5 + 2.5, 3 + 1 and 1
      + 3 kg per hectare;
PA1  Ii + vi: 0.5 + 1.5, 1.5 + 0.5, 1 + 1, 1.5 + 1.5, 2.5 + 0.5, 0.5 + 2.5, 3 +
      1 and 1 + 3 kg per hectare;
PA1  Ii + vii: 0.5 + 1.5, 1.5 + 0.5, 1 + 1, 1.5 + 1.5, 2.5 + 0.5, 0.5 + 2,5, 3 +
      1 and 1 + 3 kg per hectare;
PA1  Ii + viii: 0.5 + 1.5, 1.5 + 0.5, 1 + 1, 1.5 + 1.5, 2.5 + 0.5, 0.5 + 2.5, 3
      + 1 and 1 + 3 kg per hectare;
PA1  Ii + ix: 0.5 + 1.5, 1.5 + 0.5, 1 + 1, 1.5 + 1.5, 2.5 + 0.5, 0.5 + 2.5, 3 +
      1 and 1 + 3 kg per hectare.
PAR  After 12 to 18 days it was ascertained that the compositions had a better
      herbidical action than their individual components, combined with the same
      good crop plant compatibility.
PAR  The results are given below:
     Active ingredient          II                                             

     kg/ha          0.5 1   1.5 2    2.5   3   4                               

     __________________________________________________________________________

     Oryza sativa    0  0    0  0     0    0   0                               

     Echinochloa crus-galli                                                    

                     5  15  20  24   25   30  40                               

     Monochoria vaginalis                                                      

                    46  55  70  78   83   88  92                               

     Alisma plantago-aquatica                                                  

                    26  50  72  83   90   97  100                              

     Active ingredient          V                                              

     kg/ha          0.5 1   1.5 2    2.5   3   4                               

     __________________________________________________________________________

     Oryza sativa    0  0    0  0     0    0   0                               

     Echinochloa crus-galli                                                    

                    16  20  25  30   38   45  50                               

     Monochoria vaginalis                                                      

                     3  10  18  27   34   40  45                               

     Alisma plantago-aquatica                                                  

                     0  5   17  25   32   40  45                               

     Active ingredient          VI                                             

     kg/ha          0.5 1   1.5 2    2.5   3   4                               

     __________________________________________________________________________

     Oryza sativa    0  0    0  0     0    0   0                               

     Echinochloa crus-galli                                                    

                    25  35  40  45   50   60  70                               

     Monochoria vaginalis                                                      

                     3  10  23  32   38   45  52                               

     Alisma plantago-aquatica                                                  

                     4  8   19  28   36   45  53                               

     Active ingredient          VII                                            

                    0.5 1   1.5 2    2.5   3   4                               

     __________________________________________________________________________

     Oryza sativa    0  0    0  0     0    0   0                               

     Echinochloa crus-galli                                                    

                    27  36  44  50   55   60  65                               

     Monochoria vaginalis                                                      

                     0  3    7  15   26   35  40                               

     Alisma plantago-aquatica                                                  

                     0  5   14  22   29   37  42                               

     Active ingredient          VIII                                           

     kg/ha          0.5 1   1.5 2    2.5   3   4                               

     __________________________________________________________________________

     Oryza sativa    0  0    0  0     0    0   0                               

     Echinochloa crus-galli                                                    

                    15  28  37  48   69   80  94                               

     Monochoria vaginalis                                                      

                     0  2    8  15   25   36  42                               

     Alisma plantago-aquatica                                                  

                     0  4    5  5     8   10  18                               

     Active ingredient          IX                                             

     kg/ha          0.5 1   1.5 2    2.5   3   4                               

     __________________________________________________________________________

     Oryza sativa    0  0     0 0     0    0   0                               

     Echinochloa crus-galli                                                    

                    18  25  30  38   44   50  55                               

     Monochoria vaginalis                                                      

                     4  10  20  27   35   40  45                               

     Alisma plantago-aquatica                                                  

                     0  0    0  0     2    5   7                               

     Active ingredient                                                         

                    II + V      II + VI                                        

                    0.5+                                                       

                         1.5+                                                  

                            1+1 0.5+  1.5+                                     

                                          1+1                                  

     kg/ha          1.5 0.5     1.5  0.5                                       

     __________________________________________________________________________

     Oryza sativa    0   0   0   0    0    0                                   

     Echinochloa crus-galli                                                    

                    66   72  71 79    80   86                                  

     Monochoria vaginalis                                                      

                    100 100 100 100  100  100                                  

     Alisma plantago-aquatica                                                  

                    78  100  91 79   100   92                                  

     Active ingredient                                                         

                    II + VII    II + VIII                                      

                    0.5+                                                       

                         1.5+                                                  

                            1+1 0.5+  1.5+                                     

                                          1+1                                  

     kg/ha          1.5 0.5     1.5  0.5                                       

     __________________________________________________________________________

     Oryza sativa    0   0   0   0    0    0                                   

     Echinochloa crus-galli                                                    

                    84   83 87  77    70  78                                   

     Monochoria vaginalis                                                      

                    87  100 92  89   100  93                                   

     Alisma plantago-aquatica                                                  

                    74  100 90  66   100  91                                   

     Active ingredient                                                         

                    II + IX                                                    

     kg/ha          0.5 + 1.5                                                  

                            1.5 + 0.5                                          

                                     1 + 1                                     

     __________________________________________________________________________

     Oryza sativa   0       0        0                                         

     Echinochloa crus-galli                                                    

                    69      73       74                                        

     Monochoria vaginalis                                                      

                    91      100      100                                       

     Alisma plantago-aquatica                                                  

                    62      100      87                                        

     Active ingredient                                                         

                    II + V                                                     

                     1.5+                                                      

                         2.5+                                                  

                            0.5+                                               

                                3 + 1                                          

                                     1 + 3                                     

     kg/ha          1.5 0.5 2.5                                                

     __________________________________________________________________________

     Oyrza sativa    0   0   0   0    0                                        

     Echinochloa crus-galli                                                    

                     81  76 78   87   97                                       

     Monochoria vaginalis                                                      

                    100 100 100 100  100                                       

     Alisma plantago- aquatica                                                 

                    100 100 94  100  100                                       

     Active ingredient                                                         

                    II + VI                                                    

                     1.5+                                                      

                         2.5+                                                  

                            0.5+                                               

                                3 + 1                                          

                                     1 + 3                                     

     kg/ha          1.5 0.5 2.5                                                

     __________________________________________________________________________

     Oryza sativa    0   0   0   0    0                                        

     Echinochloa crus-galli                                                    

                     96  86 91   97  100                                       

     Monochoria vaginalis                                                      

                    100 100 100 100  100                                       

     Alisma plantago-aquatica                                                  

                    100 100 98  100  100                                       

     Active ingredient                                                         

                    II + VII                                                   

                     1.5+                                                      

                         2.5+                                                  

                            0.5+                                               

                                3 + 1                                          

                                     1 + 3                                     

     kg/ha          1.5 0.5 2.5                                                

     __________________________________________________________________________

     Oryza sativa    0   0   0   0    0                                        

     Echinochloa crus-galli                                                    

                     97  88 96   98  100                                       

     Monochoria vaginalis                                                      

                    100 100 100 100  100                                       

     Alisma plantago-aquatica                                                  

                    100 100 91  100  100                                       

     Active ingredient                                                         

                    II + VIII                                                  

                     1.5+                                                      

                          2.5+                                                 

                             0.5+                                              

                                3 + 1                                          

                                     1 + 3                                     

     kg/ha          1.5 0.5 2.5                                                

     __________________________________________________________________________

     Oryza sativa    0   0   0   0    0                                        

     Echinochloa crus-galli                                                    

                     92  76 100  92  100                                       

     Monochoria vaginalis                                                      

                    100 100 100 100  100                                       

     Alisma plantago-aquatica                                                  

                    100 100  70 100   99                                       

     Active ingredient                                                         

                    II + IX                                                    

                     1.5+                                                      

                         2.5+                                                  

                            0.5+                                               

                                3 + 1                                          

                                     1 + 3                                     

     kg/ha          1.5 0.5 2.5                                                

     __________________________________________________________________________

     Oryza sativa    0   0   0   0    0                                        

     Echinochloa crus-galli                                                    

                     84  77 82   90   98                                       

     Monochoria vaginalis                                                      

                    100 100 100 100  100                                       

     Alisma plantago-aquatica                                                  

                    100 100 63  100   92                                       

      0 = no damage                                                            

     100 = complete destruction                                                

     __________________________________________________________________________

PAC  EXAMPLE 5
PAR  In the open, various plants were treated at a growth height of from 2 to 21
      cm with the following amounts of the following individual active
      ingredients and compositions thereof as oil dispersions:
PA1  Iv. 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, diethanolamine
      salt, 0.5, 1, 1.5, 2, 2.5, 3 and 4 kg per hectare;
PA1  V. s-ethyl-(methylhexahydro-1-H-azepine)-1-carbothiolate, 0.5, 1, 1.5, 2,
      2.5, 3 and 4 kg per hectare;
PA1  Vi. s-propyl-(methylhexahydro-1-H-azepine)-1-carbothiolate, 0.5, 1, 1.5, 2,
      2.5, 3 and 4 kg per hectare;
PA1  Vii. s-isopropyl-(methylhexahydro-1-H-azepine)-1-carbothiolate, 0.5, 1,
      1.5, 2, 2.5, 3 and 4 kg per hectare;
PA1  Viii. s-benzyl-(methylhexahydro-1-H-azepine(-1-carbothiolate, 0.5, 1, 1.5,
      2, 2.5, 3 and 4 kg per hectare;
PA1  Ix. s-ethylhexahydro-1H-H-azepine-1-carbothiolate, 0.5, 1, 1.5, 2, 2.5, 3
      and 4 kg per hectare;
PA1  Iv + v: 0.5 + 1.5, 1.5 + 0.5, 1 + 1, 1.5 + 1.5, 2.5 + 0.5, 0.5 + 2.5, 3 + 1
      and 1 + 3 kg per hectare;
PA1  Iv + vi: 0.5 + 1.5, 1.5 + 0.5, 1 + 1, 1.5 + 1.5, 2.5 + 0.5, 0.5 + 2.5, 3 +
      1 and 1 + 3 kg per hectare;
PA1  Iv + vii: 0.5 + 1.5, 1.5 + 0.5, 1 + 1, 1.5 + 1.5, 2.5 + 0.5, 0.5 + 2.5, 3 +
      1 and 1 + 3 kg per hectare;
PA1  Iv + viii: 0.5 + 1.5, 1.5 + 0.5, 1 + 1, 1.5 + 1.5, 2.5 + 0.5, 0.5 + 2.5, 3
      + 1 and 1 + 3 kg per hectare;
PA1  Iv + ix: 0.5 + 1.5, 1.5 + 0.5, 1 + 1, 1.5 + 1.5, 2.5 + 0.5, 0.5 + 2.5, 3 +
      1 and 1 + 3 kg per hectare;
PAR  After 12 to 17 days it was ascertained that the compositions had a better
      herbidical action than their individual components, combined with the same
      good crop plant compatibility.
PAR  The results are given below:
     Active ingredient          IV                                             

     kg/ha          0.5  1  1.5  2   2.5   3   4                               

     __________________________________________________________________________

     Oryza sativa    0   0   0   0    0    0   0                               

     Echinochloa crus-galli                                                    

                     7  12  20  24   26   30  35                               

     Monochoria vaginalis                                                      

                    46  55  70  78   85   90  95                               

     Alisma plantago-aquatica                                                  

                    30  58  83  95   98   100 100                              

     Active ingredient                                                         

     kg/ha          0.5  1  1.5  2   2.5   3   4                               

     __________________________________________________________________________

     Oryza sativa    0   0   0   0    0    0   0                               

     Echinochloa crus-galli                                                    

                    16  20  25  30   38   45  50                               

     Monochoria vaginalis                                                      

                     3  10  18  27   34   40  45                               

     Alisma plantago-galli                                                     

                    16  20  25  30   38   45  50                               

     Monochloria vaginalis                                                     

                     3  10  18  27   34   40  45                               

     Alisma plantago-aquatica                                                  

                     0   5  17  25   32   40  45                               

     Active ingredient          VI                                             

     kg/ha          0.5 1   1.5  2   2.5   3   4                               

     __________________________________________________________________________

     Oryza sativa    0  0    0   0    0    0   0                               

     Echinochloa crus-galli                                                    

                     25 35  40  45   50   60  70                               

     Monochoria vaginalis                                                      

                     3  10  23  32   38   45  52                               

     Alisma plantago-aquatica                                                  

                     4  8   19  28   36   45  53                               

     Active ingredient          VII                                            

     kg/ha          0.5 1   1.5  2   2.5   3   4                               

     __________________________________________________________________________

     Oryza sativa    0  0    0   0    0    0   0                               

     Echinochloa crus-galli                                                    

                    27  36  44  50   55   60  65                               

     Monochoria vaginalis                                                      

                     0  3    7  15   26   35  40                               

     Alisma plantago-aquatica                                                  

                     0  5   14  22   29   37  42                               

     Active ingredient          VIII                                           

     kg/ha          0.5 1   1.5  2   2.5   3   4                               

     __________________________________________________________________________

     Oryza sativa    0  0    0   0    0    0   0                               

     Echinochloa crus-galli                                                    

                    15  28  27  48   69   80  94                               

     Monochoria vaginalis                                                      

                     0  2    8  15   25   36  42                               

     Alisma plantago-aquatica                                                  

                     0  4    5   5    8   10  18                               

     Active ingredient          IX                                             

     kg/ha          0.5 1   1.5  2   2.5   3   4                               

     __________________________________________________________________________

     Oryza sativa    0  0    0   0    0    0   0                               

     Echinochloa crus-galli                                                    

                    18  25  30  38   44   50  55                               

     Monochoria vaginalis                                                      

                     4  10  20  27   35   40  45                               

     Alisma plantago-aquatica                                                  

                     0  0    0   0    2    5   7                               

     Active ingredient                                                         

                    IV + V      IV + VI                                        

                    0.5+                                                       

                         1.5+                                                  

                            1+1 0.5+  1.5+                                     

                                          1+1                                  

     kg/ha          1.5 0.5     1.5  0.5                                       

     __________________________________________________________________________

     Oryza sativa    0   0   0   0    0    0                                   

     Echinochloa crus-galli                                                    

                    68   71 69  82    81   83                                  

     Monochoria vaginalis                                                      

                    100 100 100 100  100  100                                  

     Alisma plantago-aquatica                                                  

                    83  100 98  85   100  100                                  

     Active ingredient                                                         

                    IV + VII    IV + VIII                                      

                    0.5+                                                       

                         1.5+                                                  

                            1+1 0.5+  1.5+                                     

                                          1+1                                  

     kg/ha          1.5 0.5     1.5  0.5                                       

     __________________________________________________________________________

     Oryza sativa    0   0   0   0    0    0                                   

     Echinochloa crus-galli                                                    

                    87   84 83  69    72  76                                   

     Monochoria vaginalis                                                      

                    88  100 92  89   100  93                                   

     Alisma plantago-aquatica                                                  

                    79  100 97  70   100  96                                   

     Active ingredient                                                         

                    IV + IX                                                    

     kg/ha          0.5 + 1.5                                                  

                            1.5 + 0.5                                          

                                     1 + 1                                     

     __________________________________________________________________________

     Oryza sativa    0       0        0                                        

     Echinochloa crus-galli                                                    

                     73      72       74                                       

     Monochoria vaginalis                                                      

                    100     100      100                                       

     Alisma plantago-aquatica                                                  

                     66     100       94                                       

     Active ingredient                                                         

                    IV + V                                                     

                     1.5+                                                      

                         2.5+                                                  

                             0.5+                                              

                                3 + 1                                          

                                     1 + 3                                     

     kg/ha          1.5 0.5 2.5                                                

     __________________________________________________________________________

     Oryza sativa    0   0   0   0    0                                        

     Echinochloa crus-galli                                                    

                     81  78  80  86   93                                       

     Monochoria vaginalis                                                      

                    100 100 100 100  100                                       

     Alisma plantago-aquatica                                                  

                    100 100 100 100  100                                       

     Active ingredient                                                         

                    IV + VI                                                    

                     1.5+                                                      

                         2.5+                                                  

                            0.5+                                               

                                3 + 1                                          

                                     1 + 3                                     

     kg/ha          1.5 0.5 2.5                                                

     __________________________________________________________________________

     Oryza sativa    0   0   0   0    0                                        

     Echinochloa crus-galli                                                    

                     96  88 93   97  100                                       

     Monochoria vaginalis                                                      

                    100 100 100 100  100                                       

     Alisma plantago-aquatica                                                  

                    100 100 98  100  100                                       

     Active ingredient                                                         

                    IV + VII                                                   

                     1.5+                                                      

                         2.5+                                                  

                            0.5+                                               

                                3 + 1                                          

                                     1 + 3                                     

     kg/ha          1.5 0.5 2.5                                                

     __________________________________________________________________________

     Oryza sativa    0   0   0   0    0                                        

     Echinochloa crus-galli                                                    

                     98  89 97   98  100                                       

     Monochoria vaginalis                                                      

                    100 100 100 100  100                                       

     Alisma plantago-aquatica                                                  

                    100 100 94  100  100                                       

     Active ingredient                                                         

                    IV + VIII                                                  

                     1.5+                                                      

                         2.5+                                                  

                             0.5+                                              

                                3 + 1                                          

                                     1 + 3                                     

     kg/ha          1.5 0.5 2.5                                                

     __________________________________________________________________________

     Oryza sativa    0   0   0   0    0                                        

     Echinochloa crus-galli                                                    

                     82  77 100  93  100                                       

     Monochoria vaginalis                                                      

                    100 100 100 100  100                                       

     Alisma plantago-aquatica                                                  

                    100 100  74 100  100                                       

     Active ingredient                                                         

                    IV + IX                                                    

                     1.5+                                                      

                         2.5+                                                  

                            0.5+                                               

                                3 + 1                                          

                                     1 + 3                                     

     kg/ha          1.5 0.5 2.5                                                

     __________________________________________________________________________

     Oryza sativa    0   0   0   0    0                                        

     Echinochloa crus-galli                                                    

                     86  80 87   91   97                                       

     Monochoria vaginalis                                                      

                    100 100 100 100  100                                       

     Alisma plantago-aquatica                                                  

                    100 100 68  100   96                                       

      0 = no damage                                                            

     100 = complete destruction                                                

     __________________________________________________________________________

PAC  EXAMPLE 6
PAR  In the greenhouse, loamy sandy soil was filled into pots and sown with the
      seeds of various plants. The soil prepared in this manner was then treated
      with the following amounts of the following individual active ingredients
      and compositions thereof as granules:
PA1  I. 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, 2, 2.5, 3 and 5 kg
      per hectare;
PA1  V. s-ethyl-(methylhexahydro-1-H-azepine)-1-carbothiolate, 2, 2.5, 3 and 5
      kg per hectare;
PA1  Vi. s-propyl-(methylhexahydro-1-H-azepine)-1-carbothiolate, 2, 2.5, 3 and 5
      kg per hectare;
PA1  Vii. s-isopropyl-(methylhexahydro-1-H-azepine)-1-carbothiolate, 2, 2.5, 3
      and 5 kg per hectare;
PA1  Viii. s-benzyl-(methylhexahydro-1-H-azepine)-1-carbothiolate, 2, 2.5, 3 and
      5 kg per hectare;
PA1  Ix. s-ethylhexahydro-1-H-azepine-1-carbothiolate, 2, 2.5, 3 and 5 kg per
      hectare;
PA1  I + v: 2 + 3, 3 + 2 and 2.5 + 2.5 kg per hectare;
PA1  I + vi: 2 + 3, 3 + 2 and 2.5 + 2.5 kg per hectare;
PA1  I + vii: 2 + 3, 3 + 2 and 2.5 + 2.5 kg per hectare;
PA1  I + viii: 2 + 3, 3 + 2 and 2.5 + 2.5 kg per hectare;
PA1  I + ix: 2 + 3, 3 + 2 and 2.5 + 2.5 kg per hectare.
PAR  After 3 to 4 weeks it was ascertained that the compositions had a better
      herbicidal action than their individual components, combined with the same
      good crop plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         

                    I            V                                             

     kg/ha          2  2.5  3  5 2  2.5 3  5                                   

     __________________________________________________________________________

     Oryza sativa   0   0   0  0 0   0  0  0                                   

     Alisma plantago-aquatica                                                  

                    10 15  21 28 5  10  15 23                                  

     Cyperus esculentus                                                        

                    18 26  30 70 30 40  70 90                                  

     Active ingredient                                                         

                    VI           VII                                           

     kg/ha          2  2.5  3  5 2  2.5 2  5                                   

     __________________________________________________________________________

     Oryza sativa   0   0   0  0 0   0  0  0                                   

     Alisma plantago-aquatica                                                  

                    0   5  10 18 0   3  5  12                                  

     Cyperus esculentus                                                        

                    28 50  75 95 25 40  80 90                                  

     Active ingredient                                                         

                    VIII         IX                                            

     kg/ha          2  2.5  3  5 2  2.5 2   5                                  

     __________________________________________________________________________

     Oryza sativa   0   0   0  0 0   0  0  0                                   

     Alisma plantago-aquatica                                                  

                    0   5  10 16 0   5  10 17                                  

     Cyperus esculentus                                                        

                    25 45  80 95 25 50  65 80                                  

     Active ingredient                                                         

                    I + V       I + VI                                         

                    2+3 3+2 2.5+                                               

                                2+3 3+2 2.5+                                   

     kg/ha                  2.5         2.5                                    

     __________________________________________________________________________

     Oryza sativa    0   0   0   0   0   0                                     

     Alisma plantago-aquatica                                                  

                     61 62  59   56 55  57                                     

     Cyperus esculentus                                                        

                    100 95  98  100 90  100                                    

     Active ingredient                                                         

                    I + VII     I + VIII                                       

                    2+3 3+2 2.5+                                               

                                2+3 3+2  2.5+                                  

     kg/ha                  2.5         2.5                                    

     __________________________________________________________________________

     Oryza sativa    0   0   0   0   0   0                                     

     Alisma plantago-aquatica                                                  

                      50                                                       

                        55  53   56 55   54                                    

     Cyperus esculentus                                                        

                    100 96  97  100 97  100                                    

     Active ingredient                                                         

                    I + IX                                                     

     kg/ha          2 + 3   3 + 2   2.5 + 2.5                                  

     __________________________________________________________________________

     Oryza sativa    0       0       0                                         

     Alisma plantago-aquatica                                                  

                     54      55      54                                        

     Cyperus esculentus                                                        

                    100      93     100                                        

      0 = no damage                                                            

     100 = complete destruction                                                

     __________________________________________________________________________

CLMS
STM  I claim:
NUM  1.
PAR  1. A herbicide composition containing a herbicidally effective amount of
      mixture of
PA1  a. a compound having the formula
      ##SPC3##
PA1   wherein R.sup.1 denotes lower alkyl, or a salt of said compound, and
PA1  b. a compound having the formula
      ##SPC4##
PA1   wherein X denotes lower alkyl, n denotes one of the integers 0, 1, 2 and
      3, and R denotes lower alkyl, benzyl or benzyl substituted by lower alkyl
      in a weight ratio of a to b in the range of 5:1 to 1:5.
NUM  2.
PAR  2. A herbicide composition as claimed in claim 1 wherein compounds a and b
      respectively are 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide and
      S-ethylhexahydro-1-H-azepine-1-carbothiolate.
NUM  3.
PAR  3. A herbicide composition containing a herbicidally effective amount of a
      mixture of
PA1  a. 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, or a salt thereof,
      and
PA1  b. a member selected from the group consisting of
PA2  S-ethyl-(methylhexahydro-1-H-azepine)-azepine)-1-carbothiolate,
PA2  S-propyl-(methylhexahydro-1-H-azepine)-1-carbothiolate,
PA2  S-isopropyl-(methylhexahydro-1-H-azepine)-1-carbothiolate,
PA2  S-benzyl-(methylhexahydro-1-H-azepine)-1-carbothiolate, and
PA2  S-ethylhexahydro-1-H-azepine-1-carbothiolate
PA1  in a weight ratio of a to b in the range of 5:1 to 1:5.
NUM  4.
PAR  4. A herbicide composition as claimed in claim 3 wherein said salt of
      compound a is the ammonium, sodium, potassium, lithium, calcium,
      magnesium, ethylamine, dimethylamine, ethanolamine, or diethanolamine
      salt.
PATN
WKU  039334627
SRC  5
APN  4931165
APT  1
ART  124
APD  19740730
TTL  Mixture of substituted benzothiadiazinones and benzonitriles as
      herbicides
ISD  19760120
NCL  6
ECL  1
EXP  Hollrah; Glennon H.
INVT
NAM  Fischer; Adolf
CTY  Mutterstadt
CNT  DT
ASSG
NAM  BASF Aktiengesellschaft
CTY  Ludwigshafen (Rhine)
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720413
APN  2217722
RLAP
COD  74
APN  343629
APD  19730322
PSC  01
PNO  3888655
CLAS
OCL   71 91
XCL   71105
XCL   71121
EDF  2
ICL  A01N  912
FSC   71
FSS  91;105
UREF
PNO  3272795
ISD  19660900
NAM  Heywood et al.
OCL   71105
UREF
PNO  3397054
ISD  19680800
NAM  Hart et al.
OCL   71105
UREF
PNO  3462258
ISD  19690800
NAM  Linden et al.
OCL   71105
UREF
PNO  3592626
ISD  19710700
NAM  Heywood et al.
OCL   71105
UREF
PNO  3708277
ISD  19730100
NAM  Zeidler et al.
OCL   71 91
OREF
PAL  Fischer, "Herbicidal compositions", (1970), CA 74, No. 22060z, (1971).
LREP
FRM  Johnston, Keil, Thompson & Shurtleff
ABST
PAL  Herbicide mixtures of
PA1  A. a compound of the formula
      ##SPC1##
PA1   where R denotes lower alkyl of a maximum of 4 carbon atoms, or its salts,
      such as alkali metal, alkaline earth metal, ammonium,
      hydroxyalkylammonium, alkylammonium and hydrazine salts, e.g., salts with
      sodium, lithium, potassium, calcium, iron, methylammonium,
      trimethylammonium, ethylammonium, diethanolammonium, ethanolammonium,
      dimethylamine, dimethylethanolamine, hydrazine and phenylhydrazine, and
PA1  B. a compound of the formula
      ##SPC2##
PA1   where Y denotes hydroxy or the radical
      ##EQU1##
       X denotes halogen and n denotes the integer 2.
PARN
PAC  RELATED APPLICATION
PAR  This application is a division application of my copending application Ser.
      No. 343,629, filed March 22, 1973 now U.S. Pat. No. 3,888,655.
BSUM
PAR  The present invention relates to a herbicide comprising a composition of
      several active ingredients.
PAR  I have now found that a composition of
PAR  A. A compound of the formula
      ##SPC3##
PAL  Where R denotes lower alkyl of a maximum of 4 carbon atoms, or its salts,
      such as alkali metal, alkaline earth metal, ammonium,
      hydroxyalkylammonium, alkylammonium and hydrazine salts, e.g. salts with
      sodium, lithium, potassium, calcium, iron, methylammonium,
      trimethylammonium, ethylammonium, diethanolammonium, ethanolammonium,
      dimethylamine, dimethylethanolamine, hydrazine and phenylhydrazine, and
PAR  B. A COMPOUND OF THE FORMULA
      ##SPC4##
PAL  Where Y denotes hydroxy or the radical
      ##EQU2##
      X denotes halogen and n denotes the integer 2, have a herbicidal action
      superior to that of their individual components.
PAR  Active ingredients a and b may be applied in amounts of 0.5 to 5 kg per
      hectare.
PAR  The weight ratio of a : b is from 5:1 to 1:5, preferably from 3:1 to 1:3.
PAR  The compositions of the invention are suitable for controlling unwanted
      plants, e.g. dicotyledonous seed weeds, monocotyledonous grassy seed weeds
      and Cyperaceae in crops such as cereals, rice, soybeans, Indian corn,
      potatoes, peas, and beans.
PAR  The compositions may be used pre- and/or postemergence.
PAR  The agents according to the invention may be used as solutions, emulsions,
      suspensions oil dispersions, granules or dusts. The form of application
      depends entirely on the purpose for which the agents are being used; in
      any case it should ensure a fine distribution of the active ingredient.
PAR  For the preparation of solutions to be sprayed direct, mineral oil
      fractions of medium to high boiling point, such as kerosene or diesel oil,
      further coal-tar oils and oils of vegetable or mineral origin, and cyclic
      hydrocarbons such as tetrahydronaphthalene and alkylated naphthalenes are
      suitable.
PAR  Aqueous formulations may be prepared from emulsion concentrates, pastes or
      wettable powders by adding water. To prepare emulsions the ingredients as
      such or dissolved in a solvent may be homogenized in water or organic
      solvents by means of wetting or dispersing agents, e.g., polyethylene
      oxide adducts. Concentrates which are suitable for dilution with water may
      be prepared from active ingredient, wetting agent, adherent, emulsifying
      or dispersing agent and possibly solvent. Oils of various types may be
      added to ready-to-use spray liquors.
PAR  Dusts may be prepared by mixing or grinding the active ingredients with a
      solid carrier, e.g., clay or fertilizers.
PAR  Granules may be prepared by bonding the active ingredients to solid
      carriers.
PAR  Directly sprayable dispersions may also be prepared with oils.
PAR  The new compounds may be mixed with fertilizers, insecticides, fungicides
      and other herbicides.
DETD
PAC  EXAMPLE 1
PAR  In the open the crop plants wheat (Triticum aestivum), barley (Hordeum
      vulgare), rye (Secale cereale) and lawn grass, and the unwanted plants
      wild mustard (Sinapis arvensis), hempnettle (Galeopsis tetrahit),
      catchweed bedstraw (Galium aparine), kochia (Kochia scoparia), red
      deadnettle (Lamium purpureum), gromwell (Lithospermum officinale),
      chamomile (Matricaria chamomilla), redroot pigweed (Amaranthus
      retroflexus) and common cocklebur (Xanthium pensylvanicum) are treated
      postemergence with the following amounts of the following individual
      active ingredients and compositions thereof:
PA1  I. 3,5-dibromo-4-hydroxybenzonitrile, 0.4 kg per hectare;
PA1  Ii. 3,5-diiodo-4-hydroxybenzonitrile, 0.3 kg per hectare;
PA1  Iii. 3,5-dibromo-4-octanoyloxybenzonitrile, 0.5 kg per hectare;
PA1  Iv. 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, 0.5 kg per
      hectare;
PA1  I + iv: 0.4 + 0.5 kg per hectare;
PA1  Ii + iv: 0.3 + 0.5 kg per hectare;
PA1  Iii + iv: 0.5 + 0.5 kg per hectare;
PAR  After 10 to 14 days it was ascertained that the compositions had a better
      herbicidal action than their individual components, combined with the same
      good crop plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         

                  I   II  III IV  I + IV II + IV                               

                                                III + IV                       

     kg/ha        0.4 0.3 0.5 0.5 0.4 + 0.5                                    

                                         0.3 + 0.5                             

                                                0.5 + 0.5                      

     __________________________________________________________________________

     Triticum aestivum                                                         

                   5  10   0   0   0      5      0                             

     Hordeum vulgare                                                           

                   0   5   0   0   0      0      0                             

     Secale cereale                                                            

                   0   5   0   0   0      0      0                             

     lawn grass    0   0   0   0   0      0      0                             

     Sinapis arvensis                                                          

                  30  35  15  25  80     90     70                             

     Galeopsis tetrahit                                                        

                  25  30  20  25  75     85     75                             

     Galium aparine                                                            

                  20  30  15  35  90     100    85                             

     Kochia scoparia                                                           

                  25  25  15  20  70     80     80                             

     Lamium purpureum                                                          

                  30  40  25  10  80     90     90                             

     Lithospermum officinale                                                   

                  25  30  20  25  75     90     85                             

     Matricaria chamomilla                                                     

                  20  30  20  35  80     100    75                             

     Amaranthus retroflexus                                                    

                  30  35  25  30  90     100    95                             

     Xanthium pensylvanicum                                                    

                  20  25  20  40  85     95     90                             

     __________________________________________________________________________

       0 = no damage?                                                          

      100 = complete destruction                                               

PAC  EXAMPLE 2
PAR  In the open, various plants were treated at a growth height of 3 to 25 cm
      with the following amounts of the following active ingredients and
      compositions thereof as oil dispersions:
PA1  I. sodium salt of 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide,
      0.15, 0.45, 0.75 and 0.9 kg/hectare;
PA1  Ii. dimethylamine salt of
      3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, 0.15, 0.45, 0.75 and
      0.9 kg/hectare;
PA1  Iii. diethanolamine salt of
      3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, 0.15, 0.45, 0.75 and
      0.9 kg/hectare;
PA1  Iv. 3,5-dibromo-4-hydroxybenzaldoxime-O-(2',4'-dinitrophenyl)-ether, 0.15,
      0.45, 0.75 and 0.9 kg/hectare;
PA1  V. 3,5-diiodo-4-hydroxybenzonitrile, 0.15, 0.45, 0.75 and 0.9 kg/hectare;
PA1  Vi. 3,5-dibromo-4-hydroxybenzonitrile, 0.15, 0.45, 0.75 and 0.9 kg/hectare;
PA1  I + iv: 0.15 + 0.75; 0.75 + 0.15; 0.45 + 0.45 kg/ha;
PA1  I + v : 0.15 + 0.75; 0.75 + 0.15; 0.45 + 0.45 kg/ha;
PA1  I + vi: 0.15 + 0.75; 0.75 + 0.15; 0.45 + 0.45 kg/ha;
PA1  Ii + iv: 0.15 + 0.75; 0.75 + 0.15; 0.45 + 0.45 kg/ha;
PA1  Ii + v : 0.15 + 0.75; 0.75 + 0.15; 0.45 + 0.45 kg/ha;
PA1  Ii + vi: 0.15 + 0.75; 0.75 + 0.15; 0.45 + 0.45 kg/ha;
PA1  Iii + iv: 0.15 + 0.75; 0.75 + 0.15; 0.45 + 0.45 kg/ha;
PA1  Iii + v : 0.15 + 0.75; 0.75 + 0.15; 0.45 + 0.45 kg/ha;
PA1  Iii + vi: 0.15 + 0.75; 0.75 + 0.15; 0.45 + 0.45 kg/ha.
PAR  After 8 to 12 days it was ascertaineed that the compositions had a better
      herbicidal action than their individual components, combined with the same
      good crop plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         

                I               II              III                            

     kg/ha      0.15                                                           

                    0.45                                                       

                        0.75                                                   

                            0.9 0.15                                           

                                    0.45                                       

                                        0.75                                   

                                            0.9 0.15                           

                                                    0.45                       

                                                        0.75                   

                                                            0.9                

     __________________________________________________________________________

     Crop plants:                                                              

     Triticum aestivum                                                         

                0    0   0   0  0   0    0   0  0    0   0   0                 

     Hordeum vulgare                                                           

                0    0   0   0  0   0    0   0  0    0   0   0                 

     Secale cereale                                                            

                0    0   0   0  0   0    0   0  0    0   0   0                 

     Unwanted plants:                                                          

     Galium aparine                                                            

                10  30  40  55  10  26  40  47  14  28  45  60                 

     Lamium amplexicaule                                                       

                0   10  15  23  0   9   20  35  3   10  25  32                 

     Stellaria media                                                           

                7   18  30  42  10  26  35  45  6   20  40  50                 

     __________________________________________________________________________

       0 =  no damage?                                                         

      100 = complete destruction                                               

     Active ingredient                                                         

                IV              V               VI                             

     kg/ha      0.15                                                           

                    0.45                                                       

                        0.75                                                   

                            0.9 0.15                                           

                                    0.45                                       

                                        0.75                                   

                                            0.9 0.15                           

                                                    0.45                       

                                                        0.75                   

                                                            0.9                

     __________________________________________________________________________

     Crop plants:                                                              

     Triticum aestivum                                                         

                0    0   0   0   0  10  12  15  0    5   5  10                 

     Hordeum vulgare                                                           

                0    0   5   5   0   5   7  10  0    0   0   5                 

     Secale cereale                                                            

                0    0   0   5   0   6  10  15  0    0   0   7                 

     Unwanted plants:                                                          

     Galium aparine                                                            

                5   15  20  30  14  35  54  74  11  20  30  48                 

     Lamium amplexicaule                                                       

                12  33  45  60  10  30  43  67  8   30  40  60                 

     Stellaria media                                                           

                7   22  30  48  10  25  37  58  7   20  31  50                 

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

                I + IV               I + V                                     

     kg/ha      0.15+0.75                                                      

                       0.75+0.15                                               

                              0.45+0.45                                        

                                     0.15+0.75                                 

                                            0.75+0.15                          

                                                   0.45+0.45                   

     __________________________________________________________________________

     Crop plants:                                                              

     Triticum aestivum                                                         

                 0      0      0     12      0      0                          

     Hordeum vulgare                                                           

                 5      0      0      7      0      5                          

     Secale cereale                                                            

                 0      0      0     10      0      6                          

     Unwanted plants:                                                          

     Galium aparine                                                            

                70     80     83     96     90     88                          

     Lamium amplexicaule                                                       

                90     68     80     78     65     82                          

     Stellaria media                                                           

                75     78     85     80     77     81                          

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

                I + VI               II + IV                                   

     kg/ha      0.15+0.75                                                      

                       0.75+0.15                                               

                              0.45+0.45                                        

                                     0.15+0.75                                 

                                            0.75+0.15                          

                                                   0.45+0.45                   

     __________________________________________________________________________

     Crop plants:                                                              

     Triticum aestivum                                                         

                 5      0      5      0      0      0                          

     Hordeum vulgare                                                           

                 0      0      0      5      0      0                          

     Secale cereale                                                            

                 0      0      0                                               

     Unwanted plants:                                                          

     Galium aparine                                                            

                76     90     87     68     82     80                          

     Lamium amplexicaule                                                       

                73     60     76     82     70     78                          

     Stellaria media                                                           

                75     73     80     80     79     90                          

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

                II + V               II + VI                                   

     kg/ha      0.15+0.75                                                      

                       0.75+0.15                                               

                              0.45+0.45                                        

                                     0.15+0.75                                 

                                            0.75+0.15                          

                                                   0.45+0.45                   

     __________________________________________________________________________

     Crop plants:                                                              

     Triticum aestivum                                                         

                12      0     10      5      0   5                             

     Hordeum vulgare                                                           

                 7      0      5      0      0   0                             

     Secale cereale                                                            

                10      0      6      0      0   0                             

     Unwanted plants:                                                          

     Galium aparine                                                            

                97     95     93     78     90  84                             

     Lamium amplexicaule                                                       

                80     67     75     74     66  73                             

     Stellaria media                                                           

                85     83     92     80     85  88                             

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

                III + IV             III + V                                   

     kg/ha      0.15+0.75                                                      

                       0.75+0.15                                               

                              0.45+0.45                                        

                                     0.15+0.75                                 

                                            0.75+0.15                          

                                                   0.45+0.45                   

     __________________________________________________________________________

     Crop plants:                                                              

     Triticum aestivum                                                         

                 0      0      0     12      0     10                          

     Hordeum vulgare                                                           

                 5      0      0      7      0      5                          

     Secale cereale                                                            

                 0      0      0     10      0      6                          

     Unwanted plants:                                                          

     Galium aparine                                                            

                67     83     80     100    97     95                          

     Lamium amplexicaule                                                       

                80     64     78     83     76     77                          

     Stellaria media                                                           

                74     76     82     80     93     84                          

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

                  III + VI                                                     

     kg/ha        0.15+0.75  0.75+0.15  0.45+0.45                              

     ______________________________________                                    

     Crop plants:                                                              

     Triticum aestivum                                                         

                   5          0          5                                     

     Hordeum vulgare                                                           

                   0          0          0                                     

     Secale cereale                                                            

                   0          0          0                                     

     Unwanted plants:                                                          

     Galium aparine                                                            

                  80         92         86                                     

     Lamium amplexicaule                                                       

                  75         70         78                                     

     Stellaria media                                                           

                  72         85         79                                     

     ______________________________________                                    

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 3
PAR  In the greenhouse, various plants were treated at a growth height of 4 to
      27 cm with the following amounts of the following individual active
      ingredients and compositions thereof as dispersions:
PA1  I. 3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide, 1.0, 1.5, 2.0 and
      3.0 kg/ha;
PA1  Ii. 3,5-dibromo-4-hydroxybenzonitrile, 1.0, 1.5, 2.0 and 3.0 kg/ha;
PA1  Iii. 3,5-diiodo-4-hydroxybenzonitrile, 1.0, 1.5, 2.0 and 3.0 kg/ha;
PA1  Iv. 3,5-dibromo-4-hydroxybenzaldoxime-O-(2',4'-dinitrophenyl)-ether, 1.0,
      1.5, 2.0 and 3.0 kg/ha;
PA1  I + ii : 2.0 + 1.0; 1.0 + 2.0; 1.0 + 1.0; and 1.5 + 1.5 kg/ha;
PA1  I + iii : 2.0 + 1.0; 1.0 + 2.0; 1.0 + 1.0; and 1.5 + 1.5 kg/ha;
PA1  I + iv : 2.0 + 1.0; 1.0 + 2.0; 1.0 + 1.0; and 1.5 + 1.5 kg/ha;
PAL  compared with
PA1  V. 1-p-chlorophenyl-3,3-dimethylurea, 2.0 and 3.0 kg/ha; and
PA1  V + i: 2.0 + 1.0 kg/ha.
PAR  After 12 to 15 days it was ascertained that the compositions I + II, I +
      III and I + IV had a better crop plant compatibility than their individual
      components; active ingredient V; and composition V + I, combined with the
      same good herbicidal action. The results are given below:
TBL  Active ingredient                                                         

                I               II              III                            

     kg/ha      1.0 1.5 2.0 3.0 1.0 1.5 2.0 3.0 1.0 1.5 2.0 3.0                

     __________________________________________________________________________

     Crop plants:                                                              

     Triticum aestivum                                                         

                 0   0   0   0  10  12  15   20 15  18  20   30                

     Hordeum vulgare                                                           

                 0   0   0   0   5   6   8   10 10  15  18   26                

     Secale cereale                                                            

                 0   0   0   0   8  10  14   18 17  20  25   31                

     Unwanted plants:                                                          

     Galium aparine                                                            

                40  60  70  80  50  67  90  100 75  90  98  100                

     Lamium amplexicaule                                                       

                40  50  60  70  60  70  85  100 70  80  94  100                

     Stellaria media                                                           

                60  70  90  95  54  78  90  100 60  83  97  100                

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

                I + II                  I + III                                

     kg/ha      2.0+1.0                                                        

                      1.0+2.0                                                  

                            1.0+1.0                                            

                                  1.5+1.5                                      

                                        2.0+1.0                                

                                              1.0+2.0                          

                                                    1.0+1.0                    

                                                          1.5+1.5              

     __________________________________________________________________________

     Crop plants:                                                              

     Triticum aestivum                                                         

                 10    15    10    12    15    20    15    18                  

     Hordeum vulgare                                                           

                 5     8     5     6     10    18    10    15                  

     Secale cereale                                                            

                 8     14    8     10    17    25    17    20                  

     Unwanted plants:                                                          

     Galium aparine                                                            

                100   100   100   100   100   100   100   100                  

     Lamium amplexicaule                                                       

                100   100   100   100   100   100   100   100                  

     Stellaria media                                                           

                100   100   100   100   100   100   100   100                  

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

                  IV               V                                           

     kg/ha        1.0    1.5   2.0   3.0   2.0   3.0                           

     ______________________________________                                    

     Crop plants:                                                              

     Triticum aestivum                                                         

                   0     10    15     19   40    70                            

     Hordeum vulgare                                                           

                   7     15    20     25   47    80                            

     Secale cereale                                                            

                   6     10    12     18   56    95                            

     Unwanted plants:                                                          

     Galium aparine                                                            

                  30     45    60    100   90    95                            

     Lamium amplexicaule                                                       

                  65     80    95    100   100   100                           

     Stellaria media                                                           

                  50     70    93    100   100   100                           

     ______________________________________                                    

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  Active ingredient                                                         

                I + IV                  I + V                                  

     kg/ha      2.0+1.0                                                        

                      1.0+2.0                                                  

                            1.0+1.0                                            

                                  1.5+1.5                                      

                                        1.0+2.0                                

     __________________________________________________________________________

     Crop plants:                                                              

     Triticum aestivum                                                         

                0     15    0     10    40                                     

     Hordeum vulgare                                                           

                7     20    7     15    47                                     

     Secale cereale                                                            

                6     12    6     10    56                                     

     Unwanted plants:                                                          

     Galium aparine                                                            

                100   100   100   100   100                                    

     Lamium amplexicaule                                                       

                100   100   100   100   100                                    

     Stellaria media                                                           

                100   100   100   100   100                                    

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

CLMS
STM  I claim:
NUM  1.
PAR  1. A herbicide composition comprising an inert carrier containing a
      herbicidally effective amount of a mixture of herbicides consisting
      essentially of
PA1  a. a compound of the formula
      ##SPC5##
PA1   where R denotes lower alkyl of a maximum of 4 carbon atoms, or an alkali
      metal, ammonium, alkaline earth metal, lower alkyl ammonium, lower
      hydroxyalkylammonium or hydrazine salt thereof, and
PA1  b. a compound of the formula
      ##SPC6##
PA1   where Y denotes hydroxy or the radical
      ##EQU3##
       X denotes bromine or iodine and n denotes the integer 2 in a weight ratio
      of a to b in the range of 5:1 to 1:5.
NUM  2.
PAR  2. A herbicide composition as claimed in cliam 1 wherein the weight ratio
      of a to b is 3:1 to 1:3.
NUM  3.
PAR  3. A herbicide composition as claimed in claim 2 wherein compound a is
      3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide or its salt and
      compound b is 3,5-dibromo-4-hydroxybenzonitrile,
      3,5-diiodo-4-hydroxybenzonitrile, or
      3,5-dibromo-4-octanoyloxybenzonitrile.
NUM  4.
PAR  4. A herbicide composition as claimed in claim 1 wherein compound a is
      3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide and compound b is
      3,5-dibromo-4-hydroxybenzonitrile.
NUM  5.
PAR  5. A herbicide composition as claimed in claim 3 wherein compound a is
      3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide and compound b is
      3,5-diiodo-4-hydroxybenzonitrile.
NUM  6.
PAR  6. A herbicide composition as claimed in claim 3 wherein compound a is
      3-isopropyl-2,1,3-benzothiadiazinone-(4)-2,2-dioxide and compound b is
      3,5-dibromo-4-octanoyloxybenzonitrile.
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ABST
PAL  Compositions and methods of using certain imidazolidin-2-on-1-carboxylic
      acid amides, i.e. imidazolidin-2-on-1-carboxylic acid alkyl and alkenyl
      amides, some of which are known, which possess strong herbicidal
      properties, and which may be produced by conventional methods.
BSUM
PAR  The present invention relates to and has for its objects the provision for
      particular new active compositions in the form of mixtures with solid and
      liquid dispersible carrier vehicles of certain
      imidazolidin-2-on-1-carboxylic acid amides, i.e.
      imidazolidin-2-on-1-carboxylic acid alkyl and alkenyl amides, some of
      which are known, and which possess valuable selective herbicidal
      properties, and methods for using such compounds in a new way, especially
      for combating and controlling plants, e.g. weeds, with other and further
      objects becoming apparent from a study of the within specification and
      accompanying examples.
PAR  It is known that ureas, such as N-(3,4-dichlorophenyl)-N'-methyl-N'-n-butyl
      urea (A) [compare U.S. Pat. No. 2,655,444], or biurets, such as
      1-phenyl-3-phenyl-5,5-dimethyl biuret (B) [compare German Patent No.
      1,032,595], can be used as herbicides.
PAR  In this regard, the known members of the class of
      imidazolidin-2-on-1-carboxylic acid amides to which the present invention
      relates are not yet known to have any pesticidal properties, and in fact
      most of the instant compounds of this class of
      imidazolidin-2-on-1-carboxylic acid amides are still unknown per se.
PAR  It has now been found, in accordance with the present invention, that
      certain imidazolidin-2-on-1-carboxylic acid amides, some of which are
      known, of the formula
      ##EQU1##
      in which
PAR  R is alkyl of 1-4 carbon atoms or alkenyl of 3-4 carbon atoms, exhibit
      strong, especially selective, herbicidal properties.
PAR  It has been furthermore found, in accordance with the present invention,
      that the compounds of formula (Ia) above may be produced by the process
      which comprises reacting an imidazolidin-2-on-1-carbonyl chloride of the
      formula:
      ##EQU2##
      in the presence of an acid-binding agent and water, with a primary amine
      of the formula:
EQU  R--NH.sub.2                                                (III)
PAL  in which R is the same as defined above.
PAR  It is very surprising that the active compounds of formula (Ia) above
      usable according to the present invention exhibit, with equal herbicidal
      potency, a substantially better selective herbicidal activity when
      compared with chemically similar compounds, such as ureas and biurets, for
      example N-(3,4-dichloro-phenyl)-N'-methyl-N'-n-butyl urea (A) and
      1-phenyl-3-phenyl-5,5-dimethyl biuret (B). Therefore, the present
      invention represents a valuable contribution to the art.
PAR  The active compounds are clearly characterized by formula (Ia) above.
PAR  Advantageously, in accordance with the present invention, in the various
      formulae herein:
PAR  R represents
PA1  Straight and branched chain lower alkyl hydrocarbon  pg,4 of 1-4 carbon
      atoms such as methyl, ethyl, n- and iso-propyl, n-, iso-, sec.- and
      tert.-butyl, and the like, especially C.sub.2-4 or C.sub.3-4 alkyl, more
      especially branched C.sub.3-4 alkyl, and most especially isopropyl,
      isobutyl and tert.-butyl; or
PA1  straight and branched chain lower alkenyl hydrocarbon of 3-4 carbon atoms
      such as .alpha.-, .beta.- and .gamma.- allyl (i.e. prop2-enyl,
      1-methyl-vinyl and prop-1-enyl or crotonyl), but-1,2 and 3-enyl,
      1-methyl-prop- 1 and 2-enyl, 1- and 2-methylprop-2-enyl, 1ethyl-vinyl, and
      the like, especially C.sub.3 alkenyl, more especially allyl, and most
      especially .alpha.-allyl or prop-2-enyl.
PAR  Preferably, R is C.sub.3-4 branched chain alkyl or C.sub.3 alkenyl,
      especially .alpha.-allyl.
PAR  These compounds of formula (Ia) above usable according to the present
      invention are known in part (see J.Org. Chem. 29 (1968), 3347-3350).
PAR  Examples of starting amines which can be used for the preparation of the
      instant active compounds include methyl amine, ethyl amine, n-propyl
      amine, isopropyl amine, allyl amine (i.e. prop-2-enyl amine), n-butyl
      amine, iso-butyl amine, tert.-butyl amine, and the like.
PAR  The preparation of the starting imidazolidin-2-on-1-carbonyl chloride can
      be effected according to various methods. It is obtained in a particularly
      simple manner from ethylene-urea and phosgene (J. Org. Chem. 29 (1964),
      2401-2404).
PAR  The production reaction according to the present invention is, as mentioned
      above, effected in the presence of water, i.e. as diluent. Surprisingly,
      water is more suitable than inert organic diluents, such as benzene and
      toluene, although carbonyl chlorides, in particular N-carbonyl chlorides,
      are in general very sensitive to water. In this connection, for example,
      the comparable allophanic acid chloride, H.sub.2 N--CO--NH--COCl,
      decomposes very vigorously in water (compare German Pat. No. 238,961).
PAR  The acid-binding agent to be used may for example be any of the customary
      acid-binding substances. Preferred examples include alkali metal
      hydroxides and alkaline earth metal hydroxides; alkaline earth metal
      carbonates and alkali metal carbonates: tertiary amines, such as pyridine;
      and the like, or an excess of the starting amine used for the reaction.
      Sodium hydroxide solution has proved particularly suitable, in this
      regard.
PAR  The reaction temperature can be varied within a fairly wide range. In
      general, the work is carried out at substantially between about
      0.degree.-80.degree.C, preferably between about 20.degree.-50.degree.C.
PAR  The production process may be carried out in the following typical way:
PAR  1 mol of imidazolidin-2-on-1-carbonyl chloride is stirred with an amount of
      water to give a readily stirrable suspension. 1 to 1.2 mols of amine and 1
      mol of sodium hydroxide solution are then run in simultaneously in such a
      manner that the amine is always present in small excess. After the running
      in has been completed, stirring is continued until the mixture is cold.
      The precipitated reaction product is filtered off with suction and washed
      with water. It is usually of good purity and, in general, does not need to
      be specially purified.
PAR  Advantageously, the active compounds according to the present invention
      exhibit a strong herbicidal potency and can therefore be used as weed
      killers. By weeds are meant in the broadest sense all plants which grow in
      places where they are not desired. Whether the active compounds according
      to the present invention act as total or selective herbicidal agents
      depends primarily on the amount of active compound applied, as the artisan
      will appreciate.
PAR  The active compounds according to the present invention can be used for
      example in the case of the following plants: dicotyledons, such as mustard
      (Sinapis), cress (Lepidium), cleaver (Galium), common chickweed
      (Stellaria), mayweed (Matricaria), deadnettle (Lamium), small-flower
      Galinsoga (Galinsoga), fathen (Chenopodium), stinging nettle (Urtica),
      groundsel (Senecio), cotton (Gossypium), beets (Beta), carrots (Daucus),
      beans (Phaseolus), potatoes (Solanum), coffee (Coffea); monocotyledons,
      such as blackgrass (Alopecurus), timothy (Phelum), bluegrass (Poa), fescue
      (Festuca), goosegrass (Eleusine), foxtail (Setaria), ryegrass (Lolium),
      cheat (Bromus), barnyard grass (Echinochloa), maize (Zea), rice (Oryzae),
      oats (Avena), barley (Hordeum), wheat (Triticum), millet (Panicum) sugar
      cane (Saccharum); and the like.
PAR  The instant active compounds are preferably used as selective herbicides.
      Such active compounds exhibit a particularly good selectivity when used in
      beets, cotton and in cereals, particularly wheat.
PAR  The active compounds according to the instant invention can be utilized, if
      desired, in the form of the usual formulations or compositions with
      conventional inert (i.e. plant compatible or herbicidally inert)
      pesticidal diluents or extenders, i.e. diluents or extenders of the type
      usable in conventional pesticidal formulations or compositions, e.g.
      conventional pesticidal dispersible carrier vehicles, such as solutions,
      emulsions, suspensions, emulsifiable concentrates, spray powders, pastes,
      soluble powders, dusting agents, granules, etc. These are prepared in
      known manner, for instance by extending the active compounds with
      conventional pesticidal dispersible liquid diluent carriers and/or
      dispersible solid carriers optionally with the use of carrier vehicle
      assistants, e.g. conventional pesticidal surfaceactive agents, including
      emulsifying agents and/or dispersing agents, whereby, for example, in the
      case where water is used as diluent, organic solvents may be added as
      auxiliary solvents. The following may be chiefly considered for use as
      conventional carrier vehicles for this purpose: inert dispersible liquid
      diluent carriers including inert organic solvents, such as aromatic
      hydrocarbons (e.g. benzene, toluene, xylene, etc.), halogenated,
      especially chlorinated, aromatic hydrocarbons (e.g. chloro-benzenes),
      paraffins (e.g. petroleum fractions), chlorinated aliphatic hydrocarbons
      (e.g. methylene chloride, etc.), alcohols (e.g. methanol, ethanol,
      propanol, butanol, etc.), ethers, ether-alcohols (e.g. glycol monomethyl
      ether, etc.), amines (e.g. ethanol-amine, etc.), amides (e.g. dimethyl
      formamide, etc.), sulfoxides (e.g. dimethyl sulfoxide, etc.), ketones
      (e.g. acetone, etc.), and/or water; as well as inert dispersible finely
      divided solid carriers, such as ground natural minerals (e.g. kaolins,
      alumina, silica, chalk, i.e. calcium carbonate, talc, kieselguhr, etc.),
      and ground synthetic minerals (e.g. highly dispersed silicic acid,
      silicates, e.g. alkali silicates, etc.); whereas the following may be
      chiefly considered for use as conventional carrier vehicle assistants,
      e.g. surface-active agents, for this purpose: emulsifying agents, such as
      non-ionic and/or anionic emulsifying agents (e.g. polyethylene oxide
      esters of fatty acids, polyethylene oxide ethers of fatty alcohols, alkyl
      sulfonates, aryl sulfonates, etc., and especially alkyl aryl-polyglycol
      ethers, magnesium stearate, sodium oleate, etc.); and/or dispersing
      agents, such as lignin, sulfite waste liquors, methyl cellulose, etc.
PAR  As will be appreciated by the artisan, the active compounds according to
      the instant invention may be employed alone or in the form of mixtures
      with one another and/or with such solid and/or liquid dispersible carrier
      vehicles and/or with other known compatible active agents, especially
      plant protection agents, such as other herbicides, or fungicides,
      insecticides, etc., if desired, or in the form of particular dosage
      preparations for specific application made therefrom, such as solutions,
      emulsions, suspensions, powders, pastes, and granules which are thus ready
      for use.
PAR  As concerns commercially marketed preparations, these generally contemplate
      carrier composition mixtures in which the active compound is present in an
      amount substantially between about 0.1 and 95% by weight, and preferably
      0.5 and 90% by weight, of the mixture, whereas carrier composition
      mixtures suitable for direct application or field application generally
      contemplate those in which the active compound is present in an amount
      substantially between about 0.005- 0.5%, preferably 0.01-0.1%, by weight
      of the mixture. Thus, the present invention contemplates over-all
      compositions which comprise mixtures of a conventional dispersible carrier
      vehicle such as (1) a dispersible inert finely divided carrier solid,
      and/or (2) a dispersible carrier liquid such as an inert organic solvent
      and/or water preferably including a surface-active effective amount of a
      carrier vehicle assistant, e.g. a surface-active agent, such as an
      emulsifying agent and/or a dispersing agent, and an amount of the active
      compound which is effective for the purpose in question and which is
      generally between about 0.005-95%, and preferably 0.01-95%, by weight of
      the mixture.
PAR  In particular, the amount of active compound applied per unit area varies
      according to the purpose intended, i.e. the effect desired, and the mode
      of application. In general, substantially between about 0.5-25 kg of
      active compound per hectare are applied, preferably between about 1.0-20
      kg of active compound per hectare, irrespective of the presence or absence
      of the carrier vehicle.
PAR  The active compounds can also be used in accordance with the well-known
      ultra-low-volume process with good success, i.e. by applying such compound
      if normally a liquid, or by applying a liquid composition containing the
      same, via very effective atomizing equipment, in finely divided form, e.g.
      average particle diameter of from 50-100 microns, or even less, i.e. mist
      form, for example by airplane crop spraying techniques. Only up to at most
      about a few liters/hectare are needed, and often amounts only up to about
      1 quart/acre, preferably 2-16 fluid ounces/acre, are sufficient. In this
      process it is possible to use highly concentrated liquid compositions with
      said liquid carrier vehicles containing from about 20 to about 95% by
      weight of the active compound or even the 100% active substance alone,
      e.g. about 20-100% by weight of the active compound.
PAR  While the active compounds can be used effectively according to the
      pre-emergence method, they are also particularly effective when used
      according to the post-emergence method.
PAR  In particular, in the usual aqueous preparations, and in the case of
      application after emergence, the concentration of the active compound is,
      in general, substantially between about 0.005-0.5%, and preferably between
      about 0.01-0.1%, by weight of the mixture with the carrier vehicle, as
      aforesaid.
PAR  Furthermore, the present invention contemplates methods of selectively
      killing, combatting or controlling undesired plants, e.g. weeds and the
      like, which comprise applying to at least one of (a) such weeds and (b)
      their habitat, i.e. the locus to be protected, a herbicidally effective or
      toxic amount of the particular compound of the invention alone or together
      with a carrier vehicle as noted above. The instant formulations or
      compositions are applied in the usual manner, for example by spraying,
      atomizing, vaporizing, scattering, dusting, watering, sprinkling,
      squirting, and the like, whether for pre-emergence application to the soil
      or post-emergence application to the weeds.
PAR  It will be realized, of course, that in connection with the pre-emergence
      use of the instant compounds as well as the post-emergence use thereof,
      the concentration of the particular active compound utilized, alone or in
      admixture with the carrier vehicle, will depend upon the intended
      application, as the artisan will appreciate, and may be varied within a
      fairly wide range depending upon the weather conditions, the purpose for
      which the active compound is used, e.g. for total or only selective
      herbicidal effect, and the plants which are to be controlled or protected.
      Therefore, in special cases, it is possible to go above or below the
      aformentioned concentration ranges and amounts per unit area.
DETD
PAR  The following Examples illustrate, without limitation, the herbicidal
      activity of the particular active compounds of the present invention.
PAC  EXAMPLE 1
PAR  Pre-emergence test
     Solvent:  5 parts by weight acetone                                       

     Emulsifier:                                                               

               1 part by weight alkylaryl polyglycol ether                     

PAR  To produce a suitable preparation of the particular active compound, 1 part
      by weight of such active compound is mixed with the stated amount of
      solvent, the stated amount of emulsifier is added thereto, and the
      resulting concentrate is then diluted with water to the desired final
      concentration.
PAR  Seeds of the test plants are sown in normal soil and, after 24 hours,
      watered with the preparation of the given active compound. It is expedient
      to keep constant the amount of water per unit area. The concentration of
      the active compound in the given preparation is of no importance, only the
      amount of active compound applied per unit area being decisive. After
      three weeks, the degree of damage to the test plants is determined and
      characterized by the values 0-5, which have the following meaning:
TBL  O      no effect                                                          

     1      slight damage or delay in growth                                   

     2      marked damage or inhibition of growth                              

     3      heavy damage and only deficient                                    

            development or only 50% emerged                                    

     4      plants partially destroyed after                                   

            germination or only 25% emerged                                    

     5      plants completely dead or not emerged.                             

PAR  The particular active compounds tested, the amounts applied and the results
      obtained can be seen from the following Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Pre-emergence test                                                        

     Active compound                      Active                               

                                              Beet                             

                                                 Cotton                        

                                                     Mus-                      

                                                        Galin-                 

                                                            Lam-               

                                                               Chenop-         

                                          comp.      tard                      

                                                        soga                   

                                                            ium                

                                                               odium           

                                          applied                              

                                          in kg/                               

                                          hectare                              

                                          5   5  3   5  5   3  5               

        2.5                               5   1  4.5 5  2   4                  

        5                                 5   2  5   5  4   5                  

        2.5                               3.5 1  4.5 5  3   4                  

        O                                                                      

        .parallel.                        5   3  1   5  5   5  5               

     (1.sub.1)                                                                 

        HNN--C--NH--C(CH.sub.3).sub.3     2.5 1  0   5  5   4.5                

                                                               4               

        .angle.                                                                

        C                                                                      

        81                                                                     

        O                                                                      

        O                                                                      

        .parallel.                        5   1  0   5  5   4  5               

     (2.sub.1)                                                                 

        HNN--C--NH--CH.sub.2 --CH=CH.sub.2                                     

                                          2.5 0  0   4.5                       

                                                        5   3  4               

        .angle.                                                                

        C                                                                      

        .parallel.                                                             

        O                                                                      

        OCH.sub.3                                                              

        .parallel.                        5   2  4   5  5   5  5               

     (3.sub.1)                                                                 

        HNN--C--NH--CH.angle.             2.5 0  2   5  5   4.5                

                                                               5               

        .angle.                                                                

        CCH.sub.3                                                              

        .parallel.                                                             

        O                                                                      

        OCH.sub.3                                                              

        .parallel.                        5   0  0   5  5   5  5               

     (4.sub.1)                                                                 

        HNN--C--NH--CH.sub.2 --CH.angle.  2.5 0  0   5  5   4.5                

                                                               5               

        .angle.                                                                

        CCH.sub.3                                                              

        .parallel.                                                             

        O                                                                      

     __________________________________________________________________________

PAC  EXAMPLE 2
PAR  Post-emergence test
TBL  Solvent:  5 parts by weight acetone                                       

     Emulsifier:                                                               

               1 part by weight alkylaryl polyglycol ether                     

PAR  To produce a suitable preparation of the particular active compound, 1 part
      by weight of such active compound is mixed with the stated amount of
      solvent, the stated amount of emulsifier is added thereto and the
      resulting concentrate is then diluted with water to the desired final
      concentration.
PAR  Test plants which have a height of about 5-5 cm. are sprayed with the
      preparation of the given active compound until just dew moist. After three
      weeks, the degree of damage to the plants is determined and characterized
      by the values 0-5, which have the following meaning:
TBL  0        no effect                                                        

     1        a few slightly burnt spots                                       

     2        marked damage to leaves                                          

     3        some leaves and parts of stalks                                  

              partially dead                                                   

     4        plant partially destroyed                                        

     5        plant completely dead.                                           

PAR  The particular active compounds tested, their concentrations and the
      results obtained can be seen from the following Table 2.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Post-emergence test                                                       

     Active compound                      Concentration                        

                                                 Beets                         

                                                    Wheat                      

                                                        Mus-                   

                                                           Galin-              

                                                               Matri-          

                                          of active     tard                   

                                                           soga                

                                                               caria           

                                          compound                             

                                          in %                                 

     __________________________________________________________________________

                                          0.1    4  1   3  4   1               

                                          0.05   2  0   2  3   0               

                                          0.1    3  2   4  5   4               

                                          0.05   1  1   2  4   3               

     .parallel.                           0.1    2  1   5  5   4               

     (1.sub.2)HNN--C--NH--C(CH.sub.3).sub.3                                    

                                          0.05   0  0   4  4   3               

     .angle.                                                                   

     C                                                                         

     .parallel.                                                                

     O                                                                         

     O                                                                         

     .parallel.                           0.1    0  0   4  4   3.5             

     (2.sub.2)HNN--C--NH--CH.sub.2 --CH=CH.sub.2                               

                                          0.05   0  0   2  3   2               

     .angle.                                                                   

     C                                                                         

     .parallel.                                                                

     O                                                                         

     OCH.sub.3                                                                 

     .parallel.                           0.1    2  1   5  5   5               

     (3.sub.2)HNN--C-- NH--CH.angle.      0.05   0  0   4  4.5 4               

     .angle.                                                                   

     CCH.sub.3                                                                 

     .parallel.                                                                

     O                                                                         

     OCH.sub.3                                                                 

     .parallel.                           0.1    0  1   5  5   5               

     (4.sub.2)HNN--C--NH--CH.sub.2 --CH.angle.                                 

                                          0.05   0  0   4.5                    

                                                           4.5 4               

     .angle.                                                                   

     CCH.sub.3                                                                 

     .parallel.                                                                

     O                                                                         

     __________________________________________________________________________

PAR  The following further examples are set forth to illustrate, without
      limitation, the manner of producing the active compounds according to the
      present invention:
PAC  EXAMPLE 3
      ##EQU3##
PAR  148.5 g imidazolidin-2-on-1-carbonyl chloride are stirred with 100 ml of
      water. To this mixtue there are added dropwise from one dropping funnel 65
      g isopropyl amine and, from a second dropping funnel, 100 ml sodium
      hydroxide solution with a content of 40 g NaOH in such a manner that the
      pH value does not rise above 10. The temperature is kept to 35.degree. to
      40.degree.C by cooling. When the entire amount of the amine has been added
      dropwise, the pH value is raised to 12 by the remainder of the sodium
      hydroxide solution. Stirring until cold is effected; the product is
      filtered off with suction and washed with a little water. The yield of
      imidazolidin-2-on-1-carboxylic acid isopropyl amide is 116 g (68% of the
      theory). The melting point is 125.degree. to 127.degree.C; after
      recrystallization from ethyl acetate, the melting point is 126.degree. to
      127.degree.C.
PAC  EXAMPLE 4
      ##EQU4##
PAR  When, in accordance with the procedure of Example 3, the isopropyl amine is
      replaced by 77 g isobutyl amine, 159 g (86% of the theory) of
      imidazolidin-2-on-1-carboxylic acid isobutyl amide which melts at
      95.degree. to 96.degree.C are obtained.
PAC  EXAMPLE 5
      ##EQU5##
PAR  When 80 g tert.-butyl amine are used in the process described in Example 3,
      137 g (74% of the theory) of imidazolidin-2-on-1-carboxylic acid
      tert.-butyl amide having a melting point of 153.degree. to 154.degree.C
      can be isolated.
PAC  EXAMPLE 6
      ##EQU6##
PAR  68 g allyl amine (i.e. prop-2-enyl amine) are reacted in the manner
      described in Example 3, and 130 g (77% of the theory) of
      imidazolidin-2-on-1-carboxylic acid allyl amide which melts at 75.degree.
      to 76.degree.C are obtained.
PAR  It will be realized by the artisan that all of the foregoing compounds
      contemplated by the present invention possess the desired strong and
      selective herbicidal properties, and especially the capability of
      controlling and destroying selectively weeds, as well as a comparatively
      low toxicity toward warm-blooded creatures, enabling such compounds to be
      used with correspondingly favorable compatibility with respect to
      warm-blooded creatures for more effective control and/or elimination of
      weeds by application of such compounds to such weeds and/or their habitat.
      As contemplated herein, the term "weeds" is meant to include not only
      weeds in the narrow sense, but also weeds, and especially plants, in the
      broad sense, whereby to cover all plants and vegetation considered
      undesirable for the particular purposes in question.
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Herbicidal composition which consists essentially of a mixture of a
      dispersible carrier vehicle selected from the group consisting of (1) a
      finely divided dispersible carrier solid containing a surface-active agent
      selected from the group consisting of non-ionic emulsifying agents,
      anionic emulsifying agents, dispersing agents, and mixtures of such
      agents, and (2) a dispersible carrier liquid selected from the group
      consisting of inert organic solvents, water, and mixtures thereof, and
      containing a surface-active agent selected from the group consisting of
      non-ionic emulsifying agents, anionic emulsifying agents, dispersing
      agents, and mixtures of such agents, and a herbicidally effective amount,
      constituting substantially between about 0.005-95% by weight of the
      mixture, and sufficient to combat weeds, of an
      imidazolidin-2-on-1-carboxylic acid amide of the formula
      ##EQU7##
      in which R is selected from the group consisting of alkyl of 1-4 carbon
      atoms and alkenyl of 3-4 carbon atoms.
NUM  2.
PAR  2. Method of killing weeds, which comprises applying to at least one of (a)
      such weeds and (b) their habitat, a herbicidally effective amount of an
      imidazolidin-2-on-1-carboxylic acid amide of the formula
      ##EQU8##
      in which R is selected from the group consisting of alkyl of 1-4 carbon
      atoms and alkenyl of 3-4 carbon atoms.
NUM  3.
PAR  3. Method according to claim 2 wherein R is selected from the group
      consisting of C.sub.3-4 branched chain alkyl and C.sub.3 alkenyl.
NUM  4.
PAR  4. Method according to claim 2 wherein such compound is used in the form of
      a mixture with a dispersible carrier vehicle, said compound being present
      in a herbicidally effective amount and constituting substantially between
      about 0.005-95% by weight of the mixture.
NUM  5.
PAR  5. Method according to claim 2 wherein such compound is
      imidazolidin-2-on-1-carboxylic acid tert.-butyl amide of the formula
      ##EQU9##
NUM  6.
PAR  6. Method according to claim 2 wherein such compound is
      imidazolidin-2-on-1-carboxylic acid allyl amide of the formula
      ##EQU10##
NUM  7.
PAR  7. Method according to claim 2 wherein such compound is
      imidazolidin-2-on-1-carboxylic acid isopropyl amide of the formula
      ##EQU11##
NUM  8.
PAR  8. Method according to claim 2 wherein such compound is
      imidazolidin-2-on-1-carboxylic acid isobutyl amide of the formula
      ##EQU12##
NUM  9.
PAR  9. Composition as claimed in claim 1 wherein R in the formula is selected
      from the group consisting of branched chain alkyl having from 3 to 4
      carbon atoms and of alkenyl having 3 carbon atoms.
NUM  10.
PAR  10. Composition as claimed in claim 1 wherein said amide is
      imidazolidin-2-on-1-carboxylic acid tert.-butyl amide.
NUM  11.
PAR  11. Composition as claimed in claim 1 wherein said amide is
      imidazolidin-2-on-1-carboxylic acid allyl amide.
NUM  12.
PAR  12. Composition as claimed in claim 1 wherein said amide is
      imidazolidin-2-on-1-carboxylic acid isopropyl amide.
NUM  13.
PAR  13. Composition as claimed in claim 1 wherein said amide is
      imidazolidin-2-on-1-carboxylic acid isobutyl amide.
PATN
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ABST
PAL  New and valuable herbicide mixtures of
      2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranylmethane sulfonate and
      3-cyclohexyl-5,6-trimethylene uracil, optionally 1-substituted by acetyl,
      propionyl or .alpha., .alpha.-dimethyl-.beta.-acetoxypropionyl.
PARN
PAC  RELATED APPLICATION
PAR  This application is a division of my copending application Ser. No.
      348,085, filed Apr. 4, 1973, the disclosure of which is incorporated
      herein by reference.
BSUM
PAR  The present invention relates to a herbicide comprising a composition of
      2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranylmethane sulfonate and a
      uracil.
PAR  It is known to use methane sulfonates, pyridazones, uracils and carbamates
      for controlling broadleaved and grassy weeds. However, their action is
      poor.
PAR  I have now found that a composition of
PAR  A. A COMPOUND OF THE FORMULA
      ##SPC1##
PAL  And
PAR  B. A COMPOUND OF THE FORMULA
      ##SPC2##
PAL  Wherein R denotes hydrogen, acetyl, propionyl or
      .alpha..alpha.-dimethyl-.beta.-acetoxypropionyl, has a good herbicidal
      action.
PAR  The active ingredients may be mixed in any ratio; it is however preferred
      to employ a ratio (by weight) of a : b of from 5 : 1 to 1 : 5, preferably
      3 : 1 to 1 : 3.
PAR  The agents according to the invention may be used as solutions, emulsions,
      suspensions, oil dispersion, granules or dusts. The form of application
      depends entirely on the purpose for which the agents are being used; in
      any case it should ensure a fine distribution of the active ingredient.
PAR  For the preparation of solutions to be sprayed direct, mineral oil
      fractions of medium to high boiling point, such as kerosene or diesel oil,
      further coal-tar oils and oils of vegetable or mineral origin, and cyclic
      hydrocarbons such as tetrahydronaphthalene and alkylated naphthalenes are
      suitable.
PAR  Aqueous formulations may be prepared from emulsion concentrates, pastes or
      wettable powders by adding water. To prepare emulsions the ingredients as
      such or dissolved in a solvent may be homogenized in water or organic
      solvents by means of wetting or dispersing agents, e.g., polyethylene
      oxide adducts. Concentrates which are suitable for dilution with water may
      be prepared from active ingredient, wetting agent, adherent, emulsifying
      or dispersing agent and possibly solvent. Oils of various types may be
      added to ready-to-use spray liquors.
PAR  Dusts may be prepared by mixing or grinding the active ingredients with a
      solid carrier, e.g., kieselguhr, talc, clay or fertilizers.
PAR  Granules may be prepared by bonding the active ingredients to solid
      carriers.
PAR  Directly sprayable dispersions may also be prepared with oils.
PAR  The new compounds may be mixed with fertilizers, insecticides, fungicides
      and other herbicides.
PAR  The new herbicides may be applied either pre- or postemergence, and are
      particularly suited for controlling dicotyledonous seed weeds and
      monocotyledonous seed grasses in crops such as beet, spinach, potatoes,
      peas, beans and groundnuts.
DETD
PAC  EXAMPLE 1
PAR  In the greenhouse, seeds of beet (Beta vulgaris), common lambsquarters
      (Chenopodium album), wild mustard (Sinapis arvensis), slender foxtail
      (Alopecurus myosuroides) and wild oat (Avena fatua) were sown in loamy
      sandy soil and subsequently treated with the following amounts of the
      following active ingredients and compositions thereof, each active
      ingredient and each composition being emulsified or dispersed in 500
      liters of water per hectare: 500
PAR  I 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranylmethane sulfonate, 1.5 2
      and 3 kg/hectare;
PAR  II
      1-(.alpha.,.alpha.-dimethyl-.beta.-acetoxypropionyl)-3-cyclohexyl-5,6-trim
     ethylene uracil, 1.5 and 3 kg/hectare;
PAR  III 3-cyclohexyl-5,6-trimethylene uracil, 1.5 and 3 kg/hectare;
PAR  I + II: 1.5 + 1.5 kg/hectare;
PAR  I + III: 1.5 + 1.5 kg/hectare.
PAR  The following results show that the compositions have a better herbicidal
      action than their individual components, combined with good crop plant
      compatibility.
TBL  __________________________________________________________________________

     Active ingredient                                                         

                 I          II     III     I+II  I+III                         

     kg/ha       1.5 2  3   1.5 3  1.5 3   1.5+1.5                             

                                                 1.5+1.5                       

     __________________________________________________________________________

     Beta vulgaris                                                             

                 5   10 20  0   30 0   40   5     5                            

     Chenopodium album                                                         

                 20  30 40  45  90 35  90  95    85                            

     Sinapis arvensis                                                          

                 15  20 35  50  95 40  100 95    80                            

     Alopecurus myosuroides                                                    

                 65  85 100 30  75 25  75  100   100                           

     Avena fatua 60  80 100 25  55 20  70  100   95                            

     __________________________________________________________________________

      0 = no damage                                                            

      100 = complete destruction                                               

PAC  EXAMPLE 2 2
PAR  The plants beet (Beta vulgaris), common lambsquarters (Chenopodium album),
      chamomile (Matricaria chamomilla), wild mustard (Sinapis arvensis),
      slender foxtail (Alopecurus myosuroides), and annual bluegrass (Poa annua)
      were treated at a growth height of 3 to 13 cm with the following amounts
      of the following active ingredients and compositions thereof, each active
      ingredient and each composition being emulsified or dispersed in 500
      liters of water per hectare:
PA1  I 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranylmethane sulfonate, 0.5 1,
      1.5, 2and 3 kg/hectare;
PA1  Ii 3-methoxycarbonylaminophenyl-N-3'-methylphenyl)-carbamate,
      -methylphenyl)-carbamate, 1 and 2 kg per hectare;
PA1  Iii 1-phenyl-4-amino-5-chlorpyridazone-(6), 2 and 3 kg per hectare;
PA1  Iv
      1-phenyl-4-(.alpha.-hydroxy-.beta..beta..beta.-trichloroethyl-amino-5-brom
     opyridazone-(6), 1.5 and 2 kg/hectare;
PA1  1-(.alpha..alpha.-dimethyl-.beta.-acetoxypropionyl)-3-cyclohexyl-5,6-trimet
     hylene uracil, 0.5 and 2 kg/hectare;
PA1  Vi 3-cyclohexyl-5,6-trimethylene uracil, 1 and 2 kg/hectare;
PAR  I + II: 1 + 1 kg/hectare;
PAR  I + III: 1 + 2 kg/hectare;
PAR  I + IV: 0.5 + 1.5 kg/hectare;
PAR  I + V: 1.5 + 0.5 kg/hectare;
PAR  I + VI: 1 + 1 kg/hectare.
PAR  After 2 to 3 weeks it was ascertained that the compositions had a better
      herbicidal action than their individual components, combined with good
      crop plant compatibility.
PAR  The results are given below:
     Active ingredient                                                         

               I                II        III                                  

                                             IV                                

     kg/ha     0.5                                                             

                  1  1.5                                                       

                        2   3   1  2   2  3  1.5                               

                                                2                              

     __________________________________________________________________________

     Beta vulgaris                                                             

                0  0  5 20  30   0  20  0 0   0  0                             

     Chenopodium album                                                         

               10 20 35 50  70  80 100 65 90 60 85                             

     Matricaria chamo-                                                         

     milla     20 30 50 70  90  35  80 60 90 65 90                             

     Sinapis arvensis                                                          

               10 20 40 60  90  75 100 50 85 60 80                             

     Alopecurus                                                                

     myosuroides                                                               

               30 50 60 100 100 10  15 40 80 40 50                             

     Poa annua 25 45 55 90  100 10  20 35 75 45 60                             

     Active ingredient                                                         

                  V      VI     I+II                                           

                                    I+III                                      

                                         I+IV                                  

                                            I+V I+VI                           

     kg/ha        0.5                                                          

                     2   1  2   1+1 1+2 0.5+1.5                                

                                            1.5+                               

                                                1+1                            

                                            0.5                                

     __________________________________________________________________________

     Beta vulgaris                                                             

                   0  20  5 25   0   0   0   5   5                             

     Chenopodium album                                                         

                  30 100 50 100 100 100 100  95  95                            

     Matricaria chamo-                                                         

     milla        35  95 40 90  100 100  95 100 100                            

     Sinapis arvensis                                                          

                  40 100 65 100 100 100 100 100 100                            

     Alopecurus                                                                

     myosuroides  25  95 45 90   90 100  95 100 100                            

     Poa annua    30 100 45 90   85  95  90 100 100                            

     __________________________________________________________________________

      0 = no damage                                                            

      100 = complete destruction                                               

PAC  EXAMPLE 3
PAR  In the greenhouse various plants were treated at a growth height of from 3
      to 11 cm with the following amounts of the following individual active
      ingredients and compositions thereof as oil dispersions:
PA1  I 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranyl-methanesulfonate, 0.25,
      0.5, 0.75 and 1.0. kg/ha;
PA1  Ii 1-phenyl-4-amino-5-chlorpyridazone-(6)-0.25, 0.5, 0.75 and 1.0 kg/ha;
PA1  Iii 3-cyclohexyl-5,6-trimethylene uracil, 0.25 0.5, 0.75 and 1.0 kg/ha;
PA1  I + ii: 0.25 + 0.25, 0.25 + 0.75 and 0.75 + 0.25 kg/ha;
PA1  I + iii: 0.25 + 0.25, 0.25 + 0.75 and 0.75 + 0.25 kg/ha.
PAR  After 2 to 3 weeks it was ascertained that the compositions had a better
      herbicidal action than their individual components, combined with the same
      good crop plant compatibility.
PAR  The results of this experiment are given below:
     Active ingredient                                                         

                   I                                                           

     kg/ha         0.25     0.5      0.75   1.0                                

     ______________________________________                                    

     Crop plants:                                                              

     Beta vulgaris  0       0        0      0                                  

     Unwanted plants:                                                          

     Avena fatua   18       30       40     55                                 

     Bromus tectorum                                                           

                   30       35       43     60                                 

     Matricaria chamomilla                                                     

                   15       23       27     34                                 

     Setaria faberii                                                           

                   33       49       55     60                                 

     Sinapis arvensis                                                          

                    8       15       20     24                                 

     ______________________________________                                    

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  Active ingredient                                                         

                   II                                                          

     kg/ha         0.25     0.5      0.75   1.0                                

     ______________________________________                                    

     Crop plants:                                                              

     Beta vulgaris 0        0        0      0                                  

     Unwanted plants:                                                          

     Avena fatua   7        11       13     15                                 

     Bromus tectorum                                                           

                   5        10       16     25                                 

     Matricaria chamomilla                                                     

                   15       35       40     45                                 

     Setaria faberii                                                           

                   8        11       15     25                                 

     Sinapis arvensis                                                          

                   23       34       38     40                                 

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  Active ingredient                                                         

                   III                                                         

     kg/ha         0.25     0.5      0.75   1.0                                

     ______________________________________                                    

     Crop plants:                                                              

     Beta vulgaris 0        0        0      0                                  

     Unwanted plants:                                                          

     Avena fatua   10       15       25     35                                 

     Bromus tectorum                                                           

                   15       25       30     40                                 

     Matricaria chamomilla                                                     

                   15       24       35     45                                 

     Setaria faberii                                                           

                   20       24       30     40                                 

     Sinapis arvensis                                                          

                   25       35       40     70                                 

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  Active ingredient                                                         

                   I + II                                                      

     kg/ha         0.25+0.75 0.25+0.25 0.75+0.25                               

     ______________________________________                                    

     Crop plants:                                                              

     Beta vulgaris 0         0         0                                       

     Unwanted plants:                                                          

     Avena fatua    70        60        75                                     

     Bromus tectorum                                                           

                    85        60        70                                     

     Matricaria chamomilla                                                     

                    85        62        77                                     

     Setaria faberii                                                           

                    72        70        75                                     

     Sinapis arvensis                                                          

                    80        60        80                                     

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  Active ingredient                                                         

                   I + III                                                     

     kg/ha         0.25+0.75 0.25+0.25 0.75+0.25                               

     ______________________________________                                    

     Crop plants:                                                              

     Beta vulgaris 0         0         0                                       

     Unwanted plants:                                                          

     Avena fatua    75       60         82                                     

     Bromus tectorum                                                           

                    80       80         85                                     

     Matricaria chamomilla                                                     

                    76       62         72                                     

     Setaria faberii                                                           

                    80       83         95                                     

     Sinapis arvensis                                                          

                    80       65         80                                     

     ______________________________________                                    

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 4
PAR  In the greenhouse various plants were treated at a growth height of from 2
      to 11 cm with the following amounts of the following individual active
      ingredients and compositions thereof as pastes:
PA1  I 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzo furnanylmethanesulfonate, 0.15,
      0.25, 0.5, 0.75, 1.0, 1.25, 1.5, 1.65, 2.0, 3.0 and 4.0 kg/ha;
PA1  Ii 1-phenyl-4-amino-5-chlorpyridazone-(6), 0.15 0.25, 0.5, 0.75, 1.0, 1.25,
      1.5, 1.65, 2.0, 3.0 and 4.0 kg/ha;
PA1  Iii 3-cyclohexyl-5,6-trimethylene uracil, 0.15, 0.25, 0.5, 0.75, 1.0, 1.25,
      1.5, 1.65, 2.0, 3.0 and 4.0 kg/ha;
PA1  Iv n-(4-bromophenyl)-N'-methoxy-N'-methylurea, 3 and 4 kg/ha;
PA1  I + ii 0.25+0.75, 0.25+0.25, 0.75+0.25, 0.5+0.5, 0.25+1.25, 1.25+0.25,
      0.75+0.75, 1.5+0.15, 0.15+1.5, 3.0+1.0, 1.0+1.0 and 1.0+3.0 kg/ha;
PA1  I + iii 0.25+0.75, 0.25+0.25, 0.75+0.25, 0.5+0.5, 0.25+1.25, 1.25+0.25,
      0.75+0.75, 1.5+0.15, 0.15+1.5, 3.0+1.0, 1.0+1.0 and 1.0+3.0 kg/ha;
PA1  I + iv 1.0+3.0 kg/ha.
PAR  After 2 to 3 weeks it was ascertained that compositions I + II and I +III
      had a better herbicidal action than the individual ingredients I, II and
      III combined with the same good crop plant compatibility, and better crop
      plant compatibility than active ingredients IV and the composition I + IV.
PAR  The results are given below:
TBL  Active ingredient                                                         

                 I                                                             

     kg/ha       0.15                                                          

                     0.25                                                      

                         0.5 0.75                                              

                                 1.0 1.25                                      

                                         1.5 1.65 2.0  3.0  4.0                

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                 0   0   0   0   0   0   5   10   20   30   35                 

     Unwanted plants:                                                          

     Avena fatua 10  15  25  35  50  60  60  65   70   80   100                

     Bromus tectorum                                                           

                 15  25  30  40  55  58  63  64   75   80   100                

     Matricaria chamomilla                                                     

                 5   10  20  23  30  35  50  60   70   90   100                

     Setaria faberii                                                           

                 10  30  35  45  55  60  70  70   90   100  100                

     Sinapis arvensis                                                          

                 3   5   10  15  20  28  40  50   60   90   100                

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

                 II                                                            

     kg/ha       0.15                                                          

                     0.25                                                      

                         0.5 0.75                                              

                                 1.0 1.25                                      

                                         1.5 1.65 2.0  3.0  4.0                

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                 0   0   0   0   0   0   0   0    0    0    10                 

     Unwanted plants:                                                          

     Avena fatua 1   3   5   8   10  12  15  18   25   30   45                 

     Bromus tectorum                                                           

                 0   5   11  15  20  22  28  29   30   35   70                 

     Matricaria chamomilla                                                     

                 7   10  30  35  40  45  50  52   60   90   100                

     Setaria faberii                                                           

                 1   3   8   10  20  25  30  30   33   40   50                 

     Sinapis arvensis                                                          

                 15  20  30  33  35  40  44  45   50   85   100                

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient       III                             IV                

     kg/ha       0.15                                                          

                     0.25                                                      

                         0.5 0.75                                              

                                 1.0 1.25                                      

                                         1.5 1.65                              

                                                 2.0 3.0 4.0 3.0 4.0           

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                 0    0   0   0   0   0   5  10  25   30  50 100 100           

     Unwanted plants:                                                          

     Avena fatua 3    5  10  20  30  35  45  60  75   85 100 100 100           

     Bromus tectorum                                                           

                 5   10  20  25  35  40  50  60  75   90 100 100 100           

     Matricaria chamomilla                                                     

                 5   10  20  30  40  45  60  75  90  100 100 100 100           

     Setaria faberii                                                           

                 5   15  20  25  35  40  55  60  70   80  90 100 100           

     Sinapis arvensis                                                          

                 15  20  30  35  65  75  85  90  100 100 100 100 100           

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  Active ingredient         I + II                                          

     kg/ha       0.25+0.75                                                     

                        0.25+0.25                                              

                               0.75+0.25                                       

                                      0.5+0.5                                  

                                            0.25+1.25                          

                                                   1.25+0.25                   

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                  0      0      0      0     0      0                          

     Unwanted plants:                                                          

     Avena fatua 65     40     70     65    75     90                          

     Bromus tectorum                                                           

                 75     50     75     73    85     93                          

     Matricaria chamomilla                                                     

                 70     45     60     70    80     70                          

     Setaria faberii                                                           

                 75     55     75     65    90     93                          

     Sinapis arvensis                                                          

                 70     50     70     60    70     65                          

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient                                                         

                   I + II                                                      

     kg/ha         0.75 + 0.75 1.5+0.15  0.15+1.5                              

     ______________________________________                                    

     Crop plants:                                                              

     Beta vulgaris  0           5         0                                    

     Unwanted plants:                                                          

     Avena fatua   80          90        85                                    

     Bromus tectorum                                                           

                   78          85        80                                    

     Matricaria chamomilla                                                     

                   80          85        95                                    

     Setaria faberii                                                           

                   85          100       90                                    

     Sinapis arvensis                                                          

                   72          80        70                                    

     ______________________________________                                    

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  Active ingredient I + II             I + III                              

     kg/ha       3.0+1.0                                                       

                       1.0+1.0                                                 

                             1.0+3.0                                           

                                   0.25+0.75                                   

                                          0.25+0.25                            

                                                 0.75+0.25                     

                                                        0.5+0.5                

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                  30    0     0     0      0      0      0                     

     Unwanted plants:                                                          

     Avena fatua 100   100   100   70     50     65     65                     

     Bromus tectorum                                                           

                 100   90    100   75     55     70     75                     

     Matricaria chamomilla                                                     

                 100   95    100   60     45     55     60                     

     Setaria faberii                                                           

                 100   95    100   80     65     85     75                     

     Sinapis arvensis                                                          

                 100   95    100   90     50     70     80                     

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient  I + III                                                

     kg/ha       0.25+1.25                                                     

                        1.25+0.25                                              

                               0.75+0.75                                       

                                      1.5+1.5                                  

                                            0.15+1.5                           

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                  0      0      0      5     5                                 

     Unwanted plants:                                                          

     Avena fatua 82     90     80     100    85                                

     Bromus tectorum                                                           

                 90     88     85      95    90                                

     Matricaria chamomilla                                                     

                 80     85     83     100    95                                

     Setaria faberii                                                           

                 95     90     95     100   100                                

     Sinapis arvensis                                                          

                 96     94     100    100   100                                

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient I + III     I + IV                                      

     kg/ha       3.0+1.0                                                       

                       1.0+1.0                                                 

                             1.0+3.0                                           

                                   1.0+3.0                                     

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                  30    0     30   100                                         

     Unwanted plants:                                                          

     Avena fatua 100    95   100   100                                         

     Bromus tectorum                                                           

                 100   100   100   100                                         

     Matricaria chamomilla                                                     

                 100   100   100   100                                         

     Setaria faberii                                                           

                 100   100   100   100                                         

     Sinapis arvensis                                                          

                 100   100   100   100                                         

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 5
PAR  An agricultural plot was sown with the seeds of various plants. The soil
      prepared in this manner was then immediately treated with the following
      amounts of the following individual active ingredients and compositions
      thereof as dispersions or emulsions:
PA1  I 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranylmethane sulfonate 0.15
      0.25, 0.5, 0.75, 1.0, 1.25, 1.5, 1.65, 2.0, 3.0 and 4.0 kg/ha;
PA1  Ii 1-phenyl-4-amino-5-chlorpyridazone-(6) 0.15 0.25, 0.5, 0.75, 1.0, 1.25,
      1.5, 1.65, 2.0, 3.0 and 4.0 kg/ha;
PA1  Iii 3-cyclohexyl-5,6-trimethylene uracil 0.15, 0.25, 0.5, 0.75, 1.0, 1.25,
      1.5, 1.65, 2.0, 3.0 and 4.0 kg/ha;
PA1  Iv n-(4-bromophenyl)-N'-methoxy-N'-methylurea 3 and 4 kg/ha;
PA1  I + ii 0.25+0.75, 0.25+0.25, 0.75+0.25, 0.5+0.5, 0.25+1.25, 1.25+0.25,
      0.75+0.75, 1.5+0.15, 0.15+1.5, 3.0+1.0, 1.0, 1.0+3.0 kg/ha;
PA1  I + iii 0.25+0.75, 0.25+0.25, 0.75+0.25, 0.5+0.5, 0.25+1.25, 1.25+0.25,
      0.75+0.75, 1.5+0.15, 0.15+1.5, 3.0+1.0, 1.0+1.0 and 1.0+3.0 kg/ha;
PA1  I + iv 1.0+3.0 kg/ha.
PAR  After 3 to 4 weeks it was ascertained that compositions I + II and I+ III
      had a better herbidical action than the individual active ingredients I,
      II and III combined with the same good crop plant compatibility, and
      better crop plant compatibility than active ingredient IV and the
      composition I + IV.
PAR  The results are given below:
     Active ingredient             I                                           

     kg/ha       0.15                                                          

                     0.25                                                      

                         0.5                                                   

                            0.75                                               

                                1.0                                            

                                   1.25                                        

                                       1.5                                     

                                          1.65                                 

                                              2.0                              

                                                 3.0                           

                                                    4.0                        

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                 0   0   0  0   0  2   5  6   10 20 30                         

     Unwanted plants:                                                          

     Avena fatua 2   5   16 21  40 50  60 65  80 100                           

                                                    100                        

     Bromus tectorum                                                           

                 3   5   14 18  25 30  35 37  50 70 100                        

     Matricaria chamomilla                                                     

                 6   10  20 30  40 45  50 53  70 90 100                        

     Setaria faberii                                                           

                 11  20  30 40  50 60  75 80  90 100                           

                                                    100                        

     Sinapis arvensis                                                          

                 0   0   5  5   10 13  18 19  20 35 50                         

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient          II                                             

     kg/ha       0.15                                                          

                     0.25                                                      

                         0.5                                                   

                            0.75                                               

                                1.0                                            

                                   1.25                                        

                                       1.5                                     

                                          1.65                                 

                                              2.0                              

                                                 3.0                           

                                                    4.0                        

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                 0   0   0  0   0  0   0  0   0  0  15                         

     Unwanted plants:                                                          

     Avena fatua 0   0   2  5   6  8   15 15  18 20 30                         

     Bromus tectorum                                                           

                 0   0   5  7   10 13  15 17  22 30 35                         

     Matricaria chamomilla                                                     

                 7   8   10 18  25 30  45 47  60 90 100                        

     Setaria faberii                                                           

                 4   6   10 14  20 25  35 37  40 60 65                         

     Sinapis arvensis                                                          

                 10  15  20 25  30 35  50 55  60 70 80                         

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient          III                                            

     kg/ha       0.15                                                          

                     0.25                                                      

                         0.5                                                   

                            0.75                                               

                                1.0                                            

                                   1.25                                        

                                       1.5                                     

                                          1.65                                 

                                              2.0                              

                                                 3.0                           

                                                    4.0                        

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                 0   0   0  0   0  0   0  0   10 40 50                         

     Unwanted plants:                                                          

     Avena fatua 3   5   10 15  18 20  23 25  50 70 95                         

     Bromus tectorum                                                           

                 12  18  25 35  40 50  60 65  75 100                           

                                                    100                        

     Matricaria chamomilla                                                     

                 10  20  40 56  70 80  85 90  100                              

                                                 100                           

                                                    100                        

     Setaria faberii                                                           

                 10  15  25 34  40 46  55 60  70 75 83                         

     Sinapis arvensis                                                          

                 7   10  20 30  35 38  43 50  70 100                           

                                                    100                        

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient  IV                                                     

     kg/ha              3.0           4.0                                      

     ______________________________________                                    

     Crop plants:                                                              

     Beta vulgaris      100           100                                      

     Unwanted plants:                                                          

     Avena fatua        100           100                                      

     Bromus tectorum    100           100                                      

     Matricaria chamomilla                                                     

                        100           100                                      

     Setaria faberii     80           100                                      

     Sinapis arvensis   100           100                                      

     ______________________________________                                    

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  Active ingredient         I + II                                          

     kg/ha       0.25+0.75                                                     

                        0.25+0.25                                              

                               0.75+0.25                                       

                                      0.5+0.5                                  

                                            0.25+1.25                          

                                                   1.25+0.25                   

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                  0      0      0      0     0      2                          

     Unwanted plants:                                                          

     Avena fatua 45     30     55     45    90     95                          

     Bromus tectorum                                                           

                 50     26     52     50    55     70                          

     Matricaria chamomilla                                                     

                 80     50     70     82    85     80                          

     Setaria faberii                                                           

                 85     70     70     65    90     95                          

     Sinapis arvenis                                                           

                 55     40     50     53    80     75                          

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredients       I + II                                           

     kg/ha       0.75+0.75                                                     

                        1.5+0.15                                               

                              0.15+1.5                                         

                                    3.0+1.0                                    

                                          1.0+1.0                              

                                                1.0+3.0                        

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                 0      5     0     20    0     0                              

     Unwanted plants:                                                          

     Avena fatua 85     80    70    100   95    100                            

     Bromus tectorum                                                           

                 72     55    50    100   75    100                            

     Matricaria chamomilla                                                     

                 88     80    75    100   95    100                            

     Setaria faberii                                                           

                 85     97    92    100   100   100                            

     Sinapis arvensis                                                          

                 82     70    80    95    85    100                            

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredients        I + III                                         

     kg/ha       0.25+0.75                                                     

                        0.25+0.25                                              

                               0.75+0.25                                       

                                      0.5+0.5                                  

                                            0.25+1.25                          

                                                   1.25+0.25                   

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                 0      0      0      0     0      2                           

     Unwanted plants:                                                          

     Avena fatua 50     30     55     56    70     85                          

     Bromus tectorum                                                           

                 70     52     68     70    80     85                          

     Matricaria chamomilla                                                     

                 85     60     80     83    100    100                         

     Setaria faberii                                                           

                 83     65     85     86    90     95                          

     Sinapis arvensis                                                          

                 60     35     50     55    75     80                          

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredients I + III                       I + IV                   

     kg/ha       0.75+0.75                                                     

                        1.5+0.15                                               

                              0.15+1.5                                         

                                    3.0+1.0                                    

                                          1.0+1.0                              

                                                1.0+3.0                        

                                                      1.0+3.0                  

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                 0      5     0     20    0     40    100                      

     Unwanted plants:                                                          

     Avena fatua 80     90    80    100   95    100   100                      

     Bromus tectorum                                                           

                 80     90    85    100   95    100   100                      

     Matricaria chamomilla                                                     

                 100    100   100   100   100   100   100                      

     Setaria faberii                                                           

                 92     95    100   100   100   100   100                      

     Sinapis arvensis                                                          

                 76     75    70    95    70    100   100                      

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAC  EXAMPLE 6
PAR  An agricultural plot was sown with the seeds of various plants. The soil
      prepared in this manner was then immediately treated with the following
      amounts of the following active ingredients and compositions thereof in
      the form of granules:
PA1  I 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranylmethane sulfonate, 0.25,
      0.5, 0.75 and 1.0 kg/ha;
PA1  Ii 1-phenyl-4-amino-5-chloropyridazone-(6), 0.25 0.5, 0.75 and 1.0 kg/ha;
PA1  Iii 3-cyclohexyl-5,6-trimethylene uracil, 0.25, 0.5, 0.75 and 1.0 kg/ha;
PA1  I + ii: 0.25+0.25, 0.25+0.75 and 0.75+0.25 kg/ha
PA1  I + iii: 0.25+0.25, 0.25+0.75 and 0.75+0.25 kg/ha.
PAR  After 2 to 3 weeks it was ascertained tha the compositions had a better
      herbicidal action than their individual components, combined with the same
      good crop plant compatibility.
PAR  The results are given below:
     Active ingredients                                                        

                     I           II              III                           

     kg/ha       0.25                                                          

                     0.5 0.75                                                  

                             1.0 0.25                                          

                                     0.5 0.75                                  

                                             1.0 0.25                          

                                                     0.5 0.75                  

                                                             1.0               

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                 0    0   0   0  0    0   0   0   0   0   0   0                

     Unwanted plants:                                                          

     Avena fatua 5   16  21  40  0    2   5   6   5  10  15  18                

     Bromus tectorum                                                           

                 5   14  18  25  0    5   7  10  18  25  35  40                

     Matricaria chamomilla                                                     

                 10  20  30  40  8   10  18  25  20  40  56  70                

     Setaria faberii                                                           

                 20  30  40  50  6   10  14  20  15  25  34  40                

     Sinapis arvensis                                                          

                 0    5   5  10  15  20  25  30  10  20  30  35                

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

     Active ingredient  I + II               I + III                           

     kg/ha       0.25+0.75                                                     

                        0.25+0.25                                              

                               0.75+0.25                                       

                                      0.25+0.75                                

                                             0.25+0.25                         

                                                    0.75+0.25                  

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                  0      0      0      0      0      0                         

     Unwatend plants:                                                          

     Avena fatua 45     30     55     50     30     55                         

     Bromus tectorum                                                           

                 50     26     52     70     52     68                         

     Matricaria chamomilla                                                     

                 80     50     70     85     60     80                         

     Setaria faberii                                                           

                 85     7L     70     83     65     85                         

     Sinapis arvensis                                                          

                 55     40     50     60     35     50                         

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

CLMS
STM  I claim:
NUM  1.
PAR  1. A herbicide composition containing a herbicidally effective amount of a
      mixture consisting essentially of (a)
      2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranylmethane sulfonate and (b)
      3-cyclohexyl-5,6-trimethylene uracil in a weight ratio of a to b in the
      range of 5:1 to 1:5.
NUM  2.
PAR  2. A herbicide composition containing a herbicidally effective amount of a
      mixture consisting essentially of (a)
      2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranylmethane sulfonate and (b)
      1-(.alpha.,.alpha.-dimethyl-.beta.-acetoxypropionyl)-3-cyclohexyl-5,6-trim
     ethylene uracil in a weight ratio of a to b in the range of 1:1 to 3:1.
PATN
WKU  039334651
SRC  5
APN  4931130
APT  1
ART  124
APD  19740730
TTL  Herbicide mixtures of
      2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranylmethane sulfonate
ISD  19760120
NCL  2
ECL  1
EXA  Mills; Catherine L.
EXP  Gotts; Lewis
INVT
NAM  Fischer; Adolf
CTY  Mutterstadt
CNT  DT
ASSG
NAM  Badische Anilin- & Soda-Fabrik Aktiengesellschaft
CTY  Ludwigshafen (Rhine)
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720413
APN  2217698
RLAP
COD  74
APN  348085
APD  19730404
PSC  04
CLAS
OCL   71 92
XCL   71 88
XCL   71111
EDF  2
ICL  A01N  922
FSC   71
FSS  88;92;111
UREF
PNO  3551477
ISD  19701200
NAM  Koenig et al.
OCL   71111
UREF
PNO  3689507
ISD  19720900
NAM  Gates et al.
OCL   71 88
UREF
PNO  3692820
ISD  19720900
NAM  Boroschewski et al.
OCL   71111
UREF
PNO  3810751
ISD  19740500
NAM  Fischer et al.
OCL   71 92
LREP
FRM  Johnston, Keil, Thompson & Shurtleff
ABST
PAL  Herbicide mixtures of (a)
      2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranylmethane sulfonate, (b)
      3-methoxycarbonylaminophenyl-N-(3'-methylphenyl)-carbamate, and (c)
      1-phenyl-4-amino-5-chloropyridazone-(6).
PARN
PAC  RELATED APPLICATION
PAR  This application is a division of my copending application Ser. No.
      348,085, filed Apr. 4, 1973, the disclosure of which is incorporated
      herein by reference.
BSUM
PAR  The present invention relates to a herbicide comprising a composition of a
      methane sulfonate and a pyridazone, and a carbamate.
PAR  It is known to use methane sulfonates, pyridazones, uracils and carbamates
      for controlling broadleaved and grassy weeds. However, their action is
      poor.
PAR  I have now found that a composition of
PAR  A. 2-ETHOXY-2,3-DIHYDRO-3,3-DIMETHYL-5-BENZOFURANYLMETHANE SULFONATE,
PAR  B. 3-METHOXYCARBONYLAMINOPHENYL-N-(3'-methylphenyl)-carbamate, and
PAR  C. 1-PHENYL-4-AMINO-5-CHLOROPYRIDAZONE-(6), HAS A GOOD HERBICIDAL ACTION.
PAR  The active ingredients may be mixed in any ratio; it is however preferred
      to employ a ratio (by weight) of a : b : c of 1-10 : 1-10 : 1-10,
      respectively. The herbicide compositions suppress growth of undesired or
      weed plants in crop plants by application to the loci of the plants, i.e.,
      the host soil for the plants or to the plants themselves, of a
      herbicidally effective amount of the mixture of a and b and c.
PAR  The agents according to the invention may be used as solutions, emulsions,
      suspensions, oil dispersions, granules or dusts. The form of application
      depends entirely on the purpose for which the agents are being used; in
      any case it should ensure a fine distribution of the active ingredient.
PAR  For the preparation of solutions to be sprayed direct, mineral oil
      fractions of medium to high boiling point, such as kerosene or diesel oil,
      further coal-tar oils and oils of vegetable or mineral origin, and cyclic
      hydrocarbons such as tetrahydronaphthalene and alkylated naphthalenes are
      suitable.
PAR  Aqueous formulations may be prepared from emulsion concentrates, pastes or
      wettable powders by adding water. To prepare emulsions the ingredients as
      such or dissolved in a solvent may be homogenized in water or organic
      solvents by means of wetting or dispersing agents, e.g., polyethylene
      oxide adducts. Concentrates which are suitable for dilution with water may
      be prepared from active ingredient, wetting agent, adherent, emulsifying
      or dispersing agent and possibly solvent. Oils of various types may be
      added to ready-to-use spray liquors.
PAR  Dusts may be prepared by mixing or grinding the active ingredients with a
      solid carrier, e.g. kieselguhr, talc, clay or fertilizers.
PAR  Granules may be prepared by bonding the active ingredients to solid
      carriers.
PAR  Directly sprayable dispersions may also be prepared with oils.
PAR  The new compounds may be mixed with fertilizers, insecticides, fungicides
      and other herbicides.
PAR  The new herbicides may be applied either pre- or postemergence, and are
      particularly suited for controlling dicotyledonous seed weeds and
      monocotyledonous seed grasses in crops such as beet, spinach, potatoes,
      peas, beans and groundnuts.
DETD
PAC  EXAMPLE 1
PAR  In the greenhouse, various plants were treated at a growth height of 3 to
      11 cm with the following amounts of the following active ingredients and
      compositions thereof as dusts:
PA1  I 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranylmethane sulfonate, 0.1,
      1.0 and 1.2 kg/ha;
PA1  Ii 3-methoxycarbonylaminophenyl-N-(3'-methylphenyl)-carbamate, 0.1, 1.0 and
      1.2 kg/ha;
PA1  Iii 1-phenyl-4-amino-5-chloropyridazone-(6), 0.1, 1.0 and 1.2 kg/ha;
PA1  I+ii+iii: 0.1+0.1+1.0, 0.1+1.0+0.1 and 1.0+0.1+0.1 kg/ha.
PAR  After 2 to 3 weeks it was ascertained that the compositions had a better
      herbicidal action than their individual components, combined with the same
      good crop plant compatibility.
PAR  The results are given below: T,60
CLMS
STM  I claim:
NUM  1.
PAR  1. A herbicide composition containing a herbicidally effective amount of a
      mixture of (a) 2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranylmethane
      sulfonate, (b) 3-methoxycarbonylaminophenyl-N-(3'-methylphenyl)-carbamate,
      and (c) 1-phenyl-4-amino-5-chloropyridazone-(6) in a weight ratio of a:b:c
      of 1-10:1-10:1-10.
NUM  2.
PAR  2. A process for suppressing growth of undesired plants which comprises
      applying to the plants a herbicidally effective amount of a mixture of (a)
      2-ethoxy-2,3-dihydro-3,3-dimethyl-5-benzofuranylmethane sulfonate, (b)
      3-methoxycarbonyl-aminophenyl-N-(3'-methylphenyl)-carbamate, and (c)
      1-phenyl-4-amino-5-chloropyridazone-(6) in a weight ratio of a:b:c of
      1-10:1-10:1-10.
PATN
WKU  039334660
SRC  5
APN  4931149
APT  1
ART  124
APD  19740730
TTL  Uracil and carbamate herbicide mixtures
ISD  19760120
NCL  1
ECL  1
EXA  Mills; Catherine N.
EXP  Gotts; Lewis
INVT
NAM  Fischer; Adolf
CTY  Mutterstadt
CNT  DT
ASSG
NAM  BASF Aktiengesellschaft
CTY  Ludwigshafen (Rhine)
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720413
APN  2217698
CLAS
OCL   71 92
XCL   71111
EDF  2
ICL  A01N  922
FSC   71
FSS  92;111
UREF
PNO  3235363
ISD  19660200
NAM  Luckenbaugh et al.
OCL   71 92
UREF
PNO  3436207
ISD  19690400
NAM  Soboczenski
OCL   71 92
UREF
PNO  3551477
ISD  19701200
NAM  Koenig et al.
OCL   71111
UREF
PNO  3692820
ISD  19720900
NAM  Boroschewski et al.
OCL   71111
UREF
PNO  3758477
ISD  19730900
NAM  Zeidler et al.
OCL   71 92
LREP
FRM  Johnston, Keil, Thompson & Shurtleff
ABST
PAL  Herbicide compositions embodying mixtures of (a)
      3-cyclohexyl-5,6-trimethylene uracil, (b)
      3-methoxycarbonylaminophenyl-N-3'-(methylphenyl)-carbamate and herbicidal
      uses thereof.
PARN
PAC  RELATED APPLICATION
PAR  This application is a division of my copending application Ser. No.
      348,085, filed Apr. 4, 1973, the disclosure of which is incorporated
      herein by reference.
BSUM
PAR  The present invention relates to a herbicide comprising a composition of a
      herbicidally active mixture of a uracil and a carbamate.
PAR  It is known to use methane sulfonates, pyridazones, uracils and carbamates
      for controlling broadleaved and grassy weeds. However, their action is
      poor.
PAR  I have now found that a composition of
PAR  A. A COMPOUND OF THE FORMULA
      ##SPC1##
PAL  Where R denotes hydrogen, and
PAR  B. A COMPOUND OF THE FORMULA
      ##SPC2##
PAL  Where X denotes methyl, has a good herbicidal action.
PAR  The active ingredients may be mixed in any ratio; it is however preferred
      to empoly a ratio of a : b of from 10 : 1 to 1 : 10. The herbicide
      compositions suppress growth of undesired or weed plants in crop plants by
      application to the loci of the plants, i.e., the host soil for the plants
      or to the plants themselves, of a herbicidally effective amount of the
      mixture of a and b.
PAR  The agent according to the invention may be used as solutions, emulsions,
      suspensions, oil dispersions, granules or dusts. The form of application
      depends entirely on the purpose for which the agents are being used; in
      any case it should ensure a fine distribution of the active ingredient.
PAR  For the preparation of solutions to be sprayed direct, mineral oil
      fractions of medium to high boiling point, such as kerosene or diesel oil,
      further coal-tar oils and oils of vegetable or mineral origin, and cyclic
      hydrocarbons such as tetrahydronaphthalene and alkylated naphthalenes are
      suitable.
PAR  Aqueous formulations may be prepared from emulsion concentrates, pastes or
      wettabble powders by adding water. To prepare emulsions the ingredients as
      such or dissolved in a solvent may be homogenized in water or organic
      solvents by means of wetting or dispersing agents, e.g., polyethylene
      oxide adducts. Concentrates which are suitable for dilution with water may
      be prepared from active ingredient, wetting agent, adherent, emulsifying
      or dispersing agent and possibly solvent. Oils of various types may be
      added to ready-to-use spray liquors.
PAR  Dusts may be prepared by mixing or grinding the active ingredients with a
      solid carrier, e.g., kieselguhr, talc, clay or fertilizers.
PAR  Granules may be prepared by bonding the active ingredients to solid
      carriers.
PAR  Directly sprayable dispersions may also be prepared with oils.
PAR  The new compounds may be mixed with fertilizers, insecticides, fungicides
      and other herbicides.
PAR  The new herbicides may be applied either pre- or postemergence, and are
      particularly suited for controlling dicotyledonous seed weeds and
      monocotyledonous seed grasses in crops such as beet, spinach, potatoes,
      peas, beans and groundnuts.
DETD
PAC  EXAMPLE 1
PAR  In the greenhouse, various plants were treated at a growth height of 3 to
      12 cm with the following amounts of the following active ingredients and
      compositions thereof as emulsions:
PA1  I 3-cyclohexyl-5,6-trimethylene uracil, 0.1, 0.25, 0.5, 0.75, 1.0 and 1.1
      kg/ha;
PA1  Ii 3-methoxycarbonylaminophenyl-N-(3'-methylphenyl)-carbamate, 0.1, 0.25,
      0.5, 0.75, 1.0 and 1.1 kg/ha;
PA1  I + ii 0.25+0.25, 0.25+0.75, 0.75+0.25, 0.5+0.5, 0.1+1.0 and 1.0+0.1 kg/ha.
PAR  After 2 to 3 weeks it was ascertained that the compositions had a better
      herbicidal action than their individual components, combined with the same
      good crop plant compatibility.
PAR  The results are given below:
     Active ingredients                                                        

                   I                       II                                  

     kg/ha         0.1 0.25                                                    

                           0.5 0.75                                            

                                   1.0 1.1 0.1   0.25                          

                                                     0.5 0.75                  

                                                             1.0 1.1           

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris 0   0   0   0   0   0   0     0   0   0   0   0             

     Unwanted plants:                                                          

     Avena fatua   2   5   10  20  30  32  2     5   10  15  20  22            

     Bromus tectorum                                                           

                   3   10  20  25  35  37  2     3   8   12  15  16            

     Matricaria chamomilla                                                     

                   4   10  20  30  40  42  5     10  18  25  35  38            

     Setaria faberii                                                           

                   3   15  20  25  35  37  3     6   10  15  20  21            

     Sinapis arvensis                                                          

                   12  20  30  35  65  68  8     16  35  50  75  80            

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL  Active ingredients                                                        

                 I + II                                                        

     kg/ha       0.25+0.25                                                     

                        0.25+0.75                                              

                               0.75+0.25                                       

                                      0.5+0.5                                  

                                            0.1+1.0                            

                                                  1.0+0.1                      

     __________________________________________________________________________

     Crop plants:                                                              

     Beta vulgaris                                                             

                  0      0      0      0     0     0                           

     Unwanted plants:                                                          

     Avena fatua 30     55     60     50    50    60                           

     Bromus tectorum                                                           

                 40     60     63     61    55    65                           

     Matricaria chamomilla                                                     

                 45     65     70     62    75    78                           

     Setaria faberii                                                           

                 46     68     70     65    67    70                           

     Sinapis arvensis                                                          

                 60     95     85     93    100   100                          

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAR  Similar results may be obtained with mixtures of like weight ratio wherein
      compound I is:
PA1  1-acetyl-3-cyclohexyl-5,6-trimethylene uracil;
PA1  1-propionyl-3-cyclohexyl-5,6-trimethylene uracil; or
PA1  .alpha.,.alpha.-dimethyl-.beta.-acetoxypropionyl-3-cyclohexyl-5,6-trimethyl
     ene uracil; and/or compound II is
PA1  3-methoxycarbonylaminophenyl-N-phenylcarbamate;
PA1  3-methoxycarbonylaminophenyl-N-(3'-methylphenyl)-carbamate; or
PA1  3-methoxycarbonylaminophenyl-N-(3'-propylphenyl)-carbamate.
CLMS
STM  I claim:
NUM  1.
PAR  1. A herbicide composition containing a herbicidally effective amount of a
      mixture of (a) 3-cyclohexyl-5,6-trimethylene uracil and (b)
      3-methoxycarbonylaminophenyl-N-(3'-methylphenyl)-carbamate in a weight
      ratio of a to b in the range of 10:1 to 1:10.
PATN
WKU  039334678
SRC  5
APN  4726464
APT  1
ART  124
APD  19740523
TTL  Substituted nitroanilines and substituted 1, 3, 5-triazines as
      herbicidal mixtures
ISD  19760120
NCL  2
ECL  1
EXA  Mills; Catherine L.
EXP  Gotts; Lewis
INVT
NAM  Fischer; Adolf
CTY  Mutterstadt
CNT  DT
ASSG
NAM  BASF Aktiengesellschaft
CTY  Ludwigshafen (Rhine)
CNT  DT
COD  03
PRIR
CNT  DT
APD  19700728
APN  2037265
RLAP
COD  72
APN  162317
APD  19710713
PSC  01
PNO  3849107
CLAS
OCL   71 93
XCL   71121
EDF  2
ICL  A01N  922
FSC   71
FSS  93;121
UREF
PNO  3518076
ISD  19700600
NAM  Wright
OCL   71121
UREF
PNO  3617251
ISD  19711100
NAM  Hunter
OCL   71121
UREF
PNO  3617252
ISD  19711100
NAM  Hunter
OCL   71121
UREF
PNO  3676441
ISD  19720700
NAM  Nikles
OCL   71 93
UREF
PNO  3752661
ISD  19730800
NAM  Orlett
OCL   71103
LREP
FRM  Johnston, Keil, Thompson & Shurtleff
ABST
PAL  Controlling unwanted plant growth with mixtures of substituted
      nitroanilines and substituted 1, 3, 5-triazines in a preferred weight
      ratio of 3:1 to 1:3.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 162,317, filed July 13, 1971, now U.S. Pat. No. 3,849,107, issued
      November 19, 1974.
BSUM
PAR  The present invention relates to herbicides, particularly selective
      herbicides, which are suitable for controlling the growth of unwanted
      plants in crop plants.
PAR  If is known to use substituted dinitroaniline derivatives, phosphoric
      acids, pyridazones, substituted ureas, triazines and biscarbamates as
      herbicidal active ingredients. However, their action is not always
      satisfactory.
PAR  I have now found that herbicides comprising a mixture of
PA1  A. a compound of the formula
      ##SPC1##
PAL  Where R.sup.1 denotes hydrogen, nitro, alkyl, trifluoromethyl or
      methylsulfonyl, R.sup.2 denotes nitro, alkyl, trifluoromethyl or
      methylsulfonyl, R.sup.3 and R.sup.4 are identical or different and denote
      hydrogen, a linear or branched, saturated or unsaturated aliphatic radical
      which may be substituted by halogen, cyano, alkoxy or azido, or
      haloacetyloxyalkyl or alkylcarbamoyloxyalkyl, and R.sup.3 and R.sup.4,
      together with the nitrogen atom whose substituents they are, may also form
      a hexamethylenimine ring, with
PA1  B. a compound of the formula
      ##SPC2##
PAL  Where R denotes alkyl or cyanoalkyl, R.sup.1 denotes alkylamino, thioalkyl,
      butynylamino or azido, and X denotes halogen, alkoxy, thioalkyl or azido,
      have a good herbicidal action, both pre- and postemergence, on weeds such
      as Chenopodium album, Galinsoga parviflora, Sinapis arvensis, Polygonum
      spp., Amaranthus spp., and Portulaca oleracea; on grassy weeds such as Poa
      spp., Bromus spp., Avena sativa and Cyperus spp.; and on millet types such
      as Panicum spp., Setaria spp., Digitaria spp., and Echinochloa spp. in the
      following crops: Gossypium spp., Soja hispida, Brassica napus, Beta spp.,
      and Oryza sativa.
PAR  The individual active ingredients may be mixed together in any desired
      ratio; however, mixtures in which the ratio by weight of a to b is from
      3:1 to 1:3 are preferred.
PAR  The agents according to the invention may be used as solvents, emulsions,
      suspensions or dusts. The form of application depends entirely on the
      purpose for which the agents are being used; in any case it should ensure
      a fine distribution of the active ingredient.
PAR  For the preparation of solutions to be sprayed direct, hydrocarbons having
      boiling points higher than 150.degree.C, e.g. tetrahydronaphthalene or
      alkylated naphthalenes, or organic liquids having boiling points higher
      than 150.degree.C and having one or more than one functional group, e.g.
      the keto group, the ether group, the ester group or the amide group, this
      group or these groups being attached as substituent(s) to a hydrocarbon
      chain or being a component of a heterocyclic ring, may be used as spray
      liquids.
PAR  Aqueous formulations may be prepared from emulsion concentrates, pastes or
      wettable powders by adding water. To prepare emulsions the ingredients as
      such or dissolved in a solvent may be homogenized in water or organic
      solvents by means of wetting or dispersing agents, e.g. polyethylene oxide
      adducts. Concentrates which are suitable for dilution with water may be
      prepared from active ingredient, emulsifying or dispersing agent and
      possibly solvent.
PAR  Dusts may be prepared by mixing or grinding the active ingredients with a
      solid carrier, e.g. kieselguhr, talc, clay or fertilizers.
PAR  To improve the action, wetting agents and adhering agents or oils may also
      be added.
DETD
PAC  EXAMPLE 1
PAR  In a greenhouse, loamy sandy soil was filled into pots and sown with
      Gossypium hirsutum, Digitaria sanguinalis, Echinochloa crus-galli,
      Amaranthus retroflexus and Portulaca oleracea. The soil prepared in this
      manner was subsequently treated with the following amounts of the
      following individual active ingredients and mixtures of them, each active
      ingredient and each mixture being dispersed of emulsified in 500 liters of
      water per hectare:
PA1  I n-allyl-N-.beta.-chloroethyl-2,6-dinitro-4-trifluoromethylaniline, 2 and
      4 kg per hectare;
PA1  Ii n-propyl-N-.beta.-chloroethyl-2,6-dinitro-4-trifluoromethylaniline, 1
      and 3 kg per hectare;
PA1  Iii n', n-dipropyl-2,6-dinitro-4-trifluoromethylaniline, 1.5 and 3 kg per
      hectare;
PA1  Iv 2-chloro-4-ethylamino-6-butyn-1-yl-3-amino-1,3,5-triazine, 2 and 3 kg
      per hectare;
PA1  V 2-chloro-4-ethylamino-6-methoxyisopropylamino-1,3,5-triazine, 1.5 and 3
      kg per hectare;
PA1  Vi 2-thiomethyl-4,6-diisopropylamino-1,3,5-triazine, 2 and 4 kg per
      hectare;
PA1  I + vi : 2 + 2 kg per hectare;
PA1  Ii + iv : 1 + .2 kg per hectare;
PA1  Iii + v : 1.5 + 1.5 kg per hectare.
PAR  After 4 to 5 weeks it was ascertained that the mixtures had a stronger
      herbicidal action than the individual active ingredients, combined with
      more favorable crop plant compatibility.
PAR  The results of the experiment are given in the following table.
TBL                                    Table                                   

     __________________________________________________________________________

                I    I    III  IV   V    VI   I+VI                             

                                                  II+IV                        

                                                      III+V                    

     __________________________________________________________________________

     kg/ha      2 4  1 3  1.5                                                  

                            3  2 3  1.5                                        

                                      3  2 4  2 + 2                            

                                                  1 + 2                        

                                                      1.5 + 1.5                

     __________________________________________________________________________

     Gossypium hirsutum                                                        

                0 15 0 20 0 20 5 15 5 25 0 20 0   0   0                        

     Digitaria sanguinalis                                                     

                80                                                             

                  100                                                          

                     85                                                        

                       100                                                     

                          80                                                   

                            100                                                

                               65                                              

                                 85 75                                         

                                      80 45                                    

                                           85 100 100 100                      

     Echinochloa crus-galli                                                    

                85                                                             

                  100                                                          

                     85                                                        

                       100                                                     

                          85                                                   

                            100                                                

                               60                                              

                                 90 45                                         

                                      80 50                                    

                                           90 100 100 100                      

     Amaranthus retroflexus                                                    

                25                                                             

                  80 25                                                        

                       70 20                                                   

                            60 65                                              

                                 90 70                                         

                                      100                                      

                                         70                                    

                                           100                                 

                                              100 100 100                      

     Portulaca oleracea                                                        

                30                                                             

                  80 25                                                        

                       70 25                                                   

                            55 60                                              

                                 100                                           

                                    70                                         

                                      100                                      

                                         60                                    

                                           100                                 

                                              100 100 100                      

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

PAR  The action of the following mixtures corresponds to that of those above:
PA1  N,n-dipropyl-2,6-dinitro-4-methylsulfonylaniline;
PA1  N-ethyl-N-butyl-2,6-dinitro-4-methylsulfonylaniline;
PA1  N-.beta.-methoxyethyl-N-.beta.-chloroethyl-2,6-dinitro-4-trifluoromethylani
     line;
PA1  N-.beta.-methoxyethyl-N-.beta.-azidoethyl-2,6-dinitro-4-trifluoromethylanil
     ine;
PA1  N-propyl-N-.beta.-cyanoethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-ethyl-N-.beta.-chloroethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-ethyl-N-butyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-isobutyl-N-.beta.-cyanoethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-ethyl-N-.beta.-cyanoethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-methyl-N-.beta.-cyanoethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-.beta.-methoxyethyl-N-.beta.-cyanoethyl-2,6-dinitro-4-trifluoromethylanil
     ine;
PA1  N-butyl-N-.beta.-cyanoethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-methyl-N-.beta.-cyanoethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-butyl-N-.beta.-chloropropyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-butyl-N-.gamma.-chloropropyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-propyl-N-.beta.-chloropropyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-propyl-N-.beta.-bromoethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N,n-bis-.beta.-(chloroethyl)-2,6-dinitro-4-trifluoromethylaniline;
PA1  N,n-bis-.beta.-(chloroethyl)-2,6-dinitro-4-methylaniline;
PA1  N-propyl-N-allyl-4,6-dinitro-2-trifluoromethylaniline;
PA1  N-ethyl-N-.beta.-azidoethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-propyl-N-.beta.-azidoethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-propyl-N-.beta.-(chloroacetyloxy)-ethyl-2,6-dinitro-4-trifluoromethylanil
     ine;
PA1  N,n-bis-(.beta.-chloroacetyloxy)-ethyl-2,6-dinitro-4-trifluoromethylaniline
PA1  N-(.beta.-chloroacetyloxy)-ethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-(.beta.-methylcarbamoyloxy)-ethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-ethyl-N-.beta.-bromoethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-.beta.-methoxyethyl-N-.beta.-bromoethyl-2,6-dinitro-4-trifluoromethylanil
     ine;
PA1  N-.gamma.-chloropropyl-N-.beta.-chloroethyl-2,6-dinitro-4-trifluoromethylan
     iline;
PA1  N-propen-(1)-yl-(3)-N-.beta.-chloroethyl-2,6-dinitro-4-methylaniline;
PA1  N-propyl-N-.beta.-chloroethyl-2,6-dinitro-4-methylaniline;
PA1  N-propyl-N-.beta.-azidoethyl-2,6-dinitro-4-methylaniline;
PA1  N-propyl-N-.beta.-azidoethyl-2,6-dinitro-4-methylsulfonylaniline;
PA1  N-propyl-N-.beta.-bromoethyl-2,6-dinitro-4-methylsulfonylaniline;
PA1  N-propyl-N-.beta.-(chloroacetyloxy)-ethyl-2,6-dinitro-4-methylaniline;
PA1  N-propyl-N-.beta.-(chloroacetyloxy)-propyl-2,6-dinitro-4-trifluoromethylani
     line; or
PA1  N-propyl-N-.beta.-(methylcarbamoyloxy)-propyl-2,6-dinitro-4-trifluoromethyl
     aniline
PAL  with
PA1  2-chloro-4-ethylamino-6-butyn-1-yl-3-amino-1,3,5-triazine;
PA1  2-chloro-4-ethylamino-6-methoxyisopropylamino-1,3,5-triazine;
PA1  2-chloro-4-ethylamino-6-.alpha.,.alpha.
      -dimethylpropargylamino-1,3,5-triazine;
PA1  2-chloro-4-isopropylamino-6-.alpha.,.alpha.
      -dimethylpropargylamino-1,3,5-triazine;
PA1  2-thiomethyl-4-ethylamino-6-butyn-1-yl-3-amino-1,3,5-triazine;
PA1  2-chloro-4-ethylamino-6-sec-butylamino-1,3,5-triazine;
PA1  2-chloro-4-ethylamino-6-.alpha.,.alpha.-dimethylcyanomethylamino-1,3,5-tria
     zine;
PA1  2-chloro-4-isopropylamino-6-diethylamino-1,3,5-triazine;
PA1  2-methoxy-4-isopropylamino-6-ethylamino-1,3,5-triazine;
PA1  2-thiomethyl-4-isopropylamino-6-tert-butylamino-1,3,5-triazine; or
PA1  2-azido-4-sec-butylamino-6-thiomethyl-1,3,5-triazine.
PAC  EXAMPLE 2
PAR  An agricultural area was sown with Soja hispida, Digitaria sanguinalis,
      Bromus tectorum, Amaranthus retroflexus and Portulaca oleracea and
      subsequently treated with the following amounts of the following
      individual active ingredients and mixtures of them, each active ingredient
      and each mixture being dispersed or emulsified in 500 liters of water per
      hectare:
PA1  I n-allyl-N-.beta.-chloroethyl-2,6-dinitro-4-trifluoromethylaniline, 1 and
      3 kg per hectare;
PA1  Ii n-propyl-N-.beta.-chloroethyl-2,6-dinitro-4-trifluoromethylaniline, 1
      and 2 kg per hectare;
PA1  Iii n,n-dipropyl-2,6-dinitro-4-trifluoromethylaniline, 1 and 3 kg per
      hectare;
PA1  Iv 1-m-trifluoromethyl-4-dimethylamino-5-chloropyridazone-6, 2 and 3 kg per
      hectare;
PA1  V 1-phenyl-4,5-dimethoxypyridazone-6, 1 and 2 kg per hectare;
PA1  Vi 1-m-methylphenyl-4-methoxy-5-bromopyridazone-6, 2 and 3 kg per hectare;
PA1  Vii n-m-trifluoromethylphenyl-N-cyclohex-1-enyl-N',N'-dimethylurea, 2 and 3
      kg per hectare;
PA1  Viii n,n-dimethyl-N'-[N"-methoxyisopropylcarbamoyloxyphenyl]-urea, 1 and 2
      kg per hectare;
PA1  Ix n-4-(p-chlorophenoxy)-phenyl-N',N-dimethylurea, 2 and 3 kg per hectare;
PA1  X
      2-chloro-4-ethylamino-6-(.alpha.,.alpha.-dimethylcyanomethyl)-amino-1,3,5-
     triazine, 1 and 2 kg per hectare;
PA1  I + iv : 1 + 2 kg per hectare;
PA1  Ii + v : 1 + 1 kg per hectare;
PA1  Iii + vi : 1 + 2 kg per hectare;
PA1  I + vii : 1 + 2 kg per hectare;
PA1  Ii + viii : 1 + 1 kg per hectare;
PA1  Iii + ix : 1 + 2 kg per hectare;
PA1  Ii + x : 1 + 1 kg per hectare.
PAR  After 4 to 5 weeks it was ascertained that the mixtures had a stronger
      herbicidal action than the individual active ingredients, combined with
      more favorable crop plant compatibility.
PAR  The results of the experiment are given in the following table:
TBL                                    Table                                   

     __________________________________________________________________________

               I    II   III  IV  V    VI  VII  VIII   IX      X               

     __________________________________________________________________________

     kg/ha     1 3  1 2  1 3  2 3 1 2  2 3 2 3  1  2   2  3  1  2              

     __________________________________________________________________________

     Soja hispida                                                              

               0 15 0 10 0 20 0 15                                             

                                  0 20 0 10                                    

                                           0 20 0  20  5  25     0             

                                                          20                   

     Digitaria                                                                 

     sanguinalis                                                               

               70                                                              

                 100                                                           

                    85                                                         

                      100                                                      

                         70                                                    

                           100                                                 

                              65                                               

                                95                                             

                                  55                                           

                                    90 50                                      

                                         75                                    

                                           80                                  

                                             100                               

                                                45 85  60 90     30            

                                                          75                   

     Bromus tectorum                                                           

               70                                                              

                 100                                                           

                    75                                                         

                      100                                                      

                         70                                                    

                           100                                                 

                              55                                               

                                80                                             

                                  55                                           

                                    95 40                                      

                                         65                                    

                                           50                                  

                                             75 50 95  55 80     50            

                                                          95                   

     Amaranthus                                                                

     retroflexus                                                               

               15                                                              

                 50 25                                                         

                      50 15                                                    

                           50 60                                               

                                85                                             

                                  70                                           

                                    100                                        

                                       70                                      

                                         95                                    

                                           90                                  

                                             100                               

                                                50 95  45 90     45            

                                                          85                   

     Portulaca oleracea                                                        

               15                                                              

                 50 25                                                         

                      55 20                                                    

                           55 60                                               

                                85                                             

                                  70                                           

                                    95 65                                      

                                         90                                    

                                           95                                  

                                             100                               

                                                65 100 60 95     70            

                                                          100                  

                   I + IV II + V III + VI                                      

                                         I + VII                               

                                                II +  VIII                     

                                                        III + IX               

                                                               II+X            

     kg/ha         1 + 2  1 + 1  1 + 2   1 + 2  1 + 1   1 + 2  1 +             

     __________________________________________________________________________

                                                               1               

     Soja hispida   0      0      0       0      0       0      O              

     Digitaria sanguinalis                                                     

                   100    100    100     100    100     100    100             

     Bromus tectorum                                                           

                   100    100    100     100    100     100    100             

     Amaranthus retroflexus                                                    

                   85     100     95     100     90     80      85             

     Portulaca oleracea                                                        

                   90     100    100     100    100     95     100             

     __________________________________________________________________________

       O = no damage                                                           

      100 = complete destruction                                               

PAR  The action of the following mixtures corresponds to that of those above:
PA1  N-.beta.-methoxyethyl-N-.beta.-chloroethyl-2,6-dinitro-4-trifluoromethylani
     line;
PA1  N-.beta.-methoxyethyl-N-.beta.-azidoethyl-2,6-dinitro-4-trifluoromethylanil
     ine;
PA1  N-propyl-N-.beta.-cyanoethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-ethyl-N-.beta.-chloroethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-ethyl-N-butyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-isobutyl-N-.beta.-cyanoethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-ethyl-N-.beta.-cyanoethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-methyl-N-.beta.-cyanoethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-.beta.-methoxyethyl-N-.beta.-cyanoethyl-2,6-dinitro-4-trifluoromethylanil
     ine;
PA1  N-butyl-N-.beta.-cyanoethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-methyl-N-.beta.-cyanoethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-butyl-N-.beta.-chloropropyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-isobutyl-N-.gamma.-chloropropyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-propyl-N-.beta.-chloropropyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-propyl-N-.beta.-bromoethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N,n-bis-.beta.-(chloroethyl)-2,6-dinitro-4-trifluoromethylaniline;
PA1  N,n-bis-.beta.-(chloroethyl)-2,6-dinitro-4-methylaniline;
PA1  N-propyl-N-allyl-4,6-dinitro-2-trifluoromethylaniline;
PA1  N-ethyl-N-.beta.-azidoethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-propyl-N-.beta.-azidoethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-propyl-N-.beta.-(chloroacetyloxy)-ethyl-2,6-dinitro-4-trifluoromethylanil
     ine;
PA1  N,n-bis-(.beta.-chloroacetyloxy)-ethyl-2,6-dinitro-4-trifluoromethylaniline
PA1  N-(.beta.-chloroacetyloxy)-ethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-(.beta.-methylcarbamoyloxy)-ethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-ethyl-N-.beta.-bromoethyl-2,6-dinitro-4-trifluoromethylaniline;
PA1  N-.beta.-methoxyethyl-N-.beta.-bromoethyl-2,6-dinitro-4-trifluoromethylanil
     ine;
PA1  N-.gamma.-chloropropyl-N-.beta.-chloroethyl-2,6-dinitro-4-trifluoromethylan
     iline;
PA1  N-propen-(1)-yl-(3)-N-.beta.-chloroethyl-2,6-dinitro-4-methylaniline;
PA1  N-propyl-N-.beta.-chloroethyl-2,6-dinitro-4-methylaniline;
PA1  N-propyl-N-.beta.-azidoethyl-2,6-dinitro-4-methylaniline;
PA1  N-propyl-N-.beta.-azidoethyl-2,6-dinitro-4-methylsulfonylaniline;
PA1  N-propyl-N-.beta.-bromoethyl-2,6-dinitro-4-methylsulfonylaniline;
PA1  N-propyl-N-.beta.-(chloroacetyloxy)-ethyl-2,6-dinitro-4-methylaniline;
PA1  N-propyl-N-.beta.-(chloroacetyloxy)-propyl-2,6-dinitro-4-trifluoromethylani
     line; or
PA1  N-propyl-N-.beta.-(methylcarbamoyloxy)-propyl-2,6-dinitro-4-trifluoromethyl
     aniline with
PA1  2-thiomethyl-4-isopropylamino-6-tert-butylamino-1,3,5-triazine;
PA1  2-thiomethyl-4-isopropylamino-6-sec-butylamino-1,3,5-triazine;
PA1  2-thiomethyl-4-ethylamino-6-sec-butylamino-1,3,5-triazine;
PA1  2-chloro-4-ethylamino-6-sec-butylamino-1,3,5-triazine; or
PA1  2-chloro-4-methylamino-6-(.alpha.,.alpha.-dimethylcyanomethyl)-amino-1,3,5-
     triazine.
PAC  EXAMPLE 3
PAR  In a greenhouse experimental pots were filled with loamy sandy soil and
      sown with various seeds. The soil prepared in this way was then treated
      with the following individual active ingredients and mixtures thereof as
      an emulsion-dispersion:
PA1  I n-propyl-N-.beta.-chloroethyl-2,6-dinitro-4-trifluoromethylaniline
PA1  Ii 2-methylmercapto-4,6-diisopropylamino-1,3,5-triazine
PA1  Iii 2-methoxy-4-ethylamino-6-isopropylamino-1,3,5-triazine
PA1  Iv 2-azido-4-sec.butylamino-6-methylmercapto-1,3,5-triazine
PA1  V 2-chloro-4-ethylamino-6-tert.butylamino-1,3,5-triazine,
PAR  each at a rate of 0.25, 0.5, 0.75 and 1.0 kg/ha of active ingredient, and
PA1  I + ii, i + iii, i + iv and I + V each at rates of 0.25 + 0.75, 0.75 + 0.25
      and 0.5 + 0.5 kg/ha of active ingredient.
PAL  After 4 to 5 weeks it was observed that the mixtures had a better
      herbicidal action than the individual active ingredients and the same
      compatibility with the crop plants. The results of the experiment may be
      seen from the following Table.
TBL                                    Table                                   

     __________________________________________________________________________

     Active ingredient                                                         

               I          II            III           IV                       

     __________________________________________________________________________

     kg/ha     0.25                                                            

                  0.5                                                          

                    0.75                                                       

                       1.0                                                     

                          0.25                                                 

                              0.5                                              

                                 0.75                                          

                                     1.0                                       

                                        0.25                                   

                                            0.5                                

                                               0.75                            

                                                   1.0                         

                                                      0.25                     

                                                          0.5                  

                                                             0.75              

                                                                 1.0           

     __________________________________________________________________________

     Crop plants:                                                              

     Gossypium hirsutum                                                        

               0  0 0  0  0   0  0   0  0   0  0   0  0   0  0   0             

     unwanted plants                                                           

     Digitaria                                                                 

     sanguinalis                                                               

               25 45                                                           

                    60 85 5   16 20  30 10  18 25  35 10  20 30  40            

     Echinochloa                                                               

     crus galli                                                                

               32 50                                                           

                    85 70 4   8  12  20 5   10 20  30 5   10 15  25            

     Lamium amplexicaule                                                       

               0  0 0  5  25  45 60  80 20  35 50  75 28  50 65  80            

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL                                    Table                                   

     __________________________________________________________________________

     Active ingredient                                                         

               V            I+II                I+III                          

     __________________________________________________________________________

     kg/ha     0.25                                                            

                  0.5                                                          

                     0.75                                                      

                         1.0                                                   

                            0.25+0.75                                          

                                   0.75+0.25                                   

                                          0.5+0.5                              

                                                0.25+0.75                      

                                                       0.75+0.25               

                                                              0.5+0.5          

     Crop plants                                                               

     Gossypium hirsutum                                                        

               0  0  0   0  0      0      0     0      0      0                

     Unwanted plants                                                           

     Digitaria                                                                 

     sanguinalis                                                               

               14 20 25  32 90     98     98    90     100    98               

     Echinochloa                                                               

     crus galli                                                                

               4  10 14  20 85     95     95    90     97     95               

     Lamium amplexicaule                                                       

               15 30 35  40 90     80     90    85     75     80               

     __________________________________________________________________________

       O = no damage                                                           

      100 = complete destruction                                               

TBL                                    Table                                   

     __________________________________________________________________________

     Active ingredient  I+IV                I+V                                

     kg/ha       0.25+0.75                                                     

                        0.75+0.25                                              

                               0.5+0.5                                         

                                     0.25+0.75                                 

                                            0.75+0.25                          

                                                   0.5+0.5                     

     __________________________________________________________________________

     Crop plants                                                               

     Gossypium hirsutum                                                        

                  0      0      0     0      0      0                          

     Unwanted plants                                                           

     Digitaria sanguinalis                                                     

                 95     100    100   100    100    100                         

     Echinochloa crus galli                                                    

                 85     96     100   100    96     100                         

     Lamium amplexicaule                                                       

                 97     78      96    75    65      70                         

     __________________________________________________________________________

       0 = do damage                                                           

      100 = total destruction                                                  

PAC  EXAMPLE 4
PAR  In a greenhouse experimental pots were filled with loamy sandy soil and
      sown with various seeds. The soil prepared in this way was then treated
      with the following individual active ingredients and mixtures thereof as
      an emulsion-dispersion:
PA1  I n-n-propyl-N-.beta.-chloroethyl-2,6-dinitro-4-trifluoromethylaniline
PA1  Ii 2-chloro-4-ethylamino-6 -isopropylamino-1,3,5-triazine
PA1  Iii 2-chloro-4,6-diethylamino-1,3,5-triazine
PA1  Iv
      2-(2-chloro-4-ethylamino-1,3,5-triazine-6-yl-amino)-2-methylpropionitrile,
PAL  each at a rate of 0.25, 0.5, 0.75 and 1.0 kg/ha of active ingredient, and I
      + II, I + III and I + IV each at rates of 0.75+ 0.25, 0.25 + 0.75 and 0.5
      + 0.5 kg/ha of active ingredient. After 3 to 5 weeks it was observed that
      the mixtures had a better herbicidal action that the individual active
      ingredients and the same compatibility with the crop plants. The results
      of the experiment may be seen from the following Table.
TBL                                    Table                                   

     __________________________________________________________________________

     Active ingredient                                                         

                    I           II          III         IV                     

     kg/ha          0.25                                                       

                       0.5                                                     

                          0.75                                                 

                             1.0                                               

                                0.25                                           

                                   0.5                                         

                                      0.75                                     

                                         1.0                                   

                                            0.25                               

                                               0.5                             

                                                  0.75                         

                                                     1.0                       

                                                        0.25                   

                                                           0.5                 

                                                              0.75             

                                                                 1.0           

     __________________________________________________________________________

     Crop plants                                                               

     Zea mays       0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0             

     Triticum aestivum                                                         

                    0  0  0  0  0  0  0  5  0  0  0  0  0  0  0  0             

     Unwanted plants                                                           

     Alopecurus myosuroides                                                    

                    23 41 50 63 25 40 56 80 15 25 50 60 25 45 70 80            

     Echinochloa crus galli                                                    

                    32 50 58 70 10 28 40 50 3  5  6  20 10 15 18 20            

     Lamium amplexicaule                                                       

                    0  0  0  5  18 27 35 40 17 24 35 46 15 30 35 40            

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

TBL                                    Table                                   

     __________________________________________________________________________

     Active ingredient I+II             I+III            I+IV                  

     kg/ha       0.75+0.25                                                     

                       0.25+0.75                                               

                             0.5+0.5                                           

                                  0.75+0.25                                    

                                        0.25+0.75                              

                                              0.5+0.5                          

                                                   0.75+0.25                   

                                                         0.25+0.75             

                                                               0.5+0.5         

     __________________________________________________________________________

     Crop plants                                                               

     Zea mays    0     0     0    0     0     0    0     0     0               

     Triticum aestivum                                                         

                 0     0     0    0     0     0    0     0     0               

     Unwanted plants                                                           

     Alopecurus myosuroides                                                    

                 100   100   100  100   100   100  100   100   100             

     Echinochloa crus galli                                                    

                 100   100   100  98    76    91   100   88    100             

     Lamium amplexicaule                                                       

                 57    72    66   57    74    62   56    72    65              

     __________________________________________________________________________

       0 = no damage                                                           

      100 = complete destruction                                               

CLMS
STM  I claim:
NUM  1.
PAR  1. A herbicide composition containing a herbicidally effective amount of a
      mixture consisting essentially of
PA1  a. N-n-propyl-N-.beta.-chloroethyl-2,6-dinitro-4-trifluoromethylaniline and
PA1  b. 2-methylmercapto-4,6-diisopropylamino-1,3,5-triazine;
      2-methoxy-4-ethylamino-6-isopropylamino-1,3,5-triazine;
      2-azido-4-sec.butylamino-6-methylmercapto-1,3,5-triazine;
      2-chloro-4-ethylamino-6-tert-butylamino-1,3,5-triazine;
      2-chloro-4-ethylamino-6-isopropylamino-1,3,5-triazine;
      2-chloro-4,6-diethyl-amino-1,3,5-triazine; or
      2-(2-chloro-4-ethylamino-1,3,5-triazine-6-yl-amino)-2-methylpropionitrile
      in a weight ratio of compound a to compound b in the range of 3:1 to 1:3.
NUM  2.
PAR  2. A process for controlling the growth of unwanted plants which comprises
      treating the soil in which the growth of unwanted plants is to be
      prevented with a herbicidally effective amount of a mixture of
PA1  a. N-n-propyl-N-.beta.-chloroethyl-2,6-dinitro-4-trifluoromethylaniline and
PA1  b. 2-methylmercapto-4,6-diisopropylamino-1,3,5-triazine;
      2-methoxy-4-ethylamino-6-isopropylamino-1,3,5-triazine;
      2-azido-4-sec.butylamino-6-methylmercapto-1,3,5-triazine;
      2-chloro-4-ethylamino-6-tert-butylamino-1,3,5-triazine;
      2-chloro-4-ethylamino-6-isopropylamino-1,3,5-triazine;
      2-chloro-4,6-diethyl-amino-1,3,5-triazine, or
      2-(2-chloro-4-ethylamino-1,3,5-triazine-6-yl-amino)-2-methylpropionitrile
      in a weight ratio of compound a to compound b in the range of 3:1 to 1:3.
PATN
WKU  039334686
SRC  5
APN  5002176
APT  1
ART  124
APD  19740826
TTL  Herbicidal compositions
ISD  19760120
NCL  6
ECL  1
EXP  Hollrah; Glennon H.
INVT
NAM  Mihailovski; Alexander
CTY  Berkeley
STA  CA
ASSG
NAM  Stauffer Chemical Company
CTY  Westport
STA  CT
COD  02
RLAP
COD  74
APN  247671
APD  19720426
PSC  01
PNO  3860410
RLAP
COD  84
APN  99658
APD  19701218
PSC  03
CLAS
OCL   71 95
EDF  2
ICL  A01N  922
FSC   71
FSS  95;120;99
UREF
PNO  3741796
ISD  19730600
NAM  Marrese et al.
OCL   71 99
UREF
PNO  3806537
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NAM  Dorschner et al.
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ABST
PAL  New compounds corresponding to the generic formula:
      ##SPC1##
PAL  Wherein X can be oxygen or sulfur, R can be lower alkyl or two R groups can
      form a ring structure, R.sub.1 can be hydrogen, halogen, haloalkyl, alkyl
      or alkoxy.
PARN
PAR  This is a division, of application Ser. No. 247,671, filed Apr. 26, 1972,
      now U.S. Pat. No. 3,860,410, which is in turn a division of application
      Ser. No. 99,658, filed Dec. 18, 1970, now abandoned.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention is directed to a novel group of compounds which may be
      generally described as dialkylaminomethylene urea derivatives which are
      highly active herbicides. The compounds of the present invention are
      represented by the generic formula:
      ##SPC2##
PAL  Wherein X can be oxygen or sulfur, R can be lower alkyl or two R groups can
      form a ring structure, R.sub.1 can be hydrogen, halogen, haloalkyl, alkyl
      or alkoxy.
PAR  The above-noted compounds can be prepared by combining a tetraalkyl
      diaminomethane with an aryl isocyanate in an inert solvent such as ethyl
      ether, benzene, methylene chloride or the like at room temperature or
      lower. The products form very rapidly and can be isolated in good purity
      upon evaporation of the solvent.
PAR  In order to illustrate the merits of the present invention the following
      examples are provided:
DETD
PAC  EXAMPLE 1
PAC  Preparation of
      1-(dimethylaminomethylene)-1-(3'-trifluoromethylphenyl)-3,3-dimethylurea.
PAR  To 71.0 g. (0.695 moles) N,N,N',N'-tetramethyldiaminomethane in 200 ml.
      ethyl ether were added dropwise 130 g. (0.695 moles)
      metatrifluoromethylphenyl isocyanate dissolved in 150 ml. ethyl ether
      while cooling the reaction flask in an ice bath. The resulting clear
      solution was stirred at room temperature for a further three hours. The
      solvent was removed by evaporation to give 199 g. of liquid product.
      n.sub.D.sup.30 1.4840.
PAC  EXAMPLE 2
PAC  Preparation of
      1-(diethylaminomethylene)-1-(4'-chlorophenyl)-3,3-diethylurea.
PAR  To 7.0 g. (0.044 moles) N,N,N',N'-tetraethyldiaminomethane in 20 ml. ethyl
      ether were added slowly 6.8 g. (0.044 moles) 4-chlorophenyl isocyanate
      dissolved in 15 ml. ether. The reagents were stirred for 18 hours at room
      temperature and then the solvent was evaporated to give 13.5 g. of liquid
      product.
PAR  Other compounds were prepared in an analogous manner starting with the
      appropriate starting materials as outlined above. The following is a table
      of compounds representative of those embodied by the present invention.
      Compound numbers have been assigned to them and are used for
      identification throughout the balance of the specification.
TBL                TABLE I                                                     

     ______________________________________                                    

     Compound                                                                  

     No.      X           R          R.sub.1                                   

     ______________________________________                                    

     1        O           CH.sub.3   H                                         

     2        O           CH.sub.3   4--Cl                                     

     3        O           CH.sub.3   4--F                                      

     4        O           CH.sub.3   3,4--Cl                                   

     5        O           CH.sub.3   3--CF.sub.3                               

     6        O           CH.sub.3   3--CF.sub.3, 4--Cl                        

     7        O           --CH.sub.2).sub.4                                    

                                     3,5--Cl                                   

     8        O           --CH.sub.2).sub.4                                    

                                     H                                         

     9        O           --CH.sub.2).sub.4                                    

                                     3--CF.sub.3                               

     10       O           --CH.sub.2).sub.4                                    

                                     3--Cl                                     

     11       O           --CH.sub.2).sub.4                                    

                                     4--Cl                                     

     12       O           CH.sub.3   3--Cl                                     

     13       O           CH.sub.3   4--Br                                     

     14       O           CH.sub.3   2--F                                      

     15       O           CH.sub.3   2--CH.sub.3                               

     16       O           CH.sub.3   4--OCH.sub.3                              

     17       S           CH.sub.3   H                                         

     18       S           CH.sub.3   4--F                                      

     19       O           CH.sub.2 CH.sub.3                                    

                                     H                                         

     20       S           CH.sub.2 CH.sub.3                                    

                                     H                                         

     21       O           CH.sub.2 CH.sub.3                                    

                                     3--CF.sub.3                               

     22       O           CH.sub.2 CH.sub.3                                    

                                     4--Cl                                     

     23       O           CH.sub.3   3,5--Cl                                   

     24       O           CH.sub.2 CH.sub.3                                    

                                     3,5--Cl                                   

     ______________________________________                                    

PAC  HERBICIDAL SCREENING TESTS
PAR  As previously mentioned, the novel compounds herein described are
      phytotoxic compounds which are useful and valuable in controlling various
      plant species. Compounds of this invention are tested as herbicides in the
      following manner.
PAR  Pre-emergence herbicide test. On the day preceding treatment, seeds of
      seven different weed species are planted in individual rows using one
      species per row across the width of the flat. The seeds used are hairy
      crabgrass (Digitaria sanguinalis (L.) Scop.), yellow foxtail (Setaria
      glauca (L.) Beauv.), watergrass (Echinochloa crusgalli (L.) Beauv.),
      California red oat (Avena sativa (L.)), redroot pigweed (Amaranthus
      retroflexus (L.), Indian mustard (Brassica juncea (L.) Coss.) and curly
      dock (Rumex crispus (L.). Ample seeds are planted to give about 20 to 50
      seedlings per row, after emergence, depending on the size of the plants.
      The flats are watered after planting. The spraying solution is prepared by
      dissolving 50 mg. of the test compound in 3 ml. of a solvent, such as
      acetone, containing 1% Tween 20 (polyoxyethylene sorbitan monolaurate).
      The following day each flat is sprayed at the rate of 20 pounds of the
      candidate compound per 80 gallons of solution per acre. An atomizer is
      used to spray the solution on soil surface. The flats are placed in a
      greenhouse at 80.degree.F. and watered regularly. Two weeks later, the
      degree of weed control is determined by comparing the amount of
      germination and growth of each weed in the treated flats with weeds in
      several untreated control flats. The rating system is as follows:
PA1  - = no significant injury (0-15 percent control)
PA1  + = slight injury (25-35 percent control)
PA1  ++ = moderate injury (55-65 percent control)
PA1  +++ = severe injury or death (85-100 percent control)
PAL  An activity index is used to represent the total activity on all seven weed
      species. It is the sum of the number of plus marks, so that an activity
      index of 21 represents complete control of all seven weeds. The results of
      this test are reported in Table II.
PAR  Post-emergence herbicide test. Seeds of five weed species including hairy
      crabgrass, watergrass, wild oats, Indian mustard, and curly dock and one
      crop pinto beans (Phaseolus vulgaris), are planted in flats as described
      above for pre-emergence screening. The flats are placed in the greenhouse
      at 72.degree.-85.degree.F. and watered daily with a sprinkler. About 10 to
      14 days after planting when the primary leaves of the bean plant are
      almost fully expanded and the first trifoliate leaves are just starting to
      form, the plants are sprayed. The spray is prepared by weighing out 50 mg.
      of the test compound, dissolving it in 5 ml. of acetone containing 1
      percent Tween 20 (polyoxyethylene sorbitan monolaurate) and then adding 5
      ml. of water. The solution is sprayed on the foliage using an atomizer.
      The spray concentration is 0.5% and the rate would be approximately 20
      lb./acre if all of the spray were retained on the plant and the soil, but
      some spray is lost so it is estimated that the application rate is
      approximately 12.5 lb./acre.
PAR  Beans are used to detect defoliants and plant growth regulators. The beans
      are trimmed to two or three plants per flat by cutting off the excess
      weaker plants several days before treatment. The treated plants are placed
      back in the greenhouse and care is taken to avoid sprinkling the treated
      foliage with water for 3 days after treatment. Water is applied to the
      soil by means of a slow stream from a watering hose taking care not to wet
      the foliage.
TBL                TABLE II                                                    

     ______________________________________                                    

     SCREENING RESULTS                                                         

     ______________________________________                                    

     Compound                                                                  

     No.       Pre-emergence  Post-emergence                                   

     ______________________________________                                    

      1        21             18                                               

      2        21             18                                               

      3        21             18                                               

      4        21             18                                               

      5        21             18                                               

      6        21             18                                               

      7         3             11                                               

      8        19             18                                               

      9        18             16                                               

     10        18             17                                               

     11        18             17                                               

     12        19             18                                               

     13        19             18                                               

     14        18             17                                               

     15        20             18                                               

     16        14             18                                               

     17        17             16                                               

     18        19             17                                               

     19        20             18                                               

     20        13             12                                               

     21        20             18                                               

     22        20             18                                               

     23        19             17                                               

     24        13             14                                               

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of controlling undesirable vegetation comprising applying to
      the locus where control is desired an herbicidally effective amount of a
      compound having the generic formula
      ##SPC3##
PAL  wherein X is oxygen or sulfur, each set of the two R groups form a ring
      structure having 4 carbon atoms, R.sub.1 is hydrogen, halogen, haloalkyl,
      alkyl or alkoxy.
NUM  2.
PAR  2. The method as set forth in claim 1 wherein X is O and R.sub.1 is 3,5-Cl.
NUM  3.
PAR  3. The method as set forth in claim 1 wherein X is O and R.sub.1 is H.
NUM  4.
PAR  4. The method as set forth in claim 1 wherein X is O and R.sub.1 is
      3-CF.sub.3.
NUM  5.
PAR  5. The method as set forth in claim 1 wherein X is O and R.sub.1 is 3-Cl.
NUM  6.
PAR  6. The method as set forth in claim 1 wherein X is O and R.sub.1 is 4-Cl.
PATN
WKU  039334694
SRC  5
APN  4468007
APT  1
ART  124
APD  19740228
TTL  Methods for increasing crop yields
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ABST
PAL  Methods for increasing the yield of crops comprising applying thereto an
      allophanimidate such as methyl
      4-(p-chlorophenyl)-N-methoxycarbonylallo-phanimidate or methyl
      4-(p-chlorophenyl)-N-methylthio-carbonylallophanimidate. A preferred use
      of this invention is to increase the number of inflorescences or the
      number of grains per inflorescence on corn, wheat, and rye by applying the
      allophanimidate to the plant at a time that will affect floral
      differentiation or development.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 414,876,
      filed Nov. 12, 1973, now abandoned which is, in turn, a
      continuation-in-part of application Ser. No. 348,323, filed Apr. 5, 1973
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The allophanimidates of this invention and their use as herbicides are
      disclosed and claimed in copending U.S. patent application Ser. No.
      325,357, filed Jan. 22, 1973, by Julius J. Fuchs and Kang Lin, which is a
      continuation-in-part of copending U.S. patent application Ser. No.
      181,201, filed Sept. 16, 1971 now abandoned. In addition, the use of these
      compounds in a method for altering plant flowering and sexual reproduction
      is the subject matter of copending U.S. patent application Ser. No.
      328,059, filed Jan. 30, 1973, by Kang Lin.
PAR  It has now been discovered that these compounds are useful for increasing
      crop yields in that they increase the number of inflorescences or the
      number of seeds per inflorescence on cereal grains, soybeans, and dry
      beans.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is a method of increasing the yield of various crops which
      comprises applying an allophanimidate to the crop plant at a time that
      will stimulate inflorescence development and in an amount which is
      effective to increase the number of inflorescences produced or increase
      the number of seeds per inflorescence without causing substantial foliar
      burn, chlorosis, or necrosis, the allophanimidate being a compound of the
      following formulas:
      ##EQU1##
PAR  X.sub.1, X.sub.2, and X.sub.3 are oxygen or sulfur;
PAR  R.sub.1 is hydrogen or alkyl of 1 through 4 carbon atoms;
PAR  R.sub.2 is alkyl of 1 through 6 carbon atoms, cycloalkyl of 3 through 8
      carbon atoms, cycloalkylalkyl of 4 through 7 carbon atoms, alkenyl of 3
      through 4 carbon atoms, alkynyl of 3 through 4 carbon atoms, benzyl, or
      ##SPC1##
PAL  Where
PAR  Y is hydrogen, halogen, alkyl of 1 through 4 carbon atoms, nitro, alkoxy of
      1 through 4 carbon atoms, alkylthio of 1 through 4 carbon atoms, cyano, or
      trifluoromethyl; and
PAR  Z is hydrogen, halogen, methyl, ethyl, nitro, alkoxy of 1 through 4 carbon
      atoms, or alkylthio of 1 through 4 carbon atoms;
PAR  Q is hydrogen, halogen, or methyl;
PAR  R.sub.3 is SR.sub.4 or OR.sub.4 ;
PAL  where
PAR  R.sub.4 is alkyl of 1 through 6 carbon atoms, cycloalkyl of 3 through 8
      carbon atoms, alkenyl of 3 through 4 carbon atoms, alkynyl of 3 through 4
      carbon atoms, benzyl or phenyl; and
PAR  R.sub.5 is alkyl of 1 through 12 carbon atoms substituted with 0-3 chlorine
      atoms or 0-1 methoxy group, alkenyl of 3 through 4 carbon atoms,
      cycloalkyl of 5 through 8 carbon atoms, benzyl, or
      ##SPC2##
PAL  where
PAR  Y and Z are as previously defined;
PAR  R.sub.6 is hydrogen or alkyl of 1 through 3 carbon atoms.
PAR  In particular, this invention is a method for increasing the yield of crops
      (such as corn, wheat, rye, rice, barley, oats, sorghum, dry beans, and
      soybeans) which comprises applying an allophanimidate of Formula I or
      Formula II to the crop during inflorescence initiation or early
      development in an amount sufficient to increase the number of
      inflorescences produced or increase the number of seeds per inflorescence,
      but insufficient to cause substantial foliar burn, chlorosis, or necrosis.
PAR  A preferred embodiment of this invention is a method of increasing the
      yield of corn, wheat, or rye which comprises applying an allophanimidate
      of Formula I or Formula II to the corn, wheat, or rye during inflorescence
      initiation or early development in an amount sufficient to increase the
      number of inflorescences produced or increase the number of grains per
      inflorescence but insufficient to cause substantial foliar burn,
      chlorosis, or necrosis.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAC  Preferred Compounds
PAR  Certain of the compounds of Formula I and Formula II are preferred because
      of their higher activity and their ease of synthesis. These include
      compounds of Formula I and Formula II where:
PAR  R.sub.1 is hydrogen
PAR  R.sub.2 is monohalophenyl or dihalophenyl
PAR  R.sub.3 is OR.sub.4 or SR.sub.4
PAR  R.sub.4 is methyl or ethyl
PAR  R.sub.5 is methyl or ethyl
PAR  R.sub.6 is hydrogen
PAR  X.sub.1 and X.sub.2 are oxygen, and
PAR  X.sub.3 is oxygen or sulfur.
PAR  Most preferred compounds because of highest activity are the following:
PA1  methyl 4-(p-chlorophenyl)-N-methoxycarbonylallophanimidate
PA1  methyl 4-(p-chlorophenyl)-N-methylthiolcarbonylallophanimidate
PAR  It should be understood that tautomeric forms of the molecule are possible
      when R.sub.6 is hydrogen;
      ##EQU2##
PAR  For this reason, all compounds when R.sub.6 is hydrogen are named
      allophanimidates according to form (A). Compounds of Form (C) are also
      named as allophanimidates, while compounds of Form (D) are named as
      carbamates.
      ##EQU3##
PAC  Synthesis of the Compounds
PAR  The compounds of Formula I and Formula II can be made by the process
      illustrated by the following equations:
      ##EQU4##
      where R.sub.4, R.sub.5 and R.sub.6 are as previously defined and R.sub.7
      is R.sub.1 or R.sub.2.
PAR  In equation (1) the 2-thiopseudourea is liberated from its corresponding
      chloride or sulfate with one mole of base and reacted with an isocyanate
      in a solvent, e.g., water, aqueous methanol or aqueous acetone, at about
      0.degree.C. The reaction mass is warmed to room temperature and the
      solvent removed by evaporation. The intermediate thioallophanimidate is
      collected by filtration and dried (This reaction is essentially the same
      method as described in Organic Synthesis, 42, 87, for the preparation of
      methyl 4-phenyl-3-thioallophanimidate).
PAR  The intermediate is reacted with one equivalent of a chloroformate in
      methylene chloride containing one equivalent of triethylamine (equation
      2). The methylene chloride solution is washed with water, dried, and
      stripped to afford the carbamates and the thioallophanimidates of this
      invention in good purity. As can be seen from the discussion of
      nomenclature above, carbamates result when R.sub.6 is alkyl and
      thioallophanimidates result when R.sub.6 is hydrogen. The reaction product
      can be further purified by dissolving it in dimethylformamide and
      precipitating it by adding water or by recrystallization from hexane.
PAR  Thioallophanimidates of Form (C) can be obtained by reacting the
      2-thiopseudourea first with a chloroformate and than an isocyanate as in
      equations 3 and 4.
      ##EQU5##
      where
PAR  R.sub.4, R.sub.5, R.sub.6 and R.sub.7 are as defined for equations (1) and
      (2).
PAR  In Equation (3) the 2-thiopsuedourea sulfate and a chloroformate in water
      are cooled to about 0.degree.C. and two equivalents of base are added
      gradually. The reaction mixture is allowed to come to room temperature and
      then extracted with methylene chloride. The methylene extract is dried and
      evaporated to afford the intermediate alkyl
      N-(1-alkylamino-1-methyl-thiomethylene)carbamate or alkyl
      N-(1-amino-1-methylthiomethylene)carbamate in excellent purity.
PAR  In equation (4) the intermediate is dissolved in methylene chloride and one
      equivalent of isocyanate is added. The mixture is stirred for several
      hours, and then evaporated to produce the thioallophanimidates in
      excellent yield and purity. The product can be further purified using the
      techniques set forth above.
PAR  To make the various analogs of the above compounds, the appropriate
      isothiocyanates can replace the isocyanates used in the equations (1) and
      (4). The 2-thiopsuedoureas of equations (1) and (3) can be replaced by
      2-alkylpsuedoureas. The chloroformates of equations (2) and (4) include
      alkyl chloroformates, chlorothiolformates, or chlorodithioformates.
PAR  Alkoxycarbonylthioallophanimidates with 2 substituents in the 4-position
      can be prepared by starting with the product of reaction (3) and reacting
      it with a carbamoyl chloride in the presence of triethylamine as
      illustrated by reaction (5).
      ##EQU6##
PAR  In reaction (5) the reactants are heated for 1-3 hours in the presence of
      triethylamine in a solvent such as benzene or toluene. After completion of
      the reaction, the solvent is evaporated, the residue extracted with water
      to dissolve water-soluble substances, and the residue recrystallized from
      benzene.
PAR  The corresponding disubstituted carbamates are similarly prepared from
      2-thiopsuedourea, carbamoyl chloride and triethylamine as illustrated by
      reactions (6) and (7).
      ##EQU7##
PAR  The following examples are offered to illustrate the processes described
      above. All parts are parts by weight unless otherwise indicated.
DETD
PAC  EXAMPLE 1
PAC  Methyl 4-tert-butyl-N-methylthiolcarbonyl-1-thioallophanimidate
PAR  To 139 parts of 2-methyl-2-thiopsuedourea sulfate in 1000 parts 50% aqueous
      methanol at 0.degree.C. is added dropwise 88 parts 50% sodium hydroxide,
      followed by 90 parts tert-butyl-isocyanate in 200 parts tetrahydrofuran.
      The solution is then stripped of most of the methanol and tetrahydrofuran
      on a rotary evaporator and filtered to yield after drying 90 parts methyl
      4-tert-butyl-1-thioallophanimidate melting at 102.degree.-104.degree.C.
PAR  To 5.67 parts of the above compound and 4 parts triethylamine in 50 parts
      methylene chloride at 0.degree.C. is added dropwise 3.3 parts methyl
      chlorothiolformate in 5 parts methylene chloride. The solution is stirred
      overnight and washed once with water. After drying and evaporation of the
      solvent on a rotary evaporator, there is obtained 3.8 parts methyl
      4-tert-butyl-N-methylthiolcarbonyl-1-thioallophanimidate melting at
      102.degree.-105.degree.C.
PAC  EXAMPLE 2
PAC  4-tert-Butyl-N-methoxycarbonyl-1-thioallophanimidate
PAR  To 5.67 parts of methyl 4-tert-butyl-1-thioallophanimidate, prepared as in
      Example 1, and 4 parts of triethylamine in 50 parts methylene chloride at
      0.degree.C. is added dropwise 2.8 parts methyl chloroformate in 5 parts
      methylene chloride. The solution is stirred overnight and washed once with
      water. After drying and evaporation of the solvent on a rotary evaporator,
      there is obtained an oil which turned crystalline. After trituration with
      hexane it affords 1.9 parts
      4-tert-butyl-N-methoxycarbonyl-1-thioallophanimidate melting at
      87.degree.-90.degree.C.
PAC  EXAMPLE 3
PAC  Methyl 4-isopropyl-N-methoxycarbonyl-1-thioallophanimidate
PAR  To 69.5 parts 2-methyl-2-thiopsuedourea sulfate and 47 parts of methyl
      chloroformate in 1000 parts water at 0.degree.C is added dropwise 56.9
      parts of potassium hydroxide in 200 parts of water. The reaction mixture
      is stirred at room temperature for 3 hours and then extracted with
      methylene chloride. The methylene chloride extract is dried and the
      solvent evaporated on a rotary evaporator to give 45 parts of methyl
      N-(1-amino-1-methylthiomethylene)carbamate melting at
      72.degree.-77.degree.C.
PAR  Seventy-four parts of the above compound and 47 parts of isopropyl
      isocyanate in 300 parts methylene chloride is stirred overnight. The
      solvent is evaporated on a rotary evaporator to give 113.6 parts methyl
      4-isopropyl-N-methoxycarbonyl-1-thioallophanimidate melting at
      129.degree.-132.degree.C.
PAR  The following allophanimidates can be similarly prepared: methyl
      4-cyclopentyl-2-methyl-N-methoxycarbonyl-1-thioallophanimidate, and methyl
      4-cyclohexyl-2-propyl-N-methoxycarbonyl-1-thioallophanimidate.
PAC  EXAMPLE 4
PAC  Methyl 4-methyl-N-methylthiolcarbonyl-1-thioallophanimidate
PAR  To 69.5 parts 2-methyl-2-thiopsuedourea sulfate and 110 parts methyl
      chlorothiolformate in 500 ml. of water is added dropwise at
      0.degree.-5.degree.C. 120 parts 50% sodium hydroxide. The reaction mixture
      is stirred at 0.degree.-5.degree.C. for 1 hour and then at room
      temperature for 2 hours. The solution is extracted with methylene
      chloride. The methylene chloride extract is then dried and the solvent
      evaporated on a rotary evaporator to give 47 parts of methyl
      N-(1-amino-1-methylthiomethylene)thiolcarbamate melting at
      75.degree.-76.degree.C.
PAR  To 8.2 parts of the above compound in 75 parts methylene chloride is added
      3.1 parts methyl isocyanate. The reaction mixture is stirred at room
      temperature for 3 hours, and then stripped of solvent on a rotary
      evaporator to give 10 parts methyl
      4-methyl-N-methylthiolcarbonyl-1-thioallophanimidate melting at
      115.degree.-117.degree.C.
PAC  EXAMPLE 5
PAC  Methyl 4-(p-chlorophenyl)-N-methoxycarbonyl-1-thioallophanimidate
PAR  To 7.2 parts methyl N-(1-amino-1-methylthiomethylene)-carbamate prepared as
      in Example 3 in 100 parts methylene chloride is added 8.4 parts
      p-chlorophenyl isocyanate. The reaction mixture is stirred overnight and
      the solvent evaporated on a rotary evaporator. The residue is dissolved in
      dimethylformamide and water is added. The precipitate is collected by
      filtration and then dried to give 10.4 parts methyl
      4-(p-chlorophenyl)-N-methoxycarbonyl-1-thioallophanimidate melting at
      73.degree.-74.5.degree.C.
PAC  EXAMPLE 6
PAC  Methyl 4-sec-butyl-N-methoxycarbonyl-1-thioallophanimidate
PAR  To 7.2 parts methyl N-(1-amino-1-methylthiomethylene)-carbamate, prepared
      as in Example 3, in 50 parts methylene chloride is added 5.5 parts
      sec-butylisocyanate. The reaction mixture is stirred overnight and the
      solvent is evaporated on a rotary evaporator to give 12 parts methyl
      4-sec-butyl-N-methoxycarbonyl-1-thioallophanimidate melting at
      102.degree.-104.degree.C.
PAC  EXAMPLE 7
PAC  Methyl 4-isopropyl-N-ethoxycarbonyl-1-thioallphanimidate
PAR  To 138 parts 2-methyl-2-thiopseudourea in 500 parts water at
      0.degree.-10.degree.C. is added 80 parts 50% sodium hydroxide. One liter
      of cold acetone is added followed by dropwise addition of 85 parts
      isopropyl isocyanate. The mixture is allowed to stay at room temperature
      for 2 hours and evaporated on a rotary evaporator. The solid is collected
      and dried to give 150 parts methyl 4-isopropyl-1-thioallophanimidate
      melting at 81.degree.-85.degree.C.
PAR  To 8.8 parts of the above compound and 6.0 parts ethyl chloroformate at
      0.degree.C. is added dropwise 8.4 parts triethylamine. The reaction is
      stirred at room temperature for 3 hours. Water is added and stirred for a
      while. The methylene chloride layer is dried and evaporated on a rotary
      evaporator to give after hexane trituration, 10.2 parts methyl
      4-isopropyl-N-ethoxy-carbonyl-1-thioallophanimidate melting at
      90.degree.-92.degree.C.
PAC  EXAMPLE 8
PAC  Methyl 4-propyl-N-methoxycarbonyl-1-thioallophanimidate
PAR  To 7.4 parts of methyl N-(1-amino-1-methylthiomethylene)carbamate prepared
      as in Example 3 in 50 parts of methylene chloride is added 4.7 parts of
      propyl isocyanate. The reaction mixture is stirred overnight and the
      solvent is stripped on a rotary evaporator to give a solid which is
      dissolved in benzene and precipitated by adding hexane. The solid is
      collected and dried to give 10 parts of methyl
      4-propyl-N-methoxycarbonyl-1-thioallophanimidate melting at
      68.degree.-69.degree.C.
PAC  EXAMPLE 9
PAC  Methyl 4-(p-chlorophenyl)-N-methoxycarbonylallophanimidate
PAR  To 13 parts of methyl N-(1-amino-1-methoxymethylene)-carbamate, m.p.
      36.degree.-39.5.degree., prepared similar to the procedure in Example 3
      for methyl N-(1-amino-1-methylthiomethylene)-carbamate in 140 parts of
      methylene chloride is added 15 parts of p-chlorophenyl isocyanate. The
      reaction mixture is stirred overnight and the solution filtered to give 10
      parts of methyl 4-(p-chlorophenyl)-N-methoxycarbonylallophanimidate
      melting at 170.degree. dec.
PAC  EXAMPLE 10
PAC  Methyl 4-(p-chlorophenyl)-N-methylthiolcarbonylallophanimidate
PAR  To 9 parts of methyl N-(1-amino-1-methoxymethylene)-thiolcarbamate, m.p.
      55.degree.-57.degree., prepared similar to the procedure in Example 3 for
      methyl N-(1-amino-1-methylthiomethylene)-carbamate in 20 parts of
      methylene chloride is added 9 parts of p-chlorophenyl isocyanate. The
      reaction mixture is stirred overnight and the solution is filtered to give
      14 parts of methyl 4-(p-chlorophenyl)-N-methylthiolcarbonylallophanimidate
      melting at 153.degree.-155.degree..
PAR  The following allophanimidates can be prepared by the procedure of Example
      2 by substituting the listed 2-substituted thiopseudoureas and pseudoureas
      for 2-methyl-2-thiopseudourea, by replacing tert-butylisocyanate with
      various isocyanates or isothiocyanates, and by using various
      chloroformates, chlorothiolformates, or chlorodithioformates in place of
      methyl chloroformate.
TBL  Pseudothiourea or                                                         

                    Isocyanate or                                              

                                 Formate,Thiolformate                          

     Psueodurea     Isothiocyanate                                             

                                 or Dithioformate                              

                                            Allophanimidates                   

     __________________________________________________________________________

     2-hexyl-2-thiopseudourea                                                  

                    methyl isocyanate                                          

                                 methyl chloroformate                          

                                            hexyl 4-methyl-N-methoxycarbonyl-  

                                            1-thioallophanimidate              

     2-methyl-2-thiopseudourea                                                 

                    hexyl isocyanate                                           

                                 phenyl chloroformate                          

                                            methyl 4-hexyl-N-phenoxycar-       

                                            bonyl-1-thioallophanimidate        

     2-cyclopropyl-2-thiopseu-                                                 

                    cyclopropyl isocyanate                                     

                                 p-chlorophenyl                                

                                            cyclopropyl 4-cyclopropyl-N-       

     dourea                      chloroformate                                 

                                            (p-chlorophenoxycarbonyl)-1-       

                                            thioallophanimidate                

     2-cyclooctyl-2-thiopseu-                                                  

                    cyclooctyl isocyanate                                      

                                 m-bromophenyl                                 

                                            cyclooctyl 4-cyclooctyl-N-(m-      

     dourea                      chloroformate                                 

                                            bromophenoxycarbonyl)-1-thio-      

                                            allophanimidate                    

     2-allyl-2-thiopseudourea                                                  

                    cyclohexylmethyl iso-                                      

                                 o-iodophenyl chloro-                          

                                            allyl 4-cyclohexylmethyl-N-        

                    cyanate      formate    (o-iodophenoxycarbonyl)-1-         

                                            thioallophanimidate                

     2-(3-methylallyl)-2-                                                      

                    allyl isocyanate                                           

                                 o-fluorophenyl                                

                                            3-methylallyl 4-allyl-N-(o-        

     thiopseudourea              chloroformate                                 

                                            fluorophenoxycarbonyl)-1-          

                                            thioallophanimidate                

     2-methylpseudourea                                                        

                    3-methylallyl isocyanate                                   

                                 p-methylphenyl                                

                                            methyl 4-(3-methylallyl)-N-        

                                 chloroformate                                 

                                            (p-methylphenoxycarbonyl)-         

                                            allophanimidate                    

     2-hexyl-2-thiopseudourea                                                  

                    propargyl isocyanate                                       

                                 m-ethylphenyl                                 

                                            hexyl 4-propargyl-N-(m-ethyl-      

                                 chloroformate                                 

                                            phenoxycarbonyl)-1-thio-           

                                            allophanimidate                    

     2-(3-methylpropargyl)-                                                    

                    cyclopropylmethyl                                          

                                 methyl chloroformate                          

                                            3-methylpropargyl 4-cyclopropyl-   

     2-thiopseudourea                                                          

                    isocyanate              methyl-N-methoxycarbonyl-1-        

                                            thioallophanimidate                

     2-cyclopropylpseudourea                                                   

                    3-methylpropargyl iso-                                     

                                 p-nitrophenyl                                 

                                            cyclopropyl 4-(3-methylpropar-     

                    cyanate      chloroformate                                 

                                            gyl)-N-(p-nitrophenoxycar-         

                                            bonyl)-allophanimidate             

     2-cyclooctylpseudourea                                                    

                    benzyl isocyanate                                          

                                 p-methoxyphenyl                               

                                            cyclooctyl 4-benzyl-N-(p-          

                                 chloroformate                                 

                                            methoxyphenoxycarbonyl)-           

                                            allophanimidate                    

     2-allylpseudourea                                                         

                    phenyl isocyanate                                          

                                 dodecyl chlorofor-                            

                                            allyl 4-phenyl-N-dodecyloxy-       

                                 mate       carbonyl-allophanimidate           

     2-(3-methylallyl)pseudo-                                                  

                    p-chlorophenyl iso-                                        

                                 allyl chloroformate                           

                                            3-methylallyl 4-(p-chlorophenyl)-  

     urea           cyanate                 N-allyloxycarbonyl-                

                                            allophanimidate                    

     2-methyl-2-thiopseudourea                                                 

                    m-bromophenyl iso-                                         

                                 3-methylallyl                                 

                                            methyl 4-(m-bromophenyl)-N-        

                    cyanate      chloroformate                                 

                                            (3-methylallyloxycarbonyl)-        

                                            1-thioallophanimidate              

     2-methyl-2-thiopseudourea                                                 

                    o-iodophenyl isocya-                                       

                                 cyclopentyl                                   

                                            methyl 4-(o-iodophenyl)-N-         

                    nate         chloroformate                                 

                                            (cyclopentyloxycarbonyl)-1-        

                                            thioallophanimidate                

     2-methyl-2-thiopseudourea                                                 

                    o-fluorophenyl iso-                                        

                                 cyclooctyl chloro-                            

                                            methyl 4-(o-fluorophenyl)-N-       

                    cyanate      formate    cyclooctyloxycarbonyl-1-thio-      

                                            allophanimidate                    

     2-methyl-2-thiopseudourea                                                 

                    p-methylphenyl iso-                                        

                                 benzyl chloroformate                          

                                            methyl 4-(p-methylphenyl)-N-       

                    cyanate                 benzyloxycarbonyl-1-thio-          

                                            allophanimidate                    

     2-methyl-2-thiopseudourea                                                 

                    m-ethylphenyl                                              

                                 methyl chlorothiol-                           

                                            methyl 4-(m-ethylphenyl)-N-methylth

                                            iol-                               

                    isocyanate   formate    carbonyl-1-thioallophanimidate     

     2-methyl-2-thiopseudourea                                                 

                    p-nitrophenyl                                              

                                 m-butoxyphenyl                                

                                            methyl 4-(p-nitrophenyl)-N-(m-butox

                                            y-                                 

                    isocyanate   chlorothiolformate                            

                                            phenylthiolcarbonyl)-1-thio-       

                                            allophanimidate                    

     2-methyl-2-thiopseudourea                                                 

                    p-methoxyphenyl                                            

                                 p-methylthiophenyl                            

                                            methyl 4-(p-methoxyphenyl)-N-(p-met

                                            hyl-                               

                    isothiocyanate                                             

                                 chlorothiolformate                            

                                            thiophenylthiocarbonyl)-1,3-dithio-

                                            allophanimidate                    

     2-methyl-2-thiopseudourea                                                 

                    m-butyloxphenyl                                            

                                 m-butylthiophenyl                             

                                            methyl 4-(m-butoxyphenyl)-N-(m-buty

                                            l-                                 

                    isothiocyanate                                             

                                 chlorothiolformate                            

                                            thiophenylthiolcarbonyl)-1,3-dithio

                                            -                                  

                                            allophanimidate                    

     2-methyl-2-thiopseudourea                                                 

                    p-methylthiophen-                                          

                                 m-trifluoromethyl-                            

                                            methyl 4-(p-methylthiophenyl)-N-(m-

                    yl isothio-  phenyl chloro-                                

                                            trifluoromethylphenylthiolcarbonyl)

                                            -                                  

                    cyanate      thiolformate                                  

                                            1,3-dithioallophanimidate          

     2-methyl-2-thiopseudourea                                                 

                    m-butylthiophen-                                           

                                 p-cyanophenyl                                 

                                            methyl 4-(m-butylthiophenyl)-N-(p-c

                                            yano-                              

                    yl isothio-  chlorothiolformate                            

                                            phenylthiolcarbonyl)-1,3-dithio-   

                    cyanate                 allophanimidate                    

     2-methyl-2-thiopseudourea                                                 

                    m-trifluoromethyl-                                         

                                 3,4-dichlorophenyl                            

                                            methyl 4-(m-trifluoromethylphenyl)-

                                            1-                                 

                    phenyl isothio-                                            

                                 chlorothiolformate                            

                                            3,4-dichlorophenylthiolcarbonyl)-1,

                                            3-                                 

                    cyanate                 dithioallophanimidate              

     2-methyl-2-thiopseudourea                                                 

                    p-cyanophenyl                                              

                                 methyl chlorodithio-                          

                                            methyl 4-(p-cyanophenyl)-N-(methylt

                                            hiol-                              

                    isothiocyanate                                             

                                 formate    thiocarbonyl)-1,3-dithioallophanimi

                                            date                               

     2-phenyl-2-thiopseudourea                                                 

                    3,4-dichlorophenyl                                         

                                 3,5-dichlorophenyl                            

                                            phenyl 4-(3,4-dichlorophenyl)-N-(3,

                                            5-                                 

                    isothiocyanate                                             

                                 chlorodithiofor-                              

                                            dichlorophenylthiolthiocarbonyl)-1,

                                            3-                                 

                                 mate       dithioallophanimidate              

     2-benzyl-2-thiopseudourea                                                 

                    3,5-dichlorophenyl                                         

                                 o-chloro-p-methyl-                            

                                            benzyl 4-(3,5-dichlorophenyl)-N-(o-

                    isothiocyanate                                             

                                 phenyl chlorodi-                              

                                            chloro-p-methylphenylthiolthiocar- 

                                 thioformate                                   

                                            bonyl)-1,3-dithioallophanimidate   

     2-propargyl-2-thio-                                                       

                    o-chloro-p-methyl-                                         

                                 2,4-dinitrophenyl                             

                                            propargyl 4-(o-chloro-p-methylpheny

                                            l)-N-                              

     pseudourea     phenyl isothio-                                            

                                 chlorodithiofor-                              

                                            (2,4-dinitrophenylthiolthiocarbonyl

                                            )-                                 

                    cyanate      mate       1,3-dithioallophanimidate          

     2-methylpseudourea                                                        

                    p-chlorophenyl iso-                                        

                                 methoxyethyl chloro-                          

                                            methyl 4-(p-chlorophenyl)-N-(2-meth

                                            oxy-                               

                    cyanate      formate    ethoxycarbonyl)allophanimidate     

     2-methylpseudourea                                                        

                    p-chlorophenyl iso-                                        

                                 2,2,2-trichloroethyl                          

                                            methyl 4-(p-chlorophenyl)-N-(2,2,2-

                    cyanate      chloroformate                                 

                                            trichloroethoxycarbonyl)allophanimi

                                            date                               

     2-methylpseudourea                                                        

                    2-bromo-4,6-dichloro-                                      

                                 methyl chloroformate                          

                                            methyl 4-(2-bromo-4,6-dichloropheny

                                            l)-N-                              

                    phenyl isocyanata       methoxycarbonylallophanimidate     

     2-methylpseudourea                                                        

                    2,4,5-trichloro-                                           

                                 methyl chloroformate                          

                                            methyl 4-(2,4,5-trichlorophenyl)-N-

                    phenyl                  methoxycarbonylallophanimidate     

                    isocyanate                                                 

     2-methylpseudourea                                                        

                    2,4,6-trimethyl-                                           

                                 methyl chloroformate                          

                                            methyl 4-(2,4,6-trimethylphenyl)-N-

                    phenyl                  methoxycarbonylallophanimidate     

                    isocyanate                                                 

     2-methylpseudourea                                                        

                    2,4-dichloro-6-                                            

                                 methyl chloroformate                          

                                            methyl 4-(2,4-dichloro-6-methylphen

                                            yl)-N-                             

                    methylphenyl            methoxycarbonylallophanimidate     

                    isocyanate                                                 

     2-methylpseudourea                                                        

                    p-bromophenyl iso-                                         

                                 methyl chloroformate                          

                                            methyl 4-(p-bromophenyl)-N-methoxy-

                    cyanate                 carbonylallophanimidate            

     2-methylpseudourea                                                        

                    p-bromophenyl iso-                                         

                                 methyl chlorothiol-                           

                                            methyl 4-(p-bromophenyl)-N-methylth

                                            iol-                               

                    cyanate      formate    carbonylallophanimidate            

     2-methylpseudourea                                                        

                    p-methylphenyl iso-                                        

                                 methyl chloroformate                          

                                            methyl 4-(p-methylphenyl)-N-methoxy

                                            -                                  

                    cyanate                 carbonylallophanimidate            

     2-methylpseudourea                                                        

                    p-methylphenyl iso-                                        

                                 methyl chlorothiol-                           

                                            methyl 4-(p-methylphenyl)-N-methylt

                                            hiol-                              

                    cyanate      formate    carbonylallophanimidate            

     2-methylpseudourea                                                        

                    p-methoxyphenyl iso-                                       

                                 methyl chloroformate                          

                                            methyl 4-(p-methoxyphenyl)-N-methox

                                            y-                                 

                    cyanate                 carbonylallophanimidate            

     2-methylpseudourea                                                        

                    p-methoxyphenyl iso-                                       

                                 methyl chloroformate                          

                                            methyl 4-(p-methoxyphenyl)-N-methyl

                                            thiol-                             

                    cyanate                 carbonylallophanimidate            

     2-methylpseudourea                                                        

                    p-fluorophenyl iso-                                        

                                 methyl chloroformate                          

                                            methyl 4-(p-fluorophenyl)-N-methoxy

                                            -                                  

                    cyanate                 carbonylallophanimidate            

     2-methylpseudourea                                                        

                    p-fluorophenyl iso-                                        

                                 methyl chlorothiol-                           

                                            methyl 4-(p-fluorophenyl)-N-methylt

                                            hiol-                              

                    cyanate      formate    carbonylallophanimidate            

     2-methylpseudourea                                                        

                    2,4-dichlorophenyl                                         

                                 methyl chloroformate                          

                                            methyl 4-(2,4-dichlorophenyl)-N-met

                                            hoxy-                              

                    isocyanate              carbonylallophanimidate            

     2-methylpseudourea                                                        

                    2,4-dichlorophenyl                                         

                                 methyl chlorothiol-                           

                                            methyl 4-(2,4-dichlorophenyl)-N-met

                                            hyl-                               

                    isocyanate   formate    thiolcarbonylallophanimidate       

     2-methylpseudourea                                                        

                    m-butylphenyl                                              

                                 m-butylphenyl                                 

                                            methyl 4-(m-butylphenyl)-N-(m-butyl

                                            -                                  

                    isocyanate   chloroformate                                 

                                            phenoxycarbonyl)-allophanimidate   

     __________________________________________________________________________

PAR  Similarly, the following carbamates can be prepared.
TBL  Pseudothiourea Isocyanate or                                              

                             Formate, Thiolformate                             

     or Pseudourea  Isothiocyanate                                             

                             or Dithioformate                                  

                                          Carbamates                           

     __________________________________________________________________________

     1,2-dimethyl-2-thiopseudo-                                                

                    cyclopentyl iso-                                           

                             methyl chloroformate                              

                                          methyl N-(1-cyclopentylcarbamylimino-

                                          1-                                   

      urea           cyanate               methylthiomethyl)-N-methylcarbamate 

     1,2-dimethyl-2-thiopseudo-                                                

                    cyclohexyl iso-                                            

                             methyl chloroformate                              

                                          methyl N-(1-cyclohexylcarbamylimino-1

                                          -                                    

      urea           cyanate               methylthiomethyl)-N-methylcarbamate 

     2-methyl-1-propyl-2-                                                      

                    cyclopentyl iso-                                           

                             methyl chloroformate                              

                                          methyl N-(1-cyclopentylcarbamylimino-

                                          1-                                   

      thiopseudourea                                                           

                     cyanate               methylthiomethyl)-N-propylcarbamate 

     1,2-dimethyl   p-chlorophenyl                                             

                             methyl chloroformate                              

                                          methyl N-(1-p-chlorophenylcarbamyl-  

      pseudourea     isocyanate            imino-1-methoxymethyl)-N-methyl-    

                                           carbamate                           

     __________________________________________________________________________

PAC  EXAMPLE 11
PAC  Methyl 4,4-dimethyl-N-methoxycarbonyl-1-thioallophanimidate
PAR  To a solution of 14.8 parts of N-(1-amino-1-methylthiomethylene)carbamate
      and 10.1 parts of triethylamine in 100 parts of benzene is added 11 parts
      dimethylcarbamoyl chloride and the reaction mixture refluxed for two
      hours. The reaction mixture is then subjected to vacuum and the solvent
      evaporated. The residue is then triturated with 200 parts of water at room
      temperature. The remaining solids are then recrystallized from benzene to
      give pure methyl 4,4-dimethyl-N-methoxycarbonyl-1-thioallophanimidate.
PAR  By using appropriate starting materials, the following compounds can be
      prepared in the same manner.
PAR  methyl 4,4-diethyl-N-methoxycarbonyl-1-thioallophanimidate
PAR  methyl 4-methyl-4-butyl-N-methoxycarbonyl-1-thioallophanimidate
PAC  FORMULATION OF THE COMPOUNDS
PAR  Formulations of the compounds of Formulas I and II for use in this
      invention can be prepared in conventional ways. They include dusts,
      granules, pellets, solutions, suspensions, emulsions, wettable powders,
      emulsifiable concentrates and the like. Many of these may be applied
      directly. Sprayable formulations can be extended in suitable media and
      used at spray volumes of from a few points to several hundred gallons per
      acre. High strength compositions are primarily used as intermediates for
      further formulation. The formulations, broadly, contain about 1% to 99% by
      weight of active ingredient(s) and at least one of a) about 0.1% to 20%
      surfactant(s) and b) about 5% to 99% solid or liquid diluent(s). More
      specifically, they will contain these ingredients in the following
      approximate proportions:
TBL  Percent by Weight                                                         

                  Active            Sur-                                       

                  Ingredient                                                   

                          Diluent(s)                                           

                                    factant(s)                                 

     ______________________________________                                    

     Wettable Powders                                                          

                    20-90      0-74     1-10                                   

     Oil Suspensions,                                                          

      Emulsions, Solutions                                                     

      (including Emulsifi-                                                     

      able Concentrates                                                        

                    5-50      40-95     0-15                                   

     Aqueous Suspensions                                                       

                    10-50     40-84     1-20                                   

     Dusts          1-25      70-99     0-5                                    

     Granules and Pellets                                                      

                    1-95       5-99     0-15                                   

     High Strength                                                             

      Compositions  90-99      0-10     0-2                                    

     ______________________________________                                    

PAR  Lower or higher levels of active ingredient can, of course, be present
      depending on the intended use and the physical properties of the compound.
      Higher ratios of surfactant to active ingredient are sometimes desirable,
      and are achieved by incorporation into the formulation or by tank mixing.
      Lower concentrations of active ingredient can aid in accurate application
      at the very low rates reached for this invention. Sprayable and dust
      formulations are preferred.
PAR  Typical solid diluents are described in Watkins, et al., "Handbook of
      Insecticide Dust Diluents and Carriers", 2nd. Edn., Dorland Books,
      Caldwell, N.J. The more absorptive diluents are preferred for wettable
      powders and the denser ones for dusts. Typical liquid diluents and
      solvents are described in Marsden, "Solvents Guide", 2nd. Edn.,
      Interscience, New York, 1950. Solubility under 0.1% is preferred for
      suspension concentrates; solution concentrates are preferably stable
      against phase separation at 0.degree.C. "McCutcheon's Detergents and
      Emulsifiers Annual", Allured Publ. Corp., Ridgewood, New Jersey, as well
      as Sisely and Wood, "Encyclopedia of Surface Active Agents", Chemical
      Publ. Co., Inc., New York, 1964, list surfactants and recommended uses.
      All formulations can contain minor amounts of additives to reduce foam,
      caking, corrosion, microbiological growth, etc.
PAR  The methods of making such compositions are well known. Solutions are
      prepared by simply mixing the ingredients. Fine solid compositions are
      made by blending and, usually, grinding as in a hammer or fluid energy
      mill. Suspensions are prepared by wet milling (see, for example, Littler,
      U.S. Pat. No. 3,060,084). Granules and pellets may be made by spraying the
      active material upon preformed granular carriers or by agglomeration
      techniques. See J. E. Browning, "Agglomeration", Chemical Engineering,
      Dec. 4, 1967, pp. 147ff. and "Perry's Chemical Engineer's Handbook", 4th.
      Edn., McGraw-Hill, N.Y., 1963, pp. 8-59ff.
PAR  For further information regarding the art of formulation, see for example:
PAR  H. M. Loux, U.S. Pat. No. 3,235,361, Feb. 15, 1966, Col. 6, Line 16 through
      Col. 7, Line 19 and Examples 10 through 41.
PAR  R. W. Luckenbaugh, U.S. Pat. No. 3,309,192, Mar. 14, 1967, Col. 5 Line 43
      through Col. 7 Line 62 and Ex. 8, 12, 15, 39, 41, 52, 53, 58, 132,
      138-140, 162-164, 166, 167, 169-182. H. Gysin and E. Knusli, U.S. Pat. No.
      2,891,855, June 23, 1959, Col. 3 Line 66 through Col. 5 Line 17 and
      Examples 1-4.
PAR  G. C. Klingman, "Weed Control as a Science", John Wiley & Sons, Inc., New
      York, 1961 pp. 81-96.
PAR  J. D. Fryer and S. A. Evans, "Weed Control Handbook", 5th Edn. Blackwell
      Scientific Publications, Oxford, 1968, pp. 101-103.
PAR  Typical formulations are shown in the following examples. All percentages
      are by weight.
PAC  EXAMPLE 12
TBL  Wettable Powder             Percent                                       

     ______________________________________                                    

     methyl 4-(p-chlorophenyl)-N-methylthiocarbonyl-                           

      allophanimidate            40                                            

     dioctyl sodium sulfosuccinate                                             

                                 1.5                                           

     sodium ligninsulfonate      3                                             

     low viscosity methyl cellulose                                            

                                 1.5                                           

     attapulgite                 54                                            

     ______________________________________                                    

PAR  Thoroughly blend the ingredients then pass through an air mill to produce
      an average particle size under 15 microns. Reblend and sift through a
      U.S.S. No. 50 sieve (0.3 mm opening) before packaging.
PAR  All compounds of the invention may be formulated in the same manner.
PAC  EXAMPLE 13
TBL  High Strength Concentrate   Percent                                       

     ______________________________________                                    

     methyl-4-(p-chlorophenyl)-N-methoxycarbonyl-                              

                                 98.5                                          

      allophanimidate                                                          

     silica aerogel              0.5                                           

     synthetic amorphous fine silica                                           

                                 1.0                                           

     ______________________________________                                    

PAR  Blend and grind the ingredients in a hammer mill to produce a high strength
      concentrate essentially all passing a U.S.S. No. 50 sieve (0.3 mm
      openings). This material may then be formulated in a variety of ways.
PAC  EXAMPLE 14
TBL  Dust                        Percent                                       

     ______________________________________                                    

     high strength concentrate, Example 13                                     

                                 25.4                                          

     pyrophyllite, powdered      74.6                                          

     ______________________________________                                    

PAR  Thoroughly blend the ingredients and package for use.
PAC  EXAMPLE 15
TBL  Aqueous Suspension          Percent                                       

     ______________________________________                                    

     methyl 4-(p-chlorophenyl)-N-methoxycarbonyl-                              

                                 25                                            

      allophanimidate                                                          

     hydrated attapulgite        3                                             

     crude calcium ligninsulfonate                                             

                                 10                                            

     sodium dihydrogen phosphate 0.5                                           

     water                       61.5                                          

     ______________________________________                                    

PAR  Grind the ingredients together in a sand mill until the solid particles
      have been reduced to diameters under 10 microns.
PAC  EXAMPLE 16
TBL  Oil Suspension              Percent                                       

     ______________________________________                                    

     methyl 4-(p-chlorophenyl)-N-methyl-                                       

                                 25                                            

      thiocarbonylallophanimidate                                              

     polyoxyethylene sorbitol hexaoleate                                       

                                  5                                            

     highly aliphatic hydrocarbon oil                                          

                                 70                                            

     ______________________________________                                    

PAR  Grind the ingredients together in a sand mill until the solid particles
      have been reduced to under about 5 microns. The resulting thick suspension
      may be applied directly, but preferably after being extended with oils or
      emulsified in water.
PAC  Use of the Compounds
PAR  The compounds of Formula I and Formula II can be used to increase the yield
      of such crops as corn, wheat, rye, rice, barley, oats, sorghum, soybeans,
      and various dry beans. Treatment of the crop during inflorescence
      initiation or early development with a compound of Formula I or Formula II
      causes a greater number of inflorescences or inflorescences with increased
      numbers of florets to develop. With respect to cereal grain crops, under
      favorable growing conditions, the increased spikelet or ear growth
      (increased number of developing florets) results in larger and more
      productive inflorescences, thereby increasing grain yields per unit of
      area. Yields of soybeans and dry beans can also be increased.
PAR  The rate of treatment will vary from about 1/4 to about 5 Kg/Ha depending
      on the compound used and the species treated.
PAR  As mentioned above, the compounds of Formulas I and II can be used to
      increase the yield of a number of varied and diverse crops when applied at
      the proper rate and during inflorescence initiation or early development
      thereof. The time for applying the compound to achieve an optimum effect
      will vary depending upon a variety of factors, including the particular
      crop being treated, soil conditions, weather conditions, and to some
      extent even the particular compound being applied. As can be seen by a
      comparison of the present application with the above-mentioned U.S. Ser.
      Nos. 325,359 and 301,852, many of the compounds which are useful in the
      method of the present invention also exhibit utility with respect to the
      method defined in these two other applications. In effect, what appears to
      be occurring is that a single compound can possess two very different
      activities, which, depending on, among other things, the time of
      application will compete with one another for dominance. In general, the
      yield increase effect will dominate when the compounds of Formulas I and
      II are applied during inflorescence initiation or early development.
PAR  Generally speaking, and, again, depending on the factors mentioned above,
      the method of the present invention is practiced by applying the compounds
      of Formulas I and II to plants such as corn and sorghum between 12 and 50
      days prior to initial pollen shed. Under what can be characterized as
      average or normal growing conditions, it is preferred to apply the
      compounds at 14 to 30 days prior to initial pollen shed. Under such
      conditions it is most preferred to apply the compounds at approximately 16
      to 20 days prior to initial pollen shed.
PAR  In a similar manner with respect to small grains such as wheat, rye, rice,
      barley, and oats, the method of the present invention can be practiced by
      applying the compounds of Formulas I and II to such small grain plants
      between 20 and 70 days prior to initial pollen shed. Under average or
      normal growing conditions, it is preferred to apply the compounds at 30 to
      60 days prior to initial pollen shed. It is most preferred to apply the
      compounds at approximately 40 to 50 days prior to initial pollen shed.
PAR  Similarly, with respect to soybeans and the various dry beans the compound
      can be applied to the plants between 1 and 21 days prior to initial pollen
      shed, with the preferred and most preferred times of application under
      normal growing conditions being 3 to 14 days and approximately 6 to 10
      days, respectively, prior to initial pollen shed. It is emphasized that
      all of these time limits are subject to minor fluctuations, particularly
      under extreme soil or weather conditions.
PAR  The ability of methyl 4-(p-chlorophenyl)-N-methoxy-carbonylallophanimidate
      and the related compounds of Formulas I and II to increase the yield of
      cereal grains, soybeans, and dry beans is demonstrated as follows:
PAR  FR 805 W inbred field corn was sprayed with methyl
      4-(p-chlorophenyl)-N-methoxycarbonylallophanimidate at 0.55 and 1.11
      kilograms per hectare about two weeks before initial pollen shed. The
      number of kernels on treated ears was increased due to the stimulation of
      sterile florets normally present in each spikelet. The number of kernels
      on 5.08 cm. segments of three ears was counted and is indicated in the
      table below:
TBL                  Rate,    Number of kernels                                

     Compound        Kg/Ha    per cm. of ear length                            

     ______________________________________                                    

     methyl 4-(p-chlorophenyl)                                                 

                     0.55     45.7                                             

     N-methoxycarbonyl-                                                        

                     1.11     44.6                                             

     allophanimidate                                                           

     Untreated       --       31.2                                             

     ______________________________________                                    

PAR  Application of methyl 4-(p-chlorophenyl)-N-methoxycarbonylallophanimidate
      on corn three weeks or more before pollen shed stimulates pistillate
      flowers to develop on the tassels. These flowers then bear viable seed.
PAR  It is expected that application of the compounds of Formula I and Formula
      II to other plants will produce analogous results.
PAR  Plots of Red Coat winter wheat 1.52 .times. 3.04 meters were treated with
      the triethanolamine salt of
      3-(4-chloro-phenyl)-6-methoxy-s-triazine-2,4(1H,3H)-dione. Foliar sprays
      were applied at the early joint stage or the joint stage at 0.56, 1.12,
      2.24, or 4.48 Kg/Ha. with three replications. Heads were harvested at
      maturity and 100 from each plot were weighed as a measure of yield. Weight
      of heads was increased by suitable treatments as indicated below.
TBL  ______________________________________                                    

                 Mean Head Weight as % of Un-                                  

                 treated Check                                                 

                 Rate    Stage of Treatment                                    

     Compound      (kg/ha)   Early Joint  Joint                                

     ______________________________________                                    

     methyl 4-p-chloro-                                                        

                   0.56       97          109                                  

      phenyl)-N-methoxy-                                                       

                   1.12      109          105                                  

      carbonylallophan-                                                        

                   2.24      104           94                                  

      imidate      4.48       92           94                                  

     Untreated                100.sup.a    100.sup.b                           

     ______________________________________                                    

      .sup.a (75.4 grams per 100 heads)                                        

      .sup.b (75.8 grams per 100 heads)                                        

PAR  The single cross parent lines of McNair 508 hybrid field corn were grown in
      34-foot plots. Using three replications, treatments of
      4-(p-chlorophenyl)-N-methoxycarbonyl-allophanimidate were sprayed on the
      maternal parent in 421 liters of water per hectare. Rates of 0.56, 1.12,
      and 2.24 kilograms per hectare were applied at three stages of plant
      development. These stages were (A) tassels about half way up the "boots"
      (about 31/2 weeks before initial pollen shed), (B) 10 days after stage "A"
      when tips of some tassels were visible above the whorls, and (C) tassels
      fully emerged and expanded but not shedding pollen (17 days after stage
      "A"). Adjacent paternal parent rows in each plot were not sprayed and
      provided uniform pollination. A random sample of 20 ears per plot was
      harvested at maturity. Average ear weight and yield of grain per ear was
      increased by suitably timed treatments as indicated below:
TBL              Rate             Yield  (grams per ear)                       

     Compound    Kg/Ha    Stage   Grain  Grain & cob                           

     ______________________________________                                    

     4-(p-chloro-                                                              

                 0.56     A       225.9  267.3                                 

      phenyl)-                                                                 

      N-methoxy-          B       238.8  282.1                                 

      carbonyl-                                                                

      allophanimidate     C       208.9  247.6                                 

                 1.12     A       245.3  290.3                                 

                          B       232.6  275.1                                 

                          C       215.3  254.5                                 

                 2.24     A       239.8  285.2                                 

                          B       241.5  284.1                                 

                          C       215.2  253.2                                 

     Untreated   --       A       220.6  258.1                                 

      Control             B       215.7  254.2                                 

                          C       214.9  252.4                                 

     ______________________________________                                    

PAR  Analogous results can be obtained by spraying soybeans with
      4-(p-chlorophenyl)-N-methoxycarbonylallophanimidate after the plants reach
      the trifoliolate leaf stage but before initial flowering. The compound
      should be dissolved in water and applied at the rate of 0.25 kilograms per
      200 liters per hectare.
PAR  Similarly, the yield of dry beans can also be increased by spraying dry
      beans in the first trifoliolate leaf stage with
      4-(p-chlorophenyl)-N-methoxycarbonyl-allophanimidate at the rate of 0.25
      kilograms per 200 liters of water per hectare.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method for increasing the yield of corn crops by applying an
      allophanimidate to the crop plants during inflorescence initiation or
      early development and in an amount sufficient to increase the number of
      inflorescences or the number of florets per inflorescence but insufficient
      to cause substantial foliar burn, chlorosis, or necrosis, the
      allophanimidate being a compound of one of the following formulas:
      ##EQU8##
      wherein X.sub.1 and X.sub.2 are oxygen;
PA1  X.sub.3 is oxygen or sulfur;
PA1  R.sub.1 is hydrogen;
PA1  R.sub.2 is monohalophenyl or dihalophenyl;
PA1  R.sub.3 is OR.sub.4 or SR.sub.4 ;
PAL  where
PA1  R.sub.4 is methyl or ethyl;
PA1  R.sub.5 is methyl or ethyl; and
PA1  R.sub.6 is hydrogen.
NUM  2.
PAR  2. Method for increasing the yield of wheat crops by applying an
      allophanimidate to the crop plants during inflorescence initiation or
      early development and in an amount sufficient to increase the number of
      inflorescences or the number of florets per inflorescence but insufficient
      to cause substantial foliar burn, chlorosis, or necrosis, the
      allophanimidate being a compound of one of the following formulas:
      ##EQU9##
      wherein X.sub.1 and X.sub.2 are oxygen;
PA1  X.sub.3 is oxygen or sulfur;
PA1  R.sub.1 is hydrogen;
PA1  R.sub.2 is monohalophenyl or dihalophenyl;
PA1  R.sub.3 is OR.sub.4 or SR.sub.4 ;
PAL  where
PA1  R.sub.4 is methyl or ethyl;
PA1  R.sub.5 is methyl or ethyl; and
PA1  R.sub.6 is hydrogen.
NUM  3.
PAR  3. Method for increasing the yield of rye crops by applying an
      allophanimidate to the crop plants during inflorescence initiation or
      early development and in an amount sufficient to increase the number of
      inflorescences or the number of florets per inflorescence but insufficient
      to cause substantial foliar burn, chlorosis, or necrosis, the
      allophanimidate being a compound of one of the following formulas:
      ##EQU10##
      wherein X.sub.1 and X.sub.2 are oxygen;
PA1  X.sub.3 is oxygen or sulfur;
PA1  R.sub.1 is hydrogen;
PA1  R.sub.2 is monohalophenyl or dihalophenyl;
PA1  R.sub.3 is OR.sub.4 or SR.sub.4 ;
PAL  where
PA1  R.sub.4 is methyl or ethyl;
PA1  R.sub.5 is methyl or ethyl; and
PA1  R.sub.6 is hydrogen.
NUM  4.
PAR  4. Method of claim 1 wherein the allophanimidate is methyl
      4-(p-chlorophenyl)-N-methoxycarbonylallophanimidate.
NUM  5.
PAR  5. Method of claim 2 wherein the allophanimidate is methyl
      4-(p-chlorophenyl)-N-methoxycarbonylallophanimidate.
NUM  6.
PAR  6. Method of claim 3 wherein the allophanimidate is methyl
      4-(p-chlorophenyl)-N-methoxycarbonyallophanimidate.
NUM  7.
PAR  7. Method of claim 1 wherein the allophanimidate is methyl
      4-(p-chlorophenyl)-N-methylthiolcarbonylallophanimidate.
NUM  8.
PAR  8. Method of claim 2 wherein the allophanimidate is methyl
      4-(p-chlorophenyl)-N-methylthiolcarbonylallophanimidate.
NUM  9.
PAR  9. Method of claim 3 wherein the allophanimidate is methyl
      4-(p-chlorophenyl)-N-methylthiolcarbonylallophanimidate.
NUM  10.
PAR  10. Method of claim 1 wherein X.sub.3 is oxygen.
NUM  11.
PAR  11. Method of claim 2 wherein X.sub.3 is oxygen.
NUM  12.
PAR  12. Method of claim 3 wherein X.sub.3 is oxygen.
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PAL  The invention is novel esters of (alkynyloxy)-, (alkenyloxy)-, and
      (cyanoalkoxy) carbanilic acids and the thiono and dithio derivatives of
      the carbanilic acids, and their use for controlling broadleaf weeds and
      grasses.
PARN
PAR  This is a division, of application Serial No. 267,838, filed June 30, l972
      now U.S. Patent 3,852,532.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention pertains to new chemical compounds and their use as
      herbicides.
PAR  2. Description of the Prior Art
PAR  The literature is replete with examples of herbicidal carbanilic acid
      esters as herbicides. One of the earliest is CIPC, the isopropyl ester of
      m-chlorocarbanilic acid which is a preemergence herbicide. Another is
      SWEP, the methyl ester of 3,4-dichlorocarbanilic acid, a selective
      preemergence herbicide in rice. Our invention describes carbanilates
      containing the hitherto undisclosed alkynyloxy, alkenyloxy and
      cyanoalkyloxy carbanilates. These compounds possess not only good
      preemergence activity but are equally effective postemergence, yet possess
      important crop selectivity. A general review of carbanilate esters is
      Weeds 2, pg 49, (1953). Further teachings are found in U.S. Pats.
      2,695,225 (1954) and 3,116,995 (1964).
PAC  SUMMARY OF THE INVENTION
PAR  This invention is novel compounds of the formula:
      ##SPC1##
PAL  Wherein A is hydrogen, halogen (Cl, Br, F, I), alkyl (C.sub.1 - C.sub.4),
      alkoxy (C.sub.1 - C.sub.4) monohaloalkyl (C.sub.1 - C.sub.4), dihaloalkyl
      (C.sub.1 - C.sub.4), trihaloalkyl (C.sub.1 - C.sub.4), nitro or S(O).sub.n
      CH.sub.3 (n = 0, 1 or 2); B is
      ##EQU1##
      X and Y are oxygen or sulfur; R.sub.1 is hydrogen or alkyl (C.sub.1 -
      C.sub.4); R.sub.2 is straight or branched alkyl (C.sub.1 - C.sub.10)
      cycloalkyl (C.sub.3 - C.sub.7), benzyl, chlorobenzyl, methylbenzyl,
      phenyl, chlorophenyl, methylphenyl, alkenyl (C.sub.2 - C.sub.6),
      monohaloalkenyl (C.sub.2 - C.sub.6), alkynyl (C.sub.2 - C.sub.6),
      monohaloalkynyl (C.sub.2 - C.sub.6), monomethoxyalkynyl (C.sub.2 -
      C.sub.6); R.sub.3 and R.sub.4 are hydrogen or methyl; R.sub.5 is --CN,
      ##EQU2##
      R.sub.6 is hydrogen, methyl or halogen, and R.sub.7 is hydrogen, alkyl
      (C.sub.1 -C.sub.4), alkoxyalkyl (C.sub.2 - C.sub.6), haloalkyl (C.sub.1 -
      C.sub.4), or halogen; provided that the members represented by A and B are
      respectively attached to the carbons in the ring which are meta- and para-
      to the carbon attached to the nitrogen, or they are respectively para- and
      meta- to the ring carbon attached to the nitrogen, and further provided
      that when B is CH.sub.2 = CH.sub.2 O-, X is oxygen. The compounds of the
      invention are useful for controlling a wide variety of broadleaf weeds and
      grasses. This utility involves the application of a herbicidally effective
      amount of a compound of the above formula to (1) the foliage or other
      plant parts of undesirable plant species, or (2) to soil containing seeds
      of undesirable plant species.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention is novel esters of (alkynyloxy)--, (alkenyloxy)--, and
      (cyanoalkoxy) carbanilic acids and their use for controlling undesirable
      vegetation. These esters can be prepared by several procedures.
PAR  To a m- or p-hydroxycarbanilate ester (II below) in a solvent such as
      acetone, alcohol (e.g. ethanol or methanol), DMF, etc., is added a molar
      equivalent of a base such as anhydrous sodium carbonate, potassium
      carbonate, potassium hydroxide, sodium hydroxide, sodium alkoxide (e.g.
      methoxide), potassium t-butoxide, butyl lithium or triethylamine. To the
      stirred mixture the alkynyl halide (1 to 2 moles) is added dropwise with
      stirring. The reaction temperature range is from 0.degree.C. to
      100.degree.C., but 56.degree.C. to 65.degree.C. is generally preferable.
      After reaction for several hours (1 to 60 hours), the mixture is poured
      onto ice-water containing sodium carbonate or sodium acetate. A solid
      usually separates and is filtered off and crystallized. In some instances,
      it may be necessary to chloroform extract the solution and evaporate to a
      residual oil, followed by crystallization. The reaction may be graphically
      illustrated as follows:
      ##EQU3##
      where R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.7 and A are as defined
      above. This reaction is also useful for the preparation of the alkenyloxy-
      and cyanoalkoxycarbanilic acid esters (substituting allylic chlorides
      ##EQU4##
      or substituting chloroacetonitriles
      ##EQU5##
      and the thiono and dithio derivatives thereof.
PAR  Alternatively, the (alkynyloxy)aniline (IV) is either reacted directly with
      a chloroformate ester (V) in an aprotic solvent (e.g. CH.sub.3 CN, DMF,
      acetone, THF) containing a base acceptor (either sodium bicarbonate or
      sodium carbonate as suspensions or triethylamine or pyridine). After
      reaction, usually at room temperature, the reaction mixture is poured onto
      ice-water containing 1N hydrochloric acid. The product separates out and
      is filtered off, dried and crystallized.
PAR  Treatment of a solution of (alkynyloxy)aniline (IV) in an aprotic solvent
      (ethyl acetate preferred) with an excess of phosgene, usually at reflux
      temperature affords the isocyanate (VI). Addition to the appropriate
      alcohol (R.sub.2 OH), usually at 50.degree.C. to 60.degree.C., affords the
      carbamate (I).
      ##SPC2##
PAR  In a similar manner, the intermediate m-or p-hydroxycarbanilate (II) ester
      is prepared from the appropriately substituted m- or p-aminophenol (VII)
      by either the agency of an alkyl chloroformate or preferably phosgene and
      an alcohol (R.sub.2 OH). The ease of the latter route is surprising since
      hydroxyphenylisocyanates are known to polymerize readily. However, the
      reaction with alcohols (R.sub.2 OH) is rapid, especially so with primary
      and secondary alcohols. (Table I below describes yields by procedures 1 or
      2).
      ##SPC3##
PAR  The compounds of the invention are readily soluble in many common organic
      solvents such as alcohols (e.g. methanol, ethanol, and isopropanol),
      ketones (e.g. acetone, methylethylketone, and cyclohexanone), and aromatic
      hydrocarbons (e.g. benzene, toluene, and xylene). This solubility
      characteristic is a significant advantage in formulating the compounds for
      use in the field since it permits preparation of a wide variety of liquid
      and solid formulations by relatively simple techniques. Emulsifiable
      concentrates can be prepared by dissolving from about 10% to 85% by weight
      of the active compound in an organic solvent or mixture of organic
      solvents (e.g. those mentioned above), and admixing with the thus-formed
      solution from about 1% to 10% by weight of an emulsifier or mixture of
      emulsifiers. Among the emulsifiers which can be used are anionic-nonionic
      blends generally made up of oil soluble sulfonate calcium, or amine salts
      and polyoxyethylene ethers.
PAR  Wettable powders can be prepared by dissolving from about 10% to 85% by
      weight of the active compound in a lower alcohol (C.sub.1 - C.sub.4),
      ketone (C.sub.1 - C.sub.6), toluene, xylene, benzene, or the like, and
      spraying the thus-prepared solution on a finely ground inert diluent such
      as attapulgite, kaolin, diatomaceouos earth, talc, silica, pumice, or the
      like. Generally, about 1% to 10% by weight of a dispersing agent (e.g.
      sodium lignosulfonate or monocalcium salt of a polymerized alkylaryl
      sulfonic acid), and from 1% to 5% by weight of a wetting agent or
      surfactant (e.g. polyoxyethylated vegetable oil, alkylphenoxy
      polyoxyethylene ethanol, sodium alkylnaphthalene sulfonate, or ester of
      sodium isothionate), are also added to the formulation.
PAR  In practice, the wettable powder or emulsifiable concentrate is generally
      dispersed in water and applied as a liquid spray to the foliage of
      undesirable plants or to soil containing seeds of undesirable plants. The
      spray is generally applied in sufficient amount to provide about 0.2 pound
      to 15 pounds of active compound per acre of treated area. For selective
      control of broadleaf weeds and grasses in the presence of agronomic crops,
      usually only about 0.2 pound to 4 pounds of active compound per acre of
      treated area is required.
PAR  Where desired, the compounds of this invention may also be formulated as
      dusts, dust concentrates and granular formulations using conventional
      practices.
PAR  This invention is further illustrated by the examples set forth below.
DETD
PAC  EXAMPLES 1 AND 2
PAC  Preparation of m- and p-Hydroxycarbanilic Acid Esters 4-Hydroxycarbanilic
      Acid, Methyl Ester by Procedure 2
      ##EQU6##
PAR  Methylchloroformate (48 grams, 0.5 mole) is added dropwise to a cooled
      (0.degree.C. to 10.degree.C.) stirred mixture of p-aminophenol (54.6
      grams, 0.5 mole) and sodium bicarbonate (42 grams) in DMF (250 ml.). The
      mixture is allowed to attain 25.degree.C. after 3 hours and a few drops of
      pyridine are added. After a further hour, the mixture is filtered and
      evaporated to a residual oil, which is stirred and scratched with 2N
      hydrochloric acid to give a solid. The solid is filtered off and
      crystallized from benzene to give 31.2 grams, 37%, melting point
      113.5.degree.C. to 114.5.degree.C. or: Procedure 1
      ##SPC4##
PAR  To a solution of phosgene (200 grams, 2 moles) in dry ethylacetate (1.5
      liters) at 0.degree.C. to 5.degree.C. is added solid p-aminophenol (109.13
      grams, 1 mole), and the mixture is stirred and heated at reflux for 1 1/2
      hours (phosgene being bubbled through for 30 minutes). The mixture becomes
      almost homogeneous and is cooled, filtered, and the filtrate concentrated
      to 800 ml. under reduced pressure. A 200 ml. portion of the isocyanate
      solution (0.25 mole) is added rapidly to methanol (1800 ml.). Then after
      one hour the mixture is warmed to reflux for 16 hours. The solvent is
      removed under reduced pressure, and the residue is crystallized from
      benzene to give the product, melting point 112.degree.C. to
      113.5.degree.C., 26.7 grams, 65%.
PAC  EXAMPLE 3
PAC  Preparation of 3-Chloro-4-Hydroxycarbanilic Acid, Methyl Ester by Procedure
      1
      ##SPC5##
PAR  Powdered 4-amino-2-chlorophenol (210 grams, 1.46 moles) is added to a dry
      ethylacetate solution (2100 ml.) of phosgene (210 grams, 2.05 moles) and
      the mixture is stirred at 0.degree.C. to 10.degree.C. Slowly the reaction
      mixture is raised to reflux temperature after 1 hour. Further phosgene (20
      grams) is passed through the solution during a one-half hour period, then
      the mixture is heated under reflux during another 30 minute period, cooled
      to 40.degree.C., and rapidly filtered. The filtrate is evaporated under
      reduced pressure to a volume of 900 ml. An infrared spectrum of this oil
      has a peak at 2260 cm..sup..sup.-1 (N=C=O). The isocyanate solution is
      added to methanol (1.8 liters) with stirring, and the reaction is brought
      to reflux for 16 hours, then set aside at 20.degree.C. for 48 hours.
      Evaporation of the reaction mixture affords a viscous oil. Addition of
      benzene (2 .times. 300 ml.) followed by evaporation causes the oil to
      solidify. The crude solid is vacuum dried, melting point 96.degree.C. to
      98.degree.C., 250.5 grams (86%). Crystallization of a 5 gram sample from
      benzene (trace n-hexane) affords crystals, melting point 104.degree.C. to
      105.degree.C., 2.76 grams (47%).
PAC  EXAMPLES 4 THROUGH 9
PAC  (Procedure as Example 1)
PAC  Preparation of 3-Chloro-4-Hydroxycarbanilic Acid, Isopropyl Ester and
      Derivatives Thereof by Procedure 2
      ##SPC6##
PAR  To a solution of 4-amino-2-chlorophenol (21.45 grams, 0.15 mole) in dry DMF
      (150 ml.) and pyridine (11.8 grams) is added at 0.degree.C. slowly
      dropwise with stirring isopropyl chloroformate (16.5 grams, 0.016 mole).
      After 4 hours at 0.degree. C. to 5.degree.C., a further one gram of
      isopropyl chloroformate is added. The mixture is stirred at 25.degree.C.
      for 16 hours, then poured into ice-dilute hydrochloric acid. After 4 hours
      stirring and scratching, a solid separates out and is filtered off.
      Crystallization from methanol gives 14.5 grams, 42%, melting point
      89.degree.C. to 90.degree.C.
PAR  Following the procedure of Examples 1 or 2 above, but utilizing the
      appropriate phenol and chloroformate or appropriate alcohol and phosgene
      in the reaction, yields the compounds listied below in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                                  Melting                                      

     Example                      Point   Solvent of %                         

     Number   Structure           .degree.C.                                   

                                          Crystallization                      

                                                     Yield                     

                                                         Procedure             

     __________________________________________________________________________

      5                           102-103 toluene-cyclohexane                  

                                                     32  1                     

      6                           102.5-103.5                                  

                                          benzene    10  1                     

      7                                   benzene-hexane 1                     

      8                           94.5-95.5                                    

                                          benzene    47  2                     

      9                           112-113 benzene    29  1                     

     10                                   benzene        1                     

     11                           119-120 benzene    62  1                     

     12                           109-110 benzene    52  1                     

     13                           97-98   benzene    63  1                     

     14                           114-117 benzene    45  1                     

     15                           155-156 benzene    83  1                     

     16                           142-143 benzene    31  1                     

     17                           139-140 benzene    52  1                     

     18                                                                        

     19                                                                        

     20                                                                        

     __________________________________________________________________________

PAC  EXAMPLE 21
PAC  Preparation of 3-Chloro-4-(2-Propynyloxy)Carbanilic Acid,
PAC  Isopropyl Ester
      ##EQU7##
PAR  Propargyl bromide (1.79 grams, 0.015 mole) is added dropwise to a stirred
      mixture of the isopropyl ester of 3-chloro-4-(hydroxy)carbinilic acid
      (3.45 grams, 0.015 mole), and anhydrous potassium carbonate (2.08 grams,
      0.015 mole) in dry acetone (50 ml.). The mixture is stirred at reflux
      during 18 hours, then poured into 2% aqueous sodium carbonate (400 ml.).
      After stirring for 1 hour, a beige solid separates and is filtered off and
      air dried. Crystallization from cyclohexane affords long needles, 3.45
      grams, 86%, melting point 79.degree.C. to 79.5.degree.C.
PAC  EXAMPLE 22
PAR  Following the procedure of Example 21 and substituting the appropriate
      carbanilic acid ester for the isopropyl ester of
      3-chloro-4-(hydroxy)carbanilic acid and the appropriate alkenyl halide,
      alkynyl halide or cyanoalkyl halide for propargyl bromide, yields the
      compounds idenfified below in Table II.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Compounds Having the Structure:Prepared by the Procedure Above            

                                                          Solvent              

                                                              Melting          

                                                        Crystall-              

                                                              Point            

          B                A       R.sub.1                                     

                                       X Y R.sub.2      ization                

                                                              .degree.C.       

     __________________________________________________________________________

     CH.sub.3                                                                  

     .vertline.                                                                

     4--HC.tbd.C--CH--O--                                                      

                        3--Cl      H   O O CH.sub.3                            

     CH.sub.3                                                                  

     .vertline.                                                                

     4--HC.tbd.C--C--O--                                                       

                        3--Cl      H   O O CH.sub.3                            

     .vertline.                                                                

     CH.sub.3                                                                  

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        H          H   O O CH.sub.3     cyclohexane            

                                                               75-75.3         

     4--I--C.tbd.C--CH.sub.2 --O--                                             

                        H          H   O O CH.sub.3                            

     4--Cl--CH.sub.2 --C.tbd.C--CH.sub.2 --O--                                 

                        H          H   O O CH.sub.3                            

     4--CH.sub.3 --O--CH.sub.2 --C.tbd.C--CH.sub.2 --O--                       

                        H          H   O O CH.sub. 3                           

                                                        hexane-                

     3--HC.tbd.C--CH.sub.2 --O--                                               

                        H          H   O O CH.sub.3     cyclohexane            

                                                              49.5-50          

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        3--Cl      H   O S CH.sub.3                            

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        3--Cl      H   S S CH.sub.3                            

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        H          H   O O                                     

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        H          H   O O              cyclohexane            

                                                              86-87            

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        3--Br      H   O O CH.sub.3                            

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        3--CF.sub.3                                            

                                   H   O O CH.sub.3                            

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        3--CH.sub.3                                            

                                   H   O O CH.sub.3                            

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        3--OCH.sub.3                                           

                                   H   O O CH.sub.3                            

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        3--CN      H   O O CH.sub.3                            

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        3--SCH.sub.3                                           

                                   H   O O CH.sub.3                            

     4--HC.tbd.C-- CH.sub.2 --O--                                              

                        3--NO.sub.2                                            

                                   H   O O CH.sub.3                            

     4--CH.tbd.C--CH.sub.2 --O--                                               

                        3--Br      H   O O CH.sub.3                            

                                           CH.sub.3                            

                                           .vertline.                          

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        H          H   O O --C--C.tbd.CH                       

                                           .vertline.                          

                                           CH.sub.3                            

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        H          H   O O --CH.sub.2 --CH=CH.sub.2            

                                                        hexane                 

                                                              42-43            

     3--HC.tbd.C--CH.sub.2 --O--                                               

                        4--Cl      H   O O CH.sub.3                            

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        3--Cl      H   O O --C.sub.2 H.sub.5                   

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        3--Cl      H   O O --C.sub.3 H.sub.7 --n               

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        3--Cl      H   O O --C(CH.sub.3).sub.3                 

                                           CH.sub.3                            

                                           .vertline.                          

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        3--Cl      H   O O --CH--C.tbd.CH                      

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        3--Cl      H   O O --CH.sub.2 --C.tbd.CH               

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        3--Cl      H   O O --CH.sub.2 --C.tbd.C--CH.sub.2 Cl   

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        3--Cl      H   S O --C.sub.6 H.sub.11                  

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        3--Cl      H   O O --C.sub.6 H.sub.11                  

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        3--Cl      H   O O --C.sub.6 H.sub.5                   

     4--CH.sub.2 =CH--CH.sub.2 --O--                                           

                        3--H       H   O O CH.sub.3     hexane                 

                                                               73-73.5         

     3--CH.sub.2 =CH--CH.sub.2 --O--                                           

                        4--H       H   O O CH.sub.3     cyclohexane            

                                                              10-15            

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        3--H       H   O O --C.sub.2 H.sub.5                   

                                                        cyclohexane            

                                                               50-50.5         

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        3--H       H   O O --CH(CH.sub.3).sub.2                

                                                        hexane                 

                                                              72.5-73          

     4--CN--CH--O--     3--CH.sub.2 Cl                                         

                                   --CH.sub.3                                  

                                       S O --C.sub.2 H.sub.5                   

                                                        hexane                 

     .vertline.                                                                

     CH.sub.3                                                                  

     4--CH.sub.2 =C--CH.sub.2 --O--                                            

                        3--CH.sub.2 -- CH--CH.sub.2 Cl                         

                                   H   O O --CH.sub.3   hexane                 

     .vertline.         .vertline.                                             

     CH.sub.3           Cl                                                     

     4--CH.sub.3 --C.tbd.C--CH.sub.2 --O--                                     

                        3--CF.sub.3                                            

                                   H   S S --C.sub.3 H.sub.7 --n               

     3--C.sub.3 H.sub.7 --C.tbd.C--CH.sub.2 --O--                              

                        4--NO.sub.2                                            

                                   --C.sub.3 H.sub.7                           

                                       O S C.sub.6 H.sub.11                    

     4--CH.tbd.C--CH--O--                                                      

                        3--SO.sub.2 CH.sub.3                                   

                                   H   S S --CH.sub.3                          

     .vertline.                                                                

     CH.sub.3                                                                  

                                                        hexane-                

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        3--Cl      --CH.sub.3                                  

                                       O O 4--Cl--C.sub.6 H.sub.4 --CH.sub.2   

                                           --           cyclohexane            

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        H          --C.sub.2 H.sub.5                           

                                       S O 4--CH.sub.3 --C.sub. 6 H.sub.4      

                                           --CH.sub.2 --                       

     4--HC.tbd.C--CH.sub.2 --O--                                               

                        3--SCH.sub.3                                           

                                   H   O S 4--Cl--C.sub.6 H.sub.4              

     4--Br--C.tbd.C--CH.sub.2 --O--                                            

                        3--C.sub.3 H.sub.5 Br.sub.2                            

                                   H   S S 4--CH.sub.3 --C.sub.6 H.sub.4 --    

     4--HC.tbd.C--CH--O--                                                      

                        3--NO.sub.2                                            

                                   CH.sub.3                                    

                                       O S ClCH.sub.2 CH=CH--CH.sub.2 --       

     .vertline.                                                                

     CH.sub.3                                                                  

     4--Br--CH.sub.2 --C.tbd.C--CH.sub.2 --O--                                 

                        3--Br      H   S S CH.sub.3 OCH.sub.2 --C.tbd.C--CH.sub

                                           .2 --                               

     4--CH.tbd.C--CH.sub.2 --O--                                               

                        3--H       H   O O --CH.sub.2 --C.tbd.CH               

                                                        cyclohexane            

                                                              69-71            

     4--CH.tbd.C--CH.sub.2 --O--                                               

                        3--H       H   O O --CH--C.tbd.CH                      

                                                        n-hexane               

                                                              65-66            

                                           .vertline.                          

                                           CH.sub.3                            

     4--CH.tbd.C--CH.sub.2 --O--                                               

                        3--H       H   O O --C.sub.3 H.sub.7 --n               

                                                        n-hexane               

                                                               42-42.5         

     4--CH.tbd.C--CH.sub.2 --O--                                               

                        3--H       H   O O C.sub.6 H.sub.11                    

                                                        n-hexane               

                                                               73-74.5         

     4--CH.tbd.C--CH.sub.2 --O--                                               

                        3--H       H   O O C(CH.sub.3).sub.3                   

                                                        cyclohexane            

                                                              79-80            

     4--CH.sub.2 =C--CH.sub.2 --O--                                            

                        3--Cl      H   O O CH.sub.3                            

     .vertline.                                                                

     Cl                                                                        

     __________________________________________________________________________

PAC  EXAMPLE 23
PAC  Preparation of 3-Chloro-4-(2-propynyloxy)carbanilic Acid,
PAC  Methyl Ester
      ##EQU8##
PAR  Propargyl bromide (130 grams, 1.1 moles) is added to a mixture of the
      methyl ester of 3-chloro-4-hydroxycarbanilic acid (213 grams, 1.06 moles)
      and anhydrous potassium carbonate (152 grams, 1.1 moles) in dry acetone
      (2.5 liters), and the mixture stirred and heated under reflux during 21
      hours, cooled and poured into ice water containing 5% sodium carbonate. A
      solid separates out and is filtered off and air dried to give 250 grams,
      99%, melting point 124.degree.C. to 124.5.degree.C. Crystallization from
      benzene/hexane gives pure product, melting point 126.degree.C. to
      126.5.degree.C., 173 grams (69%). Infrared and nuclear magnetic resonance
      are superimposable with the product prepared by other procedures.
PAC  EXAMPLE 24
PAC  Preparation of 3-Chloro-4-(2-propynyloxy)carbanilic Acid,
PAC  Methyl Ester
      ##SPC7##
PAR  One mole of 3-(3-chloro-4-hydroxyphenyl)-1,1-dimethylurea is dissolved in
      2510 ml. of absolute methanol, and then 1.5 moles of sodium carbonate is
      added and the mixture refluxed for one hour. A solution of 500 ml. of
      methanol containing 1.0 mole of propargyl bromide is then added, over an
      extended period, to the reaction mixture at a rate sufficient to maintain
      the temperature at reflux. After the addition is complete, the mixture is
      refluxed for an additional 9 1/2 hours.
PAR  The reaction is then cooled and poured into ice and water containing 1% of
      sodium carbonate. After about 15 minutes, a precipitate forms. However,
      the mixture is stirred for an additional hour, then filtered, washed, and
      dried.
PAR  The crude material from above is passed through a dry silica gel column
      eluting with benzene. The product is located on the column, cut out and
      extracted with methanol. The methanol is then removed leaving an off-white
      solid, melting pont 120.degree.C. to 122.degree.C., which is crystallized
      using benzene/hexane to white crystals having a melting point of
      122.5.degree.C. to 123.5.degree.C. It is not certain if the methoxide
      displacement of dimethylamine to give this product occurs directly on the
      ureidophenol or on the propargyloxyphenylurea or on both.
PAC  EXAMPLE 25
PAR  The selective postemergence herbicidal activity of the preferred compounds
      of the present invention is demonstrated by the following tests, wherein a
      variety of monocotyledonous and dicotyledonous plants are treated with
      test compounds dispersed in aqueous acetone mixtures. In the tests,
      seedling plants are grown in plastic pots for about two weeks. The test
      compounds are dispersed in 50/50 acetone/water mixtures containing 0.5%
      v/v surfactant in sufficient quantity to provide the equivalent of about
      0.19 to 10 pounds per acre of active compound when applied to the plants
      through a spray nozzle operating at 40 psi. for a predetermined time.
      After spraying, the plants are placed on greenhouse benches and are cared
      for in the usual manner, commensurate with conventional greenhouse
      practices. Two weeks after treatment, the seedling plants are examined and
      rated according to the rating system provided below. The data obtained are
      reported in the Table below where it can be seen that the preferred
      compounds are highly effective for the control of undesirable broadleaf
      weeds and grasses.
PAR  The specificity of the compounds of the invention for control of weeds and
      grasses in the presence of rice is particularly well demonstrated by these
      tests.
TBL  ______________________________________                                    

                          % Difference in Growth                               

     Rating System:       from the Check*                                      

     ______________________________________                                    

     0 -- no effect        0                                                   

     1 -- possible effect  1-10                                                

     2 -- slight effect    11-25                                               

     3 -- moderate effect  26-40                                               

     5 -- definite injury 41-60                                                

     6 -- herbicidal effect                                                    

                          61-75                                                

     7 -- good herbicidal effect                                               

                          76-90                                                

     8 -- approaching complete kill                                            

                          91-99                                                

     9 -- complete kill   100                                                  

     4 -- abnormal growth, i.e. a definite physiological mal-                  

     formation but with an over-all effect less than a 5 -on the rating        

     scale.                                                                    

      *Based on visual determination of stand, size, vigor, chlorosis, growth  

      malformation and over-all plant appearance.                              

TBL  Plant Abbreviations:                                                      

     ______________________________________                                    

     LA -- Lambsquarters  GRF -- Green foxtail                                 

     MU -- Mustard         WO -- Wild oats                                     

     PI -- Pigweed        COR -- Corn                                          

     BA -- Barnyard grass COT -- Cotton                                        

     CR -- Crabgrass      SOY -- Soybean                                       

     RAG -- Ragweed        MG -- Morning-glory                                 

      R -- Rice            VE -- Velvetleaf                                    

     TO -- Tomato                                                              

     ______________________________________                                    

TBL                                    TABLE III                               

     __________________________________________________________________________

     Postemergence Herbicidal Activity                                         

                         Treat-                                                

                         ment                                                  

                         lb./                                                  

                            Annual Weeds              Crops                    

     Structure           Acre                                                  

                            LA                                                 

                              MU PI                                            

                                   RAG                                         

                                      MG                                       

                                        BA                                     

                                          CR GRF                               

                                                WO VE COR                      

                                                         COT                   

                                                            SOY                

                                                                R TO           

     __________________________________________________________________________

                         9  9 9  9 9  9 9 9  9  8  9  8  9  9  7               

                         3  9 9  9 9  9 9 8  9  7  9  7  9  9  5               

                         1.5                                                   

                            9 9  9 9  8 9 9  9  6  6  9  7  9  2               

                         0.75                                                  

                            9 9  9 9  7 9 9  9  3  3  6  6  7  2               

                         0.38                                                  

                            9 9  9 9  2 8 9  9  2  0  7  6  3  2               

                         0.19                                                  

                            9 8  9 9  1 7 8  7  1  0  1  3  3  1               

                         10 9 6  5 0  6 3 3  2  2  6              7            

                         10 8 6  8 0  6 2 3  3  1  2              6            

                         10 8 7  8 0  2 2 3  3  2  0              2            

                         10 6 4  8 0  4 3 4  2  0  0              2            

                         10 6 3  9 0  6 1 6  2  0  2              6            

                         10 9 9  9 3  9 6 9  9  5  2              9            

                         2  9 9  9 8  9 2 9  9  2  1  1  5  3  1               

                         10 --                                                 

                              8  8 7  3 5 5  3  2  0              2            

                         2  8 9  9 2  8 0 2  8  1  2  1  9  3  0               

                         10 9 5  9 3  3 6 8  8  3  2              5            

                         2  9 9  9 8  9 1 2  2  1  7  1  9  6  1               

                         10 9 6  8 3  3 3 2  2  0  3              6            

                         10 3 3  6 0  4 0 4  4  0  0              1            

                         10 9 4  6 0  4 2 6  2  0  0              8            

                         10 5 3  3 0  3 0 6  2  0  0              3            

                         10 9 9  9 7  9 9 9  9  9  7              9            

                         2  9 9  9 9  9 6 7  9  3  7  2  9  7  1               

                         .25                                                   

                            9 8  8 3  7 0 0  0  0  0  1  2  2  0               

                         .13                                                   

                            9 1  3 0  1 0 0  0  0  0  0  1  1  0               

                         .06                                                   

                            5 0  2 0  0 0 0  0  0  0  0  0  0  0               

                         .03                                                   

                            0 0  0 0  0 0 0  0  0  0  0  0  0  0               

     __________________________________________________________________________

PAC  EXAMPLE 26
PAR  The selective preemergence herbicidal activity of the compounds of the
      invention is exemplified by the following tests in which the seeds of a
      variety of monocotyledonous and dicotyledonous plants are separately mixed
      with potting soil and planted on top of approximately one inch of soil in
      separate 2-inch plastic pots. After planting, the pots are sprayed with
      the selected aqueous acetone solution containing test compound in
      sufficient quantity to provide the equivalent of about 0.38 to 10 pounds
      per acre of test compound per pot. The treated pots are then placed on
      greenhouse benches and cared for in accordance with greenhouse procedures.
      Three weeks after treatment, the tests are terminated and each pot is
      examined and rated according to the rating system set forth in the
      preceding example. The tabulated results of these tests establish the
      selective herbicidal proficiency of the test compounds, when properly
      applied, for controlling a variety of undesirable plant species. The
      specificity of the compounds of the invention for weeds and grasses in the
      presence of rice, corn, cotton and soybeans, is particularly well
      demonstrated by these tests. Note that many broadleaf and grass weeds
      which are common to corn, cotton and rice culture are controlled by the
      compounds described in this invention with little or no damage to the
      desired crop plants. Data obtained are reported in the Table below.
TBL                                    TABLE IV                                

     __________________________________________________________________________

     Preemergence Herbicidal Activity                                          

                         Treat-                                                

                         ment                                                  

                         lb./                                                  

                            Annula Weeds              Crops                    

     Structure           Acre                                                  

                            LA                                                 

                              MU PI                                            

                                   RAG                                         

                                      MG                                       

                                        BA                                     

                                          CR GRF                               

                                                WO VE COR                      

                                                         COT                   

                                                            SOY                

                                                               R  TO           

     __________________________________________________________________________

                         9  9 9  9 9  9 9 9  9  7  3  1  2  2  7               

                         3  9 9  9 9  9 9 9  7  0  0  2  0  7  0               

                         1.5                                                   

                            9 8  9 9  1 8 9  9  0  0  0  0  7  0               

                         0.75                                                  

                            9 0  9 7  0 7 8  8  0  0  0  0  -- 0               

                         0.38                                                  

                            8 0  7 3  0 3 3  2  0  0  0  0  0  0               

                         10 8 7  9 0  3 5 9  7  3  0              7            

                         4  8 6  9 0  0 0 6  1  0  0  0  0  0  0               

                         10 6 9  9 3  9 7 8  8  0  0              7            

                         4  5 8  8 2  3 3 5  5  0  0  0  2  0  1               

                         10 8 9  8 6  7 6 3  2  0  2              7            

                         4  6 8  5 2  5 3 3  2  2  0  0  0  2  3               

                         10 8 9  8 7  3 3 3  5  0  0              3            

                         4  3 7  3 0  0 0 0  0  1  0  0  0  0  0               

                         10 7 9  5 7  3 8 7  6  3  2              5            

                         4  9 7  8 0  0 2 0  0  0  0  0  3  0  0               

                         10 7 9  9 3  3 3 6  6  3  0              2            

                         4  8 5  9 3  1 1 3  0  0  2  0  3  9  0               

                         10 7 9  9 3  2 5 6  7  2  0              0            

                         4  7 2  7 0  7 0 0  0  1  0  0  0  1  0               

                         10 7 7  8 2  0 3 8  8  0  0              1            

                         4  9 8  8 9  2 7 7  8  2  1  0  0  2  1               

                         10 8 4  9 0  3 7 9  7  2  0              2            

                         4  8 2  8 0  2 0 5  0  0  0  0  0  0  0               

                         10 0 0  0 0  0 8 9  9  0  0              0            

                         4  7 0  7 8  0 7 9  7  1  0  0  0  0  0               

                         10 8 9  9 3  2 2 5  6  0  0              0            

                         4  7 0  0 0  0 0 0  0  0  0  0  1  0  1               

                         10 7 9  9 2  0 3 8  6  0  0              0            

                         4  5 3  6 0  0 0 2  2  0  0  0  0  0  1               

                         10 9 9  9 9  9 7 9  8  3  0              7            

                         4  9 9  9 9  8 7 9  7  2  1  0  5  3  1               

                         1  9 9  9 5  2 6 5  2  1  1  0  2  2  0               

                         0.5                                                   

                            9 7  9 0  3 2 2  0  1  0  0  0  0  0               

                         0.25                                                  

                            8 7  7 0  0 0 0  0  0  0  0  0  0  0               

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. A method for the control of undesirable plant species comprising
      applying to said undesirable plants or locus of plants or seeds a
      herbicidally effective amount of a compound of the formula:
      ##SPC8##
PAL  wherein A is hydrogen, chlorine or --OCH.sub.2 C.tbd.CH; B is
EQU  hydrogen, --O--CH.sub.2 C.tbd.CH or --OCH.sub.2 CH=CH.sub.2
PAL  R is alkyl (C.sub.1 --C.sub.4) benzyl, or cyclohexyl; provided that A and B
      are both not hydrogen.
NUM  2.
PAR  2. A method according to claim 1 wherein the compound is of the formula:
      ##SPC9##
NUM  3.
PAR  3. A method according to claim 1 wherein the compound is of the formula:
      ##SPC10##
NUM  4.
PAR  4. A method according to claim 1 wherein the compound is of the formula:
      ##SPC11##
NUM  5.
PAR  5. A method for the selective post-emergence control of undesirable plant
      species in the presence of agronomic crops, comprising applying to the
      foliage of said undesirable plants a herbicidally effective amount of a
      compound of the formula:
      ##SPC12##
PAL  wherein A is hydrogen, chlorine or --OCH.sub.2 C.tbd.CH; B is
EQU  hydrogen, --O--CH.sub.2 C.tbd.CH or --OCH.sub.2 CH=CH.sub.2
PAL  R is alkyl (C.sub.1 --C.sub.4), benzyl, or cyclohexyl; provided that A and
      B are both not hydrogen.
NUM  6.
PAR  6. A method for the selective preemergence control of undesirable plant
      species in the presence of agronomic crops, comprising applying to the
      soil containing seeds of said undesirable plants a herbicidally effective
      amount of a compound of the formula:
      ##SPC13##
PAL  wherein A is hydrogen, chlorine or --OCH.sub.2 C.tbd.CH; B is
EQU  hydrogen, --O--CH.sub.2 C.tbd.CH or --OCH.sub.2 CH=CH.sub.2
PAL  R is alkyl (C.sub.1 --C.sub.4), benzyl, or cyclohexyl; provided that A and
      B are both not hydrogen.
NUM  7.
PAR  7. A method according to claim 6 wherein the compound is:
      ##SPC14##
NUM  8.
PAR  8. A method according to claim 6 wherein the compound is:
      ##SPC15##
NUM  9.
PAR  9. A method according to claim 6 wherein the compound is:
      ##SPC16##
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PAL  Compositions for controlling weeds growing among cereal crops, cotton and
      soya containing a mixture of isopropylphenyl dimethylurea and dinitro
      tert.-butylphenol as active material.
BSUM
PAR  This invention relates to new herbicidal compositions for controlling weeds
      among crops.
PAR  More particularly, the invention relates to herbicidal compositions
      containing as active material a mixture of a urea corresponding to the
      formula:
      ##SPC1##
PAL  Hereinafter referred to as I.P.U., and 2,4-dinitro-6-tert.-butylphenol,
      hereinafter referred to as dinoterbe.
PAR  Finally, the invention relates to the use of these compositions for
      controlling weeds among such crops as cereals, cotton, soya, both before
      and after emergence.
PAR  The use of I.P.U. for the selective control of weeds among cereal crops
      after emergence is described in particular in French Patent Application
      No. 2,125,240.
PAR  Although the use of this compound has considerable advantages over the
      previously known compounds, it has nevertheless been found that, when this
      compound is used in relatively high doeses, which can occasionally be of
      advantage under adverse treatment conditions, a certain level of
      phytotoxicity is apparent.
PAR  In addition, it would be desirable to be able to complete the action of
      I.P.U., which is primarily active against graminaceous weeds, by a
      herbicide that is more specifically active against dicotyledons.
PAR  It has been proposed to use dinoterbe for controlling dicotyledons among
      cereal crops.
PAR  It has now surprisingly been found that mixtures containing I.P.U. and
      dinoterbe or one of its derivatives show unexpected properties in relation
      to the properties which each of these compounds is known to have when used
      separately.
PAR  More particularly, it has been surprisingly found that the addition of
      certain quantities of dinoterbe or one of its derivatives to I.P.U.
      suppresses the phytotoxic phenomena observed in the case of I.P.U. alone,
      and that by contrast these mixtures show a degree of synergy with respect
      to economically significant wees which is reflected in an unexpectedly
      much higher destruction rate then that obtained with each of the products
      used on their own in the dame dose.
PAR  The observations made from the point of view of selectivity are all the
      more surprising insofar as in general, when one herbicidal compound is
      added to another herbicidal compound, the phytotoxicity phenomena
      attributable to one or other of these compounds tend to be aggravated by
      the presence of the other.
PAR  However, in the particular case of mixtures of I.P.U. and dinoterbe, the
      phenomenon observed is exactly the opposite to that which would be
      normally expected.
DETD
PAR  The above factors will be apparent from the following Examples which in
      addition illustrate an unexpected improvement in activity against certain
      important weeds.
PAC  EXAMPLE 1
PAR  The herbicidal properties and selective properties of the mixtures
      according to the invention were demonstrated by various tests under glass
      in comparison with the use of the separate constituents.
PAR  Thus, 10 .times. 15 cm pots are filled with clean soil, i.e. soil which has
      never been subjected to any herbicidal treatment. Seeds of various types
      of vegetables, the sensitivity of which are to be tested with respect to
      the herbicidal products, are placed on the soil. The seeds are then
      covered with a layer of soil in a thickness governed by the diameter of
      the seeds in accordance with conventional practice. When, after
      germination, the shoots have reached the stage of two true leaves, the
      herbicidal composition to be tested for post-emergence testing is sprayed
      onto the leaves. The herbicidal composition is in the form of a wettable
      powder prepared by mixing the following ingredients for one minute in a
      blade mill:
     active material to be tested                                              

                                20%                                            

     deflocculant (calcium lignosulphate)                                      

                                 5%                                            

     wetting agent (sodium alkylaryl                                           

     sulphonate)                 1%                                            

     filler (alumina silicate)  74%                                            

PAR  This wettable powder is then mixed with a quantity of water calculated for
      spraying in the required dose per hectare.
PAR  In the case of pre-emergence treatment, the composition is sprayed after
      the seeds have been covered by the layer of earth.
PAR  In each test, one untreated control plant is set aside in order to be able
      to detect any inhibition in growth and in addition any absence of
      germination or defective growth of the plants attributable to the
      particular conditions.
PAR  The pots thus treated are then kept under glass for a certain period under
      constant conditions of humidity, temperature and lighting. After 5 weeks,
      the results are assessed, in particular by evaluating the percentage
      destruction of each of the species in relation to the control.
PAR  The various plants and weeds on which the tests were carried out are as
      follows:
TBL  Species        Scientific Name   Symbol                                   

     ______________________________________                                    

     Wild spring oat                                                           

                   Avena fatua        AV                                       

     Wheat         Triticum vulgare   BL                                       

     Barley        Hordeum distichum  OR                                       

     Rye-grass     Lolium italicum     RA'                                     

     Black grass   Alopecurus myosuroides                                      

                                      VU                                       

     White mustard Sinapis alba       MO                                       

     May weed      Matricaria sp.     MT                                       

     Bind weed     Polygonum convolvulus                                       

                                      RE                                       

     ______________________________________                                    

PAR  Under these conditions it was observed that, in doses of 2 kg/ha and 4
      kg/ha, the mixture of equal parts of I.P.U. monomethylamine salt of
      dinoterbe is perfectly selective on wheat and barley, i.e. there is no
      phytotoxicity, while, in the same doses, I.P.U. is respectively lightly
      and heavily phytotoxic on these cereal crops.
PAC  EXAMPLE 2
PAR  The action of a 50/50 mixture of I.P.U. and of the monomethylamine salt of
      dinoterbe in a dose of 0.5 kg/ha is studied (as in Example 1 ) in
      comparison with that of each of the two constituents used individually in
      the same dose. The results, expressed as percentage destruction, are set
      out in the following Table:
TBL   I-Pre-emergence test:                                                    

               Crops         Weeds                                             

               BL maize                                                        

                      cotton                                                   

                          soya                                                 

                             barnyard                                          

                                  RA VU  MO  buck                              

                             grass           wheat                             

     __________________________________________________________________________

     dinoterbeamine                                                            

               0  0   0   0  20    0  5   80 30                                

     0.5 kg/ha                                                                 

     I.P.U. 0.25 kg/                                                           

               0  0   0   0  30   50  40  10 50                                

     ha                                                                        

     dinoterbe 0.5                                                             

       +       0  0   0   0  65   70  65  99 85                                

     I.P.U. 0.25                                                               

     I.P.U. 0.5 kg/ha                                                          

               0  0   0   0  70   60  85  30 70                                

     dinoterbe 0.5                                                             

       +                                                                       

     I.P.U. 0.5                                                                

               0  0   0   0  98   90 100 100 95                                

     __________________________________________________________________________

TBL  II-Post-Emergence Test:                                                   

     Weeds:      AV      RA      VU   MO    MT   RE                            

     ______________________________________                                    

     I.P.U. 0.5                                                                

     kg/ha       80      70      99   20    30   30                            

     Dinoterbe                                                                 

     0.5 kg/ha   0       0       0    85    60   50                            

     I.P.U. 0.25                                                               

     kg/ha                                                                     

     k +         100     100     98   100   95   98                            

     dinoterbe                                                                 

     0.25 kg/ha                                                                

     ______________________________________                                    

PAR  Similar results were obtained with mixtures respectively containing 0.24 +
      0.16 kg/ha and 0.16 + 0.24 kg/ha of I.P.U + dinoterbe.
PAR  These results clearly reveal a degree of snyergy -- insofar as the effect
      obtained with a given dose of the mixture -- distinctly superior to that
      obtained with the same dose of each of the compounds used separately. In
      certain cases (rye-grass for example), the difference between 90 and 100%
      destruction may seem negligible. However, this is by no means the case
      because, in the event of heavy infestation by graminaceous weeds such as
      rye grasses, it is essential if weed control is to be economically
      worthwile for destruction to be as close as possible to 100% because the
      density of weeds is such that even the survival of 10% is sufficient to
      cause considerable damage to the crop.
PAC  EXAMPLE 3
PAR  This Example corresponds to post-emergence tests carried out in the open on
      30 square meter plots. One control is to set aside for each test.
PAR  The wheat on which the tests were carried out is of the Capitole variety.
      Treatment is carried out with wettable powders with an active material
      concentration of 60% on a cereal that has already emerged and is in the
      initial stages of tillering, the results being assessed after 45 days.
PAR  Under these conditions, it was found that, in doses of 4 kg/ha, the 50/50
      mixture of I.P.U./monomethylamine salt of dinoterbe showed no signs
      whatever of phytotoxicity on the wheat, whereas the wheat was adversely
      affected by treatment with I.P.U. separately in the same dose. In
      addition, a high rate of destruction of the weeds present, namely wild
      spring oat, rye-grass, wild radish and may weed, was also observed.
PAR  In addition, under the same conditions, the complete destruction of
      rye-grass (Lolium rigidum and Lolium multiflorum) is obtained with the
      same 50:50 mixture in a dose of 3 kg/ha upwards, i.e. with 1.5 kg/ha of
      I.P.U. while the same effect is only obtained with I.P.U. separately in a
      dose of 1.8 kg/ha, dinoterbe being ineffectual against this weed in a dose
      of 1.5 kg/ha.
PAR  Similarly, the wild spring oat (Avena fatua, Avena ludoviciana) is
      completely destroyed by I.P.U. in a dose of 1.8 kg/ha in a 50/50 mixture
      with dinoterbe, while a dose of 2.4 kg/ha of I.P.U. separately is required
      to obtain the same result, dinoterbe being ineffectual against this weed
      when used on its own in a dose of 1.8 kg/ha.
PAR  Similar results were obtained with the same doses of 50/50 mixtures
      containing dinoterbe in phenolic form or in the form of its potassium or
      diethanolamine salt.
PAR  It is apparent from these tests that the addition of dinoterbe to I.P.U.
      virtually eliminates the phytotoxicity of I.P.U. on wheat. In addition,
      this mixture has a marked synergic effect on graminaceous weeds and an
      excellent action against dicotyledons.
PAR  Accordingly, the mixtures according to the invention are particularly
      suitable for safely, effectively and selectively controlling weeds growing
      among cereal crops, in particular wheat and barley, in post-emergence
      treatment.
PAR  They are characterized by a wide range of activity and by their rapid
      action which is sufficiently persistent to prevent the subsequent
      resprouting of weeds.
PAR  The respective percentage of the two compounds in the mixture can vary
      within wide limits. Interesting results have been obtained with mixtures
      containing from 0.5 to 3 parts of dinoterbe to 1 part of I.P.U.
PAR  Throughout the foregoing, reference has been made to dinoterbe or one of
      its derivatives. In the context of the invention, derivatives of dinoterbe
      are the various forms in which dinoterbe is normally used in practice,
      i.e. in phenolic form or in the form of its alkali salts, ammonium salts
      or aliphatic amine (monomethylamine, diethylamine, . . . ) salts or
      alkanolamine salts.
PAR  The doses in which the composition is used can vary within wide limits in
      dependence upon the activity of the composition used, the type of weed
      control to be obtained, the development stage of the crop and of the weeds
      and upon the type of soil and climatic conditions.
PAR  In general, active material doses of from 0.5 to 10 kg/ha are suitable.
PAR  For their practical application, the mixtures of active materials according
      to the invention are rarely used on their own. More often, they are part
      of formulations which generally comprise a support and/or a surfactant in
      addition to the active material according to the invention.
PAR  In the context of the invention, a support is an organic or mineral,
      natural or synthetic material with which the active material is associated
      to facilitate its application to the plant, to seeds or to the soil, or
      its transportation or handling. The support can be solid (clays, natural
      or synthetic silicates, resins, waxes, solid fertilizers . . . ) or fluid
      (water, alcohols, ketones, petroleum fractions, chlorinated hydrocarbons,
      liquified gases).
PAR  The surfactant can be an ionic or non-ionic emulsifier, dispersant or
      wetting agent. Reference is made by way of example to salts of polyacrylic
      acids, lignin sulphonic acid, condensates of ethylene oxide with fatty
      alcohols, fatty acids or fatty amines.
PAR  The compositions according to the invention can be prepared in the form of
      wettable powders, dusting powders, granulates, solutions, emulsifiable
      concentrates, emulsions, suspended concentrates.
PAR  The wettable powders are normally prepared in such a way that they contain
      from 20 to 95% by weight of active material. In addition to a solid
      support, they normally contain from 0 to 5% by weight of a wetting agent,
      from 3 to 10% by weight of one or more stabilizers and/or other additives,
      such as penetration agents, adhesives or anti-lumping agents, colorants,
      etc. The following is one example of the composition of a wettable powder:
     active material            60%                                            

     calcium lignosulphate (deflocculant)                                      

                                 5%                                            

     anionic wetting agent       1%                                            

     anti-lumping silica         5%                                            

     kaolin (filler)            29%                                            

PAR  Aqueous dispersions and emulsions, for example compositions obtained by
      diluting a wettable powder or an emulsifiable concentrate according to the
      invention with water, are included in the general scope of the invention.
      These emulsions can be of the water-in-oil type or of the oil-in-water
      type and they can have a thick consistency resembling that of a
      "mayonnaise".
PAR  The compositions according to the invention can contain other ingredients,
      for example protective colloids, adhesives or thickeners, thixotropic
      agents, stabilizers or sequestrants and other active materials known to
      have pesticidal properties, in particular herbicides such as, in
      particular, mecoprop, dichlorprop, ioxynil, bromoxynil.
PAR  It will be obvious to those skilled in the art that various changes may be
      made without departing from the scope of the invention and the invention
      is not to be considered limited to what is described in the specification.
CLMS
STM  We claim:
NUM  1.
PAR  1. An herbicidal composition for killing weeds growing among crops,
      consisting essentially of
PA1  as active material an amount sufficient to kill said weeds without
      phytotoxicity to said crops, of a mixture of one part by weight of
      N-4-isopropylphenyl-N',N'-dimethylurea (I.P.U.) and 0.5 to 3 parts by
      weight of 2-4-dinitro-6-tert.-butyl-phenol (dinoterbe) or the alkali
      metal, ammonia and amine salts thereof,
PA1  and an inert herbicidal carrier and a wetting agent.
NUM  2.
PAR  2. Herbicidal composition as claimed in claim 1, wherein the metal salt is
      an alkali metal salt.
NUM  3.
PAR  3. Herbicidal composition as claimed in claim 1, wherein the dinoterbe is
      used in the form of an amine salt.
NUM  4.
PAR  4. Herbicidal composition as claimed in claim 1, wherein the dinoterbe is
      used in the form of alkanolamine salt.
NUM  5.
PAR  5. Herbicidal composition as claimed in claim 3, wherein the dinoterbe is
      used in the form of monomethylamine salt.
NUM  6.
PAR  6. A process for killing said weeds growing among said cereal crops,
      comprising applying to said crops or to the ground before emergence of
      said crops the composition of claim 1 in an amount sufficient to kill
      weeds without phytotoxicity to said crops.
NUM  7.
PAR  7. A process as claimed in claim 6, wherein the herbicidal composition is
      applied to the crops in a post emergence treatment.
NUM  8.
PAR  8. A process in accordance with claim 6, wherein said composition is
      applied at the rate of 0,5 to 10 kg/ha based on said active material
      mixture.
NUM  9.
PAR  9. A process in accordance with claim 8 wherein said crop is wheat.
NUM  10.
PAR  10. A process in accordance with claim 8 wherein said crop is barley.
NUM  11.
PAR  11. A process in accordance with claim 8 wherein said crop is cotton.
NUM  12.
PAR  12. A process in accordance with claim 8 wherein said crop is soya.
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ABST
PAL  Ring and side chain substituted alkylaryl ketones are useful in controlling
      the growth of germinating and seedling weed grasses and germinating and
      seedling broadleaf weeds.
PARN
PAR  This is a division of Pat. application Ser. No. 271,454, filed July 13,
      1972, now U.S. Pat. No. 3,869,513, Mar. 4, 1975; which is a
      continuation-in-part of Pat. application Ser. No. 261,751, filed June 12,
      1972, abandoned; which in turn is a continuation-in-part of Pat. Appln.
      Ser. No. 230,476, filed Feb. 29, 1972, abandoned.
BSUM
PAR  This invention relates to compositions of matter and the use of the same as
      selective herbicides for controlling the growth of germinating and
      seedling weed grasses and germinating and seedling broadleaf weeds. More
      particularly, the present invention relates to compounds identified as
      ring and side chain substituted alkylaryl ketones and their use as
      selective herbicides.
PAR  The ring and side chain substituted alkylaryl ketones useful in our
      invention have the formula:
      ##SPC1##
PAL  Wherein R.sub.1 and R.sub.3 are selected from the group consisting of
      hydrogen, hydroxy, methoxy, ethoxy, acetoxy, halogenated acetoxy, phenoxy,
      2,4-dichlorophenoxy, 4-chloro-2-methylphenoxy, carbamoyloxy,
      thiocarbamoyloxy, carbamoylthio, nitro, amino, substituted amino,
      heterocyclic amine, fluorine, chlorine, bromine, or iodine characterized
      in that R.sub.1 and R.sub.3 cannot both be hydrogen; R.sub.2 and R.sub.4
      are selected from the group consisting of hydrogen, fluorine, chlorine,
      bromine, iodine, nitro, or chloromethyl characterized in that R.sub.2 and
      R.sub.4 cannot both be hydrogen; X and Z independently represent hydrogen,
      fluorine, chlorine, bromine, or iodine; Y is hydrogen, fluorine, chlorine,
      bromine, iodine, methyl, or substituted methyl; and characterized further
      in that when either R.sub.1 or R.sub.3 is fluorine, chlorine, bromine, or
      iodine, R.sub.2 and R.sub.4 are selected from the group consisting of
      hydrogen, nitro, or chloromethyl characterized in that R.sub.2 and R.sub.4
      cannot both be hydrogen, and further provided that the substituents
      represented by R.sub.1, R.sub.2, R.sub.3, and R.sub.4 cannot be all
      identical.
PAR  In recent years agricultural methods have undergone revolutionary changes
      which include reduction of tillage and cultivation, crowded planting of
      new and old varieties of crop plants, and increased use of fertilizers
      with the ultimate goal of increased yields of crop plants per acre
      together with an overall reduction in labor requirements. These changes in
      agricultural methods have created new problems, and perhaps the most
      serious is the growth of weeds. As used herein, the term "weeds" refers
      broadly to unwanted vegetation, and particularly to weed grasses and
      broadleaf weeds. These weeds present a serious problem in agriculture
      because they thrive on the increased application of fertilizer and less
      frequent cultivation. The presence of any of these weeds in fields of crop
      plants is especially objectionable where modern agricultural methods are
      followed because the presence of weeds in crowded planting has a greater
      adverse effect upon yields of the crop plants than in less-crowded
      plantings. Furthermore, weeds are a nuisance in mechanized harvesting.
PAR  It is, therefore, a principal object of the present invention to provide
      ring and side chain substituted alkylaryl ketones which are useful for
      controlling the growth of undesirable weed grasses and broadleaf weeds in
      the presence of desirable plant crops without damaging the latter.
PAR  These and other objects and advantages of the novel methods of this
      invention will become apparent as the description proceeds.
PAR  To the accomplishment of the foregoing and related ends, this invention
      then comprises the features hereinafter fully described and particularly
      pointed out in the claims, the following description setting forth in
      detail certain illustrative embodiments of the invention, these being
      indicative, however, of but a few of the various ways in which the
      principles of the invention may be employed.
PAR  Examples of specific compounds which we have found particularly useful in
      our invention include:
PA1  3',5'-difluoro-4'-hydroxyacetophenone
PA1  3',5'-dichloro-4'-hydroxyacetophenone
PA1  3',5'-dibromo-4'-hydroxyacetophenone
PA1  4'-hydroxy-3',5'-dinitroacetophenone
PA1  3'-fluoro-4'-hydroxy-5'-nitroacetophenone
PA1  3'-chloro-4'-hydroxy-5'-nitroacetophenone
PA1  3'-bromo-4'-hydroxy-5'-nitroacetophenone
PA1  2,2,2,3',5'-pentafluoro-4'-hydroxyacetophenone
PA1  2,2,3',5'-tetrachloro-4'-hydroxyacetophenone
PA1  2,2,2,3',5'-pentachloro-4'-hydroxyacetophenone
PA1  2,2,3',5'-tetrabromo-4'-hydroxyacetophenone
PA1  2,2,2,3',5'-pentabromo-4'-hydroxyacetophenone
PA1  2-fluoro-4'-hydroxy-3',5'-dinitroacetophenone
PA1  2,2-difluoro-4'-hydroxy-3',5'-dinitroacetophenone
PA1  2,2,2-trifluoro-4'-hydroxy-3',5'-dinitroacetophenone
PA1  2-chloro-4'-hydroxy-3',5'-dinitroacetophenone
PA1  2,2-dichloro-4'-hydroxy-3',5'-dinitroacetophenone
PA1  2,2,2-trichloro-4'-hydroxy-3',5'-dinitroacetophenone
PA1  2-bromo-4'-hydroxy-3',5'-dinitroacetophenone
PA1  2,2-dibromo-4'-hydroxy-3',5'-dinitroacetophenone
PA1  2,2,2-tribromo-4'-hydroxy-3',5'-dinitroacetophenone
PA1  2,2,2,3'-tetrafluoro-4'-hydroxy-5'-nitroacetophenone
PA1  2,3'-dichloro-4'-hydroxy-5'-nitroacetophenone
PA1  2,2,3'-trichloro-4'-hydroxy-5'-nitroacetophenone
PA1  2,2,2,3'-tetrachloro-4'-hydroxy-5'-nitroacetophenone
PA1  2,3'-dibromo-4'-hydroxy-5'-nitroacetophenone
PA1  2,2,3'-tribromo-4'-hydroxy-5'-nitroacetophenone
PA1  2,2,2,3'-tetrabromo-4'-hydroxy-5'-nitroacetophenone
PA1  3',5'-difluoro-2'-hydroxyacetophenone
PA1  3',5'-dichloro-2'-hydroxyacetophenone
PA1  3',5'-dibromo-2'-hydroxyacetophenone
PA1  2'-hydroxy-3',5'-dinitroacetophenone
PA1  3'-fluoro-2'-hydroxy-5'-nitroacetophenone
PA1  5'-fluoro-2'-hydroxy-3'-nitroacetophenone
PA1  3'-chloro-2'-hydroxy-5'-nitroacetophenone
PA1  5'-chloro-2'-hydroxy-3'-nitroacetophenone
PA1  3'-bromo-2'-hydroxy-5'-nitroacetophenone
PA1  5'-bromo-2'-hydroxy-3'-nitroacetophenone
PA1  2,2,2,3',5'-pentafluoro-2'-hydroxyacetophenone
PA1  2,2,3',5'-tetrachloro-2'-hydroxyacetophenone
PA1  2,2,2,3',5'-pentachloro-2'-hydroxyacetophenone
PA1  2,2,3',5'-tetrabromo-2'-hydroxyacetophenone
PA1  2,2,2,3',5'-pentabromo-2'-hydroxyacetophenone
PA1  2-fluoro-2'-hydroxy-3',5'-dinitroacetophenone
PA1  2,2-difluoro-2'-hydroxy-3',5'-dinitroacetophenone
PA1  2,2,2-trifluoro-2'-hydroxy-3',5'-dinitroacetophenone
PA1  2-chloro-2'-hydroxy-3',5'-dinitroacetophenone
PA1  2,2-dichloro-2'-hydroxy-3',5'-dinitroacetophenone
PA1  2,2,2-trichloro-2'-hydroxy-3',5'-dinitroacetophenone
PA1  2-bromo-2'-hydroxy-3',5'-dinitroacetophenone
PA1  2,2-dibromo-2'-hydroxy-3',5'-dinitroacetophenone
PA1  2,2,2-tribromo-2'-hydroxy-3',5'-dinitroacetophenone
PA1  2,2,2,3'-tetrafluoro-2'-hydroxy-5'-nitroacetophenone
PA1  2,2,2,5'-tetrafluoro-2'-hydroxy-3'-nitroacetophenone
PA1  2,3'-dichloro-2'-hydroxy-5'-nitroacetophenone
PA1  2,5'-dichloro-2'-hydroxy-3'-nitroacetophenone
PA1  2,2,3'-trichloro-2'-hydroxy-5'-nitroacetophenone
PA1  2,2,5'-trichloro-2'-hydroxy-3'-nitroacetophenone
PA1  2,2,2,3'-tetrachloro-2'-hydroxy-5'-nitroacetophenone
PA1  2,2,2,5'-tetrachloro-2'-hydroxy-3'-nitroacetophenone
PA1  2,3'-dibromo-2'-hydroxy-5'-nitroacetophenone
PA1  2,5'-dibromo-2'-hydroxy-3'-nitroacetophenone
PA1  2,2,3'-tribromo-2'-hydroxy-5'-nitroacetophenone
PA1  2,2,5'-tribromo-2'-hydroxy-3'-nitroacetophenone
PA1  2,2,2,3'-tetrabromo-2'-hydroxy-5'-nitroacetophenone
PA1  2,2,2,5'-tetrabromo-2'-hydroxy-3'-nitroacetophenone
PA1  3'-chloro-2'-methoxy-5'-nitroacetophenone
PA1  2,2,3',5'-tetrachloro-4'-methoxyacetophenone
PA1  2,2,3'-trichloro-4'-methoxy-5'-nitroacetophenone
PA1  2,2-dichloro-4'-methoxy-3',5'-dinitroacetophenone
PA1  3'-chloro-4'-hydroxy-5'-nitropropriophenone
PA1  2,2,3',5'-tetrachloro-4'-hydroxypropiophenone
PA1  2,2,3'-trichloro-4'-hydroxy-5'-nitropropiophenone
PA1  2,2-dichloro-4'-hydroxy-3',5'-dinitropropiophenone
PA1  3'-chloro-4'-(dipropylamino)acetophenone
PA1  3',5'-dichloro-4'-(dipropylamino)acetophenone
PA1  3'-nitro-4'-(dipropylamino)acetophenone
PA1  3',5'-dinitro-4'-(dipropylamino)acetophenone
PA1  3'-chloro-4'-(dipropylamino)-5'-nitroacetophenone
PA1  3'-chloro-4'-(N-methylcarbamoyloxy)acetophenone
PA1  3',5'-dichloro-4'-(N-methylcarbamoyloxy)acetophenone
PA1  3'-nitro-4'-(N-methylcarbamoyloxy)acetophenone
PA1  3',5'-dinitro-4'-(N-methylcarbamoyloxy)acetophenone
PA1  3'-chloro-4'-(N-methylcarbamoyloxy)-5'-nitroacetophenone
PA1  3'-chloro-4'-(N,N-diethylthiocarbamoyloxy)acetophenone
PA1  3',5'-dichloro-4'-(N,N-diethylthiocarbamoyloxy)acetophenone
PA1  3'-nitro-4'-(N,N-diethylthiocarbamoyloxy)acetophenone
PA1  3',5'-dinitro-4'-(N,N-diethylthiocarbamoyloxy)acetophenone
PA1  3'-chloro-4'-(N,N-diethylthiocarbamoyloxy)-5'-nitroacetophenone
PA1  3'-chloro-4'-(trichloroacetoxy)acetophenone
PA1  3',5'-dichloro-4'-(trichloroacetoxy)acetophenone
PA1  3'-nitro-4'-(trichloroacetoxy)acetophenone
PA1  3',5'-dinitro-4'-(trichloroacetoxy)acetophenone
PA1  3'-chloro-5'-nitro-4'-(trichloroacetoxy)acetophenone
PA1  3'-chloro-4'-(trifluoroacetoxy)acetophenone
PA1  3',5'-dichloro-4'-(trifluoroacetoxy)acetophenone
PA1  3'-nitro-4'-(trifluoroacetoxy)acetophenone
PA1  3',5'-dinitro-4'-(trifluoroacetoxy)acetophenone
PA1  3'-chloro-5'-nitro-4'-(trifluoroacetoxy)acetophenone
PA1  3'-chloro-2'-(dipropylamino)acetophenone
PA1  3',5'-dichloro-2'-(dipropylamino)acetophenone
PA1  3'-nitro-2'-(dipropylamino)acetophenone
PA1  3',5'-dinitro-2'-(dipropylamino)acetophenone
PA1  3'-chloro-2'-dipropylamino-5'-nitroacetophenone
PA1  3'-chloro-2'-(N-methylcarbamoyloxy)acetophenone
PA1  3',5'-dichloro-2'-(N-methylcarbamoyloxy)acetophenone
PA1  3'-nitro-2'-(N-methylcarbamoyloxy)acetophenone
PA1  3',5'-dinitro-2'-(N-methylcarbamoyloxy)acetophenone
PA1  3'-chloro-2'-(N-methylcarbamoyloxy)-5'-nitroacetophenone
PA1  3'-chloro-2'-(N,N-diethylthiocarbamoyloxy)acetophenone
PA1  3',5'-dichloro-2'-N,N-diethylthiocarbamoyloxy)acetophenone
PA1  3'-nitro-2'-(N,N-diethylthiocarbamoyloxy)acetophenone
PA1  3',5'-dinitro-2'-(N,N-diethylthiocarbamoyloxy)acetophenone
PA1  3'-chloro-2'-(N,N-diethylthiocarbamoyloxy)-5'-nitroacetophenone
PA1  3'-chloro-2'-(trichloroacetoxy)acetophenone
PA1  3',5'-dichloro-2'-(trichloroacetoxy)acetophenone
PA1  3'-nitro-2'-(trichloroacetoxy)acetophenone
PA1  3',5'-dinitro-2'-(trichloroacetoxy)acetophenone
PA1  3'-chloro-5'-nitro-2'-(trichloroacetoxy)acetophenone
PA1  3'-chloro-2'-(trifluoroacetoxy)acetophenone
PA1  3',5'-dichloro-2'-(trifluoroacetoxy)acetophenone
PA1  3'-nitro-2'-(trifluoroacetoxy)acetophenone
PA1  3',5'-dinitro-2'-(trifluoroacetoxy)acetophenone
PA1  3'-chloro-5'-nitro-2'-(trifluoroacetoxy)acetophenone
PA1  4'-fluoro-3'-nitroacetophenone
PA1  4'-chloro-3'-nitroacetophenone
PA1  4'-bromo-3'-nitroacetophenone
PA1  4'-fluoro-3',5'-dinitroacetophenone
PA1  4'-chloro-3',5'-dinitroacetophenone
PA1  4'-bromo-3',5'-dinitroacetophenone
PA1  2'-fluoro-3'-nitroacetophenone
PA1  2'-chloro-3'-nitroacetophenone
PA1  2'-bromo-3'-nitroacetophenone
PA1  2'-fluoro-3',5'-dinitroacetophenone
PA1  2'-chloro-3',5'-dinitroacetophenone
PA1  2'-bromo-3',5'-dinitroacetophenone
PA1  4'-fluoro-2',5'-dinitroacetophenone
PA1  4'-bromo-2',5'-dinitroacetophenone
PA1  4'-chloro-2',5'-dinitroacetophenone
PA1  2',5'-dinitro-4'-(dipropylamino)acetophenone
PA1  2',5'-dinitro-4'-morpholinoacetophenone
PA1  2',5'-dinitro-4'-piperidinoacetophenone
PA1  3',5'-dinitro-4'-morpholinoacetophenone
PA1  3',5'-dinitro-4'-piperidinoacetophenone
PAR  Other substituted acetophenones have been described in the chemical and
      patent literature as being useful herbicides. Some of these compounds as
      disclosed in the prior art possess some of the properties required of an
      agricultural herbicide, but are deficient in one or more requirements. As
      one example, Dr. Hans Kaltwasser et al. in the East German Pat. No. 71,245
      disclose that halogenated acetophenones having the formula:
      ##SPC2##
      wherein R' and R" represent hydrogen or halogen and R'" represents halogen
      and R represents various radicals including but not limited to hydrogen,
      halogen, hydroxy, nitro, amino, and carboxyl. Although these patentees
      state that R may represent a multiple substitution, each of the R's of
      such a multiple substitution must be identical.
PAR  In general, the compounds disclosed by these patentees do not show
      sufficient herbicidal activity against weeds to make their use as an
      agricultural herbicide economically feasible. Furthermore, many of these
      disclosed compounds are lacking in selectivity in that they also possess
      phytotoxic activity against crop plants such as wheat and tomatoes.
PAR  The active compounds of our invention may be applied in a number of
      different types of compositions. They may be extended with a carrier such
      as inert solids, organic solvents, and dispersants in ways commonly
      employed in the art. In addition, sodium, potassium, and amine salts of
      the compounds may be used in the preparation of dispersions and solutions
      in water. The active ingredients are included in such compositions in
      sufficient amount to obtain a herbicidal effect on weed grasses and
      broadleaf weeds without damaging the desirable plants. Usually about 0.5
      to 95 percent by weight of the active ingredients will be included in such
      compositions.
PAR  Solid compositions can be in the form of powders. The compositions can be
      homogeneous powders that may be used as such or diluted with inert solids
      to form a dust. Natural clays, china clays, diatomaceous earth, bentonite,
      synthetic fine silica, calcium silicate, talc, pyrophyllite, and other
      inert solid carriers conventionally employed in powdered herbicidal
      compositions can be satisfactorily used. The active compound usually makes
      up from about 0.5 to 90 percent, preferably from about 2 to 10 percent, of
      these powdered compositions. The solids ordinarily should be very finely
      divided.
PAR  Liquid compositions including the active compounds described above can be
      prepared by admixing the active compounds with suitable solvents, together
      with a suitable surface active agent. Typical of the liquid media commonly
      employed are aliphatic alcohols, ketones, benzene, toluene, and the like.
      The active ingredient usually makes up from about 0.5 to about 95 percent
      of these liquid compositions, which can be subsequently diluted, as with
      water, to the desired concentration for application to plants and soil.
      Such concentrates as prepared by the manufacturer have the advantage that
      the user need only mix them with a locally available carrier, preferably
      water, thereby reducing shipping costs and providing a product which can
      be used with a minimum of equipment and effort.
PAR  Compositions in the form of wettable powders can include one or more
      surfact active agents, such as wetting or dispersing agents. The surface
      active agents cause the compositions of wettable powders to disperse
      easily in water.
PAR  Suitable surface active agents which may be used include anionic, cationic,
      or nonionic types as disclosed by A. M. Schwartz, J. W. Perry, and J.
      Berch in "Surface Active Agents and Detergents," vol. II, Interscience
      Publishers, Inc., New York, New York (1958).
PAR  When used as pre-emergence treatment composition, other materials such as a
      fertilizer, an insecticide, a fungicide or other herbicide such as
      2,4-dichlorophenoxyacetic acid or 2-methyl-4-chlorophenoxyacetic acid and
      salts, amides, and esters thereof; as well as sodium pentachlorophenate;
      2,4-dichlorophenyl-4'-nitrophenyl ether;
      2,4,6-trichlorophenyl-4'-nitrophenyl ether;
      2-methylthio-4,6-bis(ethylamino)-1,3,5-triazine;
      2,2,2-trifluoro-2,6-dinitro-N,N-dipropyl-p-toluidine; 3-amino-2,5-dichloro
      benzoic acid; 4-amino-3,5,6-trichloropicolinic acid; 3,4-dichloro
      propionanilide; urea derivatives; and other herbicidal compositions may be
      incorporated therein.
PAR  The compounds of this invention are useful for inhibiting the growth of
      germinating and seedling weed grasses and broadleaf weeds. Valuable
      preemergence herbicidal effects will be observed by applications of small
      amounts, for example, as low as 0.5 pound of active component per acre, as
      well as higher concentrations, for example, 20 pounds per acre. The
      preferred range of application for pre-emergence purposes is from about 1
      to about 10 pounds per acre. We have also found that these compounds, when
      applied to the soil in the amounts stated, even after germination has
      taken place, are effective in inhibiting the growth of seedlings of
      undesirable weed grasses and broadleaf weeds.
PAR  In order to disclose the nature of the invention still more clearly, the
      following illustrative examples will be given. It is understood, however,
      that the invention is not to be limited to the specific conditions or
      details set forth in these examples, except insofar as such limitations
      are specified in the appended claims. All parts are by weight unless
      otherwise indicated.
PAR  The chlorinated and brominated derivatives are prepared by well-known
      procedures using chlorine and bromine in such solvents as acetic acid,
      chlorinated hydrocarbons, or water.
PAR  The iodo compounds are prepared by the action of iodine monochloride in an
      appropriate solvent.
PAR  The fluoro derivatives are prepared by the metathetic action of potassium
      fluoride in polar solvents such as dimethylformamide.
PAR  The nitro compounds were prepared by well-known nitrating procedures such
      as by the action of fuming nitric acid or potassium nitrate in
      concentrated sulfuric acid.
PAR  The amino compounds can be prepared by the reduction of the corresponding
      nitro compounds using one of the many standard reducing procedures.
PAR  The compounds substituted by three halogens in the side chain, for example,
      2,2,2-trichloro-4'-hydroxyacetophenone, may be prepared by the method
      described by J. Houben and W. Fisher, J. prakt. chem. 123 262-275 (1929).
      These side chain substituted compounds may then be substituted on the
      rings by conventional synthetic methods.
PAR  Following are some illustrative examples utilizing these general
      principles:
DETD
PAC  EXAMPLE 1
PAC  Preparation of 3',5'-dichloro-4'-hydroxyacetophenone
PAR  A 500-milliliter reaction flask was charged with 150 milliliters of glacial
      acetic acid, 100 milliliters of water, 0.5 gram of ferric chloride, and
      27.2 grams of 4'-hydroxyacetophenone. The stirred mixture was chilled to
      about 10.degree. C. by immersion into an ice-water bath. At this point
      28.4 grams of chlorine gas was introduced. A thick slurry was formed and
      was poured into 350 milliliters of water. The solid was filtered and
      washed with water. The crude product melted at 160.degree.-162.degree. C.
      Recrystallization from benzene raised the melting point to
      164.degree.-165.degree. C. Analysis calcd.: C, 46.8; H, 2.9; Cl, 35.1.
      Found: C, 47.0; H, 2.9; Cl, 34.8.
PAC  EXAMPLE 2
PAC  Preparation of 4'-hydroxy-3'-5'-dinitroacetophenone
PAR  A 500-milliliter flask was charged with 250 milliliters of concentrated
      sulfuric acid, chilled to 5.degree. to 10.degree. C. by immersion into an
      ice-water bath. 4'-Hydroxyacetophenone (13.6 grams) was added portionwise,
      and to the clear solution formed 31.0 grams of potassium nitrate was
      slowly added so as to maintain the temperature between 5.degree. and
      10.degree. C. The addition took approximately 20 minutes. The resulting
      solution was stirred for an additional 30-60 minutes, after which it was
      stirred into 1,000 grams of ice water. The light yellow precipitate was
      filtered and washed with water. The product was recrystallized from
      alcohol and had a melting point of 119.degree.-121.degree. C.
PAC  EXAMPLE 3
PAC  Preparation of 3'-chloro-4'-hydroxy-5'-nitroacetophenone
PAR  A 500-milliliter flask was charged with 300 milliliters of concentrated
      sulfuric acid, chilled to 5.degree. to 10.degree. C. and at this
      temperature 17.1 grams of 3'-chloro-4'-hydroxyacetophenone was slowly
      added. To the stirred clear solution 20 grams of potassium nitrate was
      slowly added during a period of about 30-40  minutes while the temperature
      was maintained between 5.degree. and 10.degree. C. After stirring for an
      additional 45-60 minutes, the solution was stirred into 1,000 grams of
      ice. The resulting pale yellow solid was filtered and washed with water.
PAC  EXAMPLE 4
PAC  Preparation of 2,2,3'-trichloro-4'-hydroxy-5'-nitroacetophenone
PAR  Into a solution of 36.2 grams (0.2 mole) of 4'-hydroxy-3'-nitroacetophenone
      in 600 milliliters of methylene chloride containing 0.2 gram of sublimed
      ferric chloride, 14.2 grams (0.2 mole) of chlorine gas was introduced. At
      this point the chlorine stream was stopped, 18 milliliters of ethanol was
      added, and an additional 28.4 grams (0.4 mole) of chlorine was introduced.
      The solution was stirred for an additional 10 minutes and was concentrated
      under reduced pressure to give 53.6 grams (94.4 percent yield) of a brown
      viscous liquid. The product was identified by characteristic peaks in its
      infrared spectrum as 2,2,3'-trichloro-4'-hydroxy-5'-nitroacetophenone.
      Analysis calcd.: Hydrolyzable Cl, 24.9. Found: Hydrolyzable Cl, 23.8.
PAC  EXAMPLE 5
PAC  Preparation of 2,2-dichloro-4'-hydroxy-3' ,5'-dinitroacetophenone
PAR  Into a solution of 19.7 grams (0.087 mole) of
      4'-hydroxy-3',5'-dinitroacetophenone in 200 milliliters of methylene
      chloride containing 60 milliliters of ethanol, 14.2 grams of chlorine gas
      (0.2 mole) was introduced over a period of one hour. The solution was
      concentrated under reduced pressure to obtain a dark yellow viscous liquid
      weighing 26.7 grams (93.0 percent yield). The product was identified by
      characteristic peaks in its infrared spectrum as
      2,2-dichloro-4'-hydroxy-3',5'-dinitroacetophenone. Analysis calcd.:
      Hydrolyzable, Cl, 24.0. Found: Hydrolyzable Cl, 23.2.
PAC  EXAMPLE 6
PAC  Preparation of 3',5'-dichloro-2'-hydroxyacetophenone
PAR  Into a 500-milliliter four-neck, round-bottom flask, fitted with a
      condenser, mechanical stirrer, and thermometer were placed 150 millimeters
      of glacial acetic acid, 27.2 grams of 2'-hydroxyacetophenone, 100
      milliliters of water, and 0.5 gram of ferric chloride. The resulting dark
      solution was chilled to 5.degree. C., and 20 grams of chlorine was slowly
      introduced under the surface of the solution. The color of the solution
      became yellow as a heavy precipitate was formed. The cooling bath was
      removed, and stirring was continued at ambient temperature for an
      additional 1.5-2 hours. The mixture was poured into 500 milliters of
      water, filtered, and the solid precipitate was washed with water. The
      crude product melted at 86.degree.-88.degree. C. Recrystallization from
      hexane raised the melting point to 95.degree.-96.degree. C.
PAC  EXAMPLE 7
PAC  Preparation of 2,2,3',5'-tetrachloro-4'-methoxyacetophenone
PAR  Into a solution of 21.9 grams (0.1 mole) of
      3',5'-dichloro-4'-methoxyacetophenone in 250 milliliters of chloroform
      containing 10.0 milliliters of ethanol, 18.0 grams of chlorine gas was
      introduced during a period of 2.5 hours. The solution was then
      concentrated under reduced pressure to give a white crystalline solid
      weighing 28.8 grams (theoretical yield). The product was identified by
      characteristic peaks in the infrared spectrum as
      2,2,3',5'-tetrachloro-4'-methoxyacetophenone. Analysis calcd.:
      Hydrolyzable Cl, 24.6. Found: Hydrolyzable Cl, 26.3.
PAC  EXAMPLE 8
PAC  Preparation of 2,2,3'-trichloro-4'-methoxy-5'-nitroacetophenone
PAR  Into a solution of 30.0 grams (0.15 mole) of
      4'-methoxy-3'-nitroacetophenone in 200 milliliters of methylene chloride,
      containing 0.1 gram of sublimed ferric chloride, 10.9 grams (0.15 mole) of
      chlorine was introduced. At this point the chlorine stream was stopped,
      and 6.0 milliliters of ethanol was added. Chlorination was resumed, and an
      additional 21.8 grams (0.31 mole) of chlorine was introduced. The reaction
      mixture was concentrated under reduced pressure to give 38.5 grams (94.1
      percent yield) of a viscous yellow liquid. The product was identified by
      characteristic peaks in the infrared spectrum as
      2,2,3'-trichloro-4'-methoxy-5'-nitroacetophenone. Analysis calcd.:
      Hydrolyzable Cl, 23.8. Found: Hydrolyzable Cl, 20.7.
PAC  EXAMPLE 9
PAC  Preparation of 2,2,3',5'-tetrachloro-4'-hydroxypropiophenone
PAR  A 1,000-milliliter reaction flask was charged with 75.1 grams (0.5 mole) of
      4'-hydroxypropiophenone, 375 milliliters of glacial acetic acid, 250
      milliliters of water, and 1.5 grams of ferric chloride. Chlorine gas (77.0
      grams, 1.07 moles) was added to the reaction mixture over a 2-hour period.
      The temperature rose from 25.degree. C. to 65.degree. C. The reaction
      mixture was added to 1,500 milliters of water, and a white solid was
      obtained. The solid was isolated by filtration, washed with water, and
      recrystallized from ethanol. This compound was
      3',5'-dichloro-4'-hydroxypropiophenone, melting point
      101.degree.-104.degree. C.
PAR  A 500-milliliter reaction flask was charged with 21.9 grams (0.1 mole) of
      the 3',5'-dichloro-4'-hydroxyacetophenone, 250 grams of chloroform, and 10
      grams of ethanol. The compound was chlorinated with 17.8 grams (0.25 mole)
      of chlorine gas added at 50.degree.-55.degree. C. over a period of 2.5
      hours. The solution was evaporated under reduced pressure, and 27.1 grams
      of crude, white 2,2,3',5'-tetrachloro-4'-hydroxpropiophenone was obtained.
      Analysis calcd.: Hydrolyzable Cl, 24.6. Found: Hydrolyzable Cl, 22.3.
PAC  EXAMPLE 10
PAC  3'-Chloro-5'-nitro-4'-(trichloroacetoxy)acetophenone
PAR  To a suspension of 25.3 grams (0.1 mole) of
      3'-chloro-4'-hydroxy-5'-nitroacetophenone in 200.0 milliliters of dry
      acetone, 20.0 grams (0.11 mole) of trichloroacetyl chloride was slowly
      added. The reaction was then refluxed for 2 hours, cooled to room
      temperature, filtered, and the filtrate was concentrated under reduced
      pressure to yield a pale tan product.
PAR  The compound 3'-chloro-5'-nitro-4'-(trifluoroacetoxy)acetophenone was
      prepared following the foregoing procedure with the exception that
      trifluoroacetyl chloride was substituted for trichloroacetyl chloride.
PAC  EXAMPLE 11
PAC  3'-Chloro-4'-(N-methylcarbamoyloxy)-5'-nitroacetophenone
PAR  A mixture of 21.5 grams (0.1 mole)
      3'-chloro-4'-hydroxy-5'-nitroacetophenone and 85.0 milliliters (a large
      excess) of methylisocyanate was refluxed for 5 hours. On cooling, a white
      crystalline product was formed. The product was filtered (weight 18.0
      grams, melting point 115.degree.-118.degree. C.) and was identified by
      characteristic peaks in the infrared spectrum as
      3'-chloro-4'-(N-methylcarbamoyloxy)-5'-nitroacetophenone.
PAC  EXAMPLE 12
PAC  3'-Chloro-4'-(N,N-diethylcarbamoyloxy)-5'-nitroacetophenone
PAR  To a suspension of 25.3 grams (0.1 mole) of
      3'-chloro-4'-hydroxy-5'-nitroacetophenone potassium salt in 165.0
      milliliters of dry acetone, 13.5 grams (0.1 mole) of diethylcarbamoyl
      chloride was slowly introduced. The mixture was refluxed for 2 hours,
      cooled to room temperature, and was concentrated under reduced pressure to
      yield 28.2 grams (89.8 percent yield) of a tan colored compound. The
      product was identified by characteristic peaks in the infrared spectrum as
      3'-chloro-2'-(N,N-diethylcarbamoyloxy)-5'-nitroacetophenone.
PAC  EXAMPLE 13
PAC  3'-Chloro-4'-(N,N-diethylthiocarbamoyloxy)-5'-nitroacetophenone
PAR  To a suspension of 25.3 grams (0.1 mole) of
      3'-chloro-4'-hydroxy-5'-nitroacetophenone potassium salt in 150
      milliliters of dry acetone, 15.3 grams (0.1  mole) of
      N,N-diethylthiocarbamoyl chloride was added. The mixture was refluxed for
      6 hours. After cooling to room temperature, the small quantity of solids
      present was filtered and the filtrate was concentrated under reduced
      pressure to yield 30.6 grams (92.5 percent yield) of a brown oil. The oil
      slowly solidified on standing. The product was identified by
      characteristic peaks in the infrared spectrum as
      3'-chloro-4'-(N,N-diethylthiocarbamoyloxy)-5'-nitroacetophenone.
PAC  EXAMPLE 14
PAC  4'-Chloro-3',5'-dinitroacetophenone
PAR  A mixture of 22.6 grams (0.1 mole) of 3',5'-dinitro-4'-hydroxyacetophenone,
      19.0 grams of p-toluenesulfonyl chloride (0.1 mole), 16.0 grams (0.107
      mole) of diethylaniline, and 18.0 grams of nitrobenzene was heated at
      about 95.degree. C. for 8 hours. The reaction mixture was poured into 200
      milliliters of 10 percent aqueous hydrochloric acid and the nitrobenzene
      steam distilled from the mixture. The residue was cooled to room
      temperature, the aqueous layer decanted, and the dark oil which slowly
      solidified (yield 87.5 percent) recrystallized from ethanol (charcoal) to
      give a pale yellow crystalline compound, melting point
      86.degree.-86.5.degree. C.
PAC  EXAMPLE 15
PAC  3',5'-Dinitro-4'-(di-n-propylamino)acetophenone
PAR  To a solution of 8.9 grams (0.0365 mole) of
      4'-chloro-3',5'-dinitroacetophenone in 100 milliliters of benzene, 51
      milliliters of di-n-propylamine was slowly added with stirring. The
      resulting mixture was refluxed for 3 hours. The precipitated dipropylamine
      hydrochloride was separated by filtration. Evaporation of the filtrate to
      dryness in vacuo yielded a brown solid weighing 11.5 grams (94.5 percent
      of the theory). Recrystallization from hexane yielded 8.5 grams of an
      orange colored crystalline compound, melting point 71.degree.-72.degree.
      C. Anal. calcd. for C.sub.14 H.sub.19 N.sub.3 O.sub.5 : C, 54.36; H, 6.19;
      N, 13.58. Found: C, 54.47; H, 6.25; N, 13.37.
PAC  EXAMPLE 16
PAR  Pre-emergent herbicidal activities of the compounds of this invention were
      determined by means of the following procedure. A solution was prepared
      containing 15.0 parts of the test compound, 81 parts of cyclohexanone, and
      4.0 parts of an agricultural emulsifier available commercially under the
      trademark Triton X-193. This particular emulsifier is the reaction product
      of alkylaryl polyether alcohol with an organic sulfonate and is disclosed
      in U.S. Reissue Pat. No. 28,184.
PAR  The soil was preheated at 250.degree. C. for 24 hours, allowed to cool
      before use, and then was added to a number of test pots having a surface
      area of 9 square inches which were divided into different groups for use
      in the test. A group of pots then was seeded with one of the following:
      barnyard grass (Echinochloa crusgalli), cocklebur (Xanthium
      pennsylvanicum), Johnson grass (Sorghum halepense), lambsquarter
      (Chenopodium album), rough pigweed (Amaranthus retroflexus), yellow
      mustard (Brassica alba), corn (Zea mays), cotton (Gossypium spp.), oats
      (Avena sativa), or soybean (Glycine max). The weed seeds were planted at a
      depth of 0.25 inch, and the crop seeds were planted at a depth of 0.75
      inch. The test pots were then sprayed with various amounts of the solution
      of the test compound expressed as pounds of active ingredient per acre.
      For spraying a laboratory sprayer was used which dispenses 41.4
      milliliters by means of a nozzle Teejte 9501-E at 25 pounds per square
      inch onto a conveyor running at a speed of 0.48 feet per second. After
      spraying, the pots were placed under glasshouse conditions for 28 days,
      during and at the end of which time observations were made of the relative
      degrees of control of the germinating and seedling weed grasses and
      germinating and seedling broadleaf weeds. Observation also was made of the
      relative degree of freedom of the desired crop plants from injury by the
      test compounds. In general, the compounds of this invention provided
      varying degrees of control of the germinating and seedling weed grasses
      and germinating and seedling broadleaf weeds when employed at 1 to 8
      pounds of the test compound per acre with relatively minor evidence of
      phytotoxicity to the crop plants represented by corn, cotton, oats, and
      soybeans.
PAC  EXAMPLE 17
PAR  Post-emergent herbicidal activity of the compounds of this invention was
      determined by spraying dilutions of the solutions described in Example 16
      in water onto the seedling weed grasses and seedling broadleaf weeds
      growing in some of the control pots of Example 16. In general, the spray
      applications were made about a week after germination in amounts varying
      from 1 to 10 pounds of the test compound per acre. Varying degrees of
      control of the different seedling weed grasses and seedling broadleaf
      weeds were obtained with a sufficient difference in the response of the
      weeds and desired crop plants to permit the use of the test compounds as
      selective post-emergent herbicides in most cases.
PAR  While particular embodiments of the invention have been described, it will
      be understood, of course, that the invention is not limited thereto since
      many modifications may be made and it is, therefore, contemplated to cover
      by the appended claims any such modifications as fall within the true
      spririt and scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. The method of controlling the growth of germinating and seedling weed
      grasses and germinating and seedling broadleaf weeds without damaging the
      desirable crop plants present in the same area which comprises applying to
      said area an effective amount of a compound of the following formula:
      ##SPC3##
PAL  wherein R.sub.1 or R.sub.2 is nitro, R.sub.1 or R.sub.3 is dipropylamino,
      and one of R.sub.1, R.sub.2 and R.sub.3 is hydrogen.
NUM  2.
PAR  2. The method according to claim 1 wherein the compound is identified as
      3',5'-dinitro-4'-(dipropylamino)acetophenone.
NUM  3.
PAR  3. The method according to claim 1 wherein the compound is identified as
      3',5'-dinitro-2'-(dipropylamino)acetophenone.
NUM  4.
PAR  4. The method according to claim 1 wherein the compound is identified as
      2',5'-dinitro-4'-(dipropylamino)acetophenone.
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ABST
PAL  A method for recovering a usable alloy consisting of 2.5 - 3.5% aluminum,
      1.7 - 2.50% tin and balance titanium from titanium scrap is disclosed. The
      method comprises cleaning the scrap, charging the cleaned scrap into an
      electron beam furnace and refining the charge under a hard vacuum so as to
      attain a predetermined composition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates in general to a method for recovering a
      usable alloy from scrap or secondary materials. It more specifically
      relates to a method for obtaining a titanium alloy by refining a charge of
      titanium scrap in an electron beam furnace.
PAR  2. Description of the Prior Art
PAR  Titanium ingots are generally obtained by consumable-electrode arc melting
      a pressed electrode. For example there is disclosed in U.S. Pat. No.
      2,686,822, issued to R. E. Evans et al, a pressed consumable electrode
      comprising granular titanium admixed with various alloying elements. Evans
      et al melt the consumable electrode in a gas tight furnace containing an
      inert atmosphere; however, remelting can also be accomplished in a vacuum
      environment.
PAR  Double melting is usually employed to insure homogeneity. The use of vacuum
      melting for the production of ingots eliminates impurities found in sponge
      titanium such as hydrogen and magnesium chloride. Therefore the highest
      quality titanium ingots are obtained from consumable-electrode
      vacuummelted ingots. As used herein titanium sponge is that product
      obtained by the reduction of titanium tetrachloride by magnesium or
      sodium.
PAR  Because of titanium's density of about 0.16 pounds per cubic inch (compared
      with steel at 0.28) and the strength of titanium alloys at elevated
      temperatures the largest consumer of titanium for structural applications
      has been the aerospace and aircraft industry. For example, extensive use
      of titanium alloy forgings and bars are found in air frames and jet engine
      construction. In the construction of rocket nozzles and large diameter
      rings for jet engines, stringent quality requirements must be met.
      Therefore titanium starting stock must be in a very pure state. For this
      reason cast consumable-electrode vacuum melted ingots are employed. The
      cast ingot is converted into a billet by any conventional means such as by
      forging. The forged billet is thermomechanically worked, heat treated and
      machined to final dimensions.
PAR  A forged billet weighing approximately 900 pounds will produce a finishsed
      large diameter ring weighing approximately 150 pounds. When the solid
      billet is converted into a ring-shaped blank, there is substantial
      material loss in the form of punch-outs, croppings, scale and machine
      turnings. Since the larger pieces such as end croppings and punch-outs are
      relatively uncontaminated they can be returned to the ingot producer and
      remelted as prime charge materials.
PAR  The largest material loss is in the form of machine turnings and chips.
      Utilization of scrap in this form presents an entirely different problem.
      First of all the turnings and chips are contaminated with machine
      lubricants, scale and minute pieces of tool bits. Secondly, the analysis
      of the alloy has been altered. It is well known that titanium has a
      natural affinity for oxygen and nitrogen. During machining of the titanium
      stock the resultant chips and turnings become very hot. It is this
      combination of the elevated temperature and large surface area of the
      scrap that results in the titanium combining with atmospheric oxygen and
      nitrogen. Furthermore, the carbon content on the surface of the scrap is
      also increased as a result of the hot surface reacting with the cutting
      lubricant.
PAR  Some of this machine scrap can be reclaimed and reused by merely removing
      the machine oil and loose scale. For example, non-tin bearing titanium
      scrap reclaimed in this manner can be employed in the steel industry as an
      alloying addition. However, many titanium alloys containing tin as an
      alloying addition generate large quantities of scrap that cannot be used
      in the steel industry. Titanium scrap can also be employed in the
      electronics industry as a gettering agent. However the quantity of scrap
      that is used for this application is far exceeded by the quantity of
      turnings that are accumulated.
PAR  Recently U. S. Pat. No. 3,646,175 was issued to Bomberger et al for a
      method wherein machine turnings and other pieces of scrap could be
      reshaped into an intermediate product. This intermediate product is in the
      form of pellets or flakes which are thereafter blended with sponge metal.
      The blend can then be used to make up a pressed electrode for a melting
      charge.
PAR  The problems therefore confronting the prior art can be enumerated as
      follows:
PAR  Tin-bearing titanium scrap cannot be utilized as an alloying addition in
      the steel industry.
PAR  Vacuum arc re-melting and other commercial melting processes cannot
      consistently produce weldable, corrosion resistant forgeable stock from a
      scrap charge containing machine turnings because of high levels of carbon,
      nitrogen and oxygen.
PAR  Present commercial melting techniques cannot employ a 100% scrap charge and
      yield a usable product.
PAR  Titanium alloys in the form of machine turnings containing alpha
      stabilizers such as aluminum and tin and a high interstitial level
      including oxygen, carbon and nitrogen cannot be remelted and yield a
      usable product because of the poor physical properties of the resultant
      product.
PAR  Titanium machine turnings accumulate at a faster rate than they can be
      reclaimed and consumed.
PAR  The aforementioned problems are obviated by the present invention. A
      titanium alloy containing aluminum and tin as alpha stabilizers in the
      form of a 100% scrap charge with a high level of interstitials can be
      refined into a usable alloy.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to obtain a usable titanium alloy from a
      refined melt of a 100% scrap charge.
PAR  A further object of this invention is to obtain a weldable, forgeable,
      ductile alloy from alpha stabilized titanium machine turnings. These
      turnings contain a higher level of interstitials than were present in the
      starting stock.
PAR  A further object of this invention is to obtain an alloy by utilizing
      blended titanium scrap, that is, alpha form and alpha-beta form scrap.
PAR  Still a further object of this invention is to utilize titanium scrap which
      contains tin as an alloying element.
PAR  Another object of this invention is to remove a portion of the alpha
      stabilizing elements thereby compensating for the effect of higher levels
      of interstitials on physical properties.
PAR  These and other objects are obtained in accordance with the present
      invention by cleaning titanium alloy machine turnings in an alkaline
      detergent bath so as to remove machine oils and reduce the initial oxygen
      content, charging the cleaned material into an electron beam furnace
      maintained under a hard vacuum, refining the material so as to reduce the
      amounts of alpha stabilizing metallic elements and controlling refining
      time and electron beam power level so as to attain a predetermined level
      of alpha stabilizing metallic elements.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Titanium alloy ingots of the alpha form, i.e., Ti--5Al--21/2Sn on the
      alpha-beta form, i.e., Ti--6Al--4V are frequently employed as the starting
      stock for titanium product forms. The scrap that is generated during
      processing generally takes the form of punch-outs, crop-ends or turnings
      and chips.
PAR  The composition of these alloys is:
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Percent                                                                   

     N   C   H.sub.2                                                           

                  Fe  O   Al    V     Sn    Ti                                 

     Max Max Max  Max Max                                                      

     __________________________________________________________________________

     Ti-5Al-2.5Sn                                                              

     .05 .10 .0125                                                             

                  .50 .20 4.0-6.0                                              

                                --    2.0-3.0                                  

                                            Bal.                               

     Ti-6Al-4V                                                                 

     .05 .10 .0125                                                             

                  .40 .20  5.5-6.75                                            

                                3.5-4.5                                        

                                      --    Bal.                               

     __________________________________________________________________________

PAR  The finished product in many instances is a ring. For example, such a ring
      could constitute part of a jet engine fan section. A ring of this nature
      can have an outside diameter of approximately 93 inches. The entire front
      end of an engine would be suspended from such a component.
PAR  To obtain finished rings of this type cast round ingots are used as
      starting materials. The round ingot is converted into a billet on a
      hydraulic forging press and cut to a length that provides sufficient stock
      to yield a ring with the desired dimensions. The interior of the cut
      billet is then punched out. The billet is now ring forged to the
      approximate final dimensions and heat treated in order to obtain proper
      mechanical properties. The ring forging is now machined to final
      dimensions. It is during the various machining operations that turnings
      and chips accumulate.
PAR  Generally speaking processing of this nature creates two types of scrap.
      The first type includes heavy scrap, e.g., punch-outs and croppings. This
      scrap can be directly remelted into prime ingot stock because there is no
      change in the alloy composition. The second type includes light scrap,
      e.g., scale and machine turnings. It is the recovery of a useful alloy
      from this type of scrap which constitutes the invention described and
      claimed herein.
PAR  Chemically pure titanium exhibits unsatisfactory mechanical properties.
      These properties can be improved in titanium based alloys by the use of
      appropriate alloy additions.
PAR  It is well known in the art that the properties of titanium alloys are
      directly related to their microstructure. The alpha, or single-phase
      alloys are weldable with good ductility and two phase or the alpha-beta
      alloys are stronger than the one phase alloys.
PAR  The alpha alloys have two main advantages: weldability and high temperature
      strength. Alloying elements in solution strengthen alpha-phase alloys.
      Aluminum has been found to be the most effective strengthener of these
      alloys. Carbon, oxygen and nitrogen also act as strengtheners. However,
      these elements including aluminum are only effective within certain
      limits.
PAR  Tin can be considered to mildly affect the properties of alpha alloys. Tin
      does help to overcome the embrittling effect of aluminum when the aluminum
      content is more than about 6%.
PAR  During processing, titanium alloys are embrittled by contamination with
      oxygen, carbon, hydrogen and nitrogen. The alloy is contaminated by these
      elements by exposure to water vapor, oils and other hydrocarbons primarily
      at elevated temperatures.
PAR  Since carbon, nitrogen and oxygen act to strengthen titanium alloys, the
      combination of these elements with the normal alloying elements, e.g.,
      aluminum and tin, produces an undesirable embrittling effect. That is,
      when aluminum, tin and the interstitial elements including oxygen, carbon
      and nitrogen, are maintained within definite prescribed ranges desirable
      properties are obtained. However, when these interstitials exceed these
      ranges the physical properties are degredated. For instance an increase in
      the oxygen content from 0.20 to 0.30%, in a Ti--5Al--21/2Sn alloy can
      result in a tensile strength increase of approximately 14,000 psi.
      Similarly increasing the other interstitials will also elevate the tensile
      strength with a concomitant loss in ductility.
PAR  After a ring is machined the scrap is collected and accumulated with scrap
      of like nominal analysis. When a sufficient amount of scrap has been
      accumulated it is processed into a usable product in a manner as
      hereinafter more fully described.
PAR  The turnings are cleaned in an alkaline detergent solution maintained at
      80.degree.-90.degree.C. Cleaning accomplishes the following purposes (a)
      removal of loose scale and tool bit particles, (b) removal of machine oils
      and other hydrocarbons, and (c) lowers the oxygen content on the surface.
      The oxygen content, however, still remains higher than the oxygen content
      of the original cast ingot.
PAR  Cleaning also insures that the turnings will travel smoothly down a furnace
      feed mechanism into the refining furnace, the possibility of a gas rise
      during refining that might affect the performance of the electron beam
      guns by out-gassing is also eliminated.
TBL                TABLE II                                                    

     ______________________________________                                    

                  Interstitial Level - Weight Percent                          

                  C        N         O                                         

     ______________________________________                                    

     Ingot (as received)                                                       

                    &lt;0.15      &lt;0.07     &lt;.2000                                

     After Machining                                                           

                    Approx. up 0.017     .3200-                                

                    to 1.0               .4000                                 

     After Cleaning  0.07      0.015     .1800-                                

                                         .2600                                 

     ______________________________________                                    

PAR  The cleaned turnings are now charged into a vacuum furnace. The furnace
      comprises a generally rectangular hearth section and a casting station
      disposed at the down stream end of the hearth section. The furnace is
      disposed within a vacuum-tight housing. The turnings are fed into the
      furnace through a vacuum lock means so as not to impair the vacuum
      environment within the furnace proper.
PAR  Melting of the charge is accomplished by means of electron bombardment
      heating. The charge starts to melt just as it enters upon the hearth and
      starts to drip or stream downwardly into the open top of the hearth. As
      the charge is bombardment heated to drip into the hearth, certain of the
      elements will start to volatilize and be distilled off. As the molten
      metal is directed to flow along the open hearth further heating is
      accomplished by a series of electron beam guns supplying the energy source
      for heat input. Evacuation of the furnace is accomplished by high speed
      vacuum pumping means whereby a vacuum of the order of about from 2 .times.
      10.sup..sup.-4 to about 5 .times. 10.sup..sup.-4 torr is established.
PAR  Following melting of the charge there will be formed a pool of molten metal
      extending throughout the hearth. There is directed onto the upper surface
      of this pool a plurality of electron beams for additional heating of the
      metal. This heating serves not only to maintain the metal in a molten
      state, but furthermore to volatilize alpha stabilizing elements so as to
      compensate for a higher interstitial level.
PAR  The inlet end of the hearth may be defined as the end into which initially
      melted metal drips from the charge. The outlet end of the hearth is
      disposed some distance therefrom where there is provided means for pouring
      molten metal into a mold. There can be provided, for example, a tundish or
      funnel extending from the outlet end of the hearth over a mold into which
      the molten metal flows. Means is provided for the direction of an electron
      beam into the open top of the mold so that molten metal flowing from the
      hearth into the mold is additionally bombarded in the mold itself. This
      then provides for the maintenance of a molten pool at the top of the mold
      whereby continuous withdrawal of solidified metal from the bottom of the
      mold may be accomplished.
PAR  Quite clearly the rate of withdrawal of solidified metal must be related to
      the rate of initial melting of the melt stock and the actual rate of flow
      of molten metal from the hearth end of the mold.
PAR  During passage down the hearth the charged scrap is melted. Aluminum and
      tin, the alpha-stabilizing elements, are distilled off. By controlling the
      power level to the electron beam guns an alloy with a predetermined level
      of alpha stabilizers can be obtained. The ability to distill aluminum off
      enables the method of this invention to utilize scrap from any titanium
      alloy which contains more than 2% aluminum.
PAR  In order to obtain an alloy that will be ductile, forgeable and corrosion
      resistant the amount of aluminum and tin must be less than that present in
      the as-cast ingot. This is due to the higher interstitial level in the
      charge material, i.e. the scrap. As hereinbefore mentioned it is the
      combination of the alpha stabilizers and the higher level of interstitials
      that produces undesirable physical properties.
PAR  An alloy with the following composition has been attained by the process of
      this invention:
TBL                                    TABLE III                               

     __________________________________________________________________________

     Percent, Wt.                                                              

     Al      Sn  Fe Ni V  Cr O   N    C    Ti                                  

     __________________________________________________________________________

     Ingot                                                                     

     4035                                                                      

         3.10                                                                  

             1.85                                                              

                 .54                                                           

                    .20                                                        

                       .06                                                     

                          .05                                                  

                             .230                                              

                                 .0137                                         

                                      .0424                                    

                                           Bal.                                

     __________________________________________________________________________

PAR  Typical physical properties of this alloy are:
TBL                TABLE IV                                                    

     ______________________________________                                    

     Tensile   0.25% Yield              Reduction                              

     Strength  Strength     Elongation  of % in                                

     KSI       KSI          %           Area                                   

     ______________________________________                                    

     100-130*  80-130*      16-30*      25-50*                                 

     ______________________________________                                    

      *Dependent on Thermomechanical Treatment                                 

PAR  The corrosion resistance of an alloy produced by the method of this
      invention has been found to be only slightly lower than commercially pure
      titanium in an oxidizing media, i.e., boiling nitric acid. Furthermore
      such an alloy is also inert in ferric chloride and exhibits no
      deterioration in weldments.
PAR  Likewise an alloy produced by the method of this invention has been found
      to be weldable with the tungsten inert gas welding process using argon
      shielding.
DETD
PAC  SPECIFIC EXAMPLE
PAR  A 14 inch diameter, 1249 lb. ingot was produced by the method of this
      invention in the following manner:
PAC  A. Source of Melting Charge
PAR  1. An 8  .times. 8 inch, 900 lb. billet is obtained from a 26  - 30 inch
      round ingot, approximately 5% of the ingot being lost in crop ends. This
      form of scrap can be remelted for prime ingot stock.
PAR  2. The center of the billet is punched out thereby resulting in a blank
      weighing approximately 800 lb. The 100 lb. punch-out can also be remelted
      into prime ingot stock. The billet is then ring-rolled into a ring blank.
PAR  3. The ring blank is rough machined into a ring of approximately 93 inches
      diameter, weighing approximately 300 lb. The ring is now shipped to a
      customer for final processing.
PAR  4. The customer now machines the ring to final size, 93 inches diameter,
      weight approximately 150 lb.
PAR  Therefore a 900 lb. billet, yields a 150 lb. ring, generating approximately
      750 lb. of scrap. Although some scale is formed, for the purposes of this
      example, this loss is assumed to be in the form of a punch-out and
      turnings or chips, so that a 900 lb. billet results in approximately 650
      lb. of turnings, or 75% of the billet results in turnings.
PAC  B. Cleaning Turnings
PAR  The turnings are cleaned by tumbling in an alklaine detergent solution
      maintained at 80.degree.-90.degree.C. After cleaning the turnings are
      drained, rinsed with water, drained and hot air dried.
PAC  C. Charge into Refining Furnace
PAR  Approximately 1742 lbs. of cleaned Ti--5Al--21/2Sn turnings are placed into
      a furnace feed system and thereafter gradually fed into a furnace
      maintained under a vacuum of 2 .times. 10.sup..sup.-4 torr. As the
      turnings enter the inlet end of the hearth they start to melt. As
      hereinbefore described the cleaned turnings feed smoothly down the hearth
      with minimal outgassing. In this particular example a hearth measuring
      approximately 15 .times. 25 inches was utilized. Electron beam energy
      input was correlated to the hearth area.
PAR  The charge was melted and maintained in a molten condition by the
      bombardment of four electron beam guns. At the outlet end of the hearth
      there is provided a casting station comprising a tundish and a mold for
      casting a 14 inch diameter ingot. Two electron beam guns direct a pair of
      electron beams onto the open top of the mold so as to insure proper
      feeding of the molten metal into the mold and also prevent the formation
      of shrinkage cavities.
PAR  The total power level from the six electron beam guns is approximately 388
      KW. The chemical analysis of this ingot appears in Table III of this
      specification.
PAR  Electron beam power level, casting rate and hearth geometry can all be
      varied in order to attain different ingot analyses. The charge of this
      specific example yielded 1670 lb. of product comprising two skulls and a
      1249 lb. ingot. There was also a 4.1% melt loss.
PAR  The hereinbefore described ingot was obtained from Ti--5Al--21/2Sn scrap.
      It should be understood that a similar ingot can be obtained from a 100%
      scrap charge of Ti--6Al--4V scrap or from blended scrap. An alloy obtained
      from blended scrap would contain both alpha and beta stabilizers.
PAR  It will be evident that as a result of this invention it has been made
      possible to obtain a ductile, corrosion resistant and weldable titanium
      alloy from heretofore worthless scrap. This is attractive from both an
      economical and ecological standpoint. Objectionable piles of scrap can now
      be converted into useful product forms.
PAR  It is to be understood that the invention is not limited to the particular
      embodiments disclosed, but may be used in other ways without departure
      from the scope defined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of obtaining a weldable, forgeable, ductile, corrosion
      resistant product alloy from scrap metal alloy of a major component of
      titanium having additives including at least in excess of 2 per cent of
      aluminum, and comprising not in excess of about 2 per cent interstitial
      impurities including one or more of the elements nitrogen, carbon,
      hydrogen and oxygen, which comprises the steps of:
PA1  cleansing the said scrap metal to remove scale comprising oxides and
      nitrides and hydrocarbons,
PA1  charging said cleansed scrap metal into a furnace in a vacuum-tight housing
      evacuated to a pressure not exceeding about 5 .times. 10.sup..sup.-4 torr,
      said furnace comprising an open-faced hearth section having an inlet end
      and a casting station spaced apart from and disposed downstream from said
      inlet end,
PA1  melting the said scrap metal charge in said furnace by electron beam
      bombardment at the inlet end of said hearth section thereby causing said
      molten charge to drip down onto said open-faced hearth section to form a
      stream flowing along said hearth section in the direction of said casting
      station,
PA1  exposing said molten scrap stream flowing along said hearth section to
      further electron beam bombardment at one or more points spaced apart from
      said inlet end causing the higher vapor pressure elements thereof
      including at least a portion of said aluminum to become volatilized and
      distilled off, and
PA1  collecting the remaining portion of said molten scrap stream in said
      casting station permitting it to flow into and solidify in a mold.
NUM  2.
PAR  2. The method as defined in claim 1 wherein said scrap metal is cleansed in
      a detergent maintained at a temperature of between 80.degree.  and
      90.degree. centigrade.
NUM  3.
PAR  3. The method as defined in claim 1 wherein said furnace is evacuated to a
      pressure not exceeding about 2 .times. 10.sup..sup.-4 torr.
NUM  4.
PAR  4. The product of the process of claim 1.
NUM  5.
PAR  5. A method as defined in claim 1 in which the scrap metal alloy comprises
      a blend of titanium alloys having substantially the formulation Ti--5Al--2
      1/2Sn and Ti--6Al--4V.
NUM  6.
PAR  6. A method as defined in claim 1 wherein said scrap metal alloy consists
      essentially of the alloy Ti--5Al--2 1/2Sn.
NUM  7.
PAR  7. A method as defined in claim 1 wherein said scrap metal alloy consists
      essentially of the alloy Ti--6Al--4V.
NUM  8.
PAR  8. A method as defined in claim 1 wherein said scrap metal alloy comprises
      primarily machine turnings and chips.
NUM  9.
PAR  9. A method as defined in claim 1 wherein said scrap metal alloy contains
      between about 4 and 6 percent by weight of aluminum, between about 2 and 3
      percent by weight of tin, between about 0.18 and 0.40 percent by weight of
      oxygen and the balance titanium.
NUM  10.
PAR  10. A method as defined in claim 1 in which the composition of said product
      alloy falls essentially by weight percent within the limits 1-3.5% Al,
      1.3-2.5% Sn, 0.23-0.32% oxygen and the balance Ti.
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ABST
PAL  Alloys are produced from an elongated metal bar comprising a substantially
      pure majority metal by attaching a length series of surface patches
      thereto made of compacted powder mixtures of minority alloying elements
      and the majority metal, then progressively melting the bar along its
      length to produce a compositionally uniform alloy melt and solidifying the
      melt to produce an alloy ingot. The process results in ingots of uniform
      composition consistent with use of relatively volatile minority alloying
      elements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to production of alloys, and more
      particularly to the production of alloyed refractory metal mill products.
PAR  It is an important object of the present invention to improve the
      fabricability, toughness and/or high temperature creep and grain growth
      resistance of metals.
PAR  It is a further object of the invention to produce compositional uniformity
      throughout an alloy mass consistent with one or more of the preceding
      objects.
PAR  It is a further object of the invention to reduce the complexity and cost
      of alloy casting methods consistent with one or more of the preceding
      objects.
PAR  It is a further object of the invention to provide controlled alloying
      additions consistent with one or more of the preceding objects.
PAR  It is a further object of the invention to achieve one or more of the
      preceding objects using simple apparatus and techniques.
PAC  SUMMARY OF THE INVENTION
PAR  The alloys to be produced in accordance with the invention comprise a
      majority metal and one or more minority alloying ingredients. The majority
      metal may comprise a metal selected from the class consisting of the
      elements: tantalum, columbium, molybdenum, hafnium, zirconium, tungsten,
      and alloys containing one or more of such elements as more than 80 weight
      percent thereof, preferably elemental tantalum ingots with usual impurity
      levels for first melt arc or electron beam cast ingots. The minority
      alloying ingredients may comprise metals and non-metals.
PAR  Patches of compacted powders of the majority metal and minority ingredients
      are made up in proportions of minority alloying ingredients substantially
      greater than the proportion thereof to be obtained in the final alloy. An
      elongated bar of the majority metal is formed and the patches are bonded
      to the surface thereof along the length of the bar. The thickness of the
      patches is less than one-fourth and preferably less than one-tenth the
      diameter or other cross-section thickness dimension of the bar. Preferably
      the bar is formed as an arc of electron beam melt electrode and the
      patches, having a leech-like elongated form, are fastened along one or
      both sides of the electrode without interruption or overlap by
      uninterrupted T.I.G. (tungsten electrode inert gas) type welds preferably
      made in an enclosed argon filled chamber. The patches may be distributed
      in any manner representing constant gross cross-sectional composition.
PAR  The bar is melted along its length and the molten material is dripped into
      a mold and collected under high energy conditions which together with
      electromagnetic or other mixing steps, promote mixing of molten
      ingredients before their solidification.
PAR  The solidified alloy, preferably in the form of an elongated ingot, can be
      forged and otherwise worked to final mill product form. It has been found
      that improved control of alloying ingredient addition is obtained compared
      to fabrication of alloy products through powder metallurgy or compared to
      alloy products formed by arc casting elongated electrodes with doping
      ingredients inserted in longitudinal sawed slots. In the above described
      melting for dispersion mixing of alloying ingredients according to the
      present invention, the patches melt at their ends at the same rate as the
      host bar, thereby affording a controlled metered feed of minority alloying
      ingredients into the molten pool.
PAR  Due to the high melting point of refractory metals, any addition that is
      made in bulk elemental form, without the metering control of the present
      invention, would melt long before the associated tantalum and give random
      uncontrolled additions to the molten pool. The fine particulate admixture
      of patches provided in accordance with the invention controls this
      melting, acting as a sponge or wick to retain the addition until release
      is appropriate. A further advantage of the practice of the present
      invention in connection with arc melting is that the controlled
      progressive addition of minority ingredients allows control of arc current
      which otherwise would go out of control every time a discrete increment of
      relatively low melting, low boiling element was added.
PAR  In selecting the portions of components of the patches, the majority metals
      should comprise at least 50, preferably 80, weight percent of the patch
      and its exact composition should be selected, making allowance for percent
      retention of minority alloying ingredients in the course of processing and
      amount of such alloying ingredients already contained in the bar as
      impurity components or otherwise.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Other objects, features and advantages of the invention will be apparent
      from the following description of preferred embodiments taken in
      connection with the accompanying drawing, the single FIGURE of which is a
      schematic cross-sectional view of an arc melting apparatus for a process
      carried out with a patched electrode product in accordance with a
      preferred embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The drawing shows an arc melt electrode 10 with leech-like patches 12
      serially arranged along the length of the electrode on one side thereof
      and welded thereto by uninterrupted seam welds. An arc casting cooling
      jacket 13 with an inner wall 14 and a stool 15 provide an arc mold for a
      forming ingot 16 with a molten pool 18 on top of the ingot. There is
      sufficient energy in arc melting processes together with vigorous circular
      electromagnetic stirring by stirring coil 19 to insure dispersion of the
      majority metal from bar 10 and patches 12 with the alloying ingredients
      introduced through 12. The melting process may or may not be of the type
      where the stool is pulled down as the final ingot forms.
PAR  The alloy patches have a lower melting point than the host electrode so
      that they do not form projections beyond the melting electrode end.
      Melting back of the patches beyond the electrode end is a self limiting
      process. If and when a patch melts back beyond the end of the arc melt
      electrode, the patch end retreats to a region of temperature below its own
      melting point.
PAR  The melting may alternatively be carried out through electron beam
      impingement in lieu of arcing, preferably supplemented by electromagnetic
      energizing of the molten pool to promote stirring therein.
PAR  The patches are made by conventional isostatic or die pressing methods from
      a homogeneous mixture of the powders of the majority and minority alloying
      elements. To maximize the strength of the patch, structured powders having
      sharp corners, limbs and/or elongated form, should be used rather than
      equiaxed plain particulate materials to give green handling strength at
      pressures between 10,000 and 15,000 psi.
PAR  The patches are inherently sintered in the course of welding. Such
      sintering increases the strength of powder to powder bonds within the
      patch and reduces the likelihood of premature feed of patch components
      into the molten pool during the melting step. The green strength is
      sufficient to hold the patch together in handling up to and through
      assembly with the host electrode and initiation of the above described
      sintering/welding step.
PAR  The electrode 10, patches 12 and the welding bonds therebetween are so
      constructed that substantially all mass transfer of metal from the
      composite 10/12 to molten pool 18 takes place through transfer of molten
      metal from the ends of electrode 10 and the then endmost patch 12 and
      essentially simultaneously from both sources. In addition to providing
      controlled uniform feed of alloying components to the melt, the
      construction limits evaporation of more volatile alloying components
      through the thin cross-section area construction of the patches limiting
      heat transfer along the axial lengths thereof. Typically the leech form
      patches may comprise rectangular cross-section rods of one-fourth to
      three-fourths inch wide by one-fourth to three-fourths inch high and
      lengths of one-half to 2 feet.
PAR  The green patch(es) may be heated to presinter then to increase their
      strength for such purposes as rougher handling of the patch shipping
      and/or storage for later use.
PAR  The arc melt electrode 10 may be made as a first melt arc melted or
      electron beam melted ingot derived from a loose granular feed, powder
      metallurgy compact or previously cast electrode or as a direct powder
      metallurgy compact. The form of any such electrode may be modified by
      mechanical working or cutting.
PAR  While a single row of end to end elongated patches is satisfactory for most
      purposes, two such rows spaced 180.degree. apart or a staggered
      arrangement of patches may be employed to increase the amount of minority
      ingredients introduced to compensate warping (either during the patch
      bonding or subsequent melting processes), or to allow for particular
      conditions of electrode resistance, electrode or final ingot diameters, or
      of melting or stirring. Any such arrangement must be made compatible with
      electrode feed, guiding or sealing mechanisms.
PAR  The practice of the invention is further illustrated by the following
      non-limiting examples.
PAC  EXAMPLE 1
PAR  An initial tantalum bar 10 feet long, was formed by arc melting and
      forging. Patches were made up to provide alloying doping of carbon,
      silicon, iron, nickel, niobium and yttrium to the ingot. The impurity
      content of the ingot is indicated in line A of Table I below and the
      amount of added alloying ingredients is indicated in line B. The yttrium
      was introduced as yttrium oxide of such weight as to add 400 ppm yttrium
      to the total since metallic yttrium powder is expensive and unstable in
      air, and since the relatively small amount (108 ppm) of unwanted oxygen
      added as yttrium oxide is lost during melting. The other dopants were in
      elemental form. To form the patches the required amounts of each dopant
      were weighed out and mixed together with 87% of tantalum (by weight of the
      total tantalum and dopant powders). The whole patches were then
      isostatically pressed at 10,000 psi to form eight 15 inch long patches
      ensuring an equal distribution of material along the whole length of the
      electrode.
PAR  The patches were welded on to the ingot as a length series on one side
      thereof with uninterrupted T.I.G. welds on both sides of the patches
      (i.e., at corners of the patches in tangential contact with the ingot).
      Welding was accomplished in a dry box and the heat of welding sintered the
      patches so as to materially increase their strength and resistance to
      breakage.
PAR  The patched ingot was used as a consumable electrode in a consumable
      electrode ("consutrode") arc melting process and melted to produce a final
      ingot. Melting current was 1500-2500 amperes per inch of ingot diameter
      and the strength of the magnetic stirring field was 24 Oersteds.
PAR  A single row of patches in a straight line gave good uniformity and
      minority ingredient retention. The total of alloying ingredients going
      into the melting as indicated by line C "total composite electrode" in
      Table I and the finally obtained alloying ingredients as determined by
      analysis of the final ingot is shown in line D. Percent retention of
      alloying ingredients is shown in line E.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                     O   N   C  Si   Fe  Ni Nb   Y                             

     __________________________________________________________________________

     Intended        Low Low Low                                               

                                30   40  40 80   60                            

     A. Electrode Analysis (ppm)                                               

                     56  16  11 &lt;10  2   12 &lt;25  9                             

     B. Addition Through Patches                                               

                     108 0   51 38   133 55 80   400                           

     C. Total Composite Electrode                                              

                     164 16+ 62 38-48                                          

                                     135 67 80-105                             

                                                 409                           

     D. Final Ingot (ppm)                                                      

                     56  8   43 35   56  22 70   52                            

     E. Retention (%)                                                          

                     34  --  69 73-92                                          

                                     41  33 74-87                              

                                                 13                            

     __________________________________________________________________________

PAR  Table II compares wire made by this process with other routes. Ingot No. 3,
      patch doped with C, Si, Fe, Ni Nb and Y.sub.2 O.sub.3 was found to contain
      the elements added and give 0.020 inch diameter wire with better
      resistance to oxygen embrittlement and grain growth at 2100.degree.C for 2
      minutes and to grain growth at 1300.degree.C. for 1 1/2 hours and
      2000.degree.C. for half an hour than wire made from an undoped tantalum
      ingot (No. 1) or from a tantalum ingot (No. 2) doped with yttrium metal
      only, placed in longitudinal sawed slots in the electrode. In the table
      the number of bends to breakage (average of six tests) after 2 min. in
      2.mu. air pressure at 2100.degree.C represents resistance to embrittlement
      by oxygen. The grain size is in ASTM units and the larger the number, the
      smaller the grain size.
TBL                                    TABLE II                                

     __________________________________________________________________________

         Impurity and Dopant                                                   

         Content of Bars From      No. of                                      

         Which .020" Dia Tan-      Bends                                       

         talum Wire was Made       (Ave.                                       

         (Parts per million)       of  .Grain Size                             

     Ingot                         6   (ASTM)                                  

     Number                                                                    

         O  N  C  Si  Fe Ni Nb  Y  tests)                                      

                                       A  *                                    

                                           B  C                                

     __________________________________________________________________________

     1   -- -- 12 &lt;10  3  6 &lt;25 -- 0.25                                        

                                       6   -- &gt;1                               

     2   42 12 23 &lt;10 &lt;1 17 &lt;25 30 2.21                                        

                                       7   71/2                                

                                              71/2                             

     3   56  8 43  35 56 22  70 52 2.96                                        

                                       8   9   8                               

     __________________________________________________________________________

      *                                                                        

       A: 2 min. at 2100.degree.C.                                             

       B: 11/2 hr. at 1300.degree.C                                            

       C: 1/2 hr. at 2000.degree.C.                                            

PAC  EXAMPLES 2, 3, 4, and 5
PAR  Four other patch doped tantalum ingots, made as described in Example 1 were
      fabricated to wire and other products. The chemical composition as
      indicated by Table III, below, of samples from final ingots in fabrication
      were such as to confer good resistance to grain growth and to oxygen
      embrittlement.
TBL                                    TABLE III                               

     __________________________________________________________________________

         Chemical Composition of                                               

         Final Ingots from Patch                                               

     Ingot                                                                     

         Doped Initial Tantalum Ingots                                         

                                  Y added (as Y.sub.2 O.sub.3) to              

     Number                                                                    

         (Parts per Million)      Initial Ingot (ppm Y)                        

     __________________________________________________________________________

         O   N  C  Si Fe Ni Nb Y                                               

     1   48  20 15 39 37 18 54 *   0                                           

     2   60   8 32 22 29 14 47 37 200                                          

     3   72  10 47 37 28 14 49 57 400                                          

     4   133 11 45 32 23 14 55 67 400                                          

     __________________________________________________________________________

      * not detectable                                                         

PAR  It is evident that those skilled in the art, once given the benefit of the
      foregoing disclosure, may now make numerous other uses and modifications
      of, and departures from the specific embodiments described herein without
      departing from the inventive concepts. Consequently, the invention is to
      be construed as embracing each and every novel feature and novel
      combination of features present in, or possessed by, the apparatus and
      techniques herein disclosed and limited solely by the scope and spirit of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Alloy production method for introducing minority alloying ingredients of
      higher volatility and lower melting point into a majority metallic
      component comprising,
PA1  mixing powders of the alloying ingredients with powders of the majority
      metal and forming coherent compacts of such mixtures as patches,
PA1  melting and resolidifying the majority metal to form an elongated bar of
      the majority metal as a first melt ingot,
PA1  applying said patches as an axial array along the surface of said bar, and
PA1  re-melting the patched bar progressively along its length and resolidifying
      the melt as a final ingot to controllably and continuously introduce the
      alloying ingredients and majority metal into the melt with the majority
      metal content of the patches acting as a wick during melting, and to
      homogenize the dispersion of alloying ingredients throughout the majority
      metal in the final ingot and predictably maintain desired proportions of
      alloy ingredients.
NUM  2.
PAR  2. Alloy production method in accordance with claim 1 wherein the patched
      bar is used as the consumable electrode of a consumable electrode melting
      process.
NUM  3.
PAR  3. Alloy production method in accordance with claim 1 wherein the ingot
      form of the bar is modified prior to patching and re-melting.
NUM  4.
PAR  4. Alloy production method in accordance with claim 3 wherein the bar is
      formed by arc melting.
NUM  5.
PAR  5. Alloy production method in accordance with claim 3 wherein the bar is
      formed by electron beam melting.
NUM  6.
PAR  6. Alloy production method in accordance with claim 1 wherein said majority
      metal is selected from the class consisting of the elements: tantalum
      columbium, molybdenum, hafnium, zirconium, tungsten, and alloys containing
      one or more of such elements as more than 80 weight percent thereof.
NUM  7.
PAR  7. Alloy production method in accordance with claim 1 wherein said majority
      metal comprises tantalum.
NUM  8.
PAR  8. Alloy production method in accordance with claim 1 wherein said patches
      are isostatically pressed.
NUM  9.
PAR  9. Alloy production method in accordance with claim 1 wherein said patches
      are pressed in a die.
NUM  10.
PAR  10. Alloy production method in accordance with claim 1 wherein said patches
      are presintered.
NUM  11.
PAR  11. Alloy production method in accordance with claim 8 wherein said
      presintering step is combined with welding said patches on the bar.
NUM  12.
PAR  12. Alloy production method for introducing minority alloying ingredients
      into a starting metal comprising,
PA1  forming an elongated bar with a length series of alloy patches along the
      bar with said alloy patches comprising a high melting majority component
      and minority components of alloying elements of lower melting point,
PA1  melting the patched bar progressively along its length so that the bar end
      and adjacent patch ends simultaneously melt to produce a continuing
      simultaneous feeding of molten starting metal with molten minority
      alloying ingredients,
PA1  stirring said molten materials together,
PA1  and resolidifying said molten materials to produce an alloy of said
      starting materials with the minority ingredients.
NUM  13.
PAR  13. Alloy production method in accordance with claim 12 wherein said
      starting metal essentially comprises elemental tantalum and said majority
      metal essentially comprises elemental tantalum.
NUM  14.
PAR  14. Alloy production method in accordance with claim 13 wherein the
      minority alloying ingredients comprise oxygen, carbon, silicon, iron,
      nickel, niobium and yttrium,
PA1  each provided in the patches in amounts sufficient to allow for boil-off in
      the course of melting to retain predetermined amounts thereof in the
      resolidified alloy product.
NUM  15.
PAR  15. Alloy production method in accordance with claim 12 wherein the
      melting, stirring and resolidification is carried out by consutrode
      melting using said patched elongated bar as the consumable electrode
      thereof to produce said resolidified alloy product as a final ingot
      product.
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ABST
PAL  Copper is recovered from its sulfidic ores by a process wherein the ore is
      mixed and fused with at least a stoichiometric amount of a sulfide of
      sodium or potassium which may be prepared in situ by reacting sulfur with
      potassium or sodium hydroxide. The mixture is heated under vacuum in the
      absence of water, oxygen and CO.sub.2 to a temperature above the melting
      point of the selected potassium or sodium sulfide and maintained below the
      decomposition point of the sulfide for a time sufficient to cause the
      sodium or potassium sulfide to combine with the sulfur of the copper
      sulfide to form metallic copper and copper oxides and the higher (sulfur
      content), sulfides of sodium or potassium, the resulting melt is cooled
      and leached with cold water to remove the sodium or potassium polysulfides
      and leaving behind metallic copper and copper oxides. The polysulfides can
      be recovered and recycled. The preferred unsaturated sulfides are sodium
      trisulfide and potassium tetrasulfide. This process is applicable to
      various ore concentrates including bornite, chalcocite, chalcopyrite,
      covellite, enargite, stromerite, tennanite, and tetramedrite. Other metals
      present in the copper sulfide containing ores including atimony arsenic,
      zinc, lead, silver, molybdenum can be removed after isolating the copper
      and copper oxides.
PARN
PAC  REFERENCE TO CO-PENDING APPLICATION
PAR  This application is a continuation-in-part application of my copending
      application, Ser. No. 467,099, filed May 6, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a novel process for recovering copper from copper
      sulfide concentrates.
PAR  The main objects of this invention are to improve the efficiency of
      processes for recovering copper from copper sulfide concentrates; to
      reduce the overall cost of this production; and to reduce or eliminate
      thermal, air, water and chemical pollutions.
PAR  A significant novel feature of this invention is the use of the copper
      sulfide concentrate's sulfur atom, to prepare higher sulfur content
      polysulfides of sodium or potassium by fusing concentrate and lower sulfur
      polysulfides under vacuum conditions. Powdered elemental copper is
      recovered during this process. Thermal decomposition of the higher (sulfur
      content) polysulfides produces lower sulfur content polysulfides which in
      turn are used to produce additional higher (sulfur content) polysulfides
      and additional copper.
PAR  Because the literature in this field reported that fused sodium or
      potassium hydroxide when mixed with copper metal, produce first the oxide
      and, subsequently, carbonate complexes under atomospheric conditions, this
      invention is all the more unpredictable and surprising.
PAC  SUMMARY OF THE INVENTION
PAR  The process of the invention comprises fusing a dry sulfidic copper ore
      under vacuum in the absence of water, CO.sub.2, and oxygen with a flux
      consisting essentially of an unsaturated sulfide of sodium or potassium at
      a temperature above the melting point of the sulfide but below its
      decomposition point and usually between 210.degree.C and 360.degree.C to
      deposit copper as elemental copper powder and to form copper oxides and a
      more saturated sulfide of sodium or potassium. By "unsaturated" sulfides
      are meant sodium and potassium mono, di and trisulfides and potassium
      tetrasulfide. The "saturated" polysulfides are K.sub.2 S.sub.5 and
      NA.sub.2 S.sub.4.
PAR  The polysulfides are formed by dissolving sulfur in lower (sulfur content)
      polysulfides. There is a solubility of CuS-Cu.sub.2 S in the polysulfide
      melt. When the sulfur from the sulfide concentrates joins the polysulfide
      chain or ring, it behaves as elemental sulfur in making the higher sulfur
      content polysulfides. The copper recovers its electrons and is
      precipitated as copper. The solubility of copper in the melt is extremely
      low and the reaction proceeds because of this copper removal. The sulfur
      complex (from mono-sulfide) to penta-sulfide is divalent.
PAR  The complex, tho ionic as a whole, is held by coordinate bonds.
PAR  The flux may be prepared in situ by mixing at least stoichiometric amounts
      of sodium or potassium hydroxide and sulfur with the copper sulfide.
PAR  The flux can consist of sodium and potassium monosulfides, disulfides,
      trisulfides and potassium tetrasulfide and mixtures thereof which all tend
      to pick up sulfur to form the stable potassium pentasulfide or sodium
      tetrasulfides. The saturated sulfides can be thermally decomposed to form
      unsaturated sulfides and sulfur which are reused in the process.
PAC  DISCLOSURE
PAR  Typical reactions occuring in the present process are:
     1.  Na.sub.2 S + 2CuFeS                                                   

                      .fwdarw. S + Na.sub.2 S.sub.2 + FeS + 2Cu                

                      1200.degree.C                                            

     2.  K.sub.2 S.sub.4 + CuFeS.sub.2                                         

                      .fwdarw. K.sub.2 S.sub.5 + Cu + FeS                      

                      200.degree.C                                             

     3.  2KOH + 2 CuFeS.sub.2                                                  

                      .fwdarw. K.sub.2 S.sub.4 + 2FeS + Cuo + Cu + H.sub.2 O   

                      360.degree.F                                             

PAR  The copper sulfide ore concentrates is substantially dried prior to mixing
      and any water forming during the process is continually removed as it
      forms. Generally, water, carbon dioxide and oxygen interfere with this
      process. Hot water, even as vapor, decomposes some of the low sulfur
      content polysulfides of potassuim and to lesser extent of sodium. Water
      also introduced oxygen into the system. Carbon dioxide rapidly forms with
      the fused sodium or potassium hydroxide to produce carbonates which are
      not fusible, and displace sulfur from the polysulfides. Oxygen forms
      several oxy- complexes, which are not fusible, and displaces sulfur from
      the polysulfides.
PAR  The sulfide of potassium can be purchased in quantity. The conventional
      making of this compound is the reduction of potassium sulfate with carbon
      in a sealed container at moderate temperatures.
PAR  The melting point of the potassium hydroxide is 360.degree.C and sodium
      hydroxide is 318.degree.C. If the copper sulfide concentrate (moisture
      removed) is added in stages, the melting points for the potassium salts
      can be reduced to below 300.degree.C. 300.degree.C is the decomposition
      point of the penta-sulfide of potassium. Sodium tetrasulfide decomposes at
      approximately 385.degree.C and the lowering of the temperatures in the
      stages should be below this point. It is essential that this reaction be
      carried out in a vacuum, as an inert atmosphere such as nitrogen or argon
      is not entirely satisfactory, for it does not make provision for removal
      of the water formed in the reaction. The concentrate is added in portions,
      preferably in four equal portions, with the last portion being added while
      the melt is cooled below the decomposition point of the sodium
      tetrasulfide or potassium pentasulfide.
PAR  The higher (sulfur content) polysulfides (saturated sulfides) of potassium
      have low melting points (206.degree.C for the penta-sulfide, and
      145.degree.C for the tetrasulfide). The melt made using either the
      hydroxide and sulfur, or the polysulfides with less sulfur content than
      the pentasulfide, and which have produced either the tetrasulfide can be
      filtered thru perforated iron vessels under vacuum pressure or through a
      variety of other filters (provided that the hydroxide is no longer
      present) at comparatively low temperatures. The molten pentasulfide or
      tetrasulfide of potassium is passed through these filters, as the hot
      filtrate, the residue consists of copper, (copper oxide is also present if
      the hydroxide is used), iron sulfide, iron oxide and the impurity residual
      matter in the concentrate. The residue is water washed and freed from any
      residual polysulfides (if the water is cold and the residue is cold). The
      washed solid residue can be separated by gravity separation, the residues
      of no metallic value are easily washed off the table, as the iron sulfides
      have sp. gr. of between 4.3 - 5.0, whereas the metallic copper has a sp.
      gr. of 8.92, the cuprous oxide 6.0, and the cupric oxide 6.3 - 6.49. Any
      residual iron present in the oxide stage can be separated during the
      melting of the powdered copper into a solid mass. The major disadvantage
      of this hot filtration method is with the molybdenum di-sulfide recovery.
      The molybdenate ore is soluble in the polysulfides of potassium or sodium.
      As this hot filtration method uses no water, the molybedenum compounds are
      partially soluble in the molten polysulfides of potassium, however, some
      remains as solid residue.
PAR  When the sulfur content of the polysulfides made in the melt reaches the
      potassium pentasulfide state, as observed by the orange color of the melt,
      the melt can be treated with hot or cold water as the pentasulfide is
      extremely water soluble and readily extracted when the melt is also cold.
      The tetra-sulfide decomposes in hot water. When these two sulfides of
      potassium are in water solution they can be filtered and separated from
      the solid residues remaining in the melt. Any molybdenum di-sulfide
      present is soluble along with the tetra and pentasulfides of potassium and
      can be recovered by displacement by a more active metal such as zinc. The
      filtrate from this recovery can be evaporated to dryness by application of
      heat. The pentasulfide of potassium when dried can be decomposed into
      lower (sulfur content) polysulfides by elevating the temperature to over
      300.degree.C. This is best done in a vacuum wherein there is little
      displacement of the sulfur by oxygen, and little carbonate formation. The
      sulfur formed under the vacuum conditions is more easily separable from
      the lower sulfur content polysulfides so formed either by filtration of
      the tetrasulfide at 160.degree.C or allowing to cool and physically
      removing same by picking it out as a single mass.
PAR  The sodium series does not have the well-defined differently colored
      polysulfides of the potassium series. The monosulfide and the tetrasulfide
      seem to be the most definite compounds of this series. The tetrasulfide of
      sodium sometimes evaporates as a yellow crystal, at other times it remains
      as a dark red liquid. Under vacuum conditions, sulfur can be recovered
      from sodium tetrasulfide or the hypothetical sodium pentasulfide at
      385.degree.C and polysulfides of indeterminate composition constituted.
      These polysulfides can be used to treat additional copper sulfide
      concentrate. Molybdenum also is soluble in these higher sulfur content
      sodium polysulfides and is recoverable by more active metal displacement
      from a water solution of them. Higher temperatures are required to keep
      the lower (sulfur content) polysulfides in liquid form after the thermal
      removal of sulfur from the higher content polysulfides than for the
      potassium series. The hot filtration used requires either asbestos or
      perforated iron filters.
PAR  The use of the mono-sulfides of potassium or sodium requires such high
      temperatures that the fusing of the copper produced into solid pieces,
      followed by the slow cooling of the residual melt gave intermediate sulfur
      content polysulfides which were best dissolved by absolute ethyl alcohol.
      Any molybdenum present in these melts was left behind in the solid
      residue. This was soluble when the solid residues were water washed
      following the alcohol extraction. The alcohol solution was distilled to
      produce the polysulfides in solid form.
DRWD
PAR  The objects and the advantages of the invention will become apparent upon
      reference to the following description thereof and to the appended drawing
      wherein:
PAR  FIG. 1 is a diagrammatic illustration of one form of apparatus suitable for
      carrying out the process according to the invention and FIG. 2 is a larger
      scale modification thereof.
DETD
PAC  DESCRIPTION OF APPARATUS
PAR  FIG. 1 illustrates apparatus suitable for small scale batch practice of the
      process. The apparatus includes a generally circular vessel 10 made of
      white iron or nickel. The vessel is closed by a lid 12 with two sets of
      rings 14 and 16 welded thereto so that the rings seal the lip of the top
      of the vessel. Four sets of flanges (two shown) 18 and 22 were used with
      bolts 20 to secure the lid to the top of the vessel with an inorganic
      sealing material. A pipe 24 is provided in the side of vessel 10 in
      communication with the interior thereof. A flexible tube 26 connects the
      vessel to a calibrated, cooled, trap and protects the vacuum pump (not
      shown) from water vapor and measures the amount of water evacuated. A pump
      found suitable for this apparatus is one rated at 1 cu.ft./min. at 26
      inches Hg pressure.
PAR  The vessel is provided with an agitator having blades 32 at the lower end
      of shaft 30. The upper end of the shaft emerges from the vessel through
      lubricated shaft sleeve 28 welded in lid 12. A sealant cup 34 is mounted
      at the lower end of sleeve 28. The agitator is connected to a motor
      capable of rotating it at about 120 RPM. The vessel is heated by a hot
      plate (not shown) capable of raising its internal temperature from
      100.degree.to 532.degree.C.
PAR  A larger apparatus consisting essentially of a gas fired furnace is shown
      in FIG. 2. As shown, the apparatus has a furnace 40 with burner area 41
      below an inner iron vessel 42 sealed to an upper lid 43. A pair of seals
      44, 46 are mounted in the upper part of lid 43 in contact with the upper
      part of shaft 48. The lower part of shaft 48 has agitator or impeller
      blades 50 secured thereto and its tip rotates on hemispherical bearing 52
      secured to the bottom of vessel 42. A vacuum line 54 welded to the vessel
      42 and the furnace 40 is in communication with the trap 56 and vessel 42
      mounted in cooling tank 58. A second line 60 connects the apparatus to a
      vacuum pump rated at 18 cu. ft. per minute. A thermostat 60a controls the
      temperature from 100 to 1000.degree.F.
PAR  The following examples illustrate ways in which the principle of the
      invention has been applied but are not to be construed as limiting its
      scope.
PAC  EXAMPLE 1
PAR  The data of this example illustrates the recovery of copper by the use of
      potassium polysulfide prepared in situ.
PAR  The copper concentrate used was a Kennecott Corporation chalcopyrite
      concentrate containing 29.1% copper, 26.1% iron, 29.2% sulfur and a small
      amount of molybdenum sulfide. The total chalcopyrite content of the
      concentrate was 84.4% CuFeS.sub.2. the atomic weight of chalcopyrite
      (CuFeS.sub.2) is 183.3 and the adjusted weight at 84.4% pure, is 217.2.
      The ore was dried at around 300.degree.C for one half hour and added with
      KOH and sulfur to the apparatus shown in FIG. 1 to give the reaction shown
      below:
     2KOH                                                                      

         + 2CuFeS.sub.2                                                        

                 + 2S + 360.degree.C .fwdarw.                                  

                             K.sub.2 S.sub.4                                   

                                 + 2FeS + CuO + Cu  + H.sub.2 O                

     112   366.6   64        206   175.8  79.5  63.5  18                       

PAL  This reaction was carried out under vacuum conditions. The potassium
      hydroxide flakes and the sulfur and the chalcopyrite concentrate were
      agitated together during the heating process. As the potassium hydroxide
      flakes begin to melt, it appears that it first forms on the surface the
      pentasulfide as the flakes turn orange, then it changes to deep red, the
      tetrasulfide. The pentasulfide of potassium is formed first and diluted
      down to the lower (sulfur content) polysulfides. The temperature is set
      for 360.degree.C and the surface of the flakes attain the melting point
      before the bulk of the potassium hydroxide. As the temperature approaches
      300.degree.C the entire mass boils up to approximately three times its
      original volume and much steam is ejected. Agitation of the melt continues
      and a melt can be sustained if the temperature is below 300.degree.C.
      Above 300.degree.C the pentasulfide of potassium is decomposed and as this
      sulfur is picked up by the polysulfides already formed but not in final
      balance, sulfides and polysulfides can be formed which require much higher
      temperatures to remain as melts. The melt is primarily potassium
      tetrasulfide K.sub.2 S.sub.4 and is liquid at 150.degree.C. The
      tetrasulfides is stable to over 800.degree.C. The originally formed
      pentasulfide is liquid at 206.degree.C and only stable to 300.degree.C.
      Chemical analysis of the melt showed an empirical K.sub.2 S.sub.4 formula,
      though some mixture of polysulfides was probably present. If after
      achieving the melt, at temperatures below 300.degree.C and maintaining the
      melt during a five minute period, supplying good agitation, the melt is
      elevated to over 300.degree.C the melt shows predominatly characteristics
      of K.sub.2 S.sub.4. Apparently, the mix of the polysulfides is narrowed to
      primarily the tetrasulfide. The melt is cooled to just below 200.degree.C
      and, maintaining the vacuum conditions, filtered through a -3 micron iron
      crucible. The bottom of this crucible is fitted with -3 micron holes and
      fits into the vacuum line opening inside the vacuum tank. A trap is
      inserted in the line just beyond the perforated crucible holder.
      Originally some part of the solids filter through into the trap, but the
      openings gradually narrow and the true liquid is the predominant part at
      the end of the filtering. An alterante to this filtration method, consists
      in keeping the melt below 300.degree.C wherein the FeS of the equation was
      principally changed to FeO and the additional sulfur made for pentasulfide
      of potassium. This is very stable and extremely soluble in water. The
      copper in this equation was entirely reduced to the metallic form.
TBL  __________________________________________________________________________

     2KOH                                                                      

         + 2CuFeS.sub.2                                                        

                 + 2S + 295.degree.C =                                         

                             K.sub.2 S.sub.4                                   

                                 + FeS + FeO   + 2Cu + H.sub.2 O               

     112   366.6   64        238   87.8   71.8   127   18                      

           (542.6)                       (542.6)                               

     __________________________________________________________________________

PAL  A little metallic Fe can be removed magnetically from the residue after
      dissolving out the K.sub.2 S.sub.5. The melt, when the pentasulfide is
      formed, can be added to water as the potassium pentasulfide is extremely
      soluble and the residues of iron sulfide and oxide and the metallic copper
      remain along with the lime and silica residue impurities from the
      chalcopyrite concentrate. The molybdenum sulfide had picked up additional
      sulfur to form molybdenum sulfides which are soluble in the polysulfide
      solution. These are recoverable by metallic replacement EMF, and are
      formed during the cooling stages of the melt. The sesquisulfide seemed to
      predominate.
PAR  When the temperature of the reaction exceeded 300.degree.C and the
      tetrasulfide form of potassium predominated, the water extraction had to
      wait until the melt was at room temperature. Even warm solidified melt
      with water added tended to decompose.
PAR  After the water extraction of the potassium pentasulfide the water was
      filtered, the molybdenum extracted, and the residue evaporated to dryness;
      heat in excess of 300.degree.C drives off one sulfur, and forms the
      tetrasulfide plus sulfur. Above 850.degree.C additional sulfur could be
      driven off. The tetrasulfide of potassium was capable of extracting a
      sulfur from the chalcopyrite concentrate and leaving free copper.
PAC  EXAMPLE II
PAR  The data of this example illustrates the effect of different temperatures.
PAR  130 lbs. of potassium hydroxide at 86% purity was mixed with 434.4 lbs. of
      chalcopyrite concentrate (containing 29.1% copper, 26.1% iron and 29.2%
      sulfur) (a small quantity of molybdenum was present as the sulfide) 64
      lbs. of sulfur was added. The temperatures for one set of tests were set
      at 360.degree.to 320.degree.C for the other set of tests the temperatures
      were set at 280.degree.C to 290.degree.C. Approximately one-half hour was
      necessary for the temperatures to reach melting points. During the
      pre-melt heating approximately 4% to 5% of the total weight of concentrate
      came over as water, when the melt temperature was reached (determined in
      separate experiments as 280.degree.C) water was liberated from the
      reaction in an instant reaction. Nearly 9% of the weight of the
      concentrate came suddenly over condensed in the cooling trap in the vacuum
      line. This was in addition to the water driven off in the pre-melt
      heating.
PAR  Agitation was continued for five minutes after this sudden reaction. Tests
      outside the cooker showed an expansion of the volume during this sudden
      reaction at the melting point of approximately three times the original
      volume. At a temperature above 300.degree.C, the reaction taking place is
      believed:
     2KOH                                                                      

         + 2CuFeS.sub.2                                                        

                 + 2S .fwdarw.                                                 

                        K.sub.2 S.sub.4                                        

                            + 2FeS + CuO + Cu  + H.sub.2 O                     

     112   366.6   64   206   175.8  79.5  63.5  18                            

PAL  The above reaction was adjusted as to the 86% purity of the KOH and the
      84.4% purity of the chalcopyrite concentrate. When the melt was throughly
      cooled, water could be added and the potassium tetrasulfide dissolved with
      a considerable excess of water (a 12% solution could be made). This left a
      solid residue of iron sulfide, copper oxide, metallic copper and the
      impurities in the 84.4% chalcopyrite concentrate.
PAR  The molybdenum either formed a molybdenate or became soluble as a
      polysulfide in the potassium polysulfides. It could be recovered by
      electrolysis from the water solution added after complete cooling of the
      melt.
PAR  When the temperature was held below 300.degree.C the following reaction
      occured:
     2KOH                                                                      

         + 2CuFeS.sub.2                                                        

                 + 2S = K.sub.2 S.sub.5                                        

                            + FeS + FeO + 2Cu + H.sub.2 O                      

     112   366.6   64   238   87.8  71.8  127   18                             

PAL  The corrections for the impurities in the 86% potassium hdroxide and the
      84.4% chalcopyrite concentrate were also made in the above tests. The
      temperature was 290.degree.C and the vacuum conditions were maintained.
      The potassium pentasulfide seemed to be a much more stable compound and
      had an orange color, its melting point corresponded to the published
      figure of 206.degree.C and it was very soluble in either hot or cold water
      (at least a 50% solution could be made). Again the molybednum was
      recovered by zinc displacement from the water solution. Some metallic iron
      was removed magnetically from the washed residue. Careful heating to above
      1085.degree.C could melt the copper and avoid the decomposition of the
      iron sulfide.
PAR  After extracting the polysulfides with water the water was filtered and
      evaporated to dryness, and the solid polysulfides were isolated. The
      pentasulfide was decomposed to lower sulfur content polysulfides at around
      300.degree.C (under vacuum conditions) the tetrasulfide required almost
      900.degree.C to remove more sulfur. The sulfur was collected as elemental
      sulfur. With the sulfur content lowered in the potassium polysulfide, the
      lower sulfur content polysulfide-disulfide, trisulfide or tetrasulfide in
      a fused state was used to reduce additional copper sulfide to the metallic
      state.
PAR  It was found advisable to start with the trisulfide of potassium rather
      than the disulfide because of the much higher fusing point of the
      disulfide (470.degree.C) vs. (275.degree.C) for the trisulfide. The
      temperature could not be dropped rapidly enough with the disulfide to
      prevent the decomposition of the pentasulfide (206.degree.C). In making
      the polysulfides from the potassium hydroxide it was observed that the
      pentasulfide forms first and is diluted down as more of the substances
      fuse, the pentasulfide seems to be the most readily formed and also the
      most stable.
PAR  All of the above series of tests were run with 130 lbs. of potassium
      hydroxide, and 434.4 lbs. of the 84.4% chalcopyrite concentrate, with 64
      lbs. of sulfur added.
PAC  EXAMPLE III
PAR  The data of this example illustrates the use of a mixture of potassium
      disulfide and trisulfide to acquire sulfur from copper sulfide
      concentrates with the formation of tetrasulfide and pentasulfides of
      potassium with the liberation of metallic powdered copper.
PAR  The apparatus shown in FIG. 2 was employed in this example. The copper
      concentrate (29.1% copper, 26.1% iron and 29.2% sulfur) was employed and
      the moisture content reduced or eliminated by a pre-heating for one-half
      hour at 300.degree.C. the mixed disulfide-trisulfide of potassium were
      heated to 470.degree.C under the vacuum conditions (18 cu. ft. of air
      evacuated each minute). The concentrate was added to this
      disulfide-trisulfide melt. 158 lbs. of the polysulfides, 434.4 lbs. of the
      concentrate (weighed before dehydrating). The a median of the molecular
      weights of the polysulfides were used in lbs., the concentrate had a
      CuFeS.sub.2 content of 84.4% and at two times the molecular weight of
      183.3 X 2X correction factor for 84.4% content gave 434.4 lbs. of
      concentrate. The solubility of sulfur in the disulfide of potassium and
      its occurence wherein one would expect the monosulfide leads to the
      conclusion that the disulfide is a stable form of the polysulfides. The
      ready absorption of sulfur shows that potassium pentasulfide is the
      saturated form (as regards the sulfur content) and that sulfur will be
      picked up until this pentasulfide form is reached. After one-half hour of
      agitation of the melt, it was cooled and water (cold) was added to
      dissolve out the tetrasulfide and pentasulfides of potassium formed. The
      melt was cooled and leached with cold water, as hot water can decompose
      the tetrasulfide of potassium. The molybdenum salts formed were water
      soluble and replaceable by metallic iron. The water solutions of the
      pentasulfides and tetrasulfides of potassium required a final combined
      concentration to make a 5% solution. The removal of the molybdenum
      accomplished, the solution was filtered and the filtrate evaporated to
      dryness and proved to be essentially the tetrasulfide of potassium with
      some pentasulfide present. Washing the solid residues gave a 92% recovery
      of the copper, the iron was present as the sulfide and a 95% recovery was
      made, the sulfur was now combined with the potassium as a polysulfide.
PAC  EXAMPLE IV
PAR  The data of this example shows the use of the pre-made sulfur unsaturated
      polysulfides of potassium and with copper sulfide concentrates and the
      recovery of potassium pentasulfide. 217.2 lbs. of copper sulfide
      concentrate containing 29.1% copper, 26.2% iron and 29.2. % sulfur with a
      small quantity of molybdenum sulfide were heated at 300.degree.C for
      one-half hour to reduce the mositure content. A smaller separate sample of
      the same concentrate gave a 4.7% weight loss under the same one-half hour
      heating at 300.degree.C. This 434.4 lb. sample was assayed at 84.4%
      CuFeS.sub.2 (molecular weight 183.3) adjusted for the 84.4% purity and
      made up in lbs. X 2. The FeS was assumed to be inert. The potassium
      tetrasulfide was made from previous runs of the potassium hydroxide and
      sulfur treated with copper sulfide concentrates to produce potassium
      polysulfides, and from lower sulfur content polusulfides of potassium
      which had been treated to bring the sulfur content up to the tetrasulfide
      of potassium. The color (deep red-brown) and the low melting point
      (145.degree.C) confirmed that this substance was essentially potassium
      tetrasulfide. The tetrasulfide of potassium had been isolated from the
      metallic residue, the oxides and sulfides, and impurities of the previous
      treatments. It had then been dissolved in cold water, filtered, and the
      filtrate evaporated to dryness. 206 lbs. of this potassium tetrasulfide
      was melted at 145.degree.C and then the temperature raised to
      220.degree.C. The vacuum conditions prevailed both on the preheated
      concentrate prior to mixing with the potassium tetrasulfide, on the
      potassium tetrasulfide during the entire melt, and on the mix after the
      addition of the concentrate. This example was performed in the vessel of
      FIG. 2. Agitation commenced at the addition of the concentrate. The vacuum
      pump evacuated 18 cu. ft. / min., the temperature was maintained between
      220.degree.C and 240.degree.C. After one-half hour, the vacuum was
      maintained but the melt was allowed to cool. The orange color of the
      potassium pentasulfide was noted, a small sample of the melt also remelted
      at 206.degree.C confirming the presence of the potassium pentasulfide.
      After two hours, hot boiled, deoxygenated water was allowed to flow into
      the cooled iron liner of the furnace using the back pressure of the vacuum
      pump to pull it into the liner. The bulk of the melt disssolved, as
      potassium pentasulfide (25% solution) the molybdenum also was dissolved
      out from the solid residues as either molybdenum polysulfide dissolved in
      the potassium pentasulfide or as potassium molybdenate.
PAR  The molybdenum was recovered by replacement with metallic zinc which
      precipatated the molybdenum and entered solution. Three 1,000 lb. of water
      washes were employed separately on the melt. The washes after the
      molybdenum removal were filtered and evaporated to dryness in large flat
      pans with the heat kept to not over 180.degree.C. The first wash recovered
      almost 200 lbs. of potassium pentasulfide, the second another 21 lbs., and
      the third 5 lbs. The washed solid residues were gravity tabled and the
      silica and limes of the concentrate impurities were reduced. The residue
      was analyzed and shown to be copper (121 lbs.), iron (7 lbs.), iron
      sulfide (147 lbs.), iron oxide (5 lbs.). From a content of pure
      CuFeS.sub.2 266.6 lbs, 344 lbs. were accounted for in the copper, iron,
      iron sulfide, iron oxide, and the sulfur as polysulfide recoveries. Loss
      was on the gravity table with too fine material from the solid residues
      being tabled.
PAC  EXAMPLE V
PAR  The copper content of the concentrate used was made up as follows:
PA0  12.46% of the concentrate was composed of copper from chalcopyrite
      (CuFeS.sub.2)
PA1  The chalcopyrite comprised 36.036% of the total concentrate
PA0  2.5% of the concentrate was composed of copper from Bornite (Cu.sub.5
      FeS.sub.4)
PA1  The Borite comprised 3.894% of the total concentrate weight
PA0  7.176% of the concentrate was composed of copper from Chalescite (Cu.sub.2
      S)
PA1  The chalcocite comprised 8.984% of the total concentrate weight
PA0  7.176% of the concentrate was composed of copper from Covellite (CuS)
PA1  The covellite comprised 10.790% of the total concentrate weight
PA0  0.934% of the concentrate was composed of copper from Cuprite (Cu.sub.2 O)
PA1  The cuprite comprised 1.0517% of the total concentrate weight
PA0  0.934% of the concentrate was composed of copper from Tennorite (CuO)
PA1  The tennorite comprised 1.169% of the total concentrate weight
PA0  31.2% of the concentrate was composed of copper. The minerals chalcopyrite,
      chalcocite, bornite, covellite, cuprite and tennorite composed 61.925% of
      the total concentrate weight.
PAR  The copper content and percentage of copper present in the Covellite and
      the Chalcocite were not known. Therefore, the 46% of the 31.2% total
      copper content of the concentrate were assumed to be equally divided (23%
      of the copper content or 7.176% of the total concentrate) between the
      Covellite and the Chalcocite. The ratio of the copper present as Tennorite
      or Cuprite was not known. It was assumed that the copper content of these
      oxides was equal or of the known 1.868% of copper in these forms, that it
      was equally divided between the Cuprite and Tennorite at 0.934% each of
      the concentrate weight.
PAR  The concentrate also contained the following metals and minerals;
PA0  1.3% of the concentrate was composed of molybdenum assumed to be
      molybdenite (MoS.sub.2). This would make the molybdenite comprise 2.167%
      of the total concentrate weight.
PA0  5.8% of the concentrate was composed of lead from galena (PbS). The galena
      comprised 6.6932% of the total concentrate weight.
PA0  0.949% of the concentrate was composed of silver from argentite (Ag.sub.2
      S). Some parts of this silver was from Proustite (Ag.sub.3 AsS.sub.3),
      Pyrargyrite (Ag.sub.3 SbS.sub.3), Polybasite (Ag.sub.16 Sb.sub.2
      S.sub.11), Stephanite (Ag.sub.5 SbS.sub.4). It was calculated as Argentite
      and as such would compose 1.15% of the total concentrate weight.
PA0  6.7% of the concentrate was composed of iron fron iron pyrites (FeS.sub.2).
      This pyrites comprised 14.74% of the total concentrate weight.
PAL  The total mineral content of the concentrate was 86.675% leaving 13.325%
      for moisture content, the various forms of lime, and the silicas etc.
PAR  The above list of minerals were made up in both grams and pounds by a
      formula of their molecular weight times the percentage present in the
      concentrate. In this manner the optimum efficiency in determining the
      amounts and sulfur content of the polysulfides used to produce the metals
      can be calculated.
PAR  Chalcopyrite content is 36.036%. Molecular weight of CuFeS.sub.2 equals
      183.3. In 1000 grams of concentrate there is 360.36 grams of CuFeS.sub.2.
      This represents 1.966 times the molecular weight of chalcopyrite. The
      molecular weight of potassium tetrasulfide is 206. Multiplying by the
      1.966 factor gives a weight of 404.996. This represents the quantity of
      potassium tetrasulfide necessary to react with the chalcopyrite portion of
      the copper sulfide concentrate. The products of this reaction are copper,
      iron sulfide, and potassium pentasulfide. The molecular weight of the
      copper is 63.5, this is multiplied by the 1.966 factor and gives a weight
      in grams of 172.61, and the potassium pentasulfide formed in the reaction
      has a molecular weight of 238 and this weight multiplied by the 1.966
      factor gives a weight in grams of 467.908.
TBL  __________________________________________________________________________

     CuFeS.sub.2                                                               

            + K.sub.2 S.sub.4                                                  

                      = Cu     + FeS    + K.sub.2 S.sub.5                      

     360.36 gm.                                                                

              404.996 gm.                                                      

                        124.84 gm.                                             

                                 172.61 gm.                                    

                                          467.908 gm.                          

     (765.356)                 (765.356)                                       

     __________________________________________________________________________

PAL  Bornite content is 3.894%. Molecular weight of Cu.sub.5 FeS.sub.4 equals
      501.3. In 1000 grams of concentrate there is 38.94 grams of Cu.sub.5
      FeS.sub.4. This represents 0.07768 times the molecular weight of Bornite.
      The potassium tetrasulfide combines with the Bornite according to the
      following formula:
EQU  Cu.sub.5 FeS.sub.4 + 3 K.sub.2 S.sub.4 = 5 Cu + FeS +3 K.sub.2 S.sub.5
PAL  It will be observed that the Bornite requires three times the molecular
      weight of potassium tetrasulfide for this reaction. 3.984% Bornite content
      of the concentrate is divided by the molecular weight (501.3) =0.07768.
      This factor (0.07768) is multiplied by the potassium tetrasulfide
      molecular weight (206 .times. 3 according to the illustrating formula) 618
      = 48.00 grams of potassium tetrasulfide necessary for the reaction with
      the Bornite. This reaction produces copper, molecular weight of 63.5
      .times. 5 = 317.5 and this 317.5 is multiplied by the 0.07768 factor to
      give 24.6634 grams of copper, the iron sulfide produced has a molecular
      weight of 87.8 and this weight is multiplied by the 0.07768 grams of iron
      sulfide. The potassium pentasulfide produced is three times the molecular
      weight (238 .times. 3 = 714) and this weight is multiplied by the 0.07768
      factor to give 55.4635 grams of potassium pentasulfide.
TBL  __________________________________________________________________________

     Cu.sub.5 FeS.sub.4                                                        

            + 3 K.sub.2 S.sub.4                                                

                      = 5 Cu    + FeS    + 3 K.sub.2 S.sub.5                   

     38.94 gm.                                                                 

              48.0648 gm.                                                      

                        24.6634 gm.                                            

                                  6.8203 gm.                                   

                                           55.4635 gm.                         

     (86.945) gm.       (86.945) gm.                                           

     __________________________________________________________________________

PAL  The chalcocite content of the concentrate is 8.984%. The molecular weight
      of the chalcocite is 159. In 1000 grams of concentrate there are 89.84
      grams of chalcocite. The factor here is the amount of chalcocite present
      in 1000 grams is 56.5% of the molecular weight of chalcocite. The
      molecular weight of potassium tetrasulfide is 206 and 56.5% of this weight
      is 116.39 grams of potassium tetrasulfide necessary to react with the
      amount of chalcocite in 1000 grams of concentrate. This reaction produces
      copper (there are two coppers to each sulfur in chalcocite) and the
      molecular weight of copper is 63.5. The 63.5 .times. 2 = 127. The 127
      molecular weight of two coppers times the 56.5% factor gives 71.755 grams
      of copper produced from the 1000 gram concentrate sample. The tetrasulfide
      of potassium picks up the sulfur from the chalcocite and becomes potassium
      pentasulfide. The molecular weight of potassium pentasulfide is 238 and
      the 56.5% factor = 134.47.
TBL  __________________________________________________________________________

     Cu.sub.2 S                                                                

            + K.sub.2 S.sub.4                                                  

                     = 2 Cu   + K.sub.2 S.sub.5                                

     89.84 gm.                                                                 

              116.39 gm.                                                       

                       71.75 gm.                                               

                                134.47 gm.                                     

     (206.23)          (206.23)                                                

     __________________________________________________________________________

PAL  The Covellite (CuS) content of the concentrate is 10.79%. The molecular
      weight of Covellite is 95.5. In 1000 grams of concentrate there is 107.90
      grams of Covellite. The factor here is the amount of Covellite present in
      1000 grams of concentrate which represents 1.13 times the molecular weight
      of Covellite. The molecular weight of potassium tetrasulfide is 206 and
      1.13 times this weight (206) gives in grams the amount of potassium
      tetrasulfide necessary to react with the amount of Covellite in 1000 grams
      of concentrate. This figure is 232.78 grams. This reaction produces
      copper, molecular weight 63.5, and the 1.13 factor times this weight gives
      71.755 grams of copper produced. The tetrasulfide of potassium has picked
      up the sulfur from the Covellite and become the pentasulfide of potassium.
      The potassium pentasulfide has a weight of 238 and 1.13 times this figure
      gives 268.94 grams of potassium pentasulfide produced.
TBL  __________________________________________________________________________

     CuS    + K.sub.2 S.sub.4                                                  

                     = Cu     + K.sub.2 S.sub.5                                

     107.90 gm.                                                                

              232.78 gm.                                                       

                       71.75 gm.                                               

                                268.94 gm.                                     

     (340.68)          (340.68)                                                

     __________________________________________________________________________

PAL  The above are the sulfide forms of copper in this concentrate. 29.33% of
      this concentrate is the copper of these copper sulfide minerals. The
      minerals (chalcopyrite, chalcocite, bornite, and covellite) constitute
      59.674% of the total weight of the concentrate.
PAR  An additional 1.848% of the total concentrate weight was present as copper
      in oxide minerals (tennorite, cuprite). The minerals (tennorite, cuprite)
      constitute 2.2207% of the total concentrate weight. For the purposes of
      the initial treatment with the potassium tetrasulfide these minerals
      (tennorite, cuprite) were considered as not reacting to produce elemental
      copper.
PAR  In addition to the above copper minerals the following sulfide constituents
      of the concentrate are considered.
PAR  The galena (PbS) content of the concentrate is 6.6932% whose molecular
      weight is 239. In 1000 grams of concentrate there is 66.932 grams of
      galena. The molecular weight (239) times 0.28 (the factor) equals 66.92.
      The molecular weight of potassium tetrasulfide is 206 and times the factor
      (0.28) equals 57.68 grams necessary to react with 66.92 grams of galena.
      The products of this reaction are lead (molecular weight 207) .times. the
      factor (0.28) = 57.96 grams of lead, and potassium pentasulfide (molecular
      weight 238) .times. the factor (0.28) = 66.64 grams of potassium
      pentasulfide.
TBL  __________________________________________________________________________

     PbS    + K.sub.2 S.sub.4                                                  

                     = Pb     + K.sub.2 S.sub.5                                

     66.932 gm.                                                                

              57.58 gm.                                                        

                       57.96 gm.                                               

                                66,69 gm.                                      

     (124.61)          (124.61)                                                

     __________________________________________________________________________

PAL  The molybdenite (MoS.sub.2) molybdenum disulfide, constitutes 2.167% of the
      total concentrate weight and its molecular weight is 159.94. In 1000 grams
      of concentrate there is 21.67 grams of molybdenite. The molecular weight
      (159.94) times the factor (0.1355) = 21.67, the quantity of molybdenite
      present in the concentrate. The molecular weight of potassium tetrasulfide
      is 206. The reaction with the molybdenite requires two molecular weights
      of potassium tetrasulfide (206 .times. 2 = 412) the double molecular
      weight times the factor (0.1355) = 55.8 grams of potassium tetrasulfide
      which is the quantity necessary to react with the 21.67 grams of
      molybdenite present in 1000 grams of concentrate. The product of this
      reaction is molybdenum (molecular weight 95.94) and this weight times the
      factor (0.1355) = 12.99987) and potassium pentasulfide (molecular weight
      238). However, the use of twice the molecular weight of the potassium
      tetrasulfide produces two times the molecular weight of the potassium
      pentasulfide or 476. This molecular weight (476) .times. the factor
      (0.1355) = 64.498 grams of potassium pentasulfide.
TBL  __________________________________________________________________________

     MoS.sub.2                                                                 

            + 2 K.sub.2 S.sub.4                                                

                     = (Mo)    + 2 K.sub.2 S.sub.5                             

     21.67 gm.                                                                 

              55.826 gm.                                                       

                       12.99987 gm.                                            

                                 64.498 gm.                                    

     (77.49)           (77.49)                                                 

     __________________________________________________________________________

PAL  The molybdenum produced in this reaction is not in elemental form. The
      greatest percentage of the molybdenum becomes either a water soluble
      polysulfide or possibly a molybdenate also water soluble.
PAR  The argentite (Ag.sub.2 S) silver sulfide, (the mix of argentite,
      proustite, pyrargyrite, stephanite, polybasite are all calculated as
      argentite) constitutes 1.15% of the total concentrate weight. The
      molecular weight of argentite is 247.74. The molecular weight (247.74)
      times the factor (0.4642) gives the 11.5 grams actually present in the
      concentrate. In 1000 grams of the concentrate there are 11.5 grams of
      argentite. To react with this quantity of argentite the molecular weight
      of potassium tetrasulfide (206) times the factor (0.4642) gives the 9.56
      grams necessary to react with the quantity of argentite in the
      concentrate. This reaction produces two times the molecular weight of
      silver (107.87 .times. 2 = 215.74). This molecular weight (215.74) times
      the factor (0.4642) = 10.01465 grams of silver. Also produced is potassium
      pentasulfide the molecular weight of K.sub.2 S.sub.5 = 238 and this figure
      times the factor (0.4642) = 11.047 grams of potassium pentasulfide.
TBL  ______________________________________                                    

     Ag.sub.2 S                                                                

             +     K.sub.2 S.sub.5                                             

                             =   2 Ag       +   K.sub.2 S.sub.5                

     11.5 gm.      9.56 gm.      10.0146508 gm. 11.047                         

     (21.06)               (21.06)                                             

     ______________________________________                                    

PAL  The silver deposited was partially resulfidized, and about 14% of the
      silver was recovered from the molten lead in which it is soluble. The
      antimony and arsenic recovered were presumably from the silver sulfides
      containing these metals (proustite, pyrargyrite, stephanite, and
      polybasite). The recovered antimony and arsenic were water soluble (along
      with the molybdenum) and were precipitated with zinc from the potassium
      pentasulfide water solution.
PAR  1000 grams of this concentrate were preheated at 300.degree.C for a period
      of one-half hour. Separate quantity of concentrate indicated that this
      treatment reduced the weight 3.7%. It was calculated that this 1000 grams
      of concentrate contained 695.142 grams of sulfide minerals capable of
      reacting with the potassium tetrasulfide (polysulfides). 37 grams of water
      and some carbon dioxide were removed by the one-half hour roast at
      300.degree.C.
PAR  Under vacuum conditions (using a pump capable of evacuating 1 cu. ft. of
      air at 26 inches of mercury pressure) in the vessel of FIG. 1, 925.297
      grams of potassium tetrasulfide was melted and brought to 260.degree.C.
      When the potassium tetrasulfide had reached 300.degree.C under vacuum
      conditions the concentrate was added, the temperature of the concentrate
      had not exceeded 300.degree.C and the concentrate was somewhere between
      the 260.degree.C of the potassium tetrasulfide and the starting
      temperature of the concentrate (300.degree.C). The melt was stirred by
      means of the propeller type agitator in the vessel while the temperature
      was maintained at 260.degree.C (minimum) for one-half hour. Through the
      sealed window in the vessel could be observed the change over from the
      deep red-brown of the potassium tetrasulfide to the orange color of the
      potassium pentasulfide (somewhat discolored by the solid residues produced
      and the impurities present in the concentrate). The melt was poured into a
      1000 cc Pyrex glass tube, open at the top and tapering at the bottom. The
      tube was then sealed and the temperature kept at just over 206.degree.C
      (melting point of potassium pentasulfide) and without agitation the solids
      settle according to their specific gravities. The solid particles (of
      isolated metals) were so finely divided that this gravity separation was
      only partially successful (the viscosity of the potassium pentasulfide
      melt was not known).
PAR  The melt was cooled to below 100.degree.C and water was added. 3 litters
      (3000 cc) of water was added to the melt in 1000 cc additions with a
      pouring off of the liquid after each 1000 cc addition. The first addition
      was filtered, the solid residues added to the melt and the filtrate
      evaporated to dryness with heat supplied and kept below 300.degree.C
      during the final removal of the water. The calculated amount of potassium
      pentasulfide to be made during the melt was 1,068.75 and the actual
      recovery was 483.66 grams. The starting amount of the tetrasulfide of
      potassium was 1,068.75 and the amount of pentasulfide formed exceeded the
      starting amounts of tetrasulfide.
PAR  It was difficult to weigh the pentasulfide of potassium formed because it
      is either deliquescent or hydroscopic and this water kept the weight
      increasing. The recovery approximated 65% in the initial 1000 cc wash, 30%
      in the second 1000 cc wash, and the remainder of the 1,383.66 grams in the
      third 1000 cc wash.
PAR  After the filtration of these three water washes, zinc was added to the
      warm (heated by the melt at 100.degree.C when the first 1000 cc water wash
      added) solution, to precipitate the molybdenum, arsenic and antimony. The
      filtrate was heated to just below boiling to speed up the replacement of
      the molybdenum, arsenic and antimony. The molybdenum, arsenic and antimony
      were replaced and deposited as black masses, the zinc also reprecipitated
      as zinc sulfide in the sodium pentasulfide water solution. The solution
      was refiltered and then evaporated to dryness.
PAR  Thr dried potassium pentasulfide was then placed in the same iron vessel
      used to make the melt with the tetrasulfide of potassium and the
      concentrate, the same vacuum conditions were employed and the temperature
      used was 360.degree.C. The potassium pentasulfide began its decomposition
      at 300.degree.C and broke up into potassium tetrasulfide and sulfur,
      potassium disulfide and three sulfurs. The potassium disulfide solidified
      (melting point 470.degree.C). The potassium tetrasulfide and the potassium
      disulfide seemed to react (the liquid potassium tetrasulfide seemed to
      dissolve some of the potassium disulfide and form potassium trisulfide).
      The disulfide of potassium solidified at the top of the melt along with
      the hi-viscosity sulfur melt. The potassium disulfide was removed along
      with some quantity of adhering sulfur by lifting it out. The sulfur was
      ladled off in molten stage (the container was opened and the vacuum turned
      off). The trisulfide of potassium was the next to solidify (252.degree.C)
      and the tetrasulfide of potassium remained in a liquid melt condition
      until 145.degree.C was reached.
PAR  The solids from the glass tube and the readded residues from the filtration
      were boiled with water and this liquid filtered and evaporated to dryness.
      This filtrate was added to the previous treatment of the mass filtrate
      prior to adding the zinc for precipitation of the molybdenum, arsenic, and
      antimony.
PAR  The solids after the washing and boiling were heated to 360.degree.C and
      the lead became a large button containing about 14% of the silver
      calculated to be in the solids. The weight of the lead button with the
      silver was 56.09 grams. When the lead was oxidized by heating in a blast
      of air, 1.4 grams of silver remained, the recovered lead weighed,
      therefore, 55.49 grams of the theoretical 57.96 present in the
      concentrate.
PAR  The solids now contain the copper, (293.0034 grams), the unreacted copper
      oxides 22.206 grams, 8.614 grams of silver, 326.83 grams of iron sulfides
      (from the chalcopyrite and the pyrites and the bornite) and 96.25 grams of
      original impurities of the concentrate (non-metallic values). The
      theoretical weight of these solid residues is 746.9034 grams.
PAR  The specific gravities of the remaining substances are:
TBL  Copper     8.96                                                           

     Cupric Oxide                                                              

                6.32                                                           

     Cuprous Oxide                                                             

                5.75 - 6.09                                                    

     Silver     10.53                                                          

     Silver Sulfide                                                            

                6.85 - 7.32                                                    

     Iron Sulfide                                                              

                4.75 - 5.40                                                    

     Iron Disulfide                                                            

                5.0                                                            

     (Limestones)                                                              

     Calcite    2.72                                                           

     Dolomite   2.85                                                           

     Argillaceous (clay)                                                       

                     (wide variety below 2.75 sp. gr.)                         

     Siliceous       (wide variety below the average                           

                      content of lime and silica)                              

     Silica     2.2  - 2.6                                                     

PAR  After the treatment of the concentrate with the potassium or sodium
      polysulfides the union of the various chemical compounds in the
      concentrate have been made into much simpler compounds more susceptible to
      gravity separation. It will be observed that the limestones and silicas
      present have a specific gravity below 3.0, while the iron falls between
      4.3 and 5.0. The silver and the copper and their salts are essentially sp.
      gr. of 6.0 and above. The problem is that the particles are so small that
      is suspension on a gravity table they tend to slime. A rotary shaft (1.720
      RPM) was used which lifted the particles according to weight in dry form
      in a tube 17 inches long and 11/2 inches wide, the overflow was the limes
      and silicas. A second separator, a tube 9 inches long and 11/2 inches wide
      gave a separation of the iron salts from the copper silver and their salts
      in 45 minutes.
PAR  Dilute sulfuric acid (4.8%) solution dissolved the bulk of the copper
      oxides and left the silver, silver sulfide, and elemental copper.
PAR  The copper was melted down and dissolved. The silver and the silver sulfide
      was recovered in scumming the melt. The copper was pounded into sheets and
      used in the solution of the above oxides of copper in sulfuric acid and
      made the anode. The anodes were encased in a porous bag and the silver was
      collected in the anode slimes while the copper plated out on the starting
      plate used as the cathode. A little (1%) hydrochloric acid is added to the
      solution to precipitate any silver passing into solution as the chloride.
      The ideal copper sulfate solution is from 6 - 13% free sulfuric acid and a
      16% copper sulfate solution. The anodes and cathodes should be about 2
      inches apart, with 22 anodes and 23 cathodes employed in each cell. An
      E.M.F. of 100 volts will force the current through 300 of these cells. Six
      square foot per side of each plate (3 ft. .times. 2 ft. .times. 11/2 in.)
      per plate were used as the theoretical point from which the reduction to
      the desired size was calculated.
PAR  The copper was pounded out to 1 sq. ft. and cut into 5 equal pieces. The
      copper sulfate solution from the copper oxides and the dilute sulfuric
      acid was adjusted to give a 16% copper sulfate solution and 9% free
      sulfuric acid. A very thin sheet (unknown thickness) was cut to match the
      anode copper pieces hung in the bath three-fourths inch from each other.
      Copper was deposited at 0.27 volts. A small quantity of lead was recovered
      from the anode slime bags and separated from the silver chloride by means
      of ammomium hydroxide which dissolves the silver and leaves the insoluble
      lead sulfate.
PAR  Very small amounts of arsenic and antimony were detected and 0.01% iron.
PAR  The recoveries of copper were 95% at 99.895% purity.
PAR  The silver recovery was 87.0% (from the lead, from the anode slimes, from
      the ppt. as chloride).
PAR  The lead recovery was 92%. (This was not analyzed as it was oxidized to
      recover the silver.)
PAR  The molybdenum recovery was 83% (along with the arsenic and antimony which
      were water soluble after the potassium tetrasulfide treatment and these
      were ppt. with zinc).
PAR  This test was run several times with 1000 gram samples of the concentrate
      and twice with 1000 lb. samples of the concentrate. The recoveries are the
      average of seven tests (which were all within 2% recovery of each other).
PAR  The electroplating apparatus had a potentiometer and a voltmeter was
      connected so that the point where copper deposited could be observed.
PAR  The apparatus of FIG. 1 was used for the 100 gram samples and the apparatus
      of FIG. 2 was used for the 1000 lb. samples.
PAR  The following ores can be successfully treated by the present process:
TBL  Bornite  Cu.sub.5 FeS.sub.4   Sp. Gr.                                     

                                5.07                                           

     Chalcocite                                                                

              Cu.sub.2 S        5.5     - 5.8                                  

     Chalcopyrite                                                              

              CuFeS.sub.2       4.1     - 4.3                                  

     Covellite                                                                 

              CuS               4.59    - 6.15                                 

     Enargite Cu.sub.3 AsS.sub.4                                               

                                4.45                                           

     Stromeyerite                                                              

              AgCus             6.15    - 6.3                                  

     Tennanite                                                                 

              (Cu,Fe).sub.12 As.sub.4 S.sub.13                                 

                                4.6                                            

     Tetrahedrite                                                              

              (Cu,Fe).sub.12 Sb.sub.4 S.sub.3                                  

                                4.6     - 5.1                                  

PAR  The above are the main true sulfide forms of copper. Other suitable ores
      include:
TBL  Azurite                                                                   

            2CuCO.sub.3.Cu(OH).sub.2                                           

                     3.77                                                      

                         - 3.83                                                

                              (An altered form                                 

                              of Chalcopyrite                                  

     Atacamite                                                                 

            Cu.sub.2 Cl(OH).sub.3                                              

                     3.94     (An oxidized                                     

                              portion of ore)                                  

     Brochantite                                                               

            Cu.sub.4 SO.sub.4 (OH).sub.4                                       

                     3.8      (Oxidized zone)                                  

     Cuprite                                                                   

            Cu.sub.2 O                                                         

                     4.45                                                      

     Malachite                                                                 

            CuCO.sub.3.Cu(OH).sub.2                                            

                     3.9 - 4.03                                                

                              (With other Cu.                                  

                              ores but altered)                                

     Tenorite                                                                  

            CuO      5.82                                                      

                         - 6.25                                                

PAR  Other ores which can be treated by the present process include:
TBL  Sphalerite   ZnS           3.9 - 4.1                                      

     Wurtzite     ZnS                                                          

     Galena       PbS           7.4 - 7.6                                      

     Argentite    Ag.sub.2 S    7.2 - 7.36                                     

     Stephanite   5Ag.sub.2 S.Sb.sub.2 S.sub.3                                 

                                6.2 - 6.23                                     

     Proustite    3Ag.sub.2 S.As.sub.2 S.sub.3                                 

                                5.57 - 5.64                                    

     Pyrargyrite  3Ag.sub.2 S.Sb.sub.2 S.sub.3                                 

                                5.77 - 5.86                                    

     Polybasite   Ag.sub.16 Sb.sub.2 S.sub.11                                  

                                6.0 - 6.2                                      

     Cerargyrite  AgCl          5.55                                           

     Molybdenite  MoS.sub.2     4.6 - 4.8                                      

     Wulfenite    PbMoO.sub.4   6.7 - 7.0                                      

     (Can be with Calcium, Chromium, or Vanadium)                              

PAR  Some Cadmium would probably be present if the copper sulfide ore contains
      sphalerite (ZnS) as Greenockite CdS 4.9 - 5.0
TBL  Antimony Ores                                                             

     Stibnite Sb.sub.2 S.sub.3                                                 

                          4.52 - 4.62                                          

     Valentinite                                                               

              Sb.sub.2 O.sub.3                                                 

                          5.57 - 5.76                                          

     (An alteration of stibnite)                                               

     Livingstonite                                                             

              HgSb.sub.4 S.sub.7 (HgS.2Sb.sub.2 S.sub.3)                       

                          4.1 - 4.8                                            

     Jamesonite                                                                

              Pb.sub.4 FeSb.sub.6 S.sub.14                                     

                          5.5 - 6.0                                            

     Arsenic Ores                                                              

     Enargite Cu.sub.3 AsS.sub.4                                               

                          4.45                                                 

     Realgar  As.sub.2 S.sub.2                                                 

                          3.4 - 3.6                                            

     (From silver and lead ores)                                               

     Loellingite                                                               

              FeAs.sub.2  7.4                                                  

     Arsenopyrite                                                              

              FeS.sub.2.FeAs.sub.2                                             

                          5.89                                                 

     (With silver, lead, cobalt zinc)                                          

     Native Arsenic       5.72                                                 

     Orpiment As.sub.2 S.sub.3                                                 

                          3.5                                                  

     Niccolite                                                                 

              NiAs        7.3 - 7.67                                           

     (As replaced by Sb Ni by Fe or Co)                                        

     Scorodite                                                                 

              Fe.sub.2 O.sub.3.As.sub.2 S.sub.3                                

     Bismuth Ores                                                              

     Bismutite                                                                 

              (BiO).sub.2 CO.sub.3                                             

                          6.1 - 7.7 (Unlikely occurrence)                      

     Bismuthinite                                                              

              Bi.sub.2 S.sub.3                                                 

                          6.4 - 6.5                                            

     Cosalite 2PbS.Bi.sub.2 S.sub.3                                            

     Tetradymite                                                               

              Bi.sub.2 Te.sub.3                                                

                          7.3                                                  

CLMS
STM  Having thus fully described the invention, what is claimed is:
NUM  1.
PAR  1. A process for recovering copper from a sulfidic ore thereof, comprising:
      mixing and fusing said ore under vacuum in the absence of water, CO.sub.2,
      and oxygen with at least a stoichiometric amount of a non-saturated
      sulfide of sodium or potassium at a temperature between about 210.degree.C
      and 360.degree.C thereby forming a melt of copper metal, copper oxides,
      and a more saturated sulfide of said sodium or potassium and separating
      said copper from said melt.
NUM  2.
PAR  2. The process of claim 1 wherein said ore contains also sulfides of
      silver, lead, molybdenum, antimony, and arsenic.
NUM  3.
PAR  3. The process of claim 2 comprising cooling said melt and leaching said
      melt with water to remove said saturated sulfide and compounds soluble
      therein from said copper and copper oxide in the resulting leach solution.
NUM  4.
PAR  4. The process of claim 3 wherein said solution contains molybdenum
      disulfide, arsenic, and antimony and including the further steps of adding
      a metal above molybdenum in the EMF series to said solution to precipitate
      metallic molybdenum, arsenic, and antimony, filtering said solution and
      evaporating the filtrate to recover said saturated sulfide and any sulfur
      present.
NUM  5.
PAR  5. The process of claim 1 wherein said ore is first roasted to around
      300.degree.C to remove water and carbon dioxide.
NUM  6.
PAR  6. The process of claim 1 wherein said melt is leached with water to remove
      said sulfides and leave behind a washed residue and said residue is
      separated by gravity.
NUM  7.
PAR  7. The process of claim 6 wherein the leach solution contains potassium
      pentasulfide, and said solution is evaporated to dryness and the residue
      is heated to form potassium tetrasulfide for recycling with more ore to
      form additional copper metal.
NUM  8.
PAR  8. The process of claim 1 wherein said non-saturated sulfide of sodium or
      potassium is prepared in situ by mixing at least a stoichiometric amount
      of sodium or potassium hydroxide with sulfur and said ore at a temperature
      of between about 280.degree.C and 360.degree.C.
NUM  9.
PAR  9. The process of claim 1 wherein products in said melt are leached with
      water and separated by gravity.
NUM  10.
PAR  10. The process of claim 1 wherein said more saturated sulfide is thermally
      decomposed to produce the corresponding non-saturated sulfide and said
      non-saturated sulfide is reacted with additional ore under the conditions
      above stated to produce additional amounts of saturated sulfide and
      copper.
NUM  11.
PAR  11. The process of claim 1 comprising adding said ore portion wise to said
      non-saturated sulfide and cooling said melt to below the decomposition
      point of the corresponding saturated sulfide before adding the last
      portion of ore.
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PAL  Grain refining of aluminum using an addition of titanium, aluminum and
      KBF.sub.4.
BSUM
PAR  This invention relates to a method and composition for grain refining of
      aluminum and aluminum base alloys including conventional aluminum alloys
      containing up to 15% by weight in the aggregate of the usual alloying
      elements, e.g. Mn, Cu, Mg, Cr, Zn, Si, Fe.
PAR  The grain size in aluminum castings, e.g. ingots, slabs and the like is an
      important industrial consideration and it is of advantage to provide a
      high degree of grain refinement in order to improve the workability of the
      castings, increase hot and cold strength, and avoid porosity which can
      result from the occurrence of large columnar grains.
PAR  It is known that the addition of titanium to molten aluminum provides a
      grain refinement in resultant castings. It is also indicated in the prior
      art that the presence of boron, together with titanium, in molten aluminum
      enhances grain refinement upon solidification due to the formation and
      presence of the refractory compound TiB.sub.2. Revue de L'Aluminum
      December 1972, pp. 977-988, reports on the use of KBF.sub.4 as the boron
      addition to a titanium treated aluminum bath wherein grain refinement
      occurred when TiB.sub.2 was produced and identified. In the Journal of the
      Institute of Metals, Vol. 76, 1949/50 p. 321, it is contended that the
      refractory compound, TiB.sub.2, acts as a nucleus for grain refinement. In
      Jern Kont Ann, 155, 1971, it is hypothesized that the grain is refined by
      the formation of TiAl.sub.3 according to the reaction
EQU  Al + TiB.sub.2 .fwdarw. Al + (TiAl)B.sub.2 .fwdarw. TiAl.sub.3 +
      (TiAl)B.sub.2.
PAL  The Journal of the Institute of Metals Vol. 98, 1970, page 23, offers the
      hypothesis that the presence of boron reduces the solid solubility of
      titanium in aluminum.
PAR  While it is known that boron will enhance grain refinement as indicated
      above, the presence of refractory TiB.sub.2 compound particles in aluminum
      is undesirable in many instances, e.g. filtration systems for molten
      aluminum alloys are subject to plugging during casting and, during the
      working of aluminum castings, e.g. by flat rolling to foil gauges, the
      presence of hard intermetallic boride particles can act as stress raisers
      that lead to tears in the product.
PAR  It is accordingly an object of the present invention to provide a method
      for grain refining aluminum using titanium and relatively small amounts of
      boron.
PAR  It is another object of the present invention to provide a method for grain
      refining aluminum using an addition containing titanium and relatively
      small amounts of boron wherein molten aluminum can be cast almost
      immediately after the grain refiner addition.
PAR  It is another object of the present invention to provide a method for grain
      refining aluminum using an addition containing titanium and relatively
      small amounts of boron wherein the aluminum can be cast at a relatively
      long time after the grain refiner addition without substantial loss of
      grain refinement.
PAR  It is another object of the present invention to provide a method for grain
      refining aluminum using an addition containing titanium and boron wherein
      the resulting casting is substantially free from titanium boride
      detectable by light microscopy.
DRWD
PAR  Other objects will be apparent from the following description and claims in
      conjunction with the drawing in which
PAR  FIG. 1 shows a logarithm scale graph from which titanium and boron
      additions in accordance with the present invention can be determined.
PAR  FIGS. 2a-2c show photographs illustrating different degrees of grain
      refinement in aluminum castings.
PAR  FIG. 3 shows further photographs illustrating various degrees of grain
      refinement in aluminum castings.
PAR  FIGS. 4a-4e show photographs of aluminum castings indicating the effect of
      different casting times on grain refinement.
PAR  FIGS. 5a-5e show photographs of aluminum castings indicating the effect of
      different casting times on grain refinement.
PAR  FIGS. 6a and 6b show photographs of aluminum castings indicating the effect
      of different times on grain refinement.
DETD
PAR  A method in accordance with the present invention for grain refining
      aluminum comprises adding to molten aluminum an addition in the form of a
      blended mixture consisting essentially of finely divided titanium,
      aluminum and potassium fluoborate, KBF.sub.4 ; the aggregate amount of the
      titanium in the addition is at least about 0.005% by weight of the molten
      aluminum being treated and is in an amount sufficient to provide in the
      molten aluminum a percentage titanium content in the range of about 0.01
      to 0.08 %; the aggregate amount of KBF.sub.4 in the addition is
      determinable on the basis of the titanium content in the molten aluminum
      as hereinafter described in conjunction with FIG. 1 of the drawing; and
      the aluminum content is from abour one-tenth to 4 times the weight of the
      titanium in the addition mixture.
PAR  The above-described addition can be in the form of a loose blended mixture,
      suitably confined in consumable containers with the titanium particle size
      being suitably 1.4 mm and finer and preferably 0.8 mm and finer. The
      aluminum particle size is suitably 2.4 mm(0.094 in.) and finer and
      preferably 1.4 mm (0.055 in.) and finer. The KBF.sub.4 is suitably sized
      0.2 mm (0.008 in.) and finer and preferably 0.1 mm (0.004 in.) and finer.
      In a particular embodiment of the invention, the blended mixture is in the
      form of compacts, e.g. pellets, produced by pressing together the above
      described powders suitably at pressures of from about 1.406 Kgf/mm.sup.2
      (2,000 psi) to 28.12 Kgf/mm.sup.2 (40,000 psi). The compacts preferably
      have a thickness of not more than 22.23 mm (7/8 inches) to ensure optimum
      rapidity of solution.
PAR  In the practice of the present invention the addition in the form of a
      blended mixture of titanium, aluminum and KBF.sub.4 dissolves rapidly in
      molten aluminum, solution of the addition being promoted by the intimate
      contact of aluminum particles with both the titanium and KBF.sub.4
      particles in the blended mixture, and the resulting aluminum castings
      exhibit grain refinement and no titanium boride particles can be observed
      at magnifications up to 1500X.
PAR  The present invention will be more fully understood with reference to FIG.
      1 of the drawing which shows on a logarithm scale plot of % Ti by weight
      vs % B by weight, polygon (A) with enclosed regions (B), (C), (D), and
      (E). In determining an addition of Ti, B and Al for use as a grain refiner
      in accordance with the invention the desired % level of dissolved titanium
      for the molten metal to be cast is located on the ordinate of the graph of
      FIG. 1 and, for this titanium level, a % boron value intersecting with the
      titanium level within polygon (A) is selected. To obtain good or excellent
      grain refinement, for a molten metal holding period of about 5 minutes,
      i.e. the metal is cast 5 minutes after the addition, the boron level is
      selected from region (B); for holding periods of up to about 1 hour,
      region (C) can be used; for holding periods of up to about 2 hours and
      more region (D) can be used. A "holding period" of three hours will
      provide good or excellent grain refining anywhere in polygon (A) longer
      holding periods can be used if desired. With a % by weight boron chosen
      from within an appropriate region of polygon (A), the weight of boron
      corresponding thereto is converted to a weight of KBF.sub.4 containing
      this amount of boron. This weight of KBF.sub.4 is the amount for use in
      the grain refining addition in accordance with the present invention. In
      the event that the molten metal to be treated does not already contain any
      titanium in solution, the desired % of molten metal level for titanium,
      noted above, is converted to the corresponding amount by weight and this
      is the amount of titanium for use in the grain refining addition with the
      amount of KBF.sub.4 determined as above. The amount of aluminum in the
      addition is from about one-tenth to 4 times the amount of titanium
      calculated as above. In instances where there is already, or will be
      before casting a % level of dissolved titanium in the molten metal from
      other sources, this % level is subtracted from the titanium level used in
      entering the graph of FIG. 1, and the resulting % difference is used in
      calculating the amount of titanium desired in the grain refining addition,
      the amount of aluminum being calculated on the basis of the amount of
      titanium desired in the addition.
PAC  EXAMPLE I
PAR  A mixture of elemental titanium, elemental aluminum and KBF.sub.4 was
      prepared by conventionally blending substantially equal parts by weight of
      titanium powder (sized finer than 0.8 mm(0.031 in.)) and aluminum powder
      (sized finer than 0.2 mm (0.008 in.)) to obtain in the mixture the various
      titanium to boron, Ti/B weight ratios indicated in Table I for the various
      test samples 1-51. Portions of the blended mixtures were cold compacted at
      about 1.55 Kgf/mm.sup.2 (2200 psi) to provide cylindrical compacts in the
      form of pellets about 9.5 mm (3/8 inch) in diameter by 3.2 mm (1/8 in.) to
      12.7 mm (1/2 in.) long having a density of about 2.85 grams/cc.
PAR  The pellets were added to 1000 gram quantities of molten titanium-free
      (less than 0.0005% Ti) aluminum stabilized at a temperature of
      760.degree.C in a magnesia lined graphite crucible heated by a high
      frequency induction furnace. Pellet additions in an amount to provide
      particular titanium and boron contents in the molten aluminum were added
      to the molten aluminum. The pellets dissolved completely and rapidly
      (approximately 30 seconds) and there was no detected loss of titanium,
      aluminum or boron. At 5 minutes after the pellet addition, (5 minute
      holding period) the molten aluminum was cast into a 50.8 mm (2 in.)
      .times. 50.8 mm (2 in.) square and 230 mm (9.06 in.) long iron mold
      preheated to 215.5.degree.C and the metal was allowed to solidify.
      Cross-section samples were cut 63.5 mm (2 1/2 in.) from the bottom of the
      casting, polished etched in nitric + hydrochloric acid solution (1 part by
      volume HNO.sub.3 to 2 parts by volume HCl) and examined for grain
      refinement. In Table I, "excellent" grain refinement was used to designate
      castings exhibiting more than 7500 grains per cc; "good" was used to
      designate castings exhibiting more than 3500 grains per cc but less than
      7500; and "poor" was used to designate castings exhibiting less than 3500
      grains per cc. The grains per cc were determined using the intercept
      method (Metals Handbook, page 416, 1948 Edition) and the number of grains
      in a cc calculated, assuming grains to be spherical. The determination of
      a "grain count" as described above is subject to a tolerance of as much as
      .+-. 20% and in making the designations as described above, grain counts
      close to the chosen classification numbers were listed in the lower
      classification. It is to be noted that the designations in Table I are
      based on metal cast after a 5 minute holding period. Samples 26 to 33
      designated poor in Table I, for a holding period of five minutes with the
      same additions and a holding period of 1 hour or more become good or
      excellent; and samples 34 to 39 become good or excellent with a holding
      period of two hours or more.
PAR  Photographs (original magnification 1X) of cross-sections for samples 4,
      15, and 29 of Table I are shown in FIGS. 2(a), 2(b), and 2(c)
      respectively. FIG. 2(a) shows excellent grain refinement (Grain Count of
      8450 grains/cc); FIG. 2(b) shows good grain refinement (Grain Count of
      5500 grains/cc); FIG. 2(c) shows poor grain refinement (Grain Count of
      2350 grains/cc).
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Grain Refinement of Ti-free Aluminum                                      

     (99.9% Al) by the Addition of                                             

     Ti-Al-KBF.sub.4 Blended Powder                                            

     Compacts-Holding Period of Five Minutes                                   

                                   Region of                                   

     Sample                                                                    

           % Ti % B  Ti/B Grain Size                                           

                                   FIG. 1                                      

                                         Quality                               

     __________________________________________________________________________

      1    0.1  0.01 10/1          A-C-B Good                                  

      2(1) 0.08 0.0000    4250 grains/cc                                       

                                   A-C-B Good                                  

      3    0.08 0.0004                                                         

                     200/1         A-C-B Excellent                             

      4    0.08 0.0008                                                         

                     100/1                                                     

                          7900 grains/cc                                       

                                   A-C-B Excellent                             

      5    0.08 0.0016                                                         

                     50/1 8800 grains/cc                                       

                                   A-C-B Excellent                             

      6    0.06 0.0002                                                         

                     300/1         A-C-B Good                                  

      7    0.06 0.0003                                                         

                     200/1         A-C-B Good                                  

      8    0.06 0.0004                                                         

                     150/1         A-C-B Good                                  

      9    0.06 0.0006                                                         

                     100/1         A-C-B Good                                  

     10    0.05 0.0004                                                         

                     125/1         A-C-B Good                                  

     11    0.05 0.0005                                                         

                     100/1                                                     

                          4191 grains/cc                                       

                                   A-C-B Good                                  

     12    0.05 0.0008                                                         

                     62.5/1        A-C-B Excellent                             

     13    0.05 0.0012                                                         

                     41.6/1        A-C-B Excellent                             

     14    0.04 0.0003                                                         

                     133/1         A-C-B Good                                  

     15(2) 0.04 0.0004                                                         

                     100/1                                                     

                          5600 grains/cc                                       

                                   A-C-B Good                                  

     16(2) 0.04 0.0008                                                         

                     50/1 6600 grains/cc                                       

                                   A-C-B Good                                  

     17    0.04 0.0010                                                         

                     40/1          A-C-B Good                                  

     18    0.04 0.0020                                                         

                     20/1          A-C-B Good                                  

     19    0.04 0.0040                                                         

                     10/1          A-C-B Good                                  

     20    0.03 0.0005                                                         

                     60/1          A-C-B Good                                  

     21    0.03 0.0006                                                         

                     50/1 5950 grains/cc                                       

                                   A-C-B Good                                  

     22    0.03 0.0008                                                         

                     37.5/1        A-C-B Good                                  

     23    0.03 0.0010                                                         

                     30/1          A-C-B Good                                  

     24    0.03 0.0020                                                         

                     15/1          A-C-B Good                                  

     25    0.03 0.0030                                                         

                     10/1          A-C-B Good                                  

     26(1)(4)                                                                  

           0.04 0.0000    2250 grains/cc                                       

                                   C-A   Poor                                  

     27(4) 0.03 0.0003                                                         

                     100/1                                                     

                          2250 grains/cc                                       

                                   C-A   Poor                                  

     28(3)(4)                                                                  

           0.03 0.0004                                                         

                     75/1          C-A   Poor                                  

     29(3)(4)                                                                  

           0.02 0.0004                                                         

                     50/1 2300 grains/cc                                       

                                   C-A   Poor                                  

     30(3)(4)                                                                  

           0.02 0.0005                                                         

                     40/1          C-A   Poor                                  

     31(3)(4)                                                                  

           0.02 0.0006                                                         

                     33/1          C-A   Poor                                  

     32(4) 0.02 0.0010                                                         

                     20/1          C-A   Poor                                  

     33(4) 0.01 0.0006                                                         

                     16.6/1        C-A   Poor                                  

     34(1)(5)                                                                  

           0.02 0.0000    1050 grains/cc                                       

                                   A-D   Poor                                  

     35(5) 0.02 0.0002                                                         

                     100/1                                                     

                          2200 grains/cc                                       

                                   A-D   Poor                                  

     36(5) 0.01 0.0001                                                         

                     100/1         A-D   Poor                                  

     37(5) 0.01 0.0002                                                         

                     50/1          A-D   Poor                                  

     38(5) 0.01 0.0004                                                         

                     25/1          A-D   Poor                                  

     39(5) 0.01 0.0005                                                         

                     20/1          A-D   Poor                                  

     40    0.02 0.004                                                          

                     5/1                 Poor                                  

     41    0.02 0.01 2/1                 Poor                                  

     42    0.01 0.004                                                          

                     2.5/1               Poor                                  

     43    0.01 0.01 1/1                 Poor                                  

     44    0.01 0.02 1/2                 Poor                                  

     45    0.01 0.1  1/10                Poor                                  

     46    0.006                                                               

                0.0004                                                         

                     15/1                Poor                                  

     47(1) 0.005                                                               

                0.0000                   Poor                                  

     48    0.005                                                               

                0.0004                                                         

                     12.5/1              Poor                                  

     49    0.004                                                               

                0.0004                                                         

                     10/1                Poor                                  

     50    0.002                                                               

                0.0004                                                         

                     5/1                 Poor                                  

     51    0.001                                                               

                0.0004                                                         

                     2.5/1               Poor                                  

     __________________________________________________________________________

      Footnote Explanations                                                    

      (1)The additions for these samples did not contain any KBF.sub.4 and are 

      plotted adjacent 0.0001% B for convenience only.                         

      (2)These samples are the net results of a multiplicity of individual heat

      of the same composition whose results are either good (3500 &lt; grains/cc &lt;

      7500) or excellent (grains/cc &gt; 7500). Because of composition. results,  

      the minimum result, good, is applied to the sample composition.          

      (3)These samples are the net results of a multiplicity of individual heat

      of the same composition whose results are either poor (3500 &gt; grains/cc) 

      or good (3500 &lt; grains/cc &lt; 7500). Because of sporadic results, the      

      minimum result, poor, is applied to the sample compostion.               

      (4)Samples 26 to 33, designated Poor in the Table, with the same addition

      but with a holding time of one hour or more, become Good, or Excellent.  

      (5)Samples 34 - 39, designated Poor in the Table, with the same addition,

      but with a holding time of two hours or more, become Good or Excellent.  

PAR  With further reference to FIG. 1, any addition mixture in accordance with
      the present invention containing Ti, Al and KBF.sub.4 which provides a Ti
      and B contents defined within the polygon (A) will result in excellent or
      good grain refinement for holding periods of about 3 hours.
PAR  It is not necessary however that a holding period of at least 3 hours be
      used for all of polygon (A). Shorter holding periods are adequate for the
      various regions as described below. The enclosed region designated (B) in
      FIG. 1 is based upon the test data of Table I and represents a region of
      consistently good or excellent grain refinement through the practice of
      the present invention for metal cast about 5 minutes after an addition in
      accordance with the present invention. The region marked (E) represents a
      region of consistently good or excellent grain refinement with minimum
      optimum, desired titanium and boron through the practice of the present
      invention for metal cast after as brief a holding period as 5 minutes
      after an addition in accordance with the present invention. The region (C)
      represents a region of consistently good or excellent grain refinement
      through the practice of the present invention for metal cast about 1 hour
      after an addition in accordance with the present invention. The region (D)
      represents a region of consistently good or excellent grain refinement
      through the practice of the present invention for metal cast about two
      hours or more after an addition in accordance with the present invention.
      It is to be understood that longer holding periods than those mentioned
      above for the various regions can be used if desired.
PAR  The data of Table I and the graph of FIG. 1 indicate that generally less
      titanium and boron are required for good grain refinement for longer
      holding period.
PAR  In the practice of the present invention, in determining the addition to be
      made to a quantity of molten aluminum, the initial titanium content of the
      aluminum is determined and the amount of titanium required to provide a
      desired titanium content in the range of about 0.01% to 0.08% is
      calculated and this amount of titanium is used in the addition in
      accordance with the present invention. An amount of boron in the addition
      is determined from the graph of FIG. 1 corresponding to the desired %Ti
      content of the aluminum using the appropriate region of the graph. This %
      of boron is converted to an amount of KBF.sub.4 which is blended with the
      determined amount of titanium, together with aluminum ranging one-tenth to
      4 times the weight of the determined titanium amount. The resulting
      blended addition mixture is introduced into the molten aluminum.
PAR  In providing the amounts of titanium and boron in the manner noted above,
      from 100 to 120% of the determined amounts of titanium and KBF.sub.4 can
      be suitably employed in the addition mixture.
PAR  The following hypothetical example "A" will further illustrate the practice
      of the present invention.
PAC  EXAMPLE A
PAR  Molten aluminum in the amount of 1000 lbs. contains 0.005% titanium in
      solution. It is desired to grain refine the aluminum at a titanium content
      of 0.035% titanium in the molten bath. The addition to the bath will
      contain (0.035%-0.005%) .times. 1000 lbs. = 0.3 lbs. of titanium. With
      reference to FIG. 1, to provide grain refining in metal cast about 5
      minutes after an addition in accordance with the present invention, an
      addition can contain from about 0.00035% to 0.0035% (a --a') of the weight
      of the bath of boron, i.e. from about 0.0035 lbs. to 0.035 lbs. of boron.
      This amount of boron, in the form of KBF.sub.4 is from about 0.041 lbs. to
      0.41 lbs. For 100-120% of the desired boron, the KBF.sub.4 can be from
      about 0.041 to 0.49 lbs. The aluminum in the addition can range from about
      0.3 to 1.2 lbs. The foregoing addition is designed to provide grain
      refining in metal cast from the aluminum bath at a time of 5 minutes after
      the addition is made to the bath (Region (B)). A specific preferred
      addition in such a case would be about 0.3 lbs. Ti, 0.3 lbs. Al, 0.04 lbs.
      KBF.sub.4 (Region (E)).
PAR  For the same bath weight and initial and desired titanium contents as
      above, for a casting time after addition of 1 hour the titanium content
      and aluminum content are the same and the boron content of the addition is
      from about 0.00012% to 0.0035% (b--a') of the weight of the bath (Region
      (C)), i.e. from about 0.0012 lbs. to 0.035 lbs. of boron. This amount of
      boron, in the form of KBF.sub.4 is from about 0.014 lbs. to about 0.41
      lbs. of KBF.sub.4. For 100-120% of the desired boron, the KBF.sub.4 in the
      addition can range up to about 0.49 lbs.
PAR  For the same bath weight and initial and desired titanium contents as
      above, for a casting time after addition of two hours or more the titanium
      and aluminum contents are the same and the boron content is from about
      0.0001% to 0.0035% (c -- a') of the weight of the bath i.e. from about
      0.001 lb. to 0.035 lbs. of boron. This amount of boron, in the form of
      KBF.sub.4 is from about 0.011 lbs. of KBF.sub.4 to about 0.41 lbs. of
      KBF.sub.4. For 100-120% of the desired boron, the KBF.sub.4 in the
      addition can range up to about 0.49 lbs.
PAR  With reference to FIG. 3, the photographs shown therein (50 mm (1.97 in.)
      .times. 50 mm (1.97 in.) sections) represent cross-sections of samples of
      aluminum cast after a 5 minute holding period. The samples in the left
      vertical row contained no boron or titanium and are reference "blanks".
      The samples of the top horizontal row contain no boron and illustrate that
      with a relatively high titanium content of 0.08% and no boron, good grain
      refinement is achieved. The second row from the top in FIG. 3, except for
      the blank, represents addition of Ti, Al and KBF.sub.4 in accordance with
      the procedure of the Example (Samples 35, 15, 4 of Table I left to right)
      and show that with a boron content of as low as 0.0004%B, good grain
      refining is obtained with a 0.04% Ti content and excellent grain refining
      at 0.08%Ti. The third row from the top in FIG. 3, except for the blank,
      represents additions of Ti, Al and KBF.sub.4 in accordance with the
      procedure of the Example (samples 29, 16 and 5 of Table I left to right)
      and show that with a boron content of 0.0008%, grain refinement is
      improved at 0.04% and 0.08% Ti content. The bottom row, except for the
      blank, represents additions of Ti and B in the form of a commercial
      titanium-boron alloy having a titanium to boron weight ratio of 5:1. With
      this type of boron addition, twenty times as much boron (0.008% and
      0.016%) is required to provide good and excellent grain refinement as
      compared to the additions in accordance with the present invention (second
      row from top in FIG. 3).
PAR  Table II shows data for additions made following the procedure of the
      Example, except for the holding periods, which are as set forth in Table
      II. Corresponding photographs of cross-sections (50 mm (1.97 in.) .times.
      50 mm (1.97 in.) full section) are shown in FIGS. 4, 5 and 6. Table II and
      the photographs of FIGS. 4, 5 and 6 show that in the practice of the
      present invention, as the holding period is increased, the titanium
      content can be decreased while retaining grain refinement. For example,
      0.01% Ti, 0.0001%B for a holding time of 180 minutes (FIG. 6 (b)) is as
      effective as 0.04% Ti, 0.0004%B at a holding period of 5 minutes.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Ti, %    0.00    0.04   0.04   0.04   0.04                                

     B, %     0.00(Blank)                                                      

                      0.0004 0.0004 0.0004 0.0004                              

     Holding Period                                                            

              5 Min.  5 Min. 10 Min.                                           

                                    20 Min.                                    

                                           30 Min.                             

     Cross-Section                                                             

              FIG. 4a FIG. 4b                                                  

                             FIG. 4c                                           

                                    FIG. 4d                                    

                                           FIG. 4c                             

     Ti, %    0.02    0.02   0.02   0.02   0.02                                

     B, %     0.0004  0.0004 0.0004 0.0004 0.0004                              

     Holding Period                                                            

              5 Min.  30 Min.                                                  

                             60 Min.                                           

                                    90 Min.                                    

                                           120 Min.                            

     Cross-Section                                                             

              FIG. 5a FIG. 5b                                                  

                             FIG. 5c                                           

                                    FIG. 5d                                    

                                           FIG. 5e                             

     Ti, %    0.00    0.01                                                     

     B, %     0.00(Blank)                                                      

                      0.0001                                                   

     Holding Period                                                            

              180 Min.                                                         

                      180 Min.                                                 

     Cross-Section                                                             

              FIG. 6a FIG. 6b                                                  

     __________________________________________________________________________

PAR  The addition of the present invention can contain up to 50% by weight in
      the aggregate of finely divided Mn, Fe, Cr, W, Mo, V, Co, Cu, Ni, Cb, Ta,
      Si, Zr, Hf and Ag and alloys of these elements. The addition agent of the
      present invention may also contain minor proportions of compounds such as
      alkali metal flouride. A particular advantage of the present invention is
      that detectable particles of titanium boride, TiB.sub.2, do not result
      from grain refining in accordance with the present invention. Examination
      of castings at magnifications up to 1500X did not show any TiB.sub.2
      particles. This means that with the grain refining method of the present
      invention there is no danger on account of refractory boride particles
      clogging molten metal filtering equipment or damaging rolls or other
      equipment used in working the cast metal or in tearing of metal during
      rolling to thin sheet.
PAR  In a further embodiment of the present invention an addition agent is
      provided consisting essentially of finely divided titanium, aluminum and
      KBF.sub.4 wherein the titanium, and boron contents KBF.sub.4 are in
      proportions which intersect in region (E) of FIG. 1 and the aluminum
      content is from about one-tenth to four times the amount of the titanium
      content. The use of such addition agents to provide a titanium content in
      molten aluminum of from about 0.03 to 0.08 per cent will provide good or
      excellent grain refining in metal cast 5 minutes or more after the
      addition. The addition agent is preferably in the form of compacts pressed
      from powders as aforedescribed. An example of an addition agent in this
      range, point F in FIG. 1, would contain 350 parts of titanium, 83 parts
      KBF.sub.4 and 35 parts aluminum.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for grain refining aluminum which comprises
PA1  a. providing a bath of molten aluminum base metal
PA1  b. making an addition to the bath of molten aluminum in the form of a
      blended mixture consisting essentially of finely divided titanium,
      aluminum and KBF.sub.4, the aggregate amount of titanium in the addition
      being at least about 0.005% by weight of the molten metal and being in an
      amount sufficient to provide in the molten bath a percentage titanium
      content selected from the range of about 0.01 to 0.08%, the aggregate
      amount of KBF.sub.4 in the addition being such as to contain boron in an
      amount equivalent to a percentage of the molten bath falling within the
      polygon (A) of the graph of FIG. 1 of the drawing corresponding to the
      selected percentage of titanium, the amount of aluminum being from about
      one-tenth to 4 times the weight of titanium in the mixture.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein the amount of boron in the
      mixture is determined from region (B) of FIG. 1.
NUM  3.
PAR  3. A method in accordance with claim 1 wherein the amount of boron in the
      mixture is determined from the region (C) of the graph of FIG. 1.
NUM  4.
PAR  4. A method in accordance with claim 1 wherein the amount of boron in the
      mixture is determined from the region (D) of the graph of FIG. 1.
NUM  5.
PAR  5. A method in accordance with claim 1 wherein the amount of boron in the
      mixture is determined from the region (E).
NUM  6.
PAR  6. An addition agent for refining aluminum, base metal consisting
      essentially of compacted blended mixture of titanium, aluminum and
      KBF.sub.4 wherein the titanium and boron contents are in proportions which
      intersect in region (E) of FIG. 1 and the aluminum content is from about
      one-tenth to 4 times the amount of the titanium content.
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ABST
PAL  A method of making ferro-nickel or metallic nickel from iron-rich nickel
      ore by adding silica therein, so as to form difficultly reducible fayalite
      with iron in the ore, adding a carboneous reducing agent therein, and
      heating the mixture without melting the same at 900.degree.C to
      1,300.degree.C in a reducing atmosphere having a
      ##EQU1##
      ratio of 1.6% to 90%.
PARN
PAR  This application is a continuation-in-part application of U.S. patent
      application No. 40,545 which was originally filed on May 26, 1970 now U.S.
      Pat. No. 3,765,873.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to a method of producing ferro-nickel or metallic
      nickel, and more particularly to a method of producing ferro-nickel or
      metallic nickel from iron-rich nickel ore or iron-rich nickel oxide by
      adding separately prepared silica to the starting material.
PAR  2. Description of the Prior Art
PAR  Nickel is an indispensable metal for making stainless steel and
      heat-resisting alloy. As the consumption of nickel increases, the
      availability of high grade nickel ores gradually decreases, and there has
      been an increasing need for a process of making nickel from comparatively
      low grade ores, such as laterite, containing a large amount of iron, as
      shown in Table 1. There have been a number of studies made heretofore on
      the process of producing ferro-nickel from iron-rich nickel ore. Among
      such studies, the nickel-preferred reduction is most important.
PAR  What is meant by the "nickel-preferred reduction" is based on the
      difference in the thermodynamic properties of nickel and iron; namely,
      iron has a greater affinity for oxygen than has nickel. In an actual
      refining process for the reduction of iron-rich nickel ore, such as
      laterite, however, iron and nickel are simultaneously reduced, and it is
      very difficult to give preference to the reduction of nickel over that of
      iron. More particularly, when iron-rich nickel ore is reduced in a
      conditioned gaseous atmosphere, both nickel and iron are simultaneously
      formed by reduction, and the resultant ferro-nickel has a comparatively
      low nickel content. It has been difficult to improve the nickel content in
      the ferro-nickel by any further treatment.
PAR  The inventors have noticed the fact that iron contained in iron-rich nickel
      ores can be fixed in the form of difficultly reducible fayalite, so that
      the selective reduction of nickel can be effected based on the difference
      of the reducibility between fayalite and nickel compound.
PAR  The formation and decomposition of fayalite (2FeO.SiO.sub. 2) can be
      represented by the following chemical formulae.
PA1  2Fe.sub.3 O.sub.4 + 3SiO.sub.2 + 2CO .fwdarw. 3(2FeO.SiO.sub. 2) +
      2CO.sub.2                                                 ( 1)
PA1  2feO.SiO.sub. 2 + 2CO .fwdarw. 2Fe + SiO.sub.2 + 2CO.sub.2 ( 2)
PAR  The formation of fayalite according to the formula (1) takes place already
      in an atmosphere with carbon-monoxide content
      ##EQU2##
      of 1.6% or more, while the decomposition of fayalite according to the
      formula (2 when the carbon-monoxide content is up to 90%. Accordingly, if
      the iron component of the nickel ore is fixed in the form of fayalite by
      reaction formula (1), the reduction of nickel can be selectively effected
      while suppressing the reduction of iron.
PAR  Therefore, an object of the present invention is to provide a method for
      producing ferro-nickel or metallic nickel from iron-rich nickel ores by
      adding silica so as to positively use the formation lof fayalite for the
      selective reduction of nickel.
PAR  U.S. Pat. No. 2,767,075, which was granted to Albert E. Greene on Oct. 16,
      1956, discloses a process of direct reduction of an iron ore containing
      nickel, in which it was intended to hold oxide of iron as an iron oxide
      silicate against reduction. To this end, Greene uses fluxing material
      which is to slag oxide material including oxide of iron. Greene, however,
      does not suggest the effective use of fayalite, due to the following
      reasons.
PAR  a. Greene uses a molten metal bath on which a starting charge is placed. As
      a result, the starting charge including the nickel-containing material and
      silica-containing fluxing material is susceptible to melting. Once the
      starting charge is molten, the chemical reaction of the aforesaid equation
      (1) will not take place. It is generally believed that, when melted,
      fayalite is ionized, as given by the equation of 2Fe.SiO.sub. 2 .fwdarw.
      2Fe.sup.+.sup.+ + O.sup.-.sup.- + SiO.sub.2. As soon as being ionized, the
      desired difficultly reducible nature of the slag is lost, and the
      efficiency of the selective reduction is greatly deteriorated.
PAR  b. The inventors of the present application have found that the formation
      of the fayalite is carried only in solid state, and the reaction of the
      fayalite formation is very low. The fact of solid state reaction may be
      one of the reasons for the slowness of the fayalite formation. With the
      arrangement of Greene, the starting charge may easily be intermingled with
      the molten bath, so that the ingredients of the starting charge cannot be
      held in the solid state for a sufficiently long period of time for
      effecting the selective reduction.
PAR  c. Greene succeeded in producing "a direct nickel-iron containing
      approximately 6% of nickel" (column 2, lines 52-53). Such nickel content
      in the nickel iron is unduly low for any practical processes which
      effectively utilize fayalite. More particularly, the so-called
      Strategic-Udy process based on the selective use of carboneous reductants
      without any fayalite can produce a ferro-nickel containing 21.22% of
      nickel, as disclosed by Marvin J. Udy and Murray C. Udy in Journal of
      Metals, May 1959 page 312. In other words, when the starting charge of
      Greene was placed on the molten bath, the reduction of the starting ore
      was mostly carried out by the so-called "selective reduction with
      controlled carboneous reductants", rather than by utilizing the presence
      of fayalite.
PAR  d. Greene suggests the use of an electric furnace for carrying out his
      process. It is not necessarily economical to heat the starting charge by
      the comparatively expensive electric energy. For instance, iron ores and
      nickel ores as delivered usually have a large amount of water of
      crystallization and moisture attached thereto. Removal of the water of
      crystallization and moisture by electric energy may become unreasonably
      costly.
PAR  To overcome the aforesaid difficulties of conventional methods, the
      inventors have carried out a series of studies and tests. As a result, a
      new method of reducing iron-rich starting material containing nickel is
      provided.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, there is provided a method for refining
      nickel by reducing iron-rich starting material containing nickel,
      comprising steps of mixing the starting material with silica and
      carboneous reducing agent in a rotary reaction vessel, forming a reducing
      atmosphere in the vessel by heating the mixture so as to produce carbon
      dioxide and carbon monoxide at a ratio of
      ##EQU3##
      of 1.6% to 90%, and firing the mixture at 900.degree.C to 1,300.degree.C
      without melting the mixture, while causing the iron in the starting
      material to be compounded with the silica in the form of difficultly
      reducible fayalite for selectively reducing the nickel-containing material
      into crude nickel.
PAR  The inventors have also found out that the formation of difficultly
      reducible fayalite in the aforesaid method can be accelerated by adding
      0.5% to 5% of sodium carbonate and/or sodium chloride in the starting
      mixture.
PAR  As a source of silica in the process of the present invention, it is
      possible to use nickel ores having a high silica-content, such as
      garnierite having a chemical composition as shown in Table 1.
TBL                                    Table I                                 

     __________________________________________________________________________

     Chemical composition (%)                                                  

     Ore   SiO.sub.2                                                           

                Fe   CaO   MgO  Ni  Al.sub.2 O.sub.3                           

                                          Cr.sub.2 O.sub.3                     

     __________________________________________________________________________

     Garnierite                 More                                           

     ore   35-50                                                               

                9.0-15                                                         

                     0.1-0.3                                                   

                           20-30                                               

                                than                                           

                                    0.5-1.0                                    

                                          0.5-1.5                              

                                2.0                                            

     Laterite                                                                  

           Less More Less  Less More      More                                 

     ore   than than than  than than                                           

                                     3-10 than                                 

           5    40   0.5   5    0.5       2                                    

     __________________________________________________________________________

PAR  However, most silica-rich nickel ores contain a large amount of magnesia,
      for instance, 20-30% of magnesia in the case of garnierite, as shown in
      Table 1. The chemical behavior of such magnesia in the nickel ore during
      any wet nickel refining process is similar to that of nickel oxide.
      Accordingly, the presence of magnesia is detrimental to the wet nickel
      refining process. It is also known that the presence of a large amount of
      magnesia is not desirable in dry nickel refining processes, such as the
      Krupp-Renn's process. After years of study, the inventors have succeeded
      in developing an improved nickel refining process from both iron-rich ore
      (e.g., laterite) and nickel magnesium silicate ore (e.g., garnierite), in
      which magnesia in the nickel magnesium silicate ore is extracted by using
      carbon dioxide gas, and the residue from the magnesia extraction is used
      as the silica source for the formation of fayalite in the refining process
      of the iron-rich nickel ore. The nickel refining method of the present
      invention has the following advantages.
PAR  1. Ferro-nickel or metallic nickel of high grade can be achieved, because
      reduction is accelerated for both nickel in iron-rich nickel ore and
      nickel in the residue from magnesia separation of nickel magnesium
      silicate ore.
PAR  2. The carbon dioxide in the exhaust gas from the reduction of both
      iron-rich nickel ore and the residue from the magnesia separation of
      nickel magnesium silicate ore can be used for the extraction of magnesia
      from the nickel magnesium silicate ore, so that the overall heat
      efficiency of the process is improved.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  For a better understanding of the invention, reference is made to the
      accompanying drawings, in which:
PAR  FIG.. 1 is a flow diagram of an embodiment of a nickel refining process
      according to the present invention;
PAR  FIG. 2 is a graph showing the relation between the yield of magnesia and
      calcining conditions;
PAR  FIG. 3 is a graph, showing the relation between the yield of magnesia and
      the concentration of calcined ore in a slurry;
PAR  FIG. 4 is a graph, illustrating the relation between the yield of magnesia
      and the partial pressure of carbon dioxide in the gas blown into the
      slurry of calcined nickel magnesium silicate ore;
PAR  FIG. 5 is an equilibrium diagram for reducing reactions in an Fe--SiO.sub.2
      --C--O.sub.2 system;
PAR  FIG. 6 is a graph, illustrating the relation between the degree of
      reduction and temperature in the reducing process, according to the
      present invention;
PAR  FIG. 7 is an X-ray diffraction diagram of typical fayalite;
PAR  FIG. 8 is an X-ray diffraction diagram of products from an embodiment of
      the present invention;
PAR  FIG. 9 is a graph, illustrating the relations between the degree of
      reduction of nickel and iron and the reducing temperature;
PAR  FIG. 10 is an X-ray diffraction diagram of products formed in a different
      embodiment of the present invention;
PAR  FIG. 11 is a graph showing temperature distribution in a rotary kiln for
      effecting the method of the present invention; and
PAR  FIG. 12 is an X-ray diffraction diagram, illustrating the acceleration of
      the fayalite formation by addition of sodium carbonate or sodium chloride.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The principles of the present invention will be described, referring to an
      equilibrium diagram of reducing reactions in an Fe--SiO.sub.2 --C--O
      system, or an iron ore reducing system, as shown in FIG. 5. Laterite and
      garnierite contain iron in the form of limonite (Fe.sub.2 O.sub.3.nH.sub.2
      O). The limonite releases its water of crystallization at about
      300.degree.C to 350.degree.C and becomes ferric oxide Fe.sub.2 O.sub.3.
      The ferric oxide Fe.sub.2 O.sub.3 can easily be reduced by carbon monoxide
      to produce Fe.sub.3 O.sub.4 according to the following chemical reaction.
      The concentration of carbon monoxide in the gas for the last mentioned
      reduction can be low.
PAC  3Fe.sub.2 O.sub.3 + CO .fwdarw. 2Fe.sub.3 O.sub.4 + CO.sub.2 (3)
PAL  this reduction is represented by the line A--A' in FIG. 5.
PAR  If silica is present in the above reduction system, Fe.sub.3 O.sub.4 thus
      produced reacts with the silica (SiO.sub.2), so as to form fayalite
      (2FeO.SiO.sub. 2), according to the following chemical reaction, as shown
      by the line B-B' in FIG. 5.
PAC  2Fe.sub.3 O.sub.4 + 3SiO.sub.2 + 5CO .fwdarw. 3(2FeO.SiO.sub. 2) +
      5CO.sub.2                                                 (4)
PAR  The minimum content of carbon monoxide in the reducing atmosphere for the
      production of fayalite is at least 1.6% at 400.degree.C to 1,400.degree.C,
      and fayalite can easily be formed without regulating the reducing
      atmosphere.
PAR  If, however, there is no silica available for the reducing reaction of the
      formula (4), Fe.sub.3 O.sub.4 generated by the reduction (3) is further
      reduced to FeO or Fe, as shown by the line C-C'-D in FIG. 5, and FeO is
      further reduced to metallic iron, as shown by the line C'-E of FIG. 5.
PAR  On the other hand, fayalite (2FeO.SiO.sub. 2), which can be formed by the
      presence of silica and a comparatively low content of carbon monoxide,
      cannot be reduced unless the content of carbon monoxide in the reducing
      atmosphere is much higher than that required for the reduction of simple
      iron oxide. More particularly, the reducing of fayalite to metallic iron
      takes place only when the content of carbon monoxide in the reducing
      atmosphere is 90% or higher, as shown by the line F-F' of FIG. 5.
PAR  Accordingly, in treating iron-rich ore and iron-rich nickel oxide, such as
      laterite, it is possible to suppress the reduction of iron oxide in a
      reducing atmosphere by adding silica. In other words, silica can be used
      as a kind of fixer for stabilizing iron in the reducing atmosphere.
PAR  It is an important feature of the present invention to form fayalite
      intentionally by adding silica. In fact, the formation of fayalite has
      heretofore been avoided in the art of iron manufacture. Contrary to such
      conventional practice in iron manufacturing industries, the present
      invention intends to take advantage of the fayalite formation for
      accelerating the nickel reduction while suppressing the iron reduction.
PAR  Due care should be given to the chemical behavior of nickel in the presence
      of silica in a reducing atmosphere. A compound of nickel oxide and silica
      has been known, which is referred to as nickel olivine (2NiO.SiO.sub. 2).
      If nickel olivine should be formed in the process according to the present
      invention, the presence of silica will become detrimental to the nickel
      refining, because nickel olivine is hardly reducible.
PAR  The inventors have confirmed that the method of the invention is free from
      such formation of nickel olivine. If fact, tests were made by adding
      silica and silica-containing residue, to be referred to hereinafter, in
      laterite ore from New Caledonia. The mixture of the ore and silica thus
      added was reduced by heating it at 600.degree.C to 1,200.degree.C. It was
      found by such tests that the silica thus added was effective in
      suppressing the reduction of iron but not the reduction of nickel. The
      reduction of nickel was actually improved in the case of using the
      silica-containing residue by the presence of the silica.
PAR  The freedom of the method of the present invention from the formation of
      nickel olivine seems to be in the fact that, in the case of iron-rich
      nickel ores, such as laterite, metallic nickel being reduced tends to melt
      in metallic iron, and the activity of the nickel in the reducing system is
      so reduced that nickel olivine is not formed despite the presence of
      silica. When the silica-containing residue made from nickel magnesium
      silicate ore is used, the crystal structure of the residue is broken by
      the formation of fayalite, so as to accelerate the reduction of nickel.
PAR  The chemical composition of laterite ores varies, depending on where they
      are produced. Typical composition of laterites currently available in
      Japan is shown in Table 1.
PAR  It should be noted here that the content of carbon monoxide in the reducing
      atmosphere necessary for the formation of fayalite is very wide, being
      1.6% to 90%, as shown in FIG. 5. Such wideness of the content of carbon
      monoxide is very important for practising the present invention. Due to
      such wideness, the operation of the reducing furnace and the regulation of
      the reducing atmosphere are greatly simplified, and various kinds of
      reducing agents in solid, liquid, and gas phase can be used, such as coke,
      coal, natural coke, hydrocarbon gas, carbon monoxide gas, and natural gas,
      etc.
PAR  The content of carbon monoxide in the reducing atmosphere, which is
      necessary for the reduction of nickel according to the present invention,
      should be within the range above the line B-B' of FIG. 5. Theoretically,
      such range of carbon monoxide content (B-B") is below the lower limit of
      carbon monoxide for fayalite formation in the reducing atmosphere (B-B"),
      and there is no difficulty in preparing it. The silica to be used in the
      method of the invention for fixing iron in the laterite can be either pure
      silica or silica-containing ores. Natural silica and mountain sand are
      most commonly used for such purposes.
PAR  The silicate ores to be used as the source of silica in the method
      according to the present invention, for fixing iron, may sometimes contain
      magnesia (MgO). This magnesia reacts with SiO.sub.2 to form forsterite,
      which is a substituted compound similar to fayalite. The forsterite thus
      generated may form a solid solution together with fayalite, which is known
      as forsterite-fayalite. Accordingly, if magnesia is present in the silica
      source, fayalite may not be generated as a simple compound, but it often
      takes the form of a solid solution of forsterite-fayalite. Thus, the iron
      compound to be formed in the method of the present invention for
      controlling the reduction of iron is not restricted to fayalite alone, but
      it may include solid solutions of fayalite with other compounds, such as
      forsterite-fayalite solid solution.
PAR  In the foregoing description, laterite is used as the iron-rich nickel ore
      for producing ferro-nickel or metallic nickel according to the present
      invention. The starting material of the method of the present invention,
      however, is not restricted to laterite alone, but any other iron-rich
      nickel ores may be used, such as garnierite and iron enriched garnierite.
      Furthermore, any nickel oxides with high iron-content may also be used as
      the starting material of the method of the invention, even when such
      compounds are not in the form of ore.
PAR  As pointed out in the foregoing, one of the important features of the
      present invention is in the use of nickel magnesium silicate ore, e.g.,
      garnierite, as the silica source after separating magnesia therefrom. Such
      process will now be described in detail, referring to the flow diagram of
      FIG. 1. The ore to be used as the silica source, such as garnierite, is at
      first crushed to the grain size suitable for the next following step of
      calcination, which grain size is usually about 150 .mu. or finer.
PAR  The ore thus crushed is calcined at about 500.degree.C to 800.degree.C, to
      remove the water of crystallization in the ore, for separating gangue
      component (MgO) by decomposing the crystal structure of magnesium
      silicate. A slurry was made by adding 8 to 50 parts by weight of water to
      one part by weight of the ore thus calcined. The slurry is agitated in a
      slurry tank at 20.degree.C to 50.degree.C for about 0.5 to 3 hours, by
      blowing carbon dioxide gas (CO.sub.2) at different pressures in the range
      of 1 to about 20 atmospheric pressures. Thereby, the magnesia in the
      calcined ore reacts according to the following chemical reaction, so as to
      dissolve magnesium thus isolated.
PAC  MgO + CO.sub.2 + H.sub.2 O .fwdarw. Mg.sup.+.sup.+ + 2HCO.sub.3.sup.-(5)
PAR  the slurry thus agitated is filtered at an elevated pressure. The filtrate
      is suddenly exposed to the atmospheric pressure or boiled, so as to
      generate precipitates of magnesium carbonate MgCO.sub.3.3H.sub.2 O, while
      causing evaporation of carbon dioxide gas dissolved therein.
PAR  The operating conditions of the aforesaid separation of magnesia from
      starting nickel magnesium silicate ore will now be described in further
      detail. The starting ore is crushed, preferably to the grain size of 150
      .mu.,  as pointed out in the foregoing, so as to facilitate the succeeding
      calcining and extracting processes.
PAR  The purpose of the calcining process is to thermally decompose the ore, so
      as to prepare it for the separation of magnesia MgO. In the ore, both
      magnesia MgO and nickel oxide are in the form of solid solution with
      silicate, and by the calcination, the magnesia MgO is converted into an
      easily extractible form and nickel is converted into an easily reducible
      form. The temperature for initiating the decomposition of the crystal of
      the nickel magnesium silicate ore, which crystal contains MgO in the form
      of hydrous silicate, is about 500.degree.C, preferably 600.degree.C. Thus,
      the minimum temperature for the calcination is 500.degree.C. Magnesia MgO
      and silica SiO.sub.2 thus separated from the crystal of the nickel
      magnesium silicate ore by the calcination may be recombined to form hardly
      separable forsterite (2MgO.SiO.sub.2) if they are heated to 800.degree.C
      or higher. Accordingly, the calcining temperature should be below
      800.degree.C. Therefore, the suitable range of calcining temperature is
      500.degree.C to 800.degree.C.
PAR  FIG. 2 shows the relation between the yield of magnesia and one of the
      calcining conditions, i.e., calcining time. The yield is expressed in
      terms of the percentage of the amount of MgO extracted in the form of
      MgCO.sub.3.3H.sub.2 O to the amount of MgO originally contained in the
      starting ore. Namely,
      ##EQU4##
PAR  The configuration of FIG. 2 was determined by measuring the yield for
      different durations of calcination, while keeping other conditions
      constant, such as the slurry concentration and the partial pressure of
      carbon dioxide gas. The ordinate represents the yield, and the abscissa
      represents the calcining time.
PAR  It is apparent from FIG. 2 that when the duration of calcination is about 1
      hour, more than 30% of MgO yield can be achieved provided that the
      calcining temperature is in the range of 600.degree.C to 700.degree.C. The
      highest yield can be achieved by effecting the calcination for 2 to 3
      hours at 600.degree.C.
PAR  Water is added to the ore thus calcined, to prepare a slurry. The
      concentration of the ore in the slurry should preferably be low, because
      the solubility of the magnesium bicarbonate, to be generated in the next
      step, is abut 0.64 gram/100 cc.H.sub.2 O at 35.degree.C under the
      atmospheric pressure. In order to determine the inndustrially useful range
      of the slurry concentration, tests were made by determining the yield of
      magnesia for different concentrations of the calcined ore in the slurry.
      The quantity of water in the slurry was varied from 1 to 40 parts by
      weight per one part by weight of the calcined ore. Carbon dioxide
      (CO.sub.2) gas treatment was carried out for one hour by blowing a
      CO.sub.2 gas into slurry of 6 atmospheric pressures, at a rate of 2
      liters/minute, while keeping the reaction temperature at 35.degree.C and
      the results are represented by the curve P-P' of FIG. 3. In FIG. 3, the
      ordinate shows the yield of magnesia, as defined in the foregoing,
      reference to FIG. 2.
PAR  It is apparent from the curve P-P' of FIG. 3 that the yield of magnesia is
      larger than 30%, if more than 8 parts by weight of water is added to one
      part by weight of the ore. To check the effects of more dilute slurry,
      different slurry samples were prepared by adding 8 to 100 parts by weight
      of water in one part by weight of the ore, respectively. The yield of
      magnesia was determined by treating each of the slurry samples for 3 hours
      by blowing a CO.sub.2, at a rate of 2 liters per minute, while keeping the
      reaction temperature at 35.degree.C and the reaction pressure at 5
      Kg/cm.sup.2. The results are represented by the curve Q-Q' of FIG. 3.
PAR  Judging from the curves P-P' and Q-Q' of FIG. 3, the suitable concentration
      of the calcined ore in the slurry is 8 to 50 parts by weight of water per
      one part by weight of the ore, based on reasonable duration of the carbon
      dioxide treatment, such as 1 to 3 hours. If the quantity of water is less
      than 8 parts by weight per one part by weight of the ore, the yield of
      magnesia is too low, while if the quantity of water exceeds 50 parts by
      weight per one part by weight of the ore, the yield cannot be improved
      although the facilities must be expanded for handling the increased
      quantity of water.
PAR  The slurry of the calcined ore is subjected to carbon dioxide treatment in
      a slurry tank by blowing a carbon-dioxide-containing gas thereto, so as to
      effect the chemical reaction (5). In this carbon dioxide treatment, if the
      reaction temperature is too low, the reaction velocity becomes too slow.
      On the other hand, if the reaction temperature is too high, the solubility
      of carbon dioxide gas is undesirably lowered. For reasonable durations of
      the carbon dioxide gas treatment and treating pressures, for instance, in
      the case of one hour treatment at the atmospheric pressure, the preferred
      temperature range is 20.degree.C to 50.degree.C.
PAR  The pressure of carbon dioxide gas, or the partial pressure of CO.sub.2 in
      the carbon-dioxide-containing gas, should be determined by considering the
      solubility of carbon dioxide gas in water. Generally speaking, high
      partial pressure of CO.sub.2 is effective in improving its solubility in
      water and improving the yield of magnesia MgO. The effects of the partial
      pressure of CO.sub.2 on the yield of magnesia was checked by blowing
      carbon-dioxide-containing gas with different partial pressures of CO.sub.2
      in a slurry for one hour at 50.degree.C. The slurry was made by adding 10
      parts by weight of water to one part by weight of the calcined ore. The
      partial pressure of CO.sub.2 was varied in the range of 1 to 7 atm. The
      results are shown in FIG. 4.
PAR  It is apparent from the figure that the yield of magnesia increases rapidly
      when the partial pressure of CO.sub.2 is raised from 1 atm. to about 2
      atm. For the partial pressure higher than about 2 atm., the improvement of
      the yield in response to the raising of the partial pressure is slowed
      down.
PAR  In filtering the slurry thus treated, it should be noted that both the
      slurry before filtering and the filtrate should be kept at the same
      pressure level, because if the pressure of the slurry is reduced before
      the filtering, the magnesium ions dissolved in it at high pressure may
      crystallize in the form of MgCO.sub.3.3H.sub.2 O, as pointed out in the
      foregoing. Accordingly, in the actual slurry tank for effecting the carbon
      dioxide treatment, a partition means is provided to define a filtrate
      chamber, which is contiguous to a slurry chamber holding the slurry. The
      filtering process may be carried out while keeping both the slurry chamber
      and the filtrate chamber at the same pressure level. Therefore, the
      reduction of pressure of both filtrate chamber and slurry chamber may be
      followed after ending of filtration.
PAR  The content of silica in the residue thus prepared is considerably
      improved, as compared with that in the starting ore. For instance, some of
      the garnierite determined which were used in one of the tests made by the
      inventors, contained 40.62% of SiO.sub.2 and 2.97% of (Ni+Co), and such
      contents were improved to 49.45% and 3.75%, respectively, by the aforesaid
      magnesium-removing treatment. Thus, excellent sources of silica are
      prepared, which can also be used as the source of nickel. Besides, the
      reducibility of nickel is greatly improved by decomposing the hydrous
      silicate crystals through the aforesaid calcining process.
PAR  The filtrate contains Mg.sup.+.sup.+ , and as the pressure of the filtrate
      is changed, for instance, by exposing it to the atmosphere or by boiling
      it, the residual carbon dioxide gas is expelled from the filtrate to
      produce precipitates of MgCO.sub.3.3H.sub.2 O. One can recover magnesia
      from such precipitates.
PAR  The residue thus prepared (to be referred to as "silica-containing
      residue", hereinafter), by removing magnesia from the nickel magnesium
      silicate ore, is then mixed with iron-rich ore or iron-rich nickel oxide.
      The mixture is heated in a reducing atmosphere at a temperature high
      enough for generating fayalite or fayalite-foresterite solid solution, so
      that the reduction of nickel may be accelerated while suppressing the
      reduction of iron by means of the fayalite or fayalite-forsterite solid
      solution thus generated.
PAR  The silica-containing residue includes a sizable amount of nickel, in
      addition to the silica, and hence, the residue can be used both as a
      silica source and a nickel source.
PAR  As a result of the aforesaid reducing treatment of the iron-rich nickel ore
      or iron-rich nickel oxide, by using the silica-containing residue, there
      is produced luppe (puddled iron) containing reduced nickel. The desired
      ferro-nickel with a high nickel content can be obtained by crushing, and
      removing the fayalite or the fayalite-forsterite solid solution by a table
      type or wet type magnetic separator. In the magnetic separator, the iron
      component in the form of fayalite or fayalite-forsterite solid solution is
      transferred to slags, due to the non-magnetic properties of such form of
      the compound.
PAR  According to an important feature of the present invention, the exhaust gas
      from the reducing process of the reducing process of the mixture contains
      hot carbon dioxide gas, and such exhaust gas can advantageously be used
      for the separation of magnesia from the slurry of the nickel magnesium
      silicate ore, as shown in FIG. 1. Thereby, the overall heat efficiency of
      the nickel refining process according to the present invention can be kept
      at a high level.
PAR  It is also possible to use the hot exhaust gas from the reducing process
      for heating the nickel magnesium silicate ore to be calcined for the
      separation of magnesia. Thereby , the overall heat efficiency will further
      be improved.
PAR  The invention will now be described in further detail by Examples.
PAC  EXAMPLE 1
PAR  Nickel magnesium silicate ore consisting of garnierite form New Caledonia,
      which has a chemical composition as shown in Table 2, was crushed to a
      grain size finer than 150 .mu. and calcined at 600.degree.C for 2 hours. A
      slurry was made by adding 200 cc of water in 5 grams of the ore thus
      calcined, and then agitated for 2 hours while blowing the exhaust gas from
      the reducing process, to be described hereinafter, at a rate of 1
      liter/min, under 5 atm. for dissolving carbon dioxide gas therein. The
      exhaust gas was 40.degree.C and consisted of about 20% of carbon dioxide
      gas, and about 80% of nitrogen gas, inclusive of about 0.1% of carbon
      monoxide gas. The agitation was carried out at the atmospheric pressure,
      and the slurry thus agitated was then filtered at 5 atm. The filtrate was
      boiled to precipitate magnesia (MgO) in the form of magnesium carbonate.
PAR  The yield of the magensia proved to be 33%.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Composition                                                               

     Ore   Ignition                                                            

                SiO.sub.2                                                      

                     Fe.sub.2 O.sub.3                                          

                          Al.sub.2 O.sub.3                                     

                               CaO MgO  Ni+Co                                  

           loss                                                                

     __________________________________________________________________________

     Garnierite                                                                

     from New                                                                  

           10.72                                                               

                40.62                                                          

                     15.54                                                     

                          0.60 0.24                                            

                                   27.34                                       

                                        2.97                                   

     Caledonia                                                                 

     __________________________________________________________________________

PAC  EXAMPLE 2
PAR  A sample was prepared by mixing 80% of iron-rich nickel ore consisting of
      laterite from New Caledonia, which has a chemical composition as shown in
      Table 3, and 20% of 99.6% pure silica. The sample thus prepared was
      reduced for 1.5 hour in a test furnace at different temperatures, i.e.,
      800.degree.C, 1,000.degree.C, and 1,200.degree.C, respectively. The
      concentration of the carbon monoxide in the reducing atmosphere, as
      defined by
      ##EQU5##
      was 80% during the reduction.
TBL                                    Table 3                                 

     __________________________________________________________________________

     Composition                                                               

     Ore   Ignition                                                            

                Fe   Ni  SiO.sub.2                                             

                             Al.sub.2 O.sub.3                                  

                                  CaO MgO                                      

           loss                                                                

     __________________________________________________________________________

     Laterite                                                                  

     from New                                                                  

           11.58                                                               

                50.45                                                          

                     1.41                                                      

                         3.18                                                  

                             4.48 0.43                                         

                                      1.28                                     

     Caledonia                                                                 

     __________________________________________________________________________

PAR  For making a comparison, the iron-rich nickel ore having a chemical
      composition of Table 3 was reduced in the same manner as described above,
      but without adding any silica therein; namely, the same reducing
      conditions, inclusive of temperature, carbon monoxide concentration, and
      reducing time, were used in the same test furnace for the latter test
      reduction.
PAR  In these tests, the following degree of reduction R was determined for each
      of the samples, which were treated at different temperatures.
      ##EQU6##
      The above degree of reduction R corresponds to the commonly used
      deoxidation ratio.
PAR  The formation of fayalite was confirmed by using X-ray diffraction
      diagrams. For this purpose, an X-ray diffraction diagram of standard
      fayalite was separately prepared, and the X-ray diffraction diagram of the
      actual samples were compared with the standard diagram for checking the
      formation and the presence of fayalite.
PAR  The samples treated by the method of the present invention and the
      conventional method were analysed, and the degree of reduction R, as
      defined above, was deterined for each of the samples thus treated, and the
      results are shown in FIG. 6.
PAR  It is apparent from FIG. 6 that, with the conventional method, the iron
      oxides and nickel oxides of the ore are simultaneously reduced to produce
      metallic iron and metallic nickel. Especially, when the ore is treated at
      1,200.degree.C by the conventional method, there are no
      Fe.sup.+.sup.+.sup.+ and Fe.sup.+.sup.+ ions left in the final products,
      so that most of the iron contained in the starting ore is reduced to
      metallic iron. On the other hand, with the method of the present
      invention, iron oxides in the starting ore are hardly reduced, while
      nickel oxides therein are reduced at an increased rate.
PAR  Accordingly, with the method of the present invention, low grade iron-rich
      nickel ore, which has heretofore been regarded as uneconomical for
      refining, can be used for the manufacture of high grade ferro-nickel. For
      instance, laterite can be used as the starting material of nickel making,
      according to the present invention.
PAR  As a reference for checking the formation of fayalite, an X-ray diffraction
      diagram of standard fayalite was taken, as shown in FIG. 7. Similarly,
      another X-ray diffraction diagram was taken for the sample being treated
      at 1,000.degree.C according to the present invention, as shown in FIG. 8.
      In comparing FIGS. 7 and 8, it is apparent that fayalite was formed by the
      method of the present invention, for suppressing the reduction of iron.
PAC  EXAMPLE 3
PAR  Nickel magnesium silicate ore with the composition of Table 2 was crushed
      to a grain size finer than 150 .mu., and then calcined at 600.degree.C for
      2 hours, in the same manner as Example 1. A slurry was made by adding 40
      parts by weight of water to one part by weight of the ore thus calcined.
      The slurry thus prepared was agitated for one hour by blowing the exhaust
      gas from the reducing process to be described hereinafter, at a pressure
      of 10 atm. (gauge pressure). The slurry thus agitated was filtered by
      using a filter cloth, while keeping the slurry tank at 10 atm. and the
      filtrate chamber pressure at 8.5 to 9 atm.
PAR  The yield of MgO in this process was about 43%, and the yield of NiO was
      2.4%. The chemical composition of the silica-containing residue was
      determined, as shown in Table 4.
TBL                                    Table 4                                 

     __________________________________________________________________________

     Composition (%)                                                           

     Material                                                                  

           Ignition                                                            

           loss SiO.sub.2                                                      

                     Fe.sub.2 O.sub.3                                          

                          Al.sub.2 O.sub.3                                     

                               CaO MgO  Ni+Co                                  

     __________________________________________________________________________

     Silica-                                                                   

     containing                                                                

           5.64 49.45                                                          

                     18.95                                                     

                          0.74 0.30                                            

                                   19.19                                       

                                        3.57                                   

     residue                                                                   

     __________________________________________________________________________

PAR  A mixture was made by adding 140 parts by weight of iron-rich nickel ore
      (laterite from New Caledonia), with the composition of Table 3, into 100
      parts by weight of the silica-containing residue with the composition of
      Table 4. The composition of the mixture thus prepared was determined as
      shown in Table 5.
TBL                                    Table 5                                 

     __________________________________________________________________________

     Composition (%)                                                           

     Material                                                                  

           Iron Nickel                                                         

                    Silica                                                     

                         Magnesia                                              

                              Calcium                                          

                                   Alumina                                     

                              oxide     Ignition                               

           Fe   Ni  SiO.sub.2                                                  

                         MgO  CaO  Al.sub.2 O.sub.3                            

                                        loss                                   

     __________________________________________________________________________

     Mixture of                                                                

     iron-rich                                                                 

     ore and                                                                   

           35.66                                                               

                2.19                                                           

                    21.22                                                      

                         8.25 trace                                            

                                   2.97 8.58                                   

     silica-                                                                   

     containing                                                                

     residue                                                                   

     __________________________________________________________________________

PAR  The mixture of the iron-rich nickel ore and the silica-containing residue
      thus prepared contained magnesia, as shown in Table 5, and the magnesia
      forms forsterite (2MgO.SiO.sub.2) during the reducing process, as pointed
      out in the foregoing. This forsterite reacts with fayalite and forms
      fayalite-forsterite solid solution. Accordingly, not all the silica in the
      mixture, as shown in Table 5, is available for the formation of fayalite.
      It is calculated that only 15.07% of the silica, based on the total
      mixture, is available for the formation of fayalite, and about 27% of
      iron, based on the total mixture, can be fixed by such silica.
PAR  The mixture was reduced at different temperatures, i.e., 600.degree.C,
      800.degree.C, 1,000.degree.C, 1,200.degree.C, and 1,300.degree.C, for 1.5
      hours, respectively. The reducing process was carried out in a test
      furnace by adding 5% of coke as a reducing agent, while blowing argon gas
      therethrough.
PAR  For the sake of comparison, similar reducing process was carried out by
      using pure carbon monoxide gas, instead of the coke acting as a solid
      reducing agent. In this case, the reducing time was also 1.5 hour.
PAR  For further comparison, the iron-rich nickel ore with the composition of
      Table 3 and the silica-containing residue with the composition of Table 4
      were separately reduced without mixing together. The conditions of the
      reducing process were the same as those for the reduction of the mixture,
      and both coke and pure carbon monoxide gas were used as the reducing agent
      for the separate reducing processes of the iron-rich nickel ore and the
      silica-containing residue, respectively.
PAR  The results are shown in Table 6, and the relation between the reducing
      temperature and the degree of reduction is shown in FIG. 9.
TBL                Table 6                                                     

     ______________________________________                                    

                          Reducing  Metallic                                   

                                           Metallic                            

     Method   Sample      temperature                                          

                                    iron   nickel                              

                          (.degree.C)                                          

                                    (%)    (%)                                 

     ______________________________________                                    

     Method Mixture of the                                                     

                           600      0.16   0.07                                

     of the ore and the                                                        

     invention                                                                 

            residue.       800      0.18   0.04                                

            Reducing      1,000     0.94   0.62                                

     (1)    agent:                                                             

            coke          1,200     12.29  2.41                                

            (argon atmosphere)                                                 

                          1,300     14.35  2.61                                

     ______________________________________                                    

     Method Mixture of the                                                     

                           600      2.09   0.07                                

     of the ore and the                                                        

     invention                                                                 

            residue.       800      16.31  0.55                                

            Reducing      1,000     23.31  1.40                                

     (2)    agent:                                                             

            Pure          1,200     32.01  2.66                                

            CO gas                                                             

                          1,300     16.95  2.64                                

     ______________________________________                                    

     Known  The silica-    600      0.25   0.27                                

     method containing                                                         

            residue.       800      0.06   0.24                                

            Reducing      1,000     0.31   0.42                                

     (1)    agent:                                                             

            coke          1,200     1.85   1.11                                

            (argon atmosphere)                                                 

                          1,300     7.43   2.35                                

     ______________________________________                                    

     Known  The iron-rich  600      5.58   0.42                                

     method nickel ore                                                         

             (laterite)    800      35.80  1.21                                

            Reducing      1,000     72.53  1.72                                

     (2)    agent:                                                             

            Pure          1,200     75.04  1.94                                

            CO gas                                                             

                          1,300     73.21  2.02                                

     ______________________________________                                    

PAR  The reducing process (1) of the present invention in Table 6 uses coke and
      argon atmosphere for constituting the reducing atmosphere, while the
      reducing process (2) of the present invention in Table 6 uses pure carbon
      monoxide gas for such purposes. The equilibrium diagram of FIG. 5 does not
      show such gaseous atmosphere for the reduction. Such reducing gases were
      used, because the materials being reduced in the actual Examples were not
      pure compounds, while the equilibrium diagram of FIG. 5 is based on pure
      compounds, and the gap between the actual complicated compounds and the
      pure compounds assumed in FIG. 5 should somehow be filled. In additon, the
      use of argon atmosphere makes up for the instability of carbon monoxide
      gas and the consumption of the carbon monoxide gas by the reducing
      reactions.
PAR  In this Example, comparatively strongly reductive atmosphere was actually
      used, due to the last mentioned reasons. The formation of fayalite is not
      disturbed by such strong reducing nature of the atmosphere, because a wide
      range of reducing gas concentration is allowed for the formation of
      fayalite, as pointed out in the foregoing.
PAR  If the reducing temperature is higher than 1,400.degree.C, fayalite may be
      reduced by solid carbon as in the case of a blast furnace for pig iron.
      Thus, for the reduction at 1,400.degree.C or higher, the amount of carbon
      to be added must be limited to the bare minimium, which is necessary for
      the reduction of iron and nickel.
PAR  It is apparent from Table 6 and FIG. 9 that the degree of reduction of iron
      and the amount of metallic iron in reducing process of the present
      invention are reduced as compared with those of the known method (2). The
      difference in the amount of metallic iron increases when the reducing
      temperature exceeds 1,000.degree.C, at which the formation of fayalite and
      fayalite-forsterite solid solution begins. Such difference in the amount
      of metallic iron indicates the effectiveness of the presence of fayalite
      for suppression of the reduction of iron, or for fixation of iron. In
      other words, the reduction of iron can be controlled by the use of
      fayalite. In fact, the control or iron reduction by fayalite is more
      reliable and accurate than by mere regulation of the reducing atmosphere.
PAR  As regards the reduction of nickel, it is apparent from the comparison of
      the methods (1), (2) of the present invention with the known methods (1),
      (2) that the nickel reduction is not affected by the presence of fayalite
      and fayalite-forsterite solid solution. Furthermore, the rate of metallic
      nickel production in the method of the invention is superior to that of
      the known method (1), even at an elevated temperature. This improvement in
      the degree of nickel reduction is due to the fact that the reduced nickel
      forms a solid solution with metallic iron to reduce its activity, and that
      the formation of fayalite by using iron contained in the ore accelerates
      the breakdown of crystalline structure of nickel magnesium silicate ores,
      e.g., garnierite.
PAR  The use of fayalite for the control of iron reduction is not only a feature
      of the present invention but also the finding of the inventors, on which
      the present invention is based.
PAR  Inspection of the sample metal prepared by the method of the present
      invention indicated that nickel was in the form of very fine particles of
      diameter of about one micron. Such fact means that the addition of silica
      in iron-rich nickel ore, such as laterite, was highly effective in the
      production of fine metallic nickel particles.
PAR  In FIG. 9, it is noticed that the degree of reduction of iron and nickel in
      the method (2) of the present invention was lowered at 1,300.degree.C.
      This decrease in the reduction is due to the fact that the ores being
      treated was in a semi-molten state, and the permeation of reducing gas was
      restrained.
PAR  An X-ray diffraction diagram was prepared for the sample, which was treated
      by the method (2) of the present invention at 1,200.degree.C. The result
      is shown in FIG. 10. The comparison of FIG. 10 with FIG. 7 clearly
      indicates that fayalite and fayalite-forsterite solid solution were
      generated in the sample being treated by the method of the present
      invention.
PAC  EXAMPLE 4
PAR  A starting material mixture was prepared by using laterite and garnierite
      from New Caledonia at a ratio of 7:3. The chemical compositions of the
      laterite and garnierite are shown in Table 7.
TBL                                    Table 7                                 

     __________________________________________________________________________

     Composition                                                               

     Ore   Ignition                                                            

           loss Fe   Ni  SiO.sub.2                                             

                              Al.sub.2 O.sub.3                                 

                                   CaO MgO                                     

     __________________________________________________________________________

     Laterite                                                                  

            12.05                                                              

                45.59                                                          

                     1.33                                                      

                         11.54                                                 

                              3.89 0.07                                        

                                       2.19                                    

     Garnierite                                                                

           8.51 13.60                                                          

                     2.02                                                      

                         46.65                                                 

                              2.44 0.56                                        

                                       17.18                                   

     __________________________________________________________________________

PAR  To use as a source of silica, garnierite having a high silica content was
      selected. The mixture was prepared by using 2,000 tons of the laterite.
      After weighing, the mixture was crushed by a hammer crusher and a wet-type
      ball mill to form a slurry, which is stored in a slurry tank. The slurry
      was fed into a rotary kiln at a rate of 3 tons/hour, while reducing its
      moisture content by a filter. At the same time anthracite was added in the
      kiln as a carboneous reductant, at a rate of 12%.
PAR  The rotary kiln was 50 meter long and had a diameter of 2.5 meters, and it
      was turned at a speed of 60 revolutions per hour. The temperature in the
      rotary kiln was controlled by regulating air flow thereto and the
      revolving speed thereof, so as to provide a suitable temperature
      distribution, as shown in FIG. 11. Whereby, the desired temperature range
      of 900.degree.C to 1,300.degree.C was obtained over a range of about 20
      meters in length, and the materials being treated were kept in this
      temperature range for 2 to 3 hours.
PAR  The treatment of the starting materials at this temperature range for such
      a long time has a critical importance in the method according to the
      present invention, as pointed out in the foregoing.
PAR  It was confirmed by tests that the materials thus treated in the rotary
      kiln contained fayalite which was produced therein. The mean reducing
      rates of iron and nickel were about 18% and 70%, respectively.
PAR  The fired materials from the rotary kiln were directly fed into a
      spindle-shaped reverberatory furnace, so as to separate the nickel thus
      produced. The direct feeding of the fired materials into the furnace
      resulted in a high heat economy, because it eliminated heat loss due to
      the cooling of the fired materials and the reheating of the same in the
      furnace. The spindle-shaped reverberatory furnace was 15 meter long and
      had a diameter of 4 meters. The diameters at the opposite ends were 2
      meters, respectively. The reverberatory furnace was capable of melting and
      holding about 20 tons of material while turning it. A burner was attached
      to the furnace, which burnt heavy oil at a maximum rate of 1,300
      liters/hour. In every six hours, about 20 tons of the fired material was
      melted, and a tap hole located at the central portion of the furnace
      opened for delivering slag and the molten metal. The average temperature
      of the tapped metal was about 1,500.degree.C.
PAR  The chemical compositions of the metal and the slag thus tapped were
      analyzed. The results are shown in Tables 8 and 9.
TBL                Table 8                                                     

     ______________________________________                                    

     Ni(%)   S(%)      P(%)      C(%)    Fe                                    

     ______________________________________                                    

     33.65   0.36      0.004     0.01    Balance                               

     ______________________________________                                    

TBL                Table 9                                                     

     ______________________________________                                    

     SiO.sub.2 (%)                                                             

             Fe(%)    Al.sub.2 O.sub.3 (%)                                     

                                CaO(%) MgO(%) Ni                               

     ______________________________________                                    

     35.45   32.41    3.46      2.13   15.14  0.11                             

     ______________________________________                                    

PAR  As apparent from Table 8, the nickel content 33.65% in the final product
      according to the present invention was considerably higher than that of
      the aforesaid Greene (U.S. Pat. No. 2,767,075), which was at most 6%. The
      nickel content which is obtained by the method of the invention is also
      about 50% better than the aforesaid Strategic-Udy process.
PAC  EXAMPLE 5
PAR  A starting mixture was prepared, which consisted of 100 parts of laterite
      of Table 7, 15 parts of 98%-pure quartz sand, and 8.5 parts of anthracite.
      The starting mixture was crushed, and then 0.5% to 5% of sodium carbonate
      and 0.5% to 5% of sodium chloride were added into different sample of the
      crushed material. The samples of the mixture thus prepared were fired in a
      test electric furnace of small size at different temperatures in a range
      of 900.degree.C to 1,300.degree.C. The firing lasted for 1 hour at each
      temperature.
PAR  To check the fayalite formation, the fired products were tested by X-ray
      diffraction. The result is shown in FIG. 12. It is apparent from FIG. 12
      that the fired products which contained sodium carbonate or sodium
      chloride had more peaks for fayalite intensity and less peaks for quartz
      intensity, as compared with the corresponding products without such sodium
      compounds. Thus, the addition of sodium carbonate and/or sodium chloride
      accelerates the formation of fayalite.
PAR  The inventors have confirmed through tests that, when more than 0.5% of
      sodium carbonate and/or sodium chloride is added, the formation of
      fayalite can be accelerated by firing at 900.degree.C or higher, but the
      addition of less than 0.5% of such salts does not provide the desired
      acceleration of fayalite formation. On the other hand, if more than 5% of
      sodium carbonate and/or sodium chloride is added, the melting point of the
      starting mixture becomes too low to ensure the firing at 1,300.degree.C or
      below for the fayalite formation.
PAR  As a result, the addition of sodium carbonate and/or sodium chloride should
      be effected in a range of 0.5% to 5%, based on the total amount of the
      starting materials.
PAR  The effects of the method of the present invention may be summarized as
      follows:
PA1  1. The calcination of nickel magnesium silicate ore at 500.degree.C to
      800.degree.C results in the separation of water of crystallization in the
      silicate, so as to breakdown the crystal structure of magnesium silicate.
      As a result, magnesia is separated, and nickel is activated, so that
      magnesia can easily be removed and the yield of metallic nickel in the
      next succeeding step can be improved.
PA1  2. The carbon dioxide gas treatment and filtration of the slurry made by
      adding water in the calcined ores results in the separation of magnesia
      and silica-containing residue. As a result, all the components of
      garnierite ores, inclusive of magnesia, silicate, and nickel, can be fully
      utilized.
PA1  3. The reduction of nickel while suppressing the iron reduction, according
      to the present invention, is established in that iron-rich nickel oxide or
      iron-rich nickel ore is mixed with silica-containing residue after the
      removal of magnesia from nickel magnesium silicate ore, and that the
      mixture is heated at a temperature high enough for the formation of
      fayalite in an atmosphere containing carbon monoxide and carbon dioxide
      under the conditions of
      ##EQU7##
      being 1.6 to 90%, so that the formation of fayalite may be used for the
      suppression of iron reduction. Consequently, the following features can be
      achieved.
PA2  a. Iron-rich low grade nickel ore can be used for producing high grade
      ferro-nickel or metallic nickel at a high yield.
PA2  b. Reducing atmosphere of wide composition range can be used, in solid,
      liquid, or gas phase. Thus, the operation is easy.
PA2  c. The silica-containing residue from the separation of magnesia from
      nickel magnesium silicate ore usually contains nickel, and the addition of
      such silica-containing residue in iron-rich ore or iron-rich nickel oxide
      results in the increase in the absolute amount of nickel available for
      nickel reduction, as compared with the corresponding amount when pure
      silica is added instead of the residue.
PA1  4. The exhaust gas from the nickel reducing process can be used for the
      separation of magnesia in the slurry. The overall heat efficiency is
      improved, resulting in a reduced cost of magnesia.
PA1  5. The exhaust gas from the nickel reducing step can also be fedback for
      the calcination step in the flow sheet of FIG. 1, as shown in dotted line,
      whereby the overall heat efficiency of the nickel-refining process is
      considerably improved.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of refining nickel by reducing iron-rich starting material
      containing nickel which is substantially free from silica, comprising
      mixing said starting material with silica which is substantially free from
      magnesium and carboneous reducing agent in a reaction vessel to form a
      mixture containing at least about 13% silica, heating said mixture so as
      to produce a reducing atmosphere in said vessel comprising carbon dioxide
      and carbon monoxide in a ratio of
      ##EQU8##
      of 1.6% to 90%, firing said mixture at 900.degree. to 1,300.degree. C
      without melting said mixture thereby causing the iron in said starting
      material to compound with said silica to form difficulty reducible
      fayalite and the nickel in said starting material to be selectively
      reduced to crude nickel, cooling and crushing the cooled fired mixture and
      separating said crude nickel from the crushed fired mixture to recover
      said crude nickel.
NUM  2.
PAR  2. A method according to claim 1 and further comprising a step of crushing
      the fired mixture upon cooling, and separating the crude nickel by
      magnetic separation.
NUM  3.
PAR  3. A method according to claim 1 and further comprising a step of crushing
      the fired mixture upon cooling, and separating the crude nickel based on
      difference of specific gravity thereof from those of other ingredients of
      the fired mixture.
NUM  4.
PAR  4. A method according to claim 1 and further comprising a step of melting
      the fired mixture in a furnace, so as to separate the crude nickel based
      on the difference of specific gravity thereof from those of other
      ingredients thereof.
NUM  5.
PAR  5. A method according to claim 1, wherein 0.5% to 5% of at least one
      compound selected from the group consisting of sodium carbonate and sodium
      chloride is added in the starting mixture, said compound accelerating the
      formation of the fayalite.
NUM  6.
PAR  6. A method according to claim 1 wherein said silica is substantially
      follows. silica or a silica-containing ore.
NUM  7.
PAR  7. A method according to claim 1 wherein said mixture contains at least
      about 15% silica.
NUM  8.
PAR  8. A method according to claim 1 wherein said iron-rich starting material
      is laterite.
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ABST
PAL  Process for receovering copper values (and zinc, if present) from copper
      bearing materials, optionally in admixture with iron. The feed material is
      leached with a mixture of nitric and sulphuric acids, after which the
      dissolved copper is cemented from solution by contact with iron. The
      solution, containing dissolved iron (and zinc, if present in the feed
      material) salts is reacted with ZnO to precipitate iron as ferric oxide,
      which is separated, leaving zinc sulfate in solution. Solid zinc sulfate
      is recovered from the solution by evaporation, and then calcined to
      produce SO.sub.2, which is recovered and recycled as H.sub.2 SO.sub.4, and
      ZnO, which is reused in the process, any excess being recovered as a
      product.
PARN
PAR  This is a continuation-in-part of pending application Ser. No. 391,949,
      filed Aug. 27, 1973 now abandoned.
BSUM
PAR  This invention relates to a method for recovering copper values from
      copper-bearing materials, such as sulfide ore concentrates, copper scrap,
      and copper alloys, and particularly from mixtures of scrap metals
      containing copper or copper alloys in mechanical admixture with iron or
      other ferrous metals. The method also permits the recovery of any zinc
      which may be contained in the feed material, as in the case of brass.
PAR  In one aspect of the invention, the method can be used for the recovery of
      copper from a material which contains other metals, particularly iron and
      zinc, in only minor or insignificant amounts. Such a material can be, for
      example, a copper sulfide ore concentrate such as chalcocite (Cu.sub.2 S)
      or covellite (CuS), or a scrap material such as copper wire.
      Alternatively, the method is also applicable to feed materials which
      contain a substantial proportion of iron and/or zinc, such as scrap
      mixtures of brass and iron.
PAR  The copper and zinc constituents of brass alloys have substantial value and
      recovery of these metals from scrap alloys is economically warranted,
      provided that the other materials associated with such scrap alloys do not
      complicate the recovery procedure. One type of scrap metal mixture which
      is readily available consists of copper or copper alloys such as brass, in
      mechanical admixture with iron or other ferrous metals. Such a scrap
      mixture, hereinafter referred to as "irony" brass, is produced, for
      example, by breaking up an electric motor in its entirety. The resulting
      mixture of metal fragments contains a substantial proportion of brass or
      copper, present in the motor in the field windings, armature, commutator,
      etc., and an even larger proportion of iron or ferrous alloys from the
      case, bearings, mounts, etc., of the motor. The presence of iron in
      relatively large amounts in such "irony" brass has complicated the
      recovery of the copper and zinc contents of the brass therein and has thus
      rendered economically unattractive the known processes for recovery of
      these metals from such mixtures.
PAR  In accordance with the present invention there is provided a novel process
      for the recovery of copper and zinc values from a copper-bearing material
      which can be in mechanical admixture with iron, in an efficient manner
      which minimizes the quantities of materials which must be handled in the
      process. In addition, the process provides for the recovery and reuse of
      reactants used therein, thus reducing the cost of operation and minimizing
      potential pollution problems.
PAR  Briefly described, in the process of the invention a charge of the
      copper-bearing feed material is first dissolved in a mixture of nitric and
      sulphuric acids, the evolved NO.sub.x gases being recovered and converted
      to nitric acid for reuse in the process. After filtration to remove
      insoluble materials, the copper in the resulting solution is then cemented
      out by contacting the solution with iron, the dissolved copper being
      reduced by the iron and precipitating out of solution. If the feed
      material contains iron, as in the case of "irony" brass scrap, it can be
      used for cementing out the copper in solution. The precipitated copper is
      removed and recovered, and if "irony" brass is used for cementation, the
      residual "irony" brass scrap is recycled to the aforementioned dissolution
      step.
PAR  If the feed material contains little or no iron, iron is supplied to the
      cementation step in any convenient form, such as iron scrap. In this case,
      the precipitated copper is recovered as above, but the residual iron scrap
      is not recycled, remaining in the cementation step for use with succeeding
      batches of copper solution.
PAR  The solution from cementation, containing dissolved iron and zinc (if
      present in the feed material) but little or no copper, is treated to
      reduce the iron content by reaction with solid ZnO to produce ZnSO.sub.4
      and a precipitate of Fe.sub.2 O.sub.3, thereby reducing the concentration
      of iron, and increasing the concentration of zinc in solution. Although
      the concentration of iron in solution can be reduced substantially in one
      such treatment with ZnO, the residual dissolved iron content may be
      substantial, depending on the iron concentration in solution before
      treatment and the purity which is desired in the final zinc product. In
      order to improve the purity of the zinc product, it is preferred to carry
      out the treatment of the solution with ZnO in two or more stages of a
      countercurrent reaction extraction operation. In a first stage of the
      operation, the solution from cementation is contacted with a solid filter
      cake containing Fe.sub.2 O.sub.3 and ZnO, produced in a later step of the
      process. The ZnO in the cake reacts with the dissolved FeSO.sub.4 in the
      solution to produce a precipitate of hydrated Fe.sub.2 O.sub.3  (referred
      to herein as Fe.sub.2 O.sub.3.xH.sub.2 O), the process thereby consuming
      almost all of the solid ZnO and transforming it to ZnSO.sub.4 solution.
      The precipitated Fe.sub.2 O.sub.3.xH.sub.2 O and the unreacted ZnO left
      from the filter cake are removed by filtration, leaving a solution
      containing FeSO.sub.4 and ZnSO.sub.4, which is purified in one or more
      subsequent stages of the operation by reaction with recycled excess solid
      ZnO from a later step in the process. In the purification stages, the
      solid ZnO reacts with the dissolved FeSO.sub.4 to produce ZnSO.sub.4 in
      solution and to precipitate substantially all of the remaining iron in the
      solution as Fe.sub.2 O.sub.3.xH.sub.2 O. The precipitated solid Fe.sub.2
      O.sub.3.xH.sub.2 O and excess ZnO not consumed in this step are removed by
      filtration and the filter cake is recycled to the aforementioned first
      stage.
PAR  The solution from the last stage of purification, now substantially free of
      iron and containing dissolved zinc sulfate is then crystallized to remove
      water and calcined to produce ZnO and SO.sub.2, a part of the ZnO being
      recycled to the purification stage to react with dissolved FeSO.sub.4 as
      described, the remainder of the ZnO being recovered as the desired
      product. The SO.sub.2 evolved in the calcining step is recovered and
      returned as H.sub.2 SO.sub.4 in the dissolution step.
DRWD
PAR  The process will be better understood from the following detailed
      description thereof in conjunction with the accompanying drawings, in
      which
PAR  FIG. 1 is a block diagram showing the various steps and stages in one
      version of the process, and
PAR  FIG. 2 is a similar diagram depicting a preferred variation in the
      purification zone of the process in FIG. 1.
DETD
PAR  As shown in FIG. 1, fresh "irony" brass alloy scrap is fed to Step E
      (Cement) of the process. A typical "irony" brass used in the process
      consists of 25 parts of copper, 12 parts of zinc, 60 parts of iron, 2
      parts of lead, and 1 part of tin, per 100 parts of scrap, exclusive of
      insoluble inert materials such as rubber and plastics. The process will be
      described assuming a charge of 100 parts of such an "irony" brass scrap,
      and the composition and weights of the various streams will be described
      with respect thereto.
PAR  In Step E, (Cement), the "irony" brass scrap, preferably comminuted in
      small pieces for ease of handling and for increasing the surface area
      available for reaction, is contacted with a liquid stream leaving Filter
      D, containing 618 parts H.sub.2 O, 50 parts H.sub.2 SO.sub.4, 63 parts
      CuSO.sub.4 (25 Cu), 30 parts ZnSO.sub.4 (12 Zn), and 95 parts FeSO.sub.4
      (35 Fe). In Step E, the copper in solution is reduced by a portion of the
      iron content of the scrap and precipitates out as a finely divided solid,
      an amount of iron approximately equivalent to the precipitated copper
      going into solution. There is accordingly produced in Step E, 25 parts of
      precipitated finely divided copper, containing minor proportions of
      occluded, entrained, or precipitated impurities, and the dissolved
      FeSO.sub.4 content of the solution increases to 163 parts (60 Fe).
PAR  The liquid phase from Step E, containing the finely divided copper
      suspended therein, is removed from the residual alloy scrap and
      transferred to Step F (Filter), in which the 25 parts of suspended copper
      are separated from the solution. The residual scrap from Step E (25 parts
      Cu, 12 Zn, 35 Fe, 2 Pb, 1 Sn) is recycled to earlier Step A (Dissolve), in
      which the residual scrap is dissolved in a mixture of aqueous sulphuric
      acid (170 parts H.sub.2 SO.sub.4, 360 H.sub.2 O), and aqueous nitric acid
      (75 parts HNO.sub.3, 215 parts H.sub.2 O), the nitric acid acting as a
      promoter or catalyst for the dissolution. It will be found generally
      desirable or necessary to allow the dissolution step to proceed for at
      least about 12 hours in order to permit the metal charge to go into
      solution. In Step A, there is produced a gaseous by-product consisting of
      nitric oxides (NO.sub.x) which are recovered as HNO.sub.3 in HNO.sub.3
      Recovery system P in a conventional manner and returned to Step A for
      reuse.
PAR  In Step B (Filter), any insoluble materials in the scrap alloy fed to the
      process in Step E, such as rubber and plastics, and any trace metal
      components, e.g., insoluble lead and tin salts, are removed by filtration
      in a conventional manner. The solution leaving Step B, consisting of 63
      parts CuSO.sub.4 (25 Cu), 30 parts ZnSO.sub.4 (12 Zn), 95 parts FeSO.sub.4
      (35 Fe), 50 parts H.sub.2 SO.sub.4, and 618 parts H.sub.2 O, is mixed in
      Step C with the precipitated copper powder produced in Step F, in order to
      dissolve the small quantity of iron entrained or trapped in the copper
      powder. The resulting mixture is filtered in Step D and the solid copper
      content (25 parts) is removed as a desired product. The resulting copper
      product product is at least about 97% pure, the impurities consisting of
      minor amounts of iron, tin and lead. The copper product can be further
      purified as desired or necessary by conventional means.
PAR  The liquid phase from Step D is then passed to Step E and reacted with the
      incoming scrap feed as previously described.
PAR  The solution from Step F (Filter), comprising 618 parts H.sub.2 O, 45 parts
      H.sub.2 SO.sub.4, 163 parts FeSO.sub.4 (60 Fe), and 30 parts ZnSO.sub.4
      (12 Zn), is then transferred to Step I (1st Purify) in which it is
      contacted with a filter cake consisting of solid ZnO and Fe.sub.2
      O.sub.3.xH.sub.2 O. The filter cake is produced in Step H (Filter) and
      contains 146 parts Fe.sub.2 O.sub.3.xH.sub.2 O (42 Fe) and 67 parts ZnO
      (54 Zn). In Step I, the ZnO present in the filter cake reacts with the
      FeSO.sub.4 dissolved in the solution from Step F to produce a precipitate
      of Fe.sub.2 O.sub.3.xH.sub.2 O, and ZnSO.sub.4 dissolved in the solution,
      in accordance with the following possible reaction:
EQU  2FeSO.sub.4 + 2ZnO + xH.sub.2 O + 1/20.sub.2 .fwdarw.Fe.sub.2
      O.sub.3.xH.sub.2 O +  2ZnSO.sub.4                         (Equation 1)
PAR  The amount of ZnO in the filter cake is adjusted, as described below, such
      that almost all of the ZnO is consumed in this reaction.
PAR  In one version of the process, as shown in FIG. 1, the reaction mixture
      from Step I is filtered to Step J and the solid phase, consisting
      essentially of Fe.sub.2 O.sub.3.xH.sub.2 O together with a small amount of
      unreacted ZnO, is removed and discarded. The filtrate from Step J,
      containing dissolved FeSO.sub.4 and ZnSO.sub.4, is recycled to Step G (2nd
      Purify), to which there is added an excess of solid ZnO from a later step
      M in the process. In Step G, the dissolved FeSO.sub.4 reacts with the
      added ZnO to produce ZnSO.sub.4 in solution and Fe.sub.2 O.sub.3.xH.sub.2
      O as a precipitate, in accordance with Equation 1. The amount of ZnO added
      in Step G is selected to be more than sufficient to consume all of the
      dissolved FeSO.sub.4 and convert it to Fe.sub.2 O.sub.3.xH.sub.2 O, the
      excess ZnO being available for use in the reaction in Step I. In Step H,
      the reaction mixture from Step G is filtered, and the solid phase, a cake
      consisting of a mixture of precipitated Fe.sub.2 O.sub.3.xH.sub.2 O and
      excess unreacted ZnO, is sent to Step I, as previously explained. The
      filtrate from Step H, containing dissolved ZnSO.sub.4, is then treated in
      a manner to be described for recovery of its zinc and SO.sub.3 content.
PAR  In an alternative and preferred version of the invention, the purification
      steps G, H, I, and J described above are modified to provide additional
      reaction and filtration Steps, as shown in FIG. 2. In this alternative
      version, only the purification steps, in which solid ZnO is used to
      convert dissolved FeSO.sub.4 to solid Fe.sub.2 O.sub.3.xH.sub.2 O and
      permits its removal, have been changed; the rest of the process is
      identical to the corresponding steps shown in FIG. 1.
PAR  Referring to FIG. 2, the purification steps G.sub.1, H.sub.1, G.sub.2,
      H.sub.2, I, and J constitute in effect a countercurrent reaction
      extraction process in which the solid material, starting with ZnO in Step
      G, is reacted consecutively with a countercurrent stream of solutions
      containing dissolved ZnSO.sub.4 and FeSO.sub.4. As the solids move from
      Step G.sub.1 to Step J, the ZnO content thereof decreases and the
      concentration of solid Fe.sub.2 O.sub.3.xH.sub.2 O generated in the
      extraction reaction increases. In the solution, moving generally in a
      countercurrent direction from Step I to Step G.sub.1, the concentration of
      ZnSO.sub.4, produced by reaction of dissolved FeSO.sub.4 with ZnO,
      increases, accompanied by a corresponding decrease in FeSO.sub.4
      concentration.
PAR  On the basis of the initial charge of 100 parts of "irony" brass originally
      assumed, the filtrate from Step F, (FIG. 2), containing 618 parts H.sub.2
      O, 45 parts H.sub.2 SO.sub.4, 163 parts FeSO.sub.4 (60 Fe) and 30 parts
      ZnSO.sub.4 (12 Zn), is contacted in Step I with a filter cake containing
      67 parts ZnO (54 Zn) and 146 parts Fe.sub.2 O.sub.3.xH.sub.2 O (42 Fe)
      produced in Step H.sub.2. As previously explained, the reaction (Equation
      1) in Step I produces a precipitate containing 210 parts Fe.sub.2
      O.sub.3.xH.sub.2 O (60 Fe) while the amount of solid ZnO is reduced to 3
      parts (2 Zn). These solid materials are removed by filtration in Step J,
      leaving a filtrate consisting of 113 parts FeSO.sub.4 (42 Fe), 100 parts
      ZnSO.sub.4 (41 Zn) and 621 parts H.sub. 2 O, which is transferred to Step
      G.sub.2, in which it is contacted with a filter cake produced in Step
      H.sub.1. The filter cake contains 126 parts ZnO (101 Zn) and 4 parts
      Fe.sub.2 O.sub.3.xH.sub.2 O (1 Fe) and reacts with the ZnSO.sub.4
      --FeSO.sub.4 solution in Step G.sub.2 to produce a mixture of 67 parts
      solid ZnO (54 Zn), 146 parts solid Fe.sub.2 O.sub.3.xH.sub.2 O, and a
      liquid phase consisting of 217 parts ZnSO.sub.4 (88 Zn), 3 FeSO.sub.4 (1
      Fe) and 608 parts H.sub.2 O.
PAR  In Step H.sub.2, the reaction mixture from Step G.sub.2 is filtered, the
      filter cake going to Step I as previously described, while the filtrate is
      transferred to Step G.sub.1. In Step G.sub.1, the FeSO.sub.4 in solution
      reacts with solid ZnO (128 parts; 102 Zn) recycled from Step N, as a
      result of which the residual FeSO.sub.4 content of the solution is
      eliminated. The reaction mixture from Step G.sub.1 is filtered in Step
      H.sub.1 and the filtrate, consisting of 277 parts ZnSO.sub.4 (112 Zn) and
      608 parts water, is transferred to Step L, the filter cake passing to Step
      G.sub.2 for use as previously described.
PAR  In Step L, the water is removed from the solution by conventional means, to
      produce solid ZnSO.sub.4.7H.sub.2 O (493 parts; 112 Zn), which is stored
      in Step M.
PAR  From Step M, the solid ZnSO.sub.4.7H.sub.2 O is transferred to Step N
      (Calcine), where it is heated to remove the water of crystallization (216
      parts). On continued heating, to a temperature of approximately
      600.degree.C., the ZnSO.sub.4 dissociates into ZnO and SO.sub.2 (102
      parts). A portion of the ZnO thus produced (12 parts; 10 Zn) is recovered
      as the desired product; the remainder of the ZnO (128 parts; 102 Zn) is
      recycled to Step G as previously described for use in removing iron from
      the ZnSO.sub.4 solution.
PAR  The amount of ZnO recycled to Step G.sub.1 is chosen to be
      stoichiometrically equivalent to the quantity of FeSO.sub.4 and H.sub.2
      SO.sub.4 introduced to Step I, plus a small excess to insure completeness
      of the reaction. The solution leaving Step G.sub.2 should desirably
      contain a small concentration of FeSO.sub.4, which is recycled to Step
      G.sub.1 for reaction with solid ZnO. It is preferred that the
      concentration of FeSO.sub.4 in the stream entering Step G.sub.2 be about
      1/2 - 2/3 the concentration of FeSO.sub.4. If the concentration of
      FeSO.sub.4 in the solution entering Step G.sub.2 is too low, the reaction
      will be incomplete, and excessive unreacted ZnO will remain in the solid
      Fe.sub.2 O.sub.3.xH.sub.2 O eventually discarded from Step J. On the other
      hand, concentrations of FeSO.sub.4 in Step G.sub.2 much above 2/3 the
      corresponding concentration in Step I provide no benefit and entail the
      handling of unnecessarily large quantities of materials.
PAR  The gaseous stream of SO.sub.2 leaving Step N is transferred to Step K, in
      which it is oxidized in conventional fashion and absorbed in the water
      (391 parts) used in Step J to wash the filter cake of Fe.sub.2
      O.sub.3.xH.sub.2 O. As a result of Step K, there is produced a solution of
      H.sub.2 SO.sub.4 which is stored in Step O and recycled to Step A for
      dissolving the recycled scrap metal as previously described. Makeup
      H.sub.2 SO.sub.4 can be added to this stream as necessary to supply any
      losses which occur during handling of the materials in the process.
PAR  It will be seen that the process described herein separates the scrap feed
      into its component parts of copper (containing traces of other metals),
      zinc (as ZnO), and iron (as Fe.sub.2 O.sub.3.xH.sub.2 O). In addition, the
      valuable by-product streams, such as nitric oxides and SO.sub.2, are
      recovered and reused in the process, thus improving the economy thereof.
      The countercurrent reaction system for removal of the iron adds
      considerably to the efficiency to the process and makes it possible to
      reduce the amounts of materials which must be handled in order to
      accomplish the separation, while at the same time permitting the process
      to be controlled and the desired products to be obtained in desirably high
      purity.
PAR  In using the process of the invention with feed materials other than
      "irony" brass as described above, the process is modified as necessary.
      For example, if the feed material is a conventional copper sulfide ore
      concentrate, such as one produced by the floatation process and containing
      little or no zinc or iron, the copper is leached out of the concentrate
      using a mixture of sulfuric and nitric acids as described. The solution,
      containing copper ions, is then contacted with any convenient form of
      iron, such as iron scrap, to cement out the copper. The solution after
      cementation, containing dissolved iron sulfate, is then treated with ZnO
      from another source to precipitate out the iron as Fe.sub.2
      O.sub.3.xH.sub.2 O leaving ZnSO.sub.4 in solution. The solution is
      crystallized to recover solid ZnSO.sub.4, which is then calcined to
      produce solid ZnO for reuse in the process and SO.sub.2 which is converted
      to H.sub.2 SO.sub.4 in conventional fashion and recycled to the process.
      To the extent that the feedstock contains zinc or iron, the feed itself
      can be used in whole or in part as the source of these materials, as
      described above.
PAR  The foregoing detailed description has been given for clearness of
      understanding only, and no unnecessary limitation should be understood
      therefrom as modifications will be obvious to those skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for recovering copper values from a copper-bearing feed
      material which process comprises:
PA1  a. leaching said copper out of said feed material by treating with aqueous
      sulfuric acid, in the presence of nitric acid as a promoter, to produce a
      solution containing copper ions;
PA1  b. cementing copper as a finely divided solid precipitate out of the
      solution resulting from step (a) by contacting said solution with an
      excess of iron;
PA1  c. separating and recovering said precipitated copper from the aqueous
      solution resulting in step (b), said solution containing dissolved ferrous
      sulfate;
PA1  d. contacting the solution from step (c) with solid ZnO, said ZnO reacting
      with said dissolved ferrous sulfate to produce a precipitate of hydrated
      Fe.sub.2 O.sub.3 and zinc sulfate in solution, whereby the concentration
      of ferrous sulfate in solution is reduced;
PA1  e. removing the solid materials remaining after the reaction in step (d),
      leaving a solution containing dissolved zinc sulfate; and
PA1  f. removing water from the solution resulting in step (e) to produce a
      solid product comprising zinc sulfate.
NUM  2.
PAR  2. The process of claim 1 wherein said feed material is a copper sulfide
      ore concentrate.
NUM  3.
PAR  3. The process of claim 1 wherein said feed material is scrap copper in
      admixture with nonmetallic material.
NUM  4.
PAR  4. The process of claim 1 in which said solid zinc sulfate product is
      calcined to produce ZnO, which is recycled to step (d) in the process.
NUM  5.
PAR  5. A process for recovering zinc and copper values from alloys thereof
      which process comprises:
PA1  a. dissolving said copper-zinc alloy in aqueous sulfuric acid, in the
      presence of nitric acid as a promoter;
PA1  b. cementing copper as a finely divided solid precipitate out of the
      solution resulting from step (a) by contacting said solution with an
      excess of iron;
PA1  c. separating and recovering said precipitated copper from the aqueous
      solution resulting in step (b), said solution containing dissolved ferrous
      sulfate and zinc sulfate;
PA1  d. contacting the solution from step (c) with a mixture of hydrated
      Fe.sub.2 O.sub.3 and ZnO produced in another step in the process, said ZnO
      reacting with a portion of said dissolved ferrous sulfate to produce a
      precipitate of hydrated Fe.sub.2 O.sub.3 and zinc sulfate in solution;
PA1  e. removing said precipitated hydrated Fe.sub.2 O.sub.3 from the reaction
      mixture in step (d), leaving a solution containing dissolved zinc sulfate
      and ferrous sulfate;
PA1  f. contacting the solution from step (e) with an excess of solid ZnO
      produced in another step in the process, a portion of said ZnO reacting
      with said dissolved ferrous sulfate to produce a precipitate of hydrated
      Fe.sub.2 O.sub.3 and zinc sulfate in solution;
PA1  g. removing the precipitated hydrated Fe.sub.2 O.sub.3 and solid residual
      ZnO from the solution produced in step (f) and recycling said solid
      materials to step (d) above;
PA1  h. removing water from the solution resulting in step (g) to produce solid
      zinc sulfate;
PA1  i. calcining said zinc sulfate from step (h) to produce ZnO, recycling a
      portion thereof to step (f), and recovering the remaining ZnO as a desired
      product.
NUM  6.
PAR  6. A process for recovering zinc and copper values from alloys thereof in
      mechanical admixture with iron, which process comprises:
PA1  a. dissolving a first mechanical mixture comprising iron and copper-zinc
      alloy in aqueous sulfuric acid, in the presence of nitric acid as a
      promoter;
PA1  b. cementing copper as a finely divided solid precipitate out of the
      solution resulting from step (a) by contacting said solution with an
      excess of a second mechanical mixture of iron and copper-zinc alloy, the
      metal residue remaining from said second mixture after said cementing
      being recycled to step (a);
PA1  c. separating and recovering said precipitated copper from the aqueous
      solution resulting in step (b), said solution containing dissolved ferrous
      sulfate and zinc sulfate;
PA1  d. contacting the solution from step (c) with solid ZnO, said ZnO reacting
      with said dissolved ferrous sulfate to produce a precipitate of hydrated
      Fe.sub.2 O.sub.3, whereby the concentration of ferrous sulfate in solution
      is reduced and the concentration of zinc sulfate in solution is increased;
PA1  e. removing the solid materials remaining after the reaction in step (d),
      leaving a solution containing dissolved zinc sulfate; and
PA1  f. removing water from the solution resulting in step (e) to produce a
      solid product comprising zinc sulfate.
NUM  7.
PAR  7. A process for recovering zinc and copper values from alloys thereof in
      mechanical admixture with iron, which process comprises:
PA1  a. dissolving a first mechanical mixture comprising iron and a copper-zinc
      alloy in aqueous sulfuric acid, in the presence of nitric acid as a
      promoter;
PA1  b. cementing copper as a finely divided solid precipitate out of the
      solution resulting from step (a) by contacting said solution with an
      excess of a second mechanical mixture of iron and copper-zinc alloy, the
      metal residue remaining from said second mixture after said cementing
      being recycled to step (a);
PA1  c. separating and recovering said precipitated copper from the aqueous
      solution resulting in step (b), said solution containing dissolved ferrous
      sulfate and zinc sulfate;
PA1  d. contacting the solution from step (c) with a mixture of hydrated
      Fe.sub.2 O.sub.3 and ZnO produced in another step in the process, said ZnO
      reacting with a portion of said dissolved ferrous sulfate to produce a
      precipitate of hydrated Fe.sub.2 O.sub.3 and zinc sulfate in solution;
PA1  e. removing said precipitated hydrated Fe.sub.2 O.sub.3 from the reaction
      mixture in step (d), leaving a solution containing dissolved zinc sulfate
      and ferrous sulfate;
PA1  f. contacting the solution from step (e) with an excess of solid ZnO
      produced in another step in the process, a portion of said ZnO reacting
      with said dissolved ferrous sulfate to produce a precipitate of hydrated
      Fe.sub.2 O.sub.3 and zinc sulfate in solution;
PA1  g. removing the precipitated hydrated Fe.sub.2 O.sub.3 and solid residual
      ZnO from the solution produced in step (f) and recycling said solid
      materials to step (d) above;
PA1  h. removing water from the solution resulting in step (g) to produce solid
      zinc sulfate;
PA1  i. calcining said zinc sulfate from step (h) to produce ZnO, recycling a
      portion thereof to step (f), and recovering the remaining ZnO as a desired
      product.
NUM  8.
PAR  8. The process of claim 7 in which step (f) is carried out in a
      countercurrent extraction comprising two or more stages, in each of which
      an aqueous solution containing dissolved zinc sulfate and ferrous sulfate
      is reacted with a solid fraction comprising zinc oxide from a preceeding
      stage, said solutions and said solid fractions moving countercurrently to
      each other.
NUM  9.
PAR  9. The process of claim 7 in which any insoluble material remaining after
      dissolution step (a) is separated from the solution prior to step (b).
NUM  10.
PAR  10. The process of claim 7 in which the finely divided copper produced in
      step (b) is purified by being recycled and mixed with the solution
      produced in step (a), said recycled copper being separated from said
      solution prior to cementing step (b).
NUM  11.
PAR  11. The process of claim 7 in which nitrogen oxide gases produced in step
      (a) are recovered and recycled to the process as said nitric acid.
NUM  12.
PAR  12. The process of claim 7 in which SO.sub.2 evolved in the calcining of
      ZnSO.sub.4 in step (i) is recovered by absorption in water and recycled to
      step (a) as said aqueous sulfuric acid.
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ABST
PAL  A martensitic stainless steel having an excellent combination of strength
      and toughness containing
PA1  0.01 to 0.15% carbon,
PA1  10 to 13% chromium,
PA1  2.0 to 5.0% nickel, and
PA1  0.05 to 0.20% vanadium.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In recent years the use of high-strength martensitic stainless steels for
      light structural applications in the transportation industry has increased
      markedly. In this application, the toughness or resistance of the steel to
      catastrophic crack propagation is an important property. This has led to
      development of low-carbon martensitic grades (less than about 0.05% C)
      with good notch toughness.
PAR  One of the steels considered for the above application is a low carbon,
      0.03% max., martensitic stainless steel containing 12% chromium, 4% nickel
      and 0.4% titanium. See for example U.S. Pat. No. 2,397,997, Whyche et al.;
      and U.S. Pat. No. 3,288,611, Lula et al. These steels are air hardening
      and can be tempered to various combinations of strength and toughness.
      Metallurgically, the titanium in the above steel is added to serve as a
      strong carbide former to tie-up carbon and nitrogen and ensure a low
      interstitial (essentially interstitial free) martensitic microstructure
      with good toughness. Nickel is added to prevent delta ferrite formation at
      high temperatures since such ferrite is deleterious to the toughness of
      martensitic stainless steels. Although the commercial composition of such
      steels may of course vary somewhat, the above recited specific composition
      is claimed to the optimum for achieving an excellent combination of
      strength and toughness with the leanest possible alloy content in a low
      carbon martensitic steel..sup.1
FNT  .sup.1 G. N. Aggen, C. M. Hammond, and R. A. Lula, "New Martensitic
      Stainless Steels", Advances in the Technology of Stainless Steels and
      Related Alloys, ASTM Special Technical Publication 369, Philadelphia, pp.
      40-46.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is predicated upon our conception and development of a
      somewhat superior low-carbon 12% chromium martensitic stainless steel
      which is achieved by an even leaner alloy content. This is made possible
      by utilizing vanadium instead of titanium as the carbide formers which
      permits lesser amounts of nickel to be effective in preventing delta
      ferrite formation.
PAR  Accordingly, an object of this invention is to provide a new 12% chromium
      martensitic stainless steel having an excellent combination of strength
      and toughness with an exceptionally lean alloy content.
PAR  Another object of this invention is to provide an air hardenable
      martensitic stainless steel which can be tempered to various combinations
      of strength and toughness having a lower than normal nickel content.
PAR  A further object of this invention is to provide a new and useful
      martensitic stainless steel containing approximately 12% chromium, 3%
      nickel and 0.15% vanadium.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph illustrating the effect of nickel on Charpy V-Notch
      toughness at 80.degree.F of three annealed steels of this invention having
      different carbon contents.
PAR  FIG. 2 is a graph illustrating the effect of vanadium on yield strength of
      three annealed steels of this invention having different chromium
      contents.
PAR  FIG. 3 is a graph illustrating the effect of vanadium on yield strength of
      three annealed steels of this invention having different carbon contents.
PAR  FIG. 4 is a graph illustrating the effect of vanadium on Charpy V-Notch
      toughness at 80.degree.F of three annealed steels of this invention having
      different carbon contents.
PAR  FIG. 5 is a graph illustrating the effect of vanadium on Charpy V-Notch
      toughness at 0.degree.F of three steels of this invention having different
      chromium contents.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As noted above, 4% nickel and 0.4% titanium is claimed to be the leanest
      alloy content possible in this class of 12% martensitic stainless steel to
      achieve the desired microstructure, and hence a good combination of
      strength and toughness. At least 0.4% titanium is necessary to tie-up the
      carbon and nitrogen and thus ensure a low interstitial martensite. Since
      the carbon and nitrogen are effectively inactivated, nickel is the only
      element available to prevent the formation of the deleterious delta
      ferrite. That is to say, the titanium removes from solid solution the two
      elements, carbon and nitrogen, that most effectively prevent ferrite
      formation. Therefore, to prevent ferrite formation, a larger than usual
      amount of nickel must be added, i.e., at least 4%.
PAR  The crux of this invention is a development of a similar but modified
      stainless steel wherein the carbon and nitrogen are stabilized with
      vanadium rather than titanium. The carbides and nitrides of vanadium are
      more soluble in stainless steel than those of titanium over the
      temperature range in which solidification occurs. Accordingly, in the
      alloy of this invention containing vanadium instead of titanium, the
      carbon and nitrogen remain in solution during solidification and are
      subsequently precipitated as carbides and nitrides of vanadium in solid
      solution at lower temperatures after solidification is complete to thus
      assure a lower interstitial martensite after tempering. Since the carbon
      and nitrogen are in solid solution during solidification, these elements
      will serve to prevent the formation of delta ferrite, and hence, a lesser
      amount of nickel need be added for this purpose, i.e., about 3% nickel.
PAR  In addition to the above mentioned distinctions, the weaker carbide forming
      element, i.e., vanadium, does not remove all of the carbon from solid
      solution, but rather the composition is adjusted so that some carbon
      remains in solution to improve strength. In addition to the above
      advantages, the stainless steel of this invention, as compared to the
      prior art titanium stabilized steel, is capable of exhibiting higher yield
      and tensile strengths and superior notch tougness values. This steel is
      further distinguishable in having a higher initial hardness and a
      substantially smaller aging response.
PAR  Table I below provides the broad and preferred composition ranges for the
      stainless steel of this invention.
TBL                TABLE I                                                     

     ______________________________________                                    

     Composition Limits for the Steel of this Invention                        

                Broad        Preferred                                         

     ______________________________________                                    

     Carbon       0.01 - 0.15%   0.03 - 0.05%                                  

     Silicon      1.00% max.     0.15 max.                                     

     Chromium     10 - 13%       10.75-11.5%                                   

     Nickel       2.0 - 5.0%     3.0 - 3.5%                                    

     Vanadium     0.05 - 0.20%   0.12-0.18%                                    

     ______________________________________                                    

PAR  In order to achieve good high strength values, it is desirable to have some
      carbon in solid solution. This is accomplished by assuring a minimum of at
      least 0.01% carbon in the steel, and assuring that not all of the carbon
      is removed from solid solution. To this end then, vanadium is essential as
      compared to the stronger carbide formers such as titanium, columbium or
      zirconium. The results shown in FIGS. 1 and 4 indicates that increasing
      the carbon content does cause a comparable decrease in toughness in both
      the annealed and tempered conditions. Therefore, although some carbon in
      solid solution is desired for strength purposes, its amount should be
      maintained relatively low, i.e., below 0.15% and preferably below 0.05%.
      Within this range, carbon will be responsible for an appreciable
      improvement in strength values while toughness values are not
      significantly effected.
PAR  The effect of vanadium on the yield and tensile strength on the inventive
      steel in the tempered condition are shown in FIGS. 2 and 3, and indicate a
      peak in each strength value at about 0.25% vanadium. As shown in FIG. 4, a
      minimum in the toughness value occurs at about the same vanadium content.
      Accordingly, good combinations of strength and toughness properties can be
      achieved by working away from the 0.25% vanadium content, i.e., at from
      0.05-20% vanadium or 0.30-0.45% vanadium. As shown in FIG. 2, for steel
      with a preferred carbon content of 0.03% about 0.12% vanadium is needed to
      maintain a 100 ksi minimum yield strength in the tempered condition for a
      steel with a minimum chronium content of 10.75%. Because of the cost of
      vanadium, it is of course desirable to keep vanadium as low as possible,
      and hence this invention contemplates only the lower useful vanadium range
      of 0.12 to 0.02%. In contrast to the prior art titanium stabilized steel,
      it should be noted that the vanadium-to-carbon ratio is less than 8.
      Although equally good strength and toughness values could be obtained with
      vanadium contents in the 0.30-0.45% range, such a steel would be
      considerably more expensive and yet no better. In addition, such a steel
      would have to have a higher chromium content as will be explained below.
PAR  The results shown in FIG. 5 indicate the economic desirability of melting
      to a preferred 0.12-0.18% vanadium range and indicate an interrelationship
      between vanadium content and chromium content. These results show that for
      best toughness, the vanadium should be in the lower range, i.e., below
      0.25% when chromium is in the low range, i.e., 10.0-11.5%, and visa versa.
      Accordingly, it is economically advantageous to have the vanadium content
      low so that the chromium content can be kept low thereby insuring good
      toughness characteristics. For corrosion resistance considerations, the
      chronium content should be at least 10% and preferably 10.75%.
PAR  As noted above, the nickel content is essential for preventing delta
      ferrite formation during solidification. In the prior art titanium
      stabilized steels, at least 4% nickel is necessary for this purpose. It is
      well known however that nickel has an adverse affect on yield strength,
      and hence the amount of nickel should be minimized. In this inventive
      steel the carbon and nitrogen remain in solid solution during
      solidification, and these two elements are well known to inhibit ferrite
      formation. Because of this, a lesser amount of nickel is necessary in this
      inventive steel, i.e., at least about 2.0% nickel for a 50% reduction.
PAR  In so far as residual elements are concerned, these are not particularly
      harmful if kept within their usual residual limits for stainless steels.
      Specifically, the residual contents should be 1.00% maximum manganese,
      0.04% maximum phosphorus, 0.03% maximum sulfur, and 1.00% maximum silicon
      and preferably less than 0.15% silicon.
PAR  To verify the above phenomenon, a total of 32 additional heats were
      prepared, processed and examined. The chemistry of each heat was modified
      somewhat in order to establish compositional limits. Basically, only the
      elements carbon, silicon, chromium, nickel and vanadium were varied for
      study as these obviously were those which would exert the greatest
      influence on the structure and mechanical properties of the steel. For
      purposes of brevity, the analysis of each of the 32  heats will not be
      presented here. Table II below does however, show the general level of
      compositions studied.
TBL                TABLE II                                                    

     ______________________________________                                    

     Elements and Their Levels Studies                                         

     In 32 Experimental Steels                                                 

     Level     %C        %Si     %Cr    %Ni   %V                               

     ______________________________________                                    

     Very Low  &lt;0.01     0.03    10.00  2.0   0.05                             

     Low       0.03      0.11    10.75  2.5   0.15                             

     Medium    0.06      0.19    11.50  3.0   0.25                             

     High      0.09      0.27    12.25  3.5   0.35                             

     Very High 0.12      0.35    13.00  4.0   0.45                             

     ______________________________________                                    

PAR  The balance of the above heats contained 0.3% Mn, 0.035% N plus normal
      residuals.
PAR  Each of the 32 heats were hot rolled to 1/2-inch plate, with a portion of
      each plate reheated to 2100.degree.F and then rolled to 0.150-inch sheet.
      The plates and sheets were air annealed for 1/2 hour at 1,650.degree.F
      (one at 1,700.degree.F) and air cooled. Portions of each plate and sheet
      were tempered for 4 hours at 1,150.degree.F.
PAR  Again in the interest of brevity, the test results for each heat will not
      be presented here. The effect of very low and high levels of each major
      element by itself and in combination with each other element on the
      mechanical properties was studied. From these studies, a
      multi-dimensional-response was plotted and an equation derived for each
      property. The composition effects on the longitudinal tensile properties
      can be defined by the following two equations.
TBL  Yield Strength (0.2% Offset)                                              

                       =     91.5                                              

       ksi                   +65.9     (%C)                                    

                             +1.5      (%Cr)                                   

                             -2.0      (%Ni)                                   

                             +25.5     (%V)                                    

                             -304.4    (%V - 0.26).sup.2                       

     Tensile Strength ksi                                                      

                       =     91.6                                              

                             +112.0    (%C)                                    

                             +1.7      (%Cr)                                   

                             +2.8      (%Ni)                                   

                             +16.1     (%V)                                    

                             -1840.7   (%C - 0.054).sup.2                      

                             -286.5    (%V - 0.26).sup.2                       

PAR  the composition effects on the transverse Charpy V-notch toughness for the
      steels in the annealed condition can be defined by the following
      equations:
TBL  Energy absorbed at 80.degree.F,                                           

                      =     67.6                                               

      ft.-lb.                                                                  

                            -166.8   (%C)                                      

                            -89.0    (%Si)                                     

                            +0.3     (%Ni)                                     

                            -320.5   (%C - 0.054)                              

                                     (%Ni - 2.98)                              

                            -80.8    (%Si - 0.205)                             

                                     (%Ni - 2.98)                              

     Energy absorbed at 0.degree.F,                                            

                      =     4.9                                                

      ft.-lb.                                                                  

                            +48.8    (%C)                                      

                            -80.0    (%Si)                                     

                            +1.6     (%Cr)                                     

                            +7.9     (%Ni)                                     

                            +26.4    (%V)                                      

                            -343.7   (%C - 0.054)                              

                                     (%Ni - 2.98)                              

                            -94.0    (%Si - 0.205)                             

                                     (%Ni - 2.98)                              

                            +65.1    (%Cr - 11.5)                              

                                     (%V - 0.26)                               

     Energy absorbed at -50.degree.F,                                          

                      =     3.0                                                

      ft.-lb.                                                                  

                            +163.9   (%C)                                      

                            -44.0    (%Si)                                     

                            +5.8     (%Ni)                                     

PAR  The composition effects on the transverse Charpy V-notch toughness for the
      steels in the annealed and tempered condition can be defined as follows:
TBL  Energy absorbed at 0.degree.F,                                            

                      =     -29.4                                              

      ft.-lb.                                                                  

                            -100      (%Si)                                    

                            +26.2     (%Ni)                                    

                            +1005.7   (%Si - 0.205)                            

                            -143.3    (%Si - 0.205)                            

                                      (%Ni - 2.98)                             

     Energy absorbed at -50.degree.F,                                          

                      =     57.1                                               

      ft.-lb.                                                                  

                            -59.9     (%Si)                                    

                            +38.4     (%Ni)                                    

                            +696.5    (%Si).sup.2                              

                            -95.4     (%Si) (%Ni)                              

PAR  To summarize the results noted in the above mentioned tests, it was clearly
      noted that increasing the carbon and chromium contents linearly increased
      the steel's yield strength in the annealed and tempered condition, whereas
      increasing nickel contents decreased yield strength linearly. Vanadium has
      quadratic as well as a linear effect on yield strength. In essence
      however, increasing vanadium contents will increase yield strength
      markedly up to about 0.25% vanadium. The significance of vanadium is noted
      by the fact that of all the 32 experimental heats, only one displayed a
      yield strength of less than 100 ksi. This was a steel containing a very
      low level of vanadium.
PAR  As expected, increasing carbon and nickel contents linearly increases the
      steel's toughness at -50.degree.F in the annealed condition, whereas
      silicon linearly decreases toughness. In the annealed and tempered
      condition however, only silicon and nickel have a major effect on
      toughness at -50.degree.F. At 0.13% Si, an increase in nickel from 2.5 to
      3.5% will result in a predicted 24 ft.-lb. increase in energy absorbed by
      a transverse specimen at -50.degree.F. On the other hand at 0.25% silicon,
      the increase is only 12 ft.-lb. for the same change in nickel content. For
      optimum toughness therefore, silicon should be as low as economically
      possible.
PAR  To further exemplify the subject invention, an 80-ton commercial heat was
      produced and processed to 1/2-inch plate. The composition of this heat was
      as follows:
TBL  C    Mn   P    S    Si   Cr   Ni   V    N                                 

     0.051%                                                                    

          0.24%                                                                

               0.018%                                                          

                    0.013%                                                     

                         0.04%                                                 

                              11.24%                                           

                                   3.12%                                       

                                        0.18%                                  

                                             0.033%                            

PAR  in the annealed and tempered condition, the 21/2` -inch plate exhibited the
      following properties:
TBL         Yield Strength     Elongation                                      

                                       Charpy-V-Notch                          

            (0.2% Offset)                                                      

                     Tensile Strength                                          

                               (in 2 inches)                                   

                                       Energy absorbed                         

     Orientation                                                               

            ksi      ksi       %       ft.-lb.                                 

     __________________________________________________________________________

                                       70.degree.F                             

                                           0.degree.F                          

                                               -50.degree.F                    

     Longitudinal                                                              

            103.3    129.6     16      80  48  28                              

     Transverse                                                                

            106.6    126.5     14      59  30  23                              

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. A martensitic stainless steel having an excellent combination of
      strength and toughness consisting essentially of 0.01 to 0.15% carbon,
      1.00% maximum silicon, 10 to 13% chromium, 2.0 to 5.0% nickel, 0.05 to
      0.20% vanadium, and a remainder of iron and normal residual impurities.
NUM  2.
PAR  2. A martensitic stainless steel according to claim 1 in which the vanadium
      content is from 0.12 to 0.18%.
NUM  3.
PAR  3. A martensitic stainless steel according to claim 2 in which the carbon
      content is from 0.03 to 0.05%, the silicon content is no more than 0.15%,
      the chromium content is from 10.75 to 11.5% and the nickel content is from
      3.0 to 3.5%.
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ABST
PAL  Improved machinability of stainless steels, as determined by
      production-type operation of automatic screw machines, is obtained: by
      providing globular inclusions in the steel, which comprise essentially
      sulfur and selenium or tellurium, in combination with manganese, and which
      maintain globular character through extensive reduction as by hot rolling,
      the proportions of such elements being controlled to produce the
      inclusions, very preferably with a specific, relatively low and economical
      addition of selenium or tellurium; and also by controlling the actual
      presence of aluminum oxide in the steel, including the control of
      deoxidation practice, to provide production of stainless steel having not
      more than a critically very low content of aluminum oxide. In martensitic
      grades, the improved stainless steels are further enhanced in
      machinability, e.g. as to chip characteristics, by special heat treatment,
      including heating between the A.sub.1 and A.sub.3 critical points of
      temperature. Optional additions of rare earth elements can coact in
      establishing or enhancing the desired, e.g. sulfide-selenide, inclusions,
      and can afford deoxidation function effective in avoiding unwanted
      aluminum addition, for corresponding cooperation in minimizing occurrence
      of aluminum oxide.
PARN
     This is a division of application Ser. No. 289,591 filed Sept. 18, 1972,
      now U.S. Pat. No. 3,846,189.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to stainless steel and is more particularly directed
      to the provision of stainless Steels having superior machinability, and to
      methods of producing such steels.
PAR  Although much work has been done toward the development of so-called
      free-machining stainless steel, and although steels so classified have
      been marketed with some success for a number of years, the machining
      properties have tended to fall short of those attainable in plain carbon
      steels designed for good machinability, and there appears to have been a
      failure of understanding or full appreciation of the nature of the
      problems presented by stainless steel in this area. Indeed, requirements
      and conditions can be considered more critical than in the low or medium
      carbon grades of ordinary steel, in that: machined products of stainless
      steel, which is more costly, are often expected to have a much better
      finish and dimensional control than carbon steel products, while secondary
      operations such as reaming, threading, tapping and grinding on stainless
      grades can be very uneconomical at high volumes of production, as in shops
      using automatic screw machines; and stainless steels are inherently
      unsatisfactory to machine not only because of general cutting difficulties
      but especially because their thermal diffusivity is about two-thirds to
      one-half that of plain carbon steel, causing higher tool chip temperature
      and consequently shorter tool life.
PAR  Particular stainless steels that have heretofore been produced with special
      characteristics of machinability include AISI type 303 of the austenitic
      300 series, and AISI type 416 from the martensitic grades of the 400
      series, as well as others, e.g. the ferritic type 430F. Although the
      principles of the present invention are primarily illustrated with the
      so-called free-machining varieties such as the 303 and 416 stainless
      steels, the same principles are deemed applicable to a broad range of
      stainless steels. embracing the 200, 300 and 400 series, and also the
      precipitation hardening grades of both the martensitic and semiaustenitic
      types, such broader range being inclusive of steels for which the end
      service properties might restrict the usages of free-machining additive to
      low levels. As explained below, the invention has been developed with
      special applicability to the presently recognized machining grades, for
      example types 303 and 416, and corresponding particular objects are to
      provide improvement in such grades, notably in suiting the properties of
      these steels to the requirements of machining operations in industrial
      production.
PAR  It has been known that the addition or intentional inclusion of one or more
      elements such as sulfur, selenium, tellurium, lead and bismuth can be
      beneficial to machining properties in essentially all kinds of steel, and
      such additions of sulfur or selenium, for instance, in the amounts Of
      0.15% or more have been employed in stainless types 303, 416 and 430F to
      provide the basis for rating such types as machinable. In a produced steel
      sulfur additions usually appear as sulfide inclusions, basically as
      manganese sulfide and these inclusions can exhibit a variety of morphology
      and may contain one or more other elements, such as the so-called
      transition elements, dissolved therein, all depending on a variety of
      compositional and processing factors that have not heretofore been fully
      elucidated.
PAR  Various and not entirely consistent views have been expressed as to the
      circumstances for enhancement of machinability by the use of sulfur or for
      assurance of a suposedly effective kind of inclusion. Thus for example,
      some investigators have proposed, chiefly on the basis of the ratio of
      manganese to sulfur in the steel (i.e., between the total amounts of these
      elements, in weight percent), that improvement in machinability of
      stainless steels can be effected by reliance on a supposedly proper range
      of Mn to S ratios alone. In other cases, one or another of various
      considerations, chiefly of the nature of specific additions or omissions
      of chemistry, have been asserted to be useful, but the extended
      investigations upon which the present invention is predicated have
      revealed that there has heretofore been a failure to understand or
      recognize many underlying factors, bearing on the nature and effectiveness
      of sulfide inclusions, or what inclusions are truly suitable for achieving
      machinability or how they can be achieved, notably in production type
      quantities of steel, or what may be the effect or significance of
      steelmaking processes on machinability and on additions supposed to
      improve it.
PAR  It appears, moreover, that past studies have in general failed to take
      proper account of various requirements of machinability, particularly the
      needs of industry in making machined articles from stainless steel. Thus
      in some cases sole reliance has been placed on limited drilling tests,
      such for example as in measuring the time required for a given penetration
      by a specified drill under a constant load, but these determinations have
      given little or no indication of performance in regard to surface finish,
      tool wear, tool life, or chip characteristics, or indeed in practical
      productivity, e.g. the speeds and feeds that can be used in production
      machinery. Attention has, of course, been given to one or another of these
      factors in other discussions of free machining steel, but their collective
      significance has not been emphasized. More importantly, in the testing or
      design of new steel compositions there appears to have been essentially no
      recognition, and certainly no report of systematic use, of production-type
      studies such as involve, for instance, a continuous run of several hours
      of an automatic screw maching producing 1,000 to 1,500 or more pieces of
      the test steel, each subjected to a machining cycle which includes major
      machining operations that reveal the performance factors mentioned above
      and which is representative of the kind of work required by industrial
      users.
PAR  Definitive information on essentially all factors of machining performance
      is obtainable with production-simulating tests of this sort, but they can
      be usefully supplemented or extended by specific single-purpose tests of
      rigorous design, such as turning tests for tool life and tool wear, plunge
      cutting for surface finish determinations, and drilling tests using
      suitably large drills for chip breakability determinations. Investigation
      has indicated that selection of compositional ranges and other
      characteristics to provide supposedly machinable steels, based only on one
      or a few limited tests such as drillability used by many of the previous
      investigators, can be very unreliable, and in particular do not afford
      good correlation with true and complete requirements for machining
      stainless steel, i.e., requirements as outlined above that must be met in
      industrial practice.
PAR  Accordingly, important aims of the present invention are to afford improved
      stainless steels, and methods of producing them, which have distinctly
      superior machining properties and which in presently preferred embodiments
      are well suited to the needs, in quality and production rate, of
      manufacturers of machined products. A further object is to provide such
      steels and such methods in an economical manner, and without
      significatntly altering the other desired properties that characterize the
      grade of steel to which the invention is applied.
PAC  SUMMARY OF THE INVENTION
PAR  To the above and other ends, important aspects of the invention reside in
      the discovery that superior machining properties in stainless steels are
      not only dependent on the presence of inclusions which are of the general
      nature of those heretofore classed as manganese sulfide inclusions and
      which are of a so-called globular type, but are also dependent on the
      volume fraction and the shape, distributional, compositional and
      mechanical characteristics of such inclusions, and on the existence of
      these characteristics after the steel has been carried through the usual
      production operations such as hot rolling. These requirements cannot be
      assured, and indeed usually fail to be realized, in reliance simply upon a
      factor such as a so-called manganese-sulfur ratio, determined as the
      proportion of total manganese to total sulfur in the steel. On the
      contrary, it is important that the inclusions be present in such kind,
      amount and size as has been discovered to be correlated with the more
      complete and significant tests of machinability explained above, and as
      has specifically been discovered to involve further or additional
      compositional and processing factors, not heretofore recognized.
PAR  Thus a significant feature of the invention, in its specific and preferred
      aspects, resides in the finding that instead of relying on sulfur as the
      sole addition to promote machining properties, improved characteristics of
      the inclusions are attained by incorporation of selenium, or in some cases
      alternatively or additionally by the incorporation of tellurium.
      Particular advantage, directly related to improvement in tool life and
      surface finish in machining, is provided by compositions containing both
      sulfur and selenium, where the selenium is present in amounts that may be
      significantly and very desirably less than the quantities usually
      specified, e.g. in AISI types 303 Se, 416 Se and 430F Se, for attainment
      of free machining. Specifically compositions which thus contain sulfur,
      and selenium in amounts less than 0.15%, preferably 0.04 to 0.1%, together
      with manganese in sufficient amounts to satisfy the theoretical
      stoichiometric requirements of MnS and MnSe as well as to account at least
      for other unavoidable or required utilization of manganese in the steel
      (such as consituting a mild deoxidizer and a matrix strengthener), are
      found to provide inclusions of superior and assured characteristics for
      machinability, not heretofore or reliably achieved with inclusions
      predicated on sulfur addition alone. At the same time, the steel is
      relatively economical to produce, for example as compared with the special
      grades last mentioned or as measured, in effects, against the attained
      improvement in machinability.
PAR  Further features of the invention are based on the finding that aluminum,
      even in amounts heretofore considered inconsequential, as for example the
      small quantities conventionally used for deoxidizing (i.e., killing), and
      indeed even in smaller amounts that would ordinarily be deemed incidental,
      may lead to detriment in machinability, specifically to the extent that
      the aluminum becomes or appears as aluminum oxide, i.e., alumina, Al.sub.2
      O.sub.3. Extended studies involving analysis of steels for aluminum oxide
      content, which is not ordinarily determined or which is ordinarily
      considered of no consequence at the levels so studied, have revealed that
      tool wear and tool life in machining are very sensitive to aluminum oxide
      in the steel; for example, whereas an ordinary commercially produced, free
      machining grade 416 may show 0.006% or more of Al.sub.2 O.sub.3, i.e., an
      amount not usually deemed consequential or even commonly measured,
      limitation of such oxide content to 0.002% and below has afforded large
      increases in useful tool life, of the order of 50% to 100% or more. The
      aluminum oxide appears as a distribution of minute, hard particles or
      inclusions, further evidence being that they tend to show up in
      manganese-sulfur inclusions and apparently even influence the very nature
      of precipitation of the latter in an adverse manner, as by promoting
      so-called eutectic or type II sulfides which become long, stringy
      configurations of the manganese-sulfur bodies in as-rolled steel bars.
PAR  Thus the invention, in one related aspect, consists in steel of the stated
      character wherein alumina is kept to an unusually low maximum, such as
      0.0025% or more advantageously 0.002%, and is preferably well below such
      values, a further feature being that the process of making the steel
      involves deoxidation otherwise than by the use of aluminum, as for
      instance by employing silicon (conveniently in the form of ferro-silicon),
      and indeed more specifically by using such agent in a form having no more
      than a very low impurity content of aluminum. Another aspect of the
      invention is that the incorporation of selenium along with sulfur, in the
      manner explained above, has been demonstrated to reduce materially the
      tool-destructive effect of aluminum oxide, it being further noted that at
      moderately small levels of Al.sub.2 O.sub.3 (yet above 0.002%) the
      manganese-sulfur-selenium inclusions retain their desired substantially
      globular shape and appearance, and have been observed as functioning, at
      least in part, to provide a sheath or enclosure for the aluminum oxide
      particles.
PAR  As a supplemental feature of the invention, constituting an addition or in
      part alternative to manganese for the composition of the sulfide-selenide
      inclusions, rare earth metals such as lanthanum, cerium and others may be
      employed, with good effect on the machinability of the steel in one or
      more of the respects of tool life, surface finish, ease of chip removal,
      and productivity. These elements can form sulfides and selenides, or
      possibly complex compounds of such nature with manganese, and produce the
      desired globular inclusions or appear in them, imparting characteristics
      that are similar to those afforded by compounds of manganese with sulfur
      or selenium. A further procedural feature is afforded by the step of
      adding a rare earth metal or metals, as at the end of a heat or in the
      ladle, in that such addition may serve the deoxidizing function in lieu of
      silicon or other substitute for aluminum, and then at least in part the
      rare earth addition may appear as sulfide or selenide compounds in the
      inclusions or some of them, promoting formation of such inclusions in the
      desired manner. Such results are attainable, for example, by adding two to
      three pounds per ton, of a rare earth alloy of common type, containing
      predominantly lanthanum and cerium, with minor proportions of others.
PAR  It has also been found that martensitic grades of stainless steel produced
      to contain the desired, unusually effective inclusions, e.g. comprising
      manganese with sulfur and selenium, may be further benefited by a special
      heat treatment, particularly in that the chip formation, for various kinds
      of machining operations, can be greatly improved. That is to say, in some
      cases even with optimum form and volume fraction of the sulfide-type
      inclusions, machining chips may in fact be very long, tough ribbons or
      curls of difficultly manageable type. In accordance with this further
      feature of the invention the improved steel, as for instance of the 416
      grade, is subjected to heat treatment which includes heating to a
      temperature between the lower and upper critical points, i.e., between the
      A.sub.1 and A.sub.3 temperature for the given composition, holding the
      piece at the temperature in an inert atmosphere furnace for 11/2 hours or
      more, depending on the diameter of the bar or other shape, and then
      cooling in air to room temperature. If desired, the article can thereafter
      be tempered at a suitable, lower temperature, and also stress-relieved. In
      circumstances where the cutting or drilling chips may tend to be several
      feet long without this treatment, its effect is to cause the chips to
      break off short, e.g. at a few inches or less. It is believed that the
      treatment, notably if performed in a preferred manner as explained
      hereinbelow, results in a two-phase microstructure, partly martensitic and
      partly ferritic with carbides.
PAR  The effect of practice of the invention in one or more of its aspects, and
      preferably in respect to the controlled addition of selenium in coaction
      with the essentially complete elimination of alumina, for attainment of
      optimum nature and properties of the described inclusions, including the
      distinct and critically advantageous characteristic that such inclusions
      are not materially altered in their globular or ellipsoidal shape, or in
      particular, flattened to long, thin configurations, by hot rolling, has
      been to achieve improvement of a very practical sort in the machining
      properties of stainless steels. These and other advanntages of the
      invention, and additional disclosure and explanation of various
      compositional and procedural features thereof, are also set forth or will
      become further apparent in the following detailed description, including
      reference to specific heats and practices by way of example.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1, 2 and 3 are microphotographic views respectively showing three
      different types of sulfide inclusions in steel.
PAR  FIG. 4 is a microphotographic view showing inclusions, of the general type
      of FIG. 1, as appearing in a stainless steel embodying the invention.
PAR  FIG. 5 is a view, to be compared with FIG. 4, showing undesirable sulfide
      inclusions.
PAR  FIG. 6 is a graph illustrating the distribution of plane intercept
      dimensions corresponding to distribution of inclusions in an example of
      one type of stainless steel embodying the invention.
PAR  FIG. 7 is a graph, like FIG. 6, showing such intercept-dimension
      distribution for another type of stainless steel of the invention.
PAR  FIG. 8 is a microphotographic view, comparable with FIG. 4, showing
      aluminum oxide particles in a stainless steel.
PAR  FIG. 9 is another view, on further magnified scale, of inclusions in an
      example of the invention.
PAR  FIG. 10 is a view, to be compared with FIGS. 8 and 9, showing aluminum
      oxide particles in a stainless steel embodying certain features of the
      invention.
PAR  FIG. 11 is a graph of the results of screw machine tests of stainless
      steels, showing the effect of aluminum oxide in the steel.
PAR  FIG. 12 is a graph of the results of screw machine tests, comparatively
      showing the effect of aluminum oxide in stainless steel without and with
      selenium in accordance with the invention, and in stainless steel produced
      in accordance with a further feature of the invention.
PAR  FIG. 13 is a graph of the results of screw machine tests, showing the
      effect of tellurium addition in accordance with the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  As indicated, the investigations leading to the present invention and the
      evaluations of stated results were largely based on production-type tests
      of long duration. Specifically, each test consisted of an 8-hour run on an
      automatic screw machine, supplied with 1-inch diameter bars and
      automatically turning out small finished pieces, usually a total of 1,500
      to 1,700 pieces for the 8-hour run. The general practice in preparing the
      test bars involved hot rolling from 4-inch billets, followed by a small
      amount of cold reduction (when the special heat treatment of the present
      invention was used, it was performed after the cold reduction), the bar
      being thereafter turned and ground, in other equipment, to have the
      finished 1-inch dimension. Utilizing a 6-spindle automatic screw machine,
      it was charged with six bars, each 12 feet long, and in general each
      8-hour run required three to four further charges depending on the cutting
      speed and feed chosen for the test.
PAR  Various combinations of machining operations, generally using standard,
      hardened, high speed steel tools, were performed on each piece, a typical
      setup involving rough forming, finish forming, facing, three drilling
      operations, reaming, and cut-off. In some instances additional or
      alternative finish machining operations were used, such as shaving, thread
      cutting and double reaming. The machined pieces were cut off at about 11/2
      inch lengths. Runs of this sort permitted evaluation of numerous aspects
      of machining practice, with respect to the particular stainless steel
      under test, i.e., the selected heat from which the prepared stock of
      1-inch bars was obtained.
PAR  A notably important measurement was with respect to surface finish, i.e.,
      on the outside surface of revolution of the test pieces, resulting from
      the finish forming step. This surface finish measurement was made with a
      Brush surface analyzer, yielding a roughness determination, corresponding
      to the wave height or peaks of surface roughness. As will be understood,
      the measurement was thus determined, conventionally, as microinch R.M.S.
      (root-mean-square), one minimum criterion being to achieve a surface
      roughness less than 100 microinches R.M.S. over a tool life of at least
      the stated 8 hours at a chosen combination of feed and cutting speed. The
      cutting speed, as will also be understood, represented the relative speed
      of the surface of the work, i.e., in the circumferential direction, past
      the cutting tool; for machining grades such as 303 and 416 the selected
      speed was 150 surface feet per minute or higher. The end slide feed of the
      machine (i.e., the drill feed) was also maintained at a desirable
      production value, for instance of the order of 0.005 inches per revolution
      for grades 303 and 416 and the like. The cross sldie feed was about
      one-seventh of the end slide feed. The finish forming operation was
      usually a plunge cut, employing a tool of appropriate width moved radially
      inward of the workpiece and thereby producing an annular machined area
      which has a width equal to that of the tool and is intended to be
      characterized by a finished surface.
PAR  At regular intervals, finished pieces were removed for surface measurement
      and other examination. Standardized practice involved taking six pieces at
      every 100-piece interval and examining each with a surface analyzer.
      Determinations were plotted, against duration of the test, by taking an
      average of the surface roughness for each set of six pieces, and also
      delineating the range of variation among the six. In general, a single
      tool was allowed to remain in place, without sharpening, throughout the
      entire 8-hour run. In such operation, the gradual rise in surface
      roughness and the increase in the diameter at the finish form station,
      over the entire run, afforded in indication of surface deterioration and
      tool wear. For special purposes, examinations and tests of other surfaces
      or cuts, as resulting from the other operations, including facing,
      drilling and reaming, were made. It will be understood that in instances
      where tool wear became excessive or the machining operation involved
      premature destruction of the tool, the test was terminated short of the
      total 8 hours. Oil coolant was employed in the operations, and chip
      characteristics were also noted.
PAR  These 8-hour screw machine tests, as by comparisons utilizing standard
      types of stainless and other steels, were found to have good correlation
      with the experience of several industrial screw machine shops engaged in
      actual production, because the described test was specially designed to
      reproduce all the important features of screw machine operation. As will
      now be appreciated, the data from each 8-hour test thus represented a
      significant formulation of actual production-type machining.
PAR  By way of supplement to the screw machine tests, and for a number of areas
      where comparative determinations of a simpler nature were appropriate,
      various shorter or expedited tests were employed. One such was a single
      point turning test, involving a high speed surface cut (i.e., a helical
      cut) on a standard piece, for example a 4-inch diameter round bar,
      utilizing a hardened, high speed steel tool and a continuous run until
      destruction of the tool occurred. During the test no cutting fluid was
      used. It was found that with surface speeds of 200 surface feet per minute
      and upwards (suitable selection being made for each test), 1 second of
      tool life in this operation corresponded to approximately 1 minute of run
      of an automatic screw machine functioning as outlined above, because high
      speed tools, i.e., tools of the same type were used in both tests. As
      indicated, these special tests afforded a reliable indication of tool
      life.
PAR  For further introduction to the invention, reference is made to FIGS. 1, 2
      and 3 of the drawing, being micro-photographs at about 500x magnification,
      showing the three generally recognized types of manganese sulfide
      inclusions in steel. The first are the so-called globular inclusions,
      being Type I as in FIG. 1. These are round or somewhat elongated bodies
      predominantly composed of a compound of manganese and sulfur and it has
      now been demonstrated not only that they are requisite for providing
      enhanced machinability by reason of sulfur addition, but also that they
      must persist in the final product form of the steel, e.g. after hot
      rolling or like reduction. In such rolled products these inclusions, as
      retained in useful state, are actually of an ellipsoidal shape for the
      most part, but the term "globular" will be more generally employed herein,
      being thus understood to include the ellipsoidal or otherwise somewhat
      elongated forms.
PAR  Another type of inclusion, shown in FIG. 2 and identified as Type II,
      usually consists of much smaller particles, often appearing along grain
      boundaries or in groups defined by such boundaries, these being sometimes
      called eutectic inclusions. In other cases, or particularly as a result of
      reduction by rolling, these Type II inclusions appear as long, thin or
      stringy bodies, but it has been determined that whichever their shape,
      these Type II inclusions are relatively undesirable and do not have the
      capability of improving machining properties in the manner of the globular
      type. It is believed, as indicated by studies, that where circumstances
      favor the formation of Type I inclusions, the latter are produced by
      segregation of manganese and sulfur in combination, usually throughout the
      steel and in approximately uniform though perhaps localy random
      distribution, at a stage prior to the completion of solidification of the
      cast ingot. Type II inclusions are understood to be formed or precipitated
      only on the freezing of that liquid phase or portion of the steel which
      solidifies last, this stage being very rapid so as not to afford time, as
      is the case in the formation of the globular (Type I) bodies, for
      migration or diffusion of manganese sulfide or its constituents into
      collected, larger masses.
PAR  Type III inclusions are illustrated in FIG. 3, being somewhat large, highly
      angular bodies of corresponding irregular shape and often having a highly
      irregular distribution in the steel. They seem, at least in part, to be of
      the nature of individual crystals or shapes of crystal growth. Inclusions
      of this sort have also been found to be relatively ineffectual, especially
      because inclusions of this type or form occur, as has now been discovered,
      when the steel is excessively deoxidized with aluminum, with the resultant
      formation of undesirable Al.sub.2 O.sub.3.
PAR  As will be understood, more than one type of inclusion can show up in a
      given steel; for example, some Type I inclusions may be formed even though
      the Type II particles are plentiful or greatly predominant, or there may
      be a number of Type III bodies. Likewise, Type II groups may accompany
      inclusions of Type III, e.g. as in FIG. 3. For indication of the general
      order of size of the inclusion bodies, a scale designation of 20 microns
      has been added to each of the above microphotographic representations,
      although it should be understood that the globular inclusions, for
      instance, may have a considerable range of dimensions, including sizes
      well above those seen in FIG. 1.
PAR  In the investigations leading to the present invention, it was effectively
      determined that superior results in machining, notably as to surface
      finish, tool life and availablility of suitably high speeds of cutting,
      required a reasonably uniform distribution through the steel of the
      globular-type inclusions, with essentially little or no presence of other
      types. Correlation between machining results and inclusion characteristics
      was found to be very close, and in accordance with the invention, desired
      results were further determined to be dependent on significant factors,
      including compositional factors both as to the inclusions and as to the
      steel, other than the presence of sufficient sulfur and attainment of
      manganese-sulfur ratios within ranges of the nature heretofore indicated.
PAR  Thus for example, in a stainless steel of the 416 grade, containing 13%
      chromium and other compositional characteristics as prescribed by standard
      specifications (including sulfur in the range upwards of 0.15%),
      measurement of machining tool life for various manganese-sulfur ratios
      showed a minimum value to be requisite but also showed that values
      substantially higher yielded preogressively shorter tool life. In this
      preliminary investigation, it was noted that a peak of useful tool life
      lay between about 2.5 and 4.5 for the stated ratios. A 416 grade steel
      having a manganese-sulfur ratio of only about 1.5 was relatively poor,
      whereas a heat with the ratio at 3.35 showed much more satisfactory
      results, e.g. a severalfold greater tool life, and surface roughness (in
      an 8-hour test) at about one-half the value for the steel with the lower
      ratio. Moreover, microprobe examinantion revealed a significant chromium
      content in the inclusions of the low-ratio metal, which was essentially
      absent in the higher-ratio material.
PAR  As indicated above, it was found that the inclusion of selenium in the
      steel produced an unusually marked improvement in all of the machining
      properties, and was shown to promote and maintain the desired distribution
      of gloular inclusions, indeed with little or no sensitivity to
      manganese-sulfur ratios, so long as the manganese was sufficient to
      accommodate all of the sulfur present and likewise all of the selenium. In
      general, this was found to involve a ratio between manganese and sulfur
      plus selenium, of over 2, usually about 2.5 or more, it being noted that
      the quantity, as by weight, of manganese, needed to combine with the
      selenium is proportionately less than in the case of sulfur.
PAR  Specifically, for both the 416 and 303 grades, containing sulfur upwards of
      0.15%, it was found significant to include selenium in the range of about
      0.04%, preferably 0.05%, and upwards, but generally less than 0.15%, a
      preferred range being up to about 0.1%. While in a broader sense, larger
      amounts of selenium can be accommodated and are conceivably useful, there
      is special advantage in utilizing the lower range which has now been found
      to be very effective. That is to say, amounts of selenium of the order of
      0.2% and above are relatively uneconomical to add, not only because of the
      cost of this element but also because losses by vaporization from the melt
      increase, proportionately, at a much greater rate than increases in the
      concentration which is to be established.
PAR  For example, to keep 0.1% Se in the steel, it usually suffices to supply
      about 0.12% (by addition in the ladle), whereas to reach a level of 0.2%
      can well require supplying more than 0.3% of this element, even up to
      0.4%, with still greater proportions of loss at higher levels.
PAR  The addition of selenium was specifically noted to provide improvement and
      stabilization of the desired globular inclusions, to the extent of
      permitting their effective presence regardless of the existence of even
      relatively high manganese-sulfur ratios and regardless of other influences
      deleterious to the desired form and shape of the inclusions.
PAR  An extremely important characteristic of the selenium-sulfur inclusions is
      that they substantially retain their globular, i.e., ellipsoidal shape
      through conventional forming steps (e.g. hot rolling and cold reduction)
      intermediate between the casting of the ingot and ultimate production of a
      bar or the like, this being particularly true with respect to hot rolling.
      Whereas ordinary manganese sulfide inclusions, even when globular in the
      as-cast metal, are sensitive to conversion to a long, thin, stringy
      configuration as a result of hot rolling, the sulfur-selenium inclusions
      of the present invention have been formed to retain their shape, i.e., by
      virtue of sufficient hardness at the rolling temperatures of the order of
      1,800.degree.F. and higher, so that they are still desirably globular in
      the ultimate bar or other stock.
PAR  Specifically, it has been discovered that the Mn(S, Se) globular
      inclusions, here described, are significantly harder than Mn(S) inclusions
      at the hot working temperatures, to the critical extent that they keep
      their characteristics and change only to an ellipsoidal or moderately
      elongated form, whereas the Mn(S) inclusions are at least in most cases
      changed by hot rolling to a thin, highly drawn-out, inferior type. Indeed,
      it has also been noted, on the other hand, that Mn(S) bodies, even when of
      suitable configuration, are relatively harder and correspondingly less
      appropriate than the present Mn(S, Se) inclusions, at the temperatures of
      1,000.degree.F. or thereabout, reached locally in the metal by the action
      of the tool in machining.
PAR  These facts, including particularly the effects of hot rolling on the
      inclusions and the correlation between type of inclusion and machinability
      have been well established by test, and conclusively so by product-type
      machining tests as described above. Significant improvement in tool wear
      and tool life, surface finish, and other factors investigated under
      practical working conditions, has been attained with the stainless steel
      having Mn(S,Se) inclusions according to this invention, as contrasted with
      such steel as the standard sulfur-containing 416 type with manganese
      content up to and beyond several times the sulfur level. As noted, these
      comparisons were made between steels produced in the regular manner and
      with the usual hot rolling reduction. Conventional practice in making bar
      or similar stock includes extensive hot reduction, through the stages of
      slab and billet to or almost to the final bar section, the total of such
      reduction in thickness being at least 90%, and often more. The avoidance,
      in the present products, of deterioration due to hot rolling is well
      exhibited (in comparison with the prior sulfur-containing types mentioned
      above) in all situations where there has been substantial hot rolling, for
      instance to 50% reduction or more.
PAR  By way of example, the following represent the compositions of typical
      heats of the 416 and 303 types of stainless steel embodying the invention,
      the values being weight percent, as is true for all percentages elsewhere
      herein except when otherwise specified, and the balance being, of course,
      iron except for incidental impurities:
     Type No.                                                                  

           C    Mn  P    S    Si  Ni  Cr   Mo  Se    Al.sub.2 O.sub.3          

     __________________________________________________________________________

      416                                                                      

     Heat A                                                                    

           0.112                                                               

                1.14                                                           

                    0.018                                                      

                         0.349                                                 

                              0.39                                             

                                  0.37                                         

                                      13.05                                    

                                           0.11                                

                                               0.05-0.1                        

                                                     &lt;0.002                    

     Heat B                                                                    

           0.127                                                               

                1.08                                                           

                    0.027                                                      

                         0.290                                                 

                              0.34                                             

                                  0.33                                         

                                      13.00                                    

                                           0.21                                

                                               0.05-0.1                        

                                                     &lt;0.002                    

      303                                                                      

     Heat A                                                                    

           0.071                                                               

                1.72                                                           

                    0.043                                                      

                         0.224                                                 

                              0.49                                             

                                  9.35                                         

                                      17.50                                    

                                           0.65                                

                                               0.05-0.1                        

                                                     &lt;0.002                    

     Heat B                                                                    

           0.090                                                               

                1.69                                                           

                    0.033                                                      

                         0.326                                                 

                              0.64                                             

                                  9.39                                         

                                      17.25                                    

                                           0.37                                

                                               0.05-0.1                        

                                                     &lt;0.002                    

     __________________________________________________________________________

PAR  Each of the above was a 70-ton heat, made in an electric furnace in a
      generally conventional manner and likewise conventionally processed with
      extensive hot working, i.e., hot rolling to a high percent of total
      reduction as explained above, whereby the ingot form was converted to the
      eventual product shape, such as round bars. Exceptions to conventional
      practice included, of course, the novel compositional characteristics.
      Additions were made in appropriate manner, as for example that manganese
      was added as ferro-manganese. Selenium, conveniently in form of
      ferro-selenium, was added to the melt in the ladle, as likewise elemental
      sulfur in amount necessary to reach a desired total above 0.2%, i.e., in
      the range up to 0.4%, with some preference for values around 0.3%. The
      steelmaking operation also included specific control of the content of
      aluminum oxide, as measured in the final ingot or billet, with the aid of
      special deoxidation practice in accordance with another feature of the
      invention as explained elsewhere herein.
PAR  These steels were found to exhibit superior machining properties, e.g. by
      the screw machine tests, and to provide, for example, turning capability
      with good surface speeds, at useful tool life upwards of 8 hours and with
      surface finishes having a roughness below 50 microinches R.M.S., such
      speeds being about 200 surface feet per minute for grade 416 and at least
      about 150 for grade 303.
PAR  Numerous tests have further shown that the volume fraction of the globular
      inclusions in the steel is important, especially for the so-called
      free-machining grades, and, of course, is dependent on the proportions of
      manganese, sulfur and selenium in the compositions. For effective
      realization of the benefits of the invention, the manganese content of the
      steel (weight percent) should in most cases be equal to or greater than
      the value of 2.5 times (often at least 3 times) the sulfur content, or
      advantageously, such value plus that of the total content of element or
      elements of the class consisting of selenium and tellurium. Under such
      circumstances and with sufficient selenium and/or tellurium as elsewhere
      herein explained, the inclusions or segregated bodies containing elements
      S, Se and/or Te are predominantly and usually substantially all of
      globular type, provided by manganese in coaction with such elements, and
      indeed at least predominantly characterized by the presence of quantitites
      of such elements in combination with manganese, the inclusions also being
      predominantly free of unwanted elements such as chromium. As also
      explained herein, tellurium functions similarly to selenium and may in at
      least a number of instances be employed wholly or partially as an
      alternative, although selenium is presently deemed to be of special
      advantage, economically and otherwise, and is therefore chiefly considered
      in the exemplification of the invention.
PAR  In general, the volume fraction, which is the ratio of the total volume of
      inclusions to the total volume of metal, measured in percent, may range
      from 0.1% to an upper convenient limit of about 4%. The optimum or
      ordinarily desired values differ for various grades or types of stainless
      steel, and depend on whether the steel is specially designed for
      machinability or whether the invention is employed as a supplemental
      improvement of machinability in steels where other characteristics are
      paramount. The obtainable volume fraction of inclusions for a given
      content of S, Se and/or Te has been measured as lower for austenitic steel
      than for martensitic compositions, and the cause of this difference, e.g.
      possibly a result of the microstructure or perhaps an inability to measure
      the very finest iclusions, is not known, but it is believed that in
      general the content of S, Se and/or Te, aat least substantially (e.g.
      one-half or more) or doubtless predominantly, becomes embodied in useful
      inclusions.
PAR  For the free-machining type 303, which is a chromium-nickel austenitic
      grade, a volume fraction of 0.3% to 1.5% has been found very suitable, the
      range of about 1% and above being especially preferred. In the above
      examples A and B of such steel, the volume fractions were about 0.9 and
      1.1%. Likewise in the straight-chromium, martensitic, free-machining grade
      416, best results have been achieved with a volume fraction of 0.9% to
      2.5%, present special preference being for values in the range approaching
      2% and upwards. In the stated examples A and B of 416, the volume
      fractions were about 1.8 and 1.5%. These best and preferred ranges for
      austenitic and martensitic grades are believed to be applicable in general
      to other so-called free-machining stainless steels, respectively as some
      may be of austenitic or martensitic character; more generally, in
      stainless steels designed to have high machinability, including ferritic
      grades of the 400 series and precipitation-hardening grades, useful
      results are achieved in the range of volume fraction, for inclusions, from
      0.3 to 4%, preferably 1 to 2% as may be readily ascertained (by test if
      necessary) for any given composition of such steel.
PAR  In the case of stainless grades not ordinarily to be classed as
      free-machining, of which examples are given hereinbelow and for which high
      sulfur levels (e.g. even 0.1%) cannot be tolerated in view of requirements
      for corrsoion resistance or otherwise, the improvements herein described
      are applicable for achieving some useful betterment in machinability, as
      at least to aid in some necessary drilling, cutting or shaping operations.
      In such cases, the volume fraction of the inclusions may have to be
      relatively low, i.e., about 0.1 to 0.2%, but may be higher if possible.
PAR  A special requisite of superior machinability in accordance with the
      present invention is the control of the inclusions to have the desired
      globular shape, this being primarily achieved by the stated incorporation
      of selenium (or tellurium) in the range upwards of 0.01% and for the
      special machining grades, preferably upwards of 0.04%. The selenium (or
      tellurium) content should, moreover, ordinarily be equal in amount to at
      least one-tenth of the sulfur; a range of one-half to one-eighth has been
      usefully employed in the special machining types with sulfur around 0.2%
      and above, but providing, of course, that a minimum absolute amount of
      this element, e.g. selenium, is present. Higher relative proportions of
      selenium are ordinarily requisite in stainless steel grades with very low
      sulfur, e.g. 0.03% S max.; with 0.01 to 0.03% Se, the latter may equal
      from one-half to twice or more of the sulfur content.
PAR  Reference is now made to FIGS. 4 and 5 of the drawings, the first of these
      being a microphotographic showing of inclusions of the globular
      (specifically, ellipsoidal) character which are found in steels of the
      invention, such as the 303 and 416 examples noted above. In contrast, FIG.
      5 shows long, thin inclusions which, as explained above, are undesirable
      and which are found, for example, in a 416 grade steel lacking selenium
      and processed, through hot rolling, from a heat having a manganese-sulfur
      ratio of about 3. Examination of a number of heats made in accordance with
      the invention have indicated that the inclusions (in the final product,
      after hot working) are at least predominantly, preferably very
      predominantly, Type I as shown in FIG. 4, it being understood that
      advantageously 80% or more of the total inclusion volume, and most
      usefully over 90%, is in this form. The long thin inclusions, of prior
      products, such as in FIG. 5, appear to have a ratio of length to diameter
      of more than 10, often well over 10, whereas such ratio for the globular
      type of bodies is usually substantially smaller, being predominantly (and
      preferably nearly all) 5 or less, with notably good results where their
      length-to-diameter ratios are predominantly no more than 3, or even 2.
PAR  Turning now to FIGS. 6 and 7, these bar graphs afford some information
      about the examples of 303 and 416 grades made in accordance with the
      invention, e.g. as above. These are computer-plotted graphs of information
      derived, by sensitive scanning instrument, from sections through the
      steels, and represent the size distribution of transverse and longitudinal
      dimensions of the measured intercepts of the inclusions. Since the
      intercepts or sections of the ellipsoidal inclusions will often or perhaps
      mostly occur at other than central localities, the measured dimensions
      have average values considerably smaller than those of the actual
      inclusions, which are believed to predominate, roughly, in a length range
      of 2 to 20 or 30 microns (with instances up to 50 or even 80), but the
      plotted data are deemed of some significance in a relative sense, e.g. for
      comparison with readings of other specimens made on intercepts in the same
      way. Moreover, the graphs exclude measurements less than 0.2 micron, as
      being below the reliable range of the measuring instrument, but it is
      likely that the curves would slope down to low values in such regions.
PAR  In each graph, the broken lines represent the transverse (narrower)
      dimensions and the solid lines, i.e., horizontal, represent the
      longitudinal dimensions or length of the inclusion intercepts. Thus for
      example in FIG. 6 (grade 416) about 45% of the measured inclusion-section
      widths (transverse) were between 0.4 and 0.8 micron, and about 33% of the
      measured lengths were in the same range; other particulars of size
      distribution for the intercepts are similarly readable in FIG. 6, and
      likewise in FIG. 7 for one example of grade 303. As stated, all this
      relates to the size of the inclusion sections that were intercepted,
      rather than to the actual inclusion sizes, which were much larger.
PAR  A further feature of the invention, embodied in the examples of stainless
      steel set forth above, and in their method of production, embraces the
      control of such production, including special aspects of the treatment of
      the metal, so as to afford an output of produced steel wherein the content
      of aluminum oxide is reduced to and maintained at an extremely low value.
      In preliminary examination of free-machining steels, for example of the
      416 grade, it was noted upon certain tool life tests that a marked
      difference in tool life existed between various heats, despite little or
      no compositional variation or processing difference of ordinarily
      recognized sort. It was discovered, upon extended further tests, including
      accurate chemical analysis of the steels for alumina (determined as
      acid-insoluble aluminum), that such aluminum oxide was a significant
      factor in tool wear and tool life. Indeed, despite that fact that instead
      of killing (deoxidizing) the steel with the usual addition of aluminum,
      tests were run where the steel (otherwise embodying the invention, as to
      inclusions) was deoxidized with silicon (supplied as ferrosilicon),
      considerable difficulty still persisted. When drastic effort, however, was
      thereafter made to avoid the addition of any appreciable aluminum in the
      killing step, specifically by using ferrosilicon of extremely low aluminum
      content, a very marked improvement in tool life could be achieved quite
      consistently in the produced steel.
PAR  FIG. 11 shows the results of 8-hour screw machine tests on speicmens from
      two heats of steel which are respectively designated as C and D, both
      being stainless grades of type 416 having manganese sulfide inclusions and
      manganese-sulfur ratios respectively of 2.9 and 3.2, i.e., within the
      range presumably resquisite for useful machining. The compositions were,
      approximately, 0.13% C, 1.1% Mn, 13% Cr, other elements within A.I.S.I.
      maximum limits for this grade, S respectively 0.38 and 0.33%, and no Se or
      Te. In FIG. 11, the surface finish is plotted against the produced number
      of pieces, for these two steel specimens. Heat C maintained a fairly level
      surface finish throughout about 1,500 pieces at 180 sfpm (surface feet per
      minute) whereas the roughness of the machined surfaces from the bars of
      heat D rose to a very high value at 175 pieces at 162 sfpm, indeed
      virtually destroying the tool. On chemical examination, heat C contained
      only 0.0005% aluminum oxide, while heat D was analyzed to have 0.0055%. In
      special single-point-turning, dry tool life tests, designedly abbreviated
      by using no cutting fluid, like results of markedly longer tool life on
      the low-alumina metal C were obtained, by a factor of several times the
      tool life on metal D.
PAR  Further significant results are shown in FIG. 12 where a series of heats of
      416 types stainless steel having the same kind of basic composition as
      heats C and D are shown as subjected to the automatic screw machine test,
      being respectively as follows:
PAR  11. A heat here designated E, having a manganese-sulfur ratio of 2.92, but
      containing no selenium addition and thus in no way embodying the present
      invention. In the production of this heat it was killed with ordinary
      ferrosilicon (75% Si, 1 to 2% Al), no effort being made to avoid aluminum
      as an impurity in the latter. The steel analyzed 0.004% Al.sub.2 O.sub.3.
PAR  2. In a heat designated F, selenium was added, in amount of 0.05%, the
      manganese-sulfur ratio being still approximately 3, i.e., 3.12. The
      content of Al.sub.2 O.sub.3 was 0.0038%.
PAR  3. A heat G, wherein selenium was also added in the same proportion, and
      the manganese-sulfur ratio was again about the same, being 2.92. However,
      in this instance the deoxidation was effected by adding a special grade of
      ferrosilicon containing very little aluminum, i.e., 75% Si, 0.5% Al max.
      Analysis showed only 0.0006% Al.sub.2 O.sub.3.
PAR  As will be seen at once from FIG. 12, with the test run at a cutting speed
      of approximately 200 sfpm in all cases and cross slide feed of about
      one-seventh of an end slide feed of 0.0045 inches per revolution, there
      was essentially zero life of the finish forming tool for the steel of heat
      E. The surface roughness rose immediately to 140 microinches R.M.S. and
      the test was promptly interrupted. Although presumably a similar aluminum
      impurity occured in the steel of heat F, useful machining was obtained
      through a run of over 1,400 pieces, with surface finish consistently under
      100 microinch roughness. Finally, with the very low aluminum content in
      the deoxidizing addition, heat G, unusual machining properties were
      obtained. A full run of 1,700 pieces was performed, maintaining surface
      finish with roughness well under 40 microinches R.M.S. throughout.
PAR  As will be noted, the provision of globular Mn(S, Se) inclusions in the
      tested steel bar stock of heats F and G by virtue of the selenium addition
      improved the machining properties in very marked degree, both as to tool
      life and surface finish. On comparison of the results for heats E and F
      with FIG. 11, it is also apparent that the improved composition and
      inclusion structure of heat F had substantial effect in counteracting or
      toward overcoming the adverse influence of the aluminum oxide particles.
      The test with the final heat, G, demonstrated impressively the result of
      reduction of alumina to a very low value, and also the improved, overall
      machining properties acheived by the specific sulfur-selenium type
      inclusions.
PAR  These results are confirmed by the microphotographic views of FIGS. 8, 9
      and 10, FIG. 8 showing a steel such as heat E, with relatively imperfect
      sulfide inclusions, and large particles of aluminum oxide, being the very
      dark irregular masses. In FIG. 10, which shows a steel containing selenium
      but with no effort to reduce aluminum oxide-- thus corresponding to heat
      F--the dark aluminum oxide particles are noted to have become incorporated
      with the sulfide-selenium inclusions, and indeed in part to be coated or
      covered by the material of such inclusions. Finally, FIG. 9 shows the
      highly desirable, alumina-free inclusions constituted by steel such as
      that of heat G or the specific examples of 416 and 303 (A and B for each)
      given above.
PAR  In general, it is found that the aluminum oxide in the finished billet of
      steel should not be more than 0.0025%, and indeed most advantageously and
      critically for best results, not more than 0.002%. Experience has also
      indicated that where ferrosilicon, containing 75% silicon by weight, is
      added for deoxidation, usually in amounts between 5 and 10 lbs. per ton,
      the aluminum content of this material, e.g., as impurity in it, should not
      exceed 0.5%, and preferably lower, even down to 0.1% if possible. The
      actual amount of ferrosilicon added for a given heat will, of course,
      depend on the amount of silicon already present, whether incidentally or
      otherwise, and available to coact with the ladle addition. As indicated
      below, other agents can be used instead of silicon. While in theory vacuum
      deoxidation should be appropriate, it has appeared to involve some
      difficulty because the preferred Mn(S, Se) inclusions apparently embrace
      some oxy-type combination of the elements for best effect and vacuum
      treatment depletes the available oxygen too much. It is nevertheless
      conceived that in some cases and with special control or other
      compensation, vacuum techniques may not necessarily be excluded.
PAR  It is particularly noted that although the total aluminum content of the
      steel should preferably be kept as low as possible, and indeed ordinarily
      at a level no greater than what would be considered as incidental
      impurity, the critical condition is related to explicity to aluminum
      oxide, conveniently analyzed as acid-insoluble aluminum and reported or
      calculated as the oxide. Indeed, it has appeared that stainless steels
      produced in accordance with the present invention and having alumina well
      below 0.002% may nevertheless have a total aluminum content somewhat
      higher than that accounted for by alumina inclusions, such excess aluminum
      being presumably alloyed in the steel matrix. In other words, small
      quantities of aluminum presumably present as metal and other acid-soluble
      form may be tolerated perhaps because they are dissolved in the melt in
      the beginning and do not participate in deoxidation reations to the extent
      of aluminum added in the furnace or later, but in any event it is
      important to minimize aluminum additions, even incidentally, which have
      oppurtunity for conversion to oxide.
PAR  By way of further evidence of the aluminum oxide effect, a group of 12
      heats of 416 grade stainless steel, which contained selenium and thus
      involved the improved inclusion structure, and which were subjected to
      deoxidation with ferrosilicon of low aluminum content, were subjected to
      analysis for aluminum oxide and were also, in appropriate bar form,
      subjected to expedited tool life tests. The stainless steel of 9 of these
      heats showed aluminum oxide content ranging from 0.0009 % to 0.0018% and
      afforded tool life by the above tests in the range from 170 to 418
      seconds. In contrast, three of the heats showed alumina analysis of 0.0028
      to 0.0031%, and a lower range of tool life, namely 77 to 116 seconds. The
      advantages of very low alumina content were thus further demonstrated, as
      well as the importance of critical control to assure production of the
      desired low-alimina metal.
PAR  A particularly effective procedure for producing stainless steel in
      accordance with the invention thus includes the steps of deoxidizing the
      metal, as in the ladle, by addition of silicon or other agent havnig no
      more than a very low aluminum content. In the case of ferrosilicon,
      containing 75% Si, this should be not more than 0.5% aluminum. More
      generally stated, it appears that the deoxidizing agent, of which other
      examples are rare earth elements such as lanthanum, cerium, and others,
      should not intorduce more than about 0.003% aluminum, measured as weight
      percent of the steel, and preferably not more than 0.0025%. A further step
      in the production process is that each completed heat of steel is tested
      by analysis, for example ingot or billet form, to deterimine the aluminum
      oxide content, and the actual production of finished metal to constitute a
      truly machinable product is selected as those heats for which the analysis
      shows a content of alumina not greater than 0.002%. Thus were for some
      indeterminable reason an occasional heat may reveal a significantly higher
      alumina concentration, the product may be diverted to other uses, so that
      the controlling operation, as just explained, restricts production of the
      stated limit.
PAR  Analysis of the aluminum present may be achieved in any suitable fashion,
      i.e., in accordance with any of various available chemical and
      spectrographic procedures. One suitable mode of examination, for instance,
      has involved obtaining a quantity of chips of the steel, including fine
      particles, by milling or drillng, e.g., 10-15 grams. These are dissolved
      in suitable acid (hydrochloric and hydrofluoric) and filtered. The residue
      containing the acid insoluble aluminum may then be analyzed for such
      aluminum by appropriate spectographic technique. For instance, one
      convenient process involving fusing the residue in potassium pyrosulfate,
      and then dissolving the solidified fusion product in concentrated
      hydrochloric acid containing yttrium (dissolved therein as oxide) as
      internal spectographic standard. This solution was then utilized for
      analysis by emission spectrogrpahy with a rotating disk spectograph, the
      amount of aluminum being determined by a densitometer reading of the
      exposed and developed plate from the instrument. As stated, it is
      understood that chemical and like procedures suitable for determination of
      acid-insoluble aluminum, e.g., as aluminum oxide, are in effect known,
      although not heretofore routinely employed in steel making practice.
PAR  As also indicated, special advantage in machining operations, notably as to
      chip characteristics, was realized by subjecting the martensitic grade
      steels to a special heat treatment. More specifically, instead of the
      usual solution treatment of the hot-rolled product in the range of
      1,800.degree. to 1,850.degree. F., followed by the usual quenching or air
      cooling and thereafter tempering, specimens of the 416 grade stainless
      steel (as of the composition in the examples above) were normalized by
      heating in the multiphase region between the upper and lower critical
      temperatures. This involved a heat treatment at normalizing temperatures,
      for steels of about 13% chromium, about 1.1 to 1.2% manganese, about 0.3%
      sulfur, and 0.05% to 0.1% selenium, which were in the range of
      1600.degree. to 1700.degree. F. The steel was held at this normalizing
      temperature, e.g., 1700.degree. F., for about 1 1/2 hours for 1 inch
      diameter bars, then air cooled to room temperature or at least below
      200.degree. F., and thereafter tempered in conventional manner to a
      desired hardness.
PAR  Samples of various heats of steel treated in this manner showed
      considerable improvement in chip characteristics on machining, for example
      in tests of drilling utilizing 1/2 inch or 1 inch diameter drills at
      speeds of 300 rpm or above, with appropriate lubrication. Instead of long,
      ribbon-like chips, sometimes several feet in length, the chips tended to
      break off in much shorter and more manageable fashion.
PAR  A preferred treatment, which is believed to result in a microstructure of
      martensite and ferrite that is peculiarly appropriate for machining,
      involved first heating the steel, in rod or other finished stock shape
      after all hot rolling and any cold drawing that may have been used, to the
      lower critical temperature (which might be, for example, 1500.degree.F.),
      and holding at that temperature for one hour or more. The temperature was
      then raised about 100.degree. F. and again held for a predetermined time,
      for example 1 hour or more, being thereafter air cooled to a suitable low
      value, such as room temperature, or more gradually, below 200.degree.F.
PAR  Again, the steel was tempered in conventional fashion, with attainment of
      hardness in the range commonly desired for martensitic stainless steel of
      these grades. The tempering treatment involved heating at temperatures
      conventionally appropriate, for instance in the range 1050.degree. to
      1100.degree. F. for 1 1/2 hours, then cooling to room temperature. There
      was no difficulty in attaining desired hardness by selection of tempering
      conditions in conventional manner, e.g. Brinell hardness values in the
      range of 195 to 250, preferably 195 to 220; nor was there difficulty in
      ultimately hardening machined products by standard procedure to
      satisfactory values such as Rockwell 40C to 45C.
PAR  Specific test results with this preferred treatment of type 416 steel,
      compositionally conforming to the present invention and produced to have
      the above-stated low content of aluminum oxide, showed even further
      improvement in chip characteristics on drilling tests, for a wide variety
      of compositions (whereas the simpler treatment was not as satisfactory for
      higher-manganese metal, e.g., over 1.5%, as on low-Mn steel) while other
      characteristics of machinability remained entirely satisfactory, i.e., at
      the levels of superiority described above.
PAR  By way of example, the following table sets forth the compositions of a
      number of steels which were subjected to the preferred type of heat
      treatment and which also serve to illustrate further compositional
      variations in this 416 grade, within the invention:
     Heat                                                                      

        C    Mn  P    S    Si  Ni  Cr   Mo  Cu  Se                             

     __________________________________________________________________________

     H  0.107                                                                  

             1.11                                                              

                 0.020                                                         

                      0.332                                                    

                           0.35                                                

                               0.25                                            

                                   13.20                                       

                                        0.23                                   

                                            0.10                               

                                                0.05                           

     I  0.114                                                                  

             1.62                                                              

                 0.023                                                         

                      0.288                                                    

                           0.34                                                

                               0.25                                            

                                   12.88                                       

                                        0.15                                   

                                            0.15                               

                                                0.045                          

     J  0.128                                                                  

             1.20                                                              

                 0.023                                                         

                      0.317                                                    

                           0.40                                                

                               0.36                                            

                                   13.02                                       

                                        0.19                                   

                                            0.13                               

                                                0.05                           

     K  0.129                                                                  

             1.12                                                              

                 0.016                                                         

                      0.345                                                    

                           0.33                                                

                               0.23                                            

                                   12.95                                       

                                        0.11                                   

                                            0.16                               

                                                0.06                           

     __________________________________________________________________________

PAR  Drilling tests were performed on these steels in the above-described manner
      with 1/2 inch diameter drills operating under oil flood at a speed of 315
      rpm and a feed of 0.00515 inch per revolution, and also with 1 inch drills
      at lower speed and feed. In all cases, the drill chips were considered
      good to excellent, being tightly curled, brittle pieces, for the most part
      relatively short. This was in distinction to the experience of like tests
      with steels of similar composition that had not received the special heat
      treatment. In the latter cases, the chips tended to be tough, whether long
      or short, and likewise to be open or almost straight, with very long chips
      tending to predominate.
PAR  It will also be understood that the upper and lower critical points vary
      with the composition of the steel, in accordance with recognized
      principles, determinations for particular cases being thus readily
      achieved from known data, or by tests if necessary. Thus the critical
      point values vary with composition, particularly manganese content in the
      martensitic grades of the 400 series. Both the lower and upper critical
      points fall with increase of manganese, the change in the lower critical
      temperature being considerably larger in proportion. For example, in 13%
      chromium stainless steels, the lower critical point (A.sub.1) is in the
      range of 1560.degree. to 1425.degree.F. for 0.45 to 2.14% Mn, and the
      upper point (A.sub.3), or complete austenitizing temperature, is in the
      range of 1775.degree. to 1750.degree.F. for the same Mn range.
PAR  As will be understood, the critical points, which define the range over
      which the structure of the steel undergoes change in the usual manner
      (being completely austenite above the upper point), are different for
      heating and cooling, being higher when attained in the course of heating.
      The critical points mentioned and exemplified above are those for heating,
      and brevity these points are simply identified as A.sub.1 and A.sub.3
      without further qualifying designation.
PAR  In preferred practice of the present invention, as relating to martensitic
      stainless steels characterized by the defined Mn (S, Se) inclusions, the
      basic or simpler heat treatment involves a temperature well within the
      A.sub.1 -A.sub.3 region, e.g. at least 50.degree. F. above A.sub.1 and
      50.degree. F. below A.sub.3, and advantageously in a range departing by
      about 100.degree. F. from each point, and where the two-stage operation is
      used, starting at A.sub.1, the second step is preferably 100.degree. F. to
      150.degree. F. above it. The time at each selected temperature, for either
      mode, is usually one hour or more, preferably 1 1/2 hours for bars and the
      like, and longer times for heavier sections.
PAR  Advantage has been achieved by addition, to compositions embodying the
      improved Mn(S, Se) inclusion, of rare earth elements, in General any one
      or more of this known class in a specific, practical sense, combinations
      of lanthanum and cerium or a selection of one or more of the so-called
      cerium earths, notably lanthanum, cerium, and neodymium. Not only do such
      additions tend to promote formation of Type I sulfide inclusions at the
      expense of other types, but tests have revealed specific improvement in
      machinability for stainless steel compositions otherwise conforming to the
      invention. For example, selected ingots of the 416 heat designated H in
      the last previous table above, were subjected to addition (in the molten
      condition of the steel) of quantities of a commercial rare earth alloy
      called Lancelloy and consiting of metallic lanthanum and metallic cerium.
      The resulting steel products, along with steel from an untreated ingot,
      were subjected to machinability tests (after the usual hot rolling
      reduction), specifically a single point turning test as described above at
      200 sfpm, yielding tool life determinations in seconds.
TBL  ______________________________________                                    

     Rare Earth Addition   Tool Life                                           

     (Pounds per Ton)      (Seconds)                                           

     ______________________________________                                    

     0                      98                                                 

     2                     161                                                 

     3                     338                                                 

     ______________________________________                                    

PAR  As will be noted, the rare earth metal additions in this selected case
      afforded an improvement in tool life of notable advantage especially in
      that tool life without the additions happened to be somewhat less than
      optimum. Separate tests indicated that this heat had excellent machined
      surface finish characteristics, which were not significantly affected by
      the rare earth additions. Some tests on steel of another specific
      composition tended to indicate that machinability improvement with rare
      earth metals may involve some correlation between the amount of such
      addition and the content of sulfur, or sulfur and selenium, in the steel.
      For instance, with a lower sulfur content than in the above heat, tool
      life improvement was selectively noted for an addition of 2 lbs. rather
      than 3 lbs. of the rare earth alloy per ton. There was also indication, in
      further tests, that with a larger content of manganese, machinability
      advantage with rare earth elements may be less.
PAR  It was further noted from microprobe examinations of certain of these
      steels that some inclusions appeared, of parts of the sulfide-selenide
      inclusions, where lanthanum and cerium tended to concentrate in
      association with silicon and oxygen to the exclusion of manganese and
      sulfur. Inclusion bodies of this type presumably embraced oxides or
      oxygen-containing compounds of the rare earths, but represented only a
      very minor fraction of the total inclusion volume and at least for such
      reason appeared not to affect the machining properties adversely. In
      general, the rare earth additions tended to be beneficial, especially in
      heats with manganese content below, for example, 1.4%.
PAR  A notable utility of the rare earth additions is that they may serve to
      effect deoxidation, e.g. in lieu of other agents such as silicon or in
      combination with the latter. Thus the procedure of making stainless steel,
      of any of the various grades contemplated by the invention, may include
      the step of supplying rare earth metals, in suitable metallic form as
      above, to the melt at the time of pouring, for instance in the ladle in
      appropriate amount, as of the order of 2 to 4 lbs. per ton. For the
      beneficial effect of lanthanum, cerium or the like in the inclusions, of
      the present indication is that the rare earth content is in the range of
      0.02 to 0.3%, preferably 0.05 to 0.2%, the above additions to heat H,
      measured as 2 and 3 pounds per ton, being equivalent to about 0.1 and
      0.15%, respectively.
PAR  Although the several features of the invention have been chiefly
      exemplified above with respect to the martensitic grade 416, they have
      been demonstrated to be effective in other grades to which they are
      applicable.
PAR  Thus the improved nature of the Mn(S, Se) inclusions has been achieved in
      the austenitic grade 303, and likewise the controlled limitation of
      aluminum oxide to very low values, the procedure and resulting
      compositions, being essentially identical in each case for this other
      free-machining type, namely as to content of S and Se and as to
      maintenance of alumina below 0.002%, preferably well below. All of this
      has been demonstrated with excellent results on the 8-hour screw machine
      tests, in a number of other 70-ton heats of type 303, additionally to
      those designated A and B above. In these heats, the compositions ranged
      approximately as follows: 0.07 to 0.12% C (mostly below 0.1%), 1.6 to 1.9%
      Mn, 0.025 to 0.04% P, 0.26 to 0.35% S (mostly above 0.3%, 0.3 to 0.7% Si,
      0.15 to 0.35% Cu, 9.05 to 9.5% Ni, 17.0 to 18.2% Cr, 0.22 to 0.58% Mo, and
      0.04 to 0.08% Se, with Al.sub.2 O.sub.3 below 0.002% in the several
      instances where it was controlled.
PAR  It has also been demonstrated, by a number of examples, that other
      stainless steels are susceptible of improvement in machining properties in
      accordance with the principles of the invention. In the case of grades
      heretofore considered to be free-machining, such as A.I.S.I. 430-F, which
      is ferritic steel of straight-chromium type with chromium 14-18% (usually
      about 17%), the composition as to sulfur, selenium or tellurium and low
      content of aluminum oxide may be the same as for martensitic grade 416.
      Some tests of Type 430-F compositionally modified in this manner have
      indicated that the desired inclusions were present and have shown marked
      improvement in various aspects of machinability, comparable to results
      with Type 416. Where other grades of the 400 series have previously been
      designed to be machinable, as with sulfur additions, it is conceived that
      similar compositional features are appropriate, examples of such grades
      being 420F (like 416, but with higher carbon) and 440F (chromium 16-18%,
      carbon about 1%), these being both martensitic and also susceptible of
      improvement by the special heat treatment described above.
PAR  In other cases, it is sometimes desirable to improve machinability, even
      though the ultimate uses of the steel do not permit the magnitude of
      sulfur and other additions which would afford machining properties that
      approach grades such as 303 and 416. Thus for example the following
      represent analyses of heats of grades 304 and 316 to which were added an
      amount of selenium designed to afford Mn(S, Se) inclusions of the desired
      type as described above, in coaction with the low amount of sulfur
      tolerated in such steels:
TBL  HEAT GRADE                                                                

            C    Mn  P    S    Si  Cu  Ni   Cr   Mo  Se                        

     __________________________________________________________________________

     L - 304                                                                   

            0.078                                                              

                 1.81                                                          

                     0.031                                                     

                          0.028                                                

                               0.53                                            

                                   0.10                                        

                                       8.95 18.35                              

                                                 0.38                          

                                                     0.03                      

     M - 316                                                                   

            0.058                                                              

                 1.85                                                          

                     0.028                                                     

                          0.029                                                

                               0.45                                            

                                   0.26                                        

                                       13.30                                   

                                            17.48                              

                                                 2.16                          

                                                     0.016                     

     __________________________________________________________________________

PAR  Machinability tests of these heats designated L and M showed that the
      properties were appreciably improved over those of ordinary heats of the
      standard compositions.  The aluminum oxide content was, in each case,
      controlled to fall below 0.002%, but since these are austenitic steels,
      the special heat treatment was not employed. As will be understood, these
      grades are intended to have high corrosion resistance (very high, in the
      case of 316), thus limiting the amount of sulfur that might be included.
      Type 304 is also expected to be capable of highly polished or bright
      surface characteristics for decorative purposes.
PAR  It should be noted that in the situation of these and other types where the
      level of sulfur and selenium is relatively low and the volume ratio of
      inclusions is correspondingly low, e.g. from 0.1 to 0.5%, vacuum
      deoxidation techniques have been indicated to be suitable. To some extent
      in very low sulfur grades, such as the basic 12-chrome grade 410, it may
      be permitted to increase the sulfur content somewhat, in accompaniment to
      the Se additions, e.g. possible to 0.05% S with 0.02 to 0.03% or more Se.
PAR  Improvement has also been noted, by test, for grade 203 (17% chromium, 6%
      nickel, 6% manganese) with compositional characteristics in accordance
      with the invention. Indeed with sulfur content in this type of stainless
      steel at levels of 0.2 to 0.35%, selenium additions in the range of 0.02
      and preferably upward have been effected, yielding the desired type of
      inclusions and a volume fractions of inclusions, for example 0.5 to 1%,
      approaching the situation of the improved 303 grade, with corresponding
      enhancement of machinability.
PAR  Still another type of stainless steel for which some tests of the invention
      have been made is the so-called 17-4 precipitation hardenable steel, as
      for example 0.045% C, 3.4% Cu, 4% Ni, 16% Cr. In this instance limited
      addition of selenium, where sulfur content was around 0.01 to 0.02%,
      afforded modest improvement, while in situations where the sulfur content
      was allowed to rise to 0.15% and above, correspondingly larger amounts of
      selenium, e.g., 0.03 to 0.1% were employed with significant advantage in
      the machining properties. In all of these cases it will be understood that
      the control of alumina to low values is readily applicable with
      corresponding advantage. Such feature cannot, of course, be employed in
      special types which require a significant aluminum content, such as grade
      405 and the semi-austenitic grades of precipitation hardenable steels. In
      the case of the stainless grades of martensitic character that are to be
      precipitation hardened, such as 17-4 and 15-5, the special heat treatment
      can be employed, i.e., in substitution for a conventional treatment,
      without substantial detriment to the ultimate precipitation hardening
      which thereafter involves heating at 900.degree. F. or higher, and air
      quenching, and which is performed on the finished piece after all
      machining and forming.
PAR  FIG. 13 shows the results of an 8-hour screw machine test for stainless
      steel of the 416 grade, utilizing tellurium instead of selenium. The
      composition was essentially similar to several 416 heats above, having
      about 0.11% C, 1.1% Mn, 12.6% Cr, and with sulfur about 0.35%, Te 0.04%,
      and no Se. The uppermost curve N in the figure is that for a complete test
      with steel from an ingot of such heat which did not have the Te addition,
      while the lower curve P represents an ingot in which the tellurium
      addition was made, both tests being performed at 180 sfpm for a full run
      of 1500 pieces. The comparison pieces N showed a relatively high surface
      roughness, rising early in the run to a rather high value (in RMS
      microinches), also indicating a considerable tool wear. In contrast,
      Te-containing specimens were found to machine to a significantly smoother
      surface finish (roughness less, of the order of one-half), e.g. as
      indicated by curve P. It appears that tellurium can be used instead of Se,
      for like effect and in essentially the same amounts, although (as
      indicated above) some special advantage has been indicated for selenium,
      including the fact that with Te additions of 0.04% and upwards the steel
      is likely to require higher hot rolling temperature, 2000.degree. F. and
      above.
PAR  In carrying out the invention, usual steel making practices can be
      followed, as may be appropriate for the selected stainless grade,
      including conventional electric or other furnace techniques and
      conventional modes of incorporating the usual ingredients and thereafter
      pouring ingots and reducing the steel by hot rolling or other hot working
      to the desired final shape. In the case of round bar and similar products,
      cold drawing may be performed as final stage affording an ultimate, small
      percentage of reduction, for the usual reasons. In all cases, the
      compositions are modified as described herein including the addition of
      selenium or tellurium to the melt in the ladle or ingot mold, conveniently
      as a ferro-alloy usually containing about 50% of the desired element.
      Control is advantageously exerted over the aluminum oxide content in the
      manner described, including use of appropriate, special deoxidation
      procedure. Finally, for the martensitic grades the special heat treatment
      is preferably performed in an inert furnace atmosphere, for example of a
      sort suitable for other heat treatments of stainless steel.
PAR  The results of the invention in respect to machinability are unusually
      good, especially in grades cush as 303 and 416. As will be understood, the
      inclusions appear to function very effectively, and indeed appear to
      satisfy very well two specific aspects of their function, namely that in
      machining operations the inclusions produce microcracks in the shear zone,
      thus promoting local fracture and reducing the energy consumed, and
      further, that the inclusion material deposits on the tool surface, in very
      small amounts, thus reducing tool wear. The attainment of these results as
      to machinability has been thoroughly established with the 8-hour screw
      machine tests and indeed with such tests of the several major features,
      notably in the case of grades 303 and 416, as embodied or carried out in
      large-scale heats, e.g. regular 70-ton electric furnace heats.
PAR  It has been specifically found that whereas preliminary and sometimes
      confirming tests with laboratory size heats, i.e., of the order of 100
      lbs., are necessary and advantageous, information about inclusions of this
      sort in laboratory heats is apt to be misleading or inconclusive. With
      very small ingots, cooling effects, solution effects, dendrite spacing,
      convection currents, and other factors related to solidification are apt
      to be quite different from large ingots of the order of 2 tons or more,
      which cool very slowly. In this connection, it must be remembered that
      these inclusions are formed and their characteristics as to shape and
      nature are determined during and at the end of solidification so the
      inclusion structure or morphology is essentially only predictable for
      actual production heats by making tests with heats of such magnitude.
PAR  In a broad sense, stainless steels here contemplated include such as may
      contain 10-27% chromium and 0 to 22% nickel. The so-called
      straight-chronium grades (e.g. up to 27% Cr) usually have less than 3% Ni
      or in most cases substantially less than 1%, e.g. as in type 416, which
      has 12-14; % Cr. in general, the chromium-nickel grades may contain 14-26%
      Cr and 4-22% Ni with many types, among the 300 seroes, characterized by
      15-21% Cr and 6-15% Ni, the nickel content being 8-13% for certain more
      common austenitic types. Thus grade 303 is specified as 17-19% Cr and
      8-10% Ni.
PAR  While the manganese can range from 0.3 to 10% in stainless steels, a
      preferred minimum for the invention is 0.8%, with special advantage, in
      the free-machining grades, at 1% or more and in some instances, notably
      the austenitic series, 1.5% or above; not more than 3% is necessary in
      many cases, and indeed preferably not more than 2%, or advantageously
      less.
PAR  Optional or incidental elements in stanless steels (conceived to be
      tolerable in broader applications of the invention) may include up to 4%
      molybdenum, though usually below 1% in the machining grades, up to 5%
      copper when desired, and up to 1.5 silicon, but preferably not over 1% Si.
      Total additions of minor, special-purpose elements up to 2% (e.g. up to
      1.5 of any one) are conceivable for instance such as Ti, Cb, Ta, Co and
      Zr. In all cases, of course, the balance of the composition is iron (e.g.
      at least 50%) and incidental impurities, togther with carbon 0.01 to 1.2%,
      more usually 0.05 to 0.2%. All percentages herein are by weight, except in
      reference to the volume content of inclusions.
PAR  While sulfur can range from 0.01 to 0,7%, it is more often at least 0.02%
      and advantageously not above 0.5%. For machining grades a minumum is
      0.15%, but for best results with the invention, at least 0.2% and notably
      0.3%, e.g. in the range of 0.45% or conveniently not more than 0.4%. While
      in a broad sense the material of the selenium and tellurium class can
      range up to 0.3%, or with further cost, to 0.4%, there is special
      advantage in the economical lower ranges noted earlier above. Indeed some
      drill penetration-time tests have indicated little, if any, advantage in
      that specific respect, in carrying selenium to as much as 0.15%, or indeed
      much over 0.1%. The content of this addition is preferably 0.02% or above,
      or advantageously at least 0.03%, to approach special machinability as
      evidenced by volume fraction of inclusions. Such inclusion volume content
      is advantageously 0.2% and preferably 0.3%, or more, a minimum of 0.5% by
      volume being greatly preferred to acheive a machining-type steel.
      Maintenance of an element such as selenium at the lowest weight-percent
      level consistant with optimum results is specially desirable, in tht such
      element, in excess, may tend to have a harmful effect on surface
      properties of stainless steel.
PAR  Expecially in preferred embodiments, the invention afford notable
      improvement in machinability, attributed in significant part to the
      content of relatively large globular inclusions, which are substantially
      free of iron and chromium and which are understood to consist essentially,
      or at least predominantly, of the nature of the sulfides, selenides and
      tellurides of manganese, such terms being employed to include so-called
      oxy compounds, e.g. oxysulfide. It appears, for example, that Mn (S, Se)
      inclusions have a higher melting point than MnS bodies, and thus can form
      properly before complete solidification of the steel, and indeed selenium,
      of itself, appears to form only globular type inclusions.
PAR  The practical results have been abundantly demonstrated by the screw
      machine tests, where the automatic machine runs continuously for 8 hours,
      with the cutting tools repeatedly used in conventional manner, i.e., in
      the automatically repeated sets of machining operations. Very satisfactory
      tool life (8-hours or more of such machine run) and excellent surface
      finish are attained for the machining grades of these steels, at surface
      speeds up to at least 200 feet per minute. Whereas surface finish is
      recognized as conventionally better at high speeds, the great difficulty,
      that has now been overcome, has been that excessive tool wear and
      relatively short tool life have heretofore usually prevented the
      attainment of such speeds in machining stainless steel.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method of making stainless steel which comprises producing, in
      molten state, a stainless steel melt which consists essentially of 0.01 to
      1.2% carbon, 10 to 27% chromium, 0 to 22% nickel, 0.3 to 10% manganese,
      and further elements as specified in the following procedure, balance iron
      and incidental impurities, and solidifying said molten stainless steel,
      the procedure for producing said stainless steel to have improved
      machinability, which consists in incorporating into the molten steel of
      said melt at the end of its being produced:
PA1  1. amounts of sulfur and of an element or elements selected from the class
      consisting of selenium and tellurium for establishing in the solidified
      steel a content of 0.15 to 0.7% sulfur and a total of 0.03 to less than
      0.15% of said selected element or elements, to produce in said solidified
      steel a distribution of globular inclusions which are predominantly
      provided by manganese, sulfur, and said selected element or elements; and
PA1  2. deoxidizing-agent-containing material for deoxidizing the molten steel
      of said melt, the deoxidizing agent or agents of said material being an
      element or elements selected from the group consisting of silicon and the
      rare earth elements;
PA1  said material being characterized by absence of aluminum in that the
      maximum content thereof is an amount that would add 0.003% aluminum to the
      melt and said melt being maintained substantially free of aluminum oxide,
      whereby the solidified steel is produced to have less than 0.0025%
      aluminum oxide.
NUM  2.
PAR  2. A method as defined in claim 1, which includes testing the solidified
      steel for content of aluminum oxide, to limit the steel product having
      improved machinability to steel which contains less than 0.0025% aluminum
      oxide.
NUM  3.
PAR  3. A method as defined in claim 1, in which said material consists
      essentially of ferrosilicon.
NUM  4.
PAR  4. A method as defined in claim 3, in which said material is ferrosilicon
      containing about 75% Si and not more than 0.5% Al, said ferrosilicon being
      added in amount of 5 to 10 lbs. per ton of steel.
NUM  5.
PAR  5. A method as defined in claim 3 in which the amount of aluminum in said
      melt is limited to produce the steel with not more than 0.002% aluminum
      oxide, said method including testing the solidified steel for content of
      aluminum oxide, to limit the steel product having improved machinability
      to steel which contains not more than 0.002% aluminum oxide.
NUM  6.
PAR  6. A method as defined in claim 1, in which said material is a composition
      of rare earth elements which consists predominantly of lanthanum and
      cerium and which is characterized by absence of aluminum above an amount
      that would add 0.0025% aluminum to the melt, said solidified steel being
      produced to have not more than 0.002% aluminum oxide.
NUM  7.
PAR  7. A method as defined in claim 1, in which said material is characterized
      by absence of aluminum above an amount that would add 0.0025% aluminum to
      the melt, and said solidified steel is produced to have not more than
      0.002% aluminum oxide.
NUM  8.
PAR  8. A method as defined in claim 7, in which said material consists
      essentially of ferrosilicon.
NUM  9.
PAR  9. A method as defined in claim 7, which includes testing the solidified
      steel for content of aluminum oxide, to limit the steel product having
      improved machinability to steel which contains not more than 0.002%
      aluminum oxide.
NUM  10.
PAR  10. Procedure utilizing the method defined in claim 1, which comprises:
      effecting continuing production by making successive heats of stainless
      steel, each being a melt produced and solidified in accorcance with said
      defined method of said claim 1 for the purpose of producing machinable
      stainless steel which contains said globular inclusions and has been
      deoxidized and which has less than 0.0025% aluminum oxide; testing the
      solidified steel of each melt for content of aluminum oxide; and obtaining
      said continuing production of steel products having improved
      machinability, by selection of solidified steel which contains, in
      accordance with said testing for each melt, less than 0.0025% aluminum
      oxide.
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ABST
PAL  A continuous process for producing novel aligned composites of a Co-Si
      eutectoid type alloy having significant tensile strength is provided. The
      process comprises forming a melt of a Co.sub.3.sub.-x M.sub.x
      Si.sub.1.sub.-y N.sub.y alloy where M represents certain elements
      substituting for Co and x has a value ranging up to 0.6, where N
      represents certain elements substituting for Si and y has a value ranging
      up to 0.2, unidirectionally cooling said melt through a thermal gradient
      at a velocity which produces a solid having elongated columnar
      macro-grains aligned substantially parallel to each other, and
      unidirectionally cooling said macro-grain solid through said thermal
      gradient at said velocity which on reaching transformation temperature
      directionally transforms said solid into an aligned solid composite
      consisting essentially of at least two phases, the ratio of said thermal
      gradient to said velocity being greater than 150.degree.C/cm.sup.2 /hr.
      The phases are in the form of substantially uniform alternating lamellae
      parallel to each other and have an average interlamellar spacing less than
      3 microns. The composite is substantially or completely free of dendrites.
GOVT
PAR  The invention described herein was made in the course of, or under, a
      contract with the Naval Air Systems Command.
BSUM
PAR  The present invention relates generally to the art of directional control
      of eutectoid decomposition of metal alloys, and particularly, it relates
      to a process for producing novel directional composites of Co-Si eutectoid
      alloy and higher-order alloys thereof.
PAR  The art has disclosed the directional transformation of certain eutectoid
      alloys to produce aligned composite structures. These transformations are
      normally accomplished by moving the alloy sample through a thermal
      gradient at a certain rate. Specifically, directional transformation of a
      eutectoid alloy is carried out by cooling from the high temperature single
      phase solid of the alloy through the temperature at which decomposition or
      transformation into at least two solid phases occurs. However, such normal
      transformation of the Co.sub.3 Si eutectoid alloy has produced only
      aligned microstructures containing significant amounts of dendrites with
      poor tensile properties.
PAR  The present invention provides a process of producing novel aligned
      composites from a Co.sub.3 Si eutectoid alloy or higher-order alloys
      thereof having substantial tensile strength at elevated temperatures of
      the order of 900.degree.C making them useful for a wide range of
      applications. The composite consists essentially of a two phase
      substantially uniform lamellar microstructure substantially or completely
      free of dendrites. The process includes continuous unidirectional cooling
      of the alloy melt to the aligned solid composite through the same thermal
      gradient at the same rate.
DRWD
PAR  The invention will be better understood from the following description
      taken in conjunction with the accompanying FIGURE which is a
      photomicrograph (1,000X) showing a transverse section of an aligned
      Co.sub.3 Si composite of the present invention.
DETD
PAR  Briefly stated, in one embodiment, the process comprises unidirectionally
      cooling a melt of the Co-Si eutectoid alloy through a thermal gradient at
      a velocity which produces a solid having elongated columnar macro-grains
      aligned substantially parallel to each other, and unidirectionally cooling
      said macro-grain solid through said thermal gradient at said velocity
      which on reaching transformation temperature directionally transforms said
      solid into an aligned solid composite consisting essentially of two phases
      with one of said phases being a cobalt-rich phase containing silicon in
      solution in an amount ranging from about 8 to 12 atomic percent and the
      second said phase being a Co.sub.2 Si phase, the ratio of said thermal
      gradient to said velocity being greater than 150.degree.C/cm.sup.2 /hr,
      said phases being in the form of substantially uniform alternating
      lamellae substantially parallel to each other and to the thermal gradient
      and having an average interlamellar spacing ranging from 0.5 micron to 3
      microns, said composite being substantially or completely free of
      dendrites.
PAR  The cast cobalt-silicon alloy body of the present invention, e.g. the
      aligned eutectoid composite, consists essentially of two phases and has a
      lamellar microstructure extending substantially throughout the body. One
      phase consists essentially of cobalt containing silicon in solution in an
      amount ranging from about 8 to 12 atomic percent and the second phase is a
      Co.sub.2 Si phase. The lamellae of one phase are arranged in alternate
      relation to the lamellae of the second phase and the interlamellar spacing
      is between about 0.5 micron and 3 microns. The lamellae are of
      substantially uniform size, substantially parallel to each other, and
      substantially uniformly distributed through the composite. The present
      aligned composite is substantially or completely free of dendrites and has
      a minimum tensile strength at 900.degree.C of 50,000 psi in an inert
      atmosphere.
PAR  In the present invention a Co-Si alloy which undergoes a eutectoid
      decomposition is used. Preferably, the alloy is of Co.sub.3 Si eutectoid
      composition, e.g., Co-25 atomic % Si, but can vary from the eutectoid
      composition by about 1 atomic %. Co-Si compositions outside this range are
      not useful since they produce proeutectoid particles which are those
      portions of the alloy which do not undergo a eutectoid reaction.
PAR  In the present process, the thermal gradient usually ranges from
      50.degree.C/cm to about 3,000.degree.C/cm. Higher thermal gradients are
      preferred since they result in a better aligned product and allow the use
      of higher velocities to achieve a dendrite free product.
PAR  The velocity of motion is determinable empirically and depends largely on
      the particular alloy composition. In the present process, the velocity
      usually ranges from 0.05 cm/hr to 20 cm/hr. Within this velocity range,
      the higher velocities result in composites having a finer lamellar
      structure, e.g., a smaller interlamellar spacing. Velocities higher than
      20 cm/hr are not useful since they result in an unaligned composite.
PAR  The Co.sub.3 Si alloy has a eutectoid decomposition temperature of
      1,170.degree.C. Its transformation or decomposition temperature varies
      with the velocity of motion through the thermal gradient and in the
      present process ranges from about 1,170.degree.C to 1,120.degree.C with
      the lower transformation temperatures occurring at higher velocities.
PAR  In addition, in the present invention, a number of novel directionally
      aligned ternary and higher-order alloys based on the Co-Si eutectoid also
      can be prepared having properties which make them useful as
      high-temperature structural alloys. Specifically, a number of alloying
      elements can be partially substituted in the present Co-Si eutectoid alloy
      without losing or without any significant deterioration of the fine
      aligned eutectoid microstructure from which these good properties derive.
      In some instances these alloying elements produce increased strength and,
      in other instances, increased oxidation resistance. The present invention,
      therefore, includes alloys of the general formula Co.sub.3.sub.-x M.sub.x
      Si.sub.1.sub.-y N.sub.y, where M represents elements substituting for Co
      and x has a value ranging up to 0.6, and N represents elements
      substituting for Si and y has a value ranging up to 0.2. M is a member of
      the group consisting of Ni, Cr, Fe, Mn, Cu, Ta, Mo, W, Ti and alloys
      thereof. N is a member of the group consisting of Ge, Sn, Al, Ga, In and
      alloys thereof.
PAR  In all instances the alignment of the Co.sub.3.sub.-x M.sub.x
      Si.sub.1.sub.-y N.sub.y alloy in accordance with the present invention
      produces an aligned composite substantially or completely free of
      dendrites which has a minimum tensile strength at 900.degree.C of 50,000
      psi measured in an inert atmosphere such as argon or a substantial vacuum.
      Specifically, alignment of the Co.sub.3.sub.-x M.sub.x Si.sub.1.sub.-y
      N.sub.y alloy produces a composite consisting essentially of at least two
      phases having a substantially uniform lamellar microstructure extending
      substantially uniformly throughout said composite with interlamellar
      spacing ranging from 0.2 micron to 3 microns and each phase being
      alternately arranged with the second or other phases.
PAR  In carrying out the process, a melt of the alloy is unidirectionally
      solidified through a thermal gradient at a fixed velocity to produce a
      macro-grain solid, e.g., a solid having elongated columnar macro-grains.
      For best results the average diameter of the macro-grains is larger than
      about 10 microns. The resulting macro-grain solid is unidirectionally
      cooled through the same thermal gradient at the same velocity to produce
      the aligned composite of the present invention. All unidirectional cooling
      is carried out in an atmosphere in which the alloy is inert such as argon.
PAR  Unidirectional cooling to produce the present aligned composite can be
      carried out by a number of conventional methods which allow passage of the
      alloy through the thermal gradient in a single direction to cool it at a
      fixed velocity to the transformation temperature. Alternatively, the
      thermal gradient can be moved relative to the alloy. Generally, the
      apparatus is comprised of a heated vertical mold provided with a cooling
      system at its lower end, means for maintaining the desired thermal
      gradient and means for pulling the alloy through the thermal gradient at
      the desired fixed velocity. The rate that the aligned composite is cooled,
      once it is formed, is not critical.
PAR  In the present invention in order that the present aligned lamellar
      microstructure be produced free of dendrites, the ratio of the thermal
      gradient G to the velocity of motion V must always be greater than
      150.degree.C/cm.sup.2 /hr.
PAR  Since the present aligned composite not only has substantial tensile
      strength at a temperature of 900.degree.C but also significant oxidation
      resistance and microstructural stability at elevated temperatures, it is
      particularly useful as a high temperature structural alloy. Examples of
      such uses include blades or vanes for high-temperature turbines.
PAR  The invention is further illustrated by the following examples:
PAC  EXAMPLE 1
PAR  Using standard procedures a Co-25 atomic % (13.7 wt.%) Si eutectoid alloy,
      was formed under argon and cast into a rod three-sixteenths inch in
      diameter and 6 inches long.
PAR  The rod was placed in a close-fitting alumina crucible and the resulting
      assembly placed in a vertical platinum-wound furnace. Using conventional
      equipment the rod was directionally solidified and directionally
      decomposed under a nitrogen atmosphere to form an aligned composite.
      Specifically, the rod was melted under nitrogen and passed through a
      thermal gradient of 750.degree.C/in or 300.degree.C/cm by pulling it down
      through a water-cooled copper toroid by a lowering device which maintained
      it at a fixed velocity of 0.1 in/hr or 0.25 cm/hr. The ratio of the
      thermal gradient to velocity was 1,200.degree.C/cm.sup.2 /hr.
PAR  The resulting aligned rod was sectioned and examined using standard
      metallographic procedures. It had a substantially uniform microstructure.
      Specifically, it had two phases, the cobalt-rich phase containing a minor
      amount of silicon in solution and the Co.sub.2 Si phase, in the form of
      substantially uniform alternating lamellae substantially parallel to each
      other and to the thermal gradient and an average interlamellar spacing of
      2 microns. It appeared to be free of dendrites.
PAC  EXAMPLE 2
PAR  In this example Co-Si eutectoid alloy rods were prepared, directionally
      solidified and directionally decomposed to form aligned composites as
      disclosed in Example 1. Three test bars of the same size were machined
      from the aligned composites. Each bar appeared to be free of dendrites.
PAR  The tensile strength of each bar was determined in a standard manner in a
      substantial vacuum at elevated temperatures. One test bar had a tensile
      strength of 62,000 psi at 900.degree.C, the second bar had a tensile
      strength of 37,000 psi at 1,000.degree.C and the third had a tensile
      strength of 12,000 psi at 1,100.degree.C.
PAC  EXAMPLE 3
PAR  A Co-Si eutectoid alloy rod was prepared and directionally solidified and
      decomposed to form an aligned composite as disclosed in Example 1 except
      that after about one-half of the rod had been directionally aligned, the
      rod was quenched in water and its structure examined using standard
      metallographic procedures. A cross-section of the rod, about 3/4 inch
      thick, had a number of columnar macro-grains with an average diameter
      larger than 10 microns aligned substantially parallel to each other and to
      the thermal gradient and distributed substantially uniformly throughout
      this cross-section. Adjacent to this cross-section, which illustrated that
      directional solidification took place, was a section which illustrated
      that directional decomposition took place and which consisted of two
      phases in the form of substantially uniform alternating lamellae
      substantially parallel to each other and to the thermal gradient.
PAC  EXAMPLE 4
PAR  In this example, the oxidation resistance of the aligned composite of the
      present invention was determined.
PAR  A Co-Si eutectoid alloy rod was prepared, directionally solidified and
      decomposed to form an aligned composite as disclosed in Example 1 except
      that it had a diameter of 3/4  inch. The resulting aligned rod or
      composite was machined transversely to form two discs about 3/4 inch in
      diameter and about 0.05 inch in thickness.
PAR  One disc was placed in an air oven and maintained at 800.degree.C for 48
      hours. At the end of this time, it showed a weight gain of 0.55
      mg/cm.sup.2. The second disc was placed in an air oven and maintained at
      1,100.degree.C for 48 hours. It showed a weight gain of 1.3 mg/cm.sup.2.
      These small weight gains illustrate the good oxidation resistance of the
      present composites at elevated temperatures.
PAC  EXAMPLE 5
PAR  In this example, the heat stability of the aligned composite of the present
      invention was determined.
PAR  Co-Si eutectoid alloy rods were prepared and directionally solidified and
      decomposed to form aligned composites as set forth in Example 1.
PAR  Two test bars were machined from the aligned composites. Both bars were
      maintained in a nitrogen atmosphere for about 4 weeks with one bar being
      held at a temperature of 900.degree.C and the other at 1,000.degree.C. At
      the end of this time metallographic examination of both bars showed that
      the fine uniform lamellar microstructure was substantially unchanged.
PAC  EXAMPLE 6
PAR  A Co-Si eutectoid alloy rod was prepared and directionally solidified and
      decomposed to form an aligned composite in a manner similar to that
      disclosed in Example 1 except that the velocity was fixed at 0.25 in/hr or
      0.6 cm/hr. The ratio of the thermal gradient to velocity was
      500.degree.C/cm.sup.2 /hr.
PAR  A transverse section of the resulting aligned rod was cut, mechanically
      polished and examined using standard metallographical procedures. The
      accompanying FIGURE a photomicrograph of this transverse section enlarged
      1,000 X, illustrates the substantially uniform microstructure of the
      aligned composite produced by the present invention. Specifically, it
      shows two phases consisting of the Co-rich phase containing a minor amount
      of Si in solution and the Co.sub.2 Si phase in the form of substantially
      uniform alternating lamellae substantial parallel to each other and having
      an average interlamellar spacing of 1.5 microns.
PAR  The aligned composite appeared to be completely free of dendrites.
PAC  EXAMPLE 7
PAR  In this example, three rods of eutectoid ternary alloys of the composition
      Co.sub.2.85 M.sub.0.15 Si where M was Ni, Cr or Ta, and where M was
      substituted for 5% of the Co, were prepared, directionally solidified and
      decomposed to form aligned composites as disclosed in Example 6.
PAR  Each aligned composite was sectioned for metallographic examination.
PAR  The aligned composite of the Co-Ni-Si eutectoid alloy was substantially
      uniform in microstructure and consisted of two phases in the form of
      alternating lamellae substantially parallel to each other and to the
      thermal gradient. It appeared to have an average interlamellar spacing of
      less than 1 micron.
PAR  The aligned composite of the Co-Cr-Si eutectoid alloy had a two phase
      alternating lamellae microstructure.
PAR  The aligned composite of the Co-Ta-Si eutectoid alloy, in addition to
      having an aligned two phase lamellar microstructure, appeared to have a
      third phase distributed substantially uniformly therein.
PAR  All of these composites appeared to be free of dendrites, and it is to be
      expected that, due to the presence of Ni, Cr or Ta, they will have
      increased resistance to oxidation and improved mechanical properties.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing an aligned solid composite of a Co-Si eutectoid
      type alloy having a minimum tensile strength at 900.degree.C of 50,000 psi
      in an inert atmosphere, said alloy having a transformation temperature at
      which it transforms from a single phase solid to a solid of at least two
      phases, which comprises forming a melt of a Co.sub.3.sub.-x M.sub.x
      Si.sub.1.sub.-y N.sub.y alloy where Co and Si can vary from the Co.sub.3
      Si eutectoid composition by about 1 atomic %, where M represents elements
      substituting for Co and is a member of the group consisting of Ni, Cr, Fe,
      Mn, Cu, Ta, Mo, W, Ti and alloys thereof and where x ranges up to about
      0.6, where N represents elements substituting for Si and is a member of
      the group consisting of Ge, Sn, Al, Ga, In and alloys thereof and where y
      ranges up to about 0.2, unidirectionally cooling said melt through a
      thermal gradient ranging from 50.degree.C/cm to 3,000.degree.C/cm at a
      velocity ranging from 0.05 cm/hr to 20 cm/hr which produces a single phase
      solid consisting essentially of elongated columnar macro-grains aligned
      substantially parallel to each other before reaching said transformation
      temperature, said macro-grains having an average diameter larger than 10
      microns, and continuing unidirectionally cooling said macro-grain solid
      through the same thermal gradient at the same velocity through said
      transformation temperature directionally transforming said single phase
      solid into an aligned solid composite consisting essentially of at least
      two phases, the ratio of said thermal gradient to said velocity being
      greater than 150.degree.C/cm.sup.2 /hr, said phases being in the form of
      substantially uniform alternating lamellae substantially parallel to each
      other and to the thermal gradient and having an average interlamellar
      spacing ranging from about 0.2 micron to 3 microns and being substantially
      uniformly distributed throughout said composite, said composite being
      substantially or completely free of dendrites.
NUM  2.
PAR  2. A process according to claim 1 wherein said alloy consists of a Co-Si
      eutectoid alloy, and wherein said aligned solid composite consists
      essentially of two phases with one of said phases being a cobalt-rich
      phase containing silicon in solution in an amount ranging from about 8 to
      12 atomic percent and the second said phase being a Co.sub.2 Si phase, and
      wherein said average interlamellar spacing ranges from 0.5 micron to 3
      microns.
NUM  3.
PAR  3. An aligned solid composite of a Co-Si eutectoid type alloy having a
      minimum tensile strength at 900.degree.C of 50,000 psi in an inert
      atmosphere and having the general formula Co.sub.3.sub.- x M.sub.x
      Si.sub.1.sub.-y N.sub.y where Co and Si can vary from the Co.sub.3 Si
      eutectoid composition by about 1 atomic %, where M represents elements
      substituting for Co and is a member of the group consisting of Ni, Cr, Fe,
      Mn, Cu, Ta, Mo, W, Ti and alloys thereof and where x ranges up to about
      0.6, where N represents elements substituting for Si and is a member of
      the group consisting of Ge, Sn, Al, Ga, In and alloys thereof and where y
      ranges up to about 0.2, said aligned solid composite consisting
      essentially of at least two phases, said phases being distributed
      uniformly throughout said composite in the form of substantially uniform
      alternating lamellae substantially parallel to each other and having an
      average interlamellar spacing ranging from about 0.2 micron to 3 microns,
      said composite being substantially or completely free of dendrites and
      being produced by a process which comprises forming a melt of said
      eutectoid type alloy, said alloy having a transformation temperature at
      which it transforms from a single phase solid to a solid of at least two
      phases, unidirectionally cooling said melt through a thermal gradient
      ranging from 50.degree.C/cm to 3,000.degree.C/cm at a velocity ranging
      from 0.05 cm/hr to 20 cm/hr which produces a single phase solid consisting
      essentially of elongated columnar macro-grains aligned substantially
      parallel to each other before reaching said transformation temperature,
      said macro-grains having an average diameter larger than 10 microns, and
      continuing unidirectionally cooling said macro-grain solid through the
      same thermal gradient at the same velocity through said transformation
      temperature directionally transforming said single phase solid into said
      aligned solid composite consisting essentially of at least two phases, the
      ratio of said thermal gradient to said velocity being greater than
      150.degree.C/cm.sup.2 /hr, said phases being substantially parallel to the
      thermal gradient.
NUM  4.
PAR  4. An aligned solid composite according to claim 3 wherein said alloy
      consists of a Co-Si eutectoid alloy, and wherein said aligned composite
      consists essentially of two phases, with one of said phases being a
      cobalt-rich phase containing silicon in solution in an amount ranging from
      about 8 to 12 atomic percent and the second said phase being a Co.sub.2 Si
      phase, and wherein said average interlamellar spacing ranges from 0.5
      micron to 3 microns.
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ABST
PAL  A wear-resistant composite material incorporating a refractory chemical
      compound in particulate form and an alloy matrix. The particles contain
      between 7 and 30 wt.% of chromium, between 30 and 40 wt.% of boron, the
      balance being titanium, have a size between 0.3 and 2 mm and are present
      in an amount between 40 and 80 vol.%, the balance being the alloy matrix.
      The material has an improved resistance to wear and consists of
      comparatively cheap and widely abundant ingredients.
PARN
PAR  This is a continuation of application Ser. No. 424,075, filed Dec. 12,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a wear-resistant composite material
      finding application in hard facing a variety if components used in
      metallurgy and chemical industry, such as bells and valves of blast
      furnaces exposed to intensive abrasive wear in gases at normal and
      elevated temperatures or rolls of rolling mills, mixers, components of
      earth-moving equipment and heavy-duty vehicles which are subject to
      abrading, etc.
PAR  Used at present as materials which protect the surface of the components
      from wear are alloys, such as Sormite and Colmonoy. The alloys display a
      wear resistance which is higher than that of other known wear-resistant
      materials, yet they tend to develop numerous cracks and other flaws during
      the process of hard facing.
PAR  There is known, for example, a wear-resistant composite material made up of
      particulate refractory chemical compounds, namely cast tungsten carbides,
      and of a copper-based alloy matrix. This material has a wear resistance
      superior to that of other wear-resistant materials used in hard facing
      including those such as Sormite and Colmonoy. But this material includes
      tungsten which is expensive and in short supply.
PAR  Since the demand for wear-resistant composite materials for hard-facing
      applications is high, it can be met by providing a new material made up of
      ingredients which are both abundant and comparatively cheap. A lack of
      such material creates difficulties resulting from which are failures to
      assure the requisite service life of parts and protracted down periods due
      to the necessity of replacing or reclaiming the worn components.
PAC  SUMMARY OF THE INVENTION
PAR  It is the primary object of the present invention to provide a
      wear-resistant composite material displaying a resistance to wear and
      mechanical properties superior to the wear resistance and mechanical
      properties of the known materials such as Sormite and Colmonoy used in
      hard facing parts exposed to rapid wear, abrading for example, in a
      dust-laden gas at elevated temperatures
PAR  Another important object of the present invention is to incorporate in the
      material some relatively cheap ingredients such as chromium and titanium
      which are available in abundance.
PAR  A further object of the present invention is to provide a material which
      lends itself to deposition in various forms (pelletized, crushed, formed
      into spray wire from powder, cast as electrodes), using various
      techniques.
PAR  These and other objects are attained by providing a wear-resistant
      composite material comprising a refractory chemical compound in
      particulate form and an alloy matrix in which the particles incorporate,
      in accordance with the invention, chromium between 7 and 30 wt.%, titanium
      between 40 and 60 wt.% and boron between 30 and 40 wt.%, have a size of
      0.3 to 2 mm and are present in an amount between 40 and 80 vol.%, the
      balance being the alloy matrix.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In the material disclosed, the particles of the chemical composition are
      prepared from cheap raw materials replacing the expensive tungsten which
      is in short supply. The composite material contains particles of
      refractory components in an amount up to 80% which have good mechanical
      properties and are firmly held in the alloy matrix with the result that
      the material disclosed displays a wear resistance which is superior to
      that of other composite materials in wide-spread use for hard-facing
      applications at present.
PAR  Used as the alloy matrix in the wear-resistant composite material disclosed
      can be any known low-melting alloy. It is preferred that the alloy matrix
      contains copper between 30 and 65 wt.%, nickel between 10 and 35 wt.% and
      manganese between 10 and 35 wt.%. This chemical composition of the alloy
      assures good wettability of both the surface to be hard-faced and the
      solid particles which are ingredients of the material, dissolves these
      particles slightly and imparts plasticity to the wear-resistant composite
      material so that its tendency to form cracks is suppressed.
PAR  The alloy matrix may be composed of chromium present in an amount between
      12 and 25 wt.%, silicon between 1.5 and 4 wt.% boron between 1 and 4 wt.%,
      the balance being nickel. If of the above composition, the alloy matrix is
      even cheaper and imparts better wear-resistant properties to the composite
      material. Yet the tendency to form cracks limits the application of this
      alloy matrix to hard-facing only small parts.
PAR  The invention will be best understood from the following examples
      illustrating possible chemical compositions of the wear-resistant
      material.
PAC  EXAMPLE 1
PAR  Blast furnace valves were hard-faced with a material composed in accordance
      with the invention of 40 parts by volume of a chemical compound in
      particulate form with a size of 0.3 to 1 mm which included 7 wt.% of
      chromium, 53 wt.% of titanium and 40 wt.% of boron, the balance being a
      matrix of the following composition: copper, 30 wt.%; nickel, 35 wt.% and
      manganese, 35 wt.%.
PAR  The service life of a valve hard-faced with the material was 8 to 10 months
      under the conditions of abrasive wear in gas compared with 3 or 4 months
      maximum for a Sormite-faced valve subjected to the rigors of continuous
      service under the same conditions.
PAC  EXAMPLE 2
PAR  Blast furnace valves were hard-faced with a material composed of 80 vol.%
      of a chemical compound in particulate form with a size of 1 and 2 mm which
      included 30 wt.% of chromium, 40 wt.% of titanium and 30 wt.% of boron,
      the balance being a matrix of the following composition: 65 wt.% of
      copper, 25 wt.% of nickel and 10 wt.% of manganese.
PAR  The service life of a valve hard-faced with the material was 8 to 10 months
      under the conditions of abrasive wear in gas compared with 3 or 4 months
      maximum for a Sormite-faced valve subjected to the rigors of continuous
      service under the same conditions.
PAC  EXAMPLE 3
PAR  Blast furnace valves were hard-faced with a material composed of 50 vol.%
      of a chemical compound in particulate form with a size of 0.3 to 1 mm
      which included 10 wt.% of chromium, 60 wt.% of titanium and 30 wt.% of
      boron, the balance being a matrix of the following composition: 60 wt.% of
      copper, 20 wt.% of nickel and 20 wt.% of manganese.
PAR  The service life of a valve hard-faced with the material was 18 to 20
      months compared with 3 or 4 months maximum for a Sormite-faced valve
      subjected to the rigors of continuous service under the same conditions.
PAC  EXAMPLE 4
PAR  Blast furnace valves were hard-faced with a material composed of 50 vol.%
      of a chemical compound in particulate form with a size of 0.3 to 0.7 mm
      which included 20 wt.% of chromium, 40 wt.% of titanium and 40 wt.% of
      boron, the balance being a matrix of the following composition: 65 wt.% of
      copper, 25 wt.% of nickel and 10 wt.% of manganese.
PAR  The service life of a valve hard-faced with the material was 9 to 10 months
      compared with 3 or 4 months maximum for a Sormite-faced surface subjected
      to the rigors of continuous service under the same conditions.
PAC  EXAMPLE 5
PAR  A surface was hard-faced with a material composed of 50 vol.% of a chemical
      compound in particulate form with a size between 0.3 and 0.7 mm which
      included 20 wt.% of chromium, 40 wt.% of titanium and 40 wt.% of boron,
      the matrix being composed of 12 wt.% of chromium, 1.5 wt.% of silicon, 1
      wt.% of boron and 85.5 wt.% of nickel. The resistance to wear was between
      9 and 12 months under the conditions of abrasive wear in gas compared with
      4 months maximum for a Sormite-faced surface subjected to the rigors of
      continuous service under the same conditions.
PAC  EXAMPLE 6
PAR  Blast furnace valves were hard-faced with a material composed of 50 vol.%
      of a chemical compound in particulate form with a size between 0.3 and 0.7
      mm which included 10 wt.% of chromium, 50 wt.% of titanium and 40 wt.% of
      boron. The material was also composed of a matrix of the following
      composition: 25 wt.% of chromium, 4 wt.% of silicon, 4 wt.% of boron and
      67 wt.% of nickel. The resistance to wear under the conditions of abrasive
      wear in gas was between 12 and 14 months compared with 4 months maximum
      for a Sormite-faced surface subjected to the rigors of continuous service
      under the same conditions.
PAR  As it can be seen from the Examples, tests have proved that the composite
      material disclosed has a high resistance to wear. It contains no expensive
      components or those which are in short supply and can therefore enjoy
      wide-spread application. In addition, the material can be deposited in
      various forms, e.g., pelletized, crushed, formed into spray wire from
      powder, cast as electrodes.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A wear-resistant composite material consisting of 40-80 volume % of a
      refractory chemical compound in particulate form with a size of 0.3-2 mm
      and consisting essentially of, by weight, 7-30% chromium, 40-60% titanium
      and 30-40% boron; and 20-60 volume % of an alloy matrix consisting
      essentially of, by weight, 10-35% nickel, 10-35% manganese and the balance
      being copper.
NUM  2.
PAR  2. The wear-resistant composite material as claimed in claim 1 consisting
      of 40 volume % of a refractory chemical compound in particulate form with
      a size of 0.3-1 mm and consisting of, by weight, 7% chromium, 53% titanium
      and 40% boron; and 60 volume % of an alloy matrix consisting essentially
      of, by weight, 35% nickel, 35% manganese and the balance being copper.
NUM  3.
PAR  3. The wear-resistant composite material as claimed in claim 1 consisting
      of 80 volume % of a refractory chemical compound in particulate form with
      a size of 1-2 mm and consisting of, by weight, 30% chromium, 40% titanium
      and 30% boron; and 20 volume % of an alloy matrix consisting essentially
      of, by weight, 25% nickel, 10% manganese and the balance being copper.
NUM  4.
PAR  4. The wear-resistant composite material as claimed in claim 1 consisting
      of 50 volume % of a refractory chemical compound in particulate form with
      a size of 0.3-1 mm and consisting of, by weight, 10% chromium, 60%
      titanium and 30% boron; and 50 volume % of an alloy matrix consisting
      essentially of, by weight, 20% nickel, 20% manganese and the balance being
      copper.
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PAL  An alloy of nickel-aluminum-molybdenum containing silicon in the ranges
      enclosed between points A (nickel--85% by weight, aluminum--5% by weight,
      molybdenum--10% by weight), B (nickel--75%, aluminum--15%,
      molybdenum--10%), C (nickel--65%, aluminum--15%, molybdenum--20%) and D
      (nickel--75%, aluminum--5%, molybdenum--20%) as shown in FIG. 1 and
      including silicon in the range of 0.1 to 3% by weight and preferably in a
      range of 0.5 to 2.5% by weight.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of our copending application Ser. No.
      376,954 filed July 6, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a heat resisting alloy which not only retains a
      high oxidation resisting property at a high temperature but also excels in
      tensile strength at high temperature and toughness at a room temperature.
PAR  2. Description of the Prior Art
PAR  The number of equipments and parts to be employed at a high temperature
      exceeding 1,000.degree.C has increased as a result of the industrial
      progress and the technical advancement attained during recent years. There
      are ever-increasing demands for heat resisting materials that can be used
      for parts exposed to high temperatures and heavy loads such as rocket
      shells, atomic thermoengines, combustion chambers and jet pipes of jet
      engines, parts of gas turbines, high temperature and high pressure
      apparatuses used in chemical industries, high temperature valves, etc. To
      meet the requirements for such heat resisting materials, there have been
      conducted many technical researches and thus many kinds of heat resisting
      alloys have been used. However, it is generally believed that heat
      resisting steel is applicable to temperatures below 800.degree.C while the
      heat resisting alloy containing nickel (Ni) or cobalt (Co) as a basic
      component is applicable to temperatures below 1,000.degree.C. At
      temperatures higher than the above temperatures, they not only deteriorate
      in strength but also greatly deteriorate in oxidation resisting property
      and cannot be used for a long period of time. Although ceramics and super
      heat resistant alloys such as molybdenum (Mo), niobium (Nb) and tantalum
      (Ta) alloys can be used for a long time at temperatures higher than
      1,000.degree.C, such super heat resistant alloys have a very poor
      oxidation resisting property, which either restrict the applicable ambient
      and operating conditions or require an antioxidation surface treatment. On
      the other hand, ceramics lack ductility and resistance to thermal shocks.
      Ceramics tend to break due to sudden changes in temperature. Such
      conventionally employed high temperature materials thus possess many
      shortcomings and require improvement.
PAC  SUMMARY OF THE INVENTION
PAR  The object of this invention is to provide a heat resisting alloy which is
      free from the above stated shortcomings of the conventional heat resisting
      materials and which excels in oxidation resisting property at temperatures
      between 1,000.degree. and 1,200.degree.C or therabout as well as in
      strength. In their research for such heat resisting alloys of the present
      invention, the present inventors concentrated on the oxidation resisting
      property and tensile strength at high temperatures which are prerequisite
      to heat resisting materials, and toughness at room temperature. Noticing
      that nickel aluminum (Ni.sub.3 Al) (an intermetallic compound) greatly
      excels in oxidation resisting property at high temperatures compared with
      the conventional heat resisting alloys, the inventors attempted to
      increase the tensile strength at high temperatures and toughness at room
      temperatures without impairing the oxidation resisting property of the
      Ni.sub.3 Al. As a result of such efforts, they have discovered that an
      alloy composed of Ni.sub.3 Al, Mo and a small quantity of silicon (Si) as
      an additive is most suitable for use as heat resisting alloy. In other
      words, said alloy is a silicon-containing Ni--Al--Mo alloy of the present
      invention which comprises Ni, Al and Mo, as basic components, lying within
      the range as enclosed by straight lines connecting points A (85% Ni, 5% Al
      and 10% Mo), B (75% Ni, 15% Al and 10% Mo), C (65% Ni, 15% Al and 20% Mo)
      and D (75% Ni, 5% Al and 20% Mo) in a Ni--Al--Mo triangular coordinate
      diagram shown in FIG. 1, and 0.1 to 3% of silicon (Si) with the silicon
      preferably in a range of 0.5-2.5%. (Here and hereinafter % means percent
      by weight and Ni, Al and Mo within this range will be called "basic
      components.") The silicon-containing Ni--Al--Mo alloy of the present
      invention is the best in terms of oxidation resisting property and tensile
      strength at high temperatures, and toughness at room temperature.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the invention will be readily
      apparent from the following description of certain preferred embodiments
      thereof, taken in conjunction with the accompanying drawings, although
      variations and modifications may be effected without departing from the
      spirit and scope of the novel concepts of the disclosure, and in which:
PAR  FIG. 1 is a triangular coordinate diagram represented by weight percentage
      which shows the compositions of Ni, Al and Mo.
PAR  FIG. 2 is a sectional view showing of a metal melting device for
      preparation of uni-directionally solidified rod to be used in tensile
      tests, etc.
PAR  FIG. 3 is a graph showing the relation of the tensile strength at
      1,000.degree.C of the Ni--Al--Mo alloys to the Mo content thereof.
PAR  FIG. 4 is a graph showing the relation of the measuring loads which
      represents the toughness of the Ni--Al--Mo alloys at room temperature to
      the Mo content thereof.
PAR  FIG. 5 is a graph showing the relation of the oxidation weight gain which
      represents the oxidation resisting property of the invented alloy prepared
      by adding Si to the basic components Ni, Al and Mo to the Si content
      thereof, and;
PAR  FIG. 6 is another graph showing the relation of the tensile strength at
      1,100.degree.C of the alloy shown in FIG. 5 to the Si content thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 is an equilateral triangular coordinate diagram with three sides
      having equally divided graduations. In FIG. 1, the ratios of Ni below 50%
      are omitted. The percent by weight of Al is plotted on the base while that
      of Ni is plotted on the left side and that of Mo on the right side of the
      triangle. Thus, the percent by weight of Al is represented by the lines
      parallel to the left side; that of Ni by the lines parallel to the right
      side and that of Mo by the lines parallel to the base. For example, the
      point Y shown in FIG. 1 denotes a composition of 70% Ni, 20% Al and 10%
      Mo.
PAR  Although the invented alloy is composed of basic components, Ni, Al and Mo,
      to form a basic constituent, and an additive, Si, the ratios of Ni, Al and
      Mo as shown in FIG. 1 represent the ratios among the basic components only
      in the basic constituent and do not represent the ratios in the alloy
      containing the additive. For example, the composition of an alloy composed
      of 98% of basic constituent or components (70% Ni, 10% Al and 20% Mo) and
      of 2% of Si is as follows: Ni = 70 .times. 0.98 = 68.6 (%); Al = 10
      .times. 0.98 = 9.8 (%); Mo = 20 .times. 0.98 = 19.6 (%); and Si = 2 (%).
      Accordingly, the invented heat resisting alloy is composed of 0.1 to 3% of
      Si and of 97 to 99.9%. of the above stated basic constituent comprising
      Ni, Al and Mo.
PAR  The quantity of Al which is one of the basic components is confined within
      the range from 5 to 15% as shown in FIG. 1 for the following reasons. As
      is well known, in a Ni based heat resisting alloy composed of only .gamma.
      phase which presents a solid solution of Ni, the desired strength cannot
      be obtained at the desired temperatures. In order to obtain sufficiently
      high strength, it is essential to have at least the precipitate of
      Ni.sub.3 Al dispersed in the .gamma.-phase or to have Ni.sub.3 Al as a
      principal component. Ni--Al--Mo alloys having the compositions which are
      on the left side of the curve e in FIG. 1, that is the compositions with
      less quantity of Al, present only a .gamma.-phase at room temperature.
      However, at a temperature of 1,200.degree.C, such a .gamma.-phase of the
      Ni--Al--Mo alloys shifts to the left side of the curve f. Ni--Al--Mo
      alloys of compositions on the left side of the curve f thus begin to
      greatly lose their strength at 1,200.degree.C. In view of this, the
      minimum limit of the amount of Al which is one of the basic components of
      a silicon-containing Ni--Al--Mo alloy of the present invention, is
      specified to be 5%. On the other hand, Ni--Al--Mo alloys having the
      compositions which are on the right side of the curve g with less quantity
      of Mo, are composed of only NiAl (an intermetallic compound) with Ni and
      Mo in solid-solution therein (called " .gamma.'-phase" here) at
      1,200.degree.C of thereabout and are guite inferior in high temperature
      strength. Furthermore, Ni--Al--Mo alloys having the compositions on the
      right side of the curve g, with a greater quantity of Mo, are composed of
      an eutectic alloy of the above stated .gamma.'-phase and Mo with Ni and Al
      in solid-solution therein at 1,200.degree.C or thereabout; and thus the
      alloys become very brittle and weak as temperatures increase.
      Particularly, when the .gamma.'-phase is suddenly cooled from a high
      temperature, there takes place a Martensite type transformation and the
      alloy composed of the .gamma.'-phase is hardened and becomes extremely
      brittle. Ni--Al--Mo alloys containing Al in the amount shown on the left
      side of the curve g as shown in FIG. 1 and also containing the basic
      components within the range ABCD, show toughness of more than 50kg when
      subjected to a test described herein.
PAR  Whereas, a Ni--Al--Mo alloy having the composition as represented by the
      point P in FIG. 1 (57.5% Ni, 27.5% Al and 15% Mo) shows a low toughness
      value between 1 and 10kg. In view of this, the maximum limit of the amount
      of Al of the invented alloy is specified to be 15%.
PAR  The quantity of Mo which is one of the basic components of a Si-containing
      Ni--Al--Mo alloy of this invention is restricted within the range from 10
      to 20% as shown in FIG. 1, because the Mo content between 10 to 20% gives
      a Ni--Al--Mo alloy which not only possesses a great high temperature
      strength but also excels in toughness at room temperatures. With different
      Mo contents in an alloy having a Ni.sub.3 Al alloy as a principal
      component, the peak value of high temperature tensile strength appears at
      the Mo content ranging from 10 to 20%. This is the reason for limiting the
      Mo contents to between 10 and 20% as a basic component of the alloy of
      this invention.
PAR  A silicon-containing Ni--Al--Mo alloy composed of the basic components Ni,
      Al and Mo and of 0.1 to 3% of Si as an additive shows a salient
      improvement in oxidation resisting property at high temperatures because
      of the addition of Si. On the other hand, according to our experiences,
      addition of Si to the conventional Ni.sub.3 Al heat resisting alloy did
      not serve to increase the oxidation resisting property and, on the
      contrary, the oxidation was accelerated. Whereas, in the invented alloy
      wherein 0.1 to 3% of Si is added to a Ni--Al--Mo alloy composed mainly of
      Ni.sub.3 Al and Mo, the oxidation resisting property at high temperature
      greatly increases. The oxidation resisting property, however, saliently
      decreases as the additional quantity of Si comes below 0.1% or exceeds 3%.
PAR  As described in the foregoing, a Si-containing Ni--Al--Mo alloy of this
      invention which comprises Ni, Al and Mo within the range of ratios as
      enclosed by the points A, B, C and D in FIG. 1 as the basic components or
      basic constituent and which further contains 0.1-3% of Si, possesses
      excellent high temperature strength and a high oxidation resisting
      property at high temperatures.
PAR  The Si-containing Ni--Al--Mo alloy of this invention will be further
      explained with the following test examples and embodiments showing the
      mechanical strength of the invented alloy.
PAR  Each of the alloys for the test examples was prepared by employing all of
      or a part of metallic Ni, high purity Al, metallic Mo and high purity Si
      as materials, by melting those materials in alumina crucibles under argon
      gas as a protective atmosphere by the high frequency heating method and by
      casting the resulted molten metal into a metal mold. The casted products
      were subjected to the oxidation resisting test, the tensile test, and the
      impact strength test as hereunder described. It is known that the
      mechanical properties of Ni.sub.3 Al greatly vary with the solidfying
      direction, i.e., Ni.sub.3 Al has anisotropy. In view of this, the test
      pieces for tensile strength, thermal expansion, and impact strength were
      made from rods having uni-directional solidification so as to have the
      same solidfying direction thereof. A uni-directional solidification device
      is represented by a sectional view in FIG. 2 and was employed in order to
      make such test pieces. Referring to FIG. 2, a quartz tube 2 has its lower
      end sealed with a heat resisting material 10 for retaining a sample. The
      quartz tube is supported and can be moved up and down by a support 8.
      There is provided a heat resisting glass tube 5 outside of the quartz tube
      2 for the purpose of covering the inner and outer circumferences of the
      tube 2 with an inert gas. A sealing member 7 is provided on the upper end
      of the glass tube 5. For introducing the inert gas, a small tube 6 is
      provided in the sealing member 7 which seals the upper end of the glass
      tube 5. A high frequency work coil 4 is provided on the outside of the
      glass tube 5. Since the upper and circumferential parts of the quartz
      tubes are covered by the sealing member 7 and the heat resisting glass
      tube 5, the inert gas introduced through the small tube 6 covers the
      inside, upper part and circumferential part of the quartz tube 2 to shut
      out atmosphere. The inert gas is discharged into atmosphere through the
      lower end of the glass tube 5. To obtain a uni-directional solidifed rod
      by using the above described device a bed 3 of alumina powder (Al.sub.2
      O.sub.3) and sample 1 were placed in the quartz tube 2. Then, the air
      inside the quartz tube 2 was replaced with argon gas by continuously
      supplying the argon gas through the small tube 6. After that, a high
      frequency current was applied to the high frequency work coil 4 to melt
      the sample 1 by means of heating it from the lower part thereof. The
      support 8 was gradually moved downward so that the sample 1 was solidified
      from the lower end thereof. In this manner, a uni-directionally solidified
      rod for making test pieces with the directions of their crystals arranged
      in the longitudinal direction was produced.
PAR  For the tensile test, the test piece was made from the above stated
      uni-directionally solidified rod by processing it into a size of 35 mm in
      full length, 4 mm in diameter at its parallel part and 17 mm in length of
      the parallel part. The test piece was kept at each test temperature
      (1,000.degree.-1,200.degree.C) for 15 minutes before the tensile test, and
      then it was tested with a pulling speed of 2.5 mm/min. The test results
      are shown in tensile strength kg/mm.sup.2.
PAR  For the oxidation test which examines the oxidation resisting property, the
      test pieces were prepared by cutting the above stated rod to a diameter of
      10 mm and a length of 10 mm. The whole of faces of each of the test pieces
      was polished into a metallic surface. The test pieces were heated in the
      air atmosphere at 1,200.degree.C for 5, 21, and 69 hours, respectively.
      Following this, the weight of each test piece was measured. There was an
      increase of the weight thereof due to oxidation in each test piece. From
      this test, the oxidation weight (.DELTA. wg) and spalling (flaking,
      exfoliation) weight (.DELTA. wf) were obtained in the following manner.
      Assuming that the weight of the test piece before the oxidation test is Wo
      and its surface area is So, while the weight of the test piece after the
      oxidation test is Wg and the weight of the oxide spalled off is Wf, the
      oxidation weight (.DELTA. Wg) can be expressed as follows:
      ##EQU1##
      The spalling weight (.DELTA. wf) then can be expressed as follows:
      ##EQU2##
      These weights are expressed in mg/cm.sup.2. Smaller value of the oxidation
      weight (.DELTA. wg) indicates a better oxidation resisting property.
PAR  In the toughness test, samples are pressed with a Vicker's hardness tester
      which is generally employed in estimating the toughness of hard metals.
      The toughness is judged by the load which produces cracks around the trace
      of pressure impressed with the load. Samples that tend to produce such
      cracks under a lighter load are judged to be brittle.
PAR  Samples were subjected to varied Vicker's loads of 1, 5, 10, 20, 30, and 50
      kg. respectively. Three times indentation were impressed on different
      parts of each of the samples with each load to examine whether or not
      cracks were produced with the same load. The maximum load (kg) that
      produces no cracks in all of the three impressed traces is considered to
      be the degree of toughness.
PAR  In addition to the above stated tests, some of the test pieces were
      subjected to an ordinary Charpy impact test. For this, each test piece was
      prepared from the above stated uni-directally solidified rod by cutting it
      to 10 mm square, 55 mm long with a U-shaped notch of 1 mm in radius and 2
      mm in depth provided in the middle part of the test piece.
PAC  TEST EXAMPLE 1
PAR  FIG. 3 illustrates the relation of the Mo content of Ni--Al--Mo alloys to
      the tensile strength at 1,000.degree.C of the Ni--Al--Mo alloys which are
      within the basic composition range of the Si-containing Ni--Al--Mo alloy
      of this invention and in the vicinity thereof. The curves H, I and J shown
      in FIG. 3, respectively, correspond to lines h, i and j in the triangular
      coordinate diagram shown in FIG. 1. The curves H, I and J show the tensile
      strength at 1,000.degree.C of the Ni--Al--Mo alloys having the composition
      represented by the straight lines h, i and j in FIG. 1, respectively. The
      compositions of Ni--Al--Mo alloys at given points on the curves H, I and J
      can be obtained from the corresponding straight lines h, i and j of FIG.
      1, based on the Mo contents of said given points, respectively. The
      straight line h in FIG. 1 indicates compositions replacing the Al in
      Ni.sub.3 Al with Mo and represents the line connecting Ni.sub.3 Al to
      Ni.sub.3 Mo. The straight line j indicates compositions replacing Ni in
      Ni.sub.3 Al with Mo. The straight line i is positioned between the two
      straight lines h and j and indicates compositions with Mo being added to
      Ni.sub.3 Al.
PAR  As known from FIG. 3, the tensile strength curves H, I and J show the
      maximum high temperature tensile strengths of about 56, 44 and 36
      kg/mm.sup.2, respectively, at the each Mo content of about 15%, and also
      they show great high temperature tensile strengths at the Mo content of
      from 10 to 20%. The Ni--Al--Mo alloys composed of the basic components,
      containing 10 to 20% of Mo, show high temperature tensile strength at
      least 1.5 times are great as the tensile strength 19 kg/mm.sup.2 of the
      heat resisting alloy Ni.sub.3 Al at 1,000.degree.C. However, when Mo
      content exceeds 20%, the high temperature tensile strength sharply
      decreases. This decrease is believed to result from the fact that the
      Ni.sub.3 Mo content in the alloy comes to surpass Ni.sub.3 Al as the Mo
      content exceeds 20%. On the other hand, when Mo content is less than 10%,
      it is believed that the solid solution of Ni.sub.3 Al is little reinforced
      by the Mo.
PAC  TEST EXAMPLE 2
PAR  FIG. 4 illustrates the relation between the toughness at room temperatures
      of ternary Ni--Al--Mo alloys including the range of the basic components
      of the basic constituent of the invented Si-containing Ni--Al--Mo alloy
      and the Mo content. The test samples were selected from the Ni--Al--Mo
      alloys having the compositions on the line h shown in FIG. 1. Based on the
      Mo content of each test sample, the Ni and Al contents of each of the test
      samples can be obtained from the corresponding points on the line h in
      FIG. 1, and also the toughness of each of the test samples can be obtained
      from FIG. 4.
PAR  As is apparent from the curve of FIG. 4, the toughness comes to exceed the
      upper value of the measuring load 50 kg at the Mo content of about 10% and
      the degree of toughness is too high to be measured by this measuring
      method. This indicates that the Ni--Al--Mo ternary alloys within the range
      of the basic components of the basic constituent of the Si-containing
      Ni--Al--Mo alloy of this invention with the Mo content exceeding 10%
      possess great toughness having values of more than 50 kg, which is more
      than 2.5 times as much as the toughness of 20 kg of the conventional
      Ni.sub.3 Al alloy. Further in the invented alloy, insufficient toughness
      which often presents problems with the conventional heat resisting alloys
      is eliminated, and also it proved that the invented alloy has a good
      ductility.
PAC  TEST EXAMPLE 3
PAR  FIG. 5 illustrates the relation of the oxidation weight gain at
      1,200.degree.C to Si content of each of Si-containing Ni--Al--Mo alloys
      which were prepared by adding various quantities of Si to the Ni--Al--Mo
      alloy comprising 76.4% Ni, 7.0% Al and 16.6% Mo. Said Ni--Al--Mo alloy
      corresponds to the composition represented at the point E in FIG. 1 and is
      within the range of the basic components of the basic constituent of the
      invented Si-containing Ni--Al--Mo alloy. The oxidation weight gain per
      unit surface area is indicated on the ordinate in mg/cm.sup.2, while the
      Si content in the Si-containing Ni--Al--Mo alloy is indicated on the
      abscissa. In FIG. 5, the curves K, L and M, respectively, represent the
      weight gains of the Si-containing Ni--Al--Mo alloys due to oxidation after
      heating said alloys at 1,200.degree.C for 5, 21, and 69 hours,
      respectively. All of the three curves K, L and M indicate that the
      oxidation weight gain is greatly lowered by adding a small amount of Si
      such as 0.1%. However, the oxidation weight gain begins to increase as the
      Si content exceeds 3%. Thus, each of said alloys shows an excellent
      oxidation resisting property within the Si contents ranging from 0.1 to
      3%. The more preferably range of Si content is from 0.25 to 2.5%. Within
      this range, the oxidation weight gain is less than 2.5 mg/cm.sup.2 even
      after heating for 69 hours. The oxidation weight gains of the Ni--Al--Mo
      alloys containing Si of 0.25 to 2.5% are only one several tength of those
      of the Ni--Al--Mo alloys not containing Si. As already mentioned, the
      oxidation weight gain begins to increase as the Si content exceeds 3%, but
      the oxidation resisting property of the Ni--Al--Mo alloy containing 3.5%
      of Si becomes inferior compared with that of the Ni--Al--Mo alloy composed
      of only basic components. However, the oxidation resisting property again
      improves as the Si content exceeds 6%.
PAR  From the curves of the graph of FIG. 5, it is seen that while improved
      oxidation resistance occurs with even 0.1% Si present in the alloy, the
      oxidation weight gain decreases as the lower limit of the range 0.25-2.5%
      Si is increased. For example, an alloy with at least 0.5% Si has better
      oxidation resistance than an alloy containing 0.25% Si and an alloy with
      1% Si has better oxidation resistance properties than the alloy with 0.5%
      Si. In a similar manner, when the upper limit of the range of 0.25-2.5% Si
      is lowered to approximately 2% Si, the oxidation weight gain for samples
      heated for 69 hours is reduced in comparison to the oxidation weight gain
      for the sample having 2.5% Si. Thus alloys of the present invention having
      silicon in the range of 0.5-2.5%, 1-2.5% and 1-2% will give improved
      oxidation resistance over the broader range of 0.1-3% Si.
PAR  The spalling weight which is measured concurrently with the oxidation
      weight gain shows a value about four times as much as the oxidation weight
      gain. The decrease of the spalling weight based on the Si content shows a
      similar tendency to that of the oxidation weight gain. This indicates that
      the oxidation resisting property of Ni--Al--Mo alloys proceeds with
      spalling. Next, test pieces, of a Ni--Al--Mo alloy containing no Si and of
      a Ni--Al--Mo alloy containing 1.5% of Si were heat treated for 69 hours,
      respectively, and then the surfaces and the exfoliated flakes thereof were
      subjected to X-ray diffraction test, respectively. In the test results
      described above, oxides, such as NiO, NiAl.sub.2 O.sub.4, NiMoO.sub.4 and
      MoO.sub.2 were observed from the surface and the exfoliated flake of the
      former test piece, on the other hand NiO, NiAl.sub.2 O, Ni.sub.2 SiO.sub.4
      and a very small quantity of NiMoO.sub.4 were observed from those of the
      later test piece. In view of the test results, it is believed that
      NiMoO.sub.4 and MoO.sub.2 which do not serve as a coating layer for
      preventing the alloy from oxidation are almost completely removed from the
      surface of the alloy and are replaced with Ni.sub.2 SiO.sub.4 which
      effectively serves as a coating layer, by the addition of Si, so that the
      oxidation is restrained thereby from proceeding to the inner part of the
      alloy. Furthermore, according to the results of other tests, the addition
      of Si to Ni--Al alloys containing no Mo does not serve to improve their
      oxidation resisting property.
PAC  TEST EXAMPLE 4
PAR  The tensile strength at 1,100.degree.C of the Ni--Al--Mo alloys containing
      Si which were prepared by adding various quantities of Si to a Ni--Al--Mo
      alloy (corresponding to point E in FIG. 1) comprising 76.4% Ni, 7.0% Al
      and 16.6% Mo in the range of the basic components or the basic constituent
      of the Si-containing Ni--Al--Mo alloy were examined. FIG. 6 illustrates
      the relation of the above stated tensile strength (kg/mm.sup.2) to Si
      content (%) of each thereof. Tensile strength is represented on the
      ordinate and the Si content on the abscissa. The highest tensile strength
      which is about 41 kg/mm.sup.2 was obtained from the Ni--Al--Mo alloy
      containing about 0.25% of Si. The tensile strength of each of the alloys
      then gradually decreased as the Si content of each of the alloys
      increases. The tensile strength of Ni--Al--Mo alloy containing about 0.5%
      of Si became about equal to that of the Ni--Al--Mo alloy containing no Si
      (at point E in FIG. 1). Then the tensile strength of a Ni--Al--Mo alloy
      containing 3% of Si became about 30 kg/mm.sup.2. Although such decrease in
      tensile strength is not desirable, the fact that such a high tensile
      strength as 30 kg/mm.sup.2 is retained at a temperature of 1,100.degree.C
      indicates a sufficient heat resisting strength. This is apparent also from
      the comparison with the conventional Ni.sub.3 Al alloy, of which the
      tensile strength shows only 19 kg/mm.sup.2 at 1,000.degree.C under a
      similar test shown in test example 1.
PAR  The above described Test Examples 1 through 4 explain the reasons why the
      basic components of the invented Si-containing Ni--Al--Mo alloy is set
      within the range enclosed by the points A, B, C and D shown in FIG. 1 and
      also explain why the Si content is within the range from 0.1 to 3%.
PAR  The following embodiments of the Si-containing Ni--Al--Mo alloy of this
      invention show the values of oxidation resisting property and tensile
      strength at high temperatures, etc. in comparison with the conventionally
      known excellent heat resisting alloy Inconel (Trade Mark) 713C (0.1% C,
      12.5% Cr. 4.2% Mo, 2.0% Nb, 0.8% Ti, 6.1% Al, 0.012% B, 0.1% Zr and the
      rest Ni).
PAC  EMBODIMENT 1
PAR  A Si-containing Ni--Al--Mo alloy of this invention was obtained by melting
      76.0% metallic Ni pieces, 6.9% high purity Al pieces, 16.54% metallic Mo
      pieces and 0.5% Si pieces under an argon atmosphere. The basic components
      or the basic constituents of this alloy corresponds to the compositions of
      the Ni, Al and Mo represented by the point E in FIG. 1.
PAR  Test pieces for high temperature tensile test were made from a rod obtained
      by uni-directionally solidifying this alloy. The test pieces were
      subjected to tensile tests at 1,000.degree.C, 1,100.degree.C, and
      1,200.degree.C, respectively, and also some of the test pieces were heated
      for 69 hours at 1,200.degree.C under the air atmosphere. Table 1 shows the
      results of the above tests. Table 2 shows the mean coefficients of thermal
      expansion (10.sup..sup.-6 /.degree.C), from 20.degree.C to each of the
      measuring temperatures 200.degree., 400.degree., 600.degree. and
      800.degree.C. To measure the toughness of this alloy, Charpy impact test
      was also conducted using a test piece prepared by casting this alloy by an
      ordinaray casting process, a test piece prepared by uni-directionally
      solidifying this alloy and a test piece prepared by uni-directionally
      solidifying this alloy and then by heating it for 16 hours at
      1,200.degree.C. The results of the Charpy impact test on these test pieces
      are as shown in Table 3.
PAR  For reference sake, the measure values of the conventional heat resisting
      alloy Inconel 713C in tensile strength at 1,100.degree.C, oxidation weight
      gain after heating it at 1,200.degree.C for 69 hours and the mean
      coefficient of thermal expansion are indicated in Tables 1 and 2,
      respectively.
TBL                                    Table 1                                 

     __________________________________________________________________________

                                    Oxidation                                  

                    Tensile Strength, kg/mm.sup.2                              

                                    Weight                                     

     Alloys         1000.degree.C                                              

                         1100.degree.C                                         

                              1200.degree.C                                    

                                    Gain                                       

     __________________________________________________________________________

     Si-containing Ni-Al-Mo                                                    

     alloy of this Example:                                                    

                    60.5 36.9 14.0 2.5 mg/cm.sup.2                             

     Inconel 713C:  --   14.0 --   7.5 mg/cm.sup.2                             

     __________________________________________________________________________

TBL                Table 2                                                     

     ______________________________________                                    

     Mean Coefficient of Thermal Expansion From 20.degree.C .times. 10.sup.-.su

     p.6 /.degree.C                                                            

     Alloys         200.degree.C                                               

                            400.degree.C                                       

                                     600.degree.C                              

                                           800.degree.C                        

     ______________________________________                                    

     Si-containing Ni-Al-Mo                                                    

     alloy of this Example:                                                    

                    10.8    11.5     11.7  12.5                                

     Inconel 713C:  11.9    12.9     13.9  15.0                                

     ______________________________________                                    

TBL                Table 3                                                     

     ______________________________________                                    

     Charpy Impact Test Results of Si-Containing Ni-Al-Mo Alloy                

     of this Example, kg-m/cm.sup.2                                            

     ______________________________________                                    

     Alloy prepared by ordinary casting process:                               

                                  3.0                                          

     Alloy prepared by uni-directionally solidifying:                          

                                  4.5                                          

     Alloy prepared by uni-directionally solidifying                           

     and then by heating at 1200.degree.C for 16 hours:                        

                                  7.6                                          

     ______________________________________                                    

PAR  As clearly understood from Table 1, the Si-containing Ni--Al--Mo alloy has
      a high temperature tensile strength (at 1,100.degree.C) of more than 2.5
      times compared with that of the conventional heat resisting alloy Inconel
      713C. It also possesses an excellent oxidation resisting property showing
      an oxidation weight gain which is only one third of the Inconel 713C. As
      to the mean coefficient of the thermal expansion from 20.degree.C to each
      of the measuring temperatures 200.degree., 400.degree., 600.degree. and
      800.degree.C, as shown in Table 2, the Si-containing Ni--Al--Mo alloy
      possesses advantageous properties as heat resisting material showing a
      lower value than Inconel 713C at every measuring temperature. In the
      Charpy impact test, the test results vary with the casting and heating
      conditions of the test pieces in the range from 3.0 to 7.6 kg-m/cm.sup.2.
      However, the values within this range show a high toughness as heat
      resisting material.
PAC  EMBODIMENT 2
PAR  A Si-containing Ni--Al--Mo alloy of this invention was prepared in the same
      manner as Embodiment 1, which comprises 72.5% Ni, 10.5% Al, 16.5% Mo and
      0.5% Si.
PAR  The tensile strength of this alloy was about 43 kg/mm.sup.2 at
      1,000.degree.C and the oxidation weight gain thereof after heating at
      1,200.degree.C for 69 hours was 2.3 mg/cm.sup.2.
PAC  EMBODIMENT 3
PAR  Another Si-containing Ni--Al--Mo alloy of this invention was prepared in
      the same manner as in Embodiment 1, which comprises 70.6% Ni, 12.4% Al,
      16.5% Mo and 0.5% Si.
PAR  The tensile strength at 1,000.degree.C of the alloy of this embodiment was
      about 35 kg/mm.sup.2 while the weight gain due to oxidation thereof after
      heating at 1,200.degree.C for 69 hours was 2.2 mg/cm.sup.2.
PAR  Briefly stated, the heat resisting alloy of this invention comprises by
      weight of 0.1 to 3% of Si and the basic components of Ni, Al and Mo. The
      basic components have the compositions within the range enclosed by the
      points A, B, C and D shown in FIG. 1. A silicon-containing Ni--Al--Mo
      alloy according to the present invention excels not only in tensile
      strength and oxidation resisting property at high temperatures but also in
      toughness at room temperatures. This invention thus provides a heat
      resisting alloy that have a wide range of applications including steam
      turbines, gas turbines, apparatuses in the chemical industries, etc., as
      high temperature heat resisting materials.
PAR  The Si-containing Ni--Al--Mo alloy of this invention is not limited to a
      pure Ni--Al--Mo--Si alloy. The properties of the alloy will not be
      affected by small quantities of impurities such as iron (Fe), cobalt (Co),
      copper (Cu), etc., contained in the commercially available metallic Ni,
      metallic Al, metallic Mo, metallic Si. Alloys containing such impurities
      may be included in the scope of the invented Si containing Ni--Al--Mo
      alloy as long as they comprise Ni, Al and Mo as basic components within
      the composition range enclosed by the points A, B, C and D shown in FIG. 1
      and as long as they contain by weight of 0.1 to 3% of Si.
CLMS
STM  We claim:
NUM  1.
PAR  1. A heat resisting alloy consisting essentially of a basic constituent;
      and an additive of silicon in the range of 0.5-2.5% by weight of the total
      alloy; said basic constituent comprising nickel, aluminum and molybdenum
      in the following percentage by weight of the basic constituent: nickel
      65-85%, aluminum 5-15% and molybdenum 10-20%.
NUM  2.
PAR  2. A heat resisting alloy according to claim 1, wherein said additive of
      silicon is no less than 1% by weight of the total alloy.
NUM  3.
PAR  3. A heat resisting alloy according to claim 1, wherein said additive of
      silicon is in a range of 1-2% by weight of the total alloy.
NUM  4.
PAR  4. A heat resisting alloy according to claim 1, wherein the molybdenum is
      present in the basic constituent in a range of 13-17% by weight of the
      basic constituent.
NUM  5.
PAR  5. A heat resisting alloy accordinng to claim 1, wherein the percentage of
      molybdenum in the basic constituent is 15%.
NUM  6.
PAR  6. A heat resisting alloy according to claim 1, wherein the percentage by
      weight of the nickel, aluminum and molybdenum of the basic constituent is
      in the range of 75-80% nickel, 6-8% aluminum and 15-18% molybdenum.
NUM  7.
PAR  7. A heat resisting alloy according to claim 1, wherein the percentage by
      weight of the nickel, aluminum and molybdenum of the basic constituent is
      nickel 76.4%, aluminum 7% and molybdenum 16.6%.
NUM  8.
PAR  8. A heat resisting alloy according to claim 7, wherein the additive of
      silicon is in the range of 1-2% by weight of the total alloy.
NUM  9.
PAR  9. A heat resisting alloy according to claim 1, wherein the percentage by
      weight of the basic constituent is nickel 76%, aluminum 6.9%, molybdenum
      16.54% and having an additive of silicon of 0.5% by weight of the total
      alloy.
NUM  10.
PAR  10. A heat resisting alloy according to claim 1, wherein the percentage by
      weight of the basic constituent is nickel 72.5%, aluminum 10.5%,
      molybdenum 16.5% and having an additive of silicon of 0.5% by weight of
      the total alloy.
NUM  11.
PAR  11. A heat resisting alloy according to claim 1, wherein the percentage by
      weight of the basic constituent is nickel 70.6%, aluminum 12.4%,
      molybdenum 16.5% and having a additive of silicon of 0.5% by weight of the
      total alloy.
PATN
WKU  039334848
SRC  5
APN  4752201
APT  1
ART  111
APD  19740531
TTL  Cobalt-base alloy
ISD  19760120
NCL  10
ECL  1
EXP  Dean; R.
NDR  1
NFG  2
INVT
NAM  Costin; Darryl J.
CTY  Columbus
STA  OH
ASSG
NAM  Owens-Corning Fiberglas Corporation
CTY  Toledo
STA  OH
COD  02
CLAS
OCL   75171
XCL   65  1
XCL   65 15
XCL   65374
ICL  C22c 1900
FSC   75
FSS  171;170
FSC  148
FSS  32;32.5
FSC   65
FSS  1;15;374
UREF
PNO  3592638
ISD  19710700
NAM  Freeman
OCL   75171
LREP
FR2  Staelin; Carl G.
FR2  Overman; John W.
FR2  Cloutier; Philip R.
ABST
PAL  A cobalt-base alloy, particularly suitable for high temperature molten
      glass environments, and articles manufactured from the alloy, preferably
      by casting, are disclosed.
BSUM
PAR  This invention relates to cobalt-base alloys particularly suitable for high
      temperature molten glass environments.
PAR  In one of its more specific aspects, the invention relates to articles
      manufactured from the alloys, particularly articles made by casting.
PAR  In certain industrial applications, there is a need for alloys which
      possess high rupture strength and high oxidation resistance at high
      temperatures. Among such applications are those involved, for example, in
      the glass fiber industry, where filaments are produced by passing a molten
      material, for example, glass, through the foraminous walls of a chamber
      adapted for rotation at high speeds, the chamber being known as a spinner,
      the filaments being emitted through the apertures of the wall due to the
      centrifugal action to which the molten material is subjected upon rotation
      of the spinner. Such spinners are usually operated when spinning glass
      fibers at temperatures of about 2,050.degree.F and rotational speeds of
      about 1,700 RPM. Under these conditions, the alloy of this invention has
      been found to possess superior stress-rupture and creep properties and
      superior resistance to the molten glass environment to which it is
      subjected.
PAR  Accordingly, it is the object of this invention to provide a cobalt-base
      alloy having superior stress-rupture and creep properties, an alloy which
      can be air melted and air cast and which is particularly resistant to
      corrosion by molten glass.
PAR  According to this invention there is provided a composition of matter
      possessing the following approximate composition, the various components
      of this composition being expressed herein on a weight percent basis:
TBL  Element  Approximate Composition, Weight %                                

     ______________________________________                                    

     Chromium About    25.      to    about  36.                               

     Nickel   About    3.5      to    about  13.                               

     Wolfram  About    3.       to    about  10.5                              

     Tantalum About    1.4      to    about  6.5                               

     Zirconium                                                                 

              About    0.005    to    about  0.2                               

     Silicon  About    0.05     to    about  2.                                

     Carbon   About    0.35     to    about  0.95                              

     Boron    About    0.001    to    about  0.1                               

     Iron     About    0.01     to    about  12.                               

     Cobalt   Balance                                                          

     ______________________________________                                    

PAR  In the above composition, the weight ratio of wolfram to tantalum will be
      within the range of from about 1 to about 5.5 and the weight ratio of
      zirconium to boron will be within the range of from about 0.05 to about
      35.
PAR  The preferred composition of this invention will be approximately as
      follows, on a weight percent basis:
TBL  Element  Approximate Composition, Weight %                                

     ______________________________________                                    

     Chromium About    28.5     to    about  33.                               

     Nickel   About    9.5      to    about  11.                               

     Wolfram  About    5.5      to    about  8.                                

     Tantalum About    2.6      to    about  4.4                               

     Zirconium                                                                 

              About    0.009    to    about  0.025                             

     Silicon  About    0.25     to    about  0.7                               

     Carbon   About    0.5      to    about  0.65                              

     Boron    About    0.01     to    about  0.035                             

     Iron     About    0.25     to    about  0.6                               

     Cobalt   Balance                                                          

     ______________________________________                                    

PAR  In the preferred composition, the weight ratio of wolfram to tantalum will
      be within the range of from about 1.9 to about 3.5 and the weight ratio of
      zirconium to boron will be within the range of from about 0.25 to about
      0.9.
PAR  The best mode of practicing the invention is represented by the following
      approximate composition on a weight percent basis:
TBL  Element      Approximate Composition, Weight %                            

     ______________________________________                                    

     Chromium     About 31.2                                                   

     Nickel       About 10.4                                                   

     Wolfram      About 6.5                                                    

     Tantalum     About 2.8                                                    

     Zirconium    About 0.01                                                   

     Silicon      About 0.38                                                   

     Carbon       About 0.58                                                   

     Boron        About 0.03                                                   

     Iron         About 0.32                                                   

     Cobalt       Balance                                                      

     ______________________________________                                    

PAR  In the above composition, the weight ratio of wolfram to tantalum will be
      about 2.3 and the weight ratio of zirconium to boron will be about 0.3
PAR  The above compositions are not meant to preclude the presence of impurities
      which are inherently contained in the principal components previously set
      forth. However, these impurities should be limited to about 0.1 weight
      percent aluminum, about 0.1 weight percent titanium, about 0.015 weight
      percent sulfur and about 0.015 weight percent phosphorous.
PAR  The compositions of this invention can be prepared by air melting and air
      casting or by vacuum melting and vacuum casting according to recognized
      melt procedures for cobalt-base alloys, sometimes known as superalloys.
      Preferably the melt components are used in the form of master alloys to
      facilitate the melting of the high melting point elements such as wolfram,
      tantalum, chromium, zirconium, carbon and boron.
PAR  In the preferred method of producing the alloy, the original melt formed in
      the crucible will consist principally of chromium and cobalt. Thereafter,
      the remainder of the elements required can be introduced into the original
      melt in any order when the melt temperature is within the range of from
      about 2,700.degree.F to about 2,800.degree.F. As an alternate, however,
      all components of the composition can be introduced into the crucible with
      the cobalt and chromium. Inasmuch as zirconium and boron are contained in
      the composition in minimal amounts and certain weight ratios have been
      indicated desirable, it is preferred that the zirconium, boron, wolfram
      and tantalum be introduced into the melt immediately prior to pouring in
      order to prevent either the oxidation of these latter materials or their
      loss from the crucible. After the addition of these latter materials, the
      melt is heated to a temperature within the range of from about
      2,800.degree.F to about 3,025.degree.F to produce a uniform composition at
      which temperature the melt is poured. The resulting castings can be welded
      and machined by conventional techniques. Preferably, the cast alloy will
      be heat treated at 1,950.degree.F for 3 hours and then air cooled prior to
      further operations.
PAR  The following examples and comparisons illustrate the properties of the
      alloys of this invention. In all instances, comparison is made between a
      typical alloy of this invention and "Alloy A," a high nickel alloy which
      is the standard spinner production alloy used in spinner operations, not
      within the scope of this invention and having the following composition:
TBL  Element      Approximate Composition, Weight %                            

     ______________________________________                                    

     Chromium       About 35                                                   

     Nickel         Balance                                                    

     Molybdenum     About 3.0                                                  

     Carbon         About 0.25                                                 

     Tungsten       About 3.0                                                  

     Tantalum       About 1.0                                                  

     Silicon        About 1.2                                                  

     Iron           About 4.5                                                  

     Manganese      About 0.25                                                 

     ______________________________________                                    

PAR  This alloy is claimed in U.S. Pat. No. 3,318,694 issued May 9, 1967 to
      Heitman.
PAR  The typical cast alloy of this invention, produced according to the
      preferred method outlined above, had the following composition:
TBL  Element      Approximate Composition, Weight %                            

     ______________________________________                                    

     Chromium     31.5                                                         

     Nickel       10.3                                                         

     Wolfram      6.4                                                          

     Tantalum     2.4                                                          

     Zirconium    0.01                                                         

     Silicon      0.4                                                          

     Carbon       0.64                                                         

     Boron        0.04                                                         

     Iron         0.38                                                         

     Cobalt       Balance                                                      

     Wolfram/     2.7                                                          

     Tantalum                                                                  

     Zirconium/   0.25                                                         

     Boron                                                                     

     ______________________________________                                    

PAR  Stress rupture property comparisons between "Alloy A" and the typical alloy
      of this invention, both air cast and heat treated, are as follows:
TBL          Stress                                                            

     Alloy   Level, psi                                                        

                       Temperature, .degree.F                                  

                                    Life Time, Hrs.                            

     ______________________________________                                    

     A       1500      2050         110                                        

     Invention                                                                 

             1500      2050         8500                                       

     A       1500      2100         40                                         

     Invention                                                                 

             1500      2100         3000                                       

     A       1500      2055         100                                        

     Invention                                                                 

             1500      2268         100                                        

     ______________________________________                                    

PAR  Glass corrosion comparisons between "Alloy A", air cast and heat treated,
      and the typical alloy of this invention, air cast and heat treated, both
      alloys being partially immersed in the same molten glass at 2,170.degree.F
      for a period of 40 hours were as follows:
TBL  Alloy            Depth of attack, mils                                    

                   Below Glass                                                 

                             At Airline                                        

     ______________________________________                                    

     A               5.95        17.4                                          

     Invention       2.80        11.7                                          

     ______________________________________                                    

PAR  As concerns creep, "Alloy A" had a total elongation of 18.9% whereas the
      typical alloy of the invention has a total mean elongation of about 5.6%
      under identical conditions.
PAR  Generally, the hardness of a typical alloy of this invention will be about
      as As Cast Hardness
TBL  108 Rockwell B Scale                                                      

     33 Rockwell C Scale                                                       

     Heat Treated Hardness (3 hours at 1950.degree.F.)                         

     111 Rockwell B Scale                                                      

     39 Rockwell C Scale                                                       

PAR  As previously indicated, alloys of this invention are particularly suited
      for use in manufacture of spinners. A combination of stress rupture and
      metal corrosion by molten glass limit the service life of spinners in
      operation.
DRWD
PAR  One of the many types of cast spinners which can be fabricated employing
      the alloy of this invention is illustrated in the attached drawings in
      which
PAR  FIG. 1 is a perspective view of the spinner and
PAR  FIG. 2 is a sectional view of the spinner through section 2--2 of FIG. 1.
DETD
PAR  Referring now to these figures, in which like numerals represent like
      parts, there is shown spinner 1 fabricated in its entirety of the alloy of
      this invention.
PAR  Spinner 1 is comprised of an upper wall 2 having opening 3 therein and
      lower wall 4 having opening 5 therein. Continuous peripheral side wall 6
      extends between upper wall 2 and lower wall 4 to form a substantially
      circular chamber. Side wall 6 is adapted with apertures 7 which penetrate
      the side wall and through which molten glass, introduced into the spinner
      through opening 3, is discharged.
PAR  As may apply in some spinner types, opening 3 can be adapted with flange 8
      for connection to means, not shown, for rotating the spinner. The spinner
      can also be adapted with opening 5 for the extension therethrough of fluid
      introductory means, not shown.
PAR  Various spinners have been cast employing the alloys of this invention, the
      castings being heat treated and then machined to the desired dimensions.
      In actual plant trials, eight such spinners had an average service life of
      252 hours whereas spinners cast and machined from the previously mentioned
      "Alloy A," under substantially identical conditions have an average
      service life of about 100 hours. In other plant trials, eight spinners
      produced from alloys of this invention had an average service life of 227
      hours whereas spinners produced from "Alloy A," under substantially
      identical conditions have an average service life of about 101 hours. In
      still other plant trials, 10 spinners produced from alloys of this
      invention had an average service life of 230 hours whereas spinners
      produced from "Alloy A," under substantially identical conditions have an
      average service life of about 67 hours.
PAR  It will be evident from the foregoing that various modifications can be
      made to this invention. Such, however, are considered to be within the
      scope of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A composition of matter consisting essentially of the following elements
      in amounts expressed in weight percent:
PA1  Chromium -- from about 25 to about 36
PA1  Nickel -- from about 3.5 to about 13
PA1  Wolfram -- from about 3 to about 10.5
PA1  Tantalum -- from about 1.4 to about 6.5
PA1  Zirconium -- from about 0.005 to about 0.02
PA1  Silicon -- from about 0.05 to about 2
PA1  Carbon -- from about 0.35 to about 0.95
PA1  Boron -- from about 0.001 to about 0.1
PA1  Iron -- from about 0.01 to about 12
PA1  Cobalt -- Balance
PAL  the weight ratio of wolfram to tantalum being within the range of from
      about 1 to about 5.5 and the weight ratio of zirconium to boron being
      within the range of from about 0.05 to about 35.
NUM  2.
PAR  2. The composition of claim 1 in which said elements are contained in the
      following approximate amounts, expressed in weight percent:
PA1  Chromium -- from about 28.5 to about 33
PA1  Nickel -- from about 9.5 to about 11
PA1  Wolfram -- from about 5.5 to about 8
PA1  Tantalum -- from about 2.6 to about 4.4
PA1  Zirconium -- from about 0.009 to about 0.025
PA1  Silicon -- from about 0.25 to about 0.7
PA1  Carbon -- from about 0.5 to about 0.65
PA1  Boron -- from about 0.01 to about 0.035
PA1  Iron -- from about 0.25 to about 0.6
PA1  Cobalt -- Balance
PAL  the weight ratio of wolfram to tantalum being within the range of from
      about 1.9 to about 3.5 and the weight ratio of zirconium to boron being
      within the range of from about 0.25 to about 0.9.
NUM  3.
PAR  3. The composition of claim 1 in which said elements are contained in the
      following approximate amounts expressed in weight percent:
PA1  Chromium -- about 31.2
PA1  Nickel -- about 10.4
PA1  Wolfram -- about 6.5
PA1  Tantalum -- about 2.8
PA1  Zirconium -- about 0.01
PA1  Silicon -- about 0.38
PA1  Carbon -- about 0.58
PA1  Boron -- about 0.03
PA1  Iron -- about 0.32
PA1  Cobalt -- balance
PAL  the weight ratio of wolfram to tantalum being about 2.3 and the weight
      ratio of zirconium to boron being about 0.3.
NUM  4.
PAR  4. The composition of claim 1 in which said composition contains up to
      about 0.1 weight percent aluminum, about 0.1 weight percent titanium,
      about 0.015 weight percent sulfur and about 0.015 weight percent
      phosphorous.
NUM  5.
PAR  5. The composition of claim 1 which is air castable at a temperature within
      the range of from about 2,800.degree.F to about 3,025.degree.F.
NUM  6.
PAR  6. The composition of claim 1 having a life of about 8,500 hours at
      stress-rupture conditions of about 1,500 psi. and 2,050.degree.F.
NUM  7.
PAR  7. The composition of claim 1 having an as cast hardness of 108 (Rockwell B
      Scale) and a heat treated hardness of 111 (Rockwell B Scale).
NUM  8.
PAR  8. An article of manufacture produced by casting the composition of matter
      defined in claim 1.
NUM  9.
PAR  9. An article of manufacture produced by casting and machining the
      composition of matter defined in claim 1.
NUM  10.
PAR  10. A spinner comprised of the composition of claim 1, said spinner being
      comprised of foraminous walls and adapted for rotation.
PATN
WKU  039334856
SRC  5
APN  4741730
APT  1
ART  111
APD  19740529
TTL  Electrical contact material
ISD  19760120
NCL  4
ECL  1
EXA  Weise; E. L.
EXP  Rutledge; L. Dewayne
INVT
NAM  Shibata; Akira
CTY  Yokohama
CNT  JA
ASSG
NAM  Chugai Denki Kogyo Kabushiki-Kaisha
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730720
APN  48-80705
PRIR
CNT  JA
APD  19731126
APN  48-131740
CLAS
OCL   75173A
EDF  2
ICL  B32B 1500
FSC   75
FSS  173 A
UREF
PNO  2486341
ISD  19491000
NAM  Stumbock
XCL   75173
UREF
PNO  2572662
ISD  19511000
NAM  Richardson et al.
XCL   75173
UREF
PNO  2796346
ISD  19570600
NAM  Stumbock
OCL   75173
UREF
PNO  3472654
ISD  19691000
NAM  Comey et al.
OCL   75173
UREF
PNO  3607244
ISD  19710900
NAM  Kabayama
OCL   75173
UREF
PNO  3694197
ISD  19720900
NAM  Zdanuk et al.
OCL   75173
FREF
PNO  611,813
ISD  19481100
CNT  UK
OCL   75173
FREF
PNO  1,153,178
ISD  19630800
CNT  DT
OCL   75173
FREF
PNO  2,011,002
ISD  19710900
CNT  DT
OCL   75173
FREF
PNO  2,012,910
ISD  19701000
CNT  DT
OCL   75173
LREP
FRM  Shlesinger, Fitzsimmons & Shlesinger
ABST
PAL  An alloy for composite electrical contact materials which is composed of 5
      to 10 weight percent of tin and 1.0 to 6 weight percent of indium, the
      balance being silver, said alloy being subjected to an internal oxidation.
      The alloy may contain, when added by one or more other solute metal
      elements selected from zinc, antimony, lead and bismuth, as much as 6 to
      15 weight percent of tin and said other solute metal elements in total in
      which the latter are less than 30 percent of the former. The alloy may
      also comprise up to 0.5 weight percent of ferrous or alkali earth metals.
BSUM
PAR  This invention relates to electrical contact materials, and more
      particularly, it relates to novel silver-base metal oxide contact
      materials made by an internal oxidation.
PAR  Composite alloy metals of silver and cadmium oxides are generally known as
      silver and metal oxide alloys that may be produced by internal oxidation
      method and utilizable as electrical contact material, but others
      consisting of silver and other metal oxides are used practically on rather
      rare occasions. The present invention has been made on the basis of the
      research on the electric contact materials consisting of the composite of
      silver and oxides of metals other than cadmium and being free from
      pollution. As a result of the research on the various combinations of
      easily oxidizable elements of the III and IV groups of the Periodic Table
      as alloy or solute metals to silver matrix, it has been discovered that
      the combination of tin on one hand and indium on the other may be rather
      desirable. This result has shown unexpectedly that the composite contact
      materials obtained by this invention can not only replace conventional
      Ag-CdO materials made by an internal oxidation, but have hardness superior
      to that of Ag-CdO materials.
PAR  Among the examples of the composites for electric contact materials having
      the welding-resistant characteristics are the composite alloys of silver
      and tin oxide (8%) and silver and zinc oxide (8%). These materials are
      excellent in anti-welding properties but are rather inferior in their
      alloy structures and concentrations of oxides because they are made by
      powder metallurgy, and may be consumed very readily in case of too rapid
      and frequent switching operations.
PAR  While the internal oxidation method is known to be effective to take out
      with these defects, the manufacture of the alloy metals of the above
      composition by the internal oxidation method has so far been considered
      impossible for such reason that the diffusion velocity of these solute
      metal elements in the silver matrix is lower than that of cadmium, so
      that, when more than 5 weight percent of tin or zinc (as compared to 8% of
      tin and zinc in the above references) is added to and dissolved into
      silver and the resulting alloy is subjected to the internal oxidation, an
      unbalance in the formation and growth of oxide nuclei results in the
      course of oxidation and it leads to the formation of oxides precipitated
      concentratedly only about the surface of alloy, thus inhibiting the
      further progress of the internal oxidation.
PAR  It has now been discovered in this invention that, when 1 to 6 weight
      percent of indium having a faster diffusion velocity in the silver matrix
      than that of cadmium is added as a solute metal element together with tin,
      the formation of oxide nuclei and growth of oxide particles of solute
      elements about such nuclei may be well ballanced throughout an alloy, thus
      resulting in the smooth progress of the internal oxidation even when more
      than 5 weight percent of the solute metal elements are added to silver.
PAR  The working principle of this invention, especially of the function of
      indium added to silver matrix together with tin as solute elements thereto
      is summarized as follows.
PAR  In Wagner's law for the internal oxidation, depth thereof is expressed as a
      function of the diffusion velocity of oxygen in an alloy and others, in
      which the diffusion velocity of solute element in the alloy is however
      neglected. It is known however that diffusion velocity of oxygen (Dox) in
      alloy especially about its surface at the initial period of time of
      internal oxidation depends on the rate of penetration of oxygen into the
      alloy, viz., Ag-Sn alloy in this invention. And, routes of diffusion of
      oxygen in inner and deeper areas in the alloy are through the silver
      matrix dispersed with fine precipitated nuclei or particles of solute
      elements, Sn in this case. This means that the diffusion velocity of Sn
      (Dsn) in the alloy becomes an important factor for deciding the depth of
      internal oxidation in said Wagner's law especially in the oxidation
      mechanism at an initial stage thereof where the rate of penetration of
      oxygen about the surface of alloy is comparatively low and also in the
      oxidation mechanism at a later stage where the solute element Sn diffuses
      towards the precipitated oxide nuclei in the alloy and grows as oxide
      particles about the nuclei. Hence, said Dsn, the diffusion velocity of Sn
      has to be increased for the successful internal oxidation of the alloy
      containing Sn. It was found by microscopic observation that Dox/Dsn has to
      be preferably near to one. In order to satisfy this, indium is added to
      the alloy as mentioned above, since said solute element has solubility
      with tin, high affinity with oxygen and higher velocity when combined with
      Sn than Sn alone.
PAR  In addition, the melting and boiling points of SnO.sub.2 and In.sub.2
      O.sub.3 are higher than those of silver, thus resulting in improving the
      refractory properties of the alloy contact material of this invention,
      also.
PAR  More specifically, it has been found in this invention that 5 to 10 weight
      percent of tin may preferably be added to silver. When more than 10 weight
      percent of the above element is added, formation of cracks and other
      defects may frequently be encountered in the course of internal oxidation
      because said element can not usually be a solid solution with silver at
      such high percentage, and thus worsening the workability of the metal
      alloy obtained. On the other hand, addition of less than 5 weight percent
      of said element results in the lowered anti-welding property. Addition of
      more than 6 weight percent of indium inhibits the progress of internal
      oxidation, while the addition of less than 1 weight percent of the same
      element results in a poor effect of cooperation or collaboration with tin
      and the reduced diffusion velocity of the solute metal in the silver
      matrix, thus interfering with oxygen diffusion owing to the retarded
      growth of oxide nuclei, and inhibiting the internal oxidation.
PAR  It has been recognized also that addition of the element of the iron or
      alkali earth metal group gives effect to the formation of the uniform
      microcrystals in the structure of internal oxidation.
DETD
PAC  EXAMPLE 1
PAR  An alloy consisting of 8 weight % of tin, 3 weight % of indium, 0.2 weight
      % of nickel and the balance of silver was prepared. The alloy was formed
      into a plate 2 mm thick by casting and rolling and subjected to the
      internal oxidation under oxidizing atmosphere at 700.degree.C for 48
      hours. The microstructure of the resulting product at its cross-section
      was similar to conventional Ag-CdO materials, and it had the following
      properties:
PAR  Hardness : HRF 85
PAR  Conductivity : IACS 75
PAR  Specific gravity : 10.03 g/cm.sup.3
PAC  EXAMPLE 2
PAR  An alloy consisting of 8 weight % of tin, 5 weight % of indium, 0.5 weight
      % of magnesium and the balance of silver was prepared. The alloy was
      formed into a plate 2 mm thick by rolling and subjected to the internal
      oxidation under oxidizing atmosphere at 700.degree.C for 48 hours. The
      resulting product had a cross-sectional microstructure similar to
      conventional Ag-CdO materials made by internal oxidation, and had the
      following properties:
PAR  Hardness : HRF 95
PAR  Conductivity : IACS 65
PAR  Specific gravity : 10.03 g/cm.sup.3
PAR  A comparative test on the anti-weldability and consumability was carried
      out with the above invention products and the conventional contacts made
      of silver and cadmium oxide. The result of this comparative test is shown
      in the following Tables 1 and 2.
PAR  1. Test on anti-weldability.
PAR  Test conditions were as follows:
PAR  Voltage D.C. : 240 V
PAR  Initial current : 7,500 A
PAR  Contact pressure : 200 g
PAR  The number of occurrence of welding as given in the following Table 1 is a
      mean value obtained by 20 times of measurements for each four sets of
      samples.
TBL                Table 1                                                     

     ______________________________________                                    

     Material             Number of                                            

                          welding occurrence                                   

     ______________________________________                                    

     1.    Ag-Cd 14%          10                                               

     2.    Ag-Cd 14%-Ni 13%   12                                               

     3.    Ag-Sn 8%-In 3%-Ni 0.2%                                              

                              0                                                

     4.    Ag-Sn 8%-In 5%-Mg 0.5%                                              

                              0                                                

     ______________________________________                                    

PAR  The test samples 3 and 4 are the materials obtained in accordance with the
      present invention by internally oxidizing the alloys of the above
      composition. The test samples were 6 mm in outside diameter and 2 mm in
      thickness.
PAR  2. Consumption as measured in the test prescribed in A.S.T.M.
PAR  Test conditions were as follows:
PAR  Voltage D.C. : 210 V
PAR  Current : 50 A
PAR  Contact pressure : 400 g
PAR  Opening pressure : 600 g
PAR  Frequency : 60 times per minute
PAR  Number of switching : 100,000
PAR  Average rate of consumption was measured for four sets of test samples as
      used in the anti-weldability test.
TBL                Table 2                                                     

     ______________________________________                                    

     Material            A.S.T.M. consumption                                  

                         rate (in mg)                                          

     ______________________________________                                    

     1.    Ag-Cd 14%         12.0                                              

     2.    Ag-Cd 14%-Ni 0.3% 10.5                                              

     3.    Ag-Sn 8%-In 3%-Ni 0.2%                                              

                             6.5                                               

     4.    Ag-Sn 8%-In 5%-Mg 0.5%                                              

                             8.5                                               

     ______________________________________                                    

PAR  The samples 3 and 4 above are the contacts produced from the alloy metals
      of the above composition and subjecting them to the internal oxidation
      according to the present invention. Though in the above examples moderate
      amounts of solute metal elements were employed in silver alloys, it was
      confirmed that the alloys of this invention could contain 5 to 10 weight
      percents of tin and 1.0 to 6 weight percent of indium, not adversely
      affecting their physical properties as given above.
PAR  It was also realized that less than 0.5 percent of ferrous or alkaline
      earth metals could be desirably added for preventing the cracks from
      forming at the time of internal oxidation as a result of the increase in
      the ratio of solute metals to the silver base.
PAR  It has been found also that in the present invention composite alloy
      electrical contact material, its silver matrix may contain an additional
      alloy element selected from zinc, antimony, lead and bismuth or
      combination thereof in addition to the aforementioned solute metal
      elements, tin and indium, provided that said additional alloy element be
      less than 30 percent of tin, the total amount of tin and said additional
      alloy element be 6 to 15 weight percent of the total weight of alloy, and
      the total amount of alloy and solute metal elements be 8 to 17 weight
      percent of alloy, with the balance being silver. In this case, the
      internal oxidation of alloy shall preferably be carried at an atmospheric
      pressure of more than 1.5 atm. It has been recognized also that the
      addition of less than 8 weight percent of alloy and solute metal elements
      to the silver matrix can hardly produce the desired oxide dispersed
      structures having good electric property, and that on the contrary, when
      the alloy and solute metal elements besides silver are added more than 17
      weight percent, alloy obtained therefrom lacks in workability.
PAR  In order to the ready understanding of the composition of the second
      embodiment of this invention alloy, the composition is illustrated as
      follows:
TBL  (1)                                                                       

        Sn (more than 70%)                                                     

     (2)                                                                       

        Zn            6-15 wt. %                                               

        Sb one or more                                                         

                      of the total                                             

        Pb (less than 30%)                                                     

                      alloy   8-17 wt. %                                       

        Bi                    of the total                                     

     (3)                                                                       

        In (balance)          alloy   100%                                     

     (4)                                                                       

        Ag (balance)                                                           

     (5)                                                                       

        Ferrous or alkaline earth metal (when desired)                         

        less than 0.5 wt. %                                                    

PAC  EXAMPLE 3
PAR  An alloy, Ag-Sn 7%-Zn 3%-In 2% (in weight) was prepared and cast and rolled
      into a contact plate of 2 mm thickness. The plate was internally oxidized
      at 10 oxidizing atm. and at the temperature of 650.degree.C for 72 hours.
      It had the following physical properties.
PAR  Hardness : HRF 90
PAR  Conductivity : IACS 65
PAR  Specific gravity : 10.1 g/cm.sup.3
PAC  EXAMPLE 4
PAR  An alloy of Ag-Sn 4%-Pb 1%-Sb 0.5%-In 3%-Ni 0.3% (in weight) was prepared
      and rolled to a contact plate of 2 mm in thickness. The plate was
      subjected to an internal oxidation conducted at 1.5 oxidizing atm. and at
      the temperature of 650.degree.C for 72 hours.
PAR  The obtained electrical contact had the following properties.
PAR  Hardness : HRF 80
PAR  Conductivity : IACS 70
PAR  Specific gravity : 10.3 g/cm.sup.3
PAC  EXAMPLE 5
PAR  An alloy, Ag-Sn 7%-Zn 2%, Bi 1%-In 4%, Mg 0.5% was forged by rolling to a
      plate of 2 mm thickness. The plate was subjected to an internal oxidation
      conducted at 1.5 oxidizing atm. and at the temperature of 650.degree.C for
      72 hours in order to have a contact material having the following physical
      properties.
PAR  Hardness : HRS 95
PAR  Conductivity : IACS 60
PAR  Specific gravity : 10.03 g/cm.sup.3
PAR  Comparative tests on the welding property were made between a conventional
      Ag-Cd contact and the present contacts of the above examples 3, 4 and 5 on
      the test conditions where voltage was D.C. 200 V, initial current 5,700 A,
      and contact pressure 200 g. Five sets of each samples (6 mm diameter - 2
      mm thickness) were tested 20 times each. The results were as follows.
TBL  ______________________________________                                    

     Material              Number of occurrence                                

                           of welding                                          

     ______________________________________                                    

     Ag-Cd 15%             4                                                   

     Ag-Sn 7%-Zn 3%-In 2%  0                                                   

     Ag-Sn 4%-Pb 1%-Sb 0.5%-In 3%-Ni 0.3%                                      

                           1                                                   

     Ag-Sn 7%-Zn 2%-Bi 1%-In 4%-Mg 0.5%                                        

                           0                                                   

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Electrical contact materials comprising an alloy having metal oxides
      precipitated therein as the result of internal oxidation and being
      composed of about 5 to about 10% by weight of tin, and 1.0 to 6% by weight
      of indium, the balance being silver.
NUM  2.
PAR  2. Electrical contact materials as claimed in claim 1, the alloy containing
      a trace amount of less than 0.5% by weight of ferrous or alkali earth
      metals.
NUM  3.
PAR  3. Electrical contact materials comprising an alloy having metal oxides
      precipitated therein as the result of internal oxidation at a pressure of
      more than 1.5 atm., and composed of 6 to 15% by weight of tin and one or
      more solute metal elements selected from the group consisting of zinc,
      antimony, lead and bismuth, said solute metal elements being less than 30%
      of said tin, and indium, the total amount of said tin, solute metal
      elements and indium being 8 to 17% by weight, the balance being silver.
NUM  4.
PAR  4. Electrical contact materials as claimed in claim 3, the alloy containing
      a trace amount of less than 0.5% by weight of ferrous or alkali earth
      metals.
PATN
WKU  039334864
SRC  5
APN  4747046
APT  1
ART  111
APD  19740530
TTL  Silver-metal oxide composite and method of manufacturing the same
ISD  19760120
NCL  3
ECL  1
EXA  Weise; E. L.
EXP  Rutledge; L. DeWayne
INVT
NAM  Shibata; Akira
CTY  Yokohama
CNT  JA
ASSG
NAM  Chugai Denki Kogyo Kabushiki-Kaisha
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19740212
APN  49-16226
PRIR
CNT  JA
APD  19740212
APN  49-16227
CLAS
OCL   75173A
EDF  2
ICL  B32B 1500
FSC   75
FSS  173 A
UREF
PNO  2200855
ISD  19400500
NAM  Ruben
XCL   75173A
UREF
PNO  2486341
ISD  19491000
NAM  Stumbock
XCL   75173A
UREF
PNO  2496555
ISD  19500200
NAM  Matthias et al.
XCL   75173A
UREF
PNO  2861155
ISD  19581100
NAM  Farnham et al.
XCL   75173A
UREF
PNO  3323911
ISD  19670600
NAM  Inoue
XCL   75173A
FREF
PNO  1,153,178
ISD  19630800
CNT  DT
OCL   75173A
FREF
PNO  2,011,002
ISD  19710900
CNT  DT
OCL   75173A
LREP
FRM  Shlesinger, Fitzsimmons & Shlesinger
ABST
PAL  An electrical contact material obtained through internally oxidizing a
      silver alloy which is the solid solution with 5 to 20 weight percent of
      one or more of the solute metal elements selected from tin, zinc and
      antimony and which contains 0.01 to 1.0% weight percent of bismuth. The
      silver alloy may also include up to 0.5 weight percent of ferrous metal or
      metals.
BSUM
PAR  This invention relates to the preparation of composite material used for
      the manufacture of electrical contacts and consisting essentially of
      silver base and the oxides of other solute metal elements, and it relates
      to said composite material.
PAR  Considerable difficulties were hitherto encountered in the preparation of
      compound contact material through the way of internal oxidation of silver
      alloy containing more than 5 weight percent of tin, zinc or antimony.
PAR  The mechanism of the internal oxidation in general may be explained by such
      that the solute metal elements are diffused concentratedly about the
      centers or nuclei of oxidation and continue to grow as oxide particles so
      that the alloy base is converted into pure silver in the course of growth
      of the oxide particles for providing the sufficient route for the oxygen
      diffusion. In the case of the Ag-Sn, Ag-Sb and Ag-Zn alloys, when the
      molten ingot of these alloys is rolled into a plate and subjected to
      oxidation, the diffusion coefficient of the solute metals is higher in the
      direction parallel to the plate surface than that in the direction normal
      to the plate surface, that is, the diffusion of the solute metals in a
      direction normal to the plate surface tends to be retarded. Under such
      situation, the oxide films are heaped locally one on the other adjacent to
      the plate surface, and finally the progress of internal oxidation may be
      terminated at an early stage. For example, in the case that an ingot of
      Ag-Sn alloy is dissolved and rolled into a plate for subsequent oxidation,
      the growth of the precipitated oxidized particles is reduced with increase
      in the contents of tin in the silver alloy, and the resulting crystalline
      particles are lessened in size. Thus, the route of oxygen diffusion is
      reduced to zero, with the result that the oxidized films are heaped
      locally to impede a further progress of the internal oxidation. This
      anisotropy observed in the diffusion of the solute metals through the
      silver matrix is increased with increase in the alloy metal concentration
      in the silver base. For this reason, it has been considered a matter of
      great difficulty to manufacture the contact material of the silver alloy
      of the above type containing as much as 13 to 15 weight percent of solute
      metal element, as in the case of Ag-CdO contact material which is widely
      used nowadays for the industrial purpose.
PAR  For selective oxidation of the silver alloy of the above type which can be
      subjected to the internal oxidation only with considerable difficulty as
      described above, the non-crystalline solute metal elements must be
      precipitated in the vicinity of the grain boundaries in the form of oxides
      with as large specific surface as possible while preventing the growth of
      silver crystalline grains and making the size of the crystal grains small,
      so as to provide the imbricate oxidized structure in its cross-section.
PAR  In general, oxygen gas is diffused through the silver crystalline grains
      and the boundaries of the grains. The speed of oxygen diffusion in the
      vicinity of the boundaries is larger than that through the crystalline
      grains, and the oxides tend to be precipitated in the boundaries of the
      silver crystalline grains in the course of oxidation as a result of
      reduced diffusion potential in the crystal grains. In other words, the
      oxidation proceeds selectively about the boundaries of the crystal grains.
      According to the present invention, therefore, it is now proposed to add a
      trace amount of bismuth capable of forming a solid solution with silver in
      a higher temperature but hardly capable of forming the solid solution in
      ambient temperature with the view to making the crystal grains resultant
      from the forging and rolling of the silver alloy small in size and
      realizing the internal oxidation of the silver alloy containing a rather
      large amount of solute metal elements.
PAR  The element bismuth forms a solid solution at a higher temperature with
      silver and tin, which is used as solute metal, but is incapable of forming
      such solid solution in an ambient temperature. When added to the silver
      alloy used in the process of the present invention, the element bismuth
      behaves so as to impede the growth of silver crystalline grains and
      promote the diffusion of the solute metals in the boundaries of the
      crystal grains rather than through the crystal grains. Thus, when the
      alloy is subjected to the internal oxidation, thin oxide imbricate films
      are formed in the boundaries of the crystal grains in a way not to
      adversely affect the conductivity of the resulting contact material, which
      may thus be endowed with a selectively oxidized structure.
PAR  The average diameter of the silver crystalline grains of the crystal
      structure of the resulting composite alloy material was less than 50 .mu.,
      while the thin films consisting of precipitated oxides of solute metals
      were observed in the boundaries of the crystal grains. It was also
      realized that less than 0.5 percent of ferrous metals could be desirably
      added for preventing the cracks from forming at the time of internal
      oxidation as a result of the increased rate of solute metal elements in
      the silver alloy.
DETD
PAR  This invention will now be described below by referring to the following
      numerical examples.
PAC  EXAMPLE 1
PAR  An alloy consisting of 8.5 weight percent of tin, 0.1 weight percent of
      bismuth and the balance of silver was produced and subjected to forging
      and rolling for forming a plate, which was then subjected to internal
      oxidation at a temperature of 650.degree.C under an oxidizing atmosphere.
      The material for electrical contacts thus obtained has the following
      characteristics:
PAR  Hardness: HRF 90
PAR  Conductivity: IACS 70
PAR  Specific gravity: 10.05 g/cm.sup.3
PAC  EXAMPLE 2
PAR  An alloy consisting of 6 weight percent of antimony, 3 weight percent of
      tin, 0.1 weight percent of bismuth and the balance of silver was produced
      and subjected to forging and rolling to form a plate 2 mm thick. The plate
      thus obtained was subjected to internal oxidation for 72 hours at a
      temperature of 650.degree.C in an oxidizing atmosphere. The compound alloy
      material for electrical contacts thus obtained had the following
      characteristics:
PAR  Hardness: HRF 95
PAR  Conductivity: IACS 65
PAR  Specific gravity: 10.02 g/cm.sup.3
PAC  EXAMPLE 3
PAR  An alloy consisting of 1.0 weight percent of zinc, 8 weight percent of tin,
      0.1 weight percent of bismuth and the balance of silver was produced and
      subjected to forging and rolling into a plate 2 mm thick, and the plate
      thus obtained was subjected to internal oxidation for 72 hours at a
      temperature of 650.degree.C in an oxidizing atmosphere. The compound alloy
      material for electrical contacts thus obtained has the following
      characteristics:
PAR  Hardness: HRF 93
PAR  Conductivity: IACS 67
PAR  Specific gravity: 10.01 g/cm.sup.3
PAR  A comparative test was conducted with the alloys obtained in the way as
      described in the above examples, and with the conventional Ag-Cd alloys
      obtained by the method of internal oxidation on such properties as
      antiweldability and the rate of consumption as prescribed in A.S.T.M. The
      result of the test is tabulated in the Tables 1 and 2.
PAR  1.
PA1  Test on antiweldability.
PAR  Test conditions were as follows:
PAR  Voltage D.C. 240 V
PAR  Initial current: 7,000 A
PAR  Contact pressure: 200 g
PAR  The number of occurrence of welding as given in the following Table 1 is a
      mean value obtained by 20 times of measurements for each five sets of
      samples.
TBL                Table 1                                                     

     ______________________________________                                    

     Material          Number of welding occurrence                            

     ______________________________________                                    

     1. Ag-Cd 15%      10                                                      

     2. Ag-Sn 8.5%-Bi 0.1%                                                     

                       0                                                       

     3. Ag-Sb 6%-Sn 3%-Bi 0.1%                                                 

                       1                                                       

     4. Ag-Zn 1.0%-Sn 8%-Bi 0.1%                                               

                       0                                                       

     ______________________________________                                    

PAR  The test samples 2, 3, 4 are the materials obtained in accordance with the
      present invention by internally oxidizing the alloys of the above
      composition. The test samples were 6 mm in outside diameter and 2 mm in
      thickness.
PAR  2.
PA1  Consumption as measured in the test prescribed in A.S.T.M.
PA1  Test conditions were as follows:
PA1  Voltage D.C. 200 V
PA1  Current: 50 A
PA1  Contact pressure: 400 g
PA1  Opening pressure: 600 g
PA1  Frequency: 70 times per minute
PA1  Number of switching: 50,000
PAR  Average rate of consumption was measured for the same five sets of test
      samples as used in the antiweldability test.
TBL                TABLE 2                                                     

     ______________________________________                                    

     Material           Consumption (in mg)                                    

     ______________________________________                                    

     1. Ag-Cd 15%       22                                                     

     2. Ag-Sn 8.5%-Bi 0.1%                                                     

                        20                                                     

     3. Ag-Sb 6%-Sn 3%-Bi 0.1%                                                 

                        24                                                     

     4. Ag-Zn 1.0%-Sn 8%-Bi 0.1%                                               

                        18                                                     

     ______________________________________                                    

PAR  As obvious from the above results, the material obtained in accordance with
      the present invention is approximately similar in the rate of consumption
      and superior in antiweldability to the conventional Ag-CdO material.
      Though in the above examples moderate amounts of solute metal elements and
      bismuth were employed in silver alloys, it was confirmed that the alloys
      of this invention could contain 5 to 20 weight percent of tin, zinc or
      antimony or combination thereof and 0.01 to 1.0 weight percent of bismuth,
      not adversely affecting their physical properties as given above.
PAR  It was also realized that less than 0.5 percent of ferrous metals could be
      desirably added for preventing the cracks from forming at the time of
      internal oxidation as a result of the increase in the ratio of solute
      metals to the silver base.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical contact material obtained by internally oxidizing an alloy
      of silver and solute metal elements, said alloy comprising a silver
      matrix, 5 to 20 weight percent of one or more of solute metal elements
      selected from the group consisting of tin, zinc, and antimony, and as an
      essential material, 0.01 to 1.0 weight percent of bismuth precipitated in
      the alloy as oxides.
NUM  2.
PAR  2. The material as claimed in claim 1 wherein the maximum diameter of the
      grain boundaries of the silver matrix is less than 50 .mu., and thin films
      of the oxides of tin, zinc or antimony and of the oxides of bismuth are
      precipitated in said grain boundaries.
NUM  3.
PAR  3. The material as claimed in claim 1 further containing less than 0.5
      weight percent of ferrous metals.
PATN
WKU  039334872
SRC  5
APN  1043374
APT  1
ART  161
APD  19710106
TTL  Imaging composition for photoelectrophoretic imaging system
ISD  19760120
NCL  11
ECL  1
EXP  Van Horn; Charles E.
NDR  1
NFG  1
INVT
NAM  Cowley; Robert L.
CTY  Rochester
STA  NY
ASSG
NAM  Xerox Corporation
CTY  Stamford
STA  CT
COD  02
CLAS
OCL   96  1PE
XCL  106287R
XCL  106287S
EDF  2
ICL  G03G 1704
FSC   96
FSS  1;1.3;1 PE
FSC  204
FSS  181 PE
FSC  117
FSS  37 LE
FSC  252
FSS  62.1;501.2
FSC  106
FSS  14;19;26;310;287 R;287 S
UREF
PNO  2890174
ISD  19590600
NAM  Mayer
OCL  252 62.1
UREF
PNO  2892730
ISD  19590600
NAM  Kloepfer
XCL  106 20
UREF
PNO  2940847
ISD  19600600
NAM  Kaprelian
OCL   96  1.2
UREF
PNO  3036924
ISD  19620500
NAM  Newman
XCL  106 26
UREF
PNO  3210273
ISD  19651000
NAM  Taulli
OCL  106287S
UREF
PNO  3384566
ISD  19680500
NAM  Clark
OCL  204181PE
UREF
PNO  3419411
ISD  19681200
NAM  Wright
OCL  117 37LE
UREF
PNO  3507679
ISD  19700400
NAM  Metcalfe et al.
OCL  117 37LE
LREP
FR2  Ralabate; James J.
FR2  Petre; David C.
FR2  Maccarone; Gaetano D.
ABST
PAL  A solid imaging ink-coated sheet for use in photoelectrophoretic imaging
      systems comprising a support substrate having adhered to a surface thereof
      a thin, solid layer of an imaging ink suspension. The imaging ink
      suspension comprises a plurality of photosensitive pigment particles and
      thixotropic additive particles dispersed in a carrier liquid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to photoelectrophoretic imaging systems and more
      particularly to an imaging ink-coated donor sheet for use in such systems.
PAR  Photoelectrophoretic imaging in which electrically photosensitive particles
      are utilized to produce color images is a wellknown method. This process
      is described in detail and claimed in U.S. Pat. No. 3,384,565; U.S. Pat.
      No. 3,384,566; U.S. Pat. No. 3,383,993 and U.S. Pat. No. 3,384,488. In
      such an imaging system colored light absorbing particles are suspended in
      a carrier liquid. The suspension is placed between electrodes, one of
      which is preferably conductive and called the "injecting" electrode and
      one having an insulating layer on its surface and referred to as the
      "blocking" electrode, subjected to a potential difference and exposed to
      an image. As these steps are completed selective particle migration takes
      place in image configuration providing a visible image at one or both of
      the electrodes. An essential component of the system is the suspended
      colored particles which must be electrically photosensitive and which
      apparently undergo a net change in charge polarity upon exposure to
      activating electromagnetic radiation through interaction with one of the
      electrodes. In a monochromatic system a single colored image is produced
      equivalent to black and white photography. In a poly-chromatic system the
      images may be produced in natural color by providing a mixture of
      particles of two or more different colors which are each sensitive to
      light of a specific wavelength or narrow range of wavelengths. Particles
      used in this system must have both intense and pure colors and be highly
      electrically photosensitive.
PAR  In the above-described process the pigment particles are suspended in a
      carrier liquid and the suspension is coated on one of the electrodes
      before the imaging process takes place.
PAR  Coating of a thin liquid layer of the desired thickness from the suspension
      is difficult. Care must be exercised that excessive evaporation of the
      carrier liquid does not take place between the coating steps and the
      imaging steps. Storage of the suspension before use is a problem since the
      pigments may tend to settle out of the suspension. Also, pigments of
      different colors may not settle out at equal rates requiring careful
      stirring or resuspension of the pigments immediately before the coating
      step. Although when properly carried out, the process including the step
      of coating of the suspension onto an electrode immediately before imaging,
      is capable of producing images of excellent quality considerable attention
      must be directed to ensuring that the pigments are uniformly dispersed
      throughout the suspension when it is coated on the electrodes.
PAR  It would be desirable to have materials for photoelectrophoretic imaging
      whereby the imaging ink suspension can be prepared, then stored for
      relatively long periods of time and yet not require any reprocessing prior
      to subsequent use.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide a
      photoelectrophoretic imaging system which provides the abovenoted
      desirable features.
PAR  It is another object of this invention to provide a photoelectrophoretic
      imaging system which does not require the steps of coating a pigment
      suspension onto an electrode immediately before imaging.
PAR  It is still another object of this invention to provide a simplified
      photoelectrophoretic imaging system.
PAR  It is yet another object of this invention to provide materials for
      photoelectrophoretic imaging processes which do not suffer degradation in
      storage.
PAR  The foregoing and other objects and advantages are realized in accordance
      with the present invention by providing a novel imaging ink-coated sheet
      for use in photoelectrophoretic imaging systems. The advantageous coated
      sheet of the invention comprises a thin support substrate having adhered
      to a surface thereof a thin layer of a dry (or solid) imaging ink
      suspension which comprises, generally speaking, a plurality of
      electrically photosensitive pigment particles and thixotropic additive
      particles in a carrier liquid. The thixotropic additive, when incorporated
      into a conventional imaging ink suspension comprising photosensitive
      pigment particles in a carrier liquid, results in the formation of a novel
      imaging suspension which has thixotropic characteristics, i.e., it is a
      dry composition when it is at rest but becomes fluid or semi-fluid when it
      is disturbed such as by the application of a shearing force thereto. This
      novel ink-coated sheet is utilized as or on one of the electrodes in the
      photoelectrophoretic imaging system. When a shearing force is applied to
      the imaging ink layer during the imaging process as will be explained in
      detail hereinafter, the suspension becomes semi-liquid or liquid thus
      allowing the pigment particles to migrate and form the desired image.
PAR  Thus, the novel imaging suspension may be prepared, applied to a support
      substrate while it is in a liquid state, and then allowed to coagulate to
      form a dry layer. The ink-coated sheet can then be stored and later
      subsequently used in a photoelectrophoretic imaging system without any
      further processing.
PAR  The invention will be more readily understood and appreciated from the
      following detailed description of various preferred embodiments thereof
      particularly when read in conjunction with the accompanying drawing which
      represents a side view of a simple exemplary system for the practice of
      photoelectrophoretic imaging utilizing the dry imaging ink-coated sheet of
      the invention.
DETD
PAR  Referring now to the FIGURE, there is seen a transparent electrode
      generally designated 10, which in this exemplary instance is a layer of
      optically transparent glass 12 overcoated with a thin optically
      transparent layer 14 of tin oxide. Tin oxide coated glass of this nature
      is commercially available under the tradename NESA glass from Pittsburgh
      Plate Glass Company. This electrode shall hereafter be referred to as the
      "injecting electrode." Adjacent to the injecting electrode 10 is a second
      electrode, generally designated 16, and hereafter referred to as the
      "blocking electrode." In this illustrative instance blocking electrode 16
      is shown in the form of a roller having a conductive central core 18
      surrounded by a layer of blocking material 20 which may be any suitable
      insulating material such as baryta paper. Attached to the outer surface of
      blocking material layer 20 is the novel imaging ink-coated sheet of the
      invention.
PAR  The ink-coated sheet is shown, for purposes of illustration, as a substrate
      22 carrying a thin layer 24 of the advantageous imaging suspension of the
      invention which comprises a plurality of photosensitive pigment particles
      and thixotropic particle additives in a carrier liquid. The term
      "photosensitive" for purposes of this application refers to the properties
      of a particle which, once attracted to the injecting electrode, will
      migrate away from this electrode under the influence of an applied
      electric field when exposed to activating radiation. A further detailed
      explanation of the apparent mechanism of the photoelectrophoretic imaging
      system is disclosed in the above-mentioned patents. Although the
      ink-coated sheet is shown as being attached to the blocking electrode with
      the imagewise exposure step being carried out through the injecting
      electrode, it should be recognized that the imaging sheet can be placed on
      the injecting electrode and exposure carried out through the sheet in
      which case substrate 22 should be substantially transparent to the
      particular electromagnetic radiation employed for the imagewise
      illumination and typically should be a conductive material.
PAR  Blocking electrode 16 is connected to one side of potential source 26 is
      connected to switch 28 and injecting electrode 10 so that when switch 28
      is closed an electric field is applied across the ink-coated sheet between
      electrodes 10 and 16. An image projector made up of light source 30, a
      transparency 32 and a lens 34 is provided to expose the photosensitive
      particles of ink layer 24 to a light and shadow pattern corresponding to
      the original image on transparency 32 to be reproduced.
PAR  Roller 16 is caused to roll across the top surface of injecting electrode
      10 with switch 28 closed thereby applying a potential across the injecting
      and blocking electrodes. During the period when the roller is moved across
      the injecting electrode, imagewise exposure is carried out through the
      transparent injecting electrode. The shearing force exerted by the contact
      between the blocking and injecting electrodes causes the ink suspension
      layer 24 to become semi-liquid or liquid and consequently image formation
      occurs.
PAR  Two complementary images which are opposite in image sense to one another
      are formed on the electrodes. In this illustrative instance an image which
      is a duplicate in image sense to that carried by transparency 32 is formed
      on the injecting electrode and an image which is opposite in image sense
      to that carried by the transparency is formed on the donor sheet wrapped
      around the blocking electrode. The image on the injecting electrode can be
      removed therefrom and transferred to a final copy sheet by any suitable
      means. The image on the donor sheet may be fixed thereto by any suitable
      means to form a permanent reproduction. Where the donor sheet substrate is
      transparent it can be subsequently used as a transparency after the
      reproduced image has been fixed thereto. Any excess particles adhering to
      the surface of injecting electrode may be cleaned therefrom and the
      exposure step repeated if so desired. Additional exposure and cleaning
      steps have been found to increase the color purity and balance of the
      reproduced images. Optionally, a small amount of carrier liquid may be
      applied to the imaging ink layer before the roller electrode is rolled
      across the surface of the injecting electrode.
PAR  As discussed above the advantageous ink-coated sheet of the invention
      comprises a thin support substrate having adhered to a surface thereof a
      thin layer of imaging ink composition. The substrate may be of any
      suitable material and may have either electrically conductive or
      electrically insulating properties. Preferably the substrate is flexible
      whereby it may be wrapped around a circular electrode as has been
      illustrated. Moreover the substrate may be at least partially transparent
      whereby the imaging sheet can be attached to the transparent electrode and
      imagewise exposure carried out through the imaging sheet. When the
      substrate material has electrically insulating properties and is attached
      to the blocking electrode, the insulating substrate can serve as the
      blocking material layer for the electrode and a separate blocking material
      layer surrounding the conductive central core portion of the electrode is
      typically not required. Of course, where the substrate is electrically
      conductive and the imaging sheet is attached to the blocking electrode the
      electrode should typically have an outer layer of blocking material.
      Typical suitable substrate materials include, for example, bond paper;
      Tedlar, a polyvinylfluoride; Teflon, a polytetrafluoroethylene; Mylar, a
      polyethylene terephthalate; polypropylene and the like.
PAR  The novel dry imaging ink composition of the invention generally comprises
      a plurality of photosensitive pigment particles and thixotropic additive
      particles in a carrier liquid and is typically coated on a substrate
      material in a thickness of from about 10 to about 250 microns. The
      advantageous thixotropic additive incorporated in the imaging ink
      suspension can be any suitable material which imparts the desired
      thixotropic characteristics to the suspension, i.e., which when added to
      the suspension results in the formation of a dry composition capable of
      becoming semi-liquid or liquid upon the application of a source of
      disturbance such as a shearing force thereto. The novel imaging ink
      composition typically has a viscosity substantially higher than 10,000
      centipoises in the dry state and from about 600 to about 1,000 centipoises
      during the time in which imaging occurs. The thixotropic additives may be
      organic materials, inorganic materials or mixtures thereof. Typical
      suitable thixotropic additive materials include, for example, inorganic
      compounds such as Cab-O-Sil (a colloidal silica available from G. L.
      Cabot, Inc.), Bentone 38 (a silicaceous compound probably based on a
      Bentone Clay and available from National Lead Co.) and the like; and
      organic compounds such as ethyl cellulose, collodion, etc.
PAR  The amount of thixotropic additive material typically required to impart
      the advantageous thixotropic properties to any imaging suspension will
      vary depending upon the particular additive employed in any instance and
      the other components of the imaging suspension. Generally, the thixotropic
      additive content may be from about 0.5% to about 10% or more by weight of
      the imaging composition. For optimum results, it is preferred to form an
      imaging suspension wherein the thixotropic additive is present in an
      amount of from about 1% to 3% by weight. The thixotropic additive material
      typically should not interfere with the passage of light through the
      imaging ink suspension and thus the additive is preferably white or
      transparent in that medium.
PAR  For better quality images, it is preferred to coat the support substrate
      with a thin layer of a release material prior to laying down the imaging
      suspension layer thereon. The release material allows the imaging
      suspension to separate from the substrate more easily during imaging thus
      permitting maximum color balance and density to be achieved in the
      reproduced images. Other additives such as plasticizers may also be
      incorporated in the imaging suspension.
PAR  The novel dry imaging ink-coated sheet of the invention is particularly
      adapted for use in a monochromatic photoelectrophoretic imaging system.
      Thus, the photosensitive particles included in the imaging suspension may
      be of a single color in which it is desired to produce the final image.
      Preferably the pigment particles have a spectral response in some region
      of the visible spectrum which can be matched by a convenient exposure
      source. Alternatively, the ink suspension may contain two or more
      different photosensitive particles of various colors which have
      substantially the same spectral response; or they have different ranges of
      spectral response. In a preferred embodiment of the invention the imaging
      suspension contains three differently colored photosensitive particles
      which are selected so that particles of different colors respond to
      different wavelengths in the visible spectrum corresponding to their
      principal absorption and further so that their spectral response curves do
      not have substantial overlap.
PAR  Any suitable electrically photosensitive particle or mixtures of such
      particles may be used in carrying out the invention, regardless of whether
      the particular particle selected is organic, inorganic and is made up of
      one or more components in solid solution or dispersed one in the other or
      whether the particles are made up of multiple layers of different
      materials. An extensive list of typical suitable pigments is given in U.S.
      Pat. No. 3,384,488 which is hereby incorporated by reference herein.
PAR  As stated above, any suitable particle structure may be employed. Typical
      particles include those which are made up of only the pure photosensitive
      material or a sensitized form thereof, solid solutions or dispersions of
      the photosensitive material in a matrix such as thermoplastic or
      thermosetting resins, copolymers of photosensitive pigments and organic
      monomers, multilayers of particles in which the photosensitive material is
      included in one of the layers and where other layers provide light
      filtering action in an outerlayer or a fusable or solvent softenable core
      of resin or a core of liquid such as dye or other marking material or a
      core of one photosensitive material coated with an overlayer of another
      photosensitive material to achieve broadened spectral response. Other
      photosensitive structures include solutions, dispersions, or copolymers of
      one photosensitive material in another with or without other
      photosensitively inert materials.
PAR  While the above structural and compositional variations are useful, it is
      preferred that each particle be primarily composed of an electrically
      photosensitive pigment, such as those referred to above, wherein the
      pigment is both the primary electrically photosensitive ingredient and the
      primary colorant for the particle. These particles have been found to give
      optimum photographic sensitivity and highest overall image quality in
      addition to being simple and economical to prepare. Of course, it may
      often be desirable to include other ingredients such as spectral or
      electrical sensitizers or secondary colorants and secondary electrically
      photosensitive materials.
PAR  The carrier liquid of the imaging suspension may be any suitable
      substantially insulating liquid. Typical suitable insulating carrier
      liquids include, decane, dodecane, N-tetradecane, Sohio Odorless Solvent
      No. 3440 (a kerosene fraction available from Standard Oil Co., of Ohio),
      Isopar G (a long chain saturated aliphatic hydrocarbon available from
      Humble Oil Co., of New York), molten paraffins, molten beeswax or other
      molten thermoplastic materials, silicone oils, fluorinated hydrocarbons,
      mineral oil, and mixtures thereof.
PAR  A wide range of voltages may be employed between the electrodes in this
      photoelectrophoretic imaging system. For good image resolution, high image
      density and low background it is preferred that the potential applied be
      such as to create an electric field of at least 300 volts per mil across
      the imaging suspension. The applied voltage necessary to attain this field
      strength will of course very depending upon the inter-electrode gap and/or
      the type and thickness of blocking material used on the blocking electrode
      surface. For the very highest image quality the optimum field is at least
      about 2000 volts per mil. The upper limit field strength is limited only
      by the breakdown potential of the imaging suspension and the material
      which forms the outer layer of the blocking electrode. Fields below about
      300 volts per mil, while capable of producing images, generally produce
      images of low density across the image.
PAR  The invention will now be described in detail with respect to various
      specific preferred embodiments by way of Examples it being understood that
      there are intended to be illustrative only and the invention is not
      limited to the materials, procedures and conditions recitied therein. All
      parts and percentages listed are by weight unless otherwise specified.
PAC  EXAMPLE I
PAR  An imaging composition comprising a cyan pigment, Monolite Fast Blue, the
      alpha form of metal-free phthalocyanine available from Arnold Hoffman Co.;
      a magenta pigment, Watchung Red B,
      1-(4'-methyl-5-chloroazobenzene-2'-sulfonic acid)-2-hydroxy-3-naphthoic
      acid available from E. I. duPont; and a yellow pigment
      N-2"-pyridyl-8,13-diozodinaphtho-(2,1-b; 2',3'-d)-furan-6-carboxamide,
      more fully described in U.S. Pat. No. 3,447,922 in Sohio Polychrome Ink
      available from Standard Oil of Ohio is prepared. The suspension contains
      about 10% by weight of pigment particles. About 4.4% by weight of a
      thixotropic additive, Bentone 38, a silicaceous compound available from
      National Lead Company, is added to the above-described suspension and the
      composition is ball milled for about 25 hours.
PAR  A sheet of Xerox 4024 bond paper is sprayed with a thin layer of Emralon
      323, a polytetrafluoroethylene available from Acheson Colloids, and to the
      coated surface of the paper sheet is applied an approximately 100 micron
      thick layer of the imaging composition with a No. 3 wire coating rod. The
      coated sheet is allowed to stand until the imaging composition is dry. The
      paper substrate is then wrapped around the outer surface of a blocking
      electrode comprising solid metal core surrounded by an electrically
      conductive rubber roller and having an outer layer of approximately three
      mil thick Tedlar sheet. The conductive center of the blocking electrode is
      connected in series with a switch, a potential source and the NESA glass
      surface of a NESA glass injecting electrode.
PAR  The blocking electrode carrying the imaging ink-coated sheet is then rolled
      across the surface of the NESA glass electrode and a potential of 3000
      volts DC is applied, the roller being made negative with respect to the
      NESA glass electrode. As the roller electrode is rolled across the surface
      of the NESA electrode the imaging ink composition is exposed through a
      neutral density step wedge transparency containing neutral density filters
      in the range of from 0.0 to 3.5 in 0.1 density increments. A positive
      image is formed on the NESA glass electrode and a negative image on the
      blocking electrode.
PAR  After the images are formed a second conductive roller having a 3 mil thick
      layer of Tedlar attached to its outer surface is rolled across the surface
      of the NESA glass electrode with the potential applied as described above.
      Subsequently, a third conductive roller having a sheet of paper attached
      to its outer periphery is rolled across the surface of the NESA glass
      electrode with a potential of 3000 volts DC being applied, in this
      instance the roller being made positive with respect to the NESA glass
      electrode thus transferring the image from the NESA glass electrode to the
      paper sheet. The images obtained are of good quality.
PAC  EXAMPLE II
PAR  The procedure followed in Example I is repeated. In this case the imaging
      suspension used has the same pigments and pigment concentration as that
      used in Example I with the exception that the carrier liquid is mineral
      oil. To the imaging suspension is added about 5.8% by weight of Cab-O-Sil,
      a colloidal silica available from G. L. Cabot. The composition is ball
      milled for about 24 hours.
PAR  A sheet of Xerox 4024 bond paper is sprayed with a thin layer of MS 122 a
      polytetrafluoroethylene available from Miller-Stephenson Co. and to the
      coated surface of the paper is applied an approximately 200 mil thick
      layer of the imaging ink composition with a No. 18 wire coating rod.
      Images of slightly lesser quality than those obtained in Example I are
      formed.
PAC  EXAMPLE III
PAR  The procedure used in Example II is repeated with the exception that a
      Tedlar substrate is used to support the imaging ink composition layer and
      no release agent is applied to the Tedlar before the ink layer is applied.
      An approximately 100 micron thick layer of the imaging ink composition is
      applied to the Tedlar sheet using a No. 3 wire coating rod. Images of
      comparable quality to those formed in Example I are obtained.
PAC  EXAMPLE IV
PAR  The imaging suspension of Example I is used and to it is added about 4.4%
      by weight of Bentone 38. The composition is ball milled about 24 hours. An
      approximately 200 micron thick layer of the imaging ink composition is
      applied to a surface of a sheet of Xerox 4024 bond paper, previously
      coated with a thin layer of Emralon 323 polytetrafluoroethylene, using a
      No. 18 wire coating rod.
PAR  The imaging procedure followed in Example I is repeated with the exception
      that the second roller step is eliminated. Images of higher density than
      those obtained in Example I are formed.
PAC  EXAMPLE V
PAR  The imaging suspension of Example I is used and to it is added about 1.1%
      by weight of Cab-O-Sil. The composition is ball milled for about
      twenty-four hours. An approximately 200 mil thick layer of the imaging
      composition is applied to a surface of a sheet of Xerox 4024 bond paper,
      previously coated with a thin layer of MS122 polytetrafluoroethylene,
      using a No. 18 wire coating rod.
PAR  The imaging procedure of Example IV is repeated with the images formed
      showing high contrast with relatively poorer background.
PAR  While the invention has been described in detail with respect to various
      embodiments thereof, it is not intended to be limited thereto but rather
      it will be appreciated by those skilled in the art that modifications and
      variations are possible which are within the spirit of the invention and
      the scope of the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of photoelectrophoretic imaging comprising:
PA1  a. providing an imaging donor sheet comprising a substrate having adhered
      to a surface thereof a layer of an imaging composition, said imaging
      composition comprising a plurality of finely divided colored particles and
      from about 0.5% to about 10% by weight of thixotropic additive particles
      in a carrier liquid, each of said colored particles comprising an
      electrically photosensitive pigment, said imaging composition having a
      viscosity above about 10,000 centipoises when at rest;
PA1  b. providing first and second electrodes at least one of which is at least
      partially transparent;
PA1  c. attaching said imaging donor sheet to said first electrode with the free
      surface of said donor sheet substrate adjacent the outer surface of said
      first electrode;
PA1  d. contacting said imaging composition layer with the surface of said
      second electrode so as to apply a shearing force to said composition
      thereby reducing the viscosity of said composition to from about 600 to
      about 1000 centiposes; and
PA1  e. substantially simultaneously exposing said imaging composition to an
      image through said at least partially transparent electrode with a source
      of activating radiation while subjecting said composition to an applied
      electric field whereby an image is formed.
NUM  2.
PAR  2. The method as defined in claim 1 wherein said thixotropic additive
      particles represent from about 1% to about 3% by weight of said imaging
      composition.
NUM  3.
PAR  3. The method as defined in claim 1 wherein said thixotropic additive
      particles comprise an inorganic material.
NUM  4.
PAR  4. The method as defined in claim 3 wherein said thixotropic additive
      particles comprise colloidal silica particles.
NUM  5.
PAR  5. The method as defined in claim 1 wherein said donor sheet substrate
      comprises an electrically insulating material.
NUM  6.
PAR  6. The method as defined in claim 1 wherein said donor sheet substrate is
      at least partially transparent to said activating radiation and said donor
      sheet is attached to said at least partially transparent electrode.
NUM  7.
PAR  7. The method as defined in claim 1 wherein said imaging donor sheet
      further includes a thin layer of a release material positioned between
      said substrate and said imaging composition layer.
NUM  8.
PAR  8. The method as defined in claim 7 wherein said release material comprises
      polytetrafluoroethylene.
NUM  9.
PAR  9. The method as defined in claim 1 and further including the step of
      transferring said image from the surface of at least one of said
      electrodes to the surface of a transfer member.
NUM  10.
PAR  10. The method as defined in claim 1 wherein said electric field is applied
      while one of said electrodes is brought into rolling contact with the
      surface of said other electrode.
NUM  11.
PAR  11. A method of photoelectrophoretic imaging comprising:
PA1  a. providing an imaging donor sheet comprising a substrate having adhered
      to a surface thereof a layer of an imaging composition, said imaging
      composition comprising a plurality of finely divided colored particles and
      from about 0.5% to about 10% by weight of thixotropic additive particles
      in a carrier liquid, said thixotropic additive being selected from the
      group consisting of colloidal silica, ethyl cellulose, collodion and
      mixtures thereof, each of said colored particles comprising an
      electrically photosensitive pigment, said imaging composition having a
      viscosity above about 10,000 centipoises when at rest;
PA1  b. providing first and second electrodes at least one of which is at least
      partially transparent;
PA1  c. attaching said imaging donor sheet to said first electrode with the free
      surface of said donor sheet substrate adjacent the outer surface of said
      first electrode;
PA1  d. contacting said imaging composition layer with the surface of said
      second electrode so as to apply a shearing force to said composition
      thereby reducing the viscosity of said composition to from about 600 to
      about 1000 centipoises; and
PA1  e. substantially simultaneously exposing said imaging composition to an
      image through said at least partially transparent electrode with a source
      of activating radiation while subjecting said imaging composition to an
      applied electric field whereby an image is formed.
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ABST
PAL  An information display method comprising forming an image of a
      chemiluminescent component on a support according to information to be
      recorded and placing the support bearing the image of the material in an
      atmosphere capable of effecting the chemiluminescence of the material to
      thereby display the image based on a difference in luminance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an information display system and more
      particularly it relates to an information display system utilizing
      chemiluminescence. More practically, the invention relates to an
      information display system which comprises fixing an image of a
      chemiluminescent component on a support based on information to be
      recorded, and placing the support in an atmosphere capable of causing the
      chemiluminescence of the material of the image, whereby chemiluminescence
      is caused only at the image of the material to display the image based on
      differences in luminance.
PAR  2. Description of the Prior Art
PAR  Display techniques which are a means of recording events and communicating
      originated in ancient times. As compared with the rough marks formed in
      ancient times, visual display techniques have greatly progressed. With
      hand-written characters and various modern prints and photographs which
      are used as a mode of display, the information is discriminated by a
      visual process based on the difference in optical absorptions of reflected
      light or transmitted light.
PAR  When incandescent glow lamps were invented, the application of these lamps
      to display means was attempted. One such application is where luminous
      elements are arranged in a lattice to provide a matrix-type display
      device, and various electric display boards or panels have been provided.
      In this case, the information is seen by as a difference in the luminance
      of the luminescent materials.
PAR  With the rapid progress of electronics, cathode ray tubes utilizing the
      luminance of inorganic fluorescent materials were invented, and widely
      utilized for converting various electric signals into light. The
      above-mentioned matrix-type display device gives a display plane as an
      assembly of points, while the display plane from a cathode ray tube is
      essentially the tube plane itself, which gives a high resolving power and
      good fidielity. However, since the fluorescent surface of an ordinary
      cathode ray tube has a decay property (the signals or images on the
      fluorescent surface varnish in a short period of time), it is necessary to
      repeatedly conduct one dimensional scanning of an electron beam for
      ordinary display. Furthermore, in a cathode ray tube it is difficult to
      reduce the depth thereof, and in particular in the case of desiring an
      indication of a large area, the depth becomes deep, which is a fault of
      cathode ray tubes.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is, therefore, to provide an improved
      information display system based on a difference in luminance.
PAR  A second object of this invention is to provide an information display
      system of short depth and high resolving power.
PAR  A third object of this invention is to provide a method of making such an
      information display system.
PAR  A fourth object of this invention is to provide a simple information
      display system.
PAR  Other important objects of this invention as well as the features and
      advantages of this invention will become apparent from the descriptions
      set forth below and the accompanying drawings.
PAR  According to the present invention, there is provided an information
      display system which comprises imagewise fixing a chemiluminescent
      component on a support according to information to be recorded and
      simultaneously with fixing or after fixing, placing the image of the
      material in an atmosphere capable of causing chemiluminescence of the
      image form of the information display system, providing a visible image
      based on differences in luminance.
PAR  Thus, by the method of this invention an information display system which
      radiates imagewise on a support is provided. For this purpose, at least
      one component of a group of chemiluminescent components consisting of the
      stoichimetrically necessary chemiluminescent components, and accelerators
      or inhibitors if desired, for the chemiluminescent reaction(s) are
      imagewise fixed on a support. The final display is based on the presence
      of the chemiluminescent component or on the difference in the amount of
      the component when a composition containing the remaining materials
      necessary for the chemiluminescence is brought into contact with the image
      of the material to cause chemiluminescence selectively at only the
      material image portions.
PAR  In the present specification, a chemiluminescent component can be viewed as
      a multicomponent chemiluminescence system where one or more components
      essential to the chemiluminescence reaction are lacking. Such a material
      may be viewed as a potentially chemiluminescent system which becomes
      chemiluminescent upon adding the missing component(s).
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1-3 illustrate various embodiments of chemiluminescent systems in
      accordance with the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As chemiluminescent components chemiluminescent materials, oxidizing
      agents, accelerators, luminance inhibitors, pH adjusting agents, organic
      fluorescence reagents, solvents, etc., may be blended according to the
      requirements of the desired chemiluminescent system. An accelerator, a
      fluorescent reagent, a solvent and, a pH adjusting agent are optional in
      many systems.
PAR  The mandatory components of all chemiluminescent systems of this invention
      comprise a latent chemiluminescent redox combination. In this redox
      combination, however, it is sometimes not entirely correct to call an
      organic compound and an oxidizing agent a latent chemiluminescent material
      and an activator, respectively. This is because while in general the
      oxidized form of the organic material becomes luminescent in the excited
      state, some cases are also encountered in which the oxidizing agent plays
      the roll of the latent chemilumiscent material since a main component of a
      latent chemiluminescent material is oxygen molecules in the excited state
      which are generated from an oxidizing agent as an activator. Both such
      concepts are within the present invention.
PAR  An accelerator, a luminance inhibitor, a pH adjusting agent, an organic
      fluorescent agent and a solvent are all optional in the sense that many
      systems chemiluminesce without such materials. However, there are cases,
      for instance, in which when an accelerator is not present
      chemiluminescence does not substantially occur, and therefore in such a
      system the accelerator component is not optional. These will be apparent
      from the specification, as will those cases where other optional
      components become mandatory.
PAR  The use of a luminance inhibitor is not more practical than that of an
      accelerator. When an image is formed by an inhibitor, a dark image is
      obtained in the light background, and while useful in theory, practical
      applications are few.
PAR  However, imagewise chemiluminescence is realized when a strong retarder
      image is formed on a support which is uniformly coated with a less
      effective accelerator.
PAR  Chemiluminescence in this specification includes all light emitted with
      chemical reactions proceeding at temperatures below about 500.degree.C.
      The term "light" in this invention means electromagnetic radiation having
      a wave length(s) in the range of about 350 about 800 m.mu..
PAR  A chemiluminescent reaction is exothermic, and a part of the energy formed
      with the progress of the chemical reaction is converted into heat.
      However, in chemiluminescence, a reaction product which is in the electron
      excited state is produced, and when the product transists back to the
      ground state, it emits energy in the form of electromagnetic radiation.
      Chemiluminescent reactions effective in the present invention are chemical
      reactions radiating near ultraviolet rays, visible rays, and near infrared
      rays which are in the wave length region of ca.350 to ca.800m.mu..
PAR  Chemiluminescent reactions are substantially all oxidation reactions. Many
      compounds are known as chemiluminescent materials, but particularly
      effective compounds in this invention are generally organic compounds.
      There are many organic chemiluminescent materials useful in this invention
      and some are described in, for instance, Karl Dietrich Gundermann;
      "Chemilumineszenez organischer Verbindungen" (published by Springer Verlag
      A. G., in 1968) and V. Ya. Shlyapintokh; "Chemiluminescence Techniques in
      Chemical Reactions" (English translation from the Russian text published
      by Consultants Bereau Co., in 1968).
PAR  Other chemiluminescent materials and oxidizing agents useful in this
      invention are described in U.S. Pat. Nos. 3,366,572; 3,597,362; 3,539,794;
      and 3,584,211; British Pat. Nos. 1,067,607 and 1,163,436; etc.
PAR  Typical examples of such chemiluminescent materials are luminol, lophine,
      pyrogallol, lucigene, indole, riboflavine, oxysilicone,
      diphenylanthracene, isbenzofuran, derivatives of these compounds, and
      similar compounds. It is well known that these chemiluminescent materials
      radiate when they are chemically oxidized or electrolytically oxidized.
PAR  Another group of compounds used in this invention are the so called
      "biological luminescent materials". Examples of such materials are
      specific basic materials in living organisms such as firefly luciferin and
      Cyridina hilgendorfii luciferin. They emit radiation when oxidized by
      enzymes by the catalytic action of an enzyme called luciferase. Hence, the
      term "chemiluminescent material" in this invention includes biological
      luminescent materials.
PAR  It is known that some chemiluminescent materials emit radiation by a
      neutralization reaction, and such materials can also be used in this
      invention. For example, there are alkali metal oxides which emit
      radiations by the neutralization reaction with concentrated acid. See the
      article by M. Trauk "Zeitschrift fur Physikalische Chemie", volume 53, No.
      1 (1905), discussing such systems in detail.
PAR  Among the above-mentioned chemiluminescent materials, luminols are
      particularly effective in this invention. Further, very effective luminols
      are compounds represented by the general formula I
      ##SPC1##
PAL  wherein R.sub.1 and R.sub.2 each represents a hydrogen atom, an amino
      group, an alkyl-substituted amino group, an acetamido group, a nitro
      group, a hydroxyl group, a halogen atom, or an alkylmercapto group, one of
      R.sub.1 and R.sub.2 being, however, a hydrogen atom, and R.sub.3 and
      R.sub.4 represent a hydrogen atom, a methoxy group, or a halogen atom. The
      alkyl group on the amino group preferably contains 1 to 3 carbon atoms,
      and the alkyl chain in the alkylmercapto group preferably contains 1 to 20
      carbon atoms. The latter is exemplified by the group C.sub.10 H.sub.21 S.
PAR  Specific examples of compounds represented by general formula I are
      illustrated below. They are all known as chemiluminescent materials.
PA1  1. 5-amino-2,3-dihydro-1,4-phthalazine (luminol),
PA1  2. 2,3-dihydro-1,4-phthalazinedione,
PA1  3. 5-acetamido-2,3-dihydro-1,4-phthalazinedione,
PA1  4. 6-amino-2,3-dihydro-phthalazinedione,
PA1  5. 6-chloro-2,3-dihydro-phthalazinedione,
PA1  6. 6,7-dichloro-phthalazinedione,
PA1  7. 5-hydroxy-phthalazinedione,
PA1  8. 5-methylamino-phthalazinedone,
PA1  9. 5-nitro-phthalazinedione,
PA1  10. 6-nitro-phthalazinedione,
PA1  11. 5-amino-8-methoxy-phthalazinedione,
PA1  12. 6-amino-phthalazinedione,
PA1  13. 6-dimethylamino-phthalazinedione,
PA1  14. 5-propioneamino-phthalazinedione,
PA1  15. 6-dodecylthio-phthalazinedione.
PAR  The lophines used in this invention may be represented by general formula
      II
      ##SPC2##
PAL  wherein R.sub.5 and R.sub.6 each represents a phenyl group, a naphthyl
      group, an anthranyl group, a pyridyl group, or a substituted phenyl group.
      The substituents of the substituted phenyl group are a lower alkyl group,
      a lower alkoxyl group, a dialkylamino group, a hydroxyl group, a nitro
      group, a carboxyl group, a halogen atom and the like. All the alkyl
      moieties in the above formula most preferably contain 1 to 3 carbon atoms.
PAR  The compounds represented by general formula II have been reported by,
      e.g., E. H, White and M. J. Harding in "Photochemistry and Photobiology",
      Vol. 4, 1129(1965) and by G. E. Pholbrook et al., "ibid", Vol. 4,
      1175(1965). Among the above-mentioned compounds, the lophine derivative
      having an electron donating substituent at the p-position of the phenyl
      group, such as, e.g., dimethylamino, methoxy, methyl, ethyl and t-butyl
      groups [(p-dimethyl-aminophenol)-4,5-dianicylimidazole, is particularly
      effective in this invention] are preferred.
PAR  The oxidation luminescence of luminols has been highly investigated, and
      detailed reaction mechanisms are known.
PAR  According to White et al., at chemilunescence luminol requires a
      stoichiometric amount of oxygen and emits a stoichiometric amount of
      nitrogen. The main product is aminophthalic acid as shown by the following
      formula.
      ##SPC3##
PAR  The term oxidizing agent in this invention means an oxidizing agent in a
      narrow sense capable of supplying stoichiometrically necessary oxygen for
      the oxidation luminescent reaction, and includes gaseous, liquid, and
      solid compounds capable of supplying oxygen. Practical examples of such
      oxidizing agents are oxygen, ozone, air, organic and inorganic
      hydroperoxides, peroxides, persulfates, etc. Among those compounds oxygen,
      air, hydrogen perioxide, hydroperoxide, and a persulfate are particularly
      effective. As specific examples of persulfates there are K.sub.2 S.sub.2
      O.sub.8, Na.sub.2 S.sub.2 O.sub.8, (NH.sub.4).sub.2 S.sub.2 O.sub.8,
      [(CH.sub.3).sub.4 ].sub.2 S.sub.2 O.sub.8, etc. Other useful materials
      include methyl hydroxide, and tetralin hydroxide.
PAR  The accelerators are compounds having a function of promoting the oxidation
      luminescence other than the abovementioned oxidizing agents. They can be
      readily detected by testing a solution of a specific chemiluminescent
      material to see whether the added compound has the function of promoting
      the chemiluminescence of the chemiluminescent material or of retarding or
      inhibiting the chemiluminescence, as compared to a control.
PAR  It is known that many metal salts and coordination compounds thereof are
      effective as such accelerators, and the action of such an accelerator has
      been utilized in the quantitative or qualitative analyses of metal salts
      in the field of analytic chemistry.
PAR  Metal salts of metals belonging to Groups IVa, Va, VIa, VIIa, VIII, Ib,
      IIb, IIIb, and IVb of the periodic table are effective. Among these
      metals, iron, cobalt, and nickel belonging to the so-called iron group in
      the fourth period of Group VIII, and compounds of other elements in the
      fourth periodic group are particularly effective. When the element of the
      metal salt has valences higher-valent compounds are generally more
      effective and higher valent materials are preferred. Typical examples of
      such compounds are ferric nitrate, cobalt nitrate, and titanium chloride.
      Furthermore, inorganic coordination compounds such as [CO(NH.sub.3).sub.6
      ]Cl.sub.3 and K.sub.3 [Fe(CN).sub.6 ] in which the above-mentioned
      inorganic metal salt molecule or inorganic metal salt ion is an electron
      donor and an organic coordination compound such as
      tris-(acetylacetate)cobalt(III), in which the organic molecule is an
      electron donor, are also particularly effective.
PAR  An oligomer or a polymer having, as a ligand material, a structural unit
      capable of being an electron donor in the main chain or a side chain
      thereof can also be used in this invention. As metal coordination
      compounds having such a high molecular weight ligand, there can be
      illustrated the cobalt(III)-poly(4-vinyl-pyridine) complex. Those
      compounds can be prepared by the ligand substitution reaction of low
      molecular weight coordination compounds and polymer ligands.
PAR  Many organic coordination compounds in which organic molecules are the
      electron donor are effective as an accelerator in this invention. When
      such an accelerator promotes the occurence of oxidation luminescence in an
      alkaline solution, [the apparent pH is preferably about 8 to about 10] a
      compound having a large total stability constant as an organic
      coordination compound and having a low solubility in the alkaline solution
      is desirable. A compound which is too soluble is undesirable since in such
      a case the organic coordination compound is dissolved in the luminescent
      solution from the image, which causes blots of the luminescent image.
      Detailed measurement results of the stability constant of the solubility
      of organic coordination compounds are summerized in various texts.
      Examples of such texts are "Metal Chelate", Vol. I, Vol. II, and Vol. III
      by Sakaguchi and Ueno (published by Nankodo Book Co. in 1965, 1966, and
      1967, respectively, and "Stability Constants of Metal-ion Complexes", 2nd
      edition, (18664) by L. G Sillen and A. E. Mertell.
PAR  As the ligands of the organic coordination compounds earlier discursed
      effective in this invention, there can illustrated ethylenediamine
      tetraacetic acid, trinitrotriacetic acid,
      1,2-diaminocyclohexane-tetraacetic acid, N-oxyethyl ethylenediamine
      traiacetic acid, ethyleneglycol bis(.beta.-aminoethyl ether) tetraacetic
      acid, ethylenediamine tetrapropionic acid, and porphyrins such as hemin.
PAR  The solvent in this invention is a medium in which the chemiluminescence
      reaction takes place and which is chemically inert and is a liquid at room
      temperature. In the present invention, water, an organic solvent, and a
      mixed solvent of water and an organic solvent miscible with water may be
      used as the solvent. However, the intensity of the chemiluminescent
      spectra depends upon the kind of solvent, and in general, an aprotic
      solvent of high polarity, most preferably about, 30 or greater at room
      temperature, such as dimethyl sulfoxide, dioxane, etc., insure high
      luminescent intensity. In a specific case, a compound such as acetanilide
      which is a solid at room temperature can be used as the solvent in this
      invention by melting it.
PAR  In case of causing chemiluminescence of luminol and lophine, good
      luminescent efficiency is obtained when oxidation is in an alkaline
      solution, with an apparent pH of the more than 8 being required. It is
      known that in the case of the oxidation luminescence of luminol, the
      quantum efficiency of the fluorescence of the aminophthalic acid which is
      the main product becomes higher in an alkaline state. Also, there is the
      theory that the anion of luminol is a reaction seed, and it is considered
      that such an anion is related to the progress of the reaction and the
      quantum efficiency of the luminescence.
PAR  The term "pH adjusting agent" in this invention means an acid or alkaline
      compound, such as an inorganic or organic basic compound, added to
      increase the total quantum yield of the oxidation luminance. The pH
      adjusting agent for the oxidation luminance of luminol, lophine, etc., is
      a basic compound and inorganic and organic basic compounds can be
      effectively used. Examples of very effective compounds are potassium
      hydroxide, sodium hydroxide, sodium carbonate, pyridine, morpholine, etc.
PAR  In the case of employing a biological luminescent system in this invention,
      there is also an optimum pH region for effecting the luminescence
      reaction, and thus a proper buffer solution can be used as a pH adjusting
      agent. The preferred pH is about 8 to about 14 and any solution having a
      pH within the above mentioned range is preferably employed as the buffer
      solution.
PAR  The chemiluminescent composition in this invention can contain an organic
      fluorescent reagent, if desired. Practical examples are a polycyclic
      aromatic compound such as anthracene and phenanthrene and an organic
      fluorescence reagent such as fluorecein and Rose Bengale. However,
      although such an organic fluorescent material is a component effective for
      improving the quantum efficiency of chemiluminescence and changing the
      wave lengths of luminescence, it is not a necessary component for causing
      the chemiluminescence in this invention.
PAR  One would use a fluorescent reagent when chemiluminescence from the
      mandatory redox system is extremely weak. In this case, it is considered
      that although the chemical reaction necessary for chemiluminescence
      proceeds at a sufficiently rapid speed, energy generated in the system is
      consumed to be converted into heat, not light. It is also considered that
      when a fluorescent reagent is added to the system, energy generated
      therein transfers to the reagent to excited the reagent, whereby
      luminescence takes place.
PAR  Additional examples of fluorescent reagents are fluorescent hydrocarbons
      such as pyrene, 1,2-benzopyrene, anthracene and penylene and fluorescent
      dyes such as Acridine Orange, Fluorescein, Eosine, Erythrocin, Rhodamine B
      and Methylene Blue.
PAR  The information display system of this invention will now be explained by
      referring to the case of using luminol as the chemiluminescent material.
      In case of using luminol as the chemiluminescent material, the following
      five materials contribute or relate to the chemiluminescence.
PA1  A: chemiluminescent material
PA1  B: oxidizing agent
PA1  C: accelerator
PA1  D: pH Adjusting agent
PA1  E: solvent
PAR  The chemiluminescence occurs in an excellent manner when all five
      components are present, and any condition can be selected such that if one
      component is removed from the five components, substantially no
      chemiluminescence occurs even if the other four components are present.
PAR  Practically speaking, an aqueous solution containing 10.sup.-.sup.3 M/liter
      of luminol, 10.sup.-.sup.3 M/liter of hydrogen peroxide, and having a pH
      of 13 causes substantially no chemiluminescence, but when the solution is
      brought into contact with the image of a material containing an
      accelerator, chemiluminescence occurs.
PAR  In the present invention, a display which radiates image wise can be
      obtained by forming an image of at least one of the above-mentioned five
      components on a support and then contacting the image of the material with
      the luminescent composition containing the remaining component(s) among
      the five components.
PAR  Examples of combinations of the component or components contained in the
      image of material formed on a support and of the components of the
      luminescent composition corresponding to the image material are shown in
      Table I, although they are only illustrative.
PAR  In the present invention, of course, it is possible that one component or
      less than all components can be uniformly distributed over the surface of
      a support and the remaining luminescent component(s) brought into
      imagewise contact therewith.
TBL                Table I                                                     

     ______________________________________                                    

     Image material on Luminescent composition                                 

     support                                                                   

     ______________________________________                                    

     1    C                A + B + D + E                                       

     2    A                B + C + D + E                                       

     3    B + C            A + D + E                                           

     4    D                A + B + C + E                                       

     5    A + B + C + D + E*                                                   

                           heating to melt E                                   

     ______________________________________                                    

      *In the combination 5, a solvent which is solid at room temperature is   

      used as solvent E.                                                       

PAR  In the present invention, when an image of a component or components
      selected from the five components is formed on a support, a binder,
      ordinarily a resinous material which is inactive to the chemiluminescent
      reaction, can be present if desired. As a binder component, any binder
      used in the field can be employed. The binder can be hydrophilic or
      hydrophobic, and is transparent, semitransparent or transluscent. There
      can be employed natural film-forming substances, cellulose derivatives,
      synthetic resins and the like, such as gelatin, agar-agar, starch,
      phthalated gelatin, polyvinyl butyral, cellulose acetate butyrate,
      cellulose acetate propionate, polymethyl methacrylate,
      polyvinylpyrrolidone, polystyrene, ethyl cellulose, polyvinyl chloride,
      chlorinated rubber, polyisobutylene, butadiene-styrene copolymers,
      vinyl/chloride-vinyl acetate copolymers, cellulose acetate,
      polyacrylamide, cellulose acetate phthalate, benzyl cellulose, polyvinyl
      alcohol and the like.
PAR  It is desirable in the case of employing such a binder to disperse the
      material or materials relating to the chemiluminescence in the binder in
      the molecular state or as fine particles. In this case, the component or
      components contributing to the chemiluminescence are present, in general,
      in a thin film or layer of the binder and the film or the layer is
      supported on a self-supporting material such as paper, plastic, or metal.
PAR  The addition of an accelerator or a fluorescent dye to a latent
      chemiluminescent material is usually effective in small amount in order to
      obtain a discernable image. For example, about 10.sup.-.sup.6 to about
      10.sup.-.sup.1 mole per mole of the latent material, respectively. The
      amount of a solvent is optional.
PAR  In an information display system of the invention, the image of the
      chemiluminescent component can be formed on the support by a mechanical
      method, a printing method or a photographic method.
PAR  As examples of photographic methods, there is a silver salt photographic
      method, an electrostatic photographic method, a heat-sensitive
      photographic method and other various photographic methods based on
      photochemical reactions of organic compounds (photochemical methods).
PAR  Among those methods, in the case of imagewise forming on the support the
      chemiluminescent component together with a binder, a composition
      consisting of the chemiluminescent component and the binder may be
      imagewise formed on the support or an image of only the binder can first
      be formed on the support and then the chemiluminescent component can be
      chemically or physically bonded to the image of the binder to form an
      image of the material. Also, for forming the image of the material, both
      an addition method and a subtraction method can be effectively used.
PAR  Typical examples of forming the chemiluminescent component image are
      illustrated below, but it will be understood by a person skilled in the
      art that other methods can be utilized in this invention as a matter of
      course.
PAR  In one embodiment of the mechanical method, a chemiluminescent component
      image is formed by typewriting the image using a typewriter ribon
      containing the auxiliary oxidizing agent. Alternatively, a
      chemiluminescent component image is formed on a support by forming an
      image of a binder on a water resisting support with a solution containing
      the binder (such as a warm aqueous solution of gelatin) and, after setting
      the image by cooling, immersing the support in a solution containing an
      organic coordination compound as heretofore described as an accelerator.
PAR  In the case of employing a mechanical method, the technique of
      encapsulation well known in the field of pressure-sensitive copying papers
      can be utilized. In this case, a solution prepared by dissolving the
      chemiluminescent component in a chemically inactive high-boiling solvent
      is encapsulated to form microcapsules, and they are coated on a support
      such as paper. According to this embodiment, many sheets of images can be
      prepared simply and at the same time. Encapsulation methods and the
      various applications thereof are described in detail in Asaji Kondo
      "Microcapsule", published by Nikkan Kogyo Shinbun Sha in 1970.
PAR  In the printing method, the chemiluminescent component image can be formed
      by many different printing systems such as relief printing, intaglio
      printing, screen printing, stencil printing, collotype printing and
      lithographic printing by incorporating the chemiluminescent component in
      the printing ink.
PAR  For forming the chemiluminescent component image by an electrostatic
      photographic method, an electrostatic latent image is formed on a
      photoconductive recording layer or on an insulating layer by any known
      method and then the latent image is developed by a toner prepared by
      pulverizing the chemiluminescent component or a mixture of the
      chemiluminescent component and a binder. Specific practical examples of
      the photoconductive layer are a vacuum evaporated amorphous selenium layer
      as described in U.S. Pat. Nos. 2,745,327 and 2,753,278, the zinc
      oxide-resin dispersion layer as described in U.S. Pat. Nos. 3,052,239  and
      3,052,540, the inorganic photoductive powder-resin dispersion layer as
      described in U.S. Pat. No. 3,212,006 and the organic photoconductor as
      described in U.S. Pat. No. 3,114,633 and Japanese Pat. No. 813/1961.
PAR  Various methods of forming latent images are known. For instance, the
      latent image can be formed by the Carlson method in which the
      above-mentioned insulating layer is uniformly charged and then the layer
      is imagewise exposed or brought into contact with a conductive plate to
      form the latent image, by the Kalman method in which the photoconductive
      layer is first imagewise exposed and then charged, by the method utilizing
      a photoelectromotive force, by the method in which an image is formed by
      thermal radiation on a conductive layer before or after static charging
      and the reduction in resistance at the heated portions is utilized, by the
      method in which an electrode having applied thereto electric potential is
      applied to an insulating layer, or the method in which light or electric
      potential corresponding to a signal is applied by scanning the recording
      face of an insulating layer. Furthermore, changes of electrical properties
      by pressure may be also utilized.
PAR  The development of the electrostatic latent image can be conducted by the
      various methods well known in the field of electrophotography. If an image
      having fine particles is desired, it is desirable to employ a liquid
      development or a Power-Cloud development.
PAR  In the case of forming a chemiluminescent component image using a
      heat-sensitive photographic method, an original having varying absorption
      for infrared rays is closely brought into contact with a recording
      material transmitting infrared rays, and then the recording material is
      subjected to transmitted exposure or reflected exposure of light which
      includes infrared rays. In this case, thermal energy is provided as a
      pattern to the portions of the heat-sensitive layer corresponding to the
      infrared absorbing portions of the original, and an image is formed by a
      thermochemical change or thermophysical change. Various heat-sensitive
      photographic methods have already been developed and some of them have
      succeeded in commercial use. The heat-sensitive photographic methods have
      been summarily reported by J. Kosar in the 9th Paragraph of
      "Light-Sensitive Systems" published by John Wiley & Sons Company in 1965.
      Further, a list of literature relating to heat-sensitive reproduction is
      summerized with a list of other image-forming methods in "Photographic
      Science and Engineering", Vol. 14, 438-442(1970), and techniques which can
      be utilized in this invention are included in this list.
PAR  Furthermore, the chemiluminescent component can be incorporated in a
      thermo-sensitive layer by combining the heat softenable aforementioned
      heat fusible compound with a chemically inert binder, and from the
      thermo-sensitive layer a chemiluminescent component image of can be formed
      on a support by thermal transfer.
PAR  As the physical changes employed in the thermo-sensitive photographic
      method embodiment of this invention, there can be illustrated, in addition
      to the phase transition between vapour, liquid, and solid, a thermal
      softening of a vitrified material, a thermal shrinkage or thermal
      expansion of a polymer, and the rupture of microcapsules.
PAR  As the chemical changes employed in the heat-sensitive photographic method
      embodiment, there are thermochemical changes and the decomposition of the
      chemiluminescent component.
PAR  In the heat-resisting reproduction method, a transmission exposure or
      reflection exposure by contact printing can be employed.
PAR  Also, in the photochemical method which will be explained below, a pattern
      can be formed by enlargements other than contact printing.
PAR  As the silver salt photographic method used in the formation of the
      chemiluminescent component image, there are various methods well known in
      the photographic field, such as the tanning development of silver halide,
      etc. For forming images on non-silver salt photosensitive materials by a
      photochemical method, various methods have been developed and they are
      summerized by J. Kosar in "Light-Sensitive", published by John Wiley &
      Sons Co. 1965. Among the methods described in the above text one typical
      method involves the use of a bichromate colloid, another involves the
      photolinkage of a derivative of cinnamic acid, and another the
      photohardening of a vinyl compound or an unsaturated polyester. They are
      all used for photoengraving and photoresist work in the photographic
      field.
PAR  In the case of forming the image of material using a photochemical method,
      there are (1) a method utilizing a photochemical reaction of a compound
      used as a binder and (2) a method which applies the photochemical reaction
      of the chemiluminescent component.
PAR  In the aforesaid method (1), a photosensitive layer such as a
      photosensitive polymer is formed on a support and a relief image is formed
      on the support utilizing the difference in physical properties between
      photohardened or photodecomposed exposed portions and unexposed portions
      and unexposed portion. In this case, the chemiluminescent component can be
      preliminarily incorporated in the photosensitive layer or may be, after
      forming the relief image, bonded to the relief image to form the image of
      the chemiluminescent component.
PAR  For forming the image of the chemiluminescent component by the aforesaid
      method (2), the chemiluminescent component is coated uniformly on a
      support and is decomposed or converted into another material by the
      chemical change resulting from subjecting it to imagewise exposure.
      Thereafter, by treating the surface of the support with the
      chemiluminescent composition, different luminance intensities are provided
      to the image-exposed portions and to the unexposed portions.
PAR  When a coordination compound is used as the auxiliary oxidizing agent, the
      image of the coordination compound can be formed on a support by utilizing
      the photochemical reaction of the coordination compound itself. Many
      photochemical reactions of coordination compounds have been reported and
      they are summarized by V. Balzani and V. Carassiti in "Photochemistry of
      Coordination Compounds" published by Academic Press, 1970. If any
      coordination compound undergoes a photochemical reaction to form a
      different compound and two kinds of compounds have different accelerating
      actions or different inhibiting actions for the chemiluminescence reaction
      before and after the photochemical reaction, they can be used in this
      invention. In this case, information can be displayed by forming a
      photosensitive layer containing the coordination compound on a support,
      irradiating the photosensitive layer with light based on the information
      to form a pattern of a material having different promoting power for the
      chemiluminescence reaction between irradiated portions and non-irradiated
      portions, and then bringing the pattern into a state capable of causing
      the chemiluminescence reaction.
PAR  When the image of the chemiluminescent component is formed utilizing a
      photochemical method, the reaction can be caused not only by visible rays
      but also by electromagnetic radiation such as gamma-rays, X-rays,
      ultraviolet rays, microwaves, radio waves, etc., as well as thermal
      radiation and particle beams. For instance, an electron beam can be
      scanned onto the surface of a material which can be hardened by electron
      irradiation according to a video signal in a timed system to imagewise
      harden the material, whereby an image of the material is formed. Also,
      since a laser or an electron discharge can also be applied in a spot of a
      small area as with an electron beam, by scanning while modulating the
      intensity according to a signal, a change such as a chemical reaction,
      decomposition or modification can be caused on the support.
PAR  In order to selectively irradiate only the image of the material formed on
      the support, the image of the chemiluminescent component is brought into
      contact with the chemiluminescent composition. When the luminescent
      composition is a solution, the complete material image on the support can
      be immersed in the solution, the solution can be coated on the image of
      the material on the support, or, alternatively, the solution can be
      sprayed onto the image of the material. In this case, the solution may be
      a concentrated solution. Also, a soft porous material impregnated with the
      luminescent solution can be applied to the image of the chemiluminescent
      component under pressure.
PAR  For preparing a concentrated solution of the luminescent composition, any
      natural or synthetic polymer soluble in the chemiluminescent composition
      and inactive thereto can be used as a viscosity increasing agent, for
      example, gelatin, starch or agar-agar, as natural polymers.
PAR  The amount of the chemiluminescent composition solution used depends upon
      the system of the chemiluminescent composition used and the concentration
      of the reagent. However, usually an amount necessary for developing
      diazo-type copying paper, that is to say, the amount necessary for wetting
      the surface of the photosensitive material, is sufficient. For example, it
      is sufficient to immerse in a treating liquid in an amount of about 5 to
      about 30% by weight based on the weight of the paper base. Accordingly,
      the luminescent process of this invention may be referred to as a semi-dry
      process.
PAR  The information display system formed by the present invention can be
      recorded on a recording material. For instance, by applying a
      photosensitive paper onto the front surface of the display of this
      invention, a hard copy can be obtained. Further, by using a photographing
      apparatus having a lens system, reduced or magnified copies can be
      obtained from the display. Furthermore, the character display edited for
      photo-typesetting in printing can be photographed on a silver salt
      photographic material, and then a print can be formed by photo-engraving
      using the photographed photosensitive material.
PAR  The display of the information display system of the present invention can
      be, if desired, amplified by an electrical circuit, e.g., television, or
      can be stored by means of an electronic device. Such a temporary storage
      can be conducted by a PEP-400 VIDEO/GRAPHIC STORAGE TERMINAL made by
      Princeton Electronic Products Co. in the U.S.A.
PAR  Among the various methods of forming the image of the chemiluminescent
      component on a support, the photographic method is particularly effective
      since by the photographic method patterns of a more precise and
      complicated nature can be formed than by the mechanical method or the
      printing method.
PAR  As the chemiluminescent component forming an image on a support, it is more
      preferred to select a compound which catalytically promotes or inhibits
      the chemiluminescence reaction and which is not significantly consumed
      than to use a compound which is readily stoichiometrically consumed.
PAR  In the information display system employing the oxidation luminescence of
      luminol, it is preferred to use the ions or organic or inorganic complex
      salts of a transition metal of the fourth periodic group as the material
      for the image since the action of the accelerator tends to have a
      catalytic effect.
PAR  The invention will now be further illustrated by referring to the
      accompanying drawings.
PAR  FIG. 1 is a schematic view showing an embodiment of this invention wherein
      chemiluminescence is caused using a soft porous material containing the
      chemiluminescent composition. Thus, the image of the chemiluminescent
      component 12 formed on a support 10 can be radiated by contacting it with
      a felt 20 impregnated with a luminescent solution. In this case, a gas
      such as oxygen as the oxidizing agent or a liquid material contributing to
      the chemiluminescent reaction can be supplied to the material image
      through the porous felt from the nozzles 22 disposed behind the felt 20.
      To facilitate the observation of the radiation or luminance, it is
      desirable to use a black felt.
PAR  FIG. 2 is a schematic view showing another embodiment of this invention
      wherein the luminescence reaction is caused by applying a concentrated
      luminescent solution. That is to say, the luminance is caused by applying
      a luminescent solution 30 to a image of chemiluminescent component 12
      formed on a support 10. In this case, a viscosity increasing agent is
      added, if desired, to the luminescent solution to form a thick, dense
      solution thereof. Alternatively, the luminescent solution can be applied
      to the chemiluminescent component by spraying. In this case, also, the
      intensity of luminescence can be increased, if desired, by placing the
      total luminescence system in an oxygen atmosphere or by blowing air onto
      the material image.
PAR  FIG. 3 is another embodiment of this invention where the luminance is
      caused by immersing the chemiluminescent component image 12 formed on a
      support 10 in a luminescent solution 40 and a material causing
      chemiluminescence is supplied, if necessary, to the luminescent solution,
      i.e., the material contributing to the luminance is applied only if the
      solution itself does not contribute to the luminescence.
PAR  The information display system of this invention is simple and the device
      can be minaturized, which makes it possible to provide a portable display
      device. Also, according to this invention it is possible to display
      complicated signals and characters and further it is possible to use
      arbitrary patterns as a character display or graphic display.
PAR  According to the present invention, an inexpensive information display
      system having a storage function is provided. The image of the material
      fixed on a support according to the information to be displayed can be
      stored or preserved and at a desired time the image can be radiated. The
      display by this invention can be used in the observation, broadcasting,
      television, and information industries.
PAR  According to the present invention, information can be seen by a difference
      in luminance, and thus illuminating light which is necessary for reading
      information based on ordinary optical absorption is unnecessary.
      Therefore, if the information display system of this invention is applied
      to a device for reading optical characters, a light source for
      illumination becomes unnecessary and thus the display device is quite
      simplified.
PAR  Furthermore, in the display of this invention the duration of luminescence
      is quite long, and the luminescence can be maintained over several hours.
PAR  The display method of this invention will now be illustrated by the
      following examples, but the invention is not to be construed as limited to
      the examples.
PAR  Unless otherwise indicated, all thicknesses are dry thicknesses.
PAC  EXAMPLE 1
PAR  This example illustrates a method in which characters are written on a
      paper by hand using an ink containing an accellerator and a fluorescent
      agent, and then characters are radiated (caused to radiate) by a semidry
      system.
PAR  The ink was prepared by dissolving 0.5 g of potassium ferricyanide
      (accelerator) and 2.2 mg. of Rhodamine B (fluorescent agent) in 50 ml of
      water. Characters were written on a high quality paper with the ink using
      a pen and dried. A chemiluminescent composition was prepared as follows. 5
      ml of a solution prepared by dissolving 10.sup.-.sup.2 mol of luminol in a
      1 : 1 volume mixture of dimethyl sulfoxide and water was mixed with 20 ml.
      of an aqueous 0.03% hydrogen peroxide solution. No luminance was observed
      when the chemiluminescent solution was placed in the dark.
PAR  A sponge impregnated with the aforesaid chemiluminescent composition was
      bought into contact with the high quality paper having the image of the
      material to wet the paper therewith, whereby the characters showed a
      luminance which could be seen with eyes which had not adapted to the
      darkness. The characters could thus be read clearly.
PAC  EXAMPLE 2
PAR  The same procedure as in Example 1 was followed except that ferric nitrate,
      titanium chloride, ferric sulfate, cobalt nitrate, lead acetate or
      vanadium dichloride was used in place of potassium ferricyanide. The
      hand-written characters sould be observed in the dark in each case.
PAC  EXAMPLE 3
PAR  This examples shows an embodiment in which an image of the material is
      formed utilizing a photosensitive layer containing an accelerator and then
      the image is caused to radiate.
PAR  10 g of Gosenol GL-05H (trade name for polyvinyl alcohol made by Nippon
      Gosei Kagaku Kogyo K. K.) was dissolved in 100 ml of water. 0.1 g of
      potassium bichromate and 10 mg of an acetylacetonate cobalt(III) complex
      salt (accelerator) were dissolved in 5 ml of the polyvinyl alcohol
      solution thus prepared (polyvinyl alcohol and potassium bichromate are
      representative photosensitive materials where exposed areas are hardened).
      The photosensitive composition containing the accelerator for the
      chemiluminescence was applied by means of rod to a polyethylene
      terephthalate film having a gelatin subbing coat and dried in a dry box
      through which warm air at 50.degree.C was circulated.
PAR  A transparent positive bearing a line image as is ordinarily used in the
      manufacture of printing plates was placed on the photosensitive film thus
      prepared and the film was exposed from the side of the polyethylene
      terephthalate film for 200 seconds to a mercury lamp (250 watt high
      pressure mercury lamp) at a distance of 40 cm.
PAR  By washing the exposed photosensitive film with water, the unhardened
      portions corresponding to unexposed portions were washed off. Then the
      film was washed for 20 minutes in running water and dried to give a relief
      image which was an image of material containing the accelerator for
      chemiluminescence.
PAR  Then, a chemiluminescent composition was prepared by mixing 20 ml of a
      solution prepared by dissolving 10.sup.-.sup.2 mol/liter of luminol in
      aqueous 20% dimethyl formamide solution, and adding 40 ml of an aqueous
      0.1 mol Na.sub.2 SO.sub.3 solution and 100 ml of an aqueous 0.03% H.sub.2
      O.sub.2 solution.
PAR  This composition gave no luminance in the dark but when the polyethylene
      terephthalate film having the above-mentioned image of material on it was
      immersed in the solution, only the image portions chemiluminesced. The
      luminescence continued over 10 minutes.
PAC  EXAMPLE 4
PAR  This example shows an embodiment of the display method in which a binder of
      a photohardenable photosensitive material is formed into an image, an
      accelerator is bonded to the image to provide an image of material, the
      then the image is chemiluminesced by a viscous processing solution.
PAR  That is to say, 8 g of gelatin was added to 40 ml of water and then 1.5 g
      of potassium bichromate was dissolved therein for providing
      photosensitivity. The bichromate colloid thus prepared was applied by
      means of a rod to a polyethylene terephthalate film having a gelatin
      subbing coat under a safety lamp, and after setting by a blast of cold
      air, the coating was dried by allowing it to stand overnight at room
      temperature. As in Example 3, the photosensitive film thus prepared was
      exposed behind a film for the manufacture of printing plates for 4
      minutes, and then the film was developed with running water at 35.degree.C
      for few minutes to provide a photo-hardened gelatin image. The
      polyethylene terephthalate film having the image was immersed in an
      aqueous 2% cobalt nitrate solution for about 10 minutes and then dried.
PAR  Separately, a viscous solution was prepared by mixing a chemiluminescent
      composition consisting of 10.sup.-.sup.3 mol/liter of luminol,
      10.sup.-.sup.4 mol/liter of hydrogen peroxide, and 0.1 normal sodium
      hydroxide solution and an equal volume of an aqueous 20% solution of
      Gosenol GL-05H, (trade name of polyvinyl alcohol made by Nippon Gosei
      Kagaku Kogyo K. K.) as a viscosity increasing agent. When the viscous
      treating solution thus prepared was applied onto the image of the material
      formed above by means of a doctor blade, the characters were visible
      (radiated) for a number of minutes in the dark.
PAC  EXAMPLE 5
PAR  When the same procedure as in Example 4 was followed except that the
      polyethylene terephthalate film having the gelatin relief formed as in
      Example 4 was immersed in an aqueous 1% chloroaurate solution for one hour
      and then dried, a bright luminescent image in the dark was obtained.
PAR  Furthermore, when the image of the material immersed in the aqueous
      chloroaurate solution followed by drying was allowed to stand for 30 days
      at room temperature and then the luminescent composition was applied
      thereto, luminescence as above was also observed.
PAC  EXAMPLE 6
PAR  The same procedure as in Example 4 was followed except that a luminescent
      composition was prepared by using a polyvinyl alcohol solution having the
      same concentration, but saturated with Rhodamine B in place of the
      polyvinyl alcohol solution in the same example. When the chemiluminscent
      spectra thus formed was observed by means of a fluorophosphorophotometer,
      a sensitized luminance of a maximum luminance wave length at 580 m.mu. was
      observed in addition to the intrinsic luminescent spectrum of luminol
      having a maximum luminescent wave length at 420 m.mu..
PAC  EXAMPLE 7
PAR  This example shows an embodiment in which an image with an accelerator is
      formed by using a thermoplastic photopolymerizable material, and then the
      image of the material is displayed.
PAR  The thermoplastic photopolymerizable composition was prepared as follows.
      After dissolving 10 g of cellulose acetate butyrate (half-second butyrate)
      in 240 ml of methyl ethyl ketone, 15.4 g of pentaerythritol triacrylate,
      200 mg of phenatholene quinone, and 70ml of p-methoxyphenol were
      successively dissolved therein. The photopolymerizable composition thus
      prepared was applied on a polyethylene terephthalate film having a
      thickness of 100 microns by means of a rod. The dry thickness of the layer
      was about 2.5 microns. A polyethylene terephthalate film having a
      thickness of about 30 microns was bonded onto the photopolymerizable
      layer, thus forming an oxygen-protective layer. The protective layer was
      exposed behind a positive transparent original for photoengraving to a
      high pressure mercury lamp (400 watts) for 5 seconds at a distance of 30
      cm. After exposure, the protective layer was stripped from the
      photopolymerizable layer and the film having the photopolymerizable layer
      was placed on a hot plate heated to 110.degree.C to heat it from the base
      side. Then, fine powdered cobalt(III) acetylacetonate was applied onto the
      whole surface of the photopolymerizable layer and air was flown onto the
      surface, whereby the image of the powder corresponding to the transparent
      original was obtained since only the unexposed portions of the layer were
      viscous. When the luminescent composition as in Example 4 was applied to
      the image, imagelike radiation was clearly observed.
PAC  EXAMPLE 8
PAR  The same procedure as in Example 7 was followed except that fine powders of
      a copper EDTA compex salt, nickel acetonate, chromium(III)
      acetylacetonate, iron(III) acetylacetonate, manganese (II) acetylacetonate
      or manganese(III) acetylacetonate were used in place of the fine powders
      of cobalt(III) acetylacetonate. Similar results to those in Example 7 were
      obtained.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An information display method wherein a component chemiluminescent
      system is caused to chemiluminesce on a support which comprises forming an
      image on a support of the components of the chemiluminescent system
      lacking at least one essential component to cause chemiluminescence by
      incorporating said components lacking said one essential component in a
      heat-sensitive layer on a recording material capable of transmitting
      infrared rays, bringing said layer in contact with an original having
      varying absorption for infrared rays, subjecting said layer to transmitted
      exposure or reflected exposure of light including infra-red rays in
      imagewise fashion from said original and removing exposed or non-exposed
      portions of said layer to form an image, and contacting said image with
      the lacking component or components of the chemiluminesent system to cause
      said image to chemiluminesce selectively to display information on the
      support based on a difference in luminescence between the chemiluminescent
      image and the non-image portion.
NUM  2.
PAR  2. The method as set forth in claim 1 wherein said chemilumiscent system
      comprises a chemiluminescent material and an oxidizing agent which
      chemiluminesces the same.
NUM  3.
PAR  3. The method of claim 2 wherein the chemiluminescent system further
      comprises an accelerater agent, a pH adjusting agent and a solvent.
NUM  4.
PAR  4. The method as set forth in claim 3 wherein said chemiluminescent
      material is luminol, lophine, pyrogallol, lucigene, indole, riboflavin,
      oxysilicone, diphenyl anthracene, isobenzofuran or derivatives thereof.
NUM  5.
PAR  5. The method as set forth in claim 3 wherein said chemiluminescent
      material is a biological luminescent material.
NUM  6.
PAR  6. The method as set forth in claim 1 wherein the step of contacting
      includes placing the image of the material in an atmosphere containing
      said lacking component or components of the chemiluminescent system
      causing chemiluminescence by applying to the image a soft porous material
      impregnated with said lacking component or components of the
      chemiluminescent system causing chemiluminescence, thereby causing
      chemiluminescence as a result of contact of the image and the atmosphere.
NUM  7.
PAR  7. The method as set forth in claim 1 wherein the step of contacting
      includes placing the image of the material in an atmosphere containing
      said lacking component or components of the chemiluminescent system
      causing chemiluminescence by applying onto the image a composition
      containing said lacking component or components of the chemiluminescent
      system causing chemiluminescence as the result of contact of the image and
      the composition.
NUM  8.
PAR  8. The method as set forth in claim 1 wherein the step of contacting
      includes placing the image of the material in an atmosphere containing
      said lacking component or components of the chemiluminescent system
      causing chemiluminescence by immersing the image in a composition
      containing said lacking component or components of the chemiluminescent
      system causing chemiluminescence as the result of contact of the image and
      the composition.
NUM  9.
PAR  9. An information display method wherein a component chemiluminescent
      system is caused to chemiluminescence on a support which comprises forming
      an image on a support of the components of the chemiluminescent system
      lacking at least one essential component to cause chemiluminescence by
      forming a layer comprising said components lacking at least one essential
      component and silver salt photosensitive material on said support,
      imagewise exposing said layer and developing said layer to form an image
      and contacting said image with the lacking component or components of the
      chemiluminescent system to cause said image to chemiluminescence
      selectively to display information on the support based on a difference in
      luminescence between the chemiluminescent image and the non-image portion.
NUM  10.
PAR  10. The method as set forth in claim 9 wherein said chemiluminescent system
      comprises a chemiluminescent material and an oxidizing agent which
      chemiluminesces the same.
NUM  11.
PAR  11. The method of claim 9 wherein the chemiluminescent system further
      comprises an accelerater agent, a pH adjusting agent and a solvent.
NUM  12.
PAR  12. The method as set forth in claim 9 wherein said chemiluminescent
      material is luminol, lophine, pyrogallol, lucigene, indole, riboflavin,
      oxysilicone, diphenyl anthracene, isobenzofuran or derivatives there of.
NUM  13.
PAR  13. The method as set forth in claim 9 wherein said chemiluminescent
      material is a biological luminescent material.
NUM  14.
PAR  14. The method as set forth in claim 9 wherein the step of contacting
      includes placing the image of the material in an atmosphere containing
      said lacking component or components of chemiluminescent system causing
      chemiluminescence by applying to the image a soft porous material
      containing the atmosphere containing said lacking component or components
      of the chemiluminescent system causing chemiluminescence, thereby causing
      chemiluminescence as a result of contact of the image and the atmosphere.
NUM  15.
PAR  15. The method as set forth in claim 9 wherein the step of contacting
      includes placing the image of the material in an atmosphere containing
      said lacking component or components of the chemiluminescent system
      causing chemiluminescence by applying onto the image a composition
      containing said lacking component or components of the chemiluminescent
      system causing chemiluminescence as the result of contact of the image and
      the composition.
NUM  16.
PAR  16. The method as set forth in claim 9 wherein the step of contacting
      includes placing the image of the material in an atmosphere containing
      said lacking component or components of the chemiluminescent system
      causing chemiluminescence by immersing the image in a composition
      containing said lacking component or components of the chemiluminescent
      system causing chemiluminescence as the result of contact of the image and
      the composition.
NUM  17.
PAR  17. An information display method wherein a component chemiluminescent
      system is caused to chemiluminescence on a support which comprises forming
      an image on a support of the components of the chemiluminescent system
      lacking at least one essential component to cause chemiluminescence by
      forming an electrostatic latent image on a photoconductive recording layer
      or on an insulating layer on said support, developing the latent image
      with a toner comprising said components of the chemiluminescent system
      lacking at least said one essential component and contacting said image
      with the lacking component or components of the chemiluminescent system to
      cause said image to chemiluminescence selectively to display information
      on the support based on a difference in luminescence between the
      chemiluminscent image and the non-image portion.
NUM  18.
PAR  18. The method as set forth in claim 17 wherein said chemiluminescent
      system comprises a chemiluminescent material and an oxidizing agent which
      chemiluminesces the same.
NUM  19.
PAR  19. The method as set forth in claim 17 wherein the chemiluminescent system
      futher comprises an accelerater agent, a pH adjusting agent and a solvent.
NUM  20.
PAR  20. The method as set forth in claim 17 wherein said chemiluminescent
      material is luminol, lophine, pyrogallol, lucigene, indole, riboflavin,
      oxysilicone, diphenyl anthracene, isobenzofuran or derivatives thereof.
NUM  21.
PAR  21. The method as set forth in claim 17 wherein said chemiluminescent
      material is a biological luminescent material.
NUM  22.
PAR  22. The method as set forth in claim 17 wherein the step of contacting
      includes placing the image of the material in an atmosphere containing
      said lacking component or components of chemiluminescent system causing
      chemiluminescence by applying to the image a soft porous material
      containing the atmosphere containing said lacking component or components
      of the chemiluminscent system causing chemiluminescence, thereby causing
      chemiluminescence as a result of contact of the image and the atmosphere.
NUM  23.
PAR  23. The method as set forth in claim 17 wherein the step of contacting
      includes placing the image of the material in an atmosphere containing
      said lacking component or components of the chemiluminescent system
      causing chemiluminescence by applying onto the image a composition
      containing said lacking component or components of the chemiluminescent
      system causing chemiluminescence as the result of contact of the image and
      the composition.
NUM  24.
PAR  24. The method as set forth in claim 17 wherein the step of contacting
      includes placing the image of the material in an atmosphere containing
      said lacking component or components of the chemiluminescent system
      causing chemiluminescence by immersing the image in a composition
      containing said lacking component or components of the chemiluminescent
      system causing chemiluminescence as the result of contact of the image and
      the composition.
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ABST
PAL  Electrostatic reproduction processes utilizing papers which have a surface
      resistivity of not more than 0.9-3 .times. 10.sup.11 IPC ohmn/square at a
      relative humidity of 25 percent and a surface resistivity of not more than
      25-60 .times. 10.sup.11 IPC ohms/square at a relative humidity of 10
      percent.
PARN
PAR  This application is a division of application Ser. No. 237,797 filed Mar.
      24, 1972, now U.S. Pat. No. 3,873,354.
BSUM
PAR  The invention relates in one aspect to improving electrostatic printing
      processes by the utilization of papers having electrical properties
      tailored so that static charges will not accumulate on the paper during
      the printing process.
PAR  In electrostatic printing processes, a high voltage corona discharge or
      comparable unit is employed to produce a uniform distribution of
      electrical charges on the surface of a drum other member. The charges are
      then dissipated from selected areas of the charged member to produce a
      latent, electrostatic image.
PAR  To develop the latent image, the selectively charged member is contacted
      with a toner which includes finely divided particles containing pigment
      and a binder. These particles adhere to those areas of the charged member
      where a charge is present.
PAR  Paper is then brought into contact with the charged member, and the charges
      on it are dissipated. This transfers the toner to the paper which, at the
      same time, becomes electrostatically charged.
PAR  Immediately thereafter, the paper is subjected to intense heat, melting the
      binder and fusing the pigment particles to the paper. The paper is then
      allowed to cool to complete the process..sup.1
FNT  .sup.1 This process is to be distinguished from that in which the latent
      electrostatic image is formed directly on paper having a zinc oxide or
      other conductive coating. The present invention is not concerned with this
      type of process, and the conductive papers employed in it are not
      interchangeable with those I have invented as will become apparent
      hereinafter.
PAR  The high intensity heat sources employed in modern electrostatic
      reproduction machines produce very low relative humidities.sup.2 in the
      vicinity of the heat source. Consequently, as the toner particles are
      fused to the paper, residual moisture is rapidly driven out of the paper
      with a corresponding decrease in its conductivity. As the conductivity of
      the paper decreases, it becomes more and more retentive of the charges
      transferred to it with the toner. And, also because of its decreasing
      conductivity, it tends to pick up additional charges because of the close
      proximity of the high voltage charge generating unit. Also, as the
      decreasingly conductive paper runs over the rolls, etc. in the
      reproduction machine, friction will cause additional static charges to be
      built up on the paper.
FNT  .sup.2 The term "low relative humidity" will be used frequently herein. In
      the context of the present invention this term refers to relative
      humidities of from about 25 to 10 percent or lower.
PAR  Modern electrostatic machines operate at extremely high rates (machines
      capable of producing well over 100 copies per minute are commercially
      available). These machines are typically equipped with auxiliary units for
      segregating and collating the copies produced by the duplicator to
      minimize the hand labor involved in reproducing multi-page documents such
      as books, pamphlets, and the like.
PAR  Reproduction equipment of the type just described is highly susceptible to
      stoppages attributable to the jamming of paper both in the duplicating
      machine itself and in the collation equipment. This is in part because the
      charges on the paper cause the sheets to stick together so that they
      cannot be properly manipulated by the various paper handling mechanisms.
      Also, because of the static charges, the sheets stick to the rolls and
      other conveying devices in the machine.
PAR  Stoppages are undesirable because of the time wasted in cleaning out the
      jam and because of the wastage. In fact, in some cases, it has been found
      preferable to return to hand sorting and collating because of the
      frequency with which jams occurred in the collating unit of high speed
      electrostatic reproduction equipment.
PAR  Several solutions to this stoppage problem have been proposed and tried.
      For example, it was in one instance concluded that jamming is related to
      the stiffness of the paper which is used. Accordingly, stiffer papers were
      made by incorporating materials such as sodium silicate in them. This did
      not produce any marked improvement.
PAR  It has also been suggested that surface coatings could solve the problem. A
      number of these, including polyethylenes, have been tried without
      noticeable success.
PAR  I have now found that the key to preventing the accumulation and retention
      of electrostatic charges on the paper and thereby eliminating the problem
      discussed above is the conductivity or resistivity of the paper at the low
      relative humidities which exist in electrostatic reproduction machines.
      More specifically, I have found that, if paper is so formulated that its
      surface resistivity varies from not more than 0.9-3 .times. 10.sup.11 IPC
      ohms/square at a relative humidity of 25 percent to not more than 25-60
      .times. 10.sup.11 IPC ohms/square at a relative humidity of 10 percent,
      accumulation and retention of static charges ceases to be a problem as the
      charges will readily dissipate from the paper; and the jamming
      attributable to static charges will not occur in high speed machines, even
      if they are equipped with collation devices.
PAR  Papers with even lower surface resistivities than the maximums set forth in
      the preceding paragraph are preferred. They will function satisfactorily
      under even the most adverse conditions.
PAR  The term "IPC ohms/square", used above, has a particular significance.
      Surface resistivities of the magnitudes with which the present invention
      is concerned are on the fringe of man's ability to measure; and values
      varying by an order of magnitude or more can be obtained from the same
      sample depending upon the instrumentation which is used, the voltage at
      which the resistivity is measured, and the conditions under which the
      measurement is made (see, for example, Resistivity Testing Methods for
      Conductive Base Paper, Cooprider, TAPPI 51, No. 11, pp. 520-527 (November
      1968)). Thus, surface resistivity values are meaningless unless they are
      tied to the particular technique and instruments by which they are
      obtained.
PAR  Resistivities in IPC ohms/square are measured by the following technique:
      the sample is placed in an enclosure in which the humidity can be
      controlled (to an accuracy of less than .+-. 1 percent). The humidity is
      adjusted to an initial, relatively high level and the sample allowed to
      reach equilibrium. The humidity is then decreased to the desired level so
      that the resistivity will be measured on the drying side of the paper's
      hysteresis curve and the humidity kept constant until equilibrium is again
      reached.
PAR  The sample is then placed on a 1.3 .times. 15.5 .times. 15.5 cm sheet of
      polymethyl methacrylate fastened to a steel plate with a sheet of 0.04 mm
      thick Teflon sandwiched between the plate and the acrylic for added
      insulation. Brass electrodes 1.95 .times. 1.95 .times. 5 cm long mounted
      at a spacing of 5.0 cm on polymethyl methacrylate insulating supports and
      surrounded by an electrostatic shield are then pressed against the paper
      with a force of 40 Kg by an air cylinder with a ball and socket connection
      being used to prevent misalignment and insure good contact between the
      electrodes and the paper.
PAR  The electrodes are connected in series with a 200 megaohm resistance and a
      Lambda Model C-281 Regulated Power Supply adjusted to produce a 300 volt
      d.c. output. The voltage drop V' across the 200 megaohm resistance is
      measured with a Keithley Model 660A Differential Voltmeter. (The test
      set-up and instrumentation is shown schematically in FIG. 1). The surface
      resistivity R.sub.p of the paper is then calculated by the following
      formula:
      ##EQU1##
PAR  Coonventional papers have surface resistivities which are well above those
      I have found usable for the purposes of the present invention.
      Accordingly, it is necessary to change the electrical properties of such
      papers for my purposes. This may be done in any manner which is desired as
      it is the particular electrical properties of the paper which are
      critical, not the manner in which these properties are imparted to it.
PAR  One method of decreasing the resistivity of conventionally formulated and
      made papers to the requisite levels is to uniformly distribute a readily
      ionizable salt in the surface portions of the paper. The salt may be added
      to the stock before the paper is formed. Alternatively, the paper can be
      formed and dried and then passed through a sizing press. Here it is
      contacted with an aqueous solution of the selected salt to transfer the
      requisite amount of the salt to the paper. This is followed by another
      drying step and the customary finishing operations.
PAR  Any of a wide variety of ionizable inorganic and organic salts may be
      employed in the practice of the present invention as the key is not the
      use of a particular salt but the tailoring of the paper so that it will
      have certain specific levels of resistivity at very low relative
      humidities as explained above.
PAR  The requisite characteristics of the salt are that it be soluble in water,
      that it be non-volatile, and that it be a good electrolyte. Also, for
      many, if not most, applications of the invention, the salt should not
      impart color to the paper. In addition, it should not discolor or degrade
      at drying temperatures of up to 250.degree.C.
PAR  Examples of salts of the type which are satisfactory in the practice of the
      present invention are:
PA1  Sodium Chloride
PA1  Potassium Chloride
PA1  Calcium Chloride
PA1  Magnesium Chloride
PA1  Aluminum Chloride
PA1  Sodium Aluminate
PA1  Potassium Aluminate
PA1  Potassium Benzoate
PA1  Potassium Borate
PA1  Sodium Benzoate
PA1  Sodium Bisulfite
PA1  Sodium Borate
PA1  Sodium Bromate
PA1  Sodium Manganate
PA1  Sodium Metaphosphate
PAR  The amount of salt that is employed will depend upon the particular
      compound selected. Because the resistivity with which the present
      invention is concerned is a surface effect or phenomena, the amount of
      salt that is employed can be most usefully expressed as weight of salt per
      standard sheet of paper. A "standard sheet of paper" as that term is
      employed herein is one which is 81/2 .times. 11 inches.
PAR  An amount of sodium chloride that has been found satisfactory in the field
      is 0.012 grams per standard sheet. The following table shows the amounts
      of representative salts I have found to be equivalent as far as the
      present invention is concerned; it accordingly provides a guide for
      selecting add-on amounts of salts other than sodium chloride which will
      produce satisfactory results:
TBL                       Grams of Salt per                                    

     Compound             Standard Sheet                                       

     ______________________________________                                    

     Sodium Chloride       0.0012                                              

     Potassium Chloride   0.002                                                

     Aluminum Chloride    0.007                                                

     Calcium Chloride     0.004                                                

     ______________________________________                                    

PAR  A humectant may also advantageously be added to the paper, typically by
      incorporating it in the same solution as the ionizable salt.
PAR  It is my experience that conventional humectants, by themselves, are of
      little practical value in decreasing the surface resistivity of paper.
      However, field experience clearly shows that such humectants do act
      synergistically to make the salt more effective at at least the lowest of
      the relative humidities with which the present invention is concerned.
PAR  The particular humectant which is employed is not critical, and any of a
      number of such materials may be employed. The important requisites are
      that the humectant be soluble in or miscible with water, that it not
      adversely effect the color of the paper, and that its boiling point be
      high enough that it will not escape from the paper in significant amounts
      at drying temperatures of up to 250.degree.C.
PAR  Glycerin is one suitable humectant. Others include sorbitol, ethylene
      glycol, propylene glycol, polyethylene glycols and polymers, and mixtures
      of the foregoing as well as mixtures including glycerin.
PAR  The amount of humectant used will vary, depending upon the particular
      material which is selected. The minimum amount is that which will increase
      the effectiveness of the salt at very low relative humidities while the
      maximum is dictated by the requirement that the treated paper retain its
      paperlike qualities at normally encountered relative humidities of 50
      percent and above. If an excess of humectant is used, the paper will
      become limp and entirely unacceptable from a physical standpoint at such
      humidity levels.
PAR  As mentioned above, glycerin is one suitable humectant. A typical
      application of the invention will use 11/2 pounds of glycerin per ton of
      paper.
PAR  Another additive which will typically be added to the size press solution
      is a conventional binder such as a starch, gum, casein, polyvinyl alcohol
      or acetate, animal glue, etc.
PAR  The papers of the present invention are to be clearly distinguished from
      the multitude of so-called anti-static and conductive papers which have
      heretofore been developed for other purposes..sup.3,4 As discussed by a
      number of investigators including Hayek (TAPPI, 43, No. 2, pp. 105-112,
      February 1960) and Uber (U.S. Pat. No. 3,116,147) the surface resistivity
      which paper must have for a given use is a complex, not readily
      ascertainable characteristic. It must instead be specifically determined
      for each situation and the paper tailored to provide the requisite
      resistivity characteristics.
FNT  .sup.3 The papers of the present invention are not conductive in any normal
      sense, but have sufficiently high resistivities as to make them good
      insulators in common parlance.
FNT  .sup.4 Examples of "prior art" conductive and anti-static papers are
      described in U.S. Pats. Nos. 1,889,851 issued Dec. 6, 1932; 2,040,142
      issued May 12, 1936; 2,086,544 issued July 13, 1937, 2,229,091 issued Jan.
      21, 1941; 2,283,558 issued May 19, 1942; 2,328,198 issued Aug. 31, 1943;
      2,346,370 issued Apr. 18, 1944; 3,372,829 issued Apr. 3, 1945; 2,667,651
      issued May 4, 1954; 2,983,654 issued Nov. 6, 1962; 3,075,859 issued Jan.
      29, 1963; 3,116,147 issued Dec. 31, 1963; issued Jan. 29, 1963; 3,116,147
      issued Dec. 31, 1963; 3,142,562 issued Aug. 28, 1964; 3,293,115 issued
      Dec. 20, 1966; 3,385,730 issued May 28, 1968; 3,420,734 issued Jan. 7,
      1969; and 3,440,090 issued Apr. 22, 1969.
PAR  Thus, that the papers described in the foregoing patents are suitable for
      the wet process photoreproduction, electrographic recording, videographic,
      Alfax-type, and other processes with which the patents are concerned is no
      indication that those papers are satisfactory for any application other
      than that for which they were specifically designed, let along the
      specific application for which the papers I have invented are intended.
      This is confirmed by the complete absence of any statement in these
      patents that the papers disclosed therein can be used in the type of
      electrostatic printing process described above.
PAR  That the novel papers disclosed herein operate satisfactorily at low
      relative humidities is a surprising result. Carlson (U.S. Pat. No.
      3,337,392 issued Aug. 22, 1967); Hayek (TAPPI 43, cited above); Matsunaga
      (U.S. Pat. No. 3,440,090 issued Apr. 22, 1969); and Vaurio (TAPPI 47, No.
      12, pp. 163A-165A (December 1964)) all state that ionizable salts are not
      effective in decreasing the resistivity of paper at low relative
      humidities; and I know of no investigator who has reported otherwise.
      Similarly, Vaurio states, as is commonly accepted, that the addition of
      humectants does not provide any beneficial results at low relative
      humidities. Again, I have found that this in incorrect for papers having
      the resistivities described above when they are used as intended.
PAR  The Carlson Patent just referred to describes paper which are said to be
      useful for electrostatic printing among other applications. However, as
      the paper is to be coated with zinc oxide for this application, it is
      apparent that Carlson is not concerned with paper for the same application
      as that disclosed herein but with the type of electrostatic duplicating
      process in which the latent electrostatic image is formed directly on the
      copy sheet. It is equally apparent from the Hayek and Uber references that
      the two processes (mine and Carlson's) require papers of different
      characteristics. Thus, Carlson's teachings are clearly not relevant to my
      invention.
PAR  In conjunction with the foregoing, Carlson employs hydrated asbestos fibers
      to decrease the surface resistivity of the papers disclosed in his patent.
      While such papers may have resistivities which make them useful at the 30
      to 50 percent relative humidities discussed in the patent, they would not
      necessarily have the characteristics required at the much lower relative
      humidities (on the order of ten percent) which are typically found in the
      more modern, higher speed machines of the type for which the papers
      disclosed herein are designed. This again is because the key to
      satisfactory performance is the tailoring of the electrical properties of
      the paper to specified criteria, and this cannot be obtained merely by
      incorporating one additive or another in the paper without knowing what
      the requisite criteria are.
PAR  From the foregoing it will be apparent that one primary object of the
      present invention resides in improving electrostatic printing and
      duplicating techniques by minimizing problems attributable to the
      accumulation of static charges on the copy sheets.
PAR  Other important objects and features of the invention as well as additional
      advantages will be apparent from the foregoing description of it, from the
      appended claims and accompanying drawing, and from the examples set forth
      below which are intended to illustrate the present invention but not to
      limit the scope of protection which is sought.
DRWD
PAR  In the drawing just referred to:
PAR  FIG. 1 is a schematic illustration of a test set-up and instrumentation for
      measuring surface resistivity in IPC ohms/square;
PAR  FIG. 2 is a schematic illustration of a test set-up and instrumentation for
      measuring surface resistivity in Lincoln ohms/square;
PAR  FIG. 3 is a correlation curve for converting Lincoln ohms/sqare to IPC
      ohms/square and vice-versa;
PAR  FIG. 4 is a chart depicting the surface resistivity characteristics which
      papers must have to make them useful for the purposes described herein;
PAR  FIG. 5 is a chart in which papers in accord with the present invention are
      compared with untreated but otherwise comparable paper and with paper to
      which only a humectant has been added;
PAR  FIG. 6 is a chart showing the effect on surface resistivity that results
      from employing different, but representative, salts in the papers of the
      present invention;
PAR  FIG. 7 is a chart showing the effect which varying or omitting a humectant
      has on the surface resistivity of papers;
PAR  FIG. 8 is a graph showing that representative commercial binders have
      little effect on the electrical properties of paper; and
PAR  FIG. 9 is a graph showing the effect which the amount of ionizable salt
      added to paper has on its resistivity at different relative humidity
      levels.
DETD
PAR  Referring now to the drawing, it was pointed out above that paper must have
      certain specific surface resistivity characteristics at low relative
      humidities to make it useful for the purposes of the present invention.
      More specifically, the paper must have a resistivity which, for a given
      low relative humidity, is in or below the region identified by reference
      character 10 in FIG. 4 and is preferably not above the lower boundary of
      region 10 established by curve 12.
PAR  As can be seen from FIG. 4, the resistivity characteristics of papers which
      are useful for the purposes of the present invention are quite different
      from those of conventional paper which will typically have a resistivity
      versus relative humidity curve such as that identified by reference
      character 14 in FIG. 4.
PAR  As discussed above, papers which are suitable for the purposes of the
      present invention can be prepared in any manner desired as long as the
      paper has the requisite electrical properties. I also pointed out that one
      way of obtaining these characteristics is by incorporating a readily
      ionizable salt in the surface portions of the paper and that this approach
      is entirely unobvious from the prior art which uniformly teaches that
      papers treated with ionizable salts alone are not capable of preventing
      static charge accumulation at low relative humidities. That the prior art
      teaching is not correct for electrostatic printing and duplicating
      processes as described above if the salt is so added as to alter the
      resistivity characteristics of the paper in the previously described,
      required manner is apparent from the following example.
PAC  EXAMPLE I
PAR  A 20 pound, 17 .times. 22-500, chemical pulp, unsized paper was cut into
      51/2 .times. 81/2 inch strips (a half standard sheet).
PAR  A 7 percent by weight solution of enzyme converted potato starch.sup.5 in
      water was cooked and cooled to a temperature of 140.degree.F.
FNT  .sup.5 Co-Star brand available from the Colby Co-op of Colby, Maine.
PAR  Sodium chloride and glycerin were added to different portions of the hot
      starch solution in amounts producing concentrations of 0.1, 0.4, 1.0, and
      5.0 percent based on the bone dry weight of the solids present in each
      formulation (glycerin was treated as a solid in calculating the
      concentrations).
PAR  Specimens of the paper were then dried to constant ("bone dry") weight,
      weighed, and coated with each of the foregoing solutions using a wringer
      type laboratory size press. The coated samples were then again dried to
      constant weight and reweighed, the difference in the bone dry weights
      being the total amount of additive added to the sample in the coating
      step. From these weights and with the precentages of the different
      constituents in the solids portion of the sizing solution known, the
      amount of sodium chloride or glycerin added to each half standard size
      sheet specimen could be and was calculated.
PAR  The foregoing specimens, together with an untreated or unsized sample, were
      exposed to a relative humidity above 50 percent until equilibrium was
      reached. The relative humidity was then reduced to 50 percent, equilibrium
      established, and the resistivity of the samples measured using the Lincoln
      instrumentation shown in FIG. 2. The process was then repeated, the
      relative humidity being successively lowered to 36.7 percent, 21.4
      percent, and 13.0 percent and equilibrium being established at each
      relative humidity level before the resistivity measurements were made.
PAR  Next, the resistivities were converted to IPC ohms/square using the
      correlation curve of FIG. 3.
PAR  For the treated specimens, plots were made of resistivity versus weight of
      material added for each of the relative humidity levels at which the
      resistivity of the samples was measured. For sodium chloride this resulted
      in the family of curves shown in FIG. 9. A similar family of curves (not
      shown) was obtained for the samples treated with glycerin.
PAR  A vertical line at the sodium chloride add-on weight of 0.006 grams
      (identified as 16) was then drawn on the FIG. 9 plot. The points where
      line 16 crossed the previously plotted curves were the resistivities of
      the sample at the above-identified relative humidity levels for the
      selected add-on weight. Through these points the curve of FIG. 5 for the
      sodium chloride treated paper was drawn.
PAR  The resistivity versus relative humidity curve for glycerin treated paper
      at an add-on weight of 0.002.sup.6 grams per half standard sheet in FIG. 5
      was obtained in a similar manner. The curve for the untreated specimen was
      then added to FIG. 5. This curve was obtained in a straightforward manner
      by plotting resistivity versus relative humidity for each of the four
      levels at which measurements were made and drawing curves through the
      resulting points.
FNT  .sup.6 Add-on weights of 0.002 and 0.006 grams per half standard sheet of
      the sodium chloride and glycerin treated specimens were selected because
      these levels have been found to give excellent performance in the field.
PAR  The data shown in graphical form in FIG. 5 confirms a number of the unique
      discoveries I have made. First, this data shows that ionizable salts are
      capable of producing the resistivity characteristics required for the
      present invention although the prior art would lead one to conclude
      otherwise.
PAR  Next, the data (especially FIG. 9) shows that the resistivity
      characteristics required in the practice of the present invention can be
      obtained by appropriately varying the amount of ionizable salt added to
      the paper.
PAR  Finally, a comparison of FIGS. 4 and 5 shows that untreated papers as well
      as those treated only with a conventional humectant are not satisfactory
      for the purposes of the present invention.
PAR  Much of the foregoing has been confirmed and other of the unique and
      unobvious theoretical aspects of my invention verified in commercial scale
      field trails. The following is is concerned with one of many series of
      such field trials and also illustrates the commercial scale preparation of
      paper in which the electrical properties required by my invention are
      obtained by the incorporation of a readily ionizable salt in the paper.
PAC  EXAMPLE II
PAR  A paper of the type contemplated by the present invention was prepared by
      making a 20 pound, 17 .times. 22-500, chemical pulp paper on a papermaking
      machine and drying the paper to a moisture content of 5 percent. This
      paper was coated in a sizing press with an aqueous sizing solution
      containing 700 pounds of Co-Star enzyme converted potato starch, 40 pounds
      of sodium chloride, and 6 gallons of glycerin per 1000 gallon batch. The
      coating solution was applied at a rate which resulted in between 93 and 95
      pounds of solids per ton of paper being transferred to the paper. After
      the sizing step the paper was again dried to a moisture content of 5
      percent and then calendered. To insure that the paper had satisfactory
      electrical characteristics, the resistivities of samples of the paper were
      measured at a relative humidity of approximately 15 percent following the
      procedure of Example I.
PAR  This was followed by a second trial run in which the glycerin was reduced
      to 3 gallons per batch and by a third trial run in which the level of
      sodium chloride was decreased to 30 pounds per batch and the glycerin
      decreased to 1.5 gallons per batch.
PAR  Performance tests of papers from the three runs in electrostatic
      duplicating machines confirmed that ionizable salts are capable of
      producing the resistivity characteristics I require. The variations in
      performance of the three papers also clearly demonstrated that the amounts
      of the additives employed must be selected with care to produce optimum
      results. Finally, these tests did clearly indicate that a conventional
      humectant such as glycerin has a useful potentiating or synergistic effect
      on the surface resistivity decreasing capabilities of ionizable salts at
      very low relative humidities, an effect which is quite surprising in light
      of the heretofore accepted view that conventional humectants are
      ineffective in changing the electrical properties of papers at such
      relative humidities.
PAR  I pointed out previously that the particular ionizable salt which is
      employed to obtain the requisite electrical characteristics if that
      approach is followed is not critical as long as the salt has the
      properties listed above. This was confirmed by the tests described in the
      following example.
PAC  EXAMPLE III
PAR  Representative ionizable salts in amounts producing the same concentrations
      as in Example I were added to portions of the starch solution prepared as
      therein described. Similar specimens were coated using the laboratory
      sizing apparatus. The specimens were dried and their resistivity measured
      at the humidity levels of Example I using the same procedure. The
      particular salts selected were potassium chloride, calcium chloride,
      aluminum chloride, sodium benzoate, and magnesium sulfate.
PAR  After converting the resistivity measurements of IPC ohms/square, the
      procedure outlined in Example I was followed to generate a family of
      resistivity versus add-on rate curves for each compound (one curve for
      each of the relative humidities at which the resistivities of the samples
      were measured). Then, using the technique described in Example I, a
      resistivity/relative humidity curve for a take-up of 0.004 grams of salt
      per half standard sheet was developed for each compound. These curves,
      along with the curves for sodium chloride treated and untreated specimens,
      are shown in FIG. 6.
PAR  A comparison of FIGS. 4 and 6 shows that salts vary in effectiveness, but
      that readily ionizable salts tend to have the same general effect on the
      resistivity of paper at low relative humidities. The data also shows that
      all but one of the representative salts produced resistivity
      characteristics of a character which makes papers treated with them usable
      for the purposes of the present invention.
PAR  The same graphical data also shows that both organic and inorganic salts
      can be used in making papers in accord with the principles of the present
      invention. In addition, the data shows that not all salts are
      indiscriminately useful for my purposes, but that care must be exercised
      to choose a salt which is readily ionizable. Finally, the data of FIGS. 6
      and 9, taken together, makes it apparent that care must be taken to insure
      that the selected compound is added to the paper in amounts which will
      produce the requisite electrical properties..sup.7
FNT  .sup.7 It does not confirm the assertions of Matsunaga that organic
      compounds are more effective than inorganic salts in lowering the
      resistivity of paper at relative humidities below 50 percent.
PAR  I also pointed out above that the particular humectant employed, if one is
      used, in the practice of the present invention, will be selected on the
      basis of characteristics other than its effect on the electrical
      properties of the paper, which is negligible, at least as far as currently
      available humectants are concerned. The tests discussed in the following
      example confirm that the resistivity characteristics of paper in the
      environments to which the present invention relates are not altered to any
      significant extent by the substitution of one typical humectant for
      another.
PAC  EXAMPLE IV
PAR  Samples were coated with sizing solutions containing polyethlene glycol and
      Arlex.sup.8, the resistivity of the samples at varying humidity levels
      measured, and resistivity versus the amount of the additive picked up by
      the specimens plotted, all as described in Example I. Resistivity versus
      relative humidity was then plotted for a pick-up weight of .002 grams per
      half standard sheet. The resulting curves are shown in FIG. 7 along with
      the curves for glycerin treated and untreated paper.
FNT  .sup.8 Arlex in a commercially available humectant manufactured by the
      Atlas Chemical Company. It is an anhydrous, 80 percent solution of
      sorbitol.
PAR  It is apparent from the Figure just mentioned that the conventional
      humectants have little effect on the resistivity of paper, especially at
      low relative humidities. Therefore, as indicated above, the particular
      humectant employed in the practice of the present invention can be varied
      as long as it has the physical characteristics discussed above.
PAR  Also, a comparison of FIG. 7 with FIG. 4 will further demonstrate that
      papers treated with a humectant alone are not suitable for the purposes of
      the present invention.
PAR  As indicated above, a binder will normally be added to the solution with
      which the paper is coated if the "coating" approach to tailoring
      electrical properties described above is employed. The function of this
      constituent is to improve the surface finish of the paper; it has no
      effect of any significance on the electrical properties of the paper as
      shown by the following example.
PAC  EXAMPLE V
PAR  Papers were coated with 7 percent solutions of an ethylated corn
      starch.sup.9 and an oxidized corn starch.sup.10 in the laboratory size
      press and the resistivities of the samples determined at varying levels of
      relative humidity following the procedure described in Example I. Then,
      resistivity versus relative humidity curves were plotted.
FNT  .sup.9 Penford Gum 230 supplied by Penick & Ford.
FNT  .sup.10 Onyx-M supplied by Union Starch Co.
PAR  The resulting curves are shown in FIG. 8 along with the curve for untreated
      paper and the curve for the paper treated with Co-Star converted potato
      starch.
PAR  The graphically presented data shows that the particular binder employed is
      not critical as far as the present invention is concerned because it has
      no effect on the electrical properties of the paper. FIG. 9 also
      demonstrates that the addition of a binder alone to paper will not make
      the paper suitable for the purposes of the present invention.
PAR  In the foregoing examples the tailoring of the electrical properties of
      paper as required for the present invention by the addition of an
      ionizable salt in a coating solution has been emphasized. I reiterate,
      however, that other approaches can be used as long as the requisite
      electrical properties are obtained; one approach I specifically identified
      is to incorporate a readily ionizable salt in the stock before the paper
      is formed. Another approach is to tailor the humectant or the binder so
      that the additive will produce the requisite electrical characteristics
      and make the salt or the salt and humectant unnecessary. Still other
      techniques for producing the requisite electrical characteristics will
      readily occur to those skilled in the arts to which the present invention
      pertains.
PAR  The invention may be embodied in forms other than those described above
      without departing from the spirit or essential characteristics thereof.
      The present embodiments are therefore to be considered in all respects as
      illustrative and not restrictive, the scope of the invention being
      indicated by the appended claims rather than by the foregoing description;
      and all changes which come within the meaning and range of equivalency of
      the claims are therefore intended to be embraced therein.
CLMS
STM  What is claimed and desired to be secured by Letters Patent is:
NUM  1.
PAR  1. In the method of producing a visual image on a copy member comprising
      the steps of forming a latent electrostatic image on an electrostatically
      chargeable, photoconductive member by producing a patterned distribution
      of electrical charges thereon; applying to said photoconductive member a
      finely divided, pigmented toner which will adhere to those areas of the
      member where a charge is present; transferring said toner from said
      photoconductive member to an image receiving surface of an uncharged copy
      member made of paper; and heating the copy member to fuse the toner
      thereto in a high temperature environment in which the relative humidity
      ranges down to 10 percent or lower, the improvement wherein the toner is
      transferred to a copy member  which is resistant to the build-up of static
      charges on its image receiving surface in the low humidity, high
      temperature environment in which the copy member is located while the
      toner is fused thereto and which comprises means for making said image
      receiving surface counteractive to the retention of static charges which
      are transferred with said toner particles to said image receiving surface
      and a web of cellulosic material, said means being an electrical
      conductivity imparting additive distributed on or in the web in an amount
      sufficient to reduce the surface resistivity of the image receiving
      surface to from not more than 3 .times. 10.sup.11 ohms/square at a
      relative humidity of 25 percent up to not more than 60 .times. 10.sup.11
      ohms/square at a relative humidity of 10 percent to thereby facilitate the
      dissipation of static charges therefrom in said low humidity, high
      temperature environment and thereby keep said charges from remaining on
      said image receiving surface and creating a tendency for the copy member
      to stick to another charged copy member or to parts of the copy making
      apparatus.
NUM  2.
PAR  2. The method of claim 1, wherein the conductivity imparting additive
      distributed in the paper on which the visual image is formed is an
      ionizable salt and wherein said cellulosic web has distributed in the
      surface portions thereof an amount of said ionizable salt which is
      sufficient to produce a surface resistivity of not more than about 0.9
      .times. 10.sup.11 IPC ohms/square at a relative humidity of 25 percent and
      a surface resistivity of not more than about 25 .times. 10.sup.11 IPC
      ohms/square at a relative humidity of 10 percent.
NUM  3.
PAR  3. The method of claim 1, wherein said conductivity imparting additive
      comprises at least about 0.012 grams per standard sheet of a readily
      ionizable salt dispersed in the copy member and extending into the image
      receiving surface portions thereof.
NUM  4.
PAR  4. The method of claim 3, wherein the ionizable salt dispersed in the paper
      on which the visual image is formed is free of coloring effect on the
      cellulosic web, soluble in water, an electrolyte, non-volatile, and
      discoloration resistant at temperatures of up to about 250.degree.C.
NUM  5.
PAR  5. The method of claim 4, wherein the ionizable salt is sodium chloride.
NUM  6.
PAR  6. The method of claim 3, wherein the paper on which the visual image is
      formed also includes a humectant dispersed in the image receiving surface
      portions of the cellulosic web constituting said paper to increase the
      effectiveness of the ionizable salt in dissipating static charges at low
      relative humidities, said humectant being soluble or miscible in water and
      being free of coloring effect on said cellulosic web, and said humectant
      having a sufficiently high boiling point to withstand temperatures of up
      to about 250.degree.C. without significant evaporation from the web.
NUM  7.
PAR  7. The method of claim 6, wherein the humectant is glycerin and is present
      in a ratio of at least about 11/2 pounds of glycerin per ton of cellulosic
      web.
NUM  8.
PAR  8. The method of claim 3, wherein the paper on which the visual image is
      formed also includes a binder dispersed in the surface portions of the
      cellulosic web constituting said paper.
NUM  9.
PAR  9. The method of claim 8, wherein the binder is an enzyme converted potato
      starch.
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PAL  An improved process of transfer electrophotography employing a liquid
      developer is described. The depth of the developer on the surface of a an
      electrophotographic photosensitive member on which an electrostatic latent
      image to be developed is formed is controlled to a value in the range of
      5-30 .mu. prior to transfer. The developer image is transferred to a
      copying material having an oil absorption coefficient greater than 50
      seconds in such a way that the controlled depth of the developer on the
      photosensitive member is reduced to a value in the range of 2-15.mu..
      After transfer, the photosensitive member is cleaned to reduce the depth
      of the remaining developer to a value no greater than 1.mu..
PARN
PAR  This is a continuation of application Ser. No. 301,220, filed Oct. 26,
      1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an electronic photography using a liquid
      developer, the technique generally comprises developing electrostatic
      latent images formed on a photosensitive member electronic photography
      with a liquid developer, transferring the developed figures to a transfer
      material, and cleaning the said photosensitive body after transferring for
      reuse.
PAR  2. Description of the Prior Art:
PAR  Various methods of electrophotography have been reported. Among them the
      following are commonly employed.
PAR  The first is a process in which a layer such as, for example, of a
      ZnO-resin binder system and a polyvinylcarbozol is formed on the surface
      of a supporting material generally of paper or a resin film which has been
      made electroconductive. The layer is statically charged uniformly, and
      electrostatic latent images are formed by irradiating the layer surface
      with original figures. The formed images are developed with a developer
      either in a dry or wet process, and are then fixed on the
      photoelectroconductive layer, (for example, by heating) to obtain a
      duplicate. This process belongs to the field of non-tranfer
      electrophotography.
PAR  The second is a process in which a conductive layer, for instance, of
      amorphous selenium and of the ZnO-resin binder system on a supporting
      material generally of a metal plate, is charged uniformly: Electrostatic
      latent images are formed by irradiating the surface with original figures,
      and are developed with a dry developer; The developed figures are
      transferred to a material such as a sheet of paper and fixed by heating to
      obtain a duplicate. The photoconductive layer can be repeatedly used after
      being cleaned.
PAR  The third is a process in which electrostatic latent images are formed on a
      photosensitive plate having on the immediate surface a
      photoelectroconductive layer, for example, of CdS and further on it an
      insulating layer is submitted to the corona charging uniformly on the
      whole surface, irradiated with original figures with simultaneous corona
      charging of the reversed phase or the alternating current charging,
      uniformly exposed to light to form electrostatic latent images, which are
      subsequently developed with a dry developer and the developed figures are
      transferred to a material such as a sheet of paper and are then fixed by
      heating to obtain a duplicate. The photosensitive plate can be repeatedly
      used after being cleaned.
PAR  The processes referred to as the second and the third kinds belong to the
      field of transfer.
PAR  Transfer electrophotography using a liquid developer has not been developed
      to practical use owing to various technical difficulties.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention has solved such various technical difficulties
      accompanying the transfer-type electrophotography using a liquid
      developer, and has especially improved the technique of transferring, the
      characteristics of the transfer material and the technique of cleaning.
PAR  The present invention intends to provide a process of electrophotography in
      which electrostatic latent images formed on a photosensitive body for
      electronic photography are developed with a liquid developer, after which
      the depth of the remaining developer liquid on the photosensitive body
      member is controlled to improve the efficiency of transferring and fixing
      and to enhance the resulting resolution resolving of the transferred
      figures.
PAR  The second aim of this invention is to provide a transfer material to which
      figures of good quality can be transferred. A further aim of this
      invention is to provide a technique for cleaning the photosensitive member
      so that the member can be repeatedly used.
PAR  As has been mentioned above, the present invention represents an
      improvement in transfer electrophotography in which electrostatic latent
      images formed on a photosensitive body for electronic photography are
      developed with a liquid developer after which the developed figures are
      transferred to a transfer material and the photosensitive body is cleaned
      so that it may be repeatedly used.
PAR  In order to attain high efficiency in transferring such developed images to
      a transfer material an appropriate amount of the liquid developer must be
      present at the time of transferring between the photosensitive member
      coated thereby and the transfer material (usually a paper sheet). If an
      empty space is formed between the photosensitive member and the paper
      sheet in which the developer is not present, transferring does not take
      place at such part. This is because the transfer of visible figures in the
      wet developing process relies mostly on electromigration. On the other
      hand, if the developer is present in excess on the photosensitive member,
      developed figures are transferred to the transfer material, but at the
      same time a flow or shift of the figures is apt to occur which
      deteriorates resolution of the transferred figures. Further, the
      absorption of the developer into the transfer material either takes a long
      time or requires a large capacity heating source to dry the transfer
      material and to fix the visible figures. In addition, vapor from the
      liquid developer during this phase spoils the hygienic condition of the
      environment.
PAR  The above difficulties must be removed to improve the efficiency of
      transferring. Additionally, since the developed sensitive member cannot be
      completely transferred to a transfer material, the member should be
      cleaned after each use.
PAR  For repeated use the photosensitive member should ideally be completely
      free from the developer solution after cleaning. However, complete removal
      of the developer makes it necessary to press the surface of the
      photosensitive member fairly strongly with a blade, which may injure the
      surface or lessen its durability.
PAR  If, on the other hand, the cleaning pressure is insufficient, the developer
      solution will be not completely removed and as a result it will form a
      thin layer on the surface. This a phenomenon known as "fogging".
PAR  A feature of the invention is an excellent method of cleaning which does
      not injure the photosensitive member or bring about fogging. Using this
      method as well as the improved method of transferring mentioned above, the
      technique of transfer-type electrophotography involving the use of a
      liquid developer has been remarkably improved.
PAR  In general, the present invention contemplates an improved process of
      electrophotography comprising the steps of developing with a liquid
      developer electrostatic latent images formed on a photosensitive body for
      electronic photography composed of a supporting material and a
      photoelectroconductive layer as basic constituents, of controlling the
      liquid depth of the developer solution on the photosensitive body to 5 to
      30.mu. by squeezing by the corona discharge, of electrostatically
      transferring the developed figures on the photosensitive body to a
      transfer material and fixing the transferred image cleaning the
      photosensitive member after the transfer treatment so that no more than a
      1.mu. thick layer of the liquid developer remains thereon.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The photosensitive member to be used in this invention for forming
      electostatic latent images on its surface is required at least to have the
      following properties in order to perform the present invention with
      efficiency and to obtain satisfactory results:
PA1  1. it should be impermeable to and non-dissolving in the developer (mainly
      in the supporting liquid).
PA1  2. it should have sufficient electrical voltage tolerance to hold
      electrical charge.
PA1  3. it should have high enough mechanical tolerance to be repeatedly used.
PAR  The photosensitive member conventionally be prepared by applying or
      vacuum-evaporating, on a support layer, an inorganic
      photoelectroconductive material such as ZnO, Se or CdS, an organic
      photoelectroconductive material such as N-vinylcarbazol or oxyadiazol, and
      a photoelectroconductive layer composed of a dispersoid system of a
      photoelectroconductive material and a binder. It may also be prepared by
      providing a top layer on a photoelectroconductive layer, or by applying on
      a photoconductive material and/or a binder a selected material having the
      above three requirements (1) to (3).
PAR  A photosensitive member suitable to the present invention may be that
      employed in connection with the electrophotographic technique described in
      Japanese Patent Publication Sho 42-23910 such member is composed at least
      of an electroconductive supporting material, photoelectroconductive layer
      and an insulating layer.
PAR  In one illustrative transfer electrophotography technique contemplated by
      the invention, the member photosensitive body is formed in the shape of a
      drum either by vacuum-evaporating a photosensitive material onto a
      drum-shaped supporter or by applying a flexible plate of photosensitive
      material around a drum-shaped supporter. Disposed at spaced angular
      intervals around the drum periphery are, e.g., a corona discharger, an
      irradiator a liquid developer station, a corona discharge squeezer for
      controlling the liquid depth of developer, a discharger for transferring
      and a cleaning apparatus to clean the photosensitive body are placed.
PAR  Latent images of original figures may be prepared according to the
      descriptions in Japanese Patent Publication Sho 42-23910 and 44-2560.
PAR  Typical liquid developers are composed of an insulating liquid having
      resistivity greater than 10.sup.9 ohm-cm, toner particles, and a charge
      controller. One suitable type of liquid developer is described in Japanese
      Patent Publication Sho 35-5511, 35-13424 and 36-14872, where the average
      diameter of toner particles lies between 0.5 and 10.0.mu.. preferably 1.0
      and 5.0.mu.. Smaller particles lower the efficiency in transfer and larger
      particles lose the fine structure of figures.
PAR  Contact of these liquid developers with the photosensitive surface causes
      the visualization of the electrostatic latent images formed on the
      photosensitive member.
PAR  The photosensitive body member is then transferred to the next stage of
      treatment, carrying on the surface a large amount of insulating liquid as
      well as toner particles forming the visible images.
PAR  Since the insulating liquid is necessary for transferring, some amount of
      the liquid should to be present on the surface. However, since such
      presence in a large amount should be avoided as was mentioned above, the
      photosensitive body is subsequently transferred to the corona discharge
      squeezing apparatus to control the liquid depth of the developer solution
      remaining on the surface of photosensitive body after the image is
      developed.
PAR  In accordance with the invention the appropriate depth of developer
      solution on the surface of photosensitive body is approximately 5 to
      30.mu., especially 10 to 20.mu.. As a result of experiment, it has been
      determined that a developer depth less than 5.mu. produces a space between
      the photosensitive member and a transfer material, which leads to
      non-uniformly transferred figures so that good quality duplicates can not
      readily be obtained. On the other hand, if the liquid depth is thicker
      than 30.mu., the developer is so seriously impregnated in the transfer
      material that fixing and drying become remarkably difficult and
      furthermore the resolution of the transferred figures is lowered.
PAR  A typical procedure in accordance with the invention and the results
      obtained thereby are shown below.
PAR  A mixed dispersoid consisting of 100 g of microcrystalline cadmium sulfide,
      10 g of a 50% solution in toluene of a vinyl chloride-vinyl acetate
      copolymer and 80 g of toluene was applied on a 0.05 mm thick foil of
      aluminum so as to obtain a 40.mu. thick dried layer. A 38.mu. thick
      insulating film of polyethyleneterephthalate was fixed on this layer with
      an epoxy resin adhesive of low temperature hardening type, to produce a
      triple layer photosensitive member. The surface of the insulating layer of
      the above photosensitive member was uniformly charged by a direct current
      corona discharge at + 7 KV. The electrostatic latent image was obtained
      when such charged surface was irradiated with original figures during an
      alternating current corona discharge at 7 KV, followed by exposure of the
      whole surface to light to obtain electrostatic latent images.
PAR  To prepare the liquid developer, a mixture consisting of
TBL  Cyclic rubber              3 g                                            

     Low-molecular weight polyethylene                                         

                                2 g                                            

     Carbon black               2 g                                            

     Xylene                     30 g                                           

PAL  was dispersed and kneaded for 12 hours with a ball mill, and then dispersed
      with a homogenizer in 1 liter of an electrically insulating liquid (e.g.,
      that supplied under the commercial name Isopar G) containing 40 mg of
      lecithin. The average diameter of particles in this developer was 2 to
      3.mu.. Using this developer the electrostatic latent images were developed
      and thereby clear figures (density 1.7) were produced on the surface of
      photosensitive member. The developer solution remaining on the
      photosensitive member was about 60.mu. thick.
PAR  Subsequently the corona discharge squeezing step performed at the discharge
      voltage as shown in the table below to control the liquid depth of the
      developer remaining on the surface of photosensitive body, and the figures
      were transferred by a corona transfer step in about 0.25 sec. to a
      transfer paper having a 135 sec. oil absorption coefficient and a 100 sec.
      surface smoothness, and the transferred figures were fixed by drying with
      hot air. Density, resolution and dryness index were measured. The density
      of the figures was measured with a reflection densitometer. The dryness
      index was estimated by the formula:
      ##EQU1##
      where the drier used was of a direct heating type by infrared light (800W
      wattage) with a 10 mm distance between the heater wall and the transfer
      paper. The speed of advance of the transfer paper was 100 mm/sec.
TBL  __________________________________________________________________________

     Voltage of                                                                

            Liquid depth                                                       

                   Density of                                                  

                          Dryness                                              

                               Resolution                                      

                                     Non-uniformity                            

     corona dis-                                                               

            before the                                                         

                   transferred                                                 

                          index                                                

                               power of                                        

     charge transfer                                                           

                   figure (%)  (lines                                          

                                     transferred                               

     squeezing                                                                 

            (.mu.)             in mm)                                          

                                     figure                                    

     __________________________________________________________________________

     7.2    2 - 3  1.25   98   8     yes                                       

     7.0    5 - 6  1.40   95   6.3   almost no                                 

     6.5    10 - 12                                                            

                   1.47   91   6.3   no                                        

     6.2    18 - 20                                                            

                   1.55   85   6.3   no                                        

     6.0    28 - 30                                                            

                   1.65   80   5.6   no                                        

     5.5    38 - 40                                                            

                   1.68   70   4.5   no                                        

     __________________________________________________________________________

      Note: The corona discharge squeezing was performed with a 0.06mm         

      gold-plated tungsten wire with the distance between the photosensitive   

      body and the wire being about 10 mm.                                     

PAR  The optimum time for transferring according to the technique of this
      invention is approximately 0.2 to 1.0 sec. depending on the developers and
      conditions of transfer. The transfer materials are required to have a high
      anti-solvent property (or high anti-oil absorption property), because
      absorption of developer is not desirable during the period of transfer.
      Further, the transfer materials are also required to have a smooth surface
      to attain better contact with the photosensitive member.
PAR  Consequently, the transfer materials (e.g., paper) used in the present
      invention are required to have an oil absorption coefficient exceeding 50
      sec. or and anti-oil absorption property over 0.5 sec.
PAR  Additionally, they should have a surface coarseness (or surface smoothness)
      over 30 sec., preferably 50 to 150 sec. The oil absorption coefficient is
      defined as the time in seconds necessary for the disappearance of the
      reflection images of a point light source from on the surface of a drop
      (0.004 cc) of Isopar G which is placed on a horizontally disposed piece of
      the paper to be tested. The drop is applied with an injector equipped with
      a hypodermic injector needle .sup.-  (HS, 0.5+0.02 to 0.5 -0.01 mm outer
      diameter, 23 .+-. 1 mm length and 12.degree. point angle). Such time is
      indicative of the duration over which a drop of the liquid is entirely
      absorbed in the paper to be tested. The anti-oil absorption property is
      expressed by the time in seconds in which a drop of Isopar G placed in the
      same manner as in the case of the oil absorption coefficient measurement
      makes transparent the whole area (approximately 10 mm .phi.) of the paper
      under the drop. The surface coarseness is expressed by the Beck method in
      accordance with JIS - P8119.
PAR  The step of transferring the image should be so carried out that about 20
      to 50%, preferably about 30%, of the controlled liquid depth of 5 to
      30.mu. of the developer on the surface of the photosensitive body before
      the transfer remains on the surface after the transfer; preferably, a 2 to
      15.mu. depth of developer solution should remain after transfer. This is
      the necessary to avoid blurs of the transferred figures and to control
      blots of developer on the transfer material, attributable to surface
      coarseness and the anti-oil absorption property of the transfer material.
PAR  After the transfer, the photosensitive body after the transfer is
      transported to the cleaning apparatus to remove the 2 to 15.mu. depth of
      liquid remaining on the surface of photosensitive body.
PAR  Cleaning can be performed by pressing a blade, a roller or a brush against
      the photosensitive body to remove the remaining solution. The cleaning
      should be conducted so that the depth of the developer solution on the
      surface of photosensitive member is less than 1.mu. after the cleaning
      step. For that purpose, for example, the blade material may be
      polyurethane resin, and the blade is applied to the photosensitive member
      with a pressure larger 5 Kg/cm.sup.2.
DETD
PAR  The present invention will be illustrated by the following examples.
PAC  EXAMPLE 1
PAR  A photosensitive member was prepared by applying on a 60.mu.  thick
      aluminum foil a solution in toluene and chlorobenzene of
      2,5-bis(p-diethylaminophenyl)-1,3,4-oxadiazol as photoelectroconductive
      material, polycarbonate (commercial name Yubin E 2000 by Mitsubishi Resin
      Co.) as binder resin and Rhodamine B as a sensitizing agent in the ratio 1
      : 1 : 0.015 by weight so as to obtain a film having a dried thickness of
      10.mu..
PAR  The surface of the above photosensitive member was uniformly charged by the
      corona discharge at -5.5 KV, and exposed to original figures to form
      electrostatic latent images. The images were developed with a commercially
      available liquid developer and thereby clear figures were produced on the
      surface of the photosensitive member. The developer solution remaining on
      the surface of the photosensitive member after such developement was about
      60.mu. deep. The liquid depth of the developer was then controlled to
      about 15.mu. by the corona discharge at 6.5 KV, and then transferred in
      about 0.2 sec. by corona transferring step to a transfer paper having an
      oil absorption coefficient of 135 sec. and a surface smoothness 100 to 120
      sec. This tranfer step was followed by cleaning of the photosensitive
      member with a polyurethane blade so that the liquid depth was reduced to
      less than 1.mu..
PAR  The above process was repeatedly applied. Results were sufficiently
      satisfactory for each run to provided clear and distinct duplicates.
PAC  EXAMPLE 2
PAR  A photosensitive member was prepared as in Example 1 by applying on a
      60.mu. thick aluminum foil a toluene and chlorobenzene solution of
      2,5-bis(p-dimethylaminophenyl)-1,3,4-oxadiazol as photoelectroconductive
      material, acrylonitrilestyrene copolymer resin (e.g., that supplied under
      the commercial name Estyrene A - 20 by Union Carbide Co.) as a binder
      resin and a coloring material having the following structural formula as a
      sensitizing agent
      ##SPC1##
PAL  in the ratio of 1 : 1 : 0.015 by weight so as to obtain a 10.mu. film
      having a dried thickness. Subsequent treatment was same as in Example 1
      and clear and distinct duplicates were obtained.
PAC  EXAMPLE 3
PAR  A mixture of 150 ml of acetonitrile containing 4 g of cuprous iodide and 30
      ml of a 5% solution of polyvinylformal was applied to a 90.mu. thick plate
      of polyethyleneterephthalate and was dried to make the surface of the
      plate electroconductive. Then a solution containing 3 g of vinyl acetate
      resin per 500 ml was applied to the surface of the plate so that a 6.mu.
      thick dried film could be obtained. By further applying to the above
      product a solution having the following composition so as to obtain a
      7.mu. thick dried film, a triple layer photosensitive member was prepared:
TBL  Poly-N-vinylcarbazol       2 g                                            

     2,4,7-Trinitrofluorenone   2 mg                                           

     3,3', 3"-Tricarbazolylmethylchloride                                      

                                5 mg                                           

     Monochlorobenzene          50 mg                                          

PAR  The surface of the above photosensitive member was uniformly charged by the
      corona discharge at +7.0 KV, and exposed to the original figures to form
      electrostatic latent images. The electrostatic latent images were
      developed with a known liquid developer to produce clear images on the
      surface of the photosensitive member. Then the liquid depth on the
      photosensitive member was controlled to about 15.mu. by the corona
      discharge at -6.5 KV, and the images were transferred to a sheet of paper
      having an the oil-absorption coefficient of 135 sec. and a surface
      smoothness of 100 sec. Cleaning of the photosensitive member with a blade
      followed. The above process was repeated and the results obtained were as
      good as in Example 1.
PAC  EXAMPLE 4
PAR  To the surface of a well polished aluminum drum 99.999% pure selenium was
      plated by vacuum evaporation to a thickness of 50 to 60.mu. under a vacuum
      of 2 to 5 .times. 10.sup..sup.-5 mmHg and at a base temperature
      65.degree.C, thereby obtaining a double layer photosensitive member. The
      surface of the photoconductive layer was then uniformly charged by the
      corona discharge at +7 KV, and exposed to original figures to form
      electrostatic latent images. The images were developed in the same manner
      as in Example 1 with a liquid developer to produce clear images on the
      surface of the photosensitive member. By analogy to in Example 1, the
      depth of liquid on the photosensitive member was controlled to about
      20.mu. by use of the corona discharge at -6.2 KV, and then the images were
      transferred to a sheet of paper having an oil-absorption coefficient of
      135 sec. and a surface smoothness of 110 sec. Cleaning with a rotating
      brush followed so that the depth of remaining developer solution was
      reduced to less than 1.mu.. The above process was repeated and good
      results were obtained as in Example 1.
PAR  When a drum on whose surface selenium is plated by vacuum evaporation is
      used as a photosensitive member and the development is performed with a
      liquid developer, the surface material of the photosensitive member tends
      to be rapidly converted into a crystalline form, which unfavorably
      influences the figure formation.
PAR  However by virtue of, the cleaning step in the technique of the present
      invention, in which the depth of the liquid on the photosensitive member
      is reduced below 1.mu. by treating with a blade, a roller or a brush, the
      crystallized layer is significantly removed along with the liquid
      developer on the surface of photosensitive body. Therefore inactivation of
      the photosensitive body due to crystallization of the surface layer can be
      prevented and figures of good quality can be obtained.
PAC  EXAMPLE 5
PAR  A mixture consisting of 100 g of microcrystalline cadmium sulfide, 10 g of
      a 50% solution in toluene of vinyl chloridevinyl acetate copolymer and 80
      g of toluene was applied to a 0.05 mm thick foil of aluminum so as to form
      a 40.mu. thick dried film. Over this film was applied a 33.mu. thick
      insulating film of polyethyleneterephthalate fixed with an epoxy resin
      adhesive of the low temperature hardening type, to produce a triple layer
      photosensitive member. The surface of the insulating layer of the
      photosensitive member was uniformly charged by the corona discharge at +7
      KV, then exposed to original figures during an alternating current corona
      discharge at 7 KV, and further exposed uniformly to light in order to form
      electrostatic latent images.
PAR  Subsequently, a mixture consisting of
TBL  Cyclic rubber              3 g                                            

     Low-molecular polyethylene 2 g                                            

     Carbon black               2 g                                            

     Xylene                     30 g                                           

PAL  was dispersed and kneaded for 12 hours with a ball mill, and dispersed in 1
      liter of Isopar G containing 40 mg of lecithin with a homogenizer, to
      produce a liquid developer. Using this developer, the above electrostatic
      latent images were developed to obtain clear figures on the surface of the
      photosensitive member. The depth of the developer solution on the surface
      was about 60.mu. .
PAR  Next, the corona discharge step was conducted at 6.4 KV to reduce the depth
      of developer solution on the surface of photosensitive member to 15.mu..
      Then the figures were transferred in 0.25 sec. by the corona transferring
      method to a transfer paper having an oil-absorption coefficient of 150
      sec. and a surface smoothness 100 sec., and the transferred figures were
      dried with hot air. Extremely clear and well-fixed figures were produced.
PAR  The depth of developer solution remaining on the photosensitive member
      after the transfer was about 5.mu.. This was reduced to less than 1.mu. by
      cleaning with a polyurethane blade. The process was repeatedly applied.
      Results obtained were always good.
PAC  EXAMPLE 6
PAR  A zinc oxide-resin paste composed of the components indicated below was
      applied to a 0.05 mm thick foil of aluminum with a wire bar so that a 18
      to 22.mu. thick dried coating film was formed. Thus, a double layer
      photosensitive member was prepared.
TBL  ______________________________________                                    

     Zinc oxide-resin paste (parts by weight)                                  

     Photoelectroconductive zinc oxide                                         

                            100 parts                                          

     Polyvinylbutylal (e.g., that supplied                                     

     under the commercial name                                                 

     BM-2 by Sekisui Chemicals Co.)                                            

                            375 parts                                          

     Acrylic resin (e.g., that supplied                                        

     under the commercial name                                                 

     LR-472 by Nippon Reichhold Co.)                                           

                            125 parts                                          

     Isopropyl alcohol      700 parts                                          

     Xylene                 800 parts                                          

     Rose Bengale (methanolic solution)                                        

                             3 parts                                           

     ______________________________________                                    

PAR  The above components were mixed with a ball mill and then diluted with a
      mixed solvent of isopropyl alcohol and xylene until the particle size was
      reduced to about 600 c.p. The resulting mixture was applied to the
      aluminum foil.
PAR  The surface of the above photosensitive member was uniformly charged by the
      corona discharge at -7.4 KV, and then exposed to original figures to form
      electrostatic latent images. The carbon black-resin mixture prepared in
      Example 5 was dispersed with a homogenizer in 1 liter of Isopar G
      containing 100 mg of cobalt naphthenate to prepare a liquid developer.
      Using this developer, the electrostatic latent images were developed and
      clear figures were formed on the surface of the photosensitive member. The
      depth of developer solution on the surface was controlled to about 15.mu.
      by applying the corona discharge at +7 KV, and then the images were
      transferred by corona transfer to a sheet of paper having an
      oil-absorption coefficient 135 sec. and a surface smoothness of 120 sec.
      Such transfer step was followed by cleaning of the photosensitive member
      with a rotating brush. The process was repeatedly applied. Results were as
      good as in Example 1.
PAC  EXAMPLE 7
PAR  In the same manner as in Example 1, visible figures were formed on a
      photosensitive member with the depth of liquid developer being about
      60.mu. .
PAR  Subsequently, the corona discharge squeezing step was conducted at 7.0 KV
      to control the liquid depth on the surface of the photosensitive member to
      5 to 6.mu.. The figures were then transferred by use of corona transfer in
      about 0.25 sec. to a transfer paper having an oil-absorption coefficient
      of 600 sec. and a surface smoothness of 300 sec. The transferred figures
      were dried with hot air. Figures obtained were extremely clear and
      well-fixed.
PAR  After the transfer treatment, the depth of liquid remaining on the surface
      of photosensitive member was about 3.mu., and was completely removed by
      cleaning with a polyurethane blade without leaving any appreciable amount
      of liquid on the photosensitive member.
PAC  EXAMPLE 8
PAR  In the same manner as in Example 5, visible figures were formed on a
      photosensitive member with the depth of liquid developer being about
      60.mu..
PAR  Subsequently, the corona discharge squeezing step was conducted at 6.0 KV
      to control the liquid depth on the surface of the photosensitive member to
      28 to 30.mu., and then the figures were transferred by use of corona
      transfer in about 0.25 sec. to a transfer paper having an oil-absorption
      coefficient of 50 sec. and a surface smoothness of 50 sec. The transferred
      figures were dried with hot air. Extremely clear and well-fixed figures
      were obtained.
PAR  After the transfer treatment, the depth of liquid remaining on the surface
      of the photosensitive member was about 7.mu., and was completely removed
      by cleaning with a polyurethane blade without leaving any appreciable
      amount of liquid on the photosensitive member.
PAC  EXAMPLE 9
PAR  In the same manner as in Example 5, visible figures were formed on a
      photosensitive member with the depth of liquid developer being about
      60.mu. .
PAR  Subsequently, the corona discharge squeezing step was conducted at 6.5 KV
      to control the liquid depth on the surface of the photosensitive member to
      10 to 12.mu., and then the figures were transferred by use of the corona
      transfer in about 0.25 sec. to a transfer paper having an oil-absorption
      coefficient of 300 sec. and a surface smoothness of 200 sec. The
      transferred figures were dried with hot air. Extremely clear and
      well-fixed figures were obtained.
PAR  After the transfer treatment, the depth of liquid remaining on the surface
      of the photosensitive member was about 4.mu., and was almost completely
      removed by cleaning with a polyurethane blade until the remaining depth of
      liquid on the photosensitive member was less than 1.mu. .
PAC  EXAMPLE 10
PAR  In the same manner as in Example 5, visible figures were formed on the
      surface of the photosensitive member with the depth of developer solution
      being about 60.mu. .
PAR  Subsequently, the corona discharge squeezing step was conducted at 6.4 KV
      to control the liquid depth on the surface of the photosensitive body to
      15.mu., and then the figures were transferred by use of the corona
      transfer in about 0.25 sec. to a film of polyethyleneterephthalate (e.g.,
      "Mylan") having an infinite oil-absorption coefficient (.infin. sec.). The
      transferred figures were dried with hot air. Extremely clear and
      well-fixed figures were obtained. After the transfer treatment, the depth
      of liquid remaining on the surface of the photosensitive member was about
      7.mu. and was almost completely removed by cleaning with a polyurethane
      blade until the remaining depth of liquid on the photosensitive member was
      less than 1.mu. .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. For use in transfer electrophotography, a method of optimizing the
      efficiency of transfer, to a transfer material, of developed images
      obtained by developing electrostatic images formed on the photosensitive
      member for electrophotography by a liquid developer, which comprises the
      steps of controlling the depth of the liquid developer on the surface to a
      value in the range of 5-30.mu. prior to transfer, and then transferring
      the developed images to the transfer material having an oil absorption
      coefficient larger than 50 seconds and a smoothness determined by Beck
      tester in the range of 30-150 seconds in such a manner that the 5-30.mu.
      controlled thickness of the developer on the photosensitive member is
      reduced to a value in the range of 2-15.mu. .
NUM  2.
PAR  2. A method as defined in claim 1, in which the controlling step yields a
      10-20.mu. thickness of the developer on the surface.
NUM  3.
PAR  3. In an electrophotographic process including the steps of forming an
      electrostatic latent image on a photosensitive member for
      electrophotography, developing the latent image by subjecting the
      photosensitive member to a liquid developer, conveying the developed image
      to a transfer material, and thereafter cleaning the photosensitive member,
      the improvement wherein:
PA1  the method comprises the further step of controlling the depth of the
      developer on the photosensitive member for electrophotography to a value
      in the range 5-30.mu. prior to the conveying step;
PA1  the conveying step comprises transferring the developed image onto the
      transfer material with the transfer material having an oil absorption
      coefficient larger than 50 seconds and a Beck value in the range of 30-150
      seconds in such a manner that the 5-30.mu. controlled thickness of the
      developer is reduced to a value in the range of 2-15.mu.; and
PA1  the cleaning step comprises further reducing the 2-15.mu. thickness of the
      developer remaining on the photosensitive member after the transferring
      step to a value not greater than 1.mu. .
NUM  4.
PAR  4. A method as defined in claim 3, in which the photosensitive member
      comprises a photoconductive layer sandwiched between a conductive support
      body and an overlying transparent insulating layer.
NUM  5.
PAR  5. A method as defined in claim 3, in which the controlling step is
      accomplished by corona discharge squeezing.
NUM  6.
PAR  6. A method as defined in claim 3, in which the controlling step yields a
      10-20 .mu. thickness of the developer on the photosensitive member.
NUM  7.
PAR  7. A method as defined in claim 3, in which the cleaning step is
      accomplished with a blade.
NUM  8.
PAR  8. A method as defined in claim 3, in which the cleaning step is
      accomplished with a blade formed from polyurethane resin.
NUM  9.
PAR  9. In an electrophotographic process including the steps of forming an
      electrostatic latent image on a photosensitive member for
      electrophotography, developing the latent image by subjecting the
      photosensitive member to a liquid developer including toner particles
      dispersed in a carrier liquid, conveying the developed image to a transfer
      material, and thereafter cleaning the photosensitive member, the
      improvement wherein:
PA1  the method comprises the further step of controlling the depth of the
      carrier liquid on the photosensitive member for electrophotography to a
      value in the range 10-20.mu. prior to the conveying step;
PA1  the conveying step comprises transferring the developed image onto the
      transfer material having an oil absorption coefficient greater than 50
      seconds, and a smoothness determined by a Beck tester ranging from 50 to
      150 seconds, in such a manner that the 10-20.mu. controlled thickness of
      the carrier liquid prior to transfer is reduced to a value in the range of
      2-15.mu.; and the cleaning step comprises further reducing the 2-15.mu.
      thickness of the carrier liquid remaining on the photosensitive member
      after the transfer step to a value not greater than 1.mu. .
NUM  10.
PAR  10. A method as defined in claim 8, in which the photosensitive member
      comprises a photoconductive layer sandwiched between a conductive support
      body and an overlying transparent insulating layer.
NUM  11.
PAR  11. A method as defined in claim 8, in which the toner particles of the
      developer have a diameter in the range of 0.5-10 .mu., and in which the
      carrier liquid of the developer has a resistivity greater than 10.sup.9
      ohm-cm.
NUM  12.
PAR  12. A method as in claim 1, wherein the step of controlling the depth of
      the liquid developer on the surface of the photosensitive member includes
      controlling the depth of the liquid developer on the surface of a
      photosensitive member having a photoconductive layer.
NUM  13.
PAR  13. A process as in claim 5, wherein the steps involving the photosensitive
      member include a photosensitive member having a photoconductive layer.
NUM  14.
PAR  14. A process as in claim 9, wherein the steps involving the photosensitive
      member include a photosensitive member having a photoconductive layer.
NUM  15.
PAR  15. In an image forming process including the steps of forming an
      electrostatic image on a member capable of supporting an electrostatic
      latent image, developing the latent image by subjecting the member to a
      liquid developer including toner dispersed in a carrier liquid, conveying
      the developed image to a transfer material, and thereafter cleaning the
      insulating layer, the improvement wherein:
PA1  the method comprises the further step of controlling the depth of the
      carrier liquid on the member to a value in the range 5-30.mu. prior to the
      conveying step;
PA1  the conveying step comprises transferring the developed image onto the
      transfer material having an oil-absorption coefficient greater than 50
      seconds and a smoothness by Beck tester ranging from 30 to 150 seconds in
      such a manner that the 5-30.mu. controlled thickness of the carrier liquid
      prior to transfer is reduced to a value in the range of 2-15.mu.; and
PA1  the cleaning step comprises further reducing the 2-15.mu. thickness of the
      carrier liquid remaining on the member after transferring step to a value
      not greater than 1.mu. .
NUM  16.
PAR  16. A method as defined in claim 15, in which the controlling step is
      accomplished by corona discharge squeezing.
NUM  17.
PAR  17. A method as defined in claim 15, in which the controlling step yields a
      10-20.mu. thickness of the carrier liquid on the member.
NUM  18.
PAR  18. A method as defined in claim 15, in which the cleaning step is
      accomplished with a blade.
NUM  19.
PAR  19. A method as defined in claim 15, in which the cleaning step is
      accomplished with a blade formed from polyurethane resin.
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ABST
PAL  An imaging system using a migration imaging member comprising a softenable
      photoconductive material with a fracturable layer of migration marking
      material contacting the softenable photoconductive material and having the
      fracturable layer spaced apart from at least one surface of the softenable
      layer and typically contiguous to the free surface of the softenable
      material. Imaging with a member comprising a softenable photoconductive
      binder material with marking particles therein dispersed throughout said
      softenable binder is also disclosed. Imaging is accomplished by providing
      a migration force across the migration imaging member and developing the
      member whereby the migration marking material migrates in depth in the
      softenable layer in imagewise configuration.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of the inventors' copending
      application Ser. No. 837,592, filed June 30, 1969, now abandoned (which is
      a continuation-in-part of Ser. No. 553,837, filed May 31, 1966, and now
      abandoned) and as to common matter in Ser. No. 837,591 which was invented
      by William L. Goffe and Joseph Mammino is a continuation-in-part of
      copending application Ser. No. 837,591, filed June 30, 1969 (which as to
      common matter in Ser. No. 837,591 which was invented by William L. Goffe
      and Joseph Mammino is a continuation-in-part of Ser. No. 553,837, filed
      May 31, 1966, and now abandoned).
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to imaging systems, and, more
      specifically, concerns an improved migration imaging system.
PAR  There has been recently developed a migration imaging system capable of
      producing images of high quality and excellent resolution. This system is
      described in detail and claimed in application Ser. No. 403,002, filed
      Oct. 12, 1964, now abandoned. In a typical embodiment of this imaging
      system, a layer of a softenable material is coated onto a substrate and a
      fracturable photoconductive layer is formed contiguous to the surface of
      the softenable layer, thereby forming an imaging member. The fracturable
      marking material may also be particulate and the softenable layer which
      may be soluble in a solvent which does not attack the fracturable layer.
      An electrostatic latent image is formed on the surface of the fracturable
      layer, or the member is uniformly electrostatically charged and exposed to
      a pattern of activating electromagnetic radiation, and then the softenable
      layer is softened, for example by dipping the plate in a solvent. Portions
      of the fracturable layer migrate in imagewise configuration through the
      softenable layer as it is softened or dissolved, leaving an image on the
      substrate conforming to a negative or positive of the original (depending
      upon the imaging materials and processing variations used). Those portions
      of the fracturable layer which do not migrate to the substrate, and the
      softenable layer may be washed away with a solvent for the softenable
      layer. The image resulting is of high quality and of especially high
      resolution. Alternative embodiments are further described in the above
      cited copending applications.
PAR  Another variation of migration imaging for example as described in
      copending application Ser. No. 483,675, filed Aug. 30, 1965, now U.S. Pat.
      No. 3,656,990, may use non-photoconductive particles coated over a
      non-photoconductive soluble layer on a substrate. Here, an electrostatic
      latent image is formed as by corona charging through a stencil. When the
      imaging member is exposed to a solvent for the softenable layer, particles
      migrate to the substrate in imagewise configuration. Undesirable particles
      are washed away with the soluble layer. While this imaging process does
      not require but may use photoconductive materials, the charge pattern is
      typically applied in imagewise configuration, e.g., by corona charging
      through a stencil.
PAR  Each of these imaging systems is capable of producing excellent images.
      However, each system has its own inherent advantages. The first system
      described above requires that the fracturable layer comprise an
      electrically photosensitive and typically a photoconductive material.
      Ordinarily this layer is in the form of particles. Some of the
      photoconductors produce more desirable images than others. Often, the
      color of the photo-conductive particles is other than black so that the
      final image produced is other than black-on-white. Typical useful
      photoconductors in this system include dark red selenium, and blue-green
      phthalocyanine.
PAR  In the second system described above the electrostatic latent image
      typically must be originally formed in imagewise configuration. Such
      images are typically produced from a stencil or similar means.
PAR  In new and growing areas of technology such as migration imaging systems,
      new methods, apparatus, compositions and articles of manufacture are often
      discovered for the application of the new technology in a new mode. The
      present invention relates to a new and advantageous migration imaging
      system using photoconductive softenable materials.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of this invention to provide an imaging system
      which overcomes the above noted disadvantages and satisfies the above
      noted needs.
PAR  It is another object of this invention to provide a novel imaging system.
PAR  It is another object of this invention to provide a novel migration imaging
      system.
PAR  It is another object of this invention to provide a migration imaging
      system capable of producing images of high density and high resolution.
PAR  It is another object of this invention to provide a migration imaging
      system wherein images are formed from a wide range of non-photoconductive
      migration materials.
PAR  It is yet another object of this invention to provide a migration imaging
      system wherein high quality migration images are produced from members
      comprising both photoconductive and non-photoconductive materials.
PAR  It is still another object of this invention to provide an imaging system
      capable of producing images suitable for various applications such as
      microfilm, hard copy, optical mask, and others.
PAR  It is still another object of this invention to provide a substantially dry
      vapor developed imaging system.
PAR  The foregoing objects and others are accomplished in accordance with this
      invention by providing a novel migration imaging system utilizing a
      migration imaging member comprising a softenable photoconductive material
      containing migration marking material. In one embodiment the softenable
      photoconductive material has a fracturable layer of migration marking
      material contacting the softenable photoconductive material wherein said
      fracturable layer is spaced apart from at least one surface of the
      softenable layer and typically contiguous to the free surface of the
      softenable material. In another embodiment the migration marking material
      typically particles is dispersed throughout the softenable photoconductive
      material. Fundamentally, the migration imaging system of this invention
      preferably comprises forming an electrostatic latent image on the surface
      of the above-mentioned members (preferably uniformly electrostatically
      charging the surface of said member and exposing said surface to a pattern
      of activating electromagnetic radiation), softening said softenable layer
      (as by heat, vapor or treatment with a solvent for said layer or
      combinations thereof) whereby portions of said migration marking material
      migrate toward the substrate and may be fixed to said substrate.
      Optionally especially in the fracturable layer embodiment the softenable
      layer and unmigrated portions of the fracturable layer may be removed
      leaving an image corresponding to the original on the substrate. It has
      been found that freshly prepared plates generally produce positive images,
      while well aged (several days) plates generally produce negative images.
      Plates which have been aged for an intermediate period produce images,
      positive or negative, but of somewhat lower quality than fresh or well
      aged plates. It is not understood why this image reversal occurs. However,
      optimum times between plate coating and imaging may be easily determined
      for particular materials, to produce either excellent positive or negative
      images.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is made to the following detailed
      disclosure of the preferred embodiments of the invention taken in
      conjunction with the accompanying drawings thereof, wherein:
PAR  FIG. 1 is a partially schematic cross-sectional illustration of a migration
      imaging member before imaging.
PAR  FIG. 2 shows an embodiment of electrical charging of the plate of FIG. 1.
PAR  FIG. 3 shows the exposure of the member of FIG. 1 to activating
      electromagnetic radiation in imagewise configuration.
PAR  FIG. 4 shows the plate of FIG. 1 during a specific embodiment of the
      process of developing the latent image.
PAR  FIG. 5 shows the finally imaged plate.
PAR  FIG. 6 shows another embodiment of the migration imaging member of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, there is shown a schematic cross-sectional drawing
      of a preferred embodiment of the migration imaging member of this
      invention, said member comprising substrate 11, photoconductive softenable
      layer 12, and fracturable layer 13 of migration marking material.
PAR  Substrate 11 may be electrically conductive or insulating. Conductive
      substrates generally facilitate the charging or sensitization of the
      member and typically may be of copper, brass, nickel, zinc, chromium,
      stainless steel, conductive plastics and rubbers, aluminum, steel,
      cadmium, silver, gold, or paper rendered conductive by the inclusion of a
      suitable chemical therein or through conditioning in a humid atmosphere to
      ensure the presence therein of sufficient water content to render the
      material conductive.
PAR  The substrate may be in any suitable form such as a metallic strip, sheet,
      plate, coil, cylinder, drum, disc, endless belt, moebius strip or the
      like. If desired, the conductive substrate may be coated on an insulator
      such as paper, glass or plastic. Examples of this type of substrate are a
      substantially transparent tin oxide coated glass available under the
      trademark NESA from Pittsburgh Plate Glass Co., aluminized polyester film
      the polyester film available under the trademark Mylar from DuPont, or
      Mylar coated with copper iodide.
PAR  Electrically insulating substrates may also be used, which opens up a wide
      variety of film formable materials such as plastics for use as substrate
      11.
PAR  Coated over the surface of substrate 11, is a photoconductive softenable
      layer 12 typically comprising an organic photoconductive material.
      "Softenable" as used herein to describe layer 12 is intended to mean any
      material which can be rendered more permeable to particles migrating
      through its bulk. Conventionally changing permeability is accomplished by
      softening.
PAR  The softenable photoconductive layer may be of any suitable thickness, with
      thicker layers generally requiring a greater electrostatic potential than
      the optimum and preferred modes of this invention. Thicknesses from about
      1/2 to about 16 microns have been found to be preferred, but a uniform
      thickness over the imaging area from about 1 to 4 microns is found to
      provide high quality images while facilitating image member construction.
PAR  The softenable layer 12 may be coated directly onto the conductive
      substrate, or alternatively, the softenable layer may be self-supporting.
      Such self-supporting imaging members may themselves be imaged by processes
      involving selectively softening only portions of the area or thickness of
      the softenable material while the unsoftened portions thereof maintain
      sufficient integrity to continue to support the member. Typically,
      however, the self-supporting softenable layered member is brought into
      contact with a suitable substrate before or during the imaging process.
PAR  The softenable layer may comprise any photoconductive material which is
      capable of being softened so as to permit particles from the surface layer
      to migrate towards or to the substrate during image formation. While the
      layer may be softened for example by heat, solvents, or solvent vapors or
      combinations thereof, it is preferable that the softening be accomplished
      by a solvent which does not attack the fracturable layer 13 but which
      removes the softenable layer 12 and unwanted portions of the fracturable
      layer, leaving only those particles forming the image on the plate at the
      conclusion of the imaging steps. The softenable layer may comprise, for
      example, organic photoconductors in a resin, soluble photoconductive
      polymers, charge transfer complexes of certain aromatic resins with Lewis
      acids, and mixtures thereof. Typical organic photoconductors include
      anthracene, 2,5-bis-(p-aminophenyl)-1,3,4-oxdiazole;
      2-aryl-4-arylidene-oxazolones; 4,5-diphenylimidazolidinone; 2,5
      -bis-(p-aminophenyl)-1,3,4-triazoles; 1,3-diphenyl-tetrahydroimidazoles,
      1,2,4-triazines, 1,2,5,6-tetruazacyclooctatetranes-(2,4,6,8);
      quinazolines; 6-hydroxy-2-phenyl-3-(p-dimethyl aminophenyl)-benzofurane;
      thiazolidones, triphenylamines; and mixtures thereof. Typical aromatic
      resins which may be sensitized with Lewis acids include:
      polyvinylcarbazole, epoxy resins, phenoxy resins, phenolformaldehyde
      resins, polystyrenes, polycarbonates, polysulfones, polyphenylene oxide
      and mixtures thereof. Typical Lewis acids which may be used to sensitize
      the above resins include 2,4,7-trinitro-9-fluorenone; 4,4-(dimethyl-amino)
      benzophenone; chloranil; 1,3,5-trinitrobenzene, and mixtures thereof. The
      above group of materials is not intended to be limiting, but merely
      illustrative of materials suitable for the photoconductive softenable
      layer. Contiguous the surface of softenable layer 12 is fracturable layer
      13 comprising any suitable migration marking material. Said contiguous
      fracturable material may be coated upon, or slightly, partially or
      substantially embedded in the photoconductive softenable material at the
      surface of the softenable layer. "Fracturable"   layer as used herein
      refers to any migration layer, for example migration layer forms such as
      Swiss cheese pattern layers, layers comprising discrete particles, and
      layers comprising apparently more mechanically continuous layers with a
      microscopic network of lines of mechanical weakness, or layers which are
      otherwise fracturable and not completely mechanically coherent. Such
      fracturable layers in the imaging system of the present invention, in
      response to electrical charging, imagewise exposure to activating
      radiation, and development are caused to selectively deposit in imagewise
      configuration on a suitable imaging substrate.
PAR  The layer of migration marking material 13, portions of which migrate to
      the substrate during image formation, may comprise any suitable conductive
      or insulating material or for that matter an electrically photosensitive
      or photoconductive material, or any photosensitively inert material. While
      it is preferred for images of highest resolution and density that the
      fracturable layer be particulate, it may comprise any continuous
      fracturable layer which is capable of breaking up during the development
      step and permitting portions to migrate to the substrate in image
      configuration. Typical materials include pigments, both organic and
      inorganic such as titanium dioxide, powdered iron, iron oxide, barium
      sulfate, carbon, phthalocyanine, organic materials which are capable of
      being formed into particles, and mixtures thereof. Where the fracturable
      layer comprises organic material in the form of particles, e.g., spray
      dried resin powders, it is necessary that the material not be entirely
      soluble in the solvent for the softenable layer. However, it is often
      desirable that the fracturable layer be slightly soluble in the solvent so
      that the particles reaching the substrate are at least slightly tacky and
      are self-fixing when the solvent is evaporated off.
PAR  The thickness of fracturable layer 13 is preferably from about 0.01 to
      about 2.0 microns thick, although 5 micron layers have been found to give
      good results for some materials.
PAR  When layer 13 comprises particles, a preferred average particle size is
      from about 0.01 to about 2.0 microns to yield images of optimum resolution
      and high density compared to migration layers having particles larger than
      about 2.0 microns. For optimum resultant image density the particles
      should not be much above about 0.7 microns in average particle size.
      Layers of particulate migration material preferably should have a
      thickness ranging from about the thickness of the smallest element of
      migration material in the layer to about twice the thickness of the
      largest element in that layer. It should be recognized that the particles
      may not all be packed tightly together laterally or vertically so that
      some of the thickness of layer 13 may constitute softenable material. The
      migration marking material of layer 13 may in various embodiments of the
      imaging member be coated onto, slightly embedded in, or substantially
      embedded in the softenable material of layer 12 at the upper surface of
      that layer. Where the migration marking material of the fracturable layer
      is photosensitive, the material or particles, portions of which migrate to
      the substrate during image formation, may comprise any suitable
      electrically photosensitive material which is not readily soluble in any
      of the media used to soften the softenable layer during development of the
      migration imaging member.
PAR  Electrically photosensitive particles as used herein refers to any
      particles which when dispersed in a softenable, nonphotoconductive
      electrically insulating binder or matrix layer in response to electrical
      charging, imagewise exposure to activating radiation, and contact with
      suitable softening media, are caused to selectively migrate at least in
      depth in the softenable material and if desired to deposit in image
      configuration on a substrate.
PAR  While the photoconductive particles, (and "photoconductive" is used in its
      broadest sense to mean particles which show increased electrical
      conductivity when illuminated with electromagnetic radiation and not
      necessarily those which have been found to be useful in xerography in
      xerographic pigment-binder plate configurations) have been found to be a
      class of particles useful as "electrically photosensitive" particles in
      this invention and while the photoconductive effect is often sufficient in
      the present invention to provide in electrically photosensitive material,
      it does not appear to be a necessary effect. Apparently the necessary
      effect according to the invention is the selective relocation of charge
      into, within or out of the material or particles, said relocation being
      effected by light acting on the bulk or surface of the electrically
      photosensitive material, by exposing said material or particle to
      activating radiation which may specifically include photoconductive
      effects, photo-injection, photoemission, photochemical effects and others
      which enhance or cause said selective relocation of charge.
PAR  The imaging process of the present invention whereby the layer structured
      migration imaging member having a photo-conductive softenable layer is
      imaged, typically comprises the steps of providing a migration force
      across the migration imaging member and developing the member whereby the
      migration marking material migrates toward the substrate in imagewise
      configuration. In various embodiments of migration imaging systems, the
      imagewise migration force may variously be an electric field acting on
      charged particles, a magnetic field acting on magnetic particles, a
      gravitational force, centrifugal force, or combinations thereof. A
      preferred method of providing an electrical field across the thickness of
      the imaging member in imagewise configuration, is providing an
      electrostatic latent image upon the migration imaging member. This also
      provides the source of the charge which becomes affixed to the particles.
PAR  The optimum charge-expose mode of providing an electrostatic latent image
      upon a migration imaging member, in conjunction with the developing step
      in the migration imaging process of the present invention are described in
      FIGS. 2, 3, and 4. In FIG. 2 the preferred migration imaging member
      illustrated in FIG. 1 is shown being uniformly electrostatically charged
      by a corona charging device 14 which deposits a uniform charge on the
      surface of the imaging member as it passes across the member. The
      substrate of the imaging member is typically electrically grounded during
      electric charging to enhance said charging. Typical corona charging
      methods are described by Walkup in U.S. Pat. No. 2,777,957 and by Carlson
      in U.S. Pat. No. 2,588,699. Although the process illustrated in FIG. 2
      shows a uniform negative charge being deposited on the surface of the
      imaging member, it will also be appreciated that in various other
      embodiments of the imaging system, depending upon the particular
      combination of materials used in the imaging member and corona charging
      devices, either negative or positive charge may initially be placed on the
      surface of the imaging member. The charging illustrated in FIG. 2 is best
      accomplished when substrate 11 of the imaging member is substantially
      electrically conductive.
PAR  Where substrate 11 is an insulating material, charging of the imaging
      member may be accomplished by placing the insulating substrate in contact
      with a conductive member, and charging as illustrated in FIG. 2.
      Alternatively, other methods known in the art of xerography for charging
      xerographic plates having insulating backings may be applied. For example,
      the member may be charged using double-sided charging wherein a pair of
      corona charging devices depositing charge of opposite polarity scan in
      register the opposite sides of the imaging member thereby creating an
      electrical field between the layers of opposite electrostatic charge on
      the opposite surfaces of the imaging member.
PAR  After the surface of the plate is uniformly charged as illustrated in FIG.
      2, it is exposed to a pattern of activating electromagnetic radiation by
      any suitable means for example as shown in FIG. 3. The exposure method
      illustrated in FIG. 3 comprises lens 15, photographic transparency 16, and
      a source of light 17. When the uniformly charged migration imaging member
      is exposed to activating radiation such as light, the photoconductive
      softenable layer 12 becomes conductive in the light struck areas thereby
      discharging in those areas. As illustrated in FIG. 3, the electrostatic
      charge is substantially dissipated in the light struck areas, and remains
      intact in the unexposed areas 18 and 19. In this way an electrostatic
      latent image is formed on the surface of the migration imaging member.
PAR  In various embodiments of the migration imaging system of the present
      invention, the migration force applying step, here electrically charging,
      and the exposure step may be performed simultaneously with excellent
      results.
PAR  As previously described, in various embodiments of the migration imaging
      member of the present invention, the substrate 11 may be substantially
      transparent. For example, members having substrates comprising aluminized
      Mylar or NESA glass as described above, will be substantially transparent,
      and are particularly suitable for use in additional modes of the imaging
      process. In particular, imaging members having substantially transparent
      substrates may be exposed in the optimum charge-expose mode of providing
      an electrostatic latent image on said member, by projecting the activating
      electromagnetic radiation onto the photoconductive softenable layer
      through the substantially transparent substrate 11. This process is
      substantially the same as the one illustrated in FIG. 3, however the
      imaging member having the substantially transparent substrate is upside
      down vis-a-vis the imaging member illustrated in FIG. 3. The effect of the
      activating radiation in this mode is the same, i.e., to render the
      photoconductive softenable layer conductive thereby dissipating the
      electrostatic charge in the exposed areas. Exposure through the
      substantially transparent substrate is particularly advantageous in
      processes using members having dense fracturable layers because the
      fracturable marking material does not interfere with imagewise exposure of
      the photoconductive softenable layer in this mode. The imaged members
      produced from imaging members having substantially transparent substrates
      are particularly suited for the production of transparency images such as
      microfilm and optical masks.
PAR  The migration imaging member having an electrostatic latent image thereon
      as illustrated in FIG. 3, may then be developed by softening the
      softenable layer 12. Softening may typically be accomplished by exposing
      the imaging member to liquid solvents, solvent vapors, heat, or
      combinations thereof. In the development step illustrated in FIG. 4, the
      softenable layer is shown being softened by immersing the imaging member
      in a bath 20 containing a solvent 21 suitable for softening softenable
      layer 12, but leaving substrate 11 and fracturable material 12
      substantially unharmed. As layer 12 softens, the marking material in areas
      18 and 19 which had retained charge after exposure, migrate in imagewise
      configuration to the surface of the substrate 11. While continuing
      immersion of the imaging member in the developing solvent, the marking
      material in the exposed areas remains with the softenable material of
      layer 12 as it dissolves and is washed away from the surface of the
      substrate 11. It will be appreciated that the solvent used for developing
      the imaging member in the illustrated mode must be sufficiently
      electrically insulating so that the charge remaining on the marking
      materials in areas 18 and 19 is not dissipated before the marking material
      in those areas has migrated to the surface of the substrate 11.
PAR  Where the softenable layer is to be softened and later removed by a solvent
      liquid, any suitable solvent which will dissolve the softenable layer
      without adversely affecting the fracturable layer or substrate may be
      used. The particular solvent chosen may depend, of course, on the
      particular material used for the softenable layer. Typical solvents which
      are suitable for use with most organic resin softenable layers include
      carbon tetrachloride, hexane, cyclohexane, heptane and mixtures thereof.
PAR  While the optimum electrical-optical embodiment of the imaging process of
      the present invention is described in detail herein, it will be clear to
      one skilled in the art that all of the imaging methods disclosed in
      copending application Ser. No. 725,676, filed May 1, 1968, and now
      abandoned, are suitable for use with migration imaging members having
      photoconductive softenable materials, and all of the imaging methods of
      that application are hereby expressly incorporated by reference in the
      present application.
PAR  Also, in the mode hereof where the imaging member comprises migration
      marking particles dispersed throughout a softenable photoconductive
      material, these members may be made and imaged using the methods of
      copending application Ser. No. 837,591, filed June 30, 1969 which is
      expressly incorporated herein by reference.
PAR  The finally imaged member is illustrated in FIG. 5 for substrate 11 is
      shown having migration imaging material in imagewise configuration
      conforming to the image of the original transparency 16 on the surface of
      said substrate. The solvent used in the development step illustrated in
      FIG. 4 washed away substantially all of softenable layer 12 and the
      migration marking material from non-image areas. This fully developed
      migration imaging member is then suitable for use in any process whereby
      the image is fixed to the substrate, where such fixing is desirable. For
      example, methods of fixing migration images are disclosed in copending
      application Ser. No. 590,959, filed Oct. 31, 1966, and Ser. No. 695,214,
      filed Jan. 2, 1968.
PAR  By using solvent vapor or heat rather than solvent liquid for development,
      a migration image is formed which can subsequently be further developed,
      for example by immersion in a suitable liquid solvent. Alternatively, the
      image produced by vapor or heat softening development may be viewed
      directly. Such vapor and heat softened developed imaged members typically
      comprise the photoconductive softenable layer having portions of the
      migration marking material at least partially migrated in depth in said
      softenable material in imagewise configuration and having non-image
      portions of the fracturable layer of marking material in substantially
      unaltered condition contiguous the surface of the softenable layer. Where
      the softenable layer is imaged on a suitable substrate, the migrated in
      depth marking material may approach or reach the softenable layer -
      substrate interface or, as typically is the case, actually contact the
      surface of the substrate.
PAR  Yet another embodiment of the migration imaging member of the advantageous
      system of the present invention is illustrated in FIG. 6, wherein the
      imaging member comprises substrate 11 having fracturable layer of
      migration marking material 13 sandwiched between layers of photoconductive
      softenable material 12. As in the previously described embodiments of the
      imaging member, the fracturable layer is spaced apart from the surface of
      substrate 11 by the intermediate photoconductive softenable layer 12. This
      imaging member and variations thereof is also suitable for use in the
      migration imaging processes described above.
PAR  The following examples further specifically define the present invention
      with respect to a migration imaging system employing an imaging member
      having a photoconductive softenable layer. The parts and percentages are
      by weight unless otherwise indicated. The examples below are intended to
      illustrate various preferred embodiments of the novel migration imaging
      system.
PAC  EXAMPLE I
PAR  An imagable plate is prepared by initially dissolving about 9 parts of
      Bakelite Resin 5254, a p-phenylphenol phenolic resin, available from Union
      Carbide Corporation, in a solvent blend made up of about 10 parts toluene
      and about 8 parts acetone. About 1 part of 2,4,7-trinitrofluorenone is
      added to the resin solution and the mixture is stirred until all of the
      materials are well dispersed. This solution is then flow coated onto a 5
      mil. sheet of 1145-H19 aluminum foil, available from the Aluminum Company
      of America. The coated plate is forced air-dried at about 100.degree.C.
      for about 5 minutes. The dry film thickness is about 8 microns. A layer of
      finely powdered Titanox RA-10, titanium dioxide available from Titanium
      Pigment Corporation, is applied onto the top surface of the resin layer by
      rubbing with a cotton swab until an apparently uniform particulate layer
      is formed. The overcoated plate is charged to a negative potential by
      corona discharge by the method described by Carlson in U.S. Pat. No.
      2,588,699. The corona unit is maintained at about 7500 volts. The charged
      plate is exposed by projection with a positive black-and-white
      transparency with a Solar Enlarger (Burke and James Company.) A 250 -watt
      General Electric Photoflood BBA lamp, 3400.degree.K. color temperature, is
      used. Total exposure is about 200 foot-candles-seconds. The plate bearing
      the latent electrostatac image is immersed in a developer solvent bath
      consisting of carbon tetrachloride for about 30 seconds. The plate is then
      removed from the developer bath and dried. An excellent image
      corresponding to the projected image is observed on the plate. The image
      on the plate comprises a thin layer of titanium dioxide. The resin layer
      and unneeded titanium dioxide have been removed in the developer bath.
PAC  EXAMPLE II
PAR  A plate is prepared by initially dissolving about 8 parts of Bakelite Resin
      5254 in a solvent blend made up of about 10 parts toluene and about 8
      parts acetone. About 1 part of triphenyl amine is added to the resin
      solution and the mixture is stirred until all of the materials are well
      dispersed. The solution is coated onto an aluminum foil sheet, cured,
      overcoated with titanium dioxide, charged, exposed and developed as in
      Example I. The plate is imaged about 30 minutes after curing. A positive
      image of good quality is observed on the plate. A second plate is prepared
      as described above, and maintained at room temperature for about 6 days.
      The plate is then charged, exposed and developed as described above. A
      negative image of good quality is obtained.
PAC  EXAMPLE III
PAR  A plate is prepared as in Example II except that about 1 percent Rhodamine
      B Base, a xanthene dye available from Allied Chemical Company, is added to
      the resin solution. The thus dye-sensitized plate is prepared, charged,
      exposed and developed as in Example I. This plate is imaged about 1 hour
      after curing. It is observed that this plate develops more rapidly in the
      solvent bath and forms a slightly improved positive image over that
      produced in Example I. A second plate is prepared as described above, and
      maintained at room temperature for about 6 days. The plate is then
      charged, exposed and developed as described above. A negative image of
      good quality is obtained.
PAC  EXAMPLE IV
PAR  A plate is prepared by dissolving about 9 parts of Bakelite Resin 5254,
      about 1 part 2,5-bis-(p-aminophenyl)-1,3,4-oxa-diazole, available from
      Kalle and Company of Wiesbaden, Germany and about 0.1 parts of Rhodamine B
      Base. This resin solution is coated onto an aluminum substrate, the layer
      is cured, overcoated, charged, exposed and developed as in Example I. This
      plate is imaged about 10 minutes after curing. A positive image of good
      quality is obtained.
PAC  EXAMPLE V
PAR  A plate is prepared by initially dissolving about 9 parts Piccotex 100, a
      blend of polymerized styrenes and vinyl toluenes, available from the
      Pennsylvania Industrial Chemical Company in about 20 parts toluene. About
      1 part of 1,3,6,8-tetranitrocarbazole is added to the resin solution and
      the mixture is stirred until all of the materials are well dispersed. The
      solution is then flow coated onto an aluminum sheet and cured. The plate
      is overcoated, charged, exposed and developed as in Example I. This plate
      is imaged about 20 minutes after curing. A positive image of good quality
      is obtained. A second plate is prepared as described above, and maintained
      at room temperature for about 6 days. The plate is then charged, exposed
      and developed as described above. A negative image of good quality is
      obtained.
PAC  EXAMPLE VI
PAR  A resin solution is prepared by dissolving about 9 parts Dow ET 693, a
      phenolic resin available from the Dow Chemical Company, in about 20 parts
      toluene. About 1 part of 2,4,7-trinitrofluorenone is added to the resin
      solution and the mixture is stirred until all of the materials are well
      dispersed. This solution is coated onto an aluminum sheet, the resin is
      cured, and the plate is overcoated, charged, exposed and developed as in
      Example I. This plate is imaged about 20 minutes after curing. A positive
      image of satisfactory quality is obtained.
PAC  EXAMPLE VII
PAR  A plate is prepared as in Example I above except that in place of the
      titanium dioxide, the resin layer is overcoated with Pure Black Iron Oxide
      BK-250, powdered iron oxide available from the C. K. Williams Company. The
      plate is charged, exposed and developed as in Example I. This plate is
      imaged about 30 minutes after coating and curing. A positive image, black
      against the aluminum substrate, of good quality is observed.
PAC  EXAMPLE VIII
PAR  A plate is prepared as in Example I except that in place of the titanium
      dioxide the plate is overcoated with powdered barium sulfate. Within 1
      hour after the plate is prepared, the plate is charged, exposed and
      developed as in Example I. A positive image corresponding to the original
      results. A second plate is prepared as described above, and maintained at
      room temperature for about 6 days. The plate is then charged, exposed and
      developed as described above. A negative image of good quality is
      obtained.
PAC  EXAMPLE IX
PAR  A plate is prepared as in Example I, except that in place of the titanium
      dioxide the plate is overcoated with spray-dried particles of Phenoxy PKDA
      8500, a phenoxy resin available from the Union Carbide Corporation. These
      resin particles have an average diameter of about 2 microns. About 30
      minutes after the plate is prepared, it is charged, exposed, and developed
      as in Example I. A positive image is observed on the plate. Since the
      phenoxy resin has a very slight solubility in carbon tetrachloride the
      image adheres well to the plate when it is dried.
PAC  EXAMPLE X
PAR  A plate is prepared as in Example I except in place of the titanium
      dioxide, the plate is overcoated with powdered sodium phthalocyanine,
      available from Eastman Organic Chemical Department of Eastman Kodak
      Company. About 1 hour after the plate is prepared, it is charged, exposed
      and developed as in Example I above. A positive image conforming to the
      original is observed.
PAC  EXAMPLE XI
PAR  A plate is prepared as in Example I above except that in place of the
      titanium dioxide the plate is overcoated with powdered chloro aluminum
      chloro phthalocyanine, available from the Eastman Chemical Company. About
      1 hour after the plate is prepared, it is charged, exposed and developed
      as in Example I. A positive image conforming to the original results.
PAC  EXAMPLE XII
PAR  A plate is prepared as in Example I except that in place of the titanium
      dioxide the plate is overcoated with a layer of powdered iron distearate
      available from the Witco Chemical Company. This plate is charged, exposed
      and developed as in Example I, except that cyclohexane is used as the
      developing solvent in place of carbon tetrachloride. A positive image
      corresponding to the original is obtained.
PAC  EXAMPLE XIII
PAR  A plate is prepared as in Example I except that in place of the aluminum
      substrate a sheet of carbon coated conductive paper available from
      Crocker, Hamilton Paper Inc. under the tradename T-62-5-16A is used. The
      plate in this case has a thickness of about 25 microns. The plate is
      charged, exposed and developed as in Example I. A positive image
      corresponding to the original is observed. The image appears as white
      areas (titanium dioxide) on a black carbon background.
PAC  EXAMPLE XIV
PAR  A plate is prepared by dissolving about 9 parts of Bakelite Resin 5254 in a
      solvent blend of about 10 parts toluene, and about 7 parts acetone. To
      this solution is added about 1 part 2,4,7-trinitrofluorenone and about 1
      part Titanox RA-10. The mixture is stirred until all of the materials are
      well dispersed and the solution is coated onto an aluminum sheet to a
      thickness of about 5 microns by means of a Bird applicator, available from
      Bird & Sons Inc. The titanium dioxide is seen to be uniformly dispersed
      throughout the resin layer. The plate is charged to a negative potential
      by means of a corona unit maintained at about 6500 volts. The charged
      plate is exposed to a light and shadow pattern. Total exposure is about
      250 ft/candle seconds. The plate bearing the latent electrostatic image is
      immersed in a developer solvent bath consisting of carbon tetrachloride
      for about 20 seconds. The plate is then removed from the developer bath
      and dried. A positive image corresponding to the original is observed on
      the plate. It appears that titanium dioxide in image areas migrated to the
      surface of the plate while the resin and titanium dioxide in non-image
      areas have been removed by the solvent.
PAC  EXAMPLE XV
PAR  A plate is prepared as in Example XIX except that in place of the titanium
      dioxide is used powdered barium sulfate. A plate is charged, exposed and
      developed as in Example XIX. A positive image corresponding to the
      original is obtained.
PAC  EXAMPLE XVI
PAR  An imaging member is prepared as in Example XIX having powdered black iron
      oxide dispersed therein in place of the titanium dioxide. The plate is
      charged, exposed and developed as in Example XIX. A positive image
      corresponding to the original is obtained on the imaging member.
PAR  The Examples above are specific to solvent liquid developed migration
      images as already described above herein. However these imaging members
      may just as suitably be vapor-soften or heat-soften developed.
PAR  Although specific components and proportions have been stated in the above
      description of the preferred embodiments of the migration imaging system
      employing a migration imaging member having a photoconductive softenable
      layer, other suitable materials and variations in the various steps in the
      system as listed herein, may be used with satisfactory results in various
      degrees of quality. In addition, other materials and steps may be added to
      those used herein and variations may be made in the process to synergize,
      enhance, or otherwise modify the properties of the invention. For example,
      the photoconductive softenable layer may include various spectral or
      electrical sensitizers and the fracturable layer may include various
      colorants as desired.
PAR  It will be understood that various other changes in the details, materials,
      steps, and arrangements of elements, which have been herein described and
      illustrated in order to explain the nature of the invention, will occur to
      and may be made by those skilled in the art, upon a reading of this
      disclosure, and such changes are intended to be included within the
      principle and scope of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An imaging member comprising a substrate and a fracturable layer
      comprising migration marking material wherein said fracturable layer is
      contiguous the surface of and at least partially embedded in and
      contacting a photoconductive insulating softenable layer comprising
      homogeneous photoconductive softenable material, said photoconductive
      insulating softenable layer material substantially devoid of fracturable
      layer material and said fracturable layer is overcoated with another layer
      of softenable material.
PATN
WKU  039334929
SRC  5
APN  3767477
APT  1
ART  166
APD  19730705
TTL  Novel photoconductive substances and their application
ISD  19760120
NCL  10
ECL  1
EXA  Goodrow; John L.
EXP  Klein; David
INVT
NAM  Maruyama; Shoji
CTY  Sagamibara
CNT  JA
INVT
NAM  Enomoto; Takamichi
CTY  Sendai
CNT  JA
ASSG
NAM  Kabushiki Kaisha Ricoh
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19720223
APN  47-19260
PRIR
CNT  DT
APD  19730220
APN  2308332
PRIR
CNT  UK
APD  19730223
APN  8916/73
PRIR
CNT  CA
APD  19730222
APN  164355
RLAP
COD  72
APN  335744
APD  19730226
PSC  03
CLAS
OCL   96  15
EDF  2
ICL  G03G  504
FSC   96
FSS  1 R;1.5;1.6
UREF
PNO  3037861
ISD  19620600
NAM  Hoegl
OCL   96  1.5
UREF
PNO  3307940
ISD  19670300
NAM  Hoegl
OCL   96  1.5
UREF
PNO  3418116
ISD  19681200
NAM  Inami
OCL   96  1.5
ABST
PAL  Derivatives of polyglutamic acid with a molecular weight of from 1,000 to
      100,000 and having the following general formula (I) are novel
      photoconductive substances which are superior in film forming ability and
      are suitable for use as photoconductors for electrophotographic copying
      materials:
PAL  General formula (I)
      ##EQU1##
      wherein R represents a polynuclear aromatic or a heterocyclic nitrogen
      group, each containing up to sixteen carbon atoms, and
PA1  n is the integer 1 or 2.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part application of our copending
      application Ser. No. 335,744 filed Feb. 26, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to photoconductive substances and to
      electrophotographic copying materials which are produced employing said
      substances.
PAR  2. Description of the Prior Art
PAR  Various photoconductive substances for use in the preparation of
      electrophotographic copying materials, including such polymers as
      polyvinyl carbazole, etc. are already known. While these substances have
      satisfactory electrophotographic properties, they are defective in film
      forming ability.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises photoconductive substances which are novel
      derivatives of polyglutamic acid, manifest satisfactory
      electrophotographic properties and are superior in film forming ability,
      together with electrophotographic copying materials prepared from said
      substances.
PAR  The photoconductive substances of the present invention have a molecular
      weight of from 1,000 to 100,000, and may be represented by the following
      general formula (I):
PAR  General formula (I)
      ##EQU2##
      wherein R represents polynuclear aromatic, or heterocyclic nitrogen groups
      each containing up to about sixteen carbon atoms, and
PA1  n is the integer 1 or 2.
PAL  Typical heterocyclic groups include, for example, carbazyl, acrydinyl,
      indolyl, imidazolyl, quinolyl, pyridyl and the like. Polynuclear aromatic
      groups such as naphthyl, anthryl, phenanthryl, pyrenyl, and the like may
      be mentioned as typical R-substituents.
PAR  The photoconductive substances of the present invention are novel
      compounds, which are obtained by polymerization of derivatives from
      glutamic acid. The following procedures are illustrative of methods by
      which typically useful compounds are prepared.
PAR  Synthesis of homopolymer (I) of the foregoing general formula wherein n is
      2 and R is:
      ##SPC1##
PAR  4.4G (0.03 MOL) OF L-glutamic acid, 6.7g (about 0.036 mol) of N-ethylol
      carbazole and 6.7g (about 0.035 mol) of p-toluene sulfonic acid are
      dissolved in 10 ml of dioxane and heated at 70.degree.C for 7 hours while
      removing the by-product water from the reaction system by distillation.
      Upon completion of the reaction, the reaction product is dissolved in
      ethanol and sufficient triethyl amine is added to effect neutralization.
      The neutralized product is filtered, washed three times with warm water at
      a temperature of about 40.degree.C, extracted with acetone and warm water,
      in order, and dried. (Product A)
PAR  1.5g (0.0044 mol) of product A is dispersed in 80 ml of dioxane, and
      phosgene is flowed into the resulting dispersion at 35.degree.C for 1
      hour. The thus treated dispersion is recrystallized four times from ethyl
      acetate-petroleum ether, followed by vacuum drying over P.sub.2 O.sub.5.
      (Product B)
PAR  1.46g (about 0.004 mol) of product B is dissolved in 50 ml of dioxane and
      n-hexyl amine is added to the resulting solution at a ratio of 1/100
      (molar ratio) relative to product B. The mixture is reacted by stirring at
      room temperature for 10 days. Upon completion of the reaction, the
      reaction mixture is recovered and recrystallized from methanol, to obtain
      the desired polymer. This polymer is soluble in organic solvents such as
      chloroform, dimethyl formamide, dimethyl sulfoxide, dioxane,
      tetrachloroethane, etc. A variety of derivatives of polyglutamic acid with
      molecular weights of from 1,000 - 100,000 represented by general formula
      (I) can be obtained by introducing various aromatic rings into the side
      chain in accordance with the foregoing synthesis. Typical compounds with
      calculated and observed analysis are as follows:
      ##SPC2##
TBL              C        H         N                                          

     analysis:                                                                 

              cal.     70.88      5.59    8.70                                 

              obs.     69.63      5.93    8.14                                 

      ##SPC3##
TBL              C        H         N                                          

     analysis:                                                                 

              cal.     71.37      5.58    5.20                                 

              obs.     69.74      6.02    5.20                                 

      ##SPC4##
TBL              C        H         N                                          

     analysis:                                                                 

              cal.     75.22      5.37    4.39                                 

              obs.     73.52      5.05    3.79                                 

      ##SPC5##
TBL              C        H         N                                          

     analysis:                                                                 

              cal.     76.95      4.99    4.08                                 

              obs.     75.16      4.59    4.39                                 

PAR  It is also possible, following these general procedures, to introduce at
      least two kinds of aromatic groups into the side chain, to produce
      copolymers of derivatives of glutamic acid of general formula (I), wherein
      R represents at least two different groups. The following copolymer is
      representative of compounds of this class which are specifically included
      within the scope of the invention.
      ##SPC6##
TBL              C        H         N                                          

     analysis:                                                                 

              cal.     71.05      5.62    7.10                                 

              obs.     70.01      5.83    6.08                                 

PAR  The polyglutamic acid derivatives of this invention have superior
      transparency compared to other products similarly employed. Since their
      degree of polymerization is easy to control, such desirable properties as
      hardness, solubility, and others which are important for the intended use
      are readily controlled. The products are protein like in structure and
      have 3.7 primary units per helix structure. As a result, they manifest
      excellent crystallizability and a satisfactory state of piling of the
      aromatic rings in the side chain, so that the movement of carrier becomes
      easy. By virtue of the foregoing properties, their photoconductivity is
      enhanced, and this contributes to their excellent electrophotographic
      properties. They have good film-forming ability. Their adhesion to the
      support can be improved by mixing with a resinous binder, and it is
      preferred to do so.
PAR  Photoconductive layers comprising a mixture of at least one of the novel
      products of this invention together with a resinous binder on a suitable
      support have been observed to produce electrophotographic copying
      materials manifesting all of the excellent properties of such materials
      including a satisfactory adhesion of the photoconductive layer to the
      support.
PAR  Suitable resinous binders for use in this invention include, for example,
      acrylic resins such as polymethyl methacrylate, polybutyl methacrylate,
      etc., polyesters such as polycarbonates, polyethylene terephthalate, etc.,
      and various thermoplastic resins such as polyethylene, polybutylene,
      polystyrene, vinyl chloride-vinyl acetate copolymer, polyvinyl cinnamate,
      and the like. Typically, the amount of a resinous binder employed will be
      from about 5 - 50% by weight, preferably 40 - 40% by weight, based on the
      total weight of the photoconductive layer. The resinous binders also
      improve the fixability of toners.
PAR  A plasticizer such as dimethyl phthalate, dioctyl phthalate, triphenyl
      phosphoric acid, etc. can be added to the materials used to form the
      photoconductive layer to improve its flexability. The amount of a
      plasticizer to be added will normally be from 20 - 30% by weight based on
      the total weight of the photoconductive substance.
PAR  The photosensitive range of the photoconductive layers of the present
      invention may be extended to the visible-ray absorption range, and the
      sensitivity may be improved by the addition of a sensitizer such as Rose
      Bengal, Methylene Blue, Rhodamine B, Methyl Violet, Ethyl Violet, Acid
      Violet, Victoria Pure Blue, Crystal Violet, Rhodamine B extra, Rhodamine
      6G, Sulfo-Rhodamine B, Alizanin, etc. The amount added is from about 0.01
      - 5% by weight, preferably 0.03 - 0.5% by weight, of the photoconductive
      substance.
PAR  Pro-sensitizers for the photoconductive layer may also be employed. These
      include, for example, polycyano derivatives such as tetracyano ethylene,
      tetracyano quinodimethane, organic acids such as phthalic acid, naphthalic
      acid, etc. and anhydrides thereof or nitro derivatives or anhydrides of
      these acids, such as 2, 7-dinitro naphthalic anhydride, quinones such as
      naphthoquinone, anthraquinone, etc. or derivatives thereof such as 2, 4,
      7-trinitrofluorenone, 2, 4, 5, 7-tetranitrofluorenone,
      mononitroazafluorenones, aromatic halides such as trichlorobenzene,
      bromal, etc. These pro-sensitizers are electron acceptors and remarkably
      accelerate the sensitization effect by forming an electric charge
      transferring complex with the polyglutamic acid derivative within the
      photoconductive layer. The appropriate amount of this electron acceptor to
      add to the photoconductive layer is from about 0.1 - 1.5 mol for each
      monomer unit of the photoconductive substance, and the optimum amount is
      1.0 mol.
PAR  Any of the known conductive supports may be used to produce the products of
      this invention. These include metal plates such as zinc plates as well as
      more flexible supports such as cellulose products including ordinary paper
      and the like, or plastic films such as polyester and polyvinyl chloride
      films which have been treated for photoconductivity, or paper subjected to
      permeation-proof treatment.
PAR  An electrophotographic copying material according to the present invention
      may be prepared by dissolving the aforesaid photoconductive substance and
      resinous binder, if employed, in an appropriate solvent such as dimethyl
      formamide, dioxane, dimethyl sulfoxide, tetrachloroethane, chloroform,
      tetrahydrofuran, etc. or a mixture of such solvents; coating the resulting
      solution on the selected support base by any known method, e.g.,
      blade-coating, roll-coating, barrel-coating, etc., while adjusting the
      thickness of the coating film according to the intended use; and drying
      thereafter.
PAR  The electrophotographic copying material thus prepared, when subjected to
      electrification by corona discharge, exposure to light, development, and
      fixation in the usual manner by any known method, can produce a copied
      image faithful to an original image.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  EXAMPLE 1
PAR  30g of a derivative of polyglutamic acid with a molecular weight of about
      12,000 (a homopolymer of general formula (I) wherein n is 1 and R is
      naphthyl) and 4g of a polycarbonate with a molecular weight of about
      30,000 (Panlite K 1300; Teijin) were dissolved in 300g of
      tetrachloroethane. Then, by mixing 2, 7-dinitro naphthalic anhydride with
      the resulting solution at a molar ratio of 1:1, a photosensitive layer
      formable liquid composition was prepared. This liquid was coated on an
      aluminum plate by barrel-coating method to form a photosensitive layer
      with a dry thickness of 5.mu.,and prepare an electrophotographic copying
      material.
PAR  This copying material was charged with positive electricity by corona
      discharge in the dark and then subjected to projection exposure through an
      original for 10 seconds at an intensity of illumination of white light at
      100 luxes. When the thus treated copying material was subjected to
      dry-development by sprinkling a powder developer comprising mainly carbon
      black, followed by heating and fixation, a black-colored image accurately
      reproducing the original was produced. The adhesive property of this image
      in relation to the photoconductive layer and the intensity of adhesion
      between the photoconductive layer and the support were both satisfactory.
PAC  EXAMPLE 2
PAR  30g of a derivative of polyglutamic acid having a molecular weight of about
      6,000 (a homopolymer of the general formula (I) wherein n is 1 and R is a
      carbazyl group) and 6g of cyclo-rubber were dissolved in 300g of
      chloroform. Then by mixing the resulting solution with 3-nitrofluorenone
      at a molar ratio of 1:1, a photosensitive layer formable liquid
      composition was prepared. This liquid was blade-coated onto a film
      subjected to inductive treatment to form a photoconductive layer having a
      dry thickness of about 8.mu. to prepare an electrophotographic copying
      material. This copying material was charged with positive electricity by
      corona discharge and exposed to light through an original film for 1.5
      seconds at an intensity of illumination at 100 luxes. The thus treated
      copying material was developed by means of a wet developer to form an
      excellent image.
PAR  A similar electrophotographic copying material was prepared in the same way
      as above except for the addition of 0.6g of Rhodamine B extra as a
      sensitizer to the photosensitive layer forming liquid composition. the
      sensitivity of this copying material was improved and exposure could be
      effected by applying only 90 luxes for 1.5 seconds. Other characteristics
      of this copying material were identical with those of the foregoing
      example.
PAC  EXAMPLE 3
PAR  30g of a derivative of polyglutamic acid (a homopolymer having a molecular
      weight of 12,000 expressed by the general formula (I) wherein n is 1 and R
      is anthryl group) was dissolved in 300g of tetrachloroethane to prepare a
      photosensitive layer forming liquid. This liquid was applied by
      barrel-coating to an aluminum plate such that the dry thickness of the
      resulting photosensitive layer was 10.mu..It was dried to prepare an
      electrophotographic copying material.
PAC  EXAMPLE 4
PAR  30g of a derivative of polyglutamic acid (a homopolymer having a molecular
      weight of 9,000 expressed by the general formula (I) wherein n is 2 and R
      is pyrenyl group), 20g of 2, 4, 7-trinitrofluorenone and 5g of the same
      polycarbonate employed in Example 1 were dissolved in 500g of
      tetrachloroethane to prepare a photosensitive layer forming liquid. This
      liquid was applied by barrel-coating to an aluminum plate such that the
      dry thickness of the resulting photosensitive layer was 10.mu..It was
      dried to prepare an electrophotographic copying material.
PAC  EXAMPLE 5
PAR  30g of a derivative of polyglutamic acid (a copolymer of a monomer
      expressed by the general formula (I) wherein n is 1 and R is naphthyl
      group and a monomer expressed by the general formula (I) wherein n is 2
      and R is carbozyl group, said copolymer having a molar ratio 1:1 and a
      molecular weight 7,000) and 4g of the same polycarbonate employed in
      Example 1 were dissolved in 300g of tetrachloroethane. To this solution
      was added a 1% methanol solution of Rose Bengal to produce a
      photosensitive layer forming liquid. This liquid was applied onto an
      aluminum plate such that the dry thickness of the resulting photosensitive
      layer was 5.mu.. It was dried to prepare an electrophotographic copying
      material.
PAR  The exposure time required for formation of an image using a 100-lux white
      light source was 14 seconds in Example 3, 2 seconds in Example 4 and 2.5
      seconds in Example 5 respectively.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrophotographic copying material comprising a conductive support
      and a photoconductive layer containing a photoconductor which is a
      derivative of polyglutamic acid having a molecular weight of from 1,000 to
      100,000 and the formula:
      ##EQU3##
      wherein R represents polynuclear aromatic or heterocyclic nitrogen groups
      each containing up to about sixteen carbon atoms, and
PA1  n is the integer 1 or 2.
NUM  2.
PAR  2. A copying material according to claim 1, wherein the photoconductive
      layer contains a resinous binder to the extent of from 5 to 50% by weight
      based on the weight of the photoconductive layer.
NUM  3.
PAR  3. A copying material according to claim 2, wherein said resinous binder is
      selected from the group consisting of polyacrylates, polycarbonates,
      polyesters, polyethylenes, polybutylenes, polystyrenes, vinyl
      chloride-vinyl acetate copolymers and polyvinyl cinnamates.
NUM  4.
PAR  4. A copying material according to claim 1, wherein R is selected from the
      group consisting of carbazyl, acrydinyl, indolyl, imidazolyl, quinolyl,
      pyridyl, naphthyl, anthryl, phenanthryl and pyrenyl groups.
NUM  5.
PAR  5. A copying material according to claim 1, wherein said photoconductive
      layer further contains a plasticizer.
NUM  6.
PAR  6. A copying material according to claim 5, wherein the amount of said
      plasticizer is from 20 to 30% by weight based on the weight of the
      photoconductor.
NUM  7.
PAR  7. A copying material according to claim 1, wherein said photoconductive
      layer further contains a sensitizer.
NUM  8.
PAR  8. A copying material according to claim 7, wherein the amount of said
      sensitizer is from 0.01 to 5% by weight based on the weight of the
      photoconductor.
NUM  9.
PAR  9. A copying material according to claim 1, wherein said photoconductive
      layer further contains a pro-sensitizer.
NUM  10.
PAR  10. A copying material according to claim 9, wherein the amount of said
      pro-sensitizer is from 0.1 to 1.5 mol per 1 monomer unit of the
      photoconductor.
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ABST
PAL  A quick diffusion transfer process of forming color positive images by
      combining a photosensitive material portion prepared by superposing a
      photosensitive silver halide emulsion layer containing an amidrazone which
      becomes diffusible by an oxidation treatment (Type A) with an intermediate
      layer containing an amidrazone which does not become diffusible by the
      oxidation treatment (Type B) and an image-receiving material portion
      prepared by coating a composition containing an acid resistant coupler
      capable of forming a dye by the oxidative coupling with an amidrazone,
      exposing and black-and-white-developing the combined materials, subjecting
      material to an oxidation treatment in the superposed relationship to form
      color images, and then removing said photosensitive material portion.
PAL  A combined photographic material for forming color positive images having
      the above-mentioned photosensitive material portion and the
      image-receiving material portion on different supports respectively or on
      the same support in a superposed relationship.
PAL  A color positive image forming process comprising superposing an image of a
      color other than the amidrazone system utilizing a color developing system
      with the color positive image obtained above.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a quick diffusion transfer process of
      forming color positive images using amidrazones and also to a photographic
      material for forming color positive images.
PAR  2. Description of the Prior Art
PAR  An amidrazone is the name given to the compounds investigated by S. Hunig
      et al and it is perhaps considered that the name is an abbreviation for
      amido-hydrazone. The amidrazone was, at first, defined to be shown by the
      general formula I or II
      ##EQU1##
      wherein X represents a hydrogen atom or
      ##SPC1##
PAR  That is, the compounds investigated first were those represented by the
      general formula I and it was reported that among those compounds, the
      compounds of the formulae
      ##SPC2##
PAL  Formed azo dyes by oxidative couplings with phenols, aromatic amines, or
      active methylene compounds using ferricyanide as an oxidizing agent [see,
      S. Hunig et al; "Agnew. Chemie," 70, 215(1958), "Ann. Chem.," 609,
      160(1957), and ibid., 191(1959)]. Thereafter, many other compounds of the
      formula I and further open ring type amidrazones of the formula II
      described above were reported [see, "Ann. Chem., 651, 75(1962), etc.]. As
      the practical examples of the compounds of the formula II, the following
      compounds were shown:
      ##SPC3##
PAR  Furthermore, it was discovered that the compounds shown by the following
      formulae, which were considered to be amino-guanidine compounds, formed
      azo dyes by the same reaction as above;
      ##SPC4##
      On the other hand, J. Jeaken et al also made other investigations of the
      above-mentioned compounds at about the same time, that is the invention of
      the application of the compounds to photography was issued to Gevaert A.
      G. in 1961 as British Pat. No. 915,932 which was filed in 1959. In the
      patent the compounds of the general formula II indicated above are
      clasified into the aforesaid open chain type amidrazones represented by
      the formula II and the compounds of the general formula II wherein R.sub.1
      and R.sub.2 form a ring and the latter type of the compounds was
      represented, for convenience, by the general formula III (the compounds of
      the aforesaid group IIb belong to the compounds of the formula III);
      ##EQU2##
      wherein
      ##EQU3##
      represents morpholine
      ##EQU4##
      piperidine
      ##EQU5##
      or piperazine
      ##EQU6##
      The compound having the following structure which has hydrazones at both
      ends of the piperazine ring is also included in the group of the formula
      III;
      ##EQU7##
PAR  Furthermore, the following complicated compounds were added to the group of
      the heterocyclic amidrazones represented by the formula I;
      ##SPC5##
      ##EQU8##
      and
      ##SPC6##
PAR  Moreover, the scope of X was expanded to include, besides a hydrogen atom
      and
      ##SPC7##
PAL  Conh.sub.2, so.sub.2 --ch, so.sub.2 --nh.sub.2,
      ##EQU9##
      and SO.sub.2 --R (wherein R represents an alkyl group, an aryl group, a
      substituted alkyl group, or a substituted aryl group.)
PAR  In a conventionally known color positive system using those amidrazones,
      dyes are formed in thick photosensitive emulsion layers coated in
      superposed relationship, which makes it necessary to further fix and wash
      the emulsion layers after subjecting the emulsion layers to development
      and oxidative coloring (bleaching) processing.
PAR  Also, because in the color positive materials of a conventional amidrazone
      system, the whole sensitive dyes are left after processing, the thick
      layer of gelatin or other binder itself is colored and further part of the
      remaining sensitive dyes is adsorbed thereon. Still further, besides the
      desired dye image and unreacted couplers, considerable stains tend to be
      left caused by remaining red-brown silver sulfide which is imperfectly
      bleached or the contamination of the binder from many processing baths and
      thus the blank portion of the photosensitive material is apt to be
      stained.
PAR  Furthermore, the compound formed by the reaction of the intermediate
      oxidation product of a developing agent and the amidrazone, which is
      considered to be substantially colorless and stable, usually has a color
      to some extent and is liable to be left in the emulsion layers. Therefore,
      it has not been determined whether such a photosensitive material can be
      stored for a long period of time without being colored or discolored since
      the technique has not yet been sufficiently investigated.
PAR  In the conventional Polacolor system and other similar diffusion transfer
      color photographic systems (see, specifications of British Pat. Nos.
      840,731 and 904,364), it is required to process the photosensitive
      materials in the complete dark and thus those conventional systems are
      inconvenient for practical use.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, an object of this invention is to provide a novel quick
      diffusion transfer process of forming color positive images capable of
      quickly obtaining color positive images.
PAR  Another object of this invention is to provide the aforesaid color positive
      image forming process wherein processings after the oxidative coloring
      treatment are simple, tha whole transparency is high, the formation of
      stains is less, the possibility of coloring and discoloring by
      preservation is reduced, silver can be recovered profitably, and further
      the processings in the complete dark are unnecessary after expsoure and
      black and white development.
PAR  Still another object of this invention is to provide a process capable of
      repeated transfer many times even from the duplication of other originals
      by other photosensitive materials.
PAR  A further object of this invention is to provide a process of forming color
      positive images widely applicable to form drawings and designs for
      industrial or building purposes by duplicating repeatedly with colors
      other than the amidrazone systems utilizing a color developing system.
PAR  Another object of this invention to to provide combined photographic
      materials for forming color positive images used for achieving the
      aforesaid objects of this invention.
PAR  The above objects of this invention can be attained by combining a
      photosensitive material portion prepared by superposing a photosensitive
      silver halide emulsion layer containing an amidrazone which becomes
      diffusible by an oxidation treatment, such as M-methylacridinic amidrazone
      with an intermediate layer between different kinds of emulsion layers,
      said intermediate layer containing an amidrazone which does not become
      diffusible by the oxidation treatment, such as a compound of AM-6 and an
      image-receiving material portion prepared by coating a composition
      containing a coupler capable of forming a dye by oxidative coupling
      thereof with an amidrazone, such as an .alpha.-naphthol type diffusion
      resistant coupler, subjecting the combined photographic materials to an
      oxidation treatment in close superposed relationship after subjecting the
      combined materials to exposure and black and white development to cause
      diffusion transfer and to cause oxidative coupling, whereby a color image
      is formed, and then removing the photosensitive material portion.
PAR  Also, by combining the above-mentioned photosensitive material portion and
      the image-receiving material portion, the combined photographic material
      of this invention for forming color positive images is obtained.
PAR  Also, after an ordinary silver halide photosensitive material for black and
      white photography is exposed and subjected to black and white development,
      the emulsion layer of the photographic material thus processed is closely
      brought into contact with the image-receiving layer having the color
      positive image formed by the above-mentioned process and a p-aminoaniline
      color developer is applied to them, whereby the intermediate oxidation
      product of the color developing agent is diffusion-transferred to cause
      oxidative coupling and to form a color positive image on said black and
      white silver halide photosensitive material.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The amidrazones used in this invention are represented by the following
      general formula
      ##EQU10##
      wherein L.sub.1 and L.sub.2 each represents --CH= or --N=; R.sub.1,
      R.sub.2, R.sub.3, and R.sub.4 each represents a hydrogen atom, an alkyl
      group, an aryl group, an aralkyl group, or an alkylaryl group; a part of
      the carbon chain of each of said groups may be substituted with O, S, or
      N; each of said groups may have an ordinary substituent such as a
      carboxylic acid group, a sulfonic acid group, or a halogen atom; said
      R.sub.2 and said R.sub.1 together may form a ring; and said R.sub.2 may be
      combined with said R.sub.3 to form a heterocyclic ring together with
      --L.sub.1 =L.sub.2 --; and n is 0 or 1.
PAR  In addition, in this invention it is necessary to provide a diffusion
      resistant property to the amidrazone before incorporating the amidrazone
      in a photosensitive emulsion and thus R.sub.1, R.sub.2, R.sub.3, and
      R.sub.4 of the aforesaid general formula must be so selected that at least
      one of said groups has a hydrocarbon group having more that 10 total
      carbon atoms as a ballast group. However, as will be stated later, the
      property or the function of the amidrazone is greatly influenced by the
      position having the ballast group and thus the amidrazone having a ballast
      group at the group R.sub.4 is called Type A, while the amidrazone having
      ballast group at the group R.sub.1, R.sub.2, or R.sub.3 is called Type B.
      The ballast groups will be explained in detail later.
PAR  The fundamentals of the aforesaid oxidative coupling reactions of the
      amidrazones as mentioned before with phenols, aromatic amines, or active
      methylene compounds will be explained more in detail below. That is, the
      reaction of the basic heterocyclic amidrazone of formula I having no
      diffusion resistant property and .alpha.-naphthol or a 5-pyrazolone
      derivative which is a typical phenol or a typical active methylene
      compound and has been widely used in color development for color
      photography as a coupler for cyan or magenta respectively is shown by the
      following structural formula; that is
      ##SPC8##
PAR  That is, by the reactions of the heterocyclic amidrazone and
      .alpha.-naphthols, a blue, purple or red dye is formed depending upon the
      structure of the nucleus. Furthermore, the reaction with a 5-pyrazolone
      derivative is as follows;
      ##SPC9##
PAR  That is, generally a yellow or red-orange dye is formed.
PAR  The same amidrazone as above causes also an oxidative coupling with an
      aromatic amine to form a darker color dye. For example, the amidrazone is
      caused to react with 1-phenylaminonaphthalene-8-sulfonic acid as follows;
      ##SPC10##
PAR  That is a blue color is usually formed by the reaction.
PAR  On the other hand, the open chain type amidrazones of the formula II for
      light color dyes, by reaction with the same couplers as above, for
      example, form a yellow dye as shown below;
      ##SPC11##
PAR  As mentioned above the heterocyclic amidrazones of the formula I form blue,
      purple or red dyes by reaction with .alpha.-naphthols, while the
      amidrazone having the acridine nucleus shown by the following formula
      provides a dye of the deepest color and forms a cyan color with an
      .alpha.-naphthol. That is;
      ##SPC12##
PAR  Furthermore, besides the aforesaid aromatic amines which are not used as
      couplers for color development, the 2-aminothiazole coupler,
      5-aminopyrazoline coupler, and 1-phenylpyrazoline coupler having the
      following skeletons have been developed by Jeaken et al:
      ##EQU11##
      and
      ##SPC13##
PAR  The above couplers cause oxidative coupling with a most general
      benzothiazole amidrazone, such as AM-1 as mentioned above or the diffusion
      resistant amidrazone AM-4 having the following formula to form magenta,
      yellow, and cyan dyes respectively:
      ##SPC14##
PAR  In addition, the morpholinic amidrazones of the formula III give, in
      general, considerably light color dyes and the piperidinic amidrazones
      give deeper color dyes.
PAR  For example, the amidrazone, AM-5 having the following formula gives a
      yellow dye with an .alpha.-naphthol coupler;
      ##EQU12##
      On the other hand, the amidrazone, AM-6 having the following formula
      ##EQU13##
      gives a yellow dye with a 5-pyrazolone coupler and a red-purple dye with
      an .alpha.-naphthol coupler.
PAR  As the statement of S. Hunig et al, those dyes prepared above are diazo
      dyes and are considered to have an essentially stable structure and
      excellent moisture and heat resistance or light resistance different from
      indoaniline dyes and azomethine dyes obtained in conventional color
      development for color photography.
PAR  The durablilty of azo dyes depends upon the structure and the position of
      the substituent of each azo dye. However, there are many kinds of dyes
      obtained by the oxidative coupling of the amidrazones and the couplers are
      described above and the structures and the skeletons thereof are somewhat
      different from those of commercially available dyes and also there is no
      data at present comparing the moisture and heat resistance and light
      resistance between the dyes prepared by the above-mentioned oxidative
      couplings and commercially available azo dyes. But, because the dyes
      prepared by the oxidative couplings are essentially excellent in
      durability, it is clear that if properly selected, a color positive image
      having superior stability to those in conventional color photography is
      always obtained, which is one of the feature of this invention.
PAR  The coloring reaction by the aforesaid oxidative coupling reaction proceeds
      more smoothly and with a better yield in the amidrazones represented by
      the general formulae I, II, and III wherein X is
      ##SPC15##
PAL  (or generally --SO.sub.2 R) than the amidrazones of the formulae I, II, and
      III wherein X is a hydrogen atom. In this case, it has been believed that
      at the beginning of the reaction, the bond between --NH-- and --SO.sub.2
      --R of the hydrazone splits to form a nascent amidrazone intermediate
      oxidation product. Accordingly, among the diffusion resistant amidrazones
      represented by the following general formula
      ##EQU14##
      if in the diffusion resistant amidrazone of the Type A wherein R.sub.1,
      R.sub.2, and R.sub.3 have no ballast group and only R.sub.4 has a ballast
      group, such as AM-2, AM-3, AM-4, and AM-5 as mentioned above, the bond
      between --NH-- and --SO.sub.2 -- thereof splits, the amidrazone loses its
      ballast group and becomes immediately diffusible. Thus, when a
      photosensitive emulsion layer containing such a diffusion resistant
      amidrazone is placed in an oxidation treatment bath, the amidrazone
      diffuses immediately into distant layers from the adjacent layer gradually
      and is transferred readily in the image-receiving layer containing a
      coupler, therein the amidrazone is caused to react with the coupler to
      form a dye.
PAR  On the other hand, in the amidrazone of the aforesaid general formula
      wherein a ballast group is not attached to R.sub.4 but is attached to any
      one of R.sub.1, R.sub.2, and R.sub.3, such as AM-6 mentioned above and
      those having the following formulae
      ##SPC16##
PAL  the amidrazone itself or the intermediate oxidation product thereof will
      not lose its diffusion resistant property even if the bond between --NH--
      and --SO.sub.2 -- splits in view of the ballast group. Consequently, if a
      coupler has diffusion resistant properties and is not present in the
      photosensitive emulsion layer containing the above-mentioned amidrazone,
      the coupler is not coupled or colored.
PAR  Because of the above differences, although both type amidrazones are
      initially (prior to oxidative coupling) diffusion resistant, Type A should
      be discriminated from Type B.
PAR  On the other hand, another important chemical property common to the
      amidrazones is that they are converted into colorless and stable
      compounds, although the structures thereof as well as the mechanisms of
      forming such compounds are not clear at present, by reaction not only with
      a p-aminoaniline which is a developing agent in color development but also
      by reaction with the intermediate oxidation product of a developing agent
      for black and white development, such as hydroquinone, pyrocatechol, a
      p-aminophenol, 1-phenyl-5-pyrazolidone, or derivatives thereof and when
      the stable compounds are subjected to an oxidation treatment, they are not
      coupled with the coupler. The application of this fact is disclosed in the
      specification of U.S. Pat. No. 3,467,520 granted to W. Puschel and K. W.
      Schranz.
PAR  Thus, when a silver halide photosensitive emulsion layer containing the
      aforesaid diffusion resistant amidrazone of the Type A is exposed and
      developed in an ordinary black and white or color photographic developer,
      developed silver is reduced in conformity with the printed image and the
      amidrazone in the image-bearing areas is converted into a colorless stable
      compound in conformity with the image by reaction with the intermediate
      oxidation product of the developing agent formed during development and
      thus the remaining amidrazone forms as it is a positive latent image
      having reversed density to the printed negative image. Therefore, when a
      binder layer containing a diffusion resistant coupler is superposed with
      the aforesaid photosensitive emulsion layer containing the diffusion
      resistant amidrazone of the Type A and they are subjected to an oxidation
      treatment, the intermediate oxidation product of the type A amidrazone
      which has become diffusible as the result of splitting the bond between
      --NH-- and --SO.sub.2 --diffuses into the binder layer containing the
      diffusion resistant coupler as mentioned before, whereby it causes
      oxidative coupling with the coupler to form a color positive image, that
      is, the latent image is transferred as a visible image. Thus, the binder
      layer containing the coupler is called the "image-receiving layer" in this
      invention.
PAR  A color photosensitive material is prepared by incorporating in two or
      three kinds of silver halide photosensitive emulsions having different
      color sensitivities as in ordinary color film or color photographic paper
      the different diffusion resistant amidrazones of the Type A matching to
      the color sensitivities of the emulsions instead of couplers and coating
      the photosensitive emulsions on a support in multi-layers. Apart from
      this, an image-receiving material is prepared by incorporating a coupler
      or couplers provided with a diffusion resistant property in a
      water-permeable binder such as gelatin and polyvinyl alcohol and coating
      the mixture on a paper or a film. When the color photosensitive material
      is exposed to or reprinted by a multi-color original such as an outdoor
      scene, an indoor still life, a person, a paint, and a color-printing
      drawing, subjected to black and white development and washed as in an
      ordinary photosensitive material, brought into contact with the
      image-receiving layer of the image-receiving material wetted with an
      oxidation treatment bath containing a ferricyanide (almost the same as a
      bleaching bath used in ordinary color photography), they are squeezed in
      the contacted state, and after allowing them to stand for a while, the
      photosensitive material is removed, the different amidrazones are
      transferred from the corresponding different emulsion layers having
      different color sensitivities onto the image-receiving layer imagewise,
      whereby the amidrazones are caused to react with the coupler or couplers
      to form superposed multi-color images on the image-receiving layer of the
      image-receiving material as is clear from the aforesaid explanation of the
      chemical reactions of the amidrazones.
PAR  However, since, in fact, the intermediate oxidation product of a developing
      agent formed by the development of a photosensitive emulsion layer
      diffuses into the other emulsion layers coated thereon in multi-layer
      relationship, the occurrence of color mixing is unavoidable by inserting
      an intermediate layer consisting of only binder between both emulsion
      layers and thus it has been desired to prevent the intermediate oxidation
      product of the developing agent from diffusing into the other emulsion
      layer from the emulsion layer containing it by incorporating in the
      intermediate layer between both emulsion layers a material capable of
      catching the intermediate oxidation product of the developing agent before
      it reaches the adjacent emulsion layer. It has been found that the
      diffusion resistant amidrazones of the Type B mentioned above are quite
      favorable for the purpose.
PAR  That is, as mentioned above, because it is believed that the amidrazone of
      this type becomes a stable colorless compound by reaction with the
      intermediate oxidation product of the developing agent and at the same
      time the intermediate oxidation product of the developing agent is reduced
      to be regenerated, if the amidrazone of the Type B is incorporated in the
      intermediate layer, the diffusion of the intermediate oxidation product
      from the emulsion layer containing it into the adjacent emulsion layer
      through the intermediate layer is prevented and at the same time the
      diffusion of the remaining unreacted amidrazone of the Type B into the
      image-receiving layer to cause a coupling reaction with the coupler in the
      image-receiving layer is prevented since even if the bond between --NH--
      and --SO.sub.2 -- of the amidrazone splits during processing in an
      oxidation treatment bath, the amidrazone does not become diffusible.
PAR  That is, the amidrazone of the Type B in the intermediate layer has no
      relation to the coloring in the color photography of this invention but
      acts as a scavenger for intermediate oxidation product of the developing
      agent at development to prevent the occurence of color mixing. Such
      behaviors of the amidrazone have not hitherto been known.
PAR  However, the many amidrazones and couplers as mentioned above have been all
      reported in detail by Hunig et al and Jeaken as mentioned above and also
      by Puschel and co-workers and the processes of producing those compounds
      are also taught by them. That is, many of the amidrazones and couplers may
      be produced by those known processes and thus the processes of making
      those compounds are omitted from the specification of this invention.
      Furthermore, phenolic couplers, .alpha.-naphtholic couplers, and active
      methylenic couplers such as 5-pyrazolone couplers and acetanilide couplers
      which are a part of the couplers used in this invention and are widely
      used in a conventional color developing system for color photography may
      also be prepared by the known methods described in many reports and patent
      specifications and thus the processes of producing them are also omitted
      from this specification.
PAR  In addition, the above examples show the case of coating the photosensitive
      coating composition and the image-receiving coating composition on
      separate supports but they may be applied to the same support. That is, a
      photosensitive combined material prepared by forming first on a support an
      image-receiving layer consisting of a binder containing a coupler and
      having been subjected to a hardening treatment and then with or without
      forming thereon an intermediate layer, coating the desired layers (for
      example 3 emulsion layers and 2 intermediate layers) of photosensitive
      emulsions which have not been hardened or have been treated to become
      water soluble and intermediate layers may also be used in this invention.
      In this case, if the photosensitive combined material is, after exposure
      and development, washed with water, the photosensitive material portion is
      dissolved away. Thus, by washing the photosensitive combined material
      after exposure and development with an aqueous solution of 3-5% magnesium
      sulfate instead of using water to remove harmful components such as
      unnecessary developing agent, coating thereon uniformly a definite amount
      of an oxidation treatment liquid containing a ferricyanide as the main
      component followed by allowing to stand, and when a series of reactions
      such as the separation, diffusion transfer, and coupling reaction of the
      aforesaid intermediate oxidation product of the amidrazone are finished,
      stripping off only the photosensitive material portion or removing the
      photosensitive material protion by washing with water, the image-receiving
      layer having thereon a color positive image can be obtained on the
      support.
PAR  Also, a photosensitive combined material having the reverse layer structure
      prepared by coating on a support the photosensitive material portion in
      layers and then forming an image-receiving layer through an intermediate
      layer soluble in water or acid water may also be used in this invention.
      That is, the combined material thus prepared is, after exposure and
      development, processed in an aqueous solution of magnesium sulfate,
      subjected to an oxidation treatment, and then superposed immediately with
      a proper support such as water proof paper or a film base so that the
      uppermost image-receiving layer is brought into contact with the surface
      of the support followed by allowing it to stand. When a series of
      reactions as mentioned above are thus finished, the photosensitive
      material portion is separated from the image-receiving layer through the
      intermediate layer by pulling apart both supports in water or a weak
      acetic acid solution, whereby the desired color positive image can be
      obtained in the image-receiving layer completely attached to the new
      support. The photosensitive material portion may be disposed of together
      with the original support without being processed.
PAR  In the present invention, it is not required to conduct the process in the
      complete dark, that is, after exposure and black and white development,
      the subsequent processings may be conducted in the light. For example, by
      conducting the copying or exposure and black and white development (and
      stopping and washing) in the dark by utilizing an automatic copying
      machine very similar to a liquid development type electrophotographic
      copying machine sold and used widely at present, withdrawing the
      photosensitive material thus developed from the automatic copying machine,
      superposing the photosensitive material with an image-receiving material
      in the light, processing them in a developing transfer machine, which has
      widely been used as a copying machine of a silver complex salt diffusion
      transfer system, containing an oxidation treatment solution, squeezing the
      superposed materials thus processed, and after a while, removing the
      photosensitive material, a reproduction of a color positive multi-color
      image can be obtained on the image-receiving material very simply.
PAR  Furthermore, the transfer may be repeated many times from the print
      obtained by reproducing from other originals with other photosensitive
      materials. Also, because a reproduction of other color than that in the
      amidrazone system may be formed in duplication relationship with the color
      image by the amidrazone system by utilizing a color developing system as
      will be stated below, the present invention has such an advantage that the
      process of this invention can also be applied for obtaining combined
      figures of drawings and designs for industrial and structural purposes.
PAR  That is, the other coloring reaction by a photosensitive material in the
      color developing system utilizes the following reaction. Thus, because
      many of the couplers to be incorporated in the image-receiving layers in
      this invention are common to the couplers for color development as
      mentioned above, in the case of using, e.g., an .alpha.-naphtholic
      coupler, the amidrazone usually forms a magenta, red, orange or yellow dye
      with such a coupler but forms a cyan dye with the oxidation product of a
      p-aminoanilinic color developing agent. Therefore, by using a combination
      of a multi-layer photosensitive material prepared by using two proper
      kinds of the amidrazones and a non-dye-sensitized silver halide emulsion
      layer and a silver halide emulsion layer color sensitized in the green
      region and an image-receiving material having an image-receiving layer
      containing the .alpha.-naphtholic coupler, a dichromatic transfer image
      of, e.g., orange and magenta is formed. Also, other originals may be
      reproduced using an ordinary black and white silver halide photosensitive
      material (containing neither amidrazone nor coupler), wherein the
      photosensitive layer is subjected to black and white development in the
      dark, and washed with water. The black and white silver halide
      photosensitive material having the silver image is correctly superposed
      with the aforesaid image-receiving material having the dichromatic
      transfer image prepared above and then a color developer is applied
      between them by utilizing a developing machine for silver complex salt
      diffusion transfer system, whereby the undeveloped silver halide is
      developed and at the same time the intermediate oxidation product of the
      color developing agent thus formed diffuses from the image portion into
      the image-receiving layer to form a cyan dye by causing coupling with the
      coupler in the layer and to form a trichromatic image by superposing the
      cyan positive image with the dichromatic image of orange and magenta. The
      reaction is well known but the reaction system in which an
      .alpha.-naphtholic coupler and a p-diethylaminoaniline color developing
      agent are used is illustrated as follows;
      ##SPC17##
PAR  In this system, the color tone is not so changed by changing slightly the
      p-aminoaniline derivative which is the developing agent and thus, in order
      to obtain multi-color image, different couplers must be used as is well
      known. The point that the color tone can be changed by changing not only
      the coupler but also the amidrazone in the amidrazone system is utilized
      in the present invention but it is also an important feature of this
      invention to be able to apply the combination of color developed images in
      the point that an image of another color can be superposed by using the
      same coupler and further the application is different from the conventioal
      color developing system and has its feature in the point that the coupler
      is separated from the photosensitive layer and only a color image is
      formed by transfer.
PAR  Now, the application of this invention will be explained below. Of course,
      according to the present invention general photographic color films and
      color papers for enlargement in the natural color photographic field can
      be produced by combining suitable amidrazone couplers and color sensitized
      high speed silver halide emulsions and further the present invention can
      be applied to such photographic color films as false color photography or
      pseudo color photography and also in an infrared aerial photography.
      Furthermore, from such excellent merits that the processings after the
      initial black and white development can be conducted in the light as
      mentioned above, a combination of different color images can be obtained
      with the same photosensitive material by changing only the image-receiving
      material, the kinds of colors can further be increased and other figures
      can be superposed with another figure by combining with other
      photosensitive materials containing different amidrazones, a color image
      or figure may be further superposed by combining with the aforesaid color
      developing system, and further the processing can be conducted rapidly and
      in various manners and the dyes prepared are stable, the applications to
      various fields such as the reproductions of complicated multi-color
      drawings, the combinations and colorings of designs, the manufacturings of
      printings and drawings for display, and other commercial, industrial, and
      architectural uses are expected.
PAR  In addition the system of introducing in a silver halide emulsion or an
      image-receiving layer the coupler or the amidrazone after providing
      thereto a diffusion resistant property will be finally explained. That is,
      in the process of this invention, the systems employed for providing a
      diffusion resistant property to couplers in color films or color printing
      papers for the multilayer emulsion system widely practiced at present may
      be effectively used. For example, there are a system wherein a coupler
      molecule is made alkali soluble by introducing into the molecule a
      chain-like hydrocarbon residual group having more than 10 carbon atoms,
      such as a dodecyl group, a hexadecyl group, and an octadecyl group and
      also introducing an anionic carboxylic acid residual group or sulfonic
      acid residual group therein and then the coupler is introduced as is in a
      binder such as a gelatin solution; a system wherein an alkylaryl group
      having more than 10 total carbon atoms, such as a 2,4-di-t-amylphenyl
      group a phenoxyphenyl group, and the like is introduced into a coupler
      molecule to make it oleophilic or to make it soluble in oil without being
      crystallized therein, the coupler is dissolved in a high boiling oil such
      as dibutylphthalate, tricresyl phosphate, veratrol (or
      1,2-dimethoxybenzene), and dibutyllauramide, and the oil solution is
      dispersed in a binder such as a gelatin solution as fine oil droplets; and
      a system wherein the aforesaid oleophilic coupler is dissolved in a
      specific solvent immiscible with water, such as formamide and
      dimethylformamide and the solvent solution is dispersed as is in a binder.
PAR  Also, a method of providing a diffusion resistant property to a coupler by
      condensing the coupler with a high molecular weight material is also known
      and further a novel system developed by the inventors wherein a
      coacervation is caused from an anionic diffusion resistant material and a
      cationic polymer and a coupler is added to the binder as a fine dispersion
      thereof can also be employed in this invention. In any case, the principle
      is believed to be that the introduction of a side chain having a molecular
      weight higher than some level into the molecule acts as ballast by the
      association with a binder (a hydrophilic binder such as gelatin or an
      oleophilic binder such as a high boiling oil) to provide a diffusion
      resistant property.
PAR  Thus, the ballast groups to be introduced into the molecule of a coupler
      for providing a diffusion resistant property thereto may differ to some
      extent according to the systems to be employed as mentioned above but an
      alkyl group, an alkylaryl group, and an aralkyl group each having more
      than 10 total carbon atoms are considered similarly effective even if a
      part of the carbon chain thereof may have been unsaturated, may form a
      ring, or may have been substituted by oxygen, nitrogen or sulfur and thus,
      the term "a ballast group having more than 10 total carbon atoms" includes
      all of those groups as mentioned above.
PAR  The advantages of this invention will be further explained below in more
      detail.
PAR  Although the process of this invention may be the same as the
      conventionally known amidrazone system in the points that the processing
      steps are reduced and also an azo dye image stable to moisture, heat, and
      light is easily obtained, the process of this invention has further the
      following excellent points as comapred with the conventional amidrazone
      systems:
PAR  1. The process of this invention can be more rapidly and more simply
      conducted than the conventional amidrazone system. That is, in the
      conventional system, dyes are formed in thick photosensitive emulsion
      layers coated in multi-layers and thus after developing and oxidative
      coupling (bleaching) treatments, fixing and washing are required. On the
      other hand, in the present invention the process is finished by simply
      separating the image-receiving material or washing away the photosensitive
      material portion.
PAR  2. In the color photographic positive material for conventional amidrazone
      systems, the whole photosensitive material is left after processing.
      Therefore, the layer of a binder such as gelatin having a thickness many
      times thicker than the image-receiving layer of this invention has been
      sonsiderably colored as well as the remaining sensitive dye has been
      adsorbed therein. Furthermore, besides the desired dye image and unreacted
      coupler, considerable stains are apt to be left such as the insufficiently
      bleached red-brown residue of silver sulfide and the contamination of the
      binder from various processing baths. That is, there are remakable
      differences between the stains of the blank of the product of this
      invention and the stains of the blank of the product in the conventional
      system.
PAR  3. The preservability of the colorless and stable compound formed by the
      reaction of the intermediate oxidation product of the developing agent and
      the amidrazone has not yet been confirmed but such a point gives no
      trouble in this invention since the compound is disposed as is together
      with the photosensitive material portion in this invention.
PAR  4. In this invention, the unreacted coupler is left in the image-receiving
      layer besides the desired color positive image. However, in a conventional
      color slide or color print of the type containing couplers in the
      photosensitive emulsion layers thereof, diffusion resistant couplers are
      always left after processing and thus these problems have sufficiently
      been investigated by various persons and many almost stable and almost no
      discoloring couplers have already been known. Furthermore, in a
      conventional color photographic sensitive material, three kinds of
      couplers are left in three kinds of emulsion layers respectively, while in
      the present invention, only one kind of coupler is left usually and
      therefore, the amount of the remaining coupler is only one-half to
      one-third of the amount in the conventional case.
PAR  The step of separating the photosensitive material portion in this
      invention quickens and simplifies the process since the fixing and washing
      steps which require a long period of time are omitted and, in addition the
      whole transparency of the positive print obtained increases, the formation
      of stains is reduced, and the possibility of causing coloring and
      discoloring during preservation is also reduced. Moreover, the above step
      is also profitable in the point of recovering silver since the deposited
      photosensitive material portions are collected and the valuable silver
      salt remaining completely therein as a mixture of the undeveloped silver
      halide and the bleached silver image can be quite readily recovered. On
      the other hand, in a conventional color developing process, a fixing
      processing is usually conducted and in the case of conducting fixing, the
      greater parts of silver may be recovered electrolytically but a
      considerable part of silver is also lost in the water washing step and
      further in a each bath, the electrolytic recovery of silver is usually
      difficult. Also, one of the troubles caused in the electrolytic recovery
      is that the regeneration and reuse of the expensive processing solution
      are generally difficult.
PAR  On the other hand, in the process of this invention, the recovery of silver
      can be conducted independently of the photographic processing, that is,
      can be conducted by an inexpensive method, such as burn up independently
      of the regeneration of the processing solution. This is important for the
      economy in a color photographic laboratory and influences the cost of
      color photographs or color prints.
PAR  Now, the present invention will be illustrated in greater detail in
      conjunction with the following specific examples, which, however, are
      intended to be illustrative only.
PAC  EXAMPLE 1
PAR  In this example, the most general case wherein an image-receiving material
      and a photosensitive material are prepared separately is illustrated.
PAR  The image-receiving material was prepared as follows. A coupler solution
      having the following composition was prepared using the following
      .alpha.-naphthol diffusion resistant coupler of the structural formula
      AM-2 previously indicated;
TBL  1-Naphthol-2-carboxylic acid-(2'-N-                                       

     stearyl-N-methylamino-4'-sulfo)-                                          

     anilide sodium salt    8.0      g.                                        

     Dimethylformamide      8.0      ml.                                       

     1% Aqueous trimethylamine solution                                        

                            80       ml.                                       

     Water                  80       liters                                    

PAR  The coupler solution prepared was disposed in the binder solution having
      the following composition;
TBL  Gelatin             50     g.                                             

     Polyvinylpyrrolidone                                                      

                         10     g.                                             

     Water               1      liter                                          

PAL  and the dispersion was coated on a water-proof paper such as a photographic
      baryta-coated paper in an amount of 60 g./m..sup.2 and dried to provide
      the image-receiving material of this invention.
PAR  A silver chloride emulsion color-sensitized in the red region was prepared
      and a mixture of 100 ml. of sodium hydroxide, 100 ml. of methanol, and 10
      ml. of dimethylformamide having dissolved therein 10 g. of the aforesaid
      acridinic diffusion resistant amidrazone of the Type A, i.e., AM-3 was
      added to the silver chloride emulsion prepared above per one kilogram of
      emulsion. The mixture thus prepared was coated on a photographic paper
      (having on both surfaces thereof polyethylene coatings) in an amount of 70
      g./m..sup.2. A solution prepared by dissolving 10 g. of AM-6 as the
      aforesaid diffusion resistant amidrazone of the Type B in a 5% aqueous
      solution per liter thereof was coated on the silver halide emulsion layer
      formed above in an amount of about 40 g./m..sup.2 as an intermediate
      layer. A silver chloride emulsion color-sensitized in the green region and
      having incorporated therein 10 g. of the aforesaid benzothiazolic
      diffusion resistant amidrazone of the Type A, i.e., AM-4 was further
      coated on the intermediate layer in an amount of about 70 g./m..sup.2. An
      intermediate layer containing the amidrazone of the Type B as indicated
      above was also coated on the silver halide emulsion layer in an amount of
      about 40 g./m. A (blue sensitive) silver chlorobromide emulsion which had
      not been color sensitized having incorporated therein 12 g. of AM-5 as the
      diffusion resistant amidrazone of the Type A per kilogram of the emulsion
      was then coated on the last intermediate layer in an amount of about 70
      g./m..sup.2, and finally a 3% aqueous gelatin solution was over-coated
      thereon as a protective layer in an amount of about 30 g./m..sup.2
      followed by drying to complete the photosensitive material.
PAR  The photosensitive material thus prepared was used to print by enlargement
      or photograph an aimed picture, color slide, or multi-color poster and
      then developed for 1 minute at 25.degree.C. in an ordinary black and white
      developer having the following composition as in the case of ordinary
      photographic papers;
TBL  Hydroquinone           12.0    g.                                         

     Anhydrous sodium sulfite                                                  

                            50.0    g.                                         

     Sodium carbonate (monohydrate)                                            

                            70.0    g.                                         

     1-Phenyl-3-pyrazolidone                                                   

                            0.5     g.                                         

     Potassium bromide      2.0     g.                                         

     Benzotriazole          0.2     g.                                         

     Water                  1.0     liter.                                     

PAR  After washing, the photosensitive material thus developed was withdrawn in
      the light and then superposed with the image-receiving layer of the
      image-receiving material which had been immersed for 1 minute at
      25.degree.C. in the oxidation treatment bath having the following
      composition;
TBL  Water              1.0     liter                                          

     Ferricyanide       50.0    g.                                             

     Potassium bromide  12.0    g.                                             

     Borax              20.0    g.                                             

     Boric acid         5.0     g.                                             

PAL  followed by squeezing. After an imbibition period of about 10 minutes, the
      silver image was almost bleached and the intermediate oxidation products
      of the amidrazones of the Type A which had become diffusible at the
      non-image portions were transferred by diffusion onto the image-receiving
      layer, whereby the intermediate products of the amidrazones were coupled
      with the .alpha.-naphtholic coupler to form a cyan dye in case of AM-3, a
      magenta dye in case of AN-4, and a yellow dye in case of AM-5. Thus, a
      color positive image having almost the same colors as the original was
      reproduced.
PAC  EXAMPLE 2
PAR  A combined photosensitive material prepared by coating a same support with
      an image-receiving material portion and then photosensitive material
      portions in a superposed relationship was used in this example.
PAR  About 170 ml. of a solution containing the same .alpha.-naphtholic
      diffusion coupler as in Example 1 was added to the binder solution
      containing dialdehyde starch as a polymer hardening agent and having the
      following composition
TBL  Gelatin            30      g.                                             

     Hydroxypropyl starch                                                      

                        20      g.                                             

     Dialdehyde starch  1       g.                                             

     Water              1       liter                                          

PAL  and the mixture was coated on a subcoated triacetate base in an amount of
      about 60 g./m..sup.2 and then the solution having the following
      composition was coated on the layer prepared above in an amount of 30
      g./m..sup.2 and dried to provide an intermediate layer, which acted also
      as an antihalation layer.
TBL  ______________________________________                                    

     Water                  600     ml.                                        

     Polyvinyl pyrrolidone  30      g.                                         

     10% Polyacrylamide solution                                               

                            100     ml.                                        

     5% Saponin solution    200     ml.                                        

     10% Carbon black dispersion                                               

                            100     ml.                                        

     ______________________________________                                    

PAR  Then, the same composition as that of the photosensitive material portion
      in Example 1 was coated on the intermediate layer and dried and in this
      case, in order to make smooth the removal of the photosensitive material
      portion after processing, 30 g. of carboxymethyl starch per liter of the
      coating composition had been incorporated in each coating composition for
      emulsion layers and the intermediate layer. That is, by incorporating the
      carboxymethyl starch, the photosensitive material portion could be removed
      easily in water. In this case, both the emulsion layer and the
      intermediate layer contained about 5% gelatin respectively as the binder
      and thus the content of the carboxymethyl starch was about 38% of the
      total binder therein, which was a quite proper amount. Thus, a roll film
      was prepared.
PAR  The photosensitive film thus prepared was exposed in a camera to an
      original, developed in a developer having the same composition as in
      Example 1 for one minute at 25.degree.C., washed twice each with a 3%
      aqueous solution of magnesium sulfate, and a viscous composition prepared
      by adding 50 g. of carboxymethyl cellulose to the oxidation treatment
      solution having the same composition as in Example 1 was spread over the
      surface of the photosensitive film thus processed in an average amount of
      about 50 g./m..sup.2 Then, the film carrying the viscous composition was
      sandwiched by other film bases or rolled up so that the spread viscous
      composition layer did not dry. After an imbibition period of about 10
      minutes, the cover films were removed or the rolled film was unrolled and
      then the film was placed in water, thereby the photosensitive material
      portion was easily removed together with the antihalation intermediate
      layer to provide immediately a color positive transparent image.
PAR  In addition, an other invention found by the inventors (Japanese Patent
      Publication No. 28,061/70) was also used in this example.
PAC  EXAMPLE 3
PAR  A dichromatic photosensitive material was prepared by coating an
      inexpensive water-proof paper, having coated on both surfaces thereof
      polyethylene coatings first with a silver chloride emulsion
      color-sensitized in the green region having added thereto 8 g. of AM-4-per
      kilogram of said silver chloride emulsion in an amount of about 70
      g./m..sup.2 Then, an intermediate layer composition having the same
      composition as in Example 1 except that AM-7 was used in place of AM-6 was
      coated on the silver halide emulsion layer in an amount of about 40
      g./m..sup.2, a silver chlorobromide emulsion which had not been color
      sensitized having added thereto 12 g. of AM-5 per kilogram of the silver
      halide emulsion was coated on the intermediate layer in an amount of about
      70 g./m..sup.2, and further an aqueous gelatin solution was coated on the
      silver halide layer as a protective layer followed by drying to provide
      the photosensitive material.
PAR  By superposing the dichromatic photosensitive material with the
      image-receiving material having a layer containing the .alpha.-naphtholic
      coupler as in Example 1 and subjecting them to the same processings as in
      Example 1, a positive image of magenta and yellow (practically of various
      color tones including red which is a color mixing of magenta and yellow)
      was obtained. When the original used was made of the lines of magenta,
      yellow, and black, it was reproduced as the lines of magenta, yellow, and
      dark red.
PAC  EXAMPLE 4
PAR  As shown in the following formula, by heating
      2-(m-aminophenyl-sulfonamido)-4-phenyl-thiazole and a copolymer of maleic
      anhydride and styrol in dimethylformamide, the polymer coupler having the
      following formula and having an excellent diffusion resistant property was
      obtained;
      ##SPC18##
PAR  The coupler was dissolved in a mixture of 60 ml. of aqueous N-NaOH solution
      and 60 ml. of methanol, the solution was added to 500 ml. of a binder
      solution having the same composition as in Example 1, and the mixture was
      coated onto a photographic paper to provide an image-receiving paper. When
      the image-receiving paper thus prepared was superposed with the
      photosensitive material prepared by the same manner as in Example 3 and
      they were subjected to the same processings as in Example 1, the coupler
      was colored Therefore, the original formed by yellow, magenta, and black
      was reproduced as an image of orange, magenta, and dark red.
PAC  EXAMPLE 5
PAR  A dichromatic photosensitive material was prepared by the same manner as in
      Example 3 except that a silver chloride emulsion color sensitized in the
      red region was used in place of the silver chloride emulsion color
      sensitized in the green region. Also, an image-receiving material was
      prepared by dissolving in a mixture of 100 ml. of a N-NaOH solution and
      100 ml. of methanol, 6 g. of
      1-p-sulfophenyl-3-heptadecyl-5-imino-pyrazolone and
      2'-chlorobenzoylaceto-2-hexadecyloxy-5-sulfo-anilide each represented,
      respectively, by the formulae
      ##SPC19##
PAL  adding the solution thus prepared to a binder solution containing the
      hardening agent as in Example 2, and coating a photographic paper with the
      mixture in an amount of about 60 g./m..sup.2
PAR  The photosensitive material was exposed to an original formed by the lines
      of red, blue, and black, superposed with the image-receiving paper, and
      they were subjected to the same processings as in Example 1, whereby a
      reproduction of the original formed by the three colors of red,
      blue-green, and dark blue-black was obtained. The colors of the
      reproduction were clearly discriminated from each other although they were
      not exactly the same as those of the original. Furthermore, the
      photosensitive material was economically profitable because it has only
      two layers as silver halide emulsion layers as compared with a
      conventional photosensitive material having three silver halide emulsion
      layers.
PAC  EXAMPLE 6
PAR  The oil-soluble .alpha.-naphtholic coupler having the following formula was
      used;
      ##SPC20##
PAL  That is, 8 g. of the above coupler was dissolved in 24 g. of dibutyl
      phthalate, the solution was dispersed as fine oil droplets in one liter of
      a 5% aqueous gelatin solution, and the dispersion was coated on a
      transparent polyester base in an amount of about 60 g./m..sup.2 to provide
      an image-receiving material.
PAR  The image-receiving material thus prepared could be used for the same
      purposes as that of the image-receiving material in Example 1 and could
      make a color slide having a transparent positive image together with the
      photosensitive material in Example 1.
PAR  Furthermore, if the silver halide emulsion used for the photosensitive
      emulsion in Example 1 was replaced with a low sensitive and hard-tone
      silver halide emulsion, a combination of the photosensitive material and
      the image-receiving material prepared above is suitably used for
      reproducing transparent color designs for advertising and thus a
      comparatively inexpensive material for making color positives is obtained.
PAR  That is, a large size color plate for advertisement of the type of being
      placed along the walls of, e.g., an underground passageway and illuminated
      from the back side thereof by fluorescent lamps is usually prepared by
      cutting overall colored films into desired characters and figures and
      applying the cut characters or figures to the surface of an opal film;
      however, since such a conventional technique is made manually, and in view
      of the cost for making such an advertising plate, and since it takes a
      long period of time to make it, and thus such a conventional technique is
      unsuitable for making a large number of such advertizing plates. Thus, it
      is favorable and desirable if such advertizing plates can be obtained with
      low cost by photographic reproduction. However, if a commercially
      available color film is used for making such advertising plates, the
      materials thereof are expensive as well as the dyes for constituting the
      transparent positive image are insufficient in light fastness and thus
      when the advertizing plate made of such a color film is used for a long
      period of time, it is faded or discolored by the long illumination and
      thus the advertizing plate must be renewed, which makes the cost of them
      more expensive. On the other hand, in the color positive image forming
      material of this invention, the photosensitive material portion is a
      photographic paper and thus the advertising plate can be produced with a
      low cost. Furthermore, although the image-receiving material in this
      invention is made of a film, it is prepared by using only a single layer
      coating and also the reproduction of the color image thereon from the
      photosensitive material can be conducted in the light, which reduces
      considerably the production cost for the advertising plates. Moreover,
      because the dyes constituting the final color images are azo dyes and they
      are formed in oil droplets, the color images are greatly excellent in heat
      and moisture resistance and light resistance.
PAC  EXAMPLE 7
PAR  This example is concerned with a color positive forming material profitably
      used for making a few sheets of drawings made of a large number of lines
      such as a map for proofreading prior to make up. In fact, if a
      photosensitive material having three kinds of silver halide emulsion
      layers to be colored in three different colors as in Example 1 is used,
      the reproduction may be prepared more simply by the printing method same
      as the method that will be explained below but in this example, it was
      devised to make the materials with low cost and to be able to conduct the
      operation easily and in the light using photosensitive materials
      insensitive to red light.
PAR  A dichromatic photosensitive material same as the one described in detail
      in Example 3,i.e., the photosensitive material having a silver halide
      emulsion layer which had not been color-sensitized and contained AM-4, a
      silver halide emulsion layer which had been color-sensitized in the green
      region, and an intermediate layer containing AM-7 disposed between the
      both emulsion layers was prepared. Also, a black and white photosensitive
      material was prepared by coating an inexpensive water-proof paper, having
      both surfaces coated with polyethylene, with a non-color sensitized silver
      halide emulsion without the addition of the amidrazone in an amount of
      about 70 g./m..sup.2 Furthermore, an image-receiving paper containing the
      .alpha.-naphtholic coupler as stated in Example 1 was prepared.
PAR  On the other hand, less than seven originals each prepared by writing black
      lines on a individual white paper with each color of a drawing were
      prepared and from those originals a transparent positive consisting of
      black lines was formed on a transparent film. These originals were
      superposed properly according the colors to be reproduced by the final
      printing as will be stated below and they were printed thrice while
      selecting proper silver filters and the both photosensitive materials.
      First, the dichromatic photosensitive material was then subjected to a
      black and white development and washing and then after superposing the
      photosensitive material with the aforesaid image-receiving paper, they
      were processed in an oxidation treatment solution as stated in detail in
      Example 3 or 1,  thereby a transferred image made of the combination of
      magenta and yellow colors was obtained on the image-transfer paper.
PAR  On the other hand, the black and white photosensitive material printed from
      the suitable original was similarly subjected to a black and white
      development and washing and then immediately withdrawn in the light. The
      black and white photosensitive material and the image-receiving paper
      having in superposed relationship the transferred images of magenta and
      yellow were separately immersed for 30 seconds in the color developer
      having the following composition
TBL  Sodium metaborate        25.0   g.                                        

     Anhydrous sodium sulfite 2.0    g.                                        

     Hydroxylamine sulfate    2.0    g.                                        

     Potassium bromide        0.5    g.                                        

     Sodium hydroxide         4.0    g.                                        

     Benzyl alcohol           20.0   ml.                                       

     Diethyleneglycol         20.0   ml.                                       

     5-(N-Methylsulfonamideethyl-N-                                            

     ethyl)-amino-2-amino-toluidine                                            

     sesquisulfate            8.0    g.                                        

     Water to make            1.0    liter.                                    

PAR  Thereafter, the black and white photosensitive material was superposed with
      the image bearing layer of the image-receiving material so that each of
      the images were at correct positions (this was made easily since the
      images could be seen with the naked eye followed by squeezing. After an
      imbibition period of about 10 minutes, the photosensitive material was
      separated, whereby the cyan positive image was superposed with the
      dichromatic image of magenta and yellow to provide immediately a
      reproduced figure made of less than 7 colors of three primary colors of
      cyan, magenta and yellow consisting of each individual primary color,
      three colors of green, and blue-purple at the portions where the both
      images were superposed over each other, and a dark brown or black color at
      the portions where the three colors were superposed.
PAR  In addition, at the practice of the aforesaid printings in this example,
      the following printing manners were required. That is, the original to be
      reproduced as magenta, red, blue-purple, and black colors including
      magenta component among the colors to be reproduced was superposed with
      the dichromatic photosensitive material and printed there on using a green
      filter for three-color separation printing. Then, the original was
      separated, another original to be reproduced as yellow, red, green and
      black colors including a yellow component was newly superposed with the
      photosensitive material and printed there using a blue-purple filter. On
      the other hand, the black and white photosensitive material was superposed
      with the original to be reproduced as cyan, blue-purple, green, and black
      colors including a cyan component and the original was printed to the
      photosensitive material with white light or using a blue-purple filter.
      The printings in this example were finished by conducting the aforesaid
      three printing operations.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A quick diffusion transfer process for forming a color positive image
      not requiring fixing thereof comprising:
PA1  a. imagewise exposing a photosensitive material which comprises at least
      two light-sensitive silver halide emulsion layers of different optical
      sensitivity separated by an intermediate layer, on a support, each of said
      layers containing an amidrazone compound represented by the formula:
      ##EQU15##
      wherein L.sub.1 and L.sub.2 each represents --CH= or --N=; n is 0 or 1;
      R.sub.1, R.sub.2, R.sub.3 and R.sub.4 each represents a hydrogen atom, an
      alkyl group, an aryl group, an aralkyl group, an alkylaryl group or said
      groups containing an O, S or N atom or said groups substituted by a
      halogen atom, a carboxylic acid residue or a sulfonic acid residue;
      wherein said R.sub.1 may form a heterocyclic ring with said R.sub.2 ;
      wherein said R.sub.2 may form a ring with R.sub.3 together with said --L=
      L.sub.2 --; wherein the amidrazone compounds in said silver halide
      emulsion layers have a ballasting group of at least 10 carbon atoms
      substituted in said R.sub.4 ; and wherein the amidrazone compound present
      in said intermediate layer have a ballasting group of at least 10 carbon
      atoms substituted in said R.sub.1, R.sub.2 or R.sub.3 ; each of the
      amidrazone compounds in each of said layers thereby having a
      diffusion-resistant property;
PA1  b. subjecting the exposed photosensitive material to a black and white
      development;
PA1  c. intimately contacting that surface of the photosensitive material away
      from the support with an image-receiving layer and, while contacted,
      subjecting the same to an oxidation treatment in a processing solution
      containing a ferricyanide, said image-receiving layer containing,
      dispersed in a binder therefor, a diffusion-resistant color coupler
      capable of oxidative coupling with the diffusable intermediate oxidation
      product of said amidrazone compounds formed by the oxidation treatment in
      said silver halide emulsion layers of said photosensitive material,
      whereby, said diffusable intermediate oxidation products
      diffusion-transfer from said silver halide emulsion layers into said
      image-receiving layer corresponding to said imagewise exposure and couple
      with said color coupler to form a color image in said image-receiving
      layer corresponding to said imagewise exposure; and
PA1  d. removing said photosensitive material from contact with said
      image-receiving layer.
NUM  2.
PAR  2. The process as claimed in claim 1 wherein said photosensitive material
      and said image-receiving layer are formed on separate supports, wherein
      the photosensitive material is subjected to imagewise exposure and then
      black and white development, wherein the photosensitive material and the
      image-receiving layer are then subjected to said oxidation treatment, and
      finally separating the photosensitive material from said image-receiving
      layer.
NUM  3.
PAR  3. The process as claimed in claim 1 wherein said photosensitive material
      and said image-receiving layer are formed in layers on the same support
      and wherein after processing, only the photosensitive material is removed
      to provide on the support the desired color positive image in said
      image-receiving layer.
NUM  4.
PAR  4. The process as claimed in claim 1 wherein said coupler capable of
      forming dyes by the oxidative couplings with the amidrazones is a phenol,
      an aromatic amine, or an active methylene compound.
NUM  5.
PAR  5. The process as claimed in claim 1, wherein said photosensitive material
      comprises two or three light-sensitive silver halide emulsion layers.
NUM  6.
PAR  6. A photosensitive combined material for forming a color positive image
      comprising a photosensitive material portion and an image-receiving
      material portion in intimate contact, said photosensitive material portion
      comprising at least two photosensitive silver halide emulsion layers of
      different optical sensitivity and an intermediate layer disposed between
      the two silver halide emulsion layers, each of said layers of the
      photosensitive material portion containing an amidrazone represented by
      the general formula
      ##EQU16##
      wherein L.sub.1 and L.sub.2 each represents --CH= or --N=; n is 0 or 1;
      and R.sub.1, R.sub.2, R.sub.3 and R.sub.4 each represents a hydrogen atom,
      an alkyl group, an aryl group, an aralkyl group, an alkylaryl group or
      said groups containing an O, S, or N atom, or said groups substituted by a
      carboxylic acid residue, a sulfonic acid residue, or a halogen atom;
      wherein said R.sub.1 may form a heterocyclic ring with said R.sub.2 ;
      wherein said R.sub.2 may form a ring with said R.sub.3 together with said
      --L.sub.1 = L.sub.2 ; wherein the amidrazone compounds present in said
      intermediate layer have a ballasting group of at least 10 carbon atoms
      substituted in said R.sub.1, R.sub.2 or R.sub.3 ; wherein the amidrazone
      compounds present in said silver halide emulsion layers have a ballasting
      group of at least 10 carbon atoms substituted in said R.sub.4 ; each of
      the amidrazone compounds in each of said layers thereby having a
      diffusion-resistant property; said image-receiving material portion
      comprising an image-receiving layer containing, dispersed in a binder
      therefor, a diffusion-resistant color coupler capable of forming color
      dyes by oxidative coupling with the intermediate oxidation product of said
      amidrazones.
NUM  7.
PAR  7. The photosensitive combined material of claim 6 wherein said
      photosensitive material portion and said image-receiving material are
      formed on separate supports.
NUM  8.
PAR  8. The photosensitive combined material of claim 6 wherein said
      photosensitive material portion and said image-receiving material are
      formed on the same support.
NUM  9.
PAR  9. The photosensitive combined material of claim 8 wherein said
      photosensitive material comprises two or three photosensitive silver
      halide emulsion layers.
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ABST
PAL  Color contrast photographic images may be produced in a photographic
      element comprising:
PA1  1. a base
PA1  2. at least one layer of a silver halide photographic emulsion dispersed in
      a hydrophilic colloidal binder and reactively associated with at least one
      color coupler, and
PA1  3. at least one hydrophilic colloidal binder receptive layer containing
      dispersed silver condensation nuclei for the formation of colored
      colloidal silver, reactively associated with said emulsion layer, said
      nuclei and coupler selected to give rise to substantially differing colors
PAL  By developing said photographic element in the presence of a p-phenylene
      diamine developer and carrying agent for silver halide.
BSUM
PAR  It is known in the photographic art that an image of a subject can be
      obtained in three different ways which, according to the terminology used
      in the present patent application, respectively correspond to black and
      white, color and color contrast photography.
PAR  A black and white photographic system is capable of producing an image of
      the subject by means of a grey scale on an opaque, generally white
      background or on a transparent, colorless, or colored background. The
      various grey densities correspond to different quantities of reduced
      silver.
PAR  In the particular case of radiography, the subject is generally reproduced
      on a transparent colorless or colored background by means of a grey scale
      which modulates a negative image (i.e., the parts of the subject
      transparent to X-rays appear dark and those opaque to X-rays appear
      bright).
PAR  A color photographic system is capable of producing an image of the colored
      subject in two or more scales of distinct colors, being substantially all
      negative or all positive.
PAR  A color contrast photographic system is capable of producing an image of
      the colored subject in two opposite scales of distinct colors, one being
      negative and the other positive. In both cases, the colors can be
      conveniently chosen so that they can "create a contrast." Two colors, for
      instance, "create a contrast", in the above specified sense when they are
      complementary, such as for instance blue and yellow. Various color
      combinations could be chosen, for example blue and orange, blue and red,
      or magenta and yellow, but it is generally accepted in the art that the
      best combination is blue and yellow.
PAR  A color contrast photographic system is particularly useful in all those
      cases where an exact reproduction of the colors of the subject is not
      required, such as in medical and industrial radiography.
PAR  Both the color and the color contrast systems hitherto developed to be used
      in radiography have turned out to be of little practical importance and
      either represented a mere curiosity or were only used for particular
      studies or teaching aims. Such limited use was due to the fact that such
      systems were too complicated and required excessively long processing
      sequences. Systems of this type are described for instance in the
      following patents: U.S. Pat. Nos. 2,644,096; 2,593,925; 2,931,904;
      2,807,725; 2,906,881; Swiss Pat. No. 295,100; German Pat. Nos.: 970,220;
      977,204; 1,011,277; 1,046,495; 1,076,490; 1,135,754; German Pat.
      applications (OS) Serial Nos. 1,946,652 and 2,045,399; French Pat. Nos.
      1,056,200; 1,190,520; 1,283,925 and British Pat. No. 716,064.
PAR  The German Patent application OS Ser. No. 1,946,652 particularly describes
      a method for viewing a monochrome photographic image with artificial color
      contrast, such a method consisting of examining it through various colored
      filters.
PAR  One aspect of the present invention is to provide a simplified method for
      obtaining color contrast photographic images.
PAR  Another aspect of the present invention is to provide photographic element
      suitable for the realization of such a method and, in particular,
      photographic elements suitable for a radiographic color contrast use.
PAR  Another aspect of the present invention is to provide a developing
      composition particularly useful for obtaining color contrast images.
PAR  According to the present invention, we have found that a color contrast
      image can be obtained from an exposed photographic element comprising:
PA1  1. at least one layer of silver halide emulsion in reactive association
      with a color coupler, and
PA1  2. in non-strippable reactive association with (1), at least one layer
      containing nuclei (hereinafter called "silver condensation nuclei") which
      catalyze the reduction of silver ions in unexposed silver halide grains
      into the form of colored colloidal silver
PAL  by developing said element with a developer, the oxidation product of which
      is capable of coupling with the color coupler in the at least one layer of
      silver halide emulsion said developing being in the presence of a compound
      (hereinafter called "a carrying agent") capable of carrying silver ions
      from unexposed silver halide in the emulsion to the layer (hereinafter
      called "receptive layer") containing the silver condensation nuclei.
PAR  The above process is believed to perform in the following manner:
PA1  1. exposed silver halide grains in the emulsion are reduced by the action
      of the developer, in turn oxidizing the developer,
PA1  2. the oxidized developer then couples with color coupler in the emulsion
      layer,
PA1  3. unexposed and unreduced silver (still in the ionic form of silver
      halide) is then picked up by the carrying agent and migrates to the
      receptive layer
PA1  4. where the carried silver is catalytically deposited on the silver
      condensation nuclei.
PAL  The catalytic deposition of the silver in the receptive layer produces one
      distinct color in the image region of non-exposure, and the color coupler
      and oxidized developer form a selected color (depending upon the color
      coupler selected) in the image region of exposure. In those portions of
      the image where there are both exposed and unexposed portions, the two
      separate color producing methods act to form a continuous blend or shift
      from one color to the other. In the case of a blue forming coupler and
      yellow colloidal silver for example, the intermediately exposed regions
      will be green (the blue and yellow colorations being additive). One color
      image may in fact be regarded as the negative image of the other color
      image. This is because while exposure creates the positive dye image, the
      unexposed areas generate the positive colloidal silver image. The coupler
      and condensation nuclei are selected so as to have contrasting colors
      produced by the two color producing processes, coupling and catalytic
      deposition. The preferred colors are a substantially blue negative image
      (from the dye) and a substantially yellow positive image (from the
      condensation nuclei).
PAR  It should be apparent that because of the nonstrippable (inseparable)
      reactive association of the emulsion and receptive layer, the silver ions
      carried from the emulsion to the receptive layer are in the form of an
      image.
PAR  According to a particular aspect of the present invention, we have found
      that the color contrast of the image obtained with the above-described
      method can be increased if the color development occurs in the presence of
      a compound of the methol and phenidone classes, preferably the phenidone
      class of developers.
PAR  According to another view of the present invention, we have found that the
      color contrast of the image obtained with the above-described method can
      be increased if the development occurs with the presence of a
      non-diffusing derivative of hydroquinone in the receptive layer.
PAR  In its most general aspects, the present invention briefly relates to a
      method for obtaining a color contrast photographic image which consists of
      processing an exposed photographic element including:
PA1  1. a base;
PA1  2. at least a layer of a silver halide emulsion dispersed in a hydrophilic
      colloidal binder and reactively associated with a coupler;
PA1  3. at least a receptive layer of a hydrophilic colloidal binder containing
      dispersed silver halide condensation nuclei reactively associated with
      said emulsion layer,
PAL  in the presence of:
PA1  4. a color developing agent;
PA1  5. a carrying agent for the silver halide,
PAL  said condensation nuclei, said coupler and said color developing agent
      being chosen so that two different colors are formed during development,
      thus obtaining a color contrast image.
PAR  The present invention particularly relates to a method, as described above,
      wherein the color developing agent and/or the carrying agent are
      introduced into the processing bath.
PAR  The present invention more particularly relates to a method as described
      above wherein the condensation nuclei are colloidal silver nuclei and/or
      the color developing agent is a compound of the p-phenylene diamine class.
PAR  The present invention more particularly concerns a method of the
      above-described type, wherein said carrying agent for the silver ions is a
      compound (preferably thiosulfate or sulfocyanide compounds and more
      preferably thiosulfate ions) which with silver forms water-soluble
      complexes.
PAR  The present invention more particularly relates to a method of the
      above-described type, wherein the color developer may be associated with a
      non-color developer of the methol and phenidone, preferably phenidone
      type.
PAR  The present invention further particularly relates to a method of the
      above-described type, wherein said receptive layer also contains
      non-diffusing compounds of the hydroquinone class carrying one or more
      ballasting groups, for instance alkyl groups, altogether having for
      instance from 10 to 18 carbon atoms (e.g., diisooctylhydroquinone). It has
      been found that this class of ballasted hydroquinones in the receptive
      layer favors the reduction and deposition of silver ions in the receptive
      layer which increases the efficiency of the photographic element.
PAR  The present invention further relates to a photographic element suitable
      for the realization of the above-described method, said element including:
PA1  1. a base;
PA1  2. at least one layer of silver halide emulsion dispersed in a hydrophilic
      colloidal binder in reactive association with at least one color coupler;
PA1  3. at least one hydrophilic colloidal binder receptive layer containing
      dispersed silver condensation nuclei;
PAL  said receptive layer and said emulsion layer being in reactive association,
      (reactive association meaning that the unexposed silver halide during the
      color development must be capable of migrating from the emulsion layer to
      the receptive layer when carried by the carrying agent).
PAR  The present invention further particularly relates to a photographic
      element of the above-described type, wherein the condensation nuclei are
      colloidal silver nuclei (preferably being yellow "formers" upon
      condensation).
PAR  The present invention more particularly refers to a photographic element of
      the above-described type in which said emulsion layer contains a blue
      forming coupler.
PAR  The present invention more particularly relates to a photographic element
      of the above-described type in which said emulsion layer and said
      receptive layer are in adjacent positions in the photographic element.
PAR  The present invention more particularly relates to a photographic element
      of the above-described type in which said receptive layer contains
      compounds of the non-diffusing hydroquinone type, i.e., carrying one or
      more ballasting groups, for instance alkyl groups altogether having from
      10 to 18 carbon atoms.
PAR  The present invention further relates to a developing composition suitable
      for the realization of the above-described process, such a composition
      including a color developer of the p-phenylene diamine class and a
      carrying agent of the thiosulfate or thiocyanate, preferably in
      combination with an agent of the methol or phenidone class, more
      preferably the phenidone class. Any "condensation" nuclei for silver ions
      (which can be free or under the form of complexes) as colored colloidal
      silver, in the above-described sense, are useful to the scope of the
      present invention. Silver sulfide under the form of colloidal particles
      can be useful. Applicants' experience, however, has been that the best
      results can be obtained with colloidal silver nuclei. These can be
      obtained with methods known to these skilled in the art, such as for
      instance according to Luppo-Cramer, v. "Inorganic Colloid Chemistry," Vol.
      I, The Colloidal Elements, by H. B. Weiser, published by John Wiley and
      Sons.
PAR  According to the scope of the present invention, both the color of said
      colloidal silver nuclei and the color of the colloidal silver image-wise
      formed upon "condensation," depend on their size, and therefore on their
      preparation method, and on the quantity present in the layer. Within
      certain limits, therefore, the skilled artisan will be able to choose the
      most useful color for the nuclei with respect to the coupler associated
      with the silver halide emulsion layer, as described above.
PAR  The best results can be obtained with yellow forming silver nuclei. They
      are preferably introduced into the receptive layer in a quantity ranging
      from 0.100 g. to 1 g. per 100 g. of hydrophilic colloidal binder.
PAR  Non-diffusing compounds of the hydroquinone class (e.g.,
      diisooctylhydroquinone) introduced into the receptive layer surprisingly
      allow a better modulation of the positive image. Compounds of this type
      are preferably introduced in a quantity ranging from 30 g. to 150 g. per 1
      g. of colloidal silver. They are introduced into the layer by well known
      solvent dispersion techniques hereinafter described in connection with the
      couplers.
PAR  The coupler(s) to be put in association with the emulsion, as described
      above, can be chosen so that, upon coupling reaction with the developer,
      the desired color will be formed. Such a coupler can be selected from the
      classes known to those skilled in the art, such as for instance phenols,
      naphthols, 5-pyrazolone compounds and compounds of the benzoylacetanilide
      type described for instance in the U.S. Pat. Nos. 2,367,531; 2,369,929;
      2,423,730; 2,369,489; 2,600,788; 3,062,653; 2,407,210; 2,439,352;
      2,728;658; 3,408,194; 3,447,928 and in the Italian Patent Applications
      Ser. Nos. 37,798A/69; 37,892A/69; and 55,062,A/71 of the applicant.
      Typical couplers of this type are for instance the following:
      ##SPC1##
PAR  Good color contrast can be conveniently obtained by using yellow colloidal
      silver condensation nuclei, dispersed in the receptive layer, together
      with blue forming couplers associated with the silver halide emulsion
      layer. As known to those skilled in the art, the couplers can be
      considered associated with the emulsion layer  when they are contained
      either in this emulsion or in a layer adjacent the same, or even when they
      are introduced into the photographic element so that they can react with
      the developer in the presence of the exposed silver halide to form a
      colored dye.
PAR  It is possible to introduce an "additional" coupler to the main coupler in
      association with the emulsion layer with the aim of adjusting the obtained
      color (such as for instance a magenta forming coupler added with a blue
      forming coupler). It is also possible to introduce an "additional" coupler
      associated with the receptive layer containing the silver condensation
      nuclei (such as for instance a magenta forming coupler and/or a yellow
      forming coupler added to yellow forming nuclei). In any case, the couplers
      can be introduced into the photographic layers by methods known to those
      skilled in the art, such as for instance by the Fisher technique which
      consists of introducing them into the layer after having been dissolved in
      alkali water solutions (in this case, the coupler would preferably contain
      solubilizing groups of the COOH and SO.sub.3 H type) or by the solvent
      dispersion technique. The latter briefly consists first of dissolving the
      coupler in a substantially water-immiscible organic solvent and then of
      dispersing the so-prepared solution in extremely fine droplets in a
      hydrophilic colloidal binder, as described for instance in the U.S. Pat.
      Nos. 2,322,027; 2,801,170; 2,801,171; 2,870,012 and 2,991,177.
PAR  The "main" coupler is preferably added in a quantity ranging from 0.050
      moles to 0.3 moles/gramatom of silver and the "additional" coupler is
      preferably added in a quantity ranging from 0.015 moles to 0.10
      moles/gramatom of silver.
PAR  The color developing agents to be used in the practice of this invention
      are those whose oxidation product (from the reduction of silver ions) will
      couple with color photographic couplers. For the generation of particular
      colors, the developer and coupler must be selected appropriately; however,
      the process mechanism is amenable to any such developer. Most preferred in
      the practice of this invention is the p-phenylene diamine class of
      photographic developers, described for instance in U.S. Pat. Nos.
      2,193,015; 2,656,273; 2,875,049; and in The Theory of the Photographic
      Process, 3rd Ed. Mees and James, pp 294-295.
PAR  Typical developers which can be used for the development of photographic
      elements comprising the couplers of the present invention include the
      sulfites, the chlorohydrates and the sulfates of:
PA1  a. N,N-diethyl-p-phenylene diamine;
PA1  b. N-ethyl-N-.beta.-methansulphonamido-ethyl-3-methyl-4-aminoaniline;
PA1  c. N-ethyl,N-hydroxyethyl-2-methyl-p-phenylene diamine;
PA1  d. N-ethyl,N-hydroxyethyl-p-phenylene diamine;
PA1  e. N,N-diethyl-2-methyl-p-phenylene diamine.
PAL  carrying agents, as described above, in the presence of which the
      development must occur, are all those compounds capable of linking with
      silver ions (as in the form of complexes) and of transporting them in an
      aqueous solution during the processing sequence from the emulsion layer to
      the receptive layer so that they can be reduced by the condensation
      muclei. These carrying agents are therefore those materials which
      effectively increase the solubility of silver ions, such as photographic
      fixing agents, for example. Compounds of this type are for instance
      thiosulfate or sulphocyanide ions liberated for instance by thiosulfate
      and an alkali or ammonium sulphocyanide, or those substances used in
      "transfer" systems, such as 1,1-bis-sulfonylalkanes described in the
      Belgian Pat. Nos. 767,951 and 767,952. Preferred carrying agents according
      to the present invention are the thiosulfate ions.
PAR  As known to those skilled in the art, the developing bath can be either a
      bath capable of activating the developing agent or a bath containing the
      developing agent. In the first case, the developing agent and possibly the
      carrying agent can be directly contained in the photographic element of
      the present invention. In the second case, the developing bath can contain
      the carrying agent and any other addition useful to the scope of the
      present invention. The addition of a non-color developer of the methol and
      phenidone classes particularly phenidone type, which not only allows more
      complete development of the exposed silver halide but also a better
      modulation of the positive image, turned out to be surprisingly useful.
      Obviously, it must be dosed in such a way that it must be dosed in such a
      way that it does not disturb the color development (optimum quantities can
      be found from time to time with routine methods). The developing bath can
      contain other additives known to the skilled artisan, viz. development
      restrainers, such as for instance potassium bromide; antioxidants, such as
      for instance sodium sulfite and an alkali agent of the alkali hydrate or
      carbonate type. It can further contain an antifoggant, such as for
      instance of the benzimidazole, benzotriazole, triazole and tetrazole type
      and their derivatives, such as mercapto-derivatives and an anticalcium
      substance of the alkali phosphate type and alkylendiamino polyacetic
      acids, such as for instance EDTA.
PAR  The optimum quantities, in which the single compounds are introduced,
      varies from time to time according to the material type to be processed.
PAR  The preferred quantities of the developing agent range from 1 to 15 g/l. of
      solution; those of the carrying agent from 3.10.sup.-.sup.4 to
      6.10.sup.-.sup.3 moles/l. of solution in the case of the alkali or
      ammonium thiosulfate and from 5.10.sup.-.sup.4 to 4.10.sup.-.sup.2
      moles/l. of solution in the case of alkali or ammonium sulphocyanide. As
      regards phenidone, such quantities range from 0.010 to 1 g/l. of solution.
      As regards methol, they also range from 0.010 to 1 g/l. of solution. The
      pH value of the development is preferably comprised between 10 and 12.
PAR  As known to those skilled in the art, an acid fixing bath generally follows
      the development step to prevent this from continuing its action
      unwillingly. Such a bath can be further followed by a washing step. The
      silver halide emulsions obviously include silver halides, dispersed in a
      hydrophilic colloidal binder, such as for instance bromide, iodide and
      chloride or mixtures thereof, viz. bromo-iodide. They can also contain the
      conventional coating finals known to those skilled in the art, such as for
      instance chemical sensitizers, antifoggants, stabilizers, plasticizers,
      surfactants and optical sensitizers. The receptive layer essentially
      consists of colloidal silver nuclei dispersed in a hydrophilic colloidal
      binder. It also contains other coating finals known to those skilled in
      the art, such as surfactants, stabilizers, hardeners and antifoggants.
PAR  The hydrophilic colloidal binder can be of any type known to the skilled
      artisan, natural or synthetic, such as for instance that described in the
      U.S. Pat. Nos. 2,286,215; 2,328,808; 2,322,085; 2,527,872; 2,541,474;
      2,563,791; 2,768,154; 2,808,331; 2,852,382. It will preferably consist of
      gelatin possibly containing dispersed particles of a hydrophobic polymer,
      such as for instance polyethylacrylate, to improve the physical
      characteristics of the obtained layer. The layers, thus obtained, can be
      hardened with the hardeners known to those skilled in the art, such as for
      instance epoxides, formaldehyde, glyoxale, succinic, glutaric, and
      resorcilic aldehyde, mucochloric and mucobromic acid, as described in the
      U.S. Pat. No. 2,080,019, or mixtures thereof, as described for instance in
      the U.S. Pat. No. 2,591,542. The base, of which the photographic element
      according to the present invention consists, can be chosen among those
      commonly known to the skilled artisan, such as for instance cellulose
      triacetate, polyester, paper, polyethylene coated paper.
PAR  In addition to the base, emulsion layer(s) and receptive layer(s), the
      photographic element of the present invention can also contain any
      auxiliary layer, such as protective layers, interlayers, subbing layers
      and antihalo layers, as known to those skilled in the art.
PAR  The presence of phenidone and thiosulfate together with p-phenylendiamine
      developer proved to be essential to the invention. Thiosulfate acts not
      only as a carrying agent but cooperates with phenidone and
      p-phenylendiamine developer in order to get better color densities, curve
      shape and contrast. In the particular case of non diffusing hydroquinone
      compounds present in the receptive layer, phenidone cooperates also with
      said hydroquinone compound in order to have the non-exposed silver ions
      reduced as colored yellow colloidal silver, while in the emulsion layer it
      cooperates with p-phenylendiamine developer to obtain a good coupling
      reaction. It is believed that when in the presence of non diffusing
      hydroquinone compounds in the receptive layer the process is, at least at
      a certain extent, the combination of a color development in the emulsion
      layer and a "black and white" development in the receptive layer. The
      presence of a hydroquinone compound in the receptive layer and phenidone
      in a developing bath having a pH which is from 10 to 12 lets us suppose,
      in fact, that the non exposed silver ions are reduced substantially by
      these compounds rather than by the p-phenylendiamine compound.
PAR  Thiosulphate is believed to be useful as cooperating with both color
      developers and "black and white" developers (as per above) to improve the
      quality of the obtained images.
PAR  The presence of both phenidone and thiosulfate, however, has been found to
      be crytical since greater than necessary amounts of these compounds proved
      to cause some drawbacks. For example, greater than necessary amounts of
      phenidone cause the formation of an excess of reduced silver with respect
      to the blue and yellow dyes, which results into an undesired change or
      dirtiness of the colors.
PAR  An excess of thiosulfate causes, for example, the formation of blue colored
      fog and the loss of density in the emulsion layer and change or dirtiness
      of yellow color in the receptive layer which results into a highly
      undesirable deterioration of the image quality.
PAR  Of course less than necessary amounts of both phenidone and thiosulfate are
      uneffective to the purposes of the present invention.
PAR  According to what above and what previously described in the present
      specification, development compositions according to the present invention
      containing from 1 to 15 g of p-phenylenediamine compound preferably from 6
      to 10 g per liter of solution, have to contain preferably from 0.01 to 1.0
      g, more preferably from 0.2 to 0.7 g of phenidone, and from 3 .times.
      10.sup.-.sup.4 to 6 .times. 10.sup.-.sup.3 moles, preferably from 1.3
      .times. 10.sup.-.sup.3 to 3.2 .times. 10.sup.-.sup.3 moles of an alkali or
      ammonium thiosulfate per liter of solution, these latter data
      substantially corresponding to from 0.05 to 1 g and respectively from 0.2
      to 0.5 g of sodium thiosulfate which is presently being preferred.
PAR  The pH of said compositions is to be generally comprised between 10 to 12,
      preferably between 10.7 and 11.0.
PAR  The following illustrative examples provide a further teaching of the
      present invention. Examples A and B are examples of materials outside the
      present invention to which a comparison is presented with materials of
      this invention.
PAC  EXAMPLES OF PHOTOGRAPHIC MATERIALS
PAC  EXAMPLE A
PAR  A layer of silver bromo-iodide emulsion (3% iodide moles) including grains
      having an average diameter of 0.7.mu., with a silver to gelatin ratio of
      0.5 was coated on both faces of a colorless polyester base (thus obtaining
      a silver coating weight of 3 g/m.sup.2). The base had been provided with
      two "sublayers" essentially consisting of gelatin. The same emulsion layer
      contained two couplers: coupler No. 1 for blue and coupler No. 2 for
      magenta, as described hereinbefore, in a quantity of 0.186 M and 0.072 M/l
      gramatom of silver respectively. A protective layer, essentially
      consisting of gelatin, was then coated on both emulsion layers.
PAC  EXAMPLE 1
PAR  A material similar to the one described in Example A was prepared with the
      difference that colloidal silver nuclei were added to the "sublayers"
      (which became "receptive layers" according to the practice of this
      invention) included hetween the two emulsion layers and the base. The
      colloidal silver in the final layer was present in a quantity of 0.15% g.
      of gelatin, equal to 0.0018 g/m.sup.2. The base with the two receptive
      layers, each having a thickness of 4.3 .mu., presented a density of about
      0.085 (0.040 was the density of the base) read at a blue light at a
      Westrex Densitometer provided with Status A filters. Each receptive layer
      contained the conventional coating finals, such as surfactants, hardeners,
      antifoggants and stabilizers. The silver colloidal nuclei had been
      prepared by mixing under stirring the following parts, as shown below:
TBL  I     H.sub.2 O          600 ml. -   20.degree.C                          

           NaOH               61.6 g.                                          

     II    H.sub.2 O          2,400 ml. - 20.degree.C                          

           Lysalbinic acid    83.2 g.                                          

     III   H.sub.2 O          667 ml. -   20.degree.C                          

           AgNO.sub.3         160 g.                                           

     IV    H.sub.2 O          500 ml. -   20.degree.C                          

           Tannic acid        20.8 g.                                          

     V     H.sub.2 O          4,000 ml. - 65.degree.C                          

           NH.sub.4 OH (1:4)  108 ml.                                          

     VI    H.sub.2 O          8,000 ml. - 45.degree.C                          

           Gelatin            800 g.                                           

     VII   H.sub.2 O          5,000 ml. - 45.degree.C                          

PAL  Under stirring, the following sequential steps were performed:
PA1  -- II was poured into I in 1 minute
PA1  -- III was added in 10 minutes to the resulting solution
PA1  -- IV was added in 15 minutes to the solution resulting from the addition
      of III
PAL  The temperature was adjusted to 65.degree.C in 3 min.
PAL  The mixture was left to stay for 10 minutes at 65.degree.C
PA1  -- v was added in 1 minute to the resulting solution
PAL  The temperature was adjusted to 45.degree.C in 2 minutes
PAL  The mixture was left to stay for 1 minute at 45.degree.C
PA1  -- vi was added in 30 seconds to the resulting solution
PAL  The mixture was left to stay for 5 minutes at 45.degree.C
PA1  -- vii was added thereto in 5 minutes
PAL  The mixture was left to stay for 15 minutes at 45.degree.C, then frozen and
      washed to a 1,200 .times. 10.sup.-.sup.6 .OMEGA..sup.-.sup.1 conductivity.
PAC  EXAMPLE 2
PAR  A photographic element as in example 1 with the exception that the quantity
      of colloidal silver in the receptive layer was 0.0036 g/m.sup.2. The
      density of the base with the two receptive layers (each having a thickness
      of about 4.3 .mu.), read in a Westrex densitometer at blue light provided
      with Status A filters, was about 0.110, while the density of the base
      alone was 0.040.
PAC  EXAMPLE 3
PAR  The material of the present example was composed as in example 1 with the
      exception that the quantity of colloidal silver in the receptive layer was
      0.0072 g/m.sup.2. The density of the base with the two receptive layers
      (each having a thickness of about 4.3 .mu.), read at blue light in a
      Westrex densitometer provided with Status A filters was about 0.160, while
      the density of the base alone was 0.040.
PAC  EXAMPLE 4
PAR  The material of the present example was composed as in example 2 with the
      same colloidal silver quantity (0.0036 g/m.sup.2) in the receptive layer.
      It also contained the magenta forming coupler No. 2 in a quantity of 1
      g/m.sup.2 in the receptive layer.
PAC  EXAMPLE 5
PAR  The material of the present example was composed as in example 4 but the
      quantity of the magenta coupler No. 2 in the receptive layer was 2
      g/m.sup.2.
PAC  EXAMPLE 6
PAR  The material of the present example was composed as in example 4, but the
      quantity of the magenta forming coupler No. 2 in the receptive layer was 3
      g/m.sup.2.
PAC  EXAMPLE 7
PAR  The material of the present example was composed as in example 4, but the
      receptive layer contained the yellow forming coupler No. 3 in a quantity
      of 3 g/m.sup.2 instead of the magenta forming coupler No. 2.
PAC  EXAMPLE 8
PAR  The material of the present example was composed as in example 2, wherein
      the receptive layer contained 0.0036 g/m.sup.2 of colloidal silver. The
      emulsion however was difficult: the average diameter of the silver halide
      grains was 1.45 .mu. (nm) and the iodide content was 1.8%. The silver to
      gelatin ratio of this emulsion was about 0.8, while all the other
      quantities remained unchanged.
PAC  EXAMPLE 9
PAR  The material of the present example was composed as in example 8; the
      receptive layers, however, also contained the magenta forming coupler No.
      2 in a quantity of 2 g/m.sup.2.
PAC  EXAMPLE 10
PAR  The material of the present example was composed as in example 8; the
      receptive layer, however, also contained the yellow forming coupler No. 3
      in a quantity of 3 g/m.sup.2.
PAC  EXAMPLE 11
PAR  The material of the present example was composed as in example 2 but the
      receptive layer contained 0.0036 g/m.sup.2 of colloidal silver. The
      emulsion, however, was different: the average diameter of the silver
      halide grains was the same but the iodide content was 7%. The silver to
      gelatin ratio of this emulsion was about 0.8, while all the other
      quantities remained unchanged.
PAC  EXAMPLE 12
PAR  The material of the present example was composed as in example 1. The
      difference was in the fact that a receptive layer like that under the
      emulsion layer was placed also on the top of said emulsion layer.
PAC  EXAMPLE 13
PAR  The material of the present example was composed as in example 2; the
      receptive layer also contained however 0.285 g/m.sup.2 of diisoctyl
      hydroquinone.
PAC  EXAMPLE OF COLOR DEVELOPMENT COMPOSITIONS
PAC  EXAMPLE B
PAR  A color development composition of the formula below had been prepared:
TBL  H.sub.2 O                800 ml.                                          

     Ethylene glycol          3.5 ml.                                          

     Benzyl alcohol           7 m.                                             

     Sodium hexamethaphosphate                                                 

                              2.5 g.                                           

     Sodium sulfite anhydrous 8 g.                                             

     N-ethyl-N-hydroxy-ethyl-p-phenylene                                       

      diamine sulfate         6 g.                                             

     Potassium hydroxide (35% solution)                                        

                              3 ml.                                            

     Potassium carbonate      80 g.                                            

     Sodium bromide           1 g.                                             

     Hydroxylamine chlorohydrate                                               

                              1 g.                                             

     6-nitro-benzimidazole nitrate (1%                                         

      solution)               1.5 ml.                                          

     Water to make            1,000 ml.                                        

     pH at 20.degree.C        10.90 .+-. 0.1                                   

PAC  EXAMPLE 14
PAR  The color development composition of this example was like that of example
      B with sodium hyposulfite in a quantity of 0.3 g/l.
PAC  EXAMPLE 15
PAR  The color development composition was like that of example B; it also
      contained however sodium hyposulfite in a quantity of 0.3 g per liter and
      phenidone in a quantity of 0.2 g per liter. The X-ray materials described
      in the examples were exposed according to PH a.9 - 1964 and developed with
      the above-described color developers for 4 minutes at 20.degree.C and
      further fixed for 3 minutes at 20.degree.C with the applicant's F 11
      fixing bath having the below-described formula. Sensitometric results were
      obtained and the most significant of these are given below (see examples
      16, 17, 18 and 19).
TBL  ______________________________________                                    

     F 11 fixing bath formula                                                  

     H.sub.2 O                 600     ml.                                     

     Sodium thiosulphate crystals                                              

                               400     g.                                      

     Sodium sulphite anhydrous 36      g.                                      

     Acetic acid glacial       14      ml.                                     

     Boric acid crystals       10      g.                                      

     Potassium alum            20      g.                                      

     H.sub.2 O to make         1000    ml.                                     

     pH at 20.degree.C         4.80                                            

     ______________________________________                                    

PAC  EXAMPLES OF THE COMBINATION MATERIAL-COLOR DEVELOPMENT COMPOSITION
PAC  EXAMPLE 16
PAR  This example refers to the results obtained by processing the materials
      listed below in the color development bath of example B, outside the
      present invention:
PA1  material of example A
PA1  material of example 2
PA1  material of example 4
PA1  material of example 12
PAL  Comparing the various materials processed in the developing bath of example
      B, outside the invention, it is apparent that the material of example A
      exhibits a slightly higher sensitivity and a lower yellow fog than the
      remaining materials. All additionally measured characteristics are the
      same. In all these trials a negative image and no positive image can be
      seen.
PAC  EXAMPLE 17
PAR  This example includes the results obtained by processing the materials,
      listed below, in the color developing bath of example 15 (0.3 g/l. of hypo
      and 0.2 g/l. of phenidone):
PA1  material of example A
PA1  material of example 2
PA1  material of example 4
PA1  material of example 12
PAR  The results are respectively shown in FIGS. 1-4. In each of these figures
      we find two curves corresponding to the readings at blue light (curve 1)
      and red light (curve 2) with a Westrex Densitometric provided by status A
      filters.
PAR  In the case of examples 2, 4, and 12, there is a third curve (curve 3)
      corresponding to the difference between the curve of the reading at blue
      light of the materials of the present invention and the curve of the
      material of example A (outside the invention). When the materials of
      examples 2, 4, and 12 were processed in the developing bath of example 15,
      a yellow positive image appeared in addition to the blue negative image
      corresponding to said curve 3.
PAR  When the material of example A was processed in the developing bath of the
      example 15, only a negative image appeared.
PAC  EXAMPLE 18
PAR  This example includes the results obtained by processing the materials
      (listed below) in the color developing bath of example 15 (0.3 g/l. of
      hypo and 0.2 g/l. of phenidone).
PA1  material of example 13
PA1  material of example 2
PAL  The results are shown in the enclosed FIGS. 5 and 6. In each of these
      FIGURES we can find three curves as described in example 17. By comparing
      one with another it can be seen that the yellow positive curve density is
      increased by introducing into the receiving layer (material of example 13)
      the diisooctylhydroquinone.
PAC  EXAMPLE 19
PAR  This example refers to the results obtained by processing the material of
      example 12 in the color developing baths of examples 14 and 15 (0.3 g/l.
      of hypo and 0.2 g/l. of phenidone).
PAR  The results are shown in the enclosed FIGS. 7 and 8. In each of these
      figures three curves can be found as described in example 17. By comparing
      one with another, the usefulness of phenidone in the practice of this
      aspect of the invention can be seen.
PAC  EXAMPLE 20
PAR  Acutance dyes are preferably used to reduce spurious exposure of the silver
      halide emulsion by light scattering. The acutance dye is preferably in the
      receiving layer but may be in the emulsion layer if reduced speed is
      acceptable. The effect of an acutance dye (cf. Emulsion Chemistry, G. F.
      Duffin, Focal Press, 1966, p. 164) is shown in this example.
PA1  a. A material similar to that described in example 13 was prepared, the
      only difference being the addition of a green sensitizing dye (the
      anhydrous hydroxide of
      3-3'-di-.OMEGA.-sulfobutyl-(5,5'-diphenyl-'-ethyl-oxacarbocyanine) into
      the emulsion layer in the quantity of 44.5 ml. (of a solution containing
      1.0 grams dye in 500 ml. of methyl alcohol) per gram atom of silver.
PA1  b. A material similar to that described in example 13 was prepared, the
      only difference being the addition of a magenta acutance dye, azogeranine,
      to the receiving layers in a quantity of 0.0167 g/m.sup.2 for each
      receiving layer. This corresponds to a density of about 0.08 when read
      with the green light of a Westrex Densitometer provided with filter status
      A.
PAR  The materials described in (a) and (b) were radiographically exposed
      through standard blue emitting, medium speed intensifying screens. Other
      samples of similar materials were similarly exposed except through green
      emitting intensifying screens. All exposed samples were processed in the
      solutions described in the color developing procedures of example 15.
      Material of (a) exhibited an increased speed of 0.1 over the material of
      example 13 when exposed to blue emitting screens while the material of (b)
      exhibited enhanced sharpness. When exposed by green emitting screens (a)
      and (b) respectively exhibited speeds higher than the material of example
      13 by 0.8 Log E and 0.5 Log E. The material (b) also exhibited enhanced
      sharpness over the material of example 13.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the formation of a color contrast photographic image
      consisting of processing an exposed photographic material including:
PA1  a. a base;
PA1  b. at least one layer of a silver halide photographic emulsion dispersed in
      a hydrophilic colloidal binder, reactively associated with at least one
      color coupler capable of yielding a substantially blue dye upon
      development with a p-phenylene diamine developer;
PA1  c. at least one hydrophilic colloidal binder receptive layer reactively
      associated with said emulsion layer; containing dispersed silver
      condensation nuclei for the formation of substantially yellow colored
      colloidal silver by development with an aqueous alkaline solution
      comprising:
PA1  d. a p-phenylene diamine developer, and
PA1  e. a carrying agent for silver halide said condensation nuclei and said
      coupler being able to give rise to two different colors to form a color
      contrast image, yellow from the condensation nuclei and blue from the
      coupler, with (b) and (c) on the same side of said base.
NUM  2.
PAR  2. The method of claim 1 in which said condensation nuclei consist of
      colloidal silver.
NUM  3.
PAR  3. The method of claim 1 in which said receptive layer contains a color
      coupler.
NUM  4.
PAR  4. The method of claim 1 characterized in that said aqueous alkaline
      solution contains phenidone or methol.
NUM  5.
PAR  5. The method of claim 1 characterized in that said aqueous alkaline
      solution contains phenidone.
NUM  6.
PAR  6. The method of claim 1 in which said carrying agent is the thiosulphate
      ion.
NUM  7.
PAR  7. The method of claim 1 in which said carrying agent is the sulphocyanide
      ion.
NUM  8.
PAR  8. The method of claim 1 wherein the carrying agent for silver halide is a
      silver halide solvent.
NUM  9.
PAR  9. The method of claim 1 wherein the carrying agent for silver halide is a
      fixer.
NUM  10.
PAR  10. A color contrast photographic element including:
PA1  a. a base;
PA1  b. at least one hydrophilic colloidal binder layer including a silver
      halide photographic emulsion reactively associated with a coupler capable
      of reacting with a color developer to form a substantially blue dye;
PA1  c. at least a hydrophilic colloidal binder receptive layer reactively
      associated with said emulsion layer, said receptive layer containing
      dispersed colloidal silver condensation nuclei,
PAL  said condensation nuclei and said coupler being able, upon color
      development in the presence of a carrying agent to give rise to a color
      contrase image, the condensation nuclei generating substantially yellow
      colloidal silver and the coupler generating a substantially blue dye, with
      (b) and (c) on the same side of said base.
NUM  11.
PAR  11. The photographic element of claim 10 in which said coupler is a phenol
      and/or naphtol compounds.
NUM  12.
PAR  12. The photographic element of claim 10 in which said receptive layer
      contains a coupler.
NUM  13.
PAR  13. The photographic element of claim 10 in which said receptive layer
      contains a non-diffusing hydroquinone.
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ABST
PAL  A presensitized planographic printing plate which can be used in both
      negative and positive work comprising a support, a layer formed on the
      support of a photosensitive substance prepared by the reaction at a pH of
      not more than 7.5 of a diazonium compound with a coupling agent, e.g.,
      hydroxybenzophenone, and a layer formed on the photosensitive layer of a
      "one-package" silicone rubber curable at room temperature. A planographic
      printing plate per se is produced by imagewise exposing the presensitized
      plate through a negative or positive film, and treating the exposed plate
      with a treating liquid capable of removing those portions of the
      presensitized plate which correspond to the image area of the original.
      Dampening water is not required when printing is carried out using the
      resulting printing plate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a presensitized planographic printing plate which
      can be used both in negative and positive work and does not require
      dampening water during printing, and more specifically to a presensitized
      planographic printing plate comprising a combination of a photosensitive
      substance and a silicone rubber on a support, which can be used both in
      negative and positive work by changing the method of treatment after
      exposure.
PAR  2. Description of the Prior Art
PAR  The term "positive work" refers to printing on a presensitized plate using
      a positive film, and the term "negative work" refers to printing on a
      presensitized plate using a negative film.
PAR  In the preparation of planographic printing plates used mainly for offset
      printing, a photomechanically producible presensitized plate is exposed
      through a negative or positive film, and treated with a suitable
      developer. This treatment results in the imagewise formation of a
      hydrophilic portion and an oleophilic portion to yield a planographic
      printing plate which can be readily used. The olephilic portion accepts
      oily inks, and an image area is formed at the portion which is susceptible
      to ink adhesion. On the other hand, the hydrophilic portion repels oily
      inks, and a non-image area is formed at the portion to which the ink has
      not adhered. This is the essential concept of printing plates of this
      type. However, the ink receptivity of the oleophilic portion is not
      compatible with the ink repelling property of the hydrophilic portion.
      Accordingly, it is necessary to increase the ink-repelling property of the
      hydrophilic portion during printing by alternately supplying dampening
      water and oily ink.
PAR  This dampening operation has been one of the great defects of conventional
      offset planographic printing plates. It has long been desired in the art
      of offset planographic printing to remove the defects which accompany the
      use of dampening water such as the need for expert skill in balancing the
      supply of dampening water against that of the oily ink, the difficulty of
      producing printing inks not miscible with dampening water and the
      elongation or shrinkage of the printing plate.
PAR  In an attempt to remove these defects, methods were developed in which a
      silicone rubber layer which strongly repels ink was formed on the surface
      of the printing plate, thereby making it possible to carry out printing
      only by the supply of oily ink without the use of dampening water. For
      example, the Japanese language publication "Journal of Printing," Vol. 53,
      Oct. 19770, page 48 and November 1970, page 51, describes presensitized
      dry plates which do not require dampening water. Japanese Pat. Nos.
      23042/69 and 16044/71, and U.S. Pat. No. 3,511,178 also disclose the
      production of presensitized printing plates which do not require dampening
      water.
PAR  The method of producing such presensitized plates generally comprises
      forming a silicone rubber layer on top of a photosensitive layer formed on
      a support, imagewise exposing the resulting structure, and then treating
      the exposed structure to remove the silicone rubber layer at the image
      areas while leaving it at the non-image areas. When the resulting printing
      plate is inked, the ink does not adhere to the non-image areas (where the
      silicone rubber remains) because the cohesive force of the ink is larger
      than the force of adherance between the ink and the silicone rubber. On
      the other hand, the ink adheres to the image areas which are free of the
      silicone rubber. The ink which has adhered only to the image areas is
      transferred to printing paper, and printed copies can be obtained. Since
      the silicone rubber layer has a sufficiently high ink repelling property,
      it is not necessary to supply dampening water as with conventional
      presensitized plates.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that by using a specific combination of a
      photosensitive substance and a silicone rubber, a presensitized plate for
      offset printing can be produced which is usable for both negative and
      positive work simply by changing developers.
PAR  According to this invention, there is provided a presensitized planographic
      printing plate which can be used both in negative and positive work and
      does not require dampening water for printing, the plate comprising a
      support, a layer formed on the support of a photosensitive substance
      prepared by the reaction of a pH of not more than 7.5 of a diazonium
      compound with a coupling agent, e.g., hydroxybenzophenone, and a layer
      formed on the photosensitive layer of a one-package silicone rubber
      curable at room temperature.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The presensitized plate of this invention can be used both for negative and
      positive work in spite of the fact that it contains only one kind of
      photosensitive substance. With conventional presensitized plates,
      different photosensitive substances are required for positive and negative
      work, and there is not known any presensitized plate which can be used for
      both positive and negative work which does not require dampening water for
      printing. The presensitized plate disclosed in the Japanese Pat. No.
      16044/71 is usable only for negative work, and that disclosed in Japanese
      Pat. No. 23042/69 only for positive work.
PAR  The production of a presensitized plate which can be used for both positive
      work and for negative work and which does not require dampening water for
      printing is significant economically in view of productivity and cost.
      Also, it serves to simplify the plate-making operation, since it
      convenient to be able to use the presensitized plate for both positive and
      negative work.
PAR  The presensitized planographic printing plate in accordance with this
      invention can be produced only from a specific combination of a
      photosensitive substance formed from a diazonium compound and a coupling
      agent, e.g., hydroxybenzophenone, with a silicone rubber. It is not known
      why this is possible.
PAR  The general method for producing the presensitized planographic printing
      plate of this invention will now be described.
PAR  A layer of the photosensitive substance is formed on a support as is
      ordinarily used for the production of presensitized plates, such as an
      aluminum sheet, and for maximum adherance a silicone primer is coated
      thereon. The photosensitive layer preferably contains a water-insoluble
      binder. A layer of a "one-package" silicone rubber curable at room
      temperature is coated on top of the primer layer, following by allowing it
      to stand for more than several hours at room temperature or the rubber
      layer is cured at a temperature not greater than about 90.degree.C.
PAR  The exact structure of the photosensitive substance is not known.
      Generally, the photosensitive substance is obtained by reacting a
      photosensitive diazonium compound and a coupling agent, preferably a
      compound having a hydroxybenzophenone skeleton, in equimolar proportions
      at a pH of not more than 7.5, more specifically 1 to 7.5.
PAR  The diazonium compound can be any of those aromatic diazo compounds known
      to the art, e.g., a condensation product with organic condensation agents
      which contain p-diazodiphenylamine, derivatives thereof, an aldehyde or
      acetal. Examples include condensation products formed between
      p-diazodiphenylamine and formaldehyde, zinc chloride or paraformaldehyde.
      Preferred condensation products are disclosed in U.S. Pat. Nos. 2,922,715
      and 2,946,683. Especially preferred are p-diazodiphenylamineformaldehyde
      condensation products. The coupling agents of the present invention are
      acid aromatic compounds, e.g., benzene toluene, and naphthalene sulfonic
      acid (derivatives may also be used, such as alkali metal salts) and
      aromatic compounds which contain hydroxy group(s), for example, diphenolic
      acid, benzophenone, substituted benzophenone, naphthol, and alkali metal
      sulfonic acid salts thereof.
PAR  Specific examples of the compounds used are toluene sulfonic acid,
      2,5-dimethylbenzene sulfonic acid, the sodium salt of benzene sulfonic
      acid or naphthalene-2-sulfonic acid, 1-naphthol-2-sulfonic acid,
      2,4-dioxybenzophenone, 2,2'-dioxy-4,4'-dimethoxybenzophenone,
      2,2'-4,4'-tetraoxybenzophenone, 2-oxy-4-methoxy-benzophenone-5-sulfonic
      acid. Most preferred is 2-hydroxy-4-methoxybenzophenone-5-sulfonic acid
PAR  A preferred class of the benzophenone materials are those where the
      benzophenone group contains a hydroxy group and/or a methoxy group, more
      specifically, with less than 4 hydroxy groups, or with less than 4 methoxy
      groups or with less than 4 total hydroxy and methoxy groups, and those
      with at least one --COOH group or sulfonic acid group (less than 3 of such
      groups) also being useful. For example, polyhydroxybenzophenone or
      polyhydroxybenzophenones containing methoxy, carboxylic acid or sulfonic
      acid groups as defined above include 2,2', 4,4'-tetrahydroxybenzophenone,
      2,2'-dihydroxy-4,4'-dimethoxybenzophenone, a
      2,2'-dihydroxy-4,4'-dimethoxy-5-sulfobenzophenone alkali (metal) salt and
      2-hydroxy-4-methoxybenzophenone-5-sulfonic acid. Those containing sulfonic
      acid groups prove especially superior with respect to stability and
      processability.
PAR  When the photosensitive diazonium compound and the hydroxybenzophenone are
      reacted at a high pH, an azo compound may be formed to reduce
      photosensitivity. The molar ratio of the diazonium compound and the
      coupling agent, e.g., hydroxybenzophenone, is 1:1 in the condensate.
PAR  Accordingly, the pH of the reaction system should be maintained at not more
      than 7.5, preferably at pH 1- pH = 7.5. These two compounds can be
      reacted, and the reaction product may be isolated prior to use for the
      preparation of the presensitized plate.
PAR  The condensate is easily formed by mixing 2% - 20 wt% solutions of the
      components with stirring and maintaining at room temperature and at one
      pressure until reaction is completed, and then washed the precipitate
      formed and drying it.
PAR  The photosensitive substance may be applied as it is in a solution in an
      alcohol or a halogenated hydrocarbon, for example, isopropylalcohol,
      n-propylalcohol, ethanol, methanol, n-butanol, dichloroethane,
      methylenechloride, benzylalochol, trichloroethylene, and the like.
      However, it is prefered to use a binder. Examples of the binder are epoxy
      resins, phenol resins polyamide resins, polyvinylidene chloride resins and
      cellulose esters. Epoxy resins are preferred as the binder since the
      condensation product of diazonium is very stable therein. Phenol resin are
      not preferred due to a tendancy to cause the condensate to be unstable and
      difficulty of development. Vinyl resin can be used, for example, acrylic
      acids, polyvinyl hydrogen phthalates, polyvinyl chloride and polyvinyl
      pyrollidone. They are not preferred, however, because they are difficult
      to develop and often do not adhere well to the silicone rubber.
PAR  Adequately, the amount of the binder is one to one-fifth the weight of the
      photosensitive substance. It is sufficient if the thickness of the
      photosensitive substance layer is in the range of from 0.1 to 3 microns,
      preferably 0.3 to 1.5 microns, most preferably from 0.6 to 1.3 microns.
PAR  The silicone rubber can be a "one-package" system, curable at room
      temperature (no other components need be added) and includes, for example,
      those of the deoximization or deacetoxylation type, available under the
      tradenames Toray Silicone SH-780 RTV and SH-781 RTV, Toshiba Silicone
      TSE-370 RTV, or Shinetsu Chemical Silicone KE 41-RTV and KE 42-RTV. They
      can be used, for example, as a 3-10% solution, based on solution weight,
      in a hydrocarbon, e.g., n-heptane, n-hexane, or solvent naphtha (for
      example, VMP naphtha). The silicone rubber layer has a thickness of 2 to 5
      microns. Prior to coating of the silicone rubber, a primer such a Toray
      Silicone Primer PRX-304or SH 506 can be effectively used.
PAR  The preferred silicone rubbers contain the repeating structural unit
      ##EQU1##
      where n = 2 - 2000. R can be the same one or different. R is preferably
      alkyl, aryl, or cyano alkyl, and most preferably substantially all R
      groups are methyl groups, with less than 2 - 3% of the R groups being
      different, e.g., vinyl, phenyl, halogo vinyl or halogenophenyl.
PAR  The preferred (silicone rubbers) contain the following terminal groups:
      ##EQU2##
      where R is alkyl and Ac is a fatty acid.
PAR  These groups are eliminated upon curing and a silicone elastomer is
      yielded. "Deoximization" or "deacetoxylation" is used to describe the
      product, according to the compounds, e.g., where oxime is eliminated from
      the tip to yield an elastomer this is a "deoximization."
PAR  The thus formed silicone elastomer can be termed a polysiloxane whose
      average molecular weight is 400,000 - 800,000.
PAR  All of the trade marked materials identified are silicone rubbers within
      the above definition, e.g., SH-780 is a silicone rubber where oxime is
      eliminated upon hardening, and SH-781 and TSE-370 are silicone rubber
      where acetic acid is eliminated upon hardening.
PAR  The primer serves to increase bonding strength and is generally "painted"
      between the silicone elastomer and the support. The primers are basically
      carbon functional silanes applied as a 1 - 30 wt% solution in n-heptane or
      naphtha. Preferred carbon functional silanes are those of the formula:
      ##EQU3##
      where R is
EQU  H.sub.2 NCH.sub.2 CH.sub.2 NHCH.sub.2 CH.sub.2 CH.sub.2 -- ;
      ##EQU4##
EQU  CH.sub.2 =CH --   and the like.
PAR  Examples of the support are an aluminum sheet whose surface is grained or
      anodically oxidized, or synthetic resin film, or a tough paper. Preferred
      synthetic resin supports include polyethylene terephthalate, polycarbonate
      and cellulose triacetate film. Preferred papers are polymer laminated
      papers, e.g., vinyl chloride coated paper, polyethylene coated paper;
      paper laminated with aluminum can also be used.
PAR  In order to form a printing plate, the resulting presensitized plate is
      subjected to a printing process using a transparent negative or positive
      film which has been prepared through an original consisting of image and
      non-image areas. In negative work, the presensitized plate is exposed
      through a negative film, and treated with a treating liquid such as
      cyclohexanone. This treatment results in the removal of the photosensitive
      layer and the silicone rubber layer at the image area (the portion exposed
      to light), while the portions of the photosensitive substance layer and
      silicone rubber layer which correspond to the non-image area of the
      original (the portion not exposed to light)remain unremoved. Thus, the
      surface of the support is revealed to form a planographic printing plate.
      When the printing plate so obtained is inked, the ink adheres only to the
      image portion and by the transfer of the ink to paper, impressions can be
      obtained.
PAR  On the other hand, in positive work, the presensitized plate is exposed
      through a positive film, and treated by either of the following methods.
PAR  1. When the exposed plate is treated with a mixed solvent consisting of an
      ester, an alcohol and water, the silicone rubber layer at the non-image
      area (the portion exposed to light) remains unremoved, while that portion
      of the silicone rubber which corresponds  to the image area of the
      original (the portion not exposed to light) is removed to reveal the
      photosensitive layer. When the printing plate so produced is inked, the
      ink adheres only to the image area, and impressions can be obtained.
PAR  2. At some time before or after exposure through the positive film, the
      presensitized plate is heated for several minutes at a temperature of not
      less than 120.degree.C. When such a presensitized plate is treated with
      butyrolactone, the photosensitive layer and silicone rubber layer are
      removed at the image area (the portion not exposed to light), while the
      non-image area (the portion exposed to light) remains unremoved. The
      surface of the support is thus revealed. When the resultant printing plate
      is inked, the ink adheres to the revealed surface, and impressions can be
      obtained.
PAR  The treating liquid performs the function of removing that portion of the
      presensitized plate which corresponds to the image area of the original
      after exposure of the plate. It is generally called a developer, and may
      differ according to the composition of the photosensitive substance. For
      example, when a reaction product formed from the above-mentioned condensed
      diazonium compound and 2-hydroxy-4-methoxybenzophenone-5-sulfonic acid is
      used as the photosensitive substance, cyclohexanone is used as the
      treating liquid in negative work. In positive work, a mixture of butyl
      acetate, n-propanol and water in a ratio of 2 : 5 : 1 (volume) is used; or
      after heating the presensitized plate to 120.degree.C,
      .gamma.-butyrolactone or methyl cellosolve is used. The exact choice of
      the treating liquid is determined experimentally according to the
      individual photosensitive substance.
PAR  Typical of the exposure conditions is one for 60 seconds at 90 cm distance
      with a 35 amp. double arc light. As will be apparent to the art, this is
      not a limitative range. Preferred treating liquids are, in the case of
      negative work, cyclohexane, and in the case of positive work, n-heptane,
      naphtha, methylcellosolve, cyclohexanone and .gamma.-butyrolactone.
PAR  Best results are obtained in the case of positive work by treating for
      90.degree.C, 3 minutes with n-heptane, 90.degree.C, 5 minutes with
      naphtha, 90.degree.C, 7 minutes with methylcellosolve or 90.degree.C, 10
      minutes with .gamma.-butyrolactone.
PAR  The following Examples further illustrate preferred embodiments of the
      invention.
PAC  EXAMPLE 1
PAR  A photosensitive substance was prepared from equimolar proportions of a
      condensation product between p-diazophenylamine and formaldehyde (1 wt
      part : 2 wt parts), and 2-hydroxy-4-methoxybenzophenone-5-sulfonic acid by
      reacting at a pH of 1 - 7.5 at room temperature and at one atmosphere. A
      5% methyl cellosolve solution of the resultant photosensitive substance
      was mixed with a 2% solution of an epoxy resin (Epon 1031, tradename for
      the product of Shell Chemicals Corp., epoxy resin which is the
      tetraglycidyl ether of hydroxyphenyl ethane). The mixture was coated on a
      conventional, anodically oxidized aluminum plate in an amount of 1.3
      g/m.sup.2 (dry weight) at 1.mu. thickness to form a coated layer of the
      photosensitive substance.
PAR  A very thin (50 - 100 A) primer layer was formed on the surface of the
      photosensitive layer by bringing a cloth impregnated with Silicone Primer
      PRX-304 (product of Toray Silicone) into light contact with the surface of
      the photosensitive layer. After allowing the assembly to stand for 0.5 to
      2 hours at room temperature, a 5% n-heptane solution of one-package
      silicone rubber (SH-781 RTV of Toray Silcone) was coated on the primer
      layer in an amount of 60 ml/m.sup.2 (acetic acid eliminates).
PAR  When this plate was heated for several minutes at 90.degree.C., or allowed
      to stand for more than 3 hours at room temperature, it was ready for
      immediate use in plate-making. It was confirmed that even when this plate
      was used for plate-making after storage for 3 months and 6 months,
      respectively, it had the same properties as the original one.
PAR  Negative and positive printing films were produced through a test chart
      original, and the following work done.
PAL  Negative Work
PAR  The presensitized plate was exposed through the negative film for 3 minutes
      with a 35 amp double arc lamp using a printer (Plano PS Printer A-3,
      product of Fuji Photo Film Co., Ltd.), and then developed in a customary
      manner with a cyclohexanone treating liquid (room temperature; 3 minutes
      immersion). The part corresponding to the image area of the original (the
      portion exposed to light) was removed, and the aluminum surface was
      revealed. The part which was not exposed to light (the non-image area) did
      not undergo any change.
PAR  The resulting printing plate was mounted on an offset printing press
      (Daulith 500, Davidon Company) from which the water supply device had been
      removed. Printing was carried out using a blue ink for dryography (Sun
      Chemical, U.S.A.), and 10,000 impressions were obtained.
PAL  Positive Work
PAR  The presensitized plate was exposed for 3 minutes using a 35 amp double arc
      lamp through the positive film using a printer, and then developed with a
      mixed liquid of ethyl acetate, propanol and water in a ratio of 2 : 5: 1
      (volume) at room temperature for 3 to 4 minutes. The silicone rubber layer
      at a part corresponding to the image area of the original (the portion not
      exposed to light) was removed to form a printing plate. Alternatively,
      after the exposure, the plate was heated at 120.degree.C for 10 minutes,
      and treated with .gamma.-butyrolactone at room temperature for 3 to 4
      minutes. The part corresponding to the image area was removed to reveal
      the aluminum surface. Using either of these printing plates, more than
      5,000 impressions were obtained without supplying dampening water.
PAR  Good results were obtained when the binder was used over the 1-1/5 wt parts
      ratio to 1 part photosensitive substance heretofore defined.
PAC  EXAMPLE 2
PAR  Instead of the hydroxybenzophenone compound in Example 1,
      2,2',4,4'-tetrahydroxybenzophenone was used. The results were the same as
      in Example 1.
PAC  EXAMPLE 3
PAR  Instead of the epoxy resin as binder in Example 1, Saran or polyvinyl
      hydrogen phthalate was used. The results were the same as in Example 1.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a planographic printing plate, which does not
      require dampening water for printing, which comprises image-wise exposing
      through a positive film a presensitized plate comprising a support, a
      layer formed on said support of a photosensitive substance prepared by the
      reaction at a pH of not more than 7.5 of the condensation product of
      p-diazo-phenylamine and formaldehyde with
      2-hydroxy-4-methoxybenzopheneone-5-sulfonic acid and a layer formed on
      said photosensitive layer of a one package silicone rubber curable at room
      temperature, heating said plate before or after exposure at a temperature
      not less than 120.degree.C and treating said exposed presensitized plate
      with a treating solution of .gamma.-butyrolactone or methyl cellosolve
      capable of removing only the non-exposed portion of said exposed
      presensitized plate.
NUM  2.
PAR  2. A process for producing a planographic printing plate, which does not
      require dampening water for printing, which comprises image-wise exposing
      through a positive film a presensitized plate comprising a support, a
      layer formed on said support of a photosensitive substance prepared by the
      reaction at a pH of nor more than 7.5 of the condensation product of
      p-diazo-phenylamine and formaldehyde with
      2-hydroxy-4-methoxybenzophenone-5-sulfonic acid and a layer formed on said
      photosensitive layer of a one package silicone rubber curable at room
      temperature and treating said exposed presensitized plate with a mixed
      solvent of butyl or ethyl acetate, n-propanol and water in a ratio of
      2:5:1 (volume) capable of removing only the non-exposed portion of said
      exposed presensitized plate.
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PAL  This invention relates to a photographic material yielding upon exposure a
      direct-positive image and to a process for the production of such
      material.
BSUM
PAR  Many experiments have been made for the development of new photographic
      materials, particularly non-silver materials. However, only a small number
      of these photographic materials are of the direct-positive type, and
      almost all of them are based on organic compounds. The Bulgarian Pat. No.
      12078, corresponding to the British Pat. Specification No. 1,151,310 from
      1969, and the Bulgarian Pat. No. 17,681, corresponding to the Belgian Pat.
      No. 785,508, disclose direct-positive photographic materials using only
      inorganic light-sensitive substances. These photographic materials
      comprise a carrier base onto which is deposited a thin layer of metal
      nuclei, onto which a second thin layer of suitable light-sensitive
      substance is deposited. Under the influence of the activating light, the
      light-sensitive substance reacts chemically with the metal nuclei in the
      exposed areas, thus destroying the metal nuclei, while in the non-exposed
      areas they remain unchanged. After exposure, the unreacted light-sensitive
      substance is removed by means of appropriate solvents. The metal nuclei
      remaining on the non-lighted areas of the photographic material are
      capable of catalysing the selective deposition of another metal by means
      of conventional physical development or chemical metallization and so the
      obtained image can be intensified.
PAR  It is known that chemical metallization, particularly in copper, nickel,
      cobalt, iron and other baths, is efficiently catalized by nuclei of
      palladium, platinium, gold. However, since the latter are noble metals and
      cannot readily react with the products of the photodecomposition of the
      light-sensitive compounds used. This hinders the use of these noble metals
      in the photographic materials, produced according to the aforementioned
      Patent Specifications. Thus, this limits the use of the most commonly used
      baths for chemical metallization in the selective deposition of metals.
PAR  On the other hand, it is known for a long time that chemical deposition of
      metals in copper, nickel, cobalt, iron and other baths onto non-metallic
      inert substrates can be well activated by divalent salts of tin and lead
      and trivalent salts of titanium. This is attributed to the easy
      palladium-, platinium- or gold-plating of the metal ions of these salts.
PAR  The experiments carried out according to the present invention showed
      surprisingly that the chemical activity of the salts of divalent tin,
      divalent lead and trivalent titanium, when in intimate contact with
      suitable light-sensitive substances, is selectively destroyed on the
      lighted areas. This provides a possibility for obtaining a new
      photographic material.
PAR  It is therefore an object of the present invention to provide a
      photographic material, yielding upon exposure a direct-positive image, and
      this image is developed (intensified) by a process of chemical
      metallization. This material comprises a non-metallic carrier base onto
      which thin layers of suitably selected metal salt and light-sensitive
      substance are deposited in intimate contact. When activated by exposure to
      light, the light-sensitive substance reacts chemically with the metal salt
      in such a way, that on the lighted areas the metal ions of the salt lose
      their catalytic activity towards the metallizing baths, whereas on the
      non-lighted areas they remain unchanged, forming thus a direct positive
      image which is additionally stabilized and intensified.
PAR  A further object of the present invention is to provide a method for the
      production of direct-positive photographic material, which comprises
      depositing onto a non-metallic carrier base of ultra-thin layers of a
      suitably selected metal salt and a light-sensitive substance which upon
      exposure to light reacts chemically with the metal salt in a manner such
      that on the lighted areas the metal ions of the salt lose their catalytic
      activity, while on the non-lighted areas they remain unchanged.
PAR  The photographic material according to the present invention comprises a
      carrier base, onto which in intimate contact are deposited thin layers of
      a metal salt containing the ions Sn.sup.2.sup.+, Pb.sup.2.sup.+,
      Ti.sup.3.sup.+, and a suitable light-sensitive substance. Under the
      influence of the activating light the light-sensitive substance reacts
      chemically with the aforementioned metal salt in the lighted areas, and as
      a result the metal ions of the salt lose their catalytic activity, while
      in the non-lighted areas they remain unchanged, thereby building up a
      direct-positive latent image. If necessary, after exposure the
      light-sensitive substance is removed by means of suitable solvents. The
      invisible (latent) image obtained can be intensified and visualized by
      means of chemical metallization or physical development after preliminary
      activation in a solution of the salt of a noble metal.
PAR  The thin layer of a salt of divalent tin, divalent lead or trivalent
      titanium is deposited by vacuum evaporation or by dipping in a solution of
      the salt. The photographic sensitivity of the material is determined by
      the quantity of the deposited metal salt. This sensitivity increases with
      the decrease of the quantity of the salt; it is obvious that the quantity
      of salt can never be lower than the minimum amount required for catalytic
      deposition of the metal from the corresponding bath for metallization.
      This quantity can be easily determined empirically and the experiments
      show that for the most commonly used baths it is about 10.sup.-.sup.6
      g/cm.sup.2.
PAR  The deposition of a salt of a light-sensitive substance is carried out by
      evaporation in vacuum, cathode sputtering in an inert atmosphere,
      spraying, coating or dipping. Usually, the sensitivity of the material
      increases with the increase of the thickness of the layer of the
      light-sensitive substance. The optimum thickness depends on the type and
      the quantity of the metal salt used, as well as on the type of the
      light-sensitive substance used. Usually, the sensitivity reaches
      saturation at 10.sup.-.sup.3 to 10.sup.-.sup.5 g/cm.sup.2 of the
      light-sensitive substance. Suitable photosensitive compounds are the
      halides of silver, cadmium, lead, bismuth, thallium, zinc, copper and
      mercury, as well as the Chalcogenides or oxides of arsenic, lead, cadmium,
      and antimony.
PAR  The type (nature) of the combination "metal salt - photosensitive
      substance" determines the succession in depositing the thin layers onto
      the carrier base. If the layer of light-sensitive substance is deposited
      immediately onto the carrier base, a necessary condition for retaining of
      the image at development is the layer to be insoluble in the treating
      solutions. When the layer of light-sensitive substance is deposited onto
      the layer of metal salt so as to isolate the latter from the atmosphere,
      the stability of the photographic material during storage is substantially
      increased.
PAR  On exposure, under the influence of the activating light a photochemical
      reaction takes place at the lighted areas. The photoactivated
      light-sensitive substance or the photoactivated products of the
      light-sensitive substance react with the metal salt in such a way, that
      the metal ions of the salt lose their catalytic activity towards the
      metallizing baths.
PAR  In cases when the layer of light-sensitive substance is deposited onto the
      layer of metal salt, it is necessary, before development, to remove it by
      means of suitable solvents. This leads also to stabilizing of the image
      against further light action.
PAR  The image is efficiently intensified and visualized by means of
      conventional chemical metallization or physical development with a
      preliminary activation in a solution of a salt of a noble metal. Depending
      on the metallizing bath chosen, the image can be built up by a number of
      metals, such as copper, nickel, chromium, cobalt, iron, silver, tin, as
      well as by a combination of metals. This makes the photographic material
      suitable for some special applications in engineering and electronics,
      which require a selective deposition of different metals or combinations
      of metals, which feature superconductive or magnetic properties. On the
      other hand, chemical metallization as a means for visualizing the latent
      image, makes it possible to obtain a very contrast image at prolonged
      development. As a result the photographic material can be used in the
      field of photodocumentation, in microelectronics for preparing targets and
      masks, for drawing purposes, in photolithography, etc. The simple chemical
      treatment, resulting from the easy solubility of most of the compounds
      used, as well as the possibility of galvanic thickening of the metal
      image, make the photographic material especially suitable for use in
      electronics in preparing printed circuits on different substrates,
      including flexible ones.
PAR  Different types of non-metallic carrier bases can be used in the production
      of the photographic material according to the present invention, such as
      polyester film -- for example of the "Melinex S" type (a product of the
      Imperial Chemical Industries Ltd., Great Britain), which, in order to
      improve the fixing of the metal image, can be coated with "Novoprint"
      adhesive resin (a product of the West German Company Schering A.G.), with
      the "Tite-Bond" adhesive (a product of Croda Polymers Ltd., Great
      Britain), the 200-TF Adhesive (a product of Shipley Europe Ltd., Great
      Britain) or the polyester Adhesive 46971 (a product of E. I. Du Pont de
      Nemours, USA); polyester "Mylar" type film; polyamide film, for example
      "Capton" (a product of E. I. Du Pont de Nemours, USA); diacetate film --
      for example "Bexford 123/006" (a product of Bexford Ltd., Great Britain);
      triacetate film -- for example of the 2002003 type (a product of Bexford
      Ltd., Great Britain); drawing (drafting) film -- for example of the M5
      -D50 type (a product of Bexford Ltd., Great Britain); fibreglass or
      standard glass coated with suitable adhesives -- for example Novoprint or
      Tite-Bond as mentioned above; standard cellulose or polyester barite paper
      used in photographic industry; plexiglas, ceramics, as well as many other
      non-metallic substrates.
PAR  An important requirement to each of these aforementioned substrates is
      their wettability when the layers are applied from solutions, i.e. the
      surface to retain a thin liquid layer after dipping in a solution. Since
      almost all aforementioned substrates are hydrophobic, each one must
      undergo a previous specific treatment to be hydrophylized.
PAR  The invention is illustrated by way of the following examples.
DETD
PAC  EXAMPLE 1
PAR  One of the carrier bases specified above, for example triacetate film
      2002003, was hydrophylized by dipping for 2 to 5 minutes at room
      temperature in a 10% solution of sodium hydroxide and was then abundantly
      washed in deionized water. Then a thin layer of tin dichloride was applied
      by dipping for 2 minutes at room temperature in a solution with the
      following composition:
     SnCl.sub.2.2H.sub.2 O                                                     

                          20 g                                                 

     K.HCl                10 ml                                                

     H.sub.2 O dist.      up to 1 l.                                           

PAR  The sample was then washed in deionized water for 2 to 3 minutes and dried
      in air stream. Immediately after that a layer of light-sensitive substance
      (for example of cadmium iodide) was applied by evaporation in vacuum. This
      is carried out in a conventional vacuum installation operating at
      5.10.sup.+.sup.5 torr. The cadmium iodide was evaporated from a tantalum
      crucible with aperture of about 7 mm diameter, at a diatance of about 8 cm
      from the carrier base. The thickness of the evaporated layer was checked
      with the Film Thickness Monitor (a product of Edwards High Vacuum Ltd.,
      Great Britain). At a temperature of the crucible of about 350.degree.C,
      controlled by a Pt/Pt-Rh thermocouple, a layer of about 1.10.sup.-.sup.4
      g/cm.sup.2 of cadmium iodide was deposited.
PAR  The photographic material obtained in this way was exposed for 30 seconds
      to a collimated beam from a 100 Watt xenon lamp, passed through a
      transparency, at a distance of 16 cm to the sample. The photoactivated
      cadmium iodide reacted with the layer of stannous chloride; as a result
      the metal ions of the stannous salt losed their catalyticactive
      properties. On the non-lighted areas of the material the stannous salt
      remained intact. Thus, a latent direct positive image of the transparency
      was formed.
PAR  After removing the layer of cadmium iodide by washing in water at room
      temperature, the material was dipped for 20 to 30 seconds in a solution of
      a salt of a noble metal, for example:
TBL  PdCl.sub.2           0,26 g                                               

     K.HCl                2,5 ml                                               

     H.sub.2 O dist.      up to 1 l.                                           

PAR  The sample was then washed in deionized water for about 1 minute.
PAR  The obtained direct positive image was intensified by chemical
      metallization by dipping at room temperature in a bath with the following
      composition:
TBL  CuSO.sub.4.5H.sub.2 O                                                     

                         10 g                                                  

     NaOH                17 g                                                  

     K.sub.2 CO.sub.3    4 g                                                   

     Segnette salt       50 g                                                  

     EDTA                0,7 g                                                 

     H.sub.2 O dist.     up to 900 ml.                                         

PAR  Before use, 100 ml of 36-38% formaldehyde was added to the aforementioned
      solution while stirring it.
PAR  The visualization can be achieved also the commercial bath for chemical
      copper plating "Noviganth G.S." (a product of Schering A.G., West
      Germany).
PAC  EXAMPLE 2
PAR  One of the aforementioned carrier bases, for example polyester film
      "Melinex S" coated with adhesive resin Novoprint was hydrophylized by
      etching for 1 to 2 minutes at room temperature in a solution with the
      following composition:
     K.sub.2 Cr.sub.2 O.sub.7                                                  

                          15 g                                                 

     H.sub.2 SO.sub.4     100 ml                                               

     H.sub.2 O dist.      50 ml.                                               

PAR  After abundant washing of the sample in deionized water, a thin layer of
      stannous chloride was applied by dipping for 2 minutes at room temperature
      in a solution with a composition as described in Example 1. The sample was
      again washed in deionized water and dried in an air stream, after which a
      layer of cadmium iodide was applied by spraying. This is carried out by
      spraying for several seconds with a normal glass spraying device a 10%
      water solution of cadmium iodide from a distance of 50 cm. The duration of
      spraying is chosen so, that the quantity of deposited dry substance is
      about 10.sup.-.sup.4 g/cm.sup.2. After drying in air stream for a short
      time, the photographic material obtained was exposed for 90 seconds to a
      collimated beam from a 100 Watt xenon lamp, passed through a transparency.
PAR  Furter on, following the treatment described in Example 1, a visible copper
      image of the printed transparency is obtained. If this transrency is of a
      printed circuit with suitably made connections, the image obtained after
      chemical metallization can be further thickned by the much faster and
      cheaper electrolytic deposition of copper. However, the electrolytic
      plating requires a special design of the printed circuit providing
      electroconductive interconnections of all metal parts so that they can
      easily be connected to the cathode. If this is provided, the electrolytic
      deposition of copper is successfully achieved with eacg commercially
      available bath, such as for example the "Cupracid 66 (a product of
      Schering AG, West Germany).
PAC  EXAMPLE 3
PAR  One of the aforementioned carrier bases, for example fibreglass or normal
      glass coated with the adhesive resin Novoprint or with the adhesive
      Tite-Bond was hydrophylized as described in Example 2. Then a thin layer
      of stannous chloride was applied as described in Example 1 and the sample
      was dried in air. Immediately after that a layer of cadmium iodide was
      applied by pouring over. This was carried out by fixing the sample in
      horizontal position and pouring over the necessary quantity of 5% water
      solution of cadmium iodide with a pipette. For an area of 1 dm.sup.2 this
      quantity is 1 ml. To obtain an uniform coating the solution was carefully
      dispersed over the total surface with a glass rod. After drying of the
      sample, a layer with a thickness corresponding to about 5.1o.sup.-.sup.4
      g/cm.sup.2 light-sensitive substance was obtained.
PAR  The material was then exposed for 90 seconds to a collimated beam from a
      100 Watt xenon lamp, passed through a transparency at a distance of 6o cm
      from the sample. Further on, following the technique described in Example
      1, a direct positive latent image was obtained which was visualized by
      chemical metallization. The latter could be copper plating, as described
      in Example 1, or nickel plating by dipping at 25.degree. to 28.degree.C in
      a bath with the following composition:
     NiCl.sub.2.6H.sub.2 O                                                     

                          30 g                                                 

     Sodium citrate       88 g                                                 

     NaH.sub.2 PO.sub.2   20 g                                                 

     NH.sub.4 Cl          30 g                                                 

     NH.sub.4 OH(25%)     25 g                                                 

     H.sub.2 O dist.      up to 1 l.                                           

PAC  EXAMPLE 4
PAR  On each of the carrier bases, mentioned in the text above, for example
      polyester barite paper, a layer of light-sensitive substance was applied
      by evaporation of high-purity silver bromide in a conventional vacuum
      installation operating at 5.10.sup.-.sup.5 torr. The silver bromide was
      obtained by Malinowsky's method) Journ. Phot. Sci., 8,69, 1960). The
      evaporation was carried out from a platinium crucible with an aperture
      (opening) of about 7 mm diameter, at a distance of 8 cm from the
      substrate. At a temperature of the crucible 740.degree.C, controlled by a
      Pt/Pt-Rh thermocouple, a layer with a thickness of about 0,45 .mu.m was
      deposited for 80 sec onto the carrier base. The thickness was checked with
      the Film Thickness Monitor.
PAR  Immediately after that followed an evaporation in the same installation of
      a thin layer of tin dichloride. The chloride was evaporated from a quarz
      crucible with an opening of about 7 mm diameter, at a distance of about 18
      cm from the substrate. At a temperature of the crucible of 200.degree.C
      there was deposited for 15 seconds a layer with a thickness corresponding
      to about 1.10.sup.-.sup.6 g/cm.sup.2. The rate of deposition was again
      controlled with tho monitor. Immediately after removal from from the
      evaporating installation, the photographic material was exposed for 45 to
      60 seconds to a 100 Watt incandescent lamp.
PAR  After a preliminary activation in a solution of the salt of a noble metal,
      as described in Example 1, the image was visualized by chemical
      metallization, as in Example 1, or by physical development by dipping at
      room temperature in a solution with the following composition:
TBL  Solution A            Solution B                                          

     ______________________________________                                    

     Methol       8,3 g    AgNO.sub.3 30 g                                     

     Citric acid  8,3 g    H.sub.2 O dist,                                     

                                      up to 45 ml                              

     Glacial acetic acid                                                       

                  41,7 g                                                       

     Gelatine     6,7 g                                                        

     Water dist.  up to  1 l                                                   

     ______________________________________                                    

PAR  Before use 50 parts of solution A are mixed with 1 part of solution B.
PAC  EXAMPLE 5
PAR  One of the aforementioned carrier bases is coated by pouring over with a
      thin layer of adhesive resin, for example with polyester adhesive 46971,
      into which preliminary fine powder of a light-sensitive substance, such as
      cadmium oxide, has been dispersed. The surface of the adhesive was then
      hydrofilized by dipping for a short time in 30% solution of sodium
      hydroxide and then the sample was abundantly washed in deionized water.
PAR  Further on, a thin layer of tin dichloride was applied by dipping in a
      solution of the salt as described in Example 1.
PAR  Immediately after drying the sample in an air stream, it was exposed for 90
      to 120 seconds to a collimated beam from a 100 Watt xenon lamp, passed
      through a transparency.
PAR  After preliminary activation in a solution of a salt of a noble metal, as
      described in Example 1, the image was visualized by chemical nickel
      plating as in Example 3, or by physical development by dipping at
      18.degree.C in a solution with the following composition:
TBL  Hydroquinone                 20 g                                         

     Citric acid                  1 g                                          

     AgNO.sub.3                   2 g                                          

     H.sub.2 O dist.  up to       1 l.                                         

PAC  EXAMPLE 6
PAR  On one of the aforementioned carrier bases a thin layer of stannous
      chloride was applied according to the technique described in Example 1.
PAR  Then a layer of cadmium iodide was applied by dipping for several seconds
      in a 5% solution of this salt. After drying of the thin liquid layer
      remaining onto the sample, a layer of light-sensitive substance was
      obtained with a thickness corresponding to about 10.sup.-.sup.5 g/cm.sup.2
      of cadmium iodide.
PAR  Further on, following the technique and treatment of Example 3, there was
      obtained a visible copper or nickes image.
PAC  EXAMPLE 7
PAR  One of the aforementioned carrier bases, for example polyester film
      "Melinex S" coated with the adhesive 200 TF (a product of Shipley, USA)
      was hydrofilized as described in Example 2.
PAR  A thin layer of tin dichloride was then applied as described in Example 1,
      followed by drying of the sample. Immediately after that a layer of lead
      iodide was applied by evaporation in vacuum. The lead iodide was
      evaporated at 380.degree.C for 5 minutes from a tantalum crucible. A layer
      with a thickness corresponding to about 1.10.sup.-.sup.4 g/cm.sup.2 was
      obtained.
PAR  The photographic material thus obtained was exposed for 1-2 minutes to a
      xenon lamp through a transparency, as described in Example 1. The exposed
      sample was treated in a 40% solution of potassium iodide, which dissolves
      the layer of lead iodide, and then it is abundantly washed in water.
PAR  Then, following the treatment described in Example 1, a copper image was
      obtained of the transparency. If properly prepared, the image thus
      obtained can be further thickned by electrolytic copper deposition.
PAC  EXAMPLE 8
PAR  One of the aforementioned carrier bases, for example polymide film
      "Capton", was hydrofilized by dipping into a 10% solution of sodium
      hydroxide for 2-5 minutes at room temperature, and then abundantly washed
      in deionized water.
PAR  Then followed the application of a thin layer of titanium trichloride by
      dipping for 2 to 3 minutes at room temperature in a 1,5% water solution of
      the salt. Then the sample was washed in deionized water and dried in an
      air stream. Immediately after that a layer of cadmium iodide was applied
      by spraying, as described in Example 2. The photographic material obtained
      was exposed for 2 minutes to a collimated beam from a 100 Watt xenon lamp,
      passed through a transparency.
PAR  Then, following the treatment described in Example 1, a visible copper
      image of the transparency was obtained.
PAC  EXAMPLE 9
PAR  On one of the aforedescribed carrier bases a thin layer of tin dichloride
      was applied by evaporation in vacuum, as described in Example 4.
PAR  Immediately after that and in the same installation a layer of glassy
      arsenous sulphide was applied by evaporation of the sulphide from a
      tantalum crucible at about 250.degree.C. For 30 seconds a layer with a
      thickness corresponding to about 1.10.sup.-.sup.6 g/cm.sup.2 of diarsenous
      trisulphide was obtained.
PAR  The photographic material thus obtained was exposed for 1 minute as
      described in Example 1. The layer of diarsenous trisulphide was then
      removed by treating the sample for 20 to 30 seconds in a 1% solution of
      sodium hydroxide, and then the sample was abundantly washed in distilled
      water.
PAR  After a preliminary activation in a solution of a salt of a noble metal, as
      described in Example 1, the image was visualized by chemical copper
      plating using the following bath:
     Solution A:                                                               

               Copper sulphate (cryst.)                                        

                                 35        g                                   

               Nickel sulphate   5         g                                   

               Distilled water   up to 500 ml                                  

     Solution B:                                                               

               Sodium carbonate (cryst.)                                       

                                 35        g                                   

               Seignette salt    190       g                                   

               Sodium hydroxide  50        g                                   

               Distilled water   up to 500 ml                                  

PAR  Before use, solutions A and B were mixed and to the resulting solution were
      added 10 ml ethyl alcohol and 50 ml 40% formaldehyde.
PAC  EXAMPLE 10
PAR  On one of the aforementioned carrier bases, for example polyester film
      "Mylar", a thin layer of stannous sulphide was applied by evaporation in
      vacuum in an installation as described in Example 1. The sulphide was
      evaporated from a tantalum crucible of the Knudsen type with a small
      opening. At a temperature of about 530.degree.C, controlled by Pt/Pt-Rh
      thermocouples, for 240 seconds there were deposited on the carrier base
      about 1.10.sup.-.sup.8 g/cm.sup.2.
PAR  Immediately after the deposition of the tin salt, a layer of cadmium iodide
      was applied by evaporation, as described in Example 1. After 90 seconds
      exposure, as described in Example 1, the layer of cadmium iodide was
      washed in water and then the material was treated as described in Example
      1 for obtaining a copper image, or as described in Example 3, for
      obtaining a nickel image.
PAC  EXAMPLE 11
PAR  On each of the aforedescribed carrier bases, for example drawing film M5
      D50, a thin layer of thallium iodide was applied by evaporation in vacuum.
      The iodide was evaporated from a tantalum crucible at about 360.degree.C
      and for 5 minutes a layer of 0,3 .mu.m thickness was obtained. Immediately
      after that and in the same installation a thin layer of tin dichloride was
      applied thereon, as described in Example 4. The photographic material
      obtained was exposed for 4 minutes to a 100 Watt incandescent lamp.
PAR  After activation for a short time in a solution of a salt of a noble metal,
      the image was developed by conventional physical development as described
      in Example 4.
PAC  EXAMPLE 12
PAR  One of the aforementioned carrier bases, for example triacetate film
      2002003, was hydrophylized as described in Example 1. Then a thin layer of
      lead dichloride was applied by dipping for 30 seconds in a heated (to
      about 45.degree.C) low-salt-acid 3% solution of the salt. The sample was
      then washed in deionized water for 1 minute at room temperature and dried
      in an air stream. Immediately after that a layer of cadmium iodide was
      applied by evaporation in vacuum as described in Example 1. The
      photographic material obtained was exposed for about 120 seconds to a
      collimated beam from a 100 Watt xenon lamp, passed through a transparency.
PAR  After exposure, the sample was treated as described in Example 1 and as a
      result a copper image of the transparency was obtained.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A photographic material capable of yielding on imagewise exposure to
      radiation a direct positive image, which material comprises: a
      non-metallic carrier base; and on the carrier base, a layer of metal salt
      selected from the group consisting of halides of divalent tin, divalent
      lead, trivalent titanium and stannous sulfide and a layer of at least one
      photo-sensitive compound selected from the group consisting of the halides
      of silver, cadmium, lead, bismuth, thallium, zinc, copper and mercury and
      chalcogenides or oxides of arsenic, lead, cadmium, and antimony, said
      photosensitive compound being capable when activated upon exposure to
      radiation of reacting chemically with said metal salt layer in a manner
      such that in any region exposed to radiation the metal salt layer loses
      its catalytic activity to a metallization baths, and in any region not
      exposed to radiation the said metal salt layer remains intact, thereby
      forming a positive latent image which is visualized on intensification by
      chemical metallization.
NUM  2.
PAR  2. A photographic material according to claim 1, wherein the thickness of
      the light-sensitive layer corresponds to 10.sup.-.sup.6 up to
      10.sup.-.sup.3 g/cm.sup.2, preferably 10.sup.-.sup.4 g/cm.sup.2
      light-sensitive substance.
NUM  3.
PAR  3. A process for the production of a photographic material according to
      claim 1, capable of yielding on light exposure a direct positive image,
      which comprises depositing onto a non-metallic carrier base and in
      intimate contact inbetween of thin layers and light-sensitive substance,
      which substance upon exposure to light reacts chemically with the metal
      salt in such a way that in the lighted areas the metal ions of the salt
      lose their catalytic-active properties, but remain unchanged in the
      non-lighted areas thereby forming an image capable of being intensified.
NUM  4.
PAR  4. A process according to claim 3, wherein the thin layer of said metal
      salt is obtained by evaporation in vacuum or by dipping in a solution of
      the corresponding metal salt.
NUM  5.
PAR  5. A process for producing a direct image according to claim 3, wherein,
      when the layer of light-sensitive substance is applied onto the layer of
      metal salt, said layer is removed prior to development by dissolving in
      suitable solvents, whereby the obtained image is stabilized against
      further light exposure.
NUM  6.
PAR  6. A process according to claim 3, wherein, after a previous activation of
      the exposed photographic material by dipping in a solution of a salt of A
      NOBLE METAL, the positive latent image is intensified and becomes visible
      by conventional chemical metallization or physical development.
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ABST
PAL  Dry photoimaging processes and compositions employing photosensitive
      coatings of volatile peri-substituted aromatic azido compounds in a
      permeable film-forming plastic are disclosed.
PARN
PAR  This is a division, of application Ser. No. 313,378 filed Dec. 8, 1972, now
      Pat. No. 3,844,793.
PAR  This application is a division of application Ser. No. 313,378 filed Dec.
      8, 1972 now U.S. Pat. No. 3,844,793, which is a continuation-in-part of my
      copending application for letters Pat., Ser. No. 82,129 filed Oct. 19,
      1970 which is a continuation-in-part of my Ser. No. 29,527 filed Mar. 17,
      1970 both applications now abandoned.
BSUM
PAR  This invention relates to unique photosensitive compositions containing
      volatile peri-substituted aromatic azido compounds. It further relates to
      dry processes for the formation of thermally fixed non-vesicular images
      therefrom. It further relates to imaging processes and photosensitive
      compositions employing certain peri-substituted aromatic azido compounds.
      It further realtes to the intensification and modification of the images
      produced from said peri-substituted aromatic azido compounds.
PAR  Photosensitive compounds, compositions and processes play an essential role
      in photography and related arts dealing with the formation of images with
      the aid of some activating influence, such as light, heat, etc. Among the
      currently available methods of image formation, several problems are
      typically encountered. Costly materials, such as silver salts, are often
      required. Liquid solutions of chemicals are often required in the fixing
      or development stages of the imaging process, causing both inconvenience
      and delay. Many photochemicals require excessive access time and result in
      poor image quality from such factors as poor color stability, poor speed,
      acuity, resolution, tonal range, etc. Accordingly, a new photoimaging
      process which would overcome one or more of these limitations would
      provide a substantial advance in the art.
PAR  The sensitivity of aromatic azido compounds to ultraviolet light and their
      use in photoimaging is well known in the photographic arts, see, for
      example, U.S. Pat. Nos. 1,845,989, 3,096,311 and 3,282,693. However, such
      processes are limited to those involving one or more wet steps in the
      formation of a light stable image; and, typically, suffer from one or more
      of the other aforementioned disadvantages.
PAR  Accordingly, objects of the present invention are to provide novel
      photosensitive compositions and dry imaging processes substantially
      overcoming one or more of the aforementioned prior art limitations.
PAR  In accordance with the present invention, it has been unexpectedly found
      that volatile peri-substituted aromatic azido compounds are particularly
      well adapted for the formation of fixed images by a convenient dry imaging
      process. Furthermore, it has been unexpectedly found that the image colors
      are modified by heating the fixed image prepared from certain
      peri-substituted aromatic azido compounds or by exposing them to
      ultraviolet radiation.
PAC  VOLATILE PERI-SUBSTITUTED AROMATIC AZIDO COMPOUNDS
PAR  Certain volatile peri-substituted aromatic azido compounds are preferred
      for use in the present invention due to the fact that the images produced
      on exposure can be intensified and fixed by heating. The fixed images can
      be modified to neutral tones by further heating or exposure to ultraviolet
      light. The resulting images having the advantage of enhanced contrast with
      a colorless or white background for easier reading and the aesthetic
      advantage of having purple, blue and neutral tones resembling conventional
      printing and writing inks.
PAR  The volatile, peri-substituted aromatic azido compounds have a substituent
      selected from the group consisting of: azido, hydroxy, trifluoroacetamido,
      amine and
      ##EQU1##
      wherein R is lower alkyl as defined below. Otherwise, they may be
      substituted and characterized as the aromatic azido compounds, as
      mentioned below. The azido group may be represented as --N,. It is
      believed to have resonance structures represented as follows:
      --N.sup.---N.sup.+.tbd.N.revreaction.-N=N.sup.+=N.sup.-. Peri-substituted
      aromatic azido compound is defined as a naphthalene having an azido
      substituent in the 1 or 8 position and located peri to one of the five
      groups mentioned above. The 1,8-disubstituted-naphthalenes, such as,
      1,8-diazidonaphthalene, 1-acetamido-8-azidonaphthalene,
      1-amino-8-azidonaphthalene, 1-azido-8-trifluoroacetamidonaphthalene and
      1-azido-8-hydroxynapththalene are especially preferred due to their ease
      of preparation and the developing and fixing achievable therewith.
PAR  Non-volatile aromatic azido compounds are not suitable for use in the
      present invention. As used herein, the expression "non-volatile compounds"
      refers to those compounds which decompose at temperatures below that at
      which they volatilize from the photosensitive compositions. Accordingly,
      high molecular weight compounds, such as, polymeric aromatic azido
      compounds, and aromatic compounds having substituents, such as, carboxylic
      acid salts, are unsuitable for use in the present invention.
PAR  In general, any of the wide variety of standard procedures for preparing
      aromatic azido compounds may be employed to prepare the photosensitive
      compounds employed in the present invention, such as, for example, those
      described in U.S. Pat No. 3,123,621 or in Houben-Weyl, Methoden Der
      Organischen Chemie, Band 10/3, pp. 777-836 and references cited therein.
PAR  Among the numerous and diverse suitable substituents, the following are
      among the preferred: lower alkyl groups having from 1 to 6 carbon atoms,
      such as, methyl, ethyl, n-propyl, iso-propyl, n-butyl, t-butyl, n-pentyl,
      n-hexyl, cyclohexyl, etc.; lower alkoxy groups having from 1 to 6 carbon
      atoms, such as, methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy,
      t-butoxy, n-pentoxy, n-hexoxy, cyclohexyloxy, etc.; amino, lower alkyl
      amino and di-lower alkyl amino, said lower alkyl groups being defined
      above;
      ##EQU2##
      wherein R is lower alkyl as defined above or phenyl; trifluoroacetamido;
      and hydroxy.
PAR  Suitable aromatic azido compounds include, for example: azidonaphthalene
      compounds, such as 1,8-diazidonaphthalene,
      1,8-diazido-2,7-dimethoxynaphthalene,
      1,8-diazido-2,3-dimethoxynaphthalene, 1,8-diazido-4,5-dimethoxynaphthalene
     , 2,3,4,5,6-heptamethyl-1,8-diazidonaphthalene, and
      1,4,5,8-tetraazidonaphthalene.
PAC  PHOTOSENSITIVE COMPOSITIONS
PAR  The photosensitive compositions of the present invention are prepared by
      uniformly distributing a layer of the volatile, aromatic azido compound in
      a conventional binder, such as, a polymer dope, over the surface of a
      conventional photographic substrate.
PAR  Suitable substrates include, for example, such materials as paper, plastic,
      wood, metal and glass.
PAR  Suitable binders include, for example, one or more of the following
      polyvinyl chloride, polyethylene, polymethylmethacrylate, polyvinyl
      acetate, cellulose acetate and copolymers of the corresponding monomers.
      Polyvinyl chloride is especially preferred.
PAR  Any of the variety of standard coating methods can be used to apply the
      coating composition to the base material. The Fixed Blade Method, the
      Imbibing Method and the Meyer Rod Method are among the preferred
      techniques.
PAR  In the Fixed Blade Method, the base material is positioned under a fixed
      blade and an excess of the coating material is placed on the base. The
      base is then passed under the blade to produce a uniform coating having a
      thickness determined by the distance between the mounted blade and the
      base material.
PAR  In the Imbibing Method, a base stock having a plastic surface is coated
      with the active compound by passing it under a roller, through a solution
      of the azido compound. The excess coating is removed from the surface by
      an air knife. By way of illustration, one may mention passing paper coated
      with polyvinyl chloride, polyvinyl acetate or polymethylmethacrylate
      through a solution of 1,8-diazidonaphthalene in a solvent such as
      tetrahydrofuran, methyl ethyl ketone, acetone or toluene or mixtures
      thereof.
PAR  In the Meyer Rod Method, the coating composition is placed at one end of
      the base material and a metal rod wound with fine wire is passed through
      the liquid causing it to be spread over the surface of the base material.
      The thickness of the coating produced by this method is determined by the
      size of the wire used in the winding.
PAR  The concentrations of azido compound advantageously employed in the coating
      compositions and the thickness of the layer applied to the base may be
      varied to tailor the photosensitive system to achieve the desired degree
      of image intensity, speed, length of fixing period, etc. Optimum
      concentrations and thicknesses will, of course, vary depending on the
      particular photosensitive compound employed, the binder material and
      thickness of the binder layer used, fixing time and temperature, among
      other factors. In general, satisfactory photoimages can be produced using
      binder compositions having from about 3 to about 15 percent by weight of
      the azido compound with coatings of from about 0.05 to about 1.00 mils in
      thickness, Preferred concentrations and thicknesses are about 15% and 0.3
      mils, respectively.
PAR  Background colorup is generally minimized by selecting azido compounds of
      maximum thermal stability and volatility and binders of maximum
      permeability to azido compounds, applied in minimum thicknesses.
      Generally, background colorup and diffusion time increase exponentially
      with film thickness. However, they are relatively unaffected by increases
      in the concentration of the azido compounds. The relationship between
      binder thickness and the time required for 90% removal of the
      1,8-diazidonaphthalene (DAN) from polyvinyl chloride (Geon-101 by B. F.
      Goodrich Chemicals Co.) on a polyester film (Mylar by E. I. DuPont
      deNemours & Co.) as shown in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     Conc. of DAN Binder Thickness                                             

     Normality    mil             Time (min.)                                  

     ______________________________________                                    

     .1           0.14            1.5                                          

     .1           0.33            5.5                                          

     .7           0.14            1.5                                          

     .7           0.33            5.5                                          

     ______________________________________                                    

PAR  The aromatic azido compounds are themselves generally sensitive to
      radiation containing wavelengths within the ultraviolet region. By means
      of the addition of a sensitizing agent to the polymer binder, the
      sensitivity can be extended into the range of from 360 m.mu. to 470 m.mu.
      or greater. The energy transfer of such systems is surprisingly efficient
      in view of the typically high viscosity of the binder polymer systems
      being sensitized.
PAR  Several advantages are provided by the use of sensitized systems. They
      permit the use of apparatus equipped with inexpensive and convenient light
      sources, such as incandescent lamps, and allow projection printing through
      various optical systems with normal optical glass. They also permit the
      simultaneous use of both direct and indirect excitation of azido compounds
      through simultaneous exposure of the photosensitive compounds to both
      visible and ultraviolet light. Alternatively, enhanced absorption can be
      achieved by using an ultraviolet absorbing sensitizer in combination with
      the azido composition.
PAR  Suitable sensitizers include, for example, fluoranthene, thioxanthone,
      fluorenone, perylene, benzanthrone, benzophenone, phenazine and
      thioacridone.
PAR  Sensitizers which absorb light in the visible spectrum are of necessity
      colored compounds. Where the colors caused thereby are found to be
      objectionable, it is preferred to employ unsensitized systems or
      compositions containing a colorless, ultraviolet absorbing sensitizer or a
      member of a class of volatile, colored sensitizers which diffuse out of
      the binder composition during the fixing or image modification steps.
      Illustrative of the preferred, volatile colored sensitizers are fluorenone
      and benzanthrone.
PAR  Optimum concentrations of the sensitizer and azido compound will, of
      course, vary with the particular system being employed. Generally, energy
      transfer is favored by high concentrations of the azido compound. It is
      preferred to employ the sensitizer in a sufficient concentration to absorb
      the incident light. However, excessively high concentrations of the
      sensitizer will cause complete absorption of the incident light at the
      surface of the plastic matrix and may thereby reduce the efficiency of the
      system.
PAC  IMAGING
PAR  Non-vesicular imaging is achieved by exposing the photosensitive
      compositions to patterned activating radiation, namely, an information
      containing beam of visible or ultraviolet light.
PAR  A convenient source of ultraviolet radiation is provided by lamps which
      emit a wide range of ultraviolet frequencies. A light table equipped with
      a film transparency (positive or negative) and a bank of ultraviolet-rich
      blacklight fluorescent lamps, such as, 15 watt Black Light, No. F15T8-BL
      by General Electric and Rayonet Photochemical Reactor Lamps, No. RPR 3000A
      by The Southern New England Ultraviolet Company provides a convenient
      source of activating radiation. Convential azo printing machines, equipped
      with high pressure mercury vapor lamps may also be employed. Since they
      emit both visible and ultraviolet light, they are especially well adapted
      for use with those compositions having sensitizers to visible light.
PAR  Absorption of incident light can be maximized by matching the frequencies
      of the incident light with the absorption frequencies of the aromatic
      azido compound or the sensitizer.
PAR  Patterning of the activating radiation can generally be achieved by any of
      the conventional methods. Suitable methods include passing the light
      through a film transparency or a template, use of a cathode ray tube
      containing an ultraviolet phosphor, such as, a Litton Industries' Cathode
      Ray Tube, Ser. No. 4188, which contains a P16 phosphor; and using an
      ultraviolet pen light, such as Ultraviolet Products, Inc. Pen-Light, or
      ultraviolet laser, such as might be used in spatial frequency modulation.
PAR  Optimum periods of irradiation will vary widely, depending upon the
      particular photosensitive composition, opacity of transparency, and light
      source employed. Exposure for a few seconds in a conventional azo printer
      is generally adequate while periods of two minutes or more may be required
      for a source such as the abovementioned light table.
PAC  DEVELOPING
PAR  The imaged compositions are developed by merely heating the exposed
      compositions. Optimum heating temperatures and periods will vary widely
      depending upon the compositions employed and the means by which heat is
      transferred. In the case of 1,8-diazidonaphthalene, oven temperatures in
      the range of from about 100.degree.C. to about 150.degree.C. are generally
      suitable and about 135.degree.C. is generally preferred. At 150.degree.C.
      developing is usually complete after about 20 seconds, whereas periods of
      up to about 7 minutes may be required for complete development at
      135.degree.C. Contact heating with a platen permits more rapid heating and
      reduces fixing time over that in an oven.
PAR  The peri-azido aromatic compounds unexpectedly undergo a 6 to 10 fold
      increase in the optical density measured at 560 m.mu. during development.
      The initially formed images are typically grey-green or brownish. After
      development, they generally appear deep purple. This image intensification
      is unique to the peri-substituted compounds. For example,
      1,8-diazidonaphthalene initially forms a grey-green image which develops
      to a high optical density purple image; while positional isomers, such as
      1,5-diazidonaphthalene, form tan or brown images with no substantial
      enhancement in optical density on heating at 200.degree.C.
PAC  FIXING
PAR  The developed images are fixed by merely heating to effect volatilization
      of the unreacted aromatic azido compound.  This is conveniently achieved
      by merely prolonging the period of heating used for development. Again the
      optimum temperature and heating period will vary upon the particular
      system employed. In the case of 1,8-diazidonaphthalene in polyvinyl
      chloride, permanent fixing can generally be achieved by heating the
      exposed compositions at 135.degree.C. for a period of from about 1 to
      about 5 minutes.
PAC  MODIFICATION OF IMAGE COLOR
PAR  The fixed images prepared from the peri-azido aromatic compositions
      unexpectedly undergo modification in image color to neutral tones upon
      re-exposure to ultraviolet light or additional heating at higher
      temperatures.
PAR  In the case of modification by exposure to ultraviolet light, the process
      can be carried out over a wide variety of radiation frequencies. A high
      pressure mercury lamp is a convenient means for modifying these images.
      The optimum period of exposure will vary with the lamp employed,
      composition used and degree of modification desired.
PAR  In the case of thermal modification of the fixed images, again the time and
      temperature can be widely varied. Treatment for about 3 to 4 minutes at
      from about 190.degree.C. to about 200.degree.C. is generally sufficient to
      produce neutral images.
PAR  Preparation of various aromatic azido compounds and the processes and
      compositions of the invention are further illustrated by the following
      examples which are not to be taken as limitative thereof. All parts
      specified therein are by weight unless otherwise indicated.
DETD
PAC  EXAMPLE 1
PAC  Preparation of 1,8-Diazidonaphthalene
PAR  Into a three-necked 2 liter flask equipped with a mechanical stirrer, a low
      temperature thermometer and a dropping funnel were placed
      1,8-diaminonaphthalene (31.6 g., 0.2 mole), 120 ml. of concentrated
      hydrochloric acid, 150 ml. of water and NaBF.sub.4 (55.0 g., 0.5 mole).
      The suspension was vigorously stirred and cooled in a salt-ice bath to
      -20.degree.C. A solution of NaNO.sub.2 (30 g., 0.435 mole) in 60 ml. of
      water was added dropwise with vigorous stirring. The resulting
      bis-diazonium fluoroborate precipitated out of solution as a beige solid.
      It was removed by filtration, washed once with cold ether and converted to
      the diazide immediately.
PAR  The precipitated bis-diazonium salt was added in small portions with
      vigorous stirring to a cold solution composed of NaN.sub.3 (30 g., 0.46
      mole) dissolved in a mixture of 100 ml. of water and 100 g. of ice. The
      1,8-diazidonaphthalene precipitated out of solution in the form of a thick
      paste. It was removed by filtration, washed with water and dissolved in
      diethyl ether. The ether solution was filtered through charcoal and the
      yellow mother liquor was concentrated whereupon the 1,8-diazidonaphthalene
      crystallized out of solution in the form of long, thin silky needles which
      were collected by filtration and air dried to give a 60 percent yield of
      1,8-diazidonaphthalene having a melting point of 120.degree.-122.degree.C.
      Further purification may be effected by recrystallization from ether,
      methanol, ethanol or by chromatography on silica gel or alumina columns
      with a hexane eluent.
PAR  Analysis: Calcd. for C.sub.10 H.sub.6 N.sub.6 : C, 57,14; H, 2.88; N,
      39.99; Found: C, 57.67; H, 2.84; N, 40.63 57.55 2.89 40.64
PAC  EXAMPLE 2
PAC  Preparation of 1-Amino-8-Azidonaphthalene
PAR  The compound was prepared by the rearrangement reactions of
      1-aminonaphtho(1,8-de)triazene and 2-aminonaphtho(1,8-de)triazene [C. W.
      Rees and R. C. Storr, J. Chem. Soc. (C), 756 (1969); R. W. Hoffmann, G.
      Guhn, M. Freiss and D. Dittrich, ibid, 769 (1969)] which are obtained by
      the amination of naphtho(1,8-de)triazine [H. Waldmann and S. Back, Ann.
      545, 52 (1940)]. The overall yield was 40 percent, m.p.
      80.degree.C-81.degree.C., Lit. M.P. 80.degree.C.
PAC  EXAMPLE 3
PAC  Preparation of 1-Acetamido-8-Azidonaphthalene
PAR  To a stirred solution of 8-azido-1-naphthylamine (1.84 g., 0.01 mole) in 70
      ml. of pyridine was added a solution of acetyl chloride (0.784 g., 0.01
      mole) in 10 ml. of ether. The mixture was warmed on a steam bath for 30
      minutes. The solvents were removed in vacuo and the residue washed with
      water and dried. Recrystallization from hexane provided
      1-acetamido-8-azidonaphthalene in the form of colorless, long needles
      having a yield of 2.1 g., 93 percent, m.p. 148.degree.C.-149.degree.C.,
      Lit. m.p. 147.degree.C.-148.degree.C. and an analysis of: Calcd. for
      C.sub.12 H.sub.10 N.sub.4 C: C, 63.70; H, 4.46; N, 24.77  Found: C, 63.90;
      H, 4.14; N, 24.66
PAC  EXAMPLE 4
PAC  Preparation of 1-Azido-8-Trifluoracetamidonaphthalene
PAR  A sample of 8-azido-1-naphthylamine (192 mg., 1.04 mole) was treated at
      room temperature with 10 ml. of trifluoracetic anhydride. An exothermic
      reaction took place. The mixture was warmed at 40.degree.C. for 10 minutes
      and then evaporated to dryness under a stream of nitrogen. The residual
      solid was recrystallized from n-hexane to yield
      1-azido-8-trifluoracetamidonaphthalene in the form of light yellow needles
      in a yield of 215 mg., 77 percent, m.p. 102.degree.C.-103.degree.C. and an
      analysis of: Calcd: C, 51.50; H, 2.50; N, 20.50; F, 2070 Found: C, 51.75;
      H, 2.37; N, 19.74; F, 20.07
PAC  EXAMPLE 5
PAC  Preparation of 1-Azido-8-Hydroxynaphthalene
PAR  A sample of 8-azido-1-naphthylamine (0.368 g., 0.02 mole) was dissolved in
      warm, dilute sulfuric acid (3 ml. of conc. H.sub.2 SO.sub.4 diluted with
      30 ml. of water). The solution was cooled to O.degree.C. and diazotized
      with a solution of NaNO.sub.2 (160 mg., 0.023 mole) in 2 ml. of water. The
      excess of nitrous acid was destroyed by the addition of urea. The yellow
      solution of the diazonium salt was diluted with 100 ml. of water and
      heated at 60.degree.for 1.5 hr. The precipitated material was washed with
      water, dried and filtered through activated charcoal. Removal of ether
      left a residue which weighed 35 mg. Recrystallization from petroleum ether
      gave 1-azido-8-hydroxynaphthalene in the form of pale yellow needles (20
      mg., 5.4 percent), m.p. 65.degree.C.-67.degree.C.
PAC  EXAMPLE 6
PAC  1,8-diazidonaphthalene Photosensitive Composition
PAR  A stock solution of polyvinylchloride (PVC) was prepared by combining 20 g.
      of PVC powder (Geon 101 by B. F. stirring the resulting mixture at
      60.degree.C. overnight. A 0.7N solution of 1,8-diazidonaphthalene was
      prepared by adding 1.0 g. of the azido compound to the cooled polymer
      solution. After stirring for a period of about 2 hours, the resulting
      solution was applied to 32 lb. white paper in the form of a film having a
      thickness in the range of about 0.2 mil. to about 0.3 mil. Uniform
      distribution of the polmer solution on the paper was effected by the Mayer
      rod technique. The coated paper was dried in the dark at room temperature
      overnight.
PAC  EXAMPLE 7
PAC  1,8-Diazidonaphthalene Photoimaging Process
PAR  The photosensitive composition of Example 6 was placed over a negative
      transparency having both printed material for sharp line contrasts and a
      photograph for continuous tonal variations, and the pair were placed upon
      the lens of a bank of blacklight blue fluorescent lamps for a period of 30
      seconds, producing a grey-green positive reproduction of the negative
      image.
PAC  EXAMPLE 8
PAC  Thermal Image Enhancement and Fixing of 1,8-Diazidonaphthalene Image
PAR  The photoimage of Example 7 was fixed by passing it over a heated drum
      while passing hot air (both from 135.degree.C. to 155.degree.C.) over its
      surface for about 30 seconds. A deep purple image having very high
      resolution and excellent quality of tonal range was produced. The
      substantially colorless background was stable to fogging upon prolonged
      exposure to sunlight.
PAC  EXAMPLES 9-10
PAC  Thermal Image Modification of Fixed 1,8-Diazidonaphthalene Image
PAR  The fixed photoimage of Example 8 was heated for an of from about
      180.degree.C. to about 190.degree.C., producing a grey-black image having
      very high resolution and excellent quality tonal range.
PAR  Substantially the same result was produced by heating a photoimage prepared
      by the procedure of Example 7 at a temperature in the range of from about
      180.degree.C. to about 190.degree.C. for a period of about 5 minutes.
PAC  EXAMPLE 11
PAC  Ultraviolet Image Modification of Fixed 1,8-Diazidonaphthalene Image
PAR  A fixed photoimage prepared by the procedure of Example 8 was re-exposed to
      the light from a high pressure, 1000 watt mercury lamp (B-H6 General
      Electric Company) for a period of about 5 minutes. A charcoal-grey
      positive image having very high resolution and excellent quality tonal
      range was produced.
PAC  EXAMPLE 12
PAC  Photoimaging with 1-Acetamido-8-Azidonaphthalene (AcAN)
PAR  By the general procedure of Example 6, photosensitive compositions of AcAN
      were prepared by dissolving 66.8 mg. of AcAN in 3 ml. of a PVC stock
      coating solution. The coating solution was prepared by dissolving 7.0 g.
      of PVC (Geon 101) in 100 ml. of tetrahydrofuran.
PAR  The composition was imaged by the general procedure of Example 7. The
      grey-brown image produced was developed to a partially fixed deep purple
      image by heating at 130.degree.C.-155.degree.C. The fixed image was
      modified to neutral tones by heating at 180.degree.C. for about 4 minutes.
PAC  EXAMPLE 13
PAC  Photoimaging with 1-Azido-8-Trifluoroacetamidonaphthalene (ATN)
PAR  The procedure of Example 12 was substantially reimage was light brown.
      Development produced a deep purple image which formed a neutral image on
      thermal modification.
PAC  EXAMPLE 14
PAC  Photoimaging with 1-Azido-18-Hydroxynaphthalene (AHN)
PAR  The procedure of Example 12 was substantially repeated using 37.0 mg. of
      AHN in place of the AcAN and using 2 ml. of the stock solution.
PAR  The initial image was light grey in color. Heating at
      130.degree.C.-140.degree.C. for about 4 minutes produced an intensified
      image of neutral shade.
PAC  EXAMPLE 15
PAC  Photoimaging with 1-Amino-8-Azidonaphthalene (AAN)
PAR  The procedure of Example 12 was substantiall repeated using a coating
      composition prepared by dissolving 40 mg. of 1-amino-8-azidonaphthalene in
      4 ml. of a stock PVC solution. The stock solution was prepared dissolving
      400 mg. of PVC (Geon 101) in 4 ml. of tetrahydrofuran. The initially
      formed image was light brown in color. A deep purple, fixed image was
      produced by heating at 140.degree.C.-150.degree.C. for about 5 minutes.
      Heating to 190.degree.C. for about 5 minutes produced an image having
      neutral tones.
PAC  EXAMPLE 16
PAC  Sensitized Photoimaging with 1,8-Diazidonaphthalene
PAR  A stock solution of polyvinyl chloride was prepared by combining 100 g. of
      PVC powder (Geon 101) with 1000 ml. of THF and stirring for 24 hours at
      room temperature. A sample of the resulting polymer dope was made 0.67N in
      1,8-diazidonaphthalene and 0.5N in perylene. The normalities are relative
      to the dried binder. The sensitized polymer mixture was uniformly
      distributed over the surface of a Mylar polyester film by means of a fixed
      blade. The blade was adjusted to produce a binder layer having a thickness
      of 8.4 .times.  10.sup..sup.-4 cm. The coated film was dried in the dark
      at room temperature overnight. The dried film was exposed to a light
      source emitting at 405 m.mu. through a transparency for various periods
      ranging from about 10 seconds to about 100. The exposed film was heated at
      135.degree.C. for 10 minutes to produce a fixed purple image with a yellow
      background.
PAR  The initial rate of color formation (R) for the sensitized system was
      obtained by determining the initial slope of the curve formed by plotting
      the optical density of each film, measured at 545 m.mu., against the
      exposure time.
PAR  The efficiency of the sensitized system is expressed in alternative
      manners. Firstly, it is expressed as the ratio of R for the sensitized
      system (R.sub.s) over the corresponding value for the unsensitized system
      with excitation at the same wavelength (R.sub.u). Secondly, it is
      expressed as the ratio of R.sub.s over the corresponding value for the
      unsensitized system with direct excitation at 320 m.mu. (R.sub.ud). The
      values observed are as follows: R.sub.s /R.sub.u =  26.0; R.sub.s
      /R.sub.ud =  0.53.
PAR  Further heating or UV re-exposure of the fixed image produces image
      modification as described in Examples 9 and 10.
PAC  EXAMPLE 17
PAR  Employing the general procedure of Example 16 using a polymer dope which
      has 1.2N in thioacridone in substitution for the perylene used therein,
      and using an excitation frequency of 470 m.mu. is substituted for the 405
      m.mu. light used therein, a purple image with an orange background was
      obtained with the following efficiency: R.sub.s /R.sub.u = OO; R.sub.s
      /R.sub.ud =  0.09.
PAR  Further heating or UV re-exposure of the fixed image produces image
      modification as described in Examples 10 and 11.
CLMS
STM  I claim:
NUM  1.
PAR  1. A dry imaging process comprising the consecutive steps of:
PA1  a. imaging a light sensitive material comprising a suitable photographic
      substrate having a coating deposited thereon, said coating consisting
      essentially of a permeable film-forming plastic having a photosensitive,
      volatile, peri-substituted naphthalene azido compound dispersed therein
      wherein the azido compound has one of the following substituents oriented
      peri to the azido group: amino, hydroxy azido, trifluoroacetamido, or
      ##EQU3##
      wherein R is lower alkyl having from C.sub.1 -C.sub.6 or phenyl by
      irradiating with patterned activating radiation to produce a visible
      image; and
PA1  heating the material to evaporate the unreacted naphthalene azido compound.
NUM  2.
PAR  2. A dry imaging process according to claim 1 wherein the radiation is
      ultraviolet light.
NUM  3.
PAR  3. A dry imaging process according to claim 1 wherein the photosensitive
      material is heated to a temperature in the range of from about
      100.degree.C. to about 150.degree.C.
NUM  4.
PAR  4. A dry imaging process according to claim 1 employing a photosensitive
      material wherein the azido compound is 1,8-diazidonaphthalene,
      1-acetamido-8-azidonaphthalene, 1-azido-8-trifluoracetamidoaphthalene,
      1-amino-8-azidonaphthalene or 1-azido-8-hydroxynaphthalene and further
      comprising a step of modifying the image to more neutral tones by heating.
NUM  5.
PAR  5. A dry imaging process according to claim 3 wherein the azido compound is
      1,8-diazidonaphthalene, and the coating is polyvinyl chloride having from
      about 3 to about 15 percent by weight of the azido compound and a
      thickness of from about 0.05 mils to about 1.00 mils, further comprising a
      step of modifying the image to more neutral tones by exposure to
      ultraviolet light.
NUM  6.
PAR  6. A dry imaging process according to claim 1 with the photosensitive
      material further comprising a sensitizer of ultraviolet or visible light
      sensitizers with the coating, wherein the radiation is visible light or a
      mixture of visible and ultraviolet light.
NUM  7.
PAR  7. A dry imaging process according to claim 6 comprising the consecutive
      steps of:
PA1  a. imaging a material wherein the sensitizer is a volatile, visible light
      sensitizer by irradiating with a patterned mixture of visible and
      ultraviolet light; and
PA1  b. fixing the imaged material by heating to volatilize the unirradiated
      azido compound and the visible light sensitizer.
NUM  8.
PAR  8. A dry imaging process according to claim 1 wherein the sensitizer is a
      visible light sensitizer and the activating radiation is visible light.
NUM  9.
PAR  9. A dry imaging process according to claim 7 wherein the azido compound is
      1,8-diazidonaphthalene and the sensitizer is fluorenone or benzanthrone.
PATN
WKU  039334988
SRC  5
APN  4032632
APT  1
ART  166
APD  19730928
TTL  Fogged, direct positive silver halide emulsions containing a bleach
      inhibiting compound and a Dmin maintainer compound
ISD  19760120
NCL  4
ECL  1
EXP  Louie, Jr.; Won H.
INVT
NAM  Fischer; Leewellyn C.
CTY  Fairport
STA  NY
INVT
NAM  Hunt; Heman Dowd
CTY  Webster
STA  NY
ASSG
NAM  E. I. Du Pont de Nemours and company
CTY  Wilmington
STA  DE
COD  02
CLAS
OCL   96 64
XCL   96101
XCL   96109
XCL   96107
XCL   96108
EDF  2
ICL  G03C  524
ICL  G03C  136
ICL  G03C  134
ICL  G03C  128
FSC   96
FSS  101;109;64;107;108
UREF
PNO  3050395
ISD  19620800
NAM  Duffin
OCL   96101
UREF
PNO  3062651
ISD  19621100
NAM  Hillson
OCL   96101
UREF
PNO  3526507
ISD  19700900
NAM  Ishikawa et al.
OCL   96101
UREF
PNO  3679424
ISD  19720700
NAM  Barbier et al.
OCL   96109
UREF
PNO  3782957
ISD  19740100
NAM  Ohkubo et al.
OCL   96101
ABST
PAL  Direct positive silver halide materials based on the Herschel effect having
      substantially reduced sensitivity to room light exposure contain a
      heterocyclic compound to prevent white light bleaching along with a second
      heterocyclic compound to prevent latent image formation due to white light
      exposure.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention
PAR  This invention relates to direct positive, silver halide material which is
      capable of producing a positive image by the Herschel reversal process.
      More particularly this invention relates to Herschel type direct positive
      materials with reduced room or white light sensitivity.
PAR  Description of the Prior Art
PAR  Direct positive silver halide materials based on the Herschel effect use a
      reversal phenomenon by which fogging nuclei in certain silver halide
      emulsions are bleached or destroyed by radiation, usually long wavelength,
      visible light or infrared radiation. It is also well known to enhance the
      sensitivity to bleaching of such direct positive materials by
      incorporating desensitizers into the fogged emulsion to increase speed
      and/or change spectral sensitivity. Desensitizers described in the prior
      art which enhance Herschel bleaching include heterocyclic compounds such
      as benzothiazole, quinoline, indolenine and benzotriazole having a nitro
      group attached to a benzene nucleus, and dyes such as Pinakryptol Yellow,
      Pinakryptol Green, and Phenosafranine as well as nitro substituted styryl
      dyes such as those disclosed in U.S. Pat. No. 2,669,515.
PAR  An advantage of the direct positive materials described above is that they
      can be handled for short periods of time in moderate room or white light.
      However, in the case of the more sensitive direct positive materials
      containing the above mentioned desensitizing dyes too much room light
      exposure results in low density images with high background fog. Such low
      density may result from spectrally sensitized bleaching due to shorter
      wavelength radiation, e.g., green, blue, and ultraviolet radiation of room
      light. High background fog presumably results from conventional room light
      induced latent image formation, i.e., the residual forward speed of the
      direct positive material. In U.S. Pat. No. 3,526,507 the use of
      tetraazaindine compounds is disclosed for the prevention of white light
      induced, low density images in autopositive reproduction materials but not
      for the reduction of white light induced background fog.
PAC  SUMMARY OF THE INVENTION
PAR  In a Herschel reversal type direct positive silver halide emulsion
      containing a desensitizing dye, the improvement comprises a combination of
      a bleach inhibiting compound which retards bleaching of fogging nuclei by
      short wavelength radiation (i.e., below about 530 nM) and a Dmin
      maintainer compound which inhibits residual latent image formation. This
      improvement employs two different compounds to protect the direct positive
      emulsion from the detrimental components of room light. It has been found
      that such a combination of compounds provides the best protection for
      direct positive material and permits handling of such material in room
      light without undue deleterious effect on image contrast.
PAR  The direct positive emulsion is a colloid silver halide emulsion,
      preferably gelatino silver halide, having fogging nuclei bleachable by
      long wavelength visible radiation. For the purpose of this invention long
      wavelength visible radiation includes the spectrum between about 530nM and
      about 800nM. A bleach inhibiting compound is a compound which retards the
      Herschel bleaching of fogging nuclei by short wavelength radiation, i.e.,
      radiation having a wavelength less than about 530nM. A Dmin maintainer is
      a compound which inhibits residual latent image formation by room light.
      The Dmin maintainer may maintain dye desensitization and may be a
      desensitizer for conventional latent image formation by short wavelength
      radiation.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The bleach inhibiting compound and the Dmin maintainer each can be used in
      the concentration range between about 0.0l to 10g per mole of silver
      halide. They should be present in amounts large enough to provide a
      significant improvement in resisting the deleterious effects of room
      light. The bleach inhibiting compound is preferably present in an amount
      sufficient to provide a normalized yellow/yellow-plus-blue ratio, as
      hereinafter defined, of at least 1.1 and, most preferably, greater than
      about 1.5. The Dmin maintainer is preferably present in an amount
      sufficient to provide a normalized forward speed, also as defined
      hereinafter, of no more than 0.87 and, most preferably, no more than about
      0.75. If desired, a plurality of bleach inhibiting and Dmin maintaining
      compounds can be used.
PAR  In a preferred embodiment of this invention the Herschel type direct
      positive material comprises a support with a photographic layer of
      gelatino silver chloride, silver iodochloride, silver chlorobromide,
      silver bromide or silver iodobromide emulsion having fogging nuclei
      bleachable by visible radiation with wavelengths above about 530nM. The
      emulsion is characterized in that it contains:
PAR  1. a desensitizing dye such as Phenosafranine, Pinakryptol Yellow,
      Pinakryptol Green, styryl dyes such as those disclosed in U.S. Pat. No.
      2,669,515, cyanine dyes such as those disclosed in U.S. Pat. No.
      3,539,394, dyes containing an imidazol [4,5-b] quinoxaline nucleus such as
      those disclosed in U.S. Pat. No. 3,632,808, etc.,
PAR  2. a bleach inhibiting compound, e.g., a heterocyclic compound taken from
      the group consisting of benzotriazoles such as 5-nitrobenzotriazole, and
      5-chlorobenzotriazole; benzothiazoles such as
      6-amino-2-(methylthio)-benzothiazole,
      6-methyl-2-(p-aminophenyl)-benzothiazole, 2-amino-6-methylbenzothiazole,
      2-amino-6-methoxybenzothiazole, 2-amino-5,6-dimethylbenzothiazole,
      6-amino-2-methyl-7-nitrobenzothiazole, and
      6-amino-4-mercaptobenzothiazole; thiazoles such as
      2-amino-5-nitrothiazole, 2-aminothiazole, 2-amino-4-methylthiazole,
      2-amino-4,5-dimethylthiazole, 2-amino-
      5-(p-nitrophenyl-sulfonyl)-thiazole, 2-acetaminothiazole,
      2-amino-4-phenyl-5-ethylthiazole, 2-amino-4-(chloromethyl)thiazole-Hcl,
      2-amino-5-nitrothiazole, 2,4-dihydroxythiazole-5-acetic acid, and
      2-amino-5-bromothiazole; 2-amino-5-ethyl-4-phenyloxazole;
      4-amino-6-chloro-5-nitropyridine; 5-aminoindiazole;
      4-benzoyliminio-3-t-butyl-1,3-thiazilidine-2-thione; and
      4-benzoylimino-3-phenyl-1,3-thiazilidine-2-thione, and
PAR  3. a Dmin maintainer, e.g., a heterocyclic compound taken from the group
      consisting of pyridines such as 2-amino-5-nitropyridine,
      2-amino-4-methyl-2-nitropyridine, 2-amino-4-methyl-3-nitropyridine, and
      2-amino-3-nitropyridine; pyromellitimide; indazoles such as
      5-nitroindazole, 6-nitroindazole, 3-chloro-5-nitroindazole, and
      3-chloro-6-nitroindazole; triazoles such as 5-nitrobenzotriazole.
      5-chlorobenzotriazole, benzotriazole, and 3-amino-1H-1,2,3-triazole;
      thiazoles such as 2-amino-5-nitrothiazole, 2-methyl-6-nitrobenzothiazole,
      2-mercapto-6-nitrobenzothiazole,
      2-acetamido-5-(p-nitrophenylmercapto)-thiazole, and
      6-amino-2-methyl-7-nitrobenzothiazole; 2-amino-5-chlorobenzoxazole;
      2-nitrothiophene; imidazoles such as 5-nitrobenzimidazole and
      5-nitro-2-benzimidazolethiol; 8-nitro-quinoline; and m-nitrobenzamidine.
      Compounds which are not heterocyclic but also function as Dmin maintainers
      are 5-nitroanthraquinone sulfonic acid and p-nitrobenzenediazonium
      fluoborate. Several hetrocyclic compounds can function both as a bleach
      inhibiting compound and a Dmin maintainer. However, for the purpose of
      this invention at least two different compounds are required, one for each
      function.
PAR  In a particularly preferred embodiment of this invention a direct positive
      material, which is virtually insensitive to radiation below 530nM,
      comprises a formaldehyde fogged gelatino silver chloride emulsion to which
      is added N-methyl-4-(m-nitrostyryl) cinnolinium p-toluene sulfonate,
      5-nitrobenzotriazole, and 2-amino-5-nitropyridine.
PAR  The silver halide emulsions useful in the invention may be prepared and
      fogged by any of the conventional methods for preparing direct positive
      materials subject to Herschel bleaching. Such emulsions include regular
      monodisperse emulsions as well as emulsions having wide grain-size
      distribution and irregular grain habit. Such emulsions also include mixed
      emulsions prepared from separate emulsions with different grain size
      distribution or habit or from separate emulsions which have been fogged to
      different levels.
PAR  Generally the components of the desensitizing combination are added after
      the emulsion is fogged. The direct positive silver halide emulsion of this
      invention may contain other conventional adjuvants such as coating aids,
      gelatin hardeners, or antihardeners, developing agents, etc. Similarly,
      the direct positive emulsion may be coated on any of the well known
      supports. The coated direct positive material may be overcoated with a
      layer to provide antiabrasion protection, antistatic protection, and/or a
      matte surface. The direct positive element may also have conventional
      auxiliary layers such as subcoatings, antihalation layers or back
      coatings.
PAR  In the following examples, the invention is illustrated, and the normalized
      yellow/yellow-plus-blue ratio and normalized forward speed are defined as
      described therein.
DETD
PAC  EXAMPLE 1
PAR  To 1.2 Kg of a pure silver chloride emulsion, containing the equivalent to
      0.3 moles silver, was added 10 mg 1-phenyl-5-mercaptotetrazole. After
      adjusting the pH to about 8, the emulsion was heated to 55.degree.C then
      1.5 g formaldehyde was added and the emulsion held at 55.degree.C for
      about 20 min. The emulsion was cooled and pH adjusted to about 5.5. 80 mg
      of N-methyl-4-(m-nitro-styryl)cinnolinium p-toluene sulfonate was added to
      the emulsion which was then split into two equal portions. One portion was
      used with no further adjuvants as a control. 30 mg 5-nitrobenzotriazole
      and 0.4 g 2-amino-5-nitro-pyridine were added to the second portion. Each
      portion was coated on a separate subbed polyethylene terephthalate support
      and dried. A sample of each portion was imagewise exposed through a
      combination of a .cuberoot.2 photographic step tablet and an amber sheet
      which substantially transmits radiation above 530nM on the average (e.g.,
      DP480 amber sheeting sold by the Du Pont Co., transmitting 0 percent of
      incident light below 480nM, 1 percent at 480nM, and 90 percent at and
      above 600nM) to 100 lux of light from a xenon arc. These samples were then
      exposed to daylight-type fluoroescent lights (Westinghouse F40D, 40 watt)
      at 50 foot candles for 5 minutes while half of each sample was masked to
      prevent room light exposure. Both samples were processed using
      conventional hydroquinone developer, and fixer. The following table shows
      the effect of room light exposure on Dmin and Dmax for the control sample
      and the sample containing the two heterocyclic adjuvants. As can be seen
      from results in the table, Dmin is maintained at 0.04 upon exposure to
      roomlight by incorporation of the two heterocyclic adjuvants. Also, room
      light bleaching is substantially inhibited by the adjuvants.
TBL                TABLE I                                                     

     ______________________________________                                    

                   Room Light                                                  

     Sample        Exposure   Dmin    Dmax                                     

     ______________________________________                                    

     Control       No         0.04    3.00                                     

                   Yes        0.30    .about.0.30                              

     With Adjuvants                                                            

                   No         0.04    3.05                                     

                   Yes        0.04    2.50                                     

     ______________________________________                                    

PAR  A quantitative measure of room light bleaching inhibition due to the
      adjuvants was obtained using the following procedure. A sample of the
      portion containing the adjuvants was imagewise exposed to 100 lux of light
      from a xenon arc through .cuberoot.2 step tablet and DP480 amber sheeting.
      A second sample was similarly exposed except that instead of the DP480
      amber sheeting, a Du Pont Varigam No. 4 filter was used. The Varigam No. 4
      filter transmits 0 percent of incident light at 300nM, 47.5 percent at
      360nM, 17.5 percent at 450nM, and 90 percent or more from 600 to 800nM.
      Both samples were processed and photographic positive speed determined by
      conventional methods. The ratio of yellow speed to yellow-plus-blue speed
      was calculated from the measured speeds using the amber sheeting and the
      Varigam filter respectively and was normalized by dividing by a similar
      ratio determined for control samples. If the adjuvants provide no
      protection to blue or white light bleaching the resulting normalized
      yellow/yellow-plus-blue ratio is 1. A higher value of 4.1 was obtained for
      the normalized ratio indicating that the adjuvants are inhibiting blue or
      white light bleaching.
PAR  A quantitative measure of Dmin maintenance due to the adjuvants was
      obtained using the following procedure. A sample of the portion containing
      adjuvants and a control sample were uniformly exposed through the DP480
      amber sheeting to 100 lux of light from a xenon arc. Each sample was then
      exposed through a combination of a .sqroot.2 step tablet and opal glass to
      100 lux of light. Each sample was processed and forward-speed determined
      using conventional techniques. If the adjuvants do not reduce the rise in
      Dmin due to white light exposure the ratio of forward speed of
      adjuvant-containing sample to the forward speed of the control will be 1.
      A lower value of less than 0.1 was obtained for the normalized forward
      speed indicating that the adjuvants maintain Dmin at a low value during
      white light exposure.
PAC  EXAMPLE 2
PAR  Example 1 was repeated except that the emulsion was chemically fogged using
      the fogging agent and procedure described in Example VII of Bigelow, U.S.
      Pat. No. 3,637,392 in place of formaldehyde. The results obtained were
      substantially the same as for Example 1.
PAC  EXAMPLE 3
PAR  To 3.6 Kg of a pure, cubic, monodisperse, silver chloride emulsion,
      containing the equivalent to 0.9 moles silver, was added 30 mg
      1-phenyl-5-mercaptotetrazole. The emulsion was fogged using the procedure
      of Example 1 and was then split into six equal parts. One of the following
      desensitizing dyes was added to each part in the amount indicated:
PA1  40 mg of N-methyl-4-(m-nitrostyryl)-cinnolinium p-toluene sulfonate
PA1  200 mg of N-methyl-2-(m-nitrostyryl)-6-ethoxyquinolinium p-toluene
      sulfonate.
PA1  200 mg of N-Methyl-2-(p-nitrostyryl)-6-ethoxyquinolinium p-toluine
      sulfonate
PA1  100 mg of 4,4'-(diethylamino) triphenylmethylhydrosulfate
PA1  100 mg of phenosafranine
PA1  125 mg of
      2-[(2-methyl-5-oxo-3-phenyl-3-isoxazolin-4-yl)vinyl]-6-nitro-3-methyl-benz
     othiazolium p-toluene sulfonate.
PAR  Each part was further split into two equal portions. One portion of each
      part was used with no further adjuvants as a control. To the remaining
      portion of each part was added 15 mg of 5-nitrobenzotriazole and 0.2g
      2-amino-5-nitropyridine. All 12 portions (6 portions with adjuvants and 6
      corresponding control portions) were coated, dried, and samples tested as
      in Example 1. Each sample containing the adjuvants showed substantially
      the same resistance to white light bleaching and to the concurrent
      build-up of background density (D-min).
PAC  EXAMPLE 4
PAR  A Herschel bleaching, direct positive, silver chloride emulsion was
      prepared as described in Example 2 except that after the desensitizing dye
      was added the emulsion was split into 3 equal portions. One portion was
      used with no further adjuvants as a control. To the second portion 0.027g
      of 5-nitrobenzotriazole was added and to the third portion 0.133g of
      2-amino-5-nitropyridine was added. Each portion was coated on a separate
      subbed polyethylene terephthalate support and dried.
PAR  A sample of the coating of the second emulsion portion containing
      5-nitrobenzotriazole as well as a sample of the control coating were
      quantitatively measured for their room light bleaching inhibition using
      the procedure described in Example 1. The normalized
      yellow/yellow-plus-blue ratio was found to be 9.2 indicating that
      5-nitrobenzotriazole is very efficient in inhibiting blue or white light
      bleaching.
PAR  A sample of the coating of the third emulsion portion containing
      2-amino-5-nitropyridine as well as a sample of the control coating were
      quantitatively measured for their Dmin maintenance using the procedure
      described in Example 1. The normalized forward speed was found to be 0.26
      indicating that 2-amino-5-nitropyridine is very effective in maintaining
      Dmin at a low value during white light exposure.
PAC  EXAMPLE 5
PAR  The effectiveness of a number of bleach inhibiting heterocyclic compounds
      in reducing room light sensitivity was quantitatively measured as
      described in Example 4. The following table presents the bleach inhibiting
      heterocyclic compound, the grams of compound used per mole of silver
      chloride, and the resulting normalized (yellow/yellow-plue-blue) ratio.
TBL                TABLE II                                                    

     ______________________________________                                    

     BLEACH INHIBITING HETEROCYCLICS                                           

                          g. Compound                                          

                                    Normalized                                 

     Compound             Mole AgCl Ratio                                      

     ______________________________________                                    

     2-amino-4-methylthiazole                                                  

                          1.33      6.2                                        

     4-amino-6-chloro-5-nitro-                                                 

      pyridine            1.33      5.2                                        

     6-amino-2-methyl-7-nitrobenzo-                                            

      thiazole            1.33      3.9                                        

     2-amino-4-(chloromethyl)thiazole-                                         

      HCl                 1.33      3.4                                        

     6-amino-2-(methylthio)benzo-                                              

      thiazole            1.33      2.6                                        

     6-amino-4-mercaptobenzo-                                                  

      thiazole            1.33      2.5                                        

     2-acetaminothiazole  1.33      2.4                                        

     6-methyl-2-(p-aminophenyl)-                                               

      benzothiazole       1.33      2.3                                        

     2-amino-5-nitrothiazole                                                   

                          1.33*     2.3                                        

     5-aminoindozole      1.33      2.3                                        

     2-amino-5,6-dimethylbenzo-                                                

      thiazole            1.33      2.1                                        

     2-amino-5-(p-nitrophenyl-                                                 

      sulfonyl)thiazole   1.33      2.1                                        

     2-amino-5-ethyl-4-phenyl-                                                 

      oxazole             1.33      2.0                                        

     2-amino-4-phenyl-5-ethyl-                                                 

      thiazole            1.33      1.9                                        

     2-aminothiazole      0.67      1.8                                        

     5-chlorobenzotriazole                                                     

                          0.67      1.7                                        

     2-amino-4,5-dimethylthiazole                                              

                          1.33      1.6                                        

     4-benzoylimino-3-t-butyl-1,3-                                             

      thiazetidine-2-thione                                                    

                          1.33      1.6                                        

     2-amino-5-nitrothiazole                                                   

                          0.67*     1.6                                        

     2-amino-6-methylbenzothiazole                                             

                          1.33      1.5                                        

     2-amino-6-methoxybenzothiazole                                            

                          1.33      1.3                                        

     2-amino-5-bromothiazole                                                   

                          1.33      1.4                                        

     4-benzoylimino-3-phenyl-1,3-                                              

      thiazetidine-2-thione                                                    

                          1.33      1.2                                        

     2,4-dihydroxylthiazole-5-acetic                                           

      acid                1.33      1.1                                        

     Control              0         1                                          

     ______________________________________                                    

PAR  A control value of 1 has been included in the table to indicate the limit
      of effectiveness where there is no improvement in room light bleaching
      protection. The higher the normalized speed ratio the greater is the
      improvement in room light bleaching protection. Two concentrations of
      2-amino-5-nitrothiazole (designated by an asterisk) give results in which
      when the concentration is doubled the improvement in the normalized ratio
      is essentially doubled.
PAC  EXAMPLE 6
PAR  The effectiveness of a number of heterocyclic Dmin maintainers in reducing
      forward speed due to room light exposure was quantitatively measured as
      described in Example 4. The following table presents the heterocyclic Dmin
      maintainer, the grams of the compound used per mole of silver chloride,
      and the normalized forward speed.
TBL                TABLE III                                                   

     ______________________________________                                    

     DMIN MAINTAINERS                                                          

                                    Normalized                                 

                         g. Compound                                           

                                    Forward                                    

     Compound            Mole AgCl  Speed                                      

     ______________________________________                                    

     pyromellitimide     0.67       0.15                                       

     2-amino-4-methyl-3-nitro-                                                 

      pyridine           1.33       0.30                                       

     benzotriazole       2.13       0.34                                       

     6-nitroindazole     0.67       0.35                                       

     m-nitrobenzamidine  0.67       0.36                                       

     5-nitrobenzimidazole                                                      

                         0.67       0.37                                       

     5-nitroanthraquinone sulfonic                                             

      acid               1.33       0.39                                       

     2-amino-3-nitropyridine                                                   

                         1.33       0.41                                       

     2-amino-5-nitrothiazole                                                   

                         0.67       0.44                                       

     5-nitro-2-benzimidazolethiol                                              

                         1.33       0.45                                       

     2-mercapto-6-nitrobenzo-                                                  

      thiazole           0.67       0.48                                       

     3-chloro-6-nitroindazole                                                  

                         0.67       0.50                                       

     5-nitrobenzotriazole                                                      

                         0.67       0.50                                       

     5-chlorobenzotriazole                                                     

                         0.67       0.50                                       

     5-nitroindazole     0.67       0.52                                       

     6-amino-2-methyl-7-nitrobenzo-                                            

      thiazole           1.33       0.53                                       

     2-amino-5-chlorobenzoxazole                                               

                         1.33       0.55                                       

     8-nitroquinoline    0.67       0.56                                       

     2-methyl-6-nitrobenzothiazole                                             

                         1.00       0.57                                       

     3-amino-1H-1,2,3 triazole                                                 

                         0.67       0.64                                       

     p-nitrobenzenediazonium fluo-                                             

      borate             0.67       0.67                                       

     2-nitrothiophene    1.33       0.68                                       

     3-chloro-5-nitroindazole                                                  

                         0.67       0.70                                       

     2-amino-4-methyl-2-nitropyridine                                          

                         0.27       0.75                                       

     2-acetamido-5-(p-nitrophenyl                                              

      mercapto)thiazole  1.33       0.87                                       

     Control             0          1                                          

     ______________________________________                                    

PAR  A control value of 1 has been included in the table to indicate the limit
      of effectiveness where there is no reduction in room light induced forward
      speed. The lower the normalized forward speed the greater is the
      improvement in maintaining Dmin during room light exposure.
PAC  EXAMPLE 7
PAR  A fogged emulsion was prepared as in Example 1 which contained 0.6 mole
      silver chloride but no 5-nitrobenzotriazole or 2-amino-5-nitropyridine.
      The emulsion was split into four equal portions. One portion was used with
      no further adjuvants as a control. To each of the three remaining portions
      the following heterocyclic combinations were added:
TBL  A:       2-amino-4-methylthiazole                                         

                                0.2 g                                          

              2-amino-5-nitropyridine                                          

                                0.4 g                                          

     B:       2-amino-4-methylthiazole                                         

                                0.2 g                                          

              2-amino-5-nitrothiazole                                          

                                0.3 g                                          

     C:       5-nitrobenzotriazole                                             

                                0.3 g                                          

              2-amino-5-nitrothiazole                                          

                                0.3 g                                          

PAR  The four portions were coated as in Example 1 and normalized
      (yellow/yellow-plus-blue) speed ratios and normalized forward speed were
      determined. Results presented in the following table indicate that the
      heterocyclic combinations reduced white light sensitivity of the Herschel
      direct positive emulsion.
TBL                TABLE IV                                                    

     ______________________________________                                    

     Heterocyclic  Normalized                                                  

                             Normalized                                        

     Combination   Ratio     Forward Speed                                     

     ______________________________________                                    

     A             2.0       0.75                                              

     B             1.8       0.87                                              

     C             2.8       0.25                                              

     ______________________________________                                    

PAC  EXAMPLE 8
PAR  Example 2 was repeated except that 0.2 g of 5-nitrobenzotriazole per mole
      silver chloride was used as the bleach inhibiting heterocyclic compound
      and 1.78 g of 2-amino-5-nitropyridine per mole silver chloride was used as
      the heterocyclic Dmin maintainer. The resulting normalized
      (yellow/yellow-plus-blue) speed ratio was 3.1 indicating that the
      adjuvants are inhibiting blue or white light bleaching. The resulting
      normalized forward speed was 0.1 indicating that the adjuvants maintain
      Dmin at a low value during white light exposure.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a Herschel reversal type direct positive silver halide emulsion
      having prefogged silver halide grains containing a desensitizing dye, the
      improvement comprising a combination of a bleach inhibiting compound which
      retards bleaching of fogging nuclei by short wavelength radiation and a
      different Dmin maintainer compound which inhibits residual latent image
      formation said bleach inhibiting compound being selected from the group
      consisting of 5-nitrobenzotriazole, 5-chlorobenzotriazole,
      6-amino-2-(methylthio)-benzothiazole,
      6-methyl-2-(p-amino-phenyl)-benzothiazole, 2-amino-6-methylbenzothiazole,
      2-amino-6-methoxybenzothiazole, 2-amino-5,6-dimethylbenzothiazole,
      6-amino-2-methyl-7-nitrobenzothiazole, 6-amino-4-mercaptobenzothiazole,
      2-amino-5-nitrothiazole, 2-aminothiazole, 2-amino-4-methylthiazole,
      2-amino-4,5-dimethylthiazole, 2-amino-5-(p-nitrophenyl-sulfonyl)-thiazole,
      2-acetaminothiazole, 2-amino-4-phenyl-5-ethylthiazole,
      2-amino-4-(chloromethyl) thiazole-HCl, 2-amino-5-nitrothiazole,
      2,4-dihydroxythiazole-5-acetic acid, 2-amino-5-bromothiazole,
      2-amino-5-ethyl-4-phenyl-oxazole, 4-amino-6-chloro-5-nitropyridine,
      5-aminoindiazole, 4-benzoylimino-3-t-butyl-1,3-thiazilidine-2-thione,
      4-benzoylimino-3-phenyl-1,3-thiazilidine-2-thione, and said Dmin
      maintainer compound being selected from the group consisting of
      2-amino-5-nitropyridine, 2-amino-4-methyl-2-nitropyridine,
      2-amino-4-methyl-3-nitropyridine, 2-amino-3-nitropyridine,
      pyromellitimide, 5-nitroindazole, 6-nitroindazole,
      3-chloro-5-nitroindazole, 3-chloro-6-nitroindazole, 5-nitrobenzotriazole,
      6-chlorobenzotriazole, benzotriazole, 3-amino-1H-1,2,3,-triazole,
      2-amino-5-nitrothiazole, 2-methyl-6-nitrobenzothiazole,
      2-mercapto-6-nitrobenzothiazole,
      2-acetamido-5-(p-nitrophenylmercapto)-thiazole,
      6-amino-2-methyl-7-nitrobenzothiazole, 2-amino-5-chlorobenzoxazole,
      2-nitrothiophene, 5-nitrobenzimidazole, 5-nitro-2-benzimidazole-thiol,
      8-nitro-quinoline, m-nitrobenzamidine, 5-nitroanthraquinone sulfonic acid
      and p-nitrobenzenediazonium fluoborate.
NUM  2.
PAR  2. A direct positive silver halide emulsion according to claim 1 wherein
      said bleach inhibiting compound is 5-nitrobenzotriazole and said Dmin
      maintainer compound is 2-amino-5-nitropyridine.
NUM  3.
PAR  3. Photographic material comprising a support bearing a layer of the direct
      positive silver halide emulsion of claim 1.
NUM  4.
PAR  4. A method of producing a direct positive print with improved contrast
      comprising imagewise exposing the photographic material of claim 3 to
      actinic light and developing the exposed material to produce a direct
      positive print.
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ABST
PAL  An aqueous developable subtractive printing plate is presented comprising a
      photosensitized hydrophilic surface having a photosensitive
      diazo-borofluoride salt thereon.
PAL  A method for making a photosensitized printing plate is also presented
      wherein a photosensitive diazo-borofluoride salt is coated on the plate.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of U.S. application Ser. No.
      288,043 filed Sept. 11, 1972, now U.S. Pat. No. 3,837,858.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to photosensitive planographic printing
      plates and to a method for their preparation. More particularly, this
      invention relates to an aqueous developable subtractive printing plate and
      the method of manufacture thereof.
PAR  Photosensitive planographic printing plates are generally of two types. One
      type is the so-called additive type. This form of printing plate requires
      the application of an oleophilic protective coating or lacquer to the
      image on the plate after exposure and during or after development thereof
      in order for the image area of the plate to be able to accept ink and
      otherwise perform satisfactorily on a lithographic printing press.
PAR  The other type of printing plate is the so-called subtractive printing
      plate; i.e., plates whose developer removes photosensitive material from
      the non-image areas but adds nothing to the image areas. The image areas
      already have a sufficient oleophilicity to accept ink and otherwise
      perform satisfactorily on the lithographic press.
PAR  In connection with the additive type of plate the protective coating is
      usually applied to the plates using a so-called lacquer developer which
      generally comprises a two-phased oil in water emulsion in which the
      polymeric coating materials are dissolved in the oil phases. Proper
      development of any additive plate with a lacquer developer requires a
      considerable amount of skill in order to obtain a uniform coating of the
      lacquer on the image. The additive type printing plates are especially
      difficult to process where the images comprise large solid areas, type
      image reverses and fine screen areas. The development of the subtractive
      type plates requires less skill due to the fact that nothing need be done
      or added to the image area.
PAR  Although more advantageous than the additive type of plates, there are also
      several disadvantages associated with conventional prior art subtractive
      type plates. Most commercially available subtractive lithographic printing
      plates and their developers are unsatisfactory from safety and ecological
      standpoints. Such developers usually contain toxic organic constituents
      and/or harsh alkaline or acidic ingredients. Also, the plates themselves
      often are made with a thick coating which is not soluble in the developer
      or in tap water and hence, once pushed off the non-image areas of the
      plate by the developers, collects in and plugs drains as a rubbery-like
      sludge. Moreover, the organic constituents of the developers are only
      slowly biodegradable while others have high biological and chemical oxygen
      demands thereby being highly disadvantageous from an ecological
      standpoint.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, there is provided a photosensitive, subtractive
      negative-working printing plate comprising a hydrophilic substrate coated
      with a diazo-resin photosensitizer and in intimate contact therewith a
      layer containing a photosensitive, solvent soluble, diazo-borofluoride
      salt. The plate of the invention is subtractive and can be developed by a
      developer which is water or an aqueous solution in which the ingredients
      other than water are harmless and/or easily biodegradable or are present
      in extremely small quantities.
PAR  The preferred form of the invention having the above advantages is a
      presensitized lithographic printing plate having a stabilized water
      soluble diazo resin system in intimate contact with a layer which is
      predominantly a photosensitive solvent soluble diazo-borofluoride salt.
PAR  The invention also comprises a method for making the above plates.
PAR  The invention also comprises a method which can be used to convert normally
      additive printing plates based on water soluble diazo resins to
      subtractive plates by coating the photosensitive surface with a layer
      which is predominantly photosensitive solvent soluble diazo-borofluoride
      salt, the resulting plate having the development advantages mentioned
      above.
PAR  Accordingly, one object of the present invention is to provide novel and
      improved subtractive-type photosensitive printing plates, the processing
      and development of which are not subject to the disadvantages associated
      with those of the prior art.
PAR  Another object of the invention is to provide a novel and improved method
      for manufacturing the above plates.
PAR  Still another object of the present invention is to provide a novel and
      improved printing plate and method of manufacture thereof wherein a
      normally additive printing plate having a water soluble diazo resin
      sensitizer is converted to a subtractive plate free of many of the
      problems of prior art subtractive plates.
PAR  Other objects and advantages will be apparent to and understood by those
      skilled in the art from the following detailed description.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The planographic printing plates of the present invention comprise
      suitable, self-supporting substrates having a printing surface comprising
      a hydrophilic material photosensitized with a first layer of a water
      soluble diazo resin coating reactive to light and capable of being
      developed to define hydrophobic, oleophilic printing and hydrophilic,
      oleophobic nonprinting areas wherein the printing surface also contains in
      intimate contact with the diazo resin a second layer of a photosensitive,
      solvent soluble diazo-borofluoride salt over the first water soluble diazo
      resin layer.
PAR  The method of the invention comprises treating a planographic printing
      plate having a printing surface comprising a hydrophilic material
      photosensitized with a first layer of a water soluble diazo resin coating
      reactive to light to define hydrophobic, oleophilic printing and
      hydrophilic, oleophobic nonprinting areas in the printing surface by
      coating the diazo resin surface with a second layer of a photosensitive,
      solvent soluble diazo-borofluoride salt reactive to the same light as the
      diazo resin, which treatment renders the printing plates susceptible to
      subtractive development and provides an increased oleophilic printing
      surface in the defined printing areas.
PAR  The water soluble diazo resin and the solvent soluble diazo-borofluoride
      must be present in two layers with the coating of the diazo-borofluoride
      being on top of the diazo resin. The diazo-borofluoride salt may also aid
      in stabilizing the diazo resi, i.e. improve its shelf life, as well as
      contributing to the subtractive nature of the plate.
PAR  The substrates which may be employed as printing plate bases are well-known
      in the art. Generally, these comprise self-supporting substrates the
      uppermost surface of which is hydrophilic. Suitable materials include
      passivated metals or suitable coated paper or plastic substrates. It is to
      be understood that no criticality is attached to the particular substrate
      employed and that any of those conventionally employed in the art may be
      utilized.
PAR  The hydrophilic substrate is generally coated with a photosensitive diazo
      resin which is reactive image-wise to light to define, upon development
      with an additive lacquer developer, hydrophobic, oleophilic,
      ink-receptive, printing areas and hydrophilic, oleophobic, nonprinting
      areas in the printing surface.
PAR  Light sensitive diazo resins for photosensitizing printing plates, such as
      aldehyde condensation products of a p-diazo diphenyl amine stabilized with
      metal salts are well-known in the art. Such resins are also available
      commercially, e.g. Diazo Resin No. 4 supplied by Fairmount Chemical
      Company. This material is described as a diazonium sulphate-zinc chloride
      double salt. Early U.S. Pats. covering diazo resins include Nos. 2,063,631
      and 2,679,498. It is to be understood that any of the diazo resins
      disclosed therein and/or used in the art may be utilized according to the
      present invention to form the diazo resin layer or coating.
PAR  Methods for sensitizing printing plates with diazo resins are well-known in
      the prior art as evidenced by the disclosures of above noted patents and
      U.S. Pat. No. 2,714,066. Generally, the plates are coated with a water or
      water-alcohol solution of the diazo resin to provide a sensitized plate.
      Generally, a coating of from about 10mg/sq. meter to about 500 mg/sq.
      meter of the resin is provided on the plate. The photosensitizer may be
      applied from any suitable solvent solution employing any of the
      conventional coating means.
PAR  Especially suitable for use as the sensitized plate according to the
      present invention are the photosensitive printing plates stabilized in
      accordance with the invention described in my copending application Ser.
      No. 288,042, filed concurrently with application Ser. No. 288,043, now
      U.S. Pat. No. 3,837,858, of which the present application is a
      continuation-in-part. Briefly, the invention described therein comprises
      stabilizing diazo resin photosensitized planographic printing plates with
      complexes of metal salts and diazo salts. The disclosure of said
      application is also incorporated herein by reference. In the use of such
      plates in this invention a coating of solvent soluble diazo-borofluoride
      salt is applied to a plate coated with a photosensitizable diazo resin
      stabilized with a complex of metal salt and diazo salt.
PAR  Suitable diazo-borofluoride salts for use according to the present
      invention include the photosensitive, solvent soluble diazo-borofluoride
      salts. The preferred salts are p-diazo-2,5-di(lower
      alkoxy)-1-(p-tolylmercapto) benzene borofluorides. The most preferred salt
      is p-diazo-2,5, diethoxy-1-(p-tolylmercapto) benzene borofluoride. Other
      suitable salts are 1-diazo-2,5-diethoxy-4-morpholinobenzene borofluoride;
      1-diazo-2-chloro-5-methoxy-4-methylaniline borofluoride; and
      1-diazo-3-methyl-4-pyrrolidinobenzene borofluoride, although the last
      named salt produces a plate inferior to the other named salts.
PAR  In order to achieve the objects of the invention, it is necessary that the
      diazo-borofluoride salts be in intimate contact with the diazo resin. This
      is achieved by coating the precoated diazo resin plate with the
      borofluoride salt.
PAR  The preferred method of coating the precoated diazo resin plate is with a
      solution of the borofluoride salt. Any of several solvents for the salt
      may be employed. The only criticality connected with the solvent is that
      it must be a non-solvent for the diazo resin and other ingredients of the
      photosensitive coating. Suitable solvents include, but are not limited to,
      methyl ethyl ketone, cyclohexanone, diacetone alcohol, 2-nitropropane, and
      methyl cellosolve.
PAR  Any of the conventional coating methods may be employed to coat the
      borofluoride-diazo salt on the photosensitive surface.
PAR  The printing plates of the invention are of the subtractive type and can,
      after exposure to a light pattern in standard manner, be developed with
      water or with aqueous solutions in which the ingredients other than water
      are harmless and/or easily biodegradable or are present in extremely small
      quantities. The developed image accepts ink readily. The background is
      hydrophilic and oleophobic. It appears that the water passes through the
      upper coating of diazo-borofluoride salt to dissolve the unexposed diazo
      resin and wash away both the unexposed resin of the lower layer and the
      diazo-borofluoride salt above the unexposed resin. The diazo-borofluoride
      coating in the areas above the exposed diazo resin areas which have become
      insoluble upon exposure to light remains as a reacted coating on the
      exposed areas; and that reacted diazo-borofluoride coating forms the
      actual ink receiving and printing surface.
PAR  Generally the developers should have a pH value below 9 for speedy
      development. Generally, the higher the pH above 9 the slower the
      development. If the pH value is too low the substrate may be attacked.
      Where a metal substrate is employed a gum-type additive may be
      incorporated in acidic developer solutions.
PAR  After development the plate may be finished by applying gum arabic, or any
      well known gum substitute, in accordance with standard finishing
      practices.
PAR  Suitable aqueous developer solutions are as follows:
PA1  A. water
PA1  B. 11% gum arabic and 4.5% phosphoric acid (with and without 10% methyl
      cellosolve)
PA1  C. 5.5% gum arabic and 2.8% phosphoric acid
PA1  D. 2-arabogalactan gum and 2% citric acid
PA1  E. 2% arabogalactan gum and 5% citric acid
PA1  F. 2% arabogalactan gum and 10% citric acid
PA1  G. 2% gum arabic and 2% citric acid
PA1  H. 2% citric acid
PA1  I. 2% phosphoric acid
PA1  J. 2% sodium acetate
PAR  It has also been determined that the incorporation of a minor amount (less
      than 50% by weight, 10%-45% being very effective) of an organophilic,
      hydrophobic water insoluble organic resin in the upper coating of
      diazo-borofluoride will contribute to a substantial lengthening in running
      life of the plate (the percentages being percentages of the water
      insoluble resin in the coating after evaporation of the solvent). Such
      resins include polyvinylacetate (e.g. "AYAT" Union Carbide Co.), polyvinyl
      chloride-polyvinylacetate copolymers (e.g. Union Carbide's VYLL, VYSH, and
      VMCH) and styrene-butadiene copolymers (e.g. Goodyear's Pliolite S-5B).
PAR  It has also been determined that a particularly effective coating
      configuration is about 20 mg/ft.sup.2 of total coating of both the lower
      diazo resin and the upper diazo-borofluoride salt, divided about 10
      mg/ft.sup.2 of each. Coating weight can, in some situations be as low as
      about 1.5 mg/ft.sup.2 for each layer (i.e. a total of 3 mg/ft.sup.2).
      Conversely, weights of up to 15 mg/ft.sup.2 for each layer have been also
      determined to be effective, and higher weights may be effective. The
      concentrations of materials used in solutions for forming the coatings
      will vary depending on the desired coating weight and the particular
      coating process used. To enhance water developability it is important that
      the coating of the lower diazo resin be thick enough to cover the high
      points of any surface finish or graining on the substrate.
PAR  In the following examples, percentages will be weight percentages unless
      otherwise indicated.
PAC  EXAMPLE 1
PAR  An electrochemically grained, specially anodized, unsealed aluminum was
      coated first with a solution containing:
PA1  1.5% (by weight) of the condensation product of p-diazodiphenylamine
      sulfate with formaldehyde (e.g. Fairmount Chemicals'  Diazo Resin No. 4).
PA1  1.5% (by weight) p-diazo-N,N-diethylaniline-zinc chloride complex (e.g.
      Fairmount Chemicals' DE-40) in a 4/1 (by volume) mixture of
      water/n-propanol.
PAR  The coated aluminum, either sheet or coil, was dried and then was coated
      with a second solution which contained:
PA1  3.0% (by weight) p-diazo-2,5-diethoxy-1-(p-tolylmercapto) benzene
      borofluoride (e.g. Sobin Chemicals' DET.BF4) in methyl ethyl ketone.
PAR  The coated aluminum was again dried.
PAR  Printing plates cut from this aluminum are believed stable in the dark for
      greater than six months, and when freshly prepared passed an accelerated
      heat age test of 24 hours at 70.degree.C (and low relative humidity)
      without difficulty. (Tests show that unexposed plates which pass a heat
      age test of 21 hours at 70.degree.C and low R.H. are stable for greater
      than six months under normal room temperature conditions. Passing this
      test means that the unexposed plate is subjected to the high temperature
      and then is prepared for and run on press without difficulty, i.e. the
      plate develops easily, does not give a toning problem or scumming problem
      on press, and the image prints normally).
PAR  To prepare the plate for press, the plate was exposed to an
      ultraviolet-rich light source through a photographic negative. The plate
      thus exposed had a visible image area.
PAR  A plate prepared in the above manner developed easily with either of the
      following developers:
PA1  A. water with 11% gum arabic, 4.5% phosphoric acid and 10% methyl
      cellosolve, or
PA1  B. water with 1% sulfuric acid and 10% diacetone alcohol.
PAR  The developer removes the unwanted photosensitive materials from the
      non-printing areas leaving in the image areas the tough, oleophilic,
      ink-receptive, water insoluble coating which has formed by photoinitiated
      reactions caused by the exposure to UV light.
PAR  The plate was then rinsed with water to rinse away the developer and the
      unwanted photosensitive materials (alternatively, the developer and the
      unwanted photosensitizers can be wiped off the plate using a dry cloth).
      The plate was then finished with a solution of gum arabic (or with one of
      the gum type substitutes) -- such finishing is standard practice on
      aluminum-based printing plates in the lithographic industry.
PAR  The plate thus prepared, i.e. developed with either of the developers
      noted, rolled up (i.e. accepted ink) quickly on a lithographic printing
      press, and ran in excess of 40,000 high-quality printing impressions
      without difficulty.
PAC  EXAMPLE 2
PAR  A mechanically roughened (by wire brushes) aluminum sheet or plate was
      provided with a silicate film on at least one surface by means of reaction
      of said surface with an aqueous alkali metal silicate solution, and then
      washed free of residual alkali. The aqueous metal silicate solution was a
      suspension of powdered sodium silicate having a ratio of SiO.sub.2
      :Na.sub. 2 O of 1:3.28 in 42.degree. Baume sodium silicate solution having
      a ratio of SiO.sub.2 :Na.sub.2 O of 1:3.25.
PAR  The dried silicated aluminum sheet was coated first with a solution
      containing:
PA1  1.5% Diazo Resin No. 4 (See Example 1.)
PA1  0.75% p-diazo-2,5-diethoxy-1-(p-tolylmercapto) benzene zinc chloride
PA1  0.375% p-diazo-N,N-diethylaniline zinc chloride
PA1  0.13% Acid Fuchsin (C.I. No. 42685)
PAL  in 2/1 water/n-propanol.
PAR  The coated aluminum, either sheet or coil, was dried and was then coated
      with a solution of
PA1  4.0% DET.BF 4 (See Example 1.) and
PA1  0.2% Victoria Pure Blue B.O. (Available from E.I. duPont de Nemours &
      Company)
PAL  in 2-nitropropane.
PAR  The coated aluminum was again dried. Printing plates cut from this coated
      aluminum pass a 21-hour at 70.degree.C heat acceleration test, and
      therefore (as discussed in Example 1) are believed stable for six months
      in a dark place.
PAR  To prepare the plate for press, the plate was exposed to an
      ultraviolet-rich light source through a photographic negative. The plate
      thus exposed had a visible image area.
PAR  A plate prepared in the above manner developed easily with a solution of
PA1  3.9% gum arabic and
PA1  0.25% sulfuric acid
PAL  in water.
PAR  The developer removes the unwanted photosensitive materials from the
      non-printing areas leaving in the image areas the tough, oleophilic,
      ink-receptive, water insoluble coating which has formed by photoinitiated
      reactions caused by the exposure to UV light. The plate after development
      and finishing has a strong visible image.
PAR  The plate was then rinsed with water to rinse away the developer and the
      unwanted photosensitive materials (alternatively, the developer and the
      unwanted photosensitizers can be wiped off the plate using a dry cloth).
      The plate was then finished with a solution of gum arabic (or with one of
      the gum-type substitutes) -- such finishing is standard practice on
      aluminum-based printing plates in the lithographic industry.
PAR  The plate exposed, developed and finished rolled up quickly and printed
      many high-quality impressions.
PAC  EXAMPLE 3
PAR  An electrochemically grained, specially anodized, unsealed aluminum was
      coated first with a solution containing:
PA1  1.0% Diazo Resin No. 4 (See Example 1.)
PA1  1.75% p-diazo-N,N-diethyl-m-phenetidine zinc chloride
PAL  in 2/1 water/n-propanol.
PAR  The coated aluminum, either sheet or coil was dried and was then coated
      with a second solution which contains:
PA1  3.5% DET.BF4 (See Example 1.) in methyl ethyl ketone
PAR  A printing plate cut from this coated aluminum was exposed to an
      ultraviolet-rich light source through a photographic negative. The plate
      thus exposed had a visible image area.
PAR  A plate prepared in the above manner developed easily with the following
      developer:
PA1  Water with 11% gum arabic, 4.5% phosphoric acid and 10% methyl cellosolve.
PAR  The developer removed the unwanted photosensitive materials from the
      non-printing areas leaving in the image areas the tough, oleophilic,
      ink-receptive, water-insoluble coating formed by photoinitiated reactions
      caused by the exposure to UV light.
PAR  The plate was then rinsed with water to rinse away the developer and the
      unwanted photosensitive materials (alternatively, the developer and the
      unwanted photosensitizers can be wiped off the plate using a dry cloth).
      The plate was then finished with a solution of gum arabic (or with one of
      the gum-type substitutes) -- such finishing is standard practice on
      aluminum-based printing plates in the lithographic industry.
PAR  The plate thus prepared, rolled up (i.e. accepted ink) quickly on a
      lithographic printing press, and was determined to be capable of many
      high-quality printing impressions without difficulty.
PAC  EXAMPLE 4
PAR  An electrochemically grained, specially anodized, unsealed aluminum was
      coated first with a solution containing:
PA1  2.0% Diazo Resin No. 4 (See Example 1.)
PA1  1.0% p-diazo-N,N-diethylaniline zinc chloride with either
PA1  0.2% Victoria Pure Blue B.O. or 0.2% Ethyl Red in 72/28 water/n-propanol.
PAR  The coated aluminum was dried and was then coated with a second solution
      which contains:
PA1  4.0% DET.BF 4 (See Example 1.) with
PA1  0.2% Victoria Pure Blue B.O. or Ethyl Red in 2-nitro-propane.
PAR  To prepare the plate for press, the plate was exposed to an
      untraviolet-rich light source through a photographic negative. The plate
      thus exposed had a visible image area.
PAR  A printing plate prepared in the above manner developed easily with the
      following developer:
PA1  Water with 11% gum arabic and 0.69% sulfuric acid.
PAR  The developer removed the unwanted photosensitive materials from the
      non-printing areas leaving in the image areas the tough, oleophilic,
      ink-receptive, water-insoluble coating formed by photoinitiated reactions
      caused by the exposure to UV light.
PAR  The plate was then rinsed with water to rinse away the developer and the
      unwanted photosensitive materials (alternatively, the developer and the
      unwanted photosensitizers can be wiped off the plate using a dry cloth).
      The plate was then finished with a solution of gum arabic (or with one of
      the gum-type substitutes)  -- such finishing is standard practice on
      aluminum-based printing plates in the lithographic industry.
PAR  The plate thus prepared rolled up (i.e. accepted ink) quickly on a
      lithographic printing press, and was determined to be capable of many
      high-quality printing impressions without difficulty.
PAC  EXAMPLE 5
PAR  An electrochemically grained, specially anodized, unsealed aluminum was
      coated first with a solution containing:
PA1  2.0% Diazo Resin No. 4 (See Example 1.)
PA1  2.0% p-diazo-N,N-diethylaniline zinc chloride
PAL  in 75/25 water/n-propanol.
PAR  The coated aluminum was dried and was then coated with a second solution
      which contains:
PA1  4.0% DET.BF 4 (See Example 1.)
PA1  1.0% polyvinylacetate (e.g. Union Carbide's AYAT)
PA1  0.2% victoria Pure Blue B.O.
PAL  in 2-nitropropane.
PAR  To prepare the plate for press, the plate was exposed to an
      ultraviolet-rich light source through a photographic negative. The plate
      thus exposed had a visible image area.
PAR  A printing plate prepared in the above manner developed easily with either
      of the following developers:
PA1  A. water
PA1  B. water with 3.9% gum arabic and 0.25% sulfuric acid, or
PA1  C. water with 2% sodium acetate
PAR  The developer removed the unwanted photosensitive materials from the
      non-printing areas leaving in the image areas the tough, oleophilic,
      ink-receptive, water-insoluble coating formed by photoinitiated reactions
      caused by the exposure to UV light.
PAR  The plate was then rinsed with water to rinse away the developer and the
      unwanted photosensitive materials (alternatively, the developer and the
      unwanted photosensitizers can be wiped off the plate using a dry cloth).
      The plate was then finished with a solution of gum arabic, (or with one of
      the gum type substitutes) -- such finishing is standard practice on
      aluminum-based printing plates in the lithographic industry.
PAR  A plate thus prepared and developed with developer B, rolled up (i.e.
      accepted ink) quickly on a lithographic printing press, and ran in excess
      of 65,000 high-quality printing impressions without difficulty. This plate
      also passed an accelerated heat age test of 21 hours at 70.degree.C and at
      low relative humidity.
PAC  EXAMPLE 6
PAR  An electrochemically grained, specially anodized, unsealed aluminum was
      coated first with a solution containing:
PA1  1.5% Diazo Resin No. 4 (See Example 1.)
PA1  0.75% p-diazo-N,N-diethylaniline zinc chloride
PA1  0.2% Acid Fuchsin
PAL  in 72/28 water/n-propanol.
PAR  The coated aluminum, either sheet or coil, was dried and was then coated
      with a second solution which contains:
PAR  4% p-diazo-2,5-diethoxy-1-morpholinobenzene borofluoride in 2-nitropropane.
PAR  To prepare the plate for press, the plate was exposed to an
      ultraviolet-rich light source through a photographic negative. The plate
      thus exposed had a visible image area.
PAR  A printing plate prepared in the above manner developed easily with the
      following developer:
PA1  Water with 11% gum arabic and 5.6% citric acid
PAR  The developer removed the unwanted photosensitive materials from the
      non-printing areas leaving in the image areas the tough, oleophilic,
      ink-receptive, water insoluble coating formed by photoinitiated reactions
      caused by the exposure to UV light.
PAR  The plate was then rinsed with water to rinse away the developer and the
      unwanted photosensitive materials (alternatively, the developer and the
      unwanted photosensitizers can be wiped off the plate using a dry cloth).
      The plate was then finished with a solution of gum arabic (or with one of
      the gum-type substitutes) -- such finishing is standard practice on
      aluminum-based printing plates in the lithographic industry.
PAR  A plate thus prepared rolled up (i.e. accepted ink) quickly on a
      lithographic printing press, and was determined to be capable of many
      high-quality printing impressions without difficulty.
PAC  EXAMPLE 7
PAR  An electrochemically grained, specially anodized, unsealed aluminum was
      coated just with a photosensitizing solution containing:
PA1  0.75% (by weight) Diazo Resin No. 4,
PA1  0.52% (by weight) p-diazo-2,5-diethoxy-1 -(p-tolymercapto) benzene zinc
      chloride,
PA1  0.3% (by weight) p-diazo-N,N-diethylaniline zinc chloride, in 4/1
      water/n-propanol, and
PA1  0.03% (by weight) wetting agent, Triton X-100 (Rohm, Hass)
PAR  The coated aluminum, either sheet or coil, was slowly air dried, and then
      was coated with a second solution which contained:
PA1  4.0% (by weight) p-diazo-2,5-diethoxy-1-(p-tolymercapto) benzene
      borofluoride,
PA1  0.28% (by weight) a copolymer of vinyl chloride and vinyl acetate (e.g.
      Union Carbide's VMCH),
PA1  2.0% (by weight) a copolymer of butadiene and styrene (e.g. Goodyear's
      Pliolite S-5B),
PA1  0.2% (by weight) Victoria Pure Blue B.O., in 2-nitropropane.
PAR  The coated aluminum was dried to drive off the solvent.
PAR  Printing plates cut from this coated material pass a 21 hour at 70.degree.C
      heat acceleration test (i.e. they develop normally after such high
      temperature aging) and are stable for six months in a dark cool place.
PAR  To prepare printing plates cut from the sensitized material for press, the
      plate was exposed to an ultraviolet-rich light source through a
      photographic negative. The plate thus exposed had a strong visible image.
      A plate sensitized and exposed in the above manner developed easily with
      water alone or with acidic aqueous solutions of gum arabic such as 10% gum
      arabic adjusted to pH2with sulfuric acid.
PAR  The developer removes the unwanted photosensitive materials from the
      non-printing areas, leaving a tough oleophilic, ink-receptive, water
      insoluble coating in the image area, which tough coating has been formed
      by photoinitiated reactions upon the exposure to UV-rich light. The plate
      was then rinsed with water to rinse away the developer and the unwanted
      (unreacted) photosensitive materials (or the developer and unwanted
      photosensitizer can be wiped with a cloth or otherwise removed from the
      plate). The plate was then finished with a solution containing gum arabic
      -- such finishing being standard practice on aluminum-based printing
      plates in the lithographic industry.
PAR  A plate processed in this manner rolled up (i.e. accepted ink) quickly on a
      printing press and printed many (over 50,000) high-quality copies.
PAC  EXAMPLE 8
PAR  An electrochemically grained, specially anodized, unsealed aluminum was
      coated just with a photosensitizing solution containing;
PA1  1.1% (by weight) Diazo Resin No. 4,
PA1  1.9% (by weight) p-diazo-N,N-diethylaniline zinc chloride,
PA1  0.03% (by weight) wetting agent, Triton X-100 (Rohm, Hass).
PAR  The coated aluminum, either sheet or coil, was slowly air dried, and then
      was coated with a second solution which contained:
PA1  4.5% (by weight) p-diazo-2,5-diethoxy-1-(p-tolylmercapto) benzene
      borofluoride,
PA1  2.25% (by weight) a copolymer of butadiene and styrene (e.g. Goodyear's
      Pliolite S-5B),
PA1  0.3% (by weight) Victoria Pure Blue B.O., in 2-nitropropane.
PAR  The coated aluminum was dried to drive off the solvent.
PAR  Printing plates cut from this coated material pass a 21 hour at 70.degree.C
      heat acceleration test (i.e. they develop normally after such high
      temperature aging) and are stable for six months in a dark cool place.
PAR  To prepare printing plates cut from the sensitized material for press, the
      plate was exposed to an ultraviolet-rich light source through a
      photographic negative. The plate thus exposed had a strong visible image.
      A plate sensitized and exposed in the above manner developed easily with
      water alone or with acidic aqueous solutions of gum arabic such as 10% gum
      arabic adjusted to pH2 with sulfuric acid.
PAR  The developer removes the unwanted photosensitive materials from the
      non-printing areas, leaving a rough oleophilic, ink-receptive, water
      insoluble coating in the image area, which tough coating has been formed
      by photoinitiated reactions upon the exposure to UV-rich light. The plate
      was then rinsed with water to rinse away the developer and the unwanted
      (unreacted) photosensitive materials (or the developer and unwanted
      photosensitizer can be wiped with a cloth or otherwise removed from the
      plate). The plate was then finished with a solution containing gum arabic
      -- such finishing being standard practice on aluminum-based printing
      plates in the lithographic industry.
PAR  A plate processed in this manner rolled up (i.e. accepted ink) quickly on a
      printing press and printed many (over 50,000) high-quality copies.
PAC  EXAMPLE 9
PAR  An electrochemically grained, specially anodized, unsealed aluminum sheet
      was coated first with a photosensitizer solution containing:
PA1  1.5% Diazo Resin No. 4,
PA1  2.4% p-diazo-N,N-diethylaniline zinc chloride in 4/1 water/n-propanol.
PAR  The coated aluminum was slowly air dried at room temperature to drive off
      the water and n-propanol and then was coated with a second solution which
      contained:
PA1  2% 1-diazo-2-chloro-5-methoxy-4-dimethylaniline borofluoride,
PA1  0.2% Victoria Pure Blue B.O. in cellosolve.
PAR  The sheets where allowed to dry slowly at room temperature until fully dry.
PAR  To prepare printing plates from the sensitized material for press, the
      plate was exposed to an ultraviolet-rich light source through a
      photographic negative. The plate thus exposed had a strong visible image.
      A plate sensitized and exposed in the above manner developed easily with
      water alone or with an acidic aqueous solution of gum arabic.
PAR  Upon development, the unwanted photosensitive materials were removed from
      the non-printing areas, leaving a tough oleophilic, ink-receptive, water
      insoluble coating in the image area, which tough coating was formed by
      photoinitiated reactions upon the exposure to UV-rich light. The developed
      plate, with the unreacted photosensitive materials having been rinsed,
      wiped or otherwise removed from the plate, was then finished with a
      solution containing gum arabic -- such finishing being standard practice
      on aluminum-based printing plates in the lithographic industry.
PAR  A plate processed in the described manner accepted ink quickly on a
      printing press and printed more than 55,000 high-quality copies.
PAC  EXAMPLE 10
PAR  An electrochemically grained, specially anodized, unsealed aluminum sheet
      was coated first with a photosensitizer solution containing:
PA1  1.5% Diazo Resin No. 4,
PA1  2.4% p-diazo-N,N-diethylaniline zinc chloride in 4/1 water/n-propanol.
PAR  The coated aluminum was slowly air dried at room temperture to drive off
      the water and the n-propanol and then was coated with a second solution
      which contained:
PA1  4% 1-diazo-2,5-diethoxy-4-morpholinobenzene borofluoride,
PA1  0.3% Victoria Pure Blue B.O. in 2-nitropropane.
PAR  The sheets were allowed to dry slowly at room temperature until fully dry.
PAR  To prepare printing plates from the sensitized material for press, the
      plate was exposed to an ultraviolet-rich light source through a
      photographic negative. The plate thus exposed had a strong visible image.
      A plate sensitized and exposed in the above manner was easily developed
      with water alone or with acidic aqueous solutions of gum arabic.
PAR  Upon development, the unwanted photosensitive materials were removed from
      the non-printing areas, leaving a tough oleophilic, ink-receptive, water
      insoluble coating in the image area, which tough coating was formed by
      photoinitiated reactions upon the exposure to UV-rich light. The developed
      plate, with the unreacted photosensitive materials having been rinsed,
      wiped or otherwise removed from the plate, was then finished with a
      solution containing gum arabic -- such finishing being standard practice
      on aluminum-based printing plates in the lithographic industry.
PAR  A plate processed in the described manner accepted ink quickly on a
      printing press and printed more than 40,000 high-quality copies.
PAR  While preferred embodiments have been shown and described, various
      modifications and substitutions may be made thereto without departing from
      the spirit and scope of the invention. Accordingly, it is to be understood
      that the present invention has been described by way of illustration and
      not limitation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A planographic printing plate having:
PA1  a hydrophilic substrate;
PA1  a first coating containing a water soluble light reactive diazo resin on
      said substrate; and
PA1  a second coating containing a photosensitive solvent-soluble
      diazo-borofluoride salt and an organophilic hydrophobic water insoluble
      resin over and in intimate contact with said diazo resin, said
      organophilic hydrophobic water insoluble resin being less than 50% by
      weight of said second coating;
PA1  said plate being developable by water or aqueous solution whereby areas of
      the diazo resin unexposed to light and areas of the diazo-borofluoride
      salt thereover are washed away to define hydrophilic oleophobic
      non-printing areas, and areas of the diazo resin exposed to light and the
      diazo-borofluoride salt thereover define hydrophobic oleophilic printing
      areas.
NUM  2.
PAR  2. The printing plate of claim 1 wherein:
PA1  the amount of said water insoluble resin in said second coating is from 10%
      to 45% by weight.
NUM  3.
PAR  3. The printing plate of claim 1 wherein:
PA1  said water insoluble resin is selected from the group including
      polyvinylacetate, copolymers of polyvinylacetate and polyvinyl chloride,
      and styrene-butadiene copolymers.
NUM  4.
PAR  4. The printing plate of claim 3 wherein:
PA1  said diazo-borofluoride salt is present as the principal constituent in
      said layer coated over said diazo resin coating.
NUM  5.
PAR  5. The printing plate of claim 1 wherein said diazo resin is stabilized to
      provide extended storage capability.
NUM  6.
PAR  6. The printing plate of claim 5 wherein said diazo resin is stabilized
      with a complex of zinc chloride and a photosensitive diazo salt.
NUM  7.
PAR  7. The printing plate of claim 1 wherein said diazo resin is the
      condensation product of a diazo salt and an aldehyde.
NUM  8.
PAR  8. The printing plate of claim 1 wherein said diazo-borofluoride salt is a
      p-diazo-2,5-di(lowery alkoxy)-1-(p-tolylmercapto) benzene borofluoride.
NUM  9.
PAR  9. The printing plate of claim 1 wherein said diazo-borofluoride salt is
      p-diazo-2,5-diethoxy-1-(p-tolylmercapto) benzene borofluoride.
NUM  10.
PAR  10. The printing plate of claim 1 wherein said diazo-borofluoride salt is
      p-diazo-2,5-diethoxy-1-(p-tolylmercapto) benzene borofluoride;
      p-diazo-2,5-dimethoxy-1-(p-tolylmercapto) benzene borofluoride;
      1-diazo-2,5-diethoxy-4-morpholino benzene borofluoride;
      1-diazo-2-chloro-5-methoxy-4-methylaniline borofluoride; and
      1-diazo-3-methyl-4-pyrrolidinobenzene borofluoride.
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PAL  A color photographic silver halide light-sensitive material which comprises
      a support having thereon at least two light-sensitive layers, at least one
      of said layers containing a compound capable of coupling with an oxidation
      product of a color developing agent and in which splitable hetero aromatic
      ring containing a triazole or diazole ring is connected to the carbon atom
      in the coupling position, through the nitrogen atom in the 1-position of
      said triazole or diazole ring.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a color photographic light-sensitive
      material having improved color reproducibility and, more particularly, it
      is concerned with a color photographic light-sensitive material whose
      color image quality is improved by applying a compound which selectively
      shows a color correcting effect between layers.
PAR  2. Description of the Prior Art
PAR  Color photographic light-sensitive materials can be roughly classified into
      two groups: (1) color photographic light-sensitive materials which do not
      contain couplers (non-incorporated coupler system) wherein a developer
      containing a diffusible coupler is used; and (2) color photographic
      light-sensitive materials which contain couplers (incorporated coupler
      system) wherein non-diffusible couplers are incorporated independently in
      each of the light-sensitive layers of a light-sensitive material so as to
      maintain the independent function of each layer.
PAR  The latter system usually comprises a blue-sensitive emulsion layer (BL)
      which contains a yellow coupler and which is mainly sensitive to blue
      light (substantially to wavelengths less than about 500 nm), a
      green-sensitive emulsion layer (GL) which contains a magenta coupler and
      which is mainly sensitive to green light (substantially to wavelengths of
      about 500 - 600 nm), and a red-sensitive emulsion layer (RL) which
      contains a cyan coupler and which is mainly sensitive to red light
      (substantially to wavelengths longer than about 590 nm). These BL, GL and
      RL must perform their own independent functions. For this reason, the
      latter system further contains a so-called intermediare layer (ML), a
      filter layer (FL) for filtering out light including ultraviolet light, an
      anti-halation layer (AHL) and a protective layer (PL), thus forming a
      multi-layered stratal structure of two or more layers.
PAR  With the multi-layered incorporated-coupler color photographic
      light-sensitive materials, it is necessary that at least the BL, GL and RL
      should independently perform their functions in a fresh condition, upon
      storage of the unexposed material or upon imagewise exposure, and in the
      step of development-processing, so as to obtain excellent color
      reproducibility. In addition, it is necessary that the BL, GL and RL
      should independently possess appropriate spectral sensitization
      distributions in appropriate wave-length regions and contain couplers
      capable of providing color images having appropriate spectral absorptions.
      However, color photographic light-sensitive materials which have so far
      been developed possess numerous defects.
PAR  A first defect thereof in connection with color reproduction lies in the
      spectral adsorption characteristics of the colored images obtained from
      the couplers used. That is, sufficient light adsorption is not attained in
      a specific wave-length region and, in addition, the light absorption
      extends too widely to other wave-length regions, e.g., undesirably into
      shorter or longer wave-length regions. Of the yellow couplers, magenta
      couplers and cyan couplers, this defect is particularly conspicuous with
      magenta couplers. This defect results in a narrow color reproduction
      region of the color image, distortion of the color hue and, particularly,
      a reduction in saturation.
PAR  A second defect lies in that, during the step of development processing,
      the image development of a specific light-sensitive emulsion layer can
      cause coloration of the coupler contained in a neighboring light-sensitive
      emulsion layer. For example, in some cases, image development of the GL
      can induce coloration of a cyan coupler contained in the RL. These defects
      result from the diffusion of the oxidation products of the color
      developing agent, which are produced by the development of a specific
      light-sensitive layer, into a neighboring light-sensitive layer, color
      formation at the layer into which the oxidation products have diffused,
      and from the induction of chemical or physical development in the
      neighboring layer upon development of a specific light-sensitive layer.
PAR  A third defect lies in that a sensitizing dye used diffuses from a specific
      light-sensitive emulsion layer into an adjacent light-sensitive emulsion
      layer to sensitive the adjacent layer and provide an unsuitable spectral
      sensitization distribution.
PAR  The above-described defects will cause the so-called "color mixing" because
      the color image-forming reaction in a specific light-sensitive emulsion
      layer disadvantageously affects the neighboring light-sensitive emulsion
      layers which should be independent of the other layers and induces color
      image formation, which image overlaps the color image of the specific
      light-sensitive emulsion layer.
PAR  One known method to remove the above-described defects is a method of
      reducing "color mixing" itself by, e.g., providing an ML and an FL or
      incorporating in an ML a reducing compound such as a hydroquinone
      derivative or a phenol derivative, a scavenger for the oxidation product
      of a color developing agent, a colorless compound capable of coupling with
      it, a color coupler capable of forming a diffusible dye, a
      diffusion-inhibiting agent for a sensitizing dye or a coupler, such as
      fine silver halide grains colloidal silica, an anionic, amphoteric,
      nonionic or cationic surface active agent, a cationic hydrophilic
      synthetic polymer, polymer latex and the like. However, these methods are
      not satisfactory.
PAR  Another method for removing "color mixing" lies in the introduction of an
      element which is positively provided with a "color correcting" function.
      One such method involves using a colored coupler provided with an
      auto-masking function. Related methods are described in U.S. Pat. Nos.
      2,449,966; 2,455,170; 2,600,788; 2,428,054; 3,148,062; and 2,983,608 and
      British Pat. No. 1,044,778. However, with this method, the unexposed area
      is also strongly colored. Therefore, this method cannot be applied to
      positive color light-sensitive materials. This is attributed to the fact
      that, in the color development-processing step employed, the product
      formed as a result of the elimination of the eliminatable azoaryl group
      tends to cause fog, which deteriorates the graininess or granularity of
      the color image formed.
PAR  Another method involves using a so-called "DIR coupler." DIR couplers are
      those couplers described by C. R. Barr, J. R. Thirtle and P. W. Vittum,
      Photographic Science and Eng., vol. 13, pp. 74-80 (1969) and ibid,
      pp.214-217 (1969), or in U.S. Pat. No. 3,227,554. Usually, the use of a
      DIR coupler conspicuously brings about an intralayer (or intraimage)
      effect within a light-sensitive emulsion layer in which such is used by
      restraining the development therein, such as an improvement in graininess
      and an improvement in sharpness of color image by the edge effect in
      preference to the interimage (or interlayer) effect. It is generally known
      that a DIR coupler brings about an intraimage effect. However, since the
      DIR coupler which is disclosed in U.S. Pat. No. 3,227,554 causes a strong
      development-restraining effect upon color development at developing
      centers in proportion to imagewise exposure-image development, the use of
      a DIR coupler has the defect that gradation (gamma) is deteriorated or
      maximum color density (Dmax) is reduced. Therefore, in order to more
      effectively perform the function of "color correction" relating to the
      present invention, those couplers become necessary which exhibit an
      interimage effect rather than the effect of restraining development within
      a particular layer. In connection with a DIR coupler, the chemical
      structure of the compound which effectively exhibits the interimage effect
      rather than the intraimage effect cannot be determined by merely
      considering the chemical structures of the mother nucleus of known
      couplers or the chemical structures of the splitable groups thereof.
      Because, the effect of "color correction" due to a DIR coupler is obtained
      as a result of complicated factors, e.g., the independent or composite
      factors arising in the elimination-coupling reaction rate of DIR coupler,
      the development-restraining activity of the split group, the diffusibility
      thereof in a light-sensitive layer, the developing rate of each copresent
      light-sensitive emulsion itself, the coupling activity of the couplers
      copresent in the same layer or present in other layers, the mutual
      interaction with the compounds copresent in an ML or an FL, the spectral
      absorption characteristics of colored dye, and the like.
PAR  Thirdly, there is a method of using a substantially fogged emulsion or a
      direct positive emulsion, a method of using an internally fogged emulsion
      or an internal latent image emulsion, a method of employing the Luckey
      effect, or a like method. However, these methods of using silver halide
      photographic emulsions entail a reduction in sharpness due to exposure
      light-scattering effect of the grains therein, the difficulty in
      controlling the photographic properties of the emulsion, the photographic
      side effects, and the like.
PAR  Fourthly, there is a method of controlling the halide composition of silver
      halide emulsion itself which is used in each layer of the BL, GL and RL of
      the multi-layered structure, e.g., controlling the ratio of the content of
      iodide ion to bromide ion, controlling the distribution of a restraining
      element between the layers, and the like. However, the effect of "color
      correction" by controlling these factors is not satisfactory.
PAR  In addition, such factors as the developing agent content, the halide ion
      content the sulfite ion content, the hydrogen ion content and its
      buffering ability, the exhaustion degree thereof, and the like. However,
      the effect of "color correction" by controlling these factors is not
      satisfactory, either.
PAR  As the aforesaid DIR coupler, a 2-equivalent coupler having a
      2-benzotriazolyl group is already known, for example, as described in U.S.
      Pat. No. 3,617,291. As set forth in this patent, this coupler has an
      excellent 2-equivalent property and has an excellent property of emitting
      fluorescence. Furthermore, this coupler provides an excellent fast colored
      image and possesses a development-restraining property. However, this
      strong fluorescence-emitting property is disadvantageous for the purposes
      of the present invention. For example, when used for a positive
      light-sensitive material, this coupler reduces the optical density of a
      color image formed in an adjacent layer, which is different from this
      coupler-containing layer and which has substantially a different hue, and
      the coupler shifts the hue, resulting in a deterioration of the deep
      shadow gradation of the image. On the other hand, when used in a negative
      light-sensitive material, this coupler fluoresces due to exposure to light
      upon printing, thus reducing the sharpness of the printed image. The
      effects described in the specification of the aforesaid patent appear only
      in the colorless white area of a positive light-sensitive material using,
      particularly, a reflective support or only when the coupler is used in a
      layer closest to the support. In addition, this coupler strongly exhibits
      an intralayer effect and, as compared with this, this coupler exhibits a
      small interlayer effect. In addition this patent specification does not
      describe the effect of "color correction" with which the present invention
      is concerned.
PAR  An object of the present invention is to remove the abovedescribed defects
      and to provide a color light-sensitive material having an enhanced effect
      of "color correction."
PAR  More particularly, a primary object of the present invention is to improve
      the color reproducibility by using the coupler of the present invention
      which reduces gradation (gamma) or maximum color density (D.sub.max) to a
      lesser extent and provides interlayer effect or interimage effect.
PAR  Another object of the present invention is to provide a novel 2-equivalent
      coupler.
PAR  A further object of the present invention is to provide a novel coupler
      which can be inexpensively produced on an industrial scale with a stable
      quality using a process different from that employed for synthesizing
      conventional DIR coupler.
PAR  Still a further object of the present invention is to provide a
      non-fluorescing coupler in contrast to that described in U.S. Pat. No.
      3,617,291.
PAR  These and other object will become apparent from the detailed descriptions
      in the specification of the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  The above-described objects of the present invention are attained as
      follows. That is, the invention comprises incorporating a compound capable
      of coupling with an oxidation product of a color developing agent in a
      color photographic light-sensitive material comprising a support and at
      least two silver halide light-sensitive emulsion layers which layers
      provide color images, upon color development, substantially different from
      each other in hue (the compound being a compound containing splitable
      hetero aromatic ring containing a triazole or diazole ring bonded to the
      carbon atom in the coupling position through the nitrogen atom in the
      1-position of the triazole or diazole ring), alone or in combination with
      other coupler or couplers.
DRWD
PAC  BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
PAR  FIGS. 1 and 2 show the characteristic curves obtained in the Examples.
PAR  FIGS. 3 and 4 schematically illustrate the multi-layered structure of the
      light-sensitive materials used in the Examples.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The above-described compounds used in the present invention are
      substantially colorless couplers which provide an interlayer effect,
      perform the function of "color correction," and have a hetero ring
      containing a triazole ring or diazole ring connected to the coupling
      nucleus moiety of the coupler through the nitrogen atom located at
      1-position. The coupling nucleus moiety of the couplers of the present
      invention can also be selected from among, e.g., 4-equivalent couplers
      used in color light-sensitive materials. For example, there are
      illustrated 5-pyrazolone couplers, cyanoacetylcoumarone couplers,
      indazolone couplers, acylacetanilide couplers, pivaloylacetanilide
      couplers, aroylacetanilide couplers, naphthol couplers, phenol couplers,
      etc., for example.
PAR  Examples of magenta couplers are magenta couplers such as the
      5-pyrazolones, the cyanoacetylcoumarones adn the indazolones as disclosed
      in U.S. Pat. Nos. 2,600,788; 2,801,171; 2,908,573; 2,983,608; 3,046,129;
      3,062,653; 3,227,554.
PAR  Of the magenta couplers, those represented by the following general formula
      (I) are particularly useful;
      ##EQU1##
      wherein R.sub.1 represents an alkyl group (e.g., having 1 to 18 carbon
      atoms) such as a primary, secondary or tertiary alkyl group (e.g., methyl,
      propyl, n-butyl, t-butyl, hexyl, 2-hydroxyethyl, 2-phenylethyl, etc.), an
      aryl group (e.g., phenyl, tolyl, m-acylaminophenyl, etc., an alkoxy group
      (e.g., methoxy, ethoxy, benxyloxy, etc.), an aryloxy group (e.g., phenoxy,
      3,3'-dialkoxycarbonylphenyoxy, etc.) a hetero ring (e.g., quinolinyl,
      pyridyl, piperidyl, benzofuranyl, oxazolyl, etc.), an amino group (e.g.,
      methylamino, diethylamino, dibutylamino, phenylamino, tolylamino,
      4-(3-sulfobenzamino)anilino, 2-chloro-5-acylaminoanilino,
      2-chloro-5-alkoxycarbonylanilino, 2-trifluoromethylphenylamino, etc.), a
      carbonamido group (e.g., alkylcarbonamido, arylcarbonamido,
      heterocycliccarbonamido, sulfonamido, alkylsulfonamido, arylsulfonamido,
      heterocyclic sulfonamido, etc.), an ureido group (e.g., alkylureido,
      arylureido, heterocyclic ureido, etc.), and R.sub.2 represents an aryl
      group (e.g., naphthyl, phenyl, 2,4,6-trichlorophenyl,
      2-chloro-4,6-dimethylphenyl, 2,6-dichloro-4-methoxyphenyl, 4-methylphenyl,
      4-acylaminophenyl, 4-alkylaminophenyl, 4-trifluoromethylphenyl,
      3,5-dibromophenyl, etc.), a heterocyclic group (e.g., benzofuranyl,
      naphthoxazolyl, quinolinyl, etc.), an alkyl group such as a primary,
      secondary or tertiary alkyl group (e.g., methyl, ethyl, t-butyl, benzyl,
      etc.), and the like.
PAR  In addition, yellow couplers such as the open-chained acylacetonitrile
      yellow couplers, the acylacetyl yellow couplers and the open-chained
      acylacetanilide yellow couplers (e.g., pivalylacetanilide couplers,
      aroylacetanilide couplers, acylacetanilide couplers, etc.) are included,
      for example as described in U.S. Pat. Nos. 2,875,057; 2,908,573;
      3,046,129; 3,227,155; 3,265,506; 3,384,657; 2,728,658; 3,253,924;
      3,227,550; 3,227,554.
PAR  Of the yellow couplers, those represented by the following general formula
      (II) are particularly useful;
      ##EQU2##
      wherein R.sub.3 represents a primary, secondary or tertiary alkyl group
      having 1 to 18 carbon atoms (e.g. t-butyl, 1,1-dimethylpropyl,
      1,1-dimethyl-1-methoxyphenoxymethyl, 1,1-dimethyl-1-ethylthiomethyl, etc.)
      or an aryl group (e.g., phenyl, 3-methylphenyl, 3-octadecylphenyl,
      alkoxyphenyl, 2-methoxyphenyl, 4-methoxyphenyl, halophenyl,
      2-halo-5-alkamidophenyl,
      2-chloro-5-[.alpha.-(2,4-di-t-amylphenoxy)butylamido]phenyl,
      2-methoxy-5-alkamidophenyl, 2-chloro-5-sulfonamidophenyl, etc.), R.sub.4
      represents a phenyl group (e.g., 2-chlorophenyl, 2-halo-5-alkamidophenyl,
      2-chloro-5-[.alpha.-(2,4-di-t-amylphenoxy)acetamido]phenyl,
      2-chloro-5-(4-methylphenylsulfonamido)phenyl,
      2-methoxy-5-(2,4,-di-t-amylphenoxy)acetamidophenyl, etc.
PAR  In addition, the 2-acylaminophenyl type cyan couplers, the
      2-aminoacylnaphthol type cyan couplers, and the like are included, for
      example, as disclosed in U.S. Pat. Nos. 2,423,730; 2,474,293; 2,521,908.
      Of them, those represented by the following general formula (III) are
      particularly useful;
      ##SPC1##
PAL  wherein R.sub.5 represents an substituent usually employed in cyan
      couplers, such as a carbamyl group (e.g., alkylcarbamyl, arylcarbamyl,
      heterocyclic carbamyl group such as benzothiazolylcarbamyl, etc.), a
      sulfamyl group (e.g., alkylsulfamyl, arylsulfamyl, phenylsulfamyl,
      arylsulfamyl, heterocyclic sulfamyl, etc.), an alkoxycarbonyl group, or
      the like.
PAR  The coupling nucleus moiety of the couplers or coupling compounds which can
      be used in the present invention is not limited only to those represented
      in the above-described general formula (I), (II) or (III). For example,
      the coupling nucleus moieties as described in U.S. Pat. Nos. 3,632,345 and
      3,622,328, German Pat. OLS Nos. 2,019,430 and 2,032,711, etc. can also be
      used.
PAR  The splitable group used in the present invention is located at the
      coupling position represented, e.g., by Z in the general formula (I), (II)
      or (III).
PAR  Z represents a substituent selected from those hetero ring residues forming
      at least a 1-triazole ring or 1-diazole ring, which is split-off upon
      color development.
PAR  More specifically, Z represents a triazole or diazole hetero ring residue
      represented by the following general formula:
      ##EQU3##
      wherein V represents an aromatic ring of the benzene series or a
      heteroaromatic ring containing at least one nitrogen atom, L represents a
      methine group or a derivative thereof, and V can be substituted with an
      amino group, an acylamino group, a halogen atom, an alkyl group, a nitro
      group, an alkoxy group, an alkylthio group, an arylthio group, an aryl
      group or the like. Z can have another coupling nucleus (i.e., the general
      formulae (I), (II) or (III) described hereinbefore but without the Z
      substituent) by forming a bis derivative or through a divalent bond or
      group. In addition, Z can contain a ballasting group containing 8 to 32
      carbon atoms. A preferred embodiment of the above triazole hetero ring has
      the general formula
      ##SPC2##
PAL  wherein X represents a hydrogen atom, a halogen atom, an alkyl group or the
      atoms necessary to form a naphthalene ring together with the benzene ring
      containing the X substituent. As specific examples of ZH where Z is
      connected to a hydrogen atom, there are illustrated, e.g., the compounds
      described in U.S. Pat. Nos. 3,185,570, 3,244,521, 3,499,761, 3,473,924,
      3,575,699, 3,554,757, British Pat. Nos. 919,061, 1,031,262, French Pat.
      Nos. 1,346,227, 1,594,983, German Pat. No. 1,294,188, etc.
PAR  Specific examples of couplers which can be used in the present invention
      and synthesis examples for obtaining same are shown below which, however,
      are not intended to be interpreted as limiting the present invention in
      any way.
PAC  COUPLER 1
PAR  1-[4-{.alpha.-(2,4-Di-t-amylphenoxy)acetamido}phenyl]-3-methyl- 4-(5- or
      6-bromo-1-benzotriazolyl)-5-pyrazolone.
PAC  COUPLER 2
PAR  1-[4-{.alpha.-(2,4-Di-t-amylphenoxy)butyramido}phenyl]-3-methyl-4-(5- or
      6-bromo-1-benzotriazolyl)-5-pyrazolone
PAC  COUPLER 3
PAR  1-[4-(n-Tetradecanamido)phenyl]-3-methyl-4-(5- or
      6-bromo-1-benzotriazolyl)-5-pyrazolone
PAC  COUPLER 4
PAR  1-[4-{.alpha.-(2,4-Di-t-amylphenoxy)butyramido}phenyl]-3-phenyl-4-(1-benzot
     riazolyl)-5-pyrazolone
PAC  COUPLER 5
PAR  1-(2,4,6-Trichlorophenyl)-3-{2-chloro-5-(tetradecanamido)-anilino}-4-(5- or
      6-acetamido-1-benzotriazolyl)-5-pyrazolone
PAC  COUPLER 6
PAR  1-[4-{(3-n-Pentadecylphenoxy)acetamido}phenyl]-3-hydroxy-4-(1-benzimidazoyl
     )-5-pyrazolone
PAC  COUPLER 7
PAR  1-[4-{.alpha.-(2,4-Di-t-amylphenoxy)butyramido}phenyl]-3-pyrrolidino-4-(1-i
     ndazoyl)-5-pyrazolone
PAC  COUPLER 8
PAR  1-[4-{(3-n-Pentadecylphenoxy)acetamido}phenyl]-3-pyrrolidino-4-(1-benzotria
     zolyl)-5-pyrazolone
PAC  COUPLER 9
PAR  1-[4-{.alpha.-(2,4-Di-t-amylphenoxy)butyramido}phenyl]-3-methyl-4-(5- or
      6-nitro-1-benzotriazolyl)-5-pyrazolone
PAC  COUPLER 10
PAR  1-[4-{.alpha.-(2,4-Di-t-amylphenoxy)butyramido}phenyl]-3-(4-methoxyanilino)
     -4-(5- or 6-nitrobenzotriazolyl)-5-pyrazolone
PAC  COUPLER 11
PAR  .alpha.-Pivaloyl-.alpha.-(5- or
      6-bromo-1-benzotriazolyl)-5-{.alpha.-(2,4-di-t-amlphenoxy)butyramido}-2-ch
     loroacetanilide
PAC  COUPLER 12
PAR  .alpha.-(4-Methoxybenzyl)-.alpha.-(5- or
      6-nitro-1-benzotriazolyl)-5-{.gamma.-(2,4-di-t-amylphenoxy)butyramido}-2-c
     hloroacetanilide
PAC  COUPLER 13
PAR  1-[4-{.alpha.-(2,4-Di-t-amylphenoxy)butyramido}phenyl]-3-methyl-
      4-(7-purinyl)-5-pyrazolone
PAC  COUPLER 14
PAR  N-{.alpha.-(2,4-Di-t-amylphenoxy)butyryl}-.omega.-(5- or
      6-nitro-1-benzotriazolyl)-p-aminoacetophenone
PAC  COUPLER 15
PAR  N-{.alpha.-(2,4-Di-t-amylphenoxy)acetyl}-.omega.-(5- or
      6-bromo-1-benzotriazolyl)-m-aminoacetophenone
PAC  COUPLER 16
PAR  4-n-Stearyloxy-.omega.-(5- or 6-chloro-1-benzotriazolyl)-acetophenone
PAC  COUPLER 17
PAR  4-n-Dodecyl-.omega.-(5- or 6-bromo-1-benzotriazolyl)-acetophenone
PAC  COUPLER 18
PAR  N-{.alpha.-(2,4-Di-t-amylphenoxy)acetyl}-.omega.-(5- or
      6-bromo-1-benzimidazoyl)-m-aminoacetophenone
PAC  COUPLER 19
PAR  4-n-Stearyloxy-.omega.-(5- or 6-nitro-1-indazolyl)-acetophenone
PAC  COUPLER 20
PAR  1-Benzyl-3-{2-chloro-5-(tetradecanamido)anilino}-4-(5- or
      6-methyl-1-benzotriazolyl)-5-pyrazolone
PAC  COUPLER 21
PAR  1-[4-{.alpha.-(2,4-Di-t-amylphenoxy)acetamido}phenyl]-3-ethoxy-4-(5- or
      6-bromo-1-benzotriazolyl)-5-pyrazolone
PAC  COUPLER 22
PAR  1-Benzyl-3-{2-chloro-5-(tetradecanamido)anilino}-4-(5- or
      6-bromo-1-benzotriazolyl)-5-pyrazolone
PAC  COUPLER 23
PAR  1-(4-Acetoamidophenyl)-3-{2-methoxy-5-(tetradecyl-oxycarbonyl)anilino}-4-(5
     - or 6-bromo-1-benzotriazolyl)-5-pyrazolone
PAC  COUPLER 24
PAR  .alpha.-(4-Octadecyloxybenzoyl)-.alpha.-(5- or
      6-bromo-1-benzotriazolyl)-2-methoxyacetanilide
PAC  COUPLER 25
PAR  .alpha.-Pyvaloyl-.alpha.-(1-benzotriazolyl)-5-{.alpha.-(2,4-di-t-amylphenox
     y)-butyramido}  -2-chloroacetanilide
PAC  COUPLER 26
PAR  .alpha.-Benzoyl-.alpha.-(5- or
      6-bromo-1-benzotriazolyl)-.alpha.-methoxy-5-hexadecyloxycarbonylacetanilid
     e
PAC  SYNTHESIS EXAMPLE 1
PAR  Synthesis of
      1-[4-{.alpha.-(2,4-Di-tert-amylphenoxy)acetamido}-phenyl]-3-methyl-4-(5-
      or 6-bromo-1-benzotriazolyl)-5-pyrazolone
PAC  (COUPLER 1)
PAR  a. Synthesis of 1-(4-Nitrophenyl)-3-methyl-4-(5- or
      6-bromo-1-benzotriazolyl)-5-pyrazolone (Intermediate A);
PAR  11 grams of ethyl .alpha.-acetyl-.alpha.-(5- or 6-bromo-1-benzotriazolyl)
      acetate, synthesized from ethyl (.alpha.-acetyl-.alpha.-chloroacetate) and
      5- or 6-bromobenzotriazole in a conventional manner, and 10 g of
      4-nitrophenylhydrazine were heated and refluxed for 3 hours in 100 ml of
      ethanol. Thus, yellow crystals were precipitated. After cooling, these
      crude crystals were filtered out and suspended in 200 ml of methanol.
      Then, 3 g of sodium methylate was added thereto, the mixture being
      refluxed for 1 hour. The floating materials in methanol were filtered off
      while the mixture was still warm. After cooling the filtrate, an excess
      amount of hydrogen chloride saturated ethanol (100 ml) was added dropwise
      thereto. Thus, 17 g of Intermediate A as the hydrochloride was obtained.
PAR  b. Synthesis of 1-(4-Aminophenyl)-3-methyl-4-(5- or
      6-bromo-1-benzotriazolyl)-5-pyrazolone (Intermediate B);
PAR  1 grams of Intermediate A was added to a mixture of 80 ml is isopropanol
      and 16 ml of water. Then, 220 mg of ammonium chloride and 6.7 g of reduced
      iron were added thereto, the resulting mixture being heated at reflux for
      1 hour. After cooling, the reaction solution was poured into 100 ml of
      water and, after making the reaction solution alkaline using excess
      potassium carbonate, subjected to filtration on Celite-545 (produced by
      Johns-Manville Products Corp.). The resulting filtrate was neutralized
      with acetic acid, and the precipitate formed was collected by filtration
      and well dried. Thus, Intermediate B was obtained in 9 percent yield.
PAR  c. Synthesis of Coupler 1;
PAR  5 grams of Intermediate B was suspended in 100 ml of acetonitrile, and 4 g
      of .alpha.-(2,4-di-tert-amylphenoxy)acetyl chloride was added thereto and
      heated at reflux for 3 hours. Then, the reaction solution was added to an
      excess amount of ethyl acetate (about 150 ml). After washing well
      successively, with water and an aqueous saturated sodium chloride
      solution, the solution was dried over anhydrous sodium sulfate. Ethyl
      acetate was then removed under reduced pressure, and the gum-like residue
      was crystallized from hexane-ethyl acetate (10:1 by volume). Thus, 7 g of
      Coupler 1 having a melting point of 142.degree. - 144.degree.C was
      obtained.
PAC  ELEMENTAL ANALYSIS
     Calcd. for C.sub.34 H.sub.39 N.sub.6 O.sub.3 Br:                          

                     C (62.0%), H (5.92%), N (12.8%)                           

     Found:          C (61.73%), H (5.91%), N (12.70%)                         

PAC  MASS SPECTROGRAPHIC ANALYSIS
PAR  No M.sup.+ peak; m/e: 630; (M.sup.+-N.sub.2) appeared.
PAR  From the above-described data, the structure of Coupler 1 was confirmed to
      be the aforesaid 1-benzotriazolyl-substituted derivative.
PAC  SYNTHESIS EXAMPLE 2
PAR  Synthesis of
      1-[4-{.alpha.-(2,4-Di-tert-amylphenoxy)butyramido}-phenyl]-3-methyl-4-(5-
      or 6-bromo-1-benzotriazolyl)-5-pyrazolone
PAC  (COUPLER 2)
PAR  8 grams of Intermediate B described in Synthesis Example 1 was heated under
      reflux in 200 ml of acetonitrile, together with 6.2 g of
      .alpha.-(2,4-di-tert-amylphenoxy)butyryl chloride, and treated in the same
      manner as described in Synthesis Example 1 to obtain 11 g of Coupler 2
      having a melting point of 141.degree. - 143.degree.C.
PAC  ELEMENTAL ANALYSIS
TBL  Calcd. for C.sub.36 H.sub.43 N.sub.6 O.sub.3 Br:                          

                     C(63.1%), H(6.26%), N(12.2%)                              

     Found:          C(62.9%), H(6.25%), N(12.3%)                              

PAC  MASS SPECTROGRAPHIC ANALYSIS
PAR  No M.sup.+ peak; m/e: 658; (M.sup.+-28)
PAC  SYNTHESIS EXAMPLE 3
PAR  Synthesis of 1-{4-(n-Tetradecanamido)phenyl}-3-methyl-4-(5- or
      6-bromo-1-benzotriazolyl)-5-pyrazolone (Coupler 3):
PAR  11.4 grams of Intermediate B described in Synthesis Example 1 was heated
      under reflux in 200 ml of acetonitrile together with 7.4 g of
      n-tetradecanyl chloride. As the reaction progressed, crystals were
      precipitated in the reaction solution. After confirming by a thin layer
      chromatogram that the starting material was completely consumed, the
      reaction solution was cooled and subjected to filtration. The crystals
      obtained were recrystallized from ethyl acetate-acetonitrile (10:1 by
      volume) to obtain 13.5 g of coupler 3 having a melting point of
      188.degree. - 191.degree.C.
PAC  ELEMENTAL ANALYSIS
TBL  Calcd. for C.sub.30 H.sub.39 N.sub.6 O.sub.2 Br:                          

                     C(60.5%), H(6.55%), N(14.1%)                              

     Found:          C(60.53%), H(6.44%), N(14.31%)                            

PAC  MASS SPECTROGRAPHIC ANALYSIS
PAR  No M.sup.+ peak appeared. m/e: 556; (M.sup.+-28)
PAC  SYNTHESIS EXAMPLE 4
PAR  Synthesis of N-{.alpha.-(2,4-Di-tert-amylphenoxy)acetyl}-.omega.-(5-or
      6-bromo-1-benzotriazolyl)-m-aminoacetophenone (Coupler 15):
PAR  Synthesis of
      N-{.alpha.-(2,4-Di-tert-amylphenoxy)acetyl}-.omega.-bromo-m-aminoacetophen
     one;
PAR  40 grams (0.1 mol) of N-{.alpha.-(2,4-di-tert-amylphenoxy)acetyl}
      -m-aminoacetophenone (m.p.:135.degree.C), obtained by the reaction between
      m-aminoacetophenone and .alpha.-(2,4-di-tert-amylphenoxy)acetyl chloride
      in pyridine, was dissolved in 200 ml of anhydrous ethyl ether (placed in a
      three-necked flask), and 0.5 g of anhydrous aluminum chloride powder was
      added to this solution followed by ice-cooling (about
      0.degree.-5.degree.C) under stirring. 16 grams (0.1 mol) of bromine was
      added dropwise to this mixture. After the completion of the dropwise
      addition, the temperature was allowed to rise to room temperature (about
      20.degree.-35.degree.C). Stirring was continued until the generation of
      hydrogen bromide stopped. Thus, white crystals were precipitated.
PAR  The reaction mixture was extracted with ethyl acetate, the extract being
      washed with water then dried. A white solid product was obtained on
      concentration. Upon recrystallizing the resulting compound from ligroin,
      33 g (68 percent) of the above-identified compound having a melting point
      of 83.degree. - 84.degree.C was obtained.
PAR  Synthesis of N-{.alpha.-(2,4-Di-tert-amylphenoxy)acetyl}-.omega.-(5- or
      6-bromo-1-benzotriazolyl)-m-aminoacetophenone;
PAR  24 grams (0.05 mol) of the above-described
      N-{.alpha.-(2,4-di-tert-amylphenoxy)acetyl}-.omega.-bromo-m-aminoacetophen
     one and 15 g (0.05 mol) of 5-bromobenzotriazole were suspended in 200 ml of
      acetonitrile. 10 ml of triethylamine was added to this suspension,
      stirring being continued at room temperature.
PAR  The progress of the reaction was followed through thin layer
      chromatography. The reaction was completed in about 5 hours. This reaction
      solution was extracted with ethyl acetate and the resulting extract was
      washed successively, with 1N hydrochloric acid aqueous solution and water,
      followed by drying. Upon concentration, a white solid product was
      obtained.
PAR  Upon recrystallizing this compound from acetonitrile, 21 g (70 percent) of
      the above-identified compound having a melting point of 172.degree. -
      174.degree.C was obtained.
PAC  ELEMENTAL ANALYSIS
TBL  Calcd. for C.sub.32 H.sub.37 N.sub.4 O.sub.3 Br:                          

                     C(63.47%), H(6.16%), N(9.25%)                             

     Found:          C(63.42%), H(6.06%), N(9.25%)                             

PAR  The couplers of the present invention are roughly classified into two
      groups: one being Fischer type couplers having a watersoluble group, a
      hydroxy group, a sulfo group, etc; and the other being hydrophobic
      couplers.
PAR  As a method for the addition of the couplers to an emulsion or to a
      gelatino-silver halide emulsion or hydrophilic colloid, or as a method for
      the dispersion thereof in an emulsion, those conventionally known in the
      art can be applied. For example, a method in which the coupler is mixed
      with a high boiling organic solvent such as dibutyl phthalate, tricresyl
      phosphate, wax, higher fatty acid or the ester thereof to disperse (as
      described in, e.g., U.S. Pat. Nos. 2,304,939, 2,322,027, etc.), a method
      in which the coupler is mixed with a low-boiling organic solvent or a
      water-soluble organic solvent to disperse (as described in, U.S. Pat. Nos.
      e.g., 3,253,921 and 3,574,627, etc.), a method of dispersing the coupler
      using a high-boiling solvent in combination with them (as described in,
      e.g., U.S. Pat. Nos. 2,801,170, 2,801,171, 2,949,360 etc.), and, when the
      coupler itself has a sufficiently low melting point (for example, less
      than 75.degree.C), a method of dispersing the coupler alone or in
      combination with other couplers to be used together, such as a colored
      coupler or an uncolored coupler (as described in, e.g., German Pat. No.
      1,143,707, etc.), can be used. In the above methods suitable examples of
      low boiling solvents are methyl acetate, ethyl acetate, butyl acetate,
      sec-butyl alcohol and of water-miscible solvents are tetrahydrofuran,
      cyclohexanone, methycellosolve, ethyleneglycol, acetone, ethanol, etc.
PAR  As the dispersing aid, conventionally used anionic surface active agents
      (e.g., sodium alkylbenzenesulfonates, sodium dioctylsuccinate, sodium
      dodecylsulfate, sodium alkylnaphthalenesulfonates, Fischer type couplers,
      etc.), amphoteric surface active agents (e.g.,
      N-tetradecyl-N,N-dipolyethylene-.alpha.-betaine, etc.), and nonionic
      surface active agents (e.g., sorbitan monolaurate, etc.) can be used.
PAR  The emulsion which is used in the present invention is a gelatino-silver
      halide photographic emulsion containing grains of silver chloride, silver
      bromide, silver iodide, silver chlorobromide silver iodobromide, silver
      iodochlorobromide or a mixture thereof.
PAR  Hydrophilic colloids which can be used include gelatin, cellulose
      derivatives, alginates, hydrophilic synthetic polymers (e.g., polyvinyl
      alcohol, polyvinyl pyrrolidone, polystyrene sulfonic acid, etc.), and the
      like. Furthermore, a plasticizer for improving the dimensional stability
      of films and polymer latex such as polymethyl methacrylate, polyethyl
      acrylate, etc. as described in U.S. Pat. Nos. 2,376,005; 2,739,137;
      2,858,457; 3,062,674; 3,411,911; 3,488,708; 3,525,620; 3,635,715;
      3,607,290; 3,645,740 can be used.
PAR  To the silver halide emulsion used in the present invention can be applied
      a conventionally employed chemical sensitizing methods (e.g., gold
      sensitization as described in U.S. Pat. Nos. 2,399,083, 2,597,856, and
      2,597,915; reduction sensitization as described in U.S. Pat. Nos.
      2,487,850 and 2,521,925; sulfur sensitization as described in U.S. Pat.
      Nos. 1,623,499 and 2,410,689; a sensitizing method using different metal
      ions described in U.S. Pat. Nos. 2,448,060; 2,566,245 and 2,566,263 or a
      combination thereof).
PAR  In addition, spectrally sensitizing methods conventionally used for color
      light-sensitive materials can also be employed, for example, as described
      in U.S. Pat. Nos. 2,493,748, 2,519,001, 2,977,229, 3,480,434, 3,672,897,
      3,703,377, 2,688,545, 2,912,329, 3,397,060, 3,615,635, 3,628,964,
      3,511,664, 3,522,052, 3,527,641, 3,615,613, 3,615,632, 3,617,295,
      3,635,721, 3,694,217, etc.
PAR  Furthermore, conventional addenda such as a stabilizer (e.g.,
      4-hydroxy-1,3,3a,7-tetrazaindene derivative, etc.), and an anti-fogging
      agent (e.g., mercapto compound, benzotriazole derivative, etc.), as
      described in U.S. Pat. Nos. 1,758,576, 2,110,178, 2,131,038, 2,173,628,
      2,697,040, 2,304,962, 2,324,123, 2,394,198, 2,444,605-8, 2,566,245,
      2,694,716, 2,697,099, 2,708,162, 2,728,633-5, 2,476,536, 2,824,001,
      2,843,491, 2,886,437, 3,052,544, 3,137,577, 3,220,839, 3,226,231,
      3,236,652, 3,251,691, 3,252,799, 3,287,135, 3,326,681, 3,420,668,
      3,622,339, etc., can be employed. In addition a coating aid, for example,
      as described in U.S. Pat. Nos. 2,271,623, 2,240,472, 2,288,226, 2,739,891,
      3,068,101, 3,158,484, 3,201,253, 3,210,191, 3,294,540, 3,415,649,
      3,441,413, 3,442,654, 3,475,174, 3,545,974, etc., a hardening agent, for
      example, as described in U.S. Pat. Nos. 3,288,775, 2,732,303, 3,635,718,
      3,232,763, 2,732,316, 2,586,168, 3,017,280, 2,983,611, 2,725,294,
      2,725,295, 3,100,704, 3,091,537, 3,321,313, etc., a wetting agent, a
      sensitizing agent (e.g., an onium derivative such as a quaternary ammonium
      salt as described in U.S. Pat. Nos. 2,271,623; 2,288,266 and 2,334,864)
      and a polyalkylene oxide derivative as described in U.S. Pat. Nos.
      2,708,162; 2,531,832; 2,533,990; 3,210,191 and 3,158,484 can be suitably
      used.
PAR  Also, dyes for anti-irradiation and, as a constituent for the stratum of
      the color light-sensitive material of the present invention, a filter
      layer, a mordant-dyeing layer or a hydrophobic dye-containing colored
      layer can be present.
PAR  The light-sensitive emulsion used in the present invention can be applied
      to various supports. Suitable such supports are, e.g., cellulose acetate
      films, polyethylene terephthalate films, polyethylene films, polypropylene
      films, glass dry plates, baryta papers, resin-laminated papers, synthetic
      papers, and the like.
PAR  The light-sensitive materials obtained according to the present invention
      are development-processed using a color developing solution containing as
      a color developing agent conventionally employed p-phenylenediamine
      derivatives, p-aminophenol derivatives, or the like. The
      p-phenylenediamine derivatives which can be used include, e.g.,
      p-amino-N-ethyl-N-.beta.-methanesulfoamidoethyl)-m-toluidine sesquisulfate
      monohydrate, diethylamine-p-phenylenediamine sesquisulfate,
      p-amino-N,N-diethyl-m-toluidine hydrochloride,
      p-amino-N-ethyl-N-.beta.-hydroxyethylaniline sesquisulfate monohydrate,
      p-amino-N-ethyl-N-.beta.-hydroxyethyl-m-toluidine hydrochloride,
      p-amino-N-ethyl-N-.beta.-hydroethyl-m-ethoxy-aniline sesquisulfate
      monohydrate and the like. Developers for color negative light-sensitive
      materials, color negative or positive light-sensitive materials for
      cinema, color paper and instant color light-sensitive materials, known in
      the art, can be used. For example, a color development-processing step
      substantially as described in Japanese Pat. Publication No. 35749/70,
      Japanese Pat. application Nos. 67798/69, (which corresponds with British
      Pat. No. 1,293,038) 13313/71, (which corresponds with British Pat. No.
      1,358,615) 19516/71, (which corresponds with British Pat. No. 1,387,713)
      and German Pat. OLS No. 2,238,051, and in H. Gordon, The British Journal
      of Photography, Nov. 15th, 1954, p.558 -; ibid, Sep. 9th, 1955, p.440 -;
      ibid, Jan. 6th, 1956, p.2 -; S. Horwitz, ibid, Apr. 22th, 1960, p.212 -;
      E. Gehret, ibid, Mar. 4th, 1960, p.122 -; ibid, May 7th, 1965, p.396 -;
      and J. Meech, ibid, Apr. 3rd, 1959, p.182 -.
PAR  The present invention will now be illustrated in greater detail by
      reference to the following examples which, however, do not limit the
      present invention in any way. They are given to further facilitate an
      understanding of the manner of the application of the techniques of the
      present invention.
PAC  EXAMPLE 1
PAR  A first layer, second layer, third layer and fourth layer were applied in
      turn to a transparent cellulose triacetate film support as shown in FIG. 4
      to thereby obtain Sample A. The composition and process for the
      preparation of each coating solution were as follows.
PAC  FIRST LAYER:
PAR  1 kg of a silver bromoiodide emulsion (silver content: 0.6 mol; iodide
      content: 6 mol percent) was taken up and was spectrally sensitized using 4
      .times. 10.sup.-.sup.5 mol of Sensitizing Dye I and 1 .times.
      10.sup.-.sup.5 mol of Sensitizing Dye II. Separately, 100 g of Coupler A
      was dissolved in a mixture of 100 cc of tricresyl phosphate and 200 cc of
      ethyl acetate, and emulsified and dispersed in 1 kg of a 10 percent
      gelatin solution using 4 g of sodium nonylbenzenesulfonate. 450 grams of
      the thus obtained Emulsion I was added to the above-described spectrally
      sensitized emulsion. Further, 0.1 g of 2,4-dichloro-6-hydroxytriazine
      sodium salt was added thereto, under stirring, as an aqueous solution.
PAC  SECOND LAYER:
PAR  1 kg of a 10 percent gelatin aqueous solution was prepared. 50 grams of
      2,5-di-t-octylhydroquinone was dissolved in 100 cc of tricresyl phosphate
      and emulsified in 1 kg of a 10 percent gelatin aqueous solution to
      disperse as in Emulsion I. 250 grams of the resulting emulsion was added
      to the above-described emulsion and stirred.
PAC  THIRD LAYER:
PAR  1 kg of the silver bromoiodide emulsion (same as in the first layer) was
      spectrally sensitized using 2 .times. 10.sup.-.sup.4 mol of Sensitizing
      Dye III and 6 .times. 10.sup.-.sup.5 mol of Sensitizing Dye IV.
      Separately, 100 g of Coupler B was emulsified and dispersed in the same
      manner as in Emulsion I to thereby obtain Emulsion II. 600 grams of the
      resulting Emlsion II was added to the above-described emulsion to obtain a
      finished emulsion in the same manner as in first layer.
PAC  FOURTH LAYER:
PAR  0.2 gram of sodium nonylbenzenesulfonate was added to 1 kg of a 10 percent
      gelatin solution.
PAR  Materials used for the preparation of Sample A:
TBL  Sensitizing Dye I:                                                        

                   Anhydro-5,5'-dichloro-3,3'-disulfopropyl-9-ethylthiacarbocya

                   nine Hydroxide Pyridinium Salt                              

     Sensitizing Dye II:                                                       

                   Anhydro-9-ethyl-3,3'-di-(3-sulfopropyl)-4,5,4',             

                   5'-di-benzothiacarbocyanine Hydroxide Triethylamine Salt    

     Sensitizing Dye III:                                                      

                   Anhydro-9'-ethyl-5,5'-dichloro-3,3'-disulfopropyloxacarbocya

                   nine Sodium Salt                                            

     Sensitizing Dye IV:                                                       

                   Anhydro-5,6,5',6'-tetrachloro-1,1'-diethyl-3,3'-disulfopropo

                   xyethoxy-ethyl-imidazolocarbocyanine Hydroxide Sodium Salt  

     Coupler A:    1-Hydroxy-N-{.gamma.-2,4-di-t-amylphenoxypropyl}-2-naphthoam

                   ide                                                         

     Coupler B:    1-(2,4,6-Trichloro-phenyl)-3-[3-{.alpha.-(2,4-di-t-amylpheno

                   xy)acetamido}benzamido]-5-pyrazolone                        

PAR  The procedures described in Sample A were conducted except for using a
      mixture of Coupler 2 and Coupler B (2:3 in molar ratio) in the third layer
      in lieu of Coupler B to thereby obtain Emulsion III. Sample B was obtained
      in the same manner as Sample A, using Emulsion III in place of Emulsion
      II.
PAR  Samples A and B were stepwise exposed using a green light source followed
      by uniform exposure using a red light source. Then, they were
      development-processed at 38.degree.C according to the following steps.
TBL  ______________________________________                                    

     1. Color Development 3 min. and 15 sec.                                   

     2. Bleaching         6 min. and 30 sec.                                   

     3. Washing           3 min. and 15 sec.                                   

     4. Fixing            6 min. and 30 sec.                                   

     5. Washing           3 min. and 15 sec.                                   

     6. Stabilizing       3 min. and 15 sec.                                   

     ______________________________________                                    

PAR  The compositions of the processing solutions used in the respective steps
      were as follows.
TBL  ______________________________________                                    

     1. Color Developer:                                                       

     Sodium Nitrilotriacetate                                                  

                           1.0       g                                         

     Sodium Sulfite        4.0       g                                         

     Sodium Carbonate      30.0      g                                         

     Potassium Bromide     1.4       g                                         

     Hydroxylamine Sulfate 2.4       g                                         

     4-(N-Ethyl-N-.beta.-hydroxyethylamino)-                                   

                           4.5       g                                         

     2-methylaniline Sulfate                                                   

     Water to make         1         liter                                     

     2. Bleaching Solution:                                                    

     Ammonium Bromide      160.0     g                                         

     Aqueous Ammonia (28%) 25.0      ml                                        

     Sodium Ethylenediaminetetra-                                              

                           130       g                                         

     acetate Iron Salt                                                         

     Glacial Acetic Acid   14        ml                                        

     Water to make         1         liter                                     

     3. Fixing Solution:                                                       

     Sodium Tetrapolyphosphate                                                 

                           2.0       g                                         

     Sodium Sulfite        4.0       g                                         

     Ammonium Thiosulfate (70%)                                                

                           175.0     ml                                        

     Sodium Bisulfite      4.6       g                                         

     Water to make         1         liter                                     

     4. Stabilizing Solution:                                                  

     Formalin (40%)        8.0       ml                                        

     Water to make         1         liter                                     

     ______________________________________                                    

PAR  As is stated above, the red light transmission density (Curves 1 and 3) and
      the green light transmission density (Curves 2 and 4) of the thus
      developed Samples A and B were measured for comparison. The results of the
      measurement with Sample A are shown in FIG. 1 and the results with Sample
      B are shown in FIG. 2. With Sample A, the green light density increases
      with an increase in the exposure amount of green light, while the red
      light transmission density is almost constant. Thus, the interlayer (or
      interimage) effect of the green-sensitive layer to the red-sensitive layer
      is scarcely observed. On the other hand, with Sample B, although the green
      light density increases with an increase in the exposure of green light
      similar to Sample A, the red light transmission density is reduced. Thus,
      the interlayer effect of the green-sensitive layer to the red-sensitive
      layer is found to be great. This fact shows that Coupler 2 of the present
      invention contained in the third layer of Sample B sufficiently functions
      as a coupler which releases a restrainer in proportion to the degree of
      development.
PAC  EXAMPLE 2
PAR  A multi-layered color light-sensitive material C as illustrated in FIG. 3
      comprising the layers having the following compositions was prepared in
      the same manner as described in Example 1.
PAR  First Layer: antihalation layer
PAR  A gelatin layer containing black colloidal silver (0.45 g/m.sup.2).
PAR  Second Layer: intermediate layer
PAR  A gelatin layer containing an emulsion dispersion of
      2,5-di-t-octylhydroquinone (1.6 .times. 10.sup.-.sup.4 mol/m.sup.2).
PAR  Third Layer: 1st red-sensitive emulsion layer comprising;
PAR  Silver bromoiodide emulsion (iodide content: 8 mol%) coated in a silver
      amount of 1.2 g/m.sup.2.
TBL  ______________________________________                                    

     Sensitizing Dye I                                                         

                      (as described in Example 1)                              

                      6 .times. 10.sup.-.sup.5 mol/mol silver                  

     Sensitizing Dye II                                                        

                      (as described in Example 1)                              

                      1.5 .times. 10.sup.-.sup.5 mol/mol silver                

     Coupler A        (as described in Example 1)                              

                      0.09 mol/mol silver                                      

     Colored Coupler F                                                         

                      0.02 mol/mol silver                                      

     ______________________________________                                    

PAR  Fourth Layer: 2nd red-sensitive emulsion layer comprising;
PAR  Silver bromoiodide emulsion (iodide content: 8 mol%) coated in a silver
      amount of 1.1 g/m.sup.2
TBL  Sensitizing Dye I  3 .times. 10.sup..sup.-5 mol/mol silver                

     Sensitizing Dye II                                                        

                       1.2 .times. 10.sup..sup.-5 mol/mol silver               

     Coupler C         0.02 mol/mol silver                                     

     Colored Coupler F 0.04 mol/mol silver                                     

PAR  Fifth Layer: intermediate layer
PAR  A gelatin layer containing a 2,5-di-t-octylhydroquinone (4.8 .times.
      10.sup.-.sup.4 mol/m.sup.2) dispersion.
PAR  Sixth Layer: lst green-sensitive emulsion layer comprising;
PAR  Silver bromoiodide emulsion (iodide content: 8 mol%) coated in a silver
      amount of 1.5 g/m.sup.2
TBL  Sensitizing Dye III (as described in Example 1)                           

     3 .times. 10.sup.-.sup.5 mol/mol silver                                   

     Sensitizing Dye IV (as shown in Example 1)                                

     1 .times. 10.sup.-.sup.5 mol/mol silver                                   

PAR  Coupler B (as shown in Example 1) 0.06 mol/mol silver
PAR  Seventh Layer: 2nd green-sensitive emulsion layer comprising;
PAR  Silver bromoidide emulsion (iodide content: 6 mol percent coated in a
      silver amount of 1.7 g/m.sup.2
TBL  Sensitizing Dye III                                                       

                      2.5 .times. 10.sup.-.sup.5                               

                                 mol/mol silver                                

     Sensitizing Dye IV                                                        

                      0.8 .times. 10.sup.-.sup.5                               

                                 mol/mol silver                                

     Coupler B        0.004      mol/mol silver                                

     Colored Coupler D                                                         

                      0.013      mol/mol silver                                

PAR  Eighth Layer: yellow filter layer
PAR  A gelatin layer containing yellow colloidal silver (1.01 g.m.sup.2) and 2
      2,5-di-t-octylhydroquinone (4.4 .times. 10.sup.-.sup.4 mol/m.sup.2)
      emulsion dispersion
PAR  Ninth Layer: 1st blue-sensitive emulsion layer comprising;
PAR  Silver bromoiodide emulsion (iodide content: 7 mol percent) coated in a
      silver amount of 1 g/m.sup.2
TBL  Coupler E           0.25 mol/mol silver                                   

PAR  Tenth Layer: 2nd blue-sensitive emulsion layer comprising;
PAR  Silver bromoiodide emulsion (iodide content: 6 mol percent) coated in a
      silver amount of 1.1 g/m.sup.2
TBL  Coupler E           0.07 mol/mol silver                                   

PAR  Eleventh Layer: protective layer
PAR  A gelatin layer containing polymethyl methacrylate particles (diameter:
      about 1.5 .mu.; 25 wt percent to the gelatin)
PAR  To each of the above-described layers were added a gelatin-hardening agent
      (2-hydroxy-4,6-dichloro-S-triazine sodium salt) and a coating aid (surface
      active agent (sodium dodecyl benzene sulfonate), thickening agent
      (polystyrene sulfonate) in appropriate amounts.
PAR  In the same manner as in Sample C except for using the following couplers
      in the 6th layer, Sample D having a similar structure was prepared.
TBL  ______________________________________                                    

     Coupler B           0.035 mol/mol silver                                  

     Coupler 7           0.025 mol/mol silver                                  

     ______________________________________                                    

PAR  Samples C and D were formed into 35 mm-color negative light-sensitive
      materials and subjected to photographing using a still camera. Then, they
      were color development-processed according to the steps shown in Example 1
      to obtain color negatives.
PAR  The color purity, graininess and sharpness of the color negative obtained
      from Sample D were far better than those of the color negative obtained
      from Sample C. This is because the coupler of the present invention used
      in the 6th layer imagewise releases a restrainer upon color development,
      which serves to improve the sharpness of the magenta layer and exerts
      interimage effect on the other layers as described in Example 1, thus
      improving the color purity.
PAR  Materials used for preparing Sample C:
TBL  Coupler C: 1-Hydroxy-4-iodo-N-dodecyl-2-                                  

                naphthoamide                                                   

     Coupler D: 1-(2,4,6-Trichlorophenyl)-3-tridecyl-                          

                amido-4-(4-hydroxyphenyl)azo-5-                                

                pyrazolone                                                     

     Coupler E: .alpha.-(2,4-Dioxo-5,5'-dimethyloxazolidinyl                   

                .alpha.-pivaloyl-2-chloro-5-{.alpha.-(2,4-di-                  

                t-amylphenoxy)butyramido}acetanilide                           

     Coupler F: 1-Hydroxy-4-[2-(2-hexyldecyloxy-                               

                carbonyl)-phenylazo]-2-[N-(1-                                  

                naphthyl)]-naphthoamide                                        

PAR  Similar results could be obtained by using a coupler selected from Couplers
      1 to 6, 8 to 10 and 13 to 21, alone or in combination in lieu of Coupler 7
      in 6th layer of Sample D having the stratum structure as shown in Example
      2.
PAR  Improvement in color purity, graininess and sharpness was observed by using
      couplers 13 to 19 in the 3rd or 4th layer together with Coupler A, in the
      9th or 10th layer together with Coupler E, or in the 5th layer.
PAR  Also, similar results were obtained by replacing Coupler A in the 6th and
      7th layers of Sample D by the couplers described in U.S. Pat. Nos.
      3,127,269, 3,684,514, U.S. Pat. application Ser No. 415,864, filed Nov.
      13, 1973, and Ser. No. 415,853, filed Nov. 13, 1973 and Ser. No. 445,032,
      filed Feb. 22, 1974 such as the following couplers.
TBL  ______________________________________                                    

     Coupler G: 1-(2,4,6-Trichlorophenyl)-3-[(3-tridecanoylamino-6-chloro)anili

                no]-5-pyrazolone                                               

     Coupler H: 1-(2,4,6-Trichlorophenyl)-3-[3-.alpha. -(3-pentadecylphenoxy)ac

                etamido] benzamido-5-pyrazolone                                

     ______________________________________                                    

PAR  In addition, similar results were obtained by replacing colored Coupler D
      in the 7th layer of Sample D by the following couplers.
TBL  ______________________________________                                    

     Coupler I: 1-(2,4,6-Trichlorophenyl)-3-(3-tetradecyloxy-carbonyl-6-chloro)

                anilino-4-(1-naphthylazo)-5-pyrazolone                         

     Coupler J: 1-(2,4,6-Trichlorophenyl)-3-[3-.alpha.-(2,4-di-t-amylphenoxy)ac

                etamido]benzamido)-4-[(4-methoxy)phenylazo]-5-pyrazolone       

     Coupler K: 1-(2,4,6-Trichlorophenyl)-3-[(3-tridecanoylamino-6-chloro)anili

                no]-4-[(4-acetamino)-phenylazo]-5-pyrazolone                   

     Coupler L: 1-(2,4,6-Trichlorophenyl)-3-[(5-tridecanoylamino-2-chloro)anili

                no]-4-[(2-methoxy-5-methyl)phenylazo]-5-pyrazolone             

     ______________________________________                                    

PAR  Also, similar results can be obtained by replacing Coupler E in the 9th and
      10th layers of Sample D by the couplers described in U.S. Pat. application
      Ser. No. 235,937, filed Mar. 20, 1972 and Ser. No. 319,806, filed Dec. 29,
      1972, or by the following couplers.
TBL  ______________________________________                                    

     Coupler M: .alpha.-(4-Carboxyphenoxy)-.alpha.-pivaloyl-2-chloro-          

                5-{.alpha.-(2,4-di-t-amylphenoxy)butyramido}-                  

                acetanilide                                                    

     Coupler N: .alpha.-{3-(1-Benzyl-2,4-dioxo)hydantoin}-.alpha.-             

                pivaloyl-2-chloro-5-{.alpha.-(2,4-di-t-amylphenoxy)-           

                butyramido}acetanilide                                         

     ______________________________________                                    

PAR  A similar "color correcting effect" can be obtained by using the compounds
      described in U.S. Pat. Nos. 3,043,690; 3,379,529 and the like in place of
      hydroquinone derivative used in Sample D. These compounds can be used in
      the combination with the coupler of the present invention or with other
      couplers to obtain a "color correcting effect," anti-fogging action and a
      rendering of the color image fast.
PAC  EXAMPLE 3
PAR  600 g of Emulsion II was added to 1 kg of silver bromoiodide emulsion
      according to Example 1 and applied to a transparent polyethylene
      terephthalate film support. Separately, 600 g of an emulsion, obtained by
      emulsifying and dispersing copolymer 2 in the same manner as in Emulsion
      II, was added to 1 kg of a silver bromoiodide emulsion and applied
      likewise. These samples were tested at an ordinary temperature in a dark
      room using an ultraviolet ray-emitting lamp (fluorescence-examining lamp,
      FL-3S, made by Tokyo Shibaura Electric Co., Ltd.). No substantial
      fluorescence was observed with either sample.
PAR  The above descriptions relating to the Examples provide an understanding of
      the method of practicing the present invention and the characteristic
      aspects thereof.
PAR  In the Examples, it is possible to change the structure of the
      light-sensitive emulsion layers, which are colored substantially the same
      color, to a one-layered or a three-layered structure or to alter the order
      of the GL, RL and BL optionally depending on the end-use purpose. The
      layer, to which the couplers, hydroquinone derivatives and like materials
      are applied, and the combination thereof with other materials can be
      changed or modified by those skilled in the art according to the end-use
      purposes, based on the above description and the objects of the present
      invention.
PAR  The present invention can find application to conventionally known color
      negative light-sensitive materials, color reversal light-sensitive
      materials color print materials, color transparent positive
      light-sensitive materials and color papers and, in addition, the element
      of the present invention can easily find application to a light-sensitive
      material of a monochromatic system, a direct positive color
      light-sensitive material such as a color X-ray light-sensitive material
      and a micro light-sensitive material, a color light-sensitive material of
      the diffusion transfer system, and the like.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A color photographic silver halide light-sensitive material which
      comprises a support having thereon at least two light-sensitive layers, at
      least one of said layers containing a compound capable of coupling with an
      oxidation product of a color developing agent and in which a splitable
      hetero aromatic ring containing a triazole or diazole ring is connected to
      the carbon atom in the coupling position, through the nitrogen atom in the
      1-position of said triazole or diazole ring.
NUM  2.
PAR  2. The color photographic light-sensitive material of claim 1, wherein said
      compound capable of coupling has the general formula (I)
      ##EQU4##
       wherein R.sub.1 represents an alkyl group, an aryl group, an alkoxy
      group, a heterocyclic ring, an amino group, a carbonamido group, or an
      ureido group; and R.sub.2 represents an alkyl group, an aryl group, or a
      heterocyclic group; the general formula (II)
      ##EQU5##
      wherein R.sub.3 represents an alkyl group or an aryl group; and R.sub.4
      represents a phenyl group; or the general formula (III)
      ##SPC3##
PAL  wherein R.sub.5 represents a carbamyl group, a sulfamyl group, or an
      alkoxycarbonyl group; and wherein Z in each of the formulae (I), (II) and
      (III) represents a triazole or diazole hetero ring residue represented by
      the following general formula
      ##EQU6##
      wherein V represents an aromatic ring of the benzene series or a
      heteroaromatic ring containing at least one nitrogen atom; L represents a
      methine group; and wherein V can contain substituents selected from the
      group consisting of an amino group, an acylamino group, a halogen atom, an
      alkyl group, a nitro group, an alkoxy group, an alkylthio group, or an
      aryl group; wherein two of the moieties of the general formula (I) having
      the general formula (Ia)
      ##EQU7##
      two of the moieties of the general formula (II) having the general formula
      (IIa)
      ##EQU8##
      or two of the moieties of the general formula (III) having the general
      formula (IIIa)
      ##SPC4##
PAL  can be combined through a divalent moiety of said Z to form a bis
      derivative or through a divalent bond or group.
NUM  3.
PAR  3. The color photographic light-sensitive material of claim 1, wherein said
      compound capable of coupling contains a nucleus moiety and said splitable
      heteroaromatic ring, said nucleus moiety being selected from the group
      consisting of nuclei of 5-pyrazolone couplers, cyanoacetylcumarone
      couplers, indazolone couplers, acylacetanilide couplers,
      pivaloylacetanilide couplers, aroylacetanilide couplers, naphthol couplers
      and phenol couplers.
NUM  4.
PAR  4. The color photographic light-sensitive material of claim 1, wherein said
      compound capable of coupling is present in said layer in an amount ranging
      from about 0.001 to 0.5 moles per mol of silver.
NUM  5.
PAR  5. The color photograpic light-sensitive material of claim 2, wherein Z in
      each of the formulae (I), (II) and (III) represents a triazole hetero ring
      residue represented by the following general formula:
      ##SPC5##
PAL  wherein X represents a hydrogen atom, a halogen atom, an alkyl group or the
      atoms necessary to form a naphthalene ring together with the benzene ring.
NUM  6.
PAR  6. The color photographic light-sensitive material of claim 2, wherein said
      compound capable of coupling is
      1-(2,4,6-trichlorophenyl)-3-[2-chloro-5-(tetradecanamido)anilino]-4-(5-or
      6-acetamido-1-benzotriazolyl)-5-pyrazolone,
      1-benzyl-3-[2-chloro-5-(tetradecanamido)anilino]-4-(5- or
      6-methyl-1-benzotriazolyl)-5-pyrazolone,
      1-benzyl-3-(2-chloro-5-(tetradecanamido)anilino-4-(5- or
      6-bromo-1-benzotriazolyl)-5-pyrazolone or
      1-(4-acetamidophenyl)-3-[2-methoxy-5-(tetradecyloxycarbonyl)anilino]-4-(5-
      or 6-bromo-1-benzotriazolyl)-5-pyrazolone.
NUM  7.
PAR  7. The color photographic light-sensitive material of claim 2, wherein said
      compound capable of coupling is
      .alpha.-(4-octadecyloxybenzoyl)-.alpha.-(5- or
      6-bromo-1-benzotriazolyl)-2-methoxyacetanilide,
      .alpha.-pyvaloyl-.alpha.-(1-benzotriazolyl)-5-[.alpha.-(2,4-di-t-amylpheno
     xy)butylamido]-2-chloroacetanilide or .alpha.-benzoyl-.alpha.-(5- or
      6-bromo-1-benzotriazolyl)-2-methoxy-5-hexadecyloxycarbonylacetanilide.
NUM  8.
PAR  8. A color photographic silver halide light-sensitive material which
      comprises a support having thereon at least two light-sensitive layers, at
      least one of said layers containing a compound capable of coupling with an
      oxidation product of a color developing agent and in which a splitable
      hetero aromatic ring containing a triazole ring is connected to the carbon
      atom in the coupling position, through the nitrogen atom in the 1-position
      of said triazole ring.
NUM  9.
PAR  9. The color photographic light-sensitive material of claim 8, wherein said
      triazole ring residue has the general formula
      ##SPC6##
PAL  wherein X represents a hydrogen atom, a halogen atom, an alkyl group or the
      atoms necessary to form a naphthalene ring together with the benzene ring.
NUM  10.
PAR  10. The color photographic light-sensitive material of claim 8, wherein
      said compound capable of coupling has the general formula (I)
      ##EQU9##
      wherein R.sub.1 represents an alkyl group, an aryl group, an alkoxy group,
      a heterocyclic ring, an amino group, a carbonamido group, or an ureido
      group; and R.sub.2 represents an alkyl group, an aryl group, or a
      heterocyclic group; the general formula (II)
      ##EQU10##
      wherein R.sub.3 represents an alkyl group or an aryl group; and R.sub.4
      represents a phenyl group; or the general formula (III)
      ##SPC7##
PAL  wherein R.sub.5 represents a carbamyl group, a sulfamyl group, or an
      alkoxycarbonyl group; and wherein Z in each of the formulae (I), (II) and
      (III) represents a triazole ring residue represented by the following
      general formula
      ##EQU11##
      wherein V represents an aromatic ring of the benzene series or a
      heteroaromatic ring containing at least one nitrogen atom; and wherein V
      can contain substituents selected from the group consisting of an amino
      group, an acylamino group, a halogen atom, an alkyl group, a nitro group,
      an alkoxy group, an alkylthio group, or an aryl group; wherein two of the
      moieties of the general formula (I) having the general formula (Ia)
      ##EQU12##
      two of the moieties of the general formula (II) having the general formula
      (IIa)
      ##EQU13##
      or two of the moieties of the general formula (III) having the general
      formula (IIIa)
      ##SPC8##
PAL  can be combined through a divalent moiety of said Z to form a bis
      derivative or through a divalent bond or group.
NUM  11.
PAR  11. The color photographic light-sensitive material of claim 8, wherein
      said compound capable of coupling contains a nucleus moiety and said
      splitable heteroaromatic ring, said nucleus moiety being selected from the
      group consisting of nuclei of 5-pyrazolone couplers, cyanoacetylcumarone
      couplers, indazolone couplers, acylacetanilide couplers,
      pivaloylacetanilide couplers, aroylacetanilide couplers, naphthol couplers
      and phenol couplers.
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ABST
PAL  Color photographic elements containing silver halide and incorporated
      color-forming materials are described. These elements contain at least two
      differentially light-sensitive emulsion layers, the overlying layer being
      sensitive to the relatively shorter wavelengths and containing at least
      one yellow dye-forming color coupler which has the unusual ability to
      inhibit the reaction of competing couplers (such as citrazinic acid, for
      example) when competing couplers are used in color developing solutions in
      the conventional manner. Use of these couplers in the overlying (color)
      layer of multi-layer color photographic elements makes it possible to
      produce colored images having improved graininess.
PAL  Couplers having this unusual capability are selected from those having the
      structures:
      ##SPC1##
PAL  Wherein R.sub.1, R.sub.2 and R.sub.3 are as defined herein.
PARN
PAR  This application is a continuation-in-part of U.S. Pat. application Ser.
      No. 419,573, filed Nov. 28, 1973, and now abandoned.
BSUM
PAR  This invention relates to color photography and to novel photographic film
      elements. More particularly, this invention relates to multi-layer color
      elements containing incorporated couplers, in which one emulsion layer
      contains a yellow dye-forming coupler having unusual and unexpected
      properties.
PAC  BACKGROUND AND PROBLEMS
PAR  The use of color-forming coupler compounds which react with the development
      product of primary aromatic amino developing agents to form colored images
      upon photographic development is well known and has been the subject of
      many patents and other publications. The dyes formed in this way are
      usually insoluble in water and in the ordinary development and fixing
      solutions. Such coupler compounds may conventionally be added to the
      development solutions, or they may be incorporated into the photographic
      layers during the manufacture of the light sensitive elements. In this
      latter instance, the coupler compounds are referred to as "incorporated
      couplers." Incorporated couplers usually remain essentially immobile in
      their respective layer of the photographic element due largely to the fact
      that their molecules are fairly large. Immobile incorporated color-forming
      coupler compounds usually contain at least one so-called "ballasting"
      group in their molecule. Such "ballasted" photographic couplers are well
      known in the art and need not be dealt with in detail at this point. It
      should be understood that the incorporated couplers referred to herein are
      of the ballasted type.
PAR  Color-forming coupler compounds are generally used for subtractive color
      photography. Upon color development they form yellow, magenta or cyan
      dyes. For several important and well-known reasons, subtractive color
      photographic elements which are designed for realistic color rendition
      contain at least three distinct layers coated on a photographic support
      such or a transparent polymeric sheet. Generally, cyan-forming materials
      are placed in the color layer nearest the support, the silver halide in
      that layer being specially sensitized to the red region of the visible
      spectrum. In a color layer over the red-sensitized layer just described
      (possibly separated from that layer by one or more additional special
      purpose layers) is usually placed in magenta-forming layer, into which is
      incorporated magenta-forming color couplers. The silver halide in this
      magenta-forming layer is specially sensitized to the green region of the
      visible spectrum. In a third color-forming layer, which is coated over the
      green-sensitized layer (usually with a blue-light-absorbing layer between
      them) are incorporated yellow-forming coupler compounds. This yellow layer
      contains silver halide that is sensitive essentially to only the blue
      region of the visible spectrum.
PAR  Over the years, color photographic technology has been advanced and refined
      to the point that significant improvements are difficult to obtain.
      Meanwhile, consumers of color photographic products continue to demand
      products having better properties. Typical of the properties of concern to
      consumers are those directed to the clarity, sharpness and granularity of
      the final photographic product; i.e., the color photograph or
      transparency.
PAR  It is generally known that in order to decrease the granularity of the
      image, a larger number of silver halide grains should be used (U.S. Pat.
      No. 2,689,793). The grains should not be reduced in size because of the
      need to maintain the photographic speed or sensitivity of the element.
      Thus, by increasing the number of silver halide grains (to improve
      granularity), one must increase the relative amount of silver halide in
      each layer. Since increases in the silver halide content of a layer
      generally cause concomitant increases in dye density (in each of the color
      layers) photographic products could result from using this approach (more
      silver halide) which have color densities that are too high. This, of
      course, would be undesirable.
PAR  One method of overcoming the problems caused by too much color density
      (which problems are of concern mainly in the magenta and cyan layers of
      the photographic element), is to use a so-called "competing coupler"
      during the development of the element. The competing coupler preferably
      forms either a colorless compound upon its reaction with oxidized color
      developer, or a dye which is soluble in the developer solution and can be
      removed by rinsing the developed element. The type and amount of competing
      coupler may be chosen so that the undesirable increase in color density in
      the magenta and cyan layers referred to above does not occur.
PAR  A complication in our problem must be considered at this point. It is
      apparent that in order to observe the improved granularity described above
      (which improvement relates almost exclusively to the appearance of the
      magenta and cyan layers) while at least maintaining good sharpness one
      should not increase the amount of silver halide in the top (yellow)
      color-forming layer. This is because the silver halide grains in the
      yellow color-forming layer deflect and/or scatter the green and red light
      that passes through the "yellow" dye layer to such an extent that the
      desired objectives (of retaining excellent clarity and sharpness and
      improving granularity in the magenta and cyan layers) would not result if
      one increases the silver halide content of the yellow dye layer to any
      great extent. However, by using only relatively low levels of silver
      halide in the yellow dye layer, the use of relatively large amounts of
      competing couplers (as described above) would be expected to cause an
      unacceptable loss of yellow color from the yellow dye layer.
PAR  It is an object of the present invention to overcome the apparent dilemma
      described above, so that one can obtain subtractive color photographic
      products which (i) exhibit the improved granularity characteristics
      described above (ii) have magenta and cyan dye levels which are not too
      high, and (iii) have yellow dye levels which are not too low. Thus, the
      resulting photographic color products also exhibit excellent color
      fidelity.
PAC  SUMMARY OF THE INVENTION
PAR  This object, and other objects which will be apparent to the reader hereof,
      can be attained, surprisingly, by using in the outermost color-forming
      emulsion layer a yellow dyeforming coupler capable of significantly
      inhibiting the reaction of oxidized color developing agents with competing
      coupler(s) in said outermost emulsion layer. Although it is not known with
      certainty that a true inhibition of the reactivity of competing couplers
      is actually taking place in the yellow-dye-forming layers of this
      invention (as opposed to some other form of mechanism), it is nevertheless
      an observed fact that competing couplers do not compete nearly as
      effectively in such layers as they would otherwise be expected to compete.
      Thus, an effective "inhibition" of their expected "competing" action is
      observed, and the words "inhibit," "inhibiting" and "inhibition" are used
      herein to describe this surprising phenomenon.
PAR  Thus, it has now been discovered that certain yellow-dye-forming couplers
      having either structure A or structure B, below, have the peculiar
      capability of apparently inhibiting the "competing" reaction in the layer
      in which such yellow-dye-forming couplers are incorporated. These couplers
      are those having a "Competitive Reaction Ratio" of at most about 1.20.
PAR  The couplers of the present invention having such unexpectedly low
      "Competitive Reaction Ratios" are so-called "pivalyl aryloxy" compounds
      having either structure A or structure B:
      ##SPC2##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 can differ and are non-interfering
      coupler substituent groups; at least one of R.sub.1 and R.sub.2 or R.sub.3
      in each structure being a ballasting group.
PAR  This invention relates to the aforementioned couplers and to multi-layer
      photographic elements in which the outermost layer of at least two
      differentially sensitized silver halide emulsion layers contains one or
      more of the couplers described above having "Competitive Reaction Ratios"
      of at most about 1.20, and preferably at most about 1.10.
PAR  The term " Competitive Reaction Ratio," as used herein, relates to the
      relative reactivity of a yellow dyeforming coupler in the presence of, and
      absence from, a competing coupler in accordance with the following formula
      (1):
      ##EQU1##
      where C.R.R. = "Competitive Reaction Ratio," Dmax(a) = Dmax of a yellow
      test strip prepared in the absence of competing coupler and
PA1  Dmax(p) = Dmax of a yellow test strip prepared in the presence of a
      competing coupler.
PAR  The data for formula 1 is obtained using a standard test in which
      citrazinic acid is used as the representative competing coupler. This test
      is set out hereinafter in detail in the section entitled "Details
      Concerning The Invention".
PAC  THE PRIOR ART
PAR  Technology relating to the use of incorporated colorforming couplers in
      subtractive color film elements is used very extensively today, as
      exemplified in section XXII of the Product Licensing Index, December,
      1971, page 7. Emulsions containing couplers very similar to those of the
      present invention are disclosed generically in U.S. Pat. Nos. 3,265,506;
      3,384,657; 3,408,194 and 3,644,498. However, the unexpected capability
      illustrated by the very low "Competitive Reaction Ratios" of the coupler
      compounds of this invention is neither described nor suggested in these
      patents. Reversal processes which relate to the treatment of those layers
      of the present elements which contain incorporated color-forming couplers
      are described in detail in columns 11 and 12 of U.S. Pat. No. 2,944,900;
      columns 3 through 7 of U.S. Pat. No. 2,984,567; and columns 9 and 10 of
      U.S. Pat. No. 3,189,452. Competing colorless couplers and some of their
      uses are described at columns 3 through 5 and column 8 of U.S. Pat. No.
      3,647,452.
PAR  The value for the term "Competitive Reaction Ratio" is obtained by
      performing comparative tests using the particular color-forming coupler
      compound in question (a) in the presence of a typical, conventional,
      commercially acceptable competing coupler, citrazinic acid, and (b) in the
      absence of the competing coupler. The test is to determine the relative
      amount of competition (for oxidized color developing agent) that would be
      expected from use of a solubilized competing coupler in a typical color
      developer solution when an imagewise exposed photographic element is color
      developed by such a solution. In the standard test detailed below,
      Competitive Reactive Ratios of substantially more than 1.20 are expected,
      and indeed are obtained in almost every instance when yellow-dye-forming
      couplers are tested in this way. Competitive Reaction Ratios of as much as
      1.35, 1.5, 1.65 and even higher have been obtained even from tests which
      were performed using coupler compounds which are very similar in structure
      to those of the present invention. The predictability of the Competitive
      Reaction Ratio of a given dye-forming coupler based upon its structure
      alone is apparently very low, as can be appreciated from some of the data
      in Table I, below (following Example I). As a result of such lack of
      predictability based on structure, it is recommended that each new coupler
      compound candidate for use in the practice of this invention be subjected
      to the test described below prior to its actual commercial use in the
      manufacture of photographic elements such as those of the present
      invention.
PAR  The test for determining the "Competitive Reaction Ratio" is performed as
      follows:
PAR  1. Samples of photographic elements having the structure and composition
      shown in Part A, below, were exposed through a graduated-density test
      object and then processed by the procedure described in Part B:
TBL  ______________________________________                                    

     Part A  (all in mg per square decimeter)                                  

         gelatin (10.7 mg)                                                     

     silver halide 11.1 mgAg), 32.1 mg.                                        

     gelatin, 2.8 .times. 10.sup.-.sup.5 moles test coupler                    

     per square decimeter dissolved in dibutyl                                 

     phthalate, at a ratio of coupler/solvent                                  

     of 1:1/2                                                                  

     support                                                                   

     Part B                                                                    

     Processing (100.degree.F/38.degree.C)                                     

     ______________________________________                                    

     Step 1  Black-and-white Development .sup.(1)                              

                                   4       min.                                

     Step 2  Acid Stop              1/2    min.                                

     Step 3  Wash                  1       min.                                

     Step 4  Color Development .sup.(2)                                        

                                   8       min.                                

     Step 5  Acid Stop             1       min.                                

     Step 6  Wash                  2       min.                                

     Step 7  Bleach .sup.(3)       11/2    min.                                

     Step 8  Fix .sup.(4)          11/2    min.                                

     Step 9  Wash                  2       min.                                

     Step 10 Stabilizer .sup.(5)    1/2    min.                                

     ______________________________________                                    

PAR  The maximum densities of the yellow image dyes derived from each of the
      evaluated couplers were measured and recorded. The pH of the color
      developer solution is 11.5.
TBL  ______________________________________                                    

     (1)                                                                       

            Black-and-White Developing Solution (pH 9.90)                      

            Water           800       ml                                       

            Elon            2         g                                        

            Na.sub.2 SO.sub.3                                                  

                            42        g                                        

            Hydroquinone    5.9       g                                        

            Na.sub.2 CO.sub.3                                                  

                            24        g                                        

            NaSCN           1.32      g                                        

            NaBr            1.5       g                                        

            KI (0.1% soln.) 9         ml                                       

            Water to        1         liter                                    

     (2)                                                                       

            Color Dev. Soln.: (pH = 11.5)                                      

            Na.sub.2 SO.sub.3                                                  

                            4.5       g                                        

            4-Amino-3-methyl-N-ethyl-                                          

             N-.beta.-(methanesulfonamido)                                     

             ethylaniline sesqui-                                              

             sulfate        7.0       g                                        

            K.sub.2 CO.sub.3 (Anh.)                                            

                            36        g                                        

            KBr             0.75      g                                        

            KI              0.09      g                                        

            Tetramethyl ammonium                                               

            hydrotriborate  0.1       g                                        

            Dithiaoctanediol (DTOD)                                            

                            1.0       g                                        

            Water to        1         liter                                    

     (3)                                                                       

            Bleach Soln.: (pH 8.2)                                             

            Water           600       ml                                       

            NaBr            35        g                                        

            Na.sub.4 Fe(CN).sub.6.10H.sub.2 O                                  

                            240       g                                        

            K.sub.2 S.sub.2 O.sub.8                                            

                            67        g                                        

            NaOH            0.10      g                                        

            Borax (5 mole)  1.0       g                                        

            Carbowax 1540*  3.0       g                                        

            Water to        1         liter                                    

             *polyethoxyethanol                                                

     (4)                                                                       

            Fix Soln.: (pH 8.22)                                               

            Water           800       ml                                       

            Na.sub.2 S.sub.2 O.sub.3.5H.sub.2 O                                

                            180       g                                        

            Na.sub.2 SO.sub.3                                                  

                            9         g                                        

            Water to        1         liter                                    

     (5)                                                                       

            Stabilizer Soln.:                                                  

            Formalin (37.5%)                                                   

                            10        ml                                       

            Water to        1         liter                                    

     ______________________________________                                    

PAR  Comparisons were made using a "control" color developer solution containing
      no citrazinic acid (CZA) and a CZA color developer solution containing
      1.25 grams (about 0.05 moles) CZA per liter of solution. The resulting
      maximum yellow dye maximums were then compared:
      ##EQU2##
      wherein D is Dmax in the absence of CZA, and Dcza is Dmax in the presence
      of CZA. "Comparative Reaction Ratio" is the numerical result when D is
      divided by Dcza. Relatively larger figures are expected, whereas
      relatively lower figures approaching 1.0 indicate ineffectiveness of CZA
      competing coupler toward the particular incorporated coupler being tested.
      Although the competing coupler used in this test was citrazinic acid,
      which is widely used commercially, it is expected that other competing
      couplers would perform in the practice of this invention in a manner
      generally similar to that of citrazinic acid. For example, "H-acid"
      (1-amino-8-naphthol-3,6-disulfonic acid) has been tested against several
      of the couplers in Table I, below (see Example I) with similar results,
      taking into account the general higher reactivity of H-acid as compared
      with citrazinic acid.
PAR  Preferred color couplers for the practice of the present invention include
      those having structure A:
      ##SPC3##
PAL  wherein R.sub.1 and R.sub.2 differ and are non-interfering coupler
      substituent groups; at least one of R.sub.1 and R.sub.2 being a ballasting
      group containing at least about 12 carbon atoms, preferably from 12 to 35
      carbon atoms. Still further preferred are those compounds having the
      structure A, above, wherein
      ##EQU3##
      wherein the "alkyl" and "alkoxyl" groups contain 1-30 carbon atoms and the
      alkoxyl, aralkyl and alkoxylphenyl groups contain 7-35 carbon atoms.
PAR  The use of color-forming coupler compounds having Competitive Reaction
      Ratios of at most about 1.1 constitute a still further preferred
      embodiment of this invention. Such materials constitute those having
      structure A; wherein
      ##SPC4##
PAL  R.sub.4 and R.sub.6 being alkyl groups containing 1-30 (preferably 4-16)
      carbon atoms and R.sub.5 being an alkyl group containing 1-30 (preferably
      4-20) carbon atoms. Examples of such particularly preferred embodiments of
      this invention include the following coupler materials and photographic
      emulsions and photographic elements containing them, as set out herein:
PA1  1.
      .alpha.-Pivalyl-.alpha.-[4-(4-benzyloxybenzenesulfonyl)phenoxy]-2-chloro-(
     5-benzylsulfonamido)acetanilide
PA1  2.
      .alpha.-Pivalyl-.alpha.-[4-(4-benzyloxybenzenesulfonyl)phenoxy]-2-chloro-5
     -(4-methylbenzenesulfonamido)acetanilide
PA1  3.
      .alpha.-Pivalyl-.alpha.-[4-(4-benzyloxybenzenesulfonyl)phenoxy]-2-chloro-5
     -[n-butanesulfonamido]acetanilide
PA1  4.
      .alpha.-Pivalyl-.alpha.-[4-(4-benzyloxybenzenesulfonyl)phenoxy]-2-chloro-5
     -(n-octanesulfonamido)acetanilide
PA1  5.
      .alpha.-Pivalyl-.alpha.-[4-(4-benzyloxybenzenesulfonyl)phenoxy]-2-chloro-5
     -(4-n-butoxybenzenesulfonamido)acetanilide
PA1  6.
      .alpha.-Pivalyl-.alpha.-(4-benzenesulfonylphenoxy)-2-chloro-5-n-hexadecane
     sulfonamido)acetanilide
PA1  7.
      .alpha.-Pivalyl-.alpha.-(4-methanesulfonylphenoxy)-2-chloro-5(n-hexadecane
     sulfonamido)acetanilide
PA1  8.
      .alpha.-Pivalyl-.alpha.-(4-n-dodecanesulfonamidophenoxy)-2-chloro-5-(n-dod
     ecanesulfonamido)acetanilide
PA1  9.
      .alpha.-Pivalyl-.alpha.-[4-(2-n-tetradecoxybenzenesulfonamido)phenoxy]-2-c
     hloro-5-(benzenesulfonamido)acetanilide
PA1  10.
      .alpha.-Pivalyl-.alpha.-(4-nitrophenoxy)-2-chloro-5-(n-hexadecanesulfonami
     do)acetanilide
PA1  11.
      .alpha.-Pivalyl-.alpha.-(4-cyanophenoxy)-2-chloro-5-n-hexadecanesulfonamid
     o)acetanilide
PA1  12.
      .alpha.-Pivalyl-.alpha.-[4-(p-hydroxybenzenesulfonamido)phenoxy]-2-chloro5
     -(n-hexadecanesulfonamido)acetanilide
PA1  13.
      .alpha.-Pivalyl.alpha.-[4-(n-hexadecanesulfonamido)phenoxy]-2-chloro-5-(n-
     butanesulfonamido)acetanilide
PA1  14.
      .alpha.-Pivalyl-.alpha.-[4-benzyloxybenzenesulfonyl)phenoxy]-2-chloro5-(n-
     dodecanesulfonamido)acetanilide
PA1  15.
      .alpha.-Pivalyl-.alpha.-(p-carboxyphenoxy)-2-chloro-5-(n-dodecanesulfonami
     do)acetanilide
PA1  16.
      .alpha.-Pivalyl-.alpha.-[4-(4-benzyloxybenzenesulfonyl)phenoxy]-2-chloro5-
     (n-hexadecanesulfonamido)acetanilide
PA1  17.
      .alpha.-Pivalyl-.alpha.-(p-carboxyphenoxy)-2-chloro-5-(n-hexadecanesulfona
     mido)acetanilide
PA1  18.
      .alpha.-Pivalyl-.alpha.-(p-carboxyphenoxy)-2-chloro-5-[.alpha.-(3-n-pentad
     ecylphenoxy)butyramido]acetanilide
PA1  19.
      .alpha.-Pivalyl-.alpha.-[4-(4-hydroxybenzenesulfonyl)phenoxy]-2-chloro-5-(
     n-hexadecanesulfonamido)acetanilide
PAR  The present invention can be advantageously used in the form of
      photographic elements which contain only two differentially sensitive
      color-forming silver halide emulsion layers. When so used, the low C.R.R.
      (Competitive Reaction Ratio) couplers of this invention should appear in
      association with that emulsion layer or coating which overlies the other,
      which other layer is closest to the support. This overlying emulsion
      coating should also be sensitive to the relatively shorter wavelengths of
      light, as compared to the underlying emulsion layer. More than two
      differentially sensitive colorforming emulsion layers can be present in
      the photographic elements of this invention. Also, additional layers such
      as spacing layers, barrier layers, overcoat layers and the like,
      comprising gelatin and/or other hydrophilic colloid materials can also be
      present in such photographic elements.
PAR  A preferred embodiment of the photographic element aspect of this invention
      involves a three-color, multi-layered photographic element in which the
      element contains at least three differentially sensitive color-forming
      silver halide emulsion layers coated on a photographic support such as
      paper, transparent polymeric film, glass, and the like. In such elements,
      the color-forming silver halide emulsion layer nearest the support is
      sensitized to red light. Overlying the red sensitive layer is a green
      sensitive silver halide emulsion layer. Overlying the green sensitive
      layer is a blue sensitive silver halide emulsion layer. Associated with
      each of these respective differentially sensitive emulsion layers is at
      least one color-forming coupler compound, chosen to form a dye image in
      the appropriate emulsion layer, the color of which is complimentary  to
      the color of light to which the layer is sensitive. Other layers can also
      be present in such preferred 3-color elements, including a Carey Lea
      filter layer (of very finely divided silver) between the blue sensitive
      and green sensitive emulsion layers, gel overcoat and interlayers, and the
      like, including layers in which some or all of the gelatin is replaced
      with other suitable hydrophilic colloid materials.
PAR  The green-sensitized and red-sensitized silver halide emulsion layers in
      the photographic elements of this invention have incorporated in them
      magenta dye-forming color couplers and cyan dye-forming color couplers,
      respectively, in addition to the spectrally sensitized silver halide
      materials described above. Since the particular identity of the specific
      incorporated colorforming magenta and cyan dye-forming couplers that are
      selected for use in the practice of this invention does not constitute an
      essential element of the invention, such materials will not be discussed
      in detail herein. Many examples of the use of incorporated color-forming
      photographic couplers exist, including many of those described in Section
      XXII on page 110 of Product Licensing Index, December 1971.
PAR  Similarly, much has been published concerning the manufacture of
      multi-layer "color" photographic elements. See, for example, the several
      procedures referred to in Section XVIII on page 109 of Product Licensing
      Index, December 1971. The successful practice of the present invention
      does not depend upon any particular manipulative procedure being used in
      the manufacture of the photographic elements described above, nor in the
      use of any particular type of manufacturing equipment, so long as the
      essential features regarding constitution of the various color-forming
      layers, as set out hereinbefore, are observed.
PAR  Although acceptable color images can be manufactured in accordance with the
      "element" aspect of the present invention independent from the particular
      levels of silver halide that are used in the various emulsion layers of
      the present invention (so long as there is at least enough silver halide
      to form an identifiable image after processing), one preferred embodiment
      of the invention involves the use of relatively higher (than usual) levels
      of silver halide in at least one of the red- and green-sensitized layers
      of our elements. Thus, preferred levels of silver halide in these layers
      is from about 10.7 to about 21.4 mg (silver) per square decimeter of film
      in each of the green- and red-sensitized layers. In this preferred
      embodiment, the amount of silver halide in the yellow dye-producing
      (outermost color) layer of our element is from about 64 to about 16 mg.
      (silver) per square decimeter of film. Using this embodiment results in
      optimum sensitivity (better image effects) when such effects are desired,
      and relatively higher color densities in the red- and green-sensitized
      layers. Thus, the ratio of the weight of silver in the yellow dye-forming
      layer, as compared with the weight of silver in either the green or
      red-sensitive layer of the present elements is preferably at most about
      0.67. The use of competing couplers in the color developer solutions
      (during the color development of the elements of this invention) is
      contemplated. The use of competing couplers is well known in the art and
      need not be described in detail herein because ordinary usage of such
      materials is contemplated herein, and any desired competing coupler
      material can be used, as desired, with the usual precautions relating to
      color formation, relative reactivity, and concentration of the competing
      couplers being kept in mind. For example, it is preferred that a competing
      coupler be used that forms an essentially colorless reaction product with
      oxidized organic amino color developer materials. Competing couplers are
      described in detail in U.S. Pat. Nos. 3,647,452 and 2,689,793 and many
      other publications.
PAR  It should be noted that the use of relatively higher levels of silver
      halide and competing couplers, as described immediately above, would be of
      little or no value in conventional color photography involving
      incorporated color-forming couplers because of the offsetting requirement
      in conventional photoelements that a higher level of silver halide be used
      in the blue-sensitize layer. (Otherwise, the effect of the use of
      competing coupler would be to significantly decrease the density of the
      yellow dye in the blue-sensitive layer.) As was pointed out above, the use
      of such higher levels of silver halide in the yellow layer is undesirable
      for high quality photography because higher levels of silver halide in the
      outer layer(s) of the film element cause decreases in the image sharpness
      in the green- and red-sensitized layers due to additional diffraction of
      the green and red light by the silver halide particles as that light
      passes through the outer, blue-sensitive layer. The avoidance of this
      problem represents one of the significant advances in the art that can
      result from practicing this invention.
PAR  Each of the various layers in the present photographic elements can also
      contain other photographic addenda as desired, including, for example,
      anti-foggants, stabilizers, development modifiers, anti-stain ingredients,
      hardeners, incorporated developing agents, surfactants, antistatic agents,
      brighteners, plasticizers, lubricants, matting agents and the like. Many
      examples of potentially useful addenda are described and referred to in
      the Product Licensing Index, Vol. 92, December 1971, publication 9232,
      pages 107-110. Examples of supports, spectral sensitizers, and silver
      halide emulsions useful in the practice of this invention, as well as how
      to make and use such materials and compositions can also be found in this
      Product Licensing Index article.
DETD
PAC  EXAMPLE I
PAR  In this Example, the method for testing yellow dye-forming coupler
      compounds to determine their Competitive Reaction Ratios described
      hereinbefore was used. Results of this test for many coupler compounds are
      set out in Table I, below. Note that in Table I, the figures in
      parenthesis at the right of the structural formulas are C.R.R. data
      resulting from these tests.
      ##SPC5##
PAR  From the C.R.R. data in Table I, the surprising nature of this invention
      can be appreciated. Note that many compounds having chemical structures
      very similar to the couplers of the present invention are apparently not
      capable of inhibiting the action of competing couplers such as citrazinic
      acid either to an acceptable extent or even at all. Some of the compounds
      tested appear to have the reverse effect; namely, that of favoring the
      action of the competing coupler as compared with the more desired
      formation of yellow dye.
PAR  Tests almost identical to those performed to determine the "C.R.R." of the
      couplers of Table I, above, were, carried out using eight times the amount
      of competing coupler. Otherwise the tests were the same. Data resulting
      from this series of tests appear in Table II, below.
TBL                Table II                                                    

     ______________________________________                                    

     Effect of Use of Large Excess of Competing Coupler                        

                  Dmax                                                         

     Coupler Identity.sup.(1)                                                  

                    1.25 g/l CZA.sup.(2)                                       

                                   10.0g/l CZA                                 

     ______________________________________                                    

     A              2.92           1.80                                        

     B              2.83           2.42                                        

     C              3.00           2.80                                        

     D              2.37           2.37                                        

     E              2.82           2.82                                        

     F              3.24           2.51                                        

     G              3.04           2.61                                        

     H              2.83           2.42                                        

     I              2.05           1.06                                        

     M              3.26           3.07                                        

     Q              2.95           1.74                                        

     U              3.02           1.73                                        

     W              3.28           1.86                                        

     ______________________________________                                    

      .sup.(1) See Table I for structural formula                              

      .sup.(2) Quantity used in C.R.R. test.                                   

PAR  From Table II it can be appreciated that the color couplers of this
      invention are surprisingly effective even in the presence of a large
      excess of competing coupler, the color-forming action of some couplers
      apparently remaining almost unaffected by the presence of very large
      amounts of citrazinic acid.
PAR  The color coupler compounds of this invention can be made by well-known
      procedures such as those described in U.S. Pat. No. 3,265,506 and
      3,408,194, for example.
PAR  The invention has been described in detail with particular reference to
      preferred embodiments thereof, but, it will be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a photographic element comprising a support coated with at least two
      silver halide emulsion layers; each of said emulsion layers being
      preferentially sensitive to different regions of the visible spectrum and
      each of said emulsion layers being associated with at least one coupler
      compound which, upon reaction with oxidized primary aromatic amine color
      developing agent, forms an image dye; a first emulsion layer sensitive to
      the relatively shorter wavelength region of the visible spectrum overlying
      the second emulsion layer in said element; said second emulsion containing
      a cyan dye-forming coupler compound or a magenta dye-forming coupler
      compound;
PA1  the improvement which comprises, in said element, the presence in said
      first emulsion layer of a yellow dye-forming coupler compound having a
      Competitive Reaction Ratio of at most about 1.20; said yellow dye-forming
      coupler compound being selected from those having one of the structures:
      ##SPC6##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 can differ and are non-interfering
      coupler substituent groups; at least one of R.sub.1 and R.sub.2 in
      structure A and at least one of R.sub.1 and R.sub.3 in structure B being a
      ballasting group; said R.sub.1 being
      ##SPC7##
PAL  said R.sub.2 being
PA1  -C.sub.n H.sub.2n.sub.+1, where n is 1 to 30;
PA1  -alkaryl;
PA1  -aralkyl;
PA1  -phenyl; or
PA1  alkoxyphenyl,
PAL  wherein the groups designated as alkyl and alkoxy contain 1-30 carbon atoms
      and the alkaryl, aralkyl and alkoxyphenyl groups contain 7-35 carbon
      atoms.
NUM  2.
PAR  2. An improved photographic element as in claim 1, wherein said yellow
      dye-forming coupler compound has the structure:
      ##SPC8##
NUM  3.
PAR  3. An improved photographic element as in claim 1, wherein said yellow
      dye-forming coupler compound has the structure:
      ##SPC9##
NUM  4.
PAR  4. An improved photographic element as in claim 2, wherein said element
      contains three differentially sensitive emulsion layers and said yellow
      dye-forming coupler compound is in the layer farthest from the support of
      said three emulsion layers.
NUM  5.
PAR  5. An improved photographic element as in claim 4, wherein
PA1  R.sub.1 is
      ##SPC10##
PAL  --SO.sub.2 R.sub.4, or
      ##SPC11##
PAL  R.sub.4 and R.sub.5 being alkyl groups containing 1-30 carbon atoms.
NUM  6.
PAR  6. An improved photographic element as in claim 5, wherein R.sub.4 and
      R.sub.5 are alkyl groups containing from about 4 to about 20 carbon atoms.
NUM  7.
PAR  7. An improved photographic element as in claim 6, wherein said yellow
      dye-forming coupler compound is
      ##SPC12##
NUM  8.
PAR  8. An improved photographic element as in claim 6, wherein said yellow
      dye-forming coupler compound is
      ##SPC13##
NUM  9.
PAR  9. An improved photographic element as in claim 6, wherein said yellow
      dye-forming coupler compoud is
      ##SPC14##
NUM  10.
PAR  10. An improved photographic element as in claim 6, wherein said yellow
      dye-forming coupler compound is
      ##SPC15##
NUM  11.
PAR  11. An improved photographic element as in claim 1, wherein the ratio of
      the weight of silver in said second emulsion layer to the weight of silver
      in said first emulsion layer is at least about 1.5.
NUM  12.
PAR  12. An improved photographic element as in claim 11, wherein said yellow
      dye-forming coupler compound has the structure:
      ##SPC16##
NUM  13.
PAR  13. An improved photographic element as in claim 11, wherein said yellow
      dye-forming coupler compound has the structure:
      ##SPC17##
NUM  14.
PAR  14. An improved photographic element as in claim 11, wherein said element
      contains three differentially sensitive emulsion layers and said yellow
      dye-forming coupler compound is in the topmost of said three emulsion
      layers.
NUM  15.
PAR  15. An improved photographic element as in claim 12, wherein
PA1  R.sub.1 is
      ##SPC18##
PAL  --SO.sub.2 R.sub.4, or
      ##SPC19##
PAL  R.sub.4 and R.sub.5 being alkyl groups containing 1-30 carbon atoms.
NUM  16.
PAR  16. An improved photographic element as in claim 15, whrein R.sub.4 and
      R.sub.5 are alkyl groups containing from about 4 to about 20 carbon atoms.
NUM  17.
PAR  17. An improved photographic element as in claim 16, wherein said
      yellow-dye-forming coupler compound is
      ##SPC20##
NUM  18.
PAR  18. An improved photographic element as in claim 16, wherein said
      yello-dye-forming coupler compound is
      ##SPC21##
NUM  19.
PAR  19. An improved photographic element as in claim 16, wherein said
      yellow-dye-forming coupler compound is
      ##SPC22##
NUM  20.
PAR  20. An improved photographic element as in claim 16, wherein said
      yellow-dye-forming coupler compound is
      ##SPC23##
NUM  21.
PAR  21. In a photographic element comprising a support coated with three
      different silver halide emulsion layers containing, incorporated in said
      emulsion layers, coupler compounds capable of forming dyes upon reaction
      with oxidized aromatic amine color developing agents; said emulsion layers
      consisting of a first emulsion layer overlying second and third emulsion
      layers; said first emulsion layer being sensitive to light in the blue
      region of the visible spectrum and containing an incorporated yellow
      dye-forming coupler compound, said second emulsion layer being spectrally
      sensitized to respond to light in the green region of the visible spectrum
      and containing an incorporated magenta dye-forming coupler compound, and
      said third emulsion layer being spectrally sensitized to respond to light
      in the red region of the visible spectrum and containing an incorporated
      cyan dye-forming coupler compound;
PA1  the improvement which comprises
PA1  A. the ratio of the weight of silver in said second emulsion layer to the
      weight of silver in said first emulsion layer being at least about 1.5;
PA1  b. the presence in said first emulsion layer of a yellow dye-forming
      coupler compound having a Competitive Reaction Ratio of at most about
      1.20; and
PA1  c. said yellow dye-forming coupler compound having one of the structures:
      ##SPC24##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 can differ and are non-interfering
      coupler substituent groups; at least one of R.sub.1 and R.sub.2 in
      structure A and at least one of R.sub.1 and R.sub.3 in structure B being a
      ballasting group;
PA1  said R.sub.1 being --nitro,
      ##SPC25##
PAL  --SO.sub.2 -alkyl, or --CN, and said R.sub.2 being
PA1  -C.sub.n H.sub.2n.sub.+1, where n is 1 to 30;
PA1  -alkaryl;
PA1  -aralkyl;
PA1  -phenyl; or
PA1  -alkoxyphenyl,
PAL  wherein the groups designated as alkyl and alkoxy contain 1-30 carbon atoms
      and the alkaryl, aralkyl and alkoxyphenyl groups contain 7-35 carbon
      atoms.
NUM  22.
PAR  22. An improved photographic element as in claim 21, wherein said yellow
      dye-forming coupler compound has the structure:
      ##SPC26##
NUM  23.
PAR  23. An improved photographic element as in claim 21, wherein said yellow
      dye-forming coupler compound has the structure:
      ##SPC27##
NUM  24.
PAR  24. An improved photographic element as in claim 21, wherein
PA1  R.sub.1 is
      ##SPC28##
PAL  --SO.sub.2 R.sub.4, or
      ##SPC29##
PAL  R.sub.4 and R.sub.5 being alkyl groups containing 1-30 carbon atoms.
NUM  25.
PAR  25. An improved photographic element as in claim 24, wherein R.sub.4 and
      R.sub.5 are alkyl groups containing from about 4 to about 20 carbon atoms.
NUM  26.
PAR  26. An improved photographic element as in claim 25, wherein said yellow
      dye-forming coupler compound is
      ##SPC30##
NUM  27.
PAR  27. An improved photographic element as in claim 25, wherein said
      yellow-dye-forming coupler compound is
      ##SPC31##
NUM  28.
PAR  28. An improved photographic element as in claim 25, wherein said
      yellow-dye-forming coupler compound is
      ##SPC32##
NUM  29.
PAR  29. An improved photographic element as in claim 25, wherein said
      yellow-dye-forming coupler compound is
      ##SPC33##
PATN
WKU  039335020
SRC  5
APN  3852644
APT  1
ART  166
APD  19730803
TTL  1,4-Bis(2-isopropyl-6-methylanilino)anthraquinone and a polyethylene
      terephthalate film containing same as an x-ray photographic film support
ISD  19760120
NCL  4
ECL  1,3
EXP  Smith; Ronald H.
NDR  3
NFG  7
INVT
NAM  Arai; Atsuaki
CTY  Minami-ashigara
CNT  JA
INVT
NAM  Hibino; Noburo
CTY  Minami-ashigara
CNT  JA
INVT
NAM  Seto; Kunihira
CTY  Minami-ashigara
CNT  JA
ASSG
NAM  Fuji Photo Film Co., Ltd.
CTY  Minami-ashigara
CNT  JA
COD  03
PRIR
CNT  JA
APD  19720805
APN  47-78473
CLAS
OCL   96 84R
XCL   96 87R
EDF  2
ICL  G03C  184
FSC   96
FSS  84 R;87 R
UREF
PNO  3488195
ISD  19700100
NAM  Hunter
OCL   96 84R
OREF
PAL  Coles, R, F., Def. Publ. of S.N. 281,835, filed 8-18-72,        Def. Publ.
      No. T910,004.
LREP
FRM  Sughrue, Rothwell, Mion, Zinn & Macpeak
     Sughrue, Rothewll, et al
ABST
PAL  1,4-BIS(2'-Isopropyl-6'-methylanilino)anthraquinone and a polyethylene
      terephthalate film support containing this anthraquinone. The
      anthraquinone has high heat stability and good sublimation
      characteristics, and has no adverse effects on photographic
      characteristics when a polyethylene terephthalate film containing the
      anthraquinone is used as a film support.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates
      1,4-bis(2'-isopropyl-6'-methylanilino)anthraquinone to a polyethylene
      terephthalate film containing this anthraquinone compound for use as an
      X-ray photographic film support and, more particularly, to a blue-colored
      polyethylene terephthalate film resulting from the use of this
      anthraquinone and having particular utility as an X-ray photographic film
      support.
PAR  2. Discription of the Prior Art
PAR  In X-ray photographic films, it is desirable to color the support film blue
      in order to facilitate the discrimination of the photographic images.
      Also, it is desirable for the film support not to absorb light in the
      short wavelength region since an X-ray photographic film has a
      light-sensitive region in the short wave-length region. Such a support
      serves to prevent the disadvantages with photographic materials in which a
      photographic emulsion is provided on both surface of the film support,
      such as X-ray photographic films, that a filter desensitization action
      results upon photographing and that photographic images having yellow fog
      and being difficult to discriminate result.
PAR  A dye for coloring polyethylene terephthalatefilms for use as an X-ray
      photographic film support to achieve the above-described objects must
      satisfy the requirements of heat resistance, sublimation resistance,
      compatibility and suitable chromaticity at the same time, must be inert
      with respect to the gelatin-silver halide emulsion, and must not exert
      detrimental influences on the photographic properties such as sensitivity,
      gamma, fog, etc.
PAR  Polyethylene terephthalate films are industrially produced using a heat
      melt extrusion methodh. Therefore, the coloring agent must have sufficient
      heat resistance to withstand elevated temperatures as high as 270.degree.
      to 300.degree.C.
PAR  Since polyethylene terephthalate film has extremely stable physical
      structure, coloring methods such as dyeing are not easy. Therefore, a
      dope-dyeing method is preferable in which a coloring agent is mixed with
      the polymer either upon synthesis of the polymer or upon heat-melt molding
      of the polymer to thereby disperse or dissolve the coloring agent in the
      polyethylene terephthalate. Therefore, the coloring agent must withstand
      molding temperatures as high as 270.degree.- 300.degree.C and to possess
      sufficient heat stability not to be decomposed or faded by heat.
PAR  The dope-dyeing method which is as described hereinafter employed in the
      present invention has the advantage that coloring is conducted
      simultaneously with molding and no additional steps are required.
PAR  Polyethylene terephthalate films are prepared by drying the starting
      pellets, mixing the pellets with a coloring agent and, after heat melting
      the mixture, extruding, stretching and heat-treating the melt, and forming
      it into film. Of these steps, the drying step is desirably conducted at
      temperatures of from 135.degree. to 210.degree.C under reduced pressure as
      described in Japanese Pat. Publication No. 618/53. Without the drying
      step, the starting polyester would undergo hydrolysis upon heat-melting,
      which results in it being impossible to make the film or in producing a
      film with seriously deteriorated properties, e.g., having low strength.
PAR  On the other hand, since polyester films are usually formed into a film
      according to a tenter method, edge loss is unavoidable. In order to
      recover and re-use this edge waste, it is crushed and dried together with
      virgin chips. When the polyester is colored with a coloring agent having
      poor sublimation resistance, the dye will be sublimed away from the
      colored edge waste during the drying. Therefore, in addition to the loss
      of the coloring agent, the sublimed dye stains the dryer and drops falling
      therefrom on an irregular basis cause unevenness in color density. Also,
      polyethylene terephthalate is extruded through an extrusion die onto a
      casting drum to cool. At this time, when the polyester is colored with a
      easily sublimable coloring agent, the sublimed coloring agent stains the
      casting drum causing unevenness in dye density of the colored film itself.
      For these reasons, it is important to color the polyester with a coloring
      agent having good sublimation resistance.
PAR  In conducting the dope-dyeing, it is necessary for the coloring dye to be
      easily dispersed or dissolved uniformly in polyethylene terephthalate. In
      particular, for photographic film supports, high transparency and
      optically defect-free surface conditions are required. Therefore,
      insufficient dispersion of the coloring agent, rendering the support
      cloudy, and contamination with granular foreign substances cannot be
      allowed in the slightest.
PAR  As is well known, in order to provide polyethylene terephthalate with
      useful properties, melt-filmed melt-extruded, melt cast, melt quenched
      etc. (hereinafter melt-filmed), amorphous, non-oriented polyethylene
      terephthalate film must be subjected to stretching and heat-treatment
      under suitable temperature conditions. Therefore, even when the coloring
      agent is apparently dispersed uniformly in an amorphous, non-oriented film
      to such an extent that the transparency is not deteriorated, often in the
      subsequent stretching step, spaces between the fine, dispersed particles
      of the coloring agent incapable of being plastically deformed and
      polyethylene terephthalate matrix capable of being plastically deformed to
      a great extent arise, these vacancies scatter light increasing the
      cloudiness of the film. Accordingly, in the production of, particularly,
      photographic film bases, sufficient care is required in dispersing the
      coloring agent as extremely fine particles so as not to produce spaces in
      the stretching step which substantially increase the light scattering, or
      to dissolve the coloring agent in the form of a molecular dispersion.
PAR  An object of the present invention is to provide a dye which is heat stable
      and which can be used in particular with polyethylene terephthalate as a
      blue dye for an X-ray photographic film support.
PAR  It is further an object of this invention to provide a dye which has
      appropriate blue color characteristics permitting its use as a dye for an
      X-ray photographic film support and which does not adversely affect the
      photographic characteristics of the emulsion when it is used in a
      photographic support.
PAR  It is additionally an object of this invention to provide a coloring agent
      which can be used in a photographic film support and not give rise to a
      decrease in transparency nor to a cloudiness.
PAC  SUMMARY OF THE INVENTION
PAR  These and other objects of the invention are achieved with the use of a
      novel compound, 1,4-bis(2'-isopropyl-6'-methylanilino)anthraquinone, and
      particular its use in a polyethylene terephthalate support for X-ray
      photographic films.
DRWD
PAC  BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
PAR  FIG. 1 shows a chromaticity diagram as specified in JIS-Z8701 (1958).
PAR  FIG. 2 shows a chromaticity diagram of a polyethylene terephthalate film
      colored with Dyes A and B according to the method of the present
      invention.
PAR  FIG. 4 shows a chromaticity diagram of polyethylene terephthalate films
      colored with Dyes I - VI given in Table 2.
PAR  FIG. 6 shows a chromaticity diagram of polyethylene terephthalate films
      colored with Dyes VII, VIII and X.
PAR  FIG. 3 shows the spectral absorption curves of Dyes I - VI (measured in an
      acetone solution) and FIG. 5 shows the spectral absorption curves of Dyes
      VII, VIII and X measured in an acetone solution.
PAR  FIG. 7 is a graph explaining the data given in Table 6.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The colors suitable for X-ray photographic film use are described in detail
      below. The color-indicating methods and the color-measuring methods
      employed herein are set forth in JIS-Z8701- 1958 and JIS-Z8722-1959,
      respectively. All colors can be indicated in terms of x, y and Y defined
      in the aforesaid Japanese Industrial Standard. The above-described JIS is
      specified according to the colorimetric system CIE decided by the
      Commission Internationale de l'Eclairage, and is explained in Billmeyer &
      Saltzman; "Principles of Color Technology," pp. 25 - 52, Interscience
      Publishers (1966); "Journal of the Optical Society of America" vol. 33,
      No. 11, pp. 627-632, published by Optical Society of America in Nov. 1943,
      and the like.
PAR  FIG. 1 represents the chromaticity as specified in JIS Z8701-1958, wherein
      point 1 stands for the light of standard illumination C and point 2 stands
      for a color suitable for a support of X-ray photographic films. If the
      thickness of the support is constant, the point indicating the color of
      the support moves, with the decrease in the content of the dye, to the
      point 1 approximately along with the straight line linking point 1 with
      point 2. Therefore, comparing the hues of various dyes with each other,
      point 3 represents a blue color which is greener in character than that
      represented by the point 2 while point 4 represents a blue color somewhat
      more violet in character than that represented by the point 2.
PAR  Since X-ray photographic films have a light-sensitive region in the short
      wave-length region, it is desirable for a film support to absorb less
      light in the short wave-length region of from 400 to 450 nm. Absorption of
      light in this region makes the support yellowish, which results in
      rendering the blue color of the support impure. Thus, the value of X-ray
      films is decreased due to the visually bad impression.
PAR  In order to determine visually the most preferred hue range, seven films
      different from each other in hue were prepared using two dyes,
      1-anilino-4,5,8-trihydroxyanthraquinone (blue) and
      1-p-benzyloxyanilino-4-hydroxyanthraquinone (violet) by changing the
      mixing ratio of the two dyes. Films were formed according to the
      dope-dyeing method by melting. Medical X-ray films were prepared via the
      same steps as in Example 1 using the above-described film bases, and
      exposed to X-rays through an object to be photographed. Thus, images were
      obtained. The resulting images were arranged on a viewer (made by Seiko
      Sha Kabushikikaisha) to examine the image characteristics such as contrast
      and gradation, purity in terms of blue color, visual appearance, and the
      like. As a result, it was found that the preferred hue for X-ray
      photographs is in the area of chromaticity diagram between two lines, one
      connecting illuminant C (x = 0.310, y = 0.316) and point b (x = 0.2835, y
      = 0.3015) and the other connecting illuminant C and point e (x = 0.2847,
      y = 0.3000), as shown in FIG. 2.
PAR  In FIG. 2, points a, b, c, d, e, f and g each represents the hue of a 180
      .mu.-thick polyethylene terephthalate film in terms of chromaticity, the
      film being colored with 0.023 percent by weight of a mixture of
      1-anilino-4,5,8-trihydroxyanthraquinone (Dye A) and
      1-p-benzyloxyanilino-4-hydroxyanthraquinone (Dye B) in a mixing ratio
      given in Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

     Sample                                                                    

           Dye A:   Dye B   Chromaticity Coordinates                           

                                            Hue                                

     No.                                                                       

                  x        y                                                   

     ______________________________________                                    

     a     55:      45      0.2831   0.3021   Bad                              

     b     60:      40      0.2835   0.3015   Good                             

     c     65:      35      0.2839   0.3010   Good                             

     d     60:      40      0.2843   0.3005   Good                             

     e     55:      35      0.2847   0.3000   Good                             

     f     50:      50      0.2851   0.2995   Bad                              

     g     45:      55      0.2855   0.2990   Bad                              

     ______________________________________                                    

PAR  As a method for coloring polyethylene terephthalate, it is well known to
      color with an aminoanthraquinone dye as disclosed in British Pat. No.
      651,699, Japanese Pat. Publication No. 26315/68, etc. The dyes described
      in the above patents are blue or red, with the hues being unsuitable for
      an X-ray film support. These patents do not teach what types of chemical
      structure of dyes are suitable for an X-ray film support.
PAR  The inventors first examined 1,4-bis(monoalkylanilino)anthraquinones,
      which, however, were found to be greenish blue and unsuitable for coloring
      an X-ray photographic support. Then, the inventors examined
      1,4-bis(dimethylanilino)anthraquinones. There were obtained 6 structural
      isomers as shown in Table 2 depending upon the positions substituted by
      methyl groups.
TBL                Table 2                                                     

     ______________________________________                                    

     Compound No.                                                              

                    Compound         m.p. (.degree.C)                          

     ______________________________________                                    

      I        1,4-bis(2',3'-Dimethylanilino)-                                 

                                     241                                       

               anthraquinone                                                   

     II        1,4-bis(2'-4'-Dimethylanilino)-                                 

                                     220 - 221                                 

               anthraquinone                                                   

     III       1,4-bis(2'-5'-Dimethylanilino)-                                 

                                     233 - 234                                 

               anthraquinone                                                   

     IV        1,4-bis(2'-6'-Dimethylanilino)-                                 

                                     225                                       

               anthraquinone                                                   

     V         1,4-bis(3'-4'-Dimethylanilino)-                                 

                                     202 - 203                                 

               anthraquinone                                                   

     VI        1,4-bis(3'-5'-Dimethylanilino)-                                 

                                     254 - 256                                 

               anthraquinone                                                   

     ______________________________________                                    

PAR  The structures of these compounds and the physical properties thereof
      determined by newly synthesizing them are shown in Table 2. Also, wave
      length of the absorption maximum (.lambda..sub.max) appearing in a visible
      region in an acetone solution, molecular extinction coefficient and a
      spectral absorption maximum (.lambda..sub.max) of a 0.18 mm-thick blue
      film prepared by adding 0.02 percent by weight of the dyes to polyethylene
      terephthalate, dye-blending to dry, and melt-extruding the resulting
      composition according to a conventional melt-filming method are shown in
      table 3.
TBL                                    Table 3                                 

     __________________________________________________________________________

     Compound                                                                  

          Spectral Absorption in Acetone                                       

                           Spectral Absorption in                              

     No.  Solution         a Colored Polyethylene                              

                           Terephthalate Film,                                 

     .lambda. max (nm)                                                         

                 .epsilon. max (.times. 10.sup.4)                              

                           .lambda. max (nm)                                   

     __________________________________________________________________________

      I   396    0.55      610                                                 

          592    1.53      646                                                 

          634    1.64                                                          

     II   402    0.57      620                                                 

          600    1.55      646                                                 

          634    1.66      646                                                 

     III  400    0.59      610                                                 

          600    1.64                                                          

          634    1.73      644                                                 

     IV   365    0.31      591                                                 

          582    1.53                                                          

          628    1.39      635                                                 

     V    408    0.62      620                                                 

          610    1.47                                                          

          641    1.56      658                                                 

     VI   405    0.63      618                                                 

          610    1.43                                                          

          644    1.52      655                                                 

     __________________________________________________________________________

PAR  The spectral absorption curves of Dyes I, IV and VI are shown in FIG. 3 as
      being representative. Of the isomeric dyes listed in Table 2, compounds in
      which the o-position of the anilino nucleus is not substituted (V and VI)
      show a larger absorption at a wave length of 400 nm, which is not
      desirable for an X-ray film base, and therefore strongly exhibit a
      greenish blue color, and the compounds having one substitutent at the
      o-position (I, II and III) show a greenish blue color less than that of
      the former compounds next to them.
PAR  In contrast with the dyes of such structures, Compound IV particularly
      shows two distinctly separated main absorptions (one in the green region
      and the other in the red region), exhibits hypsochromic effect, i.e., a
      shift of the absorption peak to the shorter wave length side, and, in
      addition, exhibits a markedly reduced unnecessary absorption in the region
      of 360 - 450 nm.
PAR  While not desiring to be bound by theory, it is believed that this results
      from the inability of the anilino nucleus and the anthraquinone nucleus to
      be coplanar, this lack of coplanarity being due to the steric hindrance
      arising from the o-substituent.
PAR  The hues of these compounds all deviate widely from the desirable hue to
      green side, as shown in FIG. 4, except for Compound (IV). Only Compound
      (IV) is less yellowed and shows a distinct blue color which approximates
      fairly the desirable hue though a little shifted to violet.
PAR  Therefore, for further investigation, compounds having as the
      2'-substituent an isopropyl group as an alkyl group which greatly
      influences the steric hindrance and having differing 6'-substitutents (as
      shown in Table 4) were synthesized to examine the properties thereof.
TBL                Table 4                                                     

     ______________________________________                                    

     Compound No.                                                              

                  Compound           m.p. (.degree.C)                          

     ______________________________________                                    

      VII      1,4-bis(2'-Isopropylanilino)-                                   

                                     149                                       

               anthraquinone                                                   

     VIII      1,4-bis(2'-Isopropyl-6'-methyl-                                 

                                     240 - 241                                 

               anilino)anthraquinone                                           

     IX        1,4-bis(2'-Isopropyl-6'-ethyl-                                  

                                     211 - 213                                 

               anilino)anthraquinone                                           

     X         1,4-bis(2'-6'-Diisopropyl-                                      

                                     205 - 207                                 

               anilino)anthraquinone                                           

     ______________________________________                                    

PAR  The structures of the above-described dye compounds and the physical
      properties measured by newly synthesizing them are shown in Table 4. The
      spectral absorption characteristics in an acetone solution and in
      polyethylene terephthalate film measured in the same manner as for the
      compounds given in Table 2 are shown in Table 5.
TBL                                    Table 5                                 

     __________________________________________________________________________

     Compound                                                                  

          Spectral Absorption in Acetone                                       

                           Spectral Absorption in                              

     No.  Solution         a Colored Polyethylene                              

                           Terephthalate Film                                  

     .lambda. max (nm)                                                         

                 .epsilon. max (.times. 10.sup.4)                              

                           .lambda. max (nm)                                   

     __________________________________________________________________________

      VII 400    0.56      603                                                 

          595    1.48      644                                                 

          635    1.47                                                          

     VIII 370    0.31      591                                                 

          582    1.65                                                          

          627    1.84      637                                                 

     IX   375    0.34      592                                                 

          584    1.66                                                          

          629    1.84      638                                                 

     X    387    0.40      597                                                 

          588    1.66                                                          

          632    1.86      642                                                 

     __________________________________________________________________________

PAR  The spectral absorption curves of these Compounds (VI, VIII and X) are
      shown in FIG. 5. From FIG. 5, it was found that, even when the o-position
      is substituted with a bulky isopropyl group which tends to cause steric
      hindrance, the monosubstituted derivative (Compound VII) shows undesirable
      absorption in the short wave-length side which is not reduced to a great
      extent. However, the effect of the isopropyl group is clearly observed.
      The absorption spectrum of Compound IV undergoes a hypsochromic shift as
      compared with the comparative sample 1,4-bis(o-toluidino)anthraquinone
      (Compound XI) and the dimethylsubstituted isomers (Compounds II, III, V
      and VI). Actually, Compound IV shows almost the same absorption in the
      blue region as that of 2,3-dimethyl-substituted derivative (Compound I)
      and is not preferred from the viewpoint of hue. Also, in the case of the
      di-substituted derivative (Compound X) having isopropyl groups causing
      steric hindrance at two o-positions, the coplanar property between the
      amino nucleus and the anthraquinone nucleus is markedly hindered. Hence,
      it was expected that the absorption in the blue region would be even more
      reduced as compared with 2,6-dimethyl substituted derivative (Compound IV)
      and an excellent hue would be obtained. However, as a result of
      experiments, it was found that compounds disubstituted at the 2- and
      6-positions with bulky groups, such as Compound X, do not show the
      expected preferred properties. Therefore, it was surmised that, in order
      to obtain dyes which absorb light in blue region to a lesser extent and
      provide a turbidity-free blue hue, there would be an optimal size for the
      substituent to be introduced at the other o-position. As a result of
      various investigations, it was found that, of the compounds of this
      series, Compound VIII absorbs light least in the blue region and shows a
      highly pure blue color.
PAR  FIG. 6 shows the chromaticity of colored polyethylene terephthalate films
      prepared using representative dyes of this series, Compounds VII, VIII and
      X. As is clear from FIG. 6, the hues of Compound VII and Compound X were
      found to deviate toward green from the desirable hue, and only Compound
      VIII provided the desired excellent hue.
PAR  In addition, for a dye to be used as a dope-coloring agent for polyethylene
      terephthalate film for use as an X-ray photographic film, it is required
      that the dye possess sufficient heat stability to withstand the molding
      temperature as high as 270.degree.- 300.degree.C and not that the dye
      decompose or fade. A method of using
      1,4-bis(2'-6'-diethylanilino)anthraquinone(Compound XII) as a coloring
      agent for polyethylene terephthalate film is described in U.S. Pat. No.
      3,488,195. Compound XII has a melting point of 207.degree. - 208.degree.C,
      whereas Compound VIII of the present invention has a melting point of
      240.degree.- 241.degree.C. As a result of systematic investigations on a
      series of dye compounds contained in a film formed according to a
      conventional melt-filming method in which the melt-extrusion temperature
      and melt residence time were changed, it was found that
      1,4-bis(2'-isopropyl-6'-methylanilino)anthraquinone (Compound VIII) is
      quite suitable as a coloring agent which satisfies the aforesaid various
      requirements.
PAR  For the purpose of examining the heat stability of dyes, colored plates (1
      mm in thickness) were prepared by injection molding at a cylinder
      temperature of 300.degree.C and at a residence time inside the cylinder of
      1.5 minutes or 15 minutes using an injection molding machine (Neomat
      150/75, made by Sumitomo Shipbuilding & Machinery Co., Ltd.). The content
      of the dyes was 0.02 percent by weight based on the polyester. In order to
      compare the fading of the dyes due to the residence in a cylinder, a
      spectrophotometer (Molde EPS-3T, made by Hitachi, Ltd.) was used. A
      dye-free sample prepared under the same conditions was placed in a
      standard side, and only the change due to the dyes were measured. As is
      shown in FIG. 7, as the residence time inside the cylinder was increased
      the dyes were generally heat-decomposed, the absorption peak became small,
      and the background increased. For the purpose of comparing the dyes with
      each other, the purity of the color was indicated in terms of b/a, wherein
      b is the value of the spectral density curve corresponding to yellow or
      440 m.mu. in wave-length and a is the value of a peak appearing at around
      600 m.mu.. Heat resistance was compared in terms of the difference in b/a
      between a residence time of 1.5 minutes and a residence time of 15
      minutes, i.e., .DELTA. (b/a). The results thus obtained are shown in Table
      6.
TBL                                    Table 6                                 

     __________________________________________________________________________

     Residence Time                                                            

     at a Cylinder                                                             

              b         a         b/a        .DELTA.(b/a)                      

     Temp. of 300.degree.C                                                     

              Value at 440 m.mu.                                               

                        Peak Value                                             

                                  Purity of Color                              

                                            b/a(15 min.)-                      

     (min.)                                 b/a(15 min.)                       

     Compound No.                                                              

              1.5  15   1.5  15   1.5  15                                      

     __________________________________________________________________________

      VII     19   22   77   71   0.247                                        

                                       0.310                                   

                                             0.063                             

     VIII     3.5  5    83   81.5 0.042                                        

                                       0.061                                   

                                             0.019                             

     IX       3.5  10.5 85   83.5 0.041                                        

                                       0.126                                   

                                             0.085                             

     X        7    14   70.5 70.5 0.099                                        

                                       0.199                                   

                                             0.100                             

     XII      3.5  10.5 86.5 86.5 0.042                                        

                                       0.121                                   

                                             0.086                             

     __________________________________________________________________________

PAR  As is clear from Table 6, it was confirmed that the heat stability of the
      dye compound VIII of the present invention was extremely excellent.
PAR  The sublimation resistance of the dyes was measured by the following
      method. That is, 2 mg of a dye was placed at the bottom of a hard glass
      test tube of an inside diameter of 18 mm and a length of, 200 mm and 20 g
      of polyethylene terephthalate chips of 4 mm .times. 4 mm .times. 2.5 mm
      were intimately added thereto. Such test tubes containing different dyes
      (VII, VIII, IX, X or XII) were connected to a vacuum line and slowly
      evacuated to 0.1 mmHg for 5 minutes. Thereafter, while connecting to the
      vacuum line, the test tubes were dipped in an oil bath thermostaticly
      heated to 180.degree.C .+-. 2.degree.C up to about 2/3 of the length of
      the test tube from the bottom thereof and evacuated for 4 hours. Then, the
      test tubes were withdrawn. The surface of the polyethylene terephthalate
      chips was colored, with a definite density gradient upward from the
      bottom, due to the sublimation and adsorption of the dyes. The shift
      distance of the dyes up toward the top of the colored chips was measured
      in mm for comparison. The results given in Table 7 shows that Dye VIII of
      the present invention was particularly excellent in sublimation
      resistance.
TBL                Table 7                                                     

     ______________________________________                                    

                  Sublimation Resistance                                       

                  (shift distance of                                           

     Compound No. the sublimed dye, mm)                                        

     ______________________________________                                    

      VII         70                                                           

     VIII         60                                                           

     TX           65                                                           

     X            80                                                           

     XII                                                                       

     XIV          90                                                           

     ______________________________________                                    

PAR  The experimental data are tabulated in Table 8 together with, for further
      understanding, the results obtained with
      1,4-bis(2'-tert-butylanilino)anthraquinone (Compound XIII) and
      1,4-bis(2'-ethyl-6'-methylanilino)anthraquinone (Compound XIV).
      ##SPC1##
PAR  From the above Table 8, it can be seen that the sublimation resistance
      becomes large as the substituents at the 2'- and 6'-positions become more
      non-symmetric and as the carbon number of the substituent alkyl group
      increases.
PAR  It is also clear from the Example given hereinafter that the dye of the
      present invention is excellent in compatibility and does not affect the
      photographic properties of silver halide emulsions.
PAR  As was described above, an object of the present invention is to provide a
      coloring agent for polyethylene terephthalate film for use as X-ray
      photographic films which satisfies extremely severe requirements with
      respect to the photographic properties, heat resistance, sublimation
      resistance, compatibility and hue at the same time.
PAR  As is stated above in detail, as a result of systematic analysis of
      structures, physical properties and data of experiments,
      1,4-bis(2'-isopropyl-6'-methylanilino)anthraquinone has been found which
      satisfies the aforesaid requirements at the same time. The compound of the
      invention is a novel compound not described in the literature, and may be
      synthesized easily by heating 1,4,9,10-tetrahydroxyanthracene together
      with 2-isopropyl-6-methylaniline in the presence of a dehydrating agent to
      react. The crude product may be purified using simple procedures to obtain
      the purified product.
PAR  As a result of various investigations, boric acid as described in Japanese
      Pat. Publication No. 29187/69 or boric acid alcohol esters as described in
      British Pat. No. 969,059, such as the boric acid ester of
      2-methylpentane-2,4-diol are found to be effective as the dehydrating
      agent. The reaction may be completed smoothly in a short time by using
      such dehydrating agents.
PAR  The reaction may be conducted usually by heating a mixture of
      1,4,9,10-tetrahydroxyanthracene, 2 to 6 equivalent amounts, preferably 2.5
      to 4.0 equivalent amounts, of the amine component, and 0.5 to 5 equivalent
      amounts, preferably 2 to 4 equivalent amounts, of a dehydrating agent at
      130.degree. to 180.degree.C while removing, if necessary, the water
      produced under reduced pressure. Or, the reaction may also be conducted
      uniformly and smoothly by reacting at the boiling point of a high-boiling
      solvent such as alcoholic solvents (e.g., n-butanol, n-amyl alcohol,
      n-hexyl alcohol, 2-ethyl-hexanol, etc.). The reaction is, in general,
      completed in about 5 to 20 hours. The reaction product is dissolved in
      chloroform and, after removing the insolubles, washed with dilute
      hydrochloric acid to remove the non-reacted amine component, and then
      recrystallized using a suitable solvent or, if necessary, purified by
      chromatography. Thus, there can be obtained a highly pure end product.
PAR  The process for synthesizing
      1,4-bis(2'-isopropyl-6'-methylanilino)anthraquinone to be used in the
      invention will now be described more specifically by reference to the
      following synthesis example.
PAR  Unless otherwise indicated all parts and percents are by weight.
PAC  SYNTHESIS EXAMPLE
PAC  1,4-bis(2'-Isopropyl-6'-methylanilino) anthraquinone (Compound VIII)
PAR  A mixture of 48 g of 1,4,9,10-tetrahydroxyanthracene, 100 ml of
      2-methyl-6-isopropylaniline and 40 g of boric acid was heated to
      150.degree.- 160.degree.C for 3 hours under stirring to react. After
      cooling, 20 percent hydrochloric acid was added thereto to make the
      reaction system acidic. Thereafter, the precipitate formed was fittered
      out, washed well with water, then dried. Subsequently, the resulting crude
      product was mixed with a mixture of 60 ml of nitrobenzene and 5 ml of
      piperidine and, after heating at 130.degree.- 140.degree.C for 3 hours,
      nitrobenzene was distilled off to obtain a blackish blue residue. This was
      then dissolved in ethanol and, after treating with active carbon,
      recrystallized two times from benzene to obtain 52 g of bluish violet
      crystal having a melting point of 240.degree.- 241.degree.C. Elemental
      Analysis:
TBL  Calcd. for C.sub.34 H.sub.34 O.sub.2 N.sub.2 :                            

                      C 81.27; H 6.77; N 5.58 %                                

     Found:           C 81.80; H 6.83; N 5.58                                  

PAR  The resulting dye shows the spectral absorption spectrum as described in
      Table 5, and was confirmed to be
      1,4-bis(2'-isopropyl-6'-methylanilino)anthraquinone from the analysis of
      infrared absorption spectrum, NMR absorption spectrum [1.05, 1.12, 1.124,
      3.13 ppm (isopropyl); 2.14 ppm (methyl); 8.41, 7.71, 6.51 ppm
      (anthraquinone nucleus); 7.15 ppm (phenyl); 11.83 ppm (NH); in a heavy
      chloroform solution].
PAR  In this synthesis example, when the reaction between
      1,4,9,10-tetrahydroxyanthracene and 2-methyl-6'-isopropylaniline was
      conducted at a similar temperature for 5 hours using as a dehydrating
      agent 45 g of boric ester, prepared by heating 2-methyl-2,4-pentanediol
      together with boric acid, in place of the boric acid, followed by quite
      the same after-treatment as set forth above, 58 g of dye Compound (VIII)
      having a melting point of 240.degree. to 242.degree.C was obtained.
PAR  Also, when the crude product obtained in the first step dehydration
      reaction was oxidized by heating for 6 hours in a system of 350 ml of
      ethanol and 10 ml of piperidine while bubbling air thereinto instead of
      oxidizing in the presence of nitrobenzene and the reaction product was
      after-treated in a conventional manner, 59 g of the dye Compound (VIII)
      having a melting point of 239.degree.- 241.degree.C was obtained.
PAR  Furthermore, highly pure dye Compound (VIII) was effectively obtained by
      purifying the crude product obtained in the second step oxidation reaction
      by column chromatography using alumina as a column packing and using
      n-hexane, benzene or the mixture there as the developing solvent. On this
      occasion, the black reaction by-product contained in the crude product was
      removed with ease since it was adsorbed onto the upper portion of the
      packed alumina layer. Thus, column chromatography served to simplify the
      subsequent recrystallization procedures and was therefore extremely
      effective.
PAR  Various 1,4-bis(dialkyl-substituted amino)antraquinones described in Tables
      2 and 4 were obtained with east from 1,4,9,10-tetrahydroxyanthracene and a
      corresponding dialkyl-substituted aniline in quite the same manner as in
      the above-described synthesis example.
PAR  The thus obtained Dye (VIII) is an absolutely novel compound which colors
      hydrophobic polymer materials, particularly polyester and polyamide
      products a distinct, highly pure blue tone. In addition, the dye possesses
      high compatibility, excellent heat fastness and sublimation fastness. The
      polyester and polyamide products include various moldings in addition to
      fibers and film materials such as photographic film products and packing
      film products, which can be dyed using conventional dyeing methods or
      melt-dyeing methods. The Dye (VIII) of the invention is particularly
      effective for polyethylene terephthalate film for a photographic film
      support. Generally, for a X-ray film support from about 0.005 to 0.04
      percent preferably from about 0.015 to 0.025 percent, by weight of the dye
      is used but this can be varied freely depending on the ultimate end use.
PAR  In the case of using as an X-ray photographic film support, a polyethylene
      terephthalate film colored with the Dye (VIII) of the invention according
      to a melt-dyeing method, the surface of the film was activated by
      subjecting it to activating processing such as irradiation with
      ultraviolet rays a corona discharge treatment, a treatment with chromic
      acid or with airpropane flame, etc., a known subbing layer as described in
      Japanese Pat. Publication Nos. 25835/68, 2529/69, 29995/69, and the like
      was provided thereon, and a known emulsion for use in X-ray photography as
      described in Japanese Patent Publication No. 7845/72, etc. was applied
      thereto to prepare a photographic film. The resulting photographic film
      can be processed in various known manners.
PAR  The present invention will now be illustrated in more detail by reference
      to several non-limiting examples of preferred embodiments of the
      invention.
PAC  EXAMPLE 1
PAR  A 0.180 mm-thick film was prepared according to a melt-filming method by
      adding 0.02 percent by weight of Dye Compound (VIII) to polyethylene
      terephthalate chips, dry-blending to dry, and conducting melt-extrusion.
      The resulting film was blue and a reduction in transparency, clouding and
      defects due to nondispersed particles were not observed. Both surfaces of
      this film were irradiated with ultraviolet rays at 80.degree.C for 1
      minute in air using a 1 KW quartz-made mercury lamp as described in
      Japanese Patent Publication No. 2603/68. Thereafter, a gelatin-organic
      solvent dispersion having the following composition was immediately
      applied thereto followed by drying at 120.degree.C for 2 minutes.
TBL  ______________________________________                                    

     Gelatin          1      part by weight                                    

     Acetic Acid      1      "                                                 

     Methanol         20     "                                                 

     Acetone          60     "                                                 

     Methylene Chloride                                                        

                      10     "                                                 

     Tetrachloroethane                                                         

                      5      "                                                 

     Phenol           5      "                                                 

     ______________________________________                                    

PAR  To a high speed silver bromide emulsion for use in X-ray photography (AgI:
      1.5 mol percent, gelatin content: 150 g/mol AgX) having been
      sulfursensitized and gold-sensitized were added chromium alum and saponin
      in suitable amounts. This emulsion was then applied to both surfaces of
      the above-described subbed film base in an amount of 55 mg/100 cm.sup.2 on
      a silver basis for each surface, then dried to prepare medical X-ray
      films.
PAR  The resulting medical X-ray films were exposed for 0.5 second to conduct
      X-ray photographing under the conditions given in the following Table 9
      with the distance between an X-ray source and the object to be X-rayed
      being 80 cm using as a test object a phantom (made by Anderson Research
      Laboratories, Inc.) and using as an X-ray intensifying screen KYOKKO-FS
      containing CaWO.sub.4 (made by Dainippon Paint Manufacturing Co., Ltd.).
TBL                Table 9                                                     

     ______________________________________                                    

     Sample No.                                                                

               Phantom   Electric Current                                      

                                        Voltage                                

                         (mA)           (V)                                    

     ______________________________________                                    

      I        Head      100            80                                     

     II        Breast    100            60                                     

     III       Lumbar    100            80                                     

     TV        Leg       100            40 - 50                                

     ______________________________________                                    

PAR  Then, the thus photographed medical X-ray films I, II, III and IV were
      processed at 20.degree.C for 4 minutes using a developer having the
      following composition.
TBL  ______________________________________                                    

     Composition of Developer:                                                 

     Metol                    4.0 g                                            

     Anhydrous Sodium Sulfite                                                  

                             60.0 g                                            

     Hydroquinone            10.0 g                                            

     Anhydrous Sodium Carbonate                                                

                             53.0 g                                            

     Potassium Bromide        2.5 g                                            

     Water to make            1 liter                                          

     ______________________________________                                    

PAR  As compared with the images formed in the same manner as above on X-ray
      films prepared by sing Dyes VII, IX, X, XII etc., the image on X-ray films
      prepared by sing Dyes VII, IX, X, XII etc., the image developed on these
      medical X-ray films in accordance with the invention facilitated the
      discrimination of the images and, in addition, photographic properties
      such as sensitivity, gamma, fog, etc. suffered no change. Furthermore, no
      changes were observed even when the films were stored under severe
      conditions of temperature and humidity.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An X-ray photographic material comprising a support having thereon an
      X-ray sensitive silver halide photographic emulsion, said support
      comprising a polyethylene terephthalate film containing the compound
      1,4-bis(2'-isopropyl-6'-methylanilino) anthraquinone.
NUM  2.
PAR  2. The photographic material of claim 1, wherein said compound is present
      in an amount sufficient to impart a blue color to said film.
NUM  3.
PAR  3. A photographic silver halide light-sensitive material comprising as a
      support a polyethylene terephthalate film containing
      1,4-bis(2'-isopropyl-6'-methylanilino) anthraquinone.
NUM  4.
PAR  4. The photographic material of claim 3, wherein said compound is present
      in an amount sufficient to impart a blue color to said film.
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ABST
PAL  A carrier for transferring images comprising a paper treated with a release
      agent and coated with a binder emulsion, the binder being chiefly based on
      nitrile butadiene rubber obtained by copolymerization of butadiene and
      acrylonitrile.
BSUM
PAR  The present invention generally relates to transferring an image from an
      image carrier in the form of a sheet treated with a release agent and
      coated with a binder emulsion to an image receiver and in particular
      relates to a new binder in connection with said image transfer.
PAR  In prior art methods for transferring images first a carrier for instance
      in the form of paper is coated with wax-like substances or varnish, after
      which an image or a pattern is directly applied to the wax coating or to a
      new binder foil thereon. When transferring the image or image foil
      obtained in this manner to an image receiver high pressures and high heat
      are required. For releasing the image it is subsequently removed versely
      by using expensive chemicals. The image foil transferred to the image
      receiver has an uneven surface which must be polished, washed, dried and
      after-treated with lacquer or the like. Expensive and complicated
      installations are also required for preparing the image carrier and for
      transferring the image to the image receiver.
PAR  It is the object of the present invention to provide image transfer with
      excellent results by using a type of binder in emulsified form novel in
      connection with image transfer. According to the invention the binder is a
      binder chiefly based on nitrile(butadiene)rubber (NBR) belonging to the
      group of contact adhesives. Nitrile rubber is synthetic rubber produced by
      emulsion polymerization of butadiene and acrylonitrile. The percentages of
      the two monomers will of course vary relatively to what qualities are
      desired but for the purpose according to the present invention a
      percentage of acrylonitrile of 25 to 35 % is preferred and the rest being
      butadiene. It has proved that the properties of nitrile rubber such as
      good aging properties and good heat resistance is advantageous in image
      transfer using an image carrier treated with a release agent. The binder
      emulsion based on nitrile rubber has preferably a solid content of 25 to
      40 % although the solid content may be higher or lower. It is obvious that
      the solid content is selected relatively to how quick drying the emulsion
      should be. As solvents it is preferable to use ketones, such as acetone,
      methyl ethyl ketone, and the like but also other volatile solvents may be
      used. The binder is colorless and transparent which is an essential
      advantage in image transfer since slightly coloured binders will else
      influence the image transfer. According to the invention it is proved that
      a preferable contact adhesive based on nitrile rubber is a glue marketed
      under the designation "Bostik 1782" by Bostik AB, Helsingborg, Sweden.
      Said glue is chiefly based on nitrile rubber dissolved in organic solvents
      such as ketones. The other technical data will be clear from the tabel
      below.
TBL  ______________________________________                                    

     Type of glue  Contact adhesive                                            

     Binders       Nitrile rubber, synthetic resins                            

     Solvent       Ketones                                                     

     Type of glue  Contact adhesive                                            

     Colour        Colourless, transparent                                     

     Smell         The same as for the solvents                                

                   (cf. the above)                                             

     Consistence   Very liquid                                                 

     Solid content 25.+-.% by weight                                           

     Specific gravity                                                          

                   0.87.+-.0.02                                                

     Viscosity     50.+-.4 poise at 20.degree.C (Brook-                        

                   field RVF spindle 3, 10 rota-                               

                   tions per minute)                                           

     Flash point   Below 21.degree.C                                           

     ______________________________________                                    

PAR  A modified form of the contact adhesive described above which has proved
      suitable according to the invention is the same glue with the exception
      that the solid content is about 40 %. Such a glue is of course quicker in
      drying.
PAR  The expression "chiefly based on nitrile rubber" implies that also other
      synthetic resins may be included in the binder. As to these resins it is
      often a secret to the manufacturer of said glues which resins are included
      and so it is practically impossible to clearly define them.
PAR  The invention will be described below with reference to the production of
      an image carrier which may be used in transferring images. To produce the
      image carrier the starting material is paper treated with a release agent,
      i.e. a paper treated with such release agents as silicones, polyethylene,
      polytetrafluorethylene or the like, on which paper a binder emulsion
      according to the invention in the form of a thin film is applied. On this
      film after it has dried an image may be printed in offset gravure, letter
      press or by other conventional printing methods or the image may be
      transferred or moved from an image printed on a coated sheet to the
      emulsion film of the release agent paper. Transfer from the image carrier
      to an image receiving surface is chiefly effected by heat and under weak
      pressure. The use of the above binders chiefly based on nitrile rubber has
      the following advantages. The binder will stick to the sheet treated with
      a release agent in a satisfactory manner and the image film applied on the
      image carrier is kept perfectly at the transfer, is weak, resilient and
      tensile and will perfectly follow for instance knitted fabric, coarse
      artist canvas or any other surface having a rough and uneven structure.
      The image carrier thus provided with the image film will endure high
      temperatures and the image film after it has been transferred for instance
      to plastics packaging can even be made flame-proof. With a sheet treated
      with the release agent and coated with the binder emulsion according to
      the invention transfer can take place from the images printed on the sheet
      to the emulsion film. Images transferred from paper will be as perfect as
      the original image. In such image transfer the image may be printed on a
      so-called coated paper, preferably with such coating as on paper in
      American magazines. An image of such paper is placed against the emulsion
      film and squeezed by means of a pressure of approximately 3 kg/cm.sup.2 at
      a temperature of 100.degree. to 150.degree.C for some seconds. The image
      is now embedded into the emulsion film. If the image carrier is placed
      against the image paper on or above the surface of preferably hot water
      the coating of the paper is dissolved and the paper can be restripped from
      the image almost by itself. The image is then cleansed from the remainder
      of the coating of the paper. Also hot steam may be used to strip the paper
      from the image.
PAR  When transferring an image from the image carrier this can be effected at a
      greater speed if the image carrier is heated for some seconds to
      150.degree. to 200.degree.C before it is transferred. With a preheated
      image carrier the time for image transfer will be substantially reduced.
      If a dim surface is desired for instance on an image transferred to cloth
      the transfer moment may be prolonged and the temperature increased whereby
      the transparent polyethylen- or silicone coating for instance will melt
      and merge with the picture.
PAR  The carrier coated with the binder emulsion according to the invention on
      which an image has been applied is often provided with an extra binder
      relatively to the image receiving surface. Said extra binder preferably
      comprises a binder based on an acrylic resin preferably in the form of a
      latex. Said acrylic resin consists of a thermoplastic polymer or copolymer
      of acrylic acid, methacrylic acid, esters of these acids or acrylonitrile.
      Typical acrylic binders have a solid content of approximately 46 % and
      have a specific gravity of approximately 1.06. This binder gives rise to a
      semi-blurred surface.
PAR  After the image transfer the emulsion applied to the paper treated with the
      release agent according to the invention will be located at the outer side
      of the image. Therefore, according to the invention, it is important that
      the emulsion is transparent. The emulsion film also protects the image
      against mechanical and chemical influences.
PAR  According to a preferred embodiment of the invention a thin layer of a
      photosensitive photographic emulsion is applied on the binder layer. This
      is advantageous since a photograph can be developed directly onto the
      carrier bearing the binder layer of the invention. The photosensitive
      emulsion is coated as a layer about 1/2000 inch thick or less on the
      binder layer. The emulsion can consist of (1) Gelantine, (2)
      Microcrystalline (that is very finely divided as invisibly minute
      crystals) silver bromide with usually few per cent of silver iodide, and
      (3) Small amounts of various other chemicals added for special purposes.
      These include: sensitizing dyes to make the emulsion colour-sensitive, a
      hardening agent to make the gelantine less tender in hot weather; a
      bactericide to prevent bakteria attacking the gelantine in hot, damp
      weather or climates; a wetting agent to facilitate the after process of
      development, etc. and, usually, an antifoggant.
PAR  It has been established that the use of a binder chiefly based on nitrile
      rubber will yield the following advantages when transferring an image from
      an image carrier treated with a release agent to an image receiver.
PAR  1. The image film has a high polish, almost glittering even surface.
PAR  2. After the transfer the printed image will be located at the inner side
      of the emulsion film (the image film), whereby the image is protected
      against chemical and mechanical influences.
PAR  3. The image film is resilient, tensile and will follow even the structure
      in cloth permitting the use thereof in molded objects, tensile cloth or
      foils, such as knitted fabrics, stockings, plastics foil, skin.
PAR  4. The image foil transferred for instance to cloth can be boiled, washed
      as fine laundry and even dry-cleaned in so-called hard machine laundry
      with perfect results. The image film will endure heat corresponding to a
      temperature higher than 200.degree.C and can be flame-treated for instance
      when it is attached to the plastics packaging.
PAR  5. In the transferred state the image film need not be after-treated for
      instance by polishing, washing, drying, lacquering, etc.
PAR  6. When the image film is still attached to the image carrier for instance
      silicone paper (carrier with a layer of a release agent) it endures
      storing and transporting and can be marketed.
PAR  7. The image film can be transferred to almost any conceivable material and
      using weak contact pressure. For instance it can be transferred to cloth
      and foil in a continuous web at a great speed.
PAR  8. A transfer of the image film can take place at the usual room
      temperature and the binder emulsion will dry in a matter of a few minutes.
      The time for drying is reduced by heat to approximately 4 to 5 seconds.
      Water is not needed for releasing the image carrier resulting in great
      economy in working and installation costs since washing, drying and
      possible ironing will be eliminated.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A carrier for transferring images to an image receiver comprising a
      paper treated with a release agent selected from the group consisting of
      silicones, polyethylene, and polytetrafluoroethylene, and a transparent
      binder suspension layer disposed thereon, said binder suspension
      consisting essentially of a solid suspension in a solvent, said solid
      comprising a nitrile butadiene rubber obtained by copolymerizing butadiene
      with acrylonitrile.
NUM  2.
PAR  2. Image carrier according to claim 1, wherein the binder emulsion has a
      solid content of 25 to 40 %, the rest being ketone solvents.
NUM  3.
PAR  3. Image carrier according to claim 1, characterized in that said nitrile
      butadiene rubber is obtained by copolymerization of 25 to 35 % of
      acrylonitrile, the rest being butadiene.
NUM  4.
PAR  4. A carrier for transferring images to an image receiver comprising a
      paper treated with a release agent selected from the group consisting of
      silicones, polyethylene, and polytetrafluoroethylene, and a binder
      suspension layer disposed thereon, said binder suspension consisting
      essentially of a solid suspended in a solvent, said solid comprising a
      nitrile butadiene rubber obtained by copolymerizing butadiene with
      acrylonitrile, said carrier further comprising a thin layer of
      photosensitive photographic emulsion overlying the binder suspension
      layer.
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PAL  Photochromic lithium niobate crystals containing iron and either manganese
      or copper are useful for recording phase holograms in the photosensitive
      state of the crystals, which holograms can be permanently fixed and read
      out without loss in the quality of the image obtained therefrom over
      extended periods.
PARN
PAR  This is a division of application Ser. No. 345,323, filed Mar. 27,1973, now
      U.S. Pat. No. 3,799,624.
BSUM
PAR  This invention relates to single crystal electrooptic materials useful for
      recording phase holograms. More particularly, this invention relates to
      lithium niobate crystals which are photochromic and are useful as a
      holographic storage medium.
PAR  The invention herein described was made in the course of or under contract
      with the Department of the Navy.
PAC  BACKGROUND OF THE INVENTION
PAR  The recording of phase holograms in electro-optic materials, particularly
      single crystals of lithium niobate, is known. Recording of phase holograms
      in lithium niobate crystals is done by generating an interference pattern
      through interaction between a coherent reference beam and an object beam.
      The object beam carrier spatial modulation corresponding to the image to
      be recorded. The light pattern formed by the interference between the
      object beam and the reference beam causes a change in the index of
      refraction of the lithium niobate crystal. The resultant refractive index
      pattern is a three dimensional pattern representative of the object or
      information recorded. The information can be read out by addressing the
      crystal with coherent readout light in the direction of the reference
      beam. This light is phase modulated in accordance with the recorded
      refractive index pattern and reproduces the object beam by wavefront
      reconstruction.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Lithium niobate crystals can be doped with iron or manganese to enhance the
      sensitivity of the crystal, as has been disclosed in a copending
      application of Amodei and Phillips entitled Improved Crystals for
      Recording Phase Holograms, Ser. No. 196,733 filed Nov. 8, 1971, now
      abandoned in favor of a continuation application, Ser. No. 463,607. These
      crystals are sensitive to light, however, and when impinged upon during
      readout by coherent light of the same intensity as that used for
      recording, the holograms are erased. A method of permanently fixing
      holograms in electro-optic materials has been disclosed in a copending
      application of Amodei and Staebler, entitled Process for Fixing
      Holographic Patterns in Electro-Optic Crystals and the Crystals Produced
      Thereby, Ser. No. 295,851 filed Oct. 10, 1972 now U.S. Pat. No. 3,773,400.
      By heating or irradiating the crystal during or subsequent to recording,
      the holograms are "fixed" by replacing the original electronic charge
      pattern in the crystal with a permanent ionic charge pattern. Accordingly,
      lithium niobate crystals containing holographic information in permanent
      form can be prepared.
PAR  One problem which has arisen in fixed iron-doped lithium niobate crystals
      is that, because the crystal is still highly sensitive to light, the
      holographic image quality deteriorates with increasing readout time,
      causing a reduction in resolution that results in development of a grainy
      image. The original high quality image can be restored by subjecting the
      crystal to incoherent light irradiation, for example. However, this
      requires additional equipment and adds to the costs and complexity of
      storing information by this method.
PAC  SUMMARY OF THE INVENTION
PAR  We have found that lithium niobate crystals doped with both iron and either
      manganese or copper are photochromic in addition to being highly sensitive
      electro-optic recording media. These crystals are highly suitable for
      recording holographic information in permanent form by a method whereby
      holographic information is recorded and fixed while the crystal is in its
      sensitive state, and the crystal is switched to its insensitive state for
      readout. In the insensitive state loss in the quality of images obtained
      is not noted even after prolonged readout periods.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph of the half times required to fix and to erase
      holographic information and to bleach a photochromic crystal from its
      sensitive to its insensitive state at various temperatures.
PAR  FIG. 2 is a graph of optical density as a function of wavelength of
      incident light for a photochromic lithium niobate crystal.
PAR  FIG. 3 is a graph of diffraction efficiency in percent as a function of
      exposure for a photochromic lithium niobate crystal.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The novel electro-optic recording media of the invention are single
      crystals of lithium niobate containing at least about 0.001 mol percent of
      iron and at least about 0.001 mol percent of either manganese or copper.
      The relative amounts of iron and manganese or copper are not critical in
      order to obtain the photochromic effect and up to about 0.15 mol percent
      or more of the dopants can be present; however, crystals containing very
      high amounts of dopants, while they will have increased sensitivity to
      light, will be darkly colored, detracting from the intensity of the
      reconstructed images recorded therein. In general, crystals suitable for
      holographic recording and storage will contain from about 0.001 to about
      0.05 mol percent of iron and from about 0.001  to about 0.05 mol percent
      of manganese or copper. The iron can be the major or minor dopant, or
      equal amounts of each dopant can be employed.
PAR  The doped lithium niobate crystals can be readily prepared by the
      Czochralski crystal growth technique. Approximately equimolar amounts of
      lithium carbonate and niobium pentoxide are fused and reacted at elevated
      temperatures. The two desired dopants are added to the reaction mixture.
      Crystals of lithium niobate are grown from the melt about a suitable seed
      crystal by pulling, and the crystal annealed and cooled under controlled
      temperature conditions. The crystals obtained by the above method have
      variable and reversible sensitivity induced by their photochromism.
PAR  According to the present method for recording high quality, permanent phase
      holograms, a doubly doped crystal prepared as above is photochromically
      switched by exposing it to UV light of about 3500-4000 A wavelength. The
      crystal will darken in color and is now in a state most sensitive to
      light, i.e., it contains a high proportion of the iron in its divalent
      state. Holograms can be rapidly recorded and fixed in this sensitive
      state. The crystal can be bleached, or switched to the state most
      insensitive to light either by heating or by exposing to visible light.
PAR  According to the heating method, after fixing, the crystal can be heated
      for a time and temperature sufficient to bleach the crystal, but
      insufficient to erase the hologram stored in the crystal. Referring now to
      FIG. 1, the three lines of the graph show the half times for fixing and
      erasing a hologram in a lithium niobate crystal and for bleaching
      photochromic coloration. Reference to the graph shows that at a
      temperature of about 120.degree.C., a hologram will be fixed after heating
      for about 60 seconds, the crystal will be bleached after heating for about
      1 hour, and a hologram will be erased after heating for about 24 hours.
PAR  According to the exposure method, after fixing and cooling the crystal to
      room temperature in the dark, the crystal is bleached by exposing to light
      having a wavelength in the visible range, i.e., 4000-7000 A.
PAR  The bleached crystal containing a fixed hologram can be read out
      continuously or intermittently with no loss in the quality of the image
      after extended periods. Thus the present crystals provide photochromic
      electro-optic media in which phase holograms can be rapidly written, fixed
      to form permanent holograms, photochromicaly switched and read out with
      light beams of the same intensity used for writing to give distortion
      free, high quality images having long lifetimes.
PAR  In addition, in its high sensitivity state, the doubly doped lithium
      niobate crystals display a fairly symmetric write-erase characteristic.
      Thus the crystals are also useful for applications where fast-write,
      fast-erase characteristics are required.
PAR  The invention will be further illustrated by the following examples, but it
      is to be understood that the invention is not meant to be limited to the
      details described therein.
PAC  Example 1
PAR  About 1 mol each of lithium carbonate and niobium pentoxide were admixed
      and added portionwise to a 100 cc platinum crucible. The mixture was
      heated after each addition in a resistance furnace at about 1260.degree.C.
      until the reactants fused and reacted. During the last additions, 0.05 mol
      percent of iron as iron oxide and 0.005 mol percent of manganese as
      manganese dioxide were also added. When addition was complete, the
      crucible was placed in the resistance furnace and brought to a temperature
      of about 1260.degree.C., when growth about a c axis oriented seed crystal
      was initiated. The growing crystal was pulled from the melt at about 5
      mm/hr. while rotating at about 12-30 revolutions per minute.
PAR  When crystal growth was complete, the crucible was lowered into a well in
      the bottom of the furnace and the crystal was annealed in a nearly
      isothermal environment in the center of the furnace at about
      1100.degree.C. for 4-5 hours, and was then slowly cooled at a rate of
      about 50.degree.C./hr. to room temperature. The crystal was then poled by
      passing a small current through it at a temperature of about
      1200.degree.C.
PAR  A sample about 0.5 cm in thickness was cut from the crystal.
PAR  Referring now to FIG. 2, the crystal sample was exposed to UV light, with a
      500 watt high pressure mercury lamp using a Corning 7- 59 filter with a
      copper sulfate solution filter. The crystal darkened. About 50-100
      Joules/cm.sup.2 of incident energy was required to fully darken the
      crystal. The absorption state was measured with a recording
      spectrophotometer. Curve 1 of FIG. 2 shows the optical density of the
      darkened crystal as a function of wavelength.
PAR  The crystal was then exposed to a coherent light beam in the visible
      wavelength range provided by the mercury lamp using a Corning 3- 70 filter
      with a water filter. The color of the crystal became lighter. Curve 2 of
      FIG. 2 shows the optical density as a function of wavelength in the
      bleached state. The difference in the two curves shows the photochromism
      of the crystal.
PAR  FIG. 3 shows the performance for hologram storage and erasure of the
      crystal in its two absorption states. Holograms were recorded with two
      incident coherent light beams at 4880 A about 0.5 cm wide meeting at a
      30.degree. angle. Polarization vector and crystal c axis were in the plane
      of incidence. Referring now to FIG. 3, the relative diffraction efficiency
      of the crystal in percent in its sensitive state, with exposure to a
      coherent light beam at 4880 A, designated as curve 1, shows a rapid change
      corresponding to the fast-write, fast-erase characteristics of the crystal
      in this state. Curve 2 shows the behavior of the crystal in its
      insensitive state, after exposure to visible light, with its much slower
      write-erase characteristics.
PAC  Examples 2-5
PAR  Other doubly doped crystals were made according to the procedure of Example
      1 except varying the amounts of the dopants added, as follows:
TBL  Example        Iron,        Manganese,                                    

                    Mol %        Mol %                                         

     ______________________________________                                    

     2              0.001        0.001                                         

     3              0.03         0.005                                         

     4              0.005        0.03                                          

     5              0.015        0.015                                         

     ______________________________________                                    

PAR  All of the crystals were photochromic.
PAC  Examples 6-7
PAR  The general procedure of Example 1 was followed except that copper was
      substituted for manganese as follows:
TBL  Example        Iron,        Copper,                                       

                    Mol %        Mol %                                         

     ______________________________________                                    

     6              0.015        0.15                                          

     7              0.15         0.015                                         

     ______________________________________                                    

PAR  These crystals were photochromic.
PAC  Comparative Example
PAR  The general procedure of Example 1 was followed, varying the dopants, which
      were added as their respective oxides in the following combinations:
      iron-molybdenum; iron-tungsten; iron-titanium; iron-vanadium; iron-cobalt;
      nickel-molybdenum, and copper-manganese. None of these crystals displayed
      photochromic behavior.
CLMS
STM  We claim:
NUM  1.
PAR  1. Photochromic lithium niobate containing at least about 0.001 mol percent
      of iron as a first dopant and at least about 0.001 mol percent of a second
      dopant selected from the group consisting of manganese and copper.
NUM  2.
PAR  2. Lithium niobate according to claim 1 containing up to about 0.15 mol
      percent of each dopant.
NUM  3.
PAR  3. Lithium niobate according to claim 1 containing from about 0.001 to
      about 0.05 mol percent of each dopant.
NUM  4.
PAR  4. Lithium niobate according to claim 3 wherein the second dopant is
      manganese.
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BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a silver halide photographic emulsion and, more
      particularly, it is concerned with a silver halide photographic emulsion
      for direct positives containing a nitro-substitued fluorene derivative.
PAR  2. Description of the Prior Art
PAR  When a silver halide light-sensitive material is exposed to a light within
      the light-sensitive wavelength range of this light-sensitive material and
      developed, the blackened density increases and leads to a maximum value
      with an increase of the quantity of exposure, but decreases again and
      forms finally a positive image with a further increase in the quantity of
      exposure. Such a phenomenon is generally called "solarization". A similar
      reversal development to that by light is found also with a silver halide
      which has been fogged optically or chemically in the process of producing
      the silver halide emulsion. In this specification, the term "direct
      positive emulsion" means an emulsion which is processed to form a positive
      image by ordinary exposure and development.
PAR  The instant invention relates to a direct positive emulsion sensitive to
      the blue color region due to the incorporation into the emulsion of an
      organic desensitizer. For example, in U.S. Pat. No. 3,501,307 an emulsion
      of the type that is reversed by the use of an organic desensitizer, such
      as pinakryptol yellow or 5-m-nitrobenzilidene rhodanine, is disclosed. It
      is known that an emulsion fogged using a relatively small amount of a gold
      compound or salt and a reducing agent can be advantageously used to obtain
      a particularly high reversal sensitivity and an organic desensitizer is
      effective for the sensitization of such an emulsion. However, known
      organic desensitizers which have hitherto been used for the sensitization
      in the blue color region have various disadvantages.
PAR  In general, an organic desensitizer having a relatively high reversal
      sensitivity reduces the maximum density of an original emulsion, while, on
      the other hand, a desensitizer which does not reduce the maximum density
      gives only a low reversal sensitivity. In this specification, an organic
      desensitizer-free emulsion will hereinafter be referred to by the term
      "original emulsion". For example, pinakryptol yellow reduces the maximum
      density of an original emulsion and colors a photographic material used
      yellow. 3-ethyl-5-m-nitrobenzilidene rhodanine does not reduce the maximum
      density as much, but the clarity is bad, that is, the value of minimum
      density is large. 5-m-Nitrobenzilidene rhodanine does not reduce the
      maximum density as much and the value of the minimum density is small,
      that is, the clarity is good, but a low reversal sensitivity is obtained.
      Therefore, it is very important to find an organic desensitizer for
      sensitizing in the blue color region, which is capable of giving a high
      reversal sensitivity without reducing the maximum density and yet
      retaining a small minimum density.
PAR  It is a principal object of the invention to provide a silver halide
      photographic emulsion for direct positives, which contains an organic
      desensitizer for sensitization in the blue color region, capable of giving
      a high sensitivity, being substantially free from any residual coloring
      and without reducing the maximum density of an original emulsion.
PAC  SUMMARY OF THE INVENTION
PAR  Objects of this invention can be accomplished by the addition of at least
      one nitro group-substituted fluorene derivative to an original emulsion.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Of the above described nitro-substituted fluorene derivatives, a compound
      represented by the following general formula (I) is particularly useful,
      ##SPC1##
PAL  in which R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6, R.sub.7 and
      R.sub.8 each represent a hydrogen atom, an alkyl group, a hydroxyl group,
      a halogen atom or a nitro group with at least one of R.sub.1 to R.sub.8
      representing a nitro group, and X represents an oxygen atom or
      ##EQU1##
      group.
PAR  Suitable alkyl groups which can be employed for R.sub.1 to R.sub.8 include
      those having up to 8 carbon atoms and suitable halogen atoms are fluoride,
      chlorine, bromine and iodine.
PAR  Examples of nitro-substituted fluorene derivatives which can be used in the
      present invention are given in the following without intending to limit
      the present invention. These compounds are well-known compounds described
      in the literature and can be synthesized using known techniques.
      ##SPC2##
      ##SPC3##
      ##SPC4##
      ##SPC5##
      ##SPC6##
PAR  As the emulsion of the type which is reversed by the use of a
      nitro-substituted fluorene derivative, a previously fogged silver halide
      emulsion can be favorably used which does not have free electron trapping
      nuclei in the interior of the silver halide. An emulsion of this type is a
      silver halide emulsion consisting of normal crystals, preferably pure
      silver bromide, which has no twin surface and hardly has any crystal
      defects. This emulsion can further be improved by the addition of bromide
      ions or iodide ions, in an amount of from 1 to 20, preferably 3 to 10, mol
      percent of bromide or 0.2 to 3, preferably 0.5 to 2, mol percent of iodide
      per mole of silver, with respect to the maximum density (Dmax), clearness
      and sensitization. This emulsion does not provide directly a positive
      image by itself but a high reversal sensitization is provided by the
      incorporation of a nitro-substituted fluorene derivatives.
PAR  Moreover, the nitro-substituted fluorene derivative used in the invention
      can also be used for the sensitization of a previously fogged silver
      halide photographic emulsion having free electron trapping nuclei in the
      interior of silver halide. This emulsion is an emulsion capable of
      providing directly a positive image by itself. An emulsion of this type
      can be sensitized with a halogen acceptor or sensitizing dye by the joint
      use of a nitro-substituted fluorene derivative used in the invention. For
      this emulsion, a silver chloride or silver bromide and optionally with
      silver iodide or their mixed silver halide photographic emulsions can be
      used. The halogen composition must be so adjusted that a chemical
      sensitizer of Group VIII metal salt used for providing the free electron
      trapping nuclei can be readily incorporated into the interior of the
      silver halide. This emulsion can further be improved by the addition of
      bromide ions or iodide ions in the amounts described above with respect to
      the maximum density (Dmax), sensitization and clearness. Examples of the
      use of an original emulsion having electron trapping nuclei are described
      in Japanese Patent Publication Nos. 4125/1968 and 29405/1968; U.S. Pat.
      Nos. 2,401,051; 2,717,833; 2,976,149 and 3,023,102; British Pat. Nos.
      707,704; 1,097,999 and 690,997; French Pat. Nos. 1,520,822; 1,520,824;
      1,520,817 and 1,523,626; Belgian Pat. Nos. 713,272; 721,567 and 681,768;
      and British Patent Application No. 1650 7166. Examples of the use of an
      original emulsion having no electron trapping nuclei are described in
      British Pat. Nos. 1,186,717; 1,186,714 and 1,186,716; U.S. Pat. Nos.
      3,501,306; 3,501,307; 3,501,310 and 3,531,288; French Pat. Nos. 1,520,821;
      1,520,817; 1,522,354 and 1,520,824; and Belgian Pat. Nos. 695,354;
      695,355; 695,362 and 695,367.
PAR  The silver halide photographic emulsion which can be used in this invention
      is previously fogged optically or chemically as disclosed in U.S. Pat.
      Nos. 2,497,875 and 3,537,858. The chemical fogging nuclei can be provided
      by the addition of an organic reducing compound, for example, a hydrazine
      derivative, formaldehyde, thiourea dioxide, a polyamine compound, an
      aminoborane or methyldichlorosilane.
PAR  The joint use of the reducing agent with a metal more noble than silver or
      with a halide ion has been proposed as described in, for example, U.S.
      Pat. Nos. 2,497,875; 2,588,982; 3,023,102 and 3,367,778; British Pat. Nos.
      707,704; 723,017; 821,251 and 1,097,999; French Pat. Nos. 1,513,840;
      1,518,095; 1,498,213; 1,518,094; 1,520,822 and 1,520,824; Belgian Pat.
      Nos. 708,563 and 720,660; and Japanese Patent Publication No. 13488/1968.
      In the emulsion of this invention, gelatin is mainly used as a protective
      colloid and, in particular, an inert gelatin is preferably used. In place
      of the gelatin, photographically inert acylated gelatin derivatives such
      as phthalated gelatin, and water-soluble synthetic polymers such as
      polyvinyl acrylate, polyvinyl alcohol, polyvinylpyrrolidone and polyvinyl
      alginate can be used.
PAR  The silver halide emulsion according to the invention can also contain
      mercapto compounds, thione compounds and tetrazaindene compounds as a
      stabilizer for the fog nuclei as disclosed in U.S. Pat. Nos. 2,444,605;
      2,444,606, 2,444,607 and 2,444,608; stilbene compounds and triazine
      compounds as a modifier of the minimum density; chrome alum,
      2,4-dichloro-s-triazine compounds, aziridine compounds, epoxy compounds
      and mucohalogenic acid compounds (halogenoformyl and maleic acid
      compounds) as a brightening agent as disclosed in U.S. Pat. No. 3,406,070
      and German Pat. Nos. 972,067 and 1,150,274, an ultraviolet ray absorbing
      agent and a hardener as disclosed in U.S. Pat. Nos. 3,288,775; 3,017,280
      and 2,983,611 and British Pat. No. 1,167,207; sodium
      polyoxyalkylenesulfonates, saponins and anionic surface active agents
      having a betaine structure as a coating aid as disclosed in U.S. Pat. Nos.
      2,600,831; 3,068,101 and 3,415,649; vinyl compounds such as polyalkyl
      acrylates and copolymers of an alkyl acrylate and acrylic acid and
      polyalkylene oxide compounds as a preservatives and plasticizer; and color
      couplers as disclosed in U.S. Pat. Nos. 2,376,679; 2,698,794; 3,046,129
      and 3,227,554.
PAR  For these photographic emulsions, a spectrally sensitizing dye is used
      jointly with the nitro-substituted fluorene derivative. Suitable spectral
      sensitizers are dyes such as the cyanines, merocyanines, composite
      trinuclear cyanines, composite trinuclear merocyanines, styryls and
      hemicyanines.
PAR  In particular, a high sensitivity emulsion is obtained by the joint use of
      a dimethine dye such as is disclosed in U.S. patent applications Ser. Nos.
      318,047, filed on Dec. 26, 1972; 351,386, filed on Apr. 16, 1973 and
      379,887, filed on July 16, 1973. The grain size of silver halide in the
      photographic emulsion used in the invention is not limited, however the
      average grain size is preferably 0.05 - 1.0 microns. The form of the
      silver halide used can be either regular or irregular, but, in particular,
      the regular form is preferable. The effect of the invention is favorably
      provided by a mono-dispersed emulsion, although other emulsions than the
      mono-dispersed emulsion can, of course, be used.
PAR  The quantity of the nitro compound which can be used in the invention will
      vary depending upon the quantity of silver halide in the emulsion, the
      surface area and the end-use desired, but, preferably, from 1 .times.
      10.sup..sup.-5 to 5 .times. 10.sup..sup.-2 mol per 1 mol of the silver
      salt is generally employed. The nitro compound is ordinarily added in the
      form of a solution in a suitable solvent such as water or an organic
      solvent miscible with water, e.g., alcohols such as methanol and ethanol,
      ethers such as ethylene glycol monomethyl ether, ketones such as methyl
      ethyl ketone and acetone, nitrogen containing compounds such as pyridine
      or a mixture of these solvents.
PAR  The addition of the nitro-substituted fluorene derivative to an emulsion is
      preferably carried out immediately before coating, but can be carried out
      during the chemical ageing of the emulsion or during the precipitating of
      the silver halide.
PAR  The silver halide photographic emulsion for direct positive use according
      to the instant invention is suitable not only for high contrast
      light-sensitive materials as direct positives, such as light-sensitive
      materials for lith-film copying originals, but also relatively low
      contrast light-sensitive materials for direct positive use, such as
      light-sensitive materials of microphotographs or X-ray photographs.
      Moreover, it can be adapted to color light-sensitive materials, in
      particular, blue-sensitive layers, and, in addition to the use of light
      radiation, irradiation with electron rays, X-rays, and .gamma.-rays can
      also be used.
PAR  A first feature of the invention is to obtain a high reversal sensitivity
      within the blue range (e.g., about 400 to 500 nm) where a
      nitro-substituted fluorene derivative is used for sensitization. In
      particular, a compound substituted with three nitro groups such as
      compound 3 and compound 18 described hereinbefore gives a high
      sensitivity.
PAR  A second feature of the invention is that the nitro-substituted fluorene
      derivative used in the invention does not reduce the maximum density
      (Dmax) of an original emulsion.
PAR  A third feature of the invention is that a direct positive emulsion
      sensitized with the nitro-substituted fluorene derivative of the invention
      retains a predetermined maximum density and, simultaneously, retains a low
      minimum density.
PAR  A fourth feature of the invention is that the nitro-substituted fluorene
      derivative used in the invention leaves substantially no residual color on
      a light-sensitive material after processing.
PAR  The nitro-substituted fluorene derivative of the invention can be used not
      only for the sensitization of previously fogged emulsions for direct
      positives, but also for various photographic objects in which known
      desensitizers for silver halide photography are used. For example, (1)
      using an aqueous solution of the desensitizer as a pretreatment bath, a
      high sensitivity photographic material photgraphed is treated in this bath
      and developed while observing the progress of the development under a
      relatively bright illumination; (2) development is carried out in a mixed
      solution of the desensitizer and a developer, whereby the sensitivity of a
      photographic light-sensitive material is reduced and the development can
      be accomplished under a relatively bright illumination; and (3) as
      described in Japanese Patent Disclosure No. 3285/1972, the desensitizer
      can be used for an emulsion consisting of an internally latent image type
      silver halide doped with a multi-valent metal ion. Examples of suitable
      metal ions include Pb.sup.2.sup.+, Sb.sup.3.sup.+, As.sup.3.sup.+,
      Au.sup.3.sup.+, Bi.sup.3.sup.+, Rh.sup.3.sup.+, Pt.sup.4.sup.+,
      Os.sup.4.sup.+, Ir.sup.4.sup.+ and Ir.sup.3.sup.+ as disclosed in Japanese
      Patent Application Laid Open to Inspection No. 32813/72.
DETD
PAR  The following examples are given to illustrate the invention in greater
      detail without limiting the invention. Unless otherwise indicated, all
      parts, percents, ratios, etc., are by weight.
PAC  EXAMPLE 1
PAR  The method of preparing the emulsion used in this example was as follows.
PAR  To a first solution prepared by mixing 8 g of inert gelatin, 5 ml of a 1 N
      solution of potassium bromide and 500 ml of water and heating to dissolve
      at 60.degree.C were added a second solution prepared by adding 100 g of
      silver nitrate ot 500 ml of water and heating to dissolve at 60.degree.C
      and a third solution prepared by adding 70 g of potassium bromide to 150
      ml of water and heating to dissolve at 60.degree.C with stirring for a
      period of 50 minutes, and then the mixture was subjected to physical
      ageing for 5 minutes. Then 15 ml of a 0.2 N solution of potassium iodide
      was added and the pAg was adjusted to 6.0 using a solution of silver
      nitrate. Hydrazine (0.005 millimole per 1 mol of silver halide) and a
      chloroaurate (0.005 millimole per 1 mol of silver halide) were added to
      the mixture and the pH of the mixture was adjusted to 10 using a sodium
      hydroxide solution. Following this the mixture was aged. The mixture was
      then neutralized with citric acid, washed with water, melted and then
      mixed with a fourth solution prepared by dissolving 75 g of inert gelatin
      in 300 ml of water to obtain a silver halide emulsion (original emulsion).
      The resulting emulsion had a silver halide average grain size of about 0.2
      micron in diameter and contained silver halide grains of normal tetragonal
      system having a (100) plane.
PAR  The compound of the invention was added to the above described original
      emulsion with 20 cc of an aqueous solution containing 1% by weight of
      saponin per 1 kg of the emulsion, and coated onto a film of cellulose
      triacetate to provide a thickness of 5 microns on dry basis. The coated
      specimen was exposed to a tungsten light at a color temperature of
      2854.degree.K through an optical wedge, developed at 20.degree.C for 2
      minutes with the following developer, fixed to give a strip and the strip
      was then subjected to measurement of the density using a P-type
      Densitometer manufactured by the Fuji Photo Film Co., Ltd. thus obtaining
      a characteristic curve. The results of the sensitometry are shown in Table
      1.
TBL  ______________________________________                                    

     Composition of Developer                                                  

     Metol                  3.1      g                                         

     Anhydrous Sodium Sulfite                                                  

                            45       g                                         

     Hydroquinone           12       g                                         

     Sodium Carbonate       79       g                                         

     Monohydrate                                                               

     Potassium Bromide      2        g                                         

     Water to               1,000    ml                                        

     ______________________________________                                    

PAL  This composition was used after dilution with water in a proportion by
      volume of 1:1.
PAR  In Table 1, the sensitivity is represented by the reciprocal of the
      exposure quantity E required to give a density of (Dmax + Dmin)/2 while
      setting the sensitivity of each comparative dye at 100 as a standard. Dmax
      shows the maximum optical density and Dmin shows the minimum optical
      density.
TBL                Table 1                                                     

     ______________________________________                                    

     Test Compound (molar concentration)                                       

                              Sensiti-                                         

                                      Dmax  Dmin                               

     No.  ml/100 g emulsion   vity                                             

     ______________________________________                                    

     1    --                  --      2.2   --                                 

     2     1 (8 .times. 10.sup..sup.-2) 16                                     

                              100     2.1   0.05                               

     3     2 (") "            112     2.2   0.05                               

     4     3 (") "            190     2.2   0.04                               

     5     4 (") "            125     2.2   0.05                               

     6     9 (") "            108     2.1   0.05                               

     7    11 (") "            105     2.1   0.05                               

     8    14 (") 24           178     2.2   0.04                               

     9    15 (") "            155     2.2   0.04                               

     10   18 (") "            125     2.2   0.04                               

     11    A (") 16           100     1.3   0.05                               

     12    A (") 24            87     1.3   0.04                               

     13    B (") 16            89     2.2   0.23                               

     14    B (") 24            78     2.1   0.20                               

     15    C (") 16            46     2.2   0.05                               

     16    C (") 24            40     2.1   0.04                               

     ______________________________________                                    

      Compound A: Pinakryptol Yellow                                           

      Compound B: 3-Ethyl-5-m-nitrobenzilidene Rhodanine                       

      Compound C: 5-m-Nitrobenzilidene Rhodanine                               

PAL  Compounds A, B and C were used for comparison.
PAR  As is evident from the results contained in Table 1, the compounds of the
      invention provide better reversal characteristics than the comparative
      compounds.
PAC  EXAMPLE 2
PAR  The method of preparing the emulsion used in this example was as follows.
PAR  To a first solution prepared by adding 10 g of inert gelatin to 5 ml of a 1
      N solution of sodium chloride and 500 ml of water and warming to dissolve
      at 60.degree.C were added with agitation a second solution prepared by
      adding 100 g of silver nitrate to 500 ml of water and warming to dissolve
      at 60.degree.C and a third solution prepared by adding 35 g of sodium
      chloride to 300 ml of water and warming to dissolve at 60.degree.C, for a
      period of 20 minutes.
PAR  After the addition, the mixture was aged for 5 minutes, mixed with
      agitation with a fourth solution prepared by adding 14 g of potassium
      bromide to 200 ml of water and warming to dissolve at 60.degree.C, for a
      period of 20 minutes, then aged for 10 minutes, cooled and washed with
      water. After melting, the pH was adjusted to 10. Hydrazine (0.005
      millimole per 1 mol of silver halide) and a chloroaurate (0.005 millimole
      per 1 mol of silver halide) were then added followed by ageing for 10
      minutes and the pH was adjusted to 6.5 using citric acid. A fifth solution
      was prepared by dissolving 75 g of inert gelatin in 300 ml of water and
      added to obtain a silver halide emulsion. The thus resulting silver halide
      emulsion (original emulsion) contained silver halide of an average grain
      size of about 0.15 micron in diameter.
PAR  To the above described original emulsion were added a 2-phenylindole
      nucleus-containing dimethine dye as shown below, a nitro-substituted
      fluorene derivative as set forth below, 80 ml/kg-emulsion of a 10% aqueous
      solution of potassium bromide and 20 cc of an aqueous solution containing
      1% by weight of saponin per 1 kg of the emulsion and 50 cc of an aqueous
      solution containing 2% of mucochloric acid per kg emulsion, and then the
      resulting emulsion was coated onto a film of cellulose triacetate to
      provide a thickness of 2 microns on dry basis. The coated specimen was
      exposed to a tungsten light at a color temperature of 2854.degree.K
      through an optical wedge, developed at 20.degree.C for 3 minutes with a
      developer as described in Example 1 consisting mainly of a
      polyhydroxybenzene, fixed to give a strip and the strip was then subjected
      to measurement of the density using a P-type Densitometer manufactured by
      the Fuji Photo Film Co., Ltd. thus obtaining a characteristic curve. The
      results of the sensitometry are shown in Table 2.
TBL                Table 2                                                     

     ______________________________________                                    

     Test Compound (molar concentration)                                       

                              Sensiti-                                         

                                      Dmax  Dmin                               

     No.     ml/100 g emulsion                                                 

                              vity                                             

     ______________________________________                                    

     1    2-Phenylindole nucleus-                                              

                              100     3.4   0.16                               

          containing Dimethine Dye*                                            

          only(8 .times. 10.sup..sup.-2) 8                                     

     2    " + 3(8 .times. 10.sup..sup.-2) 16                                   

                              345     2.8   0.05                               

     3    " +15(8 .times. 10.sup..sup.-2) 16                                   

                              288     2.8   0.05                               

     4    " +19(8 .times. 10.sup..sup.-2) 16                                   

                              232     2.9   0.06                               

     ______________________________________                                    

      *A dye having the following chemical structure was used:                 

      ##SPC7##
PAL  As is evident from the results contained in Table 2, the reversal
      sensitivity was greatly increased and the minimum density was reduced by
      the joint use of the nitro-substituted fluorene derivative of the
      invention with a sensitizer.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fogged silver halide photographic emulsion for direct positives,
      containing 1 .times. 10.sup..sup.-5 to 5 .times. 10.sup.-.sup.2 moles per
      mole of silver halide of a fluorene compound having at least one nitro
      group as a substituent, which said nitro-substituted fluorene compound has
      the following general formula (I),
      ##SPC8##
PAL  in which X is an oxygen atom or
      ##EQU2##
       group, and R.sub.1 to R.sub.8 each are a hydrogen atom, an alkyl group, a
      hydroxyl group, a halogen atom or a nitro group, with at least one of
      R.sub.1 to R.sub.8 being a nitro group.
NUM  2.
PAR  2. The silver halide photographic emulsion of claim 1, in which X is an
      oxygen atom.
NUM  3.
PAR  3. The silver halide photographic emulsion of claim 1, in which X is
      ##EQU3##
      group.
NUM  4.
PAR  4. The silver halide photgraphic emulsion of claim 1, in which at least
      R.sub.2 and R.sub.7 are nitro groups.
NUM  5.
PAR  5. The silver halide photographic emulsion of claim 1, in which R.sub.2,
      R.sub.4 and R.sub.7 are nitro groups and R.sub.1, R.sub.3, R.sub.5,
      R.sub.6 and R.sub.8 are hydrogen atoms.
NUM  6.
PAR  6. The silver halide photographic emulsion of claim 1, in which said
      emulsion contains a spectral sensitizing dye.
NUM  7.
PAR  7. Tne silver halide photographic emulsion of claim 6, in which said
      sensitizer is a dimethine dye.
NUM  8.
PAR  8. The silver halide photographic emulsion of claim 1, wherein said
      nitro-substituted fluorene compound is
      ##SPC9##
      ##SPC10##
      ##SPC11##
      ##SPC12##
      ##SPC13##
NUM  9.
PAR  9. A light sensitive element comprising a support and having thereon the
      silver halide photographic emulsion of claim 1.
NUM  10.
PAR  10. The light sensitive element of claim 9, in which X is an oxygen atom.
NUM  11.
PAR  11. The light sensitive element of claim 9, in which X is
      ##EQU4##
      group.
NUM  12.
PAR  12. The light sensitive element of claim 9, in which at least R.sub.2 and
      R.sub.7 are nitro groups.
NUM  13.
PAR  13. The light sensitive element of claim 9, in which R.sub.2, R.sub.4 and
      R.sub.7 are nitro groups and R.sub.1, R.sub.3, R.sub.5, R.sub.6 and
      R.sub.8 are hydrogen atoms.
NUM  14.
PAR  14. The light sensitive element of claim 9 in which said emulsion contains
      a spectral sensitizing dye.
NUM  15.
PAR  15. The light sensitive element of claim 14, in which said sensitizer is a
      dimethine dye.
NUM  16.
PAR  16. The light sensitive element of claim 9, in which said nitro-substituted
      fluorene compound is
      ##SPC14##
      ##SPC15##
      ##SPC16##
      ##SPC17##
      ##SPC18##
NUM  17.
PAR  17. The silver halide photographic emulsion of claim 1, wherein said
      spectral sensitizing dye is selected from the group consisting of cyanine,
      a merocyanine, a styryl and a hemicyanine dye.
NUM  18.
PAR  18. The silver halide photographic emulsion of claim 17, wherein said
      cyanine dye is a composite trinuclear cyanine dye.
NUM  19.
PAR  19. The silver halide emulsion of claim 17, wherein said merocyanine dye is
      a composite trinuclear merocyanine dye.
NUM  20.
PAR  20. The light-sensitive element of claim 9, wherein said spectral
      sensitizing dye is selected from the group consisting of cyanine, a
      merocyanine, a styryl and a hemicyanine dye.
NUM  21.
PAR  21. The light sensitive element of claim 20, wherein said merocyanine dye
      is a composite trinuclear cyanine dye.
NUM  22.
PAR  22. The light-sensitive element of claim 20, wherein said merocyanine dye
      is a composite trinuclear merocyanine dye.
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PAL  Novel dyes are described for sepctrally sensitizing direct-positive silver
      halide emulsions comprising fogged silver halide grains. The dyes
      correspond to the formula:
      ##SPC1##
PAL  Wherein:
PA1  R.sub.1 is hydrogen, an alkyl group, an aryl group, or an acyl group,
PA1  Each of R.sub.2 and R.sub.3 represents hydrogen, carboxyl, sulpho, nitro,
      cyano, halogen, an alkyl group or an aryl group,
PA1  Each of L.sub.1 and L.sub.2 represents a methine group, m is 1 or 2, Y is
      O, S, Se or
      ##EQU1##
       R.sub.4 represents an aliphatic group or an aromatic group,
      X.sup.-represents an anion but does not exist when the molecule itself
      contains an anionic group, and Z represents the atoms necessary to close a
      fused-on benzoor naphtho-ring carrying one or more substituents at least
      one of which is a COR.sub.5 or SO.sub.2 R.sub.6 group wherein R.sub.5 is
      alkyl, aryl, hydroxyl, O-alkyl, NH.sub.2, NH-alkyl, NH-aryl,
      ##EQU2##
      AND R.sub.6 is alkyl, aryl, NH.sub.2, NH-alkyl, NH-aryl,
      ##EQU3##
BSUM
PAR  The present invention relates to novel methine dyes and to direct-positive
      silver halide emulsions spectrally sensitized by means of these dyes.
PAR  It is known that direct-positive images can be obtained with certain types
      of photographic silver halide emulsions without previously forming a
      negative image. For this purpose, the silver halide grains are fogged by
      an overall-exposure to actinic radiation or by an overall chemical fogging
      e.g. by means of reducing agents, before or after they are coated on a
      support. Upon image-wise exposure of the pre-fogged emulsions the
      development centres formed by said fogging are destroyed at the exposed
      areas and remain at the unexposed areas. By subsequent conventional
      development by means of silver halide developers a direct-positive image
      is formed.
PAR  For the spectral sensitization of negative type silver halide emulsions
      there is a wide choice of spectrally sensitizing dyes such as mono- and
      trimethine cyanines, rhodacyanines, hemicyanines, merocyanines, styryl
      dyes, oxonol dyes, etc. Most of these dyes, however, are unsuitable for
      the spectral sensitization of direct-positive emulsions.
PAR  The choice of really suitable sensitizing dyes for direct-positive
      emulsions is rather poor and therefore, novel spectrally sensitizing dyes
      for direct-positive emulsions are still needed and sought after.
PAR  In British Pat. No. 1,186,720 dimethine dyes have been described for use in
      direct-positive silver halide emulsions in which the methine chain links a
      carbazole nucleus to another nitrogen-containing heterocycle, which is
      preferably a so-called desensitizing nucleus e.g. nuclei containing
      nitro-substituents.
PAR  In accordance with the present invention, novel methine dyes containing a
      carbazole nucleus are provided as spectral sensitizers for direct-positive
      silver halide emulsions. These dyes do not contain a desensitizing nucleus
      as defined in the said British Patent and are superior over the related
      dyes of the said British Patent in that they yield higher photographic
      speeds and/or better differentiation between maximum and minimum density.
PAR  The dyes according to the present invention can be represented by the
      formula I:
      ##SPC2##
PAL  wherein:
PA1  R.sub.1 is hydrogen, alkyl including substituted alkyl e.g. methyl, ethyl,
      propyl, butyl, sulphoalkyl, e.g. sulphopropyl, sulphatoalkyl, e.g.
      sulphatopropyl, cyanoalkyl e.g. cyanoethyl and carboxyalkyl e.g.
      carboxyethyl, an aryl group including a substituted aryl group e.g.
      phenyl, sulphophenyl, carboxyphenyl and tolyl, or an acyl group e.g.
      acetyl, benzoyl, methylsulphonyl and phenylsulphonyl,
PA1  each of R.sub.2 and R.sub.3 represents hydrogen, carboxyl, sulpho, nitro,
      cyano, halogen, alkyl including substituted alkyl e.g. methyl and ethyl,
      aryl including substituted aryl e.g. phenyl, tolyl, chlorophenyl,
      methoxyphenyl, nitrophenyl,
PA1  each of L.sub.1 and L.sub.2 represents a methine group or substituted
      methine group,
PA1  m represents 1 or 2,
PA1  Y represents O, S, Se or
      ##EQU4##
      R.sub.4 represents a substituent of the type contained in cyanine dyes on
      the cyanine nitrogen atom, for example an aliphatic group including a
      saturated aliphatic group, an unsaturated aliphatic group and a
      cycloaliphatic group e.g. alkyl, aralkyl, allyl, and cycloalkyl or an
      aromatic group which groups may carry substituents, more particularly an
      alkyl group such as methyl, ethyl, propyl, isopropyl, butyl or isobutyl, a
      substituted alkyl group such as .beta.-hydroxyethyl, .beta.-acetoxyethyl,
      carboxymethyl, carboxyethyl, sulphoethyl, sulphopropyl, sulphobutyl,
      sulphatopropyl, sulphatobutyl, phosphonoethyl, phosphonopropyl,
      phosphonobutyl, the group --A--CO--O--B--SO.sub.2 --OH wherein A and B
      have the same significance as set forth in British Pat. No. 886,271 such
      as sulphocarbomethoxymethyl, .omega.-sulphocarbopropoxymethyl,
      .omega.-sulphocarbobutyoxymethyl, and
      p-(.omega.-sulphocarbobutoxy)-benzyl, the group --A--W--NH--V--B as
      described in British Pat. No. 904,332 wherein each of W and V represents
      carbonyl, sulphonyl or a single bond, at least one of W and B being
      sulphonyl, A represents an alkylene group e.g. a C.sub.1 C.sub.4 alkylene
      group and B represents hydrogen, alkyl, substituted alkyl, amino,
      substituted amino e.g. acylamino, diethylamino with the proviso however
      that B does not represent hydrogen when V stands for carbonyl or
      sulphonyl, the group AWNHVB being examplified by
      N-(methylsulphonyl)carbamylmethyl, .gamma.-(acetylsulphamyl)-propyl, and
      .delta.-(acetylsulphamyl)-butyl, an aralkyl group such as a benzyl, a
      substituted aralkyl group such as carboxybenzyl and sulphobenzyl, a
      cycloalkyl group such as cyclohexyl, an allyl group, an aryl group such as
      phenyl and a substituted aryl group such as carboxyphenyl,
PA1  X.sup.- stands for an anion of the type contained in cyanine dye salts such
      as halide, perchlorate, methyl sulphate, benzene sulphonate, p-toluene
      sulphonate, etc. but does not exist when the molecule itself contains an
      anionic group in which case the dye is a betaine dye salt, and
PA1  Z represents the atoms necessary to close a fused-on benzo or naphtho-ring
      carrying one or more substituents at least one of which is the group
      --COR.sub.5 wherein R.sub.5 is OH, O--alkyl, NH.sub.2, NH-alkyl,
      ##EQU5##
      NH-aryl,
      ##EQU6##
      alkyl or aryl, or SO.sub.2 R.sub.6, wherein R.sub.6 is alkyl, aryl,
      NH.sub.2, NH-alkyl, N(alkyl).sub.2 N-arylalkyl, NH-Aryl.
PAR  Representative examples of dyes corresponding to the above general formula
      are:
      ##SPC3##
PAR  The dyes according to the present invention can be prepared according to
      methods well known in the art of methine dye synthesis.
PAR  They may be prepared, for example, by condensing a compound of the
      following formula II:
      ##SPC4##
PAL  wherein:
PA1  L.sub.1, l.sub.2, r.sub.4, y, z and X have one of the meanings given above,
      and
PA1  p is 0 or 1,
PAL  with a compound of the following formula III:
      ##SPC5##
PAL  wherein:
PA1  R.sub.1, r.sub.2, r.sub.3, l.sub.1 and L.sub.2 have one of the meanings
      given above, and
PA1  q is 0 or 1 but is 0 when p is 1.
PAR  These condensations can be carried out by heating in the presence of an
      acid anhydride such as acetic anhydride. The reaction can also be carried
      out in an inert diluent such as methanol, ethanol, ethylene glycol
      monomethyl ether, acetonitrile, dimethylsulphoxide,
      tetrahydrothiophene-1,1-dioxide or dimethylformamide, in the presence of a
      basic condensing agent.
PAR  The intermediates of formula II are known substances and methods for
      preparing them are known to the art.
PAR  The intermediates of formule III with q = 0 can be prepared from the
      corresponding carbazole compound by a Vilsmeier and Haack reaction with
      dimethylformamide as formylating agent.
PAR  The intermediates of formula III with q = 1 can be prepared analogously
      using N-methylanilino-propene(1)-al(3) instead of dimethylformamide.
PAR  Examples of carbazole compounds and methods for preparing them can be found
      in Chapter II of "Heterocyclic compounds with Indole and Carbazole
      systems," by W. C. Sumpter and F. M. Miller, Interscience Publishers,
      Inc., New York, 1954.
PAR  The following preparations illustrate how the dyes can be prepared.
PAC  Preparation 1: dye 1
PAR  2,3-dimethyl-6-methoxycarbonylbenzoxazolium iodide (3.33 g; 0.01 mole) was
      dissolved in hot tetrahydro thiophene dioxide (50 ml). 3-formyl-N-ethyl
      carbazole (2.23 g; 0.01 mole) in acetic anhydride (30 ml) was added and
      the mixture was heated for 10 min on an oil bath at 150.degree.C. After
      cooling, the dye formed was sucked off, washed with aceton and ethanol and
      recrystallized from a mixture of ethanol and dimethylformamide.
PAR  Yield: 3.0 g. Melting point: above 260.degree.C. I %: calc. 23.6. found
      23.2
PAC  Preparation 2: dye 2
PAR  A mixture of 2,3-dimethyl-5-benzoyl-benzoxazolium iodide (3.79 g; 0.01
      mole), 3-formyl-N-ethylcarbazole (2.23 g; 0.01 mole) and acetic anhydride
      (60 ml) was refluxed for 15 minutes. The dye, which crystallised on
      cooling, was recrystallized from a mixture of isopropanol and
      dimethylformamide.
PAR  Yield: 1.7 g. Melting point: 260.degree.C (with decomposition). I %: calc.
      21.7. found 21.5.
PAC  Preparation 3: dye 4
PAR  2,3-dimethyl-5-carboxybenzothiazolium iodide (1.67 g; 0.005 mole),
      3-formyl-N-ethylcarbazole (1.12 g; 0.005 mole), ethanol (20 ml) and
      piperidine (0.5 ml) were refluxed for 1 h. After cooling the dye formed
      was collected with suction, washed with ethanol and recrystallized from a
      mixture of phenolethanol.
PAR  Yield: 1.2 g. Melting point: above 260.degree.C. COOH: calc. 1.85 meq/g.
      found 1.88 meq/g.
PAR  The other dyes are prepared analogously.
PAR  The methods of incorporating the dyes in the emulsions are relatively
      simple and well known to those skilled in the art of emulsion making.
PAR  The dyes according to the present invention are usually added to the
      direct-positive silver halide emulsion in the form of a solution in a
      suitable solvent, e.g. water, lower alcohols such as methanol and ethanol,
      ketones such as acetone, amines such as triethylamine, pyridine, mixtures
      of these solvents and other well known solvents known in the art. The dyes
      may be used in widely varying concentrations. They are generally used in
      amounts varying from about 50 mg to about 2 g per mole of silver halide.
      The optimum concentration is dependent on the particular dye concerned and
      the particular emulsion used and can be determined readily by methods
      known to those skilled in the art.
PAR  The direct-positive silver halide emulsions can be prepared according to
      known methods. The silver halide composition may consist of any of the
      known silver halides suitable for the formation of direct-positive silver
      halide emulsions e.g. silver bromide, silver chloride, silver
      chlorobromide, silver bromoiodide and silver chlorobromoiodide. Emulsion
      blends can also be used e.g. blends of silver chloride and silver
      chlorobromide. The silver halide preferably comprises at most 20 mole % of
      silver iodide which may be located mainly towards the surface of the
      grains as described in German Patent Application P 22 60 117.8.
PAR  Especially suitable for use according to the present invention are
      direct-positive silver halide emulsions the silver halide grains of which
      have an average grain-size of less than about 1 micron. The silver halide
      grains can be regular and have one of the commonly known shapes e.g.
      cubic, octahedral, and even rhombohedral. They may have a substantially
      uniform diameter frequency distribution e.g. 95% by weight of the silver
      halide grains can have a diameter which is within about 40%, preferably
      within about 30% of the mean grain diameter.
PAR  The silver halide grains of the direct-positive silver halide emulsions of
      the present invention are fogged according to methods well known in the
      art. They may be fogged e.g. by an overall exposure to actinic radiation
      or by reduction sensitization e.g. by high pH and/or low pAg silver halide
      precipitating or digestion conditions e.g. as described by Wood, J. Phot.
      Sci. 1 (1953) 163, or by treatment with reducing agents. Fogging may also
      occur by reduction sensitization in the presence of a compound of a metal
      more electropositive than silver.
PAR  Reducing agents suitable for use include hydrazine, hydroxylamine, tin(II)
      compounds e.g. tin(II) chloride, tin complexes and tin chelates of the
      (poly)amino(poly)carboxylic acid type as described in United Kingdom Pat.
      No. 1,209,050, ascorbic acid, formaldehyde, thiourea dioxide, polyamines
      such as diethylene triamine, phosphonium salts such as
      tetra(hydroxymethyl)phosphonium chloride, bis(p-aminoethyl)sulphide and
      its water-soluble salts, etc. Preferred reducing agents are thiourea
      dioxide and tin(II) chloride.
PAR  The compounds of a metal more electropositive than silver include gold
      compounds e.g. gold(III)chloride, potassium chloroaurate, potassium
      chloroaurite, and potassium aurithiocyanate, as well as compounds of
      rhodium, platinum, iridium and palladium, e.g. ammonium
      hexachloropalladate and potassium chloroiridate. Preferred noble metal
      compounds are gold compounds.
PAR  When fogging of the silver halide grains occurs by means of a reducing
      agent e.g. thiourea dioxide and a compound of a metal more electropositive
      than silver especially a gold compound, the reducing agent is preferably
      used initially and the gold compound subsequently. However, the reverse
      order can be used or both compounds can be used simultaneously.
PAR  The degree of fogging of the direct-positive emulsions used according to
      the invention may vary within a wide range. This degree of fogging
      depends, as is known in the art, on the concentration of the fogging
      agents used as well as on the pH, the pAg, the temperature and the
      duration of the fogging treatment.
PAR  As is known in the art, high photographic speeds can be obtained at low
      degrees of fogging. Thus, the direct-positive silver halide emulsions of
      the invention can be fogged, as is described in U.S. Pat. No. 3,501,307,
      to such a degree that a test-portion of the silver halide emulsion,
      comprising the fogged silver halide grains and a compound accepting
      electrons, when coated on a support to give a maximum density of at least
      about one upon processing for 6 minutes at about 20.degree.C in a
      developer of the composition given below, has a maximum density which is
      at least about 30% greater than the maximum density of an identical test
      portion processed for 6 minutes at about 20.degree.C in the same developer
      after being bleached for about 10 minutes at about 20.degree.C in a bleach
      of the composition given below:
TBL  bleach:                                                                   

     potassium cyanide        50 mg                                            

     glacial acetic acid      3.47 ml                                          

     sodium acetate           11.49 g                                          

     potassium bromide        119 mg                                           

     water to make            1 liter                                          

     developer:                                                                

     N-methyl-p-aminophenol sulphate                                           

                              2.5 g                                            

     sodium sulphite          30.0 g                                           

     hydroquinone             2.5 g                                            

     sodium metaborate        10.0 g                                           

     potassium bromide        0.5 g                                            

     water to make            1 liter                                          

PAR  In order to further enhance the photographic speed, the silver halide
      grains of the direct-positive silver halide grains of the present
      invention may be fogged even to a degree where strictly speeking no
      fogging as defined in the said U.S. Pat. No. 3,501,307 is observed, e.g.
      as described in co-pending United Kingdom Pat. Application No. 7742/72.
      According to this co-pending application the silver halide grains are
      fogged to such an extent that a test portion of the emulsion ready for
      coating, when coated on a support at a coverage of 0.50 g to 5.50 g of
      silver per sq.m gives a density of less than 0.50 upon processing without
      exposure for 6 min. at 20.degree.C in the above developer and an identical
      test portion thereof when coated in an identical way gives a density of at
      least twice the value of the density of the first test portion and a
      density of at least 0.50 upon processing without exposure for 3 minutes at
      20.degree.C in a developer of the following composition:
TBL  hydroquinone             15 g                                             

     1-phenyl-3-pyrazolidinone                                                 

                               1 g                                             

     trisodium salt of ethylene                                                

     diamine tetraacetic acid  1 g                                             

     anhydrous sodium carbonate                                                

                              30 g                                             

     anhydrous sodium sulphite                                                 

                              70 g                                             

     40 % aqueous sodium hydroxide                                             

                              16 ml                                            

     water to make             1 liter                                         

                              (pH : 11):                                       

PAR  When the silver halide grains have been fogged too heavily it is also
      possible to treat the fogged silver halide grains with a bleaching agent
      in order to obtain optimum sensitivity.
PAR  In view of the foregoing, the terms "fogged" and "fogging" as used herein
      are employed in a very broad sense so that the very low degrees of fogging
      as defined in the above co-pending United Kingdom Patent Application are
      also embraced which means that fogging is effected to such extent that a
      test portion of the emulsion when coated as described above gives a
      density of at least 0.50 upon processing for 3 min. at 20.degree.C in the
      above latter developer composition.
PAR  When the silver halide grains are fogged to a very low degree it is
      advantageous to develop the exposed direct-positive silver halide
      emulsions substantially in the absence of halide ions as described in
      United Kingdom Pat. Application 7743/72.
PAR  The speed and stability of the direct-positive silver halide emulsions
      according to the present invention can also be enhanced by increasing the
      pAg of the emulsion just before coating, preferably after addition of the
      spectral sensitizer. Favourable photographic speeds are obtained when the
      pAg is adjusted, before coating, to a value corresponding to an E.M.F. of
      + 30 mV or lower (silver against saturated calomel electrode). It is also
      favourable to further enhance the speed to lower the pH of the emulsion
      just before coating for example of a pH of at least about 5 as described
      in United Kingdom Pat. Application 32889/72.
PAR  In the formation of the direct-positive silver halide emulsions used
      according to the present invention various colloids can be used as
      vehicles or binding agents for the silver halide. They include any of the
      hydrophilic colloids generally employed in the photographic field for
      example gelatin. However, the gelatin may be replaced wholly or partly by
      other natural hydrophilic colloids, e.g. albumin, zein, agar-agar, gum
      arabic, alginic acid, and derivatives thereof, such as esters, amides and
      salts thereof etc., or synthetic hydrophilic resins; e.g. polyvinyl
      alcohol and poly-N-vinyl pyrrolidone, acrylamide polymers, cellulose
      ethers, partially hydrolyzed cellulose acetate and the like.
PAR  In addition to the hydrophilic binding agents other synthetic binding
      agents can be employed in the emulsion e.g. homo- and copolymers of
      acrylic or methacrylic acid or derivatives thereof such as esters, amides
      and nitriles and vinyl polymers for example vinyl esters and vinyl ethers.
PAR  The direct-positive photographic silver halide emulsions can be coated on a
      wide variety of supports which include opaque supports e.g. paper and
      metal supports as well as transparent supports e.g. glass, cellulose
      nitrate film, cellulose acetate film, cellulose aceto-butyrate film,
      polyvinyl acetal film, polystyrene film, polyethylene terephthalate film,
      polycarbonate film, and other polyester film. It is also possible to
      employ paper coated with .alpha.-olefin polymers e.g. paper coated with
      polyethylene, polypropylene, ethylene-butylene copolymers and the like.
PAR  The direct-positive emulsions sensitized with dyes according to the present
      invention may further contain dyes of the type which in silver halide
      emulsions of the negative type act as desensitizers and therefore are
      called desensitizing dyes. Particularly suitable for this purpose are the
      nitrobenzylidene and nitrostyryl dyes described in U.S. Pat. No.
      3,615,610. The emulsions may also comprise desensitizing dihydropyrimidine
      compounds of the type described in U.S. Pat. application Ser. No. 269,861
      (= published German Patent Application 2,237,036) as well as other
      desensitizing compounds e.g. 2,3,5-triphenyl-2H-tetrazolium chloride,
      2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyl tetrazolium chloride,
      1-methyl-8-nitroquinolinium methyl sulphate, 1-m-nitrobenzyl-quinolinium
      chloride, 1-m-nitrobenzylpyridinium chloride,
      1-p-nitro-benzylisoquinolinium chloride,
      1-p-nitrobenzylbenzo[f]quinolinium chloride and
      1-methyl-2-m-nitrostyrylquinolinium methyl sulphate.
PAR  The silver halide emulsion may further contain any of the ingredients
      generally employed in silver halide emulsions. They may comprise speed
      increasing agents of the polyalkylene oxide type e.g. polyethylene glycols
      and derivatives thereof, quaternary ammonium and phosphonium compounds as
      well as ternary sulphonium compounds, thioether compounds, etc. The
      emulsions can comprise the common emulsion stabilizing agents, e.g.
      mercury compounds which include homopolar or salt-like compounds of
      mercury and aromatic or heterocyclic compounds such as mercaptotriazoles,
      simple mercury salts, sulphonium mercury double salts, etc. They may
      comprise azaindene emulsion stabilizers for example tetra- or
      pentaazaindenes especially those comprising hydroxyl or amino groups as
      described in Birr, Z. Wiss. Phot. 47 (1962) 2-58. Other suitable emulsion
      stabilizers are heterocyclic mercapto compounds e.g.
      1-phenyl-5-mercaptotetrazole, quaternary benzthiazolium derivatives,
      benztriazole and the like.
PAR  The emulsions may further contain colour forming couplers. Among the useful
      colour forming couplers are the monomeric and polymeric colour couplers
      e.g. pyrazolone colour couplers as well as phenolic, heterocyclic and open
      chain colour couplers having a reactive methylene group.
PAR  Particularly suitable are colour couplers showing a low halogen accepting
      character which can be determined by the test described by R. P. Held in
      Phot. Sci. Eng. Vol. 11, (1967) p. 406. For this purpose a dispersion of
      silver bromide grains in buffered 0.1 N potassium bromide is illuminated
      and the potential is registered by means of a calomel/platinum electrode
      system. During illumination the platinum electrode potential rises rapidly
      to the redox potential of bromine. On addition of a colour coupler the
      potential rise can be delayed through "halogen acceptance" by the colour
      coupler. Colour couplers that do not delay or do not substantially delay
      the potential rise are particularly suitable for use in the
      direct-positive silver halide emulsions of the invention.
PAR  The colour couplers can be incorporated into the direct-positive
      photographic silver halide emulsion according to any suitable technique
      known to those skilled in the art for incorporating colour couplers in
      silver halide emulsions. For example, water-soluble colour couplers, e.g.
      those containing one or more sulpho or carboxyl groups (in acid or salt
      form), can be incorporated from an aqueous solution, if necessary, in the
      presence of alkali, and the water-insoluble or insufficiently
      water-soluble colour couplers from a solution in the appropriate
      water-miscible or water-immiscible high-boiling (oil-former) or
      low-boiling organic solvents or mixtures of solvents, which solution is
      dispersed, if necessary in the presence of a surface-active agent, in a
      hydrophilic colloid composition forming or forming part of the binding
      agent of the silver halide emulsion; if necessary, the low-boiling solvent
      is removed afterwards by evaporation.
PAR  The silver halide emulsion layer and any other hydrophilic colloid layer,
      which may be present in a direct-positive photographic material employed
      in accordance with the present invention, may be hardened by means of
      organic or inorganic hardeners commonly employed in photographic silver
      halide elements, e.g. the aldehydes and blocked aldehydes such as
      formaldehyde, dialdehydes, hydroxyaldehydes, mucochloric and mucobromic
      acid, acrolein, glyoxal, sulphonyl halides, vinylsulphones, etc.
PAR  The direct-positive photographic silver halide elements may further contain
      antistatic agents, wetting agents as coating aids, e.g. saponin and
      synthetic surface-active compounds, plasticizers, matting agents, e.g.
      starch, silica, polymethyl methacrylate, zinc oxide, titanium dioxide,
      etc., optical brightening agents including stilbene, triazine, oxazole,
      and coumarin brightening agents, light-absorbing materials and filter
      dyes, mordanting agents, for anionic compounds, etc.
PAR  The following examples illustrate the present invention.
DETD
PAC  EXAMPLE 1
PAR  A washed silver iodobromide emulsion containing per kg 60 g of silver
      halide (95 mole % of silver bromide and 5 mole % of silver iodide) and
      chemically fogged with sodium hydroxide (pH = 12) during the precipitation
      step and subsequent heat-treatment (15 min. at 55.degree.C and 10 min. at
      80.degree.C) was divided into several aliquot portions. To each of these
      portions one of the sensitizing dyes listed in the table below was added
      in an amount of 100 mg per 50 g of silver nitrate used to prepare the
      emulsion. Then the emulsions were coated on a cellulose triacetate support
      and dried. The materials were exposed in a sensitometer to white light and
      then developed in a common hydroquinone/p-N-methylaminophenol hemisulphate
      mixture and fixed. The total speed as well as the sensitization maxima
      obtained with the dyes of the invention are listed in the table below. The
      total speed is expressed in % with respect to the speed of an emulsion
      comprising no sensitizing dye to which a value 100 is given.
TBL                                    Table                                   

     __________________________________________________________________________

     Sensitizing dye added                   Total    Sensit.ma-               

                                             speed    ximum nm                 

     __________________________________________________________________________

     none                                    100      --                       

     dyestuff 1                              280      545                      

     dyestuff 2                              200      550                      

     comparison dyes with formula:                                             

                                             100      520                      

                                                      (very low                

                                                      maximum)                 

                                             H.sub.3 C--C.sub.6 H.sub.4        

                                             --SO.sub.3 .sup.-                 

                                             140      560                      

                                                      (hardly a                

                                                      maximum)                 

     dyestuff 5                              560      600                      

     comparison dyes with formula                                              

                                             140      560                      

                                                      (very low                

                                                      max.)                    

                                              35      --                       

     __________________________________________________________________________

PAR  The above results show that the results obtained with the dyes according to
      British Pat. No. 1,186,720 even those with desensitizing nuclei, are
      inferior than those obtained with the dyes of the present invention.
PAC  EXAMPLE 2
PAR  A monodisperse, cubic direct-positive photographic silver bromoiodide
      emulsion (2.5 mole % of iodide) having an average grain size of about 0.2
      micron, was prepared under controlled pH, pAg, and temperature conditions
      during precipitation of the silver halide. The pH was maintained at about
      5.5, the pAg at 8.2 and the temperature at 45.degree.C. After adjustment
      of the pAg to 10, the emulsion was chill-set, shredded, and washed with
      cold water.
PAR  The emulsion was reduction- and gold-fogged by adjustment of the pAg to 5.3
      and the pH to 7, by heating for 90 min. at 60.degree.C and by the addition
      of 30 mg of chloroaurate per mole of silver halide. Heating was continued
      for 80 minutes at 60.degree.C whereupon the pAg was adjusted to 8.2 at
      35.degree.C.
PAR  The emulsion was divided into several aliquot samples of 100 g comprising
      0.15 mole of silver halide. To each sample 87.5 mg of Pinacryptol yellow
      and 87.5 mg of one of the dyes referred to hereinbefore were added. Then
      the emulsion samples were coated on a subbed support and dried.
PAR  The direct-positive elements obtained were exposed in a spectrograph and
      developed in a conventional developer. Direct-positive spectrograms were
      obtained. The total speed as well as spectral sensitization maxima are
      listed in the following table. The total speed is expressed in percent
      with respect to the speed of an emulsion comprising no sensitizing dye to
      which a value 100 is given.
TBL  ______________________________________                                    

     Sensitizing dye added                                                     

                       Sens.max.   Total speed                                 

                       nm                                                      

     ______________________________________                                    

        none           --           100                                        

     dyestuff 1        540          280                                        

     dyestuff 2        520          560                                        

     dyestuff 3        540          280                                        

     dyestuff 5        550         1100                                        

     dyestuff 6        540          560                                        

     dyestuff 7        580         2200                                        

     dyestuff 8        570         1600                                        

     dyestuff 9        560         2200                                        

     dyestuff 10       550          560                                        

     dyestuff 11       570         1100                                        

     dyestuff 12       580         2200                                        

     dyestuff 13       580          800                                        

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. A direct-positive photographic element comprising a support and a
      light-sensitive silver halide emulsion layer containing fogged silver
      halide grains wherein the said emulsion layer contains a dye of the
      formula:
      ##SPC6##
PAL  wherein:
PA1  R.sub.1 is hydrogen, an alkyl group, an aryl group or an acyl group,
PA1  each of R.sub.2 and R.sub.3 represents hydrogen, carboxyl, sulpho, nitro,
      cyano, halogen, an alkyl group, or an aryl group.
PA1  each of L.sub.1 and L.sub.2 represents a methine group,
PA1  m is 1 or 2,
PA1  Y is O, S, Se or
      ##EQU7##
      R.sub.4 represents an aliphatic group, or an aromatic group, X.sup.-
      represents an anion but does not exist when the molecule itself contains
      an anionic group, and
PA1  Z represents the atoms necessary to close a fused-on benzo- or naphtho-ring
      having a COR.sub.5 or SO.sub.2 R.sub.6 group wherein R.sub.5 is alkyl,
      aryl, hydroxyl, O-alkyl, NH.sub.2, NH-alkyl, NH-aryl,
      ##EQU8##
      and R.sub.6 is alkyl, aryl, NH.sub.2, NH-alkyl, NH-aryl,
      ##EQU9##
      and does not include a desensitizing group.
NUM  2.
PAR  2. A direct-positive photographic element according to claim 1, wherein the
      emulsion layer also comprises a nitrobenzylidene or nitrostyryl dye.
NUM  3.
PAR  3. A direct-positive photographic element according to claim 1, wherein the
      silver halide grains are fogged by reduction sensitization.
NUM  4.
PAR  4. A direct-positive photographic element according to claim 3, wherein the
      silver halide grains are fogged by reduction sensitization and a compound
      of a metal more electropositive than silver.
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ABST
PAL  Heat developable light-sensitive photographic material having a layer which
      contains a light-sensitive combination of a silver compound substantially
      insensitive to light, a reducing agent for that silver compound and a
      polymethine sensitizer. The exposed material is heated so that the silver
      compound in the exposed areas is reduced and a visible silver image is
      formed.
BSUM
PAR  The invention relates to a single or multi-layer photographic recording
      material which contains a light-insensitive silver salt, one or more
      sensitizing dyes and a reducing agent which is capable of reducing the
      silver salt on heating the image being recorded by development of the
      material by heat after imagewise exposure.
PAR  The light-sensitive compounds used in known conventional photographic
      materials are silver halides which are sensitive to the longwave
      ultraviolet or blue region of the spectrum and which can be sensitized to
      other regions of the visible spectrum, up to wavelengths of 1.mu.u, by
      means of spectral sensitizing dyes. The spectral sensitivity of these
      conventional materials is therefore composed of the inherent sensitivity
      of the silver halides and the sensitivity due to the sensitizing dyes.
      This has the serious disadvantage, e.g. in the case of color photographic
      materials, that it is necessary to protect certain layers, such as those
      which have been sensitized to green and red, against light in the range of
      their inherent sensitivity by the interposition of filter layers. Another
      disadvantage of conventional materials is that excess silver halide which
      is not reduced during development must be removed by a subsequent fixing
      process or stabilized by conversion into a light-stable complex ground.
PAR  The conventional recording processes have been modified in various ways,
      always with the object of simplifying the process as much as possible.
      These modifications include the heat development process described in
      German Pat. Specification No. 888,045.
PAR  In this process, light-sensitive silver halide layers which contain
      developer are developed in the heat without aqueous developer baths after
      they have been exposed to light. Compounds which have been described as
      developers incorporated in silver halide layers which can be developed by
      heat are derivatives of hydroquinone, pyrocatechol, aminophenol,
      phenylenediamine, pyrazolidone-(3) and of 8-hydroxyquinoline. Silver
      halide layers of this kind which can be developed by heat must be fixed or
      stabilized to prevent substantial discoloration of the background of the
      image upon exposure.
PAR  Completely dry processes which can be carried out without using treatment
      baths have also become known. These include all thermographic copying
      processes, e.g. the process described in German Auslegeschrift No.
      1,193,971. In this process, a heat sensitive layer is used which contains
      a noble metal salt of an organic acid and a reducing agent for the noble
      metal salt, the image being obtained by the reduction to free metal which
      occurs on imagewise exposure to heat. The salts and reducing agents used
      are preferably silver salts of long chain organic fatty acids and cyclic
      organic reducing agents which contain an active hydrogen atom attached to
      O, N or C. Layers of this kind are, however, not sensitive to visible
      light.
PAR  The recording materials used in the process described in German Pat.
      Specification No. 1,300,014 contain an oxidizing agent, a reducing agent
      and a minor quantity of a light-sensitive compound which on exposure to
      radiation gives rise to photolytic products which, when the material is
      subsequently heated, initiate the Redox reaction which is accompanied by
      the formation of color. The oxidizing agents used are organic silver salts
      and the reducing agents are aminophenols, hydroxylamines, pyrazolidones or
      phenols. Phenylenediamine and etherified naphthols such as
      4-methoxynaphthol-1- have also been described for this purpose. The
      light-sensitive compounds used may be heavy metal salts which form traces
      of free metal on exposure, particularly light-sensitive silver salts such
      as silver halides which decompose photolytically, on exposure, to form
      metallic silver. These photolytic heavy metal nuclei initiate the Redox
      reaction.
PAR  For the practical application of these materials it is essential to use as
      oxidizing agents silver salts which are insensitive to light, e.g. silver
      saccharide or the silver salts of long chain fatty acids. High sensitivity
      to light is obtained if the required silver halide is produced on the
      surface of the light-insensitive silver salt by providing a supply of
      halide ions or of a compound which forms halide ions, as described in
      German Offenlegungsschrift No. 1,572,203. These materials have a
      sensitivity in the short wave region of the visible spectrum which
      corresponds to the inherent sensitivity of the silver halides used and can
      also be sensitized to light of longer wavelength by the addition of
      spectral sensitizing dyes.
PAR  The known processes constitute dry processes by which it is possible to
      produce photographic images which differ in quality according to the
      particular process employed, but with these materials it was not possible
      to obviate the disadvantage mentioned above that the inherent or natural
      sensitivity of the light-sensitive heavy metal salt exists in addition to
      the desired spectral sensitivity produced by the sensitizing dyes.
PAR  It is among the objects of the present invention to provide a photographic
      material which, while being simple to prepare and suitable for dry
      processing, is sensitive only in specified regions of the spectrum.
PAR  We now have found a process of producing photographic copies by a dry
      process which comprises exposing a supported photographic layer which
      contains a silver salt which is substantially insensitive to light under
      the conditions of the process, a reducing agent for this silver salt and a
      polymethine sensitizer for spectrally sensitizing the light insensitive
      silver compound and heating the exposed material to a temperature at which
      the reducing agent reduces the silver compound in the exposed areas to
      form a visible silver image.
PAR  A further subject of the present invention is photographic material for
      performing the above process.
PAR  It has hitherto been held in the art that in order to achieve spectral
      sensitization it was essential that the silver salt which was to be
      sensitized should have an inherent sensitivity which could be
      photographically utilized. This invention, however, is based on the
      unexpected effect that silver compounds which are insensitive to light and
      sensitizers which are also insensitive to light together constitute a
      combination which is sensitive to light even without the addition of
      catalytic quantities of light-sensitive heavy metal salts.
PAR  A special advantage of this combination is that owing to the absence of a
      natural sensitivity of the silver compound, sensitivity to light occurs
      only in the effective spectral range of the sensitizer. The spectral
      sensitivity of the combination therefore depends entirely on the chemical
      constitution and effective range of the sensitizer.
PAR  Numerous polymethine dyes whose effect on light-sensitive silver
      halide-gelatin emulsions is already known are suitable for this invention.
      Polymethine sensitizers of the following formulae have been found to be
      particularly suitable:
      ##SPC1##
PAL  wherein
PA1  R.sup.1, r.sup.2 represent (1) a saturated or unsaturated aliphatic group
      which preferably contains up to 18 carbon atoms and which may be
      substituted, e.g. with a halogen, phenyl, hydroxy, carboxyl, sulfo,
      sulfamoyl, carbamoyl, alkoxycarbonyl, alkoxy, carboxyalkyl, sulfato or
      thiosulfato or N-acylsulfamoyl group; (2) cycloalkyl such as cyclohexyl or
      cyclopentyl; (3) aryl, particularly a phenyl group or (4) alkoxy,
      preferably methoxy;
PA1  R.sup.3 represents hydrogen, phenyl or a saturated aliphatic group which
      preferably contains up to 3 carbon atoms;
PA1  R.sup.4 represents hydrogen, cyano, --CO--R.sup.8,
      ##EQU1##
      or --COOR.sup.8 ; R.sup.5 stands for R.sup.8, --OR.sup.8,
      ##EQU2##
      or --N(CH.sub.2).sub.m ; or R.sup.4 and R.sup.5 represent together the
      ring members required for completing an isocyclic or heterocyclic
      ketomethylene ring which may be any of the rings commonly used in cyanine
      chemistry, for example, those based on rhodanine (such as
      3-ethyl-rhodanine, 3-allyl-rhodanine or 3-cyclohexyl-rhodanine);
      2-thio-2,4-oxazolidine dione (such as 3-ethyl-2-thio-2,4-oxazolidine
      dione); thiohydantoin (such as 1,3-dimethyl-2-thiohydantoin or
      1-methyl-3-phenyl-2-thiohydantoin); barbituric acid or thiobarbituric acid
      (such as 1,3-diethyl-thiobarbituric acid or 1,3-diphenyl-thiobarbituric
      acid); isoxazolone, oxindole, 2-thio-2,5-thiazolidine dione,
      2,4-imidazolidine dione or 1,3-indan-dione;
PA1  R.sup.6, r.sup.7 represent hydrogen or R.sup.8 ;
PA1  R.sup.8 stands for a saturated or olefinically unsaturated aliphatic group
      which preferably contains up to 6 carbon atoms and which may be
      substituted, e.g. with phenyl, hydroxyl, halogen (such as chlorine or
      bromine), amino, carboxyl, sulfo or aryl (such as phenyl or naphthyl);
PA1  X.sup.(.sup.-) represents any anion, e.g. perchlorate, sulfate,
      methylsulfate, p-toluene sulfonate or the like. The anion is absent in
      cases where R.sup.1 or R.sup.2 contains an acid group in the anionic form
      so that a betaine is present;
PA1  m = 4,5,6;
PA1  n = 0, 1, 2;
PA1  r,p,q = 0 or 1;
PA1  Q =  o or S;
PA1  R.sup.9 stands for hydrogen, R.sup.8 or aryl such as phenyl or naphthyl;
PA1  Z.sup.1, z.sup.2 represent the members required for completing a 5- or
      6-membered heterocyclic ring; the heterocyclic group may contain a
      condensed benzene or naphthalene ring and further substituents. The
      heterocyclic groups may be those common in cyanine chemistry, for example
      those based on thiazole (e.g. thiazole, 4-methyl-thiazole,
      5-methyl-thiazole, 4,5-dimethyl-thiazole, 4-phenyl-thiazole,
      5-phenyl-thiazole or 4,5-diphenylthiazole); benzothiazole (e.g.
      benzothiazole, 4-chloro-benzothiazole, 5-chloro-benzothiazole,
      6-chloro-benzothiazole, 7-chloro-benzothiazole, 6-bromo-benzothiazole,
      5-iodo-benzothiazole, 6-iodo-benzothiazole, 4-methyl-benzothiazole,
      5-methyl-benzothiazole, 6-methyl-benzothiazole,
      5,6-dimethyl-benzothiazole, 4-phenyl-benzothiazole,
      5-phenyl-benzothiazole, 6-phenyl-benzothiazole, 5-hydroxy-benzothiazole,
      6-hydroxy-benzothiazole, 4-methoxy-benzothiazole, 5-methoxy-benzothiazole,
      6-methoxy-benzothiazole, 5-ethoxy-benzothiazole, 6-ethoxy-benzothiazole,
      5,6-dimethoxy-benzothiazole, 5,6-methylene-dihydroxy-benzothiazole,
      5-diethyl-amino-benzothiazole, 5-diethyl-aminonbenzothiazole,
      6-diethyl-amino-benzothiazole, 5-carboxy-benzothiazole,
      5-sulfo-benzothiazole, tetrahydro-benzothiazole or
      7-oxo-tetrahydro-benzothiazole); naphthothiazole (e.g.
      naphtho[1,2-d]thiazole, naphtho[2,1-d]thiazole,
      5-methoxynaphtho[2,1-d]thiazole, 5-ethoxynaphtho[2,1-d]thiazole,
      7-methoxynaphtho[2,1-d]thiazole, or 8-methoxynaphtho[1,2-d]thiazole);
      selenazole (e.g. 4-methylselenazole or 4-phenylselenazole);
      benzoselenazole (e.g. benzoselenazole, 5-chlorobenzoselenazole,
      5,6-dimethyl-benzoselenazole or tetrahydrobenzoselenazole);
      naphthoselenazole (e.g. naphtho[1,2-d]selenazole or
      naphtho[2,1-d]selenazole); oxazole (e.g. oxazole, 4-methyloxazole,
      4-phenyloxazole, 4,5-diphenyloxazole or 4,5-tetramethyleneoxazole);
      benzoxazole (e.g. benzoxazole, 5-chlorobenzoxazole, 6-chlorobenzoxazole,
      5,6-dimethylbenzoxazole, 5-phenylbenzoxazole, 5-hydroxybenzoxazole,
      5-methoxybenzoxazole, 5-ethoxybenzoxazole, 6-dialkylaminobenzoxazole,
      5-carboxybenzoxazole, 5-sulphobenzoxazole, 5-sulphonamidobenzoxazole or
      5-.beta.-carboxyvinylbenzoxazole); naphthoxazole (e.g.
      naphtho[1,2-d]oxazole, naphtho[2,1-d]oxazole or naphtho[2,3-d]oxazole);
      imidazole (e.g. 1-methylimidazole, 1-ethyl-4-phenylimidazole or
      1-butyl-4,5-dimethylimidazole); benzimidazole (e.g. 1-methylbenzimidazole,
      1-butyl-4-methylbenzimidazole, 1-ethyl-5,6-dichlorobenzimidazole or
      1-ethyl-5-trifluoromethylbenzimidazole); naphthimidazole (e.g.
      1-methylnaphtho[1,2-d]imidazole or 1-ethylnaphtho[2,3-di]imidazole);
      3,3-dialkylindolenine (e.g. 3,3-dimethylindolenine,
      3,3,5-trimethylindolenine or 3,3-dimethyl-5-methoxyindolenine); 2-pyridine
      (e.g. pyridine, 3-methylpyridine, 4-methylpyridine, 5-methylpyridine,
      6-methylpyridine, 3,4-dimethylpyridine, 3,5-dimethylpyridine,
      3,6-dimethylpyridine, 4,5-dimethylpyridine, 4,6-dimethylpyridine,
      4-chloropyridine, 5-chloropyridine, 6-chloropyridine, 3-hydroxypyridine,
      4-hydroxypyridine, 5-hydroxypyridine, 6-hydroxypyridine, 3-phenylpyridine,
      4-phenylpyridine or 6-phenylpyridine); 4-pyridine (e.g. 2-methylpyridine,
      3-methylpyridine, 2,3-dimethylpyridine, 2,5-dimethylpyridine,
      2,6-dimethylpyridine, 2-chloropyridine, 3-chloropyridine,
      2-hydroxypyridine or 3-hydroxypyridine); 2-quinoline (e.g. quinoline,
      3-methylquinoline, 5-methylquinoline, 7-methylquinoline,
      8-methylquinoline, 6-chloroquinoline, 8-chloroquinoline,
      6-methoxyquinoline, 6-ethoxyquinoline, 6-hydroxyquinoline,
      8-hydroxyquinoline, or 5-oxo-5,6,7,8-tetrahydroquinoline); 4-quinoline,
      (e.g. quinoline, 6-methoxyquinoline, 7-methylquinoline or
      8-methylquinoline) isoquinoline (e.g. isoquinoline or
      3,4-dihydroisoquinoline); thiazoline (e.g. thiazoline or
      4-methylthiazoline); further, those based on pyrroline,
      tetrahydropyridine, thiadiazole, oxadiazole, pyrimidine, triazine or
      benzothiazine. The heterocyclic rings and aryl groups may in addition
      carry any other substituents, e.g. other alkyl groups which preferably
      have up to 3 carbon atoms (such as methyl or ethyl); halogen (such as
      chlorine, bromine or iodine) or the trifluoromethyl group, hydroxyl,
      alkoxy which preferably contains up to 3 carbon atoms (such as methoxy or
      ethoxy), hydroxyalkyl, alkylthio, aryl (such as phenyl) or aralkyl (such
      as benzyl), amino or substituted amino;
PA1  Z.sup.3 represents the ring members required for completing an isocyclic or
      heterocyclic ketomethylene ring which may be any of the usual
      ketomethylene rings of cyanine chemistry, for example those based on
      rhodanine (such as 3-ethylrhodanine, 3-allylrhodanine,
      3-cyclohexylrhodanine); 2-thio-2,4-oxazolidine dione (such as
      3-ethyl-2-thio-2,4-oxazolidine dione); thiohydantoin (such as
      1,3-dimethyl-2-thiohydantoin, 1-methyl-3-phenyl-2-thiohydantoin); a
      barbituric acid or thiobarbituric acid (such as 1,3-diethyl-thiobarbituric
      acid, 1,3-diphenylthiobarbituric acid); isoxazolone, oxindole,
      2-thio-2,5-thiazolidine dione or 2,4-imidazolidine dione or
      1,3-indandione;
PA1  Z.sup.4 stands for the members required for completing a 5- or 6-membered
      isocyclic ring such as cyclopentene or cyclohexene (e.g.
      4,4-dimethylcyclohexene);
PA1  Z.sup.5 represents S or N-R.sup.9 ;
PA1  Y represents a radical represented by one of the following general
      formulae:
      ##SPC2##
PAL  wherein Z.sup.1, Z.sup.3, p, R.sup.1 and X.sup.(.sup.-) have the meanings
      indicated above.
PAR  Polymethine dye bases (so-called dequaternized polymethine dyes) of the
      following general formulae VII and VIII may also be used:
      ##SPC3##
PAL  wherein R.sup.1, R.sup.3, R.sup.6, R.sup.7, Z.sup.1, Z.sup.2, n, p and q
      have the meanings indicated above.
PAR  Particular utility is exhibited by the polymethine dyes of the following
      formulae:
      ##SPC4##
      ##SPC5##
      ##SPC6##
PAR  The sensitizers according to the invention may be prepared by methods known
      in the literature. Numerous such methods have been described in the
      monograph by F. M. HAMER "The Cyanine Dyes and Related Compounds" (1964)
      Interscience Publishers John Wiley and Sons.
PAR  The sensitizers are generally added to the casting solutions described
      below in the form of solutions in organic solvents but they may also be
      added in solid form either to the silver salt before it is ground or to
      the casting solution shortly before it is applied to a support. The
      concentration of sensitizer in the layer may vary within wide limits and
      depends on the effect required and the nature of the sensitizer in
      combination with the silver salt. Concentration of 0.1 to 2 g of
      sensitizing dye per mol of silver salt and particularly 0.2 to 0.6 g have
      generally been found to be sufficient. If desired, the sensitizers may
      also be added in quantites outside this range.
PAR  The process of the invention is preferably carried out so that after
      processing the sensitizing dye causes no residual coloring of the layers
      which contain the image. In the case of highly active sensitizers, this
      can be achieved by keeping their concentration as low as possible. It can
      also be achieved by using sensitizers which are decolorized by the heat
      used for development in the process of the present invention or by a brief
      after exposure of the final processed copies. Sensitizers of this kind
      have been described e.g. in German Pat. Specification No. 1,950,735.
PAR  The photographic copies then obtained have no sensitivity to light because
      the layers of the invention contain only silver compounds which have no
      natural spectral sensitivity.
PAR  Silver salts suitable for the photographic material of the invention are
      silver salts of organic acids or of NH-acidic compounds which under the
      conditions of the process are insensitive or only negligibly sensitive to
      light in the absence of a sensitizing dye. Such silver salts include, for
      example, the known silver salts of benzotriazole or saccharin or,
      particularly, the silver salts of long chain fatty acids which contain up
      to 30 carbon atoms, e.g. silver stearate, silver palmitate or silver
      behenate or the silver salts of aliphatic carboxylic acids containing a
      thioether group as described in U.S. Pat. Specification No. 3,330,663.
PAR  Suitable combinations of silver salts, reducing agents and developer
      substances for the photographic material of the present invention can be
      determined by simple tests. For example, the silver salt may be dispersed
      in a solvent or solution of binder and one of the reducing described
      hereinafter may be dissolved or dispersed therein. The mixture must not
      undergo discoloration in the dark at room temperature and it should turn
      greyish black relatively rapidly when heated to temperatures of 60.degree.
      to 90.degree.C.
PAR  The silver salts may be prepared by precipitating methods known e.g. by
      mixing solutions of silver nitrate or ammoniacal silver nitrate, with the
      alkali metal or ammonium salts of the organic acids or NH-acidic
      compounds. Precipitation may also be performed with the free acids alone
      or with their mixtures of alkali metal salts. Precipitation may be carried
      out in aqueous or aqueous/alcoholic solution or in the presence of some
      other solvent such as acetone. If the reaction is carried out in the
      presence of ammonia, the silver salt may be precipitated by acidification,
      e.g. with nitric acid. The organic acid and silver salt may be used in
      stoichiometric proportions or an equimolar excess of the organic acid may
      be applied.
PAR  After drying, the silver salts are added to the solutions or dispersions of
      the desired binding agent for the layer. The concentration of silver salt
      in the dispersion of the binding agent may vary within wide limits,
      depending on the amount of silver desired in the photographic layers.
      Quantities of 0.1 to 0.01 mol of silver salt per kilogram of casting
      solution are generally sufficient. The amount of silver salt preferably
      used is 0.02 to 0.04 mol per kilogram of solution or dispersion. The same
      applies to the amount of silver used in the finished photographic layer,
      where again the concentration may be varied within wide limits according
      to the desired effect and the purpose for which the material is to be
      used. The amount of silver applied would generally be 0.1 to 3 g of silver
      in the form of silver salt per square meter, perferably 0.3 to 1
      g/m.sup.2. Mixtures of various silver compounds which are insensitive to
      light may, of course, also be used in the material according to the
      invention.
PAR  The following are examples of suitable silver salts:
PA1  silver stearate,
PA1  silver behenate,
PA1  silver stearate and stearic acid (molar ratio 1:1),
PA1  silver behenate and behenic acid (molar ratio 1:1),
PA1  1-benzotriazolyl silver,
PA1  N-(benzoic acid-sulfonic acid-(2)-imide) silver,
PA1  N-(4-nitrobenzoic acid-sulfonic acid-(2)-imide) silver,
PA1  N-(5-nitrobenzoic acid-sulfonic acid-(2)-imide) silver,
PA1  N-(2h-1-oxo-phthalazinyl) silver,
PA1  N-phthalimide silver,
PA1  1-benzimidazolyl silver,
PA1  S-alkyl-thioglycolic acid silver in which the alkyl group  contains 12 to
      22 carbon atoms,
PA1  silver 2-alkylthio-5-(carboxylatomethylthio)-1,3,4-thiodiazole (alkyl
      containing 1 to 22 carbon atoms),
PA1  silver 3-(carboxylatomethylthio)-1,2,4-triazole.
PAR  Some of the silver salts which can be used for the present invention and
      which are basically insensitive to light show a certain, even if slight,
      inherent sensitivity if they are precipitated in the presence of a
      protective colloid such as a protein, particularly gelatin. Precipitation
      of the silver salts for preparing the material according to the invention
      must therefore be carried out in such a manner that the resulting silver
      salts are insensitive to light. This can generally be achieved by
      precipitating in the absence of a sensitizing protective colloid.
PAR  To improve the photographic properties of the material of the invention,
      other heavy metal compounds which are insensitive to light may be added to
      the material, preferably to the layer which contains the silver salt. The
      improvements which may thereby be achieved are e.g. reduction in the fog,
      increase in the density and shift of the image tone to desired color
      tones, e.g. towards neutral black.
PAR  Suitable heavy metal compounds for this purpose are e.g. salts or other
      compounds of mercury, cadmium, lead, uranium, gold, platinum, palladium or
      rhodium. The heavy metal compounds may be added at the stage of
      precipitation of the silver salt, in which case solutions of the heavy
      metal salts and of the silver salts are preferably added simultaneously to
      the precipitation component and precipitated at the same time. Although
      simultaneous precipitation of silver salt and heavy metal salts is
      particularly advantageous and results in particularly advantageous effects
      varying according to the nature of the heavy metal salt, the heavy metal
      salts may also be added in solid or dissolved form to the casting
      solutions for the photographic layer which already contain the silver
      salt. The heavy metal salts may also be mixed with the dried silver salts
      by grinding or added shortly before the casting solution for the
      photographic layer is applied on to the support. Combinations of various
      heavy metal salts can also be used.
PAR  The quantity of heavy metal salts or heavy metal compounds added may vary
      within wide limits and again depends on the nature of the heavy metal
      salts and of the silver salt and on the effect desired. The optimum
      quantity can easily be determined by a few simple laboratory tests which
      can be performed by any skilled person. The heavy metal salts often
      produce a more pronounced effect when the method of simultaneous
      precipitation is employed. Concentrations of 0.001 to 10 mols percent,
      particularly 0.01 to 5 moles percent, are usually sufficient to obtain the
      desired effect. If the heavy metal salts are added at a later stage of the
      preparation of the photographic material, before the material is cast,
      concentrations of 0.001 to 0.2, particularly 0.005 to 0.07 mol of heavy
      metal salt per mol of silver salt are sufficient.
PAR  The following are examples of suitable heavy metal salts of organic acids,
      NH-acidic compounds and organic mercury compounds:
PA1  mercury(II) acetate
PA1  mercury(II) propionate
PA1  mercury(II) hexanoate
PA1  mercury(II) laurate
PA1  mercury(II) palmitate
PA1  mercury(II) behenate
PA1  mercury(II) succinate
PA1  mercury(II) malate
PA1  mercury(II) adipate
PA1  mercury(II) suberate
PA1  mercury(II) azelate
PA1  mercury(II) sebacate
PA1  cadmium(II) stearate
PA1  cadmium(II) acetate
PA1  cadmium(II) behenate
PA1  lead(II) acetate
PA1  lead(II) stearate
PA1  N,n'-bis-(phthalimide) mercury(II)
PA1  N,n'-bis-(succinimide) mercury(II)
PA1  1,1'-bis-(benzotriazolyl) mercury(II)
PA1  N,n'-bis-(phthalimide) lead(II)
PA1  gold resinate (24 % Au)
PA1  uranyl acetate
PA1  Bis-(2H-1-oxo-phthalazinyl-(2))-nickel(II)
PA1  Phenyl-mercury(II) acetate
PA1  3-(phenylmercury(II))-8-hydroxyquinoline
PA1  1-benzotriazolyl-mercury(II) acetate
PA1  1-benzimidazolyl-mercury(II) acetate
PA1  N-phthalimide-mercury(II) acetate
PA1  Bis-(2H-1-oxo-phthalazinyl-(2))-mercury(II)
PA1  Bis-(3-methoxypropyl-mercury(II)) oxalate
PA1  Bis-(2-ethoxyethyl-mercury(II)) tartrate
PA1  (9-methoxy-1-carboxy-heptadecyl-8)-mercury(II)-acetate
PA1  mercury(II)-di-(5-sulfido-1-phenyl-tetrazol)
PA1  mercury(II)-di-hexadecylsulfide
PA1  2,2'-bis-thienyl-mercury(II)
PAL  and the mercury compounds represented in Table 3 below:
      ##SPC7##
PAR  In the above compounds the mercury may be attached to the ring nitrogen
      atoms instead of to sulfur, owing to the tautomeric equilibris.
PAR  The preparation of the above mentioned compounds is known per se and is
      carried out by reacting phenyl-mercury acetate, mercury(II) oxide,
      mercury(II)-nitrate, mercury(II) acetate with the corresponding
      heterocyclic mercapto- NH-acidic- or hydroxyl compound or carboxylic
      acids. For methods of preparation, reference may be made in U.S. Pat. No.
      3,356,503 or to Ann. Vo. 15, page 189.
PAR  The reducing agents used for the photographic material according to the
      invention may be organic compounds known per se for this purpose, which
      contain at least one active hydrogen atom attached to O, N or C. The known
      photographic developers, for example, are compounds of this type. The
      suitability of an organic reducing agent for the present invention can
      easily be determined by the test described above. It is preferred to use
      reducing agents which have little or no color of their own so that they do
      not discolor the photographic layer.
PAR  The concentration of reducing agent in the photographic layer may also vary
      within wide limits and the quantity added depends on the activity of the
      reducing agent and the desired effect. The optimum quantity can easily be
      determined by a few simple tests. Quantities of 0.25 to 2, preferably 0.5
      to 2 mols of reducing agent per mol of silver salt are generally
      sufficient, and the amount used is preferably about 1 mol. Combinations of
      several reducing agents may, of course, be used.
PAR  The reducing agents may be added to the casting solutions for the
      photographic layer in the form of their solutions in suitable, generally
      organic, solvents but they may also be mixed with the silver salt in the
      solid form by grinding. The reducing agent may be added to the
      photographic layer which contains the silver salt or, preferably, to a
      layer adjacent to the silver salt layer.
PAR  The following are examples of suitable reducing agents:
PAC  1. Phenols and naphthols
PAR  which contain at least one hydroxyl group and which may be substituted with
      alkyl groups which contain up to 18 carbon atoms, aralkyl, substituted
      aralkyl, cycloalkyl, aryl, substituted aryl, halogen (e.g. chlorine),
      alkoxy groups containing up to 18 carbon atoms, carboxyalkyl,
      alkoxycarbonyl, carboxyl, acyl, acylamido, alkylthio, 5-tetraazolylthio,
      2-benzothiazolylthio or morpholinoalkyl groups.
PAR  The following are examples of particularly suitable compounds:
PA1  Pyrocatechol,
PA1  3-cyclohexylpyrocatechol,
PA1  4-cyclohexylpyrocatechol,
PA1  4-(.alpha.-methylbenzyl)pyrocatechol,
PA1  dicyclohexylpyrocatechol,
PA1  4-phenylpyrocatechol,
PA1  hydroquinone,
PA1  2-alkyl-hydroquinone in which the alkyl group contains 1-18 carbon atoms,
PA1  2,5-dihydroxyalkyl-hydroquinone, in which the alkyl group contains 1-18
      carbon atoms,
PA1  2,5-di-tert.-butyl-hydroquinone,
PA1  2-ethoxycarbonyl hydroquinone, 2,5-dichlorohyroquinone,
PA1  (2,5-dihydroxyphenyl)-5-(1-phenyltetrazolyl) sulfide,
      (6-methyl-2,5-dihydroxyphenyl)-5-(phenyltetrazolyl) sulfide,
PA1  (2,5-dihydroxyphenyl)-2-(benzothiazolyl) sulfide,
PA1  2-dodecyl-5-(5-carboxypentyl)-hydroquinone,
PA1  2-dodecyl-5-(9-carboxynonyl)-hydroquinone,
PA1  2-tetradecyl-5-(5-carboxypentyl)-hydroquinone,
PA1  2-tetradecyl-5-(9-carboxynonyl)-hydroquinone,
PA1  2-cyclohexylhydroquinone,
PA1  homogentisic acid,
PA1  homogentisic acid amide,
PA1  N,n-dimethyl-homogentisic acid amide,
PA1  N,n-diethyl-homogentisic acid amide,
PA1  homogentisic acid-N-allylamide,
PA1  S-(2,5-dihydroxyphenyl)-thioglycolic acid ethyl ester,
PA1  resorcinol,
PA1  4-alkyl-resorcinol in which the alkyl group contains 1-18 carbon atoms,
PA1  4,6-di-tert.-butylresorcinol,
PA1  pyrogallol,
PA1  gallic acid,
PA1  gallic acid alkyl ester in which the alkyl group contains 1-16 carbon
      atoms,
PA1  3,4,5-trihydroxyacetophenone,
PA1  1,4-dihydroxynaphthalene,
PA1  2,3-dihydroxynaphthalene,
PA1  1-hydroxy-4-methoxynaphthalene,
PA1  2,2'-dihydroxy-1,1'-binaphthyl,
PA1  1-hydroxy-4-ethoxynaphthalene,
PA1  1-hydroxy-4-propoxynaphthalene,
PA1  1-hydroxy-4-isopropoxnaphthalene,
PA1  1,hydroxy-2-methyl-4-methoxynaphthalene,
PA1  4,4'-dimethoxy-1,1'-dihydroxy-2,2'-binaphthyl,
PA1  1-hydroxy-5-methoxynaphthalene,
PA1  morpholino-(1-hydroxy-4-methoxy-naphthyl-(2))-methane,
PA1  bis-(2-hydroxynaphthyl-(1))-methane,
PA1  4,4'-dihydroxydiphenyl,
PA1  4-methoxyphenol,
PA1  2-methyl-4-methylmercapto-phenol,
PA1  2,6-di-tert.-butyl-p-cresol,
PA1  2,6-dicyclohexyl-p-cresol,
PA1  2,6-dicyclopentyl-p-cresol,
PA1  2-tert.-butyl-6-cyclopentyl-p-cresol,
PA1  2-tert.-butyl-6-cyclohexyl-p-cresol,
PA1  2,5-dicyclopentyl-p-cresol,
PA1  2,5-dicyclohexyl-p-cresol,
PA1  2,6-di-tert.-butyl-phenol,
PA1  2-isopropyl-p-cresol,
PA1  2-cyclopentyl-4-tert.-butyl-phenol,
PA1  3-methyl-3-(3-methyl-4-hydroxyphenyl)-pentane,
PA1  3,5-di-tert.-butyl-4-hydroxybenzophenone,
PA1  3,5-di-tert.-butyl-4-hydroxycinnamic acid,
PA1  3,5-di-tert.-butyl-4-hydroxy-benzaldehyde,
PA1  3,5-di-tert.-butyl-4-hydroxycinnamic acid ethyl ester,
PA1  2,6-di-tert.-butyl-4-nonyl-phenol,
PA1  2,4-di-tert.-butyl-6-nonyl-phenol,
PA1  bis-(2-hydroxy-3-tert.-butyl-5-methylphenyl)-methane,
PA1  bis-(2-hydroxy-3-cyclohexyl-5-methylphenyl)-methane,
PA1  1,1-bis-(2-hydroxy-3,5-dimethylphenyl)-2-methylpropane,
PA1  1,1,5,5-tetrabis-(2-hydroxy-3,5-dimethylphenyl)-2,4-ethylpentane,
PA1  bis-(2-hydroxy-3,5-dimethylphenyl)-methane,
PA1  1,1-bis-(2-hydroxy-3,5-di-tert.-butyl-phenyl)-2-methylpropane,
PA1  2,2-bis-(4-hydroxy-3,5-di-tert.-butyl-phenylthio)-propane,
PA1  2,2-bis-(3,5-dichloro-4-hydroxyphenyl)-propane,
PA1  3,3',5,5'-tetramethyl-6,6'-dihydroxy-triphenylmethane,
PA1  2,2-bis-(4-hydroxyphenyl)-propane and
PA1  1,2-bis-(2-hydroxy-3-tert.-butyl-dibenzofuryl)-ethane.
PAR  The above mentioned di-alkoxy-hydroquinones with longer alkyl radicals are
      prepared by reducing the corresponding bis-alkoxy-quinones which in turn
      are obtained from alkoxy-quinones which are substituted with lower alkyl
      groups by esterification of these compounds with higher alcohols.
PAR  2. o- and p-Aminophenol derivatives and 1,4-, 1,5-, 2,3-and
      2,6-aminonapththol derivatives of the following general formulae:
      ##SPC8##
PAL  wherein
PA1  R.sup.10 and R.sup.11 stand for hydrogen, alkyl containing 1 - 18 carbon
      atoms, acyl containing 1 - 18 carbon atoms or an alkoxycarbonyl,
      carboxymethyl or carbamoyl group substituted with alkyl containing 1 - 18
      carbon atoms;
PA1  R.sup.10 and R.sup.11 together may represent an alkylidene or aralkylidene
      group;
PA1  R.sup.12 represents alkyl containing 1 - 6 carbon atoms, aryl in particular
      phenyl, halogen (e.g. fluorine or chlorine), alkoxy, aroxy such as
      phenoxy, or alkoxycarbonyl.
PAR  The following are examples of suitable compounds:
PA1  4-amino-phenol,
PA1  4-benzylideneamino-phenol,
PA1  4-isopropylideneamino-phenol,
PA1  4-acylamino-phenol, in which the acyl group contains 2-18 carbon atoms,
PA1  N-(4-hydroxy-phenyl)-aminoacetic acid,
PA1  4-hydroxyphenyl-carbamic acid ethyl ester,
PA1  6-dimethylamino-3-hydroxy-toluene,
PA1  N-(4-hydroxyphenyl)-N'-alkyl-urea in which the alkyl group contains 1 to 18
      carbon atoms,
PA1  N-(4-hydroxy-3,5-di-tert.-butyl-phenyl)-N'-octadecyl-urea,
PA1  N-(4-hydroxy-3,5-dichloro-phenyl)-N'-octadecyl-urea,
PA1  3-chloro-4-hydroxy-diphenylamine,
PA1  4-(4-hydroxybenzylidene-amino)-2-methyl-phenol,
PA1  4-(4-hydroxybenzylidene-amino)-3-methyl-phenol,
PA1  4-(3-hydroxybenzylidene-amino)-phenol,
PA1  .alpha..alpha.'-bis-(4-hydroxyphenylimino)-p-xylene,
PA1  4-benzylidene-amino-2-methyl-phenol,
PA1  4-(2-hydroxybenzylidene-amino)-phenol,
PA1  .alpha..alpha.'-bis-(4-hydroxy-3-methyl-phenylimino)-p-xylene,
PA1  2-acylamino-phenol in which the acyl group contains 1-18 carbon atoms,
PA1  N-(2-hydroxyphenyl)-N'-alkyl-urea in which the alkyl group contains 1-18
      carbon atoms,
PA1  6-amino-phenol-sulfonic acid-(3) amide,
PA1  6-amino-phenol-sulfonic acid-(3) dimethylamide,
PA1  2-amino-phenol-sulfonic acid-(4) amide,
PA1  2-benzylideneamino-phenol,
PA1  4-(4-hydroxybenzylidene-amino)-phenol,
PA1  .alpha..alpha.'-bis-(2-hydroxyphenylimino)-p-xylene,
PA1  3-(2-hydroxyphenyl)hydrazono)-2-oxo-oxolane,
PA1  3-(4-hydroxyphenyl-hydrazono)-2-oxo-oxolane,
PA1  2-hydroxy-3-amino-naphthalene,
PA1  1-hydroxy-5-acylamino-naphthalene in which the acyl group contains 1-18
      carbon atoms,
PA1  4-hydroxyanilino-methane-sulfonic acid,
PA1  4-hydroxy-3-methylanilino-methanephosphonic acid.
PAR  3. N,N-Dialkyl-p-phenylenediamine derivatives, particularly those in which
      the alkyl groups contain up to 3 carbon atoms and in which the phenylene
      nucleus may be substituted with alkyl or alkoxy groups.
PAR  The free primary amino group may be blocked, for example in the form of a
      Schiff's base by reaction with aldehydes, particularly benzaldehyde, or by
      a sulfomethyl group which may be introduced by a Mannich reaction. The
      phenylene-diamine derivatives which contain a blocked primary amino group
      are particularly suitable because the storage stabilizing of the
      photographic layers is improved.
PAR  The following compounds have been found to be suitable:
PA1  N,n-diethyl-p-phenylene-diaminesulfate,
PA1  N,n-dibenzylidene-p-phenylenediamine,
PA1  N,n-diethyl-N'-sulfomethyl-p-phenylenediamine,
PA1  N-benzylidene-N',N'-diethyl-p-phenylenediamine,
PA1  N,n-dimethyl-N'-sulfomethyl-p-phenylenediamaine,
PA1  3-methoxy-4-sulfomethylamino-N,N-diethylaniline,
PA1  N,n'-di-sulfomethyl-p-phenylenediamine,
PA1  N-(2-hydroxybenzylidene)-N',N'-diethyl-p-phenylenediamine,
PA1  N-(3-hydroxybenzylidene)-N',N'-diethyl-p-phenylenediamine and
PA1  N-(4-hydroxybenzylidene)-N',N'-diethyl-p-phenylenediamine.
PAR  The above mentioned substances are known per se. Methods of preparation of
      these substances have been published, e.g. in German Patent Specifications
      No. 1,159,758 and 1,203,129 or in the literature.
PAR  4. 6-Hydroxychroman derivatives and 5-hydroxycoumaran derivatives
      represented by the following general formula:
      ##SPC9##
PAL  in which
PA1  n is 0 or 1;
PA1  R.sup.13, r.sup.14, r.sup.15, r.sup.16, r.sup.17 and R.sup.18 stand for
      hydrogen or alkyl groups containing up to 9 carbon atoms, preferably
      methyl groups;
PA1  R.sup.15 and R.sup.16 or R.sup.16 and R.sup.17 represent together a
      carbocyclic ring which contains 5 or 6 carbon atoms and which may contain
      a double bond and/or be substituted with alkyl groups containing up to 4
      carbon atoms;
PA1  R.sup.18 stands for an alkoxy group containing up to 6 carbon atoms or a
      tertiary amino group of the formula
      ##EQU3##
      wherein R.sup.19 and R.sup.20 represent alkyl groups which contain up to 6
      carbon atoms or the ring members required for completing a 5-, 6-or
      7-membered ring, which ring may contain an oxygen atom or additional
      nitrogen atoms as ring member in addition to the nitrogen atom in the
      formula;
PA1  R.sup.21, r.sup.22 stand for hydrogen, alkyl or alkoxy with up to 6 carbon
      atoms, preferably methyl or tertiary alkyl groups and hydroxyl groups, at
      least one of the radicals R.sup.21 or R.sup.22 being a hydroxyl group;
PA1  R.sup.23, r.sup.24 represent hydrogen, alkyl or alkoxy groups containing up
      to 9 carbon atoms, preferably methyl or tertiary alkyl groups, cycloalkyl
      such as cyclopentyl or cyclohexyl, aralkyl such as benzyl or phenyl ethyl
      or aryl, particularly a phenyl ring, or a group of formula
      ##EQU4##
      wherein R.sup.19 and R.sup.20 have the meaning already indicated above.
PAL  The following are examples of suitable compounds:
PA1  1) 2-Methyl-6-hydroxy-chroman,
PA1  2) 2,2-dimethyl-6-hydroxy-chroman,
PA1  3) 2,2,3-trimethyl-6-hydroxy-chroman,
PA1  4) 2,2-dimethyl-7-tert.-butyl-6-hydroxy-chroman,
PA1  5) 2,2-dimethyl-8-tert.-butyl-6-hydroxy-chroman,
PA1  6) 2,2-dimethyl-7-tert.-amyl-6-hydroxy-chroman,
PA1  7) 2,2-dimethyl-7-tert.-octyl-6-hydroxy-chroman,
PA1  8) 2,2-dimethyl-7-cyclopentyl-6-hydroxy-chroman,
PA1  9) 2,2-dimethyl-7-cyclohexyl-6-hydroxy-chroman,
PA1  10) 2,2-dimethyl-7-(1-methyl-cyclohexyl)-6-hydroxy-chroman,
PA1  11) 2,2-dimethyl-7-(2-phenyl-ethyl)-6-hydroxy-chroman,
PA1  12) 2,2-dimethyl-7-(2-methyl-2-phenyl-ethyl)-6-hydroxy-chroman,
PA1  13) 2,2-dimethyl-7-phenyl-6-hydroxy-chroman,
PA1  14) 2,2,7-trimethyl-6-hydroxy-chroman,
PA1  15) 2,2,3,4-tetramethyl-6-hydroxy-chroman,
PA1  16) 2,2,5-trimethyl-7,8-dimethoxy-6-hydroxy-chroman,
PA1  17) 2,2,5,7,8-pentamethyl-6-hydroxy-chroman,
PA1  18) 2-dimethylamino-3,3-dimethyl-5-hydroxy-coumaran,
PA1  19) 2-diethylamino-3,3-dimethyl-5-hydroxy-coumaran,
PA1  20) 2-pyrrolidino-3,3-dimethyl-5-hydroxy-coumaran,
PA1  21) 2-piperidino-3,3-dimethyl-5-hydroxy-coumaran,
PA1  22) 2-morpholino-3,3-dimethyl-5-hydroxy-coumaran,
PA1  23) 2-morpholino-3,3-dimethyl-6-tert.-butyl-5-hydroxy-coumaran,
PA1  24) 2-pyrrolidino-3,3-dimethyl-6-tert.-butyl-5-hydroxy-coumaran,
PA1  25) 2-piperidino-3,3-dimethyl-6-tert.-butyl-5-hydroxy-coumaran,
PA1  26) 2-morpholino-3,3-dimethyl-6-tert.-octyl-5-hydroxy-coumaran,
PA1  27) 2-morpholino-3,3-dimethyl-6-phenyl-5-hydroxy-coumaran,
PA1  28) 2-pyrrolidino-3,3-(spiro-cyclohexen-(3)-yl)-5-hydroxy-coumaran,
PA1  29) 2-morpholino-3,3-(spiro-cyclohexyl)-5-hydroxy-coumaran,
PA1  30) 2-piperidino-3,3-(spiro-cyclohexen-(3)-yl)-5-hydroxy-coumaran,
PA1  31) 2-morpholino-3,3-(spiro-3-methyl-cyclohexen-(3)-yl)-5-hydroxy-coumaran,
PA1  32) 2-morpholino-3,3-dimethyl-6-morpholinomethyl-5-hydroxy-coumaran,
PA1  33) 2-morpholino-3,3-(spiro-4-methyl-cyclohexen-(3)-yl)-5-hydroxy-coumaran,
PA1  34)
      2-morpholino-3,3-(spiro-4-methyl-cyclohexen-(3)-yl)6-morpholino-methyl-5-h
     ydroxy-coumaran,
PA1  35) 2-morpholino-2,3-tetramethylene-5-hydroxy-coumaran,
PA1  36) 2,2-dimethyl-7-hydroxy-coumaran,
PA1  37) 2,2-dimethyl-6-tert.-butyl-7-hydroxy-coumaran,
PA1  38) 2-methoxy-3,3-dimethyl-5-hydroxy-coumaran,
PA1  39) 2-methoxy-3,3-dimethyl-6-tert.-octyl-5-hydroxy-coumaran,
PA1  40) ethoxy-3,3-dimethyl-5-hydroxy-coumaran,
PA1  41) 2-methoxy-3,3-(spiro-4-methyl-cyclohexen-(3)-yl)-5-hydroxy-coumaran,
PA1  42) 2-n-butyloxy-3,3-dimethyl-6-tert.-butyl-5-hydroxy-coumaran,
PA1  43) Compounds having the following constitution
      ##SPC10##
PAR  5. Pyrazolidin-3-one derivatives of the following formula:
      ##EQU5##
      wherein R.sup.25 represents hydrogen or an acyl group, R.sup.26 represents
      hydrogen, alkyl, benzothiazolyl or aryl which may be substituted, for
      example with lower alkyl or alkoxy groups or halogen, and R.sup.27,
      R.sup.28, R.sup.29 and R.sup.30 represent hydrogen, alkyl, or a
      substituted alkyl or aryl group.
PAR  The following compounds have been found to be suitable:
PA1  1-Phenyl-pyrazolidin-3-one,
PA1  1-(p-tolyl)-pyrazolidin-3-one,
PA1  1-phenyl-2-acetyl-pyrazolidin-3-one,
PA1  1-phenyl-4-methyl-3-pyrazolidin-3-one,
PA1  1-phenyl-5-methyl-3-pyrazolidin-3-one,
PA1  1-phenyl-4,4-dimethyl-pyrazolidin-3-one,
PA1  1-phenyl-5,5-dimethyl-pyrazolidin-3-one,
PA1  1,5-diphenyl-pyrazolidin-3-one,
PA1  1-(m-tolyl)-pyrazolidin-3-one
PA1  1-(p-tolyl)-5-phenyl-pyrazolidin-3-one,
PA1  1-p-chlorophenyl-pyrazolidin-3-one,
PA1  1-phenyl-5-phenyl-pyrazolidin-3-one,
PA1  1-p-methoxyphenyl-pyrazolidin-3-one,
PA1  1-phenyl-2-acetyl-4,4-dimethyl-pyrazolidin-3-one,
PA1  1-phenyl-4,4-dimethyl-pyrazolidin-3-one,
PA1  1-m-aminophenol-4-methyl-4-n-propyl-pyrazolidin-3-one,
PA1  1-o-chlorophenyl-4-methyl-4-ethyl-pyrazolidin-3-one,
PA1  1-m-acetamidophenyl-4,4-diethyl-pyrazolidin-3-one,
PA1  1-p-chlorophenyl-4-methyl-4-ethyl-pyrazolidin-3-one,
PA1  1-p-acetamidophenyl-4,4-diethyl-pyrazolidin-3-one,
PA1  1-(p-.beta.-hydroxyethylphenyl)-4,4-dimethyl-pyrazolidin-3-one,
PA1  1-p-hydroxyphenyl-4,4-dimethyl-pyrazolidin-3-one,
PA1  1-p-methoxyphenyl-4,4-diethyl-pyrazolidin-3-one,
PA1  1-p-tolyl-4,4-diethylpyrazolidin-3-one,
PA1  1-(7-hydroxy-2-naphthyl)-4-methyl-4-n-propylpyrazolidin-3-one,
PA1  1-p-diphenylyl-4,4-dimethylpyrazolidin-3-one,
PA1  1-(p-.beta.-hydroxyethylphenyl)pyrazolidin-3-one,
PA1  1-o-tolyl-pyrazolidin 3-one,
PA1  1-o-tolyl-4,4-dimethyl-pyrazolidin-3-one,
PA1  1-(2'-benzothiazolyl)-pyrazolidin-3-one,
PA1  1-phenyl-4,4-dihydroxymethyl-pyrazolidin-3-one,
PA1  1-phenyl-4,4-dimethyl-5-methoxy-pyrazolidin-3-one,
PA1  1-phenyl-4,4-dimethyl-5-ethoxy-pyrazolidin-3-one,
PA1  1-phenyl-4,4-dimethyl-5-n-propoxy-pyrazolidin-3-one,
PA1  1-phenyl-4,4-dimethyl-5-isopropoxy-pyrazolidin-3-one,
PA1  1-phenyl-4,4-dimethyl-5-benzyloxy-pyrazolidin-3-one,
PA1  1-phenyl-4,4-dimethyl-5-phenoxy-pyrazolidin-3-one,
PA1  1-(p-tolyl)-4,4-dimethyl-5-methoxy-pyrazolidin-3-one,
PA1  1-(p-tolyl)-4,4-dimethyl-5-ethoxy-pyrazolidin-3-one,
PA1  1-(p-tolyl)-4,4-dimethyl-5-n-propoxy-pyrazolidin-3-one,
PA1  1-(p-tolyl)-4,4-dimethyl-5-isopropoxy-pyrazolidin-3-one,
PA1  1-(p-tolyl)-4,4-dimethyl-5-n-butoxy-pyrazolidin-3-one,
PA1  1-(p-tolyl)-4,4-dimethyl-5-benzyloxy-pyrazolidin-3-one,
PA1  1-phenyl-4-methyl-4-hydroxymethyl-pyrazolidin-3-one,
PA1  1-phenyl-4-ethyl-4-hydroxymethyl-pyrazolidin-3-one,
PA1  1,4-dimethyl-pyrazolidin-3-one,
PA1  4-methyl-3-pyrazolidin-3-one,
PA1  4,4-dimethyl-pyrazolidin-3-one,
PA1  1-(2-trifluoroethyl)-4,4-dimethyl-3-pyrazolidone,
PA1  5-methyl-3-pyrazolidone,
PAR  The above compounds may be prepared by the processes described in British
      Patent Specifications No. 679,677 and 679,678, the "phenimines" which can
      be obtained by reacting acrylonitrile derivatives with the corresponding
      hydrazine compounds being saponified to 3-pyrazolidones.
PAR  3-Pyrazolidones may also be prepared by the process described in British
      Pat. Specification No. 703,669 in which the final products are obtained by
      direct condensation of esters of acrylic acid or derivatives thereof with
      hydrazines. This process is particularly suitable for reactions with
      hydrazine itself. The 3-pyrazolidones obtained by this process which have
      an oily consistency can be obtained in the form of crystalline compounds
      by converting them into their salts such as their sulphates or
      1,5-naphthalene disulfonates. The preparation of
      4,4-dialkyl-3-pyrazolidones has been described in U.S. Pat. No. 2,772,282.
      In this case, 2,2-dialkyl-.beta.-chloropropionic acid chlorides are
      reacted with hydrazines.
PAR  6. Indandione derivatives
PAR  Suitable compounds have been described in British Pat. Application No.
      55092/70, e.g.
PA1  2-phenyl-1,3-indandione,
PA1  1,3-indandione.
PAR  7. Amino-9,10-dihydroacridine derivatives. The following are suitable
      examples:
PA1  3,6-bis-(benzylamino)-9,10-dihydro-9-methylacridine,
PA1  3,6-bis-(diethylamino)-9-hexyl-9,10-dihydroacridine,
PA1  3,6-bis-(diethylamino)-9,10-dihydro-9-methylacridine,
PA1  3,6-bis-(diethylamino)-9,10-dihydro-9-phenylacridine,
PA1  3,6-diamino-9-hexyl-9,10-dihydroacridine,
PA1  3,6-diamino-9,10-dihydro-9-methylacridine;
PA1  3,6-diamino-9,10-dihydro-9-phenylacridine,
PA1  3,6-bis-(dimethylamino)-9-hexyl-9,10-dihydroacridine.
PAR  8. Pyrazolin-5-one derivatives
PAR  The preferred pyrazolin-5-one derivatives are those which contain at least
      one hydrogen in the 5-position or a 4-aminophenylamino group.
PAR  Pyrazolin-5-one compounds of the following formula, which have been
      described in German Pat. Specification (P 2 020 936), are preferred:
      ##SPC11##
PAL  In this formula,
PA1  R.sup.31 = (1) hydrogen, (2) a saturated or olefinically unsaturated
      aliphatic group which preferably contains up to 6 carbon atoms and which
      may be substituted, e.g. with phenyl as in the benzyl group, with nitril,
      with halogen e.g. fluorine, with an amino group which may itself be
      substituted, e.g. an alkylated amino group, particularly dialkylamino, the
      alkyl substituent of the amino group preferably containing up to 3 carbon
      atoms, (3) an aryl group, particularly a group of the phenyl series, the
      aryl ring being optionally substituted, e.g. with an alkyl or alkoxy group
      which preferably contains up to 5 carbon atoms, with halogen such as
      fluorine, chlorine or bromine, nitro, amino groups, substituted amino
      groups, e.g. amino groups substituted with alkyl or acyl groups,
      particularly with acyl groups which can be derived from aliphatic
      carboxylic acids, phenoxy groups or alkoxy carbonyl groups, (4) a
      heterocyclic group, e.g. a ring of the furan, pyridine oxazole, thiazole
      or imidazole series or a group of the condensed heterocyclic series
      obtained from the above series by condensation with an aromatic ring
      system, or (5) cycloalkyl such as cyclohexyl or cyclopentyl;
PA1  R.sup.32 = (1) hydrogen, (2) a saturated or olefinically unsaturated
      aliphatic group which contains up to 18 carbon atoms and which may itself
      contain substituents, e.g. phenyl as in the case of a benzyl- or phenyl
      ethyl group, halogen such as fluorine, chorine or bromine, alkoxycarbonyl,
      hydroxyl or alkoxy, (3) aryl, particularly a group of the phenyl series,
      the aryl ring being optionally substituted, e.g. with an alkyl or alkoxy
      group which preferably contains up to 5 carbon atoms, halogen such as
      chlorine or bromine, hydroxyl, nitro or acyl, (4) a heterocyclic group, in
      particular a ring of the pyridine, furan, thiophene, pyrrole, oxazole,
      thiazole or imidazole series, (5) cycloalkyl such as cyclohexyl or
      cyclopentyl, (6) alkoxycarbonyl groups containing up to 18 carbon atoms,
      (7) a hydroxyl group which may be etherified, particularly with aliphatic
      radicals containing up to 18 carbon atoms, (8) amino which may be
      substituted, e.g. with alkyl or acyl groups, particularly those derived
      from aliphatic carboxylic acids which have up to 18 carbon atoms, or with
      benzoyl, (9) a carbamic acid ester group, in particular one which contains
      aliphatic ester groups with up to 18 carbon atoms, or (10) a carbamoyl
      group in which the amide group may be substituted, e.g. with an alkyl
      group containing up to 5 carbon atoms;
PA1  R.sup.33 = (1) hydrogen, (2) a saturated or an olefinically unsaturated
      aliphatic group which contains up to 18 carbon atoms and which may be
      substituted, e.g. with phenyl as in the case of benzyl or phenyl ethyl
      groups or with halogen as chlorine or bromine, with nitrile, alkoxy or
      amino groups which may in turn be substituted, e.g. with alkyl or phenyl,
      e.g. unsubstituted phenyl, dialkylaminophenyl or sulfophenyl, carbamoyl,
      alkoxycarbonyl, piperidyl or the like, (3) aryl, in particular a group of
      the phenyl series in which the aryl ring may itself be substituted, e.g.
      with an alkyl or alkoxy group which preferably has up to 5 carbon atoms,
      nitro, nitrile, alkoxycarbonyl or carbamoyl, (4) amino in which the amino
      groups may be substituted, e.g. with alkyl groups which preferably have up
      to 5 carbon atoms, cycloalkyl, phenyl or acyl, particularly acyl groups of
      those aliphatic carboxylic acids which contain up to 18 carbon atoms, or
      benzoyl, (5) alkoxy with preferably up to 5 carbon atoms which may in turn
      be substituted like the aliphatic group described above, or (6) halogen,
      e.g. chlorine or bromine; in cases where R.sup.34 is hydrogen, R.sup.33
      may also represent an alkylene chain between two pyrazolone rings of the
      above formula;
PA1  R.sup.34 = hydrogen or a 4-amiinophenylamino group or
      4-dialkylaminophenylamino group.
PAR  Furthermore, R.sup.32 and R.sup.33 may together represent the ring members
      required for completing a 5-membered or 6-membered carbocyclic or
      heterocyclic ring.
PAR  The following are examples of suitable compounds:
PA1  1-Phenyl-3,4-dimethyl-4-(N,N-diethyl-p-phenyleneamino)-pyrazolin-5-one,
PA1  1-phenyl-3-methyl-4-isopropylidene-pyrazolin-5-one,
PA1  1-phenyl-2,3-dimethyl-4-diethylamino-pyrazolin-5-one,
PA1  1-phenyl-3-methyl-4-(N,N-diethylaminomethyl)-pyrazolin-5-one,
PA1  1,6-hexamethylene-bis-(1-phenyl-3-methyl-pyrazolin-5-one-4-carboxylic acid
      amide),
PA1  1-(4-methyl-3-methoxy-phenyl)-3-(N-hexadecanoylamino)-pyrazolin-5-one,
PA1  1-phenyl-3-acetylamino-pyrazolin-5-one,
PA1  1-phenyl-3-propionylamino-pyrazolin-5-one,
PA1  1-phenyl-3-dodecanoylamino-pyrazolin-5-one,
PA1  1-phenyl-3-ethoxycarbonylamino-pyrazolin-5-one,
PA1  1-phenyl-3-ethoxycarbonyl-pyrazolin-5-one.
PAR  The pyrazolin-5-one derivatives are prepared by methods known from the
      literature. Reference may be made, for example, to the monograph of R. H.
      and Wiley "Pyrazolones, Pyrazolidones and Derivatives" (1964) and to
      German Patent Specification No. 1,155,675.
PAR  9. Ascorbic acid and 6-ascorbic acid esters as described in U.S. Pat. No.
      1,728,661.
PAR  The following are examples of suitable compounds:
PA1  Ascorbic acid,
PA1  6-ascorbyl-palmitate,
PA1  6-ascorbyl-laurate,
PA1  6-ascorbyl-stearate,
PA1  6-ascorbyl-benzoate,
PA1  6-ascorbyl-6-palmitate-5-.beta.-carboxy-propionate.
PAR  10. Acetonitrile derivatives as described in German Offenlegungsschrift No.
      2,010,837, for example the following:
PA1  Phenylacetoacetonitrile,
PA1  phenylbenzoacetonitrile,
PA1  p-chlorophenylacetoacetonitrile.
PAR  11. Hydroxylamine derivatives, particularly compounds of the following
      general formula:
      ##EQU6##
      in which R.sup.35 represents hydrogen or an alkyl group preferably
      containing up to 4 carbon atoms and R.sup.36 represents an alkoxy group
      with up to 5 carbon atoms, aryloxy, preferably phenyloxy, amino, an
      alkylamino group with preferably up to 18 carbon atoms, arylamino,
      particularly phenylamino and in which the phenyl ring may in turn carry
      substituents, e.g. halogen such as fluorine or chlorine, alkyl with
      preferably up to 3 carbon atoms, alkoxy, cyano and the like.
PAR  The following compounds have been found to be suitable:
PA1  N-allyl-N'-hydroxyurea,
PA1  N-butyl-N'-hydroxy-N'-methylurea,
PA1  N-hydroxy-carbamic acid ethyl ester,
PA1  N-dodecyl-N'-hydroxyurea,
PA1  N-dodecyl-N'-hydroxy-N'-methylurea,
PA1  N-octadecyl-N'-hydroxyrea,
PA1  N-phenyl-N'-hydroxyurea,
PA1  N-(3,4-dichlorophenyl)-N'-hydroxyurea,
PA1  N-.alpha.-naphthyl-N'-hydroxyurea,
PA1  N-hydroxycarbamic acid phenyl ester,
PA1  N-(3,4-dichlorophenyl)-N'-hydroxy-N'-methyl urea,
PA1  N-phenyl-N'-hydroxy-N'-methylurea and
PA1  N-(4-chlorophenyl)-N'-hydroxy-N'-methylurea.
PAR  The above compounds are known per se and they may be prepared by methods
      described in the literature, especially those describedi in German
      Auslegeschriften No. 1,127,344 and 1,129,151.
PAR  So-called toner substances which shift the colour tone of the silver image
      in the direction of black or blueblack and which accelerate development
      when combined with certain reducing agents, e.g. with phenols, may be
      added to the light sensitive material, for example the known toners
      2H-phthalazinone-(1) and 2-acyl-2H-phthalazinone-(1) derivatives which
      have been described in U.S. Pat. No. 3,080,254 and 3,446,648.
PAR  The toners may, like the reducing agents, be added either as solid
      substances or as solutions in organic solvents to the casting solutions
      during or after grinding or to an adjacent layer. They may be used in
      concentrations of 0.3 to 6, preferably 0.5 to 6 mols per mol of silver
      salt, preferably 1 to 4 mols per mol of silver salt. They may also be used
      as combinations of various toners.
PAR  The following compounds are examples of suitable toners:
PA1  2H-Phthalazinone-(1),
PA1  2-pivalyl-2H-phthalazinone-(1),
PA1  2-acetyl-2H-phthalazinone-(1),
PA1  4-hydroxy-phthalic acid imide,
PA1  4-methoxy-phthalic acid imide,
PA1  phthalic acid imide,
PA1  4-ethoxy-phthalic acid imide,
PA1  4-tert.-butyl-phthalic acid imide,
PA1  4-methyl-phthalic acid imide,
PA1  3-methyl-phthalic acid imide,
PA1  4,5-dimethyl-phthalic acid imide,
PA1  4-styryl-phthalic acid imide,
PA1  4-propoxy-phthalic acid imide,
PA1  4-cyclohexoxy-phthalic acid imide.
PAR  The binding agents used for preparing the material according to the
      invention may be organic polymers such as copolymers of vinyl chloride and
      vinyl acetate or of butadiene and styrene, polyethylene, polyamides,
      polyisobutylene, polyvinyl chloride, polyvinylidene chloride,
      polyvinylpyrrolidone, polystyrene, chlorinated rubber, polyvinylbutyral,
      polymers of acrylic or methacrylic acid esters or copolymers of
      derivatives of acrylic and methacrylic acid, cellulose derivatives such as
      nitrocellulose, cellulose acetates, cellulose propionates or mixtures
      thereof such as cellulose acetobutyrates.
PAR  The light sensitive layer may be used as a selfsupporting layer but is
      preferably applied to a suitable support layer. The support layer must be
      stable at the operating temperature of between 60 and 200.degree.C.
      Suitable support layers are e.g. sheets or foils of papers, cellulose
      acetate, polyethylene terephthalate, textile fabrics, metal foils or
      glass. In the case of paper supports, the paper may contain the usual
      auxiliary layers such as baryta layers, polyethylene layers, etc..
PAR  It has generally been found sufficient to use a proportion by weight of
      binder to silver salt and other additives of between 1:4 and 1:1.
PAR  The thickness of the light sensitive layer may also be adapted to the
      requirements of the particular reproduction process. Layer thicknesses of
      between 5 and 100 .mu.m are generally sufficient for ordinary
      requirements. The support layers have the usual thicknesses of between 0.1
      and 0.8 mm.
PAR  The light sensitive material may contain the usual white pigments, e.g.
      silicon dioxide, barium sulfate, titanium dioxide and zinc oxide.
PAR  The photographic materials according to the invention are processed by
      known methods. Imagewise exposure is carried out with the usual light
      sources used in photography, e.g. mercury, quartz iodine or simple
      incandescent lamps. The choice of light source depends on the spectral
      sensititivy of the material according to the invention. The exposure time
      is a few seconds.
PAR  The exposed material is then heated uniformly to a temperature of between
      about 60.degree. and 160.degree.C. The time and temperature required for
      the heat treatment depend on the structure of the material according to
      the invention and between 3 and 80 seconds is generally sufficient. The
      image obtained is generally dark brown to black and is immediately ready
      for use.
PAR  The images obtained by the procedure described above are, of course,
      negative copies of the original. Positive copies can be produced by a
      transfer process. In that case, reducing agents which are transferable in
      the heat are used in the light sensitive layer, and heating is carried out
      in contact with the receptor layer after imagewise exposure of the light
      sensitive material. The image receiving layer contains reactants which are
      capable of undergoing a color forming reaction with the reducing agents
      transferred from the unexposed areas. The reactants used for this purpose
      may be e.g. the same silver salts of organic acids as those which are
      normally present in the light sensitive layer.
DETD
PAC  EXAMPLE 1
PAR  A light sensitive material is prepared by grinding a mixture of the
      following composition:
PA1  1.8 g of a mixture of silver behenate and behenic acid (molar ratio 1:1),
PA1  1 g of 2H-phthalazinone-(1),
PA1  2 g of polyvinyl acetate and
PAR  70 g of methyl ethyl ketone
PAL  for 16 hours in a ball mill, stirring the resulting suspension together
      with a solution of
PA1  1 g of bis-(2-hydroxy-3-tert.-butyl-5-methylphenyl)methane and
PA1  1 mg of sensitizer in
PA1  30 ml of methyl ethyl ketone,
PAL  applying the casting solution to a paper support and drying. The amount of
      silver applied is 0.3 to 0.4 g/m.sup.2.
PAR  The material according to the invention is exposed for 30 seconds behind a
      .sqroot.2 step wedge in a conventional copying apparatus equipped with
      tungsten filament lamps and then developed by heating to 82.degree.C for
      15 seconds. Brown or brownish black copies of the wedge are obtained.
TBL  ______________________________________                                    

     Sensitizer No.   Sensitivity in steps.sqroot.2                            

     ______________________________________                                    

     none              0                                                       

      86              23                                                       

     101              25                                                       

     102              24                                                       

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  A light-sensitive material is prepared as described in Example 1 except
      that mercury-II acetate is added in the casting solution. When the
      material is processed in a manner analogous to Example 1, the copies
      obtained have a higher density and less fog than those obtained without
      the addition of mercury acetate.
TBL  ______________________________________                                    

     Sensitizer No.                                                            

                 Hg(II) acetate Sensitivity in                                 

                 mg per sample  steps.sqroot.2                                 

     ______________________________________                                    

     101         5              26                                             

     102         5              25                                             

     101         10             25                                             

     101         30             25                                             

     101         70             23                                             

     101         150            16                                             

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  A light sensitive material is prepared by grinding
PA1  1.8 g of silver behenate/behenic acid (molar ratio 1:1),
PA1  1 g of 2H-phthalazinone-(1),
PA1  0.005 g of mercury(II) acetate,
PA1  2 g of polyvinyl acetate
PA1  70 ml of methyl ethyl ketone
PAL  in a ball mill, adding a solution of
PA1  1 g of bis-(2-hydroxy-3-tert.-butyl-5-methylphenyl)methane and
PA1  0.001 g of a sensitizer selected from the following table in 30 ml of
      methyl ethyl ketone,
PAL  casting on paper and drying.
PAR  The light sensitive layers are exposed for 30 seconds behind a step wedge,
      using a source of light containing tungsten filament lamps and having an
      intensity of illumination of 50,000 lux, and the layers are then developed
      as described in Example 1. In the following Table, the sensitivities
      obtained are compared with that of a layer which is free from sensitizer.
TBL  ______________________________________                                    

     Sensitizer No.   Relative sensitivity                                     

     ______________________________________                                    

     none             1                                                        

     93               250                                                      

     96               2000                                                     

     128              380                                                      

     130              1000                                                     

     126              1000                                                     

     125              500                                                      

     76               1500                                                     

     51               1000                                                     

     58               380                                                      

     59               500                                                      

     167              130                                                      

     124              190                                                      

     87               500                                                      

     30               250                                                      

     12               190                                                      

     163              16                                                       

     2                50                                                       

     159              95                                                       

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  A light-sensitive material is prepared as in the preceding examples from a
      casting solution of the following composition:
PA1  1.8 g of silver behenate/behenic acid (molar ratio 1:1)
PA1  1 g of 2H-phthalazinone-(1)
PA1  0.005 g of mercury(II) acetate
PA1  1 g of bis-(2-hydroxy-3-tert.-butyl-5-methylphenyl)methane
PA1  0.0005 g of a sensitizer from the following table
PA1  1 g of polyvinyl acetate and
PA1  100 ml of methyl ethyl ketone.
PAR  The light-sensitive materials are exposed to a 1000 Watt quartz iodine lamp
      at a distance of 30 cm behind a graded interference filter (Schott's Veril
      Filter) provided with a step wedge, and is then developed by heat as
      described in Example 1. The spectrograms obtained show the spectral
      sensitivity obtained in dependence on the given sensitizer. The results
      are shown in the Table below.
TBL  Sensitizer No.                                                            

                 Spectral sensitivity in nm                                    

               Maximum     Range                                               

     ______________________________________                                    

     none        --            --                                              

     1           450           410-470                                         

     2           450           410-470                                         

     3           450           410-470                                         

     4           460           420-480                                         

     5           530           490-550                                         

     6           545           500-590                                         

     7           550           500-590                                         

     8           590           520-620                                         

     9           520           480-550                                         

     10          550-560       500-600                                         

     11          520           450-540                                         

     12          540           470-570                                         

     13          505           450-530                                         

     14          515           460-530                                         

     15          520           460-540                                         

     16          525           475-550                                         

     17          520           470-540                                         

     18                        530-560                                         

     19          555           490-580                                         

     20          590           520-610                                         

     21          585           510-600                                         

     22          585           520-610                                         

     23          610           550-640                                         

     24          570           510-600                                         

     25          585           520-610                                         

     26          580-590       520-600                                         

     27          585           520-610                                         

     28                        600-650                                         

     29          610           500-635                                         

     30          660           580-680                                         

     31          680-690       620-710                                         

     32          720-730       650-740                                         

     33          445           410-470                                         

     34          430           390-460                                         

     35          450           410-470                                         

     36          470           430-490                                         

     37          435           400-460                                         

     38          440           400-470                                         

     39          415           400-430                                         

     40          440           415-465                                         

     41          450           410-480                                         

     42          435           400- 460                                        

     43          435           400-465                                         

     44          435           400-460                                         

     45          435           400-460                                         

     46          435           390-470                                         

     47          435           390-460                                         

     48          455           410-470                                         

     49          480           430-520                                         

     50          485           420-520                                         

     51          485           420-520                                         

     52          470           410-500                                         

     53          470           410-500                                         

     54          470           400-500                                         

     55          495           430-525                                         

     56          495           430-525                                         

     57          495           430-525                                         

     58          495           430-525                                         

     59          460           430-480                                         

     60          465           410-500                                         

     61          465           400-500                                         

     62          460           410-490                                         

     63          460           410-490                                         

     64          462           420-480                                         

     65          460           410-490                                         

     66          435           400-460                                         

     67          450           400-480                                         

     68          450           400-480                                         

     69          470           415-500                                         

     70          465           420-490                                         

     71          465           420-490                                         

     72          470           430-490                                         

     73          470           410-500                                         

     74          480           420-520                                         

     75          460-470       410-490                                         

     76          490           430-520                                         

     77          425           400-450                                         

     78          505           460-530                                         

     79          500-520       450-540                                         

     80          490           440-510                                         

     81          530           470-560                                         

     82          490           430-520                                         

     83          490           440-520                                         

     84          480           430-520                                         

     85          495           430-530                                         

     86          495           430-530                                         

     87          530           470-560                                         

     88          480-490       430-510                                         

     89          490           410-530                                         

     90          520           470-550                                         

     91          555           470-610                                         

     92          490           440-520                                         

     93          510           450-540                                         

     94          505           430-550                                         

     95          510           440-530                                         

     96          545           470-580                                         

     97                        430-550                                         

     98          540           470-570                                         

     99          520           450-550                                         

     100         525           460-550                                         

     101         525           450-550                                         

     102         535           470-550                                         

     103         520           450-550                                         

     104         520           460-550                                         

     105         525           460-550                                         

     106         520           450-550                                         

     107         520           450-550                                         

     108         540           470-570                                         

     109                       510-590                                         

     110                       530-620                                         

     111         525           460-550                                         

     112         530           470-560                                         

     113         530           470-560                                         

     114         530           480-560                                         

     115         520           450-560                                         

     116         525           460-560                                         

     117         525           470-550                                         

     118         525           460-560                                         

     119         535           470-560                                         

     120         535           470-560                                         

     121         535           470-570                                         

     122         535           480-560                                         

     123         530           470-560                                         

     124         530           470-560                                         

     125         535           470-560                                         

     126         535           470-560                                         

     127         510-530       450-550                                         

     128         ca. 570       500-600                                         

     129         610-620       530-640                                         

     130         ca. 530       450-570                                         

     131         520           460-550                                         

     132         ca. 520       440-570                                         

     133         ca. 570       510-600                                         

     134         550           460-590                                         

     135         555           480-590                                         

     136         ca. 550       480-590                                         

     137                       490-580                                         

     138         560-570       510-610                                         

     139         ca. 590       540-620                                         

     140         610-620       520-640                                         

     141                       ca.500-620                                      

     142                       ca.500-620                                      

     143                       500-620                                         

     144         590           520-620                                         

     145         535           420-580                                         

     146         475-480       400-500                                         

     147         490           420-520                                         

     148         ca. 530       400-570                                         

     149         475           410-510                                         

     150         530           460-550                                         

     151         530           460-550                                         

     152         530           460-550                                         

     153         530           450-570                                         

     154         530           470-550                                         

     155         590           510-620                                         

     156                       650-750                                         

     157         690           600-740                                         

     158         540           480-570                                         

     159         485           410-540                                         

     160                       440-560                                         

     161                       470-630                                         

     162                       480-600                                         

     163         520           430-570                                         

     164         520-530       470-560                                         

     165         ca. 560       410-640                                         

     166         460           400-510                                         

     167         460           400-520                                         

     168         430           400-460                                         

     170         695           400-730                                         

     171         550           450-610                                         

     173         615           530-670                                         

     174         615           560-660                                         

     175         580           490-620                                         

     176         475           430-520                                         

     177         450           410-490                                         

     178         555           480-590                                         

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  A light-sensitive material is prepared as described in Example 1 but the
      heavy metal compounds and sensitizers listed in the following table are
      added to the casting solution in the quantities indicated there.
      Processing is carried out as described in Example 1. The copies in all
      cases have aa higher density than without the addition of the heavy metal
      compound.
TBL  ______________________________________                                    

     Quantity                                                                  

            Heavy metal compound   Sensitizer                                  

     in mg                         in mg   No.                                 

     ______________________________________                                    

     10     Mercury(II) adipate    1       102                                 

     5      Bis-(3-methoxypropyl-mercury(II)                                   

                                   1       102                                 

            oxalate                                                            

     5      Bis-(2-ethoxyethyl-mercury(II)                                     

                                   1       102                                 

            tartrate                                                           

     5      (9-Methoxy-1-carboxy-heptadecyl-                                   

                                   1       102                                 

            (8))-mercury(II) acetate                                           

     50     Mercury(II) adipate    1       86                                  

     5      Mercury(II) succinate  1       86                                  

     65     N-phthalimide-mercury(II) acetate                                  

                                   1       86                                  

     60     1-Benzotriazolyl-mercury(II)                                       

                                   1       86                                  

            acetate                                                            

     65     Compound No. 3 in Table 3                                          

                                   1                                           

     90     3-(Phenyl-mercury(II))-8-hydroxy-                                  

                                   1       86                                  

            quinoline                                                          

     55     4-Aminophenyl-mercury(II) acetate                                  

                                   1       94                                  

     70     Compound No. 1 in Table 3                                          

                                   1                                           

     75     Bis-(2H-1-oxo-phthalazinyl-2)-                                     

                                   1       58                                  

            mercury(II)                                                        

     60     1-Benzotriazolyl-mercury(II)                                       

                                   1       125                                 

            acetate                                                            

     30     Uranyl acetate         1       86                                  

     3      1,1-Bis-(benzotriazolyl)-                                          

                                   1       102                                 

            mercury(II)                                                        

     50     N,N'-Bis-(succinimide)-mercury(II)                                 

                                   1       102                                 

     15     Compound No. 10 of Table 3                                         

                                   1       102                                 

     25     Compound No. 13 of Table 3                                         

                                   1       102                                 

     3      Mercury(II)-di-hexadecylsulfide                                    

                                   1       102                                 

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  A light-sensitive material is prepared as described in Example 1 but,
      before the components are ground, 5 mg of mercury-II acetate and the heavy
      metal compounds and sensitizers shown in the Table below are added to the
      casting solutions. Processing is carried out as described in Example 1.
      The copies have a higher density and a more neutral image tone then copies
      obtained without the addition of these heavy metal compounds.
TBL  ______________________________________                                    

                                 Sensitizer                                    

     Quantity                                                                  

            Heavy metal compound Quantity                                      

     in mg      No.              in mg     No.                                 

     ______________________________________                                    

     5      Uranyl acetate       1         86                                  

     10     Cadmium(II) acetate  1         86                                  

     10     N-(2H-1-oxo-phthalazinyl-(2))-                                     

                                 1         102                                 

            silver                                                             

     10     Bis-(2H-1-oxo-phthalazinyl-(2))-                                   

                                 1         102                                 

            nickel(II)                                                         

     10     N-phthalimide-silver 1         102                                 

     5      Cadmium(II) stearate 1         102                                 

     10     N,N'-bis-phthalimide-lead(II)                                      

                                 1         102                                 

     ______________________________________                                    

PAC  EXAMPLE 7
PAR  A light-sensitive material is prepared as described in Example 3 but with
      the addition of 1 mg of sensitizer No. 86 and using 1.8 g of silver
      behenate/behenic acid (molar ratio 1:1) which contains 0.013 mol-% of
      cadmium behenate. Processing is carried out as described in Example 1. The
      copies have a higher density and a more neutral image tone than those
      obtained when using a silver behenate/behenic acid compound which has been
      prepared without the addition of the cadmium salt.
PAR  The same result is obtained when using 1.8 g of silver behenate/behenic
      acid (molar ratio 1:1) containing 0.45 mol-% of lead behenate.
PAR  The silver behenate/behenic acid compounds which contain heavy metal are
      prepared by precipitating an equimolecular mixture of sodium behenate and
      behenic acid in aqueous-alcoholic solution with a silver nitrate and
      cadmium(II) nitrate or lead(II) nitrate mixture in water.
PAC  EXAMPLE 8
PAR  A light-sensitive material is prepared by grinding a mixture of the
      following composition for 18 hours:
PA1  3.6 g of silver behenate/behenic acid (molar ratio 1:1),
PA1  2 g of 2H-phthalazinone-(1), mg of mercury(II) acetate (for quantity see
      following Table),
PA1  3 g of cellulose acetobutyrate,
PA1  1.5 g of a copolymer of polyvinyl chloride and polyvinyl acetate,
PA1  52 g of methyl ethyl ketone.
PAR  A solution of sensitizer and developer (for quantities and compound see
      following Table) in methyl ethyl ketone is added to the suspension with
      stirring.
PAR  The casting solution is applied to a paper support and dried. The amount of
      silver applied is 0.3 to 0.4 g of silver in the form of the silver
      compound per m.sup.2. The material is exposed for 30 seconds behind a step
      wedge with a gradient of .sqroot.2 in a conventional copying apparatus
      equipped with tungsten filament lamps and then developed by heating under
      the conditions indicated in the following Table. Brown to black images
      with a high density are obtained.
TBL  __________________________________________________________________________

     Hg(II)                                                                    

           Sensitizer                                                          

                   Developer              Development                          

                                                    Colour of                  

                                                            Sensitivity        

     acetate                              Temper-                              

                                               Time silver image               

                                                            in steps           

                                                            .sqroot.2          

     mg    No.   mg                   g   ature                                

                                               in                              

                                          .degree.C                            

                                               sec                             

     __________________________________________________________________________

     100   86    1 Bis-(2-hydroxy-3-tert.butyl-5-                              

                                      2   83   20   brownish                   

                                                            21ack              

                   methylphenyl)-methane                                       

     10    101   2 Bis-(2-hydroxy-3-tert.-butyl-                               

                                      2   83   20   black   26                 

                   5-methylphenyl)-methane                                     

     100   86    1 pyrocatechol       0.7 83   10   brown/black                

                                                            19                 

     100   86    1 hydroquinone       0.6 83   5    "       21                 

     10    101   2 2-Octylhydroquinone                                         

                                      1.2 80   5    "       26                 

     10    101   2 2,5-di-tert.-butyl-                                         

                                      1.3 83   5    "       26                 

                   hydroquinone                                                

     10    130   1 2,5-di-hexyloxy-hydroquinone                                

                                      1.8 80   5    dark brown                 

                                                            22                 

     10    130   2 2-tetradecyl-5-(9-carboxy-                                  

                                      2.8 83   5    black   22                 

                   nonyl) hydroquinone                                         

     10    101   2 2-ethoxycarbonyl-hydroquinone                               

                                      1.6 94   40   dark brown                 

                                                            24                 

     100   86    1 homogantisic acid-N,N-diethyl                               

                                      1.3 83   20   blue black                 

                                                            20                 

                   amide                                                       

     100   86    1 2-(1,4-dihydroxyphenyl)-5-                                  

                                      1.8 83   10   black   19                 

                   (1-phenyltetrazolyl)-sulfide                                

     100   86    1 2,6-dicyclopentyl-p-cresol                                  

                                      1.4 98   20   "       19                 

     10    130   1 2-tert.-butyl-5-cyclopentyl-                                

                                      1.4 94   40   black   21                 

                   p-cresol                                                    

     10    130   1 2-tert.butyl-5-cyclohexyl-p-                                

                                      1.4 94   40   "       22                 

                   cresol                                                      

     100   86    1 2-iso-propyl-p-cresol                                       

                                      0.9 98   40   "       21                 

     10    130   1 1,1,5,5-tetra(2-hydroxy-3,5-                                

                                      3.6 88   20   "       20                 

                   dimethylphenyl)-2,4-diethyl                                 

                   pentane                                                     

     10    130   1 1,1-bis-(2-hydroxy-3,5-dimethyl-                            

                                      3.4 88   40   "       24                 

                   phenyl)-2-methylpropane                                     

     10    130   1 bis-(2-hydroxynaphthyl-(1))-                                

                                      1.8 94   40   dark grey                  

                                                            25                 

                   methane                                                     

     10    130   1 1-hydroxy-5-methoxy-naphthalene                             

                                      1   83   40   black   25                 

     10    130   1 2,2'-dihydroxy-dinaphthyl                                   

                                      1.7 98   20   brown   21                 

     10    130   1 2,3-dihydroxynaphthalene                                    

                                      1   88   40   black   25                 

     100   86    1 N-(2-hydroxyphenyl)-N'-dodecyl                              

                                      2   83   40   blue black                 

                                                            22                 

                   urea                                                        

     100   86    1 2-dodecanoyl-amino-phenol                                   

                                      1.7 83   40   brown black                

                                                            20                 

     10    101   2 4-hydroxyphenyl-carbamic acid                               

                                      1.1 98   40   black   25                 

                   ethyl ester                                                 

     10    101   1 4-isopropylidene-aminophenol                                

                                      1.2 83   20   brown black                

                                                            22                 

     10    101   1 N-(4-hydroxy-3,5-tert.-butyl-                               

                                      2.5 83   40   blue black                 

                                                            22                 

                   phenyl)-N'-octadecyl-urea                                   

     10    130   1 6-dimethylamino-3-hydroxytoluene                            

                                      1.2 88   20   brown black                

                                                            23                 

     100   86    1 2-methoxy-3,3' -dimethyl-5-                                 

                                      1.2 94   40   black   20                 

                   hydroxy-coumaran                                            

     100   86    1 2-morpholino-3,3-(spiro-3-                                  

                                      2.0 98   20   brown   20                 

                   methyl-cyclohexen-(3)-yl)-5-                                

                   hydroxy-coumaran                                            

     10    86    1 2-ethoxy-3,3-dimethyl-5-                                    

                                      1.5 98   20   "       20                 

                   hydroxy-coumaran                                            

     10    86    1 2,2-dimethyl-6-hydroxy-chroman                              

                                      1.0 88   20   brown black                

                                                            19                 

     10    101   2 1,2-bis-(2-hydroxy-3-tert.-                                 

                                      3.0 94   40   black   28                 

                   butyl-dibenzofuryl)-ethane                                  

     10    101   2 1-phenyl-3,4-dimethyl-4-                                    

                                      2   83   20   "       21                 

                   N,N-diethyl-p-phenylene-                                    

                   diamino)-pyrazolin-5-one                                    

     __________________________________________________________________________

PAC  EXAMPLE 9
PAR  A light sensitive material is prepared by grinding a mixture of the
      following composition in a vibratory mill for 16 hours:
PA1  1.8 g of silver behenate/behenic acid (molar ratio 1:1)
PA1  0.75 g of 2H-phthalazinone-(1)
PA1  5 mg of mercury(II) acetate
PA1  2 g of polyvinyl acetate
PA1  70 ml of methyl ethyl ketone.
PAR  A solution of 1 mg of sensitizer No. 86 in 30 ml of methyl ethyl ketone and
      the developers mentioned in the Table below is added to the resulting
      suspension with stirring.
PAR  The casting solution is applied to a paper support and processed as
      described in Example 1. Brown to black images with high density are
      obtained.
TBL  __________________________________________________________________________

     Developer   Development  Colour                                           

                                   Sensitivity                                 

                              of image                                         

                                   in steps .sqroot.2                          

                 g    Temper-                                                  

                           Time                                                

                              silver                                           

                      ature                                                    

                           sec.                                                

     __________________________________________________________________________

     N-Phenyl-N'-methyl-                                                       

                 0.5  83   15 black                                            

                                   22                                          

     N'-hydroxy-urea                                                           

     N-3,4-dichloro-                                                           

                 0.8  88   80 brown                                            

                                   21                                          

     phenyl-N'-hydroxy-                                                        

     urea                                                                      

     N-phenyl-N'-hydroxy-                                                      

                 0.45 83   10 grey 19                                          

     urea                     black                                            

     N-naphthyl-N'-                                                            

                 0.6  83   30 black                                            

                                   22                                          

     hydroxy-urea                                                              

     N-dodecyl-N'-methyl-                                                      

                 0.75 83   40 "    21                                          

     N'-hydroxy-urea                                                           

     __________________________________________________________________________

PAC  EXAMPLE 10
PAR  A light-sensitive material is prepared as described in Example 8 but with
      the addition of 1 mg of sensitizer No. 86 and using the toners shown in
      the following Table instead of 2 g of 2H-phthalazinone-(1). The material
      is processed as described in Example 1.
PAR  Whereas only a yellow silver image of low density is obtained without the
      use of a toner, brown to black images with high density are obtained in
      the presence of the following toners.
TBL  ______________________________________                                    

     g per reaction                                                            

               Toner               Image tone                                  

     mixture                                                                   

     ______________________________________                                    

     2.4       4-Methoxy-phthalimide                                           

                                   black                                       

     2.6       4-Ethoxy-phthalimide                                            

                                   black                                       

     2.0       Phthalimid          black                                       

     2.4       4-Styryl-phthalic acid imide                                    

                                   blue black                                  

     ______________________________________                                    

PAC  EXAMPLE 11
PAR  A light-sensitive material is prepared by grinding a mixture of the
      following composition for 16 hours:
PA1  1.8 g of silver stearate,
PA1  0.2 g of stearic acid,
PA1  10 mg of mercury(II) acetate,
PA1  1.5 g of 2H-phthalazinone-(1),
PA1  3 g of cellulose acetobutyrate,
PA1  1.5 g of a copolymer of vinyl chloride and vinyl acetate (mixed in the
      ratio of 88:12),
PA1  39 g of methyl ethyl ketone.
PAR  After the addition of a solution of
PA1  2 g of bis-(2-hydroxy-3-tert.-butyl-5-methylphenyl)methane and
PA1  1 mg of sensitizer No. 86 in
PA1  15 g of methyl ethyl ketone,
PAL  the casting solution is applied to a support layer of paper and dried. The
      light-sensitive material is exposed and developed as described in Example
      1. A black image with high density is obtained. When silver stearate is
      replaced by a silver stearate which contains 5 mols per cent of cadmium
      stearate, the material shows no development fog even when developed at a
      10.degree. to 15.degree.C higher temperature. Instead of 1.8 g of silver
      stearate, 1.6 g of silver
      2-ethylthio-5-(carboxylatomethylthio)-1,3,4-thiadiazole, 2.1 g of silver
      2-decylthio-5-(carboxylatomethythio)1,3,4-thiadiazole or 1.5 g of
      S-docosyl-thioglycolic acid silver could be used.
PAC  EXAMPLE 12
PAR  A light-sensitive two-layered material is prepared on a paper support. The
      casting solutions have the following composition:
PAR  First layer:
PA1  1.8 g of silver behenate/behenic acid (molar ratio 1:1),
PA1  1 g of 2H-phthalazinone-(1),
PA1  0.05 g of mercury(II) acetate,
PA1  1 g of bis-(2-hydroxy-3-tert.-butyl-5-methylphenyl)methane,
PA1  0.0005 g of sensitizer No. 126,
PA1  2 g of polyvinyl acetate and
PA1  100 ml of methyl ethyl ketone.
PAR  Second layer (top layer):
PA1  2 % solution of polyvinyl butyral in methyl ethyl ketone.
PAR  Another two-layered material is prepared with the following casting
      solutions:
PAR  First layer:
PA1  1.8 g of silver behenate/behenic acid (molar ratio 1:1),
PA1  1 g of 2H-phthalazinone-(1),
PA1  0.005 g of mercury(II) acetate,
PA1  0.001 g of sensitizer No. 102,
PA1  2 g of polyvinyl acetate and
PA1  100 ml of methyl ethyl ketone.
PAR  Second layer (top layer):
PA1  2 g of bis-(2-hydroxy-3-tert.-butyl-5-methylphenyl)methane,
PA1  5 g of polyvinyl butyral and
PA1  50 ml of methanol.
PAR  Instead of the last mentioned casting solution for the top layer, a casting
      solution of the following composition may be used:
PA1  2 g of bis-(2-hydroxy-3-tert.-butyl-5-methylphenyl)methane,
PA1  0.5 g of 2H-phthalazinone-(1),
PA1  1 g of polyvinyl acetate and
PA1  50 ml of methyl ethyl ketone.
PAR  Similarly, other sensitizers and reducing agents may be used instead of the
      compounds mentioned above.
PAR  The light-sensitive two-layered material obtained is exposed in a
      commercial copy printer or in an enlarger behind a transparent
      continuous-tone or half-tone original and developed by heating to
      temperatures of between 85.degree.C and 95.degree.C for 20 to 30 seconds.
      The copies obtained are similar in quality to those obtained with the
      single-layered materials described in Examples 2 and 3 but with an
      excellent high gloss.
PAC  EXAMPLE 13
PAR  A light-sensitive material is prepared by grinding the following components
      for 16 hours:
PA1  2.3 g of silver
      2-(tetradecylthio)-5-(caboxylatomethylthio)-1,3,4-thiadiazole,
PA1  10 mg of mercury-II acetate,
PA1  2 g of 2H-phthalazinone-(1),
PA1  3 g of cellulose acetobutyrate,
PA1  1.5 g of a copolymer of vinyl chloride and vinyl acetate (in the ratio of
      60:40) and
PA1  39 g of methyl ethyl ketone.
PAR  After the addition of a solution of
PA1  0.65 g of hydroquinone,
PA1  1 mg of sensitizer No. 86 and
PA1  15 g of methyl ethyl ketone,
PAL  the casting solution is applied to a paper support and dried. On this
      layer, a second layer is then applied from the following solution:
PA1  5 g of polyvinyl butyral,
PA1  0.2 g of 1-phenylpyrazolidin-3-one and
PA1  50 ml of methanol
PAL  and this layer is then dried.
PAR  The light-sensitive material is exposed to light and processed as described
      in Example 1. A dark brown image of the original is obtained.
PAR  Similar results are obtained when one of the following silver salts is used
      instead of the silver salts mentioned above:
PA1  1.5 g of silver (3-carboxylatomethylthio)-1,2,4-triazole,
PA1  1.5 g of octadecyl-thioglycolic acid silver,
PA1  2.0 g of silver
      2-(octadecylthio)-5-(carboxylatomethylthio)-1,3,4-thiadiazole,
PA1  1.7 g of silver 2-(hexylthio)-5-(carboxylatomethylthio)1,3,4-thiadiazole.
CLMS
STM  We claim:
NUM  1.
PAR  1. A light-sensitive photographic material free of light-sensitive heavy
      metal salts containing
PA1  a light-insensitive silver salt selected from the group consisting of
      silver salt of a long-chain fatty acid, and a silver salt of aliphatic
      carboxylic acid containing a thioether group;
PA1  and the material contains a polymethine sensitizer in a spectrally
      sensitizing amount selected from those having the following formulae:
      ##SPC12##
PAL  in which
PA1  R.sup.1, r.sup.2 = (1) a saturated or unsaturated aliphatic group; (2)
      cycloalkyl; (3) aryl or (4) alkoxy;
PA1  R.sup.3 = hydrogen, phenol or a saturated aliphatic group;
PA1  R.sup.4 = hydrogen, cyano, --CO--R.sup.8,
      ##EQU7##
      --COOR.sup.8 ; R.sup.5 = R.sup.8, OR.sup.8,
      ##EQU8##
      R.sup.4 + R.sup.5 together the ring members required for completing an
      isocyclic or heterocyclic ketomethylene ring;
PA1  R.sup.6, r.sup.7 = hydrogen or R.sup.8 ;
PA1  R.sup.8 = a saturated or olefinically unsaturated aliphatic group;
PA1  X(-) = an anion other than an anion capable of producing a light-sensitive
      silver metal salt with the non-light sensitive silver salt in the
      material;
PA1  m = 4, 5, 6;
PA1  n = 0, 1, 2;
PA1  r, p, q= 0, 1:
PA1  Q = o, s;
PA1  r.sup.9 = hydrogen, R.sup.8 or aryl;
PA1  Z.sup.1, z.sup.2 = the members required for completing a 5- or 6-membered
      heterocyclic ring in which the heterocylcic group may contain a condensed
      benzene or naphthalene ring;
PA1  Z.sup.3 = the ring members required for completing an isocyclic or
      heterocyclic ketomethylene ring;
PA1  Z.sup.4 = the members required for completing a 5- or 6-membered isocyclic
      ring;
PA1  Z.sup.5 = s, n--r.sup.9 ;
PA1  y = a radical of the following formulae:
      ##SPC13##
PAL  in a proportion of 0.1 - 2 g of sensitizing dye per mol of the silver salt
      for spectrally sensitizing the silver salt solely by said sensitizer,
      whereby the combination of the silver salt and said sensitizer is
      light-sensitive only in the spectral range of said sensitizer;
PA1  and a reducing agent having at least one active hydrogen atom attached to
      O, N or C, capable of reducing the silver salt in areas exposed to light
      and causes the development of a visible image in said material by reducing
      the silver salt when processed with heat after exposure whereby the said
      combination is sensitive to light in the absence of light-sensitive heavy
      metal salts.
NUM  2.
PAR  2. The photographic material of claim 1, wherein the light-insensitive
      silver salt is a silver salt of a long chain fatty acid.
NUM  3.
PAR  3. The photographic material of claim 2, wherein the light-insensitive
      silver salt is silver behenate or silver stearate.
NUM  4.
PAR  4. The photographic material of claim 1, wherein the light-insensitive
      silver salt is a silver salt of an aliphatic carboxylic acid which is
      substituted with a thioether group.
NUM  5.
PAR  5. The photographic material of claim 1, wherein the reducing agent is a
      (1) phenol or naphthol which contains at least two phenolic hydroxyl
      groups which may be partly etherified with alkyl radicals containing up to
      5 carbon atoms, (2) aminophenol or aminonaphthol which may be partly
      substituted with an acyl or carbamoyl group at the amino group or (3) an
      ortho-alkyl-substituted or cycloalkyl-substituted phenol.
NUM  6.
PAR  6. The photographic material of claim 1, wherein the reducing agent is a
      compound based on pyrazolidin-3-one or pyrazolin-5-one.
NUM  7.
PAR  7. The photographic material of claim 1, wherein the reducing agent is a
      hydroxylamine derivative.
NUM  8.
PAR  8. The photographic material of claim 1, wherein the reducing agent is a
      compound of the o-hydroxy-chroman or 5-hydroxycoumaran series.
NUM  9.
PAR  9. The photographic material of claim 1, which additionally contains
      light-insensitive heavy metal salts of uranium, cadmium or lead(II)
      compounds of organic acids and NH-acidic compounds or light-insensitive
      organic mercury(II) compounds.
NUM  10.
PAR  10. The photographic material of claim 1, which additionally contains
      phthalimides or 2H-phthalazinone-(1).
NUM  11.
PAR  11. The photographic material of claim 10, wherein the reducing agent is an
      o-alkyl- or o-cycloalkyl-substituted phenol.
NUM  12.
PAR  12. The photographic material of claim 1, wherein R.sup.4 and R.sup.5
      together represent the ring members necessary for completing a rhodanine,
      2-thiohydantoin or 2-thiooxazolidine dione ring.
NUM  13.
PAR  13. The photographic material of claim 1, wherein Z.sup.1 and Z.sup.2
      represent the ring members necessary for completing a thiazoline,
      benzimidazole or benzoxazole ring.
NUM  14.
PAR  14. The photographic material of claim 1, wherein the polymethine
      sensitizer is a hemioxonole with Z.sup.3 representing the ring members
      necessary for completing a rhodanine ring.
PATN
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ABST
PAL  A heat developable light-sensitive material having increased transparency
      comprising, on a support, an organic silver salt, a light-sensitive silver
      halide, a reducing agent, a binder and an overcoat layer consisting
      essentially of a polymer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a heat developable light-sensitive material and
      especially with a heat developable light-sensitive material having an
      overcoat layer of a polymer.
PAR  In accordance with the present invention, there is provided a heat
      developable light-sensitive material comprising, on a support member, (1)
      an organic silver salt, (2) a light-sensitive silver halide or a
      light-sensitive silver halide prepared by reacting an organic silver salt
      with a halide in situ, (3) a reducing agent, (4) a polymeric binder and
      (5) an overcoat layer comprising a polymer.
PAR  2. Description of the Prior Art
PAR  Photographic processes using a silver halide, giving a better sensitivity
      and gradient than the electrophotographic process and the diazotype
      photographic process, have been most commonly used. However, the silver
      halide light-sensitive material used for such processes is developed with
      a developing solution and then subjected to several processings such as
      stopping, fixing, water washing and stabilizing in order to protect the
      developed image from discoloring and fading under normal light as well as
      to protect the undeveloped areas (which will hereinafter be referred to as
      "back-ground") from blackening. Therefore, such photographic processes
      take much time and labor and are subject to some problems, e.g., the
      chemicals used are injurious to humans and harmful to the work area, and
      often workers' hands and clothing are injured. In photographic processes
      using a silver halide, therefore, it has been desired that the processing
      be carried out in a dry state without solution processing, and the
      processed image be kept stable.
PAR  To reach this end, much effort has been expended to provide suitable
      methods. One method is the so-called mono bath development and fixing
      method wherein the two processings of development and fixing in an
      ordinary photographic process are finished in one processing, which is
      mentioned in U.S. Pat. No. 2,875,048, British Pat. No. 954,453 and German
      Pat. No. 1,163,142. A second method contemplates converting the wet
      processings in an ordinary silver halide photographic process into dry
      processings as disclosed in German Pat. No. 1,174,159, and British Pat.
      Nos. 943,476 and 951,644. A third method is to use a light-sensitive
      element consisting of a silver salt of a long chain aliphatic carboxylic
      acid such as behenic acid, the silver salt of saccharin or the silver salt
      of benzotriazole, and a catalytic amount of a silver halide, as disclosed
      in Japanese patent publication Nos. 4921/1968, 4924/1968,  26582/1969,
      18416/1970, 12700/1970 and 22185/1970 and British Pat. No. 1,205,500.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention belongs to the third of the abovementioned three
      methods. The feature of the invention is that in a heat developable
      light-sensitive material having a light-sensitive layer of a
      heat-developable light-sensitive composition comprising an organic silver
      salt stable to light, for example, a silver salt of a fatty acid such as
      silver behenate, the silver salt of benzotriazole or the silver salt of
      saccharin, a light-sensitive silver halide in a catalytic amount, a
      reducing agent and a polymeric binder, a polymer overcoat layer is
      provided on the light-sensitive layer. Mixtures of components within the
      groups can, of course, be used.
PAR  The following points are improved by the provision of such an overcoat
      polymer layer.
PAR  1. The transparency of the coating layer is raised and a heat developable
      light-sensitive (film) material can be obtained.
PAR  That is to say, a heat developable light-sensitive material is ordinarily
      subjected to imagewise exposure and development only by heating, and the
      subsequent operations are omitted. The usual operations in the silver
      halide photographic materials, which comprise, after development, treating
      the undeveloped silver halide with a fixing solution containing a compound
      capable of forming a silver halide complex, for example, sodium
      thiosulfate, to convert the silver halide into a water-soluble silver
      complex and then washing with water to remove the silver complex salt, are
      not carried out in the case of such a heat developable light-sensitive
      material. In other words, the silver salt used in a heat developable
      light-sensitive material is not removed after development, unlike the
      silver halide in a silver halide photographic material. Therefore, if a
      silver salt with a coarse grain or large grain size is used as the silver
      salt for a heat developable light-sensitive material (exclusive of the
      case of applying this to an opaque sheet of paper), a light-sensitive
      material having a transparent coating layer cannot be obtained by applying
      the same to a transparent film support. As mentioned hereinbefore, in a
      silver halide photographic material which is subjected to the fixing
      operation after development, when the coating layer is not transparent
      before development it becomes transparent after the silver halide is
      removed by fixing and washing with water following development, even
      though a coarse grain silver halide is used.
PAR  Where it is desired to obtain a light-sensitive material having a
      transparent coating layer using a silver salt in a heat developable
      light-sensitive material, a coating layer which is transparent before
      development is obtained by the use of a silver salt which has a grain size
      which is as fine as possible. Since the techniques for producing a fine
      grain silver salt are restricted even at this date, a rather opaque
      coating layer, which is not suitable as a transparent heat-developable
      light-sensitive material, is obtained by providing a transparent film
      support with an ordinary light-sensitive layer. In accordance with the
      invention, however, the transparency of a coating layer is remarkably
      raised by providing on such an ordinary light-sensitive layer an overcoat
      layer of a polymer, and an extremely transparent coating layer is obtained
      through the use of a silver salt with a fine grain size.
PAR  2. The raw storage property is improved.
PAR  As mentioned above, a heat developable light-sensitive material has a
      light-sensitive layer consisting mainly of an organic silver salt, a
      catalytic amount of light-sensitive silver halide, a reducing agent and a
      binder on a support member. Of these constituents, in particular, the
      reducing agent is subject to the influence of oxygen in the air and
      greatly affected when stored at a high temperature and high humidity. The
      reducing agent is oxidized and loses its reducing activity to reduce an
      organic silver salt by the catalytic action of sensitized silver halide
      during heating. When the reducing agent is affected by oxygen, therefore,
      a satisfactory silver image is difficult to obtain. On the contrary, the
      provision of an overcoat layer on the light-sensitive layer according to
      the invention prevents the reducing agent from undergoing air oxidation
      and thus markedly improves the raw storage property.
PAR  3. As occasion demands, adhesion of the coating layer to a developing
      machine during developing is prevented.
PAR  When a heat developable light-sensitive material using polyvinyl butyral as
      a binder in the light-sensitive layer is developed by heating, for
      example, between metal plates at 130.degree.C for 20  seconds, the
      polyvinyl butyral softens and the coating layer adheres to the metal
      plates. In accordance with the invention, on the contrary, heat
      development can be carried out without adhesion of the coating layer to
      metal plates and without scratching the film surface, if in the case of
      providing on the light-sensitive layer a heat resistant polymer having a
      higher softening point is used as the overcoat polymer.
PAR  4. The image density is raised.
PAR  The image density is increased by providing an overcoat polymer layer as
      compared to elements with identical coated silver amounts but no overcoat
      polymer layer (see Examples 10 and 11). It is not clear why the image
      density is raised. It is assumed, however, that the heat development is
      carried out with high efficiency because the heat developable
      light-sensitive layer is enclosed between the support and the overcoat
      polymer layer.
PAR  The foregoing advantages (2), (3) and (4) are similarly attained when the
      invention is carried out on a heat-developable light-sensitive layer
      provided on a semi-transparent or opaque support such as paper, synthetic
      paper, water resistant paper, such as resin-coated paper, and metal. All
      such cases are, of course, within the present invention.
PAR  The invention has the foregoing features, which are essential for obtaining
      a transparent, heat developable light-sensitive material.
PAR  It is thus one object of the invention to provide a transparent heat
      developable light-sensitive material.
PAR  It is another object of the invention to provide a heat developable
      light-sensitive material having a high image density and excellent raw
      storage property.
PAR  It is a further object of the invention to provide a heat developable
      light-sensitive material having a coating layer excellent in heat
      resistance.
PAR  In accordance with the invention, there is provided a heat developable
      light-sensitive material comprising, on a support member, (1) an organic
      silver salt, (2) a light-sensitive silver halide or a light-sensitive
      silver halide prepared by reacting an organic silver salt with a halide,
      (3) a reducing agent, (4) a polymeric binder and (5) an overcoat layer
      comprising a polymer.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A simple test can be used to determine how the features or effects of the
      invention are brought about by providing an overcoat layer on a heat
      developable light-sensitive material. The test method is as follows:
PAR  1. Effect of improving transparency of a coating layer
PAR  The following constituents are dispersed in a ball mill at about
      25.degree.C for 1 hour.
TBL  ______________________________________                                    

     polyvinyl butyral    3.0     g                                            

     silver laurate       2.7     g                                            

     isopropyl alcohol    20      ml                                           

     ______________________________________                                    

PAL  The resultant dispersion is coated onto a transparent support of
      polyethylene terephthalate film to give 2 g of coated silver per 1 m.sup.2
      of support.
PAR  Onto such a layer containing a silver salt is overcoated a 15 wt % solution
      of the polymers mentioned hereinafter to give various samples each having
      a polymer overcoat film of a thickness of 2 microns. The sample is then
      exposed and heated at 120.degree. - 140.degree.C for 1-60 seconds. The
      change of the transmission of the coating layer to a light source of a
      wavelength of 500 millimicrons is measured by means of a
      spectrophotometer. In certain cases, mere visual examination is sufficient
      to show a gross difference in effect. The heat resistance, of course, is
      easily determined by examining the tackiness of the layer, and the raw
      storage property can be determine by measuring the degree of deterioration
      by a forced deterioration at 50.degree.C, 80% RH or by storage at normal
      conditions for a long period of time.
PAR  It will be apparent from the following Examples that the transmission or
      transparency of the coating layer is raised by providing an overcoat layer
      and, similarly, the image density, raw storage property and heat
      resistance are improved by the overcoat layer. The silver laurate used in
      the test is ordinarily prepared by the following procedures:
PAR  To a solution of 11 g of lauric acid in 100 ml of butyl acetate kept at
      10.degree.C is added 100 ml of a dilute aqueous solution of nitric acid
      (25.degree.C, pH = 2.0) while stirring, and 50 ml of an aqueous solution
      of a silver ammonium complex (silver ammine complex) containing 8.5 g of
      silver nitrate (cooled to 0.degree.C) is added over a 1 minute period to
      react the laurate and the silver ions, thus obtaining crystals of silver
      laurate in a spindle shape of about 1 micron (long side) by about 0.05
      micron (short side). The thus obtained silver salt is washed with water
      and methanol and, as mentioned above, dispersed in a solution of polyvinyl
      butyral.
PAR  Examples of polymers used for the overcoat layer according to the
      invention, which are preferably heat-resistant, colorless and soluble in
      solvents, are polyvinyl chloride, polyvinyl acetate, copolymers of vinyl
      chloride and vinyl acetate containing more than 50 mol percent vinyl
      chloride but insufficient vinyl chloride to lower the heat resistance,
      polyvinyl butyral, polystyrene, polymethyl methacrylate, benzyl cellulose,
      ethyl cellulose, cellulose acetate butyrate, cellulose acetate,
      polyvinylidene chloride, polyvinyl pyrrolidone, cellulose propionate,
      polyvinyl formal, cellulose acetate phthalate, polycarbonates and
      cellulose acetate propionate. Moreover, gelatin, gelatin derivatives such
      as phthalated gelatin, acrylamide polymers, polyisobutylene,
      butadiene-styrene copolymers (no limitation on monomer proportions) and
      polyvinyl alcohol are preferred.
PAR  The above listing, of course, is merely representative of the many polymers
      which can be used in the overcoat layer according to this invention.
PAR  Most preferred polymers which can be used in the overcoat layer of present
      invention are those which are heat resistant, that is, which are not
      deformed, at temperatures greater than about 115.degree.F, and which have
      a refractive index greater than 1.45 at 20.degree.C.
PAR  The viscosity, molecular weight, degree of polymerization, etc., of such
      materials are factors which relate primarily to the coating ability of the
      polymers, and these factors are not important in the present invention.
      Phrased somewhat differently, these factors can be easily balanced by one
      skilled in the art since they relate to mechanical rather than
      photographic aspects of the present invention.
PAR  The thickness of the overcoat polymer layer according to the invention is
      preferably about 1 to about 20 microns. If it is too thin, the effects
      decrease, while if it is too thick the production cost rises without a
      significant increase in benefits.
PAR  The organic silver salts used in the present invention are not particularly
      limited so long as, of course, they function in the heat developable
      light-sensitive material of the present invention to provide an image of
      sufficient density. Most preferred are, however, silver salt of organic
      carboxylic acids and silver salts of heterocyclic compounds containing an
      imino group. The most preferred silver salts or organic carboxylic acids
      are these of long-chain aliphatic carboxylic acid.
PAR  Specific examples of such organic silver salts used in the invention are
      silver salts of fatty acids, preferably long chain alphatic fatty acid
      having more than 10 carbon atoms, such as silver laurate, silver
      myristate, silver palmitate, silver stearate and silver behenate, silver
      caprate, and the silver salt of benzotriazole, the silver salt of
      saccharin, the silver salt of phthalazinone, silver phthalate, silver
      terephthalate and silver salicylate. These silver salts are relatively
      stable to light and in an exposed area are reduced by a reducing agent
      upon heating by the catalytic action of a silver halide to give a silver
      image. Preferred of such materials as are used in the present invention
      have a size which can be analogized to a sausage link, where the long side
      is the measurement taken along the axis of the link, and the short side is
      the diameter transverse of the long side, where the long side is 0.01 - 5
      microns, preferably 0.1 - 1 micron, and the short side is 0.0001 - 0.5
      microns, preferably 0.005 - 0.1 micron.
PAR  The amount of the organic silver salt used is that necessary to provide an
      image of sufficient density. Generally speaking, since the visual acuity
      of users will vary greatly, from about 0.2 to about 3 g/m.sup.2,
      calculated as silver, is applied to the support. Preferably, to provide a
      safety factor, 0.4 g/m.sup.2 of support or greater is used, and generally
      speaking seldom will be greater than 2 g/m.sup.2 of support be used, all
      figures being on the same basis. The upper limit of 3 g/m.sup.2 of support
      is set because greater amounts tend to increase cost without any
      substantial benefit in image density.
PAR  As the reducing agent of the invention, any compound capable of reducing
      the organic silver salt to give a silver image when heated in the presence
      of exposed silver halide can be used, for example, substituted phenols,
      substituted or unsubstituted bisphenols, substituted or unsubstituted
      bisnaphthols, naphthols, substituted naphthols, di- or higher poly-
      hydroxybenzenes such as hydroquinone derivatives, ascorbic acid and its
      derivatives, di-or higher poly-naphthalenes and 3-pyrazolidones. For
      instance, including hydroquinone mono ethers, ascorbic acid or mono-or
      di-carboxylic acid esters of ascorbic acid, reducing sugar,
      5-hydroxy-2-hydroxymethyl-.gamma.-pyrone, 4-isopropyltropolones,
      substituted or unsubstituted 1-aryl-3-pyrazolidones, which can be alkyl
      (C.sub.1 -.sub.8), alkoxy (C.sub.1 -.sub.8), phenyl, halogen, amino, alkyl
      substituted amino (C.sub.1 -.sub.8) acetyl, nitro, etc., substituted.
PAR  Specific examples of such materials are;
PA1  hydroquinone, methylhydroquinone, chlorohydroquinone, bromohydroquinone,
      phenylhydroquinone, hydroquinone mono sulfonate, t-octylhydroquinone,
      t-butylhydroquinone, 2,5-dimethylhydroquinone, 2,6-dimethylhydroquinone,
      methoxyhydroquinone, ethoxyhydroquinone, p-methoxyphenol, p-ethoxyphenol,
      hydroquinone monobenzylether, catechol, pyrogallol, resorcin,
      p-aminophenol, o-aminophenol, N-methyl-p-aminophenol,
      2-methoxy-4-aminophenol, 2,4-di-aminophenol,
      2-.beta.-hydroxyethyl-4-aminophenol, p-t-amylphenol, p-t-aminophenol,
      p-cresol, 2,6-di-t-butyl-p-cresol, p-acetophenol, p-phenylphenol,
      o-phenylphenol, 1,4-dimethoxyphenol, 3,4-xylenol, 2,4-xylenol,
      2,6-dimethoxyphenol, 1-amino-2-naphthol-6-sulphonic acid sodium salt,
      1-naphthylamine-7-sulphonic acid, 1-hydroxy-4-methoxynaphthalene,
      1-hydroxy-4-ethoxy-naphthalene, 1,4-dihydroxynaphthalene,
      1,3-dihydroxynaphthalene, 1-hydroxy-4-aminonaphthalene,
      1,5-dihydroxynaphthalene, 1-hydroxy-2-phenyl-4-methoxynaphthalene,
      1-hydroxy-2-phenyl-4-methoxynaphthalene,
      1-hydroxy-2-methyl-4-methoxynaphthalene, .alpha.-naphthol,
      .beta.-naphthol, 1,1'-dihydroxy-2,2'-binaphthyl,
      4,4'-dimethoxy-1,1'-dihydroxy-2,2'-binaphthyl,
      6,6'-dibromo-2,2'-dihydroxy-1,1'-binaphthyl,
      6,6'-dinitro-2,2'-dihydroxy-1,1'-binaphthyl,
      bis(2-hydroxy-1-naphthyl)methane, bisphenol A,
      1,1-bis-(2-hydroxy-3,5-dimethylphenyl)-3,5,5-tri-methylhexane,
      2,4,4-trimethylpentyl-bis(2-hydroxy-3,5-dimethylphenyl)-3,5,5-trimethylhex
     ane, 2,4,4-trimethylpentyl-bis-(2-hydroxy-3,5-dimethylphenyl)methane,
      bis-(2-hydroxy-3-t-butyl-5-methylphenyl)methane,
      bis-(2-hydroxy-3,5-di-t-butylphenyl)methane,
      4,4'-methylenebis-(3-methyl-5-t-butylphenol),
      4,4'-methylenebis-(2,6-di-t-butylphenol),
      2,2'-methylenebis-(2-t-butyl-4-ethylphenol),
      2,6-methylenebis-(2-hydroxy-3-t-butyl-5-methylphenyl)-4-methylphenol,
      3,3',5,5'-tetra-t-butyl-4,4'-dihydroxy-biphenyl, 1-ascorbic acid,
      1-ascorbic acid monoester, 1-ascorbic acid diester, p-oxyphenylglycine,
      N,N-diethyl-p-phenylene diamine, furoin, benzoin, dihydroxyacetone,
      glycerine aldehyde, rhodizonic acid-tetrahydroxyquinone, methyl gallate,
      propyl gallate, hydroxytetoronic acid,
      N,N-di-(2-ethoxyethyl)hydroxylamine, glucose, lactose,
      1-phenyl-3-pyrazolidone, 4-methyl-4-hydroxymethyl-1-phenyl-3-pyrazolidone,
      bis-(3-methyl-4 -hydroxy-5-t-butylphenyl)-sulfide,
      3,5-di-t-butyl-4-hydroxybenzyldimethylamine,
      .alpha.,.alpha.'-(3,5-di-t-butyl-4-hydroxyphenyl)-dimethylether and the
      like.
PAR  A relatively strong reducing agent such as a bisphenol is suitable for a
      silver salt of a higher fatty acid such as silver behenate, while a
      relatively weak reducing agent such as a substituted phenol is suitable
      for a silver salt of a lower fatty acid such as silver laurate. When a
      weak reducing agent such as p-(t-butyl)-phenol is used for silver
      behenate, for example, only a low density image is obtained, and when a
      strong reducing agent such as hydroquinone is used for silver laurate, for
      example, the fog increases with a lowering of the contrast of the image.
PAR  The quantity of the reducing agent according to the invention, which will
      depend on the organic silver salt and reducing agent combination, is
      preferably about 0.1 to about 5 mols per 1 mol of the organic silver salt,
      preferably 0.5 mol to 1 mol per mol of the organic silver salt.
PAR  As the light-sensitive silver halide used in the invention in a catalytic
      amount, silver chloride, silver bromide, silver bromoiodide, silver
      chlorobromoiodide, silver chlorobromide, silver iodide and mixtures
      thereof are preferred. These silver halides may be either coarse grains or
      fine grains, and a very fine grain emulsion is particularly preferred. An
      emulsion containing such a light-sensitive silver halide(s) can be
      prepared by any conventional manner in the photographic field. For
      example, there are single jet emulsions, double jet emulsions, Lippmann
      emulsions, ammonia process emulsions, thiocyanate or thioether aged
      emulsions and emulsions as disclosed in U.S. Pat. Nos. 2,222,264;
      3,320,069 and 3,271,157, all of which can be used in the present
      invention.
PAR  The silver halide used in the practice of the invention may be sensitized
      by a chemical sensitizer or reducing agent, such as, for example, sulfur
      or selenium compounds, gold, platinum or palladium compounds or
      combinations thereof. Suitable sensitizations methods are described, for
      example, in U.S. Pat. Nos. 2,623,499; 2,399,083; 3,297,447 and 3,297,446.
PAR  As mentioned above, the light-sensitive silver halide in a catalytic amount
      can be previously prepared and added as one constituent of the
      light-sensitive layer of the invention, but it is preferred to form the
      silver halide in situ as a part of the organic silver salt by reacting the
      organic silver salt as a constituent of the light-sensitive layer of the
      invention with a halide as a component capable of forming the
      light-sensitive silver halide in a catalytic amount. For example, a halide
      such as ammonium bromide is added to a polymeric dispersion of silver
      laurate prepared as mentioned hereinbefore, whereby a part of the silver
      laurate and ammonium bromide are reacted to form silver bromide, which is
      confirmed by a change in the X-ray diffraction pattern of the system.
PAR  As halides suitable for the invention there are inorganic halogen
      compounds, for example, represented by MXn in which M represents a
      hydrogen atom, ammonium group or metal atom, X represents a halogen atom
      and n represents the atomic valence of M. Illustrative of the halides of
      the invention are chlorides, bromides and iodides of hydrogen, ammonium,
      strontium, cadmium, zinc, tin, chromium, sodium, barium, iron, cesium,
      lanthanum, copper, calcium, nickel, magnesium, potassium, aluminum,
      antimony, gold, cobalt, mercury, lead, beryllium, lithium, manganese,
      gallium, indium, rhodium, ruthenium, palladium, iridium, platinum,
      thallium, bismuth and mixtures thereof. Furthermore, organic halides such
      as triphenylmethyl chloride, triphenylmethyl bromide,
      2-bromo-2-methylpropane, 2-bromobutyric acid, 2-bromoethanol and
      benzophenone dichloride, and halogenated hydrocarbons such as iodoform,
      bromoform and carbon tetrabromide can also be used with success.
PAR  The quantity of the light-sensitive silver halide or halide as a
      constituent for forming the same is preferably about 0.001 to about 0.5
      mol per 1 mol of the organic silver salt, more preferably 0.01 mol to 0.1
      mol of the silver halide per mol of the organic silver salt. The reaction
      of the halide to form silver halide is substantially stoichiometric. If
      less than about 0.001 mol is used, the sensitivity lowers, while if more
      than about 0.5 mol is used, the quantity of silver halide becomes too
      high, which results in (due to the silver halide gradually blackening
      under the influence of room light) a blackening of the non-image area of a
      heat-developed material when it is allowed to stand under room light and,
      consequently, a decrease of contrast with image areas.
PAR  The reaction of the inorganic or organic halide with the organic silver
      salt proceeds easily and substantially stoichiometrically, and in practice
      the inorganic or organic halide is merely mixed with a polymer dispersion
      of the organic silver salt at room temperature for a few minutes.
      Generally speaking, operation at 0.degree. to about 80.degree.C, more
      preferably at 20.degree. to 60.degree.C, is used in a system open to the
      atmosphere. Little is to be gained by sub- or super-atmospheric operation.
      Mixing is merely for a time sufficient for the reaction to be completed,
      and generally will be 1 second or greater and seldom more than 60 minutes,
      with common reaction times being 30 seconds to 30 minutes.
PAR  In the heat developable light-sensitive composition used in the invention
      there may be incorporated any binder which is ordinarily hydrophobic, but
      hydrophilic binders can also be used. The binders are transparent or
      semitransparent, for example, natural materials such as gelatin, gelatin
      derivatives and cellulose derivatives, and synthetic polymeric substances
      such as polyvinyl compounds and acrylamide polymers. Other synthetic
      polymer compounds used are dispersed vinyl compounds of the latex type.
PAR  Moreover, desirable high molecular weight materials and resins include
      polyvinyl butyral, cellulose acetate butyrate, polymethyl methacrylate,
      polyvinyl pyrrolidone, ethyl cellulose, polystyrene, polyvinyl chloride,
      cellulose propionate, cellulose nitrate, phthalated gelatin, polyvinyl
      acetate, polyvinylidene chloride, polyvinyl formal, chlorinated rubber,
      polyisobutylene, butadiene-styrene copolymers, vinyl chloridevinyl acetate
      copolymer, vinyl acetate-vinyl chloride-maleic acid copolymers and
      polyvinyl alcohol. The ratio of the binder to organic silver salt is
      preferably, based on the weight of the organic silver salt, about 4 to 1
      to about 1 to 4 parts.
PAR  Any material can be used as the support member of the heat developable
      light-sensitive material of the invention, typical of which are cellulose
      nitrate films, cellulose ester films, poly(vinyl acetal) filsm,
      polystyrene films, polyethylene terephthalate films, polycarbonate films,
      resinous materials, glass, paper and metals.
PAR  In short, the only limitation on the support member is that it not be
      excessively degraded during the exposure or heat development steps nor, of
      course, be composed of a material which would adversely affect the
      light-sensitive elements. Such characteristics will be obvious to one
      skilled in the art, however, and one skilled in the art can easily decide
      on the best support for any practial use.
PAR  The thickness of the light-sensitive layer can vary greatly in the present
      invention, but generally speaking, thicknesses of from about 1 micron to
      about 15 microns, more preferably 3 microns to 10 microns, are used in
      combination with a overcoat layer having a thickness of from about 1
      micron to about 20 microns, more preferably 2 microns to 10 microns.
PAR  The heat developable light-sensitive material used for the practice of the
      invention can be provided with an anti-static layer or an electrically
      conductive layer. Moreover, an anti-halation substance or antihalation dye
      can be incorporated in the light-sensitive layer.
PAR  As occasion demands, in the heat developable light-sensitive material
      according to the invention there may further be incorporated a matting
      agent such as starch, titanium dioxide, zinc oxide or silica, and a
      brightening agent of the stilbene type, triazine type, oxazole type or
      coumarin type.
PAR  The heat developable light-sensitive layer of the invention can be coated
      by various coating methods, for example, an immersion method, an air-knife
      method, a curtain coating method and an extrusion coating method using a
      hopper as described in U.S. Pat. No. 2,681,294. If desired, two or more
      layers can simultaneously be coated.
PAR  Furthermore, optical sensitizing dyes may favorably be used in the elements
      of the invention so as to impart light-sensitivity thereto. Optical
      sensitization is ordinarily carried out, for example, by adding a
      sensitizing dye in the form of a solution or dispersion in an organic
      solvent. As such optical sensitizers, cyanine and merocyanine dyes are
      usually used.
PAR  A latent image formed by exposing the above-mentioned elements of the heat
      developable light-sensitive material to a light source such as a xenon
      lamp, tungsten lamp or mercury lamp can be developed merely by heating the
      elements. In another embodiment of the invention, therefore, a latent
      image in the elements of the exposed heat developable light-sensitive
      material is developed by heating at about 100.degree. to about
      160.degree.C until the desired image is developed. The developing
      temperature is preferably 110.degree. to 140.degree.C. Within the broad
      temperature range, a higher temperature or lower temperature may
      optionally be used by lengthening or shortening the heating time. A
      developed and stabilized image is ordinarily obtained in 1 to 60 seconds.
      The heating of the above-mentioned elements can be carried out by any
      suitable method such as by contacting the elements with a simple heating
      plate, contacting them with a heating drum, passing them through a heating
      space or subjecting them to high frequency heating.
PAR  The following examples are to illustrate the invention in more detail
      without limiting the same.
DETD
PAR  In all examples where a light-sensitive composition is formed by the in
      situ reaction of a halide with the organic carboxylic acid silver salt,
      mixing was conducted at 40.degree.C, and at atmospheric presssure merely
      by stirring for about 5 minutes.
PAC  EXAMPLE 1
PAR  To a solution of 11 g of lauric acid in 100 ml of butyl acetate kept at
      10.degree.C was added 100 ml of a dilute aqueous solution of nitric acid
      (25.degree.C, pH = 2.0) with stirring, and 50 ml of an aqueous solution of
      silver ammonium complex [this salt can be represent by the formula [Ag
      (NH.sub.3).sub.2 ].sup.+NO.sub.3 .sup.-; from 1 molar Ag NO.sub.3 and 2
      molar NH.sub.3 (used as NH.sub.4 OH)] containing 8.5 g of silver nitrate
      (cooled at 0.degree.C) was then added over a 1 minute period to react the
      laurate and silver ions, thus obtaining crystals of silver laurate in a
      spindle shape of about 1 micron (long side) by about 0.05 micron (short
      side). The thus obtained silver salt was washed with water and methanol
      and 2.7 g of it was ball-milled with 3.0 g of polyvinyl butyral (average
      degree of polymerization 1,000; index of refraction 1.47-1.49; heat
      resistant to about 115.degree.F) and 20 ml of isopropyl alcohol to prepare
      a polymer dispersion of the silver salt. An effective amount of 1, 3
      dibromo-5,5-dimethylhydantoin (2.5 weight percent methyl cellosolve
      solution) was added thereto (1 ml) as an anti-heat fogging agent, 1 ml of
      a 2.5 weight percent methanol solution of ammonium bromide was added
      (silver halide forming agent) and 5 ml of a 0.0025 weight percent
      chloroform solution of the following light-sensitive dye was added
      thereto:
      ##SPC1##
PAL  3 ml of a 70 weight percent methyl cellosolve solution of p-phenylphenol
      was added as a reducing agent, and 1 ml of a 2.5 weight percent methyl
      cellosolve solution of phthalazinone was added thereto as a toning agent.
PAR  The resulting dispersion was coated onto a transparent polyethylene
      terephthalate film support member to give 2.0 g of coated silver per 1
      m.sup.2 of the support. In the following Examples, this coated sample will
      be referred to as a "silver laurate coated sample".
PAR  Onto the silver salt layer of the silver laurate coated sample was
      overcoated a 15 wt % methyl ethyl ketone solution of polystyrene (index of
      refraction 1.59-1.60; heat resistant to 150.degree. - 170.degree.F) to
      give a film thickness of 2 microns (dry basis).
PAR  The change of transmittivity of the coating layer to a light source of a
      wavelength of 500 millimicrons was measured by means of a
      spectrophotometer, thus obtaining the following results. The
      transmittivity of the film support was taken as 100% as a standard. The
      measurements in the following Examples were all carried out according to
      this standard.
TBL  ______________________________________                                    

                       Transmittivity (%)                                      

     overcoat free     35.0                                                    

     polystyrene overcoated                                                    

                       55.5                                                    

     ______________________________________                                    

PAL  It is evident from these results that the transmittivity, that is, the
      transparency of the coating layer, is markedly increased by providing a
      polystyrene overcoated layer.
PAR  When the sample having the polystyrene overcoat layer was held between
      heated metal plates and heated at 120.degree.C for 20 seconds, adhesion of
      the film surface to the metal plates was scarcely encountered.
PAC  EXAMPLE 2
PAR  Onto the silver salt layer of the silver laurate coated sample prepared in
      Example 1 was overcoated a 15 wt % methyl ethyl ketone solution of
      cellulose acetate butyrate (index of refraction 1.46 - 1.49; heat
      resistant to 140.degree. - 220.degree.F) to give a film thickness of 2
      microns (dry basis).
PAR  The change of transmittivity of the coating layer was measured as in
      Example 1 to obtain the following results:
TBL                     Transmittivity (%)                                     

     overcoat free      35.0                                                   

     cellulose acetate butyrate                                                

                        52.7                                                   

     overcoat                                                                  

PAL  The transparency of the coating layer was markedly increased by providing
      the cellulose acetate butyrate overcoat layer.
PAR  When the sample having the cellulose acetate butyrate overcoat layer was
      held between metal plates and heated at 120.degree.C for 20 seconds,
      adhesion of the film surface to the metal plates was scarcely encountered.
PAC  EXAMPLE 3
PAR  Onto the silver salt layer of the silver laurate coated sample prepared in
      Example 1 was overcoated a 15 wt % tetrahydrofuran solution of polyvinyl
      chloride (index of refraction 1.54  - 1.56;   heat resistant to
      150.degree.F) to give a film thickness of 2 microns (dry basis).
PAR  The change of transmittivity of the coating layer was measured as in
      Example 1 to obtain the following results:
TBL                      Transmittivity (%)                                    

     overcoat free       35.0                                                  

     polyvinyl chloride overcoat                                               

                         49.9                                                  

PAL  The transparency of the coating layer was markedly increased by providing
      the polyvinyl chloride overcoat layer.
PAR  When the sample having the polyvinyl chloride overcoat layer was held
      between metal plates and heated at 120.degree.C for 20 seconds, adhesion
      of the film surface to the metal plates was scarcely encountered.
PAC  EXAMPLE 4
PAR  Onto the silver salt layer of the silver laurate coated sample prepared in
      Example 1 was overcoated a 15 wt % methyl ethyl ketone solution of
      cellulose acetate (index of refraction 1.46 - 1.50; heat resistant to
      140.degree. - 220.degree.F) to give a film thickness of 2 microns (dry
      basis).
PAR  The change of transmittance of the coating layer was measured as in Example
      1 to obtain the following results:
TBL                      Transmittance (%)                                     

     overcoat free       35.0                                                  

     cellulose acetate overcoat                                                

                         47.4                                                  

PAL  The transparency of the coating layer was markedly increased by providing
      the cellulose acetate overcoat layer.
PAR  When the sample having the cellulose acetate overcoat layer was held
      between heated metal plates and heated at 120.degree.C for 20 seconds,
      adhesion of the film surface to the metal plates was scarcely encountered.
PAC  EXAMPLES 5 to 9
PAR  Onto the silver salt layer of the silver laurate coated sample prepared in
      Example 1 was overcoated each of the following polymer solutions to give a
      film thickness of 2 microns (dry basis).
PAR  The change of transmittivity of the coating layer was measured in the
      similar manner to Example 1 to obtain the following results:
TBL                          Transmittivity (%)                                

     overcoat free           35.0                                              

     (5)  Vinyl chloride-vinyl acetate                                         

                                 48.5                                          

          copolymer (vinyl chloride 95 wt %,                                   

          vinyl acetate 5 wt %)*                                               

          15 wt % tetrahydrofuran solution                                     

     (6)  polymethyl methacrylate**                                            

                                 51.4                                          

          15 wt % tetrahydrofuran solution                                     

     (7)  xylene resin           65.1                                          

          15 wt % tetrahydrofuran solution                                     

     (8)  benzyl cellulose       55.5                                          

          15 wt % tetrahydrofuran solution                                     

     (9)  polyvinyl butyral      42.7                                          

          15 wt % isopropyl alcohol solution                                   

       *Same as in Example 12.                                                 

      **Same as in Example 13.                                                 

PAL  It is apparent that the transparency is markedly increased by overcoating
      any of the above mentioned polymers.
PAR  Similar effects or merits as in the foregoing Examples were also obtained
      with other silver salts of fatty acids such as silver myristate, silver
      palmitate, silver stearate and silver behenate, and other silver salts
      mentioned in this specification such as silver salt of benzotriazole, some
      of which will be disclosed in the following.
PAC  EXAMPLE 10
PAR  3.4 g of behenic acid was dissolved in 100 ml of toluene at 60.degree.C and
      kept at 60.degree.C. With stirring, a solution of 0.1 g of mercuric
      nitrate in 100 ml of a dilute aqueous nitric acid (pH = 2.0, 25.degree.C)
      was added thereto. To the resulting mixed solution there was added with
      agitation at 60.degree.C 100 ml of an aqueous solution (pH of 11.8 )
      prepared by adding ammonia water to about 80 ml of an aqueous solution
      containing 1.7 g of silver nitrate to prepare a silver ammonium nitrate
      complex salt and diluting with water to 100 ml, thus obtaining a
      dispersion containing silver behenate fine crystals. When the dispersion
      was allowed to stand at room temperature for 20 minutes, an aqueous phase
      and toluene phase separated. The aqueous phase was removed and 400 ml of
      fresh water was added to the toluene phase, followed by decantation. This
      operation was repeated three times and then 400 ml of methanol was added,
      followed by centrifugal separation, to obtain 4.1 g of silver behenate
      grains in a substantially spherical shape of about 0.3 micron in diameter.
      2.5 g of this silver behenate was added to 20 ml of a solution of 2 g of
      polyvinyl butyral (average degree of polymerization of 1,000) in isopropyl
      alcohol and ball milled for 1 hour to prepare a polymer dispersion of the
      silver salt. To 20 ml of the thus obtained polymer dispersion of silver
      salt were added the following constituents to prepare a heat developable
      light-sensitive composition which was coated onto several transparent
      polyethylene terephthalate film supports at a silver amount of 1.5 g per 1
      m.sup.2 of support, thus obtaining heat developable light-sensitive
      materials.
TBL  ______________________________________                                    

     ammonium bromide (2.5 wt 9.                                               

                               1 ml                                            

     methanol solution)                                                        

     benzoxazolidenerhodanine sensitizing                                      

                               1 ml                                            

     dye (0.025 wt % chloroform solution)                                      

     2,2'-methylene-bis(6-t-butyl-4-                                           

                               3 ml                                            

     methylphenol) (25 wt % methyl                                             

     cellosolve solution)                                                      

     phthalazinone (2.5 wt % methyl                                            

                               1 ml                                            

     cellosolve solution)                                                      

     ______________________________________                                    

PAR  One light-sensitive material thus obtained (Sample A) was not overcoated
      and one light-sensitive material thus obtained (Sample B) was overcoated
      with a 15 wt % tetrahydrofuran solution of vinyl chloride-vinyl acetate
      copolymer (vinyl chloride 95 wt % and vinyl acetate 5 wt %) *to a dry film
      thickness of 10 microns. The transmittivity, maximum transmission density,
      maximum transmission density after forced deterioration and heat
      resistance of the coating films were compared.
FNT  *Same as in Example 12
PAR  Tests as in Example 1 were carried out as to the transmittivity and heat
      resistance of the coating film. The transmission density was obtained by
      subjecting both of the light-sensitive materials to an exposure of 250,000
      lux-seconds using a tungsten light source, heating and developing at
      120.degree.C for 30  seconds and measuring the resulting blackened
      transmission density. The forced deterioration test was carried out by
      subjecting both samples to the same exposure and development mentioned
      above after storage in the dark for 3 days at a relative humidity of 50%
      and 80%. These results are tabulated below:
TBL               Light-sensitive                                              

                             Light-sensitive                                   

                  Material A Material B                                        

                  overcoat free                                                

                             overcoated                                        

                             polymer layer                                     

     ______________________________________                                    

     Transparency of coating                                                   

                    64.0         80.0                                          

     layer, transmittivity %                                                   

     Maximum transmission                                                      

                     2.3          3.0                                          

     density                                                                   

     Maximum transmission                                                      

                     0.5          1.8                                          

     density after forced                                                      

     deterioration                                                             

     Heat resistance of                                                        

                    weak         strong                                        

     coating layer                                                             

     ______________________________________                                    

PAR  "Weak" heat resistance means when heated for 30 seconds at 120.degree.C,
      the coating layer sticks, whereas "strong" heat resistance means the
      coating layer does not stick.
PAC  EXAMPLE 11
PAR  6 g of benzotriazole was dissolved in 100 ml of isoamyl acetate at
      50.degree.C and cooled to -15.degree.C. With stirring, a solution of 0.25
      g of mercuric nitrate and 8.5 g of silver nitrate dissolved in 100 ml of a
      dilute aqueous nitric acid (pH = 2.0, 25.degree.C), the solution being
      kept at 3.degree.C, was added thereto. A dispersion containing fine
      crystals of silver salt of benzotriazole was thus obtained. When the
      dispersion was allowed to stand at room temperature for 20 seconds, an
      aqueous phase and an isoamyl acetate phase separated. The aqueous phase
      was removed and 400 ml of fresh water was added to the isoamyl acetate
      phase, followed by decantation. This operation was repeated three times
      and then 400 ml of methanol was added, followed by centrifugal separation
      to obtain 8 g of the silver salt of benzotriazole as grains of a
      substantially spherical shape of about 0.04 micron in diameter. 2.5 g of
      the thus obtained silver salt of benzotriazole was added to 40 ml of a
      solution of 4 g of polyvinyl butyral (average degree of polymerization of
      about 1,000) in isopropyl alcohol and ball milled for 4 hours to prepare a
      polymer dispersion of the silver salt. To 40 ml of the thus obtained
      polymer dispersion of the silver salt were added the following
      constituents to prepare a heat developable light-sensitive composition
      which was coated onto two transparent polyethylene terephthalate film
      support to a silver amount of 1.8 g per 1 m.sup.2 of support, thus
      obtaining two samples of a heat developable light-sensitive material.
TBL  ______________________________________                                    

     ammonium iodide (8.5 wt %                                                 

                              1      ml                                        

     methanol solution)                                                        

     methyl cellosolve solution contain-                                       

                              10     ml                                        

     ing 2 g of ascorbic acid-monopalmitate                                    

     and 2 g of ascorbic acid-dipalmitate                                      

     benzoxazolilydene rhodanine sen-                                          

                              1      ml                                        

     sitizing dye (0.2 wt % chloroform                                         

     solution)                                                                 

     N-ethyl-N'-dodecyl urea (2.5 wt %                                         

                              2      ml                                        

     methyl cellosolve solution)                                               

     ______________________________________                                    

PAR  Light-sensitive material A thus obtained was not overcoated light-sensitive
      material B thus obtained was overcoated (the light-sensitive layer of
      light-sensitive material A) with a 15 wt % tetrahydrofuran solution of
      vinyl chloride-vinyl acetate copolymer (same as that of Example 10) to a
      dry film thickness of 8 microns. The transmittivity, maximum transmission
      density, maximum transmission density after forced deterioration and heat
      resistance of coating film were compared as in Example 10. The test
      methods were the same as that of Example 10.
PAR  The tests were tabulated below:
TBL               Light-sensitive                                              

                             Light-sensitive                                   

                  Material A Material B                                        

                  overcoat free                                                

                             overcoated                                        

                             polymer layer                                     

     ______________________________________                                    

     Transparency of coating                                                   

                    90%          95%                                           

     layer, Transmittivity                                                     

     Maximum transmission                                                      

                    2.0          2.8                                           

     density                                                                   

     Maximum transmission                                                      

                    1.4          2.7                                           

     density after forced                                                      

     deterioration                                                             

     Heat resistance of                                                        

                    weak         strong                                        

     coating layer                                                             

     ______________________________________                                    

PAC  EXAMPLES 12 to 16
PAR  2.7 g of silver laurate prepared by the procedure of Example 1 was added to
      20 ml of an isopropyl solution containing 3.0 g of ethyl cellulose and
      ball milled for 1 hour to prepare a polymer dispersion of the silver salt.
      The resulting dispersion was coated onto transparent polyethylene
      terephthalate film supports in a coated silver amount of 2.0 g per 1
      m.sup.2 of support. The thus coated samples were referred to as "A". Five
      A samples were then overcoated with a 15 wt % solution of the following
      polymers to a dry film thickness of 2 microns. The change of
      transmittivity of the coating layer was measured as in Example 1 to obtain
      the following results:
TBL                         Transmittivity (%)                                 

     overcoat free (Sample A)                                                  

                            32.0                                               

     (12)  vinyl chloride-vinyl acetate                                        

                                45.5                                           

           copolymer (same as that of                                          

           Example 10) (index of refrac-                                       

           tion 1.45; heat resistance of                                       

           150 - 170.degree.F);                                                

     (13)  polymethyl methacrylate                                             

                                48.0                                           

           (index of refraction 1.485-                                         

           1.49; heat resistance of                                            

           140 - 190.degree.F);                                                

     (14)  polystyrene (same as in                                             

                                53.4                                           

           Example 1)                                                          

     (15)  cellulose acetate butyrate                                          

                                49.5                                           

           (same as in Example 2)                                              

     (16)  polyvinyl chloride   46.0                                           

           (same as in Example 3)                                              

PAC  EXAMPLES 17 to 21
PAR  2.7 g of silver laurate prepared by the procedure of Example 1 was added to
      20 ml of a methyl ethyl ketone solution containing 3.0 g of cellulose
      acetate butyrate (same as in Examples 12 - 16) and ball milled for 1 hour
      to prepare a polymer dispersion of the silver salt. The resulting
      dispersion was coated onto transparent polyethylene terephthalate film
      supports to a coated silver amount of 2.0 g per 1 m.sup.2 of support. The
      coated samples were referred to as "A". Five A samples were then
      overcoated with a 15 wt % solution of the following polymers to a dry film
      thickness of 2 microns. The change of transmittivity of the coating layer
      was measured as in Example 1 to obtain the following results:
TBL                          Transmittivity (%)                                

     overcoat free (Sample A)                                                  

                             38.0                                              

     (18)  vinyl chloride-vinyl acetate                                        

                                 44.5                                          

           copolymer (same as that of                                          

           Example 12)                                                         

     (19)  polymethyl methacrylate                                             

                                 49.0                                          

           (same as in Example 13)                                             

     (20)  polystyrene           55.0                                          

           (same as in Example 14)                                             

     (21)  ethyl cellulose       50.5                                          

           (index of refraction 1.48; heat                                     

           resistance of 115-185.degree.F)                                     

     (22)  polyvinyl chloride    45.3                                          

           (same as in Example 16)                                             

PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A heat developable light-sensitive material comprising, on a support,
      (1) an organic silver salt, (2) a light-sensitive silver halide or
      silver-halide prepared by reacting the organic silver salt with a halide,
      (3) a reducing agent, (4) a binder, and (5) an overcoat layer overlying
      components (1)-(4); said components (1)-(4) occurring in a single coated
      layer over said support; and said overcoat layer consisting essentially of
      a polymer having a refractive index greater than 1.45 at 20.degree.C,
      having heat resistance to temperatures greater than about 115.degree.F,
      being colorless and soluble in organic solvents, and providing increased
      transparency for the said overcoat layer.
NUM  2.
PAR  2. A heat developable light-sensitive material as claimed in claim 1
      wherein the organic silver salt is a salt of silver with an organic
      carboxylic acid or with heterocyclic compound containing an imino group.
NUM  3.
PAR  3. A heat developable light-sensitive material as claimed in claim 2,
      wherein the salt is a salt of silver with an organic carboxylic acid, and
      the acid is long-chain aliphatic carboxylic acid having more than 10
      carbon atoms.
NUM  4.
PAR  4. A heat developable light-sensitive material as claimed in claim 2,
      wherein the organic silver salt is a salt of silver with a heterocyclic
      compound containing an imino group, which compound is benzotriazole,
      saccharin or phthalazinone.
NUM  5.
PAR  5. A heat developable light-sensitive material as claimed in claim 1
      wherein the silver halide is prepared by reacting the organic silver salt
      with an organic or inorganic halide.
NUM  6.
PAR  6. A heat developable light-sensitive material as claimed in claim 5,
      wherein reaction is with an inorganic halide of the formula MXn, where X
      is chlorine, bromine or iodine, n is the valence of M, and M is hydrogen,
      ammonium or a metal.
NUM  7.
PAR  7. A heat developable light-sensitive material as claimed in claim 1
      wherein the amount of organic silver salt calculated as silver per square
      meter of support is from about 0.2 to about 3 grams.
NUM  8.
PAR  8. A heat developable light-sensitive material as claimed in claim 7,
      wherein the silver halide or silver-halide prepared by reacting the
      organic silver salt with the halide is present in an amount of from about
      0.001 mol to about 0.5 mol per mol of the organic silver salt, the
      reducing agent is present in an amount of from about 0.01 mol to about 5
      mols per mol of the organic silver salt and the binder is present in an
      amount of from about 4:1 - 1:4, weight ratio.
NUM  9.
PAR  9. A heat developable light-sensitive material as claimed in claim 8,
      wherein the amounts of the silver halide and reducing agent are,
      respectively, 0.01-0.1 mol, 0.5-1 mol, per mol of organic silver salt.
NUM  10.
PAR  10. A heat developable light-sensitive material as claimed in claim 1
      wherein said overcoat layer is from about 1 to about 20 microns thick.
NUM  11.
PAR  11. A heat developable light-sensitive material as claimed in claim 10
      wherein the overcoat layer is from 2 to 10 microns.
NUM  12.
PAR  12. A heat developable light-sensitive material as claimed in claim 1
      wherein said overcoat layer polymer is selected from the group consisting
      of polyvinyl chloride, polyvinyl acetate, copolymers of vinyl chloride and
      vinyl acetate, polyvinyl butyral, polystyrene, polymethyl methacrylate,
      benzyl cellulose, ethyl cellulose, cellulose acetate butyrate, cellulose
      acetate, polyvinylidene chloride, polyvinyl pyrrolidone, cellulose
      propionate, polyvinyl formal, cellulose acetate phthalate, polycarbonates,
      cellulose acetate propionate, gelatin, gelatin derivatives, acrylamide
      polymers, polyisobutylene, butadiene-styrene copolymers and polyvinyl
      alcohol.
NUM  13.
PAR  13. A heat developable light-sensitive material as claimed in claim 12,
      wherein said overcoat polymer is selected from the group consisting of
      gelatin, gelatin derivatives, acrylamide polymers polyisobutylene,
      butadiene-styrene copolymers and polyvinyl alcohol.
NUM  14.
PAR  14. A heat developable light-sensitive material as claimed in claim 1,
      wherein said binder comprises a polymer and said polymer of said overcoat
      layer is different from said polymer of said binder.
NUM  15.
PAR  15. A heat developable light-sensitive material as claimed in claim 1,
      wherein said polymer overcoat of said layer is selected from the group
      consisting of polyvinyl chloride, polyvinyl acetate, copolymers of vinyl
      chloride and vinyl acetate, polystyrene, polymethyl methacrylate, benzyl
      cellulose, ethyl cellulose, cellulose acetate butyrate, cellulose acetate,
      polyvinylidene chloride, polyvinyl pyrrolidone, cellulose propionate,
      polyvinyl formal, cellulose acetate phthalate, polycarbonates, cellulose
      acetate propionate, gelatin, gelatin derivatives, acrylamide polymers,
      polyisobutylene, butadiene-styrene copolymers and polyvinyl alcohol.
NUM  16.
PAR  16. A heat developable light-sensitive material as claimed in claim 15,
      wherein said binder is polyvinyl butyral.
NUM  17.
PAR  17. A heat developable light-sensitive material as claimed in claim 1,
      wherein said support is transparent.
NUM  18.
PAR  18. A heat developable light-sensitive material as claimed in claim 1,
      wherein said support is opaque.
NUM  19.
PAR  19. A heat developable light-sensitive material as claimed in claim 1,
      wherein said overcoat layer provides improved raw storage capabilities,
      reduced adhesion, and increased image density for the light-sensitive
      material.
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ABST
PAL  A photo-polymerizable composition comprising (A) a photopolymerization
      initiator comprising at least one inorganic or organic acid salt of an
      indolinobenzospiropyran represented by the following general formula (I):
      ##SPC1##
PAL  wherein R.sub.1 represents an alkyl group, substituted alkyl group or a
      phenyl group; R.sub.2 and R.sub.3 each represents an alkyl group or a
      phenyl group or, when taken together, R.sub.2 and R.sub.3 form a methylene
      chain CH.sub.2 wherein n is an integer of 4 or 5; X represents a hydrogen
      atom, a nitro group, a halogen atom, a carboxy group; and Y represents one
      or more substituents selected from the group consisting of a hydrogen
      atom, a nitro group, a halogen atom, a formyl group and an alkoxy group,
      and (B) at least one cationically polymerizable substance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a novel photo-polymerizable composition.
PAR  2. Description of the Prior Art
PAR  The photo-polymerization method is extremely important in the preparation
      of photo resists, light-sensitive printing plates or the like. Heretofore,
      as the photopolymerization process, a free radical process wherein
      polymerization is initiated by free radicals produced by the action of
      light has been employed. However, this free radical process has serious
      disadvantages in that this reaction is inhibited by molecular oxygen, and
      in that monomers which can not be polymerized by initiation with free
      radicals cannot be used.
PAR  A polymerization reaction initiated by a cation, i.e., a cationic
      polymerization process, is also well known in the field of high polymer
      chemistry. For example, a description of this process is given in P. J.
      Flory; "Principle of Polymer Chemistry", p.217 et seq., Cornell Co. Ltd.,
      As the initiator of this cationic polymerization, there are Lewis acids,
      i.e., compounds capable of accepting an electron pair, proton acids, i.e.,
      compounds capable of releasing a proton, and the like. As examples
      thereof, boron trifluoride, aluminum chloride, hydrogen halogenide,
      sulfuric acid, etc. are known.
PAR  As the compounds known as the so-called photo cationic polymerization
      initiators capable of releasing a cationic polymerization-initiating agent
      upon being exposed to light, there are, e.g., the boron fluoride salts of
      aromatic diazonium compounds described in Belgian Pat. No. 593,648; and
      the polyboron salts described in U.S. Pat. No. 3,196,098 and Japanese
      patent publication No. 27561/68.
PAC  SUMMARY OF THE INVENTION
PAR  The novel photo-polymerizable composition of the present invention
      comprises an organic or inorganic quaternary salt of an
      indolinobenzospiropyran derivative as a photo-cationic polymerization
      initiator and a substance capable of being cationically polymerized. Upon
      being exposed to electromagnetic radiation of a wavelength of 250 m.mu. to
      700 m.mu. this composition photopolymerizes and, at the same time,
      undergoes a change in the optical density in visible region.
PAR  The above-described indolinobenzospiropyran derivative is represented by
      the following general formula (I):
      ##SPC2##
PAL  wherein R.sub.1 represents an alkyl group, substituted alkyl group or a
      phenyl group; R.sub.2 and R.sub.3 each represents an alkyl group or a
      phenyl group or, when taken together, R.sub.2 and R.sub.3 form a methylene
      chain --(CH.sub.2)--.sub.n wherein n is an integer of 4 or 5; X represents
      a hydrogen atom, a nitro group, a halogen atom, a carboxy group, an
      alkoxycarbonyl group, an alkyl group or an alkoxy group; and Y represents
      one or more substituents selected from the group consisting of a hydrogen
      atom, a nitro group, a halogen atom, a formyl group and an alkoxy group.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As set forth above, the photo-cationic polymerization initiator of this
      invention has the general formula (I). In a preferred embodiment, R.sub.1
      represents an alkyl group having 1 - 5 carbon atoms, a substituted alkyl
      group having 1 - 5 carbon atoms (the substituent being a carboxyl group, a
      cyano group, an alkoxycarbonyl group having 2 - 6 carbon atoms, a hydroxy
      group, a halogen atom, an alkoxy group having 1 - 5 carbon atoms or a
      phenyl group), or a phenyl group; R.sub.2 and R.sub.3 each represents an
      alkyl group having 1 - 5 carbon atoms or a phenyl group or, when taken
      together, R.sub.2 and R.sub.3 form a methylene chain --(CH.sub.2)--.sub.n,
      wherein n is an integer of 4 or 5; X represents a hydrogen atom, a nitro
      group, a halogen atom, a carboxy group, an alkoxycarbonyl group having 2 -
      6 carbon atoms, an alkyl group having 1 - 5 carbon atoms or an alkoxy
      group having 1 - 5 carbon atoms; and Y represents one or more substituents
      selected from the group consisting of a hydrogen atom, a nitro group, a
      halogen atom, a formyl group, and an alkoxy group having 1 - 5 carbon
      atoms.
PAR  Suitable alkyl groups as above described are methyl, ethyl, propyl,
      isopropyl, butyl, isobutyl, sec-butyl, and pentyl groups; suitable alkoxy
      groups are methoxy, ethoxy, propoxy, isopropoxy, butoxy, and amyloxy
      groups; suitable alkoxy carbonyl groups are methoxycarbonyl,
      propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl and amyloxycarbonyl
      groups.
PAR  Indolinobenzospiropyran derivatives are known as the photochromic compounds
      undergoing reversible change in color upon irradiation with light. These
      compounds and a process for synthesizing them are described in, for
      example, U.S. Pat. Nos. 2,953,454; and 3,022,318; and E. Berman, J. Am.
      Chem. Soc., 81, 5605 (1959).
PAR  Specific examples of typical compounds represented by the general formula
      (I) are as follows:
PA1  1,3,3-Trimethylspiro(indoline-2,2'-2'H-chromene),
PA1  1,3,3-Trimethyl-8'-formylspiro(indoline-2,2'-2'H-chromene),
PA1  1,3,3-Trimethyl-6',8'-dichlorospiro(indoline-2,2'-2'H-chromene),
PA1  1,3,3-Trimethyl-8'-methoxyspiro(indoline-2,2'-2'H-chromene),
PA1  1,3,3-Trimethyl-6'-nitrospiro(indoline-2,2'-2'H-chromene),
PA1  1,3,3-Trimethyl-6',8'-dibromospiro(indoline-2,2'-2'H-chromene),
PA1  1,3,3-Trimethyl-5',7'-dichloro-6'-nitrospiro(indoline-2,2'-2'H-chromene),
PA1  1,3,3-Trimethyl-8'-formyl-6'-nitrospiro(indoline-2,2'-2'-H-chromene),
PA1  1,3,3-Trimethyl-8'-methoxy-6'-nitrospiro(indoline-2,2'-2'H-chromene),
PA1  1-Ethyl-3,3-dimethyl-6'-nitrospiro(indoline-2,2'-2'H-chromene),
PA1  1-Propyl-3,3-dimethyl-6'-nitrospiro(indoline-2,2'-2'H-chromene),
PA1  1-Butyl-3,3-dimethyl-6'-nitrospiro(indoline-2,2'-2'H-chromene),
PA1  1,3,3-Trimethyl-5-methyl-6'-nitrospiro(indoline-2,2'-2'H-chromene),
PA1  1,3,3-Trimethyl-5-methyl-8'-methoxy-6'-nitrospiro
      (indoline-2,2'-2'H-chromene),
PA1  1,3,3-Trimethyl-5-methyl-5',7'-dichloro-6'-nitrospiro
      (indoline-2,2'-2'H-chromene),
PA1  1,3,3-Trimethyl-5-methoxyspiro(indoline-2,2'-2'H-chromene),
PA1  1,3,3-Trimethyl-5-methoxy-6'-nitrospiro(indoline-2,2'-2'H-chromene),
PA1  1,3,3-Trimethyl-5-methoxy-8'-methoxy-6'-nitrospiro
      (indoline-2,2'-2'H-chromene),
PA1  1,3,3-Trimethyl-5-chlorospiro(indoline-2,2'-2'H-chromene),
PA1  1,3,3-Trimethyl-5-chloro-6'-nitrospiro(indoline-2,2', 2'H-chromene),
PA1  1,3,3-Trimethyl-5-chloro-8'-methoxy-6'-nitrospiro
      (indoline-2,2'-2'H-chromene),
PA1  1,3,3-Trimethyl-5-chloro-6',8'-dibromospiro(indoline-2,2'-2'H-chromene),
PA1  1,3,3-Trimethyl-5-nitrospiro(indoline-2,2'-2'-H-chromene),
PA1  1,3,3-Trimethyl-5,6'-dinitrospiro(indoline-2,2'-2'H-chromene),
PA1  1,3,3-Trimethyl-5,6'-dinitro-8'-methoxyspiro(indoline-2,2'-2'H-chromene),
PA1  1,3,3-Trimethyl-5-nitro-6',8'-dibromospiro(indoline-2,2'-2'H-chromene),
PA1  1,3,3-Trimethyl-5-ethoxycarbonyl-6'-nitrospiro
      (indoline-2,2'-2'H-chromene),
PA1  1,3,3-Trimethyl-5-ethoxycarbonyl-8'-methoxy-6'-nitrospiro(indoline-2,2'-2'-
     H-chromene),
PA1  6',8'-Dibromospiro(indoline-2,2'-2'H-chromene),
PA1  1-Benzyl-3,3-dimethyl-6'-nitrospiro(indoline-2,2'-2'H-chromene),
PA1  1-Benzyl-3,3-dimethyl-8'-methoxy-6'-nitrospiro
      (indoline-2,2'-2'H-chromene),
PA1  1-Carboxyethyl-3,3-dimethyl-6'-nitrospiro(indoline-2,2'-2'H-chromene),
PA1  1-Carboxyethyl-3,3-dimethyl-9'-methoxy-6'-nitrospiro(indoline-2,2'-2'H-chro
     mene),
PA1  3,3-Dimethyl-1-.beta.-ethoxycarbonylethyl-6'-nitrospiro
      (indoline-2,2'-2'H-chromene),
PA1  1-Cyanoethyl-3,3-dimethylspiro(indoline-2,2'-2'H-chromene),
PA1  1-Cyanoethyl-3,3-dimethyl-6'-nitrospiro(indoline-2,2'-2'H-chromene),
PA1  1-Cyanoethyl-3,3-dimethyl-8'-methoxy-6'-nitrospiro
      (indoline-2,2'-2'H-chromene),
PA1  1-Carboxypropyl-3,3-dimethyl-6'-nitrospiro(indoline-2,2'-2'H-chromene),
PA1  1-Carboxypropyl-3,3-dimethyl-8'-methoxy-6'-nitrospiro
      (indoline-2,2'-2'H-chromene),
PA1  1-.gamma.-Carboethoxypropyl-3,3-dimethylspiro(indoline-2,2'-2'H-chromene),
PA1  1-.gamma.-Carboethoxypropyl-3,3-dimethyl-6'-nitrospiro
      (indoline-2,2'-2-H-chromene),
PA1  1-.gamma.-Carboethoxypropyl-3,3-dimethyl-8'-methoxy-6'-nitrospiro(indoline-
     2,2'-2'H-chromene),
PA1  1-.omega.-Bromobutyl-3,3-dimethylspiro(indoline-2,2'-2'H-chromene),
PA1  1-.omega.-Bromobutyl-3,3-dimethyl-6'-nitrospiro(indoline-2,2'-2'H-chromene)
PA1  1-.omega.-Bromobutyl-3,3-dimethyl-8'-methoxy-6'-nitrospiro
      (indoline-2,2'-2'H-chromene),
PA1  3,3-Dimethyl-1-hydroxyethylspiro(indoline-2,2'-2'H-chromene),
PA1  3,3-Dimethyl-1-hydroxyethyl-6'-nitrospiro(indoline-2,2'-2'H-chromene),
PA1  3,3-Dimethyl-1-hydroxyethyl-8'-methoxy-6'-nitrospiro
      (indoline-2,2'-2'H-chromene),
PA1  3,3-Dimethyl-1-methoxyethyl-6'-nitrospiro(indoline-2,2'-2'H-chromene),
PA1  3,3Dimethyl-1-methoxyethyl-8'-methoxy-6'-nitrospiro
      (indoline-2,2'-2'H-chromene),
PA1  3,3-Dimethyl-1-phenyl-6'-nitrospiro(indoline-2,2'-2'H-chromene),
PA1  3,3-Dimethyl-1-phenyl-8'-methoxy-6'-nitrospiro
      (indoline-2,2'-2'-H-chromene),
PA1  1,3-Dimethyl-3-ethylspiro(indoline-2,2'-2'H-chromene),
PA1  1,3-Dimethyl-3-ethyl-6'-nitrospiro(indoline-2,2'-2'H-chromene),
PA1  1,3-Dimethyl-3-ethyl-8'-methoxy-6'-nitrospiro(indoline-2,2'-2'H-chromene),
PA1  1,3-Dimethyl-3-phenyl-6'-nitrospiro(indoline-2,2'-2'H-chromene),
PA1  1Methyl-6-nitro-2'H-chromene-2-spiro-2'-indoline-3'-spiro-1"-cyclohexane,
PA1  1'-Methyl-6-nitro-2H-chromene-2-spiro-2'-indoline-3'-spiro-1"-cyclopentane,
PA1  1'-Methyl)-6-nitro-8-methoxy-2H-chromene-2-spiro-2'-indoline-3'-spiro-1"-cy
     clopentane.
PAR  As the organic and inorganic acids effective for producing salts with the
      above-described indolinobenzospiropyran derivatives, all Lewis acids and
      proton acids that are known to be effective as an initiator of the
      cationic polymerization reaction can be used.
PAR  Lewis acids effective as the cationic polymerization catalyst are of the
      Friedel-Crafts type and halides of elements widely ranging from Groups II
      to V and VIII of the Periodic Table, e.g., Groups IIA, IIB, IIIA, IIIB,
      IVA, IVB, VB and VIII are used. As these halides, the fluorides, chlorides
      or bromides are often employed. Where the metal can be in either of two
      different oxidation states, the higher oxidation state shows greater
      activity.
PAR  Specific examples of these known compounds include aluminum chloride,
      aluminum bromide, beryllium chloride, cadmium chloride, zinc chloride,
      boron trifluoride, boron trichloride, boron tribromide, gallium
      trichloride, titanium tetrachloride, titanium tetrabromide, zirconium
      tetrachloride, tin tetrachloride, tin tetrabromide, antimony
      pentachloride, antimony trichloride, bismuth (III) chloride, ferric
      chloride, uranium tetrachloride, and the like. Catalysts of this type
      rarely show polymerization activity when used alone and, usually,
      co-catalysts such as a slight amount of water, alcohol, acetic acid, alkyl
      halide, etc. are necessary. It is believed that polymerization is
      initiated by a proton or a carbonium ion released from a complex compound
      formed from the metal halide or the like and the co-catalyst.
PAR  Proton acids effective as the cationic polymerization catalyst, are
      inorganic acids and organic acids such as carboxylic acids (e.g., having 1
      to about 8 carbon atoms), sulfonic acids (e.g., having 1 to about 7 carbon
      atoms), phenolic compounds (e.g., having 6 to about 8 carbon atoms), etc.
      Typical examples thereof are inorganic acids such as the hydrohalogenic
      acids (e.g., hydrofluoric acid, hydrochloric acid, hydrobromic acid),
      sulfuric acid, nitric acid, phosphoric acid, perchloric acid,
      polyphosphoric acid, etc., and organic acids such as acetic acid,
      sulfanilic acid, dinitro-o-cresol, picric acid, salicylic acid,
      p-toluenesulfonic acid, benzene-sulfonic acid, oxalic acid, etc.
PAR  The salt of indolinobenzenespiropyran derivative used in the invention can
      be obtained by mixing indolinobenzospiropyran with an acid in a suitable
      reaction medium such as methanol, ethanol, propanol, tetrahydrofuran,
      benzene, dioxane, etc. These starting materials are usually mixed in
      stoichiometrical amounts. However, either of the starting materials can be
      used in an excess amount where desired. The starting materials are usually
      mixed under atmospheric pressure at a room temperature. An inert gas
      atmosphere may be used if desired but is not essential.
PAR  If desired, the resulting so-called quaternary salt of
      indolinobenzospiropyran can be separated from the reaction medium, e.g.,
      by filtering or evaporation of the solvent. However, this separation
      procedure is in some cases unnecessary and the quaternary salt obtained
      can be used together with the reaction medium for preparing the
      above-described photo-polymerizable composition.
PAR  A specific example of a process for producing the quaternary salt is
      described below.
PAR  32.2 g of 1,3,3-trimethyl-6'-nitrospiro(indoline-2,2'-2'H-chromene) was
      dissolved in 2 liters of ethanol under heating (about 60.degree.C) and,
      while stirring, 50 ml of concentrated hydrochloric acid (12 .mu.) was
      added dropwise thereto. The yellow precipitate formed was filtered out,
      washed with ethanol and dried. Thus, 31.5 g of a yellow powder having a
      melting point of 260.degree.- 267.degree.C was obtained. From the results
      of the infrared absorption spectrum, determination of the halogen using
      Beilstein's method and elemental analysis on C, H and N, the product was
      identified as 1,3,3-trimethyl-6'-nitrospiro(indoline-2,2'-2'H-chromene)
      monohydrochloride.
PAR  In quite the same manner as above, various salts, as listed in Table 1, of
      1,3,3-trimethyl-6'-nitrospiro(indoline-2,2'-2'H-chromene) were
      synthesized.
TBL                Table 1                                                     

     ______________________________________                                    

     Acid Used        Melting Point of the Product                             

     ______________________________________                                    

     Hydrochloric Acid                                                         

                      260 - 261.degree.C                                       

     Nitric Acid      159 - 160.degree.C                                       

     Perchloric Acid  240 - 242.degree.C                                       

     Acetic Acid      158 - 160.degree.C                                       

     Sulfanilic Acid  220 - 223.degree.C                                       

     Benzenesulfonic Acid                                                      

                      207 - 209.degree.C                                       

     Toluenesulfonic Acid                                                      

                      123 - 126.degree.C                                       

     Dinitro-o-cresol 121 - 122.degree.C                                       

     Picric Acid      230 - 232.degree.C                                       

     Salicylic Acid   142 - 143.degree.C                                       

     Boron trifluoroetherate                                                   

                      242 - 245.degree.C                                       

     Ferric Chloride  252 - 253.degree.C                                       

     Titanium Trichloride                                                      

                      257 - 258.degree.C                                       

     Stannous Chloride                                                         

                      220 - 221.degree.C                                       

     ______________________________________                                    

PAR  As cation-polymerizable substances, compounds having an ethylenically
      unsaturated bond and compounds having a cyclic group (e.g., cyclic ether,
      imine, lactone, lactam, etc.) which is to be ring-opened for
      polymerization are examples. Specific examples of these
      cation-polymerizable substances are described in, e.g., G. E. Ham;
      "Copolymerization", pp. 238 - 334, Interscience Co. (1964), Japanese
      patent publication No. 27561/68, and the like.
PAR  As the compounds effective for the present invention, there are
      vinyl-sulfides in addition to the above-described compounds. Specific
      examples thereof include methyl vinyl sulfide, ethyl vinyl sulfide,
      isopropyl vinyl sulfide, isobutyl vinyl sulfide, and the like.
PAR  These C-vinyl, O-vinyl, S-vinyl and N-vinyl compounds described above
      generally have from 3 to 20 carbon atoms, preferably 3 to about 12 carbon
      atoms.
PAR  The cation-polymerizable compounds preferable for the invention are vinyl
      ethers and N-vinyl compounds. These compounds are easy to polymerize and
      provide polymers having good properties. In addition, they are easily
      available. Of these, the vinyl ethers are represented by the general
      formula (II):
      ##EQU1##
      wherein X represents an alkyl group having 1 - 10 carbon atoms or a
      substituted alkyl group having 1 - 10 carbon atoms (the substituent being
      a halogen atom, an alkoxy group having 1 - 10 carbon atoms, an alkyl group
      in which the carbon chain is interrupted with an oxygen atom, an aryloxy
      group, an arylcarboxy group, a halogen-substituted aryloxy group, an
      aryloxy group substituted with an alkyl group having 1 - 5 carbon atoms,
      or an aryloxy group substituted with an alkoxy group having 1 -5 carbon
      atoms).
PAR  Typical examples of the compounds represented by the general formula (II)
      include methyl vinyl ether, ethyl vinyl ether, isobutyl vinyl ether,
      diisopropylmethyl vinyl ether, decyl vinyl ether, cetyl vinyl ether,
      2-chloroethyl vinyl ether, 2-methoxyethyl vinyl ether,
      2(2-ethoxyethoxy)-ethyl vinyl ether, 2-phenoxyethyl vinyl ether,
      .alpha.-naphthoxyethyl vinyl ether, 2-(2,4,6-trichlorophenoxy)ethyl vinyl
      ether, 2-(2,4,5-trichlorophenoxy)-ethyl vinyl ether,
      2-(2,4,6-tribromophenoxy)ethyl vinyl ether, p-methoxy-naphthoxyethyl vinyl
      ether, p-methoxyphenoxyethyl vinyl ether, 2-vinyloxy-ethyl benzoate,
      3,5-dimethylphenoxyethyl vinyl ether, and the like. In addition,
      polyfunctional vinyl ethers having two or more ethylenically unsaturated
      bonds per molecule are also included in the general formula (II). Since
      polymers produced from the polyfunctional vinyl ethers show greater change
      in physical properties than polymers produced from monofunctional ones, it
      is preferable to use the poly-functional vinyl ethers alone or in
      combination with a mono-functional monomer. As the specific examples of
      such poly-functional vinyl ethers, there are pentaerythritol tetravinyl
      ether, p-bis-2-vinyloxyethoxybenzene,
      2,2-bis-(3',5'-dibromo-4'-vinyloxyethoxyphenyl)propane,
      2,2-bis-(p-vinyloxyethoxyphenyl) propane, tetraethyleneglycol divinyl
      ether, poly(2-vinyloxyethyl methacrylate), and the like.
PAR  As cation-polymerizable N-vinyl compounds, there are N-vinyl-carbazole,
      N-vinylpyrrolidone, and derivatives thereof (e.g., N-vinyl carbazole
      substituted with a nitro group, a chlorine atom or a bromine atom.)
PAR  The cation-polymerizable compounds can be used alone or in a combination of
      two or more.
PAR  The amount of the acid salt of indolinospirobenzopyran in the
      photo-polymerizable composition is preferably 0.00001 to 15% by weight,
      especially preferably 0.001 - 5% by weight, based on the total amount of
      the cation-polymerizable compound(s).
PAR  The photo-polymerizable composition of the invention comprises a
      photo-cationic polymerization initiator and a cation-polymerizable
      compound but, in some cases, it may contain other additional components.
      As the specific examples of such components, there are film-forming
      binders, sensitizing dyes, colorants, thickening agents, plasticizers,
      thermally fusible compounds, diluents, insoluble organic or inorganic
      fillers, and the like. With respect to any of these additives, the amount
      thereof added can vary widely as long as the photo-polymerization of the
      light-sensitive composition is not inhibited and the detection of the
      desired physical changes in the imagewise formed polymer is not inhibited.
PAR  The light-sensitive spectral region of the light-sensitive composition of
      the present invention can be varied by adding a suitable amount (e.g.,
      from about 0.0001 to about 100% by weight, preferably from about 0.001 to
      about 10% by weight to the weight of the indolinobenzospiropyran salt) of
      a photographic spectrally sensitizing dye. Usually, the combination of
      indolinobenzospiropyran and a cation-polymerizable compound is sensitive
      only to near-ultraviolet light or blue light. However, sensitivity to
      lights having longer wavelengths can be obtained by adding a spectrally
      sensitizing dye thereto. Such spectrally sensitizing dyes can be of the
      dye type or of the dye base type. Of these dyes, those effective for the
      present invention include the cyanine and merocyanine dyes having a
      structure in which a simple methine chain bridges the heterocyclic or
      benzenoid-cyclic fused rings; triphenylmethane dyes; acridine dyes such as
      Methylene Blue and Thionine; thiazine dyes; xanthene dyes including
      Rhodamines and Eosines; anthra-quinone dyes; and the like. Suitable such
      dyes are disclosed in U.S. Pat. Nos. 2,526,632; 2,503,776; 2,493,748;
      3,394,486; and 3,503,745. Of these, the cyanine and merocyanine dyes are
      more effective than others. In order to maintain the system containing
      these spectrally sensitizing dyes thermally stable, it is preferable that
      the spectrally sensitizing dye not possess a substituent as basic as or
      more basic than a dimethylamino group such as methylamino, ethylamino,
      diethylamino, etc.
PAR  A solvent is not an essential component in the present invention but, if
      necessary, a conventional solvent for dissolving or an inert diluent for
      dispersing the cation-polymerizable material and the photo-cationic
      polymerization initiator can be used. As suitable solvents or diluents,
      there are hydrocarbons such as pentane, cyclohexane, benzene, toluene,
      etc.; halogenated hydrocarbons such as methylene dichloride, carbon
      tetrachloride, ethylene dichloride, ethylene bromide, ethylene
      trichloride, monochlorobenzene, etc.; ethers such as ethyl ether,
      1,4-dioxane, diethylene glycol dimethyl ether, etc. Other specific
      examples include nitrobenzene and liquid sulfur dioxide.
PAR  Of the above-described diluents, the halogenated hydrocarbons are preferred
      since they dissolve the acid salt of indolinospiropyran, the
      polymerization initiator of the present invention fairly well.
PAR  However, it must be noted here that the above-described halogenated
      hydrocarbons are used as an inert diluent in the invention and essentially
      do not participate in the photo-polymerization initiation or
      photo-polymerization reaction.
PAR  The disclosure in U.S. Pat. No. 3,515,552, is that halogen-containing
      organic compounds may be used as a photo-polymerization initiator for
      vinyl ethers. In this case, the hydrohalogenic acid produced by photolysis
      is believed to function as a polymerization initiator. However, in the
      present invention, photo-polymerization can be effected for an extremely
      short time by irradiating with light in visible region, which does not
      cause photolysis of hydrogenated hydrocarbons used as the solvent. From
      this, it can be seen that the photo-polymerization can be initiated with
      the acid salt of indolinospiropyran using halogenated hydrocarbons merely
      as a diluent.
PAR  As is well known by those skilled in high polymer chemistry, it is believed
      that the chain termination of the cationic polymerization is not caused by
      a recombination since propagated chains with similar electric charge repel
      each other, but is predominantly caused by a reaction with a substance
      capable of reacting with the end of the propagated chain. Therefore, it is
      preferable to remove chain-terminating agents such as water, alcohol,
      amine or the like from the light-sensitive composition of the present
      invention as much as possible. However, where monomers which are
      considered to have extremely high cationic polymerization properties, such
      N-vinylcarbazole, are used, it is preferable to add a suitable amount of a
      chain-terminating agent so as to inhibit or control thermal
      polymerization. Thermal polymerization inhibitors are preferably
      incorporated in the light-sensitive composition in an amount which is
      sufficient to inhibit or control thermal polymerization during storage in
      a dark place before use but does not substantially prevent the progress of
      the polymerization reaction initiated by irradiation with light. With
      respect to the amount of the polymerization inhibitor, there exist
      different suitable ranges depending upon the combination of the
      photo-cationic polymerization initiator to be used and the
      cation-polymerizable compound, storage condition of the light-sensitive
      composition and the exposure conditions.
PAR  The present invention can be conducted at temperatures which vary over a
      wide range and under a pressure which vary over a wide range. When N-vinyl
      compounds or vinyl ethers are used as the cation-polymerizable material,
      they can be polymerized with ease at temperatures ranging from about
      -200.degree. to 100.degree.C, with the temperature range of -20.degree. to
      30.degree.C being particularly preferred. The present invention can be
      practiced under atmospheric, subatmospheric or superatmospheric pressures
      e.g., about 10 mm Hg to about 10.sup.4 mm Hg but, particularly preferably,
      it is conducted under about atmospheric pressure or subatmospheric
      pressure e.g., about 600 to about 900 mm Hg in a closed system, such as a
      reaction apparatus, capable of containing the light-sensitive composition
      of the present invention. Sufficient activation of the photo-cationic
      polymerization initiator of this invention can be obtained upon exposure
      for 1 millisecond to a photographic flood lamp.
PAR  Since the light-sensitive composition of the present invention undergoes
      photo-polymerization without being affected by molecular oxygen, it is
      particularly useful to apply the composition to a plate for use in photo
      plate-making or a light-sensitive copying paper. In this case, it is
      preferable to use, if necessary, a film-forming binder inert to the
      photo-polymerization reaction and disperse in the binder the
      light-sensitive composition as molecules or fine particles, e.g., a
      particle size of about 0.01 to about 500 .mu., preferably about 0.1 - 10
      .mu.. In such cases, the light-sensitive composition is generally
      contained in a thin film or layer, which can be supported, if necessary,
      on a self-supporting material such as papers, plastics, metals, or the
      like.
PAR  As the film-forming binders used in the present invention, there are
      paraffin, chlorinated paraffin, waxes or like substances; polyolefin
      chlorides such as polyvinyl chloride, polyvinylidene chloride, etc.;
      polyacrylic esters and poly-methacrylic esters such as polymethyl
      methacrylate, polymethyl acrylate, etc.; vinyl or vinylidene polymers
      other than the vinyl materials previously described, such as polystyrene,
      polymethylstyrene, polyvinyl carbazole, etc.; polyamides; polycarbonates;
      cellulose derivatives such as cellulose acetate, cellulose acetate
      butyrate, ethyl cellulose, etc; vinyl chloride-vinyl acetate copolymers;
      vinylidene chloride-acrylonitrile copolymers; styrenebutadiene copolymers;
      polyisobutylenes; phenol-formamide resins; ketone resins; chlorinated
      rubber; gelatin and polyvinyl alcohol; polyvinyl acetals such as polyvinyl
      butyral, etc.; and the like.
PAR  These film-forming binders can be used in any proportion based on the
      light-sensitive composition. Generally, the light-sensitive composition is
      employed in the binder in such an amount that from 1 to 100 percent by
      weight of the monomer material to the binder is present.
PAR  As the support used in the invention, cellulose derivatives such as
      cellulose acetate, cellulose acetate butyrate, etc.; polyvinyl compounds
      such as polystyrene, polyvinyl acetal, etc.; polyesters such as
      polyethylene terephthalate, etc.; poly-.gamma. -olefins comprising C.sub.2
      - C.sub.10 olefins, such as polyethylene, polypropylene, etc.;
      polycarbonates; metals such as zinc, aluminum, etc.; papers including
      those laminated with polyethylene or polypropylene, are exemplary.
      Generally the coating amount on the support is to a thickness of from
      about 0.1 to 500 .mu., preferably about 2 to 200 .mu.. However, other
      coating amounts can be used where desired.
PAR  The polymerized portions produced by imagewise exposing the
      photo-polymerizable composition of the invention have physical and
      chemical properties different from those of the unexposed, non-polymerized
      portions, and hence the polymerized portions can be visualized by various
      methods. Specific examples thereof are a process wherein non-polymerized
      portions are heated to a temperature higher than the softening point e.g.,
      25.degree. to 300.degree.C, preferably 40.degree. to 150.degree.C and are
      selectively transferred to another image-receiving paper followed by
      developing with toner powder; a process wherein a pigment or like toner
      powder or pigment such as titanium dioxide, colloidal-carbon, phosphor
      particles, ceramics, clays, metal powders such as aluminum, copper,
      magnetic iron and bronze, is sprinkled over the photo-polymerization layer
      to adhere to the unexposed areas followed by transferring it with heat;
      and the like, as described in U.S. Pat. Nos. 3,060,023 and 3,060,024.
PAR  The photo-polymerizable composition of the present invention is colored
      yellow or orange before exposure but, when exposed, the color fades away
      to transparency. Therefore, when a plate for use in photo plate-making is
      prepared using this light-sensitive composition, a photo-faded image is
      produced simultaneously with the photo hardening. Thus, in the case of
      repeatedly exposing various portions of a plate, the plate of the
      invention is extremely convenient since the exposed portions are
      discriminated from the unexposed portions.
PAR  Although the mechanism of the photo cationic polymerization, particularly
      the mechanism for the initiation, is not yet sufficiently clarified, the
      following mechanism can be considered to be involved.
PAR  The acid salt of the indolinobenzospiropyran is stable in the absence of
      light in a suitable atmosphere such as in a suitable solvent. The acid
      salt appears, however, to dissociate into the acid and the spyropyran due
      to a reduction in the basicity of the photo excited spyropyran portion. It
      is believed that this dissociated acid can initiate the cationic
      polymerization of the monomer used in the system.
PAR  It seems that the photodissociated acid and the spyropyran reversibly form
      the original salt in the dark. It is believed that this reverse reaction
      takes several minutes to several tens of hours to complete under normal
      conditions. This mechanism appears to be supported by the fact that a
      polymerization occurs immediately after both the photo-irradiated solution
      of the indolinobenzospiropyran acid salt and a cationically polymerizable
      monomer are brought into contact in the absence of light several minutes
      after the solution of the spiropyran salt is irradiated. The
      above-described reversible change allows the photo-polymerization to be
      conducted by using as the photo-polymerizable composition of the invention
      the composition wherein (A) the acid salt of indolinobenzopyran and (B)
      the cation-polymerizable compound are separated timewise or spacewise from
      each other and, after irradiating the compound (A) alone with light, the
      compound (A) is contacted with the monomer (B). The above-description is
      given only for the purposes of explaining in greater detail the phenomenon
      observed of the light-sensitive composition of the invention.
PAR  According to the present invention, cation-polymerizable compounds such as
      vinyl ethers, which are impossible to polymerize by the free radical
      process widely employed as a photo-polymerization process, can be
      photo-polymerized. Also, the present invention provides a
      photo-polymerizable composition whose reactivity is not inhibited by
      molecular oxygen in the atmosphere. Therefore, the light-sensitive
      composition of the invention does not require an oxygen-interrupting layer
      or a nitrogen environment. Furthermore, highly sensitive photo resists,
      light-sensitive printing plates or the like, which are thermally extremely
      stable in the dark and which utilize an extremely small amount of exposure
      for photo-polymerization can be prepared using the light-sensitive
      composition of the invention.
PAR  In addition, since the acid salt of indolinobenzospiropyran used in the
      composition of the invention has an extremely large molecular extinction
      coefficient in visible region a tungsten lamp is sufficient as the
      irradiation light source, even in the absence of spectrally sensitizing
      dyes. A mercury lamp or a xenon lamp which radiates ultraviolet rays in
      great amounts is not necessary. Furthermore, since the light-sensitive
      composition of the present invention simultaneously undergoes
      photo-hardening and photo-fading at the exposed areas, the exposed areas
      may be discriminated with ease later.
DETD
PAR  The photo-polymerizable composition of the invention will now be described
      by reference to the following examples of the preferred embodiments of the
      innvention. These examples are merely exemplary and are not to be
      interpreted as limiting. Unless otherwise indicated in any way, all parts
      and percent are by weight.
PAC  EXAMPLE 1
PAR  2 Grams of p-tert-butyl-phenoxyethyl vinyl ether was dissolved in 15 ml of
      a 10% acetone solution of cellulose acetate butyrate ester (Half Second
      Butyrade, made by Eastman Kodak Co., Ltd. molar percent: 37% butyryl and
      13% acetyl). Further, a photo-polymerization initiator solution prepared
      by dissolving 50 mg of
      3,3-dimethyl-1-.beta.-ethoxycarbonylethyl-6'-nitrospiro(indoline-2,2'-2'H-
     chromene) boron trifluoroetherate in 20 ml of acetone was added thereto.
      The resulting light-sensitive composition was uniformly coated on a
      biaxially stretched polyethylene terephthalate film of about 100 microns
      in thickness using a coating rod. Thus, a yellowish orange light-sensitive
      sheet having coated thereon the light-sensitive composition in a dry
      thickness of about 2.5 microns was obtained. A positive line original for
      use in photographic plate-making was intimately superposed on the
      resulting light-sensitive sheet and the assembly was exposed for 1 minute
      to a 300 W tungsten lamp for illumination spaced at a distance of 30 cm.
      The yellowish orange color faded and became almost clear at the exposed
      areas.
PAR  Subsequently, an art paper as an image-receiving paper was placed on a hot
      plate uniformly heated to 110.degree.C, the abovedescribed exposed sheet
      was pressed onto the image-receiving paper for about 5 seconds, then the
      sheet was removed. Areas corresponding to the unexposed areas were
      selectively transferred to the image-receiving paper. When toner powder
      was sprinkled over the surface of the image-receiving paper and the excess
      powder was removed, a visible copy in conformity with the original was
      obtained.
PAC  EXAMPLE 2
PAR  2 Grams of 2,2-bis-(p-vinyloxyethoxyphenyl)propane was dissolved in 10 ml
      of the same 10% acetone solution of cellulose acetate butyrate as used in
      Example 1, and, further, the same photo-polymerization initiator solution
      was added thereto in the same amount as used in Example 1. The resulting
      light-sensitive composition was blade-coated in a dry thickness of about
      1.5 microns on an aluminum plate whose surface had been rendered
      hydrophilic by anodic oxidation. A negative line original for use in
      photographic plate-making was intimately superposed on the thus prepared
      light-sensitive printing plate. Then, the assembly was exposed for 2
      minutes to a 100 W high pressure mercury lamp of model SHL-100, made by
      Tokyo Shibaura Electric Co., Ltd., spaced at a distance of 30 cm. The thus
      exposed printing plate was washed with a methanol-acetone mixture solution
      (mixing ratio by volume; 2:1) to dissolve away the unexposed areas. When
      dried, the photo-hardened polymer images became printing ink-receptive and
      were colored black with a developer for use in offset printing (Black
      Developer No. 303, made by Fuji Photo Film Co., Ltd.)
PAC  EXAMPLE 3
PAR  When the same procedures as described in Example 1 were conducted except
      for using boron trifluoroetherate of
      1,3,3-trimethyl-5-ethoxycarbonyl-6'-nitrospiro(indoline-2,2'-2'H-chromene)
     ; 3,3-dimethyl-1-hydroxyethyl-6-nitrospiro(indoline-2,2'-2'H-chromene) and
      1'-methyl-6-nitro-8-methoxy-2H-chromeme-2-spiro-2'-indoline-
      3-spiro-1-cyclopentane in place of the boron trifluoroetherate of
      indolinospirobenzopyran used in Example 1, similar results were obtained.
PAC  EXAMPLE 4
PAR  When the same procedures as described in Example 1 were conducted except
      for using 2-(2,4,6-tribromophenoxy)ethyl vinyl ether in place of the vinyl
      ether used in Example 1, substantially similar results were obtained.
PAC  EXAMPLE 5
PAR  30.49 Grams of boron trifluoroethrate of
      1,3,3-trimethyl-5-ethoxycarbonyl-6'-nitrospiro(indoline-2,2'-2'H-chromene)
      was dissolved in 305 ml of methylene chloride under a red safe light using
      a magnetic stirrer to obtain a yellow photo-polymerization initiator
      solution. 1.0 Gram of N-vinylcarbazole was dissolved in 10 ml of methylene
      chloride, and 10 ml of the above-described polymerization initiator
      solution was added thereto and well stirred.
PAR  A glass filter, UV-39, made by Tokyo Shibaura Electric Co., Ltd., was
      fitted as a UV-ray filter to the projector lens of a Superlux-III type
      slide projector made by Rikagaku Seiki K. K. and an aqueous solution of
      copper sulfate was placed for filtering out infrared rays. This solution
      was prepared by dissolving 100 g of copper sulfate trihydrate in 200 ml of
      water. The light-path length of this filter was 40 mm. Visible light of
      about 400 - 600 m.mu.  in wavelength was selectively utilized from a
      tungsten light source using this apparatus.
PAR  The above-described photo-polymerizable composition was placed in a
      drum-shaped cell of 20 mm in light-path length and irradiated for 7
      seconds with the visible light described above from the aforesaid
      apparatus at a distance of 30 cm from projector lens. The yellow color of
      the solution was observed to almost completely fade away with the
      irradiation. After allowing the light-sensitive composition to stand at
      20.degree.C for 30 minutes, the composition was poured into 100 ml of
      methanol, precipitating agent, to obtain 0.3 g of poly-N-vinylcarbazole
      (Reaction System A).
PAR  When the above-described light-sensitive composition was tested in the same
      manner as described above except for irradiation with visible light,
      substantially no methanol precipitate was obtained (Reaction System B).
PAR  When the free light-sensitive composition containing no
      indolinospirobenzopyran boron trifluoroetherate was irradiated with light
      and allowed to stand in the same manner as described for Reaction System
      A, no methanol precipitate was obtained (Reaction System C).
PAR  When the same procedures as utilized for Reaction System A were conducted
      except for using indolinospirobenzopyran at the same molar concentration
      as in Reaction System A in place of the boron trifluoroetherate of
      indolinospirobenzopyran used in this Example, no methanol precipitate was
      obtained (Reaction System D).
PAR  Dry air saturated with a solvent, methylene chloride, was passed through
      the same composition as described in Reaction System A for about 10
      minutes before irradiation with light (Reaction System E). Separately,
      dissolved air was removed from the same composition as described in
      Reaction System A by freezing and thawing followed by intimate sealing
      (Reaction System F). When these Reaction Systems E and F were treated
      subsequently in the same manner as described in Reaction System A, polymer
      in substantially the same yield as in Reaction System A was obtained.
PAR  From the above results, the following can be seen.
PA1  1. Indolinobenzospiropyran boron trifluoroetherate of this example is a
      photo polymerization initiator having low thermal polymerization
      properties.
PA1  2. Ethylene dichloride functions as a diluent in this Example.
PA1  3. Free indolinospirobenzopyran is not a photo-polymerization initiator.
PA1  4. The process of the present invention is not inhibited by air (or
      oxygen).
PAC  EXAMPLE 6
PAR  Photo-polymerization initiator solutions of the same weight concentration
      as described in Example 5 were prepared using boron trifluoroetherate of
      1,3,3-trimethyl-8'-formyl-spiro(indoline-2,2'-2'H-chromene);
      3,3-dimethyl-1-hydroxyethyl-6'nitrospiro(indoline-2,2'-2'H-chromene);
      3,3-dimethyl-1-(.beta.-ethoxycarbonylethyl)-6'-nitrospiro(indoline-2,2'-2'
     H-chromene) of
      1'-methyl-6-nitro-8-methoxy-2H-chromene-2-spiro-2'-indoline-3'-spiro-1"-cy
     clopentane in place of
      1,3,3-trimethyl-5-ethoxycarbonyl-6'-nitrospiro(indoline-2,2'-2'H-chromene)
      boron trifluoroetherate used in Reaction System A of Example 5. When the
      same procedures as described in Example 1, Reaction Systems A, B and C
      were subsequently conducted, the same results as described in Example 1
      were obtained.
PAC  EXAMPLE 7
PAR  5 mg of 3,3-dimethyl-1-.beta.
      -ethoxycarbonylethyl-6'-nitrospiro(indoline-2,2'-2'H-chromene) boron
      trifluoroetherate was dissolved in 10 ml of 1,2-dichloroethane in the dark
      to prepare a photo-polymerization initiator solution. 5 ml of isobutyl
      vinyl ether and 2 ml of the above-described photo-polymerization initiator
      were placed in a hard glass double walled adiabatic test tube. This
      reaction vessel was placed in a thermostat water bath maintained at
      20.degree.C and irradiated with visible light of about 400 - 600 m.mu.  in
      wavelength emitted from a 1 KW tungsten lamp at a distance of 30 cm using
      the same irradiation apparatus as used in Example 1. Within 2 seconds from
      the irradiation with light, a violent exothermic reaction occurred based
      on the polymerization and, after about 2 minutes, the reaction mixture
      became a viscous liquid due to the polyisobutyl vinyl ether produced. On
      the other hand, when the same composition as described above was left in
      the dark without irradiation with light, neither heat generation nor an
      increase in viscosity due to polymerization was observed for 2 hours.
PAR  Furthermore, the same procedures as described in this Example were
      conducted utilizing various vinyl ethers. The results obtained are shown
      in Table 2.
TBL                                    Table 2                                 

     __________________________________________________________________________

                           Photo Poly-                                         

                                   Induction                                   

     Run No.                                                                   

            Vinyl Ethers                                                       

                      Monomer                                                  

                           merization                                          

                                   Period of Photo                             

                           Initiator                                           

                                   Polymerization                              

     __________________________________________________________________________

     1     2-Methoxyethyl                                                      

                      5 ml 2 ml     2 sec.                                     

           Vinyl Ether                                                         

     2     2-Phenoxyethyl                                                      

                      3 ml 2 ml    10 sec.                                     

           Vinyl Ether                                                         

     3     2-(3,5-Dimethyl-                                                    

                      3 ml 2 ml    18 sec.                                     

           phenoxy)ethyl                                                       

           Vinyl Ether                                                         

     4     2-(2,4,6-Tri-                                                       

                      3 ml 2 ml    25 sec.                                     

           bromophenoxy)-                                                      

           Ethyl Vinyl Ether                                                   

     __________________________________________________________________________

PAC  EXAMPLE 8
PAR  5 ml of isobutyl vinyl ether and 2 mg of
      1,3,3-trimethyl-6'-nitro-spiro(indoline-2,2'-2'H-chromene) boron
      trifluoroetherate were added to a hard glass double-walled adiabatic test
      tube and well stirred in the dark for 30 minutes to obtain a saturated
      solution. This reaction vessel was then immersed in a 20.degree.C
      thermostat and irradiated with light emitted from a 100 W high pressure
      mercury lamp of SHLS-100A type, made by Tokyo Shibaura Electric Co., Ltd.,
      spaced at a distance of 30 cm. After about 10 seconds, an exothermic
      reaction based on the photo polymerization was observed.
PAC  EXAMPLE 9
PAR  2 ml of the same photo-polymerization initiator solution as described in
      Example 3 was added to a hard glass test tube and irradiated with visible
      light for 10 seconds using the same irradiation apparatus as used in
      Example 5. When this irradiated photo-polymerization initiator solution
      was added to 5 ml of isobutyl vinyl ether contained in another reaction
      vessel stored in the dark, a violent polymerization reaction took place
      and a reddish brown, viscous liquid was obtained.
PAC  EXAMPLE 10
PAR  The same procedures as in Example 9 were conducted except for allowing the
      irradiated photo-polymerization initiator to stand in the dark for 10
      minutes or 100 minutes, and similar results were obtained.
PAC  EXAMPLE 11
PAR  This Example demonstrates that spectrally sensitized photo-polymerization
      can be attained by using a merocyanine dye.
PAR  30 mg of 3-ethyl-5-[(3-ethyl-2-benzothiazolinylidene) ethylidene]-rhodamine
      was dissolved in 100 ml of 1,2-dichloroethane. 2 ml of this dye solution
      was added to the same light-sensitive mixture of isobutyl vinyl ether and
      indolinospirobenzopyran boron trifluoroetherate as used in Example 3.
      Another glass filter, V-052, made by Tokyo Shibaura Electric Co., Ltd.,
      was combined in place of the glass filter, UV-39, in the irradiation
      apparatus used in Example 3 to thereby filter the light of wavelengths
      corresponding to the light absorption of the indolinobenzospiropyran boron
      trifluoroetherate. Thus, light of a wavelength which the spectrally
      sensitizing dye alone substantially absorbs were used, i.e., wavelengths
      shorter than 520 m.mu.  which do not substantially affect the
      indolino-benzospiropyran. The sample was tested under the same conditions
      as described in Example 3 except for using the above-described apparatus.
      When the sample was allowed to stand for more than 30 minutes in the dark,
      no exothermic reaction was observed. However, when irradiated with light,
      an exothermic reaction based on polymerization occurred within 30 seconds.
      Thus, a viscous polyisobutyl vinyl ether solution was obtained.
PAC  EXAMPLE 12
PAR  When the same procedures as described in Example 7 were conducted except
      for using hydrochloric acid or p-toluenesulfonic acid salt in place of
      indolinobenzospiropyran boron trifluoroetherate, similar results were
      obtained.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A photo-polymerizable composition comprising (A) a photo-polymerization
      initiator comprising at least one inorganic or organic acid salt of a
      Lewis acid or proton acid effective as an initiator for cationic
      polymerization and an indolinobenzospiropyran represented by the following
      general formula (I);
      ##SPC3##
PAL  wherein R.sub.1 represents an alkyl group, substituted alkyl group or a
      phenyl group; R.sub.2 and R.sub.3 each represents an alkyl group or a
      phenyl group or, when taken together, R.sub.2 and R.sub.3 form a methylene
      chain -CH.sub.2 -.sub.n wherein n is an integer of 4 to 5; X represents a
      hydrogen atom, a nitro group, a halogen atom, a carboxy group, an
      alkoxycarbonyl group, an alkyl group or an alkoxy group; and Y represents
      one or more substituents selected from the group consisting of a hydrogen
      atom, a nitro group, a halogen atom, a formyl group and an alkoxy group,
      and (B) at least one cationically polymerizable substance having an
      ethylenically unsaturated bond or having a cyclic group capable of
      ring-opening for polymerization.
NUM  2.
PAR  2. The photo-polymerizable composition as described in claim 1, wherein
      R.sub.1 represents an alkyl group having 1 - 5 carbon atoms; a substituted
      alkyl group having 1 - 5 carbon atoms, said substituent being a carboxy
      group, cyano group, an alkoxycarbonyl group having 1 - 5 carbon atoms, a
      hydroxy group, a halogen atom, an alkoxy group having 1 - 5 carbon atoms
      or a phenyl group; or a phenyl group or, when taken together, R.sub.2 and
      R.sub.3 form a methylene chain -CH.sub.2 -.sub.n wherein n is an integer
      of 4 or 5; X represents a hydrogen atom, a nitro group, a halogen atom, a
      carboxy group, an alkoxycarbonyl group having 2 - 6 carbon atoms, an alkyl
      group having 1 - 5 carbon atoms or an alkoxy group having 1 - 5 carbon
      atoms; and Y represents one or more substituents selected from the group
      consisting of a hydrogen atom, a nitro group, a halogen atom, a formyl
      group and an alkoxy group having 1 - 5 carbon atoms.
NUM  3.
PAR  3. The photo-polymerizable composition as described in claim 2, wherein
      said acid salt of indolinobenzospiropyran (A) is capable of forming free
      acid when irradiated with an actinic radiation of 250 - 700 m.mu.  in
      wavelength.
NUM  4.
PAR  4. The photo-polymerizable composition as described in claim 2, wherein
      said acid salt of said indolinobenzospiropyran (A) comprises at least one
      salt selected from the hydrochloric salt, nitrate salt, perchlorate salt,
      acetate salt, sulfanilate salt, benzenesulfonate salt, toluenesulfonate
      salt, dinitro-o-cresol salt, picrate salt, salicylate salt, boron
      trifluoroetherate, ferric chloride salt, titanium trichloride salt, and
      stannous chloride salt.
NUM  5.
PAR  5. The photo-polymerizable composition as described in claim 2, wherein
      said cation-polymerizable substance comprises at least one of the vinyl
      ethers or the N-vinyl compounds.
NUM  6.
PAR  6. The photo-polymerizable composition as described in claim 5, wherein
      said vinyl ether is a compound represented by the general formula (II):
      ##EQU2##
      wherein X represents an alkyl group having 1 - 20 carbon atoms or a
      substituted alkyl group having 1- 5 carbon atoms, said substituent being a
      halogen atom, an alkoxy group having 1 - 10 carbon atoms, an alkyl group
      in which the carbon chain is interrupted with at least one oxygen atom, an
      aryloxy group, an arylcarboxy group, a haloaryloxy group, an alkylaryloxy
      group having 1 - 5 carbon atoms in the alkyl moiety, or an alkoxyaryloxy
      having 1 - 5 carbon atoms in the alkoxy moiety.
NUM  7.
PAR  7. The photo-polymerizable composition as described in claim 6, wherein
      said compound represented by the general formula (II) is methyl vinyl
      ether, ethyl vinyl ether, isobutyl vinyl ether, diisopropylmethyl vinyl
      ether, decyl vinyl ether, cetyl vinyl ether, 2-chloroethyl vinyl ether,
      2-methoxyethyl vinyl ether, 2-(2-ethoxyethoxy)-ethyl vinyl ether,
      2-phenoxyethyl vinyl ether, .alpha.-naphthoxyethyl vinyl ether,
      2-(2,4,6-trichlorophenoxy)-ethyl vinyl ether,
      2-(2,4,5-trichlorophenoxy)-ethyl vinyl ether, 2-(2,4,6-tribromophenoxy)
      ethyl vinyl ether, p-methoxy-naphthoxyethyl vinyl ether,
      p-methoxyphenoxyethyl vinyl ether, 2-vinyloxyethyl benzoate,
      3,5-dimethylphenoxyethyl vinyl ether, pentaerythritol tetravinyl ether,
      p-bis-2-vinyloxyethoxybenzene,
      2,2-bis-(3',5'-dibromo-4'-vinyloxyethoxyphenyl)propane,
      2,2-bis-(p-vinyloxyethoxyphenyl) propane, tetraethylene glycol divinyl
      ether or poly(2-vinyloxyethyl methacrylate).
NUM  8.
PAR  8. The photo-polymerizable composition as described in claim 5, wherein
      said N-vinyl comound is N-vinylcarbazole, N-vinylpyrrolidone or
      derivatives thereof.
NUM  9.
PAR  9. The photo-polymerizable composition as described in claim 2, wherein the
      amount of said acid salt of indolinobenzospiropyran (A) is 0.0001% to 15%
      by weight based on the total amount of the cation-polymerizable compound
      (B).
NUM  10.
PAR  10. The photo-polymerizable composition as described in claim 2, wherein
      said photo-polymerizable composition contains a spectrally sensitizing
      dye.
NUM  11.
PAR  11. The photo-polymerizable composition as described in claim 10, wherein
      said sentizing dye is at least one of cyanine dyes, the merocyanine dyes,
      the triphenylmethane dyes, the acridine dyes, the thiazine dyes, the
      xanthene dyes or the anthraquinone dyes.
NUM  12.
PAR  12. The photo-polymerizable composition as described in claim 2, wherein
      said photo-polymerizable composition contains at least one of a colorant,
      a thickening agent, a plasticizer, a thermally fusible compound, a diluent
      or an organic or inorganic filler.
NUM  13.
PAR  13. The photo-polymerizable composition as described in claim 2, wherein
      said photo-polymerizable composition contains a film-forming binder.
NUM  14.
PAR  14. The photo-polymerizable composition as described in claim 13, wherein
      said film-forming binder is at least one of paraffin, chlorinated
      paraffin, wax, polyolefin chloride, polyacrylic ester, polymethacrylic
      ester, vinyl polymer, vinylidene polymer, polyamide, polycarbonate,
      cellulose derivative, vinyl chloride-vinyl acetate copolymer, vinylidene
      chlorideacrylonitrile copolymer, styrene-butadiene copolymer,
      polyisobutylene, phenol-formamide resin, ketone resin, chlorinated rubber,
      gelatin, polyvinyl alcohol, or polyvinyl acetal forming binder.
NUM  15.
PAR  15. A photo-polymerizable light-sensitive material comprising a support
      having thereon the photo-polymerizable composition as described in claim
      2.
NUM  16.
PAR  16. The photo-polymerizable light-sensitive material as described in claim
      15, wherein said support is a cellulose derivative film, a polyvinyl
      compound film, a polyester film, a poly-.gamma.-olefin film, said olefin
      having 2 - 10 carbon atoms, a polycarbonate film, a polyolefin laminated
      paper, a polyolefin laminated metal plate, a polyolefin laminated ceramic
      plate, a metal plate or a ceramic plate.
PATN
WKU  039335100
SRC  5
APN  3940160
APT  1
ART  166
APD  19730904
TTL  Spectrally sensitized silver halide photographic emulsion
ISD  19760120
NCL  11
ECL  1
EXP  Brown; J. Travis
NDR  1
NFG  12
INVT
NAM  Shiba; Keisuke
CTY  Minami-ashigara
CNT  JA
INVT
NAM  Takei; Haruo
CTY  Minami-ashigara
CNT  JA
INVT
NAM  Sato; Akira
CTY  Minami-ashigara
CNT  JA
INVT
NAM  Ikeda; Tadashi
CTY  Minami-ashigara
CNT  JA
ASSG
NAM  Fuji Photo Film Co., Ltd.
CTY  Minami-ashigara
CNT  JA
COD  03
PRIR
CNT  JA
APD  19720904
APN  47-88528
CLAS
OCL   96124
XCL   96132
XCL   96137
EDF  2
ICL  G03C  114
FSC   96
FSS  124;132
UREF
PNO  3397060
ISD  19680800
NAM  Schwan et al.
OCL   96124
UREF
PNO  3713835
ISD  19730100
NAM  Sato et al.
OCL   96124
UREF
PNO  3718475
ISD  19730200
NAM  Shiba et al.
OCL   96124
UREF
PNO  3729319
ISD  19730400
NAM  Jefferson et al.
OCL   96124
UREF
PNO  3769024
ISD  19731000
NAM  Sakazume et al.
OCL   96124
UREF
PNO  3799783
ISD  19740300
NAM  Hill et al.
OCL   96124
UREF
PNO  3814609
ISD  19740600
NAM  Shiba et al.
OCL   96124
LREP
FRM  Sughrue, Rothwell, Mion & Zinn
ABST
PAL  A silver halide photographic emulsion which contains in combination a
      supersensitizing amount of at least one pseudocyanine sensitizing dye and
      at least one oxacarbocyanine sensitizing dye.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a gelatino-silver halide photographic
      emulsion spectrally sensitized by the combination of at least two
      sensitizing dyes which show a supersensitization action to each other.
      More particularly, it relates to a silver halide photographic emulsion,
      particularly for color light-sensistive light-sensitive materials, which
      has an enhanced spectral sensitivity in the green wave-length region,
      particularly, at wave-lengths of 500 to 540 nm.
PAR  2. Description of the Prior Art
PAR  It is known that the sensitivity of the green-sensitive emulsion layer and
      the spectral distribution thereof greatly influence the color
      reproducibility of, particularly, color light-sensitive materials (for
      example, color reproduction of fresh lawn green, discrimination between
      this lawn green and the dark green of pinetree needles, the degree of
      fidelity in the color reproduction of objects which are artificially
      colored green, and the like). Many attempts have been made to improve such
      color reproducibility. One example thereof is the sensitization of a
      silver halide emulsion for use in green sensitive layer, which is
      described in, e.g., Japanese Patent Publication No. 4936/68, 33753/69;
      U.S. Pat. Nos. 3,397,060, 3,628,964; 3,580/724; 3,617,294; 3,663,210, and
      3,666,480. Another example thereof is to enhance the sensitivity of the
      silver halide emulsion for use in the green sensitive layer in the
      wave-length region of from 500 to 540 nm. Much effort has been directed to
      this purpose, which are described in, e.g., U.S. Pat. Nos. 3,617,294 and
      3,679,301, German Patent OLS Nos. 2,011,879, and 2,053,187, etc. A further
      example thereof is to reduce the so-called "remaining of dye" (the stain
      caused by the dye remaining after development processing) resulting from
      the sensitizing dye contained in the color light-sensitive materials.
PAR  Conventional approaches developed for solving these problems still involve
      many defects. One of these defects is that where the spectral sensitivity
      distribution obtained by the supersensitizing combination of an
      imidazolocarbocyanine dye and a pseudo cyanine dye extends too far in the
      long wave-length region, it reaches, for example, 580-610 nm, and that the
      sensitivity at about 545 nm, which is the wave-length of maximum human
      visual sensitivity and sensitivity in the wave-length region of from 500
      to 540 nm are insufficient. When the J-band of the imidazolocarbocyanine
      dye is partitioned to effect a blue-shift in order to remove this defect
      as described in, e.g., Japanese Patent Publication No. 1999/71, the
      sensitivity-inhibiting action by the copresent magenta coupler emulsion is
      increased. On the other hand, when the peak of J-band is shifted to the
      short wave-length side by the action of the substituent at the
      benzimidazole nucleus of the imidazolocarbocyanine dye (e.g., by the
      introduction of an alkoxycarbonyl group illustrated in the dye described
      in German Patent Publication No. 2,011,879), the sensitivity-inhibiting
      action by the copresent magenta coupler emulsion is also increased.
      Another defect is that pseudocyanine dyes are inherently particularly
      susceptible to the sensitivity-inhibiting action of the copresent magenta
      coupler emulsion as compared with other cyanine dyes (this
      sensitivity-inhibiting action being based on substitution at the
      5-position of the benzothiazole or benzoselenazole nucleus of the
      pseudocyanine), and that copresence of the emulsion thereof increases the
      remaining of dye. In addition, it is known that, in supersensitization
      using a pseudocyanine dye, a strict selection of the chemical structure of
      the pseudocyanine dye is required depending upon the other sensitizing dye
      combined with the pseudocyanine dye.
PAR  In order to remove these defects, the combined use with an oxacarbocyanine
      dye having a specific chemical structure is employed (which is described
      in, e.g., German Patent OLS Nos. 2,127,671, 2,135,413, etc.).
PAR  An object of the present invention is to remove the above-described various
      defects. The objects of the invention have been attained by the discovery
      of a novel system of pseudocyanine dye which causes a much stronger
      supersensitization particularly with an oxacarbocyanine dye. That is, the
      desired objects can be attained by incorporating in a silver halide
      emulsion the combination of at least one sensitizing dye represented by
      the following general formula (I);
      ##SPC1##
PAL  wherein Z.sub.1 represents a benzothiazole nucleus or benzoselenazole
      nucleus wherein the carbon atom at the 5-position is substituted by a
      halogen atom (e.g., a chlorine atom, a bromine atom, etc.), an
      alkoxycarbonyl group (e.g., a methoxycarbonyl group, an ethoxycarbonyl
      group, etc.), a cyano group, a trifluoromethyl group or a group having a
      positive Hammet's constant 6 p (other than a nitro group) (e.g.,
      methylsulfonyl, etc; and acetyl group and a monoaryl group, e.g., phenyl,
      etc.), such as 5-chlorobenzothiazole, 5-chloro-6-methylbenzothiazole,
      5-trifluoromethylbenzothiazole, 5-cyanobenzoselenazole,
      5-methoxy-carbonylbenzothiazole, 5-bromo-benzoselenazole,
      5-cyano-6-chlorobenzoselenazole nucleus, and the like; Z.sub.2 represents
      the non-metallic atoms necessary to form a benzene nucleus, thus forming a
      quinoline nucleus (which can be substituted with substituents such as a
      lower alkyl group (e.g., methyl, etc.), a halogen atom (e.g. fluorine,
      bromine, chlorine, etc.), a hydroxy group, a lower alkoxy group (e.g.,
      methoxy, etc.) and a lower alkyl amino group (e.g., methylamino,
      diethylamino, etc.) such as quinoline, 6-methylquinoline, or the like
      which is commonly used in pseudocyanine dyes; R.sub.1 and R.sub.2 each
      represents an aliphatic group including a saturated aliphatic group and an
      unsaturated aliphatic group for example an alkyl group having 1-6 carbon
      atoms and a substituted alkyl group (e.g. a lower alkyl group such as a
      methyl group, an ethyl group, a propyl group; a substituted lower alkyl
      group, e.g., a phenethyl group, a p-sulfophenethyl group, a sulfopropyl
      group, a 3-sulfobutyl group, a 4-sulfobutyl group, a
      3-sulfo-2-hydroxypropyl group, a 5-sulfo-2-acetoxypentyl group,
      2-hydroxy-3-sulfatopropyl group, a 2-carboxyethyl group, a carboxymethyl
      group, 2-hydroxyethyl group, a 2-cyanoethyl group, a p-carboxyphenethyl
      group, etc. which are substituted by a sulfo group, a hydroxy group, an
      acetoxy group, a sulfato group, a carboxy group, an aryl group, a cyano
      group or the like), at least one of R.sub.1 and R.sub.2 being an lower
      alkyl group having a sulfo group in either the acid or salt form (e.g.,
      Na, K, etc. salts, amine (e.g. ammonium, triethylamine, etc.) salts;
      X.sub.1 .sup.- represents an anion necessary to form a cyanine dye salt,
      such as a mineral acid anion (e.g., an iodide ion, a bromide ion, a
      perchlorate ion, etc.) and an organic acid anion (e.g., a p-toluene
      sulfonate ion, a benzenesulfonate ion etc.) m represents 1 or 2 and, when
      the dye forms an intramolecular salt, m represents 1; and at least one
      sensitizing dye represented by the following general formula (II);
      ##SPC2##
PAL  wherein V.sub.1 represents a halogen atom (e.g., chlorine atom, a bromine
      atom, a fluorine atom, etc.), a trifluoromethyl group, a phenyl group, an
      alkoxycarbonyl group (e.g., in which the alkyl moiety has 1 to 5 carbon
      atoms e.g., a methoxycarbonyl group, an ethoxycarbonyl group, etc.);
      V.sub.2 and V.sub.4 each represents a hydrogen atom or a lower alkyl group
      (e.g., a methyl group, an ethyl group, etc.); V.sub.3 represents a halogen
      atom, a trifluoromethyl group, a phenyl group, an alkoxycarbonyl group,
      e.g., in which the alkyl moiety has 1 to 5 carbon atoms, a lower alkyl
      group (e.g., a methyl group, an ethyl group, etc.), an alkoxy group (e.g.,
      in which the alkyl moiety has 1 to 5 carbon atoms e.g., a methoxy group,
      an ethoxy group, etc.), a hydroxy group, or a hydrogen atom; at least one
      V.sub.1, V.sub.2, V.sub.3 or V.sub.4, preferably being substituted by a
      halogen atom, a phenyl group, or an alkoxycarbonyl group; A represents a
      methyl group, an ethyl group or a propyl group; R.sub.3 and R.sub.4 each
      represents the same groups as defined for R.sub.1 and R.sub.2, at least
      one of R.sub.3 and R.sub.4 being lower alkyl group having a sulfo group or
      a carboxyl group in either the acid or salt form (e.g., Na, K, etc. salts,
      amine (e.g., ammonium, triethylanine, etc.) salts; X.sub.2 .sup.-
      represents the same groups as defined in X.sub.1 .sup.-; n represents 1 or
      2 and, when the dye forms an intramolecular salt, n represents 1; with the
      dyes of the general formulas (I) and (II) being present in such amounts
      that the combination exhibits a supersensitizing action to each other as
      used herein, the term lower alkyl is used to described an alkyl group
      wherein the alkyl moiety has from 1 to 5 carbon atoms.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1-12 contain spectrograms obtained as described in the Examples with
      curves 3, 5, 6, 9, 10, 11, 12, 13, 15 and 16 showing spectrograms of the
      supersensitizing dye combination of the present invention and with
PAR  Curves 1, 2, 4, 7, 8, and 14 showing spectrograms of dye combinations
      outside the invention for comparison.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The pseudocyanine dyes represented by the general formula (I) tend to form
      J-aggregate as compared with the pseudocyanine dyes described in German
      Patent OLS Nos. 2,135,413, 2,049,967, 2,127,671, and 2,011,879, and are
      characterized in that they provide a stong J-band. In general,
      pseudocyanine dyes scarcely exhibit any supersensitizing action even when
      used in combination with an oxacarbocyanine dye. However, the
      pseudocyanine dyes represented by the general formula (I) selectively
      exhibit supersensitizing action to the oxacarbocyanine dyes represented by
      the general formula (II) which tend to provide a J-band, and the
      sensitivity can be maintained at a high level in the system in which a
      magenta coupler is present. In addition, the pseudocyanine dyes in
      accordance with the invention have the advantage that there is less
      remaining of yellow dye after development processing.
PAR  The combination of the dyes in accordance with the invention can be used
      further in combination with conventionally known dyes such as the
      imidazolooxacarbocyanine dyes, imidazoloindocarbocyanine dyes,
      imidazolocarbocyanine dyes, non-symmetrical thiaoxacarbocyanine dyes,
      non-symmetrical imidazolothiacarbocyanine dyes or non-symmetrical
      imidazoloselenacarbocyanine dyes. For example, the combination of the
      present invention can be used in combination with the dyes described in
      Japanese Patent Publication Nos. 4936/68, and 32753/69, Japanese Patent
      Application Nos. 1320/71, 16424/71 and 6315/72, corresponding German
      respectively to U.S. patent applications Ser. No. 219,047 filed Jan. 19,
      1972 Ser. No. 237,041, filed Mar. 21, 1972 and Ser. No. 321,423, filed
      Jan. 5, 1973. German Patent Nos. 2,159,615, 2,011,879, and 2,053,187; U.S.
      Pat. Nos. 3,397,060, 3,628,964, 3,580,724, 3,617,294 3,663,210, 3,666,480,
      and 3,679,301.
PAR  Specific examples of the dyes used in the invention are illustrated below.
      ##SPC3##
PAR  As the sensitizing dyes to be additionally used in the present invention,
      there are the following:
      ##SPC4##
PAR  Also the sensitizing dyes as set forth below of the formulae (III-A -
      III-C) can be used additionally with the sensitizing combination of dyes
      of the general formulae (I) and (II) of this invention and additional
      embodiment of this invention. These sensitizing dyes used additionally
      with the sensitizing combination of the pseudocyanine dye and the
      oxacarbocyanine dye of the invention provide additional advantages in that
      when the sensitizing dyes of the formula III-A, III-B or III-C are
      employed are that a sensitizing wavelength region is extended or maximum
      sensitivity wavelength is shifted toward longer wavelength. Sensitizing
      dyes for comparison:
      ##SPC5##
PAR  The silver halide photographic emulsion to be used in the present invention
      are those which are produced in the conventional manner and contain grains
      of silver chloride, silver bromide, silver iodide or of silver halide
      mixtures which have been precipitated using the simple jet method, the
      double jet method or a combination thereof followed by ripening. (See Mees
      "The Theory of Photographic Process" MacMillan; Grafkide's "Photographic
      Chemistry" Fauntain Press) Preferably, a silver bromoiodide emulsion or a
      silver bromochloroiodide emulsion is used. It is particularly preferred
      that the silver halide contain at least 90 mol % silver bromide and less
      than 7 mol % silver iodide A preferred halogen composition in mol % of
      iodide ranges no more than 10 mol %, for example from 2 mol % to 7 mol %.
      The preferred mean particle size of the grains in number (measured by a
      projected area method in a conventional way) is about 0.04 to about 2
      microns.
PAR  To the silver halide photographic emulsion to be used in the invention,
      conventionally employed chemical sensitization, i.e., gold sensitization,
      sensitization with Group VIII metal ions, sulfur sensitization, reduction
      sensitization or a combination thereof can be applied. Specific examples
      of chemical sensitizing agents are sulfur sensitizing agents such as allyl
      thio carbamide, thiourea, sodium thiosulfate, cystine, etc., for example,
      as described in U.S. Pat. Nos. 1,574,944; 2,278,947; 2,440,206; 2,410,689;
      3,189,458; and 3,415,649; noble metal (complex) salts such as potassium
      chloroaurate, aurous thiosulfate, potassium chloropalladate, etc., for
      example as described in U.S. Pat Nos. 2,540,085; 2,597,876; 2,597,915; and
      2,399,083; reducing agents such as tin chloride, phenylhydrazine,
      reductone, etc., for example as described in U.S. Pat. Nos. 2,518,698;
      2,419,974; and 2,983,610; and the like. In addition, such sensitizing
      agents as polyoxyethylene derivatives, polyoxypropylene derivatives (as
      disclosed in U.S. Pat. No. 271606), organic compounds having an oxonium or
      ammonium group (as disclosed in U.S. Pat. Nos. 2,271,623; 2,288,226; and
      2,334,864), hydroquinone derivatives, hydroxyamine derivatives, etc. are
      also effective. The emulsion of the invention can further contain
      antifoggants such as nitrobenzimidazole, ammonium chloroplatinate, etc.,
      stabilizers such as 4-hydroxy-6-methyl-1,3,3a, 7-tetrazaindene, thiazolium
      salts as disclosed in U.S. Pat. Nos. 2,131,038 and 2,694,716, azaindenes
      as disclosed in U.S. Pat. Nos. 2,886,437 and 2,444,605, urazoles as
      disclosed in U.S. Pat. No. 3,287,135, sulfocatechols as disclosed in U.S.
      Pat. No. 3,236,652, oximes, mercapto tetrazoles as disclosed in U.S. Pat.
      Nos. 2,403,927, 3,266,897, and 3,397,987, nitrons, nitroindazoles,
      polyvalent metal salts as disclosed in U.S. Pat. No. 2,839,405, thiuronium
      salts as disclosed in U.S. Pat. No. 3,220,839, salts of metals such as
      palladium, platinum and gold as disclosed in U.S. Pat. Nos. 2,566,263 and
      2,597,915, organic and inorganic hardeners such as formaldehyde, chromium
      alum, 1-hydroxy-3,5-dichlorotriazine, sodium salt, glyoxal,
      dichloroacrolein, etc., coating acids such as saponin, alkylaryl
      sultonates such as the as disclosed in U.S. Pat. No. 2,600,831 and
      amphoteric compounds as disclosed in U.S. Pat. No. 3,133,816 sodium
      alkylbenzenesulfonates, etc.
PAR  Where the silver halide emulsion of the present invention is used as the
      green-sensitive emulsion layer in a coupler in the emulsion type color
      light-sensitive materials, the emulsion contains a compound which provides
      a magenta color image upon development processing, i.e., a color coupler,
      generally in an amount ranging from about 2 mol to about 0.01 mol per 1
      mol of silver. As the color coupler, there are compounds having a
      pyrazolone nucleus described in U.S. Pat. Nos. 2,600,788, 2,455,170,
      3,311,476, 3,408,194, 3,447,928, etc., compounds having an indazolone
      nucleus e.g.,
      ##SPC6##
PAL  Dir-type couplers, as disclosed in U.S. Pat. Nos. 3,006,759, 3,148,062,
      3,227,551, 3,227,554, 3,009,958, 3,043,690, 3,701,783, 3,379,529,
      3,297,445, 3,364,022, 3,620,746, 3,551,157, 3,615,506, 3,632,345,
      3,622,328, 3,617,291, 3,632,373 and 3,705,801 and British Patent No.
      1,269,073, and the like.
PAR  The silver halide emulsion of the invention can contain, as the protective
      colloid, gelatin; gelatin derivatives such as phthaloylated gelatin,
      malonylated gelatin, etc.; cellulose derivatives such as hydroxymethyl
      cellulose, carboxymethyl cellulose, etc.; soluble starch such as dextrin,
      etc.; synthetic polymers such as polyvinyl alcohol, vinyl pyrrolidone,
      polyacrylamide, polystyrenesulfonic acid, etc. and, as the plasticizer,
      synthetic polymers such as acrylic acid-styrene copolymers,
      acrylonitrile-methacrylic acid copolymers, alkyl acrylate-acrylic acid
      copolymers, etc. Also, a latex polymer can be incorporated as a dimension
      stabilizer or a matting agent. The finished emulsion is applied to a
      suitable support such as a baryta paper, a resin-coated paper, a synthetic
      paper, a cellulose triacetate film, a polyethylene terephthalate film, a
      glass plate, or other plastic bases. A preferred ratio by weight of silver
      halide to the protective colloid ranges from 1:4 to 4:1 with the emulsion
      being coated on a support in a amount preferably ranging from about 3-4
      .mu..
PAR  The sensitizing dyes used in the invention are added to the emulsion by
      dissolving the dyes in water or in a water-mixcible organic solvent (e.g.,
      methanol, ethanol, methyl cellosolve, pyridine, acetone, etc.). Also, they
      can be added by the method described in German Patent OLS No. 2,104,283 or
      U.S. Pat. No. 3,649,286.
PAR  The dyes can be added in the usual sensitizing amount but, preferably, in
      an amount of from 1 .times. 10.sup..sup.-3 mol to 1 .times. 10.sup..sup.-6
      mol per 1 mol of silver halide, for example, a sensitizing dye of the
      formula (I) at a level of from 1 .times. 10.sup..sup.-5 to 1 .times.
      10.sup..sup.-3 mol, a sensitizing dye of the formula (II) at a level of
      from 1 .times. 10.sup..sup.-5 to 5 .times. 10.sup..sup.-4 mol per mol of
      silver halide, respectively. The molar ratio of the amount of the dye
      represented by the general formula (I) to that of the dye represented by
      the general formula (II) can be the amount generally used for super -
      sensitization but preferably is 10:1 to 1:100. The above described
      imidazolooxacarbocyanine dye, imidazoloindocarbocyanine dye,
      imidazolocarbocyanine dye, non-symmetrical thiaoxacarbocyanine dye,
      non-symmetrical selenaoxacarbocyanine dye, non-symmetrical
      imidazolothiacarbocyanine dye, or non-symmetrical
      imidazoloselenacarbocyanine dye can be used in combination in a molar
      proportion sufficient to achieve sensitization preferably, a range of 1:1
      to 1:100 based on the amount of the dye of the general formulae (I) and
      (II).
PAR  The present invention will now be illustrated in greater detail by
      reference to the following examples, but the invention is not to be
      interpreted as being limited thereby in any way. Unless otherwise
      indicated, all parts and percents are by weight.
PAC  EXAMPLE 1
PAR  A high sensitive silver bromoiodide photographic emulsion was obtained
      according to a conventional method. The silver halide grains which were
      contained in this emulsion contained 6 mol% (halogen content) of iodine
      and had a mean particle size of 0.78 micron. This emulsion contained 0.58
      mol of silver halide per 1 kg of the emulsion.
PAR  1 Kg of this silver halide emulsion was weighed out in a pot, which was
      then placed in a 50.degree.C water bath for melting of the emulsion. While
      maintaining the temperature at 40.degree.C and with stirring, the
      sensitizing dyes set forth in Table 1, as a methanol solution, were added
      thereto in the amounts described in Table 1. Further, 750 g of an emulsion
      of
      1-(2,5-dichloro-4-methylphenyl)-3-[3-(2,4-di-tert-amylphenoxymethylamido)b
     enzamido]-5-pyrazolone (color coupler) was added thereto, and 0.01 g of
      4-hydroxy-6-methyl-1,3,3a,7-tetrazaindene was added thereto as an aqueous
      solution. Then, 0.01 g of 1-hydroxy-3,5-dichlorotriazine sodium salt was
      added thereto as an aqueous solution. Further, 0.1 g of saponin and 0.1 g
      of sodium dodecylbenzenesulfonate were added thereto as an aqueous
      solution followed by stirring.
PAR  The coupler emulsion was prepared as follows. 2.5 Grams of
      dodecylbenzenesulfonic acid was added as an aqueous solution to 1 kg of a
      10% by weight gelatin aqueous solution. Separately, 80 g of aforesaid
      coupler was dissolved in a mixed solution of 100 cc of tricresyl phosphate
      and 50 cc of ethyl acetate. Further, 2 g of sorbitan monolaurate was
      dissolved therein. This solution was added to the aforesaid gelatin
      aqueous solution, stirred at high speed and subjected to ultrasonic wave
      agitation for emulsification. Thus, there was obtained the emulsion.
PAR  The thus obtained finished emulsion was coated on a cellulose triacetate
      film base in a dry thickness of 5 microns followed by drying to obtain a
      sample of the light-sensitive material.
PAR  The resulting sample was cut into strips. One strip was wedge-exposed for
      1/200 second using a sensitometer having a light source of color
      temperature of 5400.degree.K, with the light source being covered with a
      yellow filter and a blue filter. Another strip was wedge-exposed using a
      monochromatic light of 535 nm in wave-length using a spectrosensitometer.
      The remaining strip was exposed using a grating-type spectrograph so as to
      obtain a spectrogram.
PAR  The strips were then subjected to the following color development
      processing to obtain magenta negative images.
TBL  ______________________________________                                    

     Color Development Processing Steps:                                       

     ______________________________________                                    

     (1) Color Development  24.degree.C                                        

                                     12 min.                                   

     (2) Stopping Bath      24.degree.C                                        

                                      4                                        

     (3) Hardening Bath     24.degree.C                                        

                                      4                                        

     (4) Washing            24.degree.C                                        

                                      4                                        

     (5) Bleaching Bath     24.degree.C                                        

                                      6                                        

     (6) Washing            24.degree.C                                        

                                      4                                        

     (7) Fixing Bath        24.degree.C                                        

                                      8                                        

     (8) Washing            24.degree.C                                        

                                      8                                        

     (9) Drying                                                                

     Composition of the Color Developer:                                       

     Benzyl Alcohol              5 cc                                          

     Sodium Hydroxide            0.5 g                                         

     Diethylene Glycol           3 cc                                          

     Sodium Hexametaphosphate    2 g                                           

     Sodium Sulfite              2 g                                           

     Potassium Bromide           2 g                                           

     4-Amino-3-methyl-N-ethyl-                                                 

     .beta.-hydroxyethylaniline Sesqui-                                        

     sulfate Monohydrate         5 g                                           

     Metaboric Acid              0.5 g                                         

     Borax                       0.5 g                                         

     Water to make               1 liter                                       

     Stopping Bath                                                             

     Sodium Acetate              30 g                                          

     Glacial Acetic Acid         8 cc                                          

     Water to make               1 liter                                       

     Hardening Solution                                                        

     Sodium Hexaphosphate        1 g                                           

     Borax Pentahydrate          20 g                                          

     Formalin (37%)              10 cc                                         

     Bleaching Solution                                                        

     Potassium Fericyanide       30 g                                          

     Potassium Bromide           20 g                                          

     Borax Pentahydrate          15 g                                          

     Boric Acid                  5 g                                           

     Disodium Ethylenediaminetetracetate                                       

                                 1 g                                           

     Water to make               1 liter                                       

     Fixing Solution                                                           

     Sodium Hexametaphosphate    1 g                                           

     Sodium Sulfite              5 g                                           

     Sodium Thiosulfate          150 g                                         

     Acetic Acid                 8 cc                                          

     Water to make               1 liter                                       

     ______________________________________                                    

PAR  The green filter density of the thus obtained magenta images was measured
      and the characteristic curves were determined to obtain the yellow filter
      relative sensitivity. Sy, the blue filter relative sensitivity, Sb, and
      the relative sensitivity to light of a wavelength of 535 nm, S.sub.535.
      The results obtained are shown in Table 1. The density point where the
      sensitivity was determined was the point of [fog density + 0.2]. The
      sensitivities, Sy, Sb and S.sub.535 are relatively shown by taking the Sy,
      Sb and S.sub.535 of the emulsion containing 8 .times. 10.sup..sup.-5 mol
      of the Dye IIA as 100, respectively.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Run                                                                       

        Dye and the Amount Thereof                                             

                                 Sy  Sb  S.sub.535                             

                                             Spectrogram                       

     No.                                                                       

        Used (Shown in the paren-                                              

        theses in mol)                                                         

     __________________________________________________________________________

     1          IIA (4.times.10.sup..sup.-5)                                   

                                  86 105  71                                   

                IIA(8.times.10.sup..sup.-5)                                    

                                 100 100 100 1                                 

        IA (16.times.10.sup..sup.-5)                                           

                                  22 76   32 2                                 

        IA (8.times.10.sup..sup.-5)                                            

                IIA (8.times.10.sup..sup.-5)                                   

                                 200 100 165 3                                 

        IA (16.times.10.sup..sup.-5)                                           

                IIA (8.times.10.sup..sup.-5)                                   

                                 168 69  142                                   

     2  IB (8.times.10.sup..sup.-5)                                            

                                  13 100  20                                   

        IB (16.times.10.sup..sup.-5)                                           

                                  16 89   16 4                                 

        IB (8.times.10.sup..sup.-5)                                            

                IIA (8.times.10.sup..sup.-5)                                   

                                 224 105 168 5                                 

        IB (16.times.10.sup..sup.-5)                                           

                IIA (8.times.10.sup..sup.-5)                                   

                                 152 68  145                                   

     3  IB (16.times.10.sup..sup.-5)                                           

                IIA (8.times.10.sup..sup.-5)                                   

                        IIIC (2.times.10.sup..sup.-5)                          

                                 167 76  120 6                                 

        IB (16.times.10.sup..sup.-5)                                           

                IIA (8.times.10.sup..sup.-5)                                   

                        IIIC (4.times.10.sup..sup.-5)                          

                                 145 66  120                                   

     4          IIC (16.times.10.sup..sup.-5)                                  

                                 100 90   66 7                                 

        IC (16.times.10.sup..sup.-5)                                           

                                  25 92   32 8                                 

        IC (16.times.10.sup..sup.-5)                                           

                IIC (16.times.10.sup..sup.-5)                                  

                                 126 85  122 9                                 

     5  IC (16.times.10.sup..sup.-5)                                           

                IIC (16.times.10.sup..sup.-5)                                  

                        IIIA (2.times.10.sup..sup.-5)                          

                                 200 83  132 10                                

        IC (16.times.10.sup..sup.-5)                                           

                IIC (16.times.10.sup..sup.-5)                                  

                        IIIA (4.times.10.sup..sup.-5)                          

                                 160 66  132                                   

     6  IC (16.times.10.sup..sup.-5)                                           

                IIC (16.times.10.sup..sup.-5)                                  

                        IIIB (4.times.10.sup..sup.-5)                          

                                 177 100 125 11                                

     7          IIF (8.times.10.sup..sup.-5)                                   

                                  98 105 100                                   

        ID (16.times.10.sup..sup.-5)                                           

                                  22 71   32                                   

        ID (16.times.10.sup..sup.-5)                                           

                IIF (8.times.10.sup..sup.-5)                                   

                                 142 92  158 12                                

     8          II I (4.times.10.sup..sup.-5)                                  

                                 112 100  89                                   

                II I (8.times.10.sup..sup.-5)                                  

                                  92 100 117                                   

        IB (8.times.10.sup..sup.-5)                                            

                II I (8.times.10.sup..sup.-5)                                  

                                 120 78  155                                   

        IB (16.times.10.sup..sup.-5)                                           

                II I (8.times.10.sup..sup.-5)                                  

                                 152 66  142 13                                

     9          II D (4.times.10.sup..sup.-5)                                  

                                  36 102  45                                   

                II D (8.times.10.sup..sup.-5)                                  

                                  66 95   78                                   

        IE (16.times.10.sup..sup.-5)                                           

                                  67 100  45 14                                

        IE (16.times.10.sup..sup.-5)                                           

                II D (8.times.10.sup..sup.-5)                                  

                                  93 90  102 15                                

     10         II M (8.times.10.sup..sup.-5)                                  

                                 105 100 100                                   

        IA (8.times.10.sup..sup.-5)                                            

                II M (8.times.10.sup..sup.-5)                                  

                                 132 92  126 16                                

     __________________________________________________________________________

PAC  EXAMPLE 2
PAR  Samples of a light-sensitive material were obtained in the same manner as
      described in Example 1 except that the addition of the coupler emulsion
      was omitted. The samples were subjected to development-processing at
      20.degree.C for 2 minutes using the following black-and-white developer.
      Then, the density was measured to obtain the results shown in Table 2.
TBL  ______________________________________                                    

     Composition of the Developer:                                             

     ______________________________________                                    

     Water                      500 cc                                         

     Metol                       2 g                                           

     Sodium Sulfite (anhydrous) 90 g                                           

     Hydroquinone                8 g                                           

     Sodium Carbonate Monohydrate                                              

                                52.5 g                                         

     Potassium Bromide           5 g                                           

     Water to make               1 liter.                                      

     ______________________________________                                    

TBL                Table 2                                                     

     ______________________________________                                    

     Dyes and the Amount used                                                  

     (in mol)                 Sy      Sb                                       

     ______________________________________                                    

               IIB (8.times.10.sup..sup.-5)                                    

                                  100      95                                  

     IC (16.times.10.sup..sup.-5)                                              

               IIB (8.times.10.sup..sup.-5)                                    

                                  158     100                                  

               IIC (16.times.10.sup..sup.-5)                                   

                                  112     100                                  

     IA (16.times.10.sup..sup.-5)                                              

               IIC (16.times.10.sup..sup.-5)                                   

                                  132      89                                  

     A (16.times.10.sup..sup.-5)                                               

               IIB (8.times.10.sup..sup.-5)                                    

                                  105      98                                  

     B (16.times.10.sup..sup.-5)                                               

               IIB (8.times.10.sup..sup.-5)                                    

                                  112     100                                  

     A (16.times.10.sup..sup.-5)                                               

               IIC (16.times.10.sup..sup.-5)                                   

                                   76      95                                  

     B (16.times.10.sup..sup.-5)                                               

               IIC (16.times.10.sup..sup.-5)                                   

                                   80      92                                  

     ______________________________________                                    

PAR  The density point where the sensitivity was determined was the point of
      [fog density + 0.2]. The sensitivity, Sy, of the emulsion is relatively
      shown by taking the Sy of an emulsion containing 8.times.10.sup..sup.-5
      mol of the dye IIB as 100, and the sensitivity, Sb, is relatively shown
      taking Sb of the emulsion containing 16.times.10.sup..sup.-5 mol of the
      Dye IIC as 100.
PAR  The combination of the sensitizing dyes of the present invention which
      provides a supersensitizing action can be applied to the sensitization of
      the green layer in color light-sensitive materials such as
      non-incorporated-coupler type color reversal light-sensitive materials and
      incorporated-coupler type color reversal light-sensitive materials and in
      the light-sensitive materials for use in an in-camera-processing system
      containing a dye-developing agent. In addition, it can find application in
      the sensitization of silver halide emulsions used in black-and-white
      photographic light-sensitive materials, X-ray indirect photographic
      light-sensitive materials, materials for use as printing plates, materials
      for use in microsecond exposure system, materials for use in cathode ray,
      tube (CRT) systems, materials for use in holography, etc.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A silver halide photographic emulsion which contains in combination at
      least one pseudocyanine sensitizing dye represented by the following
      general formula (I);
      ##SPC7##
PAL  wherein Z.sub.1 represents a benzothiazole nucleus or a benzoselenazole
      nucleus either of which is substituted at the 5-position by a halogen
      atom, an alkoxycarbonyl group, a cyano group, a trifluoromethyl group, a
      methylsulfonyl group, an acetyl group or a phenyl group; Z.sub.2
      represents the non-metallic atoms necessary to form a benzene nucleus;
      R.sub.1 and R.sub.2 each represents an aliphatic group, at least one of
      R.sub.1 and R.sub.2 being an alkyl group having a sulfo group; X.sub.1
      .sup.- represents an anion; m represents 1 or 2 and, when the dye forms an
      intramolecular salt, m represents 1; and at least one oxacarbocyanine
      sensitizing dye represented by the following general formula
      ##SPC8##
PAL  wherein V.sub.1 represents a halogen atom, a trifluoromethyl group, a
      phenyl group, or an alkoxycarbonyl group; V.sub.2 and V.sub.4 each
      represents a hydrogen atom or an alkyl group; V.sub.3 represents a halogen
      atom, a trifluoromethyl group, a phenyl group, an alkoxycarbonyl group, an
      alkyl group, an alkoxy group, a hydroxy group or a hydrogen atom; A
      represents a methyl group, an ethyl group or a propyl group; R.sub.3 and
      R.sub.4 each represents an aliphatic group, at least one of R.sub.3 and
      R.sub.4 being an alkyl group having a sulfo group or a carboxy group;
      X.sub.2 .sup.- represents an anion; n represents 1 or 2 and, when the dye
      forms an intramolecular salt, n represents 1; said dyes of the general
      formula (I) and of the general formula (II) being present in such amounts
      that the combination exhibits a supersensitizing action.
NUM  2.
PAR  2. The silver halide emulsion as claimed in claim 1, wherein said emulsion
      additionally contains a magenta coupler, and wherein said sensitizing dye
      represented by the general formula (I) is present in said emulsion at a
      level of from 1 .times. 10.sup..sup.-5 to 1 .times. 10.sup..sup.-3 mol per
      mol of silver halide, and said sensitizing dye represented by the general
      formula (II) is present in said emulsion at a level of from 1 .times.
      10.sup..sup.-5 to 5 .times. 10.sup..sup.-4 mol per mol of silver halide.
NUM  3.
PAR  3. The silver halide emulsion as claimed in claim 1, wherein Z.sub.1
      represents the atoms necessary to form a benzothiozole nucleus substituted
      with a halogen atom, an alkoxycarbonyl group or a trifluoromethyl group or
      to form a benzoselenazole nucleus substituted with a phenyl group, Z.sub.2
      represents the atoms necessary to form a benzene ring which may be
      substituted with a lower alkyl group, V.sub.1 represents a halogen atom, a
      phenyl group or an alkoxycarbonyl group, and V.sub.3 represents a halogen
      atom, a trifluoromethyl group, a phenyl group, a lower alkyl group or an
      alkoxycarbonyl group.
NUM  4.
PAR  4. The silver halide emulsion as claimed in claim 1, wherein said silver
      halide is at least 90 mol% silver bromide and is less than 7 mol% silver
      iodide.
NUM  5.
PAR  5. The silver halide emulsion as claimed in claim 1, wherein the
      pseudocyanine dye of the formula (I) is selected from the group consisting
      of
      ##SPC9##
NUM  6.
PAR  6. The silver halide emulsion as claimed in claim 1, wherein the
      oxacarbocyanine dye of the formula (II) is selected from the group
      consisting of
      ##SPC10##
NUM  7.
PAR  7. The silver halide emulsion as claimed in claim 1, wherein the emulsion
      further contains a dye of the following formula:
      ##SPC11##
NUM  8.
PAR  8. A silver halide photographic element comprising a support and having
      thereon the silver halide emulsion as claimed in claim 1.
NUM  9.
PAR  9. The silver halide emulsion as claimed in claim 1 wherein the said
      combination consists essentially of said at least one pseudocyanine
      sensitizing dye and said at least one oxacarbocyanine sensitizing dye.
NUM  10.
PAR  10. The silver halide emulsion of claim 9 wherein said at least one
      pseudocyanine sensitizing dye and said at least one oxacarbocyanine
      sensitizing dye are the sole sensitizing dyes required to achieve said
      super-sensitizing action.
NUM  11.
PAR  11. The silver halide photographic element as claimed in claim 8 wherein
      said at least one pseudocyanine sensitizing dye and said at least one
      oxacarbocyanine sensitizing dye are the sole sensitizing dyes required to
      achieve said super-sensitizing action.
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ABST
PAL  Polishes containing wax-anhydride compounds and derivatives thereof,
      including amides, esters, etc. of such wax-anhydride compounds.
PARN
PAR  This Application is a continuation of Ser. No. 64,570 filed Aug. 17, 1970,
      which application only is now abandoned and which was a division of Ser.
      No. 607,877 filed Jan. 9, 1967, now U.S. Pat. No. 3,590,076, which is
      continuation-in-part of application Ser. No. 527,075 filed Feb. 14, 1966,
      now abandoned.
BSUM
PAR  This application was copending with application Ser. No. 64,571, filed on
      Aug. 17, 1970, which application only is now abandoned, and is copending
      with application Ser. No. 107,569, filed on Jan. 18, 1971, and is also
      copending with application Ser. No. 317,524, filed on Dec. 22, 1972. Said
      application Ser. No. 317,524 is a continuation of said application Ser.
      No. 64,571 and was copending therewith.
PAR  This invention relates to wax-anhydrides, equivalents thereof, derivatives
      thereof, processes by which they are prepared, and uses therefor.
PAR  These are illustrated by the following formulae where R is the wax moiety:
      ##EQU1##
      WHERE N IS, FOR EXAMPLE 1 - 5, OR EVEN 25 OR MORE IN CERTAIN INSTANCES.
PAR  The wax-maleic compounds may also contain one or more of the above type
      units.
PAR  Stated another way, the wax molecule may have one or more maleic units
      attached thereto; said maleic units, which may be attached to one or more
      positions on the wax molecule, may be attached directly to the wax
      molecule or to one or more other maleic molecules.
PAR  In addition, derivatives thereof can also be prepared, for example esters,
      amides, ester-amides, imides, salts, etc. and poly-derivatives thereof,
      such as polyesters, polyamines, poly-salts, etc. Salts may be prepared
      from any of the above compounds which contain acidic or basic groups.
PAR  The term "wax-maleic compound" relates to the reaction of wax or a wax
      substitute with maleic anhydride, or equivalents or derivatives thereof.
      It also includes derivatives of the wax-maleic reaction.
PAR  The term "maleic compound" relates to maleic anhydride, maleic acid, maleic
      type anhydrides or acids and derivatives thereof.
PAR  Any suitable wax or wax substitute can be employed in preparing the wax
      anhydride. These include microcrystalline waxes, such as plastic and tank
      bottom derived microcrystalline waxes, solvent extracted microcrystalline
      waxes, etc., wax substitutes such as Fischer-Tropsch Wax, polyalkylenes
      such as polyethylene, polypropylene, and blends thereof, etc.
PAR  The preferred type of hydrocarbon waxes employed are those having a melting
      point of about 150.degree. - 270.degree.F. but preferably about
      150.degree. - 220.degree.F. and a penetration as defined by ASTM Test
      Method D5-25 of from about 0 + to about 50, for example 0 + to about 30,
      but preferably 0 + to about 10 with an optimum of 0 + to about 5. These
      are obtained using 100 g. total weight for 3 seconds at 66.degree.F. Waxes
      found within this range are microcrystalline wax, Fischer-Tropsch wax,
      certain of the polyalkylenes such as polyethylenes, etc. In general, these
      waxes have an average of over about 40 carbons, but preferably over about
      45 carbons per molecule, such as from 50 - 75 or 100 or more. Where the
      waxes are of a lower molecular weight, they should be blended with a
      higher molecular weight material to give this average.
PAR  All of these waxes are well known. For example they are described in U.S.
      Pat. No. 2,890,125, which is by reference incorporated into the present
      application.
PAR  A unique class of polyethylenes which can be employed in this invention are
      those prepared by employing a catalyst which is an organolithium compound
      with a chelating tertiary amine, such as described for example in U.S.
      Pat. No. 3,206,519 and in the Journal of Organic Chemistry 29, 2928
      (1964).
PAR  Because of its commercial importance, maleic anhydride is employed to
      illustrate this invention. Examples of other acids or anhydrides which may
      be reacted include citraconic acid, ethylmaleic acid, glutaconic acid,
      itaconic acid, methylitaconic acid, etc. The term "wax-maleic compound"
      and "maleic compound" includes these acids, anhydrides and derivatives.
      Although the wax-maleic compounds can be prepared by any suitable method,
      we have prepared these compositions by reacting wax with maleic anhydride
      under free radical forming conditions. In one embodiment, wax, maleic
      anhydride and a peroxide are reacted at a temperature sufficiently high to
      promote free radical formation. Since heat promotes free radical
      formation, a temperature sufficiently high to promote the decomposition of
      the peroxide, without causing decomposition of reactants and products, is
      employed. Depending on the peroxide, temperatures of about 100.degree. -
      250.degree.C., such as about 125.degree. to 225.degree., for example about
      150.degree. to 215.degree., but preferably about 170.degree. to
      200.degree., are employed. The temperature should be sufficiently high to
      keep all reactants in solution or in a molten state.
PAR  In the case of di-tert-butyl peroxide the best yields are obtained in the
      ranges of about 100.degree. to 250.degree.C., but preferably about
      170.degree. to 200.degree.C.
PAR  Reaction times will depend on various factors such as for example on the
      particular reactants, reaction conditions, etc. A reaction time sufficient
      to effect the desired degree of reaction completion is employed.
      Ordinarily, reaction times of from about 0.5 to 6 hours, such as about 1
      to 5 hours, for example about 1.5 to 4.5 hours, but preferably about 2 to
      4 hours are employed. Shorter or longer times may be employed to push the
      reaction to the desired degree of completion depending on various factors
      such as reactants, conditions, peroxides, etc.
PAR  Any suitable free-radical producing agent capable of forming reactive sites
      can be employed. These include peroxides, hydroperoxides, etc., for
      example benzoyl peroxide, acetyl peroxide, 2,4-dichlorobenzoyl peroxide,
      tert-butyl peroxide, tert-butyl hydroperoxide, methyl benzyl
      hydroperoxide, cumene hydroperoxide, peracetic acid, tert-butyl permaleic
      acid, lauryl peroxide, methyl ethyl ketone peroxide, dicumyl peroxide,
      di-tert-butyl diperphthalate, tert-butyl peracetate, and the like.
PAR  Other sources of free radicals besides peroxides can also be employed, for
      example high energy ionizing irradiation, etc., cobalt in conjunction with
      hydroperoxides, inorganic peroxy compounds such as persulfates, hydrogen
      peroxide, etc., azo compounds of the general formula R--N=N--R such as
      azobenzene, azomethane, azobisisobutyronitrile, etc., acyl-aryl
      nitrosoamides such as nitrosoanilide, etc.
PAR  The wax anhydrides can be prepared by the process described in U.S. Pat.
      No. 3,030,387 which is by reference incorporated into this application.
      This application is illustrated by claim 9 which states:
PAR  "A process for the preparation of alkyl hydrocarbon and cycloalkyl
      hydrocarbon substituted succinic acid anhydrides which comprises reacting
      one mole of maleic anhydride with more than one mole of hydrocarbon
      selected from the group consisting of alkyl and cycloalkyl hydrocarbons of
      from 6 to 32 carbon atoms at a temperature above 100.degree.C. and in the
      presence of a catalytic amount of di-tertiary-butyl peroxide."
PAR  The hydrocarbons employed in U.S. Pat. No. 3,030,387 are liquids and soft
      solids and therefore do not yield the improved products of this invention.
      In contrast to hydrocarbons employed in this invention are hard solids
      having high melting points and low penentrations.
PAR  All of the specific examples in U.S. Pat. No. 3,030,387 describe reactions
      carried out with a large excess of hydrocarbon in a closed vessel. In
      preparing the wax-anhydrides of the present invention substantially
      equimolar amounts or slight excesses or more of hydrocarbons can be
      employed by adding maleic anhydride to the hydrocarbon at atmospheric
      pressure under free radical conditions.
PAR  In one embodiment maleic anhydride and the peroxide, preferably as a
      solution, are added to molten well-stirred wax and the reaction allowed to
      react to completion. The product is precipitated by pouring into a liquid
      in which the desired product is insoluble, and the by-products are
      soluble, such as methanol, and the wax separated therefrom by any suitable
      means such as by filtration, etc. Thereafter the product is washed with
      methanol and collected by filtration.
PAR  In another embodiment, the maleic half-ester is converted to the anhydride
      in situ.
DETD
PAR  The following examples are presented by way of illustration and not of
      limitation:
PAC  EXAMPLE 7 (PROCESS I)
PAR  This example illustrates the formation of a wax-maleic anhydride adduct.
PAR  A solution of 16 g. of maleic anhydride and 3 g. of di-t-butyl peroxide in
      100 ml. of o-dichlorobenzene is added during 2 hours to 100 g of Fischer
      Tropsch wax having a m.p. of 212.degree.F. and a penetration of 4 stirred
      and heated at 185.degree.C. The mixture is stirred for an additional 2
      hours at 185.degree.C., then successively cooled to 90.degree.C. and
      slowly poured into 500 ml. of stirred methanol to precipitate the wax. The
      mixture is filtered and the filter cake is slurried in 500 ml. of hot
      methanol for one hour and then filtered. The washing operation is repeated
      and the final solid product is air dried for about 15 hours. The product
      is melted and slabbed. The yield of adduct is 108 g. It had an acid number
      of 51 and a saponification number of 99.
PAC  EXAMPLE 8 (PROCESS II)
PAR  This example illustrates the preparation of a wax-maleic half-ester adduct
      which is converted in situ to the anhydride.
PAR  Isopropyl maleate is formed by adding sixty grams (one mole) of anhydrous
      isopropyl alcohol during 15 minutes to 98 g. (one mole) of stirred, molten
      (65.degree.C.) maleic anhydride. The mixture is stirred for an additional
      15 minutes and then cooled to ambient temperature.
PAR  A solution of 26 g. of isopropyl maleate and 3 g of di-t-butyl peroxide is
      added during 2 hours to 100 g. of Fischer Tropsch wax having a m.p. of
      212.degree.F. and a penetration of 4, rapidly stirred and heated at
      185.degree.C. under a nitrogen atmosphere. The mixture is stirred for an
      additional 0.5 hour at 185.degree.C., then successively cooled to
      120.degree.C. and slowly poured into 500 ml of rapidly stirred methanol.
      The mixture is heated to reflux, stirred for one hour and filtered hot
      (55.degree.C.). The filter cake is reslurried in 500 ml. of refluxing
      methanol for 1 hour and then filtered hot. The filter cake is melted in a
      110.degree.C. oven and then slabbed. The product has an acid number of 46
      and a saponification number of 97.
PAR  Since other examples are similarly prepared, in order to save repetitive
      details, other examples are presented in the following Table I.
TBL                                    Table I                                 

     __________________________________________________________________________

     Initial Wax        Molar      Wax-Maleic                                  

                    Pene-                                                      

                        Ratio      Product                                     

                    tra-                                                       

                        Maleic     Analyses                                    

                    tion                                                       

                        Anhydride                                              

                              Process                                          

                                   Acid                                        

                                       Sap.                                    

     Ex.                                                                       

        Type   M.P. No. to wax                                                 

                              Employed                                         

                                   No. No.                                     

     __________________________________________________________________________

     1  Micro- 190- 3   1.3   I    47  88                                      

        crystal-                                                               

               195.degree.F.                                                   

        line                                                                   

        M.W. 700                                                               

     2  "      "    "   1.2   I    45  91                                      

     3  "      "    "   1.2   I    50  96                                      

     4  "      "    "   1.0   II   52  98                                      

     5  .vertline.                                                             

               160- "   1.2   II   48  94                                      

               165.degree.F.                                                   

     6  "      "    "   1.2   II   47  93                                      

     7  Fischer                                                                

               212.degree.F.                                                   

                    4   1.3   I    51  99                                      

        Tropsch                                                                

        M.W. 800                                                               

     8  "      "    "   1.3   II   46  97                                      

     9  "      202.degree.F.                                                   

                    1   1.0   II   48  95                                      

     10 Poly-  102.degree.C.                                                   

                    3   1.5   I    54  99                                      

        ethylene                                                               

        M.W. 1500                                                              

     11 Micro- 190-                                                            

        crystal-                                                               

               195.degree.F.                                                   

                    3   1.0   I    46  92                                      

        line                                                                   

        M.W.700                                                                

     12 Poly-  102.degree.C.                                                   

                    3   1.4   II   47  95                                      

        ethylene                                                               

        M.W. 1500                                                              

     __________________________________________________________________________

PAR  The molecular weights of the products of this invention can be increased by
      reacting the wax-maleic compound with polyfunctional compounds capable of
      reacting with maleic derived moiety in the form of the acid, ester,
      anhydride, etc. For example, by reacting with polyamines, polyols, etc.,
      one is able to polymerize two or more wax-maleic units. These are
      illustrated by the following where R is the wax moiety and R' is the
      moiety of the polyfunctional compound.
      ##EQU2##
PAR  It will be noted that the above are true polymers having repetitive units.
PAR  In addition to forming a repetitive polymeric unit, the polyfunctional
      derivative may increase molecular weight by coupling with only one
      carboxylic group of each maleic unit to form a product having unreacted
      carboxylic acid groups to yield a product having a plurality of wax-maleic
      units bridged by the polyfunctional moiety. These are illustrated by the
      following:
PAR  In the case of the polyhydroxyl compound n is preferable 2 - 4 but most
      preferably 3. All the hydroxyl groups are preferably coupled and R' is the
      moiety derived from the polyfunctional compound such as a hydrocarbon
      group, e.g. alkylene, arylene, etc.
      ##EQU3##
      and so on, depending on the number of hydroxy groups in the polyol.
PAR  Analogous compositions may be prepared from polyamines. This results in the
      formation of amides instead of esters, and amino groups in place of
      hydrogen groups. In the case of polyamines, n is preferably 2 - 3 and most
      preferably 2. All of the amino groups are preferably coupled.
      ##EQU4##
PAR  Polyamines may also be employed to couple wax-maleic units by forming
      polyimides or both imide and amides, for example, as follows:
      ##EQU5##
PAR  Corresponding compounds are also formed from hydroxyl amines as illustrated
      below. In the case of the hydroxyl amine, n is preferably 2 - 4, but most
      preferably 2. All of the hydroxyl and amino groups are preferably coupled.
      ##EQU6##
PAC  EXAMPLE 13 (PROCESS III)
PAR  This Example illustrates the conversion of the wax-maleic half ester to the
      wax-maleic anhydride, followed by coupling with a poly-functional compound
      to yield a triester:
PAR  A solution of 19 g of isopropyl maleate and 3 g of di-t-butyl peroxide is
      added during two hours to 100 g of Fischer Tropsch wax stirred and heated
      at 120.degree.C. under a nitrogen atmosphere. No solvent is employed in
      this example. The mixture is stirred for an additional 0.5 hour at
      185.degree.C. and then cooled to 115.degree.C. During reaction the ester
      is converted to the wax-maleic anhydride in situ. Five grams of
      trimethylol propane is then added to the stirred wax-maleic adduct heated
      at 115.degree.C. The mixture is stirred for 3 hours at 115.degree.C. and
      then slabbed.
      ##EQU7##
PAC  EXAMPLE 18
PAR  The process of Example 13 was repeated except that 2 grams of ethylene
      diamine was employed in place of trimethylol propane. This example 18
      illustrates coupling with polyamines to yield a product of the formula
      ##EQU8##
PAR  By further heating one may form the polyimide
      ##EQU9##
      or the imide-amide
      ##EQU10##
PAC  EXAMPLE 25
PAR  One hundred grams of the wax-maleic compound of Example 8 was heated at
      150.degree.C. for 4 hours to convert the material to the anhydride. The
      anhydride derivative is heated and stirred at 120.degree.C. and 1%
      ethylene diamine based on wax is added. Heating and stirring is continued
      for an additional hour and then cooled to give a light tan, hard product,
      having a formula similar in structure to that of Example 18.
PAC  EXAMPLE 26
PAR  The above process was repeated except that tetraethylene pentamine was
      employed. The reaction mixture was heated to 120.degree.C. for a period of
      about 1 hour, after which a reduced pressure of 200 mm was employed. The
      product was primarily the imide.
PAR  Since other examples are similarly prepared, in order to save repetitive
      details, other examples are presented in the following Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

                        Mole Ratio  Coupling Agent,                            

     Ex.  Initial Wax   Maleic/Wax  % (wax basis)                              

     ______________________________________                                    

     13   Fischer Tropsch                                                      

                        0.9         Trimethylol                                

          MW 800                    propane, 5                                 

     14   Fischer Tropsch                                                      

                        0.9         Polyethylene                               

          HW 800                    glycol- Mol. wt.                           

                                    600, 6                                     

     15   Fischer Tropsch                                                      

                        0.9         Ethylene                                   

          MW 800                    glycol, 3.5                                

     16   95% Fischer Tropsch                                                  

                        0.9         Trimethylol                                

          MW 800                    propane, 5                                 

          5% Polyethylene                                                      

          Mol. wt. 2000                                                        

     17   Fischer Tropsch                                                      

                        0.9         Glycerol, 4                                

          MW 800                                                               

     18   Fischer Tropsch                                                      

                        0.9         Ethylene                                   

          MW 800                    diamine, 2                                 

     19   Fischer Tropsch                                                      

                        0.9         Ethanolamine,                              

          MW 800                    1.5                                        

     20   Fischer Tropsch                                                      

                        0.9         m-phenylene                                

          MW 800                    diamine, 2                                 

     21   Microcrystalline                                                     

                        0.9         Trimethylol                                

          Wax MW 700                propane, 5                                 

     22   Polyethylene  0.9         Trimethylol                                

          MW 2000                   propane, 5                                 

     23   Polyethylene  0.9         Ethylene                                   

          MW 2000                   diamine, 2                                 

     24   Microcrystalline                                                     

                        0.9         m-phenylene                                

          Wax MW 700                diamine, 2                                 

     25   Fischer Tropsch                                                      

                        1.3         Ethylene                                   

          MW 700        (Ex. 8)     diamine, 1                                 

     26   Fischer Tropsch                                                      

                        1.3         Tetraethylene                              

          MW 700        (Ex. 8)     Pentamine, 1                               

     ______________________________________                                    

PAR  The above waxes have the following properties:
PA1  Fischer Tropsch: mp 212.degree.E., penetration 4
PA1  Polyethylene: mp 102.degree.C., penetration 3
PA1  Microcrystalline wax: mp 190.degree.-5.degree.F., penetration 3
PAR  The percent of polyfunctional coupling agent is weight percent based on
      initial wax.
PAR  A wide variety of polyalcohols may be employed as coupling agents. These
      include glycols and other polyols.
PAR  The glycols which may be employed herein can vary widely. In general, they
      are the glycols conventionally employed in preparing polyesters. Suitable
      examples include the following: alkylene glycols of the formula
      H(OA).sub.n OH where n is for example 1 - 10 or higher and A is alkylene:
      ethylene, propylene, butylene, etc., for example ethylene glycol,
      diethylene glycol, propylene glycol, dipropylene glycol, tripropylene
      glycol, triethylene glycol, butylene glycol, tetramethylene glycol,
      neopentyl glycol, 2-methyl-1,3-pentanediol, 1,5-pentanediol, hexamethylene
      glycol, etc.
PAR  The polyols used herein can be widely varied and are those containing at
      least three esterifiable hydroxyl groups. In general, these are the
      polyhydric alcohols conventionally employed in preparing polyesters.
      Illustrative examples of such alcohols are glycerol, polyglycerol,
      pentaerythritol, mannitol, trimethylolpropane, trimethylolethane,
      1,2,6-hexanetriol, poly-pentaerythritol, polyallyl alcohol,
      polymethallylalcohol, polyols formed by the condensation of bisphenols
      with epichlorohydrin, and the like.
PAR  In addition to the aliphatic glycols and/or polyols, one may also employ
      aromatic glycols and polyols including those of the phenolic type, for
      example those of the formula HO-- A --OH when A is an aromatic containing
      radical for example
      ##SPC1##
PAL  where R is for example, hydrocarbon, amino, amide, ester, oxygen, silicon,
      ketone, phosphorus, sulfur, sulfone, sulfoxide, etc. These aromatic groups
      may also be substituted, for example, as follows:
      ##SPC2##
PAL  where A is a substituted group for example, alkyl, alkoxy, halo, nitro,
      etc. and n is a number, for example, 0 - 4 inclusive. Also included are
      aromatic containing glycols and polyols containing aliphatic groups
      between the aromatic group and the hydroxy group for example:
      ##SPC3##
PAL  etc., where R has the same meaning as above.
PAR  The aromatic groups in the above polyol and glycol may also be in the
      reduced or partially reduced form. A wide variety of polyamines can also
      be employed as coupling agents.
PAR  The polyamines employed included those of the following formula:
      ##EQU11##
      where n is for example 1 - 8 or greater, where A is a divalent radical,
      for example straight or branched
      ##EQU12##
      and m is for example 2 - 10 or greater. These include the following:
      ##EQU13##
PAR  Other examples include the following alkylated polyamines for example of
      the formula
      ##EQU14##
      where the R's are H or a substituted group, such as cycloalkyl, alkyl,
      alkenyl, alkynyl, aryl, etc. The preferable type is of the formula
      ##EQU15##
      (R is straight chain or branch)
PAR  Examples include the following:
      ##EQU16##
PAR  Other suitable amines are exemplified by:
      ##EQU17##
PAR  Aromatic polyamines can also be employed, for example:
      ##SPC4##
PAL  where R is O, S,
      ##EQU18##
      ##SPC5##
PAR  Thus, any polyamine capable of reaction, whether aliphatic,
      cyclo-aliphatic, aromatic, heterocyclic, etc., can be employed.
PAR  In addition, one may employ polyfunctional compounds having different
      reacting groups, for example both alcohol and amino groups such as alkanol
      amines, aromatic hydroxy amines, etc.
EQU  (NH.sub.2).sub.n A -- (OH).sub.m
PAL  such as where A is
PA1  1. (--CH.sub.2 --).sub.x such as where x is 1 - 10 or greater,
      ##SPC6##
PA1  3. cycloaliphatic, etc.
PAR  Typical examples include alkanol amines, ethanol amine, propanol amine,
      butanol amine, decanol amine, etc.
      ##SPC7##
PAR  In addition to the formation of polymers and coupled derivatives by
      reacting the wax-maleic compound with polyfunctional derivatives such as
      polyalcohols, polyamines, etc., to form amides, esters, esteramides,
      polyimides, polyimide amides, etc., other derivatives can also be formed
      including salts, etc.
PAR  In addition the wax-maleic compounds can be reacted with monofunctional
      derivatives to form corresponding esters, amides, imides, salts, etc.
PAR  For example, the wax maleic compound of this invention can be reacted with
      ammonia or amines to yield salts, amides, imides or combinations of these
      groups. In the case of monoamines, these include acylatable amines of the
      formula
      ##EQU19##
      where R is a substituted group and R' is hydrogen or a substituted group.
      Examples of R and R' include alkyl groups such as methyl, ethyl, propyl,
      butyl, amyl, hexyl, etc., including both straight and branch chain
      compounds, of the C.sub.n H.sub.2n.sub.+1 series; cycloalkyl groups such
      as cyclohexyl, etc.; alkenyl, alkadienyl; aryl groups, such as phenyl,
      etc.
PAR  In addition, even though a polyamine may be reacted, it is possible to
      control the reaction so that only one maleic moiety is reacted, for
      example to yield
      ##EQU20##
PAR  The following illustrates the reaction of wax anhydrides with mono amines
      and ammonia.
PAC  EXAMPLE A
PAR  One hundred grams of the wax-maleic compound of Example 8 was heated at
      150.degree.C. for 4 hours to convert the material to the anhydride. The
      anhydride derivative is heated and stirred at 120.degree.C. and 2% aniline
      based on wax is added. Heating and stirring is continued for an additional
      hour and then cooled to give a light tan, hard product.
PAC  EXAMPLE B
PAR  The above process was repeated except that cyclohexylamine was employed.
      The reaction mixture was heated to 120.degree.C. for a period of about 1
      hour, after which a reduced pressure of 200 mm was employed. The product
      was primarily the imide.
PAC  EXAMPLE C
PAR  One hundred grams of the wax-maleic derivative of Example 8 was heated at
      150.degree.C. for 4 hours to convert the material to the corresponding
      anhydride derivative. Heating was continued at 150.degree.C. and a slow
      stream of ammonia was blown through the wax for 1 hour. Upon cooling the
      product solidified to a light brown hard solid, which was useful as a
      carbon paper wax.
PAC  EXAMPLE D
PAR  The process of Example A was repeated except that 3% of lauryl amine was
      employed --R--NH.sub.2 where R is lauryl to yield the monoamide.
PAR  Esters can also be prepared from monoalcohol R'OH where R' is alkyl such as
      methyl, ethyl, propyl, butyl, pentyl, hexyl, etc., including both straight
      and branch chain compounds, of the C.sub.n H.sub.2n .sub.+ 1 series,
      cycloalkyl such as cyclohexyl, etc; alkenyl, alkadienyl; aryl groups, such
      as phenyl, etc. These are illustrated by the following equations:
      ##EQU21##
PAR  The formulas presented herein are idealized structures and are presented to
      illustrate the probable structures of the products. Variations in these
      structures may occur to yield other products or mixtures thereof. Thus, we
      do not wish to be bound by such structures -- rather they are used to
      present probable structures when the components are reacted. For example,
      where the waxmaleic formula is specified as
      ##EQU22##
      it also includes
      ##EQU23##
      Where the formula
      ##EQU24##
      or a related formula is employed, it ideally represents a wax-maleic
      compound. N in the above relates to the amino-derived moiety.
PAC  USE IN CARBON PAPER INKS
PAR  This section deals with the utilization of the wax-maleic compounds of this
      invention in carbon paper inks. There are several articles, patents, and
      other published literature which discuss various types of carbon paper,
      particularly in regard to formulation of the various ingredients, test
      procedures, utilization of various waxes, etc. See, for example, U.S. Pat.
      No. 2,426,248, dated Aug. 26, 1947, to Sugarman; Chapter 12 entitled
      "Carbon Paper and Other Duplicating Papers" by R. R. Wissinger in the book
      edited by R. H. Mosher entitled "Specialty Papers", published by the
      Chemical Publishing Co., New York in 1950; the paper on the "Nheology of
      Carbon Paper Inks" by E. S. Gale and B. J. Staneslow in the American Ink
      Maker issue of December 1950; the paper on "Converting of Carbon Papers"
      by F. M. McFarland in the Paper Trade Journal, Volume 137, pages 230-237
      (1953); and the book Commercial Waxes by H. Bennett, pages 368, 377 and
      429-431, published by Chemical Publishing Co., New York, in 1944.
PAR  We have particularly found that the wax-maleic compounds which have been
      coupled with polyamines such as for example diamines yield superior carbon
      paper inks, Thus, we have discovered that coupled compounds of the formula
      ##EQU25##
      yield superior inks, where R is the wax moiety, and R' is the polyamine
      derived moiety preferably hydrocarbon and most preferably aliphatic or
      aromatic, and n is at least 2, such as 2 - 4 or greater, but preferably 2.
PAR  Although the uncoupled wax-maleic compounds yield excellent inks, the
      coupled derivatives are superior, particularly in regard to oil retention
      penetration.
PAR  There are many different types of carbon paper and related materials in use
      today. The three most widely used types of carbon paper are the one-time
      carbon which is used once and then thrown away, the pencil carbon which
      may also be used once, or may be used many times, and the typewriter
      carbon. The one-time carbon is the most widely used type of carbon paper
      and it finds wide application in business and multiple forms and other
      applications. In the production of one-time carbon paper, cost is all
      important. On the other hand, for typewriter carbons, quality rather than
      cost is important, and for pencil carbons, cost and quality are
      intermediate in importance.
PAR  The carbon paper ink may be viewed simply as a mixture containing a wax, an
      oil, a pigment and a dye. The oil serves as the vehicle and the pigment
      and dye give the color and some of the body. Most of the desirable
      characteristics in the finished ink must be supplied by the wax and these
      will be described later. Other materials may also be used in carbon paper
      to give it certain properties. For example, petrolatum may be used as part
      or all of the vehicle to impart certain properties such as plasticity and
      toughness, and paraffin wax may be used as a substitute for part of the
      wax to give a cheaper formulation. One of the unique properties of many of
      the wax-maleic compounds of this invention is that they are able to carry
      a lot of paraffin wax into the ink formulation without detracting greatly
      from the desirable characteristics required. In this respect, these
      products are comparable to Carnauba and Ouricury and superior to Montan.
      Other materials may be used in carbon paper inks such as clay to cheapen
      the formula, oleic acid which acts as a dye solubilizer, rubbers to give
      toughness, dispersing agents, etc.
PAR  The consistency and other properties of the ink can be varied to a certain
      degree by the choice of the oil which is used. For example, various oils
      ranging from a relatively light mineral oil (100 SUS at 100.degree.F.) up
      to heavy oils and petrolatums may be used. These oils and petrolatums may
      be colorless or range in color up to black. The darker colored materials
      are generally better dispersants for the pigment.
PAR  There are numerous pigments which may be used in typical formulations. The
      most common pigment is carbon black and this comes in numerous grades such
      as channel blacks, furnace blacks, etc., and each of these grades come in
      many modifications. The channel blacks are, in general, the most desirable
      as far as quality is concerned, but on the other hand, they are also the
      most expensive. The high-grade channel blacks have an oxygenated surface
      which aids in its dispersion and which can absorb the dye and other
      materials. As one goes down the scale of carbon blacks, lesser amounts of
      this very desirable oxygenated surface are encountered. Blue pigments may
      also be used, such as Milori Blue, and others, as can many other blue
      pigments. Numerous other colored pigments may also be used as described in
      the literature.
PAR  Many dyes are commonly employed in carbon paper inks. The common ones are
      Methyl Violet, Nigrosine, Victoria Blue, etc., and salts of these
      materials. It is advantageous to use a dye which is soluble in the wax,
      but if this is impossible, a solubilizer must be used. One of the
      advantages of using the wax-maleic compounds of this invention is that the
      dye is soluble in the wax and no solubilizer is necessary. In general, any
      solubilizer, which is used will detract from the qualities of the finished
      ink, i.e., will cause dye bleed, soften the ink, cause frosting, etc. In
      some instances it is possible to completely eliminate the dye, but this is
      the exception rather than the rule.
PAR  A wax to be useful for this purpose, must have many specific properties
      when used in small concentration in the finished ink; for example, in
      concentrations of from 8% to 12% of one-time carbon paper inks, or in
      higher percentages, up to 30% or 40%, in typewriter carbons.
PAR  It seems that most of the desirable characteristics required in a one-time
      carbon paper ink must be imparted by small percentages of wax. This is
      particularly true of one-time carbon paper inks. Since these waxes must
      have so many specific characteristics, which seem to be specific for only
      Carnauba and Ouricury wax, it is not surprising that these two natural
      waxes are widely used as one of the components of carbon paper inks and
      that there are no synthetic materials which can completely replace these
      materials in the percentages in which they are used. It was quite
      surprising that many of the products of this invention have a combination
      of all of the desirable characteristics required and that the materials
      served as complete replacements for the expensive natural waxes, Carnauba
      and Ouricury in many applications and in some respects these waxes are
      actually superior to the two natural waxes.
PAR  To be useful for carbon paper inks a wax must be able to dissolve the dye,
      such as methyl violet, Victoria blue, nigrosine, etc., preferably without
      the addition of a solubilizer, such as oleic acid. In this respect, the
      waxes of this invention are much superior to the natural waxes Carnauba,
      Ouricury, and Montan which are almost universally used in one-time
      carbons. A wax must also produce good flow in a one-time carbon paper ink
      so that a thin uniform coating can be obtained. To produce good flow, a
      wax should give an ink of low viscosity, no thixotropy and no yield value
      (be newtonian). The dispersion of the carbon black and the viscosity of
      the wax are the important variables which influence the flow of the
      finished ink. The ability of a wax to disperse carbon can be measured by
      the procedure described by Gale and Staneslow in the aforementioned
      article. If a wax gives B-Type dispersion or better, at 6%, no flow
      difficulties would be expected. Also, in this respect, many of the
      products of this invention are equal to or superior to the natural waxes
      Ouricury, Carnauba and Montan.
PAR  A wax must also yield a finished ink which is hard and which will not blend
      oil. These properties can be easily tested, at least to a certain degree,
      by determining the oil retention penetration and the oil retention of a
      wax oil blend. In this respect, the waxes of this invention show great
      value and are comparable, in some cases superior, to Carnauba, Ouricury
      and Montan which is a property which is often so hard to duplicate.
PAR  The following are formulations employing wax-maleic compositions of this
      invention for a one-time carbon of medium intensity:
TBL  Carton Paper Ink 1                                                        

     ______________________________________                                    

     A.    Grams    Material                                                   

     ______________________________________                                    

     12         A product of this invention (Ex. 25)                           

     20         Paraffin Wax (m.p. approx. 135.degree.F.)                      

     17         Carbon Black                                                   

      1         Methyl Violet                                                  

     50         Mineral Oil                                                    

     B.   Same as A except that the product of Example 18                      

          was employed, in place of Example 25.                                

     ______________________________________                                    

PAR  The paraffin wax used is a high-melting-point paraffin and the oil is a
      100-second oil at 100.degree.F. The carbon black can be a channel black
      such as exemplified by Peerless Beads or a cheaper channel black such as
      Raven 15, manufactured by Columbian Carbon Company, or a furnace black as
      exemplified by Statex B-12 manufactured by Columbian Carbon Company.
PAR  The above formulations may be modified in several ways to give different
      intensities and grades of ink; for example clay can be substituted for
      some of the carbon black and oil to cheapen the formula without greatly
      impairing quality, and other variations in the proportions of wax may be
      made.
PAR  A similar one-time carbon paper formulation employing clay is as follows:
TBL  Carbon Paper Ink 2                                                        

     ______________________________________                                    

     A.    Grams    Material                                                   

     ______________________________________                                    

     12         A product of this invention (Ex. C)                            

     25         Paraffin Wax (m.p. approx. 135.degree.F.)                      

     0.5        Methyl Violet Base                                             

     1          Nigrosine                                                      

     18         ASP-100 clay                                                   

     10         Carbon Black                                                   

     17         300 Sec. Mineral Oil                                           

     16.5       Petrolatum                                                     

     B.   The above example was repeated except that the                       

          product of Example 20 was employed, in place of                      

          Example C.                                                           

     ______________________________________                                    

PAR  One type of carbon black which may be used is a channel black such as
      Peerless Beads or a cheaper channel black such as Raven 15 or comparable
      products, or mixtures of these. These waxes also find use in other types
      of carbon paper and ribbons such as pencil carbons, typewriter ribbons,
      etc. A typical one-time medium blue pencil carbon formulation is as
      follows:
TBL  Carbon Paper Ink 3                                                        

     ______________________________________                                    

     A.    Grams    Material                                                   

     ______________________________________                                    

     12         A product of this invention (Ex. 25)                           

     25         Paraffin Wax (m.p. approx. 135.degree.F.)                      

     18         ASP-100 clay                                                   

     20         Milori blue                                                    

     13         300 sec. Mineral Oil                                           

     12         Petrolatum                                                     

     B.   The above example was repeated except that the - product of Example  

          18 was employed, in place of                                         

          Example 25.                                                          

     ______________________________________                                    

PAR  A typical typewriter formulation is as follows:
TBL  Carbon Paper Ink 4                                                        

     ______________________________________                                    

     A.    Grams    Material                                                   

     ______________________________________                                    

     25         A product of this invention (Ex. C)                            

     18         Carbon black ("Raven 15")                                      

      1         Methyl Violet                                                  

     10         Paraffin Wax (m.p. approx. 135.degree.F.)                      

     16         300 sec. Mineral Oil                                           

     B.   The above example was repeated except that the product - of Example  

          20 was employed, in place of Example C.                              

     ______________________________________                                    

PAR  As above, these formulations may be modified in many ways to obtain carbon
      paper ink to fit individual uses.
PAR  These inks may be prepared either in a ball mill or a three-roll mill by
      conventional procedures using temperatures of from approximately
      190.degree.F. to 220.degree.F. Care must be taken when certain dyes are
      used not to exceed these temperatures; otherwise, the dye will decompose.
      These finished inks can be coated onto paper using a Mayer type coater or
      comparable equipment. Normally, it is best to apply approximately 2.5 lbs.
      of wax per ream for one-time carbons and higher quantities for typewriter
      carbons.
PAR  Among the properties which are highly desirable in carbon paper waxes are
      oil retention penetration and carbon dispersion. The properties are tested
      as follows:
PAR  Oil Retention Penetration Test: Twenty-five grams of wax on test and 25 g.
      of a 100 SUS mineral oil (i.e., Texaco Ink Oil, No. 538) are placed in a
      150 ml beaker which is covered by a watch glass and placed in an oven at
      100.degree.C. for two hours. Stir the sample with a glass rod, pour it
      into an aluminum foil dish (Fisher Scientific Company Cat. No. 8-732)
      resting on asbestos, and then cover with a 600 ml beaker. Allow the sample
      to stand for one hour at room temperature, then transfer to a water bath
      at 25.0.degree.+ or - 0.2.degree.C. and hold for 3-4 hours. Penetration
      values are then obtained on the top and bottom of the sample, and these
      values are averaged to give the oil retention penetration. Penetration
      values are determined under a test load of 100 g. for 5 seconds, and are
      reported to the nearest tenth of a millimeter. The penetration needle
      employed is similar to that described in ASTM test method D 1321-54%
      except that the length of taper is 23 mm. rather than 6.5 mm.
PAR  Carbon Dispersion Test: One to two and one-half grams (4-10%) of wax on
      test and 20.5-19.0 g. (82-76%) of a 100 SUS oil (i.e. Texaco Ink Oil No.
      538) are heated with stirring at 95.degree.-100.degree.C. in a 500 ml
      round bottom flask until a solution is obtained. Add 3.5 g (14%) of a
      carbon black such as Kosmos 40 (United Carbon Company) and approximately
      20 g. of 3 mm. diameter glass beads. Stir at 95.degree.-100.degree.C. for
      30 minutes using a stirrer which scrapes the width of the flask. A drop of
      the prepared ink hs then placed on a hot stage heated to 95.degree.C., or
      on an adsorption cell through which a glycerol-water solution is
      circulated at 95.degree.C. Place a cover glass over the sample, press with
      tweezers or small spatula to form a thin, semi-transparent film, then
      examine under a microscope at X200, both under stress and without stress.
      The inks are then classified as Type A (no structure under or without
      stress), type B (no structure under stress, structure without stress),
      type C (structure under or without stress), and type D (pigment not
      wetted). Type A is the best followed by types, B, C, and D. This test is
      well described in the paper on the "Rheology of Carbon Paper Inks" by E.
      S. Gale and B. J. Staneslow, published in the American Ink Maker issued of
      December, 1950.
PAR  The following amine reaction products prepared in the manner of Example 18
      were tested for oil retention penetration at weight ratios of 50%
      wax-maleic-amine product and 50% oil, according to the above method. The
      wax employed in each case was a Fischer-Tropsch wax.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Weight  Amine Employed in                                                 

     % Amine Fischer Tropsch-Maleic-                                           

                           50/50 Reaction Product/Oil-                         

     Based on Wax                                                              

             Amine Reaction Product                                            

                           Oil Retention Penetration                           

     __________________________________________________________________________

     3       Ethylene Diamine                                                  

                           25                                                  

     2       Ethylene Diamine                                                  

                           33                                                  

      2.5    Ethylene Diamine                                                  

                           29                                                  

      1.5    Ethylene Diamine                                                  

                           36                                                  

     9       Aniline       60                                                  

     6       Ethylene Diamine                                                  

                           43                                                  

     6       Ethanol Amine 47                                                  

     3       Ethanol Amine 43                                                  

     4       Diaminopropane                                                    

                           31                                                  

     3       Diaminopropane                                                    

                           33                                                  

     8       Morpholine    40                                                  

     6       Morpholine    47                                                  

     4       p-Phenylene Diamine                                               

                           45                                                  

     3       p-Phenylene Diamine                                               

                           43                                                  

     6       p-Phenylene Diamine                                               

                           37                                                  

     5       p-Phenylene Diamine                                               

                           37                                                  

     4       m-Phenylene Diamine                                               

                           37                                                  

     3       m-Phenylene Diamine                                               

                           33                                                  

     6       m-Phenylene Diamine                                               

                           36                                                  

     5       m-Phenylene Diamine                                               

                           36                                                  

     4       o-Phenylene Diamine                                               

                           67                                                  

     3       o-Phenylene Diamine                                               

                           64                                                  

     6       o-Phenylene Diamine                                               

                           66                                                  

     5       o-Phenylene Diamine                                               

                           66                                                  

     __________________________________________________________________________

PAR  Employing the above carbon dispersion test all of the above products were
      classified as Type B or better.
PAC  OTHER USES
PAR  This section deals with other uses for the wax-maleic compounds of this
      invention.
PAR  Because of their very desirable properties, particularly in reference to
      their excellent hardness, they are useful for blending with other
      materials to impart their favorable properties, for example; they may be
      blended in small concentrations with paraffinic type waxes to yield blends
      with improved hardness and increased melting point. One specific
      application in this line would be to blend 3 -- 10% of the hard products
      described in this application with paraffin wax to yield a product with
      better blocking characteristics.
PAR  One of the important uses for these products is for various types of
      polishes; for instance, floor polish, shoe polish, furniture polish, and
      automobile polish.
PAR  A typical formulation in which these products have found use in the field
      of emulsion floor polishes is as follows:
     Floor Polish A                                                            

     Grams    Material                                                         

     ______________________________________                                    

     50       The product of this invention (Ex. 7)                            

     50       "Durez 219"                                                      

     10       Oleic Acid                                                       

     6        2-amino-2-methyl-1-propanol                                      

     4        Borax                                                            

     830      Water                                                            

     ______________________________________                                    

PAR  The first three ingredients in the above formulation are blended at
      temperature up to but not exceeding 350.degree.F. The mixture is cooled to
      210.degree.F. with agitation. The 2-amino-2-methyl-1-propanol is added
      with stirring at 200.degree. to 210.degree.F. followed immediately by the
      borax in a saturated solution. The resulting mixture is heated with
      stirring at 200.degree.F. to a maximum of 210.degree.F. for 5 minutes and
      then the wax melt is slowly poured into water at 200.degree.F. with rapid
      agitation. When the emulsion has smoothed out, 10-20% of a cold solution
      of leveling agent is added during agitation and cooled to room
      temperature. A leveling agent which may be used is a 12% ammoniacal
      shellac solution prepared by dissolving 102 g of refined dewaxed shellac
      in a solution of 26 g of 26.degree.Be (28%) ammonia in 722 g. of water.
PAR  "Durez 219" is a terpene-phenolic, oil soluble, high melting, low
      viscosity, thermoplastic resin having a melting point (capillary) of
      130.degree.-136.degree.C., an acid number of from 60 to 70, a specific
      gravity at 25.degree.C. of 1.09 and a refractive index of 1.552. It is
      manufactured and supplied by the Durez Plastic and Chemicals Division of
      Hooker Electrochemical Co.
PAR  Many modifications of the above formulation can be made; for instance, the
      resin can be eliminated or other resins substituted for the above. Other
      waxes can be used in conjunction with the above or the products of the
      other examples in this invention can be used.
PAR  We have particularly found that the wax-maleic compounds which have been
      coupled with polyhydroxy compounds such as glycols and polyols yield
      superior emulsified wax polishes. Thus we have discovered that coupled
      compounds of the formula:
      ##EQU26##
      yield superior emulsified wax polishes where R is the wax moiety, R' is
      the polyhydroxyl derived moiety, preferably hydrocarbon and most
      preferably aliphatic, and n is at least 2, such as 2-6 or greater but
      preferably 3.
PAR  Although uncoupled wax-maleic compounds yield excellent emulsified waxes,
      the coupled derivatives are superior particularly in regard to their
      recoatability, i.e. the ability to apply an additional layer of emulsified
      wax without deleteriously effecting the layers of wax already applied.
PAC  Floor Polish B
PAR  This is an example of a typical formulation of an emulsion floor polish in
      which the coupled wax-maleic compound is employed.
TBL  ______________________________________                                    

     Grams    Material                                                         

     ______________________________________                                    

     25       Product of Ex. 13                                                

     1        Tributoxyethyl phosphate                                         

     3        Diethylamino ethanol                                             

     200      Water                                                            

     ______________________________________                                    

PAR  The first two components in the formulation are melted at 230.degree.F.
      Diethylaminoethanol is added to the melt and the mixture is stirred and
      aged for 5 minutes and then added slowly to the water at 205.degree.F.
      with rapid agitation. When the addition is completed the emulsion is
      cooled rapidly to ambient temperature.
PAR  These polishes, when spread on linoleum, asphalt tile, rubber tile, vinyl
      tile, etc. yields a film which when dried is very hard, scuff and
      abrasion-resistant, with a high gloss and with good water resistance.
      Polish B had superior recoatability.
PAR  The above Floor Polish B formulation was prepared with the following
      products -- Example 14, 15, 16 and 17 to yield excellent polishes.
PAR  A good no-rub automobile polish and furniture polish can be prepared from
      the following formulations and procedures:
TBL  Automobile Polish                                                         

     ______________________________________                                    

     A.    Grams    Materials                                                  

     ______________________________________                                    

     3.0        A product of this invention (Ex. 8)                            

     3.6        Silicone (5000 cs. visc.)                                      

     3.6        Oleic Acid                                                     

     1.7        Morpholine                                                     

     67.5       Mineral Spirits (boiling point 275-325.degree.F.)              

     40.0       Water                                                          

     B.   The above formulation was also prepared with the - product of        

          Example 13 in place of Example 8.                                    

     ______________________________________                                    

PAR  The wax, silicone and oleic acid are dissolved in the mineral spirits and
      an emulsion formed. A suitable 5000 cs. viscosity silicone would be Linde
      L-41 diethyl silicone oil sold by Line Air Products Co., Division of Union
      Carbide and Carbon Corporation.
PAR  These last two formulas make good high-gloss polishes of the no-rub,
      quick-drying type. Most silicone polishes require thorough cleaning of the
      surface of application for best results. With clean surfaces the polish is
      spread smoothly, allowed to dry to a powdery film and the film wiped off,
      leaving a high gloss with no rubbing.
PAR  The ratio of silicone to wax should be maintained while the variation in
      the total solids (wax in silicone) is between four and ten per cent.
PAR  Following is a formulation for the manufacture of a shoe polish wax
      employing a wax of this invention:
TBL  Shoe Polish                                                               

     ______________________________________                                    

     A.    Grams    Material                                                   

     ______________________________________                                    

     12         Paraffin Wax (131-133.degree.F.)                               

     13         A wax of this invention (Ex. 1)                                

     15         Turpentine                                                     

     60         Mineral Spirits                                                

     B.   The above polish was also prepared with the product                  

          of Example 13 in place of Example 1.                                 

     ______________________________________                                    

PAR  The first two ingredients are melted together and to this blend the last
      two materials are added. After a solution is obtained, the polish is
      poured at a temperature just above the point in which the wax starts to
      separate. Depending upon the color of the finished product, any of several
      dyes may be used, the main criteria being that of solubility.
PAR  In any of these formulations, oftentimes other products from this invention
      other than those specifically mentioned may be used, but generally in
      these cases, slight modifications may become necessary. These
      modifications can be made without too much difficulty by those who are
      skilled in the art. The above formulations are very good starting points
      and these formulas can be altered or modified in any of many ways.
PAR  The above are examples of uses for the wax-maleic compounds of this
      invention. In addition, they can be used in place of, or in conjunction
      with, other waxes.
CLMS
STM  We claim:
NUM  1.
PAR  1. An emulsion polish comprising
PA1  I. water, mineral spirits or a mixture of water and mineral spirits; and
PA1  Ii. a. a wax-maleic compound adduct reaction product of (i) maleic acid,
      maleic anhydride, citraconic acid, citraconic anhydride, ethylmaleic acid,
      ethylmaleic anhydride, gultaconic acid, glutaconic acid anhydride,
      itaconic acid, itaconic acid anhydride, methylitaconic acid, or
      methylitaconic acid anhydride and (ii) plastic microcrystalline wax, tank
      bottom microcrystalline wax, solvent extracted microcrystalline wax,
      Fischer-Tropsch wax, polyalkylene hydrocarbon wax or mixtures thereof,
      characterized by a melting point of at least about 150.degree.F. and a
      penetration of less than about 50 (ASTM) TEST METHOD D5-25), or
PA1  B. said wax-maleic compound adduct reaction product of A coupled with
PA2  1. a polyfunctional polyalcohol selected from the group consisting of
      ethylene glycol, diethylene glycol, propylene glycol, dipropylene glycol,
      tripropylene glycol, triethylene glycol, butylene glycol, polyethylene
      glycol having a molecular weight of about 600, tetramethylene glycol,
      neopentyl glycol, 2-methyl-1,3-pentanediol, 1,5-pentanediol, hexamethylene
      glycol, glycerol, polyglycerol, pentaerylthritol, mannitol,
      trimethylolpropane, trimethylolethane, 1,2,6-hexanetriol,
      polypentaerythritol, polyallyl alcohol, polymethallyl alcohol,
      ##SPC8##
PA2   where R is hydrocarbon, amino, amide, ester, oxygen, silicon, ketone,
      phosphorus, sulfur, sulfone, or sulfoxide, A is alkyl, alkoxy, halo or
      nitro, and n is 1-4, or
PA2  2.
NUM  2.
PAR  2. a polyfunctional amine selected from the group consisting of a polyamine
      of the formula NH.sub.2 -(ANH).sub.n H where A is
      ##EQU27##
       m being 2-10 and n being 1-8,
EQU  C.sub.8 H.sub.17 NH-CH.sub.2 CH.sub.2 NH.sub.2, C.sub.14 H.sub.29
      NH-CH.sub.2 CH.sub.2 NH.sub.2, C.sub.16 H.sub.33 NHCH.sub.2 CH.sub.2
      NH.sub.2, C.sub.12 H.sub.25 NHC.sub.2 H.sub.4 NHC.sub.2 H.sub.4 NHC.sub.2
      H.sub.4 NH.sub.2, C.sub.12 H.sub.25 NHC.sub.3 H.sub.6 NH.sub.2, C.sub.15
      H.sub.31 NHC.sub.3 H.sub.6 NH.sub.2, C.sub.10 H.sub.21 NHC.sub.3 H.sub.8
      NH.sub.2,
      ##EQU28##
       p-phenylene diamine, m-phenylene diamine, o-phenylene diamine,
      ##SPC9##
PA2   where R is O, S,
      ##EQU29##
      ##EQU30##
       R' being H or alkyl,
      ##EQU31##
       R" being alkyl,
      ##SPC10##
     or
PA2  3.
NUM  3.
PAR  3. a polyfunctional alcohol-amine selected from the group consisting of
EQU  NH.sub.2 (CH.sub.2).sub.x OH,
PA2   where x is 1-10,
      ##SPC11##
PAR   2. The emulsion polish of claim 1 where II. A. (ii) is a plastic
      microcrystalline wax, a tank bottom microcrystalline wax or a solvent
PAR   extracted microcrystalline wax. 3. The emulsion polish of claim 1 where
      II. A. (ii) is a Fischer-Tropsch wax.
NUM  4.
PAR  4. The emulsion polish of claim 1 where II. A. (ii) is a polyalkylene
      hydrocarbon wax.
NUM  5.
PAR  5. The emulsion polish of claim 1 where II is II. B.
NUM  6.
PAR  6. The emulsion polish of claim 5 where II. B. is II. B. (1).
NUM  7.
PAR  7. The emulsion polish of claim 5 where II. B. is II. B.(2).
NUM  8.
PAR  8. The emulsion polish of claim 5 where II. B. is II. B.(3).
NUM  9.
PAR  9. The emulsion polish of claim 6 where (ii) is Fischer-Tropsch wax.
NUM  10.
PAR  10. The emulsion polish of claim 9 where (1) is trimethylolpropane.
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ABST
PAL  Wax-anhydride compounds and derivatives thereof, including amides, esters,
      etc. of such wax-anhydride compounds, employed in carbon paper inks.
PARN
PAR  This Application is a continuation of Ser. No. 64,571 filed Aug. 17, 1970
      which Application only is now abandoned and which was a Division of Ser.
      No. 607,877, filed Jan. 9, 1967, now U.S. Pat. No. 3,590,076, which is a
      continuation-in-part of application Ser. No. 527,075, filed Feb. 14, 1966,
      now abandoned.
BSUM
PAR  This Application was copending with application Ser. No. 64,570, filed on
      Aug. 17, 1970, which application only is now abandoned, and is copending
      with application Ser. No. 107,569, filed on Jan. 18, 1971, and is also
      copending with Application Ser. No. 317,537, filed on Dec. 22, 1972. Said
      application Ser. No. 317,537 is a continuation of said application Ser.
      No. 64,570 and was copending therewith.
PAR  This invention relates to wax-anhydrides, equivalents thereof, derivatives
      thereof, processes by which they are prepared, and uses therefor.
PAR  These are illustrated by the following formulae where R is the wax moiety:
      ##SPC1##
PAL  Where n is, for example 1 - 5, or even 25 or more in certain instances.
PAR  The wax-maleic compounds may also contain one or more of the above type
      units.
PAR  Stated another way, the wax molecule may have one or more maleic units
      attached thereto; said maleic units, which may be attached to one or more
      positions on the wax molecule, may be attached directly to the wax
      molecule or to one or more other maleic molecules.
PAR  In addition, derivatives thereof can also be prepared, for example esters,
      amides, ester-amides, imides, salts, etc. and poly-derivatives thereof,
      such as polyesters, polyamines, poly-salts, etc. Salts may be prepared
      from any of the above compounds which contain acidic or basic groups.
PAR  The term "wax-maleic compound" relates to the reaction of wax or a wax
      substitute with maleic anhydride, or equivalents or derivatives thereof.
      It also includes derivatives of the wax-maleic reaction.
PAR  The term "maleic compound" relates to maleic anhydride, maleic acid, maleic
      type anhydrides or acids and derivatives thereof.
PAR  Any suitable wax or wax substitute can be employed in preparing the wax
      anhydride. These include microcrystalline waxes, such as plastic and tank
      bottom derived microcrystalline waxes, solvent extracted microcrystalline
      waxes, etc., wax substitutes such as Fischer-Tropsch Wax, polyalkylenes
      such as polyethylene, polypropylene, and blends thereof, etc.
PAR  The preferred type of hydrocarbon waxes employed are those having a melting
      point of about 150.degree. - 270.degree.F. but preferably about
      150.degree. - 220.degree.F. and a penetration as defined by ASTM Test
      Method D5-25 of from about 0 + to about 50, for example 0 + to about 30,
      but preferably 0 + to about 10 with an optimum of 0 + to about 5. These
      are obtained using 100 g. total weight for 3 seconds at 66.degree.F. Waxes
      found within this range are microcrystalline wax, Fischer-Tropsch wax,
      certain of the polyalkylenes such as polyethylenes, etc. In general, these
      waxes have an average of over about 40 carbons, but preferably over about
      45 carbons per molecule, such as from 50 - 75 or 100 or more. Where the
      waxes are of a lower molecular weight, they should be blended with a
      higher molecular weight material to give this average.
PAR  All of these waxes are well known. For example they are described in U.S.
      Pat. No. 2,890,125, which is by reference incorporated into the present
      application.
PAR  A unique class of polyethylenes which can be employed in this invention are
      those prepared by employing a catalyst which is an organolithium compound
      with a chelating tertiary amine, such as described for example in U.S.
      Pat. No. 3,206,519 and in the Journal of Organic Chemistry 29, 2928
      (1964).
PAR  Because of its commercial importance, maleic anhydride is employed to
      illustrate this invention. Examples of other acids or anhydrides which may
      be reacted include citraconic acid, ethylmaleic acid, glutaconic acid,
      itaconic acid, methylitaconic acid, etc. The term "wax-maleic compound"
      and "maleic compound" includes these acids, anhydrides and derivatives.
PAR  Although the wax-maleic compounds can be prepared by any suitable method,
      we have prepared these compositions by reacting wax with maleic anhydride
      under free radical forming conditions. In one embodiment, wax, maleic
      anhydride and a peroxide are reacted at a temperature sufficiently high to
      promote free radical formation. Since heat promotes free radical
      formation, a temperature sufficiently high to promote the decomposition of
      the peroxide, without causing decomposition of reactants and products, is
      employed. Depending on the peroxide, temperatures of about 100.degree. -
      250.degree.C., such as about 125.degree. to 225.degree., for example about
      150.degree. to 215.degree., but preferably about 170.degree. to
      200.degree., are employed. The temperature should be sufficiently high to
      keep all reactants in solution or in a molten state.
PAR  In the case of di-tert-butyl peroxide the best yields are obtained in the
      ranges of about 100.degree. to 250.degree.C., but preferably about
      170.degree. to 200.degree.C.
PAR  Reaction times will depend on various factors such as for example on the
      particular reactants, reaction conditions, etc. A reaction time sufficient
      to effect the desired degree of reaction completion is employed.
      Ordinarily, reaction times of from about 0.5 to 6 hours, such as about 1
      to 5 hours, for example about 1.5 to 4.5 hours, but preferably about 2 to
      4 hours are employed. Shorter or longer times may be employed to push the
      reaction to the desired degree of completion depending on various factors
      such as reactants, conditions, peroxides, etc.
PAR  Any suitable free-radical producing agent capable of forming reactive sites
      can be employed. These include peroxides, hydroperoxides, etc., for
      example benzoyl peroxide, acetyl peroxide, 2,4-dichlorobenzoyl peroxide,
      tert-butyl peroxide, tert-butyl hydroperoxide, methyl benzyl
      hydroperoxide, cumene hydroperoxide, peracetic acid, tert-butylpermaleic
      acid, lauryl peroxide, methyl ethyl ketone peroxide, dicumyl peroxide,
      di-tert-butyl diperphthalate, tert-butyl peracetate, and the like.
PAR  Other sources of free radicals besides peroxides can also be employed, for
      example high energy ionizing irradiation, etc., cobalt in conjunction with
      hydroperoxides, inorganic peroxy compounds such as persulfates, hydrogen
      peroxide, etc., azo compounds of the general formula R--N=N--R such as
      azobenzene, azomethane, azobisisobutyronitrile, etc., acyl-aryl
      nitrosoamides such as nitrosoanilide, etc.
PAR  The wax anhydrides can be prepared by the process described in U.S. Pat.
      No. 3,030,387 which is by reference incorporated into this application.
      This application is illustrated by claim 9 which states:
PA1  "A process for the preparation of alkyl hydrocarbon and cycloalkyl
      hydrocarbon substituted succinic acid anhydrides which comprises reacting
      one mole of maleic anhydride with more than one mole of hydrocarbon
      selected from the group consisting of alkyl and cycloalkyl hydrocarbons of
      from 6 to 32 carbon atoms at a temperature above 100.degree.C. and in the
      presence of a catalytic amount of di-tertiary-butyl peroxide."
PAR  The hydrocarbons employed in U.S. Pat. No. 3,030,387 are liquids and soft
      solids and therefore do not yield the improved products of this invention.
      In contrast to hydrocarbons employed in this invention are hard solids
      having high melting points and low penetrations.
PAR  All of the specific examples in U.S. Pat. No. 3,030,387 describe reactions
      carried out with a large excess of hydrocarbon in a closed vessel. In
      preparing the wax-anhydrides of the present invention substantially
      equimolar amounts or slight excesses or more of hydrocarbons can be
      employed by adding maleic anhydride to the hydrocarbon at atmospheric
      pressure under free radical conditions.
PAR  In one embodiment maleic anhydride and the peroxide, preferably as a
      solution, are added to molten well-stirred wax and the reaction allowed to
      react to completion. The product is precipitated by pouring into a liquid
      in which the desired product is insoluble, and the by-products are
      soluble, such as methanol, and the wax separated therefrom by any suitable
      means such as by filtration, etc. Thereafter the product is washed with
      methanol and collected by filtration.
PAR  In another embodiment, the maleic half-ester is converted to the anhydride
      in situ.
DETD
PAR  The following examples are presented by way of illustration and not of
      limitation:
PAC  EXAMPLE 7 (PROCESS I)
PAR  This example illustrates the formation of a wax-maleic anhydride adduct.
PAR  A solution of 16 g. of maleic anhydride and 3 g. of di-t-butyl peroxide in
      100 ml. of o-dichlorobenzene is added during two hours to 100 g. of
      Fischer Tropsch wax having a m.p. of 212.degree.F. and a penetration of 4
      stirred and heated at 185.degree.C. The mixture is stirred for an
      additional two hours at 185.degree.C., then successively cooled to
      90.degree.C. and slowly poured into 500 ml. of stirred methanol to
      precipitate the wax. The mixture is filtered and the filter cake is
      slurried in 500 ml. of hot methanol for one hour and then filtered. The
      washing operation is repeated and the final solid product is air dried for
      about fifteen hours. The product is melted and slabbed. The yield of
      adduct is 108 g. It had an acid number of 51 and a saponification number
      of 99.
PAC  EXAMPLE 8 (PROCESS II)
PAR  This example illustrates the preparation of a wax-maleic half-ester adduct
      which is converted in situ to the anhydride.
PAR  Isopropyl maleate is formed by adding sixty grams (one mole) of anhydrous
      isopropyl alcohol during 15 minutes to 98 g. (one mole) of stirred, molten
      (65.degree.C.) maleic anhydride. The mixture is stirred for an additional
      15 minutes and then cooled to ambient temperature.
PAR  A solution of 26 g. of isopropyl maleate and 3 g of di-t-butyl peroxide is
      added during two hours to 100 g. of Fischer Tropsch wax having a m.p. of
      212.degree.F. and a penetration of 4, rapidly stirred and heated at
      185.degree.C. under a nitrogen atmosphere. The mixture is stirred for an
      additional 0.5 hour at 185.degree.C., then successively cooled to
      120.degree.C. and slowly poured into 500 ml of rapidly stirred methanol.
      The mixture is heated to reflux, stirred for one hour and filtered hot
      (55.degree.C.). The filter cake is reslurried in 500 ml. of refluxing
      methanol for one hour and then filtered hot. The filter cake is melted in
      a 110.degree.C. oven and then slabbed. The product has an acid number of
      46 and a saponification number of 97.
PAR  Since other examples are similarly prepared, in order to save repetitive
      details, other examples are presented in the following Table I.
TBL                                    Table I                                 

     __________________________________________________________________________

     Initial Wax        Molar      Wax-Maleic                                  

                    Pene-                                                      

                        Ratio      Product                                     

                    tra-                                                       

                        Maleic     Analyses                                    

                    tion                                                       

                        Anhydride                                              

                              Process                                          

                                   Acid                                        

                                      Sap.                                     

     Ex.                                                                       

        Type   M.P. No. to wax                                                 

                              Employed                                         

                                   No.                                         

                                      No.                                      

     __________________________________________________________________________

      1 Micro- 190- 3    1.3  I    47 88                                       

        crystal-                                                               

               195.degree.F.                                                   

        line                                                                   

        M.W. 700                                                               

      2 "      "    "    1.2  I    45 91                                       

      3 "      "    "    1.2  I    50 96                                       

      4 "      "    "    1.0  II   52 98                                       

      5 "      160- "    1.2  II   48 94                                       

               165.degree.F.                                                   

      6 "       "   "    1.2  II   47 93                                       

      7 Fischer                                                                

               212.degree.F.                                                   

                    4    1.3  I    51 99                                       

        Tropsch                                                                

        M.W. 800                                                               

      8 "       "   "    1.3  II   46 97                                       

      9 "      202.degree.F.                                                   

                    1    1.0  II   48 95                                       

     10 Poly-  102.degree.C.                                                   

                    3    1.5  I    54 99                                       

        ethylene                                                               

        M.W. 1500                                                              

     11 Micro- 190-                                                            

        crystal-                                                               

               195.degree.F.                                                   

                    3    1.0  I    46 92                                       

        line                                                                   

        M.W. 700                                                               

     12 Poly-  102.degree.C.                                                   

                    3    1.4  II   47 95                                       

        ethylene                                                               

        M.W. 1500                                                              

     __________________________________________________________________________

PAR  The molecular weights of the products of this invention can be increased by
      reacting the wax-maleic compound with polyfunctional compounds capable of
      reacting with maleic derived moiety in the form of the acid, ester,
      anhydride, etc. For example, by reacting with polyamines, polyols, etc.,
      one is able to polymerize two or more wax-maleic units. These are
      illustrated by the following where R is the wax moiety and R' is the
      moiety of the polyfunctional compound.
      ##EQU1##
PAR  It will be noted that the above are true polymers having repetitive units.
PAR  In addition to forming a repetitive polymeric unit, the polyfunctional
      derivative may increase molecular weight by coupling with only one
      carboxylic group of each maleic unit to form a product having unreacted
      carboxylic acid groups to yield a product having a plurality of wax-maleic
      units bridged by the polyfunctional moiety. These are illustrated by the
      following:
PAR  In the case of the polyhydroxyl compound n is preferable 2 - 4 but most
      preferably 3. All the hydroxyl groups are preferably coupled and R' is the
      moiety derived from the polyfunctional compound such as a hydrocarbon
      group, e.g. alkylene, arylene, etc.
      ##EQU2##
      and so on, depending on the number of hydroxy groups in the polyol.
PAR  Analogous compositions may be prepared from polyamines. This results in the
      formation of amides instead of esters, and amino groups in place of
      hydroxy groups. In the case of polyamines, n is preferably 2 - 3 and most
      preferably 2. All of the amino groups are preferably coupled.
      ##EQU3##
PAR  Polyamines may also be employed to couple wax-maleic units by forming
      polyimides on both imide and amides, for example, as follows:
      ##SPC2##
PAR  Corresponding compounds are also formed from hydroxyl amines as illustrated
      below. In the case of the hydroxyl amine, n is preferably 2 - 4, but most
      preferably 2. All of the hydroxyl and amino groups are preferably coupled.
      ##EQU4##
PAC  EXAMPLE 13 (PROCESS III)
PAR  This Example illustrates the conversion of the wax-maleic half ester to the
      wax-maleic anhydride, followed by coupling with a poly-functional compound
      to yield a triester:
PAR  A solution of 19 g of isopropyl maleate and 3 g of di-t-butyl peroxide is
      added during two hours to 100 g of Fischer Tropsch wax stirred and heated
      at 120.degree.C. under a nitrogen atmosphere. No solvent is employed in
      this example. The mixture is stirred for an additional 0.5 hour at
      185.degree.C. and then cooled to 115.degree.C. During reaction the ester
      is converted to the wax-maleic anhydride in situ. Five grams of
      trimethylol propane is then added to the stirred wax-maleic adduct heated
      at 115.degree.C. The mixture is stirred for three hours at 115.degree.C.
      and then slabbed.
      ##EQU5##
PAC  EXAMPLE 18
PAR  The process of Example 13 was repeated except that 2 grams of ethylene
      diamine was employed in place of trimethylol propane. This example 18
      illustrates coupling with polyamines to yield a product of the formula
      ##EQU6##
PAR  By further heating one may form the polyimide
      ##SPC3##
PAL  or the imide-amide
      ##EQU7##
PAC  EXAMPLE 25
PAR  One hundred grams of the wax-maleic compound of Example 8 was heated at
      150.degree.C. for four hours to convert the material to the anhydride. The
      anhydride derivative is heated and stirred at 120.degree.C. and 1%
      ethylene diamine based on wax is added. Heating and stirring is continued
      for an additional hour and then cooled to give a light tan, hard product,
      having a formula similar in structure to that of Example 18.
PAC  EXAMPLE 26
PAR  The above process was repeated except that tetraethylene pentamine was
      employed. The reaction mixture was heated to 120.degree.C. for a period of
      about one hour, after which a reduced pressure of 200 mm was employed. The
      product was primarily the imide.
PAR  Since other examples are similarly prepared, in order to save repetitive
      details, other examples are presented in the following Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

                          Mole Ratio Coupling Agent,                           

     Ex.  Initial Wax     Maleic/Wax % (wax basis)                             

     ______________________________________                                    

     13   Fischer Tropsch 0.9        Trimethylol                               

          MW 800                     propane, 5                                

     14   Fischer Tropsch 0.9        Polyethylene                              

          HW 800                     glycol -- Mol. wt.                        

                                     600, 6                                    

     15   Fischer Tropsch 0.9        Ethylene                                  

          MW 800                     glycol, 3.5                               

     16   95% Fischer Tropsch                                                  

                          0.9        Trimethylol                               

          MW 800                     propane, 5                                

          5% Polyethylene                                                      

          Mol. wt. 2000                                                        

     17   Fischer Tropsch 0.9        Glycerol, 4                               

          MW 800                                                               

     18   Fischer Tropsch 0.9        Ethylene                                  

          MW 800                     diamine, 2                                

     19   Fischer Tropsch 0.9        Ethanolamine,                             

          MW 800                     1.5                                       

     20   Fischer Tropsch 0.9        m-phenylene                               

          MW 800                     diamine, 2                                

     21   Microcrystalline                                                     

                          0.9        Trimethylol                               

          Wax MW 700                 propane, 5                                

     22   Polyethylene    0.9        Trimethylol                               

          MW 2000                    propane, 5                                

     23   Polyethylene    0.9        Ethylene                                  

          MW 2000                    diamine, 2                                

     24   Microcrystalline                                                     

                          0.9        m-phenylene                               

          Wax MW 700                 diamine, 2                                

     25   Fischer Tropsch 1.3        Ethylene                                  

          MW 700          (Ex.8)     diamine, 1                                

     26   Fischer Tropsch 1.3        Tetraethylene                             

          MW 700          (Ex.8)     Pentamine, 1                              

     The above waxes have the following properties:                            

     Fischer Tropsch mp 212.degree.F.,                                         

                                  penetration 4                                

     Polyethylene    mp 102.degree.C.,                                         

                                  penetration 3                                

     Microcrystalline wax                                                      

                     mp 190-5.degree.F.,                                       

                                  penetration 3                                

     ______________________________________                                    

PAR  The percent of polyfunctional coupling agent is weight percent based on
      initial wax.
PAR  A wide variety of polyalcohols may be employed as coupling agents. These
      include glycols and other polyols.
PAR  The glycols which may be employed herein can vary widely. In general, they
      are the glycols conventionally employed in preparing polyesters. Suitable
      examples include the following: alkylene glycols of the formula
      H(OA).sub.n OH where n is for example 1 - 10 or higher and A is alkylene:
      ethylene, propylene, butylene, etc., for example ethylene glycol,
      diethylene glycol, propylene glycol, dipropylene glycol, tripropylene
      glycol, triethylene glycol, butylene glycol, tetramethylene glycol,
      neopentyl glycol, 2-methyl-1,3-pentanediol, 1,5-pentanediol, hexamethylene
      glycol, etc.
PAR  The polyols used herein can be widely varied and are those containing at
      least three esterifiable hydroxyl groups. In general, these are the
      polyhydric alcohols conventionally employed in preparing polyesters.
      Illustrative examples of such alcohols are glycerol, polyglycerol,
      pentaerythritol, mannitol, trimethylolpropane, trimethylolethane,
      1,2,6-hexanetriol, poly-pentaerythritol, polyallyl alcohol,
      polymethallylalcohol, polyols formed by the condensation of bisphenols
      with epichlorohydrin, and the like.
PAR  In addition to the aliphatic glycols and/or polyols, one may also employ
      aromatic glycols and polyols including those of the phenolic type, for
      example those of the formula HO- A -OH when A is an aromatic containing
      radical for example
      ##SPC4##
PAL  where R is for example, hydrocarbon, amino, amide, ester, oxygen, silicon,
      ketone, phosphorus, sulfur, sulfone, sulfoxide, etc. These aromatic groups
      may also be substituted, for example, as follows:
      ##SPC5##
PAL  where A is a substituted group for example, alkyl, alkoxy, halo, nitro,
      etc. and n is a number, for example, 0 - 4 inclusive. Also included are
      aromatic containing glycols and polyols containing aliphatic groups
      between the aromatic group and the hydroxy group for example:
      ##SPC6##
PAL  etc., where R has the same meaning as above.
PAR  The aromatic groups in the above polyol and glycol may also be in the
      reduced or partially reduced form. A wide variety of polyamines can also
      be employed as coupling agents.
PAR  The polyamines employed include those of the following formula:
      ##EQU8##
      where n is for example 1 - 8 or greater, where A is a divalent radical,
      for example straight or branched
      ##EQU9##
      and m is for example 2 - 10 or greater. These include the following:
      ##EQU10##
PAR  Other examples include the following alkylated polyamines for example of
      the formula
      ##EQU11##
      where the R's are H or a substituted group, such as cycloalkyl, alkyl,
      alkenyl, alkynyl, aryl, etc. The preferable type is of the formula
      ##EQU12##
      (R is straight chain or branch) Examples include the following:
      ##EQU13##
      Other suitable amines are exemplified by:
      ##EQU14##
PAR  Aromatic polyamines can also be employed, for example:
      ##SPC7##
PAL  where R is O, S,
      ##EQU15##
      ##SPC8##
      etc. or substituted derivatives thereof for example, alkyl, alkoxy, halo,
      etc. derivatives.
PAR  Thus, any polyamine capable of reaction, whether aliphatic,
      cyclo-aliphatic, aromatic, heterocyclic, etc., can be employed.
PAR  In addition, one may employ polyfunctional compounds having different
      reacting groups, for example both alcohol and amino groups such as alkanol
      amines, aromatic hydroxy amines, etc.
EQU  (NH.sub.2).sub.n A -- (OH).sub.m
PAL  such as where A is
PAR  1. (-CH.sub.2 -).sub.x such as where x is 1 - 10 or greater,
      ##SPC9##
PAR  3. cycloaliphatic, etc.
PAR  Typical examples include alkanol amines, ethanol amine, propanol amine,
      butanol amine, decanol amine, etc.
      ##SPC10##
PAR  In addition to the formation of polymers and coupled derivatives by
      reacting the wax-maleic compound with polyfunctional derivatives such as
      polyalcohols, polyamines, etc., to form amides, esters, esteramides,
      polyimides, polyimide amides, etc., other derivatives can also be formed
      including salts, etc.
PAR  In addition the wax-maleic compounds can be reacted with monofunctional
      derivatives to form corresponding esters, amides, imides, salts, etc.
PAR  For example, the wax maleic compound of this invention can be reacted with
      ammonia or amines to yield salts, amides, imides or combinations of these
      groups. In the case of monoamines, these include acylatable amines of the
      formula
      ##EQU16##
      where R is a substituted group and R' is hydrogen or a substituted group.
      Examples of R and R' include alkyl groups such as methyl, ethyl, propyl,
      butyl, amyl, hexyl, etc., including both straight and branch chain
      compounds, of the C.sub.n H.sub.2n.sub.+1 series; cycloalkyl groups such
      as cyclohexyl, etc.; alkenyl, alkadienyl; aryl groups, such as phenyl,
      etc.
PAR  In addition, even though a polyamine may be reacted, it is possible to
      control the reaction so that only one maleic moiety is reacted, for
      example to yield
      ##EQU17##
      (probably in salt form),
      ##EQU18##
PAR  The following illustrates the reaction of wax anhydrides with mono amines
      and ammonia.
PAC  EXAMPLE A
PAR  One hundred grams of the wax-maleic compound of Example 8 was heated at
      150.degree.C. for four hours to convert the material to the anhydride. The
      anhydride derivative is heated and stirred at 120.degree.C. and 2% aniline
      based on wax is added. Heating and stirring is continued for an additional
      hour and then cooled to give a light tan, hard product.
PAC  EXAMPLE B
PAR  The above process was repeated except that cyclohexylamine was employed.
      The reaction mixture was heated to 120.degree.C. for a period of about one
      hour, after which a reduced pressure of 200 mm was employed. The product
      was primarily the imide.
PAC  EXAMPLE C
PAR  One hundred grams of the wax-maleic derivative of Example 8 was heated at
      150.degree.C. for four hours to convert the material to the corresponding
      anhydride derivative. Heating was continued at 150.degree.C. and a slow
      stream of ammonia was blown through the wax for one hour. Upon cooling the
      product solidified to a light brown hard solid, which was useful as a
      carbon paper wax.
PAC  EXAMPLE D
PAR  The process of Example A was repeated except that 3% of lauryl amine was
      employed -- R-- NH.sub.2 where R is lauryl to yield the monoamide.
PAR  Esters can also be prepared from monoalcohol R'OH where R' is alkyl such as
      methyl, ethyl, propyl, butyl, pentyl, hexyl, etc., including both straight
      and branch chain compounds, of the C.sub.n H.sub.2n .sub.+ 1 series,
      cycloalkyl such as cyclohexyl, etc; alkenyl, alkadienyl; aryl groups, such
      as phenyl, etc. These are illustrated by the following equations:
      ##EQU19##
PAR  The formulas presented herein are idealized structures and are presented to
      illustrate the probable structures of the products. Variations in these
      structures may occur to yield other products or mixtures thereof. Thus, we
      do not wish to be bound by such structures -- rather they are used to
      present probable structures when the components are reacted. For example,
      where the wax-maleic formula is specified as
      ##EQU20##
      it also includes
      ##EQU21##
      , etc. Where the formula
      ##SPC11##
PAL  or a related formula is employed, it ideally represents a wax-maleic
      compound. N in the above relates to the amino-derived moiety.
PAC  USE IN CARBON PAPER INKS
PAR  This section deals with the utilization of the wax-maleic compounds of this
      invention in carbon paper inks. There are several articles, patents, and
      other published literature which discuss various types of carbon paper,
      particularly in regard to formulation of the various ingredients, test
      procedures, utilization of various waxes, etc. See, for example, U.S. Pat.
      No. 2,426,248, dated Aug. 26, 1947, to Sugarman; Chapter 12 entitled
      "Carbon Paper and Other Duplicating Papers" by R. R. Wissinger in the book
      edited by R. H. Mosher entitled "Specialty Papers", published by the
      Chemical Publishing Co., New York in 1950; the paper on the "Rheology of
      Carbon Paper Inks" by E. S. Gale and B. J. Staneslow in the American Ink
      Maker issue of December 1950; the paper on "Converting of Carbon Papers"
      by F. M. McFarland in the Paper Trade Journal, Volume 137, pages 230-237
      (1953); and the book Commercial Waxes by H. Bennett, pages 368, 377 and
      429-431, published by Chemical Publishing Co., New York, in 1944.
PAR  We have particularly found that the wax-maleic compounds which have been
      coupled with polyamines such as for example diamines yield superior carbon
      paper inks. Thus, we have discovered that coupled compounds of the formula
      ##EQU22##
      yield superior inks, where R is the wax moiety, and R' is the polyamine
      derived moiety preferably hydrocarbon and most preferably aliphatic or
      aromatic, and n is at least 2, such as 2 - 4 or greater, but preferably 2.
PAR  Although the uncoupled wax-maleic compounds yield excellent inks, the
      coupled derivatives are superior, particularly in regard to oil retention
      penetration.
PAR  There are many different types of carbon paper and related materials in use
      today. The three most widely used types of carbon paper are the one-time
      carbon which is used once and then thrown away, the pencil carbon which
      may also be used once, or may be used many times, and the typewriter
      carbon. The one-time carbon is the most widely used type of carbon paper
      and it finds wide application in business and multiple forms and other
      applications. In the production of one-time carbon paper, cost is all
      important. On the other hand, for typewriter carbons, quality rather than
      cost is important, and for pencil carbons, cost and quality are
      intermediate in importance.
PAR  The carbon paper ink may be viewed simply as a mixture containing a wax, an
      oil, a pigment and a dye. The oil serves as the vehicle and the pigment
      and dye give the color and some of the body. Most of the desirable
      characteristics in the finished ink must be supplied by the wax and these
      will be described later. Other materials may also be used in carbon paper
      to give it certain properties. For example, petrolatum may be used as part
      or all of the vehicle to impart certain properties such as plasticity and
      toughness, and paraffin wax may be used as a substitute for part of the
      wax to give a cheaper formulation. One of the unique properties of many of
      the wax-maleic compounds of this invention is that they are able to carry
      a lot of paraffin wax into the ink formulation without detracting greatly
      from the desirable characteristics required. In this respect, these
      products are comparable to Carnauba and Ouricury and superior to Montan.
      Other materials may be used in carbon paper inks such as clay to cheapen
      the formula, oleic acid which acts as a dye solubilizer, rubbers to give
      toughness, dispersing agents, etc.
PAR  The consistency and other properties of the ink can be varied to a certain
      degree by the choice of the oil which is used. For example, various oils
      ranging from a relatively light mineral oil (100 SUS at 100.degree.F.) up
      to heavy oils and petrolaums may be used. These oils and petrolatums may
      be colorless or range in color up to black. The darker colored materials
      are generally better dispersants for the pigment.
PAR  There are numerous pigments which may be used in typical formulations. The
      most common pigment is carbon black and this comes in numerous grades such
      as channel blacks, furnace blacks, etc., and each of these grades come in
      many modifications. The channel blacks are, in general, the most desirable
      as far as quality is concerned, but on the other hand, they are also the
      most expensive. The high-grade channel blacks have an oxygenated surface
      which aids in its dispersion and which can absorb the dye and other
      materials. As one goes down the scale of carbon blacks, lesser amounts of
      this very desirable oxygenated surface are encountered. Blue pigments may
      also be used, such as Milori Blue, and others, as can many other blue
      pigments. Numerous other colored pigments may also be used as described in
      the literature.
PAR  Many dyes are commonly employed in carbon paper inks. The common ones are
      Methyl Violet, Nigrosine, Victoria Blue, etc., and salts of these
      materials. It is advantageous to use a dye which is soluble in the wax,
      but if this is impossible, a solubilizer must be used. One of the
      advantages of using the wax-maleic compounds of this invention is that the
      dye is soluble in the wax and no solubilizer is necessary. In general, any
      solubilizer, which is used will detract from the qualities of the finished
      ink, i.e., will cause dye bleed, soften the ink, cause frosting, etc. In
      some instances it is possible to completely eliminate the dye, but this is
      the exception rather than the rule.
PAR  A wax to be useful for this purpose, must have many specific properties
      when used in small concentration in the finished ink; for example, in
      concentrations of from 8% to 12% in one-time carbon paper inks, or in
      higher percentages, up to 30% or 40%, in typewriter carbons.
PAR  It seems that most of the desirable characteristics required in a one-time
      carbon paper ink must be imparted by small percentages of wax. This is
      particularly true of one-time carbon paper inks. Since these waxes must
      have so many specific characteristics, which seem to be specific for only
      Carnauba or Ouricury wax, it is not surprising that these two natural
      waxes are widely used as one of the components of carbon paper inks and
      that there are no synthetic materials which can completely replace these
      materials in the percentages in which they are used. It was quite
      surprising that many of the products of this invention have a combination
      of all the desirable characteristics required and that the materials
      served as complete replacements for the expensive natural waxes, Carnauba
      and Ouricury in many applications and in some respects these waxes are
      actually superior to the two natural waxes.
PAR  To be useful for carbon paper inks a wax must be able to dissolve the dye,
      such as methyl violet, Victoria blue, nigrosine, etc., preferably without
      the addition of a solubilizer, such as oleic acid. In this respect, the
      waxes of this invention are much superior to the natural waxes Carnauba,
      Ouricury, and Montan which are almost universally used in one-time
      carbons. A wax must also produce good flow in a one-time carbon paper ink
      so that a thin uniform coating can be obtained. To produce good flow, a
      wax should give an ink of low viscosity, no thixotropy and no yield value
      (be newtonian), The dispersion of the carbon black and the viscosity of
      the wax are the important variables which influence the flow of the
      finished ink. The ability of a wax to disperse carbon can be measured by
      the procedure described by Gale and Staneslow in the aforementioned
      article. If a wax gives B-type dispersion or better, at 6%, no flow
      difficulties would be expected. Also, in this respect, many of the
      products of this invention are equal to or superior to the natural waxes
      Ouricury, Carnauba and Montan.
PAR  A wax must also yield a finished ink which is hard and which will not bleed
      oil. These properties can be easily tested, at least to a certain degree,
      by determining the oil retention penetration and the oil retention of a
      wax oil blend. In this respect, the waxes of this invention show great
      value and are comparable, in some cases superior, to Carnauba, Ouricury
      and Montan which is a property which is often so hard to duplicate.
PAR  The following are formulations employing wax-maleic compositions of this
      invention for a one-time carbon of medium intensity:
TBL  Carton Paper Ink 1                                                        

     A.                                                                        

         Grams         Material                                                

     ______________________________________                                    

     12            A product of this invention (Ex. 25)                        

     20            Paraffin Wax (m.p. approx. 135.degree.F.)                   

     17            Carbon Black                                                

     1             Methyl Violet                                               

     50            Mineral Oil                                                 

     B.                                                                        

            Same as A except that the product of Example 18                    

            was employed, in place of Example 25.                              

     ______________________________________                                    

PAR  The paraffin wax used is a high-melting-point paraffin and the oil is a
      100-second oil at 100.degree.F. The carbon black can be a channel black
      such as exemplified by Peerless Beads or a cheaper channel black such as
      Raven 15, manufactured by Columbian Carbon Company, or a furnace black as
      exemplified by Statex B-12 manufactured by Columbian Carbon Company.
PAR  The above formulations may be modified in several ways to give different
      intensities and grades of ink; for example clay can be substituted for
      some of the carbon black and oil to cheapen the formula without greatly
      impairing quality, and other variations in the proportions of wax may be
      made.
PAR  A similar one-time carbon paper formulation employing clay is as follows:
TBL  Carbon Paper Ink 2                                                        

     A.                                                                        

          Grams        Material                                                

     ______________________________________                                    

     12            A product of this invention (Ex. C)                         

     25            Paraffin Wax (m.p. approx. 135.degree.F.)                   

     0.5           Methyl Violet Base                                          

     1             Nigrosine                                                   

     18            ASP-100 clay                                                

     10            Carbon Black                                                

     17            300 Sec. Mineral Oil                                        

     16.5          Petrolatum                                                  

     B.                                                                        

            The above example was repeated except that the                     

            product of Example 20 was employed, in place of                    

            Example C.                                                         

     ______________________________________                                    

PAR  One type of carbon black which may be used is a channel black such as
      Peerless Beads or a cheaper channel black such as Raven 15 or comparable
      products, or mixtures of these. These waxes also find use in other types
      of carbon paper and ribbons such as pencil carbons, typewriter ribbons,
      etc. A typical one-time medium blue pencil carbon formulation is as
      follows:
TBL  Carbon Paper Ink 3                                                        

     A.                                                                        

         Grams         Material                                                

     ______________________________________                                    

     12            A product of this invention (Ex. 25)                        

     25            Paraffin Wax (m.p. approx. 135.degree.F.)                   

     18            ASP-100 clay                                                

     20            Milori blue                                                 

     13            300 sec. Mineral Oil                                        

     12            Petrolatum                                                  

     B.                                                                        

            The above example was repeated except that the                     

            product of Example 18 was employed, in place of                    

            Example 25.                                                        

     ______________________________________                                    

PAR  A typical typewriter formulation is as follows:
TBL  Carbon Paper Ink 4                                                        

     A.                                                                        

         Grams         Material                                                

     ______________________________________                                    

     25            A product of this invention (Ex. C)                         

     18            Carbon black ("Raven 15")                                   

      1            Methyl Violet                                               

     10            Paraffin Wax (m.p. approx. 135.degree.F.)                   

     16            300 sec. Mineral Oil                                        

     B.                                                                        

            The above example was repeated except that the                     

            product of Example 20 was employed, in place of                    

            Example C.                                                         

     ______________________________________                                    

PAR  As above, these formulations may be modified in many ways to obtain carbon
      paper ink to fit individual uses.
PAR  These inks may be prepared either in a ball mill or a three-roll mill by
      conventional procedures using temperatures of from approximately
      190.degree.F. to 220.degree.F. Care must be taken when certain dyes are
      used not to exceed these temperatures; otherwise, the dye will decompose.
      These finished inks can be coated onto paper using a Mayer type coater or
      comparable equipment. Normally, it is best to apply approximately 2.5 lbs.
      of wax per ream for one-time carbons and higher quantities for typewriter
      carbons.
PAR  Among the properties which are highly desirable in carbon paper waxes are
      oil retention penetration and carbon dispersion. The properties are tested
      as follows:
PAR  Oil Retention Penetration Test: Twenty-five grams of wax on test and 25 g.
      of a 100 SUS mineral oil (i.e., Texaco Ink Oil No. 538) are placed in a
      150 ml beaker which is covered by a watch glass and placed in an oven at
      100.degree.C. for two hours. Stir the sample with a glass rod, pour it
      into an aluminum foil dish (Fisher Scientific Company Cat. No.
      8-732)resting on asbestos, and then cover with a 600 ml beaker. Allow the
      sample to stand for one hour at room temperature, then transfer to a water
      bath at 25.0.degree.+ or - 0.2.degree.C. and hold for 3-4 hours.
      Penetration values are then obtained on the top and bottom of the sample,
      and these values are averaged to give the oil retention penetration.
      Penetration values are determined under a test load of 100 g. for 5
      seconds, and are reported to the nearest tenth of a millimeter. The
      penetration needle employed is similar to that described in ASTM test
      method D 1321-54T except that the length of taper is 23 mm. rather than
      6.5 mm.
PAR  Carbon Dispersion Test: One to two and one-half grams (4-10%) of wax on
      test and 20.5-19.0 g. (82-76%) of a 100 SUS oil (i.e. Texaco Ink Oil No.
      538) are heated with stirring at 95.degree.-100.degree.C. in a 500 ml
      round bottom flask until a solution is obtained. Add 3.5 g (14%) of a
      carbon black such as Kosmos 40 (United Carbon Company) and approximately
      20 g. of 3 mm. diameter glass beads. Stir at 95.degree.-100.degree.C. for
      30 minutes using a stirrer which scrapes the width of the flask. A drop of
      the prepared ink is then placed on a hot stage heated to 95.degree.C., or
      on an adsorption cell through which a glycerol-water solution is
      circulated at 95.degree.C. Place a cover glass over the sample, press with
      tweezers or small spatula to form a thin, semi-transparent film, then
      examine under a microscope at X200, both under stress and without stress.
      The inks are then classified as Type A (no structure under or without
      stress), type B (no structure under stress, structure without stress),
      type C (structure under or without stress), and type D (pigment not
      wetted). Type A is the best followed by types, B, C, and D. This test is
      well described in the paper on the "Rheology of Carbon Paper Inks" by E.
      S. Gale and B. J. Staneslow, published in the American Ink Maker issue of
      December, 1950.
PAR  The following amine reaction products prepared in the manner of Example 18
      were tested for oil retention penetration at weight ratios of 50%
      wax-maleicamine product and 50% oil, according to the above method. The
      wax employed in each case was a Fischer Tropsch wax.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Weight  Amine Employed in                                                 

     % Amine Fischer Tropsch-Maleic-                                           

                           50/50 Reaction Product/Oil --                       

     Based on Wax                                                              

             Amine Reaction Product                                            

                           Oil Retention Penetration                           

     __________________________________________________________________________

     3       Ethylene Diamine                                                  

                           25                                                  

     2       Ethylene Diamine                                                  

                           33                                                  

     2.5     Ethylene Diamine                                                  

                           29                                                  

     1.5     Ethylene Diamine                                                  

                           36                                                  

     9       Aniline       60                                                  

     6       Ethylene Diamine                                                  

                           43                                                  

     6       Ethanol Amine 47                                                  

     3       Ethanol Amine 43                                                  

     4       Diaminopropane                                                    

                           31                                                  

     3       Diaminopropane                                                    

                           33                                                  

     8       Morpholine    40                                                  

     6       Morpholine    47                                                  

     4       p-Phenylene Diamine                                               

                           45                                                  

     3       p-Phenylene Diamine                                               

                           43                                                  

     6       p-Phenylene Diamine                                               

                           37                                                  

     5       p-Phenylene Diamine                                               

                           37                                                  

     4       m-Phenylene Diamine                                               

                           37                                                  

     3       m-Phenylene Diamine                                               

                           33                                                  

     6       m-Phenylene Diamine                                               

                           36                                                  

     5       m-Phenylene Diamine                                               

                           36                                                  

     4       o-Phenylene Diamine                                               

                           67                                                  

     3       o-Phenylene Diamine                                               

                           64                                                  

     6       o-Phenylene Diamine                                               

                           66                                                  

     5       O-Phenylene Diamine                                               

                           66                                                  

     __________________________________________________________________________

PAR  Employing the above carbon dispersion test all of the above products were
      classified as Type B or better.
PAC  OTHER USES
PAR  This section deals with other uses for the wax-maleic compounds of this
      invention.
PAR  Because of their very desirable properties, particularly in reference to
      their excellent hardness, they are useful for blending with other
      materials to impart their favorable properties, for example; they may be
      blended in small concentrations with paraffinic type waxes to yield blends
      with improved hardness and increased melting point. One specific
      application in this line would be to blend 3 - 10% of the hard products
      described in this application with paraffin wax to yield a product with
      better blocking characteristics.
PAR  One of the important uses for these products is for various types of
      polishes; for instance, floor polish, shoe polish, furniture polish, and
      automobile polish.
PAR  A typical formulation in which these products have found use in the field
      of emulsion floor polishes is as follows:
     Floor Polish A                                                            

     Grams       Material                                                      

     ______________________________________                                    

     50          The product of this invention (Ex. 7)                         

     50          "Durez 219"                                                   

     10          Oleic Acid                                                    

      6          2-amino-2-methyl-1-propanol                                   

      4          Borax                                                         

     830         Water                                                         

     ______________________________________                                    

PAR  The first three ingredients in the above formulation are blended at
      temperature up to but not exceeding 350.degree.F. The mixture is cooled to
      210.degree.F. with agitation. The 2-amino-2-methyl-1-propanol is added
      with stirring at 200.degree. to 210.degree.F. followed immediately by the
      borax in a saturated solution. The resulting mixture is heated with
      stirring at 200.degree.F. to a maximum of 210.degree.F. for five minutes
      and then the wax melt is slowly poured into water at 200.degree.F. with
      rapid agitation. When the emulsion has smoothed out, 10-20% of a cold
      solution of leveling agent is added during agitation and cooled to room
      temperature. A leveling agent which may be used is a 12% ammoniacal
      shellac solution prepared by dissolving 102 g of refined dewaxed shellac
      in a solution of 26 g of 26.degree.Be (28%) ammonia in 722 g. of water.
PAR  "Durez 219" is a terpene-phenolic, oil soluble, high melting, low
      viscosity, thermoplastic resin having a melting poilt (capillary) of
      130.degree.-136.degree.C., an acid number of from 60 to 70, a specific
      gravity at 25.degree.C. of 1.09 and a refractive index of 1.552. It is
      manufactured and supplied by the Durez Plastic and Chemicals Division of
      Hooker Electrochemical Co.
PAR  Many modifications of the above formulation can be made; for instance, the
      resin can be eliminated or other resins substituted for the above. Other
      waxes can be used in conjunction with the above or the products of the
      other examples in this invention can be used.
PAR  We have particularly found that the wax-maleic compounds which have been
      coupled with polyhydroxy compounds such as glycols and polyols yield
      superior emulsified wax polishes. Thus we have discovered that coupled
      compounds of the formula:
      ##EQU23##
      yield superior emulsified wax polishes where R is the wax moiety, R' is
      the polyhydroxyl derived moiety, preferably hydrocarbon and most
      preferably aliphatic, and n is at least 2, such as 2-6 or greater but
      preferably 3.
PAR  Although uncoupled wax-maleic compounds yield excellent emulsified waxes,
      the coupled derivatives are superior particularly in regard to their
      recoatability, i.e. the ability to apply an additional layer of emulsified
      wax without deleteriously effecting the layers of wax already applied.
PAC  FLOOR POLISH B
PAR  This is an example of a typical formulation of an emulsion floor polish in
      which the coupled wax-maleic compound is employed.
TBL  ______________________________________                                    

     Grams          Material                                                   

     25             Product of Ex. 13                                          

      1             Tributoxyethyl phosphate                                   

      3             Diethylamino ethanol                                       

     200            Water                                                      

     ______________________________________                                    

PAR  The first two components in the formulation are melted at 230.degree.F.
      Diethylaminoethanol is added to the melt and the mixture is stirred and
      aged for five minutes and then added slowly to the water at 205.degree.F.
      with rapid agitation. When the addition is completed the emulsion is
      cooled rapidly to ambient temperature.
PAR  These polishes, when spread on linoleum, asphalt tile, rubber tile, vinyl
      tile, etc. yields a film which when dried is very hard, scuff and
      abrasion-resistant, with a high gloss and with good water resistance.
      Polish B had superior recoatability.
PAR  The above Floor Polish B formulation was prepared with the following
      products -- Example 14, 15, 16 and 17 to yield excellent polishes.
PAR  A good no-rub automobile polish and furniture polish can be prepared from
      the following formulations and procedures:
TBL                Automobile Polish                                           

     ______________________________________                                    

     A.                                                                        

         Grams     Materials                                                   

     ______________________________________                                    

     3.0       A product of this invention (Ex. 8)                             

     3.6       Silicone (5000 cs. visc.)                                       

     3.6       Oleic Acid                                                      

     1.7       Morpholine                                                      

     67.5      Mineral Spirits (boiling point 275-325.degree.F.)               

     40.0      Water                                                           

     B.                                                                        

          The above formulation was also prepared with the                     

          product of Example 13 in place of Example 8.                         

     ______________________________________                                    

PAR  The wax, silicone and oleic acid are dissolved in the mineral spirits and
      an emulsion formed. A suitable 5000 cs. viscosity silicone would be Linde
      L-41 diethyl silicone oil sold by Linde Air Products Co., Division of
      Union Carbide and Carbon Corporation.
PAR  These last two formulas make good high-gloss polishes of the no-rub,
      quick-drying type. Most silicone polishes require thorough cleaning of the
      surface of application for best results. With clean surfaces the polish is
      spread smoothly, allowed to dry to a powdery film and the film wiped off,
      leaving a high gloss with no rubbing.
PAR  The ratio of silicone to wax should be maintained while the variation in
      the total solids (wax in silicone) is between four and ten per cent.
PAR  Following is a formulation for the manufacture of a shoe polish wax
      employing a wax of this invention:
TBL                Shoe Polish                                                 

     ______________________________________                                    

     A.                                                                        

         Grams         Material                                                

     ______________________________________                                    

     12            Paraffin Wax (131-133.degree.F.)                            

     13            A wax of this invention (Ex. 1)                             

     15            Turpentine                                                  

     60            Mineral Spirits                                             

     B.                                                                        

            The above polish was also prepared with the product                

            of Example 13 in place of Example 1.                               

     ______________________________________                                    

PAR  The first two ingredients are melted together and to this blend the last
      two materials are added. After a solution is obtained, the polish is
      poured at a temperature just above the point in which the wax starts to
      separate. Depending upon the color of the finished product, any of several
      dyes may be used, the main criteria being that of solubility.
PAR  In any of these formulations, oftentimes other products from this invention
      other than those specifically mentioned may be used, but generally in
      these cases, slight modifications may become necessary. These
      modifications can be made without too much difficulty by those who are
      skilled in the art. The above formulations are very good starting points
      and these formulas can be altered or modified in any of many ways.
PAR  The above are examples of uses for the wax-maleic compounds of this
      invention. In addition, they can be used in place of, or in conjunction
      with, other waxes.
CLMS
STM  We claim
NUM  1.
PAR  1. In a carbon paper ink comprising a mixture of
PA1  I. a vehicle oil,
PA1  Ii. a pigment,
PA1  Iii. a dye, the improvement comprising, in said mixture, an additive
PA1  Iv. selected from the group consisting of A. a wax-maleic compound adduct
      reaction product of (i) maleic acid, maleic anhydride, citraconic acid,
      citraconic anhydride, ethylmaleic acid, ethylmaleic anhydride, glutaconic
      acid, glutaconic acid anhydride, itaconic acid, itaconic acid anhydride,
      methylitaconic acid, or methylitaconic acid anhydride and (ii) plastic
      microcrystalline wax, tank bottom microcrystalline wax, solvent extracted
      microcrystalling wax, Fischer-Tropsch wax, polyalkylene hydrocarbon wax or
      mixtures thereof, characterized by a melting point of at least about
      150.degree.F. and a penetration of less than about 50 (ASTM Test Method
      D5-25), the molar ratio of (i) to (ii) being from about 0.9 to about 1.5
      and the reaction being carried out at substantially atmospheric pressure
      under free radical conditions, and
PA1  B. said wax-maleic compound adduct reaction product of A coupled with a
      polyfunctional compound selected from the group consisting of
PA2  1. a polyfunctional polyalcohol selected from the group consisting of
      ethylene glycol, diethylene glycol, propylene glycol, dipropylene glycol,
      tripropylene glycol, triethylene glycol, butylene glycol, polyethylene
      glycol having a molecular weight of about 600, tetramethylene glycol,
      neopentyl glycol, 2-methyl-1,3-pentanediol, 1,5-pentanediol, hexamethylene
      glycol, glycerol, polyglycerol, pentaerythritol, mannitol,
      trimethylolpropane, trimethylolethane, 1,2,6-hexanetriol,
      polypentaerythritol, polyallyl alcohol, polymethallyl alcohol,
      ##SPC12##
PAL  where R is hydrocarbon, amino, amide, ester, oxygen, silicon, ketone,
      phosphorus, sulfur, sulfone, or sulfoxide, A is alkyl, alkoxy, halo or
      nitro, and n is 1-4,
PA2  2. a polyfunctional amine selected from the group consisting of a polyamine
      of the formula
      ##EQU24##
      where A is
      ##EQU25##
      m being 2-10 and n being 1-8, C.sub.8 H.sub.17 NH-CH.sub.2 CH.sub.2
      NH.sub.2, C.sub.14 H.sub.29 NH-CH.sub.2 CH.sub.2 NH.sub.2, C.sub.16
      H.sub.33 NHCH.sub.2 CH.sub.2 NH.sub.2, C.sub.12 H.sub.25 NHC.sub.2 H.sub.4
      NHC.sub.2 H.sub.4 NHC.sub.2 H.sub.4 NH.sub.2, C.sub.12 H.sub.21 NHC.sub.4
      H.sub.8 NH.sub.2,
      ##EQU26##
      p-phenylene diamine, m-phenylene diamine, o-phenylene diamine,
      ##SPC13##
PAL  where R is O, S,
      ##EQU27##
      x being 1-4,
      ##EQU28##
      R' being H or alkyl,
      ##EQU29##
      or
      ##EQU30##
      R" being alkyl,
      ##SPC14##
PAL  and morpholine, and
PAR  3. a polyfunctional alcohol-amine selected from the group consisting of
      NH.sub.2 (CH.sub.2).sub.x OH, where x is 1-10,
      ##SPC15##
NUM  2.
PAR  2. The carbon paper ink of claim 1 where said product contains a plastic
      microcrystalline wax, a tank bottom microcrystalline wax or a solvent
      extracted microcrystalline wax.
NUM  3.
PAR  3. The carbon paper ink of claim 1 where said product IV. A.(ii) contains a
      Fischer-Tropsch wax.
NUM  4.
PAR  4. The carbon paper ink of claim 1 where said product contains a
      polyalkylene hydrocarbon wax.
NUM  5.
PAR  5. The carbon paper ink of claim 1 where said additive comprises said
      product with said polyfunctional compound.
NUM  6.
PAR  6. The carbon paper ink of claim 5 where said compound is said
      polyfunctional alcohol.
NUM  7.
PAR  7. The carbon paper ink of claim 5 where said compound is said
      polyfunctional amine.
NUM  8.
PAR  8. The carbon paper ink of claim 5 where said compound is said
      polyfunctional alcohol-amine.
NUM  9.
PAR  9. The carbon paper ink of claim 7 where said product contains
      Fischer-Tropsch wax.
NUM  10.
PAR  10. The carbon paper ink of claim 9 where said product contains ethylene
      diamine.
NUM  11.
PAR  11. The carbon paper ink of claim 9 where said product contains m-phenylene
      diamine.
PATN
WKU  039335135
SRC  5
APN  4027809
APT  1
ART  115
APD  19731002
TTL  Refractory heat insulating materials
ISD  19760120
NCL  6
ECL  1
EXP  Poer; J.
INVT
NAM  Mellows; Vincent Edward
CTY  Birmingham
CNT  EN
ASSG
NAM  Foseco Trading A.G.
CTY  Chur
CNT  CH
COD  03
PRIR
CNT  UK
APD  19721019
APN  48248/72
CLAS
OCL  106 65
XCL  106 67
EDF  2
ICL  C04B 3580
FSC  106
FSS  40 R;65;67
UREF
PNO  3510394
ISD  19700500
NAM  Cadotte
OCL  106 40R
UREF
PNO  3770466
ISD  19731100
NAM  Wilton
OCL  106 65
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  By the simultaneous use of a high-swelling clay and a flocculant for the
      clay, which also acts as a surface active agent, hot top lining slabs free
      of both paper and asbestos may be produced by a slurry dewatering process.
BSUM
PAR  This invention relates to refractory heat insulating materials.
PAR  In casting molten metals to form ingots it is customary thermally to
      insulate the ingot heat metal while allowing the body of the ingot to cool
      and solidify. Molten metal from the head then feeds to the body of the
      ingot to compensate for the shrinkage on solidification and minimise the
      formation of pipe. This thermal insulation is generally achieved by lining
      the inside of the ingot mould as its head (or the head box, in the case of
      a mould with a head box) with a plurality of pre-formed slabs or a layer
      of refractory heat insulating material. For convenience these materials
      are commonly referred to as hot tops or hot top linings.
PAR  In the past, these slabs have been made usually of a mixture of granular
      refractory material, usually silica sand, fibre of organic or inorganic
      origin and a binder. In order to obtain hot strength, improved thermal
      insulation and molten metal penetration resistance, asbestos fibre has
      often been used, but its use is increasingly restricted by anti-asbestosis
      laws and regulations. Furthermore, the use of silica is increasingly
      attracting censure as a possible silicosis source.
PAR  Quite apart from being more expensive to use alternate materials than
      silica and asbestos, it is noteworthy that the refractory heat insulating
      materials are more difficult to manufacture by the slurry dewatering
      process using synthetic refractory fibres (e.g. alumino-silicate, calcium
      silicate fibre) than asbestos.
PAR  One standard mode of manufacture of such materials is to form an aqueous
      slurry of the necessary ingredients and dewater this slurry against a
      mesh. This leaves a damp layer of deposited solids which is subsequently
      stripped from the mesh and dried in an oven to give a dry slab. In order
      to give optimum characteristics to the slurry, it has long been the
      practice to include a proportion of paper pulp or asbestos in the mix.
      This provides the slurries with excellent de-watering and suspension
      properties, subsequently yielding a heat insulating slab having a
      substantially uniform thickness together with excellent surface finish.
      However, for certain applications, e.g. in vacuum casting, the presence of
      paper fibre or other organic material is disadvantageous since gases are
      evolved which are readily entrapped in the solidifying metal, causing
      defects in the final ingot or finished metal product, such as rolled metal
      sheets. In some cases this generation of gas in use may result in a
      diminution of the vacuum applied. A further disadvantage is the liability
      to thermal degradation and to consequent loss of strength of the
      insulating lining if the slabs are applied to hot moulds or head boxes. In
      modern steelworks practice it is becoming increasingly common for the
      mould and head boxes to be very hot when the ingots are stripped, and to
      be re-cycled immediately. Accordingly, they may still be at 200.degree. -
      600.degree.C when the new lining is applied. These disadvantages in these
      applications militate against the use of paper pulp, but if it is omitted
      from a slurry, which is also asbestos-free, then dewatering becomes very
      difficult, and indeed the formation of a homogeneous slurry may well be
      impossible.
PAR  According to the present invention a refractory heat insulating slab is
      formed of a composition comprising by weight 84-35% of a heavy refractory
      filler, 6-35% of a refractory fibrous material other than asbestos,
      0.5-10% of a high swelling clay, 1-10% of a binding agent, and 0.01-2% of
      a flocculating agent for the clay and 0-10% of a lightweight refractory
      filler, the slab being free or substantially free of cellulosic fibre.
PAR  The present invention also includes a method of making slabs of refractory
      heat insulating material which comprises dewatering against a perforate
      surface a quantity of an aqueous slurry of the ingredients just defined to
      form a damp solid layer, and removing and drying the said layer. This
      process can be carried out by conventional methods without difficulty. It
      is found that if flocculating agent for the clay is omitted, then
      dewatering the slurry is difficult and time consuming, and in extreme
      cases where fibres other than asbestos are employed it is virtually
      impossible to produce a homogeneous insulating slab of uniform dimensions.
PAR  The compositions used can be formed by dewatering to give slabs because of
      the selection of the clay/flocculating agent system, the inclusion of
      which overcomes the manufacturing disadvantages introduced by omitting
      paper pulp from the slurry. If the clay is used alone, e.g. 10% by weight
      bentonite and no flocculating agent, then the dewatering properties of an
      aqueous slurry of the ingredients are so poor that dewatering is
      practically impossible even though the suspension and homogeneity of the
      slurry may be satisfactory. If 5% bentonite is used with no flocculating
      agent, dewatering times are still very long (e.g. 5 minutes) but as soon
      as a small proportion of flocculating agent for the clay is included, the
      dewatering times drop rapidly to an economic and practical level.
      Preferably the proportion of clay in the slurry is kept as low as possible
      consistent with satisfactory suspension and dewatering properties of the
      slurry. Higher concentrations of clay can lead to poor dry strength in the
      slabs and the risk of mesh clogging in the machinery used in manufacture.
PAR  The quantity of flocculating agent used should be sufficient to flocculate
      the clay adequately to give good dewatering; the flocculating agent,
      however, also performs a dual role as a surface active agent helping to
      disperse the refractory fibrous material and the fillers in the slurry.
      Too much flocculant should be avoided, both on grounds of economising and,
      where surface active materials liable to generate a foam are chosen, to
      avoid excessive foaming of the slurry during mixing. Additionally, if too
      high a concentration of flocculant is employed, there is a risk of
      entrapment of low density components of the slurry in a foam layer,
      leading to a final undesirably inhomogeneous product.
PAR  Preferably the ingredients are adjusted so as to give a final dry slab of
      density 0.4- 1.1 grams per c.c.
PAR  The heavy filler, i.e. one having a bulk density of over 1.2 gm/cc is
      preferably not silica (in order to avoid any silicosis hazard) but rather
      is a refractory silicate such as zircon or olivine, or an oxide such as
      zirconia, alumina, magnesia.
PAR  The refractory fibrous material may be a pure aluminosilicate or calcium
      silicate material, or it may be glass fibre, rock wool, mineral wool or
      slag wool.
PAR  The high-swelling clay is preferably a bentonite type e.g. sodium
      bentonite.
PAR  The binding agent may be selected from those conventionally used in the
      refractory heat insulating materials art, for example, synthetic resin
      (urea or phenol formaldehyde resins are preferred) or starch.
PAR  The flocculating agent/surfactant for the clay may be chosen from a wide
      variety of materials. For bentonite-type clays, quaternary ammonium salts
      are preferred flocculating agents, e.g. dialkyl quaternary ammonium
      chlorides where the alkyl group contains from 6- 20 carbon atoms.
PAR  The lightweight refractory filler, i.e. one having a bulk density of less
      than 0.3 grams per c.c., if used may be for example, kieselguhr, expanded
      perlite or vermiculite, fly ash floaters, hollow alumina microspheres,
      calcined diatomite, calcined pozzolana or calcined rice husks.
DETD
PAR  The following examples will serve to illustrate the invention.
PAC  EXAMPLE 1
PA1  Silicla Flour 73.0 %
PA1  Lightweight Filler 4.0 %
PA1  Inorganic Fibre 14.5 %
PA1  Organic binder 6.0 %
PA1  Sodium Bentonite 2.0 %
PA1  Di Alkyl Quaternary Ammonium Chloride 0.5 %
PAR  An aqueous slurry of the above ingredients was formed in a hydropulper. The
      slurry was pumped into a mould having one surface made of pervious mesh
      until sufficient slurry to form a dry slab 17 mm thick had been charged.
      Super atmospheric (40 lb/sq.in.) pressure was then applied to the surface
      of the slurry which expressed all the surplus water from the slab. The
      dewatering time was 30 seconds. The `green` slab formed was transferred to
      a drying oven at 150.degree.C. The final dried cured slab produced
      possessed a density of 0.80 gms/cc and a transverse strength of 200
      lbs/sq.in. The overall dimensions and surface finish of the cured slab
      were fairly smooth indicating that the slurry mixture was homogeneous
      during the forming process.
PAC  EXAMPLE 2
TBL  Fine Olivine Sand 80.0 parts by weight                                    

     Sodium Bentonite  2.5 parts by weight                                     

     Slag Wool         7.5 parts by weight                                     

     Organic Binders   5.0 parts by weight                                     

     Di Alkyl Quaternary                                                       

     Ammonium Chloride 1.0 parts by weight                                     

PAR  The procedure outlined in Example 1 was repeated with corresponding
      acceptable results. The density of the final slab was 1.15 gm/cm.sup.3.
      The dewatering time needed was 75 seconds for a slab of thickness 27 mm.
PAC  EXAMPLE 3
TBL  Refractory particulate filler                                             

                            94.2%                                              

     Inorganic fibrous material                                                

                            0.5%                                               

     Organic binder         4.0%                                               

     Surfactant/Flocculant  0.3%                                               

     Sodium Bentonite       1.0%                                               

PAR  Slabs of thickness 40 mm could be made by dewatering an aqueous slurry of
      these ingredients for 35 seconds. The density of the final dried slab was
      0.85 gm/cm.sup.3.
PAC  EXAMPLE 4
TBL  Lightweight filler    4.0%                                                

     Sand                  83.7%                                               

     Inorganic fibrous material                                                

                           7.0%                                                

     Organic binder        4.0%                                                

     Surfactant/Flocculant 0.3%                                                

     Sodium Bentonite      1.0%                                                

PAR  Slabs of thickness 25 mm could be formed from an aqueous slurry of these
      ingredients using a dewatering time of 40 seconds. The density of the
      final dry slabs was 0.95 gm/cc.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A refractory heat insulating slab formed of a composition comprising by
      weight:
PA1  84- 35% of a heavy refractory filler,
PA1  6- 35% of a refractory fibrous material selected from the class consisting
      of mineral wool, slag wool, rock wool and glass fiber,
PA1  0.5- 10% of a high swelling clay,
PA1  1- 10% of a binding agent selected from the class consisting of urea
      formaldehyde resins and phenol formaldehyde resins,
PAR  0. 01- 2% of a flocculating agent for the clay and
PA1  0- 10% of lightweight refractory filler, the slab being at least
      substantially free of cellulosic fiber.
NUM  2.
PAR  2. The slab of claim 1 wherein the heavy refractory filler is selected from
      the class consisting of refractory silicates and refractory oxides.
NUM  3.
PAR  3. The slab of claim 1 wherein the clay is a bentonite clay.
NUM  4.
PAR  4. The slab of claim 3 wherein the flocculating agent is a quaternary
      ammonium salt.
NUM  5.
PAR  5. The slab according to claim 1 and containing lightweight refractory
      filler selected from the class consisting of kieselguhr, expanded perlite,
      expanded vermiculite, fly ash, fly ash floaters, hollow alumina
      microspheres, calcined pozzolana and calcined rice husks.
NUM  6.
PAR  6. In the method of making a slab of refractory heat insulating material,
      the improvement which comprises forming an aqueous slurry of the following
      ingredients in the following proportions by weight:
PA1  84- 35% of a heavy refractory filler,
PA1  6- 35% of a refractory fibrous material selected from the class consisting
      of mineral wool, slag wool, rock wool and glass fiber,
PA1  0.5- 10% of a high swelling clay,
PA1  1- 10% of a binding agent selected from the class consisting of urea
      formaldehyde resins and phenol formaldehyde resins,
PA1  0.01- 2% of a flocculating agent for the clay and
PA1  0- 10% of lightweight refractory filler, the slurry being at least
      substantially free of cellulosic fiber, dewatering a quantity of such
      aqueous slurry against a perforate surface to form a damp solid layer and
      removing and drying the layer so formed.
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PAL  An alkali metal silicate foam composition comprising preferably sodium
      silicate, cementing agent such as sodium silicofluoride, gelling agent
      such as linoleic acid and filler such as glass fiber mixed with water and
      blowing agent to provide foams having high strength, high water resistance
      and low shrinkage upon curing. Amides and halo-alcohols are used as
      gelling agents in preferred compositions for exceptional strength and
      water resistance. Vermiculite and perlite are preferred fillers for a low
      shrinkage foam composition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to silicate foam insulating and structural
      compositions, and especially to a light weight, high strength, high water
      resistant, low shrinkage silicate foam and process for producing the foam.
PAR  2. Brief Description of the Prior Art
PAR  Aqueous silicate compositions have been used extensively in the art for
      specialized applications such as cements, insulation, coatings, and matrix
      for refractory or ablation aggregate. Silicate foam in inherently fire
      resistant and has excellent insulation properties. The heat transfer
      coefficient of silicate foam compares favorably with that of polystyrene
      and polyurethane foam and silicate foam has a decomposition temperature
      more than five times greater than these well known insulating foams.
PAR  Even with extensive work in the art, prior art silicate foam compositions
      have not been practical because of poor water resistance, low strength and
      difficulties in fabrication of a foam structure. Prior art compositions
      could not be practically fabricated into shapes due to composition
      instability and excessive shrinkage. Furthermore, these compositions could
      not be economically applied by commercial spraying techniques due to
      composition instability, difficulties in controlling viscosity and poor
      adhesion. Thus, there has been a need and a readily available market for a
      versatile silicate foam composition having a combination of high strength,
      good water resistance, good adhesion characteristics and acceptable
      fabrication characteristics.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that an inexpensive, practical silicate foam
      composition can be produced using a particular recipe with only a few
      critical ingredients and a simple preparation method. The silicate foam
      composition of this invention can be easily prepared and fabricated to
      produce a high strength, essentially waterproof foam, in the form of
      insulation or structural shapes by molding or spraying techniques. This
      silicate foam composition has the unique combination of low density, high
      strength, water resistance, fire resistance and good acoustical and
      thermal insulation properties. It is produced by maintaining the few
      critical ingredients within the ranges of the recipe. As described herein,
      the composition consisting essentially of the named critical ingredients
      permits the use of reasonable amounts of other ingredients which do not
      adversely affect the combination and use of critical ingredients.
PAR  It has now been discovered that a particular combination of gelling agent,
      specifically an amide, and/or particulate filler, especially vermiculite
      and perlite, produce a high strength, low shrinkage silicate foam. The
      silicate foam of this application represents a significant improvement
      over the foam described in copending commonly owned application U.S. Ser.
      No. 225,763 filed Feb. 14, 1972, now abandoned. The disclosure of said
      application is incorporated by reference to any extent necessary. High
      shrinkage has been a problem preventing commercial acceptance of the foam
      despite its excellent insulation properties. The silicate foam of this
      invention provides a foam having excellent insulating properties plus high
      strength, high water resistance and low shrinkage.
PAR  By this invention there is provided a composition for producing a
      fire-resistant silicate foam having high strength, low shrinkage and high
      water resistance by uniformly mixing as an aqueous silicate dispersion in
      water on the basis of about 100 parts by weight foam composition
      consisting essentially of:
PA1  a. about 25-36 parts water soluble alkali metal silicate in about 45-60
      parts of said water;
PA1  b. about 8-20 parts cementing agent selected from sodium silicofluoride,
      zinc carbonate, magnesium carbonate, aluminum phosphate, zinc acetate and
      mixture thereof;
PA1  c. about 0.2-6 parts gelling agent selected from low molecular weight
      amide, and a mixture of amide and low molecular weight haloalcohol;
PA1  d. about 0.1-10 parts fibrous filler selected from glass, mineral wool,
      asbestos, cellulose, metal fibers, ceramic fibers, carbon fibers,
      synthetic fiber and mixture thereof; and,
PA1  e. about 0.1-20 parts particulate filler selected from vermiculite, perlite
      and a mixture thereof.
PAR  The basic silicate foam composition exhibits the unique combination of
      properties which make use of the silicate foam practical. However, certain
      silicate foam compositions have exceptionally high strength and water
      resistance. Incorporation of certain halo- or thioalcohols into the foam
      produces a silicate foam which is essentially waterproof. Each of these
      modifications also enhances other foam properties which make the
      compositions of this invention even more unique.
PAR  This invention also provides a uniquely simple and practical process for
      producing the inexpensive silicate foam compositions of this invention.
      Basically, this process comprises mixing the critical composition
      ingredients with water and the blowing agent, preferably air. The
      ingredients can be added all at once or step-wise. The cementing agent and
      gelling agent are preferably added last. The ingredients are mixed until
      the composition is relatively uniform and the viscosity begins to rise
      substantially. The mixing period is determined by the viscosity range
      required for the particular method of fabrication or application used.
      This simplified process of this invention produces a surprisingly uniform
      creamy silicate foam having unique properties in that each composition
      exhibits low density, high strength, good water resistance and little or
      no difficulty with shrinkage and viscosity stability on fabrication or
      spraying.
PAC  BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The preferred composition of this invention comprises a mixture of (a)
      about 31 parts water soluble sodium silicate, (b) about 14 parts sodium
      silicofluoride, (c) about 2 parts chopped glass fiber, and (d) about 1
      part tall oil, linoleic acid, oleic acid, amide or mixture thereof mixed
      with about 52 parts water and entrained air per hundred parts foam by
      weight. Other blowing agents can be used but air is preferred for uniform
      consistency in mixing and curing. Additional additives or fillers can be
      used with glass fiber to obtain particular properties such as color, lower
      cost, particular compression properties, particular strength properties,
      or particular insulation properties.
PAR  This composition can be prepared by the simplified process of this
      invention in a relatively short processing time. The processing time
      consists of time for mixing, coagulation, set-up and curing of the
      composition. Coagulation time is the phase from when the foam begins to
      thicken up to the point where it does not flow appreciably. Set-up time is
      the hardening phase when the foam attains strength and water resistance.
      The foam changes quickly from a frothy liquid or paste to a resilient gel
      and then gradually to a solid foam. The liquid or paste composition can be
      readily fabricated by known methods such as extruding, molding or simply
      pouring. It can also be applied by spraying. After the composition is
      fabricated into insulating or structural shapes such as sheets, curved
      sheets, surface coating or other shapes it can be cured by any one of
      several methods to form a solid foam. In addition, partially or completely
      cured foam can be broken into aggregate which can be formed and thermally
      fused to produce a shaped object. For fusing foam aggregate additional
      water (1-15%) and particle sizing are preferred for uniform foam cell
      structure. Microwave heating is preferred for fusing the silicate foam
      aggregate into a very light weight foam structure.
PAR  In one preferred process the ingredients of the recipe are added to a
      blender with water and mixed in the presence of air at a pressure of about
      5-300 p.s.i.g. The preferred air pressure varies from about 20 p.s.i.g.
      for producing relatively dense, high strength foams up to about 100
      p.s.i.g. for producing low density foams. The mixture is agitated until
      the ingredients are uniformly mixed and begin to react. The composition
      viscosity begins to increase sharply, indicating reaction of the
      ingredients. The range of the viscosity can be controlled to some degree
      by varying the quantity of water used. The minimum amount of water
      required is that which is necessary to thoroughly wet and permit reaction
      of the ingredients. Excessive water reduces the viscosity and increases
      the reaction time, but also lowers the ultimate strength of the
      composition. Agitation of the mixture can be accomplished by pumping gas
      through the mixture, by circulating fluid through the reaction medium, or
      by mechanically agitating the mixture. The blowing agent can be
      incorporated into the mixture as a dissolved or entrained gas or by adding
      a gas releasing agent to the composition to produce very low density foam.
      As used herein, low density means about 5-20 pounds per cubic foot
      (lb./c.f.), medium density about 20-40 lb/c.f. and high density about
      40-60 lb/c.f. Low density is also used to mean density below about 50
      lb./c.f.
PAR  At a predetermined viscosity the composition can be applied by one of
      several techniques. The method of application or fabrication determines
      the composition viscosity range which can be used. This viscosity range
      can be readily determined by a minimum amount of experimentation. It is
      conveniently noted with mechanical mixing by monitoring the mixer speed.
      This viscosity can vary with fabrication conditions and the apparatus
      used. For instance, the viscosity can vary over a wide range if the
      composition is to be applied by hand, by extrusion, or by molding. That
      is, the composition can vary from a liquid to a thick paste. If the
      composition is to be applied by spraying or pouring, the viscosity should
      be maintained within a relatively narrow range and should be easily
      flowable. For precise control of the composition viscosity, hardening
      agent or a quick setting agent can be added to the mixture as the last
      ingredient or as the composition is applied.
PAR  In a preferred process for producing the composition of this invention, the
      water soluble silicate and water are premixed to form an aqueous
      dispersion or solution. The other ingredients are then added to this
      solution with the sizing agent and hardening agent preferably being added
      last. With this method the quantity of water used is generally slightly in
      excess of that required to completely dissolve the silicate. An excess of
      water can be used to reduce the composition viscosity for easier mixing.
      Conversely, less water can be used. The preferred amount of water is that
      required to completely dissolve the silicate.
PAR  In another preferred process the dry composition ingredients; namely,
      alkali metal silicate, sodium silicofluoride, and glass fiber are blended
      to form a dry premix. The normally liquid ingredients; that is, hardening
      agent and water, are then blended with this dry premix. Silicate foam
      prepared this way has slighly lower strength than that of the above method
      unless the silicate is dispersed and aged for about 24 hours before use.
      The silicate dissolves slowly. The 24 hour period is thought to be
      necessary to obtain a solution or uniform dispersion. This dry premix
      method is advantageously used where a paste composition is desired. For
      either of these methods the blowing agent can be added as a dry,
      gas-releasing compound or incorporated under pressure as dissolved or
      entrained gas.
PAR  The simple process and composition of this invention produces a silicate
      foam which can be readily applied by conventional techniques, even air
      spraying. The reasons for this versatility of application and the unique
      foam properties are not fully understood since both process and
      composition are uniquely simple. As shown in the drawing, foam viscosity
      increases rapidly for about 3-4 minutes at which point the rate of
      viscosity increase is less but is relatively constant up to about 25
      minutes. It has been found that the preferred compositions of this
      invention can be air-sprayed onto vertical and overhead surfaces. Sprayed
      and poured silicate foam of this invention prepared by this process
      exhibit higher strength and higher water-resistance strength retention
      than previously known silicate foam.
PAR  Curing a composition of this invention can be accomplished by any one of
      several methods. These methods include (1) maintaining the composition at
      a temperature in the range of about 0.degree.-100.degree.C., (2) by
      heating, (3) by incorporating a quick setting agent in the composition, or
      (4) by exposing the composition to a quick setting agent. The particular
      method for curing is determined by the method of application and the
      curing time desired. For instance, the composition is preferably cured by
      simply maintaining it at a temperature of about 0.degree.-100.degree.C.
      under atmospheric conditions. This method is particularly advantageous
      when the composition has been applied by spraying. High temperatures can
      be used for curing in which case the moisture in the composition
      evaporates acting as a foaming agent in which case an additional foaming
      agent is not necessary. Heating decreases the curing time for the
      composition as well as promoting evaporation of the moisture. In the
      atmospheric curing method the composition is substantially cured within
      several hours and the composition should have a relatively high viscosity
      upon fabrication to maintain its shape. Incorporating a quick setting
      agent or exposing the composition to a quick setting agent causes initial
      coagulation and curing in a period on the order of about 0.25-1 minute.
PAR  Any conventional method of heating can be used for curing silicate foam of
      this invention. However, since the foam is a good insulator, convection
      heating will be slow or practically limited to thin coatings or shapes.
      Radiation heating, especially microwave, is preferred for fast curing and
      for foam using water in the composition as a blowing agent. Commercial
      microwave ovens can expand and cure foam shape 2-3 inches thick in less
      than about 15 minutes.
PAR  Surface exposure can be used to hold an easily flowable foam in place,
      allowing atmospheric curing of the inside. With any of the above methods
      initial curing involves coagulation and setting up of the composition to
      form a hard yet resilient structure typically having a satin gloss surface
      texture and a uniform creamy white appearance. This appearance can be
      modified by optical fillers, pigments or surface coatings. Further curing
      without heating involves gradual loss of moisture until the composition
      stabilizes at about 12% free water and about 10% adsorbed volatile matter.
      Generally, the compositions of this invention cure under atmospheric
      conditions without significant changes in volume which is particularly
      advantageous for molded, structural and insulating shapes. In preferred
      atmospheric curing, the foam must be allowed to set-up and lose water. The
      rate of these processes are proportional to temperature; therefore, under
      some conditions heating and a relatively dry environment may be necessary
      for curing. Freezing and high moisture conditions should be avoided until
      the foam is fully cured. For high moisture conditions particular
      ingredients such as an amide or haloalcohol can be incorporated in the
      composition or used to surface treat the foam.
PAR  The silicate foam of this invention can be used by itself for insulation or
      structural shapes or the foam can be fabricated with reinforcing.
      Preferred reinforcing includes fiber and sheet structures such as netting,
      honeycomb, sheet, cord, or cloth. These reinforcing structures can be
      paper, nylon, cotton, or other conventional reinforcing material. Steel
      rod and wire can also be used.
PAR  Foam structures can be fabricated using these reinforcing materials for
      strength, flexibility, shatter prevention, surface protection, joining
      shapes or attaching shapes to other structures. The reinforcing can be
      paper, cloth, or other media which can make curing faster by wicking or
      addition of a quick setting agent to the reinforcing media. A preferred
      reinforced structure comprises Kraft paper honeycomb poured full of foam.
      Reinforcing can be honeycomb, fabric, stranded fiber, netting, wire or
      perforated sheet of the above material.
PAR  Such a foam honeycomb panel can provide high strength building insulation
      which can double as interior wall sheeting. This sheeting can use treated
      honeycomb for good fire resistance. It can also have sheeting on at least
      one face. It can be nailed and cut by conventional woodworking techniques.
      Such honeycomb paneling can be fabricated in place by pouring silicate
      foam into mounted honeycomb producing a relatively air tight structure or
      such foam paneling can be prefabricated and used as ordinary panels. The
      foam is permeable to air and moisture but can be sealed by coatings,
      preferably organic based sealants.
PAR  The silicate foam can also be applied to a surface by spraying. A sprayed
      foam coating exhibits good adhesion to most surfaces; therefore, foam is
      an excellent coating for both insulation and strength. Sprayed foam
      coating is useful for preventing spalling, improving lighting, reducing
      leakage of dangerous gases and moisture and reducing the fire hazard in
      mine shafts, especially coal mines. For such applications the foam can be
      applied with or without reinforcing material as described above. Certain
      components and additives such as the amides, haloalcohols and thioalcohols
      release gases such as NH.sub.3, HCl or H.sub.2 S, therefore, use of these
      components should be avoided in confined areas where these gases would be
      objectionable.
PAR  The excellent strength, weather resistance, fire resistance and insulation
      properties make the silicate foam of this invention useful as an
      essentially fire proof insulation for installations in areas of extreme
      temperature, of fire hazards and of hazards to ecology. Such areas of use
      include insulation for pipelines, wells, well heads, storage tanks,
      appurtenant equipment and combinations thereof, especially for petroleum
      or chemicals. The silicate foam of this invention is especially useful for
      thermally insulating buildings and equipment by application to soil
      surface in tundra regions, thereby preventing damage to permafrost. The
      foam can also be advantageous for off-shore well applications. Some
      provision must be made for curing in low temperature areas, such as use of
      accelerators and/or application of heat. The open cell porous structure of
      the foam with hydrocarbon attracting additives such as amide, alcohols,
      and fatty acids would tend to adsorb many chemicals and hydrocarbons,
      reducing problems with small leaks. To increase the exposed open cell foam
      structure, the foam surface can be shaved or abraded to remove the dense
      foam layer which usually forms. Fillers or fabric can be embedded in foam
      to modify the foam surface and exterior layer to increase or decrease such
      properties. The cell structure of the foam give it good acoustical
      properties which make it useful for installations such as ceiling tile and
      wall coverings in domestic and industrial locations. The foam is also
      useful for cementing and sealing walls of porous building blocks.
PAR  The foam of this invention also has unexpected mechanical energy absorption
      characteristics which make it useful for reducing damage to colliding
      vehicles or bodies. Such high strength foam can be used as an energy
      absorbing medium for controlled collapse because the energy absorption is
      practically constant during collapse of the foam and the foam strength can
      be regulated by the use of additives such as amides. The foam can be used
      for the dash, bumpershocks or fuel tank insulation of vehicles. It can be
      used for support members in applications such as buildings or mines.
PAR  The high strength silicate foam of this invention exhibits unusual water
      resistance, moisture absorption and water leaching properties. As shown by
      the samples of Examples III and VIII, the foam typically has compressive
      strength above about 100 psi and the strength often increases after water
      leaching although the materials removed by leaching are about the same as
      for comparable prior art compositions.
PAR  Any water soluble silicate can be used which cures or sets up in the
      presence of weakly acidic compounds such as sodium silicofluoride.
      However, sodium or potassium silicates and mixtures thereof are preferred
      to produce compositions of this invention with the unique combinations of
      properties such as strength, water resistance and workability. These
      preferred silicates should have the silicate oxide to alkali metal oxide
      molecular ratio in the range of about 1:1 to 4:1 for good solubility,
      workability and curing characteristics. Other water soluble alkali metal
      salts and divalent metal salts can be added to the composition to impart
      particular properties such as water or acid resistance, color, and
      crosslinking.
PAR  The compositions of this invention require particular cementing agents to
      produce the unique combination of properties. Sodium silicofluoride is
      preferred for versatility in curing and producing a composition with high
      ultimate strength and resiliency. Other water soluble silicofluoride metal
      salts that react with silicates in aqueous medium to form a silicate chain
      can be used as the cementing agent. Certain multivalent metal salts such
      as zinc carbonate, magnesium carbonate, aluminum phosphate, zinc acetate,
      and zinc sulfate also react with silicates to form the silicate chain;
      therefore, these compounds can be used. Solubility and reaction speed of
      these compounds determine coagulation and curing time. Therefore, the
      particular combination of sizing agents will be determined by the desired
      mixing time and set-up time. Sodium silicofluoride is preferred for
      application versatility and intermediate processing time. It allows a
      mixing time on the order of 3 minutes with a coagulation time of about 15
      minutes and produces a very hard silicate foam.
PAR  Another critical ingredient for the compositions of this invention is the
      gelling agent. Gelling agents are compounds that are weak acids or
      hydrolyze in basic aqueous solutions to produce weak acids or salts of
      weak acids. These compounds must be at least partially soluble in the
      silicate-water mixture and include organic fatty acids such as tall oil,
      linoleic acid and oleic acid, low molecular weight amides, low molecular
      anhydrides, low molecular weight esters, and alkali metal salts such as
      formate, citrate, oxylate, and acetate. Carbon dioxide, and other
      compounds that release carbon dioxide, can be used as quick setting
      gelling agents. Organic fatty acids are preferred gelling agents because
      they dissolve and hydrolyze at a uniform slow rate in aqueous silicate
      medium. The preferred gelling agents include linoleic acid, oleic acid,
      sodium oxalate, amides and haloalcohols. For producing uniform creamy
      white foams of this invention, linoleic acid or oleic acid is preferred.
      For producing fast curing, high water resistant foam, linoleic acid mixed
      with amides are preferred. Haloalcohols can be used as gelling agents to
      produce essentially waterproof foam. Haloalcohols are preferably used in
      small quantities in conjunction with another gelling agent. When the
      composition is cured by heat, care must be taken to avoid loss of the
      haloalcohol. The haloalcohol can also be applied to the foam surface to
      produce an essentially waterproof foam surface. As pointed out above,
      amide, haloalcohol and thioalcohol produce certain gases which may be
      objectionable in certain application.
PAR  Only certain amides and combination of amides have been found useful for
      high strength and high water-resistant foams described herein. Low
      molecular weight amides can be used but only acetamide, formamide,
      dimethyl formamide, and a mixture of these produce a unique increase in
      foam strength and water resistance. Mixtures of amides preferably contain
      at least 50% by weight acetamide. Low molecular weight amides which can be
      used to produce the low shrinkage foams of this invention include
      acetamide, formamide, dimethyl formamide, propionamide, nonamide,
      stearamide, benzene sulfonamide and malonamide. These can be described as
      amides having from 1-30, preferably 1-30 carbon atoms in alkyl or aryl
      radicals attached to the amide directly or indirectly as through carbonyl
      radical. The radical can be mono, di or tribasic with 1-3 amide groups per
      radical.
PAR  Low molecular weight haloalchols and thioalcohols can be used to produce
      these essentially waterproof foams of this invention. These include
      substantially linear substituted alcohols having about 1-7 carbon atoms in
      the primary chain. Preferred alcohols include the C.sub.2 -C.sub.5
      alpha-omega chloroalcohols such as chloroethanol, 1-chloro-2-propanol, and
      1-chloro-2-butanol. Aromatic haloalcohols having a 1-5 carbon
      haloalkylalcohol substituent can also be used.
PAR  One or more foaming agents are incorporated into the mixture of aqueous
      silicate, cementing agent, gelling agent, and filler to produce the foam
      silicate composition of this invention. Foaming is necessary to produce a
      composition having the particular combinations of density, strength, water
      resistance, workability and insulation properties. The foaming agent can
      be a gas or gas forming compound commonly known as a blowing agent
      typically used to produce elastomeric or plastic foams such as
      polyurethane and polystyrene. Blowing agents which can be used include
      air; low molecular weight halogenated hydrocarbons; inert gases such as
      nitrogen, helium, and hydrogen; low molecular weight volatile hydrocarbons
      and their derivatives such as isopropyl ether; or water which is typically
      vaporized by heat in situ. Air is preferred for versatility in processing
      and for ease in mixing and curing the composition. Although carbon dioxide
      causes quick setting of the composition, it can be used as a foaming agent
      by adding it immediately prior to fabrication or in the form of a compound
      which slowly releases carbon dioxide. Gaseous blowing agents such as air
      and the low molecular weight fluorinated hydrocarbons are preferably
      incorporated in the composition by mixing under pressure with the other
      ingredients and allowing the composition to expand during fabrication. The
      amount of blowing agent can vary from a trace up to about 25% by weight.
PAR  Fibrous filler is essential to the preferred compositions of this
      invention. Particulate and fibrous fillers such as glass, asbestos,
      cellulose fiber, sand, clay, fly ash, pigment, sulfur, perlite, talc,
      vermiculite, and pesticide, can be used. About 0.25-5 parts of fibrous
      filler such as glass fiber, asbestos or cellulose fiber, are critical for
      the high strength water resistant compositions of this invention. Chopped
      glass fiber, preferably of about 1/8-1/4 inch length, is essential and it
      preferably should be treated to resist alkaline silicate media. Larger
      amounts of fibrous and other fillers can be used in the compositons but
      are not economical. Excessive filler and certain combinations of fillers
      produce compositions with less than optimum properties, especially
      strength. Specific fillers, such as sand or sulfur, can be used to reduce
      unit cost or to produce particular properties such as vermine repellant
      characteristics. Finely ground and sized expanded perlite (aluminum
      sulfate volcanic ash) is preferred for excellent high K factor low density
      insulation. Preferred perlite has a density of about 3-4.5 lb./c.f. It has
      been found that low shrinkage silicate foam having excellent commercial
      acceptance and application can be prepared using amide as the gelling
      agent or substantially all amide as the gelling agent. Shrinkage can also
      be reduced by using a particular type of particulate filler, especially
      fly-ash beads, vermiculite and perlite. The type of particulate filler
      which produces low shrinkage foam is thought to be relatively inert
      material which is relatively firm but resilient. Hard particles such as
      glass spheres and perlite can be used but crush easily. Particles such as
      vermiculite and expanded cellular polystyrene (e.g. styrofoam) are
      relatively inert, firm, yet resilient fillers. Polystyrene is combustible,
      therefore, has limited application. Particulate fillers should have a bulk
      density of about 4-6 pound per cubic foot and a particle size distribution
      with a substantial portion of the particles in the range of about 8-20
      mesh, (i.e. standard Tyler screen number) as shown in Table L. As shown in
      the tables for preferred low shrinkage composition at least 2 parts per
      hundred parts foam (pph) preferred particulate filler, especially perlite
      and vermiculite, should be used to produce low shrinkage foam, i.e., less
      than about 3% shrinkage. The preferred particulate filler range is about
      2-12 pph. At least about 0.25 pph amide, haloalcohol or mixed amide and
      haloalcohol gelling agent, and preferably about 0.25-2.5 pph, should be
      used for preferred low shrinkage silicate foam compositions. Higher
      concentrations of preferred particulate filler and preferred gelling agent
      (either preferred ingredient used separate or in combination with the
      other preferred ingredient) produce foam compositions having lower
      shrinkage than those of the preferred ranges but are not preferred for
      economy or workability of the uncured foam.
PAR  Surfactants are an optional ingredient for producing very low density,
      uniform compositions. Surfactants act as foam stabilizing agents. Any
      compatible surfactant such as soaps, detergents, fatty acid salts and
      other surface active agents can be used. These surfactants can be either
      anionic, cationic, or nonionic. Preferred compounds include
      dimethylcocoamine oxide, ether sulfate, and sodium dodecylbenzene sulfate.
      Nonionic or anionic surfactants are preferred for a smooth surface
      texture.
DETD
PAC  EXAMPLE I
PAR  Silicate foam is prepared by pouring 83 parts by weight aqueous sodium
      silicate containing about 371/2% solids into a kitchen type cake mixer.
      Two parts 1/4 inch chopped glass fiber, 14 parts fine sodium
      silicofluoride powder cementing agent and one part Crofatol 30 gelling
      agent available from Crosby Chemical Company were added to the aqueous
      silicate and mixed. A suitable aqueous sodium silicate, Grade 42,
      containing 371/2% solids is available from Diamond-Shamrock Corporation. A
      finely powdered sodium silicofluoride is available from Olin Corporation
      as Grade 200. A 1/4 inch chopped glass fiber is available as No. 847 from
      Owens-Corning Corporation.
PAR  Mixing the ingredients for three minutes blends in air forming a creamy
      white foam. After mixing about three minutes the foam is poured into
      cylindrical polyethylene molds forming 2 inches by 2 inches diameter
      samples. The samples are allowed to cure in the plastic molds at room
      temperature (about 75.degree.F.) for 24 hours then the samples can be
      removed from the molds for further curing.
PAR  Foam samples are prepared according to the above procedure and recipe. The
      ingredients are mixed for various intervals and the Brookfield viscosity
      of the foam is measured for up to about 3 minutes. A sample is mixed for
      about 3 minutes and the viscosity is measured as the sample gels.
PAR  A standard Brookfield viscometer is used with spindle size No. 4 with a
      guard at about 30-1.5 r.p.m. under room conditions.
PAC  EXAMPLE II
PAR  Samples are prepared according to the procedure of Example I with different
      gelling agents in various amounts and tested for water resistance and
      compressive strength. The composition details and test results are given
      in Tabel A.
PAC  EXAMPLE III
PAR  Samples are prepared according to the recipe and procedure of Example I
      with different gelling agents used in various amounts. Samples cured for
      about one month at room conditions are tested for moisture absorption,
      moisture resistance and compressive strength.
PAR  Portions of the samples are tested for moisture absorption by exposing each
      sample at 75.degree.F. to air saturated with water vapor and noting the
      gain in weight periodically. The formula and moisture absorption details
      for each sample are given in Table B.
PAR  Separate portions of each of these samples are tested for moisture
      resistance and strength by exposing 11/2 inch by 2 inches diameter samples
      to moisture saturated air at 75.degree.F. The weight and compressive
      strength of each sample are measured periodically. Compressive strength is
      measured using an Instron machine according to ASTM method D1621-64 with
      samples 11/2 inch by 2 inches diameter. Measurements and test results of
      these samples are given in Table C.
PAC  EXAMPLE IV
PAR  Foam samples are prepared using a laboratory model pressurized foam mixer
      and sprayer under room conditions.
PAR  The mixer vessel is a 6.0 inch diameter, 12 inch long stainless steel
      cylinder of about 5.3 liter capacity with a conical bottom and a removable
      pressure tight top. A mixer shaft passes through a gas pressure sealing
      gland in the mixer top. The shaft is driven by an electric motor and
      operates a combination propellor-open paddle mixing blades in the vessel.
      A gauge is provided to observe the shaft speed during mixing which rotates
      initially at about 400 r.p.m. in the aqueous silicate which has a
      Brookfield viscosity of about 450 centipoises at 75.degree.F. A gas
      conduit connection is provided in the vessel top to add gaseous
      ingredients and to pressurize the vessel during mixing with gaseous
      blowing agent. An evacuation and spray hose connection is provided at the
      apex of the conical bottom so that the foam can be withdrawn as mixing
      continues.
PAR  After the dry and liquid foam ingredients, except blowing agent, are added
      to the mixing vessel according to the recipe of Example I, the vessel is
      closed, sealed and pressurized with air at about 80 p.s.i.g. The type and
      amount of gelling agent used is shown in Table D. The mixer is started
      immediately. After mixing about three minutes, the mixer speed drops
      significantly from about 400 to about 250 r.p.m., at which time the foam
      is forced through the bottom hose connection and sprayed onto vertical 2
      feet by 2 feet cardboard sheets through a convention plaster spray nozzle
      using an air to slurry ratio at the nozzle of about 15:1. Foam coagulation
      and sag characteristics are measured. These measurements are given in
      Table D.
PAC  EXAMPLE V
PAR  Air-sprayed foam samples are prepared under room conditions using the
      recipe and procedure of Example IV. The type and amount of gelling agent
      used for each sample is given in Table E.
PAR  Each foam sample is horizontally air-sprayed onto vertical rectangular
      sections of 16 ounces fire-retardant jute brattice cloth. After curing at
      room conditions for several days, 6 inches by 10 inches test specimen are
      cut from each rectangle. Each specimen is tested for strength and
      flexibility up to failure using an Instron machine. Each speciment is
      placed on a pair of horizontal metal bars, 6 inches long with 3/8 inch
      diameter, spaced 6 inches apart. A 6 inch long, 3/8inch diameter rod is
      moved downward at the center of the specimen by the Instron machine at a
      rate of 1/2 inch per minute. The force and displacement of the rod are
      measured. The specimen conditions, measured values and calculated bending
      angle at failure are given in Table E.
PAC  EXAMPLE VI
PAR  Foam samples are prepared according to the recipe and procedure of Example
      IV using 0.8 pph linoleic acid gelling agent at various temperatures.
PAR  Prior to mixing the aqueous silicate is heated to the desired temperature
      in the mixing vessel using an electrical heating tape wrapped around the
      vessel. The ingredients are mixed and poured under 80 p.s.i.g. air
      pressure using no nozzle air into 6 inches by 6 inches diameter
      cylindrical molds.
PAR  Various specimen of each sample were tested periodically to determine the
      hardening time at room conditions required to produce a non-sagging foam
      shape. The hardening time and foam density were measured and are given in
      Table F.
PAC  EXAMPLE VII
PAR  Foam samples are prepared by the procedure of Examples I and IV using
      various gelling agents and applied to coal or shale for adhesion
      measurements.
PAR  The mechanically foamed silicate prepared according to Example I are mixed
      about 3 minutes then poured onto an irregularly shaped coal block
      approximately 4 inches .times. 4 inches .times. 2 inches thick. A 4 inch
      piece of 1 inch diameter carbon steel pipe is embedded in the foam. The
      samples are cured under room conditions for four days and the force of
      adhesion is measured using an Instron machine. These adhesion values are
      given in Table G.
PAR  Air-sprayed foam samples are prepared according to the procedure of Example
      IV. Each foam sample is mixed for about 23 minutes under 80 p.s.i.g. air
      pressure then sprayed onto coal or shale specimen, cured for seven days
      and adhesion measured as above. The measured values are given in Table G.
PAC  EXAMPLE VIII
PAR  Four sets of five samples are prepared according to the recipe and
      procedure of Example IV, except for the gelling agent which is as shown in
      Table H.
PAR  Each set of samples is poured into molds to form 21/8 inches diameter by 3
      inches high and then cured. Two sets of samples, i.e. Nos. 1 and 3, are
      cured under room conditions at about 50% humidity for seven weeks. The
      other sets of samples are cured under room conditions for three weeks,
      immersed in 41/2 liters of stirred deionized water at 75.degree.F. for 10
      days, then dried under room conditions for about 21/2 weeks to constant
      weight. Density is measured. Compression tests are conducted on each
      sample as in Examples III using 21/8 inches diameter by 21/8 inches high
      cut specimen and an Instron head rate of 0.1 inch per minute. The results
      of these tests and measurements are given in Table H and Table I. The
      deionized water used to immerse the above samples is analyzed for material
      leached from the foam samples. Results of these analyses are given in
      Table I.
PAC  EXAMPLE IX
PAR  Silicate foam samples are prepared according to the procedure of Example I
      using 79 parts sodium silicate solution, 2 parts glass fibers, and the
      amount of sodium fluorosilicate, filler and gelling agent shown in Tables
      J and K. Each sample is poured onto a sheet of polyvinylidene chloride
      sheet forming a slab 30 inches, by 6 inches and about 1/4 inch thick. The
      samples are cured under room conditions of about 65.degree.-80.degree.F
      and 30-50% humidity for the period indicated in the Tables. Typical
      shrinkage indicated in Tables J and K is the decrease in length each
      sample along the 30 inch side expressed as percent of the length.
      Vermiculite as used herein is a thermally expanded mica having a bulk
      density of about 4-6 pounds per cubic foot (lb/ft.sup.3) or about 96
      kilogram per meter cube (kg/m.sup.3); a specific heat of about 0.2; a
      specific gravity of about 2.6; thermal conductivity (k) of about 0.4-0.5
      Btu in/ft.sup.2 h.degree.F or .lambda. of about 0.05-0.06 k cal m/m.sup.2
      h.degree.C; a melting point of about 2,400.degree.F (1,315.degree.C); a
      sintering point of about 2,300.degree.F (1,260.degree.C); and a pH about
      7.0. Unexpanded or crude vermiculite which has not been thermally expanded
      or exfoliated has a bulk density of about 40-60 lb/ft.sup.3. Its chemical
      composition shows major parts of the oxides of silicon, aluminum,
      magnesium, iron, potassium and titanium combined with water and minor
      parts of other oxides. Perlite is a volcanic glass which can also be
      thermally expanded forming a porous hard particle. Expanded vermiculite
      particles are firm, resilient, relatively inert particles. Typical
      particle size distributions are shown in Table L.
TBL                                    TABLE A                                 

     __________________________________________________________________________

     STRENGTH AND WATER RESISTANCE                                             

     OF SODIUM SILICATE FOAM                                                   

                                                   Compressive Strength,       

                           Initial                                             

                               % Change in.sup. (3)                            

                                         % Change in                           

                                                   PSI(5)                      

           Components.sup.(1) pph                                              

                           Dry Wt. on Water                                    

                                         Final Dry Wt.       %                 

     Sample                                                                    

           Gelling Agent   Density,                                            

                               Exposure                      Reten-            

     No. Crofatol 30                                                           

               Acetamide                                                       

                     Formamide                                                 

                           lb/ft(3)                                            

                               1 min.                                          

                                   24 hrs.                                     

                                         (After 1 Wk.).sup.(4)                 

                                                   Initial                     

                                                       Final.sup.(4)           

                                                             tion              

     __________________________________________________________________________

       1.sup.(2)                                                               

         0.8   --    --    31.6                                                

                               +78.0                                           

                                   +86.3 -21.2      282                        

                                                         32  11.3              

                                                   Sheared                     

                                                       Sheared                 

     2   --    1.6   1.2   46.0                                                

                               + 8.2                                           

                                   +44.1 - 8.9      808                        

                                                       1,275 158.0             

                                                   Sheared                     

                                                       Sheared                 

     3   --    0.82  0.67  43.7                                                

                               + 6.2                                           

                                   +56.9 - 7.7     1,117                       

                                                       1,400 125.0             

                                                   Sheared                     

                                                       Sheared                 

     4   --    0.2   0.17  53.8                                                

                               + 7.3                                           

                                   +35.7 -20.2     1,175                       

                                                       1,058 90.0              

                                                   Sheared                     

                                                       Sheared                 

     5   --    0.1   0.86  63.0                                                

                               + 4.7                                           

                                   +31.6 -21.2     1,900                       

                                                       1,583 83.4              

                                                   Sheared                     

                                                       Sheared                 

     6   --    0.74  0.0   64.3                                                

                               + 4.3                                           

                                   +22.3 -28.0     1,508                       

                                                       1,533 102.0             

                                                   Sheared                     

                                                       Sheared                 

     7   --    0.0   0.74  68.6                                                

                               + 3.8                                           

                                   +18.9 -27.5     1,315                       

                                                       1,600 122.0             

                                                   Sheared                     

                                                       Sheared                 

     8   --    0.4   0.34  91.1                                                

                               + 0.3                                           

                                    0.0  -40.2      427                        

                                                        250  58.5              

                                                   Col-                        

                                                       Col-                    

                                                   lapsed                      

                                                       lapsed                  

     __________________________________________________________________________

      .sup.(1) Composition contains the components as described in Example I   

      plus gelling agent as indicated.                                         

      .sup.(2) Prior art composition.                                          

      .sup.(3) Samples submerged below a depth of 2 inches in 75.degree.F.     

      deionized water. All % weight changes are referenced to initial dry weigh

      of sample.                                                               

      .sup.(4) Wet samples dried in room atmosphere at 75.degree.F. and reached

      constant weight after one week.                                          

      .sup.(5) At 5% deformation, Instron head rate of 0.1" per minute using   

      ASTM procedure D1621-64. Samples were 2" diameter cylinders approximately

      2" high.                                                                 

TBL                                    TABLE B                                 

     __________________________________________________________________________

     MOISTURE ABSORPTION OF SODIUM SILICATE FOAM.sup.(1)                       

     Components, pph         Increase in Weight, Percent.sup.(3)               

     Sample                                                                    

         Gelling Agent       1   2   3   4   5   6   1   2   3                 

     No. No. 1     No. 2     day days                                          

                                     days                                      

                                         days                                  

                                             days                              

                                                 days                          

                                                     week                      

                                                         weeks                 

                                                             weeks             

     __________________________________________________________________________

     1.sup.(2)                                                                 

         1 Crofatol 30                                                         

                   --        5.9 7.5 8.5 9.0 10.0                              

                                                 10.8                          

                                                     10.9                      

                                                         7.0 6.9               

     2.sup.(2)                                                                 

         1 Crofatol 30                                                         

                   --        3.6 4.7 5.5 6.0 6.8 7.1 7.4 8.0 8.0               

     3   1 Oleic Acid                                                          

                   --        4.4 5.5 6.4 6.4 7.0 7.0 7.0 7.8 9.4               

     4   1 Linoleic Acid                                                       

                   --        4.0 5.9 8.0 9.5 11.0                              

                                                 12.0                          

                                                     11.5                      

                                                         11.4                  

                                                             11.3              

     5   1/4 Acetamide                                                         

                   1/4 Formamide                                               

                             2.7 5.3 7.7 9.0 10.8                              

                                                 12.0                          

                                                     12.1                      

                                                         15.5                  

                                                             18.2              

     6   1/4 Amides                                                            

                   3/4 Linoleic Acid                                           

                             4.0 6.6 7.9 8.6 9.9 10.2                          

                                                     10.2                      

                                                         9.8 10.9              

     __________________________________________________________________________

      .sup.(1) Samples were placed in a sealed vessel and exposed to air       

      saturated with water vapor (75.degree.F.) and weighed at periodic        

      intervals.                                                               

      .sup.(2) Prior art composition.                                          

      .sup.(3) Relative to initial dry weight.                                 

TBL                                    TABLE C                                 

     __________________________________________________________________________

     MOISTURE RESISTANCE OF SILICATE FOAM                                      

                % Increase.sup.(3)                                             

                            Compressive Strength, psi.sup.(4)                  

     Initial    in Weight                                                      

         Dry    Upon Exposure    Final.sup.(5)                                 

     Sample                                                                    

         Density.sup.(2)                                                       

                to Moist Air     (After                                        

                                       %                                       

     No. lb/cu-ft.                                                             

                2 Weeks                                                        

                      3 Weeks                                                  

                            Initial                                            

                                 3 Weeks)                                      

                                       Retention                               

     __________________________________________________________________________

     1.sup.(1)                                                                 

         32.3   7.0   6.9    85  65    76                                      

     2.sup.(1)                                                                 

         31.8   8.0   8.0   110  70    64                                      

     3   35.6   7.8   9.4   110  80    73                                      

     4   32.5   11.4  11.3  115  100   87                                      

     5   41.9   15.5  18.2  1,240                                              

                                 1,000 80                                      

     6   37.2   9.8   10.9  110  85    77                                      

     __________________________________________________________________________

      .sup.(1) Prior art composition.                                          

      .sup.(2) Immediately prior to water vapor exposure.                      

      .sup.(3) Relative to initial dry weight.                                 

       .sup.(4) At 5% deformation; Instron head rate of 0.1" per minute. Sample

      were 2" diameter cylinders approximately 11/2" high. Compressive strength

      run by ASTM procedure D1621-64.                                          

      .sup.(5) Immediately after water vapor exposure.                         

TBL                                    TABLE D                                 

     __________________________________________________________________________

     AIR-SPRAYED SILICATE FOAM CHARACTERISTICS                                 

         Components, pph           Foam.sup.(1)                                

                                          "Sag-Distance".sup.(2)               

     Sample                                                                    

         Gelling Agent             Coagulation                                 

                                          Moved By                             

     No. No. 1     No. 2  No. 3    Time, hrs.                                  

                                          Foam, inches                         

     __________________________________________________________________________

     1   0.8 linoleic                                                          

                    --    --       2      3                                    

     2   0.3 linoleic                                                          

                 0.9 acetamide                                                 

                          --       11/4   2                                    

     3   0.4 linoleic                                                          

                 1.2 acetamide                                                 

                          --       3/4    1                                    

     4   0.5 linoleic                                                          

                 1.5 acetamide                                                 

                          --       1/2    1/2                                  

     5   0.3 linoleic                                                          

                    --    0.9 formamide                                        

                                   1      21/2                                 

     6   0.4 linoleic                                                          

                    --    1.2 formamide                                        

                                   1      11/2                                 

     7   0.5 linoleic                                                          

                    --    1.5 formamide                                        

                                   3/4    1                                    

     8   0.3 linoleic                                                          

                 0.46 acetamide                                                

                          0.46 formamide                                       

                                   1      1                                    

     9   0.4 linoleic                                                          

                 0.6 acetamide                                                 

                          0.6 formamide                                        

                                   1      1/2                                  

     10  0.5 linoleic                                                          

                 0.76 acetamide                                                

                          0.76 formamide                                       

                                   3/4    1/4                                  

     11  --      0.8 Na formate                                                

                          --       1/2    1/4                                  

     12  0.2 linoleic                                                          

                 0.6 Na formate                                                

                          --       13/4   2                                    

     13  0.3 linoleic                                                          

                 0.9 Na formate                                                

                          --       11/4   1                                    

     14  0.4 linoleic                                                          

                 1.2 Na formate                                                

                          --       3/4    1/2                                  

     15  0.5 linoleic                                                          

                 1.5 Na formate                                                

                          --       3/4    1/4                                  

     __________________________________________________________________________

      .sup.(1) Foam coagulation time is the minimum time required for this firs

      coat of foam to support a second coat of foam.                           

      .sup.(2) Vertical downward distance moved by foam areas &lt;1/8-inch thick. 

TBL                                    TABLE E                                 

     __________________________________________________________________________

     FLEXIBILITY OF AIR-SPRAYED SILICATE FOAM                                  

          Components, pph     Foam  Foam Applied                               

                                              Instron  Bending                 

     Sample                                                                    

          Gelling Agent       Curing                                           

                                    Thickness                                  

                                         Force,                                

                                              Displacement, d,                 

                                                       Angle,                  

     No.     No. 1  No. 2     Time, Days                                       

                                    Inches                                     

                                         Pounds                                

                                              Inches   .theta.                 

     __________________________________________________________________________

      1.sup.(1)                                                                

          1 Crofatol 30                                                        

                    --        26    3/32 6.1  0.81     15.degree.              

      2.sup.(1)                                                                

          1 Crofatol 30                                                        

                    --        26    1/16 5.0  1.09     20.degree.              

      3.sup.(1)                                                                

          1 Crofatol 30                                                        

                    --        19    1/16 1.16 1.20     22.degree.              

      4.sup.(1)                                                                

          1 Crofatol 30                                                        

                    --        19    1/16 1.10 1.16     22.degree.              

      5.sup.(1)                                                                

          1 Crofatol 30                                                        

                    --         6    1/32 0.79 1.18     22.degree.              

      6.sup.(1)                                                                

          1 Crofatol 30                                                        

                    --         6    1/16 2.32 1.20     22.degree.              

      7   1 Oleic Acid                                                         

                    --        13    1/16 1.90 0.79     15.degree.              

      8   1 Oleic Acid                                                         

                    --        13    1/16 1.78 0.74     14.degree.              

      9   1 Linoleic Acid                                                      

                    --        12    1/16 1.04 1.25     23.degree.              

     10   1 Linoleic Acid                                                      

                    --        12    1/32 0.76 1.34     24.degree.              

     11   1/2 Acetamide                                                        

                    1/2 Formamide                                              

                              11    1/16 2.75 1.24     24.degree.              

     12   1/2 Acetamide                                                        

                    1/2 Formamide                                              

                              11    1/16 3.45 0.94     17.degree.              

     13   1/2 Amides                                                           

                    1/2 Linoleic Acid                                          

                               7    1/16 1.24 0.81     15.degree.              

     14   1/2 Amides                                                           

                    1/2 Linoleic Acid                                          

                               7    1/16 1.14 0.94     17.degree.              

     __________________________________________________________________________

      .sup.(1) Prior art composition.                                          

TBL                TABLE F                                                     

     ______________________________________                                    

     EFFECT OF TEMPERATURE ON SODIUM SILICATE FOAM                             

                                          Estimated                            

           Vessel                  Foam   Foam                                 

     Sample                                                                    

           Mixing    Temperature of                                            

                                   Density,                                    

                                          Hardening                            

     No.   Time, Min.                                                          

                     Ingredients, .degree.F.                                   

                                   lb/cu-ft                                    

                                          Time, hrs.                           

     ______________________________________                                    

     1     3         75            14.0   20                                   

     2     3         85            13.2   10                                   

     3     2         90            17.9   8                                    

     4     1         95            26.7   3                                    

     5     3/4       105           --     1/4                                  

     ______________________________________                                    

TBL                                    TABLE G                                 

     __________________________________________________________________________

     ADHESION OF SILICATE FOAM                                                 

                    Components, pph     Adhesion to Coal, psi                  

                                                       Adhesion to             

     Sample         Gelling Agent       Mechanically   Shale, psi              

      No.   No. 1   No. 2    No. 3      Foamed Air-Sprayed                     

                                                       Air-Spray               

     __________________________________________________________________________

     1.sup.(1)                                                                 

         1 Crofatol 30                                                         

                    --       --         1.9    4.7     13.9                    

     2   1 Oleic Acid                                                          

                    --       --         5.3    --      --                      

     3   1 Linoleic Acid                                                       

                    --       --         2.2    3.9     13.0                    

     4   1/2 Acetamide                                                         

                    1/2 Formamide                                              

                             --         3.3    --      --                      

     5   0.4 Acetamide                                                         

                    0.4 Formamide                                              

                             0.2 Linoleic Acid                                 

                                        --     6.3     41.4                    

     __________________________________________________________________________

      .sup.(1) Prior art composition.                                          

TBL                                    TABLE H                                 

     __________________________________________________________________________

     WATER IMMERSION OF SODIUM SILICATE FOAMS                                  

                             Final Dry Foam Properties (after 7 weeks)         

         Exposed                                                               

              Components, pph     Compressive                                  

                                         % Deformation                         

                                                 Ratio:                        

                                                      Young's                  

                                                            % Deformation      

     Sample                                                                    

         to   Gelling Agent  Density,                                          

                                  Strength                                     

                                         at 1st  psi  Modulus                  

                                                            Over Load-         

     No. Water                                                                 

              Crof.-30.sup.(3)                                                 

                      Amides.sup.(2)                                           

                             lb/cu-ft                                          

                                  psi    Break   lb/cu-ft                      

                                                      F/A/d/1                  

                                                            Bearing            

     __________________________________________________________________________

                                                            Range              

     1.sup.(1)                                                                 

         No   0.8     --     32.7 128.5.+-.9.6                                 

                                         4.7.+-.0.2                            

                                                 3.93 2711.+-.290              

                                                            --                 

     2.sup.(1)                                                                 

         Yes  0.8     --     24.4  82.3.+-.9.3                                 

                                         4.3.+-.0.7                            

                                                 3.37 1910.+-.450              

                                                            --                 

     3   No   --      0.8    32.0 149.0.+-.9.8                                 

                                         5.5.+-.0.7                            

                                                 4.66 2704.+-.460              

                                                            23                 

     4   Yes  --      0.8    26.9 154.4.+-.9.6                                 

                                         3.7.+-.0.7                            

                                                 5.74 4207.+-.880              

                                                            23                 

     __________________________________________________________________________

      .sup.(1) Prior art composition.                                          

      .sup.(2) Crofatol-30.                                                    

      .sup.(3) 0.3 parts acetamide, 0.3 parts formamide plus 0.2 parts linoleic

      acid.                                                                    

TBL                                    TABLE I                                 

     __________________________________________________________________________

     WATER LEACHING SILICATE FOAMS                                             

          Initial             % Change                                         

          Dry  % Change in Wet Wt. on                                          

                              in Final                                         

                                   Amount of Components in                     

     Sample                                                                    

          Weight,                                                              

               Water Immersion                                                 

                              Dry  Water Extract, gm                           

     Nos. gm.  2 hrs                                                           

                    24 hrs                                                     

                         10 days                                               

                              Weight                                           

                                   NaF Na.sub.2 SiF.sub.6                      

                                             Na.sub.2 SiO.sub.3                

                                                   Total                       

     __________________________________________________________________________

     1 & 2                                                                     

          496.5                                                                

               +65.6                                                           

                    +63.4                                                      

                         +74.5                                                 

                              -25.4                                            

                                   63.6                                        

                                        6.3  20.8  90.7                        

     3 & 4                                                                     

          532.2                                                                

               +56.4                                                           

                    +53.5                                                      

                         +65.6                                                 

                              -22.8                                            

                                   51.1                                        

                                       20.4  19.5  91.0                        

     __________________________________________________________________________

TBL                                    TABLE J                                 

     __________________________________________________________________________

     SHRINKAGE OF SODIUM SILICATE FOAMS, COMPONENTS PPH..sup.(1)               

                                            Curing                             

     Sample                                                                    

          Glass                 Hardener    Time,                              

                                                Percent                        

     No.  Fibers                                                               

               Na.sub.2 SiF.sub.6                                              

                         Filler Tall Oil                                       

                                      Formamide                                

                                            Weeks                              

                                                Shrinkage                      

     __________________________________________________________________________

      1  2 (2%)                                                                

               14 (14%)                                                        

                         --     1 (1%)                                         

                                        --  5   3.2                            

      2  2     14        --     1       --  12  3.2                            

      3  2     12        --     1       --  5   3.4                            

      4  2 (2.1%)                                                              

               10 (10.4%)                                                      

                         --     1 (1%)                                         

                                        --  5   3.0                            

      5  2     14     2 Verm. I 1       --  4   3.1                            

      6  2     14     4 Verm. I 1       --  4   2.1                            

      7  2 (1.9%)                                                              

               14 (13.3%)                                                      

                      5 Verm. I (4.8%)                                         

                                1 (1.0%)                                       

                                        --  4   1.6                            

      8  2     14        --      --   1     4   1.0                            

      9  2     14     5 Verm. I  --   1.5   5   0.6                            

     10  2     10     5 Verm. I  --   1.5   5   0.8                            

     11  2 (1.9%)                                                              

               16 (15.0%)                                                      

                      5 Verm. I (4.7%)                                         

                                 --   1 (0.9%)                                 

                                            2   0.4                            

     12  2 (1.9%)                                                              

               14 (13.3%)                                                      

                      5 Verm. I (4.8%)                                         

                                 --   1 (1.0%)                                 

                                            5   0.5                            

     13  2 (2.0%)                                                              

               10 (9.9%)                                                       

                      5 Verm. I (4.9%)                                         

                                 --   1 (1.0%)                                 

                                            5   0.5                            

     14  2     16     5 Verm. I  --   0.5   2   0.2                            

     15  2     14     5 Verm. I  --   0.5   5   0.4                            

     16  2     10     5 Verm. I  --   0.5   5   0.7                            

     17  2 (1.9%)                                                              

               14 (13.1%)                                                      

                      7 Verm. I (6.5%)                                         

                                 --   1 (0.9%)                                 

                                            2   0.2                            

     18  2 (1.8%)                                                              

               14 (12.8%)                                                      

                      9 Verm. I (8.3%)                                         

                                 --   1 (0.9%)                                 

                                            2   0.1                            

     19  2     14     5 Verm. I  --   1     5   0.5                            

     20  2     14     5 Verm. II                                               

                                 --   1     2   0.3                            

     21  2     14     5 Verm. III                                              

                                 --   1     2   0.3                            

     22  2 (1.9%)                                                              

               14 (13.3%)                                                      

                      5 Perlite (4.8%)                                         

                                 --   1 (1.0%)                                 

                                            5   0.4                            

     23  2 (2.0%)                                                              

               10 (9.9%)                                                       

                      5 Perlite (4.9%)                                         

                                 --   1 (1.0%)                                 

                                            5   0.4                            

     __________________________________________________________________________

      .sup.(1) Parts per hundred parts of foam by weight                       

TBL                                    TABLE K                                 

     __________________________________________________________________________

     EFFECT OF TYPE OF AMIDE HARDENER ON SHRINKAGE OF SODIUM SILICATE FOAMS    

     Components, pph.sup.(1)      Curing                                       

     Sample                Amide  Time,                                        

                                      Percent                                  

     No. Na.sub.2 SiF.sub.6                                                    

               Filler      Hardener                                            

                                  Weeks                                        

                                      Shrinkage                                

     __________________________________________________________________________

     1   14    --        1 Formamide                                           

                                  4   1.0                                      

     2   14    5 Vermiculite I                                                 

                         1 Formamide                                           

                                  5   0.5                                      

     3   14    --        1 Propionamide                                        

                                  3   1.3                                      

     4   14    5 Vermiculite I                                                 

                         1 Propionamide                                        

                                  3   1.1                                      

     5   14    --        1 Nonamide                                            

                                  3   0.24                                     

     6   14    5 Vermiculite I                                                 

                         1 Nonamide                                            

                                  3   0.12                                     

     7   14    --        1 Stearamide                                          

                                  3   0.4                                      

     8   14    5 Vermiculite I                                                 

                         1 Stearamide                                          

                                  3   0.25                                     

     9   14    --        1 Benzene                                             

                                  3   0.7                                      

                          Sulfonamide                                          

     10  14    --        1 Malonamide                                          

                                  3   0.7                                      

     __________________________________________________________________________

      .sup.(1) Parts per hundred parts of mixture by weight                    

TBL                TABLE L                                                     

     ______________________________________                                    

     TYPICAL VERMICULITE PARTICLE SIZE                                         

             PERCENT BY WEIGHT RETAINED ON SIEVE                               

     Grade     I Fine     II Medium    III Coarse                              

     Sieve.sup.(1)                                                             

     No.                                                                       

     ______________________________________                                    

      3        --         --           --                                      

      6        --         0             6.0                                    

      8        --         2.9          53.6                                    

     10        --         --           66.5                                    

     16        13.3       83.7         94.9                                    

     20        41.8       --           99.3                                    

     30        84.4       98.4         --                                      

     40        96.7       --           --                                      

     50        --         99.7         --                                      

     100       --         100.0        --                                      

     ______________________________________                                    

      .sup.(1) Sieve or mesh number is Standard Tyler Screen Size designation. 

CLMS
STM  We claim:
NUM  1.
PAR  1. A composition for producing a fire-resistant, high strength, low
      shrinkage silicate foam having high water resistance being an aqueous
      silicate dispersion mixed with about 45-60 parts water on the basis of 100
      parts by weight of foam comprising the following ingredients mixed with
      said water;
PA1  a. about 25-36 parts water soluble alkali metal silicate;
PA1  b. about 8-20 parts cementing agent selected from the group consisting of
      sodium silicofluoride, zinc carbonate, magnesium carbonate, aluminum
      phosphate, zinc acetate and a mixture thereof;
PA1  c. about 0.2-6 parts gelling agent selected from the group consisting of
      low molecular weight amide and a mixture of amide and haloalcohol;
PA1  d. about 0.1-10 parts fibrous filler;
PA1  e. about 0.1-20 parts particulate filler selected from the group consisting
      of vermiculite, perlite and a mixture thereof;
PAL  with the water soluble alkali metal silicate, the cementing agent, the
      gelling agent, the fibrous filler and the particulate filler being
      uniformly mixed with the water forming a foamed aqueous suspension in
      aqueous silicate.
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ABST
PAL  A thermal shock resisting asbestos-cement composition is prepared by adding
      a finely divided porosity increasing additive as a partial or complete
      replacement for silica flour in an asbestos-cement composition containing
      asbestos fibers, portland cement, and silica flour. The composition is
      shaped and cured to form the final thermal shock resistant product.
PARN
PAR  This is a continuation of application Ser. No. 289,035, filed Sept. 14,
      1972, which is now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to new asbestos-cement compositions and their
      methods of preparation, and more particularly to asbestos-cement
      compositions having improved thermal shock resistance.
PAC  BACKGROUND OF THE INVENTION
PAR  Articles made from mixtures of cement and asbestos containing from about
      10% to 50% by weight of asbestos fibers are employed today in large
      quantities. The manufacture and sale of these asbestos-cement articles are
      commercially very important. Sheets and boards of the asbestos-cement type
      find widespread use in the building and construction industries because
      they are fireproof and have other desirable qualities.
PAR  Asbestos-cement products contain a hydraulic cement which has to be "set"
      or "cured" to achieve the final characteristic high strength of these
      products. Curing of asbestos-cement products may be accomplished under any
      conditions known to be useful for setting the cement to form final
      products of high strength. One curing method used where portland cement is
      employed is to store the final structure at room temperatures under highly
      humid conditions for about 7 to 30 days.
PAR  It is often desirable and necessary, however, to employ a shorter curing
      time. One method of achieving shorter curing times is to "autoclave" cure
      the asbestos-cement product in an autoclave under pressure of saturated
      steam for about 12 to 20 hours. Normally, an auxiliary cementing agent
      such as silica flour or quartz is used as a component of the cement binder
      if the final product is to be of steam cured, The silica material, under
      the conditions which prevail in an autoclave, reacts with the calcium
      hydroxide from the hydrated hydraulic cement to form part of the final
      binding matrix. Autoclave curing because of its rapidity is employed
      advantageously in commercial production of asbestos-cement products.
PAR  In the past, asbestos-cement products that have been steam or "autoclave"
      cured in an autoclave have provided thermal shock resistance properties at
      least equal to that of competitive building materials. These autoclaved
      asbestos-cement products have, however, tended to flake, exhibit large
      volume changes, or even explode when they are subjected to high
      temperatures when wet or saturated with water. An improvement in this
      aspect of the already high thermal shock resistance properties of
      asbestos-cement products is desirable because of the possibility of the
      asbestos-cement product becoming saturated with water during fire-fighting
      operations and then being exposed to intense heat.
PAC  OBJECTS OF THE INVENTION
PAR  Accordingly, it is a primary object of this invention to provide new
      asbestos-cement compositions that possess good thermal shock resistance
      after autoclaving, and to provide methods of making these compositions.
PAR  It is a further object of this invention to provide thermal shock resisting
      asbestos-cement compositions that maintain other desirable properties of
      such compositions, such as, sulfate resistance, and mechanical strength.
PAR  A still further object of this invention is to provide a method for
      providing thermal shock resisting asbestos-cement compositions that are
      inexpensive and easy to manufacture.
PAR  Additional objects and advantages of this invention will be set forth in
      part in the description which follows, and in part will be obvious from
      the description, or may be learned by practice of the invention. The
      objects and advantages are realized and attained by means of the
      processes, compositions, and combinations particularly pointed out in the
      appended claims.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, a thermal shock resisting
      asbestos-cement composition is provided comprising in percent by weight of
      dry solids (a) 10% to 50% asbestos fiber; (b) 25% to 65% portland cement;
      (c) 1% to 30% of a finely divided additive adapted to increase the
      porosity of the composition and (d) 0% to 40% of silica flour. This
      composition, when shaped to form as asbestos-cement article and autoclaved
      possesses thermal shock resistance superior to previous asbestos-cement
      articles, while maintaining the other desirable properties exhibited by
      prior autoclaved asbestos-cement articles. A major reason for the superior
      shock resistance is the increased porosity of the composition at high
      temperature which allows moisture to freely and gradually escape.
PAR  Conventional autoclaved asbestos-cement compositions contain up to 40%
      silica flour, but in accordance with the present invention, the silica
      content is either partially or entirely replaced by a finely divided
      organic or inorganic porosity increasing additive to provide increased
      thermal shock resistance. The compositions, after autoclaving, stay intact
      and retain appreciable strength under intense heating conditions, and when
      subjected to high temperatures while wet, or saturated with water.
PAR  This invention also embraces a method for producing a thermal shock
      resisting asbestos-cement product by either a wet process or a dry
      process, as will be seen hereinafter. If an extruding process is used, an
      additional additive, for example, either Methocel or Polyox is preferably
      used to facilitate extrusion.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with the method of this invention, an aqueous admixture of
      asbestos fibers, hydraulic cement, silica flour and a finely divided
      organic or inorganic additive adapted to increase the porosity of the
      composition is formed. As stated above, the silica flour can be totally
      eliminated and substituted with the additive.
PAR  As here embodied, a major ingredient of the preferred new asbestos-cement
      composition of this invention is hydraulic cement. A wide variety of
      hydraulic cement materials usable in the invention are known and are
      commercially available. Preferably, the cement should be of the alkaline
      type, that is, a hydraulic cement, which, when mixed with water produces a
      slurry having a pH above 7. Portland cement is particularly useful and all
      types of this cement appear to function satisfactorily. The amount of
      hydraulic cement useful in the present invention varies between 25% and
      65%, based on the dry weight of total solids, with the lower percentages
      of the range being preferred for autoclaved products containing relatively
      high percentages of SiO.sub.2.
PAR  The asbestos-cement compositions of the present invention may contain an
      auxiliary cementing agent in the form of silica flour or finely divided
      quartz. The silica flour, under the conditions which prevail in steam
      curing, reacts with the hydraulic portland cement to form the final
      binding matrix. Usually, autoclaved asbestos-cement compositions contain
      from about 20 to 40% silica, based on the dry weight of total solids and
      such percentages, less the percentage of additive employed, can be used in
      the present invention. Preferably the compositions of the present
      invention contain between 5 to 15% silica flour, based on the dry weight
      of total solids.
PAR  An essential component of the new composition is asbestos. All types and
      grades of asbestos fibers may be used, either alone or in mixtures
      thereof, but chrysotile asbestos is preferred. Any of the grades of the
      grading system of the Quebec Mining Association may be used. In this
      grading system, the higher numbers in general indicate the shorter fiber
      and thus, of the grades of fiber in general commercial use, grade 7 covers
      asbestos of the shorter fiber, with the fiber becoming longer as the
      grades proceed up to grade 1. Other types of asbestos may also be used to
      provide the fiber content of the new asbestos-cement compositions,
      including amphibole asbestos such as crocidolite, amosite, tremolite and
      anthophyllite. Autoclavable asbestos-cement compositions usually contain
      from 10% to 50% of asbestos, based on the dry weight of total solids, and
      these percentages can be used in the present invention.
PAR  In accordance with the invention, the asbestos-cement compositions contain
      finely divided additives as stated hereinabove. One such group of
      additives may be inorganic mineral additives selected from the group
      consisting of asbestos tailings, asbestos floats, talc, serpentine rock,
      and mica to improve thermal shock resistance. Another group of additives
      may be organic additives such as, nylon fibers, orlon fibers, sisal fibers
      or the like. A third group of additives (either organic or inorganic) may
      be those which decompose or dehydrate at elevated temperatures, examples
      of such additives being wood fibers, diatomaceous earth, magnesium
      hydroxide, magnesium carbonate or the like. In any case, the additives are
      of the type which will increase porosity and, therefore, thermal shock
      resistance of the ultimate product when the latter is subjected to
      temperatures approaching 700.degree.C.
PAR  These additives are used as replacements for the silica flour in amounts up
      to 40% of the total dry weight of the composition, and, in face, can be
      used to entirely replace the silica flour content of the asbestos-cement
      composition. Preferably, the composition contains 1% to 30% of these
      additives based on the dry weight of total solids, or a replacement of
      about one-third least onethird to all of the total silica flour normally
      used in asbestos-cement composition. The amount of additive which is
      optimum varies for each additive within the 1% to 30% weight range and can
      be precisely determined by routine testing.
PAR  The new asbestos-cement formulations in which these additives are
      substituted as a replacement of the silica flour or quartz show
      exceptional thermal shock resisting properties while exhibiting good
      sulfate resistance and mechanical strength comparable or superior to
      regular asbestos-cement steam curable compositions. It has been observed,
      however, that when the additive/silica ratio exceeds 17.5/12.5, a marked
      decrease in ultimate strength occurs.
PAR  The following Table 1 lists some additives which have been successfully
      used to improve thermal shock resistance in asbestos-cement products and
      the compositions of these additives.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Composition of Mineral Additives Useful to Improve Thermal                

     Shock Resistance                                                          

     Composition     Weight Percent (%)                                        

                     Ignition                                                  

                             Moisture                                          

     Additive        Loss(1000C)                                               

                             (105C)                                            

                                  SiO.sub.2                                    

                                       MgO  CaO  Al.sub.2 O.sub.3              

                                                       Fe.sub.2 O.sub.3        

                                                              TiO.sub.2        

     __________________________________________________________________________

     Desert talc     5.5     --   57.9 28.2 4.9  0.36  0.17   0.02             

     Silvery talc    25.2    0.1  28.0 23.2 20.7 0.9   0.4    0.11             

                                                       (FeO-1.71)              

     Talc sold by C. S. Smith Co.                                              

                     17.95   0.10 40.13                                        

                                       34.60                                   

                                            0.82 0.82  2.99   --               

     Ground fibrous serpentine                                                 

     rock            12.4    0.99 33.5 38.4 0.01 0.5   14.3   0.05             

     Calcined serpentine rock                                                  

                     --      --   38.7 44.4 --   0.58  16.5   --               

     Asbestos floats 13.0    0.88 38.2 40.3 0.53 1.5   6.8    0.07             

     Asbestos tailings                                                         

                     12.9    0.77 37.0 37.2 0.56 2.0   9.4    0.05             

     Pulverized asbestos fiber                                                 

                     14.2    1.50 39.0 41.0 0.48 0.46  5.3    0.03             

     Pulverized asbestos tailings                                              

                     16.3    1.30 36.7 39.2 0.70 0.80  5.0    0.08             

     Calcined asbestos tailings                                                

                     --      --   44.0 46.4            10.9                    

     Calcined asbestos tailings                                                

                     --      --   42.1 43.3            6.3                     

     Mica                                                                      

                                     Weight                                    

                                     Percent (%)        Particle Size          

                           Composition        X-ray     or Surface Area        

                     Additive        Na.sub.2 O                                

                                          K.sub.2 O                            

                                              Data*     of Sample Additive     

                     Desert talc     1.7  0.83                                 

                                              talc      -325 mesh              

                     Silvery talc    0.23 0.54                                 

                                              talc, dolomite                   

                                              and tremolite                    

                                                        95%-325 mesh           

                     Talc sold by C. S. Smith Co.                              

                                     --   --  talc      -325 mesh              

                     Ground fibrous serpentine                                 

                     rock            0.03 0.07                                 

                                              serpentine                       

                                                        -325 mesh              

                     Calcined serpentine rock                                  

                                     --   --            -325 mesh              

                     Asbestos floats 0.08 0.01                                 

                                              serpentine                       

                                                        12,200 cm.sup.2 /q     

                     Asbestos tailings        chrysotile                       

                                                        16,000 cm.sup.2 /q     

                                              and                              

                     Pulverized asbestos fiber                                 

                                              magnetite 38,000 cm.sup.2 /q     

                     Pulverized asbestos tailings       36,500 cm.sup.2 /q     

                     Calcined asbestos tailings                                

                                              forsterite                       

                                                        -325 mesh              

                     Calcined asbestos tailings                                

                                              forsterite                       

                                                        -325 mesh              

                     Mica                     mica (plus                       

                                                        90%- 325 mesh          

                                              traces of quartz                 

     __________________________________________________________________________

      *talc 3MgO.4SiO.sub.2.H.sub.2 O, tremolite                               

      Ca(Mg,Fe).sub.3.(SiO.sub.3)4..times.H.sub.2 O, dolomite                  

      CaCO.sub.3.MgCO.sub.3, serpentine and chrysotile 3MgO.2SiO.sub.2.2H.sub. 

      O, pyrophyllite Al.sub.4 Si.sub.8 O.sub.20 (OH).sub.4, forsterite Mg.sub.

      SiO.sub.4, hectorite Mg.sub.5.33 Li.sub.0.67 Si.sub.8 O.sub.20 (OH).sub.4

      mica K.sub.2 [Al.sub.2 Si.sub.6 ] Al.sub.4 O.sub.20 (OH).sub.4, magnetite

      Fe.sub.3 O.sub.4                                                         

PAR  The additives listed in Table 1 can be classified in two mineral groups
      according to their chemical composition, a first group of magnesium
      silicate containing minerals, and a second group of aluminum silicate
      containing minerals. The first group of magnesium silicate containing
      minerals include a wide range of asbestos tailings, asbestos floats,
      serpentine rock and platy talc.
PAR  "Asbestos tailings" are obtained from the manufacture of commercial
      asbestos. The tailings differ from commercial asbestos in that commercial
      asbestos is mainly formed of fibers whereas the tailings are the
      undersized fractions from the screening operation of the asbestos fibers
      which consist of small granular particles interspersed with very short
      asbestos fibers plus asbestos fibers adhering thereto and associated
      magnetite. "Asbestos floats" is the fine asbestos material carried by the
      air stream from cyclone collectors or other exhaust system during the
      grading operation. Serpentine rock or ground fibrous serpentine rock
      consists of a mixture of ground quartz, feldspar silica, etc., with a
      great number of small particles of fibrous serpentine having extremely
      short fibers, and is the residue obtained from the removal of asbestos
      from the ground rock by suction and screening, Typical talcs include
      desert, silvery, and C. S. Smith talc, having the chemical composition
      listed above in Table 1.
PAR  The minerals of the aluminum silicate group that are useful in the present
      invention include mica. Other aluminum silicate minerals such as
      pyrophyllite, dehydrated kaolin clay, volcanic tuff, obsidian, and
      ultrafine perlite have also been tested, but have not been found to impart
      improved thermal shock resistance to asbestos-cement compositions.
PAR  Of the minerals that are useful in the present invention, the talc and mica
      are platy minerals whereas the tailings, floats, and serpentine rock have
      a fibrous structure. The minerals can be used in their "as received"
      finely divided natural form if the average particle size is in the range
      10 to -325 mesh. Some mineral additives such as the asbestos tailings and
      floats can be calcined before use to form an amorphous material and can be
      further pulverized to the mesh sizes described above to facilitate
      chemical reaction. Table 1 above lists in its last column typical particle
      sizes and surface area of additives that have been successfully used to
      improve thermal shock resistance. Particle sizes as small as -325 mesh
      (U.S. Screen size), have been satisfactorily used.
PAR  Other ingredients such as fillers, wetting agents, flexing agents,
      plasticizing agents, dyes, pigment, lubricants, mold release agents,
      cement accelerators and the like may be included while utilizing the novel
      advantages attendant with the use of platy or fibrous additives in
      asbestos-cement compositions as disclosed herein. In addition, as stated
      above, organic additives such as nylon, orlon, sisal or the like which
      melt or otherwise increases porosity at elevated temperatures may be used
      in place of the inorganic additive, as well as those additives which
      decompose or dehydrate.
PAR  The wet admixture of cement, asbestos-fiber, silica flour and additive is
      preferably prepared by forming a dry furnish, that is, a mixture of all
      the dry ingredients as a preliminary step in the operation, and then
      mixing the dry furnish with water. Various types of dry mixers can be
      employed in forming the dry furnish. For example, rotating arm mixers,
      rotary tumbling of mixers, beater mixers, air suspension mixers, or the
      like can be used. Dry mixing should be carried out for a sufficient length
      of time to insure the formation of a uniform dry furnish, usually between
      about 1 to 15 minutes.
PAR  After the dry furnish is formed, a wet mixing step is necessary to
      incorporate the water into the composition. Vigorous mixing conditions are
      recommended for this wet mixing step in order to insure thorough and
      intimate distribution of the water or aqueous solution with the other
      components of the compositions.
PAR  Asbestos-cement boards, sheets, shingles, pipe, and other shapes and
      objects can, in accordance with this invention, be produced by both the
      so-called "wet" and "dry" processes.
PAR  In the dry process used to form asbestos-cement articles, the dry materials
      (asbestos, silica, cement, and additives) are blended together and formed
      into batches by weight. Sufficient water is added to each batch to form a
      plastic dough-like mass which can be molded, calendered, pressed or
      extruded to shape retaining products prior to the curing operations. When
      the plastic body is extruded, an extrusion facilitating additive
      (hydromodifier) such as Methocel or Polyox is preferably provided.
PAR  In the "wet" process, enough water is mixed with the dry furnish to form a
      slurry containing 5% to 20% solids. Such a process involves passing the
      aqueous slurry to a vacuum belt comprising a traveling wire screen which
      acts as a filter element to collect the dispersed solids of the slurry as
      the latter is removed through the screen. The shaped mass is then removed
      from the screen, passed through a series of press rollers to remove more
      water, passed through a series of heated drying rollers to remove still
      more water, and finally through calender rolls to finish the shaped slurry
      into final form such as a board or panel. After the slurry is formed to
      shape, it is repressed to compress it to any desired density.
PAR  In accordance with the present invention, the shaped composition is
      preferably autoclaved. Any of the conventional autoclave curing techniques
      and conditions can be used to autoclave cure the compositions of the
      present invention. For example, the shaped compositions may be first cured
      at room temperature for a period of about 24 hours at a relatively
      humidity of 100 percent, and then placed in an autoclave under pressure of
      saturated steam to complete the steam cure.
PAR  In the autoclave, the shaped compositions are subjected to steam pressure
      of about 70 to 170 psig at a temperature of about 150.degree. to
      190.degree.C for about 12 to 20 hours. For example, a saturated steam
      pressure of about 100 psig and a temperature of 170.degree.C for a period
      of 16 hours has been satisfactorily used. The autoclaving or steam curing
      treatment accelerates chemical reactions which may ordinarily take place
      very slowly or which may not even occur at ambient conditions.
PAR  As previously stated, the thermal shock properties of the new
      asbestos-cement compositions of the present invention are remarkably
      improved over previous asbestos-cement compositions. Prior asbestos-cement
      products have good thermal stability up to 540.degree.C (around
      1000.degree.F) at normal moisture content. When these prior products are
      saturated with water or are at an extremely high moisture content, they
      explode and shatter to small fragments when exposed directly to a
      temperature of 700.degree.C or more. While the reasons for the improvement
      in thermal shock resistance obtained by the present compositions have not
      been precisely defined, it is theorized that both the physical and
      chemical nature of the additives are important in bringing about this
      improvement.
PAR  It is believed that all of the effective additives, when packed in the
      asbestos-cement product, form voids and channels in the cured products,
      thereby allowing steam to escape gradually without build-up of a high
      steam pressure. For example, most of the additives comprising the
      inorganic group set forth above tend to shrink at high temperatures while
      these additives comprising one organic group tend to melt. On the other
      hand, the wood fibers and magnesium hydroxide will decompose while the
      diatomaceous earth will dehydrate. It is further theorized that the
      improvement in thermal shock resistance exhibited by the products of the
      present invention may, in part, be attributed to the pozzolanic activity
      of the additives, that is, their ability to react with the lime that is
      ordinarily released from portland cement under autoclave or steam curing
      conditions to form a strength contributing and chemically stable binding
      material.
PAR  In addition to possessing improved thermal shock resistance, the
      steam-cured asbestos-cement products of the present invention exhibit good
      sulfate resistance and mechanical strength and, in fact, often possess
      superior sulfate resistance. The autoclave cured asbestos-cement products
      of the present invention can be used for such products as fireplace
      panels, chimney stacks, covering for fireproofing beams and like
      applications.
DETD
PAR  The following examples are presented to provide a more complete
      understanding of the invention. Specific techniques, conditions, materials
      and proportions set forth are exemplary and should not be construed as
      limiting the scope of the invention. All percentages listed in this
      application are weight percentages unless otherwise noted, and all screen
      sizes are U.S. Standard unless stated to be otherwise.
PAC  EXAMPLE 1
PAR  A number of asbestos-cement compositions are prepared by forming dry
      furnishes containing 50 percent portland cement, 20 percent asbestos, and
      30 percent of a mixture of silica flour and a finely divided porous
      providing additive. A number of compositions containing no silica flour
      and 30 percent additive are also prepared along with a control composition
      containing no additive but 30 percent silica flour. Each of these
      compositions is mixed with water and shaped into 8 inch by 3 inch by 1/4
      inch samples.
PAR  These samples are cured at 100 percent relative humidity and room
      temperature for 24 hours, and are then autoclaved at 170.degree.C and 100
      psig for 16 hours. After autoclaving, the samples are saturated in water
      for 24 hours, and then placed directly in a furnace at 700.degree.C for
      one hour to test their resistance to thermal shock. The results are
      summarized in Table II which sets forth the various additives and the
      percent additive replacing the silica flour. As noted in this table, with
      no additive, the sample exploded in two to three minutes after being
      placed in the furnace. In most cases, with the addition of larger amounts
      of additive, the sample did not explode.
TBL                                    Table II                                

     __________________________________________________________________________

     Effect of Additives on the Thermal Shock Resistance of                    

     Steam-cured Asbestos Current Products                                     

     __________________________________________________________________________

     Additive       0 1.0 2.0 5 7.5 10   10-12.5                               

                                               15 17.5                         

                                                      18.8                     

                                                          20 22.5              

                                                                 30            

     __________________________________________________________________________

     Desert talc    X         *     X    X     *  *   *   *                    

     Silvery talc   X         X     *    *     *  *   *   *      *             

     C. S. Smith Talc                                                          

                    X               X          X  *       *                    

     Serpentine rock                                                           

                    X               *          *  *       *                    

     Calcined serpentine rock                                                  

                    X               *          *          *                    

     Asbestos floats (chrysotile)                                              

                    X           X   X    X     *  *   *      *                 

     Asbestos tailings (chrysotile)                                            

                    X         X X   X    X     *  *   *   *  *                 

     Calcined asbestos tailings                                                

                    X         X     1 hr.      *                               

     (chrysotile)                   cracked                                    

                                    into 1                                     

     Blue brand chrysotile                                                     

                    X               X          *                               

     Pulverized chrysotile                                                     

                    X         X X   X    X     *  *   *   *  +                 

     Chrysotile tailings                                                       

                    X           X   X          *          *                    

     Pulverized chrysotile tailings                                            

                    X         X X   X    X     X  X   *   X  *                 

     Calcined chrysotile tailings                                              

                    X         X     *          *                               

     Johns-Manville                                                            

      asbestos fiber(a)                                                        

                    X X   X         *          *                               

     Hectorite      X               X          X                               

     Mica           X         X     X          *                 *             

     Nylon          X *   *                                                    

     Orlon          X *   *                                                    

     Crimped orlon  X *   *                                                    

     Silica (quartz)                                                           

                    X         X     X          X                               

     __________________________________________________________________________

      *remains intact                                                          

      Xexploded in 2-3 min.                                                    

      +small surface crack                                                     

       (a)Munro M-100 chrysotile asbestos fiber                                

PAR  These tests thus show that asbestos-cement compositions modified in
      accordance with the teachings of the present invention exhibit greatly
      improved thermal shock resistance.
PAC  EXAMPLE 2
PAR  A thermal shock resistance study is conducted using high asbestos fiber
      content portland cement articles containing 44% asbestos fiber and 33%
      portland cement on a dry solids basis. A number of autoclaved samples are
      prepared containing 10 percent, by weight of the total dry solids, of talc
      or asbestos floats as replacement for silica flour, as well as samples
      containing no replacement of silica flour. One face of each sample is
      exposed to a temperature of 100.degree.F for 15 minutes on a hot plate
      after adjusting the moisture content to a normal level, about 12% by
      weight, or to the saturated level. The standard samples containing no talc
      or asbestos floats explode at both moisture content levels, whereas the
      samples modified with 10% asbestos floats or talc substituted for silica
      remain intact.
PAC  EXAMPLE 3
PAR  The thermal shock resistance of asbestos-cement articles formed by
      autoclaving an extruded asbestos-cement composition is ascertained. The
      extruded compositions contain 20% asbestos fiber, 50% portland cement, and
      30% in the aggregate of silica, inorganic additive to improve thermal
      shick resistance, and a small amount of an ingredient to aid extrusion, a
      hydromodifier (Methocel).
PAR  The test for thermal shock resistance is conducted by first saturating the
      similarly-shaped, extruded, autoclaved, asbestos-cement articles by
      submerging in water for 24 hours. The articles are removed from the water
      and immediately placed in a furnace held at 700.degree.C.
PAR  Articles containing 20% by weight of one of the additives listed (desert
      talc, asbestos floats, asbestos tailings and ground serpentine rock) do
      not exhibit cracking after one hour in the furnace.
PAR  Similarly, articles containing 15% by weight of one of the above four
      inorganic additives do not exhibit cracking upon exposure to 700.degree.C
      for one hour.
PAR  Articles formed from compositions containing no porosity increasing
      additive uniformly failed the thermal shock test, usually by exploding
      within 2-3 minutes.
PAR  The results of these tests show that the above inorganic additives of this
      invention when added in sufficient quantity effectively and dramatically
      increase the thermal shock resistance of typical formulations for extruded
      asbestos-cement articles when the inorganic additives are substituted for
      silica.
PAC  EXAMPLE 4
PAR  A number of asbestos-cement compositions are prepared by the extrusion
      process and contain 50% portland cement, 20% asbestos, and 30% of a
      mixture of silica flour and a finely divided porosity increasing additive.
      A number of control compositions including no additive and 30% silica
      flour are also prepared. In all cases, an extrusion facilitating
      hydromodifier such as Methocel or Polyox is provided.
PAR  Each of the compositions is shaped into an 8 inch by 3 inch by 1/4 inch
      sample and either autoclave cured or moist air cured. After curing, the
      samples are saturated in water for 24 hours, and then placed directly in
      the furnace at 700.degree.C for one hour to test their resistance to
      thermal shock. The results are summarized in Tables III, IV and V. In this
      regard, it should be noted that the hydromodifier tends to decrease
      porosity. Hence, with increases in hydromodifier, a greater amount of
      additive is generally required to eliminate thermal shock, as illustrated
      in the tables.
TBL                                    Table III                               

     __________________________________________________________________________

     Thermal Shock Resistance of Asbestos-Cement                               

     Products Without Additives                                                

            Asbestos                                                           

                    Hydromodifier Content (%)                                  

     Cure   Fiber Level                                                        

                    (%)                                                        

                       0.6 0.45                                                

                               0.4 0.3 0.2 0.1                                 

     __________________________________________________________________________

     Autoclave                                                                 

            20         X   X   X   X   X                                       

            15             X   X       X                                       

            10             X   X       X                                       

     Moist Air                                                                 

            20         X       X   X                                           

     __________________________________________________________________________

      X - failed the thermal shock test by explosion                           

        - passed the thermal shock test                                        

TBL                                    Table IV                                

     __________________________________________________________________________

     Thermal Shock Resistance Properties                                       

     With 10-16 Per Cent Additive Replacing SiO.sub.2                          

            Additives                                                          

                     Hydromodifier Content (%)                                 

     Cure     (%)    0.6 0.4 0.3 0.2   0.1 0.033                               

     __________________________________________________________________________

     Autoclave                                                                 

            Desertalc                                                          

                     X       X                                                 

            Chrysotile fiber                                                   

             grade 7RF1                                                        

                     X       X                                                 

            Chrysotile fiber                                                   

             grade 8T                                                          

                     X       X                                                 

            Serpentine                                                         

                     X       X                                                 

            Mg(OH).sub.2                                                       

                     X                                                         

            Desertalc                                                          

                     X       X         X                                       

            Chrysotile fiber                                                   

             grade 7RF1                                                        

                     X       X                                                 

     Moist Air                                                                 

            Chrysotile fiber                                                   

             grade 8T    X                                                     

            Serpentine   X       30% loss                                      

            Mg(OH).sub.2                                                       

            Celite diato-                                                      

             maceous earth                                                     

     __________________________________________________________________________

      X - failed the thermal shock test by explosion                           

        - passed the thermal shock test                                        

TBL                                    Table V                                 

     __________________________________________________________________________

     Thermal Shock Resistance Properties                                       

     With 17.5 to 20 Per Cent Additive Replacing SiO.sub.2                     

            Additives                                                          

                     Hydromodifier Content (%)                                 

     Cure     (%)    0.6 0.4 0.3 0.2 0.9 0.033                                 

     __________________________________________________________________________

     Autoclave                                                                 

            Desertalc                                                          

                     X                                                         

            Chrysotile fiber                                                   

             grade 7RF1                                                        

            Chrysotile fiber                                                   

             grade 8T                                                          

            Serpentine                                                         

            Mg(OH).sub.2                                                       

            Desertalc                                                          

                     X       X                                                 

            Chrysotile fiber                                                   

             grade 7RF1                                                        

                     X                                                         

     Moist Air                                                                 

            Chrysotile fiber                                                   

             grade 8T    X                                                     

            Serpentine   X                                                     

            Mg(OH).sub.2                                                       

            Celite diato-                                                      

             maceous earth                                                     

     __________________________________________________________________________

      X - Failed the thermal shock test by explosion                           

        - passed the thermal shock test                                        

PAR  The invention in its broader aspects is not limited to the specific details
      shown and described and departures may be made from such details without
      departing from the principles of the invention and without sacrificing its
      chief advantages.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A thermal shock resistant asbestos-cement composition consisting
      essentially of the following ingredients, in percentage by weight on a dry
      solids basis:
PA1  a. 10 to 50% asbestos fibers;
PA1  b. silica in a percentage in the range of 20 to 40% less the percentage of
      the organic porosity-enhancing additive of (d) below;
PA1  c. 25 to 65% hydraulic cement; and
PA1  d. 1 to 30% of an organic fibrous porosity-enhancing additive selected from
      the group consisting of nylon fibers, orlon fibers and sisal fibers, said
      additive being of the type which will prevent surface cracking of a
      product made of said composition when said product is saturated with water
      and then subjected to temperatures on the order of 700.degree.C for a
      period of one hour.
NUM  2.
PAR  2. The composition of claim 1 further consisting essentially of a
      hydromodifier.
NUM  3.
PAR  3. The composition of claim 1 wherein said additive is present as 1 to 5%
      of said admixture.
NUM  4.
PAR  4. A process for the formation of a thermal shock resistant asbestos-cement
      product which comprises:
PA1  a. forming an aqueous admixture of, in percentage by weight on a dry solids
      basis:
PA2  i. 10 to 50% asbestos fibers;
PA2  ii. silica in a percentage in the range of 20 to 40% less the percentage of
      the organic porosity-enhancing additive of (iv) below;
PA2  iii. 25 to 65% hydraulic cement; and
PA2  iv. 1 to 30% of an organic fibrous porosity-enhancing additive consisting
      of nylon fibers, orlon fibers and sisal fibers, said additive being of the
      type which will prevent surface cracking of said product when said product
      is saturated with water and then subjected to temperatures on the order of
      700.degree.C for a period of one hour,
PA1  b. shaping said admixture to form a shaped body; and
PA1  c. curing said body to produce said product.
NUM  5.
PAR  5. The composition of claim 4 wherein said additive is present as 1 to 5%
      of said admixture.
NUM  6.
PAR  6. The process of claim 4 wherein said curing step comprises autoclaving
      said shaped body.
NUM  7.
PAR  7. The process of claim 4 wherein said admixture further comprises a
      hydromodifier.
NUM  8.
PAR  8. The process of claim 7 wherein said shaping step comprises extruding
      said admixture.
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ABST
PAL  A photographic element or film, such as photographic or medical X-ray film,
      having improved antistatic and slippage properties can be prepared by
      applying to said element or film a protective surface containing a calcium
      stearate dispersion and stearamido-propyl dimethyl-beta-hydroxy-ethyl
      ammonium nitrate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has been known in general for a long time that the motivating, handling,
      winding, unwinding and the like operations, when applied to webbed
      materials, may encounter problems of friction, static, and the like. This
      is particularly true in handling photographic elements or films having one
      or more sensitized layers on one side of a photographic support and
      usually a backing layer on the opposite surface of said support. These
      problems are further heightened in the case of medical X-ray film by the
      fact that (1) X-ray film has two separate and independent sensitized
      layers on opposing surfaces of said support, and by the fact that (2)
      recent innovations in medical X-ray processing equipment, which have been
      characterized by the replacement of conventional, single sheet exposing
      equipment with new, rapid exposure and film transport equipment, have
      increased processing difficulties. Such difficulties, for example, that
      can be caused by the new medical X-ray processing equipment, can be static
      discharge on the resulting element or film product, which discharge is
      recorded as black spots or streaks and arises as a result of rapid
      transport between rubber rollers or the like. Another difficulty results
      from jamming of the X-ray film in such equipment if the sheets do not or
      will not slide smoothly from the storage area to the exposure area and
      then to another storage area prior to processing. As examples of such new
      equipment presently commercially available utilizing this new technique of
      rapid transport exposure are those apparatus or machines marketed by
      Elema-Schonander (Model DST-843-2), duPont (duPont Cronex Daylight Chest
      Changer Model 1000), and Picker Corporation (Picker Chest Changer, Catalog
      No. 750-551-1).
PAR  Previous practice for resolving or at least minimizing such problems has
      been the application of various additive materials such as lubricating
      coatings, antistatic coatings, or use of other expedients such as
      interleaving, etc., for facilitating handling and other operations as
      applied to the photographic element or film.
PAR  By means of the present invention, however, improvements in conventional
      photographic elements or films such as color, black-and-white, and medical
      X-ray film, and in their conventional methods of manufacture, are now made
      available which permit broadened use of such photographic elements, and,
      in particular, provide improved X-ray films for application in the new
      exposure-equipment now available to the art.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates generally to the preparation of photographic
      film or elements so as to result in their having improved antistatic and
      slippage properties. More particularly, this invention is directed to a
      gelatin-containing composition, a method for preparing a photographic
      element or film, particularly "black-and-white", color, or medical X-ray
      film containing such a gelatin-coating composition as well as to the
      improved film products resulting from the aforementioned treatment.
PAR  In general, all of these improvements are essentially derived from the
      incorporation, in prescribed amounts, of (1) a dispersion of a metal salt
      of a high molecular weight fatty acid such as, e.g., a calcium stearate
      dispersion of certain properties and (2) an additive of the formula
      RCONH(CH.sub.2).sub.3 N.sup.+R.sub.1 R.sub.2 R.sub.3, NO.sub.3 .sup.-,
      where R is C.sub.7-17 alkyl, R.sub.1 is hydroxyalkyl, and R.sub.2 and
      R.sub.3 are alkyl groups, a preferred example of such additive being
      stearamidopropyldimethyl-.beta.-hydroxyethyl ammonium nitrate, into a
      conventional gelatin composition for application, as (a) protective
      surface(s), to said photographic element or film.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In view of the foregoing background description, it is apparent that the
      development of compositions that can be applied to photographic elements
      or film such as "black-and-white", color, or medical X-ray film, for
      facilitating the winding and unwinding thereof, as well as facilitating
      other operations that may be applied to said element or film, represent a
      highly desirable result long sought by those skilled in the art.
PAR  The present invention, in its most important aspect, therefore, is
      essentially based upon the discovery that certain chemical compounds
      having specifically defined properties, which compounds and properties
      will be described in detail hereinafter, when employed in proper
      proportions and otherwise in accordance with the methods of the present
      invention, will clearly improve the photographic elements or films in many
      ways, and particularly with reference to the antistatic and slippage
      properties thereof.
PAR  It has been found herein that certain chemical compounds, most preferably
      applied in combination, namely (1) aqueous dispersions of certain alkali
      metal, alkaline earth metal, or Group III or other metal salts of certain
      high molecular weight fatty acids, (hereinafter referred to as ingredient
      (1)) useful to enhance lubricity, having an average particle size of about
      1 micron and a specific viscosity of about 350 to about 750 cps (as
      measured by a Brookfield LVF Viscometer, 12 rpm, No. 2 spindle) and (2)
      certain quaternized alkylamido (aminoalkanol) ammonium nitrates
      (hereinafter referred to as ingredient (2)), useful as an antistatic agent
      for application to paper, plastics, and textiles, can be applied, through
      incorporation into otherwise conventional gelatinous, protective overcoat
      compositions, to the backs of photographic film or either or both
      sensitized layer(s) of medical X-ray film so as to provide a thin surface
      layer thereon.
PAR  In general, it is preferred that the above-mentioned two additives be
      applied to the desired element or film substrate in the form of a
      conventional gelatin surface-coating solution, such as one derived from
      acid-or lime-processed gelatin. It is significant to the successful
      practice of this invention, however, that ingredient (2) not be added last
      to the gelatin surface-coating solution, otherwise such unrecommended
      addition will largely destroy or otherwise minimize the utility of the
      overall formulation with respect to its intended antistatic purposes.
      Indeed, addition of ingredient (2) is most preferably made as the first
      addition to the gelatin surface-coating solution, upon initial
      clarification of the freshly prepared aqueous gelatin solution, whereupon
      the usual and conventional coating aids, hardeners, antifoggants,
      couplers, stabilizers, development regulators, etc., and ingredient (1)
      can be thereafter added; however, it must be noted that the antistatic
      activity of ingredient (2) is inhibited or even destroyed if it is used
      with coatable amounts of certain anionic surfactants such as sodium
      tetradecyl sulfate (commercially available as Tergitol 4). Coatable
      amounts, within this context are defined as being 1 part anionic
      surfactant to 1.5 parts ingredient (2). Such conventional coating aids, as
      discussed above, are part of the prior art and are described in U.S. Pat.
      Nos. 2,831,766; 3,514,293; and 3,725,080. Outside of the foregoing
      exception, however, the order of mixing is not important to the success of
      this invention.
PAR  Preferably, the incorporation of ingredient (1) is effected at a
      concentration of 1% to 2.5% by weight, based upon the total gelatin solids
      content of the gelatin surface-coating composition or solution, and said
      ingredient is present in the gelatinous composition or solution in the
      form of dispersion whose suspended solids have a critical average particle
      size of about 1 micron, whereby at least about 90% of the particles are
      less than 10 microns and at least about 75% of the particles are less than
      5 microns, the dispersion having a specific viscosity of about 350 to
      about 750 cps.
PAR  Preferably, ingredient (2) is incorporated in amounts of from about 2.5-5%,
      by weight, based upon the gelatin solids of said gelatin surface-coating
      solutions.
PAR  It is to be noted that the concentration of each ingredient (i.e.,
      ingredients (1) and (2)) is dependent upon its satisfying a number of
      important requirements, viz., its being capable of: satisfactorily coating
      the photographic element with film coatings of adequate opacity,
      photosensitivity, and compatibility with the other components employed.
PAR  When the aforementioned two ingredients of the above-defined critical sizes
      and amounts are added in the manner described above, satisfactory results
      are achievable in terms of appropriate antistatic and slippage properties
      being imparted to the photographic element or film products. For example,
      no static discharge, recorded as a line of black specks of varying widths,
      depending upon the width of the transport wheels and contact with parts of
      the machine, is observed. An increase in the concentration of ingredient
      (1) would increase the opacity of the processed photographic or medical
      X-ray elements or film which would be objectionable to some consumers or
      users. Preferably, for the sake of economy and otherwise, it has been
      found suitable to operate at the lower concentrations of the two
      ingredients without significant alterations in the smooth transport of the
      photographic element or film through the automatic equipment by which it
      is processed.
PAR  Were the photographic element or film not to have sufficient slippage
      properties, such element or film would jam during the transport thereof to
      the exposure cycle and ruin the ultimate photograph or radiograph
      obtained. With respect to the processing equipment used to transport the
      X-ray film used to make radiographs, some equipment will only transport
      six sheets per second to the exposing cycle, and therefore, in such
      instances proper slippage of the element or film would be essential.
PAR  In general, the gelatin surface-coating solutions comprising the two
      essential ingredients of this invention are applicable to photographic
      elements or film in a number of ways of which the following are offered as
      illustrative examples:
PAR  1. Wringer roller: The film is passed between two rollers with adjustable
      pressure between them. A bead of solution is maintained between two pieces
      of film. The coating is applied to one side of the film only; or, in the
      case of medical X-ray film, to both sides of the film.
PAR  2. Dip (emersion): The film is dipped into the solution and then hung
      vertically to dry in the room or at higher temperatures.
PAR  3. Pouring: The film support is held while the solution is poured over one
      side of the support. The coated support is then hung vertically to dry at
      room or at higher temperatures.
PAR  4. Machine: The film passes between two rollers. The bottom roller dips
      into a tank of solution and carries the solution to the film. A bead of
      the solution is maintained between the film and the roller. A method such
      as this would preferably be used on larger scale operations.
PAR  However, the preferred technique and best mode of application is described
      in Mercier et al., U.S. Pat. No. 2,761,419, whose disclosure in this
      regard is hereby incorporated herein by reference.
PAR  As previously noted, essential ingredient (1) of this invention, a known
      material, comprises an aqueous dispersion of certain alkali metal,
      alkaline earth metal, Group III or other metal salts of certain high
      molecular weight fatty acids-preferably an aqueous calcium stearate
      dispersion-having an average particle size of about one micron and a
      specific viscosity of about 350 to about 750 cps., preferably at or about
      the 350 cps range, such aqueous dispersion being capable of being utilized
      in an aqueous gelatin solution.
PAR  In general, it is desirable that the solids content of the aqueous
      dispersion have as fine an average particle size as possible since this
      tends to promote maximum lubricating properties. Coarse particles of
      larger particle size than the present recommended average size of about 1
      micron tend to form a paste which is difficult to handle and to lead as
      well to increased opacity of the final photographic element or film
      product.
PAR  The aqueous dispersion is characterized by being, desirably, a thin fluid
      that is readily pourable and pumpable with minimal foaming tendency.
      Additionally, it is preferably characterized by a high dispersion
      stability under conditions of shear and heat and by an ability to retain
      its fluid uniformity over an extended period of time without solidifying,
      thickening, agglomerating, or separating after 15 minutes or less. In
      addition, it must be capable of use for photographic application without
      harmful effect.
PAR  Suitable examples of ingredient (1) are those that satisfy the foregoing
      criteria, and include the C.sub.12 -C.sub.32 fatty acid metal salts of the
      Group IA, IIA, and certain Group III metals such as aluminum according to
      the Periodic Table defined on page 628 of Webster's Seventh New Collegiate
      Dictionary, published by G. & C. Merriam Company (1971), Springfield,
      Massachusetts. Exemplary of such suitable materials include the Li, Na, K,
      Mg, Ca, Ba, Sr, and Al salts of such fatty acids as the following
      saturated fatty acids dodecanoic (lauric-C.sub.12) up to and including
      dotriacontanoic (lacceroic-C.sub.32). Preferred fatty acids, however, are
      those of lauric (C.sub.12) to eicosanoic (C.sub.20), most preferably
      stearic (C.sub.18).
PAR  The most preferred example of ingredient (1), however, is an aqueous
      dispersion of finely divided calcium stearate, particularly one
      commercially available as Lubracal 60, a modified calcium stearate
      dispersion, manufactured by the Organics Division of the Witco Chemical
      Corporation, which has the following typical specifications:
     Appearance           white liquid                                         

     Total Active (Non-                                                        

     volatile) Content, % 60                                                   

     pH, 5% (of product as                                                     

     supplied) Aqueous                                                         

     Dispersion           11.5                                                 

     Specific Gravity                                                          

     at 77.degree.F       1.0                                                  

     Fineness, % through                                                       

     325 mesh screen      99.9                                                 

     Viscosity, at 77.degree.F,                                                

     cps                  350                                                  

     (Brookfield LVF, spindle                                                  

     No. 2, 12 rpm)                                                            

     Rheology             Thixotropic at all                                   

                          shear rates                                          

     Stability to Shear                                                        

     and Heat             1 hour minimum                                       

     (Waring Blender Test,                                                     

     200 gm sample)                                                            

PAR  As previously noted, ingredient (2), a known material, comprises certain
      quaternized ammonium compounds such as quaternized alkylamido
      (aminoalkanol) ammonium nitrates having utility as antistatic agents for
      application to paper, plastics, and textiles and usually available in the
      form of hydro-alcoholic mixtures, i.e., mixtures of ingredient (2) in an
      alcohol-water mixture. The quaternized ammonium compounds of utility in
      the practice of the present invention include, generally, those of the
      formula: RCONH(CH.sub.2).sub.3 N.sup.+R.sub.1 R.sub.2 R.sub.3,NO.sub.3
      .sup.- where R is C.sub.7 -C.sub.17 alkyl, R.sub.1 is hydroxyalkyl,
      (preferably hydroxy C.sub.1 -C.sub.6 lower alkyl), and R.sub.2 and R.sub.3
      are alkyl groups, preferably C.sub.1 -C.sub.6 alkyl. Such quaternized
      compounds are prepared by treating gamma-(alkylamido) alkyl amines with an
      alkylene oxide in dioxane, diethyl ether, or acetone, and are discussed in
      U.S. Pat. No. 3,082,227, whose disclosure in this regard is hereby
      incorporated herein by reference. Although the phosphate could possibly be
      of utility herein, its use nevertheless would probably be contraindicated
      by the liklihood of its being leached into the processing solutions
      employed in the practice of this invention.
PAR  In general, it is required that suitable examples of ingredient (2) that
      are useful in the practice of this invention be capable of satisfying
      certain mandatory criteria. For example, such examples must be capable of
      being incorporated into an aqueous gelatin solution and of coating the
      photographic element or film substrate, while retaining their antistatic
      properties. In addition, such examples have to be capable of use for
      photographic application without harmful effect.
PAR  Suitable examples of ingredient (2) are those that satisfy the foregoing
      criteria and include
      stearamido-propyl-dimethyl-.beta.-hydroxyethylammonium nitrate;
      myristamido-methyl-methyl-.beta.-hydroxyethylammonium nitrate;
      caprylamido-methyl-methyl-.beta.-hydroxyethylammonium nitrate;
      abietamido-methyl-methyl-.beta.-hydroxyethylammonium nitrate; etc.
PAR  The most preferred example of ingredient (2) is
      stearamidopropyldimethyl-.beta.-hydroxyethylammonium nitrate, particularly
      in the form of a hydro-alcoholic mixture such as one commercially
      available as Catanac SN, a 50% solution of
      stearamidopropyldimethyl-.beta.-hydroxyethylammonium nitrate in an
      isopropyl alcohol-water mixture, manufactured by the Intermediates
      Department of the American Cyanamid Company, Bound Brook, N.J., and which
      has the following typical specifications:
     Description     A 50% solution in                                         

                     aqueous isopropanol                                       

                     solvent mixture.                                          

                     Light yellow to                                           

                     amber in color.                                           

     Molecular weight                                                          

     (100% real)     476 (theoretical)                                         

     pH              4 to 6                                                    

     Compatability   Compatible in all                                         

                     proportions with non-                                     

                     ionics and other                                          

                     cationics. It is                                          

                     compatible with                                           

                     anionics only in                                          

                     specific proportions                                      

                     or when the reaction                                      

                     product is soluble.                                       

     Corrosiveness   Generally non-corrosive                                   

                     but because of its                                        

                     slightly acidic aqueous                                   

                     nature, prolonged                                         

                     contact with rust-                                        

                     susceptible metals is                                     

                     to be avoided.                                            

     Heat Stability  Differential thermal                                      

                     analysis indicates                                        

                     slight decomposition                                      

                     beginning at 180.degree.C.                                

                     Decomposition remains                                     

                     slight until temperature                                  

                     reach 250.degree.C, at which                              

                     point severe decomposition                                

                     and appreciable                                           

                     discoloration occur.                                      

     Solubility      Miscible with water,                                      

                     acetone, alcohols                                         

                     and other polar solvents                                  

                     of low molecular                                          

                     weight.                                                   

PAR  For a further understanding and greater appreciation of the present
      invention, reference may be had to the following Example which is set
      forth for illustrating certain of the preferred embodiments thereof. All
      percentage values are by weight unless stated otherwise.
PAC  EXAMPLE
PAR  A conventional silver halide, medical X-ray emulsion in gelatin containing
      4% silver iodide and 96% silver bromide was prepared in a conventional
      manner known to the art. It was then readied for coating on film base. A
      5% surface gelatin solution in water was prepared, and coating finals or
      aids such as spreading agents, stabilizers, hardeners, and pH adjustment
      agents were added. Four equal aliquot samples of the resulting surface
      gelatin solution were than taken one of these, to which nothing else was
      added, acting as a control. To one of the remaining three samples, 1.2% of
      Lubracal 60 (as defined hereinabove), based on the total gelatin solids
      content present, was added. To another of such samples, 5% of Catanac SN
      (as defined hereinabove), based on the total gelatin solids content
      present, was added. And, finally, to the last remaining sample, both 1.2%
      of Lubracal 60 and 5% of Catanac SN, both percentages as before being
      based on the total gelatin solids content present, were added. The
      thus-prepared emulsion and surface samples were coated on a polyester
      filmbase and dried. The resulting dried products were denoted as follows:
PA1  A. control material
PA1  B. lubracal 60 (1.2%) added.
PA1  C. catanac SN (5%) added.
PA1  D. both Lubracal 60 (1.2%) and Catanac SN (5%) added.
PAR  The finished products (A)-(D) were then tested for slippage characteristics
      via a conventional "drag slippage" test, whereby there was measured the
      force in grams required to pull a weight across the film, the greater the
      force having to be applied serving as an indication of lack of slippage
      properties.
PAR  The results of the slippage test were as follows:
PAC  A. 200 grams
PAC  B. 160 grams
PAC  C. 180 grams
PAC  D. 160 grams
PAR  In another (and separate) test, samples of the finished products of the
      same composition as (A)-(D) were slit to proper size for the
      Elema-Schonander Medical X-ray Exposure apparatus (Model DST-843-2), and
      several sheets of each of the respective samples (A)-(D) run through this
      apparatus and processed. Inspection of the processed sheets showed the
      Control (A) and the Lubracal 60 (B) samples to be the only ones having
      objectionable static marks which could interfere with and impair diagnosis
      of the resulting radiograph. The Catanac SN (C) sample and the combined
      Lubracal 60-Catanac SN (D) sample were free of the static defect.
PAR  Additional tests were made in other equipment such as, e.g., the Picker
      Chest Filmer (Catalog No. 750-551-1), wherein samples of sheets of
      composition (A)-(D) were fed therethrough, with jamming of the apparatus
      occurring only with the Control (A) and with the Catanac SN-only material
      (C). Both the Lubracal 60 (B) material and the combined Lubracal
      60-Catamac SN (D) material moved smoothly through the equipment without
      any jamming.
PAR  From the foregoing experimental evidence, it can be seen that only the
      unique combination of Lubracal 60 -- Catanac SN permitted both static-free
      and "jam-free" Xray film performance in rapid, multi-exposing equipment.
PAR  While this invention has been described with regard to certain embodiments
      thereof, it is to be recognized that various modification and variations
      thereof will become obvious to persons skilled in the art and are to be
      included within the spirit and purview of this application and the scope
      of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A gelatin-containing composition for a photographic film, comprising (a)
      about 1% to about 2,5% by weight, based upon the total gelatin solids
      content of said composition, of an aqueous dispersion of a salt of a metal
      selected from the group consisting of Li, Na, K, Mg, Ca, Ba, Sr, and Al
      and of a C.sub.12 -C.sub.32 organic fatty acid wherein the average
      particle size of the solids suspended in said dispersion is about 1 micron
      and the specific viscosity of said dispersion is about 350 cps to about
      750 cps; and (b) about 2.5 to about 5% by weight, based upon the total
      gelatin solids content of said composition, of a quaternary ammonium
      compound of the formula:
EQU  RCONH(CH.sub.2).sub.3 N+R.sub.1 R.sub.2 R.sub.3,NO.sub.3.sup.-
PAL  wherein R is C.sub.7 -C.sub.17 alkyl, R.sub.1 is hydroxyalkyl having from 1
      to 6 carbon atoms, and R.sub.2 and R.sub.3 are each C.sub.1 -C.sub.6
      alkyl.
NUM  2.
PAR  2. A gelatin-containing composition according to claim 1, wherein said
      fatty acid is a C.sub.16 -C.sub.20 fatty acid.
NUM  3.
PAR  3. A gelatin-containing composition according to claim 1, wherein R is
      selected from the group consisting of stearyl, myristyl, capryl, and
      abietyl.
NUM  4.
PAR  4. A gelatin-containing composition according to claim 1, wherein said salt
      is calcium stearate.
NUM  5.
PAR  5. A gelatin-containing composition according to claim 1, wherein said
      quaternary ammonium compound is
      stearamido-propyl-dimethyl-.beta.-hydroxyethylammonium nitrate.
NUM  6.
PAR  6. A gelatin-containing composition according to claim 1, wherein said salt
      is calcium stearate and said quaternary ammonium compound is
      stearamido-propyl-dimethyl-.beta.-hydroxyethylammonium nitrate.
NUM  7.
PAR  7. A method for preparing a photographic element having improved antistatic
      and slippage properties thereto, comprising applying to said element a
      surface coating of an aqueous solution comprising a gelatin-containing
      composition as defined in claim 1.
NUM  8.
PAR  8. A method for preparing a photographic element having improved antistatic
      and slippage properties thereto, comprising applying to said element a
      surface coating of an aqueous solution comprising a gelatin-containing
      composition as defined in claim 4.
NUM  9.
PAR  9. A method for preparing a photographic element having improved antistatic
      and slippage properties thereto, comprising applying to said element a
      surface coating of an aqueous solution comprising a gelatin-containg
      composition as defined in claim 5.
NUM  10.
PAR  10. A method for preparing a photographic element having improved
      antistatic and slippage properties thereto, comprising applying to said
      element a surface coating of an aqueous solution comprising a
      gelatin-containing composition as defined in claim 6.
NUM  11.
PAR  11. A photographic element comprising a support and a light-sensitive
      silver halide emulsion layer having in a layer contiguous to said emulsion
      layer a gelatin-containing composition comprising components (a) and (b)
      as defined in claim 1.
NUM  12.
PAR  12. A photographic element comprising a support and a light-sensitive
      silver halide emulsion layer having in a layer contiguous to said emulsion
      layer a gelatin-containing composition comprising a salt component therein
      as defined in claim 4.
NUM  13.
PAR  13. A photographic element comprising a support and a light-sensitive
      silver halide emulsion layer having in a layer contiguous to said emulsion
      layer a gelatin-containing composition comprising a quaternary ammonium
      compound component as defined in claim 5.
NUM  14.
PAR  14. A photographic element comprising a support and a light-sensitive
      silver halide emulsion layer having in a layer contiguous to said emulsion
      layer a gelatin-containing composition comprising a salt and a quaternary
      ammonium compound as defined in claim 6.
NUM  15.
PAR  15. A method for preparing a gelatin-containing composition according to
      claim 1, comprising treating said composition with said quaternary
      ammonium compound.
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ABST
PAL  Compositions containing 80 to 99 percent by volume of chlorinated aliphatic
      hydrocarbons and 1 to 20 percent by volume of an alkylene glycol alkanoate
      or an alkylene glycol ether alkanoate have been found to be excellent for
      use in the vapor reflow of organic surfaces when the composition is
      employed in a superheated vaporous state.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The present application is a continuation-in-part of my previous
      application Serial No. 34,527 filed May 4, 1970 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various solvents and techniques have been used to reflow organic surfaces
      such as paint and thermoplastic polymers, see for example British Pat. No.
      1,165,176. The basic problem in reflow operations is the lack of a solvent
      or combination of solvents which easily reflows the surface and does not
      deleteriously affect the surface in the reflowing operation. To date most
      solvents known have drawbacks which adversely affect the reflowed surface
      in one or more ways. Some cause discoloration, some cause blooming, some
      form a haze, some cause crazing and some cause blistering. These problems
      are especailly acute in the reflow of paint. Solvent compositions which
      reflow organic surfaces with a minimum of these drawbacks, of course, are
      very desirable. Thus, an intensive search has been conducted to discover a
      solvent combination suitable for use in commercial production and repair.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, compositions containing about 80 to 99
      percent by volume of chlorinated aliphatic hydrocarbon boiling at a
      temperature below about 200.degree.C. and about 1 to about 20 percent by
      volume of an alkylene glycol alkanoate, an alkylene glycol ether alkanoate
      or mixture thereof boiling below about 200.degree.C. have been discovered
      to be extremely useful solvent compositions when employed in superheated
      vaporous state for reflowing thermoplastic organic surfaces. In vapor
      reflow applications using the solvent compositions of the invention within
      superheated vaporous state, fewer deleterious effects are observed than
      are exhibited by known compositions.
PAR  The chlorinated aliphatic hydrocarn components of the composition may
      suitably be any of the normally liquid chlorinated hydrocarbons that are
      partial solvents for the organic surface to be reflowed boiling below
      200.degree.C. These chlorinated hydrocarbons usually have 1 to about 6
      carbon atoms or more with 4 or less chlorine atoms attached to the
      hydrocarbon chain. Representative examples of various chlorinated
      aliphatic hydrocarbons suitable for use in the present invention include:
      chlorinated alkanes such as methylene chloride, chloroform, carbon
      tetrachloride, 1,1- and 1,2-dichloroethane, 1,1,1- and
      1,1,2-trichloroethane, various trichloropropanes, tetrachloropropanes,
      tetrachlorobutanes, dichloropentanes and trichlorohexanes; and the
      chlorinated alkenes such as 1,2-cis- and trans-dichloroethene,
      trichloroethene, tetrachloroethene, trichloropropenes and
      tetrachlorobutenes. The preferred compositions of the present invention
      contain chlorinated alkanes, chlorinated alkenes or mixtures thereof
      having 1 to 3 carbon atoms and 1 to 4 chlorine atoms, with methylene
      chloride, 1,2-di-chloroethane, 1,1,1- and 1,1,2-trichloroethane, 1,2-cis-
      and trans-dichloroethene, trichloroethene, and tetrachloroethene being
      especially preferred. Mixtures of methylene chloride and tetrachloroethene
      are of special interest in the present invention, with vapor reflow of
      compositions containing at least 50 percent by volume of methylene
      chloride being especially effective, and compositions containing 65 to 80
      percent methylene chloride being of greatest interest.
PAR  Although the chlorinated aliphatic hydrocarbons may comprise 80 to 99
      percent of the composition of the present invention, compositions
      containing 85 to 98 percent by volume of chlorinated hydrocarbon are
      preferred. The chlorinated hydrocarbons may be stabilized against
      reduction by metals with minor amounts of various stabilizers which are
      known in the art. Such stabilizers include propylene oxide, butylene
      oxide, dimethoxymethane and nitromethane. The use of stabilizers is
      especially preferred when methylene chloride is used in the vapor reflow
      composition.
PAR  The second essential component of the vapor reflow composition is the
      alkylene glycol alkanoate or alkylene glycol ether alkanoate. These
      compounds have a boiling point below 200.degree.C. and preferably contain
      fewer than 10 carbon atoms. The glycol alkanoates have one or both of the
      glycol hydroxyls esterified, whereas the glycol ether alkanoates esterify
      one of the hydroxyls of the glycol and etherify the remaining hydroxyl of
      the glycol. Representative examples of suitable glycol alkanoates and
      glycol ether alkanoates include: glycol alkanoates, such as ethylene
      glycol mono or diacetate, ethylene glycol acetate propionate, ethylene
      glycol mono or dibutyrate, diethylene glycol mono or diacetate,
      triethylene glycol monopropionate, propylene glycol mono and diacetate,
      propylene glycol propionate acetate and butylene glycol mono or diacetate;
      and glycol ether alkanoates, such as ethylene glycol ethyl ether acetate,
      ethylene glycol pentyl ether acetate, ethylene glycol methyl ether
      acetate, ethylene glycol methyl ether propionate, ethylene glycol propyl
      ether acetate, ethylene glycol methyl ether butyrate, diethylene glycol
      ethyl ether acetate, propylene glycol ethyl ether acetate, propylene
      glycol methyl ether acetate, propylene glycol propyl ether acetate,
      propylene glycol methyl ether propionate, propylene glycol methyl ether
      butyrate, propylene glycol butyl ether acetate, butylene glycol ethyl
      ether acetate, butylene glycol methyl ether acetate, butylene glycol ethyl
      ether butyrate and butylene glycol butyl ether acetate. Preferred glycol
      alkanoates have alkanoyl groups of 2 to 4 carbon atoms. Preferred glycol
      ether alkanoates have in addition to the preferred alkanoyl group a
      preferred alkoxy group of 1 to 4 carbon atoms. Compositions containing the
      glycol ether alkanoates are of particular interest in the invention, with
      compositions containing ether alkanoates of ethylene glycol being
      especially preferred, and ethylene glycol ethyl ether acetate being of
      special interest.
PAR  As noted, the concentration of the glycol alkanoate or glycol ether
      alkanoate may range from about 1 to about 20 percent by volume. Although
      concentrations of glycol ester above 20 percent by volume may be employed,
      these solvents are not as good for vapor reflow as those containing less
      than 20 percent. Preferred concentrations of glycol alkanoates and glycol
      ether alkanoates are about 2 to about 15 percent by volume of the total
      reflow mixture.
PAR  Although these two components, the chlorinated aliphatic hydrocarbon and
      the glycol alkanoate or glycol ether alkanoate, are the only two mandatory
      components of the mixture, other components may be added to the mixture
      without deleteriously effecting the vapor reflow characteristics of the
      mixture. Such suitable additives may be picked from the known reflow
      solvents that have the characteristics as described above for the
      components of the present invention, viz. a boiling point below
      200.degree.C. and the property of being at least a partial solvent for the
      organic surface to be reflowed.
PAR  The vapor reflow compositions of the invention are simply prepared by
      mixing the individual components in the proportions specified and
      completely vaporizing the mixture and superheating the vapors, or by
      mixing the vapors of the individual components and superheating the mixed
      vapors in such proportions. The compositions are then suitably applied as
      a superheated vapor to any organic surface that is at least partially
      soluble in the composition to remove minor imperfections from localized
      areas or from the entire surface. The particular composition which is most
      suited to the organic surface varies as different surfaces and terminal
      characteristics are desired. Of the various thermoplastic organic surfaces
      that may be reflowed by the compositions of the invention, paints
      including lacquers and enamels, thermoplastic resins, such as polystyrene,
      polybutadiene, acrylonitrile-butadiene-styrene and similar substances are
      preferred, with the reflow of paint being of particular interest.
PAR  In the practical application of the invention to a localized surface of a
      painted metal, the various components of the ultimate vapor reflow
      composition are preferably mixed, and fed in the proper proportions
      through a heating vaporizing and superheating chamber and into a
      passageway leading to the painted surface. The superheated vapor
      composition emitted from the passageway is contacted with the paint and
      the paint is reflowed under conditions that allow for rapid vaporization
      of the solvent from the treated surface. The surface is then allowed to
      dry and minor imperfections in the painted surface are found to have been
      removed, leaving a surface which appears to be substantially identical to
      that of the surrounding area.
PAC  SPECIFIC EMBODIMENT
PAR  A vapor reflow composition containing 70 percent by volume of methylene
      chloride, 20 percent tetrachloroethene and 10 percent ethylene glycol
      ethyl ether acetate was prepared, vaporized and superheated to
      200.degree.C. and contacted with an aluminized acrylic lacquer painted on
      a car body. The paint was immediately reflowed in the localized area of
      contact and dried rapidly to give a surface almost identical to that of
      the surrounding area. No buffing or other post-treatment was required to
      improve the surface and make it acceptable by production standards.
PAR  In the same manner as shown by the example above, other vapor reflow
      solvents containing 80 to 99 percent of chlorinated aliphatic hydrocarbons
      and 1 to 20 percent of a glycol alkanoate, glycol ether alkanoate or
      mixture thereof may be employed to reflow paint or a thermoplastic toy to
      remove imperfections in the surface and to provide a surface when dried
      which is essentially the same as that of the surrounding area. Also in the
      same manner the entire surface may be reflowed to give little or no
      discoloration, haze, crazing or blistering.
PAR  Representative examples of compositions that give this desired result
      include those containing by volume: 60 percent methylene chloride, 30
      percent 1,1,1-trichloroethane and 10 percent ethylene glycol diacetate; 65
      percent methylene chloride, 30 percent 1,2-dichloroethene and 5 percent
      diethylene glycol methyl ether acetate; 75 percent methylene chloride, 23
      percent trichloroethene and 2 percent propylene glycol propionate; 60
      percent 1,2-dichloroethane, 30 percent tetrachloroethene and 10 percent
      butylene glycol methyl ether acetate; 50 percent 1,2,3-trichloropropane,
      30 percent 1,2-dichloropentane and 20 percent ethylene glycol methyl ether
      acetate; and 85 percent methylene chloride and 15 percent ethylene glycol
      methyl ether propionate.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition suitable for use as a superheated vapor for vapor
      reflowing plastic surfaces consisting essentially of about 50 to 99
      percent of methylene chloride, 0 to 49 percent of one or more
      1,2-dichloroethane, 1,1,1- and 1,1,2-trichloroethane, 1,2-cis- and
      trans-dichloroethene, trichloroethene, tetrachloroethene or a mixture
      thereof boiling below about 200.degree.C., and about 1 to 20 percent of an
      alkylene glycol alkanoate, alkylene glycol ether alkanoate or a mixture
      thereof having a boiling point below 200.degree.C.
NUM  2.
PAR  2. The composition of claim 1 wherein tetrachloroethene is present in about
      20 percent by weight.
NUM  3.
PAR  3. The composition of claim 1 wherein the glycol alkanoate or glycol ether
      alkanoate contains up to 10 carbon atoms.
NUM  4.
PAR  4. The composition of claim 1 wherein the glycol alkanoate contains
      alkanoyl groups of 2 to 4 carbon atoms.
NUM  5.
PAR  5. The composition of claim 1 containing a glycol ether alkanoate or
      mixture thereof.
NUM  6.
PAR  6. The composition of claim 1 wherein the glycol ether alkanoate has an
      alkanoyl group of 2 to 4 carbon atoms and an alkoxy group of 1 to 4 carbon
      atoms.
NUM  7.
PAR  7. The composition of claim 1 containing ethylene glycol ethyl ether
      acetate.
NUM  8.
PAR  8. The composition of claim 1 wherein the concentration of the glycol
      alkanoate or glycol ether alkanoate is 2 to 15 percent.
PATN
WKU  039335186
SRC  5
APN  5342430
APT  1
ART  142
APD  19741219
TTL  Compositions for reflowing organic surfaces
ISD  19760120
NCL  4
ECL  1
EXP  Morris; Theodore
INVT
NAM  Vivian; Thomas A.
CTY  Midland
STA  MI
ASSG
NAM  The Dow Chemical Company
CTY  Midland
STA  MI
COD  02
RLAP
COD  72
APN  34527
APD  19700504
PSC  03
CLAS
OCL  106311
XCL  106190
XCL  252171
XCL  264341
EDF  2
ICL  C08K  502
FSC  106
FSS  311
FSC  252
FSS  171
FSC  264
FSS  340;341
FSC  134
FSS  38
UREF
PNO  2662837
ISD  19531200
NAM  Dunkin
OCL  134 29
UREF
PNO  2689198
ISD  19540900
NAM  Judd
OCL  134 30
UREF
PNO  2969328
ISD  19610100
NAM  Ellenson
OCL  252153
UREF
PNO  3446890
ISD  19690500
NAM  Emery
OCL  264341
UREF
PNO  3536766
ISD  19701000
NAM  Mogford
OCL  260652.5
LREP
FR2  Baker; Glywnn R.
ABST
PAL  Compositions containing 80 to 90 percent by volume of chlorinated aliphatic
      hydrocarbons and 1 to 20 percent by volume of an alkylene glycol alkanoate
      or an alkylene glycol ether alkanoate have been found to be excellent for
      use in the vapor reflow of organic surfaces.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  The present application is a continuation-in-part of my previous
      application Ser. No. 34,527 filed May 4, 1970 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various solvents and techniques have been used to reflow organic surfaces
      such as paint and thermoplastic polymers, see for example British Patent
      No. 1,165,176. The basic problem in reflow operations is the lack of a
      solvent or combination of solvents which easily reflows the surface and
      does not deleteriously affect the surface in the reflowing operation. To
      date most solvents known have drawbacks which adversely affect the
      reflowed surface in one or more ways. Some cause discoloration, some cause
      blooming, some form a haze, some cause crazing and some cause blistering.
      These problems are especially acute in the reflow organic surfaces with a
      minimum of these drawbacks, of course, are very desirable. Thus, an
      intensive search has been conducted to discover a solvent combination
      suitable for use in commercial production and repair.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, compositions containing about 80 to 99
      percent by volume of chlorinated aliphatic hydrocarbon boiling at a
      temperature below about 200.degree.C. and about 1 to about 20 percent by
      volume of an alkylene glycol alkanoate, an alkylene glycol ether alkanoate
      or mixture thereof boiling below about 200.degree.C. have been discovered
      to be extremely useful solvent compositions for reflowing thermoplastic
      organic surfaces. In vapor reflow applications using the solvent
      compositions of the invention, fewer deleterious effects are observed than
      are exhibited by known compositions.
PAR  The chlorinated aliphatic hydrocarbon components of the composition may
      suitably be any of the normally liquid chlorinated hydrocarbons that are
      partial solvents for the organic surface to be reflowed boiling below
      200.degree.C. These chlorinated hydrocarbons usually have 1 to about 6
      carbon atoms or more with 4 or less chlorine atoms attached to the
      hydrocarbon chain. Representative examples of various chlorinated
      aliphatic hydrocarbons suitable for use in the present invention include:
      chlorinated alkanes such as methylene chloride, chloroform, carbon
      tetrachloride, 1,1- and 1,2-dichloroethane, 1,1,1- and
      1,1,2-trichloroethane, various trichloropropanes, tetrachloropropanes,
      tetrachlorobutanes, dichloropentanes and trichlorohexanes; and the
      chlorinated alkenes such as 1,2-cis- and trans-dichloroethene,
      trichloroethene, tetrachloroethene, trichloropropenes and
      tetrachlorobutenes. The preferred compositions of the present invention
      contain chlorinated alkanes, chlorinated alkenes or mixtures thereof
      having 1 to 3 carbon atoms and 1 to 4 chlorine atoms, with methylene
      chloride, 1,2-dichloroethane, 1,1,1- and 1,1,2-trichloroethane, 1,2-cis-
      and trans-dichloroethene, trichloroethene, and tetrachloroethene being
      especially preferred. Mixtures of methylene chloride and tetrachloroethene
      are of special interest in the present invention, with vapor reflow of
      compositions containing at least 50 percent by volume of methylene
      chloride being especially effective, and compositions containing 65 to 80
      percent methylene chloride being of greatest interest.
PAR  Although the chlorinated aliphatic hydrocarbons may comprise 80 to 99
      percent of the composition of the present invention, compositions
      containing 85 to 98 percent by volume of chlorinated hydrocarbons are
      preferred. The chlorinated hydrocarbons may be stabilized against
      reduction by metals with minor amounts of various stabilizers which are
      known in the art. Such stabilizers include propylene oxide, butylene
      oxide, dimethoxymethane and nitromethane. The use of stabilizers is
      especially preferred when methylene chloride is used in the vapor reflow
      composition.
PAR  The second essential component of the vapor reflow composition is the
      alkylene glycol alkanoate or alkylene glycol ether alkanoate. These
      compounds have a boiling point below 200.degree.C. and preferably contain
      fewer than 10 carbon atoms. The glycol alkanoates have one or both of the
      glycol hydroxyls esterified, whereas the glycol ether alkanoates esterify
      one of the hydroxyls of the glycol and etherify the remaining hydroxyl of
      the glycol. Representative examples of suitable glycol alkanoates and
      glycol ether alkanoates include: glycol alkanoates, such as ethylene
      glycol mono or diacetate, ethylene glycol acetate propionate, ethylene
      glycol mono or dibutyrate, diethylene glycol mono or diacetate,
      triethylene glycol monopropionate, propylene glycol mono and diacetate,
      propylene glycol propionate acetate and butylene glycol mono or diacetate;
      and glycol ether alkanoates, such as ethylene glycol ethyl ether acetate,
      ethylene glycol pentyl ether acetate, ethylene glycol methyl ether
      acetate, ethylene glycol methyl ether propionate, ethylene glycol propyl
      ether acetate, ethylene glycol methyl ether butyrate, diethylene glycol
      ethyl ether acetate, propylene glycol ethyl ether acetate, propylene
      glycol methyl ether acetate, propylene glycol propyl ether acetate,
      propylene glycol methyl ether propionate, propylene glycol methyl ether
      butyrate, propylene glycol butyl ether acetate, butylene glycol ethyl
      ether acetate, butylene glycol methyl ether acetate, butylene glycol ethyl
      ether butyrate and butylene glycol butyl ether acetate. Preferred glycol
      alkanoates have alkanoyl groups of 2 to 4 carbon atoms. Preferred glycol
      ether alkanoates have in addition to the preferred alkanoyl group a
      preferred alkoxy group of 1 to 4 carbon atoms. Compositions containing the
      glycol ether alkanoates are of particular interest in the invention, with
      compositions containing ether alkanoates of ethylene glycol being
      especially preferred, and ethylene glycol ethyl ether acetate being of
      special interest.
PAR  As noted, the concentration of the glycol alkanoate or glycol ether
      alkanoate may range from about 1 to about 20 percent by volume. Although
      concentrations of glycol ester above 20 percent by volume may be employed,
      these solvents are not as good for vapor reflow as those containing less
      than 20 percent. Preferred concentrations of glycol alkanoates and glycol
      ether alkanoates are about 2 to about 15 percent by volume of the total
      reflow mixture.
PAR  Although these two components, the chlorinated aliphatic hydrocarbon and
      the glycol alkanoate or glycol ether alkanoate, are the only two mandatory
      components of the mixture, other components may be added to the mixture
      without deleteriously effecting the vapor reflow characteristics of the
      mixture. Such suitable additives may be picked from the known reflow
      solvents that have the characteristics as described above for the
      components of the present invention, viz. a boiling point below
      200.degree.C. and the property of being at least a partial solvent for the
      organic surface to be reflowed.
PAR  The vapor reflow compositions of the invention are simply prepared by
      mixing the individual components in the proportions specified and
      completely vaporizing the mixture or by mixing the vapors of the
      individual components in such proportions. The compositions are then
      suitably applied as a vapor preferably a super-heated vapor, to any
      organic surface that is at least partially soluble in the composition to
      remove minor imperfections from localized areas or from the entire
      surface. The particular composition which is most suited to the organic
      surface varies as different surfaces and terminal characteristics are
      desired. Of the various thermoplastic organic surfaces that may be
      reflowed by the compositions of the invention, paints including lacquers
      and enamels, thermoplastic resins, such as polystyrene, polybutadiene,
      acrylonitrile-butadiene-styrene and similar substances are preferred, with
      the reflow of paint being of particular interest.
PAR  In the practical application of the invention to a localized surface of a
      painted metal, the various components of the ultimate vapor reflow
      composition are preferably vaporized and superheated or fed in the proper
      proportions through a mixing chamber and vaporized and superheated then
      fed into a passageway and projected on the painted surface. The vapor
      composition emitted from the passageway is contacted with the paint and
      the paint is reflowed. The vapor, being superheated, is at a condition
      that allows for rapid vaporization of the solvent from the treated
      surface. The surface is then allowed to dry. Imperfections in the painted
      surface are found to have been removed, leaving a surface which appears to
      be substantially identical to that of the surrounding area.
DETD
PAC  SPECIFIC EMBODIMENT
PAR  A vapor reflow composition containing 70 percent by volume of methylene
      chloride, 20 percent tetrachloroethene and 10 percent ethylene glycol
      ethyl ether acetate was prepared, vaporized at 200.degree.C. and contacted
      with an aluminized acrylic lacquer painted on a car body. The paint was
      immediately reflowed in the localized area of contact and dried rapidly to
      give a surface almost identical to that of the surrounding area. No
      buffing or other post-treatment was required to improve the surface and
      make it acceptable by production standards.
PAR  In the same manner as shown by the example above, other vapor reflow
      solvents containing 80 to 99 percent of chlorinated aliphatic hydrocarbons
      and 1 to 20 percent of a glycol alkanoate, glycol ether alkanoate or
      mixture thereof may be employed to reflow paint or a thermoplastic toy to
      remove imperfections in the surface and to provide a surface when dried
      which is essentially the same as that of the surrounding area. Also in the
      same manner the entire surface may be reflowed to give little or no
      discoloration, haze, crazing or blistering.
PAR  Representative examples of compositions that give this desired result
      include those containing by volume: 60 percent methylene chloride, 30
      percent 1,1,1-trichloroethane and 10 percent ethylene glycol diacetate; 65
      percent methylene chloride, 30 percent 1,2-dichloroethene and 5 percent
      diethylene glycol methyl ether acetate; 75 percent methylene chloride, 23
      percent trichloroethene and 2 percent propylene glycol propionate; 60
      percent 1,2-dichloroethane, 30 percent tetrachloroethene and 10 percent
      butylene glycol methyl ether acetate; 50 percent 1,2,3-trichloropropane,
      30 percent 1,2-dichloropentane and 20 percent ethylene glycol methyl ether
      acetate; and 85 percent methylene chloride and 15 percent ethylene glycol
      methyl ether propionate.
PAR  To demonstrate the effectiveness of the present invention a series of tests
      were run employing compositions of the present invention as well as some
      of those in the art. The results are reported hereinafter.
PAC  GENERAL PROCEDURE
PAR  Six four-by-five inch metal panels were obtained pre-painted from General
      Motors Corporation, each having a surface painted with an automobile top
      coat manufactured by E. I. duPont de Nemours Company.
PAR  Each panel was lightly sanded with 400 weight sandpaper on the lower
      portion and wiped clean with a soft dry cloth. Each so-scratched panel of
      each color was divided into four sections and a section subjected to the
      vapors of one of the compositions while the other three sections were
      protected by strips of masking tape. The vapors were generated by passing
      the liquid composition through a heated tube under pressure at a rate to
      convert the liquid to a superheated vapor having a temperature of about
      325.degree.F. at the spray nozzle of the tube. The panels were held about
      4 inches from the nozzle and the panels were moved past the gun nozzle.
      Each panel was maintained in the vapor for about 1 second.
PAR  After the six panels of each color had been reflowed with each composition,
      the panels were visually rated from 1 to 3 for scratch removal, color and
      overall appearance of the reflowed area compared to the unreflowed area.
PAR  The following table sets forth the compositions employed and the results of
      visual ratings of the said Vivian.
TBL  ______________________________________                                    

     20% C.sub.2 Cl.sub.4                                                      

                   50% CH.sub.2 Cl.sub.2                                       

                                   70% CH.sub.2 Cl.sub.2                       

     10% Ethylene  (inhib.)        (inhib.)                                    

     Glycol        50%             30% Cl.sub.3 F.sub.3 C.sub.2                

     Ethyl Ether   1,1,1--Cl.sub.3 C.sub.2 H.sub.3                             

                                   (col. 4,                                    

     Acetate       (col. 7,        lines 32-                                   

     70% CH.sub.2 Cl.sub.2                                                     

                   lines 42-43)    34)                                         

     (inhib.)                                                                  

     Turquoise duPont Code 5-0481-6                                            

     ______________________________________                                    

                1           3            3                                     

     Scratch   Scratch     Scratch      Scratch                                

     Removal   marks       marks        marks                                  

               removed     readily      readily                                

                           visible      visible                                

     color      2           3            1                                     

               Medium      Low          Color-good                             

     Overall    1           2            1                                     

     Blue Firemist duPont Code 5-0487-6                                        

     ______________________________________                                    

     Scratch    1           1            1                                     

     Removal   Adequate                                                        

     Color      1           2            3                                     

               Best        Next-best    Poorest                                

     Overall    1           2            3                                     

               Best        Next-best    Poorest                                

     Olive Green Fisher Code WA 3863                                           

     ______________________________________                                    

     Scratch   1           3            2                                      

     Removal                                                                   

     Color     1           2            1                                      

     Overall   1           3            2                                      

     Gold Metallic duPont 6-0176-6                                             

     ______________________________________                                    

     Scratch   2           2            2                                      

     Removal                                                                   

     Color     1           3            2                                      

     Overall   1           3            2                                      

     Gold Firemist duPont 4-0421-6                                             

     ______________________________________                                    

     Scratch   2           3            1                                      

     Removal                                                                   

     Color     1           2            3                                      

     Overall   1           2            3                                      

     Scarlet Red Fisher Code WA 3804                                           

     ______________________________________                                    

     Scratch   1           3             3                                     

     Removal                            Some                                   

                                        Sagging                                

     Color     1           1             1                                     

     Overall   1           2             3                                     

     ______________________________________                                    

PAR  In another series of tests the following results were obtained.
PAC  GENERAL PROCEDURE
PAR  Twenty-eight four-by-eight inch metal panels, obtained from Parker Rust
      Roofing Division of Hooker Chemical Company, each having a bonderized
      surface, were primed with a grey automobile primer manufactured by E. I.
      duPont de Nemours Company. Each primed panel was baked at 225.degree.F.
      for 15 minutes, then set aside to cool.
PAR  Each panel was lightly sanded with 600 weight sandpaper and wiped clean
      with a soft dry cloth.
PAR  The panels were coated with two coats of a thermoplastic acrylic automobile
      top coat, seven were coated with a gold colored top coat, seven were
      coated with a red colored top coat, seven were coated with a green colored
      top coat and seven with a black colored top coat. The top coats were
      commercially available compositions manufactured by E. I. duPont de
      Nemours or Inmont R&M.
PAR  Each panel was set aside after painting for at least two hours, then baked
      at 300.degree.F. for 30 to 45 minutes. The so-baked panels were set aside
      for 24 hours.
PAR  Each panel was scratched on its painted surface lengthwise along one side
      one inch wide using a piece of 600 weight sandpaper.
PAR  One so-scratched panel of each color was subjected to the vapors of one of
      the compositions throughout about two-thirds of its length. The vapors
      were generated by passing the liquid composition through a heated tube
      under pressure at a rate to convert the liquid to a superheated vapor
      having a temperature of about 300.degree.-350.degree.F. at the spray
      nozzle of the tube. The panels were held about 4 inches from the nozzle so
      that about two-thirds of the panel was contacted with the vapors. Each
      panel was maintained in the vapor for about 1 second.
PAR  After the seven panels of each color had been reflowed, the panels were
      visually rated from 1 to 7 for gloss, haze and appearance of the interface
      of the reflowed area and the unreflowed area. The best panel overall of
      each color compared on a basis of 1 for the best to 7 for the poorest
      panel.
PAR  The following table sets forth the compositions employed and the results of
      independent visual ratings of a two-member rating panel noted as V and M,
      respectively.
TBL  TABLE OF RESULTS                                                          

     __________________________________________________________________________

                             Gold                                              

                                 Red   Black    Green                          

     Composition, % by Volume                                                  

                             V M V M   V   M    V    M                         

     __________________________________________________________________________

     A.                                                                        

       20 Perchloroethylene        Panel No. 1 each color                      

     70 Methylene Chloride   1 1 1 2   3   2/3* 4    4                         

     10 Ethylene Glycol Ethyl Ether                                            

     Acetate (Ethyl "Cellosolve" Acetate)                                      

     EEA                                                                       

     __________________________________________________________________________

     B.                                                                        

       Composition of Defensive Publication                                    

                                   Panel No. 2 each color                      

       T872,012                                                                

     90 Trichloroethylene    6 7 7 7   5   3/4* 5/7**                          

                                                     7                         

                                                Haze                           

     10 Ethylene Glycol Methyl Ether                                           

     Acetate (MEA)                                                             

     __________________________________________________________________________

     C.                                                                        

       Composition "B" MEA Replaced with EEA                                   

                                   Panel No. 3 each color                      

     90 Trichloroethylene    4 6 6 6   6   6/6* 5/7**                          

                                                     6                         

                                                Haze                           

     10 Ethylene Glycol Ethyl Ether Acetate                                    

     __________________________________________________________________________

     D.                                                                        

       Perchloroethylene Replacing Part of                                     

                                   Panel No. 4 each color                      

       Trichloroethylene in "C"                                                

     70 Trichloroethylene    7 5 5 4   7   7/7* 5/7**                          

                                                     5                         

     20 Perchloroethylene                       Haze                           

     10 Ethylene Glycol Ethyl Ether Acetate                                    

     __________________________________________________________________________

     E.                                                                        

       60 Methylene Chloride       Panel No. 5 each color                      

     30 1,1,1-Trichloroethane                                                  

                             5 4 3 3   2   5/5* 3    1                         

     10 Ethylene Glycol Ethyl Ether Acetate                                    

     __________________________________________________________________________

     F.                                                                        

       80 Methylene Chloride       Panel No. 6 each color                      

     15 Perchloroethylene    3 2 4 5   1   2/4* 2    3                         

     5 Ethylene Glycol Ethyl Ether Acetate                                     

     __________________________________________________________________________

     G.                                                                        

       90 Methylene Chloride       Panel No. 7 each color                      

     10 Ethylene Glycol Ethyl Ether                                            

                             2 3 2 1   4   1/1* 2    1                         

     Acetate                                                                   

     __________________________________________________________________________

       *The black panels were rated twice by one panel member, each rating bein

      made after random ordering of the panels.                                

      **These three panels were all rated hazy by one panel member and difficul

      to distinguish any significant degree of difference.                     

PAR  In still another test series the two following compositions were rated:
PA1  A. methylene Chloride
PA1  B. 99 percent Methylene Chloride 1 percent Ethylene Glycol Ethyl Ether
      Acetate
PAR  Two panels were painted by an automotive body painter with a gold
      automotive lacquer and two panels with a red automotive lacquer and each
      baked for 30-45 minutes at 300.degree.F. Each panel was scratched with 600
      weight sandpaper and approximately one-half reflowed with one or the other
      of the above compositions. Three persons evaluated the panels reflowed
      with composition B as superior.
CLMS
STM  I claim:
NUM  1.
PAR  1. A vapor reflow composition consisting essentially of about 80 to 99
      percent of chlorinated aliphatic hydrocarbon boiling below about
      200.degree.C., and about 1 to 20 percent of an alkylene glycol alkanoate,
      alkylene glycol ether alkanoate or mixture thereof having a boiling point
      below about 200.degree.C. and a stabilizing amount of propylene oxide,
      butylene oxide, dimethoxymethane, nitromethane or mixtures thereof.
NUM  2.
PAR  2. The process for reflowing a thermoplastic organic surface comprising
      contacting the vaporized composition consisting essentially of about 80-99
      percent of chlorinated aliphatic hydrocarbon boiling below 220.degree.C.,
      and about 1-20 percent of an alkylene glycol alkonate, alkylene glycol
      either alkonate or mixture thereof having a boiling point below about
      200.degree.C with the surface under conditions which allow for the rapid
      vaporization of the composition from the treated surface.
NUM  3.
PAR  3. The process of claim 2 wherein the thermoplastic surface is paint.
NUM  4.
PAR  4. The the process of claim 2 wherein the chlorinated aliphatic hydrocarbon
      consists of methylene chloride, 1,2-dichloroethane, 1,1,1- and
      1,1,2-trichloroethane, 1,2-cis- and trans-dichloroethene, trichloroethene,
      tetrachloroethene, or a mixture thereof.
PATN
WKU  039335194
SRC  5
APN  4640373
APT  1
ART  171
APD  19740425
TTL  Sub-sea pipe cleaning apparatus and method
ISD  19760120
NCL  15
ECL  1,6
EXA  Lovercheck; Dale
EXP  Richman; Barry S.
NDR  1
NFG  1
INVT
NAM  Koch; George C.
CTY  Houston
STA  TX
INVT
NAM  Collins; Paul M.
CTY  Houston
STA  TX
INVT
NAM  White, Jr.; William E.
CTY  Houston
STA  TX
ASSG
NAM  HydroTech International, Inc.
CTY  Houston
STA  TX
COD  02
CLAS
OCL  134 34
XCL   30 97
XCL  134 18
XCL  134115R
XCL  134152
XCL  134172
XCL  134181
XCL  137 15
XCL  137315
XCL  138 97
XCL  285 15
EDF  2
ICL  F16L 5518
ICL  B08B  302
ICL  F16L 5518
FSC  134
FSS  33;34;7;141;123;152;172;180;181;198;18
FSC  285
FSS  15
FSC  138
FSS  97-99
FSC   51
FSS  15
FSC   30
FSS  97
FSC  137
FSS  15;315
UREF
PNO  3407099
ISD  19681000
NAM  Schell
OCL  134 33
UREF
PNO  3585699
ISD  19710600
NAM  Shuttle
OCL  137 15
UREF
PNO  3685545
ISD  19720800
NAM  Smith
OCL  138 99
UREF
PNO  3807047
ISD  19740400
NAM  Sherer et al.
OCL   30 97
UREF
PNO  3839791
ISD  19741000
NAM  Feamster
OCL   30 97
UREF
PNO  3843409
ISD  19741000
NAM  Ice, Jr.
OCL  134 34
ABST
PAL  Apparatus and method for cleaning the exterior surface of a pipe such as a
      pipe located in a sub-sea location having a coating of concrete or the
      like thereabout. The apparatus includes a generally longitudinal frame
      which supports a carriage for longitudinal traverse therealong. The
      carriage supports a high-pressure fluid nozzle which is arranged to direct
      the discharge thereof against the pipe coating which is to be removed. The
      carriage is arranged for longitudinal traverse along the frame, to thereby
      direct a high-pressure fluid stream into contact with the surface of the
      pipe. The frame is also arranged for rotation about the pipe, whereby a
      section of the pipe can be cleaned about its full circumference by a
      number of generally longitudinal runs along the pipe section being
      cleaned. The carriage may also support a wire cutter for cutting any
      re-enforcing wire after the concrete has been dislodged by the fluid
      nozzle. A pipe-cutter may also be attached to the apparatus for making a
      circumferential cut or cuts to remove a damaged section of pipe. The
      apparatus may be raised and lowered in a body of water to and from the
      cutting or cleaning position by a buoyancy tank attached thereto which is
      arranged to either raise or lower in a body of water in response to
      changes in the buoyancy factor of the tank, which may be controlled from
      the surface, for example.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of pipe cleaning generally. More
      particularly, it relates to the method and apparatus of cleaning pipe such
      as pipe located in a sub-sea location, wherein concrete or the like is
      removed from the pipe by the present apparatus and method.
PAR  With increased production of oil and gas and the like in off-shore
      locations or in sub-sea locations, it is becoming more necessary to
      install pipelines for the purpose of transporting such fluids, quite often
      requiring the laying of pipeline along underwater locations. It is usually
      necessary to coat such pipe with a heavy external coating of concrete or
      the like in order to cause the pipe to remain in the submerged location
      rather than floating to the surface. Quite often, coated pipe of this type
      becomes damaged, either through natural forces acting on the pipe or
      through accidents, such as anchor damage by vessels utilizing the water
      space above the pipe. When damage to the pipe occurs, it may be necessary
      to cut out the damaged section and replace the damaged section with a
      spool of new pipe. In cutting out the damaged section and replacing it
      with a spool, it is necessary to clean the adjacent ends of the undamaged
      pipe so that the spool may be properly attached to the undamaged pipe. In
      addition, it is also necessary to have means for severing the pipe in the
      underwater location so that the new spool may be inserted and connected to
      the undamaged ends of the pipe.
PAR  Heretofore, repairs of the foregoing type have been very difficult and were
      usually made by divers descending to the level of the submerged pipe and
      carrying on the repair operation by hand-held tools, which, of course, was
      very inefficient, dangerous and time consuming, and impossible in some
      instances. Another method has been the lowering of a large bell-type
      habitat which would completely surround the area and provide workmen with
      a dry habitat in which to carry out the repair operation. Again, this is
      quite expensive and impossible in some instances.
PAR  It is, therefore, an object of this invention to provide an improved method
      and apparatus for the cleaning and repair of pipeline such as a submerged
      pipeline in a difficult working environment, which method, if desired, may
      be carried out remotely from the surface of the water, for example.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly stated, the apparatus of this invention is for cleaning the
      exterior surface of a pipe as aforesaid. The apparatus includes a
      longitudinal frame which has means for supporting the frame in spaced
      parallel alignment with the longitudinal axis of the pipe which is to be
      cleaned. Means are provided for rotating the frame circumferentially of
      the pipe. A carriage is mounted on the frame for generally longitudinal
      traverse therealong, and means are provided for driving the carriage
      longitudinally therealong the frame. In addition, a high pressure nozzle
      is supported by the carriage for traverse therewith and is supported in
      such manner as to have the discharge end of the nozzle directed toward the
      surface of the pipe, which is to be cleaned. Means are provided for
      supplying pressurized fluid, such as sea water or the like, to the nozzle
      while the carriage is traversing the frame to thereby direct a high
      pressure stream of fluid into contact with the surface of the pipe to
      thereby clean the pipe. Means may also be supported by the carriage for
      severing wire re-enforcing which may become exposed during the cleaning of
      the pipe, as for example when concrete is being cleaned.
PAR  The apparatus also includes means for making a circumferential cut or cuts
      about the pipes to remove the damaged section of pipe. Navigation means
      may be operably connected to the frame for raising and lowering the frame
      in a body of water and guiding the apparatus to and from the sub-sea
      location, which navigation means may be in the form of a buoyancy tank.
PAR  The method of this invention is for removing coating from the exterior
      surface of the pipe in a sub-sea location. It includes in combination the
      steps comprising providing a coating removal apparatus having a
      longitudinal frame mountable and spaced in parallel relation to the
      longitudinal axis of the submerged pipe, with a nozzle supported by said
      frame, the nozzle being movable longitudinally and circumferentially of
      the pipe to direct a high-pressure stream of fluid into contact with
      different surface areas of the pipe, to disintegrate the coating and
      remove it therefrom. The method includes lowering the coating removing
      apparatus to the submerged pipe and securing it whereby the frame is
      positioned in spaced parallel relationship to the pipe as aforesaid.
      Thereafter, pressurized fluid is supplied to the nozzle at sufficient
      pressure and velocity to disintegrate the coating on the pipe which is
      being cleaned. The nozzle is moved longitudinally and circumferentially of
      the pipe to disintegrate and remove the coating therefrom.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is generally a side-elevation view showing one preferred
      embodiment of the invention positioned in a sub-sea location and in the
      process of directing a jet of high-pressure water against the concrete
      coating on the submerged pipe.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawing, the apparatus of this invention for cleaning
      the exterior surface of a pipe will be described. The apparatus includes a
      generally longitudinally extending frame 11, which is generally supported
      in parallel alignment with the central axis of pipe 12, which is shown in
      a sub-sea location and which is also shown as having a damaged zone 13.
      Pipe 12 is also provided with a wire re-enforced concrete coating 14 which
      is shown being removed by the apparatus which will be described
      hereinafter.
PAR  Means are provided for supporting the frame in the aforesaid parallel
      alignment, which means includes a pair of segmented frame clamps 15 and
      16. Each of the frame clamps 15 and 16 are segmented into two halves, each
      of which encircle half of pipe 12 and which halves are arranged for
      opening and closing by operation of hydraulic cylinders 17 and 20,
      respectively. Clamps 15 and 16 are designed so as to be loosely positioned
      about pipe 12 and are provided with inflatable packer linings (not shown)
      which, upon inflation, will firmly, yet gently, cause the clamps 15 and 16
      to be secured and anchored to pipe 12 as shown in the drawing and without
      damage to concrete coating 14.
PAR  Frame clamp 15 is provided on the right side thereof, as viewed in the
      drawing, with an annular slot in which is fitted two circumferentially
      spaced keys 18, which are attached to a radially extending arm 19, the
      upper end of which is attached to and supported to one end of frame 11 as
      shown.
PAR  The left side of frame clamp 16, as shown in the drawing, is also provided
      with a similar annular slot in which is fitted a pair of circumferentially
      spaced keys 21, which are attached to another arm 22, which extends
      radially from the pipe and which supports the other end of frame 11.
      Hence, frame 11 is arranged for rotation about the pipe 12 while being
      supported by respective arms 19 and 22 and keys 18 and 21.
PAR  The apparatus also includes means for rotating frame 11 circumferentially
      about the pipe 12 and these include a reversable fluid motor 24 which is
      arranged to rotate at pinion gear (not shown) which is arranged to engage
      ring gear 25 which is attached to frame clamp 15. Motor 24 is mounted on
      arm 19 and as a consequence, when motor 24 is operated, frame 11 is caused
      to rotate circumferentially with respect to pipe 12 to provide indexing of
      the frame 11 about pipe 12.
PAR  Frame 11 has mounted thereon for longitudinal traverse therealong a
      carriage 27 which contains therewithin a longitudinal drive motor having a
      gear arranged for engaging worm gear 29 supported in a frame 11 as shown.
      Hence, operation of the motor supported by carriage 27 causes carriage 27
      to move longitudinally on frame 11 and by selectively reversing direction
      of the aforesaid motor, carriage 27 may be caused to move back and forth
      along frame 11.
PAR  Carriage 27 supports a high pressure water nozzle 30 which is arranged for
      traversing with carriage 27 and has the discharge end thereof directed
      toward the surface of pipe 11, which is to be cleaned of coating 14. The
      pressure and velocity of water which is discharged through nozzle 30 will
      be determined by the type of material coating the pipe and the thickness
      thereof. For cleaning conventional concrete, it has been found that a
      standoff distance of aproximately one inch for the nozzle and a pressure
      of 5,000 PSI is considered adequate for such cleaning. By restricting the
      exit from nozzle 30, substantial velocities are reached which facilitates
      the cleaning operation of the water nozzle. The cleaning fluid may be sea
      water that is provided through pressure line 31 which may be connected to
      a source of pressurized sea water at the surface level, or other
      convenient sources.
PAR  The apparatus may also include means for severing any re-enforcingg wire
      which may be embedded in concrete coating 14. Such cutter means includes a
      wire-cutter blade 33 which is mounted on the end of a hydraulic piston
      which is supported inside hydraulic cylinder 34, whereby blade 33 can be
      extended or retracted as desired by operation of the aforesaid piston and
      cylinder.
PAR  The apparatus may also include means for cutting the aforesaid pipe 12
      after cleaning thereof by making a circumferential cut or cuts thereabout
      so as to permit the removal of a section of damaged pipe. These cutting
      means may conveniently take the form of pipe cutter assembly 36 which is
      supported on the left side of frame clamp 16 and is similarly segmented
      for opening and closing about the pipe 12 by operation of hydraulic
      cylinder 37.
PAR  Cutter assembly 36 is attached to frame clamp 16 through a plurality of
      axially extending hydraulic piston and cylinder assemblies 39 which, upon
      actuation by either extension or retraction, are arranged to move the
      cutting portions of the assembly 36 axially with respect to pipe 12
      whereby the exact position of the cut to be made can be adjusted. Cutter
      assembly 36 includes a rotatable ring gear 40 which is supported by the
      assembly 36 and is arranged for rotation by motor 41 attached to assembly
      36. Motor 41 operates pinion gear 42 which engages ring gear 40 and causes
      rotation thereof relative to cutter assembly 36. Ring gear 40 supports a
      cutter blade 43 which is arranged for the cutting of pipe 12 after the
      same has been cleaned of concrete coating 14. It is to be understood that
      one suitable form of pipe cutter assembly 36 may be of the type
      manufactured by DND Corporation of Chicago, Ill. and sold under the
      trademark MARK V PORTA-CUTTER as, for example, their segmented model shown
      in their brochure No. 203-73-5M.
PAR  The aforesaid means for rotating frame 11 about pipe 12 may include means
      for automatically indexing frame 11 circumferentially of pipe 12 and this
      may conveniently take the form of limit switches 44 and 45 mounted on
      frame 11 at or adjacent the ends of the longitudinal runs of carriage 27,
      and for actuation by carriage 27. Limit switches 44 and 45 are arranged
      for providing a signal to motor 24 to cause the same to operate whereby
      frame 11 is indexed circumferentially about pipe 12 a desired distance. In
      addition, limit switches 44 and 45 may also be arranged to provide signals
      to the motor mounted in carriage 27 to effect reversing thereof so as to
      reverse direction of carriage 27. It will thus be seen that carriage 27
      and nozzle 34 are thereby arranged for movement both longitudinally and
      circumferentially with respect to pipe 12.
PAR  The apparatus may also include navigation means operatively connected to
      frame 11 for navigating the frame 11 to the sub-sea location as shown in
      the drawing. One form of navigation means includes buoyancy tank 46, the
      buoyancy of which is controlled by a plurality of compressed gas cylinders
      47 which are connected to discharge to buoyancy tank 46 through
      appropriate valved manifold 48, whereby the buoyancy of tank 46 can be
      controlled to either be raised or lowered in the body of water. Tank 46 is
      arranged for operative connection to frame 11 by means of a pair of struts
      49 and 50, each of which is attached to one end of tank 46 at the top
      thereof and each of which is detached respectively at the lower end
      thereof to frame clamps 15 and 16.
PAR  Buoyancy tank 46 may be provided with a plurality of dynamic positioning
      units 52, each of which is comprised of a propeller 53 operated by
      appropriate motor so as to give directional thrust to buoyancy tank 46.
PAR  The apparatus may also include a guide cable 55 which attaches at its upper
      end to barge support means or the like and which at its lower end may be
      attached to a segmented guide clamp 56 which is arranged for clamping
      about pipe 12 by operation of hydraulic piston and cylinder assembly 57 in
      much the same manner as frame clamps 15 and 16. Cable 55 is arranged for
      passage through guide cone 59 which is attached to buoyancy tank 46 as
      shown. Hence, guide cable 55 provides additional guide means for raising
      and lowering the apparatus in the body of water.
PAR  In operation of the aforesaid described apparatus, guide clamp 56 may be
      first installed about pipe 12 in the manner shown in an area adjacent to
      the point where the pipe is to be cleaned. Thereafter, guide cone 59 may
      be mounted about cable 55 and the apparatus lowered by operation of and
      control of buoyancy tank 46, whereby the entire unit is then lowered to
      the sub-sea location with frame clamps 15 and 16 initially opened and
      thereafter clamped about pipe 12 as shown.
PAR  Pipe 12 is then cleaned of the concrete coating 14 by operation of water
      nozzle 30 as aforesaid. The full circumference of a section of pipe 12 may
      be cleaned by indexing frame 11 thereabout and moving carriage 27 back and
      forth. If the coating 14 includes re-enforcing wire, then it may be
      severed by operation of wire-cutter blade 33. Once the full circumference
      of pipe 12 has been cleaned by indexing carriage 17 around pipe 12 as
      aforesaid, then pipe 12 may be severed by actuation of blade 43 of
      pipe-cutter assembly 36 as described above. In certain circumstances, the
      section of the pipe to be cleaned may be resting on a mud bottom. In this
      case, it may be necessary to initially excavate such mud by use of a high
      pressure fluid nozzle, or by other conventional means, so that cleaning of
      the pipe can be effected all the way therearound.
PAR  Once the foregoing pipe cleaning operation is completed, the apparatus may
      be removed from the pipe in the reverse sequence as described above and
      reattached at some point which is axially spaced from the initial point to
      effect another cleaning and cutting operation. In this manner, a spool of
      pipe may be removed and thus permit the installation of a new spool in a
      manner that is well known to those skilled in the art. The foregoing
      operations may be performed remotely from a surface barge, for example,
      without the requirement for a diver or with minimum requirements for a
      diver.
PAR  It will thus be apparent that this invention provides an improved apparatus
      and method for cleaning the exterior surface of a pipe such as a pipe
      located in a sub-sea location, which cleaning operation can be carried out
      substantially remotely from the location of the cleaning and which can be
      done with a minimum of diver usage. Hence, pipe cleaning operations which
      have heretofore been very difficult, time consuming and expensive, as
      described above, can now be made more efficiently, more quickly and with a
      minimum of diver personnel by use of the present invention. In certain
      instances, television cameras may be attached to bouyancy tank 46, or
      other portions of the apparatus, to facilitate remote operation.
PAR  Further modifications and alternative embodiments of the apparatus and
      method of this invention will be apparent to those skilled in the art in
      view of this description. Accordingly, this description is to be construed
      as illustrative only and is for the purpose of teaching those skilled in
      the art the manner of carrying out the invention. It is to be understood
      that the forms of the invention herewith shown and described are to be
      taken as the presently preferred embodiment. Various changes may be made
      in the shape, size and arrangement of parts. For example, equivalent
      elements or materials may be substituted for those illustrated and
      described herein, parts may be reversed, and certain features of the
      invention may be utilized independently of the use of other features, all
      as would be apparent to one skilled in the art after having the benefit of
      this description of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of cleaning the exterior surface of pipe in a sub-sea
      location, the combination of steps comprising:
PA1  supporting a high pressure nozzle on a frame for longitudinal movement
      thereon;
PA1  supporting said frame in spaced parallel relationship with the longitudinal
      axis of said pipe and said nozzle with the discharge end directed against
      said pipe;
PA1  supplying high pressure fluid to said nozzle to thereby effect cleaning of
      said pipe;
PA1  moving said nozzle longitudinally along said frame while supplying said
      fluid to said nozzle to thereby clean in a generally longitudinal
      direction along said pipe surface;
PA1  and moving said frame and nozzle circumferentially of said pipe, to thereby
      clean said pipe.
NUM  2.
PAR  2. The invention as claimed in claim 1 including the additional step of:
PA1  initially excavating mud from beneath that portion of said pipe which is to
      be cleaned, whereby said frame and nozzle may be rotated around the full
      circumference of said pipe during the cleaning steps.
NUM  3.
PAR  3. In a method for removing coating from the exterior surface of pipe in a
      sub-sea location, the combination of steps comprising:
PA1  providing coating removal apparatus including a longitudinal frame
      mountable in spaced parallel relation to the longitudinal axis of said
      submerged pipe and a nozzle supported by said frame, said nozzle being
      movable longitudinally and circumferentially of said pipe to direct a high
      pressure stream of fluid into contact with different surface areas of said
      pipe to disintegrate the coating and remove it therefrom;
PA1  lowering said coating removal apparatus to said submerged pipe and securing
      it whereby said frame is positioned in spaced parallel relation to said
      pipe as aforesaid;
PA1  supplying pressurized fluid to said nozzle, and
PA1  selectively moving said nozzle longitudinally and circumferentially of said
      pipe of disintegrate and remove the coating therefrom.
NUM  4.
PAR  4. Method as defined in claim 3 wherein:
PA1  the lowering of said coating removal apparatus to said submerged pipe is
      procured by providing means for guiding said coating removal apparatus
      between the surface and the sub-sea location of said pipe.
NUM  5.
PAR  5. Method as defined in claim 4 and further including the step of:
PA1  providing means for positioning said coating removal apparatus in axial
      alignment with said submerged pipe in the lowered position thereof whereby
      said coating removal apparatus can then be secured to said pipe as
      aforesaid.
NUM  6.
PAR  6. In apparatus for cleaning the exterior surface of a pipe in fixed
      position, the combination comprising:
PA1  a longitudinal frame;
PA1  means rigidly attachable to said pipe for supporting said frame in spaced
      parallel alignment with the longitudinal axis of said pipe;
PA1  means disposable radially outwardly of said exterior pipe surface for
      selectively rotating said frame about the entire circumference of said
      pipe while the said pipe remains in said fixed position;
PA1  a carriage mounted on said frame for longitudinal traverse therealong;
PA1  means for driving said carriage longitudinally along said frame;
PA1  a high pressure nozzle supported by said carriage for traverse therewith
      and having the discharge end thereof directed toward said surface of said
      pipe;
PA1  and means for supplying pressurized fluid to said nozzle to thereby direct
      a high pressure stream of fluid into contact with said surface of said
      pipe to clean said pipe.
NUM  7.
PAR  7. The invention as in claim 1 wherein:
PA1  said pipe includes wire reinforced concrete on the external surface
      thereof, which concrete is capable of being cleaned from said exterior
      pipe surface by said pressurized fluid to expose said reinforcing wire,
      and further including:
PA1  means supported by said carriage for severing said exposed reinforcing
      wire.
NUM  8.
PAR  8. The invention as defined in claim 6 including:
PA1  switch means actuable in response to travel of said carriage to the end of
      a longitudinal run for causing reverse movement of said carriage on
      another cycle by said drive means.
NUM  9.
PAR  9. The invention as claimed in claim 6 wherein:
PA1  said support means comprises a plurality of segments having hydraulic
      actuation means for opening and closing said segments about said pipe.
NUM  10.
PAR  10. The invention as claimed in claim 6 including:
PA1  means connected to said support means for automatically causing rotation of
      said frame circumferentially of said pipe in response to said carriage
      reaching the end of a longitudinal traverse along said pipe.
NUM  11.
PAR  11. The invention as defined in claim 10 wherein:
PA1  said automatic means includes switch means actuable in response to travel
      of said carriage to the end of a longitudinal path to move said frame a
      predetermined distance circumferentially of said pipe.
NUM  12.
PAR  12. The invention as defined in claim 6 wherein said pipe is disposed in a
      sub-sea location and including:
PA1  navigation means operatively connected to said frame for navigating said
      frame to the sub-sea location of said pipe.
NUM  13.
PAR  13. The invention as defined in claim 12 including:
PA1  a guide cable attachable to said submerged pipe and extendable upwardly to
      a surface support, said guide cable being operatively connected to said
      navigation means to facilitate navigational operations thereof.
NUM  14.
PAR  14. The invention as defined in claim 12 wherein:
PA1  said navigation means includes a buoyancy tank operatively connected to
      said frame to facilitate raising and lowering thereof in a body of water.
NUM  15.
PAR  15. The invention as defined in claim 14 wherein:
PA1  said navigation means includes propulsion means connected to said tank for
      propelling same under water.
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ABST
PAL  Particulate electrode reactants, for instance transition metal sulfides for
      the positive electrodes and lithium alloys for the negative electrodes,
      are vibratorily compacted into porous, electrically conductive structures.
      Structures of high porosity support sufficient reactant material to
      provide high cell capacity per unit weight while serving as an electrical
      current collector to improve the utilization of reactant materials. Pore
      sizes of the structure and particle sizes of the reactant material are
      selected to permit uniform vibratory loading of the substrate without
      settling of the reactant material during cycling.
GOVT
PAC  CONTRACTUAL ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the course of, or under, a
      contract with the UNITED STATES ENERGY RESEARCH AND DEVELOPMENT
      ADMINISTRATION.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the preparation of both positive and negative
      electrodes for use in high-temperature secondary electrochemical cells and
      batteries that can be employed as power sources for electric automobiles
      and for the storage of electric energy generated during intervals of
      off-peak power consumption. A substantial amount of work has been done in
      the development of such electrochemical cells and their electrodes. The
      cells showing the most promise employ alkali metal and alkali metal alloys
      as anodes, molten salt electrolytes containing the alkali metal ions and
      cathode materials of Groups VIA and VIIA of the Periodic Chart, the
      chalcogens and halogens. Sulfur, transition metal sulfides and other metal
      sulfides are often selected as the positive electrode reactant, while
      lithium, sodium and lithium-aluminum alloys are examples of reactants for
      the negative electrode.
PAR  Examples of such secondary cells and their various components are disclosed
      in U.S. Pat. Nos. 3,827,910 to Cairns et al., entitled "Homogeneous
      Cathode Mixtures for Secondary Electrochemical Power-Producing Cells,"
      Aug. 6, 1974; 3,833,421 to Rubischko et al., entitled "Secondary
      Electrochemical Cells with a Chalcogen Cathode," Sept. 3, 1974; and
      3,716,409 to Cairns et al., entitled "Cathodes for Secondary
      Electrochemical Power-Producing Cells," Feb. 13, 1973. Various other
      secondary electrochemical cells are described in U.S. Pat. Nos. 3,907,589,
      Sept. 23, 1975 by Gay et al. entitled "Cathodes for a Secondary
      Electrochemical Cell"; and 3,887,396, June 3, 1975 by Walsh et al.
      entitled "Modular Electrochemical Cell." Each of these patents is assigned
      to the assignee of the present application.
PAR  A large number of factors and variables affect the performance of
      high-temperature secondary cells of this type. Some very important
      considerations have been the reactant compositions and the structure of
      the electrodes. A number of fairly successful electrode compositions and
      structures are described in the above-cited patents and patent
      applications. Molten reactant materials such as sulfur in the positive
      electrode and lithium in the negative electrode have been sorbed or loaded
      along with electrolyte into electrically conductive porous substrate
      materials for use as the respective electrodes. Cells prepared of
      electrodes of this type have provided high specific energy (watt-hr/gm)
      and high specific power (watt/gm) but have had the disadvantage of limited
      life due to loss of the reactant materials from the electrodes and
      corrosion of the cell structure materials.
PAR  Other electrochemical cells have included electrodes having reactant
      materials in the form of solid particles blended with particles of
      electrically conductive material and electrolyte. Such type compositions
      have often been used in the positive electrodes with materials such as
      particulate transition metal sulfides, e.g. FeS.sub.2, FeS and CuS.sub.2,
      often blended with a particulate elecrically conductive material such as
      powdered carbon, carbon black or powdered iron. Compositions of these
      types are contained within high-temperature fabrics such as boron nitride
      with structural integrity and current collection imparted by embedded mesh
      and/or outer baskets of electrically conductive material such as iron or
      molybdenum.
PAR  These electrodes have functioned reasonably well in a horizontal
      orientation but electrode materials can be expected to sag or settle to
      the bottom in vertical alignments. In addition, the percentage utilization
      of active material and capacity at high currents has been found to be
      severely limited when electrodes in excess of 1/2 cm thickness are
      employed. Negative electrodes of such as electrochemically prepared Li-Al
      alloy also suffer from these limitations in capacity when increased
      thicknesses are provided in order to increase the loading of electrode
      reactant. Additional problems have arisen from the swelling and distortion
      of electrodes, partially as a result of inhomogeneous loading of the
      electrode volume with active material. This has been one of the continuing
      difficulties with positive electrodes employing such as FeS.sub.2 or FeS
      as the reactant material with embedded mesh current collectors. Also
      severe swelling occurs during electrochemical formation of Li-A1
      electrodes from molten lithium and compressed aluminum plaques.
PAC  SUMMARY OF THE INVENTION
PAR  Therefore, in view of these problems still existing in the preparation of
      electrodes for secondary electrochemical cells, it is an object of the
      present invention to provide an improved method of preparing electrodes
      with reactant materials that are solid at the cell operating temperatures.
PAR  It is also an object to provide a method of uniformly loading particulate
      electrode materials into a porous solid structure for use in secondary
      electrochemical cells.
PAR  It is also an object to provide a method of preparing generally flat
      electrodes containing particulate reactant material for use in vertical
      arrangements within electrochemical cells with minimized reactant
      settling.
PAR  It is a further object to provide an electrochemical cell employing these
      novel electrode structures.
PAR  In accordance with the present invention, particulate reactant material is
      distributed over an outer major surface of a flat, electrically
      conductive, porous substrate. The substrate is vibrated at a sufficient
      frequency and amplitude for a sufficient period of time to load the
      reactant material into the void volume of the substrate. The substrate as
      loaded with the electrode reactant is then submerged in molten
      electrolytic salt to fill substantially all of the remaining void volume
      of the substrate.
PAR  The electrode as thus produced is an integral, porous substrate structure
      of electrically conductive material having solid particles of electrode
      reactant contained throughout its void volume. The electrode structure
      thus provides support and current collection for the electrode reactant
      material distributed therein.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention is illustrated in the accompanying drawings wherein:
PAR  FIG. 1 is an elevation view in cross section of a laboratory
      electrochemical cell used to test the present invention.
PAR  FIG. 2 is a cross-sectional view of an electrochemical cell with vertically
      arranged electrodes.
PAR  FIG. 3 is an elevation view of an electrode that could be employed in the
      cell of FIG. 2.
PAR  FIG. 3A is a cross section of the electrode of FIG. 3.
PAR  FIG. 4 is an alternate electrode in cross section that could also be
      employed in the cell of FIG. 2.
PAR  FIG. 5 is a graph showing discharge capacity density v current density for
      the cells described in Examples I and II.
PAR  FIG. 6 is a graph showing the same variables as FIG. 5 for the cells
      described in Examples III and IV.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, an electrochemical cell is shown contained within a ceramic
      crucible 11. The cell includes an anode 13 (negative electrode) and a
      cathode 15 (positive electrode) submerged within a molten salt electrolyte
      17. Electrical conductors 19 and 21 extend from the cathode and anode,
      respectively, for connection to electrical instrumentation (not shown) for
      evaluating the cell. An interelectrode separator 16 of porous
      electronically insulative material separates the positive and negative
      electrodes while permitting ionic current flow during operation of the
      cell.
PAR  The negative electrode 13 is held within a support ring 23 and a cover 25
      in electrical communication with conductor 21. The active electrode
      material is vibratorily compacted within a porous substrate 27 of
      electrically conductive material that is tightly fitted into ring 23. A
      porous retainer sheet 29 covers the lower surface of substrate 27.
PAR  The cathode 15 is made up of an electrically conductive, electrochemically
      inert base structure 31, for instance of molybdenum, that supports and
      makes electrical contact between conductor 19 and a cathode housing or cup
      33. Cup 33 is of a porous electrically conductive material that is of
      sufficient density to provide structural strength and support to a
      substrate 35 of high porosity that contains the active, positive electrode
      reactant.
PAR  The electrolyte 17 that surrounds the two electrodes can be a eutectic salt
      composition that is molten at the cell operating temperature
      (350.degree.-500.degree.C.) Electrolytes, such as the eutectic
      compositions of LiCl-KCl or LiCl-LiF-KCl salts, have been found to be
      suitable for this purpose. Various other suitable electrolytic salts can
      be selected from those listed in the published literature such as the
      Unites States patents cited above.
PAR  In practice, various cell designs may be used with the improved electrodes
      of the present invention. The cell of FIG. 1 merely represents an example
      of the type of cell used experimentally to test and prove the operability
      of the present invention. One other cell design which could be used in
      making up electrochemical batteries for off-peak storage of electrical
      power or as a power source for an electric vehicle is illustrated and
      described in the assignee's copending patent application Ser. No. 416,311
      cited above.
PAR  One other cell configuration to which the electrodes of the present
      invention are particularly applicable is shown in FIG. 2. This cell
      employs electrodes within a vertical alignment with the electrode
      terminals illustrated by terminal 41 at the upper portion of the cell
      housing 43. This permits the level of molten electrolyte (not shown) to be
      below the level of the electrical feedthrough 45. Consequently,
      feedthrough corrosion problems can be minimized. However, it is essential
      that sagging or settling of active material within the electrodes as a
      result of gravity or jarring forces be eliminated. This is to be
      accomplished through use of vibratory loading of the active material into
      porous, electrically conductive substrates.
PAR  FIG. 2 illustrates three electrodes in simplified form within an
      electrochemical cell. Two negative electrodes 47 are positioned parallel
      to and on either side of a positive electrode 49. The major surfaces of
      the electrodes, that is, the surfaces with largest area, are normal to the
      plane of the drawing and form the interelectrode interfaces. Electrical
      separation between the electrodes is maintained by a porous,
      electronically insulative cloth 51 of such as boron nitride. The two
      negative electrodes 47 make electrical contact with the cell housing 43
      which can be provided with a second electrical terminal at a convenient
      location (not shown), for instance in line with positive electrode
      terminal 41.
PAR  A more detailed description of electrodes that can be employed within an
      electrochemical cell such as that shown in FIG. 2 are illustrated in FIGS.
      3, 3A and 4. FIGS. 3 and 3A illustrate an electrode that could be used as
      the negative electrode in a vertically aligned electrochemical cell with a
      major surface that would face an opposite electrode or the cell housing
      shown in FIG. 3. This electrode includes a substrate 55 of high porosity,
      preferable of 90 to 99 percent porosity, surrounded by a structural
      support ring 57. Particles of reactant material 59 are illustrated
      homogeneously distributed throughout the porous substrate. The particles
      have been previously vibratorily loaded or compacted into the substrate in
      accordance with the present invention. An electrically conductive screen
      61 and, in some cases, a fine cloth is positioned over one surface of the
      substrate prior to the vibratory loading to retain the reactant particles
      59. A second electrically conductive screen 62 on the opposite surface is
      attached into position after the loading for retention of particles as
      well as to serve as a supplemental current collector during the cell
      operation.
PAR  Substrate 55 can comprise more than one layer of material where relatively
      thick electrodes are desired. This may be done to permit vibratory loading
      of the substrate in layers or merely to provide electrodes of increased
      thickness over that of available metallic foam materials.
PAR  Another electrode cross section is illustrated in FIG. 4 that could be used
      as the central, positive electrode of the FIG. 2 electrochemical cell. Two
      porous substrate portions 65a and 65b are illustrated clamped together as
      at 67 on either side of the electrode terminal 69. The major electrode
      surfaces of relatively large area that would ordinarily face the opposite
      electrodes of the cell are aligned perpendicular to the plane of the
      drawing. The outer margins of substrates 65a and 65b include structural
      ring portions 73a and 73b of high strength and density. In the case of
      vitreous carbon foam and other carbon foam substrates, structural rings
      73a and 73b can be integral with the remainder of the substrate body. This
      can be accomplished by compressing marginal portions of a polyurethane
      foam layer during carborization in the formation of vitreous carbon foam.
PAR  Electrode terminal 69 is installed in firm electrical contact with
      structural ring portions 73a and 73b. The structural rings in turn are
      attached in electrical contact with electrically conducting metallic mesh
      77a and 77b that are layered over outer major surfaces of the substrate
      facing the opposing electrodes. Metallic mesh 77a and 77b can be
      sufficiently fine to retain the particular reactant material or they can
      be combined with an under layer of a conductive fabric such as carbon
      cloth (not shown) for this purpose. Mesh 77a and 77b, e.g. of molybdenum
      with FeS.sub.2 cathode reactant, serve to enhance current collection and
      the structural strength of the electrode.
PAR  A second metallic mesh 71 is disposed between porous substrates 65a and 65b
      in electrical communication with terminal 69. Porous ceramic fabrics 75 of
      electrically insulative material (e.g. zirconium cloth) are layered over
      and in contact with the inwardly facing, major surfaces of substrates 65a
      and 65b on opposite sides of mesh 71.
PAR  These insulative cloths 75 bias the electrode reaction from the inwardly
      facing towards the outwardly facing, major substrate surfaces that contact
      electrically conducting mesh 77a an 77b. This electrode design is of
      particular value with electrode reactants, such as FeS.sub.2 and FeS which
      generate reaction products (e.g. Li.sub.2 S) of increased volume during
      cycling.
PAR  By employing electrically conductive fabrics such as carbon cloth or fine
      metallic mesh on the outer major surfaces of the electrode and
      electronically insulative fabrics on the inner major surfaces, more
      favorable reaction sites are provided at the outer surfaces. Thus the
      discharge reaction will begin at the two outer major surfaces and proceed
      inwardly, with reaction product displacing electrolyte into the electrode
      center. The insulative fabrics 75 and mesh 71 between the inner major
      surfaces of substrates 65a and 65b provide an electrolyte displacement
      channel from the electrode center. This electrode is substantial
      improvement over electrode designs in which the reaction is permitted to
      initiate from all exposed surfaces and thereby entrap electrolyte as a
      result of reaction product formation.
PAR  The porous substrate materials for both the positive and negative
      electrodes illustrated in FIGS. 1-4 are both of high porosity to permit
      adequate loading of active electrode material in high amp-hour capacity
      cells. The substrates are of an electronically conductive material so as
      to serve as a current collector at reaction sites of active material and
      electrolyte. The pores of the material are sufficiently large and
      sufficiently interconnected to permit a fairly uniform loading and
      distribution of the active material as well as permeation of molten
      electrolyte to the active material. However, the substrate pores must not
      be excessively large and must contain sufficient interstitial trappings
      and convolutions to fairly maintain loose, particulate, active material in
      a uniform distribution in respect to the major surfaces of the substrate
      during operation of the cell.
PAR  Various commercially available metallic and carbonaceous foams and felts
      can be employed as the substrate materials. The foamed substrate materials
      are generally preferred due to the high porosity obtainable within a
      single, integral structure. Table I lists a number of materials that are
      suitable for use as the positive or the negative electrode substrates.
TBL                TABLE I                                                     

     ______________________________________                                    

                 Porosity      Ave. Pore Size                                  

     Material    % Void Volume microns                                         

     ______________________________________                                    

     Foams.sup.(1)                                                             

      Fe         90-99         125-250                                         

      Ni         90-99         125-250                                         

      Mo         70-82         100-200                                         

      Cr         65            100-200                                         

      Nb         75            --                                              

     Vitreous carbon                                                           

                 90-99         200-300                                         

     Graphite    48-92         100-200                                         

     Felts                                                                     

      Steel wool                                                               

      Carbon felt                                                              

     ______________________________________                                    

      .sup.(1) Many of the metallic foams such as Fe and Ni are commercially   

      available under the trademark Retimet.                                   

PAR  In selecting a porous substrate material for use in a particular electrode,
      the electrochemical reactivity of the material must be considered. In the
      positive electrode, several of the metallic materials may be unsuitable
      for use. For instance, if FeS.sub.2 is selected as the positive electrode
      reactant, then iron or nickel could not be employed. For this particular
      positive electrode reactant, vitreous carbon foam appears to be the
      preferred substrate material.
PAR  The porosity of the substrate is selected as high as possible consistent
      with structural integrity. Some metallic and vitreous carbon foams of up
      to near 99 percent porosity have been found to be suitable with auxiliary
      structural supports as described above.
PAR  In order to prepare an electrode in accordance with the present
      development, a generally flat, sheet-like porous substrate of the type
      described above having a thickness of, for instance, 1/2 to 2 cm is
      provided. More than one sheet of the material such as iron or nickel
      Retimet (a trademark) can be used as stacked layers within a single porous
      substrate. This material is cut slightly oversize to that desired in major
      surface area in order to form a force fit into a support ring such as that
      shown at 23 in FIG. 1 or the porous carbon cup illustrated at 33. Where
      the ring type support structures are employed, a fine cloth or screen is
      attached across the bottom of the substrate to avoid leakage during
      loading of the active electrode material.
PAR  Particulate electrode reactant material, for instance of Li-Al alloy for
      the negative electrode of FeS.sub.2 for the positive electrode, is
      prepared for loading into the porous structure. Li-Al alloys of 40 to 60
      atom % lithium are readily prepared by a metallurigical process completely
      described in the assignee's copending application entitled "Method of
      Preparing an Electrode of Lithium-Aluminum Alloy", ERDA case No. S-44,364,
      Ser. No. 481,285, filed June 20, 1974. This application is hereby
      expressly incorporated by reference. Particulate electrode material
      provided by this method or otherwise obtained is mechanically ground where
      necessary to an average particle size that is slightly smaller than the
      average pore size selected in the electrode substrate material. For
      example, metallurgically prepared Li-Al alloy is provided with average
      particle sizes of about 200 microns in a range about 80 to 250 microns
      with less than about 10 percent by weight of less than 100 microns for
      loading into an iron Retimet structure having a porosity of between 93 and
      95 percent porosity and average pore sizes of about 125 and 250 microns.
      Positive electrode materials such as FeS.sub.2 (iron pyrite) are sized at
      about 150 to 300 microns for loading into such as a 98 percent porosity
      vitreous carbon foam having average pore sizes of 200 to 300 microns.
PAR  In loading the particulate reactant material into the porous substrate
      structure, less than about 1 cm thick layers are prepared at a time.
      Substrate layers much in excess of 0.8 to 1 cm in thickness tend to
      produce an irregular sized distribution of the particulate reactant
      material. The reactant particles are uniformly spread over the exposed
      surface of the porous substrate and the supporting ring or cup containing
      the substrate is vibrated at an effective frequency and amplitude for a
      sufficient period of time to uniformly load or impregnate the reactant
      particles into the interstitial openings within the substrate.
PAR  Various amounts of reactant can be loaded into a substrate depending on the
      electrode to be prepared. Substrates of 90 to 99 percent initial porosity
      are contemplated with sufficient loading of reactant to provide a porosity
      of 20 to 70 percent prior to filling with electrolyte. Some electrode
      reactants, such as Li-Al alloy, in the negative electrode do not undergo
      substantial volume increase on discharge of the cell. These reactants can
      be loaded to fill a major portion that is between one-half and
      three-fourths of the void volume in the porous substrate. This can
      generally be accomplished by providing excess reactant material on a major
      surface and vibrating the substrate until no more particulate material is
      taken up. Other electrode reactants such as FeS.sub.2 and FeS in the
      positive electrode generate a reaction product (e.g. Li.sub.2 S) of
      greater volume than the reactant on discharge. In loading porous
      substrates for the preparation of these electrodes, a smaller or minor
      fraction, that is between one-fourth and one-half, of the void volume is
      filled in order to provide sufficient space for accommodating the reaction
      product. This is accomplished by measuring the required amount of reactant
      onto a major surface in uniform distribution and vibrating the substrate
      until the reactant material is uniformly taken up in respect to that major
      surface.
PAR  Metallurgically prepared Li-Al particles of the above given size
      distribution have been fairly uniformly distributed into two layers of
      nickel Retimet each of 0.38 cm thickness, 95 percent porosity and having
      average pore sizes of about 125 to 250 microns by vibrating the support
      ring and substrate at a frequency of about 100 to 150 cycles per second,
      an amplitude of about 0.02 to 0.1 cm for a period of about 30 to 120
      seconds. Foamed iron and vitreous carbon substrates have also been loaded
      in this manner. Vibratory treatment can be provided with a number of
      commercially available devices. For example, an electric engraver such as
      a Dremel Model 290 can be used. The final step in preparing the electrode
      occurs after assembly within the electrochemical cell. At that time, the
      remaining void volume of the electrode is filled with molten electrolyte
      salt to permit the necessary electrochemical interaction with the opposite
      electrodes within the cell.
PAR  One typical negative electrode that was prepared for use in the
      experimental electrochemical cell shown in FIG. 1 included a porous
      substrate formed of two layers of iron Retimet (a Trademark) material
      having a combined thickness of 0.78 cm, weighing a total of 8.3 grams and
      each being of about 5 cm in diameter and 93.4 percent porosity. The
      substrate was loaded with 13.1 grams of 51 atom % lithium in a Li-Al alloy
      composition. The completed electrode included 48.4 vol. % Li-Al alloy, 6.6
      vol. % iron from the Retimet material and 45 vol. % electrolyte, assuming
      that all of the void volume was filled. In preparing this electrode,
      excess particulate Li-Al was provided on the surface of the substrate and
      vibration continued until the loading nearly ended, at which time the
      excess particulate material was removed.
PAR  In contrast, a typical positive electrode containing a reactant such as
      FeS.sub.2 is loaded to contain about 34 vol. % reactant, 64 vol. %
      electrolyte and 2 vol. % carbon in a vitreous carbon foam substrate. The
      substrate will be about 0.5 to 2.0 cm in thickness and be only partially
      filled with particulate reactant during the vibrator loading step.
PAR  Although the above discussion mentions only Li-Al and iron disulfide as
      electrode reactant materials, it will be clear that various other types of
      materials can be similarly loaded into such substrates. This electrode
      preparation method is particularly applicable to reactant materials that
      are normally solid at the operating temperature of the electrochemical
      cell. Other positive electrode materials that might be vibratorily loaded
      in particulate form into a porous substrate structure include transition
      metal sulfides and other metal sulfides such as FeS, CoS.sub.2, Co.sub.3
      S.sub.4, NiS, CuS, Cu.sub.2 S, Sb.sub.2 S.sub.3, TiS.sub.2, V.sub.2
      S.sub.3, Cr.sub.2 S.sub.3, MnS, ZnS, CdS, TaS.sub.2 and combinations of
      these materials. Many of these materials have melting points or decompose
      in the of 500.degree. to 1800.degree.C. or substantially above the
      electrolyte melting point and the normal operating temperatures
      (350.degree.-500.degree.C.) of the alkali metal/molten salt/metallic
      sulfide cells.
PAR  In the negative electrode, various high melting point alloys, that is with
      melting temperatures above cell operating temperatures, of
      lithium-aluminum, lithium-silicon, lithium-silicon-aluminum, lithium-boron
      and other alloys of alkali metals and alkali earth metals as well as
      mixtures of these alloys could be loaded into the electrode structures by
      this technique.
PAR  The following examples are presented to illustrate the performance of
      electrodes prepared in accordance with the present invention. These
      examples give performance of an electrochemical cell similar to that
      illustrated in FIG. 1.
PAC  EXAMPLE I
PAC  Positive Electrode
PAR  Particulate FeS.sub.2 in sufficient amount to provide a theoretical
      capacity density of 0.92 amp-hrs/cm.sup.2 (16.1 grams) is loaded into a
      porous vitreous carbon substrate of about 98 percent porosity in the
      manner described above. The substrate is about 5 cm in diameter and 0.5 cm
      thick and is tightly fitter into a porous graphite cup of greater strength
      and lower porosity, as is illustrated in the drawing in FIG. 1. This
      positive electrode is operated opposite a negative electrode of similar
      diameter and approximately 0.32 cm thick. The negative electrode is
      electrochemically prepared by a method similar to that described in the
      patent application entitled "Modular Electrochemical Cell", Ser. No.
      416,311, cited above. In this method, sufficient lithium is electroplated
      onto a porous aluminum structure with stainless steel current collector
      interwoven therein to provide a theoretical capacity density of 0.43
      amp-hrs/cm.sup.2 based on lithium. The cell was operated at about
      400.degree.C. for over 360 hours and 35 cycles. Its most impressive
      performance was that of 0.147 amp-hrs/cm.sup.2 (corresponding to 32.2
      percent of the Li-Al theoretical capacity density) at a discharge current
      density of 0.425 amp/cm.sup.2. This high current density was sustained for
      20.7 minutes. Other performance values for this cell are shown in the
      graph of FIG. 5.
PAC  EXAMPLE II
PAC  Negative Electrode
PAR  The same positive electrode was employed opposite a negative electrode
      having 60 atom % lithium in Li-Al alloy that was metallurgically prepared,
      vibratorily loaded into a substrate of about 95 percent porosity and 1.62
      cm thick nickel foam. Sufficient lithium was provided for a theoretical
      capacity density of 1.55 amp-hr/cm.sup.2. The cell was operated for 7
      cycles and 144 hours with its performance also shown in FIG. 5.
PAC  EXAMPLE III
PAC  Negative Electrode of Reduced Thickness
PAR  The same positive electrode was operated opposite a negatve electrode
      similar to that described in Example II except the foam nickel thickness
      was only 0.8 cm and the lithium-aluminum loading corresponded to only 0.73
      amp-hr/cm.sup.2 with 51 atom % lithium in the Li-Al alloy. The loading
      left 46.2 vol. % for electrolyte. The performance of this cell is also
      shown in FIG. 6.
PAC  EXAMPLE IV
PAC  Comparative Negative Electrode
PAR  An electrochemically prepared negative electrode of 0.6 cm thickness, 0.76
      amp-hr/cm.sup.2 and 40 vol. % for electrolyte is operated opposite the
      same positive electrode of Examples I, II, and III. The results are also
      shown in FIG. 6, illustrating that at comparable loading and thickness the
      capactiy density of an electrochemically prepared electrode falls off much
      more rapidly than that of electrodes prepared by the method of the present
      invention.
PAR  It will be seen from the foregoing description and examples that the
      present invention provides improved electrodes and a method of their
      preparation which can use solid particulate reactant material within
      high-temperature electrochemical cells having molten electrolyte. These
      electrodes provide improved current collection along with resulting
      improved capacity density of the cell. The method allows an increased and
      uniform loading of particulate reactant material within an electrode. When
      the electrode is used in a vertical position, the reactant particles are
      supported to extend the cell life by preventing slumping of the active
      material and the formation of an inhomogeneous distribution within the
      electrode.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A method of preparing an electrode for use in a high-temperature,
      secondary, electrochemical cell comprising distributing solid,
      particulate, electrode, reactant material over an upper surface of an
      electrically conductive, porous substrate; vibrating said substrate to
      impregnate said reactant material into a portion of the void volume of
      said porous substrate; and filling substantially all of the remaining void
      volume of said substrate with molten electolytic salt.
NUM  2.
PAR  2. The method of claim 1 wherein said reactant particles are uniformly
      distributed in a measured amount over a major surface of said substrate
      and vibrated for a sufficient period to impregnate substantially all
      particles of reactant uniformly with respect to said major surface of said
      substrate.
NUM  3.
PAR  3. The electrochemical cell of claim 1 wherein said electrode is a positive
      electrode of said secondary electrochemical cell and said reactant
      material impregnated into said porous substrate comprises a metal sulfide
      in sufficient volume to occupy between one-fourth and one-half the void
      volume of said substrate.
NUM  4.
PAR  4. The method of claim 1 wherein said electrode is a negative electrode of
      said secondary electrochemical cell and said reactant material impregnated
      into said porous substrate is a metallic alloy of an alkali metal in
      sufficient volume to occupy between one-half and three-fourths the void
      volume of said substrate.
NUM  5.
PAR  5. The method of claim 1 wherein said substrate is vibrated at a frequency
      of about 100 to 150 cycles per second and an amplitude of about 0.02 to
      0.1 cm for about 30 to 120 seconds.
NUM  6.
PAR  6. The method of claim 1 wherein said substrate is of 90 to 99 percent
      porosity prior to said vibrating step and is filled with said particulate
      reactant material to obtain a porosity of about 20 to 70 percent prior to
      filling with said electrolytic salt.
NUM  7.
PAR  7. An electrode prepared by the method of claim 1.
NUM  8.
PAR  8. In a secondary, high-temperature, electrochemical cell including an
      alkali metal alloy reactant in the negative electrode, a metal sulfide
      reactant in the positive electrode, and a molten electrolyte containing
      ions of said alkali metal, the improvement wherein at least one of said
      electrodes comprises an integral, porous substrate of electrically
      conductive material impregnable by said molten electrolyte and having
      solid particles of reactant distributed throughout the void volume of said
      substrate.
NUM  9.
PAR  9. The electrochemical cell of claim 8 wherein said electrode substrate is
      of a foamed electrically conductive material selected from the group of
      foamed materials consisting of vitreous carbon foam, graphite foam, iron
      foam, nickel foam, molybdenum foam, niobium foam and chromium foam.
NUM  10.
PAR  10. The electrochemical cell of claim 8 wherein said electrode substrate is
      of flat shape with two major opposing surfaces defining a thickness
      therebetween, said solid particles of reactant being uniformly distributed
      in respect to said major surfaces into said substrate.
NUM  11.
PAR  11. The electrochemical cell of claim 8 wherein said electrode substrate
      being of flat configuration with opposing major surfaces defining a
      thickness therebetween, said substrate having a central volume portion
      circumscribed by marginal volume portions extending through the thickness
      of said substrate between said major surfaces, said central volume portion
      being of greater porosity and lesser structural strength than said
      marginal volume portion and said central portion containing most of said
      solid particles of reactant contained within said substrate.
NUM  12.
PAR  12. The electrochemical cell of claim 8 wherein said solid particles of
      reactant having a melting point in excess of the melting point of said
      molten electrolyte.
NUM  13.
PAR  13. The electrochemical cell of claim 8 wherein said porous substrate
      having interconnected pores of about 100 to 300 microns pore size and a
      porosity of about 90 to 99 percent excluding said electrolyte and
      reactant, and said reactant being in the form of solid particles of about
      100 to 300 microns size.
NUM  14.
PAR  14. The electrochemical cell of claim 8 wherein said electrode is a
      positive electrode and said reactant material is a metal sulfide having a
      melting point between 500 and 1800.degree.C., and said electrolyte within
      said cell having a melting point below 500.degree.C.
NUM  15.
PAR  15. The electrochemical cell of claim 8 wherein said electrode is a
      negative electrode and said particles of reactant materials are selected
      from the group of alkali metal alloys consisting of lithium-aluminum,
      lithium-silicon-aluminum and lithium-silicon having melting temperatures
      above 500.degree.C., and said electrolyte within said cell having a
      melting point below 500.degree.C.
NUM  16.
PAR  16. The electrochemical cell of claim 8 wherein said electrode is a
      centrally disposed electrode between two electrodes of opposite polarity
      with major surfaces of said centrally disposed electrode facing major
      surfaces of said electrodes of opposite polarity, said centrally disposed
      electrode comprising two porous substrates disposed parallel along
      inwardly facing, major surfaces and having layers of electronically
      insulative material over and in contact with said inwardly facing, major
      surfaces to bias the electrode reaction from the inwardly facing towards
      the outwardly facing, major surfaces of said centrally disposed electrode.
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ABST
PAL  A high-temperature, secondary electrochemical cell includes an anode
      containing lithium, an electrolyte containing lithium ions and a cathode
      containing a chalcogen material such as sulfur or a metallic sulfide. The
      anode includes a porous substrate formed of, for instance, a compacted
      mass of entangled metallic fibers providing interstitial crevices for
      receiving molten lithium metal. The surfaces of the interstitial crevices
      are provided with a coating of cobalt metal to enhance the retention of
      the molten lithium metal within the substrate.
GOVT
PAC  CONTRACTUAL ORIGIN OF THE INVENTION
PAR  The invention described herein was made in the course of, or under, a
      contract with the UNITED STATES ATOMIC ENERGY COMMISSION.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to secondary electrochemical, power-producing cells
      that are capable of providing high current densities, high capacity
      densities and long cycle lives. In more detail, the invention relates to a
      high-temperature cell that employs molten lithium metal as an anode
      reactant and a chalcogen such as sulfur or a metallic sulfide as the
      cathode reactant. The cell includes an improved anode (negative electrode)
      that exhibits good retention of molten lithium metal during cycling.
PAR  A substantial amount of work has been done in the development of
      electrochemical cells for applications requiring a high specific energy
      (watt hours per kilogram; W-hr/kg) and a long cycle life (number of
      charge/discharge cycles before failure). One such application is a battery
      power source for an electrically powered vehicle. For such an application,
      the high specific energy requirement must be achieved without sacrificing
      peak specific power (watts per kilogram; W/kg). Depending upon the design
      and materials of an electric passenger vehicle, a range approaching 200
      miles and an acceptable acceleration capability would require a battery
      having a specific energy of at least 200 W-hr/kg and a specific power of
      at least 200 W/kg.
PAR  One class of cells that show promise for development of
      high-specific-energy, high-specific-power secondary batteries are those
      that operate at elevated temperatures with molten electrolyte. These cells
      employ lithium or sodium anodes and cathode materials of group VI or VII
      of the periodic table, the chalcogens and halogens. Of these cells, the
      lithium/sulfur cell having electrolyte containing lithium ions has proven
      to be very promising. Examples of such cells are given in U.S. Pat. Nos.
      3,827,910 to Cairns et al., entitled "Homogeneous Cathodoe Mixtures for
      Secondary Electrochemical Power Producing Cells", Aug. 6, 1974, and
      3,716,409 to Cairns et al., entitled "Cathodes for Secondary
      Electrochemical Power Producing Cells", Feb. 13, 1973; both assigned to
      the assignee of the present application.
PAR  In some cells the positive electrode employs a metallic sulfide as opposed
      to elemental sulfur as the reactant. Such cells are illustrated in U.S.
      patent application Ser. No. 434,459, filed Jan. 18, 1974, entitled
      "Cathode for a Secondary Electrochemical Cell", to Gay et al. In addition,
      various types of anode materials such as lithium-aluminum alloy and molten
      mixtures of lithium and other metallic additives have been investigated in
      attempts to achieve stability of the anode with cycling.
PAR  In order to maximize both specific energy and specific power of a given
      electrochemical cell, elemental lithium is a preferred choice for an anode
      reactant material due to its extremely low electronegativity and low
      equivalent weight. However, substantial problems have arisen in providing
      an anode structure or substrate capable of retaining lithium metal charge
      with cycling. One material that has proven reasonably successful as an
      anode substrate and current collector is a porous stainless steel matrix
      having about 80 to 90% void volume and about 65 to 70 microns average pore
      size. This material can be composed of a random array of stainless steel
      fibers compressed in a random fashion and sintered at high temperatures,
      thereby creating a porous metal. Stainless steel Feltmetal (a trademark)
      is a commonly available material that has been employed with some success
      as a porous substrate for retaining molten lithium metal in
      electrochemical cells.
PAR  A continuing effort is being carried out to find improved anode substrate
      materials. High current densities (mA/cm.sup.2) are necessary to achieve
      high power densities. At current densities of about 200 mA/cm.sup.2 and
      above, which probably will be required for acceptable operation of an
      electric vehicle for personal and family transportation, the problem of
      lithium loss from the anode is intensified. In the continuing search for
      improved materials and components that will meet these problems, it is
      also desirable that less complex and more inexpensive materials be found
      to provide a power source for an electric vehicle that is economically
      attractive.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an improved
      anode structure for use in a high-temperature secondary electrochemical
      cell.
PAR  It is a further object to provide an anode structure having improved
      lithium retention characteristics at high current densities.
PAR  It is also an object of this invention to provide a method of preparing an
      anode including molten lithium metal that can be used with reduced lithium
      loss within a high-temperature secondary electrochemical cell.
PAR  In accordance with the present invention, an improved anode is presented
      for use within a secondary electrochemical cell at high temperatures. The
      cell also includes a cathode containing a chalcogen material, such as
      sulfur or a sulfur compound, and a molten electrolyte between the two
      electrodes. The anode comprises a porous base structure with a cobalt
      coating over surfaces of open interstitial crevices. Molten lithium metal
      is sorbed within the porous base structure and exhibits good retention
      with cycling due to contact between the molten lithium and the cobalt
      coating.
PAR  The improved anode is prepared by cleaning a mass of metallic wool that is
      made up of randomly entangled metallic fibers. The cobalt metal coating is
      deposited onto these fibers while they are in a loosely structured or
      expanded condition to insure coating of all surfaces. The coated metallic
      wool is then compacted into a porous substrate and impregnated by soaking
      within molten lithium metal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention is illustrated in the accompanying drawings wherein
PAR  FIG. 1 is an elevation view in cross section of an experimental cell used
      to demonstrate the present invention.
PAR  FIG. 2 is a graph of capacity in amp-hours v the charge/discharge cycles
      for the two laboratory cells described in Example I.
PAR  FIG. 3 is a graph showing capacity density in amp-hrs/cm.sup.2 and the
      coulombic efficiency v charge/discharge cycle for the electrochemical cell
      described in Example II.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 where an electrochemical cell is illustrated having
      a housing 11 containing a cathode (positive electrode) 13, an anode
      (negative electrode) 15 both submersed in a molten electrolyte 17.
      Electrical leads 19 and 21 provide connections to the negative and
      positive electrodes as shown. Lead 19 passes through a compressiontype
      seal 23 into contact with cathode 13 while electrical connection to the
      anode is provided by lead 21 attached to housing 11.
PAR  Cathode 13 is shown immersed in molten electrolyte 17 above anode 15. The
      cathode includes an electrically conductive support structure 25 and a
      plurality of electrically conductive screens or mesh 27 which serve as
      current collectors. The current collector mesh 27 is provided in a
      parallel stack across the cathode 13 with the open spaces filled with a
      cathode reactant material. The cathode reactant material includes a
      calcogen such as sulfur, selenium or tellurium. Preferably, sulfur or
      sulfur compounds, such as FeS.sub.2, FeS, CoS.sub.2, Cu.sub.2 S or
      mixtures thereof are employed. Various other suitable metallic sulfides
      are listed in the assignee's copending application Ser. No. 434,459,
      entitled "Cathode for a Secondary Electrochemical Cell" to Gay et al.,
      filed Jan. 18, 1974.
PAR  Surrounding the cathode structure is an electrically insulated and porous
      cloth 29. The cloth can be of boron nitride, calcium zirconate, yttria or
      other suitable, porous and electrically insulated fabric. Its purpose is
      to retain the cathode materials and to prevent electrical contact between
      the cathode and anode should the cell components swell or otherwisee move
      into physical contact. In some cells of this type, particularly where
      boron nitride cloth is used, a second interelectrode separator (not shown)
      of such as a calcium zirconate coated molybdenum screen can be interposed
      between the two electrodes.
PAR  In practice, various cell designs may be used with the improved anode of
      the present invention. The cell of FIG. 1 merely represents an example of
      the type cell used experimentally to test and prove the operability of the
      present invention. One other and perhaps more practical cell design which
      could be used in making up electrochemical batteries for off-peak storage
      of electrical power or as a power source for an electric vehicle is
      illustrated and described in the assignee's copending patent application
      entitled "Modular Electrochemical Cell" to Walsh et al., filed Nov. 15,
      1973, Ser. No. 416,311, now U.S. Pat. No. 3,887,396.
PAR  In FIG. 1, anode 15 is shown disposed at the bottom of cell housing 11
      slightly spaced from and in parallel alignment with cathode 13. The anode
      comprises a porous substrate 31 that is structurally supported on its top
      and bottom surfaces by metallic screens or mesh 33. As an optional
      feature, additional porous substrate material 35 can be placed along and
      in electrical contact with the vertical walls of housing 11. At the cell
      operating temperature (about 400.degree.C.) porous substrate 31 is filled
      or impregnated with molten lithium metal or a molten combination or alloy
      of lithium and an additive metal such as copper.
PAR  Screens 33 are of an electrically conductive material that is preferably
      wetted by molten lithium to enhance its retention. For example, about 20
      U.S. standard mesh stainless steel or about 20 U.S. standard mesh mild
      carbon steel screen could be employed. Where carbon steel screens of low
      alloy content are employed, it is preferable that they be coated with a
      layer of cobalt metal in a similar manner as will be described hereinbelow
      in conjunction with the porous substrate 31.
PAR  Porous substrate 31 is made up of a porous base structure with open and
      interconnected interstitial crevices. The base structure is of an
      electrically conductive material that is a suitable base for accepting a
      cobalt metal coating. As examples, porous iron, low alloy carbon steel,
      stainless steel or nickel can be used. The form of the base structure is
      preferably one that can be provided in an expanded condition for receiving
      the cobalt coating and subsequently compacted to form a porous substrate
      of 80% to 90% void volume (porosity) with open and interconnected,
      interstitial crevices coated with cobalt metal on essentially all
      surfaces. An entangled, fibrous, metallic mass is particularly suitable
      for this purpose. Other forms of the base structure might also include
      metallic foam, metallic felt, sintered masses of fibers or particles,
      stacks of metallic screens, or spiraled metallic ribbon.
PAR  In order to form porous substrate 31, the surfaces of the interstitial
      crevices, passageways or opening within the porous base structure are
      coated with a thin layer of cobalt metal. Essentially all of these
      surfaces are coated in order to provide maximum contact of molten lithium
      metal with the solid cobalt coating at the cell operating temperature.
      This contact is believed to provide a solid alloy with small amounts of
      lithium dissolved into the solid cobalt coating, thus enhancing wetting by
      the lithium metal and its retention within the porous substrate 31.
PAR  A strongly bonded cobalt coating can be applied to the porous substrate by
      electroplating or electrodepositing from an aqueous solution. In order to
      insure a uniform and complete coverage of the base structure, the
      electroplating is performed with the base structure in an expanded or
      noncompacted form. For example, where entangled fibrous material such as
      steel wool is employed as the base structure, the pads can be slightly
      fluffed or pulled apart to a void volume of about 99% prior to the
      deposition of cobalt metal. The deposition process is continued until a
      sufficient coating thickness is produced to provide a thorough covering of
      the complete base structure. Coating thicknesses of about 2-12 microns
      with a minimum of about 5% of the fiber diameter are used.
PAR  Although not presently tried, it is reasonable to assume that other
      processes involving decomposition of cobalt containing vapors could also
      be used in providing cobalt coatings on porous base structures. As an
      example, cobalt carbonyl, Co(CO).sub.4, vapor could be thermally
      decomposed to provide a cobalt layer on a heated substrate. A method
      similar to that described in U.S. Pat. No. 3,833,421 to Rubishko et al.
      entitled "Secondary Electrochemical Cells with a Chalcogen Cathode", Sept.
      3, 1974, could be used. This patent described the application of a
      chromium coating within a porous graphite substrate by the thermal
      decomposition of dicumene chromium (Cr[C.sub.6 H.sub.5 CH(CH.sub.3).sub.2
      ].sub.2.
PAR  In selecting a porous based structure, inexpensive and commercially
      available steel wool appears to be a good choice. Steel wool of stainless
      steel or carbon steel can be selected from any of the steel wool classes
      listed below in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

              Mean                    Surface                                  

              Diameter    Weight      Area                                     

     Class    (Microns)   g/m         cm.sup.2 /g                              

     ______________________________________                                    

     00       43.2        0.0113      120                                      

     0        50.8        0.0157      102                                      

     1        55.9        0.0189      92.8                                     

     ______________________________________                                    

PAL  A high surface area in the substrate is desirable for good lithium
      retention, thus making the finer fibers the preferred choice so long as a
      class so fine as to be excessively frangible is not selected.
PAR  In one manner of electroplating a cobalt coating onto an entangled mass of
      metallic fiber, such as steel wool of carbon steel, the base structure is
      first cleaned in accordance with well-known and documented cleaning
      procedures. One suitable procedure given in Hampel, The Encyclopedia of
      Electrochemistry, 549, Reinhold Publishing Corp., New York, 1964, is as
      follows:
PAR  1. Soak in 2 M NaOH at 80.degree.-95.degree.C. for 2 to 4 min.
PAR  2.Rinse in cold running water for 30 sec.
PAR  3. Pickle in 30% by volume HCl for 60 sec.
PAR  4. Rinse in running water for 30 sec.
PAR  5. Anodic electroclean with 2 M NaOH at 80.degree.-95.degree.C. for 1 to 2
      min.
PAR  6. Rinse in cold running water for 30 sec.
PAR  7. Acid dip in 5% by volume HCl for 30 sec.
PAR  8. Rinse in cold running water for 30 sec.
PAR  9. Rinse with methyl alcohol and dry.
PAR  As is well known, cobalt can be plated onto various metallic substrates
      from plating baths of the double salts of cobalt-ammonia,
      cobalt-fluoborate, cobalt-sulfamate and cobalt-sulphate-chloride. In
      providing a crack-free deposit, pH, temperature, current densities,
      brighteners and mineral additives must be closely followed and considered.
PAR  As an example of a plating bath that has been employed in providing
      cobalt-coated substrates for use in experimental cells, the following
      composition is presented:
TBL  CoSO.sub.4 . 7H.sub.2 O                                                   

                       300 g/liter                                             

     CoCl.sub.2 . 6H.sub.2 O                                                   

                       30 g/liter                                              

     H.sub.3 BO.sub.3  40 g/liter                                              

     Sodium laurylsulfate (10% solution) 1 cc/liter                            

PAR  The following brighteners are also included:
TBL  glyoxal (30% solution)                                                    

                         1       cc/liter                                      

     FeSO.sub.4          12      g/liter                                       

     ZnSO.sub.4          1       g/liter                                       

PAR  A mass of loose noncompacted steel wool with a void volume of about 98.5 to
      99.5% is electroplated by submerging it in a solution of this type along
      with a bar or the suitable supply of cobalt metal to replenish cobalt ions
      in solution. The submersed cobalt metal and steel wool are connected as
      electrodes at appropriate polarity to a source of electrical potential and
      an electroplating current of 2-20 mA/cm.sup.2, based on the surface area
      of the steel wool fibers, is passed through the solution at a pH of about
      1.5 to 3.5. It is of importance to begin the electroplating at a low
      current density, e.g. 2 to 4 mA/cm.sup.2, in order to provide a uniform,
      crack-free deposit over all surfaces of the metallic fibers. Subsequent
      increases in current up to, for instance, 20 mA/cm.sup.2 will provide a
      rougher semibright surface that is of value in enhancing wetting and
      retention of the molten lithium metal within the anode.
PAR  The following examples are presented to illustrate electrochemical cells
      operated with the improved anode of the present invention.
PAC  EXAMPLE I
PAR  Two experimental electrochemical cells were set up, each having two nearly
      identical electrodes of molten lithium metal impregnated into a porous
      substrate. This experimental work is also reported in "Development of
      High-Specific-Energy Batteries for Electric Vehicles", Progress Report for
      the Period August 1973 -- January 1974, ANL-8058, 1974, and "High-Energy
      Battery Program at Argonne National Laboratory", ANL-8064, 1974. The cells
      were operated at about 400.degree.C. with the eutectic of LiCl-KCl
      employed as an electrolyte between the two lithium electrodes.
PAR  In the first cell, each of the two electrode substrates was a small pad of
      class 0 carbon steel wool with cobalt coating of about 6 microns on the
      steel fibers. Each pad was about 1.1 cm.sup.2, 0.21 cm thick and had a
      mass of about 0.24 gram, one-third of which was cobalt plating and the
      remainder steel wool fiber. Each pad had a total surface area of fibers of
      about 22 cm.sup.2. As described above, the substrates were electroplated
      with cobalt metal while expanded to about 99% void volume and compacted to
      about 85% void volume between two 20 U.S. standard mesh screens of carbon
      steel that were also cobalt plated. The porous substrates were submersed
      in molten liquid metal whereby each sorbed approximately 0.28 gram of
      lithium. Each of these loaded substrates was then electrochemically
      discharged to about 50% capacity to a reference aluminum electrode. The
      partially discharged lithium electrodes were then reassembled into an
      experimental Li/LiCl.KCl/Li cell and electrochemically cycled to evaluate
      the lithium retention properties of the lithium electrode porous
      substrates.
PAR  During the first 37 cycles of the first cell operation, approximately 80%
      of the electrode capacity was transferred successfully in each half cycle
      at a current density of 400 mA/cm with coulombic efficiencies (discharge
      as a percentage of charge) greater than 98%. After the 37th cycle, the
      quantity of lithium transferred in each half cycle began to decrease,
      reaching a value of 0.64 A-hr by the 70th cycle and 0.4 A-hr by the 125th
      cycle. At the 75th cycle, the cutoff voltage for the charge of each
      electrode was increased from 0.09 volt to 0.12 volt to test the cell with
      essentially all of the lithium in the electrodes being cycled. Operation
      of the cell was terminated after 240 cycles (approximately 26 days) when
      the capacity had decreased fairly linearly since the 125th cycle to about
      8% of its initial value. Throughout the entire test, the resistance of the
      cell remained nearly constant at 0.15 .+-. 0.02 ohm and the coulombic
      efficiency was generally over 95%.
PAR  In order to illustrate the improvement afforded by the cobalt coating on
      the steel wool substrate, the second and nearly identical Li/LiCl-KCl/Li
      cell was operated. The only substantial difference in the structure of the
      two cells was that the cobalt coating on the steel wool base structure was
      omitted and each electrode of the second cell consisted of molten lithium
      metal impregnated into compacted steel wool between two 20-mesh carbon
      steel screens. Approximately 0.24 gram of steel wool was used in each
      electrode to provide equal substrate mass in the two cells. This second
      cell was cycled the first few times at only 200 mA/cm.sup.2 current
      density but after about 5 cycles was increased to the 400 mA/cm.sup.2 as
      in the first cell. A slightly higher voltage of 0.16 to 0.2 was required
      to obtain these current densities at 100% transfer of lithium between the
      two electrodes. The cell capacity decreased gradually during the first 30
      or so cycles and then decreased abruptly, losing more than 90% of its
      initial capacity by the 45th cycle. The total duration of the cycling test
      was approximately 4-1/2 days.
PAR  The graph of FIG. 2 is presented to clearly illustrate the improvement in
      cell capacity and cycle life that can be attributed to the application of
      a cobalt coating into the interstitial crevices of the porous base
      structure containing molten lithium metal reactant. This graph clearly
      shows the increased capacity and cycle life of the cell having the
      improved anode with a cobalt-coated substrate.
PAR  In neither of the above-described cells was the cycle life particularly
      long prior to substantial loss of capacity. However, the mode of operation
      in both cells was severe (e.g. 400 mA/cm.sup.2 current density and near
      100% discharge) in an attempt to induce failure. Furthermore, the cells
      were cycled unsealed within a furnace well having upper sections of
      reduced temperature that permitted condensation of potassium vapor
      produced by the reaction:
EQU  Li + KCl .fwdarw. K + LiCl.
PAL  This source of lithium loss from the electrodes could be minimized through
      use of a sealed cell and longer cycle life perhaps could be obtained.
PAC  EXAMPLE II
PAR  An electrochemical storage cell, ANL cell S-56, similar to that described
      and shown in FIG. 1 was assembled and operated to test a cobalt-coated
      substrate within the negative electrode. The cobalt-plated steel wool for
      this electrochemical cell was prepared in essentially the same manner as
      that for the laboratory cells described in Example I. Type 0 carbon steel
      wool was again employed and approximately 6 microns thickness of cobalt
      metal was electroplated onto the steel wool fibers. Two 20-mesh carbon
      steel screens with cobalt coatings were again used for support on either
      side of the steel wool substrate. Other physical design characteristics of
      the cell are given below in Table II:
TBL                TABLE II                                                    

     ______________________________________                                    

     Negative Electrode*                                                       

     Li-25 wt % Cu, g         23.7                                             

     Electroylte              LiF--LiCl--KCl                                   

     Positive Electrode                                                        

     Area, cm.sup.2           42.7                                             

     Active Material          FeS.sub.2 + Li.sub.2 S                           

     Weight, g                19.4                                             

     Comp., wt %                                                               

     FeS.sub.2                33.5                                             

     Li.sub.2 S               26.6                                             

     Electrolyte              32.5                                             

     Carbon Black             6.6                                              

     Fe                       0.8                                              

     Theoretical Capacity Density, A-hr/cm.sup.2                               

                              0.28                                             

     Theoretical Specific Capacity, A-hr/kg                                    

                              23.8                                             

     Theoretical Capacity per Unit Volume of                                   

     Sulfur Electrode, A-hr/cm.sup.3                                           

                              0.41                                             

     Interelectrode Distance, cm                                               

                              0.60                                             

     ______________________________________                                    

      *A cobalt-coated steel wool substrate was used in contact with the bottom

      of the cell housing and stainless steel Feltmetal, 90% porosity, was used

      in contact with the cylindrical wall. The initial charge of lithium was  

      sorbed only into the cobalt-coated substrate.                            

PAR  This cell was operated for over 65 cycles and 250 hours when it was
      voluntarily terminated. During this operating period, the cell was charged
      and discharged at a rate of 0.1 A/cm.sup.2 based on the positive electrode
      area. FIG. 3 shows the capacity density and the coulombic or amp-hr
      efficiency over a substantial portion of the cell life. At a charge cutoff
      voltage of 2.45 volts (IR included), a capacity density of about 0.11
      A-hr/cm.sup.2 (38.7% of the theoretical capacity density based on positive
      electrode area) was measured to a 1.0 volt cutoff (IR included). The
      charged cutoff voltage was increased to 2.86 volts at about the 35th cycle
      with a resulting increase in the capacity density The coulombic efficiency
      decreased from 86% to 40% during the first 168 hours and 50 cycles. This
      was a result of electrolyte escape from the cell. On replacing the
      electrolyte, the cell performance increased substantially, as is shown in
      FIG. 3.
PAR  The results of this experimental electrochemical cell indicate that a
      cobalt-coated steel wool substrate can be employed for good retention of
      molten lithium metal within an electrochemical cell. The sustained levels
      of capacity density show that the lithium charge was being effectively
      cycled rather than lost from the substrate.
PAR  It can be seen from the above description and examples that the present
      invention provides a novel and improved anode structure for use in a
      high-temperature and high-capacity electrochemical cell. The anode
      structure can be a porous base structure of inexpensive carbon steel wool
      that is cobalt-coated to achieve improved retention of molten lithium
      metal. Although further improvements may still be required to provide a
      practical electrochemical cell for use within batteries for powering an
      electric vehicle or for off-peak storage of electrical energy, the present
      invention makes a substantial contribution towards enhanced cycle life and
      capacity of the electrochemical cells.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a secondary electrochemical cell comprising an anode containing
      lithium metal, a cathode containing a chalcogen material and an
      electrolytic salt between said anode and cathode, the improvement wherein
      said anode comprises a porous base structure with open interstitial
      crevices, cobalt coating on surfaces of said interstitial crevices and
      said lithium metal impregnated into said interstitial crevices in contact
      with said cobalt coating.
NUM  2.
PAR  2. The improvement of claim 1 wherein said base structure is of an iron
      alloy and said cobalt coating is bonded to said base structure over
      essentially all surfaces of said interstitial crevices.
NUM  3.
PAR  3. The improvement of claim 2 wherein an electrochemical bond affixes said
      cobalt coating to said base structure.
NUM  4.
PAR  4. The improvement of claim 1 wherein said base structure comprises a
      plurality of entangled fibers of iron alloy having coatings of cobalt
      metal over essentially all outer surfaces and being compacted into a
      porous structure with a void volume of about 80 to 90%.
NUM  5.
PAR  5. The improvement of claim 4 wherein said cobalt coating having a
      thickness in excess of 5% of the diameter of said fibers.
NUM  6.
PAR  6. The improvement of claim 4 wherein said fibers having diameters of 40 to
      60 microns and surface areas of 80 to 120 cm.sup.2 /gram.
NUM  7.
PAR  7. The improvement of claim 1 wherein said open interstitial crevices being
      impregnated with molten lithium metal and there being solid lithium-cobalt
      alloy in wetted contact with said lithium metal on the surface of said
      cobalt coating.
NUM  8.
PAR  8. A method of preparing an anode for use within an electrochemical cell
      including said anode, a cathode and an electrolytic salt, said method
      comprising cleaning a mass of metallic wool comprising entangled metallic
      fibers, depositing a cobalt metal coating onto said metallic fibers,
      compacting said metallic wool to form a porous substrate, and sorbing
      molten lithium metal onto said porous substrate.
NUM  9.
PAR  9. The method of claim 8 wherein said metallic wool is steel wool of carbon
      steel and said depositing of said cobalt coating being performed by
      electroplating cobalt onto fibers of said steel wool.
NUM  10.
PAR  10. The method of claim 8 wherein said electroplating is performed onto
      said metallic wool in an extended condition of 98.5% to 99.5% void volume
      prior to compacting into a porous substrate having a void volume of 80 to
      90%.
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ABST
PAL  A storage battery composed of a plurality of cells of substantially
      identical construction that are stacked vertically one on top of the
      other. The terminal posts are connected to the lower cells via conductors
      embedded in the battery housing walls. The liquid electrolyte in the
      various cells is allowed to flow through the separating bottom and top
      walls of the cells.
BSUM
PAR  The invention relates to a storage battery cell with a generally cubic
      housing, with a plurality of cells which are located one above the other
      and each containing the electrolyte and positive and negative plates.
PAR  To increase the capacity of rechargeable batteries intended for vehicles
      such, for example, as lift trucks, one possibility is by enlarging the
      length of the elements. But there are limits because with enlargement of
      the length of the plate, there is a corresponding increase in the internal
      resistance within the cell. To reduce the internal resistance of
      nickel-cadmium batteries, the sets of plates have been subdivided as to
      height, whereby electric connections are guided from every set of partial
      plates directly to the poles. The main disadvantage is that cells in
      different levels of the storage battery must be produced separately.
PAR  A principal object of the present invention is to provide a novel battery
      having cells one above the other, but without requiring the separate,
      complete construction of every storage battery of a certain level.
PAR  Another object is to provide a novel battery cell arrangement wherein the
      facing topside and underside of the stacked cells are developed to
      complement each other in such a way that they can be built up with
      substantially identical cell construction into a compact stack having two
      fixedly arranged, electrically conductive connectors provided outside the
      housing, which are intended for connecting one of the poles with the
      corresponding pole of a similar cell disposed below or above it; and the
      the space in each cell for the liquid electrolyte communicates with the
      spaces of cells disposed above or below.
PAR  Storage battery cells with optimum lengths of plates and electric
      characteristics, representing elementary cells, may be produced in accord
      with the present invention whereby the increase in capacity is made
      available by stacking the various elementary cells. Moreover, a very
      stable arrangement from a mechanical point of view is assured on the basis
      of the natural weight of the battery stack. Thus, the most diverse
      arrangements of storage batteries can be realized according to the
      mechanical assembly technique, whereby practically only a single cell type
      must be fabricated.
PAR  Another object is to provide a novel stacked cell type of battery wherein
      the sealing ring is smooth and rests flatly on the connecting line. An
      eyebolt desirably presses a gasket against the connecting line, and may
      have at its underside two relatively angular annular projections extending
      inside or outside the connecting line, which are superimposed onto the
      cover material or on the material of the lead bushing in such a way that a
      complete sealing of the connecting line toward the outside will be
      achieved. The eyebolt advantageously consists of a plastic which has the
      strength required for the establishment of the screw connection, but which
      on the other hand is soft enough in order to impart a sufficient
      pliability to the angular projections to act as sealing lips.
PAR  Preferably, the unoccupied spaces around the pole connections after welding
      of the plastic parts are filled and sealed with a grouting of a plastic
      material. The cell containers themselves preferably have an outside height
      of 200 to 240 mm.
DRWD
PAR  These and other objects will become more fully apparent from the claims,
      and from the description when read in conjunction with the appended
      drawings wherein:
PAR  FIG. 1 is an elevation in section taken along line 1--1 of FIG. 2 showing
      two storage battery cells stacked one on top of the other in accordance
      with the invention;
PAR  FIG. 2 is a top plan view of the battery of FIG. 1;
PAR  FIG. 3 is a view similar to FIG. 1 taken along line III--III in FIG. 4 of
      another arrangement of storage battery cells according to the invention;
PAR  FIG. 4 is a top plan view of the battery of FIG. 3;
PAR  FIG. 5 is an elevation in section of yet another arrangement of two storage
      battery cells stacked one on top of the other according to the invention;
PAR  FIG. 6 is a partly broken open sideview of the battery of FIG. 5;
PAR  FIG. 7 is a view in cross section at an enlarged scale, showing a preferred
      construction for the lead-through of the pole in the casing of a storage
      battery cell of the invention; and
PAR  FIG. 8 is a view similar to FIG. 7 of a modified form of the leadthrough
      construction.
DETD
PAR  The storage battery cells of the invention have a housing 11 of a moldable
      electrolyte-resistant insulating material such as polypropylene, closed on
      all sides in a leak-proof manner with a leak-proof cover 19. Inside the
      housing 11, the elements 18 are disposed in a suitable manner on spaces
      27. The plates of the same polarity, having plate lugs 12, are connected
      to one another by cell connectors 21. According to the invention,
      lead-through conductors 13 extend from the cell connectors through the
      walls of housing 11. Vertically disposed connectors 14, are shown in FIGS.
      2 and 4 as being embedded in recesses or indentations 28 of the sidewalls
      of the housing 11. The connectors 14 are covered preferably with shrinking
      tubes or poured into synthetic resin.
PAR  In the area of the underside of the upper cells, the connectors 14,
      according to FIGS. 1, 2 and 3 with additional lead-through conductors 13,
      consist of one piece, run to and are electrically connected with the
      underlying cell connectors of elements 18. In this way, the elements of
      the elementary cells arranged on top of one another are connected with one
      another by electric connecting lines running outside the electrolyte
      chamber 20.
PAR  The electrolyte chambers 20 of the cells that are stacked one on top of the
      other are in fluid communication with one another. One suitable
      construction involves the use of identations 15 in the bottom side or on
      the undersides in case of the embodiment as in FIGS. 1 and 2, while there
      are raised portions 16 on the top sides. Both the indentations 15, as well
      as the raised portions 16, have conical shapes and are so dimensioned that
      the raised portions 16 have a sealing engagement with said indentations 15
      in the bottom member.
PAR  The indentations 15 of the bottom and the raised portions 16 coming into
      engagement with one another, have openings 23 or 29 by which the
      electrolyte chambers 20 are connected. The indentations 15a or raised
      portions 16a, on the contrary, are closed.
PAR  In the case of the embodiment of FIG. 3, the poles are brought out
      laterally, while the connection of the electrolyte chambers is provided by
      a connecting pipe 17 sunk into an indentation 30. Transverse bores 24
      branch off from the pipes 17 on the bottom or at the level of the
      electrolyte to the inside of the cell, so that an electrolyte
      replenishment and degassing can take place at the same time. The
      connecting pipe may be open on top while the covers and bottom may be
      flat.
PAR  According to FIG. 3, an attachment 26 is arranged on the upper cell, which
      has the terminal poles 25, and makes an electrical connection with the
      connectors 14. A connection 22 is disposed in the cover of the top cell.
PAR  In the case of other embodiments, the covers and bottoms have recesses or
      elevations which fit into one another and which can be suitably sealed as
      by means of liquid, plastic or solid rubber or plastic compounds. At the
      same time, it is possible to shift the lead-throughs of lead through the
      cover to the sides and to connect only the middle area of the covers by
      such elevations or indentations with bottoms of the boxes of the
      superposed cells.
PAR  In the case of the embodiment of FIGS. 5 and 6, inside rims 32 and outside
      rims 33 extend upwards from the covers 19 of the housings 11. Analogously,
      the rims 34 and outside rims 35 project from the bottoms 31 of the
      housings 11. The length of the rims 32, 33, 34 and 35 is such that the
      connecting poles 37 will find room in the spaces created by the rims in
      case of piled up cells, as is illustrated in FIG. 5. The upper rims 32, 33
      are aligned with the lower rims 34, 35 so that in case of putting two
      housings 11 one on top of the other, a cuboid structure having smooth
      walls on the outside, develops while the inside rims 32, 34 constitute a
      passage for the electrolyte.
PAR  The rims 32, 34 or 33, 35 are glued or welded together along their
      connecting lines 46, so that a liquid-tight closure on all sides will be
      achieved.
PAR  The inside rim 34 of the bottom-most cell projecting downwards is closed in
      a leak-proof manner by cover 47. The rim 34 and the cover 37, however, may
      be fabricated in one piece with the bottom 31, even during production if
      desired.
PAR  A compensating container 48, which on its underside has rims 34 matching
      the inside rims 32, is joined together tightly with the storage battery
      cell below it, and may be placed on the storage battery cells placed on
      top of one another, according to FIGS. 5 and 6. The compensating container
      48 may have a screw type lock 49 on its topside for electrolyte filling or
      replenishing and for allowing escape of the generated gases.
PAR  FIGS. 7 and 8 show preferred embodiments of the lead poles 37 through the
      cover 19.
PAR  A lead bushing 38 is disposed around a lead pole 37, which bushing is
      securely anchored to the cover by way of engagement with the annular
      grooves 40 of the cover 19. A welding together of the lead pole 37 and of
      the lead bushing 38 as well as of the lead head 39 may take place along
      the line 41. The connection of conductors 13 with the pole 37 or the lead
      head 39 may be in the manner shown.
PAR  The connecting gap 42 between lead bushing 38 and cover 19 is covered,
      according to the embodiment of FIG. 7, by a flat gasket ring 43 which is
      pressed downwards by an eyebolt 45, which is screwed into the cover 19
      with a sprayed-on connection 44 with inside thread. In this manner, any
      leaking out of the electrolyte from the connecting line 42 is avoided
      completely.
PAR  In the case of the embodiment shown in FIG. 8, the gasket ring 43 of the
      design according to FIG. 7 is omitted. Instead, the eyebolt 45 is shown to
      have two annular projections 36 on its underside, which are concentric
      with the eyebolt 45 and the lead pole 37. The one projection 36 extends
      radially outside, the other projection radially inside the connecting line
      42. In this way, a tunnel-like hollow space 50 develops between the two
      projections 36. When tightening the screw 45 into the thread of the
      connecting piece 44, the relatively angular projections 36 tap the surface
      of the material lying below it so that the connecting line 42 will be
      perfectly sealed toward the outside.
PAR  In the embodiment according to FIGS. 5 and 6, the individual connecting
      poles may be connected with one another electrically by leadthrough
      conductors 13 and vertical connectors 14 (see FIG. 6). While the
      compensating container 48 is narrow, the connecting poles 25 still have
      room beside it.
PAR  In summary, by constructing higher storage batteries by means of elementary
      storage battery cells according to the invention, a considerable
      simplification in fabrication and consequent reduction in cost results. In
      the case of the same height, a storage battery built from cells according
      to the invention, has considerably reduced internal resistance conditions,
      as compared to the situation where only one cell of the same height was
      provided. As a result, the uniform discharge of all parts will be
      promoted.
PAR  The lead-sheathed copper conductors in flat or round design serve as very
      effective conductors. The conductors at the same time will advantageously
      be covered with shrinking tubes. It is particularly advantageous whenever
      the connectors are sunk into the lateral walls of the housing, and at the
      same time, the connectors can conveniently be poured into synthetic resin.
PAR  In order to produce a perfect connection from the pole bridges to the
      connectors, lead-through lines with a cross-section selected suitably
      large, will run advantageously from the cell connector laterally to the
      vertical connectors.
PAR  In order to ensure a perfect seat and a perfect alignment of storage
      battery cells stacked on top of one another, cells have on the facing top
      and bottom walls, raised portions and recesses complementary to one
      another. Also, a cover configuration which is elevated circularly on the
      sides, is advantageous so that a trough is provided which can be filled up
      with synthetic resin. The bottom part of the upper cell is made such that
      it fits into the recesses of the cover of the lower cell, and thus an
      effective seal is ensured at all times.
PAR  In this connection, a particularly advantageous construction is provided
      when the cell has on its underside an apertured conical indentation in the
      bottom wall, and on its top wall, a likewise conically shaped projecting
      surface fitting into a correspondingly shaped recess in the bottom of a
      substantially identical cell disposed above. The cell is open on top in
      order to establish a connection with the electrolyte spaces of adjacent
      cells by way of the apertures in the recess in the bottom. During stacking
      of two such storage battery cells, therefore, both its electrolyte spaces
      are automatically connected with one another, whereby an excellent sealing
      is guaranteed.
PAR  Alternatively, vertical pipes may be sunk into the lateral walls, which are
      connected with transverse bores to the electrolyte space, provided in the
      lower area and in the area of the acid level, whereby the facing covers of
      the cells are flat and closed.
PAR  The topmost cell in the stack has the connectors bent toward the inside
      above the cover and an attachment member is provided for the connecting
      poles and the bent ends of the connectors.
PAR  In some embodiments, a protruding rim has been provided on the outside and
      inside of the cover and the bottom, which can be connected in a
      liquid-tight alignment with a corresponding rim of a similar cell set
      above or below it and by pressure, glueing or welding. In this manner,
      free spaces for the attachment of a solder connector is provided on the
      outside and the space on the inside closed within itself.
PAR  The spaces enclosed by the closed inside rims may be filled with a porous
      material, which filters liquid electrolyte, but retains separations from
      the elements above them. The outside rims are effectively aligned with the
      outside walls of the housing and have openings to pass through the
      conductors, so that the exterior has the appearance of a block with smooth
      walls after connection of variously superimposed cells.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential characteristics thereof. The
      presently disclosed embodiments are therefore to be considered in all
      respects as illustrative and not restrictive, the scope of the invention
      being indicated by the appended claims rather than by the foregoing
      description, and all changes which come within the meaning and range of
      equivalency of the claims are therefore intended to be embraced therein.
CLMS
STM  What is claimed and intended to be covered by Letters Patent is:
NUM  1.
PAR  1. A storage battery comprising a plurality of cells supported one upon
      another, each cell including a cuboid housing of non-conducting material
      with a liquid electrolyte and positive and negative plate elements
      therein, the top and bottom sides of said housings having shapes that are
      complementary to each other in such a way that said cells stack compactly
      one upon another, means for providing an open communication path between
      the liquid electrolyte in said housings of adjoining cells, and
      electrically conducting means including positive and negative terminal
      conductors extending through said housings in liquid-sealing relation
      thereto and electrical conductors outside the housings of said cells
      interconnecting plate elements of like polarity of adjoining cells.
NUM  2.
PAR  2. A storage battery as defined in claim 1, wherein said electrical
      conductors outside the housings of said cells are of copper encased in
      lead.
NUM  3.
PAR  3. A storage battery as defined in claim 1, wherein said electrical
      conductors are covered with shrinking tubes.
NUM  4.
PAR  4. A storage battery as defined in claim 1, wherein said cell housings are
      provided with substantially vertically extending recesses in lateral sides
      thereof and said electrical conductors are disposed in said recesses.
NUM  5.
PAR  5. A storage battery as defined in claim 4, wherein said electrical
      conductors are embedded in synthetic resin disposed in said recesses.
NUM  6.
PAR  6. A storage battery as defined in claim 1, wherein said terminal
      conductors extending through said housings extend laterally to said
      conductors outside said housings.
NUM  7.
PAR  7. A storage battery as defined in claim 1, wherein the complementary
      shapes of said top and bottom sides are such that the housings of
      adjoining cells resist lateral movement therebetween.
NUM  8.
PAR  8. A storage battery as defined in claim 1, wherein the top and bottom
      sides of said housings have elevations and indentations, respectively,
      that complement each other.
NUM  9.
PAR  9. A storage battery as defined in claim 8, wherein said elevations and
      indentations are conical in shape with an elevation in the top side of one
      adjoining cell fitting tightly into the indentation in the bottom side of
      the adjoining cell supported thereon and said elevations and indentations
      between adjoining cells each has at least one opening therein to provide
      communication between the electrolyte in said adjoining cells.
NUM  10.
PAR  10. A storage battery as defined in claim 1, wherein the lateral walls of
      said housings include substantially vertical passages communicating with
      the interiors of the housings through lateral passages and said vertical
      passages of adjoining cells intercommunicate to provide a communication
      path between the electrolyte in said adjoining cells.
NUM  11.
PAR  11. A storage battery as defined in claim 10, wherein each of said
      adjoining cells includes a lateral passage in the lower area of said cell
      and a lateral passage in the vicinity of the level of the electrolyte in
      said cell.
NUM  12.
PAR  12. A storage battery as defined in claim 11, wherein the topmost of said
      adjoining cells includes a passage for introducing electrolyte into said
      cells and degassing, and said electrical conductors outside the housing of
      said topmost cell each includes a portion extending inwardly above the top
      side of said topmost cell and a terminal pole electrically connected to
      said portion.
NUM  13.
PAR  13. A storage battery as defined in claim 1, wherein said positive and
      negative terminal conductors extend through the top side of the housing of
      the lower of said adjoining cells into a space between the housings of
      said adjoining cells and synthetic resin is cast in said space about said
      terminal conductors.
NUM  14.
PAR  14. A storage battery as defined in claim 1, wherein the top and bottom
      sides of said housings each have edges projecting outwardly therefrom at
      their outer peripheries and in a closed configuration spaced from and
      inside said outer peripheries, the opposing projections on said top and
      bottom sides of adjoining cells being in alignment and connected in
      fluid-tight relationship; and the adjoining top and bottom sides being
      open within said inner configuration to provide an open communication path
      between the electrolyte in the housings of said adjoining cells.
NUM  15.
PAR  15. A storage battery as defined in claim 14, wherein said opening within
      said inner configuration is covered with a porous material which passes
      liquid material but rejects solid precipitations from said plate elements.
NUM  16.
PAR  16. A storage battery as defined in claim 15, wherein said porous material
      is an acid resistant fabric.
NUM  17.
PAR  17. A storage battery as defined in claim 14, wherein said edges at the
      outer peripheries of said top and bottom sides are aligned with the
      lateral walls of said housings and include perforations for passage of
      said electrically conducting means.
NUM  18.
PAR  18. A storage battery as defined in claim 14, wherein a compensating
      container, having a continuous projection on its bottom side corresponding
      to the inner configurations of the projections on said cell housings and
      an opening within said projection, is disposed on the upper of said
      adjoining cells having an opening within its inner projection in position
      to communicate with the electrolyte in said upper cell, said container
      including a closable opening on its top side to permit introducing
      electrolyte into said cells and degassing said cells.
NUM  19.
PAR  19. A storage battery as defined in claim 1, wherein said terminal
      conductors include cylindrical lead members extending through top sides of
      said housings and sealed therein by injected lead bushings.
NUM  20.
PAR  20. A storage battery comprising a plurality of cells supported one upon
      another, each cell including a cuboid housing of non-conducting material
      with a liquid electrolyte and positive and negative plates therein, the
      top and bottom sides of said housings having shapes that are complementary
      to each other in such a manner that said cells stack compactly one upon
      another, means for providing an open communication path between the liquid
      electrolyte in said housings of adjoining cells terminal connecting means
      interconnecting plates of the same polarity in each cell and including
      cylindrical lead members extending through the top sides of said housings
      and sealed fluid-tightly therein by injected lead bushings, and means
      including electrical conductors outside the housings of said cells
      interconnecting plates of like polarity of adjoining cells.
NUM  21.
PAR  21. A storage battery as defined in claim 19, wherein annular grooves are
      formed in the top side of said housings around said cylindrical lead
      members and said lead bushings engage all around said annular grooves.
NUM  22.
PAR  22. A storage battery as defined in claim 21, wherein dividing lines
      between the material of said top sides of said housings and said injected
      lead members are engaged by sealing rings, and the top sides of said
      housings are provided with internally threaded portions concentric with
      and radially spaced from said cylindrical lead members and means are
      threaded into said internally threaded portions for exerting sealing
      pressure on said sealing rings.
NUM  23.
PAR  23. A storage battery as defined in claim 21, wherein said top sides of
      said housings are provided with internally threaded portions outside the
      dividing line between the material of said top sides of said housings and
      said lead bushings and concentric with and radially spaced from said
      cylindrical lead members, and means are threaded into said internally
      threaded portions for exerting sealing pressure at said dividing line.
NUM  24.
PAR  24. A storage battery as defined in claim 23, wherein said means threaded
      into said internally threaded portions each include two spaced annular
      projections, the outer of said projections sealingly engaging said top
      side of the corresponding said housing outside said dividing line and the
      inner of said projections sealingly engaging the corresponding said lead
      bushing inside the dividing line.
NUM  25.
PAR  25. A storage battery cell comprising a cuboid housing of non-conducting
      material with a liquid electrolyte and positive and negative plates
      therein, the top and bottom sides of the housing having shapes that are
      complementary to each other in such manner that the cell may be stacked
      compactly upon or under another cell of similar construction means in said
      housing providing open communication between the liquid electrolyte
      therein and the liquid electrolyte in the housing of an adjoining cell of
      similar construction, terminal means interconnecting plates of like
      polarity in said cell and including cylindrical lead members extending
      through the top side of said housing and sealed therein by injected lead
      bushings, a member on the top said of said housing, outside the dividing
      line between the material of said top side of said housing and said lead
      bushings, provided with internally threaded portions concentric with and
      radially spaced from said cylindrical lead members, and annular means
      threaded into said internally threaded portions for exerting sealing
      pressure at said dividing line.
NUM  26.
PAR  26. A storage battery cell as defined in claim 25, wherein said annular
      means threaded into said internally threaded portions each include two
      spaced annular projections, the outer of said projections sealingly
      engaging said top side of said housing outside said dividing line and the
      inner of said projections sealingly engaging the corresponding said lead
      bushings.
NUM  27.
PAR  27. A storage battery cell as defined in claim 25, wherein said threaded
      annular means is of a plastic material having the strength necessary for
      making screw connection with said internally threaded member while still
      being resilient enough to impart liquid sealing properties to said annular
      projections.
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ABST
PAL  A composite article consists of a solid sodium ion-conductive material, and
      a liquid mercury-indium alloy layer adhering intimately to one major
      surface of the material. Suitable mercury-indium alloys include
      mercury-indium, mercury-indium-thallium, mercury-sodium-indium, and
      mercury-sodium-indium-thallium.
PARN
PAR  This is a continuation of application Ser. No. 451,965 filed Mar. 18, 1974,
      now abandoned.
BSUM
PAR  This invention relates to solid sodium ion-conductive electrolytes and,
      more particularly, to such electrolytes with a liquid metallic layer on
      one surface thereof.
PAR  Solid sodium ion-conductive electrolytes are useful in sodium-sulfur and
      sodium-halogen cells and batteries. Sodium-sulfur cells, which operate at
      elevated temperatures, are known in the prior art as, for example,
      described in Kummer et al U.S. Pat. No. 3,404,036 issued Oct. 1, 1968
      under the title "Energy Conversion Device Comprising a Solid Crystalline
      Electrolyte and a Solid Reaction Zone Separator". The solid crystalline
      ion-conductive electrolyte in the above-mentioned sodium-sulfur battery
      can be sodium beta-alumina. Such electrolytes are shown as containers in
      Kummer et al U.S. Pat. No. 3,404,035 and are shown as tubes in Kummer et
      al U.S. Pat. No. 3,413,150. Such electrolytes are employed in
      sodium-halogen batteries, for example, as described in Hess U.S. Pat. No.
      3,793,080 issued Feb. 19, 1974.
PAR  The frequently observed unsatisfactory performance of cells and batteries
      employing a sodium containing reactant and a solid sodium ion-conductive
      electrolyte results from a large polarization occuring at the sodium and
      electrolyte interface. This large interfacial polarization results from
      the poor wetting characteristics of liquid sodium or liquid sodium mercury
      amalgam in contact with the untreated electrolyte surface.
PAR  Our present invention is directed to overcoming the above problems by
      providing a composite article consisting of a liquid metallic layer on one
      major surface of a solid sodium ion-conductive electrolyte. When our
      improved composite article is employed in a cell including a sodium
      containing reactant, the liquid metallic layer is in contact with the
      sodium containing reactant resulting in substantially improved wetting at
      the sodium and electrolyte interface.
PAR  The primary object of our invention is to provide an improved composite
      article for a cell utilizing a sodium containing reactant.
PAR  In accordance with one aspect of our invention, a composite article
      consists of a solid sodium ion-conductive electrolyte, and a liquid
      mercury-indium alloy layer adhering intimately to one major surface of the
      electrolyte.
DRWD
PAR  These and various other objects, features and advantages of the invention
      will be better understood from the following description taken in
      connection with the accompanying drawing in which:
PAR  FIG. 1 is a sectional view of a composite article made in accordance with
      our invention;
PAR  FIG. 2 is a sectional view of another composite article made in accordance
      with our invention;
PAR  FIG. 3 is a graph plotting cell voltage in volts versus geometric current
      density in milliamperes per square centimeter comparing batteries with and
      without the improved composite article of the present invention; and
PAR  FIG. 4 is a graph plotting cell voltage in volts versus time in hours for
      an accelerated discharge comparing batteries identical to the batteries
      compared in FIG. 3.
DETD
PAR  In FIG. 1 of the drawing, there is shown generally at 10 an improved
      composite article embodying our invention. Composite article 10 consists
      of solid ion-conductive material 11 formed in the shape of a disc, and a
      liquid mercury-indium alloy layer 12 adhering intimately to one major
      surface 13 of disc 11.
PAR  In FIG. 2 of the drawing, there is shown generally at 15 another improved
      solid sodium ion-conductive electrolyte embodying our invention.
      Electrolyte 15 consists of a solid ion-conductive material 16 formed in
      the shape of a closed end tube, and a liquid mercury-indium alloy layer 17
      adhering to one major surface 18, the interior surface, of tube 16.
PAR  We found that we could form an improved composite article by providing a
      solid sodium ion-conductive electrolyte in a configuration such as a disc
      or a tube. Such electrolyte material is formed into a disc or tube in a
      conventional manner. We found that we could adhere intimately a liquid
      mercury-indium alloy layer on one major surface of the electrolyte disc,
      tube or other configuration. We found that we could obtain intimate
      adherence or wetting of the alloy with electrolyte surface by applying the
      alloy on the electrolyte surface and rubbing the alloy onto the surface.
      The alloy layer is generally from 1.0 to 100.0 microns in thickness. Such
      alloys include mercury-indium, mercury-indium-thallium,
      mercury-sodium-indium and mercury-sodium-indium-thallium alloys. The
      mercury-indium alloy contains from 40 to 99 weight percent mercury and
      from 1 to 60 weight percent indium. The preferred alloy contains 60 weight
      percent mercury and 40 weight percent indium. The mercury-indium-thallium
      alloy contains from 40 to 98.9 weight percent mercury, from 1 to 59 weight
      percent indium, and from 0.1 to 1.0 weight percent thallium. The preferred
      alloy contains 56.0 weight percent mercury, 43.8 weight percent indium,
      and 0.2 weight percent thallium. The mercury-sodium-indium alloy contains
      from 85.0 to 99.998 weight percent of sodium and mercury, and from 0.002
      to 15.0 weight percent indium. The mercury-sodium-indium-thallium alloy
      contains from 84.85 to 99.997 weight percent of sodium and mercury, from
      0.002 to 15.0 weight percent indium, and from an amount of less than 0.001
      to 0.15 weight percent thallium.
PAR  The above preferred alloy of 56.0 weight percent mercury-43.8 weight
      percent indium-0.2 weight percent thallium is available commercially as
      Viking LS232 liquid metal alloy from Elmat Corporation, 1271 Terra Bella
      Avenue, Mountain View, California 74041. In a four page booklet entitled
      "Report No. LA-100-63" without date which is available from the above
      company, it is set forth that this alloy has the unique ability to "wet"
      virtually all materials -- non-metallic as well as metallic -- to form
      contacts of very low electrical and thermal resistance. Further, it is set
      forth that typical materials wet by this alloy include ceramics of barium
      titanate, lead-zirconium titanate and ferrites and glass of boron, Pyrex,
      Vycor, quartz fiber glass and arsenic.
PAR  The subject report fails completely to disclose, suggest or teach
      applicants' invention as described and claimed in the present application.
PAR  We found that various solid sodium ion-conductive electrolytes are usable
      in our invention. We prefer to employ sodium beta-alumina.
PAR  We found unexpectedly that our composite article was useful in a cell using
      a sodium containing reactant whereby improved cell performance resulted
      therefrom. Previous untreated beta-alumina electrolyte often exhibited
      unsatisfactory cell performance resulting from a large polarization
      occurring at the sodium or sodium mercury amalgam and electrolyte
      interface. Such large interfacial polarization resulted from the poor
      wetting characteristics of the liquid sodium or liquid sodium mercury
      amalgam in contact with the untreated electrolyte surface.
PAR  Our improved composite article improves the wetting characteristics of the
      liquid sodium reactant and the beta-alumina surface in intimate contact
      with the mercury-indium layer. This improved wetting is employed
      advantageously in a cell whereby performance is improved. The beneficial
      effects of the alloy layer are maintained during cell operation from
      ambient to about 350.degree.C temperature. The effect is more pronounced
      at the lower end of the temperature range.
PAR  The unexpected beneficial effect of employing our improved electrolyte is
      shown in FIGS. 3 and 4. FIG. 3 is a graph plotting cell voltage in volts
      vs. geometric current density comparing the initial performance of
      batteries 1 and 2. Each of these batteries had a glass casing with a
      sodium beta-alumina electrolyte dividing the casing into a cathode
      compartment and an anode compartment. In the anode compartment is an anode
      of sodium mercury amalgam with 70 weight percent sodium and 30 weight
      percent mercury. In the cathode compartment is a cathode of 0.5M iodine
      and 1.0M sodium iodide in propylene carbonate. The difference between the
      batteries is that battery 2 includes our improved composite article which
      has a liquid mercury-indium alloy layer of 56.0 weight percent
      mercury-43.8 weight percent indium-0.2 weight percent thallium adhering
      intimately to the major surface of the electrolyte adjacent to and in
      contact with the anode. As it is seen from FIG. 3, the second battery with
      the improved electrolyte having a liquid metallic alloy layer showed
      initial threefold improvement in battery performance.
PAR  FIG. 4 is a graph plotting cell voltage in volts vs. time in hours for an
      accelerated rate of discharge comparing batteries 3 and 4, which are
      identical to batteries 1 and 2 discussed above. As it is seen from FIG. 4,
      battery 4 exhibits its sustained superior performance throughout its
      entire discharge period as compared to battery 3.
PAR  Examples of composite articles made in accordance with our invention are
      set forth below.
PAC  EXAMPLE I
PAR  A composite article was constructed generally in accordance with the above
      description and with FIG. 1 of the drawing. A disc of solid ion-conductive
      material of sodium beta-alumina was provided on one major surface thereof
      with a liquid mercury-indium alloy layer. This layer consisted of 56
      weight percent mercury, 43.8 weight percent indium and 0.2 weight percent
      thallium. The alloy layer was applied to one major surface of the
      electrolyte material and rubbed thereon resulting in the alloy layer
      adhering intimately to the one major surface of the electrolyte material.
      The resulting structure was a composite article made in accordance with
      our invention.
PAC  EXAMPLE II
PAR  A composite article was made in accordance with the above description in
      Example I except that the layer was applied by rubbing to the interior
      surface of sodium beta-alumina as shown in FIG. 2 of the drawing.
PAC  EXAMPLE III
PAR  A composite article was made as described above in Example I except that
      the composition of the alloy was 60 weight percent mercury and 40 weight
      percent indium.
PAC  EXAMPLE IV
PAR  A composite article was made in accordance with Example III above except
      that the mercury-indium layer was applied to the interior surface of a
      tube of sodium beta-alumina as shown above in FIG. 2.
PAC  EXAMPLE V
PAR  A vented battery was constructed which employed a glass casing, which
      casing was separated by the improved composite article of Example I. The
      composite article divided the casing into a cathode and an anode
      compartment. The composite article consisted of a solid sodium
      beta-alumina electrolyte with a layer of an alloy of 56.0 weight percent
      mercury, 43.8 weight percent indium and 0.2 weight percent thallium
      adhering intimately to the major surface of the electrolyte adjacent to
      and in contact with the anode. The anode consisted of 60 weight percent
      sodium and 40 weight percent mercury as an amalgam. The cathode consisted
      of liquid bromine in an electrically conductive carbon felt material.
PAR  Another battery was constructed similar to the above battery except that no
      liquid mercury-indium-thallium alloy layer was applied to the surface of
      the electrolyte facing and in contact with the cathode.
PAR  The battery without our improved composite article is shown as battery No.
      1 while our improved battery is shown as battery No. 2 in FIG. 3 of the
      drawing. As will be seen from FIG. 3 of the drawing, battery No. 2 with
      our improved electrolyte showed a threefold initial improvement in
      performance.
PAC  EXAMPLE VI
PAR  Two additional batteries were prepared in the same manner as the batteries
      in Example V. The battery without our improved composite article is
      labeled battery No. 3 while the battery with our improved composite
      article is labeled battery No. 4. FIG. 4 of the drawing shows that battery
      No. 4 with our improved composite article exhibited sustained superior
      performance throughout the entire discharge period as compared to the
      battery without our improved composite article.
PAR  While other modifications of the invention and variations thereof which may
      be employed within the scope of the invention have not been described, the
      invention is intended to include such as may be embraced within the
      following claims.
CLMS
STM  What we claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A composite article consisting of a solid sodium ion-conductive
      electrolyte, and a liquid mercury-indium alloy layer adhering intimately
      to one major surface of the electrolyte.
NUM  2.
PAR  2. A composite article as in claim 1, in which the mercury is present from
      40.0 to 99.0 weight percent, and the indium is present from 1.0 to 60.0
      percent.
NUM  3.
PAR  3. A composite article consisting of a solid sodium ion-conductive
      electrolyte, and a liquid mercury-indium-thallium layer adhering
      intimately to one major surface of the electrolye, in which mercury is
      present from 40.0 to 98.9 weight percent, the indium is present from 1 to
      59 weight percent, and thallium is present from 0.1 to 1.0 weight percent.
NUM  4.
PAR  4. A composite article as in claim 3, in which there is 56.0 weight percent
      mercury, 43.8 weight percent indium, and 0.2 weight percent thallium.
NUM  5.
PAR  5. A composite article consisting of a solid sodium ion-conductive
      electrolyte, and a liquid mercury-sodium-indium alloy layer adhering
      intimately to one major surface of the electrolyte.
NUM  6.
PAR  6. A composite article as in claim 5, in which the mercury and sodium are
      present from 85.0 to 99.998 weight percent, and the indium is present from
      0.002 to 15.0 weight percent.
NUM  7.
PAR  7. A solid sodium ion-conductive electrolyte as in claim 6, in which the
      mercury and sodium are present from 84.85 to 99.997 weight percent, the
      indium is present from 0.002 to 15.0 weight percent, and the thallium is
      present in an amount from less than 0.001 to 0.15 weight percent.
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ABST
PAL  A method of making a lead-acid storage battery including the step of
      depositing antimony on the surface of a substantially non-antimonial lead
      grid used for positive plates. The antimony film/deposit extends the cycle
      life of non-antimonial grids by maintaining paste-to-grid adhesion without
      (1) significantly degrading battery initial performance, (2) substantially
      decreasing the hydrogen overvoltage which leads to gassing, and (3)
      substantially increasing the battery's tendency toward self-discharge.
PARN
PAR  This is a continuation, of application Ser. No. 256,508, filed May 24,
      1972, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Lead-acid storage batteries have traditionally been manufactured by pasting
      lead alloy grids with battery makers lead oxide and then forming the
      positive and negative plates. The term "lead oxide" is used herein to
      include those oxides which are used by, and/or are familiar to, battery
      manufacturers, and usually include mixtures of lead oxides, typically the
      red and yellow oxides, with as much as 30% free lead. These oxides are
      mixed with other art-known ingredients such as expanders, bulkers, fibers,
      etc., to formulate particular pastes as is well known to those skilled in
      the art. Until recently, the grids have traditionally been cast from
      lead-antimony alloys, containing anywhere from about 4% to 12% antimony.
      The antimony in the cast grids makes the alloy more readily castable into
      sharp, thin sections and imparts mechanical strength to grids.
      Unfortunately, such antimony concentrations have a detrimental effect on
      battery performance to the extent that during cycling, the antimony
      corrodes away from the positive grids and deposits on the negative plates,
      where it lowers the hydrogen overvoltage and promotes gassing due to the
      electrochemical decomposition of the water in the electrolyte. Moreover,
      such amounts of antimony contribute to the tendency of the battery toward
      self-discharge. As a result, the industry has preferred to use the lower
      antimony content alloys and has long sought nonantimonial lead alloys as
      replacements for the antimonial lead. Included among such possible
      replacements are commercially pure lead, dispersion-strengthened lead,
      lead-calcium, lead-arsenic, lead-tellurium, lead-tin, lead-cadmium,
      lead-lithium and others. For purposes of this application, the term
      substantially nonantimonial lead is intended to include pure lead and
      those lead alloys which are so low (i.e., less than 0.5%) in antimony as
      not to be detrimental to the battery's performance. Of these
      non-antimonial alloys, lead-calcium alloys containing about 0.06% to about
      0.09% by weight calcium are preferred.
PAR  While the non-antimonial lead alloy grids have substantially eliminated
      gassing and reduced self-discharge tendencies, positive plates made
      therefrom are short-lived when subjected to deep discharge cycling. In
      this regard, and by way of comparison, conventional cast lead-antimony
      positive grids will normally withstand 200 to 300 SAE deep cycles (SAE
      J537b), whereas the non-antimonials, i.e. lead-calcium, tend to fail after
      less than 80 cycles. The mode of failure of these plates lies principally
      in separation of the positive active material from the non-antimonial grid
      due to a loss of adhesion between the grid and the active materials. Loss
      of adhesion due to deep discharging is particularly undesirable in
      batteries used for golf carts, lift trucks, electric vehicles, etc., which
      all undergo deeper cycling than batteries used in automobiles equipped
      with alternators.
PAC  DESCRIPTION OF THE INVENTION
PAR  Accordingly, it is an object of this invention to increase the cycle life
      of batteries using substantially nonantimonial grid alloys by enhancing
      adhesion between the grid and positive paste without substantially
      lowering the battery's hydrogen overvoltage, increasing its tendency
      toward self-discharge, and/or lowering its initial rate performance. This
      and other objects of this invention will become more readily apparent from
      the following description which is made in conjunction with the appended
      drawings in which:
DRWD
PAR  FIG. 1 is a view of a coated, typical, cast lead-acid storage battery grid;
PAR  FIG. 2 is a magnified sectional view of the grid in FIG. 1 taken along the
      lines 2--2;
PAR  FIG. 3 is a view of a coated, woven, lead-plastic composite storage battery
      grid; and
PAR  FIG. 4 is an enlarged side elevational view of the grid shown in FIG. 3
      taken along the lines 4--4.
DETD
PAR  This invention comprehends coating the substantially non-antimonial lead 4
      used in the positive grids 2 (FIGS. 1-3) with a very thin layer 6 of
      antimony. The layer 6 may be deposited in a number of ways including
      electroplating, spraying, vapor deposition, sputtering and chemical
      displacement. The antimony deposited on the surface of positive
      non-antimonial lead grids somehow influences the nature of the oxide layer
      formed on the surface of the grid wires during the formation process in a
      manner which promotes adhesion of the active materials to the grid. We
      have discovered that one need only have a very light, i.e., less than
      0.00132 grams per square centimeter (g/cm.sup.2) of antimony deposit to
      obtain this result and that these very light deposits do not seem to bring
      any of the aforesaid disadvantages of antimony into play. In contrast to
      this, it has been observed that non-antimonial lead-calcium (0.08%) grids
      having antimony deposits in excess of about 0.00232 g/cm.sup.2 have a
      detrimental effect on batteries made therefrom. At this level, the 30
      sec., 300 amp SAE cranking performance (initial rate) at both 80.degree.F
      and 0.degree.F, is reduced and the test cells showed signs of
      deterioration with continued testing to the extent that the second 300
      amp-0.degree. F high rate voltage test on the same cell was substantially
      less than the first such test. Other tests indicate that at deposits in
      excess of about 0.00232 g/cm.sup.2 there is a substantial reduction in the
      cell voltage of a fully charged cell which is still being charged. In this
      regard, cell voltages at the end of the charge cycle in the six hour SAE
      cycle test were plotted as a function of the amount of plated antimony and
      the resulting curve fell off sharply from above 2.7 volts at a deposit of
      0.00232 g/cm.sup.2 to 2.5 volts at a deposit of about 0.00529 g/cm.sup.2.
      One reason for the poor performance of the grids with the heavier deposits
      is that after formation, the heavier antimony deposits from an insulating
      double layer of reaction products over the grid. In this regard, an
      unconverted portion of the antimony deposit remains on the grid, a next
      layer of antimony oxide forms over the antimony layer and a final layer of
      lead sulfate forms over the antimony oxide. The conductivity of lead
      sulfate is very low and most of the antimony oxides are insulators --
      hence increased IR drop. After repeated cycling, the unreacted antimony
      will eventually dissipate into the positive paste and unto the negative
      plate thereby eliminating the insulating film problem but creating the
      aforesaid gassing problem and increasing the tendency of the battery to
      self-discharge. Lastly, one observer's work on dispersion strengthened
      lead coated with about 0.00232 g/cm.sup.2 of antimony showed no consistent
      improvement in active material retention, but rather that the samples
      thusly prepared performed more like unplated non-antimonial grids. On the
      other hand, we have found that with antimony deposits significantly less
      than 0.00232 g/cm.sup.2, we can increase the cycle life of the
      non-antimonial grids threefold without incurring reduced initial
      performance, significantly lowered hydrogen overvoltage or appreciable
      self-discharging tendencies attributable to the presence of antimony. To
      obtain the aforesaid life improvement without the aforesaid disadvantages,
      one need not coat the non-antimonial grids with any more than 0.00132
      g/cm.sup.2 of antimony with excellent results being obtainable at about
      0.00053 g/cm.sup.2 - 0.0006 g/cm.sup.2. While even very small antimony
      deposits will improve adhesion somewhat, a layer at least about 0.0002
      g/cm.sup.2 is needed for significant life improvement. The light deposits
      of this invention are more than adequate to effect whatever postformation,
      grid-to-paste interface modification occurs, yet well below levels where
      the aforesaid disadvantages begin to offset the advantages gained.
PAR  Tests conducted in connection with this invention included expanded and
      punched lead-calcium grids as well as wound-wire grids such as disclosed
      in United States Patent Application Wheadon et al, Ser. No. 70,008, filed
      Sept. 8, 1970 and assigned to the assignee of the present invention. The
      wound-wire grids (FIG. 3) have plastic coated 8 glass strands 10 fusion
      interlocked to the non-antimonial grid wires 4. The test grids were
      degreased for 20 minutes in 20% potassium hydroxide, rinsed in water,
      washed in weak hydrochloric acid, rinsed again and placed in the
      electroplating bath described in Example 1 below. The wound-wire grids had
      about 13 square inches of surface area and for them the electroplating
      current was 0.5 amps per grid, which yielded a current density of about
      0.04 amps per square inch. Comparable plating rates were used for the
      other grid shapes. The desired amount of antimony was plated after which
      the grids were washed and dried. In one test series, the grid was pasted
      with a 71/2% lead sulfate positive paste containing 0.5% of 1/4 inch Dynel
      fibers. In another test series, the grids were pasted using a 10% lead
      sulfate paste containing 0.25% Dynel fibers. After pasting, the plates
      were cured by oven-drying for 90 seconds, steaming for 2 hours at
      200.degree.F followed by stacking and aging under plastic sheets for 4
      days. The thusly prepared positive plates were then assembled into eleven
      plate cells with six non-antimonial negative plates having an appropriate
      negative paste formulation. The cells were next formed in 1.050 specific
      gravity H.sub.2 SO.sub.4 for 6 hours at 15 amps, 4 hours at rest, 2 hours
      at 15 amps and 72 hours at 12 amps for a total of 264 amp-hours of
      charging. The SAE Cold Cranking discharge tests were performed as above,
      followed by the SAE cycle test.
PAC  EXAMPLE I
PAR  A non-antimonial grid having a grid area of 140 cm.sup.2 is immersed in a 3
      liter electroplating bath containing 300 grams of dibasic ammonium
      citrate, 120 grams antimony potassium tartrate and 300 ml. of 50%
      tetrasodium ethylene diamine tetraacetate (1.3 g/cc density). Using
      metallic antimony as the anode, the grid is plated for three minutes at
      one (1) amp to electrochemically deposit 0.00038 g/cm.sup.2 of antimony on
      the surface of the grid.
PAC  EXAMPLE II
PAR  A non-antimonial grid is immersed in a 10% aqueous antimony fluoborate
      solution at 72.degree.F. The grid is held in the bath for 300 seconds to
      displace the lead with the antimony and chemically deposit 0.0008
      g/cm.sup.2 of antimony on the surface of the grid.
PAC  EXAMPLE III
PAR  A non-antimonial grid is placed in a sealed reaction vessel and therein
      exposed to antimony hydride (SbH.sub.3) in a hydrogen carrier gas heated
      to about 150.degree.C. Exposure continues for a sufficient time to
      decompose and deposit the desired amount of antimony on the grid. Exposure
      time will vary with the concentration of the SbH.sub.3 in the carrier.
      Considerable hydrogen excess is recommended to reduce the likelihood of
      explosion especially at higher temperatures approaching 200.degree.C.
PAR  In one test series, using expanded lead-calcium grids containing 0.08%
      calcium and electroplated according to Example I above, separate grid
      samples with a 0.00057 g/cm.sup.2 deposit withstood 285 and 256 SAE
      cycles.
PAR  In another test series, using grids punched from lead-calcium (0.08% Ca)
      sheet and electroplated according to Example I above, separate grid
      samples with a 0.00058 g/cm.sup.2 deposit withstood 325 and 294 SAE
      cycles.
PAR  While this invention has been described solely in terms of certain specific
      embodiments thereof it is not intended to be limited thereto except to the
      extent hereinafter set forth in the claims which follow.
CLMS
STM  We claim:
NUM  1.
PAR  1. A grid for a Faure-type lead-acid storage battery positive plate
      comprising a substantially nonantimonial lead alloy substructure having an
      antimony deposit on its surface, said deposit density being at least about
      0.0002 grams per square centimeter but less than about 0.00132 grams per
      square centimeter of said surface.
NUM  2.
PAR  2. A grid for a Faure-type lead-acid storage battery positive plate
      comprising a lead-calcium alloy substructure having an antimony
      electrodeposit on its surface, said electrodeposit having a density of
      about 0.00053 to 0.0006 grams per square centimeter of said surface.
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ABST
PAL  Battery separators and the like are produced from non woven mats of
      thermoplastic fibers which fibers contain an internal wetting agent that
      is relatively insoluble in battery electrolite and tends to bloom under
      conditions of use. After preliminary formation the nonwoven mat is heated
      and then compressed to increase the effectiveness of the wetting agent.
      The fibers may be formed from polypropylene resin that is treated at
      unusually high temperatures prior to extrusion and the extrudate
      attenuated, collected on a drum and compressed to form a preferred
      separator with small pores and high porosity.
PARN
PAR  This is a division, of application Ser. No. 317,487 filed Dec. 21, 1972,
      now U.S. Pat. No. 3,870,567.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to nonwoven mats suitable for use as battery
      separators and, more particularly, to such mats with surfactants included
      in their fibers.
PAR  It has in the past been recognized that the provision of permanent wetting
      characteristics was important to good battery separator performance as
      indicated by U.S. Pat. No. 3,154,436. Special emphasis has been given to
      the problem because of the practice of providing dry charge batteries. In
      producing dry charge batteries a particularly severe problem is caused by
      the formation of the battery, i.e. the initial charging of the battery.
      After charging, the battery assembly must be washed to remove the acid.
      This washing, of course, tends to remove any wetting agent present in the
      separator. After washing it is the usual practice to heat dry the battery
      assembly and thus any wetting agent that is to be retained must have
      resistance to decomposition or volatilization under such circumstances.
      The long term bathing and agitation of the separators in a battery during
      use, in for example, an automobile also presents extreme conditions
      testing wetting agent retention. A battery separator is also subjected to
      surface abraiding against the battery plates and scouring by bubbles.
PAR  Other patents indicating battery environment difficulties with wetting
      agents include U.S. Pat. Nos. 2,773,114; 2,707,201; 2,662,032 and
      2,662,107. U.S. Pat. No. 2,482,062 shows wetting agents used in fibrous
      battery separators.
PAC  SUMMARY OF THE INVENTION
PAR  By an aspect of this invention in a preferred form thereof a battery
      separator is produced from a wettable fiber formed from a plastic resin
      having a degree of undesirable hydrophobia, that is solid at below
      180.degree.F, extrudable as a hot melt and resistant to degradation by at
      least either acids or alkalies. The fiber is comprised of the resin and a
      wetting agent. The resin and the wetting agent are preferably soluble in
      admixture with one another at the extrusion temperature for the resin and
      insoluble at room temperature. It is very important the wetting agent be
      developed. In one of its most preferred forms the wetting agent is
      comprised of two surfactants, one of which is relatively soluble in
      battery electrolite and the other of which is relatively insoluble in
      battery electrolite. The preferred fiber has a diameter of 0.05-50 microns
      and is contained in a mat of such fibers. The mat preferably is compacted
      and has a thickness of 5-50 mils, a porosity of more than 40%, a pore size
      of less than 40 microns, and enhanced resistance to delamination in the
      sulfuric acid environment of a lead-acid storage battery and produces only
      negligible foaming. The mat when removed from a battery and washed after
      initial battery charging and dried at about 200.degree.F for 30 minutes
      the mat should preferably rewet sufficiently completely to provide an ER
      of no more than 25 milliohms after treatment in a sulfuric acid solution
      having a specific gravity of 1.20 at 160.degree.F for 1 hour and being
      thereafter removed and washed in cold running water for 1/2 hour and then
      in stagnant water at 160.degree.F for 1 hour and thereafter dried at
      200.degree.F for 1/2 hour. The mat should provide a battery with cold
      start performance such that in a Group 24 53 AH battery a cell will
      provide at least 1.00 volt at 280 amps at 0.degree.F after 30 sec. and no
      readily observable delamination of the mat should be present after 6
      months and in actual practice for more than 3 years.
PAR  By another aspect of this invention in one preferred form thereof a method
      is provided for producing battery separators using wettable fibers
      produced from polymeric resin having a degree of undesirable hydrophobia.
      The method includes mixing the polymeric resin and a wetting agent and
      extruding the mixture as a hot plastic through a die opening and forming a
      fiber. The mixing preferably includes melt blending the resin and wetting
      agent to form a solution of wetting agent in said polymer. Fiber formation
      preferably includes attenuating the extrudate beyond the die opening in a
      hot gas stream to a very small diameter fiber. Afterwards, the fiber is
      cooled and the wetting agent thereby made incompatible with the resin and
      its blooming encouraged.
PAR  In the preferred method it is very important to develop the wetting agent
      after the fiber has been cooled. Cooling need not be all the way to
      ambient temperature. Developing usually includes both heating and
      compression. The die opening is preferably one of a series arranged in a
      row and the attenuation is carried out essentially in a plane away from
      the die openings, and the attenuated fiber is collected on a continuously
      moving take-up device in a web with other fibers. The fibers are
      preferably collected in a web thickness of between 1 and 200 mils and
      formed into a thickness of 20-200 mils. Thereafter the web is compressed
      and the compression is not stopped until the web's permanent thickness is
      reduced to between 5 and 50 mils, its permanent porosity retention is
      greater than 40% and its permanent maximum pore size is less than 40
      microns.
PAR  It is an object of the present invention to provide an improved method for
      producing battery separators.
PAR  It is a further object of this invention to provide a process that may be
      consistently and expeditiously performed to produce battery separators of
      superior performance.
PAR  It is a further object of this invention to provide such battery separators
      having long-life and enhancing a battery's cold start performance and
      long-life.
PAR  A still further object of this invention is to provide a nonwoven battery
      separator having the characteristics of good resistance to delamination
      and good resistance to gas accumulation.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic view of the overall process.
PAR  FIG. 2 is a schematic view of embossing rolls used to produce battery
      separators.
PAR  FIG. 3 is schematic view of a battery separator press plate.
PAR  FIG. 4 is a schematic of a nonwoven battery separator with embossed ribs.
PAR  FIG. 5 is a detail of one of the embossed ribs of the nonwoven battery
      separator.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Briefly, the process of this invention one preferred form is carried out as
      illustrated in FIG. 1 of the drawings. The resin and wetting agent that
      are to be formed into fibers are charged to the drum 10 which is then
      mounted in a tumbler arm as shown in FIG. 1. After a thorough mixing of
      the resin and wetting agent the mixture is fed into the hopper 12 of
      extruder 13. The mixture is melt blended in the extruder and extruded
      through the die 14 from which it emerges as strands. The strands are
      chopped by the chopper 15 into short lengths which are collected in bin
      16. In this manner the initial mixture or coated blend is melt blended and
      pelletized. The blend is then removed from bin 15 and fed into the hopper
      17 of the extruder 20. Alternatively, in some instances the wetting agent
      may be injected directly into the barrel of extruder 20. The preferred
      process includes thermal treatment of the resin in extruder 20 as will be
      further described later on.
PAR  The resin is forced through extruder 20 and out through die head 21 by the
      drive motor 22. The die head 21 preferably has a row of die openings 24
      through which the resin passes as molten strands into a fluid stream which
      attenuates the resin into fibers 25. The fibers 25 are collected on a
      moving collecting device 26 such as a drum 27 to form a continuous mat 30.
PAR  The fluid stream which attenuates the resin is supplied through jets or
      slots 31 and 32. The jets 31 and 32 are supplied with the fluid which is
      usually a hot gas, preferably air, by fluid lines 33 and 34 respectively.
      The gas is preferably ejected from the slots immediately above and below
      the row of die openings.
PAR  After the preliminary mat has been formed it is preferable to compact the
      mat to obtain the desired thickness, porosity, mechanical properties of
      strength and stability, abrasion resistance and wettability. This is
      particularly important in the production of battery separators. It is
      preferable to heat the mat at an elevated temperature prior to compression
      to increase the effectiveness of the compression procedure. Relatively
      high temperatures that are all the same maintained substantially below the
      melting point also provide good tortional stiffness. In a continuous
      process the most convenient way of heating the mat to the required
      temperature is in an oven such as is illustrated at 35.
PAR  In many instances it is desirable to emboss the mat and this is preferably
      done at the same time the compacting is done. The calender rolls 36 and 37
      of FIG. 1 are the preferred compacting-embossing means. These are shown
      enlarged in FIG. 2. The embossing roll temperatures are preferably
      maintained at approximately the same temperature as the temperature of the
      counter-current oven. If no embossing is being done then the calender
      rolls 36 and 37 shown in FIG. 2 can be reshaped in obvious manner to
      compact without embossment.
PAR  One of the most important features of the present invention is the
      developing of the wetting agent. This is accomplished by heat and
      pressure, preferably at the same time as compaction, as will be discussed
      further hereinafter.
PAR  A slitting operation is carried out immediately after the mat leaves the
      nip of the calender rolls. The mat is quite hot after calendering in the
      preferred procedure and this facilitates slitting. The mat may be slit
      with knife 38 (FIG. 1) or a razor with little difficulty.
PAR  After the slitting operation the mat is cut across the ribs. The mat is
      cooled prior to cutting across the ribs because this usually results in
      ribs having better mechanical properties. Heat may be removed from the mat
      by natural convection air circulation or cooling air may be provided, as
      shown in FIG. 1, through cooler 39. In either case, the nonwoven mat
      temperature should be reduced to at least 140.degree.F in the preferred
      process prior to reaching the cutter 40. The nonwoven mat is then cut to a
      desired dimension. The cutter 40 may be of the quillotine type. The cutter
      40 cuts the pressed nonwoven mat into the desired final dimension.
PAR  Turning now to a brief detailed description of the calendering means shown
      in FIG. 2, a male embossing roll 36 having ribs 41 may be seen. Exemplary
      of the spacing of the ribs is an 0.544 inch rib spacing for a total on 13
      ribs 41. The diameter of the male embossing roll 36 is identical to the
      diameter of the female embossing roll 37. The female embossing roll has 13
      grooves 43 therein. The spacing of the grooves is of course the same as
      the spacing of the ribs and it is preferred that the radius of the grooves
      be greater than the radius of the ribs, although the depth of the grooves
      and the heighth of the ribs are preferably identical.
PAR  An alternate compressing and embossing means is shown in detail in FIG. 3.
      A specific plate pattern is shown for compressing and embossing discrete
      sections of the nonwoven mat 30. Upper press plate 44 and lower press
      plate 45 are moved into compressing relation with the nonwoven mat
      therebetween. Upper press plate 44 has 11 grooves 46 which may be spaced
      at 0.544 inch. The overall dimensions of one set of plates in a preferred
      embodiment could be 12 .times. 1/2 inches. Lower press plate 45 would have
      11 ribs 47 spaced so as to be mutually compatible with the grooves in the
      upper press plate 44. The depth of the groove and heighth of the ribs may
      be the same. It is understood that these specific dimensions are set forth
      only to provide a specific embodiment found suitable for producing a
      preferred battery separator.
PAR  It is preferable to use teflon coated calender rolls or press plates. A
      spacer material may be utilized between the nonwoven mat and the pressing
      surface. Examples of such materials which may be used as spacers are Kraft
      paper, tissue paper, writing paper, fine cotton cloth, etc., which have a
      rough surface.
PAC  SPECIAL FEATURES AND LIMITATIONS
PAR  The preferred polymeric plastic resins for making battery separators are
      those that are solid at minus 180.degree.F, extrudable as a hot melt and
      resistant to degradation by at least either acids or alkalies. Of course,
      to be applicable to this invention the resin must have a degree of
      undesirable hydrophobia. Such polymers are preferred for application of
      this invention as C.sub.2 to C.sub.8 polyolefin thermoplastic such as
      polyethylene, polypropylene and polystyrene and the preferred resins of
      this class are polymers of polypropylene and most preferably polyropylene.
      By polymers of propylene it is meant, polymers of propylene with other
      monomers such as styrene. For use in alkaline battery separators other
      resins such as nylon are preferred.
PAR  The preferred internal wetting agents are surfactants that are soluble in
      the resin at the temperature at which the resin will be extruded. It is
      important that the wetting agent have controlled retention in the specific
      extruded polymer even when it is formed into extremely fine fibers or
      filaments. Furthermore, in order to optimize the long-term wettability of
      the filament after it has been formed and otherwise processed and during
      use in environments that are particularly abusive of long-term agent
      retention, it is very desirable that the wetting agent have at least some
      tendency to surface bloom during use over a period of time. It is believed
      that the most desirable wetting agents are those that are incompatible
      with the resin at the nonwoven mats use temperature, and preferably also
      at the after fiber extrusion and attenuation or formation processing
      temperatures, in order that a substantial amount of the wetting agent may
      be moved to the surface area of the fibers where it is needed. This lowers
      the amount of wetting agent required during initial fiber formation.
      Excessively large quantities of wetting agent required in the fiber during
      formation can weaken the fiber.
PAR  The most preferred wetting agents are nonionic surfactants that can be
      characterized on the basis of their ethylene oxide content or on the basis
      of hydrophilic/hydrophobic balance hereinafter referred to as HLB
      (Hydrophilic Lypophilic balance) number. When the wetting agent can be
      described in terms of both of the above characterizations, the most
      preferred wetting agent would fit the preferred ranges for both
      characterizations. The preferred ethylene oxide content is 1-15 moles of
      ethylene oxide added to a hydrophobic moiety. More preferably the ethylene
      oxide is 1-6 moles and most preferably 1-3 moles. The balance between the
      hydrophobic moiety and the ethylene oxide is between the desired
      wettability and the necessary water insolubility so that the wetting agent
      will not be readily washed from the surface of the fiber.
PAR  Particularly preferred surfactants are C.sub.8 and C.sub.18 phenol
      surfactants having 1-15 moles of ethylene oxide more preferably 1-6 moles
      of ethylene oxide and most preferably 1-3 moles of ethylene oxide. These
      surfactants are relatively water insoluble but oil soluble. Their ethylene
      oxide values are lower than some that have substantially higher water
      solubility and therefore a more uncontrolled retention.
PAR  The preferred HLB numbers for the wetting agent are those below 5. This
      generally provides a significant degree of hydrophilic character to the
      fiber surface with a sufficiently low wetting agent solubiltiy so that the
      wetting agent will not be readily washed from the surface of the fiber.
      Relatively low water solubility is generally found in wetting agents will
      low HLB numbers.
PAR  The preferred surfactants are added in the preferred amounts 0.5-20% by
      weight of the weight of the resin, more preferably 1-10% by weight of the
      resin and most preferably 1-3% by weight of the resin.
PAR  Other wetting agents suitable for internal use in some situations are, for
      example, (1) ethoxylated fatty alcohol ethers such as: (a) BRIJ 72 (Atlas
      Chemical Ind.), polyoxyethylene stearyl ether (2 moles EtO), (b) Trycol
      LAL-4 (Trylon Chemicals), ethoxylated fatty alcohol ether (4 moles EtO);
      (2) Ethoxylated fatty acids such as: (a) Teric 124 (ICI, Australia, Ltd.),
      (b) Ethofat 0/15 (Armak Co.); (3) Ethoxylated adduct of propylene oxide
      with propylene glycol: (a) Pluronic L-121; (4) Phosphate ether
      ethoxylates: (a) Emcol CS-113 (Witco Chem. Corp.). In non-battery
      applications internal wetting agents such as fatty esters of sorbitol,
      fatty esters of glycerol, alkanolamides and ethylene oxide condensation
      products of primary amines maybe preferred in some situations.
PAR  Fibers containing wetting agents having the lower HLB numbers and lower
      ethylene oxide molar contents may not have the degree of wettability that
      would provide optimum rapid penetration and wetout of fibrous mats made
      therefrom. Wetting agents with higher HLB numbers and lower ethylene oxide
      contents tend to be more water soluble and hence may dissolve from the
      surface of the fibers into the surrounding acid causing foaming during
      battery formation. Therefore, this invention provides a first wetting
      agent within the polymer which has low water solubility, low foaming
      capacity and provides a degree of enhanced wettability of the fibers,
      which when enhanced by the second wetting agent will provide a degree of
      wettability to the fibers which will produce mats which are readily
      penetrated and wetout by acid.
PAR  In a most preferred specie of this invention a second internal wetting
      agent is provided that is preferably classified as relatively water
      soluble and relatively oil insoluble and belongs to a class of wetting
      agents having relatively high HLB numbers as compared to that of the first
      wetting agent. The preferred HLB numbers for this second wetting agent are
      those above 5. In wetting agents having ethylene oxide as their primary
      hydrophilic functional group the preferred ethylene oxide molar content of
      the second wetting agent is above 8 moles ethylene oxide.
PAR  The second wetting agent provides a higher degree of wetting than that
      provided by the first internal wetting agent, causing the mat to be
      rapidly and completely penetrated and wetted by the acid with which it
      comes in contact. This second wetting agent is preferably selected from
      the group consisting of anionic surfactants and nonionic surfactants and
      mixtures thereof. However in some instances cationic wetting agents maybe
      selected equally as well as used either independently as the second
      wetting agent or with either or both of the other types of wetting agents.
      The second wetting agent is preferably added with the first wetting agent
      and in an amount of 0.5-3%, more preferably 1-2% by weight, based on the
      weight of the resin. The two wetting agents together preferably are added
      within the limits of 1-10% by weight more preferably 2-5% by weight.
PAR  As broadly used in claims of this application, when not otherwise
      restricted the terms internal and the external wetting agents and first
      and second wetting agents are intended to include materials that are not
      in and of themselves wetting agents but function with another material to
      affect it in some manner such as by retention or to form a wetting agent
      or to provide an enhanced wetting effect. Furthermore, a "wetting agent"
      may be made up of several chemical materials. In other words the wetting
      agent maybe several wetting agents mixed together.
PAR  In order to form the preferred nonwoven mat or web of this invention from
      the preferred resins, and particularly the preferred polypropylene resin,
      it is important to thermally treat the polymer before extruding it as a
      fiber in practicing the preferred method. With polypropylene the treatment
      preferably includes heating the resin in extruder 20 at temperatures in
      excess of 550.degree.F and more preferably to temperatures between
      600.degree. and 900.degree.F and most preferably within a range between
      620.degree. and 800.degree.F. It is generally preferable to maintain the
      die at a temperature slightly below that of the extruder barrel. The die
      temperature may be 20.degree. -100.degree.F below the barrel temperature.
      The importance of the thermal treatment seems to be, at least in part, to
      degrade the polymer and increase the polymers flow properties. In many
      instances the flow properties are seemingly increased from an
      impracticable to a practicable condition. This appears to be true of the
      extrudable fiber forming resins in general when formed into fiber mats
      according to this invention.
PAR  The preferred attenuating fluid is gas in the usual situation and the
      preferred gas is air. The gas is preferably ejected from the slots
      immediately above and below the row of die openings at a temperature
      between 540.degree.F and 1000.degree.F. For a detailed description of the
      die 21 reference may be had to U.S. Pat. No. 3,650,866 entitled
      "Increasing Strip Tensile Strength of Melt Blend Nonwoven Polypropylene
      Mats of High Tear Resistance", issued Mar. 21, 1972.
PAR  The gas flow is controlled so that the fibers as they are attenuated do not
      significantly come into contact with one another, which could result in
      "roping" and fiber bundles. The gas is heated as previously set forth and
      its flow is controlled to produce very fine fibers preferably having a
      diameter between 0.05 and 50 microns, preferably less than 10 microns,
      more preferably between 1 and 10 microns and most preferably of about 1 to
      5 microns. Suitable Polypropylene mats have been attained at air rates
      between 0.7 and 4 lbs per minute with the Polypropylene fibers attenuated
      in the gas stream at these rates averaging between about 1 to 10 microns
      in diameter.
PAR  In the preferred process the strands of blended resin are attenuated into
      fibers essentially in a plane directly away from the die openings 24. The
      fibers tend to be discontinuous. This occurs because of their extreme
      fineness which results in frequent breaks. Of course the diameter of
      individual sections or small portions of the fibers may vary somewhat
      outside of the given ranges due to the fact that air attenuation does not
      give perfect control and also because of slight variations in the resin
      extrudate flow. As used herein, the word fiber refers to either continuous
      or discontinuous threadlike structure.
PAR  The fibers are collected as a self supporting mat on the collecting device
      26. The collecting device 26 moves or rotates continuously and is
      preferably positioned from 1 to 30 inches from the die openings, more
      preferably 1 to 13 inches from the openings and most preferably 3 to 8
      inches from the die openings. The fibers are "self bonded" in the mat in
      that the mat is coherent, integral and capable of withstanding normal
      handling such as winding and unwinding, cutting, pressing, calendering,
      etc. without losing its essential mat-like or web-like character. In most
      instances, and particularly when the preferred polymers are used, some
      thermal or melt bonding occurs. Bonding is usually maintained
      predominantly through the mechanism of entanglement in the original
      collected web or mat. The mat preferably has a basis weight of between 10
      and 500 grams per square meter and more preferably between 20 and 300
      grams per square meter. The mat thickness in its original state is
      preferably between 1 and 200 mils, more preferably 20 and 200 mils and
      most preferably between 20 and 100 mils.
PAR  The maximum temperature that the mat can sustain prior to or during
      compression differs for mats formed from the various resin including the
      various preferred resins. For example, within the C.sub.2 to C.sub.8
      polyolefin group the temperatures differ for polypropylene as compared to
      polystyrene or mixtures thereof or as compared to polyethylene. But, in
      general the temperature is limited by excess shrinkage of the mat and
      additional polymer degradation or melting. It is important, however, that
      the temperature be high enough to improve the strength, wettability,
      permanence of integrity and other characteristics in a manner sufficient
      to provide properties essential to the intended use. Thus it has been
      found that the mat must generally be heated to above the resins softening
      point. For a mat of the preferred polypropylene fibers, mat temperatures
      to which the mat may desirably be heated prior to compaction are from
      about 280.degree. to 320.degree.F and more preferably between about
      290.degree. to 310.degree.F and most preferably 295.degree. to
      305.degree.F. Compacting should be accomplished at relatively high
      temperatures, but at substantially less then the melting point for good
      tortional stiffness. The nonwoven mat is preferably compacted to a
      thickness of between 5 and 50 mils, more preferably between 10 and 20 mils
      for preferred use in such applications as battery separators.
PAR  In determining the temperatures at which compaction should be carried out
      with eah polymer it may be necessary to employ an empiracal technique and
      this is within the preview of this invention. This technique contemplates
      selecting the highest temperature at which fusion does not occur, i.e.
      about 320.degree.F., for polypropylene. Compaction is carried out at that
      temperature. If porosity is not adequate, then samples are made at
      progressively lower temperatures until the temperature is found that will
      fall within the porosity parameters discussed below.
PAR  Thus, of necessity, there may be a "zeroing in" approach of finding the
      fusion temperature and progressively lowering the temperature below the
      fusion temperature in 2.degree., 3.degree. or 5.degree. increments until
      the best temperature in the range is found. Generally, that temperature
      will be about 300.degree.F for polypropylene. For other polymers and
      resins, greatly different temperatures will be needed.
PAR  Nevertheless, it is important and to be specifically noted that, in
      general, the proper temperature for achieving the critical parameters for
      a mat that is to be used as a battery separator, for example, will range
      quite considerably below the melting point of a particular polymer. As a
      rule of thumb, that point will be about 5.degree. to 20.degree.F,
      preferably 5.degree. to 15.degree.F, above the softening point of the
      polymer and 5.degree. to 50.degree., preferably 5.degree. to 35.degree.F,
      below the melting point.
PAR  The compacting operation, which also supplies the heat and pressure for
      development, is preferably carried out by utilizing calender rolls,
      however, a press may also be used to obtain a nonwoven mat of desired
      properties. In either case, compaction using a fixed gap is preferred. The
      gap is preferably a fixed gap and such that the mat sees a pressure of no
      more than 10 psi and more preferably from 2-8 psi during compaction. The
      setting of the gap, the size and composition of the fibers, the closeness
      or initial compaction of the fibers, the thickness of the initial or
      starting mat and the thickness of the final or finished mat should be so
      matched up with the operating conditions that the compacted mat has a void
      fraction or porosity of at least 40% and preferably a void fraction or
      porosity of 50 to 65%. Thus the porosity retention is preferably greater
      than 40% and more preferably greater than 50% at the end of the
      compression phase. The pore size is preferably less than 40 microns and
      more preferably less than  20 microns. With the preferred mats of this
      invention the fixed gap between the compacting means is 4 - 5 microns for
      non fused region.
PAR  Most important is the effect of heat and pressure on development of the
      surfactant during compaction. By wetting agent or surfactant development
      it is meant that the wetting agent's effectiveness is increased. This is
      believed to be, at least in part, due to a forcing of more wetting agent
      to the fiber surface and perhaps also, to some sort of spreading effect on
      the fiber surface or other increase in the surface area of exposure of the
      wetting agent. Surprisingly the development also seems to very
      significantly enhance resistance to delamination under the abuses of use
      and vibration in a lead acid storage battery. The development operation
      not only increases wettability but also increases the bonding of the
      fibers together by means of heat and pressure and provides desired
      mechanical and electrical properties.
PAR  The specific finished dimensions of the nonwoven web will vary depending on
      the intended end use. Even in the case of the preferred use as a battery
      separator the dimensions will vary with the battery cell design and
      accordingly the slitting and cutting are carried out to dimension the
      non-woven web to fit a specific cell design. It has been found, according
      to the present invention, that the slitting operation is best carried out
      immediately after the mat leaves the nip of the calendar rolls, when the
      mat is compacted and embossed by calendering. If press plates are used, it
      is also desirable to slit the mat immediately after pressing since the mat
      is quite hot after this operation, which facilitates slitting the mat with
      precision as to any rib pattern being produced.
PAR  Small pore size is very important in battery separators. Small pores are an
      effective barrier to battery plate material going through a separator and
      bridging between opposite plates of the battery and causing shorting. In
      order to achieve low electrical resistance in a battery a high percent
      porosity is necessary in the nonwoven mat of the present invention.
PAR  For any nonwoven mat of given fiber size, an increased percent porosity
      also increases the maximum pore size because the distance between adjacent
      fibers must be increased. Thus decreased pore size may be achieved with a
      high percent porosity by decreasing the fiber size in the nonwoven mat. By
      forming the same weight of resin into very small fibers and randomly
      distributing these fibers, the fiber-to-fiber distance is reduced and thus
      smaller maximum pores may be obtained. The very small fiber sizes (1-10
      microns) utilized in the present invention make possible the combination
      of low electrical resistance and low maximum pore size in the nonwoven
      mat.
PAR  In certain applications it is desirable that the nonwoven mats also provide
      a mechanical spacing function different from that provided by its own
      thickness. This spacing may be provided by means of ribs formed in or
      attached to the mat. Preferably, the mat is formed into a corrugated
      configuration with the outer curved corrugations being substantially fused
      and nonporous at their outermost regions. If the ribs are to be formed in
      the nonwoven mats the embossing operation is preferable provided
      concurrently with the compressing operation as already mentioned.
PAR  Several special procedures may in certain instances be advantageously added
      to the process of this invention as set forth above. One such additive
      procedure is the after-sizing of the embossments. Following the rib
      formation and compacting operation, the embossed mat may be passed through
      a second set of fixed gap calender rolls. These calender rolls would have
      a smooth surface and may be operated at from room temperature up to about
      290.degree.F in the case of polypropylene mats. The purpose of this second
      set of calender rolls is to partially flatten the ribs formed in the
      previous step so that the battery separator has a more exactly uniform
      overall configuration.
PAC  PRODUCT
PAR  The fine fibers of the invention are formed of plastic and preferably the
      preferred plastic resins, already enumerated. The fibers contain an evenly
      distributed internal wetting agent that has controlled retention. The
      wetting agent is preferably developed to enhance wettability and has a
      tendency to bloom enhancing long lived wettability. The wetting agent is
      preferably present in an amount 0.1 -8% by weight based on the weight of
      the resin after processing including the compression procedure. The more
      preferred wetting agent content is 0.1 - 2% by weight based on the weight
      of the resin. The preferred wetting agents are those already enumerated.
      They are preferably soluble in admixture with one another at the extrusion
      temperature for the resin and insoluble at room temperature.
PAR  The fine fibers preferably have a diameter of 0.05 -50 microns, and most
      preferably less than 10 microns, more preferably 1-10 microns preferably
      about 1-5 microns. The mats preferably have a basis weight of 10-500 grams
      per square meter and more preferably 20-300 grams per square meter. The
      mat is preferably 5-50 mils thick, more preferably 10-20 mils thick and
      has a porosity of at least 40% more preferably 50-65% and most preferably
      greater than 50%. At the same time pore size is preferably less than 40
      microns, more preferably less than 20 microns and in better quality
      sheets, runs about 7-20 microns.
PAR  When the mat is used as a battery separator, it preferably produces no
      readily observable foam during initial forming and charging and in most
      cases it is essential that foaming be only negligible at worse. When the
      separators are subjected to the Standard FR (Electrical Resistance) test
      of the Battery Council International, 1801 Murchison Dr., Burlingame,
      California the initial ER after 24 hours is at least no greater than 25
      milliohms and more preferably no more than 20 milliohms.
PAR  When the battery separator mat is put in a sulfuric acid solution having a
      specific gravity of 1.280 and heated to 160.degree.F and held for 1 hour
      at that temperature and thereafter removed from the acid solution and
      washed in cold running water for 1/2 hour and then in stagnant hot water
      at 160.degree.F for 1 hour and dried at 200.degree.F for 30 minutes, it
      should have an ER of no more than 25 milliohms and preferably no more than
      20 milliohms when assembled and tested as set forth in the preceding
      paragraph. This illustrates that the wetting agent is permanent because
      the ER is substantially unchanged by the severe washing conditions.
PAR  When assembled in a Group 24, AH battery and tested in accordance with SAE
      J537g for Cold Start the performance is at least 1.00 vo.t per cell at 280
      amps after 30 seconds and the electrical resistance is no more than 25
      milliohms after the test. High amperage take out during cold start
      procedures has been observed to cause delamination in mats that do not
      have the preferred characteristics and in particular the inside the fiber
      wetting agent. This delamination appears to be at least in part, due to
      the accumulation of gas in the separator under the conditions of the cold
      start test. There should be no readily observable delamination after the
      cold start test. This means substantially no delamination areas,
      irregularities or observable changes in the surface of the mat exceeding
      the size of a dull pencil point, about 30 -50 mils. In poor quality mats
      that did not contain the wetting agent delaminations as large as
      half-dollars were observed. If it is attempted to add large quantities of
      surfactants as coatings, a problem is often presented by the transfer of
      substantial quantities of surfactant into the battery electrolyte which
      then distributes the surfactant to the battery plates and elsewhere
      causing damage.
PAR  The wettability or non wettability of a nonwoven mat is not only a function
      of the hydrophobic nature of its fibers but also a result of the size of
      its pores. Mats with pores having diameters several times larger than 40
      microns wet much more readily than those having pores of 40 microns or
      less. Thus the compressed battery separator mat requires a more effective
      wetting system than would the uncompressed original mat.
PAC  TEST AND STATISTICAL PROCEDURES
PAR  Various tests are used to ascertain the characteristics of the battery
      separator. Some of these have already been discussed. Another
      determination is basis weight, which, is determined by dividing the weight
      in gm by the area in square meters. The maximum pore size is a measurement
      of the largest pores or openings in the structure. Pore size
      determinations are carried out using an Amino-Winslow Mercury Porosimeter.
PAC  EXAMPLE I
PAR  50 pounds of polypropylene resin (Enjay TM Standard Oil Co. E-117) which is
      a standard commercial resin containing additives such as oxidative
      stabilizers and 2 1/2 pounds (5% by weight based on the weight of the
      resin) of nonylephenol ethylene oxide containing 4 moles of ethylene oxide
      (Tergitol TM - Union Carbide NP-14) are charged to drum 10, FIG. 1. The
      resin is charged into the drum first and the surfactant is poured evenly
      over the top of the resin. The drum is then tumbled for about 30 minutes
      until the materials are well mixed. The mixture is then charged to hopper
      12 of the melt blending strand cutter. The material is extruded as strands
      into a water bath after which the strands are cut. The pellets so formed
      are about 1/8 inch long and 1/8 inch in diameter.
PAR  The pellets are fed to hopper 17 and through extruder 20 where they are
      treated at about 650.degree..+-.20.degree.F. The attenuating air is about
      680.degree.F .+-.20.degree.F at lips of jets 31 and 32. The polymer feed
      rate is 0.5 .+-.0.2 grams/nole/min. The air rate is 30-40 pounds/pound of
      polymer feed/min. The collector 27 is 9 inches from the die 21. The fibers
      are collected in a web having a basis weight 175 grams/square meter. The
      mat is cut by using a hand cutter to an appropriate battery separator size
      of 8 .times. 12 inches. The pieces are placed in the compactor of FIG. 3
      and compacted to approximately 16 mils thickness by pressing to a gap of
      18 mils. The press of FIG. 3 is operated with a plate temperature of about
      280.degree.F - 300.degree.F and the press remains closed for about 20
      seconds.
PAC  EXAMPLES 2-9
PAR  The procedure of Example 1 is repeated except the surfactant is varied as
      indicated:
PAR  Example 2, 2 1/2 pounds (5%) of Dodecylphenol containing 5 moles of
      Ethylene Oxide (Tergitol 12-P-5, product of Union Carbide);
PAR  Example 3, 1 3/4 pounds (3 1/2%) of Nonylphenol containing 13 moles of
      Ethylene Oxide (Tergitol NP- 33, product of Union Carbide);
PAR  Example 4, 1 3/4  pounds (3 1/2%) of Nonylphenol containing 9 moles of
      Ethylene Oxide (Tergitol TP-9, product of Union Carbide);
PAR  Example 5, 3/4 pounds (3 1/2%) of modified polyethylated alcohol (DF-12,
      product of Rohm and Haas);
PAR  Example 6, 2 1/2 pounds (5%) of Dodecylphenol containing 6 moles of
      Ethylene Oxide (Tergitol 12-P-6, product of Union Carbide);
PAR  Example 7, 2 1/2 pounds (5%) of Nonylphenol containing 4 moles of Ethylene
      Oxide (Tergitol NP-14, product of Union Carbide);
PAR  Example 8, the procedure of Example 2 is repeated except 1%
      alkylarylpolether (Triton X-100, product of Rohm and Haas) is added with
      the wetting agent of Example 2.
PAR  Example 9, the procedure of Example 3 is repeated except 1% of a
      Nonylphenol having 40 moles of ethylene oxide (Tergitol NP-44, product of
      Union Carbide) is added with the wetting agent of Example 3.
PAR  Examples 8 and 9 contain 2 relatively water and battery electrolite
      insoluble wetting agents (the wetting agents of Example 2 and 3) and 2
      relatively water and battery electrolite soluble wetting agents (the
      wetting agents newly added).
PAR  Sample from Example 1-7 prepared by the above procedures were subjected to
      the cold start test previously identified.
TBL  COLD DISCHARGE TEST RESULTS                                               

     280 A at 0.degree.F.   ER                                                 

          5 Sec.                                                               

                30 Sec.                                                        

                      Minutes    After                                         

     Example                                                                   

          Volt. Volt. to 1.0v                                                  

                            Initial                                            

                                 Test                                          

     __________________________________________________________________________

     2    1.24  1.20  1.60  23   22                                            

     3    1.28  1.23  1.70  16   13                                            

     4    1.30  1.25  1.79  14   13                                            

     5    1.27  1.22  1.60  15   14                                            

          10 Sec.*                                                             

     6    1.24  1.20  1.64                                                     

     7    1.29  1.26  1.18  32   30                                            

                            *                                                  

     210A at - 20.degree.F                                                     

     6    1.31  1.29  1.20       No test but                                   

                                 after 20 hr.                                  

     7    1.24  1.20  .82   32   27   32                                       

                        below this symbol on new basis indicated               

PAR  With the exception of Example 7 all of the separators produced too much
      foam during charging for use in commercial operations without change
      either through foam reduction or charge procedures. The Cold Discharge
      test was conducted according to SAE J537g using a Group 24, AH battery and
      ER was according to the test of the Battery Council International.
PAR  The mats of Examples 1 and 2 analyzed after formation and without being
      subjected to any other wetting agent removal conditions are found to
      contain about 65% (within a 1% deviation) of the surfactant added
      initially. The wetting agent retention is preferably held to within 65%
      .+-. 5% by the end of processing and also by the end of formation. Of
      course, most preferably the loss is the least possible.
PAR  The invention of the application not only enables the production of a
      nonwoven fine fibered web that has abuse resistant wetting properties to
      an unexpected degree but also and totally unexpectedly much improved
      delamination resistance. The nonwoven web also provides good gas release
      or low gas accumulation properties in lead acid storage battery
      environments. Furthermore the nonwoven webs both before and after
      compression appear more uniform.
PAR  The primary internal wetting agent do present some problem with foaming and
      entrance into the battery electrolite when used in sufficient quantities
      to provide the most desirable degree of wettability in its own right. Its
      low solubility in the battery electrolite provides a strong property of
      longer and better retention in the fiber but because of its generally
      lower wetting effectiveness it is usually necessary to use fairly large
      quantities if it is to be the sole wetting agent. This can be seen to be
      particularly true when only part of the wetting agent is usually disposed
      at a for action functioning at any time.
PAR  As a general proposition the second internal wetting agent which is
      relatively quickly soluble in the battery electrolite seems to have
      substantial advantage in providing quick wet out. But when used at a
      sufficiently high level to bring about good wetting retention and
      rewetting characteristics in its own right it causes substantial foaming
      during battery charging. In addition when substantial quantities of
      wetting agent are used there is a very substantial tendency for these to
      enter the battery electrolite and be transferred to the battery plates and
      elsewhere impairing the battery's operation.
PAR  Surprisingly, when the primary and secondary wetting agents are used
      together, a sufficient amount can be used in combination to maximize good
      initial wetout, good rewet and good continuous wettability without
      substantial disadvantage. The development of the wetting agents also seems
      to bring about a synergistic type of effect with respect to the retention
      of the secondary wetting agent at the surface of the fiber. While the
      reason for this result is not known, it is believed that it may be at
      least partially due to the increased adhesion of the second wetting agent
      to the fiber surfaces.
PAR  It will be obvious to those skilled in the art that various changes and
      modifications may be made in the invention without departing from its true
      spirit and scope. It is, therefore, aimed in the appended claims to cover
      all such equivalent variations as fall within the true spirit and scope of
      the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A battery with a positive plate, a negative plate and a separator of
      polymeric resin having a degree of undesirable hydrophobia, solid below
      180.degree.F, extrudable as a hot melt and resistant to degradation by at
      least either acids or alkalies positioned between said plates, said
      separator comprising a nonwoven mat of fibers, said fibers comprised of
      said polymeric resin and a wetting agent in an amount of 0.5-20 percent by
      weight based on the weight of the resin with said amount (a) being
      incompatible with the resin below the resin's melting point such that the
      wetting agent will bloom over a period of time at ambient temperatures in
      a battery yet (b) being compatible with the resin at the extrusion
      temperature and (c) bringing about blooming to the surface of said fibers
      when said fibers are subjected to heat and pressure.
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ABST
PAL  A housing for a battery cell includes a built-in switch for opening the
      circuit to the battery in response to excess pressure and/or temperature.
      The housing has a first conducting contact connected to the first battery
      electrode, and a second contact connected to the second electrode and
      connected through a wall of the housing to provide a circuit to the
      battery cell. The second contact may be a porous wall to allow gasses
      which form in the battery cell to pass to the outer housing wall, and when
      the pressure exceeds a predetermined value the outer wall will flex and
      open the electrical connection to the battery. The outer wall can be a
      bimetallic disc which flexes with rise in temperature of the battery cell
      to open the connection when the temperature exceeds a predetermined value.
      The pressure responsive action can be provided alone, the temperature
      responsive action can be provided alone, or the two features can be used
      in combination to provide a housing wherein the connection to the battery
      is opened in response to excessive pressure or temperature, or a
      combination of the two conditions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  With the increasing use of small portable electronic devices, the need for
      small rechargeable battery cells has greatly increased. Single use cells
      involve a substantial cost to provide the electrical energy for portable
      units, so that rechargeable cells are used in greatly increasing
      quantities. There is a problem, however, in the use of such batteries by
      unskilled persons, in that there is the possibility that the battery can
      explode while being charged due to excessive pressures which may develop
      within the battery cell. Similarly, excessive temperatures may be
      encountered which can damage the battery if some protection is not
      available.
PAR  In connection with rapid charging systems, highly complex arrangements have
      been used to provide protection for the battery. These systems are quite
      expensive, have not been very reliable, and are not compatible with
      conventional cells.
PAR  It has been proposed to provide pressure and temperature responsive
      switches which can be used either inside the battery housing or externally
      thereof, to disconnect the battery, or to operate some control device to
      prevent damage to the battery. However, existing structure have required a
      discrete switch device which involves substantial space in the battery and
      also involves a cost which substantially increases the cost of the
      battery. Inasmuch as many portable devices now being produced are quite
      inexpensive, the provision of a pressure and/or temperature responsive
      switch in the battery adds a cost item which is quite substantial as
      compared to the overall cost of the equipment. This may render the device
      economically unattractive.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a housing for a battery
      cell wherein the housihg has a part which responds to a dangerous
      condition of the battery to open the circuit to the battery.
PAR  A further object of the invention is to provide a housing for a battery
      cell having an inner conducting wall which is porous and an outer
      conducting wall which is normally in electrical contact with the inner
      wall to provide a circuit to the cell, and which responds to the pressure
      of gasses developed in the battery cell to move away from the inner wall
      and open the circuit.
PAR  Another object of the invention is to provide a housing for a battery cell
      having a pair of conducting walls which are in contact with each other,
      and wherein one wall is responsive to temperature and moves away from the
      other wall to open the circuit in response to a rise in temperature in the
      battery cell.
PAR  A still further object of the invention is to provide a housing for a
      battery cell of the rechargeable type wherein the housing has a conducting
      portion which flexes in response to increase in pressure within the cell
      and/or to increase in temperature within the cell, and wherein the housing
      portion is normally in engagement with an electrical contact connected to
      the battery cell and which opens the circuit to the battery cell when such
      portion flexes.
PAR  In accordance with the invention, a housing is provided for a rechargeable
      battery cell which has first and second electrodes, which housing includes
      a tubular member having first and second ends with a closure for the first
      end having a conducting contact thereon which is connected to the first
      electrode of the battery. The second end of the tubular member has a
      conducting closure which normally engages a contact connected to the
      second electrode of the battery so that connections to the battery cell
      are made through the first and second conducting closures of the housing.
      The second closure is constructed to flex with increasing pressure within
      the battery to move out of engagement with the contact and open the
      circuit to the battery cell. This responds to increased pressure caused by
      the gasses developed in the cell to open the circuit during charging, so
      that pressure does not build up which might cause the battery to explode.
      The second closure may also be constructed to respond to a change in
      temperature so that when a predetermined rise in temperature takes place
      in the battery cell, the closure will flex to open the circuit to prevent
      further current therethrough and possible damage to the battery cell. The
      contact connected to the second electrode of the battery can be an inner
      porous conducting wall which allows gases to pass therethrough to the
      closure which flexes in response to the pressure. The closure which
      responds to temperature may be a bimetallic disc which snaps between a
      normal position and a bowed position to open the circuit. The bimetallic
      disc can be used with an inner porous wall to respond to both pressure and
      temperature.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross-sectional view of a battery in accordance with the
      invention, showing the connection of a battery charger thereto;
PAR  FIG. 2 is a cross-sectional view of a portion of the battery of FIG. 1
      showing the operation thereof in response to excess pressure;
PAR  FIG. 3 shows an embodiment of the battery housing of FIG. 1 including a
      bimetallic disc responsive to temperature;
PAR  FIG. 4 shows the structure of FIG. 3 with the disc being bowed in response
      to the rise in temperature; and
PAR  FIG. 5 shows an embodiment of the housing of FIG. 1 which is responsive to
      both pressure and temperature.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1 there is illustrated a rechargeable battery cell 10 which is of
      cylindrical or other suitable configuration, having an end 12 with a
      conducting contact 14 thereon which is connected to one electrode of the
      cell, such as the anode thereof. The cell has a conducting wall 16 at the
      opposite end which is connected to the second electrode of the cell, which
      may be the cathode. The cell is enclosed in an insulating housing 18
      having an inturned edge 19 for retaining the cell proper 10 therein. An
      outer conducting disc 20 is secured to the end of the housing 19 by a
      pressure ring 22, with a second pressure ring 24 being positioned between
      the disc 10 and the bottom edge of the wall 16. A conducting contact 25 is
      secured to the disc 20 and engages the conducting wall 16 when the disc 20
      is in its normal position to complete the circuit to the second electrode
      of the cell.
PAR  For charging the cell 10, a charger 30 is provided which may be of known
      construction. The charger 30 has output conductors connected to terminals
      32 and 34. Terminal 32 engages the contact 14 connected to the battery
      cell, and the terminal 34 is connected through a spring contact 36 to the
      conducting disc 20. The spring contact 36 insures pressure connections to
      the terminals 14 and 20. Accordingly, current provided by the charger
      flows through the terminals 32 and 34 to the contacts 14 and 20 which are
      connected to the battery cell. During charging of the battery cell gasses
      are developed in the cell, and this may result in the build-up of pressure
      within the cell. The wall 16 is porous so that the pressure is applied to
      the disc 20. When a certain pressure is reached, the disc 20 will bow,
      since it is constructed of material which will flex. This will cause the
      contact 25 on the disc 20 to move out of engagement with the conducting
      wall 16 to thereby open the circuit from the charger 30 to the battery
      cell 10.
PAR  FIG. 2 shows the bottom of the battery of FIG. 1 under the condition that
      gasses have been produced within the cell causing pressure against the
      disc 20 to cause the same to flex so that the contact 25 thereon moves out
      of engagement with the wall 16. The pressure seals 22 and 24 are made of
      insulating material so that the conducting wall 16 and disc 20 are in
      electrical contact only through the conducting contact 25. Accordingly,
      when the disc 20 flexes and the contact 25 moves away from the wall 16,
      the circuit from the charger 30 to the battery cell 10 will open, and the
      charging will cease. This will tend to stop the rise in pressure within
      the cell which might rupture the housing for the cell and cause a
      dangerous explosion.
PAR  Although the action of the disc 20 of the structure of FIG. 1 has been
      described in response to increased pressure during charging, the disc 20
      would, of course, operate in response to pressure build up under any other
      condition. In the event that a build up in pressure is produced by heavy
      current drawn from the battery, or for any other reason, the circuit to
      the cell will be broken to terminate the flow of current.
PAR  FIG. 3 illustrates a battery in accordance with the invention wherein the
      conducting wall 40 at the bottom of the housing is not porous. In this
      structure the closure disc 42 is made of bimetallic material and responds
      to an increase in temperature in the battery cell so that the disc 42
      bows, and the contact 44 thereon moves away from the conducting wall 40.
      This action is illustrated by FIG. 4. It will be apparent that this action
      also breaks the connection to the battery cell to prevent charging, if an
      excessive rise in temperature results from charging of the battery. This
      structure would also open the circuit to the cell in the event that heavy
      current is drawn therefrom which could cause an excessive rise in
      temperature.
PAR  It will be apparent that a bimetallic disc, such as the disc 42 in FIG. 4,
      can also be used in the structure of FIG. 1 instead of the disc 20 which
      responds only to pressure. Such a construction is shown in FIG. 5 wherein
      the conducting inner wall 50 of the battery is made of porous material,
      and may be of the same construction as the wall 16 in FIG. 1. The
      conducting disc 52 is formed of bimetallic material and may be of the same
      construction as the disc 42 in FIG. 4. A contact 54 is secured to the disc
      52 and is normally in engagement with the conducting closure 50 to
      complete the circuit from the contacts of the battery housing to the
      electrodes of the battery cell. The structure in FIG. 5 will respond to an
      increase in pressure resulting from gasses developed in the cell, and also
      to an increase in temperature developed within the cell, causing the disc
      52 to flex. Accordingly, the structure of FIG. 5 will respond to either a
      rise in pressure within the cell or a rise in temperature within the cell.
      The structure of FIG. 5 will also respond to the combination of pressure
      and temperature, both of which will tend to cause the disc 52 to flex.
      That is, pressure of gasses flowing through porous closure 50 will cause
      the disc 52 to tend to flex, and also the bimetallic disc will tend to
      flex in response to a rise in temperature.
PAR  The structure of the invention provides protection for battery cells which
      may be of conventional construction. That is, the outer housing can be
      used with a cell which is of known, simple form. The housing can be
      inexpensively constructed and provides protection which prevents damage to
      the cell, or to the equipment with which it is used, when excessive
      pressures, and/or temperatures, are developed therein.
CLMS
STM  I claim:
NUM  1.
PAR  1. A housing for a rechargeable battery cell having first and second
      electrodes, including in combination:
PA1  a tubular member having first and second ends;
PA1  a closure for said first end having a first conducting contact thereon
      connected to a first electrode of the battery;
PA1  a conducting inner closure for said second end connected to the second
      electrode of the battery; and
PA1  a conducting outer closure for said second end having a second conducting
      contact thereon, said outer closure being movable from a first normal
      position in which said outer closure makes electrical connection with said
      inner closure to a second position in which said outer closure is spaced
      from said inner closure, said outer closure being responsive to a rise in
      temperature in the battery cell to move to said second position to open
      the circuit from said first and second conducting contacts to the
      electrodes of the battery.
NUM  2.
PAR  2. A housing for a battery cell in accordance with claim 1 wherein said
      inner closure is porous and said outer closure responds to the pressure of
      the gasses developed in the battery cell as well as to the temperature
      thereof.
NUM  3.
PAR  3. A housing for a battery cell in accordance with claim 1 wherein said
      outer closure is a bimetallic disc which snaps between said first and
      second positions in response to changes in temperature within the battery
      cell.
NUM  4.
PAR  4. A housing for a battery cell in accordance with claim 3 wherein said
      inner closure is a porous shell through which gasses developed by the
      battery cell pass, and said outer closure responds to the pressure of the
      gasses developed in the cell as well as to the temperature thereof.
NUM  5.
PAR  5. A housing for a battery cell having first and second electrodes
      including in combination,
PA1  a conducting terminal on said housing connected to the first electrode of
      the battery cell,
PA1  a conducting housing wall formed of bimetallic material which flexes in
      response to a rise in temperature, and
PA1  conductor means connected to the second electrode of the battery cell and
      engaging said housing wall for completing a circuit from said wall to the
      battery cell,
PA1  said housing wall flexing when the temperature of the battery cell exceeds
      a predetermined value to move out of engagement with said conductor means
      and open the circuit therefrom to the battery cell.
NUM  6.
PAR  6. The housing of claim 5 wherein said conductor means is a porous inner
      wall of the housing through which gasses developed in the battery cell
      pass to apply pressure to said conducting housing wall to cause the same
      to flex and move out of engagement with said conductor means and thereby
      open the circuit from said housing wall to the battery cell.
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PAL  Diodes of a particular type are fine tuned with irradiation to optimize the
      reverse recovery time while minimizing forward voltage drop and providing
      more uniform electrical characteristics. The initial and desired minority
      carrier lifetimes in the anode region of the type are determined as a
      function of forward voltage drop and reverse recovery time, and the
      minority carrier radiation damage factor is determined for a desired type
      of diode and radiation source. The radiation dosage to achieve the desired
      carrier lifetime with the radiation source is thereafter determined from
      the function 1/.tau. = 1/.tau..sub.o + K.phi., where .tau. is the desired
      minority carrier lifetime, .tau..sub.o is the initial minority carrier
      lifetime, K is the determined minority carrier radiation damage factor and
      .phi. is the radiation dosage. A major surface and preferably the major
      surface adjoining the anode region of the diodes is then irradiated with
      the radiation source to the determined radiation dosage. Preferably, the
      radiation dosage is between about 1 .times. 10.sup.12 and 5 .times.
      10.sup.13 e/cm.sup.2, with electron radiation of intensity between 1 and 3
      Mev.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to the making of semiconductor devices and
      particularly diodes.
PAC  BACKGROUND OF THE INVENTION
PAR  A semiconductor diode is a two-electrode semiconductor device, having an
      anode and a cathode, which has marked unidirectional electrical
      characteristics. A junction diode is a semiconductor diode whose
      asymmetrical voltage-ampere characteristics are manifested as a result of
      a PN junction formed at the transition between N-type and P-type regions
      within the semiconductor wafer. This junction may be either diffused,
      grown or alloyed.
PAR  A high power diode generally requires that one of the regions, usually the
      anode region, have a low impurity concentration, e.g., 1 .times. 10.sup.14
      to 1 .times. 10.sup.16 atoms per cm.sup.3. This enables the device to
      withstand a high reverse blocking voltage without breakdown or
      punch-through by permitting a wide space charge region. A difficulty with
      such devices has been the long reverse recovery time upon breakover into
      the conduction mode. That is, the time needed for the device to
      reestablish the blocking mode upon breakdown or punch-through. Such
      recovery time is primarily dependent upon the recombination time of the
      minority carriers in the highly resistive region, which as previously
      stated is usually the anode region.
PAR  It has been proposed to reduce the reverse recovery time of diodes by
      irradiation, see application Ser. No. 339,242 filed Mar. 8, 1973, now U.S.
      Pat. No. 3,809,582, and assigned to the same assignee as the present
      invention. The irradiation damages the atomic lattice causing the
      formation within the atomic lattice of large numbers of defects
      corresponding to energy levels within the forbidden energy gap between the
      valence and conduction energy bands of the semiconductor. These energy
      states increase the recombination rate of the minority carriers without
      correspondingly increasing the carrier generation rate. Thus, the reverse
      recovery time of the diode can be substantially reduced without
      correspondingly increasing the forward voltage drop and other electrical
      characteristics.
PAR  The difficulty with such radiation techniques has been the erratic effect
      of irradiation upon the electrical characteristics. That is, the effect of
      a given dosage of radiation from a radiation source on the electrical
      characteristics cannot be predicted from device to device. Specifically,
      it has been known that minority carrier lifetime before and after
      irradiation can be given by the relationship:
PA1  1/.tau. = 1/.tau..sub.o + K.sub.L .phi.
PAL  where
PA1  .tau. is the post-irradiation minority carrier lifetime;
PA1  .tau..sub.o is the pre-irradiation minority carrier lifetime;
PA1  .phi. is the radiation dosage; and
PA1  K.sub.l is the minority carrier lifetime damage factor.
PAL  However, the damage factor K.sub.L varies widely from device to device. The
      damage factor has been known to vary with the type and concentration of
      impurities, temperature of application, and type and intensity of
      radiation, as well as the bulk of the semiconductor crystal.
PAR  Irradiation has not therefore been considered useful for fine correction of
      the electrical characteristics of devices. Rather, it was considered
      useful to substantially change certain electrical characteristics without
      corresponding changes in other electrical characteristics, where the
      devices were subsequently tested and classified or subsequently annealed.
      See also patent application Ser. No. 324,718, filed Jan. 18, 1973, now
      U.S. Pat. No. 3,881,963, Ser. No. 283,684, filed Aug. 25, 1972, now U.S.
      Pat. No. 3,872,493, Ser. No. 283,685, filed Aug. 25, 1972, now U.S. Pat.
      No. 3,840,887, Ser. No. 285,165, filed Aug. 31, 1972, now abandoned, Ser.
      No. 343,070, filed Mar. 30, 1973, now U.S. Pat. No. 3,877,997, Ser. No.
      354,620, filed Apr. 25, 1973, now abandoned, and Ser. No. 337,967, filed
      Mar. 5, 1973, now U.S. Pat. No. 3,881,968, all of which are assigned to
      the same assignee as the present invention.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found contrary to previous experience, that irradiations
      performed with electron radiation with an intensity between about 1 and 3
      Mev provide minority carrier radiation damage factors with small variation
      from batch to batch of a particular device. Thus, by performing an
      irradiation study on a batch of a particular device type and radiation
      source, a minority carrier damage factor can be obtained which can be used
      to determine radiation dosage suitable to provide the desired minority
      carrier lifetime in other batches of the particular device with the
      radiation source.
PAR  A method for fine tuning a particular type of diode is provided by first
      determining the minority carrier radiation damage factor for the
      particular type of diode and particular radiation source. The nominal
      minority carrier lifetime initially present in the anode region of the
      particular diode is also determined as well as the desired minority
      carrier lifetime in the anode region to achieve the desired reverse
      recovery time and forward voltage drop in the final diode.
PAR  The radiation dosage to achieve the desired nominal minority carrier
      lifetime is thus determined using the relationship:
PA1  1/.tau. = 1/.tau. .sub.o + K.phi.
PAL  where
PA1  .tau. is the desired nominal minority carrier lifetime;
PA1  .tau..sub.o is the measured nominal minority carrier lifetime;
PA1  K is the minority carrier lifetime damage factor; and
PA1  .phi. is the irradiation dosage.
PAR  The determined radiation dosage is then applied to the type of diode with
      the radiation source used in determination of the minority carrier
      lifetime damage factor. This is typically done by exposing major surface
      adjoining the anode region of a batch of the type diode to the radiation
      source. Preferably the radiation dosage is between about 1 .times.
      10.sup.12 and 5 .times. 10.sup.13 electrons per centimeter squared and
      most desirably between about 5 .times. 10.sup.12 and 2 .times. 10.sup.13
      electrons per centimeter squared.
PAR  Other details, objects and advantages of the invention will become apparent
      from the following description of the presently preferred embodiments and
      presently preferred methods of practicing the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings, the preferred embodiments of the invention
      and present preferred methods of practicing the invention are illustrated
      in which:
PAR  FIG. 1 is a graph showing determinations of the minority carrier damage
      factors of particular types of diodes in accordance with the present
      invention;
PAR  FIG. 2 is a graph showing the relationships of reverse recovery time
      (t.sub.rr) and minority carrier lifetime (.tau.) to forward voltage drop
      (V.sub.f) for a particular type of diode to be fine tuned using the
      present invention;
PAR  FIG. 3 is a graph showing the relationships of reverse recovery time
      (t.sub.rr) and minority carrier lifetime (.tau.) to forward voltage drop
      (V.sub.f) for another particular type of diode to be fine tuned using the
      present invention;
PAR  FIG. 4 is an elevational view in cross-section of a high power junction
      diode being irradiated in accordance with one step of the present
      invention; and
PAR  FIG. 5 is a perspective view of apparatus for performance of irradiation on
      a batch of a particular type of junction diode as shown in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the minority carrier lifetime damage factor was
      determined for two types of diodes using an electron radiation source of 2
      Mev intensity. The diode were as shown in FIG. 4 and hereinafter
      described. Over 100 devices of one type of diode (hereinafter called "TYPE
      I") and over 50 devices of the other type of diode (hereinafter called
      "TYPE II") were used in the determination. Diodes of Type I were divided
      into four Groups 1-4 and diodes of Type II were divided into two Groups
      5-6, and irradiated as follows:
TBL                 Initial                                                    

                    Radiation  Accumulation-Subsequent                         

           Type of  Dosage     Radiation Dosage                                

     Group Diode    (e/cm.sup.2)                                               

                               (e/cm.sup.2)                                    

     ______________________________________                                    

     1     I         8 .times. 10.sup.12                                       

                               1.3 .times. 10.sup.13                           

     2     I         7 .times. 10.sup.13                                       

                               --                                              

     3     I        4.6 .times. 10.sup.13                                      

                               --                                              

     4     I        8.4 .times. 10.sup.13                                      

                               --                                              

     5     II        8 .times. 10.sup.12                                       

                                2 .times. 10.sup.13                            

     6     II        7 .times. 10.sup.13                                       

                               --                                              

     ______________________________________                                    

PAL  The apparatus used for these irradiations is similar to that shown in FIG.
      5 and described in detail hereinafter.
PAR  Measurements of forward voltage drop (V.sub.f), minority carrier lifetime
      (.tau.) [by open circuit decay method], and reverse recovery time
      (t.sub.rr) were made on each device initially and after each radiation
      dosage.
PAR  FIG. 1 is a plot of average minority carrier lifetime (.tau..sub.OCD)
      versus the corresponding electron dosages. Curve A is for Type I diodes
      and Curve B is for Type II diodes. The spread of measured values is
      indicated; it should, however, be noted that the measured values had a
      Gaussian distribution about the average with approximately 60 to 70% of
      values within the standard deviation from the average. Further, noteworthy
      is the decrease in deviation of lifetime measurements after irradiation
      with increases in radiation dosages. This decrease in deviation is to be
      expected for a substantially constant radiation dosage factor because as
      the radiation dosage increases, the K.phi. becomes increasingly more
      significant in the relationship 1/.tau. = 1/.tau. .sub.o + K.phi..
PAR  From FIG. 1 the minority carrier lifetime radiation damage factor can be
      determined for the various radiation dosages of interest by the slope of
      the curves. For the Type I devices, it is shown that in the dosage range
      from about 1 .times. 10.sup.12 to 5 .times. 10.sup.13 e/cm.sup.2 the
      minority carrier lifetime radiation dosage factor is substantially
      constant at about 2.18 .times. 10.sup.-.sup.9 cm.sup.2 /e-sec. And for the
      Type II devices, it is shown that in the dosage range from about 1 .times.
      10.sup.12 to 5 .times. 10.sup.13 e/cm.sup.2 the minority carrier lifetime
      radiation dosage factor is substantially constant at about 2.6 .times.
      10.sup.-.sup.9 cm.sup.2 /e-sec. It should be noted that this constancy is
      remarkable considering that Groups were done at different times by
      different operators.
PAR  The other data obtained from the measurements were plotted in FIGS. 2 and
      3. Curves A of FIGS. 2 and 3 plot average minority carrier lifetime
      (.tau..sub.OCD) versus average forward voltage drop (V.sub.f) for Type I
      and Type II devices, respectively. And curves B of FIGS. 2 and 3 plot
      average reverse recovery time versus average forward voltage drop
      (V.sub.f) for Type I and Type II devices, respectively. Again the spread
      of measured values is indicated and the measured values had a Gaussian
      distribution.
PAR  From these plots the nominal minority carrier lifetime (.tau..sub.o) of the
      diodes initially and the relationship of .tau..sub.o to the reverse
      recovery time can be readily seen. Further, the nominal minority carrier
      lifetime desired in the anode region of the types of diodes (.tau.) can be
      readily established given the desired reverse recovery time and tolerable
      forward voltage drop of the types of diodes. It should be noted that the
      area of interest for fine tuning has been dotted in and is determined by
      the marketable limits of forward voltage drop which can be tolerated.
PAR  From this information, the radiation dosage from the given electron
      radiation dosage to obtain the desired nominal minority carrier lifetime
      can be determined from the relationship 1/.tau. = 1/.tau. .sub.o + K.phi.
PAL  where
PA1  .tau. is the established nominal minority carrier lifetime;
PA1  .tau..sub.o is the measured nominal minority carrier lifetime;
PA1  K is the minority carrier radiation damage factor; and
PA1  .phi. is the electron radiation dosage.
PAR  Thereafter, diodes of each type of diode can be fine tuned simply by
      irradiating them as shown in FIGS. 4 and 5. Preferably, the radiation
      dosage is between about 1 .times. 10.sup.12 and 5 .times. 10.sup.13
      e/cm.sup.2, with electron radiation of intensity between 1 and 3 Mev.
PAR  Referring to FIG. 4, a junction silicon diode wafer or body 10 is shown
      having opposed major surfaces 11 and 12 and curvilinear side surfaces 13.
      Diode body 10 has cathode region 14 and anode region 15 of impurities of
      opposite conductivity type adjoining major surfaces 11 and 12,
      respectively. Formed at the transition between regions 14 and 15 in the
      interior of body 10 is PN junction 16.
PAR  To provide electrical connections to the diode body, metal contacts 17 and
      18 make ohmic contact to cathode region 14 and anode region 15 at major
      surfaces 11 and 12, respectively. To reduce channeling effects and
      atmospheric effects on the diode operation, side surfaces 13 are beveled
      by lap etching and are coated with a suitable passivating resin 19 such as
      a silicone, epoxy or varnish composition.
PAR  Irradiation is performed on diode body 10 by positioning major surface 11
      for exposure to the given electron radiation source between 1 and 3 Mev
      intensity. The diode body is thereafter irradiated by electron radiation
      20 from the given source to the dosage level determined for fine tuning.
PAR  Referring to FIG. 5, apparatus is shown for performing the irradiation on
      the junction diode body 10 as shown in FIG. 4 with electron radiation. A
      conveyor belt 33 is moved around roller or pulley means 32 which is
      rotated by a suitable power source (not shown). A 2 Mev Van de Graaff
      Accelerator 34 is positioned to direct electron radiation 20 perpendicular
      to conveyor belt 33 to strike it at 35.
PAR  A series of junction diode bodies 10 are positioned in planar array on a
      water cooled tray 30 having an electrostatically attractive periphery 31.
      Bodies 10 are positioned with major surface 11 adjoining cathode region 14
      facing upwardly as shown in FIG. 1. To perform the irradiation, the
      electron dosage rate is measured by use of a Faraday cup in conjunction
      with an Elcon Charge Integrator and the radiation level adjusted to the
      desired dosage. Tray 30 with the bodies 10 in place is then placed on the
      conveyor belt 33 and moved by the conveyor in the direction of the arrow
      through the electron radiation 20. The electron radiation dosage can also
      be controlled by the speed of the conveyor belt 33 as well as the
      intensity level of the radiation source.
PAR  The diodes of each particular type of diode are thus fine tuned with
      irradiation to optimize the reverse recovery time while minimizing forward
      voltage drop. The reverse recovery time (t.sub.rr) can be reduced from 7-8
      .mu.sec. to 5-5.5 .mu.sec. without alteration of any significance to
      forward voltage drop (V.sub.f). The deviation of the forward voltage drop
      and reverse recovery time also becomes more uniform by irradiation. That
      is, the deviation of these electrical characteristics from device to
      device is less after irradiation than before irradiation. The present
      invention therefore is of substantial value in quality control.
PAR  While presently preferred embodiments have been shown and described, it is
      distinctly understood that the invention may be otherwise variously
      performed within the scope of the following claims. For example, the
      invention has been particularly described with respect to silicon
      semiconductor devices. It is contemplated that the present invention has
      utility with other semiconductor materials such as germanium and gallium
      arsenide, although the particular radiation and intensity thereof and the
      effectiveness of the invention will doubtless vary with the semiconductor
      material.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of fine tuning a diode of a type of diodes comprising the steps
      of:
PA1  A. determining the minority carrier radiation damage factor for the type of
      diode with a given electron radiation source of intensity between about 1
      and 3 Mev;
PA1  B. measuring the nominal minority carrier lifetime in the anode region of
      the type of diode;
PA1  C. establishing the nominal minority carrier lifetime desired in the anode
      region of the type of diode;
PA1  D. thereafter determining the radiation dosage from the given electron
      radiation source to obtain the desired nominal minority carrier lifetime
      by the relationship 1/.tau. = 1/.tau. .sub.o + K.phi.
PAL  where
PA2  .tau. is the established nominal minority carrier lifetime,
PA2  .tau..sub.o is the measured nominal minority carrier lifetime,
PA2  K is the minority carrier radiation damage factor, and
PA2  .phi. is the electron radiation dosage; and
PA1  E. irradiating a major surface of at least one diode of the type of diodes
      with the given radiation source to the determined radiation dosage.
NUM  2.
PAR  2. A method of fine tuning a diode of a type of diodes as set forth in
      claim 1 wherein:
PA1  the major surface irradiated adjoins the anode region of the diode.
NUM  3.
PAR  3. A method of fine tuning a diode of a type of diodes as set forth in
      claim 1 wherein:
PA1  the desired minority carrier lifetime is such that the radiation dosage is
      between about 1 .times. 10.sup.12 and 5 .times. 10.sup.13 electrons per
      centimeter squared.
NUM  4.
PAR  4. A method of fine tuning a diode of a type of diodes as set forth in
      claim 3 wherein:
PA1  the radiation dosage is between about 5 .times. 10.sup.12 and 2 .times.
      10.sup.13 electrons per centimeter squared.
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PAL  A self-aligning process for fabrication of integrated circuits utilizing
      ion implantation to effect doping. A composed masking technique is used to
      define self-aligned areas in a silicon oxide layer for definition of
      isolation, base, resistor and collector contact regions. Only two oxide
      removal steps are required for isolation through emitter process steps,
      and the process uses the silicon oxide layer and photoresist material for
      implantation masking. Formation of the emitter region by ion implantation
      and by diffusion are described.
BSUM
PAR  This invention relates to a method of fabricating semiconductor devices,
      especially integrated circuit structures utilizing ion implantation
      techniques.
PAR  Typically, five or more photomasking operations are used to define
      apertures in a masking layer overlying a surface of a semiconductor
      substrate for formation of semiconductor regions and interconnections
      therebetween during fabrication of an integrated circuit. Typically (but
      not necessarily), the silicon oxide and the aperture definition steps are
      referred to as O. R. steps. The alignment or registration of the various
      mask levels with respect to each other have to be controlled within
      critical tolerances in order to ensure proper operation of the end device,
      since alignment errors can be cumulative. Consequently, it is very
      desirable to minimize, and preferably to eliminate, the number of manual
      alignment operations that are required. Improvements in this direction
      have been accomplished in relation to integrated circuits manufactured
      using diffusion techniques by use of masking layers formed on the
      semiconductor surface which have different chemical etching
      characteristics, e.g., silicon dioxide and silicon nitride. All necessary
      mask apertures are formed in the underlying masking layer, e.g., of
      silicon dioxide, which is then covered with a second masking layer, e.g.,
      silicon nitride. Photomasks can then be used to selectively open up areas
      of the second masking layer which are larger than the corresponding
      apertures in the first masking layer so that critical alignment thereof is
      not required. Consequently, the spacing between regions diffused into the
      semiconductor substrate is determined not by the registration between the
      different mask levels but by the accuracy of the patterning defined by the
      first masking layer. One example of such a so-called "composed" masking
      technique is described in copending U.S. patent application Ser. No.
      191,666, filed Oct. 22, 1971 by Wilton L. Workman et al. and assigned to
      the Assignee of the present application.
PAR  It is an object of the present invention to provide an improved
      semiconductor device fabrication process suitable for use with ion
      implantation techniques and wherein accurate spacing between implanted
      regions may be achieved.
PAR  It is also an object of the invention to provide an improved and relatively
      simple method of fabricating semiconductor devices using ion implantation
      techniques.
PAR  Accordingly, the present invention provides, in a method for fabricating a
      semiconductor device including a semiconductor substrate having a mask
      definition layer on one surface thereof, the steps of using a single
      patterned layer located on the insulating layer to delineate a plurality
      of spaced, self-aligned areas in the mask definition layer. Dopant ions
      are then implanted into the semiconductor substrate simultaneously through
      at least first and second of the self-aligned areas while other ones of
      said areas are covered with implantation barrier material, suitably
      photoresist material, to prevent ion implantation therethrough, and the
      implantation barrier material is subsequently completely removed from the
      mask definition layer. Suitably, the mask definition layer is an
      insulating layer, and in order to provide desired ion implantation
      profiles, the self-aligned areas may comprise locally thinned areas in the
      insulating layer.
PAR  In a specific embodiment of the present invention, in fabricating a
      semiconductor device, e.g., an integrated circuit, having a semiconductor
      layer of one conductivity type and an underlying semiconductor region of
      opposite conductivity type, a mask definition layer of insulating material
      is formed over a surface of the semiconductor layer of one conductivity
      type and a patterned layer is formed on the insulating layer. Portions of
      the insulating layer are then removed in areas delineated by the patterned
      layer to open a closed contour aperture in the insulating layer and first,
      second and third self-aligned spaced apertures through the insulating
      layer which are surrounded by the closed contour aperture. Ions of
      conductivity type opposite from that of the semiconductor layer are then
      implanted through the closed contour aperture to form a region extending
      completely through the semiconductor layer which defines an isolation
      region, the said first, second and third apertures being covered with
      implantation barrier material, preferably photoresist material, to prevent
      implantation of ions through those apertures. The insulating layer is then
      uncovered and a relatively thin layer of insulating material is formed on
      surface portions of the semiconductor layer within the first, second and
      third apertures. The relatively thin insulating layer in the first
      aperture is then covered with implantation barrier material to prevent
      implantation of ions therethrough, and ions of said opposite conductivity
      type are implanted into the semiconductor layer through the relatively
      thin layers of insulating material in the second, third and closed contour
      apertures. The thin insulating layers in the first and second apertures
      are then covered with implantation barrier material to prevent
      implantation of ions therethrough and further dopant ions of said opposite
      conductivity type implanted through the thin insulating layers in the
      third and closed contour apertures, thereby reducing the sheet resistance
      of the third implanted region. If desired, the third aperture may be
      covered with implantation barrier material during implantation of the
      second region. The region of the semiconductor layer enclosed by the
      isolation region may thus provide a collector region for a transistor, the
      base region of which is provided by the third implanted region, while the
      second region defines an implanted resistor. By exposing surface areas of
      the semiconductor layer beneath the first aperture and over a limited area
      of the third (base) implanted region, impurities of said one conductivity
      type may be introduced into the semiconductor layer to define,
      respectively, a collector contact region and an emitter region for the
      transistor.
PAR  Preferably such method is practiced using a silicon substrate having a
      silicon oxide insulating layer thereon to provide the mask definition
      layer and using photoresist masking material to provide the said patterned
      layer and as the implantation barrier material.
DRWD
PAR  Further objects and advantages of the present invention will be apparent
      upon reading the following detailed description of an illustrative
      embodiment thereof in conjunction with the drawings wherein:
PAR  FIGS. 1A-1H show a sequence of processing steps carrying out an embodiment
      of the present invention and
PAR  FIG. II shows a variation of processing steps shown in FIG. 1H.
DETD
PAR  As starting material, a p-type silicon substrate 10 suitably having a
      resistivity of 10-20 ohm-cm, may be used having an n-type epitaxial layer
      12, typically about 1-2 microns thick with a resistivity of 0.5 ohm-cm,
      and an insulating layer 14, e.g., silicon oxide, formed on the upper
      surface of the epitaxial layer 12 suitably to a thickness of about 6000A.
      The insulating layer 14 is patterned to define areas of regions to be
      formed in the epitaxial layer 12, and functions as a mask during formation
      of such regions, as will be explained. A buried n+type region 16, suitably
      having a sheet resistivity of about 50 ohms per square or less may be
      formed in the substrate 10 beneath the epitaxial layer 12 prior to
      formation of the epitaxial layer. The buried region 16 is not essential to
      a method embodying the present invention but is typically included in a
      transistor structure with reference to which the method will be described.
      Such a structure is shown in FIG. 1A.
PAR  A patterned layer 18 of photoresist is formed over the surface of the
      insulating layer 14 as shown in FIG. 1B, using conventional methods to
      define apertures 20 therein corresponding to surface areas of a base
      region, a collector contact region, a resistor region and an isolation
      region subsequently to be defined in the epitaxial layer 12. Example of
      some suitable photoresist materials are KODAK Microresist 747, Hunt
      Chemical Co., Waycoat III resist and Shipley AZ1350H resist.
PAR  Typically, the base and collector contact apertures may be circular or
      rectangular, the resistor aperture may be an elongated rectangle or
      zig-zagged, and the isolation aperture will follow a closed contour area
      for example circular or rectangular. The base region, collector contact
      and resistor apertures are located immediately above the buried region 16
      while the isolation region aperture circumscribes the buried region 16.
      Using conventional etching techniques, areas of the insulating layer 14
      are removed to define apertures therein registered with the apertures 20
      in the patterned layer 18. As shown in FIG. 1B, there are thus formed in
      the insulating layer, a base region aperture 22, a collector contact
      aperture 24, a resistor region aperture 26, and an isolating region
      aperture 28. It will be appreciated that since the apertures 22, 24, 26
      and 28 are formed at the same time using a single masking step, the
      relative spacings therebetween can be closely controlled and critically
      close spacings reliably achieved with a high degree of accuracy.
PAR  Leaving the patterned layer 18 in place, further photoresist material 30 is
      applied to cover the apertures 22, 24 and 26 in the insulating layer 14,
      leaving the isolation region aperture 28 uncovered, as shown in FIG. 1C.
      P-type impurity ions, e.g., boron ("B.sup.+), are then implanted into the
      surface area of the epitaxial layer 12 exposed by the isolation aperture
      28 using an ion implantation dosage of about 1-2 .times. 10.sup.15
      cm.sup.-.sup.2 at a beam energy of approximately 200 keV to define a
      p-type isolation region 32 extending completely through the epitaxial
      layer 12. The thicknesses of the photoresist layer 18 and of the
      photoresist material 30 are selected to provide an effective barrier
      against implantation of ions into other areas of the epitaxial layer and
      suitably a minimum thickness of about 1 micron has been found adequate.
PAR  The photoresist layers 18 and 30 are then removed and thin silicon oxide
      layers 34 are formed on the epitaxial layer surface within the apertures
      22, 24, 26 and 28 using thermal growth techniques at a temperature
      suitably of 950.degree.C which suitably may be about 2000A. The resultant
      structure is shown in FIG. 1D.
PAR  The collector contact aperture 24 is then covered with an implant barrier
      layer of photoresist material 36. P-type impurity ions, suitably boron
      ("B.sup.+), are then implanted into the epitaxial layer through the
      reduced thickness oxide layers 34 in the apertures 22, 26 and 28, the
      photoresist layer 36 and the thick silicon oxide layer 14 providing a
      barrier against ion implantation into other areas of the epitaxial layer.
      The ions implanted through the aperture 26 define a resistor region 38 in
      the epitaxial layer (implantation of p-type ions through the aperture 22
      is not essential in formation of the base region of the transistor and may
      be omitted if so desired); and implantation of further p-type ions through
      the aperture 28 reduces the sheet resistance at the surface of the
      isolation region 32. In carrying out this implantation step, an
      implantation dosage of approximately 10.sup.13 cm.sup.-.sup.2 and a beam
      energy of about 80 keV are used.
PAR  A further implantation barrier layer 40, again suitably a layer of
      photoresist, is formed to cover the resistor aperture 26 in the insulating
      layer 14. Further p-type ions, again suitably boron ("B.sup.+) are
      implanted into the epitaxial layer through the apertures 22 and 28, with
      the silicon oxide layer 14 and photoresist layers 36 and 40 providing a
      barrier against implantation of ions into other portions of the epitaxial
      layer 12. During this implantation step, an implantation dosage of about
      10.sup.14 cm.sup.-.sup.2 at a beam energy of about 80 keV is used. This
      implantation step decreases the sheet resistance within the aperture 22 to
      define a base region 42 for the transistor, and further decreases the
      sheet resistance at the surface of the isolation region 32. The resultant
      structure is shown in FIG. 1F.
PAR  At this stage of fabrication, as shown in FIG. 1F, there has been formed a
      resistor region 38 having a relatively high sheet resistance, a base
      region 42 having a lower sheet resistance, and an isolation region 32
      (which penetrates completely through the epitaxial layer due to the higher
      energy used during the isolation implant) all as required to obtain
      desired functional characteristics associated with those regions as is
      known in the art.
PAR  The resistor region 38 may be formed to extend from the base region 42 or
      as a distinct, separate region in which case it may be located in the same
      or a different isolated pocket. In either case, a localized contact area
      or areas of the resistor region are also doped with impurity ions during
      implantation of the base region 42 (the associated apertures in the
      silicon oxide layer 14 not being shown in the drawings) to provide
      localized areas of reduced sheet resistance to facilitate making metal
      ohmic contacts thereto.
PAR  By implanting ions to define the resistor region 38 and the base region 42
      through the thin silicon oxide layers 34 in the apertures 22 and 26, a
      suitable impurity profile extending depthwise into the epitaxial layer 12
      is achieved, with a maximum impurity concentration at approximately the
      interface between the epitaxial layer 12 and the reduced thickness silicon
      oxide layers 34.
PAR  The structure as shown in FIG. 1F is now ready for further processing to
      define an emitter region within the base region 42 and a collector contact
      region beneath the aperture 24 and these regions may be formed by ion
      implantation or diffusion techniques as desired.
PAR  To proceed using ion implantation techniques, a photoresist layer 44 is
      provided over the surface of the silicon oxide layer 14 and patterned to
      define an aperture 46 corresponding to the desired configuration of the
      emitter region to be formed, the location of the aperture being closely
      controlled so that the emitter region is very precisely located within the
      base region 42, and an aperture 48 which uncovers the collector contact
      aperture 24 but otherwise need not be precisely positioned. Thus the
      collector contact is "composed" but the emitter is not. The collector
      contact aperture 26 included on the composed level so that the oxide
      thicknesses at this etch step are the same. The thin oxide layers 34 are
      selectively etched from the collector contact aperture 24 and over an area
      of the base region aperture 22 corresponding to the aperture 46. The
      silicon oxide layer 14 is uncovered by removing all photoresist material
      and N-type dopant ions are then introduced into the uncovered areas of the
      epitaxial layer to define an emitter region 50 and a collector contact
      region 52, implantation into other areas of the epitaxial layer being
      blocked by the silicon oxide layer 14. In this step, arsenic (A.sub.s)
      ions are preferably used as the n-type impurity (although Phosphorous also
      may be used) and implanted using an implantation dosage of about 5 .times.
      10.sup.15 cm.sup.-.sup.2 at a beam energy of about 60 keV. The structure
      is subjected to heat treatment at about 900.degree.-1000.degree.C to
      anneal the implanted regions and form an oxide layer 54 over the emitter
      region 50 and collector contact region 52 as shown in FIG. 1H.
PAR  To form the emitter region 50 and collector contact region 52 using
      diffusion techniques, the procedure as described with reference to FIG. 1G
      remains the same. This structure is then subjected to an n-type dopant
      atmosphere, typically phosphorus at a diffusion temperature of
      950.degree.C to define the emitter region 50 and the collector contact
      region 52. This diffusion process also serves to effect the required
      annealing of the implanted regions and results in formation of the silicon
      oxide areas 54.
PAR  The resultant structure as shown in FIG. 1H is now ready for application of
      metal contacts and interconnections on the silicon oxide layer 14
      involving masking and selective etching to uncover contact areas of the
      emitter region 50, of the base region 42 (not shown), of the resistor
      region 38, of the collector contact region 50 and if desired of the
      isolation region 32 (not shown; application of a metal layer over the
      surface of the silicon oxide layer 14 extending into contact with the
      uncovered areas of the epitaxial layer 12 and definition of required lead
      patterns to form respective leads as shown in FIG. 1I, extending into
      ohmic contact with the emitter region 50, collector contact region 52,
      resistor region 38 as well as a lead (not shown) to the base region 42.
PAR  In producing a structure as shown in FIG. 1H or 1I, it will be appreciated
      that only three (or four including definition of the N+ buried region 16)
      oxide removal steps have been required and that most critically spaced
      areas have been defined by a single masking step in an initial masking
      layer of silicon oxide so that these regions when formed are self-aligned.
      The required masking during the implantation steps is achieved using
      conventional photoresist materials of reasonable thickness, thereby
      simplifying and reducing the cost of the processing procedures.
PAR  The present invention is not restricted to use of silicon substrates and is
      applicable to other semiconductor materials, e.g., Ge. and compound
      semiconductors.
PAR  Also, although it is preferred to use silicon oxide as the surface
      insulating layer since this simplifies the processing procedure, other
      materials, e.g., silicon nitride, could be used.
PAR  It is also to be appreciated that circuit elements other than transistors
      may also be fabricated during the above-described process. As already
      mentioned, resistors can be formed in one or more separate isolated
      regions. Diodes normally would be provided from a transistor structure,
      shorting together two junctions and using the remaining junction to
      provide the diode as known in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of fabricating a semiconductor device having a semiconductor
      substrate with a surface of one conductivity type on which is disposed an
      insulating layer, including the steps of
PA1  a. forming a patterned layer on said insulating surface, said patterned
      layer having defined therein a plurality of critically spaced apertures;
PA1  b. removing at least a portion of the thickness of said insulating layer in
      areas defined by said apertures in said patterned layer to define
      self-aligned control areas in said insulating layer;
PA1  c. covering at least a first one of said control areas in said insulating
      layer by barrier material to prevent ion implantation therethrough and
      implanting dopant ions of conductivity type opposite to that of said
      semiconductor surface through at least second and third of said control
      areas to define first and second regions of said opposite conductivity
      type in said semiconductor surface;
PA1  d. covering said second control area with barrier material to prevent ion
      implantation therethrough and implanting further dopant ions of said
      opposite conductivity type into said first region to reduce the sheet
      resistivity of said first region;
PA1  e. introducing impurities of said one conductivity type into a reduced area
      of said first region to form therein a third region of said one
      conductivity type, and through a third one of said control areas into a
      further area of said semiconductor surface to form a fourth region of said
      one conductivity type.
NUM  2.
PAR  2. A method according to claim 1, wherein said first region of opposite
      conductivity type defines a base region for a transistor and is formed in
      a region of said semiconductor surface defining a collector region for
      said transistor, wherein said third region of said one conductivity type
      defines an emitter region for said transistor, wherein said first region
      of opposite conductivity type defines a resistor, and wherein said fourth
      region defines a collector contact region.
NUM  3.
PAR  3. A method according to claim 1, wherein said step (b) is accomplished by
      delineating apertures extending completely through said insulating layer
      to expose areas of said substrate surface in registration with said
      patterned layer apertures, and forming an insulating layer of reduced
      thickness on each of said exposed areas of said substrate surface.
NUM  4.
PAR  4. In a method of fabricating a semiconductor device having a semiconductor
      substrate comprising a surface layer of one conductivity type and an
      underlying layer of opposite conductivity type, the steps of
PA1  a. forming an insulating layer on the surface of said layer of one
      conductivity type;
PA1  b. forming a patterned layer on said insulating layer and removing portions
      of said insulating layer over areas delineated by self-aligned apertures
      in said patterned layer, said areas including a closed contour area and a
      plurality of further apertures surrounded by said closed contour area;
PA1  c. covering said further apertures with barrier material to prevent ion
      implantation therethrough and implanting dopant ions of said opposite
      conductivity type through said closed contour aperture into said
      semiconductor layer throughout the thickness thereof;
PA1  d. uncovering said insulating layer and forming a relatively thin layer of
      insulating material on semiconductor surface areas within the said further
      apertures;
PA1  e. covering the relatively thin insulating layer in a first one of said
      further apertures with barrier material to prevent implantation of ions
      therethrough and implanting ions of said opposite conductivity type
      through the relatively thin insulating layers in second and third ones of
      said further apertures to define first and second regions of said opposite
      conductivity type in said semiconductor layer of one conductivity type;
PA1  f. covering the relatively thin insulating layer in said second further
      aperture with barrier material to prevent implantation of ions
      therethrough and implanting further ions of said opposite conductivity
      type through said relatively thin insulating layer in said third further
      aperture into said second region to decrease the sheet resistance thereof.
NUM  5.
PAR  5. A method of fabricating an integrated circuit semiconductor device
      having a semiconductor layer of one conductivity type and an underlying
      semiconductor layer of opposite conductivity type a portion of said
      semiconductor layer of one conductivity type defining a collector region
      for a transistor; comprising the steps of
PA1  a. forming a layer of insulating material over a surface of said
      semiconductor layer of one conductivity type;
PA1  b. forming a patterned masking layer on said insulating layer and removing
      portions of said insulating layer in areas defined by said masking layer
      to open a closed contour aperture in said insulating layer surrounding
      said collector region and first, second and third self-aligned spaced
      apertures through said insulating layer surrounded by said closed contour
      aperture;
PA1  c. covering said first, second and third apertures with barrier material to
      prevent implantation of ions therethrough and implanting ions of said
      opposite conductivity type into said semiconductor layer of one
      conductivity type through said closed contour aperture to form an
      isolation region of said opposite conductivity type extending throughout
      the thickness of said first layer of one conductivity type;
PA1  d. removing said masking layer and barrier material and forming a
      relatively thin layer of insulating material on surface portions of said
      semiconductor layer of one conductivity type within said apertures in the
      insulating layer;
PA1  e. covering the relatively thin insulating layer in said first aperture
      with barrier material to prevent implantation of ions therethrough and
      implanting ions of said opposite conductivity type into the semiconductor
      layer of said one conductivity type through said relatively thin thickness
      layers of insulating material in said second, third and closed contour
      apertures;
PA1  f. covering the relatively thin insulating layers in said first and second
      apertures in the insulating layer with barrier material to prevent
      implantation of ions therethrough and introducing further dopant ions of
      said opposite conductivity type into said semiconductor layer of said one
      conductivity type through the relatively thin insulating layers in said
      third and said closed contour apertures whereby said second region of
      opposite conductivity type defines a resistor region having relatively
      high sheet resistance and said third region of opposite conductivity type
      defines a base region of relatively low sheet resistance;
PA1  g. exposing surface areas of said semiconductor layer of one conductivity
      type beneath said first apertures and over a limited area of said third
      region of opposite conductivity type and introducing impurities of said
      one conductivity type into said exposed surface areas to define,
      respectively, a collector contact region and an emitter region for said
      transistor; and
PA1  h. retaining said insulating layer in place and forming ohmic connections
      at least to said resistor, emitter, and collector contact regions through
      apertures in said insulating layer.
NUM  6.
PAR  6. A method according to claim 5, wherein said semiconductor substrate
      comprises a silicon substrate, said insulating layer comprises silicon
      oxide and said masking layer and said barrier material comprise
      photoresist material.
NUM  7.
PAR  7. A method according to claim 6, wherein said one conductivity type is
      p-type and said opposite conductivity is n-type.
NUM  8.
PAR  8. In a method of fabricating a semiconductor device having a semiconductor
      substrate including a layer of insulating material on one surface of said
      substrate, the steps of:
PA1  a. forming a patterned layer on said insulating layer and delineating a
      plurality of critically spaced areas in said insulating layer in
      correspondence with said patterned layer, said spaced areas including a
      closed contour area and at least two areas within the closed contour area;
PA1  b. implanting ions into said substrate in a region thereof below said
      closed contour area to define an isolation region in said substrate;
PA1  c. forming reduced thickness insulating material in said spaced areas in
      the insulating layer within the closed contour area;
PA1  d. implanting ions of one conductivity type into said substrate surface
      through at least one of said reduced thickness areas while covering other
      of said reduced thickness areas with barrier material to prevent ion
      implantation therethrough;
PA1  e. implanting further ions of said one conductivity type into said
      substrate surface through at least a further one of said reduced thickness
      areas while covering other of said reduced thickness areas with barrier
      material to prevent ion implantation therethrough;
PA1  f. and subsequently removing said patterned layer and said barrier material
      while leaving said insulating layer in place and forming ohmic connections
      through apertures in said insulating layer at least to selected ones of
      said ion implanted substrate areas.
NUM  9.
PAR  9. A method according to claim 8, wherein said step (d) results in
      implantation of a first doped region in said substrate of a conductivity
      type opposite from that of said substrate surface, and including the
      further step of forming a second doped region of the same conductivity
      type as that of said substrate surface, in said first doped region.
NUM  10.
PAR  10. A method according to claim 8, wherein said ions implanted through said
      closed contour area are dopant ions of said one conductivity type.
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ABST
PAL  A process for the production of a pair of complementary field effect
      transistors which have very short channel lengths. A lightly doped
      semiconductor layer is deposited on an electrically insulating substrate.
      A gate insulator layer is applied onto which first and second gate
      electrodes are formed for the two transistors. A masking oxide layer is
      applied to the exposed surface regions of the gate insulating layer and
      the gate electrodes. An opening is etched into the masking layer and gate
      insulator layer lying adjacent each gate electrode. Charge carriers of
      first and second types are diffused through the respective openings into
      the region of the semiconductor layer lying below to dope the same. This
      doping extends partially into the semiconductor region lying beneath a
      portion of the respective gate electrodes. All parts of the gate insulator
      layer except those parts lying beneath the gate electrodes are removed.
      Charge carriers of the second and first type are diffused into the
      semiconductor layer on opposite sides of the first and second gate
      electrodes, respectively, while leaving a portion of the first and second
      doped regions unchanged beneath the first and second gate electrodes. The
      doped regions of the semiconductor layer on opposite sides of the first
      and second gate electrodes provide the source and drain regions of the
      first and second field effect transistors, respectively.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The present invention provides a novel process for producing complementary
      MOS circuits, the power loss of which is low and the switching times of
      which are very short. Thus, the product of the delay time and the power
      loss of such circuits is very favorable. Complementary MOS field effect
      transistors produced by the process in accordance with the invention are
      well adapted for use in digital circuits and particularly for counters and
      storage circuits. With the aid of a double diffusion technique or with one
      diffusion step and one implantation step, it is possible to produce
      transistors having very short channel lengths such, for example, as
      approximately one micron. As the switching times of the MOS transistors
      are inversely proportional to their channel lengths squared, this
      diffusion technique is particularly well suited for circuits requiring
      very short switching time. With ion implantation, silicon-gate technique
      or refractory metal technique, it is possible to substantially reduce the
      capacitance of the circuits by avoiding parasitic capacitances, which
      leads to a reduction in switching times.
PAR  Advantageously, the power loss which occurs as a result of the recharging
      of the parasitic capacitances, can be further reduced with the aid of the
      circuits produced by the process of the invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 to 5 schematically illustrate the individual processing steps of
      the invention for the production of complementary MOS field effect
      transistors by two diffusion steps and the self adjusting technique; and
PAR  FIGS. 6 to 9 show a process for the production of complementary MOS field
      effect transistors with one diffusion step and one ion implantation step.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  As schematically illustrated in FIG. 1, a monocrystalline semiconductor
      layer 2 is applied to an electrically insulating substrate 1, which
      preferably consists of spinel or sapphire. This semiconductor layer is a
      weakly doped layer, preferably a p.sup.-   -conducting or an n.sup.-
      -conducting silicon layer. This semiconductor layer is so weakly p- or
      n-doped that in the finished arrangement, the regions of this layer
      contained in the individual field effect transistors, will during the
      operation of the field effect transistors, by voltages connected to the
      latter, be entirely cleared of moving charge carriers. The gate insulator
      layer 3, which preferably consists of silicon dioxide (SiO.sub.2) and/or
      silicon nitride (Si.sub.3 N.sub.4) is deposited on the silicon layer 2.
      Now gate electrodes and conductor paths are applied to the gate insulator
      layer 3. The latter consist, for example, of silicon or of a refractory
      metal, such as molybdenum.
PAR  Two gate electrodes 4 and 5 are formed on the gate insulator layer 3. These
      gate electrodes will be the gate electrodes for the two field effect
      transistors, one of the electrodes being for the field effect transistor
      of one conductivity type and the other gate electrode being for the other
      field effect transistor of the opposite conductivity type. As shown in
      FIG. 2, a masking oxide 6 is now grown on the arrangement shown in FIG. 1.
      This masking oxide 6 preferably is silicon dioxide. Openings 41 and 51 are
      then formed through the masking oxide 6 and the gate insulator layer 3. It
      will be noted that the openings 41 and 51 are immediately adjacent one
      edge of the electrodes 4 and 5 respectively.
PAR  In a further processing step, an n-doped oxide 7 is applied above the
      p-channel transistor, for example, above the transistor with the gate
      electrode 4, and in the opening 41. A p-doped oxide 8 is applied above the
      n-channel transistor, for example, above the transistor with the gate
      electrode 5. The doped oxides are preferably doped silicon dioxide. In a
      first diffusion step, which now follows, the diffused regions 42 and the
      likewise diffused regions 52 are formed in the silicon layer 2. Here the
      region 42 is p-doped and the further region 52 is n-doped. The regions 42
      and the further regions 52 also in each case extend partially into the
      regions of the semiconductor layer 2 which lies beneath the gate
      electrodes 4 and 5.
PAR  In further processing steps, the masking oxide layers 8 and 7 and the
      masking oxide layer 6 are now removed, forming an arrangement such as that
      schematically illustrated in FIG. 4. The gate insulators arranged below
      the gate electrodes 4 and 5 are now specifically identified as 31 and 32.
PAR  As represented in FIG. 5, in further processing steps, a p-doped oxide is
      applied above the p-channel transistor which includes gate electrode 4 and
      above the regions of the semiconductor layer 2 adjoining this transistor,
      and an n-doped oxide is applied above the n-channel transistor, which
      includes gate electrode 5 and above the regions of the semiconductor layer
      2 adjoining this transistor (FIG. 4). In the second diffusion step, which
      now follows, in the p-channel transistor, the n-doped regions 44 and the
      portion 43 in the originally p-doped region 42 are formed. Here the
      portion 43 does not extend as far beneath the gate insulator 31 as the
      original region 52, so that the p-doped region 421 adjoins the n-doped
      region. This region 421 represents the p-channel of the p-channel
      transistor. In the same diffusion step, in the n-channel transistor with
      the gate electrode 5 are formed the p-doped further regions 54 and in a
      further portion of the original n-doped further region 52 is formed the
      p-doped region 53. Here the region 53 does not extend as far beneath the
      gate electrode 32 as the originally p-doped region 52. Therefore, the zone
      521 remains, next to the n-doped portion 53, beneath the gate insulator
      32. This zone is n-doped and represents the n-channel of the n-channel
      field effect transistor.
PAR  In further processing steps, the doped oxide layers 9 and 10 are removed,
      as well as parts of the semiconductor layer 2, as well as portions above
      the portion 43, above the region 44, above the further region 54 and above
      the further portion 53 leaving the arrangement schematically illustrated
      in FIG. 6. Now a p-channel transistor (the transistor with the gate
      electrode 4) and an n-channel transistor (the transistor with the gate
      electrode 5) are arranged on the insulating substrate 1, said transistors
      being electrically insulated from one another. The portion 43 and the
      region 44 represent the source- and drain zones of the p-channel field
      effect transistor and the further portion 53 and the region 54 represent
      the source- and drain zones of the n-channel field effect transistor.
PAR  In further processing steps which are not illustrated in the Figures, the
      source- and the drain- zones of the field effect transistors and the gate
      electrodes of these transistors are provided with aluminum conductor paths
      and contacted.
PAR  The source- and drain zones of the field effect transistors can also be
      produced by ion implantation instead of by the above described second
      diffusion step.
PAR  For this purpose, in the arrangement shown in FIG. 4, parts of the
      semiconductor layer 2 and of the region 42, and of the further region 52
      are removed, producing the arrangement shown in FIG. 7. As can also be
      seen from FIG. 7, an aluminum layer 11 is now applied to one of the field
      effect transistors, for example, to the n-channel field effect transistor.
      The function of the aluminum layer 11 is to protect the surface regions
      lying beneath it from ion implantation. Now, in an ion implantation
      process, positive ions are implanted into the exposed zones, i.e., the
      zones of the p-channel transistor which are not covered by the gate
      insulator layer 31 and the gate electrode 4.
PAR  As illustrated in FIG. 8, in this way are formed the highly doped
      p-conducting zones 431 and 441. As also shown in FIG. 8, in a further
      processing step, the aluminum layer 11 which was applied above the
      n-channel field effect transistor, is now removed. In a following
      processing step, preferably an aluminum layer 12 is applied to the
      p-channel field effect transistor. This layer has the function of
      protecting the p-channel field effect transistor from further ion
      implantation.
PAR  In a second ion implantation step, the highly doped n-conducting zones 541
      and 531 of the n-channel field effect transistor are produced by ion
      implantation. This is exemplified in FIG. 9.
PAR  As a result of the two ion implantation steps, a p-channel field effect
      transistor and an n-channel field effect transistor have been formed on
      the substrate 1. Here the highly doped zones 431 and 441 represent the
      drain- and source zones of the p-channel field effect transistor. The
      portion 521 represents the p-channel of the p-channel field effect
      transistor. The same applies to the zones 541 and 531 and to the portion
      521 of the n-channel field effect transistor. As also shown in FIG. 9, in
      known processing steps, the zones 431, 441, 541 and 531 are provided with
      conductor paths 13, preferably aluminum conductor paths and are contacted.
PAR  The transistors of the p- and n-type which have been produced by these two
      processes, by double diffusion or simple diffusion with subsequent
      implantation processes, possess a short channel length. Also, on account
      of the self-adjusting technique, there is no overlapping of the gate
      electrodes 4 and 5 with the highly doped zones 431, 441, and 541 and 531.
PAR  A special feature of the process in accordance with the invention consists
      in the fact that as semiconductor layer 2, which serves as a starting
      layer for the production of the transistors in the
      complementary-MOS-technique, only one p.sup.-   -conducting or one n.sup.-
        -conducting layer are used. In the previous techniques, a p.sup.-
      -conducting layer was employed for the production of a p-channel
      MOS-transistor and an n.sup.-   -conducting layer was employed for the
      production of an n-channel MOS-transistor. This fact results in a
      simplification. This simplification is possible since the weakly doped
      layer sections are entirely cleared of moving charge carriers and
      therefore in the case of both types, the charge carriers safely cross
      through the weakly doped layer section on account of the electric fields
      prevailing in these depletion zones.
PAR  It will be apparent to those skilled in the art that many modifications and
      variations may be effected without departing from the spirit and scope of
      the novel concepts of the present invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A process for the production of a pair of complementary field effect
      transistors on a substrate of insulating material which comprises:
PA1  a. forming a low doped monocrystalline semiconductor layer on the
      insulating substrate;
PA1  b. forming a gate insulator layer on said semiconductor layer;
PA1  c. forming first and second gate electrodes on said insulating layer;
PA1  d. forming an oxide masking layer over the exposed surface regions of said
      semiconductor layer and over said electrodes;
PA1  e. etching first and second openings through said masking layer and through
      said gate insulating layer, said first opening adjoining one side of said
      first gate electrode and said second opening adjoining one side of said
      second gate electrode;
PA1  f. effecting a first doping step comprising
PA2  i. diffusing charge carriers of a first type into a first region of said
      semiconductor layer lying beneath said first opening and beneath a portion
      of said first gate electrode, and
PA2  ii. diffusing charge carriers of a second type into a second region of said
      semiconductor layer lying beneath said second opening and beneath a
      portion of said second gate electrode;
PA1  g. removing all parts of said gate insulating layer apart from the parts
      located below said gate electrodes; and
PA1  h. effecting a second doping step comprising
PA2  i. doping with charge carriers of the second type the semiconductor layer
      on opposite sides of said first gate electrode while leaving the portion
      of said first region unchanged below said first gate electrode, and
PA2  ii. doping with charge carriers of the first type the semiconductor layer
      on opposite sides of said second gate electrode while leaving the portion
      of said second region unchanged below said second gate electrode;
PAL  whereby the doped semiconductor regions on opposite sides of said first
      gate electrode provide the source and drain regions of a first Metal Oxide
      Silicon field effect transistor, and the doped regions on opposite sides
      of said second gate electrode provide the source and drain regions of a
      second Metal Oxide Silicon field effect transistor.
NUM  2.
PAR  2. A process of producing field effect transistors of claim 1 in which said
      second doping step comprises a diffusion of charge carriers of the first
      and second type.
NUM  3.
PAR  3. A process as claimed in claim 2, in which in the first doping process, a
      doped oxide of one type is applied to said first field effect transistor
      and into said first opening, and a doped oxide of the opposite type is
      applied to said second field effect transistor and into said second
      opening, wherein said oxides being doped with opposite types of charge
      carriers, regions of said semiconductor layer below said openings are
      produced in one diffusion process.
NUM  4.
PAR  4. A process as claimed in claim 2, in which in the second doping process a
      doped oxide layer of the second type is applied to said first field effect
      transistor and to the adjoining regions of the semiconductor layer and a
      doped oxide layer of the first type is applied to said second field effect
      transistor and to the adjoining regions of the semiconductor layer.
NUM  5.
PAR  5. A process as claimed in claim 1 in which the said second doping step
      comprises ion implantation substeps providing separating the individual
      transistors from one another by etching the semiconductor layer,
      thereafter covering said second transistor with a metal layer which acts
      as a protection from ion implantation while an ion implantation step is
      carried out in said first transistor, the implanted charge carriers being
      of the opposite type to the charge carriers introduced during the earlier
      diffusion process into the first field effect transistor, then removing
      said first metal layer, and forming a metal layer over said first
      transistor which serves as a protection from ion implantation in said
      first transistor while implanting ions into said second field effect
      transistor, said ions being of the opposite type to the charge carriers
      introduced into said second field effect transistor in the earlier
      diffusion process.
NUM  6.
PAR  6. A process as claimed in claim 5, in which the metal layers which serve
      as a protection from implantation consist of aluminum.
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ABST
PAL  In one embodiment, a semiconductor device, such as an
      insulated-gate-field-effect-transistor (IGFET), is simultaneously
      radiation hardened with Al ions and its threshold voltage stabilized with
      halide ions, such as Cl ions, by bombarding a silicon dioxide gate
      insulator of the device with molecular ions of an aluminum halide, such as
      AlCl.sub.2 .sup.+  ions. In another embodiment, a surface (target) of
      silicon is bombarded with molecular AlCl.sub.2 .sup.+ ions to ion implant
      separate Al ions and Cl ions. There, an oxide layer subsequently thermally
      grown on the bombarded surface includes the Al ions and the Cl ions, and
      the oxide layer is radiation hardened and gettered.
BSUM
PAR  This invention relates to a method of radiation hardening and gettering a
      layer of silicon dioxide by ion implantation. The novel method is
      particularly useful for implanting impurity atoms in relatively thin
      layers of material in the manufacture of semiconductor devices.
PAR  It has been known that certain insulated-gate-field effect-transistors
      (IGFETs), such as metal-oxide-semiconductor (MOS) transistors, having
      silicon dioxide gate insulators, for example, become degraded in time due
      to the effects of radiation, as from space, on the gate insulator. Since
      the gate insulator (oxide) is usually relatively thin, ranging in
      thickness usually between about 800A and 1200A, changes in the electrical
      characteristics of these transistors are quite marked when radiation
      damage occurs.
PAR  It has been proposed to decrease the effects of radiation damage in an MOS
      device by implanting aluminum (Al) ions into the gate oxide. The ion
      implantation of Al ions into only the gate oxide, without doping the
      semiconductor material underneath it, however, is difficult to control
      because the gate oxide is relatively very thin. According to calculations,
      for example, a low ion-accelerating voltage of about 15 KeV or less should
      be used in order not to dope the semiconductor material (usually silicon)
      below the gate oxide with the implanted Al ions. These low
      ion-accelerating voltages, however, are usually below the normal operating
      range of most ion-implanting machines in common use. Also, at these low
      ion-accelerating voltages, the Al ion current that can be obtained is
      relatively very small, being in the nanoampere range, and, consequently,
      excessively long (about 1000 hrs.) implants are necessary to secure the
      high doping concentration that is usually necessary. In accordance with
      the novel method of the present invention, the necessity of operating
      ion-implantation machines at relatively low voltages where they are
      inefficient and difficult to control is obviated.
PAR  It has been known that insulated-gate-field-effect-transistors of the MOS
      type, employing silicon dioxide as a gate insulator, for example, exhibit
      an unstable threshold voltage if there are mobile impurity ions such as
      alkali (i.e. Li, Na, K) ions, in the gate (insulator) oxide. It has been
      proposed to getter these mobile ions by introducing chlorine (Cl) atoms
      into the gate oxide. The ion implantation of chlorine atoms into a thin
      (about 1000A thick) gate oxide, however, present the same difficulties
      described for the implantation of aluminum atoms into the gate oxide.
      Because the gate oxide is relatively thin and the ion-accelerating voltage
      for the chlorine ions should be relatively low to prevent penetration
      through the gate oxide, it is substantially impractical to ion implant the
      chlorine ions by conventional, prior-art, ion-implantation methods.
PAR  Briefly, the novel method makes use of operations for limiting the
      penetration of ions into a material. Consequently, molecular ions of
      molecularly-bound different atoms, that include the desired atoms to be
      implanted, are produced and accelerated in ion-implantation apparatus. The
      kinetic energy of the accelerated molecular ions is greater than the
      molecular binding energy of the molecular ions. The molecular ions are
      caused to impact with the material (target), whereby the different atoms
      of the molecular ions break away from each other, and each atom assumes a
      reduced ion-implantation energy that is substantially parallel to the
      ratio of its mass to the mass of the molecular ion.
PAR  In one embodiment of the novel method, both aluminum ions and halide ions
      are implanted in a single ion-implantation operation, into the gate oxide
      of an IGFET (during its manufacture) to harden and getter it. (Molecular)
      aluminum halide ions, such as molecular AlCl.sub.2.sup.+ ions, are
      accelerated toward the exposed gate oxide with a kinetic energy that is
      greater than the molecular binding energy of the atoms in the molecular
      aluminum halide ions. Upon the impact of the molecular aluminum halide
      ions with the gate oxide, each molecular ion breaks up into one aluminum
      ion and two halide ions; and each of the aluminum ions and halide ions
      assumes a reduced ion-implantation energy substantially proportional to
      the ratio of its mass to the mass of the molecular aluminum halide ion.
PAR  In another embodiment of the novel method, molecular aluminum halide ions
      are accelerated toward the surface of a silicon body for collision
      therewith in the manner described above. An oxide (silicon dioxide) layer
      is then grown thermally on the surface of the silicon body. The oxide
      layer subsequently contains both Al atoms and halide atoms for radiation
      hardening and gettering purposes.
PAR  Two basically different ion sources are generally used in ion implantation
      machines. One ion source utilizes an rf oscillator (about 100 MHz, 200
      watts) to drive a plasma in a tube filled with a gas which contains the
      desired atomic species. Gas is fed into the plasma tube through a
      thermomechanical leak device. High vapor pressure materials (e.g. BF.sub.3
      or BCl.sub.3) are obtained in lecture bottles and are fed to the
      thermomechanical leak device through a pressure reducer. Low vapor
      pressure fluid materials (e.g. PCl.sub.3 or AsCl.sub.3) are placed in a
      stainless steel canister and the line pressurized to the vapor of the
      fluid. If necessary, heater tape can be used to elevate the fluid
      temperature to increase the supply pressure to the thermomechanical leak
      device. Certain solid materials containing the desired atom species can
      also be used with the rf oscillator by placing the material directly in
      the plasma tube and using hydrogen or helium as the plasma gas. Hydrogen
      ions in the plasma bombarding the solid material can create the desired
      ions.
PAR  Ions can also be obtained from solid materials (e.g. aluminum halides) by
      using a hot cathode source. In the latter case, the solid material is
      first pulverized and then placed in a heated chamber. Vapors leaving the
      chamber are ionized by causing them to pass through an electron stream.
PAR  Ions produced either in the rf oscillator or by the hot cathode source are
      accelerated to a desired energy in an accelerating column of the ion
      implantation machine and caused to collide with a target, the material
      into which ions are to be implanted.
PAR  The novel method of achieving shallow ion implants of desired atoms into a
      material employs a relatively heavy molecular ion which includes the
      desired implant atoms among its chemical elements. The relatively heavy
      molecular ion is initially accelerated to an energy in the efficient
      region of ion-implanting machine operation. The molecular ion breaks up
      readily on impact with a target because the molecular binding energy of
      the atoms of the molecular ion is relatively much smaller (about 1/30,000)
      than the kinetic energy of the accelerated molecular ion.
PAR  The novel method, except for the very small perturbation due to the
      molecular binding energy, is physically equivalent to the case in which
      the target material is simultaneously bombarded with the constituent atoms
      whose impinging velocities are the same as that of the accelerated
      molecular ions. We thus have,
      ##EQU1##
      where E.sub.I and V.sub.I are the initial energy and the velocity
      respectively, of the molecular ion, and m.sub.j denotes the masses of the
      different atoms in the molecular ion. This energy E.sub.I is partitioned
      among the constituent atoms (chemical elements of the molecular ion) such
      that after the impact, the energy in the kth atoms is given by E.sub.k =
      1/2m.sub.k V.sub.I.sup.2 =E.sub.I m.sub.k /.SIGMA..sub.j m.sub.j.
PAR  For example, the junction depth of an Al ion to be expected from a
      molecular AlCl.sub.2.sup.+ ion impinging on a silicon wafer at about 70
      KeV would be roughly the same as the junction depth to be expected from
      about a 20 KeV Al ion implant (i.e. 70 [mol. wt. Al/mol. wt. AlCl.sub.2
      ]). The accompanying Cl ions simultaneously implanted into the silicon
      wafer are inert, in most semiconductor applications, as far as doping the
      silicon is concerned.
PAR  In one embodiment of the novel method, molecular AlCl.sub.2.sup.+ ions were
      accelerated in an ion-implantation machine at 40 KeV and caused to impinge
      upon a relatively thin (about 1000A) silicon dioxide layer on a silicon
      substrate. Most of the Al atoms entered the silicon dioxide layer, and
      only a negligible amount of Al atoms penetrated the layer into the silicon
      substrate. This high-dose, small-penetration implant would not have been
      possible and/or practical by accelerating only aluminum ions in a
      conventional ion-implantation machine, such as, for example, a 300 KeV
      machine commercially available from Accelerators Inc., Austin, Texas.
PAR  In practice, molecular aluminum halide ions, such as molecular
      AlCl.sub.2.sup.+ ions are obtained by heating solid AlCl.sub.3 in a quartz
      tube inserted in a hot-filament ion source. The AlCl.sub.3 is vaporized
      and the gaseous vapor is ionized by electron collisions occurring as the
      electrons move in a helical path, caused by the electric field of the ion
      source and the magnetic field of the ion-implantation apparatus. Useful
      numbers of ions of Al, AlCl, and AlCl.sub.2 are produced. Typical values
      of ion current are as follows:
PAR  Al 8.mu.A at 69 KeV
PAR  AlCl 2.mu.A at 69 KeV
PAR  AlCl.sub.2 15.mu.A at 69 KeV
PAR  Other aluminum halides, such as AlF.sub.3, AlBr.sub.3, and AlI.sub.3, for
      example, can be treated in the same manner described for AlCl.sub.3 to
      provide Al ions and halide ions suitable for radiation hardening and
      gettering an oxide layer of silicon.
PAR  Magnetic means are incorporated in conventional ion-implanting machines to
      isolate and focus selected ions, such, as for example, molecular
      AlCl.sub.2.sup.+ ions. An AlCl.sub.2.sup.+ ion current of 15 .mu.A at 69
      KeV requires about 43 minutes to ion implant a dose of 10.sup.15 Al ions
      into a layer of silicon dioxide having a thickness of about 1000A. In
      order to implant this same Al ion dose utilizing only an Al ion current in
      a conventional ion-implantation machine, a current of 10 nA Al ions
      accelerated below 15 KeV would be used, and it would require 1075 hours.
      This, no doubt, is an excessively long and, therefore, impractical time.
PAR  The halide, Cl ions, implanted into a silicon dioxide layer at the same
      time as the Al ions, function as a getter to tie up the mobile (alkali
      elements) impurities in the silicon dioxide layer. Thus, the implanted Cl
      ions reduce undesired drifts (instability) of the threshold gate voltage
      of an IGFET. Halide ions, such as F ions, Br ions, and I ions, derived
      from molecular ions of AlF.sub.2.sup.+, AlBr.sub.2.sup.+, and AlI.sub.2,
      respectively, also provide a gettering effect in a layer of silicon
      dioxide.
PAR  In another embodiment of the novel method, means are provided to grow an
      oxide layer, on the surface of a semiconductor material, that is radiation
      hardened and has gettering for mobile ions that may cause instability in a
      device made with the oxide layer. In this embodiment, molecular aluminum
      halide ions, such as molecular AlCl.sub.2.sup.+ ions, for example, are
      accelerated toward the surface of a body of silicon and caused to collide
      therewith under conditions substantially similar to the aforementioned
      embodiment of the novel method. In impinging upon the surface of the
      silicon body, Al ions and Cl ions are implanted in a shallow layer
      adjacent to the surface of the silicon body. When the surface of the
      silicon body is subsequently thermally oxidized, for example, as by
      heating the silicon body in steam at a temperature of about 1200.degree.C
      for about 15 minutes, a layer of silicon dioxide is formed that contains
      both the Al ions and Cl ions. If molecular ions of AlF.sub.2.sup.+,
      AlBr.sub.2.sup.+, or AlI.sub.2.sup.+ are used, instead of the molecular
      AlCl.sub.2.sup.+ ions, in the above example, the respective resulting
      halide ions also function as gettering agents. The Cl ion, however, is the
      preferred halide ion for this purpose. Thus, the thermally grown silicon
      dioxide layer is radiation hardened and provided with halide ions for
      gettering impurity ions that may cause instability in devices subsequently
      made with the silicon dioxide layer and the silicon body.
PAR  In the foregoing methods an annealing operation is necessary to remove
      damage caused by the ion bombardment of the ion-implantation operation.
      For example, heating the ion-implanted layer at a temperature of between
      600.degree.C and 1100.degree.C for between 5 and 20 minutes is a suitable
      annealing operation for most applications.
PAR  Thus, in accordance with the novel method of ion implantation, means are
      provided to simultaneously implant at least two atoms, from a molecular
      ion, with a more limited penetration for each atom than is possible if
      each individual atom had the same kinetic energy as that the molecular ion
      from which it is derived. Each ion implanted by the novel method is done
      with only a fraction of the kinetic energy of the molecular ion from which
      it originated. Hence, the novel method makes it possible to utilize
      commercially available ion-implantation machines to achieve relatively
      shallow and simultaneous implants that would be relatively difficult, and
      in some cases impossible, if the individual ions were to be accelerated,
      and implanted separately. The novel method provides the simultaneous
      advantages of radiation hardening silicon dioxide with aluminum ions and
      of utilizing halide ions as a getter under conditions that greatly shorten
      the time of implantation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of radiation hardening and gettering a layer of silicon dioxide
      formed on a body of semiconductor material during the manufacture of a
      semiconductor device, said method comprising the steps of:
PA1  providing a source of molecular aluminum halide ions, and
PA1  accelerating said molecular aluminum halide ions towards said body, on an
      impact course, with a kinetic energy that is greater than the molecular
      binding energy of said molecular aluminum halide ions so that each of said
      molecular aluminum halide ions breaks up into Al ions and halide ions upon
      impact, whereby each of said Al ions and halide ions assumes an
      ion-implantation energy substantially proportional to the ratio of its
      mass to the mass of said molecular aluminum halide ions.
NUM  2.
PAR  2. A method of radiation hardening and gettering a layer of silicon dioxide
      as described in claim 1, wherein:
PA1  said molecular aluminum halide ions are caused to impact with said layer of
      silicon dioxide on said body, whereby to implant said ions of Al and
      halide in said layer.
NUM  3.
PAR  3. A method of radiation hardening and gettering a layer of silicon dioxide
      as described in claim 1, wherein:
PA1  said molecular aluminum halide ions are caused to impact with a surface of
      said body of semiconductor material for implantation therein,
PA1  said semiconductor material is silicon, and
PA1  said surface is thereafter thermally oxidized to form said layer of silicon
      dioxide, whereby said layer contains said ions of Al and halide.
NUM  4.
PAR  4. A method of radiation hardening and gettering a layer of silicon dioxide
      as described in claim 1, wherein:
PA1  the step of providing a source of molecular aluminum halide ions comprises
      vaporizing an aluminum halide chosen from the group consisting of aluminum
      fluoride, aluminum chloride, aluminum bromide, aluminum iodide, and
      mixtures thereof in a hot-filament ion source.
NUM  5.
PAR  5. A method of radiation hardening and gettering a layer of silicon dioxide
      as described in claim 1, wherein:
PA1  said semiconductor device is an IGFET, and
PA1  said layer of silicon dioxide is a gate dielectric of said IGFET.
NUM  6.
PAR  6. A method of radiation hardening and gettering a layer of silicon dioxide
      as described in claim 1, wherein:
PA1  said layer of silicon dioxide is annealed after said Al and halide ions are
      implanted therein.
NUM  7.
PAR  7. A method of radiation hardening and gettering a layer of silicon dioxide
      as described in claim 1, wherein:
PA1  said molecular aluminum halide ions are derived by vaporizing AlCl.sub.3 in
      a hot filament source to obtain molecular AlCl.sub.2.sup.+ ions.
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ABST
PAL  Copper and copper alloys are prevented from rust by surface-treating the
      copper and copper alloys with at least one compound selected from the
      class consisting of alkylimidazoles represented by the following formula:
      ##SPC1##
PAL  Wherein R is a long straight chain alkyl group of 5-21 carbon atoms and R'
      is hydrogen atom or a lower alkyl group, and their acid addition salts.
      The compound is used as it is, or in a solution, by dipping, spraying,
      coating or directly contacting with copper or copper alloy. The surface
      -treated copper and copper alloy can well withstand tarnishing in an
      atmosphere containing sulfur compound gas.
PARN
PAR  This application is a continuation-in-part application of application Ser.
      No. 243,048, filed Apr. 11, 1972, and now abandoned which was a
      continuation of patent application Ser. No. 3,482, filed Jan. 16, 1970,
      and now abandoned.
BSUM
PAR  This invention relates to a method for rust-preventing copper and copper
      alloy, and more particularly to such method by surface-treating the copper
      and copper alloy with a 2-alkylimidazole or an acid addition salt thereof.
PAR  Copper or a copper containing metal is gradually contaminated in the
      atmosphere and loses its proper colour tone and gloss, and particularly in
      the atmosphere containing a sulfur compound such as hydrogen sulfide,
      carbon disulfide and sulfur dioxide, rapidly undergoes not only tarnishing
      but also considerable decrease in its commercial value due to the
      blackening of the surface caused by the formation of copper sulfide.
PAR  As a result of strenuous studies on the rust-prevention of copper and the
      copper alloy, the inventors have found that a remarkable rust-preventing
      effect can be attained upon the copper or copper alloy by surface-treating
      the copper or copper alloy with a solution containing a 2-alkylimidazole
      represented by the following general formula:
      ##SPC2##
PAL  Wherein R is a long straight chain alkyl group having 5 to 21 carbon atoms
      and R' is a hydrogen atom or a lower alkyl group, or an acid addition salt
      thereof.
PAR  The 2-alkylimidazoles suitable for carrying out the present invention are
      such compounds as being readily obtainable from an alkyl cyanide and
      1,2-alkylenediamine according to the method disclosed in Japanese patent
      specification No. 446482, among which typically are, 2-amylimidazole (m.p.
      38.degree.C), 2-heptylimidazole (m.p. 45.degree.-46.degree.C),
      2-decylimidazole (m.p. 69.degree.-70.degree.C), 2-undecylimidazole (m.p.
      75.degree.-75.5.degree.C), 2-dodecylimidazole (m.p.
      77.degree.-78.degree.C), 2-tridecylimidazole (m.p.
      81.degree.-82.degree.C), 2-tetradecylimidazole (m.p.
      83.degree.-84.degree.C), 2-heptadecylimidazole (m.p.
      88.degree.-89.degree.C), 2-undecyl-4-methylimidazole (m.p.
      37.degree.-38.degree.C), and 2-heptadecyl-4-methylimidazole (m.p.
      42.degree.-45.degree.C).
PAR  These imidazoles can form an addition salt having a definite melting point
      with various mineral acids or organic acids owing to their tertiary
      nitrogen atom. Preferably, these salts are water-soluble and are either
      colorless or produce no color which would mask the color of the copper.
PAR  The typical salts include, for example, 2-undecylimidazolium monophosphate
      (m.p. 144.5.degree.-146.degree.C), 2-undecyl-4-methylimidazolium maleinate
      (m.p. 45.degree.-48.degree.C), 2-undecyl-4-methylimidazolium laurate (m.p.
      41.degree.-44.degree.C), 2-undecyl-4-methylimidazolium stearate (m.p.
      52.degree.-54.degree.C), 2-undecyl-4-methylimidazolium sulfate (m.p.
      60.degree.-62.degree.C), 2-undecyl-4-methylimidazolium monophosphate (m.p.
      104.degree.-105.degree.C), 2-heptadecylimidazolium monooxalate (m.p.
      154.degree.-155.degree.C), 2-heptadecylimidazolium monosuccinate (m.p.
      119.degree.-121.degree.C), 2-heptadecyl-4-methylimidazolium monophosphate
      (m.p. 117.degree.-119.degree.C), and 2-heptadecylimidazolium monophosphate
      (m.p. 158.degree.-159.degree.C).
PAR  The surface treatment according to the present invention is carried out in
      the following manner:
PAR  Copper or the copper alloy, of which surface has been cleaned according to
      such ordinary method as polishing, acid pickling or cleaning with an
      aqueous solution of alkali metal cyanide, is dipped in a solution
      containing said imidazole or salt thereof at room temperature for a short
      time (sufficient with a few minutes), taken out of the solution,
      water-washed if necessary and then dried.
PAR  In carrying out the present surface treatment, it is only necessary that
      the metal surface be in contact with the solution, and therefore it is
      recognized that the similar rust-preventing effect can be obtained by
      coating the metal surface with the solution or spraying the solution onto
      the metal surface in place of the dipping.
PAR  The scheme of the rust-preventing treatment of the present invention has
      not yet been made clear, but seems to be based on the following mechanism.
PAR  That is to say, the cleaned surface of copper or the copper alloy reacts
      with an--HN--group of the imidazole ring and some bond is formed between
      the copper atom and the imidazole molecule. In that case, the--NH--group
      acts as an anchor. The hydrogen atom generated by the reaction is adsorbed
      onto the copper metal in the form of adsorption hydrogen. Then,
      an--NH--group of the other imidazole molecule is associated with the
      tertiary nitrogen of the imidazole bonded to the copper surface, and these
      tertiary nitrogen and the--NH--group are combined together with hydrogen
      bondage. Such bondage is also assisted by the micelle formation of the
      long straight chain alkyl group at the same time. Thus, when once the
      imidazole molecule has been deposited on the copper surface, new imidazole
      molecules are gradually attracted one by one on to the preceding imidazole
      molecule by the two actions, namely hydrogen bondage and micelle
      formation, and thus the copper surface is coated with the micelles of the
      imidazoles.
PAR  As explained above, the desired rust-preventing effect can be attained by
      the four factors, that is, a role of anchor, adsorption hydrogen, micelle
      formation and imidazole ring. Even if one of these four factors lacks, no
      satisfactory effect can be expected. That is, such an imidazole of which
      bonding force towards the copper is eliminated by replacing the hydrogen
      atom of the--NH--group with a carbon atom. For example, imidazoles
      substituted at 1-position, have no rust-preventing effect, even if they
      have a long straight chain alkyl group. Further, imidazolines having no
      carbon-carbon double bond on the ring, though having an--NH--group, are
      hardly able to bond the copper to the--NH--group, and thus have no
      rust-preventing effect, despite their long straight chain alkyl group.
PAR  Furthermore, the imidazoles having no long straight chain alkyl group at
      the 2-position have no ability to form a micelle and thus have no
      satisfactory rust-preventing effect.
PAR  In the foregoing, the scheme, when a free base is used, has been explained,
      but the scheme in case where acid addition salts of 2-alkylimidazoles are
      used, will be also included in the same category as above, because the
      acid addition salts are converted to free bases through the following
      step.
PAR  That is, an acid addition salt of imidazole is dissociated to an
      imidazolium cation and an acid anion in an aqueous solution, and the
      dissociated anion reacts with the copper to form a copper salt. The copper
      salt is dissolved in the aqueous solution, but electron released at the
      dissolution of the copper salt acts upon the imidazolium cation to form a
      free base and a hydrogen atom. The formed hydrogen atom is adsorbed onto
      copper.
PAR  It can be said from the foregoing schemes that any solvent can be used to
      prepare the solution so long as it can dissolve the imidazole or its acid
      addition salt. However, as the 2-alkylimidazole used in the present
      invention has a long straight chain alkyl group, it is hardly soluble in
      cold water, and thus it is not appropriate to use water alone as a solvent
      for preparing the solution. However, it is soluble in an organic solvent
      or water containing an organic solvent, and the organic solvent is
      preferable for preparing the solution.
PAR  Typical organic solvents usable in the present invention include, for
      example, methanol, ethanol, 1-propanol, 2-propanol, ethyleneglycol,
      propyleneglycol, acetone, acetonitrile, dioxane, pyridine, lutidine,
      benzene, toluene, n-hexane, trichlene, and carbon tetrachloride.
PAR  In order to form micelles on the surface of copper or a copper containing
      metal, free supply of imidazole is necessary, and thus it is desirable
      that the imidazoles are sufficiently dissolved in the solution. However,
      the imidazole molecules on the deposited micelle surface are eluted
      inversely into the solution, if the dissolving action of the solution is
      strong, and the micelles are thereby peeled off. Accordingly, when the
      surface treatment is carried out by dipping or immersion, it is desirable,
      in view of a balance between the micelle formation and the micelle
      peeling, to dissolve the imidazoles or their acid addition salts in a
      solution mixture of an organic solvent and water to weaken the eluting
      action of the solution and use the resulting solution mixture.
PAR  In order to form a solvent mixture of water and an organic solvent, it is
      preferable to use a water-soluble organic solvent, but a water-insoluble
      organic solvent also may be used for an emulsion or a dispersion.
PAR  The mixing ratio of water to an organic solvent depends upon the kind of an
      organic solvent used, but usually the 1:1 ratio by equivalent of water to
      an organic solvent is, not exclusively, preferable by experience.
PAR  When the surface treatment of copper or copper alloy is carried out by
      spraying the solution on to the copper or copper alloy or coating the
      surface of copper or copper alloy with the solution, the solvent is
      volatilized away, and thus the precaution for the micelle peeling is not
      so necessary as in the dipping method.
PAR  It is further remarkable that a satisfactory rust-preventing action is
      observable even by contact of the surface of copper or a copper containing
      metal with a 2-alkylimidazole or an acid addition salt thereof in a
      vaporized state. Accordingly, by impregnating such adsorbable material as
      an impregnation paper with a solution containing a 2-alkylimidazole or
      acid addition salt thereof and laying the material extended over the
      surface of copper or copper alloy, the imidazole always comes in contact
      with the metal surface in a vaporized phase, and thereby the desirable
      rust-preventing effect can be attained.
PAR  Further by adding the imidazole to lubricating oil, etc. The rust
      preventing of the metal surface in contact with such lubricating oil, etc.
      can be sufficiently attained.
PAR  The acid addition salts of 2-alkylimidazoles are soluble in water and
      alcoholic solvents, but sparingly soluble essentially in non-polar
      solvents. Thus, in preparing the solution, water is most suitable in view
      of the balance between the micelle formation and the micelle peeling, as
      explained above, referring to the scheme. However, the solvent is not
      always restricted to water, and an aqueous solution of an organic solvent,
      or an emulsion or a dispersion of an organic solvent and water may be
      used, in case of which there is recognized no particularly better result
      than use of water.
PAR  In order to promote cleaning of the metal surface, a mineral acid or an
      organic acid in a molar amount less than that of alkylimidazole used can
      be added to the solution in advance. In that case, the acid immediately
      reacts with the imidazole to form an acid addition salt.
PAR  Accordingly, a mixture of the alkylimidazole and the acid addition salt of
      alkylimidazole or acid addition salt of amine can be added to the solution
      as an effective component in advance for such a purpose. In that case, the
      acid addition salts of such well-known amines as, for example,
      dimethylamine, methylamine, ethylenediamine, ethylamine, ethanolamine,
      aniline, and pyridine are suitable as the acid addition salts of amine
      used in the present invention. These salts release anions in the solution
      and the released anions are conbined, more or less, with metal cations to
      form metal salts. The resulting metal salts are dissolved in the solution,
      whereby the metal surface is cleaned.
PAR  The usable typical acids include acetic acid, capric acid, glycolic acid,
      para-nitrobenzoic acid, para-toluene sulfonic acid, picric acid, oxalic
      acid, succinic acid, maleic acid, fumaric acid, tartalic acid, adipic
      acid, hydrochloric acid, sulfuric acid, and phosphoric acid. Of course,
      such auxiliary means for cleaning is not necessary, when the acid addition
      salt of imidazole is used.
PAR  The temperature for the present surface treatment is in a range of from the
      room temperature to about 200.degree.C but the use of the room
      temperature, which necessitates no heating means, is most advantageous.
PAR  Various concentrations of the imidazole in the solution can be used, but
      usually the solution must have an imidazole concentration of at least
      0.01% by weight, preferably 0.05-5% by weight. Excess concentration is not
      econimically preferable.
DETD
PAR  The present invention will be now explained in detail referring to
      examples:
PAC  EXAMPLE 1
PAR  A 2-cm square copper plate was polished with a sand paper, defatted with
      benzene and, cleaned with an aqueous solution of potassium cyanide. The
      thus cleaned plate was dipped for one hour into a solution prepared by
      dissolving 0.1g of 2-undecyl-4-methylimidazole in a solvent mixture
      consisting of 55 ml of methanol and 45 ml of water at room temperature,
      then washed with water, naturally dried and subjected to an air exposure
      test in a house provided with a sulfur recovery unit in a plant for
      producing carbon disulfide (the house is full of hydrogen sulfide, sulfur
      dioxide gas and sulfur vapour at relatively high concentrations). The
      control test piece (untreated) underwent color change after 8 hours,
      whereas the treated test piece did not undergo color change even after 4
      days. The test piece treated with commercially available benzotriazole
      (treating conditions: dipping in a 0.25% aqueous solution at 60.degree.C
      for 5 minutes) underwent color change after 2 days.
PAC  EXAMPLE 2
PAR  Test was carried out in the same manner as in Example 1, except that a
      solution prepared by dissolving 0.09 g. of 2-undecyl-4-methylimidazole and
      0.01 g of 2-undecyl-4-methylimidazole phosphate into a solvent mixture
      consisting of 55 ml of methanol and 45 mol of water was used instead, and
      the similar results of those of Example 1 were obtained.
PAC  EXAMPLE 3
PAR  A solution consisting of 0.1 g of 2-undecyl-4-methylimidazole and 100 ml of
      methanol was sprayed onto a copper plate cleaned in the same manner as in
      Example 1, and as a result, almost similar rust-preventing effect to that
      of the Example was obtained.
PAC  EXAMPLE 4
PAR  Test was carried out in the same manner as in Example 1 except that a brass
      plate was used in place of the copper plate of Example 1. The control test
      piece (untreated) underwent color change after 4 days and pitting was
      observed, whereas the treated test piece did not undergo color change even
      after 14 days and no pitting was observed.
PAC  EXAMPLE 5
PAR  10 ml of methanol containing 8.84 g (0.078 mole) of dissolved 85%
      phosphoric acid was added to 50 ml of methanol containing 20 g (0.092
      mole) of dissolved 2-undecylimidazole under ice cooling, and the resulting
      crystal deposits were filtered and recrystallized with ethanol solvent,
      whereby 21.8 g of phosphate was obtained. The melting point of the
      phosphate was 144.5.degree.-146.degree.C.
PAR  0.1 g of the thus obtained crystal was dissolved in a solvent mixture
      consisting of 55 ml of methanol and 45 ml of water to prepare a solution,
      and a copper plate was coated with the thus obtained solution, dried, and
      subjected to the same exposure test as in Example 1. No color change was
      observed even after 5 days.
PAC  EXAMPLE 6
PAR  1 g of powders of 2-undecyl-4-methylimidazole and a polished and cleaned
      2-cm square copper plate were placed separately in a tightly sealed vessel
      of 5l capacity and stored at room temperature for two days and then
      hydrogen sulfide was introduced into the vessel so that the hydrogen
      sulfide concentration might be 10 ppm, but it took 1.5 days until a
      tarnish was observed on the copper plate surface.
PAR  On the other hand, the copper plate stored under the same conditions in the
      vessel free of the 2-undecyl-4-methylimidazole and subjected to hydrogen
      sulfide atmosphere underwent complete color change after a half day.
PAC  EXAMPLE 7
PAR  2 mm diameter of copper wires defatted with benzene were dipped into 0.1%
      aqueous solutions of various acid addition salts of 2-undecylimidazole for
      one hour, washed with distilled water and left in a room to determine the
      number of days required until the tarnish was observed on the copper wire
      surface. The test was carried out in a selected place near a viscose
      plant, which was in an atmospher so rich in sulfurcontaining gas that the
      un-treated test piece underwent color change in a day. The test results
      are shown in Table 1.
TBL                TABLE 1                                                     

     ______________________________________                                    

     Kind of salt used in the treatment                                        

                            number of days                                     

                            required for color                                 

     Imidazole                                                                 

              Acid              change                                         

     ______________________________________                                    

     Untreated                  1                                              

     2-undecyl-                                                                

              Acetic acid       30                                             

     "        Capric Acid       3                                              

     "        Glycolic acid     30                                             

     "        p-Toluene sulfonic acid                                          

                                10                                             

     "        Picric acid       6                                              

     "        Oxalic acid       2                                              

     "        Succinic acid     66                                             

     "        Maleic acid       51                                             

     "        Adipic acid       47                                             

     "        Azelaic acid      31                                             

     "        Sebacic acid      32                                             

     "        Salicyclic acid   2                                              

     "        Citric acid       3                                              

     "        Hydrochloric acid 11                                             

     "        Nitric acid       60                                             

     "        Sulfuric acid     33                                             

     "        Phosphoric acid   40                                             

     ______________________________________                                    

PAC  EXAMPLE 8
PAR  Number of days was determined until tarnish was observed on the copper
      wires in the same manner as in Example 7 (dipping in 0.1% aqueous
      solutions at room temperature for 1 hour). This test was carried out in a
      place around a viscose sludge settling pond and the testing condition was
      thereby made more severe. The test results are shown in Table 2.
TBL                TABLE 2                                                     

     ______________________________________                                    

     Name of rust-preventing agent                                             

                            Number of days                                     

                            required for color                                 

                            change                                             

     ______________________________________                                    

     Untreated              1/2                                                

     2-undecylimidazole phosphate                                              

                            9                                                  

     "        maleate           9                                              

     "        sebacate          7                                              

     "        glycolate         3                                              

     "        succinate         4                                              

     "        sulfate           21                                             

     2-undecyl-4-methylimidazole phosphate                                     

                            10                                                 

     ______________________________________                                    

PAC  EXAMPLE 9
PAR  A brass rod (5 mm .phi. and 20 mm long) was used a test piece. The brass
      rod was washed with dilute nitric acid, and then the clinging nitric acid
      was washed off with distilled water. Then the cleaned brass rod was dipped
      into a 0.1% aqueous solution of 2-undecyl-4-methylimidazole phosphate at
      room temperature for 1 hour washed with city water and left in a
      desiccator containing 2-3 ppm of hydrogen sulfide. On the other hand, the
      test piece subjected to the similar treatment using a 0.25% aqueous
      solution of benzotriazole in place of 2-undecyl-4-methylimidazole
      phosphate was left in the desiccator for comparison. As a result, the test
      piece subjected to the benzotriazole treatment underwent color change
      after 1.5 days, whereas the test piece subjected to the
      2-undecyl-4-methylimidazole phosphate treatment did not undergo color
      change even after 4 days.
PAC  EXAMPLE 10
PAR  The surface treatment was carried out in the same manner as in Example 1,
      using 2-heptadecyl-4-methylimidazole in place of
      2-undecyl-4-methylimidazole, and almost same result was obtained.
PAC  EXAMPLE 11
PAR  2-cm square copper plates, which had been polished with sand paper,
      defatted with benzene and washed with an aqueous solution of potassium
      cyanide, were boiled in 0.1% aqueous solutions of various acid addition
      salts of 2-heptadecylimidazoles for one hour, washed with distilled water
      and left in a room to determine how many days are required until the
      tarnish was observed on the copper surface. The test was carried out in a
      selected place near a carbon disulfide plant, of which atmosphere was so
      rich in sulfur-containing gas that the untreated test piece underwent
      color change in only a day. The test results are shown in Table 3.
TBL                TABLE 3                                                     

     ______________________________________                                    

     Kind of salt used in the treatment                                        

                              number of days                                   

                              required for                                     

     Imidazole   Acid             color change                                 

     ______________________________________                                    

     Untreated                    1                                            

     2-heptadecyl                                                              

                 Acetic acid      15                                           

     "           Glycolic acid    10                                           

     "           p-Toluene sulfonic acid                                       

                                  5                                            

     "           Picric acid      2                                            

     "           Oxalic acid      2                                            

     "           Succinic acid    32                                           

     "           Maleic acid      25                                           

     "           Adipic acid      16                                           

     "           Azelaic acid     10                                           

     "           Sebacic acid     10                                           

     "           Hydrochloric acid                                             

                                  4                                            

     "           Nitric acid      15                                           

     "           Sulfuric acid    11                                           

     "           Phosphoric acid  10                                           

     2-heptadecyl-4-                                                           

                 Phosphoric acid  20                                           

     methylimidazole                                                           

     "           Sulfuric acid    15                                           

     ______________________________________                                    

PAC  EXAMPLE 12
PAR  0.1 g of 2-undecyl-4-methylimidazole was dissolved in 100 ml of lubricating
      oil (spindle oil), and the oil was then impregnated with a paper. The
      oil-impregnated paper was extended and laid on a polished copper plate
      surface. The plates were stored in a vessel containing 10 ppm of hydrogen
      sulfide at room temperature to investigate the degree of color change. As
      a result, no color change was observed even after 20 days in the case of
      laying the paper containing 2-undecyl-4-methylimidazole, but complete
      color change was observed after about 4 days in the case of laying the
      paper free of 2-undecyl-4-methylimidazole.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for preventing discoloration of copper or copper alloy,
      subsequently exposed to a gaseous atmosphere containing sulfur compounds,
      which method comprises surface-treating the copper or copper alloy with at
      least one compound selected from the group consisting of alkylimidazoles
      represented by the general formula:
      ##SPC3##
PAL  wherein R is a long straight chain alkyl group having 5-21 carbon atoms and
      R' is a hydrogen atom or a lower alkyl group, and acid addition salts of
      said alkylimidazoles thereby to coat said surface with micelles of said
      alkylimidazoles which act to prevent discoloration of said copper or
      copper alloy.
NUM  2.
PAR  2. A method according to claim 1, wherein the surface treatment is carried
      out by dipping the copper or copper alloy in a solution containing at
      least one compound selected from the group consisting of said
      alkylimidazoles and their acid addition salts.
NUM  3.
PAR  3. A method according to claim 1, wherein the surface treatment is carried
      out by coating the copper or copper alloy with a solution containing at
      least one compound selected from the group consisting of said
      alkylimidazoles and their acid addition salts.
NUM  4.
PAR  4. A method according to claim 1, wherein the surface treatment is carried
      out by spraying a solution containing at least one compound selected from
      the group consisting of the alkylimidazoles and their acid addition salts
      onto said copper or copper alloy.
NUM  5.
PAR  5. A method according to claim 1, wherein the surface treatment is carried
      out with use of a solution containing an amine in addition to at least one
      compound selected from the group consisting of said alkylimidazoles and
      their acid addition salts, in a concentration of at least 0.01% by weight.
NUM  6.
PAR  6. A method according to claim 1, wherein the surface treatment is carried
      out with use of a solution containing at least one of compound selected
      from the group consisting of said alkylimidazoles and their acid addition
      salts, in a concentration of at least 0.01% by weight.
NUM  7.
PAR  7. A method according to claim 1, wherein the surface treatment is carried
      out with the use of said a solution of alkylimidazoles in an organic
      solvent.
NUM  8.
PAR  8. A method according to claim 1, wherein the surface treatment is carried
      out with use of a solution of acid addition salts of said alkylimidazoles
      in water.
NUM  9.
PAR  9. A method according to claim 1, wherein the surface treatment is carried
      out with use of a solution of alkylimidazoles or their acid addition salts
      in a mixed medium of water and an organic solvent.
NUM  10.
PAR  10. A method according to claim 1, wherein the surface treatment is carried
      out with use of a solution of said alkylimidazoles added with a solution
      of an acidic substance.
NUM  11.
PAR  11. A method according to claim 10, wherein the solution contains at least
      one of the compound selected from the group consisting of said
      alkylimidazoles and their acid addition salts, in a concentration ranging
      from 0.05 to 5% by weight.
NUM  12.
PAR  12. A method according to claim 1, wherein the compound is
      2-undecylimidazole or an acid addition salt thereof.
NUM  13.
PAR  13. A method according to claim 1, wherein the compound is
      2-undecyl-4-methylimidazole or an acid addition salt thereof.
NUM  14.
PAR  14. A method according to claim 1, wherein the compound is
      2-heptadecylimidazole or an acid addition salt thereof.
NUM  15.
PAR  15. A method according to claim 1, wherein the compound is
      2-heptadecyl-4-methylimidazole or an acid addition salt thereof.
NUM  16.
PAR  16. Copper or copper alloy which is resistant to discoloration when exposed
      to a gaseous atmosphere containing sulfur compounds and whose surface has
      been treated with at least one compound selected from the group consisting
      of alkylimidazoles represented by the general formula
      ##SPC4##
PAL  wherein R is a long straight chain alkyl group having 5-21 carbon atoms and
      R' is a hydrogen atom or a lower alkyl group, and acid addition salts of
      said alkylimidazoles.
NUM  17.
PAR  17. Copper or copper alloy according to claim 16, wherein the compound is
      2-undecylimidazole or an acid addition salt thereof.
NUM  18.
PAR  18. Copper or copper alloy according to claim 16, wherein the compound is
      2-undecyl-4-methylimidazole or an acid addition salt thereof.
NUM  19.
PAR  19. Copper or copper alloy according to claim 16, wherein the compound is
      2-heptadecylimidazole or an acid addition salt thereof.
NUM  20.
PAR  20. Copper or copper alloy according to claim 16, wherein the compound is
      2-heptadecyl-4-methylimidazole or an acid addition salt thereof.
NUM  21.
PAR  21. A method for producing copper or copper alloy which is resistant to
      discoloration when subsequently exposed to a gaseous atmosphere containing
      sulfur compounds which method comprises treating the surface of said
      copper alloy with at least one compound selected from the group consisting
      of alkylimidazoles represented by the general formula:
      ##SPC5##
PAL  wherein R is a long straight chain alkyl group having 5-21 carbon atoms and
      R' is a hydrogen atom or a lower alkyl group, and acid addition salts of
      said alkylimidazoles thereby to coat said surface with micelles of said
      alkylimidazoles which act to prevent discoloration of said copper or
      copper alloy.
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ABST
PAL  The present method makes it possible to expose or make visible surface
      defects on or in the surface of steel blanks by heating the blanks to a
      temperature below the hot working temperature of the particular type of
      steel and thereafter rapidly descaling the blanks by means of high
      pressure water which contacts the steel for a limited time so as to avoid
      a substantial chilling or quenching. After such descaling the blanks are
      cooled at a controlled rate to thereby produce an oxidation film on the
      descaled surface which film makes the defects visible.
PARN
     The present invention is a continuation-in-part application of my copending
      application Ser. No. 393,712 filed Sept. 4, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method for exposing surface defects on
      steel blanks having a given hot working temperature. The term "steel
      blanks" as used herein is intended to cover billets, slabs, ingots, rods,
      wire and the like. The surface defects are made visible by a particular
      type of descaling and controlled cooling as disclosed herein.
PAR  It is known to make surface defects in steel blanks visible by first
      permitting the blanks to cool down to room temperature and then descaling
      the surface of the blanks, for example, by shot or sand blasting or by
      grinding. In another known method the blanks are subjected to a pickling
      operation, whereby the pickling liquid has normally a temperature of about
      60.degree.C. Shot and sand blasting have the disadvantages that fine
      cracks and holes in the blank surface are closed by the impact of the shot
      pellets or the sand and thus become invisible. Pickling on the other hand
      changes the entire surface of the blank in such a manner that it becomes
      hard to discover small defects especially very narrow cracks and tiny
      holes. Besides, both methods, blasting and pickling, have the disadvantage
      that they may be performed only after the blanks have cooled down. Hence,
      it is not possible to take corrective steps in the manufacturing process,
      especially where a continuous manufacturing process is involved, such as
      extrusion casting or continuous casting. This is especially undesirable
      where the number of defects is high, because the descaling after the
      cooling may thus make it necessary that all blanks of an entire charge
      must be discarded, because of an accumulation of defects.
PAR  The rolling of coarse oxidation scale into the surface of the blanks is
      undesirable for several reasons, for example, such scale may later on
      damage any shaping tools which are employed in further machining the
      blanks. Such rolled in scale also reduces the quality of the product
      itself. Thus, it is well known to remove scale by means of water jets
      under high pressure prior to a hot working operation, such as drawing,
      piercing, or pressing. Reference is made in this connection to U.S. Pat.
      No. 2,394,514 granted on Feb. 5, 1946. Reference is made in this
      connection further to U.S. Pat. No. 1,898,809 granted on Feb. 21, 1933
      where it is said that the application of water as an intermediate cleaning
      step will not interfere with the prompt reforming or reshaping of the
      heated and cleaned metal objects. However, since immediately after the hot
      working such as die shaping or pressing the oxidation continues to form
      new scale, the surface defects will not remain visible for an inspection
      subsequent to the hot working. Thus, contrary to the assumptions as, for
      example, stated in U.S. Pat. No. 1,898,809 that a descaling subsequent to
      the hot working is not necessary, it has been found that very minute
      surface defects require a descaling and controlled cooling subsequent to
      the hot working of the blanks as disclosed herein, especially where it is
      intended to keep the defects visible for longer periods of time.
PAC  OBJECTS OF THE INVENTION
PAR  In view of the foregoing, it is the aim of the invention to achieve the
      following objects singly or in combination:
PA1  to overcome the above outlined drawbacks of the prior art;
PA1  to descale and cool the blanks after their hot working in such a manner
      that the formation of a thin oxidation layer enhances the visibility of
      surface defects even if they are of a minute nature, such as very narrow
      cracks and small holes;
PA1  to assure the visibility of surface defects while the blanks are still
      relatively hot and to maintain such visibility even after the blanks have
      cooled down to room temperature;
PA1  to provide a descaling and subsequent controlled cooling in such a manner
      that an oxidation film is formed which tenaciously adheres to the surface
      of the blank thereby simultaneously enhancing the visibility of the
      surface defects and preventing a further scale formation;
PA1  to make surface defects of hotworked blanks so clearly visible that the
      monitoring may be done by automatically operating defects indicator
      devices, which detect and display such defects; and
PA1  to make the defects visible while the blanks are still well above the
      temperature at which defects have been made visible heretofore, and to
      maintain the visibility of such defects even down to room temperatures.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided a method for exposing surface
      defects on steel blanks having a given hot working temperature, comprising
      employing blanks heated to a temperature within the range of about
      500.degree. to about 1100.degree.C, which temperature is below the given
      working temperature of the particular type of steel blank, which is then
      rapidly descaled by exposing the heated blanks to cold water under
      pressure within the range of about 100 atm to 500 atm gauge pressure,
      thereby limiting the exposing to a duration which is rather short, for
      example, a fraction of a microsecond to a few hundreths of a second, so
      that any substantial chilling or quenching of the blank is avoided.
      Thereafter the cooling of the descaled blank is controlled at a rate which
      will produce an oxidation film on the descaled surface, whereby the
      oxidation film makes the surface defects visible. The cooling rate may
      preferably be within the range of 10.degree.C per minute to about
      100.degree.C per minute.
DETD
PAC  DETAILED DESCRIPTION OF AN EXAMPLE EMBODIMENT OF THE PRESENT METHOD
PAR  Before describing a specific example it will be clarified what is meant by
      "hot working temperature" in the present context. Such temperatures will
      generally fall into a temperature range which in turn depends primarily on
      the steel composition and which also depends on the type of the working
      operation. Such temperatures are well known to those skilled in the art
      and may, for example, be gathered from tables which correlate the
      deformation temperature, for example of a non-alloyed steel to the carbon
      content of the particular steel involved. In connection with alloyed
      steels, the best hot deformation or working temperature range will usually
      be determined by well known methods and depending upon the particular type
      of alloy. The determination of such hot working or deformation temperature
      ranges is not part of the present invention.
PAR  According to the invention a steel blank, preferably one which has
      previously been hot worked is heated or has a temperature within the range
      of about 500.degree. to 1100.degree.C and such temperature is kept below
      the given hot working temperature of the particular steel blank.
      Thereafter, a rapid descaling is accomplished by exposing the heated blank
      to cold water jets under pressure within the range of about 100 atm to 500
      atm gauge pressure. The exposure time or duration is limited to about
      1/10,000th of a second to about 3/100ths of a second so that any
      substantial chilling or quenching of the blank is prevented. Thereafter
      controlled cooling is employed so that the cooling rate of the descaled
      blank is maintained within a temperature gradient range of about
      10.degree.C per minute to about 100.degree.C per minute to produce an
      oxidation film on the descaled surface which makes the surface defects
      visible while the blank is still at relatively high temperatures. The
      advantage of this film is especially seen in that it maintains the
      visibility even down to room temperatures, in other words it prevents the
      new formation of scale on the surface of the hot worked blank.
PAR  In order to prevent a substantial chilling or quenching by the descaling it
      is preferable to make sure that the temperature drop does not exceed about
      20.degree.C.
PAR  The controlled cooling results in said oxitation film, which has a
      thickness of about 1.mu. and sticks uniformly to the entire descaled
      surface of the blank.
PAR  In practice the descaling may, for instance, be accomplished by moving the
      hot worked blanks through a descaling zone past water jets at a speed of
      about 22.5 meters per minute, whereby the width of the individual jets is
      limited to about 5 to 10 mm, thereby assuring a contact time of about 1.33
      to about 2.67 . 10.sup..sup.-2 /second. Where the diameters of the hot
      worked blank are small, for example, in the formation of steel wire, the
      travelling speed through the descaling zone, may for instance, be 50
      meters per second thereby assuring contact times of about 1 to 2/10,000ths
      of a second (10.sup..sup.-4). If desired the descaling zones may hold
      several spray rings arranged in series.
PAR  It has been found that the best temperature to be reached at which the
      descaling should be employed for non-alloyed steels is about 600.degree.C.
      If desired, a rapid cooling prior to the descaling and subsequent to the
      hot working may be employed at a cooling rate of about 10.degree. to
      15.degree.C per minute.
PAR  Although the invention has been described with reference to specific
      example embodiments, it is to be understood, that it is intended to cover
      all modifications and equivalents within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for exposing surface defects on steel blanks having a given hot
      working temperature, comprising the following steps:
PA1  a. employing blanks heated to a temperature within the range of about
      500.degree. to 1100.degree.C whereby such temperature is kept below said
      given hot working temperature of the particular steel blank,
PA1  b. rapidly descaling the heated blank by exposing the heated blank to cold
      water under pressure within the range of about 100 atm to 500 atm (gauge)
      thereby limiting the exposing to a duration of about 1.10.sup..sup.-4
      seconds to 3.10.sup..sup.-2 seconds so that any substantial chilling of
      the blank is avoided, and
PA1  c. controlling the cooling of the thus descaled blank with a cooling rate
      within the range of about 10.degree.C/minute to about 100.degree.C/minute,
      to thereby produce an oxidation film on the descaled surface which
      oxidation film makes said surface defects visible.
NUM  2.
PAR  2. The method according to claim 1, further comprising limiting the
      temperature loss due to said rapid descaling to about 20.degree.C whereby
      any substantial chilling is avoided.
NUM  3.
PAR  3. The method according to claim 1, wherein said oxidation film produced by
      said cooling has a thickness of about 1.mu..
NUM  4.
PAR  4. The method according to claim 1, wherein said oxidation film sticks
      uniformly to the descaled surface of the blank.
NUM  5.
PAR  5. The method according to claim 1, wherein said rapid descaling and
      controlled cooling is performed on blanks which have been worked at a
      temperature above said given hot working temperature and the temperature
      of which has dropped below said given hot working temperature.
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PAL  In the method of scarfing surface defects of to-be-scarfed metal material
      as said material is moving relative to the scarfing machine with scarfing
      nozzle, the improvement, which comprises a step of supplying oxygen into
      the consumable electrode pipe so provided as to be directed to a scarfing
      point on the surface of said to-be-scarfed metal material, for jetting the
      oxygen from the tip of said electrode pipe, a step of feeding said
      electrode pipe until its tip contacts said metal material, a step of
      heating rapidly the contacting portion respectively of said electrode pipe
      and of said metal material with electrical energy and heat of oxidation so
      that the temperature of such portion may rise to scarfing start
      temperature, and a step of initiating the scarfing process instantaneously
      from such temperature rising portion with the oxygen jetted to said
      scarfing nozzle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a method and an apparatus for scarfing
      surface defects of metal material, more particularly to a method of and an
      apparatus for instantaneously initiating such scarfing process.
PAR  In the usual case of conditioning, that is, removing defects of such
      products of iron works as steel slabs, blooms and billets with a scarfing
      machine, cold steel is so pretreated that its defects (hereinafter called
      the scarfing points) are heated locally with heat supplied from the
      scarfing nozzle until the temperature of the scarfing points has risen to
      such a degree as to make it susceptible of scarfing initiation. However,
      the temperature of the pre-heating flames issued from the scarfing nozzle
      is so low, and the heat thereof is so little, that a long time is required
      to raise the temperature of the scarfing points to the level for scarfing;
      the heat has mostly been transmitted into the inside of such steel piece
      because of high heat conductivity. This means low efficiency in the
      conditioning of such steel, particularly when it has a great number of
      defects on the surface.
PAR  In order to raise efficiency, effort has been exerted to shorten the time
      for scarfing initiation in the following ways:
PAR  1. Providing another nozzle for jetting metal powder in front of the
      scarfing nozzle, so that iron powder of 100 to 300 mesh is jetted into
      pre-heating flames. The vehement combustion heat energy produced by such
      iron powder combined with oxygen and the mechanical energy produced by the
      jets of iron powder heat, at a blow, the scarfing points locally, thereby
      making even cold steel susceptible of scarfing initiation in 4 or 5
      seconds.
PAR  2. Sending forward a metal rod of small diameter (starting rod) until it
      contacts the scarfing points on the surface of to-be-scarfed metal
      material in front of the scarfing nozzle, and then heating the tip of said
      rod with the pre-heating flames issued from said scarfing nozzle, so that
      the tip of said rod melts continuously to produce droplets which heat or
      melt the surface defects of the material. Then scarfing oxygen is jetted
      from said scarfing nozzle toward the heated or molten scarfing points, to
      initiate the scarfing process.
PAR  However, such methods as mentioned above, have the following disadvantages:
      In the method (1), the nozzle for jetting metal powder may possibly have
      the jetting holes cloaked with spreading scarfing slag; the metal powder
      supplying device is difficult to operate; and it is impossible to initiate
      the scarfing process, while the to-be-scarfed metal material is
      travelling. Also, in the method (2), it takes 6 to 10 seconds before
      scarfing initiation, making impossible a flying start; such a long time
      required for scarfing intiation may cause excessively deep scarfing of the
      scarfing points, which should be avoided in the scarfing process.
PAR  For the scarfing of the side of a steel piece by any conventional scarfing
      method, it is necessary to turn up the side to be scarfed by an upper
      surface scarfing machine or provide another machine for scarfing the side
      of the steel pieces, making it necessary to also provide a reversing
      device in the former case or take a long time to scarf the side as well as
      the upper surface, hence much lower operation efficiency in the latter
      case.
PAC  SUMMARY OF THE INVENTION
PAR  Having been designed to solve the abovementioned problems with the
      conventional methods, the present invention has an object to provide a
      method of and an apparatus for scarfing surface defects of metal material
      capable of initiating the scarfing process instantaneously.
PAR  Another object of the present invention is to provide a scarfing method and
      a scarfing apparatus so efficient that the scarfing process can be
      initiated while the to-be-scarfed material is travelling, without stopping
      the movement of the material relative to the scarfing machine.
PAR  A further object of the present invention is to provide a scarfing method
      and a scarfing apparatus capable of initiating the scarfing process
      exactly, without danger of excessively deep scarfing, for complete removal
      of surface defects of the metal material.
PAR  A further object of the present invention is to provide a scarfing method
      which is applicable to the scarfing of the side of the to-be-scarfed metal
      material with the same effects as in the scarfing of the upper surface of
      such material, without using any special accessories for the purpose of
      scarfing the side of metal material.
PAR  The abovementioned objects and other objects will appear more clearly when
      reference is made to the detailed explanation and preferred embodiments
      mentioned below.
PAR  In order to obtain all the above objects, the method for initiating
      scarfing or the present invention is designed as an improvement of the
      method from the scarfing surface defects of to-be-scarfed metal material
      while said material is moving relative to the scarfing machine using
      scarfing nozzles, which comprises a step of supplying oxygen into the
      consumable electrode pipe so provided as to be directed to a scarfing
      point on the surface of said to-be-scarfed metal material, for jetting
      oxygen from the tip of said electrode pipe; a step of feeding said
      electrode pipe until its tip contacts said metal material; a step of
      heating rapidly the contacting portion, respectively, of said electrode
      pipe and of said material withh electrical energy and heat of oxidation so
      that the contacting portions may rise to the scarfing start temperature;
      and a step of initiating the scarfing process instantaneously from such
      temperature rise portion with the oxygen jetted from said scarfing nozzle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG 1 is a front view of an embodiment of a scarfing machine for the
      practice of the scarfing method of the present invention
PAR  FIG. 2 is a detail view of the electrode pipe feeder and the scarfing
      nozzle of the scarfing machine.
PAR  FIG. 3 is a block diagram of the controlling device for use in scarfing
      initiation.
PAR  FIG. 4 is a plane view of an embodiment of the electrode pipe feeding
      device and the oxygen supplying device of the scarfing machine of the
      present invention.
PAR  FIG. 5 is a vertical section of the devices of FIG. 4 on the line A--A.
PAR  FIG. 6 is a block diagram of the circuit for controlling the feeding of the
      electrode pipe.
PAR  FIG. 7 is a view for explaining the relation in position between the
      scarfing nozzle and the electrode pipe when the method of the present
      invention is applied to the side of the to-be-scarfed material.
PAR  FIG. 8 is an explanatory view of the main portion of the scarfing machine
      being applied to the scarfing of the side of the to-be-scarfed material.
PAR  FIG. 9 (a), (b) and (c) are sections of an embodiment of the consumable
      electrode pipe used for the scarfing method of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following is a detailed explanation of the scarfing method of the
      present invention applied to a steel slab as the to-be-scarfed material.
PAR  Referring to FIG. 1, an automatic, self-running scarfing machine 1 is
      placed, with its wheels 10, on rails 12 laid outside the respective sides
      of slab 2 along its long direction in such a manner as to bridge over the
      slab 2; it operates under the force of its own motor 11. There sits on the
      body of the scarfing machine 1 one or a plurality of scarfing nozzles 3
      (three sets in the case of the figure), supported by a fixing stand 4.
      Such nozzles are provided at a certain angle against the surface of the
      slab 2 (for instance, 20.degree. to 25.degree.). At the rear end, said
      scarfing nozzles 3 are connected respectively with an oxygen supplying
      pipe 7, a regulating solenoid valve 8, and a gas mixture (for example of
      coke oven gas and oxygen) supplying pipe. Said fixing stand 4 for
      supporting the scarfing nozzles 3 is held onto the carriage 5 which is
      movable on its wheels 6 along the rails in the direction of width of the
      slab 2 within the scarfing machine 1.
PAR  Thus, the scarfing nozzles 3 are movable both along the length and width of
      the slab 2. At the lower part of said carriage 5, these is provided an
      electrode pipe feeding device which supports a consumable electrode pipe
      13 to be directed to a scarfing point in the projecting direction of the
      scarfing nozzles 3 (that is, the point where the extension line of the
      scarfing nozzles 3 reaches the surface of the slab), and which feeds such
      pipe 13 to the scarfing point from the direction opposite to the scarfing
      nozzles 3. The electrode pipe feeding device is constructed with feed
      roller 14 and a side roller 16 which rotate alternately during the
      operation of the motor 15. The electrode pipe 13 is moved forward or taken
      back from the scarfing point as it is supported between these rollers 14
      and 15 in the state of insulation. To this consumable electrode pipe 13 is
      connected a terminal 17 for introducing current from the source of arc
      production; the rear of the electrode pipe 13 is connected to the oxygen
      supplying device for blowing oxygen into said pipe 13. Said device is
      equipped with a solenoid valve 18 for regulating the flow and stoppage of
      the oxygen supply and also a flow meter 19 and a discharge regulating
      valve 20.
PAR  The following is an explanation of the operation procedure of said scarfing
      machine:
PAR  As the scarfing machine 1 is travelling under the operation of the motor 11
      along the rails 12, a button switch therefore (not shown) is pushed when
      the machine 1 reaches the position where there is a defect of the slab 2
      to be scarfed, so that oxygen is jetted from the scarfing nozzles 3. Then,
      the button switch of the electric source for scarfing initiation is
      pushed, and the solenoid valve 18 is released so that the oxygen is sent
      through the flow meter 19 to the electrode pipe 13 to be jetted from its
      tip. At nearly the same time, the feed motor 15 starts to rotate the feed
      roller 14 so that the electrode pipe 13 is sent down to the scarfing point
      of the slab 2 from the direction opposite to the scarfing nozzles 3.
PAR  When the tip of the electrode pipe 13 contacts the scarfing point on the
      surface of the slab 2, a short-circuit current is introduced, and an arc
      is produced between the electrode pipe 13 and the slab 2. By means of
      electrical energy generated as Joule effect and arc effect at the time of
      contact, the tip of the electrode pipe 13 is rapidly heated and melted,
      thus raising the temperature of the contacting portion. At the same time,
      the contacting portion is oxidized, during combustion, with oxygen jetted
      from the tip of the electrode pipe 13, furthering the heating and
      temperature-rise of the electrode pipe 13 and the surfaces of the slab 2,
      so that the contacting portion quickly reachs readily the scarfing start
      temperature necessary for scarfing initiation.
PAR  The scarfing operation starts instantaneously from this temperature rising
      position by jetting oxygen from said scarfing nozzles 3. At the same time
      as the scarfing initiation, the motor 15 rotates reversely, so that the
      electrode pipe 13 is taken up, and the supply of oxygen to the electrode
      pipe 13 is stopped. As mentioned above, the heating and temperature-rise
      of the contacting portion of the electrode pipe 13 and the slab 2 are made
      rapidly by the multiplication action of the electrical energy and the
      oxidation heat, so that the time from the contact of the electrode pipe 13
      with the scarfing point to scarfing initiation is 0.1 to 0.5 second.
      Therefore, scarfing initiation can be made instantaneously, thus making
      scarfing possible in a stabilized state even while the scarfing machine is
      travelling. The abovementioned scarfing start temperatue is generally more
      than 1350.degree.C.
PAR  As mentioned above, the distance between the scarfing nozzles and the slab,
      the angle at which the electrode pipe is fed to the slab, and the
      selection in the kind of power source are important factors for stable
      scarfing initiation without excessively deep scarfing. According to the
      experiment conducted by the inventors of the present invention, it is
      confirmed that the distance between the scarfing nozzles and the surface
      of the slab, the angle at which the electrode pipe is slant to the slab
      and the kind of current fed from the power source to the electrode pipe
      should best be respectively: 5 to 10 mm, within a range from 30.degree. to
      90.degree., and direct current.
PAR  FIGS. 2 and 3 show the scarfing machine of the present invention and the
      controlling device therefor constructed with the purpose of stable
      scarfing initiation under the abovementioned operating conditions.
PAR  In FIG. 2 are shown the electrode pipe feeding part and the scarfing
      nozzles part of the scarfing machine. The corresponding parts between FIG.
      1 and FIG. 2 share the same numbers. In FIG. 2, a screw rod 21 (which may
      be substituted by a rack) is provided, and a scarfing nozzle fixing stand
      4 slides on said rod 21, such sliding being motivated by a motor 22 and
      more specifically by the worm sliding on the rotation of the motor 22.
      Furthermore, there is a heat shielding plate 27, a level detector 28 for
      measuring the distance between the scarfing nozzles and the slab, and a
      marking detector 29. These items 27, 28 and 29 are fixed to a stand 23 for
      holding the detectors, which stand is so devised as to rotate about a roll
      24 as indicated by the arrow head 26. A motor 25 rotates the rod 24 and
      the stand 23 for holding the detectors in the direction indicated by arrow
      head 26. The screw rod 21 is fixed on the carriage. In the case of such
      construction, the distance between the surface of the slab 2 and the
      scarfing nozzles 3 is measured by the level detector 28, which is
      converted into an output signal; the comparison between the output signal
      and the reference signal which corresponds to the pre-determined distance
      is fed back as the controlling signal to the motor 22, so that the height
      of the scarfing nozzles is automatically adjusted to the pre-determined
      value. When either the level detector 28 or the marking detector 29 is
      beyond the end of the slab, the signal therefrom will change so that the
      motor 25 starts to rotate the stand 23 as indicated by the arrow head 26
      to keep all the detectors above the slab 2.
PAR  Again, in the case of such construction as mentioned above, scarfing
      initiation is ensured in the following manner:
PAR  Referring to FIG. 2, on the assumption that the electrode pipe 13 and the
      scarfing nozzles move sychronously, in the direction indicated by the
      arrow head 27a, the angle formed between the tip of the electrode pipe 13
      and the surface of the slab 2 is set between 30.degree. and 90.degree.;
      the electrode is connected to a DC source circuit; and the distance
      between the scarfing nozzles 3 and the surface of the slab 2 is set
      between 5 and 10 mm. Furthermore, arc production is continued until molten
      droplets of the electrode pipe drop onto the slab 2. The distance between
      the surface of the slab 2 and the scarfing nozzles 3 will be maintained
      between 5 and 10 mm in spite of the unsmoothness of the surface of metal
      material, by means of the level detector 28, the motor 22 and the
      controlling circuit therefor. Thus, the deepness of the scarfing is
      constant irrespective of the unsmoothness of the to-be-scarfed metal
      material. The reasons for slanting the electrode pipe 13 at an angle
      between 30.degree. and 90.degree. are: First, to make the stip end of the
      electrode pipe 13 contact the surface of the slab 2 while the electrode
      pipe 13 and the scarfing nozzles 3 are moving as indicated by the arrow
      head 27a  shown in FIG. 2; and secondly, to produce arc energy and
      droplets of the electrode concentrated in the direction toward the
      scarfing nozzles 3.
PAR  Also, the slanting of the electrode pipe 13 makes a smaller contacting area
      with the slab 2 and a higher current density, thus advantageously
      promoting oxidation through the priority in melting given to the inside
      corner of the electrode pipe 13.
PAR  The reason of supplying DC current to the electrode pipe 13, and not AC
      current is: The supply of DC current permits the production of a scarfing
      initiating arc of constant quality all the time, thus ensuring the
      stability of scarfing initiation, while AC current requires scarfing
      initiation to depend on the phase of the current and voltage at (before
      and after) the time of contact between the electrode pipe 13 and the slab
      2. The production of the arc is continued until droplets of the electrode
      pipe drop onto the slab in the following way: As shown in FIG. 1, a speed
      detecting roller 31 is provided or the scarfing machine 1, and said roller
      31 is connected with a transducer 32 for converting speed into electric
      volume, such as tachometer generator. The difference between the output
      signal issued by the transducer 32 and the reference signal 38
      (corresponding to the reference speed) issued by using the comparator 33
      is made into an output signal as the difference signal. This signal is
      amplified by an amplifier 34 and used for setting the time limit on the
      timer 35. The timer 35 is used to set the time limit for motor reverse
      rotation controlling circuit 36; that is, the time between the contact of
      the tip of the electrode pipe 13 with the slab 2 at the normal rotation of
      the motor 15, thus producing the arc, and the finish of the scarfing
      initiation. In other words, the higher the relative speed, the longer the
      time of feeding the electrode pipe 13. When the scarfing machine is so
      constructed, it is possible to continue the production of the arc until
      droplets of the electrode pipe drop onto the to-be-scarfed metal material,
      as mentioned above, at any relative speed between the electrode pipe 13,
      or the scarfing nozzles 3, and the slab 2.
PAR  As for the term "to drop" used herein, it means not only droplets of molten
      metal falling onto the slab, but also such droplets as stay there.
PAR  As mentioned above, scarfing initiation can be made nearly assuredly, but
      when the relative speed is very great, the temperature of the metal
      surface below the electrode pipe 13 rises insufficiently, which leads to a
      higher rate of failure in scarfing initiation, hence the following
      procedure is taken:
PAR  Referring to FIG. 3, the current controller 37 is so controlled by the
      output signal issued by the amplifier 34 as to make greater the volume of
      current supplied to the electrode pipe 13 if the relative speed is great,
      and vice verse. Besides the above, a circuit of the electrode pipe 13 may
      be constructed with a plurality of condensers arranged in a row, so that
      the number of such condenser to be connected at the same time with the
      electrode pipe 13 may be decided according to the relative speed.
PAR  As the electrode pipe according to the present invention is consumed
      through melting at scarfing initiation, it must be replaced by a new one
      when it is consumed and becomes too short to be usable any more. It is
      also necessary to supply, without fail, oxygen to such electrode pipe
      which is getting shorter. FIGS. 4 and 5 show an embodiment of the
      electrode pipe feeding device and the oxygen supplying device.
PAR  The electrode feeding device is constructed with the slider 41 which is
      free for vertical movement for feeding the electrode pipe 13 to the
      scarfing point while the top-end of the pipe is being held thereby, and
      drive rollers 42 and guide rollers 43 which hold the tip end side of the
      electrode pipe 13 for feeding the electrode pipe as required. The slider
      41 is set for free sliding along one side of the casing 44 which is
      described below; it is driven by a pulley 45 driven by a motor 45 fixed on
      the casing 44. Another pulley is provided above the casing 44 (not shown)
      and belt 47. The slider 41 itself is fixed at an appropriate position on
      the belt 47, so that the former slides vertically together with the motion
      of the latter. As for the driving method of the slider 41, any known
      method may be adopted. A motor 48 is provided for driving the drive
      rollers 42, and the guide rollers 43 are connected with magnetic coils 49,
      so that the former can be released at the operation of the latter to drive
      out the electrode pipe 13.
PAR  The casing 44 is to supply the electrode pipe 13 piece by piece to the
      electrode pipe feeding device; it is constructed with an outer shell 44a
      and a rotating plate 52 which has a great number of electrode pipe
      accomodating spaces around itself and which rotates together with a shaft
      51 in contact with the inside of the outer shell 44a. At the lower end of
      the shaft 51 there is a pinion gear 53 engaged with a rack 54 which is
      connected to a cylinder 55 and a force cylinder 56 for rotating the shaft
      51. Because the casing 44 is held at a slant, as shown in the figures, and
      the electrode pipe feeding device is set on the slant side, the electrode
      pipe 13 moves to the feeding device under its own by weight. As for the
      feeding method of the casing 44, it need not be limited to the rotary
      system as shown in the drawing, but any method, including the straight
      line system, can be used.
PAR  As for the oxygen supplying device, it is provided inside and at the upper
      part of said slider 41; it is constructed with a cylindrical packing 57
      which holds and tightly encloses the upper end of the electrode pipe 13, a
      ring 58 which is free for vertical movement for ppressing said packing 57,
      and an oxygen supplying part for supplying oxygen into the electrode pipe
      13 through the ring 58. The vertical movement of the ring 58 is made by
      the rotation of the inner shell 63 which is screwed into the upper part of
      the slider 41 together with a pinion gear 62 engaged with a rack 61 which
      is reciprocated by an air cylinder 60. The oxygen supplying part 59 is
      connected to an oxygen supplying source (not shown) through a connecting
      screw 64.
PAR  Said cylindrical packing 57 has an inside diameter somewhat greater than
      the outside diameter of the electrode pipe 13, so that it permits the
      passage of the electrode pipe 13, but when the ring 58 iss pressed from
      above, the packing 57 is also pressed, thereby creating a smaller inside
      diameter so as to get close to and hold the electrode pipe 13.
PAR  In FIG. 5, a shutter 65 for supporting the electrode pipe 13 is provided at
      a set position on the bottom of the electrode pipe feeding device to
      prevent the electrode pipes 13 in the casing 44 from falling. Also present
      are a seal packing 66, a limit switch 67, and a power supplying device 68
      to the electrode pipe.
PAR  The following is explanation of the operation procedure of the apparatus
      shown in FIGS. 4 and 5;
PAR  The explanation begins with the situation where the electrode pipe
      supplying device has no pipe and the slider 41 in the uppermost position.
PAR  Following at one pitch rotation of the shaft 51 of the casing 44 so as to
      have the electrode pipe accommodating spaces 50 correspond with the
      electrode pipe feeding device, the electrode pipe 13 will fall into the
      feeding device under its own weight. During that time, the shutter 65 on
      the bottom of the device remains closed. When the electrode pipe 13 is set
      at the pre-determined position, the motor 45 is operated to lower the
      slider 41 until the upper end of the electrode pipe 13 hits the ring 58
      above the packing 57. When the electrode pipe 13 contacts the ring 58 with
      a prescribed pressure, the motor 45 stops, but the air cylinder 60 works
      to rotate the inner shell 63 through the rack 61 and the gear 62, so as to
      push the ring downward and press the packing 57. The pressing of the
      packing 57 leads to its tight contact with the electrode pipe 13 to
      produce a tight enclosure of the electrode pipe 13, so that oxygen is
      supplied into the electrode pipe 13 without leakage. Under these
      conditions, the shutter 65 is opened, and the motor 45 is operated to
      further lower the slider 41. The electrode pipe 13 tip is then introduced
      between the drive and guide rollers 43 and moved by the feeding motor 48
      until it stops near the scarfing point. For the procedure to be taken
      after this situation, refer to the abovementioned.
PAR  At the same time with scarfing initiation, the supply of current and oxygen
      is stopped, and the electrode pipe is taken back to the original position.
PAR  As the scarfing is repeated, the electrode pipe 13 will become too short to
      be used any further when the slider 41 reaches the lower limit. At that
      time, the cylinder 60 starts operating to rotate the inner shell 63 by
      means of the rack 61 and the gear 62, thus, stopping pressing of the ring
      58, which, therefore, raises so as to release itself from the pressing of
      the packing 57 and the supporting of the electrode pipe 13. The unused
      part of the electrode pipe 13 is driven downward by the motor 48 for the
      drive rollers 42 until it reaches the prescribed position, where it is
      driven out through the release of the guide rollers 43. After having thus
      removed the electrode pipe 13, the slider 41 raises during the operation
      of the motor 45 to the uppermost position where it waits for next
      electrode pipe 13. Thus, the above procedure is repeated. The following is
      an explanation of the controlling means for the feeding of the electrode
      pipe 13 by reference to FIG. 6.
PAR  FIG. 6 is a block diagram of the circuit for controlling the feeding of the
      electrode pipe. A travelling speed setting positioner 70, sets the running
      speed of the carriage through the adjustment of the revolution of the
      motor. Signals corresponding to the set speed are sent to feeding program
      positioner of electrode pipe 71 at the next step. A marking detector 72
      detects marks put on to-be-scarfed metal material and sends these detected
      marks to the feeding program positioner of the electrode pipe 71 in the
      form of a detection signal. The device 71 has previously been programmed
      with an arc maintaining time and an electrode pipe feeding speed according
      to the quality of to-be-scarfed metal material, the travelling speed of
      the device, and other parameters which influence the scarfing process.
      When signals corresponding to the quality of to-be-scarfed metal material,
      its surface, and travelling speed are sent to the feeding program
      positioner 71, this device 71 converts this information into output
      signals corresponding to arc voltage (V), electrode contacting time (t)
      and electrode feeding speed (v). The arc voltage signal (V) is sent into
      the arc-voltage setting device 73, and electrode contacting time signal
      (t) and electrode feeding speed signal (v) are sent into the electrode
      controller 76. The arc-voltage setting device 73 controls the DC current
      source 74 according to the arc voltage signal (V), so that current of the
      required voltage is supplied to form the DC source 74. The electrode
      controller 76 is equipped with a timer for controlling, in terms of time,
      the switching of the motor from the positive rotation to the reverse
      rotation and with a device for controlling the speed of the motor, and it
      controls the motor controlling circuit 77.
PAR  In the cooperation with the abovementioned construction, at the input of
      the mark detecting signal issued from the marking detector 72, the feeding
      program positioner 71 converts that signal into a DC current source "on"
      signal according to the previously set program and sends this signal to
      the power source 74 through the arc-voltage setting device 73. At the same
      time, the feeding program positioner sends a positive rotation signal to
      the electrode controller 76, so that a motor 78 will rotate positively to
      drive the rollers 79 which supply the electrode pipe 13 downward to the
      slab 2. At the moment of contact between the electrode pipe 13 and the
      slab 2, a short-circuit current is introduced, and an arc is produced.
      During the production of the arc after the Joule heating a short-circuit
      arc-voltage detector 75 sends an arc production signal to the electrode
      controller 76, so as to lower the electrode pipe feeding speed (V) of the
      motor 78. The electrode pipe feeding speed (V) has been so determined by
      the motor rotation controlling device equipped to the electrode controller
      76 that molten droplets of the electrode pipe 13 drop just onto the slab
      2. Following the time for the molten droplets of the electrode pipe 13 to
      drop on the metal material (such time to be determined by the feeding
      program positioner 71), the timer of the electrode cntroller 76 switches
      the motor 78 from the positive rotation to the reverse rotation. During
      this switching, the electrode pipe 13 is taken up at the speed set by the
      program setting-device.
PAR  As mentioned above, the electrode pipe 13 is fed at a prescribed speed, but
      it is fed at a lower speed during arc production, thereby making it
      possible to maintain a stable arc.
PAR  The method of the present invention is applicable to the scarfing process
      of the side of the to-be-scarfed metal material (slab). FIGS. 7 and 8 show
      the machanism of the side scarfing apparatus and its controlling device.
PAR  In these figures, the to-be-scarfed metal material 2 (slab) has
      respectively a top plane 2a and a side 26. A supporting base 81 is fixed
      on a vertically moving carriage (not shown) making it is vertically
      movable with the carriage in the direction indicated by the arrow head 82
      or in the opposite direction. The vertically moving carriage is set on
      another carriage (not shown) movable as indicated by arrow head 83 or in
      the opposite direction. Therefore, the supporting base 81 is movable as
      indicated by the arrow heads 82 and 83, or in their opposite directions.
      On the supporting base 81, there is fixed a screw rod 84, along which the
      stand 86 supporting the scarfing nozzles 85 slides. Such sliding is
      achieved by using the engagement between a worm (not shown) connected with
      a motor 99 and the screw rod 84. The electrode pipe 13 is connected with
      an oxygen supplying device to be supplied with oxygen, and it is moved
      toward the slab 2 or in the opposite direction by means of a motor 87 by
      the electrode pipe feeding rollers 88. A terminal 89 supplies power to the
      electrode pipe 13. The supporting base 81 has a plane level detector 91
      fixed through a rod 90. A marking detector 92, a side level detector 93,
      and a heat shielding plate 94 are fixed to the detector supporting stand
      95, which can be rotated as indicated by arrow head 98 by the rotation by
      motor 97 of the rod 98 which is fixed to the detector supporting stand 95.
PAR  As for the operation procedure, oxygen is jetted from the tip of scarfing
      nozzles 85 at the position of the defect of the slab 2; in the oxygen-rich
      atmosphere, Joule heating and arc heating occur between the electrode pipe
      13 and the slab 2, whereby the electrode pipe is melted, and at the same
      time, the scarfing point is heated and its temperature raises to scarfing
      start temperature. Consequently, instantaneous scarfing initiation is
      accomplished. In this case, the jetting of oxygen from the tip end of the
      electrode pipe 13 prior to arc production promotes combustion, resulting
      in much easier scarfing initiation.
PAR  As scarfing initiation is also instantaneous (within 0.5 second) in the
      case of side scarfing, scarfing can be initiated while the scarfing
      machine is travelling, that is to say, a flying start in initiating the
      scarfing is achievable.
PAR  In the abovementioned apparatus, the distance between the side 26 of the
      slab and the scarfing nozzle 85 is measured by the level detector 93, and
      this measured value is converted into an output signal to be compared with
      a reference signal corresponding to the predetermined distance. Then, the
      comparison is fed back as a controlling signal to the motor 99 for
      automatically adjusting to a pre-determined value the distance to the side
      2b of the scarfing nozzle. For this distance, the most preferred value is
      5 to 10 mm from the standpoint of scarfing initiation and deepness. If
      either the level detector 93 or the marking detector 92 extends beyond the
      end of the slab, the change in signals issued therefrom, will cause the
      motor 97 to start, thereby rotating the detector supporting stand 95 as
      indicated by arrow head 98, so that the detectors 92 and 93 will keep
      their positions over the side 2b of the slab. When the supporting base 81
      moves as directed by the arrow head 93 in FIG. 7, it is possible that the
      bending of the slab will cause the tip end of the scarfing nozzle 85 to
      deviate from the defect. In the apparatus of FIG. 8, however, the level of
      the plane 2a of the slab is detected by plane level detector 91, and this
      detected value is converted into a detection value which controls a motor
      (not shown) for vertical movement of the supporting base 81 (vertically
      movable truck), so that the scarfing nozzles 85 are kept a pre-determined
      distance from the plane 2a of the slab.
PAR  In order to ensure scarfing initiation, the electrode pipe 13 is supplied
      with direct current, and the angle .theta. of the electrode pipe 13
      against the side 2b of the slab (in FIG. 7) is set between 30.degree. and
      90.degree.. Furthermore, Joule heating at the short-circuit and arc
      heating are produced by the contact between the electrode pipe 13 and the
      side 2b of slab which thereby heat and melt the surface of slab. At the
      same time, the temperature of the scarfing point raises to a temperature
      for scarfing initiation. When the scarfing initiation is over, the motor
      87 is adjusted so as to take away the electrode pipe 13.
PAR  As mentioned above, in the case of the slab side scarfing machine, the
      level of the plane of the to-be-scarfed metal material is detected by the
      plane level detector so as to vertically move the scarfing nozzles 85; the
      distance between the scarfing nozzles 85 and the side of the metal
      material is measured for the horizontal movement of the scarfing nozzles
      85. These measurements ensure scarfing initiation and prevent failure,
      particularly failure from excessively deep scarfing, by keeping the
      scarfing nozzles at a pre-determined position irrespectively of the
      unevenness of the side surface of the to-be-scarfed metal materials.
      Therefore, the scarfing nozzles never deviate from the defects on the side
      of the metal material.
PAR  Also, it is possible to combine the apparatus of FIG. 8 with the plane
      scarfing machine, so as to do plane scarfing and side scarfing at the same
      time. In this case, the plane level detector 91 is that of the plane
      scarfing machine, and the supporting base 81 vertically moves in
      connection with the vertical movement of the plane scarfing machine. As
      for the other operation procedure of side scarfing, refer to that of the
      plane scarfing.
PAR  An embodiment of the consumable electrode pipe of the present invention is
      shown in FIG. 9 a, b and c. The electrode pipe shown in FIG. 9 a is thin
      pipe 101 made of mild steel with six threads of core wire 102 distributed
      along the inner circumference thereof. The electrode pipe shown in FIG. 9
      b is thin pipe 101 with a plurality of hallow core pipes inserted therein.
      The electrode pipe shown in FIG. 9 c is a thin pipe 101 with one piece of
      electrode rod 104 inserted therein. Any one of the abovementioned
      electrode pipes should have such construction to allow free passage of
      oxygen.
PAR  As for the scarfing machine shown in these figures, it is so constructed to
      move itself, but, according to the present invention, it is also possible
      that the scarfing machine may be fixed, and the slab be moved by
      appropriate transportation means, hence there will still be relative
      movement between the scarfing machine and the to-be-scarfed material
      (slab). As for the consumable electrode pipe, it may be made long and fed
      by reel or otherwise, as well as made into straight rods of set lengths.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the method of scarfing surface defects of to-be-surfaced metal
      material as said material is moving relative to the scarfing machine with
      scarfing nozzles, the improvement, which comprises a step of supplying
      oxygen into a consumable electrode pipe so provided as to be directed to a
      scarfing point detected on the surface of said to-be-scarfed metal
      material for jetting the oxygen from the tip of said electrode pipe; a
      step of lowering said electrode pipe until its tip contacts said metal
      material; a step of heating rapidly the contacting portion, respectively,
      of said electrode pipe and of said metal material with electrical energy
      and heat of oxidation so that the temperature of such portion may rise to
      the scarfing start temperatue; and a step of initiating the scarfing
      process instantaneously from such temperature rising portion with the
      oxygen jetted from said scarfing nozzles.
NUM  2.
PAR  2. The method claimed in claim 1, wherein the distance between the scarfing
      nozzles and the to-be-scarfed metal material is 5 - 10 mm.
NUM  3.
PAR  3. The method claim in claim 1, wherein the consumable electrode pipe is
      slanted against the to-be-scarfed metal material at an angle between
      30.degree. and 90.degree..
NUM  4.
PAR  4. The method claimed in claim 1, wherein DC current is supplied to the
      consumable electrode pipe.
NUM  5.
PAR  5. The method claimed, in claim 1, wherein during the contact between the
      electrode pipe and the to-be-scarfed metal material, the feeding speed of
      the electrode pipe is maintained at a certain level before arc production
      between said electrode pipe and said to-be-scarfed metal material; and is
      lowered at the time of arc production after Joule heating.
NUM  6.
PAR  6. The method claimed in claim 5, wherein the feeding speed of the
      electrode pipe is controlled by means of a feeding program positioner of
      electrode pipe, an arc-voltage setting device, a DC source, an electrode
      controller and a motor controlling circuit.
NUM  7.
PAR  7. The method claimed in claim 1, wherein one or more pieces of core wire
      are used in a thin pipe used as the electrode pipe.
NUM  8.
PAR  8. In the method of scarfing defects on the side surface of the
      to-be-scarfed metal material as said material is moving relative to the
      scarfing machine with scarfing nozzles, the improvement, which comprises a
      step of supplying oxygen into the consumable electrode pipe so provided as
      to be directed to a scarfing point detected on the side surface of said
      to-be-scarfed metal material for jetting the oxygen from tip of said
      electrode pipe; a step of feeding said electrode pipe toward the scarfing
      point until its tip contacts the side surface of said metal material; a
      step of heating rapidly the contacting portion, respectively, of said
      electrode pipe and of said metal material with electrical energy and heat
      of oxidation so that the temperature of such portion may rise to the
      scarfing start temperature; and a step of initiating the scarfing process
      instantaneously from such temperature rising portion with the oxygen
      jetted from said scarfing nozzles.
NUM  9.
PAR  9. An apparatus for scarfing surface defects of to-be-scarfed metal
      material, with movable scarfing nozzles for jetting oxygen toward a
      scarfing point on the surface of the to-be-scarfed metal material, which
      comprises the consumable electrode pipe provided opposite to said scarfing
      nozzles so as to be directed to a scarfing point on said to-be-scarfed
      metal material; an electrode pipe feeding device for feeding its supported
      consumable electrode pipe to the scarfing point and taking it up; and an
      oxygen supplying device connected with the upper part of said electrode
      pipe feeding device for supplying oxygen into said electrode pipe.
NUM  10.
PAR  10. The apparatus claimed in claim 8, wherein plural pieces of electrode
      pipe are accomodated in the electrode pipe feeding device, and each of
      said pieces of electrode pipe is connected with the respective electrode
      pipe casing for sending it to said electrode pipe feeding device.
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ABST
PAL  An improvement in a process for preparing a structural steel having a
      maximum carbon content of 0.26 weight percent, the balance comprising
      iron, wherein the steel is continuously heated with the use of rapid
      heating, followed by quenching, the improvement comprising heating the
      steel only in its shell to a temperature between A.sub.cl and
      1,300.degree.C such that the core heats up at an average rate of at least
      100.degree.C/sec. up to a temperature between incipient pearlite
      transformation (A.sub.cl) and 900.degree.C, and thereafter, but prior to
      the attainment of equilibrium with respect to the carbon content,
      quenching said steel.
BSUM
PAR  The invention relates to a continuous heat treating process for low-carbon
      structural steels in bar form (maximum 0.26 C, balance iron and the
      accompanying elements commonly used with structural steels in general) for
      the improvement of the mechanical characteristics thereof (strength,
      elongation, or ratio of strength to elongation) using a high-speed heating
      process followed by quenching.
PAR  The induction process is especially suitable for the high-speed heating.
      The bases for this process pertain to the state of the art and are
      described in conjunction with examples of its application in "Grundlagen
      der induktiven Erwarmung" (Das Industrieblatt, Stuttgart, Apr. 1960, pp.
      204-210). The best known application is the induction hardening of
      surfaces. In this process, high-carbon (hardenable, or hardenable and
      temperable) steels are briefly skin-heated and then quenched. As it is
      furthermore apparent from the literature, however, it is also possible by
      means of induction to achieve a very uniform heating all through a
      work-piece (heating for forging).
PAR  We shall now consider known processes which use rapid heating by means of
      induction.
PAR  German Pat. No. 879,111 discloses a method for electroinductively tempering
      a steel which has preferably been hardened from the hot-rolling heat.
PAR  An annealing treatment is disclosed in Austrian Pat. No. 173,474 in which a
      steel wire is completely austenitized by the heating, quenched, and then
      tempered in a special manner.
PAR  The applications mentioned above have had to do with high-carbon,
      non-weldable steels, especially annealing steels.
PAR  It is also in the state of the art, however, according to Austrian Pat. No.
      281,089, to treat steels which are actually non-hardening (0.10 to 0.23%
      C) by means of gas-oxygen burners or electrical heating devices followed
      by a water spray in a feed-through process. This process results in an
      appreciable increase in the strength characteristics. Differences in
      hardness between the surface and the core are compensated in the
      subsequent tempering process, depending on the required strength, so that
      one might correctly consider it to be a full annealing process.
PAR  In laboratory experiments a heat treating process has also been performed
      on a low-carbon steel wire, the steel wire being then subjected to further
      forming operations in the cold state. By this process steel wires from 8
      down to 2 mm in diameter have been inductively heated to high temperatures
      and then rapidly quenched from the austenite region by means of water,
      whereupon martensite was formed. As the quenching temperature increased,
      the tensile strength was found to increase while the elongation
      characteristics were not as good. Evidently these experiments have not led
      to an industrial process.
PAR  In the heat treatment of concrete reinforcing steel, the use of rapid
      heating followed by quenching has additionally been published in the
      following connection:
PAR  According to Evangulova E. P. and Golovin G. F. ("Oberflachenhartung von
      Betonstahl"; Taschenbuch fuer Mitarbeiter des
      Allunionsforschungs-Institutes fuer Hochfrequenztechnik, "Maschinebau,"
      Moscow-Leningrad (1965), Part 6, pp. 92-100), a reinforcing bar of 32 mm
      diameter (0.26% C, 0.55% Mn), in the rolled condition, is rapidly skin
      heated to 970 to 980.degree.C, then quenched, and then re-annealed at a
      temperature of 500 to 530.degree.C. Measurements have shown that the core
      heated up to a temperature of 600.degree. to 650.degree.C. It is further
      stated that the bars cannot be used after the surface hardening unless
      they are re-annealed, because the elongation is too low.
PAR  Lastly, there is German "Auslegeschrift" 1,246,002 according to which a
      concrete reinforcing steel in the rolled condition may be subjected to an
      inductive heat treatment in cross-sectional portions near the surface to a
      temperature between 600.degree. and 1,050.degree.C This is followed by
      quenching and then cold working by twisting, stretching or the like.
PAR  In the two last-named publications, the principle of rapid heating followed
      by quenching represents a part of the essential procedure that must be
      followed.
PAR  The invention addressed itself to the problem of devising a method of heat
      treating low-carbon steels which would bring about an increase of strength
      along with good elongation characteristics. The preferred minimum values
      which are to be achieved by the heat treating process of the invention
      will be stated hereinafter, because only a steel having very good or at
      least satisfactory elongation values can be used if increasingly stringent
      requirements are to be met, since only such as steel is sufficiently
      reliable.
DETD
PAR  The problem is solved by the invention in that only the "skin" of the steel
      is heated to a temperature between Ac.sub.1 and 1300.degree.C in such a
      manner that the core, on the average, heats up at a rate of at least
      100.degree.C/sec, preferably 300.degree.C/sec, to a temperature between
      incipient pearlite transformation (Ac.sub.1) and 900.degree.C, quenching
      being performed before equilibrium is reached in regard to the carbon
      content. The clearest idea of the temperature range selected for the
      quenching can be obtained by studying FIG. 1, which will be described
      later.
PAR  Preferably the core is heated at about 700.degree.C/sec in the center.
PAR  It is especially advantageous to quench at the moment in which the core
      temperature and the skin temperature are equal (t = t.sub.2 in FIG. 1).
PAR  Preferably, the total amount of time from the crossing of the Ac.sub.1
      point to the beginning of the quenching will be no more than 5 seconds.
PAR  Special advantages are achieved when the elapsed time between the crossing
      of the pearlite line in the core and the commencement of quenching on the
      surface amounts to a maximum of 1.5 seconds, and especially less than 1
      second. Good results can also be achieved if it is even less than 0.5
      second. The first crossing of the pearlite line refers to the first
      transformation of any part of the structure in the core, that is, not the
      entire structure. The time at which this occurs can easily be determined
      by means of microscopic studies.
PAR  Preferably the quenching is performed by projecting or spraying water on
      the steel at a pressure of at least 2 atmospheres.
PAR  Advantages are achieved, especially economic advantages, if the steel is
      preheated, prior to the heat treatment, to temperatures of a maximum below
      Ac.sub.1. It is desirable that this preheating be limited to the upper
      crystal recovery range. This upper crystal recovery range is to amount to
      a maximum of about 550.degree.C for the low-carbon steels which we are
      concerned with here. No structure changes (recrystallization) are to take
      place in this range. It is especially advantageous to preheat the steel
      continuously by induction, with great penetration depth. By great
      penetration depth is meant that, in the case of small bar dimensions, such
      as 6 mm diameter, more than 90% of the bar cross section is primarily
      reheated, while the remainder of the bar cross section is preheated by the
      conduction of heat to the core. In the case of commonly used sizes, such
      as 12 to 16 mm diameter, great depth of penetration is considered to mean
      that at least 60% of the bar cross section is primarily preheated. In
      practice it is desirable to install a medium frequency induction neater
      ahead of the high frequency induction system serving for the rapid
      heating.
PAR  It is especially advantageous, in the process of the invention for
      improving the strength characteristics (.sigma..sub.B, .sigma..sub.S)
      while nevertheless providing very good elongation characteristics, to
      produce in the core a temperature of at least Ac.sub.1 at a skin surface
      temperature of up to 1,000.degree.C (see FIG. 1), the quenching reducing
      the temperature from that point at a cooling rate (average) of at least
      800.degree.C per second. The average cooling speed which we have given
      relates to the period of time within which the surface is quenched down to
      a temperature below, say, 150.degree.C. At the beginning of the quench the
      figure is appreciably higher. At the beginning of the quench the cooling
      rates are around 1200.degree.1,200.degree.to 1,700.degree.C per second.
PAR  Preferably, within the temperature equalization range for the time t =
      t.sub.2 (the time at which the core temperature and the skin surface
      temperature are equal), a temperature of 750.degree. to 850.degree.C is
      brought about, the quenching being performed from that temperature.
PAR  Water is the preferred quenching agent and is applied to the bar surface at
      a pressure of up to 12 atmospheres. Especially preferred is a water flow
      of between 6 and 30 liters per kilogram of steel. The term "kilogram of
      steel" corresponds to the quantity of bar steel fed into the quenching
      zone. A water pressure between 3 and 7 atmospheres is especially
      preferred. The moment in which the skin surface temperature drops below
      650.degree.C (t = t.sub.3 in FIG. 1) may be considered as the latest
      moment at which the quenching is to be performed.
PAR  It is advantageous to perform a slight cold working operation--equivalent
      to a straightening operation--after the quench, for certain applications.
PAR  For other purposes, especially the improvement of the elastic limit (as
      well as the creep limit) it is advantageous after the quenching to perform
      a heat treatment at temperatures between 100.degree. and 380.degree.C,
      preferably around 340.degree.C, particularly within holding times in which
      the elastic limit increases sharply (e.g., a holding time of 20 to 30
      minutes).
PAR  Preferably, the process of the invention is applied to a bar having a
      structure which consists of more than 50% of pre-eutectic ferrite,
      especially a bar material that has cooled down in air after the hot
      rolling process.
PAR  In regard to the alloy content, the process of the invention is applied
      preferably to unalloyed steels with a carbon content between 0.06 and
      0.26%, especially 0.12 and 0.22%, with the customary contents of manganese
      and silicon. It is advantageous for the silicon content to amount to no
      more than 0.5% and the manganese content to no more than 0.8%.
PAR  Good results, however, are also produced with steels whose manganese
      content has been increased to as much as 1.8%.
PAR  The total alloying element content should not exceed 3%, the balance being
      iron and carbon plus accompanying elements (impurities) in known amounts
      determined by manufacturing requirements.
PAR  The process of the invention is advantageously applied to bars of a
      diameter of 4 to 36 mm, especially 6 to 16 mm.
PAR  Particularly good results have been achieved in the application of the
      process to bar material that is 20 to 70%, especially 30 to 50%,
      cold-formed.
PAR  In the case of bar material made from concrete reinforcing steel, the
      steels treated in accordance with the invention are suitable especially
      for prestressed or non-stressed reinforcement, preferably for welded
      structural steel meshes.
PAR  It is to be noted that the above-described holding points A are changed by
      the alloying elements. For example, with regard to the Ac.sub.1 point, for
      each percent of manganese content, this holding point is lowered by about
      15.degree.C.
PAR  The special advantage of the process of the invention is that very good
      elongation characteristics are retained in combination with a decided
      improvement of the strength characteristics.
PAR  First a number of terms used in the specification and in the claims are to
      be defined:
PAR  "Bar form." By this is meant dimensions which always have substantially the
      same cross-sectional area perpendicularly to their long axis, but also and
      especially dimensions which also have a uniform surface contour.
PAR  "Skin" or "shell" of the bar. This means the stratum located outside of the
      core area of the bar.
PAR  As it will appear from the following paragraph, the thickness of the shell
      or skin, that is, especially the volume of the shell in relation to the
      volume of the core, is determined by the desired core temperature.
      Technically, the thickness of the desired shell is determined in the
      induction heating process by the frequency. The lower the frequency is,
      the greater will be the thickness of the shell. The amount of heat that is
      transferred is regulated by the size of the coil and the power density.
      The higher the power density is made, the faster and hotter the shell is
      heated. The desired temperature is thus produced in the shell by properly
      selecting the frequency and adjusting the rate of feed of the bar to the
      coil size and power density (time of stay of the bar in the induction
      zone. The adjustment of the required power density to the shell volume to
      core volume ratio is performed on the basis of the temperature desired
      within the temperature range in which the quenching is to be performed
      (temperature equalization range).
PAR  For easier comprehension, see FIG. 1 in this regard. In FIG. 1 the
      time-temperature curve of an induction heating system not followed by
      quenching with water is represented diagrammatically (cooling in the air
      by radiation). The diagrammatic representation corresponds approximately
      to the temperature distribution in a wire 8 mm in diameter which has been
      heated primarily, on the basis of a certain frequency, within a shell or
      skin approximately 0.8 mm thick. As FIG. 1 indicates, even during the time
      of stay inside of the induction coil, a slight amount of heat flow toward
      the core takes place. In the example shown, most of the heat flow from the
      hot shell to the relatively cold core takes place after the wire leaves
      the induction coil (T.sub.OS in FIG. 1). This equalization over the bar
      cross section with the passage of time comes is what is meant by the
      temperature equalization range. To achieve the effects in accordance with
      the invention, the water quench that follows must be performed within this
      interval of time or temperature equalization range.
PAR  The diagram represented in FIG. 1 shows the temperature distribution
      simulated by computer, without the subsequent water quench, only the
      earliest and latest times within which the water quenching is to be
      performed being indicated.
PAR  To comply with the lower time limit (abscissa t.sub.1) it is necessary that
      the core temperature be above T.sub.1K. To comply with the upper time
      limit (abscissa t.sub.3), the shell surface temperature may not drop below
      T.sub.3S. The temperatures given in the claims and in the examples give
      the marginal conditions (temperatures of the shell surface and of the
      core).
PAR  It will be apparent that, in view of the extraordinarily rapid heating and
      cooling, the differential temperatures, i.e., the temperatures to be
      measured between shell and core, may differ from these; for example, they
      may be higher at the moment when t = t.sub.2.
PAR  The process of the invention, however, represents a clear teaching in
      stating the marginal conditions. The quenching is to be performed within
      the following lapse of time: at the bottom time limit t = t.sub.1 the core
      temperature (t.sub.1 k) is to be at the incipient pearlite transformation
      point (Ac.sub.1), and this time is defined as the time at which any part
      of the core which has undergone the transformation
      (.alpha.-.gamma.-.alpha.) can be detected. For the upper time limit t =
      t.sub.3 it has been stated that the quenching is performed within the
      prescribed temperature ranage (Ac.sub.1 to 900.degree.C) prior to the
      establishment of equilibrium in regard to the carbon content. As it will
      be explained later on, the conditions are to be made such that, in the
      case of austenitization, no complete equalization of the diffusion of the
      carbon content must have taken place in the heated material.
PAR  In the following out the teachings given by the invention the technical man
      must also consider the following points:
PAR  Between the surface temperature and core temperature curves which can be
      simulated by means of computers and the actual temperature curves produced
      in practice a discrepancy might be brought about by failing to make
      allowance in the computer program for the radiation losses from the
      surface to the atmosphere after leaving the induction coil. On the other
      hand, the simplest thing for the technical man, in actual practice, is to
      determine the surface temperature by means of an optical pyrometer. It is
      for this reason that the temperatures given in the claims and in the
      specification refer to measured pyrometer temperatures (shell surface).
      With regard to the upper time limit in the temperature equalization range
      (abscissa t.sub.3) it is to be noted that this temperature is not
      preferred in the practical performance of the process, but that this datum
      is intended only to define the upper time limit for the water quenching in
      the process of the invention. In accordance with the process of the
      invention it will be preferable to select as the quenching time within the
      given temperature equalization range the moment in which the rising core
      temperature and the falling surface temperature intersect (t = t.sub.2 in
      FIG. 1).
PAR  The range of time within which this intersection occurs can easily be
      determined in practice by pyrometer readings, because after the
      equalization of the temperature towards the core has taken place the
      temperature drop that is measurable at the surface of the shell takes
      place much more slowly than before, because the loss of heat is then
      brought about only by radiation to the atmosphere.
PAR  A detailed explanation will now be given, with the aid of examples.
PAC  EXAMPLES
PAR  In accordance with the teaching of the invention, the shell is heated to a
      temperature between Ac.sub.1 and 1,300.degree.C in such a manner that the
      core heats up at an average of at least 100.degree.C/sec, preferably at
      least 300.degree.C/sec, to a temperature between Ac.sub.1 and
      900.degree.C, the quenching being performed before an equilibrium is
      reached in regard to the carbon content.
PAR  As it will be apparent from the following examples, a core temperature of
      750.degree.C (and 850.degree.C, respectively) is preferred. From the
      preferred warming speed averaging 300.degree.C/sec and the core
      temperature of 750.degree.C it is calculated that 2.5 seconds (2.8) elapse
      between entrance into the coil and the time of the water quench. Setting
      out from the above-given marginal conditions and a bar diameter of 8 mm,
      it can be calculated that, for a time of stay of 1.3 seconds in the coil,
      a frequency of 485 kHz is required and a power density within the area of
      800 to 1,200 watts per square centimeter.
PAR  If use is made of the preferred method of performing the heat treatment of
      the invention on a preheated bar, the warm up time is shorter in
      accordance with the initial temperature to which the bar has been
      preheated. Thus, if the bar is preheated to 550.degree.C and a core
      temperature of 750.degree.C is desired, only 0.66 sec will elapse from the
      entrance of the material into the high-frequency coil to the start of the
      quench, at a warm-up rate of about 300.degree.C/sec. To maintain this
      warm-up rate it is necessary to heat the shell in the high-frequency coil
      to a corresponding high temperature, without reaching the time when t =
      t.sub.2 in the temperature equalization range after this brief period of
      time.
PAR  In the practical performance of the process, this time (temperature) can be
      achieved in a variety of ways for a particular bar diameter by the
      coordination of the feed speed, the frequency and the power density within
      the limits prescribed in the claims.
PAR  For example, a very thin shell (in relation to the core volume) can be
      heated to a very high temperature in the coil (far above Ac.sub.3) or even
      a very thick shell can be heated to a temperature not very far (50.degree.
      to 200.degree.C) from the temperature prevailing at the time t.sub.2 (see
      FIG. 1).
PAR  Hereinbelow are given a number of embodiments which are reflected in detail
      in Tables 1, 2 and 3.
PAR  In the tables, for a specified bar section and the stated analysis, the
      changes are listed which are brought about in the mechanical
      characteristics of the material by the heat treatment of the invention.
PAR  The quenching was performed in all cases at the preferred time when t =
      t.sub.2. The value designated as A is the mechanical value for the
      starting material (hot rolled state; room temperature).
PAR  The numeral I designates the range of a weaker cooling, action (3 to 5
      atmospheres and II designates the area of a more intense chiling (7 to 12
      atmospheres) (coolant water).
PAR  The following technical data apply to Table 1:
TBL  Starting condition A                                                      

                       hot-rolled, room temperature                            

     Analysis:                                                                 

     0.16% C. 0.9% Si. 0.52% Mn                                                

                       Balance iron and the usual                              

                       accompanying elements                                   

     Diameter          6 mm                                                    

     Time of stay in the coil                                                  

                       1 sec                                                   

     Frequency         485 kHz                                                 

     Total time up to start of                                                 

     the quench        2 sec                                                   

     Quench intensity                                                          

     (Water) I         4 atmospheres gauge, 8 liters                           

                       per kg of steel                                         

     (Water) II        8 atmospheres gauge, 26 liters                          

                       per kg of steel                                         

     Time of stay in the quenching                                             

     area              0.5 sec.                                                

PAR  As Table 1 shows, at the equalization temperatures (t = t.sub.2) of
      750.degree., 800.degree. and 850.degree.C a great increase in the strength
      characteristics is achieved while the elongation characteristics are still
      very good; for example, at an equalization temperature of 800.degree.C,
      the heat treatment of the invention results in a steel with a tensile
      strength of 75.5 kg/mm.sup.2 and an elongation (.delta..sub.10) of 12.1%.
      Appreciably better tensile strength values are achieved at a slightly
      higher carbon content and manganese content, as shown, for example, in
      Table 3 in the case of rolled bars 12 mm in diameter. There, at an
      equalization temperature of 800 .degree.C and quenching rate II a tensile
      strength of .degree.93.0 kg/mm.sup.2 is achieved at an elongation
      (.delta..sub.10) of 11%. This steel had a Vicker's hardness of 359 at the
      ede and a Vicker's hardness of 300 kg/mm.sup.2 in the core. These Vicker's
      hardnesses are averages and are of only limited significance, because
      especially at very low austenitization temperatures and very short
      austenitization times a very heterogeneous structure is formed both as
      regards the overall cross section and as regards the individual
      crystallites.
PAR  As shown in Table 1, when there is a great increase in the tensile strength
      there is also an increase in the Vicker's hardness at the periphery of the
      steel bar and in the core of the steel bar. The Vicker's hardness values
      given are averages of 8 individual measurements.
PAL  The individual values for a mean value can fluctuate to such an extent that
      the maximum value is more than twice the minimum value.
PAL  With the process according to the invention preferably the following
      minimum material characteristics can be obtained:
TBL  Tensile strength .sigma..sub.B                                            

                        = 70 kg/mm.sup.2                                       

                                   and higher,                                 

     at an elongation .delta..sub.10                                           

                        = 11.0 %   and higher,                                 

     and a proportional elastic                                                

     limit (Gleichmassdehnung) .delta..sub.g of                                

                          5.0 %    and higher.                                 

PAL  For further distinction of the process according to the invention, the
      following results are set forth, which can be obtained by employing the
      preferred process requirements:
PAL  According to the preferred teaching, for the period t = t.sub.2 according
      to FIG. 1 a temperature of 750 to 850.degree.C is brought about. In
      detail, the following values are particularly important:
TBL  Starting condition:                                                       

     Bar       Diameter  % C       % Mn    % Si                                

     ______________________________________                                    

     1         6 mm      0.10      0.61    0.16                                

     2         8 mm      0.21      0.70    0.17                                

     Material characteristics                                                  

     Starting condition                                                        

                     Temperature at t=t.sub.2                                  

     (36% cold-rolled)                                                         

                     according to FIG. 1                                       

                         750.degree.C                                          

                                   800.degree.C                                

                                           850.degree.C                        

     ______________________________________                                    

     .sigma..sub.B kg mm.sup.2                                                 

               64.0      80.0      85.0    113.0                               

     .sigma..sub.S kg mm.sup.2                                                 

               56.0      45.0      56.0    93.0                                

     Bar 1                                                                     

       .delta..sub.10 (%)                                                      

               10.2      9.5       10.0    8.2                                 

       .delta..sub.g (%)                                                       

               3.0       6.7       5.2     4.1                                 

     Bar 2                                                                     

       .sigma..sub.B kg/mm.sup.2                                               

               72.0      78.0      116.0   132.0                               

       .sigma..sub.S kg/mm.sup.2                                               

               65.0      56.0      88.0    110.0                               

       .delta..sub.10 (%)                                                      

               6.9       8.3       8.5     8.0                                 

       .delta..sub.g (%)                                                       

               2.9       7.3       5.2     5.0                                 

     ______________________________________                                    

PAL  The high-speed heating process was above 300.degree.C/s and the quenching
      time in the water shower was about 1 second. Within the framework of the
      above-named carbon contents, the following minimum values regarding the
      preferred process conditions are, therefore, particularly pointed out:
PA1  a tensile strength .sigma..sub.B of 90 kg/mm.sup.2 and higher,
PA1  at an elastic limit of .sigma..sub.S = 70 kg/mm.sup.2 and higher,
PA1  at an elongation (%).delta..sub.10 of 8% and higher,
PA1  and a proportional elastic limit ("Gleichmassdehnung").delta..sub.g of 4%
      and higher.
PAR  The technical considerations set forth above lead to the general idea that
      processes are involved in which inhomogeneities of the crystal structure
      play an important role. In the hypoeutectoid steels which have been
      treated, a segregation takes place during the cooling, as we know, owing
      to the gamma-alpha two-phase region--along the line GOS in the iron-iron
      carbide equilibrium diagram. At the same time a pre-eutectoid ferrite
      precipitation takes place corresponding to the line GP. The remaining
      austenite becomes enriched with carbon to the pearlite point S and, when
      the pearlite line is reached, is transformed to pearlite.
PAR  With rapid heating in accordance with the invention, and the short time
      periods in the austenitization temperature range, a structural state is
      brought about in which a complete equalization of the carbon within the
      structure has not taken place.
PAR  Conditions may be so controlled that only the pearlite is transformed to
      austenite. Additionally, however, a transformation of ferrite to austenite
      can be permitted provided that this austenite remains poorer in carbon
      than an austenite corresponding to the state of equilibrium after complete
      equalization of the diffusion.
PAR  The quenching that is provided for by the invention transforms the more
      carbon rich portion of the structure to a component of greater strength,
      martensite usually occurring only in very small amounts.
PAR  This results in a differentiated structure which is probably also entitled
      to some credit for the desirable mechanical characteristics of the
      material, especially the outstanding combination of strength and
      elongation. It is from this general invention idea, therefore, that the
      teaching of the invention is arrived at.
PAR  A low-carbon structural steel of the abovedescribed kind, which has a
      crystallinely heterogeneous starting structure (alpha and pearlite),
      derived, for example, from the hot forming process by which it was made,
      is heated at a fast rate through the temperature region above the pearlite
      line. The rate of temperature rise and the final temperature are so
      selected that the pearlite and, in some cases, pre-eutectic ferrite are
      substantially transformed to austenite, but in order to prevent the
      establishment of equilibrium with regard to the carbon content, the
      material is quenched before this can take place.
PAR  Photomicrographs of the bars treated by the process of the invention show,
      in a typical structural form, ferrite centers which are relatively poor in
      carbon and which are surrounded by a broad network of troostite and, in
      the case of more rapid quenching rates, also by intermediate stage
      structures.
PAR  In the case of longer holding times (e.g., 10 seconds) and sufficiently
      high austenitization temperatures, however, these clearly defined
      boundaries between the ferrite center. and the surrounding network become
      less distinct.
PAR  The bar is to be virtually free of martensite over its entire cross
      section. Small amounts of martensite, however, are permitted in the
      peripheral area of the bar. By small amounts of martensite are meant
      martensite contents of less then 5%.
PAR  If the heat treatment in accordance with the invention is followed by the
      heat treatment at 340.degree.C for 30 minutes, increases of the elastic
      limit of up to 50% are achieved, e.g., from 51 kg/mm.sup.2 to 76
      kg/mm.sup.2 in the case of the steel in Table 3 (II 850.degree.C). The
      yield point remains the same while the tensile strength diminishes
      slightly. The reduction at rupture is roughly similar to the elastic limit
      in its variation.
PAR  If there is a change in the carbon content within the stated limits, it
      becomes necessary, in order to sustain the optimum conditions, to make the
      core temperature higher within the claimed equalization range when the
      carbon content falls lower than in the examples, and vice-versa. The
      temperature in the rapidly heated shell is to be adapted to the desired
      higher or lower core temperature.
PAR  A description will now be given of FIG. 2, in which a preferred apparatus
      for the performance of the process of the invention is represented
      diagrammatically.
PAR  The numeral 1 identifies the bar, 2 the medium-frequency system serving for
      the preheating, 3 the high-frequency system used for the rapid heating,
      and 4 the water jet serving for the quenching. The preheating range can be
      limited by the stated minimum heating speed for the core.
PAR  This special advantages of the concrete reinforcing bars prepared in
      accordance with the invention lie in the fact that with bars of good
      elongation characteristics, due to the high proportion of equidimensional
      elongation structures having slack [= non-prestressed] reinforcement are
      given a much greater reliability, while the high-strength bars are
      especially suitable for prestressed reinforcement.
PAR  It is also important that, especially in the case of the low-carbon steels,
      the material characteristics achieved by the invention are not impaired by
      spot welding, for example.
PAR  The tests were performed at the welded crossing of a welded structural
      steel mesh. The test for the minimum shearing force (S =  0.3 .times. 0.2
      .times.  cross-sectional area of the starting bar) resulted in the
      required minimum values.
PAR  Mechanical characteristics that are in any way comparable with the subject
      of the invention can be achieved on the basis of the state of the art only
      in heat-treatable steels on the basis of appropriate alloying and an
      expensive heat-treating process, and it must be considered that these
      heat-treatable steels, suing to their higher carbon content, are not
      weldable.
TBL                TABLE 1                                                     

     ______________________________________                                    

     Starting condition A; hot-rolled; room temp.; 6 mm Diameter               

     Analysis 0.16% C; 0.09% Si; 0.52% Mn                                      

                           Balance iron and the                                

                           customary contents                                  

     ______________________________________                                    

     T      .sigma..sub.S                                                      

                    .sigma..sub.B                                              

                            .delta..sub.10                                     

                                  .delta..sub.g                                

                                       Vicker's hardness HV                    

     t = t.sub.2                       edge     core                           

     ______________________________________                                    

     .degree.C                                                                 

            kp mm.sup.2                                                        

                    kp mm.sup.2                                                

                            %     %                                            

     A      27.5    42.7    33.5  21.7 181      172                            

      I 700 44.5    48.1    26.3  15.0 195      170                            

      I 750 45.2    69.0    13.3  8.8  255      262                            

     II 800 51.5    75.5    12.1  6.2  234      256                            

     II 850 56.5    77.0    11.6  6.0  314      320                            

      I slight cooling intensity (quenching rate)                              

     II strong cooling intensity (quenching rate)                              

     ______________________________________                                    

TBL                TABLE 2                                                     

     ______________________________________                                    

     Starting condition A; hot-rolled; room temp; 8 mm Diameter                

     Analysis:(0.16% C; 0.16% Si; 0.70% Mn;)                                   

                            balance iron and the                               

                            customary contents                                 

     ______________________________________                                    

     .degree.C                                                                 

              .sigma..sub.S                                                    

                         .sigma..sub.B                                         

                                   .delta..sub.10                              

                                            .delta..sub.g                      

     t = t.sub.2                                                               

              kp/mm.sup.2                                                      

                         kp/mm.sup.2                                           

                                   %        %                                  

     A        34         48        27.7     15.0                               

     I 750    42         70        15.2     10.0                               

     I 800    53.5       77        13       7.0                                

     I 850    69         87        10       5.4                                

     ______________________________________                                    

TBL                TABLE 3                                                     

     ______________________________________                                    

     Starting condition A; hot-rolled; room temp; 12 mm diameter               

     Analysis: 0.17% C; 16% Si; 0.63% Mn;                                      

                           Balance iron and the                                

                           customary contents                                  

     ______________________________________                                    

     T        .sigma..sub.S                                                    

                        .sigma..sub.B                                          

                                  .delta..sub.10                               

                                        .delta..sub.g                          

     t = t.sub.2                                                               

     ______________________________________                                    

     .degree.C                                                                 

              kp mm.sup.2                                                      

                        kp mm.sup.2                                            

                                  %     %                                      

     A        25.2      44.0      32.6  22.0                                   

      I 700   40.5      57.5      20.0  13.8                                   

      I 750   39.2      58.2      19.0  15.0                                   

      I 800   49.5      71.5      14.8  9.5                                    

     II 800   51.5      93.0      11.0  5.0                                    

     II 850   78.0      103.0      9.4  4.5                                    

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for preparing a structural steel in which the steel is
      rapidly heated and thereafter quenched, said steel having a maximum carbon
      content of 0.26 weight percent, the balance comprising iron, the
      improvement which comprises heating said steel only in its shell to a
      temperature between its incipient pearlite transformation and
      1300.degree.C such that its core heats up at an average rate of at least
      100.degree.C/sec. to a temperature between the incipient pearlite
      transformation and 900.degree.C and commencing quenching in less than 5
      seconds from passing the incipient pearlite transformation point, and
      performing the quenching operation prior to the attainment of equilibrium
      with respect to the carbon content and effecting said quenching prior to
      reduction of the shell surface temperature to a value below 650.degree.C,
      so that the more carbon rich portions are transformed to a substantially
      martensite free structure throughout the transverse cross-section thereof.
NUM  2.
PAR  2. A process according to claim 1 wherein said steel is heated such that
      its core heats up at an average rate of at least 300.degree.C/sec.
NUM  3.
PAR  3. A process according to claim 2 wherein the quenching is initiated at the
      moment in which the rising core temperature is equal to the falling shell
      surface temperature.
NUM  4.
PAR  4. A process according to claim 2 wherein the time of stay from the first
      passing of the incipient pearlite transformation point in the core to the
      beginning of the quenching amounts to no more than 1.5 seconds.
NUM  5.
PAR  5. A process according to claim 1 wherein the quenching is performed by
      projecting or spraying water onto said steel, said water under a pressure
      of at least 2 atmospheres.
NUM  6.
PAR  6. A process according to claim 1 wherein a temperature is produced in the
      core of said steel of at least the incipient pearlite transformation point
      at a shell surface temperature of up to 1,000.degree.C and thereafter the
      steel is quenched at an average cooling rate of at least 800.degree.C/sec.
NUM  7.
PAR  7. A process according to claim 1 wherein the steel is straightened after
      quenching.
NUM  8.
PAR  8. A process according to claim 1 wherein after quenching the steel is
      subjected to a heat treatment performed at temperatures between
      100.degree. and 380.degree. C for a period of time sufficient to increase
      the elastic limit of the steel.
NUM  9.
PAR  9. A process according to claim 8 wherein the temperature is about
      340.degree. C and the steel is maintained at such temperature for a period
      of time between 20 and 30 minutes.
NUM  10.
PAR  10. A process according to claim 1 wherein the steel is in the form of a
      bar consisting of at least 50% pre-eutectic ferrite.
NUM  11.
PAR  11. A process according to claim 1 wherein the steel is an unalloyed steel
      having a carbon content between 0.06 and 0.20 and containing quantities of
      manganese and silicon.
NUM  12.
PAR  12. A process according to claim 11 wherein the unalloyed steel contains
      carbon in an amount between o.12 and o.22 weight percent.
NUM  13.
PAR  13. A process according to claim 1 wherein the steel contains manganese
      present in an amount not greater than 1.8 weight percent.
NUM  14.
PAR  14. A process according to claim 1 wherein the steel treated is in the form
      of a bar.
NUM  15.
PAR  15. A process according to claim 14 wherein the bar has a diameter of
      between 4 and 36 millimeters.
NUM  16.
PAR  16. A process according to claim 15 wherein the bar has a diameter between
      6 and 16 millimeters.
NUM  17.
PAR  17. A process according to claim 1 wherein the steel comprises between 20
      and 70 % cold shaped bar material.
NUM  18.
PAR  18. A process according to claim 17 wherein the amount of cold shaped bar
      material is between 30 and 50 %.
NUM  19.
PAR  19. A process according to claim 1, wherein the more carbon rich portions
      are transformed into troostite.
NUM  20.
PAR  20. A process as claimed in claim 3, wherein the temperature is selected
      between 750.degree. and 850.degree.C.
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ABST
PAL  A method of producing a permanent magnet composite with substantially
      predetermined magnetic properties and geometry. A number of premagnetized
      modules of substantially the same size and having substantially the same
      properties are joined in contact together to produce the permanent magnet
      composite. Each premagnetized module is characterized by an intrinsic
      coercive force H.sub.ci significantly higher than its ordinary coercive
      force H.sub.c, and is magnetized along its easy axis of magnetization.
PARN
PAR  This is a continuation of application Ser. No. 437,311, filed Jan. 28,
      1974, now abandoned.
BSUM
PAR  The present invention relates to the art of producing permanent magnets.
      More particularly, it relates to producing a permanent magnet composite
      with substantially predetermined magnetic properties and geometry.
PAR  When a magnetic field is applied to a permanent magnet material, a
      magnetization value of M is established therein. The total flux density B
      includes the contribution of both magnetization M and magnetic field H.
      When the magnetic field is removed, the material has a remanent flux
      density B.sub.r. The intrinsic coercive force H.sub.ci of the permanent
      magnet is the value of the field within the material, resulting from an
      externally applied demagnetizing field which reduces its magnetization M
      to zero. H.sub.ci is a measure of a permanent magnet's resistance to
      demagnetization. On the other hand, ordinary coercive force H.sub.c is the
      value of the field within the material, resulting from the external
      demagnetizing field, at which the induction B becomes zero.
DRWD
PAR  Those skilled in the art will gain a further and better understanding of
      the present invention from the detailed description set forth below,
      considered in conjunction with the figures accompanying and forming a part
      of the specification, in which:
PAR  FIG. 1 illustrates demagnetization curves for a permanent magnet material
      having an intrinsic coercive force H.sub.ci approximately equal to
      ordinary coercive force H.sub.c ; and
PAR  FIG. 2 illustrates demagnetization curves for a permanent magnet material
      of the present invention having an intrinsic coercive force H.sub.ci
      significantly higher than ordinary coercive force H.sub.c.
DETD
PAR  Many conventional permanent magnet materials, such as the Alnicos, have an
      ordinary coercive force H.sub.c and an intrinsic coercive force H.sub.ci
      that are numerically much smaller than their remanent flux density
      B.sub.r. The demagnetization curve for such a magnet is shown in FIG. 1.
      Once such a magnet has been subjected to a demagnetizing field, bringing
      its remanent flux A down to point B in FIG. 1, when the field is removed,
      the flux will return along the recoil line to point C. A slightly greater
      demagnetizing field would reverse the flux, for example to point D, and
      upon recoil the magnet would be left with the reversed flux E. In either
      case, it would then have to be remagnetized to supply a useful quantity of
      flux.
PAR  There are other permanent magnet materials that are characterized by the
      intrinsic coercive force H.sub.ci being significantly higher than the
      ordinary coercive force H.sub.c. This class of materials includes the
      cobalt-rare-earths, and frequently includes barium ferrites such as
      BaFe.sub.12 O.sub.19. These materials have the characteristic that the
      recoil curve is essentially the same as the demagnetization curve. FIG. 2
      illustrates this behavior. In such a material, if the remanent flux AA is
      reduced to BB, or to DD, by a demagnetizing field, it will return to CC or
      EE, practically identical to the remanence point AA, upon removal of the
      field. Specifically, the demagnetizing field H.sub.c makes the remanent
      flux zero by simply cancelling out the flux from the material, without
      affecting its magnetization M. As soon as the field is remove, the flux is
      substantially completely regained. That is, the material is not
      permanently demagnetized even though the flux is driven to zero, or even
      beyond into negative values as long as it is not driven beyond its
      intrinsic coercive force value H.sub.ci.
PAR  Cobalt-rare earth intermetallic compounds or alloys exist in a variety of
      phases. Thus far, cobalt-rare earth alloys containing a substantial amount
      of Co.sub.5 R phase (in each occurrence R designates a rare earth metal)
      have exhibited the best magnetic properties. To produce a permanent magnet
      with satisfactory properties, the CoR alloy must be produced as powder
      which is then usually compressed in an aligning magnetic field to form an
      aligned pressed-powder compact. Usually, the aligned pressed powder or
      green compact is sintered to produce a more dense product having more
      stable properties. A magnetizing field is applied to the sintered body
      parallel to its easy axis of magnetization, generally at room temperature,
      to produce a permanent magnet. Permanent magnets of barium ferrites are
      prepared in substantially the same manner.
PAR  A disadvantage of this preparation technique is that large or complex
      permanent magnet structures cannot be formed or might be formed with
      difficulty at excessive expense of energy. Specifically, the pressed
      powder or green compact is limited in size by the pressure required to
      press the powder into a compact with sufficient strength so that it can be
      handled without excessive breakage before sintering. Experience indicates
      that frequently a minimum pressure of about 100,000 psi is needed. Thus,
      large magnets, for example cylindrical or button shaped magnets with a
      circular surface area greater than 4-5 square inches, are difficult to
      make because of the need for presses greater than 200 tons.
PAR  The present invention provides a method for forming large and/or complex
      permanent magnet structures in a practical economical manner and
      eliminates the need for exorbitant energy requirements and costly
      equipment. The present method also results in the production of a number
      of types of magnet structures which have not been possible to produce in
      the past.
PAR  Briefly stated, the present invention is directed to producing a permanent
      magnet composite with substantially predetermined magnetic properties and
      geometry. Specifically, the process comprises providing premagnetized
      modules of substantially the same size and having substantially the same
      properties, and joining in contact together a number of said premagnetized
      modules to produce said permanent magnet composite, each said module being
      premagnetized along its easy axis of magnetization, and being
      characterized by an intrinsic coercive force H.sub.ci significantly higher
      than its ordinary coercive force H.sub.c.
PAR  The use of modules of a fixed size and shape in accordance with the present
      invention provides a number of advantages for magnet manufacture.
      Identical modules cna be efficiently produced for uniform properties at
      minimum cost. Having the same size, shape, and nominal properties, they
      can readily be tested for quality control by simple, effective, and easily
      automated testing methods. Most importantly, a permanent magnet composite
      of given specifications can be constructed easily from the present
      premagnetized modules.
PAR  One important source of demagnetizing fields is the shape of the magnet, or
      of the magnet plus its associated magnetic circuit. Specifically, the
      shorter the magnet relative to its width, the greater is its
      selfdemagnetizing field. For example, a bar magnet of compacted
      particulate cobalt-rare earth alloy having an effective length to diameter
      ratio of one or less than one is not demagnetized by its shape but a bar
      of Alnico of such same length to diameter ratio is demagnetized by its
      shape. As a result, the present invention is limited to permanent magnet
      materials characterized by an intrinsic coercive force H.sub.ci at least
      30% higher than its ordinary coercive force H.sub.c. Representative of the
      permanent magnet materials useful in the present invention are the
      cobalt-rare earth alloys, and particularly preferred are those alloys
      which contain the Co.sub.5 R phase (in each occurrence R designates a rare
      earth metal or metals) in a significant amount.
PAR  The rare earth metals useful in forming the present cobalt-rare earth
      alloys are the 15 elements of the lanthanide series having atomic numbers
      57 to 71 inclusive. The element yttrium (atomic number 39) is commonly
      included in this group of metals and, in this specification, is considered
      a rare earth metal. A plurality of rare earth metals can also be used to
      form the present cobalt-rare earth alloys which, for example may be
      ternary, quartenary or which may contain an even greater number of rare
      earth metals as desired.
PAR  Representative of the cobalt-rare earth alloys useful in the present
      invention are cobalt-cerium, cobalt-praseodymium, cobalt-neodymium,
      cobalt-promethium, cobalt-samarium, cobalt-europium, cobalt-gadolinium,
      cobalt-terbium, cobalt-dysprosium, cobalt-holmium, cobalt-erbium,
      cobalt-thulium, cobalt-ytterbium, cobalt-lutetium, cobalt-yttrium,
      cobalt-lanthanum and cobalt-mischmetal. Mischmetal is the most common
      alloy of the rare earth metals which contains the metals in the
      approximate ratio in which they occur in their most common naturally
      occurring ores. Examples of specific ternary alloys include
      cobalt-samarium-mischmetal, cobalt-cerium-praseodymium,
      cobalt-yttrium-praseodymium, and cobalt-praseodymium-mischmetal.
PAR  FIG. 2 illustrates the resistance to demagnetization of the present
      permanent magnet material. The fact that the recoil line is almost
      identical to the demagnetization curve for the magnets of FIG. 2 means
      that their geometry can be changed at will without the necessity for
      remagnetization. In particular, any desired size or shape permanent magnet
      can be constructed of premagnetized building blocks or modules of any
      convenient size and shape. The final structure, i.e., permanent magnet
      composite, will have the flux appropriate to its shape.
PAR  The present particles of permanent magnet alloy or intermetallic compound
      can be formed by a number of methods. For example, the particles can be
      prepared by melting the components together in the proper amounts of a
      substantially inert atmosphere such as argon, and comminuting the
      resulting solid alloy to particulate form in a conventional manner.
      Alternatively, the powder or particles can be produced initially by a
      reduction-diffusion process as disclosed in U.S. Pat. No. 3,748,193 in the
      name of Robert E. Cech, and assigned to the assignee hereof, and which by
      reference is made part of disclosure of the present application. Also, in
      some instances, it may be desirable to grind sintered compacts of these
      powders to a desired particle size.
PAR  The size of the present permanent magnet powder or particles can vary. They
      can be in as finely divided a form as desired. For most applications,
      average particle size will vary from about 1 micron or less to about 10
      microns. Large sized particles can be used but the maximum intrinsic
      coercive force obtainable is lower because it decreases with increasing
      particle size. The particles or powder are magnetically aligned along
      their easy or preferred axis of magnetization prior to or during
      compression since the greater their magnetic alignment the better are the
      resulting magnetic properties. The aligned powder or particles are pressed
      to a compact of desired size and shape. Compression can be carried out by
      a number of conventional techniques such as hydrostatic pressing or
      methods employing steel dies.
PAR  The present module may be a sintered product of compacted particulate
      permanent magnet alloy or intermetallic compound or a pressed powder
      compact of such material. Generally, it is a sintered product having
      substantially non-interconnecting pores which usually requires that the
      product have a density of at least 87%. Such noninterconnectivity
      stabilizes magnetic properties because the interior of the product is
      protected against exposure to the ambient atmosphere. When the present
      module or building block is an unsintered pressed powder compact, it is
      pressed to a desired density, usually at least 70%, to give it sufficient
      mechanical strength for handling. If it is a compact of cobalt-rare earth
      alloy particles, it is usually provided with a non-magnetic protective
      coating such as a metal or plastic, for example, zinc or epoxy resin.
      Alternatively, the permanent magnet powder or particles can be mixed with
      a suitable non-magnetic matrix such as a metal, plastic, or elastomer, in
      the desired amounts to produce a module having the desired geometry and
      magnetic properties, and likewise, the module consisting essentially of
      non-magnetic matrix and permanent magnet powder or particles, which may
      also be powder or particles crushed from a sintered body, has a density
      usually of at least 70% to give it sufficient mechanical strength.
PAR  The sintered modules of the present process may be prepared by a number of
      techniques. Those techniques which are particularly useful in the present
      invention are disclosed in U.S. Pat. Nos. 3,655,464; 3,655,463; and
      3,695,945, all filed in the name of Mark G. Benz, and assigned to the
      assignee hereof, and all of which by reference are made part of the
      disclosure of the present application. Each of the aforementioned patents
      discloses a process for preparing novel sintered cobalt-rare earth
      intermetallic products which can be magnetized to form permanent magnets
      having stable improved magnetic properties.
PAR  The present modules or building blocks are produced in a form suitable for
      constructing the particular large or complex permanent magnet structure
      desired. For example, modules in the form of bricks are particularly
      suitable for forming a number of types of large structures.
PAR  In carrying out the present invention, each module is magnetized along its
      easy axis of magnetization, and the magnetized modules are joined in
      contact together to form the desired structure. They may be held in
      contact by magnetic attraction, but usually, they are held together by
      external physical means which may or may not be magnetic depending upon
      the particular results desired. Representative of the external physical
      means is a strip of metal, or a bonding agent such as an epoxy resin.
PAR  The present method is useful for preparing large and/or complex permanent
      magnet structures for such diverse applications as motors, generators,
      magnetic separators and microwave devices.
PAR  The present invention is further illustrated by the following example.
PAC  EXAMPLE
PAR  In this example, a large permanent magnet is prepared.
PAR  A number of sintered products of compacted particulate cobalt-samarium
      permanent magnet alloy products having the same composition and a density
      of 87% are prepared as set forth in U.S. Pat. No. 3,655,464.
PAR  These products are in brick form of the same size. Each brick is magnetized
      in the same manner along its easy axis of magnetization. The magnetized
      bricks are bonded together by means of an epoxy resin end to end with
      opposing poles in contact and side to side to form a permanent magnet
      structure in the form of a wall.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing a large and/or complex magnetized permanent magnet
      structure having a surface area greater than 4 square inches with
      predetermined magnetic properties and geometry and having a flux
      determined by its shape and consisting essentially of premagnetized
      modules comprising forming a powder consisting essentially of a permanent
      magnet type cobalt-rare earth alloy having an average particle size up to
      about 10 microns, subjecting said powder to a magnetic field to
      magnetically align it along its easy axis of magnetization, pressing the
      aligned powder into a compact having a density of at least 70%, coating
      said compact with a non-magnetic protective coating selected from the
      group consisting of a plastic or metal, and magnetizing said coated
      compact along its easy axis of magnetization producing a premagnetized
      module, said premagnetized module being characterized by an intrinsic
      coercive force H.sub.ci at least 30% higher than its ordinary coercive
      force H.sub.c, a demagnetization curve substantially in the form of a
      straight line and a recoil line substantially identical to its
      demagnetization curve when its remanent flux is driven to zero, producing
      a plurality of said premagnetized modules of substantially the same size
      and having substantially the same properties, and bonding together a
      plurality of said premagnetized modules to produce said magnetized
      permanent magnet structure, said premagnetized modules being bonded so
      that only north poles of bonded modules form the surface of the north pole
      of said magnetized permanent magnet structure and only south poles of
      bonded modules form the surface of the south pole of said magnetized
      permanent magnet structure, said bonding always including external
      physical means.
NUM  2.
PAR  2. A method of producing a large and/or complex magnetized permanent magnet
      structure having a surface area greater than 4 square inches with
      predetermined magnetic properties and geometry and having a flux
      determined by its shape and consisting essentially of premagnetized
      modules comprising forming a powder consisting essentially of a permanent
      magnet type cobalt-rare earth alloy having an average particle size up to
      about 10 microns, subjecting said powder to a magnetic field to
      magnetically align it along its easy axis of magnetization, pressing the
      aligned powder into a compact having a density of at least 70%, sintering
      said compact to a density of at least 87%, and magnetizing the resulting
      sintered body along its easy axis of magnetization producing a
      premagnetized module, said premagnetized module being characterized by an
      intrinsic coercive force H.sub.ci at least 30% higher than its ordinary
      coercive force H.sub.c, a demagnetization curve substantially in the form
      of a straight line and a recoil line substantially identical to its
      demagnetization curve when its remanent flux is driven to zero, producing
      a plurality of said premagnetized modules of substantially the same size
      and having substantially the same properties, and bonding together a
      plurality said premagnetized modules to produce said magnetized permanent
      magnet structure, said premagnetized modules being bonded so that only
      north poles of bonded modules form the surface of the north pole of said
      magnetized permanent magnet structure and only south poles of bonded
      modules form the surface of the south pole of said magnetized permanent
      magnet structure, said bonding always including external physical means.
NUM  3.
PAR  3. A method of producing a large and/or complex magnetized permanent magnet
      structure according to claim 1 wherein said premagnetized modules have an
      effective length to diameter ratio of one or less than one.
NUM  4.
PAR  4. A method of producing a large and/or complex magnetized permanent magnet
      structure according to claim 2 wherein said premagnetized modules have an
      effective length to diameter ratio of one or less than one.
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ABST
PAL  Magnets are produced by dissolving in a solvent organic polymer which is a
      binder for magnetic powder, adding a magnetic powder to the solution, then
      adding to the solution a vehicle in which the polymer is insoluble. The
      vehicle is added until the polymer has precipitated onto the magnetic
      particles. These coated particles are then dried and hot pressed within an
      orienting magnetic field to produce the magnet.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Permanent magnet properties of bulk magnetic materials having large
      magnetocrystalline anisotropies can be enhanced by reducing them to
      powders. Such powders can be incorporated in bonding media to provide
      composite permanent magnets having properties substantially superior to
      those of the bulk source materials. Powders can be prepared by grinding or
      by chemical means. It is common practice to add plastic to magnetic
      particles by adding polymer solution to the powder and mixing. The solvent
      is later removed leaving large pieces of briquettes of randomly oriented
      material. This material must be reground to a powder before being
      subjected to a pressing and alignment cycle. However, powders have a large
      surface area per unit volume and, therefore, tend to be reactive. For
      example, if a powder of cobalt-rare earth material is exposed to air its
      coercive force will decrease irreversibly due to the oxidation of the
      particle.
PAR  Since the reactivity of the powder particles appears to be a surface
      phenomenon, efforts have been directed toward reducing the reactivity by
      coating the surface with a protective material. One way to accomplish this
      is by applying a coating of zinc or arsenic as disclosed and claimed in
      Becker et al. U.S. Pat. No. 3,615,914, which is assigned to the same
      assignee as the present invention.
PAR  Once the cobalt-rare earth particle is protected by a metallic coating such
      as zinc, it is mandatory that this coating be unaffected by abrasion, or
      cleavage of the particle. Therefore, the common technique of regrinding
      the bulk magnet-plastic binder composite is not desirable for highly
      reactive materials such as cobalt-rare earth particles because of the
      abrasion and cleavage of particles which takes place during this
      operation.
PAR  The present invention has for its object to provide a method for protecting
      the surface of magnetic powder material from changes which would degrade
      the magnetic properties of the material. Another object is to provide a
      method for coating a magnetic particle which does not need to be subjected
      subsequently to grinding. A further object is to provide magnetic powder
      particles with a surface which will serve as a lubricant to help achieve
      maximum packing density without serious abrasion during a subsequent
      hot-pressing step. An additional object is to provide magnetic particles
      with a polymer coating which will serve to hold the aligned magnetic
      particles together after pressing.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, magnetic powder particles are
      individually coated with a polymeric material such as a polycarbonate. In
      a preferred form, the magnetic particles are first coated with a
      protective metal such as zinc after the manner disclosed and claimed in
      the above-mentioned Becker el al patent. Polymer-coated magnetic particles
      are then hot-pressed in a die -- preferably under the influence of a
      magnetic field -- to produce a magnet having the desired configuration and
      anisotropic properties. Isotropic properties are also enhanced by this
      coating.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The magnetic powder particles of this invention are coated with a layer of
      polymer by precipitation from a solution containing the polymer. The
      polymer is dissolved in a solvent for the polymer and the magnetic
      particles are then added to the solution which is agitated. An insoluble
      vehicle is then added to the solution with the result that the polymer is
      precipitated onto the magnetic particles. The particles are then separated
      from the solution and dried to produce a powder without going through a
      grinding step. The powder is then hot-pressed in a mold having the
      configuration and magnetic moment direction desired in the final magnetic
      product.
PAR  This invention applies to finely divided magnetic materials such as ferrite
      powders, alnico powders and cobalt-rare earth (CoR) powders (where R
      represents some rare earth element). A few examples of such systems are
      Co.sub.5 Sm, Co.sub.5 Pr, Co.sub.5 Nd, Co.sub.5 MM (mischmetal) or
      combinations of rare earths Co.sub.5 SmPr, Co.sub.5 SmPrNd, Co.sub.5 SmMM,
      or Co.sub.17 R.sub.2, Co.sub.17 Sm.sub.2, Co.sub.17 Pr.sub.2, or (Co,
      Fe).sub.17 Sm.sub.2,(Co, Fe).sub.17 R.sub.2 where R is a rare earth
      element in 58-71 atomic number series. It is particularly useful in the
      case of cobalt-rare earth powders in view of their tendency to degrade in
      magnetic properties. This is illustrated in the following examples which
      are intended to be illustrative rather than limiting.
PAC  EXAMPLE 1
PAR  A polycarbonate (20 grams of Lexan) was dissolved in 200 grams of methylene
      chloride. This solution was agitated in a laboratory mixer and 200 grams
      of Co.sub.5 Sm having a particle size range of 125-500 microns was slowly
      added to the solution. While maintaining agitation methanol was slowly
      added to precipitate the polycarbonate onto the particles of Co.sub.5 Sm.
      The coated powder was then air dried to remove solvent from the surface of
      the polycarbonate-coated particles. A quantity (3.5 grams) of the coated
      powder was placed in a stainless steel die maintained at a temperature of
      250.degree.C and a field of 12,000 gauss was applied to align the
      particles. During the alignment step a pressure of 120,000 psi was applied
      to the powder. The product consisted of 7% polycarbonate by weight and had
      a packing fraction of 58.3%. The intrinsic coercive force of the product
      was 12,200 oersteds. Subsequent measurements of the coercive force after
      exposure in air at temperatures up to 100.degree.C gave the same reading.
PAC  EXAMPLE 2
PAR  In this example the particles of Co.sub.5 Sm were the same size as those
      used in Example 1 but they were coated with 3% zinc by weight. No polymer
      coating was applied but the hot pressing step was the same as in Example
      1. The product had a packing fraction of 71% and an intrinsic coercive
      force of 8900 oersteds. The coercive force continued to decrease after
      exposure to air at elevated temperatures.
PAC  EXAMPLE 3
PAR  This example combines Example 1 and Example 2. The Co.sub.5 Sm particles
      were the same size as in Example 1 but were coated with 3% zinc by weight
      as in Example 2. A coating of 7% by weight of polycarbonate was added as
      in Example 1 over the zinc. The resulting product had a packing fraction
      of 58.3% and an intrinsic coercive force of 12,200 oersteds.
PAC  EXAMPLE 4
PAR  In this example the Co.sub.5 Sm particles had a size range of 125-297
      microns and a coating of 5% zinc by weight. No polymer coating was
      applied. The procedure was otherwise the same as in Example 2. The
      resulting product had a packing fraction of 71.5% and an intrinsic
      coercive force of 8600 oersteds.
PAC  EXAMPLE 5
PAR  In this example the Co.sub.5 Sm particles consisted of approximately 50%
      with a coating of 1% zinc by weight and 6% polycarbonate by weight. The
      other 50% was Co.sub.5 Sm particles with a coating of 5% zinc by weight
      but no polycarbonate. The hot pressing procedure was the same as in
      Example 1. The product had a packing fraction of 72.9% and an intrinsic
      coercive force of 13,100 oersteds.
PAR  The foregoing examples demonstrate that a polymer coating over a zinc
      coating provides a magnetic particle with properties which are improved
      over those of a magnetic particle having just a zinc coating. It is
      evident that the polymer coating acts as a lubricant which makes the
      particles more responsive to the orienting magnetic field and at the same
      time prevents the particles from rubbing together and removing the zinc
      protective coating. In addition, the structural strength of magnets
      composed of polymer-coated particles is greater than the structural
      strength of magnets composed of particles having metallic coatings. For
      example, the following samples were measured using a transverse rupture
      test similar to ASTM C120-52 to determine the physical strength of the
      compacts.
TBL  ______________________________________                                    

                               Rupture                                         

     Sample                    Strength                                        

     ______________________________________                                    

     Magnet with a coating of 5% zinc by weight                                

                                842 psi                                        

     Magnet with 3% polycarbonate by weight                                    

                               4844 psi                                        

     ______________________________________                                    

PAR  In the above examples the polymer was a polycarbonate. However, other
      polymer-solvent systems can be used in the practice of this invention. For
      example, polyphenylene oxide can be used with toluene as solvent. Poly
      (1,4-butanediol terephthalate) can be used with phenol as a solvent.
      Phenol is also the solvent used with polyethylene terephthalate or poly
      (hexamethylene adipamide). Toluene is a good solvent to use with
      polystyrene or poly (methyl methacrylate). With
      acrylonitrile-butadiene-styrene polymers chloroform is a preferred
      solvent.
PAR  Suitable non-solvents for the systems recited above for use in
      precipitating the resins onto the magnetic particles are alcohols or
      similar non-solvents.
PAR  While the invention has been described with reference to specific
      embodiments, it is obvious that there may be variations which properly
      fall within the concept of the invention. Accordingly, the invention
      should be limited in scope only as may be necessitated by the scope of the
      appended claims.
CLMS
STM  What we claim as new and desire to secure by letters patent of the United
      States is:
NUM  1.
PAR  1. The method of making a permanent magnet which comprises:
PA1  dissolving in a solvent an organic polymer which is a binder for magnetic
      particles;
PA1  adding particles of magnetic powder to the resulting solution;
PA1  adding to said solution a vehicle in which said polymer is insoluble until
      the polymer precipitates onto the particles; and
PA1  hot pressing the polymer-coated particles into a compact to form a magnet.
NUM  2.
PAR  2. The method of claim 1 in which the magnetic particles are selected from
      the group consisting of cobalt-rare earth and alnico particles.
NUM  3.
PAR  3. The method of claim 1 wherein the hot pressing step is carried out
      within an orienting magnetic field.
NUM  4.
PAR  4. The method of claim 1 wherein the binder is a polycarbonate resin.
NUM  5.
PAR  5. The method of claim 4 wherein the solvent is methylene chloride and the
      vehicle is methyl alcohol.
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ABST
PAL  Electrical steel sheets having a very high magnetic induction are produced
      by a method in which an electrical steel raw material is hot rolled and
      annealed and subjected to at least one cold rolling and to a decarburizing
      annealing and a final annealing to develop the secondary recrystallized
      grains of (110) [001] orientation characterized in that the raw material
      contains less than 4.5% of Si, less than 0.06% of C, 0.005-0.100% of Sb
      and 0.01-0.05% of Al in the electrical steel raw material prior to the hot
      rolling, annealing at a temperature of 750.degree. - 1,200.degree.C
      depending upon the Si content before the final cold rolling, final cold
      rolling at a reduction rate of 40 - 89% and fully developing the secondary
      recrystallized grains at a temperature range of 800.degree. - 950.degree.C
      in the final annealing, are carried out in the above described order.
BSUM
PAR  The present invention relates to a method for producing the so-called
      single-oriented electrical steel sheets or strips having a high magnetic
      induction and an easy magnetization axis &lt;100&gt; in the rolling direction of
      the steel sheets or strips in metallurgy.
PAR  The single-oriented electrical steel sheets are mainly used as the iron
      core of a transformer and other electric devices. As to the magnetic
      characteristics, the supply of the electrical steel having a high magnetic
      induction and a low iron loss as well as a low magnetic striction is
      earnestly required by manufacturers of electrical devices.
PAR  The magnetic characteristics are generally represented by B.sub.8 value,
      that is, the magnetic induction at 800 A/m of magnetic field and recently
      B.sub.8 value of more than 1.85 Wb/m.sup.2 is required.
PAR  An object of the present invention is to provide a method for producing
      electrical steel sheets or strips of B.sub.8 value of more than 1.85
      Wb/m.sup.2.
PAR  In order to obtain the oriented silicon steel sheets having excellent
      magnetic properties, it is necessary that the secondary recrystallization
      is completely carried out in the final annealing step to fully develop
      (110)[001] aggregation structure. For the purpose, the growth of the
      primary recrystallized grains should be suppressed until the steel is
      brought a high temperature at which the secondary recrystallization
      occurs.
PAR  Suppressing the normal grain growth of the primary recrystallized grains
      has been generally effected by utilizing MnS, MnSe and the like. However,
      in such a conventional process wherein said dispersed precipitates are
      utilized, the aggregation of the secondary recrystallized grains of
      (110)[001] orientation is not sufficient and B.sub.8 value of only about
      1.85 Wb/m.sup.2 is obtained.
PAR  Recently, AlN has been proposed as the precipitate capable of very highly
      aggregating the secondary recrystallized grains of (110)[001] orientation,
      for example, as proposed in U.S. Pat. No. 3,287,183, that is, the
      complementary addition of AlN combined with the usual normal grain growth
      inhibitor, such as S, Se or Te has made a remarkable improvement of
      B.sub.8 value to more than 1.85 Wb/m.sup.2, wherein such processes are
      characterized that firstly a limited high temperature annealing prior to
      the final cold rolling be effected in order to disperse AlN precipitate
      finely and secondly a final cold rolling is effected with a narrow range
      of high reduction. However, this process is deficient in stability in
      commercial production.
PAR  Another object of the present invention is to provide a method for
      producing electrical steel sheets having a magnetic induction of more than
      1.85 Wb/m.sup.2 in a commercially stable step.
PAR  The present invention consists of a method for producing single-oriented
      electrical steel sheets having a very high magnetic induction of B.sub.8
      value of more than 1.85 Wb/m.sup.2 in which an electrical steel sheet raw
      material is hot rolled and subjected to an annealing step and at least one
      stage of cold rolling to obtain the cold rolled steel sheet having the
      final gauge. The resulting sheet is subjected to decarburization and a
      final annealing to develop secondary recrystallized grains of (110)[001]
      orientation, characterized in that
PA1  1. 0.005 - 0.10% of Sb and 0.01 - 0.05% of Al are contained in the raw
      material prior to the hot rolling,
PA1  2. an annealing at 750.degree. - 1,200.degree.C is effected depending upon
      the amount of Si before the final cold rolling,
PA1  3. the final cold rolling is carried out at a reduction rate of 40-89%, and
PA1  4. the secondary recrystallized grains are fully developed at a temperature
      of 800.degree. - 950.degree.C in the final annealing step.
PAR  The present invention will be explained in detail hereinafter.
PAR  The steel raw material of the present invention is melted by using the
      already known steel making equipment, for example, a converter, an
      electric furnace or an open hearth furnace which is conventional
      processing for electrical steel raw material. The composition is
      conveniently adjusted depending upon the properties of the product and
      then an ingot is produced by various casting processes. The molten steel
      to be used in the present invention may be naturally subjected to a vacuum
      degassing treatment, if necessary. Furthermore, the ingot may be produced
      by a continuous casting process.
PAR  In the present invention, any steel making processes and any casting
      processes can be used but the composition must satisfy the following
      limitation.
PA1  C : less than 0.06%
PA1  Si : less than 4.5%
PA1  Sb : 0.005-0.10%
PA1  Al : 0.01-0.05%
PAL  Al is an acid soluble Al.
PAR  When the amount of C exceeds the above described range, the decarburization
      in the following step takes a long time and it is not preferable in the
      commercial production. Therefore said amount is defined to be less than
      0.06%.
PAR  In the present invention, the C content is not necessarily depend upon the
      Si content. This is greatly different from the teaching of said U.S. Pat.
      No. 3,287,183 wherein the C content influences the B.sub.8 value through
      its fine dispersion effects on the AlN phase.
PAR  The upper limit of the Si content is limited to avoid the risk of breaks in
      cold rolling of the steel sheets.
PAR  The most outstanding characteristic of the raw material to be used in the
      present invention is in that it contains both Sb and Al.
PAR  The applicant of this invention has already disclosed in Japanese patent
      application Ser. No. 8,214/63 that a secondary recrystallized aggregation
      structure having Goss cube-on-edge orientation can be obtained by adding
      Sb alone to the silicon steel raw material on melting. But the addition of
      Al together with Sb has never been proposed.
PAR  The inventors have found that the magnetic characteristic can be noticeably
      improved by adding Al in addition to Sb.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Sb                                                                        

             .ltoreq.0.004                                                     

                  0.005-0.010                                                  

                          0.025-0.035                                          

                                  0.05-0.10                                    

                                         0.10-0.15                             

     sol. Al                                                                   

     __________________________________________________________________________

     .ltoreq.0.005                                                             

             1.56 1.75    1.82    1.78   1.68                                  

     0.010-0.025                                                               

             1.75 1.89    1.95    1.88   1.80                                  

     0.025-0.035                                                               

             1.78 1.88    1.93    1.85   1.79                                  

     0.040-0.050                                                               

             1.70 1.85    1.90    1.84   1.70                                  

     0.060-0.090                                                               

             1.65 1.80    1.84    1.79   1.70                                  

     __________________________________________________________________________

      unit: B.sub.8 (Wb/m.sup.2), Sb, Al (Wt%)                                 

PAR  Table 1 above shows B.sub.8 value of the silicon steel sheets obtained in
      the following production process. To raw materials containing about 3% of
      Si and about 0.040% of C were added various amounts of Sb and Al and the
      raw materials were hot rolled to a thickness of 3 mm, cold rolled at a
      reduction rate of 20-80%, annealed at a temperature of
      900.degree.-1,100.degree.C and cold rolled again at a reduction rate of
      50-88% to obtain cold rolled sheets having a thickness of 0.30-0.35 mm and
      then the cold rolled sheets were decarburized in a wet hydrogen at
      820.degree.C and finally annealed at 870.degree.C for 30 hours to grow the
      secondary recrystallized grains fully and successively annealed at
      1,200.degree.C for 5 hours to obtain silicon steel final products.
PAR  As seen from Table 1 above, the electrical steel sheets of the present
      invention having B.sub.8 value of more than 1.85 Wb/m.sup.2 can be
      obtained only within a range of Sb of 0.005-0.10% and Al of 0.01-0.05%.
      Beyond the range, that is, when the amount of Sb and Al is too much or too
      small, the aimed B.sub.8 value can not be obtained and said B.sub.8 value
      at most exceeds 1.80 Wb/m.sup.2 slightly, because the secondary
      recrystallization occurs incompletely or even if the secondary
      recrystallization occurs completely, the aggregation of the secondary
      grains of (110)[001] orientation is insufficient.
PAR  For the above described reason, it is essential in the present invention to
      use the raw material containing both 0.005-0.10% of Sb and 0.01-0.05% of
      Al.
PAR  Concerning the composition other than the above described C, Si, Sb, and
      Al, there is no particular limitation as far as the composition does not
      influence upon the annealing condition, the cold rolling condition and
      particularly the temperature condition at which the secondary
      recrystallized grains are developed, as mentioned hereinafter.
      Particularly, Mn should be contained in an amount of about 0.02-0.20% in
      view of the hot shortness in the hot working.
PAR  The raw material (ingot or slab) having the composition satisfying the
      above described requirements is hot rolled. In the previously known
      process, the temperature for heating the slab prior to the hot rolling
      must be strictly controlled for, firstly, dissolving the solid and then
      reprecipitating of fine MnS or MnSe. For example, the slab must be
      generally heated at a temperature higher than 1,300.degree.C, when MnS or
      MnSe precipitates are utilized.
PAR  On the other hand, as mentioned above, the present invention uses both Sb
      and Al as an inhibitor of primary grain growth. When Sb is used as the
      inhibitor, the temperature for heating the slab does not always need to be
      as high as over 1,300.degree.C. The function of Sb in inhibiting the
      primary grain growth is not through the precipitated dispersion phase,
      such as MnS or MnSe, but Sb itself as the solute atom has the inhibiting
      function. In the present invention wherein Sb is contained, the
      temperature for heating the slab may be a relatively low temperature of
      about 1,200.degree.-1,300.degree.C and therefore the durable life of the
      heating furnace is prolonged and the unevenness of the product properties
      due to uneven burning of the slab can be prevented.
PAR  The hot rolled sheets having a thickness of 2-4 mm through the hot rolling
      step are successively subjected to at least one cold rolling step to
      obtain the final gauge. In this case it is necessary to effect an
      annealing or an intermediate annealing between a cold rolling and a cold
      rolling of the hot rolled sheet, so as to make the aggregation structure
      of the crystallized grains prior to the final cold rolling as near as
      possible into a random state.
PAR  The temperature of the annealing or the intermediate annealing between the
      cold rollings depends upon the amount of Si and as said amount increases,
      the temperature is to be raised and for example, in the case of 3% silicon
      steel the temperature is preferred to be 850.degree.-1,200.degree.C.
PAR  FIG. 1 shows an influence of the annealing temperature on the aggregation
      structure of the crystallized grains in an annealed hot rolled sheet
      having a thickness of 3 mm and containing 2.95% of Si, 0.030% of Sb and
      0.020% of Al. The abscissa of this diagram shows the annealing temperature
      after the hot rolling and the ordinate shows the ratio of X-ray reflection
      strength of the annealed hot rolled sheet to be tested with respect to
      X-ray reflection strength of a standard sample in which all the
      crystallized grains are in the random state. This X-ray reflection
      strength test was effected with respect to the crystallized grains in the
      surface of the hot rolled sheet and the crystallized grains in the center
      of the sheet which are exposed by grinding the hot rolled sheet. In
      general, as the X-ray reflection strength ratio approaches 1, the
      aggregation structure of the crystallized grains approaches to the
      standard sample and the structure is homogenized in the random
      orientation. Accordingly, it can be seen from FIG. 1 that the homogenizing
      occurs within a range of 850.degree.-1,200.degree.C of the annealing
      temperature.
PAR  The same results can be obtained also in the case of the intermediate
      annealing after the primary cold rolling.
PAR  FIG. 2 shows the relation of the magnetic property of the final products
      obtained as described hereinafter to the homogenizing annealing
      temperature. The hot rolled sheet (A) having a thickness of 2.4 mm and
      containing 2.90% of Si, 0.020% of Sb and 0.028% of Al and the hot rolled
      sheet (B) having a thickness of 2.4 mm and containing 2.90% of Si, 0.020%
      of Se and 0.025% of Al are subjected to the homogenizing annealing at
      various temperatures and then the annealed sheets are cold rolled at a
      reduction rate of 85% to obtain the cold rolled sheet having a thickness
      of 0.35 mm and subjected to a decarburizing annealing and to a secondary
      recrystallizing annealing at 850.degree.C for 50 hours and a final
      annealing at 1,180.degree.C. Namely, the curve A in FIG. 2 relates to the
      electrical steel sheet of the present invention containing Sb and Al and a
      very high B.sub.8 value can be obtained at a relatively broad range of
      homogenizing annealing temperature of 850.degree.-1,150.degree.C in the
      present invention, while when Sb is not contained, the homogenizing
      annealing temperature showing the high B.sub.8 value is limited with a
      relatively narrow range of about 1,100.degree.C as shown in the curve B.
      Such a broad range of the homogenizing annealing temperature as in the
      present invention can not be attained by the prior arts, such as using AlN
      together with S or Se, and this is one characteristic of the present
      invention.
PAR  In the present invention, the cold rolling may be effected at least once
      but in any case the reduction rate of the final cold rolling must be
      40-89%. FIG. 3 is a diagram showing the relation of B.sub.8 value to the
      reduction rate with respect to the steel sheets obtained by the following
      manner. The hot rolled sheets having a thickness of 3 mm and 2 mm,
      respectively, each of which contains 2.9% of Si, 0.02% of Sb, and 0.017%
      of Al, were subjected to a primary cold rolling and a secondary cold
      rolling at various combinations of reduction rates to obtain the final
      gauge of 0.3 mm with an intermediate annealing at a temperature of
      900.degree.-1,050.degree.C. The resulting sheets were subjected to a
      decarburizing annealing and then to a secondary crystallizing annealing at
      870.degree.C for 50 hours and a purifying annealing at 1,150.degree.C for
      5 hours. 1R and 2R in FIG. 3 show the primary cold rolling reduction rate
      and the secondary cold rolling reduction rate, respectively. Accordingly,
      only the combination of 1R: 0% and 2R: 90% concerning the hot rolled sheet
      having a thickness of 3 mm and the combination of 1R: 0% and 2R: 85%
      concerning the hot rolled sheet having a thickness of 2 mm correspond to
      one stage cold rolling and all the other combinations show the two stage
      cold rolling process. Thus, in the former 90% and 85% correspond to the
      final cold rolling reduction rate, respectively and in the latter the
      reduction rates in 2R correspond to the final cold rolling rates. As seen
      from FIG. 3, in both the hot rolled sheets having a thickness of 3 mm and
      2 mm, B.sub.8 value of more than 1.85 Wb/m.sup.2 can be obtained within
      the range of the final cold rolling reduction rate of 40-89%. In this
      case, it has no direct influence on the effectiveness of the present
      invention whether the primary cold rolling is effected or not and the
      reduction rate of the primary cold rolling reduction rate also has no
      influence on the effectiveness.
PAR  It has never been found in the previously proposed processes that as in the
      present invention, B.sub.8 value of more than 1.85 Wb/m.sup.2 can be
      obtained in such a broad range of the final cold rolling reduction rate
      and this effect is caused by the specific composition in the raw material
      and a relatively low temperature annealing for the secondary
      recrystallization as mentioned hereinafter. Furthermore, as shown in FIG.
      3, in the present invention the stable B.sub.8 value can be obtained at a
      broad range of reduction rate irrelative to the thickness of the hot
      rolled sheet. And these effects are highly commercially valuable.
PAR  Another characteristic of the present invention lies in the final annealing
      successive to the decarburizing annealing.
PAR  So far, this final annealing has been effected at a high temperature higher
      than 1,000.degree.C for simultaneously attaining of growing the secondary
      recrystallized grains and removing the impurities (mainly Se, S and N) in
      the sheets.
PAR  In the present invention, the growth of the secondary recrystallized grains
      and the removal of the impurities are effected at separate temperature
      zones. That is, the secondary recrystallization is effected at a
      temperature as low as possible and then the removal of the impurities is
      effected at a relatively high temperature.
PAR  FIG. 4 shows a relation of the annealing temperature to the ratio of
      secondary recrystallization and B.sub.8 value of the steel sheets obtained
      by applying the treatments as described hereinafter to the hot rolled raw
      materials A, B and C having the compositions as shown in the following
      Table 2.
TBL                Table 2                                                     

     ______________________________________                                    

     C        Si      Al       Sb     Se     S                                 

     ______________________________________                                    

     A   0.030    2.91    0.020  0.021  trace  0.003                           

     B   0.037    2.88    0.025  0.002  0.022  0.005                           

     C   0.028    2.95    0.003  0.002  0.013  0.003                           

     ______________________________________                                    

      unit: Weight%                                                            

PAR  In the above Table 2, the raw material A relates to the present invention
      and the raw material B does not contain the amount of Sb defined in the
      present invention and the raw material C does not contain the amounts of
      Al and Sb defined in the present invention.
PAR  The above described raw materials A and B were treated in the following
      manner. These silicon steel sheet raw materials were subjected to a final
      cold rolling at a reduction rate of 83% after an intermediate annealing at
      1,050.degree.C for 2 minutes to obtain sheets having a thickness of 0.35
      mm. The cold rolled sheets were subjected to a decarburizing annealing in
      a wet hydrogen at 850.degree.C and then to a secondary recrystallizing
      annealing at various temperatures as shown in FIG. 4 for 10 hours.
PAR  The above described raw material C was treated in the previously known
      processes until the decarburizing annealing. That is, the raw material was
      subjected to an intermediate annealing at a temperature of 950.degree.C
      and to a cold rolling at a reduction rate of 50% to a thickness of 0.35 mm
      and then to a decarburizing annealing at 820.degree.C and a secondary
      recrystallizing annealing at various temperatures as shown in FIG. 4 for
      10 hours.
PAR  FIG. 5 shows the results when the secondary recrystallizing treatments were
      effected for 80 hours.
PAR  As seen from FIGS. 4 and 5, in the conventional 3% silicon steels, B and C,
      at the temperature range of 800.degree.-950.degree.C, the secondary
      recrystallization can not occur or even if occurs, the desired B.sub.8
      value can not be obtained, while in the steel sheet obtained from the raw
      material A of the present invention, about 100% of the ratio of secondary
      recrystallization is obtained at a relatively low temperature of
      830.degree.-950.degree.C in both FIGS. 4 and 5, that is, the secondary
      recrystallization is substantially completed and a high B.sub.8 value can
      be obtained.
PAR  It is a characteristic of the present invention that the secondary
      recrystallization can be fully developed at such a relatively low
      temperature range. The higher B.sub.8 value can be obtained by suitably
      selecting the secondary recrystallizing temperature incorporating with the
      composition of the raw material, the temperature in the intermediate
      annealing and the final cold rolling reduction rate as defined in the
      present invention.
PAR  The temperature for causing the secondary recrystallization at such a low
      temperature range varies depending upon the Si content and when the Si
      content is low, the secondary recrystallization occurs at about
      800.degree.C, while when the Si content is high, the higher temperature is
      necessary. However, as seen from FIGS. 4 and 5, if the secondary
      recrystallizing temperature exceeds 950.degree.C, B.sub.8 value lowers.
      Consequently, the secondary recrystallizing temperature in the present
      invention is limited to 800.degree.-950.degree.C.
PAR  The time necessary for fully developing the secondary recrystallization is
      usually 5-120 hours, but this time may vary depending upon the
      temperature, heating mode and the like.
PAR  The characteristic of the present invention in the final annealing resides
      in that the secondary recrystallized grains are fully developed and as far
      as this object can be attained, the heating mode may be "holding the
      temperature" or "gradual raising temperature".
PAR  According to the present invention, the magnetic induction B.sub.8 value is
      satisfactorily high at the stage when the secondary recrystallization is
      completed. Accordingly, when the electrical steel sheets only having a
      high B.sub.8 value are required, the final annealing may be interrupted at
      this stage. In general, however, a product having not only a high magnetic
      induction but also a low iron loss is required and for the purpose it is
      necessary to decrease the impurities in the steel, particularly N. Thus,
      the temperature is preferably raised to a relatively high temperature,
      such as 1,200.degree.C, immediately after the secondary recrystallizing
      annealing.
DRWD
PAR  For a better understanding of the invention, reference is taken to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a diagram showing a relation of the homogenizing annealing
      temperature of the silicon steel containing the composition defined in the
      present invention to the X-ray reflection strength ratio of the annealed
      sheets;
PAR  FIG. 2 is a diagram showing a relation of the homogenizing annealing
      temperature to B.sub.8 value with respect to the silicon steel containing
      the composition according to the present invention and the silicon steel
      containing no such composition;
PAR  FIG. 3 is a diagram showing a relation of various final cold rolling
      reduction rates to B.sub.8 value with respect to the hot rolled sheets
      having a thickness of 3 mm and 2 mm;
PAR  FIG. 4 is a diagram showing a relation of the secondary recrystallizing
      temperature to the ratio of secondary recrystallization and B.sub.8 value
      with respect to silicon steels obtained by applying the given treatments
      to the hot rolled sheet raw materials having the compositions as shown in
      Table 2; and
PAR  FIG. 5 is a diagram showing the results obtained when the annealing time is
      longer than the case of FIG. 4.
DETD
PAR  The following examples are given for the purpose of illustration of this
      invention and are not intended as limitations thereof. The term "%" used
      herein means by weight.
PAC  EXAMPLE 1
PAR  A silicon steel ingot containing 0.040% of C, 2.90% of Si, 0.030% of Sb and
      0.025% of Al was bloomed and then heated at 1,250.degree.C for 1 hour
      followed by continuous hot rolling step to 3 mm thickness, cold rolled at
      a reduction rate of 75%, then annealed at 1,000.degree.C for 5 minutes,
      and again cold rolled at a reduction rate of 60% to 0.3 mm thickness.
      Then, the sheet was decarburized in a wet hydrogen at 820.degree.C for 5
      minutes and final annealed. In case of the final annealing, a temperature
      of 870.degree.C was maintained for 50 hours to develop the secondary
      recrystallized grains fully and then the temperature was raised to
      1,180.degree.C and maintained for 5 hours. The magnetic characteristic of
      the resulting product was as follows.
EQU  B.sub.8 : 1.90 Wb/m.sup.2
PAC  EXAMPLE 2
PAR  A silicon steel ingot containing 0.040% of C, 2.90% of Si, 0.020% of Sb and
      0.022% of Al was bloomed and then heated at 1,320.degree.C for 1 hour
      followed by continuous hot rolling step to 3.0 mm thickness, cold rolled
      at a reduction rate of 50% and then annealed at 950.degree.C for 5
      minutes. After this annealing the sheet was cooled from 950.degree.C to
      450.degree.C during 300 seconds. Then, the annealed sheet was cold rolled
      at a reduction rate of 80% to obtain a final gauge of 0.30 mm. Then a
      decarburizing annealing was carried out at 820.degree.C for 5 minutes and
      the final annealing was effected. In the final annealing, a temperature of
      850.degree.C was maintained for 70 hours to develop the secondary
      recrystallized grains fully and then the temperature was raised to
      1,200.degree.C, which was maintained for 5 hours. The B.sub.8 value of the
      resulting product was 1.92 Wb/m.sup.2.
PAC  EXAMPLE 3
PAR  A silicon steel ingot containing 0.040% of C, 2.95% of Si, 0.019% of Sb,
      0.020% of Al and 0.055% of Mn was hot rolled to 2.4 mm thickness, annealed
      at 960.degree.C for 5 minutes, cold rolled at a reduction rate of 85%, and
      subjected to a decarburizing annealing and a final annealing. In the final
      annealing, the temperature was raised from 800.degree.C to 1,000.degree.C
      at a heating rate of 7.degree.C/hr to develop the secondary recrystallized
      grains fully and a temperature of 1,180.degree.C was maintained for 5
      hours. The B.sub.8 value of the resulting product was 1.91 Wb/m.sup.2.
PAC  EXAMPLE 4
PAR  A silicon steel ingot containing 0.021% of C, 2.93% of Si, 0.035% of Mn,
      0.023% of Sb, 0.022% of Al and 0.004% of S was hot rolled to 3 mm
      thickness, cold rolled at a reduction rate of 50%, annealed at
      900.degree.C for 7 minutes and again cold rolled at a reduction rate of
      80% to obtain a final gauge of 0.30 mm. Then, the decarburizing annealing
      was carried out at 820.degree.C for 10 minutes and immediately the
      secondary recrystallizing annealing was effected at 870.degree.C for 6.5
      hours and then the purifying annealing was effected at 1,000.degree.C for
      6 hours. The B.sub.8 value of the resulting product was 1.91 Wb/m.sup.2.
PAC  EXAMPLE 5
PAR  A silicon steel ingot containing 0.040% of C, 2.90% of Si, 0.020% of Sb and
      0.020% of Al was hot rolled to 2.4 mm thickness, annealed at
      1,000.degree.C for 5 minutes, cold rolled at a reduction rate of 85% and
      then subjected to a decarburizing annealing and a final annealing. In the
      final annealing, a temperature of 860.degree.C was maintained for 50 hours
      to develop the secondary recrystallized grains fully and then the
      temperature was raised to 1,180.degree.C, which was maintained for 5
      hours. The B.sub.8 value of the resulting product was 1.95 Wb/m.sup.2.
PAC  EXAMPLE 6
PAR  A silicon steel hot rolled sheet (3.0 mm thickness) containing 0.030% of C,
      2.90% of Si, 0.015% of Sb and 0.022% of Al was cold rolled at a reduction
      rate of 40%, annealed at 1,050.degree.C and again cold rolled at a
      reduction rate of 84% to obtain a final gauge of 0.30 mm. A decarburizing
      annealing was carried out and then a final annealing was effected. In the
      final annealing a temperature of 860.degree.C was maintained for 70 hours
      to develop the secondary recrystallized grains fully and the temperature
      was raised to 1,180.degree.C, which was maintained for 5 hours. The
      B.sub.8 value of the resulting product was 1.93 Wb/m.sup.2.
PAC  EXAMPLE 7
PAR  A silicon steel ingot containing 0.032% of C, 0.82% of Si, 0.033% of Mn,
      0.027% of Sb, 0.019% of Al and 0.004% of S was hot rolled to 2.0 mm
      thickness, cold rolled at a reduction rate of 20%, annealing at
      900.degree.C for 5 minutes and again cold rolled at a reduction rate of
      82% to obtain a final gauge of 0.30 mm. A decarburizing annealing was
      carried out at 790.degree.C for 5 minutes and a secondary recrystallizing
      annealing was carried out at 800.degree.C for 90 hours and a purifying
      annealing was effected at 890.degree.C for 5 hours. B.sub.8 value of the
      resulting product was 1.98 Wb/m.sup.2.
PAR  As mentioned above, the present invention can produce electrical steel
      sheets having a magnetic induction B.sub.8 value of more than 1.85
      Wb/m.sup.2 in a stable industrial step.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for producing electrical steel sheets having a very high
      magnetic induction in which an electrical steel raw material is hot
      rolled, annealed at a temperature of 750.degree.-1200.degree.C the sheet
      is subjected to at least one cold rolling including, at least a final cold
      rolling, at a reduction rate of 40-89% to produce a steel sheet having a
      final gage of 2-4mm, with said 750.degree.-1200.degree.C annealing
      occurring before said final cold rolling, said cold rolled sheet being
      subjected to a decarburizing annealing and a final annealing to develop
      the secondary cyrstallized grain of (110) [001]; the improvement
      comprising utilizing an electrical steel raw material consisting of less
      than 4.5% Si, less than 0.06% C, 0.025-0.035% of Sb, 0.01-0.035% of
      soluble Al, 0.02-0.20% of Mn with the remainder of the composition
      comprising iron and incidental impurities and the improvement further
      comprising subjecting the sheet to a final annealing at a temperature of
      800.degree.-950.degree.C for from 5 to 120 hours to develop the secondary
      recrystallized grains of (110) [001] orientation and then subjecting said
      sheet to a subsequent purifying annealing at a temperature higher than
      1000.degree.C to remove the impurities.
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ABST
PAL  Single-crystal epitaxial layers of compound semiconductors or mixed
      semiconductors are grown on suitable substrates from the liquid phase,
      which consists of a molten metallic solvent dissolving a source material
      of the semiconductors, and within which the temperature gradient is
      produced so that in a high temperature region of the liquid solution a
      solid source material is dissolving into the liquid solution with at least
      a portion of the solid source material always at an undissolved state and
      in a low temperature region of the liquid solution an epitaxial layer is
      depositing onto the substrate, the temperatures in the liquid solution
      being kept constant during the epitaxial growth. Each substrate is
      positioned in one of a number of slots which are provided in the upper
      surface of a slider and it is successively transferred with the slider to
      contact with the liquid solution. The composition and/or the doping level
      of each epitaxial layer are controlled by the composition and/or the
      doping level of the solid source material which is selected from a
      pre-synthesized material, i.e., a solid film produced on the liquid
      solution by supersaturation and a film deposited on the liquid solution
      from the vapor phase.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the production of single-crystal epitaxial
      layers of semiconductors having a ternary or more multi-component
      homogeneous composition and/or a uniform doping level in binary or more
      multi-component semiconductors, and particularly to the production of
      epitaxial layers from the liquid phase.
PAR  Generally, two methods of growing epitaxial layers from the liquid phase
      have been known. One method comprises contacting a liquid solution
      saturated with a source material of semiconductor to be grown with a
      suitable substrate and then slowly cooling the temperature of the solution
      to grow an epitaxial layer on the substrate. For a detailed description,
      see H. Nelson, "Epitaxial Growth from the Liquid State and Its Application
      to the Fabrication of Tunnel and Laser Diodes", RCA Review 24, p. 603,
      1963. Hereinafter, this method will be referred to as the "slowly-cooling
      liquid phase epitaxial growth method". The second method comprises
      producing a temperature gradient in the liquid solution so that in a high
      temperature region of the liquid solution a source material of the
      semiconductor to be grown is being supplied and in a low temperature
      region of the liquid solution an epitaxial layer is depositing onto the
      substrate contacted with the liquid solution. In the second method, the
      semiconductor to be grown is transferred from the high temperature region
      to the low temperature region by diffusion through the liquid solution
      according to the temperature gradient of the liquid solution. For a
      detailed description, see G. B. Stringfellow and P. E. Green, "Liquid
      Phase Epitaxial Growth of InAs.sub.1.sub.-x Sb.sub.x ", Journal of
      Electrochemical Society, Vol. 118, No. 5, p. 805, (1971). This method will
      be referred to hereinafter as the "temperature-gradient liquid phase
      epitaxial growth method", though it is also called "steady-state liquid
      phase epitaxial growth method".
PAR  According to the first method, i.e. "slowly-cooling liquid phase epitaxial
      growth method", it is difficult to grow epitaxial layers on many
      substrates successively by using a liquid solution, since concentrations
      of the source material and of an impurity as a dopant in the liquid
      solution once used for the epitaxial growth are changed.
PAR  In the epitaxial growth of ternary semiconductors, change in composition
      occurs in a direction perpendicular to the growth surface and consequently
      the epitaxial growth of ternary semiconductors of a homogeneous
      composition becomes difficult. For example, in the case wherein an
      epitaxial layer of a ternary semiconductor Ga.sub.1.sub.-x Al.sub.x As
      (0&lt;x&lt;1) is grown on a GaAs substrate from a Ga-Al-GaAs mixed solution, Al
      concentration in an initially grown part is high and the Al concentration
      in the growing layer reduces rapidly thereafter. Thus, it is quite
      difficult to continuously grow single-crystal epitaxial layers of
      semiconductors having a homogeneous composition and/or uniform doping
      level by the first method.
PAR  Therefore, the use of the second method, i.e. "temperature-gradient liquid
      phase epitaxial growth method" is considered in this situation. For
      example, according to said report of Stringfellow et al., a homogeneous
      epitaxial layer of InAs.sub.1.sub.-x Sb.sub.x (0 &lt;x&lt;1) of about 80 .mu.m
      is obtained by placing an InAs solid source in a high temperature region
      of an In-As-Sb ternary liquid solution and an InAs substrate in a low
      temperature region thereof. However, change of the liquid solution is also
      caused after a number of successive epitaxial growth steps.
PAR  In Official Gazette of the Japanese Patent No. 3711/1972, a method is
      disclosed which comprises floating a GaAs solid source on a Ga-Al-GaAs
      mixed solution to grow a relatively homogeneous epitaxial layer of
      Ga.sub.1.sub.-x Al.sub.x As (0&lt;x&lt;1) on the GaAs substrate positioned in a
      low temperature region. However, a change in composition of the liquid
      solution is also caused if one only keeps the steady state under the fixed
      temperature gradient condition, since Al in the solution is incorporated
      in a large amount in Ga.sub.1.sub.-x Al.sub.x As. It is described therein
      that, for avoiding the change, a slow increase of the temperature of the
      whole solution as the growing proceeds is required, while the temperature
      gradient is always produced. Thus, change in temperature of the liquid
      solution is necessary as the epitaxial layer grows and, therefore, a
      number of continuous epitaxial growth operations are also difficult to
      obtain by this method.
PAC  DESCRIPTION OF THE INVENTION
PAR  According to the present invention, it is possible to successively grow
      single-crystal epitaxial layers of semiconductors having a ternary or more
      multi-component homogeneous composition and/or uniform doping level in
      binary or more multi-component semiconductors on many suitable substrates
      from the liquid phase. This can be applied to the following
      semiconductors: Group III-V semiconductors such as GaAs, GaP, InP, InSb,
      InAs, and GaN which are doped with at least one kind of impurity, Group
      III-V mixed semiconductors such as GaAs.sub.1.sub.-x P.sub.x,
      GaAs.sub.1.sub.-x Sb.sub.x, InAs.sub.1.sub.-x P.sub.x, InAs.sub.1.sub.-x
      Sb.sub.x Ga.sub.1.sub.-x Al.sub.x As, Ga.sub.1.sub.-x Al.sub.x P,
      In.sub.1.sub.-x Ga.sub.x P, In.sub.1.sub.-x Al.sub.x P, In.sub.1.sub.-x
      Al.sub.x As, Ga.sub.1.sub.-x In.sub.x N (0&lt;x&lt;1 in the foregoing
      semiconductors), In.sub.1.sub.-y Al.sub.y As.sub.1.sub.-x P.sub.x,
      In.sub.1.sub.-y Ga.sub.y As.sub.1.sub.-x P.sub.x, Ga.sub.1.sub.-y Al.sub.y
      As.sub.1.sub.-x P.sub.x (0&lt;x&lt;1, 0&lt;y&lt;1 in the foregoing semiconductors),
      Group II-VI semiconductors such as CdTe, CdS, ZnSe, ZnTe, ZnO, and BeTe
      which are doped with at least one kind of impurity, Group II-VI mixed
      semiconductors such as ZnSe.sub.1.sub.-x Te.sub.x, Cd.sub.1.sub.-x
      Zn.sub.x S, Zn.sub.1.sub.-x Mg.sub.x Te, Cd.sub.1.sub.-x Mg.sub.x Te,
      Hg.sub.1.sub.-x Cd.sub.x Te (0&lt;x&lt;1 in the foregoing semiconductors), and
      other semiconductors such as (ZnS).sub.1.sub.-x (GaP).sub.x,
      (ZnSe).sub.1.sub.-x (GaAs).sub.x (0&lt;x&lt;1 in the foregoing semiconductors),
      ZnSiP.sub.2, etc.
PAR  According to the present invention, single-crystal epitaxial layers of the
      above-mentioned various semiconductors are grown on suitable substrates
      from the liquid phase which consists of a molten metallic solvent
      dissolving a source material of the semiconductors and within which the
      temperature gradient is produced so that in a high temperature region of
      the liquid solution a solid source material is dissolving into the liquid
      solution, with at least a portion of the solid source material always at
      an undissolved state and in a low temperature region of the liquid
      solution an epitaxial layer is depositing onto the substrate, the
      temperatures in the liquid solution being kept constant during the
      epitaxial growth. Each substrate is positioned in one of the slots which
      are provided in the upper surface of a slider and it is successively
      transferred with the slider to contact with the liquid solution. The
      composition and/or the doping level of each epitaxial layer are controlled
      by the composition and/or doping level of the solid source material. The
      solid source material may be selected from a pre-synthesized material, a
      solid film produced on the liquid solution by supersaturation, a film
      deposited on the liquid solution from vapor phase or a mixture thereof
      wherein the undissolved solid source material and the semiconductor to be
      grown have substantially equal compositions and/or doping levels.
PAR  In this connection, the metallic solvent, a source material and a suitable
      substrate should be selected properly depending upon the kind of epitaxial
      layer to be grown. Examples of them will be shown in the following Table
      together with the atmospheres in which the liquid solution is positioned.
      The binary semiconductors such as GaAs, GaP, GaN, ZnTe in the following
      table mean the semiconductors which are doped with at least one kind of
      impurity.
TBL  __________________________________________________________________________

     examples of                                                               

            examples of                                                        

                     examples of                                               

                             examples of                                       

                                      atmospheres                              

     epitaxial                                                                 

            metallic source  substrates                                        

     layers to be                                                              

            solvents materials                                                 

     deposited                                                                 

     __________________________________________________________________________

     GaAs   Ga, Sn   GaAs    GaAs, MgGa.sub.2 O.sub.4,                         

                                      H.sub.2, N.sub.2, H.sub.2 -N.sub.2       

                             GaP      Ar, vacuum                               

     GaP    Ga, Sn, In,                                                        

                     GaP     GaP, GaAs,                                        

                                         "                                     

            Pb               Si                                                

     GaN    Ga, Bi, Ga-Bi                                                      

                     GaN     GaN, Al.sub.2 O.sub.3,                            

                                      H.sub.2 -NH.sub.3,                       

            InBi             MgAl.sub.2 O.sub.4,                               

                                      NH.sub.3,                                

                             ZnO, SiC nitrogen                                 

                                      plasma,                                  

                                      active                                   

                                      nitrogen                                 

     Ga.sub.1.sub.-x Al.sub.x As                                               

            Ga, Ga-Al                                                          

                     AlAs and                                                  

                             GaAs, GaP,                                        

                                      H.sub.2, N.sub. 2,                       

                     GaAs,   MgGa.sub.2 O.sub.4                                

                                      H.sub.2 -N.sub.2,                        

                     Ga.sub.1.sub.-x Al.sub.x As                               

                     (0&lt;x&lt;1)          Ar, vacuum                               

     GaAs.sub.1.sub.-x P.sub.x                                                 

            Ga, Pb   GaP and GaP,        "                                     

                     GaAs,   MgGa.sub.2 O.sub.4                                

     (0&lt;x&lt;1)         GaAs.sub.1.sub.-x P.sub.x                                 

                     (0&lt;x&lt;1)                                                   

     Ga.sub.1.sub.-x Al.sub.x P                                                

            Ga, Ga-Al                                                          

                     AlP and GaP,        "                                     

                     GaP,                                                      

            Ga-In            AlP/GaP*                                          

     (0&lt;x&lt;1)         Ga.sub.1.sub.-x Al.sub.x P                                

                     (0&lt;x&lt;1)                                                   

     In.sub.1.sub.-x Ga.sub.x P                                                

            Ga, In,  GaP and GaP, GaAs                                         

                                         "                                     

            Ga-In    InP,                                                      

     (0&lt;x&lt;1)         In.sub.1.sub.-x Ga.sub.x P                                

                     (0&lt;x&lt;1)                                                   

     In.sub.1.sub.-x Al.sub.x P                                                

            In, InBi,                                                          

                     AlP and InP,                                              

                             GaAs, GaP,                                        

                                      H.sub.2, N.sub.2,                        

            InSb,    In.sub.1.sub.-x Al.sub.x P                                

     (0&lt;x&lt;1)                                                                   

            In-Al            AlP/GaP* H.sub.2 -N.sub.2,                        

                     (0&lt;x&lt;1)          Ar,                                      

                                      vacuum                                   

     In.sub.1.sub.-x Ga.sub.x Sb                                               

            In, In-Ga,                                                         

                     GaSb and                                                  

                             GaSb,       "                                     

            Sb,      InSb,   AlSb,                                             

            InBi, Bi In.sub.1.sub.-x Ga.sub.x Sb                               

                             InP                                               

     (0&lt;x&lt;1)         (0&lt;x&lt;1)                                                   

     ZnTe   Ga, Bi   ZnTe    ZnTe,                                             

                             GaAs                                              

     __________________________________________________________________________

      *a substrate which is produced by growing a thin epitaxial layer of AlP o

      GaP substrate.                                                           

PAR  For controlling the doping level, a suitable amount of a dopant should be
      introduced in the metallic solvent and a doped source should be used as
      the source material.
PAR  A pre-synthesized material may be used as the solid source material. For
      example, a source material comprising GaAs.sub.1.sub.-x P.sub.x (0&lt;x&lt;1)
      may be synthesized by mixing GaAs powder with GaP powder in a proportion
      of (1-x):(x), pressing the mixture, and annealing it in a suitable
      atmosphere (such as that containing As and P). In case Ga solvent is used,
      a mixed vapor of As and P kept in a suitable proportion is contacted with
      a Ga solution to crystallize out a solid film of GaAs.sub.1.sub.-x P.sub.x
      on the surface of the Ga solution by supersaturation. Thus, the solid
      source material can be produced in situ during epitaxial growth. Further,
      by introducing a gas mixture of Ga(CH.sub.3).sub.3 vapor, and PH.sub.3
      vapor in a suitable proportion onto a metallic solvent such as Ga or Pb,
      GaAs.sub.1.sub.-x P.sub.x is deposited on the solution. The source
      material can be snythesized also by this process in situ during epitaxial
      growth. A combination of a pre-synthesized material and a material
      produced in situ during epitaxial growth may be used.
PAR  An object of the invention is to provide a method of successively growing
      single-crystal epitaxial layers of semiconductors having a homogeneous
      composition and/or uniform doping level on many suitable substrates from
      the liquid phase.
PAR  Another object of the invention is to provide an improved
      temperature-gradient liquid phase epitaxial growth method.
PAR  Still another object of the invention is to provide an apparatus for
      growing epitaxial layers suitable for carrying out the improved
      temperature-gradient liquid phase epitaxial growth method.
PAR  A further object of the invention is to provide an inexpensive method of
      producing epitaxial layers of the above-mentioned various semiconductors
      with a high rate of reproducibility.
PAR  Another object of the invention is to provide some new methods of
      synthesizing solid source materials required for carrying out the improved
      temperature-gradient liquid phase epitaxial growth method.
PAR  Another object of the invention is to provide a liquid phase epitaxial
      growth method particularly suitable for controlling compositions of
      ternary semiconductors.
PAR  Another particular object of the invention is to provide a liquid phase
      epitaxial growth method of growing epitaxial layers of Group III-V
      semiconductors at a high growth rate.
PAR  Another object of the invention is to provide a method of growing
      successive layers, i.e. liquid phase epitaxial layers, having a
      multi-layer structure of the above-mentioned various semiconductors.
PAR  A feature of the invention resides in the employment of an improved
      temperature-gradient liquid phase epitaxial growth method for growing
      single-crystal epitaxial layers of compound semiconductors or mixed
      semiconductors on suitable substrates from the liquid phase which consists
      of a molten metallic solvent dissolving a source material of the
      semiconductors. In the liquid solution, the temperature gradient is
      produced so that in a high temperature region of the solution a solid
      source material is dissolving into the liquid solution, with at least a
      portion of the solid source material always at an undissolved state and in
      a low temperature region of the liquid solution an epitaxial layer is
      depositing onto the substrate, the temperatures in the liquid solution
      being kept constant during the epitaxial growth.
PAR  Another feature of the invention resides in the improved
      temperature-gradient liquid phase epitaxial growth method wherein each
      substrate is positioned in one of slots which are provided in the upper
      surface of a slider and it is successively transfered with the slider to
      contact with the liquid solution and each substrate is kept in contact
      with the liquid solution for a predetermined time to effect successive
      liquid phase epitaxial growth.
PAR  Still another feature of the invention resides in the improved
      temperature-gradient liquid phase epitaxial growth method wherein the
      composition and/or the doping level in the liquid solution is controlled
      by selecting or controlling suitably the composition of the undissolved
      solid source material dissolving in the solution and/or doping level in
      the undissolved solid source material in a high temperature region of the
      liquid solution and, consequently, the composition and/or doping level in
      the epitaxial layer depositing on the suitable substrate is controlled in
      a low temperature region of the solution.
PAR  A further feature of the invention resides in an apparatus for growing a
      liquid phase epitaxial layer by the improved temperature-gradient liquid
      phase epitaxial growth method, which comprises; a vessel for containing a
      solution which is always saturated with the solid source material of the
      epitaxial layer to be grown, a rectangular reaction tube for installing
      therein a slider for successively transferring suitable substrates to be
      contacted with the solution, a heating means on one side of said
      rectangular reaction tube for producing a high temperature region, a
      heating means on the opposite side for producing a low temperature region,
      said slider being moved with its bottom kept to be contacted with an
      internal surface of said low temperature heating side of said rectangular
      reaction tube, while a uniform temperature-gradient is maintained from the
      high temperature side to the low temperature side of the solution in the
      vessel and a homogeneous temperature distribution is maintained on the
      contact surface between the substrate and the solution.
PAR  Another feature of the invention resides in the improved
      temperature-gradient liquid phase epitaxial growth method wherein plural
      liquid solutions of different composition or doping level are prepared to
      successively effect the multi-layer epitaxial growth on suitable
      substrates.
PAR  Another feature of the invention resides in the improved
      temperature-gradient liquid phase epitaxial growth method, wherein a gas
      mixture of a carrier gas such as hydrogen gas, nitrogen gas, argon gas or
      a mixture thereof and the vapor of the constituents of the epitaxial layer
      and/or the vapor of the volatile compounds of the constituents of the
      semiconductor is introduced onto a solid source material dissolving into
      the liquid solution in a high temperature region of the liquid solution to
      form fresh solid source material on said source material and at the same
      time to control the composition of said solid source material and the
      doping level by means of the composition of said gas mixture.
PAR  Another characteristic feature of the invention resides in the improved
      temperature-gradient liquid phase epitaxial growth method of growing an
      epitaxial layer of Group III-V mixed semiconductor A.sup.III B.sup.V
      1.sub.-xC.sup.V x (0&lt;x&lt;1) which is grown on a substrate selected from
      Group III-V semiconductors, wherein a film of mixed semiconductor
      A.sup.III B.sup.V.sub.1.sub.-x C.sup.V.sub.x is produced on the surface of
      said liquid solution by means of supersaturation by introducing a gas
      mixture containing the B.sup.V, or the volatile compound of the B.sup.V
      element and C.sup.V, or the volatile compound of the C.sup.V in a high
      temperature region of the liquid solution, and the numeral represented by
      x is controlled by controlling the ratio of the partial pressure of the
      B.sup.V element to the partial pressure of the C.sup.V element in said gas
      mixture, A.sup.III being a Group III element (Al, Ga or In) and B.sup.V
      and C.sup.V being two different kinds of the Group V element selected from
      N, P, As or Sb.
PAC  EXAMPLES
PAR  The foregoing and other objects, features and advantages of this invention
      will be apparent from the following more particular description of
      preferred embodiments of the invention as illustrated in the accompanying
      drawings.
DRWD
PAR  In the drawings:
PAR  FIG. 1 illustrates the first technique of this invention for growing the
      single-crystal epitaxial layers of semiconductors on suitable substrates
      by the improved temperature-gradient liquid phase epitaxial growth method.
      It comprises a diagrammatical cross sectional view of the apparatus for
      growing liquid phase epitaxial layers on the substrates with a solid
      source material, a liquid solution and many substrates.
PAR  FIG. 2 illustrates the other technique of this invention which is
      applicable to the multi-layer epitaxial growth of semiconductors on
      suitable substrates, and which is used for growing the multiepitaxial
      layers successively on many substrates. It comprises a diagrammatic cross
      sectional view of the apparatus with two kinds of solid source material,
      two kinds of liquid solution and many substrates.
PAR  FIG. 3 shows another technique of this invention for growing the epitaxial
      layers of semiconductors on suitable substrate by the improved
      temperature-gradient liquid phase epitaxial growth method, wherein a solid
      source material is synthesized in situ during the epitaxial growth from a
      gas mixture transported by a carrier gas.
PAR  It comprises a diagrammatic cross sectional view of the apparatus with a
      solid source material, a liquid solution, many substrates and a liquid
      source material which generates a gas mixture transported by a carrier
      gas.
PAR  FIG. 4 shows the other technique of this invention similar to the technique
      of FIG. 3. It comprises a diagrammatic cross sectional view of the
      apparatus with a solid source material, a liquid solution, many substrates
      and two kinds of source material of the volatile components which generate
      an atmosphere of the vapor of the volatile components.
PAR  FIG. 5 illustrates another technique of this invention which is useful for
      growing the epitaxial layers especially of ternary semiconductors onto
      binary semiconductors.
DETD
PAR  It comprises a diagrammatic cross sectional view of the apparatus with one
      region for supplying a small amount of liquid solution onto each substrate
      from a large vessel containing a large amount of liquid solution and
      another region for growing epitaxial layers on the substrate by the
      improved temperaturegradient liquid phase epitaxial growth method.
PAR  The following are examples of the method of this invention for growing the
      single-crystal epitaxial layers of semiconductors on suitable substrates
      by the improved temperature-gradient liquid phase epitaxial growth method.
PAC  EXAMPLE 1
PAR  FIG. 1 is a cross section in the longitudinal direction of an apparatus for
      growing successive liquid phase epitaxial layers, which illustrates an
      embodiment of the invention.
PAR  In the figure, 1 is a quartz reaction tube having a rectangular section
      perpendicular to the longitudinal direction. The upper surface of the tube
      is contacted with a high thermal-conductivity plate 2 for uniforming the
      temperatures of the high temperature heating region and the lower surface
      is contacted with a high thermalconductivity plate 3 of the low
      temperature heating region. 4 and 5 are thermocouples for measuring and
      controlling the temperature of the high thermal-conductivity plates on the
      high and low temperature regions, respectively. 6 and 7 are electric
      furnaces on the high and low temperature sides, respectively. In the
      quartz reaction tube, a high purity graphite boat 9 is inserted in which a
      liquid solution 8 and a solid source material 12 are placed. Each suitable
      substrate 11 is positioned in each slot 15 placed in the upper surface of
      a slider 10. The substrate 11 is introduced in the lower portion of the
      liquid solution 8 in the direction of an arrow 14 to contact with the
      solution 8 for a predetermined time and thereafter drawn in the direction
      of an arrow 13. The above operation can be carried out nearly continuously
      by moving the slider 10 intermittently and successively.
PAR  The reasons why the quartz reaction tube having a rectangular section is
      used will be described below. If a quartz reaction tube of circular
      section is used, it is difficult to provide a uniform temperaturegradient
      from the higher temperature region to the lower temperature region and
      furthermore, it is also difficult to provide a homogeneous temperature
      profile in a horizontal plane in the lower temperature region. As a
      result, melt back in the liquid solution is caused in a part of the
      substrate while epitaxial growth is being caused in the other part
      thereof. On the other hand, if a quartz reaction tube of a rectangular
      section is used, these difficulties can be easily eliminated. This example
      was carried out in order to test the apparatus shown in FIG. 1. In this
      example, GaAs wafer was used as the substrate 11 and the liquid solution 8
      was prepared from 50g of Ga and 11.0 g of GaAs polycrystal. By controlling
      temperatures of the thermocouples 4 and 5 to be about 950.degree.C and
      about 880.degree.C, a temperature-gradient of at least 1.degree.C/cm was
      provided in the liquid solution 8. After attaining a thermally steady
      state, the first pair of GaAs wafers were contacted with the liquid
      solution 8 by means of the slider 10 and kept in this state for about 1
      hour. Thereafter, the second pair of GaAs wafers were contacted with the
      solution 8. Thus, a respective pair of GaAs wafers was contacted with the
      solution 8 successively each for about one hour. The epitaxial growth can
      be effected substantially in a continuous manner until excess GaAs solid
      source 12 has been consumed. The thickness of the epitaxial layer grown
      was about 70.mu.m. By providing a temperature difference of about
      200.degree.C between the upper and the lower portions of the liquid
      solution, a growth rate of about 300 .mu.m/hr. can be obtained.
PAR  It is to be noted that, if the temperature difference between the
      thermocouples 4 and 5 is less than 30.degree.C, melt back of the GaAs
      wafer as substrate in the liquid solution may occur. Namely, in the
      temperature-gradient liquid phase epitaxial growth method, precise control
      of temperature-gradient in the liquid solution is required. Accordingly, a
      roof is furnished for a portion of the boat 9 so that the roof tightly
      contacts the upper surface of the rectangular reaction tube to avoid
      influence of the direct radiant heat of the high temperature region upon
      the temperature of the low temperature region, thereby keeping the
      temperaturegradient uniform.
PAR  For increasing the temperature-gradient in the liquid solution, the high
      thermal-conductivity plate 3 may be contacted with a cooled gas.
PAC  EXAMPLE 2
PAR  In this example, a double epitaxial layer of pGaAs/nGaAs was grown on a
      single-crystal substrate of n.sup.+GaAs by using an apparatus as shown in
      FIG. 2. FIG. 2 is a cross section of a successive multi-layer epitaxial
      growth apparatus used in this example of the invention. In the figure, 16
      is a quartz reaction tube having a rectangular section the upper surface
      of which is contacted with two high thermal-conductivity plates 17 and 18
      of a high temperature region and the lower surface of which is contacted
      with two high thermal-conductivity plates 19 and 20 of a low temperature
      region.
PAR  Temperatures of the two heaters 21 and 22 in the high temperature region
      and the two heaters 23 and 24 in the low temperature region are controlled
      independently. The controlling thermocouple is not shown.
PAR  Crucibles 27 and 28 containing solutions 25 and 26 are positioned in the
      reaction tube 16. Sections of the crucibles 27 and 28 are also
      rectangular. 29 is a semiconductor substrate positioned in a slider 30.
      The substrate 29 is introduced in the direction of arrow 33 in solutions
      25 and 26 on which the starting semiconductors 31 and 32 as solid source
      materials float and it is contacted with the solution 25 for a
      predetermined time and then with the solution 26. Thereafter, the
      substrate 29 is drawn in the direction of arrow 34. Multi-layer epitaxial
      layers can be obtained successively by carrying out the above operation
      successively in the presence of an inert gas or reducing gas stream 35. In
      case the starting semiconductors 31 and 32 have specific weights higher
      than those of the solutions 25 and 26, respectively, a diaphragm having,
      for example, slits may be provided between the starting semiconductor 31
      and the solution 25 or between the starting semiconductor 32 and the
      solution 26 in order to permit contact of the solution with the starting
      semiconductor through the slits.
PAR  In this example, double epitaxial growth layers of pGaAs/nGaAs were grown
      by using the (lll)Ga surface, i.e., (lll) A surface of GaAs, of the
      crystallographic plane of a GaAs single-crystal as the substrate. Ga
      solution containing about 20 wt. % of GaAs was used as the solutions 25
      and 26. Small amounts of Te and Zn were added to the solutions 25 and 26,
      respectively. Plate-form crystal of GaAs containing about 5 .times.
      10.sup.17 cm.sup.-.sup.3 of Te was used as the starting semiconductor 31
      and platy crystal GaAs containing about 1 .times. 10.sup.18 cm.sup.-.sup.3
      of Zn was used as the starting semiconductor 32. The temperature of
      temperature-uniforming plates 17 and 18 was controlled to be 950.degree.C,
      and temperature of the temperature-uniforming plates 19 and 20 was
      controlled to be 880.degree.C. By the control, a temperature-gradient of
      at least 1.degree.C/cm was produced in the solutions 25 and 26.
PAR  Under the above conditions, the substrate 29 was contacted with the
      solution 25 for one hour and then with the solution 26 for 30 minutes.
      Thus, about 50 .mu.m of nGaAs epitaxial layer 36 doped with about 5
      .times. 10.sup.17 cm.sup.-.sup.3 of Te and about 20 .mu.m of pGaAs
      epitaxial layer 37 doped with about 8 .times. 10.sup.17 cm.sup.-.sup.3 of
      Zn were grown. Thus, uniform multi-layer epitaxial layers can be grown
      until the starting semiconductors 31 and 32 have been consumed by the
      successive epitaxial growth.
PAC  EXAMPLE 3
PAR  In this example, double epitaxial growth layers of pGa.sub.1.sub.-x
      In.sub.x P/nGa.sub.1.sub.-x In.sub.x P were grown on single-crystal
      substrates of nGaP by using the same apparatus as in Example 2.
      Temperature conditions were the same as in Example 2. The substrate used
      was the (lll)P surface, i.e., (lll)B surface, of a nGaP single-crystal
      doped with about 5 .times. 10.sup.17 cm.sup.-.sup.3 of Te. The solutions
      25 and 26 were mixed solutions of Ga and InP. Undoped Ga.sub.1.sub.-x
      In.sub.x P platy crystal of x=4 was used as the starting semiconductors 31
      and 32. A small amount of Te was added to the solution 25. A small amount
      of Zn was added to the solution 26. The substrate 29 was contacted with
      the solution 25 for 2 hours and with the solution 26 for 1 hour to grow
      about an 80 .mu.m of nGa.sub.0.6 In.sub.0.4 P layer 36 doped with about 3
      .times. 10.sup.17 cm.sup.-.sup.3 of Te and about 40 .mu.m of pGa.sub.0.6
      In.sub.0.4 P layer 37 doped with about 5 .times. 10.sup.17 cm.sup.-.sup.3
      of Zn. In this case after about ten wafers were treated, doping levels of
      Te and Zn in the epitaxial layers were reduced to about 1/2 of the initial
      values. By using platy crystals of nGa.sub.0.6 In.sub.0.4 P doped with
      about 3 .times. 10.sup.17 cm.sup.-.sup.3 of Te and pGa.sub.0.6 In.sub.0.4
      P doped with about 5 .times. 10.sup.17 cm.sup.-.sup.3 of Zn in place of
      the undoped Ga.sub.1.sub.-x In.sub.x P as the starting semiconductors 31
      and 32, the doping level can be kept constant during the repeated
      epitaxial growth operations.
PAR  Further, ternary epitaxial growth layers such as p.sup.+Ga.sub.1.sub.-x
      Al.sub.x As/pGaAs/n.sup.+Ga.sub.1.sub.-x Al.sub.x As on n.sup.+GaAs
      substrate, pGa.sub.1.sub.-x Al.sub.x P/pGaP(isoelectronic nitrogen and an
      acceptor dope)/nGa.sub.1.sub.-x Al.sub.x P on nGaP substrate and
      p.sup.+In.sub.1.sub.-x Ga.sub.x P/pIn.sub.1.sub.-y Ga.sub.y
      P/n.sup.+In.sub.1.sub.-z Ga.sub.z P, where x &gt;y and z &gt;y, on n.sup.+GaAs
      substrate can be produced successively by providing three different
      solutions.
PAR  By contacting the substrates with two different solutions alternately,
      epitaxial multi-layers such as In.sub.1.sub.-x Ga.sub.x P/In.sub.1.sub.-y
      Ga.sub.y P/In.sub.1.sub.-x Ga.sub.x P/In.sub.1.sub.-y Ga.sub.y P/ . . .
      and (Ga.sub.1.sub.-x Al.sub.x).sub.y In.sub.1.sub.-y P/(Ga.sub.1.sub.-z
      Al.sub.z).sub.y In.sub.1.sub.-y P/(Ga.sub.1.sub.-x Al.sub.x).sub.y
      In.sub.1.sub.-y P/ . . . . can be grown. These layers may be used for a
      so-called crystal having a man-made superlattice.
PAC  EXAMPLE 4
PAR  In Examples 1 through 3, pre-synthesized materials were used as the solid
      source materials (12 in FIG. 1; 31 and 32 in FIG. 2). However, in case
      epitaxial layers of the ternary compound GaAs.sub.1.sub.-x P.sub.x are to
      be grown on GaP substrates or GaP epitaxial layers doped with both Zn and
      O are to be grown, it is better to synthesize the solid source material in
      situ during epitaxial growth. A temperature-gradient of at least
      1.degree.C/cm is provided in a solution saturated with a starting
      semiconductor having essentially the same composition as that of the
      epitaxial layer to be grown, said starting semiconductor is deposited in
      solid form on the surface of the solution in the high temperature region
      from the gas phase transported with the carrier gas. The composition of
      the starting semiconductor of the solid state and the doping level thereof
      are controlled by controlling the composition of the gas phase. Then the
      semiconductor substrate is contacted with the low temperature region of
      the solution while the starting semiconductor is dissolved in the solution
      to make the solution saturated whereby the epitaxial layer is formed on
      the substrate.
PAR  FIG. 3 is a vertical cross section of the liquid phase epitaxial growth
      apparatus used in this example.
PAR  In this example, GaAs.sub.1.sub.-x P.sub.x epitaxial growth layers were
      formed on GaP single-crystal substrates. In the figure, 38 is a liquid
      solution consisting of Ga, GaAs and GaP, 39 is a solid source material of
      GaAs.sub.1.sub.-x P.sub.x formed on the surface of the solution 38 and 40
      is GaP single-crystal substrate. 41 is a graphite crucible having an open
      window at the bottom which crucible contains the solution 38. 42 is a heat
      sink which absorbs heat from the bottom of the solution 38. The heat sink
      42 is made of graphite, BeO, etc. 43 is a heater for heating the liquid
      solution 38 and 44 is an auxiliary heater thereof. 45 is a quartz reaction
      tube. 46 is a carbon coating layer on the internal surface of the quartz
      reaction tube 45. 47 is a quartz internal tube positioned above the
      solution 38. 48 is a heater therefor. 49 is a graphite slider wherein each
      GaP single-crystal substrate is positioned in each slot 50. 52 is a
      GaAs.sub.1.sub.-x P.sub.x growth layer formed on the substrate 40. 53 is
      an inlet of hydrogen gas 54, 55 is an outlet of the same, 56 is an inlet
      for hydrogen as carrier gas and 57 is an outlet for waste gas. The liquid
      solution 38 comprising about 200 g of Ga, about 5 atomic % of As and about
      0.9 atomic % of P was prepared. The slider 49 was arranged so that a part
      58 thereof free of the slot was positioned below the solution 38. The
      temperature of the solution was controlled to be about 950.degree.C and a
      temperature-gradient of about 5.degree.C/cm was provided between the top
      and the bottom of the solution 38. Thereafter, a mixture of hydrogen,
      arsenic trichloride (AsCl.sub.3), phosphorus trichloride and H.sub.2 Se as
      a dopant was introduced through the carrier gas inlet 56. The gas mixture
      reacted with Ga 51 to form a gas mixture 60 while GaCl was produced. From
      the gas mixture 60, GaAs.sub.1.sub.-x P.sub.x was deposited on the
      solution 38. Value x of the GaAs.sub.1.sub.-x P.sub.x formed was kept at
      about 0.6 by controlling the temperature of the heater 48 and the amount
      of the carrier gas stream. Then, the slider 49 was moved in the direction
      of arrow 59 to transfer the GaP substrate below the liquid solution 38 and
      to contact the substrate with the solution. About two hours later, the
      slider 49 was moved in the direction of the arrow 59. As the result, about
      70 .mu.m of a GaAs.sub.1.sub.-x P.sub.x epitaxial layer (x=0.6) was
      formed. As the gas mixture 60, mixed gases such as a mixture of a volatile
      compound of Ga and a gas of As and P or a volatile compound of As and P
      may be used instead of the H.sub.2 /AsCl.sub.3 /PCl.sub.3 /Ga gas.
PAR  By this method, formation of a GaP epitaxial growth layer on GaP
      single-crystal substrate was also tried by using a mixed gas of GaCl and P
      gas. About a 50 .mu.m growth was obtained during 2 hours.
PAR  In this example 4, by using In in place of Ga and InP substrate in place of
      GaP substrate, an epitaxial growth layer of InAs.sub.1.sub.-x P.sub.x can
      be obtained. Further, by using Al(CH.sub.3).sub.3 in place of AsCl.sub.3,
      an epitaxial growth of Ga.sub.1.sub.-x Al.sub.x P on the GaP substrate in
      the Ga solution is possible.
PAR  In effecting epitaxial growth of Ga.sub.1.sub.-x Al.sub.x P, a gas mixture
      comprising Al (CH.sub.3).sub.3, GaCl and PCl.sub.3 may be used as the gas
      mixture 60. Ga.sub.1.sub.-x Al.sub.x P solid source material can also be
      synthesized easily on the solution in situ during epitaxial growth by
      simply introducing a gas mixture of Al(CH.sub.3).sub.3 and PH.sub.3 on the
      Ga solution.
PAC  EXAMPLE 5
PAR  FIG. 4 is a vertical cross section of a liquid phase epitaxial growth
      apparatus used in this example. The apparatus is essentially the same as
      in FIG. 3.
PAR  In this example, GaAs.sub.1.sub.-x P.sub.x epitaxial growth layers were
      formed on GaP single-crystal substrates. In FIG. 4, 61 is a solution of
      source material comprising Ga, GaAs and GaP, 62 is a film of
      GaAs.sub.1.sub.-x P.sub.x formed on the surface of the solution 61 and 63
      is a GaP single-crystal substrate. 64 is a graphite crucible and 65 is a
      heat sink for absorbing heat from the bottom of the solution 61. The heat
      sink 65 is made of graphite, BeO or the like. 66 is a heater for heating
      the liquid solution 61, 67 is an auxiliary heater thereof and 68 is a
      quartz reaction tube. 69 is a carbon coating layer on the internal surface
      of the quartz reaction tube 68. 70 is an inside quartz tube above the
      solution 61. 71 and 72 are heaters for heating P 73 and As 74. 75 is a
      graphite slider in which each GaP single crystal substrate 63 is
      positioned in each slot 76. 78 is a GaAs.sub.1.sub.-x P.sub.x growth
      layer. 79 is an inlet of hydrogen gas 80. 81 is an outlet thereof. 82 is
      an inlet of hydrogen as a carrier gas. 83 is an outlet for waste gas.
PAR  The liquid solution 61 comprising about 200 g of Ga, about 5 atomic % of As
      and about 0.9 atomic % of P was prepared. The slider 75 was arranged so
      that a part 84 thereof free of the slot was positioned below the solution
      61. The temperature T of the solution was controlled to be about
      950.degree.C and a temperaturegradient of about 5.degree.C/cm was provided
      between the top and the bottom of the solution 61, the temperature of the
      top surface being the highest. Thereafter, the temperatures of red
      phosphorus (P) 73 and As 74 were kept at 380.degree.C and 430.degree.C,
      respectively and hydrogen gas was introduced as the carrier gas through
      the gas inlet 82. The proportion of the partial pressure of P to the
      partial pressure of As was about 70. The gas mixture 77 was contacted with
      the solution 61 and a GaAs.sub.1.sub.-x P.sub.x film was formed by
      supersaturation. The value for x of the GaAs.sub.1.sub.-x P.sub.x film 62
      formed under those conditions was about 0.6. Then, the slider 75 was moved
      in the direction of arrow 85 to transfer the GaP substrate 63 below the
      liquid solution 61 and to contact the substrate with the solution. After
      about two hours, the slider 75 was moved in the direction of arrow 85 to
      contact the next substrate 63 with the solution 61. Thus, by moving the
      slider 75 successively, epitaxial layers of about 50 .mu.m thickness of
      GaAs.sub.1.sub.-x P.sub.x (x=0.6) were formed on the respective substrates
      63.
PAR  If the ratio of the partial pressure of P to the partial pressure of As is
      represented by .gamma., the following interrelationship was found between
      the value of x of the GaAs.sub.1.sub.-x P.sub.x film 62 and .gamma.,
EQU  x/1-x .alpha.K(T).gamma..sup.1/4
PAL  wherein K(T) is a function of only temperature T. The value .gamma. may be
      changed at will by slightly changing the temperatures of heaters 71 and
      72. For example, at a predetermined temperature T (72) of
      430.degree.C,.gamma. .congruent. 70 if T (71) is 380.degree.C and .gamma.
      .congruent. 0.5 if T (71) is 260.degree.C. It will be understood from the
      above equation that by varying the temperature T of the solution 61, the
      value of x may be varied, while .gamma. is kept constant.
PAC  EXAMPLE 6
PAR  In this example, GaAs.sub.1.sub.-x P.sub.x epitaxial layers were grown by
      using the apparatus shown in FIG. 4 in the same manner as in Example 5
      except that the power to the heaters 71 and 72 was not supplied and that
      AsH.sub.3 and PH.sub.3 were introduced by using hydrogen as carrier gas
      through the gas inlet 82.
PAR  The value .gamma. was controlled to be about 70 by changing the ratio of
      the gases. In the same manner as in Example 4, GaAs.sub.1.sub.-x P.sub.x
      epitaxial layers were grown on GaP single-crystal substrates 63. The value
      of x of the resulting GaAs.sub.1.sub.-x P.sub.x was also x  .congruent.
      0.6.
PAR  In this case, AsCl.sub.3 /PCl.sub.3 may be used in place of AsH.sub.3
      /PH.sub.3 as the gas to be introduced. Further, other volatile compounds
      of As and P may be used and the value of x may be controlled by
      controlling the partial pressures of the vapors of As and P produced by
      the decomposition thereof.
PAR  In this example, a GaAs.sub.1.sub.-x Sb.sub.x epitaxial growth layer may be
      obtained by using AsH.sub.3 and SbH.sub.3 in place of AsH.sub.3 and
      PH.sub.3 as the gas to be introduced and GaAs substrates in place of GaP
      substrates. By various combinations of substrate, liquid solution and gas
      source of the V group element, various epitaxial layers of A.sup.III
      B.sup.V.sub.1.sub.-x C.sup.V.sub.x mixed semiconductors as mentioned above
      may be grown.
PAC  EXAMPLE 7
PAR  This example represents an attempt to obtain a graded-composition liquid
      phase epitaxial layer. In this example, GaAs.sub.1.sub.-x P.sub.x
      epitaxial layers in which x has a value changing gradually from 1 to about
      0.6 nearly were grown on GaP single-crystal substrates by using the same
      apparatus as in Examples 5 and 6.
PAR  In the apparatus shown in FIG. 4, the starting solution 61 comprised a
      Ga-GaP solution saturated only with GaP. After contacting a GaP substrate
      with the solution, the temperature of the heater 72 was elevated to
      380.degree.C and then gradually to 430.degree.C to form GaAs.sub.1.sub.-x
      P.sub.x growth layers, x being a number changed gradually from 1 to about
      0.6. However, in this case, successive contact of the GaP substrates with
      the solution should not be done because the solution contains both As and
      P, and therefore, the solution must be baked with only P vapor to expel
      the As after each growth operation. Successive contact of the GaP
      substrates with the solution is possible in order to grow a
      graded-composition liquid phase epitaxial layer, if one has some
      modification of the method.
PAR  The technique of Examples 6 and 7 may be applied to various combinations of
      the A.sup.III B.sup.V.sub.1.sub.-x C.sup.V.sub.x growth layer and the
      substrate such as GaAs.sub.1.sub.-x P.sub.x /GaP, InAs.sub.1.sub.-x
      P.sub.x /InP, GaAs.sub.1.sub.-x Sb.sub.x /GaAs and InAs.sub.1.sub.-x
      P.sub.x /GaAs.
PAR  The growth of A.sup.III B.sup.V.sub.1.sub.-x C.sup.V mixed crystals having
      predetermined doping levels can be obtained by supplying a volatile dopant
      such as S, Se, Te or Zn together with the B.sup.V element or the C.sup.V
      element so that a partial pressure of the dopant is kept constant.
PAC  EXAMPLE 8
PAR  This example is a modification of the methods illustrated in FIGS. 1, 2, 3
      and 4.
PAR  FIG. 5 is a vertical cross section of a liquid phase epitaxial growth
      apparatus used in this example.
PAR  It comprises a diagrammatic cross sectional view of the apparatus with one
      region for supplying a small amount of liquid solution onto each substrate
      from a large vessel containing a large amount of liquid solution and
      another region for growing epitaxial layers on the substrate by the
      improved temperature-gradient liquid phase epitaxial method.
PAR  In the figure, 86 is a single-crystal substrate. 87 is a slider, 88 is a
      slot, 89 is a crucible for supplying solution in which a solution 90 which
      is not saturated with a semiconductor to be epitaxially grown is
      contained. The solution 90 and the substrate 86 are kept clean in an
      atmosphere of an inert gas or a reducing gas 91 such as H.sub.2 or H.sub.2
      --N.sub.2. The gas is introduced through an inlet 92 and exhausted through
      an outlet 93. 94 is an atmosphere of a gas mixture transported by a
      carrier gas. The gas comprises the carrier gas introduced through a gas
      inlet 95 and the gaseous reaction product formed from the reaction gas and
      a source material 96. The waste gas is taken out through an outlet 97. 98
      is a layer of the solution not saturated with the semiconductor to be
      grown which is supplied onto a slot 88 from the crucible 89. The crucible
      89 has suitably at least 5 times as much volume as the volume of the slot
      88 for supplying the solution successively into many slots 88. 99-1, 99-2,
      99-3, etc. are layers of the solution saturated with the semiconductor to
      be grown. 100 is a quartz reaction tube having a rectangular section. 101
      is a diaphragm for separating the gas 91 in the left from the gas mixture
      94 in the right. A temperature-gradient is provided between the top and
      the bottom of the solution 90 and 98, 99-1, 99-2, etc. by high temperature
      heater 102 and a low temperature heater or a heat sink 103, and a
      temperature uniforming plate 104 in a high temperature region and a
      temperature uniforming plate 105 in a low temperature region. With this, a
      temperature-gradient of from 1.degree.C/cm to about 15.degree.C/cm is
      provided between the top and the bottom of the solutions 98, 99-1, 99-2,
      etc. of about 100 .mu.m to 2 mm thickness.
PAR  In this example, an S-doped GaP epitaxial layer was grown on the (III)P
      surface, i.e., (III)B surface of an n-GaP single-crystal doped with about
      10.sup.18 cm.sup.-.sup.3 of Te grown by a "liquid encapsulation pulling
      technique". The temperature of the solution 90 was kept at about
      1100.degree.C by the heater 102. The solution 90 comprised 200 g of Ga
      added with 20 g of undoped GaP crystal and GaS. The GaS doping level was
      about 5 .times. 10.sup.17 cm.sup.-.sup.3 as S. The solution 90 was
      slightly unsaturated with GaP at about 1100.degree.C.
PAR  As the gas mixture 94, a gaseous reaction product of input gas 95 of
      H.sub.2 /PCl.sub.3 and GaP polycrystal 96 was used. The solution layer 98
      was slightly unsaturated with GaP and, consequently, a partial etching of
      the substrate 86 occured in this step. The solution layer 99-1 was slowly
      saturated with GaP. This is caused by the P gas and GaCl gas produced by
      the reaction of H.sub.2 /PCl.sub.3 and GaP both of which gases are
      dissolved in the solution 99-1. If the gas mixture 94 has a sufficiently
      high partial pressure, GaP films are formed on the surface of the
      solutions 99-2 and 99-3. The filmy solid source material is dissolved in
      the surface of the solution 99-3 and GaP epitaxial growth is effected on
      the substrate 86. The slider 87 was moved in the direction of arrow 106 at
      an average speed of about 30 cm/hr. For example, the contacting time of
      the substrate 86 of about 2 cm diameter with the solution 90 was about 5
      minutes. Thickness of the resulting growth layer was about 60 .mu.m.
PAC  EXAMPLE 9
PAR  In this example, GaAs.sub.1.sub.-x P.sub.x layers were grown on GaP
      substrates by using the same apparatus as in Example 8.
PAR  The same temperature conditions as in Example 8 were employed. The solution
      90 comprised 200 g of Ga added with 30 g of GaP and GaS. The solution was
      being saturated with GaP. As the gas mixture 94, a gaseous reaction
      mixture from the input gas 95 comprising a mixture of H.sub.2 /AsCl.sub.3
      and NH.sub.3 and GaP 96 was used. In this example, the solution 98 was
      saturated with GaP and, consequently, a growth layer of GaP doped with S
      began to grow on the GaP substrate in this step. Solution 99-1 is the step
      wherein x of GaAs.sub.1.sub.-x P.sub.x is reduced gradually from 1. After
      the reduction of x to about 0.7, GaAs.sub.1.sub.-x P.sub.x having the
      constant value of x was grown. The thickness of the growth layers was
      about 45 .mu.m. The growth layers were doped with S and N.
PAC  EXAMPLE 10
PAR  In this example, Ga.sub.1.sub.-x Al.sub.x P was grown on GaP substrates by
      using the same apparatus as in Example 8.
PAR  As the gas mixture 94, a gas mixture comprising Al(CH.sub.3).sub.3 added
      with NH.sub.3 and a gaseous reaction product from H.sub.2 /PCl.sub.3 and
      GaP 96 was used. The same operations as in Example 9 were effected.
PAR  Ga.sub.1.sub.-x Al.sub.x P layers doped with S and N comprising about 5
      .mu.m of Ga.sub.1.sub.-x Al.sub.x P layers wherein x varies from zero to
      about 0.3 and about 40 .mu.m of Ga.sub.1.sub.-x Al.sub.x P layers wherein
      x is about 0.3 were grown.
PAR  In addition, epitaxial layers can be grown selectively if photo-etched
      patterns of SiO.sub.2 or Si.sub.3 N.sub.4 are provided previously on the
      single-crystal substrates.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that the foregoing and other changes in form and
      details may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for successively growing single crystal epitaxial layers of
      semiconductors which have the ternary or more multi-component homogeneous
      composition and/or uniform doping level in the binary or more
      multi-component semiconductors on suitable substrates from the liquid
      phase comprising the steps of:
PA1  applying heat to a molten metallic solvent solution of a source material of
      said semiconductor and thereby establishing a temperature gradient therein
      with a high temperature region and a low temperature region;
PA1  contacting a solid source material with the high temperature region of said
      solution and thereby dissolving said source material into said high
      temperature region of said solution with at least a portion of said solid
      source material always at an undissolved state;
PA1  contacting at least one substrate surface with the low temperature region
      of said solution and thereby growing the epitaxial layers on the
      substrates by diffusion of the dissolved source material through said
      solution and supersaturation of said material in the low temperature
      region;
PA1  maintaining the temperatures in said solution constant during said
      epitaxial growth;
PA1  controlling the composition and/or doping level of said epitaxial layers by
      selecting substantially equal composition and/or doping level of the
      undissolved solid source material to said semiconductor to be grown;
PA1  removing said treated substrate from contact with said solution after a
      predetermined time and contacting at least one more substrate surface with
      said same solution for successive growth of epitaxial layers on a
      plurality of different substrate portions.
NUM  2.
PAR  2. The method of claim 1 wherein the step of removing the substrate and
      contacting the solution with another substrate portion is carried out by
      the step of sliding the treated substrate out of contact with said
      solution and sliding the new substrate to be treated into contact with
      said solution while maintaining a slide seal preventing the leakage of
      said solution.
NUM  3.
PAR  3. A method as described in claim 1 wherein the temperature-gradient is at
      least 1.degree.C/cm.
NUM  4.
PAR  4. A method as described in claim 1 wherein said solid source material is
      continuously produced by introducing over said liquid solution a gas
      mixture of a carrier gas and the vapor of the constituents and/or the
      volatile compounds of the constituents of said semiconductor.
NUM  5.
PAR  5. A method as described in claim 4 wherein the composition and/or the
      doping level of said solid source material is controlled by controlling at
      least one of the conditions consisting of the partial pressure of said
      constituents, said volatile compounds of the constituents, and the partial
      pressure of the dopants in said gas mixture.
NUM  6.
PAR  6. A method as described in claim 1 wherein said semiconductor is a Group
      III-V semiconductor or a Group III-V mixed semiconductor.
NUM  7.
PAR  7. A method as described in claim 1 wherein said semiconductor is a mixed
      semiconductor A.sup.III B.sup.V.sub.1.sub.-x C.sup.V.sub.x, x having a
      numerical value greater than zero and less than 1, A.sup.III being
      selected from the elements consisting of Al, Ga and In, and B.sup.V and
      C.sup.V being two different kinds of the element selected from N, P, As
      and Sb, and which is characterized by producing said solid source material
      in a film on said liquid solution by introducing a gas mixture of the
      vapor containing the B.sup.V element or the volatile compound of the
      B.sup.V element and the vapor containing the C.sup.V element or the
      volatile compound of the C.sup.V element, and supersaturating said liquid
      solution with the B.sup.V element and the C.sup.V element, and controlling
      the composition of said solid source material by controlling the ratio of
      the partial pressure of the B.sup.V element and the partial pressure of
      the C.sup.V element in said gas mixture over said liquid solution.
NUM  8.
PAR  8. A method as described in claim 1 wherein at least two kinds of said
      liquid solution are provided at different locations, and which is
      characterized by growing said epitaxial layer with a multi-layer structure
      on said substrate by contacting said substrate with the first liquid
      solution during a predetermined period and contacting said substrate
      successively with the second liquid solution during a predetermined
      period.
NUM  9.
PAR  9. A method as described in claim 8 wherein said epitaxial layer having a
      multi-layer structure is formed with each layer having a different
      composition and/or different kind of dopant and a different doping level.
NUM  10.
PAR  10. A method for successively growing single crystal epitaxial layers of
      semiconductors which have the ternary or more multi-component homogeneous
      composition and/or uniform doping level in the binary or more
      multi-component semiconductors on suitable substrates from the liquid
      phase comprising the steps of:
PA1  applying heat to a molten metallic solvent solution unsaturated with said
      semiconductor and thereby establishing a temperature gradient therein with
      a high temperature region and a low temperature region;
PA1  contacting at least one substrate surface with the low temperature region
      of said solution to supply a small amount of said liquid solution onto
      said substrate;
PA1  transferring said substrate with the small amount of said solution thereon
      into a different location and there contacting a solid source material
      with the high temperature region of said small amount of solution so that
      said source material dissolves into said high temperature region of said
      solution and saturates said solution with said semiconductor such that at
      least a portion of said solid source material acquires an undissolved
      state thereby growing the epitaxial layers on the substrate by diffusion
      of the dissolved source material through said solution and supersaturation
      of said material in the low temperature region;
PA1  maintaining the temperatures in said solution constant during said
      epitaxial growth;
PA1  controlling the composition and/or doping level of said epitaxial layers by
      selecting substantially equal composition and/or doping level of the
      undissolved solid source material to said semiconductor to be grown;
PA1  contacting at least one other substrate surface with said solution
      unsaturated with said semiconductor for successive growth of epitaxial
      layers on a plurality of different substrate portions.
NUM  11.
PAR  11. A method as described in claim 10 wherein said semiconductor is a Group
      III-V ternary mixed semiconductor and said substrate is a Group III-V
      binary semiconductor, and which is characterized by saturating said liquid
      solution unsaturated with said semiconductor only with said binary
      semiconductor, and after the epitaxial layer of said III-V binary
      semiconductor begins to grow on said substrates, contacting said solid
      source material with the high temperature region of said small amount of
      solution.
NUM  12.
PAR  12. A method as described in claim 10 which is characterized by removing
      said treated substrates from contact with said small amount of solution at
      a predetermined location.
NUM  13.
PAR  13. A method as described in claim 10 wherein said solid source material is
      continuously produced by introducing over said small amount of solution a
      gas mixture of a carrier gas and the vapor of the constituents and/or the
      volatile compounds of the constituents of said semiconductor with or
      without the dopant gas.
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ABST
PAL  The disclosure relates to a method and system for providing epitaxial
      solution growth of Group III-V compounds, one of which is gallium arsenide
      onto a substrate wherein the epitaxially grown layer is of uniform
      thickness over the substrate and the dopant is uniformly distributed
      throughout the epitaxially grown layer. This is accomplished, in
      accordance with one embodiment of the invention, by passing a hydrogen
      stream containing arsenic chloride vapor over the surface of a gallium
      arsenide-gallium melt wherein the substrate is immersed. The arsenic
      chloride is reduced to elemental arsenic and HCl, the latter reacting with
      the gallium to form gallium chloride which is volatile at the operating
      temperatures and is removed from the system. A saturated system of gallium
      arsenide in gallium is produced, some of the excess gallium arsenide
      depositing epitaxially on the substrate in solution. Any dopant would be
      placed in the melt and deposit along with the gallium arsenide on the
      substrate. The substrate is continually rotated to maintain substantially
      constant temperatures at the substrate and the immediately surrounding
      region.
PAL  In accordance with a second embodiment of the invention, the substrate is
      lowered into a gallium melt saturated with or having an excess of gallium
      arsenide. When the substrate reaches the melt temperature, it is then
      externally cooled and maintained at a constant temperature with rotation
      in the melt, the substrate temperature being slightly below the melt
      temperature. Gallium arsenide will thus deposit from the melt onto the
      substrate, the gallium arsenide being continually replenished in the melt.
      A dopant can also be placed in the melt. The temperature differential
      between substrate and melt is maintained constant along the entire
      substrate.
BSUM
PAR  This invention relates to the solution growth of Group III-V semiconductor
      materials onto a substrate and, more specifically, to a method and
      apparatus for the growth in solution of Group III-V semiconductor material
      onto a substrate wherein the substrate temperature can be maintained
      constant during growth and the temperature differential between a melt
      containing a solvent and the material to be grown and the substrate is
      maintained constant.
PAR  The application of solution growth epitaxy to the preparation of
      semiconductor compounds has become increasingly useful. However, during
      the process of developing solution growth techniques, several problems
      have been encountered which severely affect material quality. One of the
      primary problems which has been observed when standard solution growth
      techniques are used is the variation of deposit thicknesses across a
      single substrate. This can be caused either by "aftergrowth" which results
      from the inability to remove the saturated melt solution from the surface
      of the deposit prior to cool-down, or by slight variations in temperature
      throughout the melt during the growing cycle. Most solution growth
      techniques rely on variations of melt temperatures in order to achieve
      epitaxial growth. Since doping level in an epitaxial layer is a function
      of both growth rate and growth temperature, most solution grown epitaxial
      layers have doping gradients which can severely affect device performance.
      Solution growth techniques which rely on differential temperature
      variations can also induce variations in deposit composition when this
      technique is used to prepare mixed crystals such as Ga.sub.x
      In.sub.1.sub.-x As.
PAR  In accordance with the present invention and with the above noted problems
      in mind, there has been developed a process of producing solution growth
      of Group III-V semiconductor material which utilizes a constant
      temperature growth technique. In accordance with this process, there are
      produced epitaxial deposits of the Group III-V compound which have uniform
      deposit thicknesses and are free of doping gradients. The solution growth
      processes in accordance with the present invention rely on the principle
      of super saturating a suitable solvent such as gallium, indium, or the
      like and the resulting recrystallization of a single crystalline epitaxial
      deposit on a suitable substrate.
PAR  Briefly, the above is accomplished in accordance with one embodiment of the
      present invention by passing a hydrogen stream containing arsenic chloride
      vapor over the surface of a gallium arsenide/gallium melt wherein the
      substrate is immersed. The arsenic chloride is reduced to elemental
      arsenic and HCl gas, the latter reacting with the gallium to form gallium
      chloride which is volatile at the operating temperatures and is removed
      from the system. A saturated system of gallium arsenide in gallium is
      produced, some of the excess gallium arsenide depositing epitaxially on
      the substrate in solution. Any dopant would be placed in the melt and the
      deposit along with the gallium arsenide on the substrate. The substrate is
      continually rotated to maintain substantially constant temperatures at the
      substrate and the immediately surrounding region.
PAR  In accordance with a second embodiment of the invention, the substrate is
      lowered into a gallium melt having an excess of gallium arsenide. When the
      substrate reaches the melt temperature, it is then externally cooled and
      maintained at a constant temperature with rotation in the melt, the
      substrate temperature being slightly below the melt temperature. Gallium
      arsenide will thus deposit from the melt onto the substrate, the gallium
      arsenide being continually replenished in the melt. A dopant can also be
      placed in the melt. The temperature differential between substrate and
      melt is maintained constant along the entire substrate.
PAR  By means of slight variations of the above system, as would be apparent to
      those skilled in the art, almost all Group III-V, materials can be
      deposited in the manner disclosed, including ternary Group III-V
      materials.
PAR  It is therefore an object of this invention to provide the process of
      solution growth of Group III-V semiconductor material utilizing constant
      temperature in the growth region.
PAR  It is a further object of this invention to provide a method of solution
      growth of Group III-V semiconductor material capable of providing uniform
      deposit thicknesses of the deposited material and which are free of doping
      gradients.
PAR  It is yet a further object of this invention to provide a system for
      solution growth of Group III-V semiconductor material wherein the Group
      III-V material is deposited by providing a supersaturated condition of the
      Group III-V material to be deposited in the vicinity of the deposit
      receiving substrate from a suitable solvent.
DRWD
PAR  The above objects and still further objects of the invention will
      immediately become apparent to those skilled in the art after
      consideration of the following preferred embodiments thereof, which are
      provided by way of example and not by way of limitation, wherein:
PAR  FIG. 1 is a schematic diagram of a constant temperature solution epitaxial
      system for Group III-V compound deposition in accordance with a first
      embodiment of the present invention; and
PAR  FIG. 2 is a system showing a second embodiment of the invention wherein
      variable temperature solution growth is available.
DETD
PAR  Referring now to FIG. 1, there is shown a first embodiment of the system
      for solution growth of Group III-V semiconductor materials in accordance
      with the present invention. The system includes a furnace 1 having a
      heater 3 which can be of any appropriate type such as a resistance or RF
      heater. The furnace can be formed of graphite or other appropriate
      material as is well-known in the art. A crucible 5 of appropriate material
      to handle the materials to be melted therein without contamination is
      provided within the furnace 1, and supported on supports 7 therein. A
      rotating seed holder 9 passes into the furnace 1 and through the base of
      the crucible 5 with which it makes a sealing fit so that melt within the
      crucible will not pass through the opening in the crucible. Platform 11 is
      positioned on the top of the rotating seed holder, the substrate 13 being
      positioned on the platform 11. An inlet channel 15 is provided into the
      furnace 1 and an exhaust channel 17 is provided at the base of the
      furnace.
PAR  The rotating seed holder is capable of rotation in a clockwise or counter
      clockwise direction, the clockwise direction being shown in FIG. 1. The
      rotating seed holder 9 is also capable of being moved in a vertical
      direction as shown by the arrows so that the platform 11 and substrate 13
      can be dropped within the confines of the crucible 5 and beneath a melt 19
      therein. The melt in the preferred embodiment herein is gallium saturated
      with gallium arsenide though it should be appreciated by those skilled in
      the art that other appropriate materials can be used. In this case, the
      gallium is utilized as a solvent for the gallium arsenide and as stated
      above, other appropriate solvents and Group III-V materials can be
      provided to perform the melt. In addition, if desired, appropriate dopants
      can be supplied into the melt 19, these taking the form of materials such
      as, but not limited to, tin, tellurium, sulphur, silicon, germanium,
      selenium, and the like.
PAR  The melt 19 is heated, preferably to a temperature of about 950.degree.C.,
      or preferably somewhere in the range of 800.degree. to 1100.degree.C.
      though it is possible that some materials do work in the range of as low
      of 500.degree.C. up to 1200.degree.C. When the melt has been heated up to
      the appropriate temperature, the rotating seed holder 9 is lowered so that
      the platform or substrate holder 11 and 13 are completely immersed in the
      melt. Arsenic trichloride and hydrogen gases are then passed into the
      inlet 15 so that they are within the furnace 1. Due to the heat within the
      furnace, the arsenic trichloride and hydrogen react to form elemental
      arsenic and hydrogen chloride gas, the hydrogen chloride gas reacting with
      the gallium in the melt under the heat to form gallium chloride gas which
      is passed off along with the hydrogen which is formed through the exhaust
      17. This depletion of gallium from the gallium arsenide saturated gallium
      melt 19 causes an over-abundance of gallium arsenide, or a supersaturated
      condition, this gallium arsenide then depositing on the substrate 13 to
      form an epitaxially deposited layer from solution thereon of gallium
      arsenide. Due to the rotation of the substrate by means of the rotating
      seed holder 9, the solution is mixed and provides normalization from any
      slight variations in temperature within the melt. When the deposition
      cycle is complete, the substrate crystal 13 is raised above the surface of
      the melt 19 and the rotation speed is increased in order to remove any
      excess gallium, thus preventing aftergrowth.
PAR  It can be seen that there is provided a solution epitaxial deposition of
      gallium arsenide on a crystal substrate which provides the objects of the
      invention above-enumerated in simple manner.
PAR  It should be noted that the ratio of gallium to arsenic in the melt affects
      the manner in which the dopant enters the lattice structure. If the melt
      is gallium rich, an abundance of arsenic sites is available and the
      silicon will deposit on an arsenic site and act as a donor and silicon is
      used as the dopant. On the other hand, if the melt is arsenic rich, the
      silicon dopant will locate a gallium site and act as an acceptor. It can
      therefore be seen that a single dopant can be used to provide either
      p-type or n-type material using silicon or other Group IV dopants as is
      well-known in the art.
PAR  It should further be noted that gallium wets gallium arsenide and,
      accordingly, when the slice is covered with excess gallium thereon, this
      will precipitate on the surface of the wafer. This is undesirable and, in
      the prior art, this was removed by scraping, cleaning, or the like, which
      was very undesirable and costly. This cleaning step is eliminated by the
      above-noted rotation of the seed holder 11 above the surface of the melt
      after completion of the deposition step as noted.
PAR  Referring now to FIG. 2, there is shown a system setting forth the second
      embodiment of the present invention. The system includes a furnace 31
      having a heater 32 therearound which can be of the same type as described
      previously with regard to the embodiment of FIG. 1. A seed holder 33 is
      provided which has a hollow interior, a pedestal 35 which can be made of
      carbon being positioned thereon, and the substrate 37 upon which
      deposition is to take place is placed on and secured to the carbon
      pedestal. A crucible 39 which will contain a melt 40 is positioned within
      the furnace 31 and an inlet pipe 41 and an exhaust pipe 43 pass through
      the bottom of the furnace 31 and up to the seed holder 33 in order to be
      able to pass fluids into the seed holder and back out again as will be
      described in detail hereinbelow. In addition, the pipes 41 and 43 are
      secured to the seed holder in such a way that vertical movement thereof
      will cause the seed holder to move in an upward and downward direction,
      the inlet and exhaust also being rotatable to provide a rotary motion to
      the seed holder 33 in the same manner as was described with regard to FIG.
      1. The crucible 39 is filled with a gallium melt 40 and an excess of solid
      gallium arsenide is positioned at the base of the crucible as shown at 45.
      It should be understood that other appropriate solvents can be used in
      place of gallium and other appropriate deposition material can be used in
      place of gallium arsenide as discussed hereinabove with regard to the
      embodiment of FIG. 1.
PAR  The gallium 40 is heated to a temperature preferably in the range of
      1100.degree.C. and, in any event, greater than the temperature of the
      substrate 37. Gallium arsenide from the solid gallium arsenide mass 45
      will dissolve into the gallium melt until a saturated solution of gallium
      arsenide and gallium is provided at the melt temperature. The seed holder
      33 is then lowered so that the seed holder 33, pedestal 35 and substrate
      37 are completely immersed within the melt 40. A cooling fluid is then
      passed into the inlet pipe 41, this taking the form of air, nitrogen,
      water or other appropriate cooling material, this material going into the
      inlet 41 and to the base of the seed holder 33 and then out through the
      exhaust 43. In this manner, the temperature of the pedestal 35 and
      therefore of the substrate 37 can be controlled. This temperature is
      normally controlled in the range of 500.degree. to 1200.degree.C. for the
      substrate as is predetermined. This will be explained in more detail
      hereinbelow. Also, while the seed holder is being lowered into the melt,
      it is rotated to break any crust which may form on the surface of the
      melt. The seed holder 33, pedestal and substrate 37 are lowered into the
      melt and retained there until an equilibrium temperature condition is
      obtained, whereupon the substrate 37 is cooled to the desired temperature
      by means of the fluid flowing in the pipes 41 and 43 as above described
      due to the transfer of heat from the seed holder through the pedestal to
      the substrate. When the temperature of the substrate 37 goes below the
      temperature of the melt, and the liquid in the vicinity of the substrate
      37 becomes saturated, gallium arsenide will deposit out from the melt onto
      the substrate 37. Since there is an excess of gallium arsenide 45 in the
      form of a solid block at the base of the crucible 39, as gallium is
      removed from the melt and deposited onto the substrate 37, additional
      gallium arsenide will dissolve from the block 45 and retain the saturated
      condition of the melt. In addition, due to rotation of the seed holder 33
      in the melt 40, a temperature equilibrium is maintained and the deposition
      rate along the entire substrate is constant.
PAR  While the temperature of the melt has been stated to be preferably in the
      vicinity of 1100.degree.C., it is merely necessary to maintain the
      temperature of the melt approximately 10.degree.C. above the temperature
      of the substrate and to keep the temperatures of both the melt and the
      substrate as low as possible in order to perform the desired end result.
      This is because at higher temperatures it is possible that impurities from
      the crucible 39 may dissolve out and deposit onto the substrate 37 along
      with the gallium arsenide and any dopant which may also be in the melt as
      described in detail hereinabove with regard to the embodiment of FIG. 1.
      It is also known to those skilled in the art that in the case of a Group
      IV dopant, the conductivity type of the deposited substrate will be
      temperature dependent and this will dictate the temperatures at which the
      deposition is to take place.
PAR  As a further feature, an airlock 47 can be provided to achieve the ability
      of operation of the chamber in a vacuum with inert gas or the like. In
      this manner, substrates on which deposition has taken place can be removed
      through the airlocks and new wafers or substrates can be placed on the
      pedestal 35 and the process repeated as above described. This is possible
      because the system is not required to be opened during removal of
      completed substrates and replacement of new substrates.
PAR  It can be seen that there has been provided systems wherein Group III-V
      compounds can be deposited on a semiconductor substrate having uniform
      thickness of the deposited layer and uniform distribution of dopants. In
      addition, the requirement of removing undesirable materials from the
      surface of the wafer or substrate on which deposition has taken place, is
      substantially eliminated by the rotational feature of the feed holder.
PAR  Although the invention has been described with respect to specific
      preferred embodiments thereof, many variations and modifications will
      immediately become apparent to those skilled in the art. It is therefore
      the intention that the appended claims be interpreted as broadly as
      possible in view of the prior art to include all such variations and
      modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of solution growth of a Group III-V semiconductor material onto
      a substrate comprising the steps of
PA1  a. providing a melt comprising a saturated solution of a Group III-V
      semiconductor compound in a Group III solvent for said compound,
PA1  b. lowering a substrate into said melt,
PA1  c. passing a vapor stream of a halide of said Group V element in contact
      with the melt and withdrawing a predetermined amount of said solvent from
      said melt as Group III halide vapor to cause deposition of said compound
      onto said substrate; and
PA1  d. maintaining a uniform, constant temperature throughout the melt during
      the complete deposition period.
NUM  2.
PAR  2. A method as set forth in claim 1 wherein said melt is composed of a
      gallium solvent and gallium arsenide.
NUM  3.
PAR  3. A method as set forth in claim 2, wherein said melt further includes a
      dopant.
NUM  4.
PAR  4. A method as set forth in claim 3, further including the step of rotating
      said substrate after lowering into said melt.
NUM  5.
PAR  5. A method as set forth in claim 4, further including after step (c) the
      step of removing said substrate from said melt and rotating said substrate
      to remove excess melt therefrom.
NUM  6.
PAR  6. A method as set forth in claim 5, wherein said gallium is removed by the
      step of reacting hydrogen with arsenic chloride gas in the vicinity of
      said melt whereby HCl gas is formed and reacts with said gallium to form
      gallium chloride gas and removing the gases from the vicinity of said
      melt.
NUM  7.
PAR  7. A method as set forth in claim 4, wherein said gallium is removed by the
      step of reacting hydrogen with arsenic chloride gas in the vicinity of
      said melt whereby HCl gas is formed and reacts with said gallium to form
      gallium chloride gas and removing the gases from the vicinity of said
      melt.
NUM  8.
PAR  8. A method as set forth in claim 3, further including after step (c) the
      step of removing said substrate from said melt and rotating said substrate
      to remove excess melt therefrom.
NUM  9.
PAR  9. A method as set forth in claim 8, wherein said gallium is removed by the
      step of reacting hydrogen with arsenic chloride gas in the vicinity of
      said melt whereby HCl gas is formed and reacts with said gallium to form
      gallium chloride gas and removing the gases from the vicinity of said
      melt.
NUM  10.
PAR  10. A method as set forth in claim 3, wherein said gallium is removed by
      the step of reacting hydrogen with arsenic chloride gas in the vicinity of
      said melt whereby HCl gas is formed and reacts with said gallium to form
      gallium chloride gas and removing the gases from the vicinity of said
      melt.
NUM  11.
PAR  11. A method as set forth in claim 2, further including the step of
      rotating said substrate after lowering into said melt.
NUM  12.
PAR  12. A method as set forth in claim 11, further including after step (c) the
      step of removing said substrate from said melt and rotating said substrate
      to remove excess melt therefrom.
NUM  13.
PAR  13. A method as set forth in claim 12, wherein said gallium is removed by
      the step of reacting hydrogen with arsenic chloride gas in the vicinity of
      said melt whereby HCl gas is formed and reacts with said gallium to form
      gallium chloride gas and removing the gases from the vicinity of said
      melt.
NUM  14.
PAR  14. A method as set forth in claim 11, wherein said gallium is removed by
      the step of reacting hydrogen with arsenic chloride gas in the vicinity of
      said melt whereby HCl gas is formed and reacts with said gallium to form
      gallium chloride gas and removing the gases from the vicinity of said
      melt.
NUM  15.
PAR  15. A method as set forth in claim 2, further including after step (c) the
      step of removing said substrate from said melt and rotating said substrate
      to remove excess melt therefrom.
NUM  16.
PAR  16. A method as set forth in claim 15, wherein said gallium is removed by
      the step of reacting hydrogen with arsenic chloride gas in the vicinity of
      said melt whereby HCl gas is formed and reacts with said gallium to form
      gallium chloride gas and removing the gases from the vicinity of said
      melt.
NUM  17.
PAR  17. A method as set forth in claim 2, wherein said gallium is removed by
      the step of reacting hydrogen with arsenic chloride gas in the vicinity of
      said melt whereby HCl gas is formed and reacts with said gallium to form
      gallium chloride gas and removing the gases from the vicinity of said
      melt.
NUM  18.
PAR  18. A method as set forth in claim 1, wherein said melt further includes a
      dopant.
NUM  19.
PAR  19. A method as set forth in claim 18, further including the step of
      rotating said substrate after lowering into said melt.
NUM  20.
PAR  20. A method as set forth in claim 19, further including after step (c) the
      step of removing said substrate from said melt and rotating said substrate
      to remove excess melt therefrom.
NUM  21.
PAR  21. A method as set forth in claim 18, further including after step (c) the
      step of removing said substrate from said melt and rotating said substrate
      to remove excess melt therefrom.
NUM  22.
PAR  22. A method as set forth in claim 1, further including the step of
      rotating said substrate after lowering into said melt.
NUM  23.
PAR  23. A method as set forth in claim 22, further including after step (c) the
      step of removing said substrate from said melt and rotating said substrate
      to remove excess melt therefrom.
NUM  24.
PAR  24. A method as set forth in claim 1, further including after step (c) the
      step of removing said substrate from said melt and rotating said substrate
      to remove excess melt therefrom.
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ABST
PAL  A method of manufacturing bipolar transistor elements in a semiconductor
      integrated circuit isolated by a silicon oxide film, comprises the steps
      of forming a semiconductor layer of one conductivity type on a
      semiconductor substrate of the opposite conductivity type, in which each
      collector region of the one conductivity type is formed, diffusing an
      impurity of the opposite conductivity type for each base region into the
      surface of the semiconductor layer of the one conductivity type,
      performing oxidation down to the surface of the semiconductor substrate by
      employing an oxidation-resisting film as a mask, to thereby form an
      isolating silicon oxide film, and diffusing an impurity of the one
      conductivity type for each emitter region into a selected part of the
      surface of the diffused semiconductor layer of the opposite conductivity
      type, whereby the base width of the bipolar transistor elements can be
      narrowed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method of manufacturing bipolar
      transistor elements in a semiconductor integrated circuit isolated by a
      silicon oxide film.
PAR  2. Description of the Prior Art
PAR  As a method of manufacturing bipolar transistor elements of this type,
      there has been known the method described in U.S. pat. No. 3,684,125 and
      illustrated in FIGS. 2a to 2i and discussed hereunder.
PAR  As shown in FIG. 2a, on the surface of a semiconductor substrate 1 formed
      with an n.sup.+-type collector region 2, a p-type base layer 10 is
      epitaxially grown.
PAR  Next, as shown in FIG. 2b, the surface of the grown layer 10 is
      subsequently thinly oxidized, to form an SiO.sub.2 film 5.
PAR  Further, as shown in FIG. 2c, a silicon nitride (Si.sub.3 N.sub.4 ) film 6
      is formed thereon.
PAR  Then, as shown in FIG. 2d, films 5 and 6 are subjected to selective etching
      treatments.
PAR  Subsequently, as shown in FIG. 2e, one part of the grown layer 10 is
      removed by etching treatment.
PAR  Then, as shown in FIG. 2f, using parts as a mask, the layer 10 is
      selectively oxidized down to the surface portion of the semiconductor
      substrate 1, to form an SiO.sub.2 film 7.
PAR  Thereafter, as shown in FIG. 2g, a high impurity concentration region 2a
      for collector ohmic contact is formed.
PAR  Then, as shown in FIG. 2h, in order to increase the impurity concentration
      of the base region to a prescribed value, a p-type impurity is added into
      the surface of the base region, to thereby form a p.sup.+-type
      semiconductor layer 10'.
PAR  Finally, as shown in FIG. 2i, selective diffusion of emitter region 9 is
      carried out.
PAR  With this method, the p-type epitaxial layer 10 is thick, so that unless
      the diffusion depth of the emitter 9 is made large to some extent, the
      effective base width cannot be made small. Also, control thereof, is
      difficult. For these reasons, the prior-art method has been unsuitable for
      the manufacture of transistor elements for high speed or high frequency
      use.
PAR  In order to produce a transistor element of small base width or having a
      shallow base, it has been proposed to form an n-type epitaxially-grown
      layer on the semiconductor substrate with collector diffused therein, to
      effect isolation oxidation and, thereafter, to diffuse the base into the
      surface of the n-type epitaxially-grown layer.
PAR  According to this method, however, the silicon oxide film 7 for isolation
      is so formed that it is thick at its peripheral part as illustrated in
      detail in FIG. 3a. Since the diffusion of a p.sup.+-type impurity layer 4
      for forming the base region is effected by employing the SiO.sub.2 film 7
      as a mask, the p.sup.+-type diffusion depth at the peripheral part becomes
      small. As a result, the end part of the collector 3 - base 4 junction Jc
      extends beneath a shallow part of the SiO.sub.2 film 7, to bring about a
      state in which a base electrode 11 and the collector region of the n-type
      epitaxially-grown layer 3 are prone to be short-circuited. Therefore, the
      method hitherto attempted has had the problem that the yield is very low.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to narrow the base width of a bipolar
      transistor in a semiconductor integrated circuit of the oxide film
      isolation system.
PAR  Another object is to prevent short-circuits between a base electrode and a
      collector region in the transistor element portion.
PAR  Still another object is to accomplish both the abovementioned objects
      without uselessly increasing the number of manufacturing steps.
PAR  The fundamental construction of the present invention for accomplishing
      these objects is characterized by forming a semiconductor layer of a first
      conductivity type on a semiconductor substrate of a second conductivity
      type in which a collector region of the first conductivity type is formed,
      diffusing an impurity of the second conductivity type for a base region
      into the surface of the semiconductor layer of the first conductivity
      type, effecting oxidation down to a surface portion of the semiconductor
      substrate of the second conductivity type by employing an
      oxidation-resisting film, as a mask, thereby to form a silicon oxide film
      for isolating elements from one another and, thereafter, selectively
      diffusing an impurity of the first conductivity type for an emitter region
      into the surface of the diffused semiconductor layer of the second
      conductivity type.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1a to 1h are sectional views showing an embodiment of the present
      invention in the order of manufacturing steps;
PAR  FIGS. 2a to 2i are sectional views showing a prior-art method in the order
      of manufacturing steps; and
PAR  FIGS. 3a and 3b are sectional views for comparing the states of base
      portions in the case of the present invention (FIG. 3 b) and in the case
      of a method of the prior art (FIG. 3a ).
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  FIGS. 1a to 1h illustrate an embodiment of the present invention in the
      order of manufacturing steps. Description will now be made with reference
      to these figures.
PAR  As is shown in FIG. 1a, a p-type semiconductor substrate 1 formed in its
      surface with an n.sup.+ -type diffused collector region 2, an n-type
      semiconductor layer 3 is epitaxially grown (thickness 1 : 2 .mu. ).
PAR  Then, as shown in FIG. 1b, on the surface of the n-type semiconductor layer
      3, boron is deposited at a temperature of 875.degree. C for 40 minutes. In
      this case, boron deposition layer 4 becomes 0.13.mu. in thickness, having
      a sheet resistance of 160 .OMEGA./   and a surface impurity concentration
      of 1 .times. 10.sup.20 cm.sup.-.sup.3.
PAR  Immediately, thereafter, the resultant substrate is subjected to an
      oxidation treatment at a temperature of 800.degree. C in a water vapor
      atmosphere of 95.degree. C, for 120 minutes. Due to this treatment, the
      thickness of the boron deposition layer 4 hardly changes, the surface
      impurity concentration is lowered by one order, and an SiO.sub.2 film (900
      A thick) 5 is formed on the semiconductor surface.
PAR  When an Si.sub.3 N.sub.4 film to be used as a mask for selective oxidation
      is formed directly on the silicon substrate to a thickness of 0.2 to 0.5
      .mu. , defects arise in the silicon crystal. The SiO.sub.2 film 5 is
      therefore necessary as an intervening member between the substrate and the
      Si.sub.3 N.sub.4 film.
PAR  Next, as shown in FIG. 1c, an Si.sub.3 N.sub.4 film 6 is formed on the
      SiO.sub.2 film 5.
PAR  Then, as shown in FIG. 1d, portions of the Si.sub.3 N.sub.4 film 6 are
      selectively removed along with portions of the SiO.sub.2 film 5, by
      photoetching.
PAR  As is shown in FIG. 1e, using the Si.sub.3 N.sub.4 film 6 as a mask, the
      surface of the semiconductor substrate is removed to a depth of about 0.5
      to 1.mu. by etching. The etching treatment is carried out in order to
      previously compensate the expansion of the substrate surface portion due
      to the subsequent, selective oxidation treatment of the substrate surface.
PAR  Next, as shown in FIG. 1f, employing the Si.sub.3 N.sub.4 film 6 as a mask,
      oxidation is carried out down to the surface portion of the semiconductor
      substrate 1, to form an SiO.sub.2 film 7 for isolation (1.5-1.9 .mu.
      thick).
PAR  Such an oxidation treatment is carried out at a temperature of 1,000
      .degree. C in a water vapor atmosphere of 95.degree. C for 14-16 hours. At
      that time, the diffused layer 4 for forming a base region becomes 0.6 -
      0.8 .mu. in thickness and has a sheet resistance of 550 .OMEGA./  , and
      the impurity is not deeply diffused into the collector region.
PAR  Then, as shown in FIG. 1g, the Si.sub.3 N.sub.4 film 6, having been used as
      the mask for the selective oxidation, is removed only at the selected part
      which corresponds to a collector electrode to be subsequently formed.
      Thereafter, an n-type impurity is doped to form a high concentration
      region 2a for ohmic contact and simultaneously therewith an SiO.sub.2 film
      8 is thermally grown.
PAR  Finally, as shown in FIG. 1h, the Si.sub.3 N.sub.4 film 6 is photoetched,
      and an n-type impurity is doped into a selected area of the surface of the
      base region 4, to form an emitter region 9 to a depth of 0.4-0.6.mu. .
PAR  According to such a method, the base region is not formed by the diffusion
      treatment after the selective oxidation of the semiconductor substrate for
      isolating the elements from one another, but it is so formed that the
      p-type impurity existent in the surface of the n-type semiconductor layer
      3 formed by epitaxial growth beforehand is diffused by the heating
      treatment at the selective oxidation. As is shown in FIG. 3b, therefore,
      the collector - base junction Jc is not exposed at the surface of the
      semiconductor substrate (or does not extend to a shallow part of the
      semiconductor substrate) and is formed at a deep part within the
      semiconductor substrate. Thus, a short-circuit between the collector
      region 2 and a base electrode 11 can be prevented.
PAR  Consequently, transistor elements having a shallow base can be easily
      formed, and the high speed properties and high frequency characteristics
      of the semiconductor integrated circuit employing the oxide film isolation
      system are afforded.
PAR  With the prior-art method as shown in FIGS. 2a to 2i, a special step is
      required in order to form the SiO.sub.2 film 5 between the Si.sub.3
      N.sub.4 film 6 and the semiconductor substrate (refer to FIG. 2b).
      Further, prior to the selective diffusion of the base region, an SiO.sub.2
      film and the Si.sub.3 N.sub.4 film formed on the substrate surface must be
      completely removed (refer to FIG. 2h).
PAR  In contrast, according to the present invention, the SiO.sub.2 film 5 to be
      interposed between the Si.sub.3 N.sub.4 film 6 and the semiconductor
      substrate can be formed simultaneously with the impurity diffusion
      treatment for the semiconductor layer 3, and no special step is necessary
      (refer to FIG. 1b). Moreover, as the mask for the selective diffusion of
      the emitter region, the Si.sub.3 N.sub.4 film having been used during the
      selective oxidation can be employed by merely etching it selectively.
      Thus, the manufacturing process is simplified.
PAR  It is also possible for any impurity to be diffused into the base region
      surface at a step immediately before performing the emitter diffusion, to
      thereby attain a higher operating speed.
PAR  While we have shown and described several embodiments in accordance with
      the present invention, it is understood that the same is not limited
      thereto but is susceptible of numerous changes and modifications as known
      to a person skilled in the art, and We therefore do not wish to be limited
      to the details shown and described herein but intend to cover all such
      changes and modifications as are obvious to one of ordinary skill in the
      art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of manufacturing a semiconductor device comprising the steps
      of:
PA1  a. forming a first semiconductor region of a first conductivity type into a
      first surface portion of a semiconductor substrate of a second
      conductivity type, opposite said first conductivity type;
PA1  b. forming a first semiconductor layer having said first conductivity type
      on said substrate and said first region formed therein;
PA1  c. introducing a first impurity of said second conductivity type to a
      prescribed depth into the surface of said first semiconductor layer,
      thereby forming a second semiconductor region of said second conductivity
      type in said first semiconductor layer;
PA1  d. selectively oxidizing prescribed portions of said first semiconductor
      layer down through said layer and reaching said substrate and said first
      semiconductor region, thereby forming an oxide film for isolating elements
      from one another; and
PA1  e. introducing a second impurity of said first conductivity type into a
      selected surface portion of said second semiconductor region.
NUM  2.
PAR  2. A method according to claim 1, wherein step (d) further includes the
      step of further diffusing said first impurity into said first
      semiconductor layer during the oxidation of said substrate so that the
      resultant depth of said second semiconductor region increases to a depth
      greater than said prescribed depth.
NUM  3.
PAR  3. A method according to claim 1, wherein step (d) includes the steps of:
PA1  d1. selectively forming a first masking layer on the surface of said second
      semiconductor region;
PA1  d2. removing the exposed portions of said second semiconductor region and a
      surface part of said first semiconductor layer therebeneath not masked by
      said first masking layer; and
PA1  d3. oxidizing the exposed portion of said first semiconductor layer so that
      the resultant oxide film reaches said substrate.
NUM  4.
PAR  4. A method according to claim 3, wherein step (d) further includes the
      step of (d4) further diffusing said first impurity into said first
      semiconductor layer during the oxidation of said substrate so that the
      resultant depth of said second semiconductor region, increases to a depth
      greater than said prescribed depth.
NUM  5.
PAR  5. A method according to claim 4, wherein the resultant depth of said
      second semiconductor region is less than the thickness of said resultant
      oxide film.
NUM  6.
PAR  6. A method according to claim 2, wherein the interface of said second
      semiconductor region and said first semiconductor layer defines a PN
      junction spaced apart from the interface of said first semiconductor
      region and said first semiconductor layer by said first semiconductor
      layer therebetween.
NUM  7.
PAR  7. A method according to claim 3, wherein step (e) comprises the steps of:
PA1  e1. introducing a second impurity of said first conductivity type into a
      first selected portion of said second semiconductor region to reach said
      first semiconductor region; and
PA1  e2. introducing said second impurity into a second selected portion of said
      second semiconductor region, spaced apart from said first selected portion
      thereof by said oxide film therebetween, to a depth less than that to
      which said second impurity is introduced in said first selected portion,
PA1  whereby said second semiconductor region is contiguous to said first
      semiconductor region at said first selected portion, but is spaced apart
      therefrom by said first semiconductor layer therebetween at said second
      selected portion.
NUM  8.
PAR  8. A method according to claim 7, wherein step (d) further includes the
      step of (d4) further diffusing said first impurity into said first
      semiconductor layer during the oxidation of said substrate so that the
      resultant depth of said second semiconductor region, increases to a depth
      greater than said prescribed depth.
NUM  9.
PAR  9. A method according to claim 3, wherein step (d1) comprises the steps of:
PA1  dli. selectively forming a layer of silicon dioxide on said second
      semiconductor region; and
PA1  dlii. forming a layer of silicon nitride on said layer of silicon dioxide.
NUM  10.
PAR  10. A method according to claim 9, wherein said substrate is a silicon
      substrate, said oxide film being a silicon dioxide film.
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ABST
PAL  A silicon dioxide film and a silicon nitride film are successively
      vapor-deposited on a main face of an N type silicon substrate processed
      with H.sub.2 O.sub.2 water. Those portions of both films underlaid by a P
      type region to be subsequently formed and their peripheral portions are
      selectively removed. Then a P type impurity is diffused into the central
      exposed portion of the main substrate face to form the P type region with
      a PN junction having a termination facing the silicon dioxide film. Also a
      silicon dioxide film is thermally formed on the peripheral exposed portion
      of the main face.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to improvements in processes of producing
      semiconductor planar devices such as semiconductor planar diodes, planar
      transistors, planar thyristors, planar bidirectional triode thyristors
      such as triac (trade mark).
PAR  Semiconductor planar devices include the PN junction inevitably
      intersecting the main face of the semiconductor substrate and therefore
      having its curved surface portion. An electric field involved tends to be
      concentrated in the curved surface portion of the junction so that the
      curved surface portion of the junction may be broken down with a lower
      applied voltage than that a breakdown voltage the flat portion thereof. In
      that event the smaller the radius of curvature of the curved surface
      portion of the PN junction the less the breakdown voltage will be. In
      order to produce high breakdown voltage semiconductor planar devices, it
      is required to effect the deep diffusion to increase the radius of
      curvature. In planar thyristor etc. this deep diffusion causes both the
      current gain and cut-off frequency to be decreased.
PAR  Also electrically insulating films for coating the PN junction have been
      previously formed of silicon dioxide (SiO.sub.2) prepared either by
      thermally oxidizing the surface of silicon substrates or by chemically
      processing the surface of silicon substrates followed by the growth from
      gaseous phase. As well known, a positive surface charge is present at the
      interface between the substrate surface and the silicon dioxide film thus
      formed. This positive surface charge restrains a depletion layer for the
      PN junction from spreading in the vicinity of the substrates surface. Thus
      the presence of the positive surface charge in an excessive quantity
      causes the particular electric field to be concentrated in the vicinity of
      the surface of the substrate resulting in the occurrence of the breakdown
      with a low voltage.
PAR  Therefore it has been heretofore difficult to impart the high breakdown
      voltage characteristic to semiconductor planar devices.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved process of producing high breakdown voltage semiconductor planar
      devices with a high yield and with the number of the manufacturing steps
      reduced.
PAR  It is another object of the present invention to provide a new and improved
      process of readily producing high voltage planar type semiconductor
      diodes, transistors, thyristor, bi-directional triode thyristor,
      integrated circuits etc.
PAR  The present invention accomplishes these objects by the provision of a
      process of producing a semiconductor planar device comprising the steps of
      immersing a main face of an N type silicon substrate into aquaous hydrogen
      peroxide or a mixture of aquaous hydrogen peroxide and a chemical compound
      including an amino radical, successively depositing a silicon dioxide film
      and a silicon nitride film on the main face of the silicon substrate
      processed in the preceding step through the chemical vapor deposition,
      selectively removing those portions of the silicon dioxide film and the
      silicon nitride film underlaid by a predetermined area of the main face of
      the silicon substrate where a P type semiconductor region is subsequently
      formed, thereby to expose the predetermined area of the main face of the
      silicon substrate, and diffusing a P type impurity into the predetermined
      exposed area of the main face to form the P type semiconductor region in
      the N type silicon substrate with a PN junction formed therebetween to
      terminate at the main face of the silicon substrate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention will become more readily apparent from the following
      detailed description taken in conjunction with the accompanying drawings
      in which:
PAR  FIG. 1 is a schematic sectional view of a semiconductor planar diode
      constructed in accordance with the prior art;
PAR  FIGS. 2A and 2B show schematic sectional views illustrating the different
      manufacturing steps of a process of producting a semiconductor planar
      diode in accordance with the principles of the present invention;
PAR  FIG. 3 is a schematic sectional view of a planar transistor constructed in
      accordance with the process of the present invention;
PAR  FIGS. 4A through 4E are schematic sectional views of a silicon substrate
      illustrated in the successive manufacturing steps of a process of
      producing a planar thyristor in accordance with the principles of the
      present invention; and
PAR  FIG. 5 is a schematic sectional view of a bi-directional triode thyristor
      of the planar type constructed in accordance with the process of the
      present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, FIG. 1, there illustrates a conventional
      semiconductor planar diode. The diode illustrated can be produced by first
      applying to a main face of an N type silicon diode 10 a film of
      electrically insulating material 12 such as silicon dioxide (SiO.sub.2),
      and then selectively diffusing a P type impurity into the main face of the
      substrate to form a P type diffusion region 14 with the insulating film 12
      used as a mask. The diode thus produced has a PN junction 16 formed
      between the N type substrate and P type diffusion region 10 and 14
      respectively. Since the PN junction 16 includes its end or termination 18
      necessarily intersecting the main face of the substrate 10, it has
      inevitably a curved surface portion 20. Therefore the reverse bias of the
      PN junction 16 causes an electric field involved to concentrate in the
      curved surface portion 20 of the PN junction 16 with the result that the
      PN junction 14 can be broken down on the curved surface portion with a low
      reverse voltage applied thereto as compared with the flat portion thereof.
      In that event the smaller the radius of curvature of the curved surface
      portion 20 the less that breakdown voltage will be.
PAR  In order to produce high breakdown voltage semiconductor elements, it is
      required to increase the radius of curvature of the curved surface portion
      of the PN junction by effecting the deep diffusion of the impurity.
      However this deep diffusion is not desirable for transistors and the like
      because the resulting current gain and cut-off frequency are reduced.
PAR  Also in order to produce high breakdown voltage thyristors, it is necessary
      to deepen the diffusion of the impurity for forming the cathode base
      region thereby to increase the radius of curvature of the curved surface
      portion of the forward blocking junction. This increase in depth of the
      cathode base region leads to the necessity of increasing the thickness of
      semiconductor wafers in view of the design of semiconductor elements. This
      results in the disadvantage that the diffusion for isolation consumes long
      time.
PAR  Further upon coating the junction with an electrically insulating film, a
      silicon dioxide (SiO.sub.2) film has been heretofore utilized in many
      cases. The silicon dioxide film could be formed either by thermally
      oxidizing the surface of silicon substrates or by chemically processing
      the surface of substrates with hydrofluoric acid, nitric acid or the like
      followed by the growth from gaseous phase or chemical vapor deposition. It
      is well known that a positive surface charge is present at the interface
      between the surface of the substrate and the silicon oxide film as above
      described. This positive surface charge functions to restrain a depletion
      layer for the PN junction from spreading in the vicinity of the surface of
      the substrate. Thus the presence of the positive surface charge in an
      excessive quantity causes the particular electric field to be concentrated
      in the vicinity of the surface of the substrate resulting in the
      occurrence of the breakdown with a low voltage. FIG. 1 shows dotted line
      22 designating a boundary to which the depletion layer is spreaded.
PAR  The present invention contemplates to produce high breakdown voltage
      semiconductor planar devices with a high yield and with the number of the
      manufacturing steps reduced.
PAR  Referring now to FIGS. 2A and 2B, there is illustrated a process of
      producing a silicon planar diode in accordance with the principles of the
      present invention. As shown in FIG. 2A, an N type silicon substrate 10 has
      one main face 30 processed by immersing it into aquaous hydrogen peroxide
      (H.sub.2 O.sub.2), after the main face has been immersed into dilute
      hydrofluoric acid, to be rendered hydrophobic. While this processing with
      aquaous hydrogen peroxide becomes effective by simultaneous heating it is
      more effective by adding to the aquaous hydrogen peroxide a chemical
      compound including an amino radical, for example, ammonia solution or by
      heating following this addition of the chemical compound. The main
      substrate face 30 processed with aquaous hydrogen peroxide has been
      hydrophilic.
PAR  Then what is deposited on the main face 30 thus processed is a double layer
      film consisting of a silicon dioxide (SiO.sub.2) film 32 and a silicon
      nitride (Si.sub.3 N.sub.4) film 34 by chemical vapor deposition technique
      well known in the art with the silicon dioxide film 32 directly contacted
      by the main face 30. In the arrangement of FIG. 2A a surface charge
      developed at the interface between the silicon substrate and silicon
      dioxide film 10 and 32 respectively can be made negative. It is to be
      noted, however, that the silicon dioxide film 32 should be deposited on
      the main substrate face 30 according to chemical vapor deposition
      technique. If thermal oxidation or sputtering technique is used to form
      the silicon dioxide film then it is difficult to develope a negative
      surface charge at the interface between the silicon substrate and silicon
      dioxide film thus formed. For example, the formation of the silicon
      dioxide film 32 may readily be accomplished by the reaction of monosilane
      (SiH.sub.4) on oxygen (O.sub.2) in an atmosphere of nitrogen.
PAR  In order to form a P type semiconductor region in the N type silicon
      substrate 10, those portions of the double layer film 32-34 underlaid by a
      predetermined area of the main substrate face 30 and another predetermined
      area in this case, the peripheral portion thereof are first selectively
      removed in the well known manner until the predetermined area and
      peripheral portion of the main surface 30 are exposed. The P type
      semiconductor region is adapted to be formed in the predetermined area of
      the main substrate face 30 in the next subsequent diffusion step. The
      peripheral portion of the main face 30 surrounds the predetermined area
      thereof through a predetermined spacing. Subsequently the exposed face
      portions of the silicon substrate are thermally oxidized whereby a silicon
      dioxide film 36 in the form of an annulus is thermally formed on the
      peripheral portion of the main face 30 while another silicon dioxide film
      (not shown) is also formed on the predetermined area of the main substrate
      face 30. The purpose of the annular silicon dioxide film 36 is to prevent
      a depletion layer for a PN junction formed in the silicon substrate 10 in
      the next succeeding diffusion step from spreading enough to reach the
      peripheral portion of the substrate.
PAR  In order to accomplish the same purpose, only the peripheral portion of the
      silicon nitride film 32 may be suitably removed from the double layer film
      32-34 and then a silicon dioxide film is formed on the exposed peripheral
      portion of the silicon dioxide film 34 through the thermal oxidation. This
      results in a double layer silicon oxide film in the form of an annulus
      including the thermally formed silicon dioxide film overlaid by the vapor
      deposited silicon dioxide film.
PAR  Then after the silicon dioxide film on the predetermined area of the main
      face 30 has been removed, a P type conductivity imparting impurity is
      selectively diffused into the predetermined area of the main face 30 to
      form a P type region 14 with a PN junction 16 formed between the latter
      and the N type substrate 10 as shown in FIG. 2B. It is noted that the PN
      junction has its termination or end 18 located on that portion of the main
      surface 30 overlaid by the double layer film 32-34. As above described, a
      negative surface charge is developed at the interface between that double
      layer film 32 and the silicon substrate 10.
PAR  It will readily be understood that, if the diffusion step as above
      described proceeds in an oxidative atmosphere that the thermally oxidizing
      step of forming the silicon oxide film 36 may be omitted.
PAR  In the arrangement of FIG. 2B produced in the manner as above described,
      the termination 18 of the PN junction 16 and the adjacent portions of the
      N type silicon substrate and P type region 10 and 14 respectively are
      continuous to the processed main substrate surface 30 having a negative
      surface charge developed at the interface between the substrate 10 and the
      double layer film 32-34. Therefore the depletion layer involved can be
      spread as shown by dotted line 22 in FIG. 2B resulting in an increase in
      breakdown voltage of the resulting semiconductor element. On the other
      hand, the semiconductor element has disposed on the peripheral portion
      thereof the thermally formed silicon dioxide film 36 having a positive
      surface charge developed at the interface between the silicon dioxide and
      the silicon substrate. This ensures that the semiconductor element is
      prevented from decrease in breakdown voltage due to the particular channel
      region extending up to the end face of the substrate to excessively spread
      the depletion layer.
PAR  Since the main face 30 of the silicon substrate 10 is coated with the
      silicon nitride film 34 through the silicon dioxide film 32, during
      heating in the oxidative atmosphere upon forming the silicon oxide film
      36, the negative surface charge at the interface between the film 32 and
      substrate 10 is retained. In order to ensure that the negative surface
      charge is retained at the processed main face 30 of the substrate 10 with
      the thermal oxidation or diffusion step effected for a long time interval,
      the oxidative atmosphere may be used for a short time interval and the
      remaining time interval is transferred to an inert atmosphere consisting,
      for example of nitrogen or argon.
PAR  According to one of conventional processes of producing semiconductor
      planar diodes, an electrically insulating film has been entirely removed
      from the associated semiconductor substrate after the completion of the
      diffusion operation whereby the main face thereof is exposed. Then the
      exposed main face has been immersed into aquaous hydrogen peroxide after
      which chemical vapor deposition technique is used to form on the processed
      main face a double layer film including either a silicon dioxide film and
      a silicon nitride film or a silicon dioxide film and a phosphosilicate
      glass film. This method can produce semiconductor element such as shown in
      FIG. 2B. However, when miniature diodes and transistors, integrated
      circuits etc. are produced according to the conventional process as above
      described, the photolithographic operation has been difficult to be
      performed. Therefore the diffusion after the main face of silicon
      substrates has been processed with aquaous hydrogen peroxide as above
      described in conjunction with FIGS. 2A and 2B is extremely advantageous in
      view of the standpoint of an increase in yield.
PAR  It has been found that semiconductor planar diodes produced in N type
      silicon substrates with the resistivity of from 30 to 30 ohm-centimeter by
      forming the P type diffusion region having a depth of about 20
      micro-meters have the reverse breakdown voltage of 800 volts or more. This
      figure indicates that the breakdown characteristic is very improved as
      compared with the breakdown voltage of at most about 500 volts exhibited
      by semiconductor planar diodes produced according to conventional
      processes with the resistivity of substrates and depth of diffusion
      remaining unchanged.
PAR  FIG. 3, wherein like reference numerals designate the components identical
      to those shown in FIG. 2B, illustrates an NPN type transistor constructed
      in accordance with the process of the present invention. In an arrangement
      similar to that shown in FIG. 2B, an silicon dioxide film 38 formed on the
      P type region 14 during the formation of the latter 14 is provided with a
      window. If desired, this silicon dioxide film 38 may be additionally
      disposed on the P type region 14. Then an N type impurity is selectively
      diffused into the P type region 14 to form an N.sup.+ type semiconductor
      region 40 with a PN junction 42 formed between both region 14 and 40 to
      partly terminate at that portion of the main substrate face overlaid by
      the silicon dioxide film 38. The remaining portion of the junction 42
      termination faces that portion of the main face located below the
      remaining portion of the silicon nitride film 34.
PAR  FIGS. 4A through 4E wherein like reference numerals designate the
      components identical or similar to those shown in FIGS. 2A and 2B
      illustrate the process of the present invention applied to the production
      of a planar thyristor. FIG. 4A similar to FIG. 2A shows an N type silicon
      substrate 10 after having been processed as above described in conjunction
      with FIG. 2A.
PAR  Then by selectively removing those portions of the double layer film
      including the silicon dioxide film 32 and the silicon nitride film 34
      underlaid by terminations of two PN junctions to be subsequently formed
      and those portions of the main substrate face 30 adjacent thereto and then
      thermally oxidizing the substrate, silicon dioxide films 38 are formed on
      the exposed portions of the main substrate face 30 as shown in FIG. 4B.
PAR  The next succeeding step is to form a P type diffusion region 41 for
      isolation as shown in FIG. 4C. To this end, the peripheral portion of the
      double layer film 32-34 is selectively removed to expose the peripheral
      portion of the main face 30 and then a P type impurity is diffused into
      the exposed peripheral portion of the main face 30 to form the P type
      diffusion region 41 for isolation in the N type silicon substrate 10.
      Following this, a silicon dioxide film (not shown) on the other main face
      of the substrate 10 is removed and a P type impurity is diffused into the
      other main face to form a P type emitter region 42 contiguous to the P
      type diffusion region 41. Thus a PN junction 44 serving as a reverse
      blocking junction is formed between the N type silicon substrate 10 and
      the contiguous P type regions 41 and 42 to terminate at 46 on that portion
      of the main face 30 positioned under the outer silicon dioxide film 38 as
      shown in FIG. 4C.
PAR  Then as shown in FIG. 4D, the central portion of the double layer film
      32-34 enclosed with the inner silicon dioxide film 38 and underlaid by a P
      type base region to be subsequently formed is selectively removed and
      thereafter a P type impurity is selectively diffused into the now exposed
      portion of the main substrate face to form the P type base region
      designated by the reference numeral 48 in FIG. 4D and also a PN junction
      50 serving as a forward blocking junction. This junction 50 has a
      termination 52 contacted by the inner silicon diode film 38.
PAR  In that event the selective diffusion may be accomplished in an oxidative
      atmosphere. Under these circumstances, the surface of the silicon
      substrate except for that portion thereof coated with the silicon nitride
      film 34 is oxidized resulting in the formation of a silicon dioxide film
      (not shown) having a positive surface charge developed at the interface
      between the silicon dioxide and the substrate. However the silicon dioxide
      film 32 overlaid by the silicon nitride film 34 has a negative surface
      charge developed at the interface between the film and the substrate
      because the nitride film 34 prevents oxygen from penetrating into the
      underlaid oxide film 32. If the selective diffusion is to be effected for
      a long time interval then an oxidative atmosphere is preferably used for a
      small portion of the time interval while a non-oxidative atmosphere such
      as nitrogen, argon or the like is used for the substantial portion thereof
      in order to prevent the silicon nitride film from fully oxidizing.
PAR  After the formation of the P type base region 48, that portion of a silicon
      dioxide film (not shown) formed on the region 48 in the selective
      diffusion step is provided with a window (see FIG. 4E) through which an N
      type impurity is diffused into the P type base region 48 to form an
      N.sup.+ type emitter region 54 and also a PN junction between both regions
      48 and 54.
PAR  In this way a four layer structure has been formed including the N type
      emitter region or layer 54, the P type base region or layer 48, the N type
      region or layer 10 and the P type emitter region or layer 42 as shown in
      FIG. 4E.
PAR  The arrangement of FIG. 4E is possible to be formed as follows: After the
      completion of the selective diffusion effected in conventional processes
      of producing semiconductor planar diodes, the main face of the N type
      silicon substrate 10 or the surface of the N type base region can be
      exposed from one to the other of the vicinities of the terminals 46 and 52
      of the junctions 44, 48 and 50 without contacting the terminations 46 and
      52. Then the substrate thus exposed is immersed into aquaous hydrogen
      peroxide, after which chemical vapor deposition technique is used to form
      a double layer film consisting of a silicon dioxide film and a silicon
      nitride film or silicon dioxide film and phosphosilicate glass film. In
      this method, it becomes difficult to apply photolithographic technique to
      small-sized chips for thyristors, bi-directional triode thyristors such as
      triac's (trade mark) etc. Therefore the process of the present invention
      as above described is advantageous in view of the standpoint of the yield.
PAR  By applying the process of the present invention to an N type silicon
      substrate with a resistivity of from 30 to 40 ohms-centimeter to form a P
      type base region and a P type emitter region about 20 micro-meters in
      depth, the resulting thyristor element is possible to have its forward and
      reverse breakdown voltages of 800 volts or more. This figure indicates
      that the present invention can much increase the breakdown voltage as
      compared with conventional processes providing only the forward breakdown
      voltage of about 500 volts with the resistivity and the depths of
      diffusion remaining unchanged.
PAR  As shown in FIG. 4E, the terminations of the PN junctions and the adjacent
      portions of the main substrate face are coated with the silicon dioxide
      layers formed through the thermal oxidation and having a positive surface
      charge developed at the interface between the same and the substrate. Thus
      the spread of the associated depletion layer in the forward blocking state
      is limited by the positive surface charge in the vicinity of the reverse
      blocking junction 44 while the spread of the depletion layer in the
      reverse blocking state is limited by the positive surface charge in the
      vicinity of the forward blocking junction 50. This prevents the formation
      of a channel region.
PAR  In FIG. 5 wherein like reference numerals designate the components
      identical to those shown in FIG. 4E there is illustrated a bi-directional
      triode thyristor such as a triac (trade mark) constructed in accordance
      with the process of the present invention. After an arrangement such as
      shown in FIG. 4E has formed, a silicon dioxide film (not shown) on the
      other main face of the substrate 10 or the surface of the P type emitter
      region 42 is selectively removed and then an N type impurity is diffused
      into the P type region 42 through the exposed surface portion of the
      latter to form an N.sup.+ type emitter region 54. Thus the arrangement is
      of a five layer structure including the N.sup.+ type emitter layer 54, the
      P type base layer 48, the N type base layer 10, the P type emitter layer
      42 and the N.sup.+ type emitter layer 54.
PAR  While the present invention has been illustrated and described in
      conjunction with a few preferred embodiments thereof it is to be
      understood that it is also equally applicable to other semiconductor
      planar devices having the forward and reverse blocking barriers.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process of producing a semiconductor planar device comprising the
      steps of immersing a main face of an N type silicon substrate into a
      selected one of aquaous hydrogen peroxide and a mixture of aquaous
      hydrogen peroxide and a chemical compound including an amino radical,
      successively depositing a silicon dioxide film and a silicon nitride film
      on the main face of the silicon substrate processed in the preceding step
      through the chemical vapor deposition, selectively removing those portions
      of said silicon dioxide film and said silicon nitride film underlaid by a
      predetermined area of said main face of said silicon substrate where a P
      type semiconductor region is formed thereby to expose said predetermined
      area of said main face of said silicon substrate, and diffusing a P type
      impurity into said predetermined exposed area of said main face to form a
      said P type semiconductor region with a PN junction formed therebetween to
      terminate at said main face of said silicon substrate.
NUM  2.
PAR  2. A process of producing a semiconductor planar device as claimed in claim
      1 wherein said PN junction terminates at that portion of said main face of
      said silicon substrate contacting the remaining portion of said silicon
      dioxide film.
NUM  3.
PAR  3. A process of producing a semiconductor planar device as claimed in claim
      1 further comprising the steps of selectively removing those portions of
      said silicon dioxide film and said silicon nitride underlaid by another
      predetermined area of said main face surrounding said predetermined area
      of said main face through a predetermined spacing to expose said another
      predetermined area of said main face of said silicon substrate, and
      forming a silicon dioxide film on said another predetermined exposed area
      of said main face through the thermal oxidation.
NUM  4.
PAR  4. A process of producing a semiconductor planar device as claimed in claim
      1 further comprising the steps of selectively removing only that portion
      of said silicon nitride film located above another predetermined area of
      said main face surrounding said predetermined area of said main face
      through a predetermined spacing to expose that portion of said silicon
      dioxide film located under the removed portion of said silicon nitride
      film, and forming an additional silicon dioxide film on the exposed
      portion of said silicon dioxide film through the thermal oxidation.
NUM  5.
PAR  5. A process of producing a semiconductor planar device, comprising the
      steps of immersing a main face of an N type silicon substrate into a
      selected one of aquaous hydrogen peroxide and a mixture of aquaous
      hydrogen peroxide and a chemical compound including an amino radical,
      successively depositing a silicon dioxide film and a silicon nitride film
      on said main face of said silicon nitride processed in the preceding step
      through the chemical vapor deposition, selectively removing those portions
      of said silicon dioxide film and said silicon nitride film underlaid by
      both a first predetermined area of said main face where a P type region is
      formed and a second predetermined area of said main face surrounding said
      first predetermined area through a predetermined spacing to expose said
      first and second predetermined areas of said main face of said silicon
      substrate, forming a silicon dioxide film on said second predetermined
      exposed area of said main face, through the thermal oxidation, diffusing a
      P type impurity into said first predetermined area of said main face to
      form a P type semiconductor region in said N type silicon substrate so
      that a PN junction formed between said P type semiconductor region and
      said N type silicon substrate terminates at that portion of said main face
      of said silicon substrate located below the remaining portion of said
      silicon nitride film, and selectively diffusing an N type impurity into
      said P type semiconductor region to form an N type semiconductor region
      therein so that one portion of a PN junction formed between said P type
      semiconductor region and said N type semiconductor region terminates at
      that portion of said main face located below the remaining portion of said
      silicon nitride film.
NUM  6.
PAR  6. A process of producing a semiconductor planar device comprising the
      steps of immersing a main face of an N type substrate into a selected one
      of aquaous hydrogen peroxide and a mixture of aquaous hydrogen peroxide
      and a chemical compound including an amino radical, successively
      depositing a silicon dioxide film and a silicon nitride film on said main
      face of said silicon substrate processed in the preceding step through the
      chemical vapor deposition, selectively removing only those portions of
      said silicon nitride film located above both a first predetermined area of
      said main face where a P type semiconductor region is formed and a second
      predetermined area of said main face surrounding said first predetermined
      area through a predetermined spacing to expose those portions of said
      silicon dioxide film, forming a silicon dioxide film on the exposed
      portion of said silicon dioxide film underlaid by said second
      predetermined area of said main face through the thermal oxidation,
      selectively removing the exposed portion of said silicon dioxide underlaid
      by said first predetermined area of said main face to expose the latter,
      diffusing a P type impurity into the first predetermined exposed area of
      said main face to form a P type semiconductor region in said N type
      substrate so that a PN junction formed between said P type semiconductor
      region and said N type substrate terminates at that portion of said main
      face located below the remaining portion of said silicon nitride film, and
      selectively diffusing an N type impurity into said P type region to form
      an N type semiconductor region so that one portion of a PN junction formed
      between said P type semiconductor region and said N type semiconductor
      region terminates at that portion of said main face of said silicon
      substrate located below the remaining portion of said silicon nitride
      film.
NUM  7.
PAR  7. A process of producing a planar thyristor comprising an N type silicon
      substrate including an N type emitter layer, a P type base layer, an N
      type base layer and a P type emitter layer superposed on one another to
      form a four layer structure and PN junctions formed between the adjacent
      layers terminating at a main face of the silicon substrate, which process
      comprises the steps of immersing that main face of said silicon substrate
      providing the surface of the N type base layer into a selected one of
      aquaous hydrogen peroxide and a mixture of aquaous hydrogen peroxide and a
      chemical compound including an amino radical, successively depositing a
      silicon dioxide film and a silicon nitride film on said main face of said
      silicon substrate processed in the preceding step through the chemical
      vapor deposition, selectively removing those portions of said silicon
      nitride film located above the terminations of the PN junctions between
      the P type base layer and the N type base layer and between the N type
      base layer and the P type emitter layer and the adjacent portions of said
      main face to expose those portions of said silicon dioxide film overlaid
      by the removed portions of said silicon nitride film, and forming silicon
      dioxide films on the exposed portions of said silicon dioxide film,
      through the thermal oxidation.
NUM  8.
PAR  8. A process of producing a planar bi-directional triode thyristor
      comprising an N type silicon substrate including a first N type
      semiconductor layer, a first P type semiconductor layer, a second N type
      semiconductor layer, a second P type semiconductor layer, and a third
      semiconductor layer superposed on one another to form a five layer
      structure and at least three PN junctions formed between at least three
      pairs of adjacent semiconductor layers to terminate at one main face of
      the silicon substrate, which process comprises the steps of immersing that
      of the N type silicon substrate providing the surface of the second N type
      semiconductor layer into a selected one of aquaous hydrogen peroxide and a
      mixture of aquaous hydrogen peroxide and a chemical compound including an
      amino radical, successively depositing a silicon dioxide film and a
      silicon nitride film on said main face of said silicon substrate processed
      in the preceding step through the chemical vapor deposition, selectively
      removing those portions of said silicon nitride film located above the
      terminations of the PN junctions between the first P type semiconductor
      layer and the second N type semiconductor layer and between the second N
      type semiconductor layer and the second P type semiconductor layer and the
      adjacent portions of said main face to expose those portions of said
      silicon dioxide film overlaid by the removed portions of said silicon
      nitride film, and forming silicon dioxide films on those portion overlaid
      by the removed portions of said silicon nitride film through the thermal
      oxidation.
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PAL  High energy, low radar attenuation propellant comprising (1) 25-55 weight
      rcent of a binder which itself comprises from 2-25 weight percent of a
      copolymer of acrylic acid and a lower alkyl acrylate and 75-98 weight
      percent of an energetic difluoroamino group containing plasticizer, (2)
      0-15 weight percent aluminum or boron (3) 45-75 weight percent of an
      oxidizer and (4) 1/2-5 weight percent curing agent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention generally relates to rocket propellants and more
      particularly to rocket propellants which have reduced combustion
      instability and low radar attenuation.
PAR  One of the vital requirements of most missile guidance systems is the
      maintenance of maximum radar communication between a central station and
      the guidance central mechanism of the inflight rocket. However, as is well
      known in the propellant art, effective communication is often quite
      severely distorted and even totally disrupted due to attenuation or
      interference originating from the combusting rocket propellant. In an
      attempt to overcome this problem new propellants have been developed but
      many of these propellants suffer from high frequency combustion
      instability. This research has been conducted to find propellant
      compositions which have negligible radar attenuation and which do not have
      high frequency combustion instability.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of this invention is to provide a rocket
      propellant.
PAR  Another object of this invention is to provide a rocket propellant which
      has negligible radar attenuation.
PAR  Yet another object of this invention is to provide a low radar attenuation
      rocket propellant which does not demonstrate high frequency combustion
      instability.
PAR  These and other objects of this invention are accomplished by providing a
      propellant which comprises (1) 25-55 weight percent of a binder which
      comprises (a) 2-25 weight percent of a copolymer which comprises about one
      to about 20 weight percent acrylic acid with the remainder comprising a
      lower alkyl acrylate and (b) 75-98 weight percent of an energetic
      difluoroamine group containing plasticizer, (2) 0-15 weight percent of a
      fuel which is either aluminum, boron or mixtures thereof, (3) 45-75 weight
      percent of an oxidizer, and (4) 1/2-5 weight percent curing agent,
      provided that the amount of oxidizer is sufficient to provide for complete
      oxidation of the binder and the fuel.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The propellant composition of this invention as hereinbefore stated
      comprises four major constituents. The binder system of this propellant
      constitutes 25 to 55 weight percent of the propellant composition. This
      binder is itself composed of two different constituents. Thus 5 to 25
      weight percent of the binder comprises a copolymer of acrylic acid and a
      lower alkyl acrylate. The term lower alkyl is intended to include alkyl
      groups of 1 to 6 carbon atoms. The ratio of the acrylic acid to the lower
      alkyl acrylates in this copolymer should be no more than about 1:4 so that
      the acrylic acid will constitute about one to about 20 weight percent, and
      preferably 6-8 weight percent, of this copolymer with the remainder being
      lower alkyl acrylate. Among the preferred lower alkyl acrylates are ethyl
      acrylate, methyl acrylate and butyl acrylate. The copolymer which is added
      to the other constituents of the instant propellant composition preferably
      has an intrinsic viscosity of about 0.4 - 0.8 dl/g as about a 0.5
      grams/deciliter solution in ethyl acetate at about 25.degree.C although
      polymers with an intrinsic viscosity of 0.2 - 1.1 dl/g can also be used.
PAR  The second part of the binder constituent is an energetic difluoroamine
      group containing plasticizer. This constitutes 75-98 weight percent of the
      binder component of the propellant. The preferred energetic difluoroamine
      group containing plasticizers are 1,2,3-tris[.alpha.,.beta.- bis
      (difluoroamino) ethoxy] propane (TVOPA), hexakis (difluoroamino)
      propylether, 1,2-di[2,2,3-tris (difluoroamino) propoxy]-1,2-bis
      (difluoroamino) ethane, 1,2,4,5-tetrakis (difluoroamino) amyl
      methacrylate, and mixtures thereof with TVOPA being the most preferred.
PAR  The second major constituent is selected from the group consisting of
      aluminum, boron and mixtures thereof. This constituent comprises 0-15
      weight percent of the propellant. It has been found that when no aluminum
      or boron is in the propellant combustion instability is low but said
      instability is lowered by the presence of aluminum, boron or mixtures
      thereof. Thus preferably this rocket propellant contains 1-15 weight
      percent of aluminum, boron and mixtures thereof with aluminum being
      preferred because it reduces combustion instability better than boron.
PAR  The third major constituent of the propellant is an oxidizer which
      constitutes 45-75 weight percent of the composition. It should be noted
      that the amount of oxidizer present must be sufficient to provide for
      complete oxidation of the binder and the fuel component. While any of the
      standard oxidizers can be used it is preferred to use ammonium
      perchlorate, nitronium perchlorate, hydroxylammonium perchlorate and its
      derivatives, potassium perchlorate, ammonium nitrate and potassium nitrate
      with ammonium perchlorate being the most preferred oxidizer.
PAR  Additionally, the fourth major constituent of the present composition is a
      cross-linking agent which constitutes 1/2 -5 weight percent of the
      propellant and which will aid the curing of the composition. Among the
      preferred cross-linking agents operable herein are any of the di or tri
      functional epoxides and isocyanates or any other materials which are
      conventionally employed as cross-linking agents for curing propellants
      such as those instantly disclosed. More specifically, Unox 221, a
      difunctional cycloaliphatic epoxide product of the Union Carbide Corp.
      ##SPC1##
PAL  Araldite 178, a product of the Ciba Corp.
      ##SPC2##
PAL  any of the bisphenol A-epichlorohydrin epoxides, tolylene diisocyanate,
      hexamethyline diisocyanate and the like.
PAR  Additionally other additives normally incorporated into composite
      propellants may be added herein, such as any of the various accelerators,
      burning rate modifiers, extenders, reinforcing agent, fillers and
      stabilizers.
DETD
PAR  The general nature of the invention having been set forth, the following
      examples are presented as specific illustrations thereof. It will be
      understood that the invention is not limited to these specific examples
      but is susceptible to various modifications that will be recognized by one
      of ordinary skill in the art.
PAC  EXAMPLES 1-7
PAR  Some typical formulations which have been prepared are as follows:
     Weight %.sup.b                                                            

                 1    2    3    4    5    6    7                               

     __________________________________________________________________________

     Binder.sup.a                                                              

                 32.5 32.5 33.5 32.5 32.5 33.5 34.5                            

     Ammonium Perchlorate                                                      

                 60.5 64.5 65.5 60.5 64.5 65.5 65.5                            

     Al          --   --   --   7.0  3.0  1.0  --                              

     B           7.0  3.0  1.0  --   --   --   --                              

     __________________________________________________________________________

      .sup.a The binder was composed of 6% by weight acrylic and 94% by weight 

      ethyl acrylate and had an intrinsic viscocity of about 0.5 dl/g as about 

      0.5 gram/deciliter solution in ethyl acetate at 25.degree.C. The ratio of

      polymer to plasticizer (TVOPA) was 15/85.                                

      .sup.b About 1.7 weight percent of Unox 221 was also added as a          

      cross-linking agent.                                                     

PAC  EXAMPLE 8
PAR  The compositions of Examples 1-7 and the other propellant compositions of
      this invention may be prepared by employing the following general scheme.
      However, it should be noted that other conventional methods may also be
      used. The binder material and the aluminum or boron are premixed under
      vacuum conditions and at an elevated temperature of about 50.degree.C. The
      oxidizing agent is added in increments with mixing under vacuum and
      elevated temperatures to this binder -- aluminum/boron premix. After all
      the oxidizing agent is added, the mixture is stirred further for about 2
      hours. At this point the cross-linking agent is added and the mixture is
      stirred for about five to ten minutes under vacuum. This total mixture is
      then cast and allowed to cure in an oven for about 24 hours or more at a
      temperature of about 50.degree.-65.degree.C.
PAR  The preparation of the binder material follows the following general
      scheme, however, other procedures known to those skilled in the art may
      also be employed.
PAR  About 2/3 of the ethyl acetate to be used as solvent is added to a flask
      and mixed with all of the ethyl acrylate monomer. Thereafter all of the
      acrylic acid monomer is added with a portion of the remaining ethyl
      acetate solvent. Finally the polymerization catalyst, benzoyl peroxide, is
      added with the remaining ethyl acetate solvent. The mixture is stirred and
      heated to about 185.degree.F. A reflux condenser is used to prevent
      vaporization of the material in the flask. Refluxing is continued for 24
      hours. The polymer is recovered by vacuum stripping the ethyl acetate.
PAR  Obviously, numerous modifications and variations of the present invention
      are possible in light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise then as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A solid rocket propellant comprising (1) about 25-55 weight percent of a
      binder which comprises (a) about 2-25 weight percent of a polymer which
      comprises about one to about 20 weight percent acrylic acid with the
      remainder comprising a lower alkyl acrylate and (b) about 75-98 weight
      percent of an energetic difluoroamino group containing plasticizer,
      selected from the group consisting of 1,2,3-tris[.alpha.,.beta.-bis
      (difluoroamino) ethoxy] propane, hexakis (difluoroamino) propylether,
      1,2-di[2,2,3-tris(difluoroamino) propoxy]-1,2-bis(difluoroamino)ethane,
      1,2,4,5-tetrakis(difluoroamino)amyl methacrylate and mixtures thereof, (2)
      about 0-15 weight percent of a fuel selected from the group consisting of
      aluminum, boron and mixtures thereof, (3) about 45-75 weight percent of an
      oxidizer, and (4) about 1/2-5 weight percent curing agent, provided that
      the amount of oxidizer present be sufficient to provide for complete
      oxidation of said binder and said fuel.
NUM  2.
PAR  2. The composition of claim 1 wherein said copolymer portion of said binder
      contains about 6-8 weight percent of acrylic acid with the remainder
      comprising a lower alkyl acrylate.
NUM  3.
PAR  3. The composition of claim 2 wherein said lower alkyl acrylate is selected
      from the group consisting of methyl acrylate, ethyl acrylate and butyl
      acrylate.
NUM  4.
PAR  4. The composition of claim 2 wherein said lower alkyl acrylate is ethyl
      acrylate.
NUM  5.
PAR  5. The composition of claim 1 wherein said copolymer has an intrinsic
      viscosity of about 0.2-1.1 dl/g as a 0.5 gram per deciliter solution in
      ethyl acetate at about 25.degree.C.
NUM  6.
PAR  6. The composition of claim 1 wherein said copolymer has an intrinsic
      viscosity of about 0.4 - 0.8 dl/g as about a 0.5 gram per deciliter
      solution in ethyl acetate at about 25.degree.C.
NUM  7.
PAR  7. The composition of claim 1 wherein said fuel is aluminum.
NUM  8.
PAR  8. The composition of claim 1 wherein said fuel constitutes about 1-15
      weight percent of said rocket propellant.
NUM  9.
PAR  9. The composition of claim 2 wherein said fuel is aluminum.
NUM  10.
PAR  10. The composition of claim 1 wherein said oxidizer is selected from the
      group consisting of ammonium perchlorate, nitronium perchlorate,
      hydroxylammonium perchlorate and its derivatives, hydroxylammonium nitrate
      and its derivatives, potassium perchlorate, ammonium nitrate and potassium
      nitrate.
NUM  11.
PAR  11. The composition of claim 1 wherein said oxidizer is ammonium
      perchlorate.
NUM  12.
PAR  12. The composition of claim 1 wherein said curing agent is selected from
      the group consisting of difunctional epoxides, and trifunctional epoxides.
NUM  13.
PAR  13. The composition of claim 1 wherein said curing agent is selected from
      the group consisting of
      ##SPC3##
PAL  bisphenol A - epichlorohydrin epoxides, tolylene diisocyanate,
      hexamethylene diisocyanate and mixtures thereof.
NUM  14.
PAR  14. A method of reducing the combustion instability of a solid rocket
      propellant comprising (1) about 2-25 weight percent of a binder which
      comprises (a) 2-25 weight percent of a polymer which comprises about one
      to about 20 weight percent acrylic acid and with the remainder comprising
      a lower alkyl acrylate and (b) about 75-98 weight percent of an energetic
      difluoroamino group containing plasticizer selected from the group
      consisting of 1,2,3-tris[.alpha.,.beta.-bis (difluoroamino) ethoxy]
      propane, hexakis (difluoroamino) propylether, 1,2-di[2,2,3-tris
      (difluoroamino) propoxy]-1,2-bis(difluoroamino)ethane, 1,2,4,5-tetrakis
      (difluoroamino)amyl methacrylate and mixtures thereof, (2) about 45-75
      weight percent of an oxidizer, and (3) about 1/2-5 weight percent curing
      agent comprising
PA1  adding to said propellant 1-15 weight percent of a material selected from
      the group consisting of aluminum, boron and mixtures thereof provided the
      amount of oxidizer present is sufficient to provide for complete oxidation
      of said binder and said aluminum, boron and mixtures thereof.
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PAL  A gas-generating composition comprising an oxidizer, a non-metal,
      preferably organic, fuel component, and a metal fuel staple component of a
      particular size.
BSUM
PAR  This invention relates to new and improved propellant compositions of
      exceedingly high propulsive performance. More particularly, it relates to
      propellant compositions and grains containing particulate metal having a
      flat configuration, hereinafter called staples, which greatly increase
      both the effective burning rate and the ballistic performance of the
      propellant.
PAR  The development of propellant compositions having increased burning rates
      and improved propulsive performance has proceeded with vigor throughout
      recent years. Heretofore, increases in the burning rate have been obtained
      primarily by optimizing proportions of the ingredients within the
      propellant matrix and/or by the addition of materials such as burning rate
      catalysts. These expedients, however, have little or no effect on the
      ballistic parameters, that is, specific impulse and/or boost velocity, of
      the propellant.
PAR  Recently, it has been found that the addition of certain high energy metal
      powders, e.g., aluminum, beryllium, zirconium, magnesium, etc., to
      propellant compositions greatly improves the ballistic performance, that
      is, specific impulse and/or boost velocity, of the propellant. However,
      these metal additives generally do not increase the burning rate and, in
      many cases, actually lower it.
PAR  Accordingly, it is the object of this invention to provide propellant
      compositions having both an increased burning rate and improved propulsive
      performance.
PAR  Still a further object is to provide propellant compositions which can be
      tailored to a desired burning rate and propulsive performance.
PAR  These and other objects and advantages will become apparent from the
      following detailed description.
PAR  I have discovered that large increases in both the burning rate and
      ballistic performance, that is, the specific impulse and/or boost
      velocity, of propellant compositions can be obtained by distributing in
      intimate contact with the propellant, and thereby with its oxidizer
      component, a plurality of high-energy-contributing metal fuel staples,
      selected from among aluminum, beryllium, magnesium, zirconium, tungsten
      and titanium, and alloys and mixtures thereof, and having a maximum
      thickness of about 0.001 inch and a maximum ratio of thickness to width of
      about 1 to 4.
PAR  The utilization of the aforementioned metal staples which react with an
      oxidizer to produce a high exothermic heat of combustion, heats the
      propulsive gases evolved during the combustion of the propellant to a very
      high temperature. This increases considerably the thrust of the gases and,
      consequently, the ballastic performance. In addition, and quite
      surprisingly, is the further discovery that the presence of a metal in the
      form of staples increases ballistic performance as much as finely-divided
      metallic powders. It would appear that the addition of the larger staples,
      because of their apparent inability to oxidize completely, would decrease
      the thrust of the propellant, thus lowering its propulsive performance.
      However, because of the aforementioned dimensional limitations of the
      metal staples, an extremely large surface area relative to the volume is
      in intimate contact with and, therefore, available for combustion by, the
      oxidizer within the surrounding propellant matrix. This permits the
      oxidizer readily and completely to burn or consume the metal staples,
      forming the oxide of the metal.
PAR  The high-energy-contributing metals employed in fabricating the staples
      have a substantially higher thermal diffusivity than the propellant
      material and/or a relatively high melting point. Table I shows the thermal
      diffusivity and the melting points of these metals.
TBL                TABLE I                                                     

     ______________________________________                                    

               Thermal Diffusivity                                             

                                Melting Point                                  

     Metal     (Cm.sup.2 /sec)  (.degree.C)                                    

     ______________________________________                                    

     Aluminum  0.94              660                                           

     Beryllium 0.51             1350                                           

     Magnesium 0.66              651                                           

     Zirconium 0.11             1700                                           

     Tungsten  0.67             3370                                           

     Titanium  0.68             1800                                           

     ______________________________________                                    

PAR  The increased burning rate of the propellant is partially due to the fact
      that the metal staples, having a much higher thermal diffusivity than the
      other propellant material or its gaseous combustion products, effect rapid
      heat transfer from the high temperature combustion gases in the flame zone
      to the unburned portions of the propellant, so that the flame propagates
      rapidly along the propellant adjacent to the metallic staples. As a
      result, the rate of propagation of the burning surface along the metallic
      staples is many times the normal propellant matrix burning rate.
      Furthermore, because of their dimensions, a large surface area relative to
      the cross-sectional area is available for heat transfer from the hot flame
      area through the staple and into the unburned portion of the propellant.
PAR  Another important property which determines the efficacy of the particular
      metal for increasing the burning rate is the melting point. Apparently,
      the higher the melting temperature of the metal staple, the larger is the
      area which projects into the flame zone as the surrounding propellant
      matrix burns away. This provides a greater area for heat transport from
      the hot gases to the staple. Thus, in the case of a metal such as
      zirconium, its high melting point compensates for its relatively low
      thermal diffusivity.
PAR  In addition to the dimensions previously set forth, the maximum ratio of
      the width to the length of the consumable metal staples is one to one. The
      width and length of the staples can vary over a wide range limited only by
      such considerations as processibility of the propellant mix, weight and
      number of staples desired, etc. The length can vary from about 2 inches to
      about 0.03 inch, preferably from about 0.5 inch to about 0.03 inch. The
      staples can be employed flat or in any other desirable configuration,
      e.g., U-shaped, angled, rounded, tubular, etc., so long as they adhere to
      the
PAR  The metal staples can be dispersed in the propellant material in a more or
      less random pattern, for example, by mixing them with the propellant prior
      to extrusion or casting. However, additional improvement in burning rates
      can be obtained by orienting the staples in the direction of flame
      propagation, namely, substantially normal to the burning surface. This can
      be accomplished, for example, by extrusion of the propellant material
      through a die having converging funnels which align the staples in the
      direction of burning.
PAR  The proportion of metal staples introduced into the propellant matrix is
      not critical, although this is one of the factors which determines the
      specific increase in ballistic performance or burning rate. In other
      words, even the addition of a very small amount will effect some increase.
      In most cases, it is desirable to add at least about 0.5% and, preferably,
      at least about 1% by weight of the propellant to obtain appreciable
      results. In general, the larger the quantity of metal staples added, the
      higher will be the effective burning rate. However, the amount
      incorporated will be controlled by a number of factors such as the desired
      burning rate, ballistic performance and processibility of the final
      propellant mix. For this reason, it will generally be undesirable to add
      more than about 10 to about 30% by weight of the propellant, although, in
      some cases, larger amounts may be feasible.
PAR  The metal staples can be the sole burning rate- or energy-increasing metal
      ingredient present in the propellant composition or they can be
      supplemented with burning rate catalysts and/or high-energy-contributing
      metals in other forms, e.g., powdered. The use of such powdered metals in
      conjunction with the staples is particularly advantageous since it permits
      the tailoring of propellant compositions to desirable combinations of
      burning rate and ballistic performance, while reducing processiblity
      problems. Thus, for example, it is not possible with additional metal
      staples to increase the ballistic performance of a specific propellant
      composition while maintaining substantially the same burning rate.
      Furthermore, processibility problems increase with the addition of the
      staples. However, the desired additional increase in ballistic performance
      along with a minimal increase in processibility problems, can be obtained
      easily by the utilization of minor amounts of metal powders. The powdered
      metal fuel species can be the same as the staples or can be different.
      Aluminum staples, for example, can be employed in combination with
      powders, beryllium, magnesium, zirconium, etc.
PAR  The embedded metal staples are effective regardless of the specific nature
      or composition of the propellant although the specific increase in
      ballistic performance and burning rate will vary to some extent according
      to the specific propellant composition. They can be employed, for example,
      with composite type propellants which comprise an organic fuel matrix
      component and an additional oxidizer component. The organic fuel matrix
      can be any suitable organic compound or mixture of organic compounds which
      contains molecularly combined carbon and hydrogen. It can be "inert", the
      term "inert" as used herein meaning a compound which requires an added
      oxidizer for combustion. Illustrative of suitable organic matrix
      compositions are the various solid polymeric binders, such as polyether
      polysulfides, polyurethanes, butadiene-acrylic acid and -methacrylic acid
      copolymers cross-linked with an epoxy, alkyd polyesters, polyamides,
      cellulose esters, e.g., cellulose acetate, cellulose ethers, e.g., ethyl
      cellulose, polyvinyl chloride, asphalt, and the like. As shown by the
      illustrative examples, the inert fuels, in addition to requiring an
      oxidizer for combustion, are also inert in that they do not react with the
      metal staples, or at least do not react to a degree sufficient to
      contribute substantially to the total heat of combustion of the propellant
      composition.
PAR  The organic fuel matrix can also comprise an active organic compound, a
      mixture of such compounds, or a mixture of such a compound with an inert
      organic compound, such as an inert organic plasticizer. The term "active"
      compound as employed herein means a compound which contains molecularly
      combined oxygen available for combustion of other components of the
      molecule, such as carbon. Examples of active organic fuel compounds
      include those containing nitroso, nitro, nitrite, and nitrate radicals,
      such as cellulose nitrate and nitroglycerine.
PAR  The metal staples can also be employed in semi-solid, monopropellant
      systems. Such compositions are thixotropic, cohesive, shape-retentive
      compositions which can be extruded under moderate pressures into the
      combustion chamber of a rocket, where they form continuously advancing
      columns which burn on the exposed surface, or can be loaded directly into
      the combustion chamber of specially-designed gas-generators or motors.
      Such plastic monopropellant compositions can comprise a stable dispersion
      of a finely-divided, insoluble oxidizer and the metal staples in a
      continuous matrix of any suitable high-boiling liquid fuel. Illustrative
      of suitable liquid fuels are hydrocarbons, such as triethyl benzene,
      liquid polyisobutylene, and the like; organic esters, such as dimethyl
      maleate, dibutyl oxalate, dibutyl phthalate; alcohols, such as benzyl
      alcohol and triethylene glycol; ethers, such as methyl-naphthyl ether;
      hydrazine and its methyl derivatives; and many others.
PAR  Any solid insoluble, finely-divided oxidizer can be employed which yields
      oxygen readily for combustion of the metal staples and the fuel matrix.
      Such oxidizers include the inorganic oxidizer salts, such as NH.sub.4, K,
      Na, and Li perchlorates and nitrates; metal peroxides, such as CaO.sub.2,
      BaO.sub.2, and Na.sub.2 O.sub.2 ; hydrazine nitroformate, hydrazine
      nitrate, nitronium perchlorate, and the like; and organic oxidizers such
      as pentaerythritol tetranitrate, hexanitroethane, mannitol hexanitrate,
      and the like; the inorganic salts being preferred.
PAR  The metal staples can also be employed with the well known solid or
      semi-solid double base type of propellants in which the oxidizing
      component and fuel component can be combined in the same compounds. Such
      propellants comprise, for example, nitrocellulose plasticized with an
      oxidant-type organic liquid plasticizer, containing active oxidizing
      groups such as nitro, nitrate, nitrite and nitroso groups, e.g.,
      nitroglycerine, diethylene glycol dinitrate, pentaerythritol trinitrate,
      1,2,4-trinitro-butane and the like, or a mixture of such an oxidant-type
      plasticizer with an inert fuel component such as a liquid plasticizer, as,
      for example, sebacates, such as dibutyl sebacate and dioctyl sebacate;
      phthalates, such as dibutyl phthalate and dioctyl phthalate; adipates,
      such as dioctyl adipate; glycol esters of higher fatty acids; etc. The
      previously mentioned insoluble solid oxidizers can also be incorporated
      into the double-base propellant compositions.
PAR  The propellant compositions can also contain additional conventional
      propellant ingredients, of which the following are exemplary only; burning
      rate catalysts such as copper chromite and iron oxide, stabilizers such as
      ethyl centralite and 2-nitrodiphenylamine, etc.
PAR  The ingredients employed in making the propellants can be mixed together in
      any sequence using processing techniques well known to the propellant
      technician to control the consistency, homogeneity, etc., of the mixture.
      If a solid grain is to be produced from the mixture it can then be formed
      of any desired configuration by any well known procedure such as molding,
      casting, extrusion, etc.
DETD
PAR  The following specific examples are presented to illustrate the increased
      mass burning rates and/or the improved ballistic performance, e.g.,
      specific impulse, imparted to the propellants by the addition of metal
      staples, but it will be understood, are in no way limiting.
PAC  EXAMPLE I
PAR  Propellant grains having the following compositions were fabricated by
      homogeneously mixing the ingredients and then casting the mixtures. During
      combustion, the burning rate of the formulation and the specific impulse
      of the grain were measured and are given below.
TBL  ______________________________________                                    

     Composition        Per Cent by weight                                     

                      A      B        C                                        

     ______________________________________                                    

     Butarez CTL (Carboxy-terminated                                           

      polybutadiene polymer)                                                   

                        8.28     8.28     8.28                                 

     MAPO.sup.1         0.31     0.31     0.31                                 

     IDP.sup.2          5.41     5.41     5.41                                 

     Ammonium perchlorate                                                      

                        64.00    64.00    64.00                                

     Copper Chromite    1.00     1.00     1.00                                 

     Aluminum powder    21.00    19.00    17.00                                

     Aluminum staple.sup.3                                                     

                        --       2.00     4.00                                 

     Burning rate (1000 psi, 70.degree.F)                                      

                        .53      .71      1.00                                 

     Specific impulse (lb-sec/lb)                                              

                        232.30   229.20   233.40                               

     ______________________________________                                    

      .sup.1 tris [1-(2-methyl) aziridinyl] phosphine oxide                    

      .sup.2 isodecylpelargonate                                               

      .sup.3 size of staple .125" .times. .0025" .times. .0005                 

PAL  From a comparison of the burning rates and specific impulses of
      compositions A, B, and C, it is obvious that the use of mixtures of
      aluminum staples and aluminum powder greatly increases the burning rate
      while the specific impulse remains substantially constant.
PAC  EXAMPLE II
PAR  Aluminum staples which differ considerably in their dimensions were
      substituted for aluminum powder in the following solid propellant
      formulation. The burning rates at 70.degree.F and 1000 psia were
      determined and are set forth in Table II.
TBL  ______________________________________                                    

     Composition         Weight Per Cent                                       

     ______________________________________                                    

     Ammonium perchlorate                                                      

                         58.90                                                 

     Polyvinyl chloride  8.19                                                  

     Dioctyl adipate     10.56                                                 

     British Detergent*  .25                                                   

     Aluminum powder     21.10                                                 

     Copper Chromite     1.00                                                  

                         100.00                                                

     ______________________________________                                    

      *Equal parts of glyceryl monooleate, pentaerythritol dioleate, and diocty

      sodium sulfosuccinate.                                                   

TBL                TABLE II                                                    

     ______________________________________                                    

     Staple Aluminum staple substituted for aluminum powder                    

     Dimension                                                                 

            (weight per cent of total propellant compositions)                 

     2           5       8       10    15    20                                

     ______________________________________                                    

     A       1.35*   1.47    1.55  1.60  1.65  1.70                            

     B      1.48     1.61    1.70  1.75  1.80  1.85                            

     C      1.50     1.63    1.72  1.77  1.82  1.87                            

     D      1.55     1.67    1.75  1.80  1.86  1.90                            

     E      1.55     1.67    1.75  1.80  1.86  1.90                            

     F      1.61     1.75    1.83  1.89  1.92  1.96                            

     G      1.71     1.85    1.90  1.95  2.02  2.08                            

     H      1.73     1.88    1.94  1.98  2.05  2.13                            

     ______________________________________                                    

      *Burning rates at 70.degree.F and 1000 psia?                             

TBL  Aluminum staple dimensions in inches                                      

     ______________________________________                                    

            A -- 0.035 .times. 0.005 .times. 0.00035                           

            B -- 0.375 .times. 0.0045 .times. 0.0007                           

            C -- 0.063 .times. 0.0045 .times. 0.0007                           

            D -- 0.035 .times. 0.005 .times. 0.0005                            

            E -- 0.050 .times. 0.004 .times. 0.0005                            

            F -- 0.125 .times. 0.005 .times. 0.0005                            

            G -- 0.125 .times. 0.0045 .times. 0.0007                           

            H -- 0.125 .times. 0.0025 .times. 0.0005                           

     ______________________________________                                    

PAL  From Table II it can readily be seen that the increase in burning rates can
      be obtained by the use of metal staples of various dimensions within the
      aforedescribed limitations.
PAC  EXAMPLE III
PAR  Propellants having the following indicated compositions were fabricated by
      mixing small spheres of the polymerized resin binder with the other
      ingredients. The resulting fluid, heterogeneous mixture, was then cast.
      Burning rates at 70.degree.F and a pressure of 1000 psi were then
      determined for each formulation.
TBL  ______________________________________                                    

     Composition       Per cent by weight                                      

     ______________________________________                                    

     Ammonium perchlorate                                                      

                       58.90    58.90    58.90                                 

     Polyvinyl chloride                                                        

                       8.62     8.62     8.62                                  

     Dioctyl adipate   10.79    10.79    10.79                                 

     Advance XE82.sup.4                                                        

                       .17      .17      .17                                   

     Advance BC74.sup.5                                                        

                       .17      .17      .17                                   

     British detergent.sup.6                                                   

                       .25      .25      .25                                   

     Aluminum powder (5 micron)                                                

                       21.10    20.05    16.88                                 

     Aluminum staples.sup.7                                                    

                       --       1.05     4.22                                  

     Burning rate                                                              

     (1000 psi, 70.degree.F)                                                   

                       .40      .72      .92                                   

     ______________________________________                                    

      .sup.4 Epoxy modified ether-ester type heat and light stabilizer         

      .sup.5 Liquid barium-cadmium carboxylate stabilizer containing auxiliary 

      organo phosphate heat and light stabilizers                              

      .sup.6 Equal parts of glyceryl monooleate, pentaerythritol dioleate, and 

      dioctyl sodium sulfosuccinate                                            

      .sup.7 Size of staples .31" .times. .0045" .times. .0007                 

PAL  In each instance an increase in the amount of aluminum staples increased
      the burning rate.
PAC  EXAMPLE IV
PAR  In order to show the improved burning rate obtained by the addition of
      aluminum staples to a propellant composition the following solid
      propellants were fabricated.
TBL  ______________________________________                                    

     Composition        Per cent by weight                                     

     ______________________________________                                    

     Polyvinyl chloride 8.44       8.44                                        

     Dioctyl adipate    10.23      10.23                                       

     British Detergent.sup.8                                                   

                        .25        .25                                         

     Carbon black       .05        .05                                         

     Ammonium perchlorate                                                      

                        81.03      59.93                                       

     Aluminum staples.sup.9                                                    

                        --         21.10                                       

     Burning rate (1000 psi)                                                   

                        .66        .97                                         

     ______________________________________                                    

      .sup.8 Equal parts of glyceryl monooleate, pentaerythritol dioleate and  

      dioctyl sodium sulfosuccinate                                            

      .sup.9 Size of staple .03" .times. .03" .times. .0008                    

PAL  As can be ascertained from the above data, the addition of large amounts of
      aluminum staples improves the burning rate considerably.
PAR  Additional increases in the burning rates of any of the aforementioned
      propellant compositions over and above the increases effected by
      high-energy metal staples, such as aluminum, can be obtained by the
      addition of a minor amount of a metal staple of silver or copper.
      Surprisingly, large increases in the burning rates are obtained by
      substituting for a portion of the aluminum staples an equal amount by
      weight of silver or copper staples. To illustrate, the following solid
      propellant formulation, containing only aluminum powder was prepared and
      the burning rate was determined.
PAC  EXAMPLE V
TBL         Composition     Per cent by weight                                 

     ______________________________________                                    

     Carboxy-terminated polybutadiene polymer                                  

                            8.61                                               

     MAPO.sup.10            .39                                                

     IDP.sup.11             5.00                                               

     Ammonium perchlorate (25 micron)                                          

                            38.00                                              

     Ammonium perchlorate (200 micron)                                         

                            38.00                                              

     Aluminum powder (5 micron)                                                

                            10.00                                              

     Burning rate (1000 psia, 70.degree.F)                                     

                            .35      in/sec.                                   

     ______________________________________                                    

      .sup.10 Tris [1-(2-methyl) aziridinyl] phosphine oxide                   

      .sup.11 isodecylpolargonate                                              

PAL  Various portions of the aluminum powder in the above composition were
      replaced by aluminum, silver or copper staples and the burning rates of
      the resulting formulations, are presented as follows:
TBL  Sample                                                                    

           Metallic Staple                                                     

                          Burning Rate                                         

                                     Copper Chromite                           

           Per cent by weight                                                  

                          (1000 psia,                                          

                                     Per cent by                               

                          70.degree.F)                                         

                                     weight                                    

     ______________________________________                                    

     D     4% silver, copper                                                   

           or aluminum.sup.12                                                  

                          .53 to .57 --                                        

     E     4% aluminum    1.12       2%                                        

     F     2% aluminum,                                                        

           2% silver      1.41       2%                                        

     G     2% aluminum, 2%                                                     

           silver (Finer grind                                                 

           NH.sub.4 ClO.sub.4 than in D,                                       

           E, and F)      1.85       2%                                        

     H     2% aluminum, 2%                                                     

           copper (Same oxidizer                                               

           as in sample G)                                                     

                          1.68       2%                                        

     ______________________________________                                    

      .sup.12 Size of all staples was about .125" .times. .002" .times. .0005  

PAL  As can be seen from sample D, equal additions of the three types of staples
      on a weight per cent basis give substantially the same increase in burning
      rate. It would normally be expected that silver and copper, because of
      their high thermal diffusivity and considerably higher melting point than
      aluminum, would produce higher burning rates than the latter. However, on
      a weight-percentage basis for a given size of staple, the higher densities
      of silver and copper reduces the total number of staples and, therefore,
      the effective increase in burning rate.
TBL  ______________________________________                                    

            Thermal Diffusivity                                                

                            Melting Point                                      

                                         Density                               

     Metal  650.degree.F (cm 2/sec)                                            

                            .degree.C    g/ml                                  

     ______________________________________                                    

     Silver 1.23            960          10.53                                 

     Copper 0.90            1083         8.96                                  

     Aluminum                                                                  

            0.94            660          2.70                                  

     ______________________________________                                    

PAR  From this it would be expected that any combination of the three kinds of
      staples on an equal weight percentage basis would give approximately the
      same burning rates. However, it is apparent that the substitution of half
      of the aluminum from sample E by an equal weight per cent of silver gives
      an unexpectedly high burning rate as shown in sample F. Since the weight
      per cents are equal, it is evident that a synergistic, rather than an
      additive, effect is obtained. This effect is even more pronounced when the
      proportions of the finer oxidizer grind of sample G are employed. It is
      also evident from the greatly increased burning rate obtained in sample H
      that a similar effect is obtained when half of the aluminum is substituted
      with an equal weight per cent of copper.
PAR  It will be understood that the metal fuel staples of the invention can be
      employed in the form of a single metal species, or a mixture of different
      fuel metal species, either by admixture of staples each of a sole metal
      species or in the form of alloys of two or more of the specified fuel
      metals. The metal fuel staples can also comprise adherent metal layers of
      different species in the thickness dimension, as, for example, aluminum
      and zirconium. In some cases, it may be desirable to coat the metal fuel
      staple, such as aluminum, with either a different metal fuel, such as
      zirconium, or with a non-energy contributing metal, such as silver or
      copper.
PAR  The preceding propellant compositions can be used in solid end-burning
      grains or can also be applied very advantageously to other types of
      propellant grains, such as perforated grains.
PAR  Although this invention has been described with reference to illustrative
      embodiments thereof, it will be apparent to those skilled in the art that
      it may be embodied in other forms within the scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a propellant composition comprising an oxidizing component selected
      from the group consisting of inorganic perchlorates or nitrates, metal
      peroxides, hydrazine nitroformate, and mixtures thereof, a non-metal fuel
      component selected from the group consisting of inert fuels and fuels
      rendered active by molecularly combined nitroso, nitro, nitrite or nitrate
      groups, and mixtures thereof and a metal fuel component, the improvement
      in which the metal is selected from the group consisting of aluminum,
      beryllium, zirconium, magnesium, titanium, tungsten, alloys thereof, and
      mixtures thereof, and is in the form of staple having a maximum thickness
      of about 0.001 inch, a maximum ratio of thickness to width of about 1 to
      4, a minimum length of about 0.03 inch and a maximum ratio of width to
      length of about 1 to 1.
NUM  2.
PAR  2. The composition of claim 1 in which the metal staple is aluminum.
NUM  3.
PAR  3. The composition of claim 2 which additionally contains a minor amount by
      weight, of the total composition, of metal staple selected from the group
      consisting of silver and copper.
NUM  4.
PAR  4. The composition of claim 1 in which the propellant composition contains,
      in addition to said staple, a metal fuel component in the form of a finely
      divided powder.
NUM  5.
PAR  5. The composition of claim 4 in which the metal staple is aluminum.
NUM  6.
PAR  6. The composition of claim 5 which additionally contains a minor amount by
      weight, of the total composition, of metal staple selected from the group
      consisting of silver and copper.
NUM  7.
PAR  7. The composition of claim 1 in which the non-metal fuel component is an
      organic compound.
NUM  8.
PAR  8. The composition of claim 7 in which the organic compound is a polymer.
NUM  9.
PAR  9. The composition of claim 8 in which the oxidizing component is a solid,
      insoluble, finely divided inorganic oxidizer.
NUM  10.
PAR  10. The composition of claim 9 in which the metal staple is aluminum.
NUM  11.
PAR  11. The composition of claim 10 which additionally contains a minor amount
      by weight, of the total composition, of metal staple selected from the
      group consisting of silver and copper.
NUM  12.
PAR  12. The composition of claim 9 in which the oxidizer is ammonium
      perchlorate.
NUM  13.
PAR  13. The composition of claim 12 in which the metal staple is aluminum.
NUM  14.
PAR  14. In a gas-generating composition comprising an oxidizing component
      selected from the group consisting of inorganic perchlorates or nitrates,
      metal peroxides, hydrazine nitroformate, and mixtures thereof, a non-metal
      fuel component selected from the group consisting of inert fuels and fuels
      rendered active by molecularly combined nitroso, nitro, nitrite or nitrate
      groups, and mixtures thereof, and a metal fuel component, the improvement
      in which the metal is selected from the group consisting of aluminum,
      beryllium, zirconium, magnesium, titanium, tungsten, alloys thereof, and
      mixtures thereof, and is in the form of staple having a maximum thickness
      of about 0.001 inch, a maximum ratio of thickness to width of about 1 to
      4, a minimum length of about 0.03 inch and a maximum ratio of width to
      length of about 1 to 1.
NUM  15.
PAR  15. The composition of claim 14 in which the metal staple is aluminum.
NUM  16.
PAR  16. The composition of claim 2 which additionally contains, in a minor
      amount by weight of the total composition, metal staple selected from the
      group consisting of silver and copper.
NUM  17.
PAR  17. The composition of claim 14 in which the composition contains, in
      addition to said staple, a metal fuel component in the form of a finely
      divided powder.
NUM  18.
PAR  18. The composition of claim 14 in which the non-metal fuel component is an
      organic compound.
NUM  19.
PAR  19. The composition of claim 18 wherein said organic compound is a polymer.
NUM  20.
PAR  20. The composition of claim 19 in which the oxidizing component is a
      solid, insoluble, finely divided inorganic oxidizer.
PATN
WKU  039335445
SRC  5
APN  3860213
APT  1
ART  161
APD  19730806
TTL  Method of etching copper and copper alloys
ISD  19760120
NCL  3
ECL  1
EXP  Powell; William A.
NDR  6
NFG  9
INVT
NAM  Haas; Rainer
CTY  Magstadt
CNT  DT
ASSG
NAM  Firma Hans Hollmuller, Maschinenbau
CTY  Herrenberg
CNT  DT
COD  03
PRIR
CNT  DT
APD  19710308
APN  2110950
PRIR
CNT  DT
APD  19710811
APN  2140215
PRIR
CNT  CH
APD  19720121
APN  1025/72
RLAP
COD  74
APN  230871
APD  19720301
PSC  01
PNO  3806393
ISD  19740423
CLAS
OCL  156 19
XCL  156345
EDF  2
ICL  C23F  100
FSC  252
FSS  79.1-79.5
FSC  156
FSS  3;8;18;19
FSC  134
FSS  10
UREF
PNO  3216873
ISD  19651100
NAM  Jones
OCL  156 14
UREF
PNO  3466208
ISD  19690900
NAM  Slominski
OCL  156 18
UREF
PNO  3505135
ISD  19700400
NAM  Lindstrom
OCL  156 19
UREF
PNO  3717521
ISD  19730200
NAM  Slominski et al.
OCL  156 19
LREP
FR2  Ross; Karl F.
FR2  Dubno; Herbert
ABST
PAL  A method of etching copper and copper alloys by means of an ammoniacal
      etching solution containing chloride ions and for regenerating this
      etching solution during this etching process by adding an ammoniacal
      compound, for example, in the form of ammonium hydroxide or ammonia gas,
      as well as hydrochloric acid and water to the etching solution in
      accordance with continuous measurements of the pH-value and the specific
      gravity of the etching solution.
PARN
PAR  This is a division of application Ser. No. 230,871, filed 1 Mar. 1972, now
      U.S. Pat. No. 3,806,393 issued 23 April 1974.
BSUM
PAR  The present invention relates to a method of etching copper and copper
      alloys and especially copper-coated conductor plates by means of an
      etching medium in the form of an ammoniacal etching solution which
      contains chloride ions.
PAR  Since acid etching media cannot be employed for all etching resists and
      especially not for so-called etching reserves such as, for example,
      lead-tin alloys, tin, pure tin, nickel and even gold, various alkaline
      etching media have been developed which, however, can be utilized only
      until their cooper content reaches a certain value and must thereafter be
      discarded and newly prepared.
PAR  It is an object of the present invention to provide a method in which the
      etching medium employed only needs to be prepared once and is thereafter
      continuously regenerated so as to retain its full etching power as long as
      may be desired.
PAR  For attaining this object, the invention provides that for the regeneration
      of the copper-I compound which is formed during the etching process a
      chlorine-containing compound such as, for example, HCl, ammonium chloride,
      NaCl or the like is employed and that in addition to the
      chlorine-containing compound an amount of an ammoniacal compound such as,
      for example, ammonium hydroxide or ammonia gas is added to the etching
      medium which is to be regenerated as may be required for again providing
      this medium with a pH-value of about 8.5 to 10.0.
PAR  If in this method an ammoniacal etching solution is employed which contains
      chloride ions and may be produced, for example, of water, ammonium
      chloride and ammonium hydroxide and preferably has a pH-value of 9.2, and
      if this etching solution is used for etching copper, a tetramine complex
      will result which has the following composition:
EQU  Cu(NH.sub.3).sub.4 Cl.sub.2.
PAR  If all chloride and ammonium ions of the etching solution have reacted in
      this manner, the further etching process will occur in accordance with the
      following formula:
EQU  Cu (NH.sub.3).sub.4 Cl.sub.2 + Cu.degree. .fwdarw. 2 Cu (NH.sub.3).sub.2
      Cl.
PAR  A diamine complex is thus formed which no longer has any etching effect so
      that a regeneration will now be required by the addition of a chloride
      compound and an ammoniacal compound.
PAR  In this regeneration, the following process occurs:
EQU  2 Cu (NH.sub.3).sub.2 Cl + 2 HCl + 4 NH.sub.4 OH .fwdarw. 2 Cu
      (NH.sub.3).sub.4 Cl.sub.2 + 4 H.sub.2 O.
PAR  By the addition of hydrochloric acid and also of ammonium hydroxide it is
      therefore possible to regenerate the etching medium in such a manner that
      it will again correspond to the etching medium as originally prepared.
      This requires for each mol of copper the addition of 2 mols of
      hydrochloric acid or of 4mols of NH.sub.4 OH.
PAR  For attaining uniform etching results, it is further of advantage to
      maintain the copper content of the etching medium at a constant value by
      the addition of a liquid, for example, water. This diluent may be added
      simultaneously with the addition of the regenerating chemicals the
      quantity of which is preferably controlled by a specific-gravity measuring
      device.
PAR  The addition of the chloro and ammoniacal compounds to the etching medium
      to be regenerated may be carried out either as a function of its pH-value,
      redox potential, specific gravity, or as a function of its change in
      color, and the molar ratio of the chloride compound to the ammoniacal
      compound then amounts to 1:2.
PAR  It is likewise possible to carry out the addition of the chloro compound in
      direct relation to the redox potential, the specific gravity or the change
      in color of the etching medium and to carry out the addition of the
      ammoniacal compound in direct relation to the pH-value of the etching
      medium to be regenerated.
PAR  This addition of the chloro compound and also of the ammoniacal compound
      may be carried out either in the etching machine itself or in a separate
      regenerating apparatus which is connected to the etching machine. Such a
      regenerating apparatus preferably comprises a reaction container and three
      supply containers which are located above the reaction container and
      contain the compounds to be added as well as water and are connected to
      the reaction container by conduits which are adapted to be opened and
      closed. The regenerating apparatus further comprises two measuring devices
      one of which controls the redox potential, the specific gravity or the
      change in color, and while the other monitors the pH-value and controls
      the addition of the compounds. These measuring devices project into the
      reaction container which holds the etching medium. Furthermore, a
      measuring device is connected to the reaction container which continuously
      checks the specific gravity of the etching medium and thus also its copper
      content and controls the addition of water.
PAR  If the regenerating media are to be added directly within the etching
      machine, the conduits for supplying these media are connected directly to
      the container for the etching medium which forms a part of the etching
      machine. The regenerating media are then supplied by means of injectors
      which are located within the circulating line for the etching medium and
      are connected to the containers of the regenerating media by conduits
      which are adapted to be opened and closed.
PAR  An inventive feature of a very advantageous embodiment of the measuring
      device as mentioned above consists in providing a float at the inside of a
      container through which the etching medium which is to be supervised flows
      continously, and in providing on the lower side of this float a metal body
      which is operatively associated with an inductive switch which is mounted
      underneath the container and forms a part of an electric mechanism which
      controls the supply of water and also forms a part of a mechanism which
      controls the supply of the chloro compound and possibly also of the
      ammoniacal compound. According to a very advantageous embodiment of the
      invention, the mentioned measuring container is provided in the form of a
      cylinder which has an inlet as well as an outlet for the etching medium to
      be measured, and the float is provided in the form of a rod the lower end
      of which carries the metal body which consists of titanium.
PAR  Another feature of the invention consists in providing the above-mentioned
      measuring mechanism with a control mechanism by means of which the control
      valves for regulating the supply of the diluent and the supply of the
      ammoniacal compound are preferably alternately actuated in accordance with
      the pH-value of the etching medium which is to be regenerated. This
      control mechanism may, however, also be designed so as only to control the
      operation of the valve which regulates the supply of the ammoniacal
      compound in accordance with the pH-value of the etching medium.
PAR  For measuring, for example, within each measuring container the level of
      the particular liquid compound which is to be added to the etching medium,
      it is another feature of the invention to provide a further measuring
      device which consists of a float which contains an annular magnet and of
      an electric switch which is operatively associated with this magnet and is
      mounted within an adjacent liquid-tight housing. According to a preferred
      embodiment of the invention, this float is located within a separate
      housing which is connected to the particular container, while the switch
      which is associated with the float is mounted outside of this housing,
      preferably above or below the same. This switch may be, for example, a
      so-called reed switch the switch contacts of which are enclosed within a
      glass tube which is tightly sealed toward the outside.
DRWD
PAR  These and other features and advantages of the method according to the
      present invention as well as of several regenerating apparatus for
      carrying out this method will become further apparent from the following
      detailed description which is to be read with reference to the
      accompanying drawing, in which - -
PAR  FIG. 1 is a diagrammatic illustration of a regenerating apparatus according
      to the invention in which the regeneration of the etching medium is
      carried out by means of NH.sub.4 OH, HCl and H.sub.2 O;
PAR  FIG. 2 is a diagrammatic illustration of a modification of the regenerating
      apparatus as shown in FIG. 1;
PAR  FIG. 3 is a diagrammatic illustration of another regenerating apparatus
      according to the invention, in which the regeneration of the etching
      medium is carried out by means of NH.sub.3 gas, HCl and H.sub.2);
PAR  FIG. 4 is a diagrammatic illustration of an apparatus for regenerating the
      etching medium within the etching machine;
PAR  FIGS. 5 to 7 are diagrammatic illustrations of three different devices for
      measuring the specific gravity of the etching medium;
PAR  FIG. 8 is a diagrammatic illustration of a levelcontaining switch; and
PAR  FIG. 9 is a cross section which is taken along the line IX -- IX in FIG. 8.
DETD
PAR  Referring first to FIG. 1 of the drawings, the regenerating apparatus
      according to the invention comprises a reaction container 1 which is
      connected by an inlet line 2 and an outlet line 3 to an etching machine,
      not shown. The level 4 of the etching medium 5 which is contained in the
      reaction container 1 and also in the etching machine is determined either
      by an overflow, not shown, or by a level-control switch 6 which will be
      subsequently described in detail. Furthermore, a pump 7 is inserted into
      the outlet line 3 leading to the etching machine.
PAR  Above the reaction container 1, three supply containers 8, 9 and 10 are
      mounted which respectively contain ammonium hydroxide 11, water 12 and
      hydrochloric acid 13 as regenerating media. These supply containers 8, 9
      and 10 are connected to the reaction container 1 by means of the lines 17,
      18 and 19 which may be closed by solenoid valves 14, 15 and 16,
      respectively. The supply container 8 is connected by a supply line 20 and
      the supply container 10 by a supply line 21 to a main supply, not shown,
      of the respective regenerating medium, and into each of these supply lines
      20 and 21 a feed pump 22 or 23 is inserted. The central supply container
      9, however, is connected directly to the main water supply by a supply
      line 24 into which likewise a solenoid valve 25 is inserted. The operation
      of each of the two feed pumps 22 and 23 as well as of the solenoid valve
      25 for regulating the water supply is controlled by a level-control switch
      26 which is similar to the level-control switch 6 as mentioned above. Each
      of these control switches 26 effects a replenishment of the respective
      regenerating liquid or of the water in its container 8 to 10 if the level
      27 of the liquid has dropped in this container to a predetermined value.
PAR  For controlling the addition of the hydrochloric acid 13 from the container
      10 to the etching medium 5, a redox measuring electrode 28 is provided
      which is responsive to the respective redox potential which the etching
      medium 5 has at any time in the reaction container 1. As soon as the redox
      potential drops below certain minimum value, this electrode 28 causes the
      solenoid valve 16 to be opened so that the required amount of hydrochloric
      acid 13 will be supplied to the reaction container 1. A further measuring
      electrode 29 is responsive to the prevailing pH-value of the etching
      medium 5 and opens the solenoid valve 14 of the container 8 as soon as the
      pH-value of the etching medium drops below a certain minimum value. As
      soon as the etching medium 5 has again reached its proper redox potential
      and also its proper pH-value, the respective solenoid valve 14 or 16 is
      again closed.
PAR  For controlling the operation of the solenoid valve 15 which regulates the
      supply of water, the apparatus according to the invention is provided with
      a measuring device 30 which continuously measures the specific gravity of
      the etching medium 5 and is connected at one end through a branch line 31
      to the outlet 3 and at the other end directly to the reaction container 1.
PAR  FIG. 2 illustrates a modification of the regenerating apparatus as
      previously described with reference to FIG. 1. All elements of this
      modified apparatus which are equal or similar to those of the apparatus
      according to FIG. 1 are also designated by the same reference numerals as
      in FIG. 1. The operation of the solenoid valves 14 to 16 of the apparatus
      according to FIG. 2 is controlled solely by the measuring device 30 which
      is responsive to the specific gravity of the etching medium 5 and causes
      the solenoid valves 14, 15 and 16 to be opened and thus the treating
      liquids 11, 12 and 13 to be supplied to the reaction container 1 as soon
      as the specific gravity of the etching medium 5 exceeds a certain maximum
      value. As soon as the pH-value of the etching medium 5 has dropped below a
      certain minimum, the measuring electrode 29 opens the solenoid valve 33
      which is additionally connected to the supply container 8 and inserted
      into a line 32, and it closes the solenoid valve 15 which is connected to
      the supply container 9. As soon as the etching medium 5 has again the
      proper specific gravity and also the proper pH-value, the solenoid valves
      14 to 16 and 33 are again closed.
PAR  The regenerating apparatus as illustrated in FIG. 3 differs from the
      apparatus according to FIG. 2 by employing ammonia gas instead of ammonium
      hydroxide 11 for the regeneration of the etching medium 5. This ammonia
      gas 35 is supplied from a container, not shown, through a gas line 36
      which may be shut off by a solenoid valve 35 and through an injector 37
      which is mounted within the reaction container 1. This regenerating
      apparatus therefore only requires the two supply containers 9 and 10 for
      the water 12 and the hydrochloric acid 13. All other parts of this
      apparatus may again be the same as those of the apparatus according to
      FIG. 2 and are therefore designated by the same reference numerals.
PAR  It is thus apparent from FIG. 3, that also in this embodiment of the
      invention the addition of the water 12 and also of the hydrochloric acid
      13 will be controlled by the specific-gravity measuring device 30 which
      acts upon the solenoid valves 15 and 16. The addition of the ammonia gas
      34 occurs, however, entirely independently of the specific-gravity
      measuring device 30 and solely by a pH-governor 38 which, as separately
      illustrated in FIG. 7 and subsequently described in detail, acts upon the
      solenoid valve 35 which is connected into the gas line 36.
PAR  FIG. 4 illustrates a further embodiment of the invention, in which the
      regeneration of the etching medium 5 occurs directly within the etching
      machine 39 and in which a conduit 41 into which the specific-gravity
      measuring device 30 and a circulating pump 40 are inserted is connected
      directly to the container 42 of the etching medium 5 which forms a part of
      this machine 39. Two branch lines 43 and 44 are connected to the conduit
      41 and each of these branch lines contains an injector 45 or 46,
      respectively. Subsequent to these injectors, the two branch lines 43 and
      44 are connected to each other and to a common return line 47 to which the
      pH-value electrode 29 is connected. The end 48 of this return line 47 is
      connected to the etching machine 39 and terminates above the container 42
      of the etching medium 5. The two injectors 45 and 46 are further connected
      to the two supply lines 51 and 52, which may be individually shut off by a
      solenoid valve 49 or 50, respectively. The supply line 51 leads to a
      supply container, not shown, from which ammonium chloride 53 which is
      dissolved in water 12 may be supplied, while the other supply line 52
      leads to a supply container, not shown, from which ammonia gas 53 may be
      supplied. The addition of the ammonium chloride 53, for example, in the
      form of a solution of 168g per liter of water, is then controlled by the
      valve 49 which is actuated by the specific-gravity measuring device 30,
      while the addition of the ammonia gas 34 is controlled by the valve 50
      which is actuated by the pH-value electrode 29.
PAR  This embodiment of the invention as illustrated in FIG. 4 is especially
      suitable for smaller etching machines 39 because of its very simple and
      inexpensive construction.
PAR  FIG. 5 illustrates on an enlarged scale the specific-gravity measuring
      device 30 for controlling the addition of water 12. It comprises a
      cylindrical container 54 which is provided near its opposite ends with an
      inlet 55 and an outlet 56. At the inside of this cylindrical container 54
      which is closed by a bottom 57 and a cover 58 a rod-shaped float 59 is
      provided the lower end 60 of which carries a metallic extension 61 which
      consists of titanium and is operatively associated with an inductive
      switch 62 which is mounted on the container 54 underneath its bottom 57.
PAR  The entire rod-shaped float 59 has such a total weight that it will be
      suspended within the etching medium 5 of the container 54 when the etching
      medium has the desired specific gravity. If the specific gravity of the
      etching medium 5 rises, the float 59 likewise rises so that the distance
      increases between the metallic extension 61 and the inductive switch 62
      and the latter opens a circuit 64 which contains a relay 63. When the
      relay 63 is thus switched off, the contact 65 of this relay will be moved
      to its normal closed position so that a secondary circuit 66 will likewise
      be closed which is connected in parallel to the circuit 64 and contains
      the solenoid valve 15 which controls the addition of water from the supply
      container 9 to the etching medium 5. The addition of the water from the
      container 9 will reduce the specific gravity of the etching medium 5 so
      that the float 59 will sink to a lower level and its metallic extension 61
      will act upon the inductive switch 62 which will then close the primary
      circuit 64 so that the relay 63 will be energized and its contact 65 and
      thus also the secondary circuit 66 will thereby be opened. The opening of
      this circuit 66 then causes the solenoid valve 15 to be closed so that no
      more water will be added to the etching medium 5.
PAR  FIG. 6 illustrates the same specific-gravity measuring device 30 as shown
      in FIG. 5 which is likewise especially suitable for being used for the
      operation of the apparatus as shown in FIG. 2, but in a manner so as to
      attain results different from those as previously described with reference
      to FIG. 5. Insofar as the elements of the apparatus as shown in FIG. 6 are
      the same as those shown in FIG. 5, they are also designated by the same
      reference numerals. It also applies in this case that, when the float 59
      rises in the cylindrical container 54, the inductive switch 62 will open
      the primary circuit 64 so that the relay 63 will be deenergized and its
      contact 65 will be closed which lies within the secondary circuit 66 which
      also contains the solenoid valves 14, 15 and 16 which regulate the supply
      of the regenerating liquids 11, 12 and 13 from the containers 8, 9 and 10
      to the etching medium 5. The supply of these liquids will then lower the
      specific gravity of the etching medium 5 so that the float 59 will again
      sink within the cylindrical container 54 and actuate the inductive switch
      so as to close the primary circuit 64. The current flowing through this
      circuit will then again energize the relay 63 which will open the contact
      65 and thus also the secondary circuit 66. This opening of the circuit 66
      again causes the solenoid valves 14, 15 and 16 to be closed so that no
      further liquid will be added to the etching medium 5.
PAR  The secondary circuit 66 further contains a changeover switch 67 which is
      actuated by a relay 68 by means of the pH-governor 38 which has already
      been mentioned previously with reference to FIG. 3. If the pH-value of the
      etching medium 5 drops below a certain minimum limit and the pH governor
      38 then switches on the relay 68, this will cause the change-over switch
      67 to be shifted so that the solenoid valve 15 which regulates the
      addition of water will be closed and the solenoid valve 33 which regulates
      the addition of ammonium hydroxide will be opened via the branch line 69.
PAR  FIG. 7 illustrates the specific-gravity measuring device 30 which is
      connected to an electric circuit which is especially suitable for the
      operation of the apparatus as shown in FIG. 3 which is supplied with
      ammonia gas instead of ammonium hydroxide. This circuit is designed so
      that only the addition of the water 12 and the hydrochloric acid 13 will
      be controlled by the action of the measuring device 30 upon the solenoid
      valves 15 and 16. The supply of the ammonia gas 34 is, however, effected
      independently of the specific-gravity measuring device 30 and solely by
      the pH governor 38 which acts upon the solenoid valve 35 which is mounted
      within the gas line 36.
PAR  The two further drawings, FIGS. 8 and 9, illustrate one of the
      level-control switches 6 or 26 which have been previously mentioned
      especially with reference to FIG. 1. This switch comprises a float 67 in
      which an annular segment 68 is mounted and which, in turn, is disposed
      within a housing 69 which is connected to one of the containers 1 and 8 to
      10. A disk 70 which is provided with a series of apertures and is fitted
      tightly into the open end of the housing 69 prevents the float 67 from
      leaving this housing. In a trough-shaped container 71 with closed opposite
      ends which is secured to the lower side of the housing 69 an electric
      switch element 72 is mounted which consists of two contactor tongues 73
      and 74 which are contained within a closed glass tube 75 the ends of which
      are fused tightly around the outer ends of these tongues. If, for example,
      the level 27 of the hydrochloric acid 13 sinks within the container 10,
      the float 67 will sink accordingly within the housing 69 so that the
      distance between the annular magnet 68 and the contactor tongues 73 and 74
      will diminish and the movable tongue 74 will be drawn by the magnet 68
      against the other tongue 73 and thereby close the electric contact between
      both tongues so that the pump 23 will be started and additional
      hydrochloric acid will be supplied to the container 10.
PAR  It has also been previously mentioned with reference to the apparatus as
      shown in FIG. 1 that this apparatus contains equal level-control switches
      6 and 26 also in the two other supply containers 8 and 9 as well as in the
      reaction container 1. Depending upon whether a minimum level is to be
      controlled as in the supply containers 3, 9 and 10 or a maximum level as
      in the reaction container 1, the electric switch element 72 is to be
      mounted either below or above the housing 69.
PAR  When carrying out the method according to the invention in one of the
      apparatus as illustrated in FIGS. 1 to 3, the etching medium 5 is at first
      filled into the reaction container 1 and supplied by the feed pump 7
      through the conduit 3 to the etching machine, not shown.
PAR  During the following etching process, the quantity of etching medium 5
      increases due to the required additions of the regenerating media 11 to 13
      so that the level of the etching medium 5 rises accordingly in the
      reaction container 1. As soon as in the apparatus according to FIG. 1 the
      etching medium 5 reaches the maximum level 4 in the reaction container 1
      or as soon as the concentration of copper reaches the maximum value of
      about 150 g per liter of etching medium 5 at which an undesirable
      recrystallization may start, a part of the etching medium 5 is drained off
      and, in the latter case, the remainder of the etching medium 5 is diluted
      by the addition of water 12 so as to regain the original concentration of
      about 40 g of copper per liter of etching medium. The regeneration of the
      etching medium 5 occurs, however, independently of this dilution and it is
      controlled by the two measuring electrodes 28 and 29 in the manner as
      previously described. If this control is to be carried out automatically,
      the above-mentioned measuring device 30 should be employed for maintaining
      the copper concentration substantially constant.
PAR  If, however, in the operation of the apparatus as shown in FIG. 2 the
      etching medium 5 in the reaction container exceeds the maximum level 4,
      the etching medium will be drained off until the remainder has gained the
      original level 4. The addition of the regenerating media 11 to 13 occurs
      in accordance with and in response to the measurement of the specific
      gravity of the etching medium which is carried out by the measuring device
      30. A further correction of the composition of the etching medium may be
      carried out by means of the pH governor 38 which effects either an
      addition of water 12 through the line 18 or of a further amount of
      ammonium hydroxide 11 through the line 32 depending upon the pH-value
      which the etching medium may have at the particular time.
PAR  In the third embodiment of the regenerating apparatus according to the
      invention as illustrated in FIGS. 3 and 7, however, the water 12 and the
      hydrochloric acid 13 are added to the etching medium 5 in accordance with
      the measurements of the specific gravity of the latter which are carried
      out by the measuring device 30, while the addition of the ammonia gas 34
      is effected solely by the pH governor 38.
PAR  Regarding the regeneration of the etching medium 5 within the etching
      machine 39 as illustrated in FIG. 4, it may further be mentioned that the
      quantity of the solution of ammonium chloride in water 12 which will be
      added to the etching medium 5 depends upon the specific gravity of the
      latter while the quantity of the addition of the ammonia gas depends upon
      the pH-value of the etching medium 5.
PAR  Apart from the fact that the method as well as the regenerating apparatus
      according to the invention permit the etching medium 5 to be regenerated
      continuously and its etching power to be maintained at a constant value,
      the invention also permits the etching process to be carried out at a
      constant temperature of about 35.degree. to 37.degree.C. and a pH-value of
      about 8.6 to 10.0. The etching factor will then amount to about 23 to 24
      .mu.m/min. so that the etching period for 35 .mu.m will amount to about 90
      seconds.
PAR  Although my invention has been illustrated and described with reference to
      the preferred embodiments thereof, I wish to have it understood that it is
      in no way limited to the details of such embodiments but is capable of
      numerous modifications within the scope of the appended claims.
CLMS
STM  Having thus fully disclosed by invention, what I claim is:
NUM  1.
PAR  1. A method of etching copper and copper alloys, comprising:
PA1  forming an etching medium consisting of an ammoniacal etching solution
      containing chloride ions, thereby producing a copper-I compound;
PA1  regenerating the copper-I compound formed during the etching process by
      reacting therewith a chloro compound selected from the group which
      consists of HCl, ammonium chloride and NaCl only during the etching
      process by the addition of the chloro compound to said solution at a rate
      corresponding to the rate of formation of said copper-I compound; and
PA1  supplying to said solution an amount of an ammoniacal compound selected
      from the group which consists of ammonium hydroxide and ammonia gas such
      that the pH-value of the latter is maintained at about 8.5 to 10.0, the
      copper content per liter of etching medium being maintained at a
      substantially constant value by the addition of water, the addition of the
      chloro compound to the etching medium to be regenerated being controlled
      in dependence upon the redox potential of the etching medium, while the
      molar ratio of the chloro compound to the ammoniacal compound amounts
      substantially to 1 to 2.
NUM  2.
PAR  2. A method as defined in claim 1, in which the ammoniacal compound
      consists of ammonia gas.
NUM  3.
PAR  3. A method as defined in claim 1, in which the addition of the ammoniacal
      compound is controlled in dependence upon the pH-value of the etching
      medium.
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ABST
PAL  A process for controlling the amount of polymer applied to a lace in which
      a powdered heat is applied to melt the polymer and the composite is passed
      through a die to consolidate the product and remove excess polymer, the
      control being effected by detecting the amount of excess molten polymer
      and automatically adjusting the polymer input. The process is also
      suitable for controlling the amount of polymer applied in a process for
      coating a lace.
BSUM
PAR  This invention relates to the control of polymeric lace production and in
      particular it relates to the control of polymer throughput in the
      production of laces.
PAR  It has recently been proposed to produce laces of a thermoplastic
      reinforced with a fibrous material by passing a roving impregnated with a
      thermoplastic polymer through a heated tube and then through a die to
      consolidate the product. A process of this nature has been published in
      the following patent specifications: German OLS 2 043 728 (Johns Manville)
      and OLS 2 117 095 (ICI); U.S. 3 586 560 (Eastman Kodak) and U.K. 1 295 085
      and 1 295 084 (both Saint Gobain).
PAR  It has also been proposed (U.S. Pat. Application Ser. No. 381,090, filed
      July 20, 1973) to coat a lace with a layer of the same or a different
      thermoplastic polymer by applying the polymer in the form of a powder to
      the hot surface of the lace, passing the lace through a heated tube to
      melt at least the surface of the lace and then through a dye to
      consolidate the coating.
PAR  All of these documents imply that the process will operate satisfactorily
      on whatever amount of polymer is picked up at the input to the tube. It
      has now been discovered that the process is improved if the throughput of
      polymer is controlled.
PAR  According to the invention a lace is produced by drawing a lace precursor
      which includes powdered thermoplastic polymer through a heated tube to
      melt the polymer and then through a die to consolidate the product and
      remove excess polymer which accumulates as a melt pool in the tube,
      characterised in that the presence or absence of the melt pool at a
      suitable location in the tube is detected and the input of polymer is
      adjusted in accordance with the detection in such a manner that the
      quantity of polymer is reduced when "presence" is detected and/or the
      quantity of polymer is increased when "absence" is detected.
PAR  The invention includes two major applications. The first is the production
      of a fibre filled lace from a roving impregnated with a thermoplastic
      powder. In this application the adjustment of the input of polymer is most
      suitably achieved by depleting the surface layers of the impregnated
      roving when "presence" is detected. The depletion is conveniently carried
      out by directing an air jet at the impregnated roving.
PAR  The other major application is to the coating of an existing lace by a
      process comprising applying powder to the surface of a hot lace and
      thereafter treating as described above. In this application the adjustment
      is conveniently achieved by reducing or stopping the application of powder
      to the hot lace. It is convenient to apply the powder by directing a
      powder laden jet of air at the hot lace; this application is stopped by
      stopping the air jet.
PAR  As an alternative to the use of pneumatic systems extra powder may be
      sprinkled onto a lace precursor from a hopper. The control system is
      arranged to close the hopper when "presence" of the melt pool is detected.
PAR  In many cases a lace formed in the first process passes to the second for
      coating while it is still hot. In this case two control systems are
      desirable, i.e. one for each part of the process.
PAR  In a preferred embodiment of the invention the detection comprises
      measuring the capacitance of a capacitor having as dielectric the contents
      of the tube at the suitable location and adjusting the input of polymer in
      accordance with the measurement.
PAR  The invention also includes apparatus for carrying out the control method
      described above.
PAR  An apparatus for carrying out the control method described above comprises
      a tube terminating in a die and means for heating the tube, characterised
      in that a detector for molten polymer is positioned at a suitable location
      in the tube and that said detector is operationally connected to a
      controller for varying the quantity of polymer passing into the tube, e.g.
      a valve for adjusting (preferably on/off adjustment) an air stream which
      either removes polymer from, or applies polymer to, the feed entering the
      tube. A capacitor whose dielectric is the content of the tube at the
      desired location is a particularly suitable form of detector.
PAR  Where the detector is a capacitor and the controller is an electromagnetic
      valve for adjusting an air stream the operative connection most suitably
      takes the form of:
PA1  a. a signal generator, preferably a square wave generator, for feeding the
      capacitor;
PA1  b. an amplifier, preferably a charge amplifier, for amplifying the output
      of the capacitor, and
PA1  c. a trigger for producing a current to sensitise the valve depending on
      whether or not the output of (b) exceeds or is less than a pre-set value.
PAR  A preferred from of this circuit comprises two square wave generators
      synchronised out of phase, one generator being connected to the capacitor
      detector and the other to a compensation capacitor, the outputs of said
      capacitors being connected together and to the amplifying and trigger
      circuitry; the two generators and the two capacitors are balanced so that
      there is no signal to the amplifier in one state ("presence" or "absence")
      whereby the other state unbalances the circuit to give a signal.
DRWD
PAR  The invention will now be described by way of example with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a diagrammatic view of a process for producing a glass fibre lace
      incorporating a control system according to the invention.
PAR  FIG. 2 is a diagrammatic view of a process for coating a lace incorporating
      the same control system as in FIG. 1.
PAR  FIG. 3 is a cross-section of a detector element included in FIGS. 1 and 2.
PAR  FIG. 4 is a block diagram of the electronics used in FIGS. 1 and 2, and
PAR  FIG. 5 to 8 are circuit diagrams of the blocks shown in FIG. 4.
DETD
PAR  As shown in FIG. 1, a glass roving is drawn from a bobbin 10 and into a
      fluidised bed 11 of powdered polypropylene. While it is in the bed 11 the
      roving passes under-and-over a series of seven bars 12. This opens the
      roving into bundles of filaments thereby allowing the powder to penetrate
      between the filaments to give a powder impregnated roving 26. This lace
      precursor 26 enters a tube 13 which is heated to above the melting point
      of the polypropylene. (The heater is not shown in any drawing.) When the
      polypropylene has melted the impregnated roving 26 passes through a die 14
      which consolidates it into a lace which is cooled and cut into granules of
      fibre-reinforced polypropylene. The cooling and cutting are not shown in
      any drawing but the cutter includes the haul-off which pulls the rovings
      (and hence the lace precursor) through the process.
PAR  The process described in the last preceding paragraph is described in, and
      it forms the subject matter of, U.K. Pat. application 16512/70 which is
      published in Germany as OLS 2 117 095.
PAR  The present invention relates to the control system for the polymer
      throughput and the apparatus comprises a capacitance detector 15 (which is
      formed of two identical probes 16) situated near the open end of the tube
      13. The dielectric constant of polypropylene is about 2 and hence the
      capacitance of the detector is double when the gap between its plates
      fills with molten polymer.
PAR  The capacitance detector is connected into a circuit which comprises a
      signal generator 17, the detector 15, measuring circuitry 18, and a
      solenoid valve 19 which controls the air supply to a nozzle 20. (The air
      supply is not shown but it is convenient to use the same source as for the
      fluidised bed.)
PAR  During use the roving picks up excess polymer in the bed 11 and the die 14
      removes this excess which accumulates in the tube 13 as a molten pool 24.
      While the molten pool does not extend as far as the detector 15, i.e.
      there is "absence" at the detector, there is only a low (or zero) signal
      indicating "absence" passing from the detector 15 to the measuring
      circuitry 18 and the valve 19 remains closed, i.e. the air is shut off.
      When the pool 24 extends beyond the detector 15, i.e. there is "presence"
      at the detector, the signal increases, indicating "presence," and the
      measuring circuitry energises the valve 19. A jet of air from the nozzle
      20 impinges on the impregnated rovings blowing off some polymer. The
      surface layers are depleted and this depletion is made good at the expense
      of the pool which therefore shrinks. When the pool no longer extends as
      far as the detector 15 the air jet switches off and the control cycle
      repeats.
PAR  The control system according to the invention maintains a substantially
      constant pool of polymer in the tube and this gives a lace of uniform
      composition. If no control system is used it may be necessary continually
      to feed excess polymer into the tube and this spills out of the end to
      give a dirty and wasteful process.
PAR  FIG. 2 shows the invention used to control the coating of a lace (in fact
      it illustrates the coating process of U.K. Pat. application 39411 of 1972)
      applied to the coating of the lace produced in FIG. 1. As described in the
      earlier patent application, the hot lace leaving the die 14 passes over a
      bath 22 of powdered polypropylene. An air jet from a nozzle 21 establishes
      a curtain 27 through which the lace passes and particles stick to its
      surface. This produces a second lace precursor which is reheated in a tube
      to melt its surface and the coating is made even by a die 23. The control
      system is as shown in FIG. 1, similar parts being given the same numerals,
      except that the nozzle 21 normally blows and it stops when its solenoid
      valve is energised. Stopping the air blast stops the feed of polymer
      powder to the tube 22 and hence causes the pool 25 of molten polymer to
      deplete until the polymer feed restarts. Thus the control system operates,
      as described with reference to FIG. 1, to produce a constant melt pool in
      the tube 25 and this results in an even coating on the lace.
PAR  As a modification the bath 22 has a second nozzle 28 which blows all the
      time to produce a permanent curtain of powder 29 which is adjusted to give
      an inadequate coating of powder. The nozzle 21 operates as described above
      and, when it blows, it augments the coating so that there is an excess.
PAR  In positioning the detector 15 the following criteria are important:
PA1  a. There must always be melt pool at the die end of the tube; preferably
      there should always be at least 5 cm or better at least 10 cm of melt
      pool.
PA1  b. The melt pool should not be too long or there will be excessive
      degradation of the polymer. Preferably the melt pool should be less than
      100 cm long and better less than 30 cm long especially in the coating
      process.
PA1  c. The tube should project beyond the longest melt pool allowed by the
      control system. Clearly polymer will be wasted if the tube is too short.
PAR  The construction of the probes, identified as 16 in FIGS. 1 and 2, is
      illustrated in FIG. 3.
PAR  The probe comprises a stainless steel electrode 30 which has an end-plate
      31 (forming one plate of a capacitor during use) and a stem 32. The
      electrode 30 is supported in a casing 33 by means of asbestos washers 34
      and 35 and a hexagonal retaining member 36 which screws onto the stem 32.
      This compresses the washers 34 and 35 forcing them into engagement with
      shoulders 37 and 38 so that the electrode is firmly held in the casing 33
      but electrically insulated therefrom. Leaks between the washer 34 and the
      casing 33 or the electrode 31 are sealed by a suitable cement.
PAR  The electrode 30 is connected to a (conventional) connector 39 which
      comprises a sheath 40 (in the form of a robust copper tube) containing
      compressed powdered alumina as insulant 41 and a copper conductor 42
      embedded in the insulant 41. The end of the connector 39 is closed with a
      self tapping cylinder 43 which is filled with glass 44 (added in the
      molten state) leaving the conductor 42 projecting. The conductor is
      connected to the member 36 by means of a grub screw 47 and the sheath 40
      is insulated from the member 36 by means of an asbestos washer 45.
PAR  A screw cap 46 is fitted onto the casing 33 and the sheath 40 is secured to
      the cap 46 by means of a lock-screw 48.
PAR  It is emphasised that the arrangement meets the following requirements:
PA1  1. The electrode and its conductor are screened over their whole length.
PA1  2. All parts are mechanically robust and heat resistant.
PAR  In use two probes screw into suitable sockets as shown in FIG. 1 or FIG. 2.
      The two probes form a capacitor which is variable by reason of changes in
      its dielectric. This variable capacitor is connected into the circuit
      illustrated in FIG. 4.
PAR  The circuit comprises a primary signal generator 49 (which produces a 1KHz
      square wave of about 12v amplitude) connected to three secondary signal
      generators as follows:
PA1  a. A 100v chopper 50 which produces a square wave of 100v amplitude out of
      phase with the primary signal.
PA1  b. A low voltage chopper 51 which produces a square wave in phase with the
      primary signal. The choper 51 is adjustable so that its output can be set
      within the range 0.1v to 1v amplitude.
PA1  c. A synchronous pulse generator 52 which produces short pulses at the
      centre of the pulses of the primary signal (i.e. half way between the
      pulses from (a).
PAR  The circuits of the signal generators 49, 50 and 51 are shown in FIG. 5.
PAR  The primary signal generator 49 is formed of an amplifier 59 with the
      feedback network shown. The output of the signal generator 49 is buffered
      by the amplifier 60.
PAR  The 100v chopper 50 is formed of the transistor 61 which when conductive
      gives an output of 0v at 62 and when non-conductive gives an output of
      100v.
PAR  The adjustable chopper 51 is formed of transistor 63 which gives an output
      of 0v at 64 when non-conductive and a voltage adjustable by the
      potentiometer 65 when the transistor 63 is conductive.
PAR  It is emphasised that both transistors 61 and 63 received the same control
      pulses from the amplifier 60 and hence the conductive and non-conductive
      states are synchronised. Thus the wave chains at 62 and 64 are out of
      phase with one another. In addition rising edges at 62 coincide with
      falling edges at 64 and vice versa.
PAR  The circuit of the synchronous pulse generator 52 is shown in FIG. 6. The
      transistor 66 changes the phase of the primary wave chain and this
      modified signal is fed to the amplifier 67 and its associated circuitry.
      The falling edges trigger half-length pulses which pass to the amplifier
      68 and the falling edge of the half-length pulses trigger short pulses
      which are available at 69.
PAR  Returning now to FIG. 4, the 100v chopper 50 is connected to the variable
      capacitor 53 (i.e. the detector 15) and the adjustable chopper 51 is
      connected to the compensation capacitor 53a. The outputs of the two
      capacitors are joined together and to a series which comprises:
PA1  i. Charge amplifier 54 (whose circuit is shown in FIG. 7 as amplifier 70
      together with its associated circuitry). The charge amplifier 54 is
      screened to prevent the pick up of unwanted signals).
PA1  ii. AC amplifier 55 (amplifier 71 of FIG. 7).
PA1  iii. DC restorer 56 which establishes the signal at zero volts when it
      receives a timing pulse from generator 52, (In FIG. 7 the DC restorer 56
      is FET transistor 72 which receives the timing pulse via line 73. When
      pulsed the FET transistor becomes a low resistance to discharge capacitor
      74.)
PA1  iv. DC amplifier/smoother 57 (amplifier 75 and capacitor 76),
PA1  v. Comparator 58 which flips from negative to positive when its input
      signal from amplifier 57 exceeds a pre-set value. (The comparator is
      formed of amplifier 77, which is set by potentiometer 78, and the output
      of which goes to power transistor 79.)
PAR  The operation of the circuit is as follows. The voltage of the adjustable
      chopper 51 is adjusted so that the voltages applied to the capacitors 53
      and 53a are inversely proportional to their capacitances. This means that
      each requires the same charge but in different parts of the cycle (since
      the two pulse chains are out of phase). As rising and falling edges
      coincide the charge flows backwards and forewards between the two
      capacitors and there is no signal to the charge amplifier 54.
PAR  In use the equipment is set up and the potentiometer 65 is adjusted to give
      minimum signal when the detector 15 (capacitor 53) contains no melt pool.
      When the detector 15 (i.e. the capacitor 53) contains melt pool its
      capacitance increases and it acquires more charge when the voltage is
      applied. Thus the circuit is unbalanced and there is a signal which, after
      processing, is received by the amplifier 77. The potentiometer is received
      by the amplifier 77. The potentiometer 78 is adjusted so that the
      amplifier 77 gives an output for half this signal and this output operates
      the solenoid valve 19.
PAR  The most significant noise in the circuit arises from electrostatic charges
      in the polymer which are picked up as a low frequency signal. The DC
      restoration at block 56 removes the effect of this noise in blocks 57 and
      58.
PAR  The ultimate output of the circuit is the power to energise the valve 19;
      as is specified in FIG. 1 the valve 19 blows when energised; in FIG. 2 it
      stops when energised. Both arrangements are conveniently achieved with the
      same components by using a three port valve (i.e. one inlet and two
      outlets) which blows through one outlet port when energised and through
      the other outlet port when de-energised. If on/off valves are used it is
      necessary to use different types for FIGS. 1 and 2 or else an inverter
      must be added in the input to transistor 79 for FIG. 2 in one case.
PAR  In most applications several laces are made in close proximity and each
      lace requires two control systems. Each control system requires its own
      blocks 53 to 58 but blocks 49 to 52 may be shared by all the systems. FIG.
      5 requires modification in that there must be a separate potentiometer 65
      for each control system. This means that instead of a single resistor 65
      there are several in parallel.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the production of a lace by drawing a lace precursor which
      includes powdered thermoplastic polymer through a heated tube to melt the
      polymer and then through a die to consolidate the product into lace and
      remove excess polymer which accumulates as a melt pool in the tube, said
      process including the further steps of detecting the presence or absence
      of the melt pool at a suitable location in the tube and correspondingly
      adjusting the input of polymer to the lace precursor so that the amount of
      polymer is varied depending on whether molten polymer is present or absent
      at the chosen location whereby a lace of uniform composition is produced
      and wastage of polymer is minimized.
NUM  2.
PAR  2. A process according to claim 1 in which the lace precursor is a roving
      impregnated with a thermosplastic powder.
NUM  3.
PAR  3. A process for the production of a coated lace comprising preparing a
      lace according to claim 2, applying further thermoplastic polymer powder
      to the surface of said lace while said lace is still hot, drawing said
      lace with the further polymer powder thereon through a second heated tube
      to melt the powder and then through a second die to consolidate the
      product and form said coated lace and remove excess polymer which
      accumulates as a further melt pool in the second tube, detecting the
      presence or absence of said further metal pool at a location in said
      second tube and correspondingly adjusting the input of further polymer
      powder to said lace so that the amount of further polymer is varied
      depending on whether polymer is present or absent at the location in said
      second tube whereby a coated lace of uniform composition is produced and
      wastage of polymer is minimized.
NUM  4.
PAR  4. A process according to claim 1 in which the lace precursor is a
      previously formed lace comprising roving which has been impregnated with a
      thermoplastic powder, passed through a heated tube to melt the powder and
      consolidated by passing through a die.
NUM  5.
PAR  5. A process according to claim 1 in which the adjustment of the input of
      polymer in accordance with said detection step is accomplished by using an
      air jet to appropriately vary the amount of polymer attached to the lace
      precursor.
NUM  6.
PAR  6. A process according to claim 1 in which detection of the presence or
      absence of the melt pool is effected by measuring the capacitance of a
      capacitor having as dielectric the content of the tube at the suitable
      location and adjusting the polymer input accordingly.
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ABST
PAL  A method for draining water or moisture from a substratum for a
      waterproofing layer in buildings comprising applying to the substratum
      such as concrete or mortar a sintered product of a thermoplastic resin,
      having a capillary structure comprising numeral, fine and interconnecting
      pores and voids of 20 to 70 percent, selected from the group consisting of
      a sintered plate and a sintered hollow product in a form of a belt or
      tube, wherein at least a part of the sintered product is protruded into
      the atmosphere and applying thereto a waterproofing layer, and thereby
      making the water or moisture contained in the substratum evaporate through
      the sintered product.
BSUM
PAR  The present invention relates to a method for draining water or moisture
      from a substrate (substration) for a waterproofing layer which is used in
      a roof, floor or the like in buildings made of concrete, mortar or the
      like.
PAR  For improving the waterproofness of buildings, generally waterproofing with
      a waterproofing sheet or the like is applied to the roof, wall, floor or
      the like thereof. If the waterproofing is applied when the concrete,
      mortar or the like is not sufficiently dried, it is sometimes observed
      that the waterproofing layer is peeled off or blistered due to the
      moisture contained in the concrete or mortar. If the waterproofing is
      applied after the concrete or mortar has dried sufficiently, there is no
      problem. However, it requires a very long time to dry the concrete or
      mortar sufficiently, and therefore this procedure has a defect from the
      viewpoint of efficiency and economics. Moreover, even if the waterproofing
      is applied after the concrete or mortar is fairly dried, a moisture
      condensation occurs on the surface thereof owing to the change of indoor
      or outdoor temperature, which causes the peeling off or blistering of the
      waterproofing layer.
PAR  Recently, for waterproofing of the roof in concrete buildings, there have
      been used asphalt roofing, urethane coatings, rubber roofing sheets, or
      the like. However, such roofing is shrunk or expanded owing to the change
      of the atmospheric temperature after the roofing is applied, and thereby
      the roofing is peeled off from the surface of the concrete, which causes
      the leak of water. Such defect depends on the mechanical properties,
      molding strain, adhesive force of the roofing material, and additional
      factors as follows. That is, the moisture contained in the concrete is
      evaporated by sun light but can not be taken out because it is inhibited
      by the waterproofing roofing, and the evaporated moisture is condensed
      when the atmospheric temperature lowers at night, which decreases the
      adhesive force of the roofing to the surface of concrete and thereby the
      peeling off or blistering of the roofing is promoted, and as the result,
      there are observed the uneven surface of the roofing at the upper part of
      the roofing and further the sagging of the roofing at the upstand. These
      disadvantageous phenomena are observed more frequently in case of rubber
      roofing which is inferior in adhesion between the roofing and the
      concrete.
PAR  Under the circumstances, it has been studied to find a method for removing
      such defects, and it has now been found that it is useful for such purpose
      to drain the water or moisture from the interface of the waterproofing
      layer and the concrete by using a sintered product of a thermoplastic
      resin.
PAR  An object of the present invention is to provide a method for draining
      water or moisture from a substrate (substration) for the waterproofing
      layer in buildings.
PAR  Another object of the invention is to provide a method for preventing the
      peeling off or blistering of the waterproofing layer from the concrete,
      mortar or the like in buildings.
PAR  A further object of the invention is to provide a sintered product of a
      thermoplastic resin useful for the draining of water or moisture from the
      substration for the waterproofing layer.
PAR  These and other objects of the invention will be apparent from the
      description hereinafter.
PAR  According to the present invention, the draining of water or moisture from
      the substration for the waterproofing layer can be effected by putting a
      sintered product of a thermoplastic resin, having a capillary structure
      comprising numeral, fine and interconnecting pores and voids of 20 to 70
      percent, selected from the group consisting of a sintered plate and a
      sintered hollow product in a form of a belt or tube on the surface of the
      substration such as concrete or mortar at appropriate intervals so that at
      least a part of the sintered product is protruded into the atmosphere, and
      applying thereto a waterproofing layer. According to such method, the
      water or moisture contained in the interface of the waterproofing layer
      and the substration is discharged to the atmosphere through the sintered
      product without condensation, and as the result, the peeling off or
      blistering of the waterproofing layer is effectively prevented.
PAR  The thermoplastic resin used in the present invention includes any of the
      resins which are powdery and which can be sintered, and the preferred
      resin is polyvinyl chloride or a vinyl chloride copolymer which can be
      obtained in the form of a powder by the conventional polymerization and
      can be easily sintered.
PAR  The preferred examples of the vinyl chloride copolymer are a copolymer of
      vinyl chloride with vinylidene chloride, acrylic acid, an acrylic acid
      ester (e.g. methyl acrylate, ethyl acrylate, propyl acrylate or butyl
      acrylate), methacrylic acid, a methacrylic acid ester (e.g. methyl
      methacrylate, ethyl methacrylate, propyl methacrylate or butyl
      methacrylate), a vinyl ether (e.g. lauryl vinyl ether or cetyl vinyl
      ether) a vinyl ester (e.g. vinyl formate, vinyl acetate, vinyl acrylate or
      vinyl propionate), ethylene, propylene or the like. Furthermore, there may
      be used a graft copolymer which is prepared by graft-copolymerizing vinyl
      chloride with ethylene-vinyl acetate copolymer.
PAR  These thermoplastic resins may be used alone, but may be optionally used in
      the form of a dryblend with other suitable additives, such as a stabilizer
      or a plasticizer. The resins have preferably a particle size of 60 mesh or
      less for giving a homogeneous sintered product.
PAR  The desired sintered product of the thermoplastic resin, e.g. the sintered
      plate, may be prepared by spreading a thermoplastic resin powder on a heat
      resistant carrier such as a steel belt or a knitted cloth of glass fiber
      which is coated with a fluorocarbon resin (Teflon, trade name of DuPont)
      by a knife or roll to form a powder layer having a fixed thickness and
      then heating it at 200.degree. - 300.degree.C for 90 to 180 seconds to
      fuse the powder particles at the contact interface thereof, by which the
      voids between the powder particles are maintained and the capillary
      structure comprising numeral, fine and interconnecting pores is formed.
      When the particle size of the starting powder is smaller, the size of the
      formed pores is smaller.
PAR  The degree of the sintering may vary depending on the temperature and time
      of the heat treatment, and when the heat treatment is carried out at a
      higher temperature and for a longer time, the sintering proceeds to a
      greater extent, and as the result, the sectional area of the fused parts
      increases and the voids decrease. When the voids are less than 20 percent
      by volume fraction of the pores, the effect for draining water or moisture
      is inferior, and on the other hand, when the voids are more than 70
      percent, the sintered product is brittle and can not be practically used.
PAR  Moreover, by using a knife or roll having channels for spreading the
      thermoplastic resin powder, there may be obtained a sintered product
      having raised portions at the surface. Furthermore, when a belt-type
      sintered plate having such raised portions at the surface is laminated
      with another one or with a plain plate so that the surface having the
      raised portions becomes the inner face by heat-fusing or by using an
      adhesive, there may be obtained a belt-type hollow product.
PAR  The sintered product of thermoplastic resin thus formed has a capillary
      structure, by which the draining of water or moisture can be performed.
      The water or moisture is transferred by capillarity, and when the sintered
      product is protruded to the atmosphere, the water or moisture is
      discharged through the sintered product to the atmosphere. Moreover, by
      using a sintered hollow product being in the form of a belt or tube, the
      water or moisture may be discharged through the hollows.
PAR  The capillary structure or the hollow structure of the sintered product of
      the thermoplastic resin in the present invention is not changed under
      ordinary weather conditions and can exhibit the excellent effect for
      draining of water or moisture for a long time.
PAR  The sintered product may be used alone or in the form of a laminate with
      another insulating material, such as polyurethane foam, polystyrene foam,
      polyethylene foam, or glass-wool.
PAR  According to the present invention, the sintered product may be applied to
      not only the waterproofing of a roof, but also the waterproofing of a wall
      or floor in a bath room, a kitchen, a rest room or the like and further in
      a basement, and the present method may be used for draining water or
      moisture from the substration for the waterproofing layer anywhere in a
      building.
PAR  The present invention is illustrated by the following Examples but is not
      limited thereto.
DETD
PAC  EXAMPLE 1
PAR  A. Polyvinyl chloride power suitable for sintering (Sumilit MPX, trade name
      of Sumitomo Chemical Company, Limited) is continuously supplied to an
      endless stainless steel belt and spread thereon in a thickness of 1.5 mm
      by a knife, and the resultant is passed through a tunnel furnace having
      240 cm in length at a temperature of 300.degree.C and at a speed of 100
      cm/minute and thereby sintered. The resultant is cooled and then taken off
      from the belt to give a sintered plate having the form of a belt and
      having a thickness of 1.2 mm and voids of 40 percent.
PAR  B. Polyvinyl chloride powder suitable for sintering as used in the above
      (A) as spread on a steel belt in a thickness of 3.2 mm in the same manner
      as in the above (A) and then a roll having channels of 2.0 mm in depth at
      fixed intervals is passed thereon to form a powder layer having raised
      portions. The resultant is then heated and cooled in the same manner as
      described in the above (A) to give a sintered plate having the form of a
      belt and having a thickness of 0.8 mm and 1.5 mm at the flat and the
      raised portion, respectively, and further voids of 43 and 20 percent at
      the flat and the raised portion, respectively.
PAR  The sintered plate obtained in (A) is laminated with the sintered plate
      obtained in (B) so that the raised portion of the sintered plate in (B)
      becomes the inner face to give a sintered hollow product having the form
      of a belt.
PAR  The sintered hollow product thus obtained is cut in a size of 10 cm in
      width and 50 cm in length, and the resultant is vertically stood in a
      1,000 cc beaker containing 750 cc of water, which is covered with a saran
      film so that any water does not evaporate other than through the sintered
      product. The beaker provided with the sintered product is allowed to stand
      at room temperature (9.degree. - 18.degree.C) and at a humidity of 50 - 76
      percent, and then the water is evaporated through the sintered product.
      During a period of 44 hours, 105 cc of water is evaporated.
PAR  On the other hand, when a 1,000 cc beaker containing 750 cc of water
      wherein no sintered product is placed is allowed to stand without coverage
      for 44 hours in a like manner, only 65 cc of water is evaporated.
PAC  EXAMPLE 2
PAR  Two sintered plates as obtained in Example 1-(B) are laminated with each
      other so that both the faces having raised portions become the inner face
      and the raised portions are mutually positioned to give a sintered hollow
      product having the form of a belt.
PAR  The sintered hollow product thus obtained is cut in a size of 100 mm in
      width and 340 mm in length and then adhered to the outside wall of a steel
      box (thickness of steel: 0.5 mm, size of box: 230 mm .times. 230 mm
      .times. 340 mm) which is filled with ice. Two pans are put right under the
      sintered product and the part without the sintered product, respectively,
      and the steel box is allowed to stand at a temperature of 30.degree.C and
      at a humidity of 80 percent for 5 hours.
PAR  On the outside wall of the steel box without the sintered product, a water
      condensation occurs, but not on the wall adhered with the sintered product
      and the condensed water is dropped through the sintered product onto the
      pan. The total amount of the water collected in the pan put under the
      sintered product is 89 g. On the other hand, 44 g of water is collected in
      the pan put under the part without the sintered product. These results
      mean that the sintered product of the present invention shows an excellent
      effect for preventing the occurrence of moisture condensation and for
      draining water.
PAC  EXAMPLE 3
PAR  A floor (length: 3 m, width: 2 m, area: 6 m.sup.2) is fenced with a wooden
      frame and covered with polyethylene film, and thereon three of the
      sintered hollow products obtained in Example 1 (width: 10 cm, length: 244
      cm, thickness: 3 mm) are placed at intervals of 1 meter and thereto water
      (18 liters) is added. Each of the sintered products is protruded into the
      atmosphere in an amount of 6 cm in both sides and the other part thereof
      is covered with polyethylene film. Dry sand (170 kg) is put thereon for
      minimizing the change of the temperature. The floor is allowed to stand
      for 72 hours. During the 72 hours, 9.5 liters of water is evaporated.
PAR  As a control, the above test is repeated except that the sintered product
      is not used and instead thereof an opening having the same area as the
      sectional area of the sintered products is provided to the coverage of the
      floor. As the result, 1.8 liters of water is evaporated.
PAR  This test result means that the sintered hollow product of the present
      invention shows an excellent effect for draining water.
PAC  EXAMPLE 4
PAR  Concrete is laid on the ground outdoors in an area of 6 m.sup.2 (length: 3
      m, width: 2 m), and thereto is applied a mortar for leveling. After 20
      days, to the concrete levelled with a mortar is applied Neoprimer and
      Neobond (each, trade name of a primer and a bonding agent made by
      Mitsuboshi Belt K.K., respectively) in order, on which the sintered
      product obtained in Example 1 is put in the same manner as in Example 3,
      and further thereto is applied a roofing (Neoroofing EB, trade name of
      Mitsuboshi Belt K.K.) to effect a waterproofing. After 30 days from the
      application of the waterproofing, no change is observed on the surface of
      the waterproofing layer.
PAR  As a control, the above test is repeated except that no sintered product is
      used. As the result, the middle part of the roofing is blistered in a
      dome-like shape (diameter: 50 cm, height: 5 cm), and much water
      condensation is observed on the back side of the roofing at the blistered
      part.
PAR  From these results, it is made clear that the sintered product of the
      present invention shows an excellent effect for draining water or moisture
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for draining water or moisture from a substratum for a
      waterproofing layer in buildings, which comprises applying to the
      substratum a sintered product of a thermoplastic resin, having a capillary
      structure comprising numeral, fine and interconnecting pores and voids of
      20 to 70 percent, selected from the group consisting of a sintered plate
      and a sintered hollow product in the form of a belt or tube, wherein at
      least a part of the sintered product is protruded into the atmosphere, and
      applying thereto a waterproofing layer, and thereby making the water or
      moisture contained in the substratum evaporate through the sintered
      product.
NUM  2.
PAR  2. The method according to claim 1, wherein the sintered product is
      prepared by spreading a thermoplastic resin powder on a heat resistant
      carrier by a knife or roll to form a powder layer and then heating it to
      fuse the powder particles at the contact interface thereof.
NUM  3.
PAR  3. The method according to claim 2, wherein the knife or roll has channels.
NUM  4.
PAR  4. The method according to claim 2, wherein the sintered hollow product is
      prepared by spreading a thermoplastic resin powder on a heat resistant
      carrier by a knife or roll having channels to form a powder layer, heating
      it to fuse the powder particles at the contact interface thereof, and then
      laminating the resulting sintered plate having raised portions at the
      surface with another sintered plate or with a plain plate wherein the
      surface having the raised portions becomes the inner face.
NUM  5.
PAR  5. The method according to claim 1, wherein the thermoplastic resin is a
      member selected from the group consisting of polyvinyl chloride, a vinyl
      chloride copolymer and a graft copolymer of vinyl chloride with
      ethylene-vinyl acetate copolymer.
NUM  6.
PAR  6. The method according to claim 5, wherein the vinyl chloride copolymer is
      a copolymer of vinyl chloride with a monomer selected from the group
      consisting of vinylidene chloride, acrylic acid, an acrylic acid ester,
      methacrylic acid, a methacrylic acid ester, a vinyl ether, a vinyl ester,
      ethylene and propylene.
NUM  7.
PAR  7. The method according to claim 1, wherein the substratum is concrete or
      mortar.
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ABST
PAL  Patterns described with inks or colors on the surface of thermoplastic
      resin articles having an interconnected fine open-cell structure in the
      surface layer thereof are rendered durable without displacement or
      deformation by heating under pressure the pattern described surface to a
      higher temperature than that at which said thermoplastic resin becomes
      fluid to cover the pattern-bearing surface with a thin film formed from
      the original resin constituting said surface layer.
BSUM
PAR  This invention relates to a method for fixing a pattern consisting of
      figures, letters, marks, partially or totally colored pictures or mixtures
      thereof described on a surface of thermoplastic resin articles and
      especially on a sheet or film of said resin.
PAR  The surface of many thermoplastic resin articles generally has so low
      stickiness to printing colors or inks that a pattern formed on said
      surface by pencilling, brushing, spraying, printing or stamping is often
      easily erased or scratched simply by rubbing.
PAR  On the other hand, a thermoplastic resin article whose surface is formed of
      fine interconnected cells, that is, a fine open-cell structure, enables
      the printing colors or inks to penetrate said interconnected cells
      rendering a pattern described on said surface relatively durable. However,
      a pattern described on said surface does not present a beautiful finish
      but a rough one. To date, therefore, the protection of the described
      pattern and the lustering of the pattern-bearing surface have been
      effected by mounting another thin sheet of thermoplastic resin on the
      pattern-bearing surface, or varnish a latex liquor thereon, followed by
      drying. However, such operations have the drawback of consuming a great
      deal of time and work and consequently requiring considerable cost.
PAR  It is accordingly the object of this invention to provide a simpler method
      of protecting a pattern formed on the surface of thermoplastic resin
      articles and lustering the pattern-bearing surface.
PAR  The object can be attained by the method of this invention which comprises
      impressing a pattern with inks or colors on a surface of a thermoplastic
      resin article, the surface layer of which has a fine open-cell structure,
      and heating under pressure the pattern-bearing surface to a higher
      temperature than the temperature at which said resin becomes fluid so as
      to cover the pattern with a thin film which is formed from the original
      resin constituting the surface layer of said articles.
PAR  The term "impressing" signifies any of the aforesaid processes of
      pencilling, brushing, spraying, printing and stamping.
PAR  The material used for impressing penetrates the interconnected cells in the
      surface layer of a thermoplastic resin article and is affixed thereto.
      When heated under pressure, part of the resin constituting this surface
      layer of the article melts so as to provide a thin film, which in turn
      quickly covers the whole of the impressed pattern. This thin film prevents
      the impressed pattern from being peeled off the surface of the article,
      and moreover imparts a lustrous and beautiful appearance to the
      pattern-bearing surface.
PAR  A thermoplastic resin article whose surface layer has a fine open-cell
      structure can be prepared, for example, by any of the following known
      methods.
PA1  1. Sintering powders of thermoplastic resin.
PA1  2. Bonding adhesive fibers of thermoplastic resin.
PA1  3. Incorporating a foaming agent.
PA1  4. Gelatinating a thermoplastic resin using such a solvent as is capable of
      dissolving said resin at a high temperature but gelatinating said
      dissolved resin at a low temperature, followed by removing the solvent.
PA1  5. Mixing a thermoplastic resin with a powdered substance in a solvent
      which is capable of dissolving said powdered substance but incapable of
      dissolving said resin; melting the mixture into a shape; and removing the
      powdered substance from the shaped article using said solvent.
PA1  6. Stretching a resin article consisting of a mixture of thermoplastic
      resin and another substance insoluble therein at room temperature, thereby
      forming fine cracks at the interface between the resin and the substance
      thus mixed.
PA1  7. Laminating two thermoplastic resin sheets, one of which contains a large
      amount of incompatible substance at room temperature and the other of
      which contains no such incompatible substance; and stretching said
      laminated sheets so as to form a fine open-cell structure in said one
      sheet containing a large amount of incompatible substance.
PAR  Generally, a thermoplastic resin article used in the method of this
      invention has its surface layer containing therein interconnected fine
      cells. To render the surface layer more effective to attain the object of
      this invention, it is desired to use a thermoplastic resin article whose
      above-mentioned surface layer contains in the fine open-cell structure a
      fine filler of inorganic substance. A suitable content of the filler in
      the fine open-cell structure thermoplastic resin layer is from 30 to 90 %
      by weight based on the resin compound of the layer. The surface layer of
      the resin article which contains such a large amount of inorganic filler
      becomes rough and admits easy pencilling thereon, though the glassy
      surface of an ordinary resin article is not substantially adapted for any
      pencilling. Further, oil-based ink has a greater affinity with
      thermoplastic resin than water-based ink, whereas an inorganic substance
      generally has a great affinity with water-based ink. Therefore, the
      interface between the resin and the filler has good affinity with both
      oil- and water-based inks, thereby enabling a pattern to be impressed on
      the surface of said resin article with any kind of ink.
PAR  When the pattern-bearing surface of the resin article is heated under
      pressure, the inorganic filler mixed with the resin does not melt.
      Accordingly, the printing ink which has penetrated between the resin and
      filler is not displaced, namely, the impressed pattern is not deformed but
      remains fixed in place when the pattern is covered with a thin film
      thermally form from the original resin constituting the pattern-bearing
      surface layer.
PAR  When heated, thermoplastic resin itself displays free fluidity. When the
      thermoplastic resin is compressed by heating rolls, the melted surface
      layer thereof is removed, and the freshly exposed surface is successively
      contacted by the heating rolls. Further, other resin layers than the one
      which has commenced flowing due to heat and pressure are also heated by
      the latter, as that melting is ready to extend to other parts than the
      surface layer of the resin. Where, however, the resin surface layer
      contains a large amount of inorganic material, this inorganic material
      obstructs the extension of fusion and limits said fusion to the surface,
      thus keeping the printed pattern distinctly visible.
PAR  Furthermore, where a resin article having an open-cell structure but free
      from inorganic filler has its surface heated under pressure, the article
      is readily subjected to thermal shrinkage or deformation. However,
      presence of a large amount of inorganic substance substantially suppresses
      said thermal shrinkage or deformation.
PAR  Formation of fine open-cell structure in the thermoplastic resin can be
      attained by adding a large amount of inorganic filler to said resin during
      manufacture. Production of such thermoplastic resin articles is most
      preferably effected by the aforesaid process No. 6 or No. 7. In the case
      of the process No. 6, stretching of a thermoplastic resin article
      containing a large amount of inorganic filler provides a fine open-cell
      structure. In this case, the molded resin article is cooled for
      solidification, and thereafter stretched at a hot and lower temperature
      than the temperature at which the resin becomes fluid, thereby giving rise
      to peeling in the interface between the resin and filler.
PAR  Sometimes, however, a fine clearance naturally appears throughout the
      interface between the resin and filler, depending on the degree of the
      mutual affinity between the resin and filler, the particle size of fine
      filler, the mixed proportions of resin and filler and the mechanical
      strength of the resin. At other times, where a molded resin article is
      subjected to ordinary stretching simply by tension, peeling is difficult
      to take place in the interface between the resin and filler, causing the
      molded article to be easily broken by ununiform stretching before the
      growth of fine-open cell structure. In the latter case, uniform stretching
      can be attained by adding a small amount of lubricant or surface-active
      agent to the thermoplastic resin when a sheet is molded therefrom so as to
      decrease the mutual affinity between the resin and filler. Another process
      of forming fine open-cell structure consists in imparting a slight
      deformation to the molded article before it is stretched by tension,
      giving rise to peeling throughout the interface between the resin and
      filler for formation of cracks, and thereafter stretching the molded
      article by tension to enlarge the cracks. Slight deformation of molded
      article can be effected by slightly stretching the article by rolls or
      applying a uniform bending stress to the article.
PAR  According to the aforementioned process No. 7, the object of this invention
      is attained by laminating two sheets of thermoplastic resin, one of which
      contains a large amount of fine inorganic filler, and the other of which
      contains no filler; stretching the laminate; impressing a pattern with
      inks or colors on the surface of said inorganic filler containing sheet;
      and heating under pressure the pattern-bearing surface in the same manner
      as previously described.
PAR  For this invention, it is an indispensable requisite that the surface layer
      of a molded article of thermoplastic resin be formed of an open-cell
      structure. Where the surface layer of the article has a closed-cell
      structure, printing ink can not penetrate such closed cells. Consequently,
      where the surface of the article is heated after a pattern is impressed
      thereon, then the ink excessively spreads over the surface, failing to
      provide a distinct pattern. In contrast, where the surface layer of the
      resin article is formed of open-cell structure, the gas in the open cells
      easily escapes to the outside through passageways interconnecting said
      open cells even when the gas is expanded by the heating of the resin
      article surface, thereby preventing a thin film thermally formed from the
      original resin from being deformed and providing a mirror-like covering
      for an impressed pattern.
PAR  Thermoplastic resins capable of forming open-cell structure include, for
      example, polyethylene, polypropylene, polyvinyl chloride, a copolymerizate
      of vinylidene chloride, polyamide, polyester, a trimer of acrylonitrile -
      butadienestyrene, polyvinyl fluoride, polyvinylidene fluoride,
      polymethymetacrylate, a polyacrylonitrile copolymerizate, a copolymerizate
      of vinyl acetate.
PAR  Inorganic filler materials used in this invention include natural minerals
      such as talc, clay, limestone, sand, silica sand, perlite and vermiculite;
      metals such as iron, aluminum, and copper; and inorganic ompounds such as
      calcium sulfate, calcium sulfite, magnesium carbonate, iron oxide,
      aluminum oxide, copper oxide, iron hydroxide and aliminium hydroxide.
      These filler materials are desired to have a particle size ranging from
      0.1 to 200 microns, preferably from 0.5 to 100 microns.
PAR  The pattern-bearing surface of the aforesaid thermoplastic resin article
      may be heated by placing a heavy hot plate or roll thereon, rolling the
      article after heating the surface with hot gas or radiant heat, or
      hot-pressing the article.
PAR  As mentioned above, an impressed pattern treated by the method of this
      invention has a lustrous smooth surface. Further, it is covered with a
      thin film formed from the original resin constituting the pattern-bearing
      surface of a resin article, and so the impressed pattern is never damaged
      or erased by friction, and furthermore it holds semipermanent resistance
      to weathering. Since it is impossible to erase any part of printed letters
      or marks treated by the method of this invention, it is of special
      interest where said method is applied in providing important documents,
      bills, identification cards or certificates. Further, the surface of a
      thermoplastic resin article obtained by the method of this invention has
      great waterproofness, rendering said method favorably acceptable in
      preparing posters, advertisements or the like.
DETD
PAR  The method of this invention will be more fully understood by reference to
      the following examples.
PAC  EXAMPLE 1
PAR  Thirty parts by weight of polyethylene having a melt index of 0.3 and 70
      parts by weight of powders of aluminum hydroxide having a particle size of
      5 to 7 microns were homogeneously mixed. The mixture was melt-processed
      into a sheet 1.5 mm thick. The sheet was uniaxially stretched to a size
      1.2 times the original shape. Thereafter the sheet was extended 2.5 times
      lengthwise and crosswise in an air bath at 90.degree.C, to obtain a sheet
      having open-cell structure with an apparent density of 0.52 g/c.c. The
      thickness of the sheet could be kept uniform throughout the
      above-mentioned stretching operation.
PAR  A pattern was painted with water colors on one surface of the white sheet
      obtained. After the painting was dried, the sheet was hot-pressed about 20
      seconds at a pressure of 30 Kg/cm.sup.2 and a temperature of 180.degree.C
      between pressing plates separated 1.3 mm from each other. Thereafter the
      sheet was cooled to room temperature. The pattern-bearing surface of the
      sheet was covered with a thin film about 70 microns thick formed from the
      original resin constituting said pattern-bearing surface layer. Thus the
      water-color painting could be observed through said transparent thin
      polyethylene film without any loss of distinctness.
PAC  EXAMPLE 2
PAR  Forty parts by weight of a resin compound consisting of 95 percent by
      weight of a copolymerizate having a polymerization ratio of 1 mol of vinyl
      chloride and 9 mols of vinyl acetate, 3 percent by weight of organotin
      stabilizer and 2 percent by weight of stearic acid as a lubricant, and 60
      parts by weight of ground calcium carbonate were homogeneously mixed,
      followed by pelletizing. The pellets were melted at 190.degree.C and
      extruded through a T-die extruder into a continuous sheet 0.8 mm thick.
      The sheet was uniaxially stretched to a size 1.2 times the original shape
      by press rolls, and further uniaxially extended four times in a hot dome
      at 100.degree.C, obtaining a continuous white sheet which had an open-cell
      structure.
PAR  A picture was drawn on one side of a cut portion of the white sheet with
      red, blue and yellow color pencils. The sheet was conducted between two
      rollers, one of which, contacted to the figure-bearing surface of the
      sheet, was heated to 180.degree.C. The resin constituting the
      picture-bearing surface layer of the sheet was partially melted, followed
      by cooling. As the result, said picture-bearing surface was covered with a
      thin film about 50 microns thick thermally formed from the original resin,
      offering the same effect as in Example 1.
PAC  EXAMPLE 3
PAR  A homogeneous mixture of 70 parts by weight of polypropylene having a melt
      index of 0.3 , 30 parts by weight of aluminum hydroxide having a particle
      size of about 17 microns, and 5 parts by weight of liquid paraffin as a
      lubricant was extruded into pellets through an extruder whose mold was
      maintained at about 190.degree.C. the pellets were thermally molded by an
      extrusion molding machine at 200.degree.C into a tubular form by means of
      mandrel forming. The tube obtained was cooled by a cooling roll. The tube
      was cut open into a film, which in turn was uniaxially stretched to a size
      5 times the original shape in a hot water tank at 80.degree.C. After
      drying, the film was cut into several sheets 0.6 mm thick having an
      open-cell structure. A pattern was impressed on both sides of each sheet
      with water-base ink by means of a rotary press. After the pattern was
      dried, the sheet was passed between two rolls at 180.degree.C. The
      pattern-bearing surfaces of each sheet were covered with a thin film
      formed from the original resin. After cooled, the pattern-bearing surfaces
      of all the sheets displayed the same effect as in Example 1.
PAC  EXAMPLE 4
PAR  A homogeneous mixture of 40 parts by weight of a resin compound consisting
      of 90 percent by weight of polyvinyl chloride, whose mean degree of
      polymerization is 1060, 9 percent by weight of dioctyl phthalate as a
      plasticizer and 1 percent by weight of dibutyltin sulfide as a stabilizer
      and 60 parts by weight of fine powders of common salt having a particle
      size ranging from 40 to 70 microns was melted and pressed into a sheet 1
      mm thick. The sheet was immersed overnight in running water to dissolve
      the common salt contained in the sheet. Upon drying, a white sheet, which
      had an open-cell structure, with an apparent density of 0.65 g/c.c. was
      obtained.
PAR  A seal impression was made on the surface of the sheet with red water-base
      ink by means of a rubber stamp and numerals were recorded on said surface
      by a fountain pen containing black ink. The sheet was hot pressed about 10
      seconds at a pressure of 20 Kg/cm.sup.2 and a temperature of 180.degree.C
      between two press plates separated 0.9 mm from each other, and thereafter
      cooled to room temperature. In this case, the sheet somewhat shrank,
      resulting in the slight deformation of the impressed pattern. However, the
      pattern presented the same fastness and luster as in the preceding
      examples.
PAC  EXAMPLE 5
PAR  A homogeneous mixture of 30 parts by weight of polypropylene having a melt
      index of 0.3 and 70 parts by weight of hemihydrated calcium sulfite having
      particle sizes ranging from 10 to 20 microns was melted and pressed into a
      sheet 2 mm thick. The sheet was uniaxially stretched to a size 4 times the
      original shape in an air bath at 80.degree.C and thereafter immersed
      overnight in a 10% aqueous solution of hydrochloric acid to dissolve out
      the calcium sulfite followed by water washing. As the result, a sheet was
      obtained which was formed of an open-cell structure with an apparent
      density of about 0.45 g/c.c. The sheet which displayed a relatively large
      thermal shrinkage was thermally set 10 minutes at 120.degree.C in a frame.
      After cooled, the sheet was taken out from the frame and a poster picture
      was drawn on the surface of the sheet with red and black water-base inks.
      After the painting was dried, the sheet was hot-pressed about 15 seconds
      at a pressure of  20 Kg/cm.sup.2 and a temperature of 190.degree.C between
      press plates separated 1.8 mm from each other, followed by cooling to room
      temperature. The interconnected cells of the open-cell structure formed in
      the picture-bearing surface layer of the sheet was somewhat contracted by
      hot pressing, giving rise to the slight deformation of the impressed
      figure. However, the luster of the picture-bearing surface of the sheet
      and the fastness of the drawn figure did not change at all from what was
      observed in the preceding examples.
PAC  EXAMPLE 6
PAR  A homogeneous mixture of 40 parts by weight of polyethylene having a melt
      index of 0.3 and 60 parts by weight of ground calcium carbonate having
      particle sizes ranging from 1 to 10 microns was melted and pressed into a
      sheet 1.0 mm thick. Another sheet was prepared from ethylene-vinyl acetate
      copolymer of 0.2 melt index containing 8 percent by weight of vinyl
      acetate. These two sheets were laminated by hot-pressing. The laminate was
      uniaxially stretched to a size 4.5 times the original shape in a tank of
      hot water at 80.degree.C. The sheet obtained after drying was 0.9 mm thick
      and had an apparent density of 0.65 g/c.c. with one surface formed of
      open-cell structure.
PAR  A picture was drawn on the open-cell structure surface with an oil-base
      ink. After the painting was dried, the painted surface was heated by a
      hand roll whose surface temperature was maintained at 160.degree.C,
      followed by cooling. The luster of the painted surface of the sheet and
      the fastness of the painted picture did not change at all from what was
      observed in the preceding examples.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method of forming a thermoplastic resin article having a pattern
      durably described on a surface thereof which comprises impressing a
      pattern with inks or colors on the surface of a thermoplsatic resin
      article, said surface having a fine interconnected open-cell structure and
      heating under pressure the pattern-bearing surface to a temperature above
      the melting point of said thermoplastic resin so as to cover the
      pattern-bearing surface with a thin film layer of resin formed from the
      original surface layer resin of the article.
NUM  2.
PAR  2. The method of claim 1 wherein said pattern is impressed on said surface
      by pencilling, brushing, spraying, printing or stamping.
NUM  3.
PAR  3. The method of claim 2 wherein said article is a sheet.
NUM  4.
PAR  4. The method of claim 3 wherein said sheet is a laminate of two sheets of
      different thermoplastic resins.
NUM  5.
PAR  5. A method for fixing a pattern described on a surface of thermoplastic
      resin sheet, which comprises stretching a thermoplastic resin composition
      sheet containing 30 to 90 percent by weight of finely divided inorganic
      filler based on the weight of resin composition sheet so as to form a fine
      interconnected open-cell structure in the stretched sheet; impressing a
      pattern with inks or colors on the surface of said stretched sheet; and
      heating under pressure the pattern bearing surface to a temperature above
      the melting point of said thermoplastic resin so as to cover the
      pattern-bearing surface with a thin film of resin formed from the original
      surface layer resin of the sheet.
NUM  6.
PAR  6. The method of claim 5 wherein the thermoplastic resin sheet contains a
      small amount of additives capable of decreasing mutual affinity between
      the resin and the filler.
NUM  7.
PAR  7. A method of forming a thermoplastic resin article having a pattern
      durably described on a surface thereof, said article being a laminate
      consisting of first and second sheets of different thermoplastic resins,
      the first sheet containing a finely divided inorganic filler in an amount
      between 30 to 90 percent by weight based on the weight of said first sheet
      and the second sheet containing no filler, which comprised stretching the
      laminate so as to form a fine interconnected open-cell structure in the
      first sheet of stretched laminate; impressing a pattern with inks or
      colors on the surface of said first sheet; and heating under pressure the
      pattern-bearing surface to a temperature above the melting point of the
      first sheet resin so as to cover the pattern-bearing surface with a thin
      film layer of the resin of the first sheet.
NUM  8.
PAR  8. The method of claim 7 wherein the first sheet contains a small amount of
      additives capable of decreasing mutual affinity between the resin and the
      filler.
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ABST
PAL  Thin flexible urethane foam film layers are produced by spreading a layer
      of polyurethane reactants over a carrier sheet at a uniform layer
      thickness. The polyurethane reactants consist essentially of an isocyanate
      and a hydroxyl terminated polyol having an inorganic carbon dioxide
      producing blowing agent incorporated therein and being free of water. The
      unconfined film layer is then heated to a temperature in the range of from
      260.degree.F to 390.degree.F to cause gellation and release of the carbon
      dioxide in the mixture with final formation of a uniform thickness
      flexible polyurethane foam product.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Thin, flexible polyurethane foam film layers have long been known in the
      art for use in laminates comprising the foam films and surfacing sheets or
      films of synthetic resins such as vinyls, urethanes, polyesters and the
      like. Often, the foam film is backed with a textile or fabric layer which
      adds strength to the laminate and the surfacing film is formed of a solid
      synthetic resin of extremely thin film thickness which merely gives
      ornamentation and esthetically pleasing surfacing to the laminate. Such
      combined materials are often used as clothing fabrics, leather substitutes
      and in other applications where leather and textile piece goods had
      previously been used.
PAR  The function of the urethane foam film in such laminates is to provide
      bulk, improve the hand of the material and stop the weave in underlying
      textile fabrics from showing through upon application of pressure to the
      skin layer as might be caused by bendng of the laminate.
PAR  There have been certain difficulties in obtaining thin flexible
      polyurethane foam films of uniform thickness for use in such fabric
      laminates. Ordinarily, the foam films are formed by conventional urethane
      foaming techniques which include the use of a water catalyst to generate
      carbon dioxide thus forming the foam. This often results in nonuniform
      density and film layer thickness in the final film and/or the need for
      mechanically confining the film during foam formation. Freon has been used
      to form foams in the past. However, blowing with Freon is hard to control,
      often requires confined molding and is not suitable for efficient
      production of thin urethane foam films. Continuous production methods for
      forming such thin polyurethane flexible foam films and producing laminates
      thereof with skin and textile layers often create difficulties using
      conventional techniques.
PAC  SUMMARY OF THE INVENTION
PAR  It is an important object of this invention to provide a highly efficient
      method for forming uniform density, uniform thickness thin film
      polyurethane foams.
PAR  Another object of this invention is to provide a method in accordance with
      the preceding object which can be carried out with the use of an
      independent chemical blowing system.
PAR  Still another object of this invention is to provide a method in accordance
      with the preceding objects which is carried out without the need for
      confining the foam during its formation.
PAR  Still another object of this invention is to provide a method in accordance
      with the preceding objects and which permits continuous production of
      polyurethane foam films in laminated or homogeneous forms.
PAR  According to the invention, a flexible polyurethane foam film having
      uniform controlled film thickness and density is formed by spreading a
      layer of polyurethane reactants in a mixture over a carrier sheet at a
      uniform layer thickness. The polyurethane reactants consist essentially of
      an isocyanate and a hydroxyl terminated polyol preferably having from 1 to
      10% by weight thereof of an inorganic carbon dioxide generating blowing
      agent incorporated therein. The film layer is then heated to a temperature
      preferably in the range of from 260.degree.F to 390.degree.F to cause
      release of the carbon dioxide in the mixture and formation of polyurethane
      foam in a uniform thickness final cured product.
PAR  Preferably, the carbon dioxide generating blowing agent is sodium
      bicarbonate and the final film thickness is in the range of from 0.006 to
      0.140 inch with a thickness of from 0.010 to 0.025 inch being preferred.
      Most preferably the blowing agent is used in amounts of from 1 to 5% by
      weight of the polyurethane reaction mixture. When higher amounts are used
      hydrolytic stability can be adversely affected and with amounts over 10%
      there is a tendency to produce nonuniform thickness foam. The foam density
      is preferably in the range of from 25 to 50 lbs/cu. ft. In the preferred
      embodiment, the film is formed in a continuous process for producing a
      laminate having a textile backing. Thus, the mixture is spread at a
      uniform thickness over a carrier sheet. The carrier sheet is passed to a
      heating zone where the bicarbonate blowing agent decomposes to foam the
      mixture, and the mixture is partially cured. At this point, a sheet of
      backing and supporting material such as a textile layer can be
      continuously passed onto the foam formed without the use of a
      supplementary adhesive, whereupon the composite is passed to a second
      heating area to fully cure the foam. In an alternate embodiment, the foam
      is fully cured in the first heating area and the textile supporting layer
      can be continuously passed onto the moving laminate with the use of
      supplementary adhesive to form a final laminate. In some cases, the
      carrier sheet can be a release surface such as a Teflon belt or release
      paper if it is desired to otain the foam without a skin surface as will be
      described.
PAR  Preferably the urethane reactant mixture used has a long pot life and in
      all cases, no water is introduced into the mixture since water could cause
      unwanted, uncontrolled foaming. Preferably the mixture used is a two-part
      mixture having a pot life of at least 3 hours at 72.degree.F. In the
      preferred embodiment, the mixture comprises a first component formed of a
      polyol, a foam cell stabilizer, a bicarbonate blowing agent, filler and a
      chain extender. The second component is preferably an isocyanate carrying
      a small amount of benzoyl chloride which inhibits urethane reaction during
      pot life when the two parts are mixed together. The mixture preferably has
      a workable viscosity in the range of from 10,000 to 20,000 centipoise and
      most preferably 16,000 centipoise as measured on a Brookfield RVT
      Viscometer Spindle No. 4 at 20 rpm and at a temperature of 23.degree.C.
      This viscosity range is preferred when using a knife coater to deposit the
      mixture although other viscosities can be used with other conventional
      coating techniques. The reactant mixture is preferably coated on a release
      surface or surfacing layer at a thickness approximately one-half that
      desired in the final formed foam layer.
PAR  It is a feature of this invention that continuous production of thin film
      layers of uniform density, uniform thickness polyurethane foam can be
      formed in a continuous process and continuously laminated to a textile
      backing in the process rapidly and efficiently. Similarly, a surfacing
      skin for the foam can be continuously formed in the same procedure. The
      resultant laminates have uniform density and thickness, desirable bulk,
      good hand and good resistance to deterioration of the surface as by
      bending and wrinkling when used for artificial garment material and
      artificial leathers.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and other features, objects and advantages of the present
      invention will be better understood from a reading of the following
      specification in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a cross sectional view through a laminated artificial leather
      material made in accordance with a preferred embodiment of this invention;
      and
PAR  FIG. 2 is a semidiagrammatic showing of a preferred embodiment of the
      method of this invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  With reference now to the drawings a preferred embodiment of a laminate
      containing a thin flexible polyurethane foam film in accordance with this
      invention is illustrated generally at 10 with a diagrammatic
      representation of the steps in the method of forming the laminate 10 being
      shown generally at 11 in FIG. 2. The laminate 10 of the preferred
      embodiment is in the form of the sheet to be used as an artificial leather
      in a garment such as an artificial leather coat. The laminate 10 comprises
      a first skin layer 12 of solid polyurethane skin coating material having a
      thickness of 0.0009 to 0.003 inch. The foam film layer 13 is bonded to
      layer 12 and preferably has a uniform thickness of 0.010 - 0.025 with a
      cotton cloth backing acting as a support layer 14 adhered to the foam
      layer 13. Laminates can be formed in accordance with the method of this
      invention with various layers as described and in some cases, thin film
      foam itself can be formed and later laminated to other materials in
      separate procedures. The surfacing layer 12 can be formed of conventional
      surfacing materials such as vinyl films, polytetrafluoroethylene,
      polyethylene, gelled plastisols and the like. In some cases, the surfacing
      layer can be applied or formed after formation and bonding of the foam to
      a supporting layer 14, as known in the art. Alternatively, in some cases,
      the foam can be deposited directly on a preformed surfacing sheet 12 and
      bonded directly thereto in the method of this invention illustrated in
      FIG. 2.
PAR  The support layer 14 can also be of a variety of different materials
      including fibrous woven and unwoven textile materials,
      polytetrafluoroethylene, polyethylene and the like as desired.
PAR  Laminates of the type described above are preferably formed in a process as
      illustrated in FIG. 2. The process is carried out in an apparatus which
      consists of a supply roll 20 of carrier web sheet material 21 which has a
      release surface, fed through a series of rollers 22, 23, 24 and onto a
      takeup roll 25. A two-chamber holding tank 26 carries the polyurethane
      reactants which are metered and pumped through a conventional piping
      system 27 to a mixing head 28 which mixes the two components and deposits
      the polyurethane reactants containing mixture onto the underlying carrier
      web. When the two components are premixed in tank 26, the head 28 acts to
      merely meter and apply the mixture to the underlying web. Conventional
      heating ovens 29 and 30 surround spaced portions of the sheet material 21
      during its travel along the path of arrow 31. A supply roll 32 mounts a
      support material 33 for passage through suitable guide roll 34 to a
      squeeze roll assembly formed by a conventional squeeze roll 35 acting in
      conjunction with roll 24.
PAR  In the process illustrated in FIG. 2, a carrier web 21 is fed along the
      path 31. The carrier web can be a release paper where a foam surface is
      desired for later treatment or can be a release paper carrying a thin film
      of a surfacing layer such as a vinyl layer 0.0005 inch thick to which the
      foam is to be adhered during the process and which remains as the
      surfacing layer in the final product. Alternately, the carrier web itself
      can be the surfacing web as for example when a 0.002 inch thick surfacing
      layer of vinyl plastic is used. The web 21 passes under the foam applying
      head 28 preferably at a speed of from 8 to 20 feet per minute with the
      mixture of polyurethane reactants from the tank 26 being applied to the
      surface of the sheet and spread uniformly therealong by a knife coater 60.
      The urethane reactants film preferably has a uniform thickness of from
      0.003 to 0.07 inch. The so treated web is then passed through the first
      baking oven 29 where is is exposed to a temperature of from preferably
      260.degree.F to 390.degree.F for about one-half minute or a time
      sufficient to cause gellation and foaming due to release of the blowing
      agent after curing of the polyurethane to the gel state. As known in the
      art, the terms "gellation" or "the gel state" refer to a degree of cure
      where the mixture is no longer flowable yet still tacky and not fully
      cured. The foam is then passed to the rollers 34, 35, 24 where the web 33,
      which may be a textile or other support web, is laid onto the surface
      while the foam is still in a tacky state thus avoiding the need for an
      adhesive. The composite laminate then passes to the oven 30 where it is
      heated to a temperature preferably in the range of from 260.degree.F to
      390.degree.F for 1/2 to 3 minutes causing formation of cured polyurethane
      in a final product which is wound on a takeup reel 25. In some cases,
      where desirable, a single elongated heating oven 29 can be used and the
      support fabric 33 is later applied with the use of an adhesive to form the
      final product. In such cases, foaming occurs first in the first portion of
      the oven 29 with final curing occurring further along in the oven to form
      the final product. Where the carrier web is a release paper it can be
      removed after winding on takeup reel 25 or a second takeup reel can be
      used prior to reel 25 to wind the release paper with the final product
      wound on reel 25.
PAR  A key feature of this invention is the use of a urethane reactant mixture
      which contains an inorganic salt which is substantially nonreactive with
      isocyanate, yet releases carbon dioxide in an amount sufficient to foam
      the reactants. The mixture is preferably a two-part mixture having a long
      pot life of at least 3 hours although in some forms of the invention, the
      pot life can be shorter. The first component preferably comprises a polyol
      mixed with a cell stabilizer, a blowing agent, a filler, and a chain
      extender. The polyol used can be any hydroxyl polyol such as a polyester
      or polyether resin having a hydroxyl range of from 25 to 200. Suitable
      polyols include but are not limited to, for example, the reaction product
      of a polycarboxylic acid and a polyhydric alcohol. Any suitable
      polycarboxylic acid may be used in the preparation of the polyesters, such
      as, for example, adipic acid, succinic acid, suberic acid, sebacic acid,
      oxalic acid, methyl adipic acid, glutaric acid, pimelic acid, azelaic
      acid, phthalic acid, terephthalic acid, isophthalic acid, thiodiglycollic
      acid, thiodipropionic acid, maleic acid, fumaric acid, citraconic acid,
      itaconic acid, benzene tricarboxylic acid and the like. Of course, the
      corresponding acid anhydrides may also be used. Any suitable polyhydric
      alcohol may be used in the preparation of the polyesters, such as, for
      example, ethylene glycol, propylene glycol, butylene glycol, hexanediol,
      bis-(hydroxy-methyl cyclohexane), 1,4-butanediol, diethylene glycol,
      neopentyl glycol, polyethylene glycol, 2,2-dimethyl propylene glycol,
      xylylene glycol, trimethylol ethane, trimethylol propane, glycerine,
      pentaerythritol, sorbitol, and the like. Also included in the definition
      of hydroxyl polyesters are lactone polyesters such as a caprolactone
      polyesters and also polycarbonates such as 1,6-hexane diol polycarbonates
      and the like. It is generally preferred that the polyurethane elastomeric
      plastics have a substantially linear configuration and, therefore, the
      difunctional acids and alcohols are preferred.
PAR  Any suitable polyhydric polyalkylene ether may be used such as, for
      example, the condensation product of an alkylene oxide with a small amount
      of a compound containing active hydrogen containing groups such as, for
      example, water, ethylene glycol, propylene glycol, butylene glycol,
      amylene glycol and the like. Any suitable alkylene oxide condensate may
      also be used such as, for example, condensates of ethylene oxide,
      propylene oxide, butylene oxide, amylene oxide, styrene oxide, and
      mixtures thereof. The polyalkylene ethers prepared from tetrahydrofuran
      may also be used. The polyhydric polyalkylene ethers may be prepared by
      any known process such as, for example, the process described in the
      "Encyclopedia of Chemical Technology;" Volume 7, pages 257 to 262,
      published by Interscience Publishers in 1951.
PAR  Additives such as dispersing agents, cell stabilizers and surfactants may
      be employed in preparing the polyurethane cellular materials of this
      invention. Thus a finer cell structure may be obtained if water-soluble
      organo silicone polymers are used as surfactants or cell stabilizers.
      These organo silicone polymers should have a molecular weight of about
      2,500 to 6,000 and may be obtained by condensing a polyalkoxyl polysilane
      with the monoether of a polyalkylene ether glycol in the presence of an
      acid catalyst. Other surfactants such as ethylene oxide modified sorbitan
      monopalmitate or ethylene oxide modified polypropylene ether glycol may be
      used, if desired, to obtain better dispersion of the components.
      Representative surfactants which are water-soluble organo silicone
      polymers are available commercially as X-520, X-521 and L5303 from Union
      Carbide Corporation. Such stabilizers and surfactants can be used in
      conventional amounts of from 0.05 to 0.5% by weight of the polyol.
PAR  The blowing agent which is nonreactive with the other components of the
      mixture, is an inorganic carbon dioxide releasing salt. Sodium bicarbonate
      has been found to be particularly suitable for use as a blowing agent in
      forming thin foam films of uniform thickness without the need for
      confining the layer as the foam forms. Preferably the sodium bicarbonate
      is in finely divided powder form and uniformly dispersed in the reactants
      mixture.
PAR  The chain extender can be any conventional chain extender known for use
      with the particular resin system used. The difunctional chain extenders
      may be of th aliphatic, cycloaliphatic or aromatic type and they are best
      illustrated by diols, diamines, or aminoalcohols. Illustrative
      difunctional chain extenders include ethylene glycol, propylene glycol,
      1,4-butane-diol, 1,3-butanediol, 1,5-pentanediol,
      2,2-dimethyl-1,3-propanediol, 1,7-heptanediol, 1,6-hexanediol,
      1,10-decanediol, 1,12-dodecanediol, diethylene glycol, triethylene glycol,
      dibutylene glycol, 1,4-cyclohexanediol, 1,4-bis(2-hydroxyethoxy)
      cyclohexane, 1,4-bis(2-hydroxyethoxy)benzene, 2-mercaptoethanol. Low
      molecular weight polyols are preferred and are preferably used in amounts
      of from 0 to 10% by weight of the entire formula.
PAR  Conventional pigments and fillers are used to give bulk to the partially or
      uncured film during foaming so as to confine the gas in the film.
      Conventional fillers such as ASP 100 clay (aluminum silicate) in particle
      form of 0.5 micron particles, diatomaceous earth, asbestos fibers, silica,
      calcium carbonate, titanium dioxide, barytes, carbon black and the like
      are useful. These are preferably used in amounts of from 5 to 25% by
      weight of the polyol composite.
PAR  The second component of the system preferably comprises an isocyanate and a
      reaction stabilizer and is preferably mixed in stoichiometric amounts with
      the polyol component.
PAR  As polyisocyanates in this invention there are employed such aromatic
      polyisocyanates as tolylene diisocyanate (TDI), diphenylmethane
      diisoycanate (MDI), dianisidine diisocyanate, biphenylene diisocyanate,
      naphthylene diisocyanate, phenylene diisocyanate, triphenylmethane
      triisocyanate, or diphenylether triisocyanate, etc., such aliphatic
      polyisocyanates as tetramethylene diisocyanate, hexamethylene
      diisocyanate, etc., and such addition products as those having two or more
      terminal --NCO groups, which are obtained by the reaction of above
      mentioned polyisocyanates in excess with lower molecular polyols such as
      ethylene glycol, propylene glycol, glycerol, hexane triol or trimethylol
      propane, or with polyester polyol or polyester polyol described above.
PAR  Among these polyisocyanates, there are preferably employed such compounds
      as aromatic polyisocyanates or addition products having two or more --NCO
      groups which are obtained by the reaction of aromatic polyisocyanates in
      excess with lower molecular polyols, or with the polyether polyols or the
      polyester polyols, especially tolylene diisocyanate (TDI), diphenylmethane
      diisocyanate (MDI) or addition product of the lower molecular polyols or
      the polyether polyols with excess TDI or MDI.
PAR  The second component preferably comprises in addition, 0 to 2% by weight of
      the entire mixture of benzoyl chloride which acts as a reaction stabilizer
      and inhibits the urethane reaction during pot life, acting to give the
      desired pot life of up to 3 hours and perhaps more.
PAR  Methylene chloride is preferably used as a carrier for the benzoyl chloride
      although other carriers such as ketones or acetate solvents used in
      amounts of from 1 to 10% by weight of the isocyanate can be used.
PAR  In addition, the first or second part can contain known viscosity
      modifiers, pigments, colorants and the like as known in the art.
PAR  In all cases, it is preferred that the polyurethane reactants mixture be
      substantially free flowing when applied to the carrier web and have a
      viscosity of 10,000 to 20,000 centipoise yet result in a flexible urethane
      foam preferably having a density of from 25 to 50 lbs/cu/ft.
PAR  Preferably the polyurethane reactants mixture is designed so as to have it
      reach a gel state in the first oven 29 at the same time or slightly before
      the CO.sub.2 is being evolved to form the foam. Thus, the viscosity is
      raised to a point where the carbon dioxide acts to foam the mixture and is
      not merely dissipated to the surrounding atmosphere.
PAR  Preferably, the two components of the polyurethane reactants mixture are
      carried in a vat and are passed directly to the web 21 in a continuous
      manner. The components can be separated into two different vats as in 26
      with the isocyanate contaning portion and the polyol containing portion
      mixed in a mixing head such as a mixing head at 28 and then passed to the
      web 21. In this case, the pot life limitation is avoided permitting a wide
      range of polyurethane reactants mixtures to be employed in the process of
      this invention. The two components can be uniformly mixed in a single tank
      26 and metered on to the carrier web 21 in a continuous manner. In this
      modification the long pot life assures continuous operation without
      premature curing or polymerization of the reactants.
PAR  It is important that no water be added to the mixture in order to avoid
      unwanted uncontrolled foaming of the reactants. Moreover, because the
      inorganic blowing agent is uniformly incorporated in the mixture and
      CO.sub.2 substantially uniformly evolved, it is not necessary to confine
      the foam as it expands in order to obtain uniform thickness and uniform
      density. Water may be inherently present in some of the reactants as an
      impurity. In such cases it must be present in an amount insufficient to
      appreciably contribute to the foaming reaction. Preferably the water
      impurity should not be over 0.1% by weight of the reaction mixture.
PAR   The following, nonlimiting, examples are illustrative of the present
      invention:
PAC  EXAMPLE 1
PAR  In a preferred example, the apparatus of FIG. 2 is used to produce a foam
      laminate which is particularly suitable for use as an artificial leather
      in garment material. The reactant mixture is formed by uniformly mixing
      stoichiometric amounts of component A and component B and charging vat 26
      with the components uniformly mixed together. The two components of the
      mixture are as follows:
TBL                            % by weight                                     

     Component A               of total A                                      

     ______________________________________                                    

     Butylene-ethylene adipate (hydroxyl                                       

                               56.36                                           

     number 55-58)                                                             

     Diethylene adipate(hydroxyl number 53-57)                                 

                               20.00                                           

     1,4, butane diol          .78                                             

     Castor oil (OH Number 164)                                                

                               4.68                                            

     Silicone oil (L5303 copolymer of dimethy-                                 

                               .23                                             

     siloxane and polyalkylene oxide)                                          

     Sodium bicarbonate (finely divided                                        

     powder rubber grade)      4.67                                            

     Filler - powdered silica  13.28                                           

                               % by weight                                     

     Component B               of Total B                                      

     ______________________________________                                    

     Isocyanate adduct of 2 moles                                              

     of trimethylol propane, 3 moles                                           

     1,3 butylene glycol and 11 moles                                          

     toluene diisocyanate      81.2                                            

     Diethylene adipate        9.7                                             

     Cellosolve acetate        9.1                                             

     ______________________________________                                    

PAR  The release paper is 40 inch wide TK matte paper coated with a dull finish
      silicone produced by S. D. Warren Co. of Eastwood, Maine. The textile
      backing layer 35 is a 40 inch wide, slightly napped, sateen number 510,
      low loft, cotton fabric produced by Deering-Milliken Company of Exeter,
      New Hampshire. Heating oven 29 is maintained at a temperature of
      320.degree.F with oven 30 mantained at a temperature of 340.degree.F.
PAR  The release paper 21 having its release surface upward as shown in FIG. 2
      is precoated with a cast 1 mil dry thickness polyester urethane skin on
      its release surface and is continuously moved along the path of arrow 31
      at a speed of 8 feet per minute. Head 25 deposits the urethane reactant
      mixture on the skin layer and knife coater 60 uniformly coats the reactant
      mixture at a layer thickness of 0.012 inch. The coated carrier web 21
      passes through oven 29 in one-half minute where gelling occurs followed by
      release of carbon dioxide from the bicarbonate to increase the reactant
      mixture to a uniform foam layer thickness of approximately 0.025 inch. The
      textile fabric 33 is nipped into the tacky gelled foam at rollers 34, 35
      and 24 under a controlled pressure which does not collapse the foam but
      merely provides contact of the textile layer with the tacky foam. The so
      formed laminate is then passed through oven 30 for approximately 2 minutes
      whereupon it is wrapped around reel 25 in its completed form. The release
      paper can later be removed when the roll 25 is unwound or alternately, a
      second takeup roll can be used prior to roll 25 in order to wrap the
      release paper leaving the final foam laminate in a 40 inch roll wound on
      roller 25.
PAR  The laminate of FIG. 1 has good hand, uniform foam layer thickness, good
      lamination and is eminently suitable for use as an imitation leather in
      fabric material.
PAR  EXAMPLE 2
PAR  In a second embodiment of this invention, Example 1 is repeated except that
      in place of component B used in Example 1, the following formulation is
      used:
PA1  a modified 4-4' diphenylmethane diisocyanate (143 L produced by Upjohn
      Corporation of Kalamazoo, Michigan) -- 94.12% by weight
PA1  methylene chloride 4.70% by weight
PA1  benzoyl chloride 1.18% by weight
PAR  The resulting laminate again conforms to that illustrated in FIG. 1 and has
      the desired properties of this invention including uniform thickness,
      uniform density foam in the thin layer formed.
PAR  While specific examples of the present invention have been shown and
      described above, many variations are possible. For example, the use of the
      inorganic blowing agent which evolves carbon dioxide is a key feature and
      can be employed in a process to produce flexible polyurethane foam films
      alone without further laminating steps. While sodium bicarbonate in finely
      divided form gives outstanding results, other carbon dioxide producing
      salts can be used if they yield the desired properties in final foam films
      formed within the temperature ranges of this invention. The urethane foam
      produced has a flexibility due to its hardness value which is preferably
      in the durometer range of 50 Shore A to 80 Shore A, which characteristic
      lends good advantages to foam used for garment materials and the like.
PAR  While a continuous method of production is preferred because of its
      economic advantage in most situations, the process of this invention is
      also useful to form uniform thickness uniform density polyurethane foams
      in non-continuous operations. Thus, the polyurethane reactants mixture of
      this invention can be deposited directly on a release paper which is
      transferred to a curing oven, foamed and gelled and then used directly in
      batch operations.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of forming a flexible polyurethane foam layer having uniform
      controlled film layer thickness,
PA1  said method comprising,
PA1  spreading a layer of a polyurethane reactants containing mixture over a
      carrier surface in a uniform layer thickness,
PA1  said polyurethane reactants consisting essentially of an isocyanate and a
      hydroxyl terminated polyol having from 1 to 9% by weight thereof of an
      inorganic carbon dioxide producing blowing agent incorporated therein,
PA1  and heating said layer to a temperature in the range of from 260.degree.F
      to 390.degree.F to cause release of carbon dioxide in said mixture and
      formation of polyurethane foam in a uniform thickness final product.
NUM  2.
PAR  2. A method in accordance with the method of claim 1 wherein said inorganic
      blowing agent is sodium bicarbonate and said foam thickness is in the
      range of from 0.006 to 0.l40 inch.
NUM  3.
PAR  3. A method in accordance with claim 2 wherein said film of urethane
      reactants is continuously spread over a continuously moving carrier sheet
      and said heating is carried out in an oven through which said sheet
      passes.
NUM  4.
PAR  4. A method in accordance with the method of claim 3 wherein said oven acts
      to bring said mixture to a gel state while causing evolution of carbon
      dioxide to foam said gel,
PA1  and thereafter curing said foam at a uniform thickness.
NUM  5.
PAR  5. A method in accordance with the method of claim 4 and further comprising
      continuously passing a supporting layer web into contact with a surface of
      said gelled layer while it is tacky to form a laminate therewith prior to
      final cure of said polyurethane foam.
NUM  6.
PAR  6. A method in accordance with the method of claim 1 wherein said urethane
      reactants are spread over a surfacing web and adhered thereto.
NUM  7.
PAR  7. A method in accordance with the method of claim 6 and further comprising
      heating said foam layer to a gelled state while causing evolution of
      carbon dioxide,
PA1  passing a supporting layer web into contact with a surface of said gelled
      foam layer to form a laminate therewith, and heating to cure said
      polyurethane foam in a composite laminate.
NUM  8.
PAR  8. A method in accordance with the method of claim 7 wherein said foam
      layer thickness is in the range of from 0.010 to 0.025 inch.
NUM  9.
PAR  9. In a method of forming polyurethane foam layers having hardness values
      of 50 Shore A to 80 Shore A from polyurethane reactants containing
      mixtures comprising an isocyanate and a polyol,
PA1  the improvement comprising,
PA1  incorporating in the reactants from 1 to 9% by weight of powdered sodium
      bicarbonate nonreactive with the isocyanate and capable of releasing
      carbon dioxide at temperatures in the range of from 260.degree.F to
      390.degree.F,
PA1  positioning a film of from 0.003 inch to 0.07 inch of said mixture on a
      carrier layer in a uniform thickness,
PA1  and heating said film to form a urethane foam having a uniform thickness of
      from 0.006 to 0.140 inch.
NUM  10.
PAR  10. A method in accordance with the improvement of claim 9 wherein said
      polyurethane reactants comprise a first component containing an isocyanate
      and a second component containing a polyol and said sodium bicarbonate.
NUM  11.
PAR  11. A method in accordance with the method of claim 10 and further
      comprising said isocyanate containing component further comprising benzoyl
      chloride in an amount to inhibit a polyurethane reaction and give a pot
      life of the two components when mixed of at least 3 hours at 72.degree.F.
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ABST
PAL  A method of manufacturing foam filled laminated planks which includes
      continuous means for forming and feeding a longitudinally corrugated
      plastic reinforcing core between, and bonding it to, top and bottom cover
      sheet laminae consisting of roll-fed strips of resin-impregnated fabric.
      The corrugations of the core define channels extending lengthwise through
      the assembly consisting of the core and cover sheets, and lengths are cut
      off and fed laterally therefrom to a position wherein each channel is
      aligned with an elongated lance, and then fed longitudinally into
      overfitted relation on the lances. The outer ends of the channels are
      closed, and foaming plastic is fed into the channels through the lances.
      The planks are then moved off of the lances toward a desired delivery
      position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Reinforced laminated structures have been produced heretofore from
      continuous strips of ribbed or corrugated core material bonded to outer
      laminae, with cellular reinforcing in the channels defined by the
      corrugations. The overall objective of the present invention is to improve
      upon methods of manufacturing materials of this class, particularly by
      improving the method of inserting the foaming material in the channels
      whereby such material is accurately and uniformly fed into each channel
      and the material is prevented from getting between the core and cover
      sheets.
PAR  Other objects and advantages will be apparent upon consideration of the
      present disclosure in its entirety.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES OF DRAWING
PAR  FIG. 1 is a diagrammatic perspective view of apparatus for producing planks
      in accordance with the improved method, planking material in course of
      production being illustrated, and portions being broken away:
PAR  FIGS. 2 and 3 are cross-sections on a larger scale taken as indicated by
      the lines and arrows II--II and III--III, respectively, of FIG. 1 and
      looking in the direction of the arrows;
PAR  FIG. 4 is an enlarged cross-sectional view of one of the foaming lances;
      and
PAR  FIG. 5 is an enlarged view of the portion of FIG. 2 encircled and
      designated V.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED FORM OF THE INVENTION
PAR  A plastic strip core material 10, which may be of the thermosetting type,
      is fed from a roll 12 through a preheating chamber 14 and then through a
      series of corrugating rolls 15 which form longitudinal corrugations in the
      core strip. Heating may be maintained during the corrugating operation by
      an oven enclosure 34 forming a continuation of the preheating chamber. The
      spaces 40-49 between the alternately reversed walls of the corrugations
      define continuous channels within the assembled structure, as will more
      fully appear. The rolls may also form the core material to lap-joint
      contour along the edges, as indicated at 11, where lap-joint planking is
      desired, and form edge flanges as 27 adapted to overlap and to be bonded
      to the cover sheets 13, 17 which will be described more fully hereinafter.
PAR  The core strip is continuously fed forwardly from the supply roll 12
      through the forming rolls and then through a curing unit 16 from which the
      corrugated sheet emerges in a more rigid condition.
PAR  The core strip continues forwardly between rollers 18, 19 and between top
      and bottom fabric cover laminae generally designated 13 and 17,
      respectively. The cover laminae consist of roll-fed strips which are led
      around the rollers 18 and 19 above and below the now-corrugated core
      member 10. Each of the cover laminae 13, 17, is formed of a double layer
      of fabric. The strips of the top layer are taken from fabric supply rolls
      20, 21, and are passed through an impregnating resin bath tank 22, and
      then fed under the roll 18 and onto the top of the longitudinally
      corrugated core member. The bottom layer is similarly formed from two
      fabric strips supplied from rolls 24, 25, the material from these rolls
      being similarly led through a resin bath tank 26 and then passed over the
      roll 19 which presses it against the bottom of the core. The laminae of
      the top and bottom strips are bonded together and to the core by the resin
      applied thereto in the tanks 22, 26.
PAR  Reinforcing cords 23 may be fed into the core member from supply spools 32.
      Although only one bank of spools is shown, feeding cord to the core near
      one edge, preferably both edges are similarly reinforced.
PAR  The cover strips and core member then travel through a sizing-curing unit
      28 in which the resin is hardened to bond all of these elements together
      and stiffen the assembly. The sizing-curing unit also folds the edges of
      the fabric over the edge flanges 27 of the core member as indicated at 29
      to provide a strong bond in these areas.
PAR  Alternately reciprocating pull members 30, 31 engage the assembled core and
      cover strips beyond the sizing-curing unit 28 and supply the power for
      continuously moving the laminated assembly toward the right, as viewed in
      FIG. 1.
PAR  A flying cutoff saw generally designated 33 is provided to sever the
      assembled material into individual planks which are delivered to a runout
      table 35.
PAR  From the runout table 35 the planks are conveyed laterally, in the
      direction of the arrow 36, during which lateral movement additional curing
      takes place. They are then fed longitudinally in a reverse direction,
      indicated by the arrow 38, to a lance-engaging position in which the
      channels 40-49 are individually overfitted upon a like number of filling
      lances 50-59, such overfitting being effected by the rearward movement of
      the plank. The position of a plank at the lance-engaging station is
      indicated by the letter "E" in FIG. 1. The lances are somewhat longer than
      the plank, and in position E extend virtually the full length of the
      interior of the plank, to a position adjacent the rear or right end, as
      viewed in FIG. 1.
PAR  Each lance comprises a metal tube 61 adapted to support at its outer end a
      suitable nozzle assembly (not shown) and having therein a pair of supply
      tubes 62 and 63, each of which is adapted to be connected to a source of
      one of the constituents of a plastic which foams when the two constituents
      contact each other at the discharge end of the nozzle. A third conduit 64
      which similarly extends through the lance is adapted to feed a solvent to
      and through the nozzle to clean the same at the conclusion of foaming.
      Alternatively the conduit 64 may be omitted and the solvent fed through
      the lance tube 61 itself. The lances are supplied through suitable
      manifolds 81, 82, 83 and flexible hoses (not shown) connected to the
      respective tubes of all of the lances for the plastic constituents and
      solvent.
PAR  The farther or right end of the plank is then closed by means of a suitable
      plug which may be left in place to impart a finished appearance to the end
      of the plank, or removed after foaming as desired. After the plank is
      fully overfitted upon the lances, the lances together with the overfitted
      plank are shifted laterally to a foaming station, F, at which the plank is
      aligned with a desired delivery facility. The delivery facility includes a
      combined conveyor-curing unit generally designated 70 for moving the plank
      to the desired discharge position.
PAR  When the plank is aligned with the conveyor-curing unit 70, the foamable
      constituents are injected into the channels 40-49 through the lances.
      Foaming occurs at the tips of the lances, which permits the use of a
      fast-setting compound. U.S. Pat. No. 3,881,657, granted May 6, 1975,
      discloses a nozzle construction adapted for use in feeding the foamable
      materials into the channels. As foaming progresses the plank is moved
      toward the right and fed into the space between the upper and lower belt
      assembly portions 71, 72, respectively, of the conveyor-curing unit 70.
      Such belt assemblies are of the articulated tank-tread type, formed of a
      material which is a good heat conductor, and the box-like guides 73, 74,
      respectively, for the belts 71, 72, contain heating means such as
      electrical resistances or gas burners for heating the plank to assist in
      curing the foam while the belts are moving the plank to its delivery
      position (not shown). The trailing end of the plank may be similarly
      plugged if desired prior to hardening of the foam at such end.
PAR  This Detailed Description of Preferred Form of the Invention, and the
      accompanying drawings, have been furnished in compliance with the
      statutory requirement to set forth the best mode contemplated by the
      inventors of carrying out the invention. The prior portions consisting of
      the "Abstract of the Disclosure" and the "Background of the Invention" are
      furnished without prejudice to comply with administrative requirements of
      the Patent Office.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of manufacturing a laminated panel or the like which includes
      synchronously moving forwardly and securing together a pair of spaced
      parallel sheets of paneling material and an interposed core sheet having a
      transversely crenelated cross section which defines longitudinal channels,
      said forward movement being parallel to the longitudinal channels,
      severing the same transversely to form individual panels, closing the
      forward ends of the channels, moving each panel laterally to a position
      wherein each channel is in alignment with a foam-filling lance and then in
      a reverse longitudinal direction onto overfitting relation with respect to
      the lances, moving the panel and lances together laterally farther in the
      same lateral direction to a position of alignment with a delivery station,
      and then injecting a foaming agent through the lances into the hollow core
      while the panel is moving longitudinally in the forward direction off of
      the lances to a delivery position.
NUM  2.
PAR  2. A method according to claim 1 wherein the sheets and core are formed and
      bonded during the first-mentioned forward movement and are cured during
      the first-mentioned lateral movement.
NUM  3.
PAR  3. A method as defined in claim 1 wherein the foaming agent consists of at
      least two constituents which foam when brought into contact with each
      other and which are conducted through the lances in separate channels to
      the tip regions of the lances.
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ABST
PAL  The method of adhering a preformed continuous film of fluorcarbon plastic
      material to a flat or convex metal surface which comprises heating both
      the metal surface and a layer of the plastic material superposed upon the
      metal surface in a gaseous environment of reduce pressure sufficiently to
      soften the plastic film and bond the same to the metal surface employing
      multiple steps of heating, bonding and cooling without application of
      increased pressure to the outer surface of the heated plasttic film to
      form a bonded metal-plastic combination without entrapment of gas. The
      invention is particularly adapted to the bonding of fluorocarbon plastic
      material to surfaces of metal such as aluminum, iron, iron alloys, copper,
      and copper alloys.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my application Ser. No.
      311,137 filed Dec. 1, 1972 (now U.S. Pat. No. 3,841,937 dated Oct. 15,
      1974) which in turn is a continuation of my application Ser. No. 41,375,
      filed May 28, 1970, now abandoned. The present application is also related
      to and is a continuation-in-part of Ser. No. 246,220, filed Apr. 21, 1972
      (now U.S. Pat. No. 3,837,956, dated Sept. 24, 1974) which is a division of
      Ser. No. 41,375 and is also related to and is a continuation-in-part of
      Ser. No. 371,346, filed June 19, 1973 which is a division of Ser. No.
      246,220, filed Apr. 21, 1972.
BSUM
PAC  EXPLANATORY INFORMATION:
PAR  In my patent application Ser. No. 41,375 filed May 28, 1970 entitled
      "Improvements In The Preparation Of Plastic-Metal Products, Including
      Laminates, Composite Tubes And The Like," and in my application Ser. No.
      311,137, filed Dec. 1, 1972 I disclose a novel method of heat bonding
      fluorocarbon plastic films, particularly tetrafluoroethylene polymers such
      as DuPont hexafluoropropylenetetrafluoroethylene also known as FEP, to
      metal surfaces without employment of bonding additives or application of
      pressure to the outer surface of the plastic film, and without entrapment
      of air between the metal surface and the film, performing the heating and
      bonding in an environment of nearly perfect vacuum. (See page 8, lines
      5-21 of applications as filed). As Objects of Invention I disclosed the
      use of very high vacuum to:
PAR  1. Minimize oxidation of metals such as iron, many of its alloys, copper
      and many of its alloys, which are subject to oxidation at the required
      bonding temperatures of the fluorocarbon plastic films employed, thereby
      providing a means for heat bonding such fluorocarbon plastic films to such
      oxidizable metal; aluminum posing no such problem by not being oxidizable
      within the bonding temperature ranges of the film;
PAR  2. Provide heat bonding of a fluorocarbon plastic film to a metal surface
      with substantially perfect bonding contact without entrapment of air or
      other gases between the film and the metal surface. As disclosed on page
      22 lines 3-11 of the above specification, (Ser. No. 41,375), and in my
      aforesaid U.S. Pat. Nos. 3,837,956 and 3,841,937 the stated amount of
      vacuum required was in a pressure range of 0.1 to 0.01 MM of mercury. This
      is a very high degree of vacuum through appreciably less than the 0.001 MM
      attainable with modern vacuum for pumps which are too expensive and not
      practicable for ordinary commercial operations.
PAR  In performing and in the related applications previously referred to the
      methods and procedures disclosed by above Ser. No. 41,375, the only
      methods of record for doing such at that time, I found aluminum to bond
      excellently to the FEP. I found carbon steel and stainess steel to bond
      fairly well, but not nearly so strongly as aluminum, this being due to
      slight oxidation of the steel materials even in high vacuum, whereas
      aluminum was immune to this. I found copper and high copper alloys to
      bond, but with a bond appreciably less than that of carbon steel or
      stainless steel, as its oxidation product adhered very poorly to the
      mother metal and readily peeled off, impregnating the FEP film. Seemingly,
      the blue iron oxides formed in rarified oxygen (air) bonded much more
      firmly to the mother metal than did the yellowish-green copper oxides.
      Under conditions of atmospheric pressure, black copper oxide formed and
      gave zero bond to the FEP, whereas steel materials bonded fairly well to
      FEP, though not nearly so strong as in a high vacuum.
PAR  I also found that even when using the maximum vacuum attainable (less than
      0.1MM) with my equipment, there were always a number of small, scattered
      unbonded spots, usually less than 2% of the total surface, these due to
      entrapped rarified air spaces between the FEP film and the metal surface.
      Most of these tests were conducted with thin 6 mil aluminum sheet and 1
      mil FEP. These unbonded spots were always present when using bonding
      temperatures ranging from 525.degree. to 650.degree.F, no matter whether
      the laminate was kept in this bonding temperature and maximum vacuum
      attainable for a few minutes or several hours. If higher temperature
      ranges such as 650.degree. to 750.degree.F were employed, most of the air
      spaces burst, leaving exposed metal surface spots, but with the FEP very
      firmly bonded elsewhere. Although the foregoing method produced an
      imperfect laminate, it was better than any other known method of heat
      bonding, and since my primary objective was a substantially zero water
      wetting surface rather than a corrosion resistant system, the few broken
      spots in the bonded film could be tolerated, especially for aluminum-FEP
      laminates. Thus, the process and method as taught in Ser. No. 41,375 and
      in the aforesaid related applications was quite useful for coating
      aluminum with FEP, but was more limited in bond strength with carbon steel
      and stainless steel, and fairly useless with copper and high copper
      alloys.
PAR  After filing Ser. No. 41,375 and continuing with perfecting the method and
      process it discloses, I found a novel solution to the air space, film
      rupture, and oxidation problems which is the subject of this invention.
      However, before disclosing the steps that describe this novel solution,
      the steps previously employed in Ser. No. 41,375 should be outlined as
      follows:
PAR  1. Place an unbonded film of FEP fluorcarbon plastic superposed on a metal
      surface or substrate in a vacuum-heating oven before subjecting it to
      reduced pressure or superpose the film onto the metal surface in the oven
      while the oven is in a state of reduced pressure;
PAR  2. Exhaust all air possible with a vacuum pump;
PAR  3. Heat the fluorocarbon film and metal surface to the expanding
      temperature range of the FEP usually 300.degree. to 450.degree.F,
      permitting substantially all of the air to escape from the space between
      the expanding film and the metal surface;
PAR  4. Continue elevation of the temperature from 450.degree.F on up to a range
      of 525.degree.F to 650.degree.F at which temperature the FEP flim shrinks,
      becomes adhesive and bonds to the metal surface;
PAR  5. Hold the temperature in this strong bonding range for approximately 30
      minutes to assure firm, maximum bonding;
PAR  6. Cool the bonded combination down to 300.degree.F or less;
PAR  7. Admit air to the vacuum oven and remove the FEP bonded metallic object
      or material.
PAR  This procedure always produced a good bond, but one which always contained
      scattered unbonded, small areas with some ruptured spots of film exposing
      metal surface, these failure spots being more numerous with higher bonding
      temperatures with, of course, proportionately less unbonded air spaces.
      Many attempts were made to eliminate or minimize these failure or unbonded
      spots, with varying degrees of success, but were never fully satisfactory.
      Efforts to squeeze out the air were made by progressively heating the
      surface from one edge of an area to another, progressively expanding the
      FEP film on the area and bonding it, producing partial but not complete
      success.
PAR  The solution to the problem and subject of this patent application came
      about as follows: Because of profuse wastage of thin aluminum strip
      material and FEP film used in the many attempts to produce a perfect
      bonded surface, I decided to use the naked side of a laminate of aluminum
      and poorly bonded FEP film for another attempt at bonding, going through
      the above mentioned steps. The newly bonded film had the usual scallering
      of air spaces and failure spots, but it was observed that all of the air
      spaces in the old bond, which had now had two cycles of heating, bonding
      and cooling, had completely disappeared. Since there were no ruptures or
      breaks in the FEP where the air spaces formerly existed, it could be only
      concluded that the air had passed through the expanded pores of the
      unbonded portion of FEP prior to its bonding during the 2nd heating and
      cooling step. It should be noted that once FEP is bonded to a metal
      surface, it does not go through the expansion and shrinking stages with
      increasing temperatures as does unbonded FEP. The logical question to this
      is: Why did it not occur to the inventor to try such a 2nd step of
      heating, bonding and cooling early in the history of the failures? The
      answer: although it was known to the inventor that the FEP film was
      somewhat porous and not fully impervious to fluids, it just did not seem
      plausible that this entrapped air could be squeezed through these pores
      under these conditions; the air was firmly entrapped under the spot of
      film, fully surrounded by a firm bonded seal of FEP to the metal, and it
      was believe could be removed only by a rupture in the film as was
      indicated by the ever present rupture spots mixed among the unbonded air
      space spots in all previous tests.
PAR  After the discovery that a single repeating of the heating, bonding and
      cooling step in an environment of reduced pressure effected complete
      elimination of the entrapped air spaced, many test were conducted to
      determine the minimum vacuum requirement, the temperature requirements for
      each step, and the time required to effect a strong, air-space-free and
      rupture-free bond of FEP to a metal surface. Bonding 0.001 FEP film to
      0.006 thin aluminum sheet, it was found that approximately 18" of mercury
      vacuum was the lower limit of vacuum permitting production of a
      rupture-free and air-space-free complete bond, using the aforedescribed
      two step heating, bonding and cooling procedure. When lower vacuums (using
      the term "low" to mean approaching atmospheric pressure) were tried, total
      air space removal was not possible. Since higher vacuums such as 20 to 24
      inches of mercury could be attained as readily as 18 inches, this lower
      limit was not used; simply as a precautionary measure to assure a complete
      bond, therefore, on all of my tests 20 to 24 inches of mercury vacuum was
      employed. When heat bonding FEP film to the metal surfaces it was found
      that operating in lower vacuum ranges such as 18 to 26 inches of mercury,
      where entrapped air or gases would be considerably denser than that in
      extreme high vacuum, it was most important to utilize minimum bonding
      temperatures in the 1st heating, bonding and cooling step to avoid rupture
      of the unbonded portion of film entrapping the gas, such ruptures also
      appearing as exposed metal spots after the 2nd heating, bonding and
      cooling step.
PAR  Such ruptures at higher temperatures is the result of a dual effect:
PAR  1. Increased softening and weakening of the FEP at higher temperatures, and
PAR  2. Increased pressure of the entrapped gas due to expansion at higher
      temperatures.
PAR  I found that in environments of 22 to 26 inches of mercury vacuum, DuPont
      FEP type A or C 0.001 thick film became progressively more adhesive to
      metal in a temperature range of 500.degree. to 525.degree.F, this probably
      being so in environments of other pressures. By avoiding temperatures in
      excess of approximately 525.degree.F during the 1st heating, bonding and
      cooling cycle, a burst free coating or bonding, the total area containing
      approximately 1 to 5% unbonded air spaces, was usually achieved with this
      1st step.
PAR  After this 1st step, repeating the heating, bonding and cooling in a 2nd
      step, employing bonding temperatures of a range of 550.degree. to
      650.degree.F to effect a maximum bond strength, a maximum bond of the FEP
      to the metal surface, totally free of bursts and air spaces, was achieved.
      I found that use of temperatures from 525.degree.F upwards in the 1st
      heat, produced progressively numerous bursts as the temperature was raised
      in the heating, bonding and cooling procedure, each air space eventually
      rupturing at higher temperatures. For this reason I chose 525.degree.F as
      a good, safe maximum temperature for the 1st neat, no matter what degree
      of vacuum was used for the system. After it was learned that near 100%
      bonding could be effected using the two steps of heating, bonding and
      cooling with comparatively low vacuums such as 18 to 26 inches of mercury
      vacuum, it then became feasible to inject an inert gas such as nitrogen
      into the vacuum oven, displacing oxygen with appreciable passage of
      nitrogen, yet with no problems of entrapped gas under the FEP film. By
      operating at these lower vacuums, thereby enabling near total elimination
      of air leaks, and using the nitrogen to sweep out all oxygen, it became
      possible for the first time, so far as I known, to firmly bond FEP film to
      copper metal without the formation of deleterious copper oxide or the
      entrapment of gas under portions of the FEP film, using only heat for the
      bonding. This method also made possible the achievement of maximum bonding
      of FEP to carbon steel and stainless steels. In those operations that
      require total absence of oxygen from the rarified gases contacting the
      heat bonding combination of FEP film and a metal surface, and where it is
      difficult or impossible to sufficiently minimize air leakage into the
      vacuum oven, a novel solution to this problem is disclosed in this
      invention. It consists of the use of an inner inert gas heating and
      bonding chamber within the outer vacuum chamber, into which inner chamber
      the inert gas such as nitrogen is introduced, flooding the inner chamber
      and escaping through a small opening into the outer chamber. The space
      between the outer chamber and the inner chamber acts as a conduit to
      convey leaked-in air to the outlet to the vacuum pump source, thereby
      completely by-passing the inner chamber, which has a rarified inert gas
      pressure slightly greater than the rarified air pressure in the annular
      space without permitting any oxygen to enter the inner chamber. A more
      detailed description of this is disclosed in the DESCRIPTION section of
      this application.
PAR  As suggested in the foregoing narration and explanation, among the chief
      Objects of Invention in this disclosure are the following:
PAR  1. To heat bond a fluorocarbon film such as DuPont's FEP to a metal surface
      without use of bonding cements or application of pressure to the outer
      surface of the heated film; performing this bonding in a gaseous
      environment of sub-atmospheric pressure with near total elimination of gas
      entrapment between the film and the metal surface by employment of
      multiple heating, bonding and cooling steps; such metal surface being any
      flat or convex surface of metallic objects or material such as pipe, rods,
      bars, vessels, plate, strips, sheets, valves, fittings, wire, and other
      metallic components or apparatus that permit subjection to such an
      environment of reduced pressure and heating.
PAR  2. To accomplish (1) on all metals commonly used in industry, whether
      unoxidizable at the FEP bonding temperatures, such as aluminum, or
      oxidizable at such bonding temperatures, including such metals as copper
      and copper alloys, iron, carbon steel and stainless steels.
PAR  3. To accomplish object (2) on metals oxidizable at the bonding temperature
      of the FEP, using an inert gas such as nitrogen to purge the vacuum oven
      of original in-place air and dilute and remove air entering the oven by
      leakage, the predominant presence of the inert gas preventing sufficient
      oxidation of the metal surface to be deleterious to strong bonding of the
      FEP film to the metal surface. This use of an injection of inert gas is
      made possible by the novel method of multiple heating, bonding and cooling
      steps which permit gas entrapment-free bonding of FEP to metal surfaces in
      environments of vacuum substantially lower than what is considered "high
      vacuum."
PAR  4. To accomplish object (3) wherein even traces of oxygen are intolerable
      in contact with the heated metal surface, this being accomplished by the
      use of an inner vacuum tank within an outer vacuum tank, the inner tank
      housing the FEP film and metal surfaces to be bonded and receiving the
      inert gas which flows into it and then out into the outer vacuum tank,
      thence with leaked-in air to the vacuum pump source, the pressure in the
      inner vacuum tank always being slightly greater than that of the outer
      vacuum tank to assure flow of inert gas to the vacuum source and obviate
      any possible entry of leaked-in air to the inner vacuum tank, this method
      also being applicable to plastics other than FEP.
PAR  5. To provide a novel method of producing a maximum strength, burst free,
      total bonding of a fluorocarbon film such as DuPont FEP to a metal
      surface, using heat only, in a gaseous environmental pressure
      substantially greater than 0.1MM of mercury and less than one-half
      atmosphere, using multiple steps of heating, bonding, and cooling.
PAR  6. To provide object (5) for most metals and metal alloys, both oxidizable
      and unoxidizable in the bonding temperature range of the FEP.
PAR  7. To provide a novel and simple method of removing substantially all
      entrapped gases from unbonded gas spaces beneath FEP film partially heat
      bonded to a metal surface, without rupturing the unbonded film, and
      subsequently achieving total bonding of the previously unbonded portions
      of FEP film, using multiple steps of heating, bonding, and cooling of the
      combination of FEP film and metal surface.
PAR  8. Improve the method of heat bonding a pre-formed coil of FEP film and
      thin metal sheet laminate in an environment of vacuum as depicted by FIGS.
      8-10 inclusive in my application Ser. No. 41,375 and pages 20-22 of the
      specification thereof, and in my U.S. Pat. No. 3,837,956 and 3,841,937
      wherein comparatively high vacuums of 0.1 to 0.01MM mercury pressure are
      recommended and only a single step of heating, bonding and cooling is
      employed. This improvement consists of: (a) using multiple steps of
      heating, bonding and cooling in an environment of moderate vacuum,
      considerably less than the high vacuum taught in Ser. No. 41,375, to
      achieve a more complete bonding area without bursts in the FEP film, such
      vacuum being in a range of 18 to 26 inches of mercury, and (b) injection
      of an inert gas into the system when coating an oxidizable metal, to
      assure good oxide-free bonding of the FEP film to the metal surfaces at
      the oxidizing temperatures of the metal, an inlet 15' for such inert gas
      depicted in FIG. 8 of the drawing.
PAR  9. Another object of this invention is to improve the method of heat
      bonding plastic films of FEP to both sides of a metal strip in a
      continuous operation wherein the film is continuously applied to the
      moving metal strip in an environment of high vacuum as taught in my
      application Ser. No. 41,375, wherein the need for such high vacuum is now
      eliminated, such improvements being as follows: (See FIG. 11 of the
      drawing). (a) The addition of multiple steps of heating, bonding and
      cooling to replace all single such steps, in an environment of vacuum
      considerably less than that taught in Ser. No. 41,375, and achieving a
      more perfect, entrapped air-free and rupture-free bonding of the FEP film
      to the metal; (b) employment of inert gas injection into the system to
      minimize metallic oxide formation on the surfaces of metals normally
      subject to oxidation at the required bonding temperatures.
PAR  10. Another object of this invention is to improve the apparatus depicted
      in Ser. No. 41,375 for accomplishing the objects in above (9) by insertion
      of additional heating and cooling zones to achieve multiple step heating,
      bonding and cooling for each addition of FEP film, and the addition of
      inert gas injection means for the system of connected containers as
      depicted in FIG. 11 of the present application which is a revised version
      of FIG. 11 of Ser. No. 41,375.
DRWD
PAR  The invention will be more readily understood by reference to the
      accompanying drawings, largely diagrammatic in character, illustrative of
      the improved product and method and means for producing the same.
PAR  In the drawings:
PAR  FIG. 1 is a longitudinal sectional view showing an unbonded laminate of
      plastic film and thin metal superposed upon a flat base; and also depicts
      the same after bonding.
PAR  FIG. 2 is a view similar to FIG. 1 intended to illustrate the expansion and
      buckling of the plastic film at an intermediate state of heating in the
      course of bonding the laminate;
PAR  FIG. 3 is a view similar to FIG. 1 with the laminate superposed upon a
      convexly curved metal surface;
PAR  FIG. 4 is a view similar to FIG. 2 at an intermediate stage of expansion of
      the plastic but with the laminate superposed upon a convex surface as in
      FIG. 3;
PAR  FIG. 5 is a view similar to FIG. 1 but with the unbonded laminate resting
      on the concave surface of a metal base;
PAR  FIG. 6 is a view similar to FIG. 5 but with the plastic layer shown at its
      maximum expansion as in FIGS. 2 and 4;
PAR  FIG. 7 is a view similar to FIG. 5 but with the plastic film shrunk and
      pulled away from the metal sheet;
PAR  FIG. 8 is a side view partly in section of a heating vessel or container
      subjected to a vacuum pump or the like and having suspended therein a
      composite roll of plastic and metal sheets to be subjected to a heat
      bonding operation under subatmospheric pressure conditions;
PAR  FIG. 9 is a transverse section view of line 9--9 through the composite roll
      of FIG. 8 on a larger scale than in FIG. 8 and with the core shown
      proportionately much larger than in FIG. 8;
PAR  FIG. 10 is a longitudinal sectional view of the composite roll of FIG. 8
      and on a larger scale taken on line 10--10 of FIG. 9 and showing the
      spacer strips of FIG. 8 on each end of the composite roll, the core also
      being shown enlarged as compared with that of FIG. 8 but somewhat less
      proportional size than in FIG. 9;
PAR  FIG. 11 is a diagrammatic view showing an apparatus for bonding one or more
      layers of plastic film to each surface of a flexible metal strip, said
      apparatus including three fluid-tight vessels or containers connected by
      elongated heating conduits, the whole system being subjected to a suitable
      degree of vacuum, means being provided for passing the metal strip
      successively from a first vessel through a first conduit to a second
      vessel and thence through a second conduit to a third vessel, plastic film
      being adapted to be supplied to opposite surfaces of the metal film in
      continuous operation and bonded thereto by heating under subatmospheric
      conditions.
PAR  FIG. 12 is a schematic or diagrammatic drawing for a heating device for
      application of plastic film to metal surfaces of bars, rolls, tubes and
      the like, said device including an inner and outer vacuum chamber and a
      heating source within the chamber and valve inlet and outlet conduits for
      inert gas connected to the inner chamber.
DETD
PAR  This invention is a continuation-in-part of my application Ser. No. 311,137
      filed Dec. 1, 1972 which is a continuation of my application Ser. No.
      41,375 filed May 28, 1970, (now abandoned) relating solely to Phase A of
      that application. Eleven of the drawings of said prior application from
      Phase A, 1 to 11 inclusive, have been used herein; FIGS. 1-7, 9 and 10
      without any revisions, FIG. 8 with minor revisions and now designated as
      FIG. 8 (modified), and FIG. 11 with appreciable revisions and now
      designated as FIG. 11 (modified). Much of the descriptive matter for these
      drawings, appearing as pages 19 to 24 inclusive in Ser. Nos. 41,375 and
      311,137, has also been incorporated in this application with revisions
      added where needed, this appearing on succeeding pages following this
      page. A new teaching and drawing has been added to the list of drawings
      and is designated as FIG. 12.
PAR  A discussion of old FIG. 11 of Ser. Nos. 41,375 and 311,137 is in order
      here, since it is the most important drawing with the most changes,
      together with a list of such changes made in converting it to FIG. 11
      (which will be desribed in detail in its proper sequence in the following
      pages) as follows:
PAR  FIG. 11 of Ser. Nos. 41,375 and 311,137 is a schematic drawing which
      depicts a method of continuously bonding multiple layers of FEP film to
      both sides of a metal strip in an environment of reduced atmospheric
      pressure, using heat as a sole bonding agent, in this case producing a
      final laminate of two bonded layers of FEP on each side of a roll of metal
      strip. It teaches one heating, bonding and cooling step for the final two
      coats of FEP, and incidentally, two heating, bonding and cooling steps for
      the first two coats of FEP film, the cooling used, in this instance, to
      prevent sticking of hot FEP bonded film to rollers 34 and 35, although
      silicone oil is added to further aid in its non-sticking to both the
      rollers and the support base 39 along which the laminate slides when
      re-heated for the 2nd two layers of FEP film. It was the method employed
      in this system that suggested the discovery that multiple or at least
      2-step heating, bonding and cooling laminates of FEP film and metal strips
      could possibly produce an entrapped air-free product. Changes in FIG. 11
      of Ser. Nos. 41,375 and 311,137 to convert it into FIG. 11 of the present
      application are as follows:
PAR  1. A second heat zone 23' and a second partial cooling zone 24' have been
      inserted into conduit 22 between partial cooling zone 24 and silicone
      applicator-roller 34.
PAR  2. A second heat zone 26' and a second cooling zone 27' have been inserted
      into conduit 25 between partial cooling zone 27 and guide roller 40.
PAR  3. The valved outlet 21 to vacuum pump has been moved from container 19 to
      container 20.
PAR  4. A valved inlet 21' for injection of inert gas has been added to
      container 18.
PAR  Referring further to the drawings:
PAR  FIG. 1 shows a layer 1 of heat bondable plastic film preferably of
      fluorocarbon polymer, such as DuPont FEP from 0.005 to 0.02" thickness
      superimposed on a sheet of metal 2 from 0.0012" upward, both layer resting
      on a flat base 3. The film and metal sheet appear flat, before and after
      bonding with heat at 450.degree. to 600.degree.F. in a vacuum.
PAR  FIG. 2 shows the film 1 and metal sheet 2 of FIG. 1 at an intermediate
      temperature, 300.degree. to about 450.degree.F., when the film is at its
      maximum expansion prior to shrinking and bonding to the metal surface as
      shown in FIG. 1. Air trapped under the folds of film 1 will cause bubbles
      or blisters upon shrinking and bonding of the film unless the process is
      performed in a vacuum.
PAR  FIg. 3 shows a FEP film 1 superimposed on a sheet of metal 2, both in
      curved position over a curved base 4, the film being on a convex side of
      the metal sheet which is, in turn, on the convex side of the base 4. The
      film and the metal sheet appear this way prior to any heating and after
      heat bonding at a temperature of 450.degree. to 600.degree.F. in a vacuum.
PAR  FIG. 4 shows a FEP film 1 at its maximum expansion between 300.degree. and
      450.degree.F. prior to shrinking and bonding from 450.degree. to
      600.degree.F. as shown in FIG. 3.
PAR  FIG. 5 shows a FEP film 1 superimposed on metal sheet 2, touching its
      concave side, it in turn resting on the concave side of base 50, all prior
      to any heating.
PAR  FIG. 6 shows the FEP film 1 at its maximum expansion between 300.degree.
      and 450.degree.F. prior to shrinking from 450.degree. to 600.degree.F.
PAR  FIG. 7 shows the FEP film 1 shrunk and pulled away from metal sheet 2 as
      the temperature is elevated above 300.degree.F., failing to bond to metal
      sheet 2.
PAR  FIG. 8 (modified) shows a hollow cylindrical vessel 6 from which air is
      removed through conduit 15 to a source of vacuum (not shown). An inlet
      conduit 15' is provided for injection of inert gas such as nitrogen when
      such is required for prevention of oxidation of oxidizable metals. This
      vessel 6 is built to permit removal of ends 6a to permit entering, by
      means of flanges 16. Inside 6 is a composite roll 11' having, first, a
      base sheet of heavier metal (about 0.01 inches thickness) for maintaining
      a true coil when very thin metal sheets are to be bonded to FEP, this
      heavier sheet shown by numeral 11. At each end of sheet 11 is a spacer
      strip 12 of flexible material, about 1/16 thick and 1 to 2 inches wide and
      attached to sheet 11 with slack to allow for curving over sheet 11 when
      coiled. These spacer strips can be made of any suitable material, such as
      woven asbestos tape, fibre glass or corrugated metal, of similar material
      and thickness as the back up sheet 11. Curved over 11, between spacer
      strips 12 is, next, a layer of thin flexible metal 13 to be bonded to a
      FEP film sheet. On top of metal sheet 13 in contact with it is a thin FEP
      sheet 14 which is to be heat bonded to the metal strip 13. Since the
      combined thickness of sheets 13 and 14 is only a few mils, the space
      between them and the bottom side of base sheet 11 created by spacer strips
      12 is ample to allow for intermediate expansion of the FEP sheet 14 when
      it is being brought up to bonding temperature. The composite roll 11' is
      held intact by pairs of curved straps 10 bolted together at flanges 17 as
      more fully shown in FIG. 9. The composite roll is secured to and supported
      by an axially extending pipe 7 which may be moved into tank 6 by means of
      roller supports 8. Any of several means are employable for this purpose as
      the fabricator might choose. The vessel may be heated in multiple steps of
      heating and cooling to bonding temperatures of about 550.degree.  to
      650.degree.F by any of several heating means available to those skilled in
      the art, as indicated at 9.
PAR  FIG. 9 is a cross-sectional view of the composite roll 11.degree. showing
      slot 16' in pipe 7 as one of several means of securing base sheet 11 to
      pipe 7. As in FIG. 8, 11 is the base sheet; 12 is a spacer strip; 13 is
      the metal sheet to be coated; 14 is the FEP film to be heat bonded to the
      metal sheet.
PAR  FIG. 10 is a longitudinal cross-sectional view of composite roll 11' giving
      more detail of arrangement of FEP 14 on top of sheet metal 13, both on top
      of base sheet 11, with spacer strips 12 at each end.
PAR  FIG. 11 (modified) shows a schematic arrangement of apparatus for bonding,
      with heat, one or more layers of FEP film to each side of flexible metal
      sheet, the whole operation carried out, without a base sheet or spacer
      strips, and in a substantially subatmospheric pressure or vacuum
      environment. The term vacuum does not mean a perfect vacuum, but
      sufficient vacuum to provide substantially air free bonding to the FEP
      film to the metal strip without use of mashing devices.
PAR  Vacuum pumps are well known in the art. Modern vacuum fore pumps may
      produce pressure down to about 0.001 mm. of mercury. Such extreme
      pressures are unnecessary for the purpose of the present invention and the
      degree of vacuum to be employed in a given case may be determined by
      experimentation. Vacuums from 18 to 26 inches of mercury are generally
      satisfactory. A higher degree of vacuum, while suitable, may be difficult
      to attain commercially, while a lower degree of vacuum may leave some air
      between the laminae.
PAR  Three containers, preferably metal vessels capable of withstanding a
      substantially complete vacuum, shown as 18, 19 and 20, are joined as shown
      by conduits 22 and 25. These conduits are of metal sufficiently wide to
      accommodate maximum width rolls to be coated about 4 feet, sufficient
      depth, at least 1/4inch, to accommodate intermediate expansion folds of
      the FEP film. There is, preferably, a slightly convex curve on the inside
      bottom of the conduits. This supports the moving metal sheet to assure
      convex contact of the FEP film with it, prior to bonding. A flat support
      would probably suffice under some circumstances, but the curved support is
      highly preferable. This conduit must be of sufficient strength to
      withstand substantially full vacuum without internal supports. Numeral 21
      depicts a valved conduit leading to a source of vacuum (not shown) which
      imposes vacuum on the whole system. Numeral 21' depicts a valved inlet
      into container 18 for injection of inert gas into the system when bonding
      FEP film to an oxidizable metal. The system as shown will apply two layers
      of FEP film to each side of a flexible metal strip. The metal strip 30a
      from strip source shown as roll 30 in container 18 is pulled into conduit
      22 underneath support roller 32 which forces the metal strip 30a onto the
      curved bottom 33 of conduit 22. FEP films 28a and 29a are superimposed
      upon the metal sheet or strip 30a from rolls 28 and 29 in container 18 and
      are held to the metal sheet 30a by rollers 31 and 32 which function in an
      unheated zone of container 18. The cool unbonded layer of metal 30a and
      two layers of FEP film 28a and 29a move into and through heat zone 23,
      heated by any of several well known means where minimal sufficient heating
      is effected to bond the FEP to the metal, at a temperature of 500.degree.
      to 525.degree.F. It should be stated here that most rolls of flexible
      metal should be washed grease and dust free, with any of several well
      known solvents, prior to placing in container 18 as is well known to those
      skilled in the art. This is all the preparation needed to insure a good
      heat bond of the FEP to the metal. Continuing, the metal sheet 30a with
      the two layers 28a and 29a of FEP bonded to it on the top surfaces moves
      through partial cooling zone 24 where it is cooled to a temperature below
      500.degree.F, this temperature to be determined experimetally by pre-tests
      to determine the optimum cooling requirement for this cooling step. After
      this 1st step of heating, bonding and cooling, the bonded laminate with
      its inherent spots of unbonded FEP film and entrapped gas is re-heated in
      heat zone 23' to a temperature of 550.degree.F. or more (this maximum
      temperature also determined by preliminary tests to determine the optimum)
      sufficiently to assure removal of entrapped gases through the enlarged
      pores of the unbonded spots of FEP prior to its shrinking and complete
      bonding to the metal surface. The laminate next passes through partial
      cooling zone 24' where it is cooled to a temperature below 500.degree.F,
      sufficiently cooled to prevent sticking to guide roller-silicone
      applicator 34. The metal strip 30a with the two layers of bonded FEP on
      one side passes over guide roller 34 which also functions as a silicone
      applicator for coating the bonded FEP surface with silicone or the like to
      prevent subsequent sticking to the curved bottom 39 of the heat heating
      zone 26 in conduit 25. The details of the silicone applicator roller 34
      are not shown as this as a common appliance known to anyone skilled in the
      art. It should be stated that it might require a hollow shaft, with a
      packing, extending outside to permit replenishing the supply of silicone
      oil or the like in the roller which must be perforated to supply the
      silicone to the FEP surface contacting it. This silicone applicator roller
      34 also serves to help confine the moving strip of metal and FEP to the
      curved bottom 33 of conduit 22, and to direct it to the upper roller 35.
      Rolls 37 and 38 in container 19 supply the second two layers 37a and 38a
      of FEP film which are superimposed on the uncoated upper surface of the
      metal strip 30a at roller 35. Roller 36 functions to hold the metal strip,
      with its two bonded layers 28a and 29a of FEP on the underside now coated
      with a film of silicone oil or the like and its two new layers 37a and 38a
      of unbonded FEP on the top side, to the convex side of curved bottom 39 of
      conduit 25, this contact with roller 36 occuring prior to entry into heat
      zone 26. The metal strip 30a and the four FEP layers pass through heating
      zone 26 where they are brought to a temperature of 500.degree.  to
      525.degree.F, the two unbonded layers of FEP 37a and 38a with inherent
      spaces of entrapped gases and not fully bonded because of this, the
      silicone coating on the bottom of the composite strip preventing sticking
      of the already bonded FEP layers 28a and 29a to the hot curved base 39.
      The metal strip 30a with its two bonded layers of FEP on each side is
      passed through partial cooling zone 27 where it is cooled to a temperature
      less than 500.degree.F. It then passes through a final heat zone 26' where
      it is heated and maintained at a temperature of 550.degree. to
      650.degree.F for sufficient time to assure substantially total removal of
      entrapped gases and effect a maximum bonding of all four FEP strips on the
      metal strip, two on each side. The exposure at this final bonding
      temperature should also be pre-determined for the particular types of FEP
      film and metal strip to be bonded, it, however, having been found less
      than an hour usually suffices. The metal strip 30a with it two bonded
      layers of FEP on each side is then passed through final cooling zone 27'
      where it is cooled sufficiently, below 350.degree.F, to a non-sticking
      state. It leaves cooling zone 27' to pass under guide roller 40 which
      serves to confine it to the bottom 39 and also to direct the finished
      strip onto roll 41 in container 20.
PAR  FIg. 12 is an entirely new drawing for this application and may be
      described as follows: Although it shows a basic apparatus or structural
      arrangement, it is primarily schematic since its components are simple and
      well known to those familiar with the art with omission of such well known
      instruments as pressure gauges, sampling connections, and thermometers or
      other heat measuring instruments that would suggest their use and location
      where desired to one skilled in the art. It depicts what is believed to be
      a novel method of assuring zero oxygen or other oxidizing gases presence
      or contact with a metal subject to oxidation at the heat bonding
      temperatures of a plastic film material being bonded to the surface of
      such metal in an environment of reduced pressure, without application of
      pressure to the outer surface of the heated plastic film and without the
      use of bonding additives. Since most of the fluorocarbons have
      comparatively high softening temperatures that could pose oxidizing
      conditions for some commonly used metals, this method was conceived,
      primarily, for high temperature bonding of FEP fluorocarbon film to
      oxidizable metals. For way of example FIG. 12 depicts three different
      shapes of metallic objects such as a bar, a rod, and a tube, all with
      spiral wrapped plastic film around them. A portion of metal sheet, plate
      or wire would be treated similarly, as could any metal object small enough
      to be placed in the heating inner vacuum chamber. If FEP film is to be
      bonded, only the flat or convex surfaces of the material are suitable for
      such heat bonding. Other types of suitable plastics tend to soften and
      adhere to a concave surface if so arranged that gravity is used to bring
      it into contact with such surface. FIG. 12 teaches the use of an inner
      vacuum chamber, situated within an outer vacuum chamber, the inner chamber
      containing a source of heat within the inner vacuum chamber into which
      said chamber an inert gas is injected, preferably adjacent the heat source
      in order to pre-heat the inert gas, maintaining a slightly greater
      pressure in the inner chamber than that in the outer chamber as the inert
      gas flows from the inner to the outer chamber. The inner chamber contains
      the metallic objects or materials to be heat bonded to a plastic film. The
      outer vacuum chamber acts as a housing for the inner vacuum chamber the
      space between it and the inner chamber serving as a conduit for outside
      air leakage together with inert gas from the inner chamber which pass to a
      vacuum source outside the outer chamber, this space functioning also as
      heat insulation for the heated inner chamber. Two separate sealable
      openings, one for each chamber, is arranged, permit access to the inner
      chamber when the system is not in operation preventing exposure of its
      sealed opening to atmosphere and possible air leaks when the system is in
      operation. The pressure differential between the inner and outer chamber
      is governed by the volume rate of inert gas injected and the size of
      opening or openings connecting the two chambers, together with the volume
      capacity of the source of vacuum. Details of FIG. 12 are as follows: 101
      denotes the outer vacuum chamber 102 is the inner vacuum chamber, 103 is a
      valve inlet to inner chamber 102 for injection of inert gas, 104 is a
      valved outlet from outer chamber 101 which conveys the mixture of
      leaked-in air and discharged inert gas to a vacuum pump (not shown); 105
      is a heat source located within inner chamber 102 adjacent to the incoming
      inert gas; 106 is an inert gas outlet from inner chamber 102 to outer
      chamber 101; 107 denotes the space between the two chambers which serves
      as a conduit for passage of leaked-in air to outlet 104 and as heat
      insulation between the two chambers, and also serves as a conduit for
      discharged inert gas passing from inner chamber 102 through outlet 106 and
      on to outlet 104; 108 denotes any type of sealed opening for entry to
      inner chamber 102 and is accessible to sealed opening 115 into outer
      chamber 101; 109 denotes a metal bar with a spiral wrap of plastic film
      112 (FEP or other plastic); 110 is a metal rod with a spiral wrap of
      plastic film (FEP or other plastic); 111 is a metal tube with a spiral
      wrap of plastic film (FEP or other plastic); 112 denotes a plastic film
      that is heat bondable to metals, (FEP or other); 113 denotes an inert gas
      inlet zone in inner chamber 102 adjacent heat source 105; 114 is an inert
      gas outlet zone in chamber 102; 115 is any type of sealed opening for
      access to chamber 101, providing direct access, also, to sealed opening
      108 of chamber 102.
PAR  The method of operation as depicted by FIG. 12 for bonding FEP film to a
      metal surface that is oxidizable at the bonding temperatures of the film,
      is as follows:
PAR  The metallic object or material to be heated bonded, with the FEP film
      placed on all flat or convex surfaces to be bonded thereto in a manner
      suggested to those skilled in the art and appropriate to the particular
      configuration involved, is placed in inner chamber 102 through openings
      115 and 108, after which they are firmly sealed. Both chambers are then
      evacuated by a vacuum pump to an optimum vacuum pressure; inert gas
      injection is then begun into chamber 102, this injection continuing
      throughout the whole operation until the product is finally cooled before
      removal from the oven or inner chamber 102 wherein, after sufficient
      sweeping and diffusion action has assured complete purging of any original
      air by the inert gas in inner chamber 102, heat is first applied to begin
      the multiple steps of heating, bonding and cooling of the FEP film and
      metallic surface. The injection rate of the inert gas will govern the time
      required for complete purging of air, this to be determined as the
      operator skilled in the art might choose. Although not shown, since
      sampling devices are well known to industry, such as a sampling device
      could be installed to remove samples as desired from inert gas outlet zone
      114 of chamber 102 for analyzing for oxygen content to assure the complete
      purging of oxygen from chamber 102. Assuming that vacuum suction at outlet
      104 is continuously applied during the complete operation required for
      bonding, the pressure inside inner chamber 102 will always be greater than
      that in outer chamber 101 since the flow is from 102 to 101, thus assuring
      no entry of leaked air into chamber 102. This pressure differential
      between the two chambers need be only very slight, and will be governed,
      mainly, by the size of outlet 106, the volume of inert gas injected into
      chamber 102 and the internal pressures of the two chambers 101 and 102.
      Determination of internal pressures and temperatures in the system may be
      accomplished in several manners known to those skilled in the art, such
      instrumentation not being shown in this disclosure. The inert gas may be
      adequately pre-heated by introducing it near and in contact with the
      heating source 105, prior to contacting it with the plastic film-metal
      suface combination, though it is not essential, but is quite useful to aid
      in providing uniform application of heat to the said combination. As a
      means of introducing supplemental heat with that from heat source 105, the
      inert gas may well be heated (not shown) prior to injection into chamber
      102. Though previously mentioned, it should be emphasized that no heat
      should be applied until it is certain that all oxygen is purged from
      chamber 102 to assure that no oxidation of metal surfaces may occur, and
      in like manner, the bonded combination of plastic film and metallic object
      or material should be allowed to cool to a temperature well below the
      oxidizing temperature of the metal before any exposure to atmospheric
      conditions. It should be noted herein that no pressure is applied to the
      outer surface of a film such as FEP when it is heated and expanded, even
      with the spiral wrap arrangement as shown in FIG. 12, as the overlapping
      layer of FEP film is also expanded and thereby exerts no pressure on the
      layer beneath, thus assuring a superior, uninhibited bond as taught in my
      Application Ser. No. 41,375 and in my Pat. Nos. 3,837,956 and 3,841,937.
      If securing means such as wire are required (not shown) in limited areas
      to hold the unbonded film in place until heat bonded, they should be very
      loosely applied, offering minimum confinement of the FEP film during its
      expansion stage, such wires also expanding and maintaining their original
      looseness as the temperature is increased. This same method as depicted in
      FIG. 12 is also adaptable to a system for superposing the FEP film onto
      the metal surface within the vacuum system as is shown and described in
      FIG. 11 (modified). The three container system connected by conduits as
      shown in FIG. 11 (modified) would simply require an outer chamber fully
      surrounding such system, such configuration suggesting itself to those
      skilled in the art. It should be noted that in such a system where the
      film is applied within the vacuum system, the full purging of air from the
      system would be simpler and easier, with no air spaces between the film
      and metal surface to be purged by diffusion, though many metallic objects
      and configurations do not lend themselves suitable for such an operation,
      requiring application of the film to the object prior to placing in the
      vacuum oven.
PAC  ADVANTAGES OF INVENTION
PAR  Since this invention is a modification of that taught in my abandoned
      application Ser. No. 41,375, and in my Pat. Nos. 3,831,956 and 3,841,937
      still employing the same basic concepts, but offering very major
      improvements in the quality of the product, the same advantages over prior
      art as disclosed in Ser. No. 41,375 and patents also exist herein,
      together with the enhancement provided by this novel teaching. Some of its
      advantages over the prior art, and mainly over that of my prior
      Application Ser. No. 41,375, and patents are as follows:
PAR  1. For all practical purposes the bonded film is completely free of
      blisters or unbonded spots between it and the metal surface, all entrapped
      gases being removed, still possessing maximum bond strength, and bonded
      without application of pressure to the outer surface of the heated film
      and without the use of bonding additives.
PAR  2. The FEP film is uniformly and completely bonded to the metal surface
      achieving a maximum bond strength by use of maximum bonding temperatures,
      without ruptures in the film which plague all other known processes and
      methods (including my U.S. Pat. Nos. 3,837,956 and 3,841,937) where such
      maximum bonding temperatures are required.
PAR  3. All of the economies in equipment design, simpler vacuum pumps, and
      operating costs inherent in medium vacuum operation over very high vacuum
      operation are provided in this novel improvement.
PAR  4. This new method, wherein the entrapped gases are released through
      expanded pores of the unbonded portions of FEP film when heated and bonded
      in a 2nd step, performed under conditions of moderately reduced
      environmental pressure, permits design of a practicable system for
      continuously bonding a FEP plastic film to a moving, flexible metal strip
      as depicted in FIG. 11 (modified), whereas, though theoretically possible,
      it was difficult to accomplish as taught in my U.S. Pat. Nos. 3,837,956
      and 3,841,937 because of the very high vacuum required to produce a
      product that still had a certain amount of film ruptures or pockets of
      entrapped gases.
PAR  5. This method permits bonding of comparatively wide (up to 48 inches)
      strips of FEP film to metal surfaces without application of pressure to
      the outer surface of the film and without the need of cementing additives,
      wherein no gases are entrapped, such gases escaping through enlarged pores
      of the unbonded portion of the FEP film when heated in the 2nd heating,
      bonding and cooling step, whereas in all former art (including my
      Application Ser. No. 41,375) the gases must escape from an edge of the
      unbonded film or force their way out by rupturing the film if high
      strength bonding temperatures are employed. A large area of film does not
      lend itself to the full escape of gases from thereunder.
PAR  6. The use of moderate vacuum pressures, permissible only in a system as
      herein disclosed where strong, complete bonding of FEP film is achieved,
      permits the use of inert gas as a reduced pressure environment to minimize
      heat oxidation of oxidizable metals, thereby achieving a maximum bonding
      with no blisters or film ruptures.
PAR  7. Some advantages of the novel dual chamber oven as depicted in FIG. 12
      are as follows:
PA1  a. Such oven assures an absolutely oxygen free environment for the
      oxidizable metal object or material being bonded by heat to FEP or other
      type of film.
PA1  b. A dual chamber oven can tolerate appreciable air leaks without oxygen
      contamination of the heat bonding process, by constant and complete
      removal of air from the outer chamber as fast as it enters, fully
      by-passing the inner vacuum-heating chamber.
PA1  c. The improved oven permits a more intricate design for the inner chamber
      since its internal and external pressures are nearly equal, whereas the
      outer chamber may have a simpler design to withstand moderate to high
      compressive pressures.
PA1  d. Such oven also permits the outer chamber to act as a heat insulator for
      the inner chamber, by virtue of the partial vacuum space between the walls
      of the two chambers.
PA1  e. The use of dual chambers permits use of far lesser amounts of inert gas
      than a single chamber system, still achieving total oxygen elimination.
PAR  8. In summation, in light of existing art discovered to date, the methods
      of heat bonding of fluorocarbon film such as DuPont FEP to a metal surface
      without application of pressure to the outer surface of the film while
      heated and without use of bonding additives, as taught in my Application
      Ser. No. 41,375 and U.S. Pat. Nos. 3,837,956 and 3,841,937 and herein, is
      unique for economically producing a blister-free, rupture-free, maximum
      strength, and complete bond.
CLMS
STM  Claims of invention:
NUM  1.
PAR  1. The method of adhering a preformed continuous pliable film of heat
      bondable and porous fluorocarbon plastic polymeric material to a flat or
      convex metal surface which comprises heating both the metal surface and a
      layer of the plastic material superposed upon the metal surface in a
      gaseous environment of reduced pressure sufficiently to soften the plastic
      film and bond the same to the metal surface without rupturing the film
      employing multiple, successive steps of heating, bonding and cooling
      without application of compressive pressure to the outer surface of the
      heated plastic film to form a bonded metal-plastic combination without
      entrapment of gas.
NUM  2.
PAR  2. The method as defined in claim 1 wherein the fluorocarbon film is
      hexafluoropropylenetetrafluoroethylene.
NUM  3.
PAR  3. The method as defined in claims 1 wherein the environment of reduced
      pressure or partial vacuum is less than one-half atmosphere.
NUM  4.
PAR  4. The method as defined in claim 3 in which the bonding temperature
      applied in the first heating, bonding and cooling step is sufficient to
      adhere the film to the metal surface but less than that required to
      rupture unbonded film areas by expansion of gas pockets thereunder and
      less than that required to produce a maximum strength bond, this bonding
      temperature being generally in the range of about 500.degree. to
      525.degree. F and the cooling temperature below about 500.degree. F; and
      further, a further step of heating, bonding and cooling in which the
      heating promotes removal of any remaining entrapped gases through enlarged
      pores of the expanded unbonded portions of the film, as it progressively
      expands, shrinks and bonds to the metal surface, the final maximum
      temperature being greater than 525.degree. F and sufficiently high to
      effect a maximum bond strength, and, finally, cooling the finished bonded
      plastic-metal combination to a non-sticking temperature of the film prior
      to its removal from the vacuum-oven.
NUM  5.
PAR  5. The method as defined in claims 1 wherein the gaseous environment
      consists of an inert (non-oxidizing) gas, and the metal is not oxidized
      regardless of temperatures required for maximum strength bonds or the type
      of metal being bonded.
NUM  6.
PAR  6. The method as defined in claims 1 wherein the gaseous environment is
      air, and the metal is not oxidizable at the maximum bonding temperature of
      the fluorocarbon plastic.
NUM  7.
PAR  7. The method as defined in claims 1 wherein the initial bonding or
      adhesion temperature of the fluorocarbon plastic film is within the range
      of 450.degree. to 625.degree.F.
NUM  8.
PAR  8. The method as defined in claims 1 wherein the flat or convex metal
      surface may be all or a portion of the surface of any type of metallic
      object or type of material such as rod, tubing, bar, angle, plate or
      sheet, the limiting requirements being that the surface be susceptible to
      exposure to an environment of reduced pressure and heatable to the
      required bonding temperature of the fluorocarbon plastic film.
NUM  9.
PAR  9. The method as defined in claim 1 wherein the plastic film is a
      tetrafluoroethylene polymer.
NUM  10.
PAR  10. The method according to claim 1 wherein the plastic film comprises
      hexafluoropropylenetetrafluoroethylene.
NUM  11.
PAR  11. The method of adhering a pliable film of heat bondable and porous
      fluorocarbon plastic polymeric material to a flat or convex surface which
      comprises superposing a preformed continuous layer of the plastic material
      to the metal surface in a gaseous environment of reduced pressure to
      minimize entrapment of gases between the plastic layer and the metal
      surface and in multiple, successive steps of heating, bonding and cooling
      to effect removal of remaining entrapped gas, applying sufficient heat to
      soften the plastic film and bond the same to the metal surface to form a
      bonded metal-plastic combination, without rupturing the film and without
      application of compressive pressure to the outer surface of the heated
      plastic film.
NUM  12.
PAR  12. The method as defined in claim 2 wherein the plastic film is a
      tetrafluoroethylene polymer.
NUM  13.
PAR  13. The method according to claim 11 wherein the plastic film comprises
      hexafluoropropylenetetrafluoroethylene.
NUM  14.
PAR  14. The method of adhering a film of heat bondable and porous fluorocarbon
      plastic polymeric material to a flat or convex metal surface which
      comprises superposing a preformed continuous pliable film of the plastic
      material to the metal surface subjecting the combination to a gaseous
      environment of reduced pressure to remove a portion of the gas from
      between the film and the metal surface before heating and the balance of
      gas after applying sufficient heat to soften the plastic film and bond the
      same to the metal surface without rupturing the film in multiple,
      successive steps of heating, bonding, and cooling to form a bonded
      metalplastic combination, without application of compressive pressure to
      the outer surface of the heated plastic film.
NUM  15.
PAR  15. The method as defined in claim 3 wherein the plastic film is a
      tetrafluoroethylene polymer.
NUM  16.
PAR  16. The method according to claim 14 wherein the plastic film comprises
      hexafluoropropylenetetrafluoroethylene.
NUM  17.
PAR  17. The method of heat bonding a preformed pliable continuous heat bondable
      and porous fluorocarbon polymeric plastic film to a flat or convex metal
      sheet surface, without employment of compressive pressure applied to the
      outer surface of the heated film or the use of bonding additives; wherein
      the film is superimposed upon the metal surface of a thin flexible metal
      sheet in a gaseous environment of partial vacuum, and in multiple,
      successive steps of heating, bonding and cooling, the combination is
      heated to the softening and bonding temperature of the plastic, without
      rupturing the film the heated plastic film having no confining contact on
      its outer surface at any time during the heating, bonding, and cooling
      steps, thus minimizing entrapment of gases between the plastic film and
      the metal surface in the first step of heating, bonding and cooling upon
      primary expansion of the plastic as its temperature is raised and its
      subsequent shrinking and bonding upon further temperature elevation, and
      then removing the balance of entrapped gases through expanded pores of
      unbonded film in subsequent heating, bonding, and cooling steps.
NUM  18.
PAR  18. The method according to claim 17 wherein fluorocarbon polymeric plastic
      films are bonded to both sides of the metal strip in a continuous
      operation.
NUM  19.
PAR  19. The method according to claim 18 wherein first one side and then the
      other side of the metal strip are coated with fluorocarbon plastic films.
NUM  20.
PAR  20. The method according to claim 19 wherein the outer surface of the
      bonded fluorocarbon film to metal is coated with non-stick coating
      material prior to bonding the plastic fluorocarbon film to the second side
      to prevent the first side from sticking to a support backing strip when
      heated.
NUM  21.
PAR  21. The method according to claim 20 wherein the non-stick coating material
      is silicone.
NUM  22.
PAR  22. The method as defined in claim 17 wherein the plastic film comprises a
      tetrafluoroethylene polymer.
NUM  23.
PAR  23. The method according to claim 17 wherein the plastic film comprises
      hexafluoropropylenetetrafluoroethylene.
NUM  24.
PAR  24. The method of heat bonding a heat bondable and porous fluorocarbon
      polymeric plastic pliable film to a flat or convex metal surface, without
      employment of compressive pressure to the outer surface of the heated film
      or the use of bonding additives; wherein the film is first superimposed
      upon the metal surface in a partial vacuum environment of rarefied inert
      gas on both sides of the film and on the metal surface; the film and metal
      surface then brought to softening and bonding temperature of the plastic
      without rupturing the film, in multiple, successive steps of heating,
      bonding, and cooling, thus bonding the plastic film to the metal surface
      without entrapment of inert gas between the film and metal surface, and
      with minimum or no formation of metallic oxides on the metal surface.
NUM  25.
PAR  25. The method according to claim 24 wherein the plastic film comprises a
      tetrafluoroethylene polymer.
NUM  26.
PAR  26. The method according to claim 24 wherein the plastic film comprises
      hexafluoropropylenetetrafluoroethylene.
NUM  27.
PAR  27. The method of heat bonding a preformed continuous heat bondable and
      porous fluorocarbon polymeric plastic pliable film to a flat or convex
      metal surface, without employment of compressive pressure applied to the
      outer surface of the heated plastic film or use of bonding additives;
      wherein the fluorocarbon film is first superimposed upon the metal
      surface, then subjected to a vacuum environment of inert gas on both sides
      of the film and on the metal surface; the film and metal surface then
      heated to softening and bonding temperature of the plastic without
      rupturing the film, in multiple successive steps of heating, bonding and
      cooling, thus bonding the plastic film to the metal surface,
      un-inhibitedly, without entrapment of inert gas between the bonded film
      and metal surface, and with no formation of metallic oxides on the metal
      surface.
NUM  28.
PAR  28. The method according to claim 27 wherein the plastic film comprises a
      tetrafluoroethylene polymer.
NUM  29.
PAR  29. The method according to claim 27 wherein the plastic film comprises
      hexafluoropropylenetetrafluoroethylene.
NUM  30.
PAR  30. The method of heat bonding a continuous heat-bondable porous
      polymeric-fluorocarbon pliable plastic film to the surface of metallic
      materials or objects, oxidizable at the bonding temperature of the
      plastic, in a partial vacuum environment of inert gas, wherein the plastic
      film and metallic object or material are situated in an inner partial
      vacuum chamber which functions as a heating chamber and recipient for the
      inert gas, and wherein this inner partial vacuum chamber is situated
      within an outer partial vacuum chamber, and wherein the injected inert gas
      flows from said inner chamber into the outer partial vacuum chamber,
      mixing with air leaked into the outer chamber, and the mixture then
      flowing from the outer chamber through an outlet to a source of vacuum or
      vacuum pump, wherein multiple, successive steps of heating, bonding and
      cooling are employed for total removal of entrapped gases between the
      plastic film and the metal surface without rupture of the film, and
      without the application of compressive pressure to the laminate during
      said steps.
NUM  31.
PAR  31. The method as defined in claim 30 wherein the plastic film is
      fluorocarbon hexafluoropropylenetetrafluoroethylene.
NUM  32.
PAR  32. The method as defined in claim 30 wherein the inert gas is pre-heated
      prior to contacting the plastic film-metal surface combination, after all
      oxygen is purged from the system and the heating of said combination is
      initiated.
NUM  33.
PAR  33. The method as defined in claim 24 wherein the plastic film is
      fluorocarbon hexafluoropropylenetetrafluoroethylene.
NUM  34.
PAR  34. The method as defined in claim 30 wherein no metallic oxides are
      formed, thereby assuring maximum bonding of the plastic film to the metal
      surface.
NUM  35.
PAR  35. The method as defined in claim 30 wherein the metal surface is flat or
      convex.
PATN
WKU  039335518
SRC  5
APN  4205774
APT  1
ART  161
APD  19731130
TTL  Stabilization of tread strip during bonding to tire
ISD  19760120
NCL  4
ECL  1
EXP  Cosby; Clifton B.
NDR  1
NFG  2
INVT
NAM  Brodie; Edwin T.
CTY  Muscatine
STA  IA
INVT
NAM  Seiler; Ronald
CTY  Muscatine
STA  IA
ASSG
NAM  Bandag Incorporated
CTY  Muscatine
STA  IA
COD  02
CLAS
OCL  156 96
XCL  156128R
XCL  156394FM
EDF  2
ICL  B29H  504
ICL  B29H 1736
FSC  156
FSS  128;394;394 FM;96
UREF
PNO  3558383
ISD  19710100
NAM  Lejeune
OCL  156 96
UREF
PNO  3779830
ISD  19731200
NAM  Reppel
OCL  156 96
UREF
PNO  3802978
ISD  19740400
NAM  Barnett
OCL  156128
UREF
PNO  R15120
ISD  19210600
NAM  Pfeiffer
OCL  156 96
FREF
PNO  555,690
ISD  19430900
CNT  UK
OCL  156 96
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  In bonding a prevulcanized tread strip to a tire casing with a
      low-temperature-vulcanizable bonding medium temporary support elements in
      the form of elastic rings are inserted in the circumferential tread
      grooves during pressing of the tread strip against the tire casing for the
      purposes of achieving uniform pressure over the whole tread strip and
      preventing distortion or movement of portions of the tread strip and/or
      bonding medium during the bonding operation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to methods and apparatus for bonding a prevulcanized
      rubber tread strip to the circumference of a tire casing. In particular it
      relates to improved methods and apparatus for obtaining a uniform bond
      over the entire contact area between the tread strip and the tire casing
      and for preventing distortion or unwanted movement of a portion of the
      tread strip and/or bonding medium during the bonding operation.
PAR  In recent years it has become conventional to retread a worn tire casing by
      bonding to the circumference thereof a prevulcanized profiled tread strip
      by means of rubber-base bonding materials which can be vulcanized rather
      rapidly at relatively low temperature. The bonding technique is also
      suitable for making new tires from newly manufactured tire casings having
      no tread on their circumferences. In either case the technique includes
      the step of pressing or forcing the tire casing and tread strip together
      while applying vulcanizing heat to the bonding medium, and in order to
      obtain a satisfactory bond it is always necessary to avoid the presence of
      air between the tread strip and tire casing. Removal of air is most
      readily effected by covering the tread strip and at least the adjacent
      side walls of the tire casing with a flexible impervious cover or
      envelope, sealing the cover to the tire and effecting a differential
      pressure between the interior and exterior of the cover as by applying
      fluid pressure to the exterior of the cover or applying a vacuum to the
      space between the cover and the assembly of tire casing and tread strip or
      a combination of both fluid pressure and vacuum applied sequentially or
      simultaneously. In either case the air is exhausted through a suitable
      conduit which is in communication at one end with the space. The pressing
      and vulcanizing operation may be carried out using the same fluid pressure
      differential technique or by means of mechanical pressure. Examples of
      different air expulsion and/or pressing operations are more fully
      described in U.S. Pat. Nos. 2,976,910 (Nowak), 3,236,709 (Carver),
      3,325,326 (Schelkmann), 3,752,726 (Barefoot), and 3,745,084 (Schelkmann).
PAR  It has been recognized, for example, in the aforenoted U.S. pat. Nos.
      3,325,326 and 3,745,084 that the pressing together of the tread strip and
      tire casing may sometimes produce variations in the pressure being applied
      at different locations, with the result that the bonding medium and/or the
      tread are distorted or shifted during bonding. The resulting product may
      be unsatisfactory in having a nonuniform bond between tread and tire
      casing or in having other defects. The problem is thought to arise because
      pressure is exerted by whatever pressing element is used only on the outer
      surfaces of the tread profiles. In spite of the air removal operation some
      air may remain in the tread profiles with a resulting reduction in the
      pressure transmitted to those portions of the tread strip and those
      portions of bonding material lying directly below the circumferential
      tread grooves. The solution proposed by U.S. Pat. 3,325,326 is to first
      apply a vacuum inside the envelope and fluid pressure to the exterior of
      the envelope and then increase the pressure inside the envelope. The
      solution proposed by U.S. Pat. No. 3,745,084 is to assure that the
      envelope penetrates to the bottom of the grooves.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the problem of unequal pressure
      distribution in and on the tread strip and bonding medium by inserting
      temporary pressure transmitting members, or support members into the
      circumferential tread grooves during the pressing and bonding operation.
      The support members are preferably in the form of elastic rings or endless
      ribs each of which engages the bottom and sides of its respective grooves
      so as to substantially fill the groove. It has been found that the
      resilient material of the support members positively transmits the
      presence of the pressing element to the bottom and sides of the groove to
      distribute the pressure evenly.
PAR  Specifically it has been found that the presence of the rings during
      pressing and bonding are very effective to transmit the radial pressure of
      the pressing element evenly to the tread and bonding medium, to avoid the
      formation of thick and thin areas of bonding medium, to stabilize the
      tread strip against distortion of the tread ribs and the undertread
      portions under the grooves, and to prevent lateral displacement of the
      tread strip itself. A further advantage of the rings relates to the splice
      which is normally present between the two ends of the tread strip. The
      splice is usually made by placing bonding medium between the two ends of
      the tread strip as it is wrapped around the tire casing. During the
      pressing operation this bonding medium is compressed between the two ends
      of the tread strip, and when the envelope does not extend to the bottom of
      the tread groove some of this bonding medium may be forced radially
      outward into the groove where it cures and forms a dam which may
      completely fill the cross section of the groove at the location of the
      splice. The rings, in transmitting pressure to the splice area, prevents
      the formation of dams by forcing any displaced bonding medium against the
      bottom of the grooves so as to form thin layers.
PAR  The rings are particularly useful during bonding of tread strips which have
      been slit with a large number of closely spaced parallel cuts extending
      across the tread at an angle to the tread grooves. These slits or cuts
      penetrate radially into the tread ribs whereby each rib is divided into a
      large number of small separate tread elements which enhance the gripping
      power of the tread during road use. These tread elements, and
      consequently, the undertread portion of the tread strip are rather easily
      deflected or distorted during the pressing and bonding operation, but it
      has been found that the rings of this invention are very effective in
      supporting or stabilizing the elements. The slitting of tire treads to
      improve performance is, broadly, a well-known technique as disclosed, for
      example, in U.S. Pat. No. 2,863,507 (Meserve et al).
PAR  In its preferred form the invention contemplates that the rings be inserted
      into the tread grooves prior to the conventional stitching operation.
      Stitching is the term applied to the step of applying a roller or rollers
      to the circumference of the assembly of tire casing, bonding medium and
      initially wrapped tread strip while rotating the assembly in order to
      provide initial adhesion of the tread strip to the tire casing prior to
      applying an envelope to the assembly. By inserting the rings prior to the
      stitching operation the rings become firmly seated in the tread grooves by
      the action of the stitching roller, inasmuch as the latter presses against
      the outer surface of the tread strip with sufficient force to temporarily
      deflect the tire casing radially inwardly.
PAR  The support members may be employed in any type of bonding operation
      involving the pressing of a tread strip against the tire casing by a
      flexible pressing element such as an envelope or by a solid pressing
      element such as smooth rigid mold members or a flexible metal band. The
      support members have particular advantage in the envelope type of
      operation, because it has been found that it is very seldom possible to
      force the envelope completely into the tread grooves due to the thickness
      of the envelope which is required for strength and durability. The
      envelope may penetrate part way into the grooves, and, therefore, the
      support members need not always completely fill the grooves. The members
      need only substantially fill the grooves and by this is meant that the
      envelope will tightly engage the outwardly facing surfaces of the member
      so that the pressure exerted by the envelope will be transmitted to the
      bottom of the grooves.
PAR  The preferred form of support members are resilient rubber rings capable of
      substantial elastic extension, each ring being formed from a length of
      rubber stock by stapling or splicing or otherwise securing the ends of the
      length together. Preferably the rings have circumference less than the
      circumference of the tire and tread assembly so that they may be inserted
      into the tread grooves by stretching them over the circumference of the
      assembly and then allowing them to contract so as to fit snugly into the
      tread grooves, or at least to lie in the upper portion of the grooves so
      that they can then be pressed completely into the grooves. The flexibility
      of the rings is such that they follow the normal serpentine or zig-zag
      shape of the grooves.
PAR  The cross sectional shape of a ring may be circular or other shape, it
      being only necessary that the flexibility and resilience of the material
      of the ring be such that the ring generally conforms to the shape of the
      groove when pressure is applied to the outer surface of the ring. It is
      important, however, that the ring have a width dimension which will permit
      easy insertion of the ring into the groove and subsequently provide
      support for the tread profiles when pressure is being applied. In the
      relaxed condition the ring may have a width dimension of 80 - 100% of the
      groove width. The height dimension of the ring may be 50 - 100% of the
      groove depth. As an example, a 0.250 inch diameter ring is appropriate for
      a passenger tread having a groove width of 0.250 inch to 0.300 inch and a
      groove depth of 0.4375 inch.
PAR  The rings may be of solid or tubular cross section, and if tubular they may
      be inflatable so that upon introduction of fluid pressure they expand into
      even tighter engagement with the sides and bottom of the tread grooves.
      The rings may also take the form of spaced apart ribs projecting from a
      common thin web which in the operative position of the rings will overlie
      the outermost surfaces of the tread ribs.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic sectional view of a tire and tread assembly being
      bonded together by a prior art method and illustrating in exaggerated form
      some of the distortion problems which may arise; and
PAR  FIG. 2 is a schematic fragmentary view of a tire and tread assembly being
      bonded together using the method and apparatus of the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates in schematic form a bonding operation being carried out
      by the technique disclosed in the aforenoted U.S. Pat. No. 3,236,709 and
      showing in exaggerated form some of the problems which can arise as a
      result of nonuniform distribution of pressure on the tread strip. There is
      shown a tire casing 10 mounted on a rim 12 so as to be inflatable with air
      or other fluid through a suitable valve 14. A prevulcanized tread strip 16
      has been wrapped around the circumference of the tire casing 10 with a
      bonding medium 18 interposed between the two. The bonding medium 18 may be
      any suitable rubber base composition which is capable of
      self-vulcanization at elevated temperature and capable of forming a bond
      between the tread strip 16 and the tire casing 10. Preferably the bonding
      medium 18 is vulcanizable at temperatures between about 190.degree.F. and
      250.degree.F. The tread strip 16 has been prevulcanized under high
      pressure and as shown includes conventional grooves 20 and ribs 21 each of
      which extends continuously around the circumference.
PAR  Overlying the tread strip 16 and the side walls of the tire casing 10 is a
      pressing element in the form of a flexible rubber annular envelope 22
      which extends around the circumference of the tire and tread assembly. The
      edges of the envelope 22 are temporarily sealed to the side walls of the
      tire casing 10, as by being clamped at 24 between the side walls and the
      rim 12. The entire assembly of rim 12, tire casing 10, tread strip 16,
      bonding medium 18 and envelope 22 is disposed in a vessel 26 such as an
      autoclave. In order to press the tread strip 16 against the circumference
      of the tire casing 10 and vulcanize the bonding medium 18 heated fluid
      such as a mixture of steam and air is injected into the vessel 26, a
      suitable connection 28 being provided in the wall of the vessel 26 for
      this purpose. The pressure should be no greater than the inflating
      pressure in the tire casing 10 so that the latter will not be deformed.
      Usually the tire casing will be inflated to about normal road pressure,
      and the autoclave pressure will be somewhat less.
PAR  The space between the inside surface of the envelope 22 and the assembly of
      tire and tread strip is in communication with the atomosphere outside the
      vessel 26 as by means of a conduit 30 connected to the envelope 22. The
      fluid pressure in the autoclave thereby presses the envelope 22 in tight
      contact with the assembly and forces the tread strip 16 against the
      circumference of the tire casing 10, the air in the envelope 22 being
      forced out through the conduit 30.
PAR  The thickness and flexibility of the envelope 22 and the width of the tread
      grooves 20 are such that normally the envelope 22 cannot penetrate to the
      bottom of the grooves, as shown in FIG. 1, even though this would be
      desirable. Instead the envelope 22 will normally penetrate only part way
      into the grooves 20 with the results that air will be trapped in the
      grooves 20 and that there is less force at the bottoms of the grooves 20
      and less pressing of those portions of the tread strip 16 against the tire
      casing. This alone may produce a weaker bond under the grooves 20. At the
      same time there is maximum force being applied on the outer surfaces of
      the tread ribs 21 without there being any support for the sides of the
      ribs 21. The overall result of this state of nonuniform pressure being
      exerted on the tread strip 16 is that several forms of distortion of the
      latter and of the bonding medium 18 may occur. One form of distortion is
      that the undertread portions of the tread strip may become humped, as
      shown at 32 in exaggerated form. Also, the individual tread ribs 21 may
      pitch or tilt as shown at 34. Further, the bonding medium 18 may become
      distorted into thick and thin portions 36 and 38 from movement of the
      individual ribs 21 or from lateral movement of the entire tread strip 16.
      Still further, as explained above but not shown in the drawing, bonding
      material from the spliced ends of the tread strip 16 may form a dam across
      one or more of the grooves 20.
PAR  FIG. 2 illustrates how these defects are avoided by the presence of support
      or stabilizing members in the grooves 20 during the pressing and bonding
      operation. In the illustrated embodiment the support members are resilient
      flexible elastic O-rings 40 which have been inserted into the grooves 20.
      The material of the rings 40 may be neoprene or other age resisting rubber
      having as original properties a tensile strength of at least 100 psi,
      270.degree. elongation and 60 .+-. 3 Shore A Durometer and having aged
      properties after 8 days at 230.degree.F. of 70 psi tensile strength, 70%
      elongation and 72 .+-. Shore A Durometer. In a relaxed condition the rings
      40 should have a circumference of about 75% of the circumference of the
      assembly of tire casing and tread strip.
PAR  The rings 40 are inserted in the grooves 20 by stretching them over the
      circumference of the tire and tread assembly and pressing them into the
      grooves 20 prior to enclosing the assembly in the envelope 22. It is
      preferred that the insertion step be carried out simultaneously with
      stitching the tread strip 16 to the tire casing 10 because this assures
      that each ring 40 will be properly seated in the bottom of its groove
      before the envelope 22 is applied.
PAR  As shown in FIG. 2 each ring 40 should fit snugly in its groove 20 so as to
      be in contact with the bottom and at least a substantial portion of the
      side wall of the groove 20. The envelope 22 contacts the outer surface of
      the rings 40 so that autoclave pressure is transmitted to the undertread
      portions of the tread strip 16 directly below the grooves 20. At the same
      time the tread ribs are supported against lateral distortion. The result
      is that all portions of tread strip are pressed against the circumference
      of tire casing 10 at essentially the same pressure, and there is no
      distortion of the bonding medium 18, the undertread or the tread ribs 21.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the method of bonding the circumference of a tire casing to a
      prevulcanized rubber tread strip having a continuous undertread portion
      integral with tread ribs which are spaced apart by grooves by interposing
      a cold-vulcanizable bonding medium between the tread strip and the tire
      casing, engaging the outer surface of the tread ribs with a pressing
      element which is essentially free of engagement with the surfaces of the
      grooves and forcing the pressing element simultaneously against the entire
      outermost surface of the tread ribs in order to press the tread strip
      against the tire casing and to expel entrapped air from between the tread
      strip and the tire casing, while heating the bonding medium to effect
      vulcanization thereof, the improvement which comprises placing in at least
      one of the tread grooves a temporary pressure-transmitting support member
      which engages the bottom and at least a substantial portion of the side
      wall of the groove and which extends at least a major proportion of the
      length of the groove, thereafter effecting the engagement of the outer
      surface of the tread ribs with the pressing element, said temporary
      support member being engaged by the pressing element and transmitting the
      pressing action of the pressing element to the bottom wall of the groove
      so as to aid in applying pressure uniformly over the undertread portion of
      the tread strip, and thereafter removing said pressing element and said
      support member.
NUM  2.
PAR  2. Apparatus for bonding a prevulcanized grooved and ribbed tread strip to
      the circumference of a tire casing by means of a vulcanizable bonding
      medium interposed between the tread strip and the tire casing comprising
      resilient elastic rings insertable within the grooves of the tread strip
      so as to engage the bottom and side walls of the grooves pressing means
      for applying radial inward pressure simultaneously over the entire
      outermost surfaces of the tread ribs and to the radially outermost
      surfaces of the resilient elastic ring means whereby substantially uniform
      pressure is applied to all portions of the tread strip and to the bonding
      medium and whereby the tread strip and bonding medium are stabilized
      against distortion and movement during application of pressure, and means
      for applying vulcanizing heat to the bonding medium during the application
      of pressure.
NUM  3.
PAR  3. Apparatus as in claim 2 wherein said rings are rubber rings which are
      extensible to at least twice their relaxed circumference.
NUM  4.
PAR  4. Apparatus as in claim 3 wherein said pressing means includes a flexible
      fluid impervious envelope.
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PAL  Laminated safety glass panels comprising sheets of rigid transparent
      material, such as glass, polycarbonate, acrylic plastic, polyester and the
      like, alternating with interlayer materials, such as polyvinyl butyral,
      polyurethane and the like, are prepressed to remove entrapped air at the
      interfacial surfaces to prepare the assemblies for final lamination. When
      the relatively rigid plies to be laminated have unsmooth surfaces, such as
      wavy surfaces, or surfaces having imperfections due to the penetration of
      the sheet during thermal treatment by tongs or other solid members that
      engage the rigid transparent sheet during its heat treatment prior to
      assembly for lamination, the preliminary pressing as performed by the
      prior art techniques is insufficient to prevent oil from an oil autoclave
      used in the final laminating step from penetrating into the interfacial
      surfaces between adjacent rigid and relatively flexible layers of the
      assembly to be laminated. The present invention provides a novel technique
      combining prior art techniques that have been used in the past with a
      novel peripheral evacuation chamber to enable existing autoclaves to
      complete the laminating operation while preventing the oil in the
      autoclave from penetrating into the vision area of the laminate along the
      interfacial surfaces between rigid and flexible layers of the laminated
      transparent window that results, which oil penetration causes a reject of
      the fabricated window.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the lamination of rigid transparent sheets of
      glass or glass substitutes, such as polycarbonates, polyester resins,
      acrylic plastics and the like, with flexible interlayer materials such as
      polyvinyl butyral, polyurethanes and the like. The lamination of such
      materials produces laminated safety glass which has been developed for
      various uses, especially as windshield closures.
PAR  Flat assembles to be laminated have been initially treated by a prepressing
      operation to bond the plastic interlayer to the opposing surfaces of the
      relatively rigid layers by heating the assembly and then passing the
      heated assembly between a pair of resilient nipper rolls. A typical glass
      rolling apparatus is disclosed in U.S. Pat. No. 2,673,168 to Pascoe and
      Rugg. Another technique employed to prepress such assemblies to be
      laminated is disclosed in U.S. Pat. No. 2,948,645 to Keim. In this latter
      patent, the periphery and the margin only of the assembly is enclosed in a
      flexible channel shaped member made of a fluid impervious material to
      place the member in engagement with a marginal portion of the outer
      surfaces of the assembly and in spaced relation to at least part of the
      periphery of the assembly to provide a conduit adjacent the periphery of
      the interfaces between the interlayer and the relatively rigid glass
      sheets, air is evacuated from the conduit through the member to remove air
      from between the interlayer and the glass sheets, the assembly and the
      material enclosing it are heated to an elevated temperature to bond the
      interlayer to each glass sheet in at least its marginal area while
      continuing the evacuation to maintain the vacuum in the conduit, the
      member enclosing the assembly is removed, and the assembly is ready for a
      final pressing operation.
PAR  Regardless of whether the prepressing step is performed by the roll
      pressing apparatus depicted in the Pascoe et al patent or by the
      peripheral evacuation technique as disclosed in the Keim patent, the
      prepressed assembly is then ready for final lamination where the assembly
      is directly exposed in an autoclave to an elevated temperature and an
      elevated fluid pressure substantially above atmospheric pressure and
      sufficient to bond the interlayer to the glass sheets substantially
      throughout the entire area of the assembly. As long as the relatively
      rigid sheets of glass or recognized glass substitutes are very smooth, the
      prepressing operation, whether performed by nipper rolls or by peripheral
      evacuation channels, is sufficient to prepare the assembly for its final
      laminating step in an oil autoclave. However, when the surface of the
      relatively rigid sheet of glass or glass substitute material is not smooth
      and has either a wavy appearance or is provided with departures from
      smoothness caused by engaging the glass while hot enough to be deformed
      with solid materials or glass handling elements needed to support the
      rigid material during a thermal treatment such as thermal tempering prior
      to assembling the elements for lamination, the prior art technique for
      prepressing has been found to be unsuitable. Oil has penetrated the
      prepressed assembly during the final laminating step in an oil autoclave.
PAR  In the past, oil penetration has been avoided by assembling the layers of
      rigid transparent material and interlayer material to form an assembly to
      be laminated. The assembled layers were taped together and the taped
      assembly inserted within a flexible bag which was then sealed and
      evacuated. The sealed bag and its contents were inserted in an oil
      autoclave and subjected to elevated heat and pressure for sufficient time
      to complete the lamination and produce a transparent laminated assembly.
      After lamination, the bag was opened and the laminated transparent
      assembly removed. Such a technique uses a flexible bag of the type
      described in U.S. Pat. No. 3,255,567 to Keslar and Rankin. While such bags
      avoided oil penetration during lamination, the cost of the bags and of the
      labor needed to perform a laminating operation using such bags made it
      economically unfeasible to use such a laminating method except in cases
      where the cost of the ultimate laminated window was not of any concern.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a novel prepressing method has been
      developed. This prepressing method involves a combination of roll pressing
      and peripheral evacuation performed simultaneously when the sheets of
      transparent rigid material have surfaces that are sufficiently unsmooth to
      make it impossible to provide a preliminary edge seal by either roll
      pressing alone or peripheral evacuation alone of the assembly. Unless the
      prepressing step is performed according to the present invention, oil
      penetration into the prepressed assembly cannot be avoided during the
      final laminating step when the prepressed assembly is subjected to
      elevated temperature and pressure while in direct contact with oil in an
      oil autoclave.
PAR  According to the method of this invention, the assembly to be laminated is
      enclosed within a peripheral evacuation chamber provided with apertures
      aligned to communicate with the interfacial surfaces between the
      interlayer sheet and the sheets of relatively rigid material. The
      peripheral evacuation chamber is sufficiently thin relative to the
      thickness of the assembly to be laminated that when a pair of nipper rolls
      is applied to prepress the assembly by roll pressing, the nipper rolls are
      spaced sufficient distance from one another so as not to contact the
      peripheral evacuation chamber.
PAR  The peripheral evacuation chamber is subjected to a vacuum during the time
      that the entire package including the assembly to be laminated enclosed
      within the peripheral evacuation chamber is passed between a pair of
      nipper rolls. Surprisingly, the combination of nipper roll pressing and
      peripheral evacuation provides suitable removal of entrapped air and gases
      and moisture from the interfacial surfaces between the interlayer and the
      rigid glass or glass substitute layers that the assembly can be subjected
      to a final lamination step in an oil autoclave at elevated temperatures
      and pressure without experiencing oil penetration. It is unnecessary to
      insert the prepressed assembly into a laminating bag of the type disclosed
      in U.S. Pat. 3,255,567 to Kesslar and Rankin.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings which form part of the description of an illustrative
      embodiment of the present invention, and wherein like reference number
      refer to like structural elements,
PAR  FIG. 1 is an exploded isometric view of a package comprising a
      glass-plastic assembly and a frame like evacuation channel to be applied
      to the assembly to perform a prepressing method conforming to the present
      invention;
PAR  FIG. 2 is a plan view of the assembly showing it in an assembled
      relationship to the frame-like evacuation channel to form the package for
      prepressing and with certain parts removed to show other parts of the
      package clearly;
PAR  FIG. 3 is a fragmentary enlarged cross-sectional view of an edge portion of
      the assembly; and
PAR  FIG. 4 is a cross-section showing the arrangement of the assembly relative
      to a pair of pressing rolls illustrating that the pressing rolls are
      spaced apart from one another a distance equal to the thickness of the
      glass-plastic assembly to be prepressed and a greater distance than the
      height of the frame-like evacuation chamber surrounding the assembly to be
      prepressed.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A glass-plastic assembly 10 to be prepressed comprises two sheets 11 and 12
      of matching rectangular outline of relatively rigid transparent material,
      such as glass or a glass substitute, whose surfaces are not exactly
      smooth, and an interlayer 14 of a flexible material, such as a polyvinyl
      acetal such as polyvinyl butyral, or polyurethane or the like commonly
      used to laminate glass sheets together. While the assembly to be
      prepressed is disclosed as containing two sheets of glass and one sheet of
      flexible material, it is understood that the assembly may include
      additional alternate layers of relatively rigid transparent material and
      relatively flexible material to provide an assembly of more or less than
      three layers to be laminated to form a transparent safety window closure.
      Furthermore, each interlayer of flexible material may consist of many
      plies of similar or dissimilar material and still be considered an
      interlayer. In addition, one or more of the rigid transparent sheets of
      glass may be made of any of the commonly known glass substitutes such as
      polycarbonates, acrylic plastics, polyesters and the like.
PAR  The assembly also comprises a peripheral evacuation chamber 15 comprising
      rectangular tubes 16, 18, 20 and 22. Each rectangular tube is provided
      with an apertured inner wall 24 that abuts one of the side edges along the
      perimeter of the glass-plastic assembly 10. The inner wall 24 is provided
      with spaced apertures 26. The apertures 26 are aligned with the
      interfacial surfaces along the outer edge of the interlayer 14. The
      apertures may have diameters that are larger than the thickness of the
      interlayer or may be arranged in staggered relation along rows that face
      the interfacial surfaces so that the apertures communicate with the
      interfaces between each glass sheet 11 or 12 and the interlayer 14.
PAR  Each rectangular tube has an outer wall 28 provided with an opening 30
      provided with a fitting 32 adapted to receive an end of a vacuum hose line
      (not shown). The latter in turn communicates with a vacuum pump (also not
      shown).
PAR  The rectangular tubes 16, 18, 20 and 22 have a height less than the
      thickness of the glass plastic assembly 10 to be prepressed prior to final
      lamination. A thin flexible tape of air impervious material, such as
      Mystic tape 7375 sold by Chatfield and Woods of Pittsburgh, Pennsylvania
      or Permacel tape 927 sold by the Permacel Corporation of New Brunswick,
      New Jersey, is used to attach the four rectangular tubes 16, 18, 20 and 22
      to the four sides of the rectangular assembly 10 with their spaced
      apertures 26 facing the outer perimeter of the glass-plastic assembly and
      their outer wall encompassed by the tape 34. The tape 34 may also be used
      to enclose the ends of any rectangular tube whose open ends would
      otherwise be exposed to the atmosphere. The resulting package 35 is ready
      for lamination.
PAC  EXAMPLE
PAR  A typical assembly to be prepressed and laminated comprises two tempered
      glass sheets 1/4 inch thick and a plastic interlayer of polyvinyl butyral
      0.060 inch thick surrounded by rectangular tubes made of metal 1/32 inch
      thick, 1/4 inch wide and 1/2 inch high oriented so that the inner wall 24
      and the outer wall 28 of each rectangular tube is 1/2 inch high and each
      of the walls of the rectangular tubes connecting the walls 24 and 28 is
      parallel to the major surfaces of the assembly and is offset inwardly
      about 30 mils at its extremity from the adjacent outer surface of the
      glass-plastic assembly. The thin flexible tape 34 of air impervious
      material is two to three mils thick. The glass-plastic assembly together
      with the rectangular tubes and the tape forms a package that is subjected
      to simultaneous roll pressing and evacuation through the peripheral
      evacuation chamber 15 formed by the four rectangular tubes. Of course, if
      desired, the peripheral evacuation chamber 15 may be replaced by two or
      more evacuation chambers, such as one for each side of the assembly to be
      prepressed.
PAR  To accomplish the preliminary pressing, the package 35 of the illustrative
      embodiment was heated to a temperature of about 175.degree.F. for 5 to 6
      minutes, in the case of a polyvinyl butyral interlayer and a slightly
      higher temperature for a polyurethane interlayer. Vacuum was applied to
      the peripheral evacuation chamber and the entire package 35 with the
      rectangular tubes 16, 18, 20, 22 and the tape 34 surrounding the
      glass-plastic assembly 10 was passed between a pair of pressing rolls 40
      maintained at a space such that the minimum distance between the opposing
      peripheries of the pressing rolls 40 was approximately equal to the
      thickness of the glass-plastic assembly, and more than the height of the
      rectangular tubes plus two thicknesses of tape which form the package 35
      containing the glass-plastic assembly 10.
PAR  After a glass-plastic assembly was prepressed as part of the package 35 in
      the manner recited, the tape 34 and the rectangular tubes 16, 18, 20 and
      22 were removed and a batch of prepressed assemblies were loaded in an oil
      autoclave where they were subjected to temperatures as high as
      275.degree.F. and a pressure of 200 pounds per square inch for 20 to 45
      minutes. Glass-plastic assemblies prepressed in the manner disclosed above
      were suitable for sale to the customer.
PAR  In contrast to the above example, glass-plastic assemblies that were
      prepressed using either peripheral evacuation alone without pressing rolls
      or using pressing rolls alone without evacuation through a peripheral
      evacuation chamber such as that provided by the rectangular tubes in the
      illustrative embodiment described previously were unfit for sale to the
      customer because oil from the autoclave penetrated the interfacial
      surfaces of the laminate, particularly in the vicinity where the glass had
      been gripped by tongs during the tempering operation prior to its assembly
      with the plastic interlayer in preparation for lamination.
PAR  The package may also be altered by incorporating parting material at an
      interfacial surface between one of the transparent rigid sheets and a
      layer of interlayer material. During prepressing, the parting material
      becomes bonded to either the rigid transparent material (such as is the
      case with metalo organosiloxane parting materials to glass or certain
      glass substitutes) or to the interlayer material (such as is the case with
      polyvinyl fluoride parting material to polyvinyl butyral or other
      polyvinyl acetals). The prepressed assembly is taped to maintain a unitary
      structure during final lamination in the autoclave. The parting material
      enables the rigid transparent sheet adjacent thereto to be separated from
      the rest of the assembly after the remaining layers have been laminated
      together to form a transparent safety laminated window.
PAR  The form of the invention shown and described in this disclosure represents
      an illustrative preferred embodiment and certain modifications thereof. It
      is understood that various changes may be made without departing from the
      gist of the invention as defined in the claimed subject matter which
      follows.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method of laminating safety glass assemblies comprising a sheet of
      flexible interlayer material and at least one sheet of relatively rigid,
      transparent material having at least a portion of its major surface in a
      non-smooth condition comprising assembling said sheet of flexible
      interlayer material intermediate two sheets of relatively rigid,
      transparent material with a non-smooth surface of said relatively rigid
      transparent material facing a surface of said interlayer material,
      prepressing said assembly by roll forming and subjecting said assembly to
      elevated heat and pressure to complete the lamination, the improvement
      comprising enclosing said assembly within a peripheral evacuation chamber
      thinner than the thickness of said assembly and disposed entirely inward
      of the outer major surfaces of said assembly to form a package, said
      evacuation chamber communicating with the interfacial surface between said
      rigid sheet and said interlayer, heating said package to a temperature
      sufficient to soften said interlayer material, evacuating said evacuation
      chamber to withdraw any air, gas and/or moisture from the interfacial
      surfaces, maintaining a pair of nipper rolls spaced apart a distance
      approximately equal to the thickness of the assembly, and passing said
      package between said nipper rolls so spaced while said interlayer material
      is sufficiently hot to be softened and while continuing said evacuation of
      said peripheral chamber to prepress said assembly and prepare said
      assembly for final lamination at elevated temperature and pressure in an
      autoclave.
NUM  2.
PAR  2. The improvement as in claim 1, wherein said assembly to be laminated
      comprises two sheets of said relatively rigid, transparent material and
      said peripheral evacuation chamber is arranged to communicate with both
      interfacial surfaces between said interlayer material and said relatively
      rigid, transparent sheets.
NUM  3.
PAR  3. The improvement as in claim 2, wherein said evacuation chamber comprises
      a series of individual chambers, each abutting a different portion of the
      periphery of said assembly and communicating with different portions of
      the interfaces between said relatively rigid transparent sheets and said
      interlayer sheet, including the step of evacuating said individual
      evacuation chambers simultaneously.
NUM  4.
PAR  4. The improvement as in claim 2, wherein said assembly is quadrilaterally
      shaped and said evacuation chamber comprises a series of chambers, one
      abutting each wall of said assembly, including the step of evacuating each
      of said individual chambers simultaneously.
NUM  5.
PAR  5. The improvement as in claim 2, wherein said relatively rigid,
      transparent material is glass.
NUM  6.
PAR  6. The improvement as in claim 2, wherein said relatively rigid,
      transparent material is a glass substitute taken from the class consisting
      of polycarbonates, acrylic plastics, polyesters and the like.
NUM  7.
PAR  7. The improvement as in claim 2, wherein said interlayer material is a
      polyvinyl acetal.
NUM  8.
PAR  8. The improvement as in claim 2, wherein said interlayer material is
      polyurethane.
NUM  9.
PAR  9. The improvement as in claim 2, wherein parting material is applied
      between one of said two sheets of relatively rigid, transparent material
      and said flexible interlayer material prior to enclosing said assembly
      within said peripheral evacaution chamber and wherein said parting
      material is maintained therebetween throughout said steps, said peripheral
      evacuation assembly is removed after said assembly is prepressed, said
      prepressed assembly is held together during said final lamination in an
      autoclave and said one sheet of relatively rigid, transparent material is
      separated from the remainder of said assembly after said assembly is
      subjected to the elevated temperature and pressure in the autoclave for
      sufficient time to effect said final lamination.
NUM  10.
PAR  10. The improvement as in claim 7, wherein said polyvinyl acetal is
      polyvinyl butyral.
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ABST
PAL  The inner surface of a green tire provided with an air-sealing liner, is
      cured or partially cured to produce a steam- and water-resistant surface,
      and the tire after such treatment is cured in a usual press without an
      air-bag or bladder.
PAL  One or more plies of a tire, usually the outer fabric plies, are partially
      cured before assembly in the tire, to insure that plies so located are
      cured, without over-curing inner and outer portions of the tire.
PAL  New tires are made by placing a carcass, whether green or partially cured,
      in a mold and extruding rubber over the outer surface of this carcass to
      fill the mold, and then giving the final cure to the resulting tire.
PAL  Tires are retreaded by applying ribbons of tread stock over the carcass
      prepared in any conventional manner, and then completing the cure without
      the use of a mold.
PAL  Retreaded tires are cured by placing a carcass prepared in any conventional
      manner, in a mold, extruding tread stock into the mold around the carcass,
      and then curing.
PAL  A tire, the inner surface of which is provided with a non-cured liner
      reinforced with a non-wicking fabric is cured without an air-bag or
      bladder.
PAL  Curing or partial curing may be effected by electron irradiation.
      Progressive irradiation is disclosed by which an object is repeatedly
      irradiated to attain a desired cure. Other methods of curing may be
      preferable in some operations.
PARN
PAR  This application is a continuation of application Ser. No. 321421, filed
      Jan. 5, 1973, which is a continuation-in-part of application Ser. No.
      838,512 filed July 2, 1969. Both applications have been abandoned.
BSUM
PAR  The invention relates more particularly to the use of electron radiation in
      the production of new tires and the retreading of old tires, although
      other means of radiation may be employed, and for most operations other
      means of curing may be used, as explained.
PAR  Electron radiation has been known for some years and in recent years
      equipment utilizing up to a million volts or more has become available for
      commercial use. The voltage employed determines the depth of penetration
      of the electron rays. For example, radiation generated by a million volts
      will penetrate an item having a density of 1 to a depth of 1/8 inch. By
      varying the voltage, the depth of the penetration may be varied. Thus,
      tires may be cured to a depth 1/8 inch or more, depending upon the rubber
      employed, the compounding formula, and the voltage used. By using higher
      voltages and radiating both surfaces of a tire, tires of much greater
      thickness may be cured. When only one surface is irradiated, beyond the
      depth at which the rubber is cured there is a partial curing which becomes
      less as the distance from the rubber surface increases.
PAR  The amperage will be varied depending upon the area subjected to radiation.
      The new equipment provides for irradiating an area of several square
      inches, up to, for example, 12 square inches or more.
PAR  By irradiating natural rubber or synthetics such as butadiene-styrene,
      polybutadiene, polyisoprene, etc., the molecular structure is rearranged.
      Irradiation has no beneficial effect on so-called "butyl" (copolymer of
      isobutene and either isoprene or butadiene) rubber. The rearranged rubber
      is partially or completely cured. By that it is meant that rubber which is
      thermoplastic when irradiated becomes partially or entirely thermoset
      (vulcanized) with or without sulfur.
PAR  Radiation may be used to treat a green tire or part of a green tire, or the
      tread in retreading, or plies used as a liner for a green tire or tread
      produced from ribbons of tread stock in retreading or the extruded tread
      stock in the manufacture of new tires or in retreading.
PAR  The rubber may be cured instantaneously by subjection to irradiation, and
      this may be done in a continuous operation in which the source of
      radiation and the rubber are moved continuously relatively to one another.
      Alternatively, the rubber may be cured by progressive irradiation.
      Progressive irradiation is accomplished by partially curing a piece of
      rubber in one exposure to the source of radiation, and then giving it one
      or more additional exposures each of which partially cures the rubber,
      until the rubber is cured. For example, by exposing the same rubber a
      number of times as by rotating a tire continuously and applying a thin
      layer of the rubber to the tire as it is rotated, and continuing the
      application of the thin layer throughout several rotations of the tire and
      as each thin layer is applied to the tire, exposing the rubber to
      irradiation to partially cure it so that as the tire is rotated a number
      of times in building up a desired thickness of the carcass or tread and by
      continuing the rotation a number of times after completing the application
      of the rubber, the rubber is progressively and completely cured.
DRWD
PAR  The production of new tires will be discussed first, and in this connection
      reference will be made to the following figures;
PAR  FIG. 1 is a section through a green tire with a liner with the inner
      surface being irradiated;
PAR  FIG. 2 is a section of a small portion of a green tire with a liner after
      the inner surface has been irradiated;
PAR  FIG. 3 is a section of a small portion of a tire provided with a pre-cured
      liner;
PAR  FIG. 4 is a section through a mold containing a tire being cured without an
      air-bag or bladder, the inner surface of the liner being shown as that
      adapted to be contacted by the tire-inflating fluid and the outer surface
      of the liner being shown as that which is adapted to contact the tire
      carcass;
PAR  FIGS. 5 and 6 are enlarged details of a portion of a modification of the
      tire and mold shown in FIG. 4;
PAR  FIG. 7 is a section through a conventional mold containing a tire being
      cured without an air-bag or bladder;
PAR  FIG. 8 is a section through a conventional mold provided with means for
      extrusion of tread rubber into the mold; and
PAR  FIG. 9 is a section of a tire before curing, with several outer fabric
      plies pre-cured.
PAR  Then the retreading of tires will be discussed, and reference will be had
      to the following figures;
PAR  FIG. 10 is an elevation of a stand with a tire being retreaded on it, with
      the tread stock being extruded, and means for shaping the tread;
PAR  FIG. 11 is a section on the line 11--11 of FIG. 10 showing a roller that
      may be used for shaping the tread in position on a section through a tire
      being retreaded;
PAR  FIG. 12 is a section through a modified roller; and
PAR  FIG. 13 is a section through the liner for the tubeless tire claimed herein
     .
DETD
PAC  NEW TIRES
PAC  Tires Cured Without an Air-Bag or Bladder
PAR  It has long been the wish of the industry to avoid the use of an air-bag or
      bladder in curing tires. The bag or bladder separates the inner surface of
      the green tire in a mold from the steam or hot water used to apply
      pressure to the bag or bladder to force the tire against the inner surface
      of the mold and thus remove air from the green tire and mold and
      subsequently cure the tire.
PAR  The invention relates to methods of curing the tire without an air-bag or
      bladder, and to methods which employ an air-bag or bladder.
PAR  According to one method, a green tire is formed in the usual manner, with a
      liner. Then this green tire is subjected to electron irradiation to cure
      the exposed inner surface or stratum to a depth of perhaps 1/16 inch or
      more, with partial curing at a greater depth; or only partially curing the
      exposed inner surface to a depth of perhaps 1/16 of an inch or more.
PAR  According to another method, a liner (such as is used in the production of
      tubeless tires) is partially cured or completely cured, and then this
      liner is used as the inner ply in building up a green tire. FIG. 13 is a
      modification of a liner such as is used commercially in the production of
      tubeless tires.
PAR  Liners to be cured or partially cured by irradiation must have incorporated
      in them sufficient natural rubber or synthetics which reacts to
      irradiation, to accomplish the degree of cure desired. If the liner is
      composed of butyl rubber or other rubber which is not cured by
      irradiation, it may be laminated to natural rubber or other rubber which
      can be so cured. This lamination would preferably be on the inner surface.
      Any of the plies may incorporate a reinforcing element, for example,
      non-wicking fabric. This ply of natural rubber or synthetic may be cured
      or partially cured by electron irradiation before the tire is cured and
      acts as a sealing element during the curing of the tire without an air-bag
      or bladder. The butyl ply is cured when the tire is cured in any
      conventional manner. Any of the plies may incorporate a reinforcing
      element.
PAR  Whether the liner is cured before or after being built into the tire, it is
      incorporated in the tire by joining its two narrower ends, usually by a
      beveled splice or by butting the two ends together to produce a band. To
      assure a good seal it may be advantageous to place a locking strip, such
      as a strip of uncured or partially cured stock over the joint and/or a ply
      of non-wicking fabric, such as is used in conventional tire-bead
      construction. This fabric may be incorporated in the strip as a
      stabilizer. The locking strip may be cured or partially cured as by
      irradiation or any other process, before the tire is placed in a mold and
      cured.
PAR  The inner surface of a green tire with a liner, whether the liner be cured
      before incorporation in the tire or whether the inner surface of the liner
      be cured after the green tire is formed, is resistant to the passage of
      steam or hot water used for inflation of the tire during molding.
      Therefore, this green tire can be cured in a mold without an air-bag or
      bladder. The mold may be of usual construction except that there is no
      provision for an air-bag, and modification for support and/or formation of
      the beads may be desirable.
PAR  FIG. 1 is an illustration of equipment that may be used for curing the
      liner of a green tire in which an uncured liner has been incorported on
      the tire-building drum. The green tire 5, provided with the liner 6, is
      placed over a roller 8 the shaft 9 of which will ordinarily be
      mechanically driven, although it may be operated by hand. The green tire
      is readily placed over the roller as indicated in FIG. 1. Although the
      inner surface of the tire, and primarily the liner, may be cured by any
      means, it is preferably cured by electron irradiation. A suitable device
      12 for effecting irradiation is moved into the position shown in FIG. 1 to
      effect the irradiation. Normally, a longitudinal section of 12, extending
      through approximately the entire width of the tire, will give off rays,
      and the entire inner surface of the tire will be irradiated by moving that
      surface under the longitudinal section by rotating the roller 8. Normally
      the irradiation will not be sufficient to cure any more than the inner
      surface of the liner to a depth of perhaps 1/16 inch. It may, however,
      cure the liner. FIG. 2 illustrates how, when the irradiation is controlled
      to cure only the inner surface of the liner 6', there is partial curing
      beyond the depth that is "firm cured". By "firm cured" we refer to
      sufficient cure to prevent steam or water penetrating the tire when
      subjected to curing in a mold. The outer surface of the liner may be
      partially cured or not cured.
PAR  In the alternative method, the liner is cured or partially cured prior to
      assembly with the fabric plies. If usual methods of curing are utilized,
      the entire liner will normally be completely cured and it may be desirable
      to use an adhesive when assembling with the carcass. If the liner is cured
      by electron irradiation, the cure generally will only be a surface cure of
      perhaps 1/16 inch more or less. FIG. 3 illustrates a green tire, the liner
      of which has been partially cured by irradiation before assembly with the
      carcass. The inner surface of the liner has been completely cured, the
      opposite surface of the liner 6" is partially cured or may not be cured.
PAR  Thus, according to this invention, the liner may be pre-cured, completely
      or only partially, before incorporation in the tire, or it may be
      completely or only partially cured after being incroporated in the tire.
PAR  A reinforcing element such as a sheet of fabric made of non-wicking
      material, such as nylon monofilament, or a non-wicking fabric, such as is
      used in conventional tire-bead construction, may be incorporated on the
      inner surface or outer surface of the liner, or in between these surfaces.
      This liner will usually be composed of butyl rubber. A sheet of such
      fabric may be coated with natural or synthetic rubber in a conventional
      manner and be assembled with the tire adjacent to the liner, which may be
      made of butyl rubber, and preferably on the inner surface of the liner.
      The reinforcing element prevents moisture from getting into the carcass.
      The tire is built in a conventional manner and may be formed and/or cured
      in a mold without an air-bag or bladder.
PAR  FIG. 4 illustrates a mold for curing any of these tires, and it will be
      noted that no air-bag or bladder is utilized. The mold is constructed in
      any usual manner. It is shown as being formed of an upper part 15 and
      lower part 16 with two bead rings 17 fitted into the upper and lower parts
      to contact the beads of the tire 5. The liner 6 has been pre-treated or
      prepared in any of the ways previously discussed, so as to render it
      impervious to steam and hot water. The bead-sealing ring 18 may be
      inserted in the same operation that the conventional bladder or air-bag is
      inserted.
PAR  The ring 18 may be a bull ring made of steel or other metal, or it may be
      made of rubber or other hard elastomeric material. This ring may be
      segmented. The ring is placed between the beads of the tire before the
      mold is closed, and serves as a gasket.
PAR  To prevent leakage between the inner surface of the tire and this ring 18
      when liquid pressure is generated in the tire, it may be desirable to
      provide irregularities in that portion of the surface of the ring 18 which
      is contacted by the tire at or above the beads, or both. These
      irregularities may be in the nature of projections 20 as shown on an
      enlarged scale in FIG. 5, or grooves 21 shown on an enlarged scale in FIG.
      6. These run longitudinally around the circumference of the ring 18. The
      steam or hot water is led into the mold through the pipe 19 and provides
      sufficient pressure within the tire to force it against the mold to groove
      the tread and form any desired identification and indicia marks desired on
      the tire surface. In FIG. 7 the ring 28 is formed with spring extensions
      29. Before the mold is closed these are in the position shown in dotted
      lines. As the mold is closed these extensions are pressed inwardly by the
      tire and shape the bead and form a tight seal. This ring 28 may be a steel
      ring or it may be of a firm rubber or resinous material. If made of
      material other than steel, the extensions 29 may be much thicker and the
      ring may be solid up to these extensions 29 and be compressible. Various
      devices may be employed to permit deflection of the outer surface of the
      member 29 from the position shown in dotted lines, to that shown in full
      lines.
PAR  The tire will be cured at usual temperatures, and steam or hot water is
      used in the usual manner, but without an air-bag or bladder. Air-bags and
      bladders are short-lived. By eliminating them, not only is the original
      cost eliminated but also the labor and other cost of frequent replacement
      are eliminated.
PAR  A new method of applying a tread to a green carcass is illustrated in FIG.
      8. The carcass 20 is built up in a conventional manner, with or without
      liner 21, on a tire-building machine and the carcass 20 is placed in the
      mold shown in FIG. 8, which may be heated in the conventional manner,
      which comprises a lower part 22 and an upper part 23 with two bead rings
      24 fitted into the upper and lower parts to contact the beads of the tire
      20. The mold is conventional except for the orifice 26 through which tread
      rubber is injected, being fed from nozzle 27. A conventional air-bag or
      bladder may be used or the process using neither of these and previously
      described may be used. Hot water or steam under pressure is used to expand
      the green carcass against the sides of the mold. This pressure, before the
      tread is injected into the mold, may be less than conventional curing
      pressures and only sufficient to press the green carcass into position
      against the sides of the mold. The tread stock is injected at temperatures
      at which it flows readily under pressure, such as temperatures of
      approximately 280.degree.F. and higher, through orifice 26 from nozzle 27.
PAR  The tread stock is usually introduced at or near the low point of the empty
      portion of the mold cavity outside of the carcass. It may be introduced at
      several points. As it is introduced, the air is vented through the air
      vents usually found in the tire mold, or separate vent means may be
      provided. When the tread has been injected the pressure in the tire is
      raised to conventional levels and the carcass is completely cured. It is
      impractical to thus inject tread stock which contains the usual quantity
      of sulfur and accelerator or the like for curing because the temperature
      required for rendering the rubber sufficiently fluid for injection is high
      enough to cure such stock. An exception is, when cold-feed extruders are
      used, in which case cold stock is fed into the machine and is raised to
      high temperatures only for a small increment of time before being
      extruded. According to this invention, the curing agent added to the tread
      rubber is only sufficient to partially cure the tread so that it may be
      removed from the mold after curing the carcass, without causing damage to
      the tread, such as blowing. The tire is then removed from the mold and the
      tread is cured by rearrangement of the molecules of the rubber in the
      tread stock, by irradiation or other means. An advantage of this method is
      the elimination of inventories of uncured treads with inherent savings
      such as floor space, investment, labor, etc.
PAR  Alternatively, if irradiation which penetrates to a sufficient depth is
      used, the tread may be cured in the mold before the tire is removed.
PAR  When tires are cured by irradiation, even though no sulfur be employed,
      reinforcing agents, antioxidants, antiozonants, etc. may advantageously be
      added.
PAC  Pre-Curing Certain Carcass Plies
PAR  It is common knowledge in the industry that when very thick tires are cured
      in a mold in the ordinary manner, either (1) outer carcass plies are only
      partially cured or (2) inner carcass plies are over-cured when the heat
      for curing is supplied internally by steam or hot water through an air-bag
      or bladder and additional steam or other means is provided for heating the
      mold. It is proposed to overcome this difficulty and shorten the curing
      time by pre-curing certain of the plies--either completely or preferably
      only partially. Ordinarily these will be several of the outer fabric
      plies, because the difficulty experienced has been encountered in
      attempting to insure the curing of these outer plies at the interface
      between the fabric plies and the tread, and usually in the outer fabric
      plies.
PAC  Other Methods of Manufacturing New Tires
PAR  FIG. 9 shows a cross-section of a tire, with eight fabric plies 30 and
      tread 31, the carcass of which may be built in the usual manner. The
      portion of the carcass under the tread 31, prior to the assembly of tread
      31, is subjected to electron irradiation and one or more of the plies may
      be partially cured or cured. The building of the tires is then completed
      in the usual manner. During the curing operation in the mold it will take
      less "time temperature" to cure such a tire because the plies under the
      tread have been pre-cured, than in the conventional method. Therefore, the
      result is a more uniformly cured tire. Also a shorter curing time is
      required in the mold which lowers cost. An adhesive may be employed
      between the carcass 30 and the tread 31.
PAR  Difficulty is experienced in uniformly curing the thickest portion of very
      large tires -- that is, tires which comprise many plies, such as fifteen
      or twenty plies or more. The time required is also objectionably great. It
      is the section of the tire through the tread which is thickest and
      therefore most difficult to cure. To overcome this, it is proposed to
      precure, partially or completely, certain of the plies before the assembly
      of the tire is completed. It is not necessary to precure any of the inner
      plies because they are readily cured by heat from the steam or hot water
      used to inflate the tire in the mold. Thus, for example, if there are 20
      plies in the tire, it is not necessary to pre-cure any of the first five
      plies. Thus the first 10 plies may be built on the drum in the usual
      manner. Then the outer surface of this partially built carcass, and
      preferably the center portion which is to come under the tread, is
      irradiated to partially cure the five outer plies. Then several more
      plies, for example five more, are built up in the usual manner and these
      are similarly cured. The last five are then applied and these are
      similarly treated, except, as the tire is enlarged, it may be desirable to
      further cure the outer plies than those which are located near the inside
      of the tire. If the tire is very large it may be desirable to vary the
      amounts of cure in the various segments as they are applied so that those
      plies which are farthest from the surfaces of the completed tire are cured
      to a greater degree than those nearer the surface. If the tread is very
      thin, the plies immediately under it will not be pre-cured to the same
      extent as those farther from the surface of the tread.
PAR  A desirable method of pre-curing is by progressive irradiation. This is
      accomplished by placing over the building drum a radiation device 12 which
      covers only the tread portion of the tire, as shown in FIG. 1. During the
      progressive irradiating operation the number of plies pre-cured in each
      group may vary and the number of groups may vary as well as the number of
      plies that are to be irradiated, depending on the thickness of the plies,
      compounding, voltage used, etc. The number of times the tire is rotated to
      pre-cure the different groups of plies may be varied to control the degree
      of cure in each group. This progressive curing with irradiation assures a
      more uniformly cured tire and a shorter curing time which will lower the
      cost.
PAR  In building a tire, certain of the plies may be precured before assembly on
      the drum. FIG. 9 shows a cross-section of a tire with eight fabric plies
      30 and tread 31. It may be built in by the following method. A
      conventional tire-building machine is used and the first, second, third,
      fourth and fifth plies, for example, are assembled in the usual manner and
      are uncured. Then the sixth, seventh and eighth plies which have been
      partially or completely pre-cured are assembled into the tire. These cured
      or partially cured plies are so thin that they can be shaped as desired.
      Then the tread is added. If these cured plies are pre-cured by electron
      irradiation it is not necessary that they contain any sulfur, but they
      must be completely cured unless the subsequent curing of the tire is
      accomplished by irradiation. By only partially curing certain plies,
      adhesion between the partially cured and cured plies is improved. Adhesive
      may be employed to insure adhesion.
PAR  When a tire is built with many plies in the carcass, such as 20, it may be
      advantageous to use a combination of methods disclosed in these
      specifications. The conventional tire-building machine may be used. Also
      the conventional method of building a tire with the incorporation of
      irradiating and the use of pre-cured and/or partially pre-cured plies may
      be used. For example, the first, second, third, fourth and fifth plies are
      uncured, and are assembled in the usual manner. The next ten plies which
      are the sixth through the fifteenth, are partially pre-cured, as by
      irradiation, and assembled in the usual manner. Plies 16, 17, 18, 19 and
      20 are uncured, and assembled in the usual manner. Then that portion of
      these last five plies which will be under the tread after it is assembled
      is irradiated and partially cured. The tread is then assembled and the
      tire is cured and finished in the usual manner.
PAR  This method assures a more uniform cure than the conventional method and
      shortens the cure time which saves cost.
PAC  RETREADING TIRES
PAR  Various ways are disclosed for retreading tires. In each case the carcass
      will be prepared for retreading in the usual manner by removing unwanted
      tread and, depending upon the shape of the retread which is to be applied,
      a part of the sidewall stock may be removed, all of which is customary in
      the different methods of retreading, using different equipment.
PAR  FIG. 8 shows a mold for extruding tread into position on the uncured or
      cured carcass of a new tire. The equipment of FIG. 8 and the general
      method there disclosed may be used for applying the tread to a carcass
      which is to be retreaded; this operation taking place after the carcass
      has been prepared in the usual manner. It may be desirable to use air at
      room temperature or cooler, and water at tap temperature or cooler in the
      tire to create pressure in the tire. It may also be desirable to so design
      the mold that the heating cavity is only approximately over the tread
      which is being applied.
PAR  The advantages of this method of retreading tires are elimination of tread
      building facilities and the inventories of prepared uncured treads all of
      which reduce costs. Also the carcass is subjected to less heat which has a
      deteriorating effect.
PAR  Instead of extruding the tread into a mold, the tread may be extruded onto
      a prepared carcass by rotating the carcass and using a suitably shaped
      nozzle that covers the width of the tread, or a narrower nozzle, the stock
      being reciprocated back and forth over the surface of the carcass to build
      up a retread. Suitable apparatus is illustrated in FIG. 10. The extruded
      rubber will ordinarily be heated to approximately 280.degree.F. or lower
      or higher to made it sufficiently plastic to be used as described. It may
      or may not contain sulfur and/or curing agents and/or accelerators. Some
      volatile solvent may be added to the rubber which will be evaporated
      before the curing of the tread is commenced, although usually this will be
      avoided because of the danger of solvent vapor forming pockets in the
      tread.
PAR  The methods illustrated in FIGS. 10 and 11 are particularly designed for
      the retreading of airplane and truck tires which have a tread which is
      only grooved, but may be used for any tires. FIG. 10 shows stand 50 with
      axle 51 supporting wheel 52 with rim 53 on which the tire carcass 54 is
      mounted. A valve 56 in the rim through which the tire may be inflated
      gives it some rigidity during the application of the tread. The tire is
      provided with a scuff ring 57, but it is to be understood that tires of
      any shape and design may be retreaded by the method disclosed. As
      illustrated in FIG. 10, stock 58, sufficient to form the tread, is
      extruded from extruder 60 through nozzle 61. A forming tool 65 is
      positioned on the supporting means 66 to shape the tread as the tread
      stock is extruded; and if desired, forming tool 65 may exert some pressure
      to force the formed tread against the carcass. There may be additional
      forming tools, such as 65, at other points on the circumference of the
      tread for the purpose of shaping and/or pressure. After the tread is
      applied the tire may be rotated several times for the purpose of shaping
      and/or pressure.
PAR  The tread may be extruded with the proper tread outline and tread-forming
      tool 65 may be positioned on the supporting means 66 to maintain the
      proper shape and/or exert pressure on the tread to press it against the
      carcass. There may be other forming tools, such as 65, at other points on
      the circumference of the tire.
PAR  Another method of operating is to extrude the tread stock as a thin ribbon
      the width of the tread, while the tire is being rotated, and after quite a
      few rotations sufficient tread will be applied to build up the desired
      tread thickness. As the ribbons are being applied to the tire, the
      tread-forming roller will shape them to the proper design. A roller 70,
      such as illustrated in FIG. 12, may be used. The carcass 67 is shown with
      tread 68 built upon it.
PAR  Another method of operating is to extrude a tread stock as a thin, narrow
      strip while the tire is being rotated. The strip is oscillated back and
      forth across the tread portion and after quite a few rotations sufficient
      tread will be applied to build up the desired tread thickness. As the
      ribbon is being applied to the tire the tread-forming tool 65 or tools
      shape it to the proper design. A tire retreaded in manners just disclosed,
      is preferably cured by electron irradiation which may be accomplished by
      rotating tire and wheel 54 and 52, respectively, under a radiation device
      such as device 12 shown in FIG. 1; and, if desired, may be cured in a
      conventional manner or a combination of both. A grooved tread design may
      be cut into the tread by any conventional method or a groove may be rolled
      into the green tread by forming tool as shown in FIG. 12, preferably after
      the tread has been built up or while the last layer is being laid on the
      tread.
PAR  A method which is preferred is illustrated by FIG. 10. Stock 58, being a
      thin ribbon, for example, approximately 1/8 inch thick, and approximately
      the width of the tread, is extruded as the tire is rotated and the tread
      is built up to any desired thickness. Forming tool 65 shapes the tread and
      several other forming tools may be used. Radiation device 59, similar to
      or identical with device 12 in FIG. 1, is illustrated in FIG. 10. It only
      partially cures the tread stock during each exposure as the stock is
      passed by it. The cure may, for example, be only a one-fourth cure. The
      radiation device may be adjusted to cure to a depth of 1/2 inch, more or
      less. At the completion of each rotation the surface stock is only
      partially cured and, therefore, the next layer of hot stock adheres to it.
      The stock is progressively vulcanized as the rotation continues and the
      successive layers are adhered to one another.
PAR  If the stock is one-quarter cured on each exposure, at the completion of
      the fourth rotation the first layer is fully cured, the second layer is
      three-fourths cured, the third layer is one-half cured, and the fourth
      layer is only one-fourth cured. This "progressive irradiation" continues
      until the last layer is applied and then the tire is given three
      additional rotations which cures the last three layers.
PAR  A ribbon not the full width of the tread may be used and oscillated back
      and forth across the tread surface until the desired tread thickness is
      obtained, the level of radiation being adjusted to obtain the proper cure.
PAR  Grooves in the tread may be made by the use of a forming tool such as the
      tool 70 shown in FIG. 12.
PAR  In each of the retreading operations in which the tread stock is cured by
      irradiation, this stock may include sulfur and other curing ingredients,
      or it may contain no such curing compositions because irradiation
      rearranges the molecular structure of the rubber and thus cures it. A
      small amount of sulfur may be included in such stock, and the extrusion
      will take place rapidly before the rubber becomes objectionably cured at
      the extrusion temperature. The amount of curing ingredients that can be
      incorporated in the stock will depend upon the extruding temperature and
      the length of time that the stock is maintained at this temperature. It is
      desirable to include a small amount of sulfur and accelerator so that the
      stock will cure to a slight extent after it has left the extrusion device
      and been shaped on the carcass. Such setting of the retreading stock will
      facilitate handling the retreaded tire before the cure is completed. If a
      normal amount of sulfur, etc. are included in the rubber, unless the time
      during which the stock is heated is very short, curing will set in and the
      rubber will become pre-cured before it is shaped on the carcass. An
      exception is, when cold-feed extruders are used, in which case cold stock
      is fed into the machine and is raised to high temperatures only for a
      small increment of time before being extruded.
PAR  The advantages of these methods of retreading include not heating the
      carcass in a mold, and, therefore, the life of the tire is increased and
      the tire may be retreaded a greater number of times, the curing time is
      shorter, press equipment is eliminated and inventories of green tread
      stocks are eliminated and thus savings in cost are made.
PAR  Apparatus and processes for forming treads and curing them by electron
      irradiation have been disclosed. These tread stocks may be of ordinary
      rubbers (except those which cannot be cured by electron irradiation, such
      as butyl rubber), and it has been explained that no sulfur is required for
      curing by irradiation. A desirable tread stock is a high molecular weight
      butadiene-styrene copolymer such as has been found desirable for tread
      stocks, but which is of high viscosity and difficult to handle in ordinary
      processing equipment. Reinforcing agents, anitioxidants, antiozonants,
      etc. may be included even though no sulfur is added.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of making a liner for a pneumatic tire, which liner is
      composed of a plurality of rubber layers, which method comprises curing or
      partially curing the surface and the underlying stratum of a layer of the
      liner without curing the inner layer of the liner which layer is a butyl
      rubber and which is adapted to face toward subsequent tire-inflating
      fluid, and without completely curing the surface of the liner which is
      adapted to contact the tire carcass and laminating the layers, the uncured
      inner layer and the surface which is adapted to contact the tire carcass
      being otherwise suitable to be joined by a good seal when the ends of the
      liner are united.
NUM  2.
PAR  2. The method of claim 1 in which the surface which is adapted to contact
      the carcass of the tire is not cured.
NUM  3.
PAR  3. The method of claim 1 in which both (1) the surface which is adapted to
      contact the carcass of the tire and (2) the inner layer are cured when the
      tire is cured.
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ABST
PAL  In the described process for the manufacture of reinforced hoses of
      elastomeric material having a hollow space in their wall, said hollow
      space is formed by means of a structural shape helically positioned
      between the two assemblies of layers which constitute in their whole the
      wall of the hose, and during curing the hollow space is filled with a
      material inert to curing, which is discharged in liquid state from the
      hollow space after curing.
BSUM
PAR  The present invention concerns a process for manufacturing hoses of
      elastomeric material whose wall contains a reinforcing structure, embedded
      into it, and is provided with a hollow space.
PAR  Processes for manufacturing hoses provided with a hollow space in their
      wall, and consequently hoses having a hollow space in their wall, are
      already known.
PAR  In a known process for manufacturing hoses having a hollow space in their
      wall, the formation of said space is carried out by helically winding a
      small tube on a basic tubular layer, and then by covering the obtained
      unit with a tubular covering layer.
PAR  In another known process for manufacturing hoses having a hollow space in
      their wall, the formation of the latter is carried out by inserting the
      one into the other two hoses of different diameter and such that a space
      may be left between the outer surface of the inner hose and the inner
      surface of the outer hose, said space constituting the interspace.
PAR  The conventional processes for manufacturing hoses having a hollow space in
      their wall do not allow the formation of hollow spaces of constant volume
      and exact dimensions. In fact, in the known process according to which the
      hollow space is formed by windng up a small tube about a first tubular
      hose, the positioning of the former on the latter takes place with a
      deformation due to the uncontrolled ovalization of the section of said
      small tube.
PAR  Also the known process according to which the formation of the hollow space
      is obtained by inserting the one into the other two hoses of different
      diameter, the hollow space has not a constant volume and an exact
      dimension in consequence of the deformation of the outer tube, which is
      variable as a function of the distance from their own ends, due to the
      weight of the outer tube itself.
PAR  The present invention aims at providing a process for manufacturing
      flexible hoses having their walls reinforced with a reinforcing structure
      and provided with a hollow space of practically constant volume and of
      exact dimensions also when the configuration of the hose is varied.
PAR  Accordingly, the object of the present invention is a process for
      manufacturing reinforced hoses of elastomeric material having a hollow
      space in their wall, comprising the steps of:
PA0  building up about a rigid support a first tubular layer of elastomeric
      material containing a reinforcing structure;
PA0  Positioning about said first tubular layer coming from the preceding step
      at least a helicoid of a structural shape of elastomeric material
      reinforced in such a way as to be practically indeformable to pressure
      stresses in the direction of its thickness;
PA0  Building up a second continuous tubular layer about the helicoid of
      structural shape, said tubular layer being in contact with the outer
      surface of said structural shape;
PA0  Filling the hollow space with incompressible material, inert to the effect
      of vulcanization;
PA0  curing the obtained unit in an autoclave under pressure;
PA0  removing in liquid state the inert material filling the hollow space.
DRWD
PAR  The present invention will be better understood from the following detailed
      description given by way of non-limiting example and made with reference
      to the FIGURE of the attached sheet of drawing, which represents in
      section a length of hose produced according to the process, supported on a
      building mandrel.
DETD
PAR  In its most general embodiment, the process according to the present
      invention comprises the following steps:
PA0  a first tubular layer of elastomeric material, in which is embedded a
      reinforcing structure, is formed about a rigid mandrel;
PA0  at least a helicoid of a structural shape of elastomeric material, whose
      characteristic is that of being practically indeformable under pressure
      stresses exerted along the thickness of said structural shape, is
      positioned about said first tubular layer;
PA0  a second tubular layer of elastomeric material embedding a reinforcing
      structure is formed on the helicoid;
PA0  the hollow space is filled with an incompressible material, inert to the
      effects of vulcanization;
PA0  the obtained unit is cured in an autoclave under pressure;
PA0  the incompressible material, inert to the effects of vulcanization, is
      removed in liquid state from the hollow space.
PAR  The above described phases are carried out in the order in which they are
      listed if a liquid, as for instance water, is used as incompressible
      material, inert to the effects of vulcanization.
PAR  If the incompressible material, inert to the effects of vulcanization, is a
      solid material which liquefies at relatively low temperatures, said
      material is applied, in building up the hose, immediately after the
      application of the helicoid of structural shape of elastomeric material.
PAR  The description of a process is now made, in respect of a particular
      embodiment, for the case in which a solid material which liquefies at
      relatively low temperatures is used as incompressible material, inert to
      the effects of vulcanization.
PAR  A layer 2 of elastomeric material is formed about a rigid mandrel 1, made
      for instance of metal. Said layer is obtained by winding up the mandrel 1
      with a tape of elastomeric material.
PAR  A layer 3 of rubberized square woven fabric is formed on the layer 2. The
      formation of the layer 3 of rubberized fabric is carried out by winding up
      about the layer 2 a tape of rubberized square woven fabric.
PAR  At least two layers 4 and 5 of rubberized cord fabric are formed on the
      layer 3. Said layers are formed by winding up tapes of rubberized cord
      fabric about the underlying layers. In particular, if the winding of the
      rubberized cord fabric forming the layer 4 has been effected clockwise,
      the winding of the rubberized cord fabric forming the layer 5 will be
      effected counterclockwise, and vice versa.
PAR  Two helicoids of wire rod are positioned on layer 5.
PAR  In particular, use is made of a helicoid of a wire rod 6 of big diameter
      and a helicoid of a wire rod 7 of smaller diameter.
PAR  The space between the helicoids of wire rods 6 and 7 is filled with
      elastomeric material 8 in order to form a layer whose outer surface is
      tubular and smooth.
PAR  A layer 9, made of rubberized square woven fabric, is built up on the layer
      made of the elastomeric material 8. The formation of the layer 9 is
      effected by winding up a tape of square woven fabric.
PAR  A layer 10 of elastomeric material is built up on layer 9 by winding up a
      tape of elastomeric material.
PAR  At least a helicoid of a structural shape 11 of elastomeric material,
      reinforced in such a way that said structural shape is practically
      indeformable to compression stresses exerted in the direction of its
      thickness, is arranged on the layer 10 of elastomeric material.
PAR  For the structural shape 11 it is particularly convenient to use a
      structural shape formed by assembling a plurality of tapes of rubberized
      fabric 12 in such a number as to obtain the desired thickness.
PAR  The space 13 existing between the coils of the helicoid formed by the
      structural shape 11 is filled with a solid material, inert to the effects
      of vulcanization, which liquefies at relatively low temperatures. Spaces
      13 may be filled with a winding of a solid material which liquefies at low
      temperature so as to fill the spaces between the coils of the helicoid of
      structural shape for a thickness equal to the thickness of the structural
      shape.
PAR  For the solid material, inert to the effects of vulcanization and able to
      liquefy at relatively low temperatures it is particularly convenient to
      use a mixture of paraffin and of an ethylene/vinyl acetate copolymer, as
      for instance one of those known in the trade under the name Alvax and
      produced by Du Pont.
PAR  A layer 14 of square woven fabric, obtained by winding up a tape of a
      fabric of this type, is formed on the helicoid of structural shape 11.
PAR  A layer 15 of elastomeric material, obtained by winding up a tape of this
      material, is formed on the layer 14.
PAR  A further layer 16 of square woven fabric, obtained by winding up a tape of
      this type, is formed on the layer 15.
PAR  At least two layers 17 and 18 of rubberized cord fabric are formed on the
      layer 16. Also these layers are formed by winding up tapes of rubberized
      cord fabric. In particular, if the winding of the tape of rubberized cord
      fabric forming layer 17 has been effected clockwise, the winding of the
      tape of rubberized cord fabric for forming layer 18 is effected
      anticlockwise and vice versa.
PAR  At least a layer 19 of rubberized square woven fabric, obtained by winding
      up a tape of this type, is formed on the layer 18.
PAR  Now a covering layer 20 of elastomeric material is applied on the layer 19.
PAR  The hose, built up as described above, and still supported on the rigid
      mandrel 1, is introduced in an autoclave with steam under pressure, and is
      cured.
PAR  After curing, the incompressible material, inert to the effects of
      vulcanization, which had been used in solid state to fill the spaces 13
      between the coils of the helicoid 11, is removed in liquid state.
PAR  After this operation, the mandrel is extracted from the hose.
PAR  The preceding description indicates two alternative embodiments of the
      process according to the present invention. In both of said embodiments
      there is an important element. Said important element is a particularity
      of the phase of positioning the helicoid of structural shape 11 of
      elastomeric material, and consists in the pitch of the helicoid of
      structural shape.
PAR  The pitch of the helicoid of structural shape 11 must be a function of the
      bending stiffness of the assembly of layers 14 to 20, in the meaning that,
      according to the stiffness of said assembly, the value of the pitch of the
      helicoid must be such that the portions of the assembly of layers
      comprised between two adjacent coils do not suffer practically any
      deformation, namely have a practically nul deflection, whichever is the
      compression load in the portions of the assembly of layers 14 to 20
      comprised between two adjacent coils, which can take place in them in
      consequence of the various possible bending deformations of the already
      cured hose during its use.
PAR  Although some preferred embodiments of the present invention have been
      described and illustrated, it is understood that it includes any other
      embodiment deriving from the above indicated inventive concept.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for manufacturing reinforced hoses of elastomeric material
      having a hollow space in their wall, comprising the steps of:
PA1  building up about a rigid support a first continuous tubular layer of
      elastomeric material containing a reinforcing structure;
PA1  positioning about said first tubular layer a helicoid with a hollow space
      existing between each adjacent coil, said helicoid being of a structural
      shape of elastomeric material reinforced in such a way as to be
      practically indeformable to pressure stresses in the direction of its
      thickness;
PA1  building up a second continuous tubular layer about the helicoid of
      structural shape, said tubular layer being in contact with the outer
      surface of said structural shape;
PA1  filling the hollow space between each adjacent coil of said helicoid with
      incompressible material, inert to the effects of vulcanization;
PA1  curing the obtained unit in an autoclave under pressure;
PA1  removing in liquid state the inert material filling the hollow space.
NUM  2.
PAR  2. A process as in claim 1, wherein the step of filling the hollow space
      with a material inert to the effects of vulcanization consists in
      positioning about the helicoid as the next intermediate layer a winding of
      a solid material which liquefies at low temperature so as to fill the
      spaces between the coils of the helicoid of structural shape for a
      thickness equal to the thickness of said structural shape.
NUM  3.
PAR  3. A process as in claim 1, wherein the step of filling the hollow space of
      the hose with a material inert to the effects of vulcanization consists in
      injecting a liquid in said hollow space already formed, before the curing
      step.
NUM  4.
PAR  4. A process as in claim 1, wherein in the step of positioning at least a
      helicoid of a structural shape about the first tubular layer, said
      helicoid is disposed at a pitch whose value does not exceed a
      pre-established value, said pre-established value being a function of the
      stiffness of the assembly of overlying layers in direct contact with the
      helicoid and being determined in such a way that the deflection of said
      assembly of layers comprised between two adjacent coils of the helicoid of
      structural shape is nul for any compression load in the portions of the
      assembly of overlying layers comprised between two adjacent coils which
      can take place in them in consequence of any possible bending deformation
      of the hose in use.
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ABST
PAL  A method of fabricating a succession of photographic diffussion transfer
      film units, each including photosensitive and second sheets secured in
      face-to-face relation; a container of processing composition; and means
      for collecting and retaining excess processing composition. In the
      fabrication method a succession of photosensitive elements are adhered in
      superposed position with a second element to form a sandwich -- such
      adherence to be accomplished without the employment of external transverse
      binders or tapes. Other components of the film units, including
      containers, processing composition trapping elements and associated
      components are preferably mounted along lateral and/or transverse portions
      of the structure with subsequent transverse severance of the composite
      units each from the other to form individual film units.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part of applicant's U.S. Pat.
      application Ser. No. 140,537, filed on May 5, 1971, now U.S. Pat. No.
      3,752,722.
BSUM
PAR  The present invention is directed toward a method of manufacturing
      diffusion transfer-type photographic film units and particularly units of
      the configuration, for example, described in U.S. Pat. Nos. 3,594,165 and
      3,672,890, which will be discussed in greater detail below. A common
      denominator of film units of this type and those disclosed, for example,
      in applicant's U.S. Pat. No. 3,694,206, is in the employment of binding
      tapes to contribute composite integrity to the individual film units. Such
      binders not only establish unitary integrity but provide the additional
      function of aiding in the retention of processing composition within the
      confines of the film unit and supply an attractive border about the
      finished print. Retaining the advantages achieved with binding tapes while
      eliminating the tapes from the system obviously provides the benefits of
      simplifying the film unit manufacturing scheme with concomitant material
      and manipulative economic savings.
PAC  SUMMARY OF THE INVENTION
PAR  Within the context of the present invention, film units of the aforenoted
      type disclosed in U.S. Pat. Nos. 3,594,165 and 3,672,890 are fabricated
      without the employment of binding elements which had heretofore been
      utilized to assure unitary integrity between the two discrete layered
      elements comprising such film units. It will be appreciated that the film
      units described in the above-denoted United States patents all comprise
      two support elements, at least one of which will comprise a multiplicity
      of coatings, such elements to be secured in superposed relationship.
      Additionally, the disclosed film units must contain a source of processing
      composition capable of rendering latent images patent through a diffusion
      transfer mechanism. In each instance the processing composition is
      supplied through a rupturable pod attached along a longitudinal edge of
      the film unit in such a way that the contents of the pod may be spread
      through a predetermined portion of the film unit. It will be evident that
      various hydrokinetic forces will be generated by rupturing the pod and
      spreading its contents between the two opposed support layers which forces
      must be insufficient to rupture the bonds about the extremities of the
      superposed layers thereby insuring that no processing composition escapes
      from the confines of the film units. As has been stated above, such bond
      integrities have heretofore been provided by binder tapes. According to
      the present invention it has been unexpectedly found that such binder
      tapes may be eliminated and each and every function which had heretofore
      been contributed thereby may be achieved through the employment of edge
      laminating systems in conjunction with a printed mask element which
      provides an attractive border surrounding an ultimately produced print.
PAR  It is accordingly an object of the present invention to produce a composite
      diffusion transfer photographic film unit whose unitary integrity is
      insured by means other than binder tapes, and preferably by the use of
      lamination techniques.
PAR  It is another object of the present invention to provide a film unit of the
      aforementioned type having a printed mask surrounding the viewing area of
      the ultimately produced photograph.
PAR  It is a further object of the present invention to provide a manufacturing
      scheme for the production of a photographic film unit for the aforenoted
      type, such scheme preferably being accomplished by high speed automatic
      machinery.
PAR  These and other objects of the invention are achieved by a novel and
      improved fabrication and assembly process in which complex and difficult
      operations are kept to a minimum and a component of the ultimately formed
      film units is employed as a carrier for transporting the entire unit
      structure through the sequence of fabrication and assembly operations
      involved in their manufacture.
PAR  Other objects of this invention will in part be obvious and will in part
      appear hereinafter.
PAR  The invention accordingly comprises the method involving the several steps
      and the relation and order of one or more of such steps with respect to
      each of the others which are exemplified in the following detailed
      disclosure and the scope of the application which will be indicated in the
      claims.
DRWD
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      connection with the accompanying drawings wherein:
PAR  FIG. 1 is a somewhat schematic perspective view, partly in section,
      illustrating a photographic self-developing film unit manufactured
      according to the method of the present invention;
PAR  FIG. 2 is a sectional view along line 2--2 of FIG. 1 depicting the
      relationship of the various layers of constituent components of film units
      which may be manufactured according to the present invention;
PAR  FIG. 3 is a schematic view depicting a portion of the coating stations
      which may be employed in producing one element of the film unit shown in
      FIG. 2;
PAR  FIG. 4 is a somewhat schematic perspective view illustrating the sequential
      assembly operations exemplifying the manufacturing scheme of the present
      invention employing a continuous drive system; and
PAR  FIG. 5 is a view of an alternate lamination section of FIG. 4 which depicts
      a laser lamination and severing apparatus.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In general the present invention is directed toward the fabrication of
      diffusion transfer photographic film units which comprise two
      dimensionally stable support layers at least one of which will carry a
      multiplicity of coatings including photosensitive layers and color
      image-forming materials. With respect only toward the relationship of the
      layers employed and not the method of maintaining unitary integrity, film
      units which may be prepared according to the present invention are
      disclosed in the aforementioned U.S. Pat. Nos. 3,672,890 and 3,594,165. It
      will be noted with respect to, for example, the layers of FIGS. 5 of each
      of the aforenoted patents, the primary difference in the configurations of
      the elements disclosed is in the order of layers and positioning of the
      processing composition retention means (i.e., pods). Regardless, however,
      of the respective layered positions, each of the elements has in common
      the fact that the extreme opposed surfaces comprise dimensionally stable
      layers which are maintained in composite, or laminate form, and comprise
      an integral unit. In the aforementioned patents such adherence is
      accomplished through the facility of a masking element which doubles as a
      binding tape. It will additionally be appreciated that within the context
      of the manufacturing scheme disclosed for such elements in, for example,
      U.S. Pat. application Ser. No. 135,539, filed in the name of Louis O.
      Bruneau and assigned to the same assignee as the instant application, a
      manufacturing scheme comprising a carrier element which doubles as a
      masking element to provide a format for a colored image is disclosed. In
      order to fabricate a film unit according to the disclosed system, a
      discontinuous drive is employed which causes various assembly steps to be
      accomplished while the film units are in the stopped position.
PAR  In contradistinction to that system and to the system disclosed in the
      parent of the instant application the present manufacturing scheme can be
      employed with a continuous drive so that from beginning to end the
      respective sheets and ultimate film units are in a constant state of
      motion until the individual film units are severed from the continuous
      elements.
PAR  With reference now to FIG. 1, a somewhat schematic, partially broken away,
      highly exaggerated perspective view of a typical film unit which may be
      manufactured according to the present invention is depicted. Base support
      element 10 is a transparent dimensionally stable material such as, for
      example, Mylar or cellulose triacetate upon which is coated a pigmented
      layer 11 which defines an aperture, said layer comprising preferably
      titanium dioxide to provide a white border about an ultimately formed
      color image. Preferably the binder material for such pigmented layer will
      be substantially solubilized dye image-forming material impermeable so
      that as an image is viewed through transparent element 10 it will be
      viewed only within the confines of the aperture defined by layer 11,
      generally denoted by dotted line 18. Such binder materials may comprise
      latices for example, certain latices which may be employed in paint
      technology, e.g., AC-22, sold by Rohm & Haas Co.; and preferably latices
      with a high content of butyl or ethyl acrylate to enhance sealing. Solvent
      systems comprising, e.g., cellulose acetate, alkyd resins, etc. may also
      be employed. Depicted coated over layer 11 is an image-receiving layer 12
      in which a color image may be formed, preferably by mordanting diffused
      solubilized dye image-forming material therein. Coated as a continuous
      layer over element 12 is a layer 13 comprising a white pigment, preferably
      titanium dioxide, in a binder which is permeable to dye image-forming
      material, such as, for example, polyvinyl alcohol, gelatin,
      polyacrylamide, etc. This layer will provide a white background against
      which the ultimately formed image will be viewed. Over layer 13 are coated
      a multiplicity of photosensitive layers in conjunction with color
      image-forming materials, denoted 14, which, within the context of such
      diffusion transfer film units, will preferably comprise yellow, magenta
      and cyan dye developers along with blue-sensitive, green-sensitive and
      red-sensitive silver halide emulsion layers. Since layer 12 alone may be
      insufficient to provide the required degree of light security in the
      embodiment depicted, it is preferred to employ a loading of, for example,
      carbon black in the layer next adjacent thereto or in a discrete layer
      adjacent thereto. Furthermore, since the dye developer and emulsion layers
      comprise costly materials, they are preferably coated only along the
      portion of the base element coincident with the aperture in layer 11.
      Along one edge of the photosensitive-dye image-forming material layers --
      and preferably slightly overlapping that edge -- is a processing
      composition container 15, while along the opposed edge of the film unit is
      a processing composition trapping element 16 capable of absorbing and
      retaining excess processing composition resultant from rupture of
      container 15 and spreading of the processing composition over layers 14.
      Transparent dimensionally stable cover sheet 17 is shown laminated to
      layer 10 about the peripheral edges thereof through layers 11, 12, 13 and
      14. It will be appreciated, however, that within the context of the
      present invention, pod 15 may extend to the transverse extremities of the
      film unit and may be so treated along such extremities that lamination of
      the entire unit through the edges of said pod may be accomplished, as, for
      example, by being coated with a heat-activatable adhesive material.
PAR  FIG. 2 is generally a side, cross-sectional view through the line 2--2 of
      FIG. 1 and denotes the relative relationships of the layers each to the
      other in exaggerated form. With respect to FIG. 2, it is interesting to
      note that in a film unit embodiment according to the general scheme of the
      aforementioned U.S. Pat. No. 3,672,890, pod 15 is so positioned as to
      deposit its contents between base layer 10 and the photosensitive layers
      rather than between cover layer 17 and the photosensitive layers. Exposure
      in the latter instance is through layer 17 while in the former instance,
      exposure is accomplished through layer 10. Accordingly, element 17 in the
      former embodiment will preferably be opaque so that development may be
      accomplished in the light. Furthermore, in the latter instance, the
      processing composition will preferably contain an opacifying material such
      as carbon black, in sufficient concentration to prevent fogging of the
      photosensitive elements by ambient light conditions, while in the former
      configuration, the dye-permeable layer of titanium dioxide will be
      provided by the processing composition rather than coated during
      manufacture. Obviously, in the former configuration, there will be no
      carbon black adjacent the image-receiving layer -- light opacification
      being accomplished by alkali-responsive dye systems as disclosed, for
      example, in U.S. Pat. No. 3,672,890. In order to make the latter film unit
      more aesthetically pleasing, layer 17 might have printed thereon, by the
      same technique employed with regard to printing the masked layer on layer
      10, a mask element preferably of a black pigment, such as carbon black,
      which is capable of masking from view the processing composition retaining
      pod and trap employed to absorb excess processing composition. It will
      accordingly be appreciated that a viewer of the film unit through element
      17 will see nothing but a black background as the rear surface of the
      finished photograph.
PAR  Masking layer 11 has as its basic function the provision of a sharply
      defined image-free border surrounding a transfer image which extends to
      the edge of the border. The masking layer is preferably applied to element
      10 prior to the application of element 12. However, it is to be noted that
      for convenience of manufacture, layer 12 may be applied to element 10
      prior to application of layer 11, it being unnecessary to maintain the
      order of these elements as depicted in FIG. 2. The aperture in layer 11
      defines the extent of the visible image and, as aforenoted, preferably
      comprises a white pigment such as titanium dioxide carried in a suitable
      binder, preferably a polymer which is A liquid during formation of the
      masking layer and solidifies to form a stable dye image-forming
      material-impermeable adherent layer. The masking layer 11 can be formed
      and applied to element 12 by numerous wellknown systems including, for
      example, conventional printing methods such as the gravure process. Layer
      11 insures that any diffusible image-providing material formed on the
      photosensitive layer side thereof be hidden from view. The preferred
      location is as depicted in FIG. 2.
PAR  With regard to the manufacture of coated base element 10, reference is
      directed toward FIG. 3 where a transparent strip comprising base element
      10 is directed to a gravure printing station where embossed gravure roll
      20 and base support roll 21 are shown applying a pigmented layer 11 to
      base layer 10 in the configuration of a mask which will define the area of
      the ultimately formed photographic print. In a separate operation
      downstream of the gravure coating station is coating station 22 at which a
      coating 12 is applied, said coating comprising an image-receiving layer;
      downstream of coating station 22 is coating station 23 from which layer
      13, a dye-permeable pigmented layer capable of providing a background
      against which an ultimate image may be viewed, is deposited. In a
      subsequent coating station or stations 24, various photosensitive layers
      associated with image-forming materials are deposited and denoted as
      layers 14. It will be noted that for economic reasons these various layers
      which comprise costly components are deposited on sheet 10 in a strip
      narrower than sheet 10 so that subsequently pods and traps may be adhered
      to sheet 10 at a position substantially devoid of emulsion and dye
      materials. Subsequent to the application of the emulsion and dye layers to
      base 10, the material is rolled and stored prior to being placed in an
      assembly system. It should be understood that the various coated layers
      may be applied in line or on separate occasions. Application techniques
      for the layers denoted and appropriate apparatus are well known in the
      photographic and printing arts.
PAR  Assembly of film units noted above may best be envisioned with respect to
      FIG. 4 which depicts a continuous method of fabricating film units as
      described above. According to the preferred method, a roll of the coated
      material, prepared as described, for example, in FIG. 3, is conveyed along
      conventional continuous transfer means to a point whereupon opposed
      longitudinal edges of the base material are contacted with continuous
      strips of processing composition retaining containers 15 and excess
      processing composition capture means 16 are secured in place by
      conventional means as, for example, pressure-sensitive adhesives, etc.
      Preferably, the continuous roll of pods and traps will each comprise
      components adhered, each to one another, by a narrow band of thermoplastic
      material 33 and 34, respectively, capable of enhancing the ultimate bond
      achieved between the base element 10 and cover element 17. Preferably, the
      rupturable bond of container 15 will slightly overlap the photosensitive
      area of coated base element 10 to assure that upon rupture the entire
      contents of the container will be spread across coated base element 10
      toward means 16. It is sufficient with regard to the sealing of container
      15 to base element 10 that only the edge of the container adjacent the
      edge of base element 10, or alternatively the transverse container edges
      may be adhered to the element 10. Since such a bonding will be sufficient
      to hold the container in place throughout the rest of the fabrication
      process the means 16 may preferably be heat-sealed in place or put in
      place in any conventional adherent fashion. Downstream of the positions at
      which the pods and traps are adhered to coated base element 10, a roll of
      transparent dimensionally stable material comprising element 17 is fed in
      opposed relation with element 10 between heated rollers 40 and 42 which
      provides a secure heat seal of said coated base element 10 to said element
      17. In order to provide the requisite dwell, it may be necessary to employ
      a multiplicity of heated rollers adjacent one another. It should be noted
      that the seals provided by elements 40 and 42 along the longitudinal edges
      of the composite structure are generally outboard of the pod and trap,
      respectively. Secure seals are provided with lamination temperatures of
      about 250.degree. F. and dwells on the order of about 0.3 sec. with
      materials disclosed herein and in the aforementioned U.S. Pat. Nos.
      3,672,890 and 3,594,165. In order to enhance heat sealing, it is
      recommended that a material such as, for example, Versamid, sold by
      General Mills, Inc., be added to the border pigmented layer. At a station
      subsequent to providing longitudinal seals, a transverse sealing unit 43
      is provided which establishes a secure bond between the pod extremities,
      thereby laminating elements 17 and 10 and providing a secured unitary
      structure. As before, a number of laminating elements may be required or a
      lamination head may be employed in square wave fashion so that it
      "follows" the elements for the requisite dwell period. Subsequent to
      completion of lamination, individual film units are severed from the
      continuous structure by knife 50, which cuts through the laminated areas
      established between the pods. The ultimate product is a film unit without
      binder tapes and may be fabricated by a continuous process. While
      heat-sealing techniques have been found to provide satisfactory results, a
      laser lamination system may also be employed as depicted in FIG. 5. Such
      system may be a flying scanner 60 which will provide both sealing and
      severance functionality to the individual film units. A carbon dioxide
      continuous pulse laser, such as those sold by American Optical Company of
      Southbridge, Mass., is recommended. It is also anticipated that
      conventional ultrasonic means may be employed in providing the lamination
      functionality to the present invention.
PAR  The rupturable container retaining processing liquid for each film unit is
      of a type well-known in the art and described, for example, in U.S. Pat.
      No. 2,543,181. It is formed by folding a rectangular blank of fluid and
      vapor impervious sheet material medially and sealing the marginal sections
      of the blank to one another to form a cavity for containing processing
      liquid. The seal between the longitudinal marginal sections is weaker than
      the seals at the end of the container so that in response to the
      application of compressive pressure to the walls of the container in the
      region of the liquidfilled cavity there will be generated within the
      liquid, hydraulic pressure sufficient to separate the longitudinal
      marginal sections with a concomitant discharge of processing composition
      from the liquid-filled cavity in the anticipated direction toward the
      photosensitive layers. In addition, if considered necessary the coated
      base element 10 and element 17 may be prelaminated each to the other
      according to well-known techniques such as, for example, as described in
      the parent of the present application.
PAR  In certain film unit embodiments, particularly, for example, that of
      aforenoted U.S. Pat. No. 3,672,890, it may be desirable to provide a
      processing "gap" between elements 10 and 17. This will preferably be
      provided by adjustment of the compressive pressure-providing mechanism of
      the camera in which such film units are to be employed, but may also be
      provided by supplying the film units with transverse shims or rails.
PAR  Since certain changes may be made in the above process without departing
      from the scope of the invention herein involved, it is intended that all
      matter contained in the above description or shown in the accompanying
      drawings shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of forming an integral diffusion transfer photographic film
      unit which comprises first and second sheet elements adhered to one
      another in opposed relationship, at least one of said sheet elements
      comprising a layer comprising image-forming materials and at least one of
      said sheet elements comprising an image-receiving layer, which method
      comprises:
PA1  securing adjacent a longitudinal edge of an extended length of said first
      sheet element, sequentially, a multiplicity of rupturable containers
      retaining diffusion transfer processing composition so that upon the
      application of compressive force to a container the contents thereof will
      be directed toward the longitudinal edge of said first sheet element
      opposed to the edge adjacent to which said containers are secured;
PA1  superposing an extended length of said second sheet element over said first
      sheet element and securing said second sheet element to said first sheet
      element by sealing said sheet elements each to the other along at least
      the longitudinal edge of said superposed elements opposed to the edge
      adjacent to which said rupturable containers are secured, and sealing the
      transverse areas normal to said longitudinal seal lying between said
      sequentially secured containers of processing composition, thereby
      establishing a composite film unit capable of retaining distributed
      processing composition; and
PA1  severing said composite film units from said extended lengths of said first
      and second sheet elements through sealed traverse areas.
NUM  2.
PAR  2. The invention of claim 1 wherein a multiplicity of elements capable of
      retaining excess processing composition are adhered, sequentially,
      adjacent the longitudinal edge of said first sheet element opposed to the
      edge adjacent to which said containers are secured, prior to
      superpositioning of said second sheet.
NUM  3.
PAR  3. The invention of claim 1 wherein said first sheet is sealed to said
      second sheet through at least one layer which provides adhesive
      functionality by means of the application of heat.
NUM  4.
PAR  4. The invention of claim 3 wherein said heat is applied for about 0.3
      seconds at about 250.degree. F.
NUM  5.
PAR  5. The invention of claim 1 wherein sealing of said transverse areas is
      produced by laser energy.
NUM  6.
PAR  6. The invention of claim 5 wherein said film units are severed from the
      extended lengths of said first and second elements by laser energy.
NUM  7.
PAR  7. The invention of claim 6 wherein said laser energy is provided by a
      continuous pulsed laser.
NUM  8.
PAR  8. The invention of claim 1 wherein said second sheet element is sealed to
      said first sheet element along said longitudinal edge adjacent said
      secured rupturable container.
NUM  9.
PAR  9. The invention of claim 1 wherein said rupturable containers are adhered
      along said longitudinal edge of said first sheet in a continuous strip
      comprising said containers adhered, each to the other, by a narrow band of
      thermoplastic material capable of enhancing the bond between said first
      and second sheets upon the application of heat.
NUM  10.
PAR  10. The invention of claim 9 wherein excess processing composition capture
      elements are adhered to said first sheet along the longitudinal edge
      thereof opposed to the edge adjacent said rupturable containers in a
      continuous strip comprising said capture elements adhered each to the
      other by a narrow band of thermoplastic material capable of enhancing the
      bond between said first and second sheets upon the application of heat.
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ABST
PAL  A fiber optic image transporting device for converting the shape of optical
      images directed thereinto. The device is formed of an initially rigid
      multifiber conduit having a leachable fiber connecting matrix. The matrix
      is removed from one end of the conduit and replaced with a fiber bonding
      resin. The intermediate portion of the conduit is then leached, keeping
      its opposite end intact as one image transmitting face of the device, and
      the resin bonded end is cut into sections of predetermined shapes and
      sizes which are reassembled to form a differently shaped second image
      transmitting face.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Fiber optic image transporting devices with particular reference to image
      shape converters and method of making the same.
PAR  2. Description of the Prior Art
PAR  Prior art devices for converting images from one shape to another, e.g.
      from a rectangular raster to a line or circle and vice versa, have been
      extremely difficult, time consuming and expensive to manufacture.
PAR  Previous methods of making fiber optic image shape converters involved the
      handling of great numbers of usually very fine fibers in special aligning,
      bundling and cementing operations. A common procedure was to form a
      multiplicity of ribbons of parallel fibers and handpack these ribbons one
      upon another into a desired raster configuration at one end of the array.
      Corresponding opposite ends of the ribbons were then manually lined up
      side by side or into a circular or other configuration.
PAR  In addition to ordinary problems of fiber breakage in the handling of fiber
      ribbons per se, prior art difficulties in making the ribbons without such
      imperfections as fiber breakage, fiber overlapping and/or excessive
      spacing between fibers have seriously limited the availability of fiber
      optic image shape converting devices. Furthermore, those commercially
      available or otherwise obtainable have been unduly expensive and generally
      of inferior fiber optic quality.
PAR  An aim of the present invention is to improve the image resolving and
      transmitting capabilities of fiber optic image shape converters and to
      provide a process for manufacturing these devices which is adaptable to
      large or small production runs and requires, in either case, only a
      minimum of time, expense and skill to implement while offering an
      assurance of repeated duplication of the improved end product result.
PAC  SUMMARY OF THE INVENTION
PAR  The aforementioned objectives and their corollaries are accomplished by a
      novel technique of using intially rigid but leachable multifiber conduit
      as the basic structure of an image shape converter to be formed according
      to the invention.
PAR  A preselected length of leachable image conducting conduit (i.e. a multiple
      fiber conduit having a leachable fiber connecting matrix) is leached at
      one end to remove the connecting matrix. The removed matrix is replaced
      with a fiber bonding resin and, keeping the opposite end of the conduit
      intact as one image transmitting face of the device, its intermediate
      portion is leached so as to free its fibers and render the device
      intermediately flexible. The resin bonded end is then cut longitudinally
      (i.e. through the bonding resin) into sections of predetermined shapes
      which are reassembled into the form of a differently shaped second image
      transmitting face of the device.
DRWD
PAR  The details of the invention will be better understood by reference to the
      following description taken in conjunction with the accompanying drawings.
PAC  IN THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a leachable multiple fiber conduit
      which is exemplary of the type of structure from which image shape
      converting devices may be formed according to the present invention;
PAR  FIG. 2 is an end view of the conduit of FIG. 1;
PAR  FIG. 3 is an end view of a modified form of leachable conduit useful in the
      practice of the invention;
PAR  FIG. 4 is a diagrammatic illustration of an initial step in the process of
      forming image shape converting devices according to the invention;
PAR  FIG. 5 is an enlarged fragmentary perspective view of a multiple fiber
      conduit depicting the result of the process step of FIG. 4;
PAR  FIGS. 6, 7, and 8 are diagrammatic illustrations of additional steps of the
      process of the invention; and
PAR  FIGS. 9 and 10 are illustrations, in perspective, of exemplary forms of
      image converting devices which may be produced according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to the present invention, image shape converting devices of the
      types shown in FIGS. 9 and 10, for example, are each formed of an
      initially rigid section of fused leachable multiple fiber conduit such as
      conduit 10 of FIGS. 1 and 2.
PAR  Conduit 10 comprises an asembly of juxtapositoned optical fibers 12 fused
      together in a predetermined orderly array with an interconnecting matrix
      14 of a leachable glass or metallic bonding material. Conduit 10 may be
      similar to any one or another of the types shown, described and/or capable
      of being produced according to U.S. Pat. Nos. 3,004,368 and 3,624,816.
PAR  Fibers 12 of conduit 10 are preferably glass-clad monofilaments each
      surrounded by the leachable material of matrix 14. It is to be understood,
      however, that fibers 12 may, alternatively, each comprise a multiplicity
      of bundled together monofilaments, as multifibers 12' (FIG. 3), all
      interconnected with a leachable matrix 14'. A further modification of
      conduit 10 (not illustrated) may include a leachable matrix material
      surrounding each of the monofilaments of multifibers 12' in addition to
      the matrix 14' of FIG. 3.
PAR  In all cases, the monofilaments 12 and the individual fiber elements of
      multifibers 12' preferably each comprise a glass core of high refractive
      index (e.g. in the range of from 1.5 to 1.81) surrounded by a relatively
      thin cladding of relatively low refractive index material (e.g. in the
      range of from 1.48 to 1.52). The monofilaments 12 or multifibers 12' may
      be arranged in any geometrical pattern desired which is carried through
      the length of the conduit 10 or 10'. A desirable arrangement is depicted
      in FIGS. 2 and 3 wherein the fibers 12 and 12' respectively are
      juxtapositioned in straight rows and accurately superimposed.
      Corresponding fibers of each row are aligned in directions perpendicularly
      to the rows.
PAR  For ease and clarity of illustration, conduit 10 has been depicted as
      comprising an array of 25 relatively large fibers 12 (FIG. 2) or 12' (FIG.
      3). It should be understood that in actual practice, a conduit consisting
      of considerably more and smaller diameter fibers 12 or multifibers 12'
      would normally be used.
PAR  Details concerning materials used in fabricating fibers 12, 12' and
      matrices 14, 14' useful in the manufacture of conduit 10 will not be
      outlined herein. Those interested in such details may refer to the
      aforementioned exemplary U.S. Pat. Nos. 3,004,368 and 3,624,816.
PAR  Referring more particularly to FIGS. 4-8, the process of the invention
      using conduit 10 of FIGS. 1 and 2 for illustration, is as follows:
PAR  One end 16 of conduit 10 is placed in a leaching solution 18 (e.g.
      hydrochloric acid or sodium hydroxide) to remove its fiber connecting
      matrix 14 over a short distance back from end 16 as illustrated in FIG. 5.
PAR  In the more usual case of working with conduit of from approximately 1/2 to
      3/4 inch square and individual fiber 12 diameters in the order of 0.003
      inch, this removal of matrix 14 is effected over a distance d (FIGS. 4 and
      5) of from 1/16 inch to approximately 1/8 inch back from end 16. The
      removal of greater or lesser amounts of matrix material in this step of
      the process may be desirable in cases where conduit 10 is of respectively
      larger or smaller cross-sectional size.
PAR  The distance d is, nevertheless, preferably limited in its extent to an
      amount less than that which would render the freed portions of fibers 12
      sufficiently flexible to become subject to appreciable geometrical
      misplacement from their initial patterning in conduit 10. With the aim of
      preserving the initial geometrical patterning of fibers 12 after leaching,
      distance d is held shorter for small diameter fibers 12 and vice versa.
PAR  The matrix material 14 removed from fibers 12 at end 16 of conduit 10 is
      next replaced with an epoxy resin or an equivalent acid-resistant bonding
      material which, when cured, can be readily severed with a sharp knife or
      razor blade. This is accomplished preferably by dipping the leached end 16
      of conduit 10 into a supply 20 of the bonding material as illustrated in
      FIG. 6. Material 20 may be a B-stage epoxy of the type described in U.S.
      Pat. No. 3,729,356, for example, or any adhesive material having an
      equivalent workability and utility in the present process.
PAR  Once in place, the epoxy is dried at room temperature and cured with heat.
      The latter may be effected at a later stage of the process if desired. For
      example, drying of the epoxy to a non-flowable cement-like consistency
      will suffice for completion of the yet to be described method steps of
      FIGS. 7 and 8. Actual curing (polymerization) of the epoxy can be effected
      after formation of the particular image-shape converting device of FIG. 9
      or FIG. 10.
PAR  It is to be understood that other liquid adhesives, waxes or cements of the
      single stage drying and/or curing type may be substituted for the multiple
      stage epoxy, if desired. They must, however, be resistant to leaching
      acids or hydroxides and the like.
PAR  Having replaced the matrix 14 removed from end 16 of conduit 10 with
      bonding material 20 according to FIG. 6, the opposite end of conduit 10 is
      capped with an acid-resistant covering 24 (e.g. wax) and the whole unit is
      suspended or otherwise immersed in a leaching solution 26 preferably of
      the same type as solution 18, is similar thereto.
PAR  With the bundle of fibers 12 held intact at ends 16 and 22 of conduit 10 by
      bonding material 30 and protective covering 24, the conduit is kept within
      the leaching solution 26 until the matrix 14 is substantially completely
      removed from its remaining intermediate section thereby freeing the fibers
      12. Being so rendered intermediately flexible, conduit 10 is removed from
      solution 26 and cleansed.
PAR  It should be understood that, following each leaching step of this
      invention, conduit 10 is preferably cleansed of the leaching medium to
      prevent unnecessary erosion of fibers 12. Typical cleansing operations are
      described in the aforementioned U.S. Pat. Nos. 3,004,368 and 3,624,816.
PAR  Finally, end 16 of conduit 10 is cut into sections of desired shapes and
      sizes which are reassembled into geometrical configurations differing from
      the fixed rectangular raster-shape of end 22. In this regard, a
      raster-to-line shape converter 28 (FIG. 9) may be produced by cutting end
      16 of conduit 10 through bonding material 20 parallel to fibers 12 along
      lines 30. Having thus separated the superimposed rows 32 of fibers 12,
      they may be repositioned in aligned edge-to-edge relationship as shown in
      FIG. 9. Had a two-stage bonding material 20 been used and left
      unpolymerized up to this point, the aligned section 32 could be heat
      joined and cured, e.g. at temperatures of 250.degree.F or thereabout.
      Alternatively, other edge joining adhesives or mechanical clamps may be
      used to maintain the integrity of the aligned sections 32.
PAR  Another form of image-shape converter, i.e. a raster-to-circle converter 34
      is illustrated in FIG. 10. This may be produced by cupping sections 32 and
      joining them together in a circular array.
PAR  In each of image-shape converters 28 and 30, an optical image formed upon
      their rectangular rasters at ends 22 will be transferred mosaically
      through fibers 12 by the well-known principles of total internal
      reflection and converted into a different shape upon emission. Converter
      28 (FIG. 9) will emit a long and slender or line-like image and converter
      34 will emit a circular or ring-like image. It should also be understood
      that a line-like optical image or pattern of light directed into sections
      32 of converter 28 will be converted to a solid rectangular optical image
      or pattern of light at end 22 thereof. Similarly, a circular optical image
      or pattern of light directed into sections 32 of converter 34 (FIG. 10)
      will be converted into a solid rectangular image or pattern of light at
      its end 22.
PAR  End 16 of conduit 10 may alternatively be cut along lines perpendicular to
      lines 30 between fibers 12 or both along lines 30 and perpendicular
      thereto. The latter may be used to form blocks of fibers 12 for reassembly
      into a different than the original pattern thereof. In reassembly, the cut
      end 16 may be formed to the configuration of a triangle, cross, or other
      desired configuration.
PAR  From the foregoing description, of the invention, it can be seen that prior
      art problems of excessive fiber breakage, improper alignment, poor
      bundling fraction, undue costliness and general product inferiority have
      been overcome and that the present process is readily adaptable to either
      large or small scale production requiring a minimum of time, expense and
      skill to implement.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of making a fused glass clad glass image transporting and
      shape converting device from a section of fused glass optical fiber
      conduit having a multiplicity of juxtapositioned individually flexible
      light-conducting fibers all rigidly fused together with a leachable glass
      matrix and said fibers being substantially indentically geometrically
      patterned at least at opposite ends of said conduit wherein said method
      comprises the steps of:
PA1  leaching said glass matrix away from said fibers adjacent a first end of
      said conduit;
PA1  replacing said leached matrix with a non-leachable bonding material;
PA1  covering the opposite second end of said conduit with a protective cap of
      non-leachable material to protect the fused glass clad glass integrity
      thereof;
PA1  leaching said matrix away from said fibers throughout the extent of said
      conduit between said non-leachable bonding material and said cap to render
      said fibers of said conduit and said conduit as a whole intermediately
      flexible;
PA1  separating said fibers into a plurality of groups at said first end of said
      conduit each group being of a preselected size and shape by cutting
      between said fibers longitudinally thereof through said non-leachable
      bonding material;
PA1  assembling said groups of fibers into a predetermined pattern differing in
      geometrical configuration from that of said first end of said conduit; and
PA1  removing said cap at any preselected stage of said method following said
      last mentioned leaching step.
NUM  2.
PAR  2. The method of making an image transporting and shape converting device
      according to claim 1 wherein said leaching steps are performed by placing
      corresponding sections of said conduit in a leaching solution and said
      step of replacing said leached matrix with a non-leachable bonding
      material is performed by dipping said one end of said conduit into said
      bonding material.
NUM  3.
PAR  3. The method of making an image transporting and shape converting device
      according to claim 1 wherein said non-leachable bonding material is a
      two-stage epoxy which must be dried following its application and said
      method further includes the step of applying heat to said epoxy for
      polymerization thereof at a preselected stage of the method subsequent to
      drying of the epoxy.
NUM  4.
PAR  4. The method of making an image transporting and shape converting device
      according to claim 1 wherein said groups of fibers each comprise a row
      thereof and said rows are reassembled in edge-to-edge relationship into
      said pattern of differing geometrical configuration.
NUM  5.
PAR  5. The method according to claim 4 wherein said pattern is line-like in
      configuration.
NUM  6.
PAR  6. The method according to claim 4 wherein said pattern is ring-like in
      configuration.
NUM  7.
PAR  7. The method of making an image transporting and shape converting device
      according to claim 1 wherein said reassembled groups of fibers are secured
      together as a unit.
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ABST
PAL  A process is provided for the continuous production of nonwoven webs in
      cylindrical or sheet form from thermoplastic fibers, spinning the fibers
      continuously from a melt onto a rotating mandrel and winding them up on
      the mandrel to form a generally spirally wound cylinder. Density of the
      wound cylinder is controlled by controlling the distance between the
      rotating mandrel and the orifices of the spinning die through which the
      molten polymeric material is spun. If the spinning of the fibers is
      continuous, the cylinder can be formed in a continuous length. Control of
      the spinning rate in relation to the diameter and rate of rotation of the
      mandrel and the rate of advance of the cylinder on the mandrel controls
      the thickness of the cylinder. The cylinder can be drawn off the mandrel
      and used as a cylinder, or either slit lengthwise and opened out, or
      collapsed onto itself, for use as a sheet. The process is particularly
      adapted for forming filter elements.
BSUM
PAR  Cylindrical filter elements are normally formed of sheet material that is
      folded over onto itself into a cylindrical configuration, with the lapped
      edges brought together and sealed in a side seam seal. The sheet can be
      folded with corrugations to increase the useful area of the filter sheet
      within a confined space. In forming the seam, usually the two outside
      surfaces of the ends of the sheet are brought together. One or both of the
      opposed surfaces is coated with adhesive, and the seal is then formed by
      application of heat to set the adhesive. A seam is formed in which a layer
      of adhesive extends from end to end of the seam, and across the seam from
      the outer surface to the inner surface, and this layer of adhesive is
      presented endwise to the surface of the filter element. The portion of the
      filter element bonded to an adhesive layer in the seam is of course not
      porous, and this reduces the available surface area of the filter.
PAR  Various types of sealing techniques and folding of the side edges of the
      filter sheets at the seal have been proposed, to avoid these problems, but
      none have been fully successful. Canadian Pat. No. 742,053 issued Sept. 6,
      1966 to David B. Pall and Herbert L. Foreman, describes a reversed lapped
      seam side seal, wherein the outer surfaces of the adjacent sheet portions
      are brought together in face-to-face relationship with a self-sustaining
      ribbon of bonding agent therebetween bonding the sheet portions together
      to form a leak-proof seal. However, in this type of seam also, the bonding
      agent presents an area of nonporous material extending from the inner
      surface to the outer surface of the filter sheet.
PAR  In the manufacture of cylindrical filter elements with ultrafine removal
      ratings, it is frequently advantageous to use a very thin filter sheet,
      since a thin sheet presents less resistance to fluid flow than a thick
      one. Such sheets tend to be fragile, and it is for this reason desirable
      to reinforce the thin sheet against rupture due to applied pressure in
      both directions, and against mechanical damage by handling during and
      after fabrication, by surrounding it with relatively thicker and stronger
      layers of more open foraminous sheet materials. The resulting multilayer
      structures with generally tapered or stepped pores are particularly
      difficult to seal together in a cylindrical form, because an adhesive of
      sufficiently low viscosity to penetrate the coarse layers tends to be
      rapidly drawn away by the finer capillarity of the finer layers, with the
      result that the coarser layers are starved of adhesive, and imperfectly
      sealed together. For this reason, such seals tend to be very unreliable,
      and permit passage of solids through the filter elements by edgewise flow
      through the interposed coarser layers at the seal.
PAR  A further difficulty with wide seam sealed cylindrical filter elements is
      the bonding of end caps to the open ends of the cylinder. The adhesive
      systems used to bond the end caps to the ends of the side sealed pack
      usually adhere very well to the filter media layers, since these are
      porous and consequently absorb some of the adhesive, forming a good bond.
      The same is not true with respect to the layer of adhesive holding the
      side seam seal together. In many systems, there is zero adhesion between
      the adhesive system of the end cap and the adhesive in the side seam seal.
      Consequently, it frequently happens that a poor seal is formed at the
      adhesive layer, with the result that a leakage path can be formed under
      fluid pressure across the filter element. Since the adhesive extends from
      the outer surface to the inner surface of the filter sheet across the
      seam, the result is a potential bypass route for fluid which does not pass
      through the filter.
PAR  A potential leakage path of this sort cannot be tolerated in cylindrical
      fiter elements in which the filter sheet is of a porous size such that the
      filter can be used in filtering out harmful microorganisms such as yeasts
      or bacteria. The development of such a leakage path in use under high
      fluid pressure will result in the organisms bypassing the filter, with
      possibly disastrous consequences.
PAR  It is quite difficult in cylindrical filter elements formed of sheet
      materials to provide a filter cartridge having a sufficient thickness to
      provide in-depth filtration, a characteristic that is particularly
      desirable in filtering some kinds of contaminants from fluids. Generally
      speaking, the longer and the more devious the path that a fluid must
      follow in passing through a filter, the better the chances of removing any
      suspended material which is small enough to enter the filter pores. The
      reason is that such material although capable of passing through the pores
      tends to become lodged in crevices, nooks and crannies along the pores.
      The longer and more tortuous the pore, the more nooks, crevices and
      crannies along its length, and therefore the higher the removal rating for
      such particles.
PAR  Nonwoven fibrous mats and bats are preferred in-depth filter materials, but
      these materials do not lend themselves to the formation of cylindrical
      filter elements capable of resisting high differential pressures, because
      of the low tensile strength of such materials. It is especially difficult
      to bond the edges of a sheet of nonwoven fibrous material together in a
      side seam seal. Accordingly, such materials are usually used in
      cylindrical filter elements only in conjunction with backup filter sheets
      of the conventional type, which can be bonded together in a side seam seal
      to prevent the passage of particles that happen to penetrate through the
      in-depth filter mat or bat. If back flow is possible, such mats also
      require an external support, so that the mat is in effect confined between
      concentric materials, of which either or both can be a filter sheet. The
      requirement for a backup filter increases the cost of such elements, as
      well as making it more difficult to bond together the several layers to
      the end caps in a leak-tight seal.
PAR  It is also difficult to control the density and porosity of nonwoven
      fibrous mats and bats. The size of the pores between the fibers is of
      course dependent upon the spacing of the fibers from each other, which in
      turn is controlled by the density or the degree of compression of the
      layer. If the layer be confined between two rigid surfaces, it is possible
      of course to compress the layer, and to thereby obtain some control over
      the density, but it is not easy in this way to achieve uniform porosity
      control from filter element to filter element.
PAR  Cylindrical filter elements have also been formed by winding fiber or yarn
      in opposed spiral or helical laps about a mandrel, to form what is known
      in the trade as a "wound" or "honeycomb" element. The expression
      "honeycomb" is used because filters so made are characterized by
      alternating low or open areas at the interstices between the fibers and
      high density fibrous or closed areas, where the fibers overlap and cross,
      extending through the thickness of the element. For this reason such
      filters tend to be inefficient, since the open areas pass large particles
      and tend to unload collected solids during periods of varying flow, while
      the denser areas have lower permeability and therefore see less flow of
      the fluid filtered. The fibers or yarn used for such elements is spun from
      relatively coarse fibers, no commercially used cartridge having fibers
      less than about 12 .mu.m diameter, while most are in the 20 .mu. m or
      larger range. The fibers in the yarn are parallel or nearly parallel to
      each other, which represents a very inefficient orientation for filtration
      purposes.
PAR  Still another configuration in which commercially available filter elements
      are made is accomplished by winding a preformed non woven sheet or web of
      resin-bonded spun glass fibers around a perforate mandrel into the form of
      a cylinder. U.S. Pat. No. 3,268,442 to David B. Pall, Sidney Krakauer,
      Chesterfield Franklin Siebert, Marcel G. Verrando and Cyril A. Keedwell,
      patented Aug. 23, 1966 proposed to control the density of nonwoven bats by
      winding up the bat to form a spirally wound cylinder with two or more
      layers of differing density and diameter, using fibers of different sizes
      in the spirals. Such elements can have graded density, but they suffer
      from the necessity of adding a substantial proportion of resinous binder
      to anchor the glass fibers, and in fact some "media migration" (release of
      fiber downstream) occurs even when resin binder is used, due in part to
      the brittle nature of the glass fiber. The use of a resin binder limits
      the usefulness of the elements, since the resins used for this purpose are
      attacked by various reagents.
PAR  In all of the techniques used previously to form cylindrical filter
      cartridges, sheet material is used as the starting material, and the
      dimensions of the cartridge are accordingly circumscribed by the
      dimensions of the starting sheet. If a filter cartridge of high flow
      capacity and surface area is required, it is very difficult to achieve it
      by increasing the size of the filter. One cannot merely increase the
      length of the cartridge, because of the difficulty of finding sheet
      material of such a length, and of forming long sheets into cartridges.
      Consequently, the art has resorted to the use of filter cartridges of
      relatively standardized lengths, butting cartridges together, end to end,
      and sealing them together at their ends to form a filter cartridge of a
      longer-than-standard length. Butting cartridges together is a satisfactory
      resolution of the difficulty in some respects, but the joints afford
      additional leakage paths, which can be a source of trouble in operation of
      the composite.
PAR  In accordance with the invention, a process is provided for forming
      nonwoven thermoplastic fibrous material in a seamless cylindrical
      configuration and in continuous lengths, by winding fibers as they are
      melt-spun from a spinning die directly onto a rotating mandrel, and
      optionally but not necessarily continuously drawing the resulting fibrous
      cylinder from the mandrel. Such a seamless cylinder can be made in any
      thickness and length desired, of any thermoplastic polymeric fiber-forming
      material. Control of the density of the wound cartridge during laydown
      controls the porosity of the cylinder that is obtained. Such cylinders are
      particularly useful as filter elements, whether in cylindrical or
      (collapsed or slit) sheet form.
PAR  A particular advantage of this method is that it makes possible the laydown
      of very fine fibers, which are preferred for filter elements having fine
      pores and a high proportion of open area. Fibers that are less than 10
      .mu. and can range below 0.5 .mu. down to 0.1 .mu. can be spun and laid
      down onto the rotating mandrel.
PAR  Nonwoven fabrics, which find application as filters, as well as for many
      other uses, such as clothing, clothing interliners, thermal insulation,
      padding, etc., are made by numerous methods in which the fibers are laid
      on a moving belt. The manufacturing method may start with natural or
      synthetic fibers which are dispersed in fluids and then delivered to the
      belt, or the fibers may be made by forming in situ as for example, by
      mechanically drawing them from bulk via spinnerets, or by attenuating them
      using compressed air, steam or other fluids, or by spinning into a liquid
      bath. The fibers may be bonded to each other by virtue of mechanical
      entanglement, or by virtue of softening all the fibers, or by softening a
      lower melting portion of the fibers, or by application of thermoplastic or
      thermosetting resins, or by inorganic bonding agents such as alumina or
      silica sols.
PAR  All these methods are characterized by the following common factors:
PAR  A. A band of material at the edge of the web is non uniform, tapering from
      full thickness to zero. The "selvedge" must be cut off and discarded, and
      is a serious cause of loss, especially in narrow webs, and
PAR  B. To achieve a web of given width, fiber spinning means of width greater
      than the web must be provided.
PAR  In accordance with the invention, a process is provided for making webs
      which are essentially free of waste. Webs of any desired width can be made
      independently of the width of the fiber spinning means.
PAR  Accordingly, the process of the invention comprises spinning molten
      thermoplastic material in the form of a plurality of fibers and collecting
      and winding the fibers directly on a rotating mandrel to form thereon a
      generally spirally wound layer of randomly oriented heterogeneously
      intertwined spun fibers of the desired depth and density. In one
      particular form of the invention, molten thermoplastic resin is spun by a
      multiorifice die.
PAR  As a further feature of the invention, application of a gas blast at the
      orifices of the spinning die directed generally in the direction of
      projection of the fibers from the orifices attenuates and disrupts the
      fibers before or during laydown on the mandrel into discrete lengths.
      However, any known alternative technique can be used, such as mechanical
      drawing down or stretching of the soft fibers while they are still
      plastic.
PAR  Control of density of the resulting cylinder can be obtained by spacing the
      orifices of the spinning die at different distances from the rotating
      mandrel, and attenuating the fibers before laydown on the mandrel. A
      spinning die of course has a plurality of such orifices. If the face of
      the spinning die bearing the orifices is arranged at an angle to the
      mandrel, some orifices will be at a greater distance from the mandrel than
      others. The result is that some fibers travel over a greater distance than
      others, before they are collected on the mandrel. The shorter the distance
      the fibers travel between the orifice and the mandrel, the greater the
      density of the layer collected therefrom. Consequently, by arranging to
      lay down first the fibers from those orifices closest to the mandrel, a
      greater density is obtained in the portion of the layer that is closest to
      the mandrel than in the portion where the fibers come from orifices at a
      greater distance from the mandrel. Alternatively, the fibers from orifices
      at the greatest distance from the mandrel can be laid down first. It is
      possible in this manner to lay down a cylinder having a greater or lesser
      density at the center, gradually or abruptly decreasing or increasing
      towards the outer surface of the cylinder.
PAR  The process affords an unlimited flexibility in the dimensions and number
      of orifices as well as the spacing of the orifices in the spinning die.
      Large size continuous dies such as are required to lay a wide web on a
      moving belt are difficult to construct, and certain size limitations
      cannot be practically exceeded, but in the process of this invention there
      is no limit on the number and location of the spinning dies. Because each
      element of the simultaneously rotating and axially translating web is
      impinged upon equally by every part of each die used, regardless of its
      location, the dies can be arranged about the mandrel in any spacing and
      orientation, to provide for a laydown of any desired number of fibers per
      unit interval. Multiple narrow dies which are easier and less costly to
      construct can be used, in a number to provide for fabrication of the web
      at any desired size and rate of production.
PAR  Use of multiple spinning dies makes it possible to lay down different
      fibers in a predetermined sequence, so as to lay down fibers of different
      softening point, and then further bond them together, or to bond the web
      to other web or webs by softening the lower softening point fibers, or
      fibers of different solvent susceptibility, so as to render the surface of
      one kind tacky by solvent, but not the other, or fibers of different
      tensile strength, so as to strengthen the cylinder, or fibers of differing
      diameter, and so on.
PAR  The finished cylinder of nonwoven fibrous sheet material can be drawn off
      the mandrel along the longitudinal axis of the mandrel and this can be
      done continuously as the fibers are being spun, so that the cylinder is
      continuously formed at one end of the mandrel, and continuously withdrawn
      at the other, while the mandrel is rotating. Withdrawal of the cylinder
      from the mandrel is facilitated by tapering the mandrel so that it has a
      larger diameter at the cylinder-forming end than at the
      cylinder-withdrawing end.
PAR  It is not necessary to apply a bonding agent or adhesive to hold the fibers
      in the resulting nonwoven fibrous web together. The fibers become
      thoroughly entangled during laydown on the mandrel, and are maintained in
      juxtaposition in the web by virtue of this entanglement. If the fibers are
      soft and adherent at the time they strike the mandrel, they may become
      bonded together at their crossing points in the course of windup on the
      mandrel. The process can however be controlled so that the fibers while
      molten at the time they emerge from the orifices of the spinning die
      harden, become solidified, and are non tacky at the time they reach the
      mandrel and are wound up. Such fibers have their dimensions fixed at the
      time the cartridge is formed and better control of the size of the pores
      is therefore obtained, since the fibers have little or no tendency to
      become distorted in a random manner during windup.
PAR  The seamless cylinder that is obtained can be treated in any desired
      manner, and then is cut into selected lengths. If the cylinder is
      relatively rigid, it will retain its cylindrical shape, and the lengths
      can then be formed into filter cartridges with or without the application
      of internal and/or external supports and end caps, using conventional
      techniques. Non rigid cylinders can be provided with internal or external
      supports, or may be used as bags with flow from inside to out, with one or
      both ends open.
PAR  As an alternative procedure, however, if the fibrous sheet material is
      sufficiently flexible, the cylinder can be flattened, and wound up as a
      flattened double layer sheet with the edges held together and therefore
      nonraveling, from which sections of sheet can be cut off in the lengths
      desired. The cylinder can also be slit longitudinally, and opened out to
      form a single-layer filter sheet. Both such types of sheets are useful as
      filter elements. While the cylinder and sheet materials of the invention
      find particular application as filter elements, they are useful generally
      in the manner of nonwoven fibrous webs, as insulation, liners or
      interliners in building construction, packaging materials, clothing,
      refrigeration and heating systems, carpeting and other floor coverings,
      engine housings for machinery, automobiles, trucks and buses, farm
      equipment and machine tools, to mention only a few examples.
PAR  Thus, a special feature of the invention is the provision of a seamless
      filter element, which can be in cylindrical or sheet form, or indeed any
      other configuration obtainable by shaping these two basic forms,
      comprising a generally spirally wound layer of randomly oriented
      heterogeneously intertwined spun fibers less than 10 .mu. and preferably
      less than 5 .mu. diameter, of any desired depth and density, and having a
      voids volume of at least 70 percent and preferably at least 85 percent.
DRWD
PAR  Preferred embodiments of the process and products of the invention are
      shown in the flow sheets of the drawings, in which:
PAR  FIG. 1 represents an embodiment of the process of the invention for
      producing a cylinder of graduated density from the inner to the outer
      surfaces thereof in selected cut lengths useful as a filter;
PAR  FIG. 2 shows in longitudinal section one orifice of the spinning die of
      FIG. 1, having an array of orifices embraced by nozzles for directing a
      gaseous blast for attenuating and disrupting the molten filaments spun
      through the orifices;
PAR  FIG. 3 shows in perspective the spinning die of FIG. 2;
PAR  FIG. 4 represents in longitudinal section a cylinder obtained by the
      process of FIG. 1 made into a filter cartridge enclosed by end caps and
      supported on an internal core;
PAR  FIG. 5 represents a cross-sectional view taken along the line 5--5 of the
      filter cartridge of FIG. 4;
PAR  FIG. 6 represents another process embodiment in which a cylinder of
      relatively flexible fibrous sheet material is flattened after being drawn
      off from the mandrel to form a bilayered sheet material, and then rolled
      up;
PAR  FIG. 7 represents a third embodiment of the process of the invention in
      which the cylinder is laid down on a tubular forminous mandrel which is
      also continuously extruded through a die and itself serves as a permanent
      core for the resulting filter element, which is accordingly completed
      simply by applying end caps;
PAR  FIG. 8 represents a longitudinal section through a filter element obtained
      by the process of FIG. 7;
PAR  FIG. 9 represents a cross-sectional view taken along the line 9--9 of FIG.
      8;
PAR  FIG. 10 represents a fourth embodiment in which a cylinder is laid down on
      a tubular foraminous mandrel that is preformed by an extrusion or other
      forming process and itself serves as a permanent core for the resulting
      filter element;
PAR  FIG. 11 represents in longitudinal section a flattened spirally wound
      filter element prepared by the process of FIG. 10, made into a filter
      cartridge supported on an internal core;
PAR  FIG. 12 represents a cross-sectional view taken along the line 12--12 of
      the filter cartridge shown in FIG. 11;
PAR  FIG. 13 represents a longitudinal section through a filter element obtained
      by the process of FIG. 10; and
PAR  FIG. 14 represents a cross-sectional view taken along the line 14--14 of
      FIG. 13.
DETD
PAR  The process of the invention is applicable to any thermoplastic resinous
      material that can be spun through the orifices of a spinning die or
      spinnerette to form fibers that are self-supporting. Exemplary
      thermoplastic materials include polyamides, polyacrylonitrile, linear
      polyesters such as esters of ethylene glycol and terephthalic acid,
      polyvinylidene chloride, polyvinyl chloride, copolymers of vinyl chloride
      and vinyl acetate, polyvinyl butyral, polyvinyl acetate, polystyrene,
      silicone, resins, polypropylene, polyethylene,
      poyltrifluorochloroethylene, polymethylpentene, and polyisobutylene. Also
      within this category are thermoplastic cellulose derivatives, such as
      cellulose acetate, cellulose propionate, cellulose acetate-propionate,
      cellulose actate-butyrate and cellulose butyrate. Non resinous materials
      such as glass can be similarly processed.
PAR  The fibers can be spun to any desired diameter. Monofilaments are usually
      preferred but multifilaments can also be spun. Both are referred to herein
      generically as fibers. The filaments can have any desired cross-sectional
      configuration, generally round, but also elliptical, square, hourglass,
      triangular, pentagonal, V- or U-channel, T-shaped or I-shaped, or other
      cross-sectional shapes, and can be solid, tubular, or cellular or foamed.
PAR  The process can utilize filaments of any diameter. Coarse fibers have
      diameters from 10 .mu. to 50 or 100 .mu. or higher. Fine fibers have
      diameters below 10 .mu. and preferably below 5 .mu. down to 0.1 .mu. or
      less. Fine filaments generally give a nonwoven web having a finer pore
      size, and coarse filaments generally give a nonwoven web having a larger
      pore size.
PAR  Filaments of different sizes can be used in different regions of the
      cylinder. For example, fine fibers from one set of orifices can be laid
      down first in the interior portion of the cylinder, and coarse fibers from
      another set of orifices can be laid down in the exterior portion of the
      cylinder. This will give a cylinder of graded and tapered pore size,
      decreasing from coarse to fine from the exterior to the interior of the
      cylinder in the manner described in U.S. Pat. No. 3,158,532 to David B.
      Pall and Cyril A. Keedwell patented Nov. 24, 1964. Blends of fine and
      coarse fibers can be laid down throughout the depth of the filter cylinder
      by employing a spinning die having mixed diameter orifices, with a variety
      of diameters extending from fine to coarse, for example.
PAR  Any conventional spinning die or spinnerette can be used. Such dies are
      available and well known in the fiber-spinning art, and form no part of
      the instant invention. The term "spinning die" will be understood to
      include spinning nozzles; spinnerettes; reservoirs faced with a plate
      including a plurality of orifices in any desired size and pattern; and
      centrifuges or rotors having a plurality of orifices about their
      periphery, through which the fibers are spun by centrifugal force.
      Fiberizers, rotating wheels and discs, and like materials are also
      included.
PAR  A preferred type of spinning die has openings arranged circumferentially
      about the individual orifices, or array thereof, adapted to discharge a
      gas at high but controlled velocity along the central axis of the orifice.
      The gaseous blast attenuates the fibers, and tends to disrupt them so that
      they are broken up into discrete lengths, which can be adjusted according
      to the velocity and volume of the gaseous blast. If a centrifugal rotor is
      used, the openings for discharge of the gaseous blast can annularly
      surround the rotor. If a plurality of spinning orifices or nozzles are
      used, the blast can be emitted from jets arranged about the circumference
      of the individual jets or nozzles. In the case of a spinning die with a
      plurality of orifices in a plate, the blast can be emitted at the
      periphery of the spinning die. A typical arrangement is shown in FIG. 2,
      where a spinning nozzle is illustrated.
PAR  The gaseous blast can be heated, so as to retard the cooling of the fibers.
      The gaseous blast can also be a cold blast, to accelerate the cooling of
      the fibers, and thereby their rate of solidification. Thus, by the use of
      the gaseous blast the time interval during which the fibers harden and
      solidify can be controlled. If the fibers are kept hot longer, the
      attenuation is increased, and if the fibers are cooled more rapidly, the
      attenuation is decreased. Thus, in this way some control over the length
      of the fibers is also obtained.
PAR  The polymeric material of which the fibers are spun is maintained in molten
      condition at the time of spinning. The temperature of the melt is adjusted
      to obtain a molten material of the desired viscosity at the time the
      material emerges from the orifice. This also gives some control over the
      degree of attenuation and the lengths of the fibers, since a more viscous
      material tends to be more cohesive and less attenuated by the gaseous
      blast and since it is generally at a lower temperature, will also cool
      more quickly and therefore solidify in a shorter time.
PAR  The distance between the orifices of the spinning die from the rotating
      mandrel is controlled so that by the time the fibers reach the mandrel
      they have cooled sufficiently so as to be shape-retaining. They may still
      be soft, and therefore adhesive, so that they tend to stick together at
      their crossing points. They may also be fully solidified, so that they do
      not adhere to one another, in which condition they retain their shape
      better. They are collected in a randomly oriented heterogeneous
      intertwined arrangement on the mandrel, since virtually no control is
      exercised over the path the fibers follow in their trajectory from the
      spinning die to the mandrel. By the time the fibers reach the mandrel,
      they are either already broken up or disrupted into discontinuous lengths,
      or they are still attached to the orifice from which they are spun by a
      portion which is molten. In all probability, therefore, there is very
      little attenuation of the fibers by the rotating motion of the mandrel,
      and any attenuation is usually obtained only by the gaseous blast and by
      the normal attenuation obtained by the weight of the solidifying or
      solidified fiber applied to the molten portion of the fiber at the
      orifice. However, mechanical attenuation of the fibers before laydown can
      be achieved using conventional attenuation techniques, such as drawing the
      fibers while they are still plastic.
PAR  The fibrous material collected on a rotating mandrel tends to be laminar in
      form, the material collected during each succesive rotation forming a
      single lap or layer. If the distance from the die to the mandrel or
      cylinder collecting surface is small, 3 inches to 4 inches, the fibers in
      the adjacent layers become firmly entangled, such that it becomes
      difficult or impossible to distinguish or separate the layers. If the
      die-to-collecting-surface distance is relatively large, 12 inches to 18
      inches, the layers can be separated from each other but adhesion is
      sufficient to permit the product to be very useful in many filtration
      applications. The thickness of each layer in the lapped web obtained
      depends upon the rate of the rotation of the mandrel, which from a
      practical point of view is not critical between wide ranges. As a rule, it
      is desirable for the mandrel to rotate at a rate such that each portion of
      the collected web cylinder contains two or more layers.
PAR  If the distance from the orifices of the spinning die to the collecting
      surface is relatively large, and the spacing of the orifices relatively
      coarse, there may be "roping" (intertwining or spiral twisting of
      filaments to produce a heavy yarn or rope) of the filaments from adjacent
      orifices before laydown. Some roping can be tolerated without a materially
      harmful change in the characteristics of the cylinder. As roping
      increases, however, the cylinder begins to acquire the characteristics of
      a honeycomb cylinder, which may be undesirable.
PAR  In general, at a distance of from 3 to 4 inches, there is no roping, while
      at a distance above 12 inches roping becomes severe. Over the intervening
      distances, from 4 inches to 12 inches, roping appears and becomes
      increasingly severe. The distance can thus be adjusted as required to
      avoid or control the amount of roping.
PAR  For liquids filtration, uniformity of laydown is important, and the
      distance is thus preferably from 3 to 5 inches. For gas filtration, it is
      desirable to obtain high voids volume in order to reduce pressure drop
      across the nonwoven web, and the distance is thus preferably from 7 to 10
      inches to obtain a lower density laydown with a moderate proportion of
      roped filaments.
PAR  Another way of controlling roping is to increase the spacing of the
      orifices of the spinning die. In a conventional spinning die, the orifices
      are rather close together, and a spacing of twenty to fifty orifices per
      linear inch is standard. This spacing gives severe roping at distances
      over 12 inches.
PAR  On the other hand, an increase of the spacing to from ten orifices per
      linear inch down to one orifice per linear inch virtually precludes if it
      does not eliminate roping. While this increases the size and length of the
      spinning die or dies, this is perfectly acceptable in the process of the
      invention.
PAR  By placing the spinning die or die combination so that some orifices
      thereof are closer to the rotating mandrel than others, and attenuating
      the fibers before laydown, using a gaseous blast or other attenuating
      means, it is possible to vary the density of the mat or web that is wound
      up on the mandrel. The distance between the orifice and the collecting
      surface determines the density of the mat; the shorter the distance, the
      higher the mat density. Accordingly, by varying the distance, such as by
      setting the spinning die at an angle in the manner shown in FIG. 1, the
      density in the resulting mat is easily controlled. An effect is obtained
      at very small angles, as small as one or two degrees, but normally the
      angle would be within the range from 5.degree. to 45.degree. , the angle
      being measured between the orificed surface of the spinning die and the
      longitudinal axis of the mandrel. In the preparation of variable density
      mats, the spinning die may have a flat or plane surface bearing the
      orifices, or one or more dies providing angled or radiused surfaces, which
      produce a less linear variation in density from the inner to the outer
      diameters of the web, may be preferred.
PAR  If each orifice in the spinning die is at a gradually increasing distance
      from one end to the other of the die or dies, the resulting cylinder will
      have a gradually increasing or decreasing density. Rather sharply defined
      stepped layers of differing densities can be obtained by arranging the
      orifices of the spinning die in groups, with each orifice in each group
      being at the same distance from the mandrel. In this event, the spinning
      die surface is arranged in a series of steps with respect to the mandrel.
      Other variations will be apparent.
PAR  Cylindrical webs or tubes can be formed in a continuous or an intermittent
      manner.
PAR  If the intermittent system is used, the mandrel is rotated in the stream of
      fiber effluent from the fiberizing die until a cylinder of the desired
      thickness is built up. The cylinder so formed then is removed from the
      stream of fibers, either with the mandrel, or by rapidly pulling it off
      the mandrel. A new cylinder is then built up on the mandrel or its
      replacement.
PAR  The tube which is so formed may then have its end trimmed. At this point,
      if thick enough to be self-supporting, it forms a usable filter element.
      If the tube is relatively thin-walled, it will still function as a
      finished element if it is provided before or after forming with a
      foraminous internal core or external support.
PAR  In the continuous mode of operation, the cylinder formed on the mandrel is
      continuously withdrawn from the mandrel; in this manner, cylinders of any
      desired length can be made.
PAR  Thickness of the web laid down on the mandrel is adjusted in the
      intermittent mode of operation by the diameter of the mandrel, the rate at
      which the fibers are extruded, the density of the collected fibrous
      structure, and the time allowed for laydown. In the continuous mode,
      thickness is adjusted by the diameter of the mandrel, the rate at which
      the fibers are extruded, the density of the collected fibrous structure,
      and the rate at which the cylinder is withdrawn from the laydown zone.
PAR  The rotating mandrel on which the mat is laid down can be rotated in a
      fixed position, in which event the finished cylinder is drawn off the end
      of the mandrel, using for example a pair of drawing rolls, in the manner
      shown in FIG. 1 or rolled up in a flattened state as shown in FIG. 6. To
      facilitate slipping off of the cartridge from the mandrel, the mandrel can
      be tapered so as to diminish in diameter towards the end at which the
      cartridge is drawn off.
PAR  When making relatively thicker wall tubes, for example with wall thickness
      in excess of 1/4 inch to 1/2 inch, the fibers may become softened due to
      the extended exposure to the impinging flow of hot gas. This is
      particularly the case where the die to mandrel distance is small, for
      example less than 4 inches to 7 inches. In order to avoid the consequent
      densification and shrinkage, it is often desirable to introduce cooling,
      which can be accomplished by various means, for example by internally
      cooling the collecting mandrel, as by flowing cold water through it, or by
      cooling the fibrous mass by blowing cold or room temperature air at and
      through it from the side opposite the die, or by blowing cold air through
      an appropriately perforated mandrel.
PAR  After the cylinder is drawn off from the mandrel, it can be further
      processed in various ways. It can for example be impregnated with a resin
      binder or impregnant to obtain a more rigid structure, or to reduce
      porosity. Additives can also be added thereto. For instance, if the
      cartridge is to be used for water treatment purposes, it can be
      impregnated with a bactericide, or fungicide, or other water-treating
      material which is to be dissolved in the water passed through it.
PAR  Additives can also be incorporated by feeding them into the stream of
      fibers from the spinning die orifices before laydown. Such additives can
      include diatomaceous earth, glass or other organic or inorganic fibers,
      surface-active agents, filters such as silicone resins,
      polytetrafluoroethylene, hydrophobic silica, and similar agents, and
      binder resins in liquid droplets or solid form.
PAR  The cylinder can be cut into lengths, and processed further to form a
      cylindrical filter element. This may include the application of internal
      core and external sheath supports, and end caps to each open end of the
      cylinder, sealing the end caps to the cylinder, core and sheath using an
      adhesive. The end caps will be shaped so as to fit within the filter
      assembly in which the resulting filter element is to be used.
PAR  While the process of the invention is particularly adapted to form
      cylindrical filter cartridges which are used in their cylindrical shape,
      the process also makes it possible to form sheets having the
      characteristics of nonwoven fibrous webs in continuous lengths and
      considerable widths, useful as filters and for many other applications.
      The width of such a sheet is determined by the diameter of the rotating
      mandrel. A double sheet can be formed simply by collapsing the cylinder
      drawn off the mandrel, and a single layered sheet can be obtained by
      slitting one side of this tube and opening it out, so that the resulting
      sheet has a width equal to the circumference of the mandrel. The sheet can
      also be cut into any desired widths less than this circumference.
PAR  The apparatus shown in FIGS. 1 to 3 includes a spinning die 1 whose face 2
      has an array of orifices 3 of uniform size. (See FIGS. 2 and 3.) The
      spinning die is supplied with molten thermoplastic polymeric material such
      as polypropylene from a reservoir 4 which is fed by the inlet line 5
      carrying molten thermoplastic polymeric material from an extruder or other
      source of supply (not shown) under a pressure sufficient to project the
      material through the orifices of the die, thereby forming a plurality of
      molten fibers 10.
PAR  The fibers traverse a short air space 11, in the course of which they are
      attenuated and solidify, and are collected on a tapered rotating mandrel
      12, one end of which is held to the shaft 13 of an electric motor 14,
      which is arranged to rotate the mandrel at a relatively slow speed,
      approximately 3 to 5 feet per second in this instance. The fibers are
      randomly oriented and heterogeneously intertwined as they are wound up on
      the mandrel, forming a generally spirally wound mat of nonwoven fibrous
      material 15.
PAR  The spinning die is set at an angle of approximately 20.degree. to the
      mandrel, so that the orifices at the lower end 7 are much closer to the
      mandrel than the orifices at the upper end 8. The result is that the
      fibers emerging from end 7 have a shorter distance to travel before they
      reach the mandrel than the fibers emerging from end 8. Consequently, the
      portion 16 of the nonwoven fibrous mat formed of fibers laid down from the
      orifices at the end 7 has a higher density than the portion 17 of the mat
      formed of fibers laid down from the orifices at the end 8.
PAR  The cylinder 15 as it is being formed is drawn continuously to the right by
      the canted rollers 20 and 21. By the time an element of the cylinder has
      reached the end of the mandrel, it has reached its final thickness, and is
      then pulled off the mandrel. A taper of the mandrel, generally 2.degree.
      or more, facilitates this removal. The cylinder then approaches the cutoff
      wheels 22, where it is separated into lengths 23.
PAR  The resulting cylinder lengths can be used directly as filter cartridges,
      or they may be converted by inserting cores 24 and sheaths 25, and then
      apply end caps 26, 27, thereby forming a finished filter element as best
      seen in FIGS. 4 and 5. The open central passage 28 of core 24 is in fluid
      flow connection with the central opening 29 in end cap 26. End cap 27 is
      closed, thus compelling fluid to pass through the filter sheet 15 in order
      to reach the central passage 28, when the filter element is inserted in a
      filter assembly. The gradation in density of the filter element from the
      interior to the exterior is clearly evidenced by the increasing size of
      the pores 19 in the filter element.
PAR  The apparatus shown in FIG. 6 has a spinning die 30 whose orificed face 31
      is arranged parallel to the longitudinal axis of the mandrel 32 so that
      all of the orifices 33 are equidistant from the surface of the mandrel.
      This produces a cylinder of nearly uniform density from the interior to
      the exterior surface. In this case, also, the rotating mandrel 32 is
      tapered and attached to the shaft 34 of a motor 35, but the mandrel in
      this case is of considerably larger diameter than the mandrel 12 of FIG.
      1, and has a large circumference. The mat 36 that is laid down on the
      mandrel is not intended to be used in tubular form, but instead is
      flattened as it is withdrawn from the mandrel by the flattening rollers
      37, 38 and then rolled up to form a spiral roll 39. The result is a
      double-layered sheet of nonwoven fibrous material, the side ends of which
      are nonravelling because they are interconnected in collapsed tubular
      form. This is consequently a very coherent filter sheet of nonwoven
      material, whose fibers are nonmigrating.
PAR  A sheet double this width can be obtained by slitting the tube along one
      side, imposing a cutting knife between the end of the mandrel and the
      flattening rolls, which in this modification would be drawn off and opened
      up so that it would be spread out to form a one layered sheet, double the
      width of the flattened tube. The opened out sheet would then be wound up,
      in the manner shown in FIG. 6.
PAR  Instead of using a large diameter mandrel, as shown, and flattening the
      tube, the tube can also be withdrawn and retained in a tubular
      configuration, in the manner shown in FIG. 1, in which event it can be
      made into a cylindrical filter as shown in FIGS. 4 and 5. It can also have
      a foraminous spacer inserted in the center, and then formed into a
      spirally wound filter element of the type shown in FIGS. 11 and 12.
PAR  In the processing system shown in FIG. 7, the mandrel 51 forms the core of
      the resulting filter element, and the filter cylinder is not separated
      therefrom after it is formed. The mandrel 51 is made of thermoplastic
      polymeric material, but the material need not be fiber-forming and is
      extruded continuously in tubular form with an open central passage 52, in
      a continuous length, in the same manner as the filter cylinder that is
      laid down thereon.
PAR  The system thus includes a rotatable tubular extrusion die 53 supplied with
      thermoplastic extrudable polymeric material 54 such as polypropylene
      through the feed inlet 55, from which the continuously rotating rigid
      tubular mandrel and core 51 is continuously extruded into a position to
      receive the fibers 56 spun from the orifices 57 of spinning die 58. Prior
      to receiving the fibers, the core 51 is perforated or slit by cutting
      means 59 to provide a plurality of apertures 60 for passage of fluid
      therethrough into the central open passage 52 of the core.
PAR  As an extrudable polymeric material, there can be used not only any of the
      thermoplastic materials used in forming the fibers but also, in addition,
      material such as polycarbonates, polyoxymethylene,
      polytetrafluoroethylene, polychlorotrifluoroethylene, phenol-formaldehyde,
      urea-formaldehyde, melamine-formaldehyde, epoxy and polyvinyl fluoride
      polymers.
PAR  The fibers 56 are spun onto this mandrel 51 in the same manner as in FIG.
      1, and the composite core-plus-filter element 65 formed thereon is drawn
      forward by the canted rollers 61, 62. Selected lengths 66 of filter
      element can then be cut off by the cutoff wheels 67. The resulting filter
      cartridge can be fitted with an external sheath 68 and end caps 69, 70
      producing a finished filter element as shown in FIGS. 8 and 9. The end cap
      69 has a central opening 71 in fluid flow connection with the central
      passage 52 of the core 51, while end cap 70 has no aperture. Consequently,
      fluid entering the central passage 62 must pass through the filter sheet
      when the filter element is inserted in a filter assembly.
PAR  In the processing system shown in FIG. 10, the the preformed mandrel 71
      also forms the core of the resulting filter element, which can be drawn
      off in cylindrical form as shown in FIG. 7 or flattened with the core
      within as a foraminous spacer, as shown in FIG. 10. Thus, the filter
      cylinder is not separated therefrom after it is formed.
PAR  The mandrel 71 is extruded in the form of netting, in a diagonal open mesh
      of thermoplastic polymeric material. Since in manufacture the netting is
      extruded continuously, it can be in quite long lengths. The netting is in
      tubular form with a plurality of apertures 73 for passage of fluid
      therethrough into the central open passage 74 thereof. The netting 71 is
      continuously fed between the canted rollers 79, 80, supported on mandrel
      83 which is supported at its far end on the core of the extrusion die 80.
      The netting 71 moves into position to receive the pore fibers 76 spun from
      the orifices 77 of spinning die 78.
PAR  As the extrudable polymeric material, there can be used not only any of the
      thermoplastic netting materials used in forming the fibers, but also, in
      addition, materials such as polycarbonates, polyoxymethylene,
      polytetrafluoroethylene, polychlorotrifluoroethylene, phenol-formaldehyde
      urea-formaldehyde, melamine-formaldehyde, epoxy and polyvinyl fluoride
      polymers.
PAR  The fibers 76 are spun onto this mandrel 71 in the same manner as in FIG.
      1, and the composite core-plus-filter element 75 formed thereon is drawn
      forward and flattened by rollers 81, 82, and the resulting bilayered sheet
      84 with internal bilayered netting 71 is then wound up on storage roll 85.
PAR  FIGS. 11 and 12 show a spirally wound filter element made of the
      double-layered collapsed tubular sheet material 84, 71 that is obtained
      using the system of FIG. 10. The tube has two layers 40 and 41 which are
      attached together at their edges because of the tubular nature of the
      sheet.
PAR  The double-layered tubular sheet 84, 71 is spirally wound on a cylindrical
      core 42 provided with a longitudinal slot 43. One end 44 of the tube 84 is
      attached to the slot, and the tubing is then rolled several turns around
      the core, interleaved with another strip 45 of netting which serves as an
      external spacer for fluid flow. The internal netting 71 serves as an
      internal spacer for fluid flow. The outer end 46 of the tubular sheet is
      sealed. Fluid passes edgewise along the interleaved external strip 45,
      thence through the tube walls 40, 41, into the exterior of the tube 84
      along the netting 71 into the core 43 and thus into the open interior 47
      of core 42, which is closed at one end 48 so that all the fluid is
      delivered through the aperture 49 at the other end. The core has an O-ring
      seal 50 for sealing attachment to a filter assembly (not shown).
PAR  In an alternative configuration, strips of flat tubular web with the
      internal tube of flat tubular netting can be closed at one end, and the
      other attached to a tube sheet, by means of which a multiplicity of such
      tubes are connected to a single outlet, forming a large area "parallel
      plate" filter.
PAR  This composite core-plus-filter element 75 can also be drawn off in
      cylindrical form as shown in FIG. 1. Selected lengths of filter element
      can then be cut off. The resulting filter cartridge can be fitted with an
      external sheath 88 and end caps 89, 90, producing a finished filter
      element as shown in FIGS. 13 and 14. The end cap 89 has a central opening
      91 in fluid flow connection with the central passage 74 of the core 71,
      while the end cap 90 has no aperture. Consequently, fluid entering the
      central passage 74 must pass through the filter sheet, when the filter
      element is inserted in a filter assembly.
PAR  The following Examples in the opinion of the inventor represent preferred
      embodiments of the invention.
PAC  EXAMPLE 1
PAR  A paper-board tube 31/2  inches outside diameter serving as a mandrel was
      placed approximately 4 inches from the nozzles of a 10 inch wide extrusion
      die or fiberizer fitted with twenty 0.015 inch diameter resin orifices or
      nozzles per linear inch, these orifices or nozzles being surrounded by hot
      air effluent from slots located above and below the nozzles. Polypropylene
      resin was extruded through the orifices at a rate of approximately 11
      lbs/hour, and the air flow was adjusted to attenuate the spun fibers to a
      diameter of 4 microns. The paper-board tube was rotated at about 40 RPM,
      while being gradually moved axially away from the die, until an
      approximately 3/8 inch wide web of entangled fibers had collected on the
      tube. The resultant taper-ended cylinder was removed from the mandrel, and
      the ends trimmed to 8.56 inches long. The outside diameter was 41/4
      inches and the internal diameter was 3 15/32 inches. The cylinder was
      strong and rigid. While examination of the cut ends showed a laminar
      appearance, it was not possible to unravel the cylinder by picking at the
      last lap with one's finger nails. Microscopic examination showed a quite
      uniform pore diameter of approximately 15 microns. Ability to remove
      particles was further checked by bubble pointing, which indicated the
      largest pore diameter to be 9.5 microns. The inner surface of the cylinder
      appeared to have a greater density than the outer surface. The cylinder
      was useful for filtering gases for liquids.
PAC  EXAMPLE 2
PAR  A porous filter cylinder of polypropylene fibers was made in a manner
      similar to Example 1, except that a piece of one inch diameter round
      wooden dowling was used as a mandrel and the distance from the die nozzle
      to the mandrel was 12 inches. A much lower density, considerably softer
      filter cylinder was obtained, which after trimming was 2.85 inches of
      outside diameter .times. 1 inch internal diameter .times. 7.7 inches long.
      Visual examination showed a quite uniform pore diameter of approximately
      30 microns. The filter cylinder was particularly useful for filtering
      gases having the very low pressure drop of only 0.03 psi at 1.4 cfm of
      air.
PAC  EXAMPLE 3
PAR  A 10 inch wide fiberizing die mounted at the end of a plastic extruder
      capable of spinning filaments from two hundred orifices 0.015 inch in
      diameter at a rate within the range from about 11 pounds per hous to about
      37 pounds per hour was arranged in the manner shown in the system of FIG.
      1, at an angle of 20.degree. to the mandrel. The spinning die was equipped
      with a heating system, so that it could be held at from 400.degree. to
      700.degree.F, to maintain the plastic material (in this case,
      polypropylene) molten during spinning and to supply hot air for
      attenuation. The distance between the orifices and the mandrel varied from
      6 inches to 14 inches at the nearest and furthest points, respectively, as
      shown in Table I. The mandrel was rotated at a rate of 13.5 revolutions
      per minute, and was tapered, so that the diameter at the fiberimpact end
      was 1.06 inch and the diameter at the withdrawal end was 0.88 inch. The
      cylinder so formed was continuously drawn off the cantilevered end of the
      mandrel, and cut into nine 5/8 inch lengths. The cylinders were strong,
      self supporting, coherent migration-free structures, with visibly denser
      structure nearer the inside diameter. Average temperature of the extrusion
      die was 650.degree.F, and average air temperature was 635.degree.F.
      Various tests were run on the resulting cylinders, with the results shown
      on Table I. The maximum particle passed data refers to removal of solids
      suspended in water; removal from aerosols is considerably more efficient.
      The cylinders obtained were extremely useful for filtering both liquids
      and gases.
TBL                TABLE I                                                     

     ______________________________________                                    

     RIGID FIBROUS TUBES MADE IN CONTINUOUS LENGTHS                            

     Run No.          1        2        3                                      

     ______________________________________                                    

     Die to mandrel distance,                                                  

                      7        12       14                                     

      in forming end                                                           

     Die to mandrel distance,                                                  

                      11       16       16                                     

      in pull-off end                                                          

     Polypropylene feed rate                                                   

                      20.6     37       37                                     

      lbs/hr.                                                                  

     Air pressure psi 11       13       16                                     

     Internal Diameter Inches                                                  

                      1.04     0.94     1.01                                   

     Outside Diameter Inches                                                   

                      2.59     2.25     2.40                                   

     Weight of 9-5/8 in. length                                                

                      93       59       69                                     

      grams                                                                    

     Voids volume %   84       88       87                                     

     .DELTA.p at 1.4 scfm of air,                                              

                      11.3     9.9      10.2                                   

      inches water column                                                      

     First B. P. in alcohol                                                    

                      16.4     17.4     17.7                                   

      inches water column                                                      

     Max. particle passed microns                                              

                      8        7        7                                      

     Element is 99% efficient                                                  

                      2.0      1.5      1.5                                    

      at microns                                                               

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  Using the system of FIG. 6, and a tapered mandrel having a diameter of 3.94
      inches at the larger end, polypropylene polymer was spun at 620.degree.F
      at a rate of 11 pounds per hour onto the rotating mandrel. Temperature of
      the attenuating air was 630.degree.F. The cylinder was drawn off the
      mandrel and flattened before windup. The resulting cylinders when
      flattened were 5.7 inches wide, and when slit and opened out were 11.5
      inches wide, although the width of the die used was only 10 inches. The
      sheets were quite strong and very flexible, with apparent complete
      recovery after numerous foldings. Various tests were run on these sheets,
      with the results shown in Table II. These sheets have many uses as filter
      media, both in tubular and slit form, and in addition are useful as
      thermal and electrical insulation, as clothing, interliners for diposable
      clean room and hospital garments, as battery separators, and for other
      purposes.
TBL                                    TABLE II                                

     __________________________________________________________________________

     CONTINUOUS FLEXIBLE TUBULAR POLYPROPYLENE WEBS                            

     Die to mandrel   Polymer                                                  

                           Air           Weight                                

                                              Max  Pressure                    

     distance         flow pres-                                               

                               Mandrel                                         

                                    Thick-                                     

                                         per  particle                         

                                                   drop at                     

           Forming                                                             

                Pull Off                                                       

                      rate sure                                                

                               speed                                           

                                    ness sq. ft.                               

                                              passed                           

                                                   28 fpm air                  

     Run No.                                                                   

           end  end   lbs/hr                                                   

                           psi rpm  inch grams                                 

                                              .mu.m                            

                                                   in w.c..sup.1               

     __________________________________________________________________________

     1     8    9     11   12  170  0.015                                      

                                         4.6  25   0.2                         

     2     5    5     11   13  263  0.020                                      

                                         6.7  22   0.4                         

     3     5    5     11   12  263  0.024                                      

                                         8.3  19   0.65                        

     4     5    5     11   12  218  0.040                                      

                                         11.4 14   0.9                         

     5     6    6     11   12  170  0.045                                      

                                         14.5 9    1.15                        

     6     6    6     11   12  170  0.058                                      

                                         18   8    1.20                        

     __________________________________________________________________________

      .sup.1 inches water column.                                              

PAC  EXAMPLE 5
PAR  Using the system of FIG. 7, a mandrel of polypropylene is extruded with an
      inside diameter of 1 inch and an outside diameter of 1.30 inches and is
      continuously perforated as it issues from the die. Polypropylene polymer
      is spun at 630.degree.F. at a rate of 11 pounds per hour onto this mandrel
      which is rotating at 135 rpm. The filter cylinder of polypropylene fibers
      is drawn off at 23/4  inches outside diameter. The composite filter
      cylinder on the mandrel as a core is drawn at a rate of 11/4  feet per
      minute, and cut into lengths of 95/8  inches, which are then end-capped to
      produce the filter cartridges shown in FIGS. 8 and 9. These are useful to
      filter both gases and liquids.
PAC  EXAMPLE 6
PAR  Using the system of FIG. 10, a mandrel of polypropylene netting is
      extruded, having an open mesh rigid structure with diamond shaped openings
      approximately 0.12 .times. 0.12 inches. This netting has an inside
      diameter of 1 inch and an outside diameter of 1.25 inches. Polypropylene
      polymer is spun at 625.degree.F. at a rate of 11 pounds per hour onto this
      mandrel which is rotating at 135 rpm. The filter cylinder of polypropylene
      fibers is 2.00 inches outside diameter. The composite filter cylinder on
      the mandrel as a core is drawn forward at a rate of 21/2  feet per minute,
      and cut into lengths of 95/8  inches, which are then end-capped to produce
      the filter cartridges shown in FIGS. 13 and 14. These are useful to filter
      both gases and liquids.
PAC  EXAMPLE 7
PAR  The system of FIG. 1 is modified by substituting for the single rotating
      mandrel an array of ten copper wires, arranged in a V with the spinning
      die projecting the fibers directly into the V towards the tip end. Each
      wire is rotated as it translates across the stream of effluent fibers. The
      rate of rotation is adjusted so that each wire is coated with by a layer
      of polyethylene fibers approximately 0.006 inch thick. The resulting
      insulated wire has an extremely low loss factor, when used to conduct high
      frequency electrical currents, due to the very high 90 percent voids
      volume of the coating, and the natural low loss factor of polyethylene.
PAR  Preferred types of spinning dies are described in (1) the report
      Manufacture of Superfine Organic Fibers, U.S. Department of Commerce,
      Office of Technical Services, from the Naval Research Laboratory, (2) the
      article by Van A. Wente, Ind & Eng. Chem., Vol. 48, No. 8, pp. 1342-1346,
      August, 1956, and (3) the report An Improved Device for the Formation of
      Superfine Thermoplastic Fibers by Lawrence, Lucas & Young, U.S. Naval
      Research Laboratory, Feb. 11, 1959, the disclosures of which three reports
      are hereby incorporated by reference. One type of spinning die of these
      reports has been illustrated in FIGS. 2 and 3.
CLMS
STM  Having regard to the foregoing disclosure, the following is claimed as the
      inventive and patentable embodiments thereof:
NUM  1.
PAR  1. A process for forming nonwoven webs of thermoplastic fibrous material in
      a seamless cylindrical configuration and in continuous lengths, which
      comprises spinning molten thermoplastic material from a multiplicity of
      orifices arranged at an angle to a rotating mandrel so that some orifices
      are at a greater distance from the mandrel than others, and some fibers
      travel over a greater distance than others, before they are collected on
      the mandrel, applying a gas blast at the orifices of the spinning die
      directed generally in the direction of projection of the fibers from the
      orifices, so as to attenuate and disrupt the fibers into discrete lengths;
      collecting and winding the resulting descrete lengths of fibers directly
      on a rotating mandrel to form thereon a generally spirally wound
      cylindrical layer of randomly oriented heterogeneously intertwined spun
      fibers of controlled density, and moving the resulting seamless spirally
      wound cylindrical fibrous layer in a continuous length axially on the
      mandrel away from the trajectory of fibers.
NUM  2.
PAR  2. A process according to claim 1, in which the fibers after attenuation
      have a diameter below 10 .mu..
NUM  3.
PAR  3. A process according to claim 1 in which the orifices and mandrel are
      arranged to lay down first the fibers from those orifices closest to the
      mandrel, so that a greater density is obtained in the portion of the layer
      that is closest to the mandrel.
NUM  4.
PAR  4. A process according to claim 1 in which the orifices and mandrel are
      arranged to lay down first the fibers from those orifices at the greatest
      distance from the mandrel, so that a lesser density is obtained in the
      portion of the layer that is closest to the mandrel.
NUM  5.
PAR  5. A process according to claim 1 in which the cylinder of nonwoven fibrous
      sheet material is drawn off the mandrel along the longitudinal axis of the
      mandrel.
NUM  6.
PAR  6. A process according to claim 5 in which the cylinder is drawn off the
      mandrel continuously as the fibers are being spun, so that the cylinder is
      continuously formed at one end of the mandrel, and continuously withdrawn
      at the other, while the mandrel is rotating.
NUM  7.
PAR  7. A process according to claim 1 in which the fibers are soft and adherent
      at the time they strike the mandrel, and become bonded together at their
      crossing points in due course of windup on the mandrel.
NUM  8.
PAR  8. A process according to claim 1 in which the fibers become solidified,
      and are non tacky at the time they reach the mandrel and are wound up.
NUM  9.
PAR  9. A process according to claim 1 in which the seamless cylinder that is
      obtained is cut into selected lengths.
NUM  10.
PAR  10. A process according to claim 9 in which the cylinder is sufficiently
      rigid to retain its cylindrical shape.
NUM  11.
PAR  11. A process according to claim 9 in which the lengths are formed into
      filter cartridges by applying internal and external supports and end caps.
NUM  12.
PAR  12. A process according to claim 9 in which the lengths are formed into
      filter cartridges by applying internal or external supports and end caps.
NUM  13.
PAR  13. A process according to claim 1 in which fibrous sheet material is
      flexible and the cylinder is flattened to form a double layer sheet with
      the edges held together and therefore nonravelling.
NUM  14.
PAR  14. A process according to claim 1 in which the cylinder is slit
      longitudinally, and opened out to form a single-layer sheet.
NUM  15.
PAR  15. A process according to claim 1 in which the fibers are laid down on a
      tubular foraminous mandrel of thermoplastic polymeric material which
      itself serves as a permanent core for the resulting cylinder.
NUM  16.
PAR  16. A process according to claim 15 in which a filter element is prepared
      therefrom by cutting the cylinder into selected lengths and applying end
      caps to the ends of the lengths.
NUM  17.
PAR  17. A process according to claim 16 in which the mandrel is also
      continuously extruded through a die.
NUM  18.
PAR  18. A process according to claim 17 in which a filter element is prepared
      therefrom by cutting the cylinder into selected lengths and applying end
      caps to the ends of the lengths.
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ABST
PAL  A laminated decorative sheet is prepared by applying a coating layer
      consisting of a thermo-setting resin composition on a base paper for a
      decorative laminate which has been prepared by incorporating a composition
      the whole or a major part of which is composed of a synthetic rubber
      and/or a thermo-plastic synthetic resin substance into the base paper
      during the paper making thereof or by impregnating the base paper with the
      thermo-plastic synthetic resin composition or with the mixture thereof; or
      alternatively is prepared by laminating another base paper for a
      decorative laminate which has been impregnated with the thermosetting
      resin composition on the above mentioned base paper containing the
      thermo-plastic synthetic resin composition, and the thus prepared layers
      are laminated under heat and pressure to form a laminated decorative sheet
      having smooth surface which is subjected to emboss-processing under a
      heating condition of at least 100.degree.C or more so as to impart a
      permanent shape to the laminated decorative sheet.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of finishing a laminated decorative
      sheet for imparting thereto a permanent embossed shape wherein a laminated
      decorative sheet having surface properties similar to those of a laminated
      thermo-setting decorative sheet is in the first place once molded under
      heat and pressure by means of a method of using a flat smooth metal plate
      or of using a continuous molding machine consisting of rolls having plane
      surfaces and a steel band, without using any embossing metal plate or the
      like in the time of this molding under heat and pressure, and afterwards,
      the thus molded sheet is passed through heated embossing rolls under
      pressure, or alternatively, after the molded sheet has been preheated, the
      thus preheated sheet is passed through embossing rolls under pressure
      which have not been heated, whereby an embossed laminated decorative sheet
      having surface properties similar to those of an embossed thermo-setting
      decorative laminate may be prepared by post-finishing embossing method.
PAR  2. Description of the Prior Art
PAR  Various methods have hitherto been known for manufacturing laminated
      thermo-setting decorative sheets having embossed patterns where the
      desired patterns are imparted on the surfaces of the laminated sheets at
      the same time of molding the sheets under heat. These conventional
      techniques include, for example, a method of molding a laminating sheet
      under heat and pressure where engraved metal plates are used in the
      molding, a method where a thermo-setting resin is previously applied on or
      impregnated into an emboss patterned paper or fabric or the like and then
      is cured under heat, and thus prepared patterned plate which has been
      subjected to release-treatment is interposed between a smooth metal plate
      and the impregnated paper, and a method for transferring mesh patterns
      where a wire net, a fabric or the like is put on the impregnated paper
      after the wire net, etc. have been subjected to release-treatment, or
      otherwise via a releasing film between the wire net, etc. and the
      impregnated paper.
PAR  However, these conventional methods involve various defective problems. In
      particular, in the case of embossing metal plates, it is necessary to
      simultaneously mold a lot of sheets and therefore, a lot of embossing
      plates which are expensive must be prepared for the embossing. In the case
      of superposing a lot of rugged plates, the pressure is apt to become
      uneven. In the method of using patterned plates or other interposition
      matters, the steps are complicated and the range for selecting the desired
      patterns is limited. Moreover, when a post-finishing for imparting
      embossed patterns is tried to the laminated thermo-setting decorative
      sheet (or board) which has once been molded under heat and pressure and
      which has an even surface, by pressing the laminate with an embossing
      plate or by passing the same through embossing rolls, the embossing can
      hardly been attained and further cracks are often caused in the resulting
      laminate by the embossing treatment because of the fact that the core or
      the underlaid material (the plywood hard board, etc.) have already been
      pressed and contracted together with the surface layer of the laminate in
      the molding of the laminate and that the surface resin layer has already
      been cured.
PAC  SUMMARY OF THE INVENTION
PAR  The main object of the present invention is to eliminate the above
      mentioned defects.
PAR  Therefore, this invention provides an improved method of manufacturing
      embossed decorative laminates having surface properties similar to those
      of embossed thermo-setting decorative laminates which have been
      manufactured by using embossing plates and the like during the processing
      thereof under heat and pressure, and in more particular, the present
      invention provides a method of processing a laminated decorative sheet for
      imparting a permanent shape thereto characterized in that the smooth
      surface of the laminated decorative sheet is subjected to
      emboss-processing under a heating condition of at least 100.degree.C or
      more so as to impart a permanent shape thereto; the laminated decorative
      sheet being prepared by applying a coating layer consisting of a
      thermosetting resin composition on a base paper for a decorative laminates
      which has been prepared by incorporating a composition the whole or a
      major part of which is composed of a synthetic rubber and/or a
      thermo-plastic synthetic resin substance into the base paper during the
      paper making thereof or by impregnating the base paper with the
      thermo-plastic synthetic resin composition or with the mixture thereof; or
      alternatively being prepared by laminating another base paper which has
      been impregnated with the thermo-setting resin composition on the above
      mentioned base paper containing the thermo-plastic synthetic resin
      composition.
PAR  In the method of the present invention, the surface properties of the
      laminated decorative sheet which are equal to those of laminated
      thermo-setting decorative sheet and the flexibility of the core
      thermo-plastic resin component are utilized, and the laminated decorative
      sheet having such properties and flexibility is passed through heated
      embossing rolls, or through not heated rolls while preheating the sheet
      thereby to impart an embossed permanent shape to the sheet by means of
      post-processing treatment.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The method of the present invention is economically advantageous as
      compared with the conventional methods where the embossing treatment is
      carried out with the simultaneous molding of the sheet under heat and
      pressure and where a lot of embossing plates are required; in that any
      flat material may optionally and freely be embossed in the method of the
      present invention and thus the embossing step is very simple, and that the
      embossing operation may be continued for a long period of time by using
      only one embossing roll.
PAR  In the laminating of decorative sheets, a sheeting press machine may be
      used for molding plane boards, and in addition, another type of continuous
      pressure molding machine such as steel belt press may also be utilized for
      effectively and continuously molding long-sized sheets. In one embodiment
      of the present invention, the continuous molding machine and an embossing
      roller may be disposed in series whereby the molding and the embossing can
      continuously be carried out in the form of a continuous sheet while the
      sheet passes through the machine and roller in series. This continuous
      molding and embossing operation is very preferable. It is possible to
      carry out the embossing treatment during the simultaneous pressing
      operation so long as embossed patterns are given on the press surface of
      rolls, etc. or patterned plates or the like are interposed. However, these
      are economically defective and disadvantageous in view of operation
      efficiency, as compared with the method of the present invention, and
      moreover, the pressure is difficultly imparted as compared with the use of
      plane plate, and thus there is a serious problem that the embossing is
      insufficient.
PAR  According to the method of the present invention, the sheet which has once
      been molded under determined conditions is used in the embossing
      operation, and thus the degree of the embossing may freely and optionally
      be controlled by adjusting the pressure of the embossing roll, etc. Thus,
      the present method is very advantageous in that the operation control may
      very freely be performed. The materials to be used in the processing
      method of the present invention are suitably laminated decorative sheets.
PAR  The laminated decorative sheet is composed with two layers, one of which is
      a surface layer which is laminated on another layer or a support layer. A
      thermo-setting resin is applied to a base paper or mixed with a pigment to
      form a sheet or coating layer as a surface layer. The composition mainly
      consist of synthetic rubber or thermo-plastic resin is applied to a base
      paper to form a support layer. The above mentioned base papers are porous,
      absorptive, wet-strengthened and can be loaded with titanium-oxide or
      other filler and/or pigment to impart desired color and opacity.
PAR  As the raw materials of the layers are mentioned a synthetic rubber or a
      thermo-plastic resin or a mixture thereof with a small proportion of a
      thermo-setting resin, for example, a synthetic rubber latex such as
      styrene-butadiene copolymer, acrylonitrile-butadiene copolymer, etc., or a
      synthetic resin emulsion such as vinyl acetate, polyvinyl chloride,
      polyacrylate, etc. The thermo-setting resin to be added to the synthetic
      rubber and/or thermo-plastic resin in a small proportion is selected from
      precondensation products of melamine resins, urea resins, phenol resins,
      etc. The above mentioned resins are applied to a carrier base such as a
      base paper for a laminated thermo-setting decorative sheet, etc. by means
      of coating, impregnation, wetend-addition etc. to form a support layer,
      and on the thus formed support layer is superposed another carrier base
      such as the above mentioned base paper to which has been applied a
      thermo-setting resin such as, for example, diallyl phthalate resin,
      benzoguanamine resin, unsaturated polyester resin including alkyd resin,
      etc., from these resins the good post-formable resin composition may be
      preferably selected, or otherwise, a mixture of the thermo-setting resin
      and a pigment is applied on the support layer, to form a surface layer,
      and afterwards, the thus composed two layers are heated and pressed to
      cure the thermo-setting resin on the surface of the layer while the two
      layers are simultaneously integrally bonded together to form an integrated
      sheet. The thus prepared laminated decorative sheet is a flexible sheet
      having an excellent hiding property, and an embossed decorative laminate
      may be manufactured therefrom after the post-embossing thereof, having
      surface properties similar to those of a laminated thermo-setting
      decorative sheet.
PAR  The above mentioned laminated decorative sheet is suitable for the method
      of the present invention in that the sheet has good flexibility and that
      the surface properties thereof are equal to those of a laminated
      thermo-setting decorative sheet. It has been found from the related
      experiments that the laminated decorative sheet may be embossed by using
      an embossing plate or an embossing roll under re-heating, although the
      surface resin of the sheet has already been hardened due to heat and
      pressure.
PAR  In the embossing procedure, the heating may be conducted by pre-heating the
      embossing plate or the embossing roll, or otherwise the pre-heated sheet
      may be embossed under cooling.
PAR  The heating temperature is preferably 100.degree.C or more, and it is
      necessary that the thermo-plastic resin of the laminated decorative sheet
      supporting layer (baking layer) is softened by heating. The upper limit of
      the heating temperature may freely be selected in such range that the
      thermo-plastic resin does not flow out to cling to the roll or the base
      paper and the resin are not deteriorated, and in general, the temperature
      may be up to 200.degree.C or so, preferably 150.degree. .about.
      180.degree.C, depending upon the kind of the used resin. The roll pressure
      is 10 kg/cm.sup.2 or more, preferably 20 kg/cm.sup.2 or more.
PAR  The embossing roll is suitably composed of a metal roll having embossed or
      etched patterns and a rubber roll or a paper roll. In the case of
      embossing by means of plate pressing, the sheet is pressed between a metal
      plate having embossed patterns and a cushion material. It has hitherto
      been impossible to emboss a laminated thermo-setting decorative sheet by
      means of a post-processing operation using a plate press. Under such
      circumstances, the present invention also is very advantageous in that the
      post-embossing with a plate press has become possible for the first time
      by using the above mentioned laminated decorative sheet of the present
      invention.
PAR  Now, the present invention will be explained more in detail by the
      following examples, which, however, do not whatsoever limit the scope of
      the present invention.
DETD
PAC  EXAMPLE 1
PAR  A colored base paper weighing 80 g/m.sup.2 was impregnated with a solution
      mainly composed of benzoguanamine resin in a solid amount of 95 g/m.sup.2
      loaded to the paper, to prepare an impregnated paper which was used as a
      surface layer. Apart from this, another colored base paper weighing 80
      g/m.sup.2 was impregnated with a solution consisting of 100 parts of
      styrene-butadiene copolymer latex and 4 parts of melamine-formaldehyde
      resin in a solid amount of 25 g/m.sup.2, to prepare another impregnated
      paper to serve as a backing layer. The two layers were molded together
      under plate pressure and heat and under the following molding conditions
      to form a laminated sheet: Temperature, 150.degree.C; pressure 15
      kg/cm.sup., time, 7 minutes.
PAR  The thus prepared laminated decorative sheet was passed through embossing
      rolls heated at 180.degree.C under the pressure of 25 kg/cm.sup.2 at a
      speed of 5 m/min to obtain an embossed laminated decorative sheet. The
      thus embossed sheet was sticked on a plywood by using a vinyl acetate
      adhesive to obtain a decorated board having the properties as shown in the
      No. 1 of the following Table and having the necessary quality required as
      a board laminated with thermo-setting decorative sheet.
PAC  EXAMPLE 2
PAR  A base paper printed with grain patterns and weighing 55 g/m.sup.2 was
      impregnated with a solution consisting of 80 parts of diallyl phthalate
      resin, 20 parts of polyester resin, 3 parts of benzoyl peroxide and a
      small amount of releasing agent, etc. in a solid amount of 65 g/m.sup.2 to
      form a surface layer, and a white base paper weighing 80 g/m.sup.2 was
      impregnated with a solution consisting of 50 parts of
      acrylonitrile-butadiene copolymer latex and 50 parts of natural rubber
      latex in a solid amount of 25 g/m.sup.2 to form a backing layer.
      Afterwards, the two layers were molded together under plate pressure and
      heat and under the following molding conditions: Temperature,
      130.degree.C; pressure, 10 kg/cm.sup.2 ; time, 5 minutes.
PAR  The thus prepared laminated decorative sheet was pre-heated up to
      160.degree.C by using an ultrared heater, and was passed between an
      embossing steel roll having engraved grain patterns and a rubber roll at a
      speed of 7 m/min and under an embossing pressure of 30 kg/cm.sup.2 whereby
      a laminated decorative sheet having embossed grain patterns was obtained.
      The thus obtained sheet was sticked on a particle board by using a
      chloroprene adhesive to prepare a decorative board. The properties of the
      prepared decorative board are shown in the No. 2 of the following Table,
      and this board had the necessary character as a board laminated with
      thermo-setting decorative sheet.
PAC  EXAMPLE 3
PAR  The two impregnated papers for the surface layer and the backing layer of
      the laminated decorative sheet of the Example 2 were continuously molded
      in the form of a long-sized sheet as such, by using a steel belt type
      continuous molding machine at a temperature of 160.degree.C, under a
      pressure of 6 kg/cm.sup.2 and for a molding time of 3 minutes, and the
      molded sheet forwarded out of the molding machine was successively
      continuously passed, without reeling the same, between an embossing roll
      heated at 160.degree.C and a rubber roll under the pressure of 30
      kg/cm.sup.2, whereby a decorative laminate embossed with grain patterns
      was obtained. The thus prepared long-sized sheet could be wound in the
      form of a roll as such. The sheet was cut in a desired size and was
      sticked on a particle board by using a chloroprene adhesive to obtain a
      decorative board. The properties of the thus obtained decorative board are
      shown in the No. 3 of the following Table, and this board had the
      necessary surface properties as a laminated thermo-setting decorative
      sheet.
PAC  EXAMPLE 4
PAR  A colored base paper (of pale orange) weighing 80 g/m.sup.2 which was made
      from 100 parts of pulp, 0.1 part of insoluble red azo pigment and 0.2 part
      of high molecular yellow azo pigment was impregnated with an acetone
      solution of diallyl phthalate resin (containing 3 percent on the basis of
      the resin of benzoyl peroxide and a small amount of additive such as an
      inner releasing agent) in a solid amount of 180 g/m.sup.2, and was
      evaporated the solvent under a mild heating condition to form the
      impregnated paper serving as a surface layer.
PAR  A colored base paper (weight: 100 g/m.sup.2) of low density and high water
      absorption containing titanium oxide and colored similarly to the above
      mentioned surface layer paper was impregnated with methyl
      methacrylate-butadiene copolymer emulsion in a solid amount of 43
      g/m.sup.2, and was dried to form an impregnated paper serving as a backing
      layer.
PAR  The above mentioned surface layer and backing layer were laminated and
      molded with plate press and heat under the molding conditions of
      130.degree.C, 10 kg/cm.sup.2 and 7 minutes, whereby a single-colored
      decorative laminate having high hiding property and high saturation was
      obtained. The single-colored laminate decorative sheet was passed between
      an embossing steel roll having engraved flowery patterns and heated at
      180.degree.C and a paper roll at a speed of 10 m/min. The embossing
      pressure imparted to the fancy sheet in this embossing operation was 20
      kg/cm.sup.2. In the laminated decorative sheet passed through the rolls
      was beautifully transferred the flowery emboss patterns of the embossing
      roll. The thus embossed sheet was sticked on a hard board by using a vinyl
      acetate adhesive to obtain an embossed decorative board. The surface
      properties of the thus prepared decorative board are shown in the No. 4 of
      the following Table, and this board had the necessary quality as a
      laminated thermo-setting decorative board.
PAC  EXAMPLE 5
PAR  The impregnated papers of surface layer and backing layer of the laminated
      decorative sheet of the Example 4 were continuously molded in the form of
      a long-sized sheet as such by using a steel belt press type continuous
      processing and molding machine under the conditions of 170.degree.C, 4
      kg/cm.sup.2 and 2 minutes to form a molded sheet. Afterwards, the thus
      molded sheet was successively and continuously passed, without reeling the
      same, through the same embossing roll as in the Example 4 under the
      conditions of 180.degree.C and 20 kg/cm.sup.2, whereby an embossed
      decorative laminate was continuously obtained.
PAR  The thus prepared sheet was sticked on a hard board by means of roll press
      and by using a vinyl acetate adhesive to obtain a decorative board covered
      with embossed decorative laminate having a single-color of high
      saturation. The properties of the resulting board are shown in the No. 5
      of the following Table, and this board had the necessary quality as a
      laminated thermo-setting decorative board.
PAC  EXAMPLE 6
PAR  A white base paper (weight: 100 g/m.sup.2) of low density, high water
      absorption and high hiding ability was impregnated with a solution
      consisting of 50 parts of styrene-butadiene copolymer emulsion and 50
      parts of vinyl acetate resin emulsion in a solid amount of 34 g/m.sup.2
      and dried to form a support base.
PAR  50 parts of diallyl phthalate prepolymer, 13 parts of polyester resin and a
      small amount of additives such as releasing agent, etc. were dissolved in
      85 parts of acetone. In this resin solution were added 55 parts of
      titanium oxide and 7 parts of blue pigment, and the whole was well
      dispersed by using a homo-mixer. In the next place, 1.7 parts of benzoyl
      peroxide were added to the resulting dispersion to prepare a coating
      solution. The coating solution was applied to the above mentioned support
      base in a solid amount of 80 g/m.sup.2, and was subjected to drying with a
      hot air of 80.degree. .about. 90.degree.C to prepare a sheet. The thus
      prepared sheet was molded by using a duralmin plate embossed with
      geometrical patterns under the molding conditions of plain plate pressing,
      130.degree.C, 13 kg/cm.sup.2 and 7 minutes, whereby a decorative laminate
      having good flexibility, excellent hiding property, high saturation and
      relief effect was obtained. The decorative laminate was sticked on a
      plywood by using a vinyl acetate adhesive, and the properties of the
      resulting decorative board are shown in the No. 6 of the following Table.
PAR  In place of the molding with the embossing plate, the molding and the
      embossing were successively and continuously carried out according to a
      continuous one-step method, by using a continuous type molding and
      embossing machine composed of combined steel belt type continuous molding
      machine and roll embosser, under the molding conditions of 160.degree.C, 4
      kg/cm.sup.2 and 3 minutes and the embossing conditions of 180.degree.C and
      20 kg/cm.sup.2. The appearance of the resulting embossed laminated
      decorative sheet was same as that of the laminated decorative sheet
      prepared by using the embossing plate press.
PAR  The thus prepared sheet was sticked on a plywood by using a vinyl acetate
      adhesive, and the properties of the resulting board are shown in the No. 7
      of the following Table. This board had the necessary quality required in a
      thermo-setting decorative board as shown in the Table.
PAC  EXAMPLE 7
PAR  80 parts of pulp was dispersed in water to prepare a dispersion of 3
      .about. 4 percent concentration. In the next place, 5 parts of titanium
      oxide were added to the resulting dispersion in the form of a water
      dispersion of 25 percent concentration, and in addition, a vinyl acetate
      resin emulsion of 30 percent concentration was added thereto in an amount
      of 25 parts of solid content and the whole was uniformly admixed. To the
      solution mixture was added alum to fix the titanium oxide and the vinyl
      acetate resin so as to make a paper, whereby a paper containing vinyl
      acetate resin (weight: 100 g/m.sup.2, thickness: 0.13 mm) was obtained,
      serving as a backing layer.
PAR  A base paper printed with grain patterns and weighing 55 g/m.sup.2 was
      impregnated with a solution consisting of 80 parts of diallyl phthalate
      resin, 20 parts of polyester resin, 3 parts of benzoyl peroxide paste and
      a small amount of releasing agent, etc., in a solid amount of 65 g/m.sup.2
      to prepare a surface layer sheet. The two layers were molded under heat
      and pressure and under the following molding conditions to prepare a
      smooth laminated sheet: Temperature, 130.degree.C; pressure, 10
      kg/cm.sup.2 ; time, 5 minutes.
PAR  The resulting laminated sheet was passed through an embossing roll having
      engraved grain patterns and heated at 160.degree.C under the pressure of
      30 kg/cm.sup.2 and at a speed of 7 m/min, whereby a decorative laminate
      having embossed grain patterns was obtained. The thus obtained decorative
      laminate was sticked to a waterproofing plywood by using a phenol resin
      adhesive, and the properties of the resulting board are shown in the No. 8
      of the following Table. As seen therein, the board had the necessary
      quality required as a laminated thermo-setting decorative sheet.
TBL                                    Table                                   

     __________________________________________________________________________

     example No.                                                               

               1   2   3   4   5   6   7   8                                   

     __________________________________________________________________________

     immersion in                                                              

               no change on surface condition                                  

     boiling water                                                             

     (2 hours) no delamination                                                 

     resistance of                                                             

     surface to heat                                                           

               no defect on surface                                            

     (180.degree.C)                                                            

     resistance of                                                             

               n,k.rarw.c, f, g, i, j (no change)                              

                                              .fwdarw.                         

     surface to                                                                

     stains*   (no change).rarw.k, n (slightly changed)                        

                                              .fwdarw.                         

     weight loss by                                                            

     Taber abrasor                                                             

               0.07                                                            

                   0.07                                                        

                       0.1 0.09                                                

                               0.1 0.08                                        

                                       0.08                                    

                                           0.1                                 

     (mg/100 cycle)                                                            

     immersion in                                                              

     water (25.degree.C,                                                       

               no change on appearance                                         

     4 days)                                                                   

     heat cracking                                                             

     resistance                                                                

               no change                                                       

     (80.degree.C, 48 hours)                                                   

     __________________________________________________________________________

      *test reagent:                                                           

      n, ink; k, crayon; c, milk; f, 10% citric acid g, gasoline; j, 10%       

      ammonia; i, olive oil                                                    

PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of processing a laminated decorative sheet composed of two
      layers comprising a surface layer and a support layer for imparting a
      permanent shape thereto, which comprises the steps of:
PA1  a. preparing a support layer by impregnating a first base paper with a
      synthetic rubber latex and/or a synthetic resin emulsion selected from the
      group consisting of styrene-butadiene copolymer, acrylonitrilebutadiene
      copolymer, methyl methacrylate-butadiene copolymer, polyvinyl acetate,
      polyvinyl chloride, polyacrylate and mixtures thereof; or by incorporating
      said synthetic rubber latex and/or said synthetic resin emulsion into a
      pulp slurry for the base paper by wet end addition, wherein said support
      layer contains the synthetic rubber and/or synthetic resin emulsion in an
      amount of at least 22.72 percent by weight;
PA1  b. preparing a surface layer by impregnating a second base paper with a
      thermosetting resin selected from the group consisting of diallyl
      phthalate resin, benzoguanamine resin, unsaturated polyester resin and
      mixtures thereof; or by coating said thermosetting resin on the support
      layer obtained in a) above, the thickness of said surface layer being such
      that the laminate is flexible and capable of being embossed at pressures
      as low as 10 kg/cm.sup.2 ;
PA1  c. laminating said surface layer and said support layer at a temperature of
      from 100.degree. to 200.degree.C under a pressure of from about 4 to about
      15 kg/cm.sup.2 to cure the thermosetting resin in said surface layer and
      thereby obtain a laminated decorative sheet; and
PA1  d. embossing the laminated decorative sheet using a plane sheet embossing
      press under the following conditions: temperature within the range of
      100.degree.C to 200.degree.C and pressure within the range of 10
      kg/cm.sup.2 to 13 kg/cm.sup.2 ; or embossing the laminated decorative
      sheet using a roll embosser under the following conditions: temperature
      within the range of 100.degree.C to 200.degree.C, and pressure within the
      range of 10 kg/cm to 30 kg/cm.
NUM  2.
PAR  2. The method as claimed in claim 1 wherein said mixture of synthetic
      rubber latex and/or synthetic resin emulsion further contains a small
      amount of thermosetting resin selected from the group consisting of
      melamine resin, urea resin, phenol resin and mixtures thereof.
NUM  3.
PAR  3. The method as claimed in claim 1, wherein said laminated decorative
      sheet is prepared and embossed by one pass processing through tandem
      combined continuous press machine and embossing rolls.
NUM  4.
PAR  4. The method as claimed in claim 1 wherein said laminated decorative sheet
      is prepared by laminating with a plane plate press under a pressure of
      from 4 to 15 kg/cm.sup.2.
NUM  5.
PAR  5. The method as claimed in claim 1 wherein said decorative sheet is
      prepared by laminating with a belt press under a pressure of from 4 to 6
      kg/cm.sup.2.
NUM  6.
PAR  6. The method as claimed in claim 1 wherein said support layer contains the
      synthetic rubber and/or synthetic resin emulsion in an amount of 22.72 to
      30.06 percent by weight, and where the thermosetting resin impregnated
      paper as said surface layer contains the thermosetting resin in an amount
      of 54.16 to 69.23 percent by weight.
NUM  7.
PAR  7. The method as claimed in claim 1 wherein in step (b) said thermosetting
      resin coated on the support layer obtained in (a) contains a pigment.
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ABST
PAL  A process for manufacturing a body of a moisture-proof container having at
      least two recesses for packaging purposes which comprises adhering a metal
      foil to a first thermoplastic resin film with a hot melt-type adhesive to
      form a laminated sheet, forming at least two closed blank portions in said
      laminated sheet by cutting only the metal foil, adhering a second
      thermoplastic resin film on the surface of the metal foil and
      stretch-forming said closed blank portions of the laminated sheet at a
      temperature wherein the hot melt-type adhesive and the thermoplastic resin
      films are softened, thereby forming said recesses.
BSUM
PAR  The present invention relates to a process for manufacturing the body of a
      moisture-proof container for packaging, and more particularly, to a
      process for manufacturing the body of a moisture-proof container having at
      least two connected recesses for packaging materials from a laminated
      sheet which is made by adhering a metal foil to a thermoplastic resin film
      with a hot melt type adhesive.
PAR  Recently, the requirements of a very high moisture-proof container for
      packaging has been gradually increased in order to package medical
      tablets, foods, superfine machine parts and various goods which must avoid
      moisture.
PAR  The manufacturing of the body of a moisture-proof container having only one
      recess for packaging various materials is almost never carried out except
      in an extraordinary case whereas moisture-proof container having many
      connected recesses for packaging materials have been frequently used.
PAR  In the prior process for manufacturing the body of a moisture-proof
      container, generally, a thermoplastic resin film having a
      moisture-proofness, for example, polyvinylidene chloride film alone, or a
      thermoplastic resin film which is endowed with a moisture-proofness, for
      example, a polyvinyl chloride film covered with polyvinylidene chloride in
      the form of a coat or film is softened by a heating and thereafter the
      softened film is pressure-formed or vacuum-formed to obtain a body of a
      moisture-proof container having at least two connected recesses for
      pacakging materials.
PAR  These prior processes are a kind of stretch forming process and are
      therefore applicable to materials which can be elongated 100 to 200
      percent or more by heating and softening a thermoplastic resin film.
PAR  However, it is impossible to manufacture the body of a moisture-proof
      container for packaging materials by using a laminated sheet made by
      adhering a thermoplastic resin film and the metal foil by a conventional
      forming method, because the metal foil breaks in the course of the forming
      process.
PAR  The reason why said body can not be manufactured utilizing conventional
      forming methods is due to the fact that the elongation percentage of the
      material to be formed in the forming step must be 100 percent or more.
      However, the maximum elongation percentage of the metal foil is about 20
      to 30 percent and consequently the metal foil breaks in the forming step.
PAR  In order to overcome these disadvantages, I the applicant has previously
      invented a process for manufacturing a body of a moisture-proof container
      having at least two connected recesses for packaging materials
      characterized in that a metal foil is adhered on a thermoplastic resin
      film with a hot melt type adhesive to form a laminated sheet and then only
      the metal foil of the laminated sheet is cut to form at least two blank
      portions having a form corresponding to the materials to be packaged and
      the blank portions of the laminated sheet are stretch-formed by using a
      forming mold comprising at least two punches and a corresponding die at a
      temperature at which the hot melt type adhesive is softened. This process
      is described in U.S. Pat. application Ser. No. 401,608, filed Sept. 28,
      1973.
PAR  According to this process, the circumference of the blank portion of the
      metal foil can be stretch-formed toward the center of the die as the
      forming process proceeds, because the hot melt type adhesive is softened
      and the softened adhesive layer serves as a lubricant and also because the
      circumference of the blank portion has been already cut. Therefore, the
      blank portion can be stretch-formed without breaking the metal foil.
PAR  Although the stretch-forming can be carried out without breaking the metal
      foil from the laminated sheet comprising the thermoplastic resin film and
      the metal foil in the above-mentioned process, a wrinkle is frequently
      formed in the flange portion of the body of the formed moisture-proof
      container for packaging.
PAR  An object of the present invention is to overcome this disadvantage in the
      above-mentioned process.
PAR  A further object of the present is to provide a process for manufacturing
      the body of a moisture-proof container having at least two connected
      recesses for packaging various materials by using a laminated sheet made
      by adhering a thermoplastic resin film to a metal foil, and by forming at
      least two recesses in the laminated sheet without breaking the metal foil
      and also without forming wrinkles in the flange portion of recesses of the
      body of the formed moisture-proof container.
PAR  According to the present invention, formation of the flange wrinkles have
      been eliminated by strengthening the metal foil of the laminated sheet by
      adhering another thermoplastic resin film on the surface of the metal foil
      so that the force for pressing the blank holder can be increased.
PAR  Therefore, the essential feature of the present invention is a process for
      manufacturing the body of a moisture-proof container having at least two
      connected recesses for packaging the contents characterized in that a
      metal foil is adhered on a thermoplastic resin film with a hot melt type
      adhesive and then only the metal foil is cut to form at least two blank
      portions having a desired form and then a thermoplastic resin film is
      adhered on the surface of the metal foil to form a laminated sheet. The
      blank portions of the laminated sheet are then stretch-formed by using a
      forming mold comprising at least two punches and a corresponding die, at a
      temperature higher than the temperature at which the hot melt type
      adhesive and the thermoplastic resin are softened.
PAR  Examples of the thermoplastic resin films which may be used in the process
      of the present invention include polyvinyl chloride, polyethylene,
      polypropylene, polyesters, polycarbonates and the like. The preferable
      thermoplastic resin film is polyvinyl chloride film. The thickness of the
      thermoplastic resin film is 100 to 500 .mu., preferably 150 to 300 .mu.,
      very preferably 150 to 200 .mu..
PAR  Examples of the metal foil which may be used in the process of the present
      invention, include a foil of aluminium, tin, copper, iron and the like.
      The preferable metal foil is aluminium foil. The preferable thickness of
      the metal foil is 30 to 150 .mu., preferably 40 to 70 .mu..
PAR  The hot melt type adhesive which may be used in the process of the present
      invention comprises, as the main component one of ethylene-vinyl acetate
      copolymer, polyvinyl acetate, polyvinylbutyral, polyethylene or a
      polyamide to which is added a rosin, an ester gum or a paraffin. The
      thickness of the hot melt type adhesive is 3 - 30 .mu., preferably 10 to
      15 .mu..
PAR  The adhesive which is used for adhering a thermoplastic resin film to the
      metal foil in the process of the present invention is preferably Vylon 300
      (manufactured by Toyo Spinning Co, Ltd., main component is a saturated
      polyester resin) or saturated polyester-isocyanate type adhesive. The
      thickness of this adhesive is 3 to 20 .mu., preferably 5 - 10 .mu..
PAR  Due to the fact that the metal foil is already cut and the adhesion of the
      lowest thermoplastic resin film with the metal foil is carried out by the
      use of a hot melt adhesive, according to the present invention, the metal
      foil can be draw-formed without breaking it, and since the laminated sheet
      is formed by adhering the thermoplastic resin film on an surface of the
      metal foil with the adhesive, in the case of the use of the hot melt type
      adhesive, the hot melt type adhesives provided on the surface and the back
      of the metal foil are softened at the time of stretch-forming operation
      and as a result the adhesive serves as a lubricant. Also the force for
      pressing the blank holder can be increased due to the presence of the
      thermoplastic resin film on the surface of the metal foil which eliminates
      flange wrinkles. In the case of the use of the above-mentioned Vylon 300
      or saturated polyester-isocyanate type adhesive as the adhesive, the metal
      foil and the thermoplastic resin film, in an adhered state, are
      simultaneously formed toward the center of the die as the forming
      operation is carried out and as a result the metal foil is strengthened by
      the presence of the thermoplastic resin film at the time of the forming
      operation and also no occurance of the flange wrinkle is generated due to
      the fact that the force for pressing the blank holder can be increased.
DRWD
PAR  The manufacture of the body of moisture-proof container having two recesses
      for packaging materials according to the present invention is illustrated
      in detail with reference to the following drawings, wherein
PAR  FIG. 1 is a plan view of a laminated sheet which may be used in the process
      of the present invention;
PAR  FIG. 2 is a sectional view taken along line I--I of FIG. 1;
PAR  FIG. 3 is a plan view of the body of moisture-proof container having two
      connected recesses for packaging materials after the forming of the
      laminated sheet;
PAR  FIG. 4 is a sectional view taken along line II--II of FIG. 3;
PAR  FIG. 5 is a sectional view of a stretch-forming machine which shows mainly
      two punches and the corresponding die before the stretch-forming;
PAR  FIG. 6 is a sectional view of a stretch-forming machine which shows mainly
      two punches and the corresponding die after the stretch-forming;
PAR  FIG. 7 is a sectional view of a container which is made by using the body
      of moisture-proof container which is made by the process of the present
      invention; and FIG. 8 is a sectional view of another laminated sheet which
      may be used in the process of the present invention.
DETD
PAR  In FIG. 1, A is a laminated sheet prior to the stretch-forming operation
      and is obtained by adhering a thermoplastic resin film 1 with a metal foil
      3 through a hot melt type adhesive 2 and by cutting only metal foil as
      shown by the dotted line B in FIG. 1 and by a solid line B in FIG. 2 to
      form blank portions A' and A" and then by adhering a thermoplastic resin
      film 5 on the surface of the metal foil 3 with an adhesive 4.
PAR  In FIG. 4, elements 1, 2, 3, 4 and 5 are the same as those shown in FIGS. 1
      and 2 and the dotted line B in FIG. 3 and the solid line B in FIG. 4 are
      respectively a cutting line similarly as shown in FIGS. 1 and 2. Elements
      6 and 7 are respectively a flange portion and a recess for packaging the
      contents of the body of the stretch-formed container and 8 is a gap which
      is created by moving the circumferences of the blank portions of the metal
      foil at the stretch-forming.
PAR  In the following, the operation for stretch-forming the body of
      mositure-proof container having two connected recesses for packaging
      materials as shown in FIGS. 3 and 4 from the laminated sheet shown in
      FIGS. 1 and 2 is illustrated with reference to FIGS. 5 and 6 in which the
      portion of the punch and die of the stretch-forming machine comprising two
      punches and the corresponding dies are mainly shown.
PAR  In FIGS. 5 and 6, A is a laminated sheet, 9 is a blank holder for
      preventing an occurrence of a flange wrinkle, 10 is a die, 11 is a punch,
      12 is a cooling device which is provided in the blank holder 9 and 14 is a
      plate for supporting the punch 11. In order to faciliate the
      stretch-forming operation a shallow recess C is provided at the under part
      of the blank holder 9.
PAR  In the practice of the operation, as shown in FIG. 5, the laminated sheet A
      is placed on the die 10 which is cooled by the cooling device 12 and the
      blank portions A' and A" of said laminated sheet A are placed so as to be
      positioned under the punches 11 which are fixed to the punch supporting
      plate 14 and then the laminated sheet is supported between the die 10 and
      a blank holder 9 which is heated by the heating device 13. In this case,
      the forming temperature is a temperature at which the hot melt type
      adhesive 2 and also the thermoplastic resin films 1 and 5 can be softened.
PAR  As shown in FIG. 6, the punches 11 which are fixed to the plate 14 for
      supporting them are lowered and the blank portions A' and A" of the
      laminated sheet A are stretch-formed. Thereafter, the punches 11 are
      pulled up and then the body of moisture-proof container for packaging the
      contents is withdrawn after the hot melt type adhesive is solidified.
PAR  Although the body of the moisture-proof container for packaging is made in
      the process of the present invention, a moisture-proof container for
      packaging can be made by adhering a laminated sheet, which has a
      moisture-proofness and is made by adhering a metal foil with a
      thermoplastic resin film, as a lid, on the body of moisture-proof
      container as shown in FIG. 7. Also, a moisture-proof container for
      packaging can be made by oppositely adhering two bodies of the
      moisture-proof0215 container for packaging which are produced by the
      process of the present invention. In FIG. 7, elements 1, 2, 3, 4, 5 and 8
      are same as those shown in FIG. 4 and 15 is a metal foil, 16 is a
      heat-sealable adhesive layer and 17 is the content.
PAR  Furthermore, the body of the moisture-proof container for packaging can be
      manufactured by the above mentioned method even when the laminated sheet
      shown in FIG. 8 is used in the process of the present invention. In FIG.
      8, 18 is a thermoplastic resin film, for example a hard polyvinyl chloride
      film having a thickness of 150 to 300 .mu., 19 is a layer of hot melt
      adhesive having a softening point of 60.degree. to 70.degree.C.
      (thickness: 5 to 10 .mu.), 20 is a metal foil, for example aluminium foil
      having a thickness of 30 to 50 .mu., 21 is a layer of an adhesive, for
      example the adhesive in which Vylon 300 is added with an isocyanate type
      adhesive and which has a softening point of more than 120.degree.C., 22 is
      a thermoplastic resin film, for example polyester type resin film having a
      thickness of 10 to 20 .mu., 23 is a layer of hot melt adhesive having a
      softening point of 60.degree. to 70.degree.C. or of adhesive having a
      softening point of 100.degree. to 110.degree.C. such as Vylon 300, 24 is a
      thermoplastic resin film, for example a hard polyvinyl chloride film
      having a thickness of 30 to 50 .mu. and B shows a cutting line.
PAR  By the way, only the production of a body of the moisture-proof container
      having two connected recesses for packaging the contents is explained
      above in the process of the present invention, but the number of the
      recesses is not limited and thus a very large number of recesses, for
      example, 100 units of recesses can be formed in the body of the
      moisture-proof container for packaging the contents.
PAR  As explained above, since the metal foil is not broken and also since the
      flange wrinkle of recess are eliminated, the body of the container is
      moisture-proof. Therefore, a completely moisture-proof container having
      two or more recesses for packaging the contents can be made by adhering a
      moisture-proof lid to the body of the container, or by adhering one body
      of the container to another body thereof. According to the present
      invention, therefore, it is possible to obtain a container for packaging
      which requires a remarkable moisture-proofness for packaging medical
      tablets, foods and superfine machine parts.
PAR  The present invention is illustrated by the following examples.
PAC  EXAMPLE 1
PAR  10 g/m.sup.2 of hot melt adhesive consisting of ethylene-vinyl acetate
      copolymer having a softening point of 60.degree. - 70.degree.C. is coated
      on hard polyvinyl chloride film having the thickness of 150 .mu. and then
      aluminium foil having the thickness of 70 .mu. is adhered thereon by a hot
      roll. Only the aluminium foil of the above obtained three layered
      laminated sheet is cut to form two circular blank portions having a
      diameter of 24 mm. 10 g/m.sup.2 of polyester type adhesive is then coated
      on the whole surface of the aluminium foil of the above three layered
      laiminated sheet and thereafter a hard polyvinyl chloride film having a
      thickness of 30.mu.  is adhered on the above coated surface to obtain a
      five layered laminated sheet.
PAR  A die 10 having the internal diameter of 12.6 mm and a punch 11 having the
      external diameter of 12.0 mm are used and a blank holder 9 is heated to
      maintain at a temperature of 80.degree. - 90.degree.C. by a heating device
      13. The temperature of the die is maintained at a temperature of less than
      50.degree.C. by a cooling device 12 at the time of the forming operation.
      Then a laminated sheet is positioned between the blank holder and the die
      10 by the use of guide pins (not shown in the drawings). As a result at
      the forming operation the thermoplastic resin films 1 and 5 and the hot
      melt type adhesive 2 are softened and two punches 11 are pressurized into
      the die to form two recesses having a depth of 5 mm in two blank portions
      of the laminated sheet. Consequently, the external diameter of the
      aluminium foil is draw-formed from 24 mm to 14 mm and the hard polyvinyl
      chloride film is stretch-formed. The aluminium foil of the obtained
      product is not broken and flange wrinkles are not found on the flange
      portions.
PAC  EXAMPLE 2
PAR  Example 1 is repeated except that a hot melt type adhesive comprising
      ethylene-vinyl acetate copolymer is used in place of polyester type
      adhesive. Similar results as shown in Example 1 are obtained.
PAR  The moisture permeability of the body of moisture-proof containers having
      two connected recesses for packaging materials obtained in Examples 1 and
      2 are about one-fifth of that of moisture-proof containers which have same
      form as above and being currently sold in market. The prior product was
      manufactured by forming a complex sheet which was made by adhering
      polyvinyl chloride resin film having a thickness of 150 .mu. which was
      coated with a polyvinylidene chloride resin with a thickness of 25 .mu.
      together with the same coated polyvinyl chloride resin film.
PAR  The invention being thus described, it will be obvious that the same may be
      varied in many ways. Such variations are not to be regarded as a departure
      from the spirit and scope of the invention, and all such modifications are
      intended to be included within the scope of the following claims. What is
      claimed is:
CLMS
NUM  1.
PAR  1.  A process for manufacturing a body of a moisture-proof container having
      at least two recesses for packaging purposes which comprises adhering a
      metal foil to a first thermoplastic resin film with a hot melt-type
      adhesive to form a laminated sheet, forming at least two closed blank
      portions in said laminated sheet by cutting only the metal foil, adhering
      a second thermoplastic resin film on the surface of the metal foil and
      stretch-forming said closed blank portions of the laminated sheet at a
      temperature wherein the hot melt-type adhesive and the thermoplastic resin
      films are softened, thereby forming said recesses.
NUM  2.
PAR  2. The process as claimed in claim 1 wherein the first and second
      thermoplastic resin films are selected from the group consisting of
      polyvinyl chloride, polyethylene, polyproylene, a polyester or a
      polycarbonate.
NUM  3.
PAR  3. The process as claimed in claim 1, wherein the thickness of the first
      and second thermoplastic resin film is 100 - 500 .mu..
NUM  4.
PAR  4. The process as claimed in claim 1, wherein the metal foil is a film
      selected from the group consisting of aluminium, tin, copper and iron.
NUM  5.
PAR  5. The process as claimed in claim 1 wherein the thickness of the metal
      foil is 30 - 150 .mu..
NUM  6.
PAR  6. The process as claimed in claim 1 wherein the hot melt type adhesive
      comprises a main component selected from the group consisting of
      ethylenevinylacetate copolymer, polyvinyl acetate, polyvinylbutyral,
      polyethylene and a polyamide and an additive.
NUM  7.
PAR  7. The process of claim 6, wherein the additive is selected from the group
      consisting of a rosin, an ester gum and a paraffin.
NUM  8.
PAR  8. The process as claimed in claim 1 wherein the thickness of the hot melt
      type adhesive is 3 - 30 .mu..
NUM  9.
PAR  9. The process of claim 1, wherein the thickness of the first and second
      thermoplastic resin film is 150 - 300 microns.
NUM  10.
PAR  10. The process of claim 1, wherein the thickness of the first and second
      thermoplastic resin film is 150 - 200 microns.
NUM  11.
PAR  11. The process of claim 1, wherein the thickness of the metal foil is 40 -
      70 microns.
NUM  12.
PAR  12. The process of claim 1, wherein the thickness of the hot melt-type
      adhesive is 10 - 15 microns.
NUM  13.
PAR  13. The process of claim 1, wherein a third thermoplastic resin film is
      adhered to the second thermoplastic film and the blank portions are made
      by cutting the metal foil and the second thermoplastic resin film.
NUM  14.
PAR  14. The process of claim 1, wherein the second thermoplastic resin film is
      adhered to the metal foil with an adhesive selected from the group
      consisting of a saturated polyester type adhesive and a saturated
      polyester-isocyanate type adhesive.
NUM  15.
PAR  15. The process of claim 14, wherein the thickness of the adhesive is 10 -
      15 microns.
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ABST
PAL  A wicket for tags comprising a pair of spaced, generally parallel end
      sections and an intermediate connector strip, the ends of said
      intermediate strip being integrally joined to one end of each end section
      and forming a generally Z shape configuration, said wicket being
      particularly adapted for use as a tag hanger.
BSUM
PAR  The present invention relates generally to tag hangers or wickets such as
      those employed by ski resorts for affixing ski tickets to the pants or
      jackets of skiers. Various forms of wire wickets are commonly used for
      this purpose. However, the use of metal wires presents the danger of
      injury in case of a fall, especially with those wire wickets having ends
      that project laterally outward and are easily exposed.
PAR  In brief, the present invention involves a novel form of wicket that may be
      manufactured of plastic and dispensed in a continuous web without creating
      material waste. The invention described herein further contemplates a
      novel arrangement for dispensing the wickets and applying them to tags.
PAR  Various other objects of this invention will become apparent in view of the
      following detailed description.
DRWD
PAR  In the drawings forming a part of this application and in which like parts
      are identified by like reference numbers:
PAR  FIG. 1 is a plan view of the novel wicket forming the subject matter of
      this invention;
PAR  FIG. 2 is a perspective view showing the manner in which the wicket is
      applied to a ski tag;
PAR  FIG. 3 is a perspective view of the ski tag fully assembled to the wicket;
PAR  FIG. 4 is a plan view of a nested arrangement of plastic wickets formed
      from a sheet or web of plastic material;
PAR  FIG. 5 is a perspective view illustrating the manner in which the wickets
      may be production assembled to a series of tickets or tags;
PAR  FIG. 6 is a perspective view of a "sale" tag having a wicket mounted
      thereto; and
PAR  FIG. 7 is a perspective view of the "sale" tag illustrating the manner in
      which a wicket may be used to form a loop or hanger for the tag.
DETD
PAR  Referring to FIG. 1 in particular, there is illustrated a wicket comprising
      a pair of spaced generally parallel end sections 10 and 11 and an
      intermediate connector strip 12. The ends of strip 12 are integrally
      joined to one end of each end section, forming a wicket which has a
      generally Z shape configuration. One advantage of such a wicket is that it
      may be die cut from a web of plastic material such as Mylar. However,
      various kinds and types of material may be used, including metal and
      paper.
PAR  Referring to FIG. 4, a web 13 is intermittently advanced through a die
      having the same Z shape as the wickets to be formed. A Mylar web may be
      selected with a thickness of 0.010 to 0.014 inch, and the web advanced
      3/32nd-inch between cutting actions of the die. Other thicknesses and
      widths of wickets may be selected on the basis of material used and the
      need for strength. It will be especially noted that the end of the wickets
      are inclined to the edges of the web 13 and, therefore, the ends become
      pointed when cut by the die, as indicated by the reference numbers 10a and
      11a. The pointed ends allow them to be inserted easily through button
      holes or the finger grasp of a zipper.
PAR  The wickets are applied to a ski tag 14 in the manner shown in FIG. 2. The
      wicket is first folded at approximately the middle of the intermediate
      connector strip; one end section is then inserted through the belt loop,
      button hole or finger tab of a zipper; and the two end sections are then
      sandwiched between the adhesive coated surfaces of ticket 14 in a manner
      that is customary in the application of ski tickets to wire wickets. When
      applying the ski ticket to the wicket, end sections 10 and 11 are
      preferably positioned side by side, as shown in FIGS. 2 and 3, rather than
      in overlapping fashion. This produces a better attachment to the wicket.
PAR  FIGS. 5-7 illustrate a novel arrangement of the wicket in combination with
      a "sale tag" 15. In this instance, the wickets are applied to tags 15 in
      an automated process. One end section of each wicket is secured to a tag
      adjacent the top portion thereof. The other end section and intermediate
      connector strip extend generally downward from the affixed end section
      and, therefore, overlie a lower portion of the tag. The one end section
      may be secured to the tag as by means of adhesive. An adhesive material,
      preferably a pressure sensitive type of adhesive, is also applied to a
      surface of the other end section but on the side away from the tag, as
      shown in FIG. 6. The adhesive coating provided on the other end section is
      protected by a small liner strip 16.
PAR  In use, liner 16 is removed and the end section to which the liner had been
      attached is rotated around the top of the tag and secured to the opposite
      side as shown in FIG. 7.
PAR  It is contemplated that adhesive materials may be applied to the end
      sections of the wickets during an early stage of manufacture. More
      particularly, and referring to FIG. 4, the adhesive material may be
      applied initially to the areas of web 13 from which the end sections are
      formed. Thus, applying an adhesive material in the region between the
      imaginary line 13a and the near side of the web would provide a coating of
      adhesive to each of the end sections 10. Similarly, an adhesive material
      applied in the area between the imaginary line 13b and its near side of
      the web would provide a second adhesive coating to end sections 11.
PAR  Although wickets of this invention have a generally Z shape configuration,
      the size and angularity of end sections relative to the intermediate
      connector strip may be varied through a wide range. Also, the included
      angles between the end sections and intermediate connector strip may vary
      and one included angle may be greater or smaller than the other. Thus, it
      is to be understood that various modifications and changes may be resorted
      to without departing from the spirit of the invention or the scope of the
      attached claims, and each of such modifications and changes is
      contemplated.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for forming a tag fastener without substantial waste and
      securing a tag thereto, comprising the steps: cutting a web of sheet-like
      material into a multiplicity of continuous thin nestable strips of
      material, each said strip comprising a pair of spaced, generally parallel
      end sections and an intermediate connector strip, the ends of said
      intermediate connector strip being integrally joined to one end of each
      end section to form a generally Z shaped configuration; folding each said
      strip at a point along the intermediate connector strip between the
      parallel end sections, thereby forming a generally triangular
      configuration having a base and an apex; and bonding a tag to the base of
      said triangular configuration.
NUM  2.
PAR  2. The method of claim 1, one end section being inserted through the loop
      of an article of clothing prior to the folding thereof.
NUM  3.
PAR  3. The method of claim 1 wherein the bonding step comprises adhesively
      attaching the tag to the fastener.
NUM  4.
PAR  4. The method of claim 1 wherein the cutting step comprises:
PA1  advancing the sheet of material along an axis of movement; and
PA1  moving a die cutter having a pair of spaced generally parallel end section
      cutters and an intermediate connector cutter disposed in a generally "Z"
      configuration into cutting engagement with the sheet of material, the pair
      of end section cutters being disposed at an acute angle relative to the
      axis of material movement and intersecting the lateral edges of the sheet
      material to form pointed ends on the strip end sections.
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PAL  Unsupported ultrathin polymer film is made in bulk form by floating the
      film on a bath, transferring the floating film to a release substrate,
      drying the resulting film/substrate composite, separating the film from
      the substrate, and retrieving the unsupported film, e.g. in the form of a
      convoluted roll provided with anti-blocking agent in between the
      convolutions. The bulk product can be made into thermal insulating
      material, flake-like weather modifying agents, etc.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to ultrathin polymer films formed by
      casting a solidifiable polymer or polymer solution on a liquid surface. An
      aspect of this invention relates to loosely bound laminates formed from
      ultrathin polymer films. A further aspect of this invention relates to
      methods for separating an unsupported ultrathin polymer film from such
      loosely bound laminates and to the manufacture of useful products (such as
      thermal insulation) from the retrieved, unsupported ultrathin polymer
      film.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  "Ultrathin" polymer films are so-called because they are thinner than the
      thinnest polymer films made by conventional film forming and drawing or
      stretching techniques. Ordinarily, the commercially available polymer
      films can be drawn or stretched to a thickness of about 0.1 mil (2.5
      microns), but any thinner caliper must ordinarily be obtained by special
      casting techniques, e.g. casting a polymer solution on the surface of a
      liquid bath. A reasonably complete summary of the prior art relating to
      the formation of ultrathin polymer films is contained in the disclosures
      of U.S. Pat. Nos. 3,551,244 (Forester et al.), issued Dec. 29, 1970 and
      U.S. Pat. No. 3,580,841 (Cadotte et al.), issued May 25, 1971. Further
      prior art background relating to the casting of polymer films on liquid
      baths or the like can be obtained by referring to the following
      representative U.S. Pat. Nos.:
PA0  1,920,118 (Walsch it al), issued July, 1933;
PA0  2,562,373 (Arnold), issued July, 1951;
PA0  2,689,982 (Chynoweth), issued September, 1954.
PAR  Ultrathin polymer films, e.g. those made according to the teachings of the
      aforementioned Forester et al and Cadotte et al patents, particularly
      those having a thickness less than 2.5 microns (e.g. as thin as 0.05
      microns) have some peculiar properties not possessed by thicker films. One
      of these properties is an unusually strong "blocking" tendency, i.e. a
      tendency to autogenously bond to itself and to a wide variety of
      substrates, particularly when the ultrathin film floating on the formation
      bath is picked up by a substrate. (The term "blocking" is also used in the
      paper industry to describe the tendency of paper sheets to stick to each
      other.) The precise nature of this blocking tendency is not fully
      understood. Theoretical considerations indicate that cohesive forces
      between the ultrathin film and any of a wide variety of substrates should
      be very strong, particularly when compared to the inherent tensile
      strength of the film itself. Thus, once the ultrathin film is bonded to a
      substrate to form a laminate, the ultrathin film cannot ordinarily be
      dislodged, separated, or otherwise retrieved or recovered from the
      laminate.
PAR  It is known that particles (e.g. flakes) of ultrathin polymer film can be
      prepared in unsupported form by breaking up the freshly formed ultrathin
      film and suspending the resulting flakes in a liquid carrier such as water
      to form a highly viscous suspension. However, removal of the liquid
      suspending medium results in coalescing of the flakes to form a solid
      mass. See column 2, line 41 et seq., of Forester et al., U.S. Pat. No.
      3,551,244.
PAR  The strong blocking or adhering tendency of the ultrathin film can be
      useful in certain applications, e.g. when formation of a composite reverse
      osmosis membrane of the type described in Cadotte et al. is desired. These
      composite membranes comprise a porous support permanently bonded to the
      ultrathin film. However, there are other circumstances wherein recovery or
      retrieval of unsupported, dry ultrathin film is desirable. See U.S. Pat.
      Nos. 2,631,334 (Bailey), issued Mar. 17, 1953 and U.S. Pat. 3,031,721
      (Friedlander), issued May 1, 1962, particularly column 3, line 37 et seq.
      of this reference. As will be readily apparent from a consideration of the
      peculiar properties of ultrathin film (including its blocking tendencies
      and its low inherent strength), recovery of the unsupported film or
      membrane calls for extremely delicate techniques. In fact, it would appear
      that continuous recovery or retrieval for high volume production of dry,
      unsupported ultrathin polymer film products may be utterly impractical. It
      would also appear that the uses for such products might be limited to
      exotic fields.
PAR  Accordingly, this invention contemplates a process involving retrieval of
      ultrathin polymer film, so that a variety of useful ultrathin polymer
      products can be produced in quantity.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that it is possible to select or manipulate a support
      or substrate (which can be a flexible web or layer) such that the support
      has release characteristics, even with respect to ultrathin polymer films
      less than 2.5 microns in thickness. These release characteristics permit
      an unsupported polymer film to be retrieved from the support after
      separation from the support with water, steam, compressed air, and the
      like. For example, it has been found that many types of cellulosic
      materials used as support material result in the formation of a separable
      composite or a loosely or reversibly bound laminate which can serve as the
      intermediate for the retrieval of the unsupported ultrathin film. It has
      also been found that a partially moistened support (particularly one with
      a rough surface) can have release characteristics.
PAR  Further discoveries involved in this invention include retrieval
      techniques, whereby the unsupported polymer film can be continuously taken
      up in convolted form or the like without self-welding or autogenous
      bonding of individual laminae or convolutions to each other. This
      retrieved web of batt or roll of ultrathin film can be further processed
      (e.g. cut into a mass of dry, discrete flakes) or used as is, e.g. for
      thermal insulation. The dry, free-flowing flake like material can be used
      in filters, dust collectors, heat insulators, weather modification (e.g.
      dissipating a fog bank), thickening of liquid materials, and the like.
PAR  In the present invention, it is not necessary that a film of liquid
      separating the ultrathin polymer film from its support be present when the
      ultrathin film is separated as an unsupported film capable of retreival in
      convoluted form or the like. On the contrary, it is preferred that the
      separable composite or laminate described previously be in a dry or nearly
      dry state when this separation step is carried out.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic representation of apparatus and materials fed to or
      processed in the apparatus, wherein the apparatus is constructed and
      arranged to carry out one embodiment of the flotation and supporting steps
      of a process of this invention, and wherein the flotation step is preceded
      by the formation of a separable composite or laminate.
PAR  FIG. 2 is a schematic representation of additional apparatus constructed
      and arranged to carry out an embodiment of the drying, dusting
      (anti-blocking), separation, and retrieval steps of this invention.
PAR  FIG. 3 is a cross-sectional view, greatly enlarged, of an ultrathin film
      supported according to the supporting step of this invention, which step
      is shown schematically in FIG. 1.
PAR  FIG. 4 is a schematic representation showing the dusting, separation, and
      retrieval zones of FIG. 2 in greater detail.
PAR  FIG. 5 is a schematic representation of apparatus constructed and arranged
      to carry out another embodiment of the flotation, supporting, drying,
      dusting (anti-blocking), separation, and retrieval steps of this
      invention.
PAR  FIG. 6 is a schematic representation of apparatus constructed and arranged
      to perform another embodiment of the flotation (casting), supporting,
      drying, dusting (anti-blocking), seperation, and retrieval steps of the
      process of this invention.
PAR  FIG. 7 is a plot of the linear speed of the periphery of the retrieval roll
      vs. the retrieval time in the retrieval step shown in FIGS. 2, 4, 5, and
      6.
PAR  FIG. 8 is a perspective view of a batt made according to this invention,
      wherein the batt has been dusted (given an anti-blocking treatment).
PAR  FIG. 9 is a fragmentary cross-sectional view, greatly enlarged, of an
      edge-bonded batt of this invention, where the batt contains anti-blocking
      agent in between laminae thereof.
PAR  FIG. 10 is a perspective view of a batt made according to this invention,
      where the batt has not been given an anti-blocking treatment but
      nevertheless contains trapped air.
PAR  FIG. 11 is a perspective view of a batt made according to this invention
      which has been reduced in size and cut lengthwise and widthwise to form
      flakes of uniform size.
PAR  FIG. 12 is a flow sheet illustrating various aspects of this invention.
DETD
PAC  DEFINITIONS
PAR  "Release", as in "release layer" or "release substrate", "release
      characteristics", etc. refers to the tendency of a surface to form a weak
      or reversible adherent bond or no bond at all with an ultrathin film or
      membrane.
PAR  "Ultrathin" refers to a thickness of less than 2.5 microns (25,000
      Angstroms).
PAR  "Blocking" refers to the tendency of a surface of a film, membrane, sheet,
      or the like to spontaneously bond or adhere to itself or other surfaces,
      with little or no application of pressure.
PAR  "Retrieval" refers to conversion of an ultrathin film or membrane into an
      easily handled bulk form, e.g. a mass of dry, discrete, non-blocking
      flakes; a multi-layer, edge-bonded batt or stack of membranes; a
      convoluted roll of continuous ultrathin film; etc.
PAC  DETAILED DESCRIPTION
PAR  As will become clear from the following description, there are several ways
      in which the objectives of this invention can be achieved. Generally
      speaking, the invention seeks to provide a free, unsupported, ultrathin
      polymer film or membrane in a useful form. That is, in products produced
      by this invention, neither surface of the membrane is laminated to a
      support layer or substrate; yet, the unsupported membrane is in a form
      which can be used in thermal insulation, filters, dust collectors,
      airborne weather-modifying agents, thickening of liquid materials, and the
      like, with or without further processing or fabrication steps. For
      example, a convoluted roll of retrieved ultrathin film of this invention
      can be cut into a multi-layered material, ranging from less than a
      milimeter up to several centimeters (e.g. 30cm) in thickness, which,
      except for its smooth outer surfaces, resembles a non-woven web or batt.
      This batt-like material has superior heat insulating properties as
      compared to conventional non-woven, fibrous webs or batts, and, in
      addition, can be lighter in weight. A suitable form of this batt-like
      material (e.g. its edge-bonded form which will be described subsequently)
      can form part of the lining of a winter coat, sleeping bag, or the like. A
      further feature of the batt-like material is that each ultrathin layer can
      have been metallized on one or both surfaces to enhance the heat
      insulative properties. The batt-like material or some other form of the
      ultrathin film can be cut or comminuted to form small dry flakes which
      have the ability to remain airborn for long periods of time due to their
      extremely light weight. These flakes can be used, for example, to help
      dissipate a fog-bank.
PAR  The processes of this invention have been devised to make possible the
      manufacture of these unique products in large or commercial quantities.
      Typically, these processes are continuous or semi-continuous and involve
      the steps of:
PAR  floating an ultrathin membrane on the surface of a liquid bath (the
      flotation being made possible by surface tension or other surface effects
      and/or by using a bath having a higher specific gravity than the membrane
      polymer); transfering the ultrathin film floating on the bath to a release
      substrate; full or partial drying of the ultrathin film and release
      substrate; separation of the ultrathin film from the release substrate;
      and retrieval of the free, unsupported, dry ultrathin film in the desired
      form or in an easily handled and processed form which can be converted to
      the desired form.
PAR  The various embodiments of the preferred process of this invention can be
      better understood by referring to FIGS. 1 - 7 and 12 of the Drawing.
PAR  FIG. 8 - 11 of the Drawing illustrate retrieved or retrieved and partially
      processed or modified products which can be obtained according to the
      teachings of this invention.
PAR  To the extent possible, like numerals are used to denote like elements in
      the various views of the Drawing.
PAR  Turning now to FIGS. 1 - 6, it will be noted that the apparatus used to
      practice the process of this invention is relatively simple in concept (if
      not in actual design) and in many instances, well-known or conventional
      pieces of equipment can be used. For example, the water baths and
      associated polymer casting equipment, moving belts and webs, supply rolls,
      take-up rolls, drive and gearing mechanisms, dryers, and the like can be
      essentially the same as or based upon known equipment configurations. See,
      for example, FIGS. 1 and 2 of U.S. Pat. No. 3,551,244 (Forester et al.),
      issued Dec. 29, 1970 and NIH Report No. NIH-NHLI-71-2364D-1 (August,
      1972). Wherever possible, the less well known types of equipment or
      unconventional equipment used in this invention will be described in
      detail, but the arrangement and structure of the more conventional pieces
      of equipment will be readily apparent to those skilled in the art.
PAR  In the embodiment of the process of this invention shown in FIG. 1, a
      formation bath 10 similar to the apparatus shown in FIGS. 1 and 2 of U.S.
      Pat. No. 3,551,244 is used to produce a separable laminate or composite
      14a or 14c comprising a release substrate 13 and an ultrathin polymer
      membrane 23 releasable or reversibly laminated thereto. Except for the
      fact that the separable composite 14a or 14c, after complete drying in
      dryer 50a, will quickly release the ultrathin membrane 23 upon immersion
      of the composite 14a or 14c into a liquid bath (e.g. a water bath), all of
      the equipment and process steps shown in or in connection with formation
      bath 10 can be essentially similar to those of the aforementioned Forester
      et al. U.S. Pat. No. 3,551,244. However, due to the unusual capability of
      separability possessed by composite 14a or 14c the ultrathin polymer film
      23 can be quickly delaminated and floated off of the substrate 13 in bath
      30. The resultant floating film 23d can then be taken up by a second
      flexible release substrate 34 to form a second separable composite 44,
      which can be conveyed to the drying and separation and retrieval zones
      which will be described subsequently. The other illustrated embodiments of
      this invention generally make use of the same or similar zones, which are
      illustrated by FIGS. 2 and 4 of the Drawing.
PAR  In another embodiment of this invention shown in FIG. 5 of the Drawing,
      flotation of the ultrathin polymer film 123 by casting is achieved
      directly (i.e. without delamination of a separable composite) by casting
      the liquid polymer or polymer solution 115 on the surface of bath 100. The
      floating ultrathin membrane or film 123 is taken up by adherence to a
      flexible release substrate 113. In this embodiment, flexible release
      substrate 113 is passed over a roller 149, which is placed such that the
      flexible substrate 113 passing over roller 149 does not form a meniscus at
      the upper surface of the liquid in bath 100. However, substrate 113 does
      contact the freshly formed ultrathin film 123 to form a separable
      composite 114 which can be conveyed to the aforementioned drying and
      separation and retrieval zones.
PAR  FIG. 6 illustrates still another embodiment of the invention wherein a
      single bath 200 is again used for both casting of an ultrathin film and
      flotation of the film so that it will contact a flexible release substrate
      235 and form a flexible, separable composite 244 which can be dried,
      retrieved, etc.
PAR  The operation of the process of this invention and the various specific
      embodiments of it will now be described in greater detail.
PAC  THE PROCESS
PAR  Referring now to FIG. 12 as well as FIGS. 1 - 7, the first step in the
      process of this invention is, generally speaking, the flotation of an
      ultrathin polymer film on a liquid bath which supports the film through
      its higher specific gravity and/or surface tension phenomena or the like.
      As shown in FIG. 1, flotation can be accomplished by immersing a separable
      composite 14a or 14c into a flotation bath 30. In this case, the ultrathin
      polymer film 23 has already been formed and loosely or reversibly or
      separably laminated to a flexible release layer 13. When the composite 14a
      or 14c reaches the surface of the liquid 39 in the bath 30, release or
      separation is virtually immediate and a free ultrathin film 23d floats
      away from the substrate 13 which is taken up, free of its ultrathin
      coating, on a roll 27. In the embodiment shown in FIG. 5, flotation is
      accomplished by casting a liquid film-forming material (polymer solution,
      curable monomer or prepolymer, etc.) 115 onto the surface of the liquid
      119 in the bath 100. Essentially the same technique of flotation is used
      in the embodiment shown in FIG. 6. However, in FIG. 6 the flexible release
      substrate 235 is an endless belt similar to belt 35 in FIG. 1. A
      substantial portion of release substrate 235 is submerged below the
      surface on the liquid 219 in bath 200.
PAR  In FIG. 5, the flexible release substrate 113 is a thin web which is
      unreeled from roll 111 and taken up for discarding or reuse on roll 126.
      The contact between substrate 113 and the surface of the liquid 119 in
      bath 100 is at most tangential. In fact, it is preferred that substrate
      113 contact only the cast membrane 113 so that it does not form a meniscus
      with liquid 119. The casting of the liquid polymer or polymer solution 115
      through conduit 117 and down the incline surface 118 can be directed
      toward the tangential contact point 145 from either side of roller 149. It
      is permissable and even preferred to cast the polymer and float the
      resulting film 123a (shown in Phantom) so that the film 123a floats in the
      direction of movement of the upper half of roller 149 (i.e. the direction
      of movement of the resulting composite 114) rather than the lower half of
      roller 149. Casting and floating the membrane 123a as shown in phantom
      results in a slight rolling over of the edges of the membrane when it
      forms the upper layer of composite 114. These rolled over edges add
      strength to composite 114.
PAR  In one variation of the embodiment shown in FIG. 1, the separable composite
      14b is dried in dryer 50a and taken up in a roll 25 for storage and/or
      subsequent processing. The composite 14b wound up on roll 26 is a useful
      intermediate product, somewhat similar to the product produced to the U.S.
      Pat. No. 3,551,244 and the aforementioned NIH report. However, these prior
      art products are true laminates which cannot be delaminated, i.e. the
      ultrathin polymer membrane or film cannot be separated from its support
      without seriously damaging the membrane. A unique property of composite
      14b is that the support or substrate 13 for the ultrathin film 23 is a web
      with release characteristics. The presently preferred webs with release
      characteristics are papers or cellulosic fabrics (preferably woven) which
      meet the following requirements:
PA0  a. wet strength;
PA0  b. enough porosity to permit water uptake from the exposed surface;
PA0  c. sufficient smoothness to be operative (but a certain minimum of either
      roughness or fibrous character is desirable for better release);
PA0  d. dimensional stability with heating; and
PA0  e. ability to form a reversible bond with ultrathin membranes at the
      web/membrane interface. (Preferably, the bond should be loosened or
      totally reversed with water or steam.)
PAR  This last property is, of course, important with respect to separation of
      the ultrathin film from its release substrate or support and ultimate
      retrieval of the ultrathin film as flakes, a batt-like material, etc.
      Ultrathin films have a tendency to self-weld or autogenously bond to
      themselves or any surface, particularly a smooth surface. When the
      ultrathin film and a surface contacting it are both wet, evaporation of
      the liquid (e.g. water) at the interface between the surface and the film
      can increase the self-welding tendency. Accordingly, one way to reduce
      self-welding and favor separability (or reversible lamination) is to
      minimize the amount of moistening of the surface contacting the ultrathin
      film. (This is one of the principles involved in the method illustrated in
      FIG. 5.) Another principle which contributes to preventing the formation
      of irreversible bonds at the interface between the membrane and the
      supporting substrate is the possibility of re-introducing liquid or
      moisture into the interface, thus providing or re-establishing release
      characteristics in the support and, in effect, reversing the
      evaporation/lamination process described previously.
PAR  One means for maximizing release characteristics (or latent release
      characteristics which are activated upon wetting the release substrate) is
      to select for the support material a fibrous, web-like material,
      preferably comprising cellulosic fibers. Separation of the membrane from
      the support appears to depend on wetting the contact points between the
      film and the support, i.e. between the film and the fibers of the support.
      When the supporting web is a woven or non-woven fibrous cellulosic
      material (such as paper, cotton, linen cloth, ect.), the cellulosic fibers
      absorb water, and the contact points between the membrane and its support
      are re-moistened, reversing the bond at these contact points. Other
      liquid-absorbtive (preferably water-absorbtive) fibrous materials can be
      expected to produce similar effects, but such materials (e.g. cloth woven
      from polyvinyl alcohol fibers) are less readily available as compared to
      paper, cotton cloth, and the like. Furthermore, the cellulosic fibers
      swell several percent upon wetting, thus gently freeing themselves from
      the membrane which swells at a different rate or in a different manner
      upon wetting.
PAR  Certain films (i.e. non-fibrous materials) also have the ability to absorb
      water or other liquids and swell and thus could be used as substrates.
      Examples are "Cupraphane" (a type of cellophane) and hydrogel films.
PAR  Although fibrous cellulosic materials generally can be used to support the
      ultrathin film in a releasable manner, all fibrous cellulosic materials do
      not work with equal effectiveness. Some paper-like materials or waterlaid
      sheets contain high levels of chemical additives such as wet-strength
      agents, permanent press agents, finishes, re-wet agents, and the like.
      Some of the very high wet-strength papers re-wet too slowly to be used
      efficiently in the process of this invention. Other types of paper
      additives can irreversibly weld the membrane to the support when heat is
      applied to the ultrathin film/support laminate, e.g. during drying.
PAR  Accordingly, the release characteristics of a support material, when water
      is used to re-wet the ultrathin film/support interface, can be enhanced by
      the addition of the water of materials that speed up re-wetting of the
      substrate, e.g. soaps, synthetic detergents, water soluble solvents such
      as the C.sub.1 -C.sub.3 alcohols, etc. However, the surface tension of the
      re-wet bath or flotation bath (e.g. bath 30) should not be lowered to the
      point where the ultrathin film will not float on the water. If the
      ultrathin film sinks into the water or becomes submerged, it is very
      difficult to handle. The submerged film tends to wrinkle and be torn by
      currents in the water caused by pulling the film through the water.
PAR  Further factors which facilitate or provide release characteristics are as
      follows:
PAR  First, the substrate should not be too thin or too low in weight per unit
      area. For example, for maximum release characteristics it is preferred
      that a support web weigh at least about 50 grams per square meter, and a
      weight in excess of 100 grams per square meter is even more preferable.
PAR  Second, as pointed out previously, the web should have good water
      absorbtion characteristics. Thus, relatively hydrophobic synthetic fabrics
      or even heavily finished cotton goods or cloth given a permanent press
      treatment can permanently laminate to the ultrathin film either by
      evaporation of water at the film/support interface or by application of
      heat, e.g. during drying.
PAR  Third, smooth substrates (e.g. polymeric films) are more likely to laminate
      than fibrous or rough substrates. It can be extremely difficult to
      reintroduce water or some other wetting agent into the interface between,
      for example, an ultrathin film and a solid sheet of polyethylene plastic.
PAR  Fourth, drying temperatures above the boiling point of water, e.g. as high
      as 250.degree.C. or 500.degree.F. appear to help lift the ultrathin film
      off of its support. Although this invention is not bound by any theory, it
      is theorized that drying conditions should be selected such that all the
      water or moisture in the potentially separable composite is not removed
      from the side not covered with ultrathin film. That is, it is preferred to
      use conditions which cause the water in the support to "attempt" to leave
      from the side covered with ultrathin film, thereby lifting the ultrathin
      film off the support. Both high temperatures and relatively thick and/or
      heavy webs appear to contribute to these desired conditions. For example,
      it has been found that porous paper 1 - 2 mils (25 - 50 microns) thick,
      preferably uncalandered, is suitable for use in this invention. One such
      porous paper 1 - 1.5 mils thick and commercially designated "7TT" is made
      by the Peter J. Schweitzer Division of Kimberly-Clark Corporation. This
      type of paper is particularly well suited for use as the flexible release
      substrate 13 of FIG. 1, especially when composite 14b is taken up on roll
      26 in the variation of the method of FIG. 1 described subsequently.
PAR  In casting an ultrathin film according to FIG. 1, the liquid film forming
      material 15 (e.g. a polymer solution, curable liquid polymer material, or
      the like) is stored in a reservoir and released through conduit 17 onto
      inclined surface 18. A caliper control device 21 (e.g. a knife blade)
      meters or doctors out enough material to form the ultrathin polymer film
      or membrane 23 on the surface of the liquid 19 in formation bath 10.
      Liquid 19 preferably comprises water which, though it has a specific
      gravity lower than many of the polymers used to form ultrathin films, has
      sufficiently high surface tension to keep the case ultrathin film 23
      afloat. The flexible release substrate 13 is unwound from the storage roll
      11 and submerged in the bath. The floating, freshly cast ultrathin film 23
      floats across the surface of the liquid 19 until it becomes transferred to
      and supported by the release substrate 13 at the confluence 45a of the
      film 23 and the substrate 13. After trimming of the edges of substrate 13
      with trimmer 25 (the trimmer for the opposite edge is not shown) the
      resulting composite 14b (i.e. the ultrathin film supported on the release
      substrate) is dried in dryer 50a and wound up into a roll 26. This
      formation of composite 14b can be considered to be semi-continuous. The
      formation bath can be operated as described previously (so long as there
      is film-forming material 15 in the reservoir) until roll 11 has been
      completely converted into composite 14b wound up on roll 26. Roll 26 can
      then be removed for further processing or stored and a new roll 11 can be
      started. Drying of composite 14b in dryer 50a provides a substantially
      stable intermediate product. By "stable" is meant the ability of this
      product to be handled, treated, and stored without undue damage to the
      ultrathin film or excessive separation of the ultrathin film from its
      web-like substrate or support. This stable intermediate product is a
      laminate; however the laminate can be de-laminated through rewetting in
      bath 30. This stable, separable laminate 14b is a desirable means for
      permitting low-volume users of the ultrathin to buy small quantities of
      composite 14b for on-the-job retrieval and use of ultrathin polymer film.
      Another purpose of the stable intermediate product is to provide enough
      support for the ultrathin membrane, so that the membrane can be given
      various pre-treatments. By "pre-treatment" is meant a treatment prior to
      the retrieval step. Ordinarily, a single layer, or even several layers, of
      retrieved membrane film lack sufficient strength to be manipulated for the
      purpose of pre-treatment with radiation (including X-rays, gamma rays,
      electron bombardment through corona discharge, etc.), coating agents,
      metallizing, or the like. The stable intermediate, however, can be pulled
      at great speed over rolls, quickly wound and unwound, passed under coating
      heads (spray heads, knife coaters, etc.), through curtain coaters, and
      passed various other mechanical, electro-magnetic, or chemical alteration
      steps such as passage through vacuum systems for coating by evaporation of
      metals (e.g. sputtering electrodes). Some or all of these alteration steps
      are likely to weaken the ultrathin membrane, but the support web prevents
      undue loss or distruction of ultrathin material. If the pretreatment is a
      coating step, the thickness of the coating can range from a monomolecular
      layer up to a layer which averages 5 or 10 microns thick.
PAR  A roll 26c of the "pre-treated" composite (or laminate) 14c can then be
      unwound and conveyed to the re-wet bath 30. Take-up of composite 14b as
      roll 26 and feeding of roll 26c to the re-wet bath 30 can be avoided by
      inserting appropriate treating stations 20 (e.g. a coating head or a
      drying zone followed by a metallizing zone) such that the intermediate
      product flowing from bath 10 is treated prior to being fed to bath 30.
      However, as will subsequently become clear, the "retrieval" step generally
      has a rate-determining effect on the preceding steps of the process.
      Semi-continuous production of roll 26, followed by "pre-treatment" of the
      product in roll 26 to provide the composite 14c of roll 26c can, under
      appropriate conditions, be faster and more efficient than a single
      flow-through continuous process from roll 11 to "retrieved" ultrathin film
      roll 70. Some of the previously described "treatments" of the polymer film
      can be carried out at rates up to 100 feet per minute or faster, so long
      as the ultrathin polymer film or membrane is in the composite or
      reversibly or separably laminated form 14b. The retrieval step may have to
      be operated at speeds as low as 5 feet per minute, and speeds in excess of
      25 feet per minute difficult to achieve. Accordingly, operating the entire
      process at the speed of the retrieval step could be very uneconomical if a
      "pre-treatment" were desired. On the other hand, the take-up and
      re-feeding steps shown in Phanton in FIG. 1 permit rapid "pre-treatment".
      It should be noted that even the formation of composite 14b can be carried
      out faster than the "retrieval" step. For example, this formation step can
      be carried out at a rate of 10 to 30 feet per minute (20 ft/min) as
      compared to the typical retrieval speeds of 5-25 ft/min. (more typically
      10 - 20 Ft./min.).
PAR  The composite 14a or 14c which is to be de-laminated in bath 30 is first
      conveyed by an appropriate conveying means through a pre-wetting zone 40.
      In the event that composite 14a   is still reasonably moist from its
      contact or immersion in the liquid 19 in bath 10, the pre-wetting zone 40
      can be eliminated. The ultrathin film/release substrate composite 14 is
      passed onto a chute 42 with the substrate or web side down and the
      ultrathin film facing upward. Pre-wetting of the web in zone 40 or an
      equivalent pre-wetting treatment loosens the weak bond at the interface
      between the substrate 13 and the ultrathin film 23. As a result, the
      ultrathin film 23 separates from the web very rapidly (i.e. in 1 to 10
      seconds) upon reaching the surface of bath 30, thus becoming a free
      floating film 23d. A suitable arrangement of rollers pulls the delaminated
      web or substrate 13 back away from the rapidly separating film 23d to
      facilitate flotation of film 23d and also to permit collection of the
      de-laminated substrate 13 on take-up roll 27. With proper control of the
      formation, pre-treatment, and flotation conditions, the spent web or
      substrate 13 can be recycled to the casting or formation bath 10.
      Alternatively, if costs permit, the spent or recovered substrate 13 can be
      simply discarded. In bath 30, a suitable gearing arrangement 43 (shown in
      phantom) causes an endless belt 35 to move at approximately the same speed
      as the feed rate of the composite 14a or 14c to the bath 30. This gearing
      arrangement 43 permits the flotation step to be operated in a generally
      smooth, continuous manner. The aforemention pre-wetting step in zone 40
      (or an equivalent step or condition) permits the flotation step to be
      carried out at least as rapidly as the retrieval step, described
      subsequently.
PAR  Endless belt 35 takes up the floating ultrathin film 23d at the confluence
      45 of the film and the belt. The result is a new separable composite 44,
      which is preferably more weakly laminated than composite 14a or 14c. All
      of the preceding discussion regarding release characteristics of
      substrates is fully applicable to endless belt 35. In fact, it is
      preferred that virtually no bond at all be formed between belt 35 and
      ultrathin film 23d. The separable composite 44 can be (and preferably is)
      fed directly to a drying zone, as shown in FIG. 2.
PAR  A preferred design for the endless belt 35 is shown in FIG. 3. For long
      life, durability, and continuous re-use, endless belt 35 can comprise a
      heavy-duty, flexible link belt structure 36 covered with a fairly heavy
      cotton woven material 37. The heavy-duty metal belt 36 can comprise, for
      example, stainless steel and need not have a continuous or smooth upper
      surface in order to adequately support woven web 37 (e.g. open, uncovered
      links provide sufficient support for the web). At least by the time the
      endless belt structure 35 has emerged from the drying zone 50 (FIG. 2),
      there is little or no bond between ultrathin film 23d and material 37.
      When very slight tensile forces are applied (e.g. by rotation of retrieval
      roll 70), film 23d is released immediately from belt 35 and is easily
      peeled off or separated. The preferred form of belt 35 is continuously
      useable for months at a time. In the event that the woven web 37 becomes
      worn or begins to deteriorate, it is only necessary to replace this
      element, and the link belt support 36 remains structurally sound.
PAR  In the embodiment of the process illustrated in FIG. 5, the bath 100 is
      similar to the bath 10 of FIG. 1. The liquid 119 in bath 100 is preferably
      water. The film forming material 115, the conduit 117, and the inclined
      surface 118 can be constructed or used or arranged in a manner analogous
      to the corresponding elements 15, 17, and 18 of FIG. 1. The supply roll
      111 is analogous to supply roll 11 of FIG. 1, and the flexible substrate
      113 can comprise the same material and have the same release
      characteristics as described for flexible release substrate 13 of FIG. 1.
PAR  The arrangement of the roller 149 with respect to the release substrate
      113, the tangential contact point 145, and the resulting composite 114
      have already been described. The manipulation of the casting step so as to
      provide flotation of the ultrathin film 123 has also been described. It
      will be noted from this previous description that substrate 113, though
      similar in structure and function to substrate 13 of FIG. 1, can also
      serve some of the support and release functions of belt 35 of FIG. 1. With
      the configuration shown in FIG. 5, it is possible to vary the strength of
      the bond between substrate 113 and ultrathin film 123 (which make up the
      separable composite or reversibly bound laminate 114). For example, if
      substrate 113 is substantially dry when it contacts the floating ultrathin
      membrane or film 123 at the tangential point 145, the result can be a
      composite 114 which is characterized by a total or almost total lack of
      bonding between the substrate 113 and the film 123. In fact, for
      pre-treatments and the like which require rough handling of the composite
      114, it can be desirable to increase the bonding between the substrate 113
      and film 123, e.g. by a corona discharge treatment which "tacks down" the
      film 123 and prevents it from being too easily dislodged or lifted off
      substrate 113 by, for example, hot air currents in drying zone 150b.
PAR  On the other hand, a fairly strong but reversible bond can be provided at
      the interface between substrate 113 and film 123 through the use of a
      pre-wetting zone 140, which typically consists of water jets directed at
      the underside of substrate 113. The pre-wetting zone 140 can be similar in
      structure to pre-wetting zone 40 of FIG. 1, even though wetting zone 140
      has an almost exactly opposite purpose; namely, to facilitate lamination
      of ultrathin film 123 to its support substrate 113. The resulting laminate
      114 is still a separable composite, since even strong drying conditions
      (e.g. strong upward currents of hot air in dryer 150b or (shown in
      Phantom) or dryer 150 can reverse the bond between the substrate 113 and
      the film 123.
PAR  Other means for pre-wetting substrate 113 can be used, e.g. running the
      release substrate 113 over a roller partly immersed in water (as in a
      roller-coating device) prior to contacting substrate 113 with the
      ultrathin membrane 123 floating on the surface of bath 100. This technique
      is somewhat more difficult to control than the water spray or water jet
      approach.
PAR  In the event that the composite 114 emerges from the bath 100 in a
      substantially unbonded state and is later tacked together, one suitable
      means for accomplishing this involves passing the composite 114 under a
      corona discharge electrode while holding the composite 114 at ground. The
      electron bombardment creates a static electric charge on the ultrathin
      film, and the resultant electro-static force holds the film 123 to the
      support 113.
PAR  For preparing ultrathin film or ultrathin membrane products which require
      no "pre-treatment", the process schematically illustrated in solid lines
      in FIG. 5 is preferable, at least in terms of its simplicity. A
      pre-treatment station or zone 120 (shown in phantom) can be included in
      the process of FIG. 5, bearing in mind the rate-determining tendency of
      the "retrieval" step, described previously. Thus, the process of FIG. 5 is
      in many ways the most flexible embodiment of this invention.
      Alternatively, composite 114b can be dried in dryer 150b and taken up on
      roll 26 (all shown in phantom). Roll 26 can be unwound and "pretreated" to
      produce the feed roll 26c of FIG. 1 -- or to produce feed roll 126c of
      FIG. 5. The use of roll 126c eliminates the need for zone 120.
PAR  In the process illustrated in FIG. 6, casting of the film-forming material
      215 through the use of analogous equipment (conduit 217, inclined surface
      218, etc.) is used to provide the floating film 223, from which the
      separable composite 224 is formed directly (as in the case of the process
      of FIG. 5, wherein composite 114 is also formed directly from the cast
      film and a substrate). However, in this embodiment, the substrate for the
      separable composite 224 is a cloth-covered heavy-duty endless belt 235
      essentially similar in structure to belt 35 of FIGS. 1 and 3. Thus,
      although the composite 224 can be (and normally is) passed through a dryer
      250 as in the processes illustrated in FIG. 1 and in FIG. 5, rapid
      "pre-treatment" is difficult to provide. First, endless belt 235 would
      have to be long enough to pass the composite 244 through a pre-treatment
      zone. Second, composite 224, unlike composite 14 of FIG. 1, is not a
      stable intermediate which can be taken up in roll form and handled in the
      manner normally required for rapid pretreatment. However, since
      "pretreatment", though preferred, is optional in the process of this
      invention, there are situations where the durability of endless belt 235
      makes the process of FIG. 6 particularly useful.
PAC  DRYING
PAR  In this invention, full or partial drying of the ultimately obtained
      separable composite (44 of FIG. 1, 114 of FIG. 5, and 224 of FIG. 6)
      precedes separation of the ultrathin film (23d, 123, or 223) from the
      flexible release substrate or support 35 or 113 or 235. Drying can be
      carried out very efficiently in a gas-fired hot air dryer 50 (FIG. 2).
      Dryer 150 of FIG. 5 and dryer 250 of FIG. 6 can be the same as or similar
      to dryer 50. (Driers 50a and 150b, though shown much smaller than dryer 50
      for convenience of illustration, are similar in structure and may even
      have to be larger than dryer 50.) Dryer 50 preferably comprises a blower
      51 which blows air upwardly along the entire length of the dryer so that
      there are upward hot air currents throughout the drying zone, a heating
      element 55 which consists of a burner comprising gas jets extending along
      the length of the dryer, and a grate or formaninous support element 57
      which defines a porous bottom wall in the drying zone or heating tunnel
      provided by the dryer structure.
PAR  Belt 35 and ultrathin film 23d (i.e. separable composite 44) is conveyed
      along the upper surface of grate element 57. The strong upward air flow in
      the heating chamger 53 below grate 57 passes upwardly through grate 57 and
      through belt 35 and exerts a gentle force on the ultrathin film 23d, thus
      helping to facilitate separation of film 23d from its supporting belt 35.
      The ambient temperature at the grate 57 is high enough to insure the
      application of drying temperatures in excess of 100.degree.C. to composite
      44. Drying temperatures up to 250.degree.C. can be used; however, it is
      preferred that the drying temperature be below 200.degree.C.
PAR  Gas-fired hot air dryers of the general type shown in FIG. 2 are well-known
      and are presently available from dryer manufacturing companies. For the
      processes shown in FIG. 5 and FIG. 6, the composites (114 and 224,
      respectively) are handled substantially as shown in FIG. 2, except that
      dryer 150 would have a much smaller evaporating job to do in the case of
      the process shown in solid lines in FIG. 5. When the belt (35 of FIG. 1 or
      235 of FIG. 6) is immersed in water, the release substrate or layer (e.g.
      37 of FIG. 3) can absorb several times its weight in water. The water
      absorbtion in the composite 114 of FIG. 5 tends to be considerably less
      than this.
PAC  SEPARATION AND RETRIEVAL
PAR  The following description of separation and retrieval steps applies rather
      generally to the various embodiments of this invention. The separation
      step is preferably preceded by a particle application or dusting step for
      anti-blocking purposes. The particle application zone typically comprises
      a dispensing means 60 and can also include an infrared heating treatment
      provided by, for example, an infrared lamp 62. When a multilayer,
      batt-like material containing trapped air (which has good heat insulative
      values and very low weight) is desired, it is possible to permit some
      autogenous bonding or self-welding of laminae without sacrificing trapped
      air. This is accomplished through a corrugating or wrinkling effect which
      will be described subsequently. If the corrugating or wrinkling of the
      laminae is sufficiently well controlled to limit the contact points and
      self-welding points between layers in the layered structure, the dusting
      step (hence the particle application zone) can be omitted, and the
      composite 44 emerging from the dryer can be directly subjected to
      separation and retrieval.
PAR  The particle applicator or dispenser 60 of FIG. 2, shown in greater detail
      in FIG. 4, is substantially the same as the dispenser in the particle
      application zones 160 of FIG. 5, and 260 of FIG. 6. The applicator or
      dispensor 60 preferably comprises a fabric bag 61 which contains a parting
      agent or anti-blocking agent 63. A shaking motion is applied to bag 61 by
      means of a pivotable arm 63 and rotating cam 65. Equivalent mechanical
      shaking means will occur to those skilled in the art. The pores in the
      fabric of bag 61 are sufficiently large to permit particles of the
      anti-blocking agent 63 to pass from the interior of bag 61 onto the
      surface of ultrathin film 23d so as long as the bag is subjected to the
      shaking motion. Other means for applying a particulate anti-blocking agent
      (e.g. solid aerosol dispenser devices) can be used. After passing through
      particle application zone 60, the exposed surface of film 23d is covered
      with a layer 64 of anti-blocking agent 63. By this time, the film 23d is
      preferably free of residual moisture.
PAR  In the separation zone 67 (FIG. 4) the dry ultrathin film 23d is gently
      pulled away from the release substrate 37 of belt 35 by gentle tensile
      forces. Continuous separation in this manner permits continuous
      "retrieval"; hence, the possibility of high volume production of ultrathin
      film in bulk form.
PAR  In the preferred retrieval method, the ultrathin film 23d is taken up by a
      driven roller to form a convoluted roll comprising a continuous length of
      film, each convolution of film (produced by rotation of the roller) being
      separated from the next inner-most convolution by layer 64 of
      anti-blocking agent 63.
PAR  A typical retrieval zone of this invention comprises a support arm 73, a
      variable or programmed drive 71, a roller or spool or spindle 75 driven by
      drive 71, and the resulting convoluted roll 70. Arm 73 is supported at one
      end to permit smooth upward or downward adjustment of the height h of roll
      70 above the upper surface of the portion of film 23d which is directly
      below roll 70. Superior retrieval of ultrathin can be achieved when
      retrieval roll 70 (FIG. 4) is kept at a slight distance h above a
      substantially horizontal portion of the film 23d on the endless belt 35,
      e.g. 40 - 160 mils (1-4mm), typically 1/32 to 1/8 of an inch. A purpose of
      arm 73 is to maintain this desired distance. However, h can be reduced to
      zero is an adequate anti-blocking treatment is used prior to retrieval and
      provided the weight of roll 70 is not allowed to rest heavily on the film
      23d beneath it.
PAR  It is a feature of this invention that the motor drive 71 for the retrieval
      roll is independent of the drive for endless belt 35. If the endless belt
      drive and the roll drive 71 are connected in any way, it is preferred that
      they be connected by servo circuitry or the like according to a program
      whereby, once the retrieval process has started and reached a more or less
      steady state, the linear speed of the periphery of the retrieval roll can
      increase or decrease slightly with respect to the endless belt speed.
      (This linear speed is given by the expression r.omega. , wherein r is the
      radius of roll 70 and .omega. is the angular velocity of the roll.)
      Alternatively, the servo circuitry can be provided with a manual override,
      and a fixed relationship of linear speed of the periphery of the retrieval
      roll and the speed of the endless belt can be varied manually. One purpose
      of this speed variable is to vary the slack in the separation zone, i.e.
      the area between the zone of separation 67 and the point of contact with
      the periphery of roll 70.
PAR  As will be apparent from FIG. 4 (as well as from FIG. 2), the unsupported
      membrane or film 23d taken up by retrieval roll 70 has a slack portion, so
      that it is not torn or damaged by tensile forces exerted through the
      rotation of roll 70 (shown in FIG. 4 as a counterclockwise rotation). The
      amount of slack can be controlled by varying the relative linear speed of
      the periphery of retrieval roll 70 and the speed of endless belt 35. It is
      generally considered preferable to keep the speed of the endless belt
      constant and permit the linear roll speed to vary.
PAR  A typical plot of linear speed (V) vs. time elapsed in the operation of the
      process (t) is shown in FIG. 7. The V vs. t plots shown in FIG. 7 include
      a plot of the belt speed v and the linear speed of the periphery of the
      retrieval roll 70, expressed as the radius of roll 70 (r) times the
      angular velocity (.omega.) of roll 70. During start-up of the process, the
      belt speed v is brought up quickly to its constant, steady state speed.
      However, the linear roll speed approaches speed v rather slowly throughout
      the start-up period indicated by area A on the plot. This lag in matching
      the two speeds permits a slight amount of slack to build up, as
      illustrated in FIG. 4, thus protecting the film 23d from tearing or
      breaking. Once a steady state (area B of the plot) has been reached, it
      can be desirable to either increase or decrease the amount of slack
      between the endless belt 35 and the contact point with roll 70. This is
      because the slack occasionally becomes too great, and some tightening is
      desirable; alternatively, over-reduction of the slack can create the
      danger of breakage, and the slack must then be increased.
PAR  Another reason for varying the linear speed of the roll periphery with
      respect to v is to control the amount of air trapped in the retrieved
      polymer. This method of controlling trapped air is particularly useful
      when the dusting (anti-blocking) step is omitted and an autogenously
      bonded batt is desired.
PAR  The particulate layer 64 of anti-blocking agent 63 and/or other features of
      the retrieval step prevent autogenous bonding of the smooth membrane
      surfaces when the membrane is wound up.
PAR  Another method of preventing autogenous bonding of the layers of film or
      membrane is to use a film with an uneven surface. Membranes made of
      polyethylene and polypropylene have naturally microscopic "pebbled"
      surfaces. The membranes can be readily prepared from hot casting solutions
      (greater than 100.degree.C.) on hot water (water heated to greater than
      70.degree.C.). Such membranes can eliminate even the need for the
      anti-blocking agent 63. Still another method for eliminating the need for
      anti-blocking agent 63 is the wrinkling or corrugating effect achieved by
      varying r.omega. with respect to v, as described previously.
PAR  Other methods of retrieval (i.e. conversion of the ultrathin film to bulk
      form) will occur to the skilled technician. For example, the separated
      ultrathin film can be comminuted to form dry, separable flakes. Special
      apparatus is needed for this cutting technique, however. Examples of such
      special cutting apparatus are compressed air jets and laser beams. In any
      event, it is difficult to obtain flakes of regular size by such
      techniques. Still another retrival technique involves cutting off large
      segments of separated film and forming the segments into a stack of
      laminae separated by the anti-blocking agent. Still another technique
      involves a reciprocal folding motion, which forms a continuous film into a
      stack of generally horizontal laminae with creased folds at the edges of
      the stack.
PAR  To facilitate separation of composite 44 or 114 or 244, an upward blast of
      steam, compressed air, or the like can be used in lieu or or in addition
      to a de-lamination bath (e.g. bath 30).
PAC  RAW MATERIALS USED IN THE PROCESS
PAR  The materials used for release substrates have already been described. The
      film-forming material 15 can be a curable monomeric or polymeric liquid,
      but is preferably a polymer solution. Suitable polymers for formation of
      ultrathin films and membrane are described in the aforementioned NIH
      report, Nih-NHLI-71-2364D-1 and U.S. Pat. No. 3,551,244. The presently
      preferred class of polymers is the polysulfones, but ultrathin films can
      also be made from acrylic polymers, nitrile polymers, butadiene and
      butadiene-styrene polymers, poylsaccharides (including cellulosic
      polymers), halogenated polymers such as chlorinated polyethers,
      polyamides, polycarbonates, polyphenylene oxide, vinyls, polyesters,
      polyolefins, and other thermoplastic and thermosetting resins. To prepare
      a casting solution, the polymers typically disolve in a solvent to give a
      solution having a consistency of about equal to varnish or light syrup.
      The casting solution typically contains 25 - 99% solvent.
PAR  Although water is preferred for used in the casting or formation bath, the
      casting solution will spread spontaneously when poured on other liquid
      surfaces, including liquids such as glycerin, mercury, and the like. The
      term "water", with regard to a water bath, should be understood to include
      aqueous solutions of inorganic salts, acids, bases, sugars, alcohols,
      urea, etc.
PAR  Various particulate materials, both coarse (e.g. -10 mesh) and fine (e.g.
      -325 U.S. mesh) are suitable for the anti-blocking agent. Among these are
      inorganic materials such as talc (powdered magnesium silicate),
      precipitated or ground calcium carbonate, silica, and the like. Organic
      materials such as powdered polyethylene or polypropylene are also
      effective. All anti-blocking agents do not work with equal effectiveness,
      and the presently preferred agent is commercially available under the
      trademark "Microfoam" (Dow Chemical Company). "Microfoam" granules are 10
      - 20 microns in diameter, but upon heating, they expand to 40 to 70 times
      their original volume.
PAC  PRODUCTS OBTAINABLE FROM THE PROCESSES OF THIS INVENTION
PAR  FIGS. 8 - 11 illustrate retrieved materials. Batt-like material 80 (FIG. 8)
      comprises a large number of ultrathin film laminae 23 separated by layers
      64 of anti-blocking agent. Batt-like material 85 comprises wrinkled or
      corrugated ultrathin laminae 83, which are self-welded at their contact
      points. The wrinkles result in the formation of trapped air pockets.
PAR  FIG. 11 illustrates a portion 90 of the batt-like material 80 which has
      been reduced in size and cut for flake formation. The length dimension L
      of portion 90 is typically 3 or 4 feet. (90 or 120cm). The width dimension
      W is typically 1.5 to 3 feet (45 - 90cm) and will generally be about equal
      to the width of the retrieval roll 70. The thickness H of portion 90 has
      been reduced to 0.1 - 1 inches (2.5 - 25mm). The portion 90 of the
      batt-like material can be cut along horizontal and vertical lines x and y
      to produce flakes, e.g. flakes 10mm .times. 10mm in size. Cutting with a
      razor blade does not produce edge bonding and permits retrieval of a mass
      of discrete flakes; provided that the anti-blocking layers 64 have been
      properly provided. (It will be understood that the number of ultrathin
      film layers 23 and intermediate anti-blocking layers 64 has been greatly
      reduced for purposes of illustration, and the spacing between the layers
      has been greatly exaggerated for the same reason.)
PAR  As pointed out previously, the thickness of the ultrathin film layers is
      normally less than 2.5 microns. Ultrathin layers less than 1 micron in
      thickness (e.g. 0.1 micron) have been achieved in practice.
PAR  It is permissible to ship the retrieved polymer in roll form to a
      manufacturer for in-line cutting operations, e.g. in the fabrication of
      liners for winter clothing. On the other hand, it may be desirable to
      employ some form of size reduction before any further processing of the
      retrieved ultrathin film. Typical methods of size reduction include
      cutting with a shears, scissors, or a guillotine blade and slitting with a
      sharp cutting edge such as a razor blade. Cutting with some shear force
      generally results in edge bonding of the batt where it has been cut.
      Slitting with a razor blade or the like does not produce this effect.
PAR  FIG. 9 illustrates a multi-layer batt 95 (similar in size to batt 90) which
      has been edge bonded at 97 by cutting with an ordinary scissors.
PAR  Applications of batt-like material produced according to this invention
      include cushioning means (e.g. in shock pads), acoustical insulation,
      thermal insulation, light-weight ceiling tiles, buoyancy materials, and
      the like. In these applications, any suitable outer covering can be used
      for confining the batt or imparting strength, water or solvent resistence,
      or radiationreflective characteristics to it. One suitable envelope or
      outer covering for the batt is a sheet of aluminum coated polyester (e.g.
      polyethylene terephthalate) film.
PAR  The batt can be inserted loosely in the outer covering or it can be
      laminated to an outer layer of a polymer film at its major surfaces.
PAR  Approximately 500 grams of the batt 80 shown in FIG. 8 contains about 200
      square meters of retrieved ultrathin film or membrane. In large scale
      production, several kilograms of this batt material can easily be produced
      in a day's time. For example, a retrieval rate of about 3 meters per
      minute can produce about 1 - 3 kg per day on a 45cm .times. 30cm roll.
PAR  Very thin batts (e.g. less than 100 microns thick) can be used to make
      reverse osmosis membranes, filters, and the like. Desirable filtering
      effects can be obtained with one or more membrane thicknesses up to a
      total thickness of about 5 to 10 microns.
PAR  When flakes are produced, (e.g. by cutting as illustrated in FIG. 11), the
      resulting mass of flakes can be given an electrostatic charge and used in
      dust collection. Another use for the flakes is to coat them with a
      hyrophilic agent. Upon dispersal in air, the resulting hydrophilic flakes
      can be used to disperse a fog band or the like. It has been found that
      flakes 0.1 - 1.0 microns in thickness settle in still air at approximately
      the same rate -- about 10cm per second. In turbulent air, the settling
      rate is considerably slower.
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STM  What is claimed is:
NUM  1.
PAR  1. A method for making unsupported ultrathin polymer film having autogenous
      bonding characteristics when moist comprising the steps of:
PA1  a. floating an ultrathin polymer film having an ultrathin caliper less than
      2.5 microns on the surface of a liquid bath capable of supporting said
      ultrathin polymer film;
PA1  b. contacting a surface of the floating ultrathin polymer film with a
      surface of a flexible release substrate to form a flexible separable
      composite comprising said film having an exposed surface and said release
      substrate;
PA1  c. at least partially drying said separable composite;
PA1  d. applying a particulate anti-blocking agent to the exposed surface of
      said ultrathin polymer film portion of said composite and separating said
      ultrathin polymer film from said release substrate; and
PA1  e. retrieving the thus-separated, unsupported ultrathin polymer film in
      bulk form.
NUM  2.
PAR  2. A method according to claim 1 wherein said retrieving step includes
      taking up said unsupported ultrathin film with a driven roller to form a
      convoluted roll, each convolution of said convoluted roll being separated
      from the next inner convolution by a layer of said particulate
      anti-blocking agent.
NUM  3.
PAR  3. A method according to claim 1 wherein said step (b) includes bonding
      said ultrathin polymer film to said release layer by autogenous lamination
      at the interface between them with inherent cohesive forces, and wherein
      said release layer is selected to provide inherent cohesive forces which
      are weak enough to permit delamination of said separable composite without
      damage to said ultrathin polymer membrane.
NUM  4.
PAR  4. A method according to claim 3 wherein said separating is carried out by
      treating said separable composite with said liquid or gaseous water.
NUM  5.
PAR  5. A method according to claim 1 wherein said separable composite formed by
      said step (b) is passed through a drying zone in step (c) maintained at a
      drying temperature above 100.degree.C.
NUM  6.
PAR  6. A method according to claim 1 wherein said method is continuous and
      wherein said flexible release layer comprises a continuously moving
      carrier web.
NUM  7.
PAR  7. A method according to claim 1 wherein said floating step is carried out
      by casting said ultrathin polymer film on the surface of said liquid bath.
NUM  8.
PAR  8. A method according to claim 5 wherein the drying of said separable
      composite is carried out by:
PA1  conveying said separable composite through said drying zone with said film
      facing upward and said release substrate facing downward, and
PA1  exposing said release substrate of said separable composite to upward
      currents of heated air in said drying zone, whereby said release substrate
      is raised to a temperature in excess of 100.degree.C. but less than about
      250.degree.C.
NUM  9.
PAR  9. A method according to claim 2 wherein the separated, unsupported
      ultrathin polymer film is fed to said convoluted roll at a substantially
      constant linear feed rate and the linear speed of the periphery of said
      convoluted roll is maintained substantially equal to said feed rate.
NUM  10.
PAR  10. A method for making unsupported ultrathin polymer film having
      autogenous bonding characteristics when moist comprising the steps of:
PA1  a. floating an ultrathin polymer film having an ultrathin caliper less than
      2.5 microns on the surface of a liquid bath capable of supporting said
      ultrathin polymer film;
PA1  b. contacting a surface of the floating ultrathin polymer film with a
      surface of a flexible release substrate to form a flexible separable
      composite comprising said film having an exposed surface and said release
      substrate;
PA1  c. at least partially drying said separable composite;
PA1  d. separating said ultrathin polymer film from said release substrate; and
PA1  e. retrieving the thus-separated, unsupported ultrathin polymer film in
      bulk form by feeding said ultrathin polymer film to a driven roller at a
      linear feed rate which alternatively is increased and decreased with
      respect to the linear speed of the periphery of the resulting convoluted
      roll.
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ABST
PAL  A method of laminating a plastic sheet onto a surface of a hollow body is
      disclosed.
PAL  The method of laminating a plastic sheet onto a surface of a hollow body
      includes the steps of loading the hollow body into the female die,
      securing the plastic sheet in a clamping means, heating the clamped sheet
      to its softening temperature, moving the clamped heated sheet into
      registry with a male die and the female die, sealing one die of the male
      die and the female die to one member of the clamping means and the clamped
      heated plastic sheet to define therewith a sealed chamber, moving the male
      die toward the clamped heated sheet to form the clamped heated sheet about
      the male die, moving the male die and the clamped formed heated sheet
      against the surface of the hollow body in the female die, and applying
      fluid pressure to the clamped formed heated hollow body to transfer the
      clamped formed heated sheet to the surface of the hollow body.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, hollow bodies, such as an inner liner for a refrigerator or the
      like have been formed of a steel liner with a ceramic coating, a steel
      liner with a paint coating, injection molded plastic liner, and
      thermoformed plastic liner. Such conventional liners do not permit the use
      of thin plastic sheet. The plastic liners are weak and inflexible. The
      plastic liner shrinks away from the insulation 1/2 to 3/4 inch at
      operating temperature. The painted liner has a scratchable finish and is
      not soundproof. Conventional metal liners utilize a plastic breaker strip
      to provide a thermal barrier between the cold interior temperature and
      room temperature to prevent condensation on the outside of the
      refrigerator. All conventional liners have a poor flexibility and texture
      of finish.
PAR  Conventional apparatus are shown in the following U.S. Pat. Nos.
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     ______________________________________                                    

     1,270,873   Robertson      7/2/18                                         
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     2,377,946   Leary          6/12/45                                        

     2,736,065   Wilcox         2/28/56                                        

     2,749,572   Nowak          6/12/56                                        

     2,873,227   Olson et al    2/10/59                                        

     2,953,814   Mumford        9/27/60                                        

     2,973,558   Stratton       3/7/61                                         
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     Re 25,466   Kostur         10/22/63                                       

     Re 25,484   Kostur         11/26/63                                       

     ______________________________________                                    

PAC  OBJECTS OF THE INVENTION
PAR  It is the general object of this invention to avoid and overcome the
      foregoing and other difficulties of and objections to prior art practices
      by the provision of an improved method of laminating a plastic sheet onto
      a surface of a hollow body, which method:
PAR  1. permits the use of thin plastic sheets having desirable corrosion
      resistance and appearance properties over a strong matellic liner;
PAR  2. provides a stronger and more flexible coated hollow body such as the
      inner liner for a refrigerator or the like;
PAR  3. provides a plastic coating which expands and contracts at a same rate or
      coefficient of expansion as the strong metallic hollow body or liner;
PAR  4. provides the desirable appearance, and cleanability of the plastic and
      the strength of the metal in the hollow body or liner;
PAR  5. reduces the cost of the completed coated hollow body or liner;
PAR  6. provides a superior finish to that provided on a painted metallic hollow
      liner in both wear and soundproofing properties;
PAR  7. eliminates the standard breaker strip commonly used on conventional
      refrigerators when a ceramic coated steel liner or the like is employed;
PAR  8. permits a flexibility and texture of finish in the coated finished
      liner;
PAR  9. permits side loading of the steel or metal liner into the female die;
PAR  10. permits air float loading of the steel or metal liner into the female
      die;
PAR  11. selectively heats or cools predetermined areas of the plastic sheet to
      provide either reinforcing or thinning of the plastic material;
PAR  12. cuts holes, slots or the like in the plastic sheet and in the steel or
      metal liner during the forming cycle;
PAR  13. withholds contact between the formed plastic sheet and the hollow liner
      until the final application of the plastic sheet to the hollow body or
      liner thereby eliminating the dragging of portions of the heated plastic
      sheet over the edges of the hollow body and the tearing or stretching of
      the plastic sheet;
PAR  14. permits the formation of multiple complex shapes in the finished coated
      hollow body or liner;
PAR  15. increases production by permitting automatic removal of the completed
      coated hollow body from the clamping means of the apparatus and method;
PAR  16. permits automatic sheet loading of the plastic sheet;
PAR  17. permits use of air floatation of the plastic sheet in critical areas of
      forming, such as a sharp corner, an edge or the like of the liner;
PAR  18. permits the forming of blisters or bubbles of uniform thickness through
      holes, slots or the like in the preformed hollow steel body;
PAR  19. permits forming of a trapped shape, such as a hole, a slot or the like
      in a hollow body;
PAR  20. permits the use of a resilient adhesive between the plastic sheet and
      the metal surface of the hollow body; and air
PAR  21. minimizes the rupturing of the plastic sheet during the forming
      operation on the male die and permits the use of lower strength and poorer
      quality plastic sheets in the forming cycle.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The aforesaid objects of this invention, and other objects which will
      become apparent as the description proceeds, are achieved by providing an
      improved method of laminating a plastic sheet onto a surface of a hollow
      body.
PAR  The method includes the steps of:
PA1  a. loading the hollow body into a female die;
PA1  b. securing the plastic sheet;
PA1  c. heating the clamped sheet to its softening temperature;
PA1  d. moving the clamped heated sheet into registry with a male die and the
      female die;
PA1  e. sealing one die of the male die and the female die to one member of the
      clamping means and the clamped heated plastic sheet to define therewith a
      sealed chamber;
PA1  f. moving the male die toward the clamped heated sheet to form the clamped
      heated sheet about the male die;
PA1  g. moving the male die and the clamped formed heated sheet against the
      surface of the hollow body in the female die; and
PA1  h. applying fluid pressure to the clamped formed heated sheet to transfer
      the clamped formed heated sheet to the surface of the hollow body.
DRWD
PAC  BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
PAR  For a better understanding of this invention, reference should be had to
      the accompanying drawings, wherein like numerals of reference indicate
      similar parts through the several views and wherein:
PAR  FIG. 1 is a perspective view of a hollow body such as a steel liner for a
      refrigerator or the like;
PAR  FIG. 2 is a perspective view of a conveyor for conveying the steel liner
      onto an adjacent pivotable inlet side of the female die and showing air
      float holes in the inlet side for transferring the liner into the female
      die;
PAR  FIG. 3 is a diagrammatic side elevational view of the male die, female die
      and clamping means and showing the left-hand movable jaws thereof in the
      closed position and the right-hand movable jaws thereof in the open
      position;
PAR  FIG. 4 is a diagrammatic side elevational view of the clamping means and a
      vacuum type plastic sheet transfer means for picking up the plastic sheet
      and transferring such plastic sheet through the open male die jaws to the
      closed female die jaws;
PAR  FIG. 5 is a diagrammatic side elevational view showing the male die in its
      upper position, the clamping means having returned the clamped heated
      plastic sheet into registry with the male die and the female die, the male
      die carrying the sealing means having been moved upwardly so that the
      sealing means seals against the clamping means to form the sealed chamber,
      and also showing the clamped heated plastic sheet having shifted
      downwardly due to gravity;
PAR  FIG. 6 is a view similar to FIG. 5 showing fluid pressure from the second
      vacuum and fluid pressurize means associated with the female die having
      stretched upwardly the clamped heated plastic sheet and also showing the
      male die moved downwardly through the clamped stretched heated plastic
      sheet to partially form such plastic sheet about a substantial portion of
      the male die;
PAR  FIG. 7 is a view similar to views 5 and 6 and showing the further downward
      movement of the male die into the plastic sheet to substantially complete
      the forming of such stretched plastic sheet about the male die;
PAR  FIG. 8 is an enlarged view similar to views 5 through 7 and showing the
      male die and the formed plastic sheet substantially bottomed in the liner
      in the female die and also showing fluid pressure from the second vacuum
      and fluid pressurize means associated with the female die cushioning the
      bottoming movement of such male die and the formed plastic sheet, and also
      showing vacuum applied from the first vacuum and fluid pressurize means
      associated with the male die sucking or pulling the formed plastic sheet
      against the male die;
PAR  FIG. 9 is a view similar to FIG. 8 showing the transfer of the formed
      plastic sheet to the liner in the female die by the application of air
      pressure by the first vacuum and fluid pressurizing means associated with
      the male die and the application of the vacuum by the second vacuum and
      fluid pressurizing means associated with the female die;
PAR  FIG. 10A is a fragmentary sectional view of a portion of the male die, the
      partially formed plastic sheet and showing the first selected area of such
      sheet which is heated to a high temperature to thin such selected area of
      the sheet;
PAR  FIG. 10B is a view similar to FIG. 10A showing the first cooling means
      adapted to selectively cool and thicken and thereby reinforce a third area
      of the plastic sheet where such third area is subject to stress during
      forming of the plastic sheet on the male die and also use of such first
      cooling means to maintain uniform thickness in the second area of such
      sheet;
PAR  FIG. 10C is a view similar to FIG. 10A, 10B showing a first heating means
      or first cooling means in the male die utilizing spot thinning or spot
      thickening of a selected area of the plastic sheet before such sheet
      contacts the male die;
PAR  FIG. 10D is a view similar to FIGS. 10A-10C showing an additional heating
      or cooling means for selectively cooling or heating a section of the
      plastic sheet prior to the application of a fluid pressure from the second
      vacuum and fluid pressurizing means of the female die;
PAR  FIG. 11 is a fragmentary view similar to FIG. 6 showing the sealing means
      sealed against the edges of the plastic sheet;
PAR  FIG. 12 is a view similar to FIG. 6 showing the clamping means connected to
      a reciprocating means for moving the clamping means relative to the male
      die and the female die;
PAR  FIG. 13 is a diagrammatic plan view of an automatic rotary machine of the
      type shown in U.S. Pat. No. 3,192,800, issued July 6, 1965 to J. E. Kostur
      for "Rotatable Turret Molding Machine" and an associated production line
      for the plastic sheets and liner;
PAR  FIG. 14 is a view similar to FIG. 5 showing the sealing means carried by
      the male die;
PAR  FIG. 15A is a fragmentary sectional view showing the first cavity in the
      male die for gathering the plastic in said first cavity with uniform
      thickness and the first vacuum and fluid pressurizing means applying
      vacuum to the plastic sheet;
PAR  FIG. 15B is a view similar to FIG. 16C of the application portion of the
      forming cycle showing the first hole or slot in the liner, the first
      vacuum and fluid pressurizing means applying fluid pressure to the
      gathered material and the second vacuum and fluid pressurizing means
      applying vacuum to the gathered material to transfer it through the hole
      or slot in the liner and into the second cavity in the female die;
PAR  FIG. 15C is a view similar to FIG. 15B showing the transfer of the gathered
      material;
PAR  FIG. 16A is a fragmentary sectional view showing the punching member in the
      male die for punching a plastic slug from the plastic sheet and a metal
      slug from the liner and showing a scrap slug chute in the female die and a
      vacuum line or fluid pressure line in the punching member for aiding in
      the removal of such slugs;
PAR  FIG. 16B is a view similar to FIG. 16A eliminating the die insert and
      showing a heating means about the punching member for melting the plastic
      slug from the plastic sheet;
PAR  FIG. 16C is a view similar to FIG. 16B showing the heated punching member
      covering the raw punched edge of the hole in the liner with melted
      plastic; and
PAR  FIG. 17 is a fragmentary sectional view of, for example, the male die
      provided with a fluid cushion means for fluid floating by fluid pressure,
      the plastic sheet over an edge or projection in the surface of such die.
DETD
PAR  Although the principles of this invention are broadly applicable to the
      lamination of a plastic sheet onto a surface of a hollow body, this
      invention is particularly adapted for use in conjunction with the
      laminating of a plastic sheet onto a surface of a liner for a refrigerator
      or the like, and hence it has been so illustrated and will be so
      described.
PAC  DETAILED DESCRIPTION
PAC  Liner 10
PAR  With specific reference to the form of this invention illustrated in the
      drawings, and referring particularly to FIGS. 1, 2, 8, 9, a hollow body,
      such as a metallic liner for a refrigerator or the like is indicated
      generally by the reference numeral 10. This liner 10 may be formed of cold
      rolled steel, hot rolled steel, aluminum, a plastic, such as
      polypropylene, high impact polystyrene, polycarbonate of the type shown in
      U.S. Pat. No. 3,117,019, or the like. Such liner 10 (FIG. 1) has sides
      10a, back portion 10b, top portion 10c, and bottom portion 10d, and
      suitable vent holes 10e, disposed in the liner 10 as desired, to permit
      passage of a fluid therethrough.
PAR  A plastic thermoforming apparatus 12 (FIGS. 3, 5-9) for laminating a
      plastic sheet 14 (FIGS., 4-9) onto a surface such as the interior surface
      16 (FIG. 1) of the liner 10 has a female die 18, shown in FIGS. 2, 3, 5-9.
      This female die 18 has an inlet side member 20 (FIG. 2), hinged at 22a and
      22b to the bottom portion 24 of the female die 18. Such side portion 20 is
      provided with air float holes 26 (FIG. 2) which are communicable through a
      manifold 28 in the side portion 20 and a line 30 through a valve 32 to a
      suitable high pressure air supply indicated by the arrow in FIG. 2 and by
      the legend "From Air Supply".
PAR  In order to load the liner 10 into the female die 18, a belt-type conveyor
      34 (FIG. 2) conveys the liner 10 from a preheat oven (not shown) onto the
      inlet side portion 20 (side 22) where high pressure air through the air
      float holes 26 load the liner 10 into the female die 18.
PAC  Apparatus 12
PAR  Referring now to FIG. 3, such apparatus 12 has a male die 36 (FIGS. 3, 5-9)
      mounted on a platen 38 of an automatic machine of the type shown in U.S.
      Pat. No. 3,025,566, issued Mar. 29, 1962 to J. E. Kostur for "Automatic
      Vacuum Forming Machine for Plastics", or the reissued U.S. Pat. No. Re
      25,484, reissued Nov. 2, 1963 to J. E. Kostur for "Automatic Vacuum
      Forming Machine for Plastics".
PAC  Clamping Means 40
PAR  Clamping means 40 (FIGS. 3-9) are operable to receive the plastic sheet 14
      in position for the thermoforming operation. Such clamping means 40 has a
      pair of opposed movable male die jaws 42 (FIGS. 3-9), each pivoted at 44
      (FIGS. 3-9) to a piston 46 of a fluid cylinder 48, such fluid cylinders 48
      being pivoted to 50 on a clamping jaw frame 52 (FIGS. 3-9). In addition,
      the clamping means 40 also has a pair of opposed female jaws 54 (FIGS.
      3-9) pivoted at 56 on a piston 58 of another air fluid cylinder 60, which
      air cylinder 60 is in turn pivoted at 61 on the frame 52 of the clamping
      means 40. FIG. 3 shows the left-hand male die jaw 42 and female die jaw 54
      in the closed position while the right-hand male die jaw 42 and female die
      jaw 54 are shown in the open position.
PAR  Below the clamping means 40 a female die 18 (FIG. 3) is disposed in
      registry with the male die 36 and in spaced relation to the male die 36.
      The female die 18 is adapted, as explained above, to receive the liner 10.
PAC  Plastic Sheet 14
PAR  Plastic sheet 14 may be formed of a high-impact polystyrene of the type
      manufactured by the Chicago Plastic Sheet Company, Chicago, Illinois, or
      acrylonitrile butadiene styrene of the type manufactured by ABG Plastics
      Corporation, Portage, Wisconsin, or an acrylic plastic of the type
      manufactured by ABG Plastics Corporation or the like.
PAR  As hereinafter explained (FIG. 13), an adhesive may be used to coat the
      liner surface 16 of the liner 10 or the side of the plastic sheet 14
      adjacent liner 10.
PAC  Adhesive
PAR  It will be understood by those skilled in the art that a neoprene backed
      adhesive, similar to the Type SC 193 adhesive made by the HB Fuller
      Company, St. Paul, Minnesota, or the like, may be applied to the
      abovementioned surface 16 of the liner 10 and/or the plastic sheet 14 by
      conventional means, such as spraying, brushing and the like.
PAC  Male Die 36
PAR  First Vacuum and Fluid Pressurizing Means 62
PAR  As shown in FIGS. 3, 5-9, the male die 36 has a first vacuum and fluid
      pressurizing means 62. The line 64a extends from an air pressure supply
      indicated by the arrow in FIG. 3 and the legend "From Air Supply" to a
      valve 66. The line 64b extends from a vacuum supply means indicated by the
      arrow in FIG. 3 and the legend "From Vacuum Supply" to the valve 66. A
      line 62c connects the valve 66 to an air manifold 68 (FIGS. 3, 6-9) in the
      male die 36. Air pressure or vacuum, as desired, exits from the air
      manifold 68 through suitable holes 68a (FIGS. 3, 5-9) in the outer wall of
      the male die 36.
PAR  First Heating Means 69
PAR  The male die 36 is also provided with a first heating means 69 (FIGS. 3,
      5-9) having a line 70a (FIG. 3) extending from a heating fluid supply
      indicated by the arrow in FIG. 3 and the legend "From Heating Fluid
      Supply" to a valve 72 (FIG. 3). A line 70c connects the valve 72 to a
      cooling and heating manifold 74 disposed within the male die 36. The
      heating means 69 is utilized for heating the male die 36 to a temperature
      such as about 275.degree. to about 350.degree.F to maintain the plastic
      sheet 14 at its softening temperature and to selectively heat a first area
      A.sub.1 (FIG. 6) of the formed heated sheet 14 and thereby weaken and thin
      the first area A.sub.1 during the forming operation on the male die 36 or
      to maintain uniform thickness t.sub.1 (FIG. 10B) in a second area A.sub.2
      (FIG. 10B) of the formed heated sheet 14.
PAR  First Cooling Means 76
PAR  A first cooling means 76 (FIG. 3) of the male die 36 has a line 70b
      extending from a cooling fluid supply indicated by the arrow in FIG. 3 and
      the legend "From Cooling Fluid Supply" to the valve 72 through the line
      70c and into the cooling and heating manifold 74. The first cooling means
      76 is operable to selectively cool and thereby thicken and reinforce a
      third area A.sub.3 (FIG. 10B) of the formed heated sheet 14, which third
      area area A.sub.3 is subject to stress during the forming operation on the
      male die 36 or to maintain uniform thickness t.sub.1 (FIG. 10B) in the
      second area A.sub.2 (FIG. 10B) of the formed heated sheet 14.
PAC  Female Die 18
PAR  Second Vacuum and Fluid Pressurizing Means 78
PAR  In order to apply vacuum and fluid pressure to the female die 18 (FIG. 3),
      a second vacuum and fluid pressurizing means 78 (FIGS. 3, 5-9) is
      provided. Such vacuum and fluid pressurizing means 78 has a line 80a (FIG.
      3) extending from a fluid pressure supply indicated in FIG. 3 by an arrow
      and the legend "From Air Pressure Supply" to a valve 82 and thence through
      a line 80c to an air manifold 84 disposed within the female die 18. A
      plurality of air holes 86 (FIGS. 3, 5-7) connect the air manifold 84
      through the inner wall of the female die 18. Alternatively, the second
      vacuum and fluid pressurizing means 78 may be connected by a line 80b to a
      vacuum supply indicated by the arrow in FIG. 3 and the legend "From Vacuum
      Supply".
PAR  Second Heating Means 88
PAR  In order to maintain the liner 10 at a predetermined temperature during the
      forming operation, the female die 18 is provided with a second heating
      means 88 (FIG. 3). Such heating means 88 has a line 90a (FIG. 3) extending
      from a heating fluid supply indicated by the arrow (FIG. 3) and the legend
      "From Heating Fluid Supply" in the lower right-hand portion of FIG. 3 to a
      valve 92 (FIG. 3) and thence to another line 90c to a heating and cooling
      manifold 94 (FIGS. 3, 5-9) provided within the female die 18.
PAR  Second Cooling Means 96
PAR  For the purpose of selectively cooling a selected area of the liner 10, if
      desired, the female die 18 is provided with a second cooling means 96
      (FIG. 3). Such second cooling means 96 utilizes a line 90b extending from
      a cooling fluid supply indicated in FIG. 3 by the arrow and the legend
      "From Cooling Fluid Supply" to the valve 92 and thence to the line 90c to
      the heating and cooling manifold 94.
PAC  Sheet Feeder 98
PAR  Referring now to FIG. 4, the plastic sheet feeder 98 has a frame 100 and is
      provided with a reciprocating ram 102 (FIG. 2) movable horizontally in the
      direction of the horizontal arrows and reciprocable vertically in the
      direction of the vertical arrows when such reciprocating ram is in
      registry with the clamping means 40. The reciprocating ram 102 carries a
      pair of vacuum pickup cups 108a and 108b (FIG. 4), which cups 108a, 108b
      are connected by branch lines 104a, 104b through their respective
      cylinders 106a, 106b to a junction point 110 and thence by a supply line
      112 to a valve 116 and a vacuum supply indicated by the arrow in the upper
      portions of FIG. 4 and the legend "From Vacuum Supply". The supply line
      112 is movably secured to the frame 100 at 114a, 114b.
PAR  The ram 102 moves downwardly from its loading position (not shown) into
      engagement with a pile of plastic sheets 14 and by means of the vacuum in
      this system picks up a sheet 14, moves upwardly into the position of the
      ram 102 shown in FIG. 4 and then horizontally to the left into registry
      with the now open male die clamping jaw 42 and now closed female die jaw
      54. Thereafter, the ram 102 and the plastic sheet 14 move downardly to
      deposit the plastic sheet 14 onto the closed female die jaw 54. At this
      point, the valve 116 cuts off the vacuum and the ram 102 retracks to the
      position shown in FIG. 4 whereupon the male die clamping jaw 42 closes
      about the positioned plastic sheet 14 to secure such plastic sheet 14 in
      the clamping means 40.
PAC  Heating of Plastic Sheet 14
PAR  The clamping means 40 and the clamped plastic sheet 14 then move into a
      heating means (not shown) adjacent the clamping means 40 for heating the
      clamped plastic sheet 14 to a softening temperature, about 275.degree. to
      about 350.degree.F. Such heating means (not shown) is of the type employed
      in the automatic vacuum forming machine for plastic disclosed in U.S. Pat.
      No. 3,025,566, issued Mar. 20, 1962 to J. E. Kostur for "Automatic Vacuum
      Forming Machine for Plastics". Thereafter, the clamping means 40 and the
      now heated clamped plastic sheet 14 move into registry with the male die
      36 and the female die 18 in the position shown in FIG. 5. It will be noted
      from a consideration of FIG. 5 that the heated clamped plastic sheet 14
      has sagged downwardly slightly due to its own weight.
PAC  Sealing Means 120
PAR  Sealing means 120 (FIGS. 5-9) are provided on one die of the male die 36
      and the female die 18 for sealing one member of the clamping means 40 and
      the clamped heated plastic sheet 14 to define therewith a sealed chamber
      126. In FIG. 3, the sealing means 120 has a die cavity enclosure 121
      (FIGS. 3, 5, 6) mounted on the pistons 122a, 122b of fluid cylinders 123a,
      123b (FIGS. 3, 5-9), which cylinders 123a, 123b in turn are upstanding
      from a platen 124 of the automatic vacuum forming machine shown in U.S.
      Pat. No. 3,025,566. In the showing of FIGS. 3 and 5, the die cavity
      enclosure 121 is moved by the fluid cylinders 123a, 123b (FIGS. 3, 5-9)
      into sealing engagement with the female die clamping jaw 54 of the
      clamping means 40 to define the sealed chamber 126.
PAC  Forming Operation
PAR  Thereafter, the male die 36 moves downwardly from the position shown in
      FIG. 5 to the position shown in FIG. 6. Simultaneously therewith, fluid
      pressure is applied by the second vacuum and fluid pressurizing means 78
      associated with the female die 18 to partially form the clamped heated
      plastic sheet 14 about the male die 36 as shown in FIG. 6.
PAR  The male die 36 then moves downwardly from the position shown in FIG. 6 to
      the position shown in FIG. 7 to form the clamped heated plastic sheet 14
      about the male die 36.
PAC  Application Operation
PAR  The male die 36 and the now formed heated clamped plastic sheet 14 then
      moves downwardly from the position shown in FIG. 7 to the position shown
      in FIG. 8 to substantially bottom the now formed plastic sheet 14 in the
      liner 10 disposed in the female die 18. It will be noted from a
      consideration of FIG. 8 that this bottoming operation is cushioned by the
      application of fluid pressure from the second vacuum and fluid
      pressurizing means 78 of the female die and that the clearance C (FIG. 8)
      between the formed plastic sheet 14 and the heated liner 10 is relatively
      small and in the neighborhood of about 1/16 inch. In order to maintain the
      heated plastic sheet 14 in close intimate contact with the male die 36,
      vacuum is applied to such sheet 14 by the first vacuum and fluid
      pressurizing means 62.
PAR  For the purpose of transferring the formed heated plastic sheet to the
      heated liner 10, fluid pressure from the first vacuum and fluid
      pressurizing means 62 is applied to the plastic sheet 14 as such as male
      die 36 completes its bottoming movement as shown in FIG. 9. Simultaneously
      therewith the second vacuum and fluid pressurizing means 78 associated
      with the female die 18 applies a vacuum through the liner 10 to securely
      fit the formed heated plastic sheet 14 in intimate contact with the heated
      liner 10.
PAC  ALTERNATIVE EMBODIMENTS
PAR  It will be understood by those skilled in the art that alternatively in
      order to permit the first heating means 69 (FIG. 3) to selectively heat
      the first area A.sub.1 (FIGS. 6, 10A) to, for example, a temperature of
      about 275.degree. to about 325.degree.F, the first heating and cooling
      manifold 74 may be positioned (FIG. 6) closer to the outer wall of the
      male die 36 adjacent the first area A.sub.1. Alternatively, as shown in
      FIG. 10A, a high temperature heating line 128 may be provided adjacent
      area A.sub.1 to achieve the selective thinning of area A.sub.1 or an
      additional heater, such as an electric strip heater 130 may be secured to
      the male die 36 and connected through a switch 132 by lines 134a, 134b.
PAR  In FIG. 10B, the first cooling means 76 (FIGS. 3, 6) utilizes the cooling
      line 128a, having a portion 128al (FIG. 10B) disposed adjacent the third
      area A.sub.3 of the plastic sheet 14, which area A.sub.3 is subject to
      stress. The portion 128a2 cools and thereby thickens it to t.sub.2 (FIG.
      10B) and reinforces such area A.sub.3. The first cooling means 76 (FIG. 6)
      may also employ the portion 128a2 of the line 128a adjacent a second area
      A.sub.2 (FIG. 10B) to maintain uniform thickness (t.sub.1) (FIG. 10B)
      therein.
PAR  FIG. 10C shows a heating or cooling line 128b (in this case, a cooling line
      128b) having a plurality of apertures 128b1, 128b2, 128b3 adjacent a third
      area A.sub.3 of the plastic sheet 14 where jets (indicated by the arrows
      in FIG. 10C) of a fluid, such as cooling air or the like, are employed to
      thicken the area A.sub.3 to a thickness t.sub.2 greater than the adjacent
      thickness t.sub.3. The line 128c in FIG. 10D is connected either to a
      heating fluid or cooling fluid source indicated by the arrows and legend
      "From Heating Fluid or Cooling Fluid Supply" to selectively cool or heat
      an area of the plastic sheet 14 prior to the application of pressurizing
      fluid from the second vacuum and fluid pressurizing means 78 (FIG. 6). If,
      for example, as shown in FIG. 10D, a heated fluid (indicated by the arrows
      in FIG. 10D) is applied to an area A.sub.1 ', the area A.sub.1 ' will thin
      when the fluid pressure from means 78 is applied, and on the other hand,
      if cooling fluid is applied to such area A.sub.1 ' (FIG. 10D), such area
      A.sub.1 ' will remain at a greater thickness (not shown) when air is
      applied by means 78 to the plastic sheet 14.
PAR  FIG. 11 shows the sealing means 120" sealed at 134 against the edge 14a of
      the plastic sheet 14.
PAR  FIG. 12 shows a vertical reciprocating means 136 having the clamping means
      40.sup.12 mounted on pistons 138 of air cylinders 140 to move the clamping
      means 40.sup.12 vertically relative to the male die 36 and female die 18.
PAR  FIG. 13 shows an automated assembly line for the manufacture of the plastic
      coated liner 10. In FIG. 13, a continuous sheet extruder 142 forms a
      continuous plastic sheet 14.sup.13. Finishing rolls 144 polish the
      continuous plastic sheet 14.sup.13 and reduce it to the desired thickness.
      An adhesive coater 146 applies the adhesive to one side of the continuous
      plastic sheet 14.sup.13 and a drying oven 148 evaporates the solvents
      contained in the adhesive applied to the one side of the continuous
      plastic sheet 14.sup.13. A roll pull and shear mechanism 150 cuts the
      continuous plastic sheet 14.sup.13 into the plastic sheets 14 of
      predetermined length and a sheet stacker 152 stacks the cut plastic sheets
      14 on a pallet 154 preparatory for delivery of the pallet 154 to a
      four-station plastic cooling machine 156 of the type shown in U.S. Pat.
      No. 3,192,800, issued July 6, 1965 to J. E. Kostur for a "Rotatable Turret
      Rolling Machine". The coated plastic sheets 14 may be transferred by hand
      or by automatic transfer apparatus such as the sheet feeder 98 shown in
      FIG. 4 into a head 157 of the machine 156. Such head 157 includes the
      clamping mechanism 40 hereinbefore described.
PAR  For the purpose of fabricating the liner 14 shown in FIG. 1, a first press
      158 draws, embosses and forms the top 10c, the back 10b, and the bottom
      10d of the liner 10. A second press 160 pierces, notches and vents at 10e
      (FIG. 1) such top 10c, such back 10b, and such bottom 10d. A third press
      162 welds the top 10c, the back 10b and bottom 10d to the configuration
      shown in FIG. 1. Another press 164, meanwhile, notches, shears, embosses
      and forms the sides 10a of the liner 10. Another press 166 forms the
      flanges (similar to flanges 10a1 on the bottom 10d, FIG. 1) on the sides
      10a and such formed flanged sides 10a are transferred adjacent the formed
      top 10c, back 10b and bottom 10d where an assembly means such as a welder
      168 spot welds the portions together to form the liner 10 shown in FIG. 1.
      It will be understood alternatively that the above-mentioned parts may be
      assembled such as by lancing or the like. Thereafter the liner 10 is spray
      cleaned at 170a, bonderized at 170b, dried off at 170c and the adhesive is
      applied by suitable spraying means at 170d to the interior surface 16
      (FIG. 1) of the liner 10. The sprayed coated liner 10 is then transferred
      to a preheat oven 172, where such liner 10 is heated to a temperature of
      about 225.degree. to about 275.degree.F for metallic liners 10 and about
      150.degree. to 275.degree.F for plastic liners 10 and then loaded by a
      transfer means 174 into the female die 18 at station 3 of the molding
      machine 156.
PAR  It will be understood from a consideration of the lower right-hand portion
      of FIG. 13 that meanwhile the plastic sheet 14 in the head 157 of the
      machine 156 has indexed from station to station 2 where a heating oven
      (not shown) heats the clamped plastic sheet 14 to its softening
      temperature at about 275.degree.F to about 375.degree.F and that as the
      head 157 containing the heated plastic sheet 14 indexes into station 3 of
      the machine 156 the coated liner 10 is simultaneously loaded into the
      female die 18.
PAR  At station 3 the heated plastic sheet 14 is applied to the interior surface
      16 of the liner 10 as hereinbefore described with respect to the automatic
      vacuum forming machine described with respect to FIGS. 2-9.
PAR  Thereafter the coated liner 10 is indexed to station 4 of the machine 156
      where it may be unloaded as by hand or automatically (not shown) into a
      trimmer 180 where the plastic is trimmed from the coated liner 10. The
      trimmed liner 10 may then be perforated by a perforating mechanism 182 and
      then transferred to storage assembly.
PAR  In FIG. 14, the sealing means 120.sup.14 is mounted on pistons 125 of fluid
      cylinders 126' and seals against the male die jaws 42. In addition, FIG.
      14 shows the first vacuum and fluid pressurizing means 62 of the male die
      36 producing a vacuum as indicated by the arrows. FIG. 14 also shows the
      second vacuum and fluid pressurizing means 78 appling a vacuum to the
      plastic sheet 14. A third vacuum and fluid pressurizing means 184a, 184b
      (FIG. 14) is connected to sealed chambers 126a, 126b respectively.
PAR  In FIG. 15A, the male die 36.sup.15 is provided with a first cavity 186.
      Vacuum line 128d and extensions 128d1a, 128d2a, 128d3a (of the first
      vacuum and fluid pressurizing means 62) gather the plastic material 187
      into the first cavity 186 while vacuum lines 128d1 and 128d2 hold the
      plastic sheet 14 adjacent the first cavity 186 during the forming of the
      plastic sheet 14 around male die 36 similar to that shown in FIG. 6.
PAR  During the application phase of the forming cycle (as in FIGS. 8, 9) the
      first cavity 186 registers with a hole or slot 188 (FIG. 15B) in the liner
      10 and a second cavity 190 in the female die 18. As shown in FIGS. 15B,
      15C, the first vacuum fluid pressurizing means 62 (male die 36) now
      delivers fluid pressure through lines 128d, 128d1a, 128d2a, 128d3a, and
      the second vacuum and fluid pressurizing means 78 (female die 18) applies
      vacuum through lines 192, 192a, 192b, 192c, 192d, 192e to transfer the
      gathered material 187 through the hole 188 into the second cavity 190. The
      portion 194 (FIGS. 15B, 15C) of the female die 18.sup.15 is removable to
      permit removal of the coated liner 10 from the female die 18.sup.15.
PAR  FIG. 16A shows a punching member 195 on the piston rod 196 of a fluid
      cylinder 198 punching a plastic slug 200 and a metal slug 202 (against a
      die insert 203) from the plastic sheet 14.sup.16 and liner 10.sup.16
      respectively to provide holes 204, 206 in plastic sheet 14.sup.16 and
      liner 10.sup.16 respectively. To aid in the removal of the slugs 200, 202,
      a scrap slug chute 209 is provided in female die 18.sup.16 and either a
      vacuum line or fluid pressure line 208 is connected to the punching member
      195.
PAR  In FIG. 16B, the hole 206 in the liner 10.sup.16 has already been made. The
      punch 195' is provided with a heating means, such as an induction coil 210
      or the like, connected by lines 212a, 212b through switch 214.
PAR  FIG. 16C shows the heated punching member 195' coating the edge of the hole
      206 in liner 10.sup.16 with molded plastic 216 to eliminate the raw edge
      on the hole 204 in liner 10.sup.16, thereby eliminating corrosion adjacent
      such hole 206 and milling (trimming) of the edges of the hole 206.
PAR  FIG. 17 shows a fluid cushion means such as the lines 218, 218a, 218b,
      218c, 218d provided adjacent an edge or projection 220 of one of the male
      die 36.sup.17 or the female die (not shown) for providing fluid pressure,
      as indicated by the small arrows in FIG. 17, to fluid float the plastic
      sheet 14 around such edge or projection 220 (with clearances C.sup.2,
      C.sup.3, FIG. 17) during the forming of the plastic sheet 14 on the male
      die 36.
PAC  METHOD
PAR  It will be understood by those skilled in the art from the above
      description of the apparatus 12 (FIGS. 1-9) and the rotary machine 156
      (FIG. 13) that an improved method, capable of being performed also by
      hand, is contemplated. This method includes the steps of:
PA0  a. loading the hollow body 10 into a female die 18 (FIGS. 1-9);
PA0  b. securing the plastic sheet 14 in clamping means 40;
PA0  c. heating the clamped sheet 14 to its softening temperature;
PA0  d. moving the clamped heated sheet 14 into registry with a male die 36
      (FIGS. 1-9) and the female die 18;
PA0  e. sealing one die of the male die 36 and the female die 18 to one member
      of the clamping means 40 and the clamped heated plastic sheet 14 to define
      therewith a sealed chamber 124;
PA0  f. moving the male die 36 toward the clamped heated sheet 14 to form the
      clamped heated sheet 14 about the male die 36;
PA0  f. moving the male die 36 and the clamped formed heated sheet 14 against
      the surface 16 of the hollow body 10 in the female die 18; and
PA0  h. applying fluid pressure to the clamped formed heated sheet 14 to
      transfer the clamped formed heated sheet 14 to the surface 16 of the
      hollow body 10.
PAC  SUMMARY OF THE ACHIEVEMENTS OF THE OBJECTS OF THE INVENTION
PAR  It will be recognized by those skilled in the art that the objects of this
      invention have been achieved by providing an improved method which:
PAR  1. permits the use of thin plastic sheets 14 having desirable corrosion
      resistance and appearance properties over a strong metallic liner 10;
PAR  2. provides a stronger and more flexible coated hollow body, such as the
      inner liner 10 for a refrigerator or the like;
PAR  3. provides a plastic coating 14 which expands and contracts at a same rate
      or coefficient of expansion as the strong metallic hollow body or liner
      10;
PAR  4. provides the desirable appearance, and cleanability of the plastic 14
      and the strength of the metal in the hollow body or liner 10;
PAR  5. reduces the cost of the completed coated hollow body or liner 10;
PAR  6. provides a superior finish to that provided on a conventional painted
      metallic hollow liner 10 in both wear and soundproofing properties;
PAR  7. eliminates the standard breaker strip (not shown) commonly used on
      conventional refrigerators when a ceramic coated steel liner 10 or the
      like is employed;
PAR  8. permits a flexibility and texture of finish in the coated finished liner
      10;
PAR  9. permits side loading of the steel or metal liner 10 into the female die
      18;
PAR  10. permits air float loading (FIG. 2) of the steel or metal liner 10 into
      the female die 36;
PAR  11. selectively heats or cools predetermined areas A.sub.1, A.sub.2,
      A.sub.3, A.sub.4 of the plastic sheet 14 to provide either reinforcing or
      thinning of the plastic material 14;
PAR  12. cuts holes 202, 204 or the like in the plastic sheet 14 and in the
      steel or metal liner 10 during the forming cycle (FIGS. 16A - 16C);
PAR  13. withholds contact between the formed plastic sheet 14 and the hollow
      liner 10 until the final application of the plastic sheet 14 to the hollow
      body or liner 10 thereby eliminating the dragging of portions of the
      heated plastic sheet 14 over the edges 220 (FIG. 17) of the hollow body 10
      and the tearing or stretching of the plastic sheet 14;
PAR  14. permits the formation of multiple complex shapes in the finished coated
      hollow body or liner 10;
PAR  15. increases production by permitting automatic removal of the completed
      coated hollow body 10 from the clamping means 40 of the apparatus and
      method by opening of the female die jaws 54 of the clamping means;
PAR  16. permits automatic sheet loading of the plastic sheet 14;
PAR  17. permits use of air floatation (FIG. 17) of the plastic sheet 14 in
      critical areas 220 of forming, such as a sharp corner, an edge 220 (FIG.
      17) or the like of the liner 10;
PAR  18. permits the forming of blisters or bubbles 187 (FIGS. 15A-15C) of
      uniform thickness through holes 188 or slots or the like in the preformed
      hollow steel body 10;
PAR  19. permits forming of a trapped shape, such as a hole 204, a slot or the
      like in a hollow body 10;
PAR  20. permits the use of a resilient adhesive between the plastic sheet 14
      and the metal surface 16 of the hollow body 10; and
PAR  21. minimizes the rupturing of the plastic sheet 14 during the forming
      operation on the male die 36 and permits the use of lower strength and
      poorer quality plastic sheets 14 in the forming cycle.
PAR  While in accordance with the patent statutes preferred and alternative
      embodiments of this invention have been illustrated and described in
      detail, it is to be particularly understood that the invention is not
      limited thereto or thereby.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of making a two-piece laminated article wherein a first plastic
      sheet is formed into the shape of and secured to the inner surface of a
      hollow article, said method including the steps of:
PA1  a. loading said hollow article into a female die;
PA1  b. securing said plastic sheet in a clamping means;
PA1  c. heating said clamped sheet to its softening temperature;
PA1  d. moving said clamped heated sheet into registry with a male die and said
      female die;
PA1  e. sealing said female die in a sealed chamber one boundary of which is
      formed by said clamped sheet;
PA1  f. moving said male die toward said clamped heated sheet to form said
      clamped heated sheet about said male die;
PA1  g. moving said male die and said clamped formed heated sheet against said
      surface of said hollow article in said female die; and
PA1  h. applying a fluid pressure differential to said clamped formed heated
      sheet to transfer said clamped formed heated sheet to said surface of said
      hollow article.
NUM  2.
PAR  2. The method recited in claim 1 including the step of opening said
      clamping means to release said plastic sheet after said plastic sheet has
      been transferred to said hollow article.
NUM  3.
PAR  3. The method recited in claim 1 including the step of heating said male
      die to maintain said plastic sheet at said softening temperature, and to
      selectively heat a first area of said formed heated sheet to weaken and
      thereby thin said first area during said forming operation on said male
      die or to maintain uniform thickness in a second area of said formed
      heated sheet.
NUM  4.
PAR  4. The method recited in claim 1 including the step of cooling said male
      die to selectively thicken and thereby reinforce an area of said formed
      heated sheet which area is subject to stress during the forming operation
      on said male die or to maintain uniform thickness in said area of said
      formed heated sheet.
NUM  5.
PAR  5. The method recited in claim 1 including the step of heating said female
      die to maintain said hollow article at a predetermined temperature.
NUM  6.
PAR  6. The method recited in claim 1 including the step of cooling said female
      die to selectively cool an area of said hollow article.
NUM  7.
PAR  7. The method recited in claim 1 including the step of reciprocating said
      male die toward said female die while said clamping means remained
      stationary with respect to said male die and said female die.
NUM  8.
PAR  8. The method recited in claim 1 including the step of reciprocating said
      female die with respect to said male die.
NUM  9.
PAR  9. The method recited in claim 1 including the step of applying a vacuum to
      the side of said plastic sheet adjacent said male die during said forming
      operation on said male die.
NUM  10.
PAR  10. The method recited in claim 1 including the step of applying a fluid
      pressure to said sealed chamber and said sheet during said forming
      operation on said male die to urge said sheet against said male die.
NUM  11.
PAR  11. The method recited in claim 1 including the step of side loading said
      hollow article into said female die.
NUM  12.
PAR  12. The method recited in claim 1 including the step of air floating said
      hollow article into said female die.
NUM  13.
PAR  13. The method recited in claim 1 including the step of applying a vacuum
      to said female die to apply said clamped formed heated sheet to said
      surface of said hollow article.
NUM  14.
PAR  14. The method recited in claim 1 including the step of applying an
      adhesive to said surface of said hollow article.
NUM  15.
PAR  15. The method recited in claim 1 including the step of applying an
      adhesive to the side of said plastic sheet adjacent said hollow article.
NUM  16.
PAR  16. The method recited in claim 1 and including the step of fluid floating
      by fluid pressure portions of said plastic sheet over an edge or
      projection of either said male die or said female die.
NUM  17.
PAR  17. The method recited in claim 1 including the step of selectively heating
      a first area of said plastic sheet before said plastic sheet engages said
      male die.
NUM  18.
PAR  18. The method recited in claim 1 including the step of selectively cooling
      an area of said plastic sheet before said plastic sheet engages said male
      die.
NUM  19.
PAR  19. The method recited in claim 1 and including the step of heating a
      selected portion of said plastic sheet before the application of fluid
      pressure to said plastic sheet to control thickness of said portion during
      the forming of said plastic sheet on said male die.
NUM  20.
PAR  20. The method recited in claim 1 including the step of applying a
      differential pressure to opposite sides of said heated sheet to urge said
      sheet against said male die.
NUM  21.
PAR  21. The method recited in claim 1 and including the step of cooling a
      selected portion of said plastic sheet to control the thickness of said
      portion during the forming of said plastic sheet on said male die.
NUM  22.
PAR  22. The method recited in claim 1 including the step of sealing said male
      die in a sealed chamber one boundary of which is formed by said clamped
      sheet.
NUM  23.
PAR  23. The method recited in claim 22 including the step of applying a vacuum
      to said sealed chamber during the forming operation on said male die to
      draw said heated sheet thereagainst.
NUM  24.
PAR  24. The method recited in claim 1 and including the step of gathering
      material of uniform thickness in a first cavity of said male die by
      applying a pressure differential to an area of said material.
NUM  25.
PAR  25. The method recited in claim 24 including the step of projecting said
      gathered material of uniform thickness into a hole or slot in said hollow
      body and a second cavity in said female die when said clamped formed
      heated sheet is applied to said surface of said hollow body by applying a
      pressure differential to said gathered material.
NUM  26.
PAR  26. The method recited in claim 25 wherein said gathered material of
      uniform thickness is projected by applying a vacuum to the wall of said
      second cavity.
NUM  27.
PAR  27. The method recited in claim 25 wherein said gathered material of
      uniform thickness is projected by fluid pressure applied thru the wall of
      said first cavity.
NUM  28.
PAR  28. The method recited in claim 1 and including the step of forming a hole
      or slot in said clamped formed heated sheet by a punching member during
      the application of said clamped formed heated sheet to said surface of
      said hollow article.
NUM  29.
PAR  29. The method recited in claim 28 and including the step of removing the
      plastic from said hole or slot in said sheet.
NUM  30.
PAR  30. The method recited in claim 28 and including the step of heating said
      punching member to melt said hole or slot in said plastic sheet or to coat
      the edge of the hole or slot in said hollow body with plastic material.
NUM  31.
PAR  31. The method recited in claim 28 and including the step of reciprocating
      said punching member with respect to said male die to form said hole or
      slot.
NUM  32.
PAR  32. The method recited in claim 28 and including the step of also forming a
      hole or slot in said hollow articles.
NUM  33.
PAR  33. A method of making a two-piece laminated hollow article wherein a first
      plastic sheet is formed into the shape of and secured to the inner surface
      of a hollow article, said method comprising the steps of:
PA1  securing said first plastic sheet in a clamping means;
PA1  heating said clamped sheet to its softening temperature;
PA1  positioning said clamped heated sheet in registry between a male die and a
      female die;
PA1  loading said hollow article into said female die;
PA1  moving said male die and clamped heated sheet relatively closer to one
      another to form said sheet at least partially about said male die;
PA1  creating a pressure differential on opposite sides of said clamped heated
      sheet to further form said sheet about said male member;
PA1  moving said male and female dies together to place said sheet in
      juxtaposition to the inner surface of said hollow article and to place
      said male and female dies together to form a sealed chamber enveloping
      said sheet and hollow article;
PA1  applying a pressure differential to the surface of said sheet to move said
      sheet into intimate secured relationship with said hollow article;
PA1  separating said male and female dies; and
PA1  removing said two-piece hollow laminated article from said female die.
NUM  34.
PAR  34. The method recited in claim 33 including the step of creating a zone of
      differential temperature in said heated plastic sheet to vary the
      thickness of said zone of said sheet in the resulting two-piece article.
NUM  35.
PAR  35. A method of making a two-piece laminated hollow article wherein a first
      plastic sheet is formed into the shape of and secured to the inner surface
      of a hollow article, said method comprising the steps of:
PA1  securing said first plastic sheet in a clamping means;
PA1  heating said clamped sheet to its softening temperature;
PA1  positioning said clamped heated sheet in registry between a male die and a
      female die;
PA1  loading said hollow article into said female die;
PA1  moving said male die and clamped heated sheet relatively closer to one
      another to form said sheet at least partially about said male die;
PA1  moving said male and female dies together to place said sheet in
      juxtaposition to the inner surface of said hollow article and to place
      said male and female dies together to form a sealed chamber enveloping
      said sheet and hollow article;
PA1  applying a first pressure differential to opposite sides of said sheet to
      further form said sheet about said male member;
PA1  applying a second pressure differential to the surface of said sheet to
      transfer said sheet into intimate secured relationship with said hollow
      article; and
PA1  forming an opening in said transferred sheet by a punching member which
      passes through said sheet and through a corresponding pre-existing opening
      in said hollow article.
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ABST
PAL  A stack of many films of thermoplastic material is divided into sets of
      films by interposed layers of seal-inhibiting material. A heated cutter as
      of copper is used having a heat-storage portion and a blade projecting
      from the heat-storage portion, both shaped according to the desired edge
      seal. The hot blade is pressed against the stack to penetrate successive
      films, top to bottom. Thereafter, the blade represents a hot wall opposite
      to the parted edges of the film in the stack, causing transfer of heat
      into the stack for causing a controlled width of opposed films to become
      fused together. The time is not critical where the heat used is that which
      is stored in the cutter. The lateral surface of the blade extends from an
      edge, either perpendicular to the top surface of the stack or sloping away
      from the outline of the cut stack.
PAL  The edge seal is ideally about 20% thicker than the combined thickness of
      the films forming a finished article, but it can be much thicker. The
      inner surfaces of a pair of films are face-to-face, well-suited to form a
      pressure-releasable valve in a spout of a container, especially a
      self-resealing valve.
BSUM
PAR  This invention relates to a method and apparatus for producing plastic-film
      articles having sealed edges, and to the product. This is a
      continuation-in-part of application Ser. No. 256,850, filed May 25, 1972
      now abandoned.
PAC  BACKGROUND OF THE INVENTION
PAR  In application Ser. No. 231,288, now U.S. Pat. No. 3,815,794 issued June
      11, 1974, filed March 3, 1972, it is shown that a pouch can be formed of
      thermoplastic films edge-sealed together, including a spout constituting a
      valve that is releasable by internal fluid pressure. Ideally the films are
      face-to-face adjacent the fused edges. Application Ser. No. 256,850 (now
      abandoned) discloses methods of making many such articles (as well as
      others) concurrently. Sets of films are stacked, cut out according to the
      desired shape of the articles, and subjected to fusing heat along the
      outline where the films are to be edge-sealed together. Each set of films
      forms one article, each stack thus yielding as many articles as there are
      sets of films in the stack. Seal-inhibiting material is interposed between
      each set and the next in the stack so that the articles of the stack are
      readily separated from each other. Two methods are disclosed in
      application Ser. No. 256,850. In one method, the films are pre-cut and
      stacked with their edges aligned or they are cut while stacked, and then
      the aligned edges are exposed to fusing heat. In the other method, a hot
      cutter advances along the outline of the articles to be made, making fused
      seams along the edges of the films of each set in the stack.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a third method of making plural edge-sealed
      articles concurrently, utilizing a stack of sets of thermoplastic films
      separated by layers of seal-inhibiting material. Apparatus having novel
      features useful in carrying out the method are also provided. A cutter is
      heated well above the fusion temperature of the films. In its preferred
      form, the cutter includes a film-penetrating blade or wall whose shape
      corresponds closely to the edge-seal of the articles, and the cutter
      includes a heat-storing portion of enlarged thickness as a presently
      preferred form of means to supply heat to the wall. The edge of the cutter
      is pressed against the stack of sets of films. In broad concept,
      sufficient pressure could be used to cut the films mechanically, but such
      a large amount of pressure is not used in the preferred method described
      below. Instead, the edge of the hot cutter penetrates the stack under much
      more moderate pressure. In so doing, the cutter fuses together a narrow
      margin of the films of each set in the stack. The edge seals thus formed
      are extended in width and made more secure by sustained exposure of the
      outline of the severed stack of films to the heat of the cutter wall.
PAR  The blade or wall of the cutter has a heat-emitting surface extending
      perpendicularly away from the edge or sloping outward, i.e., away from the
      outline of the cut stack, thereby producing relatively undistorted edge
      seals. The thickness of the seals is somewhat greater than the combined
      thickness of the joined films. Opposed pressure that is applied to the
      films while the margins are at least partially molten enhances the seals.
      Pouches of the type in application Ser. No. 231,288 (U.S. Pat. No.
      3,815,794) are economically and effectively mass-produced by this method.
PAR  The nature of the invention, including the foregoing and other novel
      features and advantages will be better appreciated from the detailed
      description below of the presently preferred and exemplary embodiment of
      its various aspects, reference being made in the description to the
      accompanying drawings.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a lateral view of illustrative apparatus for producing the novel
      products pursuant to the novel method of the invention;
PAR  FIGS. 2 and 3 are front and side views, respectively, of a cutter, many of
      which are included in the apparatus of FIG. 1;
PAR  FIG. 4 is an enlarged transverse cross-section through a cutter as viewed
      at the plane 4--4 of FIG. 2; and
PAR  FIG. 5 is a cross-section of a stack of polyethylene films edge-sealed
      together in pairs by the method and apparatus of the other figures,
      magnified about 40X.
DETD
PAR  FIGS. 2 and 3 illustrate a form of cutting and edge-sealing unit 8 that is
      effective for present purposes. Support plate 10 may be of any suitable
      heat-resistant material, preferably of low heat conductivity and low
      specific heat, such as an asbestos-based panel or laminate. Clips 12
      provide secure mechanical support at isolated points for a cutter 14
      having a contour or shape as shown in FIG. 2 that corresponds closely (but
      not exactly) to the shape of the articles to be made, the outline of a
      pouch in this instance. Clips 12 provide secure mechanical support for the
      cutter, without extracting significant heat from the cutter.
PAR  As seen in FIG. 4, cutter 14 has a heat-storing mass 16 and a blade or wall
      18, made of sheet-metal rolled on itself to constitute the heat-storing
      mass 16. The cutter should be of a metal having high thermal conductivity,
      and in the form illustrated the metal should have high specific heat,
      copper for example. A release coating 20 such as Teflon
      (polytetrafluoroethylene) or silicone should cover the active surfaces of
      the blade. If silicone is used, it should be renewed after each sever-seal
      operation, whereas Teflon is virtually permanent.
PAR  Edge 22 which lies in a plane (FIG. 3) should be as sharp as a butter knife
      or sharper. One surface 24 of blade 18 extends perpendicularly away from
      the plane of edge 22 in one preferred example, while the opposite surface
      has a first portion 26 that slopes prominently away from edge 22 and then
      extends to a portion 28 parallel to surface 24. The shape of the cutter
      (as viewed in FIG. 2) identifies the article to be cut as being inside the
      contour of the cutter, and surfaces 24 and 28 are inside and outside,
      respectively, i.e., facing the edges of the articles or facing away from
      the edges of the articles.
PAR  This cutter can be used in producing many articles such as pouches in a
      single operating stroke. Cutter 14 is heated to a temperature well above
      the melting temperature of the thermoplastic material being formed into
      pouches. The upper temperature is not normally critical. As a practical
      limit, ot should be below the temperature at which the plastic smokes,
      which is of the order of 1000.degree.F. The cutter is pressed, edge 22
      foremost against a stack of pairs of thermoplastic films with
      seal-inhibiting layers separating each pair of films from the next. As
      examples, the seal-inhibiting layer may be silicone oil, or it may be a
      coating of cornstarch or a mineral powder, or it may be a layer of plastic
      that does not form a fused seal to the film below in the stack. Other
      suitable thermoplastic films and seal-inhibiting materials are mentioned
      in said application Ser. No. 256,850. In any case, the seal-inhibiting
      layer is one that is readily penetrated by the hot cutter. As an example,
      a cutter having a copper blade 0.020 to 0.030 inch thick works well.
      Pressure against the cutter is not nearly great enough for a cold
      die-cutting operation. About 5 to 30 pounds pressure against the cutter of
      the thickness in the above example, and having an edge about 27 inches
      long, was ample in a test.
PAR  A stack of polyethylene films, assembled in pairs and with silicone oil
      seal-inhibiting layers between the pairs, can readily be formed by first
      pressing the pre-heated blade to sever all of the films and then allowing
      the blade to rest opposite the cut-out outline of the films while
      above-fusion heat continues to reach the edges of the films. The result is
      shown in FIG. 5, where pairs of films 30, 32 . . . 30a, 32a . . . 30n, 32n
      which is polyethylene in an example are united by fused seals 34, 34a . .
      . 34n. Film 30 in each instance bears a seal-inhibiting layer 36, 36a . .
      . 36n. Without harm, one surface of each film 32, 32a . . . 32n could also
      have a seal-inhibiting coating, that is, film 32 could have a
      seal-inhibiting coating on its surface facing the seal-inhibiting layer on
      film 30a, etc. Thus, pouches can be made of polyethylene films each having
      a covering laminated layer of nylon; and in that case, the composite films
      can be stacked in pairs with the polyethylene sides facing each other and
      the pairs of nylon sides facing each other. Since the nylon sides do not
      fuse together in this process, while the polyethylene does, the fused edge
      seals are formed to produce pouches whereas the successive pouches remain
      readily parted. Some weak edge bonds 38 are formed where cutter edge 22
      "wipes" fused polyethylene across the side of the stack, but such edge
      bond is easily torn for separating each pouch from the next.
PAR  In the illustration (FIG. 5), an edge seal is somewhat thicker than the
      combined thickness of the separate films. The thickness of the seal can be
      much greater than the combined thickness of the separate films, depending
      on the thermoplastic film used and on the temperature of the cutter and on
      the duration of exposure of the edges being fused to temperatures above
      fusion. Typically, the edge-seals made in this way are moderately wider
      than their thickness, and their thickness is greater (e.g., 20%) than the
      combined thicknesses of the films. The fusing temperature developed at the
      edges of a stack of many sets of films penetrates deeper into the stack
      and results in wider edge seals than would occur if a single pair of films
      were being cut and sealed, because of heat conduction from each film to
      the others in the stack. Pressure is not needed in forming the seals;
      pressure may be applied to the stack of films by a plate (not shown)
      located within the outline of the cutter for holding the films flat and
      for insuring ejection of the stack from the cutter in case ejection
      becomes a problem.
PAR  Heat is extracted from the hot cutter's edge upon contact with the stack of
      films. This does not chill the cutting edge because of the continued
      supply of heat from heat-storage portion 16 to the highly heat-conductive
      blade. By proper proportioning of the stack thickness, the mass of metal
      in storage region 16 and the thickness of the blade 14, the temperature of
      the cutter can be maintained above the fusion temperature of the films
      after all the films have been cut to shape, i.e., the cutter has
      penetrated to the bottom of the stack. Cutting through a given stack may
      take four seconds, for example, and the cutter may remain in its end
      position 2 seconds longer. During the latter period, above-fusion heat
      from the blade is radiated from surface 24 to the periphery of the cut-out
      stack. The films fuse together in sets of two or more films along their
      edges, as they are severed. The edge seals become wider and more secure
      because of subsequent exposure of the severed stack to the hot cutter.
PAR  The bottom pair of films is subjected to fusing temperature for a briefer
      period of time than the edges of the top pair of films. In some
      situations, this effect may be inconsequential, because the severed and
      fused edges tend to become retracted from the lateral surface of the
      blade, so that there is an automatic reduction in the rate of heat
      transfer to the fused edges. Where the retraction of the sealed edges from
      the blade is not sufficient, surface 24 of the wall or blade of the hot
      cutter may be modified to slope moderately away from the margin of the
      cut-out stack of films. Accordingly, while the top films are exposed to
      heat from the cutter for a longer period than the edges of the films at
      the bottom of the stack, still there is some equalization in heating of
      the margins of the films, top to bottom, where surface 24 slopes outward.
      The resulting separation of the cutter from the film edges near and at the
      top of the stack after full penetration of the cutter to the bottom of the
      stack tends to transfer less heat per unit time from the hot cutter to the
      margins of the films, thereby approximating an equalization of the heating
      effect of the blade in causing edge fusion of the pairs of films at
      different levels in the stack.
PAR  FIG. 1 shows apparatus for making stacks of edge-sealed films. It includes
      a hot chamber 40 for heating cutters 14 during the slow advance of
      cutter-carrying chain conveyor 42 around sprockets 44. Electric,
      infra-red, or even flame heaters can be used to bring cutters 14 to the
      desired temperature. A long flat bar 46 at the back of the conveyor or at
      the back of plates 10 cooperates with units 8 (via suitable anti-friction
      means) to provide firm backing and location of the planes of cutter edges
      22 as the units 8 travel to the left below that bar. An endless belt 48 is
      arranged around many rollers including driven rollers and freely rotatable
      rollers. Many strips 52 are supplied to endless belt 48. Strips 52 are
      divided into sets of two or more thermoplastic films in each set separated
      from the next set by a seal-inhibiting layer which may be a coating, a
      strip, or a laminate on a film. At the right, belt 48 is disposed at a
      level slightly too low for the films to be engaged by the hot cutters.
      Belt-supporting and driving rollers 54 gradually cause strips or films 52
      to be lifted toward the cutters 14, as the belt advances. After part
      (e.g., about two-thirds) of the horizontal travel of the cutters along bar
      46, the distance of cutters 14 from the rollers 54 is such that
      penetration of all the films is complete. Belt 48 is of a suitable
      material, or is covered by a suitable strip of material, so as not to be
      affected by the heat of the cutters and to be non-sticking in relation to
      the fused plastic at the advancing edges of the cutters. Conveyor 42 of
      the cutters and belt 48 advance in synchronism under bar 46.
PAR  Continued travel of the cut-out stacks of film within the outlines of
      cutters 14 (see FIG. 2) exposes the edges of the films in the stack to the
      film-fusing heat given off by surface 24 (FIG. 4) of cutter blades or
      walls 18. Substantial amounts of heat are transferred to the films as the
      cutter edges fuse the plastic in penetrating into the stack of films 52.
      However, the conductivity of the metal wall or blade 18 transfers stored
      heat from cutter portion 16, so as to maintain film-fusing temperature of
      surface 24 a while longer. Optionally, one edge of each of the strips 52
      is disposed near ends 14a of the cutters, so as to leave an unsealed edge
      portion of each article in the stack, where the articles are pouches and
      require a filling port. Pairs of films 52 may have mutally off-set or
      staggered edges opposite cutter end-portions 14a to facilitate opening of
      the filling ports later on, when the pouches are to be filled. Cut-out and
      edge-sealed stacks 56 of edge-sealed articles emerge at the left. The
      waste portion 52' of strips 52 is drawn to a suitable scrap receiver, not
      shown. Incidentally, the films of scrap 52' are united by the sloping
      portion 26 (FIG. 4) of the hot cutters 14. A pressure plate (not shown)
      may be included within the outline of each cutter 14 to help eject each
      stack 56 as each cutter starts to travel around the left-hand sprockets
      14. Such a plate can be pressed by gravity against the top of the films
      during travel of the cutters under bar 46. When units 8 next advance into
      heater 40, the units are inverted and such pressure plates would recede
      gravitationally, to avoid being heated unduly when cutters 14 are being
      heated.
PAR  A period of time (about 6 seconds, for example) elapses after each stack
      has been formed by penetration of a cutter 14 and until stacks 56 are
      delivered at the left. The temperature of the cutters may have dropped to
      a point near or below fusing heat, and in that case, further prolonged
      exposure of the film stacks to the cutter walls would be of little
      consequence. The distance of travel of the fully cut-out stacks of film
      while the stacks are exposed to the heat of the cutter walls, and the
      temperature and the heat-storing capacity of the cutters, are factors
      affecting the width of the fused edge seals that are formed. The cutters
      could incorporate electrical heating elements thus replacing heater 40,
      and in that event the "on" time of current to such heaters and the
      amperage would be additional factors by which to control the width of the
      fused edge seals.
PAR  At the time the stacks leave the cutters, the margins of the stacks are
      hot, at least partially molten and tacky. The uniformity of the width of
      the seals may be enhanced by promptly subjecting the stacks to opposed
      pressure, as by passing the stacks between diagrammatically illustrated
      pressure rolls 58 or otherwise subjecting the margins of the stacks to
      squeezing pressure.
PAR  The foregoing represents an illustrative embodiment of the invention in its
      various aspects, but certain features may be used apart from others, and
      considerable modification may be undertaken by those skilled in the art.
      Therefore, the invention should be construed broadly in accordance with
      its full spirit and scope.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of making plural articles concurrently wherein each article
      comprises a set of films of thermoplastic material edge-sealed together,
      including the steps of forming a stack of multiple sets of heat-sealable
      thermoplastic films and at least one seal-inhibiting layer interposed
      between each set of films and the next, the seal-inhibiting layer being of
      a thermoplastic material laminated to a face of at least one of the films
      of each set, heating a blade well above the fusion temperature of the
      thermoplastic material, applying the blade with pressure against the stack
      while so heated and while supporting the stack against such pressure, the
      amount of pressure and the sharpness of the blade being less than that
      needed to effect die cutting of the stack in the absence of heat, the
      seal-inhibiting layer being of a material readily penetrated by the heated
      blade with less pressure than that needed for cold-cutting such layer,
      thus severing said sets of films and forming edge seals between the
      severed edges of each set of said films, and applying opoosed pressure to
      the stack of severed sets of films at least adjacent the severed margins
      thereof while the material of said seals is in heat-softened condition for
      enhancing the seals.
NUM  2.
PAR  2. The method of making an article comprising a set of films of
      thermoplastic material edge-sealed together, including the steps of
      assembling at least one set of heat-sealable thermoplastic films,
      consisting of two laminates, each laminate having a
      high-melting-temperature thermoplastic layer on a heat-sealable
      lower-melting-temperature thermoplastic layer, the heat-sealable
      lower-melting-temperature layers of the two laminates of said set being
      disposed against each other, heating a blade above the fusion temperature
      of the high-melting-temperature thermoplastic material, the blade having a
      pattern corresponding to the outline of the desired edge seal of the
      article, applying the blade with pressure against one face of the
      assembled films while so heated and while supporting the films opposite
      the blade against such pressure in a manner accommodating penetration of
      the blade through the past the films, the amount of pressure and the
      sharpness of the blade being less than that needed to effect die-cutting
      of the films in the absence of film-fusing heat, the blade thus severing
      said films and forming an edge seal between heat-softened margins of said
      films along their severed edges, and applying opposed pressure to the
      severed films at least over the heat-softened margins thereof for
      enhancing the seal.
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ABST
PAL  A method and an apparatus for affixing labels to a web of sheet or film
      material by means of a cylindrical labelling device having a label
      arranged peripherally thereon, said label being affixed to the web with a
      pure rolling motion and compressive action.
BSUM
PAR  The present invention relates to a method and apparatus for affixing labels
      to a web of sheet or film material advanced past a labelling device in an
      operation comprising a feeding step in which the film web is advanced over
      a predetermined length equal to the distance between the centre of two
      affixed labels, and a labelling step in which a label is firmly affixed to
      the film.
PAR  The method and the apparatus according to the invention, for example, is
      suitable for affixing labels adapted to form reinforcements on both outer
      walls of carrybags around handles of the type formed by punching holes
      into the bag walls.
PAR  The present invention provides a method and apparatus permitting labels
      with clean-cut edges to be affixed at a considerably higher rate than
      heretofore possible and without the visible welding marks or stitches from
      needles caused by other methods, and also with fewer blisters and folds
      trapped between the bag wall and the label which is consequently firmly
      held in place. Furthermore, the invention provides an apparatus in which
      the size of the label may readily be changed within predetermined
      dimensions.
PAR  The method according to the invention is distinguished by the feature that
      each label is affixed to the film web by means of a cylindrical labelling
      device which during the labelling step is moved against the film web,
      urging subject to rotation a label arranged peripherally thereon against
      the film web to affix same with a pure rolling motion and compressive
      action, and by the labelling device during each feeding step being moved
      away from the film web to a neutral position out of contact with the web.
PAR  The labelling device may be formed as a vacuum cylinder with continuous
      openings provided in the cylindrical surface thereof for retaining the
      label during the movement towards the web by a vacuum action which is
      overcome by the adhesive power as the label is transferred to the web. In
      the labelling step the cylindrical device affixes the label at right
      angles to the web without any sliding motion between device and web, and
      this enables the label to be evenly rolled on thereto without the risk of
      an excessive number of blisters being formed below the label, which is
      provided with an adhesive on the side opposite the vacuum cylinder and
      facing the film web.
PAR  In one embodiment of the method according to the invention, the film web is
      caused both before and after the labelling device to describe a loop
      transversely of its travelling direction past the device, and the material
      of the loop in advance of the device is increased during the feeding step
      by a certain length, while the material of the loop following the device
      is reduced by the same length, and concurrently therewith the web
      following the last loop is advanced one step, corresponding to the
      distance between the label centres, after which the cylindrical labelling
      device, in the labelling step where it is urged against the film web, is
      caused to rotate at a surface speed equal to the moving rate of the film
      produced by the loop in the web in advance of the device again being
      reduced by the aforesaid length, and the loop following the device again
      being increased correspondingly.
PAR  The accumulation in this manner of a certain length of film web makes it
      possible both to advance the web over a uniform length in each feeding
      step and to cause the surface of the cylindrical labelling device and the
      film web to keep accurately in step with each other and in mutual contact
      during the labelling step.
PAR  In a second embodiment of the method according to the invention, the
      labelling device, during each feeding step, is moved over a distance along
      the plane of the film web in its neutral position, and during each
      labelling step, where the film web is at rest, it is moved back over the
      same distance, while affixing in its operative position a label to the web
      with a rolling motion.
PAR  This makes it possible to eliminate a number of movable means for
      controlling the rate of the film web during its movement past the
      labelling device, and to save some space. The labelling device is movable
      either over a distance longitudinally of the film web or transversely
      thereof.
PAR  The rate and dependability of the labelling operation may, according to the
      invention, be improved by the labels being introduced to the cylindrical
      labelling device as a continuous strip of labels, from the leading end of
      which the individual labels are cut off prior to each labelling step. By
      this method is eliminated the disadvantages of known methods where the
      labels are fed individually from a storage container or introduced on a
      supporting strip of paper which is wound up after having surrendered the
      labels. In these known methods the labels are required to pass through a
      number of operating steps before they are ready to be affixed. For
      example, the separate labels of a storage container should first be
      printed, punched, stacked and conveyed, and the container needs frequent
      replenishing, and also there is the risk of the labels sticking together
      when they are to be removed from the container, which involves loss of
      machine hours.
PAR  In affixing labels adapted to form reinforcements of bag handles or for
      similar purposes, the film web according to the invention may
      simultaneously be provided with labels on opposing sides, the latter being
      passed between two opposingly arranged cylindrical labelling devices, one
      of which, in the labelling step, being swung inwardly against the web.
PAR  The apparatus according to the invention for carrying out the method is
      distinguished by the feature that the labelling device is a pivotally
      mounted cylinder connected to drive means for feed rolls in such a manner
      that when the latter are operative in the feeding step, it is lifted and
      maintained clear of the film web in a neutral position, whereas when the
      feed rolls are at rest during the labelling step, it is held against the
      film web in an operative position in which it is able, while rotated, to
      move a label arranged on its periphery against the film web to affix same
      with a pure rolling motion and under pressure. In such an apparatus it is
      a relatively simple matter to synchronize the operation of the drive
      mechanism of the pivotally mounted and rotating labelling device with the
      feeding mechanism for the film web, and the apparatus applies the labels
      under a pressure at right angles to the film web, which, as mentioned
      above, affords the best possibilities of a tight-fitting relationship of
      the labels against the web with no wrinkles and blisters on the reverse.
PAR  One embodiment of the apparatus according to the invention is distinguished
      by the fact that the centre of a tilting lever is pivotally mounted about
      an axis perpendicular to the feeding direction of the web so as to be
      equally tiltable to both sides from a central position parallel to the
      feeding direction of the web, between a first position I, in which its end
      opposite the feeding direction has the least spacing from the web, and a
      second position II, in which the said end has the greatest spacing from
      the web, each end of said tilting lever supporting a pivotally mounted
      roll adapted in co-operation with guide rollers to loop the web
      transversely of the feeding direction, before and after the labelling
      device respectively, and that an actuating mechanism is connected to a
      drive mechanism for the feed rolls such that when the latter are in
      motion, the tilting lever will swing from said first to said second
      position, and where, the labelling device includes actuating means
      drivingly connected to the actuating mechanism of the tilting lever such
      that they will swing the labelling device from a neutral position to an
      operative position when from said second position II the tilting lever is
      moved back to said first position I, the labelling device being connected
      via a drive transmission to the tilting lever such that its surface at the
      point of contact is advanced at the same rate as the web upon moving the
      tilting lever from one position to the other.
PAR  The tilting lever makes it possible to accumulate the web material for
      advancing the material past the cylindrical labelling device and at the
      same surface speed as the latter in the labelling step. The tilting lever
      has the effect that the amount of film web released in the feeding step
      from the loop following the labelling device will correspond exactly to
      the length of web taken up in the loop in advance of the device, and the
      reverse will apply in the labelling step. The distance between the labels
      will solely depend on the forward pull of web by means of the feed rolls
      and entirely independent of the function of the tilting lever.
PAR  A second embodiment of the apparatus according to the invention is
      distinguished by the fact that the cylindrical labelling device is
      pivotally mounted on a sliding bracket connected to the drive means for
      the feed rolls so that when the latter are rotated, it is moved over a
      distance along the plane of the film web from a first position I to a
      second position II with the labelling device in its neutral position,
      while during the period when the feed rolls are at rest, it is moved back
      over the same distance with the labelling device in operative position,
      rolling on the film web at the same peripheral speed as the moving rate of
      the sliding bracket relatively to the film.
PAR  In such an apparatus it is a relatively easy matter to ensure that the
      labels are affixed with a pure rolling motion, and the film web is moved
      rectilinearly through the apparatus, which minimizes the risk of it
      becoming entangled to thereby cause operation stoppages.
PAR  The apparatus according to the invention could expediently be fed label
      material as a strip coated with an adhesive on the side opposite the
      labelling device, and from the leading end of which strip the individual
      labels are cut off before moved against the film web.
DRWD
PAR  The invention will be further explained in the following with reference to
      the drawings, in which
PAR  FIG. 1 is a schematic side view of one embodiment of the apparatus for
      affixing labels in the form of reinforcements to both outer side walls of
      plastic carrybags for the purpose of reinforcing handles formed by
      punching holes in the bag walls, and
PAR  FIG. 2 and 3 represent a side, and top view, respectively, of a second
      embodiment of the apparatus according to the invention, also in schematic
      form.
DETD
PAR  FIG. 1 shows a web P of double film, divided into bag blanks by means of
      transverse welds, and which enters the apparatus from the left end thereof
      shown in the figure and is passed over a roller 2 having a fixed axis of
      rotation and around a roller 3 mounted at one end of a tilting lever 31
      pivotal about its centre 32 and back over another roller 4 having a fixed
      axis of rotation, after which it is moved past a labelling device
      consisting of two vacuum cylinders 18 and 18a for simultaneously affixing
      labels to both sides of the bag blanks. From the said device the film web
      continues over a roller 5 having a fixed axis of rotation and over a
      roller 6 mounted at the other end of the tilting lever and back over yet
      another roller 7 having a fixed axis of rotation. After the roller 7 the
      web is passed downward around a roller 8, which is vertically adjustable,
      and continues over a roller 9 having a fixed axis of rotation to form a
      loop of adjustable size and further in between a pair of feed rolls 37 and
      38 which by clamping the film during the first half of each cycle of
      operation, which forms a feeding step, advances same one step
      corresponding to the distance between the centres of the consecutive bags,
      or in other words, equal to the bag width. The vertical adjustment of the
      roller 8 is effected by means of a spindle provided with a handle, and
      this compensating unit serves to adjust the position of the bags between
      the labelling devices 18 and 18a during the second half of each cycle of
      operation in which the labels are affixed.
PAR  The tilting lever 31 is driven by an eccentric 33 mounted about an axis 34,
      on which eccentric a cam follower roll 35 is adapted to rotate, being
      mounted on the tilting lever and held against the periphery of the
      eccentric by the tensional force of a spring 36.
PAR  During the feeding step the feed rolls 37 and 38, driven by a crank
      mechanism, advances the web of material a distance equal to one bag width.
      The drive mechanism of the feed rolls are connected to the drive mechanism
      of the eccentric 33 such that the tilting lever is simultaneously moved
      from an indicated first position I to an indicated second position II,
      whereby the roller 3 moves downwardly and the loop formed over the rollers
      2, 3 and 4 will take up a length of film corresponding to exactly the
      length of film released by the loop formed over the rollers 5, 6 and 7
      being diminished as the roller 6 moves upwardly. During the feeding step
      of each cycle of operation the vacuum cylinders 18 and 18a are spaced from
      the film web P so as to allow the latter freely to pass between the
      cylinders.
PAR  During the second half of each cycle of operation, which forms a labelling
      step, the tilting lever 31 is moved from position II back to position I so
      as to release material from the loop formed over the rollers 2, 3 and 4,
      and film material is passed in between the vacuum cylinders 18 and 18a now
      swung inwardly against the lower and upper surfaces of the web at a rate
      equal to the surface speed of said cylinders as further explained in the
      following.
PAR  The labels or reinforcements to be applied to both side walls of each bag
      are fed from a supply bobbin 10 as a continuous tape 19 coated with an
      adhesive on one side thereof. The tape passes over an overun cam roller 12
      and continues around a power-driven evenly rotated feed roll 13, and as
      the adhesive is on the side facing the feed roll, it contributes to
      establishing a power-transmitting connection between tape and feed roll.
      From the feed roll the tape continues around a "dancing" roller mounted on
      a swivel arm 19a biased by a spring 16 to produce a tensile stress with
      regard to the tape. Furthermore, this arrangement serves to accumulate the
      tape which is passed further down and around a gauge cylinder 17 before
      entering the vacuum cylinder 18. The swivel arm 19a of the "dancing"
      roller further serves as speed governor, being adapted in its extreme
      positions to adjust a potentiometer which determines the potential across
      a motor 15 driving the feed roll 13. From the opposite side of the web P,
      tape 19 is fed in similar manner from a supply bobbin 11 across a
      "dancing" roller 19a and a gauge cylinder 17a on to the vacuum cylinder
      18a.
PAR  The vacuum cylinders are mounted in gearboxes 41 and 44 and driven together
      with the gauge cylinders 17 and 17a by means of gearwheels from an input
      shaft 20 such that one turn of the input shaft will cause the gauge
      cylinders to perform one full turn while the vacuum cylinders 18 and 18a
      are simultaneously rotated half a turn.
PAR  The input shaft 20 is driven through a one-way clutch and a chain wheel 21
      concentrically mounted with respect to the shaft and in engagement with
      and driven by a chain 22 passed over chain wheels 23, 24, 25, 26 and 27,
      the ends of which chain are secured to the frame of the apparatus at
      points 29 and 30. The chain wheels 23 and 27, mounted at respective ends
      of the tilting lever 31, and the other chain wheels are so arranged that
      the chain will form loops following the loops in the film web P formed by
      the rollers 3 and 6 at the ends of the tilting lever. The one-way clutch
      is so arranged that the chain wheel 21 will bring with it the input shaft
      20 when the tilting lever is moved from position II indicated by fully
      drawn lines to position I indicated by a dash line. This means that during
      the labelling step, in each cycle of operation the vacuum cylinders 18 and
      18a are rotated half a turn and will each move a label 1 against the bag
      web P by a rolling motion and pressure at right angles to the web, the
      cylinders moving at the same rate as the latter. The gearbox 41 is
      pivotally mounted about the axes of the gauge cylinders, and a cam disc 42
      co-operates with a cam follower roll 42a mounted in the gearbox 44 to
      produce the swinging movements of the labelling device.
PAR  In the feeding step the feed rolls 37 and 38 advance the material over a
      length equal to one bag width, there is released, as stated, a certain
      amount of bag material from the loop formed over the rollers 5, 6 and 7,
      and an amount of material having exactly the same length are taken up in
      the loop formed over the rollers 2, 3 and 4. At the same time, the chain
      22 performs the same movement as the bag material, it being likewise
      controlled by the motions of the tilting lever 31. This means that the
      chain will have rotated the chain wheel 21 on the input shaft 20, but the
      one-way clutch is arranged so as to be free-wheeling when the chain wheel
      21 shown in the drawing is rotated clockwise, and therefore the input
      shaft 20 has not moved. Thus, the labelling devices 18 and 18a are
      standing still during the feeding step of each cycle, and in this position
      the leading end of each label tape 19 is cut off by means of a cutter
      mechanism 39 and 40, respectively, in which a slidable knife is actuated
      for severing the tape, it being operated, for example, from an air
      cylinder actuated by a magnetic value and a microswitch which is closed
      after each half turn of the vacuum cylinder. As stated, the labelling
      devices 18 and 18a, in this position, are out of contact with each other
      and the intermediate film material so as to allow the latter freely to
      move through the clamping area between the cylinders during the feeding
      operation by means of the feed rolls 37 and 38.
PAR  During the labelling step in each cycle of operation the feed rolls 37 and
      38 are at rest, and the tilting lever 31 moves from position II back to
      position I driven by the eccentric 33, whereby equal amounts of chain and
      bag material are released from the loop formed over the rollers 2, 3 and
      4, while an equal amount of chain and bag material is taken up in the loop
      formed over the rollers 5, 6 and 7, i.e., the bag material and the chain
      are moved at exactly the same linear rate. During this movement the chain
      drives the input shaft 20 through the chain wheels 21 and the one-way
      clutch, and as half the circumference of the labelling device equals the
      length of the amount of bag material passed between the clamping area of
      the labelling cylinders, the rate of the bag material will at any time
      equal the surface speed of the labelling devices such that the
      reinforcements are rolled on to the bag walls subject to a compressive
      action at right angles thereto.
PAR  The non-adhesive side of the tape fed engages the surface 18 and 18a of the
      labelling devices, being kept smooth by the higher surface speed of the
      labelling devices in relation to the gauge cylinders 17 and 17a, being
      retained by the vacuum through perforations provided in the cylinder
      surfaces sucking and holding the tape thereto until the cut-off labels or
      reinforcements are urged with their adhesive side against the bag
      material. Owing to the higher surface speed of the labelling device, each
      label cut off is removed a distance from the tape.
PAR  In the apparatus shown in FIGS. 2 and 3, a web P of double film, divided
      into bag blanks prior to or following the labelling operation by means of
      transverse welds, is advanced stepwise through the apparatus over a
      rectiliniar path by means of the feed rolls 37 and 38 in the direction
      indicated by the arrow, i.e., from left to right in the figure. The film
      web is passed under the cylindrical labelling device 18, and the example
      shown includes another labelling device 18a provided thereunder and
      adapted to affix labels to the lower surface of the film, serving at the
      same time as a counterpressure roll.
PAR  The labelling devices are adapted to hold a label along their periphery and
      move it against the film web, where the force holding it to the cylinder
      is relieved and the label affixed by a pressure exercised at right angles
      to the web by the labelling device rolling thereon. In this manner the
      labels are smoothly applied with the least possible number of blisters
      between label and film and without wrinkles. The labels may, for instance,
      be held to the periphery of the device by means of vacuum which is
      relieved after moving the label down to the film web. The labels may, if
      desired, be fed as a tape 19, from which the individually labels are
      gradually cut off by means of cutter mechanisms, as discussed above in
      connection with the apparatus of FIG. 1. The labels may be coated with an
      adhesive actuated by pressure, or an adhesive coat may be applied in
      conventional manner to the side of the label opposite the labelling device
      immediately prior to its affixture.
PAR  The labelling device 18 is mounted in the gear box 41 which is pivotally
      mounted on a sliding bracket 45, it being capable of pivoting about an
      axis 46 from a neutral position in which it is lifted above the film web P
      to the operative position shown in FIG. 1 where the labelling device is
      urged against the film web. The labelling device 18a is mounted about a
      fixed axis 47 on the sliding bracket. The swinging movement of the gearbox
      41 and the labelling device 18 is possible by means of a not shown cam
      disc connected to drive means for the feed rolls 37 and 38 in such a
      manner that the device 18 remains in its raised neutral position when the
      feed rolls are rotating to advance the film one step, whereas the
      labelling device is moved down into its operative position against the
      film when the feed rolls are at rest.
PAR  The sliding bracket 45 slides on two cylindrical guides 47a, one end of
      which is surrounded by a coil spring 48, and said springs are capable of
      moving the sliding bracket from the position I indicated to the left in
      the drawing by a dash line to the position II indicated to the right in
      drawing by a dash line when the sliding bracket is not subject to opposing
      forces. This movement takes place when the labelling device 18 is raised
      to its neutral position and while the feed rolls 37 and 38 advance the
      film web P a distance. Movement in the opposite direction is produced by
      means of an eccentric 49 connected to the drive means of the feed rolls
      and mounted such that when the rolls are at rest, its periphery is allowed
      to apply a pressure to a cam follower roll 50 which is mounted at one end
      of a push rod 51 so as to move said rod to the left in the figure. At the
      opposite end of the rod is mounted a gearwheel 52, the lower portion of
      which runs on a stationary toothed bar 53, and the upper portion of which
      is in engagement with a toothed bar 54 secured to the sliding bracket 45.
      In this manner the sliding bracket 45 is displaced to the left in the
      figure, and during this movement a gearwheel 55 is running on a stationary
      toothed bar 56. By means of a one-way clutch 57 the gearwheel 55 is
      connected to the shaft 47 on which the labelling device 18a is secured,
      having the same diameter as this.
PAR  As the gearwheel drives the shaft upon rotating in the direction indicated
      by the arrow (clockwise), the labelling device 18a will be rolling on the
      film web at a peripheral speed equal to the speed of the sliding bracket,
      to thereby affix a label with a purely rolling motion. This also applies
      to the labelling device 18 which through a transmission means is drivingly
      connected to the labelling device 18a such that they rotate at the same
      speed in opposite directions. The said transmission means includes a
      gearwheel rotatably mounted about the pivot axis 46 of the gearbox 41. As
      the feed rolls 37 and 38 are at rest during this movement of the sliding
      bracket 45 to the left in the figure, the device 18 is moved down to its
      operative position, as shown in the drawing. During the rolling motion a
      label is transferred, as explained above, from each device to their
      respective sides of the film web P.
PAR  After having moved the sliding bracket to position I of the eccentric 49 on
      the push rod 51, the springs 48 will again be able to move it to the right
      in the figure after the labelling device having been raised to its neutral
      position. This causes the gearwheel 55 to rotate in the opposite direction
      but without bringing with it the labelling device 18a as the connection
      thereto is disengaged by the one-way clutch 57.
PAR  It will be appreciated that the apparatus may also be so designed that the
      sliding bracket and the labelling devices will perform a movement
      transversely of the travelling direction of the film web P, as in that
      case the web could also be advanced between the devices when the upper one
      thereof is swung upwards to a neutral position, and the labelling devices
      are allowed to roll transversely fo the film web in their operative
      position when the film is at rest.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of affixing labels to a web of sheet or film material
      comprising the steps of:
PA1  stepwise advancing a film web into and out of said apparatus,
PA1  moving said advanced film web in synchronism with a label being affixed
      thereto by pivoting a tilting lever mounted to said apparatus, said
      tilting lever having rollers at each end thereof about which said film web
      is positioned,
PA1  feeding a web of labels to a vacuum roller,
PA1  attracting said labels to the surface of said vacuum roller,
PA1  cutting each label from the web of labels after each label is attracted to
      the surface of said vacuum roller, and
PA1  rotating said vacuum roller by said tilting lever slightly faster than the
      rate at which said web of labels is fed thereto to thereby separate the
      cut label from said web of labels, and
PA1  moving said vacuum roller against said film web and urging while rotating a
      label arranged peripherally thereon against said film web to affix the
      label to the film web with a pure rolling motion and compressive action.
NUM  2.
PAR  2. The method of claim 1 further comprising the steps of feeding the labels
      in the web of labels to said vacuum roller via a gauge cylinder, rotating
      the gauge cylinder to predetermined arc length to thereby feed a
      predetermined length of the web of labels to said vacuum roller,
      disengaging the vacuum roller from the web to move said vacuum roller to a
      neutral position when said tilting lever is in a first position, and
      severing the label from the web of labels when in said disengaged
      position.
NUM  3.
PAR  3. The method according to claim 1 further comprising the step of
      simultaneously applying labels to opposite sides of said film web by means
      of two opposingly arranged vacuum rollers.
NUM  4.
PAR  4. An apparatus for affixing labels to a web of sheet or film material
      comprising means for step-wise advancing a film web into and out of said
      apparatus, a tilting lever pivotally mounted to said apparatus, said
      tilting lever having rollers at each end thereof about which said film web
      is positioned for moving said film web in synchronism with a label being
      affixed thereto, a gauge roller means for intermittently feeding a web of
      labels, said gauge roller means being driven by said tilting lever, a
      vacuum roller means receiving the web of labels from said gauge roller
      means for applying said labels to said film web, means for cutting each
      label from the web of labels after a label is attracted to the surface of
      said vacuum roller, said vacuum roller being driven by said tilting lever
      at a slightly faster rate than said gauge roller to thereby separate said
      cut label from said web of labels, and means for moving the vacuum roller
      against the film web and urging while rotating a label arranged
      peripherally thereon against the film web to affix the label to the film
      web with a pure rolling motion and compressive action, said advancing
      means including means independent of said tilting lever for varying the
      deistance between said labels affixed to said web.
NUM  5.
PAR  5. The apparatus of claim 4 further comprising an adjusting unit for
      adjusting the longitudinal position of the film web in relation to said
      vacuum roller means, said adjusting unit comprising guide rollers mounted
      about fixed axes and a guide roller arranged with adjustable spacing about
      the line through the center of said guide rollers and over which the web
      is passed to form a compensating loop of adjustable size.
NUM  6.
PAR  6. The apparatus of claim 4 further comprising a gauge roller means and a
      vacuum roller means positioned on the underside of said film web for
      applying labels to both sides of said film web.
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ABST
PAL  A method of, and apparatus for, the butt connection of plies formed of
      plastic deformable material, especially rubberized steel cord plies,
      wherein the cut surfaces of the plies to be connected are beveled or
      tapered parallel to one another, positioned so as to be mutually
      elevationally offset with respect to one another, and then joined
      together.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a new and improved method of butt
      connecting plies of plastic deformable material, if desired containing
      reinforcement inserts, especially rubberized steel cord plies, and also
      pertains to a new and improved construction of apparatus for the
      performance of the aforesaid method.
PAR  During the production of endless plies it is necessary to join together
      individual ply elements with one another into a continuous web. There is
      known to the art a method and apparatus for the butt connection of
      flexible strips, wherein both ends of the strips, which previously have
      been rendered adhesive, are connected by an elastic element which
      tangentially acts upon the ends. The drawback of this known apparatus
      resides in the great technological expenditure which is required. Thus,
      apart from the clamping plates which are needed for fixing the strips,
      there are also necessary devices for moving such clamping plates, an
      elastic membrane, as well as devices for stressing and relieving such
      membrane, and also lengthwise guides for the strips. This complicated
      construction renders the equipment extremely subject to malfunction. Also
      what is disadvantageous for this technique is the fact that the strips
      must be rendered adhesive. This can be carried out by applying a binder or
      by electrical, chemical or thermal treatment. In any event, there is
      necessary an additional working step and additional equipment.
      Furthermore, with this prior art technique there is not realized any
      smooth surface at the butt joints or locations, rather there are present
      irregularities, damming-up of the material and inhomogeneities. Also
      disadvantageous with this state-of-the-art procedure is that this
      technique only can be carried out with strips of very small width, since
      when using strips of greater width there only can be obtained an
      insufficient tangential action by the elastic elements, so that the strips
      cannot be sufficiently rigidly connected with one another.
PAR  Moreover, there is known to the art an apparatus for the production of an
      endless fabric band with wire cores or inserts which are arranged at an
      angle. This equipment comprises a splicing table, supports, infeed
      components, components for moving and depositing the band as well as a
      cutting device and magnetic holding devices. When using this equipment it
      is possible to obtain a good fixation of the fabric bands which are to be
      connected, but the connection itself of such fabric bands must be manually
      performed. Consequently, working with this equipment requires a great deal
      of time and there is not insured for the necessary accuracy.
PAC  SUMMARY OF THE INVENTION
PAR  Hence, it is a primary object of the present invention to provide an
      improved method of, and apparatus for, the butt connection of plies formed
      of a plastic deformable material in a manner not associated with the
      aforementioned drawbacks and limitations of the prior art proposals.
PAR  Another and more specific object of the present invention aims at providing
      an improved method of, and apparatus for, the butt connection of plies,
      while avoiding the aforementioned drawbacks, and while providing a
      relatively rapid and simple operating procedure, and wherein at the same
      time there can be realized a high degree of accuracy of the connected
      plies.
PAR  Now in order to implement these and still further objects of the invention,
      which will become more readily apparent as the description proceeds, the
      method aspects of this development are manifested by the features that the
      cut or cutting surfaces of the plies which are to be connected together
      are beveled or angularly cut parallel to one another, positioned so as to
      be mutually elevationally offset with respect to one another, and then
      joined together by applying a force or pressure. By virtue of this
      operating technique there can be realized a completely smooth surface at
      the joint or connection location without any build-up or damming-up of
      material. Due to the fact that the surfaces of the plies which are to be
      connected are beveled or tapered, there is avoided, on the one hand, that
      air will be entrapped and, on the other hand, due to the larger surface of
      the connection or joint location there is realized an exceptionally good
      adherence or joining of the layers with one another.
PAR  With the inventive method, especially when connecting rubberized steel cord
      plies, there can be obtained an extremely good and sturdy connection if
      the plies which are to be interconnected are cut or biased at an
      inclination, preferably at an angle of about 60.degree., whereby at one of
      both cut surfaces the cord at its margin, referred to as the marginal
      cord, is partially freely exposed or bared or only slightly remains
      covered by rubber, whereas the other marginal cord remains covered by
      rubber of approximately the width of the intermediate space between two
      cords or is partially bared or exposed. If the cutting angle is
      considerably steeper, then during the joining together of the mutually
      elevationally offset positioned plies there already arise small
      inaccuracies in the butt connection, whereas if such cutting angle is
      considerably flatter, then during the subsequent proposed linear alignment
      there can occur deformations of the edges. Since both of the plies, prior
      to being joined together by pressure, are positioned so as to be mutually
      elevationally offset, there is realized by virtue of the complementary
      tapering of both cutting surfaces, while taking into account the rubber
      material which fills out the intermediate space between two cords, a butt
      connection in which the spacing of both marginal cords from one another
      corresponds to the spacing of the cords in the plies.
PAR  In particular steel cord reinforced plies, notwithstanding cutting with a
      linearly traveling knife, due to internal stresses there is oftentimes
      produced a cut surface which deviates slightly from the straight line.
      When joined together this leads to the result that both of the cut
      surfaces do not bear against one another along individual partial regions.
      When carrying out the inventive method it has therefore been found to be
      advantageous if the cut or cutting surfaces of the plies which are to be
      interconnected, prior to joining together, are aligned linearly and
      parallelly with regard to one another and fixed in this position. In this
      way there is realized a particularly great accuracy of the connection and
      in a particularly simple manner it is insured that the plies will assume
      the desired position during their connection.
PAR  A position which is particularly favorable for the connection of the plies
      also can be realized in that the cutting surfaces of the plies which are
      to be interconnected are positioned so as to be mutually elevationally
      offset by somewhat less than the thickness of one ply. If the elevational
      offset position is considerably greater then usually the fixation of the
      linearity of the cutting surfaces of the upper ply only can be attained
      with difficulty and there can arise inaccuracies during joining together.
      If the elevational offsetting is considerably less, then the inventive
      effect, particularly the later proposed flowing into one another of the
      rubber residues or material surrounding the marginal cords, no longer is
      completely realized.
PAR  In order to obtain a particuarly faultless connection or joint it has been
      found to be advantageous to position the cutting surfaces of the plies
      which are to be interconnected, prior to their joining together, such that
      they slightly overlap one another in such a way that the centers of both
      marginal cords which come to lie adjacent one another at the joint
      connection, measured parallel to the plies, possess a spacing which
      amounts to between one-quarter and an entire cord diameter. If the spacing
      is considerably greater, then there is present the danger that too little
      rubber material will remain at the butt connection, so that thereafter
      both of the marginal cords can be more easily separated from one another
      than two random other cords in the ply. If the spacing is considerably
      less, then there is present the danger that the marginal cord of the upper
      ply will no longer slide along the marginal cord of the lower ply, rather
      will slide over such, or in fact will be pressed behind such at zones.
      Consequently, there will be produced inaccuracies and faulty locations at
      the butt connection.
PAR  If the force or pressure which is employed for joining together the plies
      is exerted at an inclination to the plies, and if such is a resultant
      force from a respective force component parallel to the plies and
      perpendicular to the plies, then during joining together of the piles
      there is produced a flow of the plastically deformable material of the
      plies and thus a particularly intimate connection. The angle of this
      resultant force is preferably approximately of the same magnitude, but
      viewed from the vertical directed to the other side, as the angle at which
      the cutting surfaces of both plies are tapered or beveled.
PAR  An optimum butt connection then can be realized if the overlapping and the
      angle at which the force or pressure required for joining together
      impinges at the joint connection, are accommodated to one another such
      that both marginal cords slide-off along one another, with the result that
      between the same the rubber residues surrounding such flow into one
      another. It has been surprisingly found that even when for both of the
      steel cord plies which are to be connected the marginal cord is partially
      bared or exposed, there is still realized an exceptional and particularly
      homogeneous connection of the plies.
PAR  As previously mentioned, the invention is not only concerned with the
      aforementioned method aspects, but also with a new and improved
      construction of apparatus for the performance of such method wherein there
      is provided at least one press-on or contact beam which can be displaced
      at an inclination along the plies, such press-on or contact beam having a
      contact surface which is preferably flattened parallel to the plies. It
      has been surprisingly found that for as homogeneous as possible butt
      connection what is decisive, among other things, is particularly the angle
      at which the force acts upon both cutting or cut surfaces. A
      perpendicularly acting press-on or contact beam would press at a very flat
      angle of about 30.degree. against the cutting surfaces which are beveled
      or angularly cut at an angle of 60.degree., whereas a contact or press-on
      beam which is guided at an inclination towards the other direction through
      an angle of 30.degree. would press at an angle of about 60.degree. at the
      cutting surfaces and thus would considerably more favorably influence the
      flowing together of the rubber residues or residual rubber material which
      surrounds the marginal cords.
PAR  If the contact surface of at least one contact or press-on beam is
      constructed in cross-section so as to be slightly convexly domed or
      convexly arched, then there can be realized with such type equipment,
      especially with rubberized steel cord plies, a particularly rigid and
      uniform connection, since in this case the force or pressure which presses
      together the plies can be transmitted exceptionally well to the joint.
PAR  It is particularly advantageous if there are provided for both of the
      cutting or cut surfaces which are to be connected together linear impact
      ledges which are parallel to one another and preferably pivotable or
      tiltable, as well as gripper elements which are arranged at a slight
      spacing from and parallel to the cutting surfaces over the entire width of
      the plies to be interconnected, and which gripper elements press the
      cutting surfaces in sections or zones against the impact ledges. Such
      gripper elements can be, for instance, resilient pins, or bolts which can
      be pressed against one another and arranged in superimposed fashion below
      and above the marginal zones of both plies.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawing wherein:
PAR  FIG. 1 is a plan view of an exemplary embodiment of apparatus wherein for
      the sake of improving clarity in illustration there have been conveniently
      omitted the plies, the cutting-, the positioning-, the displacement- and
      the winding devices;
PAR  FIG. 2 is a partial cross-sectional view of the arrangement of FIG. 1,
      taken along the line II-II thereof, wherein also in this case for the sake
      of preserving clarity in illustration cutting-, position-, displacement-
      and winding devices have been omitted;
PAR  FIGS. 3 and 4 are respective partial sectional views through the equipment
      depicted in FIG. 2, wherein respective different ply structures are shown
      and the plies are depicted prior to being joined together; and
PAR  FIG. 5 is a cross-sectional view through a press-on or contact beam
      equipped with a convex press-on or contact surface.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, the exemplary embodiment of the apparatus
      depicted in FIGS. 1 and 2 consists of a stationary frame unit 1 and 1' at
      which there are arranged support plates or sheet metal support members 2
      and 3 for the plies 4 and 5, the movable vacuum plates 6 and 7 with the
      recesses or depressions 8, the pivotal stops 9 with the impact or stop
      ledges 10 and the lower press-on or contact beam 11 located at a slight
      spacing therebetween.
PAR  Apart from the foregoing structure the equipment of this development is
      also provided with an upper press-on or contact beam 12, which moves at an
      inclination, as shown, and which is guided at the frame 13 by the guide
      means 14. Double-acting piston-cylinder units 15 serve to move the upper
      contact beam 12, these piston-cylinder units being connected via the
      supports 16 at the frame 13. The apparatus also further possesses two
      devices for pressing the cut or cutting surfaces 17 and 18 of the plies 4
      and 5 against the impact ledges 10 and which consist of the frames 19 and
      20 and the supports 21 and 22 for the gripper elements 23 and 24. The
      displacement means for the stops 9, for the vacuum plates 6 and 7 and for
      the resilient gripper elements 23 and 24 consist of double-acting
      piston-cylinder units 25, 26, 27, 28, which through the agency of
      associated piston rods 29 actuate the corresponding devices.
PAR  The embodiments depicted in FIGS. 3 and 4 portray an upper inclined
      traveling press-on or contact beam 12 with its contact surface 30 and a
      stationary lower press-on or contact beam 11 with its contact surface 31.
      Between both of the contact beams 11 and 12 there are located both of the
      plies or layers 4 and 5 which are mutually elevationally offset in
      position and already placed in contact with one another. They contact or
      abut one another at their cut or cutting surfaces 17 and 18 (FIG. 3) and
      32 and 33 (FIG. 4) respectively.
PAR  In FIG. 3 the cut surfaces 17 and 18 of the plies 4 and 5 are cut at an
      inclination to the plies 4 and 5, preferably at an angle .alpha. of about
      60.degree., and at the cut surface 18 the marginal cord 34, which consists
      of intertwined steel wires or cables 35, is partially freely exposed, as
      shown. At the cut surface 17 the marginal cord 34 is covered by rubber 36
      of approximately the width of the intermediate space between two such
      cords. The elevational offsetting of the plies 4 and 5 amounts to somewhat
      less than the thickness of one ply.
PAR  In FIG. 4 the cut or cutting surfaces 32 and 33 of the plies 4 and 5 are
      angularly cut or beveled such that the marginal cords 34 of both of the
      plies 4 and 5 which are to be interconnected are partially freely exposed.
PAR  In FIGS. 3 and 4 the contact surfaces 30 and 31 of the upper contact or
      press-on beam 12 and the lower contact or press-on beam 11 respectively,
      are constructed so as to be parallel to the plies 4 and 5. The angle
      .alpha. which is formed by the upper contact beam 12, which can be
      displaced at an inclination downwardly, and the ply 5, in this case
      amounts to about 70.degree.. At the cut surfaces 17 and 18 and 32 and 33
      respectively of the plies 4 and 5 there are present rubber residues or
      residual material portions 37.
PAR  FIG. 5 shows an upper contact or press-on beam 38 in cross-section, the
      contact surface 39 of which is constructed to be slightly convexly domed
      or convexly arched. This upper contact or press-on beam 38 can be used in
      the equipment of this development instead of the contact or press-on beam
      12.
PAR  There will be now hereinafter described in conjunction with the equipment
      of this development, as illustrated in the drawings, the performance of
      the butt connection technique, particularly while referring to FIGS. 1, 2,
      3 and 4.
PAR  A cutting device which has not been particularly depicted in the drawings
      and may be of any suitable and conventional design, cuts plies formed of
      plastic deformable material, and if desired containing reinforcement
      inserts, especially rubberized steel cord plies, into sections, in which
      the cord in the lengthwise direction is arranged parallel adjacent one
      another in the plies.
PAR  These sections then carry out a rotation of 90.degree. about their center,
      so that upon joining together the steel cord plies which are to be
      interconnected into an endless ply, the cord is located perpendicular to
      the lengthwise direction of the produced endless ply. The cut surfaces 17
      and 18 (FIG. 3) or 32 and 33 (FIG. 4) of the plies or layers 4 and 5 which
      are to be connected together are cut parallel to one another and parallel
      to the lengthwise axes of the marginal cords 35 and at an angle .alpha.
      preferably of about 60.degree., so that at one of both cutting surfaces 17
      and 18 the marginal cord 34 is partially exposed or bared or only slightly
      covered by rubber 36. Another possibility would be, as shown in FIG. 4, to
      bevel the cut or cutting surfaces 32 and 33 such that both marginal cords
      34 are partially exposed or bared. Then the plies 4 and 5 which are to be
      interconnected are transported by means of a not particularly illustrated
      suitable transport device to a positioning device which brings such plies
      into the appropriate position at the support members or plates 2 and 3. In
      so doing, the cut or cutting surfaces 17 and 18 or 32 and 33 respectively,
      of the plies 4 and 5, prior to their being joined together, are positioned
      so as to be mutually elevationally offset with respect to one another by
      an amount which is slightly less than the thickness of one ply. Then prior
      to joining together of the plies there is undertaken an alignment at the
      linear pivotal stops 9 which are in parallelism with one another and
      equipped with the impact or stop ledges 10. The alignment operation occurs
      by means of a device arranged over the entire width of the plies 4 and 5
      to be interconnected with the aid of the gripper elements 23 and 24, which
      for instance may be constituted by resilient pins or bolts arranged in
      superimposed relationship below or above the marginal zone of both plies 4
      and 5 and can be pressed against one another. These resilient pins or
      bolts are secured at the supports or carriers 21 and 22 which are moved in
      the frames 19 and 20 by the double-acting piston-cylinder units 28. This
      device presses the cut surfaces 17 and 18 or 32 and 33 respectively, in
      sections or zones against the impact ledges 10. In this position the plies
      4 and 5 are then fixed or held at the vacuum plates 6 and 7, which have
      recesses or bores 8, by application of a vacuum, fixing of the plies
      occurring such that every positional change of the plies is rendered
      impossible. Such then renders possible proceeding with the further
      operational steps of the method of the invention.
PAR  After the aforedescribed fixation of the plies, the gripper elements 23 and
      24 which are required for leveling, are moved by means of the
      double-acting piston-cylinder units 28, which engage by means of their
      piston rods 29 at the supports 21 and 22, out of the direct region of the
      cutting surfaces 17 and 18 or 32 and 33 respectively, of the plies which
      are to be interconnected, in a direction which is tangential with respect
      to the plies 4 and 5 to the region of the contact beams 11 and 12. The
      mutually elevationally offset cut or cutting surfaces 17 and 18 or 32 and
      33 of the plies 4 and 5 which are to be interconnected are moved to such
      an extent towards one another that they thus slightly overlap one another
      such that the centers of the two cords 34 which come to lie next to one
      another at the butt or connection joint --measured parallel to the plies 4
      and 5-- possess a very small spacing or small as possible spacing fron one
      another, which preferably amounts to about one-half of the cord diameter.
      Then there takes place a lowering of the vacuum plate 7 to the
      corresponding height of the vacuum plate 6, both vacuum plates 6 and 7
      then being located in one plane. The mutually elevationally offset cut
      surfaces 17 and 18 or 32 and 33 of the plies 4 and 5 to be interconnected
      contact one another. Thereafter there is undertaken the joining together
      or connection of the plies 4 and 5 by a pressing operation i.e.
      application of pressure, wherein the upper press-on or contact beam 12
      which travels downwardly at an inclination, and actuated by the
      double-acting piston cylinder units 15, presses the cut surfaces 17 and 18
      or 32 and 33 of both of the plies 4 and 5 to be interconnected against the
      lower press-on or contact beam 11 which serves as a support and thus joins
      together the plies 4 and 5 by a mutual contacting sliding of the marginal
      cords 34 over one another, whereby between such the rubber residues or
      residual material 37 surrounding the same flow into one another. Now there
      takes place the retraction of the individual elements of the equipment
      back into the starting position, after destroying the vacuum, by means of
      the double-acting piston-cylinder units 15, 25, 26, 27. The aforementioned
      procedure can be then appropriately repeated.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims Accordingly,
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the butt connection of plies formed of plastic deformable
      material, comprising the steps of beveling substantially parallel to one
      another cut surfaces of the plies which are to be interconnected,
      positioning such beveled cut surfaces of the plies so as to be in slight
      overlapping relationship with respect to one another and with the plies
      located in different substantially horizontal planes, and then connectably
      joining together the plies by the application of a force to said plies,
      said force being exerted at an inclination with respect to said plies.
NUM  2.
PAR  2. The method as defined in claim 1, in particular for the connection of
      rubberized steel cord plies, wherein the plies to be interconnected are
      cut at respective surfaces at a predetermined angle, wherein at one cut
      surface the marginal cord thereof is partially exposed, whereas at the
      other cut surface the other marginal cord thereof remains covered by
      rubber of approximately the width of the intermediate space between two
      cords.
NUM  3.
PAR  3. The method as defined in claim 2, wherein the angle of cutting amounts
      to about 60.degree..
NUM  4.
PAR  4. The method as defined in claim 1, wherein the cut surfaces of the plies
      to be interconnected, prior to being joined together by the applied force,
      are linearly aligned and essentially parallel to one another, and then
      fixing the plies in this position.
NUM  5.
PAR  5. The method as defined in claim 1, wherein the cut surfaces of the plies
      to be interconnected, prior to their being joined together, are mutually
      positioned in slightly overlapping relation with respect to one another by
      an amount which is slightly less than the thickness of one ply.
NUM  6.
PAR  6. The method as defined in claim 1, in particular for the connection of
      rubberized steel cord plies, wherein the cut surfaces of the plies to be
      interconnected, prior to their being joined together, are positioned such
      that they slightly overlap one another such that the centers of both
      marginal cords which come to lie at the joint adjacent one another, and
      measured parallel to the plies, possess a small spacing from one another.
NUM  7.
PAR  7. The method as defined in claim 6, wherein said small spacing amounts to
      about one-half of the cord diameter.
NUM  8.
PAR  8. The method as defined in claim 6, wherein the force employed during
      joining together of the plies which is exerted at an inclination with
      regard to the plies constitutes a resultant force having a first force
      component which acts substantially parallel to the plies and a second
      force component which acts substantially perpendicular to the plies.
NUM  9.
PAR  9. The method as defined in claim 8, wherein the overlapping of the plies
      and the angle at which the force required for joining together of the
      plies impinges against the joint are accommodated to one another such that
      both marginal cords can glide along one another, so that between such
      marginal cords there can flow into one another, rubber material which
      surrounds such marginal cords.
NUM  10.
PAR  10. The method as defined in claim 1, in particular for the connection of
      rubberized steel cord plies, wherein the plies to be interconnected are
      cut at respective surfaces at a predetermined angle, wherein at one cut
      surface of one of the cut plies the marginal cord thereof is only slightly
      covered by the rubber of such rubberized steel cord ply, whereas at the
      other cut surface of the other cut ply the marginal cord thereof is
      partially exposed.
NUM  11.
PAR  11. The method as defined in claim 1, in particular for the connection of
      rubberized steel cord plies, wherein the plies to be interconnected are
      cut at respective surfaces at a predetermined angle, wherein at one cut
      surface of one of the plies the marginal cord thereof is only slightly
      covered by rubber, whereas at the other cut surface of the other cut ply
      the marginal cord thereof remains covered by rubber of approximately the
      width of the intermediate space between two cords.
NUM  12.
PAR  12. The method as defined in claim 1, in particular for the connection of
      rubberized steel cord plies, wherein the plies to be interconnected are
      cut at respective surfaces at a predetermined angle, wherein at one cut
      surface of one of the plies the marginal cord thereof is partially
      exposed, whereas at the other cut surface of the other cut ply the
      marginal cord thereof is partially exposed.
NUM  13.
PAR  13. The method as defined in claim 1, wherein the beveled cut surfaces of
      the plies are interconnected solely through the application of the
      inclined directed force applied to said plies.
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OREF
PAL  The Vanderbilt, Rubber Handbook, R. I. Vanderbilt Co., Inc. 230 Park Ave.,
      New York City, Copyright 1958, Frontispiece and pp. 374, 375.
ABST
PAL  The inner surface of a green tire provided with an air-sealing liner, is
      cured or partially cured to produce a steam- and water-resistant surface,
      and the tire after such treatment is cured in a usual press without an
      air-bag or bladder.
PAL  One or more plies of a tire, usually the outer fabric plies, are partially
      cured before assembly in the tire, to insure that plies so located are
      cured, without over-curing inner and outer portions of the tire.
PAL  New tires are made by placing a carcass, whether green or partially cured,
      in a mold and extruding rubber over the outer surface of this carcass to
      fill the mold, and then giving the final cure to the resulting tire.
PAL  Tires are retreaded by applying ribbons of tread stock over the carcass
      prepared in any conventional manner, and then completing the cure without
      the use of a mold.
PAL  Retreaded tires are cured by placing a carcass prepared in any conventional
      manner, in a mold, extruding tread stock into the mold around the carcass,
      and the curing.
PAL  A tire, the inner surface of which is provided with a non-cured liner
      reinforced with a non-wicking fabric is cured without an air-bag or
      bladder.
PAL  Curing or partial curing may be effected by electron irradiation.
      Progressive irradiation is disclosed by which an object is repeatedly
      irradiated to attain a desired cure. Other methods of curing may be
      preferable in some operations.
PARN
PAR  This application is a division of Ser. No. 395,346 filed Sept. 7, 1973 and
      a continuation of application Ser. No. 321,421, filed Jan. 5, 1973, which
      is a continuation-in-part of application Ser. No. 838,512 filed July 2,
      1969.
BSUM
PAR  The invention relates more particularly to the use of electron radiation in
      the production of new tires and the retreading of old tires, although
      other means of radiation may be employed, and for most operations other
      means of curing may be used, as explained.
PAR  Electron radiation has been known for some years and in recent years
      equipment utilizing up to a million volts or more has become available for
      commercial use. The voltage employed determines the depth of penetration
      of the electron rays. For example, radiation generated by a million volts
      will penetrate an item having a density of 1 to a depth of 1/8 inch. By
      varying the voltage, the depth of the penetration may be varied. Thus,
      tires may be cured to a depth of 1/8 inch or more, depending upon the
      rubber employed, the compounding formula, and the voltage used. By using
      higher voltages and radiating both surfaces of a tire, tires of much
      greater thickness may be cured. When only one surface is irradiated,
      beyond the depth at which the rubber is cured there is a partial curing
      which becomes less as the distance from the rubber surface increases.
PAR  The amperage will be varied depending upon the area subjected to radiation.
      The new equipment provides for irradiating an area of several square
      inches, up to for example 12 square inches or more.
PAR  By irradiating natural rubber or synthetics such as butadiene-styrene,
      polybutadiene, polyisoprene, etc., the molecular structure is rearranged.
      Irradiation has no beneficial effect on so-called "butyl" (copolymer of
      isobutene and either isoprene or butadiene) rubber. The rearranged rubber
      is partially or completely cured. By that it is meant that rubber which is
      thermoplastic when irradiated becomes partially or entirely thermoset
      (vulcanized) with or without sulfur.
PAR  Radiation may be used to treat a green tire or part of a green tire, or the
      tread in retreading, or plies used as a liner for a green tire or a tread
      produced from ribbons of tread stock in retreading or the extruded tread
      stock in the manufacture of new tires or in retreading.
PAR  The rubber may be cured instantaneously by subjection to irradiation, and
      this may be done in a continuous operation in which the source of
      radiation and the rubber are moved continuously relatively to one another.
      Alternatively, the rubber may be cured by progressive irradiation.
      Progressive irradiation is accomplished by partially curing a piece of
      rubber in one exposure to the source of radiation, and then giving it one
      or more additional exposures each of which partially cures the rubber,
      until the rubber is cured. For example, by exposing the same rubber a
      number of times as by rotating a tire continuously and applying a thin
      layer of the rubber to the tire as it is rotated, and continuing the
      application of the thin layer throughout several rotations of the tire and
      as each thin layer is applied to the tire, exposing the rubber to
      irradiation to partially cure it so that as the tire is rotated a number
      of times in building up a desired thickness of the carcass or tread and by
      continuing the rotation a number of times after completing the application
      of the rubber, the rubber is progressively and completely cured.
DRWD
PAR  The production of new tires will be discussed first, and in this connection
      reference will be made to the following figures:
PAR  FIG. 1 is a section through a green tire with a liner with the inner
      surface being irradiated;
PAR  FIG. 2 is a section of a small portion of a green tire with a liner after
      the inner surface has been irradiated;
PAR  FIG. 3 is a section of a small portion of a tire provided with a pre-cured
      liner;
PAR  FIG. 4 is a section through a mold containing a tire being cured without an
      air-bag or bladder;
PAR  FIGS. 5 and 6 are enlarged details of a portion of a modification of the
      tire and mold shown in FIG. 4;
PAR  FIG. 7 is a section through a conventional mold containing a tire being
      cured without an air-bag or bladder;
PAR  FIG. 8 is a section through a conventional mold provided with means for
      extrusion of tread rubber into the mold; and
PAR  FIG. 9 is a section of a tire before curing, with several outer fabric
      plies pre-cured.
PAR  Then the retreading of tires will be discussed, and reference will be had
      to the following figures:
PAR  FIG. 10 is an elevation of a stand with a tire being retreaded on it, with
      the tread stock being extruded, and means for shaping the tread;
PAR  FIG. 11 is a section on the line 11--11 of FIG. 10 showing a roller that
      may be used for shaping the tread in position on a section through a tire
      being retreaded;
PAR  FIG. 12 is a section through a modified roller;
PAR  FIG. 13 is a section through a liner for a tubeless tire
PAR  FIG. 13 shows at a glance a schematic of the complete liner with
      descriptive legends.
DETD
PAC  NEW TIRES
PAC  TIRES CURED WITHOUT AN AIR-BAG OR BLADDER.
PAR  It has long been the wish of the industry to avoid the use of an air-bag or
      bladder in curing tires. The bag or bladder separates the inner surface of
      the green tire in a mold from the steam or hot water used to apply
      pressure to the bag or bladder to force the tire against the inner surface
      of the mold and thus remove air from the green tire and mold and
      subsequently cure the tire.
PAR  The invention relates to methods of curing a tire without an air-bag or
      bladder, and to methods which employ an air-bag or bladder.
PAR  According to one method, a green tire is formed in the usual manner, with a
      liner. This green tire according to this invention is subjected to
      electron irradiation to cure the exposed inner surface to a depth of
      perhaps 1/16 inch or more, with partial curing at a greater depth; or only
      partially curing the exposed inner surface to a depth of perhaps 1/16 of
      an inch or more.
PAR  According to another method, a liner (such as is used in the production of
      tubeless tires) as shown in FIG. 13 is partially cured or completely
      cured, and then this liner is used as the inner ply in building up a green
      tire.
PAR  Liners to be cured or partially cured by irradiation must have incorporated
      in them sufficient natural rubber or synthetics which reacts to
      irradiation, to accomplish the degree of cure desired. If the liner is
      composed of butyl rubber or other rubber which is not cured by
      irradiation, it may be laminated to natural rubber or other rubber which
      can be so cured. This lamination would preferably be on the inner surface
      i.e. the surface adapted to face toward the tire-inflating fluid. Any of
      the plies may incorporate a reinforcing element, for example, non-wicking
      fabric. This ply of natural rubber or synthetic may be cured or partially
      cured by electron irradiation before the tire is cured and acts as a
      sealing element during the curing of the tire without an air-bag or
      bladder. The butyl ply is cured when the tire is cured in any conventional
      manner. Any of the plies may incorporate a reinforcing element.
PAR  Whether the liner is cured before or after being built into the tire, it is
      incorporated in the tire by joining its two ends, usually by a beveled
      splice or by butting the two ends together. To assure a good seal it may
      be advantageous to place a locking strip, such as a strip of uncured or
      partially cured stock over the joint and/or a ply of non-wicking fabric,
      such as is used in conventional tire-bead construction. This fabric may be
      incorporated in the strip as a stabilizer. The locking strip may be cured
      or partially cured as by irradiation or any other process, before the tire
      is placed in a mold and cured.
PAR  The inner surface of a green tire with a liner, whether the liner be cured
      before incorporation in the tire or whether the inner surface of the liner
      be cured after the green tire is formed, is resistant to the passage of
      steam or hot water. Therefore, this green tire can be cured in a mold
      without an air-bag or bladder. The mold may be of usual construction
      except that there is no provision for an air-bag, and modification for
      support and/or formation of the beads may be desirable.
PAR  FIG. 1 is an illustration of equipment that may be used for curing the
      liner of a green tire in which an uncured liner has been incorporated on
      the tire-building drum. The green tire 5, provided with the liner 6, is
      placed over a roller 8 the shaft 9 of which will ordinarily be
      mechanically driven, although it may be operated by hand. The green tire
      is readily placed over the roller as indicated in FIG. 1. Although the
      inner surface of the tire, and primarily the liner, may be cured by any
      means, it is preferably cured by electron irradiation. A suitable device
      12 for effecting irradiation is moved into the position shown in FIG. 1 to
      effect the irradiation. Normally, a longitudinal section of 12, extending
      through approximately the entire width of the tire, will give off rays,
      and the entire inner surface of the tire will be irradiated by moving that
      surface under the longitudinal section by rotating the roller 8. Normally
      the irradiation will not be sufficient to cure any more than the inner
      surface of the liner to a depth of perhaps 1/16 inch. It may, however,
      cure the liner. FIG. 2 illustrates how, when the irradiation is controlled
      to cure only the inner surface of the liner 6', there is partial curing
      beyond the depth that is "firm cured". By "firm cured" we refer to
      sufficient cure to prevent steam or water penetrating the tire when
      subjected to curing in a mold. The outer surface of the liner may be
      partially cured or not cured.
PAR  In the alternative method, the liner is cured or partially cured prior to
      assembly with the fabric plies. If usual methods of curing are utilized,
      the entire liner will normally be completely cured and it may be desirable
      to use an adhesive when assembling with the carcass. If the liner is cured
      by electron irradiation, the cure generally will only be a surface cure of
      perhaps 1/16 more or less. FIG. 3 illustrates a green tire, the liner of
      which has been partially cured by irradiation before assembly with the
      carcass. The inner surface of the liner has been completely cured, the
      opposite surface of the liner 6" is partially cured or may not be cured.
PAR  Thus, according to this invention, the liner may be pre-cured, completely
      or only partially, before incorporation in the tire, or it may be
      completely or only partially cured after being incorporated in the tire.
PAR  A reinforcing element such as a sheet of fabric made of non-wicking
      material, such as nylon monofilament, or a non-wicking fabric, such as is
      used in conventional tire-bead construction, may be incorporated on the
      inner surface or outer surface of the liner, or in between these surfaces.
      This liner will usually be composed of butyl rubber. A sheet of such
      fabric may be coated with natural or synthetic rubber in a conventional
      manner and be assembled with the tire adjacent to the liner, which may be
      made of butyl rubber, and preferably on the inner surface of the liner.
      The reinforcing element prevents moisture from getting into the carcass.
      The tire is built in a conventional manner and may be formed and/or cured
      in a mold without an air-bag or bladder.
PAR  FIG. 4 illustrates a mold for curing any of these tires, and it will be
      noted that no air-bag or bladder is utilized. The mold is constructed in
      any usual manner. It is shown as being formed of an upper part 15 and
      lower part 16 with two bead rings 17 fitted into the upper and lower parts
      to contact the beads of the tire 5. The liner 6 has been pre-treated or
      prepared in any of the ways previously discussed, so as to render it
      impervious to steam and hot water. The bead-sealing ring 18 may be
      inserted in the same operation that the conventional bladder or air-bag is
      inserted.
PAR  The ring 18 may be a bull ring made of steel or other metal, or it may be
      made of rubber or other hard elastomeric material. This ring may be
      segmented. The ring is placed between the beads of the tire before the
      mold is closed, and serves as a gasket.
PAR  To prevent leakage between the inner surface of the tire and this ring 18
      when liquid pressure is generated in the tire, it may be desirable to
      provide irregularities in that portion of the surface of the ring 18 which
      is contacted by the tire at or above the beads, or both. These
      irregularities may be in the nature of projections 20 as shown on an
      enlarged scale in FIG. 5, or grooves 21 shown on an enlarged scale in FIG.
      6. These run longitudinally around the circumference of the ring 18. The
      steam or hot water is led into the mold through the pipe 19 and provides
      sufficient pressure within the tire to force it against the mold to groove
      the tread and form any desired identification and indicia desired on the
      tire surface. In FIG. 7 the ring 28 is formed with spring extensions 29.
      Before the mold is closed these are in the position shown in dotted lines.
      As the mold is closed these extensions are pressed inwardly by the tire
      and shapes the bead and forms a tight seal. This ring 28 may be a steel
      ring or it may be of a firm rubber or resinous material. If made of
      material other than steel, the extensions 29 may be much thicker and the
      ring may be solid up to these extensions 29 and be compressible. Various
      devices may be employed to permit deflection of the outer surface of the
      member 29 from the position shown in dotted lines, to that shown in full
      lines.
PAR  The tires will be cured at usual temperatures, and steam or hot water is
      used in the usual manner, but without an air-bag or bladder. Air-bags and
      bladders are short-lived. By eliminating them, not only is the original
      cost eliminated but also the labor and other cost of frequent replacement
      are eliminated.
PAR  A new method of applying a tread to a green carcass is illustrated in FIG.
      8. The carcass 20 is built up in a conventional manner, with or without
      liner 21, on a tire-building machine and the carcass 20 is placed in the
      mold shown in FIG. 8, which may be heated in the conventional manner,
      which comprises a lower part 22 and an upper part 23 with two bead rings
      24 fitted into the upper and lower parts to contact the beads of the tire
      20. The mold is conventional except for the orifice 26 through which tread
      rubber is injected, being fed from nozzle 27. A conventional air-bag or
      bladder may be used or the process using neither of these and previously
      described may be used. Hot water or steam under pressure is used to expand
      the green carcass against the sides of the mold. This pressure, before the
      tread is injected into the mold, may be less than conventional curing
      pressures and only sufficient to press the green carcass into position
      against the sides of the mold. The tread stock is injected at temperatures
      at which it flows readily under pressure, such as temperatures of
      approximately 280.degree.F. and higher, through orifice 26 from nozzle 27.
PAR  The tread stock is usually introduced at or near the low point of the empty
      portion of the mold cavity outside of the carcass. It may be introduced at
      several points. As it is introduced, the air is vented through the air
      vents usually found in the tire mold, or separate vent means may be
      provided. When the tread has been injected the pressure in the tire is
      raised to conventional levels and the carcass is completely cured. It is
      impractical to thus inject tread stock which contains the usual quantity
      of sulfur and accelerator or the like for curing because the temperature
      required for rendering the rubber sufficiently fluid for injection is high
      enough to cure such stock. An exception is, when cold-feed extruders are
      used, in which case cold stock is fed into the machine and is raised to
      high temperatures only for a small increment of time before being
      extruded. According to this invention, the curing agent added to the tread
      rubber is only sufficient to partially cure the tread so that it may be
      removed from the mold after curing the carcass, without causing damage to
      the tread, such as blowing. The tire is then removed from the mold and the
      tread is cured by rearrangement of the molecules of the rubber in the
      tread stock, by irradiation or other means. An advantage of this method is
      the elimination of inventories of uncured treads with inherent savings
      such as floor space, investment, labor, etc.
PAR  Alternatively, if irradiation which penetrates to a sufficient depth is
      used, the tread may be cured in the mold before the tire is removed.
PAR  When tires are cured by irradiation, even though no sulfur be employed,
      reinforcing agents, antioxidants, antiozonants, etc. may advantageously be
      added.
PAC  PRE-CURING CERTAIN CARCASS PLIES.
PAR  It is common knowledge in the industry that when very thick tires are cured
      in a mold in the ordinary manner, either (1) outer carcass plies are only
      partially cured or (2) inner carcass plies are over-cured when the heat
      for curing is supplied internally by steam or hot water through an air-bag
      or bladder and additional steam or other means is provided for heating the
      mold. It is proposed to overcome this difficulty and shorten the curing
      time by pre-curing certain of the plies--either completely or preferably
      only partially. Ordinarily these will be several of the outer fabric
      plies, because the difficulty experienced has been encountered in
      attempting to insure the curing of these outer plies at the interface
      between the fabric plies and the tread, and usually in the outer fabric
      plies.
PAC  OTHER METHODS OF MANUFACTURING NEW TIRES.
PAR  FIG. 9 shows a cross-section of a tire, with eight fabric plies 30 and
      tread 31, the carcass of which may be built in the usual manner. The
      portion of the carcass under the tread 31, prior to the assembly of tread
      31, is subjected to electron irradiation and one or more of the plies may
      be partially cured or cured. The building of the tire is then completed in
      the usual manner. During the curing operation in the mold it will take
      less "time temperature" to cure such a tire because the plies under the
      tread have been pre-cured, than in the conventional method. Therefore, the
      result is a more uniformly cured tire. Also a shorter curing time is
      required in the mold which lowers cost. An adhesive may be employed
      between the carcass 30 and the tread 31.
PAR  Difficulty is experienced in uniformly curing the thickest portion of very
      large tires--that is, tires which comprise many plies, such as fifteen or
      twenty plies or more. The time required is also objectionably great. It is
      the section of the tire through the tread which is thickest and therefore
      most difficult to cure. To overcome this, it is proposed to precure,
      partially or completely, certain of the plies before the assembly of the
      tire is completed. It is not necessary to precure any of the inner plies
      because they are readily cured by heat from the steam or hot water used to
      inflate the tire in the mold. Thus, for example, if there are twenty plies
      in the tire, it is not necessary to pre-cure any of the first five plies.
      Thus the first ten plies may be built on the drum in the usual manner.
      Then the outer surface of this partially built carcass, and preferably the
      center portion which is to come under the tread, is irradiated to
      partially cure the five outer plies. Then several more plies, for example
      five more, are built up in the usual manner and these are similarly cured.
      The last five are then applied and these are similarly treated, except, as
      the tire is enlarged, it may be desirable to further cure the outer plies
      than those which are located near the inside of the tire. If the tire is
      very large it may be desirable to vary the amounts of cure in the various
      segments as they are applied so that those plies which are farthest from
      the surfaces of the completed tire are cured to a greater degree than
      those nearer the surface. If the tread is very thin, the plies immediately
      under it will not be pre-cured to the same extent as those farther from
      the surface of the tread.
PAR  A desirable method of pre-curing is by progressive irradiation. This is
      accomplished by placing over the building drum a radiation device 12 which
      covers only the tread portion of the tire, as shown in FIG. 1. During the
      progressive irradiating operation the number of plies pre-cured in each
      group may vary and the number of groups may vary as well as the number of
      plies that are to be irradiated, depending on the thickness of the plies,
      compounding, voltage used, etc. The number of times the tire is rotated to
      pre-cure the different groups of plies may be varied to control the degree
      of cure in each group. This progressive curing with irradiation assures a
      more uniformly cured tire and a shorter curing time which will lower the
      cost.
PAR  In building a tire, certain of the plies may be precured before assembly on
      the drum. FIG. 9 shows a cross-section of a tire with eight fabric plies
      30 and tread 31. It may be built in by the following method. A conventonal
      tire-building machine is used and the first, second, third, fourth and
      fifth plies, for example, are assembled in the usual manner and are
      uncured. Then the sixth, seventh and eighth plies which have been
      partially or completely pre-cured are assembled into the tire. These cured
      or partially cured plies are so thin that they can be shaped as desired.
      Then the tread is added. If these cured plies are pre-cured by electron
      irradiation it is not necessary that they contain any sulfur, but they
      must be completely cured unless the subsequent curing of the tire is
      accomplished by irradiation. By only partially curing certain plies,
      adhesion between the partially cured and cured plies is improved. Adhesive
      may be employed to insure adhesion.
PAR  When a tire is built with many plies in the carcass, such as twenty, it may
      be advantageous to use a combination of methods disclosed in these
      specifications. The conventional tire-building machine may be used. Also
      the conventional method of building a tire with the incorporation of
      irradiating and the use of pre-cured and/or partially pre-cured plies may
      be used. For example, the first, second, third, fourth and fifth plies are
      uncured, and are assembled in the usual manner. The next ten plies which
      are the sixth through the fifteenth, are partially pre-cured, as by
      irradiation, and assembled in the usual manner. Plies sixteen, seventeen,
      eighteen, nineteen and twenty are uncured, and assembled in the usual
      manner. Then that portion of these last five plies which will be under the
      tread after it is assembled is irradiated and partially cured. The tread
      is then assembled and the tire is cured and finished in the usual manner.
PAR  This method assures a more uniform cure than the conventional method and
      shortens the cure time which saves cost.
PAC  RETREADING TIRES
PAR  Various ways are disclosed for retreading tires. In each case the carcass
      will be prepared for retreading in the usual manner by removing unwanted
      tread and, depending upon the shape of the retread which is to be applied,
      a part of the sidewall stock may be removed, all of which is customary in
      the different methods of retreading, using different equipment.
PAR  FIG. 8 shows a mold for extruding tread into position on the uncured or
      cured carcass of a new tire. The equipment of FIG. 8 and the general
      method there disclosed may be used for applying the tread to a carcass
      which is to be retreaded; this operation taking place after the carcass
      has been prepared in the usual manner. It may be desirable to use air at
      room temperature or cooler, and water at tap temperature or cooler in the
      tire to create pressure in the tire. It may also be desirable to so design
      the mold that the heating cavity is only approximately over the tread
      which is being applied.
PAR  The advantages of this method of retreading tires are elimination of tread
      building facilities and the inventories of prepared uncured treads all of
      which reduce costs. Also the carcass is subjected to less heat which has a
      deteriorating effect.
PAR  Instead of extruding the tread into a mold, the tread may be extruded onto
      a prepared carcass by rotating the carcass and using a suitably shaped
      nozzle that covers the width of the tread, or a narrower nozzle, the stock
      being reciprocated back and forth over the surface of the carcass to build
      up a retread. Suitable apparatus is illustrated in FIG. 10. The extruded
      rubber will ordinarily be heated to approximately 280.degree. F. or lower
      or higher to make it sufficiently plastic to be used as described. It may
      or may not contain sulfur and/or curing agents and/or accelertors. Some
      volatile solvent may be added to the rubber which will be evaporated
      before the curing of the tread is commenced, although usually this will be
      avoided because of the danger of solvent vapor forming pockets in the
      tread.
PAR  The methods illustrated in FIGS. 10 and 11 are particulary designed for the
      retreading of airplane and truck tires which have a tread which is only
      grooved, but may be used for any tires. FIG. 10 shows stand 50 with axle
      51 supporting wheel 52 with rim 53 on which the tire carcass 54 is
      mounted. A valve 56 in the rim through which the tire may be inflated
      gives it some rigidity during the application of the tread. The tire is
      provided with a scuff ring 57, but it is to be understood that tires of
      any shape and design may be retreaded by the method disclosed. As
      illustrated in FIG. 10, stock 58, sufficient to form the tread, is
      extruded from extruder 60 through nozzle 61. A forming tool 65 is
      positioned on the supporting means 66 to shape the tread as the tread
      stock is extruded; and if desired, forming tool 65 may exert some pressure
      to force the formed tread against the carcass. There may be additional
      forming tools, such as 65, at other points on the circumference of the
      tread for the purpose of shaping and/or pressure. After the tread is
      applied the tire may be rotated several times for the purpose of shaping
      and/or pressure.
PAR  The tread may be extruded with the proper tread outline and tread-forming
      tool 65 may be positioned on the supporting means 66 to maintain the
      proper shape and/or exert pressure on the tread to press it against the
      carcass. There may be other forming tools, such as 65, at other points on
      the circumference of the tire.
PAR  Another method of operating is to extrude the tread stock as a thin ribbon
      the width of the tread, while the tire is being rotated, and after quite a
      few rotations sufficient tread will be applied to build up the desired
      tread thickness. As the ribbons are being applied to the tire, the
      tread-forming roller will shape them to the proper design. A roller 70,
      such as illustrated in FIG. 12, may be used. The carcass 67 is shown with
      tread 68 built upon it.
PAR  Another method of operating is to extrude a tread stock as a thin, narrow
      strip while the tire is being rotated. The strip is oscillated back and
      forth across the tread portion and after quite a few rotations sufficient
      tread will be applied to build up the desired tread thickness. As the
      ribbon is being applied to the tire the tread-forming tool 65 or tools
      shape it to the proper design. A tire retreaded in manners just disclosed,
      is preferably cured by electron irradiation which may be accomplished by
      rotating tire and wheel 54 and 52, respectively, under a radiation device
      such as device 12 shown in FIG. 1; and, if desired, may be cured in a
      conventional manner or a combination of both. A grooved tread design may
      be cut into the tread by any conventional method or a groove may be rolled
      into the green tread by forming tool as shown in FIG. 12, preferably after
      the tread has been built up or while the last layer is being laid on the
      tread.
PAR  A method which is preferred is illustrated by FIG. 10. Stock 58, being a
      thin ribbon, for example, approximately 1/8 inch thick, and approximately
      the width of the tread, is extruded as the tire is rotated and the tread
      is built up to any desired thickness. Forming tool 65 shapes the tread and
      several other forming tools may be used. Radiation device 59, similar to
      or identical with device 12 in FIG. 1, is illustrated in FIG. 10. It only
      partially cures the tread stock during each exposure as the stock is
      passed by it. The cure may, for example, be only a one-fourth cure. The
      radiation device may be adjusted to cure to a depth of 1/2 inch, more or
      less. At the completion of each rotation the surface stock is only
      partially cured and, therefore, the next layer of hot stock adheres to it.
      The stock is progressively vulcanized as the rotation continues and the
      successive layers are adhered to one another.
PAR  If the stock is one-quarter cured on each exposure, at the completion of
      the fourth rotation the first layer is fully cured, the second layer is
      three-fourths cured, the third layer is one-half cured, and the fourth
      layer is only one-fourth cured. This "progressive irradiation" continues
      until the last layer is applied and then the tire is given three
      additional rotations which cures the last three layers.
PAR  A ribbon not the full width of the tread may be used and oscillated back
      and forth across the tread surface until the desired tread thickness is
      obtained, the level of radiation being adjusted to obtain the proper cure.
PAR  Grooves in the tread may be made by the use of a forming tool such as the
      tool 70 shown in FIG. 12.
PAR  In each of the retreading operations in which the tread stock is cured by
      irradiation, this stock may include sulfur and other curing ingredients,
      or it may contain no such curing compositions because irradiation
      rearranges the molecular structure of the rubber and thus cures it. A
      small amount of sulfur may be included in such stock, and the extrusion
      will take place rapidly before the rubber becomes objectionably cured at
      the extrusion temperature. The amount of curing ingredients that can be
      incorporated in the stock will depend upon the extruding temperature and
      the length of time that the stock is maintained at this temperature. It is
      desirable to include a small amount of sulfur and accelerator so that the
      stock will cure to a slight extent after it has left the extrusion device
      and been shaped on the carcass. Such setting of the retreading stock will
      facilitate handling the retreaded tire before the cure is completed. If a
      normal amount of sulfur, etc. are included in the rubber, unless the time
      during which the stock is heated is very short, curing will set in and the
      rubber will become pre-cured before it is shaped on the carcass. An
      exception is, when cold-feed extruders are used, in which case cold stock
      is fed into the machine and is raised to high temperatures only for a
      small increment of time before being extruded.
PAR  The advantages of these methods of retreading include not heating the
      carcass in a mold, and, therefore, the life of the tire is increased and
      the tire may be retreaded a greater number of times, the curing time is
      shorter, press equipment is eliminated and inventories of green tread
      stocks are eliminated and thus savings in cost are made.
PAR  Apparatus and processes for forming treads and curing them by electron
      irradiation have been disclosed. These tread stocks may be of ordinary
      rubbers (except those which cannot be cured by electron irradiation, such
      as butyl rubber), and it has been explained that no sulfur is required for
      curing by irradiation. A desirable tread stock is a high molecular weight
      butadiene-styrene copolymer such as has been found desirable for tread
      stocks, but which is of high viscosity and difficult to handle in ordinary
      processing equipment. Reinforcing agents, antioxidants, antiozonants, etc.
      may be included even though no sulfur is added.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of making a liner for a pneumatic tire which liner is
      composed of a plurality of layers which method comprises, without
      completely curing the outer surface of the liner which is the surface
      adapted to contact the carcass of the tire, curing or only partially
      curing by irradiation at least a portion of one layer of the liner and
      thereby rearranging the molecular structure thereof, all without curing
      the inner layer which is the layer adapted to face toward subsequent
      tire-inflating fluid, which portion is substantially coextensive with the
      layer and thereby rearranging the molecular structure thereof, and
      laminating said layers.
NUM  2.
PAR  2. The method of claim 1 wherein one layer is composed of a rubber not
      curable by irradiation.
NUM  3.
PAR  3. The method of claim 1 wherein one layer is composed of a rubber not
      curable by electron irradiation and another layer is composed of a
      material curable by such irradiation, which method comprises curing or
      partially curing said latter layer by irradiation and thereby rearranging
      the molecular structure thereof.
NUM  4.
PAR  4. The method of claim 1 wherein said inner layer is composed of a butyl
      rubber.
NUM  5.
PAR  5. The method of making a liner for a pneumatic tire which tire is to be
      cured by steam and/or hot water, which liner is composed of a plurality of
      layers, which method comprises curing or partially curing at least a
      portion of only one layer by irradiation which rearranges the molecular
      structure of the rubber therein, which portion is substantially
      coextensive with the other layers and laminating said layers while
      providing the outer and inner surfaces of the liner with rubber curable by
      the process used in curing the tire.
NUM  6.
PAR  6. The method of making a liner for a pneumatic tire which liner includes
      an inner layer of a butyl rubber which is adapted to face toward
      subsequent tire-inflating fluid, the outer layer of the liner being
      adapted to contact the carcass of the tire and being composed of a rubber
      curable by irradiation which rearranges the molecular structure thereof,
      which method comprises curing by such irradiation the inner portion of
      said outer layer and laminating to the layer of rubber curable by
      irradiation a layer of a butyl rubber which forms the inner layer of the
      liner.
NUM  7.
PAR  7. The method of making a liner for a pneumatic tire which liner is
      composed of a plurality of layers which method comprises curing or
      partially curing at least a portion of one layer by irradaition which
      rearranges the molecular structure of the rubber therein, which portion is
      substantially coextensive with the layer, and forming the inner surface of
      the liner which is the surface which is adapted to face toward subsequent
      tire-inflating fluid, by laminating another layer to said one layer
      without completely curing the outer surface of the liner which surface is
      adapted to contact the carcass.
NUM  8.
PAR  8. The method of claim 7 wherein a layer of butyl rubber is laminated to
      said one layer.
NUM  9.
PAR  9. The method of making a liner for a pneumatic tire which liner for a
      pneumatic tire which liner is composed of a plurality of layers and
      includes an inner layer of a butyl rubber which layer is adapted to face
      toward subsequent tire-inflating fluid, which method comprises curing or
      partially curing at least a portion of one layer by irradiation which
      rearranges the molecular structure thereof, which portion is substantially
      coextensive with the layer, and laminating the layers.
NUM  10.
PAR  10. The method of making a liner for a pneumatic tire which liner is
      composed of a plurality of layers which method comprises curing or only
      partially curing at least a portion of only one layer other than the inner
      and outer surfaces of the liner by irradiation which rearranges the
      molecular structure of the layer, and laminating the layers.
NUM  11.
PAR  11. The method of claim 10 wherein one layer is composed of a rubber not
      curable by irradiation.
NUM  12.
PAR  12. The method of making a liner for a pneumatic tire which liner is
      composed of a plurality of layers, which method comprises laminating said
      layers and providing one layer composed of a rubber which is not curable
      by electron irradiation and a layer of other rubber which can be so cured,
      one surface of said latter layer forming the outer surface of the liner
      which is adapted to contact the carcass of the tire, and without
      completely curing said surface, curing or partially curing said rubber
      curable by irradiation which rearranges the molecular structure of the
      rubber.
NUM  13.
PAR  13. The method of making a liner for a pneumatic tire, which liner is
      composed of a plurality of layers, which method comprises curing or
      partially curing at least a portion of the liner by irradiation which
      rearranges the molecular structure thereof without curing the inner layer
      which is adapted to face toward subsequent tire-inflating fluid, which
      portion is substantially coextensive with the layer, and without
      completely curing the outer surface of the liner which is opposite said
      layer, and laminating the layers.
NUM  14.
PAR  14. The method of claim 13 in which the inner layer which is the layer
      which is not cured and is the layer adapted to face toward subsequent
      tire-inflating fluid, is composed of a butyl rubber.
NUM  15.
PAR  15. The process of producing a laminated liner for a pneumatic tire which
      tire is to be cured in a conventional manner, which lamination comprises a
      first rubber layer which can be cured by electron irradiation and a second
      rubber layer which forms the inner surface of the liner which is the
      surface which is adapted to face toward subsequent tire-inflating fluid
      and which cannot be so cured but is curable by the method of curing the
      tire, which process comprises curing or partially curing the first layer
      by irradiation which rearranges the molecular structure of the layer, and
      laminating the layers, all without completely curing the outer surface of
      the liner which is adapted to contact the carcass of the tire.
NUM  16.
PAR  16. The process of claim 15 in which said second layer is a butyl rubber.
NUM  17.
PAR  17. The method of making a liner for a pneumatic tire, which liner is
      composed of a plurality of layers, which method comprises curing or
      partially curing at least a portion of only one layer of the liner by
      irradiation which rearranges the molecular structure of the layer and
      laminating the layers, all without curing the inner and outer surfaces of
      the liner.
NUM  18.
PAR  18. The method of making a liner for a pneumatic tire which liner is
      composed of a plurality of layers, which method comprises curing or
      partially curing by irradiation at least only one face of a layer to which
      face is laminated a second layer, which irradiation rearranges the
      molecular structure of the layer, laminating the layers and making a band
      of the liner.
NUM  19.
PAR  19. The method of claim 18 wherein the said second layer is a butyl rubber.
NUM  20.
PAR  20. The method of claim 18 wherein the said second layer forms the inner
      layer of the liner which is adapted to face toward subsequent
      tire-inflating fluid.
NUM  21.
PAR  21. The method of making a liner for a pneumatic tire which tire is to be
      cured by a conventional method, the outer layer of which liner is adapted
      to contact the carcass of the tire and is curable by electron irradiation
      and the inner layer of which liner is adapted to face toward subsequent
      tire-inflating fluid and is composed of a butyl rubber, which method
      comprises curing or partially curing the inner portion of said outer layer
      by irradiation which rearranges the molecular structure thereof and
      laminating the layers, all without completely curing the outer surface of
      the liner, which is the surface which is adapted to contact the carcass.
NUM  22.
PAR  22. The method of claim 1 in which the irradiation is effected by electron
      irradiation.
NUM  23.
PAR  23. The method of claim 7 in which the irradiation is affected by electron
      irradiation.
NUM  24.
PAR  24. The method of claim 9 in which the irradiation is effected by electron
      irradiation.
NUM  25.
PAR  25. The method of claim 10 in which the irradiation is effected by electron
      irradiation.
NUM  26.
PAR  26. The method of claim 12 in which the irradiation is effected by electron
      irradiation.
NUM  27.
PAR  27. The method of claim 13 in which the irradiation is effected by electron
      irradiation.
NUM  28.
PAR  28. The method of claim 15 in which the first rubber is cured by electron
      irradiation.
NUM  29.
PAR  29. The method of claim 17 in which the irradiation is effected by electron
      irradiation.
NUM  30.
PAR  30. The method of claim 18 in which the irradiation is effected by electron
      irradiation.
NUM  31.
PAR  31. The method of claim 21 in which the irradiation is effected by electron
      irradiation.
NUM  32.
PAR  32. The method of making a liner for a pneumatic tire, which liner is
      composed of a plurality of layers, which method comprises curing or
      partially curing at least a portion of the liner by irradiation which
      rearranges the molecular structure thereof and which portion is
      substantially coextensive with the liner, without curing the layer which
      is adapted to face toward subsequent tire-inflating fluid and without
      curing the surface of the liner which is adapted to contact the carcass of
      the tire, and laminating the layers.
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ABST
PAL  The method of adhering a preformed continuous film of fluorcarbon plastic
      material to a flat or convex metal surface which comprises heating both
      the metal surface and a layer of the plastic material superposed upon the
      metal surface in a gaseous environment of reduce pressure sufficiently to
      soften the plastic film and bond the same to the metal surface employing
      multiple steps of heating, bonding and cooling without application of
      increased pressure to the outer surface of the heated plastic film to form
      a bonded metal-plastic combination without entrapment of gas. The
      invention is particularly adapted to the bonding of fluorocarbon plastic
      material to surfaces of metal such as aluminum, iron, iron alloys, copper,
      and copper alloys.
PARN
PAC  RELATED APPLICATIONS
PAR  This is a division of Ser. No. 401,656, filed Sept. 28, 1973.
PAR  This application is a continuation-in-part of my application Ser. No.
      311,137 filed Dec. 1, 1972 which in turn is a continuation of my
      application Ser. No. 41,375, filed May 28, 1970, now abandoned. The
      present application is also related to and is a continuation-in-part of
      Ser. No. 246,220, filed Apr. 21, 1972 which is a division of Ser. No.
      41,375 and is also related to and is a continuation-in-part of Ser. No.
      371,346, filed June 19, 1973 which is a division of Ser. No. 246,220,
      filed Apr. 21, 1972.
BSUM
PAC  EXPLANATORY INFORMATION
PAR  In my U.S. patent application Ser. No. 41,375 filed May 28, 1970 entitled
      "Improvements In The Preparation Of Plastic-Metal Products, Including
      Laminates, Composite Tubes And The Like", I disclose a novel method of
      heat bonding fluorocarbon plastic films, particularly DuPont
      hexafluoropropylenetetrafluoroethylene also known as FEP, to metal surface
      without employment of bonding additives or application of pressure to the
      outer surface of the plastic film, and without entrapment of air between
      the metal surface and the film, performing the heating and bonding in an
      environment of nearly perfect vacuum. (See page 8, lines 5-21 of
      application as filed). As Objects of Invention I disclosed the use of very
      high vacuum to:
PAR  1. Minimize oxidation of metals such as iron, many of its alloys, copper
      and many of its alloys, which are subject to oxidation at the required
      bonding temperatures of the fluorocarbon plastic films employed, thereby
      providing a means for heat bonding such fluorocarbon plastic films to such
      oxidizable metal; aluminum posing no such problem by not being oxidizable
      within the bonding temperature ranges of the film;
PAR  2. Provide heat bonding of a fluorocarbon plastic film to a metal surface
      with substantially perfect bonding contact without entrapment of air or
      other gases between the film and the metal surface. As disclosed on page
      22 lines 3-11 of the above specification, the stated amount of vacuum
      required was in a pressure range of 0.1 to 0.01 MM of mercury. This is a
      very high degree of vacuum though appreciably less than the 0.001 MM
      attainable with modern vacuum fore pumps which are too expensive and not
      practicable for commercial operations.
PAR  In performing the methods and procedures disclosed by above Ser. No.
      41,375, the only methods of record for doing such at that time, I found
      aluminum to bond excellently to the FEP. I found carbon steel and
      stainless steel to bond fairly well, but not nearly so strongly as
      aluminum, this being due to slight oxidation of the steel materials even
      in high vacuum, whereas aluminum was immune to this. I found copper and
      high copper alloys to bond, but with a bond appreciably less than that of
      carbon steel or stainless steel, as its oxidation product adhered very
      poorly to the mother metal and readily peeled off, impregnating the FEP
      film. Seemingly, the blue iron oxides formed in rarified oxygen (air)
      bonded much more firmly to the mother metal than did the yellowish-green
      copper oxides. Under conditions of atmospheric pressure, black copper
      oxide formed and gave sero bond to the FEP, whereas steel materials bonded
      fairly well to FEP, though not nearly so strong as in a high vacuum.
PAR  I also found that even when using the maximum vacuum attainable (less than
      0.1MM) with my equipment, there were always a number of small, scattered
      unbonded spots, usually less than 2% of the total surface, these due to
      entrapped rarified air spaces between the FEP film and the metal surface.
      Most of these tests were conducted with think 6 mil aluminum sheet and 1
      mil FEP. These unbonded spots were always present when using bonding
      temperatures ranging from 525.degree. to 650.degree.F, no matter whether
      the laminate was kept in this bonding temperature and maximum vacuum
      attainable for a few minutes or several hours. If higher temperature
      ranges such as 650.degree. to 750.degree.F were employed, most of the air
      spaces burst, leaving exposed metal surface spots, but with the FEP very
      firmly bonded elsewhere. Although the foregoing method produced an
      imperfect laminate, it was better than any other known method of heat
      bonding, and since my primary objective was a zero water wetting surface
      rather than a corrosion resistant system, the few broken spots in the
      bonded film could be tolerated, especially for aluminum-FEP laminates.
      Thus, the process and method as taught in Ser. No. 41,375 was quite useful
      for coating aluminum with FEP, but was more limited in bond strength with
      carbon steel and stainless steel, and fairly useless with copper and high
      copper alloys.
PAR  After filing Ser. No. 41,375 and continuing with perfecting of the method
      and process it discloses, I found a novel solution to the air space, film
      rupture, and oxidation problems which is the subject of this invention.
      However, before disclosing the steps that describe this novel solution,
      the steps previously employed in Ser. No. 41,375 should be outlined as
      follows:
PAR  1. Place an unbonded film of FEP fluorcarbon plastic superposed on a metal
      surface in a vacuum-heating oven before subjecting it to reduced pressure
      or superpose the film onto the metal surface in the oven while the oven is
      in a state of reduced pressure;
PAR  2. Exhaust all air possible with a vacuum pump;
PAR  3. Heat the fluorocarbon film and metal surface to the expanding
      temperature range of the FEP usually 300.degree. to 450.degree.F,
      permitting substantially all of the air to escape from the space between
      the expanding film and the metal surface;
PAR  4. Continue elevation of the temperature from 450.degree.F on up to a range
      of 525.degree. to 650.degree.F at which temperature the FEP film shrinks,
      becomes adhesive and bonds to the metal surface;
PAR  5. Hold the temperature in this strong bonding range for approximately 30
      minutes to assure firm, maximum bonding;
PAR  6. Cool the bonded combination down to 300.degree.F or less;
PAR  7. Admit air to the vacuum oven and remove the FEP bonded metallic object
      or material.
PAR  This procedure always produced a good bond, but one which always contained
      scattered unbonded, small areas with some ruptured spots of film exposing
      metal surface, these failure spots being more numerous with higher bonding
      temperatures with, of course, proportionately less unbonded air spaces.
      Many attempts were made to eliminate or minimize these failure or unbonded
      spots, with varying degree of success, but were never fully satisfactory.
      Efforts to squeeze out the air were made by progressively heating the
      surface from one edge of an area to another, progressively expanding the
      FEP film on the area and bonding it, producing partial but not complete
      success.
PAR  The solution to the problem and subject of this patent application came
      about as follows: Because of profuse wastage of thin aluminum strip
      material and FEP film used in the many attempts to produce a perfect
      bonded surface, I decided to use the naked side of a laminate of aluminum
      and poorly bonded FEP film for another attempt at bonding, going through
      the above mentioned steps. The newly bonded film had the usual scattering
      of air spaces and failure spots, but it was observed that all of the air
      spaces in the old bond, which had now had two cycles of heating, bonding
      and cooling, had completely disappeared. Since there were no ruptures or
      breaks in the FEP where the air spaces formerly existed, it could be only
      concluded that the air had passed through the expanded pores of the
      unbonded portion of FEP prior to its bonding during the 2nd heating and
      cooling step. It should be noted that once FEP is bonded to a metal
      surface, it does not go through the expansion and shrinking stages with
      increasing temperature as does unbonded FEP. The logical question to this
      is: Why did it not occur to the inventor to try such a 2nd step of
      heating, bonding and cooling early in the history of the failures? The
      answer: although it was known to the inventor that the FEP film was
      somewhat porous and not fully impervious to fluids, it just did not seem
      plausible that this entrapped air could be squeezed through these pores
      under these conditions; the air was firmly entrapped under the spot of
      film, fully surrounded by a firm bonded seal of FEP to the metal, and it
      was believed could be removed only by a rupture in the film as was
      indicated by the ever present rupture spots mixed among the unbonded air
      space spots in all previous tests.
PAR  After the discovery that a single repeating of the heating, bonding and
      cooling step in an environment of reduced pressure effected complete
      elimination of the entrapped air spaces, many tests were conducted to
      determine the minimum vacuum requirement, the temperature requirements for
      each step, and the time required to effect a strong, air-space-free and
      rupture-free bond of FEP to a metal surface. Bonding 0.001 inch FEP film
      to 0.006 inch thin aluminum sheet, it was found that approximately 18
      inches of mercury vacuum was the lower limit of vacuum permitting
      production of a rupture-free and air-space-free complete bond, using the
      aforedescribed two step heating, bonding and cooling procedure. When lower
      vacuums (using the term "low" to mean approaching atmospheric pressure)
      were tried, total air space removal was not possible. Since higher vacuums
      such as 20 to 24 inches of mercury could be attained as readily as 18
      inches, this lower limit was not used, simply as a precautionary measure
      to assure a complete bond, therefore, on all of my tests 20 to 24 inches
      of mercury vacuum was employed. When heat bonding FEP film to metal
      surfaces it was found that operating in lower vacuum ranges such as 18 to
      26 inches of mercury, where entrapped air or gases would be considerably
      denser than that in extreme high vacuum, it was most important to utilize
      minimum bonding temperatures in the 1st heating, bonding and cooling step
      to avoid rupture of the unbonded portion of film entrapping the gas, such
      ruptures always appearing as exposed metal spots after the 2nd heating,
      bonding and cooling step.
PAR  Such ruptures at highter temperatures is the result of a dual effect:
PAR  1. Increased softening and weakening of the FEP at higher temperatures, and
PAR  2. Increased pressure of the entrapped gas due to expansion at higher
      temperatures.
PAR  I found that in environments of 22 to 26 inches of mercury vacuum, DuPont
      FEP type "A" or "C" 0.001 inch thick film became progressively more
      adhesive to metal in a temperature range of 500.degree. to 525.degree.F,
      this probably being so in environments of other pressures. By avoiding
      temperatures in excess of approximately 525.degree.F during the 1st
      heating, bonding and cooling cycle, a burst free coating or bonding, the
      total area containing approximately 1 to 5% unbonded air spaces, was
      usually achieved with this 1st step.
PAR  After this 1st step, repeating the heating, bonding and cooling in a 2nd
      step, employing bonding temperatures of a range of 550.degree. to
      650.degree.F to effect a maximum bond strength, a maximum bond of the FEP
      to the metal surface, totally free of bursts and air spaces, was achieved.
      I found that use of temperatures from 525.degree.F upwards in the 1st
      heat, produced progressively numerous bursts as the temperature was raised
      in the heating, bonding and cooling procedure, each air space eventually
      rupturing at higher temperatures. For this reason I chose 525.degree.F as
      a good, safe maximum temperature for the 1st heat, no matter what degree
      of vacuum was used for the system. After it was learned that near 100%,
      bonding could be effected using the two steps of heating, bonding and
      cooling with comparatively low vacuums such as 18 to 26 inches of mercury
      vacuum, it then became feasible to inject an inert gas such as nitrogen
      into the vacuum oven, displacing oxygen with appreciable passage of
      nitrogen, yet with no problems of entrapped gas under the FEP film. By
      operating at these lower vacuums, thereby enabling near total elimination
      of air leaks, and using the nitrogen to sweep out all oxygen, it became
      possible for the first time, so far as I know, to firmly bond FEP film to
      copper metal without the formation of deleterious copper oxide or the
      entrapment of gas under portions of the FEP film, using only heat for the
      bonding. This method also made possible the achievement of maximum bonding
      of FEP to carbon steel and stainless steels. In those operations that
      require total absence of oxygen from the rarified gases contacting the
      heat bonding combination of FEP film and a metal surface, and where it is
      difficult or impossible to sufficiently minimize air leakage into the
      vacuum oven, a novel solution to this problem is disclosed in this
      invention. It consists of the use of an inner inert gas heating and
      bonding chamber within the outer vacuum chamber, into which inner chamber
      the inert gas such as nitrogen is introduced, flooding the inner chamber
      and escaping through a small opening into the outer chamber. The space
      between the outer chamber and the inner chamber acts as a conduit to
      convey leaked-in air to the outlet to the vacuum pump source, thereby
      completely by-passing the inner chamber, which has a rarified inert gas
      pressure slightly greater than the rarified air pressure in the annular
      space without permitting any oxygen to enter the inner chamber. A more
      detailed description of this is disclosed in the DESCRIPTION section of
      this application.
PAR  As suggested in the foregoing narration and explanation, among the chief
      Objects of Invention in this disclosure are the following:
PAR  1. To heat bond a fluorocarbon film such as DuPont's FEP to a metal surface
      without use of bonding cements or application of pressure to the outer
      surface of the heated film; performing this bonding in a gaseous
      environment of sub-atmospheric pressure with near total elimination of gas
      entrapment between the film and the metal surface by employment of
      multiple heating, bonding and cooling steps; such metal surface being any
      flat or covex surface of metallic objects or material such as pipe, rods
      bars, vessels, plate, strips, sheets, valves, fittings, wire, and other
      metallic components or apparatus that permit subjection to such an
      environment of reduced pressure and heating.
PAR  2. To accomplish (1) on all metals commonly used in industry, whether
      unoxidizable at the FEP bonding temperatures, such as aluminum, or
      oxidizable at such bonding temperatures, including such metals as copper
      and copper alloys, iron, carbon steel and stainless steels.
PAR  3. To accomplish object (2) on metals oxidizable at the bonding temperature
      of the FEP, using an inert gas such as nitrogen to purge the vacuum oven
      of original in-place air and dilute and remove air entering the oven by
      leakage, the predominant presence of the inert gas preventing sufficient
      oxidation of the metal surface to be deleterious to strong bonding of the
      FEP film to the metal surface. This use of an injection of inert gas is
      made possible by the novel method of multiple heating, bonding and cooling
      steps which permit gas entrapment-free bonding of FEP to metal surfaces in
      environments of vacuum substantially lower than what is considered "high
      vacuum".
PAR  4. To accomplish object (3) wherein even traces of oxygen are intolerable
      in contact with the heated metal surface, this being accomplished by the
      use of an inner vacuum tank within an outer vacuum tank, the inner tank
      housing the FEP film and metal surface to be bonded and receiving the
      inert gas which flows into it and then out into the outer vacuum tank,
      thence with leaked-in air to the vacuum pump source, the pressure in the
      inner vacuum tank always being slightly greater than that of the outer
      vacuum tank to assure flow of inert gas to the vacuum source and obviate
      any possible entry of leaked-in air to the inner vacuum tank, this method
      also being applicable to plastics other than FEP.
PAR  5. To provide a novel method of producing a maximum strength, burst free,
      total bonding of a fluorocarbon film such as DuPont FEP to a metal
      surface, using heat only, in a gaseous environmental pressure
      substantially greater than 0.1MM of mercury and less than one-half
      atmosphere, using multiple steps of heating, bonding, and cooling.
PAR  6. To provide object (5) for most metals and metal alloys, both oxidizable
      and unoxidizable in the bonding temperature range of the FEP.
PAR  7. To provide a novel and simple method of removing substantially all
      entrapped gases from unbonded gas spaces beneath FEP film partially heat
      bonded to a metal surface, without rupturing the unbonded film, and
      subsequently achieving total bonding of the previously unbonded portions
      of FEP film, using multiple steps of heating, bonding, and cooling of the
      combination of FEP film and metal surface.
PAR  8. Improve the method of heat bonding a pre-formed coil of FEP film and
      thin metal sheet laminate in an environment of vacuum as depicted by FIGS.
      8-10 inclusive in my application Ser. No. 41,375 and pages 20-22 of the
      specification thereof, wherein comparatively high vacuums of 0.1 to 0.01MM
      mercury pressure are recommended and only a single step of heating,
      bonding and cooling is employed. This improvement consists of: (a) using
      multiple steps of heating, bonding and cooling in an environment of
      moderate vacuum, considerably less than the high vacuum taught in Ser. No.
      41,375, to achieve a more complete bonding area without bursts in the FEP
      film, such vacuum being in a range of 18 to 26 inches of mercury, and (b)
      injection of an inert gas into the system when coating an oxidizable
      metal, to assure good oxide-free bonding of the FEP film to the metal
      surfaces at the oxidizing temperatures of the metal, an inlet 15' for such
      inert gas depicted in FIG. 8 of the drawing.
PAR  9. Another object of this invention is to improve the method of heat
      bonding plastic films of FEP to both sides of a metal strip in a
      continuous operation wherein the film is continuously applied to the
      moving metal strip in an environment of high vacuum as taught in my
      application Ser. No. 41,375, wherein the need for such high vacuum is now
      eliminated, such improvements being as follows: (See FIG. 11 of the
      drawing). (a) The addition of multiple steps of heating, bonding and
      cooling to replace all single such steps, in an environment of vacuum
      considerably less than that taught in Ser. No. 41,375, and achieving a
      more perfect, entrapped air-free and rupture-free bonding of the FEP film
      to the metal; (b) employment of inert gas injection into the system to
      minimize metallic oxide formation on the surfaces of metals normally
      subject to oxidation at the required bonding temperatures.
PAR  10. Another object of this invention is to improve the apparatus depicted
      in Ser. No. 41,375 for accomplishing the objects in above (9) by insertion
      of additional heating and cooling zones to achieve multiple step heating,
      bonding and cooling for each addition of FEP film, and the addition of
      inert gas injection means for the system of connected containers as
      depicted in FIG. 11 of the present application which is a revised version
      of FIG. 11 of Ser. No. 41,375.
DRWD
PAR  The invention will be more readily understood by reference to the
      accompanying drawings, largely diagrammatic in character, illustrative of
      the improved product and method and means for producing the same.
PAR  In the drawings:
PAR  FIG. 1 is a longitudinal sectional view showing an unbonded laminate of
      plastic film and thin metal superposed upon a flat base; and also depicts
      the same after bonding.
PAR  FIG. 2 is a view similar to FIG. 1 intended to illustrate the expansion and
      buckling of the plastic film at an intermediate state of heating in the
      course of bonding the laminate;
PAR  FIG. 3 is a view similar to FIG. 1 with the laminate superposed upon a
      convexly curved metal surface;
PAR  FIG. 4 is a view similar to FIG. 2 at an intermediate stage of expansion of
      the plastic but with the laminate superposed upon a convex surface as in
      FIG. 3;
PAR  FIG. 5 is a view similar to FIG. 1 but with the unbonded laminate resting
      on the convace surface of a metal base;
PAR  FIG. 6 is a view similar to FIG. 5 but with the plastic layer shown at its
      maximum expansion as in FIGS. 2 and 4;
PAR  FIG. 7 is a view similar to FIG. 5 but with the plastic film shrunk and
      pulled away from the metal sheet;
PAR  FIG. 8 is a side view partly in section of a heating vessel or container
      subjected to a vacuum pump or the like and having suspended therein a
      composite roll of plastic and metal sheets to be subjected to a heat
      bonding operation under subatmospheric pressure conditions;
PAR  FIG. 9 is a transverse sectional view of line 9--9 through the composite
      roll of FIG. 8 on a larger scale than in FIG. 8 and with the core shown
      proportionately much larger than in FIG. 8;
PAR  FIG. 10 is a longitudinal sectional view of the composite roll of FIG. 8
      and on a larger scale taken on line 10--10 of FIG. 9 and showing the
      spacer strips of FIG. 8 on each end of the composite roll, the core also
      being shown enlarged as compared with that of FIG. 8 but of somewhat less
      porportional size than in FIG. 9;
PAR  FIG. 11 is a diagrammatic view showing an apparatus for bonding one or more
      layers of plastic film to each surface of a flexible metal strip, said
      apparatus including three fluidtight vessels or containers connected by
      elongated heating conduits, the whole system being subjected to a suitable
      degree of vacuum, means being provided for passing the metal strip
      successively from a first vessel through a first conduit to a second
      vessel and thence through a second conduit to a third vessel, plastic film
      being adapted to be supplied to opposite surfaces of the metal film in
      continuous operation and bonded thereto by heating under subatmospheric
      conditions.
PAR  FIG. 12 is a schematic or diagrammatic drawing for a heating device for
      application of plastic film to metal surfaces of bars, rolls, tubes and
      the like, said device including an inner and outer vacuum chamber and a
      heating source within the chamber and valve inlet and outlet conduits for
      inert gas connected to the inner chamber.
DETD
PAR  This invention is a continuation-in-part of my application Ser. No. 311,137
      filed Dec. 1, 1972 which is a continuation of my application Ser. No.
      41,375 filed May 28, 1970, relating solely to Phase A of that application.
      Eleven of the drawings of said prior applications from Phase A, 1 to 11
      inclusive, have been used herein; FIGS. 1-7, 9 and 10 without any
      revisions, FIG. 8 with minor revisions and now designated as FIG. 8
      (modified), and FIG. 11 with appreciable revisions and now designated as
      FIG. 11 (modified). Much of the descriptive matter for these drawings,
      appearing as pages 19 to 24 inclusive in Ser. No. 41,375, has also been
      incorporated in this application with revisions added where needed, this
      appearing on succeeding pages following this page. A new teaching and
      drawing has been added to the list of drawings and is designated as FIG.
      12.
PAR  A discussion of old FIG. 11 of Ser. No. 41,375 is in order here, since it
      is the most important drawing with the most changes, together with a list
      of such changes made in converting it to FIG. 11 (which will be described
      in detail in its proper sequence in the following pages) as follows:
PAR  FIG. 11 of Ser. No. 41,375 is a schematic drawing which depicts a method of
      continuously bonding multiple layers of FEP film to both sides of a metal
      strip in an environment of reduced atmospheric pressure, using heat as a
      sole bonding agent, in this case producing a final laminate of two bonded
      layers of FEP on each side of a roll of metal strip. It teaches one
      heating, bonding and cooling step for the final two coats of FEP, and
      inadvertantly, two heating, bonding and cooling steps for the first two
      coats of FEP film, the cooling used, in this instance, to prevent sticking
      of hot FEP bonded film to rollers 34 and 35, although silicone oil is
      added to further aid in its non-sticking to both the rollers and the
      support base 39 along which the laminate slides when re-heated for the 2nd
      two layers of FEP film. It was the method employed in this system that
      suggested the discovery that multiple or at least two-step heating,
      bonding and cooling of laminates of FEP film and metal strips could
      possibly produce and entrapped air-free product. Changes in FIG. 11 of
      Ser. No. 41,375 to convert it into FIG. 11 of the present application are
      as follows:
PAR  1. A second heat zone 23' and a second partial cooling zone 24' have been
      inserted into conduit 22 between partial cooling zone 24 and silicone
      applicator-roller 34.
PAR  2. A second heat zone 26' and a second cooling zone 27' have been inserted
      into conduit 25 between partial cooling zone 27 and guide roller 40. 3.
      The valved outlet 21 to vacuum pump has been moved from container 19 to
      container 20.
PAR  4. A valved inlet 21' for injection of inert gas has been added to
      container 18.
PAR  Referring further to the drawings:
PAR  FIG. 1 shows a layer 1 of heat bondable plastic film preferably of
      fluorocarbon polymer, such as DuPont FEP from 0.0005 to 0.02 inch
      thickness superimposed on a sheet of metal 2 from 0.0012 inch upward, both
      layers resting on a flat base 3. The film and metal sheet appear flat,
      before and after bonding with heat at 450.degree. to 600.degree.F. in a
      vacuum.
PAR  FIG. 2 shows the film 1 and metal sheet 2 of FIG. 1 at an intermediate
      temperature, 300.degree. to about 450.degree.F., when the film is at its
      maximum expansion prior to shrinking and bonding to the metal surface as
      shown in FIG. 1. Air trapped under the folds of film 1 will cause bubbles
      or blisters upon shrinking and bonding of the film unless the process is
      performed in a vacuum.
PAR  FIG. 3 shows a FEP film 1 superimposed on a sheet of metal 2, both in
      curved position over a curved base 4, the film being on a convex side of
      the metal sheet which is, in turn, on the convex side of the base 4. The
      film and the metal sheet appear this way prior to any heating and after
      heat bonding at a temperature of 450.degree. to 600.degree.F. in a vacuum.
PAR  FIG. 4 shows a FEP film 1 at its maximum expansion between 300.degree. and
      450.degree.F. prior to shrinking and bonding from 450.degree. to
      600.degree.F. as shown in FIG. 3.
PAR  FIG. 5 shows a FEP film 1 superimposed on metal sheet 2, touching it
      concave side, it in turn resting on the concave side of base 5, all prior
      to any heating.
PAR  FIG. 6 shows the FEP film 1 at its maximum expansion between 300.degree.
      and 450.degree.F. prior to shrinking from 450.degree. to 600.degree.F.
PAR  FIG. 7 shows the FEP film 1 shrunk and pulled away from metal sheet 2 as
      the temperature is elevated above 300.degree.F., failing to bond to metal
      sheet 2.
PAR  FIG. 8 (modified) shows a hollow cylindrical vessel 6 from which air is
      removed through conduit 15 to a source of vacuum (not shown). An inlet
      conduit 15' is provided for injection of inert gas such as nitrogen when
      such is required for prevention of oxidation of oxidizable metals. This
      vessel 6 is built to permit removal of ends 6a to permit entering, by
      means of flanges 16. Inside 6 is a composite roll 11' having, first, a
      base sheet of heavier metal (about 0.01 inch thickness) for maintaining a
      true coil when very thin metal sheets are to be bonded to FEP, this
      heavier sheet shown by numeral 11. At each end of sheet 11 is a spacer
      strip 12 of flexible material, about 1/16 inch thick and 1 to 2 inches
      wide and attached to sheet 11 with slack to allow for curving over sheet
      11 when coiled. These spacer strips can be made of any suitable material
      such as woven asbestos tape, fibre glass or corrugated metal of similar
      material and thickness as the back up sheet 11. Curved over 11, between
      spacer strips 12 is, next, a layer of thin flexible metal 13 to be bonded
      to a FEP film sheet. On top of metal sheet 13 in contact with it is a thin
      FEP sheet 14 which is to be heat bonded to the metal strip 13. Since the
      combined thickness of sheets 13 and 14 is only a few mils, the space
      between them and the bottom side of base sheet 11 created by spacer strips
      12 is ample to allow for intermediate expansion of the FEP sheet 14 when
      it is being brought up to bonding temperature. The composite roll 11' is
      held intact by pairs of curved straps 10 bolted together at flanges 17 as
      more fully shown in FIG. 9. The composite roll is secured to and supported
      by an axially extending pipe 7 which may be moved into tank 6 by means of
      roller supports 8. Any of several means are employable for this purpose as
      the fabricator might choose. The vessel may be heated in multiple steps of
      heating and cooling to bonding temperatures of about 550 to 650.degree.F
      by any of several heating means available to those skilled in the art, as
      indiacted at 9.
PAR  FIG. 9 is a cross-sectional view of the composite roll 11' showing slot 16'
      in pipe 7 as one of several means of securing base sheet 11 to pipe 7. As
      in FIG. 8, 11 is the base sheet; 12 is a spacer strip; 13 is the metal
      sheet to be coated; 14 is the FEP film to be heat bonded to the metal
      sheet.
PAR  FIG. 10 is a longitudinal cross-sectional view of composite roll 11' giving
      more detail of the arrangement of FEP 14 on top of sheet metl 13, both on
      top of base sheet 11, with spacer strips 12 at each end.
PAR  FIG. 11 (modified) shows a schematic arrangement of apparatus for bonding,
      with heat, one or more layers of FEP film to each side of a flexible metal
      sheet, the whole operation carried out, without a base sheet or spacer
      strips, and in a substantially subatmospheric pressure or vacuum
      environment. The term vacuum does not mean a perfect vacuum, but
      sufficient vacuum to provide substantially air free bonding of the FEP
      film to the metal strip without use of mashing devices.
PAR  Vacuum pumps are well known in the art. Modern vacuum force pumps may
      produce pressure down to about 0.001 mm. of mercury. Such extreme
      pressures are unnecessary for the purpose of the present invention and the
      degree of vacuum to be employed in a given case may be determined by
      experimentation. Vacuums of from 18 to 26 inches of mercury are generally
      satisfactory. A higher degree of vacuum, while suitable, may be difficult
      to attain commercially, while a lower degree of vacuum may leave some air
      between the laminee.
PAR  Three containers, preferably metal vessels capable of withstanding a
      substantially complete vacuum, shown as 18, 19 and 20, are joined as shown
      by conduits 22 and 25. These conduits are of metal sufficiently wide to
      accommodate maximum width rolls to be coated about 4', sufficient depth,
      at least one quarter inch, to accommodate intermediate expansion folds of
      the FEP film. There is, preferably, a slightly convex curve on the inside
      bottom of the conduits. This supports the moving metal sheet to assure
      convex contact of the FEP film with it, prior to bonding. A flat support
      would probably suffice under some circumstances, but the curved support is
      highly preferable. This conduit must be of sufficient strength to
      withstand substantially full vacuum without internal supports. Numeral 21
      depicts a valved conduit leading to a source of vacuum (not shown) which
      imposes vacuum on the whole system. Numeral 21' depicts a valved inlet
      into container 18 for injection of inert gas into the system when bonding
      FEP film to an oxidizable metal. The system as shown will apply two layers
      of FEP film to each side of a flexible metal strip. The metal strip 30a
      from strip source shown as roll 30 in container 18 is pulled into conduit
      22 underneath support roller 32 which forces it onto the curved bottom 33
      of conduit 22. FEP films 28a and 29a are superimposed upon the metal sheet
      from rolls 28 and 29 in container 18 and are held to the metal sheet by
      rollers 31 and 32 which function in an unheated zone of container 18. The
      cool unbonded layer of metal 30a and two layers of FEP film 28a and 29a
      move into and through heat zone 23, heated by any of several well known
      means where minimal sufficient heating is effected to bond the FEP to the
      metal, a temperature of 500.degree. to 525.degree.F.  It should be stated
      here that most rolls of flexible metal should be washed grease and dust
      free, with any of several well known solvents, prior to placing in
      container 18 as is well known to those skilled in the art. This is all to
      preparation needed to insure a good heat bond of the FEP to the metal.
      Continuing, the metal sheet 30a with the two layers 28a and 29a of FEP
      bonded to it on the top surfaces moves through partial cooling zone 24
      where it is cooled to a temperature below 500.degree.F, this temperature
      to be determined experimentally by pre-tests to determine the optimum
      cooling requirement for this cooling step. After this 1st step of heating,
      bonding and cooling, the bonded laminate with its inherent spots of
      unbonded FEP film and entrapped gas is re-heated in heat zone 23' to a
      temperature of 550.degree.F. or more (this maximum temperature also
      determined by preliminary tests to determine the optimum) sufficiently to
      assure removal of entrapped gases through the enlarged pores of the
      unbonded spots of FEP prior to its shrinking and complete bonding to the
      metal surface. The laminate next passes through partial cooling zone 24'
      where it is cooled to a temperature below 500.degree.F, sufficiently
      cooled to prevent sticking to guide roller-silicone applicator 34. The
      metal strip 30a with the two layers of bonded FEP on one side passes over
      guide roller 34 which also functions as a silicone applicator for coating
      the bonded FEP surface with silicone or the like to prevent subsequent
      sticking to the curved bottom 39 of the heat heating zone 26 in conduit
      25. The details of the silicone applicator roller 34 are not shown as this
      as a common appliance known to anyone skilled in the art. It should be
      stated that it might require a hollow shaft, with a packing, extending
      outside to permit replenishing the supply of silicone oil or the like in
      the roller which must be perforated to supply the silicone to the FEP
      surface contacting it. This silicone applicator roller 34 also serves to
      help confine the moving strip of metal and FEP to the curved bottom 33 of
      conduit 22, and to direct it to the upper roller 35. Rolls 37 and 38 in
      container 19 supply the second two layers 37a and 38a of FEP film which
      are superimposed on the uncoated upper surface of the metal strip 30a at
      roller 35. Roller 36 functions to hold the metal strip, with its two
      bonded layers 28a and 29a of FEP on the underside now coated with a film
      of silicone oil or the like and its two new layers 37a and 38a of unbonded
      FEP on the top side, to the convex side of curved bottom 39 of conduit 25,
      this contact with roller 36 occuring prior to entry into heat zone 26. The
      metal strip 30a and the four FEP layers pass through heating zone 26 where
      they are brought to a temperature of 500.degree. to 525.degree.F, the two
      unbonded layers of FEP 37a and 38a bonding to 30a with inherent spaces of
      entrapped gases and not fully bonded because of this, the silicone coating
      on the bottom of the composite strip preventing sticking of the already
      bonded FEP layers 28a and 29a to the hot curved base 39. The metal strip
      30a with its two bonded layers of FEP on each side is passed through
      partial cooling zone 27 where it is cooled to a temperature less than
      500.degree.F. It then passes through a final heat zone 26' where it is
      heated and maintained at a temperature of 550.degree. to 650.degree.F for
      sufficient time to assure substantially total removal of entrapped gases
      and effect a maximum bonding of all four FEP strips on the metal strip,
      two on each side. The exposure time at this final bonding temperature
      should also be pre-determined for the particular types of FEP film and
      metal strip to be bonded, it, however, having been found that less than an
      hour usually suffices. The metal strip 30a with its two bonded layers of
      FEP on each side is then passed through final cooling zone 27' where it is
      cooled sufficiently, below 300.degree.F, to a non-sticking state. It
      leaves cooling zone 27' to pass under guide roller 40 which serves to
      confine it to the bottom 39 and also to direct the finished strip onto
      roll 41 in container 20.
PAR  FIG. 12 is an entirely new drawing for this application and may be
      described as follows: Although it shows a basic apparatus or structural
      arrangement, it is primarily schematic since its components are simple and
      well known to those familiar with the art with omission of such well known
      instruments as pressure gauges, sampling connections, and thermometers or
      other heat measuring instruments that would suggest their use and location
      where desired to one skilled in the art. It depicts what is believed to be
      a novel method of assuring zero oxygen or other oxidizing gases presence
      or contact with a metal subject to oxidation at the heat bonding
      temperature of a plastic film material being bonded to the surface of such
      a metal in an environment of reduced pressure, without application of
      pressure to the outer surface of the heated plastic film and without the
      use of bonding additives. Since most of the fluorocarbons have
      comparatively high softening temperatures that could pose oxidizing
      conditions for some commonly used metals, this method was conceived,
      primarily, for high temperature bonding of FEP fluorocarbon film to
      oxidizable metals. For way of example FIG. 12 depicts three different
      shapes of metallic objects such as a bar, a rod, and a tube, all with
      spiral wrapped plastic film around them. A portion of metal sheet, plate
      or wire would be treated similarly, as could any metal object small enough
      to be placed in the heating inner vacuum chamber. If FEP film is to be
      bonded, only the flat or convex surfaces of the material are suitable for
      such heat bonding. Other types of suitable plastics tend to soften and
      adhere to a concave surface if so arranged that gravity is used to bring
      it into contact with such surface. FIG. 12 teaches the use of an inner
      vacuum chamber situated within an outer vacuum chamber containing a source
      of heat within the inner vacuum chamber into which said chamber an inert
      gas is injected, preferably adjacent the heat source in order to pre-heat
      the inert gas, maintaining a slightly greater pressure in the inner
      chamber than that in the outer chamber as the inert gas flows from the
      inner to the outer chamber. The inner chamber contains the metallic
      objects or materials to be heat bonded to a plastic film. The outer vacuum
      chamber acts as a housing for the inner vacuum chamber, the space between
      it and the inner chamber serving as a conduit for outside air leakage
      together with inert gas from the inner chamber which pass to a vacuum
      source outside the outer chamber, this space functioning also as heat
      insulation for the heated inner chamber. Two separate sealable openings,
      one for each chamber, as arranged, permit access to the inner chamber when
      the system is not in operation preventing exposure of its sealed opening
      to atmosphere and possible air leaks when the system is in operation. The
      pressure differential between the inner and outer chambers is governed by
      the volume rate of inert gas injected and the size of opening or openings
      connecting the two chambers, together with the volume capacity of the
      source of vacuum. Details of FIG. 12 are as follows: 101 denotes the outer
      vacuum chamber, 102 is the inner vacuum chamber, 103 is a valved inlet to
      inner chamber 102 for injection of inert gas, 104 is a valved outlet from
      outer chamber 101 which conveys the mixture of leaked-in air and
      discharged inert gas to a vacuum pump (not shown); 105 is a heat source
      located within inner chamber 102 adjacent to the incoming inerg gas; 106
      is an inert gas outlet from inner chamber 102 to outer chamber 101; 107
      denotes the space between the two chambers which serves as a conduit for
      passage of leaked-in air to outlet 104 and as heat insulation between the
      two chambers, and also serves as a conduit for discharged inert gas
      passing from inner chamber 102 through outlet 106 and on to outlet 104;
      108 denotes any type of sealed opening for entry to inner chamber 102 and
      is accessible to sealed opening 115 into outer chamber 101; 109 denotes a
      metal bar with a spiral wrap of plastic film 112 (FEP or other plastic);
      110 is a metal rod with a spiral wrap of plastic film (FEP or other
      plastic); 111 is a metal tube with a spiral wrap of plastic film (FEP or
      other plastic); 112 denotes a plastic film that is heat bondable to
      metals, (FEP or other); 113 denotes an inert gas inlet zone in inner
      chamber 102 adjacent heat source 105; 114 is an inert gas outlet zone in
      chamber 102; 115 is any type of sealed opening for access to chamber 101,
      providing direct access, also, to sealed opening 108 of chamber 102.
PAR  The method of operation as depicted by FIG. 12 for bonding FEP film to a
      metal surface that is oxidizable at the bonding temperatures of the film,
      is as follows:
PAR  The metallic object or material to be heat bonded, with the FEP film placed
      on all flat or convex surfaces to be bonded thereto in a manner suggested
      to those skilled in the art and appropriate to the particular
      configuration involved, is placed in inner chamber 102 through openings
      115 and 108, after which they are firmly sealed. Both chambers, are then
      evacuated by a vacuum pump to an optimum vacuum pressure; inert gas
      injection is then begun into chamber 102, this injection continuing
      throughout the whole operation until the product is finally cooled before
      removal from the oven or inner chamber 102 wherein, after sufficient
      sweeping and diffusion action has assured complete purging of any original
      air by the inert gas in inner chamber 102, heat is first applied to begin
      the multiple steps of heating, bonding and cooling of the FEP film and
      metallic surface. The injection rate of the inert gas will govern the time
      required for complete purging of air, this to be determined as the
      operator skilled in the art might choose. Although not shown, since
      sampling devices are well known to industry, such a sampling device could
      be installed to remove samples as desired from inert gas outlet zone 114
      of chamber 102 for analyzing for oxygen content to assure the complete
      purging of oxygen from chamber 102. Assuming that vacuum suction at outlet
      104 is continuously applied during the complete operation required for
      bonding, the pressure inside inner chamber 102 will always be greater than
      that in outer chamber 101 since the flow is from 102 to 101, thus assuring
      no entry of leaked in air to chamber 102. This pressure differential
      between the two chambers need be only very slight, and will be governed,
      mainly, by the size of outlet 106, the volume of inert gas injected into
      chamber 102 and the internal pressures of the two chambers 101 and 102.
      Determination of internal pressures and temperatures in the system may be
      accomplished in several manners known to those skilled in the art, such
      instrumentation not being shown in this disclosure. The inert gas may be
      adequately pre-heated by introducing it near and in contact with the
      heating source 105, prior to contacting it with the plastic film-metal
      surface combination, though it is not essential, but is quite useful to
      aid in providing uniform application of heat to the said combination. As a
      means of introducing supplemental heat with that from heat source 105, the
      inert gas may well be heated (not shown) prior to injection into chamber
      102. Though previously mentioned, it should be emphasized that no heat
      should be applied until it is certain that all oxygen is purged from
      chamber 102 to assure that no oxidation of metal surfaces may occur, and
      in like manner, the bonded combination of plastic film and metallic object
      or material should be allowed to cool to a temperature well below the
      oxidizing temperature of the metal before any exposure to atmospheric
      conditions. It should be noted herein that no pressure is applied to the
      outer surface of a film such as FEP when it is heated and expanded, even
      with the spiral wrap arrangement as shown in FIG. 12, as the overlapping
      layer of FEP film is also expanded and thereby exerts no pressure on the
      layer beneath, thus assuring a superior, uninhibited bond as taught in my
      application Ser. No. 41,375. If securing means such as wire are required
      (not shown) in limited areas to hold the unbonded film in place until heat
      bonded, they should be very loosely applied, offering minimum confinement
      of the FEP film during its expansion stage, such wires also expanding and
      maintaining their original looseness as the temperature is increased. This
      same method as depicted in FIG. 12 is also adaptable to a system for
      superposing the FEP film onto the metal surface within the vacuum system
      as is shown and described in FIG. 11 (modified). The three container
      system connected by conduits as shown in FIG. 11 (modified) would simply
      require an outer chamber fully surrounding such system, such configuration
      suggesting itself to those skilled in the art. It should be noted that in
      such a system where the film is applied within the vacuum system, the full
      purging of air from the system would be simpler and easier, with no air
      spaces between the film and metal surface to be purged by diffusion,
      though many metallic objects and configurations do not lend themselves
      suitable for such an operation, requiring application of the film to the
      object prior to placing in the vacuum oven.
PAC  ADVANTAGES OF INVENTION
PAR  Since this invention is a modification of that taught in my pending
      application Ser. No. 41,375, still employing the same basic concepts, but
      offering very major improvements in the quality of the product, the same
      advantages over prior art as disclosed in No. 41,375 also exist herein,
      together with the enhancement provided by this novel teaching. Some of its
      advantages over the prior art, and mainly over that of my prior
      application Ser. No. 41,375, are as follows:
PAR  1. For all practical purposes the bonded film is completely free of
      blisters or unbonded spots between it and the metal surface, all entrapped
      gases being removed, still possessing maximum bond strength, and bonded
      without application of pressure to the outer surface of the heated film
      and without the use of bonding additives.
PAR  2. The FEP film is uniformly and completely bonded to the metal surface
      achieving a maximum bond strength by use of maximum bonding temperatures,
      without ruptures in the film which plague all other known processes and
      methods (including my Ser. No. 41,375) where such maximum bonding
      temperatures are required.
PAR  3. All of the economies in equipment design, simpler vacuum pumps, and
      operating costs inherent in medium vacuum operation over very high vacuum
      operation are provided in this novel improvement.
PAR  4. This new method, wherein the entrapped gases are released through
      expanded pores of the unbonded portions of FEP film when heated and bonded
      in a 2nd step, performed under conditions of moderately reduced
      environmental pressure, permits design of a practicable system for
      continuously bonding a FEP plastic film to a moving, flexible metal strip
      as depicted in FIG. 11 (modified), whereas, though theoretically possible,
      it was difficult to accomplish as taught in my Ser. No. 41,375 because of
      the very high vacuum required to produce a product that still had a
      certain amount of film ruptures or pockets of entrapped gases.
PAR  5. This method permits bonding of comparatively wide (up to 48 inches)
      strips of FEP film to metal surfaces without application of pressure to
      the outer surface of the film and without the need of cementing additives,
      wherein no gases are entrapped, such gases escaping through enlarged pores
      of the unbonded portion of the FEP film when heated in the 2nd heating,
      bonding and cooling step, whereas in all former art (including my
      Application Ser. No. 41,375) the gases must escape from an edge of the
      unbonded film or force their way out by rupturing the film if high
      strength bonding temperatures are employed. A large area of film does not
      lend itself to the full escape of gases from thereunder.
PAR  6. The use of moderate vacuum pressures, permissible only in a system as
      herein disclosed where strong, complete bonding of FEP film is achieved,
      permits the use of inert gas as a reduced pressure environment to minimize
      heat oxidation of oxidizable metals, thereby achieving a maximum bonding
      with no blisters or film ruptures.
PAR  7. Some advantages of the novel dual chamber oven as depicted in FIG. 12
      are as follows:
PA1  a. Such oven assures an absolutely oxygen free environment for the
      oxidizable metal object or material being bonded by heat to FEP or other
      type of film.
PA1  b. A dual oven can tolerate appreciable air leaks without oxygen
      contamination of the heat bonding process, by constant and complete
      removal of air from the outer chamber as fast as it enters, fully
      by-passing the inner vacuum-heating chamber.
PA1  c. The improved oven permits a more intricate design for the inner chamber
      since its internal and external pressures are nearly equal, whereas the
      outer chamber may have a simpler design to withstand moderate to high
      compressive pressures.
PA1  d. Such oven also permits the outer chamber to act as a heat insulator for
      the inner chamber, by virtue of the partial vacuum space between the walls
      of the two chambers.
PA1  e. The use of dual chambers permits use of far lesser amounts of inert gas
      than a single chamber system, still achieving total oxygen elimination.
PAR  8. In summation, in light of existing art discovered to date, the methods
      of heat bonding a fluorocarbon film such as DuPont FEP to a metal surface
      without application of pressure to the outer surface of the film while
      heated and without use of bonding additives, as taught in my application
      Ser. No. 41,375 and herein, is unique for economically producing a
      blister-free, rupture-free, maximum strength, and complete such bond.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for bonding a plastic film to a metal surface comprising a
      fluid-tight closed system including first, second and third fluid-tight
      containers or vessels, a first fluid-tight conduit connecting the first
      and second containers and a second fluid-tight conduit connecting the
      second and third containers, means for supplying vacuum to the entire
      system including the containers and conduits, a continuous roll for
      supplying thin sheet metal mounted within the first container, means for
      passing the strip of metal continuously from the first container through
      the first conduit to the second container then through the second conduit
      to the third container, means for supplying at least one layer of plastic
      film to one side of the metal strip from the first container and means for
      passing it with the metal strip through the conduits and second container
      to the third container, means within the second container for supplying at
      least one layer of thin plastic film to the other side of the metal strip,
      means for passing the same with the metal strip to the third container and
      heating means including first and second heating members for applying heat
      to the first and second conduits respectively, sufficient to bond the
      plastic film to the metal sheet.
NUM  2.
PAR  2. Apparatus as defined in claim 1 including a non-stick coating
      applicator.
NUM  3.
PAR  3. Apparatus as defined in claim 1 including a silicone applicator.
NUM  4.
PAR  4. Apparatus as defined in claim 1 wherein the silicone applicator is
      located at the junction of the first conduit and the second container and
      functions to supply silicone coating to the bonded plastic surface to
      prevent sticking to the bottom of the next heating zone in the second
      conduit.
NUM  5.
PAR  5. Apparatus as set forth in claim 1 which includes a partial cooling zone
      beyond the first heating member.
NUM  6.
PAR  6. Apparatus as set forth in claim 1 which includes a cooling zone beyond
      the second heating member.
NUM  7.
PAR  7. Apparatus as set forth in claim 1 which includes cooling zones beyond
      the first and second heating members respectively.
NUM  8.
PAR  8. Apparatus as set forth in claim 1 which includes means for supplying an
      inert gas to the system.
NUM  9.
PAR  9. Apparatus as set forth in claim 1 wherein the means for supplying vacuum
      comprises a vacuum pump connected with the third container or vessel, and
      means for supplying an inert gas to the first container or vessel.
NUM  10.
PAR  10. Apparatus as set forth in claim 1 wherein the heating zone includes
      spaced heating members for each of said conduits and cooling zones beyond
      each heating member.
NUM  11.
PAR  11. Apparatus as set forth in claim 1 wherein means are provided for
      introducing an inert gas to the system at a point remote from the means
      for supplying vacuum to the system.
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ABST
PAL  Apparatus for manufacturing a wrapper web provided with a tear-open strip
      is disclosed. A web of wrapper material is fed along a generally planar
      guide path and two parallel incisions are made in the web to separate a
      narrow central strip of material therefrom. This narrow strip is raised
      out of the planar guide path, along which the two edge pieces on each side
      of the narrow strip continue to be fed. The two edge pieces are urged
      towards one another until mutually facing edges of the two edge pieces
      abut against one another below the centre of the narrow strip. The narrow
      strip is then guided back into the planar guide path so that it overlaps
      longitudinal edge portions of the two edge pieces, to which the narrow
      strip is adhesively or heat bonded to provide a web having a tear-off
      strip.
PAR  The present invention relates to apparatus for manufacturing a wrapper web
      of viscose foil, or similar stickable or weldable wrapper material,
      provided with a tear-open strip.
PAR  It is known to provide apparatus for cutting a tear-open strip from one
      edge of a web of wrapping material whilst the web is guided in a generally
      planar guide path. The strip after being severed from the remainder of the
      web is then guided out of the general plane of the web feed path and
      displaced laterally to overlie the remainder of the web. The strip is then
      heat welded to the remainder of the web to provide a tear-open strip.
      However, the resulting web is dependent on the effectiveness of the bond
      between the strip and the remainder web to effect actual tearing of the
      material of the remainder web, when the tear-open strip is torn off, if a
      package wrapped in a web provided with tear-off strip of such known
      construction is to be opened effectively.
PAR  According to the present invention there is provided apparatus to
      manufacture a wrapper web provided with a tear-open strip, the apparatus
      comprising feeder means to feed a web of wrapper material in a given
      direction along a first path including a planar portion, cutter means
      comprising two cutter elements disposed at a predetermined spacing apart
      in a direction perpendicular to said given direction and adapted to make
      mutually parallel longitudinally extending incisions in said web of
      wrapper material to sever therefrom a strip having its width defined by
      said predetermined spacing and on each of mutually opposite side of said
      incisions to leave a respective web piece having a width substantially
      greater than that of said strip, first guide means to displace said strip
      out of the plane of said planar portion of said first path and to guide
      said strip along a second path, said second path being convergent with
      said planar portion of said first path downstream of said first guide
      means, second guide means having respective guide elements spaced apart in
      a direction perpendicular to said given direction at a distance
      substantially equal to the sum of the respective widths of said web
      pieces, said guide elements being operatively associated with said planar
      portion of said first path downstream of said first guide means to guide
      said web pieces into mutually abutting edge-to-edge relationship, third
      guide means operatively associated with said planar portion of said first
      path downstream of said first guide means to guide said strip into
      overlapping relationship with longitudinally extending and mutually next
      adjacent edge portions of each of said web pieces in said planar portion
      of said first path, and connector means to connect said strip -- when in
      said overlapping relationship -- to each of said edge portions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Embodiments of the invention will now be more particularly described with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 shows a perspective view of a package wrapped in a wrapper web
      provided with a tear-open strip;
PAR  FIG. 2 shows a cross-sectional view of a wrapper web provided with a
      tear-open strip;
PAR  FIG. 3 shows a cross-sectional view of part of apparatus for manufacturing
      a wrapper web provided with a tear-open strip;
PAR  FIG. 4 shows the relative positions of the web portions of the wrapper
      strip after carrying out separating cuts;
PAR  FIG. 5 shows a plan view of the apparatus shown in FIG. 3;
PAR  FIG. 6 shows a schematic representation of apparatus embodying the
      invention;
PAR  FIG. 7 shows an elevational view of a guide roller assembly;
PAR  FIG. 8 shows another view of the guide roller assembly shown in FIG. 7
      together with other components of apparatus embodying the invention;
PAR  FIG. 9 shows a section along the line A--A in FIG. 8;
PAR  FIG. 10 shows a section along the line B--B in FIG. 8; and
PAR  FIG. 11 shows on an enlarged scale and in greater detail part of the
      apparatus shown in FIG. 8.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A wrapper web shown in FIGS. 1 and 2 comprises two web pieces 1 and 2,
      which extend parallel to one another and abut one another along a
      longitudinal butt joint. This longitudinal butt joint is covered over by a
      strip 3 of the same material as that of the web pieces 1 and 2. The strip
      3 serves as a tear-open strip. The strip 3 is welded or adhesively bonded
      to the web pieces 1 and 2.
PAR  Apparatus for the manufacture of a wrapper web provided with a tear-open
      strip is shown in FIGS. 3 and 5. The apparatus comprises a runway table
      11, on which protruding means in the form of a guide profile 5 having a
      trapezium-shaped cross-section -- when viewed perpendicularly to the
      direction of web feed -- is disposed. At the longitudinal edge of this
      guide profile 5 are provided slots 6, which serve for the reception of
      incising means, for example, a pair of mutually spaced parallel razor
      blades. A cross-sectional view of the guide profile 5 is shown on an
      enlarged scale in FIG. 3. The length of the inclined sides of the regular
      trapezium is substantially equal to the total length of the base side, so
      that the incised edges of the web pieces 1 and 2 lying upon the inclined
      side surfaces of the guide profile 5 can fold down along the circular arcs
      10 and abut against one another in a longitudinal butt seam.
PAR  Due to the guide profile 5, which tapers down in wedge shape over the
      length L, there ensues a bulging-out of the middle portion of the uncut
      web material 7 in the illustrated manner to be trapezium-shaped. Severing
      knife blades 4 sever the web 7 into two web pieces 1 and 2 and a strip 3.
      It will be appreciated that the width of the strip 3 is substantially
      equal to the distance separating the two knife blades 4. After the web
      pieces 1 and 2 have been guided out beyond the protruding guide profile,
      the domed-out edge portions of the web fold toward one another and lie
      against one another in longitudinal abutting relationship to define a butt
      seam. The strip 3 is laid over the butt seam and is welded or adhesively
      bonded to the longitudinally extending edge portions of the web pieces 1
      and 2 which are overlapped by the strip 3.
PAR  The apparatus shown in FIG. 6 comprises a pair of first transport rollers
      11 and a pair of further transport rollers 12, between which a web of
      material 12' is displaced in the direction indicated by the double-tailed
      arrow. The guide profile 5 of FIG. 5 is disposed in the web feed path
      between the rollers 11 and 12 in FIG. 6 although, in the interests of
      clarity of illustration, the guide profile 5 has not been shown in FIG. 6.
      As has been described with reference to FIG. 5, the guide profile 5 is
      provided with two slots 6 for the reception of respective razor blades 14
      which, as shown in FIG. 6, cut a strip 15 from the web material 12' as the
      latter is fed in the direction indicated in FIG. 6 by the double-tailed
      arrow. The strip 15 is guided by first guide means, which comprises the
      guide profile 5 of FIG. 5 and a bracket member 13, along a second guide
      path which is convergent with the planar portion of the first guide path
      downstream of the first guide means.
PAR  Thus, as shown in FIG. 6, the strip 15 is guided through a substantially
      U-shaped channel defined by the bracket member 13. Second guide means in
      the form of two lateral guide elements 16 are arranged downstream of the
      guide bracket 13 to urge the web pieces 17 and 18' towards one another so
      that the longitudinally extending and mutually facing edges thereof are
      disposed in substantially abutting relationship. As shown in FIG. 6, the
      guide elements 16 are spaced apart in a direction perpendicular to the
      given direction of web feed by a distance which is substantially equal to
      the sum of the respective widths of the web pieces 17 and 18'. As shown in
      FIG. 6, the strip 15 is guided into overlapping relationship with
      longitudinally extending and mutually next adjacent edge portions of each
      of the web pieces 17 and 18' by third guide means formed by the housing of
      a heater device 18. The heater device 18 is provided with heater elements
      arranged above and below the web material. The heater device 18 is
      schematically represented in FIG. 6 and is aligned with a seam, which is
      formed by the abutting longitudinally extending edge portions of the web
      pieces 17 and 18' ,and with the strip 15.
PAR  The application of heat to the strip 15 and to the abutting edge portions
      of the pieces 17 and 18' causes the edge portions to be welded to the
      strip 15.
PAR  The apparatus shown in FIGS. 7 to 10 includes a shaft 19 on which a guide
      roller disc section 20 is mounted to rotate therewith. Guide rollers 21
      and 22 are journalled to be freely rotatable on the shaft 19 and are
      disposed on each side of the roller disc section 20. A web of material 23
      is guided over the guide rollers 21 and 22 and, as shown in FIG. 8 extends
      over an arc of contact of 180.degree. with the guide roller assembly 20,
      21 and 22. On the input side, the web of material runs over means
      protruding from the general plane of the web 23. The protruding means
      comprises a profile roller assembly, which includes a central roller guide
      disc 24 corresponding in width to that of the tear-open strip and two
      profiled edged discs 25 disposed on opposite sides of the disc 24. The
      central roller 24 and the two profiled edged rollers 25 are supported on a
      shaft 23', which extends perpendicularly to the web feed direction and is
      rotatably mounted. As indicated on an enlarged scale in FIG. 9, a portion
      of the web 23 is raised out of its general plane as it passes over the
      rollers 24 and 25, and the raised portion of the web 23 is of smaller
      shape in cross-section to the outwardly bulging portion of the web 7 shown
      in FIG. 5. Aligned with the edges of the guide disc 24 are knife blades
      26, which separate a tear-open strip from the web of material. FIG. 10
      shows the conditions which obtain after the severing of this tear-open
      strip. The longitudinal edges of the two web pieces remaining on each side
      of the tear-open strip fold together and lie against one another. The next
      adjacent longitudinal edge portions of these web pieces are covered over
      by the tear-open strip, which runs over the disc 20 (FIG. 7). This disc 20
      is at least over the 180.degree. of the arc of contact, over which the web
      of material runs, provided with an elongate ribbon electrical heater
      element, so that a heat sealing of the tear-off strip and the edge
      portions of the web pieces takes place.
PAR  FIG. 11 shows on an enlarged scale the construction of the disc 20 shown in
      FIG. 7. As shown in FIG. 11, the disc 20 is provided with a heater tape 27
      extending over 180.degree. of the arc of contact. This heater tape 27 is
      electrically conductive and an electrical current is passed through the
      tape 27 in order to apply heat to the tear-open strip and to the
      longitudinal edge portions of the web pieces disposed beneath it. The
      electrical current supply circuit for the tape 27 is derived from an
      electrical current source -- indicated symbolically in FIG. 11 and
      electrically connected to the tape 27 via split-rings mounted on the shaft
      19. The means for connecting the tape 27 to the electrical current source
      may be of a kind well known to those skilled in the art and therefore will
      not be further described in detail. The disc 20 is rotatably driven by an
      electric motor 30 coupled to a drive wheel 29 which meshes with a spur
      wheel 28, the latter being rigidly mounted on the shaft 19. A tape 31 of
      thermal insulating material having a tensioning device 32 overlaps the
      heated arc of contact of the disc 20, so as to reduce wastage of heat and
      to enable the heating load to be kept as small as possible. FIG. 11 shows
      the operative position of the disc 20 on the shaft 19. When the machine
      for any reason must be stopped, then the disc 20 is angularly displaced
      through 180.degree. with the aid of the motor 30, so that the web of
      material on the arc of contact is no longer heated in order to avoid
      overheating of the web of material on the arc of contact.
PAR  In the embodiments which have been described above the incised edges of the
      web pieces 1 and 2 are located in abutting relationship when overlapped by
      and connected to the tear-open strip 3.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus to manufacture a wrapper web provided with a tear-open strip,
      the apparatus comprising, in combination:
PA1  feeder means to feed a web of wrapper material in a given direction along a
      first path including a planar portion;
PA1  cutter means comprising two cutter elements disposed at a predetermined
      spacing apart in a direction perpendicular to said given direction and
      adapted to make mutually parallel longitudinally extending incisions in
      said web of wrapper material to sever therefrom a strip having its width
      defined by said predetermined spacing and on each of mutually opposite
      sides of said incisions to leave a respective web piece having a width
      substantially greater than that of said strip;
PA1  first guide means comprising means protruding from said planar portion of
      said first path to define a ramp surface extending from and inclined at an
      acute angle with respect to said planar portion to cause a portion of said
      web traversing said protruding means to be guided along said ramp surface
      and out of the plane of said planar portion of said first path and to
      guide said strip along a second path, said second path being convergent
      with said planar portion of said first path downstream of said first guide
      means, said cutting means co-operating with said protruding means to make
      said incisions in said web;
PA1  second guide means having respective guide elements spaced apart in a
      direction perpendicular to said given direction at a distance
      substantially equal to the sum of the respective widths of said web
      pieces, said guide elements being operatively associated with said planar
      portion of said first path downstream of said first guide means to guide
      said web pieces into mutually abutting edge-to-edge relationship;
PA1  third guide means operatively associated with said planar portion of said
      first path downstream of said first guide means to guide said strip into
      overlapping relationship with longitudinally extending and mutually next
      adjacent edge portions of each of said web pieces in said planar portion
      of said first path; and
PA1  connector means to connect said strip -- when in said overlapping
      relationship -- to each of said edge portions.
NUM  2.
PAR  2. Apparatus as defined in claim 1, wherein said protruding means comprises
      a fixed generally wedge-shaped guide profile tapering outwardly in said
      given direction of feed of said web and provided with two slots each
      extending longitudinally of said first path, each of said cutter elements
      being mounted to enter a respective one of said slots.
NUM  3.
PAR  3. Apparatus as defined in claim 1, wherein said protruding means comprises
      a roller assembly mounted to rotate about an axis of rotation extending
      substantially perpendicularly of said given direction of feed of said web
      and to have a portion of the periphery thereof protruding from said plane,
      said roller assembly comprising a central roller having a width
      substantially equal to said predetermined spacing, and a respective disc
      member rotatable with and mounted on each side of said central roller,
      each said disc member being spaced apart from said central roller to
      define therebetween a groove into which a respective one of said cutter
      elements enters.
NUM  4.
PAR  4. Apparatus as defined in claim 1, wherein said third guide means
      comprises a guide roller assembly mounted on a shaft extending
      substantially perpendicularly of said given direction of feed of said web,
      and an elongate ribbon element of thermally insulating material, said
      guide roller assembly comprising a roller section rigidly connected to
      said shaft, a respective guide roller disposed next adjacent each end
      portion of said roller section and each mounted to rotate freely on said
      shaft, and selectably operable drive means to rotatably displace said
      roller section through substantially 180.degree., said roller section
      having a width substantially equal to said predetermined spacing and being
      disposed in substantial aligned relationship with said first guide means,
      and wherein said connector means comprises an elongate ribbon electrical
      heater element extending around a portion of said periphery of said roller
      section to subtend an angle of substantially 180.degree. at the centre of
      said roller section, said web pieces with said strip in said overlapping
      relationship being guided between said guide roller assembly and said
      elongate ribbon element of thermally insulating material to permit said
      heater to apply heat to weld said strip to said edge portions of said web
      pieces, and said roller section being rotatably displaceable to cause said
      heater element to be selectably removed from contact with said wrapper
      web.
NUM  5.
PAR  5. Apparatus as claimed in claim 1, wherein said protruding means in
      cross-section perpendicular to said given direction of feed of said web
      defines a substantially trapezoidal profile.
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ABST
PAL  A tool for interconnecting by means of welding two webs of a plastics film
      enclosing a package of goods, said tool comprising two sections arranged
      to be pressed against one another while securely holding and welding
      together said film webs and thereafter separate said webs from one another
      after welding. The tool comprises means arranged to tighten the film
      around the goods while maintaining the stretch of film web extending from
      the welding point towards the web supply rolls in a tension-free condition
      during the welding operation proper so as to ensure a high-quality and
      durable welding seam.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is already known to wrap packaging goods in film webs dispensed from two
      supply rolls, these film webs consisting of a material possessing such
      elasticity that the film may be stretched considerably without loosing its
      elastic properties. Once the objects have been wrapped in the film, the
      film webs are joined together along their entire width through welding and
      thereafter severed along the centre line of the welding joint. The film is
      made to enclose the goods while in a heavy tensioned condition both as a
      result of the goods pressing against the film to which a braking force is
      applied during its reel-off from the supply rolls whereby the film is
      brought to adhere against three of the four parallelepipedon sides of the
      goods and as a result of the interconnection of the two film webs at the
      fourth side while at the same time the film sides thus interconnected are
      locked relative to one another along a straight line. The tension of the
      film calculated from this line and towards the supply rolls may thereafter
      be released without ensuing reduction of the tension of the film already
      wrapped around the packaging goods. The film webs are united along an
      additional straight line positioned somewhat spaced from and in parallel
      with the first straight line and closer to the supply rolls and the film
      webs are locked along said second line, care being taken to keep the film
      areas intermediate these two lines free of tension. Two parallel durable
      welding joints can then be made between these two locking lines and the
      film be severed between the welding seams. In order to make it possible to
      wrap packaging goods in plastic films in this manner two means are
      required to brake the film webs as they are being reeled off from the
      supply rolls, and in addition an apparatus is required to push the goods
      forwards against the stretched film webs while overcoming the braking
      effect of said two brake means. Having urged the goods forwards, the
      pushing apparatus must return to its initial position in order to leave
      space for the clamping means and the welding and severing tool. It is then
      necessary to ensure that the tension in the film enclosing the goods does
      not cease. In addition, it is necessary to ensure that the braking effect
      exerted on the film webs as the latter are reeled off the supply rolls
      ceases immediately prior to the clamping means performing their function
      of interconnecting the two film webs in a flat condition opposite the
      welding and severing tool. Because of these numerous considerations a
      wrapping machine of the kind referred to becomes rather complicated.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The primary object of the present invention is to remedy the
      above-mentioned drawbacks. The tool in accordance with the invention
      comprises in the conventional manner two tool halves or sections which may
      be pressed against one another each one of said tool sections being
      provided at the part thereof adjacent the goods with a clamping means and
      externally thereof, with relation to the goods, with two welding units and
      a severing means positioned intermediate said units.
PAR  It is characteristic of the invention that each tool half or tool section,
      in addition to the above means, also supports a pair of clamping jaws to
      secure an associate film web at a point intermediate the film supply roll
      and the intended welding point, the tool also comprising means to release
      the film from the associated clamping jaw pair immediately after or
      exactly during the pressing together of the two tool sections, said means
      thereafter initiating the welding together of the film webs. Because of
      the incorporation in the wrapping machine of a tool equipped in this
      manner, said machine need not be provided with means arranged to brake or
      slow up the speed of advancement of the film webs reeled off from the
      supply rolls or with an apparatus urging the goods into contact with the
      film webs under tension. Instead, the goods may in accordance with common
      practice be forwarded on a conveyor towards and into contact with the film
      positioned in the path of advancement of the goods so as to push away said
      film which is then made to enclose three sides of the goods, whereupon the
      tool sections tuck the film around the fourth side of the goods. Before
      the tool sections are pressed together completely, the film is, however,
      locked to the two tool sections in such a manner that upon closing of the
      tool sections the film will be tightened or stretched around the goods.
      Prior to the welding operation proper the film tension is released in the
      direction towards the supply rolls whereas the tension in the film
      enclosing the goods is retained by the means of the tool clamping jaws on
      the edge of the tool adjacent the goods. It thus becomes possible to weld
      the film in a tension-free condition to ensure an excellent and durable
      welding seam.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further characteristics of the invention will become apparent upon reading
      of the following, partly schematical drawings, wherein
PAR  FIG. 1 is a side view of a wrapping machine incorporating a tool in
      accordance with the invention,
PAR  FIG. 2 illustrates on an enlarged scale a partly broken plan view of a tool
      in accordance with the invention,
PAR  FIG. 3 illustrates a horizontal cross sectional view through the tool in
      accordance with the invention, along line III--III of FIG. 2, the tool
      being in the position wherein the film forwarded from the supply rolls is
      locked,
PAR  FIG. 4 illustrates in a similar cross-sectional view the position of
      joining together the two tool sections, and
PAR  FIG. 5 is a similar section illustrating the position after completion of
      the welding operation immediately prior to the separation of the two tool
      sections.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  The machine schematically illustrated in FIG. 1 and adapted for stacking
      and wrapping goods 1 in superposed layers 2, 3, 4, and 5, is provided at
      its upper part with a conveyor 6 for feeding goods into the machine and at
      its lower part with a conveyor 7 for discharging from the machine the
      completed load 8 stacked and wrapped in plactics film. The machine also
      comprises an elevator carriage 9 and a roller table 10 which may be
      displaced stepwise from an upper position almost level with the conveyor 6
      downwards over a distance corresponding to the height of the respective
      one of the goods layers 2 to 5. Below the conveyor 6 a feeder plate 11 is
      arranged for reciprocating movement past a stripper means 12 which is
      movable in the vertical direction upwards and downwards. In the machine
      frame 13 are mounted two supply rolls 14, 15 holding weldable plastics
      film, so-called shrinking foil or stretching foil, the webs 16, 17 of
      which extend across the mobile roller table 10 at which point the web ends
      are interconnected by welding. The machine frame 13 may also support an
      additional two supply rolls (not shown) holding plastics film the webs of
      which the initial stage extend across the roller table 10 beneath the
      first-mentioned shrinking film webs 16, 17 crossing the latter at right
      angles and having their ends interconnected above the roller table. The
      outlet end of the conveyor 7 extends into a shrinking tunnel 18.
PAR  Below the feeder plate 11 are arranged two halves or sections 19, 20 of a
      tool in accordance with the invention and intended to pull the two film
      webs 16 and 17 together around the load composed of goods layers 2, 3, 4,
      and 5 and to weld together these film webs and sever the film along the
      welding joint or seam. This tool in accordance with the invention is
      illustrated on an enlarged scale in FIGS. 2 to 5.
PAR  The two tool sections 19, 20 are provided at their ends with bearing
      sleeves 21, 22 by means of which the tool sections are displaceable
      towards and away from one another on horizontal, mutually parallel rods 23
      carried by the machine frame 13. The displacement of the tool sections 19,
      20 towards and away from one another is effected by two pairs of
      piston-and-cylinder units 24, 25 and 26, 27, respectively. Each tool
      section 19, 20 carries on its forward lower edge a clamping jaw 28, 29 and
      at its upper edge a clamping jaw pair 30, 31 each such pair consisting of
      a stationary clamping jaw 32, 33 and second clamping jaw 34, 35 which is
      mobile relative to the stationary one. The stationary clamping jaw 32, 33
      is provided with a groove-like channel 36, 37 wherein the forward edge 38,
      39 of the mobile jaw 34, 35 may engage. Between the stationary jaw 32, 33
      and the principal portion of the associated tool section 19, 20 there is a
      gap 40, 41 through which runs the associated film web 42, 43. The mobile
      jaw 34, 35 is secured at its rear end to a rail 44, 45 extending along the
      entire tool section 19, 20, said rail carrying one end of a pair of
      pressure cylinders 46, 47 both ends of which are connected to a (not
      shown) source of pressure by means of hoses 48, 49. The body 50, 51 of the
      two tool sections consists of profile tubes extending along the entire
      tool length and being mutually interconnected through welding. The body 50
      carries at its forward edge a preferably heated counter-holding rail 52
      for two welding units 53, 54 arranged on tool section 20, and also a
      severing means 55 positioned between said units. In addition, the two tool
      sections 19, 20 are provided with tubes 56, 57, 58, 59 connecting them
      with a source of pressurized cooling air.
PAR  The piston rod 61 connected to the piston 60 of the pressure cylinder 47
      slidingly passes one end wall 62 of the cylinder and the rail 45
      supporting clamping jaw 35. The piston rod 61 is provided with an
      extension rod 63 which is displaceably mounted in the body 51 and at its
      forward end secured to a sliding piece 64 which at its forward edge
      carries the welding jaws 53, 54 and the severing means 55. The sliding
      piece 64 is formed with elongate holes 65 extending in its direction of
      displacement and a guide sleeve 66, secured to the frame 51 by a bolt 67,
      is arranged to pass through each such hole. At its rear edge the frame 51
      is provided with resilient means 68 arranged upon displacement of the
      piston 60 to the left in accordance with FIG. 3, to be compressed by a
      shoulder 69 formed at the forward end of the piston rod 61.
PAR  The cylinders 46 on tool section 19 are arranged approximately in the same
      manner as the cylinders 47 on tool section 20 and serve to displace the
      clamping jaw 34 towards and away from the stationary jaw 32. The heads 70
      on stopper bolts 71, screwed into the frame 50, serve to limit the
      displacement outwards (to the left in accordance with FIGS. 3 and 4) of
      the cylinders 46 and consequently that of the support rail 44 and the
      clamping jaw 34. The counter-holder rail 52 need not, however, be
      displaceable like the sliding piece 64.
PAR  When the required number of goods layers 2, 3, 4, and 5 have been stacked
      on top of one another on the roller table 10 pressurized medium is
      introduced into the cylinders 25, 27 resulting in a displacement of the
      tool sections 19, 20 towards one another so as to bring the film webs 16,
      17 to enclose the stack of goods. When the tool sections 19,20 reach
      approximately the position illustrated in FIGS. 1 and 3, pressurized
      medium is introduced through the tubes 49 into the cylinders 46, 47. The
      result is that the cylinders 46, 47 are displaced inwards (towards one
      another) which in turn brings about clamping of the film webs 42, 43 in
      the grooves 36, 37 in the jaws 32, 33. Upon continued displacement of the
      tool sections 19, 20 towards one another, see the direction indicated by
      arrows 72, 73 in FIG. 3, the film is strongly tightened about the stack of
      goods. When the film webs 42, 43 are compressed by the clamping jaws 28,
      29 (FIG. 4) or immediately after, pressurized medium enters the cylinders
      46, 47 through the hoses 48. As a consequence, the cylinders 46, 47
      together with the support rails 44, 45 and the clamping units 34, 35 are
      displaced to their outer positions, whereupon the film webs 42, 43 are
      released from the clamping jaws 32, 34, and 33, 35. As soon as the
      cylinders 46, 47 have reached their outer positions, limited by the heads
      70 on the stopper bolts 71, a pressure increase at the outer end of the
      cylinder 47 results in displacement of the piston 60 together with its
      piston rod 61, the extension rod 63 and the sliding piece 64 to the left
      into the position illustrated in FIG. 5 while compressing the the
      resilient means 68 (consisting, e.g., of a number of spring washers) with
      the aid of the shoulder 69. This effects welding together of the film webs
      42, 43 and at the same time the webs are separated from one another by the
      severing means 55 in the longitudinal direction of the welding seam. Upon
      completion of the welding and severing operations, the pressure at the
      outer end of the cylinder 47 is reduced and as a result thereof the
      resilient means 68 is able to displace the piston 60, the piston rod 61,
      the extension rod 63 and the sliding piece 64 sufficiently far to the
      right in accordance with FIGS. 3 to 5, for the welding units, 53, 54 to go
      clear of the film webs 42, 43. At the same time the source of pressurized
      medium is connected to the jet tubes 56, 57, 58, and 59 whereby air jets
      are directed to the welding point, cooling the latter. The tool sections
      19, 20 return to their original position (FIG. 1) and a fresh stack of
      goods may be handled. The load 8, enclosed in the plastics film, may be
      carried on the conveyor 7 through a shrinking tunnel 18 wherein the film
      is shrunk around the goods.
PAR  The embodiment as described and illustrated is to be regarded as an example
      only and the various details of the tool may be constructively altered in
      a variety of ways within the scope of the appended claims. With the same
      advantage, the tool may be used in wrapping machines of the kind indicated
      in the introduction, viz. the kind wherein the film webs extend vertically
      and the stack of goods is advanced on a horizontal conveyor towards and
      into contact with the film positioned in the path of movement of the stack
      of goods.
PAR  The shrinking tunnel 18 may be dispensed with if the film is folded around
      the corners of the stack of goods and welded together at these points by
      special welding units.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. An improved tool for interconnecting by means of welding two webs of a
      weldable and preferably also extensible plastics film enclosing a package
      of goods, said webs being reeled off two separate supply rolls, said tool
      comprising two tool sections arranged to be pressed against one another, a
      face on each tool section being positioned adjacent said goods, a clamping
      jaw on each said section face, two welding units positioned on one of said
      sections externally of said clamping jaw as seen from the direction of
      said goods, and a severing means intermediate said welding units, the
      improvement comprising an additional pair of clamping jaws on each said
      tool section, said additional clamping jaws arranged to securely clamp the
      associated film web at a point between the supply roll of the latter and
      the intended welding point, and also means for releasing said film from
      said additional two pairs of clamping jaws immediately after or exactly
      during the joining together of said tool sections, said welding units
      being arranged to thereafter initiate the welding operation.
NUM  2.
PAR  2. An improved tool as claimed in claim 1, wherein said clamping jaw pair
      provided on each said tool section comprises one stationary clamping jaw
      attached to said tool section and one movable clamping jaw mounted on said
      tool section for displacement towards and away from said stationary jaw.
NUM  3.
PAR  3. An improved tool as claimed in claim 2, comprising a slit for passage of
      said film, said slit provided between said stationary clamping jaw and the
      principal portion of the associated tool section.
NUM  4.
PAR  4. An improved tool as claimed in claim 2, comprising a piston cylinder,
      said movable clamping jaw being connected to one end of said piston
      cylinder, a source of pressurized medium, both ends of said piston
      cylinder connected to said source of pressurized medium, the piston rod of
      said piston cylinder being displaceably mounted in its associated tool
      section for movement in the direction of displacement of said tool
      section, a sliding piece displaceably mounted in said tool section and
      supporting said welding units and said severing means, the free end of
      said piston rod connected to said sliding piece.
NUM  5.
PAR  5. An improved tool as claimed in claim 4, comprising a resilient means
      acting to displace said sliding piece, and a stopper means, said stopper
      means limiting the distance over which said sliding piece is displaceable
      through the action of said resilient means to a non-operative position of
      said welding and severing means.
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ABST
PAL  A panel manufacturing machine adapted to produce panels of building blocks;
      the machine involving the formation of a horizontal course of blocks in
      end-to-end relation to each other with mortared head joints between ends
      of the blocks and with bed mortar on top of the blocks, which course is
      transferred as a unit to be assembled with other courses of blocks to
      produce a panel. Further, the machine can progressively sense a modular
      measurement longitudinally of said course to control the overall length of
      each course when assembled and mortared together.
PARN
PAR  This application is a continuation of our prior application filed Apr. 9,
      1971, Ser. No. 132,788, now abandoned, and is a division of our prior
      application filed Apr. 30, 1971, Ser. No. 138,949, issued as U.S. Pat. No.
      3,789,101 on Jan. 29, 1974.
BSUM
PAR  This invention relates to apparatus for manufacturing building block panels
      and more particularly to apparatus which is adapted to produce such panels
      in a rapid and accurate manner and which is capable of being operated
      automatically.
PAR  It has long been desired to lay masonry panels mechanically from generally
      rectangular building blocks, i. e. concrete blocks, cinder blocks bricks,
      and the like. The preassembled wall panels are subsequently assembled at
      the building site to form a completed wall or buiding section. The
      manufacture of such prefabricated panels is desirable for a number of
      reasons but in particular because of the reduction in labor cost, the
      rapidity of erection, and because such an operation eliminates to a great
      degree dependence on proper weather conditions.
PAR  Machines have been utilized to produce panels by mortaring together several
      superimposed courses of blocks. Such machines have been disposed over the
      wall panel being formed and have traveled longitudinally along the panel
      placing blocks sequentially on the upper surface of the panel and
      simultaneously making a head joint and bed joint for each block as it is
      laid. Such prior machines have been relatively complicated due to the fact
      that the mechanism used to place each block on a panel and to mortar in
      into place has been relatively complicated and expensive to maintain in
      operation. Further, there have been some problems with relation to the
      batching of mortar and transferring the mortar to the traveling mortar
      placement devices. The operations of these machines which set one block at
      a time on a panel being produced have been relatively slow in cycle rate
      and consequently have been limited in production volume. Additionally,
      such machines have employed massive traveling mechanisms which have of
      necessity been elevated progressively each time a course is placed upon a
      panel being produced so that the traveling mechanism may be in position to
      lay another course of blocks on top of the panel and accordingly, the
      production of a panel gives rise to problems attendant to the structure
      carrying the mechanism and for positioning it in various elevated
      positions. Further, the mortar placement mechanisms as well as the
      traveling mortar positioning mechanisms are relatively complicated and
      costly to operate and maintain.
PAR  Accordingly, it is the principal object of the present invention to provide
      a machine which may readily be adapted to form prefabricated panels from
      blocks and which makes possible high-speed, efficient operation.
PAR  Another object of the invention is to produce a machine which will produce
      prefabricated panels from blocks which panels have high strengths and
      which can be fabricated to close tolerances.
DRWD
PAR  Other objects and advantages of the invention will be apparent from the
      following specification, appended claims and accompanying drawings in
      which:
PAR  FIG. 1 is a side elevational view of a panel manufacturing machine
      embodying various of the features of the invention;
PAR  FIG. 2 is a plan view of the machine shown in FIG. 1;
PAR  FIG. 3 is an end view of the machine shown in FIG. 1;
PAR  FIG. 4 is an enlarged fragmentary, plan view along line 4--4 in FIG. 3;
PAR  FIG. 5 is an enlarged, fragmentary, side elevational view along line 5--5
      of FIG. 3;
PAR  FIG. 6 is an enlarged, fragmentary, elevational view along line 6--6 of
      FIG. 2;
PAR  FIG. 7 is an enlarged, fragmentary, elevational view along line 7--7 of
      FIG. 2;
PAR  FIG. 8 is a fragmentary, plan view along line 8--8 of FIG. 6;
PAR  FIG. 9 is a fragmentary, end view along line 9--9 of FIG. 6;
PAR  FIG. 10 is a fragmentary, plan view along line 10--10 of FIG. 5;
PAR  FIG. 11 is a fragmentary, sectional view along line 11--11 of FIG. 10;
PAR  FIG. 12 is a sectional view along line 12--12 of FIG. 11;
PAR  FIG. 13 is an enlarged, fragmentary, sectional plan view along line 13--13
      of FIG. 5;
PAR  FIG. 14 is a fragmentary, sectional view along line 14--14 of FIG. 13;
PAR  FIG. 15 is an enlarged, fragmentary, sectional view along line 15--15 of
      FIG. 2;
PAR  FIG. 16 is an enlarged, fragmentary, sectional view along linen 16--16 of
      FIG. 15;
PAR  FIG. 17 is a fragmentary, sectional view along line 17--17 of FIG. 15;
PAR  FIG. 18 is a plan view along line 18--18 of FIG. 17;
PAR  FIG. 19 is a fragmentary, plan, sectional view along line 19--19 of FIG. 5;
PAR  FIG. 20 is a fragmentary, elevational view along line 20--20 of FIG. 19,
      showing portions of the structure broken away and in section;
PAR  FIG. 21 is an enlarged, plan, sectional view along line 21--21 of FIG. 1;
PAR  FIG. 23 is an enlarged, fragmentary, sectional view along line 23--23 of
      FIG. 21;
PAR  FIG. 24 is an enlarged, fragmentary, plan sectional view along line 24--24
      of FIG. 1;
PAR  FIG. 25 is an enlarged, fragmentary, sectional view along line 25--25 of
      FIG. 24;
PAR  FIG. 26 is an enlarged, fragmentary, plan sectional view along line 26--26
      of FIG. 1;
PAR  FIG. 27 is a fragmentary, sectional view along line 27--27 of FIG. 26;
PAR  FIG. 28 is a fragmentary, elevational view along line 28--28 of FIG. 27,
      showing portions broken away and in sections and showing varying positions
      of parts by broken lines;
PAR  FIG. 29 is a fragmentary, plan view along line 29--29 of FIG. 1;
PAR  FIG. 30 is a fragmentary, side elevational view along line 30--30 of FIG.
      29;
PAR  FIG. 31 is an enlarged, fragmentary, plan view along line 31--31 of FIG. 3;
PAR  FIG. 32 is a fragmentary, sectional view along line 32--32 of FIG. 31;
PAR  FIG. 33 is an enlarged, fragmentary, sectional view along line 33--33 of
      FIG. 32;
PAR  FIG. 34 is a fragmentary, sectional view along line 34--34 of FIG. 33;
PAR  FIG. 35 is a fragmentary, sectional, plan view along line 35--35 of FIG.
      33;
PAR  FIG. 36 is a fragmentary, side, elevational view along line 36--36 of FIG.
      30;
PAR  FIG. 37 is a fragmentary, side elevational view of another embodiment
      wherein a course of blocks is advanced by forcibly sliding the entire
      course longitudinally together with mortar head joints and bed joints;
PAR  FIG. 38 is an enlarged, fragmentary, sectional view along line 38--38 of
      FIG. 37;
PAR  FIG. 39 is a plan view along line 39--39 of FIG. 37;
PAR  FIG. 40 is an enlarged, fragmentary, sectional view along line 40--40 of
      FIG. 37;
PAR  FIG. 41 is an enlarged, fragmentary, plan view along line 41--41 of FIG.
      37;
PAR  FIG. 42 is a side elevational view of a modified means for moving a course
      of blocks together with mortar head joints and bed joints as the course is
      assembled;
PAR  FIG. 43 is a plan view of the structure shown in FIG. 42;
PAR  FIG. 43A is a sectional view along lines 43A--43A of FIGS. 42 and 43;
PAR  FIG. 44 is a side elevational view of a modified means for moving a course
      of blocks including mortar head joints and bed joints as the course is
      assembled;
PAR  FIG. 45 is a plan view along line 45--45 of FIG. 44;
PAR  FIG. 46 is a view similar to FIG. 17 but showing a modified structure;
PAR  FIG. 47 is a plan view of a modified block pusher mechanism;
PAR  FIG. 48 is a side elevation of the mechanism shown in FIG. 47; and
PAR  FIG. 49 is an end view of the mechanism shown in FIG. 47 along line 49--49
      of FIG. 48.
DETD
PAR  The method employed herein, generally involves sequentially aligning
      unmortared blocks to form a course. Head joints are then made sequentially
      between the aligned blocks. Bed mortar is laid on the upper surface of the
      blocks. The mortared blocks are conveyed longitudinally in alignment
      without substantial disruptive forces on them and after a course is
      completed the blocks are rigidly clamped in alignment and incorporated, as
      a unit, with other similar modular courses to provide a panel. The mortar
      is permitted to set and thereafter the panel may be moved as a unit for
      incorporation in a building structure.
PAR  More specifically, the method involves maintaining the modular dimensions
      of the blocks by sensing the position of a fixed point on the block or on
      the course as the blocks are being formed into the course so that
      irregularities in dimensions of the blocks being assembled are compensated
      for in the head joints. The sensing means employed may also be operable to
      provide for the automatic accommodation of half-blocks as required so that
      the panel being formed can have a staggered configuration.
PAR  The step of sensing the position of the blocks so as to provide for modular
      lengths of blocks regardless of imperfections in the blocks makes possible
      the provision of panels whose lengths may be controlled to very close
      tolerances.
PAR  Another more specific aspect of the method involves sensing the position of
      a course in the panel in a vertical direction before the next completed
      course is applied to the panel. The course being transferred is thereby
      positioned to provide a modular height for that course which permits the
      maintenance of close tolerances in the vertical direction. This step
      permits any imperfections in the height of the blocks being used to be
      compensated for in the bed joints. Preferably, in practising the method,
      the course being applied to the panel is vibrated as a unit as it is being
      applied to the preceding courses, so that a good motar joint is obtained
      and this also aids in providing a rigid finished panel of accurate
      dimensions.
PAR  If desired, the method may also involve the step of striking the head
      joints so that the course of blocks as it is formed presents neat mortar
      joints without the necessity of hard work.
PAR  In the following paragraphs there are described several embodiments of
      machinery for carrying out the various method steps which have been
      outlined above. The carrying out of the method in the various manners
      disclosed results in a strong panel which is self-supporting and which may
      be handled with conventional lifting and hoisting equipment with a minimum
      of care as well as providing panels in which close tolerances, e.g.
      one-sixteenth of an inch or less, may be maintained in both the horizontal
      and vertical dimensions regardless of the length or height of the panels
      being produced.
PAR  FIGS. 1, 2 and 3 are assembly views of a machine embodying various of the
      features of the invention. The machine illustrated is specifically adapted
      to process unmortared concrete blocks into a finished panel, but the
      features of the machine are equally applicable to the processing of other
      building block materials, e.g. cinder blocks, light weight aggregate
      blocks, bricks and the like into prefabricated panels.
PAR  In general, the illustrated machine includes an infeed station 58 which is
      adapted to feed unmortared blocks into the mechanism. A makeup station 59
      is provided which includes a head joint forming station 72, a bed mortar
      station 74, a head joint striker station 75 and a conveyor and receiving
      mechanism 62 for the course of mortared blocks. A pusher mechanism 70 is
      provided which is adapted to align the blocks in end-to-end relationship
      and to transfer them from the infeed station 58 to the makeup station 59.
      A transfer station 63 is provided for moving a completed course of blocks
      as a unit from the makeup station 59 to a panel assembly station 65 where
      the completed course of blocks is assembled with courses which have been
      previously formed.
PAR  The infeed station 58 includes a conveyer 66 which is shown in detail in
      FIG. 7 of the drawings. The conveyer 66, illustrated, is disposed in a
      downwardly inclined position so that blocks placed on the conveyer 66 roll
      down by gravity to the makeup station 59. The conveyer 66 is provided with
      rollers 80 on which a series of blocks 64 are conveyed. In order to
      control the feeding rate of the blocks 64, hydraulically activated
      friction devices 67 and 67a are provided to gate the blocks onto and off
      of the conveyer as required. Cycling of the friction device 67 at the
      proper rate feeds one block at a time to the pusher mechanism 70 at the
      upstream end of the makeup station 59.
PAR  A block 64a, as it passes onto a receiving area 68 of the makeup station
      59, engages the face 82 of plate member 84 which is pivoted about a
      bearing 86. The plate member 84, when pivoted, presses against a contact
      arm 88 of a switch 90 which is connected to actuate the pusher mechanism
      70.
PAR  Coupled to the plate 82 is an arm 92 having a counterweight 94 which biases
      the plate 82 away from the arm 88 of actuates switch 90 when a block is
      not in position in the receiving area 68.
PAR  It is apparent that the switch 90 is actuated as each of the concrete
      blocks 64 is fed from the conveyer 66. The switch 90 acttuates electrical
      circuitry to initiate operation of the block pusher mechanism 70 shown in
      detail in FIG. 6 of the drawings.
PAR  The block pusher mechanism 70 is adapted to push the blocks 64 received
      from the conveyer 66 into end-to-end alignment with the blocks in the
      makeup station 59 preparatory to forming a mortared course of blocks. To
      this end the main frame 60 of the device includes a support 96 which is
      provided with upstanding brackets 98, 100, 102 and 104. The brackets 98
      and 102 carry rollers 106 and 108 (FIGS. 6 and 9) which support a lower
      surface of a reciprocating plate 110. The upper side of the plate 110 is
      engaged by rollers 112 and 114 carried by the upstanding members 100 and
      104 respectively. Thus, the plate 110 can reciprocate horizontally, guided
      by the two sets of rollers 106, 108 and 112, 114. In order to eliminate
      sidewise movement, plate 110 is also engaged by rollers 150 which are
      supported on posts 102 (FIGS. 4 and 6).
PAR  In order to engage a block 64, the end of the reciprocating plate 110
      adjacent the end of the conveyer 66 is provided with a plate 113 which is
      mounted on an axially horizontal pivot 115 carried by plate 110. A tension
      spring 116 is connected between an upstanding tab 118 on the plate 110 and
      a lever portion 122 which extends upwardly from the plate 113.
PAR  In order to move the plate 110 with its associated pusher plate 113, a
      hydraulic cylinder 124 is provided. The hydraulic cylinder 124 is hingedly
      connected at one end to a bracket 125 on the support 96 and its plunger
      126 is connected to a bracket 128 fixed to the plate 110. Consequently,
      plate 110 is reciprocated in accordance with actuation of the plunger 126
      of the hydraulic cylinder 124 so as to move the plate 113 to the left in
      FIG. 6 to engage a vertical face on end 130 of a concrete block 64a. When
      the plate 113 engages the end of the concrete block 64a, the block 64a is
      moved into engagement with the next preceding block 64b having a rearward
      face 132. When the face 132 is engaged by the block 64a, the plate 113 is
      pivoted about the axis of the pivot 115 a sufficient distance to actuate a
      plunger 134 of an electrical switch 136 which de-energizes the cylinder
      124 to stop movement of the block 64a. Thereafter, the plunger 126 is
      retracted and the spring 116 pivots the plate 113 away from the plunger
      134 of the switch 136. In order that the block 64a is moved into
      engagement with the block 64b without excessive force, the tension of the
      spring 116 is adjusted to permit overcoming the frictional forces of the
      block 64a to limit the amount of pressure applied to the block 64a to
      approximately that required to move it.
PAR  With reference to FIG. 6, it will be noted that the switch actuating plate
      member 84 shown in FIG. 7 is omitted from FIG. 6 and the mounting plate
      152 which carries the bearing 86 is shown fragmentarily in FIG. 6.
      Likewise, the pusher mechanism 70 is omitted from the showing in FIG. 7.
PAR  In operation, the conveyer 66 delivers blocks 64 onto the receiving area
      68. In this area the blocks 64 are supported on a plurality of drive
      rollers 154 which are driven by a chain 156 connected to a sprocket 158 of
      a motor 160. The motor 160 is controlled by the switch 90 and its
      operation is interrupted when a block 64a in the position shown in FIG. 7
      actuates the switch 90 as hereinbefore described.
PAR  The pusher plate 113 then pushes the block 64a from the receiving area 68
      into engagement with an end 132 of adjacent block as shown in FIGS. 6 and
      20 of the drawings. When the pressure plate 113 has caused a solid
      abutment of one of the blocks 64a, pushed from the receiving area 68
      toward the end 132 of the next adjacent block 64b, and when the abutment
      occurs between the blocks the switch 136 is operated and the pusher
      mechanism is retracted by the plunger 126.
PAR  The rearward end 130 of the block 64a most recently pushed by the pusher
      plate 113 passes over a set of spring-loaded dogs 166 which are pivoted at
      168 (FIG. 20) and which are arranged to reciprocate along the makeup
      station 59 by means of drawbars 170 as will be described. The block 64a as
      shown in FIG. 20 rests on the drive rollers 154 while the drawbars 170 are
      disposed between the rollers 154. The end of each dog 166 is spaced from
      the trailing face of the preceding block 64b a distance equal to the
      nominal legnth of a block plus the thickness of an average mortar head
      joint. Initially, upon being advanced by the push plate 113, the rearward
      end of the block 64a (FIG. 20) remains supported on the drive rollers 154.
      AS will hereinafter be described, all of the blocks 64 in the section of
      the course already formed are supported on a plate or table 171 which
      constitutes a part of the makeup station 59 in this embodiment. The table
      171 conveys the blocks by a reciprocating action, the table advancing
      longitudinally whereupon the course is rigidly clamped by clamping means
      173 and the table is then returned to its original position, the clamping
      means is then released and the action is cyclically repeated. The drawbars
      170 are rigidly connected to the table 171 as by the bolts 172 shown in
      FIGS. 19 and 20. As a consequence, as the table 171 advances carrying
      block 64b forward, the frictional drag of the trailing edge of block 64a
      on the drive rollers 154 causes it to seat against dogs 166 which provides
      the proper space for the head joint. Further, with this construction any
      differences between the actual length of a block and the nominal length
      will be accommodated by a thicker or thinner head joint. A head joint and
      a layer of bed joint mortar may then be applied at stations 72 and 74
      (FIG. 1).
PAR  After the head joint and bed joint mortar has been applied to the blocks,
      table 171 is moved in the direction of the arrow 178 (FIG. 20) a distance
      equal to the nominal length of one of the blocks 74 plus the length of a
      nominal head joint. This advances the entire course as a unit. When the
      table is reciprocated in the opposite direction, a new block is pushed
      against the rearward face of the trailing block of the course and the
      process is repeated.
PAR  As described, the forward movement of the table 171, while a block rests
      frictionally on the rollers 154, allows the block on the rollers 154 to
      lag behind until the dogs 166 engage it and move it forward to the head
      joint forming position. However, if a half block is required in a course,
      the action as described would leave a half block space. To prevent this
      problem, a dog 182 similar to the dog 166 is pivoted on a pin 184 on the
      drawbar 170 and is spring-loaded upward. The dog 182 is placed at one-half
      a modular distance from the dog 166 to accommodate the engagement of a
      half block which may be substantially half the length of the block whose
      end is shown at 130 in FIG. 20 of the drawings. As shown best in FIG. 23,
      the table 171 comprises a channel shaped member in cross section which is
      supported for longitudinal movement on sets of rollers 186 which are
      journaled in the frame 60.
PAR  Before describing the specific manner of automatically compensating for
      half blocks, one first should understand the specifc means of advancing
      the course of blocks. A hydraulic cylinder 188 having a piston 190 is
      coupled between a bracket 192 fixed to the underside of the table 171 and
      a portion of the machine frame at 193 (FIG. 22). The hydraulic cylinder
      188, when energized, extends the plunger 190 and moves the table 171 in
      the direction of the arrow 194 shown in FIG. 11. Subsequently energizing
      the cylinder 188 in the opposite direction retracts the plunger 190 and
      moves the table 171 in the direction of the arrow 178. This reciprocating
      action in combination with the clamping means 173 advances the course as a
      unit.
PAR  The clamping means 173 is shown in FIGS. 19, 20, 21 and 22. The blocks 64
      as shown in FIG. 14 of the drawings lie on top of the table 171 and are
      normally disposed adjacent to an edge 196 of a longitudinally extending
      guide bar 198 carried by the frame 60 of the machine. Thus, all of the
      blocks 64 and their head joints and bed joints are maintained in alignment
      against the straight edge 196.
PAR  The blocks are clamped against the edge 196 by means of a plurality of
      spring-loaded engaging studs 200 which are mounted in spaced-apart
      relationship along a longtudinally extending plate 201. The plate 201 and
      the engaging members 200 are pivotally connected by means of a series of
      pins 202 to levers 204 which, in turn, are pivoted by means of pins 206 to
      the frame 60. Pivotally connected to each lever 204 is a piston 210 of a
      hydraulic cylinder 212 whose other end is pivotally anchored to the frame
      60. When the pistons 210 are extended, the respective levers 204 are
      pivoted on the respective pins 206 in a direction to carry the pivoted
      pins 202 away from the blocks 64 and consequently to disengage the clamp
      bolts 200 from the sides of the blocks 64 opposite to the straight edge
      196. Thus, when the table 171 moves in a direction of the arrow 194 (FIG.
      22), and it is desired to move the table 171 relative to the blocks, the
      cylinders 212 are energized to force the bolts 200 to engage the blocks 64
      and to force them against the straight edge 196, the blocks are held in a
      stationary position while the table 171 slides beneath them back to the
      position as shown in FIG. 20 of the drawings, wherein the dog 166 is moved
      under the next successive block to engage it at its end 130 as shown in
      FIG. 20.
PAR  On the forward movement of the table 171, the clamping means 173 is
      released and the retraction of the plunger 190 of the hydraulic cylinder
      188 moves the table 171, together with all blocks supported thereon
      together with the block engaged by the dogs 166, a distance equal to the
      modular length of the concrete block plus a head joint of mortar which is
      normally used to mortar blocks in end-to-end relationship with each other.
PAR  In order that there is no skewing of the table 171 during its reciprocating
      movement, one edge 216 is engaged by idler rollers 218 spaced along the
      frame 60 so as to maintain the table 171 in alignment with the straight
      edge 196 (FIG. 21). Also, spring-loaded rollers 220 engage an opposite
      side of the makeup table 62 in opposed relation to the rollers 218. These
      rollers 220 are pivotally mounted on brackets 222 carried by pivot pins
      224 connected to the frame 60 and the springs 226 force the rollers 220
      against the side of the table 171 and hold it in firm engagement with the
      stationary idler rollers 218 forming parallel guides so that the table 171
      slides precisely in parallel relationship with the straight edge 196.
PAR  When a half block is required in the course, it is placed on the conveyer
      66 in the proper sequence and is conveyed into the receiving area 68. The
      half block presses against the plate 84 thus initiating the action of the
      pusher mechanism 70. Sensing of the half block is accomplished by an
      electric eye 227 which is supported on a bracket 229 attached to the main
      frame 60. As the push plate 113 is moved forwardly, a control switch 138
      having an arm 142 is engaged by a lug 148 on the bottom of the plate 110.
      If at that point, the electric eye 227 is energized as by a block not
      being in the area of the eye 227, as would be the case when a half block
      is being pushed, a signal is generated which is transmitted by the action
      of switch 138 to a control circuit not shown. The plate 110 and its pusher
      plate 113 continue to move forwardly and push the half block against the
      next preceding block in the same manner as a full block and the switch 136
      causes the push plate 113 to retract. However, in the case of a half
      block, it is pushed over and engaged by the set of dogs 182 shown in FIGS.
      19 and 20. The control circuit in response to the half block signal of the
      electric eye then causes the hydraulic cylinder 188 to reciprocate table
      171 on its next cycle a distance equal to a full block plus a head space
      and on the next following cycle a distance equal to a half block plus a
      head space. This causes the head space at the trailing edge of the half
      block to become aligned with the head joint filling station 72.
      Thereafter, the mechanism returns to a normal full block advancement until
      another half block is placed in the course.
PAR  The head joint motar is applied at the head joint forming station after the
      blocks are properly spaced apart through the action of the table 171 and
      its associated dogs. Prior to applying the head joint mortar at the head
      joint space identified as 180 (FIG. 19) the blocks to be bridged by the
      head joint are rigidly clamped in position. A clamp bar 228 engages and
      overlaps the pair of concrete blocks whose ends are spaced apart at 174
      and 176 (FIG. 19). The bar 228 is straight and is also shown in FIG. 5 of
      the drawings. The bar 228 is adjustably supported on arms 230 slidably
      mounted in tubular fixtures 232 supported on upstanding legs 234 (FIG. 5).
      The lower end of the legs 234 are supported on the main frame 60 at oone
      of its horizontal structural portions. Set screws 236 or the like secure
      the arms 230 in juxtaposition so that the bar 228 is properly aligned with
      the straight edge 196 of the member 198 (FIGS. 21 and 23).
PAR  Opposed to the bar 228 are a plurality of fluid actuated cylinders 238
      supported on the frame 60. These cylinders 238 are provided with
      extendable plungers 240 adapted to engage the blocks 64 in opposed
      relation to the bar 228 while holding them in juxtaposition when a mortar
      head joint is formed at the position 180 between adjacent ends 174 and 176
      of the blocks 64 (FIG. 19). Also see FIG. 5.
PAR  Disposed above the space 180 located between the ends 174 and 176 of the
      blocks 64 is the head joint forming mechanism 72 (FIG. 5). Details of this
      head joint forming mechanism are shown in FIGS. 5, 10, 11 and 12.
PAR  The mortar head joint mechanism 72 and the bed joint mechanism 74 are
      supported on an elevated horizontal frame structure 242. The frame 242 is
      supported on upstanding vertical legs 244 which extend upwardly from the
      main frame 60 and are fixed thereto. The head joint mortar dispenser
      station 72 is mounted on a supporting plate 246 which extends across
      horizontal frame members 242. Fixed to the plate 246 are a pair of
      upstanding frame plates 248 and 250 which support a horizontally disposed
      plate 252 in fixed relation therewith. A pair of vertical guide rods 254
      and 256 are secured at their lower and upper ends respectively to the
      plates 246 and 252 and form vertical bearings for reciprocal movement of
      the mechanism for the head joint formation.
PAR  A mortar receiving hopper 258 is provided with a downwardly converging
      spout 260 and a mortar outlet opening 262 (FIG. 12). In order to mount the
      hopper for vertical reciprocation on the rods 254 and 256, the hopper 258
      is provided with supporting brackets 264 and 266 as shown in FIG. 11. The
      brackets 264 and 266 each include respective slots 268 and 270 in which
      are engaged fingers 272 and 274 on a cross support 276. The cross support
      276 is connected to the frame for reciprocation by means of uprights 278
      and 280 which are connected to a pair of spaced-apart yoke bars 282 and
      each of which has a pair of slide bearings 284 and 286 for engaging the
      guide rods 254 and 256 respectively.
PAR  Intermediate the interconnected yoke bars 282, a third yoke bar 290 is
      provided which is slidably mounted by means of bearing portions 292 and
      294 on the guide rods 254 and 256. Attached to the yoke bar 290 is a
      vertically extending frame 291 including a pair of straps 296 and 298
      which supports a crossbar 300 (FIG. 10).
PAR  Vertical reciprocation of the frame 291 is accomplished by a hydraulic
      cylinder 304, one end of which is connected to the crossbar 300 at 309 and
      the oterh end of which is pivotally mounted by means of a bolt 308 and
      clevis 306 on a bracket 310 on the main frame plates 246. Extending the
      plunger of the hydraulic cylinder 304 raises the cross member 300 to an
      elevated position above the plate 252 as shown in dotted outline in FIG.
      12.
PAR  The crossbar 300 carries a finger supporting plate 312 which is disposed
      inside of the hopper 258 for sliding movement along its flat surface.
      Secured to the lower end of plate 312 are three mortar feeding and
      vibrating fingers 314 as well as a pair of mortar retaining fingers 316
      and 318. It will be seen that by reciprocation of plate 312 that the
      fingers 314, 316 and 318 carried by the plate will be retracted from the
      position shown in FIG. 11 to a position in which they are within the
      hopper 258. Thus, mortar is normally allowed to pass out of the outlet 262
      around the finger 314 and between the fingers 316, 318 when they are in
      their downward position, as will be hereinafter described. In order to
      guide the plate 312 for vertical reciprocation, a bracket 322 is attached
      to portions 324 and 326 of the plate 252 to provide a slot in which the
      plate 312 can slide.
PAR  It will be seen that when the plunger of the hydraulic cylinder 304 is
      retracted into its downward, solid line, position as shown in FIG. 12, the
      yoke bars 282 together with the crossbar 276 which supports the hopper 258
      are allowed to slide downwardly on the guide bars 254 adn 256 so as to
      allow the lower end 328 of the hopper 258 to carry an attached resilient
      gasket 330 into engagement with the upper surface areas of the ends of
      blocks 64. The gasket 330 is adapted to prevent mortar from leaking out
      onto the upper surfaces of the blocks. Thus, when the plunger 309 of the
      cylinder 304 is retracted downwardly, it first allows the gasket 330 to
      bear on the upper surfaces of the blocks 64 adjacent their spaced-apart
      ends 174 and 176 and then causes the fingers 314, 316 and 318 to move into
      the space 180 between the blocks. A vibrator 332 is provided to vibrate a
      lower portion of the hopper 258 in order to feed mortar rapidly and a
      vibrator 334 is attached to vibrate the plate 312 and the fingers 314, 316
      and 318.
PAR  Mortar is fed into the hopper 258 from a batch mixer 336 (FIG. 5) whose
      outlet gate 338 is opened by means of a hydraulic cylinder 340. A probe
      346 in the hopper 258 senses the level of mortar in the hopper 258 and
      causes operation of the cylinder 240 to incrementally add mortar to the
      hopper 258 as required.
PAR  In operation, the blocks 64 are moved to place the head space opening 180
      under the head joint station 72. At this time the hydraulic cylinder 304
      has the crossbar 300 raised to its maximum height so that the fingers 314,
      316 and 318 are retracted inside the hopper 258 and the bottom of the
      hopper is raised to the position shown by the dotted outline 350 in FIG.
      11. The hydraulic cylinder 304 is actuated to lower the crossbar 300. This
      first causes the gasket 330 along with the hopper 258 to move downwardly
      to seal the upper opening of the head space between the blocks.
      Thereafter, the fingers 314, 316 and 318 are moved downwardly between the
      blocks, the fingers 318 located and proportioned to seal the outer
      vertical edges of the head space openings and thus prevent mortar from
      exuding out the sides of the head space. After thhe fingers are in the
      fully lowered position, the vibrators 332 and 334 are actuated. The
      vibrator 332 causes mortar to flow through the opening in the bottom of
      the hopper and the vibrator 334 causes the fingers 314, 316 and 318 to
      vibrate between the blocks. As the head is filled with mortar the cylinder
      304 is actuated to raise the bar 300 thus withdrawing the fingers from
      between the blocks and completing the mortar joint. Finally, after the
      fingers are completely withdrawn, the vibrators 332 and 334 are
      deactivated so that no more mortar will flow. The vibrating of the fingers
      314, 316 and 318 provides a compacted, substantially uncompressible joint
      between the blocks which results, after curing in a rigid high-strength
      wall.
PAR  The bed mortar forming and laying station 74 is shown in FIGS. 1, 5, 13,
      and 14. This station provides a horizontal layer of mortar on top of a
      block positioned one block downstream of the head joint station 72 (FIG.
      5). As the blocks are advanced under the bed joint laying station 74, a
      layer of mortar successively is automatically deposited on the top of each
      block 64.
PAR  Referring to FIG. 5 of the drawings, it will be seen that the mortar bed
      laying station 74 includes a batch mixer 352 having an outlet door 354
      carried by a shaft 356 pivotally mounted in axially horizontal bearings
      358 and 360 secured to the end of the batch mixer 352. Coupled to the
      shaft 356 is a bell crank arm 362 which is coupled at its extended end 364
      with a plunger 366 of a hydraulic cylinder 368. This cylinder 368 is
      controlled by electric circuitry coupled to a mortar sensing probe 370 in
      a bed hopper 372 which receives mortar from the batch mixer outlet door
      354. Thus the mortar sensing probe 370 controls flow of mortar into the
      hopper 372. A bed box structure 374 around the hopper 372 is provided with
      a lower outlet 376 adapted to move down into close proximity with the
      upper surface 378 of a concrete block 64 during placement of mortar on its
      upper surface. FIG. 13 is a plan sectional view showing the bed box 374
      wherein a pair of core members 380 and 382 are suspended so as to coincide
      with normal core openings in concrete blocks. The core members are spaced
      from the side walls 388, 390, 392, and 394 of the bed box 374 so as to
      provide an open space around the core members 380 and 382 which is
      substantially the shape of a top edge of a concrete block.
PAR  The bottom portions of the cores 380 and 382 are disposed slightly above
      the outlet 376 and the cores 380 and 382 are provided with substantially
      vertical sides 400 (FIG. 14) extending upwardly into generally
      frusto-conical portions 402. These frusto-conical portions 402 are
      interconnected by a bar 406 for maintaining the cores 380 and 382 in
      position. The bar 406 is secured to a bar 408 which is attached to the
      hopper walls at 409 and the bar 408 is suspended by cables 410 and 432
      connected to ends 412 and 413, respectively, of levers 414 and 430 which
      are fixed to a shaft 416. The shaft 416 is pivotally mounted on an
      upstanding member 418 of a horizontal frame structure 420 supported on the
      frame structure 242 (FIG. 5).
PAR  to the shaft 416 is another lever 422 having a pivot pin 424 connecting the
      plunger 426 of a hydraulic cylinder 428 with the lever 422. The hydraulic
      cylinder 428 is pivotally mounted on a pin 429 carried by the frame 420.
      The bar 408 at its opposite ends 433 and 434 is movable vertically in
      channel guides 436 and 438 carried by the frame 420. This construction
      permits the entire hopper 372 and the associated bed box 374 to move
      vertically in response to activation of the cylinder 428.
PAR  The bed box 374, near its lower outlet 376 and at its opposite side walls
      388 and 390, is provided with horizontally disposed slots 440 and 442
      (FIG. 14). The slots 440 and 442 slidably support mortar cutoff plates 444
      and 446 which are proportioned so that their adjacent ends meet at 448 at
      the center of the bed box below the core members 380 and 382 to shut off
      the flow of mortar at the proper point in the operation.
PAR  Attached to the cutoff plates 444 and 446 are brackets 452 and 454 which
      are adapted to be connected to hydraulic cylinders 460 and 462
      respectively. The cylinder 460 is coupled at one end to the bracket 452
      and is coupled at its other end by a pivot pin 464 to a side 388 of the
      bed box 374. The hydraulic cylinder 462 is coupled at one end to the
      bracket 454 and is coupled at its other end by means of a pin 466 to the
      side 390 of the bed box 374 (FIGS. 13 and 14). Thus, energization of the
      cylinders 460 and 462 causes extension of the plungers 456 and 458, and
      retraction of the cutoff plates 444 and 446 from the central location 448
      shown in FIG. 14 to clear the opposite inner sides 388 and 390 of the bed
      box (FIG. 13). In this posiiton, the entire mortar area around the cores
      380 and 382 is exposed so as to conform with the shape of the upper edge
      surface 378 of a concrete block 64 as shown in FIG. 14 and at this time
      conventional vibrators 468 and 470 may be activated to vibrate the bed box
      as well as the bar 408 and the cores 380 and 382 to feed the mortar
      downwardly therearound and onto the upper surface of the concrete block
      when the lower open end 396 of the bed box is disposed at the upper
      surface 378 of the concrete block 64.
PAR  After the bed mortar is laid, the cutoff plates 444 and 446 are closed by
      activation of the cylinders 460 and 462. The closing action is desirably
      rapid and is timed to occur concurrently with the raising of the bed box
      378 by the hydraulic cylinder 428 and the cables 410 and 432. This action
      results in a clean deposition of mortar without wiping off the bed joint
      in the marginal areas of the block. In the event a half block is in the
      course, the bed box 374 is moved into an area which is already half
      covered with bed mortar and, as a consequence, no substantial amount of
      additional mortar is deposited.
PAR  The head joints may be manually troweled if desired, however, the troweling
      or striking of the head joints may be accomplished automatically at the
      head joint striking station illustrated (FIGS. 15, 16, 17 and 18). The
      head joint mortar striking station 75 is located adjacent to the bed joint
      station 74 and downstream thereof.
PAR  The head joint strike mechanism is supported on upstanding frame members
      769 attached to the main frame 60. The upwardly extending members 769 are
      interconnected by horizontal member 771. As shown in FIG. 17 an upstanding
      frame member 773 extends from the main frame 60 and supports a horizontal
      track 775 which supports one side of the head joint mortar strike
      mechanism.
PAR  Supported on thehhorizontal member 771 is a carriage frame 777 having
      elongated slots 767 and 768 through which bolts 770 and 772 extend and
      which adjustably secure the frame 777 to the horizontal frame member 771.
      The horizontal member 771 is also provided with upstanding bolts 774
      extends through tabs 776 on the frame 777 as shown best in FIG. 17 of the
      drawing so as to provide for adjustability of the frame 777 relative to
      the frame 771.
PAR  As shown in FIG. 15, the frame 777 is provided with a pair of rod supports
      778 and 780, between which is supported a rod 782 on which bearings 784
      and 786 of a carriage 787 are slidably mounted. The carriage 787 is
      provided with rollers 788 which ride in the track 775 (FIGS. 17 and 18).
PAR  A hydraulic cylinder 790 is mounted on a bracket 792 on the frame, the
      cylinder being provided with an extendable plunger 794 coupled by means of
      a pin 796 to an upstanding bracket 798 on the slide bearing 784. (The
      structure shown in section in FIG 18 omits the cylinder 790 for clarity.)
      The cylinder 790 and its plunger 794 move the slide bearing 784 together
      with the carriage frame 787 to a broken-line position shown in FIG. 15 of
      the drawings whereupon a plunger 800 of an electrical switch 802 is
      engaged to de-energize the cylinder 790. An arm 804 of a control switch
      806 is disposed to be engaged by a lug 808 on the slide bearing 786 when
      the slide bearing 786 and carriage 787 is in the solid-line position, thus
      de-energizing the cylinder when the plunger 794 moves to a retracted
      position.
PAR  Mounted on the carriage 787 is a hydraulic cylinder 810 which is carried by
      cross members 812 and 814 of the carriage frame 787. This hydraulic
      cylinder 810 is provided with a downwardly extendable plunger 816 which is
      coupled to a finger frame 818 which carries mortar strike fingers 820 and
      822. The fingers 820 and 822 are vertically disposed and adapted to strike
      head joint mortar between adjacent ends of concrete blocks 64 in close
      proximaity to opposite sides 824 and 826 of the blocks 64.
PAR  The finger frame 818 is provided with vertical bars 828, 830 at one end
      thereof. The bars 828, 830 carry opposed rollers 832 and 834 respectively
      which traverse opposite edges 836 and 838 of a vertical track 840. The
      opposite end of the finger carriage 818 is provided with vertical bars 842
      and 844 carrying rollers 846 and 848 respectively which traverse edges 850
      and 852 of a vertical track 854. The tracks 840 and 854 are suspended from
      the carriage frame 787 by cross members 856 and 858 respectively, there
      being a pair of the members 856 and a pair of the members 858 as shown in
      FIG. 17 of the drawings. The rollers 832, 834, 846 and 848 all are in
      pairs and vertically spaced from each other to provide rectilinear guides
      to follow the tracks 854 as the finger carriage 818 moves upwardly and
      downwardly relative to the frame 787.
PAR  Referring to FIG. 15 of the drawings, it will be seen that when the
      hydraulic cylinder 790 has been energized, from the solid-line position to
      the broken-line position, that the strike fingers 820 and 822 move from a
      position designated 860 to a position designated 862. The distance between
      these positions is equal to half the modular length of one of the blocks
      64 and thus equals a half block so that shifting of the finger carriage
      818 together with the carriage 787 from the position 860 to the position
      862 as shown in FIG. 15 is accomplished depending upon the desired
      disposition of mortar head joints in the courses of blocks on the makeup
      table 62. It will be understood that the vertical mortar joints are offset
      8 inches in successive courses of blocks and, accordingly, actuation of
      the cylinder 790 and operation of the switches 802 and 806 provides for
      control of the cylinder 790 for bringing the fingers 820 and 822 into the
      different positions 860 and 862 shown in FIG. 15 of the drawings. The
      hydraulic cylinder 790 is actuated to move the striker mechanism to the
      dotted line position shown in FIG. 15 incident to the electrical signal
      generated by the photocell 227 and the switch 138 as has been described.
      The control circuitry for the mechanism then counts the movements of the
      table 171 and when the half block has passed the striker station the
      cylinder 790 is actuated to return the mechanism to the solid line
      position.
PAR  It will be seen that the fingers 820 and 822 are provided with respective
      bearing shoulders 864 and 866 which bear against mounting plates 868 and
      870 carried by the finger carriage 818. Springs 872 and 874 bear upon the
      upper surfaces of the mounting plates 868 and 870 and screw threaded nuts
      876 and 878 retain the springs 872 and 874 against the mounting plates 868
      and 870 so that the fingers 820 and 822 may flex slightly in a lateral
      direction as they move downward into the mortar of the head joint between
      the blocks 64. Lower ends 880 and 882 of the fingers 820 and 822 are
      tapered so as to readily seek an alignment position between adjacent ends
      of the blocks 64 at their sides 824 and 826. As shown in FIG. 16 of the
      drawings, the mounting plate 868 is provided with a substantially
      hemispherically shaped socket 886 with which the shoulder 864 is engaged.
      The shoulder 864 is a spheroidal surface 890 conformally seated in the
      spheroid socket 886 so that the finger 820 may readily flex relative to
      the mounting plate 868 when the tapered end 880 of the finger 820 seeks a
      position in the head joint mortar between adjacent ends of the blocks 64
      at their opposite sides 824 and 826 as indicated in FIG. 17 of the
      drawings. Like structure is common to the finger 822. The diameters of the
      fingers 820 and 822 are proportioned so that an arcuate, inwardly directed
      indentation is formed in the head joint as shown in the drawings. (The
      dotted line outline of the position of the fingers 820 and 822 (FIG. 17)
      represents the position of the fingers for a wider block.)
PAR  Referring to FIG. 46 of the drawings, it will be seen that a pair of
      fingers 900 and 902 are provided with mortar-striking rollers 904 and 906
      rotatably mounted thereon. These rollers are provided with peripheries 908
      and 910 adapted to strike head joint mortar at opposite sides 824 and 826
      of the concrete blocks 64. (The dotted line outline of the position of the
      fingers and rollers indicates the position for a wider block.)
PAR  With the exception of the rollers 904 and 906, the fingers 900 and 902 are
      similar to the hereinbefore described fingers 820 and 822 and are carried
      and mounted in substantially the same manner and spring loaded as
      hereinbefore described.
PAR  In making up a course of blocks, unmortarted blocks are fed in a
      predetermined manner to the infeed station 58 which delivers them to the
      makeup station 59. Half blocks may be placed in the course as necessary
      and this is automatically compensated for by the electric eye 227 and
      switch mechanism 138 which has been described. It will be seen from the
      previous description that the reciprocating table 171 moves on each cycle
      the modular length of a block or half block plus the length of a nominal
      head space as required, Building blocks are not made to exact tolerances
      and they may vary as much as an eighth of an inch or more from a
      predetermined size. With the mechanism which is described, these
      irregularities are compensated for in the head space. Movement of the
      table 171 as described, insures that the block being fed to the makeup
      station 59 is seated against either the dogs 166 or 182 which places the
      trailing edge of the block in a fixed position in relation to the course
      thereby insuring that irregularities in the block do not increase or
      decrease the length of the course from a multiple of the selected module.
      Instead, any irregularities are taken up in each head joint before the
      course is advanced.
PAR  As the blocks are advanced along the table 171 through the reciprocation of
      the table and the clamping means 173 together with the clamping action of
      the hydraulic cylinders 238 at the head joint filling mechanism 72, the
      blocks first come under the head joint filling station 72 where the head
      joints are made sequentially; then move to the bed mortar station 74 which
      sequentially applies a layer of bed mortar for the course; and finally to
      a head joint striker station 75 where excess mortar is struck or troweled
      from the vertical head joints. The completed course is progressively moved
      through the equipment in rigid alignment until the desired number of
      blocks are placed in the course. At that time, the blocks in the form of a
      mortared course lie on the table in a position where they can be engaged
      by the transfer station 63.
PAR  After a course of blocks is formed as described above, it is then moved
      from the table 171 to the panel assembly station 65 by means of the
      transfer station 63. While the courses made in the mechanism may be
      applied to either the top or the bottom of previously formed and assembled
      courses, in the illustrated embodiment, the courses are applied to the top
      of previously assembled courses.
PAR  The transfer station 63 includes a transfer carriage 478 which is adapted
      to rigidly clamp on entire course of blocks with their head and bed joints
      as they are disposed in line on the table 171, after which, the course as
      a unit, is lifted vertically to clear the top of any courses already in
      the panel being formed, after which the transfer carriage 478 is shifted
      laterally into alignment with the panel being formed whereupon it is
      lowered into alignment with the wall panel being formed to deposit the
      course of blocks on top of a previous course.
PAR  In order to permit vertical movement of the transfer carriage 478, it is
      movably mounted in a frame 479 which includes upright frame members 480
      and 482 which are interconnected at their upper ends by a structural
      member 488, the lower ends of members 480 and 482 being set in fundation
      structures 484 and 486 respectively (FIGS. 1, 29-32).
PAR  The transfer carriage 478 includes a frame 504 having side members 506 and
      508, and end members 510 and 512 (FIG. 24).
PAR  The carriage 478 includes means for picking up the course of blocks. As
      shown in FIG. 25, a downwardly suspended plate 514 is attached to frame
      member 508. The plate 514 extends the length of the carriage and has an
      elongated clamping plate 516 secured thereto. The clamping plate 516 is
      adapted to engage one side of the course of blocks to be transferred. The
      plate 516 is disposed in a substantially vertical disposition and is
      secured to the plate 514 by means of spacers 518 and bolts 520.
PAR  Fixed to clamping plate 516 are block-engaging bolts 522 and 524, there
      being a row of bolts 522 at an upper elevation and a row of bolts 524 at a
      lower elevation adapted to engage a side of each concrete block in the
      course to be handled at spacer apart elevations. The rows of engaging
      bolts 524 and 522 may be adjusted to provide a flat reference plane for
      one side of the course.
PAR  Spaced laterally from clamping plate 516 is an angle member 528 which
      extends the length of the carriage 478 and which is attached to end frame
      members 510 and 512. The member 528 is disposed with a downwardly
      extending web 526 which carries a plurality of hydraulic cylinders 529
      having extendable plungers 530. The plungers 530 are provided with
      block-engaging tips 532 which are adapted to be biased against one side of
      the block course being picked up so as to clamp the course between the
      rows of engaging bolts 524 and 522 and the tips 532. It should be noted
      that the plungers 530 are spaced closely enough together so as to engage
      each of the blocks or half blocks in a course for maintaining them all in
      juxtaposition as they are transferred (FIG. 4).
PAR  The frame 504 is movable horizontally from a position over the table 171 to
      a position over a pallet on which the panel is to be built, as well as
      vertically to clear the top of the panel being formed.
PAR  Reference is now made to FIGS. 26, 27 and 28 for the specific details which
      permit movement of the transfer carriage 478 to transverse vertically up
      and down the vertical frame members 480 and 482 and to move horizontally
      relative thereto and laterally with respect to the makeup station 59. The
      end frame members 510 and 512 extend substantially beyond the longitudinal
      frame member 506 (FIGS. 24, 26). The end of the member 510 is provided
      with a bracket 542 to which the plunger 544 of a hydralic cylinder 546 is
      connected. The other end of the hydraulic cylinder 546 is pivotally
      connected at 548 to a bracket 550 which is coupled to a carriage 552 which
      is mounted for vertical movement on the vertical frame member 482. An
      identical arrangement of cylinder and carriage is provided at the other
      end of the frame 504 so only is described.
PAR  Actuation of the hydraulic cylinder 546 and its counter part at the other
      end of the frame acts to move the frame 504 from a position over the
      makeup station 59 to a position over the wall panel being assembled. In
      order to accomplish the movement, the frame member 510, as shown, bears
      against a roller 559 which is arranged with its axis of rotation vertical
      and which is mounted on carriage 552. The carriage 552 includes a pair of
      rollers 558 and 560 which are adapted to engage and horizontally guide
      upper and lower edges 562 and 564 of the frame member 510 (FIG. 27).
      Another roller 566 is supported on the carriage 552 and bears against the
      lower side 564 of the frame member 510 in order to support it in
      cantilevered relationship for carrying the frame member 508 as well as the
      frame member 506 and all of the connected mechanism hereinbefore described
      in connection with FIGS. 24 and 25 of the drawings.
PAR  The carriage 552 is adpated for vertical movement along the members 480 and
      482. To this end it is provided with axially horizontal rollers 568 and
      569 which are engaged on tracks 570 and 572 respectively on opposite sides
      of the vertical frame member 482 to guide the carriage 552 for vertical
      movement. As illustrated, a pair of the rollers 568 are in vertically
      spaced-apart engagement with the track 570 as are a pair of the
      spaced-apart rollers 569 on the track 572. Additionally, to aid in
      controlling the movement of the carriage 552, it is provided with a pair
      of track following rollers 574 and 576 engaging the outside of tracks 570
      and 572 respectively at right angles with respect to the rollers 568 and
      569 as well as a pair of opposed track following rollers 578 and 580 which
      ride on the inner side of tracks 570 and 572 (FIGS. 26-28).
PAR  The manner of supporting the carriage 552 permits it to move in an up and
      down rectilinear path along the vertical frame member 482 and, as pointed
      out, a similar carriage (not shown in detail) supports the opposite end of
      the frame 504 on the vertical frame member 480 which similarly moves up
      and down on that vertical frame member. Thus, opposite ends of the course
      transfer carriage 468 are supported to move vertically and horizontally
      with respect to the makeup station 59 and the vertical frame members 480
      and 482.
PAR  the carriage 552 and its counter part at the opposite end each include a
      gear rack 590 engaged by a spur gear 592 fixed to one end of a torque
      shaft 594. The torque shaft 594 extends the length of the frame 504 and is
      supported for rotation in bearings 598, 600 in the frame 504. The torque
      shaft 594 has another spur gear 592' fixed to its opposite end which
      meshes with another gear rack 590 similar to the gear rack 590 on the
      carriage 552. Thus, the torque shaft 594 insures uniform lateral movement
      of the course transfer frame 504 at each end when moved by the cylinder
      546 and the similar cylinder 546 adjacent to the frame member 480.
PAR  In order to prevent the course transfer frame 504 from moving
      longitudinally between the upright frame members 480 and 482, the frame
      member 510 at its lower side is provided with a track 602 forming the
      lower edge 564 of the frame member 510 which is engaged by the rollers 560
      and 566. This track is provided with a longitudinal recessed channel track
      portion 604 in which axially vertical rollers 606 and 608 traverse; these
      rollers 606 and 608 are secured by brackets 610 and 612 on the carriage
      552 (FIGS. 27 and 28). Similarly, the counter part of member 510, the
      frame member 512 is provided with similar rollers and guides.
PAR  Referring to FIGS. 30 and 36, rotatably mounted in sets of bearings 616 on
      the base of frame member 482 are sprockets 617 over which a roller chain
      618 is trained. The chain 618 has one end 620 fixed to a shank 622
      reciprocally mounted in a bracket 624 carried by the carriage frame 552. A
      compression spring 626 is mounted between the bracket 624 and a fixture
      628 carried by the end of the shank 622 so that the spring 626 is
      maintained in compression to hold the chain 618 taut over the sprockets
      617, a sprocket 630 carried by a shaft 632, and a sprocket 633 mounted on
      frame member 488 (FIGS. 29, 30 and 36). The spring 626 maintains the chain
      618 under tension and an opposite end 634 of the chain is fixed by means
      of a bolt 636 to a bracket 638 carried by the carriage frame 552 (FIG.
      27). The bolt 636 is screw-threadably adjustable relative to the bracket
      638 in order to impose compressive force on the spring 626 for tightening
      the chain 618 relative to the sprockets 617, 630 and 633.
PAR  A carriage frame 552', which is similar to the carriage frame 552, is
      provided with a chain 640 similar to the chain 618 as described in
      connection with the carriage frame 552. The chain 640 passes over
      sprockets 642 rotatably mounted in bearings 644, a sprocket 646 on the
      shaft 632, and a sprocket 647 mounted on frame member 488 as shown in FIG.
      29 of the drawings. Thus, rotation of shaft 632 causes chains 640 and 618
      to move in unison to raise the opposite ends of the carriage frame 504 at
      the same rate. The shaft 632 is mounted in bearings 648 on one end and
      bearings 650 on the other end. These bearings are attached to the frame
      member 488 by means of respective brackets 652 and 654 (FIG. 29).
PAR  A motor 656 is provided with an output shaft carrying a sprocket 658
      driving a chain 660 which passes over a sprocket 662 fixed to the shaft
      632. Thus, the motor 656 drives the shaft 632 which, in turn, drives the
      sprockets 630 and 646 for driving the chains 618 and 640 so as to move the
      transfer frame 504 upwardly and downwardly relative to the vertical frame
      members 480 and 482 (FIGS. 29 and 30).
PAR  Referring to FIGS. 27-30, it will be seen that an eye bolt 664
      screw-threadably secured to the bracket 638 of the carriage 552 is coupled
      to a cable 666 which passes upwardly and over a pulley 668 and downwardly
      over a pulley 670, both supported on the frame member 488. The cable 666
      at its end opposite from the eye 664 is secured to a cable fixture 672
      which, in turn, is fixed to a counter-weight 674 adapted to balance the
      weight of the course transfer frame 504 and its connected mechanism.
PAR  As shown in FIG. 30, an eye bolt 676 is connected to the carriage 552', the
      counter part of carriage 552, at the other end of the frame 504. Secured
      to the eye bolt 676 is a cable 678 similar to the cable 666. This cable
      678 passes over a pulley 680 carried by the frame member 488. The cable
      678 also passes over another pulley 682 shown in FIG. 29 of the drawings,
      and the opposite end of the cable 678 from the eye bolt 676 is secured to
      the fixture 672 on the counter-weight 674. Thus, both ends of the carriage
      from structure 504 are equally counterbalaned.
PAR  Before describing the operation of the transfer station 63 in detail, we
      shall describe the panel assembly station 65 so that the interrelationship
      between the two mechanisms will be apparent.
PAR  As shown in FIGS. 3, 31, and 32, elongated foundation structures 490, 494
      and 498 are provided which support inverted V-shaped tracks 684, 686, and
      688 which are traversed by respective pairs of wheels 690, 692, and 694 of
      pallet-supporting trucks 695. The foundations 490, 494, and 496 and the
      supported tracks are horizontally disposed and extend at right angles to
      the table 171 and the longitudinal axis of the transfer carriage 478. As
      shown in FIGS. 3 and 33 of the drawings, each truck 695 carries a flat
      pallet 500 upon which a superimposed series of courses of blocks may be
      mortared together for forming a wall panel. As shown in FIG. 33 of the
      drawings, each pallet 500 is supported by a pair of elongated channel
      members 696 and secured to lower portions of these channel members 696 are
      bars 696, 698, and 700 on which pairs of wheels 690, 692, and 694 are
      respectively mounted. The pairs of wheels 690, 692 and 694 are all
      provided with V-shaped grooves in their peripheries and the pairs are
      spaced far enough apart to lend lateral stability to the truck structures
      formed thereby for supporting the pallets 500 and panels 502 thereon.
PAR  Foundation members 492 and 496 which are spaced intermediate the foundation
      members 490, 494 and 498, support ratchet mechanisms 704 and 706. These
      mechanisms are similar and therefore only the details of the ratchet
      mechanism 704 will be described.
PAR  The foundation structure 492 supports roller brackets 708 which carry a
      series of spool-type rollers 710 as shown in FIG. 34 of the drawings.
      These rollers 710 support a pair of channels 712 and 714 secured together
      in back-to-back relationship with each other and being spaced apart at
      their respective sides 716 and 718 so as to permit the pivotal mounting a
      plurality of spaced ratchet pawl members 720 therebetween. The ratchet
      pawl members 720 are pivotally mounted on pins 722 which extend through
      the channel members 712 and 714. The channel members at their lower
      respective legs 724 and 726 traverse the rollers, and the channels at
      their upper edges 728 and 730 slide with clearance transversely below the
      respective lower edges 732 of the channels 696 of the pallet-supporting
      carriages which support the pallets 500 as shown best in FIGS. 33 and 34
      so that the channel members 712 and 714 may be reciprocated freely back
      and forth transversely under the channel members 696 and the respective
      pallets 500.
PAR  secured to the channel members 712 and 714 is a bracket 734 as shown in
      FIG. 33 of the drawings. This bracket 734 is provided with a clevis
      portion 736 carying a pin 738 pivotally connecting a plunger 740 of a
      hydraulic cylinder 742 with the bracket 734. The hydraulic cylinder 742 is
      pivotally mounted on a pin 744 carried by bracket 746 which is secured to
      a steel cap 748 on one of the concrete foundation structures 492.
PAR  The ratchet pawl members 720 are provided with lower ends 750 which are
      relatively heavy as compared to their upper ends 752 so that these ratchet
      members 720 tend to remain in the solid line position shown in FIG. 33.
PAR  The ratchet pawl members 720 are provided with inclined cam portions 754
      adapted to move under the respective channel members 696 at the lower
      edges 732 when the channel members 712 and 714 are moved in a direction of
      the arrow B (FIG. 33). The channel members 712 and 714 are movable in the
      direction of arrow B by means of the hydraulic cylinder plunger 740 when
      it is extended from the cylinder 742. Likewise, when the cylinder plunger
      740 is retracted into the cylinder 742, the channel members 712 and 714
      are moved in the direction of the arrow C.
PAR  As shown in FIG. 33 of the drawings, each ratchet pawl member 720 is
      provided with an abutment portion 755 which abuts a stop member 756
      carried between the channel members 712 and 714. Additionally, each
      ratchet pawl member 720 is provided with a pawl portion 758 which engages
      one side of one of the channel members 696 of each pallet supporting truck
      so that when the plunger 740 of the hydraulic cylinder 742 is retracted in
      the direction of the arrow C, each pawl engages a respective pallet
      carriage and moves it in a direction of the arrow C in FIG. 33 of the
      drawings, which corresponds with the direction of an arrow C in FIG. 31 of
      the drawings. It will be seen that the pawl surfaces 758 of the several
      ratchet members 720 are progressively spaced so that as they are retracted
      in the direction of the arrow C for moving the pallets 500, the ratchet
      members 720 will engage respective panel-supporting trucks serially at
      their pawl surfaces 758. As an example, FIG. 33 discloses two of the pawl
      surfaces 758 and one of them is slightly spaced at 760 from the respective
      channel 696 which supports the pallet 500. There may be a number of the
      pallet-supporting trucks and, therefore, the spacing, as shown at 760,
      insures that all of the laden pallet trucks are not engaged at one time
      but instead are engaged serially.
PAR  Each time it is desired to advance an unladen pallet 500 onto position for
      receiving successive courses of blocks from the makeup table, the
      hydraulic cylinder plunger 740 is cycled in order to move the channels 712
      and 714 and the ratchet pawl members 720 relative to the pallet-supporting
      trucks and to engage and advance them a distance substantially equal to
      slightly more than the width of the trucks such as shown in FIG. 3 wherein
      the rollers 694 may be operated in substantially close proximity to each
      other as desired.
PAR  As shown in FIG. 35 of the drawings, and as indicated in FIG. 32 of the
      drawings, there are a pair of the cylinders 742 with their respective
      plungers 740 and since these cylinders are spaced laterally apart it is
      necessary to co-ordinate longitudinal extension and retraction of the
      plungers 740 in order to maintain the uniform movement of the trucks
      supporting the pallets 500 along the tracks 684, 686, and 688.
PAR  To this end, the stroke of the plunger 740 of each cylinder 742 is
      controlled by a limit switch 764 having a switch arm 766 engaged by a
      surface of the bracket 734 coupled to the channels 712 and 714 (FIG. 33).
PAR  Also, shown in FIG. 35, the bracket 734 carries a pair of limit switches
      737 and 739 having switch arms 741 and 743. These plungers are spaced
      apart and are disposed at opposite sides 745 and 747 of a control bar 749
      which is fixed at its one end 751 to a bracket 753 similar to the bracket
      734. It will be seen that the bracket 753 is part of the ratchet mechanism
      706 and bracket 734 is part of the ratchet mechanism 704 (FIG. 32). When
      the hydraulic cylinders 742 of the ratchet mechanisms 704 and 706 are
      energized, the bar 749 carried by the bracket 753 advances along with the
      arms 741 and 743 of the limit switches 737 and 739.
PAR  In the event the plunger 740 of the cylinder 742 of the ratchet mechanism
      706 is retracted too fast with respect to the ratchet mechanism 704, the
      side 747 of the bar 749 engages the arm 743 of the limit switch 739,
      thereby actuating circuitry which effect momentary reduction of the flow
      of hydraulic fluid to the cylinder 742 of ratchet mechanism 706 to
      reestablish unison of movement of the plungers of the respective ratchet
      mechanisms. In the event the plunger 740 of the cylinder 742 of the
      ratchet mechanism 704 advances too rapidly upon retraction of the plunger
      740, the side 745 of the bar 749 is contacted by the arm 741 of the limit
      switch 737, thereby reducing fluid delivery to that cylinder and thereby
      equalizing operation of the two cylinders 742 of the respective ratchet
      mechanisms 704 and 706 so that each pallet 500 is retracted uniformly
      along the tracks 684, 686, and 688.
PAR  The transfer mechanism 63 operates in the following manner. After a course
      of the desired length is formed on the table 171, the transfer carriage
      478, which, in its rest position, is maintained at the top of its line of
      travel on the vertical structural members 480 and 482, is shifted
      laterally so that it lies over the course supported on the table 171. This
      is accomplished by the hydraulic cylinder arrangement 546 in the manner
      which has been described. Thereupon, the carriage 478 is lowered until it
      fits over the course of blocks to be moved (FIG. 25), At that point, the
      clamping mechanism 173 on the table 171 is released to free the course and
      the hydraulic cylinders 529 on the transfer carriage are energized to
      rigidly clamp the course as a unit between the bolts 522, 524 and the
      plunger tips 532 on the hydraulic cylinders. The motor 656 is then
      operated to raise the transfer carriage to its uppermost position through
      the action of the roller chains 640 and 618. When the carriage 478 reaches
      its uppermost position, it is shifted laterally by means of the hydraulic
      cylinders 546 to bring the course into alignment with a pallet 500 which
      is disposed directly below that position of the transfer carriage. The
      motor 656 is then actuated to lower the transfer carriage 478 together
      with the clamped course to place the course on the pallet 500 or upon a
      previous course which has been placed on the pallet.
PAR  As has been pointed out, the length of the course is maintained within a
      multiple of a modular block length plus a nominal mortar joint thickness
      and means is also provided to maintain the vertical spacing of the courses
      in a modular relationship. This latter means includes a photocell 1090 as
      illustrated in FIG. 36. The photocell 1090 operates in conjunction with
      indexing mechanism 1092 shown in FIG. 28. The index mechanism 1092
      includes a number of spaced apart buttresses 1096 which are proportioned
      to correspond to the vertical modulus of a course of blocks and which are
      supported on the vertical member 482. The vertical modulus would include
      the nominal height of a block together with a nominal bed joint thickness.
PAR  As the transfer carriage is lowered, the beam of the photocell 1090 is
      interrupted as it passes over the top edges of the previously laid course
      of blocks on the pallet 500 at which point the buttress engaging arm 1094
      is moved into engagement with the next occurring buttress 1096. The arm is
      pivoted on a pin 1095 on the carriage 478 and its movement is controlled
      by means of a solenoid actuated link 1098 which is connected to a crank
      arm 1093 on the pin 1095 (the solenoid, not shown, is actuated by the
      photocell 1090). The butress engaging arm 1094 moves into the solid line
      position shown in FIG. 28 of the drawings and causes downward movement of
      the carriage to be stopped at a precise elevation. By means of this
      indexing means any imperfections in the height of the course are taken
      into account and are absorbed in the bed joint. In order that both ends of
      the transfer carriage are maintained at the same height, the vertical
      frame support 480 at the other end of the carriage is desirably provided
      with a similar indexing mechanism including a set fo buttresses and
      solenoid operated indexing arm.
PAR  In order to insure that the top course of blocks is properly seated in the
      bed mortar, a vibrating means 531 is provided as illustrated in FIGS. 24
      and 25. The vibrating means 531 includes a series of channels 533 which
      are supported in longitudinal alignment by chains 535 from the cross
      supports 538 on the transfer carriage frame 504. Each of the channel
      members 533 supports a pair of conventional vibrating mechanisms 537 which
      are actuated after the course is seated at the proper height by the
      indexing means 1092 so that the top course is vibrated into the bed mortar
      of the next preceding course. In this connection, the chains 535 are long
      enough so that the channel webs 533a which are downwardly directed will
      rest on the upper surface of the course of blocks. When the vibration is
      completed, two narrow grooves are left in the bed mortar, but it has been
      found that this does not affect the bed joint.
PAR  After the desired period of vibration, the vibrators are de-energized, the
      clamping cylinders 529 are released, the transfer carriage is moved by the
      motor 656 to its uppermost position to repeat the cycle, and incident
      therto a spring 1099 returns the arm 1094 to the dotted line position
      (FIG. 28).
PAR  It has been found that block panels made in the manner described above may
      be manufactured at a rapid rate with a minimum of labor. Moreover, the
      resulting panels after curing have greatly enhanced strength as compared
      to panels which are laid manually by masons. Furthermore, the panels may
      be made to predetermined modular distances both longitudinally and
      vertically within a tolerance which is equal to the tolerances of a single
      block. This makes possible the assembly of the panels in modular building
      construction with a minimum of inconvenience.
PAR  As shown in FIG. 3 the panels 502a-d which have been completed are stored
      on the pallets 500 after they are made on a section of track beyond the
      position at which a panel is assembled. Normally, the panels are permitted
      to rest on the pallets to cure for twelve hours after which they may be
      handled as a unit by conventional material handling equipment, e. g. a
      crane or a lift truck. In the event that it is desired to accelerate the
      curing process, a steam curing chamber 762 may be provided as indicated in
      outline on FIG. 3.
PAR  In FIG. 37 there is illustrated another embodiment of mechanism to advance
      the blocks a modular distance. The modification includes a frame 914
      similar to the frame 60 hereinbefore described and is provided with a
      receiving area 68, and a pusher mechanism 70. The modification involves
      the provision of a stationary makeup table 916 in place of the
      reciprocating table 171 which has been described.
PAR  In order to control the length of the course, a sensing means is provided
      to sense the position of the forward face of the leading block. Movable
      along the makeup table 916 is a sensing cart 918 having a downwardly
      depending frame portion 920 to which a cable 922 is connected. The cable
      922 extends over a pulley 924 rotatably supported on the frame 914 and
      extends, as indicated diagrammatically by broken lines 926, to a pulley
      928 at the end of the frame 914 and then upwardly and over an elevated
      pulley 930 at which point the cable 922 is coupled to a weight 932. The
      weight and cable arrangement biases the cart in the direction of the arrow
      D (FIG. 37) so as to hold a face plate 934 of the cart against the leading
      end 936 of a concrete block 64 which is the first of a course being
      accumulated longitudinally along the makeup table 916.
PAR  The cart 918 (FIG. 40) is provided with a pair of opposed sets of rollers
      938 and 940 rotatably engaged against opposite sides of a rail 942 secured
      to the frame 914. The opposite side of the cart 918 is provided with a
      similar pair of opposed rollers 944 and 946 which engage a rail 948
      carried by the frame 914. The peripheries of the rollers 938, 940, 944 and
      946 are V-grooved and the rails 942 and 948 are made of rectangular tubing
      so that the rollers on the rails locate the cart both vertically and
      horizontally as it moves longitudinally along the frame 914 and over the
      upper surface of the makeup table 916.
PAR  The cart 918 carries a pair of switches 950 and 952 which are operably
      engageable with longitudinally spaced apart upstanding posts 954 (FIGS. 37
      and 41). The switches 950 and 952 are provided with roller contact arms
      which are engageable with the posts 954 and the posts 954 are spaced apart
      along the table 916 a distance equal to a modular length of a concrete
      block and its head joint mortar. The switches 950 and 952 are spaced apart
      the proper modular distance for a half block so that the switches may be
      used for switching in accordance with the offset of a half-block in a
      course.
PAR  In the modification shown in FIG. 37, the head joint and bed joint mortar
      placement mechanisms 72 and and 74 are similar to that hereinbefore
      described as is the mortar strike mechanism 75.
PAR  The embodiment as shown in FIG. 37 includes a pusher mechanism 70 which
      pushes the blocks as described but continues to push them and slide them
      forward toward the cart 918 so that an entire course of blocks is slidably
      moved on the makeup table 916 with the head joint mortar in compression,
      thereby forcing the entire course longitudinally along the makeup table by
      means of the pusher mechanism 70. In order to keep the blocks in
      alignment, guide plates 953 having guiding edges 972 and 974 which are in
      close proximity to the sides of the blocks extend the length of the table
      916.
PAR  With this mechanism, a space-back device, generally indicated at 956, is
      operable to space one block backward preliminarily to each operation of
      the head joint mortar mechanism 72 to place a head joint between adjacent
      ends of the concrete blocks 64. As shown in FIG. 37, one of the blocks 64
      at its end 951 is in a location to receive head joint mortar and another
      block 64 at its end 955 is spaced backwardly in a direction toward the
      pusher mechanism 70, so as to provide a space between the ends 951 and 955
      for the placement of mortar head joint by the mortar head joint placement
      mechanism 72. This is necessary since, as will be described, the pusher
      mechanism 70 slides the entire course of blocks 64 longitudinally along
      the makeup table 916 each time a block is added to the course at the
      receiving station 68.
PAR  The space-back mechanism 956 is shown in detail in FIGS. 38 and 39. The
      mechanism 956 is provided with a generally U-shaped frame 958 which is
      carried by upstanding frame members 960 carried on the main frame 914.
PAR  A clamp carriage 962 is supported on four rollers 964 which ride on the
      U-shaped frame 958 on its upper side as shown in FIG. 38 and a similar set
      of opposed rollers 966 traverse the U-shaped frame 958 on its lower side
      so as to permit the clamp carriage 962 to move longitudinally a distance
      along the makeup table 916 of approximately a head joint. The clamp
      carriage 962 is provided with a pair of stationary bolts 968 and 970 on
      one side for engaging a side of a block 64 in alignment with the edges 972
      and 974. The clamp carriage 962 at its other side carries a pair of fluid
      energizable cylinders 976 and 978 having respective plungers 980 and 982
      adapted to engage the side of the block 64 opposite to that engaged by the
      bolts 968 and 970. Coupling the clamp carriage 962 to the U-shaped frame
      958 is a fluid energizable cylinder 981 and an associated plunger 983. The
      cylinder 981 being coupled to the clamp carriage 962 on a cross member 984
      while the plunger 983 is coupled to the outline frame 958.
PAR  In operation, the embodiment shown in FIGS. 37-41 involves feeding blocks
      onto the infeed conveyor 66 to the receiving area 68. The presence of a
      full block in the receiving area 68 energizes the pushing mechanism 70 and
      pushes the block in the receiving area forwardly along the table 916 until
      the course of blocks causes the sensing cart 918 to move sufficiently to
      cause both of the switches 950 and 952 carried by it to be tripped by one
      of the posts 954. At that point, the pusher mechanism is actuated to
      retract the push plate 113. In this position, the course of blocks is of
      an exact modular length with reference to a post and the trailing edge of
      the last block 64 on the table 916 has passed over an upwardly biased dog
      957 and has moved somewhat forwardly thereof. At this point, the space
      back device 956 is energized to engage the last block on the table 916 and
      to move it rearwardly against the dog 957. With the block in this
      position, the head joint is filled in the manner which has been described
      and all of the other functions of the machine are operated in manner
      described. In the event that a half block is required in the course, the
      action of the electric eye 227, whose beam is not broken during the
      initial movement of the block and which is indicated by the correlation
      between the electric eye 227 and the switch 138 on the plate 110, as
      before indicated, causes the switch 136 to return the push plate to its
      normal position after only one of the switches 950 or 952 has been tripped
      by a post 954. At this point, the half block is pulled back against the
      dog 957 and is in proper position to have its head joint mortared.
PAR  By employing the mechanism of the embodiment which has just been described,
      certain simplications of operation are possible and it has been found that
      when head joints have been made as previously described employing the
      vibrating fingers, the mortar in the head joint is suficiently
      incompressible to permit moving the entire course in the manner indicated.
      The embodiment just described is operable to make panels meeting the same
      specifications as those made on the embodiment of FIG. 1.
PAR  Another embodiment is shown in FIGS. 42, 43 and 43a. This embodiment
      includes another means for sliding a course of blocks longitudinally along
      a makeup table. As shown in FIGS. 42, 43 and 43a, a makeup table 986 is
      supported in a fixed position on a frame 999 similar to frame 60.
PAR  A clamp carriage 994 is movable longitudinally along the makeup table 986
      on rollers 996 mounted on the makeup table 986, there being a plurality of
      these rollers spaced longitudinally along the makeup table 986.
      Additionally a plurality of vertically axial rollers 998 are mounted on
      the clamp carriage 994 to bear on one side of the makeup table 986 while a
      plurality of vertically axial rollers 1000 are carried by the clamp
      carriage 994 to bear on opposite sides of the makeup table 986 thereby
      guiding the clamp carriage 994 for movement longitudinally along the
      makeup table 986. The clamp carriage 994 is provided with an alignment
      plate 1002 against which one side of a course of blocks is aligned. On the
      opposite side of the course are plungers 1004 of fluid energizable
      cylinders 1006 carried by the clamp carriage 994 so that when the blocks
      64 are clamped between the plungers 1004 and the alignment plate 1002, the
      carriage 994 may be actuated by a plunger 1008 of a hydraulic cylinder
      1010 mounted on the end 990 of the frame 999. It will be seen that the
      cylinder 1010 is pivotally mounted on a pin 1012 carried by the end
      portion 990 of the frame 999 and that the plunger 1008 is pivotally
      mounted by means of a pin 1014 to a bracket 1016 on the clamp carriage
      994. Operative control of the hydraulic cylinder 1010 and its plunger 1008
      to compensate for full and half blocks is accomplished in the manner which
      has been described. In operation, the clamp carriage 994 clamps a course,
      is moved a modular length for a full or half block and then releases the
      course and returns to its original position. Blocks may be fed to the
      inlet end of the table 986 in the manner of the embodiment described in
      connection with FIG. 1.
PAR  In the modification as shown in FIGS. 44 and 45, a receiving area 68 is
      provided which is similar to the structures hereinbefore described and the
      head joint and bed joint forming mechanisms 72 and 74 and the striker
      mechanism 75 are similar to those previously described. In this
      embodiment, a modified frame 1018, as shown in FIG. 44, supports a
      conveyer table 1020 over which an endless belt 1022 is movably mounted and
      engaged on rollers 1024 and 1026, the roller 1026 being driven by a chain
      drive 1028 motivated by a sprocket 1030 driven by a gear motor 1032. Said
      gear motor 1032 is preferably a DC motor adapted for accelerative and
      decelerative control and is also provided with a brake for precisely
      controlling the stopping position of the belt 1022 on the conveyer table
      1020.
PAR  A cart 1034 similar to the cart described in FIG. 37 and designated 918 is
      provided with a downwardly extending arm 1036 adapted to engage a roller
      contact arm 1038 of any one of a plurality of switches 1040. The roller
      contact arms 1038 are spaced apart on the frame 1018 a distance equal to
      the modular distance of a full block and a half block. The line of contact
      arms 1038, spaced as above indicated, extends the entire length of the
      frame 1018. The cart 1034 operates in substantially the same manner as
      that hereinbefore described in connection with FIG. 37 of the drawings and
      is provided with a counter-weight means tending to hold an end 1042 of the
      cart against the forwardmost block in the course being formed on the belt
      1022. It will be understood that the operation of the cart 918 and of the
      cart 1032 is such that the overall length of a course of concrete blocks
      or a partial course on the makeup table of the machine is measured
      precisely each time a block is added so that the overall length can be
      within the tolerance at which the modular switching positions may be
      actuated in accordance with either the upstanding post 954 or the roller
      contact arms 1038. In this manner the head joint mortar may automatically
      compensate for any discrepancies in the length of the course of blocks or
      the length of each concrete block or the various blocks each time a block
      is added so that, as for example, the overall length of a course of the
      blocks on the makeup conveyer may be maintained within a sixteenth of an
      inch or so.
PAR  The belt 1022 operating on the conveyer table 1020 carries the concrete
      blocks precisely guided between edges of straight edge members. The
      straight edge members are designated 1044 and 1046 in FIG. 45 of the
      drawings and have opposed edges 1048 and 1050 respectively between which
      opposite sides of the blocks are precisely guided as the belt 1022 carries
      the course in the direction of an arrow E in FIG. 45 of the drawings. A
      modified pusher mechanism designated 1052 is provided which is shown in
      detail in FIGS. 47, 48 and 49.
PAR  The pusher mechanism 1052 is provided with a pair of hydraulic cylinders
      1054 and 1056 connected in end-to-end series relationship to each other.
      The hydraulic cylinder 1056 is provided with a plunger 1058 pivotally
      connected by a pin 1060 to a frame structure 1062 which is stationarily
      mounted on a modified frame structure 1064 equivalent to the main frame 60
      hereinbefore described. Coupled to the hydraulic cylinder 1056 is the
      hydraulic cylinder 1054 and this hydraulic cylinder 1054 is provided with
      a plunger 1066 extending in the opposite direction from the plunger 1058
      of the hydraulic cylinder 1056. This plunger 1066 operates a pusher plate
      1068 carried by a guide bar 1070 slidably mounted in a stationary bearing
      1072 carried by the frame structure 1062.
PAR  The hydraulic cylinders 1054 and 1056 are mounted on a slide carriage 1074
      carried by the frame structure 1062 so that actuation of the plunger 1058
      of cylinder 1056 will extend the pusher plate 1068 in the direction of an
      arrow F in FIG. 48 of the drawings a distance equal to a half-block while
      the individual extension of the plunger 1066 from the cylinder 1054 will
      extend the pusher plate 1068 a distance equal to the modular length of a
      full length block.
PAR  In operation of the modification or species of the invention as shown in
      FIGS. 44 and 45, the stroke of the pusher mechanism 1052 is fixed and
      therefore the pusher plate 1068 thereof is pushed out to a fixed position
      each time a block is pushed from the receiving area 68 onto the makeup
      table of the invention. The end 1042 of the cart 1034 is precisely located
      by means of the switches 1040 and the engaging member 1036 of the carts
      1034. Accordingly, the overall length of a course of blocks being formed
      on the makeup table 1020 is precisely established each time a block is
      added by the pusher 1052 and the overall length of the course or partial
      course is precisely established between the end 1042 of the cart and the
      pusher plate 1068 of the pusher mechanism 1052 which is precisely stopped
      in connection with the pusher cylinders. The presence of a half-block is
      sensed by a photocell, not shown, which causes the conveyor belt 1022 to
      advance a half-block or a full block length and which causes the cylinders
      to advance the block in the receiving area a block length, a half-block
      length or a modular block length plus a half-block length as required.
      Accordingly, any mortar joint which may be made by the head joint filler
      station 72 will vary in thickness according to the requirements
      automatically established and therefore compensation is made in the
      thickness of the mortar head joint each time a block is added.
PAR  It will be obvious to those skilled in the art that various modifications
      may be resorted to without departing from the spirit of the invention
      which is defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a wall panel manufacturing machine the combination of: a frame, an
      elongated makeup table adapted to support an elongated course of blocks
      including a plurality of concrete blocks in end-to-end relation with each
      other on said table; first means for progressively conveying blocks on to
      one end of said makeup table; second means for progressively inserting
      mortar between the adjacent ends of said blocks for forming head joints
      therebetween; third means for placing mortar on the upper surfaces of said
      blocks to form bed joints thereon; fourth means for progressively
      advancing a plurality of said blocks with said head joints and bed joint
      mortar in a direction longitudinally along said makeup table until an
      entire course of blocks has been assembled and mortared together thereon;
      and fifth means for transferring said last-mentioned course of mortared
      blocks on to an upper surface of previously assembled course or the like.
NUM  2.
PAR  2. The invention as defined in claim 1 wherein said fourth means comprises
      sixth means for reciprocating said makeup table toward and away from said
      first means; and seventh means for clamping opposite sides of a partial
      course of said blocks in stationary sufficiently when said makeup table is
      moved toward said first means whereby said entire partial course may be
      moved away from said first means on said makeup table and then may be held
      in stationary position by said seventh means while said makeup table is
      slidably moved under said partial course in a direction toward said first
      means for progressively receiving the next block thereon from said first
      means.
NUM  3.
PAR  3. The invention as defined in claim 1 wherein said fourth means comprises
      a hydraulic cylinder adapted progressively to slide a partial course of
      blocks comprising a plurality of blocks with said mortar, longitudinally
      on said makeup table each time a block is added to the end of said partial
      course by said first means.
NUM  4.
PAR  4. The invention as defined in claim 1 wherein said fourth means comprises
      clamp means adapted to engage and clamp opposite sides of a partial course
      of blocks; and eighth means said clamp means with said partial course a
      distance equal to the modulus of one of said blocks and longitudinally
      relative to said makeup table each time a block is added to said partial
      course by said first means.
NUM  5.
PAR  5. The invention as defined in claim 1 wherein said fourth means comprises
      an endless belt disposed to carry a course of blocks over said makeup
      table in a direction away from said first means; and means for moving and
      stopping said belt in said direction and in precise distance increments
      equal to a modular length of a block and a respective mortar head joint.
NUM  6.
PAR  6. The invention as defined in claim 1 wherein a modular switching means is
      disposed adjacent said makeup table; said switching means provided with a
      plurality of spaced means, said spaced means spaced apart longitudinally
      along said makeup table in modular increments equalling the modular length
      of a concrete block and a respective mortar head joint, each of said
      spaced means disposed to respond to the position of a first block of said
      plurality, which first block is farthest from said first means each time a
      new block is added by said first means and advanced by said fourth means,
      whereby the overall length of said plurality of blocks including head
      joints therebetween, is measured each time a block is added to said course
      during the formation thereof; said fourth means having power-operated
      drive means; said switching means coupled to said drive means for
      precisely stopping said fourth means corresponding to modular positions of
      said spaced means.
NUM  7.
PAR  7. The invention as defined in claim 6 wherein spaced means comprises
      spaced-apart, mechanically-actuated switches, said switches being spaced
      apart a distance equal to the modular length of a block and its respective
      head joint; and a means disposed to move with said first block to
      successively actuate said mechanically-operable switches.
NUM  8.
PAR  8. The invention as defined in claim 2 wherein said first means comprises a
      receiving area; a stationary support near said one end of said makeup
      table; said stationary support being disposed on a substantially common
      level with said makeup table; a conveyer for delivering concrete blocks on
      to said receiving area in a direction laterally with respect to the
      longitudinal axis of said makeup table; a first switch and switch
      actuating means disposed at said receiving area and adapted to be engaged
      by concrete blocks entering said receiving area from said conveyer; block
      drive means of said conveyer at said makeup area controlled by said first
      switch and switch actuating means for moving concrete blocks into
      alignment with said stationary support and said makeup table; a
      block-pusher means adjacent said receiving area, said block-pusher means
      disposed to push a first block toward said makeup table until it abuts a
      second block previously pushed thereon and to a position on said
      stationary support; pressure sensitive switching means carried by said
      pusher and disposed to stop movement of said pusher in a direction toward
      said makeup table when said first block abuts said second block.
NUM  9.
PAR  9. The invention as defined in claim 8 wherein a drawbar means is coupled
      to said makeup table, spring loaded block engaging dog means is pivotally
      connected to said drawbar and disposed in extending position upwardly
      above said stationary means and adapted to engage an end of a first
      concrete block facing said pusher; said fourth means adapted for moving
      said makeup table in a longitudinal direction away from said pusher
      whereby said second block is moved away from said first block a small
      distance before said dog means engages said first block which is resting
      on said stationary support whereupon said makeup table and said first and
      second blocks move in spaced relation to each other to a position of said
      second means at which head joint mortar may be dispensed and compacted
      between said first and second block.
NUM  10.
PAR  10. The invention as defined in claim 1 wherein a pallet carriage means is
      disposed to move laterally relative to said makeup table and on a plane
      therebelow; said pallet carriage means having a plurality of pallet
      carriages, each carriage having an elongated pallet thereon; said pallets
      being longitudinally parallel with said makeup table and disposed
      progressively to be indexed in a position laterally relative to said
      makeup table for receiving superimposed courses of mortared blocks from
      said fifth means.
NUM  11.
PAR  11. The invention as defined in claim 10 wherein said fifth means comprises
      a course tranfer means; a vertical frame means; course carriage means
      movable upwardly and downwardly in a vertical direction on said vertical
      frame means; an elongated course grasping and transfer means horizontally
      movably mounted on said course carriage means and adapted to move
      horizontally in a direction transversely relative to said makeup table;
      said course grasping and transfer means having further means adapted to
      grasp opposite sides of an entire mortaredtogether course of blocks and to
      raise said course from said makeup table when said course carriage means
      moves upwardly on said vertical frame means, whereby said fifth means is
      adapted to transfer a course of blocks with head joint and bed joint
      mortar from said makeup table on to one of said pallets or on to a course
      of blocks previously placed on one of said pallets.
NUM  12.
PAR  12. The invention as defined in claim 11 wherein said vertical frame means
      is provided with a plurality of spaced stop members; said stop members
      each having a generally upwardly inclined portion and a horizontal ledge
      portion; each horizontal ledge portion being spaced vertically from the
      next adjacent horizontal ledge portion a distance equal to the modulus of
      the height of a course of blocks with bed mortar thereon; and means on
      said course carriage means movable into and out of engagement with said
      ledge portions to support said fifth means at various elevations for
      successively placing courses of blocks on a pallet and on courses
      previously deposited thereon.
NUM  13.
PAR  13. The invention as defined on claim 11 wherein said vertical frame means
      comprises a pair of vertical frame members; said course carriage means
      comprising a pair of carriages on said pair of vertical frame members; and
      a torque bar having gears on opposite ends thereof; a gear rack on said
      carriage in mesh with said gears on said torque bar; said torque bar
      rotatably mounted on said course grasping and transfer means.
NUM  14.
PAR  14. The invention as defined in claim 11 wherein power operated means is
      provided for moving said course carriages up and down on said vertical
      frame means, said power operated means comprising rotary means supported
      by said vertical frame means at upper and lower positions thereon and
      flexible means engaging said rotary means and having opposite ends thereof
      coupled to said carriage means; and motorized means for driving said
      rotary means.
NUM  15.
PAR  15. The invention as defined in claim 10 wherein a pair of spaced-apart
      parallel tracks extend laterally below said makeup table; said pallet
      carriage means having rollers movable on said tracks; a pair of hydraulic
      cylinders adjacent said tracks and having extendable plungers; a pawl
      member operable by each of said hydraulic cylinders; both of said power
      means engageable concurrently with one of said pallet carriages; a bar
      coupled in cantilever relation to one of said power means; said bar having
      an extending end extending into proximity with the other of said power
      means; a pair of opposed deflectable control members adapted to be engaged
      by opposite sides of said extending end of said bar in a direction
      parallel to said tracks; said deflectable control members adapted to
      control relative extension or retraction of said plungers of said
      hydraulic cylinders whereby said pawl members are operated to maintain a
      respectively engaged pallet carriage substantially parallel with said
      makeup table when a pallet is moved laterally relative thereto.
NUM  16.
PAR  16. The invention as defined in claim 1 wherein said second means comprises
      a hopper disposed above said makeup table and having an outlet disposed to
      be operated above as space between adjacent vertical surfaces of blocks on
      said makeup table, said hopper having an assembly of fingers movably
      extendable through said outlet and downwardly into said space between said
      blocks; vibratory means for inducing mortar to flow from said outlet of
      said hopper and into said space; and means for retracting said fingers
      upwardly and out of interference with said blocks when said space is
      filled with mortar thereby forming a head joint between adjacent vertical
      surface of said blocks.
NUM  17.
PAR  17. The invention as defined in claim 16 wherein said third means is
      disposed adjacent to said second means and having a bed box movable
      upwardly and downwardly relative to upper surfaces of blocks on said
      makeup table, said bed box having a downwardly directed outlet movable
      into close proximity with said upper surfaces of said blocks, said outlet
      having the shape of the upper surface edges of said blocks; and
      substantially horizontal sliding plate-like gates movable into and out of
      said outlet of said bed box for shutting off flow of bed joint mortar from
      said outlet; said gates spaced above the lower extremities of said outlet
      a distance substantially equal to the elevation of a mortar bed joint to
      be placed on said upper surface edges of said blocks; said gates having
      means for moving them horizontally and having opposed edges disposed to be
      forced together at a median area of said bed box outlet to shut off flow
      of mortar from said bed box outlet.
NUM  18.
PAR  18. The invention as defined in claim 17 wherein means are provided for
      moving said gates to shut off the flow of mortar concurrently with the
      raising or upward movement of said outlet of said bed box away from said
      upper surface of said blocks.
NUM  19.
PAR  19. The invention as defined in claim 16 wherein said assembly of fingers
      also includes a pair of mortar retaining fingers aligned with said space
      and spaced apart for disposal close to opposite vertical sides of said
      blocks whereby the tendency of mortar to exude laterally from said space
      at said opposite vertical sides of said blocks during the deposit and
      compaction of mortar into said space and during upward retraction of said
      finger assembly to a position above said blocks and said space is
      minimized.
NUM  20.
PAR  20. The invention as defined in claim 16 wherein head joint mortar strike
      means is provided with a pair of spaced-apart, elongated, substantially
      vertical strike fingers; said fingers being spaced apart a distance less
      than the horizontal width of concrete blocks and adapted to strike
      vertical mortar joints therebetween; and means movably mounting said
      strike fingers to move up and down on said carriage to strike vertical
      mortar joints between said blocks near the outer opposite sides thereof.
NUM  21.
PAR  21. The invention as defined in claim 20 wherein said strike fingers are
      resiliently mounted so as to deflect laterally of their axes.
NUM  22.
PAR  22. The invention as defined in claim 20 wherein said strike fingers are
      supported in a finger carriage, means for mounting said finger carriage
      for movement longitudinally with reference to said makeup table, and
      switch means to move said finger carriage to index said strike fingers
      relative to head joint mortar on full blocks and half blocks.
NUM  23.
PAR  23. The invention as defined in claim 3 wherein spacer mechanism is adapted
      to grasp a first one of said blocks and move it away from an adjacent
      block longitudinally relative to said makeup table a distance of the
      mortar head joint to be made so that a head joint may be formed between
      adjacent vertical surfaces of said first block and said adjacent block.
NUM  24.
PAR  24. The invention as defined in claim 20 wherein said strike fingers are
      provided with rollers thereon adapted to roll mortar and thereby strike
      the same at said head joints.
NUM  25.
PAR  25. The invention as defined in claim 1 wherein said first means comprises
      pusher means for pushing blocks longitudinally on to said makeup table;
      said pusher means comprising a pair of fluid-actuated cylinders being
      coupled in end-to-end series relationship, one of said cylinders having a
      stroke equal to the overall length of a concrete block and the other of
      said cylinders having a stroke equal to the length of a half block and
      both cylinders operably individually or collectively in order to stroke
      said pusher mechanism and a block pushed thereby the full length of a
      concrete block or the combined length of a concrete block and a half
      block.
NUM  26.
PAR  26. In a wall panel manufacturing apparatus the combination of: an
      elongated makeup section adapted to support an elongated course of blocks
      including a plurality of blocks in aligned relation with each other; means
      progressively conveying unmortared blocks to and along said makeup
      section; means for successively inserting mortar between the adjacent ends
      of said blocks on said makeup section for forming head joints
      therebetween; means for placing mortar on the upper surfaces of said
      blocks on said makeup section to form bed joints thereon; means for
      progressively advancing a plurality of said blocks in alignment together
      with said head joints and bed joint mortar, in a direction longitudinally
      along said makeup section until a plurality of blocks are assembled and
      mortared together; and means for transferring said last-mentioned course
      of mortared blocks as a unit to a panel assembly station where said course
      is assembled with other courses to form a wall panel.
NUM  27.
PAR  27. The apparatus of claim 26 which includes means for conveying the
      mortared blocks along the makeup section in increments related to the
      nominal dimension of a block and in which means are provided to place on
      additional unmortared block on said makeup section incident to the
      advancement of blocks on said makeup section.
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ABST
PAL  The specification and drawings disclose a method and apparatus of forming
      foam plastic envelopes by simultaneously engaging two juxtaposed sheets of
      foam plastic with at least three pairs of opposed jaw members positioned
      to fully define three marginal edges of an envelope. As shown, the jaw
      members are positioned in a generally U-shaped pattern so that each pair
      of jaws completely defines a separate marginal edge. The preferred
      apparatus of the invention includes first and second opposed platens
      mounted for movement between a first position in which they are spaced a
      substantial distance apart and a second position wherein they are
      relatively closely spaced. Each platen carries at least three jaws
      including two elongated, spaced, side-by-side jaws and one intermediate
      jaw which extends transversely between the side-by-side jaws. The jaws on
      each platen are aligned with corresponding jaws on the opposed platen so
      that upon relative movement of the platens to the second position, the
      jaws come into cooperating relationship. Additionally, means are provided
      for permitting adjustment longitudinally of the side-by-side jaws.
PARN
PAR  This is a division of application Ser. No. 183,102, filed Sept. 23, 1971
      and now abandoned.
BSUM
PAR  This invention is concerned with a sealing apparatus and, more
      particularly, to an apparatus for forming plastic bags or envelopes.
PAR  The invention is especially suited for forming packaging envelopes from
      foamed or expanded plastics such as polyethylene, polystyrene or
      polyurethane, and will be described with particular reference thereto;
      however, as will become apparent, the invention is capable of broader
      application and could be used for making similar articles from many types
      of heat or ultrasonically sealable materials.
PAR  Envelopes formed from expanded plastic sheets are used widely for packaging
      many fragile machine parts, electronic components, and the like. For the
      most satisfactory protection, each part or component should have a custom
      sized envelope. Consequently, the envelopes must be made in a wide range
      of sizes.
PAR  In the past, the envelopes were typically made by use of a pair of heated
      or ultrasonic jaws which were actuated against superposed sheets of foam
      plastic to produce the required seams. For the conventional envelope
      having three side seams, this required three separate movements of the
      plastic sheets and three actuations of the jaws. Sometimes, depending upon
      the type and size of the envelope, and the size of the jaws, additional
      sheet movement and jaw actuation was required.
PAR  The subject invention provides a method and apparatus by which the entire
      envelope can be made at once with a single jaw actuation and without
      moving the sheets. Additionally, apparatus formed in accordance with the
      invention can be rapidly adjusted for making envelopes of substantially
      any size.
PAR  According to one aspect, the invention contemplates a method of forming
      foam plastic envelopes by simultaneously engaging two juxtaposed sheets of
      foam plastic with at least three pairs of opposed jaw members positioned
      to fully define three marginal edges of an envelope. Preferably, the jaw
      members are positioned in a generally U-shaped pattern so that each pair
      of jaws completely defines a separate marginal edge.
PAR  The apparatus of the invention includes first and second opposed platens
      mounted for movement between a first position in which they are spaced a
      substantial distance apart and a second position wherein they are
      relatively closely spaced. Each platen carries at least three jaws
      including two elongated, spaced, side-by-side jaws and one intermediate
      jaw which extends transversely between the side-by-side jaws. The jaws on
      each platen are aligned with corresponding jaws on the opposed platen so
      that upon relative movement of the platens to the second position, the
      jaws come into cooperating relationship. Preferably, means are provided
      for permitting adjustment longitudinally of the side-by-side jaws.
PAR  As can be appreciated, a single actuation of the platens will seal all
      three marginal edges of an envelope. Moreover, by simple adjustment of the
      intermediate jaws, envelopes of a wide range of lengths can be
      manufactured.
PAR  The invention also contemplates that means will be provided for permitting
      adjustment of the spacing between the side-by-side jaws. Additionally, a
      series of intermediate jaws of various lengths will be provided so that by
      changing the intermediate jaws, envelopes of varying width can be
      produced.
PAR  Accordingly, a primary object of the invention is the provision of a method
      and apparatus by which heat or ultrasonically sealed foam plastic
      envelopes can be manufactured with a single actuation of a set of
      cooperating heated jaws.
PAR  Yet another object is the provision of apparatus of the type described
      which can be quickly adjusted for making envelopes of a wide range of
      sizes.
PAR  A further object is the provision of heat sealing apparatus wherein
      cooperating jaws can simultaneously heat seal the entire marginal edge of
      a foam plastic envelope without movement or repositioning of the plastic
      sheets.
DRWD
PAR  The above and other objects and advantages will become apparent from the
      following description when read in conjunction with the accompanying
      drawings wherein:
PAR  FIG. 1 is a pictorial view showing a preferred form of heat sealing
      apparatus embodying features of the invention;
PAR  FIG. 2 is a plan view of the lower platen of the apparatus shown in FIG. 1;
PAR  FIG. 3 is a front elevation of the apparatus shown in FIG. 1;
PAR  FIG. 4 is a cross-sectional view taken on line 4--4 of FIG. 2;
PAR  FIG. 5 is a cross-sectional view taken on line 5--5 of FIG. 2 but showing
      the jaws in a closed position;
PAR  FIG. 6 is a cross-sectional view taken on line 6--6 of FIG. 2; and,
PAR  FIG. 7 is a cross-sectional view taken on line 7--7 of FIG. 2.
DETD
PAR  Referring more particularly to FIG. 1, the overall arrangement of the
      apparatus is shown as comprising a base and control assembly 10 which
      supports a frame and platen assembly 12. Although the frame and platen
      assembly 12 will subsequently be described in great detail, for present
      purposes, it is sufficient to note that it includes a stationary lower
      platen assembly 14 and a vertically reciprocal upper platen assembly 16.
      Each of the platen assemblies 14 and 16 include jaw members arranged to
      cooperate for sealing three edges about a pair of sheets of foamed plastic
      or the like. In the apparatus shown, the jaws are electrically heated;
      however, it should be understood that the apparatus is equally capable of
      use with ultrasonic jaws or any other method of sealing or joining
      polymers.
PAR  The base assembly 10 forms no particular part of the invention and could
      take a variety of forms. Broadly, it is shown as comprising a base plate
      member 18 which is preferably connected to a floor or foundation in any
      convenient manner such as through the use of the stud bolts and nuts 20.
      Extending upwardly from base 18 is a support frame and housing 22 formed
      in a conventional manner from structural members and sheet metal or the
      like. The housing contains the various electrical and hydraulic control
      systems for the unit. The control systems are conventional and include
      means for controlling the temperature of the heated jaws, as well as, the
      pressure and duration of their actuation. Controls of this type are well
      known and further description is unnecessary.
PAR  Carried on the housing and frame 22 is the platen and frame assembly 12
      which includes a relatively conventional frame 24 comprising a heavy base
      member 26 positively connected to, and carried from the housing 22. Four
      tie rods 28 extend vertically upward from each of the corners of the base
      of the plate 26. Supported at the upper ends of the tie rods 28 is an
      upper frame plate 30 which is shown merely as a heavy metal plate
      positively connected to the tie rods. In the embodiment under
      consideration, the plates 26, 30 are connected to the tie rods 28 through
      the use of large socket head machine screws 32 which pass through openings
      in the plates into tapped openings in the ends of the tie rods.
PAR  The lower platen assembly 14 is supported from plate 26 and is preferably
      positively connected thereto. As shown in FIGS. 1 through 3, the lower
      platen assembly includes a first relatively thick plate member 36. Plate
      36 is positioned on plate 26 and spaced slightly therefrom by a heavy pad
      of asbestos or similar insulating material 38 (see FIG. 4). The plate 36
      is shown connected to the plate 26 by a plurality of socket head machine
      screws 40 which are positioned in counterbored openings 42 and extend into
      tapped openings 44 in plate 26. As best shown in FIGS. 1 and 2, plate 36
      is of generally U-shaped configuration in plan view and has a cut out
      opening 46 which extends inwardly from the front edge. Heat sealing clamp
      bar assemblies 48, 50 and 52 are carried on the plate 36 and adjustably
      positioned about the opening 46. As will be hereafter discussed at length,
      the clamp bar assemblies 48 and 50 are adjustably mounted on the plate 36
      and extend in spaced apart, parallel relationship. In the embodiment under
      consideration, each of the clamp bar assemblies 48 and 50 are of like
      construction but mirror images of one another. Accordingly, only clamp bar
      assembly 48 will be described in detail and the description thereof is to
      be taken as equally applicable to the clamp bar assembly 50, except as
      otherwise noted.
PAR  As shown, the clamp bar assembly 48 comprises a first elongated bar member
      54 having a laterally and upwardly extending L-shaped jaw member 56 (see
      FIGS. 3, 5 and 6). The upwardly extending leg of the L-shaped jaw 56 is
      heated by conventional resistance heating elements carried therein but not
      shown in the drawings. The bar 54 is adjustably connected to the plate 36
      so that it may be moved laterally to vary the spacing between the bar
      assemblies 48 and 50 and, consequently, the distance between the side
      seams of a foam bag or envelope being formed. In the subject embodiment,
      the adjustable mounting comprises socket head machine screws 60 which pass
      through elongated transverse slots 62 formed in bar 54. The plate 36 is
      provided with two rows of spaced tapped openings 64 positioned to receive
      the screws 60. By removing the screws 60, the bar 54 can be adjusted to
      any desired position. The elongated slots 62 in combination with the
      spaced openings 64 permits substantially infinite adjustment of the bar
      across the width of plate 36 adjacent the opening 46.
PAR  The heated L-shaped jaw portion 56 of the bar 54 is preferably covered with
      a layer of Teflon impregnated glass fabric or the like 68 to prevent
      sticking of the plastic sheet material. FIGS. 3, 5 and 6 illustrate the
      fabric wrapped about the clamp or the jaw portion of the bar. Note that a
      clamp bar 70 extends under the lower portion of jaw portion 56 and a screw
      or machine bolt 72 passes upwardly through the clamp bar 70. The upper
      edge portion of the fabric is held by the nut 74 engaged with the
      corresponding bolt 72. Positioned over the bar 54 and arranged to serve as
      a guide for the upper jaw is a generally L-shaped bar 78 formed from
      Teflon or the like. The vertically extending leg 80 of bar 78 is aligned
      with the back surface of the heated bar 56. As best shown in FIGS. 2 and
      5, the bar 80 is affixed to the bar 54 by a plurality of socket head
      machine screws 82 which are received within counterbored openings formed
      in bar 80 and pass downwardly into tapped openings in bar 54. As shown in
      FIG. 2, bar 80 is cut away at portions 84 so as to provide access to the
      adjusting screws 60. Thus, adjustment of the jaw assembly 48 can take
      place without changing or shifting location of the bar 80.
PAR  As previously mentioned, the clamp jaw assembly 50 is identical to assembly
      48 but is a mirror image thereof. As can be appreciated, the assemblies 48
      and 50 can be adjusted laterally to any desired spacing so that the width
      of the foam bag or envelope being made can be varied.
PAR  The intermediate clamp jaw assembly 52 is positioned to extend transversely
      between the jaw assemblies 48 and 50. It is also arranged for adjustable
      movement along a line parallel to the faces of the jaw assemblies 48, 50.
      Specifically, as best shown in FIGS. 2, 4 and 7, jaw assembly 52 comprises
      a bar member 88 having a somewhat C-shape in plan view and including an
      upwardly extending leg 90. Bar member 88 is heated by electrical
      resistance heaters (not shown) and, additionally, is wrapped in Teflon
      impregnated fabric 92.
PAR  In the embodiment shown, adjustment of the bar 88 so that it can be moved
      along the plate 36 is permitted by a series of tapped openings 94
      positioned in two side-by-side rows across the depth of the plate 36.
      Suitable socket head machine screws 96 pass through elongated slots 98
      (see FIG. 4) in the bar 88 to clamp the bar to the plate 36. By releasing
      the machine screws 96, the position of bar 88 can be adjusted. It should
      be appreciated that a series of bars formed similar to bar 88 would
      normally be provided so that when the assemblies 48 and 50 are adjusted
      laterally outward, different ones of the series of bars 88 can be
      installed to extend completely across the width between the assemblies 48,
      50. Additionally, it should be understood that the bar assemblies 48, 50
      can be provided in different lengths from that shown. In the embodiment
      under consideration, the assemblies 48, 50 extend only part way across the
      depth of the plate 36 but could extend completely across or even outwardly
      slightly beyond the limits of the plate 36.
PAR  As previously mentioned, the upper platen assembly 60 is arranged for
      vertical reciprocation toward and away from the lower platen assembly 14.
      For this reason, the upper platen assembly comprises a first relatively
      heavy frame member 100 which is, as best shown in FIG. 4, connected to the
      lower end of piston rod 102 of fluid cylinder 104. In the embodiment
      shown, the plate 100 is provided with a centrally located counterbored
      opening 105 which receives the threaded lower end of the piston rod 102. A
      nut 106 clamps the plate 100 against a shoulder formed on the piston rod
      102. Fluid cylinder 104 is carried on the top surface of the frame plate
      30 and is releasably connected thereto by four socket head machine screws
      108 which pass through openings in the end plate of the piston into tapped
      openings in plate 30. As is well known, by controlling the supply of fluid
      in cylinder 104, the plate 100 is caused to move vertically.
PAR  The plate 100 is guided during its vertical movement by a guide rod 110
      which is connected to the plate and extends vertically upward therefrom
      through machined opening 112 in plate 30. This arrangement is best shown
      in FIG. 3. As is readily apparent, the guide rod 110 allows reciprocation
      of plate 100 but prevents it from having any horizontal movement or
      shifting.
PAR  Carried from plate 100 and releasably connected thereto is the upper clamp
      or sealing jaw assembly 16. As shown in FIGS. 3 and 4, a heavy sheet of
      asbestos or similar insulating material 120 is positioned on the lower
      face of plate 100. A heavy mounting plate 122 adjustably supports the jaw
      assemblies and is connected to plate 100 by vertically extending socket
      head machine screws 124 which extend upwardly through plate 122 into
      tapped openings in plate 100.
PAR  Adjustably carried from the plate 122 are the cooperating heated jaw
      assemblies 126, 128 and 130. The jaw assemblies 126 and 128 extend in
      spaced apart, parallel relationship from the front to the rear of plate
      122. As best shown in FIGS. 1 and 3, the assemblies 126 and 128 extend on
      opposite sides of a cutout 132 formed inwardly from the front surface of
      the plate 122. The intermediate jaw assembly 130 extends transversely
      between the plates 126 and 128 at the rear of opening or cutout 130. Each
      of the jaw assemblies 126 and 128 are of the same construction but are
      merely mirror images of one another. Accordingly, only jaw assembly 126
      will be described in detail but the description thereof is to be taken as
      equally applicable to assembly 128 unless otherwise noted.
PAR  Specifically, assembly 126 comprises an elongated heated jaw member 138
      which has the cross-sectional shape best seen in FIG. 3. Note that it is
      somewhat trapezoidal with its inclined surface facing inwardly. The heated
      bar 138 is wrapped in Teflon coated glass fabric and is connected to a
      second elongated bar 140 by a machine screw 142 which extends downwardly
      through bar 140 into threaded openings in the heated bar 138. The Teflon
      coated fabric is clamped in position by a clamp bar 144 as best shown in
      FIGS. 5 and 6.
PAR  Adjustment of the jaw assembly 126 is provided by two rows of tapped
      openings 148 formed in plate 122. Machine screws 150 extend upwardly
      through the bar 140 into the openings 148. As can be appreciated, removing
      the screws 150 allows the bar 140a and the heated bar 138 to be shifted
      laterally to any desired position. As mentioned earlier, the assembly 128
      is substantially identical other than being a mirror image of assembly
      126. Extending between assemblies 126 and 128 at the rear of opening 131
      is the assembly 130. Assembly 130 comprises a first bar or plate member
      160 which is adjustably connected to the plate 122 by machine screws 162
      which extend upwardly through counterbored openings in plate 160 into
      threaded openings 164 in plate 122. Openings 164 are layed out in two rows
      so that the position of bar 160 can be shifted across the plate 122 to any
      desired location. Connected to bar 160 (see FIGS. 4 and 7) is a bar 166
      which is heated by resistance heaters (not shown). Bar 166 is preferably
      covered with Teflon coated fabric 167 to eliminate sticking of the plastic
      envelope material during a forming operation.
PAR  The overall sequence of operations of the sealing apparatus can best be
      understood by reference to FIGS. 3 through 7. With the jaws in the spaced
      apart position shown in FIGS. 3 and 4, a pair of sheets of suitable foam
      plastic material 180 and 182 are positioned on the upwardly extending
      portions of the jaw portion 56 of the lower bar 54. As best shown in FIG.
      3, the sheets 180, 182 are preferably to be closely received within the
      guide legs 80 of bar 78. With the sheets in position on the lower jaws,
      the upper plate is actuated downwardly to the position shown in FIGS. 5
      through 7. The heated jaws thus cause the sheets to be bonded together
      along their outer periphery. Because of the arrangement of the jaws, all
      three edges are simultaneously joined. It should be noted that the bars 80
      cooperate with the upper clamp bars 138 to guide them into position on the
      lower jaw members. Further, the bars also serve to position the sheets.
PAR  The invention has been described in great detail sufficient to enable one
      of ordinary skill in the art to make and use the same. Obviously,
      modifications and alterations of the preferred embodiment will occur to
      others upon a reading and understanding of the specification and it is my
      intention to include all such modifications and alterations as part of my
      invention insofar as they come within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for forming sealed foam plastic envelopes of a given desired
      size comprising:
PA1  a. a pair of platens having opposed faces;
PA1  b. support means for supporting said platens with their opposed faces
      generally parallel and in alignment;
PA1  c. power means for producing relative movement between said platens to
      permit them to be selectively moved from a first position wherein their
      opposed faces are spaced a substantial distance apart to a second position
      wherein their opposed faces are relatively closely spaced;
PA1  d. adjustable jaw assembly means carried on each of said platens, each of
      said jaw assembly means including at least three margin defining jaw
      portions fixed in desired relation on each platen, the jaw portions
      including one pair of elongated jaw portions in side-by-side parallel
      alignment on each platen and arranged to mate in face-to-face relation
      when the platens are moved to the second position, and an intermediate jaw
      portion mounted on each platen in face-to-face relation with its opposing
      intermediate jaw portion and extending between the elongated jaw portions
      to define therewith opposed co-operating jaw assemblies of generally
      U-shaped and desired size;
PA1  e. adjusting means for permitting the spacing between the parallel
      elongated jaw portions to be selectively varied for envelopes of different
      size; and,
PA1  f. means for causing the jaw portions to impart energy to plastic sheets
      positioned therebetween to bond said sheets into an envelope of desired
      size.
NUM  2.
PAR  2. The apparatus as defined in claim 1 wherein said platens are mounted
      horizontally and wherein said power means moves one of said platens
      vertically.
NUM  3.
PAR  3. The apparatus as defined in claim 1 wherein said platens have an access
      opening at a location adjacent said jaw members.
NUM  4.
PAR  4. A foam envelope margin sealing apparatus comprising:
PA1  first and second opposed platens;
PA1  power means for producing relative movement between said platens to move
      them to a first position wherein they are spaced a substantial distance
      apart and a second position wherein they are closely spaced;
PA1  a first set of jaw defining jaw portions carried on said first platen and
      including a first pair of generally parallel, elongated jaw portions in
      spaced side-by-side relationship and a first intermediate jaw portion
      extending transversely between said first pair;
PA1  a second set of jaw defining jaw portions carried on said second platen in
      opposing relation to said first set of jaw defining jaw portions and
      including a second pair of generally parallel, elongated jaw portions in
      spaced, side-by-side relationship and a second intermediate jaw portion
      extending transversely between said second pair;
PA1  said first and second pairs of parallel jaw portions being adjustably
      mounted on their respective platens in a manner to permit lengthening or
      shortening their relative spacing; and said first and second intermediate
      jaw portions being connected to their respective platens in a manner to
      permit them to be removed from said platens or shifted longitudinally
      along said pairs of parallel jaw portions.
NUM  5.
PAR  5. Apparatus for sealing foam plastic sheet material comprising:
PA1  first and second opposed platens mounted for relative movement between a
      first position in which they are spaced a substantial distance apart and a
      second position wherein they are relatively closely spaced;
PA1  each platen carrying and adjustable jaw assembly including two elongated,
      spaced side-by-side jaw portions and one intermediate jaw portion
      extending transversely between said spaced side-by-side jaw portions;
PA1  the jaw assembly of each platen being aligned with the jaw assembly of the
      opposed platen so that upon relative movement of the platens to the second
      position, the jaw assemblies telescopingly come into co-operating
      relationship with their sealing surfaces in opposing face-to-face
      relationship,
PA1  first means for permitting spacing between the side-by-side jaw portions to
      be readily varied; and,
PA1  second means for permitting the position of said intermediate jaw portions
      to be adjusted longitudinally of said side-by-side jaw members such that
      the length of margin defining sealed portions of envelopes can be varied.
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ABST
PAL  A method of crystal growth is provided that comprises the steps of
      positioning a foraminous susceptor above and adjacent to a seed crystal
      and below and in contact with a column of crystal feed material;
      inductively heating the susceptor so as to melt the top of the seed
      crystal and a layer of the column adjacent the susceptor; passing crystal
      feed material melt through openings in the susceptor into contact with the
      seed crystal, thereby commencing crystal growth; lowering the column
      toward the heated susceptor, thereby melting the end of the column; and
      passing the resulting melt through openings in the susceptor to provide
      material for continued crystal growth.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a method of growing single crystals and to
      apparatus for conducting the method.
PAC  BACKGROUND OF THE INVENTION
PAR  All materials that depend on homogeneous nucleation for crystal growth
      supercool. Thus, the material can be slowly raised to its melting point
      (Te) and then the temperature of the melt can be lowered to a value Ts
      before freezing takes place. A measure of the supercooling is .DELTA.T =
      (Te - Ts )/Te. This value ranges form 0.1 to 0.3 for many elements and
      compounds while the value increases for alloys and heavily doped
      simiconductors. As the value increases it becomes more and more difficult
      to grow homogeneous, highly perfect, single crystals. Regardless of the
      method of crystal growing, theory shows that the growth rate (f) should be
      slow and the temperature gradient (g) across the solid-liquid interface
      should be as large as possible so that the ratio g/f (.degree.C
      sec/cm.sup.2) is a large number. When the degree of supercooling increases
      (.DELTA.T&gt;0.5), analysis shows that g/f must be greater than
      5.times.10.sup.6 .degree.C sec/cm.sup.2. This means that for a slow growth
      rate of 1 inch per day, the thermal gradient must exceed 140.degree.C
      cm.sup..sup.-1.
PAR  There exists a large class of ternary compounds having unusual
      semiconducting and optical properties that have not been investigated in
      any detail. These compounds can be represented by the formulas M.sub.3
      AB.sub.3, M.sub.4 A.sub.2 B.sub.5 and MAB.sub.2, wherein A is P, As or Sb;
      B is S, Se or Te; and M is Na, K, Li, Ba, Ca, Mg, Be, Zr, Mn, Zn, Ce, Fe,
      Co, Ni, Cd, Pb, Sn, Cu, Ag, Au or Pt. Many of these compounds are natural
      minerals such as wolfsbergite (CuSbS.sub.2), and the like. Of particular
      interest are proustite (Ag.sub.3 AsS.sub.3), pyragyrite (Ag.sub.3
      SbS.sub.3) and smithite (AgAsS.sub.2). These latter compounds are uniaxial
      (3m), have large birefringence (.about.0.2) and are transparent in the
      near infrared (1-15.mu.) where high power gas lasers are available. These
      compounds have large non-linear coefficients and they have made efficient
      phase-matched harmonic generators and parametric oscillators. However,
      crystals are very difficult to grow from these materials because they
      exhibit large supercooling. For example, proustite melts at 480.degree.C
      and can undercool by 150.degree.C. This yields a .DELTA.T of about 0.7
      which means that g/f must exceed about 5.times.10.sup.5 .degree.C
      sec/cm.sup.2.
PAR  It is an object of this invention, therefore, to provide a method of
      crystal growth that is particularly applicable to precursor compounds
      which exhibit large supercooling.
PAR  Another object of the invention is to provide apparatus for use in
      conducting the method of crystal growth.
DRWD
PAR  Other objects and advantages of the invention will become apparent to those
      skilled in the art upon consideration of the accompanying disclosure and
      the drawing, in which:
PAR  FIGS. 1a and 1b show two positions of a schematic representation of one
      embodiment of the apparatus of this invention; and
PAR  FIGS. 2a and 2b show two positions of a schematic representation of another
      embodiment of the apparatus of this invention.
DETD
PAC  SUMMARY OF THE INVENTION
PAR  The present invention resides in the discovery of a floating susceptor
      technique for growing crystals that presents a viable solution to the
      preparation of single crystals from materials which tend to undercool.
      According to the method of this invention a foraminous or perforate
      susceptor is disposed above and adjacent to a seed crystal and below and
      in contact with a column of crystal feed material. The susceptor is
      inductively heated so as to melt the top of the seed crystal and a layer
      of the column of material adjacent the susceptor. Melted crystal feed
      material flows through openings in the susceptor into contact with the
      seed material, thereby commencing crystal growth. The column of crystal
      feed material is continuously lowered toward the heated susceptor, thereby
      melting the end of the column. The resulting melt flows through openings
      in the susceptor to provide material for continued crystal growth.
PAR  Reference is now made to the drawing which depicts schematically one
      embodiment of apparatus for carrying out the method of this invention.
      Referring in particular to FIG. 1a, there is shown a quartz ampule 10
      containing crystal feed material 11 in particulate form. It is to be
      understood that the ampule is provided with a closure means through which
      material can be introduced and withdrawn. Also means can be provided for
      introducing an ambient such as an inert gas into the ampule or placing the
      ampule under a vacuum. Positioned in the lower end of the ampule is a seed
      crystal 12 while resting thereon or in close proximity thereto is a
      susceptor 13. The susceptor is perforate having openings 14 which extend
      therethrough from its upper to its lower surface. It is usually preferred
      to use a susceptor formed of graphite although susceptors fabricated from
      other materials such as platinum, iridium, silver, gold and the like can
      be utilized. A RF induction coil 16 having an inverted conical form and
      connected to a RF generator (not shown) surrounds the lower end of ampule
      10.
PAR  As illustrated in FIG. 1a, ampule 10, susceptor 13 and coil 16 are in
      position for commencement of the crystal growing procedure. Thus,
      susceptor 13 is just within coil 16 and in close proximity to seed crystal
      12. Initially, the RF generator is turned on, and the power is increased
      until the top of seed crystal 12 is melted. Thereafter, the ampule is
      lowered by means of line 17 attached to ring 18 which is connected to the
      upper end of the ampule. As the ampule is lowered through the induction
      coil, crystal feed material 11 adjacent heated susceptor 13 is melted and
      the melt flows through openings 14 into contact with the melted seed
      crystal. In other words, upon ampule of the ampuld through the RF coil the
      perforated susceptor passes through the melted crystal feed material,
      thereby placing the melt in contact with the melted portion of the seed
      crystal.
PAR  As lowering of the ampule continues, the melt in contact with the melted
      portion of the seed crystal cools and crystal growth commences.
      Simultaneously with the lowering of the ampule, additional crystal feed
      material is melted and the susceptor passes through the melt, thereby
      providing additional melt for continued crystal growth. In effect
      susceptor 13 floats on the melt produced by melting of the crystal feed
      material so that it can be termed a floating susceptor.
PAR  A better understanding of the manner in which crystal growth progresses can
      be obtained by referring to FIG. 1b. As shown in this figure, ampule 10
      has been lowered a substantial distance through RF coil 16. Grown crystal
      19 has formed in the end of the ampule as a result of crystal growth.
      Immediately above the grown crystal is melt 21 on which susceptor 13
      floats and above susceptor 13 is a thin layer of melt. As ampule 13 moves
      downwardly, additional melt is formed through which the susceptor passes
      and crystal growth proceeds as the melt solidifies. This procedure
      continues until all, or substantially all, of the crystal feed material
      has been melted and crystallized to a single crystal.
PAR  Power supplied by the RF generator to induction coil 16 is controlled so
      that susceptor 13 is heated to a temperature sufficient to melt the
      crystal feed material. Furthermore, the susceptor is maintained at a
      temperature such that the height of the melt between the lower surface of
      the susceptor and the interface between the melt and the grown crystal is
      in the range of about 2 to 10 millimeters. The temperature to which the
      susceptor is heated will depend upon the melting point of the particular
      feed material utilized. Control of the RF current supplied to the
      induction coil in order to heat the susceptor and obtain the desired
      melting is well within the skill of the art. In any event the system can
      sustain inadvertent power fluctuations. For example, if the power
      increases, the floating susceptor tends to rise and in so doing decouples
      itself from the induction coil, thereby promoting the maintenance of a
      constant temperature.
PAR  The crystal growth rate must be slow in order to grow homogeneous, highly
      perfect, single crystals. Accordingly, it is necessary that the ampule be
      lowered slowly through the induction coil. Also, when using crystal growth
      materials exhibiting large supercooling, the temperature gradient at the
      solid-liquid growth interface should be uniform and as large as possible.
      By proceeding in accordance with the present invention wherein the
      floating susceptor is immersed in the crystal feed material, there is
      provided a thermally stable and flat interface at the solid-liquid growth
      interface. The provision of a thermally stable and flat interface tends to
      promote a uniform thermal gradient having a highest possible value. Thus,
      it is possible by the present method to prepare single crystals from
      compounds which are subject to large supercooling. While the rate at which
      the ampule is lowered through the induction coil will depend to a certain
      degree upon the particular crystal growth material utilized, the ampule is
      generally lowered at a rate ranging from about 10 to 50 millimeters per
      day.
PAR  Referring now to FIGS. 2a and 2b of the drawing, another embodiment of
      apparatus for practicing the method of this invention is schematically
      illustrated. In FIG. 2a the crystal feed material is in the form of a
      sintered rod 22 of the compacted material. The rod is held in position by
      a frame 23 comprising a vertical leg 24 and upper and lower horizontal
      legs 26 and 27. The ends of the rods are disposed in upper and lower
      recesses 28 and 29 formed in the outer ends of the horizontal legs of the
      frame member. The recesses can appropriately be formed of a pair of
      flanges, each bolted or otherwise attached to a horizontal leg so as to
      permit positioning of the rod.
PAR  A seed crystal 31 is disposed in the bottom of lower recess 29. Resting on
      or in close proximity to the seed crystal is susceptor 32 which is in the
      form of a metal screen. Sintered bar 22 in turn rests on susceptor 32.
      While it is often preferred to use an iridium screen as the susceptor, it
      is within the scope of the invention to utilize screens formed of other
      metals such as tungeten, tantalum molybdenum, and the like. It is to be
      understood that the material selected must be capable of withstanding the
      conditions encountered during conduct of the method. A RF induction coil
      33 having an inverted conical form and connected to a RF generator (not
      shown) surrounds the lower end of rod 22. Associated with the induction
      coil and surrounding rod 22 is a water-cooled bucking plate 34 whose
      function is to stabilize the lateral position of the susceptor. The use of
      the bucking plate, which is conveniently brazed to the top of the
      induction coil, to shape the magnetic field, is well known in the art.
      There is a handle 36 attached to horizontal arm 26 with a line 37
      connected thereto to provide means for lowering and raising frame member
      23.
PAR  The apparatus depicted in FIG. 2a is in position for commencement of the
      crystal growing procedure. While the apparatus of FIGS. 1a and 2a are
      quite dissimilar, the crystal growing procedures performed by the
      apparatus are quite similar. Susceptor 32, which is in close proximity to
      seed crystal 31, is just within induction coil 33. After the RF generator
      is turned on, its power is increased until the top of the seed crystal is
      melted. Frame member 24 is then lowered by means of line 37 attached to
      handle 36. As the frame is lowered carrying with it rod 22, the rod
      adjacent susceptor 32 is melted and the melt flows through openings in the
      screen into contact with the melted seed material. As is the case with the
      susceptor of the apparatus of FIG. 1a, susceptor 32 passes through the
      melt formed by melting of the lower end of rod 22, thereby placing the
      melt in contact with the melted portion of the seed crystal.
PAR  As lowering of frame 24 together with rod 22 continues, the melt in contact
      with the melted portion of the seed crystal cools and crystal growth
      commences. Upon lowering of the rod, the end thereof is melted, providing
      melt through which the susceptor passes. Additional melt is thereby
      furnished for continued crystal growth. Like susceptor 13 shown in FIG.
      1b, susceptor 32 floats on the melt formed by melting of bar 22.
PAR  Reference is now made to FIG. 2b in order to obtain a more complete
      understanding of the manner in which crystal growth progresses. As
      depicted in this figure, rod 22 supported in frame 24 has been lowered a
      substantial distance through RF coil 33. Grown crystal 38 disposed in
      recess 29 and extending upwardly therefrom has formed as a result of
      crystal growth. Adjacent the upper end of the grown crystal is melt 39 on
      which susceptor 32 floats. Above susceptor 32 there is a thin layer of
      melt. Upon downward movement of frame 23 and rod 22, additional melt is
      formed. The susceptor passes through the melt and crystal growth proceeds
      as the melt solidifies. This procedure is followed until all or
      substantially all of the rod has been melted and the melt has crystallized
      to a single crystal.
PAR  The discussion hereinbefore concerning the conditions for carrying out the
      method with the apparatus of FIG. 1a applies generally to the operation of
      the apparatus of FIG. 2a. Thus, the temperature is controlled as described
      and the frame and rod are lowered at about the same rate as the ampule.
      However, several additional advantages do accrue from utilizing the
      apparatus of FIG. 2a. Thus, it is unnecessary to employ a crucible, i.e.,
      a container for holding the crystal feed material. By positioning the
      apparatus in an enclosure, any ambient, such as an inert gas, e.g., argon,
      helium or nitrogen, oxygen, hydrogen or a vacuum, can readily be employed.
      The melt surface tension does not have to be large so that materials of
      low surface tension can be grown. Very long crystals can be grown, and
      because melt height need only be from 2 to 3 millimeters large area
      crystals can be grown.
PAR  A more complete understanding of the invention can be obtained by referring
      to the following illustrative examples which are not intended, however, to
      be unduly limitative of the invention.
PAC  EXAMPLE I
PAR  A run is conducted in which a single crystal of proustite (Ag.sub.3
      AsS.sub.3) is grown, utilizing apparatus similar to that shown in FIG. 1a.
      In carrying out the run, proustite feed material in particulate form is
      loaded into the quartz ampule which also contains a seed crystal and the
      graphite susceptor. The ampule is vacuum pumped, back filled with argon
      and sealed. The RF generator is turned on and sufficient power is supplied
      to the induction coil to melt a portion of the seed crystal. The ampule is
      then lowered through the induction coil, causing the susceptor to pass
      through the melt formed by melting of the proustite. The ampule is lowered
      through the coil at the rate of about 12 mm per day. The temperature
      gradient at the solid-liquid interface is about 150.degree.C
      cm.sup..sup.-1. The lowering of the ampule is continued until the crystal
      feed material is consumed. A single crystal of proustite of high optical
      quality is recovered from the ampule.
PAC  EXAMPLE II
PAR  A run is carried out in accordance with the general procedure followed in
      Example I except that particulate potassium bromide is used as the crystal
      feed material. Since KBr is a transparent material, it is observed that
      the height of the liquid melt can be varied from 2 to 10 mm. For a melt
      height of 10 mm, the thermal gradient is 380.degree.C cm.sup..sup.-1. The
      solid-liquid interface remains flat independent of the height of the melt.
      A single crystal of KBr is recovered at the end of the period of crystal
      growth.
PAC  EXAMPLE III
PAR  A run is carried out in which a single sapphire (A1.sub.2 O.sub.3) crystal
      is grown, employing apparatus similar to that shown in FIG. 2a. A seed
      crystal is placed in the recess of the frame's lower horizontal leg while
      an iridium screen susceptor is positioned on the seed crystal. The lower
      end of a sintered sapphire rod rests on the susceptor while its upper end
      is placed in the recess of the frame's upper horizontal leg. The RF
      generator is turned on and sufficient power is supplied to the induction
      coil to melt a portion of the seed crystal. The frame is then lowered
      carrying the sapphire rod through the induction coil, causing the
      susceptor to pass through the melt formed by melting of the lower end of
      the rod. The water-cooled bucking plate shapes the magnetic field so as to
      hold the susceptor concentric with the melt. The rod is lowered through
      the coil at a rate of about 15 mm per day. The lowering of the frame is
      continued until the sapphire rod is consumed. A single sapphire crystal of
      high quality is recovered.
PAR  By proceeding in accordance with the method of this invention, good
      quality, single crystals can be prepared from compounds exhibiting large
      supercooling. Examples of ternary compounds having this property have been
      mentioned above. Because the solid-liquid interface can be so small and
      well controlled, crystals can be grown from materials of low surface
      tension, such as tin, lead and bismuth compounds. Examples of other
      precursor materials that can be used include the alkali metal halides,
      silicates such as yttrium aluminum garnet, and oxides such as aluminum
      oxide.
PAR  In view of the foregoing disclosure, modifications of the invention can be
      made by those skilled in the art without departing from the spirit and
      scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of growing a single crystal from a material which exhibits
      large supercooling, said method comprising the steps of positioning a
      foraminous susceptor above and adjacent to a seed crystal and below and in
      contact with a column of crystal feed material selected from the group
      consisting of compounds represented by the formulas M.sub.3 AB.sub.3 and
      M.sub.4 A.sub.2 B.sub.5, wherein A is P, As or Sb; B is S, Se or Te; and M
      is Na, K, Li, Ba, Ca, Mg, Be, Zr, Mn, Zn, Ce, Fe, Co, Ni, Cd, Pb, Sn, Cu,
      Ag, Au or Pt; inductively heating the susceptor so as to melt the top of
      the seed crystal and a layer of the column of the crystal feed material
      adjacent the susceptor; passing crystal feed material melt through
      openings in the susceptor into contact with the melted seed crystal,
      thereby commencing crystal growth; lowering the column toward the heated
      susceptor so as to melt the end of the column; passing the resulting melt
      through openings in the susceptor to provide material for continued
      crystal growth; and maintaining the temperature of the susceptor at a
      temperature such that the height of the melt on which the susceptor floats
      as measured between the lower surface of the susceptor and the interface
      between the melt and the grown crystal is in the range of about 2 to 10
      millimeters.
NUM  2.
PAR  2. The method according to claim 1 in which the crystal feed material is in
      particulate form enclosed in an elongated ampule.
NUM  3.
PAR  3. The method according to claim 1 in which the crystal feed material is in
      the form of a sintered rod.
NUM  4.
PAR  4. The method according to claim 2 in which the susceptor is formed of
      graphite having vertical openings therein.
NUM  5.
PAR  5. The method according to claim 3 in which the susceptor is an iridium
      screen.
NUM  6.
PAR  6. The method according to claim 1 in which the column is lowered at a rate
      of about 10 to 50 millimeters per day.
NUM  7.
PAR  7. The method according to claim 1 in which the crystal feed material is
      proustite.
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PAL  A method for growing single crystals which utilizes calcium nitride as a
      solvent system in the molten solution growth of bulk aluminum nitride
      crystals.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government for governmental purposes without the payment of any royalty
      thereon.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part of Ser. No. 419,459, filed Nov.
      27, 1973, now abandoned.
BSUM
PAR  This invention relates to a method for growing crystalline materials. More
      particularly, this invention concerns itself with molten solution growth
      method for synthesizing aluminum nitride crystals.
PAR  In an even more specific sense, this invention contemplates the utilization
      of calcium nitride as a high temperature solvent for use in the
      recrystallization of refractory aluminum nitride, that is, growing single
      crystals of aluminum nitride from a molten solution containing the
      refractory material as the solute, and calcium nitride as the solvent.
      Crystallization is accomplished by the precipitation or crystallization of
      the solute, the solute being the desired crystal, from the molten
      solution.
PAR  Recent advances in the utilization of single crystals for a wide variety of
      purposes, especially in various electronic surveillance and detection
      applications, has generated considerable research in the development of
      improved techniques for growing single crystalline materials. A problem
      has arisen, however, in that many of the methods relied upon heretofore
      fail to grow crystals having a reproducibly high quality.
PAR  The growth of nitride crystals, especially as equi-three dimensional single
      crystals, has proven to be a most difficult task since the reproduction of
      large numbers of crystals, all possessing the high quality needed for
      detection applications, has not been attained by prior art methods.
      However, if proper utilization of crystalline materials is to be made,
      then crystals of reproducibly good quality must be made.
PAR  Large, water white aluminum nitride single crystals have never been grown
      from its melt because of the following reasons. First, aluminum nitride
      sublimes and decomposes according to the reaction 2 AlN(s) = 2 Al(g) +
      N.sub.2 (g) at temperatures far below (c.a. 1723.degree.K) the temperature
      range (3023.degree.K) in which AlN is reported to melt. Secondly,
      materials that could be used as crucible materials to contain aluminum
      nitride in its melting temperature range are violently attacked,
      particularly under high pressures. Thirdly, the state of materials
      science, as far as crystal growth is concerned, has not developed high
      pressure chamber materials capable of sustaining pressures greater than
      100 atmospheres for long periods (3 weeks) at elevated temperatures
      (2000.degree.C). It is highly improbable, therefore, that in the near
      future, large, good quality aluminum nitride single crystals will be grown
      from its own melt at least by present day techniques.
PAR  Aluminum nitride single crystals, therefore, have been generally grown by
      vapor techniques. These two major techniques are: the sublimation
      reaction, i.e., 2 AlN(s) = 2  Al(g)+ N.sub.2 (g) and the chemical vapor
      transport reaction, i.e., 2 AlCl.sub.3 (g) +  N.sub.2 (g)+ 3H.sub.2 (g). =
      2  AlN(s) + 6  HCl (g).
PAR  The approximate thermodynamic relation, which must be controlled in these
      reactions so as to enhance "good" crystal growth is d ln P/d T
PAL  for each gaseous element, molecule or compound. The Clausius-Clapeyron
      equations can be used to determine this relation. In using the vapor
      techniques, it is important that differences do not exist between the
      partial pressure of the reacting species and that of the aluminum
      nitrides. Water-white aluminum nitride single crystals can be grown
      reproducibly by the vapor techniques; however, one of the major
      disadvantages of these methods is that aluminum nitride single crystals
      have only been grown as microscopic sized "two-dimensional" crystals
      heretofore. A two-dimensional crystal is defined as a crystal whose
      dimensions have a l/d ratio greater than 7, i.e., 0.3 mm long .times. 0.03
      mm diameter (l/d=10); or the shape of the crystal is "platy," i.e., large
      surface area but only microns (50-100)thick.
PAR  In using a mass spectrometer to study the vaporazation of aluminum nitride,
      only the gaseous species Al and N.sub.2 were detected. The vaporization
      proceeds according to the reaction:
EQU  2AlN(g) = 2Al(g) + N.sub.2 (g)
PAL  No gaseous aluminum nitride compound was detected.
PAR  Disregarding kinetic factors, the probable reason why vapor grown aluminum
      nitride single crystals are two-dimensional in shape, is because of the
      relatively low binding energies of gaseous metal nitrides and the very
      high stability of the nitrogen molecule. Condensed nitrides vaporize
      primarily by decomposition to the elements. Substances such as the
      nitrides, which decompose to diatomic gaseous molecules, might be expected
      to have low condensation coefficients (fraction of the incident molecules
      which stick, or condense, on the vaporizing surface) presumably because
      nitrogen "prefers" to exist as a gaseous molecule than a nitride ion in
      the condensed state. This is especially true for aluminum nitride, where
      the N-N internuclear distance, which is 1.1A in the gaseous N.sub.2
      molecule, undergoes considerable change in the condensation process; the
      distance of closest approach of the two nitrogen atoms is about 2.5A in
      the BN lattice and 3.1 A in AlN lattice.
PAR  It is clear, therefore, that any attempt to synthesize bulk aluminum
      nitride crystals, by conventional means, either from the melt (growth of a
      pure substance from its own melt) or by vapor techniques using present-day
      crystal growth facilities, would not be a successful endeavor.
PAR  Since most chemical reactions occur in solution and because of the
      inadequacies of the other crystal growth methods previously discussed, it
      was found that the molten solution growth technique was the best method to
      grow bulk aluminum nitride single crystals.
PAR  Ideally, a solution is a homogeneous mixture which consists of the solute
      and solvent constituents. For this, the purpose of this invention, a
      solvent is a liquid (molten) which is present in excess over all other
      components of the solution. A solute is the constituent which is dissolved
      by the solvent. The constituent can consist of one or more compounds of
      the solvent, but the solute is of a different chemical concentration than
      the solvent. Or, the solute can consist of components different from the
      components of the solvent.
PAR  Simplistically, solution growth is the precipitation of a solute from
      solution. More specifically, it is the attempted controlled
      crystallization (growth rate) of a single grain (crystal) of the solute
      from solution. The growth rate of good quality single crystals from
      solution depends on statistical thermodynamic and kinetic factors, i.e.,
      the probability of an atom or an ion of the solute finding its optimal low
      energy site and the "speed" of attachment of the atoms or ions on the
      existing single crystal. The thermodynamic and kinetic factors are
      generally influenced by the type of solution and the degree of solubility
      of the solute in the solution; the solubility generally being controlled
      by the temperature of the solution. A given temperature of the solution
      can create a supersaturation of the solute in the solution. In order for
      the solution to maintain a minimum free energy at that temperature, some
      of the solute crystallizes out of solution and thus lowers the saturation
      of the solute remaining in solution. The degree of supersaturation can be
      changed by other means, such as the evaporation of the solvent, or by
      changes in the pressure of the solution. The conventional way of
      influencing the supersaturation in solution growth, however, is by the
      change of the solution temperature.
PAR  Aluminum nitride is a refractory material and it was difficult to find a
      suitable solvent which possesses most of the following desirable
      properties: (1) A high solvent power. (2) Intermediate melting point
      (1200.degree.-1600.degree.C). (3) Low viscosity. (4) Low vapor pressure
      and toxicity. (5) Easy separation from AlN single crystals at room
      temperature. (6) Common ion. (7) A physical solvent, which is primarity
      covalently bonded. (8) Isomorphous to aluminum nitride without solid
      solution formation. (9) Does not react with the crucible. In accordance
      with this invention, the best solvent was found to be calcium nitride
      (Ca.sub.3 N.sub.2). This compound was chosen because: (1) is possesses a
      common nitride ion. (2) of its reported low melting point of
      1195.degree.C. (3) Ca.sub.3 N.sub.2 easily dissolves twenty mole percent
      (6.5 wt % AlN at 1600.degree.C). (4) The calcium ion (Ca.sup.2.sup.+)
      would be too large to enter the AlN lattice. (5) Of high crystallographic
      symmetry (cubic). (6) Of very easy separation from aluminum nitride single
      crystals at room temperature. The viscosity of molten Ca.sub.3 N.sub.2 is
      not known, but the molten Ca.sub.3 N.sub.2 -AlN solution appears to be
      quite fluid.
PAR  Calcium nitride, which is 65% ionically bonded, as computed by Pauling's
      equation P = l-exp [-0.25 (x.sub.A -x.sub.B).sup.2 ] for the relation
      between the electronegativity difference (x.sub.A -x.sub.B) and the amount
      of partial ionic character (P) for single bonds, demonstrates at three
      crystal structures;.alpha.Ca.sub.3 N.sub.2 from room temperature to about
      500.degree.C, and .beta. Ca.sub.3 N.sub.2 from 500.degree.C to
      1150.degree. and possibly .gamma. Ca.sub.3 N.sub.2 from 1150.degree.C to
      1200.degree.C. The .alpha. Ca.sub.3 N.sub.2 is pseudo-hexagonally
      structured with the lattice constants a = 3.553A and c = 4.11A and c/a
      ratio = 1.16. Its density (x-ray) = 2.72 gm/cm.sup.3. .beta. Ca.sub.3
      N.sub.2 belongs to the cubic system. Its x-ray density is 2.66 gm/cm.sup.3
      and its lattice constant is a = 11.38A. Gamma Ca.sub.3 N.sub. 2 which is
      orthohomic, has a density of 2.63 gm/cm.sup. 3. The lattice constants have
      not been determined.
PAR  The molecular weight of Ca.sub.3 N.sub.2, which is 148.25 gm/mole consists
      of 60 mole percent calcium (81.05 wt. %) and 40 mole percent nitrogen
      (18.95 wt. %). The heat formation of Ca.sub.3 N.sub.2 is 151.2 Kcal/mole
      at 298.degree.K, and the compound is formed by the reaction of calcium and
      nitrogen at elevated temperatures (400.degree.C approximately).
PAR  With this invention, it has been found that the problem of melt homogeneity
      that occurs when growing crystals with prior known techniques can be
      drastically minimized by a modification that involves the use of calcium
      nitride as a solvent system. The implementation of the modification of
      this invention provides a technique for growing reproducibly high quality
      AlN crystals in a manner not heretofore achieved with previously known
      techniques.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, it has been found that aluminum nitride
      single crystals of reproducibly good quality and large size can be grown
      by a novel technique that involves the use of calcium nitride as a solvent
      system in the solution growth of these crystals.
PAR  In general, the method involves the use of calcium nitride (Ca.sub.3
      N.sub.2) as a solvent for aluminum nitride at elevated temperatures.
      Aluminum nitride is dissolved by calcium nitride and then recrystallized
      from solution as a single crystal. The synthesis of single crystals by
      this method is known as the Solution Growth Method. For example, to
      synthesize the aluminum nitride material as a crystal, the general
      procedure is to intimately mix from about 8 to 40 mole percent aluminum
      nitride (AlN) and from about 92 to 60 mole percent calcium nitride. The
      mixture is heated in an appropriate crucible to a temperature above the
      melting point of the mixture which is generally in the range of about
      1525.degree.C to 1650.degree.C. After the temperature of the molten
      solution is maintained from one to two hours, the solution temperature is
      slowly cooled to a temperature slightly below its saturated solubility
      temperature at a programmed rate of from about 0.5.degree.C/hr. to about
      3.degree.C/hr.
PAR  The invention provides a method which achieves a reproducible
      crystallization of aluminum nitride from a molten solution heated to
      intermediate temperatures of from 1125.degree.C to 1800.degree.C. The
      nitride common ion, which is uniformly distributed throughout the
      solution, insures the homogeneity of the molten solution. Solution
      homogeneity promotes the synthesis of high quality aluminum nitride single
      crystals. It appears to provide the best method for reproducibly
      synthesizing high optical quality crystalline aluminum nitride at
      atmospheric pressures and intermediate temperatures or, alternatively, at
      low temperatures (approx. 500.degree.C) and high pressures (approx.
      1.5Kb). It has been used to reproducibly grow aluminum nitride as
      equi-three dimensional single crystals. These Aluminum nitride single
      crystals are urgently needed to fulfill a number of surveillance and
      detection applications.
PAR  Accordingly, the primary object of this invention is to provide a novel and
      simplified method for growing aluminum nitride single crystals of high
      optical quality.
PAR  Another object of this invention is to provide a method for growing
      aluminum nitride single crystals that can reproducibly make crystals of
      high quality.
PAR  Still another object of this invention is to utilize calcium nitride as a
      solvent system in the solution growth method of synthesizing aluminum
      nitride single crystals.
PAR  A further object of this invention is to provide a method for synthesizing
      aluminum nitride crystals that are mechanically sound, substantially free
      from defects and possess the necessary overall high quality that permits
      their use in detection and surveillance devices.
PAR  Still further objects, advantages and features of the present invention
      will become readily apparent upon consideration of the following detailed
      description thereof.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With the above-defined and other objects in view, the present invention
      contemplates the use of calcium nitride as a solvent system in the
      solution growth method of synthesizing aluminum nitride single crystals.
      The growth of a single crystal from a molten solution is effected by the
      precipitation or crystallization of the solute (the desired crystalline
      end product) from the solution. The solution consists of solute component
      and the molten solvent component, which in this case is calcium nitride.
      The molten solvent component is considered to dissolve the solute
      component under the specified reaction conditions encompassed within the
      scope of the invention. The precipitation or crystallization of the
      crystal from the solution is in turn brought about by the technique of
      slowly cooling the molten solution over a period of time at a
      predetermined rate or by any other technique which could be used to grow
      single crystals from solution. The temperature of the molten solution is
      cooled at a programmed cooling rate to maintain a slight supersaturation
      of the solute in the molten solution. The slight supersaturation of the
      solute in the molten solution is the driving force which enhances
      crystallization. The rate of crystal growth is primarily a function of the
      change of the solute solubility with temperature, the cooling rate, the
      total mass of the solution, the molecular weight of the solute and the
      densities of the crystal (solute) and the molten solution. It is the
      proper supersaturated state at the growing crystal face which is the major
      problem in solution growth. Supersaturation is an unstable condition,
      therefore, in order to grow high quality, large single crystals by the
      solution technique, conditions must be found which insures a continual
      replenishment of the supersaturation of the solute in the solution as the
      crystal grows as well as the successful transfer of the supersaturated
      solution to the crystal growing faces. The technique of this invention,
      the details of which will be pointed out in the examples to follow, has
      proven to be a successful method of attaining high quality crystals.
DETD
PAR  With the foregoing discussion in mind, there are presented herewith
      detailed examples which illustrate specific embodiments of the invention
      and the manner in which the invention is carried out.
PAC  EXAMPLE 1
PAR  Aluminum nitride single crystals have been repeatedly grown by the general
      prescription of intimately mixing approximately 20 volume percent aluminum
      nitride and 80 volume percent calcium nitride. The measurement and mixing
      of the ingredients is performed in a helium atmosphere. The mixture, while
      still in the helium atmosphere, is then placed in a previously outgassed
      carbon crucible which is sealed by a threaded carbon cap. The crucible is
      transferred to a furnace chamber which is capable of being pressurized or
      evacuated. The screwed carbon cap is removed and the chamber is
      immediately evacuated to 10.sup.-.sup.3 Torr. The chamber is then filled
      with high purity helium to atmospheric pressure; evacuated again to
      10.sup.-.sup.3 Torr; back-filled with helium to atmospheric; evacuated a
      third time, and finally back-filled with helium to 50 psig.
PAR  An RF generator is turned on and, through induction heating, the carbon
      crucible is slowly heated to approximately 900 C. The carbon crucible is
      then drawn through the coil at an approximate rate of a half inch per
      hour. This is done to allow absorbed waters and "impurities" to be removed
      from the mixture.
PAR  The generator power is gradually reduced and finally turned off. At room
      temperature, the helium pressure is returned to atmospheric pressure and
      the furnace chamber opened. The carbon cap is tightly screwed on and
      following the chamber evacuations and refills, the carbon crucible is
      raised to 1535.degree.C. After one hour, the carbon crucible is again very
      slowly drawn through the RF coil so that a slightly super saturated
      solution is created as the solution temperature is slowly cooled.
      Supersaturation of the solution is the main driving force which enhances
      crystallization. The withdrawal rate varys such that three quarters of the
      length of the crucible can be passed through the "hot" zone of the coil as
      fast as desired or as slow as 0.005 inches per hour. The average rate of
      withdrawal of this invention was 0.080 inches per hour. Under these
      conditions, 0.75 mm long .times. 0.5 mm diameter sized aluminum nitride
      single crystals have been reproducibly synthesized.
PAC  EXAMPLE 2
PAR  Aluminum nitride single crystals were also grown in the same manner as
      shown in Example 1 from a 20 mole percent aluminum nitride and 80 mole
      percent calcium nitride molten solution. The solution was contained in a
      nitrogen filled, sealed molydenum crucible. The solution temperature,
      initially at 1610.degree.C, was cooled 3.degree.C/hour for 30 hours.
PAC  EXAMPLE 3
PAR  Aluminum nitride crystals were also grown in the same manner as in Examples
      1 and 2 from a 15 mole percent aluminum nitride and 85 mole percent
      calcium nitride molten solution. This solution was contained in a helium
      filled, sealed tungsten crucible. The solution temperature initially at
      1550.degree.C, was cooled about 2.degree.C/hour for 26 hours.
PAR  In Table I, there is presented approximate solubility data for aluminum
      nitride in calcium nitride using graphite crucibles.
TBL                TABLE I                                                     

     ______________________________________                                    

     AlN               Temperature                                             

     Mole fraction     .degree.K     .degree.C                                 

     ______________________________________                                    

     0.09              1468          1195                                      

     0.12              1503          1230                                      

     0.15              1525          1252                                      

     0.22              1728          1455                                      

     0.30              1883          1610                                      

     0.40              2086          1813                                      

     ______________________________________                                    

      Mole Percent (Mol % = Mole fraction .times. 100)?                        

PAR  While the invention is described with reference to a specific embodiment,
      it is to be expressly understood, particularly by those skilled in the art
      of synthesizing materials, that many variations in the synthesis of the
      crystalline materials of this invention may be made in form and detail
      without departing from the spirit and scope of the invention as defined by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for growing aluminum nitride single crystals which comprises
      the steps of forming a mixture of (a) from about 8 to 40 mole percent of
      aluminum nitride, and (b) from about 92 to 60 mole percent calcium
      nitride; heating said mixture to a temperature above about 1525.degree.C.
      and maintaining said temperature for a time sufficient to form a
      homogeneous molten solution thereof; slowly cooling the molten solution to
      a temperature above its freezing point at a rate of about 0.5.degree. to
      about 3.0.degree.C./hr. in order to effect the precipitation of single
      crystals of said aluminum nitride.
NUM  2.
PAR  2. A method in accordance with Claim 1 wherein said mixture is composed of
      about 20 mole percent aluminum nitride and 80 mole percent calcium
      nitride; and said mixture is heated to a temperature of about
      1535.degree.C and then slowly cooled at a rate of about 3.degree.C per
      hour for 30 hours.
NUM  3.
PAR  3. A method in accordance with claim 1 wherein said mixture is composed of
      about 20 mole percent aluminum nitride and 80 mole percent calcium
      nitride; and said mixture is heated to a temperature of about
      1610.degree.C and cooled at a rate of about 3.degree.C per hour for 30
      hours.
NUM  4.
PAR  4. A method in accordance with claim 1 wherein said mixture is composed of
      about 15 mole percent aluminum nitride and 85 percent calcium nitride; and
      said mixture is heated to a temperature of about 1550.degree.C and cooled
      at a rate of about 2.degree.C per hour for 26 hours.
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ABST
PAL  A method of isolating rubber-like polymers from hydrocarbon solutions
      comprises at least three steps of steaming and a device for realization of
      this method in which the hydrocarbon solution is delivered into the upper
      section of the vertical column of the device, which is the first steaming
      step at which the temperature is maintained within the range from
      80.degree. to 180.degree.C. At the first steaming step, the hydrocarbon
      solution is processed by steam which is delivered into the sections of the
      device through the steam intake. During this process the main bulk of the
      solvent is evaporated and the polymer is isolated in the form of granules.
      The solvent vapor, together with steam, are delivered to the condensation
      step. The isolated granules of the polymer are mixed with water to prepare
      an aqueous suspension by mechanical stirring means which are provided in
      each separate section of the column. The suspension is continually
      delivered along the means for the passage of the suspension into the lower
      sections of the column, which are the next steps of the steaming process.
      At these steps the suspension is also treated with steam, mixed, and the
      vapors are withdrawn. The temperature at all subsequent steps of the
      steaming process, (except the last step, which is accomplished in the
      lower section) is maintained in the range from 115.degree. to
      180.degree.C. The lower section is provided with a means for decreasing
      pressure of the aqueous suspension delivered into it from the previous
      section. Owing to this fact, the temperature at the last step of the
      steaming process also decreases and is maintained in the range from
      90.degree. to 110.degree.C. Vapors that are formed in the lower section
      (as the pressure decreases) are withdrawn from it through a connection
      located in the upper part of the section. The suspension is withdrawn from
      the lower section, the polymer granules are separated from water, and
      finally dried.
BSUM
PAR  This invention relates to a method of isolating rubber-like polymers from
      hydrocarbon solutions and a device to realize the same.
PAR  A method is known for isolation of rubber-like polymers from hydrocarbon
      solutions comprising at least three steps of steaming used for maximum
      possible removal of the solvent from the polymer which are accomplished in
      a number of separate apparatus. According to this method, hydrocarbon
      solution is delivered to the first step of steaming where it is acted upon
      by steam. The main bulk of the solvent is evaporated and the polymer is
      isolated in the form of granules. The solvent vapor and steam are passed
      to the condensation step, while the granulated polymer is mixed with water
      to form a suspension which is continually delivered to the next steaming
      steps, where it is also processed by steam, mixed and the solvent vapours
      are removed. After discharge of the polymer granules from the last
      steaming step, the polymer is separated from water and dried.
PAR  Also known is a device for carrying out multi-step mass-exchange processes
      in the presence of liquid and gaseous phases which can be used to isolate
      rubber-like polymers from hydrocarbon solutions. This device contains a
      vertical column divided along the vertical line into separate sections.
      The sections are intercommunicated through means, along which the aqueous
      suspension of the polymer passes from one section to another, said means
      being made in the form of transfer pipes located inside the column.
PAR  Each section is provided with a stirrer, which are fixed on a common shaft.
PAR  Steam is delivered into a lower section of the device through a connection
      and passed through-out the sections via rotary caps mounted on a common
      shaft.
PAR  The upper section of the column is provided with connections through which
      the hydrocarbon solution and water are delivered into the apparatus, and
      through which the solvent vapor and steam are withdrawn from the column.
PAR  The lower section has one connection through which the suspension is
      withdrawn.
PAR  The disadvantage of the known method for isolating rubberlike polymers from
      hydrocarbon solutions is the necessity to carry out the steaming process
      at temperatures close to or only insignificantly lower than 100.degree.C.
      The necessity of delivering the suspension from the last steaming step
      onto vibrating sieves or concentrators, where granules of the polymers are
      separated from water, interferes with increasing the process temperature,
      since otherwise large volumes of steam are liberated from the hot
      suspension which reduces the economical indices of the process and
      considerably the working conditions.
PAR  At the same time, distillation of the solvent from the granulated polymer
      (a molar-diffusion process) is considerably accelerated at elevated
      temperatures.
PAR  The investigations have shown that, for example, distillation of the
      solvent toluene from the mixture of granulated polymer and the solvent at
      a temperature of 140.degree.C takes half as much time compared with the
      duration of the process at a temperature of 100.degree.C.
PAR  Carrying out the process of isolation of rubber-like polymers from
      hydrocarbon solvents in the known device at elevated temperatures (over
      100.degree.C) involves additional consumption of steam which decreases the
      economic efficiency of the device.
PAR  The object of the invention is to intensify the steaming process during
      isolation of rubber-like polymers from hydrocarbon solvents.
PAR  Another object of the invention is to improve the efficiency of the
      process.
PAR  In accordance with these and other objects, the invention consists in that
      in the method for isolation of rubber-like polymers from hydrocarbon
      solutions, comprising at least three steaming steps, at which the
      hydrocarbon solution is delivered to the first steaming step where it is
      processed with steam, during which the main bulk of the solvent is
      evaporated and the polymer is isolated in the form of granules, the water
      and the solvent vapors are delivered to the condensation step, while the
      granulated polymer is mixed with water to form a suspension which is
      continually fed to the next steaming steps where it is processed with
      steam, mixed; the vapors of water and the solvent are separated, after
      which the granulated polymer is separated from water and dried, according
      to the invention, the temperature at the first steaming step is maintained
      within the range from 80.degree. to 180.degree.C, and at the intermediate
      steps from 115.degree. to 180.degree.C, and at the last step from
      90.degree. to 110.degree.C. It is recommended that the steaming
      temperature at the first steaming step be maintained at
      80.degree.-105.degree.C. In the device for the realization of the proposed
      method, comprising a vertical column divided along the vertical line into
      separate sections and intercommunicated through means for the passage of
      the polymer suspension from one section to another, mechanical means for
      stirring the suspension installed in each section, means for delivering
      steam into the sections, a connection for delivery of the hydrocarbon
      solution of the polymer, a connection for withdrawal of the aqueous
      suspension of the granulated polymer and removal of the solvent and water
      vapours, according to the invention the lower section is provided with a
      means to decrease the pressure of the suspension delivered from the
      previous section, and a connection located in the upper part through which
      the vapors formed during the pressure decrease, are withdrawn from the
      apparatus.
PAR  It is recommended also that the means for delivery of steam into the
      sections should include an injector which would communicate the connection
      for withdrawing the vapors from the lower section with the previous
      sections.
PAR  The advantages of the present invention, as compared with the known
      methods, are significant intensification of the distillation process of
      the solvent distillation from the granulated polymer and decreased
      consumption of steam.
DRWD
PAR  The other objects and advantages of the present invention will become
      apparent from the description of the examples of its practical embodiment,
      and the appended drawings, in which:
PAR  FIG. 1 shows the general view of the device for isolation of rubber-like
      polymers from hydrocarbon solutions according to the invention (vertical
      section);
PAR  FIG. 2 is another embodiment of the device for isolation of rubber-like
      polymers from hydrocarbon solutions according to the invention (vertical
      section) in which caps 25 are shown in elevation on the left side of shaft
      9 and in vertical section on the right side of shaft 9; and
PAR  FIG. 3 is a graph illustrating the dependence of the residual content of
      the solvent in granulated polymer upon the consumption of steam under
      various temperature conditions of the process for isolating
      cis-1,4-polybutadiene from a 10-per cent solution in toluene.
DETD
PAR  The device for isolating rubber-like polymers from hydrocarbon solutions
      contains a vertical column 1 (FIG. 1) divided vertically by horizontal
      partitions 2 into five separate sections. The above sections are
      interconnected through means, along which the polymer suspension in water
      passes from one section to another, the said means being made in the form
      of transfer pipes 3 located inside the column 1.
PAR  The last and the next-to-the last sections are intercommunicated through
      pipe 4 located outside the column 1.
PAR  The upper section has a connection 5 through which the hydrocarbon solution
      of the polymer is passed into the column 1, and also a connection 6
      through which water and solvent vapors are removed, and a connection 7 to
      admit the circulating water.
PAR  Each section is provided with a stirring device to mix the suspension, the
      device being made in the form of stirrers 8 mounted on a common central
      shaft 9 set in rotation from a drive 10.
PAR  The means for delivery of steam into the sections is in the form of an
      injector 11 serving to deliver steam into the next-to-the last section,
      and caps 12, installed in all sections except the last and next-to-the
      last sections. Caps 12 are rigidly fixed on the central shaft 9, and the
      paddles of the stirrers 8 are fastened to the outside walls of the caps.
      Owing to this design of the means for delivery of steam, the
      counter-current principle of motion of the steam and the suspension is
      realized.
PAR  The lowest section of the column 1 is provided with a means to reduce the
      pressure of the polymer suspension in water which is delivered from the
      previous section. This means is made in the form of a control valve 13
      installed in the pipe 4.
PAR  In order to isolate the last section from the next-to-the last one (the
      pressure of suspensions in which differs significantly) a seal 14 is
      provided on the central shaft 9.
PAR  In the upper part of the lowest section there is a connection 15 through
      which the vapors, forming during decreasing pressure of the suspension are
      withdrawn. The connection 15 is communicated with a pipe 16 and the
      injector 11. However, the connection 15 can be communicated also with any
      other device utilizing the vapors that are formed in the last section. In
      this case the injector 11 is dispensed with.
PAR  In order to discharge the suspension from the last section, a connection 17
      is provided.
PAR  Another embodiment of the device for isolation of rubberlike polymers from
      hydrocarbon solutions comprises a vertical column 1 (FIG. 2) divided
      vertically by horizontal partitions 2 into five separate sections.
PAR  The first section (counting from top to bottom) of the column 1 is
      communicated with the second section through a pipe 18 that passes outside
      the column 1 and serves for the suspension to pass from the first section
      into the second one.
PAR  A pump 19 installed on the pipe 18 serves to transfer the polymer-in-water
      suspension from the first section into the second one.
PAR  A valve 20 installed on the pipe 18 serves to control the suspension level
      in the upper section.
PAR  In order to admit the suspension from the second section into the third
      one, and from the third into the fourth section, pipes 3 are used which
      are located inside the column 1, and pipe 4 with the valve 13, located
      outside the column 1, serve to pass the suspension from the fourth into
      the fifth section.
PAR  The upper section has connections 5, 6 and 7, and the lower section has
      connections 15 and 17, which are similar in design to those of the device
      shown in FIg. 1.
PAR  Each section is provided with a stirrer 8, which is also similar to the
      stirrer installed in the device of FIG. 1.
PAR  The delivery of steam into the sections is parallel. This is obtained owing
      to the fact that the second, the third and the fourth sections are
      provided with connections 21 located in their lower parts and communicated
      with the pipe-line 22 through which steam is delivered. Injector 11 is
      installed on the pipe-line 22. Vapors are delivered from the second
      section into the first section through pipe 23 provided with a control
      valve 24. The pipe 23 communicates the upper part of the second section
      with the lower part of the first section.
PAR  A valve 24 serves to control pressure in the intermediate sections.
PAR  In the second and the third sections, installed on the central shaft are
      caps 25 having openings through which vapors pass upwards through the
      sections without coming in contact with the liquid in the sections
      installed above.
PAR  A seal 14 on the central shaft 9 serves to isolate the first and the
      second, and also the fourth and the fifth sections, in which the pressure
      of the suspension differs greatly.
PAR  The method for isolation of rubber-like polymers from hydrocarbon solutions
      is carried out as follows.
PAR  The hydrocarbon solution of rubber-like polymers is delivered through the
      connection 5 into the upper section of the column 1 (FIG. 1). Circulating
      water is delivered into the same section through the connection 7.
PAR  Steam is delivered into the next-to-the last section through the injector
      11. Steam passes through the sections of the column (up to the upper
      section) through the rotating caps 12 and comes in contact with the liquid
      phase in each section.
PAR  The hydrocarbon solution of the polymer is treated by steam which is passed
      into the upper section through the cap 12.
PAR  The main bulk of the solvent is evaporated together with the steam in the
      medium of hot water to effect isolation of the polymer in the form of
      granules.
PAR  The solvent vapor, together with the steam, is withdrawn through the
      connection 6 and delivered to the condensation step. The granulated
      polymer is mixed with water by the stirrer 8 to form an aqueous
      suspension. The thus-obtained aqueous suspension of the polymer is passed
      through the pipe 3 into the second section of the device, where it is
      processed also with steam and mixed by the stirrer 8.
PAR  In a similar way the suspension passes through the other sections of the
      device, each of which is a steaming step, while from the last section the
      suspension is discharged through the connection 17 for further processing
      (separation of the polymer from water, drying, briquetting).
PAR  In the method according to the invention, the process temperature at the
      first steaming step is maintained within the limits of from 80.degree. to
      180.degree.C, and at the intermediate steps within the range of from
      115.degree. to 180.degree.C, which significantly intensifies the process
      of isolation of the polymer from the hydrocarbon solution.
PAR  At the last step, the pressure of the suspension delivered into the
      apparatus, is decreased by means of the control valve 13, which decreases
      the temperature in this section to 90.degree.-110.degree.C.
PAR  Vapors that are liberated in the given section are passed through the
      connection 15, the pipe 16, and the injector 11 into the previous section
      for repeated use in the process of stripping the solvent, which increases
      the efficiency of the process.
PAR  With respect to the economy of the consumption of steam in the process of
      isolation of rubber-like polymers from solutions, it is not always
      advantageous to a maintain high temperature (80.degree.-180.degree.C) at
      the first steaming step. The content of steam in the vapor mixture
      consisting of the solvent vapor and steam (which are delivered to the
      condensation step) increases. This, in turn, increases the load on the
      condensation system and requires great heat consumption. In order to avoid
      this, it is recommendable to maintain the process temperature at the first
      steaming step within the range from 80.degree. to 105.degree.C.
PAR  In this case, use can be made of the device shown in FIG. 2. In this
      device, in order to maintain the process temperature in the first section
      substantially lower than in the other (intermediate) sections, the
      pressure of vapors delivered from the second section is decreased, in the
      first instance by means of the control valve 24. The necessity arises here
      to pump the suspension from the first section into the second one. This is
      accomplished by the pump 19. The suspension level in the first section is
      controlled by the valve 20.
PAR  The method for isolation of rubber-like polymers from hydrocarbon solutions
      realized in the device according to this version of the invention is
      characterized in that steam is delivered into the intermediate sections in
      parallel currents along the pipe 22 and the connection 21. As the vapors
      pass upwards in the sections through the caps 25 they practically do not
      contact the liquid in the sections located above. Further, all vapors are
      delivered into the first section through the pipe 23 and valve 24.
PAR  For a better understanding of the invention, the following examples of its
      practical embodiment are given by way of illustration.
PAC  EXAMPLE 1
PAR  Isolation of cis-1,4 polybutadiene from its 10 per cent solution in
      toluene. The polybutadiene was prepared by the polymerization process in a
      solution of toluene with the use of a catalyst consisting of tri-isobuytl
      aluminum and iodine-titanium dichloride. The concentration of cis-1,4
      units in the product was 92.5 per cent, and the Muni viscosity at
      100.degree.C was 45.
PAR  The steaming processes comprised five steps. The temperature at each
      steaming step was as follows:
PAR  the first step 92.degree.C, the second step 135.degree.C, the third step
      137.degree.C, the fourth step 139.degree.C, and the fifth step
      102.degree.C.
PAR  The steam was delivered in a counter-current flow.
PAR  The result of the process were 3900 kg/hour of cis-1,4 polybutadiene.
PAC  EXAMPLE 2
PAR  The materials used in the experiment were the same as in Example 1.
PAR  The steaming process was accomplished in five steps at the following
      temperatures:
PAR  the first step 80.degree.C, the second, the third and the fourth steps
      115.degree.C, and the fifth step 90.degree.C.
PAR  Steam was delivered into the sections in parallel flows.
PAC  EXAMPLE 3
PAR  The polymer was isolated in the same system as in Example 2, at the
      following temperatures:
PAR  the first step 168.degree.C, the second, the third and the fourth steps
      180.degree.C, and at the fifth step 110.degree.C.
PAR  The curve illustrating the dependence of the residual content of the
      solvent in the polymer on the consumption of steam at various temperatures
      of the process for isolation of cis-1,4 polybutadiene from a 10 per cent
      solution in toluene is given in FIG. 3.
PAR  Line A in the graph describes the above dependence in the isolation of the
      polymer by the known method at the following temperatures:
PAR  the first step 92.degree.C, the second 101.degree.C, the third
      103.degree.C, the fourth 105.degree.C, and the fifth step 107.degree.C.
PAR  Line B describes this dependence in conditions of Example 1, line C in
      conditions of Example 2, and line D in conditions of Example 3.
PAR  The graph shown in FIG. 3 indicates that at the steam consumption of 24
      tons/hour the residual content of the solvent in the rubber after the last
      step of steaming in the known method is 1.7 per cent, while in Example 1
      it is only 0.8 per cent, in Example 2 (for lower temperatures in each step
      than in the corresponding step in Example 1), 1.0 per cent. In order to
      ensure the residual content of the solvent of 1.1 per cent by the known
      method, it is necessary to consume steam at a rate of 27.5 tons per hour
      while in Example 3 the consumption rate is only 20.5 tons/hour.
PAR  Moreover, the proposed method ensures a higher degree of steaming of the
      solvent (less than 0.2 per cent by weight) compared with the known method.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for isolating a rubber-like polymer from a solution thereof in
      a hydrocarbon solvent comprising adding water and vapor to the polymer
      solution with agitation at a temperature of 80.degree.-180.degree.C. to
      form an aqueous suspension of polymer granules and to evaporate the bulk
      of the solvent in a first steaming step; continuously delivering the
      suspension from the first steaming step to at least one intermediate
      steaming step wherein the suspension is agitated and treated with vapor at
      a temperature of 115.degree.-180.degree.C and then to a final flashing
      step wherein the vapor treated suspension from the intermediate step is
      agitated at a temperature of 90.degree.-110.degree.C. to remove final
      traces of solvent; discharging the polymer suspension from the final
      flashing step; separating the polymer from water; and drying the polymer;
      and wherein the solvent vapors and steam are continuously withdrawn in
      each step counterflow to the flow of the polymer suspension.
NUM  2.
PAR  2. A method according to claim 1, in which the temperature of the first
      steaming step is maintained within the range from 80.degree. to
      105.degree.C.
NUM  3.
PAR  3. A method according to claim 1 wherein the temperature in the first
      steaming step and the final flashing step is lower than in the
      intermediate steps.
NUM  4.
PAR  4. A multistage evaporator, comprising a vertical column, divided
      vertically by horizontal partitions into separate sections; means to pass
      polymer suspension from the uppermost section via successive intermediate
      sections to the lowermost section; rotating mechanical means to stir the
      said aqueous suspension in each said section; means to deliver live steam
      plus regenerated vapor from the lower most section into the
      next-to-lowermost section; means to pass vapor from the next-to-lowermost
      section via successive intermediate sections to the uppermost section;
      means to decrease the pressure of the said suspension delivered into the
      lowermost section from the previous section; a vacuum connection located
      in the upper part of the said lowermost section serving to withdraw the
      vapors formed during decreasing pressure of the said suspension; at least
      one connection to deliver hydrocarbon solution into the uppermost section;
      at least one connection to permit withdrawal of the said suspension
      located in the said lowermost section; at least one connection to remove
      the vapors of the solvent and water from the uppermost section in said
      column; and at least one connection to deliver water into the uppermost
      section to form a suspension of granular polymer in water.
NUM  5.
PAR  5. A multistage evaporator, comprising a vertical column divided vertically
      by horizontal partitions into separate sections; means to pass polymer
      suspension from the uppermost section via successive intermediate sections
      to the lowermost section; rotating mechanical means to stir the said
      aqueous suspension in each section; means to deliver steam plus
      regenerated vapor to the intermediate sections which comprises a steam
      injector whose induction inlet is connected to the vapor outlet of the
      lowermost section and whose exhaust outlet is connected to the liquid
      spaces of the intermediate sections; means to pass vapor from the
      next-to-lowermost section via successive intermediate sections to the
      uppermost section; means to decrease the pressure of the said suspension
      delivered into the lowermost section from the previous section; a vacuum
      connection located in the upper part of the lowermost section serving to
      withdraw the vapors formed during decreasing pressure of the said
      suspension; at least one connection to deliver hydrocarbon solution into
      the uppermost section; at least one connection to permit withdrawal of the
      said suspension located in the said lowermost section; at least one
      connection to remove the vapors of the solvent and water from the
      uppermost section in said column; and at least one connection to deliver
      water into the uppermost section.
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ABST
PAL  In the processing of a corrosive liquid mixture, such as 50 to 80% aqueous
      sulfuric acid, by its passage over one surface of a wall of inert heat
      resistant material, and heating the other surface of said wall, thereby to
      evaporate from said corrosive liquid mixture the more volatile component
      thereof, the improvement which comprises heating said wall by contact with
      an inert liquid material, and heating said inert liquid material
      indirectly through heat exchange with a normally solid molten material.
      Desirably the wall of inert material is a pipe surrounded by a molten
      metal in a first annular jacket and a molten salt in a second annular
      jacket.
BSUM
PAR  This invention relates to a process and to an apparatus for separating
      corrosive liquid mixtures into a vapor fraction and a liquid fraction
      under conditions of indirect heat supply.
PAR  In technical processes it is frequently necessary to separate, concentrate
      and/or purify liquid mixtures. Many different processes and apparatus have
      been proposed which differ according to the problems to be solved, but
      corrosive liquids or mixtures of substances which contain a corrosive
      component present quite special problems. These are mainly problems of
      heat transfer caused by the materials used for the apparatus. Materials
      used for apparatus which deal with corrosive liquids are either of the
      kind which jeopardize the efficiency of the process because of their heat
      transfer properties, or are of the kind which are so expensive that they
      cannot be used for plants dealing with large quantities of mixtures or, if
      used, would constitute a serious burden on investment costs. If, on the
      other hand, less resistant materials are used then both the operating
      costs are increased due to the frequent repairs required, and the
      operational safety and reliability are jeopardized due to the vessels
      corroding and becoming fragile.
PAR  Both in the chemical and other branches of industry the increasing capacity
      of plants results in ever increasing quantities of corrosive liquids
      having to be worked up, in order to return them to the process or to
      render them harmless. Apart from other acids and corrosive mixtures of
      substances, sulfuric acid poses a particular problem since there are
      numerous processes in which it is not used up but in which it accumulates
      in a diluted and often heavily contaminated form in the course of the
      process.
PAR  Numerous processes have been proposed specifically for concentrating dilute
      sulfuric acid. The method of evaporation by direct heating with combustion
      gases is one which is used very frequently on a technical scale for
      concentrating sulfuric acid up to an average concentration of about 60%
      H.sub.2 SO.sub.4 (U.S. Pat. No. 2,762,690; German Pat. No. 69,216; Chem.
      Eng. Progr. Vol. 43, No. 5 [1947] 225 - 236; German Specification DAS No.
      1,162,502; German Pat. No. 1,131,193). Methods of direct heating with a
      hot gas are, however, less suitable for manufacturing highly concentrated
      acids because of the resulting air contamination.
PAR  Methods of indirect heating have been evolved particularly for
      concentrating sulfuric acid to more than 90%. Evaporation in these
      processes is generally carried out in vessels made of cast iron, but the
      vessels are not found to be sufficiently durable even if special alloys
      are used. Moreover, they cannot be built to a sufficiently large size and
      consequently for high outputs it is necessary to arrange numerous vessels
      in batteries (U.S. Pat. No. 2,172,058; Chem. Trade J. 108 [1941] 27 - 28,
      43 - 44). The vessels are frequently equipped with rectifying columns
      (German Pat. No. 742,574; German Pat. No. 528,696). Even improved
      embodiments of this process suffer from low thermal efficiency and high
      acid losses if the final concentrations are raised to 95 to 98%. Moreover,
      at any one time relatively large quantities of hot acid are carried in the
      apparatus which is liable to break down unforeseeably due to corrosion.
PAR  Some of the difficulties mentioned above are obviated by methods of
      concentration which are carried out under vacuum. Numerous embodiments of
      vacuum processes have been disclosed, some of which were developed for a
      particular acid or salt concentration. With the so-called falling film
      evaporator (Chem. Eng. Progr. Vol. 43, No. 5 [1947] 219 - 224) which
      operates with a descending evaporating pipe of ferrosilicon, it is
      possible to achieve acid concentrations of up to about 93% H.sub.2
      SO.sub.4. Another apparatus which has been proposed is the flash film
      concentrator in which the main evaporating zone is not situated in
      descending pipes but in horizontal pipes arranged behind one another and
      equipped with steam jackets. In Chem. Eng. Progr. loc. cit. 237 - 244
      there is also described a process in which sulfuric acid is concentrated
      in batches at low pressures (about 23 mm Hg) to a final concentration of
      about 93%.
PAR  To avoid corrosion, it has also been proposed to use apparatus in which the
      vessels are made of quartz. The process according to U.S. Pat. No.
      3,294,650 is also carried out under vacuum, and for relatively small
      outputs of acid an electrically heated quartz apparatus which may also be
      operated at normal pressure has been disclosed.
PAR  According to German Pat. No. 1,237,549 and Swiss Pat. No. 395,929, alkaline
      liquors can be concentrated in falling film evaporators which are heated
      with a salt melt. For well-known reasons, however, the methods described
      in these two patents cannot be applied directly to corrosive liquids or to
      liquid mixtures.
PAR  It is accordingly an object of the invention to provide a process and
      apparatus which can be used to separate corrosive liquid mixtures simply
      with safeguards against costly repairs in the event of minor wear on parts
      of system.
PAR  These and other objects are realized in accordance with the present
      invention which relates to the processing of a corrosive liquid mixture by
      its passage over one surface of a wall of inert heat resistant material,
      and heating the other surface of said wall, thereby to evaporate from said
      corrosive liquid mixture the more volatile component thereof. The
      improvement herein provided comprises heating said wall by contact with an
      inert liquid material, and heating said inert liquid material indirectly
      through heat exchange with a normally solid molten material.
PAR  Advantageously the wall over which the liquid is passed comprises a
      vertical pipe over one surface of which said corrosive liquid mixture
      passes, the inert liquid material being disposed in a first element in
      surrounding relationship relative to said pipe, and the molten material
      being disposed in a second element in surrounding relationship relative to
      said first element.
PAR  This method provides an operationally reliable and thermally efficient
      means of continually concentrating or separating highly corrosive
      substances or mixtures. Unwanted substances (impurities) can be removed at
      the same time. The process is particularly suitable for inorganic or
      organic acids and solvents. It is especially suitable for concentrating
      sulfuric acid, particularly for concentrating sulfuric acid already at a
      concentration of about 50 to 80% to a concentration of at least 94%. All
      parts of the apparatus exposed to the corrosive substances are made of a
      material which is absolutely or substantially resistant to corrosion. The
      materials used for these parts of the apparatus are preferably
      borosilicate glass or quartz, in particular quartz glass with a high
      degree of purity (99.9% SiO.sub.2). The process operates at atmospheric
      pressure so that expensive vacuum distillations are not necessary. If
      desired, the process may be carried out at a slight excess pressure of up
      to 5 atmospheres. In special cases it may be carried out in an inert gas
      atmosphere. By using an indirect heating system with a liquid heat carrier
      which is heated mainly with heavy oil, natural gas or any other
      inexpensive source of energy, the process operates with a high degree of
      thermal efficiency and at the same time the hot surfaces are uniformly
      heated. In the simplest embodiment of the process, the liquid which is to
      be treated is distributed over the wall of the pipe, the other side of
      which is heated with an inert melt, the inert melt being heated indirectly
      by circulating it through a heat generator. However for reasons of safety
      it is preferable to provide a small quantity of some other molten material
      which is inert towards the corrosive substances between the liquid heat
      carrier and the corrosive mixture which is to be separated. Since the
      evaporator pipe itself contains very little hot liquid, any unforeseen
      trouble such as breakage of the evaporator pipe will not result in any
      complications too difficult to control.
DRWD
PAR  The invention will be further described with reference to the accompanying
      drawings wherein:
PAR  FIG. 1 is a schematic illustration of one apparatus for carrying out the
      novel process;
PAR  FIG. 1a is a schematic horizontal sectional view through the jacketed pipe
      of FIG. 1;
PAR  FIGS. 2 and 2a are respectively vertical and horizontal sectional views
      through an alternative arrangement of enclosed pipes in accordance with
      the invention;
PAR  FIGS. 3 and 3a are similar views of still another embodiment;
PAR  FIG. 4 is a schematic view of an apparatus including a falling film flow
      evaporator in which vapors leave the pipe in cocurrent flow to the
      concentrated liquid;
PAR  FIG. 5 is a schematic view of another embodiment wherein the evaporator
      pipe is in the form of a climbing film evaporator;
PAR  FIG. 6 shows a special embodiment for concentrating and purifying sulfuric
      acid; and
PAR  FIGS. 7, 8 and 9 show different embodiments of evaporating stage and
      attached column which may be used in the overall apparatus of FIG. 6.
DETD
PAR  The various reference numerals in the figures have the following meanings:
PA0  1. = storage vessel for the substance mixture which is required to be
      concentrated (dilute sulfuric acid)
PA0  2. = pump
PA0  3. = feed preheater heat exchanger
PA0  4. = battery of evaporating stages
PA0  5. = evaporating stage
PA0  5a. = evaporating pipe
PA0  5b. = internal jacket
PA0  5c. = stationary inert liquid or first melt
PA0  5d. = external jacket
PA0  5e. = circulating melt (second melt)
PA0  5f. = displacement body
PA0  6. = distillation column, rectification column
PA0  6a. = dilute sulfuric acid, e.g. 60 to 75%
PA0  6b. = auxiliary substances, e.g. purification components
PA0  6c. = pump
PA0  6d. = distributing device
PA0  7. = storage vessel for auxiliary substances
PA0  8. = pump
PA0  9. = cooler for liquid fraction (e.g. concentrated sulfuric acid)
PA0  10. = storage vessel for liquid fraction
PA0  11. = heat exchanger, vapor condenser and feed preheater
PA0  11a. = supplementary vapor condenser
PA0  12. = oil separator
PA0  13. = condensate
PA0  14. = oils condensed in separator 12
PA0  15. = heating installation for melt 5e)
PA0  16. = fuel oil
PA0  17. = combustion plant
PA0  18. = pump for pipe system
PA0  19. = combustion air preheater heat exchanger
PA0  20. = pressurizing device
PA0  21. = safety valve
PA0  22. = liquid fraction
PA0  22a. = circulating pump for liquid fraction
PA0  23. = vapor fraction
PAR  The figures illustrate only a few possible or preferred embodiments; others
      are, of course, possible within the scope of this invention, for example
      the inert melt may also be positively circulated. Furthermore, the inert
      melt may also be heated by means of heating coils or other heat exchanger
      elements dipping into the melt. Lastly, the arrangement according to FIGS.
      1 and 1a may be modified so that the liquid which is required to be
      treated is in the external pipe and the circulating melt in the internal
      pipe.
PAR  According to FIG. 1, the liquid mixture which is required to be separated
      or liquid which is required to be concentrated is pumped from the storage
      vessel 1 into the heat exchanger 3 by the feed pump 2. In the heat
      exchanger 3 it is heated until it is close to its boiling point and it is
      then transferred into the evaporating stage 5 where it is filmed in the
      evaporating pipe 5a) and separated into a liquid phase 22 and vapor phase
      23. The liquid fraction may give up some of its heat to heat the heat
      exchanger 3 and may then be further cooled in the cooler 9 before it
      enters the storage vessel 10. The vapor fraction 23 is cooled and
      condensed in the condenser 11. Thus the vapor fraction 23 is cooled by the
      inlet liquid stream. The heat exchanger 11 usually forms part of the heat
      exchanger 3. The internal jacket 5b contains an inert liquid, preferably a
      first melt, e.g. a molten metal, metal alloy or salt. This first melt
      which is used should be inert towards the mixture which is required to be
      concentrated and it should have a low melting point. The inert melt 5c is
      heated by a second melt circulating in the external jacket 5d, preferably
      to a temperature in the range of about 180.degree.C to 550.degree.C. The
      circulating melt used for heating is preferably a molten salt with a
      suitable melting point which is not too high. It is heated in the heating
      apparatus 15. The whole evaporator unit may be heated to a temperature of
      about 50.degree.C to 180.degree.C with saturated steam.
PAR  The evaporating stage 5 may be composed of three concentric pipes of which
      the internal evaporating pipe 5a is made of a material which is resistant
      to the liquid to be concentrated, and preferably made of quartz glass. The
      internal and external jackets are generally made of metal, normally steel.
      As shown in FIG. 6, several evaporating pipes 5a each surrounded by an
      internal jacket pipe 5d may be connected in parallel and together heated
      with the circulating melt. Alternatively, several evaporating pipes 5a
      surrounded by internal jacket pipes 5b may be arranged in series and
      heated either separately or together.
PAR  Other possible arrangements for the evaporating stage are shown in FIGS. 2,
      2a, 3 and 3a. FIGS. 2 and 2a show an evaporating stage in which the
      evaporating pipes 5a are together inserted in the safety melt 5c which is
      heated internally and externally with a circulating melt. FIGS. 3 and 3a
      show an arrangement of an evaporating stage which in principle is similar
      to that in FIG. 1 but with the difference that inside the evaporating pipe
      5a is a displacement body over which the liquid to be treated may be
      arranged to trickle. This arrangement is suitable, for example, for film
      evaporators.
PAR  As shown in FIGS. 6 to 9, the evaporating stage 5 is generally equipped
      with a superposed rectifying column 6 in which exchange of material and
      energy takes place between the vapors of the evaporating stage and the
      liquid which is to be concentrated. This rectifying column may be either a
      packed column or a bubble tray column. In the case of a bubble tray
      column, the various bubble trays may be made of differing materials, e.g.
      quartzware, borosilicate glass, cast iron or steel according to the
      thermal stresses to which they are subjected. A bubble tray column has the
      further advantage that individual vapor fractions can be removed
      separately from the process. Above the acid inlet is at least one
      rectifying tray where the condensed vapors are used to free the vapor
      mixtures from the acid vapors and droplets of liquid acid carried with
      them.
PAR  Evaporating stage 5 and rectifying column 6 can be arranged in relation to
      each other in various ways. The evaporating stage 5 may be operated by the
      direct flow or the counterflow process but in the rectifying column 6 only
      the counterflow principle of liquid to vapor phase is employed.
PAR  In FIGS. 6 to 8, the evaporating unit operates by the counterflow process.
      In the arrangement of 5 and 6 shown in FIG. 8, a plurality of evaporating
      units 5 may be provided and the vapors introduced into a central
      rectifying column 6. FIGS. 4 and 9 show a variation of the process in
      which the vapors leave the evaporating stage 5 in the same direction as
      the liquid fraction. In the variation according to FIG. 9, the
      concentrated liquid fraction is circulated by a pump 22a. FIG. 5 shows the
      evaporating stage in the form of a film evaporator.
PAR  The application of the process to concentrating sulfuric acid will now be
      described in detail. The remarks apply equally to processes of
      concentrating other corrosive liquids and also to the separation of
      substance mixtures which contain at least one corrosive component. Dilute,
      impure acid at a concentration of 50 to 80% by weight, preferably about 60
      to 75% by weight, is purified and concentrated in an apparatus according
      to FIG. 6. If the acid is initially more dilute, it may first be
      concentrated to a suitable initial concentration, for example by using the
      hot vapors in indirect heater 11, see dashed lines in FIG. 6. Any solid
      substances precipitated at this stage are filtered off. This preliminary
      concentration may, of course, also be carried out in any other
      conventional apparatus such as an immersion heater evaporator. Acids which
      have a concentration above 69% by weight are appropriately diluted before
      being fed into the evaporating column although preferably at least one
      distillation tray is arranged above the feed as shown in FIG. 9 so that
      the acid concentration on this tray can be kept below 69% by weight by
      suitably adjusting the reflux ratio. The overflow of acid into the vapors
      leaving the column is thereby prevented. From the storage vessel 1 the
      acid is pumped by a feed pump 2 into the heat exchanger 3 in which it is
      heated to a temperature of about 140.degree. to about 190.degree.C by the
      hot concentrated acids leaving the evaporating stage 5. From the heat
      exchanger 3, the preheated acid enters the evaporating column 6 where it
      may be mixed with an auxiliary substance supplied from a storage vessel 7
      by way of feed pump 8. The auxiliary substances used are e.g. defoaming
      agents or chemicals such as nitric acid to oxidize or reduce impurities in
      the acid and preferably convert them into a gaseous or solid state. To
      increase the purifying effect, the acids and auxiliary substances together
      may be circulated by the pump 6c under conditions of external energy
      supply (see FIGS. 7 and 8). On leaving the evaporating column 6, the acid
      is distributed over the distributor head 6d to enter the evaporating pipe
      5a of the evaporating stage 5 in the form of a falling film. If the
      evaporating pipe 5a has a diameter of about 150 to 400 mm, each
      evaporating element can yield, in a single passage through the apparatus,
      about 5 to 30 tons per day of an approximately 94% acid. Between the
      internal evaporating pipe 5a and jacket 5b is a first melt which has a
      very low melting point but at the same time does not have a significant
      vapor pressure at the boiling point of the acid which is required to be
      concentrated. The melts used are preferably metal melts, for example a
      lead-bismuth alloy which melts at 120.degree. to 125.degree.C. The
      advantage of using a very low melting alloy is that if production is
      stopped at any time, the melt can be kept liquid simply by supplementary
      heating with steam or by applying steam (not shown) to the evaporating
      pipe 5a. The evaporating pipe 5a is made of quartz, preferably with a
      purity of 99.9% SiO.sub.2. The quartz glass pipe 5a is fitted into the
      evaporating stage 5 mainly by its own weight and if necessary the weight
      of the evaporating column 6 attached to it so that the pipe is subjected
      only to pressure in the radial and axial directions. The lower part of the
      quartz pipe is preferably provided with a spherical or planar extension
      ground over a large area to ensure it is efficiently sealed. The
      evaporating column 6 need not be directly attached to the evaporating pipe
      5a (FIG. 7) but may be arranged laterally (FIG. 8). In that case, the
      parts connecting the column to the evaporating pipe are made of flexible
      material.
PAR  The evaporating pipe 5a is heated by the first melt 5c which in turn is
      heated by the second melt 5e situated between the internal jacket 5b and
      external jacket 5d. The melt 5e is preferably a salt with a melting point
      of 140.degree.C to 160.degree.C composed of 53% KNO.sub.3, 44% NaNO.sub.3
      and 7% NaNO.sub.2 although other melts may also be used provided they have
      a low melting point and a negligible vapor pressure at the operating
      temperature and do not decompose. Furthermore, since for economical
      reasons the parts of the apparatus which come into contact with the melt
      are made of steel, the melt should not be corrosive. Apart from the melt
      described above, melts with melting points of about 25.degree.C to
      150.degree.C based on bismuth and/or lead and/or gallium and/or tin and/or
      zinc may be used.
PAR  The quantity of heat required for concentrating the liquid is provided from
      the heating installation 15 from which the heating melt 5e is circulated.
      Fuel oil or natural gas 16 is burnt in the combustion apparatus 17, if
      possible together with the residue 14, i.e. if the emission limits allow.
      The heat produced is supplied to the melt circulating in the pipe system
      by pump 18 and heats the melt to temperatures of from about 100.degree.C
      to about 550.degree.C. The combustion gases give up part of their heat to
      the air of combustion in the heat exchanger 19.
PAR  A temperature gradient corresponding to the range of boiling points of the
      mixture of substances which are to be separated can be maintained in the
      external jacket 5d by regulating the flow velocity of the melt.
PAR  The sulfuric acid is concentrated to about 94 - 98.3% in the evaporating
      pipe 5a and cooled in the heat exchanger 3 and cooler 9. If necessary, a
      device for separating solids (crystallized salts) is arranged between the
      heat exchanger 3 and cooler 9. If necessary, the container 10 may also be
      equipped as a settling tank for solids. The deposition of salts during the
      concentration of the acid in the evaporating tube 5a is not harmful since,
      as special experiments have shown, the salts are continuously washed out
      and removed from the evaporating pipe together with the acid flowing
      through it.
PAR  The whole evaporating stage operates at approximately atmospheric pressure.
PAR  The installation may constantly be kept at a slight excess pressure by
      injecting inert gas at the inlet 20. Unforeseen explosive conditions in
      the evaporating pipe 5a due to a considerable pressure rise are
      immediately eliminated by the device 21 (relief valve).
PAR  The vapors produced by evaporation of the liquid (readily volatile
      fraction) leave the rectifying column 6 and are condensed in the condenser
      11 and transferred to the oil separator or solids separator 12. The
      condensate in the form of very pure water is removed from the plant at 13.
      Oils and other organic impurities which were contained in the vapors are
      tapped off at 14 and transported directly to the heating system 15 for
      combustion.
PAR  The process of invention is especially suitable for the treatment of liquid
      mixtures containing components with boiling points of above 200.degree.C
      and most preferably above 250.degree.C.
PAR  The invention will now be further described in the following illustrative
      examples.
PAC  EXAMPLE 1
PAR  An evaporating pipe of quartz glass (impurities 8 ppm) 200 mm in diameter
      and 5 m in length is installed in a plant similar in arrangement to that
      shown in FIG. 6. The rectifying column consisted of 5 bubble trays of
      quartzware (purity 98%) and of borosilicate glass.
PAR  400 kg per hour of 70% sulfuric acid were pumped by a piston feed pump to
      the top of the rectifying column by way of a heat exchanger. The sulfuric
      acid was contaminated with 2% of organic compounds, mainly mono- and
      dinitrotoluene. The temperature at which the acid entered the column was
      100.degree.C and the temperature at which the vapors left at the same
      point was 113.degree.C. When the vapors were condensed and cooled to
      25.degree.C, aqueous and organic phases were obtained. The organic phase
      could be returned to the production process. The aqueous phase contained
      small quantities of sulfuric acid. A molten salt was heated to
      460.degree.C and it cooled to 400.degree.C in the evaporating stage.
      Sulfuric acid was discharged from the evaporating unit at a concentration
      of 96% and a temperature of 314.degree.C. It was mixed with cold acid in a
      mixing cooler, cooled to 25.degree.C in coolers operated with trickling
      water and discharged from the installation.
PAC  EXAMPLE 2
PAR  Using the same installation as described in Example 1, the rate of input
      was adjusted to 225 kg per hour of 70% sulfuric acid. The quality of the
      acid was comparable to that in Example 1. The acid entered the rectifying
      column at 102.degree.C, entered the evaporating pipe at 250.degree.C and
      left the evaporating pipe at 323.degree.C. The vapors formed by
      evaporation of the liquid left the evaporating unit at 290.degree.C, left
      the rectifying column at 152.degree.C and were discharged from the
      installation at 35.degree.C. 0.5 to 1 volume percent of 65% nitric acid,
      based on the quantity of sulfuric acid fed into the process, was
      introduced into the feed tray of the evaporating unit. The salt melt
      entered the evaporating unit at a temperature of 445.degree.C and left at
      415.degree.C. The acid concentrations were 73.9% H.sub.2 SO.sub.4 on the
      first bubble tray, 76.1% on the second, 85.2% on the third,  95.6% on the
      fourth and 96.6% on the fifth. The completely concentrated acid had a
      concentration of 97.8% H.sub.2 SO.sub.4. The carbon content, which was
      initially 1.2% C, dropped to 0.0004%.
PAC  EXAMPLE 3
PAR  Sulfuric acid obtained as by-product from a nitration process was worked up
      in an apparatus similar to that illustrated in FIG. 7. The initial
      concentration was 75% H.sub.2 SO.sub.4. The rectifying column consisted of
      four quartz glass bubble trays. The temperature in the individual trays
      was 100.degree.C on the first tray, 175.degree. on the second,
      240.degree.C on the third and 318.degree.C on the fourth tray. The acid
      entered the rectifying column at 99.degree.C and the evaporating pipe at
      318.degree.C. The temperature of the external wall of the evaporating pipe
      was 430.degree.C. When the process of concentration was completed, the
      acid had a concentration of 98.2% H.sub.2 SO.sub.4 and contained 0.0003%
      C, 0.034% NO.sub.2 and 0.0028% Fe.
PAC  EXAMPLE 4
PAR  A 70% sulfuric acid obtained as waste product was concentrated in a plant
      which operated as illustrated in FIG. 9. The rectifying column was in this
      case a packed column. The concentrated acid was circulated by a pump 22a.
      The quantity circulated in proportion to the quantity of products
      discharged was 3:1. The circulated acid and the final acid product had an
      acid concentration of 95.3% H.sub.2 SO.sub.4. The acid was concentrated to
      85% H.sub.2 SO.sub.4 in the packed column. At the end of this stage it
      still contained small quantities of organic impurities. These residues
      were oxidized by the addition of one volume percent of 70% sulfuric acid,
      based on the original quantity of acid. The circulating acid was at a
      temperature of 280.degree.C and the acid flowing from the packed column
      into the evaporating unit was at a temperature of 265.degree.C. The vapors
      formed by evaporation of the liquid left the evaporating pipe at
      307.degree.C and the rectifying column at 110.degree.C.
PAR  In all the examples given above the quantities of waste gas were very
      small. Only traces of SO.sub.2 could be detected analytically. The major
      portion of waste gas consisted of carbon dioxide.
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the processing of aqueous sulfuric acid of about 50 to 80%
      concentration by its passage over one surface of a wall of inert heat
      resistant material, and heating the opposite surface of said wall, thereby
      to evaporate water from said sulfuric acid, the improvement which
      comprises heating the opposite surface of said wall by contact with a
      molten metal which is normally solid at ambient temperature and which is
      inert with respect to sulfuric acid, heating said molten metal indirectly
      through heat exchange with a molten salt which is normally solid at
      ambient temperature, and heating and re-circulating said salt, whereby in
      the event of perforation of said wall the sulfuric acid is kept separate
      from the molten salt by said molten metal.
NUM  2.
PAR  2. The process of claim 1, wherein said sulfuric acid is preheated by
      indirect heat exchange with at least one of (a) water vapor evaporated
      from said sulfuric acid, and (b) sulfuric acid from which water has been
      evaporated.
NUM  3.
PAR  3. The process of claim 1, wherein said sulfuric acid is passed over said
      wall in the form of a trickling, climbing or falling film.
NUM  4.
PAR  4. The process of claim 1, wherein there is added to the sulfuric acid an
      auxiliary substance for converting impurities therein to non-liquid state.
NUM  5.
PAR  5. The process of claim 1 wherein said wall comprises a vertical pipe over
      the one surface of which said sulfuric acid passes, the molten metal being
      disposed in a first element in surrounding relationship relative to said
      pipe, and the molten salt being disposed in a second element in
      surrounding relationship relative to said first element.
NUM  6.
PAR  6. The process of claim 5, wherein said sulfuric acid passes through the
      inside of said pipe, said first and second elements constituting annular
      jackets about said pipe.
NUM  7.
PAR  7. The process of claim 5, wherein said sulfuric acid passes over the
      outside of said pipe, said first element being an annular jacket inside
      said pipe and surrounding said second element.
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ABST
PAL  An evaporation system for radioactive waste concentration comprises an
      evaporation chamber, a heat exchanger, and a circulation pump arranged in
      an upstanding spaced-apart configuration and enclosed within a radiation
      shield whereby access to the system is limited and frequently only
      possible from overhead. The steam chest of the heat exchanger is suspended
      from a removable top plate to allow removal for repair or replacement
      without exposing maintenance personnel to radiation. A novel circulation
      pump having a vertical shaft and propeller supported from a top plate
      which can be removed from overhead also allows maintenance or replacement
      of the pump without exposure to radiation or having to drain the system.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to evaporator installations, and
      more particularly to evaporators for processing radioactive liquid wastes
      in a nuclear power plant.
PAR  Until relatively recently the need for an evaporator system in nuclear
      power plants was confined to controlling the concentration of primary
      water, i.e. the liquid heat transfer medium between the atomic pile and
      the steam generators of the plant. This liquid, which normally contains
      sodium sulphate or boric acid, was sufficiently free of scale forming
      contaminants and sufficiently uniform in concentration that it could be
      evaporated without excessive scaling in a conventional calandria or
      long-tube-vertical (LTV) evaporator, wherein circulation through the heat
      exchanger was obtained by thermal gradients, as opposed to pumping or
      other mechanical circulation means.
PAR  It has recently been recognized in the operation of nuclear power plants
      that liquids accummulated from floor drainage systems and other internal
      reactor-related sources constitute a potential radiation hazard, and must
      therefore be handled and disposed of as radioactive waste material,
      typically by sealing the waste in concrete drums or barrels, and then
      burying it either on land or at sea. Because of the relatively high
      expense of the disposal process, it is highly desirable that the
      radioactive liquid waste be concentrated prior to being sealed in the
      containers for burial. To this end the waste may be first processed in one
      or more evaporator stages, wherein a large portion of the liquid is
      removed as harmless non-radioactive steam or water vapor leaving
      concentrated liquor for disposal.
PAR  Unfortunately, the concentrated waste liquor, which unlike primary water
      may contain suspended solids such as calcium, sodium and magnesium
      carbonates and sulphates in variable and unpredictable concentrations, is
      prone to boil and produce scaling in the heat exchanger and the other
      components of the conventional calandria and LTV natural flow evaporator
      systems heretofore used in the primary water concentrating process. This
      eventually reduces the efficiency of the evaporator to the point that its
      utility in the concentrating process is seriously impaired. While it is
      possible to remove some of the accummulated scaling by boiling out the
      evaporator system with a suitable solvent, it eventually becomes necesaary
      to shut down and dismantle the system so that insoluble scales and plugged
      tubes can be cleaned by mechanical means. Because the liquor within the
      evaporator systems is highly radioactive and the systems are therefore
      normally installed in concrete vaults for shielding and are not easily
      accessible, dismantling prior-art systems for descaling or repair has been
      a time-consuming and expensive operation.
PAR  While forced circulation (FC) evaporators, where a pump or other mechanical
      circulation means is provided to circulate the liquor, overcome the
      scaling problem to a large degree by keeping the liquor circulating at a
      controlled rate with carefully controlled temperature gradients within the
      heat exchanger whereby boiling is restricted to the evaporation chamber,
      the use of these evaporators for concentrating radioactive liquids has
      been avoided in the past because of their use of a pump. Heretofore, such
      pumps, which were arranged below the level of the liquid in the system and
      therefore necessarily required a shaft seal resistant to the passage of
      the fluid being pumped, required frequent servicing which could be
      accomplished only with great difficulty because of the surrounding
      radiation shielding and the high radiation levels of the liquor.
      Furthermore, the use of a pump was considered objectionable because it
      increased the volume requirements of the system and made necessary
      additional access passageways, thus significantly increasing the required
      radiation shielding around the evaporator.
PAR  Accordingly, it is a general object of the present invention to provide a
      new and improved evaporator system for concentrating radioactive liquid
      wastes in a nulcear power plant or the like.
PAR  It is a more specific object of the present invention to provide an
      evaporator system for a nuclear power plant or the like which can be more
      readily dismantled for descaling or repair.
PAR  It is a still more specific object of the present invention to provide a
      new and improved evaporator system which can be serviced without being
      drained.
PAR  It is another object of the present invention to provide an evaporator for
      a nuclear power plant which minimizes scaling and the need for periodic
      maintenance.
PAR  It is another object of the present invention to provide an evaporator
      system which can be serviced from one access plane.
PAR  It is another object of the present invention to provide a new and improved
      pump mounting and assembly for an evaporator system.
PAR  It is another object of the present invention to provide a circulation pump
      for an evaporator system which provides a minimal need for periodic
      maintenance.
PAR  It is another object of the present invention to provide a circulation pump
      for an evaporator system which can be serviced from one access plane
      without draining the system.
PAC  SUMMARY OF THE INVENTION
PAR  To attain the objectives of this invention, an evaporator system is
      provided wherein the residence time of the radioactive waste in the heater
      tubes as well as the amount of heat transferred to the liquid during its
      passage through the tubes can be controlled, which permits minimization of
      scale formation. Furthermore, all components conventionally requiring
      servicing are arranged for convenient removal through an access port
      formed in the roof of the radiation chamber, and the arrangement and
      configuration of the components commonly requiring service is such as to
      minimize the need for frequent attention, particularly in the design and
      location of the troublesome pump shaft seal.
PAR  As will be subsequently noted, the evaporator includes an upright
      evaporation chamber providing a vapor head space above the intended liquid
      level and adapted to operate under atmospheric pressure. Conduit means
      interconnect the evaporation chamber with a pump chamber which supports on
      its removable head a pump drive from which is suspended a pump shaft and
      propeller, the pump shaft extending above the level of the liquid in the
      chamber. The pump operates to force the radioactive liquid waste from the
      pump chamber through second conduit means to an upright heat exchanger at
      a predetermined rate, the heat exchanger communicating by third conduit
      means with the evaporator chamber to form a closed loop.
PAR  The tubes of the heat exchanger and the steam chest which surrounds the
      tubes are secured to a removable head, thus permitting removal of the tube
      bundle and steam chest as a unit from the access opening in the chamber
      roof. A removable head is also provided on the evaporator chamber to
      permit removal of a demisting device.
PAR  The pump propeller is arranged in a channel of circular cross section which
      fits closely about the propeller tips in such manner that in operation the
      force of the fluid driven by the propeller also centers the propeller and
      eliminates the need for an immersed bearing. It is therefore possible by
      removing the horizontal pump mounting plate or head to remove the motor,
      the pump gear box, the pump shaft, the propeller, and the pump shaft seal
      as a unit through an overhead access opening. Furthermore, since the shaft
      seal is not required to withstand hydrostatic pressure or appreciable
      vapor pressure, it is capable of extended operation without maintenance or
      replacement.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The features of the present invention which are believed to be novel are
      set forth with particularity in the appended claims. The invention,
      together with the further objects and advantages thereof, may best be
      understood by reference to the following description taken in connection
      with the accompanying drawings, in the several figures of which like
      reference numerals identify like elements, and in which:
PAR  FIG. 1 is a side elevational view of an evaporator system constructed in
      accordance with the invention.
PAR  FIG. 2 is a cross sectional view of the evaporator of FIG. 1.
PAR  FIG. 3 is a plan view of the evaporator system taken along lines 3--3 of
      FIG. 2.
PAR  FIG. 4 is an elevational view, partially in cross-section,  of the
      evaporator system taken along lines 3--3 of FIG. 2, but partially exploded
      to illustrate the dis-assembly of the evaporator for servicing.
PAR  FIG. 5 is a cross-sectional view of an alternate embodiment of the
      invention.
PAR  FIG. 6 is a cross-sectional view of another alternate embodiment of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the embodiment of the invention illustrated in FIGS. 1 and 2, the
      reference numeral 10 generally designates an evaporator system intended
      for processing radioactive liquid waste within the environment of a
      nuclear power plant. For purposes of radiation shielding the evaporator
      system 10 is enclosed within a vault 11, which preferably includes a top
      cover 12 adapted to be removed by means of lift rings 13 for access to the
      system. In practice the walls of the vault are constructed of concrete or
      other suitable shielding material and may be over three feet thick to
      provide the necessary degree of shielding.
PAR  Basically, the evaporator system comprises three units; a cylindrical
      evaporation chamber 14, a heat exchanger 15, and a circulation pump 16.
      The three units are arranged in a triangular upstanding spaced-apart
      configuration to minimize space requirements and to permit the units to be
      interconnected by short straight pipe segments. While other arrangements
      are possible, including those illustrated in FIGS. 5 and 6 and the use of
      separate shielded enclosures for each unit, the arrangement illustrated is
      preferred for reasons of economy of construction and efficiency of
      operation.
PAR  Referring now to FIG. 3, the evaporation chamber 14 is seen to comprise a
      cylindrical tank 17 within a lower portion of which the liquor 18, i.e.
      the waste liquid being concentrated, is normally maintained at a
      predetermined level 19 such that a vapor head space 20 is formed in an
      upper portion of the tank. In operation, it will be understood that the
      actual level of the waste liquid will vary from the nominal level 19,
      ranging from a maximum level 19a to a minimum level 19b. One or more inlet
      ports 21 may be provided for introducing liquor into the tank, and a
      conventional pressure sensing probe 22 may be provided in the upper
      portion for measuring vapor pressure in the vapor head space. The
      cylindrical tank 17 preferably includes a dome-shaped cover section 23
      fastened over its top end by means of a plurality of bolts 24 and guide
      pins 25, or other appropriate fastening means, arranged in a conventional
      bolt-circle configuration on abutting flanges of the two elements. Cover
      23 includes a vertical steam discharge pipe section 26 extending therefrom
      which terminates in an upwardly facing flange 27 for connection to
      additional piping (not shown).
PAR  To prevent potentially radioactive liquid within vapor head space 20 from
      leaving the system, an entrainment separator 28 is provided at the top of
      the evaporation chamber between discharge pipe 26 and vapor head space 20.
      This separator comprises a baffle plate 29 on which a demister basket 30
      of fine wire mesh is mounted to catch liquid particles as they attempt to
      exit the evaporator.
PAR  The lower portion of evaporation chamber 14 communicates with heat
      exchanger 15 by means of a pipe section 31 which extends into the side of
      chamber 14 below the nominal level 19 of the liquor 18. This pipe section
      may be connected by means of a suitable expansion joint 32 to another pipe
      section 33 which extends into heat exchanger 15.
PAR  Heat exchanger 15 basically is a long tube vertical (LTV) heat exchanger
      having a cylindrical body 34 within which the cylindrical body 35 of a
      steam chest 36 is coaxially disposed. The cylindrical body 34 of the heat
      exchanger is closed at its top end by a flat cover plate 37, and at its
      bottom end by an integral dome shaped end section 38. Cover plate 37 is
      preferably fastened to body 34 by means of a plurality of bolts 39 and
      guide pins 40 arranged in a conventional bolt-circle configuration about
      the periphery of adjacent flanged edges of the two elements.
PAR  To contain the steam or other heating medium introduced into steam chest
      36, a pair of multiple-apertured tube sheets 41 and 42 are fitted to the
      body 35 of the steam chest at its top and bottom ends, respectively. These
      tube sheets support a plurality of vertically extending steam tubes 43
      which extend between the apertures of the tube sheets to facilitate heat
      transfer from the steam chest to the liquor. Steam is introduced into
      steam chest 36 by means of a conduit 44 which extends vertically through
      end plate 37 and tube sheet 41. Condensate is removed from steam chest 36
      by means of another conduit 45 which extends from a location near the
      bottom of the steam chest 36 through tube sheet 41 and end plate 37. An
      additional conduit 46 extending from a slightly higher position in steam
      chest 36 through tube sheet 41 and end plate 37 is provided to exhaust
      non-condensables, e.g. non-condensed steam and other gases, from the steam
      chest. All three of the conduits 44, 45, and 46 are terminated with
      upwardlyfacing flange joints for connection with input and output conduits
      (not shown).
PAR  Tube sheets 41 and 42 respectively, in part define output and input
      chambers 47 and 48 at the top and bottom ends of heat exchanger 15. Liquor
      is introduced into the bottom chamber 48 by way of pipe segments 49, and
      is removed from the top chamber 47 by means of pipe segments 31 and 33. A
      drain pipe 50 is preferably provided at the bottom of the end portion 38
      of the heat exchanger body 34 to enable liquor to be drained from the
      system to a down-line barreling station (not shown).
PAR  Pipe segment 49 is coupled by means of a flange 51 to a pipe segment 52
      which extends horizontally and then vertically to transport the heated
      liquor from heat exchanger 15 to the inlet 53 of a circulation pump 16.
      This pump comprises a generally cylindrical housing 54 necked down at one
      end to form inlet 53, a vertically extending cylindrical portion of which
      substantially corresponds in diameter to pipe segment 52. An upwardly and
      outwardly tapered throat section 55 of reduced diameter may be inserted in
      inlet 53 to obtain smoother liquor flow to provide a better defined liquor
      flow pattern in connection with the propeller to be presently described.
PAR  Circulation of the liquor within the evaporator system is obtained by means
      of a propeller 56 disposed within throat section 55. Propeller 56 is
      suspended from a motor and gear reduction assembly 57 mounted near the top
      of housing 54 by a shaft 58 which extends vertically downward from the
      motor. No bearing support is provided at the lower end of the shaft since
      in operation the radial hydro-dynamic force developed between the turning
      propeller and the inner walls of throat member 55 can be relied upon to
      center the propeller. Pump housing 54 extends upwardly, necking down to a
      top opening or access port 59 of reduced diameter above the nominal level
      19 of the liquor 18 in the system. In practice the vertical height of the
      pump housing above propeller 56 must provide a sufficient head of liquor
      above the propeller to prevent cavitation or vortex formation as the
      propeller turns. In practice a three-foot head is required above the
      propeller for proper operation.
PAR  The motor and pump assembly 57 is mounted on a flat cover plate 60, which
      in turn is fastened over access port 59 by means of bolts 61 and guide
      pins 62 arranged in a conventional bolt-circle configuration about the
      periphery of adjacent flanges on the two members. A pair of lift rings 63
      may be provided on either side of the motor and gear reduction assembly 57
      to facilitate removal of the assembly for repairs and/or replacement. In
      this connection it is important to note that the level of the liquor in
      pump housing 54 is identical to that in evaporation tank 17, forming a
      vapor head space 64 within the housing which enables the cover plate 60 to
      be removed without draining or spilling the liquor and obviates the need
      for a liquid seal between shaft 58 and top plate 60. Instead, a simple
      flange seal 65 suffices to seal in the non-radioactive
      atmospheric-pressure vapor given off by the liquor. A vapor relief conduit
      66 is provided between the vapor head space of circulation pump 16 and the
      vapor head space of tank 17 for the purpose of relieving the vapor
      pressure which would otherwise build up within pump housing 54.
PAR  Another conduit 67 is connected between the bottom of chamber 14 and pipe
      52 to permit evaporation tank 14 to be completely drained through
      discharge pipe 50 should it become necessary. The housing 54 of pump 16
      communicates with evaporation chamber 14 below nominal liquor level 19 by
      way of pipe segment 68, a flange coupling 69, and a pipe segment 70.
PAR  In operation, the evaporation chamber 14 is filled through inlet pipe 21 to
      nominal level 19 with a waste solution to be concentrated for disposal.
      This solution is circulated through pipe segments 68 and 70 to the
      circulation pump 16, wherein it is forced onward by propeller 56 through
      pipe segments 49 and 52 to the inlet chamber 48 of heat exchanger 15. From
      there the solution flows upwardly through steam tubes 43 to outlet chamber
      47, from where it is conveyed by pipe segments 31 and 33 back to
      evaporation chamber 14.
PAR  Upon each pass through steam tubes 43 the solution is heated by the steam
      in steam chest 36 until eventually the solution becomes hot enough to
      flash or vaporize upon entering evaporation chamber 14, causing a vapor
      head to be developed within vapor head space 20. The vapor thus developed,
      inherently non-radioactive, is exhausted to the atmosphere or to a
      down-line condenser stage (not shown) for conversion to a liquid state.
PAR  As the evaporator operates, the percentage of solids on the waste solution,
      or liquor, builds up slowly. The density of the liquor may be monitored,
      and when the liquor reaches a desired density a portion of the liquor may
      be drawn off through discharge pipe 50 while at the same time additional
      non-concentrated waste liquid may be added through inlet 21. This may
      continue until the percentage of solids in the liquor is sufficiently
      reduced to justify further operation of the evaporator system to increase
      liquor density. Thus, operation of the evaporator system may be continuous
      or in batches, depending on the rate of inflow of waste liquid and the
      particular requirements of the other components of the disposal system.
      The material discharged from port 50 may be highly radioactive and is
      normally transported immediately to a shielded barreling station wherein
      it is packaged in concrete containers for disposal. The barreling
      operation may be entirely conventional and therefore need not be described
      here.
PAR  In practice the liquor is circulated through heat exchanger 15 by
      circulation pump 16 at a rate such that then the temperature of the liquor
      in chamber 14 stabilizes the temperature gradient of the solution
      circulating through heat exchanger 15 is small, typically less than three
      degrees. Furthermore, the temperature of the steam in the heat exchanger
      and the rate of circulation of the solution are controlled so as to
      maintain the temperature differential between the steam and the liquor
      within a predetermined range, typically between 25.degree.F. and
      40.degree.F. These cautions have the effect of minimizing scaling within
      heat exchanger tubes 43, thereby prolonging the time between required
      dismantling and cleaning operations.
PAR  Boiling of the liquor within the steam tubes, another major contributor to
      scaling, is minimized by locating the steam chest substantially below the
      level of the liquor in evaporation chamber 14. This confines boiling to
      the chamber 14, wherein scaling is not likely to occur and wherein the
      steam generated can be readily exhausted. Furthermore, the positioning of
      propeller 56 at the inlet of circulation pump 16, together with the use of
      circulation means in the form of wide, typically three foot diameter
      pipes, provides for moving the liquor at a high rate with minimum
      turbulance, a condition which must be maintained if minimum scaling is to
      be realized.
PAR  In accordance with the invention, the aforedescribed evaporator apparatus,
      even when installed in a vault or other confined area, lends itself to
      servicing and descaling operations. Specifically, and with reference to
      FIG. 4, by removing bolts 24, 39, and 61 all three stages of the
      evaporator are made accessible for service. In the case of evaporation
      chamber 14, after removing bolts 24 and the discharge pipe 26 connection
      at flange 27 the hemispheric dome 23 can be lifted off to expose demister
      basket 30. This basket can also be lifted off by means of lift rings
      provided on baffle 29 to clean or replace the demister or to gain access
      to the inside surface of evaporation tank 17.
PAR  In the case of heat exchanger 15, after removing bolts 39 and the pipes
      attached to conduits 44, 45, and 46, the entire steam chest 36 can be
      lifted clear by means of support rings on cover plate 37. This not only
      allows steam chest 36, the single component within the evaporator most
      subject to flaking, to be transported elsewhere for cleaning, but also
      gains access to the entire inside surface of the heat exchanger housing
      34, including the bottom end 38 of the housing and drain pipe 50, which is
      subject to clogging.
PAR  Furthermore, by loosening bolts 61 the motor and gear reduction assembly 57
      can be removed by means of lift rings 63 to gain access to propeller 56.
      The entire motor, gear box, and propeller can be removed as a single unit
      for replacement or repair. At the same time access is gained to the
      interior of the circulation pump housing for cleaning or other repairs
      should that become necessary.
PAR  An alternate embodiment of the invention is shown in FIG. 5. In this
      configuration an LTV-type heat exchanger 80 is situated directly beneath
      the cylindrical housing 81 of an evaporation chamber 82 such that one end
      of the heat exchanger extends up through the bottom of the housing into
      the chamber. The cylindrical body 83 of the heat exchanger encloses the
      cylindrical body 84 of a steam chest 85, a pair of multiple-apertured tube
      sheets 86 and 87 being fitted to the body at either end. The heat
      exchanger is open at its top end so as to communicate with the interior of
      the evaporation chamber, and is closed at its bottom end except for a
      vertical intake pipe section 88 by an integral dome-shaped end section. A
      conduit 89 is provided for introducing steam into the steam chest, and a
      pair of conduits 90 and 91 are provided for removing condensate and
      non-condensables. These conduits extend upwardly through a removable
      dome-shaped cover 92 and terminate in upwardly-facing flanges for
      connection to communicating piping. The dome-shaped cover section is
      fastened to housing 81 by a plurality of bolts 93 and guide pins 94 is
      removable from above, a pair of lift rings 95 being provided on either
      side of the cover for that purpose. A baffle plate 96 and a demister
      basket 97 are located near the top of the evaporation  chamber to prevent
      liquid entrainments from escaping from the evaporation chamber.
PAR  As in the preferred embodiment, circulation is obtained by means of an
      electrically driven circulation pump 98, which comprises a generally
      cylindrical housing 99 necked down at one end to form an inlet 100 in
      which a propeller 101 is disposed. The propeller is suspended from a motor
      and gear reduction assembly 102 removably mounted at the top of housing 99
      by a shaft 103 which extends vertically downward from the motor.
      Circulation pump 98 receives liquor from chamber 82 by way of a pipe
      segment 104, the operation of the system in other respects being
      substantially identical to that of the previously described preferred
      embodiment. A steam discharge pipe segment 106 is provided in cover 92 to
      exhaust the non-radioactive steam generated during operation of the
      system.
PAR  To remove the heat exchanger for cleaning or maintenance, all that is
      necessary is to disconnect the three conduits 89-91, loosen the cover
      plate 92 by removing the screw fasteners 93 about its periphery, and lift
      the entire assembly, consisting of the cover and the heat exchanger, clear
      of the evaporation chamber housing 81. This arrangement also has the
      advantage of requiring less area since the heat exchanger and the
      evaporator occupy the same floor space. This is a significant advantage in
      that it lessens the required amount of radiation shielding, without
      adversely affecting the accessibility of the system for cleaning and
      maintenance.
PAR  Another alternate embodiment of the waste evaporation system of the
      invention is shown in FIG. 6. In this case, the circulation pump and heat
      exchanger are both contained within the evaporation chamber housing to
      achieve an even more compact arrangement for the system. Specifically, a
      circulation pump is provided which comprises a motor 110, a propeller 111,
      and a supporting vertical shaft 112 for the propeller. The motor is
      mounted on a dome-shaped cover plate 113 which is removably mounted by a
      plurality of bolts 114 and guide pins 115 to the body 116 of the
      evaporation chamber 117. The propeller 111 forces liquor downwardly
      through an interconnecting conduit 118 to the bottom end of the heat
      exchanger, which may be identical in construction to that shown in FIG. 5.
      The top end of the heat exchanger is open to evaporation chamber 117 so
      that the liquor can freely communicate with the interior of the chamber. A
      vertical discharge pipe section 119 is provided for conveying
      non-radioactive steam from the system. A steam inlet conduit 120 and two
      outlet conduits 121 and 122 are provided for the system heat exchanger
      123. These extend upwardly through cover plate 113 and terminate with
      upwardly-facing flanges for connection to communicating piping.
PAR  To gain access to the circulation pump and the heat exchanger, it is only
      necessary to remove cover plate 113 by loosening the bolts 114 situated
      about its periphery. The cover plate is then lifted clear of housing 116
      by means of lift rings 124 provided for that purpose. Once removed, this
      entire assembly, which includes propeller 111 and its associated motor and
      gear box 110, and the steam chest portion 125 of heat exchanger 123, can
      be readily positioned for convenient servicing and repair.
PAR  As in the previously described system, the propeller 111 forces circulation
      of the liquor from the evaporation chamber through the heat exchanger and
      back to the evaporation chamber. As the liquor is heated from progressive
      passes through the heat exchanger, it eventually reaches its flashing
      point whereby steam vapor is formed within the evaporation chamber. As the
      harmless non-radioactive water vapor is driven off through discharge port
      125, the concentration of the liquor increases, until eventually a point
      is reached where a portion of the liquor can be drained off. This may be
      accomplished by means of a drain port 126, provided at the bottom of
      conduit 118. As in the previous examples, a drain cock 98 may be provided
      beneath the heat exchanger for this purpose.
PAR  It will be noted that in each of the illustrated embodiments the three
      stages of the evaporator can be dismantled without draining the liquor
      from the systems. This is significant, since no convenient storage tank
      will normally exist for the liquor, which may be highly radioactive and
      require special storage precautions. Furthermore, no liquid seals are
      required in connection with the circulation pumps thereby avoiding a
      possible maintenance requirement and eliminating a possible source of
      contamination. Only a simple vapor-type flange seal is required between
      the propeller shaft and the top plate because both of these units lie
      above the liquor level.
PAR  Thus, a novel evaporator system has been shown and described which provides
      a minimum flaking and maximum accessibility. All dismantling and
      maintenance can be done from above, which permits a concrete vault having
      but a single overhead access door to be employed to shield the evaporator
      system. Moreover, the unique force-flow design of the system coupled with
      unique positioning of the various access ports and connecting conduits,
      results in maximum efficiency with minimum scaling in operation.
PAR  While a particular embodiment of the invention has been shown and
      described, it will be obvious to those skilled in the art that changes and
      modifications may be made without departing from the invention in its
      broader aspects, and, therefore, the aim in the appended claims is to
      cover all such changes and modifications as fall within the true spirit
      and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An evaporator system for liqueform material for operation within a
      radiation shield providing access to the system from overhead, said
      evaporator system comprising, in combination:
PA1  chamber means for said liqueform material, said chamber means defining
      first and second apertures on a top portion thereof, and said liqueform
      material having maximum and minimum operating levels within said chamber
      means;
PA1  means comprising a vertical heat exchanger for heating said fluid, said
      heat exchanger including a first top plate removably mounted over said
      first aperture in said chamber means and a steam chest suspended from
      first said top plate, said steam chest being submerged in said chamber
      means below said minimum liquid operating level and being removable from
      said system through said aperture;
PA1  means comprising a circulation pump for circulating said liqueform material
      through said system, said circulation pump including a second top plate
      removably mounted over said second aperture in said chamber means, a motor
      mounted on said second top plate, a propeller, flow confining means in
      said chamber means below said minimum liquid level for said propeller, a
      shaft depending from said motor for supporting said propeller within said
      flow confining means below said minimum operating level, said propeller
      and shaft being removable from said system through said second aperture,
      said first and second apertures being above said maximum liquid operating
      level and of sufficient dimensions to enable said circulation pump and
      said heat exchanger to be removed from said system from overhead, and a
      vapor exhaust port in said chamber means above said maximum liquid level.
NUM  2.
PAR  2. An evaporator system as defined in claim 1 wherein said circulation pump
      includes a low pressure vapor-type seal between said propeller support
      shaft and said second top plate.
NUM  3.
PAR  3. An evaporator system as defined in claim 1 wherein said chamber means
      include an evaporation chamber and a first additional chamber, said
      circulation pump being contained in said first additional chamber, and
      said second top plate being removably secured in a generally horizontal
      plane to the top wall of said first additional chamber.
NUM  4.
PAR  4. An evaporator system as defined in claim 3 wherein said chamber means
      includes a second additional chamber, said heat exchanger being contained
      in said second additional chamber, and said first top plate being
      removably secured in a generally horizontal plane to the top wall of said
      second additional chamber.
NUM  5.
PAR  5. An evaporator system for use in a shielded enclosure including walls, a
      floor, and a roof having an access port therein, for processing
      radioactive liquid waste, said system comprising, in combination:
PA1  means comprising an upright chamber in said enclosure below said access
      port for at least partially converting said liquid waste to vapor, said
      liquid waste having a maximum and a minimum operating level in said
      chamber, and said chamber having a head portion removably secured thereto
      along a generally horizontal plane above said maximum liquid level, and a
      vapor exhaust port above said maximum liquid level;
PA1  means comprising a circulation pump for causing said liquid waste to
      circulate through said system, said circulation pump having a propeller,
      flow confining means in said chamber below said minimum liquid level for
      said propeller, a motor mounted on said head portion above said maximum
      liquid level, and a shaft extending downwardly from said motor to said
      propeller to support said propeller below said minimum liquid level within
      said flow confining means; and
PA1  vertical heat exchanger means comprising a steam chest suspended from said
      head portion in said chamber and submerged for heating said liquid waste,
      said heat exchanger being submerged in said liquid substantially below
      said minimum liquid level for heating said liquid waste as it circulates
      through said system.
NUM  6.
PAR  6. An evaporator system as defined in claim 5 wherein said head portion
      includes first and second apertures, said circulation pump is secured to a
      first top plate removably mounted over said first aperture, and said steam
      chest is secured to a second top plate removably mounted over said second
      aperture, said first and second apertures being dimensioned to allow said
      circulation pump and heat exchanger to be removed therethrough,
      respectively.
NUM  7.
PAR  7. An evaporator system as defined in claim 6 wherein said circulation pump
      includes a low-pressure vapor-type seal between said first removable top
      plate and said propeller support shaft.
NUM  8.
PAR  8. An evaporator system for concentrating radioactive waste within a
      radiation shield whereby access to the system is possible substantially
      only from overhead, said system comprising, in combination:
PA1  means comprising a cylindrical evaporation chamber for at least partially
      converting said radioactive waste to a nonradioactive vapor, said waste
      having a maximum and a minimum liquid operating level within said chamber,
      and said chamber having a vapor exhaust port above said maximum level;
PA1  heat exchanger means for heating said liquid waste, said heat exchanger
      means including a vertical cylindrical chamber having a first access
      aperture in the top wall thereof above said maximum liquid operating
      level, a top plate mounted over said first access aperture, and a steam
      chest, said steam chest being suspended from said top plate and submerged
      in said liquid substantially below said minimum liquid operating level and
      said heat exchanger means being removable through said first access
      aperture for servicing; and
PA1  means comprising a circulation pump for circulating said liquid waste
      through said evaporation chamber and said heat exchanger chamber, said
      circulation pump including a vertical cylindrical chamber having a second
      access aperture in the top wall thereof above said maximum liquid
      operating level, an access plate mounted over said second access aperture,
      a motor mounted on said access plate, a propeller, a shaft extending from
      said motor through said access plate into said cylindrical pump chamber
      for supporting said propeller below said minimum liquid operating level, a
      low pressure vapor seal between said access plate and said shaft above
      said maximum liquid operating level, said propeller and shaft assembly
      being removable through said second access aperture for servicing, and
      conduit means for establishing a cyclic flow path for said liquid between
      said evaporation chamber, said heat exchanger chamber, and said
      circulation pump chamber.
NUM  9.
PAR  9. An evaporator system as defined in claim 8 wherein said conduit means
      comprise substantially horizontal pipe segments below said minimum liquid
      operating level.
NUM  10.
PAR  10. An evaporator system of the type adapted for erection within the
      confines of an enclosure closed except for an access port in the roof
      thereof, comprising, in combination:
PA1  an evaporation chamber, a pump chamber and a heat exchanger chamber, each
      of said chambers including an upright body portion and a head portion
      removably secured in a generally horizontal plane to each such body
      portion;
PA1  conduit means interconnecting said body portions for establishing a cyclic
      sequential flow path for liquid through said chambers, said liquid having
      maximum and minimum levels in said system below said head portions of said
      chambers;
PA1  means comprising a circulation pump mounted on said head portion of said
      pump chamber for circulating said liquid along said flow path, said
      circulation pump including a propeller, a motor mounted on said head
      portion, flow confining means in said pump chamber, and a shaft extending
      from said motor into said body portion of said pump chamber for supporting
      said propeller within said flow confining means below said minimum level
      of said liquid, and a pump shaft seal between said head portion and said
      shaft.
NUM  11.
PAR  11. An evaporator system for processing radioactive liquid waste, for use
      within the interior of a radiation-shielding enclosure, said enclosure
      having walls, a floor, and a roof including an access port, said
      evaporator system comprising, in combination:
PA1  means comprising an evaporation chamber for converting said liquid waste to
      non-radioactive vapor, said chamber including a removable head portion and
      a vapor exhaust port;
PA1  first and second additional chambers within said shielded enclosure below
      said access port, each of said additional chambers having a head portion
      removably secured thereto along a generally horizontal plane;
PA1  conduit means interconnecting said first and second additional chambers
      with said evaporation chamber for establishing a cyclic sequential flow
      path for said liquid waste between said chambers, said liquid waste having
      a common maximum and a common minimum level within said chambers, and said
      head portions being secured to said additional chambers about said maximum
      liquid operating level;
PA1  means comprising a circulation pump mounted on the head portion of said
      first additional chamber for causing said liquid waste to sequentially
      flow between said chambers, said circulation pump having a propeller, a
      motor mounted on said head portion above said maximum level of said liquid
      waste, a shaft extending downwardly from said motor to said propeller to
      support said propeller below said minimum level of said liquid waste, and
      a pump shaft seal above said maximum level of said liquid waste; and
PA1  vertical heat exchanger means including a steam chest suspended from the
      head portion of said second additional chamber and submerged in said
      liquid waste substantially below said minimum level for heating said
      liquid waste as it circulates through said second chamber.
NUM  12.
PAR  12. An evaporator system as defined in claim 11 wherein said pump shaft
      seal is a low pressure vapor-type seal.
NUM  13.
PAR  13. An evaporator system for concentrating radioactive waste within a
      radiation shield whereby access to the system is possible substantially
      only from overhead, said system comprising, in combination:
PA1  evaporation means comprising a cylindrical chamber for converting said
      radioactive waste to a non-radioactive vapor, said waste having a maximum
      and a minimum operating level within said chamber, and said chamber having
      a vapor exhaust port above said maximum level;
PA1  vertical heat exchanger means including a cylindrical chamber having an
      access aperture above said maximum liquid operating level, an access plate
      mounted over said access aperture, and a steam chest for heating said
      radioactive waste, said steam chest being suspended in said heat exchanger
      chamber from said access plate substantially below said minimum liquid
      operating level and being removable through said access plate for
      servicing; and
PA1  means including a circulation pump for circulating said liquid waste
      through said evaporation chamber and said heat exchanger chamber, said
      circulation pump including a cylindrical chamber having an access aperture
      disposed above said maximum liquid operating level, a top plate mounted
      over said pump access aperture, a motor mounted on said top plate, a
      propeller, a shaft extending from said motor through said top plate into
      said cylindrical pump chamber for supporting said propeller below said
      minimum liquid operating level, a low pressure vapor seal between said top
      plate and said shaft above said maximum liquid operating level, and
      conduit means for establishing a cyclic flow path for said liquid between
      said evaporation chamber, said heat exchanger chamber, and said
      circulation pump chamber, said chambers being arranged in a triangular
      upstanding parallel-axis spaced-apart configuration.
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PAL  "The Deinking of Paper," Copyright 1943, by the Institute of Paper
      Chemistry, p. 1-11.
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FR2  Jacobs; Morton C.
ABST
PAL  Municipal solid waste is treated by a method in which pollution of air,
      water and soil is minimized. Light, long fiber paper pulp which is in
      great demand and fertilizer which controllably releases its nutrients are
      recovered which render the treatment efficient and economical. The solid
      waste after removal of ferrous and non-ferrous metals, glass and other
      aggregates, is sonically pulped to prevent shearing of fibers using such
      chemicals that when subsequently phosphated, and xanthated if desired,
      will cause salts to precipitate with inks, coatings and waxes removed from
      the fibers to provide fertilizers with controlled nutrient release on the
      one hand and high quality paper pulp on the other.
PARN
PAR  This invention relates to the treatment of municipal solid waste or garbage
      and constitutes a continuation-in-part of my copending application Ser.
      No. 105,123 filed Jan. 8, 1971, now U.S. Pat. No. 3,850,771.
PAR  Conservative estimates place the yearly United States solid waste load at
      180 million tons which is expected to become 285 million tons per year by
      1980. The primary object of this invention is not to provide an efficient
      means of disposing of the solid waste but rather to so treat it that
      useful end products, such as profitable long fiber light pulp,
      fertilizers, and structural materials can be obtained, with minimum
      adverse impact on the environment.
PAR  Another object of the invention is to provide a process of treating solid
      municipal waste in which inks, coatings, waxes and the like materials are
      removed from the paper and paper products in the waste by chemical agents
      which can readily be removed from the pulp with the contaminants to form
      fertilizers, the nutrient content, i.e., N, P, K, Mg, S, of which can be
      varied and controlled by the concentrations and amounts of the treatment
      chemicals added in the system.
PAR  Another object of the invention is to provide a process of treating solid
      municipal waste in which the compounds precipitated with the inks,
      coatings, waxes, etc., and forming the soil nutrients can be xanthated,
      with additional short fiber pulp or other cellulosic rejects of the
      system, and then converted to an alpha cellulose binder, as disclosed in
      the aforesaid parent application, Ser. No. 105,123, with the result that
      the fertilizer composition can be extruded into rods or other forms for
      predetermined nutrient concentrations which release the nutrients to the
      soil, controllably.
PAR  Another object of the invention is to provide a process of treating solid
      municipal waste in which the removal of the inks, coatings and waxes from
      the fibers of the paper pulp is carried out not only with fertilizer
      forming chemicals but in a zone employing sonic or shock waves to effect
      such removal without breaking the fibers.
PAR  Another object is to provide a process of treating solid municipal wastes
      to simultaneously produce fertilizers and long fiber paper pulp but to
      carry out the process economically in such a manner that discoloration of
      the pulp is minimized to thereby produce a higher quality light long fiber
      pulp for which there is a great need in the industry.
PAR  Another object is to provide a process of treating solid municipal waste of
      the character above described in which the water recovered in the process
      is of especially good quality for recycling since it has a pH of about 7.5
      and contains a solvent and wetting agent required in the de-inking,
      de-coating and de-waxing phase of the process. Moreover, since the volume
      loss of water in the process is relatively small, the demands on the
      municipal water supply to treat the solid wastes are also minimal.
PAR  Another object of the invention is to provide novel fertilizer products in
      which the nutrients can be controllably released to the soil, which
      products result from the process of treating the municipal solid wastes in
      such a manner that high quality, light, long fiber pulp is also produced.
PAR  Yet another object of the invention is to provide a treatment of municipal
      solid waste which economically and efficiently recovers ferrous and
      non-ferrous metals, glass, and the like as well as high quality, long
      fiber light pulp and fertilizers thereby rendering the overall process
      profitable with minimum impact on the environment in carrying out the
      process.
DRWD
PAR  Other objects and special features of the invention will become more
      apparent as the following description proceeds in conjunction with the
      accompanying drawing wherein:
PAR  FIG. 1 is a block diagram of the first portion of the process wherein the
      ferrous and non-ferrous metals, glass, ceramics and other aggregates are
      separated from the solid municipal waste;
PAR  FIG. 2 is a block diagram continuing from FIG. 1 and illustrating the
      production of the fertilizer phase of the invention; and
PAR  FIG. 3 is a block diagram continuing from FIG. 2 and related to FIG. 1 and
      illustrating the paper pulp separation and production phase of the
      invention.
DETD
PAR  To begin with, it is well recognized in the literature that municipal or
      urban solid waste (garbage) varies in composition geographically and
      socio-economically. Such waste is classified by the Bureau of Solid Waste
      Management in nine essentially mutually exclusive components each of which
      is similar in composition and BTU content: (1) food waste, (2) garden
      waste, (3) paper products, (4) plastic, rubber and leather, (5) textiles,
      (6) wood, (7) metal products, (8) glass and ceramic products and (9) ash,
      rock and dirt. While many methods of sampling and analyzing such wastes
      have been devised, it is unnecessary to effect such analysis prior to
      carrying out this invention. Applicant has adopted the East Coast
      standards as representative and typical of the composition of East Coast
      municipalities. The U.S. East Coast standard refuse composition is as
      follows, in weight percent:
TBL  Physical          Rough Chemical                                          

     __________________________________________________________________________

     Cardboard     7%  Moisture     28.0%                                      

     Newspaper    14   Carbon       25.0                                       

     Miscellaneous Paper                                                       

                  25   Hydrogen     3.3                                        

     Plastic Film  2   Oxygen       21.1                                       

     Leather, molded   Nitrogen     0.5                                        

       plastics, rubber                                                        

                   2   Sulfur       0.1                                        

     Garbage      12   Glass, Ceramics, etc.                                   

                                    9.3                                        

     Grass and dirt                                                            

                  10   Metals       7.2                                        

     Textiles      3   Ash, other inserts                                      

                                    5.5                                        

     Wood          7   Total        100.0                                      

     Glass, Ceramics, Stone                                                    

                  10                                                           

     Metallics     8                                                           

     Total        100.0                                                        

     __________________________________________________________________________

PAR  See Kaiser, E. R., "Refuse Reduction Process" reported in "Proceedings, the
      Surgeon General's Conference on Solid Waste Management for Metropolitan
      Washington", U.S Public Health Service Publication No. 1729, Government
      Printing Office, Washington, D.C. July, 1967, p. 90.
PAR  Any solid urban waste can be employed in the instant invention provided it
      contains a minimum of about 10 percent by wt. of paper products to insure
      proportionality of the process.
PAR  The solid waste is first shredded preferably on a vertical axis shredder,
      as at 1, to a maximum particle size of 6 inches, then dried, as at 2, to a
      maximum moisture content of 30 percent by wt. of the input waste. The
      dried shredded waste is then sent through a primary air elutriator, as at
      3, preferably horizontal for the sake of efficiency, to yield a primary
      split of the waste or garbage into two components. The heavy fraction is
      primarily metallic whereas the lighter fraction comprises paper products,
      plastics, textiles, leather, rubber and other light materials. This method
      of separation by air elutriation is known in the art. See Preliminary
      Separation of Metals and Non-Metals from Urban Refuse, Bureau of Mines
      Technical Program Report, June, 1971, TPR 34, Solid Water Research
      Program, by K. C. Deane, et al.
PAR  The primarily heavy metallic fraction, consisting of about 18.3 percent by
      wt. of the total waste input, is then subjected to magnetic separation, as
      at 4, yielding about 5.4 percent by wt. of the input and thus representing
      about 92 percent recovery of the ferrous metals originally present in the
      urban waste. The non-magnetic material remaining, about 12.9 percent by
      wt., which was not retaianed by magnetic separation, is recombined with
      the heretofore separated light materials and the recombined stream is
      exposed, as at 5, to a vibrating screen of about 1-8 mesh, preferably 4.
PAR  The -4 mesh material represents about 18.7 percent by wt. of the total
      input and comprises about 13 percent by wt. of combustible matter and
      about 87 percent by wt. of non-combustible matter. This represents about 3
      percent by wt. of the total combustibles originally present and about 87
      percent of the non-combustibles content.
PAR  The -4 mesh material is then subjected to aqueous elutriation, as at 6, of
      the cyclone sink-float type well known in the art. The heavy or sink
      fraction, about 9.9 percent by wt. of the input waste, contains about 84
      percent by wt. glass and about 16 percent by wt. other non-combustibles,
      representing a recovery of about 83 percent by wt. of the original glass
      content.
PAR  The glass fraction is then processed in a stoner 7. Such an apparatus is
      commercially available from Sutton, Steele, and Steele and separates
      material by differences in specific gravity using a column of air to
      suspend lighter materials and straight line vibratory motion to carry away
      the heavier components which remain unfluidized on the deck. The stoner
      increases the glass content, which is the lighter fraction, from about 84
      to about 94 percent by wt. of the original waste input, the purity of the
      glass being about 98 percent. The heavier rejected fraction of the stoner,
      or aggregate, comprises ceramics, metallics, stones, etc., and represents
      about 0.6 percent by wt. of the original waste input.
PAR  The float fraction of the aqueous elutriator 6 represents about 8.8 percent
      by wt. of the original waste input and has a combustible content of about
      27 percent by wt., a glass content of about 7 percent by wt. and a
      non-combustible content of about 66 percent by wt. of the waste input. The
      float fraction comprises about 12 percent by wt. paper products and is
      combined with the 0.6 percent rejects of the stoner and xanthated or used
      as such as a stable land fill.
PAR  The +4 mesh material is about 75.9 percent by wt. of the original waste
      input and comprises about 97 percent by wt. combustibles and about 3
      percent by wt. non-combustibles. This represents a recovery of about 97
      percent by wt. of the original combustible content and contains only about
      12 percent by wt. of the original non-combustile content.
PAR  The +4 mesh material is then fed through a vertical air elutriator column
      8, as described in the Bureau of Mines reference hereinbefore. The light
      float fraction represents about 40.3 percent by wt. of the original waste
      input and comprises about 85 percent by wt. light paper (newsprint) and
      about 13 percent by wt. heavy paper (cardboard, Kraft, etc.) and about 2
      percent by wt. other combustibles, such as plastic film, etc.
PAR  The sink portion of the vertical elutriator 8 represents about 35.6 percent
      by wt. of the original waste input and has a paper content of about 61
      percent by weight of that sink portion. About 33 percent by wt. of the
      sink portion is other combustibles, and about 6 percent by wt. is
      non-combustibles, primarily non-ferrous metals.
PAR  The sink portion of the vertical elutriator 8 is put through a stoner 9
      which removes about 6 percent by wt. of this stream which represents about
      2.1 percent by wt. of the total waste input and is primarily non-ferrous
      metals.
PAR  The non-ferrous metal stream is fed to a heavy media separator 10
      containing a ferro-silicon water slurry having a sp.g. of 2.95. In this
      heavy media, the light aluminum fraction floats while the heavier metals
      sink.
PAR  Two separate streams exit from the separator, one containing the sink
      fraction and the other the float fraction. These go to separate screens
      (not shown) where most of the fine ferro-silicon material is removed from
      the larger non-ferrous metal and is collected in a tank (not shown). The
      non-ferrous metals are then transferred to screens (not shown) equipped
      with water sprays to wash out the remaining ferro-silicon from the metals.
      The float product contains about 96 percent by wt. aluminum and the sink
      product about 38 percent by wt. copper, 5 percent by wt. lead, 2 percent
      by wt. zinc, 3.5 percent by wt. nickel and many other trace metals. See
      the Bureau of Mines publication cited hereinbefore.
PAR  The light portion from the stoner 9 which represents about 94 percent by
      wt. of what was fed into it is then passed through a zig-zag air
      elutriator 11 in which the float fraction, representing about 18 percent
      by wt. of the total input waste, is essentially paper products. This float
      fraction is married with the float fraction of the vertical elutriator 8.
PAR  The sink fraction of the zig-zag elutriator contains adhering metals and
      other debris and is fed back into the system. It comprises about 15
      percent by wt. of the total input or garbage and all of it is combustible
      matter of intermediate density. Upon a second pass through the primary
      horizontal elutriator 3 an additional 3 percent by wt. of paper is
      recovered at the light end of the vertical elutriator 8 when equilibrium
      is reached in the system. The remaining portion of the refed material
      comprises textiles, leather, rubber and other combustible non-paper
      products combined with some wood and heavy paper. This collects in
      intermediate bins 2, 3, and 4 of the horizontal elutriator 3 and is
      removed periodically, secondarily shredded and admixed with other
      aggregate streams.
PAR  At this stage the light or float stream 11A from the vertical elutriator 8
      plus the light stream 11B from the zig-zag elutriator, which constitutes
      in some excess of 40 percent by wt. of the original waste input, about 88
      percent by wt. paper products and about 2 percent by wt. other
      combustibles, such as plastic film, is acted upon in a series of
      sequential and branch steps to produce as end products fertilizers of
      desired composition and controlled release and high quality, long, light
      fiber paper pulp.
PAR  The float stream from the vertical elutriator merged with the light stream
      from the zig-zag elutriator is then fed into zones in which the pulp fiber
      is not broken and ink, coatings, and waxes are lifted and separated from
      the fibers and precipitated with chemicals which act to provide fertilizer
      nutrients on the one hand and light, long fiber pulp on the other. The
      merged float stream is fed into a sonic pulper 12, a device which includes
      a large vertical tank open at its top to receive the stream, chemicals and
      water and a large rotating disk adjacent its bottom having vanes on its
      circumference designed to cause cavitation in the liquid medium when the
      disk rotates at high speed, i.e., peripheral speed of about 145 ft./sec.
      minimum. Tearing and shearing action are minimized because the vanes are
      relatively small and, when operated at the aforementioned high peripheral
      speed, produce sonic shock waves which defiber the paper products without
      shearing the fibers. Such apparatus is described in Brown U.S. Pat. No.
      3,420,454. Although the paper and other fibrous material are completely
      pulped by the sonic waves, very little if any breakdown of the non-fibrous
      materials present, such as plastic pieces and films, occurs. This
      simplified the separation of the defibered pulp from the plastics.
PAR  The chemicals added to the sonic pulper perform the dual function of
      de-inking, de-coating and de-waxing the fibers and removing all other
      contaminants and of eventually forming soil nutrients or fertilizers upon
      subsequent reaction with phosphate ions causing a precipitate to form
      which contains the soil nutrients, the removed inks, coatings, waxes and
      other contaminants including putrescibles which remained on the paper
      products when the light stream entered the sonic pulper.
PAR  At this point it would be well to set forth a specific non-limitative
      example of a pilot run of the process starting at the sonic pulper 12.
      Into a 250 h.p. sonic pulper was charged 3,000 lbs. of the light stream
      from the vertical elutriator representing about 61.3 percent by wt. of the
      total input weight of the waste or garbage containing in excess of 95
      percent by wt. of paper and paper products.
PAR  Also charged into the sonic pulper were the following:
PA1  921 lbs. dolomitic lime (325 mesh)
PA1  668 lbs. ammonium hydroxide (28 percent)
PA1  200 lbs. calcium hypochlorite
PA1  500 lbs. methylprilidone
PA1  25 lbs. tergitol 15S9 (Union Carbide) (a linear ethoxylate having 9 moles
      of ethylene oxide)
PA1  60,000 lbs. water
PAR  The pH of this composition, for the particular dolomitic lime (Charles
      Pfizer, Ohio deposit), was 12. The pH may be further reduced to a lower
      alkalinity (e.g., 9.5 to 10) by a suitable acid such as phosphoric,
      sulphuric or nitric.
PAR  The water is added first to the sonic pulper, then the light or float
      stream from the vertical elutriator enters, agitation is initiated, and
      finally the rest of the aforementioned chemicals are added. The pulper was
      run for about 12 minutes. During the last 2 minutes, 40,000 lbs.
      additional water was added to the sonic pulper 12 while the bottom drain
      was open so that the entire charge was discharged into a consistency
      dilution holding tank 14. The initial consistency in the sonic pulper 12
      was about 5 percent and was reduced to a consistency of about 3 percent in
      the holding tank 14.
PAR  Additional water was added to the consistency dilution tank to reduce the
      consistency to about 0.5 percent and then the pulp slurry was passed
      through a 2 mesh screen 16 which removed the textiles, plastic film,
      rubber and leather amounting to about 68 lbs. The material passing through
      the screen was then sent into a conventional low efficiency (low pressure
      drop -- 5 psi) cyclone pre-cleaner 18 where bits of glass, sand,
      thermosetting plastics, ceramics, staples, etc. fell to the bottom and
      were removed.
PAR  The stream was then passed through a pressure screen 20 to remove shives,
      grit and a small amount of unpulped paper.
PAR  The stream 21 was then passed through a screw press 22 where the
      consistency was increased to 40 percent by wt. of pulp and the liquid
      effluent was discharged into a precipitator tank 24 which was maintained
      at about 60.degree.C.
PAR  Into the precipitator tank was charged about 1,884 lbs. of phosphoric acid
      (52 percent solution) which gave a pH of about 7.5 and caused extensive
      precipitation. The contents of the precipitator tank were pumped into a
      settling tank 26 equipped with a screw discharge 28 to remove the settled
      solids which (together with the further settled solids removed by
      centrifuge 50) then went as at 29 to a ribbon mixer 30 (FIG. 2) to which
      was added about 270 lbs. of potassium sulfate, which ribbon mixer was
      steam jacketed to dry the product.
PAR  The contents of the ribbon mixer were milled as at 32 (FIG. 3) to about 20
      mesh as a fertilizer yielding about 2,050 lbs., the approximate analysis
      of which was about 7% N, 40% P.sub.2 O.sub.5, 6% K, 15% MgO, 1.67% S, all
      by wt. The fertilizer also contained about 6.5 percent by wt. inks,
      coatings, waxes, adhesives and putrescibles which came down with the
      precipitate in the precipitator, none of which are soil pollutants.
      Alternatively, the settled solids from the screw discharge can go to a
      dryer other than a steam jacketed ribbon mixer and then to a mill 32 to
      provide the fertilizer as shown in FIG. 3.
PAR  Instead of the dolomitic limestone (CaCo.sub.3 and MgCo.sub.3 mole for
      mole) one may substitute CaO, MgO, CaCo.sub.3 or MgCo.sub.3 or mixtures
      thereof in stoichiometric amounts necessary to form calcium or magnesium
      ammonium phosphate in the neutralizer.
PAR  Also, in the sonic pulper, stoichiometric amounts of KOH, K.sub.2 CO.sub.3,
      KHCO.sub.3 or any other soluble potassium salt can be added in which case
      the subsequent addition of K.sub.2 SO.sub.4 or any other potassium salt to
      the ribbon mixer becomes unnecessary. The potassium salt may be used with
      calcium and/or magnesium salts, in which case the double salt of CaK
      PO.sub.4 or Mg KPO.sub.4 will precipitate out. Technically, alkaline
      potassium salts can replace the ammonia all or in part, but the N required
      for the fertilizer would have to be added at a later stage. It is
      preferred that ammonia be added in the sonic pulper and a potassium ion
      elsewhere.
PAR  As a source of nitrogen to be added to the sonic pulper any water-soluble
      ammonium salt may be used such as (NH.sub.4).sub.2 CO.sub.3, NH.sub.4
      HCO.sub.3, NH.sub.4 Cl, NH.sub.4 NO.sub.3, (NH.sub.4).sub.2 SO.sub.4,
      NH.sub.4 CH.sub.3 CO.sub.2, except that where the ammonium salt has an
      acid pH, the pH of the charge should be rendered alkaline up to a pH of
      10.5 with other soluble compounds, preferably KOH to add the K ion. The
      quality of ammonium salt required is that stoichiometric amount needed to
      form the metal ammonium phosphate.
PAR  The type of solvent required is one which is water soluble and will
      dissolve polymeric, asphaltic, lipophilic and normally water-insoluble
      contaminants of the fibers. Highly aprotic solvents, such as
      dimethylformamide, dimethylsulfoxide, methylpyrilidone, etc., have the
      broadest solvating action and should be used from about 0.1 to about 10
      percent by wt. of the water initially charged into the sonic pulper. Other
      solvents found useful are methyl, ethyl and isopropyl alcohols, water
      soluble glycol ethers, and ethoxy alcohols such as Carbitol and
      Cellosolve.
PAR  The action of the solvent is to penetrate the fibers and lift off the inks,
      coatings, waxes, adhesives and other contaminants including putrescibles
      rendering them emulsifiable by solvation and coupling with the wetting
      agent. Any wetting agent may be used provided it is salt stable and does
      not precipitate insoluble metal soaps, i.e., calcium, magnesium, etc., and
      will tolerate high pH such as, for example, the non-ionic ethoxylated
      nonyl and octyl phenols, such as Triton X-100 made by Rohm and Haas,
      Tergitol NPX made by Union Carbide and the linear ethoxylated non-ionic
      wetting agents, such as Tergitol 15S9 made by Union Carbide, selected
      alkylaryl sulfonates having 4-30 C atoms in the alkyl substituent such as
      sodium dodecylbenzylsulfonate, sorbitol base surfactants, etc. The
      concentration of the wetting agent should be about 0.01 to about 2 percent
      by wt. of the water added to the sonic pulper. Thus, the wetting agent and
      the coupling solvent form a stable emulsion of the water insoluble fiber
      contaminants such as asphaltic materials, polymeric coatings, waxes, hot
      melt adhesives, oil, etc. The wetting agent also serves to disperse the
      particulate matter such as clays from coatings, carbon black and pigments
      from the inks, etc.
PAR  The oxidizing agent serves to decompose organic matter and thereby render
      it soluble or emulsifiable, such as proteinaceous glues and coatings,
      starches, gums, natural resins, etc., which are normally neither solvent
      or water soluble. It also serves to kill micro-organism contamination and
      to decolorize contaminants and dyes and thus lighten the pulp.
PAR  The oxidizing agents may be selected from hypohalites, such as calcium
      hypochlorite, sodium hypobromite, etc., peroxides such as H.sub.2 O.sub.2,
      Na.sub.2 Oh.sub.2, K.sub.2 O.sub.2, urea peroxide, persulfates,
      perborates, and so forth, which are water soluble and oxidize in alkaline
      pH.
PAR  Calcium hypochlorite is preferred for the sake of economy. However, when
      processing pulp with high ground wood content in the past, the use of
      hypochlorite was prohibited because of chromophore development in the
      lignin badly discloloring the pulp. The employment of the mildly alkaline
      MgO, CaO, NH.sub.4 OH in the sonic pulper and the ease of de-inking could
      eliminate this color development problem.
PAR  An additional cost saving is realized by on site hypochlorite production
      with a portion of the dolomitic lime.
PAR  The optimum range of hypochlorite or other oxidizing agent utilizable is
      from 0.2 to 2.0 percent by wt. based on the weight of the fiber.
PAR  In addition to the oxidizing agent being added in the sonic pulper, the
      oxidizing agent may be added in the weir chest (to be later described) or
      in either place, depending on the degree of whiteness required in the end
      product pulp. Because all input chemicals other than the oxidizing agent
      are either recovered for sale at a profit, or recycled in the system,
      additional oxidizing and bleaching steps heretofore uneconomical are
      possible because the oxidizing agent is the only significant expended
      chemical used in the process.
PAR  The use of urea peroxide was found to be especially advantageous because it
      dissociates to H.sub.2 O.sub.2 and urea, the H.sub.2 O.sub.2 becoming
      water and the urea contributing to the total N content of the fertilizer.
PAR  The consistency of the slurry from the sonic pulper is altered to optimize
      the handling of the slurry at each subsequent step. A consistency of from
      3.5 to 10 percent by wt. in the sonic pulper is desirable at that stage
      and is then reduced to a consistency of 0.5 to 3.5 percent by wt. before
      passing through screens 16, the cyclone cleaners 18, the pressure screen
      20, etc.
PAR  Coming now to the pulp treating and recovery portion of the invention, it
      is to be noted that the screw press 22 removes about 92 to 94 percent of
      all the water and chemicals originally present and the pulp has increased
      in consistency to about 20-50 percent. It then goes to a chest weir 34
      where the slurry is cascaded from top to bottom and rinsed with a
      countercurrent flow of water. Additional oxidizing agent may be added at
      this stage, if more pulp whiteness is desired, and the pulp consistency is
      reduced back to about 0.5 to 10 percent so that subsequent treatment in
      the next screw press 36 can be efficiently operated.
PAR  From the second screw press 36, more contaminants are returned to the
      precipitator 24 and the pulp, which has now increased in consistency back
      to 20-50 percent, goes to a wash screen 38. The pulp is retained on the
      screen while counter-current wash with phosphate ions removes all residual
      chemicals and contaminants, which then pass through the screen. The
      precipitate in fine grain dispersed form passes through the pulp and
      screen, and the pulp is washed and neutralized by phosphate ions going
      through. The dispersed effluent is also fed to the precipitator 24.
PAR  The pulp is then diluted either with fresh or recycled water to a
      consistency of about 0.5 to 3.5 percent pulp and then goes to high
      efficiency cyclone cleaners 40 to remove remaining grit.
PAR  This pulp can then be either squeezed in another screen press 42, and dried
      as at 44 to yield a light long fiber pulp or processed on a wet lap
      machine 46 to produce wet shippable pulp for use in paper mills. The pulp
      may also be fractionated as at 48 into short and long fibers using
      different screens and water.
PAR  At the settling tank 26, clear liquid is pumped out (decanted) to a
      continuous centrifuge 50 which removes any additional suspended matter for
      admixture with the fertilizer.
PAR  The effluent of the centrifuge is sent to charcoal beds 52 to remove
      soluble colors and is stored in a recycle water tank 54. At this tank the
      composition of the water comprises about 1 percent or less by wt. of
      dissolved phosphates and an excess of 90 percent of the solvent and
      wetting agent which was added to the sonic pulper. The water is also at a
      pH of about 7.5, the optimum pH for the phosphate precipitation, which
      renders the water desirable for recycling to the sonic pulper.
PAR  From the settling tank 26, the settled matter, which consists essentially
      of MgNH.sub.4 PO.sub.4 and CaNH.sub.4 PO.sub.4 precipitates and removed
      inks, coatings, waxes, etc., is screw discharged and suitably dried,
      milled and bagged as fertilizer as indicated hereinbefore.
PAR  To produce a fertilizer with varied amounts of N, P, K, Mg and S, one need
      only vary the amounts of equivalent chemicals for addition to the sonic
      pulper 12, precipitator 24 and ribbon mixer 30.
PAR  Xanthation can be used alternatively with regard to fertilizer formation
      between the pressure screen 20 and the ribbon mixer 30. The xanthation is
      preferably carried out as at 56 with KOH to add K to the fertilizer. The
      cellulose required for xanthation can come from the float of the aqueous
      elutriator 6, supplemented if necessary by short fiber pulp from the
      fractionator 48.
PAR  The xanthation is fully described in my copending application Ser. No.
      105,123. To the xanthating vessel is fed aggregates from the aqueous
      elutriator 6, if desired, short fibers from the fractionator 50 and a
      portion of the stream from the pressure screen. Water and an alkali,
      preferably KOH, in an amount preferably of about 1.8 to 2.8 times the
      weight of the cellulose content are added for a time (15 mins. to 2 hrs.)
      and temperature (15.degree. to 35.degree.C) to convert the cellulose into
      alkali cellulose. Then CS.sub.2 is added, preferably with agitation, until
      from 0.5 to 2.0 hydroxyl units are reacted for each anhydroglucose unit.
PAR  The cellulose xanthate is then sent to the ribbon mixer 30 where it is
      admixed with the metal ammonium phosphates and removed inks, coatings and
      waxes from the settling tank 26 and continuous centrifuge 50. The material
      from the ribbon mixer may then be converted to the alpha cellulose which
      becomes the binder and coater for the fertilizer component particles. This
      can be accomplished by compressing the material to express the moisture.
      The resulting slab or block of material can then be cut to various shapes
      and sizes.
PAR  Preferably, the material is pumped by a high pressure pump 58 to an
      extruder and, prior to entrance in the extruder, acid is added in line to
      change the pH of the material from alkaline to acid which also causes the
      formation of alpha cellulose which acts as a binder and coater for the
      fertilizer compound particles. The mass is such that it can be extruded as
      at 60 and cut as at 62 into short rods or other forms having predetermined
      concentrations and amounts of the nutrient atoms N, P, K, Mg and S.
PAR  While the output from the ribbon mixer 30 may be so controlled that one
      portion goes directly to the mill 32 and the other through the extruder,
      it is preferred from a practical standpoint that the two processes be
      carried out alternatively (as indicated by broken lines in FIG. 2); that
      is, when the xanthation takes place the output from the ribbon mixer 30
      goes to the extruder and not directly to the mill 32.
PAR  Xanthation also enables one to use all of the rejected grits and aggregates
      63 as a diluent bound with the fertilizer chemicals. By varying the amount
      of xanthate and the density of the extruded cellulose-bound fertilizer
      (i.e., varying extrusion pressure primarily) additional control of the
      rate of nutrient release, other than that inherently present because of
      the limited solubility of the phosphates, can be effected.
PAR  In the soil, the cellulose slowly decomposes by microbiological action and
      slowly and evenly releases the nutrients. The rate of microbiological
      decomposition of the cellulose is increased by the released nutrients
      which are microbe nutrient as well as soil nutrient. Therefore, the rate
      of decomposition of the cellulose, which is impracticably slow by itself,
      is at a suitable controlled rate when the cellulose binds and coats the
      fertilizer nutrients.
PAR  It should be noted that the precipitator is maintained at about
      60.degree.C. Any temperature may be used as long as precipitation of the
      Ca or MgNH.sub.4 PO.sub.4 is effected. 60.degree.C is chosen to produce
      the monohydrate and thus make it possible to sell a fertilizer with less
      water. A magnesium salt is used because it is now well recognized in the
      literature that Mg is a very good plant nutrient. It is called the fifth
      major plant nutrient. MgNH.sub.4 PO.sub.4 is released fairly slowly to the
      soil. But when the compound is xanthated using KOH to produce pellets or
      flakes, an effective means is obtained for releasing the K component
      substantially at the same rate as the MgNH.sub.4 PO.sub.4.
PAR  Most commercial fertilizers require anti-caking non-soil nutrient additives
      such as colloidal silicas, methoxyethyl cellulose, etc. However, the
      fertilizers of the instant invention are phosphates co-precipitated with
      inks, coatings, waxes and adhesives which perform several simultaneous
      useful functions in that they serve to prevent caking of the fertilizer
      partilces and themselves provide a small organic nutrient contribution as
      well as trace elements such as Mn, Cu, Zn, B, Se, etc., required for plant
      growth which originate from the organo-metallic inks.
PAR  It will also be noted that the process of the instant invention is quite
      versatile in that it also allows for balancing the plant nutrient atoms at
      various stages of the process and of controlling their release to the soil
      while permitting recovery of light long fiber, de-inked, de-coated and
      de-waxed paper pulp.
PAR  The process of producing high quality paper pulp and fertilizer can be
      effected with paper and paper products per se or a mixture of paper and
      paper products and non-fibrous combustibles as the primary source to be
      fed into the sonic pulper 12 with the calcium or magnesium compounds or
      mixtures thereof, the ammonium compound, the solvent and the wetting agent
      at a pH of 7.1 to 10.5 followed by the subsequent treatments as described
      hereinbefore. To secure substantially complete de-inking while suppressing
      chromophore development, the optimum pH should be 8.2-9.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process of treating solid municipal waste containing at least 10
      percent by wt. of paper and paper products to produce de-inked, de-coated
      and de-waxed long fiber pulp and fertilizer comprising first removing
      ferrous and non-ferrous metals, glass, ceramics and the like to form a
      stream comprising a major portion of paper and paper products and a minor
      portion of other combustibles, subjecting said stream to sonic pulping to
      prevent shearing the fibers in the presence of water and chemicals
      including a calcium or magnesium compound or mixtures thereof, an ammonium
      compound, a solvent and a wetting agent at an alkaline pH of 7.1 to 10.5,
      separating the non-paper pulp combustibles to leave a slurry of paper pulp
      and the added chemicals, separating the chemicals and water from the
      slurry, reacting the separated chemicals with phosphate ions to form a
      precipitate of calcium or magnesium ammonium phosphate or mixtures thereof
      carrying ink, coatings, waxes and adhesives therewith, allowing the
      precipitate to settle out and removing it for use as a fertilizer, and
      removing the pulp from the slurry and separating the fibers therefrom.
NUM  2.
PAR  2. The process of claim 1 and adding an oxidizing agent in the sonic
      pulping zone to decompose organic matter and thereby render it soluble or
      emulsifiable and to lighten the pulp.
NUM  3.
PAR  3. The process of claim 1 and adding an oxidizing agent to the pulp slurry
      to decompose organic matter and thereby render is soluble or emulsifiable
      and to lighten the pulp after separation of the non-paper pulp
      combustibles.
NUM  4.
PAR  4. The process of claim 1 wherein the ammonium compound is replaced at
      least in part by a potassium compound in the sonic pulping zone so that
      the precipitated phosphate will be a magnesium or calcium potassium
      phosphate thereby providing the nutrient K as well as the N and P atoms in
      the end product fertilizer.
NUM  5.
PAR  5. The process of claim 1 wherein the solvent is water soluble and will
      dissolve polymeric, asphaltic and lipophilic substances.
NUM  6.
PAR  6. The process of claim 5 wherein the solvent is aprotic.
NUM  7.
PAR  7. The process of claim 5 wherein the solvent is present in the sonic
      pulping zone in a concentration of about 0.1 to 10 percent by wt. of the
      water charged into the zone.
NUM  8.
PAR  8. The combination of claim 1 wherein the wetting agent is salt stable,
      does not precipitate insoluble metal soaps, tolerates high pH and forms a
      stable emulsion of the water insoluble fiber contaminants with the
      solvent.
NUM  9.
PAR  9. The process of claim 2 wherein the oxidizing agent is selected from the
      group consisting of hypohalites, peroxides, persulfates and perborates.
NUM  10.
PAR  10. The process of claim 9 wherein the oxidizing agent is calcium
      hypochlorite in a concentration of 0.2 to 2.0 percent by wt. of the water
      added, the sonic pulping taking place at room temperature in the mildly
      alkaline pH thereby preventing in any lignin present due to chromophore
      development.
NUM  11.
PAR  11. The process of claim 2 wherein the oxidizing agent is urea peroxide
      which upon dissociation will ultimately produce urea that effectively
      complexes with waxes.
NUM  12.
PAR  12. The process of claim 1 and sequentially lowering and raising the
      consistency of the pulp slurry to permit it to pass efficiently through
      screens, screw presses and washing operations to separate the fibers
      therefrom.
NUM  13.
PAR  13. The process of claim 1 wherein xanthated cellulose is admixed with the
      phosphate precipitate and then converted to an alpha cellulose binder by
      expression of water of acidification.
NUM  14.
PAR  14. The process of claim 13 wherein the xanthated cellulose is made using
      KOH as the alkaline agent to add the soil nutrient atom K to the end
      product fertilizer.
NUM  15.
PAR  15. The process of claim 13 and the addition of potassium sulfate to the
      admixture of xanthated cellulose and the phosphate precipitate to add the
      soil nutrient atoms K and S to the end product fertilizer.
NUM  16.
PAR  16. The process of claim 13 wherein the conversion of the xanthated
      cellulose to the binding alpha cellulose is effected by acidification and
      the mass is extruded and cut into slugs of predetermined quantities of the
      soil nutrients.
NUM  17.
PAR  17. The process of claim 16 wherein acidification is effected with
      HNO.sub.3 to add additional soil nutrient atom N to the end product
      fertilizer.
NUM  18.
PAR  18. In a process of treating solid waste containing at least 10 percent by
      wt. of paper and paper products after removal of the ferrous and
      non-ferrous metals, glass, ceramics and the like;
PA1  the improvement wherein a long fiber pulp is recovered comprising sonically
      pulping the waste to defiber the paper and paper products without shearing
      the fibers in the presence of an aqueous alkaline slurry containing a
      calcium or magnesium compound or mixtures thereof, a solvent and a wetting
      agent in a consistency range of about 3.5 to 10 percent by wt., adding
      water to reduce the consistency range from 0.5 to 3.5 percent by wt.,
      separating the non-paper combustibles therefrom, expressing the chemicals
      and water from the slurry to decrease the pulp consistency to about 20 to
      50 percent by wt., reacting the expressed chemicals with an acid to
      precipitate the Ca or Mg and carry with it ink, coatings, waxes and
      adhesives, allowing the precipitate to settle, decanting the liquid above
      the settled precipitate for recycling, removing the pulp from the slurry
      and separating the fibers therefrom.
NUM  19.
PAR  19. The process of claim 18 in which an oxidizing agent is added to the
      sonic pulping zone to decompose organic matter and thereby render it
      soluble or emulsifiable and to lighten the fiber.
NUM  20.
PAR  20. The process of claim 18, washing the pulp slurry prior to separation of
      the fibers therefrom and adding an oxidizing agent during the washing to
      lighten the fibers.
NUM  21.
PAR  21. The process of claim 18 wherein the oxidizing agent is selected from
      the group consisting of hypohalites, peroxides, persulfates and
      perborates.
NUM  22.
PAR  22. The process of claim 21 wherein the oxidizing agent is calcium
      hypochlorite in a concentration of 0.2 to 2.0 percent by wt. of the water
      added, the sonic pulping taking place at room temperature in the mildly
      alkaline pH thereby preventing discoloration in any lignin present due to
      chromophore development.
NUM  23.
PAR  23. The process of claim 21 wherein the oxidizing agent is urea peroxide
      which upon dissociation will ultimately produce urea that effectively
      complexes with waxes.
NUM  24.
PAR  24. In a process of treating solid waste containing at least 10 percent by
      wt. of paper and paper products after removal of the ferrous and
      non-ferrous metals, glass, ceramics and the like;
PA1  the improvement wherein a fertilizer is produced while recovering high
      quality paper pulp comprising pulping the waste in the presence of water,
      a calcium or magnesium compound or mixtures thereof, an ammonium compound,
      a solvent and a wetting agent at an alkaline pH not exceeding 10.5,
      separating the non-paper pulp combustibles from the slurry, expressing the
      chemicals and water from the slurry, treating the expressed chemicals with
      ions to precipitate CaNH.sub.4 PO.sub.4, MgNH.sub.4 PO.sub.4 or mixtures
      thereof together with inks, coatings, waxes and adhesives removed from the
      pulp fibers, allowing the reaction mixture to settle, drawing off the
      settled precipitate and removing moisture therefrom to produce a
      fertilizer providing the nutrient atoms N, P and Mg.
NUM  25.
PAR  25. The process of claim 24 and the step of adding K.sub.2 SO.sub.4 to the
      drawn off settled precipitate in a predetermined amount to add the soil
      nutrient atoms K and S to the fertilizer.
NUM  26.
PAR  26. The process of claim 24 wherein a potassium compound is substituted at
      least in part for the ammonium compound in the first step so that upon
      subsequent treatment with phosphate ions magnesium or calcium potassium
      phosphate will precipitate to provide a fertilizer with the soil nutrient
      atoms N, P, Mg and K.
NUM  27.
PAR  27. The process of claim 24 wherein the solvent is water soluble and will
      dissolve polymeric, asphaltic and lipophilic substances.
NUM  28.
PAR  28. The process of claim 27 wherein the wetting agent is salt stable, does
      not precipitate insoluble metal soaps, tolerates high pH and forms a
      stable emulsion of the water insoluble fiber contaminants with the
      solvent.
NUM  29.
PAR  29. The process of claim 24 wherein xanthated cellulose is admixed with the
      phosphate precipitate and then converted to an alpha cellulose binder by
      expression of water of acidification.
NUM  30.
PAR  30. The process of claim 29 wherein the conversion of the xanthated
      cellulose to the binding alpha cellulose is effected by acidification and
      the mass is extruded and cut into slugs of predetermined quantities of the
      soil nutrients.
NUM  31.
PAR  31. The process of claim 30 wherein acidification is effected with
      HNO.sub.3 to add additional soil nutrient atom N to the end product
      fertilizer.
NUM  32.
PAR  32. The A of treating paper and paper products containing inks, coatings,
      waxes and adhesives to produce light long fiber pulp and fertilizers
      comprising subjecting the paper and paper products to sonic pulping to
      prevent shearing of the fibers in the presence of water, a calcium or
      magnesium compound or mixtures thereof, an ammonium compound, a solvent
      and a wetting agent at an alkaline pH up to 10.5 to form a slurry of paper
      pulp and the added chemicals, reacting the slurry with phosphate ions to
      form a precipitate of calcium or magnesium ammonium phosphate or mixtures
      thereof carrying inks, coatings, waxes and adhesives therewith, allowing
      the precipitate to settle out and removing it for use as a fertilizer,
      removing the pulp slurry which did not settle out and separating the
      fibers from the liquid to produce long fiber pulp.
NUM  33.
PAR  33. The process of claim 32 wherein the paper and paper products also
      contain a minor portion of non-fibrous combustibles and the step of
      separating the non-fibrous combustibles from the slurry prior to reacting
      the slurry with phosphate ions.
NUM  34.
PAR  34. A process of treating paper and paper products containing contaminants
      to produce light long fiber pulp comprising subjecting the paper and paper
      products to pulping to prevent shearing of the fibers in the presence of
      water, a calcium or magnesium compound or mixtures thereof, an ammonium
      compound, a solvent for the contaminants and a wetting agent at an
      alkaline pH to form a slurry of paper pulp and the added chemicals,
      reacting the slurry with phosphate ions to form a precipitate of calcium
      or magnesium ammonium phosphate or mixtures thereof carrying the
      contaminants therewith, and separating the pulp slurry from the
      precipitate, the pulp slurry containing long fiber decontaminated pulp.
NUM  35.
PAR  35. In a process of treating solid waste containing at least 10 percent by
      wt. of paper and paper products whose fibers contain contaminants;
PA1  the improvement wherein a fertilizer is produced while recovering
      decontaminated paper pulp comprising pulping the waste in the presence of
      water, a calcium or magnesium compound or mixtures thereof, an ammonium
      compound, a solvent for said paper contaminants and a wetting agent at an
      alkaline pH to form a slurry, reacting the slurry with phosphate ions to
      precipitate calcium or magnesium ammonium phosphate or mixtures thereof
      together with said paper contaminants, and removing the precipitate from
      the slurry for use as a fertilizer providing the nutrient atoms N, P and
      Mg. when the magnesium compound is used in the pulping slurry.
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PAL  A method of recovering waste paper of a pressure sensitive copying paper
      which comprises, in the defibration processing for regenerating the waste
      paper, using an alkaline solution containing a surface active agent. This
      method provides a white pulp which is hardly stained.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF THE INVENTION
PAR  This invention relates to a method of recovering waste paper and,
      specifically, to a method of producing a recovered pulp which is stained
      to only a slight extent and has an excellent brightness by subjecting
      waste paper of a pressure sensitive copying paper to defibration
      processing with an alkaline solution containing a surface active agent.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  Pressure sensitive copying papers usually include those papers comprising
      an upper paper having micro capsules containing an electron donative color
      former dissolved in an organic solvent applied on the surface of the
      sheet, a lower paper with an electron attractive clay applied on the
      surface of the sheet and an intermediate paper having capsules containing
      a color former applied to one surface of the sheet and having a clay
      applied to the other surface of the sheet, or those having micro capsules
      and a clay applied on the same side of the sheet. Such pressure sensitive
      copying papers are described in, for example, U.S. Pat. Nos. 2,505,470;
      2,505,489; 2,550,471; 2,548,366; 2,712,507; 2,730,456; 2,730,457;
      2,939,009; 3,427,180; 3,455,721; 3,516,845; 3,634,121; and 3,672,935;
      German OLS No. 1,939,624; or in A. Kondo, Microcapsule, Nikkan Kogyo
      Shimbun Co., Tokyo 1970.
PAR  In using pressure sensitive papers by the combination of an upper paper and
      a lower paper or by the combination of an upper paper, an intermediate
      paper or papers and a lower paper, when pressure is locally applied to a
      capsule-containing layer and a clay-containing layer in contact with each
      other, the capsules in the pressurized area are ruptured and a color is
      produced by the reaction of the color former and the clay. Also, a color
      is produced by the application of a localized pressure to a pressure
      sensitive paper having capsules and a clay on the same side of the sheet.
PAR  Various types of conventional defibrating machines for regenerating waste
      paper such as a pulper, a beater, a high-speed defibrating machine, a disc
      refiner or a conical refiner are known, and they are used alone or in
      combination. Usual waste paper can be easily defibrated in these
      defibrating machines, but auxiliaries are required for a waste paper which
      is relatively difficult to defibrate such as a wet-proof paper. Various
      alkaline chemicals and aluminum sulfate and the like are often used as
      auxiliaries.
PAR  When waste paper is defibrated using the conventional method, capsules are
      destroyed during the defibration because of the mechanical grinding action
      exerted on them, and the exposed color former and clay react to product
      color. Therefore, the color occurs in the pulp recovered according to the
      conventional method and the pulp is remarkably stained. Such a pulp can
      not be used as a raw material for high quality paper and only a part of
      the pulp has been used exclusively as a raw material for low quality
      paper.
PAC  SUMMARY OF THE INVENTION
PAR  The production of a pulp from recovery of waste paper from pressure
      sensitive copying papers and which is suitable for a raw material for high
      quality paper by inhibiting the color production during the defibration
      has been studied and, as the result, recovery of a pulp which is not
      stained by defibrating with an alkaline solution adjusted to a pH of
      greater than 7.5 and containing an surface active agent to inhibit the
      color production has been accomplished.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The alkaline compounds which can be used in this invention can be organic
      bases such as sodium oxalate, sodium acetate, potassium acetate, potassium
      oxalate, etc., or inorganic bases such as sodium hydroxide, potassium
      hydroxide, etc. Particularly preferred is sodium hydroxide and potassium
      hydroxide since a high pH is obtained even when they are used in a small
      amount.
PAR  The surface active agents which can be used in this invention can be
      anionic surface active agents such as the salts of aliphatic acids, the
      salts of higher alcohol sulfates, the salts of aliphatic alcohol
      phosphates or the salts of alkyl aryl sulfonic acids, cationic surface
      active agents such as the salts of aliphatic amine or quaternary ammonium
      salts, or nonionic surface active agents such as the polyoxyethylene alkyl
      ethers, the polyoxyethylene alkyl phenol ethers or sorbitan alkyl esters.
      These surface active agents are disclosed, for example, in U.S. Pat. Nos.
      2,240,472; 2,271,623; 2,288,226; 2,311,021; 2,322,027; 2,360,289;
      2,533,514; 2,600,831; 2,739,891; 2,801,170; 1,823,123; 2,831,766;
      2,852,382; 2,949,360; 3,068,101; 3,133,816; 3,158,484; 3,201,253;
      3,210,191; 3,294,540; 3,396,027; 3,415,649; 3,441,413; 3,442,654;
      3,475,174; 3,545,974; 3,619,195 and 3,775,349; and British Pat. Nos.
      1,002,878; 1,077,317 and 1,198,450. Preferably, cationic surface active
      agents or nonionic surface active agents are used.
PAR  The effect of the surface active agent remarkably depends on the
      temperature and concentration used in the defibration processing, and the
      type of waste paper. The amount of the surface active agent which can be
      used is not limited to any particular range and depends on the type of
      surface active agent employed and the processing conditions used. Although
      the temperature during the defibration depends on the structure of a
      defibrating machine and the concentration and type of waste paper,
      temperatures generally higher than room temperature are employed, e.g.,
      about 20.degree. to 100.degree.C, more generally 40.degree. to
      100.degree.C. The concentration during the defibration depends on the
      structure of a defibrating machine, and it can be selected, without
      limitation, adapted to the particular defibrating machine.
PAR  It will be also apparent that the amount of the surface active agent added
      can be greatly changed depending on the desired brightness of the
      recovered pulp and the capacity of a defibrating machine.
PAR  The pH of the system generally ranges from about 7.5 to about 13.5, and
      preferably about 9 to about 11, particularly for ease of handling.
PAR  The surface active agent can be used in amounts of about 0.01 to about 20%
      by weight, for example, 0.5 to 5% by weight based on the weight of the
      waste paper.
PAR  The amount of the charged waste paper relative to the processing solution
      can be appropriately changed depending on the type of waste paper being
      treated. For example, the paper can be added in amounts of about 0.1 to 10
      kg per 10 l of the processing solution.
PAR  This invention is applicable to waste pressure sensitive copying papers
      utilizing color forming materials such as triphenyl methane compounds,
      thiazine compounds, spiropyran compounds, xanthene compounds, etc., which
      react with acid compounds such as clays to form a color.
DETD
PAR  The invention will be described in greater detail by reference to the
      following examples. Unless otherwise indicated, all parts, percents,
      ratios and the like are by weight.
PAC  EXAMPLE 1
PAR  Into a TAPPI type test pulper, 90 g (dry weight) of waste paper of
      commercially available pressure sensitive copying paper (intermediate
      paper with a 50 g/m.sup.2 basis weight and of the blue black
      color-producing type containing a mixture of fluorane compounds) was
      charged together with 1500 ml of a 0.05% aqueous solution of sodium
      hydroxide heated to 50.degree.C. Further, each of a cationic surface
      active agent, Catiogen L (an alkyl trimethyl ammonium chloride, produced
      by Dai-ichi Kogyo Seiyaku Co., Ltd.), an anionic surface active agent, P
      Soap (a stearic acid sodium salt, produced by Nippon Oil and Fats, Co.,
      Ltd.) and a nonionic surface active agent, Epan 750 (a polyethylene glycol
      ether, produced by Dai-ichi Kogyo Seiyaku, Co., Ltd.) was respectively
      added in a concentration of 0.83% based on the weight of the loss paper,
      and then defibration was effected. For comparison, the waste paper was
      also defibrated according to the conventional method. That is, the waste
      paper was defibrated with hot water containing a 0.05% solution of
      aluminum sulfate or a 0.05% solution of sodium hydroxide, or hot water
      without any auxiliary. The brightness of the defibrated material was
      evaluated as the brightness of a hand-made paper obtained therefrom. The
      handmade paper with a 40 g/m.sup.2 basis weight was prepared from the
      paper material, which has been completely defibrated, according to JIS
      P-8209 (Method of Preparing Hand Made Paper for Pulp Test). The
      reflectance of each of the hand-made paper at a wavelength of 440 m.mu.
      and 560 m.mu. was measured using a spectrophotometer. Moreover, the
      brightness was evaluated visually. The results obtained are shown in Table
      1.
PAR  White pulp which was stained to only a slight extent was obtained by
      defibration with an alkaline solution containing a surface active agent
      according to the method of this invention.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

                     Sample No.                                                

                         1   2   3   4    5    6                               

     __________________________________________________________________________

     Amount of waste paper charged                                             

     (dry weight)    (g) 90  90  90  90   90   90                              

     Amount of water used                                                      

                     (g) 1500                                                  

                             1500                                              

                                 1500                                          

                                     1500 1500 1500                            

     Amount of sodium hydroxide                                                

                          0   0  0.75                                          

                                     0.75 0.75 0.75                            

     added           (g)                                                       

     Amount of aluminum sulfate                                                

                          0  0.75                                              

                                  0   0    0    0                              

     added           (g)                                                       

     Surface active agent used                                                 

                         --  --  --  Catiogen                                  

                                          P Soap                               

                                               Epan                            

                                     L         750                             

     Amount of surface active                                                  

                          0   0   0  0.75 0.75 0.75                            

     agent added     (g)                                                       

     Maximum temperature during                                                

                         50  52  49  51   51   50                              

     processing in pulper                                                      

                     (.degree.C)                                               

     pH of paper slurry after                                                  

                          6.9                                                  

                              4.0                                              

                                 10.7                                          

                                     10.8 10.9 10.7                            

     adding processing chemicals                                               

     Defibration time                                                          

                     (min)                                                     

                         30  30  30  30   30   30                              

     Reflectance of sheet at                                                   

                         69.2                                                  

                             66.2                                              

                                 70.2                                          

                                     75.2 73.5 79.4                            

     440 m.mu.       (%)                                                       

     Reflectance of sheet at                                                   

                         64.8                                                  

                             61.3                                              

                                 67.1                                          

                                     73.6 70.7 74.8                            

     560 m.mu.       (%)                                                       

     Brightness by visual judge-                                               

                          3   1   4    8   7    8                              

     ment*                                                                     

     __________________________________________________________________________

      *For brightness by visual judgement, the higher the number the higher the

      brightness.                                                              

PAC  EXAMPLE 2
PAR  Into a small-sized Hydra test pulper, 2.2 kg (dry weight) of a waste paper
      of commercially available pressure sensitive paper (intermediate paper
      with a 90 g/m.sup.2 basis weight and of a blue black color-producing type)
      was charged together with 40 l of water at 15.degree.C. A cationic surface
      active agent, Catiogen L (produced by Dai-ichi Kogyo Seiyaku Co., Ltd.)
      was added in a concentration of 3.18% based on the weight of the waste
      paper. Aluminum sulfate or potassium hydroxide was added to adjust the
      system to a predetermined pH and then defibration was effected. For
      comparison, the waste paper was defibrated according to the conventional
      method. That is, the waste paper was defibrated with hot water without any
      auxiliary. The brightness of the defibrated paper material was evaluated
      in the same way as described in Example 1. The results obtained are shown
      in Table 2.
PAR  The process of this invention provides a white pulp which is stained only
      to a slight extent.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

                        Sample No.                                             

                        1   2   3   4   5   6                                  

     __________________________________________________________________________

     Amount of waste paper charged                                             

     (dry weight) (kg)                                                         

                     (g)                                                       

                        2.2 2.2 2.2 2.2 2.2 2.2                                

     Amount of water used liter                                                

                     (g)                                                       

                        40  40  40  40  40  40                                 

     Amount of potassium                                                       

                         0   0   0   4  12  200                                

     hydroxide added (g)                                                       

     Amount of aluminum  0  70   0   0   0   0                                 

     sulfate added   (g)                                                       

     Surface active agent used                                                 

                        --  Catio-                                             

                                Catio-                                         

                                    Catio-                                     

                                        Catio-                                 

                                            Catio-                             

                            gen L                                              

                                gen L                                          

                                    gen L                                      

                                        gen L                                  

                                            gen L                              

     Amount of surface active                                                  

                         0  70  70  70  70  70                                 

     agent added     (g)                                                       

     Maximum temperature during                                                

                        50  48  49  50  49  50                                 

     processing in pulper                                                      

                     (.degree.C)                                               

     pH of paper slurry after                                                  

                        6.9 4.2 7.3 8.3 10.4                                   

                                            12.7                               

     adding processing chemicals                                               

     Defibration time                                                          

                     (min)                                                     

                        50  50  50  50  50  50                                 

     Reflectance of sheet at                                                   

                        72.2                                                   

                            74.3                                               

                                76.4                                           

                                    76.0                                       

                                        76.4                                   

                                            78.2                               

     440 m.mu.       (%)                                                       

     Reflectance of sheet at                                                   

                        65.7                                                   

                            68.3                                               

                                70.6                                           

                                    71.5                                       

                                        72.1                                   

                                            78.5                               

     560 m.mu.       (%)                                                       

     Brightness by visual judge-                                               

                         3   4   5   7   8  10                                 

     ment*                                                                     

     __________________________________________________________________________

      *As described in Example 1.                                              

PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method of recovering waste, pressure sensitive copying paper, which
      includes a paper having micro capsules containing an electron donative
      color former dissolved in an organic solvent and a paper with an electron
      attractive clay, including difibration processing for regenerating said
      waste paper, the improvement comprising: defibrating said paper in an
      aqueous alkaline solution of pH greater than 7.5, said aqueous alkaline
      solution containing a surface active agent in an amount of 0.01% to 20% by
      weight based on the weight of the waste paper to form a pulp, wherein
      color production in the pulp during defibration is inhibited.
NUM  2.
PAR  2. The method of claim 1 wherein said surface active agent is a cationic or
      nonionic surface active agent.
NUM  3.
PAR  3. The method of claim 1, wherein said surface active agent is an anionic
      surface active agent, a cationic surface active agent, or a nonionic
      surface active agent.
NUM  4.
PAR  4. The method of claim 3, wherein said anionic surface active agent is a
      salt of an aliphatic acid, a salt of a higher alcohol sulfate, a salt of
      an aliphatic alcohol phosphate, or a salt of an alkyl aryl sulfonic acid,
      wherein said cationic surface active agent is a salt of an aliphatic amine
      or a quaternary ammonium salt, and wherein said nonionic surface active
      agent is a polyoxyethylene alkyl ether, a polyoxyethylene alkyl phenol
      ether or a sorbitan alkyl ester.
NUM  5.
PAR  5. The method of claim 1, wherein said alkaline solution has a pH ranging
      from about 7.5 to about 13.5.
NUM  6.
PAR  6. The method of claim 5, wherein said waste paper is present in an amount
      of about 0.1 to 10 kg per 10 liters of the alkaline solution.
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ABST
PAL  The invention relates to vesiculated polymer granules having a plurality of
      discrete internal vesicles whose walls are provided by said polymer, said
      granules having a mean diameter of 1-500 micron, the vesules having a
      maximum diameter of 20 micron and containing particulate solids at a
      concentration not exceeding 60% of the vesicle volume.
PARN
PAR  The present application is a continuation-in-part of our co-pending
      application Ser. No. 877,498 filed on the 17th Nov., 1969, and now
      abandoned.
BSUM
PAR  The invention relates to vesiculated polymer granules and to coating
      compositions comprising such granules. It has been proposed to use
      particles of certain polymers, for example poly(ethylene) and
      poly(propylene) as insoluble components of paints and polymeric films. The
      particles, being of similar refractive index to the medium in which they
      are incorporated, have little if any effect on the opacity of films
      thereof, but when of suitable size they can disrupt the exposed film
      surfaces to produce a matting or texturing effect.
PAR  We have now found that polymer granules prepared in a manner which imparts
      to them a vesiculated structure can be utilised in paints and polymers to
      impart to them an opacity which is surprisingly and usefully greater than
      that given by non-vesiculated granules of the same composition. We have
      also found that the opacifying effect of the granules can be further
      increased by including particulate solids within the individual vesicles.
      Approximately dimensioned granules of this type produce a matting or
      texturing effect on the surface of a film in which they are incorporated,
      when they are of a suitable size.
PAR  By vesicualted polymer granules we mean granules of polymer which are
      preferably spheroidal and which have a cell-like internal structure, the
      walls of which are provided by the polymer. The granules comprise a
      plurality of discrete cells or vesicles, that is they are not monocellular
      or balloon-like, nor do they have the open-pored cellular structure of a
      sponge.
PAR  In the type of granules with which this invention is concerned, each
      vesicle should ideally be enclosed in a continuous shell of polymer, but
      it is not always easy nor is it essential to achieve this. For example, if
      the granules are prepared by the mechanical degradation of bulk
      vesiculated polymer, substantially all of the vesicles adjacent to the
      outer surface of the granules will be imperfect; that is, part of the
      shell of polymer which preferably encloses them will be broken away.
      Alternatively, if the granules are produced directly in their required
      size and shape, e.g. by a suspension polymerization process, there will be
      a random distribution of imperfect vesicles formed therein.
PAR  The particular granules to which this invention relates contain from 5 to
      95% by volume of vesicles and their mean diameter, as measured optically,
      which may be from 1 to 500 micron or more, is related to their end use.
      Low vesicle volumes are usually associated with granules of high
      mechanical strength, which are particularly useful for some purposes, but
      when maximum opacifying effects are required we prefer that the vesicles
      occupy at least 20% and more preferably 20-75% of the total granule
      volume. Granules having a mean diameter of 50 to 500 micron or more can be
      used to obtain texturing effects in paint and polymer films. In general we
      find that granules having a mean diameter of 1 to 100 micron are of the
      most value as, for example, opacifying and opaque matting agents.
PAR  Preferably, when used as opaque matting agents and especially in paints,
      the granules should have a mean diameter of 1 to 50 micron.
PAR  Bearing in mind the economic and practical limitations on the preparation
      and measurement of particulate solids, it is to be understood that the
      above limits comprehend the presence of a minor proportion, but not more
      than 10% by weight, of granules which lie outside the stipulated
      dimensions. Preferably, when used as opacifying or matting agents,
      essentially no granule should exceed the upper dimension limits by more
      than 20 micron.
PAR  Although the shape of the granules is not critical in achieving some
      increase in opacity in a film, we have found that chunky or spheroidal
      structures give the best results. When the granules are produced by, for
      example, the degradation of bulk polymer, many of the vesicles adjacent to
      the surface of the granules are imperfect. The presence of these surface
      imperfections in the granule tends to reduce its effectiveness as an
      opacifying agent; there are then less fully defined vesicles present in a
      granule of a given diameter and the imperfect vesicles provide a porous
      surface which may imbibe medium in which the granule is embedded, thus
      reducing the effective vesicle volume of the final composition. In a
      preferred embodiment, therefore, the granules are spheroidal and have an
      essentially non-porous surface.
PAR  The vesicles are not necessarily of uniform size, although it is
      undesirable to have present a significant proportion of vesicles which are
      grossly larger in diameter than the mean vesicle diameter. A factor of
      considerable importance is, however, the ratio of the diameter of the
      granule to the mean diameter of vesicles contained therein. In order to
      achieve the desired opacifying effect we have found that the diameter of
      the granules relative to that of the mean diameter of the vesicles should
      be at least 5 to 1. Furthermore, the vesicles, which are roughly spherical
      in shape, should have a diameter of less than 20 micron and preferably
      less than 5 micron. The maximum acceptable diameter will, of course,
      depend to a degree on the average diameter of the granule, but we have
      found that the opacifying effect usually increases as the diameter of the
      individual vesicles decreases, the theoretical optimum light-scattering
      effect of vesicles containing air being achieved in the range of 0.2 - 1.5
      micron diameter.
PAR  Our usual method of determining vesicle dimensions is to prepare sections
      of granules embedded in a hard resinous matrix and to measure the
      dimensions by examination with an electron microscope. The best results,
      especially when the granule surfaces are also being checked for porosity,
      are given using a scanning electron mecroscope. In calculating mean
      vesicle diameters, the presence of occasional vesicles of gross
      proportions or the appearance of a cenosphere are ignored, when they are
      obviously atypical of the granules as a whole.
PAR  The vesicles may be essentially gaseous; that is they may be bubbles of air
      of other gas. In liquid coating compositions e.g. paints, they may be
      saturated with vapour, for example with vapour diffusing into the vesicles
      through their polymeric walls from a liquid medium in which the granules
      are suspended, or they may be at least partially filled with liquid, for
      example water or an organic liquid imbibed from the liquid medium in which
      the granules are suspended. When the granules are to be used in paints we
      prefer that any liquid in the vesicles be sufficiently volatile to diffuse
      out of the granules in contact with air. That is, when a paint film is
      formed on a substrate from the composition and dried in air, optionally at
      an elevated baking temperature, the granules provide essentially gaseous
      vesicles and in this physical form exert a preferred opacifying effect on
      the film.
PAR  In a further embodiment of the invention, the vesicles contain particulate
      solids. The particulate solids may be dispersed therein in a liquid in
      which the polymer is insoluble or may be associated in the vesicle with
      essentially gaseous components alone. For example, the vesicles may
      initially consist of particulate solids, e.g. particles of pigment,
      fungicide, insecticide or other toxic materials or blowing agents
      dispersed in a suitably volatile liquid which subsequently diffuses out of
      the granules to leave essentially dry particulate solids. The upper limit
      of concentration of particulate solids which can be incorporated is about
      60% of the vesicle volume, so that there will always be a significant
      amount of liquid and/or vapour within the vesicle in addition to the
      particulate solids. In practice, we have observed that although the solids
      distribute themselves in a random fashion within the vesicles they usually
      tend to concentrate adjacent to the vesicle wall and it is usually
      difficult (and economically undesirable) in a commercially viable product
      to exceed our preferred concentration of 45% by volume of particulate
      solids in the vesicles.
PAR  Optionally, the polymer of the granule may itself be pigmented, but in
      order to achieve a useful mechanical strength the degree of pigmentation
      must not exceed the critical pigment volume concentration. This parameter
      is a known physical transition point in pigment-binder systems and is
      defined, for example, in "Industrial and Engineering Chemistry," 41, 17,
      1470 (1949). At higher pigment volume concentrations the granules have
      been found to be too mechanically weak for most uses, even at relatively
      low vesicle volumes.
PAR  Broadly speaking, the nature of the polymer is not critical provided it is
      insoluble in the coating composition in which the granules are to be used.
      Due regard must be paid in selecting the polymer, to the conditions of
      temperature and mechanical stress to which it will be subjected in use.
      For example, a granule comprising polymer which has a glass transition
      temperature substantially lower than that at which it is intended to be
      used may be irreversibly distorted and lose its characteristic vesiculated
      structure when so-used; which would be an unsatisfactory choice of
      polymer. To achieve adequate mechanical stability, especially when used in
      paints where, for example, distortion of a paint film, e.g. by abrasion,
      may disfigure or rupture the film we prefer that the polymer, optionally
      pigmented, should be relatively rigid; that is, with an elongation at
      break of the order of 40% or less.
PAR  Suitable polymers are, for example, the condensation products of
      polycarboxylic acids with polyols; polycarboxylic acids with polyamines;
      caprolactam condensation products of the nylon 6 type; polyester amides;
      polyurethanes comprising the reaction products of polyisocyanates with
      polyols; polyethers; polyesters; epoxide and epoxy-amine resins;
      polyamides and ionic polymers such as nylon 66 salt.
PAR  Also suitable are condensates of formaldehyde with urea, melamine and
      phenols; esters of cellulose such as cellulose nitrate and cellulose
      acetate butyrate; chlorinated rubbers.
PAR  Our preferred polymers, however, are polymers and copolymers of
      .alpha.,.beta.-ethylenically unsaturated monomers and suitable monomers
      are, for example,
PA1  aromatic substituted ethylenes, e.g. styrene,
PA1  .alpha.-methyl styrene and `vinyl toluene`; optionally these may be
      copolymerized with a comonomer such as maleic anhydride or an unsaturated
      polyester;
PA1  vinyl acetate;
PA1  saturated alcohol esters of acrylic and methacrylic acids, e.g. their
      methyl, ethyl an n-butyl esters; optionally these may be copolymerized
      with a comonomer such as acrylic or methacrylic acid;
PA1  esters and acid esters of unsaturated polybasic acids, e.g. the ethyl,
      n-butyl and 2-ethyl hexyl esters and acid esters of maleic and fumaric
      acids.
PAR  Preferably the toughness and hardness of the polymer is increased by the
      introduction of a controlled degree of cross-linking. In the case of
      polymers derived from 60 ,.beta.-ethylenically unsaturated monomers,
      cross-linking can be introduced by use of a di-functional comonomer. For
      example, a cross-linked copolymer can be formed by the addition
      polymerization of methyl methacrylate monomer containing a minor
      proportion, e.g. 1 to 5% by weight of divinyl benzene or ethylene glycol
      dimethacrylate.
PAR  When the granules are required to release volatile liquid from the vesicles
      in contact with air, due regard must be paid in the selection of the
      polymer to its effect on the diffusion rate of the liquid. For example,
      while the polymer walls enclosing the vesicles are usually sufficiently
      thin to permit considerable latitude in selection of the polymer without
      markedly affecting the diffusion rate, a homopolymer of vinylidene
      chloride is relatively vapour impermeable. Some degree of control of
      diffusion of liquid can, therefore, be exercised by using vinylidene
      chloride as a comonomer in preparing the polymer. Methods of selecting
      polymer of particular diffusion characteristics are known in the art.
PAR  The particulate solids used in the granules may be pigment. The pigment is
      chosen from those commonly used in the art and suitable pigments are, for
      example:
PA1  primary white pigments, that is opaque pigments with a refractive index of
      greater than 1.9 e.g. titanium dioxide, zinc oxide and antimony oxide;
PA1  extender pigments, e.g. calcium carbonate, silica, barium sulphate, alumina
      and naturally occurring aluminum silicates, e.g. kaolinite, dickite and
      montmorillonite;
PAL  either singly or in combination.
PAR  The invention is not limited, however, to the use of the above types of
      pigment and unusual decorative effects may be produced in films by the use
      of granules in which the pigment is at least in part coloured. For
      example, the pigment may comprise iron oxide, phthalocyanine or lead
      chrome pigments.
PAR  The particulate solids need not, however, be pigment in the generally
      understood meaning of the term. For example, the particulate solids may be
      anti-fouling or fungicidal materials, e.g. tri-n-butyl tin fluoride,
      sodium pentachlor phenate and barium metaborate, insecticides, e.g. D.D.T.
      and hexachlorbenzene, blowing agents or odorants. Alternatively the
      vesicles may contain liquids having similar properties. Such materials
      when introduced directly into a film-forming polymer may have little
      opacifying effect on the film and the choice of polymer is usually
      restricted by the requirement that the rate of leaching or diffusion of
      the material from the film must be limited. It is a particular feature of
      our invention that when these materials are incorporated into the vesicles
      of the granules, especially as essentially dry particulate solids, they
      can contribute to the opacity of films in which the granules are
      incorporated and also, by suitably selecting the polymer comprising the
      granules, a degree of control can be exercised over the leaching or
      diffusion rate of the particulate solids independent of the
      characteristics of the film-forming polymer.
PAR  As stated above, the amount of particulate solids incorporated in the
      vesicles must not exceed 60% of the volume of the vesicles and while the
      size of the chosen particles depends on the actual vesicle diameter, we
      prefer that the maximum particle diameter should be 1 micron. Particles
      much larger than this impose considerable limitations on the amount of
      particulate matter which can be incorporated in the vesicles.
PAR  The granules may be prepared by the mechanical degradation of suitable
      polymer in which vesicles have been implanted, for example by the
      controlled aeration of bulk polymer. However, vesicles of the size we
      specify are not readily formed in a bulk polymer by, for example, direct
      aeration or foaming and a preferred method of preparing vesiculated
      polymer granules is as follows. An incompatible liquid is dispersed
      throughout a polymerizable monomer, the diameter of the disperse particles
      being related to the size of the vesicles which are to be formed, and the
      monomer polymerized. The incompatible liquid is trapped in the polymer
      so-formed, in which it forms liquid vesicles. The polymer is mechanically
      ground to the required granule size and shape and when it is suitably
      volatile, the incompatible liquid may be removed, e.g. by vacuum
      extraction, to provide essentially gaseous vesicles. Similarly, when the
      incompatible liquid comprises particulate solids, vesicles which are
      essentially of particulate solids/liquid or particulate solids/gas may be
      formed.
PAR  Alternatively, a dispersion of an incompatible liquid in a polymerizable
      monomer may itself be dispersed in a liquid continuous phase in which the
      monomer is insoluble to form droplets of the required granule size and the
      monomer than polymerized to form vesiculated granules of the required
      dimensions. Optionally the granules can be separated from the liquid of
      the continuous phase and liquid removed from the vesicles as described
      above.
PAR  As a further alternative, instead of dispersing an incompatible liquid in
      the monomer, there may be dissolved in the monomer a liquid which is
      compatible with the monomer but incompatible with the polymer. When the
      dispersed droplets of monomer are polymerized the then incompatible liquid
      forms vesicles in the polymer particles.
PAR  As an alternative in both the above processes, a solution of polymer may be
      used in place of the monomer, the polymer granule then being formed not by
      polymerization but by extraction of the solvent from the dispersed
      droplets of polymer solution.
PAR  As mentioned above, the granules of the invention are particularly useful
      as components of paints, in which they may be used, for example, to
      increase the polymer solids of the coating concurrent with an increase in
      opacity of films formed therefrom and as opaque matting and texturing
      agents.
PAR  Hence we provide a paint comprising (a) film-forming vehicle (b) pigment
      dispersed therein to a pigment volume of 0 to 85% of the solids volume of
      (a) plus (b) and (c) insoluble vesiculated granules as hereinabove
      described dispersed in the vehicle at a volume concentration of 5 to 95%
      of the total solids (i.e. non-volatile volume of the paint. For the best
      results we prefer to work at volume concentrations of granules of from 25
      to 60% of the total volume. In the case of titanium dioxide the pigment
      volume is preferably 10 to 35% by volume of (a) plus (b).
PAR  By film-forming vehicle we mean film-forming polymer or precursor elements
      which on further chemical reaction produce a film-forming polymer,
      optionally dissolved or dispersed in a suitable liquid and including other
      ancillary materials, e.g. catalyst, anti-skinning agents and dispersion
      stabilisers, commonly used in coating formulations. In the dry paint film,
      the film-forming polymer, which optionally may be pigmented, provides a
      polymeric matrix in which the vesiculated granules are embedded. For
      example, the vehicle may be a solution of dispersion of film-forming
      polymer in an aqueous or organic liquid. Alternatively, the film-forming
      polymer itself may be present in the vehicle as precursor elements,
      usually at least in part polymeric, which when suitably catalysed or
      co-reacted form the film-forming polymer.
PAR  The choice of film-forming vehicle is not limited other than by the
      requirement that the vesiculated granules must be insoluble in it. For
      example, the vehicle may be an aqueous latex, for example a dispersion of
      poly(methyl methacrylate/ethyl acrylate) in an aqueous liquid in which is
      to be dispersed vesiculated granules of poly(styrene). A suitable vehicle
      for vesiculated poly (methyl methacrylate/ethylene glycol dimethacrylate)
      granules is, for example, a solution of a drying oil modified alkyd resin
      in an aliphatic hydrocarbon liquid.
PAR  As a further alternative, the granules may comprise vesiculated unsaturated
      polyester resin which has been cross-linked by reaction with e.g. styrene
      monomer, dispersed in a film-forming vehicle which consists of a solution
      of a polyepoxide compound to which is added a polyamide capable of
      reacting with the epoxide compound to form a cross-linked polymeric film.
      The polyepoxide compound and polyamide provide in the film-forming vehicle
      the precursor elements which on chemical reaction produce a film-forming
      polymer.
PAR  In general, the selection of a suitable film-forming vehicle lies within
      the normal knowledge and practices of the art.
PAR  Preferably, when the vehicle is a solution or dispersion of film-forming
      polymer in an aqueous liquid the vesicles are at least partially filled
      with an aqueous, optionally pigmented liquid. This is a matter of some
      practical importance in the application of our invention. For example, if
      the vesiculated granules are prepared by a suspension polymerization in an
      aqueous liquid the vesicles so-formed are usually at least partially
      filled with aqueous liquid and optionally pigment particles. We have
      observed that these granules can then be incorporated directly into an
      aqueous paint in the form of a slurry in the aqueous liquid without
      subjecting the granules to an intermediate drying step and this results in
      no observable loss of opacifying effect in a dry paint film; provided of
      course that the liquid is sufficiently volatile to diffuse out of the
      paint film as it dries.
PAR  Certain features of the granules we have described are particularly
      important in relation to their use in paint films. Because of the inherent
      opacifying effect of the granules, paints of reduced prime pigment content
      (e.g. titanium dioxide) can be prepared without loss of opacity and with a
      substantial saving in cost. The ability of the granules to function as
      both opacifying and matting agents is of particular value in matt and
      semi-gloss paints. Conventional paints of this type commonly contain a
      high volume concentration of pigment, a substantial proportion of which is
      low refractive index `extender` pigment. The extender pigment, e.g. silica
      or clay, is primarily responsible for the low gloss of the films but
      because of its low refractive index it can have a "window" effect instead
      of an opacifying effect on the paint film. Furthermore, the extender
      particles, which must be used in relatively high volume concentrations to
      impart low gloss to the film, appear to abraid easily on contact, so that
      the paint film is easily marred. It is a particular attribute of our
      vesiculated granules with their relatively high particle/vesicle diameter
      ratio and tough, polymeric nature that they can be used to formulate matt
      and semi-gloss paints of both high opacity and good mar resistance.
PAR  A particularly useful application of these granules is in the preparation
      of matte paints, especially matte aqueous latex paints of very low gloss.
      In this embodiment we prefer that the granules be spheroidal, with a
      diameter essentially of from 1 to 50 micron and a volume average diameter
      of from 5 to 35 micron. The volume average diameter is defined by the
      expression
EQU  .sigma. V.sup.i D.sup.i
PAL  where V.sup.i is the volume fraction of all particles of diameter D.sup.i
PAR  By essentially of from 1 to 50 micron we mean that there may be present a
      minor proportion, not more than 10% by weight of granules outside of these
      limits although preferably no particles (other than trace impurities)
      shall have a diameter of greater than 70 micron. For the purpose of
      calculating the above composition limits, any granules having a diameter
      of less than 1 micron are considered to be pigment particles. To achieve
      maximum utilisation of granules we prefer that they shall be essentially
      non-porous with respect to the film-forming polymer in which they are to
      be incorporated.
PAR  Bearing in mind that the above described vesiculated granules are somewhat
      similar in size and function to the extender pigments hitherto used as
      matting agents in flat paints, it has been proposed that they should be
      considered, in deriving satisfactory paint formulations as "extender
      pigment" and that the existing criteria which limit paint formulations
      would still hold if this assumption was made. Surprisingly we have now
      discovered that this is not so and we now disclose preferred highly opaque
      matte paints comprising vesiculated granules in which the proportions of
      ingredients are defined by new criteria which admit of compositions of
      satisfactory opacity containing much higher granule concentrations than
      would have been predicted by analogy with known paint compositions
      utilising conventional flatting agents.
PAR  In order to more clearly distinguish our preferred matte paint compositions
      we have found it desirable to consider the granules and the balance of the
      composition separately and to define the paint in terms of the composition
      of a dried film formed therefrom. The concept of relating paint
      composition to the dry film is in itself not novel, since it is implicit
      in, for example, applying the parameter of critical pigment volume
      concentration to paint formulations. An experienced formulator can, of
      course, relate the composition of the dry film to that of the parent
      liquid paint, using his knowledge of the art. The critical pigment volume
      concentration is a well-known parameter at which there is a marked
      transition in the mechanical properties of paint films and is defined, for
      example, in "Industrial and Engineering Chemistry" 41, 17, 1470 (1949),
      and is related to the relative volume concentration of pigment and
      film-forming medium often referred to as the binder, in the dry film.
PAR  A dried paint film of the type to which this invention relates consists of
      a polymeric film-forming binder, which typically includes pigment, in
      which is embedded the vesiculated polymer granules. We find it convenient
      to refer to all of the components other than the vesiculated granules as
      the `matrix` in which the granules are embedded.
PAR  Two parameters can then be applied to the composition of the paint film,
      the pigment volume concentration in the matrix (M.P.V.C.) and the granule
      volume concentration (G.V.C.) in the dry film. These parameters are
      defined as follows:
      ##EQU1##
PAR  We have now discovered that in order to achieve the best results in
      formulating matte paints of good opacity, the G.V.C. should lie within the
      range of 25 to 60 and preferably 35 to 50. At lower granule concentrations
      sheeriness and non-uniformity of appearance of the paint becomes
      increasingly evident, while at higher granule concentrations there is no
      useful increase in flatting but the film becomes progressively
      mechanically weaker. This effect appears to be largely independent of the
      pigment content of the matrix.
PAR  Within the above G.V.C. limits, a second controlling factor is the pigment
      volume concentration in the matrix. We have found that the best matte
      paint films of high opacity and film integrity lie within the limits of
      5-35% M.P.V.C. Such films have a low porosity and good re-coating
      properties.
PAR  For some purposes, for example in ceiling paints, some scrub-resistance can
      be sacrified to achieve very low gloss. We have now found that paints of
      this type with gloss levels lower than 10 units (85.degree. gloss head)
      can be prepared by working at M.P.V.C. values of up to about 75%. In
      particular, when the M.P.V.C. exceeds the critical M.P.V.C. (the
      `conventional` critical pigment volume concentration with reference to the
      matrix composition) the paint films have outstanding hiding power. At
      lower values of M.P.V.C. the opacity is significantly reduced and at
      higher than about 75% M.P.V.C. the films are usually too low in scrub
      resistance to be useful. The upper limit of 75% depends to a degree on the
      nature of the particular matrix and remembering that acceptable scrub
      resistance is a subjective judgement, the upper limit for a particular
      formula may well lie within the region of from 72-78%.
PAR  In general, we have found that to ensure optimum opacity and satisfactory
      mechanical strength in these paints, the granules should comprise about
      20-60% by volume of vesicles and relating this to our preferred G.V.C.
      limits of 35-50% this means that the dry film will contain from about 7 to
      less than about 30% by volume of vesicles provided by the granules.
PAR  The paints are readily prepared by stirring granules into the paint
      vehicle, which consists of the matrix in solution or disperse form in a
      suitable volatile liquid.
PAR  The vesiculated polymer granules of this invention may be incorporated in
      polymer to be formed into film by casting, extrusion or other processes.
      Where the film is to be cast from a solution of the polymer the granules
      must not be dissolved by the solvent of the solution. Where the film is to
      be formed by extrusion the polymer of the granules must have a softening
      point above the extrusion temperature. Granules of thermoset or
      cross-linked polymer are particularly useful in proportions of up to 25%
      by volume of the film. Preferably the granules are from 1 - 50 micron in
      diameter. The vesiculated granules may also be incorporated in bulk
      polymer in the form of castings, mouldings and extrusions in proportions
      of up to 60% by volume of the castings, mouldings, or extrusions. The
      vesiculated granules, preferably of diameters less than 50 micron, may be
      used as filler in paper manufacture.
DETD
PAR  The invention is illustrated by the following examples in which all parts
      are given by weight.
PAC  EXAMPLE 1
PAR  Preparation of vesiculated poly(styrene) granules with a volume average
      diameter of about 15 micron and containing approximately 50% by volume of
      one micron aqueous vesicles. A block of vesiculated poly(styrene) is first
      formed and then ground to the required granule size.
PAR  A surface active agent was prepared by reacting 19.7 parts of a solid
      copolymer of styrene/4-vinyl pyridine (42.9/2.5 by weight), 79.0 parts of
      propane sultone in a reaction vessel for three hours at 105.degree.C.
PAR  To 22.0 parts of the above solution was added 22.0 parts of styrene and 1.1
      parts of azodiisobutyronitrile. To this mixture was added slowly with
      continual high speed mechanical mixing 54.9 parts of a 2% aqueous solution
      of a grade of hydroxyethyl cellulose which, as a 1% solution in water had
      a viscosity of about 200 poise at 25.degree.C.
PAR  A white, viscous emulsion of aqueous liquid in styrene was formed and this
      polymerized on heating at 95.degree.C for five hours to a block of
      vesiculated poly(styrene) in which the vesicles were filled with the
      aqueous liquid. The polymeric block was broken up and ground in water in a
      laboratory pebble mill until the volume average diameter of the granules
      determined by microscopic examination was approximately 15 micron. The
      average vesicle diameter was similarly estimated to be about 1 micron and
      the calculated vesicle volume 50% of the granules. Although of somewhat
      irregular structure, the granules were of a broadly chunky or spheroidal
      shape.
PAR  The suspension of granules in water from the mill was concentrated by
      filtration to a solids content of 30.2% by weight (determined by heating
      for 60 minutes in an air oven at 150.degree.C) to provide a slurry of
      granules indentified as Granules Slurry No. 1.
PAC  EXAMPLE 2
PAR  Preparation of vesiculated polymer granules similar to those of example 1
      but in which the vesicles comprise aqueous liquid and r-titania pigment.
PAR  A suspension of vesiculated granules in water was prepared by the general
      method of example 1 but replacing the 54.9 parts of 2% hydroxy ethyl
      cellulose of that example with a suspension of 38 parts of r-titania
      pigment in a mixture of 1.12 parts of sodium hexametaphosphate, 1.1 parts
      of hydroxyethyl cellulose (viscosity grade as example 1) and 62 parts of
      water.
PAR  The volume average diameter of the granules was estimated by microscopic
      examination to be about 15 micron and the shape similar to the granules of
      example 1. Electron micrographs confirmed the presence of r-titania within
      the vesicles, which had an average diameter of approximately 1 micron and
      maximum diameter less than 5 micron. The pigment volume concentration in
      the vesicles was estimated to be about 13% and the vesicle volume was
      approximately 52% of the total granule volume.
PAR  The suspension was concentrated to a solids content of 39.5% by filtration
      to provide a slurry of granules identified as Granules Slurry No. 2.
PAC  EXAMPLE 3
PAR  In this example is described the preparation of vesiculated polystyrene
      granules by the emulsification of water droplets in styrene in the
      presence of a stabiliser, and the subsequent emulsion polymerization of
      the styrene in an aqueous phase.
PAR  A latex of a 95/5 styrene/dimethyl-amino-ethyl-methacrylate (DMAEM)
      copolymer quaternised with benzyl chloride (10.4 parts) in water (51
      parts) stabilised with cetyl trimethyl ammonium bromide (0.53 parts) was
      mixed, using a high speed stirrer, with styrene (32 parts), divinyl
      benzene (3.6 parts), azodiisobutyronitrile (1.3 parts), sorbitan
      monostearate (3.0 parts), to produce a dispersion of water in monomer in
      which the disperse phase particles were about 2 micron in diameter and
      essentially free of particles greater than 3 micron diameter.
PAR  This dispersion was then emulsified in an aqueous phase consisting of
      partially hydrolysed poly(vinyl acetate) comprising approximately 20% of
      residual vinyl alcohol units and with a wt. avg. molecular weight of about
      125,000  (50 parts of a 10% by weight solution in water), hydroxy ethyl
      cellulose (50 parts of a 2.5% by weight solution in water) and water (165
      parts) using a conventional stirrer so as to avoid breakdown of the water
      in monomer dispersion. The emulsified particles of water-containing
      monomer were of diameter approximately 15 micron. The emulsion was heated
      in a closed pressure vessel at 90.degree.C for three hours in a water bath
      to polymerize the particles of monomer. The resulting vesiculated polymer
      granules were added to water (45 parts), agitated and then allowed to
      settle to be recovered by decantation. Porosity measurements indicated
      that each granule had a vesicle volume of 21% of the total volume of the
      granule. It was confirmed that the average diameter of the granules and
      the average diameter of the vesicles were substantially the same as the
      average diameters of the emulsified water in monomer particles and
      disperse water particles respectively.
PAR  The granule diameter may be varied by varying the rate of stirring. At
      lower rates of stirring granules of diameter up to 500 micron were
      obtained with vesicle size 2 - 3 micron. The larger size granules
      contained a higher volume of vesicles, up to 60% by volume in the case of
      granules of diameter 500 micron. At a higher rate of stirring the granule
      size was reduced to about 5 micron with a corresponding reduction in
      vesicle size. The volume of vesicles in the granules may also be varied by
      varying the proportion of water dispersed in the monomer.
PAC  EXAMPLE 4
PAR  In this example there is described the preparation of vesiculated
      polystyrene granules in which pigment has been incorporated into the
      vesicles.
PAR  Rutile titanium dioxide (30 parts) was efficiently dispersed in water (20
      parts) in the presence of sodium hexametaphosphate (0.4 part). Sufficient
      water was then added to this dispersion to provide the relative volume of
      pigment, based on the total volume of pigment and water, required in the
      final vesicle. In this case the pigment content of the vesicle was to be
      10% by volume and the above dispersion (25.2 parts) was mixed with water
      (10 parts) to provide this pigment content, together with 0.880 ammonia (1
      part).
PAR  23 parts of 95/5 styrene/hydroxyethyl methacrylate copolymer in which each
      hydroxyl group had been reacted with maleic anhydride to produce a half
      ester, were dissolved in a mixture of azodiisobutyronitrile (1.3 parts),
      styrene (32 parts), and divinyl benzene (3.6 parts), and into the produce
      was emulsified the above aqueous pigment dispersion using a high speed
      stirrer. The resulting emulsion was then emulsified in an aqueous phase
      consisting of a partially hydrolysed poly(vinyl acetate) according to
      example 3 (50 parts of 10% by weight solution in water), hydroxyethyl
      cellulose (50 parts of a 21/2% by weight solution in water) and water (165
      parts) using a conventional stirrer. The final emulsion was polymerized in
      a closed pressure vessel heated at 90.degree.C for three hours in a water
      bath. The resulting spheroidal pigmented granules were washed and
      decanted. The average granule diameter was estimated to be 12 micron with
      a maximum diameter of 18 micron and the average vesicle diameter to be 2
      micron. The vesicle volume was found to be 34% based on the total volume
      of granule.
PAR  It was confirmed by the use of the scanning electron microscope that
      pigment was present in the vesicles.
PAR  Repeating this process but varying the pigment content of the vesicle,
      suitable adjustment of the proportion of titanium dioxide in the initial
      pigment dispersion and varying the average granule and vesicle diameters
      by adjustment of the rates of stirring employed, granules with the
      following characteristics were prepared:
     Average  Average                                                          

     granule  vesicle    Vesicle    Pigment content                            

     diameter diameter   volume     as % of vesicle                            

     micron   micron     %          volume.                                    

     ______________________________________                                    

     14       3          27         0.5                                        

     15       3          23         1.1                                        

     18       3-4        25         7.5                                        

     15       3          22         5.0                                        

     12       2          20         10.0                                       

     20       4-5        16         26.5                                       

     22       4          12         40.0                                       

     20       4          25         11.0                                       

     ______________________________________                                    

PAR  The results in the table above show that by adjusting the manufacturing
      procedure pigment loadings of up to 40% by volume could be introduced into
      the vesicles of these granules, all of the vesicles having maximum
      diameters of less than 20 micron. The particle/mean  vesicle dia. ratios
      of samples 1, 3 and 6 of the table were measured photomicrographically to
      be approximately 5/1, although the ratios calculated from the estimated
      average granule and vesicle diameters were marginally lower.
PAC  EXAMPLE 5
PAR  In this example there is described the preparation of vesiculated
      polystyrene granules in which the polymer has been pigmented.
PAR  Rutile titanium dioxide (13.6 parts) was efficiently dispersed in a mixture
      of divinyl benzene (3.6 parts) and styrene (32 parts) in which had been
      dissolved 23 parts of the copolymer half-ester described in example 4.
      Azodiisobutyronitrile (1.3 parts) was then added to the dispersion and the
      dispersion emulsified with wtaer (22 parts) and 0.880 ammonia (1 part)
      using a high speed stirrer.
PAR  The resulting emulsion was then emulsified in an aqueous phase containing a
      partially hydrolysed poly(vinyl acetate) according to example 3 (50 parts
      of a 10% by weight solution in water), hydroxyethyl cellulose (50 parts of
      a 21/2% by weight solution in water) and water (165 parts) with a
      conventional stirrer. This emulsion was polymerized at 90.degree.C for
      three hours in a closed pressure vessel.
PAR  The resulting vesiculated polystyrene granules were washed in water by
      decantation.
PAR  The granules contained 5% of pigment by volume based on the volume of
      polymer in the granule and the use of the scanning electron microscope
      confirmed that the the pigment was present in the polymer rather than in
      the vesicles.
PAR  It was estimated that the average granule diameter was 22 micron, the
      average vesicle diameter was 4 micron and the maximum vesicle diameter was
      less than 12 micron. The vesicle volume of the granules was 16% based on
      the total granule volume.
PAR  The process was repeated using different amounts of titanium dioxide and
      stirring speeds to give granules with the following characteristics:
PA1  Sample 1 : Average granules diameter 15 micron, average vesicle diameter
      approximately 3 micron, vesicle volume 20%, maximum vescile diameter 8
      micron, polymer 0.27% pigment by volume.
PA1  Sample 2 : Average granule diameter 30 micron, average vesicle diameter 3
      micron, vesicle volume 18%, maximum vesicle size about 10 micron, polymer
      25% pigment by volume.
PAC  EXAMPLE 6
PAR  In this example there is described the preparation of vesiculated
      poly(styrene) granules with a volume average diameter of about 15 micron
      and in which both the vesicles and the polymer contain r-titania pigment.
PAR  A surface active agent was prepared by reacting a styrene/methacrylic acid
      copolymer (25.8/0.74 by weight) with 0.4 parts of a condensate of
      epichlorhydrin and diphenylolpropane which had an epoxide equivalent of
      about 190 and a viscosity of 125 poise at 25.degree.C. The agent was
      prepared as a 32.9% by weight solution in styrene which had a viscosity of
      6.6 poise at 25.degree.C.
PAR  Using a high-speed mixer, 25.0 parts of r-titania pigment were dispersed
      into a mixture of 17.5 parts of the above solution and 12.5 parts of
      styrene to give dispersion (a).
PAR  A suspension of 22.5 parts of r-titania pigment in a mixture of 18.9 parts
      of water and 3.6 parts of triethanolamine was emulsified into dispersion
      (a) using a high-speed mixer, to form a viscous, white emulsion,
      dispersion (b).
PAR  Dispersion (b) was added in bulk to a solution of 0.45 parts of
      hydroxyethyl cellulose (viscosity grade as in example 1 ) and 0.6 parts of
      an 88% hydrolysed grade of poly(vinyl acetate) of weight average molecular
      weight approximately 125,000 in 69.95 parts of water. The mixture was
      mechanically stirred at a rate which formed in 3 minutes emulsified
      particles of dispersion (b) having a volume average particle diameter of
      about 15 micron; dispersion (c).
PAR  To dispersion (c) was added 0.75 parts of azodiisobutyronitrile and the
      styrene polymerized by heating the charge to 70.degree.C in a reaction
      vessel fitted with a stirrer and reflux condenser, for ten hours. The
      charge was then diluted with 2000 parts of water and allowed to settle for
      two days. The sedimented granules were concentrated to an aqueous slurry
      of 34.2% by weight solids content as determined by the method of example
      1.
PAR  Microscopic examination of the granules confirmed the presence of r-titania
      in both the polymer and the vesicles, the volume average diameter of the
      granules being approximately 15 micron.
PAR  It was estimated that the granules contained approximately 30% by volume of
      vesicles and that the vesicles contained of the order of 15% by volume of
      r-titania, The average vesicle size was estimated by microscopic
      examination of dispersion (b) to be about 1 micron and the maximum vesicle
      diameter about 3 micron.
PAC  EXAMPLE 7
PAR  In this example there is described the preparation of vesiculated
      unsaturated polyester/styrene granules by a method similar to that used in
      example 3.
PAR  To 30 parts of a 58% solution in styrene of an unsaturated polyester based
      on fumaric acid, phthalic anhydride and propylene glycol (approximately
      3:1:4 by mole) was added 1.8 parts of an 86/14 copolymer of vinyl acetate
      and dimethylaminoethyl methacrylate quaternised with benzyl chloride, and
      0.6 parts of benzoyl peroxide. Water (15 parts) was added to this solution
      using a highspeed stirrer to produce a dispersion of water droplets in the
      polymer solution, in which the disperse phase water droplets had a maximum
      diameter of 4 micron.
PAR  The dispersion was then emulsified into an aqueous phase consisting of a
      partially hydrolysed poly(vinyl acetate) according to example 3 (20 parts
      of a 13.6% by weight solution in water,) hydroxyethyl cellulose (100 parts
      of a 2.25% by weight solution in water) and water (230 parts) to give
      emulsified particles of water-containing polyester/styrene droplets of
      average diameter 25 micron. The emulsion was heated in a closed pressure
      vessel at 90.degree.C for 5 hours. The resulting vesiculated polymer
      granules were washed with water and recovered by settling.
PAR  The vesicles in the granules occupied approximately 40% of the total volume
      of the granules, and had an average diameter of approximately 3 micron.
      The average granule diameter was 25 micron.
PAR  On repeating the process and incorporating pigment in the vesicle by the
      process of example 4, granules were obtained having the following
      characteristics; granule diameter 40 micron, average vesicle diameter 5
      micron, vesicle volume 15.9%, pigment content 10% of vesicle volume. In
      both samples the maximum vesicle diameter was less than 12 micron.
PAC  EXAMPLE 8
PAR  This example describes the preparation of vesiculated epoxy-amide granules
      using a method similar to that described in example 3 but in which water
      has been replaced by aliphatic hydrocarbon.
PAR  100 parts of the liquid epichlorhydrin condensate used in example 6 were
      well mixed with 100 parts of a liquid polyamide having free amine groups
      (amine value 400 equivalent mgms KOH/gm.) In the resulting liquid was
      finely dispersed a solution of 1:1 graft copolymer of methyl methacrylate
      backbone of molecular weight 5000 and side chains of polyhydroxystearic
      acid molecular weight 1500(12.3 parts of a 32.5% solution in aliphatic
      hydrocarbon) and then aliphatic hydrocarbon (b.p. 130.degree.C) (62
      parts).
PAR  This dispersion was then itself dispersed in a mixture of aliphatic
      hydrocarbon (300 parts) and graft copolymer as used above (9.24 parts) to
      produce aliphatic hydrocarbon-containing droplets of epoxy-amide resin of
      average diameter 10-20 micron. The emulsion was agitated for 2-3 hours to
      maintain discrete droplets during polymerization at room temperature.
PAR  The resulting vesiculated granules were separated and it was estimated that
      the average vesicle diameter was 1 micron and the average granule diameter
      was 10-20 micron. The granules comprised about 25% by volume of vesicle of
      maximum diameter less than 3 micron.
PAC  EXAMPLE 9
PAR  This example describes the preparation of vesiculated cellulose acetate
      butyrate granules.
PAR  5 parts of white spirit were added to a solution of 10 parts of cellulose
      acetate butyrate in 90 parts ethyl acetate. The solution was then
      dispersed in an aqueous phase consisting of water (16.5 parts) a partially
      hydrolysed poly(vinyl acetate) according to example 3 (50 parts of a 10%
      solution in water), hydroxy ethyl cellulose (50 parts of a 21/2% solution
      in water), and ethyl acetate (26.5 parts).
PAR  The dispersion of the cellulose acetate butyrate solution was diluted with
      a larger quantity of water to leach out ethyl acetate whereupon the white
      spirit precipitated out in the cellulose acetate butyrate to form small
      vesicles.
PAR  The vesiculated granules were isolated and estimated to have an average
      vesicle diameter of 1 micron and an average granule diameter of 5-10
      micron. The granules contained about 40% by volume of vesicles which had
      substantially uniform diameters of about 1 micron.
PAC  EXAMPLE 10
PAR  In this example is described the preparation of vesiculated methyl
      methacrylate copolymer granules by the dispersion of water droplets in a
      methyl methacrylate copolymer solution and the subsequent emulsification
      of this dispersion into a water phase, and extraction of the solvent.
PAR  16.2 parts of an 86/14 copolymer of methyl methacrylate and dimethyl amino
      ethyl methacrylate quaternised with benzyl chloride, were dissolved in
      toluene (40.0 parts). The solution was added to water (50.0 parts) using a
      high dispersion speed stirrer to produce a dispersion of water droplets in
      the polymer solution in which the disperse phase water particles had a
      maximum diameter of 4 micron.
PAR  This dispersion was emulsified in an aqueous phase consisting of a
      partially hydrolysed poly(vinyl acetate) according to example 3 (11 parts
      of a 13.6% by weight solution in water), hydroxy ethyl cellulose (55 parts
      of a 2.25% by wt. soln. in water) and water (133 parts) using a
      conventional stirrer. The emulsified particles of water-containing polymer
      solution were of average diameter approximately 35 micron. The toluene was
      extracted from the particles by stirring the emulsion with an aliphatic
      hydrocarbon (500 parts), and the resulting vesiculated polymer granules
      diluted with water (4000 parts) recovered by decantation and dried.
      Porosity measurements indicated that the granules had a vesicle volume of
      61% of the total volume of the granules. The maximum diameter of the
      vesicles was 4 micron and the average granule diameter was approximately
      25 micron.
PAC  EXAMPLE 11
PAR  The process of example 10 was repeated but instead of the methyl
      methacrylate copolymer, a commercial grade of chlorinated rubber was used.
      The vesicles occupied 39% of the total granule volume, and had a maximum
      diameter of 10 micron. The average granule diameter was 20 micron and the
      average vesicle diameter about 4 micron.
PAC  EXAMPLE 12
PAR  In this example granules were prepared by the process of example 10 but
      instead of the methyl methacrylate copolymer, a commercial grade of
      vinylidene chloride acrylonitrile copolymer was used, and instead of
      toluene, a mixture of amyl acetate and methyl ethyl ketone (120 parts of a
      1:1 mixture) was used. Triethanolamine (0.5 parts) was added to the water
      dispersed into the polymer solution. Instead of being extracted the
      acetate and ketone were distilled off. The vesicles in the granules
      occupied approximately 30% of the total granule volume, and had a maximum
      diameter of 20 micron. The average granule diameter was 60 micron and the
      average vesicle diameter about 11 micron.
PAC  EXAMPLE 13
PAR  In this example is described the preparation of vesiculated styrene
      copolymer granules by a process similar to that given in example 10, but
      extracting the solvent by dilution with an excess of water. By dispersing
      a large quantity of water into the polymer solution highly vesiculated
      granules were obtained.
PAR  40 parts of a 92/8 copolymer of styrene and dimethyl amino ethyl
      methacrylate quanternised with benzyl chloride were dissolved in butyl
      acetate (100 parts) and water (300 parts) was slowly added using a
      highspeed mixer to produce a dispersion of water droplets in the polymer
      solution.
PAR  This dispersion was emulsified in an aqueous phase consisting of a
      partially hydrolysed poly(vinyl acetate) according to example 3, (28 parts
      of a 13.6% by weight solution in water), hydroxy ethyl cellulose (140
      parts of 2.25% by weight solution in water, water (332 parts) and butyl
      acetate (6 parts) to give emulsified particles of water-containing polymer
      solution of average diameter 200 micron. Butyl acetate was extracted from
      the particles by diluting the emulsion with water (3000 parts), and the
      resulting vesiculated granules were allowed to settle, recovered by
      decantation and dried. Porosity measurements indicated that the granules
      had a vesicle volume of 76% of the total volume of the granules. The
      maximum diameter of the vesicles was 5 micron, and the average granule
      diameter was approximately 150 micron.
PAR  The process was repeated but the amounts of styrene copolymer and butyl
      acetate in the initial solution, and the amounts of water dispersed into
      the solution were those listed below. Furthermore, the water-containing
      polymer solution was emulsified into an aqueous phase consisting of
      hydroxyethyl cellulose (25 parts of a 2.25% by weight solution in water),
      water (275 parts) and butyl acetate (3 parts). The average granule
      diameter, the maximum vesicle diameter and the vesicle volume
      concentration of the granules obtained were as follows:
TBL  Parts  Parts    Parts     Average                                         

                                      Maximum                                  

                                             Vesicles                          

     Styrene                                                                   

            butyl    water     granule                                         

                                      vesicle                                  

                                             vol. of                           

     Copolym.                                                                  

            acetate  dispersed dia.   dia.   granules                          

     ______________________________________                                    

     6.7    40.0     133       150    10     89%                               

                               micron micron                                   

     5.0    42.0     150        75    20     96%                               

                               micron micron                                   

     ______________________________________                                    

PAR  The vesiculated granules having a vesicle volume of 96% were extremely
      fragile. The average vesicle diameters were 7 and 13 micron respectively.
PAC  EXAMPLE 14
PAR  In this example is described the preparation of vesiculated poly
      (cyclohexylmethacrylate) granules by a process incorporating elements of
      examples 3 and 12.
PAR  11.5 parts of a 92/8 copolymer of cyclohexylmethacrylate and dimethyl amino
      ethyl methacrylate quaternised with benzyl chloride and
      azodiisobutyronitrile (11 parts) were dissolved in a mixture of cyclohexyl
      methacrylate (36 parts) and toluene (40 parts), and water (70 parts) was
      slowly added using a high-speed mixer to produce a dispersion of water
      droplets in the polymer solution.
PAR  The dispersion was then emulsified into an aqueous phase consisting of a
      partially hydrolysed poly(vinyl acetate) according to example 3 (20 parts
      of a 13.6% by weight solution in water), hydroxyethyl cellulose (100 parts
      of a 2.25% by weight solution in water) and water (230 parts) to give
      emulsified particles of water-containing polymer solution of average
      diameter 20 micron. The emulsion was heated in a glass vessel fitted with
      stirrer and condenser, and the toluene was slowly removed by distillation
      over a period of 4 hours. Polymerization of the monomer occurred
      simultaneously.
PAR  The resulting polymer granules were diluted with water allowed to settle
      and recovered by decantation. Porosity measurements indicated that the
      granules had a vesicle volume of 15% of the total volume of the granules.
      The maximum diameter of the vesicles was 4 micron with a mean diameter of
      under 2 micron and the average granule diameter was approximately 10
      micron.
PAC  EXAMPLE 13
PAR  This example describes the preparation of vesiculated methyl methacrylate
      copolymer granules by the dispersion of aqueous droplets in a methyl
      methacrylate copolymer solution and the subsequent emulsification of this
      dispersion into a water phase and extraction of the solvent. The vesicles
      contain the fungicide sodium pentachlorphenate.
PAR  A slurry of vesiculated granules was prepared by the general method of
      example 10 but replacing all of the water of that example with an equal
      weight of a 2% solution in water of sodium pentachlor phenate. The slurry
      was allowed to settle, the supernatant liquid was decanted and the
      granules washed and dried. The maximum diameter of the vesicles was about
      5 micron and the average granule diameter approximately 25 micron. The
      vesicle volume of the granules was estimated to be about 60% of the total
      granule volume.
PAR  A slurry of the granules in distilled water was allowed to stand for 24
      hours and the presence of sodium pentachlor phenate leached into the water
      confirmed analytically. The granules were transferred into a fresh
      quantity of distilled water and the process repeated. After several days,
      sodium pentachlor phenate continued to leach from the granules into the
      freshly added water. That is, despite the high solubility of sodium
      pentachlor phenate in water, its availability was modified by placing the
      phenate within the vesicles of the granules.
PAC  EXAMPLE 16
PAR  Preparation of an aqueous latex coating composition comprising vesiculated
      granules from example 1. The pigment volume of the composition is 30% and
      the volume of vesiculated granules 86%; as defined above.
PAR  A mill-base was prepared by blending together for 30 minutes in a
      high-speed mixer the following components:
TBL  r-titania                8.4 parts                                        

     25% (w/w) aqueous solution                                                

     of a commercial anionic                                                   

     polymeric surface active agent                                            

                              0.4 parts                                        

     1,2-propylene glycol     2.9 parts                                        

     commercial anti-foaming agent                                             

     (sodium salt of condensed                                                 

     aryl sulphonic acid)     0.1 parts                                        

PAR  To the mill-base so-prepared were added with stirring and in the order
      given, the following:
TBL  aqueous acrylic copolymer latex,                                          

     46.5% solids (wt.) and particle                                           

     diameter approximately 0.4 micron                                         

                             12.20    parts                                    

     quaternary ammonium type anti-                                            

     microbial agent         0.04     part                                     

     water                   1.30     parts                                    

     ethylene glycol mono-n-butyl ether                                        

                             0.60     part                                     

     di-octadecyl sodium sulphosuccinate                                       

                             0.04     part                                     

     granules of example 1   74.00    parts                                    

PAR  The paint so-prepared was brushed out onto a coloured non-porous substrate
      and dried to a white, opaque film. the opacity was greater than that
      associated with a similar film of the same overall composition and pigment
      content but containing no vesiculated granules.
PAC  EXAMPLE 17
PAR  Preparation of an aqueous latex coating composition comprising vesiculated
      granules from example 2. The pigment volume of the composition is 33% and
      the volume of vesiculated granules 88%; as defined above.
PAR  A mill-base was prepared by blending together for 30 minutes in a
      high-speed mixer the following components:
TBL  r-titania                7.0 parts                                        

     25% (w/w) aqueous solution of                                             

     sodium hexametaphosphate 0.1 part                                         

     water                    2.1 parts                                        

PAR  To the mill-base so-preared were added with stirring and in the order
      given, the following:
TBL  anionically stabilised acrylic                                            

     copolymer latex solids 46.5%                                              

     and particle size approximately                                           

     0.1 micron              8.5     parts                                     

     water                   7.1     parts                                     

     granules of example 2   75.2    parts                                     

PAR  The paint so-prepared was brushed out onto a coloured, non-porous substrate
      and dried to a white, opaque film. The opacity was greater than that
      associated with a similar film of the same overall composition and pigment
      content but containing no vesiculated granules.
PAC  EXAMPLE 18
PAR  Preparation of an aqueous latex coating composition comprising vesiculated
      granules from example 6. The pigment volume of the composition is 29% and
      the volume of vesiculated granules 77%; as defined above.
PAR  To 79.8 parts of granules made in example 6 (aqueous slurry) was added 7.0
      parts of r-titania pigment and the mixture subjected to high-speed
      stirring for 10 minutes. The stirring speed was then reduced and 10.4
      parts of an ionically stabilised acrylic copolymer aqueous latex (solids
      46.5%, approximate particle diameter 0.1 micron) together with 2.7 parts
      of a 2.5% (w/w) aqueous solution of hydroxyethyl cellulose (viscosity
      grade as example 1) added.
PAR  The paint so-prepared was brushed out onto a coloured, non-porous substrate
      and dried to a white matte film of high-opacity.
PAC  EXAMPLE 19
PAR  A coating composition was prepared by first dispersing rutile titanium
      dioxide (62 parts) in water (160 parts) in the presence of sodium
      hexametaphosphate (0.6 part) and then mixing the dispersion with a
      commercially available acrylic latex (258 parts of a 46% solids latex; AC
      - 34 ex Rohm and Haas).
PAR  A portion of the paint was well mixed with vesiculated pigmented granules
      made according to example 4, the volume proportion of granules being equal
      to the total solids of the paint. This granule-containing paint was
      applied as a film to a glass surface and compared for opacity with a
      similar film of the paint which did not contain granules. The scatter
      coefficient was determined using the Kubelka Munk method and this
      expressed in terms of unit pigment volume concentration. In this case the
      ratio of scatter coefficient to pigment volume was 243 compared with a
      ratio of 137 for the standard paint.
PAC  EXAMPLE 20
PAR  Preparation of four matt aqueous latex paints comprising different
      vesiculated polymer granules.
PAR  Titanium dioxide (12.1 parts) and sodium hexametaphosphate (0.06 part) were
      added to an aqueous slurry of vesiculated granules (66.4 parts, granule
      content 18%) and the mixture stirred with a high-speed mechanical disc
      agitator for 30 minutes. Silica (0.84 part) and 1,2-propylene glycol (3.40
      parts) were added and stirring continued for 10 minutes, when the stirring
      speed was lowered to reduce aeration and an aqueous latex of acrylic
      copolymer (17.2 parts, 46.5% copolymer) added. (Rhoplex AC - 35 of Rohm
      and Haas Co., "Rhoplex" being a registered trade mark).
PAR  The paints differed in using granules of the following characteristics,
      granules (a) being a preferred type:
TBL             Paint Sample                                                   

     Vesiculated                                                               

                (a)   (b)   (c)     (d)                                        

     granules   micron                                                         

                      micron                                                   

                            micron  micron                                     

     __________________________________________________________________________

     Approx. diameter                                                          

                1-48  1-128 1-45    1-45                                       

     Vol. average dia.                                                         

                25    20    approx. 3                                          

                                    25                                         

     Vesicle dia.                                                              

                approx. 1                                                      

                      approx. 1                                                

                            approx. 0.5                                        

                                    approx. 1.5                                

     Vesicle volume                                                            

                50%   50%   50%     50%                                        

     Elong. at break                                                           

                under under under   over                                       

     of polymer 10%   10%   10%     80%                                        

     Composition of                                                            

     polymer in granules                                                       

     titanium   10% by                                                         

                      10% by                                                   

                            10% by  10% by                                     

     dioxide    wt.   wt.   wt.     wt.                                        

     polymer    poly(meth-                                                     

                      poly(meth-                                               

                            poly(meth-                                         

                                    poly(2-                                    

                ylmethacr-                                                     

                      ylmethacr-                                               

                            ylmethacr-                                         

                                    ethyl                                      

                ylate ylate ylate   hexyl                                      

                                    acrylate/                                  

                                    divinyl                                    

                                    benzene                                    

                                    (95/5                                      

                                    by wt.)                                    

     __________________________________________________________________________

PAR  All granules had maximum vesicle diamters of less than 5 micron.
PAR  Films of each paint were applied by brush to glass panels at a spreading
      rate of approximately 600 sq.ft. per gallon and allowed to dry in air at
      25.degree.C and 50% relative humidity. All compositions formed coherent,
      dry films in less than one hour. Some properties of the dry films were as
      follows:
TBL          Sample                                                            

             (a)     (b)      (c)        (d)                                   

     ______________________________________                                    

     Surface   Uniform,  Matt,    Matt,    Matt,                               

     appearance                                                                

               matt      seedy    pronounced                                   

                                           uniform                             

                                  sheeriness                                   

     Clean-up  very      very     very     Poor                                

     properties                                                                

               good      good     good                                         

     ______________________________________                                    

PAR  Relative to paint sample (a), the film of paint sample (b) showed some
      seediness due to the presence at the surface of coarse particles of
      vesiculated granules. The paint sample (c), which contained an unduly high
      level of small diameter granules exhibited sheeriness. Although acceptable
      in other respects, the film of paint sample (d) picked up atmospheric dirt
      readily. Attempts to remove the dirt by rubbing the film with a wet cloth
      resulted in marring of the film, in which the dirt appeared to have become
      firmly embedded. Furthermore, density measurements of the dry film showed
      it to be of higher density than that predicted, which would appear to be
      due to collapse of the vesiculated granules as the film dried.
PAC  EXAMPLE 21
PAR  A coating composition was prepared by dispensing rutile titanium dioxide
      (12.1 parts) in water (5 parts) in the presence of sodium
      hexametaphosphate (0.06 parts). The dispersion was then mixed with a latex
      of a copolymer of vinyl acetate and 2-ethyl hexyl acrylate 85/15(15 parts
      of latex of 50% solids content).
PAR  To half of this coating composition was added a slurry in water of
      vesiculated granules made by the process described in example 3. (50 parts
      of slurry of 15% granule content).
PAR  To the other half of the coating composition was added a slurry of granules
      (50 parts of a slurry of 30% granule content) of the same composition and
      size but containing no vesicles.
PAR  The two samples of coating composition were brushed out at rate of 600
      sq.ft. per gallon on Morest Charts. The opacity of the film of coating
      composition containing vesiculated granules was substantially greater than
      that of the film of the other sample of coating composition.
PAR  Similar results were obtained when a latex of poly (styrene butadiene) and
      a latex of a styrene/acrylic terpolymer were used in place of the
      acetate/acrylate latex.
PAR  Comparative coating composition were also prepared by the above process
      using the same proportions of vesiculated granules according to the
      invention and prepared as described in examples 4, 5, 6, 7, 9, 10, 11, 12,
      and 14 and corresponding non-vesiculated granules. In each case a
      substantially higher degree of opacity was noted in films of compositions
      containing vesiculated granules as compared with non-vesiculated granules.
      The relative opacities of the films comprising vesiculated granules were
      determined in terms of contrast ratios in the following manner. Each
      coating composition was applied by brushing to Morest charts at the rate
      of 600 sq.ft. per gallon and the films allowed to dry hard in air of
      ambient temperature. The reflectance of incident light on portions of the
      film overlying white and black areas of the substrate were measured
      optically and the contrast ratio of the two reflectance values calculated
      as a measure of opacity. A contrast ratio of 1 corresponds under the
      condition of this test to complete obliteration of the substrate. The film
      comprising granules from example 5 had a substantially lower contrast
      ratio than that of the other film comprising vesiculated granules.
      Although the diameter of the vesicles in these granules lay within our
      preferred range of 5 micron maximum the vesicle volume was 16, which is
      below the lower limit of our preferred range of vesicle volumes.
PAR  By way of further comparison the test was repeated replacing the polymeric
      granules of example 3 with an equal volume of granules of non-vesiculated
      poly(styrene) and with barytes (a typical extender pigment) of 10-15
      micron particle diameter. The results which show the superior opacity
      conferred by the vesiculated granules, are recorded in the following
      table:
TBL  Granules            Opacity of films                                      

                    Mean                                                       

     From Pig- Vesicle                                                         

                    vesicle                                                    

                         Reflect.                                              

                              Reflect.                                         

     example                                                                   

          ment in                                                              

               %    dia. over over Contrast                                    

     No.  granules                                                             

               volume                                                          

                    micron                                                     

                         white                                                 

                              black                                            

                                   ratio                                       

     __________________________________________________________________________

     3    No   21   2    92.0 87.0 0.94                                        

     4    Yes  34   2    92.5 89.3 0.97                                        

     5    Yes  16   4    90.0 75.0 0.83                                        

     6    Yes  30   1    92.0 88.0 0.96                                        

     7    No   40   3    92.3 89.3 0.97                                        

     10   No   60   2    90.0 77.0 0.87                                        

     --*  No   --   --   86.2 68.5 0.80                                        

     barytes.sup.+                                                             

          --   --   --   84.0 65.0 0.78                                        

     __________________________________________________________________________

      *Repeat of the test using vesiculated granules according to example 3 but

      replacing those granules with an equal volume of granules of poly(styrene

      of substantially the same dimensions but free of vesicles.               

      .sup.+As above, but using barytes of particle diameter 10-15 micron in   

      place of the non-vesiculated poly(styrene) granules.                     

PAC  EXAMPLE 22
PAR  A coating composition was prepared by dispersing rutile titanium dioxide
      (12.1 parts) in water (5 parts) in the presence of sodium
      hexametaphosphate (0.06 part). The dispersion was then mixed with a latex
      of a commercial thermosetting acrylic copolymer (17 parts of latex of 46%
      solids content).
PAR  To half of this coating composition was added a slurry in water of
      vesiculated granules made by the process described in example 7 (50 parts
      of slurry of 25% granule content). Hydroxyethyl cellulose (10 parts of an
      aqueous solution of 2.25% solids content) was also added.
PAR  The coating composition was brushed out at a rate of 400 sq.ft. per gallon
      on a Morest Chart, and after allowing the film to dry at room temperature,
      it was baked at 100.degree.C for two hours.
PAR  The opacity of the film of coating composition was significantly greater
      than that of a control film prepared from a coating based on the second
      portion of the above composition in which the vesiculated granules had
      been replaced on an equal volume basis with granules of similar
      compositions and size, but containing no vesicles.
PAC  EXAMPLE 23
PAR  A coating composition was prepared according to example 22 except that the
      acrylic latex was replaced with a water soluble alkyd (15 parts of alkyd
      solution of 50% solids content), and no hydroxyethyl cellulose was added.
PAR  A film brushed onto a Morest Chart had significantly better opacity on
      drying at room temperature than a control composition in which the
      granules were replaced on an equal volume basis with granules of similar
      composition and size, but containing no vesicles.
PAC  EXAMPLE 24
PAR  A coating composition was prepared by dispersing rutile titanium dioxide
      (12.1 parts) in a non-aqueous dispersion in petrol of a 60/40 copolymer of
      ethyl acrylate and methyl methacrylate (20 parts of the dispersion of 40%
      solids content).
PAR  To half of this coating composition was added 12 parts of dry granules
      prepared by the process described in example 10 and 50 parts of petrol.
      The granules were dispersed in the composition using a high-speed stirrer,
      with the aid of sand. After removing the sand, the paint was sprayed onto
      a Morest Charat, and allowed to dry at room temperature. The film obtained
      was more opaque than a film of similar thickness prepared from a
      composition in which the vesiculated granules were replaced with the same
      volume of granules of similar composition and size, but containing no
      vesicles.
PAR  A similar result was obtained when the acrylic film-forming dispersion was
      replaced with a non-aqueous dispersion of a vinyl acetate copolymer.
PAC  EXAMPLE 25
PAR  A coating composition was prepared by dispersing rutile titanium dioxide
      (10 parts) in a soya bean oil/glycerol phthalate alkyd (50% oil length)
      solution in mineral spirits (20 parts of a 40% solution). Dry vesiculated
      unsaturated polyester/styrene copolymer granules (5 parts) prepared by the
      method given in example 7, and xylene (10 parts) were added to the
      dispersion, and the aggregates dispersed with sand using a high-speed
      stirrer.
PAR  After removal of the sand, the composition was brushed onto a Morest Chart
      at a rate of 600 sq.ft. per gallon. The opacity of this film was
      significantly higher than a film of the same thickness in which the
      vesiculated granules had been replaced by an equal volume of granules of
      the same composition and size, but containing no vesicles.
PAR  A similar result was obtained when the alkyd solution was replaced with a
      mixture of 15 parts of a solution in xylene of a 50:35:15 copolymer of
      styrene, butyl acrylate and hydroxyethyl methacrylate, of solids content
      40%, and 5 parts of a solution in xylene and butanol (1:1) of a butylated
      melamine formaldehyde resin of solids content 60%. In this case the films
      were applied to the Morest Charts by spraying, and the coated charts were
      baked at 150.degree.C for 30 minutes.
PAR  Similar results were obtained when the unsaturated polyester/styrene
      copolymer granules used in these two types of coating compositions were
      replaced by copolymer granules prepared by the method given in example 8.
PAC  EXAMPLE 26
PAR  A coating composition was prepared by dispersing rutile titanium dioxide
      into a solution in a 1:1 mixture of toluene and acetone of a 98/2 methyl
      methacrylate/methacrylic acid copolymer solution (20 parts of a 40%
      solution). Dry vesiculated unsaturated polyester/styrene copolymer
      granules (5 parts) prepared by the method given in example 7, acetone (10
      parts), toluene (10 parts) and n-benzyl butyl phthalate (5 parts) were
      added to the dispersion and the aggregates dispersed by stirring at
      high-speed with sand.
PAR  After removal of the sand, the composition was sprayed onto a Morest Chart
      and after drying the film at room temperature for one hour the coated
      chart was baked at 150.degree.C for 30 minutes. The opacity of this film
      was significantly higher than a film of the same thickness in which the
      vesiculated granules had been replaced by an equal volume of granules of
      the same composition and size, but containing no vesicles.
PAC  EXAMPLE 27
PAR  Coating compositions were prepared by mixing slurries of vesiculated
      granules (40 parts of the slurry) prepared by the method given in example
      13 with a commercial acrylic aqueous latex (20 parts of the latex of
      solids content 46%). The solids contents of the slurries and the granule
      porosities and average diameters are given in the table below:
TBL  Porosity of Average diameter Solids Content                               

     granules %  of granules.     of Slurry %                                  

     ______________________________________                                    

     76          150      micron      7.5                                      

     89          150      "           3.9                                      

     96          75       "           2.4                                      

     ______________________________________                                    

PAR  The coating compositions were spread onto wooden panels and allowed to dry.
      Textured white coatings were obtained. The coating containing the granules
      whose porosity was 96% of the total volume of the granules had
      unacceptable mechanical properties, being very easily marred. These
      granules lie outside the limits of this invention.
PAC  EXAMPLE 28
PAR  A coating composition was prepared by dispersing rutile titanium dioxide
      (25 parts) into a solution of a saturated polyester (hydroxyl content 10%)
      in ethylene glycol monoethyl ether acetate (125 parts of the solution of
      solids content 30%). Dry vesiculated granules (25 parts) prepared by the
      method given in example 7 were added to the dispersion, and the aggregates
      dispersed using sand with a high-speed stirrer.
PAR  After removal of the sand hexamethylene diisocyanate adduct (isocyanate
      content 11.5% dissolved in a 1:1 mixture of ethylene glycol acetate and
      xylene (75 parts of the solution of solids content 75%) was added. The
      coating was brushed onto a Morest Chart at a rate of 600 sq.ft. per
      gallon, and allowed to dry for 72 hours at room temperature. The opacity
      of the film was significantly higher than a film of the same thickness in
      which the vesiculated granules had been replaced by an equal volume of
      granules of the same composition and size, but containing no vesicles.
PAR  A similar result was obtained when the saturated polyester solution was
      replaced with a solution of an epoxy resin (epoxide equivalence 500) in a
      3:1 mixture of ethylene glycol monoethyl ether and xylene (125 parts of a
      solution of solids content 40%), and the hexamethylene diisocyanate adduct
      solution was replaced with a solution of a polyamide (amine value 215 mgm
      KOH per gram of polyamide) in a 1:1 mixture of methyl isobutyl ketone,
      ethylene glycol monethyl ether and xylene (50 parts of the solution of
      solids content 50%).
PAC  EXAMPLE 29
PAR  This example illustrated the preparation of paper containing vesiculated
      granules.
PAR  Dry wood pulp (10 parts) was mixed with water (190 parts) and the slurry
      beaten with a laboratory beater until uniform. A slurry of vesiculated
      granules (2 parts of the slurry of solid content 25%) prepared by the
      method given in example 7 was added, and the beating process continued for
      a further 15 minutes. The slurry was further diluted with water (800
      parts) and was fed into a paper-making machine.
PAR  The dry paper obtained had higher opacity than a similar composition in
      which the vesiculated granules had been omitted. Paper containing granules
      from example 7 in which 10% by volume of pigment was incorporated in the
      vesicles had a higher opacity, when dry, than the paper made from the
      pigment-free granules.
PAC  EXAMPLE 30
PAR  This example illustrates the preparation of a sheet of polyethylene
      containing vesiculated granules.
PAR  Polyethylene granules (98 parts) were blended with dry vesiculated granules
      (2 parts) prepared by the two method given in example 7. To fully
      incorporate the vesiculated granules the mixtures were extruded in the
      form of tubes and fed into a granulator. The products were then extruded
      in the form of opaque sheets of 1 mm thickness. The sheet comprising
      vesiculated granules from example 7 in which the vesicles contained 10% by
      volume of pigment was appreciably more opaque and brighter in appearance
      than the sheet comprising pigment free granules. A `control` sheet
      prepared in a similar manner but containing no vesiculated granules was
      essentially transparent.
PAC  EXAMPLE 31
PAR  Preparation of a film of poly(vinyl chloride) comprising vesiculated
      polymer granules.
PAR  The granules used in this example were of unsaturated polyester resin
      cross-linked by styrene. Their maximum diameter was about 12 micron, mean
      diameter 5 micron, vesicle diameter of 0.5 micron and vesicle volume 30%.
      The granules had a residual moisture content of 1.7% by weight.
PAR  The poly(vinyl chloride) was a moulding grade of powdered homopolymer with
      a K value of 57 and relative viscosity at 25.degree.C as a 0.5% by weight
      solution in ethylene dichloride of 1.4. The particle size of the powder
      was:
PA1  less than 2% retained on a 72 mesh B.S. sieve
PA2  97% retained on a 200 mesh B.S. sieve.
PAL  A mixture of
TBL  poly(vinyl chloride)  30.0    parts                                       

     tribasic lead stearate                                                    

                           0.9     "                                           

     dibasic lead stearate 0.3     "                                           

     lead stearate         0.2     "                                           

     polymer granules      7.5     "                                           

PAL  was compounded in a Brabender mixer at 225.degree.C for 7 minutes. A
      portion of this mixture was pressed into a film of thickness 250 micron at
      175.degree.C and 470 p.s.i. pressure.
PAR  A 250 micron film was prepared as a control using the same ingredients as
      above but omitting the polymer granules.
PAR  The control film was translucent, whereas the film containing vesiculated
      granules was opaque.
PAC  EXAMPLE 32
PAR  Preparation of a film of poly(vinyl chloride) similar to that of example
      31.
TBL  ______________________________________                                    

     A mixture of                                                              

     poly(vinyl chloride)as                                                    

     example 31              100.0    parts                                    

     di-iso-octyl phthalate  45.0     "                                        

     tribasic lead stearate  3.0      "                                        

     dibasic lead stearate   1.0      "                                        

     lead stearate           0.6      "                                        

     polymer granules as example                                               

     31                      40.0     "                                        

     ______________________________________                                    

PAL  was compounded in a Brabender mixer at 190.degree.C for 5 minutes. A
      portion of this mixture was pressed into a film of 200 micron thickness at
      160.degree.C and 450 p.s.i. pressure.
PAR  A 200 micron film was prepared as a control using the same ingredients as
      above but omitting the polymer granules.
PAR  The control film was translucent, whereas the film containing vesiculated
      granules was opaque.
PAR  As an indication of the usefulness of the polymer comprising vesiculated
      granules in hard, opaque castings, the tensile modulus of the film
      comprising granules was determined to be 3.45 kg. cm.sup..sup.-2 at 2%
      elongation, the corresponding figure for the control film being 0.24 kg
      cm.sup..sup.-2.
PAC  EXAMPLE 33
PAR  The effect on the properties of a paint comprising vesiculated polymer
      granules of varying the ratio of granule diameter to mean vesicle
      diameter.
PAR  Four samples of vesiculated polymer granules were prepared from unsaturated
      polyester resin cross-linked by reaction with styrene monomer by the
      general method of example 7. The granules were collected as an 11% by
      weight slurry of granules in water. The granules in each sample were
      approximately 13 micron diameter and contained 30% by volume of vesicles,
      estimated by microscopic examination of sectioned granules. The mean
      diameters of the vesicles were similarly estimated to be as follows:
TBL                              Granule vesicle                               

     Sample No. Mean Vesicle dia.                                              

                                 ratio                                         

     ______________________________________                                    

     1          0.4     micron       32.5                                      

     2          0.6     "            21.7                                      

     3          2.0     "             6.5                                      

     4          5.0     "             2.6                                      

     ______________________________________                                    

PAR  Four paints were prepared from these granules to the following composition:
TBL  granules (slurry as above)                                                

                           100.00     parts                                    

     rutile titanium dioxide                                                   

                           16.00      "                                        

     sodium hexametaphosphate                                                  

                           0.05       "                                        

     high viscosity grade hydroxy-                                             

     ethyl cellulose       0.30       "                                        

     vinyl acetate copolymer latex *                                           

                           50.00      "                                        

      * The latex used was a vinyl acetate/2-ethyl hexyl acrylate copolymer    

      (80:20 by wt.) aqueous latex of 55% by weight total solids.              

PAR  The paints were prepared in conventional manner using a high-speed stirrer
      and adding the latex last at low stirring speed.
PAR  The paints so-formed were applied to Morest charts by brushing at a
      spreading rate of about 600 sq.ft. per gallon and allowed to dry in air.
      The opacities of the dry films were compared with a set of standards which
      had been given an aribtrary rating of 0 (no opacity) to 16 (complete
      obliteration), in approximately linear increments of opacity. The results
      were as follows:
TBL  Paint from Granule No.                                                    

                           Opacity Rating                                      

     ______________________________________                                    

     1                     6-7                                                 

     2                     6                                                   

     3                     5                                                   

     4                     3-4                                                 

     ______________________________________                                    

PAR  The opacity of the paint comprising granules No. 4 was rated as being
      unacceptable. These granules conformed to the requirements of a maximum
      vesicle diameter of 20 micron and a preferred mean vesicle diameter of 5
      micron maximum but had a lower granule diameter/mean vesicle diameter
      ratio than 5:1.
PAR  Similar results were obtained when the granules were dried and then
      evaluated in an alkyd resin-based enamel of the following composition:
TBL  rutile titanium dioxide                                                   

                            56.8    parts                                      

     long oil safflower alkyd resin                                            

     (as 70% solids solution                                                   

     in mineral spirits)    90.0    "                                          

     mineral spirits        50.0    "                                          

     granules               24.3    "                                          

PAC  EXAMPLE 34
PAR  Effect of granule volume concentration on the properties of matte paints
      comprising vesiculated polymer granules.
PAR  A series of paints was prepared from the following materials:
PA1  granules - 15 micron volume average diameter and less than 30 micron
      maximum diameter cross-linked polyester resin vesiculated granules of 0.7
      micron mean vesicle diameter and 45% vesicle volume. The granules
      comprised 20% by weight of rutile titanium dioxide pigment which was
      distributed throughout the vesicles. The granules had an essentially
      continuous, non-porous polymer surface.
PA1  Latex - A commercial vinyl acetate/acrylate copolymer aqueous latex of 55%
      by weight total solids.
PAR  The paints were prepared at a range of granule volume concentrations as
      shown in the accompanying table and at a constant M.P.V.C. of 30% using
      rutile titanium dioxide as the sole pigment in the latex.
PAR  The titanium dioxide was dispersed in a 15.7% by weight slurry of the
      appropriate granules in water using a conventional sand mill and in the
      presence of 0.5% by weight of sodium hexametaphosphate, based on the
      weight of pigment. The latex was then added with slow stirring and the
      viscosity adjusted as required to give a suitable rheology for brush
      application by the addition of extra water.
PAR  The paints were tested for opacity by the method described in example 33
      and for re-coating properties by practical brushing trials on hardboard
      sheets. Uniformity of appearance of the dry films, noting in particular
      any irregularities of gloss level, was judged visually from the dry paint
      films. The scrub-resistance was measured by the American Society for
      Testing and Materials method D 2486-69T.
TBL  __________________________________________________________________________

            % Gran.                                                            

            vol.conc.                                                          

                  Uniformity  Recoat                                           

                                    Scrub *                                    

     Paint No.                                                                 

            (G.V.C.)                                                           

                  of appear.                                                   

                         Opacity                                               

                              Props.                                           

                                    Resist.                                    

     __________________________________________________________________________

     1       0    Poor,  8    Excellent                                        

                                    800                                        

                  very uneven                                                  

     2      20    Sheery 8      "   650                                        

     3      40    Good   9      "   400                                        

     4      50    Excellent                                                    

                         10-11                                                 

                              Good  250                                        

     5      60      "    9    Fair  150                                        

     6      70      "    8    Poor   50                                        

     __________________________________________________________________________

      * Scrub cycles to film failure.                                          

PAR  The results show that at a G.V.C. below and above the range of 25 to 60 the
      paints were of unacceptable appearance and mechanical properties
      respectively. Compositions within our preferred G.V.C. range of 35 to 50
      had good mechanical properties and a superior combination of appearance
      and opacity to the other paints in the series.
PAC  EXAMPLE 35
PAR  Effect of matrix pigment volume concentration on the properties of matte
      paints comprising vesiculated polymer granules.
PAR  A similar series of paints to that of example 34 was prepared from the same
      titanium dioxide pigment, granules and latex. The paints were, however,
      prepared at a constant granule volume concentration of 45% and the matrix
      pigment volume concentration (M.P.V.C.) was varied by adjusting the
      proportion of titanium dioxide dispersed therein. Testing of the paints
      was carried out as in example 34 within the following results.
TBL  ______________________________________                                    

     Paint                                                                     

     No.   M.P.V.C.  Opacity  Scrub Res Recoat Props.                          

     ______________________________________                                    

     1      3         3       500       Excellent                              

     2     10         6       400       "                                      

     3     20         7       400       "                                      

     4     30        9-10     350       "                                      

     5     40        15       200       Fair                                   

     6     50        17       100       Poor                                   

     7     80        20        10       Very poor                              

     ______________________________________                                    

PAR  The critical pigment volume concentration of the matrix was determined to
      be about 35% so that paints 5, 6 and 7 exceed this critical value. Hence
      they represent compositions in which a balance between film integrity and
      opacity has been struck in favour of high opacity. Paint 1, which lies
      below our preferred M.P.V.C. range, had very poor opacity, while paint 7,
      which exceeded our upper M.P.V.C. limit for high opacity films, showed
      unacceptably poor film integrity.
PAC  EXAMPLE 36
PAR  Effect of some granule variables on the opacity of dry paint films in which
      the granules are incorporated.
PAR  Spheroidal granules of an unsaturated polyester resin cross-linked by
      reaction with styrene monomer were prepared as a 23% by weight slurry in
      water. The granules had a volume average diameter of 13 micron (all
      granules were less than about 32 micron diameter), a vesicle volume of 50%
      and comprised vesicles of 0.5 micron mean diameter containing
      approximately 20% by volume of titanium dioxide pigment. The granules had
      an essentially non-porous outer surface and as a check on their vesicle
      volume, estimated initially from an electron microscope examination, this
      was re-calculated in the following manner.
PAR  To 34.44 parts of an acrylic latex of 46.5% by weight solids was added with
      mixing 5.22 parts of the slurry of granules. A thick film was built up on
      a glass plate by depositing with a doctor blade and drying on it
      successive layers of the above mixture. The dried film was removed from
      the glass and its density measured using a specific gravity bottle, in
      which the film was immersed in water. The results were as follows:
TBL         weight of film                                                     

                         0.6146 gm.                                            

            volume of film                                                     

                         0.556  ml.                                            

     specific gravity of solid acrylic                                         

            film-forming polymer                                               

                         1.124                                                 

PAR  The density of the granules was calculated from these figures to be 0.91
      gm. per cm.sup.3, from which their calculated vesicle volume is about 50%.
PAR  The slurry of granules was used to prepare a paint by the general method of
      example 34 using tthe following ingredients.
TBL  ______________________________________                                    

     granules slurry (as above)                                                

                           200.0 parts                                         

     titanium dioxide pigment                                                  

                           32.0  "                                             

     sodium hexametaphosphate                                                  

                           0.1  "                                              

     hydroxy ethyl cellulose                                                   

                           0.6  "                                              

     latex (as example 34) 100.0 "                                             

     ______________________________________                                    

PAR  The paint so-prepared was tested by the methods used in example 34, with
      the following results:
TBL  opacity                 9                                                 

     scrub resistance        450                                               

     recoat properties       excellent                                         

     resistance to polishing good                                              

     (rubbing of dry film)                                                     

PAR  The volume of vesicles in the dry film was estimated by the above-described
      density method, making due allowance for the presence of pigment particles
      in the vesicles (which effect the granule density but not the vesicle
      volume) and this was found to be about 20%, which is consistent with a
      fully bound paint film with a vesiculated granule content as prepared.
PAR  By way of comparison, a similar paint film was prepared in which the above
      granules were replaced on an equal volume basis by granules of similar
      size but with a vesicle volume of 75%. The measured vesicle volume of a
      dry film of this paint, which had good opacity, was about 35%. The
      resistance of the film to polishing was, however, markedly inferior to
      that of the film having the lower measured vesicle volume of 20%.
PAR  In a further comparative test, another paint was prepared replacing the
      vesiculated granules containing 20% by volume of titanium dioxide in the
      vesicles with granules similar in other respects but in which the titanium
      dioxide was omitted from the vesicles. A corresponding weight of titanium
      dioxide was, however, added to the 32.0 parts of that pigment used in
      preparing the paint. Thus the two paints had equal contents of titanium
      dioxide and differed primarily in that in one case the pigment was
      distributed between the matrix and the vesicles of the granules, whereas
      in the other, all of the pigment was present in the matrix. The opacity of
      a dry film of the latter paint was estimated to be 7, which illustrates
      the gain in opacity by utilising some of the pigment as an inclusion in
      the granule vesicles.
CLMS
STM  We claim:
NUM  1.
PAR  1. Vesiculated polymer granules, said vesiculated granules having a
      plurality of discrete internal vesicles whose walls are provided by said
      polymer, said granules having a mean diameter of 1-500 micron, the ratio
      of granule diameter to the mean vesicle diameter being at least 5:1, the
      maximum diameter of the vesicles being 20 micron and the volume of the
      vesicles being from 5-95% of the volume of the granules and further
      characterized in that the vesicles contain particulate solids at a
      concentration not exceeding 60% of the vesicle volume.
NUM  2.
PAR  2. Vesiculated polymer granules according to claim 1 in which the maximum
      diameter of the vesicles is 5 micron.
NUM  3.
PAR  3. Vesiculated polymer granules according to claim 1 in which the
      particulate solids concentration of the granules does not exceed 45% of
      the vesicle volume.
NUM  4.
PAR  4. Vesiculated polymer granules according to claim 1 in which the
      particulate solids are pigment particles.
NUM  5.
PAR  5. Vesiculated polymer granules according to claim 1 in which the polymer
      of the granules contains pigment in a volume concentration therein up to
      the critical volume concentration.
NUM  6.
PAR  6. Vesiculated polymer granules according to claim 1 in which the granules
      are spheroidal in shape.
NUM  7.
PAR  7. A paint composition comprising (a) film-forming vehicle, (b) pigment
      dispersed in the vehicle in a proportion of up to 85% of the volume of (a)
      plus (b) and (c) vesiculated polymer granules, said vesiculated granules
      having a plurality of discrete internal vesicles whose walls are provided
      by said polymer, said granules being dispersed in the vehicle in a
      proportion of from 5 to 95% of the total solids volume of the paint,
      characterized in that the vesiculated polymer granules have a mean
      diameter of 1 to 500 micron, the ratio of the granule diameter to the mean
      vesicle diameter is at least 5:1, the maximum diameter of the vesicles is
      20 micron, the vesicles occupy 5-95% of the total granule volume and the
      vesicles contain particulate solids at a concentration not exceeding 60%
      of the vesicle volume.
NUM  8.
PAR  8. A paint composition according to claim 7 in which the granules are
      dispersed in the film-forming vehicle in a proportion of from 25 to 60% of
      the total solids volume of the paint.
NUM  9.
PAR  9. A paint composition according to claim 7 in which the vesiculated
      polymer granules are spheroidal and have an essentially non-porous
      surface.
NUM  10.
PAR  10. A paint composition according to claim 7 in which the polymer of the
      vesiculated granules has an elongation at break of 40% maximum.
NUM  11.
PAR  11. A paint composition according to claim 7 in which the vesicles of the
      granules have a maximum diameter of 5 micron.
NUM  12.
PAR  12. A paint composition according to claim 7 in which the vesicles of the
      granules occupy 20-75% of the total granule volume.
NUM  13.
PAR  13. A paint composition according to claim 7 in which the vesicles of the
      polymer granules contain particulate solids at a concentration not
      exceeding 45% of the vesicle volume.
NUM  14.
PAR  14. A paint composition according to claim 7 in which the polymer of the
      vesiculated granules contains pigment at a volume concentration therein
      not exceeding the critical pigment volume concentration.
NUM  15.
PAR  15. A paint composition according to claim 7 in which the film-forming
      vehicle (a) is a solution or dispersion of film-forming polymer in an
      aqueous liquid and the vesicles of the granules are at least partially
      filled with an aqueous liquid and said pigment.
NUM  16.
PAR  16. A matt paint composition comprising (a) film-forming vehicle, (b)
      pigment dispersed in the vehicle in a proportion of up to 85% of the set
      volume of (a) plus (b) and (c) vesiculated polymer granules, said
      vesiculated granules having a plurality of discrete internal vesicles
      whose walls are provided by said polymer, said granules being dispersed in
      the vehicle in a proportion of from 5 to 95% of the total solids volume of
      the paint, characterized in that the vesiculated polymer granules are
      spheroidal with a mean diameter of 1 to 50 micron and a volume average
      diameter of from 5 to 35 micron, the ratio of granule diameter to mean
      vesicle diameter is at least 5:1, the maximum diameter of the vesicles is
      20 micron, the vesicles occupy 5-95% of the total granule volume, the
      polymer of the granules contains from zero to the critical pigment volume
      concentration of pigment and the vesicles of the granules contain pigment
      at a concentration of up to 60% of the vesicle volume.
NUM  17.
PAR  17. A matt paint composition according to claim 16 in which the
      film-forming vehicle is an aqueous latex of film-forming polymer.
NUM  18.
PAR  18. A matt paint composition according to claim 16 in which the polymer
      granules comprise about 20-60% by volume of vesicles.
NUM  19.
PAR  19. A matt paint composition according to claim 16 in which the volume of
      granules in the total volume of the paint (calculated on the composition
      of a dry film thereof) is 25-60%.
NUM  20.
PAR  20. A matt paint composition according to claim 19 in which the volume of
      granules is 35-50%.
NUM  21.
PAR  21. A matt paint composition according to claim 16 which has a high film
      integrity in which the volume of pigment in the total volume of paint
      excluding the granules (based on the composition of a dry film thereof) is
      5-35%.
NUM  22.
PAR  22. A matt paint composition according to claim 16 which as a dry film has
      a gloss (85.degree. gloss head) of 10 maximum, in which the volume of
      pigment in the total volume of the paint excluding the granules (based on
      the composition of a dry film thereof) is from the critical pigment volume
      concentration to about 75% by volume.
NUM  23.
PAR  23. A matt paint composition according to claim 16 in which the polymer of
      the vesiculated granules has an elongation at break of 40% maximum.
NUM  24.
PAR  24. A paint film comprising vesiculated polymer granules according to claim
      1.
NUM  25.
PAR  25. A paint film formed by drying a film of a paint composition according
      to claim 7.
NUM  26.
PAR  26. A matt paint film formed by drying a film of a paint composition
      according to claim 16.
NUM  27.
PAR  27. Polymer containing dispersed therein vesiculated polymer granules
      according to claim 1.
NUM  28.
PAR  28. Paper containing dispersed therein vesiculated polymer granules
      according to claim 1.
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ABST
PAL  Limit regulation system for a pressurized water nuclear reactor in
      combination with a steam generating system connected to a turbine, the
      nuclear reactor having control rods as well as an operational regulation
      system and a protective system, includes reactor power limiting means
      operatively associated with the control rods for positioning the same and
      having response values between operating ranges of the operational
      regulation system, on the one hand, and response values of the protective
      system, on the other hand, and a live steam-minimal pressure regulation
      system cooperating with the reactor power limiting means and operatively
      connected to a steam inlet valve to the turbine for controlling the same.
PARN
PAR  This is a continuation, of application Ser. No. 125,742, filed Mar. 18,
      1971, now abandoned.
BSUM
PAR  Our invention relates to limit regulation system for pressurized water
      nuclear reactors.
PAR  In nuclear power plants with pressurized water reactors, normal operation
      is assured by means of operational regulation systems. These operational
      regulation systems, on the reactor side of the power plant, are made up
      essentially of the coolant temperature regulation system and the rod bank
      position regulation system, which act on and control the position of the
      control rods and the supply and withdrawal of boron, and on the turbine
      side is made up of the generator power regulation system, by which the
      turbine valves are adjusted. These regulating systems also take care of
      relatively minor operational disturbances or mishaps. Major disturbances
      are detected so early by an additionally provided protective system that
      damage is capable of being averted by the immediate institution of
      suitable countermeasures. This protective system is formed of the reactor
      protection system and a turbogenerator protection system through which,
      upon the occurrence of major disturbances or mishaps, the turbine and
      reactor is generally shut down.
PAR  So-called "medium-size" disturbances or disruptions can occur, however,
      such as, for example, due to an inadvertent actuation of a bypass station
      by which part of the generated steam is blown down or discharged under
      pressure into a condenser due to a preheater breakdown, due to bleeding or
      withdrawal of super steam or the like, which cannot be detected by the
      normal operational regulation system or perhaps actually can no longer be
      controlled, yet does not warrant shut-down of the reactor.
PAR  It is therefore an object of our invention to provide limit regulation
      system for pressurized water reactors, at the response or actuation of
      which auxiliary measures are encountered which assist the performance of
      the operational regulation systems and thereby reduce the number of rapid
      shutdowns.
PAR  With the foregoing and other objects in view, we provide in accordance with
      the invention, limit regulation system for pressurized water nuclear
      reactor in combination with a steam generating system connected to a
      turbine, the nuclear reactor having control rods as well as an operational
      regulation system and a protective system, comprising reactor power
      limiting means operatively associated with the control rods for
      positioning the same and having response values between operating ranges
      of the operational regulation system, on the one hand, and response values
      of the protective system, on the other hand, and a live steam-minimal
      pressure regulation system cooperating with the reactor power limiting
      means and operatively connected to a steam inlet valve to the turbine for
      controlling the same.
PAR  This limit regulation system thus responds, for example, in a specific
      interval above the range which is responded to by the normal operational
      regulation system, yet below the response of the protective system. For
      example, upon the occurrence of a disturbance or perturbation an increased
      reactor power output is demanded and, upon continuance thereof, a fast
      shut-down of the reactor would have been carried out by the heretofore
      known protective system. The limit regulation system of the invention,
      however, limits the power increase by immediately inserting the control
      rods more deeply into the reactor core and consequently reducing the power
      to such extent that the disturbances are eliminated.
PAR  In accordance with another feature of the invention, such reactor power
      limit regulation system is made functionally dependent upon the
      measurement of neutron flux and, in fact, either upon the local or mean
      value measurements within the reactor or measurements outside the reactor.
PAR  In accordance with a further feature of the invention, the reactor power
      limit regulation system is made functionally dependent upon the boiling
      point difference. Also, in this case, integral or local criteria are
      employed.
PAR  In accordance with yet another feature of the invention, the live
      steam-minimal pressure regulation system cooperating with the reactor
      power limit regulation system is provided with means for transmitting a
      shut-down command to the turbine inlet valve when a predetermined limit
      value of the live steam pressure is exceeded.
PAR  Other features which are considered as characteristic for the invention are
      set forth in the appended claims.
PAR  Although the invention is illustrated and described herein as embodied in
      limit regulation system for pressurized water nuclear reactors, it is
      nevertheless not intended to be limited to the details shown, since
      various modifications and structural changes may be made therein without
      departing from the spirit of the invention and within the scope and range
      of equivalents of the claims.
DRWD
PAR  The construction and method of operation of the invention, however,
      together with additional objects and advantages thereof will be best
      understood from the following description of specific embodiments when
      read in connection with the accompanying drawing, in which:
PAR  FIG. 1 is a schematic diagram of the operational and limit regulation
      systems for a pressurized water reactor according to the invention;
PAR  FIG. 2 is a chart for the graduation or staggering of the various
      regulation and protection systems; and
PAR  FIG. 3 is a plot diagram of the power curve of reactor and generator under
      the control of the limit regulation systems.
DETD
PAR  Referring now to the drawing and first particularly to FIG. 1 thereof,
      there is shown therein the various regulation systems for the entire
      nuclear power plant. The nuclear part thereof is formed of the reactor R
      and the primary side of the steam generator SG while the steam power plant
      part thereof is formed of the secondary side of the steam generator SG,
      the turbine T with the electrical generator G and the condenser C coupled
      thereto, with feedwater being returned from the latter to the steam
      generator SG.
PAR  The operational regulation systems are represented as generator power
      regulation system PR and coolant temperature regulation system TR. The
      delivered power of the entire power plant is adjusted by the generator
      power regulation system PR which uses the hydraulic control drives IV of
      the turbine inlet valve as control members. The reactor power follows the
      generator power with the coolant circulatory loop delay. Therefore in the
      case of pressurized water reactors, it is unnecessary to determine and
      regulate the reactor power proper. Due to the large thermal storage
      capacity of the primary coolant loop it is rather of advantage to control
      constantly and independently of load the coolant temperature of the
      reactor at a mean value. This is effected by means of the coolant
      temperature regulation system TR, which is used through the rodbank
      position regulation system RPR of the control rods CR of the reactor as
      control members.
PAR  With the aforedescribed regulation devices it is essentially possible to
      carry out all guaranteed load changes (with the exception of releasing the
      load altogether) without endangering the power plant. In order to control
      disturbances such as, for example, failure of the operational regulation
      systems or disturbances against which the control members of the
      operational control are inadequately effective or which they cannot
      detect, without shutting down the reactor however, there is provided in
      accordance with our invention, a limit regulation system operating between
      the operating range of this operational regulation system and response
      values of the protective system. This limit reguoation is formed of the
      reactor power limiter RPL, a regulator specially provided per the present
      invention which acts upon the control rods CR directly through the rodbank
      position regulation system RPR, and a minimal pressure regulation system
      SPC.sub.MIN, also provided per the present invention. The system
      SPC.sub.MIN exercises a control action on the turbine inlet valve of the
      turbine T via hydraulic drive system IV, this control action on the system
      IV being additional to the action of the generator power regulation system
      PR.
PAR  The reactor power limiter RPL is dependent upon the neutron flux
      measurement which is indicated symbolically in FIG. 1 by the broken-line
      connection between the units R and RPL. The quasiarrow in that broken
      line, adjacent the left edge-line of the unit R, is symbolic of a
      neutron-flux probe which senses the flux. The neutron flux can be
      registered as a total measurement locally or averaged in the reactor core
      proper or also outside the reactor. If the response value of this
      regulation in the power operation is then set above the neutron flux
      maximum for all operational cases, it can then be operated as limit power
      regulation of the reactor.
PAR  Another possible way of deriving the response values for the reactor power
      limiter RPL of the present invention is the "boiling-point difference"
      measurement. Since, in every operational instance for pressurized water
      reactors, film boiling on the tubes of the fuel rods must be avoided, with
      the boiling-point difference measurement, the temperature of the coolant
      at its outlet from the reactor is measured (in FIG. 1, unit CR) and,
      therefrom, the respective boiling pressure i.e. the pressure at which the
      coolant would transform into a film of steam at the existing temperature,
      is calculated. This calculated boiling pressure is compared with the
      existing operational pressure and then, when a predetermined difference
      value therebetween is exceeded, the reactor power limiter is activated.
PAR  The mode of operation of the reactor power limiter RPL of the present
      invention, in the case of a special mishap or disturbance is as follows:
      the reactor power is follow-up controlled in normal operation by the
      generator power by means of the coolant temperature control system TR and
      the rod control system RPR, so that steam of adequate quality is always
      available. The coolant temperature regulation system. This regulation
      system cannot determine, however, if too much power is being demanded by
      the reactor because, for example, at 100% generator power, additional
      quantities of steam are being removed such as, for example, due to support
      steam bleeding or withdrawal for feedwater vessels, failure or breakdown
      of feedwater preheaters, failure to open the valve at the by-pass station
      and the like. In all of these cases, an overload of the reactor can be
      avoided because the reactor power limiter RPL will be activated. Its
      regulating action returns the reactor power to that which is required for
      the nominal or rated generator power value and thereby effects a reduction
      in the live-steam pressure when the reactor power withdrawal is too great.
PAR  This reduction in live-steam pressure is sensed by the live-steam minimal
      pressure regulation system SPC.sub.MIN, specially provided per the present
      invention. The system SPC.sub.MIN becomes effective, when a predetermined
      minimum pressure value is no longer attained. When becoming effective, the
      system SPC.sub.MIN closes the turbine inlet valve sufficiently until the
      live-steam pressure due to reactor power reduction has again assumed
      permissible values corresponding to the new operating condition.
PAR  Due to this activation of the reactor power limiter RPL, as per the present
      invention, the regulation concept of the nuclear power plant is thus
      reversed relative to the normal regulation flow, for a period of time. The
      reactor R then predetermined the generator power, and the generator G
      removes the existing steam quantity; whereas, during normal operation, the
      generator G demands a specific quantity of steam and the reactor R meets
      this demand by regulation of the mean coolant temperature via system TR.
PAR  So far, there have been described conventional regulatory schemes, and
      regulatory schemes per the present invention. In addition to these
      aforedescribed systems, the the systems and devices SR, CM, RID, per se
      conventional, are provided to produce emergency reactor shut-down. The
      device SR is a rotary speed regulation system of the generator G. The
      system DR at no-load, operates as maximal rotary speed regulation system
      and acts upon or controls the turbine valve; control system IV, the
      emergency shut-down action, is merely indirect and via systems CM and RID.
      The system CM responds to sudden generator load changes; the system RID
      responds to the system CM or to pump failure--note the input to unit RID
      from the pump shown symbolically by arrow in the primary loop of unit SG.
      In either case, the system RID inserts a single control rod into the
      reactor R, thereby shutting it down.
PAR  As security against too-high steam pressure in the live steam line, for
      example, when the turbine inlet valve is suddenly closed by the system IR,
      the present invention avails itself of system SPC.sub.MAX, a maximal
      pressure regulation system SPC.sub.MAX which effects opening of valves of
      a by-pass station BV so that the live steam flows off directly into the
      condenser C.
PAR  In FIG. 2 there is shown in schematic view, a table or chart of all of the
      regulation devices or systems, with broken lines indicating the
      cooperation of the respective devices or systems as well as the staggering
      or graduation of the activation thereof with respect to the protective
      measures for the various power plant sections. In column A, the measures
      in the nuclear reactor section are listed, in column B, the measures in
      the steam section, and in column C, those in the turbogenerator section.
      If this chart of FIG. 2 is considered row-by-row from the bottom to the
      top thereof, the staggering or graduation of the individual regulation and
      protective measures is readily noted. Initially, in the lowest row I of
      FIG. 2, the start-up regulation system devices are represented and are
      made up of a neutron flux regulation system in the reactor section, as
      well as a pre-pressure regulation system with the aid of corresponding
      minimal and maximal pressure regulation systems SPC.sub.MIN and
      SPC.sub.MAX in the live steam section. As to the turbogenerator section,
      the rotary speed regulation system SR is applicable.
PAR  In the horizontal row III of FIG. 2 the previously described operational
      regulation systems are shown, namely the coolant temperature regulation
      system TR with the control rod bank position regulation system RPR
      dependent thereon which cooperate with the generator power regulation
      system PR. Applicable as additional or supplementory measures for
      operational regulation, are the single rod insertion means RID for rapid
      power reduction of the reactor power and the means for reset or
      restoration to the datum or rated generator power (not shown in FIG. 1).
PAR  In row V are presented the actions of limiting ractor power, but without
      shutdown of the reactor R, in accordance with the present invention. These
      limit regulation systems are made up of the reactor power limiter RPL
      which cooperates with the live-steam minimal pressure regulation system
      SPC.sub.MIN, as well as the maximal pressure regulation system SPC.sub.MAX
      at excess pressure in the live steam line, and the maximal rotary speed
      regulation system SR at excess rotary speed of the generator. In the
      uppermost row VI of FIG. 2, the protective systems are indicated, which
      generally effect a rapid shut-down of the reactor and turbine. These
      protective systems consist of a reactor protection system and a
      turbo-generator protection system cooperating therewith, as well as a
      condenser protection system, none of these being shown in FIG. 1.
PAR  From the aforedescribed schematic diagram or table of FIG. 2, it is thus
      clearly apparent that all operational situations of the nuclear power
      plant can be reliably controlled with suitable regulation or protective
      devices or systems.
PAR  The mode of operation of the reactor power limiter for various disturbances
      is represented in the plot diagram of FIG. 3. In the diagram of FIG. 3,
      the power P is plotted against the respective regulation time interval t
      in seconds. The dash-dot line RRS represents the nominal or rated value of
      aforementioned systems which contribute to rapid shut-down these will
      hereinafter be collectively considered as a rapid shut-down system RRS. It
      is assumed in this diagram that the reactor power limiter RPL is activated
      when the power is at about 105%, and the reactor rapid shut-down system
      RRS is activated when the power is at about 115%. In the curve a, there is
      shown initially a power reduction with a permissible load removal slope of
      from 100% to 40%, in about 250 seconds, the desired reactor power value
      being follow-up controlled under the assumed conditions of permissible
      reduction, primarily by and the generator power. After the required
      minimum load of 40% has reached equilibrium, assume that at time t.sub.1,
      an upward load leap of 50% is demanded. Such a sudden increase in desired
      value of the total power of the power plant is beyond the maximal
      permissible power-varying speed of the reactor. The reactor power
      consequently attempts, at first, to follow the required value of the
      generator power but is prevented, however, from further increasing, when
      it attains the threshold value for action of the reactor power limiter
      RPL, due to the cooperation thereof with the minimal pressure regulation
      system SPC.sub.MIN. Reactor power can be increased only along the
      permissible sloping load line and the respective increase of the demanded
      value of the reactor power limiter. In this manner, the aforedescribed
      reversal of the regulation concept of the nuclear power plant is effected,
      in that, in this case, the reactor dictates to the generator how much
      electrical generate, until the reactor R has again started up and reached
      the desired nominal or rated value of the generator power; and by that
      time the entire regulation system will again have become primarily
      dependent on the generator power regulation system.
PAR  In curve b, a power leap of 15% is shown, which is, below the threshold
      value for activating of the reactor power limiter, so that the reactor
      power can build up to the new nominal or rated power without hindrance.
PAR  In curve c, it is assumed that an operational disturbance has occurred due
      to a faulty 35% opening of a by-pass station B at full-load. Since a
      higher power release is simulated or feigned to the reactor R due to
      direct by-passing of the live steam to the condenser C, the reactor R
      attempts to follow up such increased power. A limiting of the reactor
      power accordingly results, however, for an increase of 5%, due to the
      reactor power limiter RPL, as well as a simultaneous withdrawal of the
      generator power due to the action of the minimal pressure regulation
      system SPC.sub.MIN, which resets the inlet valve of the turbine via system
      IV. By limiting the reactor power and by the activation of the minimal
      pressure regulation system, a shutdown of the reactor is thus avoided
      because no immediate danger exists, but rather only a defective response
      of the by-pass station.
PAR  In curve d, there is also a case of a faulty opening as in curve c, of 35%
      however, the faulty opening occurs here for a power of 80%. Since, on this
      occasion, the threshold value for action of the reactor power limiter is
      above the actual reactor power, the reactor power can initially follow-up
      fully the newly required power value while, due to the response of the
      minimal pressure regulation system SPC.sub.MIN, there occurs reversion to
      the generator power and accordingly also finally to the reactor power.
PAR  With this aforedescribed limit regulation system, which is effective
      between the operational regulation system and the protective system, it is
      thus possible, in the event of a disturbance which demands an increased
      reactor power and, which would otherwise result in rapid shut-down of the
      reactor, to limit this increase in power by inserting the control rods and
      consequently reduce the power to such an extent that the reactor will
      recover to a normal condition without shutdown.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a system for controlling by turbine inlet valves and control rods
      power delivered by a nuclear reactor of a nuclear power plant of the
      pressurized water type, the plant including a steam turbine, a
      turbogenerator, operating control means for controlling the system in the
      normal working range, and emergency means to shut down the reactor; the
      improvement comprising means to control intermediate disturbances in the
      range between and not controlled by the operating control means and the
      shut down means, minimal steam pressure control means for controlling the
      turbine inlet valves when the steam pressure drops below a certain value,
      turbogenerator protecting means, maximal steam pressure control means
      connected for activating the turbogenerator protecting means when the
      steam pressure exceeds a predetermined value, reactor protecting means and
      reactor control means for activating the reactor protecting means when the
      reactor output exceeds a predetermined value, a power controlling system
      comprising a rod control system responsive directly to reactor coolant
      temperature means to position control rods and thereby control reactor
      output, and a reactor power limiting system for taking over control of the
      system to control the action of the rod control system when a limit value
      which is below the value of the reactor output which controls the
      activation of the reactor protecting means is exceeded thereby limiting
      the reactor output power to a permissible value via the control rods.
NUM  2.
PAR  2. A power controlling system according to claim 1, wherein said reactor
      power limiting system has means responsive to sensed neutron flux
      measurement.
NUM  3.
PAR  3. A power controlling system according to claim 2, wherein the neutron
      flux is obtained from measurement means within the core of the reactor.
NUM  4.
PAR  4. A power controlling system according to claim 2 wherein the neutron flux
      is obtained from measurement means outside the reactor.
NUM  5.
PAR  5. A power controlling system according to claim 1, wherein said reactor
      power limiting system has means responsive to sensed boiling pressure.
NUM  6.
PAR  6. A power controlling system according to claim 2, wherein the minimal
      steam pressure control means has means responsive to the power limiting
      system to control the turbine inlet valves.
NUM  7.
PAR  7. A system according to claim 6, wherein the minimal steam pressure
      control means comprises means for transmitting a shut-down command to said
      inlet valve when a predetermined minimum threshold value of the live steam
      pressure is not attained.
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ABST
PAL  A means for rapidly shutting down or scramming a nuclear reactor, such as a
      liquid metal-cooled fast breeder reactor, and serves as a backup to the
      primary shutdown system. The control rod drive consists basically of an
      in-core assembly, a drive shaft and seal assembly, and a control drive
      mechanism. The control rod is driven into the core region of the reactor
      by gravity and hydraulic pressure forces supplied by the reactor coolant,
      thus assuring that common mode failures will not interfere with or
      prohibit scramming the reactor when necessary.
GOVT
PAC  BACKGROUND OF THE INVENTION
PAR  The invention described herein was made in the course of, or under,
      Contract No. AT(04-3)-893, Task 7, with the U.S. Atomic Energy Commission.
BSUM
PAR  This invention relates to control systems for nuclear reactors, and
      particularly to pneumatically actuated rapid reactor shutdown systems
      which hold control rods withdrawn from the reactor core until a scram
      signal is received whereupon the control rods are released and driven into
      the core by gravity and hydraulic pressure forces.
PAR  Power generation in a nuclear reactor is accomplished by initiating a
      self-sustaining chain reaction. The amount of fissionable fuel used in the
      chain reaction is such that the multiplication factor (ratio of neutrons
      produced by fission in each generation to the number of neutrons in the
      preceding generation) can be made more than unity. To control this
      multiplication factor, control rods are used to absorb neutrons within the
      reactor.
PAR  Control rods perform three fundamental functions. The rods must first
      provide a general reactivity level control to regulate power output of the
      reactor. Secondly, control rods must provide fine control of reactivity
      within very small increments to compensate for drifts in reactor operating
      conditions. The third function of control rods is to rapidly reduce the
      reactivity level within the reactor to below the critical self-sustaining
      level in the event of certain particular malfunctions. The control rod
      functions are generally accomplished by a series of long, reciprocating
      rods of uniform design arranged in spaced, parallel relationship, each rod
      being capable of performing all three functions depending upon the
      particular drive associated therewith. Such control rod systems are
      generally referred to as the primary control system and functions during
      normal operating and shutdown conditions.
PAR  Under certain conditions, referred to as scram conditions, rapid shutdown
      of the reactor is required. This rapid shutdown capability is dependent
      therefor on the control system, and thus a fail-safe control system is
      required. This requirement is of particular importance for liquid
      metal-cooled fast breeder reactors (LMFBR). In view of the possibility of
      the primary control system becoming damaged or otherwise inoperable,
      backup or alternate shutdown control systems have been utilized which hold
      control rods in a "cocked" position above the reactor core, whereupon they
      can be inserted into the core upon scram conditions should the primary
      control system fail or if additional neutron absorbing rods are required
      or desired. These prior art backup control systems are exemplified by U.S.
      Pat. No. 3,535,206, issued Oct. 20, 1970, and U.S. Pat. No. 3,733,251,
      issued May 15, 1973. Also, Nuclear Science Abstract No. 26,727, Vol. 27,
      No. 11, page 2540, dated June 15, l973, based on Report GEAP-13824-3
      describes an early approach to an alternate or backup control rod drive
      system.
PAR  While these prior control systems provide effective scram control, the
      complexity thereof increases the probability of failure or malfunction,
      whereby a need still exists for a relatively simple but reliable and
      fast-acting means of scramming a reactor.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a reliable and fast-acting means of
      scramming a reactor. The principle of operation is completely diverse from
      currently known control drives. This diversity ensures that common mode
      failures will not interfere with or prohibit scramming the reactor when
      necessary. This backup or alternate shutdown control rod drive of this
      invention basically consists of an in-core assembly, a drive shaft
      assembly, and a control drive mechanism, the control rods being released
      by a pneumatically actuated latch mechanism and driven into the reactor
      core by gravity and hydraulic pressure forces from the reactor coolant.
PAR  Therefore, it is an object of this invention to provide an alternate
      shutdown system control rod drive for nuclear reactors.
PAR  A further object of the invention is to provide a control rod drive system
      for scram conditions of a nuclear reactor wherein the control rods are
      inserted into the reactor core by gravity and hydraulic pressure forces
      supplied by the reactor coolant.
PAR  Another object of the invention is to provide a reliable and fast-acting
      means of scramming a reactor which includes an in-core assembly, a drive
      shaft assembly, and a control drive mechanism.
PAR  Another object of the invention is to provide an alternate shutdown system
      for a liquid metal-cooled fast breeder reactor wherein control elements
      are normally retained in a full-out position by a pneumatically actuated
      latch, and are inserted into the reactor core by depressurizing the latch
      pneumatic actuator thereby releasing the elements allowing same to be
      driven into the core by gravity and hydraulic pressure forces from the
      coolant pressure drop across the core.
PAR  Other objects of the invention will become apparent from the following
      description and accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  FIG. 1 is a view, partially in cross-section, illustrating the inventive
      control rod drive system; and
PAR  FIG. 2 is a partial cross-sectional view of an embodiment of a modified
      control element for the FIG. 1 system.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The invention is directed to an alternate shutdown system for nuclear
      reactors, and is particularly applicable to liquid metal-cooled fast
      breeder reactors (LMFBR). The reactor shutdown or scramming system
      involves a control rod drive consisting basically of an in-core or
      in-vessel assembly, a drive shaft and seal assembly, and a control drive
      mechanism, the in-core assembly being constructed such that the control
      rod when the system is activated is driven into the core region by gravity
      and hydraulic pressure forces supplied by the reactor coolant.
PAR  Referring now to FIG. 1, the embodiment illustrated comprises three general
      assemblies, composed of an in-core or in-vessel assembly 10, a drive shaft
      assembly indicated by dash lines at 11 connected to assembly 10 and
      extending through a reactor closure 12, and a control drive assembly 13
      mounted on closure 12 and connected to drive shaft assembly 11, in-core
      assembly 10 extending into a core support structure 14. Reactor closure 12
      is mounted in a reactor vessel (not shown) containing liquid sodium of a
      level indicated at 15 which is circulated through a reactor core indicated
      diagrammatically at 16 by pumping mechanism and coolant flow channels, not
      shown, the core 16 containing fuel elements and control elements, as known
      in the art, and in which is located in-core assembly 10.
PAR  In-core or in-vessel assembly 10 constitutes a control assembly located
      within sodium coolant 15 and comprises generally a latch section 17, a
      control element section 18 and a shielding section 19 enclosed within an
      outer casing or channel 20 terminating at the upper end below reactor
      closure 12 and having a reduced diameter lower end portion 20' which
      extends into reactor core support structure 14. Casing 20 may be of a
      hexagonal configuration.
PAR  Latch section 17 is mounted in the upper end of casing 20 and is part of
      the driveline of assembly 11 and surrounds a latch mechanism generally
      indicated at 21 for retaining and releasing a coupling head 22 of control
      element section 18. Latch mechanism 21 is preferably of the pneumatically
      actuated type utilizing gripper elements, not shown, to releasably retain
      coupling head 22 therein, and may, for example, be of the type described
      and claimed in copending U.S. patent application Ser. No. 476,184 filed
      June 4, 1974 in the name of M. L. Johnson et al entitled "Quick Release
      Latch for Reactor Scram" and assigned to the same assignee. The latch
      mechanism 21 is constructed to define a latch annulus 23 for purposes
      described hereinafter.
PAR  Mounted within casing 20 and in spaced axial relation with respect to latch
      mechanism 21 is a guide tube 24 which is secured within casing 20 and
      forms with the adjacent internal wall surface of casing 20 an annulus or
      space 25 through which coolant flows as discussed below. A lower end
      portion 26 of guide tube 24 is formed of a smaller diameter and of greater
      wall thickness and is provided at the end with a radially protruding
      section 27 which cooperates with core support structure 14 to prevent
      coolant flow between high and low pressure coolant as described
      hereinafter. In actual practice, if desired, and not shown, a seal or
      O-ring may be secured in the periphery of protruding section 27 to assure
      a fluid seal. Guide tube 24 is circular in cross section and is provided
      at the upper end thereof with a radially outward protruding flange-like
      member defining a down stop 28 and is secured to outer casing 20. Outer
      casing 20 is provided with an inwardly projecting portion or member 29
      which abuts against guide tube 24 and forms a support therefor while
      serving as a coolant flow blockage member in annulus 25.
PAR  Shielding section 19 is composed of shielding members 30 and 31 positioned
      respectively within guide tube 24 and annulus 25 adjacent reduced diameter
      lower end portion 26 of guide tube 24. Shielding members 30 and 31 are
      constructed from suitable neutron shielding material and are provided with
      helical grooves or passages 32 and 33, respectively, to provide coolant
      flow paths therethrough.
PAR  Control element section 18, in addition to guide tube 24 includes a control
      element movably located therein, generally indicated at 34, which is
      composed of coupling head 22, a damper mechanism 35 connected via a
      support structure 36 to coupling head 22, a control rod region 37
      containing neutron absorbing material secured to damper mechanism 35, and
      a piston 38 connected to control rod region 37.
PAR  Damper mechanism 35 provides for deceleration of the control element 34 at
      the end of the scram stroke without creating large deceleration force and
      may, for example, be of the type described and claimed in copending U.S.
      patent application Ser. No. 476,183, filed June 4, l974 in the name of W.
      E. Taft entitled "Damper Mechanism for Nuclear Reactor Control Elements",
      and assigned to the same assignee, wherein a spring hydraulic damper
      assembly having a spider 39 is mounted within a tapered dashram assembly
      40 which cooperates with down stop 28 to define a damper annulus 41, the
      function of which is described hereinafter.
PAR  Piston 38 is of a larger diameter than control rod region 37 and defines
      with guide tube 24 a piston annulus 42, the function of which is described
      below. While not shown, piston 38 is provided with fluid openings or
      passages through which coolant flows into the lower end of control rod
      region 37 for cooling same and discharges therefrom in the upper end of
      region 37, as will become more apparent from the description of the FIG. 2
      embodiment.
PAR  While not shown, outer casing 20 terminates in spaced relation with respect
      to the lower surface of reactor closure 12 while drive shaft assembly 11
      extends downwardly through closure 12 and is operatively connected at the
      lower end thereof to actuate latch mechanism 21, whereby the closure 12
      can be removed without withdrawing in-core assembly 10. Drive shaft
      assembly 11 is connected at the upper end thereof to control drive
      assembly 13 including a thread screw drive motor with position indicated
      generally at 43 and mounted within a housing 44. While the details of
      drive shaft assembly 11 and control drive assembly 13 do not constitute
      part of this invention, the general operation is similar to that set forth
      in the above-referenced Nuclear Science Abstract except that in this
      embodiment, a pneumatic actuator for latch mechanism 21 is preferred
      instead of the electromagnetic actuator system disclosed in the Abstract.
      Also, report GEAP-13824-6 entitled "LMFBR Alternate Shutdown System
      Development and Testing" illustrates schematically the pneumatic actuator
      arrangement as well as details of the control drive assembly 13.
PAR  The control element 34, during normal reactor operation, is held in its
      raised or full-out (ready-to-scram) position by head 22 being retained in
      activated latch mechanism 21 whereby the control rod region 37 of control
      element 34 is removed from the reactor core 16. Upon an emergency or scram
      condition the latch mechanism 21 is deactivated by depressurizing the
      latch pneumatic actuator thereby releasing the coupling head 22 of control
      element 34 allowing it to be driven into the core of the reactor by
      gravitational force and by hydraulic pressure forces (from the coolant
      pressure drop across the core) acting on the control element piston 38, as
      described in greater detail hereinafter.
PAR  During scram conditions and prior to the damping action provided by damper
      mechanism 35, control element 34 is accelerated downward within guide tube
      24 by gravity and pressure forces across piston 38. The piston's lower
      surface is exposed to pressure vented, as indicated by arrows, to a
      reactor low pressure plenum indicated at 45, via grooves 32 in shielding
      material 30 and the reduced diameter portion 26 of guide tube 24; while
      the region above piston 38 contains pressure ducted from a reactor high
      pressure plenum indicated at 46. The coolant from high pressure plenum 46
      passes, as indicated by arrows, through apertures or openings 47 in core
      support structure 14, upwardly along annulus 25, through helical grooves
      33 in shielding material 31, and through openings or apertures 48 in guide
      tube 24 located adjacent the control rod region 37 below protruding member
      29 of outer casing 20, into guide tube 24 and about control element 34 and
      into the inside of the outer casing 20 below the latch annulus 23,
      applying high pressure on the upper surface of piston 38. With latch
      mechanism 21 being located so as to create latch annulus 23 a flow
      restriction is formed that allows enough fluid therethrough to allow
      normal coolant flow through the control rod region 37 of control element
      34, but which is restrictive enough to maintain a high pressure within the
      inside of the outer casing 20 below the latch annulus 23 and the guide
      tube 24 acting on the upper surface of the piston 38.
PAR  During the downward scram stroke of the control element 34, coolant must
      flow into the casing 20 volume between latch mechanism 21 and control
      element 34 to backfill the swept volume within the guide tube 24 by the
      moving control element. Before the tapered dashram assembly 40 of damper
      mechanism 35 enters the inside diameter of down stop 28, a generous flow
      area is provided through the control rod region 37 to supply the backfill
      flow. However, when the tapered dashram assembly 40 enters the down stop
      28 inside diameter, the backfill flow is progressively reduced by the
      tapered surface of the dashram assembly. This reduction of the backfill
      flow will reduce the pressure in the region above the down stop 28, and
      thus decelerate the control element, the final damping being carried out
      by damper mechanism 35.
PAR  It is thus seen that approximately the full core pressure drop in the
      downward (scram) direction exists across the control element piston 38
      continuously during normal operation. Upon receipt of a scram signal, the
      control element 34 is released by depressurization of the latch mechanism
      21 actuating cylinder and is forced down by the hydraulic pressure force
      and gravity into the core region. Coincident with initiating a scram, the
      primary coolant pumps are tripped (turned off); however, the transient
      pressure decay is relatively slow with respect to the control mechanism
      scram speed, so that sizable scram-assist pressure forces exist throughout
      the scram stroke. This same relatively slow decay of the primary coolant
      pressure occurs during normal pump coast-down.
PAR  As pointed out above the latch mechanism 21 is deactivated to release the
      control element 34 by venting the pressure in an associated pneumatic
      cylinder. While the pneumatic actuator has not been illustrated, the
      actuator arrangement described in the above-mentioned copending
      application Ser. No. 476,184 in the name of M. L. Johnson et al may be
      utilized. Also, as described in detail in the copending application, to
      retrieve the control element 34 from the full-in or scram position, the
      latch mechanism 21 is lowered by lead screw device 43 of control drive
      assembly 13 via drive shaft assembly 11, such that latch mechanism is
      positioned about coupling head 22 of control element 34. Upon engagement
      of the latch mechanism with the control element, the pneumatic cylinder is
      pressured to secure the control element in the latch mechanism. The lead
      screw device 43 is then actuated to raise the control element slowly out
      of the core region to its normal full-out position.
PAR  Before rotation of the closure 12 or at normal reactor shutdown, the
      control element 34 could be scrammed or slowly driven into the core
      region. For closure rotation the control element would be released, and
      the drive shaft 11 below the closure would be withdrawn well into the
      closure to provide protection for it during closure motion.
PAR  FIG. 2 illustrates an enlarged modified embodiment of the lower portion of
      the control element and associated structure, and like components will be
      given similar reference numerals. A control assembly guide tube 24' is
      positioned in outer casing or channel 20' defining an annulus or high
      pressure plenum 25' therebetween which is terminated at the upper end by
      inwardly projecting member 29'. Control rods 37' are retained within a
      control rod wrapper 49 which is secured through a multi-apertured member
      50 to piston 38' having fluid passage 51 and fluid plenum 52 therein
      allowing coolant to pass from annulus 25' through multi-apertured member
      50 into the control rods. Guide tube 24' is provided with a plurality of
      ports 53 (only one shown) which direct coolant into piston passage 51.
      Upon downward movement of the control element a scram port 54 in guide
      tube 24', normally covered by piston 38' allows high pressure coolant from
      annulus 25' to be directed onto the upper surface of piston 38' applying a
      downward force thereon for driving the control element into the reactor
      core. It should be noted that while scram port 54 may improve performance,
      it is not necessary for operation and thus can be eliminated.
PAR  It has thus been shown that the present invention provides a reliable and
      fast-acting control rod drive for scramming a reactor. The principle of
      operation of this drive is completely diverse from currently employed
      control drives. This diversity ensures that common mode failures will not
      interfere with or prohibit scramming the reactor, thus substantially
      advancing the state of this art.
PAR  While particular embodiments have been illustrated or described,
      modifications will become apparent to those skilled in the art, and it is
      intended to cover in the appended claims all such modifications as come
      within the spirit and scope of the invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In combination, a control rod drive for scramming a nuclear reactor
      comprising: a control rod assembly; a latch mechanism for retaining and
      releasing said control rod assembly; a drive shaft assembly operatively
      connected to said latch mechanism; and a control drive assembly
      operatively connected to said drive shaft assembly, said control rod
      assembly and said latch mechanism being positioned within an outer casing
      extending through a reactor core; said drive shaft assembly extending
      through a reactor closure; and said control drive assembly being located
      on a side of said reactor closure opposite said outer casing; said control
      rod assembly being composed of a control rod region, a piston connected at
      one end of said control rod region and having a cross-section larger than
      an adjacent cross-section of said control rod region, a damper mechanism
      connected to said control rod region at an end opposite said piston, and a
      coupling head connected to said damper mechanism, said coupling head being
      releasably retained in said latch mechanism; said control rod assembly
      being movably positioned within a guide tube mounted within said outer
      casing and defining a high pressure fluid annulus therebetween, wherein
      fluid passes from the high pressure plenum through apertures in the core
      support structure and flows upwardly along said annulus, said fluid being
      vented through apertures in said guide tube located adjacent the control
      rod region and into the upper portion of said control rod region, said
      fluid passing therethrough for cooling said control rod assembly during
      normal operating conditions and for producing hydraulic pressures on the
      upper surface of said piston of said control assembly for driving said
      control rod assembly into the reactor core upon release of said control
      assembly by said latching mechanism, and said fluid thereafter passing
      through openings in said piston into the lower end of the control rod
      region and being vented to the low pressure plenum.
NUM  2.
PAR  2. The control rod drive defined in claim 1, wherein said control drive
      assembly includes means for lowering and raising said latch mechanism for
      retrieving said control rod assembly.
NUM  3.
PAR  3. The control rod drive defined in claim 1, wherein said damper mechanism
      includes a tapered portion which cooperates with a down stop member on
      said guide tube for decelerating downward movement of said control rod
      assembly.
NUM  4.
PAR  4. The control rod drive defined in claim 1, additionally including
      shielding material positioned in said guide tube and in said high pressure
      fluid annulus at a location spaced from said piston of said control rod
      assembly, said shielding material being provided with helical passages to
      allow fluid to pass therethrough.
NUM  5.
PAR  5. The control rod drive defined in claim 1, wherein said piston of said
      control rod assembly is provided with at least one fluid passage through
      which fluid passes into said control rod region of said control rod
      assembly.
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ABST
PAL  A nuclear fuel assembly utilizing fissile fuel of high fission cross
      section, such as plutonium, in the fuel adjacent burnable poison to reduce
      local power perturbations.
PARN
PAR  This application is a continuation of U.S. patent application Ser. No.
      156,454, filed Dec. 30, 1970, now abandoned, which in turn is a
      continuation of U.S. patent application Ser. No. 762,946, filed Sept. 26,
      1968, now abandoned.
BSUM
PAR  While not limited thereto, the present invention is adaptable for use in a
      fluid cooled and moderated reactor. In a known type of water reactor, for
      example, as used in the Dresden Nuclear Power Station near Chicago, Ill.,
      the reactor core is of the heterogeneous type, that is, the nuclear fuel
      is in the form of elongated, cladded rods. These fuel rods or elements are
      grouped together and contained in open-ended tubular flow channels to form
      separately removable fuel assemblies or bundles. A sufficient number of
      fuel assemblies are arranged in a matrix, approixmately a right circular
      cylinder, to form the nuclear reactor core capable of self-sustained
      fission reaction. The core is submersed in a fluid, such as a light water,
      which serves both as a coolant and as a neutron moderator. A plurality of
      control rods, containing neutron absorbing material, are selectively
      insertable among the fuel assemblies to control the reactivity of the
      core.
PAR  In a copending patent application by David L. Fischer et al, entitled
      "Reactivity and Power Distribution Control of Nuclear Reactor", Ser. No.
      762,776, now abandoned, filed on even date herewith, the use of highly
      self-shielding burnable poison in a relatively few of the fuel rods of a
      nuclear reactor core is described.
PAR  As pointed out there, in the use of highly self-shielding burnable poison
      in this manner, the density of the poison required for substantial
      self-shielding is such that the initial local power density in the fuel
      rod containing the poison is depressed because the poison shields the fuel
      and competes with the fuel for neutrons, thus the poisoned fuel rod
      perturbs the local power distribution and increases the local power
      peaking (the ratio of the local-to-average power in the fuel rods of the
      fuel assembly). To alleviate this undesirable effect, the above referenced
      application describes and claims the use of plutonium in the poisoned
      fuel.
PAR  It has been discovered that the use of highly self-shielding burnable
      poison in a relatively few fuel rods of the reactor core not only
      depresses the power density in the poisoned fuel, but it also initially
      depresses the power density in the adjacent fuel within about one neutron
      diffusion length of the burnable poison. As the burnable poison depletes
      with exposure, the power density in the adjacent fuel increases. Thus the
      power density in the adjacent fuel is depressed during the early part of
      the fuel cycle and later in the fuel cycle the power density may increase
      to undesirable levels. In both cases, the power distribution is perturbed
      and undesirable local power peaking can result.
PAR  It is an object of the present invention to minimize local power
      perturbations in fuel adjacent burnable poison.
PAR  In well-known nuclear power reactor fuel, fertile atoms are included with
      the fissile atoms. For example, a commonly used fuel consists of uranium
      dioxide (UO.sub.2) in which about 2 percent of the uranium atoms are
      fissile U-235 while the remaining uranium atoms are the fertile isotope
      U-238. In the course of operating the reactor, the fissile atoms (U-235)
      are gradually consumed and a portion of the fertile atoms (U-238) are
      converted to a fissile plutonium isotope (Pu-239). The Pu-239 thus
      contributes to the maintenance of the chain fission reaction. As the fuel
      is exposed, the concentration of Pu-239 increases and approaches an
      equilibrium value. Thus when the irradiated fuel is removed from the
      reactor, it contains, in addition to a valuable quantity of the original
      fissile material, a significant quantity of plutonium including fissile
      PU-239 and Pu-241 and fertile Pu-240. Such fuel can be reprocessed to
      separate and recover the plutonium fuel. When the cost of the recovered
      plutonium fuel becomes competitive with the cost of uranium fuel, it is
      desirable to utilize the plutonium fuel in the reactor. The use of
      plutonium fuel in a reactor designed to use uranium fuel requires
      consideration of the differences in reactor performance because of the
      differences in the nuclear characteristics of the two fuels. For example,
      the thermal neutron absorption cross sections of the plutonium isotopes
      are greater than those of the uranium isotopes.
PAR  It is another object of the invention to utilize plutonium fuel in fueling
      or refueling a nuclear reactor.
PAR  These and other objects are achieved in accordance with the invention by
      utilizing plutonium fuel in the fuel adjacent burnable poison. Because of
      its greater fission cross section as compared to the lower fission cross
      section of uranium, the initial power density in the plutonium fuel tends
      to be greater than in uranium fuel. This helps to overcome the initial
      depressive effect of the adjacent burnable poison. Furthermore, the
      greater absorption cross section of plutonium causes it to deplete more
      rapidly than uranium. This aids in preventing power peaking later in the
      fuel cycle. Thus the present invention aids in flattening the local power
      distribution (the distribution of power within a fuel assembly) and makes
      advantageous use of plutonium fuel.
DRWD
PAR  The invention is described more specifically hereinafter with reference to
      the accompanying drawing wherein:
PAR  FIG. 1 is an elevation of a typical nuclear fuel assembly;
PAR  FIG. 2 is a schematic plan view of the fuel assembly;
PAR  FIG. 3 illustrates the thermal energy dependent microscopic cross sections
      of uranium and plutonium fuel;
PAR  FIG. 4 illustrates the trends in local peaking factor with exposure for a
      fuel assembly containing only uranium fuel as compared to a fuel assembly
      containing plutonium fuel adjacent burnable poison; and
PAR  FIg. 5 illustrates the aixal juxtapositioning of burnable poison and
      plutonium fuel.
DETD
PAR  A typical fuel assembly 10 is illustrated in elevation view in FIG. 1. The
      fuel assembly 10 comprises a tubular flow channel 11 of square cross
      section containing, for example, a 6 .times. 6 array of spaced fuel
      elements or rods 12 supported between upper and lower tie plates 13 and
      14. A nose 16 is provided with openings 17 through which the coolant is
      received to flow upward past the fuel elements. (A fuel assembly is shown
      in greater detail by D. A. Venier, et al, in U.S. Pat. No. 3,350,275). The
      fuel elements 12 may be formed of a tube containing a plurality of
      cylindrical pellets of fuel as shown, for example, by J. L. Lass, et al,
      in U.S. Pat. No. 3,365,371. It is contemplated that the fuel assembly 10
      also contains concentrated burnable poison, for example, in the form of
      rods or tubes or mixed with the fuel of one or more of the fuel elements
      as shown in the aforementioned copending patent application Ser. No.
      762,776.
PAR  The fuel assembly 10 is illustrated in schematic plan view in FIG. 2
      together with a control rod 18 of cruciform shape. By way of example, it
      is assumed that a fuel rod 12' legended Bp contains burnable poison of
      sufficient density to initially depress the power density in the adjacent
      fuel rods if these fuel rods contain the usual uranium fuel.
PAR  In accordance with the invention, to reduce the local power perturbations
      in the fuel rods adjacent the poisoned fuel rod, plutonium fuel is used in
      the regions that are strongly affected by the burnable poison or in a
      thermal reactor (a reactor in which most of the fissions are caused by
      thermal neutrons) plutonium fuel is used within about one thermal neutron
      diffusion length of the burnable poison. (A neutron diffusion length is
      defined as the square root of one-sixth of the average square of the
      straight-line distance that a neutron travels from the time it becomes
      thermal to the time it is captured.)
PAR  In the example fuel assembly shown in FIGS. 1 and 2, the fuel rods are
      about one-half inch in diameter and the fuel assembly is about 5 inches
      across. Thus the fuel within about one thermal neutron diffusion length of
      the poisoned rod 12' includes the fuel in the eight adjacent fuel rods 12"
      which are legended Pu to indicate that these adjacent fuel rods contain
      plutonium fuel in accordance with the invention (while the nonadjacent
      fuel rods 12 contain only uranium or other fuel of lower fission cross
      section than plutonium). In other words, in the example illustrated in
      FIG. 2, the rods 12 contain the usual uranium fuel, the rod 12' is
      modified by the addition of burnable poison and the adjacent rods 12" are
      modified by the replacement of at least some of the uranium with high
      fission cross section plutonium.
PAR  As mentioned hereinbefore, the effectiveness of plutonium fuel in reducing
      perturbations in power density results from the greater neutron absorption
      cross section of plutonium as compared to uranium. This is illustrated in
      FIG. 3 which shows the total cross section of Pu-239 as compared to the
      total cross section of U-235 over the thermal neutron energy range. It is
      seen that the cross section of Pu-239 is greater than that of U-235 for
      neutron energies below about 0.85 electron volts.
PAR  The results of the invention are illustrated by the local peaking factor
      versus exposure curves of FIG. 4. (The local peaking factor is the ratio
      of the power density at a given elevation in a given fuel rod to the
      average power density at that elevation in the fuel assembly.) A curve 19
      illustrates the prior art case of the usual uranium fuel in the fuel rods
      12" adjacent the poisoned fuel rod 12'. In this prior art case, it is seen
      that the power density is depressed during the early part of the exposure
      while later in the exposure, after the burnable poison has been depleted,
      the power density increases to an undesirable level. (For this example it
      is assumed that the fuel has an exposure lifetime of about 20,000 megawatt
      days per ton and that the burnable poison is depleted in about one-quarter
      of this exposure. This might be the case, for example, in accordance with
      a known refueling schedule wherein only about one-fourth of the fuel
      assemblies of the core are replaced in a distributed pattern at each
      refueling.)
PAR  A curve 20 in FIG. 4 illustrates the reduced change in local peaking factor
      achieved in accordance with the invention by placing plutonium fuel in the
      fuel rods 12" adjacent the poisoned fuel rod 12'. Because of its greater
      absorption cross section, the plutonium competes with the burnable poison
      for neutrons more favorably than uranium to provide a greater power
      density during the early portion of the exposure. The plutonium thus
      depletes more rapidly than uranium with a resulting lower maximum local
      peaking factor later in the exposure history.
PAR  The relative amount of plutonium fuel used in the fuel rods 12" depends
      upon the particular circumstances. Consistent with minimizing the
      variation of local peaking factor with exposure, the plutonium content may
      be increased to the extent that the maximum local power density with
      exposure in the plutonium containing fuel rods 12" approaches the maximum
      local power density in any other of the fuel rods of the assembly. In the
      illustrated embodiment, the general trend of the curve 20 (FIG. 4) may be
      provided by about 1.2 atom percent fissile plutonium and about 1.8 atom
      percent fissile uranium in the fuel rods 12".
PAR  In some applications, such as shown in the aforementioned patent
      application Ser. No. 762,776, the burnable poison may be axially
      distributed along the poisoned fuel rod and in some cases the burnable
      poison is contained in a limited axial part or portion of the poisoned
      fuel rod. In such cases it may be desirable to use plutonium fuel in
      accordance with the invention only at the elevations in the adjacent rods
      12" corresponding to the elevations of the burnable poison in the poisoned
      fuel rod 12'. This is illustrated by way of example in FIG. 5 wherein the
      poisoned fuel rod 12' contains burnable poison (Bp) and an adjacent fuel
      rod 12: contains plutonium (Pu) in accordance with the invention only in
      an axial zone 2a.
PAR  Thus what has been described is a nuclear fuel assembly adapted to utilize
      plutonium fuel to minimize the perturbations in power density caused by
      the presence of lumped burnable poison.
PAR  While illustrative embodiments of the invention have been described herein,
      modifications and adaptations thereof may be made by those skilled in the
      art without departure from the spirit and scope of the invention as
      defined by the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fuel assembly for use in a nuclear reactor core comprising: a
      plurality of spaced apart elongated fuel elements, burnable poison in at
      least one of said fuel elements, fissile plutonium in all of the fuel
      elements which are adjacent said one of said fuel elements, the initial
      fissile fuel in the fuel elements which are more remote from said one of
      said fuel elements than said adjacent fuel elements consisting of fissile
      uranium whereby the initial power in said fuel adjacent said one of fuel
      elements in said core is increased relative to the initial power in said
      more remote fuel elements as compared to a similar fuel assembly wherein
      all of the initial fissile fuel consists of uranium.
NUM  2.
PAR  2. A fuel assembly for use in a nuclear reactor core comprising a plurality
      of spaced apart elements including: a first element in said assembly
      containing a burnable poison, a first plurality of fuel elements
      surrounding said first element and spaced therefrom within about one
      neutron diffusion length, a second plurality of fuel elements in said
      assembly spaced from said first element more than one neutron diffusion
      length, said first plurality of fuel elements containing initial fissile
      plutonium, and the initial fissile fuel in said second plurality of fuel
      elements consisting of fissile uranium whereby the initial power in said
      first plurality of fuel elements in said core is increased relative to the
      initial power in said second plurality of fuel elements as compared to a
      similar fuel assembly wherein all of the initial fissile fuel consists of
      uranium.
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PAL  A grid structure for holding a plurality of nuclear fuel rods. The grid
      structure is of the type having wall means, including rigidly
      interconnected generally rectangular metal strips, forming a plurality of
      passageways and adapted to support nuclear fuel rods within some of the
      passageways. The improvement comprises providing elongated slots
      intermediate and normal to the longitudinal edges of each of the strips at
      each intersection of the strips whereby the slots form openings in each
      corner of each passageway.
PARN
PAR  This is a division of application Ser. No. 774,148, filed Nov. 7, 1968, now
      U.S. Pat. No. 3,665,586.
BSUM
PAR  A nuclear chain reaction is obtained by bombarding fissionable fuel
      material with neutrons from a source of neutrons to split some of the
      atomic nuclei of the fuel into fragments, thereby releasing useful energy
      in the form of heat and other neutrons for bombarding other nuclei, and so
      on, ad infinitum, so long as each fuel nucleus undergoing fragmentation
      produces a minimum of one neutron on the average which in turn fragments
      another fuel nucleus. The process, called fission, depends for its
      continuity on an adequate supply of neutrons and fuel. To control the
      reaction, devices having large neutron absorption cross-sections are
      generally utilized in conjunction with a moderating material for slowing
      down neutrons so that they possess the desired energy spectrum. The fuel,
      neutron absorbing material and moderator, together with associated
      structural components make up the core of the reactor, through which a
      heat transfer fluid is circulated to remove heat generated by the fission
      process.
PAR  The present invention is concerned with the associated structural
      components of the core, in that it is concerned with apparatus for spacing
      and supporting nuclear fuel bearing members in an upright position within
      the core of a nuclear reactor.
PAR  To achieve optimum power distribution across the core, consideration must
      be given to the shape and distribution of the fuel bearing members. Since
      the heat generated by the fuel is more efficiently dissipated from the
      area surrounding the fuel when the fuel bearing member has a high ratio of
      surface area to volume, modern day reactors utilize a plurality of slender
      elongated fuel members or rods which are each made of a length of fuel
      material enclosed in a relatively thinwalled circular tube of cladding
      material. A number of fuel rods are clustered together in a composite
      assembly known as a fuel element, whereas a plurality of fuel elements
      make up the core. Due to their slender construction, whatever means is
      used to space and position the fuel rods relative to one another must have
      good mechanical stability as well as the ability to compensate for the
      slight differences in cross-sectional dimension of the individual fuel
      rods due to manufacturing tolerances. In addition, to expose the greatest
      possible surface area of a given rod to coolant flow; contact between the
      supporting structure and the rod, and obstructions to coolant flow around
      the rods, should be minimized.
PAR  To answer these needs, a variety of grid-like fuel rod spacing and
      supporting arrangements have been developed. For example. U.S. Pat. No.
      3,225,090 issued to R. M. Leirvik, June 7, 1966, describes a fuel element
      spacer grid having a plurality of open-ended tubular supporting sections
      adapted to have fuel rods inserted therein. In a preferred embodiment,
      each tubular section has an indentation formed in each of its resilient
      side walls. The indentations extend towards the axis of the section to
      grip the fuel rod therewithin and firmly hold it in place. Primary coolant
      freely bathes the region of the fuel rod which is surrounded by the walls
      of the section, since an elongated annular flow space exists between the
      rod and walls except at the points where the rod is contacted by the
      indentations. Since the walls are resilient, they compensate for slight
      variations in diameter of the fuel rods and laterally impress forces on
      the fuel rods of sufficient magnitude to support the rods in an upright
      position within the core.
PAR  To assemble such prior art devices a fuel rod is either pushed or pulled
      through and into position within its respective spacer grid section. The
      fuel rod itself is used to deflect a resilient means such as the resilient
      walls of Leirvik's tubular sections, resilient projections extending from
      rigid walls, resilient indentations or like resilient movable fuel rod
      gripping members out of the passageway formed by the spacer grid
      arrangement to allow passage of the rod therethrough and into position
      therewithin. Forces of up to 400 lbs. may be required to force a fuel rod
      into position within the grid. Since highly specialized and elaborate
      loading equipment is usually required to position the rods within the
      grids, fuel elements are usually shop-assembled and shipped as units to
      the reactor site. The assembly process is not only time consuming and
      costly but results in fretting the fuel rod cladding, thereby affecting
      the integrity of the fuel rods.
PAR  Accordingly, there has been a long felt need for a more simplified grid
      structure which can be readily loaded with fuel rods at the reactor site
      without employing elaborate equipment, and a process for assembling fuel
      rods with grids which eliminates the fuel rod fretting problem. The
      present invention provides a simply constructed spacer grid having
      resilient holding means and provision for deflecting the holding means out
      of the path of the fuel rod while the rod is being moved within the
      passageway formed by the grid, such deflection being required whenever
      fuel rods are either being loaded into the grid or unloaded from the grid.
      The arrangement eliminates both the fretting problem and the need for
      providing elaborate assembly equipment.
PAR  Accordingly, the invention is provided in combination with a frame for
      holding a movable nuclear fuel bearing member in place within a nuclear
      reactor wherein the frame comprises at least one open-ended cell which
      forms passageway within which the member may be held and resilient means
      for holding the member within the passageway and is an improvement
      comprising means other than the member for temporarily enlarging the
      passageway to enable the member to be freely moved within the passageway.
      The preferred enlarging means comprises a means for temporarily deflecting
      the resilient means associated with the cellular structure. In greater
      detail, a plurality of rectangularly shaped panels are provided to form
      the aforementioned cell. Preferably, at least one of the panels acts as
      the resilient means and has a portion thereof formed to extend inwardly of
      the axis of the pasageway to hinder motion of the fuel bearing member
      within the passageway, and the deflecting means is actuatable to move the
      panel portion outwardly of the axis of the passageway to enlarge the same
      thereby enabling the fuel bearing member to be moved within the passageway
      without hindrance. The deflecting means is preferably at least one
      rotatable elongated element which is endwise insertable within the cell
      and rotatable in place therewithin to deflect the resilient wall, after
      which it may be again rotated and removed.
PAR  The invention also provides a method of assembling a nuclear fuel rod
      within a grid structure of the type which has resilient means for firmly
      supporting the fuel rod within a nuclear reactor, wherein the improvement
      comprises, temporarily deflecting the resilient means to allow the fuel
      rod to be moved within the grid structure without fretting or marring the
      fuel rod cladding. It should be appreciated that the method preferably
      includes the steps of deflecting the resilient means to move the rod into
      a predetermined position within the grid structure without its being
      fretted thereby, and then releasing the resilient means to allow it to
      return and firmly hold the rod in position. Assuming a rod is already  in
      position within the grid structure the method includes the steps of
      deflecting the resilient means, removing the rod, and releasing the
      resilient means; or deflecting the resilient means, removing the rod,
      moving another rod into position, and then releasing the resilient means.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partially exploded isometric view of a representative portion
      of a grid structure according to the invention, showing an intermediate
      stage of assembly of a plurality of grid members;
PAR  FIG. 2 is a side elevation view of an assembled portion of a grid
      structure;
PAR  FIG. 3 is a plan view of a representative portion of an assembled grid
      structure with fuel rods and deflecting elements added;
PAR  FIG. 4 is a side elevation of a representative portion of a grid member
      according to the invention;
PAR  FIG. 5 is a sectional view of the grid member of FIG. 4, taken
      substantially along the line 5--5 of FIG. 4.
PAR  FIG. 6 is a side elevation of a representative portion of another grid
      member according to the invention;
PAR  FIG. 7 is a pictorial side elevation of a fuel rod, showing an idealized
      arrangement of the forces laterally imposed on a fuel rod by the grid
      structure of FIG. 3 to support the rod in an upright position therewithin.
PAR  FIG. 8 is a plan view of FIG. 7;
PAR  FIG. 9 is a view of a typical deflecting means according to the invention;
PAR  FIG. 10 is a partial side elevation view of the grid structure of FIG. 1
      showing a fuel rod and deflecting means in place therewithin taken
      substantially along the line 10--10 of FIG. 3;
PAR  FIG. 11 is an enlarged portion of FIG. 3 illustrating the position of the
      deflecting means within a cell and before rotation thereof; and
PAR  FIG. 12 is a view similar to FIG. 11 illustrating the position of the
      deflecting means after rotation thereof, taken substantially along the
      line 12--12 of FIG. 10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings wherein like reference numerals designate
      like or corresponding parts throughout the several views, there is shown
      in FIGS. 1-3 a fuel element spacer grid 10 for supporting a plurality of
      nuclear reactor fuel bearing rods 12 in spaced parallel relationship with
      respect to one another. The fuel element spacer grid 10 is a multicellular
      metal frame composed of a plurality of substantially flat elongated
      members 14 which are made from a weldable and somewhat resilient metal
      that is able to survive containment within a nuclear reactor without
      significant alteration of its characteristic of resiliency. The fuel
      bearing rods 12 are made of a nuclear fuel material encapsulated in a
      thin-walled slender elongated sheath of a metal cladding which has a
      coefficient of expansion that is substantially the same as that of the
      metal of which the frame is constructed thereby eliminating differential
      thermal expansion between the frame 10 and fuel rods 12 to eliminate a
      common cause of fretting and/or scratching the rod cladding and/or
      damaging the frame during normal reactor operation.
PAR  In the preferred embodiment (FIGS. 4 and 5), each of the grid members 14 is
      of the same construction to facilitate fabrication of the frame. The
      preferred grid member 14 is a strip or band of metal having opposing
      longitudinally extending faces and edges respectively designated 15 and
      16. A plurality of small like-dimensioned slots 18, formed in each of the
      edges 16, are substantially equidistantly spaced apart from one another
      along each of the edges 16, each slot in each edge recessing a portion 17
      of the edge 16 of the member and being located directly opposite a
      corresponding slot in the opposite edge. For example, slot 18A.sub.1 is
      located directly opposite slot 18B.sub.1, whereas slot 18A.sub.2 is
      located opposite slot 18B.sub.2, and so on, each slot 18A.sub.n being
      located opposite a corresponding slot 18B.sub.n, where n is an integer. To
      simplify the discussion, any portion of the grid member 14 which is
      bounded by centerlines 19 drawn through adjacent pairs of opposing slots
      18A.sub.n - 18B.sub.n and 18A.sub.n.sub.+1 - 18B.sub.n.sub.+1, where n is
      a particular integer, will hereinafter be referred to as panel 20. A grid
      member 14 may thus be described as being made up of a string of generally
      rectangularly shaped panels 20.
PAR  In addition to the slots hereinbefore described, a string of
      like-dimensioned and substantially equidistantly spaced paddle-shaped
      cutouts 22 are provided longitudinally of the length of the grid member
      14. The number of cutouts provided is equal to the number of pairs of
      opposing slots 18A.sub.n - 18B.sub.n provided. Preferably, each cutout is
      axially aligned with one of the aforesaid centerlines 19 and includes a
      narrow slit 24 which extends from the recessed portion 17 of slot 18
      towards the longitudinally extending axis of the grid member 14 where it
      is terminated by a symmetrically shaped opening 26 whose axis is
      preferably coincident with that of the grid member. As will hereinafter be
      described in greater detail, the slits 24 act as a means for interlocking
      a given grid member with at least one other grid member, the slots 18
      provide a recess within which weld metal is deposited after interlocking
      the grid members, and the openings 26 serve as access openings into an
      assembled multicellular spacer grid 10.
PAR  The preferred grid member 14 is also provided with a plurality of
      indentations 28 formed therein at spaced intervals throughout its length
      and breadth such that each panel 20 is provided with three indentations 28
      aligned with one another and equidistantly spaced apart from one another
      on a centerline drawn through the panel parallel to the aforementioned
      centerlines 19. As shown in FIG. 1, each indentation angularly projects a
      localized portion of the grid member 14 laterally of its length and
      breadth. Preferably, two of the indentations 28A and 28B in a given panel
      20, each project a portion of one of the free opposing edges 16 of the
      panel in one direction of the length and breadth of the panel, and the
      other indentation 28C locally projects the center of the panel in the
      opposite direction. The projections are themselves rigid as compared to
      the resiliency of the grid member and relatively stiff panels. The peak 32
      of each projection 28 describes a line segment oriented perpendicular to
      the longitudinally extending axis of the grid member 14. As hereinbefore
      indicated the grid members are formed from a resilient strip of metal. In
      the preferred embodiment, a grid member is considered to have sufficient
      resiliency if at least one of its panels 20 will freely return to its
      previous shape after its center is flexed relative to the edges of the
      grid member and in the direction of projection of indentations 28A and 28B
      of the same panel.
PAR  A plurality of grid members 14 as hereinbefore described are preferably
      assembled as shown in FIG. 1-3. As best shown in FIG. 1, any two grid
      members are interlocked with one another by facewise orienting them at
      right angles with respect to one another such that the edges of the
      members having slits 24 extending from slots 18 are similarly oriented and
      adjacent to one another; aligning one of the centerlines 19 drawn through
      a pair of opposing slots in one member, with a like centerline in the
      other member; and endwise moving the members toward one another while they
      are so oriented and aligned until the opposing edges 16 of the members 14
      lie in opposing parallel planes. Upon interlocking the members it is seen
      that a slot 18A in one member is superjacent a slot 18B in the other
      member, the spaces defined thereby intersecting one another at right
      angles to define opposing recesses having bases defined by intersecting
      recessed portions 17 of the edges 16 of each member 14. A plurality of
      grid members may be simultaneously interlocked with one another in the
      same manner without departing from the spirit and scope of the invention.
      In any event, additional grid members may be added to previously
      interlocked members in the same manner to form a grid structure 10 having
      at least one cell 35 and preferably a plurality of cells 35 formed by a
      plurality of panels 20, wherein each of the panels 20 acts as a side of at
      least one cell 35, and at least one indentation 28 in each panel 20
      projects inwardly of a cell. The grid structure thus formed comprises a
      plurality of open-ended cells 35 arranged in parallel rows to define a
      rectangularly shaped array of cells terminated by outer grid members 14D,
      14E, 14F, and 14G. To complete the assembly of grid structure 10, a bead
      of weld metal 36 is locally deposited in each of the recesses to rigidly
      join the edges 16 of the members together. More particularly, the bead 36
      is deposited in each of the recesses to join only the intersecting
      portions 17 of the edges 16 together.
PAR  In another embodiment of the invention, assuming all other particulars
      remain the same, the slots 18 may be eliminated and only the paddle shaped
      cutouts 22 and indentations 28 provided in each of the grid members 14. As
      shown in FIG. 6, the slits 24 would then be extended to an edge 16 of the
      member 14. Assembly of the grid structure 10 would be accomplished in the
      same manner, terminating in the step of locally depositing weld metal on
      the edges 16 of the members at their points of intersection with one
      another to rigidly join the members together.
PAR  As shown in FIG. 3, a typical fuel rod 12 is supported in place in a
      predetermined position within its respective cell by a plurality of
      indentations, the lateral forces imposed on a given fuel rod by opposing
      panels 20 via their indentations 28 being sufficient to support the rod in
      place and in an upright position within the cell. In either of the
      embodiments there are six indentations 28 projecting inwardly of each cell
      35. The indentations formed in each pair of parallel spaced opposing
      panels of a given cell 35 provide three projections extending inwardly of
      the cell. These indentations are equidistantly spaced apart from one
      another along the longitudinal length of the cell, one of the opposing
      panels providing two of the projections and the other providing one
      projection. Accordingly, two panels of a given cell each provide a single
      projection extending inwardly of the same cell. Because of this
      arrangement, the panels providing the same number of projections in the
      given cell are located at right angles and adjacent to one another rather
      than being located parallel and opposite to one another.
PAR  In FIG. 3, the inwardly extending indentations of the cells are referred to
      a common plane. In the embodiment shown, the minimum transverse dimension
      d of an elongated straight passageway defined by the panels of a given
      cell and extending endwise of the cell, is defined by the shortest
      straight line that can be drawn through the axis of the cell and between
      indentations of opposing panels as referred to the common plane. An
      elongated straight fuel rod having a minimum transverse dimension slightly
      greater than the dimension d cannot be moved endwise through a cell and
      positioned therewithin unless the minimum transverse dimension of the
      passageway is enlarged. In prior art devices an end of the fuel rod is
      inserted within a cell and used as a wedge or lever to force one or more
      resilient members such one or more as resilient panels, resilient panels
      having projections, resilient projections, resilient indentations, or like
      resilient movable fuel rod gripping means outwardly of the axis of the
      cell to enlarge the passageway therethrough to permit the passage of an
      end of the rod through the cell for positioning the rod therewithin. As a
      consequence, the finely finished exterior surface of the fuel rods are
      fretted, scored, scratched, grooved or otherwise marred by the resilient
      means as the rods are forcibly moved into a predetermined position within
      their respective cells. The rods are thereafter additionally fretted,
      scored, etc., when removed from their respective cells. Accordingly, it is
      a feature of the invention to provide means for temporarily enlarging the
      passageway to enable the rod to be freely moved within the passageway
      thereby eliminating the fretting problem, the enlarging means being a
      means other than the fuel rod.
PAR  In the preferred embodiments hereinbefore described in detail, all of the
      panels act as resilient holding means for at least one fuel rod except the
      strings of panels making up two of the outside grid members (members 14D
      and 14E) since projections 28C of these members project outwardly of the
      grid structure 10. However, only two of the panels of a given cell act as
      resilient holding means for the fuel rod associated with any particular
      cell, i.e., the adjacent panels which each have a single indentation 28C
      protruding inwardly of a particularly cell. Each of the panels which has a
      single indentation protruding inwardly of a particular cell laterally
      forces the fuel rod contacted thereby towards its opposing panel and jams
      it against the indentations 28A and 28B thereof which protrude into the
      same cell. Indentations 28A and 28B are not intended to be movable. The
      edges 16 of the grid members 14 are rigidly connected to one another at
      their points of intersection and the indentations 28A and 28B are
      themselves rigid projections. As hereinbefore indicated, the central
      portion of a given panel is resiliently movable with respect to the edges
      16 of the grid member 14 and is movable outwardly of the cell with which
      indentation 28C is associated and in the direction of projection of the
      other indentations of the same panel. When moved, the center of the panel
      carries the rigid centrally located indentation 28C therewith to enlarge
      the passageway from which the peak 32 of the indentation 28C is withdrawn.
      If the central portions of both panels having single indentation
      protruding inwardly of the same cell are both deflected outwardly of the
      cell, the passageway is enlarged to a greater extent than if only one of
      the panels is so deflected. Accordingly, the means for temporarily
      enlarging the passageway when desired comprises; deflecting means for
      moving the resilient fuel rod gripping means outwardly of the axis of the
      cell. The deflecting means preferably includes a means for actuating the
      deflecting means, but this feature is not essential.
PAR  Assuming a fuel rod is to be positioned within a cell, the deflecting means
      is actuated to temporarily outwardly deflect the panels having a single
      indentation protruding inwardly of the cell, to allow the rod to be freely
      moved within the cell's passageway by means well known in the art. The
      panels need only be deflected an amount necessary to permit the requisite
      portion of the fuel rod to be freely passed through the passageway for
      proper positioning therein. The word "freely", as used in this disclosure,
      characterizes the movement of a fuel rod within its respective cell or
      passageway and is intended to describe movement "without restraint",
      "without hindrance" or "without restriction" within the cell or
      passageway; or "without interplay" between the fuel rod and resilient
      means when the rod is moved within the cell, i.e., when it is either moved
      into position within the cell or passageway or removed therefrom. When the
      rod is so freely moved, it might possibly be moved without even being
      contacted by the indentations 28A, 28B and 28C. In any event, movement of
      the rod is accomplished without freeting the exterior surface of the rod.
      After the rod is so positioned within the passageway the deflecting means
      is actuated to release the resilient means thereby allowing the panels to
      resiliently return, carry the indentations 28C inwardly of the passageway
      and laterally jam the fuel rod against indentations 28A and 28B in the
      opposing panels. Assuming a rod is to be removed from a cell, the
      procedure is the same; the panels are deflected, the rod removed, and the
      panels released.
PAR  Assuming a rod is being held within the passageway, the laterally directed
      forces impressed on the rod by the indentations 28A and 28C to support the
      rod and retain it in place within the cell, are distributed along the
      longitudinal length of the rod as shown in FIGS. 7 and 8. For the sake of
      simplicity the reference numeral identifying each of the forces shown in
      FIGS. 7 and 8 corresponds to the reference numeral of the indentation
      which imposes the particular force on the fuel rod. Thus force vectors 28C
      are each imposed on the fuel rod by a panel via its indentations 28C
      whereas each pair of force vectors 28A and 28B, located 180.degree.
      removed from one of the vectors 28C, is imposed on the fuel rod by a panel
      via its indentations 28A and 28B. It should be noted that the pairs of
      force vectors 28A and 28B do not oppose one another; they are displaced
      from one another less than 180.degree.. If the forces 28C are, on the one
      hand, sufficiently reduced in magnitude, or, on the other hand, entirely
      eliminated, the fuel rod could be easily moved within the cell. The
      preferred deflecting means is adapted to so reducing or eliminating forces
      28C thereby allowing the fuel rod to be freely moved within the cell
      without being fretted by the indentations.
PAR  As shown in FIG. 9-12, the preferred deflecting means, for the embodiments
      shown, comprises two elongated elements 40 such as a pair of rigid shafts,
      rods, bars, tubes or the like, with provision for moving the resilient
      means of a grid structure having at least one cell to enlarge the fuel rod
      passageway of the cell, thereby allowing a fuel rod to be freely moved in
      the passageway without being fretted. Each element 40 has a portion 42 of
      its length offset from its axis of rotation to act as a cam for moving
      resilient means, and is terminated at one of its ends with an actuating
      means 44 which preferably comprises a lever arm extending from the element
      at right angles to its axis. The other end of the element is hereinafter
      referred to as the free end thereof.
PAR  As shown in FIG. 2, when the grid structure is assembled, the openings 26
      in the grid members 14 are aligned with one another to define a pair of
      open channels 45 associated with each grid member and extending
      longitudinally of the length thereof. Each channel, in a given pair of
      channels extends through the grid structure parallel to the longitudinally
      extending axis of the grid member with which it is associated. One channel
      45A of each pair of channels 45 is intermittently obstructed throughout
      its longitudinal length by the centrally located indentations 28C of the
      grid member with which the channel pair is associated. Only one channel of
      each pair is so obstructed since all of the centrally located indentations
      28C in any given grid member project in the same direction laterally of
      the length and breadth of the grid member. In order to move a fuel rod
      within a particular cell the grid members which have a centrally located
      indentations 28C extending inwardly of that cell must first be identified.
      Upon identification of each of the particular grid members, channels 45A
      associated therewith are readily located. The free end of the element 40
      is inserted into the grid structure through either of the particular
      channels 45A so as to position the offset portion 42 of the element in the
      desired cell. When inserting the element 40, care must be taken to orient
      the offset portion 42 of the element in a plane approximately parallel to
      the plane of the grid member associated with the element. The element is
      inserted into the channel 45A until its offset portion is located next
      adjacent to the indentation 28C inwardly of the desired cell. The element
      is then actuated by means well known in the art to cause the element to be
      rotated one-quarter of a turn either clockwise or counter-clockwise, but
      in any event, in the direction which carries the passageway, thereby
      flexing the cell panel having indentation 28C outwardly of the passageway.
      The positions of the indentation 28C, before and after rotating the
      element 40, are respectively shown in FIGS. 11 and 12. The same procedure
      is used to move the other inwardly extending indentation 28C outwardly of
      the desired cell, another element 40 being inserted into the appropriate
      channel 45A extending at right angles to the first channel 45A, as shown
      in FIGS. 11 and 12.
PAR  In view of the foregoing it should be appreciated that other multicellular
      grid structures having resilient means associated therewith may be
      provided wherein each cell has only one resilient panel for holding the
      nuclear fuel bearing member therewithin. For example, a given grid
      structure may have at least one cell formed by three connecting panels,
      rather than four, to form a triangularly shaped cell with one panel acting
      as the resilient means for holding a nuclear fuel bearing member
      therewithin, the resilient panel being adapted to jam the rod against the
      other panels or protrusions therefrom. In this case, a single deflecting
      element 40 may be utilized as the deflecting means for enlarging the
      passageway through the cell. Accordingly, it is a feature of the invention
      to provide at least one rotatable deflecting element 40 endwise insertable
      within a grid structure having at least one cell defined by a plurality of
      panels, wherein only one of the panels of a projection therefrom acts as
      the resilient means allowing the fuel rod to be freely moved within the
      passageway defined by the cell. In addition to the foregoing, it should be
      appreciated that one or more deflecting elements may be provided with a
      plurality of offset portions 42 distributed along the longitudinal length
      of the element for simultaneously deflecting the resilient means
      associated with more than one cell. In this case, the centers of adjacent
      offset portions may be spaced apart from one another a distance equal to
      or a multiple of the distance between centers of adjacent panels in the
      same grid member. Upon rotation of the deflecting element each of the
      resilient panels with which an offset portion is associated will be
      deflected outwardly of the cell with which the resilient panel is
      associated to allow a plurality of fuel bearing members to be freely moved
      within their respective cells.
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STM  What is claimed is:
NUM  1.
PAR  1. In combination with a frame having resilient means for holding at least
      one movable nuclear fuel bearing member in place within a nuclear reactor
      wherein the resilient means is adapted to firmly hold the fuel member in a
      predetermined position with respect to the frame, the improvement
      comprising means other than the fuel bearing member for temporarily
      deflecting the resilient means to enable the fuel bearing member
      subsequently to be freely moved within the frame, said means further
      comprising at least one element inserted within the frame and rotatable
      therewithin and having portions thereon to selectively engage and deflect
      said resilient means in response to said rotation.
NUM  2.
PAR  2. The combination according to claim 1 wherein said deflecting means
      further comprises at least one elongated element inserted within the frame
      and removable therefrom thereafter, the element being rotatable in place
      while within the frame to selectively deflect the resilient means.
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PAL  A spacer grid for nuclear fuel rods is formed of generally identical metal
      straps arranged in crossed relation to define a multiplicity of cells
      adapted to receive elongated fuel elements or the like. The side walls of
      each cell have openings for intercell mixing of coolant and tabs from
      edges of the openings defining helical coolant deflectors in the cells.
      Tabs from adjacent side walls are fixedly secured together to provide
      rigidifying flanges for the grid. Spring fingers at the ends of the cells
      provide for holding fuel rods against fixed stops.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is in the field of support grids for spacing and holding
      nuclear fuel rods in a nuclear fuel assembly.
PAR  It is necessary that elongated fuel rods employed in nuclear fuel
      assemblies be held against undue vibration or lateral movement and that
      the holding means do not interfere with flow of coolant water along the
      rods. Many devices have been proposed, including grids formed of strip
      metal arranged in crossed relationship having fixed stops and spring
      fingers to engage and hold the fuel rods. Such devices, however, have been
      formed of relatively heavy gauge metal since rigidity is essential to
      properly hold the rods in predetermined position. The materials of which
      the grids are made is expensive and thus the heavy gauge metals employed
      render the cost of manufacture and maintenance quite high and also unduly
      absorb neutrons.
PAR  It has further been proposed heretofore to incorporate separate vanes
      adjacent or on the grids to direct coolant flow in an effort to enhance
      mixing the coolant as it flows through the reactor core.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises a fuel rod supporting grid formed of thin
      gauge sheet metal and arranged to define a multiplicity of open-ended
      cells having side walls of the sheet metal. The side walls of each cell
      are provided with openings having tabs struck in opposite directions
      therefrom to extend into the cells and arranged at an oblique angle to
      induce helical flow of coolant along the fuel rods and to promote
      intercell mixing of coolant through the openings. The tabs or flanges are
      arranged so that the ends of adjacent tabs in the cells are overlapped and
      brazed or otherwise secured together to form laterally extending
      rigidifying flanges for the grid structure, thus increasing the lateral
      strength and resistance to distortion. The side walls of the cells further
      extend axially beyond the open ends of the cells to define cantilevered
      spring fingers provided with protuberances adjacent their tips and
      stationary protuberances adjacent their bases to engage and securely hold
      fuel rods in the cells. The spacer grid design consists of a square egg
      crate structure with cantilevered springs at the top and bottom of the
      grid. The grid contact on the fuel rod is designed so that each rod is
      free to move independently with only minimal axial friction while
      simultaneously providing sufficient grid contact force to minimize
      fretting. In addition, the fuel rod scoring, which is normally associated
      with fuel rod insertion through the grids in the assembly, is
      significantly reduced. This reduction of scoring leaves a smoother fuel
      clad surface which is less susceptible to local attack by the various
      corrosion mechanisms present in the reactor environment. Axial friction
      forces between spacer grids and control rod guide tubes minimize the
      possibility of detrimental fuel rod bowing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plan view of a portion of a grid embodying the present
      invention;
PAR  FIG. 2 is a side view of that portion of the grid shown in FIG. 1;
PAR  FIG. 3 is a plan view of a blank of sheet metal stamped to the form for
      constructing the grid;
PAR  FIG. 4 is a perspective view of portions of two strips of FIG. 3 arranged
      in crossed relation to illustrate the manner of assembling the present
      grid; and
PAR  FIG. 5 is a sectional view taken along the line 5--5 of FIG. 4.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  As shown in FIGS. 1 and 2, the support grid, generally designated 2, is
      formed of a plurality of straps 4 of relatively thin sheet metal arranged
      in crossed relationship to define a multiplicity of generally square
      open-ended cells 6, through which fuel rods 8 are adapted to extend when
      the reactor core is assembled. The straps 4 are all generally identical
      and are best shown in FIGS. 3 and 4. Each strip 4 is provided with a
      plurality of slits 10 and a series of spring fingers 12 extending along
      each edge thereof, there being a spring finger between each pair of slits
      10. Generally along the longitudinal center line of the strap 4, a series
      of openings 13 are stamped or otherwise formed in the general shape of an
      oblique parallelogram with adjacent openings sloping in opposite
      directions relative to the longitudinal center line of the strap 4. The
      openings are defined by central cut-out portion 13 and slits 14 defining
      the ends of tabs 16. The tabs 16 are secured to the strip along fold lines
      18 as shown.
PAR  Adjacent the base portion of each spring finger 12 a hemispherical dimple
      or protuberance 20 is formed in the sheet metal and both such dimples
      between any single pair of slits 10 are struck to extend in the same
      direction, as clearly evident from FIG. 5. Adjacent the ends of the spring
      fingers 12 additional hemispherical protuberances or dimples 22 are formed
      to project from the opposite face of the spring fingers on strap 4, as
      also clearly shown in FIG. 5. Before assembling the strips of FIG. 3 into
      a grid structure, the tabs 16 are folded along their fold lines 18 so that
      one tab from each opening is folded to one side of the strap 4 and the
      other tab is folded to the other side, this also is shown more clearly in
      FIG. 5. After the straps 4 have been formed and their tabs folded as
      described, a grid is assembled as partly shown in FIG. 4.
PAR  A strap 4 is placed with its slits 10 extending downwardly, as shown at A
      in FIG. 4 and a second similar strap 4 is arranged with its slits 10
      extending upwardly as shown at B in FIG. 4. The straps are arranged in
      crossed relationship so that their slits mutually engage to permit the
      crossed relationship shown in FIG. 4, as is more or less conventional and
      sometimes referred to as "egg crate" construction. A selected slit 10 on
      the strip at B is engaged with a selected slit 10 of the strip at A so
      that adjacent tabs, as shown at C and D, respectively, lie in
      substantially the same plane oblique to the directions of the slits 10.
      The tabs 16 are so formed that the adjacent ends of tabs C and D are in
      overlapping contact with each other when the strips are arranged as shown.
      It is to be noted that tab C is folded from the bottom edge of its opening
      13 whereas tab B is folded from the upper edge of its opening 13, and the
      tabs from the opposite edges of those openings extend to the opposite
      sides of their respective straps 4. After the pair of straps shown in FIG.
      4 are assembled in the manner described, additional straps are engaged
      with the straps at A and B in the same manner until the grid is complete.
      As stated previously, each of the straps 4 is generally identical to all
      others; however, certain of the straps will have slightly different
      constructions to properly define the outer boundaries of the grid, all as
      will be obvious to those skilled in the art.
PAR  Either during assembly or after all of the straps have been assembled as
      described, the engaging and crossing portions of the straps 4 and the
      overlapped portions E of the tabs 16 are secured together, preferably by
      brazing or the like, to permanently secure the grid members in fixed
      relation and to secure the overlapped tabs 16 to define essentially a
      single helical baffle and rigidifying flange structure.
PAR  As shown, the free edges of the tabs 16 are curved, as at 24, so that the
      inner edges of all of the tabs extending into any one cell 6 define a
      generally cylindrical passageway for the loose reception of a fuel rod 8
      with clearance between the tabs and fuel rods. This feature is clearly
      evident from FIG. 1 of the drawings.
PAR  Each of the spring fingers 12 is preferably bent slightly (not shown) in
      the direction in which the dimples 22 extend so that those tabs extend
      slightly obliquely into the end portions of the cells which receive the
      fuel rods 8. Thus, when the fuel rods are inserted into the cells in the
      manner indicated in FIG. 2, they will engage a pair of axially spaced
      fixed stops 20 on one wall of the cell and will be engaged and pressed
      toward the stops 20 by spring fingers 12 and movable stops 22 on the
      opposite wall of that cell. Thus, each fuel rod engages four hard stops
      and is engaged by four resiliently movable stops in each cell with the
      points of engagement being symmetrically arranged axially of the fuel rods
      to minimize bending thereof. The arrangement serves to locate the fuel
      rods in the centers of the cells.
PAR  The parts are so proportioned that the spring fingers 12 which are
      initially bent inwardly are resiliently flexed to lie substantially
      coplanar with their supporting cell wall when the fuel rods are in
      position.
PAR  It is to be noted from FIG. 1 that there are two overlapped portions E in
      each cell, in diagonally opposite corners thereof, thus forming an
      extremely rigid grid structure.
PAR  The construction described herein permits forming the grid of much thinner
      material than was heretofore possible and provides greater strength and
      rigidity while materially reducing the quantity and cost of metal
      employed. Further, since the metal of the straps is thinner than
      heretofore, an improvement in neutron economy is realized.
PAR  During operation of the reactor having the grid of the present invention
      therein, coolant water is caused to flow axially along the fuel rods 8 and
      it will be obvious that the oblique vanes 16 define helical guide vanes to
      cause the coolant to swirl around the fuel rods while the openings 12
      permit and induce intercell mixing of the coolant through those openings
      to thus enhance more uniform temperature conditions throughout the reactor
      core.
PAR  While a single specific embodiment of the invention has been shown and
      described herein, the same is merely exemplary of the principles involved
      and other forms may be resorted to within the scope of the appended claims
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. A grid structure for a nuclear reactor fuel assembly comprising a
      plurality of members arranged to define the side walls of a plurality of
      adjacent open-ended grid cells through which elongated elements are
      adapted to extend;
PA1  each of said side walls having an opening therethrough and extending across
      a major portion of the width thereof and communicating with an adjacent
      cell; and
PA1  substantially planar tabs of a length equal to a major portion of the width
      of said walls extending from edges of said openings into adjacent cells
      and extending oblique to the axes of said cells whereby to cause helical
      flow of a coolant flowing through said cells and intercell coolant mixing
      through said openings.
NUM  2.
PAR  2. A grid structure as defined in claim 1 wherein the inner edges of said
      tabs are curved to define a generally cylindrical channel through said
      cells for receiving said elongated elements.
NUM  3.
PAR  3. A grid structure as defined in claim 1 wherein tabs from adjacent side
      walls extend into the same cell, are arranged to lie in substantially the
      same oblique plane, and have adjacent end portions in mutual engagement
      and fixedly secured together to define a generally helical coolant
      deflector and to further serve as rigidifying flanges for said grid
      structure.
NUM  4.
PAR  4. A grid structure as defined in claim 3 wherein said adjacent end
      portions are in overlapping relation.
NUM  5.
PAR  5. A grid structure as defined in claim 3 wherein each of said cells is
      generally square, having four side walls, with a tab extending thereinto
      from each side wall, there being said fixedly secured end portions at
      diagonally opposite corners of each of said cells.
NUM  6.
PAR  6. A grid structure as defined in claim 1 wherein said members comprise a
      plurality of substantially identical straps arranged in interlocked
      crossing relation; each strap having a series of said openings and tabs
      formed thereon with a pair of said tabs extending from each opening, from
      opposite edges thereof, and extending to opposite sides of said strip;
      said opposite edges and tabs being oblique to the length of said strip,
      the said edges and tabs of adjacent openings extending in opposite oblique
      directions.
NUM  7.
PAR  7. A grid structure as defined in claim 1 including integral resilient
      fingers extending axially from each end of each side wall of said cells; a
      rigid protuberance extending into each cell from adjacent the base of each
      resilient finger on at least one side wall, and a resiliently movable
      protuberance formed adjacent the end of each spring finger on an opposed
      wall and extending inwardly of said cell.
NUM  8.
PAR  8. A grid structure as defined in claim 7 wherein each of said spring
      fingers is bent to normally extend obliquely inwardly of that cell toward
      which its resiliently movable protuberance extends.
NUM  9.
PAR  9. A grid structure as defined in claim 7 wherein each of said spring
      fingers is provided with one of said rigid protuberances extending in one
      direction and one of said resiliently movable protuberances facing the
      opposite direction.
PATN
WKU  039335852
SRC  5
APN  4750632
APT  1
ART  125
APD  19740531
TTL  Process for production of vaccines
ISD  19760120
NCL  5
ECL  1,3,4
EXP  Rosen; Sam
NDR  2
NFG  2
INVT
NAM  McAleer; William J.
STR  717 Marietta Drive
CTY  Ambler
STA  PA
ZIP  19002
INVT
NAM  Spier; Raymond E.
STR  60 Parklands Place
CTY  Merron, Guildford, Surrey
CNT  EN
INVT
NAM  Posch; Kenneth L.
STR  115 Heartwood Drive
CTY  Lansdale
STA  PA
ZIP  19446
ASSG
NAM  Merck & Co., Inc.
CTY  Rahway
STA  NJ
COD  02
RLAP
COD  72
APN  262825
APD  19720614
PSC  03
CLAS
OCL  195  11
XCL  195  17
XCL  195  18
XCL  424 89
EDF  2
ICL  A61K 3912
ICL  C12B  100
ICL  C12K  700
FSC  424
FSS  89
FSC  195
FSS  1.7;1.1
OREF
PAL  litwin, Process Chemistry, pp. 15-17, July 1971.
PAL  Molin et al., Progr. Immunobiol. Standard, Vol. 3, pp. 106-110, 1969.
PAL  Technical Specification for FL203 Diploid Cell Cultivation Apparatus,
      published by Biotec. Inc., Rockville, Md., 2 pp.
ABST
PAL  A multiplate propagator for producing cells and vaccines having critical
      geometric properties such as ratio of plate diameter to internal tank
      diameter results in significantly increased yields at substantially
      reduced costs.
PARN
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 262,825, filed June 14, 1972, now abandoned.
BSUM
PAR  This invention relates to a process for producing cells and vaccines.
PAR  More particularly, this invention relates to a process for producing cells
      and vaccines which utilizes a multiplate propagator having critical
      geometric properties such as the plate diameter to internal tank diameter
      ratio, in order to produce the cells and vaccines in significantly
      increased yields and at substantially reduced costs as compared to
      presently utilized procedures.
PAR  Human and animal vaccines have been commercially produced by growing the
      desired virus in primary cells which must be grown on surfaces. Commercial
      processes were initially developed in Brockway bottles and, as production
      techniques evolved, the Brockway bottles were replaced by roller bottles.
      More recently, mass culture systems have been developed, including those
      which utilize a series of concentric rings or tanks having a plurality of
      stacked plates. The most recent mass culture system which has been
      developed is the multiplate machine produced by Biotic A. B. of Sweden
      which contains a series of titanium discs or plates which are mounted on a
      rotatable shaft in a cylindrical glass vessel. The vessel is capable of
      being placed in the upright position, in which the plating surface of the
      discs is in a horizontal plane in order to permit the cells to settle onto
      the plating surface of the discs. The device is then placed on its side so
      that the plated cells are rotated through the growth medium in the vessel
      until cell sheet formation occurs, the virus seed is then added, the unit
      is again rotated and the vaccine is harvested.
PAR  As the state of the art evolved, the primary objective was to increase the
      yield and reduce production costs by increasing the surface area or cell
      plating area to volume of medium ratio in order to obtain the highest
      yield of cells and vaccine in the smallest volume. For example, a surface
      area to volume ratio on a cm..sup.2 /ml. basis of 3.0 cm..sup.2 /ml. had
      been achieved in the Biotec apparatus. We have unexpectedly discovered
      that significant increases in the yield of cells and vaccines are obtained
      by using a device which has a surface area to volume ratio of from about
      1.7 cm..sup.2 /ml. to about 2.2 cm..sup.2 /ml. and preferably a value of
      1.9 cm..sup.2 /ml.
PAR  We have also discovered that yields of cells and vaccines can be obtained
      which are significantly greater than the yields of cells and vaccines
      which are produced using any of the aforementioned devices by utilizing
      multi-plate propagators which have a critical plate diameter to internal
      tank diameter ratio, or which have a critical distance between the
      periphery of the plates and the inner wall of the tank. This diameter
      ratio may be from about 0.80 to about 0.90, preferably from about 0.82 to
      about 0.84 as compared to 0.96 in the Biotec unit. The critical distance
      between the periphery of the plate and the inner wall of the tank is from
      about one-half inch to about three-quarter inch and preferably a value of
      five-eighths inch as opposed to one-eighth inch in the Biotec unit.
PAR  The use of a device which contains the critical surface area to volume
      ratio, or critical plate diameter to internal tank diameter ratio, or
      critical distance between the periphery of the plates and the inner wall
      of the tank leads to significant increases in the yield of cells and
      vaccines when compared with conventional cell and vaccine propagation
      systems including the multiplate propagator manufactured by Biotec.
PAR  An advantage of the present invention is the production of cells and
      vaccines in very high yields, and at substantially reduced costs as
      compared to the procedure utilized in the prior art.
PAR  A further advantage of the present invention is that the yield of cells is
      greatly increased on all plating surfaces.
PAR  A still further advantage of the present invention is that equivalent
      amounts of cells and vaccines may be produced while substantially reducing
      the number of production units, thereby reducing handling costs and the
      risk of contamination.
PAR  The process of the present invention may be used to produce viral vaccines
      such as mumps, measles, rubella, Marek's, influenza, parainfluenza,
      varicella, and respiratory syncytia and cells such as WI-38, chick embryo
      and duck embryo cells, Standard cells, sera, and media may be used to
      charge the propagator. For example, primary cells such as chick embryo
      fibroblasts, green monkey kidney, bovine kidney, dog kidney cells or
      diploid cells such as WI-38 may be utilized as may standard sera such as
      fetal calf, calf, bovine, G-G-free new born calf, .alpha.-gamma calf or
      .alpha.-gamma bovine and standard media such as Eagles Basel Medium,
      Medium 199, Medium EBME and Eagle's Minimum Essential Medium (EMEM).
DRWD
PAR  The process of the present invention will be better understood by an
      examination of the accompanying drawing in which:
PAR  FIG. 1 is a sectional view of a multiplate propagator which is exemplary of
      those which can be utilized in accordance with the process of this
      invention; and
PAR  FIG. 2 is a sectional view of another multiplate propagator which is
      exemplary of those which can be utilized in accordance with the process of
      this invention.
DETD
PAR  Referring to FIG. 1, there is disclosed a propagator 1 which comprises a
      cylindrical stainless steel tank 2 having flanges 3 and 4 at each end
      thereof. Top and bottom plates 5 and 6 are sealed to flanges 3 and 4 by
      clamps 7. An air-carbon dioxide mixture is pumped into the tank 2 from a
      reservoir (not shown) through a line 8 which is connected to the tank by a
      coupling device 9 in plate 6. A valve 10 is used to control the rate of
      flow of this mixture to the tank. Additional medium, serum and other
      nutrients may be supplied to the tank through line 11 which is connected
      to the tank by coupling device 12. A valve 13 is used to control the rate
      of flow of nutrients to the tank. Outlet line 14 is connected to the tank
      by coupling device 15 which is in the upper portion of plate 5 in order to
      remove air from the tank so that the air pressure inside the tank does not
      build up to an unsatisfactory level. A further line 16 is connected to the
      tank 1 by coupling device 17 which is located slightly above the center of
      plate 5 in order to permit fluids to be withdrawn from the tank, thereby
      preventing the level of fluid or medium 18 in the tank from rising above
      the desired level. It is necessary to control the level of the medium in
      order to insure the proper aeration of the plates 19 as they rotate
      through the medium. The plates 19 are mounted on a bar 20, which supports
      the plates 19 in a separated state due to the presence of cylindrical
      spacers between each plate. One end of the bar 20 is rotatably supported
      by a bearing 21 which is mounted in recess 27 in end plate 5. The other
      end of the bar 20 is also rotatably supported by a bearing 23 which is
      mounted in a recess 24 in end plate 6. A magnetic couple 25 which is
      fixedly mounted on bar 20 is engaged by magnetic drive means 26 to rotate
      the plates 19 through the medium 18 during the cell growth and virus
      infection stages of operation.
PAR  Similarly in FIG. 2, there is disclosed a propagator 51 which comprises a
      cylindrical stainless steel vessel 52 having a flange 53 at one end
      thereof. Plate 54 is sealed to the flange 53 by clamps 55. An air-carbon
      dioxide mixture is pumped into the vessel 52 from a reservoir (not shown)
      through a line 56 which extends along the length of the wall of the vessel
      52 to the back of the vessel 52 where a portion of the line 56 extends
      along the back of the vessel. This portion of the line 56 has openings 57
      which permit the egress of the air-carbon dioxide mixture. An outlet line
      59 is also used to keep the air pressure within the vessel at a relatively
      constant level. Another line 60 is used to supply medium, serum and other
      nutrients and to withdraw the expended medium and product. The fluid 58 is
      maintained at a level of slightly more than half of the maximum volume to
      insure the proper aeration of the plates 61 as they rotate through the
      medium. The plates 61 are mounted on a bar 62, which supports the plates
      54 in a separated state due to the presence of cylindrical spacers between
      each plate. One end of the bar 62 is rotatably supported by a bearing 63
      which is mounted in recess 64 in the bottom of the vessel 52. The other
      end of the bar 62 is also rotatably supported by a bearing 65 which is
      mounted in a recess 66 in plate 54. A magnetic couple 67 which is fixedly
      mounted on bar 62 is engaged by a driven magnet 68 to rotate the plates 61
      through the medium 58 during the cell growth and virus infection stages of
      the production cycle.
PAR  The process of the present invention will be better understood by reference
      to the following examples:
PAC  EXAMPLE 1
PAR  A rotating titanium disc propagator having a stack of 50 discs, each having
      a plate diameter of 6 inches, an internal tank diameter of 7-1/4 inches, a
      distance of five-eighths inch between the edge of the plates and the tank
      wall and a plate diameter to internal tank diameter ratio of 0.83 is
      charged with a mixture of 1.5 billion trypsinized chick embryo cells and
      Medium 199 containing 45 ml. 2.8% NaHCO.sub.3 /L and 10% fetal calf serum.
      The propagator is held in the vertical position at a temperature of
      37.degree.C. and plating is effected. The propagator is then positioned so
      that the plane of the discs is in the vertical axis and a portion of the
      medium and serum is discharged until the unit is half full or slightly
      more than half full. The discs are then rotated at a speed of 1
      revolution/5 minutes and air or a mixture of 95% air and 5% CO.sub.2 is
      passed through the unit at a rate of 100 cc/minute until the cell growth
      cycle has been completed at which time the spent medium and serum is
      discharged from the propagator and the propagator is washed with Hank's
      solution and charged with fresh Medium 199, containing 60 ml. 2.8%
      NaRCO.sub.3 /L, and 25% SPGA containing a suspension of mumps virus
      derived from 1 ml. of a suspension which has a -log.sub.10 TCID.sub.50
      /0.1 ml. of 3.6. The unit is again rotated at a speed of 1 revolution/5
      minutes until there is no further increase in the concentration of virus
      in the supernatant fluids at which time the vaccine harvesting operation
      begins.
PAR  When the titer of mumps vaccine prepared according to the procedure set
      forth in this example is compared to that of the mumps vaccine produced by
      conventional procedures a greater than ten fold increase in titer is
      observed. This leads to substantially increased yields of vaccine.
PAC  EXAMPLE 2
PAR  A rotating disc propagator having a stack of 50 discs, each having a plate
      diameter of 6 inches, an internal tank diameter of 7 1/4 inches, a
      distance of five-eighths inch between the edge of the plates and the tank
      wall, a plate diameter to internal tank diameter ratio of 0.80, and a
      surface area to volume ratio of 1.9 cm..sup.2 /ml. is charged with a
      mixture of 1.5 billion trypsinized chick embryo cells and Medium 199
      containing 45 ml. 2.8% NaHCO.sub.3 /L and 10% fetal calf serum. The
      propagator is held in the vertical position at a temperature of
      37.degree.C. and plating is effected. After 3 hours the fluid in the
      propagator is discharged and a further 1.5 billion trypsinized chick
      embryo cells are added to it and, after mixing, the fresh suspension is
      transferred back into the propagator which is held in the opposite
      vertical position to the first plating at a temperature of 37.degree.C.
      After plating has been completed the propagator is then positioned so that
      the plane of the discs is in the vertical axis and a portion of the medium
      and serum is discharged until the unit is about half full. The discs are
      then rotated at a speed of 1 revolution/5 minutes and a mixture of 95% air
      and 5% CO.sub.2 is passed through the unit at a rate of 100 cc/min. until
      the cell growth cycle is completed at which time the spent medium and
      serum is discharged from the propagator. The propagator is then refed with
      fresh Medium 199 containing 60 ml. 2.8% NaHCO.sub.3 /L, and 2% G-G-free
      newborn calf serum and 11 ml. of measles virus suspension which has a
      -log.sub.10 TCID.sub.50 /0.1 ml. of 3.3 and rotated until the infection
      process is complete at which time the spent fluids are discharged and the
      contents of the propagator are washed with Hank's solution. The propagator
      is then recharged with fresh Medijm 199 and 60 ml. 2.8% NaHCO.sub.3 /L 10%
      SPGA. When the vaccine has reached the desired concentration, the vaccine
      harvesting operation begins.
PAR  When the titer of measles vaccine prepared according to the procedure set
      forth in this example is compared to that of measles vaccine produced by
      conventional procedures, a significant increase in titer is observed. This
      leads to substantially increased yields of vaccine.
PAC  EXAMPLE 3
PAR  A rotating disc propagator having a stack of 50 discs, each having a plate
      diameter of 5.4 inches, an internal tank diameter of 6 inches, a distance
      of 0.3 inch between the edge of the plates and the tank wall and a plate
      diameter to internal tank diameter ratio of 0.90 is charged with a mixture
      of 1.5 billion trypsinized duck embryo cells and Medium 199 containing 45
      ml. 2.8% NaHCO.sub.3 /L and 10% fetal calf serum. The propagator is held
      in the vertical position at a temperature of 37.degree.C. and plating is
      effected. After 3 hours the fluid in the propagator is then discharged and
      a further 1.5 billion trypsinized duck embryo cells are added to it and
      after mixing the fresh suspension is transferred back into the propagator
      which is held in the opposite vertical position to the first plating at a
      temperature of 37.degree.C. After plating has been completed the
      propagator is then positioned so that the plane of the discs is in the
      vertical axis and a portion of the medium and serum is discharged until
      the unit is about half full. The discs are then rotated at a speed of 1
      revolution/5 minutes and a mixture of 95% air and 5% CO.sub.2 is passed
      through the unit at a rate of 100 cc/minute until the cell growth cycle is
      complete at which time the spent medium and serum is discharged from the
      propagator, the propagator is then refed with fresh Medium 199 containing
      60 ml. 2.8% NaHCO.sub.3 /L, 2%, G-G-free newborn calf serum and 42.7 ml.
      of a rubella virus suspension whose titer is -log.sub.10 IND.sub.50 /0.1
      ml.= 3.5, and rotated until the infection process is complete at which
      time the spent fluids are discharged and the contents of the propagator
      are washed with Hank's solution. The propagator is then recharged with
      fresh Medium 199, 60 ml. 2.8% NaHCO.sub.3 /L and 10% SPGA. When the
      vaccine has reached the desired concentration the vaccine is harvested.
PAR  When the titer of rubella vaccine harvested according to the procedure set
      forth in this example is compared to the titer of rubella vaccine produced
      by conventional processes, a significant increase in titer is observed.
      This increase in titer leads to substantial increases in the yield of
      vaccine.
PAC  EXAMPLE 4
PAR  A rotating titanium disc propagator having a stack of 50 discs, each having
      a plate diameter of 6 inches, an internal tank diameter of 71/4  inches, a
      distance of five-eighths inch between the edge of the plates and the tank
      wall and a plate diameter to internal tank diameter ratio of 0.83 is
      charged with a mixture of Eagle's Basel Medium and tryptose phosphate
      broth with 5% fetal calf serum and 3 .times. 10.sup.9 cells from
      trypsinized 12 day duck embryos and 3.6 .times. 10.sup.6 PFU Marek THV.
      The charged propagator is held in the vertical position at a temperature
      of 37.degree.C. and plating is effected. The propagator is then positioned
      so that the plane of the disc is in the vertical axis and a portion of the
      medium and serum is discharged until the unit is about half full. The
      discs are then rotated at a speed of 1 revolution/8 minutes and air or a
      mixture of 95% air and 5% CO.sub.2 is passed through the propagator at a
      flow rate of 100 cc/minute. The pH is adjusted from time to time with 7.5%
      NaHCO.sub.3 so that it remains within the limits of pH 6.8-7.4. Also
      glucose is added to the system periodically so that at no time should the
      glucose concentration go outside the limits of 15-100 mg./100 ml. On the
      sixth day after plating the spent medium is discharged and 6 liters of
      KCL/trypsin is transferred into the propagator. The plates are then
      rotated through the trypsin solution at a speed of about 20 revolutions
      per minute for 5 minutes. The cell suspension is discharged from the
      propagator and fetal calf serum is added until a final concentration of
      7.5% fetal calf serum is obtained. The suspension is then centrifuged for
      10 minutes. The contents are then resuspended in 15% fetal calf serum.
PAR  When the vaccine is prepared by this method, in the described equipment a
      substantial increase in titer is obtained when compared with the titer
      obtained when conventional equipment and procedures are used. This
      increase in titer leads to greatly increased yields of vaccine.
PAC  EXAMPLE 5
PAR  A rotating titanium disc propagator having a stack of 50 discs, each having
      a plate diameter of 6 inches, an internal tank diameter of 71/4  inches, a
      distance of five-eighths inch between the edge of the plates and the tank
      wall and a plate diameter to internal tank diameter ratio of 0.83, is
      charged with a mixture of 300 .times. 10.sup.6 WI-38 cells in Medium EBME
      containing 10% fetal calf serum and 10 ml. of glutamine/L. The propagator
      and its contents are then held with the plane of the plates in the
      horizontal axis at 37.degree.C. until plating has been achieved. The
      propagator is then positioned so that the plane of the discs is in the
      vertical axis and a portion of the medium and serum is discharged until
      the unit is about half full. The discs are then rotated at a speed of 1
      revolution/5 minutes and air or a mixture of 5% CO.sub.2 and 95% air is
      passed through the unit at a rate of 100 cc/minute. Twenty-four hours
      later the medium is discharged from the machine and the unit is refilled
      with an equal volume of fresh Medium EBME containing 5% fetal calf serum
      and 10 ml. glutamine/L. After a further 48 hours in the rotating and
      gassing mode, the unit is harvested. For this operation the unit is voided
      of spent medium and is then half filled with a solution containing
      trypsin. The plates are rotated through the trypsin solution at a speed of
      20 revolutions per minute for 5 minutes. The cell suspension is discharged
      from the propagator and fetal calf serum is added until a final
      concentration of 7.5% fetal calf serum is obtained. The suspension is then
      centrifuged for 10 minutes to pellitize the cells and the cells are
      resuspended in Medium 199, 15% fetal calf serum and 45 ml. of 2.8%
      NaHCO.sub.3 /L.
PAR  When WI-38 cells are prepared by this method in the described equipment,
      they are prepared with great efficiency and economy when compared to cells
      produced using conventional procedures and equipment.
PAC  EXAMPLE 6
PAR  A rotating disc propagator having a stack of 50 discs, each having a plate
      diameter of 6 inches, an internal tank diameter of 71/4  inches, a
      distance of five-eighths inch between the edge of the plates and the tank
      wall and a plate diameter to internal tank diameter ratio of 0.83, is
      charged with a mixture of 3.0 billion trypsinized chick embryo cells,
      Medium 199, 45 ml. 2.8% NaHCO.sub.3 /L and 5% fetal calf serum. The
      propagator is held in the vertical position at a temperature of
      37.degree.C. and plating is effected. After 3 hours the fluid in the
      propagator is discharged and a further 3.0 billion trypsinized chick
      embryo cells are added to it and after mixing the fresh suspension is
      transferred back into the propagator which is held in the opposite
      vertical position to the first planting at a temperature of 37.degree.C.
      in order to effect plating on the second side of the discs. When this has
      been accomplished, the propagator is positioned so that the plane of the
      discs is in the vertical axis and a portion of the medium and serum is
      discharged until the unit is about half full. The discs are then rotated
      at a speed of 1 revolution in 5 minutes and air or a mixture of 5%
      CO.sub.2 and 95% air is passed through the propagator at a rate of 100
      cc/min. When the cells have reached the confluent state and the growth has
      ceased, the cells may be harvested.
PAR  The medium in the propagator is discharged and the propagator is filled up
      to the half way mark with a solution containing trypsin. The plates are
      rotated through the trypsin solution at a speed of 20 revolutions per
      minute for 5 minutes. The cell suspension is discharged from the
      propagator and fetal calf serum is added until a final concentration of
      7.5% fetal calf serum is obtained. The suspension is then centrifuged for
      10 minutes to pellitize the cells and the cells are resuspended in Medium
      199, 15% fetal calf serum and 45 ml. of 2.8% NaHCO.sub.3 /L.
PAR  When chick embryo cells are prepared by this method in the described
      equipment, they are prepared with great efficiency and economy when
      compared to cells produced using conventional procedures and equipment.
PAC  EXAMPLE 7
PAR  A rotating disc propagator having a stack of 50 discs, each having a plate
      diameter of 6 inches, an internal tank diameter of 71/4  inches, a
      distance of five-eighths inch between the edge of the plates and the tank
      wall and a plate diameter to internal tank diameter ratio of 0.83, is
      charged with a mixture of 3.0 billion trypsinized duck embryo cells,
      Medium 199 FlO 5% fetal calf serum, 30 ml. 2.8% NaHCO.sub.3 /L. The
      propagator is held in the vertical position at a temperature of
      37.degree.C. and plating is effected. After 3 hours the fluid in the
      propagator is discharged and a further 3.0 billion trypsinized duck embryo
      cells are added to it and after mixing the fresh suspension is transferred
      back into the propagator which is held in the opposite vertical position
      to the first planting at a temperature of 37.degree.C. in order to effect
      plating on the second side of the discs. When this has been accomplished,
      the propagator is positioned so that the plane of the discs is in the
      vertical axis and a portion of the medium and serum is discharged until
      the unit is about half full. The discs are then rotated at a speed of 1
      revolution in 5 minutes and air or a mixture of 5% CO.sub.2 and 95% air is
      passed through the propagator at a rate of 100 cc/min. When the cells have
      reached the confluent state and the growth has ceased, the cells may be
      harvested.
PAR  The medium in the propagator is discharged and the propagator is filled up
      to the half way mark with a solution containing trypsin. The plates are
      rotated through the trypsin solution at a speed of 20 revolutions per
      minute for 5 minutes. The cell suspension is discharged from the
      propagator and fetal calf serum is added until a final concentration of
      7.5% fetal calf serum is obtained. The suspension is then centrifuged for
      10 minutes to pellitize the cells and the cells are resuspended in Medium
      199 FlO 5% fetal calf serum, 30 ml. 2.8% NaHCO.sub.3 /L.
PAR  When duck embryo cells are prepared by this method in the described
      equipment, they are prepared with great efficiency and economy when
      compared to cells produced using conventional procedures and equipment.
PAR  The following examples (8-13) illustrate the advantages obtained in the
      production of cells and vaccines utilizing the multiplate propagator which
      contains the critical dimensions as compared with the prior art Biotec
      device.
PAR  Examples 8 and 9 relate to the production of mumps virus. The studies were
      run under identical conditions in all respects with the exception that the
      process set forth in Example 8 relates to the production of mumps virus
      utilizing a multiplate propagator possessing the critical dimensions of
      the invention whereas Example 9 is directed to the prior art Biotec
      device. In both Examples 8 and 9 the maximum titer obtained during the
      production of the mumps vaccine is indicated.
PAR  Examples 10 and 11 relate to the production of measles virus. The studies
      were run under identical conditions in all respects with the exception
      that the process set forth in Example 10 relates to the production of
      measles virus utilizing a multiple propagator possessing the critical
      dimensions of the invention whereas Example 11 is directed to the prior
      art Biotec device. In both Examples 10 and 11 the maximum titer obtained
      during the production of the measles vaccine are indicated.
PAR  Examples 12 and 13 relate to the production of chick embryo cells. The
      studies were run under identical conditions in all respect with the
      exception that the process set forth in Example 12 utilizes the apparatus
      of the present invention whereas Example 13 is directed to the prior art
      Biotec device; in addition 10% fetal calf serum was employed in Example 12
      and 5% fetal calf serum was employed in Example 13. In both Examples 12
      and 13, the cell yield obtained on day 3 post-planting is indicated.
PAC  EXAMPLE 8
PAR  A rotating titanium disc propagator having a stack of 50 discs, each having
      a plate diameter of 6 inches, an internal tank diameter of 71/4  inches, a
      distance of five-eighths inch between the edge of the plates and the tank
      wall, a plate diameter to internal tank diameter ratio of 0.83 and a plate
      surface area to tank volume ratio of 1.9 cm..sup.2 /ml. is charged to the
      tank's capacity of 4.7 l. with a mixture of 1.5 billion trypsinized chick
      embryo cells distributed in Medium 0 containing 10% fetal calf serum,
      wherein Medium 0 consists of:
TBL         Medium O                                                           

     ______________________________________                                    

     Medium 199 10X Concentrate                                                

                            100       ml.                                      

     Solution D-G-P         1         ml.                                      

     2.8% Sodium Bicarbonate Solution                                          

                            45        ml.                                      

     2% Phenol Red Solution 0.5       ml.                                      

     Filtered Distilled Water, q.s.                                            

                            1000      ml.                                      

     ______________________________________                                    

PAL  The propagator is held in the vertical position at a temperature of
      37.degree.C. for 3 hours and plating is effected on one side of the
      plates. The propagator is then positioned in a horizontal position,
      drained and recharged to capacity with another 1.5 billion chick embryo
      cells distributed in Medium 0 and 10% fetal calf serum. The propagator is
      rotated through 90.degree. so that the second surface of the plates is
      planted with cells. The plating of the second surface is allowed to
      proceed for 14 hours. The propagator is then positioned so that the plane
      of the discs is in the vertical axis and a portion of the medium and serum
      is discharged until the unit is half full or slightly more than half full.
      The discs are then rotated at a speed of 1 revolution/5 minutes and a
      mixture of 95% air and 5% CO.sub.2 is passed through the unit at a rate of
      100 cc/minute until the cell growth cycle has been completed at which time
      the spent medium and serum is discharged from the propagator and the
      propagator is washed with Hank's solution and charged with a seeding
      medium consisting of fresh Medium 0 with an additional 15 ml. per liter of
      2.8% sodium bicarbonate solution with 25% SPGA and 1 ml. of a suspension
      of mumps virus which has a -log.sub.10 TCID.sub.50 /0.1 ml. of 3.6
      wherein, SPGA has the following composition:
TBL  SPGA                                                                      

     ______________________________________                                    

     sucrose              74.62      g.                                        

     monopotassium phosphate                                                   

                          0.45       g.                                        

     di-potassium phosphate                                                    

                          1.35       g.                                        

     25% solution of human                                                     

     serum albumin        40         ml.                                       

     L-mono sodium glutamate                                                   

                          0.956      g.                                        

     filtered, distilled water, q.s.                                           

                          1000       ml.                                       

     ______________________________________                                    

PAR  The unit is rotated at a speed of 1 revolution/5 minutes for 4 days at
      which time the vaccine is harvested.
PAR  The titer of mumps vaccine prepared according to the procedure set forth in
      this example has a maximum -log.sub.10 TCID.sub.50 /0.1 ml. value of 5.8
      which is attained on day 4 post-infection.
PAC  EXAMPLE 9
PAR  Mumps vaccine is produced in the manner identical to that set forth in
      Example 8 with the exception that a rotating titanium disc propagator
      having a stack of 50 discs, each having a plate diameter of 6 inches, an
      internal tank diameter of 61/4 inches, a distance of one-eighth inch
      between the edge of the plates and the tank wall, a plate diameter to
      internal tank diameter ratio of 0.96 and a plate surface area to tank
      volume ratio of 3 cm..sup.2 /ml. is employed. The maximum titer value
      -log.sub.10 TCID.sub.50 /0.1 ml. of 3.1 is obtained on day 7
      post-infection.
PAC  EXAMPLE 10
PAR  A rotating disc propagator having a stack of 50 discs, each having a plate
      diameter of 6 inches, an internal tank diameter of 71/4  inches, a
      distance of five-eighths inch between the edge of the plates and the tank
      wall, a plate diameter to internal tank diameter ratio of 0.83, and a
      surface area to volume ratio of 1.9 cm..sup.2 /ml. is charged to the
      tank's capacity of 4.7 l. with a mixture of 1.5 billion trypsinized chick
      embryo cells distributed in Medium 0 containing 10% fetal calf serum. The
      propagator is held in the vertical position at a temperature of
      37.degree.C. for 3 hours and plating is effected. After 3 hours the fluid
      in the propagator is discharged and a further 1.5 billion trypsinized
      chick embryo cells is distributed in the discharged fluid by mixing, and
      the fresh suspension is transferred back into the propagator which is held
      in the opposite vertical position to the first plating at a temperature of
      37.degree.C. for 16 hours. After plating has been completed the propagator
      is then positioned so that the plane of the discs is in the vertical axis
      and a portion of the medium and serum is discharged until the unit is
      about half full. The discs are then rotated at a speed of 1 revolution/5
      minutes and a mixture of 95% air and 5% CO.sub.2 is passed through the
      unit at a rate of 100 cc/min. until the cell growth cycle is completed (4
      days after planting) at which time the spent medium and serum is
      discharged from the propagator. The propagator is then refed with fresh
      Medium 0 with an additional 15 ml. per liter of 2.8 % sodium bicarbonate
      solution and 2% .alpha.-gamma calf serum and 11 ml. of a measles virus
      suspension which has a -log.sub.10 TCID.sub.50 /0.1 ml. of 3.3 and rotated
      until the infection process is complete (3 days after seeding) at which
      time the spent fluids are discharged and the contents of the propagator
      are washed with Hank's solution. The propagator is then recharged with
      fresh Medium 0 with an additional 15 ml. per liter of 2.8% sodium
      bicarbonate solution and 10% SPGA.
TBL  SPGA                                                                      

     ______________________________________                                    

     sucrose              74.62      g.                                        

     monopotassium phosphate                                                   

                          0.45       g.                                        

     di-potassium phosphate                                                    

                          1.35       g.                                        

     25% solution of human                                                     

      serum albumin       40         ml.                                       

     L-mono sodium glutamate                                                   

                          0.956      g.                                        

     filtered, distilled water, q.s.                                           

                          1000       ml.                                       

     ______________________________________                                    

PAR  After 12 days the vaccine has reached the maximum concentration and the
      vaccine is harvested.
PAR  The maximum titer of measles vaccine prepared according to the procedure
      set forth in this example has a -log.sub.10 TCID.sub.50 /0.1 ml. of 4.6
      which is attained on day 12 post-infection.
PAC  EXAMPLE 11
PAR  Measles vaccine is produced in the manner identical to that set forth in
      Example 10 with the exception that a rotating disc propagator having a
      stack of 50 discs, each having a plate diameter of 6 inches, an internal
      tank diameter of 61/4 inches, a distance of one-eighth inch between the
      edge of the plates and the tank wall, a plate diameter to internal tank
      diameter ratio of 0.96 and a surface area to volume ratio of 3 cm..sup.2
      /ml. is employed. The maximum titer value -log.sub.10 TCID.sub.50 /0.1 ml.
      of 2.6 is obtained on day 14 post-infection.
PAC  EXAMPLE 12
PAR  A rotating disc propagator having a stack of 50 discs, each having a plate
      diameter of 6 inches, an internal tank diameter of 71/4 inches, a distance
      of five-eighths inch between the edge of the plates and the tank wall and
      a plate diameter to internal tank diameter ratio of 0.83, and a surface
      area to volume ratio of 1.9 cm..sup.2 /ml. is charged with a mixture of
      3.0 billion trypsinized chick embryo cells, Medium 0, 45 ml. 2.8%
      NaHCO.sub.3 /L and 10% fetal calf serum. The propagator is held in the
      vertical position at a temperature of 37.degree.C. for 3 hours and plating
      is effected. After 3 hours the fluid in the propagator is discharged and a
      further 3.0 billion trypsinized chick embryo cells are added to it and
      after mixing the fresh suspension is transferred back into the propagator
      which is held in the opposite vertical position to the first planting at a
      temperature of 37.degree.C. for 14 hours in order to effect plating on the
      second side of the discs. When this has been accomplished, the propagator
      is positioned so that the plane of the discs is in the vertical axis and a
      portion of the medium and serum is discharged until the unit is about half
      full. The discs are then rotated at a speed of 1 revolution in 5 minutes
      and a mixture of 5% CO.sub.2 and 95% air is passed through the propagator
      at a rate of 100 cc/min. On the third day after planting, the cells are
      harvested as follows; the medium in the propagator is discharged and the
      propagator is filled up to the half way mark with a solution containing
      trypsin. The plates are rotated through the trypsin solution at a speed of
      20 revolutions per minute for 5 minutes. The cell suspension is discharged
      from the propagator into a bottle containing enough fetal calf serum for a
      final concentration of 10% fetal calf serum. A sample is withdrawn to
      determine the total number of cells harvested.
PAR  When chick embryo cells are prepared by this method in the described
      equipment a cell yield of 4.3 .times. 10.sup.9 is attained on day 3
      post-planting.
PAC  EXAMPLE 13
PAR  Chick embryo cells are prepared in the manner set forth in Example 12 with
      the exception that a rotating disc propagator having a stack of 50 discs,
      each having a plate diameter of 6 inches, an internal tank diameter of
      61/4  inches, a distance of one-eighth inch between the edge of the plates
      and the tank wall and a plate diameter to internal tank diameter ratio of
      0.96, and a surface area to volume ratio of 3 cm..sup.2 /ml., is employed.
      In addition, 5% fetal calf serum is utilized in place of 10% fetal calf
      serum. A cell yield of 1.7 .times. 10.sup.9 is attained on day 3
      post-planting.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                      Distance Between                                         

                      Edge of Plate            Maximum Titer Cell              

     Example                                                                   

          Plate/Internal Tank                                                  

                      and Tank Wall                                            

                               Plate Surface Area/Tank Volume                  

                                               (-log.sub.10 TCID.sub.50 /0.1   

                                               ml.)          Yield             

     __________________________________________________________________________

     8    Present 0.83                                                         

                      5/8"      1.9 cm..sup.2 /ml.                             

                                               5.8           --                

          invention                                                            

     9    prior art                                                            

                  0.96                                                         

                      1/8"       3 cm..sup.2 /ml.                              

                                               3.1           --                

     10   present 0.83                                                         

                      5/8"      1.9 cm..sup.2 /ml.                             

                                               4.6           --                

          invention                                                            

     11   prior art                                                            

                  0.96                                                         

                      1/8"       3 cm..sup.2 /ml.                              

                                               2.6           --                

     12   present 0.83                                                         

                      5/8"      1.9 cm..sup.2 /ml.                             

                                               --            4.3 .times.       

                                                             10.sup.9          

          invention                                                            

     13   prior art                                                            

                  0.96                                                         

                      1/8"       3 cm..sup.2 /ml.                              

                                               --            1.7 .times.       

                                                             10.sup.9          

     __________________________________________________________________________

PAR  Table I summarizes the results of the studies reported in Examples 8-13.
PAR  In Example 8 wherein the propagator having the critical dimensions was
      employed in the production of mumps vaccine, a maximum titer of 5.8 was
      obtained. In comparison, Example 9 wherein the prior art propagator was
      utilized, the maximum titer obtained was 3.1. From a consideration of
      Examples 8 and 9, the distinct and unexpected improvement in the
      production of mumps vaccine utilizing the propagator of critical
      dimensions is readily apparent in that yields of vaccine are obtained
      which are more than 100 times greater than that produced by conventional
      methods.
PAR  In Example 10 wherein the propagator having the critical dimensions was
      employed in the production of measles vaccine, a maximum titer of 4.6 was
      obtained. In comparison, Example 11 wherein the prior art propagator was
      utilized, the maximum titer obtained was 2.6. From a consideration of
      Examples 10 and 11, the distinct and unexpected improvement in the
      production of measles vaccine utilizing the propagator of critical
      dimensions is readily apparent in that yeilds of vaccine are obtained
      which are 100 times greater than that produced by conventional methods.
PAR  A comparison of the yield of chick embryo cells in Examples 12 and 13
      illustrates that employing the apparatus having the dimensions of the
      present invention (Example 12) the yield is two times greater than when
      conventional apparatus is used (Example 13).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the production of a vaccine wherein the improvement
      comprises growing a desired virus in a rotating multiplate propagator
      having a plate diameter to internal tank diameter ratio of from about 0.80
      to about 0.90.
NUM  2.
PAR  2. A process as in claim 1 wherein the ratio is from about 0.82 to about
      0.84.
NUM  3.
PAR  3. A process for the production of a vaccine wherein the improvement
      comprises growing a desired virus in a rotating multiplate propagator
      having a distance of from about one-half inch to about three-fourths inch
      between the edge of the plates and the tank wall and having a plate
      diameter to internal tank diameter ratio of from about 0.80 to about 0.90.
NUM  4.
PAR  4. A process for the production of a vaccine wherein the improvement
      comprises growing a desired virus in a multiplate propagator having a
      surface area to volume ratio of from about 1.7 cm..sup.2 /ml. to 2.2
      cm..sup.2 /ml and having a plate diameter to internal tank diameter ratio
      of from about 0.80 to about 0.90.
NUM  5.
PAR  5. A process for the production of a vaccine wherein the improvement
      comprises growing a desired virus in a rotating multiplate propagator
      having:
PA1  a. a plate diameter to internal tank diameter of from about 0.80 to 0.90;
PA1  b. a distance of from about one-half inch to about three-fourths inch
      between the edge of the plates and the tank wall; and
PA1  c. a surface area to volume ratio of from about 1.7 cm..sup.2 /ml. to 2.2
      cm..sup.2 /ml.
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ABST
PAL  The invention is concerned with a new microorganism, named PO 7111 strain
      belonging to the family of Pseudomonacea, and with a process of converting
      fumaric acid into L-aspartic acid using said microorganism. In a first
      step the microorganism is cultivated in aerobian conditions in a nutritive
      medium containing sources of carbon, phosphorus, nitrogen, and
      oligo-elements and in a second step fumaric acid is introduced into said
      medium, the conversion being carried for 12-16 hours at a pH between 6 and
      12 and at a temperature between 30.degree. and 60.degree.C.
PARN
PAC  BACKGROUND
PAR  This application is a continuation-in-part of my application Ser. No.
      394868 filed Sept. 6, 1973, and now abandoned.
BSUM
PAR  The present invention has for its object an improved method of making
      aspartic acid by bio-conversion of fumaric acid.
PAR  The invention also relates to a new microorganism useful in particular for
      carrying out this method; moreover the inventiion relates to a process of
      production in situ of an amino-transferase, which involves the use of this
      microorganism, such an enzyme being able to convert fumaric acid into
      L-aspartic acid.
PAR  Numerous methods for preparing or isolating the aspartic acid from natural
      products have been described.
PAR  Among these methods, most of them use either hazardous and/or too costly
      raw materials, or complicated processes.
PAR  The methods using bio-conversion are the only ones allowing industrial
      applications. However, all methods disclosed heretofore show low reaction
      rates and they lead to a costly final product. This restricts their
      applications to pharmaceutical uses only.
PAR  The recent utilization of aspartic acid as a raw material for the synthesis
      of various peptides offers an interesting market to this amino-acid. But
      at the industrial scale, this utilization involves the obtainment of
      highly pure aspartic acid, with a low cost.
PAR  The microorganisms considered as being the best for producing the
      amino-transferase necessary to the conversion of fumaric acid into
      L-aspartic acid need for their growing, a complex culture medium
      containing in addition to a carbon providing material, organic nitrogen
      sources, which frequently are proteic hydrolyzates which are raw materials
      of variable composition and relatively high cost. As a consequence, the
      known methods using these microorganisms can be considered as being
      complex and poorly convenient for a large scale production. A known method
      using a microorganism of this kind and having the aforementioned drawbacks
      is described in the French patent No. 1,394,722 wherein the bio-conversion
      of fumaric acid is carried out by Pseudomonas trifolii developed on a
      glucose-peptone broth medium ("MIEKI"); moreover the conversion performed
      at 37.degree. C and neutral medium is rather low.
PAR  The applicant has discovered a new microorganism of the Pseudomonacea
      family which avoids the aforementioned drawbacks. This microorganism can
      perform, by using simple means, the bio-conversion of non saturated
      organic acids, such as fumaric acid, into L-aspartic acid with reaction
      rates considerably higher than those corresponding to the methods known
      heretofore. The obtained yields are very high and the product can be
      easily extracted with a very high purity grade.
PAC  DESCRIPTION OF THE NEW MICROORGANISM OF THE INVENTION
PAR  The microorganism has been isolated in France at Nesle (Somme) from liquid
      effluents in the manufacture of beet sugar. It belongs to the Pseudomonas
      kind but is considered as new because it differs from bacteria of this
      type by one or several reproducible and constant features according to the
      criteria defined in "Bergey's Manuel" issued (1967). These features are
      the following:
PA1  rods: short, alone or by pairs, poorly or not mobile.
PA1  coloration of gram: negative
PA1  colonies:
PA2  a. on gelose: round, whitish to light chamois, bright with translucent
      outlines, 3 mm diameter after four days of incubation at 30.degree.C.
PA2  b. on gelatine: round, whitish to yellow, bright smooth bulged.
PA1  injections into gelatine boss: no liquefaction
PA1  medium B of KING: production of fluorescent green dye non diffusible after
      24 hours of incubation at 30.degree.C.
PA1  milk: not becoming alkaline
PA1  nitrate: not reduced into nitrite
PA1  growth on glucose, lactose, sucrose, levulose, mannitol, glycerol, without
      acidification
PA1  tyrosine medium: no development
PA1  phenol: no reaction
PA1  no production of indole, sulphydric acid or gas.
PA1  no lysine decarboxylase
PA1  in aerobian conditions: good growth between 30.degree. and 37.degree. C.
PAR  The isolation of the microorganism can be effected in the following
      conditions and according to the usual techniques of isolation and
      purification.
PAR  Some samples of 0.1 ml of liquid effluent from a factory making sugar from
      sugar-beet are spread onto a Petri dish containing a solid gelose medium A
      having the conventional following composition:
TBL  Beef extract         20 gr/l                                              

     Peptone              20 gr/l                                              

     Glucose              4 gr/l                                               

     NaCl                 5 gr/l                                               

     Gelose               15 gr/l                                              

PAR  The incubation is carried out at about 30.degree. C. After 24 to 30 hours
      of incubation many colonies are observed.
PAR  Each of them is treated to be purified by successive spreading on the said
      medium and according to the aforementioned conditions.
PAR  A microscopic observation is sufficient to check the morphological
      homogeneity of the bacteria for each isolated and purified Pseudomonas
      colony.
PAR  The strains thus obtained in the form of a pure culture are kept on the
      abovementioned medium A, in a slant.
PAR  The strains are further tested to determine their capacity to produce the
      L-aspartic acid by means of a culture in a substrate containing fumaric
      acid. The following comparative table shows the capacity of producing
      three strains of Pseudomonas isolated during the same screening.
TBL  __________________________________________________________________________

     Time of culture of the                                                    

     microorganism                                                             

                  14         18         24                                     

      (hours)                                                                  

     __________________________________________________________________________

     Fumaric acid content at                                                   

     0 hour of bioconversion                                                   

                  36 115 178 36 115 178 36 115 178                             

      (gr/l)                                                                   

     Percent of bioconversion                                                  

     after five days of bio-                                                   

     conversion (%)                                                            

     strain :                                                                  

      PO 205      0  0   0   0  1   1   1  1.2 1                               

      PO 7111 (invention)                                                      

                  1  4   7   3  5   6   3  6   7                               

      PO 91       0  0   0   0  0   0   0  0   0                               

     __________________________________________________________________________

PAR  The Pseudomonas PO 7111 strain is confirmed as being by far the most
      productive. Consequently, samples thereof have been deposited at the
      American Type Culture Collection, Rockville, Md., ATCC Number 21973.
PAR  Unlike the other microorganisms known heretofore and used as producing
      amino-transferase, this strain can grow in a common medium comprising
      essentially for example extraction residues of sugar, i.e. molasses of
      sugar -- beet or -- cane, which residues are provided with a supplement of
      mineral phosphorus, for instance in the form of phosphate or phosphoric
      acid, and of nitrogen, for instance in the form of urea or ammonia, and
      some oligo-elements.
PAC  STUDY OF THE SPECIFICITY OF A NUTRITIVE MEDIUM
PAR  Applicant has been able to prove that the aforementioned medium with the
      said molasses remarkably promoted the formationn of amino-tranferase by
      the microorganism, although the mechanism of this process is not yet
      known.
PAR  Thus, the following example shows the specificity of the strain for such a
      medium. The measure thereof is carried out on the one hand by the
      quantitative determination of the specific enzyme in the medium, and on
      the other hand, by the measure of the conversion rate:
EQU  Fumaric acid -- L-aspartic acid
PAC  EXPERIMENT NO. 1
PAR  Two culture media having the following features are prepared:
     Artificial medium (Medium 1)                                              

     ______________________________________                                    

     glucose                   60 gr/l                                         

     Corn steep liquor         40 gr/l                                         

     Mg SO.sub.4, 7H.sub.2 O   0.5 gr/l                                        

     Mono-potassic phosphate   5 gr/l                                          

     fumaric acid              1 gr/l                                          

     Molasses containing medium (Medium 2)                                     

     Molasses (in terms of total sugar)                                        

                               60 gr/l                                         

     monopotassic phosphate    5 gr/l                                          

     Mg SO.sub.4, 7H.sub.2 O   0.5 gr/l                                        

     urea                      8 gr/l                                          

     ______________________________________                                    

PAR  After sterilization of the medium by heating during 20 minutes at
      121.degree. C, the pH value is adjusted from 7 to 7.2 with gaseous
      ammonia, under sterile conditions.
PAR  Each medium is then inoculated with the PO 7111 strain in a saline
      suspension. The culture is carried out on a rotative agitator in 6 liter
      flasks containing 1 liter of the medium.
PAR  The bacteria development is evaluated by measurement of the optical
      density, after dilution to a twentieth, and the amino-transferase activity
      is measured according to the method disclosed in "Methods in Enzymology".
TBL  __________________________________________________________________________

     Fermen-                                                                   

          MEDIUM 1         MEDIUM 2                                            

     tation                                                                    

          Population                                                           

                 Activity express-                                             

                           Population                                          

                                  Activity expressed                           

     time in bacteria/                                                         

                 ed in internatio-                                             

                           in bacteria/                                        

                                  in international                             

     (hours)                                                                   

          ml     nal amino-trans-                                              

                           ml     amino-transferase                            

                 ferase units/1/  units/1/hour                                 

                 hour                                                          

     __________________________________________________________________________

      0    1 .times. 10.sup.8                                                  

                     --     1 .times. 10.sup.8                                 

                                      --                                       

     10   0.8 .times. 10.sup.9                                                 

                    18.8   0.9 .times. 10.sup.9                                

                                     26                                        

     15    1 .times. 10.sup.10                                                 

                    18     0.9 .times. 10.sup.10                               

                                     24                                        

     20   1.1 .times. 10.sup.10                                                

                    19     1.1 .times. 10.sup.10                               

                                     32.6                                      

     24   1.1 .times. 10.sup.10                                                

                    18.8   1.0 .times. 10.sup.10                               

                                     31.2                                      

     __________________________________________________________________________

PAR  It is observed that if the bacteria development is nearly the same in both
      media, the amino-transferase activities are higher by 50 to 60 % when the
      micro-organism is cultivated in the medium No. 2.
PAR  More generally, the most appropriate nutritive medium for the
      amino-transferase production and consequently for the conversion of the
      fumaric acid is, according to the present invention, a medium which has
      substantially the following composition:
PA1  15 to 60 gr/l of molasses (in terms of total sugar) preferably 40 gr/l
      expressed in total sugar.
PA1  1 to 4 gr/l of phosphoric acid or mineral phosphates (expressed in
      phosphoric acid quantities), preferably 2 to 2.6 gr/l.
PA1  0.1 to 1 gr/l of Mg (expressed in MgSO.sub.4) preferably 0.4 to 0.6 gr/l of
      Mg SO.sub.4.
PA1  0.5 to 10 gr/l of fumaric acid, preferably 0.9 to 1.1 gr/l.
PAR  The pH of the resulting aqueous medium is adjusted between 7 and 8.5,
      preferably at about 7.
PAR  During the culture whose duration is between 9 and 15 hours, preferably
      between 10 and 12 hours, the temperature should not be higher than
      38.degree.C.
PAR  In the same way, the growth of the microorganism is prevented if the
      temperature becomes lower than 25.degree. C. An optimal density of
      population is obtained at 30.degree. C.
PAR  Traces of oligo-elements can be added within a range of 0 to 10 ppm, either
      by incorporating same to the culture medium in the form of mineral salts,
      or by using tap water which is not demineralised so as to adjust the
      volume of the medium to one liter.
PAC  INFLUENCE OF THE MEDIUM PHYSICO-CHEMICAL CONDITIONS
PAR  The microorganisms used heretofore had such characteristics that the enzyme
      secreted by same was thermolabile and very sensitive to the
      physico-chemical conditions of the bio-conversion medium, especially to
      the pH and temperature.
PAR  The systematic study of the PO 7111 strain shows that this microorganism
      could accumulate in a culture medium mainly containing molasses, an enzyme
      whose activity covers a very wide field of operating conditions for the
      bio-conversion of fumaric acid, more particularly conditions concerning
      temperature and pH values.
PAR  Thus, the different measurements effected show that the culture of the PO
      7111 strain on the molasses containing medium leads to the obtainment of a
      medium containing the enzyme which operates the fumaric acid amination
      into L-aspartic acid in such conditions that the enzyme activity increases
      with the conversion temperature increase, and that within a large
      temperature range from 20.degree. to 60.degree. C; in the same way, the
      increase of the bio-conversion pH has been observed to have a favourable
      influence on the transformation rate in a pH range from 6 to 12.
PAR  In order to study the influence of these two parameters up on the
      bio-conversion rate, the PO 7111 strain was cultivated in the molasses
      containing medium described in the aforementioned experiment No. 1 ; 10
      liters of this medium are thus prepared for each of the two experiments
      described below.
PAC  EXPERIMENT NO. 2
PAC  Influence of the temperature upon the Bio-conversion Rate
PAR  2 kg of ammonium fumarate is added to the previously prepared 10 liter
      culture, after adjusting the pH to 8 and the temperature to the selected
      value. During the conversion, the pH is kept to 8 by adding gaseous
      NH.sub.3.
PAR  The activity is measured by quantitative analysis according to the method
      described in "Methods in Enzymology" Volume 13, after a reaction time of 1
      hour with stirring, and then again after each following hour during 4
      hours. The data given in the table correspond to the average values of the
      so performed five measurements:
TBL  Bio-conversion temperature                                                

                   20  30  37  40  50  57  60                                  

     (.degree. C)                                                              

     __________________________________________________________________________

     Amino-transferase activity                                                

                   0.01                                                        

                       0.05                                                    

                           0.07                                                

                               0.08                                            

                                   0.12                                        

                                       0.14                                    

                                           0.14                                

     in millimoles/liter/hour                                                  

     __________________________________________________________________________

PAR  The activity is observed as increasing almost linearly where the
      bio-conversion temperature raises from 20.degree. to 50.degree. C, then
      more slowly between 50.degree. and 60.degree. C, but also it does not
      become null at 60.degree. C.
PAR  According to the invention, the bio-conversion will be then achieved
      between 30.degree. and 60.degree. C, but preferably between 50.degree. and
      60.degree. C, and more specifically between 55.degree. and 57.degree. C,
      since the optimum temperature seems to be about 55.degree.-57.degree. C.
PAC  EXPERIMENT NO. 3
PAC  Influence of the pH upon the Bio-conversion Rate
PAR  One operates with fractions of the same molasses containing medium as in
      Experiment No. 2. The 10 liter fractions are being poured in a tank
      provided with an agitator and maintained at 57.degree. C. After an
      addition of 2 kg of diammonium fumarate the bio-conversion rate is
      followed in the same manner as in Experiment No. 2.
PAR  The data indicated in the following table show the average of 5 successive
      measurements performed as explained in Experiment No. 2.
     pH of the medium during                                                   

                     7   7.5 8   8.5 9   9.5 10                                

     bio-conversion                                                            

     __________________________________________________________________________

     Amino-transferase activity in                                             

                     0.07                                                      

                         0.11                                                  

                             0.22                                              

                                 0.30                                          

                                     0.32                                      

                                         0.34                                  

                                             0.34                              

     millimoles/liter/hour                                                     

     __________________________________________________________________________

PAR  It is to be noted that the medium has a tendency to evolve gaseous ammonia
      when the pH is higher than 8.75, and that it is preferable to keep the
      tank under slight pressure in order to avoid losses.
PAR  The results show that the rate increases proportionally when the pH raises
      from 7 to 8.75, then more slowly between 8.75 and 9.50 and finally becomes
      constant above the 9.50 value. According to the present invention, the
      bio-conversion is consequently performed at a pH between 8.5 and 10, and
      preferably between 9 and 9.5.
PAR  Moreover, the study of the influence of the concentration of the substrate
      to be transformed, namely the fumaric acid, shows that the conversion rate
      appears to be the best when the fumaric acid content is about 10 % in the
      medium, but this rate is not affected by the content of the formed
      L-aspartic acid (within the saturation limits of the solution). It is then
      desirable to perform the process by successively adding some quantities of
      substrate in order to maintain the fumaric acid concentration at about 10
      % as long as possible. However, in order to avoid having a too important
      quantity of non converted reagent in the solution used for the aminoacid
      extraction, the feeding is stopped during the last hours of the operation.
PAR  According to a preferred embodiment of the invention, the production of the
      amino-transferase necessary to the bio-conversion is carried out by
      aerobian incubation of the PO 7111 strain in a culture medium containing
      sugar-beet or sugar-cane molasses as the only carbon providing material,
      and a limited fumaric acid amount as an effective agent for the
      amino-transferase accumulation by this microorganism.
PAR  When the optimum percentage is obtained, the culture is stopped and then
      put into contact with the substrate, so that the last one would be
      transformed into aspartic acid.
PAR  The enzyme activity is not affected by the presence of other
      microorganisms; as a consequence it is not necessary to work in a sterile
      medium at the time of the bio-conversion of fumaric acid into L-aspartic
      acid.
PAR  It is then possible to use a substrate without special treatment thereof
      and in particular pure crystallized fumaric acid such as found on the
      market; a fumarate can also be employed.
PAR  The solid is then added, without previous sterilization, to the
      bio-conversion medium so as to maintain therein a concentration of about
      10 %.
PAR  This bio-conversion phase is carried out without aeration in order to avoid
      undesirable by-products formation, especially oxidation products of
      ethylenic acid. The implied reagent is the diammonium fumarate whether
      fumaric acid is poured into the ammoniacal syrupy residual medium.
PAR  The reaction is performed in presence of an inert gas such as nitrogen.
PAR  During the conversion, the temperature is preferably kept to
      55.degree.-57.degree. C and the pH adjusted to 9-9.5 by addition of
      gaseous ammoniac.
PAR  At the end of the reaction, namely when the residual fumaric acid
      percentage has been reduced to values such as the yield is maximum, the
      reactive mixture is submitted to a separation by usual and known per se
      means, such as centrifugation, filtration etc. . . , in order to remove
      therefrom microorganisms and any other insoluble compounds.
PAR  Thus, a concentrated solution of aspartic acid is obtained and the
      amino-acid is extracted from same by using conventional means such as
      insolubilization when the pH takes a value equal to that of the
      isoelectric point.
PAR  The resulting crystallized product obtained according to the invention
      conditions has a sufficiently great purity for industrial uses, but can be
      furthermore purified to obtain a product satisfying to the pharmaceutical
      standards by a mere recrystallization treatment after discoloration.
DETD
PAR  Non limitative examples of the present invention are given herebelow.
PAC  EXAMPLE 1
PAR  The optimal bio-conversion conditions which are specific to the PO 7111
      strain have been applied on the industrial scale during operations carried
      out in an apparatus allowing obtainment of 1m3 of culture with a high
      concentration in amino-transferase.
PAC  Preparation of the Culture
PAR  In a fermentation apparatus fitted with a stirrer and heating means, 1000
      liters of a medium having the following composition is prepared:
     molasses        40 gr/liter expressed in total                            

                     sugar quantity                                            

     phosphoric acid 2.3 gr/liter                                              

     magnesium sulfate                                                         

                     0.5 gr/liter                                              

     fumaric acid    1 gr/liter                                                

     distilled water qsp 1 liter                                               

PAR  The pH is adjusted to 7 with ammonia before sterilization. The latter is
      obtained by heating at 123.degree. C during 30 minutes.
PAR  The medium thus prepared is inoculated with a 20 liter preculture of
      Pseudomonas (PO 7111 strain).
PAR  The culture is being developed in a sterile medium and under controlled
      conditions of temperature with stirring and aeration.
PAR  The operating conditions are the following:
PAR  Temperature: 30.degree. C
PAR  Stirring: 100 r.p.m.
PAR  Aeration rate: 0.8 volume per volume per minute
PAR  After a culture period of 11 hours, the bacteria population has reached
      10.sup.10 bacteria/ml. and the pH is 8.95. The enzymatic activity is then
      maximum.
PAC  Bioconversion
PAR  At the end of the culture period, the fermentation apparatus is opened to
      the air and the agitation is stopped. The temperature is progressively
      increased to 55.degree.-57.degree. C while maintaining stirring, and the
      substrate is then progressively added by pouring crystallized fumaric acid
      directly into the tank, and this until a concentration of 100 gr/liter is
      obtained. The pH of the medium is maintained between 8.9 and 9.1 by adding
      gaseous ammonia.
PAR  The conversion is observed by measurement of the formed L-aspartic acid.
      The addition of fumaric acid is adjusted so as to keep the concentration
      thereof at about 10 %.
PAR  The operation goes on during 12 hours, then the addition of fumaric acid is
      decreased while maintaining the temperature and pH. The content is thus
      lowered until the 15th hour, and, at this time, the medium contains 180
      gr/liter of L-aspartic acid and 30 gr/liter of non converted fumaric acid.
      The addition of fumaric acid is then stopped. The total amount of added
      substrate is equal to 160 kg. The stirring is continued while maintaining
      the temperature and pH until the 20th hour.
PAR  At this moment, the L-aspartic acid content in the medium raises to 21.1%.
      and that of the residual fumaric acid raises to 0.7 %. Consequently, a
      fumaric acid amount of about 155 kg has been converted with a yield of 109
      %, corresponding to a molar yield of 95 %. The aspartic acid can be
      extracted according to example 2 or example 3.
PAC  EXAMPLE 2
PAR  The solution of example 1 is treated in view of the extraction of the
      crystallized L-aspartic acid. For this purpose, an acidification of the
      solution is practiced and the pH thereof is adjusted to 5.8 by
      concentrated hydrochloric acid ; then the temperature is increased to
      about 53.degree.-55.degree. C and a 10 gr/liter solution of a floculating
      agent of the sulfonated polystyrene type is added. After a 15 minute
      contact time, the insoluble parts and floculated materials are taken away
      by filtration under vacuum with a drum-filter coated with a layer of
      expanded perlite (Trade Mark : "Decalite"). The filtration rate is 500
      liter/m.sup.2 / hour. The filtered solution is fully clear. Then it is
      cooled down to a temperature of 30.degree. C and, while stirring, it is
      becoming acid by pouring concentrated hydrochloric acid to a pH value of
      2.8-3. After 8 hours, the crystals can be extracted from the mother
      liquor, and they are dryed by centrifugation.
PAR  The purity degree of the water-washed crystals is better than 99 %. 183 kg
      of L-aspartic acid are thus obtained.
PAC  EXAMPLE 3
PAR  10 m.sup.3 of the solution resulting from bioconversion of the fumaric acid
      into L-aspartic acid and obtained according to example 1 is treated for
      the extraction of the amino-acid. For this purpose, the pH is adjusted to
      5.8 by the addition of sulfuric acid in the proportion of 60 % by weight.
PAR  At the same time, the temperature is being increased up to about 55.degree.
      C. Then, a floculating agent of the sulfonated polystyrene type is added
      in the form of a 10 gr/liter aqueous solution. The now employed
      floculating agent is known under the trade mark "Purifloc A-21". 0.5 gr of
      this product is used for each liter of solution to be treated.
PAR  After a 15 minute contact time, the microorganisms, cellular fragments,
      floculated colloids and other insoluble impurities are separated by means
      of a plate separator of the "skimmer" type. The separation is excellent
      because the turbidity of the clear phase is equal to 25.degree. Kaolin
      instead of more than 5000.degree. Kaolin before treatment.
PAR  The Kaolin degree is remembered as being the turbidity corresponding to the
      suspension of 1 mg of Kaolin in one liter of water. Then a fraction of
      0.5% by weight is taken away as being slimes containing only a very low
      aspartic acid percentage. The clear solution is further purified by adding
      some active coal and filtration additive.
PAR  The 10 m.sup.3 solution containing 200 gr per liter of aspartic acid is
      thus added with 30 kg of active coal (trade Mark :SA 1635) and 50 kg of
      "Dicalite".
PAR  After a contact time of 30 minutes under slow stirring, the suspension is
      filtered on press-filter or drum-filter under vacuum while keeping the
      temperature constant. The filtration is very fast, the average rate being
      of 1 m3/m2/hour.
PAR  The solution thus obtained is quite clear and has a slight pale yellow
      coloration.
PAR  The L-aspartic acid is then crystallized by addition of 60 % sulfuric acid.
      This operation is carried out in a continuous manner in a group of stirred
      tanks arranged in series wherein the crystal slurry runs over from one
      tank to another. Some amounts of sulfuric acid are continuously added to
      each tank so that the pH variation is linear from the first tank to the
      last one. In this latter tank, the pH is adjusted to 2.8-3.
PAR  During crystallization, the tanks are cooled so as to keep the temperature
      at about 42.degree.-45.degree. C.
PAR  The complete crystals extraction out of the cleared solution is performed
      in a batch way by mixing at 20.degree. C during 8 hours into a special
      tank provided with a stirring and cooling device.
PAR  The resulting mixture thus obtained is submitted to a liquid-solid drying
      separation step by means of a basket centrifugation apparatus.
PAR  The crystals are washed with soft water before drying. 180 kg of L-aspartic
      acid crystals with a purity grade of 97.5 to 98 % are obtained.
PAR  The product contains no fumaric acid, but only some mineral salts, in
      particular ammonium sulfate.
PAR  The latter can be easily removed by carrying out again a suspension in
      acidified water and by separating of the crystallized amino-acid.
PAR  The product such as obtained, without further washing, is pure enough to be
      used for the synthesis of peptides in general and sweetening dipeptides in
      particular.
PAR  Of course, the invention is by no means limited to the forms of embodiment
      described and illustrated, which have been given by way of example only.
      In particular, it comprises all the means constituting technical
      equivalents to the means described as well as their combinations, should
      the latter be carried out according to the spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of production insitu of an amino-transferase which is non
      thermolabile and has little sensitivity to the physical-chemical
      conditions of the conversion media and being able to transform furmaric
      acid into L-aspartic acid at a high rate, comprising cultivating under
      aerobic conditions Pseudomonas PO 7111 (ATCC No. 21973) in a nutritive
      medium containing a source of carbon, a source of phosphorous, a source of
      nitrogen and oligo-elements.
NUM  2.
PAR  2. A method according to claim 1, wherein said source of carbon is
      sugar-beet or sugar-cane molasses.
NUM  3.
PAR  3. A method according to claim 1, wherein said nutritive medium comprises
      the following composition:
PA1  molasses (expressed in total sugar amount): 15 to 60 gr/l, preferably 35 to
      40 gr/l.
PA1  phosphoric acid or mineral phosphates (in terms of phosphoric acid): 1 to 4
      gr/l
PA1  magnesium (in terms of sulfate): 0.1 to 1 gr/l
PA1  oligo-elements: 0 to 10 ppm, its pH being adjusted between 7 and 8.5.
NUM  4.
PAR  4. A method according to claim 1 wherein the phosphorous source is a
      compound selected from the group consisting of phosphoric acid and
      phosphoric acid salts of monovalent cations.
NUM  5.
PAR  5. A method according to claim 1 wherein said nitrogen source is a
      substance selected from the group consisting of urea and ammonia.
NUM  6.
PAR  6. A method according to claim 1, wherein said nutritive medium contains
      fumaric acid in a sufficient amount to allow accumulation of
      amino-transferase in the said medium.
NUM  7.
PAR  7. A method of producing L-aspartic acid from a medium containing fumaric
      acid comprising preparing a culture of Pseudomonas R 7111 (ATCC No. 21973
      under aerobic conditions, in a nutrient medium containing a carbon source,
      a phosphorous source, a nitrogen source and obligo-elements, to obtain a
      fermented medium rich in amino-transferase, comprising carrying out a
      bioconversion step by introduction of furmaric acid in said fermented
      medium, the bio conversion being carrried out without aeration at a pH
      between 6 and 12, and at a temperature between 30.degree. and 60.degree.
      and extracting the formed L-aspartic acid.
NUM  8.
PAR  8. A method according to claim 7, wherein the bioconversion step is carried
      out when the concentration of the fermented medium in amino-transferase
      reaches about 30 international units per one milliliter of the said
      medium.
NUM  9.
PAR  9. A method according to claim 7, wherein said carbon source is sugar-beet
      or sugar-cane molasses.
NUM  10.
PAR  10. A method according to claim 9, wherein the bioconversion stage is
      effected after 12 to 16 hours of microorganism development.
NUM  11.
PAR  11. A method according to claim 7, wherein the said nutritive medium has
      the following composition:
PA1  molasses (expressed in total sugar): 15 to 60 gr/l, preferably 35 to 40
      gr/l
PA1  phosphoric acid or mineral phosphates (in terms of phosphoric acid): 1 to 4
      gr/l
PA1  magnesium (expressed in sulfate): 0.1 to 1 gr/l
PA1  oligo-elements: 0 to 10 ppm, its pH being adjusted between 7 and 8.5.
NUM  12.
PAR  12. A method according to claim 7, wherein the phosphorous source is
      monopotassic phosphate.
NUM  13.
PAR  13. A method according to claim 7, wherein the nitrogen source is a
      compound selected from the group consisting of urea and ammonia.
NUM  14.
PAR  14. A method according to claim 7, wherein the fumaric acid to be
      transformed is progressively introduced during the bioconversion stage.
NUM  15.
PAR  15. A method according to claim 7, wherein the introducing rate of fumaric
      acid is adjusted during the bioconversion stage, in order to keep its
      concentration in the medium equal to about 10 %.
NUM  16.
PAR  16. A method according to claim 7, wherein the pH is maintained between 8.5
      and 10 during the bioconversion stage.
NUM  17.
PAR  17. A method according to claim 7, wherein the temperature is kept between
      55.degree. and 57.degree. C, during the bioconversion stage.
NUM  18.
PAR  18. A method according to claim 7, wherein the pH is kept between 9 and 9.5
      during the bioconversion stage.
NUM  19.
PAR  19. A method according to claim 7, wherein the duration of the
      bioconversion stage is from about 15 to 20 hours.
NUM  20.
PAR  20. A method according to claim 7, wherein the fumaric acid is introduced
      in the aforementioned medium in the form of the acid itself or in the form
      of salt.
NUM  21.
PAR  21. A method according to claim 7, wherein the medium from the
      bioconversion is submitted to a floculating operation by addition of a
      floculating agent and to a subsequent separation operation of the
      insoluble compounds.
NUM  22.
PAR  22. A method according to claim 21, wherein the limpid medium obtained from
      the said separation is added with concentrated sulfuric acid to a pH of
      approximately 3 so as to precipitate the L-aspartic acid, which is
      separated and washed with water to obtain a final product whose purity is
      about 97.5-98 %.
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ABST
PAL  Immobilized enzymes are produced by adding radioresistant enzymes to 5-25%
      aqueous solutions of polyvinyl type high molecular compounds and
      irradiating the enzyme-containing solutions with a high dosage of ionizing
      radiant rays in an inert atomsphere or under a decreased pressure for
      thereby gelling said solutions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for the production of immobilized
      enzymes, and more particularly to a method for the production of
      immobilized enzymes, which comprises irradiating aqueous solutions of
      polyvinyl type high molecular compounds containing enzymes with ionizing
      radiant rays for thereby gelling said solutions.
PAR  In a reaction using an enzyme, handling of the enzyme is facilitated if the
      enzyme is available in a solidified form. For the immobilization of
      enzymes, numerous methods have to date been proposed. Of the various
      methods heretofore proposed, typical are a method which consists in
      joining an enzyme to a water-immobilized carrier, a method which causes
      the enzyme to be encapsulated with a water-immobilized high molecular
      substance and a method which comprises combining two enzymes with each
      other and gelling to immobilize the resultant mixture.
PAR  Since the methods proposed to date are highly complicated and use expensive
      substances, their production costs are too high for the methods to be
      practicable. Such is the true state of affairs.
PAR  The primary object of this invention, therefore, is to provide a method for
      the production of an immobilized enzyme, which permits the immobilization
      of enzyme to be accomplished completely and economically by a simple
      process.
PAC  SUMMARY OF THE INVENTION
PAR  To accomplish the aforementioned object, the method for the production of
      an immobilized enzyme according to this invention comprises the steps of
      adding a given enzyme to an aqueous solution of polyvinyl alcohol or an
      aqueous solution of polyvinyl pyrrolidone and, in an inert atmosphere or
      under a decreased pressure, irradiating the enzyme-containing solution
      with ionizing radiant rays for thereby gelling the solution. When the
      aqueous solution of polyvinyl alcohol or the aqueous solution of polyvinyl
      pyrrolidone is irradiated with ionizing radiant rays as described above,
      the hydrogen atoms attached to the carbon atoms which are coupled with the
      hydroxyl group or pyrrolidone group are thrown out of position to give
      rise to radicals, with the result that the high molecular compound
      undergoes cross linking. Consequently, the enzyme is immobilized as it is
      entrapped within the high molecular lattice formed. The degree of
      cross-linking involved in this case is pronouncedly high as compared with
      the degree achievable by the conventional method using a cross-linker, so
      that the product suffers from very little or absolutely no leakage of
      enzyme.
PAR  The method of this invention is economical, for it uses polyvinyl alcohol
      or polyvinyl pyrrolidone which is an inexpensive organic high molecular
      material. In terms of operation, this method is simple because it only
      requires irradiation of the enzyme-containing solution with radiant rays.
PAR  Other objects and other characteristics of this invention will become
      apparent for the further disclosure of this invention to be given herein
      below.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It has heretofore been known to produce an immobilized enzyme having the
      enzyme entrapped with a water-immobilized gelled high molecular compound.
      This method comprises adding the enzyme to an aqueous solution of
      acrylamide and N-bis-methylene acrylamide as a cross-linker and
      polymerizing the enzyme-containing solution in the presence of potassium
      persulfate, dimethyl amino propionitrile, etc. added thereto as
      polymerization accelerators or gelling said solution by the irradiation
      with gamma rays. This method inevitably involves the use of an expensive
      cross-linker in order to have the enzyme entrapped with the lattice of
      high molecular compound. When the inventors tried immobilization of
      glucoamylase and adenyl deaminase by this method, however, the enzymes
      partly leaked from the immobilized products. Although they tried various
      measures to preclude this leakage of enzymes, no perfect prevention of the
      leakage could be attained. Recent reports indicate that the leakage of
      enzymes occurs, though to limited extent, even in the case of techniques
      utilizing radiant rays. Thus, it has been extremely difficult to have
      enzymes completely entrapped in the lattices of gelled high molecular
      compounds, with the aid of cross-linkers.
PAR  In view of the true state of affairs mentioned above, the inventors pursued
      various studies to find a method for immobilizing enzymes by using, as
      media, such inexpensive organic high molecular materials as polyvinyl
      alcohol and polyvinyl pyrrolidone. As a consequence, they have made the
      discovery that while, in the conventional mobilization of enzymes by
      irradiation with radiant rays, the highest dosage or radiant rays
      heretofore accepted as permissible from the standpoint of the stability of
      enzymes has been on the order of 40,000 to 50,000 rad, enzymes are
      sufficiently stable to high dosage of ionizing radiant rays so far as they
      are held in aqueous solution containing polyvinyl alcohol. This discovery
      has further led to completion of a producing immobilized enzymes having
      enzymes entrapped with polyvinyl alcohol by irradiating aqueous solutions
      of polyvinyl alcohol incorporating the enzymes with a high dosage of
      ionizing radiant rays. Thus, the present invention has been accomplished.
PAR  The polyvinyl alcohol to be used for the present invention may be any of
      the products which are obtained by partial and complete hydrolysis of
      polyvinyl acetate. The polyvinyl alcohol may partially contain acetic
      ester residue. In the case of polyvinyl pyrrolidone, not every vinyl group
      present therein is required to contain a pyrrolidone group. THe polyvinyl
      alcohol may contain such other water-mobilized monomer as acrylamide. This
      polyvinyl type high molecular compound is used in the form 2 - 40% aqueous
      solution. Any polyvinyl alcohol concentration below 2% is impracticable
      because the gelled product to be obtained consequently shrinks too much to
      satisfy the object of this invention.
PAR  All enzymes which are stable to ionizing radiant rays irradiated at a
      dosage up to several M.rads in the presence of polyvinyl alcohol can be
      immobilized by the method of this invention. Examples of the enzymes
      satisfying this requirement include glucoamylase, invertase,
      beta-galactosidase, glucose oxidase, glucose isomerase and catalase. The
      amount in which the enzyme is added to the aqueous solution of polyvinyl
      type high molecular compound is in the range of from 0.001 to 5% by
      weight. Although this amount is variable with the kind of enzyme to be
      immobilized, no perfect immobilization can be accomplished if the amount
      exceeds the upper limit of said range.
PAR  The enzyme solution prepared as described above is then irradiated with
      ionizing radiant rays so as to be gelled. Examples of the radiant rays
      suitable for this purpose are beta rays and gamma rays. Besides,
      accelerated electron rays may be used. The optimum dosage of such radiant
      rays is such that the absorbency falls in the range of from 1 M.rads to 20
      M.rads. The irradiation is best carried out in an atmosphere devoid of
      oxygen, such as in nitrogen atmosphere or under a decreased pressure.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Now, preferred embodiments of the present invention will be described.
      First, a polyvinyl type high molecular compound such as polyvinyl alcohol
      or polyvinyl pyrrolidone is dissolved in water heated in an inert
      atmosphere to produce a 2 - 40% aqueous solution. After the solution is
      cooled, an enzyme solution is added to the aqueous solution in an amount
      to give an enzyme content of from 0.001 to 5% based on the weight of the
      aqueous solution of polyvinyl type high molecular compound. The mixture is
      thoroughly stirred, placed in an ampoule and sealed hermetically under a
      decreased pressure or in an inert atmosphere. In this case, it is desired
      to have the mixture incorporate a highly diluted buffer solution prior to
      sealing so as to preclude possible variation of its hydrogen ion
      concentration (pH). Then, the sealed ampoule is irradiated with ionizing
      radiant rays such as, for example, gamma rays and accelerated electron
      rays. At the end of the irradiation, the gelled contents are removed from
      the ampoule and finely divided. The finely divided gel is used as desired
      on a given substrate as by being placed in a column, for example. The
      results of immobilization obtained in this case are comparable with those
      obtainable by immobilization with the use of acrylamide described above.
      And the gelled product is shown to be usable satisfactorily as an
      immobilized enzyme. While a slight degree of enzyme leakage is observed to
      occur in the immobilized enzyme prepared by the use of acrylamide, no
      enzyme leakage is observed at all in the product obtained by the method of
      this invention. This perfect elimination of enzyme leakage may possibly be
      explained by postulating that the irradiation of the aqueous solution of
      polyvinyl type high molecular compound with a large dosage of radiant rays
      gives a higher degree of cross-linking than by the conventional method
      whereby the enzyme is entrapped with a high molecular compound.
PAR  Further, the immobilized enzyme formed with polyvinyl alcohol gel or
      polyvinyl pyrrolidone gel, unlike the product using acrylamide gel, has
      little possibility of inducing foreign-body reaction on the living cells
      and, therefore, can sufficiently be utilized for pharmaceutical
      applications.
PAR  As described above, the method according to this invention provides
      thorough immobilization of enzymes by using, as media, such inexpensive
      organic high molecular materials as polyvinyl alcohol. In view of today's
      widespread utility of radiant rays energy, therefore, the method of this
      invention enables enzymes to be very easily and economically immobilized,
      making a great contribution to industries utilizing enzymes.
DETD
PAR  Now, working examples of the present invention will be described
      hereinafter. It should be understood, however, that the present invention
      is not limited in any sense to the following examples.
PAC  EXAMPLE 1
PAR  In a nitrogen atmosphere, 10 g of polyvinyl alcohol was dissolved under
      heating in 90 ml of water saturated with nitrogen gas. The solution was
      cooled and then stirred thoroughly with 10 ml of added enzyme solution
      containing 3061 units of glucoamylase (international standard units, pH
      4.5, 40.degree.C, with maltose as substrate). Portions of the resultant
      solution, each 5 ml in volume and containing 139 units of the enzyme, were
      injected in ampoules, which were then hermetically sealed in a current of
      nitrogen gas. The sealed ampoules were exposed to several M.rads of gamma
      rays at a dosage rate of 6.54 .times. 10.sup.4 rads/hr so as to be gelled.
      After irradiation, the gelled products were removed from the ampoules,
      washed with water three times, drained, then weighed and tested for
      activity. The results thus obtained are shown in Table 1.
PAR  In the case of a dosage of 5 M.rads, there was obtained about 6.5 g of gel
      which was found to retain a total of 26.2 units of activity. This means
      that the gelation lowered the activity from the initial value of 139 units
      to 26.2 units, the recovery ratio of activity being 19%. According to this
      method of enzyme entrapping, substantially all the glucoamylase added was
      entrapped and immobilized and absolutely no enzyme leakage was observed.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Dosage                                                                    

           Weight of                                                           

                  Activity of                                                  

                          Activity of                                          

                                    Ratio of                                   

           formed gel                                                          

                 added enzyme (A)                                              

                          gelled enzyme (B)                                    

                                    (B)/(A)                                    

     __________________________________________________________________________

     3 M.rad                                                                   

           8.4 g   139 unit                                                    

                           26.5 unit                                           

                                     19%                                       

     4 M.rad                                                                   

           10.1    139    22.5      16                                         

     5 M.rad                                                                   

           6.5     139    26.2      19                                         

     6 M.rad                                                                   

           6.1     139    22.3      16                                         

     7 M.rad                                                                   

           6.2     139    21.7      16                                         

     __________________________________________________________________________

PAR  The glucoamylase activity was determined by the following procedure: A
      total of 10 ml of the solution of substrate adjusted to have 1% maltose
      content and a pH value of 4.5 was shaken at 40.degree.C for 30 minutes to
      induce the enzymatic reaction. At the end of said period, the reaction
      system was thermally inactivated and assayed for liberated glucose
      content.
PAR  The degree of enzyme leakage from the gelled product was determined as
      follows: A 1-g to 2-g sample of the gel was added to a solution consisting
      of 20 ml of 2% maltose solution and 20 ml of 1/100M acetic acid buffer
      solution (pH 4.5). The resultant mixture was shaken at 40.degree.C for 60
      minutes to induce a reaction. At the end of the reaction, the reaction
      system was filtered. The filtrate was subjected overnight to dialysis and
      the dialyzate was tested for residual enzymatic activity.
PAR  The procedure described above was repeated, except the ampoules were sealed
      under a pressure decreased to less than 1 mm Hg instead of in the current
      of nitrogen gas. Consequently, there were obtained substantially the same
      results as before.
PAC  EXAMPLE 2
PAR  A 10-ml solution containing 285,000 units of invertase (international
      standard units, pH 5.2, 40.degree.C) was added to 10% aqueous solution of
      polyvinyl alcohol prepared similarly to Example 1. Portions of the
      resultant solution, each 5 ml in volume and containing 12,955 units of the
      enzyme, were injected into ampoules, which were then hermetically sealed
      in a current of nitrogen gas. The sealed ampoules were treated similarly
      to Example 1. The gels consequently formed therein were weighed and then
      tested for activity. Table 2 shows the results.
PAR  In the case of a dosage of 5 M.rads, there was obtained 3.9 g of gel, whose
      total activity was found to be 1,084 units. This means that the gelation
      lowered the activity from the initial value of 12,955 units to 1,084
      units, the recovery ratio of activity being 8%. According to his method of
      enzyme entrapping, substantially all the invertase added was entrapped and
      immobilized and absolutely no leakage of invertase was observed.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Dosage                                                                    

           Weight of                                                           

                 Activity of                                                   

                          Activity of                                          

                                    Ratio of                                   

           formed gel                                                          

                 added enzyme (A)                                              

                          gelled enzyme (B)                                    

                                    (B)/(A)                                    

     __________________________________________________________________________

     4 M.rad                                                                   

           5.4 g  12,955 unit                                                  

                             1466 unit                                         

                                    11%                                        

     5 M.rad                                                                   

           3.9    12,955    1084    8                                          

     6 M.rad                                                                   

           4.9    12,955     828    6                                          

     7 M.rad                                                                   

           3.8    12,955     783    6                                          

     8 M.rad                                                                   

           3.8    12,955     646    5                                          

     __________________________________________________________________________

PAR  The determination of the invertase activity was carried out by following
      the procedure of Example 1, except that sucrose was used as the substrate
      and the reaction was performed at a pH value of 5.2.
PAR  The determination of the degree of invertase leakage from the invertase gel
      was also carried out by following the procedure of Example 1, except that
      sucrose was used as the substrate and 1/200M phosphoric acid buffer
      solution was used in place of the acetic acid buffer solution.
PAC  EXAMPLE 3
PAR  A 10-ml solution containing 2,242 units of beta-galactosidase
      (international standard units, pH 4.5, 40.degree.C, with lactose as
      substrate) was added to 10% aqueous solution of polyvinyl alcohol prepared
      similarly to Example 1. Portions of the resultant solution, each 5 ml in
      volume and containing 111 units of the enzyme, were injected into
      ampoules, which were then hermetically sealed in a current of nitrogen
      gas. The sealed ampoules were treated similarly to Example 1. The gelled
      products were weighed and then tested for activity. The results are shown
      in Table 3.
PAR  In the case of a dosage of 4 M.rads, there was obtained 5.8 g of gel, whose
      total activity was found to be 21 units. This means that the gelation
      lowered the activity from the initial value of 112 units to 21 units, the
      recovery ratio of activity being 19%. According to this method of enzyme
      entrapping, substantially all the beta galactosidase added was entrapped
      and immobilized and absolutely no leakage of betagalactosidase was
      observed.
TBL                                    Table 3                                 

     __________________________________________________________________________

     Dosage                                                                    

           Weight of                                                           

                  Activity of                                                  

                          Activity of                                          

                                    Ratio of                                   

           formed gel                                                          

                 added enzyme (A)                                              

                          gelled enzyme (B)                                    

                                    (B)/(A)                                    

     __________________________________________________________________________

     4 M.rad                                                                   

           5.8 g   111 unit                                                    

                          20.9 unit 19%                                        

     5 M.rad                                                                   

           5.1     111    11.8      11                                         

     6 M.rad                                                                   

           4.6     111    7.5       7                                          

     7 M.rad                                                                   

           4.3     111    5.9       5                                          

     __________________________________________________________________________

PAR  The determination of the beta-galactosidase activity was carried out by
      following the procedure of Example 1, except that lactose was used as the
      substrate.
PAR  The determination of the degree of beta-galactosidase leakage was carried
      out by following the procedure of Example 1, except that lactose was used
      as the substrate.
PAC  EXAMPLE 4
PAR  A 10-ml solution containing 230 units of glucose isomerase (international
      standard units, 50.degree.C, pH 7.0) was added to 10% aqueous solution of
      polyvinyl alcohol prepared similarly to Example 1. Portions of the
      resultant solution, each 5 ml in volume and containing 10.5 units of the
      enzyme, were injected into ampoules, which were then hermetically sealed
      in the current of nitrogen gas. The sealed ampoules were treated similarly
      to Example 1. The gels consequently formed therein were weighed and then
      tested for activity.
PAR  In the case of a dosage of 5 M.rads, there was obtained 4.6 g of gel, whose
      total activity was found to be 2.1 units. This means that the gelation
      lowered the enzyme activity from the initial value of 10.5 units to 2.1
      units, the recovery ratio of activity being 21%. According to this method
      of enzyme entrapping, substantially all the glucose isomerase added was
      entrapped and immobilized.
PAR  The determination of glucose isomerase activity was carried out by the
      following procedure: First, 1 ml of enzyme solution or 1 ml of gel and
      distilled water were added to a reaction solution containing 3 ml of 0.1M
      phosphoric acid buffer solution, 0.5 ml of 0.1M MgSO.sub.4 solution and
      0.5 ml of 0.1M glucose solution and the resultant mixture was allowed to
      stand at 50.degree.C for one hour to induce enzymatic reaction. At the end
      of 1 hour, 5 ml of 0.5M perchloric acid was added to the reaction system
      to stop the reaction. Then the system was assayed for fructose content by
      the cysteine-carbazole method.
PAC  EXAMPLE 5
PAR  A 10-ml solution containing 5,000 units of glucose oxidase (the enzyme
      activity capable of absorbing 10 .mu.l of oxygen gas per minute at
      30.degree.C and pH 5.9 taken as unity) was added to 10% aqueous solution
      of polyvinyl alcohol prepared similarly to Example 1. Portions of the
      resultant solution, each 5 ml in volume and containing 228 units of the
      enzyme, were injected into ampoules, which were then hermetically sealed
      in a current of nitrogen gas. The sealed ampoules were treated similarly
      to Example 1. The gels formed consequently therein were weighed and then
      tested for activity.
PAR  In the case of a dosage of 5 M.rads, there was obtained 5.3 g of gel, whose
      total activity was found to be 63 units. This means that the gelation
      decreased the enzyme activity from the initial value of 228 units to 63
      units, the recovery ratio of activity being 28%. According to this method
      of enzyme entrapping, substantially all the glucose oxidase was entrapped
      and immobilized.
PAR  The determination of glucose oxidase was carried out by the following
      procedure: Warburg's process was employed. In the main chamber, there were
      placed 1 ml of 1/10M acetate buffer (pH 5.9), 0.5 ml of distilled water
      and then 1 ml of enzyme solution or 1 ml of a mixture of gel with
      distilled water. In the side chamber, 0.5 ml of 4% glucose solution was
      place. Then, the temperature was preliminarily elevated to 30.degree.C.
      The substrate in the side chamber was added to the main chamber contents
      to induce the enzymatic reaction, during which the absorption of oxygen
      gas was measured.
PAC  EXAMPLE 6
PAR  A 10-ml solution containing 20,000 units of catalase (the enzyme activity
      capable of generating 10 .mu.l of oxygen gas per minute at 20.degree.C at
      pH 4.5 taken as unity) was added to 10% aqueous solution of polyvinyl
      alcohol prepared similarly to Example 1. Portions of the resultant
      solution, each 5 ml in volume and containing 910 units of the enzyme, were
      injected into ampoules, which was then hermetically sealed in a current of
      nitrogen gas. The sealed ampoules were treated similarly to Example 1. The
      gels formed consequently in the ampoules were weighed and tested for
      activity.
PAR  In the case of a dosage of 5 M.rads, there was obtained 5.1 g of gel, whose
      total activity was found to be 320 units. This means that the gelation
      decreased the activity from the initial value of 910 units to 320 units,
      the recovery ratio of activity being 35%. According to this method of
      enzyme entrapping, substantially all the catalase added was entrapped and
      thoroughly immobilized.
PAR  The determination of catalase activity was carried out by the following
      procedure: Warburg process was employed. In the main chamber, there were
      placed 1 ml of 1/50M phosphoric acid buffer solution (pH 7.0) and 1 ml of
      catalase solution or 1 ml of the mixture of catalase gel with distilled
      water. In the side chamber was placed 1 ml of 5% H.sub.2 O.sub.2 solution.
      The temperature was preliminarly elevated to 20.degree.C. Then, the
      substrate of the side chamber was added to the main chamber contents to
      induce the enzymatic reaction, during which the generation of oxygen gas
      was measured.
PAC  EXAMPLE 7
PAR  In a nitrogen atmosphere, 10 g of polyvinyl alcohol was dissolved under
      heating in 90 ml of water saturated with nitrogen gas. The resultant
      solution was cooled and subsequently agitated thoroughly with 10 ml of
      added solution containing 1,354 units of glucoamylase (international
      standard units, pH 4.5, 40.degree.C, with maltose as substrate). Then,
      portions of the solution, each 5 ml in volume and containing about 68
      units of the enzyme, were injected into flat ampoules (18 .times. 220 mm),
      which were then hermetically sealed in the current of nitrogen gas. The
      sealed ampoules were exposed to electron rays of several mega.roentgens to
      have their contents gelled. In this case, the electron rays were generated
      from a linear accelerator, which was regulated so as to emit accelerated
      electron rays at 7.5-million electron volts and 49.5 microamperes to
      provide a radiation of 1.2 mega.roentgens per minute. After the
      irradiation, the gels formed consequently in the ampoules were removed,
      washed with water three times, drained sufficiently, weighed and then
      tested for activity. The results obtained are shown in Table 4.
PAR  In the case of a dosage of 6.0 mega.roentgens, for Example, there was
      obtained 5.75 g of gel, whose total activity was found to be 26.2 units.
      This means that the gelation decreased the enzyme activity from the
      initial value of 68 units to 26.2 units, the recovery ratio of activity
      being 39%. According to this method of enzyme entrapping, substantially
      all the glucoamylase was entrapped. Absolutely no leakage of the enzyme
      was observed.
TBL                                    Table 4                                 

     __________________________________________________________________________

     Dosage Weight of                                                          

                   Activity of                                                 

                            Activity of                                        

                                      Ratio of                                 

            formed gel                                                         

                   added enzyme (A)                                            

                            gelled enzyme (B)                                  

                                      (B)/(A)                                  

     __________________________________________________________________________

     (Roentgen)                                                                

      6.0.times..times. 10.sup.6                                               

            5.75 g   68 unit                                                   

                            26.2 unit 39%                                      

     12.0.times.10.sup.6                                                       

            3.74     68     19.1      28                                       

     __________________________________________________________________________

PAR  The determination of the enzyme activity and that of the degree of enzyme
      leakage were carried out by following the procedure of Example 1.
PAC  EXAMPLE 8
PAR  A 10-ml solution containing 21,200 units of invertase (international
      standard units, 40.degree.C, pH 5.2, sucrose as substrate) was added to
      10% aqueous solution of polyvinyl alcohol prepared similarly to Example 1.
      The resultant solution was thoroughly agitated. Portions of the solution,
      each 5 ml in volume and containing about 1,060 units of the enzyme, were
      injected into flat ampoules, which were then hermetically sealed in a
      current of nitrogen gas. The irradiation was carried out under entirely
      the same conditions as described in Example 8. After the irradiation, the
      gels formed consequently in the ampoules were removed, washed with water
      three times, drained sufficiently, weighed and then tested for activity.
      The results obtained are shown in Table 5.
PAR  In the case of a dosage of 6.0 mega.roentgens, there was obtained 5.35 g of
      gel, whose total activity was found to be 342 units. This means that the
      gelation decreased the enzyme activity from the initial value of 1,060
      units to 342 units, the recovery ratio of activity being 32%. According to
      this method of entrapping, substantially all the invertase added was
      entrapped. Absolutely no enzyme leakage was observed.
TBL                                    Table 5                                 

     __________________________________________________________________________

     Dosage                                                                    

           Weight of                                                           

                 Activity of                                                   

                          Activity of                                          

                                    Ratio of                                   

           formed gel                                                          

                 added enzyme (A)                                              

                          gelled enzyme (B)                                    

                                    (B)/(A)                                    

     __________________________________________________________________________

     (Roentgen)                                                                

      6.0.times.10.sup.6                                                       

           5.35 g  1060 unit                                                   

                            342 unit                                           

                                    32%                                        

     12.0.times.10.sup.6                                                       

           3.14    1060     179     18                                         

     __________________________________________________________________________

PAR  The determination of the activity and that of the degree of enzyme leakage
      were carried out by following the procedure of Example 2.
PAC  EXAMPLE 9
PAR  In a nitrogen atmosphere, 20 g of polyvinyl pyrrolidone was dissolved under
      heating in 80 ml of water saturated with nitrogen gas. The solution was
      cooled. A 10-ml solution containing 2,026 units of glucoamylase
      (normalized similarly to Example 1) was added to the cooled solution and
      diluted to a total volume of 110 ml. Portions of the resultant solution,
      each 5 ml in volume and containing 92.1 units of the enzyme, were injected
      into ampoules, which were then hermetically sealed in a current of
      nitrogen gas. The sealed ampoules were exposed to several mega.rads of
      gamma rays so as to be gelled. The gels formed consequently in the
      ampoules were removed, washed with water three times, drained
      sufficiently, weighed, and tested for activity. The results obtained are
      shown in Table 6.
PAR  In the case of a dosage of 3.8 M.rads, for Example, there was obtained
      about 13.3 g of gel, whose total activity was found to be 34.0 units. This
      means that the gelation decreased the enzyme activity from the initial
      value of 92.1 units to 34.0 units, the recovery ratio of activity being
      37%. According to this method of enzyme entrapping, substantially all the
      glucoamylase added was entrapped and immobilized. Absolutely no leakage of
      glucoamylase was observed.
TBL                                    Table 6                                 

     __________________________________________________________________________

     Dosage Weight of                                                          

                  Activity of                                                  

                           Activity of                                         

                                     Ratio of                                  

            formed gel                                                         

                  added enzyme (A)                                             

                           gelled enzyme (B)                                   

                                     (B)/(A)                                   

     __________________________________________________________________________

     3.0 M.rad                                                                 

            15.4 g                                                             

                  92.1 unit                                                    

                           40.5 unit  44%                                      

     3.8 M.rad                                                                 

            13.3  92.1     34.0      37                                        

     5.0 M.rad                                                                 

            9.9   92.1     22.3      24                                        

     6.1 M.rad                                                                 

            8.3   92.1     14.6      16                                        

     __________________________________________________________________________

PAR  The determination of the activity of glucoamylase and that of the degree of
      the enzyme leakage were carried out by following the procedure of Example
      1.
PAC  EXAMPLE 10
PAR  In a nitrogen atmosphere, 20g of polyvinyl pyrrolidone was dissolved under
      heating in 80 ml of water saturated with nitrogen gas. The solution was
      cooled. A 10-ml of solution containing 3,747 units of beta galactosidase
      (normalized similarly to Example 3) was added to the cooled solution and
      then diluted to a total volume of 110 ml. Portions of the resultant
      solution, each 5 ml in volume and containing 170.3 units of the enzyme,
      were injected into ampoules, which were then hermetically sealed in a
      current of nitrogen gas. The sealed ampoules were exposed to several
      mega.rads of gamma rays to have the contents gelled. After the
      irradiation, the gels formed consequently in the ampoules were removed,
      washed with water three times, drained sufficiently, weighed and then
      tested for activity. The results obtained are shown in Table 7. In the
      case of a dosage of 3.8 M.rads, there was obtained about 14.5 g of gel,
      whose total activity was found to be 31.4 units. This means that the
      gelation decreased the enzyme activity from the initial value of 170.3
      units to 31.4 units, the recovery ratio of activity being 18%. According
      to this method of enzyme entrapping, substantially all the beta
      galactosidase added was entrapped and immobilized. Absolutely no leakage
      of beta galactosidase was observed.
TBL                                    Table 7                                 

     __________________________________________________________________________

     Dosage Weight of                                                          

                  Activity of                                                  

                           Activity of                                         

                                     Ratio of                                  

            formed gel                                                         

                  added enzyme (A)                                             

                           gelled enzyme (B)                                   

                                     (B)/(A)                                   

     __________________________________________________________________________

     3.0 M.rad                                                                 

            18.3 g                                                             

                  170.3 unit                                                   

                           38.2 unit 22%                                       

     3.8 M.rad                                                                 

            14.5  170.3    31.4      18                                        

     5.0 M.rad                                                                 

            11.4  170.3    21.3      13                                        

     6.1 M.rad                                                                 

            9.4   170.3    14.5      9                                         

     __________________________________________________________________________

PAR  The determination of the activity of beta galactosidase and that of the
      degree of the enzyme leakage were carried out by following the procedure
      of Example 3.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the production of an immobilized enzyme, which comprises
      adding a radioresistant enzyme to the aqueous solution of a polyvinyl type
      high molecular compound selected from the group consisting of polyvinyl
      alcohol and polyvinyl pyrrolidone and irradiating the resultant mixture
      with ionizing radiant rays for thereby gelling the mixture.
NUM  2.
PAR  2. A method according to claim 1, wherein the radioresistant enzyme is one
      member selected from the group consisting of glucoamylase, invertase,
      beta-galactosidase, glucose oxidase, glucose isomerase and catalase.
NUM  3.
PAR  3. A method according to claim 1, wherein the amount of the enzyme to be
      added to the aqueous solution of polyvinyl type high molecular compound is
      in the range of from 0.001 to 5% by weight.
NUM  4.
PAR  4. A method according to claim 1, wherein the ionizing radiant rays are one
      or more selected from the group consisting of beta rays, gamma rays or
      accelerated electron rays.
NUM  5.
PAR  5. A method according to claim 4, wherein the dosage of the radiant rays is
      in the range of from 1 M.rad to 20 M.rads.
PATN
WKU  039335887
SRC  5
APN  4998189
APT  1
ART  172
APD  19740823
TTL  Enzyme treatment
ISD  19760120
NCL  9
ECL  1
EXP  Shapiro; Lionel M.
INVT
NAM  Dworschack; Robert G.
CTY  Clinton
STA  IA
INVT
NAM  White; William H.
CTY  Fulton
STA  IL
INVT
NAM  Chen; James C.
CTY  Clinton
STA  IA
ASSG
NAM  Standard Brands Incorporated
CTY  New York
STA  NY
COD  02
RLAP
COD  72
APN  191817
APD  19711022
PSC  03
CLAS
OCL  195 68
XCL  195 31F
EDF  2
ICL  C07G  702
FSC  195
FSS  68;63;65;66 R;31 F
UREF
PNO  3272717
ISD  19660900
NAM  Jurchiro et al.
OCL  195 68
UREF
PNO  3490995
ISD  19700100
NAM  Wallenfuls et al.
OCL  195 66R
UREF
PNO  3681197
ISD  19720800
NAM  Smith
OCL  195 63
UREF
PNO  3694314
ISD  19720900
NAM  Loyd et al.
OCL  195 31F
OREF
PAL  Takasaki et al., article in Fermentation Advances, 1969, (edited by
      Perlman), pp. 561-569, relied on.
ABST
PAL  Upon storage, the activity of immobilized enzymes slowly decreases in the
      presence of moisture. This decrease in activity can be reduced by a
      significant extent by treating the immobilized enzymes in the presence of
      moisture with a long chain quaternary ammonium compound.
PARN
PAC  THE INVENTION
PAR  This application is a continuation-in-part of patent application Ser. No.
      191,817, filed Oct. 22, 1971 now abandoned.
BSUM
PAR  This invention relates to a method of treating immobilized enzymes. In
      particular, this invention relates to a method of treating immobilized
      enzymes in the presence of moisture.
PAR  In the presence of moisture, immobilized enzymes have a tendency to be
      slowly denatured or lose activity upon storage. This tendency can be
      somewhat lessened by drying the immobilized enzymes but since certain
      enzymes are extremely heat sensitive, such drying must be performed at
      relatively low temperatures, thereby requiring extended drying periods.
      Immobilized enzymes may also be stored frozen to lessen loss of activity
      upon storage. These methods, however, are not entirely satisfactory from a
      commercial viewpoint due to the economics involved therewith and other
      factors.
PAR  U.S. Pat. No. 3,681,197 to Smith discloses a method for maintaining the
      biological activity of various soluble enzymes. In general, the method
      comprises providing an alcoholic solution containing a carbohydrate
      substrate for an amylolytic enzyme such as sorbitol, a bromine or chlorine
      donor such as cetyl pyridinium chloride, NH.sub.4 C/ or NH.sub.4 Br and
      carbonic anhydrase and then adding to this relatively complex solution an
      amylolytic enzyme. There is apparently a reaction between the constituents
      of the mixture which imparts a stabilizing effect to the enzyme.
PAR  U.S. Pat. No. 3,272,717 to Fukumoto et al. discloses a method of preparing
      a thermally stable amylase composition. In this method, an amylase is
      mixed with a cationic surface active agent, the mixture filtered and an
      organic solvent and starch added successively to the filtrate to cause a
      precipitate to form containing the amylase and drying the precipitate.
PAR  It is the principal object of the present invention to provide a convenient
      and economical method of treating immobilized enzymes in the presence of
      moisture to improve their storage stability.
PAR  This object and other objects which will be apparent from the following
      description may be obtained by treating an enzyme preparation consisting
      essentially of immobilized enzymes and water with an amount of a long
      chain quaternary ammonium compound, the amount of the compound being
      sufficient to increase the storage stability of said immobilized enzymes
      as compared to the storage stability of immobilized enzymes which have not
      been treated with said compound.
PAR  Exemplary of immobilized enzymes which may be treated in accordance with
      the present invention are glucose isomerase, alpha-amylase, .alpha.-1,
      6-glucosidases, catalase, malt enzymes, glucose oxidase, cellulase and the
      like. The preferred immobilized enzymes which may be treated are glucose
      isomerase, alpha-amylase and pullulanase.
PAR  A relatively large number of long chain quaternary ammonium compounds may
      be used in the present method. These quaternary ammonium compounds may be
      represented by the following formula:
      ##EQU1##
      where R.sub.1 is a radical containing at least 10 carbon atoms, R.sub.2
      is a radical containing from 1 to 20 carbon atoms and R.sub.3 and R.sub.4
      are radicals containing not more than 6 carbon atoms, the radicals being
      selected from the group consisting of alkyl, substituted alkyl, alkene,
      aryl, substituted aryl, aralkyl, and saturated and unsaturated cyclic,
      wherein the cyclic radical is formed by joining R.sub.3 and R.sub.4, and
      when the cyclic radical is unsaturated, there is no R.sub.2.
PAR  X may be any suitable inorganic or organic anion, such as a halide,
      nitrate, sulfate, acetate, etc.
PAR  Exemplary of quaternary ammonium groups represented by the above formula
      which may be used in the process of the present invention are
      trimethyloctadecylammonium, dimethylbenzyldodecylammonium, N,
      N-diethylmorpholynium, cetylpyridinium, trihydroxyethyloctadecylammonium,
      diethyldioctadecylammonium, dioctadecylmorpholynium,
      dimethyldilaurylammonium, and 2-chloroethylbutyldistearylammonium.
PAR  The preferred quaternary ammonium compounds used in the present method may
      be represented by the following formula:
      ##EQU2##
      where X is a halide radical and n is an integer equal to 12, 14 or 16.
PAR  Formulations containing these compounds are sold under the trade names of
      Variquat 415 and Hyamine 3500 sold by Northern Petrochemical Company and
      Rohm and Haas Company, respectively. These formulations are a mixture
      composed of 50 percent of a compound where n in the above formula is 14,
      40 percent of a compound where n in the above formula is 12 and 10 percent
      of a compound where n in the above formula is 16.
PAR  The conditions under which the immobilized enzymes are treated may vary
      depending upon the particular enzyme being treated and the particular long
      chain quaternary ammonium compound used. The amount of water present must
      be sufficient, of course, to dissolve the long chain quaternary ammonium
      compounds so that the immobilized enzymes are in intimate contact
      therewith.
PAR  Enzymes are produced by microorganisms intracellularly and/or
      extracellularly. Alpha-amylase is an example of an enzyme produced
      extracellularly and glucose isomerase, produced by certain microorganisms
      of the Streptomyces genus, is an example of an enzyme produced primarily
      intracellularly. Enzymes produced extracellularly are in soluble form and,
      if used in this form, can be recovered only by relatively costly
      techniques, such as ultra-filtration. Some enzymes produced
      intracellularly may be immobilized within the cells so that during use
      they are not leached or solubilized and thus may be used in a number of
      reactions or in continuous type systems. Enzymes may be bound or
      immobilized in or on inert carriers such as cellulose derivatives, e.g.,
      DEAE cellulose, dextrans, resins, glass, and a variety of other materials.
      To bind or immobilize enzymes to inert carriers, it is generally necessary
      for the enzyme to be in soluble form. In the case of enzymes produced
      intracellularly, this requires the rupturing of the cell walls to free the
      enzymes.
PAR  The method of the present invention is applicable to immobilized enzymes
      whether immobilized intracellularly or immobilized in or on inert
      carriers.
PAR  The amount of the long chain quaternary compounds used in the present
      method may vary depending upon a number of factors. When the immobilized
      enzymes are in a relatively pure state, lesser amounts of quaternary
      ammonium compounds are required to obtain increased storage stability.
      Generally, however, in the case of immobilized glucose isomerase
      immobilized on or in an inert carrier, from about 0.05 to about 0.8
      percent of the quaternary ammonium compounds provide satisfactory results.
DETD
PAR  In order to more clearly describe the nature of the present invention,
      specific examples will hereinafter be described. It should be understood,
      however, that this is done solely by way of example and is intended
      neither to delineate the scope of the invention nor limit the ambit of the
      appended claims.
PAC  EXAMPLE I
PAR  This Example illustrates treating intracellular glucose isomerase which has
      been immobilized within the cells of microorganisms of the Streptomyces
      genus by a heat treatment with a long chain quaternary ammonium compound.
PAR  Streptomyces sp. ATCC 21175 was cultivated in a suitable medium under
      aerobic conditions for a period of about 50 hours. The pH of the whole
      fermentor broth was adjusted with NaOH to 7.5 and the temperature adjusted
      to 75.degree.C. The broth was maintained under these conditions for 5
      minutes and then cooled to 40.degree.C. A sufficient amount of Variquat
      415 was added to the broth to obtain therein 0.062 percent based on the
      volume of the broth. The broth was filtered and the filter cake washed.
      The activity of the filter cake was 200 IGIU per gram. Samples of the
      filter cake were stored at various temperatures shown in Table I below for
      27 days and the activities of the samples determined.
TBL                TABLE I                                                     

     ______________________________________                                    

     Storage Stability of Immobilized                                          

     Intracellular Glucose Isomerase                                           

     ______________________________________                                    

     Temperature at which                                                      

                      Activity of sample                                       

     immobilized intra-                                                        

                      dry basis (IGIU/gm)*                                     

     cellular glucose after storage for 27                                     

     isomerase was stored                                                      

                      days                                                     

     ______________________________________                                    

     40.degree.F          200                                                  

     80.degree.F          200                                                  

     ______________________________________                                    

      *IGIU is the abbreviation of International Glucose Isomerase Units and is

      that amount of enzyme which will convert 1 micromole of glucose to       

      fructose per minute in a solution containing 2 moles glucose, 0.02 moles 

      MgSO.sub.4, 0.001 moles CoCl.sub.2 per liter at pH of 6.84 to 6.85 (0.2M 

      sodium maleate) and a temperature of 60.degree.C.                        

PAR  A control sample of intracellular glucose isomerase was immobilized and
      treated according to the general procedure described above except that no
      Variquat 415 was used. The sample was stored at 40.degree.F for 27 days
      and the activity thereof determined. After storage, the sample had lost
      about 35 percent of its initial activity.
PAC  EXAMPLE II
PAR  This Example illustrates treating the glucose isomerase which has been
      immobilized on an inert carrier with a long chain quaternary ammonium
      compound.
PAR  Streptomyces sp. ATCC 21175 was cultivated in a suitable medium under
      aerobic conditions for a period of about 50 hours. To 7 liters of the
      broth were added 70 ml of 0.1 M CoCl.sub. 2 6H.sub.2 O, 105 gms of filter
      aid and 0.06 percent of cationic surfactant. The pH of the broth was
      adjusted to 6.5, and the temperature of the broth was maintained at
      40.degree.C. The broth was maintained under these conditions for 18 hours
      and then filtered. 150 gm of Whatman DE-23 Cellulose was added to the
      filtrate and the mixture stirred until about 100 percent of the glucose
      isomerase in the filtrate was adsorbed on the Whatman DE-23 Cellulose. The
      mixture was filtered and the filter cake washed with 1 liter of water, 1
      liter of 0.1 M NaCl and 1 liter of water containing 0.05 percent Variquat
      415, and the filter cake air dried to a moisture level of about 40
      percent. Samples of the filter cake were then stored under the conditions
      described in Table II and the activities thereof determined. Other samples
      of immobilized glucose isomerase were prepared as described above except
      that no Variquat 415 was used. These samples were stored under the
      conditions described in Table II and the activities thereof determined.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Storage Stability of Glucose Isomerase                                    

     Immobilized on an Inert Carrier                                           

     __________________________________________________________________________

                                         Activity after storage                

               Initial Activity                                                

                          Temperature at which                                 

                                         (IGIU/gm dry basis)                   

               of Immobilized                                                  

                          Immobilized Glucose                                  

                                         Storage Period                        

     Sample Treatment                                                          

               Glucose Isomerase                                               

                          Isomerase was stored (.degree.C)                     

                                         2 weeks                               

                                              1 month                          

                                                   2 months                    

     __________________________________________________________________________

     Variquat 415                                                              

               446        5              446  446  446                         

     "         "          21             432  430  433                         

     "         "          37.7           433  420  425                         

     no Variquat 415                                                           

               431        5              431  434  433                         

     "         "          21             297  135   5                          

     "         "          37.7           178  116   0                          

     __________________________________________________________________________

PAR  From the above table it is seen that at low storage temperatures, e.g.
      5.degree.C, there is little or no loss of enzyme activity whether or not
      the samples were treated with Variquat 415. At higher temperatures,
      however, the samples which were not treated lost a significantly greater
      proportion of their activity than the samples treated with Variquat 415.
PAC  EXAMPLE III
PAR  This Example illustrates treating pullulanase which has been immobilized on
      a cellulose derivative with a long chain quaternary ammonium compound.
PAR  Aerobacter aerogenes NRRL 289 was cultivated in a suitable medium
      containing maltose and dextrose under submerged aerobic conditions at
      30.degree.C for 18 hours. The medium was filtered and the filter cake
      containing pullulanase was washed. The filter cake was slurried in water
      and the pullulanase extracted by the use of a nonionic surfactant. The
      slurry was filtered and into the filtrate containing the pullulanase was
      incorporated cyanogen bromide activated cellulose. The pullulanase was
      immobilized through covalent bonding to the cyanogen bromide activated
      cellulose. Samples of the immobilized pullulanase were slurried in a 0.1 M
      NaCl solution, filtered, the filter cake washed with water and then with
      water containing 0.05 percent Variquat 415. Another sample of immobilized
      pullulanase was prepared in the manner described above except it was not
      treated with Variquat 415. The initial activities of the samples were
      determined and the samples were then stored for a period and the
      activities of the samples again determined. The results of these
      determinations are shown in Table III below.
TBL                TABLE III                                                   

     ______________________________________                                    

     Storage Stability of Pullulanase Covalently                               

     Bound to Cyanogen Bromide Activated Cellulose                             

     ______________________________________                                    

                                Activity of                                    

                 Initial Activity                                              

                                bound pullulanase                              

     Sample      (IU*/gm) of bound                                             

                                after storage                                  

     Preparation pullulanase    for 7 days                                     

     ______________________________________                                    

     Treated with                                                              

                 53             52                                             

     Variquat 415                                                              

     No Variquat 415                                                           

                 53             36                                             

     treatment                                                                 

     ______________________________________                                    

      *One IU is defined as that amount of material which will catalyze the    

      hydrolysis of one micromole of .alpha.-1, 6 bonds (based on release of   

      maltotriose) per minute from a 0.5 percent pullulan solution at pH 5.0 an

      45.degree.C.                                                             

PAR  The terms and expressions which have been employed are used as terms of
      description and not of limitation, and it is not intended in the use of
      such terms and expressions to exclude any equivalents of the features
      shown and described or portions thereof, since it is recognized that
      various modifications are possible within the scope of the invention
      claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of improving the storage stability of enzymes which are
      immobilized intracellularly or immobilized in or on an inert carrier
      comprising treating an immobilized enzyme preparation consisting
      essentially of immobilized enzymes and water with an amount of a compound
      having the following formula:
      ##EQU3##
      where R.sub.1 is a radical containing at least 10 carbon atoms, R.sub.2 is
      a radical containing from 1 to 20 carbon atoms, and R.sub.3 and R.sub.4
      are radicals containing not more than 6 carbon atoms, the radicals being
      selected from the group consisting of alkyl, substituted alkyl, alkene,
      aryl, substituted aryl, aralkyl, and saturated and unsaturated cyclic
      wherein the cyclic radical is formed by joining R.sub.3 and R.sub.4, and
      when the cyclic radical is unsaturated, there is no R.sub.2, the amount of
      the compound being sufficient to increase the storage stability of said
      immobilized enzymes as compared to the storage stability of immobilized
      enzymes which have not been treated with said compound.
NUM  2.
PAR  2. A method of improving the storage stability of immobilized enzymes as
      defined in claim 1, wherein the immobilized enzyme is selected from the
      group consisting of immobilized glucose isomerase, immobilized
      alpha-amylase, immobilized .alpha.-1, 6-glucosidases, immobilized
      catalase, immobilized malt enzymes, immobilized glucose oxidase and
      immobilized cellulase.
NUM  3.
PAR  3. A method of improving the storage stability of immobilized enzymes as
      defined in claim 2, wherein the immobilized enzymes are treated with an
      effective amount of a compound having the following formula:
      ##EQU4##
      where X is a halide radical and n is an integer equal to 12, 14 or 16.
NUM  4.
PAR  4. A method of improving the storage stability of immobilized enzymes as
      defined in claim 3, wherein the immobilized enzyme treated is immobilized
      glucose isomerase.
NUM  5.
PAR  5. A method of improving the storage stability of immobilized enzymes as
      defined in claim 3, wherein the immobilized enzyme treated is immobilized
      alpha-amylase.
NUM  6.
PAR  6. A method of improving the storage stability of immobilized enzymes as
      defined in claim 3, wherein the immobilized enzyme is immobilized
      pullulanase.
NUM  7.
PAR  7. A method of improving the storage stability of immobilized enzyme as
      defined in claim 4, wherein the immobilized glucose isomerase being
      treated is immobilized on a derivative of cellulose.
NUM  8.
PAR  8. A method of improving the storage stability of immobilized enzymes as
      defined in claim 3, wherein the amount of the compound used to treat the
      immobilized enzymes is from about 0.05 to about 0.8 percent based on the
      amount of moisture present.
NUM  9.
PAR  9. A method of improving the storage stability of immobilized enzymes as
      defined in claim 7, wherein the derivative of cellulose is DEAE cellulose.
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ABST
PAL  Disclosed is a method for chemically immobilizing enzymes on a support to
      form a biologically active composite having prolonged service life by
      using a preformed reaction solution of an alkane dihalide and an alkane
      diamine for the chemical immobilization.
BSUM
PAR  Enzymes are biologically active proteins which catalyze specific reactions.
      Enzymes have been used for a wide variety of industrial and research
      applications, particularly in fermentation, pharmaceuticals, medical
      research, and food processing. They are highly specific in their
      biological activity and generally do not generate significant quantities
      of undesirable by-products.
PAR  Recently attempts have been made to chemically or physically immobilize
      enzymes on various supports in the interest of efficient recovery and
      reuse. In the past, enzymes have been immobilized by attachment to
      inorganic supporting matrices by covalent coupling, adsorption, and ionic
      bonding. Covalent coupling of enzymes to water insoluble supports has been
      intensively investigated. Most of the supports have been organic polymers
      although recent reports have appeared where coupling agents have been used
      to attach enzymes to ceramic materials. For instance, U.S. Pat. No.
      3,519,538 describes the use of silane coupling agents to attach enzymes to
      inorganic supports such as glass or alumina.
PAR  Adsorption of enzymes to water insoluble supports, whether organic or
      inorganic, has been the simplest insolubilization technique. It has been
      attractive because it requires merely exposing the enzyme in solution to
      the support material. The ease of adsorption, however, is offset by the
      corresponding ease of desorption. U.S. Pat. Nos. 3,556,945 and 3,850,751
      disclose techniques for adsorption of enzymes to porous inorganic
      supports.
PAR  Another technique involves bonding the enzyme to the support in the
      presence of substrate and thus apparently blocking the active sites of the
      enzyme to avoid reaction of these sites with the support. Powdered glass
      and alumina are used for these applications in U.S. Pat. No. 3,666,627.
PAR  Further details on such prior art techniques can be found in the book
      entitled "Biochemical Aspects of Reactions on Solid Supports", edited by
      George R. Stark, Academic Press, New York, N.Y. (1971); the article
      entitled "Enzymes Immobilized on Inorganic Carriers" by H. H. Weetall
      appearing in Research/Development, December (1971); the article entitled
      "The Potential Applications of Molecular Inclusion to Beer Processing" by
      R. A. Messing appearing in the December 1971 issue of the Brewer's Digest;
      U.S. Pat. Nos. 3,512,987 and 3,167,485.
PAR  While these prior art techniques are suitable for many applications, the
      need exists for a simple, efficient, and economical method for chemically
      immobilizing enzymes to form an enzymatically active composite which
      retains a relatively high proportion of their initial activity even after
      conditions of prolonged storage and use.
PAR  In attaining the objects of this invention, one feature resides in
      immobilizing an enzyme on a support wherein an enzyme support and a
      chemical immobilizing agent are maintained in contact at a temperature and
      for a time sufficient to chemically immobilize the enzyme wherein the
      chemical immobilizing agent comprises a preformed reaction solution of an
      alkane dihalide and an alkane diamine.
PAR  As used herein the term "alkane dihalide" refers to an alkane having two
      halo groups such as bromo, iodo, chloro, or mixtures thereof in their
      molecular structure. The term "alkane diamine" refers to an alkane
      compound having two amino groups in its molecular structure. In the usual
      practice of the present invention, the alkane groups have 1 to 10 carbon
      atoms and preferably 1 to 6 carbon atoms for ease in forming the reaction
      solution. It has been observed that the solubility of the alkane dihalides
      in aqueous solutions have a tendency to decrease as the number of carbon
      atoms in the alkane group increases.
PAR  Such alkane diamines include branched and straight chain alkane diamines
      including diaminomethane, diaminoethane, diaminopropane, diaminobutane,
      diaminopentane, diaminodiaminoisooctane, diaminohexane, diaminoheptane,
      diaminooctane, diaminoisobutane, and diaminoisohexane. The position of the
      amino group on the alkane group has not been found to be critical to the
      practice of the present invention.
PAR  Suitable alkane dihalides include dibromo, diodo, and dichloro branched and
      straight chain alkane dihalides such as dibromomethane, dibromoethane,
      dibromopropane, diodopropane, dibromopentane, dichloroethane,
      dibromobutane, diiodopentane, diiodomethane, dichloromethane, and other
      dihalo alkanes having 1 to 10 carbon atoms. The position of the halides
      group on the alkane group has not been found to be critical to the
      practice of the present invention.
PAR  In the usual practice of the present invention, the alkane groups have 1 to
      10 carbon atoms and preferably 1 to 6 carbon atoms for ease in forming the
      reaction solution.  It has been observed that the solubility of the alkane
      dihalides in aqueous solution has a tendency to decrease as the number of
      carbon atoms in the alkane group increases.
PAR  Enzymes are complex polypeptides and have amino and carboxyl functionality
      in their molecular structure and may be classified under three general
      headings: hydrolytic enzymes, redox enzymes, and transferase enzymes. The
      first group, hydrolytic enzymes include proteolytic enzymes which
      hydrolyze proteins, e.g., papain, ficin, pepsin, trypsin, chymotrypsin,
      bromelin, keratinase, carbohydrases which hydrolyze carbohydrates, e.g.,
      celluloase, amylase, maltase, pectinase, chitanase; esterases which
      hydrolyze esters, e.g., lipase, cholinesterase, lecithinase, alkaline and
      acid phosphateases; nucleases which hydrolyze nucleic acid, e.g.,
      ribonuclease, desoxyribonuclease; and amidases which hydrolyze amines,
      e.g., arginase, asparaginase, glutaminase, histidase, and urease. The
      second group are redox enzymes that catalyze oxidation or reduction
      reactions. These include glucose oxidase, xanthine oxidase, catalase,
      peroxidase, lipoxidase, and cytochrome reductase. In the third group are
      transferase enzymes that transfer groups from one molecule to another.
      Examples of these are glutamicpyruvic transaminase, glutamic-oxalacetic
      transaminase, transmethylase, phosphopyruvic transphosphorylase. It should
      be noted that the enzyme can be used alone or in combination with other
      enzymes in the practice of the present invention.
PAR  The composition of the support is not particularly critical as long as it
      is inert, dimensionally stable, and provides sufficient surface area for
      retention of enzyme. The support can be porous, fluid-permeable membranes
      as in U.S. Pat. No. 3,839,175 or porous particulates as in U.S. Pat. No.
      3,850,751. When porous supports are used, they should be sufficiently
      porous and sorptive enough to retain enough enzyme to form a biologically
      active composite. In the commercially significant embodiments of the
      present invention, the immobilized enzyme/support composite will exhibit
      at least about 0.001 International Units (I.U.) of activity per cubic
      centimeter of composite.
PAR  An International Unit of biological activity has been defined as the amount
      of active enzyme which converts substrate to product at the rate of one
      micromole per minute.
PAR  It has been found that porous matrix having a volume porosity in the range
      of 10 percent to 80 percent and preferably in the range of 15-50 percent
      are quite suitable for the present purposes. The pore size of the support
      is critical in that it should not be so small as to prevent immobilization
      of the enzyme thereon. Average pore size diameters of either fluid
      permeable membrane or porous particulates in the range of 0.01 micron to
      10 microns are suitable for most applications with 0.01 to 2 being
      preferred for efficiency and economy.
PAR  The porous particulate support can be refractory ceramic oxide powders such
      as alumina powder, zirconia powder, magnesia powder, silica powder, thoria
      powder, glass powder, powdered clay, powdered talc and the like. The
      particle size of the porous particulates is not critical although a size
      range of -5 mesh to plus 400 mesh is practical. For efficiency and economy
      the size fraction of -20 to +100 mesh (U.S. Sieve) is usually employed.
PAR  Porous, inert, rigid, dimensionally stable refractory fluid permeable
      membrane supports can be prepared by compacting such refractory oxide
      powders to form a "green compact" of the desired configuration. The green
      compacts are then fired for a time and at a temperature sufficient for
      sintering to yield porous, inert, rigid, dimensionally stable, fluid
      permeable refractory support. The sintering should not be at a temperature
      or for a time which would cause collapsing or coalescence of the particles
      to form a non-porous body. A convenient indication of the degree of
      sintering is a comparison of the actual density of the fired compact as
      compared to the theoretical density of the oxide being fired. Of the many
      oxides which can be used for the present purposes, alumina is preferred
      for its chemical durability and ease of fabrication.
PAR  In forming the support from the powdered refractory oxide, the powdered
      particle size is selected to yield a sintered compact having a porosity
      and pore size in the range set forth above. The techniques for compaction
      and sintering of the porous supports are well-known in the art and form no
      part of the present invention. Suffice it to say that compacting pressures
      in the range of 1,000 p.s.i. to 10,000 p.s.i. and sintering temperatures
      in the range of 1,300.degree. to 1,700.degree.C are commercially
      expedient. Additional details on compacting and sintering of refractory
      oxides can be obtained from the book "Oxide Ceramics" by E. Ryshkewitch,
      published in 1960 by Academic Press, New York, N.Y.
PAR  The porous matrix can also be made of porous metal such as porous silver or
      porous stainless steel.
PAR  The porous matrix can be in any geometric shape such as rod cylinder discs,
      plates, bars, and blocks and the like.
PAR  Other suitable supports can be in the form of natural and synthetic fibers
      such as polypropylene, polyethylene, cotton or wool, nylon, rayon,
      polyester or acrylic fiber. The support can also be a blend of both
      natural and synthetic fibers or can be inorganic fibers made from carbon,
      asbestos, glass or similar fibrous ceramics, such as aluminum silicate.
      Fibrous forms of metals such as copper and stainless steel can also be
      used. Support fiber diameters can range from about 0.001 to about 0.25
      inch. Such fibrous materials are quite useful in forming filter cartridges
      as in U.S. Pat. No. 3,828,934 for in-line filtration applications where
      filtration and treatment with immobilized enzymes are accomplished in one
      application. This is especially useful in the chill proofing of beer.
PAR  In the usual practice, the preformed reaction solution is formed by mixing
      the alkane dihalide and alkane diamine in an aqueous solution until the
      components are thoroughly dissolved to the limits of their solubility. In
      some instances an organic phase can be present in addition to the
      preformed reaction solution. This condition is usually not desired when
      the residual organic phase has a tendency to denature the enzyme or
      detract from its performance.
PAR  In some instance, a proportion of water miscible organic solvent (e.g.,
      0.1% to 90% by weight) such as alcohols (e.g. methanol, ethanol, or
      propanol) or ketones (e.g. acetone or methyl ethyl ketone) can be
      incorporated to enhance solubility of the alkane dihalide and alkane
      diamine in the aqueous solution. In some instances, organic solvents can
      be used in forming the reaction solution without the presence of water as
      long as such solvents so not denature the enzyme. The concentration of
      each of these two alkane components in the reaction solution is not
      particularly critical for the present invention and proportions in the
      range of 0.001% by weight to 5% by weight of each component are believed
      to be suitable for most applications with the solubility limit usually
      dictating the upper range of concentration.
PAR  As soon as the components are dissolved, the reaction solution is ready for
      use in immobilizing enzymes. Such dissolution readily takes place at
      temperatures from 20.degree.C (i.e. room temperature) to the boiling point
      of the mixture in a time period of from a few seconds to an hour or
      longer. Temperatures in the range of about 20.degree.C to about
      50.degree.C for a time ranging from about one minute to about one-half
      hour are convenient and practical.
PAR  The molar proportion of alkane diamine to alkane dihalide has not been
      observed to be critical in the practice of the present invention.
      Empirical observations have confirmed the molar ratio of alkane diamine to
      alkane dihalide over the range of 0.005:1 to 1000:1 provides satisfactory
      results with such ratio in the range of 0.1 to 20 being practical for many
      applications. The pH of the resulting preformed reaction solution is not
      particularly critical although a pH in the range of 2.5 to 11 is practical
      depending on enzymes used and pH obtained in the final solution. It is
      understood, of course, that the nature of the support or activity
      characteristics of the particular enzyme can require a higher or lower pH
      in some applications.
PAR  It is not presently understood whether or not there is a complete chemical
      reaction between the alkane dihalide and alkane diamine. It is known in
      the art that these components can react to form complex polyalkylene
      compounds as described in U.S. Pat. No. 2,696,504. It is not known that
      this reaction proceeds when practicing the present invention and the
      formation and isolation of such intermediate compounds is not part of the
      present invention. In this regard, the term "preformed reaction solution"
      is used to indicate that the alkane dihalide and alkane diamine are mixed
      to solution prior to contact with either the enzyme or support.
PAR  In carrying out the process of the present invention the enzyme, preformed
      reaction solution and support are brought into contact for time and
      temperature sufficient to chemically immobilize the enzyme in-situ on a
      support. This usually requires time periods ranging from a few minutes to
      several (e.g. 100) hours depending on the temperature, concentration, and
      other factors. The temperature is usually maintained below about
      20.degree.C or 30.degree.C and usually about 0.degree.C to 10.degree.C to
      prevent denaturing the enzyme.
PAR  In accomplishing this contact the enzyme can be first deposited (e.g sorbed
      or impregnated) in the support and then contacted with the preformed
      reaction solution to chemically immobilize the enzyme. "Sorbed" is used to
      include adsorption and absorption. In another practice, the support can be
      contacted with the preformed reaction solution and then the enzyme is
      contacted therewith. In yet another practice the enzyme and the preformed
      reaction solution can be contacted prior to contact with the support. Of
      these, the first procedure is preferred for efficiency and economy in that
      the enzyme is first deposited on or impregnated into the support to
      achieve maximum "wetting" of the support with enzyme and the in-situ
      crosslinking "anchors" or bonds the enzyme into this position to assure
      high activity and prolonged retention of service life.
PAR  The immobilization techniques of the present invention are particularly
      useful in immobilizing glucose oxidase in the analysis of glucose
      according to U.S. patent application Ser. No. 477,922 filed June 10, 1974;
      and immobilizing urease in the analysis of urea according to U.S. patent
      application Ser. No, 427,322 filed Dec. 21, 1973; the immobilization of
      papain and other enzymes in the chill proofing of beer and amylases for
      hydrolysis of starch. For convenience of disclosure, all of the patents
      and references noted herein are incorporated by reference.
DETD
PAR  In the Examples that follow, all parts are parts by weight, all percentages
      are weight percentages, and all temperatures are in .degree.C unless
      stated otherwise.
PAC  EXAMPLE 1
PAC  Part A--Immobilized Glucose Oxidase on Alumina Powder
PAR  One gram of particulate alumina is washed thoroughly with distilled water.
      The particulate alumina has a particle size in the range of -40 to +70
      mesh (U.S. sieve screen) and an average pore size diameter of 0.1 to 0.2
      microns.
PAR  Fifty mg of glucose oxidase (obtained from Worthington Biochemical
      Corporation having a reported activity of 140 International Units per
      milligram) is added to the wet particulate alumina in 40 ml of an aqueous
      solution which has been buffered to pH 5.5 with standard buffer comprising
      a mixture of potassium dihydrogen phosphate and disodium hydrogen
      phosphate. The resulting mixture is stirred gently for one-half hour at
      6.degree.-8.degree.C to sorb enzyme.
PAR  To this mixture is added a preformed crosslinking reaction solution formed
      by mixing 20 ml methanol; 10 ml distilled water; 0.15 ml concentrated
      hydrochloric acid; 0.08 ml diaminopropane; and 0.02 ml dibromoethane at
      room temperature for about 15 minutes to form a solution. This corresponds
      to about a 4 to 1 mole ratio of diaminopropane to dibromoethane. The
      combined alumina, glucose oxidase and crosslinking reaction mixture is
      stirred gently with a magnetic stirrer at 6.degree. to 8.degree.C
      overnight to immobilize the glucose oxidase on the alunina. The resulting
      immobilized glucose oxidase/alumina composite is washed with about 2
      liters of distilled water and stored in distilled water.
PAC  Part B--Assay of Immobilized Glucose Oxidase/Alumina Composite
PAR  The catalytic activity of the immobilized glucose oxidase/alumina composite
      of Part A is calculated from the measure rate of oxidation of
      .beta.-D-glucose to gluconic acid by para-benzoquinone in the presence of
      the glucose oxidase/alumina composite. The reaction is represented by:
      ##EQU1##
      The reaction is followed by measuring potentiometrically the change in
      concentration of hydroquinone with time. A platinum detector electrode
      (Beckman model 39273) is used with a double junction calomel-silver/silver
      chloride reference electrode (Orion model 90-20-00). Standard solutions
      for calibrating the electrode system are prepared from hydroquinone with
      at least a 100 molar excess of p-benzoquinone also present in the aqueous
      solutions or in buffered solution pH = 5.5. The concentration of
      p-benzoquinone is 0.01M. A calibration graph is drawn by plotting
      hydroquinone concentration against millivolt readings from the
      potentiometer.
PAR  The reaction medium in which the oxidation of glucose takes place is an
      aqueous solution which is 0.1 molar in dextrose and 0.01 molar in
      phosphate buffer at pH 5.5. It is stirred overnight to assure that
      equilibrium has been reached between the .alpha. and .beta.-D-glucose
      forms. Sufficient p-benzoquinone and hydroquinone is added to make the
      final solution 1.0 .times. 10.sup.-.sup.2 M and 1.0 .times. 10.sup.-.sup.4
      M in these latter two components. A quantity of the glucose
      oxidase/alumina composite is added to a given volume of the reaction
      medium and the change in the potential of the electrode immersed in the
      solution is followed with time using the electrode system described above.
      From the millivolt readings the corresponding concentration of
      hydroquinone is determined from the calibration graph and a plot is made
      of test solution cencentration versus time. The initial slope of this
      curve represents the rate of oxidation of .beta.-D-glucose catalyzed by
      the immobilized enzyme. The activity is calculated from the relationship:
      ##EQU2##
      Using this assay procedure the glucose oxidase/alumina composite of Part A
      is found to have an activity of 1.0 .times. 10.sup.3 International Units
      of glucose oxidase per cm.sup.3 of glucose oxidase/alumina composite. Ten
      days later, after being stored in distilled water at 4.degree.C, the
      activity is 8.3 .times. 10.sup.2 International Units of glucose oxidase
      per cm.sup.3 of glucose oxidase/alumina composite.
PAR  An International Unit of biological activity has been defined as the amount
      of active enzyme which converts substrate to product at the rate of one
      micromole per minute.
PAR  The glucose oxidase/alumina composite is used in the analysis of glucose as
      in Example 1 of application Ser. No. 477,922 filed June 10, 1974 and good
      results are obtained from the standpoint of accuracy, precision, and
      service life.
PAR  Similar results are obtained when diaminobutane and methylene diiodide are
      substituted for diaminopropane and dibromoethane on a molar basis in the
      foregoing procedures.
PAR  Similar results are also obtained when diaminopentane and dibromopropane
      are substituted for diaminopropane and dibromoethane on a molar basis in
      the foregoing procedures.
PAC  EXAMPLE 2
PAC  Preparation of Immobilized Glucose Oxidase
PAR  Five grams of particulate alumina having a particle size in the range of
      -60 to +70 mesh (U.S. sieve screen) and an average pore diameter of 0.1 to
      0.2 microns is heated at 1150.degree.C for 2 hours. After cooling, the
      particulate alumina is soaked in 1.0 N HCl overnight. It is then washed
      with distilled water and placed in a beaker with 50 ml of 0.001 phosphate
      buffer (pH 6.0) for one-half hour before adding 25 ml of glucose oxidase
      solution. The glucose oxidase (Asperilligus niger) is obtained from Pierce
      Chemical Company in a buffered solution (pH 4.0) and has a reported
      activity of 1000 International Units/ml. The resulting glucose
      oxidase/alumina mixture is stirred gently for one-half hour at
      3.degree.-8.degree.C.
PAR  A crosslinking reaction solution is prepared by mixing 20 ml methanol, 0.01
      ml diaminopropane, 0.15 ml concentrated HCl, 0.03 ml dibromoethane and 10
      ml water at toom temperature for about 15 minutes. The mole ratio of
      diaminopropane to dibromethane is about 0.3 to 1.0. This preformed
      reaction solution is added at a rate of 0.15 to 0.20 ml/min. to the
      glucose oxidase/alumina mixture while stirring gently with a magnetic
      stirrer and maintaining the temperature at 3.degree. to 8.degree.C for
      16-20 hours. The resulting immobilized glucose oxidase/alumina composite
      is washed with 2 liters of distilled water and stored in distilled water
      until assayed.
PAR  The assay procedure is the same as that described in Example 1. The
      activity of the sample is 2.3 .times. 10.sup.+.sup.3 International
      Units/ml immobilized glucose/alumina composite.
PAR  The glucose oxidase/alumina composite is used in the analysis of glucose as
      in Example 3 of application Ser. No. 477,922 filed June 10, 1974 and good
      results are obtained from the standpoint of accuracy, precision, and
      service life.
PAC  EXAMPLE 3
PAC  Part A--(Sorbed Urease)
PAR  Urease (jack-bean meal sold by Worthington Biochemical Corporation having
      an initial activity of 63 I.U./mg) is immobilized on a particulate porous
      alumina support by mixing 100 mg urease and 1.0 g of particulate alumina
      in 200 ml of 0.01M tris (hydroxymethyl) aminomethane (adjusted and
      maintained at pH 8.2 with dilute HCl or dilute NaOH) at 40.degree.C and
      stirring for 1 hour. The particulate alumina has a particle size in range
      of from -50 to +100 mesh (U.S. sieve screen) and an average pore size
      diameter of about 0.1 to 0.2 microns. The immobilized urease/alumina
      reaction product is allowed to stand overnight at 0.degree..
PAR  The immobilized urease reaction product is then vacuum filtered on a
      sintered glass funnel and washed first with 500 ml of 0.5 M NaCl, followed
      by washing with 1 to 2 liters of distilled water. The washed immobilized
      urease reaction product is stored in 10-20 ml of 0.01 M tris
      (hydroxymethyl) aminomethane buffer until ready to use. The initial
      activity of the immobilized urease/alumina product is assayed to be 1.5
      .times. 10.sup.3 I.U./cm.sup.3 by the method described in Ser. No. 427,322
      filed Dec. 21, 1973. After storage for 11 days the product is placed in a
      continuous flow stream buffer for one day and the activity is assayed at
      61 I.U./cm.sup.3.
PAC  Part B--(Crosslinked with Alkane Dihalides)
PAR  A solution of 1,2-dibromoethane is prepared by diluting 0.25 ml of
      1,2-dibromoethane in 20 ml of methanol. This dibromoethane solution is
      added to 200 ml 0f a 0.01 M tris (hydroxymethyl) aminomethane at pH 8.2
      buffered solution. The pH of the resulting solution is adjusted to and
      maintained at 8.2 by the dropwise addition of dilute HCl or dilute NaOH as
      required.
PAR  One hundred mg of urease and 1.0 g porous alumina powder (the same alumina
      powder used in Part A) are slowly added to the buffered dibromoethane
      solution with stirring while keeping the temperature at 40.degree.C. This
      reaction mixture is stirred for 1 hour at 40.degree.C and allowed to stand
      overnight at 0.degree.. After filtering and washing the immobilized
      urease/alumina composite is assayed and determined to have an initial
      activity of 6.2 .times. 10.sup.2 I.U./cm.sup.3. After storage for 11 days
      the product is placed in a flow stream for one day under conditions
      similar to Part A and the activity is assayed to be 4.7 .times. 10.sup.2
      I.U./cm.sup.3.
PAC  Part C--(Crosslinked with Alkane Diamine)
PAR  The procedures of Part B are repeated except that 0.75 ml of
      1,3-diaminopropane is used in place of the dibromoethane solution from
      Part B. The initial activity of the immobilized urease/alumina product is
      assayed to be 1.4 .times. l0.sup.3 I.U./cm.sup.3 by the method described
      in Ser. No. 427,322 filed Dec. 21, 1973. After storage for 11 days the
      product is placed in a flow stream buffer for 1 day and the activity is
      assayed at 4.7 .times. 10.sup.2 I.U./cm.sup.3.
PAC  Part D-- (Crosslinked with Preformed Solution of Alkane Diamine and Alkane
      Dihalides)
PAR  The procedures of Part B are repeated except that a preformed reaction
      solution of 0.02 ml of 1,2-dibromoethane and 0.08 ml of 1,3-diaminopropane
      in 20 ml of methanol is used in place of the dibromoethane solution. Also,
      5 gm of alumina and 250 mg of urease purchased from Worthington
      Biochemical Corporation having an activity of approximately 160 I.U./mg
      are used. Therefore, 50 mg of urease is present per gram of alumina
      compared with 100 mg of the less active urease per gm of alumina in Parts
      A, B, and C. However, it should be noted that the quantity of active
      urease per gm of alumina is nearly the same in all four parts.
PAR  All solutions are prepared at room temperature while the immobilization
      reaction is allowed to proceed overnight at 0.degree.-5.degree.C. The
      initial activity of this immobilized urease/alumina composite is 1.2
      .times. 10.sup.3 I.U./ml. One week later, the activity is measured as 962
      I.U./ml alumina.
PAR  After this measurement in activity, a column using this material is
      prepared and used for urea analysis as in Ser. No. 427,322 filed Dec. 21,
      1973. After use in this nearly continuous flow system for 22 days, no loss
      in activity could be detected. Seven hundred and seventy-five samples of
      which 452 are serum samples are analyzed with good results from the
      standpoint of precision and accuracy during this three week period. In
      contrast to the stability of the immobilized urease prepared according to
      the procedure in Part D, the activity of samples A, B, and C are 28, 93,
      and 4 respectively when exposed to similar conditions.
PAC  EXAMPLE 4
PAR  In this experiment non-porous alumina is used as the support material. The
      alumina is a non-porous minus 100 mesh powder which has been acid washed.
PAR  A 400 mg sample of urease having an activity of 162 I.U./mg is dissolved in
      200 ml water and centrifuged to give a clear supernatant solution. This
      solution is added to about 3 g of the above alumina and the resulting
      mixture is stirred for 12 hours while keeping the temperature at about
      2.degree.C.
PAR  A chemical immobilization reagent mixture is prepared by combining 0.1 ml
      of 1,2-dibromoethane, 0.1 ml of 1,3-diaminopropane, 20 ml methanol and 30
      ml distilled water and adjusting the resulting mixture to a pH of 7.25
      with hydrochloric acid. This corresponds to a one-to-one mole ratio of
      diaminopropane to dibromoethane. This reagent mixture is added to the
      urease/alumina mixture and the resulting combination is maintained at
      about 2.degree.C for an additional 12 hours. The resulting urease/alumina
      composite is washed first with 0.4 M NaCl then with 0.001 M
      beta-mercaptoethanol, and finally with distilled water.
PAR  Assay of the washed urease/alumina composite product gives an activity of
      137 I.U./ml.
PAC  EXAMPLE 5
PAR  A 20 g sample of alumina like that of Example 1 having a particle size
      between minus 40 and plus 50 mesh, U.S. Standard Sieve, is washed
      thoroughly with 4 l of distilled water. This alumina is placed in a vacuum
      flask and 400 ml of 2 .times. 10.sup.-.sup.3 M tris-maleate buffer at pH
      8.9 [tris (hydroxymethyl) aminomethane and maleic acid in one-to-one molar
      ratio with sufficient NaOH or HCl to adjust the pH] is added. A water
      aspirator vacuum is applied and the flask shaken periodically for one-half
      hour. This buffer solution is then decanted and discarded and a fresh 300
      ml of the same buffer solution is added.
PAR  One gram of urease is dissolved in 120 ml of the tris-maleate buffer
      solution and centrifuged at 8000 g's of force for 20 minutes. The urease
      solution is added to the alumina buffer solution and the mixture is
      vigorously shaken for one-half hour at 0.degree. to 6.degree.C.
PAR  A crosslinking reaction solution is prepared by dissolving 0.08 ml of
      1,2-dibromoethane and 0.32 ml of 1,3-diaminopropane in 80 ml of methanol
      and 40 ml of distilled water. This corresponds to about a 4 to 1 mole
      ratio of diaminopropane to dibromoethane. This reaction mixture is stirred
      for one-half hour and the pH is adjusted to about 8 with hydrochloric
      acid. The crosslinking reaction mixture is then slowly added to the
      urease/alumina composite mixture with mild agitation while maintaining the
      temperature at 0.degree.-6.degree.C. These conditions of temperature and
      agitation are maintained for about 15 hours.
PAR  At the end of this period, the urease/alumina composite is filtered and
      washed with 1-2 liters of a 2.0 .times. 10.sup.-.sup.3 M trismaleate
      buffer solution, pH 7.0, which is 1.0 M in NaCl and 5.0 .times.
      10.sup.-.sup.3 M in EDTA. The freshly washed urease/alumina composite has
      an initial activity of 2.2 .times. 10.sup.+.sup.2 I.U./ml.
PAR  The procedures just described are repeated in a series of fifteen
      experiments. In this series the mesh size of the alumina is varied over
      the range of about 40 mesh to about 100 mesh and urease having a range of
      enzymatic activity from 50 to 160 I.U./mg obtained from several different
      supply sources is employed. The initial activities of the resulting
      urease/alumina composites from these fifteen experiments varies from about
      100 I.U./cm.sup.3 to about 750 I.U./cm.sup.3 with one low value, 52
      I.U./ml, and one high value, 1370 I.U./ml.
PAR  In the above experiments it is sometimes desirable to heat the alumina to
      about 1050.degree.C to 1100.degree.C for a few hours to make the alumina
      more chemically durable. However, extensive heating at these temperatures
      can reduce porosity and can change the average pore size.
PAC  EXAMPLE 6
PAR  This example illustates in a very practical way the effectiveness of the
      crosslinking method described in previous examples and the stability it
      provides to the urease/alumina composite.
PAR  A portion of the urease/alumina composite prepared as in Example 3 Part D
      which has an initial activity of 1370 I.U./cm.sup.3 is packed in a tube to
      form a bed. The column is a 75 mm ID borosilicate glass tube with an
      inside diameter of 2.8 mm and an outside diameter of 6 mm. A 400 mesh
      nylon screen is attached to one end of the column to retain the enzyme
      components.
PAR  This column is incorporated into and uses the urea analysis apparatus
      described in FIG. 1 of application Ser. No. 427,322 filed Dec. 21, 1973. A
      buffered diluent of 0.01 M tris (hydroxymethyl) aminomethane which is
      10.sup.-.sup.3 M in disodium ethylenediaminetetraacetic acid containing
      0.09 M NaCl; 10.sup.-.sup.5 M NH.sub.4 Cl is pumped through the system at
      a rate of 1.3 ml/min. The base stream consists of a 0.03 N sodium
      hydroxide solution also flowing at 1.3 ml/min. Multiple 20 microliter
      samples of urea standard solutions, 14 and 70 mg urea/100 ml, are injected
      into the buffer stream at the top of the enzyme column. The electrode
      response is recorded and the electronic detector is calibrated.
PAR  Over the course of about 3 weeks a total of 1215 samples are injected into
      this column, 700 were serum samples and 515 were aqueous urea samples. The
      column is always at room temperature during this period. The effectiveness
      of the crosslinking in the urease/alumina product is shown by the fact
      that at the end of this series of experiments a 10 microliter sample from
      a 100 mg urea/100 ml standard solution is injected into the column and a
      100 mg urea/ 100 ml reading within error is recorded by the detector.
      Thus, even after this prolonged use the activity of the column material is
      still sufficient to completely hydrolyze the urea in this sample.
PAR  Three urease/alumina composites which had been prepared in a manner similar
      to that described above in Example 5 (except that the alumina has a pore
      size distribution in the range of 0.002 to 0.5 microns) are assayed and
      then used to prepare columns for use in urea analysis as in Ser. No.
      427,322 filed Dec. 21, 1973. Multiple samples of aqueous urea solutions
      (known concentrations) and serum are injected in the top of the columns
      over a time period of approximately 1 to 2 weeks. The column is maintained
      at room temperature in a buffer of 0.01M tris (hydroxymethyl)
      aminomethane, pH 7.0, which is about 1 .times. 10.sup.-.sup.3 M in
      disodium salt of ethylenediaminetetraacetic acid when not in actual use.
PAR  The effectiveness of the enzyme composites are determined by establishing
      the maximum concentration of urea that can be passed through the column
      with 100% conversion. The results are shown in the following table.
     Sample                                                                    

         Initial Activity                                                      

                     No. of Samples                                            

                               Elapsed time                                    

                                       Urea concentration                      

         of Enzyme Composite                                                   

                     20.mu.1 each                                              

                               for column use                                  

                                       for 100% hydrolysis                     

     __________________________________________________________________________

     A    506 I.U./cc                                                          

                     392 aqueous urea                                          

                                12 days                                        

                                       about 120 mg urea                       

                     180 serum            100 ml                               

     B    309        363 aqueous urea                                          

                                12 days                                        

                                       about 90 mg urea                        

                     482 serum            100 ml                               

     C    717        300 serum   6 days                                        

                                       about 140 mg urea                       

                                          100 ml                               

     __________________________________________________________________________

PAC  EXAMPLE 7
PAR  This example describes a series of experiments which illustrate the effect
      of varying molar ratios of diaminopropane and dibromoethane in the reagent
      mixture used to immobilize glucose oxidase on alumina. The experiments are
      done in an essentially identical manner. Thus, one gram of alumina, having
      a particle size of -60 to +70 mesh and an average pore diameter of 0.14
      microns, is deareated by placing it in a flask with 25 - 30 ml of a 1.0 N
      HCl solution and applying a water aspirator vacuum to the flask for 1/2
      hour. The HCl is decanted from the alumina and about 20 to 30 ml of
      distilled deionized water is used to transfer the alumina powder to a 50
      ml beaker.
PAR  About 25 mg of glucose oxidase is dissolved in 25 ml of tris
      (hydroxymethyl) aminomethane buffer adjusted to pH 7.0 with HCl. This
      enzyme solution is added to the beaker containing the alumina and the
      resulting mixture is stirred gently for one half hour at room temperature.
PAR  A preformed reaction solution is prepared (with one exception shown below)
      by combining 0.08 ml 1,3-diaminopropane, the desired amount of
      1,2-dibromoethane (see Table 2), 10 ml methanol, 5 ml water, and 0.15 ml
      of concentrated HCl. This reagent mixture is added at one time to the
      enzyme/ alumina mixture above and the resulting mixture is stirred gently
      overnight at room temperature.
PAR  In one case, experiment 7A a two layer mixture forms when 8.27 ml
      dibromoethane, 0.08 ml diaminopropane, 10 ml of H.sub.2 O and 10 ml
      methanol are combined to form the preformed reaction solution. Ten ml of
      the solution in approximately 20 ml organic layer is used. To this is
      added 0.15 ml of concentrated HCl and this mixture is then added to the
      enzyme/alumina sample as above, stirring overnight at room temperature.
      The significance of this experiment (7A) may be subject to further
      interpretation in that the reaction solution appears to be present in the
      organic phase. It is clear from the data in Table 2, however, that optimum
      results are not obtained.
PAR  In some of the other experiments small amounts of an organic phase are also
      observed in addition to the preformed reaction solution in the aqueous
      mixture, apparently due to the solubility limitations of the
      dibromoethane. However, all of the material is transferred to the
      enzyme/alumina mixture and no deleterious effects could be associated with
      the presence of this organic phase.
PAR  In each experiment the enzyme/alumina composite is washed with 1-2 liters
      of deionized water and stored in 5 ml distilled deionized water at
      0.degree.-5.degree.C until assayed.
PAR  The activities of the immobilized enzyme/alumina composites are measured as
      described in Part B of Example 1.  The following table shows the effect of
      changing the diamine to dihalide ratio on the initial activity of the
      composite and, more importantly, the activity retained after two months in
      deionized distilled water.
TBL  __________________________________________________________________________

     Experiment                                                                

           Mole ratio                                                          

                    Initial Activity                                           

                              Activity                                         

                                     Activity                                  

     No.   Diaminopropane:                                                     

                    of Composite                                               

                              after 2                                          

                                     Retained                                  

           Dibromoethane                                                       

                    .times. 10.sup..sup.-2                                     

                              months                                           

     __________________________________________________________________________

     7A    0.01     2.6 I.U./ml                                                

                              23 I.U./ml                                       

                                      9%                                       

     7B    0.1      1.4       56     41                                        

     7C    1        1.6       36     22                                        

     7D    10       1.1       26     23                                        

     7E    100      1.3       43     34                                        

     7F    1000     1.7       33     19                                        

     __________________________________________________________________________

PAC  EXAMPLE 8
PAR  The support material is a polyester fiber obtained from Commercial Filters
      Corporation as Standard Honeycomb wound filter cartridge. The fiber is
      wound on a hollow, cylindrical, plastic core to form the filter cartridge.
      The cartridge is approximately 10 inches long with an inner diameter of
      1.0 inch and an outer diameter of 2.5 inches. The thickness of the fiber
      wall is, therefore, approximately 0.75 inches. This filter is designed to
      remove 95% of particles having 5 microns or more from a fluid stream.
PAR  Filter tubes of this type are widely used in the chemical processing
      industry. Perry's Chemical Engineer's Handbook (Fifth Ed., Chapter 19, p.
      83-5) describes filtration systems incorporating such filter tubes.
PAR  Papain is obtained from Worthington Biochemical Corporation which is
      observed to exhibit an activity of 2.9 I.U. per milligram toward the
      substrate casein.
PAR  The filter tube is washed in an aqueous solution of detergent. The tube is
      suspended in a two liter graduated cylinder and the detergent solution
      stirred with a magnetic stirrer for about 15-18 hours (overnight). Rinsing
      is accomplished by pouring off the detergent solution, adding about one
      liter of distilled water, and stirring for 20 - 30 minutes. This process
      is repeated with six more portions of distilled water.
PAR  In a similar manner, the filter tube is subsequently washed with 800 ml of
      3M sodium chloride for 1 hour and rinsed three times with distilled water.
      Finally the filter tube is washed twice with a solution of 0.002M lactate
      buffer, pH 3.5, containing 0.01M zinc sulfate.
PAR  This lactate-zinc sulate buffer solution is prepared by first dissolving
      2.12g of an 85 percent solution of lactic acid in 500 ml of distilled
      water and adjusting the pH to 3.5 with 0.1N sodium hydroxide. This
      solution is then further diluted to give a total volume of one liter. A
      100 ml aliquot of the lactate solution is mixed with 100 ml of a 0.1 M
      zinc sulfate solution and this mixture diluted to one liter to provide the
      final lactate-zinc sulfate buffer solution.
PAR  The filter tube is suspended in the cylinder and 800 ml of fresh buffer
      solution is added. After cooling to about 5.degree.C a 500 mg quantity of
      papain is added in small increments while stirring continuously. Stirring
      is continued for 15 minutes at this temperature.
PAR  An enzyme immobilization reaction solution is prepared by dissolving 0.01
      ml of 1,3-diaminopropane and 1.8 ml of 1,2-dibromoethane in a solvent
      composed of 40 ml water and 160 ml spectral grade methanol. The mole ratio
      of diaminopropane to dibromoethane is 0.01 to 1.0. The pH is adjusted to
      4.0 .+-. 0.5 with concentrated hydrochloric acid.
PAR  The enzyme-filter tube-buffer system above is cooled sufficiently to
      maintain the temperature of the buffer in the range of 0.degree. to
      5.degree.C and stirred with a magnetic stirrer. The enzyme chemical
      immobilization reagent solution, at room temperature, is then added at a
      rate of 1 milliliter per minute. Stirring is continued for 15 - 18 hours
      (overnight) at 0.degree.-5.degree.C. the pH is 3.6.
PAR  The filter tube is washed twice at room temperature using the technique
      previously described, with an 800 ml solution of 0.01 M tris-maleate
      buffer which is 0.001 M in zinc sulfate and 3.0 M in sodium chloride. The
      pH of the buffer is 6.0. The filter tube is stored in this solution at
      0.degree.-5.degree.C until analyzed or used in substrate conversion
      reactions.
PAC  Assay Procedure
PAR  The filter tube is removed from the storage solution and washed for 15
      minutes with a solution made up of 800 ml 0.05 M K.sub.2 HPO.sub.4, 8.0 ml
      of 0.1 M dithiothreitol (DTT) and 8.0 ml of 0.1 M
      ethylenediaminetetraacetic acid (EDTA). The assay procedure is basically
      that described by Weissler and Garza in Am. Soc. Brewing Chemists, Proc.,
      p. 225-38 (1965).
PAR  A casein substrate solution is prepared according to the reference method
      and to 800 ml of this solution is added 8.0 ml of 0.1 M DTT and 8.1 ml of
      0.1 M EDTA. This solution is maintained at room temperature and the washed
      filter tube containing the immobilized papain is suspended in it. The
      solution is stirred with a magnetic stirrer. Five milliliter aliquots of
      the substrate solution, in contact with the filter tube, are extracted at
      1, 5, 10, 20, 30 and 60 minute intervals. To each aliquot is added 3 ml of
      a 30% solution of trichloroacetic acid and 2 ml of water. The samples are
      heated at 40.degree.C for 30 minutes and filtered through a 2 micron
      filter. The optical densities of the filtrates are measured at 277 nm and
      the concentration of the tyrosine-containing hydrolysis product of casein,
      is determined from a calibration graph. A plot of sample tyrosine
      concentration versus time provides a straight line the slope of which is
      related to the rate of hydrolysis of casein by the immobilized papain. The
      result is expressed in international units per filter, the international
      unit being defined here as equivalent micromoles of tyrosine produced per
      minute. For the filter tube described above the activity is 19.3
      International Units.
PAC  EXAMPLE 9
PAR  The procedures and quantities of Example 8 are used except the pH of the
      lactate buffer is adjusted to 4.5 and the papain solution is stirred for
      1/2 hour in the presence of the filter tube before adding the
      diaminopropane/dibromoethane reaction mixture. The initial activity of the
      immobilized enzyme filter tube composite is 38.5 International Units.
      After four days stored in buffer at 0.degree.-5.degree.C the activity is
      18.6 I.U./filter.
PAC  EXAMPLE 10
PAR  The enzyme support material is a filter tube identical to that described in
      Example 8 except the fibers are made of Orlon, an acrylonitrile based
      polymer from E. I. duPont de Nemours and Company.
PAR  The filter tube is soaked in 3N HCl overnight to remove sizing and other
      surface treatments. The filter tube is then washed four times with
      distilled water and then suspended in a stirred solution of 3.0 M NaCl for
      1 hour.  It is then washed again with four portions of distilled water and
      finally two times with a lactate/zinc sulfate buffer of pH 4.5.
PAR  The filter tube is suspended in 800 ml of the buffer which is then cooled
      to 0.degree.-5.degree.C and 8.0 grams of Wallerstein papain (0.055
      I.U./mg) is added in small increments. The resulting mixture is stirred
      for 1/2 hour and a chemical immobilization reaction solution is added at
      the rate of 1.0 ml/min. while continually stirring and maintaining the
      temperature of the system at 0.degree.-5.degree.C. The reaction solution
      consists of 0.01 ml 1,3-diaminopropane, 1.8 ml 1,2-dibromoethane, 40 ml
      distilled water, and 160 ml spectral grade methanol. This corresponds to a
      mole ratio of diaminopropane to dibromoethane of 0.01 to 1.0. The reaction
      is allowed to proceed for 15 - 18 hours (overnight). The pH of the
      reaction solution after this time is 5.0.
PAR  The immobilized enzyme/filter tube composite is washed and assayed as
      described in Example 8. The initial activity is 38 International Units.
      After 30 days storage in buffer at 0.degree.-5.degree.C, it is 11.6
      International Units.
PAC  EXAMPLE 11
PAR  The enzyme support material is a fiber wound filter tube having the
      configuration and dimensions of that described in Example 8 except that
      the fibers are made of Dynel, a copolymer of vinyl chloride and
      acrylonitrile produced by Union Carbide Corporation. The filter tube is
      soaked in 3 N HCl overnight to remove sizing and other surface treatments.
PAR  After washing twice with a lactate/zinc sulfate buffer (pH 4-5) as
      previously described in Example 8 the filter tube is suspended in this
      buffer solution, impregnated with enzyme, and a chemical immobilization
      reaction solution is added. The enzyme immobilization procedure and
      subsequent assay is performed as described in Example 9 except that the
      papain solution is stirred for 2 hours in contact with the filter tube
      before adding the immobilization reaction solution. The activity for the
      filter tube is 30.4 International Units. After 24 days the activity of the
      filter tube is 2.9 International Units. Twenty-one days later, 45 days
      from preparation, the activity is 5.7 International Units. The immobilized
      enzyme/filter tube composite is stored in buffer at 0.degree.-5.degree.C
      between analysis.
PAC  EXAMPLE 12
PAR  This example describes the immobilization of a purified papain in the
      absence of lactate buffer. A 20 g sample of Wallerstein Papain 90 is
      dispersed in 200 ml of a 0.01 M zinc sulfate solution, pH 4.5. This
      dispersion is centrifuged for 1/2 hour at 10,400 g's and the precipitate
      which forms is discarded. To the supernatant is slowly added 62.6 g of
      sodium chloride while stirring slowly at room temperature. After 2 hours
      the mixture is centrifuged for 20 minutes at 10,000 g's. The supernatant
      is discarded and the precipitated papain is dissolved in 800 ml of 0.01 M
      zinc sulfate adjusted to a pH of 4.5 with dilute hydrochloric acid.
PAR  The papain solution is cooled to 0.degree.-5.degree.C and a filter tube
      like that prepared in Example 11 is suspended in it while stirring for 45
      minutes. The dibromoethane/diaminopropane reaction solution, the same as
      that in Example 10, is added to the papain/filter system at a rate of 1.0
      ml/min. and stirring is continued overnight. The immobilized enzyme/
      filter tube composite is washed and assayed as described in Example 8. The
      activity is 58.6 International Units. After 6 days storage it is reassayed
      and found to be 39 I.U.
PAC  EXAMPLE 13
PAR  A 50 g sample of Wallerstein Papain 400 is dispersed in 400 ml of a 0.01 M
      zinc sulfate solution pH 4.5. It is centrifuged for 1/2 hour at 16,300 g's
      and the precipitate which forms is discarded. To the supernatant is added
      slowly 125.2 g sodium chloride and the resulting mixture is left standing
      at room temperature for 2 hours. It is then centrifuged at 16,300 g's for
      40 minutes, the supernatant is discarded and the papain precipitate
      dissolved in 800 ml of the above zinc sulfate solution.
PAR  A Dynel filter tube is soaked in HCl as in Example 11 and washed with a
      0.01 M zinc sulfate solution, pH 4.5, for 1 hour. It is then suspended in
      the previously described papain solution cooled to 0.degree.-5.degree.C.
PAR  The pH is adjusted to 4.8 with 1 N sodium hydroxide. The papain solution is
      stirred for 45 minutes and a reaction solution is added at the rate of 1.0
      ml/min. The reaction solution consists of 0.01 ml 1,3-diaminopropane, 1.8
      ml 1,2-dibromoethane, 40 ml of 0.005 M lactic acid, and 160 ml of spectral
      grade methanol adjusted to pH 3.3 with HCl. The diaminopropane to
      dibromoethane mole ratio is 0.01 to 1.0. After about 15 - 18 hours
      (overnight) the immobilized enzyme/filter tube composite is washed for 25
      minutes with 800 ml of a 0.01 M tris-maleate buffer solution which is
      0.001 M in zinc sulfate and 1.0 M in sodium chloride, pH 6.0. It is then
      washed twice more for 15 - 30 minutes each in an identical, but sodium
      chloride-free buffer. It is stored in this buffer at 0.degree.-5.degree.C
      until assayed. When assayed according to the procedures of Example 8 the
      filter tube is found to have an activity of 109 International Units. After
      1 month storage in the buffer the activity is 94 International Units.
PAC  EXAMPLE 14
PAR  The enzyme support material is a filter tube identical to that described in
      Example 8 except the fibers are Orlon. The filter tube is washed first
      with a detergent solution and then in 3 N HCl for 2 days, i.e. the filter
      tube is suspended in a stirred solution of HCl. After rinsing with several
      portions of distilled deionized water, the filter is allowed to stand for
      about 11/2 hours in a 0.01 M zinc sulfate solution at
      0.degree.-5.degree.C.
PAR  An enzyme solution is prepared by first recrystallizing 50 grams of
      Wallerstein Papain 400. This is done by combining the enzyme in 400 ml of
      0.0l M zinc sulfate and centrifuging for 1/2 hour at 14,000 g's of force.
      To the supernatant is slowly added 125.2 g NaCl and the mixture is allowed
      to stand at room temperature for two hours before recentrifugation. The
      precipitate is dissolved in 800 ml of 0.0l M zinc sulfate adjusted with 3N
      HCl to pH 4.8, and the filter tube is immersed in it. The pH is readjusted
      to 4.8, if necessary, and the system is maintained in a cooling batch at
      0.degree.-5.degree.C for 45 minutes.
PAR  An enzyme immobilization solution is prepared by adding to 160 ml of
      methanol, 3.9 ml dibromomethane, 40 ml of 0.005 M aqueous solution of
      lactic acid, 0.03 ml 1,3-diaminopropane and sufficient hydrochloric acid
      to adjust the pH to 3.2. The diaminopropane to dibromomethane molar ratio
      is 0.0064 to 1.0. This solution is added at the rate of 1.0 ml/min. to the
      filter tube-enzyme system just described. After addition of the reagent,
      stirring and cooling is continued overnight. The pH is found to be 4.5 the
      next day.
PAR  The filter tube is washed with 800 ml each of the following washing
      solutions: (1) 0.0l M tris-maleate buffer which is 0.00l molar in zinc
      sulfate and 1.0 molar in NaCl and, (2) two portions of 0.0l M tris-maleate
      buffer which is 0.00l M in zinc sulfate.
PAR  The filter tube is stored in 3 to 4 liters of a fresh solution having the
      same composition as the last wash. It is kept at 0.degree.-5.degree.C
      until assayed.
PAR  The filter tube is assayed as in Example 8 and found to have an activity of
      51 International Units.
PAC  EXAMPLE 15
PAR  A 3 gram sample of -70 to +80 mesh porous alumina is fired at 1050.degree.C
      for 45 minutes. Upon cooling, an aqueous slurry of the powder is prepared
      with distilled water and used to pack a column which is 30.5 cm long and
      2.0 mm in diameter.
PAR  Urease, 400 mg, is combined with 200 ml of water and centrifuged to remove
      any suspended insoluble material. The clear supernatant, pH 5.6, is cooled
      to 2.degree.C and eluted through the column by means of a peristalic pump
      while maintaining the system at a low temperature. The urease solution is
      eluted through the column at a rate of 0.9 ml/min.
PAR  Chemical immobilization of the sorbed urease is affected by the subsequent
      elution through the column of a preformed reaction solution consiting of
      0.1 ml of 1,2-dibromoethane, 0.4 ml of 1,3-diaminopropane, 20 ml of
      methanol, 30 ml of water, and sufficient concentrated HCl to adjust the pH
      to 7.25. The diaminopropane to dibromoethane mole ratio is 4.0 to 1.0.
      This mixture is slowly eluted through the column over a 5 hour period at
      room temperature.
PAR  The column is finally washed, first with 40 ml of 0.5 M NaCl, then 10 ml of
      0.001 M beta-mercaptoethanol, and finally 50 ml of water.
PAR  Initial assay of the column indicated an activity in excess of 1.0 .times.
      10.sup.3 I.U./cm.sup.3 of immobilized enzyme composite. Two days later,
      after storage in distilled water, the column is re-assayed. It is washed
      with and assayed in the presence of, a solution which is 0.001 molar each
      in beta-mercaptoethanol, ethylenediaminetetraacetic acid, and sodium
      azide. The activity is still in excess of 1.0 .times. 10.sup.+.sup.3
      I.U./cm.sup.3 of immobilized enzyme composite.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. In the process for immobilizing an enzyme on a support, wherein an
      enzyme, a support and a chemical immobilizing agent are maintained in
      contact at a temperature and for a time sufficient to chemically
      immobilize said enzyme, the improvement wherein said chemical immobilizing
      agent comprises a preformed reaction solution of an alkane diamine and
      alkane dihalide.
NUM  2.
PAR  2. The process of claim 1 wherein the mole ratio of alkane diamine to
      alkane dihalide is in the range of about 0.005:1 to about 1000:1.
NUM  3.
PAR  3. The process of claim 1 wherein said solution is an aqueous solution.
NUM  4.
PAR  4. The process of claim 1 wherein said enzyme is deposited on said support
      prior to contact with said solution.
NUM  5.
PAR  5. The process of claim 1 wherein said solution contains a water-miscible
      organic solvent.
NUM  6.
PAR  6. The process of claim 1 wherein said support is a porous matrix formed by
      compacting and sintering a refractory oxide powder.
NUM  7.
PAR  7. The process of claim 1 wherein said support is in the form of fibers.
NUM  8.
PAR  8. The process of claim 1 wherein said alkane dihalide contains 1 to 10
      carbon atoms.
NUM  9.
PAR  9. The process of claim 1 wherein said alkane diamine contains 1 to 10
      carbon atoms.
NUM  10.
PAR  10. The process for chemically immobilizing an enzyme on a support
      comprising the steps of
PA1  depositing said enzyme on said support to form an enzyme/ support
      composite,
PA1  contacting said composite with a preformed reaction solution of an alkane
      dihalide and an alkane diamine,
PA1  maintaining said composite and said reaction solution in contact at a
      temperature and for a time sufficient to chemically immobilize said
      enzyme.
NUM  11.
PAR  11. The process of claim 10 wherein said enzyme is glucose oxidase.
NUM  12.
PAR  12. The process of claim 10 wherein said enzyme is urease.
NUM  13.
PAR  13. The process of claim 10 wherein said enzyme is papain.
NUM  14.
PAR  14. The process of claim 10 wherein said solution is an aqueous solution.
NUM  15.
PAR  15. The process of claim 13 wherein said alkane dihalide and said alkane
      diamine each contain 1 to 6 carbon atoms.
NUM  16.
PAR  16. The process of claim 1 wherein said support is a refractory ceramic
      oxide powder.
NUM  17.
PAR  17. The process of claim 16 wherein the particle size of said powder is in
      the range of -5 mesh to +400 mesh.
NUM  18.
PAR  18. The process of claim 17 wherein the particle size of the powder is in
      the range of about -20 mesh to about +100 mesh.
NUM  19.
PAR  19. The process of claim 10 wherein said support is a refractory ceramic
      oxide powder.
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ABST
PAL  Yeast is continuously cultured in a vapor condensate by adding a
      neutralizing agent and nutritive agents to the vapor condensate produced
      from the evaporation of spent sulfite liquor; inoculating said vapor
      condensate with Candida, Pichia or Hansenula yeast; continuously culturing
      said yeast in said inoculated vapor condensate; and continuously supplying
      unsterilized vapor condensate to control the sulfurous acid concentration
      and the pH of said inoculated vapor condensate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method for the continuous culture of yeast in
      which the vapor condensate from spent sulfite liquor is utilized as a
      carbon source. More particularly, the present invention relates to a
      method for producing yeast such as the Candida, Pichia or Hansenula
      species by an industrially acceptable procedure in a medium of a vapor
      condensate derived from the evaporation of spent sulfite liquor and which
      condensate contains added nutrients.
PAR  2. Description of the Prior Art
PAR  The principal carbon sources used for producing Torula yeast in existing
      commercial plants are mainly xylose which is present in spent sulfite
      liquor, saccharides, chiefly sucrose, which are used for the production of
      molasses yeast such as bakers yeast, and hydrocarbons, chiefly
      n-paraffins, for the production of petroleum yeast. Other carbon sources
      such as methanol and acetic acid have been studied for the culturing of
      yeast.
PAR  Because protein sources have become insufficient as a result of expanding
      human population, the production and supply of yeast as a protein source
      on an industrial scale is of increasing importance. A drawback to the
      commercial production of yeast is that the carbon sources described above
      have been a source of pollution which results from the residual carbon
      materials present in the waste medium. Because of the pollution problem,
      yeast production in Japan has recently declined. Thus, it seems that it
      will be impossible to continue to use spent sulfite liquor in the
      production of Torula yeast much longer, because it will be difficult to
      find appropriate counter-measures to meet the government's strict
      standards. It also appears that it will be impossible to continue the
      production of yeast in molasses media because of international
      fluctuations in price of molasses. In the case of petroleum media, the
      price of n-paraffins is also unstable and is increasing because of
      insufficient petroleum resources. These problems regarding the cost and
      availability of growth media makes it difficult to produce yeast less
      expensively. Other factors which raise the cost of waste liquor are the
      treatments necessary to reduce pollution.
PAR  Under these circumstances, alternative culture media such as methanol and
      acetic acid have been studied. These compounds have been successfully used
      on a laboratory scale, but have not been found to be useful industrially
      in the production of yeast because of the cost of the compounds.
PAR  A need therefore, continues to exist for a method of continuously culturing
      yeast at relatively low cost and for a method which involves fewer
      pollution problems.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of the present invention is to provide a method of
      continuously culturing yeast by utilizing the waste liquor from the
      sulfite pulp process.
PAR  Briefly, this object and other objects of the present invention as
      hereinafter will become more readily apparent can be attained by a method
      of continuously culturing yeast in a vapor condensate by adding a
      neutralizing agent and nutritive agents to the vapor condensate produced
      from the evaporation of spent sulfite liquor; inoculating said vapor
      condensate with Candida, Pichia or Hansenula yeast; continuously culturing
      said yeast in said inoculated vapor condensate; and continuously supplying
      unsterilized vapor condensate to control the sulfurous acid concentration
      and the pH of said inoculated vapor condensate.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In a sulfite pulp plant, a cooking chemical solution is poured onto finely
      divided wood chips in a cooking kettle. After cooking, the wood chips, the
      solid and liquid components are separated. Thereafter, the solid
      components are sent to a bleaching plant. The separated liquid components
      are referred to as spent sulfite liquor. Since the spent liquor contains a
      great quantity of organic compounds which cause high COD (Chemical Oxygen
      Demand) and BOD (Biological Oxygen Demand) problems because of the lignin
      sulfonic acid and saccharides present in the liquor, it is not permitted
      to be discharged into rivers and the sea. The liquor is at present
      evaporated and is then burned wet so as to avoid pollution by discharging
      the liquor into public water basins. Other portions of the spent liquor
      are converted to various lignin products, and are also used for the
      production of Torula yeast.
PAR  However, the vapor condensate which is derived from the evaporation of
      spent sulfite liquor contains great quantities of low molecular organic
      compounds which originate from the wood components, and lignin sulfonic
      acid integrated with the splashed product upon evaporation or sulfurous
      compounds, which show considerably high COD and BOD values.
PAR  The low molecular weight organic compounds in the vapor condensate are 0.8
      to 1.8% acetic acid, 0.05 to 0.20% formic acid, 0.03 to 0.10% furfural and
      0.02 to 0.07 methanol. Further, the vapor condensate has a COD of
      approximately 2000 to 5000 ppm and a pH of 2. Because of these properties,
      the vapor condensate considerably inhibits the culturing of yeast.
PAR  A continuous series of studies have been conducted on methods of removing
      the sources of COD and BOD in the effluent from vapor condensate and for
      methods of culturing yeast on the substances in the vapor condensate which
      contains the growth inhibiting components. The present invention provides
      conditions under which yeast can be cultured in the vapor condensate.
      Further, the conditions are provided for the successful utilization of the
      vapor condensate for the culturing of yeast on an industrial scale. It has
      been found that the BOD and COD of waste liquor separated from yeast after
      culturing are greatly decreased, which confirms that the process of the
      invention greatly reduces the polluting effect of sulfite waste liquor.
PAR  Suitable species of yeast used for culturing include Candida, Torulopsis,
      Pichia and Hansenula. However, other yeast species can also be effectively
      cultured.
PAR  Because the vapor condensate contains growth inhibiting components, it is
      essential that yeast cultured in the vapor condensate develop some
      resistance to the medium. Normal culturing methods are preferably adopted
      in order to develop a resistant yeast. One method of developing a
      resistant strain of bacteria is described in "Biochemical Engineering"
      edited on December 15, 1963 by the Institute of Applied Microbiology,
      University of Tokyo, pp. 239-240. This report discloses the experimental
      results of how to impart resistance to bacteria for producing glutamic
      acid. The present process employs a similar technique to the
      above-described method. In the process, the vapor condensate is initially
      diluted with water by a factor of 1/2. Thereafter, the concentration of
      acetic acid is adjusted to about 1.5% by the addition of acetic acid. A
      nutritive agent and agar, as hereinafter is described, is then added
      thereto. A plate culture of yeast at 30.degree.C is conducted, and the
      colonies which grow can again be cultured on the same oblique medium. The
      yeast which is grown can be cultured on a plate culture using undiluted
      vapor condensate. Thereafter the colonies which have grown can be selected
      therefrom as pure colonies.
PAR  Generally, a Waldhof fermenter is chiefly used for culturing yeast, and it
      is preferable to use this fermenter in the present invention.
PAR  To the medium used for culturing yeast, are preferably added other growth
      promoting components of a nitrogen source such as ammonium sulfate,
      ammonium nitrate, ammonium chloride, or urea, a phosphorus source such as
      calcium superphosphate or ammonium phosphate, and a potassium source such
      as potassium chloride or potassium sulfate. Other chemicals containing
      both potassium and phosphorus such as potassium phosphate or dipotassium
      phosphate can be added to the vapor condensate. Additionally, small
      amounts of either molasses or corn steep liquor or a mixture of both may
      be added as trace elements to the medium if necessary.
PAR  The vapor condensate used in this invention contains sulfurous acid which
      is one of the inhibitors in the vapor condensate. Therefore, after a study
      of the relationship between the concentration of sulfurous acid and the
      growth tendency of yeast in sulfurous acid containing media, it has been
      discovered that normal culturing cannot be conducted unless the
      concentration of sulfurous acid in the vapor condensate is within the
      range of 0.02 to 0.20%. If the concentration of sulfurous acid is less
      than 0.02%, when continuous culturing is conducted in a nonsterilized
      state, microorganisms such as mold and bacteria will grow. On the other
      hand, if the concentration of sulfurous acid is more than 0.20%, yeast
      cannot grow normally in such a medium because the concentration of
      sulfurous acid is too high.
PAR  In order to decrease the concentration of sulfurous acid in the vapor
      condensate containing over 0.20% sulfurous acid, the vapor condensate is
      exposed to air to aerate the growth medium. In order to increase the
      concentration of the sulfurous acid within the indicated limits, sulfurous
      acid is blown into the vapor condensate to achieve a predetermined
      concentration.
PAR  The continuous culturing of yeast will now be described. Vapor condensate
      adjusted to the appropriate concentration of sulfurous acid and a
      nutritive agent are charged into a fermenter. Considering the fact that
      the culture is in a nonsterilized state, the pH of the medium is adjusted
      to 4.5 to 5.5, depending upon the type of yeast.
PAR  Seed yeast previously cultured is added to the culture medium in order to
      start a batch culture. In the batch culture, if the pH becomes alkaline, a
      mineral acid such a hydrochloric acid, sulfuric acid or an organic acid
      such as acetic acid is added to adjust the pH. Similarly, if the pH
      becomes too acidic, an alkaline agent such as caustic soda or ammonia is
      added.
PAR  The culture is conducted at a temperature of 25.degree.C to 35.degree.C.
      When the yeast has grown to the desired concentration in the batch
      culture, continuous culturing is started.
PAR  In continuous culturing, the final results are not effected whether
      nutritive agents are added to the condensate before entering the fermenter
      or whether they are added separately to the fermenter.
PAR  In short, it is important in continuous culturing to control the pH of the
      supplied vapor condensate to within the range of 3.0 to 4.5. Generally,
      when the continuous culturing of the yeast is conducted using the vapor
      condensate, the pH of the culture medium is increased. Although a common
      acid may be added in order to control the pH generally, it is industrially
      advantageous to use the vapor condensate as the pH controlling agent
      because the pH of the vapor condensate is approximately 2 and it contains
      the carbon source for the culture. Therefore, additional vapor condensate
      simultaneously acts to control the pH and to supply the carbon source as
      well. However, if the vapor condensate is supplied at a pH below pH 3.0,
      great quantities of an alkaline reagent are required to adjust the pH to
      4.5 to 5.5. On the other hand, if the pH of the vapor condensate supplied
      is over 4.5, large amounts of acid must be added to adjust the pH between
      4.5 and 5.5. Therefore, it is necessary to try to balance the growth of
      the yeast and the pH of the supplied liquid in order to maintain the pH in
      the culture medium between 4.5 to 5.5 in continuous culturing. A detailed
      study has indicated that it is most important for culturing of the yeast
      to control the pH of the vapor condensate to 3.0 to 4.5.
PAR  The reasons for the allowable range of 3.0 to 4.5 are as follows:
PAR  1. The growth of yeast, of course, is influenced by the favorable and
      unfavorable growth conditions in the culture medium. However, the pH of
      the supplied vapor condensate should be controlled within the range of 3.0
      to 4.5 according to the difference of the amounts of supplied liquid at
      that time.
PAR  2. It is necessary to add the nutritive agent into the vapor condensate in
      the continuous culturing of the yeast. However, when liquid ammonia is
      added in the necessary amount as the nitrogen source for growing the
      yeast, the pH of the medium is increased because of the high pH of
      ammonia. Since control of pH in the continuous culturing is difficult, the
      pH should be controlled within the range of 3.5 to 4.5. In other words, if
      the pH of the supplied liquid is controlled within the range of 3.0 to
      4.5, the proper amount of ammonia can not only be added without extra
      increase in the pH, but the culturing of the yeast can be preferably
      conducted under favorable conditions.
DETD
PAR  Having generally described this invention, a further understanding can be
      obtained by reference to certain specific examples which are provided
      herein for purposes of illustration only and are not intended to be
      limiting unless otherwise specified.
PAC  EXAMPLE 1
PAR  A vapor condensate with a pH of 1.9 and a sulfurous acid concentration of
      0.23% was exposed to the air at different times which aeration adjusted
      the concentration of sulfurous acid to approximately 0.23%, 0.2%, 0.1%,
      0.02% and 0.01%, respectively. A 1.6 g amount of ammonium sulfate, 1.1 g
      of potassium chloride and 1 g of potassium phosphate were added to 1 liter
      of each sample of vapor condensate containing the different amounts of
      sulfurous acid. The media was adjusted to a pH of 5.0 with caustic soda
      solution, and then batch culturing was started in a Waldhof fermenter
      (volume 1 m.sup.3). The medium was not sterilized.
PAR  The seed yeast, Candida rugosa IFO 0750, used in this culture, showed
      resistance to the vapor condensate.
PAR  Initially, the culture was conducted as a batch process. When the dry
      concentration of yeast in the cultured liquid became 0.4%, it was
      transferred from a batch culture process to a continuous culture. The
      nutritive agent described above was dissolved in the supplied vapor
      condensate in advance, and the pH of the supplied liquid had an average pH
      of 3.5 (a range of 3.3 - 3.8). The pH adjustment was conducted by flowing
      the vapor condensate over limestone. This continuous culturing was
      conducted for 20 days for each sample. The dry concentration of the yeast
      in the stationary state, the culture cycle time and the contaminating
      organisms at each measurement time are shown in the following table.
TBL  ______________________________________                                    

             A     B       C       D     E                                     

     ______________________________________                                    

     concentration                                                             

     of sulfurous                                                              

               0.23    0.20    0.10  0.02  0.012                               

     acid (%)                                                                  

     Cycle time                                                                

     (hr.)     5.3     2.8     2.5   2.5   2.5                                 

     Dry concen-                                                               

     tration of                                                                

               0.28    0.55    0.57  0.58  0.43                                

     yeast (%)                                                                 

     Contaminating                                                             

     organism  none    none    none  none  mold after                          

     (at 20 days)                          1 week and                          

                                           impossible                          

                                           to culture                          

     ______________________________________                                    

PAR  As is clear from the above data, the culturing was good at a sulfurous acid
      concentration of 0.02 to 0.20%. It was found that the COD of the liquid
      after separating the yeast mycellium was 500 to 1000 ppm. It was further
      proved that the culturing process was effective for decreasing the COD of
      the vapor condensate.
PAC  EXAMPLE 2
PAR  A continuous culture of yeast in a 10 m.sup.3 Waldhof fermenter (6.5
      m.sup.3 medium) was conducted using a vapor condensate having a sulfurous
      acid concentration of 0.08%. The nutritive agents were similar to those of
      Example 1 in the batch process, but ammonium sulfate was not used in the
      supplied liquid in the continuous culture. Instead, a 28% aqueous ammonia
      solution was separately added in the necessary amount. The yeast used in
      this study was Hansenula anomala IAM 4663 with a resistance to the vapor
      condensate. The pH of the vapor condensate was in the range of 3.0 to 3.6
      which was adjusted with caustic soda, and the vapor condensate was
      cultured for 30 days. The pH of the culture was 5.3.
PAR  The dry concentration of yeast at stationary states was 0.58%, and the
      cycle time was 2.4 hours. Although the COD of the vapor condensate before
      culturing was 3800 ppm, the COD after separating yeast mycellium was 980
      ppm.
PAC  EXAMPLE 3
PAR  A continuous culture was conducted for 65 days with a 1 m.sup.3 Waldhop
      fermenter containing 550 liters of a medium using a vapor concentrate
      having a sulfurous acid concentration of 0.12% at a temperature of
      30.degree.C and a pH of 5.8.
PAR  The composition of the medium was as follows.
PAR  A 1.6 g amount of ammonium chloride, 3 g of calcium superphosphate,
      (soluble phosphoric acid 35%), and 1.3 g of potassium sulfate were
      dissolved into 1 liter of vapor condensate.
PAR  The yeast used in this test was Pichia membranaefaciens HUT 7295 with a
      resistance to the vapor condensate. The culture was conducted by adding 30
      liters of a liquid of the yeast with a concentration of 0.35% cultured in
      30 liters jar fermenter.
PAR  The vapor condensate of spent sulfite liquor was adjusted to a pH of 4.5 by
      passing the liquor through a limestone layer. The average amount of
      supplied liquid was 200 liters per hour, and the cycle time was 2.7 hours.
PAR  The concentration of the yeast at this time was 0.53%, and the culture was
      stable and in very good condition.
PAR  Having now fully described the invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention as set
      forth herein.
CLMS
STM  What is claimed as new and intended to be covered by Letters Patent is:
NUM  1.
PAR  1. A method of continuously culturing yeast in a vapor condensate,
      comprising:
PA1  adding a neutralizing agent and nutritive agents to the vapor condensate
      produced from the evaporation of spent sulfite liquor;
PA1  inoculating said vapor condensate with a sulfurous acid resistant strain of
      Candida, Pichia or Hansenula yeast;
PA1  continuously culturing said yeast in said inoculated vapor condensate at a
      pH of 4.5 to 5.5; and
PA1  continuously supplying unsterilized vapor condensate to control the
      sulfurous acid concentration and the pH of said inoculated vapor
      condensate, wherein the concentration of sulfurous acid in said vapor
      condensate is from 0.02 to 0.20%.
NUM  2.
PAR  2. The method of claim 1, wherein the pH of said vapor condensate is 3.0 to
      4.5.
NUM  3.
PAR  3. The method of claim 1, wherein said yeast is continuously cultured at
      25.degree. to 35.degree.C.
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ABST
PAL  Intracellular substances of microbial origin are prepared by culturing a
      microorganism in a suitable nutrient medium therefor in the presence of at
      least one antibiotic in sufficient amount to weaken the walls of the
      microorganism cells but insufficient to arrest growth of the microorganism
      and induce discharge of the intracellular substances into the culture
      medium, thereafter rupturing the walls of at least a part of the
      microorganism cells and recovering the intracellular substances released
      by rupture of the cell walls.
BSUM
PAR  The present invention is concerned with the production of intracellular
      substances of microbial origin, such as enzymes, nucleic acids or
      pigments.
PAR  The industrial preparation of these intracellular substances, particularly
      of proteins of microbial origin, generally involves their extraction from
      the cells of the microorganism. This extraction implies that the
      substances contained within the microbial cells overcome the barrier which
      is the cell wall, and it is frequently necessary, in order to obtain a
      satisfactory extraction yield, to rupture the cell wall.
PAR  This may be effected by chemical or enzymatic hydrolysis of the substances
      making up the cell wall. However, chemical hydrolysis, which generally has
      to be carried out under more or less extreme conditions, frequently causes
      deterioration of the nutritive value of the proteins sought to be
      liberated. Furthermore such chemical hydrolysis implies addition of
      hydrolytic agents which subsequently need to be removed from the product.
      On the other hand, enzymatic hydrolysis is generally too expensive for
      application in an industrial process.
PAR  Another known process comprises addition of an antibiotic to the culture
      medium at a high concentration to induce discharge of intracellular
      substances, particularly proteins, directly into the fermentation broth.
      However, this process, which involves the use of large amounts of
      antibiotic, is relatively uninteresting from the economic standpoint and
      has the disadvantage of seriously disturbing the growth kinetics of the
      microorganism. Moreover, this process implies separation of the discharged
      substances from the culture medium, involving handling of very substantial
      quantities of starting material as compared with the quantity of the
      substances extracted.
PAR  A further known process consists in causing rupture of the cell walls by
      mechanical forces using disintegration devices such as special grinders,
      homogenisers or ultrasonic apparatus. However, the mechanical resistance
      of cell walls is such that rupture of the walls occurs only in a
      relatively small proportion of the cells. The result is frequently an
      extraction yield insufficient for industrial operations.
PAR  The present invention provides a particularly simple process for preparing
      intracellular substances of microbial origin, which comprises culturing a
      microorganism in a suitable nutrient medium therefor in the presence of at
      least one antibiotic in sufficient quantity to weaken the walls of the
      microorganism cells, but insufficient to arrest growth of the
      microorganism and induce discharge of the intracellular substances into
      the culture medium, thereafter rupturing the walls of at least a part of
      the microorganism cells and recovering the intracellular substances
      released by rupture of the cell walls.
PAR  The expression "suitable nutrient medium" denotes, in the following
      specification, a medium containing the substances necessary for life and
      multiplication of the microorganism cells. These substances include, e.g.,
      carbon and nitrogen sources, for example carbohydrates and/or
      hydrocarbons, nitrogenous substances, as well as mineral salts. This
      nutrient medium may also contain growth factors such as vitamins, as well
      as oxygen if the microorganism lives and reproduces under aerobic
      conditions.
PAR  Likewise, the expression "to weaken the walls of the microorganism cells"
      means, in the following specification, that defects not present in the
      walls of cells cultured in a medium not containing an antibiotic are
      produced in the structure and/or the geometry of the walls, these defects
      causing a decrease of the mechanical resistance of the cell without
      however inducing rupture or opening of the cell wall.
PAR  The resulting microbial cells are then subjected to a mechanical treatment
      producing rupture of the cell walls and liberation of the substances
      contained in the cells. Although not essential, it is preferable to
      separate the biomass from the culture medium before effecting the
      mechanical disintegration treatment. This operation, which may be effected
      in any convenient manner such as decanting, filtration or centrifugation,
      leads to a considerable reduction in the amounts of material to be treated
      in the fragmentation step.
PAR  The treated cell mass, that is after mechanical rupture of the cell walls,
      may be used for the preparation of a range of substances extending from
      adhesives and resins to protein foodstuffs. For example the fragments of
      ruptured cell walls may be separated from the protein, if necessary after
      solubilisation of the latter, by centrifugation, and the protein
      precipitated, for example by acidification. According to a variant, the
      protein may be subjected to enzymatic hydrolysis to provide peptides which
      may then be recovered by an appropriate technique (precipitation,
      separation, washing, etc.). The fragmented cell mass may also be utilised
      as such, for example in the production of a textured product by extrusion
      or spinning, with suitable adjustment of the pH to solubilise the protein.
PAR  The process according to the invention is particularly effective on
      bacteria, and it has been found for example that a fragmented bacterial
      biomass obtained by this process may without difficulty be transformed
      into protein fibres by spinning.
PAR  The appropriate antibiotic concentration in the culture medium, which
      produces the desired effect, that is weakening of the cell walls of the
      microorganism, is dependent both on the type of microorganism and of
      antibiotic. Application of the process according to the invention thus
      includes determination of the suitable concentration range corresponding
      to the microorganism-antibiotic system used. The upper limit of this range
      may be determined, for the system considered, by measuring the antibiotic
      concentration in the medium beyond which growth of the microorganism is
      arrested, which generally occurs a certain time after the antibiotic has
      been added to the culture medium. Thus for example for the bacterium
      Sarcina lutea the antibiotic concentrations beyond which growth is stopped
      are 0.05 International Units for penicillin G, 100 .mu.g/ml for
      D-cycloserine and 30 .mu.g/ml for bacitracin. The lower limit of the
      concentration range is generally around 5% of the value of the upper limit
      of this range, which means that at concentrations below this limit the
      weakening of the cell walls becomes insignificant and has practically no
      influence on the fragmentation yield of the cells in the subsequent
      rupture operation. The antibiotic concentration of the culture medium for
      a given system may be selected between the two limiting values having
      regard to particular application criteria of the process. For example, an
      antibiotic concentration may be selected in the upper part of the
      appropriate range, which leads to a slight decrease in the growth rate of
      the microorganism, which is combined with a substantial increase in the
      number of cells ruptured for a given disintegration energy input (for
      example for a particular operating pressure of a homogeniser). If on the
      other hand it is undesirable to modify the growth kinetics of the
      microorganism to any substantial extent, lower antibiotic concentrations
      may be used, which implies that more energy is required for fragmentation
      than in the preceding case, insofar as a fragmentation yield of about the
      same order is desired.
PAR  According to one embodiment of the process according to the invention, a
      microorganism is cultured in a suitable nutrient medium and the resulting
      culture is inoculated into a nutrient medium in a fermenter. Growth of the
      microorganism is sustained by providing proper oxygenation of the medium
      and maintenance of an adequate temperature, generally of the order of
      20.degree. to 50.degree.C, and an appropriate pH, between 3.0 and 8.0.
PAR  An antibiotic is then added to the culture medium, preferably during the
      exponential growth phase of the microorganism, in an amount such that
      growth is not arrested and the proteins contained in the cells are not
      discharged into the culture medium. In many cases, this addition has only
      a slight effect on the multiplication kinetics of the microorganism, and
      the resulting decrease in growth rate is below 20%. Culture of the
      microorganism is continued under these conditions for several hours and
      the biomass is then recovered from the culture medium, for example by
      centrifuging, decanting or filtration, washed and suspended in water. This
      suspension is then subjected to a mechanical treatment, for example with
      ultrasonic waves or suitable homogeniser or mill, which causes rupture of
      the cell walls.
PAR  In a variant of this embodiment, a mixture of several antibiotics may be
      added to the culture medium in amounts such that growth of the cells is
      not stopped and the cell proteins are not discharged into the culture
      medium.
PAR  According to another embodiment of the process according to the invention
      culture of the microorganism is effected in continuous manner in a
      fermenter, by continuously supplying to the fermenter a suitable nutrient
      medium containing one or more antibiotics. The contents of this medium and
      the rate of supply are regulated so that growth of the microorganism is
      not stopped and that the cell proteins are not discharged into the culture
      medium. The biomass, recovered by centrifugation of the effluent drawn
      from the fermenter is suspended in water, preferably after being washed,
      and subjected to mechanical treatment in conventional manner.
PAR  The following examples describe several applications of the process
      according to the invention by way of illustration.
DETD
PAR  In these examples the proportions and percentages are expressed on a weight
      basis.
PAC  EXAMPLE 1
PAR  A Sarcina lutea bacterium is cultured in 1.5 liters of a sterilised aqueous
      nutrient medium the pH of which was adjusted, before sterilisation, to
      6.5. The medium has the following composition:
TBL  NH.sub.4 Cl         0.1 %                                                 

     MgSO.sub.4.7H.sub.2 O                                                     

                         0.05 %                                                

     K.sub.2 HPO.sub.4   0.1 %                                                 

     FeSO.sub.4.7.sub.2 O                                                      

                         0.001 %                                               

     CaCl.sub.2          0.001 %                                               

     Peptone             1.0 %                                                 

     Yeast extract       0.5 %                                                 

     Sucrose             0.5 %                                                 

     Tap water           balance to 100 %                                      

PAR  Culture is continued for 24 hours at 25.degree.C under aerobic conditions
      in a flask shaken by rotation. The resulting culture is then inoculated
      into 9 liters of aqueous culture medium in a 14-liter fermenter. This
      culture medium has the same composition as the medium described
      previously, except that the yeast extract and sucrose levels are increased
      to 1% and 2% respectively.
PAR  Growth of the bacterium is sustained in the fermenter, at a temperature of
      25.degree.C, with agitation of the culture medium with a stirrer rotating
      at 250 r.p.m., aeration being provided by supplying 7 liters of air per
      minute at atmospheric pressure.
PAR  During the exponential growth phase, penicillin G is added to the medium to
      obtain a penicillin concentration in the medium of 0.04 International
      Units per ml of culture medium.
PAR  Culture of the bacterium is continued for 9 hours and the bacterial cells
      are separated from the culture medium by centrifugation. The recovered
      cells are washed and suspended in water at a level of 80 g dry matter per
      liter of water. This aqueous suspension is then treated mechanically in a
      RIBI disintegrator (manufactured by Ivan Sorvall Inc., Norwalk, Conn.) at
      a pressure between 700 and 1000 atmospheres.
PAR  The amount of broken cells, determined by estimation of liberated nitrogen,
      corresponds to 20% of the total number of cells.
PAR  Identical mechanical treatment of Sarcina lutea cells cultured under the
      same conditions, but without antibiotic, leads to rupture of only 4% of
      the cells.
PAR  On the other hand addition to the culture medium of penicillin G at a level
      of 0.04 International Units per ml of culture broth increases the growth
      time of the organism by only 10%, which shows that this addition has only
      a slight influence on the reproduction kinetics of the microorganism.
PAC  EXAMPLE 2
PAR  A Bacillus megatherium bacterium is cultured in 0.05 liters of an aqueous
      nutrient medium the pH of which is adjusted to 6.5 before sterilisation.
      The composition of the medium is:
TBL  (NH.sub.4).sub.2 HPO.sub.4                                                

                         1 %                                                   

     K.sub.2 HPO.sub.4   0.5 %                                                 

     Na.sub.2 SO.sub.4   0.5 %                                                 

     MgSO.sub.4.7H.sub.2 O                                                     

                         0.4 %                                                 

     FeSO.sub.4.7H.sub.2 O                                                     

                         0.002 %                                               

     NaCl                0.002 %                                               

     Yeast extract       0.025 %                                               

     Corn steep liquor   0.025 %                                               

     Sucrose             2.0 %                                                 

     Tap water           balance to 100 %                                      

PAL  Incubation is continued for 24 hours at 30.degree.C, under aerobic
      conditions, with shaking. 5% of the resulting broth is then inoculated
      into 9 liters of an aqueous nutrient medium in a 14-liter fermenter and
      having the same chemical composition as the incubation medium.
PAR  Culture of the bacterium is sustained at a temperature of 30.degree.C, with
      stirring at 250 r.p.m., with air supplied at atmospheric pressure at a
      rate of 7 liters per minute.
PAR  During the exponential growth phase 4 .mu.g/ml of bacitracin are added to
      the culture medium.
PAR  After 9 hours of culture under these conditions, the bacterial cells are
      separated from the culture medium by centrifugation. The recovered cells,
      washed and suspended in water, are subjected to the mechanical treatment
      described in example 1.
PAR  The amount of ruptured cells, determined as described in example 1,
      corresponds to 61% of the total number of cells. Identical mechanical
      treatment of Bacillus megatherium  cells cultured under the same
      conditions but without antibiotic causes rupture of only 26% of the cells.
PAC  EXAMPLE 3
PAR  A Micrococcus cerificans bacterium is cultured in an aqueous nutrient
      medium having the following composition:
TBL  (NH.sub.4).sub.2 HPO.sub.4                                                

                             1 %                                               

     K.sub.2 HPO.sub.4       0.5 %                                             

     Na.sub.2 SO.sub.4       0.5 %                                             

     MgSO.sub.4.7H.sub.2 O   0.4 %                                             

     FeSO.sub.4.7H.sub.2 O   0.002 %                                           

     NaCl                    0.002 %                                           

     Yeast extract           0.025 %                                           

     Corn steep liquor       0.025 %                                           

     Mixture of C.sub.12 -C.sub.20 linear paraffins                            

                             2.0 %                                             

     Tap water               balance to 100 %                                  

PAR  Culture is carried out in a fermenter at 30.degree.C under aerobic
      conditions and cycloserine is added to the culture medium during the
      exponential growth phase at a level of 100 .mu.g of cycloserine per ml of
      culture broth.
PAR  After 9 hours' culture under these conditions, the cells are recovered and
      treated mechanically as described in example 1. The amounts of cells
      broken, respectively for a culture effected in the presence of antibiotic
      and a culture effected without antibiotic, are 75% and 57%.
PAC  EXAMPLE 4
PAR  A Bacillus megatherium bacterium is cultured in continuous manner, by
      charging into a fermenter a broth obtained by culture of the bacterium in
      the medium described in example 2 and under the same conditions (without
      addition of antibiotic). The fermenter is supplied continuously with
      aqueous nutrient medium identical with the preceding but to which
      penicillin G has been added at a level of 1.5 International Units per ml.
PAR  The biomasss separated by centrifugation from the effluent drawn from the
      fermenter is washed, suspended in water and treated in a Manton Gaulin
      homogeniser at a pressure of 700 atmospheres.
PAR  This mechanical treatment causes rupture of 65% of the cells cultured in
      this manner whereas the same treatment applied to cells of the same
      microorganism cultured under the same conditions but in the absence of
      antibiotic ruptures only 20% of these cells.
PAC  EXAMPLE 5
PAR  A Sarcina lutea bacterium is cultured in continous manner in the culture
      medium described in example 1. The culture medium, fed continuously into
      the fermenter, contains 0.04 International Units of penicillin G per ml.
PAR  The cells recovered from the effluent drawn from the reactor, after washing
      and suspension in water, are treated as described in example 4. 25% of
      these cells are ruptured whereas the degree of rupture of cells treated
      under the same conditions, but cultured in the absence of antibiotic, is
      only 5%.
PAC  EXAMPLE 6
PAR  Lactobacillus helveticus bacterium, ATCC No. 15807, is cultured aerobically
      in a nutrient medium consisting of a solution in demineralised water of 6%
      by weight of whey solids and 0.1% by weight of corn steep liquor, this
      solution having been sterilised by heating at 120.degree.C for 30 minutes.
      Culture is effected in a 14-liter fermenter at a temperature of
      42.degree.C, mixing being provided by slow rotation of the stirrer at 15
      r.p.m. and the pH of the medium being maintained at 5.5 by addition of
      dilute aqueous potassium hydroxide solution. 5 hours after inoculation of
      the bacterium into the culture medium a sterile solution of penicillin G
      is added to provide a concentration in the medium of 0.03 International
      Units per ml. Culture is continued for 15 hours under these conditions and
      9 liters of the resulting culture broth are then withdrawn. The cells are
      then separated from the culture medium by centrifugation, are washed and
      suspended in water. This aqueous suspension is treated mechanically in a
      Manton Gaulin homogeniser at a pressure of 700 atmospheres in one pass.
      This mechanical treatment causes rupture of 90% of the cells, whereas the
      same treatment applied to 9 liters of a suspension of the same
      microorganism obtained by culture under the same conditions in the same
      medium, but without addition of antibiotic to the culture medium, ruptures
      only 55% of the cells.
PAC  EXAMPLE 7
PAR  A Sarcina lutea bacterium is cultured in continuous manner in an aqueous
      nutrient medium having the following composition:
TBL  NH.sub.4 Cl        0.1 %                                                  

     MgSO.sub.4.7H.sub.2 O                                                     

                        0.05 %                                                 

     K.sub.2 HPO.sub.4  0.1 %                                                  

     FeSO.sub.4.7H.sub.2 O                                                     

                        0.001 %                                                

     CaCl.sub.2         0.001 %                                                

     Peptone            1.0 %                                                  

     Yeast extract      0.5 %                                                  

     Sucrose            1.5 %                                                  

     Tap water          balance to 100 %                                       

PAR  This nutrient medium, fed continuously into the fermenter, contains 0.04
      International Units of penicillin G per ml. Culture is effected
      aerobically at a temperature of 27.degree.C with stirring at 400 r.p.m.
PAR  The cells, recovered from the effluent withdrawn from the fermenter, are
      washed, suspended in water and treated in a Dyno-Mill homogeniser at a
      rate of 5 liters/hour, the apparatus being equipped with glass beads 0.2
      mm in diameter. 85% of these cells are ruptured, whereas the same
      mechanical treatment applied to a suspension of cells cultured under the
      same conditions, but without antibiotic, ruptures only 65% of the cells.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for preparing intracellular substances of microbial origin,
      which comprises culturing a microorganism in a suitable nutrient medium
      therefor, mechanically rupturing the walls of at least a part of the
      microorganism cells and recovering the intracellular substances released
      by such rupture, the improvement which comprises adding to said medium at
      least one antibiotic in an amount sufficient to weaken the walls of the
      microorganism cells but insufficient to arrest growth of the microorganism
      cells or to induce discharge of intracellular substances into said medium,
      whereby cells exhibiting such weakened cell walls are cultured.
NUM  2.
PAR  2. A process according to claim 1, in which the microorganism cells are
      separated from the nutrient medium before the walls of the cells are
      ruptured.
NUM  3.
PAR  3. A process according to claim 1, in which the antibiotic is added to the
      culture medium during the exponential growth phase of the microorganism.
NUM  4.
PAR  4. A process according to claim 1, in which the antibiotic is a penicillin,
      bacitracin or cycloserine.
NUM  5.
PAR  5. A process according to claim 2, in which the antibiotic is added to the
      culture medium during the exponential growth phase of the microorganism.
NUM  6.
PAR  6. A process according to claim 2, in which the antibiotic is a penicillin,
      bacitracin or cycloserine.
NUM  7.
PAR  7. A process according to claim 5, in which the antibiotic is a penicillin,
      bacitracin or cycloserine.
NUM  8.
PAR  8. A process according to claim 1 in which the microorganism comprises
      bacteria.
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ABST
PAL  The presence or absence of living microorganisms is determined by treating
      a sample containing said microorganisms with an adenosine triphosphate
      reactive mixture containing luciferin, luciferase and a cation in the
      presence of oxygen and measuring the light emission produced.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation of Ser. No. 433,488 filed Feb. 17, 1965,
      now abandoned.
PAR  This invention relates to a rapid method for detecting the presence or
      absence of a living organism. More particularly, this invention relates to
      a method for rapidly determining whether a sample of material contains any
      living organisms.
PAR  There exists a need for a method of rapidly detecting the existence of
      living organisms in a particular environment. This need is particularly
      acute in those areas where it is necessary to determine quickly the
      existence of microorganisms. Such areas include, for example, the
      detection of biological warfare agents; the determination of background
      levels of microorganisms in the environment such as air, water, food,
      clean assembly areas, hospital rooms and germ-free areas, and the
      detection of any increased contamination in any of these environments; and
      monitoring the effectiveness of sterilization procedures and the
      sterilization of compounds and apparatus.
PAR  It is an object of this invention to provide a method for rapidly detecting
      the presence or absence of living organisms in a given environment.
PAR  It is another object of this invention to provide a method for the
      detection of biological warfare agents.
PAR  It is a further object of this invention to provide a means for the
      determination of background levels of microorganisms in air, water, food,
      hospital rooms, sterile areas, etc., and for the detection of any
      increased contamination in any of these environments.
PAR  It is still another object of this invention to provide a method for
      monitoring the effectiveness of sterilization procedures.
PAR  These and other objects are attained by the practice of this invention
      which, briefly, comprises mixing in the presence of oxygen a sample of the
      environment to be tested or assayed for living organisms, such as an
      aqueous extract of a material which is suspected to contain living
      organisms, with firefly lantern extract which includes a mixture
      comprising luciferin, luciferase and a cation such as magnesium. If living
      organisms are present in the sample, this fact will be indicated by the
      emission of light. This emission of light is caused by the reaction of
      adenosine triphosphate (hereinafter referred to as ATP), which is present
      in all living organisms, with the constituents of the firefly lantern
      extract in the presence of oxygen. Thus, the practice of this invention
      utilizes the phenomenon of firefly bioluminescence to establish the
      presence of living organisms by the reaction of ATP with firefly lantern
      extract. The amount of bioluminescent light which is emitted is directly
      proportional to the amount of ATP in the material tested.
PAR  The reactants required for firefly bioluminescence are the substrate,
      luciferin; the enzyme, luciferase; the activator, ATP; a cation (usually
      magnesium); and oxygen. The overall reaction is an oxidation reaction
      catalyzed by the enzyme, luciferase, which results in the emission of
      light. A general mechanism of the course of the reaction is as follows:
TBL  1. ATP + luciferin                                                        

                    Mg++      luciferyl adenylate +                            

                    .revreaction.                                              

                    luciferase                                                 

                              pyrophosphate                                    

     2. Luciferyladenylate                                                     

                    O.sub.2   oxyluciferyladenylate +                          

                    .fwdarw.                                                   

                    luciferase                                                 

                              light + H.sub.2 O                                

PAL  This reaction is absolutely specific for ATP. The ATP may not be replaced
      by any other known compound.
PAR  The firefly bioluminescent reaction may be carried out utilizing crude
      firefly lantern extracts or the purified constituents therefrom which
      participate in the bioluminescent reaction. It has been found that a
      sufficiently high degree of sensitivity may be attained using the primary
      extract of the firefly lantern.
PAR  Lyophilized firefly lantern extract may be obtained commercially. This
      material may be prepared for use by dissolving it in distilled, deionized
      water to the desired concentrations. The extracts used in the examples
      which follow, unless otherwise specified, were obtained by dissolving 70
      mg. of lyophilized firefly lantern extract in 5 ml. of water. The
      lyophilized preparation also contains MgSO.sub.4 and potassium arsenate in
      amounts sufficient to result in concentrations of 0.01M and 0.05M,
      respectively. The pH of such a solution is 7.4. The solutions may be
      further diluted to give any desired concentration of firefly lantern
      extract.
PAR  The firefly lantern extract which may be used in the practice of this
      invention may also be prepared in the laboratory from dessicated firefly
      tails. The firefly tails are first ground to a fine powder with a mortar
      and pestle with a small amount of washed silica. The powder is then
      extracted with 0.05M potassium arsenate - 0.01M MgSO.sub.4 at pH 7.4.
PAR  When crude firefly lantern extract is used in the practice of this
      invention, there may be present in the extract small amounts of ATP and
      ATP precursors, along with phosphorylating enzymes capable of converting
      the precursors into ATP. The presence of these materials may give rise to
      a basal light emission by the firefly extract in the absence of exogenous
      ATP. This type of light emission, which is referred to as inherent light,
      occasionally may interfere with the detection of light emission in the
      practice of this invention. However, the problem of inherent light may be
      eliminated or minimized by one or more of the following techniques:
PAR  1. The firefly extract may be partially purified to remove the factors
      responsible for the inherent light. The separation and partial
      purification of luciferase and luciferin is described by McElroy (Methods
      in Enzymology, Vol. II, page 851, Academic Press, Inc., New York, 1955).
PAR  2. Another approach to the removal of inherent light involves the "salting
      out" of luciferase by the addition of ammonium sulfate to the firefly
      extract, leaving the nonprotein factors responsible for inherent light in
      the supernatant. This has been accomplished as follows: 50 mg. of
      lyophilized extract were suspended in 10 ml. of 2.7 M ammonium sulfate.
      After standing at room temperature for 15 minutes, the suspension was
      centrifuged at approximately 200 G for 10 minutes after which the
      supernatant was discarded. The precipitate, after being washed twice with
      10 ml. aliquots of 2.7 M ammonium sulfate, was taken up in 2.5 ml. of a
      solution of 0.05 M potassium arsenate buffer (pH 7.4) and 0.01M magnesium
      sulfate. This treatment, followed by reconstitution with partially
      purified luciferin, reduces the overall activity of the extract by only
      about 15% and reduces the inherent light by about 90%.
PAR  3. Experiments have indicated that the use of calcium phosphate gel will
      also reduce the inherent light in the extract without significantly
      reducing the activity of the extract. Thus, 50 mg. of commercial
      lyophilized firefly extract were dissolved in 1.25 ml. of deionized water
      and centrifuged. The solution was then treated from one to three times
      with varying amounts of calcium phosphate gel (from 249 mg. to 334 mg.).
      The treatment consisted of shaking the gel with the extract for ten
      minutes and then removing the gel by centrifugation at 200 G for 10
      minutes. With one treatment with calcium phosphate gel, there is a
      reduction of about 85% of the inherent light with only a loss of from 7 to
      26% of luciferin - luciferase activity.
PAR  4. The simplest means for reducing the inherent light is by dilution of the
      extract with water. Maximum sensitivity with the least amount of inherent
      light is obtained at a lyophilized extract concentration of 3 mg./ml.
PAR  Since ATP is ubiquitous in all living organisms, the practice of this
      invention may be used to determine rapidly the presence of any living
      organisms present in minute quantities. Using electronic equipment, living
      organisms containing an amount of ATP less than 2.times.10.sup.-.sup.4 ug.
      and approaching 10.sup.-.sup.7 ug. may be detected. The bioluminescent
      reaction itself takes less than 0.5 second to attain maximum amplitude. In
      calibration experiments with pure cultures of microorganisms, it has been
      possible to detect as few as 100 cells of Saccharomyces cerevisiae and
      6000 cells of Serratia marcescens.
PAR  The practice of this invention may be used to detect the presence of
      bacterial cells. Although nonviable cells may themselves contain ATP and
      therefore register a positive bioluminescent response, this apparent
      difficulty can be overcome by making an initial quantitative determination
      of the bioluminescent light emitted by a cell sample. The sample is then
      incubated in a suitable media for a short while and again is tested and a
      quantitative determination of the bioluminescent light emitted by the
      incubated sample determined. If there is an increase in the amount of
      bioluminescence between the incubated cell sample and the unincubated cell
      sample, this will establish the presence of viable cells or bacteria in
      the sample. Using this procedure it is possible to make determinations of
      specific bacteria by selection of an appropriate incubation media and
      environment that would favor the growth of a specific microorganism.
PAR  The practice of this invention may be used to determine the particular
      antibiotic which will be most effective in the treatment of a bacterial
      infection. A suitable nutrient media for the bacteria is divided into
      several equal aliquots and a different antibiotic is added to each
      aliquot. The aliquots are then inoculated with the bacteria, incubated and
      assayed for ATP by the firefly bioluminescent reaction. The aliquot which
      exhibits the least increase in ATP content following incubation indicates
      that the particular antibiotic contained in that aliquot is the most
      effective in inhibiting the growth of the bacteria. This technique may
      also be used to determine the optimum concentration of the antibiotic for
      inhibiting the bacteria.
PAR  The specific type of bacteria may be determined by providing equal aliquots
      of the nutrient media and adding a different vaccine or antibody, each of
      which is specific for a different bacteria, to each aliquot. Each aliquot
      is then inoculated with the bacteria. Following a suitable incubation
      period, the aliquots are assayed for ATP content. If the results show that
      one tissue culture has not undergone a significant increase in ATP
      content, the unknown bacteria will be identified as the one for which the
      vaccine or antibody contained in that tissue culture is specific.
PAR  The practice of this invention may also be used to detect rapidly the
      presence of microorganisms in water, for example. Since the level of
      intensity of bioluminescent light emitted from a sample containing
      microorganisms is directly proportional to the amount of ATP and hence
      indicative of the number of organisms present in the test portion, this
      method may be used to monitor the quality of public water supplies.
      Whereas at the present time, from 48 to 72 hours are commonly required to
      obtain the results of bacteriological examinations, this invention permits
      results to be obtained in a matter of minutes.
PAR  This invention may also be applied to samples obtained in conventional
      fashion from air or other sources which are suspected of containing living
      material.
PAR  Comparisons of ATP content may be made on the basis of ATP per unit volume
      of material tested or ATP per unit protein weight or both.
PAR  In assaying cells, qualitative results may be obtained by mixing intact
      cells or tissues with the firefly lantern extract. That is, whole cells or
      tissues may be used to determine a positive or negative response in the
      bioluminescent test for the presence of living organisms. However, for
      maximal response and in order to make accurate quantitative assays, it is
      preferred to rupture the cells and extract the ATP therefrom. A variety of
      methods for the extraction of ATP from cells may be used. These include
      hot water extraction, acetone extraction, ultrasonic disruption,
      dimethylsulfoxide extraction and perchloric acid extraction. Some of the
      methods which may be used for accomplishing rupture and extraction of the
      cells are described below:
PAR  A. Acetone and hot water: ONe ml. of the washed cell suspension is added to
      10 ml. of deionized water and the suspension maintained at 100.degree.C
      for 1 to 5 minutes. The preparation is then cooled and assayed for ATP.
PAR  The acetone extraction consists of adding one ml. of a washed cell
      suspension to 10 ml. of acetone. After standing for 1 to 5 minutes, a one
      ml. aliquot of the mixture is taken to dryness in air and the residue
      suspended in one ml. of deionized water. The preparation is then assayed.
PAR  B. Dimethyl Sulfoxide (DMSO): DMSO is a high-boiling point organic solvent,
      miscible with water in all proportions and exhibiting a very low order of
      toxicity. One ml. aliquots of a bacterial cell suspension are added to 10
      ml. of various concentrations of DMSO in water. After standing for 5
      minutes, the suspension is assayed for ATP response.
PAR  C. Ultrasonic Oscillation -- Ultrasonic oscillation has been successfully
      used by many investigators for the rupture of microbial cells. Five ml. of
      bacterial suspension are subjected to 1 to 5 minutes of ultrasonic
      oscillation at 50 to 75 watts. After cooling the tube in flowing water,
      the treated suspension is assayed for ATP response. Trichloroacetic acid
      (0.5 ml. of 5% solution) may be added to the cell suspension prior to
      sonification in order to stabilize the ATP against hydrolysis.
PAR  D. Perchloric Acid: Up to 0.2 ml. of perchloric acid may be added to 5 ml.
      of washed cell suspension. The preparation is then assayed.
PAR  It is preferred to contact the material to be tested and the firefly
      lantern extract in a liquid reaction medium, such as sterile, deionized
      water. The liquid reaction medium will generally contain enough dissolved
      oxygen to allow the bioluminescent reaction to take place.
PAR  The material to be assayed should be mixed with the firefly lantern extract
      in a manner which permits the visual observation and/or mechanical
      measurement and recordation of the light emitted. When visual screening is
      employed, the test is desirably carried out in a dark room. Only
      qualitative results can practically be determined using visual screening
      -- i.e., whether or not light is emitted indicating a positive or a
      negative response for the presence of living organisms.
DETD
PAR  Examples 1 to 11, below, demonstrate the use of visual screening to assay
      cultures for living organisms.
PAC  EXAMPLES 1 to 11
PAR  In these examples, visual screening of microorganisms is employed for
      determining a response to the firefly luminessence system. Each test is
      carried out in a dark room after a period of dark adaptation is achieved
      by wearing fluoroscopy goggles prior to testing the organisms. Cultures of
      the micro-organisms listed below are assayed. The incubation broth
      containing each culture is centrifuged and the supernatant is discarded.
      The recovered cells are resuspended in 1.0 ml. of deionized water and
      centrifuged again. The supernatant is discarded, the cells are resuspended
      in 1.0 ml. of deionized water and placed in a boiling water bath for 10
      minutes. The preparation is then centrifuged and 0.1 ml. of the
      supernatant is added to a mixture of 1.0 ml. of 0.025 M glycylglycine
      buffer (pH 7.5), 0.05 ml. of 0.1 M MgSO.sub.4, and 0.05 ml. of firefly
      lantern extract (prepared by adding 50 mg. of dry firefly lanterns to
      about 4 ml. of water, centrifuging the mixture for 10 minutes at 1,700 G
      and recovering the supernatant). Positive responses are obtained (i.e.,
      the emission of light was observed) with the following microorganisms:
PA1  Example       Microorganism
PA1  1     Saccharomyces cerevisiae
PA1  2     Azotobacter agilis
PA1  3     Pseudomonas fluorescens
PA1  4     Bascillus cereus
PA1  5     Streptomyces bobiliae
PA1  6     Staphylococcus epidermis
PA1  7     Arthrobacter simplex
PA1  8     Bacillus subtilis
PA1  9     Xanthomonas campestris
PA1  10     Micrococcus cinnabareus
PA1  11     Xanthomas beticola
PAR  In order to observe and record small amounts of light produced by a
      positive response between the material to be assayed and the firefly
      lantern extract and to make quantitative measurements of the amount of
      light emitted, it is preferred to make use of instruments or an apparatus
      which will sense and record the intensity of the emitted light.
PAR  When instruments are used to detect and record the intensity of emitted
      light, the procedure consists of injecting a liquid medium containing the
      material to be assayed for living organisms, such as an aqueous extract of
      the material, into a cuvette containing the firefly lantern extract. The
      extract is held at pH 7.4 with potassium arsenate buffer. The light
      emitted as the result of the reaction between any ATP in the material to
      be tested and the firefly lantern extract strikes the surface of a
      photomultiplier tube giving rise to a current which can be measured and
      recorded by either an oscilloscope photograph or a linear recorder. The
      unit of intensity used for comparing these reactions is the millivolt. In
      this application, the unit of light intensity has been arbitrarily defined
      as being equivalent to one millivolt. Alternately, a pulse counting device
      with a digital or analogue read-out may be used to record the reaction.
PAR  Because the response (i.e., light emission) is almost instantaneous when a
      living organism is contacted with the firefly lantern extract, the extract
      should be positioned in front of the light detection system prior to the
      introduction of the material to be assayed.
PAR  There are two ways in which the bioluminescent response with ATP present in
      a material can be expressed. One is by measurement of the maximum
      intensity of the emitted light, which after reaching this maximum value,
      decays exponentially. With all other factors constant, the maximum
      intensity is directly proportional to the concentration of ATP. The
      alternative manner of expressing the response is by integration of the
      total amount of light emitted; i.e., area under the light intensity curve.
      This is the slower of the two methods, because of the relatively long time
      necessary for complete decay (up to 10 minutes). Therefore, maximum
      intensity has been chosen as the measure of ATP response.
PAR  The instrumentation necessary for the quantitative measurement of
      bioluminescence consists of a photomultiplier tube for the conversion of
      light energy into an electrical signal, a device for determining the
      magnitude of the signal, and a light tight chamber for presentation of the
      bioluminescent reaction to the photomultiplier tube.
PAR  In one system, part of the assembly consists of a composite sensing and
      reaction chamber which contains a photomultiplier tube, with appropriate
      circuitry, and a rotary cylinder mounted in a block of aluminum in a
      manner which permits removal of the reaction chamber without exposing the
      phototube to light. A section of the cylinder wall is cut out to
      accommodate a standard ten mm or five mm rectangular cuvette. Immediately
      above the cuvette holder is a small injection port sealed with a
      replaceable light-tight rubber plug. The entire unit is painted black to
      reduce light reflection. The photomultiplier converts the light energy
      into an electrical signal. An oscilloscope, which records the magnitude of
      the signal from the photomultiplier, is provided with a maximum
      sensitivity of 200 uv/cm of beam deflection which will allow an increase
      in system sensitivity by decreasing the bandwidth or directly reducing the
      noise level. There is a multiple switching arrangement at the scope input
      which makes it convenient to adjust the system zeros and balances. The
      differential input to the scope provides a means to balance the dark
      current output of the phototube. The response to the firefly luminescent
      system displayed on the oscilloscope screen is recorded with a camera
      which mounts directly onto the front of the oscilloscope. To observe and
      record the reaction, the cuvette containing the necessary reagents is
      positioned in the cuvette carrier without exposing the phototube. Rotation
      of the carrier positions the cuvette in front of the phototube. The
      unknown is then added through the injection port and the magnitude of the
      response, if any, is recorded by the camera.
PAR  A typical procedure for assaying an unknown material according to the
      practice of this invention utilizing electronic apparatus to detect and
      record the intensity of the bioluminescent reaction is described below:
PAC  PROCEDURE A
PAR  One ml. of a 0.5% buffered aqueous solution of commercially available
      lyophilized firefly lantern extract is placed into a cuvette which is then
      positioned in the light detection chamber of the type previously
      described. The extract contains luciferase, luciferin and magnesium.
      Sufficient dissolved oxygen for the bioluminescent reaction is present in
      the solution. An aqueous suspension of material suspected to contain
      living organisms is subjected to ultrasonic vibration for one or more
      minutes. One tenth ml. of the suspension is then drawn into a hypodermic
      syringe and immediately injected through the light-proof seal into the
      cuvette. The reaction reaches maximum light intensity in less than 0.5
      seconds and then decreases exponentially for several minutes. The entire
      procedure can be executed and the response through its maximum amplitude
      recorded in less than 2 minutes.
PAR  In order to make quantitative determinations of the amount of ATP present,
      the instrument used to measure the light response may be calibrated using
      known concentrations of ATP. A calibration may be plotted by injecting
      1/10 ml. portions of known concentrations of ATP through the light-proof
      seal into the cuvette by means of a hypodermic syringe. The light response
      in millivolts is plotted against the ATP concentration. A straight linear
      function is obtained. For example, if the response from 10.sup.-.sup.1
      gamma of ATP is 20,000 millivolts, that from 10.sup.-.sup.2 is 2000
      millivolts, etc.
PAR  The following examples illustrate the use of an apparatus as previously
      described for screening the materials for the presence of living
      organisms:
PAC  EXAMPLE 12
PAR  Glycylglycine buffer (1.0 ml.) and firefly lantern extract (0.1 ml.) are
      placed into a rectangular, 5 mm., quartz cuvette which is then positioned
      in front of a phototube. A broth culture of Escherichia coli is injected
      into the reaction chamber through a light tight port, by using a 20 gauge
      needle and a 0.25 ml. syringe. The apparatus recorded a response of
      greater than 75 mv.
PAC  EXAMPLE 13
PAR  The process of Example 12 is repeated except that the cell culture is
      heated in a boiling water bath for 10 minutes before it is injected into
      the reaction chamber. The apparatus recorded a response of 700 mv.
PAC  EXAMPLE 14
PAR  The process of Example 12 is repeated except that before testing, the cell
      culture is centrifuged for about 10 minutes at 1,700 G, the supernatant is
      discarded, and the cells are resuspended in about 0.2 ml. of a
      glycylglycine buffer at pH 7.8. The buffered suspension is then injected
      into the reaction chamber. The apparatus recorded a response of 500 mv.
PAC  EXAMPLE 15
PAR  The process of Example 13 is repeated except that before testing, the cell
      broth culture is exposed to 2% aqueous Lysol for about 5 hours. (Lysol
      contains soap, orthohydroxydiphenyl, alcohol, pine oil, propylene glycol
      and glycerol.) The Lysol is then removed by centrifuging the cells. The
      cells are washed 5 more times to remove traces of Lysol, resuspended in
      deionized water, heated for 15 minutes in a boiling water bath, and 0.1
      ml. of the sample injected into the reaction chamber. The apparatus
      recorded no response indicating that no living organisms are present. The
      effectiveness of the disinfectant is thereby established.
PAC  EXAMPLE 16
PAR  A soil extract is prepared by adding approximately 500 mg. of garden soil
      to 2 ml. of sterile, distilled water. After standing for 20 minutes at
      room temperature, the mixture is centrifuged for one minute at 1700 G and
      0.1 ml. of the fairly clear supernatant is assayed by the method described
      in Procedure A, above. The apparatus recorded a response of greater than
      450 mv. indicating a large microbial population in the soil extract.
PAC  EXAMPLE 17
PAR  One gram of dry yeast is suspended in 5 ml. of water and shaken. One tenth
      ml. of the supernatant is tested and a response of 4400 mv. recorded.
PAC  EXAMPLE 18
PAR  Twenty-two mg. of lyophilized Serratia marcescens were suspended in 0.44
      ml. of deionized water. The suspension is heated in a boiling water bath
      for 5 minutes and 0.1 ml. is tested. The apparatus recorded a response of
      210 mv.
PAC  EXAMPLE 19
PAR  A suspension of Bacillus subtilis spores (0.1 ml.) is incubated in
      yeast-dextrose broth at 37.degree.C for 11/2 hours. The sample is then
      tested and a response of 250 mv. is recorded.
PAC  EXAMPLE 20
PAR  One ml. of washed cells of Saccharomyces cerevisiae is added to 10 ml. of
      acetone. After standing about 1 minute, a 1 ml. aliquot of the mixture is
      dried and the residue is suspended in 1 ml. of deionized water. The sample
      (which contains about 37,000 cells) is assayed and a response of 260 mv.
      is recorded.
PAC  EXAMPLE 21
PAR  One ml. of a S. marcescens cell suspension is added to 10 ml. of a 30%
      aqueous solution of dimethyl sulfoxide. After standing for 5 minutes, the
      mixture is assayed by adding 0.1 ml. of treated cell suspension containing
      extract from about 10.sup.6 cells to 1.5 ml. of firefly lantern extract. A
      response of about 3200 mv. is recorded.
PAC  EXAMPLE 22
PAR  A 5 ml. suspension of S. marcescens cells is subjected to 5 minutes of
      ultrasonic oscillation. After cooling the tube of suspension in flowing
      water, the suspension is assayed by adding 0.1 ml. of sonically treated
      cell suspension to 1.5 ml. of firefly lantern extract. A response of 800
      mv. is recorded.
PAC  EXAMPLE 23
PAR  To a 5 ml. suspension of S. marcescens cells there is added 0.1 ml. of
      perchloric acid. A sample of the mixture is assayed and a response of
      about 170 mv. recorded.
PAR  The overall sensitivity and perhaps reliability of the bioluminescent
      reaction of the material to be tested may be increased by the conversion
      of other nucleotide phoshates which are omnipresent in living organisms,
      such as adenosine diphosphate (ADP) and adenosine monophosphate (AMP), to
      ATP. This may be accomplished by the utilization of certain
      phosphorylating enzymes. One such enzyme is phosphocreatine kinase.
PAR  The following examples illustrate the use of phosphocreatine kinase to
      increase the sensitivity of the bioluminescent reaction:
PAC  EXAMPLES 24 to 27
PAR  Phosphocreatine kinase (10-30 units/mg.) is made up to a concentration of
      0.4 mg./ml., in 0.05 M potassium arsenate buffer (pH 7.4) containing
      MgSO.sub.4 at a concentration of 10.sup.-.sup.5 M and creatine phosphate
      at a concentration of 0.1 mg./ml. Four ml. of a S. marcescens cell
      suspension are subjected to sonic disruption for 5 minutes and then boiled
      for 5 minutes. After cooling, an aliquot equivalent to 2 million cells is
      removed for assay. One tenth ml. of the phosphocreatine kinase solution is
      added to the remainder and allowed to stand for 5 minutes after which it
      is boiled for 2 minutes. At the end of 5 minutes, another aliquot
      equivalent to the first is removed and boiled 2 minutes for assay. The
      remainder is allowed to incubate for an additional 10 minutes after which
      another aliquot is removed and boiled 2 minutes. A fourth and final
      aliquot is removed 15 minutes later and boiled 2 minutes. All aliquots are
      assayed by adding 0.1 ml. of the aliquot to 1.5 ml. of firefly lantern
      extract (10 mg. extract per ml. of solution). The results are set forth in
      the following Table.
TBL                TABLE                                                       

     ______________________________________                                    

             Incubation Time With                                              

                               Response                                        

     Example Phosphocreatine Kinase                                            

                               (Light Units)                                   

     ______________________________________                                    

     24      0                     700    mv.                                  

     25      5          min.       4,200  mv.                                  

     26      15         min.       18,000 mv.                                  

     27      30         min.       20,000 mv.                                  

     ______________________________________                                    

PAL  Although the use of this precursor conversion modification involves a
      longer period of time for the assay, its contribution to greater
      sensitivity is readily apparent.
PAR  The following examples illustrate the detection of the presence of
      bacterial cells and the determination of a specific bacteria by the
      selection of an appropriate incubation media and environment:
PAC  EXAMPLE 28
PAR  One ml. of water which is suspected to contain E. coli is introduced into 5
      ml. of MacConkey broth and the mixture is assayed for ATP content. The
      mixture is then incubated for several hours, at 44.degree.C. and again
      assayed. The incubated sample is found to register a significantly higher
      bioluminescent response than the unincubated sample. The presence of E.
      coli in the sample is thus confirmed.
PAC  EXAMPLE 29
PAR  Ten ml. portions of nutrient broth containing a different one of each of
      the following antibiotics in concentrations of 0.5, 1, 2.5 and 5.0 ug./ml.
      are prepared: Penicillin G, Neomycin and Chloramphenicol. To each broth
      portion, there is added an equal amount of an aqueous suspension of a
      bacteria culture obtained from a throat swabbing. Each portion of broth is
      then incubated. Each broth is assayed for ATP content before and after
      incubation. It is found that the ATP content of the broth containing 5. 0
      ug./ml. of Pencillin G has increased less than that of the broths
      containing the other antibiotics. It is thus established that Penicillin G
      in a concentration of 5.0 ug./ml. is the most effective antibiotic in
      treating the bacterial infection.
PAC  EXAMPLE 30
PAR  Two 10 ml. portions of nutrient broth are prepared, one portion containing
      typhoid fever antibodies and the other portion containing
      staphylococcusantibodies. Each broth portion is inoculated with equal
      aliquots of an aqueous suspension of a bacteria culture and incubated.
      Both before and after incubation, each culture is assayed for ATP content.
      It is found that the ATP content of the broth containing the
      staphylococcus antibodies increases much less than the ATP content of the
      broth containing the typhoid fever antibodies, thus indicating that the
      bacteria present is staphylococcus.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for testing an unknown sample of material, said sample
      containing substantially no adenosine triphosphate which is not in living
      microorganisms therein, and said material being suspected to contain
      living microorganisms which comprises:
PA1  a. treating said sample to render adenosine triphosphate in any living
      microorganisms present therein available for reaction,
PA1  b. contacting said sample with an adenosine triphosphate-reactive mixture
      comprising luciferin, luciferase, and a cation in the presence of oxygen,
      and
PA1  c. measuring the light emission from any ensuing reaction,
PAL  said light emission being indicative of the presence and amount of living
      microorganisms in said sample.
NUM  2.
PAR  2. A method of claim 1 wherein said microorganisms are bacteria.
NUM  3.
PAR  3. A method of claim 1 wherein the sample comprises a solid material and
      the treatment of said sample includes the step of forming an aqueous
      suspension of said solid material.
NUM  4.
PAR  4. A method of claim 1 wherein the treatment of said sample includes the
      step of reacting said sample with a phosphorylating enzyme to convert any
      adenosine triphosphate precursors which are present to adenosine
      triphosphate prior to measuring light emission.
NUM  5.
PAR  5. A method of claim 1 wherein the treatment of said sample includes the
      step of extracting adenosine triphosphate present in said microorganisms
      from said microorganisms.
NUM  6.
PAR  6. A method of claim 5 wherein the extraction is with dimethylsulfoxide.
NUM  7.
PAR  7. A method of claim 5 wherein the extraction is with perchloric acid.
NUM  8.
PAR  8. A method of claim 5 including the step of ultrasonic cell disruption.
NUM  9.
PAR  9. A method of claim 1 wherein said cation is magnesium.
NUM  10.
PAR  10. A method of claim 1 wherein adenosine triphosphate which is not in
      living microorganisms is removed from said sample prior to step (a).
NUM  11.
PAR  11. A method of claim 10 wherein removal is by washing.
NUM  12.
PAR  12. A method of claim 10 wherein removal is by centrifuging.
NUM  13.
PAR  13. A method for testing an unknown sample of material, said sample
      containing substantially no adenosine triphosphate which is not in living
      microorganisms therein, and said material being suspected to contain
      living microorganisms which comprises:
PA1  a. treating said sample to render adenosine triphosphate in any living
      microorganisms present therein available for reaction,
PA1  b. contacting said sample with an adenosine triphosphate-reactive mixture
      comprising luciferin, luciferase, and a cation in the presence of oxygen,
      and
PA1  c. measuring the light emission from any ensuing reaction,
PAL  said light emission being indicative of the presence and amount of living
      microorganisms in said sample,
PA1  said method including the step of incubating a second such approximately
      equal sample of said material in a nutrient medium, repeating the process
      of steps (a), (b), and (c) on said incubated sample, and comparing the
      light emission produced by the unincubated sample with that produced by
      the incubated sample, the presence of living microorganisms in said
      material being indicated by emission of light in the initial test and
      confirmed by an increase in light emission produced by said incubated
      sample over that produced by said unincubated sample.
NUM  14.
PAR  14. A method of claim 13 for detecting the presence of a specific type of
      living microorganism suspected to be present in an unknown sample of
      material wherein said incubation is in a nutrient medium and under
      conditions favorable to the growth of said suspected type of
      microorganism, the presence of said suspected type of living microorganism
      being indicated by an increase in light emission produced by said
      incubated sample over that produced by said unincubated sample.
NUM  15.
PAR  15. A method of claim 13 wherein adenosine triphosphate which is not in
      living microorganisms is removed prior to step (a).
NUM  16.
PAR  16. A method claim 15 wherein removal is by washing.
NUM  17.
PAR  17. A method of claim 1 for identifying the type of antibiotic effective
      for treatment of living microorganisms suspected to be present in an
      unknown sample of material which includes the steps of providing a
      plurality of equal aliquots of a nutrient broth for living microorganisms
      suspected to exist in said sample, adding a different antibiotic to
      separate aliquots, introducing equal portions of said sample into said
      aliquots, and incubating said separate aliquots, test steps (a), (b), and
      (c) being applied to aliquots initially and after incubation, the presence
      of living microorganisms in said material being indicated by emission of
      light by an aliquot in said initial test, and the effectiveness of a
      particular antibiotic being indicated by failure of an incubated aliquot
      to exhibit a significant increase in light emission after incubation as
      compared with an aliquot which produced light emission in the initial
      test.
NUM  18.
PAR  18. A method of claim 1 for identifying the type of living microorganism
      suspected to be present in an unknown sample of material which includes
      the steps of providing a plurality of equal aliquots of a nutrient broth
      for living microorganisms suspected to exist in said sample, adding a
      different antibody to each of separate aliquots, said antibodies being
      specific for different microorganisms, introducing equal portions of said
      sample into said aliquots, and incubating said separate aliquots, test
      steps (a), (b), and (c) being applied to aliquots initially and after
      incubation, the presence of living microorganisms in said material being
      indicated by emission of light by an aliquot in said initial test and
      failure of a particular incubated aliquot to exhibit a significant
      increase in light emission after incubation, as compared with an aliquot
      which produced light emission in the initial test, being indicative that
      the antibody contained in that incubated aliquot is specific for
      microorganisms contained in said material.
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ABST
PAL  A portable, automated chemical analyzer having a polarographic oxygen
      electrode submerged in a batch of stirred solution. The signal from the
      electrode is directly differentiated and amplified to produce a signal
      proportional to the time rate of change of oxygen concentration. The
      membrane of the polarographic sensor is stretched very tightly over the
      cathode surface to provide a high signal-to-noise ratio. Methods for
      analyzing glucose-glucose oxidase, catalase-H.sub.2 O.sub.2 and various
      other enzyme systems by the polarographic electrode oxygen sensing
      apparatus include the steps of converting the sensed signal into time rate
      of change of oxygen concentration and recording the maximum rate of change
      of oxygen concentration.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a division of my copending application Ser. No. 117,632 filed Feb.
      22, 1971, now abandoned, entitled "RATE SENSING BATCH ANALYSIS AND ENZYME
      USED THEREIN," which is a division of my original application Ser. No.
      618,859, filed Feb. 27, 1967, entitled "RATE SENSING BATCH ANALYZER."
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a portable automated chemical analyzing
      apparatus and to methods of utilizing the apparatus especially in the
      kinetic determination of enzyme activity and concentration of substances
      reactive with enzymes.
PAR  The batch analyzer of the invention provides a most convenient instrument
      for rapidly determining quantitative information concerning a series of
      chemical and especially biological samples. A series of samples of known
      volume can be prepared, and each analyzed in sequence and removed from the
      apparatus within a very short interval with ready interspacing of
      calibration samples.
PAR  The instrument is rapidly set up and put into operation, makes the
      determinations rapidly and accurately, uses a small sample size and
      measures true concentration. The batch analyzer of the invention does not
      require more than minimum dexterity to operate, is stable over extended
      periods and since it is fairly inexpensive and gives an individual result
      rapidly and conveniently, more analyses are apt to be run.
PAR  The apparatus of the invention relies on the measurement of true
      instantaneous rate at very early stages of the reaction before much
      reactant is consumed and even with gaseous reactants the reactions can be
      open to the atmosphere since the indicative data is collected before back
      diffusion of gas into the solution can influence the results.
PAR  The recorded rate sensing signal results in a sharply defined peak
      corresponding to apparent maximum rate which is directly proportional to
      initial concentration, eliminating necessity to extrapolate to true
      initial conditions to determine concentration.
PAR  The apparent maximum rate is obtained in a relatively short time interval
      of the order of 10 seconds to 10 minutes, saving analysis time, thus
      permitting more samples to be run in the same time interval. Direct rate
      sensing with the instrument of the invention is further applicable both to
      concentration and activity determinations and to very low levels of
      concentration determinations including even those previously considered
      trace level since they could not be effectively monitored with prior art
      apparatus and methods.
PAR  With reference to the enzymatic assay of glucose in blood and urine by
      oxidation of glucose with glucose-oxidase enzyme, to produce hydrogen
      peroxide and gluconic acid, a presently available automated analyzer
      relies on the spectrophotometric response of the color reaction between
      hydrogen peroxide, peroxidase and a chromogen. The strong oxidizing agent,
      hydrogen peroxide can react with other reducible substances and other
      impurities interfere with the peroxide-peroxidase system causing loss in
      specificity and accuracy. The assay cannot be conducted without
      deproteinization of blood samples or pre-purification of the urine samples
      and even with preliminary purification, assay of urine glucose below the
      trace 100 mg percent level is not possible.
PAR  The batch analyzer of the invention is applied to the direct monitoring of
      oxygen consumed in the glucose oxidase-glucose reaction does not require
      preliminary purification or deproteinization of blood or urine samples,
      gives highly accurate results on an absolute basis and is insensitive to
      many impurities considered to interfere with many other analytical
      procedures.
PAR  The specificity and sensitivity of the analyzer of the invention in the
      very low ranges of glucose provides new means of identifying traumatic
      conditions such as diabetes at earlier stages. The ability to effectively
      monitor catalase activity also broadens the range of diagnostic tools
      available to the physician especially in recognizing the diseased states
      of the central nervous system.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the instrumentation of the invention includes a sample vessel,
      sensor means for forming an electrical signal proportional to
      concentration of a substance reacting within the vessel and having a high
      signal to noise ratio, electrical means for directly differentiating the
      signal into a time rate of change signal, and means for recording the
      maximum rate signal.
PAR  In the analysis of blood or urine glucose, equal volume portions of blood
      or urine samples are added either successively to a single batch of
      buffered glucose oxidase (G.O.) solution or to successive samples of equal
      quantities of G.O. solution of the same activity. The solution is stirred
      and reaction proceeds in the presence of an oxygen sensor providing an
      electrical response linear with respect to oxygen concentration. The
      electrical response is converted into a signal proportional to the time
      rate of change of oxygen and this signal is recorded and the maximum
      recorded signal determines the quantity of glucose initially present.
PAR  In enzyme assay, equal samples of buffered enzymes are added to an excess
      of substrate in the presence of a concentration sensor. The electrical
      response is again converted directly to a time rate of change signal and
      this signal recorded. The maximum rate recorded is proportional to enzyme
      activity.
PAR  One of the problems inherent in the direct differentiation system of this
      invention is that any noise produced by the sensor is amplified by the
      derivative response. This problem is also aggravated by constant stirring
      of the liquid in which the electrode is submerged. These problems are met
      by an improved polarographic oxygen electrode constructed in accordance
      with the present invention in which the membrane is stretched very tightly
      over the cathode surface.
DRWD
PAR  A more thorough understanding of the invention may be obtained by a study
      of the following detailed description taken in connection with the
      accompanying drawings, in which:
PAR  FIG. 1 is a block diagram of a direct rate sensing analyzer system;
PAR  FIG. 2 is a more detailed circuit schematic of the rate sensing system;
PAR  FIG. 3 is a schematic of the rate sensing system in which additional
      amplifier stages maintain a constant voltage across the sensor;
PAR  FIG. 4 is a schematic of another embodiment of the rate sensing system
      utilizing a dc preamplifier between the sensor and the differentiating
      circuit;
PAR  FIG. 5 is a cross-sectional view of the cap and cathode end of the modified
      polarographic sensor;
PAR  FIG. 6 is an embodiment of a partially automated batch oxygen analyzer
      constructed according to the invention;
PAR  FIG. 7 is a graphical comparison of direct to derivative recording for the
      catalase-H.sub.2 O.sub.2 system;
PAR  FIG. 8 is a graph illustrating the linearity of maximum rate response
      versus concentration;
PAR  FIG. 9 is a set of typical recorder data for a multiple sample run in a
      single beaker of enzyme; and
PAR  FIG. 10 is a graph illustrating the near linearity of enzyme assay.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  The Rate Sensing System
PAR  A simplified block diagram of the rate sensing system of this invention is
      illustrated in FIG. 1, the system comprising a sensor 10, a voltage source
      11, an electrical differentiating means 12 and either a meter 13 or
      recorder 14 or both as shown. In the embodiment shown, sensor 10 comprises
      a polarographic oxygen sensor. This type of electrode is presently
      manufactured and sold by Beckman Instruments, Inc. utilizing the teachings
      of U.S. Pat. No. 2,913,386 -- Clark, Jr. as the Beckman Oxygen Sensor.
      This electrode includes an interior gold cathode electrode 15 and an
      annular outer silver anode electrode 16. An electrolyte forming substance
      17 is retained in electrical current contact with the anode and cathode by
      a permeable membrane 18 electrically insulating the electrolyte. The anode
      is connected to the voltage source 11 which is typically 0.8 volts. The
      sensor output signal -- the cathode current i.sub.S --  is directly
      proportional to the oxygen concentration in a reagent solution in which
      the electrode is submerged, i.e.,
EQU  i.sub.S = Kc                                               1
PAL  where c is the concentration of oxygen. This current is connected to the
      input of the differentiating means 12.
PAR  Differentiation circuit 12 provides a means for directly differentiating
      the current i.sub.S produced by the sensor 10 to provide an output which
      is proportional to the time rate of change of oxygen concentration. As
      shown this circuit includes a resistor 20 connected between the cathode
      and ground, a capacitor 21 connected between the cathode and the input of
      an operational amplifier stage 22 including feedback resistor 23, and a
      shunting switch 24 connected across the terminals of the capacitor.
      Resistor 20 converts the sensor current to a voltage. The rate of change
      of this voltage is then converted into a current i by capacitor 21 which
      is applied to the amplifier input terminal 25. This current is defined by
      the equation
      ##EQU1##
      where R is the resistance of resistor 20, C is the value of capacitor 21
      and i.sub.S is the sensor current. The output voltage V.sub.o of the
      operational amplifier is then defined by the product of this current and
      its feedback resistance, i.e.,
      ##EQU2##
      where R.sub.f is the resistance of feedback resistor 23. Combining
      equations 1 and 3,
      ##EQU3##
      the output voltage V.sub.o is proportional to the time rate of change of
      oxygen concentration.
PAR  Output voltage V.sub.o is read on the voltmeter comprising micro-ammeter 13
      and series potentiometer resistance 26 or recorded on recorder 14 which is
      connected between ground and the movable contact of the potentiometer 26.
PAR  Shunting switch 24 provides a means for directly connecting the sensor
      current to the amplifier. In this mode of operation, the capacitor 21 is
      shunted and the resistor 20 is also effectively shunted since the negative
      feedback of the amplifier maintains its input terminal 25 at ground
      potential. The system then functions as a direct oxygen concentration
      measuring system.
PAR  A more detailed circuit schematic of the rate sensing system is shown in
      FIG. 2. The sensor 10, voltage source 11 and electrical differentiating
      means 12 are connected as shown in FIG. 1 and described above. The output
      voltage V.sub.o at the output of the operational amplifier 22 is connected
      to a double pole-double throw reversing switch 35 which selectively
      reverses the polarity of the micro-ammeter 13. The series resistance
      connecting this meter to ground includes a variable resistance 36 and a
      potentiometer 37.
PAR  Changes in oxygen level of a reaction may be in either a positive or
      negative direction; hence, the derivative output may be a positive or
      negative going signal. The reversing switch 35 therefore permits the
      direction of the meter reading to be reversed in accordance with the
      reaction being monitored.
PAR  The variable resistor 36 permits the signal level delivered to the meter
      and recorder to be varied for a given output signal. Advantageously,
      resistor 36 is a multi-turn device with its control arm coupled to an
      indicating dial 38 such as the turns counting dial sold by Beckman
      Instruments, Inc., assignee of the present invention under the trademark
      "Duodial." As one example of the utility of the variable resistance 36 and
      turns counting dial 38, if a standard sample is run with the dial set at
      1,000 and a 78 percent response is measured on the meter 13 or recorder
      14, this standard can be made to give a full-scale response on the meter
      and recorder by resetting the turns counting dial to 780.
PAR  The upper and lower limits of electrical (RC) time constant of the
      differentiating portion of the circuitry are determined primarily by two
      factors: On one hand, it is desirable to use as high an RC product as
      possible since this product is the multiplier which scales the amplifier
      current as a function of the rate of change of sensor current. On the
      other hand, the time constant must be sufficiently short so that the
      capacitor will reach its peak voltage at substantially the time of the
      maximum rate of the reaction being monitored. For example, when the rate
      sensing system is used for monitoring a reaction in which the peak
      response is reached 20 seconds after sample introduction, the RC time
      constant should be 4 seconds or less in order to insure that the capacitor
      is 98 percent charged at the time of peak response.
PAR  In the circuits of FIGS. 1 and 2, the resistance value of resistor 20 must
      be sufficiently low so that the sensor voltage is not substantially
      reduced below its normal operating level of 0.8 volt. A representative
      sensor current for an air saturated solution is about 1.7 .times.
      10.sup.-.sup.6 amps; it is therefore desirable that this resistor have a
      value of less than 60 K ohms in order to prevent the voltage drop across
      resistor 20 from exceeding 0.1 volt. The upper limit on the value of the
      capacitor 21 is then 67 .mu.fd for a 60 K ohm resistor 20 and a time
      constant of 4 seconds.
PAR  Reactions which liberate oxygen may provide sensor currents higher than
      those for the example given of an air-saturated solution, e.g. the
      catalase reaction in which oxygen is liberated. A shorter time constant is
      then advantageously used, employing for example a 25 K ohm resistor and a
      100 .mu.fd capacitor with a resulting RC time constant of 2.5 seconds.
PAR  Substantially higher values of resistance in the differentiating circuit
      can be employed in the circuit of FIG. 3. In this embodiment, a first
      operational amplifier 40 serving as a summing amplifier and a second
      operational amplifier 41 serving as an inverting amplifier maintain a
      nearly constant voltage across the sensor regardless of the value of
      current drawn therefrom. In this embodiment, the resistance value of
      resistor 42 may be of the order of 500 K ohms so that the capacitor value
      can be lowered to the order of 5 .mu.fd for a 2.5 second time constant.
      This lower value of capacitance is particularly advantageous since it may
      be provided by a good quality, non-electrolytic capacitor. The
      electrolytics, normally required for the higher values of capacitance such
      as 67 .mu.fd, may have a significant leakage current and tend to be noisy.
PAR  The meter and recording portions of the system of FIG. 3 may be the same as
      described above and shown in FIGS. 1 and 2.
PAR  Another embodiment of the rate sensing circuitry is shown in FIG. 4
      including a direct current operational amplifier 50 used as a preamplifier
      for the output signal of the sensor 10. The output of this preamplifier is
      connected to a series circuit comprising the differentiating capacitor 51
      and a resistor 52, this circuit being connected to the input of the
      operational amplifier 22. Resistor 52 and capacitor 51 provide a
      predetermined time constant, e.g. a resistance value of 1 megohm and a
      capacitance value of 2 .mu.fd give a 2 second time constant. The meter and
      recorder are connected to the output of the amplifier 22 in the manner
      described above. Switch 53 permits the preamplifier and differentiating
      capacitor to be bypassed to provide the operational mode in which the
      oxygen is directly recorded.
PAR  The preamplifier 50 operates to maintain fixed voltage across sensor 10,
      regardless of the value of the sensor current i.sub.S. In addition, the
      preamplifier provides a voltage level at its output which is substantially
      higher than the allowed voltage at the sensor cathode; therefore, the RC
      time constant can be reduced and a non-electrolytic capacitor of the order
      of 2 .mu.fd used for the differentiating capacitor 51 -- such capacitors
      being obtainable at high quality and relatively low cost.
PAC  THE POLAROGRAPHIC OXYGEN SENSOR
PAR  Any noise produced by the sensor 10 is especially undesirable because of
      the noise-amplifying characteristics of the differentiation circuitry.
      This problem is further aggravated when, as described hereinafter, the
      electrode is utilized in a stirred liquid system in which there are
      varying liquid forces placed upon the membrane. FIG. 5 illustrates a
      sensor constructed in accordance with this invention which is
      characterized by a very low noise output and high stability over long time
      periods. This figure illustrates in detail the cap and membrane portion of
      the sensor. Reference is made of U.S. Pat. No. 2,913,386 -- Clark, Jr.,
      for a detailed structure and functional description of the polarographic
      sensor.
PAR  As shown in FIG. 5, the body 101 of the sensor terminates in an externally
      threaded member 102 from which extends the sensor element comprised of a
      central cylindrical gold cathode 106 surrounded on its side successively
      by an epoxy member 107 and an outer silver anode 108. A one mil
      tetrafluoroethylene membrane 109 such as Teflon fits over the anode and
      cathode and retains the KCl gel electrolytic substance 110 in electrical
      current carrying contact between the two electrodes. An outer elastomeric
      sleeve 112 made from a material such as silicone rubber tubing holds the
      membrane snugly against the sides of the cathode and draws the membrane
      more tightly against the outer face of the cathode.
PAR  A hollow cylindrical cap 103 provided with internal threads 104 is screwed
      down over the sensor element exposing the face of the cathode and membrane
      through the opening 105. A small O-ring 111 depending on dimensions of the
      head of the sensor may be provided in cap 103.
PAR  The cap 103 is thoroughly tightened onto the base 101, stretching the
      membrane 109 very tightly over the cathode surface. Improved signal to
      noise ratios are obtained when the membrane is stretched and stressed to
      the point where the membrane just begins to show the whitening
      chracteristic of crystallization. Heretofore, this condition has been
      deliberately avoided since it was considered that the membrane was then
      stretched too tightly for satisfactory functioning of the electrode. The
      membrane should not, however, be stretched beyond this point since
      additional stretching will cause the membrane to become insufficiently
      permeable for satisfactory use. A preferred method of assembly is to
      connect the sensor in the rate sensing system, as described above and
      illustrated in FIGS. 1-4, and observe the sensor noise level on the
      recorder 14 in air and in stirred water as the cap 103 is tightened onto
      the base 101. The tightening is continued until the noise level is reduced
      to a predetermined level. The sleeve 112 of silicone rubber tubing over
      the membrane at the cathode end of the sensor holds the membrane snugly
      against the sides of the cathode end of the sensor as well as aiding in
      drawing the membrane more tightly against the face of the cathode. During
      assembly of the sensor, the membrane 109 is first put on in its normal
      fashion, retained by its usual outer O-ring 114. The outside of the
      membrane is then lubricated with water or with electrolyte gel and the
      silicone rubber sleeve 112 is pushed gently over the end of the sensor.
      The small O-ring 111 in the cap may be eliminated depending on the
      dimensions of the sensor. The silicone rubber sleeve also greatly reduces
      evaporation of water from the sensor electrolyte.
PAR  Sensors constructed in the manner described are characterized by high
      sensitivity and low noise. Further, these sensors are quite insensitive to
      the solution vibration that is associated with stirring, while providing
      an efficient contact between the sensor and the liquid in a small volume
      reaction chamber. Also, the sensor response is highly stable over the
      period of its use. Thus, response sensitivity in day-to-day operation,
      using the same sensor, is well within the range to be expected from the
      effect of the temperature variation alone.
PAC  AUTOMATED BATCH ANALYZER
PAR  With reference to FIG. 6, an embodiment of a portable, automated system for
      the invention includes a stand 300 with a base 301 supporting a first
      vertical support rod 303 and a second shorter rod 305. The second rod 305
      is mounted in a bearing socket 307 and the rod carries a horizontal
      turntable 309 mounted to rotate around the axis of the rod 305. A series
      of sample cups 311 are carried near the outer circumference of the
      turntable and each cup successively passes under the polarographic sensor
      electrode 313 which is connected to an electrode clamp 315 slidably
      mounted on the longer rod 303. Immediately beneath the electrode 313 is
      disposed a constant speed magnetic stirrer 317. Each sample cup contains a
      magnetic stirrer bar, not shown.
PAR  The sensor electrode 313 is connected by conductors 321 to rate sensing
      oxygen meter 323 including direct differentiation means as described above
      and having a readout meter 13 and turns counter dial 38 associated with
      the voltmeter and a conductor 327 connected to an ink pen recorder 14.
PAR  In substrate determinations, an equal amount of buffered enzyme is placed
      in each sample cup 311. The turntable 309 is rotated so that the first
      sample cup 311 containing a stirrer bar is placed over the stirring motor
      317 and the sensor electrode 313 is lowered onto the same position in each
      cup. After equilibration into the sensor, a calibration amount of a
      substrate is added by means of a micropipette 319 to the sample cup and
      the meter and recorder are calibrated to read 0-100 percent full scale for
      a series of determinations. The remaining sample cups are then run
      successively by rotating into assay position and adding a set amount of
      substrate sample from the pipette 319 and the maximum rate is read either
      from the readout dial 325 of the meter 323 or from the maximum peak of the
      recorder 14.
PAR  An alternative procedure is to utilize a single enzyme sample and to
      successively add substrate samples to the single enzyme sample. This
      procedure entails a downwardly drifting maximum line and requires more
      numerous calibrations but utilizes less enzyme.
PAR  The procedure discussed above is reversed in enzyme activity
      determinations, the sample cups containing the substrate and unknown
      activity enzyme samples are added to the known quantity of substrate.
PAR  Although of general application to chemical reactions and particularly to
      enzymatic reactions, specific very important applications relate to the
      assay of batch or static reactions using oxygen as a co-substrate in
      direct reaction with oxidases, oxygenases or hydrolases, or enzyme
      reactions in which oxygen is liberated. Representative enzymes of interest
      are listed below.
PAC  TABLE I
PA1  Glucose oxidase
PA1  Cholesterol oxidase
PA1  Galactose oxidase
PA1  Xanthine oxidase
PA1  Pyruvate oxidase
PA1  Pyridoxaminephosphate oxidase
PA1  Diamine oxidase (histaminase)
PA1  Urate oxidase
PA1  Ascorbate oxidase
PA1  Phenylalanine-4-hydroxylase
PA1  Homogentisate oxidase
PA1  Meso-inositol oxygenase
PA1  Tryptophan oxygenase
PA1  Lipoxidase
PA1  Kynurenate hydroxylase
PA1  Dopamine hydroxylase
PA1  Polyphenol oxidase (tyrosinase)
PA1  Moncamine oxidase
PA1  Steroid hydroxylases
PA1  Cytochome oxidase
PA1  Snake venom-L-amino acid oxidase
PA1  Catalase
PAC  BATCH ANALYZER MONITORING OF TISSUE AND BODY FLUID CATALASE
PAR  In one of its aspects, the present invention provides a new and convenient
      method for monitoring tissue and body fluid catalase which is present in
      most epithelial cells including both red and white cells. Interest in
      catalase is rapidly increasing since there are some suggested links
      between catalase activity and cancer, a recent study showing an
      immunological relationship between C-reactive protein and catalase and in
      the disease acatalosemia, red cells exhibit a deficiency in catalase.
      Because of the high rate constants of the reaction of catalase with
      hydrogen peroxide, catalase assay provides an extremely sensitive monitor
      for many clinical conditions such as hemolytic conditions during
      transfusions and, with the sensitivity of the present method, vascular
      accidents of the central nervous system such as brain hemorrhaging and
      diseased states of the nervous system, can be detected through catalase
      assay of cerebrospinal fluid since catalase activity is not found in the
      normal state.
PAR  In the prior art spectrophotometric an titrimetric methods, the human
      tissue itself particularly interferes with monitoring the presence of
      catalase therein. Manometric methods can be used for continuous monitoring
      but are slow and give low values on an absolute basis. Enzyme assay cannot
      be performed using a stoichiometric method since enzyme activity affects
      only the rate, not the stoichiometry.
PAR  In the method of the invention, the polarographic oxygen sensor provides a
      quick and extremely sensitive measure of catalase activity through
      monitoring the increase in dissolved oxygen concentration with time of
      reaction. With a potential of 0.8 volts applied to the anode, current is
      obtained only when oxygen is reduced at the cathode establishing a current
      signal proportional to the rate of diffusion of oxygen through the
      membrane and hence to the partial pressure of oxygen in the medium. As the
      catalase induced decomposition of hydrogen peroxide proceeds, oxygen is
      liberated and the direct mode of thee oxygen meter current increases as
      shown in the upper curve of FIG. 7. The rate sensing meter of the
      invention directly furnishes a first derivative or rate sensing response
      in the form of a signal proportional to the rate of change of oxygen
      concentration as shown in the lower curve of FIG. 7.
PAR  To measure catalase activity, the slope of the oxygen concentration-time
      curve must be determined at a given peroxide concentration. Looking again
      at the derivative curve, there is an apparent induction period
      corresponding to the mixing time as the rate rises to a maximum peak
      response in less than 30 seconds after sample introduction and then
      declines due to oxygen super-saturation of the solution and to decreasing
      substrate concentration. The actual initial rate can be found from the
      derivative response curve by extrapolation. The peak response has been
      found to be directly proportional to the product of enzyme and substrate
      concentrations over more than a hundred-fold range. The results of a
      linearity enzyme run are shown in FIG. 8. Therefore, use of a fixed
      substrate concentration provides a linear enzyme assay. Since linearity is
      also found with the peak response which corresponds to the apparent
      maximum or maximum observed rate, the unnecessary extrapolations,
      calculations and slope determinations can be avoided and the data is
      obtained instantly and directly.
PAC  EXAMPLE 1 -- CATALASE ASSAY
PAR  A series of tissue homogenate samples were assayed utilizing the apparatus
      of FIG. 6. An excess of buffered peroxide solution (10 ml) from a few
      tenths to a hundredth molar were placed in 30 ml beakers, though it has
      been shown that as little as 1 ml of solution can be monitored in a 5 ml
      cup. The magnetic stirrer is turned on and the sensor is inserted into the
      identical position in each cup to remove influence of mixing on the
      results.
PAR  Calibration data were obtained on a stock solution containing 20 mg/ml of
      bovine liver catalase preparation. This material was run at dilutions
      ranging from 1:1,000 to 1:100,000. Normally, runs were made by adding 100
      or 200 microliters of enzyme to 10 ml of 0.0067 M H.sub.2 O.sub.2 in a
      0.025 M phosphate buffer at pH 6.86. Data were also obtained at higher
      peroxide levels, particularly for weaker enzyme preparations. In the
      latter case, peroxide up to 0.4 M was used and buffer strength was as high
      as 0.1M. In the studies of tissue homogenates, 1 ml of 10 percent tissue
      homogenates were added to 30 ml of 0.4 M hydrogen peroxide in pH 6.86
      phosphate buffer. The data obtained from runs on human tissue homogenate
      samples from two different human subjects are reported in the following
      table.
TBL                Table II                                                    

     ______________________________________                                    

     Catalase Activities in Various Human Tissues                              

                 Bovine Catalase Units in 1 ml of                              

                 10% Tissue Homogenate                                         

     ______________________________________                                    

     Tissue        N (age 2)    M (age 4-1/2)                                  

     Liver         431          1770                                           

                                1590                                           

     Kidney        100          367                                            

                                434                                            

     Lung          139          78                                             

                   84                                                          

     Intestine     96           --                                             

     Spleen        93           --                                             

     Adrenal       70           --                                             

     Heart         57           79                                             

     Skeletal Muscle                                                           

                   30           --                                             

     Pancreas      30           64.5                                           

     Testis        21           --                                             

     Cerebrum      --           12                                             

     Cerebellum    --            6                                             

     ______________________________________                                    

PAR  Survey runs were also made on a series of cerebro-spinal fluid samples.
      Most of the samples were clear and gave no catalase response.
PAR  A very few samples were xanthochromic (yellow) indicating presence of
      catalase containing red blood cells in the fluid. The samples came from a
      patient where brain hemorrhaging was known to have occurred and each
      sample registered a catalase response. One sample was absent yellow
      coloration but produced a significant catalase response. The catalase
      response was verified by a repeat run to which the catalase inhibitor
      sodium azide was added and the absence of catalase response showed that
      the previously observed response was due to catalase activity. Thus,
      catalase assay of spinal fluid with the rate sensing analyzer of the
      invention is far more sensitive than the previously practiced visual
      observation of spinal fluid samples.
PAR  A comparison of the rate sensing batch analyzer of the invention with the
      titanium-complex spectrophotometric method on bovine liver catalase
      samples showed the spectrophotometric method to be of relatively low
      sensitivity requiring enzyme concentrations of at least 80 micrograms per
      liter whereas good results could readily be obtained with 50 -fold lower
      concentrations with the batch analyzer.
PAC  DETERMINATION OF GLUCOSE LEVEL IN BLOOD AND URINE
PAR  For the clinical determination of glucose in blood and urine, it is
      necessary to have rapid procedures and instrumentation that enable the
      quick and reliable determination of true glucose content. The instrument
      should be manual and portable and be capable of handling the total
      requirements of the analysis of all the daily samples from a hospital or
      laboratory. The analysis of blood and urine glucose is a major procedure
      in the clinical laboratory, a typical 250 bed hospital requiring 18 to 25
      determinations daily. The number of determinations is limited by
      convenience and more samples would be run if they could be analyzed
      quickly and inexpensively.
PAR  With reference to analysis of batch enzyme samples, and particularly to the
      determination of glucose by enzymatic methods, the method most widely
      employed in the United States utilizes the Folin-Wu reagent on a blood
      sample from which proteins have been removed by precipitation with
      tungstic acid. This method is a totally reducing procedure relying on
      measurement of color. The method suffers from poor accuracy; the results
      obtained are 10-20 mg percent higher than absolute glucose content, which
      is to be expected with a non-specific method, and color fading is another
      serious obstacle to this procedure. The Folin-Wu method takes about one
      hour to set up each day and has the additional disadvantage that it does
      not measure true glucose but responds to all reducing substances. If a
      person, for example, had galactosemia, his glucose level would appear
      abnormally high. Protein precipitation and filtration steps are necessary
      for one employing this method.
PAR  An ideal instrument would be set up rapidly, make the determinations
      rapidly, using a small sample size and would measure true glucose. The
      small sample size is particularly important in pediatric determinations
      and rapid set-up time is important in stat, that is immediately required
      off-hours, analyses. These criteria are fulfilled by the methods and
      apparatus of this invention.
PAR  Because of the general importance of blood glucose determination for
      diagnostic purposes, this measurement has been the subject of numerous
      investigations which have led to the development of a plethora of methods.
      The methods are reviewed by Richard J. Henry's "Clinical Chemistry,
      Principal and Technics," Harper % Rowe, New York, (1965). They can be
      broadly classified into reducing methods, color forming methods, and
      enzymatic methods based on either glucose oxidase or hexokinase plus
      glucose-6-phosphate dehydrogenase.
PAR  The glucose oxidase reaction is invariably specific to presence of glucose
      and in the assay procedure of the invention does not require the time
      consuming and difficult preliminary precipitation of proteins, nor is it
      dependent on other factors or impurities which have heretofore been
      believed to affect the glucose oxidase method. Glucose oxidase catalyzes
      the oxidation of glucose by molecular oxygen to gluconic acid and hydrogen
      peroxide. This reaction is highly specific to .beta.-D-glucose. It has
      been adapted to many forms of measurement such as oxygen uptake, peroxide
      formation and gluconic acid formation. There are several other methods
      based upon the measurement of hydrogen peroxide or of some product of its
      reaction with other agents such as various chromogens and these methods
      are all subject to uncertainty due to the highly reactive nature of
      peroxide with other reducing substances present in the sample or the
      peroxide may be decomposed by impurities in the enzyme such as catalase.
      Because of this, measurement of oxygen decrement or gluconic acid
      formation probably furnish the most nearly ideal means of true glucose
      measurement.
PAR  In one of the prior automated batch methods, hydrogen peroxide is reacted
      with the chromogenic hydrogen donor, o-dianisidine, which reacts in the
      presence of peroxidase to form a colored substance that is
      stoichiometrically related to the concentration of glucose. The color
      change is followed by spectrophotometric recording. The incubation time,
      however, is 5 to 15 minutes for the primary action plus 10 to 15 minutes
      for color development. The presence of peroxidase inhibitors or peroxide
      reducers often interferes with the chromogen reaction. A negative error is
      produced by ascorbic acid levels greater that 5 mg/100 ml. Bilirubrin and
      hemolysis also interfere and each one mg of uric acid per 100 ml causes a
      decrease in the color approximately equivalent to 1 mg glucose per 100 ml.
      Therefore, for urine samples, it is necessary to remove interfering
      substances with an ion exchange resin before a determination can be run.
      These substances do not interfere with the oxygen-based glucose-oxidase
      method. Apparently, all of the commonly cited interferences with the
      glucose oxidase method are, in fact, interferences with the
      peroxide-peroxidasechromogen system. This is most strikingly demonstrated
      by the applicability of the present method to untreated urine samples.
PAR  Stirring is generally necessary in the glucose assay of the invention
      because the presently available oxygen sensors are subject to
      concentration polarization. Best results are obtained with a synchronous
      motor driven stirrer providing a selected constant stirring speed of
      between 5- 10 revolutions per second (rps) with a 3 ml sample size. At
      speeds greater than 12 rps, the vortex created by stirring tends to draw
      bubbles down to the sensor tip. Responses to samples containing 1/8 inch D
      .times. 1/2 inch long stirring magnet bars are virtually unaffected by
      stirring as long as a steady speed is maintained.
PAR  The proportionality of the glucose monitor is dependent on the reaction
      rate being free of influence of oxygen. The oxygen requirement is affected
      by sample volume, enzyme activity, oxygen solubility and the oxygen
      contributed by peroxide decomposition.
PAR  Since the rate of reaction is proportional to the substrate (glucose)
      concentration, the maximum rate for a given glucose sample size will be
      higher with smaller total volumes of solution; hence, the same rate will
      be obtainable at a lower enzyme concentration and cost if a smaller
      solution volume is used. A possible limitation on minimum solution volume
      is the amount of oxygen required. The solubility of oxygen in water at
      22.degree.C. is about 2.76 .times. 10.sup..sup.-4 M, so that 1 ml of
      air-saturated water contains about 2.76 .times.  10.sup.-7 moles of
      oxygen. A sample of 100 .mu.l containing 200 mg percent glucose, the
      highest amount usually present in blood, will have 1.12 .times.
      10.sup..sup.-6 moles of glucose, of which 63 percent or 7 .times.  10.sup.
      .sup.-7 moles is in the .beta.-form and thus will react with an equal
      number of moles of oxygen in the presence of glucose oxidase (provided
      that the hydrogen peroxide is destroyed in a path not leading to oxygen
      release). Hence, 3 ml of air-saturated water appears necessary for
      complete reaction of the available maximum glucose in 100 .mu.l of 200 mg
      percent solution. Since the maximum rate is reached when less than half of
      the glucose has reacted, the oxygen in 3 ml of air-saturated water gives
      valid rate data for 100 .mu.l samples of 300- 400 mg percent glucose. In a
      2 percent NaCl solution at 30.degree. C. the oxygen solubility is only
      1.91 .times.  10.sup..sup.-4 M. Thus, if the oxygen solubility is
      appreciably lessened by salting out effects or elevated temperature, or if
      the solution is appreciably below saturation due to oxygen depletion by
      impurities within the enzyme solution, the volume of enzyme solution
      should be larger than 3 ml in these cases.
PAR  Impurities present in glucose oxidase enzyme cause continuous depletion of
      oxygen on standing and unless controlled, are a cause of erratic
      performace of the monitor. The depletion can be due to bacterial action or
      internal hydrolytic reactions.
PAR  Impure glucose oxidase preparations contain carbohydrases which hydrolize
      larger carbohydrate impurities splitting off glucose as a product. If
      either the carbohydrates or carbohydrases are lacking, there is no glucose
      formed and the oxygen level is stable. DEAE cellulose purification can be
      utilized to remove these impurities. The hydrolytically produced glucose,
      of course, reacts with the oxygen in the presence of glucose oxidase to
      deplete the oxygen level in the enzyme solution. Even with aeration by
      bubbling, shaking, or stirring, the oxygen level of the impure enzyme
      solution continues to decrease until finally the level becomes so low that
      all of the remaining oxygen is consumed by the introduction of even small
      samples of glucose. The apparent maximum rate reached under these
      conditions is highly irreproducible.
PAR  Bacteria are not well controlled by quaternary amines. However, the
      presence of iodine and molybdate catalyst has been found to both inhibit
      bacterial growth indefinitely and to simultaneously permit peroxide
      decomposition without oxygen liberation. Most enzyme preparations contain
      sufficient amounts of catalase to decompose appreciable amounts of
      hydrogen peroxide. This undesired influence on the oxygen stoichiometry is
      further controlled by the addition of 5% ethanol which is believed in the
      presence of catalase to be oxidized by peroxide to acetaldehyde without
      liberation of oxygen.
PAR  For direct rate-sensing methods employing direct differentiation for the
      conversion of the sensed signal into a signal proportional to the time
      rate of change of oxygen concentration to give reaction rate signals
      readily distinguishable from system noise, it is important that the
      reaction be made to go to completion in a short time. Choice of enzyme
      activity to provide for 75 to 98  percent completion of the enzymatic
      reaction in one minute has been found suitable. This requires that the
      reaction have a time constant, determined by the enzyme activity employed,
      of approximately 15 seconds. The enzyme activity is determined from the
      rate expressions,
      ##EQU4##
      where G is glucose concentration and E is enzyme units;
      ##EQU5##
      where Go = glucose at initial air saturated solution conditions, t = .tau.
      , the time constant, when Go/G = e, the base of natural logarithms. Thus,
      ##EQU6##
      For E units of enzyme in 3 ml of solution, with each unit decomposing 1
      .mu.mole glucose/min.
      ##EQU7##
      Since the unit is defined for 3 percent glucose
      ##EQU8##
      and = KE for a 3 ml. sample. Hence, k = 2 .times. 10.sup..sup.-3 min..sup.
      .sup.-1. For a time constant of 1/4 min.,
      ##EQU9##
PAR  The required enzyme concentration of about 666 units/ml for a time constant
      of 15 seconds will be applicable regardless of the volume of solution
      employed. In practice enzyme of 500 units/ml activity is normally employed
      although as little as 200 units/ml or as much as 750 units/ml can be
      employed successfully. With sensor noise a few percent of maximum signal
      level and enzyme of this activity, the maximum rate can be obtained
      essentially within mixing time and then fall off rapidly furnishing a
      clear peak response in a short time, repeatable accurately, on multiple
      samples.
PAR  Glucose oxidase systems exhibit useful activity in the pH range of about
      4.5 to 8.0 dropping off sharply on either side. The optimum pH is 5.6 to
      6.0 As long as the aqueous phase is kept saturated with oxygen, the rate
      of reaction is virtually unchanged from 15.degree.C. to 60.degree.C.
      However, large errors are introduced into the assay if temperature is not
      maintained constant. Responses measured at 21.5.degree.C. and 30.degree.C
      varied from 46.9 percent to 60 percent corresponding to a mean temperature
      change of 5.4 percent per degree. This is due to the temperature
      coefficient of the sensor, to the decreased oxygen solubility with
      increasing temperature and to the increased rate of reaction at higher
      temperature.
PAR  Frequent interspersing of calibration standards between each 5 to 10 runs
      or every 15 to 30 minutes successfully compensates for temperature changes
      but calibration can be reduced by the use of a thermostated reaction
      vessel, preincubation of the reagents and vessel or by electronic
      compensation for the temperature effect by means of a thermistor.
PAR  Although the batch glucose monitor response is not perfectly linear, it is
      so nearly linear that corrections generally need not be made. With
      standardization at the 100 percent glucose level, responses are within 1 -
       2 percent of directly proportional to glucose concentration up to greater
      than 150 mg percent and within 2 -  5 percent of linear at 200 mg percent
      -- thus, "normal" glucose levels are accurately evaluated, and only slight
      inaccuracy results even when abnormally high glucose levels are calculated
      from a 100 mg percent standard. If accuracy is required for a high glucose
      sample, a standard containing 200 mg percent or 300 mg percent glucose can
      be employed or the sample can be suitably diluted to bring it into the 100
      mg percent range.
PAR  The following are specific examples of glucose determination in blood and
      urine made with the apparatus shown in FIGS. 2 and 6, with an anode
      voltage supply of +0,8 volts and having an electrical RC time constant in
      the differentiating circuit of 2.5 seconds employing a 25 K ohm resistor
      and a 100 .mu.fd capacitor:
PAC  EXAMPLE 2 -- SINGLE BATCH OF ENZYME-MULTIPLE BLOOD GLUCOSE DETERMINATION
PAR  a. Enzyme Solution -- an enzyme preparation was made by diluting 1500
      units/ml activity Ovazyme XX glucose oxidase (Fermco Division of G. D.
      Searle Co.) with about two parts of buffered solution containing iodide,
      iodine and ammonium molybdate to give a preparation having an enzyme
      activity of 500 units/ml containing 0.01 M Kl, 0.005 M ammonium molybdate
      and 50 mg. of iodine per liter. The pH is adjusted to 5.9 with solid
      sodium acetate in some runs and to 7.0 with dibasic sodium or potassium
      phosphate in other runs.
PAR  b. A single batch of 10 ml of enzyme solution is placed in an open 30 ml
      beaker and stirred at 10 rps to saturate the solution with oxygen. The
      oxygen sensor is inserted into the beaker and equilibrated before a 100 or
      200 mg percent portion of glucose is added and the meter calibrated to 100
      percent full scale response.
PAR  c. A 100 .mu.l sample of centrifuged blood serum or plasma samples without
      deproteinization is added to the stirred enzyme solution and the rate
      curve increases to a peak response, then decreases and actually passes
      through zero to give a rate of increase of oxygen level in the solution
      due to stirring replenishing oxygen. Recovery to zero baseline is not
      necessary and the successive samples can be injected when the minimum
      signal from the preceding sample is reached. Calibration samples are
      interspersed about every 5 samples. The results of a run as recorded on
      the recorder are shown in FIG. 9.
PAR  Reading from right to left, the first two peaks represent a 100 mg percent
      and 200 mg percent glucose calibration as shown in the circles. The first
      100 .mu.l sample of blood serum was added after recovery of the instrument
      0 to minimum signal and the recorder pen deflection increased sharply to a
      peak response which corresponds to 23.5 percent of the 200 mg percent
      calibration or 47 mg percent of glucose as shown in a square above the
      peak. The succeeding sample responses in mg percent are each displaced in
      squares and the calibration responses in circles. The continuously
      downward drifting 100 percent requires connection of calibration points
      with the lines and calculation of results as ratios of peak heights to tie
      line at peak time.
PAR  The enzyme can be used repeatedly for 60 or more determinations provided
      sufficient calibration samples are interspersed to correct for the
      approximate 3 percent decrease in response with each re-use due to
      dilution. Replacement of 1.5 cc of enzyme solution by 1 cc of fresh enzyme
      after every fifth sample holds the calibration drift to approximately 30
      percent over 60 samples with standard deviations of only .+-.2 percent
      found despite the slight drift within each set of five samples. With this
      replacement procedure, calibration standards need only be inserted about
      every tenth sample. Actual operating time, including set-up, calibration,
      and calculation of results averaged less than 3 min/sample for the single
      batch enzyme procedure.
PAR  In a clinical evaluation of 265 blood samples, replicate determinations
      were made by the above procedure, by the Folin-Wu method and by
      spectrophotometric determination of the color change due to reaction of
      ferricyanide with glucose. The internal consistency of the batch analyzer
      when operated by one who has developed experience and proficiency
      corresponds to an overall standard deviation of o = to about .+-.2 percent
      of reading. These results may be compared with the internal consistency of
      the spectrophotometric analyzer which is .+-.4 percent. Comparison with
      Folin-Wu values gave Folin-Wu values on the average 10 mg percent above
      the batch analyzer values which is expected when comparing a specific
      glucose assay with a total reducing substance method.
PAR  While it has been demonstrated that good data can be consistently obtained
      by the single enzyme batch procedure, the non-absolute nature of the
      instrument zero and the downward drifting 100% line which requires
      repeated calibration limits somewhat the attractiveness of the procedure.
PAR  It has been found that the procedure is substantially simplified by using
      fresh enzyme in individual sample cups. Each sample starts from a zero
      level which represents a steady oxygen signal in an air pre-saturated
      sample cup, and the enzyme and substrate concentrations are the same in
      all of the sample cups for equivalent sample volumes. Use of the equipment
      as described in FIG. 6 makes the running of successive samples simple and
      convenient. Samples can still be run at a repetition rate of two to three
      minutes per sample according to the following procedure.
PAC  EXAMPLE 3  INDIVIDUAL ENZYME SAMPLE CUP PROCEDURE
PAR  a. Three ml of the enzyme solution of Example 2 (a) are placed in each cup.
PAR  b. Calibration of instrument by a 100 .mu.l run of a 100 mg percent glucose
      sample.
PAR  c. Each sample containing a 1/8  inch D, 1/2 inch long magnetic stirring
      bar is placed over the stirring motor, the polarographic sensor lowered
      into identical position and the solution stirred until the sensor
      equilibrates. 100 .mu.l samples of blood serum are then added and the rate
      is recorded through maximum peak response which is read directly from the
      meter or recorder pen deflection. The peak responses are as sharp and as
      definite as those of FIG. 9 from the single enzyme procedure and on
      recalibration after ten serum samples the calibration peak was
      substantially identical to that of the original calibration.
PAR  A procedure similar to the glucose assay method can be utilized for
      determining glucose oxidase activity. The dependence of reaction rate upon
      enzyme activity or concentration can be evaluated on a proper basis of
      concentration per unit time according to the following relationships:
      ##EQU10##
      where i.sub.s is the sensor current and R and C are the differentiating
      resistor and capacitor.
EQU  i.sub.s = k (O.sub.2)
      ##EQU11##
      where S is the oxygen solubility and the subscript "o" denotes initial
      conditions for air-saturated solution. Hence,
      ##EQU12##
      from which
      ##EQU13##
PAR  The glucose activity assay procedure differs in that the solution in the
      beaker contains an excess of glucose as contrasted to an excess of glucose
      oxidase in the glucose assay procedures. The amount of glucose, however,
      is insufficient to deplete the dissolved oxygen before maximum rate is
      reached. The use of small enzyme samples in larger volumes of buffered
      glucose eliminates the effect of salt content of the enzyme sample on the
      results. The following is an example of the glucose oxidase assay method
      of the invention utilizing the apparatus disclosed in FIG. 2. and FIG. 6.
PAC  EXAMPLE 4 --4 GLUCOSE OXIDASE ACTIVITY ASSAY
PAR  A reagent solution is prepared containing 30 mg percent glucose, 0.2 M
      acetate buffer (pH 6.0), 0.01 M KI, 50 mg iodine per liter, 5 percent
      ethanol, and 0.005 M ammonium molybdate. Three ml of this solution are
      introduced into a sample cup. The oxygen sensor is allowed to equilibrate
      with the stirred solution, and a sample of 20 .mu.l, of 1500 units per ml
      glucose oxidase solution is introduced into the cup. The meter is set to
      give a full scale response.
PAR  A 20 .mu.l sample of unknown activity glucose oxidase enzyme solution is
      added to a sample cup containing 3 ml of stirred reagent solution and the
      peak response corresponding to maximum rate is recorded and is
      proportional to the activity of the standard calibration peak response.
PAR  If the glucose oxidase sample is of very low activity, a calibration curve
      of activity versus volume is prepared from various dilutions of the known
      sample or by using 10 and 20 .mu.l samples of the 1500 units ml standard.
      The slight non-linearity is adequately covered by two calibration points
      as shown in FIG. 10. 50 and 100 .mu.l samples may now be run and the
      response is multiplied by 20 over 50 or 100 to give the enzyme activity in
      units/ml or activity corresponding to the dilution is read from the
      calibration curve. With calibration, an enzyme assay may require 15
      minutes. If the calibration has already been done, an individual assay
      will require about 2 minutes.
PAR  As previously discussed, the freedom of interference of the glucose oxidase
      (G.O.) glucose-oxygen method finds its most striking demonstration in the
      applicability to urine samples without preliminary treatment of the urine.
      In fact, it has been previously reported by Salomon, et al, Anal. Chem.
      31, 453 (1959) that the glucose oxidase method cannot be applied directly
      to urine. This resulted from confusion between the primary G.O. reaction
      and the secondary peroxidase oxidation of a chromogen with which the G.O.
      reaction is usually coupled.
PAR  The batch glucose monitor provides a better true glucose value than the
      spectrophotometric method employing peroxidase and a chromogen. It is
      still surprising to find that urine samples can be introduced directly
      into the G.O. enzyme reagent without performing any preliminary
      operations.
PAR  The procedure is essentially similar to that of Examples 2 and 3. Urine
      which is normally deficient in oxygen is aerated by pre-stirring for a
      period of time, or by shaking a sample of the urine in a test tube or
      bottle. Best results are obtained by using a small polyethylene bottle for
      aerating. After shaking an approximately half full bottle, the cap is
      opened, and the bottle is squeezed gently to drive out the oxygen-depleted
      air; the bottle squeezing is released to admit fresh air, and the bottle
      is capped and shaken again. A few repetitions of this procedure insures
      complete aeration. The instrument is calibrated at the 100 mg percent
      glucose level but the sample size is 200 .mu.l to allow for lower glucose
      levels found in normal urine.
PAR  The following is an example of batch glucose urine assay for normal
      subjects again utilizing the instrument described in FIGS. 2 and 6.
PAC  EXAMPLE 5 -- BATCH URINE GLUCOSE ASSAY
PAR  a. Enzyme solution preparation. The glucose oxidase enzyme solution of
      Example 2 (a) is utilized.
PAR  b. Three ml of enzyme solution are placed in a series of sample cups
      stirred at 10 rps. The instrument is calibrated to give full scale
      response for 100 mg percent glucose.
PAR  c. The cup of enzyme solution is placed over the magnetic stirrer and after
      the sensor equilibrates, 200 .mu.l samples of urine are introduced and the
      peak response is noted and recorded. The glucose content of the sample is
      determined from the ratio of the peak response to that of the standard.
      Again, these results are obtained within about a period of 2- 3 minutes
      per sample.
PAR  Meaningful data are obtained in the range of 5 mg percent up to 100 mg
      percent glucose within .+-.2 mg percent. The 100 mg percent level has
      previously been considered trace. Since values in this range can now be
      measured, it is possible that diagnosis of emerging conditions can be made
      much earlier and without requiring a venipuncture.
PAR  If significant glucose is present in the urine, dilution of the urine may
      be necessary. For example, with a poorly controlled diabetic subject, it
      was necessary to dilute the urine 40:1 with distilled water before running
      the sample on the instrument set up as for normal blood samples (with
      approximately 200 mg percent reading full scale); the sample was found to
      contain 4.8 gms of glucose per 100 milliliters of urine. It is most
      important to note, however, that no preliminary clean-up of the urine is
      required before it can be run in the batch glucose monitor. In addition,
      full normal response to glucose standards has been found in enzyme already
      contaminated by the addition of 200 microliters of urine; in fact, as a
      check procedure, standards were run after reestablishment of baseline in
      the cups to which the urine sample had already been introduced, with no
      adverse effects found.
PAR  In one set of urine runs, the batch of enzyme had an appreciable iodine
      color before sample introduction. The iodine was bleached by the urine
      samples in differing times but was shown to be without influence on the
      oxygen sensing batch glucose monitor of the invention, whereas the
      iodine-reducing substances seriously interfere with the
      peroxide-peroxidase-chromogen portion of the usual colometric prior art
      procedures.
PAR  It is to be understood that the foregoing disclosure relates only to
      preferred embodiments of the invention and that numerous modifications or
      alterations are possible.
CLMS
STM  what is claimed is:
NUM  1.
PAR  1. A method of determining the concentration or activity of a material
      present in a sample which is chemically reacted in batch comprising:
PA1  monitoring a property or characteristic of a component or product of said
      reaction related to concentration of a substance in said batch;
PA1  generating a first electrical signal related to said concentration of said
      substance;
PA1  differentiating said first signal to obtain an output signal proportional
      to the instantaneous time rate of change of concentration of said
      substance; and
PA1  measuring said output signal to determine the concentration or activity of
      said material.
NUM  2.
PAR  2. The method according to claim 1 wherein said measuring step includes
      measuring a maximum of said output signal.
NUM  3.
PAR  3. The method according to claim 2 wherein said output signal is generated
      continuously.
NUM  4.
PAR  4. A method of determining the glucose concentration of a sample comprising
      the steps of:
PA1  oxidizing the glucose present in the sample in an oxygen saturated aqueous
      solution by means of glucose oxidase in the presence of a sensor which
      serves to monitor a property or characteristic of oxygen in said solution
      related to the oxygen concentration thereof:
PA1  generating a first electrical signal related to said oxygen concentration;
PA1  differentiating said first electrical signal to produce an output signal
      proportional to the instantaneous time rate of change of oxygen
      concentration; and
PA1  measuring a maximum of said output signal to determine said glucose
      concentration.
NUM  5.
PAR  5. A method of determining the glucose concentration of blood or urine
      samples comprising the steps of:
PA1  stirring at constant speed a fixed volume of an oxygen saturated solution
      of buffered glucose oxidase in the presence of an oxygen sensor until the
      sensor equilibrates with the solution, said sensor serving to monitor a
      property or characteristic of oxygen in said solution related to the
      oxygen concentration therein;
PA1  adding a measured amount of sample to the solution and reacting the glucose
      with oxygen while stirring at a substantially constant speed;
PA1  generating a first electrical signal related to said oxygen concentration;
PA1  differentiating said first signal to produce a second signal proportional
      to the instantaneous time rate of change of said oxygen concentration;
PA1  recording said second signal; and
PA1  determining said glucose concentration from a maximum of said second
      signal.
NUM  6.
PAR  6. A method according to claim 5 in which the buffered glucose oxidase
      solution contains iodine, and iodine and molybdate ions to inhibit
      bacteria and to suppress formation of oxygen by peroxide decomposition.
NUM  7.
PAR  7. A method according to claim 6 in which the glucose oxidase solution
      contains 0.01 M KI, 0.005 M ammonium molybdate, 50 mg. of iodine per
      liter, 5 percent ethanol and buffer salts to control the pH in the range
      from 4.5 to 8.0.
NUM  8.
PAR  8. A method according to claim 7 in which the buffer salts are selected
      from alkaline metal acetates and dibasic phosphates and are present in
      sufficient amounts to adjust the pH to about 5.6 to 7.5.
NUM  9.
PAR  9. A method according to claim 6 in which the glucose oxidase solution
      contains 5 percent ethanol.
NUM  10.
PAR  10. A method according to claim 5 in which the solution is stirred at a
      constant speed less than 12 rps.
NUM  11.
PAR  11. A method according to claim 10 in which the stirring speed is from
      about 5 to 10 rps.
NUM  12.
PAR  12. A method according to claim 11 in which the solution volume is up to 10
      ml.
NUM  13.
PAR  13. A method according to claim 5 in which glucose content of blood serum
      or plasma in the range of 25 to 250 mg percent is determined.
NUM  14.
PAR  14. A method according to claim 13 in which the sample size is from 10 to
      100 .mu.l.
NUM  15.
PAR  15. A method according to claim 14 in which the red cells of the sample are
      removed by centrifugation before the glucose determination.
NUM  16.
PAR  16. A method according to claim 5 in which the reaction is conducted at
      constant temperature.
NUM  17.
PAR  17. A method according to claim 16 in which the reaction is conducted at a
      constant temperature within the range of 15.degree.C to 60.degree.C.
NUM  18.
PAR  18. A method according to claim 5 in which the glucose content of urine is
      determined.
NUM  19.
PAR  19. A method according to claim 18 in which the urine sample is pre-aerated
      and added to the glucose oxidase solution without preliminary
      purification.
NUM  20.
PAR  20. A method according to claim 5 in which the oxygen sensor is a
      polarographic sensor containing a KCl cathode, a silver anode, and KC1
      electrolyte and a permeable one mil polytetrafluoroethylene membrane.
NUM  21.
PAR  21. A method according to claim 20 in which the membrane is stretched to
      show the whitening charcteristic of crystallization.
NUM  22.
PAR  22. A method according to claim 5 in which the volume of enzyme solution is
      no less than about 3 ml for a 100 .mu.l sample containing up to 400 mg
      percent glucose.
NUM  23.
PAR  23. A method according to claim 5 in which the glucose oxidase solution is
      pre-aerated.
NUM  24.
PAR  24. A method according to claim 5 in which the glucose oxidase activity is
      from to 200 to 750 units per ml.
NUM  25.
PAR  25. A method according to claim 5 in which a plurality of determinations
      are run from the same batch of buffered glucose oxidase.
NUM  26.
PAR  26. A method according to claim 5 in which a plurality of glucose
      determinations are consecutively run, utilizing a fixed volume of fresh
      glucose oxidase for each sample.
NUM  27.
PAR  27. A method of directly determining the activity of an enzyme comprising:
PA1  reacting said enzyme with an excess of substrate;
PA1  monitoring a property or characteristic of a component or product of the
      reaction related to concentration of a substance therein and generating a
      first electrical signal related to said concentration;
PA1  differentiating said first electrical signal to produce an output signal
      proportional to the instantaneous time rate of change of said
      concentration; and
PA1  measuring said output signal to determine the activity of said enzyme.
NUM  28.
PAR  28. A method according to claim 27 wherein said step of measuring includes
      measuring a maximum of said output signal.
NUM  29.
PAR  29. A method of determining the catalase activity of samples of body tissue
      homogenates and body fluids comprising:
PA1  reacting a measured portion of a catalase-containing sample with a fixed
      quantity of a stirred buffered peroxide solution as substrate;
PA1  stirring the solution and sample at a constant rate in the presence of an
      oxygen sensor;
PA1  generating a first electrical signal related to the dissolved oxygen
      concentration;
PA1  differentiating said first electrical signal to produce a second electrical
      signal proportional to the instantaneous time rate of change of oxygen
      concentration; and
PA1  measuring said second electrical signal to determine said catalase
      activity.
NUM  30.
PAR  30. A method according to claim 29 in which the peroxide solution contains
      hydrogen peroxide of from about 0.006 M to 0.4 M and alkali metal
      phosphate buffer of from 0.025 M to 0.1 M.
NUM  31.
PAR  31. A method according to claim 30 in which 100 to 200 .mu.l of a
      catalase-containing sample are added to 10 ml of 0.006 M H.sub.2 O.sub.2
      in a 0.25 M phosphate buffer at pH of about 7.
NUM  32.
PAR  32. A method according to claim 30 in which 1 ml of 10 percent tissue
      homogenate is added to 30 ml of 0.4 M hydrogen peroxide in pH phosphate
      buffer.
NUM  33.
PAR  33. The method according to claim 29 wherein the step of measuring includes
      measuring a maximum of said output signal.
NUM  34.
PAR  34. The method according to claim 29 wherein said output signal is
      generated continuously.
NUM  35.
PAR  35. A method of determining the concentration or activity of an oxygen
      producing or consuming component of a reaction catalyzed by a reagent
      containing an enzyme selected from the group consisting of oxygenases,
      hydrogenases, reductases, hydroxylases and oxidases comprising:
PA1  conducting the reaction of the reagent and component in batch;
PA1  monitoring a property or characteristic of oxygen in said reaction related
      to the oxygen concentration therein and generating a first electrical
      signal related to said oxygen concentration;
PA1  differentiating said first electrical signal to produce an output signal
      proportional to the instantaneous time rate of change of said oxygen
      concentration; and
PA1  measuring said output signal to determine the concentration or activity of
      said oxygen producing or consuming component.
NUM  36.
PAR  36. A method according to claim 35 in which the reagent is oxygen stable.
NUM  37.
PAR  37. A method according to claim 36 in which component is glucose, said
      enzyme is glucose oxidase and said reagent contains a catalase and a
      sufficient amount of ethanol to consume hydrogen peroxide in the reaction
      mixture without liberating oxygen.
NUM  38.
PAR  38. A method according to claim 37 in which said reagent contains iodine
      and molybdate ions in sufficient amounts to suppress formation of oxygen
      by hydrogen peroxide decomposition.
NUM  39.
PAR  39. A method according to claim 37 in which said reagent contains about 5%
      ethanol.
NUM  40.
PAR  40. A method according to claim 37 in which said reagent has a glucose
      oxidase activity of from 200 to 750 units per ml.
NUM  41.
PAR  41. A method according to claim 36 in which said reagent contains a natural
      impurity which is capable of converting hydrogen peroxide to oxygen, and a
      constituent which consumes hydrogen peroxide in the presence of said
      impurity without liberating oxygen.
NUM  42.
PAR  42. A method according to claim 41 in which said impurity is catalase.
NUM  43.
PAR  43. A method according to claim 42 in which said reagent has sufficient
      enzyme activity to cause at least 75 percent completion of said reaction
      within about one minute.
NUM  44.
PAR  44. A method according to claim 36 in which said reagent has sufficient
      enzyme activity to cause at least 75 percent completion of said reaction
      within about one minute.
NUM  45.
PAR  45. The method according to claim 35 wherein the step of measuring includes
      measuring a maximum of said output signal.
NUM  46.
PAR  46. The method according to claim 35 wherein said output signal is
      generated continuously.
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ABST
PAL  A diagnostic test device comprising a first and second sheet attached at a
      leading edge; an absorbent medium intermediate said first and second sheet
      in spaced relationship to said sheets. The fluid containing the substance
      to be analyzed is placed on the absorbent medium. Compressive force would
      then be applied to the test device to remove excess fluid from the
      absorbent medium and to bring the fluid into contact with the first and
      second sheets which contain reagents adapted to react with the substance
      to provide a colorimetric determination of the presence and/or
      concentration of the substance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A variety of devices are known today for analysis of body fluids such as
      urine, blood, etc. Such devices generally employ extremely accurate
      procedures and provide a valuable diagnostic tool. However, most such
      devices are expensive, require trained personnel and involve
      time-consuming techniques. Obviously, such devices are unavailable for use
      by a layman in, for example, daily monitoring of a diabetic condition.
PAR  To fill this very important need a number of relatively simple devices and
      test strips have been developed and marketed. Many of the so-called simple
      devices developed for use by untrained personnel suffer from a variety of
      deficiencies. Accuracy, the ability of the operator to discern relatively
      minor changes and ease of use are some of the problems encountered with
      such prior art devices.
PAR  It is an object of the present invention to provide techniques and devices
      not susceptible to the deficiencies of the prior art.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention is directed to a relatively simple diagnostic test
      device for use in analyzing a substance contained in a body fluid. In
      accordance with the present invention, a fluid, such as urine, containing
      the substance to be analyzed, is placed in an absorbent medium which is
      located between two sheets, but initially spaced apart and out of contact
      with the sheets. The absorbent medium is selected to carry a predetermined
      amount of fluid, and any excess is removed by the application of a
      compressive force which also brings the absorbent medium and the fluid it
      contains into contact with the aforementioned sheets. While the three
      elements of the device are maintained in superposed relationship, the
      substance in the fluid reacts with reagents retained on one or both of the
      sheets, at least one of which is transparent.
PAR  The reaction provides a visual determination (observed through the
      transparent sheet) of the qualitative and/or quantitative presence of the
      substance.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a top view of the testing device of the present invention;
PAR  FIG. 2 is an enlarged cross-sectional view of the device of FIG. 1 taken
      along the line 2--2;
PAR  FIG. 3 is transverse sectional end view of the device of FIG. 1 taken along
      line 3--3; and
PAR  FIG. 4 is an enlarged cross-sectional view of the device of FIG. 1 during
      operation.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention is directed to a method and a device useful in said
      method for qualitative and/or quantitative determination of substances,
      particularly substances in body fluids. Thus, by means of the present
      invention, analysis of substances in blood, urine, etc., can be carried
      out quickly and easily without the need of trained personnel to provide an
      accurate measure of the substance under consideration in a body fluid.
PAR  The novel device of the present invention comprises an absorbing, fluid
      receiving medium initially located between, but not in contact with, two
      sheets. At least one sheet is transparent and at least one sheet has a
      suitable indicator or reagent retained on the inner surface to provide the
      determination of the substance under test. Fluid is applied to the
      absorbing fluid receiving medium and the device is then subjected to a
      compressive force squeezing out excess fluid from the absorbing medium and
      placing the two sheets in contact with the absorbing medium. The substance
      reacts with the reagents disposed on one or more of the sheets, providing
      a visual determination of the substance. The visual determination,
      generally a colorimetric determination, is viewed through the transparent
      sheet and compared against a standard scale, either attached to the test
      device or separate therefrom. By matching the color of the test device
      with the scale an accurate determination is readily available. The test
      device may then be discarded. Since a measured amount of fluid is
      contacted with a premeasured amount of reactants, a quantitative
      determination is achieved.
PAR  To describe the operation of the diagnostic test device in more detail, the
      operator will lift at least a portion of one of the two sheets exposing
      the absorbent, fluid receiving medium. To permit access to the fluid
      receiving medium, it is preferred that the two sheets be joined only at or
      near the leading edges. To avoid leakage from the sides during application
      of the compressive force, an adhesive may be employed along the open edges
      and end of the sheets which is activated by the application of compressive
      force.
PAR  The absorbent fluid receiving medium is located intermediate the sheets in
      spaced apart relationship. Preferably, the absorbent medium is disposed on
      support members mounted on one sheet which are deformable under force to
      permit contact between the sheets and the absorbent medium.
PAR  Upon exposing the fluid receiving medium, the operator will place the fluid
      containing the substance to be tested on the absorbent material. It is not
      necessary to apply a measured amount of fluid; it is only necessary that
      the absorbent material be saturated. Subsequent operation of the fluid
      test device will accurately measure the amount of fluid to be contacted
      with the reagents.
PAR  The device is then moved relative to and between a pair of juxtaposed
      members or, alternatively, rollers are moved relative to the device. These
      members may comprise a pair of substantially parallel rollers, a roller
      and a plate or any other apparatus that will, as the device is moved
      through it, force the excess fluid from the absorbent medium. By
      maintaining a specific gap between the juxtaposed pressure-applying
      members, excess fluid will be discharged from the absorbent medium with an
      accurate amount retained in the test area between the sheets containing
      the reagents. The gap between the pressure-applying members would be a
      function of the thickness of the absorbent medium and the volume of the
      fluid a function of the thickness and porosity of the absorbent medium.
PAR  By extending the length of the sheets beyond the test area sufficiently no
      excess will spill out the end. Alternatively, absorbent trap means may be
      provided at the trailing end of the sheets to take care of any excess.
PAR  To avoid spillage along the edges of the sheets adjacent the absorbent
      medium, the test area may be sealed if desired. Sealing will occur during
      application of pressure during movement through the juxtaposed members,
      employing a pressure sensitive adhesive, a Velcro fastener, or a fluid
      actuated adhesive, such adhesive means preferably located along the
      marginal edge portions. In still another embodiment, the edges may contain
      spacing means or rails to more accurately control the space between the
      sheets in the test area, thereby controlling the quantity of fluid. The
      aforementioned adhesive means may be associated with the spacing means.
PAR  The support means which maintains the absorbent material out of contact
      with the sheets prior to the application of the compressive force may
      comprise any suitable support which possesses sufficient rigidity to
      maintain the absorbent material in spaced apart relationship from the
      sheet, but which will deform, compress or fold to permit contact upon the
      application of compressive force. Polymeric foams and bifolded materials
      such as plastic or paper may be employed.
PAR  The test reagents which are adapted to react with the substance being
      tested for are disposed intermediate the two sheets either by coating
      directly on the sheets or by incorporating them into a suitable carrier or
      binder material.
PAR  The substance in the fluid undergoes one or more reactions with the
      reagents which provide a colorimetric determination of the substance in
      the fluid, which is viewed through the transparent sheet and, if desired,
      compared with a suitable scale which may comprise a portion of the test
      device. Preferably, the reactants comprise enzymes and coenzymes and a
      colorimetric indicator, all of which are well known to the art to utilize
      known reactions.
PAR  Turning now to the drawings, the diagnostic test device 10 of the present
      invention is composed of first sheet 11 hingedly joined at point 13 to
      second sheet 12, near the leading edge of sheet 11. Sheet 11 carries, at
      the edges, bifolded deformable support members 17 which support absorbent
      means 15. Surface 20 of sheet 12 and surface 21 of sheet 11 retain the
      necessary reagents and indicators to provide the visual concentration of
      the substance. The reaction may occur within the absorbent medium 15 when
      the reagents from the sheets diffuse therein upon solubilizing the fluid.
      If both sheets are transparent, the color indication will be views by
      transmission. If one sheet is transparent, the color is viewed by
      reflection.
PAR  FIG. 4 shows the test device 10 of FIG. 1 after the application of the
      fluid and the application of the compressive force. Support members 17a
      are in a collapsed position permitting contact of surfaces 20 and 21 with
      absorbent medium 15. Trap 23, adapted to retain any excess fluid, is also
      shown.
PAR  The color obtained by the reaction of the reagents and the substance can be
      compared with a chart containing permanent color gradations calibrated to
      concentrations of the substance under test. Thus, the operator can
      immediately and conveniently obtain a numerical determination of the
      concentration of the substance avoiding delay or any fading or
      deterioration of the thus-produced colored reaction product.
PAR  The adsorbent means may comprise any suitable material adapted to retain
      fluid and also which will give up the fluid under compressive force. Thus,
      cloth, sponge, polymeric open cell foams, microporous filters and the like
      may be employed.
PAR  It may be desirable to remove some components of the fluid prior to
      contacting the fluid with the reactants. Such components may be removed by
      superposing a filter over the absorbent means to remove the components
      from the test area. Alternatively, precipitants may be employed in the
      absorbent means itself. Protein is one example of a component of the fluid
      that may be removed prior to the reaction.
PAR  The sheets which comprise the walls of the device are preferably
      transparent and may be composed of any suitable material which will retain
      the reactants without leakage or without interfering with the reaction.
PAR  As stated above, the novel device of the present invention may be employed
      for a variety of diagnostic tests. For example, hemoglobin in blood may be
      ascertained by application of a blood sample to the absorbent material and
      disposing an oxidizing agent and a suitable indicator intermediate the
      superposed sheets. Suitable indicators are known to the art for such a
      test.
PAR  The novel test device of the present invention is particularly suitable for
      the enzymatic analysis of glucose in body fluids. The test for glucose is
      based on the following reaction sequence:
EQU  Glucose + ATP .sup.(hexokinase) Glucose-6-phosphate + ADP
EQU  Glucose-6-phosphate + NADP .sup.(G-6-PDH) NADPH + 6-phosphogluconate
PAL  The absorption of NADPH at 340 nm is a measure of the glucose content in
      the sample fluid. Since 340 nm is beyond the visible region of the
      electromagnetic spectrum, a suitable indicator may be included in the
      system which will react with NADPH to give a suitable color change.
EQU  NADPH + 2,3',6-trichloroindophenol(oxidized form) .fwdarw. NADP +
      2,3',6-trichloroindophenol(reduced form)
PAL  Atp = adenosine triphosphate
PAL  Adp = adenosine diphosphate
PAL  Nadp = nicotinamide adenine dinucleotide phosphate
PAL  Nadph = nicotinamide adenine dinucleotide phosphate reduced
PAL  G-6-pdh = glucose-6-phosphate dehydrogenase
PAR  The body fluid containing the glucose would be applied to the absorbent
      material. The reactants, ADP, NADP and a colorimetric indicator, would be
      located intermediate the sheets, preferably coated thereon. Suitable
      indicators include methylene blue, the sodium salt of 3'-chloroindophenol,
      the sodium salt of 2,3',6-trichloroindophenol and the sodium salt of
      2,6-dichloroindophenol. It may be desirable to apply suitable time delay
      layers, e.g., polymeric layers of specific solubility or permeability, to
      one or more of the reactants to ensure the order of reaction. The color
      generated by the reaction will be compared visually with suitable color
      reference standards.
PAR  In a preferred embodiment, the ATP and NADP would be applied to surface 20
      of sheet 12 and the colorimetric indicator would be coated on the surface
      21 of transparent window 11. The ATP and NADP and/or enzymes may be
      disposed in the reaction zone just prior to application of the compressive
      force. However, in a particularly preferred embodiment, the enzymes and/or
      coenzymes are in a stable, immobilized state which, upon contact with the
      fluid to be tested, is activated.
PAR  In still another embodiment, in addition to the above-mentioned time delay
      layers, the reactants may be disposed in a suitable polymeric material and
      a layer of such a material cast on the aforementioned surface.
PAR  It is also known to bind enzymes to polymeric matrices. For example, in a
      cross-linked dextrose gel, adjacent hydroxyl groups can react with
      cyanogen bromide and then combine with amino groups of the enzyme. Other
      systems for incorporating enzymes into the matrix of a polymer or other
      support material are also known.
PAR  If the fluid to be analyzed contains a reducing substance (e.g., ascorbic
      acid in urine), it is preferred to employ a colorimetric indicator system
      that does not rely on a redox system to avoid any interference in the
      determination or inaccurate readings. For example, in a glucose
      determination a suitable indicator system may comprise a ferric salt, such
      as ferric nitrate coated on silica gel. A ferric-NADH salt is formed which
      is purple. While the thus-formed colorimetric determination is suitable
      for the aforementioned glucose determination, if a permanent record of the
      test is desired then 1,10-phenanthroline or
      4,7-diphenyl-1,10-phenanthroline also coated on the silica gel will
      provide a pink, permanent.
PAR  In an alternative embodiment, a mordant for the colored moiety produced in
      the present invention is employed. This would provide a degree of
      immobility to the colored species rendering the visual comparison more
      effective and accurate and still further lessening time of examination as
      a factor. The use of a mordant would also minimize any reversible reaction
      which might lead to inaccuracy in the determination. Mordants are well
      known to the art for a variety of colored materials and the particular
      mordant will be selected with the particular colored material in mind.
      Alternatively, an insoluble indicator may be employed.
PAR  As stated above, the novel device of the present invention is suitable for
      use in a variety of diagnostic tests. In the following table,
      representative substances to be analyzed are indicated with examples of
      specific enzymes required for the determination.
TBL  ______________________________________                                    

     Substance            Enzymes                                              

     ______________________________________                                    

     Glucose           Hexokinase                                              

                       Glucose-6-phosphate dehydro-                            

                        genase                                                 

     Alcohol           Alcohol dehydrogenase                                   

     Triglycerides     Glycerol kinase                                         

                       Pyruvate kinase                                         

                       Lactate dehydrogenase                                   

     Blood urea nitrogen                                                       

                       Urease                                                  

                       1-glutarate dehydrogenase                               

     Aldolase          Triosephosphate isomerase                               

                       Glyceraldehyde-3-phosphate                              

                        dehydrogenase (GDH)                                    

     Creatine phospho- Hexokinase                                              

      kinase           Glucose-6-phosphate dehydro-                            

                        genase                                                 

     Glutamate-oxalacetate                                                     

                       Malate dehydrogenase                                    

      transaminase                                                             

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for determining concentrations of a substance in a fluid which
      comprises:
PA1  a first sheet carrying deformable support members;
PA1  said support members carrying an absorbent fluid receiving medium spaced
      apart from said first sheet;
PA1  a second sheet pivotally attached at one end to said first sheet and
      adapted to be superposed over said absorbent fluid receiving means; at
      least one of said first and second sheets is transparent, and said first
      sheet carrying one or more reagents; said reagents being present in a
      predetermined concentration and adapted to react with said substance to
      provide a visual indication of the concentration of said substance.
NUM  2.
PAR  2. The device of claim 1 wherein said reagents comprise enzymes, coenzymes
      and colorimetric indicators.
NUM  3.
PAR  3. The device of claim 1 wherein said absorbent fluid means comprises a
      polymeric open cell foam.
NUM  4.
PAR  4. The device of claim 1 wherein said absorbent fluid means comprises a
      microporous filter.
NUM  5.
PAR  5. The device of claim 1 wherein said fluid comprises blood.
NUM  6.
PAR  6. The device of claim 5 wherein said reagents comprises hexokinase,
      glucose-6-phosphate dehydrogenase, adenosine triphosphate and nicotinamide
      adenine dinucleotide phosphate.
NUM  7.
PAR  7. The device of claim 2 wherein said enzymes and coenzymes are disposed on
      one of said sheets and said colorimetric indicator is disposed on the
      other of said sheets.
NUM  8.
PAR  8. The device of claim 1 wherein one of said transparent sheets includes a
      colored scale indicating concentration standards for said substance.
NUM  9.
PAR  9. The device of claim 1 which includes means for removing undesirable
      components from said fluid prior to contacting said reagents with said
      fluid.
NUM  10.
PAR  10. A method for determining the concentration of a substance in a fluid
      which comprises:
PA1  disposing said fluid onto absorbent fluid receiving means carried on a
      first sheet by deformable support members in a spaced apart relationship
      to said sheet;
PA1  superposing a second sheet over said absorbent fluid receiving means; at
      least one of said first and second sheets is transparent; and
PA1  subjecting said first and second sheets to sufficient compressive force to
      discharge excess fluid from said absorbent fluid receiving means thereby
      retaining a predetermined quantity of said fluid in said absorbent fluid
      receiving means, compressing said deformable members sufficiently to
      contact said fluid in said absorbent fluid receiving means with a
      predetermined concentration of reagents; said first sheet carrying one or
      more of said reagents; said reagents adapted to react with said substance
      to provide a visual indication of the concentration of said substance.
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ABST
PAL  Apparatus adapted to reduce emissions from the doors of coke ovens and the
      like includes a separate fume collecting hood positioned above each oven
      door, manifolds connected therewith and with a suction fan and gas
      cleaner, a valve in each hood, a series of nozzles for an aspirating fluid
      spaced along each oven door jamb, supply pipes therefore and a supply
      main, valves in the supply pipes, a closed coke guide adapted to be
      positioned against an oven being pushed, and spring-urged means carried by
      the end of the coke guide adapted to seal the guide to the oven.
BSUM
PAR  This invention relates to fume collection or pollution abatement systems
      for industrial ovens. It is more particularly concerned with apparatus for
      drawing off the fumes and gases which escape around coke oven doors and
      which are released from the doorway when the door of a coke oven is
      removed.
PAR  While our invention is especially well suited for coke oven use it is also
      adapted to other types of ovens the doors of which must be removed from
      time to time. For convenience it will be described hereinafter in
      connection with conventional by-product coke oven batteries. Those
      batteries comprise a large number of narrow ovens placed side-by-side, the
      walls between the ovens being provided with heating flues. The ovens are
      charged with coal through holes in their roofs and are closed at each end
      with doors.
PAR  After coking is completed it is necessary to remove both doors of an oven
      to eject coke therefrom. The doors are removed by apparatus mounted on
      cars which travel on rails along the battery, one on each side. The
      ejection is accomplished with a pusher ram which is mounted on a car
      moving on rails along one side only of the battery, known as the "pusher"
      side. The car is spotted at the appropriate oven and the ram is caused to
      move through the oven, pushing out the coke ahead of it through the other
      door on the coke side of the battery. The hot coke must be quenched with
      water, which is accomplished by passing it through a coke guide into a car
      and either carrying it to a fixed quenching station or quenching it as it
      leaves the oven in a quenching car.
PAR  Prior to our invention to be described, gases and entrained solids from the
      hot coke escaped through the open pusher side doorway of the oven into the
      atmosphere, thus contributing to air pollution in the vicinity of the coke
      oven battery. Historically, the same thing occurred on the coke side of
      the battery. Attempts have recently been made to reduce emissions from the
      coke side of the battery. Apparatus for that purpose is disclosed in U.S.
      Pat. No. 3,647,636 captioned "System For Collecting Dust and Smoke When
      Coke is Pushed From a Coke Oven," issued to E.J. Helm, on Mar. 7, 1972.
      That apparatus exhausts gases from the coke side of an oven by suction
      fans carried by the coke guide. It does not, however, collect gases that
      leak out between oven and coke guide, nor is it applicable to the pusher
      side of the battery.
PAR  It is an object of our invention to provide apparatus which draws off gases
      which escape around coke oven doors and which are emitted from an oven
      when its doors are removed. It is another object to provide apparatus
      which aspirates those gases into a recovery system. It is another object
      to provide sealing means between a coke oven door opening and a coke
      guide. Other objects of our invention will appear in the course of the
      description thereof which follows.
PAR  We accomplish the above objects by providing the coke oven battery with a
      fume collecting hood above each oven door, a fume collecting main which
      extends the length of the battery on each side above those hoods, a gas
      cleaner connected with the fume collecting main by a suction fan, a
      separate duct provided with a valve connecting each hood with the fume
      collecting main, an upright steam or compressed air pipe positioned on
      each side of each coke oven doorway, a plurality of nozzles affixed to
      each pipe spaced from each other and directed upwardly and toward the edge
      of the door, a steam or compressed air supply pipe, and a separate valve
      connection between that supply pipe and the pipes adjacent each oven door.
PAR  The above mentioned apparatus is suitable both for the pusher side and for
      the coke side of the battery and preferably is installed on both sides. We
      also provide on the coke side of the ovens an open-ended but otherwise
      closed coke guide which is movable toward and away from the oven door
      opening and, at the coke oven end of the guide, spring-loaded sealing
      means which greatly reduce gas leakage from the oven at that point. We
      prefer to use with the above a commercially available mobile continuous
      coke quencher which continuously quenches the coke delivered to it through
      the coke guide and cleans the gases evolved therefrom.
DRWD
PAR  An embodiment of our invention presently preferred by us is illustrated in
      the attached figures, to which reference is now made.
PAR  FIG. 1 is an end evaluation partly broken away of a coke oven battery, a
      coke guide and, in outline only, a mobile continuous coke quencher;
PAR  FIG. 2 is a side elevation partly broken away of a portion of a coke oven
      battery with the oven doors removed;
PAR  FIG. 3 is a cross-section of a portion of the apparatus of FIG. 1 taken on
      the plane III-III; and
PAR  FIG. 4 is a detail to an enlarged scale of a portion of the apparatus shown
      in FIG. 3.
DETD
PAR  Coke oven battery 10 comprises a plurality of individual ovens, such as
      ovens 11 and 12. Along each side of battery 10 between each pair of ovens
      is a vertical buckstay 13, the upper end of which projects above the
      battery 10 and is connected across the battery to a like buckstay on the
      opposite side by tie rods 14. Those tie rods are pulled up by nuts 15.
      Buckstays 13 are wide flange beams, as is apparent from FIG. 3, each
      comprising an oven face flange 16, an outer flange 17, and a web 18. From
      the end face of each oven projects on one side, the left side in FIG. 2,
      upper hook bar 20 and lower hook bar 21, and on the right side,
      corresponding upper hook bar 22 and lower hook 23. Hook bars 22 and 23
      terminate in downwardly opening hooks 24 and 25, respectively, as may be
      seen in FIG. 1. Hook bars 20 and 21 terminate in upwardly opening hooks of
      the same type, not shown in profile. The door of the oven latches in those
      hook bars.
PAR  Above the door opening of each coke oven, such as oven 11, is positioned a
      fume hood 30 which is rectangular in plant. Its width is adjusted so that
      it fits between the upper ends of the buckstays 13 on each side of oven 11
      and its depth is substantially the depth of web 18 of the buckstays. The
      top of hood 30 opens into vertical duct 31 which communicates with
      manifold 32 which extends along the side of coke oven battery 10 above
      hoods 30. This manifold is connected at one end to a suction fan 33 which
      exhausts into gas washer 34. The cleaned gases from that washer are
      exhausted into the air. Vertical duct 31 is provided with a valve 35 and
      operating means 36 therefor. Those means may be mechanical, pneumatic or
      electrical.
PAR  A vertical fluid conductor or pipe 37 is positioned along one side of the
      door jamb of oven 11 and a similar vertical pipe 38 is positioned along
      the other side of that door. As shown in FIGS. 2 and 3, pipe 37 is on the
      left side of the oven 11 and pipe 38 on the right side. Pipes 37 and 38
      are provided with spaced nozzles 40 along their length, each nozzle 40
      being inclined upwardly and inwardly toward the door opening of the oven.
      Pipes 37 and 38 and their attached nozzles are positioned adjoining web 18
      and between flanges 16 and 17 of the buckstay 13 on each side of the oven
      door opening. At their lower ends below the oven door opening pipes 37 and
      38 are connected with a single pipe 41 provided with a valve 42. The other
      end pipe 41 connects with a fluid supply main 43 which runs along the side
      of the battery. Valve 42 is mechanically connected to operating means 44,
      which may be similar to operating means 36 previously mentioned.
PAR  Along the coke side of battery 10 runs a bench 46 supporting rails 47. A
      wheeled car 48 movable along rails 47 carries coke guide 50. This guide is
      an open-ended but otherwise closed shell comprising parallel upstanding
      side walls 51, a top 52 and a flat bottom 53. The spacing between side
      walls 51 is slightly greater than the width of an oven and the spacing
      between top 52 and bottom 53 is likewise approximately the height of an
      oven. Coke guide 50 is lined with refractory material 54, the inside of
      which is protected by a skin 55 is ductile iron sheet. The structure is
      supported on car 48 within an upright frame 56. Coke guide 50 is mounted
      for movement on rollers 66 of car 48 toward and away from oven 11 as will
      be described.
PAR  A shaft 67 is journaled on car 48 parallel to rails 47. A crank arm 68 is
      affixed at one end to the shaft. The other end of crank arm 68 is
      pivotally connected to one end of bent lever arm 69, and the other end of
      that arm is pivotally connected to the bottom 53 of coke guide 50. Shaft
      67 is rotated by means not shown which may be mounted on car 48 or on
      another car coupled to car 48.
PAR  In the working position of coke guide 50 its entry end 57 abuts the door
      opening of oven 11 between upper hook bars 20 and 22 and lower hook bars
      21 and 23. The clearance here is close. A narrow sealing edge 58 projects
      beyond entry end 57 of the guide all around that end. It is held in that
      projecting position by a plurality of spaced brackets 59, each urged
      toward the oven by a compression coil spring 60 butted against a nut 61
      adjustably positioned on threaded rod 62 which is affixed to entry end 57
      of coke guide 50 aligned with the long axis of that guide. Bracket 59,
      spring 60, nut 61 and rod 62 do not extend beyond the thickness of side
      wall 51 of coke guide 50 on either side. Sealing edge 58 is quite similar
      to the sealing edge which is part of the well-known Wilputte coke oven
      door. That door is illustrated on page 122 of the 8th Edition by U.S.
      Steel Corporation.
PAR  The discharge end of coke guide 50 discharges coke into a mobile quencher
      65 which is a commercially available apparatus and will therefore not be
      described here. A suitable quencher is disclosed in U.S. Pat. No.
      3,536,592 issued to J.A. Scharbrough et al on Oct. 27, 1970.
PAR  The operation of our apparatus will be described with reference to the
      figures and the foregoing description. The apparatus illustrated in FIG. 2
      is adapted for use on both the pusher side and coke side of the battery;
      the additional apparatus illustrated in FIGS. 1 and 3 is used only on the
      coke side of the battery. The operation of our apparatus as used on the
      pusher side of the ovens will first be described.
PAR  Valve 35 is normally slightly open as it is shown above oven 12 in FIG. 2.
      Blower 33 then tends to suck gases escaping around the oven door through
      hood 30 into manifold 32, thus preventing their escape to the atmosphere.
      When an oven, 11 for example, is to be pushed, however, its doors are
      removed in the usual way and at this time valve 35 is turned to the full
      open position shown above oven 11 in FIG. 2. At the same time valve 35 is
      opened, valve 42 below oven 11 is also opened, connecting pipes 37 and 38
      with fluid supply main 43. Steam, air or other gaseous fluid is supplied
      through that main to pipes 37 and 38 and is sprayed out of nozzles 40 as
      jets directed upwardly and toward the door opening of oven 11. Those jets
      of fluid entrain gases from the oven, and are sucked up into hood 30. In
      this way the gases and solids emitted from the oven are collected and
      disposed of.
PAR  When the coke has been pushed from the oven and its doors replaced, valve
      35 is turned to its slightly open position and valve 42 is closed. As only
      one oven of the battery is pushed at a time and as it is seldom that more
      than two ovens have their doors removed at the same time, manifold 32 need
      not be large, nor need suction fan 33 be of large capacity. It is
      convenient to interlock valve operator 36 with valve operator 44 so that
      the suction and spray valves open and close together, and the valve
      operators may also be interlocked with the oven door removing apparatus to
      automate the entire operation.
PAR  On the coke side of the ovens the coke guide 50 is moved into place after
      an oven door has been removed. This is accomplished by propelling car 58
      along rails 47 by means not shown to spot guide 50 in front of the open
      oven, for example, oven 11. During this movement, coke guide 50 is in its
      traveling position, that is to say, shifted laterally of car 48 away from
      the coke oven so that its entry end 57 clears buckstays 13. As has been
      indicated this movement is accomplished by rotation of shaft 67. When this
      shaft is rotated counterclockwise as seen in FIG. 1, crank arm 68 is also
      rotated in the same direction and pushed lever arm 69 to the left which,
      in turn, moves coke guide 50 away from the coke oven over rollers 66.
PAR  After car 48 has been spotted, shaft 67 is rotated clockwise, reversing the
      movements above mentioned and shifting coke guide 50 to the right in FIG.
      1 against the door face of the oven. The mobile continuous coke quencher
      65 is then moved into position to receive coke discharged through coke
      guide 50. The shifting of coke guide 50 toward the ovens cause the sealing
      edge 58 to make contact with the door face of oven 11 and forces edge 58
      back somewhat against the urging of the spaced compression springs 60. A
      pressure seal between oven and coke guide is thus made. Against a new oven
      face a good seal is made by adjustment of nuts 61 on the various rods 62
      but as the oven wears the seal deteriorates somewhat and, of course, the
      ovens do not wear uniformly. The force which can be exerted on sealing
      edge 58 is limited to a value less than that which would push car 48 off
      rails 47. Gases and entrained solids leaking out between coke guide 50 and
      oven 11, however, are aspirated and collected by the fluid injector nozzle
      and fume hood apparatus previously described. The mobile continuous
      quenching apparatus 65 is necessarily provided with means for collecting
      and disposing of the steam and gases produced by the quenching of the
      coke, and those means exhaust gases from the discharge end of the coke
      guide.
PAR  In the foregoing specification we have described a presently preferred
      embodiment of this invention, however, it will be understood that this
      invention can be otherwise embodied within the scope of the following
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a battery of coke ovens provided with a plurality of upright
      outwardly extending buckstays positioned along a side thereof and a
      plurality of vertically elongated door openings positioned between the
      buckstays the improvement comprising a pair of upright fluid conductors
      one positioned along each side of a door opening outside thereof between
      the door opening and its adjoining buckstay and within the outward extent
      of the buckstay, a fluid supply main connected therewith, a plurality of
      fluid nozzles spaced from each other along each fluid conductor and
      directed inwardly toward the door opening and upwardly, a fume hood
      positioned above the door opening, and suction-producing means connected
      therewith.
NUM  2.
PAR  2. The apparatus of claim 1 in which the fume hood is positioned between
      the upper ends of the buckstays and within their outward extent.
NUM  3.
PAR  3. Apparatus of claim 1 including an elongated open ended but otherwise
      enclosed coke guide having parallel side walls, means for moving the coke
      guide longitudinally toward and away from the door opening and sealing
      means affixed to the entry end of the coke guide adapted to seal the guide
      to the coke oven door opening when the coke oven guide is moved there
      against, those sealing means comprising a narrow sealing element extending
      around and beyond the entry end of the coke guide in line with the walls
      thereof, affixed thereto by compression spring means, those sealing means
      and spring means being contained within the coke oven guide wall limits.
NUM  4.
PAR  4. The apparatus of claim 1 including an exhaust manifold connecting the
      suction-producing means with the fume hoods, a valve in each such fume
      hood connection and a valve in each connection between the fluid supply
      means and the pair of upright fluid conduits for each oven door.
NUM  5.
PAR  5. The apparatus of claim 4, in which the exhaust manifold is positioned
      above the upper ends of the buckstays.
NUM  6.
PAR  6. The method of collecting gases and solid particles escaping from the
      upright doorway of a coke oven comprising projecting jets of entraining
      fluid from each side of the doorway outside thereof inwardly toward the
      doorway and upwardly so as to entrain gases and solid particles therein
      and propel them upwardly against the doorway and applying upwardly
      directed suction immediately above the doorway so as to draw entraining
      fluid, gases and solid particles upwardly across the doorway into
      collecting means.
NUM  7.
PAR  7. The method of claim 6 for collecting gases and solid particles escaping
      from the doorway of a coke oven while coke is being pushed therefrom
      including the steps of causing the coke from the oven to travel through a
      closed guide and urging the entry end of the guide against the oven
      doorway so as to seal it thereto.
NUM  8.
PAR  8. The method of claim 6 in which the oven doorway has upright outwardly
      extending buckstays positioned on each side thereof and in which the jets
      of entraining fluid are projected within the buckstays and the suction is
      applied between the buckstays.
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ABST
PAL  Coke is desulfurized by calcining coke at a temperature of 1600.degree. -
      2200.degree. F. in admixture with sodium carbonate, followed by direct
      contact with phosgene or a mixture of carbon monoxide and chlorine at a
      temperature of 1200.degree. - 1800.degree. F. to produce coke having
      sulfur contents of less than 0.5 percent.
BSUM
PAR  This invention relates to the desulfurization of coke, and more
      particularly to a new and improved process for producing a coke having a
      sulfur content of less than 0.85 percent.
PAR  There has been proposed a wide variety of processes for producing
      desulfurized coke. In general, however, such processes are not effective
      for producing a desulfurized coke from a wide variety of feedstocks having
      various sulfur contents, including sulfur contents of 4 percent and
      greater, which would meet standards of a sulfur content of less than 0.85
      percent, and preferably less than 0.5 percent.
PAR  In our previously filed U.S. application Ser. No. 393,576, filed on Aug.
      31, 1973, we have proposed a process for desulfurizing coke by use of a
      desulfurizing gas which was capable of reducing the sulfur content of the
      coke to less than 0.85 percent. In the preferred aspect of the process,
      however, as a result of the use of the ferruginous additive, the product
      coke had a relatively high ash content. Accordingly, there is a need for
      further improvements which would provide the required desulfurization,
      without the coke product containing the type and quantity of ash produced
      in accordance with the process of our previous application.
PAR  Accordingly, an object of the present invention is to provide for
      desulfurization of the coke.
PAR  Another object of the present invention is to provide desulfurized coke
      having a sulfur content of less than 0.85 percent, and preferably less
      than 0.5 percent.
PAR  A further object of the present invention is to provide a desulfurized coke
      with a lower ash content.
PAR  These and other objects of the present invention should be more readily
      apparent from reading the following detailed description thereof.
PAR  In accordance with the present invention, finely divided sulfur containing
      coke in admixture with a desulfurizing amount of sodium carbonate is heat
      treated, followed by direct contact with a desulfurizing gas, at an
      elevated temperature, with the total treatment being effective to reduce
      the sulfur content of the coke to less than 0.85 percent, and preferably
      less than 0.5 percent.
PAR  More particularly, the coke is admixed with a desulfurizing amount of
      sodium carbonate with such desulfurizing amount generally being at least
      0.5 weight percent. Most generally, the sodium carbonate content is from
      about 1 percent to about 5 percent, preferably from about 2 percent to
      about 3 percent, all by weight, based on coke weight. In general, the
      sodium carbonate is not used in amounts in excess of 5 weight percent in
      that the use of such greater amounts will increase the residual ash
      content of the final coke product. The sodium carbonate is generally
      admixed with the coke by either drymixing the sodium carbonate with finely
      divided coke or spraying a solution of sodium carbonate onto the finely
      divided coke. As a further alternative, the finely divided coke can be
      pelletized utilizing sodium carbonate, as a part of the binder. For
      example, pellets can be formed by: applying aqueous sodium carbonate to a
      ground coke - Bentonite mixture; applying aqueous sodium carbonate --
      starch solution to ground coke; applying aqueous sodium carbonate to
      ground coke followed by drying and pelletizing or agglomerating with a
      petroleum resid, coal tar pitch or similar material, etc. The coke and
      sodium carbonate mixture is preferably pelletized prior to the subsequent
      heat treatment to minimize dust loss in further procesing.
PAR  As a further alternative, the sodium carbonate could be added to the
      feedstock for producing the coke, prior to coking, whereby the coking
      product includes the sodium carbonate.
PAR  The coke in admixture with the sodium carbonate is then calcined, with such
      calcining generally being effected at a coke temperature from about
      1600.degree. to 2400.degree.F., and preferably at a coke temperature from
      about 2000.degree.F. to about 2300.degree.F. The calcining is generally
      effected for at least about 0.5 hours, and most generally for a time in
      the order of 1 to 4 hours. It is to be understood that longer times could
      be employed, but in general, such additional time produces no significant
      additional beneficial results. In some cases, where the original sulfur
      content is low, shorter times may be possible.
PAR  The calcined coke is then treated with a desulfurizing gas to produce a
      coke product having a sulfur content of less than 0.85 percent. The
      desulfurizing gas is either a mixture of carbon monoxide and chlorine, or
      phosgene, and generally also includes a diluent gas, such as nitrogen, in
      order to minimize the concentration of phosgene (phosgene is also
      generated when using a mixture of carbon monoxide and chlorine). It is to
      be understood, however, that a diluent gas need not be present although
      the use of a diluent is preferred. Although the desulfurization is
      effected under reducing conditions, some oxygen can also be present in the
      gas; however, as should be apparent, oxygen would be consumed in
      combustion of coke so that significant oxygen content would result in a
      loss of product. In employing a mixture of carbon monoxide and chlorine,
      the relative proportions of the two materials can vary over a wide range,
      in that it is believed that the desulfurization is effected by in situ
      generation of phosgene. As should be apparent, it is most economical to
      employ the carbon monoxide and chlorine in amounts approximating equimolal
      amounts. Typically, the ratio of one of the two components to the other
      ranges from about 0.5:1 to 1.5:1. As should be apparent, however, the
      relative proportions can be outside such a typical range in that in situ
      phosgene generation can occur outside such ranges, although such an
      operation is not preferred.
PAR  The desulfurization with the desulfurizing gas is effected in a reducing
      atmosphere at a coke temperature from 1200.degree.F. to 1800.degree.F. and
      preferably at a coke temperature from 1400.degree.F to 1800.degree.F.,
      with a coke temperature of 1500.degree.F. being generally preferred. (The
      furnace or oven in which the desulfurization is effected is generally at a
      temperature which is 100.degree.F. higher than the temperature of the
      coke). The desulfurization with phosgene or a mixture of carbon monoxide
      and chlorine cannot be effectively employed at coke temperatures in the
      order of 1900.degree.F. and higher, and, accordingly, in general, the
      temperature of the coke does not exceed 1800.degree.F. The coke is
      maintained at the desulfurization temperature for a time sufficient to
      reduce the sulfur content of the coke to no greater than 0.85 percent, and
      preferably no greater than 0.5 percent. The precise time required for such
      desulfurization will vary with the amount of sulfur originally present in
      the coke and the distribution, as to type, of the sulfur; i.e., pyritic,
      sulfate, sulfide, or organic. In general, the time is at least one-half
      hour, with the time period generally not exceeding 16 hours.
PAR  Typically, the required desulfurization time is in the order of 1 to 8
      hours.
PAR  In accordance with the present invention, the coke which is admixed with
      the sodium carbonate should be in a finely divided state in order to
      permit subsequent diffusion of the desulfurizing gas on a relatively
      uniform basis. In the case of a delayed coke, in general, the coke should
      have a particle size of 100 percent minus 16 mesh and at least 30 percent
      (generally 30 to 70 percent minus 200 mesh; and in the case of a fluid
      coke, in general, the coke should have a particle size of 100 percent
      minus 100 mesh, and at least 50 percent (generally 50 to 70 percent) minus
      325 mesh. The scope of the present invention, however, is not limited to
      such representative mixing particle sizes in that the particle size which
      is most effective for providing the subsequent required desulfurization
      will vary with the amount and type of sulfur present in the coke. In
      general, however, if smaller particles are used, the desulfurization is
      more easily accomplished; i.e., at lower temperatures, and/or shorter
      times, and/or with less sodium carbonate, etc. In general, with cokes
      having a sulfur content in the order of about 4 percent, the coke
      subjected to the desulfurization treatment should be finely divided to the
      particle sizes, as hereinabove described. It is to be understood that the
      heat treatment and desulfurization with the desulfurizing gas need not be
      effected with the coke in a finely divided state; e.g., in the preferred
      embodiment, the coke sodium carbonate mixture is pelletized prior to
      desulfurization.
PAR  The coke which is desulfurized in accordance with the present invention may
      be a coke produced from any one of a wide variety of carbonaceous coking
      feedstocks, including both liquid feedstocks derived from either petroleum
      sources, such as reduced crudes, gilsonite, tar sand bitumens and the like
      or coal sources, such as coal tar pitch or coal tar and solid feedstocks,
      such as coal.
PAR  The manner in which the coke is produced forms no part of the present
      invention and any one of a wide variety of coking procedures may be
      employed for producing the coke which is to be desulfurized. Thus, for
      example, a liquid carbonaceous feedstock, may be coked in a delayed or
      fluid coker, as known in the art, or in a carbonizer; e.g., an
      indirect-fired kiln type carbonizer, as known in the art. Coal may be
      carbonized in high temperature, slot-type coke ovens. Alternatively, the
      coal may be subjected to preheating and partial oxidation in a rabbled
      multiple-hearth furnace, followed by carbonization in one or more
      kiln-type carbonizers. As a further alternative, the coal may be
      agglomerated, for example, by briquetting, preheated and partially
      oxidized in a grate-kiln or rabbled unit and carbonized in a kiln, a grate
      kiln or a circular grate type unit.
PAR  The desulfurization with the desulfurizing gas may be effected in either a
      kiln or a fluid bed, a rabbled multiple hearth, a shaft furnace, or a
      fixed bed with multiple gaseous reactant inlets. The choice of a suitable
      unit (the unit must be capable of maintaining vapor type integrity) is
      deemed to be within the scope of of those skilled in the art.
DRWD
PAR  The invention will be further described with respect to the accompanying
      drawings wherein:
PAR  FIG. 1 is a schematic representation of one embodiment of the present
      invention; and
PAR  FIG. 2 is a schematic representation of another embodiment of the present
      invention.
DETD
PAR  Referring to FIG. 1, coke is ground in a grinding zone 10 and then formed
      into pellets in zone 11 utilizing a sodium carbonate-water-Bentonite
      mixture. Zone 11 may include a conventional disk or drum pelletizer.
      Alternatively, the ground coke could be dry blended with pulverized sodium
      carbonate or sprayed with a sodium carbonate solution, followed by
      pelletizing using a conventional binder, such as petroleum resid, coal tar
      pitch, etc.
PAR  The pellets formed in zone 11 are dried in zone 12 and calcined, as
      hereinabove described, in zone 13. Zone 13 may include a rotary kiln for
      effecting the calcination.
PAR  The calcined pellets from zone 13 are then desulfurized in zone 14, as
      hereinabove described, by direct contact with the desulfurizing gas to
      produce a desulfurized coke having a sulfur content of less than 0.85
      percent, and preferably less than 0.5 percent. Zone 14 may include a shaft
      furnace for contacting the coke and desulfurizing gas.
PAR  The pellets removed from zone 14 after cooling and washing can be used as a
      low sulfur, low ash fuel.
PAR  Alternatively, small pellets could be formed and zones 13 and/or 14 could
      include fluid bed units.
PAR  The effluent gas from zone 14 is introduced into zone 15 for recovery of
      chlorine values. Chlorine values may be recovered by by employing
      conventional solvents of the type used to absorb them, such as aromatic or
      chlorinated hydrocarbons followed by stripping of the absorbed chlorine
      values for recycle and reuse. Depending on the solvent used, ancillary
      treatment of the solvent could be required to prevent a gradual build-up
      of sulfur and/or sulfur containing compounds.
PAR  The gas from zone 15 is combined with the effluent gas from zone 13 and
      introduced into a sulfur recovery zone 16 for recovery of sulfur values.
      Zone 16 may include a hydrogen sulfide removal system and a Claus unit.
PAR  An alternative embodiment is illustrated in FIG. 2 wherein like parts are
      indicated by like prime numerals.
PAR  In accordance with the embodiment of FIG. 2, the sodium carbonate is ground
      and added to the feed to a coking zone 51. The coke produced in the coking
      zone 51 has sodium carbonate admixed therewith and may be introduced into
      the calcination zone 13. The remainder of the operation is as described
      with reference to FIG. 1.
PAR  The present invention will be described with respect to the following
      example, but the scope of the invention is not to be limited thereby.
PAC  EXAMPLE
PAR  Coke is desulfurized as reported in the following Table:
TBL                                    TABLE I                                 

     __________________________________________________________________________

     DESULFURIZATION OF COKE - TWO-STAGE TREATMENT                             

     DELAYED COKE                                                              

     (Sulfur Content, 4.6 Wt. %)                                               

     __________________________________________________________________________

     First Stage             Second Stage                                      

                             First Stage                                       

                                      Gaseous                                  

           Additive  Time &  Sulfur in                                         

                                      Reactants                                

                                             Time &  Sulfur in                 

                                                            Percent            

     Run No.*                                                                  

           Wt. % on Coke                                                       

                     Temperature                                               

                             Product, %                                        

                                      Vol. % Temperature                       

                                                     Product,                  

                                                            Desulfurized       

     __________________________________________________________________________

     DC-1  3%Na.sub.2 CO.sub.3                                                 

                     2 hrs. at                                                 

                             1.12     Cl.sub.2                                 

     25                                      2 hrs. at                         

                                                     0.76   83.5               

                     2000.degree.F.   CO                                       

     25    1600.degree.F.                                                      

                                      N.sub.2                                  

     50                                                                        

     DC-2  3%Na.sub.2 CO.sub.3                                                 

                     2 hrs. at                                                 

                             1.6      Cl.sub.2                                 

     15    4 hrs at  0.65    86                                                

                     1900.degree.F.   CO                                       

     15    1600.degree.F.                                                      

                                      N.sub.2                                  

     70                                                                        

     DC-3  2%Na.sub.2 CO.sub.3                                                 

                     2 hrs. at                                                 

                             1.3      Cl.sub.2                                 

     10    4 hrs. at 0.91    80.3                                              

                     2000.degree.F.   Co                                       

     10    1500.degree.F.                                                      

                                      N.sub.2                                  

     80                                                                        

     DC-4  3%Na.sub.2 CO.sub.3                                                 

                     2 hrs. at                                                 

                             1.09     Cl.sub.2                                 

     10    4 hrs. at 0.44    90.3                                              

                     2000.degree.F.   CO                                       

     10    1600.degree.F.                                                      

                                      N.sub.2                                  

     80                                                                        

     DC-5  3%Na.sub.2 CO.sub.3                                                 

                     2 hrs. at                                                 

                             1.10     Cl.sub.2                                 

     25    4 hrs. at 0.43/0.47                                                 

                             90.8/90.                                          

                     2000.degree.F.   CO                                       

     25    1600.degree.F.                                                      

                                      N.sub.2                                  

     50                                                                        

      * All runs were made on delayed coke ground to 100% - 100 mesh, 50% - 200

      mesh, and 10% - 325 mesh. Na.sub.2 CO.sub.3 was sprayed on the coke as a 

      20% solution, and the coke then dried.                                   

     FLUID COKE                                                                

     (Sulfur Content, 7.3 wt. %)                                               

     __________________________________________________________________________

     First Stage             Second Stage                                      

                             First Stage                                       

                                      Gaseous                                  

           Additive  Time &  Sulfur in                                         

                                      Reactants                                

                                             Time &  Sulfur in                 

                                                            Percent            

     Run No.**                                                                 

           Wt. % on Coke                                                       

                     Temperature                                               

                             Product, %                                        

                                      Vol. % Temperature                       

                                                     Product                   

                                                            Desulfurized       

     __________________________________________________________________________

     FC-1  3%Na.sub.2 CO.sub.3                                                 

                     2 hrs. at                                                 

                             1.15     Cl.sub.2                                 

     25                                      2 hrs. at                         

                                                     0.58   92                 

                     2000.degree.F.   CO                                       

     25    1600.degree.F.                                                      

                                      N.sub.2                                  

     50                                                                        

     FC-2  3%Na.sub.2 CO.sub.3                                                 

                     2 hrs. at                                                 

                             1.85     Cl.sub.2                                 

     15    4 hrs. at 0.69    90.5                                              

                     1900.degree.F.   CO                                       

     15    1600.degree.F.                                                      

                                      N.sub.2                                  

     70                                                                        

     FC-3  2%Na.sub.2 CO.sub.3                                                 

                     2 hrs. at                                                 

                             1.41     Cl.sub.2                                 

     10    4 hrs. at 0.93    87.4                                              

                     2000.degree.F.   CO                                       

     10    1500.degree.F.                                                      

                                      N.sub.2                                  

     80                                                                        

     FC-4  3%Na.sub.2 CO.sub.3                                                 

                     2 hrs. at                                                 

                             1.12     Cl.sub.2                                 

     10    4 hrs. at 0.41    94.3                                              

                     2000.degree.F.   CO                                       

     10                                                                        

                                      N.sub.2                                  

     80                                                                        

     FC-5  3%Na.sub.2 CO.sub.3                                                 

                     2 hrs. at                                                 

                             1.09     Cl.sub.2                                 

     25    4 hrs. at 0.38/0.43                                                 

                             94.5/94.                                          

                     2000.degree.F.   CO                                       

     25    1600.degree.F.                                                      

                                      N.sub.2                                  

     50                                                                        

      ** All runs were conducted on fluid coke ground to 100% - 100 mesh, 70% -

      200 mesh, and 40% - 325 mesh. Na.sub.2 CO.sub.3 was sprayed on the coke a

      a 20% solution, and the coke then dired.                                 

PAR  The present invention is particularly advantageous in that a coke having a
      sulfur content of no greater than 0.85 percent, and preferably no greater
      than 0.5 percent, may be produced from a wide variety of feedstocks having
      a wide variety of sulfur contents including those having sulfur contents
      of 4 percent or greater.
PAR  The process of the present invention, depending on the initial sulfur
      content of the feedstock employed in producing the coke, is capable of
      providing greater than 90 percent desulfurization of feedstocks having
      sulfur contents of 4 percent and greater.
PAR  For fuel applications, the desulfurized coke from the above treatment may
      be burned directly as a pulverized fuel with the potential of satisfying
      anti-pollution requirements with no further precautions.
PAR  Furthermore, the ash content of the desulfurized coke is generally less
      than 2 percent.
PAR  Numerous modifications and variations of the present invention are possible
      in light of the above teachings and, therefore, within the scope of the
      appended claims, the invention may be described otherwise than as
      particularly described.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A process for desulfurizing coke, comprising:
PA1  a. heating coke in admixture with a desulfurizing amount of sodium
      carbonate at a coke temperature of from about 1600.degree.F. to about
      2400.degree.F. for a period of at least 0.5 hour to calcine the coke, and
PA1  b. thereafter contacting the coke from step (a) with a desulfurizing gas
      comprising a member selected from the group consisting of phosgene and a
      mixture of carbon monoxide and chlorine, said contacting being effected at
      a coke temperature from about 1200.degree.F. to about 1800.degree.F. to
      produce a coke with a sulfur content of no greater than 0.85 percent.
NUM  2.
PAR  2. The process of claim 15 wherein said sodium carbonate is present in an
      amount from about 0.5 to about 5 percent, by weight.
NUM  3.
PAR  3. The process of claim 2 wherein the contacting of step (b) is effected
      for at least 0.5 hours.
NUM  4.
PAR  4. The process of claim 3 wherein the coke is a fluid coke, said fluid coke
      being mixed with the sodium carbonate prior to said heating, said fluid
      coke which is mixed with the sodium carbonate having a particle size of
      100 percent minus 100 mesh and at least 50 percent minus 325 mesh.
NUM  5.
PAR  5. The process of claim 4 wherein the mixture of fluid coke and sodium
      carbonate is pelletized prior to said heating.
NUM  6.
PAR  6. The process of claim 5 wherein the desulfurizing gas comprises a mixture
      of carbon monoxide and chlorine.
NUM  7.
PAR  7. The process of claim 6 wherein the heating of step (a) is effected at a
      coke temperature from about 2000.degree.F. to about 2300.degree.F.
NUM  8.
PAR  8. The process of claim 7 wherein the contacting step (b) is effected at a
      temperature from about 1400.degree.F. to about 1800.degree.F.
NUM  9.
PAR  9. The process of claim 3 wherein the coke is a delayed coke, said delayed
      coke being mixed with the sodium carbonate prior to said heating, said
      delayed coke which is mixed with the sodium carbonate, having a particle
      size of 100 percent minus 16 mesh and at least 30 percent minus 200 mesh.
NUM  10.
PAR  10. The process of claim 9 wherein the mixture of delayed coke and sodium
      carbonate is pelletized prior to said heating.
NUM  11.
PAR  11. The process of claim 10 wherein the desulfurizing gas comprises a
      mixture of carbon monoxide and chlorine.
NUM  12.
PAR  12. The process of claim 11 wherein the heating of step (a) is effected at
      a coke temperature from about 2000.degree.F. to about 2300.degree.F.
NUM  13.
PAR  13. The process of claim 12 wherein the contacting of step (b) is effected
      at a temperature from about 1400.degree.F. to about 1800.degree.F.
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PAL  A multistage flash-evaporator for producing soft water from a saline water,
      comprising a shell forming a pair of lobes enclosing therebetween a spinal
      portion in symmetrical arrangement with respect to a vertical longitudinal
      mid-plane. The top and bottom walls of the spinal portion are, in
      cross-sectional shape, circular arcs having their centres of curvature on
      the said mid-plane, while the lobes are polycentric curves each of which
      has its centres of curvature on a plane parallel to the mid-plane. A
      specifically shaped hood arrangement in the shell is provided to define in
      each stage a condensation chamber centrally located between a pair of
      evaporation chambers.
BSUM
PAR  This invention relates to a multistage flash-evaporator for producing soft
      water from a saline water (e.g. sea water or brackish water).
PAR  The class of evaporators to which the invention relates may be defined as
      comprising: a horizontal, uninterrupted rectilinear tubular shell having a
      pair of transverse end walls; a plurality of longitudinally spaced
      transverse partition walls in the shell subdividing the inside of the
      latter into a series of consecutive distilling units; a longitudinally
      extending hood in each unit subdividing the inside of the unit into an
      evaporation chamber and a condensation chamber, said longitudinally
      extending hood including a filtering zone pervious to steam through which
      the evaporation chamber communicates with its associated condensation
      chamber in the unit; normally submerged passages in each partition wall
      allowing a continuous flow of saline water through the evaporation
      chambers in the consecutive units; and a condenser in each unit comprising
      a rectilinear bundle of heat exchange tubes extending longitudinally in
      the condensation chamber; the cross-sectional shape of both the said shell
      and chambers being constant throughout the length of the shell and
      symmetrical with respect to a vertical longitudinal mid-plane of the
      evaporator, and the condensers in the distillation units being serially
      connected therebetween.
PAR  In operation, the crude saline water is continuously supplied to the
      condenser in one end unit of the evaporator to provide a coolant flowing
      in the condenser tubes throughout the whole length of the evaporator. The
      crude saline water discharged from the condenser in the opposite end unit
      is then heated to a suitable temperature (generally from about 90.degree.C
      to about 120.degree.C) and is delivered to the evaporating chamber in the
      last named unit from which it flows through all the units. The units
      operate at absolute pressure values decreasing in the direction of flow of
      the saline water and the steam flashing out from the saline water in each
      unit is condensed on the tubes of the condenser in the unit. The
      condensate dripping from the tubes is collected and provides the desired
      soft water.
PAR  Depending upon the number of stages, the overall length of the evaporator
      may be as small as about 30 metres but frequently exceeds 100 m. From the
      mechanical point of view, the evaporator is a continuous hollow beam
      (girder) lying on a series of longitudinally spaced supporting structures.
      Economically, it is important that the evaporator be of a lightweight
      structure and yet mechanically strong. Moreover, its daily production of
      soft water should be high and the residual salinity of the product (as
      ascertained by measuring the electric conductance of the condensate,
      expressed e.g. in micro-Siemens/cm) should be extremely low. Multistage
      flash-evaporators installed to date in a great number of localities all
      over the world are far from satisfying simultaneously all the requisites
      pointed out above. It is therefore an object of this invention to
      substantially mitigate this drawback.
PAR  Accordingly, the invention provides a multistage flash-evaporator as
      defined hereinbefore, which is characterized in that:
PAR  a -- the shell forms a pair of lobes at opposite sides of said longitudinal
      mid-plane enclosing therebetween a spinal portion defined by an upwardly
      arched top wall and a downwardly arched bottom wall;
PAR  b -- the cross-sectional shape of both said top wall and said bottom wall
      is a circular arc having its centre of curvature on the said mid-plane;
PAR  c -- the cross-sectional shape of each of said lobes consists of a
      continuous polycentric curve which is concave towards the spinal portion
      and is connected by its branches to the respective circular arcs mentioned
      at (a);
PAR  d -- a pair of longitudinally extending hoods is provided in each
      distillation unit at opposite sides of said mid-plane, each of the hoods
      comprising a roof wall which includes the aforementioned filtering zone
      and is located in its corresponding lobe and in an adjacent part of the
      spinal portion of the shell, and a side wall connecting the roof wall to
      the bottom wall of the spinal portion in an arrangement wherein the side
      walls of the hoods form therebetween a distillate-collecting channel
      extending longitudinally of the distilling unit between a pair of
      evaporating chambers underlying their respective hoods;
PAR  e -- The normally submerged passages in each of the partition walls are
      located in regions surrounded by the respective lobes of the shell.
PAR  According to a preferred embodiment, each of the polycentric curves
      mentioned at (c) consists of three segments having their centres of
      curvature located on a vertical plane parallel to the said mid-plane, and
      the curvature of the top wall of the spinal portion is greater than the
      curvature of the bottom wall of said portion. Still preferably the radii
      of curvature of the two lobal segments (upper and lower lobal curves) of
      each of the polycentric curves are substantially equal to each other; the
      ratio of each of these radii to the radius of curvature of the terminal
      segment of the curve is from 2:1 to 2.5:1; the radius of curvature of the
      bottom wall of the spinal portion is at least 4 times as great as the
      radius of curvature of the top wall of the spinal portion while the latter
      radius is substantially equal to the radii of curvature of said two
      terminal segments.
PAR  According to a highly advantageous aspect, the angle subtended by the said
      central segment is substantially 180.degree.; the angle subtended by each
      of the said terminal segments is from about 15.degree. to about
      20.degree.; the angle subtended by the top wall of the spinal portion is
      from about 40.degree. to about 45.degree.; and the angle subtended by the
      bottom wall of the spinal portion is from about 15.degree. to about
      20.degree..
PAR  Preferably, the roof wall in each of the hoods merges with the respective
      side wall of the hood through an arcuate wall portion, and the roof wall
      portion including the filtering zone slopes towards its corresponding
      lateral side of the evaporator at an angle of 2.degree.-3.degree.. Also,
      preferably, the said roof wall comprises an upper step including said
      filtering zone, and a lower step which merges with said side wall and
      slopes towards the latter at an angle of at least 2.degree.-3.degree..
DRWD
PAR  In the accompanying drawings
PAR  FIG. 1 is a perspective, partly broken view of a length of an evaporator
      according to the invention;
PAR  FIG. 2 is a cross-sectional view on line II--II of FIG. 1;
PAR  FIG. 3 is a geometrical scheme of the cross-sectional shape of the
      evaporator;
PAR  FIG. 4 is a schematic longitudinal cross-sectional view of the evaporator
      on line IV--IV of FIG. 2;
PAR  FIG. 5 is a detail of FIG. 2.
DETD
PAR  Referring to the drawings, the evaporator comprises a horizontal,
      uninterrupted, rectilinear tubular shell 10 of sheet steel having a pair
      of transverse end walls 12, 14 (FIG. 4). A plurality of longitudinally
      spaced transverse partition walls 16 sealingly welded to the shell
      subdivides the inside of the latter into a series of consecutive
      distilling units D1, D2, . . . Dn-1, Dn. The transverse cross-sectional
      shape of the shell 10 is constant throughout its length. Also, the parts
      internally equipping a distillation unit are exactly similar to the
      corresponding parts in all other units.
PAR  FIG. 2 shows that the evaporator is of a generally flat configuration,
      symmetrical with respect to a vertical longitudinal mid-plane P of the
      evaporator. Actually, the shell 10 forms a pair of lobes 18, 20 at
      opposite sides of plane P enclosing therebetween a spinal portion 22, the
      latter being defined by an upwardly arched top wall 24 and a downwardly
      arched bottom wall 26. The wall portions of the shell forming the lobes
      18, 20 are each (in cross-sectional shape) a polycentric continuous curve.
      As shown in FIG. 3 with reference to lobe 18, the wall defining the lobe
      comprises a bottom wall section 18a, a lateral wall section 18b and a top
      wall section 18c regularly merging into each other and extending between
      generatrices represented by points A, B, C and D. The curve segments A-B,
      B-C and C-D are all circular arcs having their centres of curvature lying
      on a vertical longitudinal plane P' parallel to P. C.sub.1, C.sub.2 and
      C.sub.3 are the curvature centres of arcs A-B, B-C and C-D, respectively,
      and R.sub.1, R.sub.2 and R.sub.3 are the respective curvature radii of
      said arcs.
PAR  FIG. 3 also shows that the cross-sectional shape of the top wall 24 of the
      spinal portion is a circular arc of radius R.sub.4 and curvature centre
      C.sub.4, and the cross-sectional shape of the bottom wall 26 is a circular
      arc of radius R.sub.5 and curvature centre C.sub.5, these two centres
      being located on plane P. The polycentric curve is concave towards the
      spinal portion 22 and is connected by its branches to the circular arcs
      defining the walls 24, 26 of the spinal portion. The radius of curvature
      R.sub.5 of the bottom wall 26 advantageously is four to six times as great
      as the radius R.sub.4 of the top wall 24. The radii R.sub.1 and R.sub.3
      are substantially equal to each other and, preferably, also equal to the
      radius R.sub.4 of the top wall 24; at the same time, the ratio of each of
      the radii R.sub.1, R.sub.3 to the radius R.sub.2 of wall section 18b
      (circular arc B-C) is from 2:1 to 2.5:1. The angles subtended by the
      various arcs are indicated directly on FIG. 3.
PAR  Since the shell is symmetrical with respect to the plane P, considerations
      identical to those made above in connection with the lobe 18 also
      obviously apply to the opposite lobe 20 (FIG. 2), the wall of which
      comprises wall sections 20a, 20b, 20c having their centres of curvature on
      plane P", symmetrical to P'.
PAR  A pair of longitudinally extending hoods H1, H2 of sheet steel (FIG. 2) is
      provided in each of the distillation units, each of the hoods being
      sealingly welded to both the shell and partition walls thereby to
      subdivide the inside of the unit into a pair of evaporation chambers E1,
      E2 and a condensation chamber CC. It will be seen that each of the
      evaporation chambers extends (in transverse sense) across its respective
      lobe (18 or 20) and also across a part of the spinal portion 22. Each of
      the hoods H1, H2 comprises an upstanding side wall 30 welded to the bottom
      wall 26, and a stepped roof wall comprising an upper step 32, a lower step
      34, and a substantially vertical riser portion 36 interconnecting the two
      steps. The lower step 34 slopes towards its corresponding side wall 30 by
      about 10.degree. and merges into said wall 30 through a rounded wall
      portion 38. As shown in FIG. 3, the slope of the step 34 may progressively
      increase in direction towards the wall 30. The upper step 32 is
      substantially planar and slopes towards its corresponding lateral side of
      the shell 10 (i.e., towards wall portion 18b in the case of hood H1) at an
      angle of 2.degree.-3.degree. (FIG. 3). The upper step 32 is advantageously
      situated at about the mid-height of its corresponding lobe (18 or 20) or
      somewhat above the curvature centre C.sub.2. Its longitudinal edge welded
      to the shell is formed with a series of notches, one of which is shown at
      40 in FIG. 5. Each of the two upper steps 32 has a large aperture 42
      formed therein which is covered by a filtering layer 44, such as a fibrous
      mat. The steam flashing off in the evaporation chambers E1, E2 passes
      freely through the filtering layers 44 while droplets of saline water
      entrained by the flow of steam are entrapped by the layers and drip back
      into the evaporation chambers. Any droplets not entrapped by the filtering
      layers fall onto the upper face of the step 32 and the thus collected film
      of saline water flows towards and through notches 40 back to the
      evaporation chamber.
PAR  The side walls 30 of the hoods H1, H2 are transversely spaced from each
      other thereby to form therebetween a distillate-collecting channel 46; the
      latter communicates in a manner known per se with means (not shown in the
      drawings) pumping the distillate to stockage tanks.
PAR  Saline water flows from a distillation unit to the next one through
      submerged passages 48 formed in partitions 16 in the regions surrounded by
      the lobes 18, 20 of the shell. A pair of further submerged passages 50 is
      advantageously formed in each partition at locations adjacent the opposite
      sides of the channel 46, at the confluence of the side walls 30 with the
      bottom wall 26. The depth of the saline water stream flowing through each
      evaporation chamber is determined by a dam 51 extending across its
      respective chamber and protruding upwardly from the bottom of the chamber
      through a height greater than the height of the passages 48, 50 in the
      partitions, so that, in operation, the passages are submerged and,
      consequently, a hydraulic lock is established between each pair of
      adjacent units D1, D2, . . ., allowing differing internal pressure values
      to be maintained in the units.
PAR  In the embodiment shown, each of the units comprises three condensers 52,
      54, 56, located in an upper part of the spinal portion 22. Each of the
      condensers comprises a bundle of straight, mutually parallel heat-exchange
      tubes having their ends expanded in corresponding holes in a pair of
      circular head plates 58, 58a, as is known in the art. The condensers
      extend longitudinally of the evaporator and are arranged symmetrically
      with respect to the mid-plane P. More particularly, the condenser 52 is
      arranged centrally, i.e., has its longitudinal axis lying on plane P,
      while the condensers 54, 56 are arranged at opposite sides of plane P at a
      level lower than that of the condenser 52. It will be seen in FIGS. 2 and
      3 that the riser 36 of each of the hoods H1, H2 is located substantially
      in the "throat" between the spiral portion 22 and the corresponding lobal
      portion 18, 20. This arrangement of the risers substantially contributes
      towards flexural strength of the evaporator and, at the same time, gives
      rise above the lower step 34 to a large space for accomodating directly
      above the step the respective condenser 54 or 56. Moreover, it will be
      seen in FIG. 2 that the flow of steam leaving the filters 44 is
      effectively guided towards the condensers by the wall portions 18c, 20c of
      the lobes 18, 20, so that the condensation takes place very quickly and
      evaporation in the chambers E1, E2 is speeded up. The condensate dripping
      from the condensers 54, 56 falls onto the inwardly sloping steps 34 and is
      collected in the channel 46; the condensate on the central condenser 52
      drips directly into the channel.
PAR  The partitions 16 are each formed with three circular apertures
      corresponding to the three condensers. Thus, a rear head plate such as 58a
      of a condenser in one distillation unit may be sealingly connected with
      the front head plate such as 58 (FIG. 4) of the corresponding condenser in
      the next unit thereby to obtain a line of mutually aligned condensers
      extending throughout the length of the evaporator. In the embodiment
      shown, three lines of condensers are obtained in this manner.
PAR  In operation, saline water is continuously supplied to the lines of
      condensers at one end of the evaporator through conduits 60 (FIG. 4) and
      is warmed up in the condenser tubes by the condensation head subtracted by
      the condensers from the steam evolving in the distillation units of which
      the unit Dn operates at the lowest temperature and pressure while the unit
      Dl operates at the highest temperature and pressure. The flow of warmed up
      saline water leaves the condenser lines at the other end of the evaporator
      through conduits 62 and is supplied to the evaporation chambers in unit Dl
      after being brought in a heater 64 to the temperature programmed for the
      unit Dl. The saline water flows now through the series of units Dl . . .
      Dn through the passages 48, 50 in the partitions and is progressively
      concentrated; the distillate is recovered from channels 46 by the
      hereinbefore mentioned means not shown on the drawings, while the
      concentrated brine is discharged from the unit Dn through a conduit 66.
PAR  Depending upon the circumstances, the evaporator may also be operated with
      a single line of central condensers 52 only or, alternately, with the two
      lines of lateral condensers 54, 56, only. This possibility makes the
      evaporator very flexible in practice.
PAR  Also, if desired, the line of central condensers 52 may be omitted in
      designing the evaporator; or the lines of lateral condensers 54, 56 may be
      omitted and the central condenser 52 conveniently enlarged. However, these
      two alternatives must not be considered as preferred in comparison with
      the arrangement shown in the drawings.
PAR  An evaporator constructed and arranged in accordance with the practical
      embodiment described hereinbefore with reference to the drawings produces
      2,500 cu.m/hr soft water of extremely high purity (conductance of 3-1
      micro-Siemens/cm) with an installation cost which is far below the cost of
      known multistage flash-evaporators of similar productivity.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a multistage flash-evaporator for producing soft water from a saline
      water comprising: a horizontal, uninterrupted rectilinear tubular shell
      having a pair of transverse end walls; a plurality of longitudinally
      spaced transverse partition walls in the shell subdividing the inside of
      the latter into a series of consecutive distilling units; a longitudinally
      extending hood in each unit subdividing the inside of the unit into an
      evaporation chamber and a condensation chamber, said longitudinally
      extending hood including a filtering zone pervious to steam through which
      the evaporation chamber communicates with its associated condensation
      chamber in the unit; normally submerged passageways in each partition wall
      allowing a continuous flow of saline water through the evaporation
      chambers in the consecutive units; and a condenser in each unit comprising
      a rectilinear bundle of heat exchange tubes extending longitudinally in
      the condensation chamber; the cross-sectional shape of both the said shell
      and chambers being constant throughout the length of the shell and
      symmetrical with respect to a vertical longitudinal mid-plane of the
      evaporator, and the condensers in the distillation units being serially
      connected therebetween; the improvement comprising:
PA1  a -- the said shell forming a pair of lobes at opposite sides of said
      longitudinal mid-plane enclosing therebetween a spinal portion defined by
      an upwardly arched top wall and a downwardly arched bottom wall;
PA1  b -- the cross-sectional shape of both said top wall and said bottom wall
      being a circular arc having its centre of curvature on the said mid-plane;
PA1  c -- the cross-sectional shape of each of said lobes consisting of a
      continuous polycentric curve which is concave towards the spinal portion
      and is connected by its branches to the respective circular arcs mentioned
      at (a);
PA1  d -- a pair of said longitudinally extending hoods provided in each
      distillation unit at opposite sides of said mid-plane, each of the hoods
      comprising a roof wall which includes the aforementioned filtering zone
      and is located in its corresponding lobe and in an adjacent part of the
      spinal portion of the shell, and a side wall connecting the roof wall to
      the bottom wall of the spinal portion in an arrangement wherein said side
      walls of the hoods form therebetween a distillate-collecting channel
      extending longitudinally of the distilling unit between a pair of
      evaporating chambers underlying their respective hoods;
PA1  e -- the said normally submerged passageways in each of the partition walls
      located in regions surrounded by the respective lobes of the shell.
NUM  2.
PAR  2. A multistage flash-evaporator as claimed in claim 1, wherein each of the
      polycentric curves mentioned at (c) consists of three segments having
      their centres of curvature located on a vertical plane parallel to the
      said mid-plane, and wherein the curvature of the top wall of the spinal
      portion is greater than the curvature of the bottom wall of said portion.
NUM  3.
PAR  3. A multistage flash-evaporator as claimed in claim 2, wherein: the radii
      of curvature of the two lobal upper and lower segments of each of the
      polycentric curves are substantially equal to each other; the ratio of
      each of these radii to the radius of curvature of the terminal segment of
      the curve is from 2:1 to 2.5:1; the radius of curvature of the bottom wall
      of the spinal portion is at least 4 times as great as the radius of
      curvature of the top wall of the spinal portion while the latter radius is
      substantially equal to the radii of curvature of said two lobal segments;
      and wherein: the angle subtended by the said terminal segment is
      substantially 180.degree.; the angle subtended by each of the two said
      lobal segments is from about 15.degree. to about 20.degree.; the angle
      subtended by the top wall of the spinal portion is from about 40.degree.
      to about 45.degree.; and the angle subtended by the bottom wall of the
      spinal portion is from about 15.degree. to about 20.degree..
NUM  4.
PAR  4. A multistage flash-evaporator as claimed in claim 1, wherein the roof
      wall in each of the hoods merges with the respective side wall of the hood
      through an arcuate wall portion, and the roof wall portion including the
      filtering zone slopes towards its corresponding lobal side of the
      evaporator at an angle of 2.degree.-3.degree..
NUM  5.
PAR  5. A multistage flash-evaporator as claimed in claim 4, wherein the said
      roof wall comprises an upper step including said filtering zone, and a
      lower step which merges with said side wall and slopes towards the latter
      at an angle of at least 2.degree.-3.degree..
NUM  6.
PAR  6. A multistage flash-evaporator as claimed in claim 1, wherein each of the
      distillation units comprises from one to three condensers located in an
      upper part of the spinal portion symmetrically with respect to the said
      vertical longitudinal mid-plane.
NUM  7.
PAR  7. A multistage flash-evaporator as claimed in claim 6, wherein three
      condensers are provided comprising a central condenser located on the
      mid-plane and two further condensers located at opposite sides of the
      mid-plane at a level lower than the central condenser.
NUM  8.
PAR  8. A multistage flash-evaporator as claimed in claim 5 wherein the
      condensers present comprise two condensers located directly above the
      lower steps of the roof walls of the respective hoods.
NUM  9.
PAR  9. A multistage flash-evaporator as claimed in claim 1, comprising a dam
      extending transversely on the bottom of each evaporation chamber through a
      height greater than the height of the passageways in the partition walls.
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ABST
PAL  In a coke oven, a coke discharge opening communicating with the coking
      chamber is closed by a door which carries an angularly-shaped packing
      strip having an extended edge surface for engaging a door frame. The
      packing strip is adjustably supported by clamping plates attached to the
      door. The extended edge surface of the packing strip is resiliently urged
      at spaced locations about the periphery of the door by means of a
      spring-biased plunger carried by guide plates that are adjustably
      positioned on the door. The disclosure additionally provides stop plates
      at opposite sides of the door frame for engagement with adjustable bolts
      supported by the door for adjustably locating the door relative to the
      door frame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a sealing arrangement for a coke oven door
      characterized by an angularly-shaped packing strip attached to the door
      and providing an extended edge for sealing engagement with a door frame
      and urged into contact therewith by resiliently-biased members supported
      by the door.
PAR  It is known in the art to form a metal-to-metal sealing arrangement between
      a coke oven door and a door frame therefor, by adjusting the sealing edge
      of a metal seal supported by the door by means of set screws distributed
      about the outer edge of the door. In another form, it is known to adjust
      the sealing edge of a door seal by means of draw bolts and set screws. The
      use of such sealing arrangements is brought about by the need to
      compensate for distortions of the door body and of the door frame due to
      the effects of thermal expansion and the unevenness of the metal parts
      which usually become encrusted with tar deposits that contribute further
      to the irregular shape of these parts. A circularly-shaped seal has been
      used in the past to extend into engagement with a coke oven door frame.
      The seal was attached to the sides of the door by frictional pressure
      developed by hook-like insertions on boths which projected through the
      sides of the door. In this arrangement, the sealing edge was adjusted to
      form a tight-fit throughout the entire periphery of the door frame by
      directing blows of a hammer upon the back edge of the seal.
PAR  Such known arrangements of parts for adjusting and fitting the sealing edge
      of a door to a door frame are not adequate to insure a tight closure by
      the oven door for oven chambers of great height. In this regard,
      deformations of the door and the frame occur to a greater extent as a
      result of distortions due to heat and tar deposits on the metal parts. It
      has been found that the tar deposits cannot always be avoided,
      notwithstanding mechanical cleaning of both the sealing edge and the door
      frame. These tar deposits have been observed to occur immediately after
      charging of coal into the oven chamber during which very high initial
      prevailing pressures in the chamber produce emissions of dense smoke at
      the oven door.
PAC  SUMMARY OF THE INVENTION
PAR  It is an overall object of the present invention to provide a packing strip
      for sealing a coke oven door to a door jamb when operatively positioned to
      form a closure for an opening to a coke oven chamber wherein the packing
      strip is adjustably positioned and urged under a resilient pressure into
      sealing contact with the door jamb.
PAR  It is a further object of the present invention to provide a packing strip
      with a sealing edge for coke oven doors which is adjustably supported by
      the door and resiliently urged toward a door frame so that the sealing
      edge extensively conforms to the deformations of metal parts of both the
      door and the frame while at the same time automatically adjusting the
      sealing edge contact pressure.
PAR  More specifically, according to the present invention, there is provided in
      a coke oven including a longitudinally-extending coke oven door, the
      combination with a door forming a closure for a coke discharge opening
      communicating with the oven chamber, the coke discharge opening being
      defined by a door frame located outwardly from the chamber, the
      combination including an angularly-shaped packing strip defining an edge
      surface adapted to extend into contact with the door frame, support means
      carried by the door for adjustably positioning on the packing strip such
      that the sealing edge surface lies extended from the door, clamping means
      including a resilient member for urging the edge surface at spaced
      locations on the door into engagement with the door frame when the door is
      positioned to define a closure for the coke discharge opening, and guide
      means carried by the door for suporting the clamping means.
DRWD
PAR  These objects and advantages of the present invention as well as others
      will be more apparent when the following description is read in light of
      the accompanying drawings, in which:
PAR  FIG. 1 is a sectional view taken horizontally through a coke oven door and
      a portion of an oven chamber illustrating the features of the present
      invention;
PAR  FIG. 2 is a sectional view taken along line II--II of FIG. 1;
PAR  FIG. 3 is a sectional view taken along line III--III of FIG. 1;
PAR  FIG. 4 is an enlarged view of the apparatus shown in FIG. 1 and
      illustrating in greater detail the packing strip and the structure
      provided for urging it into sealing contact with the door frame of the
      coke oven; and
PAR  FIG. 5 is an elevational view similar to FIG. 1 but illustrating the
      arrangement of parts forming an adjustable stop between the door body and
      a door frame latch member.
DETD
PAR  With reference now to FIG. 1, there is illustrated a horizontal section
      through a coke oven which includes an oven chamber 8 defined by vertical
      oven walls 9 that extend in a longitudinal direction indicated by the
      arrow in FIG. 1. A door frame 10 defines an opening communicating with the
      oven chamber. The door frame has a vertical face 10a outward from the coke
      oven chamber. A coke oven door 15 is constructed in the form of a
      generally U-shaped configuration. Attached to the coke facing wall of the
      door are holders 11 of a door stopper. The coke oven has support columns
      which include flanges 12. Seated on the door frame 10 are latch hooks 31
      which have an interior opening for engaging a crossbar 13 that, in turn,
      supports a locking mechanism 14 for the door 15.
PAR  FIGS. 1, 2, 3 and 4 illustrate an angularly-shaped packing strip 29 having
      an S-shaped cross-sectional configuration which is carried at its
      outwardly projecting side by the oven door 15 while its inwardly
      projecting side defines a sealing edge surface 18 for engagement with the
      door frame 10. A plurality of clamping plates 21 is arranged at spaced
      locations about the outer peripheral edge surface of the coke oven door
      and forms an important part to provide a new sealing arrangement for the
      door. Each of these clamping plates is held by a clamping bolt 19
      extending through a slotted hole 20 in the plates and thence through a
      bore in the leg section of the U-shaped coke oven door. The extended free
      end of the bolt 19 receives a washer 19a and a nut 19b.
PAR  It is important to note that the slotted hole 20 in the clamping plate is
      arranged such that the enlarged dimension of the slotted hole extends in
      the same direction as the longitudinally-extending oven chamber. In this
      manner, the clamping plates may be positioned toward and away from the
      door frame 10 and thereby also the packing strip 29 which is clamped
      against the door by its seated relation within a slot 21a formed in the
      clamping plate 21. In order to exclude unintentional adjustment or
      movement of the clamping plates 21 after adjustments have been made,
      clamping bolts 17 are arranged to threadedly pass through nut members 16
      attached to the door in a manner such that the bolts 17 extend in a
      direction parallel with the longitudinal direction of the coke oven
      chamber.
PAR  Extending perpendicularly to each of the clamping plates 21 there is
      provided an upper guide plate 22 and a lower guide plate 23 which are
      welded to the clamping plates. A push rod 30 extends through an opening in
      the guide plate 23 and into engagement with the center portion of the
      S-shaped packing strip 29. A collar 25 is secured to the push rod 30 for
      supporting one end of a spring 26. The push rod 30 has an extension rod 24
      which projects through an opening in the upper guide plate 22 and serves
      to guide the push rod 30 and extension 24 during displacement under the
      resilient pressure developed by the spring 26. This pressure is resisted
      by a collar 27 slidably carried on the extension rod 24. The resilient
      force developed by the spring 26 can be changed by the insertion of spacer
      rings 28 between the collar 27 and the upper guide plate 22. In this
      manner, the force applied by the push rod 30 to the packing strip 29 can
      be selectively changed.
PAR  The adjustment of the sealing edge surface 18 relative to the door is
      accomplished by positioning the clamping plates 21 after heating of the
      ovens in a position such that the sealing edge 18 is approximately the
      same distance from the door frame throughout the entire periphery of the
      door. Bolt 19 and nut 19b are then torqued to hold the clamping plates
      firmly to the door. In the event leaks are observed at individual places
      at the periphery of the door, the pressure developed by spring 26 can be
      increased by the insertion of spacer rings 28 at these locations.
PAR  In FIGS. 2 and 5, at opposite sides of the door is a latch 31 that extends
      from the door frame 10 in an essentially parallel relation with the
      extended legs of the U-shaped door 15. A stop 32 having an angular shape
      is connected to the latch 31 by means of a nut and bolt fastener 33. A
      threaded block 34 is secured to the door by means of a nut and bolt
      fastener 35. The block 34 has a tapped bore into which there is received a
      threaded bolt 36 which is secured in a desired position by a lock nut 37.
      Adjustments to the bolt 36 are made in a manner to limit displacement of
      the door toward the door jamb.
PAR  Thus, it will be observed that according to the present invention, the
      packing strip 29 is designed as an S-shaped angular section which is held
      at the door frame at one of its sides and positioned by the clamping
      plates 21 which are distributed at locations spaced about the periphery of
      the door. These clamping plates are adjustable in the longitudinal
      direction of the oven chamber and held in a fixed position to the door by
      means of the bolts 19. The extended edge of the packing strip defines a
      sealing edge 18 for contact with the door frame. The push rods 30 and
      extensions 24 guided by the guide plates 22 and 23 are urged by the spring
      26 into contact with the sealing strip. These guide plates are, as shown,
      attached to the clamping plate 21 in their spaced-apart relation.
      Adjustments by the bolts 17 can be made in such a manner to automatically
      maintain support of the packing strip as the sealing edge thereof is
      displaced relative to the door frame and thereby accommodating varying
      dimensions produced due to the distortions of the door body as well as the
      door frame. The force developed by the springs can be increased by adding
      spacer elements 28 in the event that it is found that the pressure
      developed by the springs is not sufficient to displace the packing strip
      into contact with the door frame at any given point on the door's
      periphery. In order to assure that the elastically urged packing strip is
      not clamped during the initial placement of the door, stops 32 prevent
      excessive movement of the door toward the door frame. The effective
      position of the stops can be changed through adjusting the bolts 36.
PAR  Although the invention has been shown in connection with a certain specific
      embodiment, it will be readily apparent to those skilled in the art that
      various changes in form and arrangement of parts may be made to suit
      requirements without departing from the spirit and scope of the invention.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A door structure in combination with a door frame surrounding an opening
      at an end of a longitudinally extending chamber of a coke oven, said door
      structure comprising:
PA1  a door forming an enclosure for the opening defined by said door frame;
PA1  a packing strip having an angular S-shape in respect to the transverse
      cross section thereof, said packing strip having one longitudinal edge
      arranged to extend along the peripheral surface of said door, said packing
      strip defining an extended edge resiliently arranged outwardly of the door
      for contact with said door frame,
PA1  clamp means at closely spaced-apart locations about the periphery of said
      door for clamping said packing strip onto the door, said clamp means being
      arranged to engage the S-shaped packing strip only at the inner edge from
      which said extended edge is resiliently-arranged outwardly thereof,
PA1  adjustable means carried by said door to position each of the clamp means
      and thereby adjust the extended edge surface of said packing strip
      relative to said door,
PA1  guide means secured to said clamp means and movable therewith when
      adjusting the extended edge of the packing strip relative to the door,
PA1  a push rod slideably supported by said guide means, and
PA1  a resilient member for urging said push rod into engagement with said
      packing strip with a sufficient force to urge the resilient extended edge
      for the packing strip into a sealing relation with said door frame when
      the door defines an enclosure for the opening to the chamber of the coke
      oven.
NUM  2.
PAR  2. The combination according to claim 1 wherein said clamp means are
      further defined to include a clamp plate having a recess therein facing
      said door for holding said packing strip adjacent said door.
NUM  3.
PAR  3. The combination according to claim 2 wherein said clamp plate further
      includes a slotted hole having the enlarged dimension thereof extending in
      the longitudinal direction of the coke oven chamber, said combination
      further including bolt fastening means extending through said slotted hole
      for support by said door.
NUM  4.
PAR  4. The combination according to claim 3 wherein said adjustable means
      includes a threaded bolt extending in the longitudinal direction of the
      coke oven chamber for engaging said clamp plate, said combination further
      including nut means projecting from said door for receiving said threaded
      bolt to adjustably position each clamp plate and thereby adjust the
      position of said packing strip relative to said door.
NUM  5.
PAR  5. The combination according to claim 1 wherein said guide means are
      further defined to include:
PA1  a front guide plate secured to said clamp means for projecting from said
      door at a point adjacent said packing strip;
PA1  a rear guide plate secured to said clamp means for projecting from said
      door at a spaced location from said front guide plate;
PA1  said front and rear guide plates having aligned bores for slideably
      supporting said push rod;
PA1  a front collar secured to said push rod in spacedapart relation with said
      front guide plate;
PA1  a rear collar slideably carried by said push rod;
PA1  said resilient member being further defined as a spring disposed between
      said collars for displacing said push rod toward said packing strip; and
PA1  spacer means positioned between said rear collar and said rear guide plate
      for adjustably positioning said rear collar while supporting said spring.
NUM  6.
PAR  6. The combination according to claim 1 further comprising latch means
      supported by said door frame at points spaced therefrom and at opposite
      sides of said door, stop means carried by said latch means, and bolt means
      adjustably carried by said door for engaging said stop means to thereby
      locate said door relative to said door frame.
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PAL  Disclosed is a process for the distillation of readily polymerizable vinyl
      aromatic compounds which comprises subjecting such compounds to
      distillation conditions in the presence of an effective amount of NOCl as
      a polymerization inhibitor in the substantial absence of oxygen.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a process for the distillation of readily
      polymerizable vinyl aromatic compounds, and more especially, to a process
      for the vacuum distillation of styrene, substituted styrene,
      divinylbenzene and polyvinylbenzenes wherein the amount of said materials
      polymerized during distillation is reduced over an extended period of
      time, wherein the material accummulating in the bottom or reboiler area of
      the distillation apparatus is free of material contaminated with sulfur
      and wherein the rate of throughput for a given distillation apparatus can
      be increased over the rate at which such apparatus may be operated in
      accordance with conventional methods.
PAR  It is well known that vinyl aromatic compounds such as monomeric styrene,
      lower alkylated styrene, e.g., alphamethyl styrene, and divinylbenzene
      polymerize readily, and furthermore, that the rate of polymerization
      increases with increasing temperature. Inasmuch as styrene and
      divinylbenzene produced by common industrial methods contain impurities,
      these compounds must be subjected to separation and purification processes
      in order to be suitable for most types of further industrial use. Such
      separation and purification is generally accomplished by distillation.
PAR  In order to prevent polymerization during distillation of vinyl aromatic
      compounds, various types of known polymerization inhibitors have been
      employed in connection with prior art distillation processes. For example,
      common inhibitors useful for inhibiting the polymerization of vinyl
      aromatics under distillation conditions include 4-tert-butylcatechol (TBC)
      and hydroquinone. It is preferred, however, to purify vinyl aromatics by
      using vacuum distillation techniques, whereby these commonly employed
      inhibitors are rendered unsuitable in view of the fact that they are
      effective only in the presence of oxygen. The partial pressure of oxygen
      in a vacuum distillation column is accordingly too low for these
      conventional inhibitors to be effective. Sulfur is perhaps the
      polymerization inhibitor most commonly employed to inhibit polymerization
      of vinyl aromatic compounds during distillation, since sulfur does provide
      effective inhibition in the absence of oxygen. While sulfur provides a
      reasonably effective inhibitor, its use in distillation processes results
      in one very significant disadvantage, namely, there is formed in the
      reboiler bottoms of the distillation column a valueless waste material
      which is highly contaminated with sulfur. This waste material furthermore
      represents a significant pollution or waste removal problem.
PAR  Although many compounds are effective for inhibiting the polymerization of
      vinyl aromatic compounds under differing conditions, e.g., storage, other
      purification techniques, etc., for a number of reasons which are not
      entirely understood in view of the diverse and unpredictable results
      obtained, only extremely few of these compounds have proved to be of any
      utility for inhibiting vinyl aromatic polymerization under distillation
      conditions, particularly under vacuum distillation conditions. In
      addition, certain compounds which are useful for inhibiting polymerization
      of one type of vinyl aromatic compound, for example, styrene, have proved
      to be essentially ineffective for inhibiting polymerization of another
      species of vinyl aromatic compound, for example, divinylbenzene. A limited
      number of nitroso compounds have proven to be effective for inhibiting
      polymerization of styrene monomer during distillation. For example,
      N-nitroso phenylhydroxylamine and p-nitroso-N,N-dimethylaniline are
      reasonably effective inhibitors for the distillation of styrene, although
      they are not particularly soluble in styrene monomer. On the other hand,
      N-nitroso diphenylamine disclosed in U.S. Pat. No. 3,816,265, assigned to
      the assignee of the present application has been demonstrated to be a
      particularly effective polymerization inhibitor under vacuum distillation
      conditions for both styrene and divinylbenzene, whereas
      N,N-nitrosomethylaniline as disclosed in U.S. patent application Ser. No.
      288,138, also assigned to the assignee of the present application, has
      been found to be an excellent polymerization inhibitor for styrene under
      vacuum distillation conditions. One of the most effective inhibitor
      systems known for divinylbenzene comprises a mixture of sulfur and
      N-nitroso phenylhydroxylamine.
PAR  In a typical distillation process for vinyl aromatic compounds utilizing a
      polymerization inhibitor, the mixture of vinyl aromatic to be distilled is
      generally contacted with the chemical polymerization inhibitor prior to
      being subjected to distillation conditions in the distillation apparatus.
      It remains as a significant problem today that the amount of polymer
      formed in the distillation apparatus and in the high purity product
      recovered therefrom is substantially higher than desired, and
      occasionally, that complete polymerization occurs inside of the
      distillation apparatus. For example, in the process of distilling crude
      divinylbenzene (a mixture containing divinylbenzenes, diethylbenzenes and
      monovinylbenzenes) to obtain high purity divinylbenzenes, even when
      inhibited with sulfur and TBC, a divinylbenzene product is obtained which
      contains significant quantities of polymer which are difficult to separate
      from the product and are detrimental to the end use of such
      divinylbenzenes. Furthermore, the material which is removed from the
      bottom or reboiler area of the distillation apparatus is a highly
      polluting sulfur-containing waste material which must be disposed of.
PAR  Nitrogen oxides are known according to the prior art to be effective for
      inhibiting polymerization of certain unsaturated compounds, and
      accordingly, have been employed as polymerization inhibitors in certain
      types of applications. However, the use of the normally-gaseous nitrogen
      oxides is predominantly confined to static conditions, e.g., storage,
      since the use of a gaseous material is strongly suggested against under
      any conditions where the inhibitor could readily escape. Thus, the use of
      normally gaseous inhibitors such as the nitrogen oxides has found
      substantially no application in distillation or similar purification
      processes involving heat, and this is particularly true in the case of
      vacuum distillation for the obvious reasons.
PAR  Accordingly, there exists a strong need for a polymerization inhibitor
      which will effectively prevent the polymerization of vinyl aromatic
      compounds during vacuum distillation thereof.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a new and
      improved process for the distillazation of readily polymerizable vinyl
      aromatic compounds.
PAR  A further object of the invention is to provide a new and improved process
      for the distillation of readily polymerizable vinyl aromatic compounds,
      which process results in higher recovery of a high purity unsaturated
      vinyl aromatic compound and concomitantly in the production of less
      undesirable by-products.
PAR  A further object of the invention resides in the provision of a new and
      improved process for the distillation of vinyl aromatic compounds which
      results in the production of substantially less polymerized material in
      the distillation apparatus.
PAR  Yet another object of the invention resides in the provision of a new and
      improved process for the distillation of vinyl aromatic compounds which
      avoids the production of a highly polluting, contaminated bottom or
      reboiler residue.
PAR  It is also an object of the present invention to provide a new and improved
      process for the distillation of vinyl aromatic compounds which permits the
      distillation apparatus to be operated at an increased rate of throughput
      without a reduction in efficiency.
PAR  It is still a further object of the present invention to provide a new and
      improved process for the distillation of vinyl aromatic compounds which
      provides all of the foregoing-enumerated advantages in a vacuum
      distillation process.
PAR  In accomplishing the foregoing and other objects, there has been provided
      in accordance with the present invention a process for the distillation of
      a readily polymerizable vinyl aromatic compound comprising subjecting the
      vinyl aromatic compound to distillation conditions in the presence of an
      amount of NOCl and in the substantial absence of oxygen to inhibit
      polymerization of the vinyl aromatic compound under the distillation
      conditions.
PAR  In one aspect of the process according to the invention, the normally
      gaseous inhibitor is simply introduced into the distillation system by
      injection into the reboiler area of the distillation apparatus, or
      alternatively, by injection into the incoming stream of vinyl aromatic
      compound to be purified. It is one salient feature of the invention that
      the mode of introducing and metering the amount of polymerization
      inhibitor is considerably simplified due to the case of metering a
      normally gaseous material and due to the simplicity of the equipment
      necessary therefor.
PAR  The amount of NOCl necessary to inhibit polymerization of the vinyl
      aromatic compounds may vary over a broad range depending upon various
      factors of the distillation process e.g., temperature, amount of reflux,
      if any, pressure, residence time, etc. Typically, however, it has been
      found that an amount of inhibitor between about 100 and about 1,000 ppm is
      sufficient to substantially inhibit polymerization of vinyl aromatic
      compounds under normal distillation conditions. (105.degree.C.)
PAR  Through the use of the process according to the present invention, the
      amount of polymerization occurring within the distillation apparatus is
      significantly reduced in comparison to conventionally employed methods. In
      addition, the amount of desired distillation product is increased in
      proportion to the decrease in the amount of polymer formation. Also, the
      rate of operation of a given distillation apparatus can be increased over
      and above the rate of operation for the same apparatus utilizing
      conventional methods, since lower vacuum levels and higher distillation
      temperatures are possible according to the present invention. Still
      further, the material accummulating in the bottom or reboiler area of the
      distillation apparatus can be reused, e.g., for its fuel value or for
      reprocessing, which is a distinct advantage over conventional methods
      utilizing sulfur as a polymerization inhibitor which produce a highly
      polluting waste material in the reboiler area. Furthermore, it has also
      been found that any polymeric material inadvertently formed during the
      process of the invention is of a low molecular weight character and
      therefore presents fewer problems in connection with fouling of the
      distillation apparatus. Finally, use of the inhibitor according to the
      invention has proven to be surprisingly advantageous in preventing polymer
      build-up over the entire extent of the distillation apparatus, i.e., in
      the upper portions of the columns, whereas this result is not achieved in
      accordance with prior art methods.
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The distillation process of the present invention employs nitrosyl chloride
      (NOCl) as a polymerization inhibitor during the distillation process
      carried out under reduced pressure, e.g., vacuum distillation, and one of
      the significant advantages of the invention is that the use of sulfur in
      the distillation system can be avoided.
PAR  The distillation technique of the process of the present invention is
      suitable for use in virtually any type of separation of a readily
      polymerizable vinyl aromatic compound from a mixture wherein the vinyl
      aromatic compound is subjected to temperatures above room temperature.
      Surprisingly, the process of the present invention has been found
      particularly useful in vacuum distillation techniques, the preferred
      method for separating unstable organic liquid mixtures. In its most useful
      application, the distillation process of the invention is applied to a
      distillation mixture containing one of the vinyl aromatic compounds
      selected from the group consisting of styrene, alpha-methylstyrene,
      vinyltoluene, vinylnaphthalene, divinylbenzenes and polyvinylbenzenes. The
      preferred application of the present invention relates to the distillation
      of crude divinylbenzene or crude styrene under vacuum distillation
      conditions.
PAR  The amount of polymerization inhibitor added may vary over a wide range
      depending upon the conditions of distillation. Generally, the degree of
      stabilization is proportional to the amount of inhibitor added. In
      accordance with the present invention, it has been found that inhibitor
      concentrations generally between about 100 and about 1,000 ppm have
      generally provided suitable results, depending primarily upon the
      temperature of the distillation mixture and the degree of inhibition
      desired.
PAR  During vacuum distillation of divinylbenzene-containing mixtures and
      styrene-containing mixtures, the temperature of the reboiler is preferably
      maintained from about 150.degree.F. to about 250.degree.F. by controlling
      reboiler pressure at from about 30 mm. to about 400 mm. of Hg. Under such
      conditions, in a distillation apparatus having a distillation zone
      containing from about 50 to about 100 distillation stages, inhibitor
      concentrations of from about 100 to about 3,000 ppm are suitable, whereas
      concentrations of from about 100 to about 1,000 ppm are preferred in the
      case of styrene distillation and concentrations in the range of from about
      100 to about 2,000 ppm are preferred for distillation of vinylbenzenes.
      Obviously, amounts of inhibitor greater than those specified hereinabove
      may be employed, although the advantages of adding the additional
      inhibitor are not significant and are outweighed by the corresponding
      increase in cost.
PAR  In addition, within the foregoing general ranges specified for the
      inhibitor concentration, preferred ranges have been developed. NOCl
      constitutes an excellent inhibitor over the entire temperature range
      likely to be encountered in distillation techniques. Because of its very
      effective nature as an inhibitor for vinyl aromatic compounds, NOCl is
      preferably employed in an amount of from about 100 to 500 ppm in the
      distillation of styrene compounds and in an amount of from about 100 to
      1,000 ppm in the distillation of divinylbenzene at temperatures between
      about 150.degree. and 300.degree.F., preferably between 200.degree. and
      300.degree.F., for styrene and residence times between about 2 and 4
      hours. Obviously, in the lower portions of the temperature and residence
      time ranges, smaller amounts of inhibitor are required.
PAR  The normally gaseous polymerization inhibitor of the present invention may
      be introduced into the distillation apparatus in any convenient manner
      which permits efficient distribution of the inhibitor throughout the
      apparatus. Typically and most advantageously, the required amount of
      gaseous inhibitor is simply injected into the reboiler area of the
      distillation column, although equivalent results may be obtained by
      injecting the inhibitor into the incoming hot stream of vinyl aromatic
      compound. The gaseous nature of the inhibitor according to the invention
      provides significant advantages in terms of the ease with which addition
      of the inhibitor may be accomplished. Thus, the apparatus necessary for
      including the inhibitor may be greatly simplified over that required to
      introduce conventional inhibitors, since simple injection valves and
      conventional metering systems may be readily adapted for this purpose. In
      this way, control of the amount of inhibitor added is particularly
      simplified.
PAR  Since the inhibitor is gradually depleted during operation, it is generally
      necessary to maintain the appropriate amount of inhibitor in the
      distillation apparatus by adding inhibitor during the course of the
      distillation process. Such addition may be carried out either on a
      generally continuous basis or it may consist of intermittent charging of
      inhibitor into the distillation system. A means by which the maintenance
      of the necessary inhibitor concentration is carried out is of no
      particular importance as long as the concentration of inhibitor is kept
      above the minimum required level.
PAR  It has been found in accordance with the invention that the volitility of
      the inhibitor provides unexpected advantages in terms of the degree of
      inhibition of polymer achieved during the subject distillation process.
      The volitility of the inhibitor of the invention causes it to be more
      effectively distributed throughout the entire length of the distillation
      apparatus. As a result, polymerization is more effectively inhibited at
      points in the apparatus remote from the reboiler area than is the case
      with conventional distillation processes using liquid or solid inhibitors.
      The need for adding inhibitor at various points in the distillation column
      is therefore eliminated.
PAR  Another factor enabling the distillation apparatus to operate at an
      increased rate in accordance with the present invention as opposed to
      conventional prior art processes is the fact that the inhibitor of the
      present invention is a more efficient inhibitor than the conventional
      inhibitors, and will thus permit higher distillation temperatures and
      higher pressures. In this way, the rate of distillation can be increased
      without increasing the amount of polymerization which has been deemed to
      be acceptable in accordance with conventional distillation procedures.
PAR  When the process of the present invention is utilized, the bottoms material
      which accummulates during the distillation process can be drawn off and
      utilized for its heating value or for reprocessing. This represents
      another significant advantage in comparison to conventional processes for
      vacuum distillation of vinyl aromatic compounds which employ sulfur as the
      polymerization inhibitor, or sulfur in combination with other chemical
      polymerization inhibitors. In these conventional processes, a bottoms
      material is formed which is valueless for further use and constitutes a
      highly polluting waste material which must be disposed of and which, in
      this regard, also presents a problem of disposal. Detonability studies
      have been conducted on the bottoms material produced in accordance with
      the present invention, and it has been found that these materials do not
      possess any dangerous characteristics. This too represents an unexpected
      finding in accordance with the invention, since it was strongly suspected
      that the bottoms material might contain residual nitro groups as a result
      of using NO as a polymerization inhibitor.
PAR  Upon recovery of the distillation product obtained from the process of the
      present invention, it is found that a higher percentage of the pure
      readily polymerizable vinyl aromatic compound is recovered in an
      unpolymerized state. Furthermore, it has been noted that the polymeric
      products which are formed during the distillation process of the invention
      exhibit significantly lower molecular weight characteristics than
      polymeric products formed in accordance with conventional distillation
      techniques in the presence of the usual inhibitors. This result provides
      the advantage that there is less fouling in the apparatus and accordingly
      less chance of plugging. Moreover, the concentrated distillation residues
      are more easily handled and removed from the apparatus, as by pumping or
      the like.
PAR  Nitrosyl chloride (NOCl) is a normally gaseous compound at room temperature
      and above. Because of its boiling point of -5.degree.C., however, it is
      suitably adapted for liquification under increased pressure conditions for
      storage and transportation at normal temperatures. This compound is
      readily available commercially.
PAR  In order to more fully explain the present invention, the following
      Examples are presented which are intended to be merely illustrative and
      not in any sense limitative of the invention.
DETD
PAC  EXAMPLE 1
PAR  50 ml. of styrene containing 1,000 ppm of N-nitroso diphenylamine are
      charged to a control flask, and 50 ml. of styrene are charged to a sample
      flask. Both flasks are flushed with nitrogen to remove all dissolved
      oxygen, then a continuous nitrogen sweep is afixed to the control flask.
      8.1 ml (0.02g.) of NOCl is injected into the contents of the control
      flask. Both flasks are placed in an oil bath heated to 115.degree.C. and
      agitation is provided in each. Samples are periodically taken and tested
      by combining 1 ml. samples with 3 ml. of methanol and examining for
      turbidity. The following results are obtained:
PAR  After 1 hour the control flask evidences the formation of styrene polymer
      in accordance with the test, whereas the sample flask shows no formation
      of polymer. Samples are taken from the sample flask at half hour intervals
      and checked for polymer formation. After 31/2 hours still no turbidity is
      detectable. After 4 hours turbidity is barely noticable in the tested
      portion; and after 41/2 hours the tested portion is noticably turbid. The
      results show that a single addition of NOCl is sufficient to inhibit
      styrene polymerization under distillation conditions over a 41/2 hour
      period. The amount of NOCl utilized corresponds to about 400 ppm. based
      upon the styrene.
PAC  EXAMPLE 2
PAR  The procedure set forth in Example 1 is repeated, except that 4 ml (about
      200 ppm.) NOCl is added to the initial charge of 50 grams of styrene in
      the heated bath. Samples are taken at half-hour intervals to investigate
      for the presence of polymer. No polymer is detected during the first 2
      hours of the test; however, very slight turbidity is noticed at 21/2
      hours, and significant turbidity is noticed after 3 hours, although no
      precipitation of polymer occurs. The results show that 200 ppm of NOCl
      provides a very good degree of inhibition.
PAC  EXAMPLE 3
PAR  The procedure of Example 2 is repeated utilizing 400 ppm. NOCl, but with
      immersion of the flask in an oil bath having a temperature of
      130.degree.C. The samples of styrene are taken each half hour for testing.
      Protection is afforded for a period of about 2 hours, after which the test
      samples show turbidity, but do not coagulate.
PAC  EXAMPLE 4
PAR  30 ml. of divinylbenzene (containing 81 percent meta-isomer, 11.2 percent
      para-isomer, 7.6 percent naphthenes and 0.2 percent
      meta-ethylvinyl-benzene) is withdrawn from storage and sealed in a 50 ml.
      flask with a septum closure. The divinylbenzene exhibits a faint cloud on
      testing with methanol, which indicates that some polymer has been formed
      upon storage. The flask is purged with nitrogen to remove all oxygen, and
      then 400 ppm of NOCl gas is injected into the flask. The flask is placed
      in an agitated temperature controlled oil bath at 105.degree.C., and no
      additional cloud is observed as a result of the methanol test conducted
      after 1 hour at this temperature. The temperature of the bath is increased
      to 110.degree.C. and is maintained there for 1 hour. A sample taken for
      the methanol test again shows no increase in turbidity. The temperature of
      the bath is increased to 115.degree.C., and a sample is taken and tested
      after about 40 minutes. This sample shows a definite increase in turbidity
      but the sample is not opaque and does not coagulate, which indicates that
      the polymer content is still below the 1 percent level.
PAC  EXAMPLE 5
PAR  The procedure of Example 4 is repeated except that 250 ppm of N-nitroso
      diphenylamine is employed in place of the NO. After 3/4 of an hour at
      105.degree.C. it is observed that the flask is approximately half filled
      with insoluble polymer. Upon removal of the flask from the bath,
      polymerization still continues and explodes the flask in approximately 1
      minute, leaving dry solid pieces of insoluble polymer. Essentially 100
      percent polymerization is observed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the distillation of a readily polymerizable vinyl aromatic
      compound, which comprises subjecting such compound to distillation
      conditions in the presence of nitrosyl chloride (NOCl) as a polymerization
      inhibitor and in the substantial absence of oxygen.
NUM  2.
PAR  2. The process as defined by claim 1, wherein said distillation conditions
      are vacuum distillation conditions.
NUM  3.
PAR  3. The process as defined by claim 1, wherein said nitrosyl chloride
      polymerization inhibitor is continuously added to said vinyl aromatic
      compound.
NUM  4.
PAR  4. The process as defined by claim 1, wherein said vinyl aromatic compound
      is styrene.
NUM  5.
PAR  5. The process as defined by claim 1, wherein said vinyl aromatic compound
      is divinylbenzene.
NUM  6.
PAR  6. The process as defined by claim 1, wherein said inhibitor is present in
      an amount of from about 100 ppm to about 3,000 ppm.
NUM  7.
PAR  7. The process as defined by claim 1, wherein said distillation conditions
      comprise a temperature between about 150.degree. and 300.degree.F.
NUM  8.
PAR  8. The process as defined by claim 7, wherein said temperature is between
      about 200.degree. and 300.degree.F.
PATN
WKU  039336000
SRC  5
APN  4711203
APT  1
ART  175
APD  19740517
TTL  Method and apparatus for desalinization of water
ISD  19760120
NCL  8
ECL  1
EXP  Sofer; Jack
NDR  2
NFG  4
INVT
NAM  Dodge, deceased; Adiel Y.
CTY  late of Oakland
STA  CA
INVT
NAM  Crocker, executrix; by Dorian Dodge
CTY  San Francisco
STA  CA
ASSG
NAM  Crocker; Dorian Dodge
CTY  ALL OF
STA  CA
COD  04
ASSG
NAM  Dodge, Jr.; Sherwood
CTY  ALL OF
STA  CA
COD  04
ASSG
NAM  Robinson; Dorian Dodge
CTY  ALL OF
STA  CA
COD  04
ASSG
NAM  Crocker Nat'l Bank in trust for Dariel Dodge & Betty Dodge Malone
CTY  ALL OF
STA  CA
COD  02
CLAS
OCL  203 10
XCL  203 49
XCL  203100
XCL  159  4A
XCL  159 16A
XCL  159  4K
XCL  126360A
EDF  2
ICL  F24H  120
ICL  B01D  116
ICL  B01D  114
ICL  B01D  334
ICL  B01D  300
FSC  159
FSS  4 A;16 A;47 R;24 B;48 L;4 K
FSC  126
FSS  360 A
FSC  203
FSS  10;49;100;100 DC
UREF
PNO  2530271
ISD  19501100
NAM  Swindin
OCL  126360A
UREF
PNO  2872973
ISD  19590200
NAM  Nieuwenhuis et al.
OCL  159  4A
UREF
PNO  2921004
ISD  19600100
NAM  Wood
OCL  159  4A
UREF
PNO  3075578
ISD  19630100
NAM  Sumiya
OCL  159 24B
UREF
PNO  3212559
ISD  19651000
NAM  Williamson
OCL  159 16A
UREF
PNO  3480513
ISD  19691100
NAM  Martin
OCL  159 44
UREF
PNO  3642583
ISD  19720200
NAM  Greenberg et al.
OCL  159 16A
UREF
PNO  3828837
ISD  19740800
NAM  Damgard-Iversen et al.
OCL  159  4A
UREF
PNO  3847714
ISD  19741100
NAM  Davies et al.
OCL  159  4A
FREF
PNO  13,855
ISD  19130500
CNT  UK
OCL  159 24B
FREF
PNO  17,785
ISD  18820400
CNT  DD
OCL  159 24B
FREF
PNO  742,715
ISD  19560100
CNT  UK
OCL  159 27A
FREF
PNO  534,586
ISD  19561200
CNT  CA
OCL  159  4A
FREF
PNO  817,520
ISD  19590700
CNT  UK
OCL  159  4A
LREP
FRM  Townsend and Townsend
ABST
PAL  Water containing dissolved salt, e.g., sea water, is desalinized by
       vaporng a part thereof by direct contact with a flame within a closed
      vessel, e.g., by introducing the water as a spray into a closed vessel
      onto the flame, removing a gaseous mixture of vaporized water and
      combustion products, and condensing the water in the mixture within a
      condenser, while withdrawing unvaporized residual water, enriched in salt,
      from the bottom of the vessel at a rate to maintain a pool thereof in the
      vessel. Preferably a branch stream of the feed water, heated as by heat
      exchange with the vapors in the condenser, is sprayed into a second vessel
      which is operated at reduced pressure and may be unheated, to vaporize a
      part of the branch stream, low pressure being maintained by (a)
      discharging the vapor into the suction of a jet pump to which the gaseous
      mixture from the first vessel is supplied as high-pressure fluid, and (b)
      discharging the unvaporized liquid from the second vessel downwardly
      through a hydraulic leg and supplying the liquid from the bottom of the
      leg to the suction of another jet pump to which the liquid discharged from
      the first vessel is supplied as high-pressure liquid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to a method and to an apparatus for treating water
      which contains dissolved salt to produce water which is substantially or
      totally free from salt, employing the operations of partial evaporation of
      the saline feed water and condensation of the resulting vapor, the
      unvaporized fraction of the water being enriched in salt and discharged
      from the system. The invention is principally, but not exclusively,
      applicable to the treatment of sea water to produce water suitable for
      agricultural uses and which may be or can be made potable.
PAR  A major difficulty with known desalting plants which use the principle of
      vaporization has been the deposition of scale on the surfaces of the
      equipment, especially heat exchangers and vaporizers, but affecting also
      other parts that come into contact with brine. These surfaces are usually
      inaccessible and, therefore, difficult to clean. The deposition of scale
      is especially severe when brine is in contact with heated walls, and the
      severity of the problem increases as the concentration of the salt in the
      refuse water and the temperature are increased.
PAR  Prior art attempts to eliminate these shortcomings have not been too
      successful and, furthermore, were economically unfeasible. For example,
      U.S. Pat. No. 2,921,004 suggests to initially heat water in a flame, then
      transfer it to a vacuumized flash chamber to evaporate part of the water.
      This process is cumbersome and relatively inefficient. U.S. Pat. No.
      3,026,261 suggests an approach in which an aqueous slurry of finely
      divided solids is mixed with the saline water. The mixture is then heated
      above its labile supersaturation point so that the dissolved salt
      precipitates on the solids. Difficult material handling problems make this
      approach commercially unfeasible.
PAC  SUMMARY OF THE INVENTION
PAR  A primary object of this invention is to vaporize substantially salt-free
      water from a body of salt-containing water in a manner to reduce the
      tendency for scale to deposit on surfaces which are in contact with the
      salt-containing water. An ancillary object is to provide a method and
      apparatus which can be economically operated and maintained although
      providing readily accessible surfaces in contact with the brine, whereby
      scale can be more easily removed from such surfaces.
PAR  Another object is to provide a method and an apparatus in which most parts
      of the apparatus operate at a moderately low temperature, namely, below
      about 200.degree.F., and thereby create conditions at which the deposition
      of scale occurs at a reduced rate. An ancillary object is to limit the
      concentration of salt in the residual, unvaporized water to limit
      correspondingly the deposition of scale.
PAR  Other objects, which are attained in varying degrees, are to provide
      apparatus that can be operated with low maintenance costs and can be
      constructed at low initial cost.
PAR  In summary, according to the invention water containing dissolved salt is
      introduced into a closed vessel and therein is partially vaporized by
      direct contact of the water with a flame. As much as one-half to
      three-fourths, e.g., two-thirds, of the water is transformed into vapor
      and a residue of unvaporized water of correspondingly increased salt
      content, e.g., three times as much salt as the initial water when
      two-thirds are vaporized, is collected at the bottom of the vessel for
      continuous or intermittent discharge. A gaseous mixture of vaporized water
      and combustion products is drawn off from the top of the vessel and passed
      through a condenser in which the water vapor is condensed. If desired, the
      condensate can be aerated or brought to a low pressure to permit more
      volatile combustion products, such as carbon monoxide, carbon dioxide and
      the like, to escape.
PAR  In a preferred embodiment, the feed water is introduced into the vessel as
      a spray which is directed to pass through a flame which is formed above
      the residual water collected within the vessel, thereby creating extended
      surfaces on the freshly admitted water and promoting vaporization. The
      flame is advantageously in the form of a sheet which extends over a major
      part of the cross sectional area of the vessel, herein called a flat
      flame, and the spray may pass downwardly through the flat flame or may be
      directed upwardly through the flame, causing a second traverse of the
      flame by the unvaporized portions of the droplets by gravity. The residual
      water collected in the vessel is preferably discharged at a controlled
      rate so as to maintain within the vessel a pool of water beneath the
      flame. Further, the rate of combustion is advantageously controlled in
      accordance with the rate at which the feed water is introduced into the
      vessel, so that the amount of heat released bears a more or less constant
      ratio to the amount of water injected, resulting in the vaporization of a
      substantially uniform part of the water. A thermostatic control can be
      used.
PAR  According to a second important feature which, when used, is practiced in
      combination with the above-described closed vessel (herein called the
      "first" vessel), a branch stream of the feed water, heated to moderately
      low temperature, such as 90.degree. to 200.degree.F., preferably above
      130.degree.F., by suitable means, such as by heat exchange with an
      effluent, such as the gaseous mixture and/or the liquid discharged from
      the first vessel, is injected, as for example by spraying, into the upper
      part of a second vessel which is also closed and is operated at a reduced
      pressure, sufficiently low to cause partial vaporization of the injected
      water to a desired extent, such as the extent stated above for the first
      vessel, e.g., two-thirds, and the unvaporized residue, enriched in salt,
      is collected in the lower part of the second vessel. The second vessel may
      be unheated by a flame or the like, although the possibility of providing
      a flame as previously described is not excluded. A low pressure is
      maintained within the second vessel by reducing the pressure of the water
      vapor discharged from the top, as well as the pressure of the residual
      water within the vessel, which is discharged from the bottom.
PAR  Preferably, the pressure of the vapor from the second vessel is reduced by
      feeding the discharged vapor to the suction intake of a jet pump to which
      the gaseous mixture from the first vessel is supplied as the high-pressure
      fluid. The residual liquid from the second vessel is discharged through a
      downwardly elongated duct which forms a hydraulic leg, wherein the
      pressure at the top is less than at the bottom. Instead of such a
      hydraulic leg, but preferably in combination with it, the residual liquid
      from the second vessel (after downward flow through the hydraulic leg,
      when used) is flowed to the suction intake of a second jet pump to which
      residual water discharged from the first vessel is supplied as the
      high-pressure fluid. Thereby the discharge streams from the first vessel
      are used to maintain a reduced pressure within the second vessel.
PAR  Any suitable jet pump, such as a single- or multi-stage eductor, may be
      used. However, it is contemplated that the quantity of feed water admitted
      to the second vessel is greater than that admitted to the first vessel,
      e.g., two or three times as great; hence it is necessary to use jet pumps
      capable of handling large low-pressure streams while driven by small
      high-pressure streams. Suitable jet pumps are described in my U.S. Pat.
      Nos. 3,131,645; 3,134,338; 3,185,107; and 3,188,976.
PAR  In a practical embodiment using two vessels, the total feed stream of
      saline water is preheated to the moderately low temperature by heat
      exchange as described above, so that preheated feed water is supplied to
      both vessels.
PAR  Although the invention is especially adapted to vaporizing water from sea
      water, it is evident that it can be applied to any water than contains
      minerals, herein generically called salt.
PAR  Having indicated the general nature of the invention, reference is made to
      the accompanying drawings which form a part of this specification and show
      a preferred embodiment by way of illustration.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic elevation of the complete apparatus, including two
      vaporizing vessels;
PAR  FIG. 2 is an enlarged sectional view, taken on a vertical plane, of the
      upper part of the high-pressure vessel;
PAR  FIG. 3 is a sectional view, taken on the line 3--3 of FIG. 2; and
PAR  FIG. 4 is a sectional view, taken on the line 4--4 of FIG. 1.
DETD
PAR  Referring first to FIGS. 1 and 2, the apparatus has an inlet 10 for
      salt-bearing feed water, such as sea water, which is flowed through a
      supply pipe 11 and, if necessary, a pump 12. The water is warmed by flow
      through a condenser 13, in heat exchanger with hot vapors, to be
      described, which are being condensed. The water may be further warmed by
      heat exchange in a heat exchanger 14 with warm, residual liquid from the
      first vessel, to be described, and flows through a pipe 15, which may
      optionally have a check valve 16 and/or a pump 17. It is then injected
      through an inlet pipe 18 (see FIG. 2) into the top of a high-pressure
      vaporizing vessel 19, preferably as a spray through a sprayer like the
      ring 20. Beneath the sprayer is a burner or flame gun 21 which is
      constructed to emit a flat flame 22 extending horizontally over the cross
      sectional area of the vessel and covering the major part, e.g.,
      two-thirds, of that area as appears in FIG. 3. Any suitable means for
      supplying a combustible mixture to the burner, including liquid or gaseous
      fuel, may be used, the suppply means being indicated diagrammatically by a
      pipe 23, joined by an air inlet pipe 24 and a fuel pipe 25, the latter
      having a flow-control valve 26 with a valve operator 27. The operator is
      controlled through a pneumatic or electrical line 27a from a flow
      controller 28, which operates in response to the rate of water injection,
      as by connection to a flow meter 29 in the pipe 18; optionally, its set
      point is controlled by a thermostat 28a in the vessel. The water is
      sprayed through the flat flame, causing rapid heating and partial
      vaporization and the unvaporized, residual water, enriched in salt, is
      collected as a pool 30.
PAR  The residual water from the pool 30 is discharged continuously or
      intermittently from the bottom through a duct 31 at a rate to maintain a
      body of liquid within the vessel to a predetermined height. This can be
      effected, for example, by a valve 32 that is connected for actuation by a
      float 33 on the liquid surface. Further, the rate of water injection
      through the pipe 18 is advantageously controlled by a valve 34 which is
      actuated in response to the height of a second float 35 or other
      level-sensing means to prevent injecting water in amount to raise the
      liquid level to the height of the burner.
PAR  As shown in FIG. 1 the duct 31 is of large internal diameter and straight,
      to facilitate cleaning it internally to remove scale by running a scraper
      through it. The bottom is fitted with a clean-out box 36 having one or
      more removable cover plates 37 normally bolted thereto. Access to the top
      is provided by a manway 38 (see FIG. 2) at the top of the vessel, provided
      normally with a closure 39. The box is connected to a horizontal pipe 40
      which can be reamed by a suitable tool upon removing the plate 37. The
      pipe 40 conducts the residual liquid to the heat exchanger 14, from which
      the residual liquid is discharged through a pipe 41.
PAR  The top of the vessel 19 has an outlet 42 (shown in FIG. 1) for the
      discharge of a gaseous mixture of vaporized water and combustion products.
PAR  A part of the salt-bearing feed water, usually in amount greater than that
      supplied to the vessel 19, is flowed through a branch pipe 43 (shown in
      FIG. 1), optionally provided with a check valve 44, to an inlet pipe 45 of
      a second, closed, low-pressure vaporizing vessel 46. This second vessel
      may be constructed as the first vessel, save that it is larger and may
      omit the burner. That is, it includes a spray ring 47, connected to the
      pipe 45, and is connected at its bottom to a large-diameter duct 48
      provided with a valve 49 controlled by a float 50 to maintain a
      predetermined level of residual, unvaporized liquid 51 within the vessel.
      The rate of water injection is controlled by a valve 52 that is actuated
      in response to the liquid level, as by a float 53. A large manway 54 and
      cover 55 are provided. Vaporized water is discharged from the top at an
      outlet 56.
PAR  The duct 48 is also of large internal diameter and connected at its bottom
      to a jet pump, diagrammatically indicated as an eductor 57 in which the
      pipe 41 is connected to the high-pressure residual liquid effluent from
      the heat exchanger 14 and draws in the liquid in the duct 48 as the
      low-pressure stream. The combined liquids are discharged at atmospheric
      pressure or at any suitable pressure, depending upon the flow means
      connected thereto, through a pipe 58. The connection at the bottom of the
      duct 48 includes a clean-out box 59 having one or more removable cover
      plates 60, to permit the removal of scale by reaming the duct 48. This
      duct can optionally include a check valve 61 which is advantageously of
      the type that can be removed to permit a scraper to pass down through the
      duct. For this purpose there is provided a box 62, representing
      diagrammatically means for disconnecting this valve.
PAR  The vertical extend of the duct 48 is such as to form a hydraulic leg which
      maintains at the surface of the liquid pool 51 the desired low pressure,
      and lengths up to about 35 feet can be used. However, when the jet pump 57
      provides sufficient suction and the check valve 61 but little resistence,
      lesser lengths are suitable. It may be noted that the jet pump is
      effective only when water is being discharge from the first vessel, i.e.,
      when the valve 32 is open.
PAR  The gaseous mixture from the outlet 42 is fed through a pipe 63 (shown in
      FIGS. 1 and 2) to the high-pressure intake of a jet pump 64 having its
      low-pressure intake connected to the vapor outlet 56 of second vessel 46
      through a pipe 65, which may have a check valve 66. Thereby the vapors are
      exhausted from the second vessel to maintain a reduced pressure therein.
      The combined gaseous stream is supplied to condenser 13. One form of
      condenser suitable for this purpose, shown in FIGS. 1 and 4, admits the
      gaseous stream through a pipe 67 tangentially to the upper part of the
      condenser housing, which contains a plurality of vertical pipes 68 which
      conduct the saline water from the salt water intake pipe 11 downwardly and
      have streamlined shapes. The vapor makes several circuits about the
      chamber, being cooled and condensed, and is discharged at the bottom
      through a tangential outlet and pipe 69.
PAR  If desired, the combined condensate in the pipe 69 (shown in FIG. 4), which
      contains uncondensed combustion products, can be treated to remove such
      products. It will be understood that such an after-treatment is not always
      necessary. According to a simple expedient, the pressure on the condensate
      is reduced to substantially atmospheric pressure by upflow through a
      vertical duct 70 of suitable height, a circulating pump 71 being
      optionally provided. The top of the duct is enlarged to provide a pan or
      cup 72 to expose the water at a pressure of about 0 to 2 psig to the
      ambient atmosphere and permit uncondensed gas to escape. Aeration, by
      blowing air through the water in the pan 72, can be practiced. Water from
      the pan flows throgh a spout 73 into the top of a vertical duct 74 to
      raise the pressure of the effluent water, discharged at 75, to any desired
      pressure.
PAR  Specific operating conditions will be selected taking into account many
      variables, among which are the initial temperature of the water, the
      degree of vaporization, the ratio of the feed streams to the two vessels,
      and the strength of the vessels. If necessary, additional heat can be
      supplied by an auxiliary heater to the water in the pipe 43 and/or the
      pipe 15. The following is one set of operating conditions, assuming the
      water admitted at 10 to have a temperature of about 70.degree. F. and the
      quantity of water injected into second vessel 46 through the pipe 45 to be
      twice that injected into first vessel 19 through the pipe 18.
PAR  The pressure at the top of the high-pressure vessel 19 is maintained at or
      above 65 psia and the water temperature is at least 298.degree.F.
      Vaporization occurs principally from the sprayed drops and from the
      surface of the liquid pool 30, the flame being such that about two-thirds
      of the injected water is vaporized. The pressure in the top of the
      low-pressure vessel 46 is then about 8 psia and the temperature of the
      water injected through the pipe 45 is about 182.degree.F., causing
      two-thirds of the injected water to be vaporized, principally from the
      spray and surface of the liquid pool 51. The pressure of the effluent from
      the jet pump 64, which is fed to the condenser 13, is then about 22 psia.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Process of desalinizing water which comprises the steps of:
PA1  injecting saline water as a spray substantially free of solid particles
      into a closed vaporization zone;
PA1  burning fuel within the zone to form a flame positioned to directly contact
      the injected water to thereby vaporize a part of the water while
      collecting in the lower part of said zone a remainder of unvaporized water
      having a higher salt content than the injected water;
PA1  ejecting from the zone a mixture of water vapor and gaseous combustion
      products;
PA1  condensing water from the withdrawn mixture; and
PA1  ejecting the remainder having increased salt content from the zone;
PA1  injecting saline water as a spray into a second vaporization zone at a
      temperature above 130.degree. F., the second zone being maintained at
      subatmospheric pressure, and thereby vaporizing a part of the water while
      collecting a residue of unvaporized water having increased salt content as
      a pool in the lower part of the second zone;
PA1  discharging the residue from the second zone downwardly through a column of
      water to produce at the bottom of said column a pressure greater than than
      the pressure within the second zone and controlling the discharge so as to
      maintain said pool within the second zone;
PA1  withdrawing vaporized water from the second zone;
PA1  maintaining the first-mentioned zone at a superatmospheric pressure; and
PA1  raising the pressure of vapor withdrawn from the second zone by eduction by
      using the mixture ejected from the first-mentioned zone as the driving
      gas.
NUM  2.
PAR  2. A process according to claim 1 including the step of raising the
      pressure of the residue discharged from the second vessel by eduction by
      using the residue ejected from the firstmentioned zone as the driving
      liquid.
NUM  3.
PAR  3. Apparatus for the desalinization of water which comprises:
PA1  a closed first flash vessel having an inlet pipe for injecting preheated
      saline water as a spray and a burner for forming a flame and vaporizing a
      portion of the injected water;
PA1  first means in an upper part of the first vessel for ejecting therefrom
      water vapor and combustion gas from the burner;
PA1  condenser means connected to the ejecting means for condensing vapor from
      the ejected vapor and combustion gases
PA1  a liquid outlet beneath the burner for discharging from the first vessel
      residual unvaporized liquid having an increased salt content, the outlet
      means including flow-control means responsive to the level of the residual
      liquid to maintain the liquid as a pool;
PA1  a second closed flash vessel having a second inlet pipe for injecting
      saline water as a spray into a second vessel;
PA1  second means in an upper part of the second vessel for withdrawing water
      vapor therefrom;
PA1  jet pump means connected at its suction intake to the second withdrawing
      means and at its pressure intake to the first ejecting means, the outlet
      of the jet pump means being connected to eject water vapor and gas from
      the first vessel and vapor from the second vessel to the condenser means;
PA1  a liquid outlet in a lower part of the second vessel connected to a
      vertically elongated hydrostatic leg; and
PA1  flow-control means responsive to the level of unvaporized liquid in the
      second vessel for maintaining a pool of the unvaporized liquid within the
      second vessel.
NUM  4.
PAR  4. Apparatus according to claim 3 including jet pump means having a
      low-pressure inlet connected to the bottom of the hydrostatic leg and a
      high-pressure inlet connected to the residual liquid outlet of the first
      vessel.
NUM  5.
PAR  5. Apparatus according to claim 4 including a supply pipe for the saline
      water including flow-inducing means, the supply pipe being connected to
      flow cold saline water through the condenser means in heat exchange with
      the ejected vapor and combustion gases for said preheating of the water
      and being connected to supply saline water to the second inlet pipe.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein the supply pipe is connected
      additionally to supply said preheated saline water to the inlet pipe of
      the first vessel.
NUM  7.
PAR  7. Apparatus according to claim 3 wherein said spray is produced by means
      disposed within the first vessel and connected to the inlet pipe for
      spraying the injected water through the flame.
NUM  8.
PAR  8. Apparatus as defined in claim 7 wherein the burner includes means for
      emitting a flat flame extending over a major part of the surface of the
      pool of residual liquid, and wherein the spray means is situated above
      said flame.
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ABST
PAL  An electroplating method is disclosed and includes the rotation of a
      substrate, submerged within an electrolytic solution, under the
      application of ultrasonic waves, and the ejection of the electrolytic
      solution containing bubbles in a direction opposite the direction of
      rotation of the substrate. The electroplating apparatus for electroplating
      the substrate submerged within the electrolytic solution disposed within
      an electrolytic cell applies ultrasonic waves to the solution and
      additionally includes a driving device for rotating the substrate, a
      bubble generator for entraining bubbles within the electrolytic solution,
      and an ejector for ejecting the electrolytic solution containing the
      bubbles generated by means of the bubble generator in a direction which is
      opposite to the direction of rotation of the substrate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to a method and apparatus for
      electroplating, and more particularly to an electroplating method which is
      particularly adaptable for a long workpiece, such as, for example, a
      roller by applying an ejected flow of the electrolytic solution containing
      entrained bubbles toward the substrate and under the influence of
      ultrasonic energy, and an apparatus for practicing such an electroplating
      method.
PAR  2. Description of the Prior Art
PAR  It has been conventional to conduct an electroplating process wherein a
      substrate to be electroplated has been rotated so as to impart uniform
      electrodeposition thereto and to obtain a smooth surface in the instance
      of a thick boundary layer portion of the electrolytic solution disposed
      about the substrate is somewhat entrained and rotated by means of the wave
      movement of the solution generated as a result of the rotation of the
      substrate, and in the same direction as such substrate rotation, whereby
      non-uniform electrodeposition is in fact disadvantageously produced which
      serves to form a wave pattern type electrodeposition upon the surface of
      the substrate.
PAR  Accordingly, it has been necessary to conduct intermediate abrasive
      operations in order to rectify such defects.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide an
      electroplating method for preparing a product, such as, for example, a
      roller which characteristically has a favorable luster and smooth surface
      and which may be obtained under high electroplating speeds and for various
      kinds of metals, without the necessity of conducting intermediate abrasive
      operations.
PAR  Another object of the present invention is to provide an electroplating
      method wherein the ejecting direction of the electrolytic solution is
      variable so as to result in an optimum flow of the ejected electrolytic
      solution to the substrate depending upon the size of the substrate.
PAR  Still another object of the present invention is to provide an
      electroplating method wherein the rate of the ejected electrolytic
      solution is variable so as to result in an optimum flow rate and uniform
      distribution of the electrolytic solution depending upon the size and the
      rotary speed of the substrate.
PAR  Yet another object of the present invention is to provide an apparatus for
      practicing the electroplating methods of the present invention.
PAR  The foregoing objectives have been achieved according to the present
      invention through the provision of an electroplating method which
      comprises the steps of rotating a substrate submerged within an
      electrolytic solution while under the influence of ultrasonic waves and
      ejecting the electrolytic solution, which contains bubbles, in a direction
      which is opposite the direction of rotation of the substrate, whereby the
      fluctuation of the electrodeposition, caused by the wave movement of the
      electrolytic solution depending upon the rotation of the substrate, is
      prevented. The time for accomplishing the electroplating is also
      remarkably shortened and the formation of a pattern normally caused by the
      standing wave of the ultrasonic waves is prevented so as to impart an
      electrodeposition layer to the substrate having excellent hardness,
      abrasion resistance, adhesiveness, luster, and a dense structure which are
      characteristic properties of an ultrasonic electroplating process.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various other objects, features, and attendant advantages of the present
      invention will be more fully appreciated as the same becomes better
      understood from the following detailed description when considered in
      connection with the accompanying drawings, in which like reference
      characters designate like or corresponding parts throughout the several
      views, and wherein:
PAR  FIG. 1 is a plan view of one embodiment of an electroplating apparatus
      constructed in accordance with the present invention and showing its
      cooperative parts;
PAR  FIG. 2 is a front, partial sectional view of the apparatus of FIG. 1;
PAR  FIG. 3 is a cross-sectional view of the apparatus of FIG. 1 taken along the
      line of III--III of FIG. 1; and
PAR  FIG. 4 is a schematic view for showing the variable positions of the
      ejecting tubes.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to the drawings, and more particularly to FIGS. 1-3 thereof,
      one embodiment of the present invention will now be described, the FIGURES
      illustrating a high speed electroplating apparatus which employs
      ultrasonic waves for imparting thick depositions of the electroplated
      material to and upon a substrate, such as, for example, a long roller. An
      electrolytic cell 1 is provided within which an electrolytic solution 2 is
      disposed and a plurality of anodes 3 and ultrasonic generators 4 are
      alternatively disposed interiorly of the electrolytic cell 1. A substrate,
      such as, for example, a long roller 5 is supported upon a suitable support
      mechanism 6 also disposed within the electrolytic cell 1 and a driving
      device 7, for rotating the substrate 5 in the direction of the arrow line
      A, (see FIG. 3), through means of a suitable coupling 8 is also provided.
PAR  A filter 9 for filtering the electrolytic solution 2, as the same is
      recycled, is disposed exteriorly of cell 1 and a bubble generator 10 is
      disposed adjacent filter 9 and is interposed between filter 9 and cell 1
      so as to generate bubbles into the electrolytic solution which has been
      filtered through the filter 9, the bubble generator entraining bubbles
      within the filtrate. Needle-shaped valves 11 of the bubble generator 10
      control the feed rate of the air and the size of the bubbles, and a
      plurality of ejecting tubes are disposed along the bottom portion of cell
      1 and below substrate 5. The tubes are an integral part of the recycling
      flow path of the electrolytic solution 2 and the ejecting tubes eject the
      filtered electrolytic solution, which contains the bubbles entrained by
      means of the bubble generator 10, to the substrate in a direction which is
      substantially opposite the direction of rotation of the substrate 5. In
      order to determine such direction of the bubble generation, slit type
      ejection apertures 13 are formed within the ejecting tubes 12 as best
      shown in FIG. 4. A suitable control device 14 is provided in conjunction
      with tubes 12 for controlling the rotation of the same and the angular
      disposition of slits 13 of tubes 12 so as to control the angle of ejection
      of the ejecting tubes 12 as best seen in FIG. 4, and a flow rate control
      valve 15 is disposed in conjunction with the inlet side of the filter 9 so
      as to control the flow rate of the electrolytic solution being recycled
      and ejected from the ejecting tubes 12.
PAR  Within the apparatus having the above-noted structure, ultrasonic waves are
      applied to the electrolytic cell, and the ion concentration gradient and
      polarization around the anodes and the substrate are decreased by means of
      the ultrasonic vibrations and the stirring effect of the resulting
      cavitation, whereby the maximum allowable current density can be
      remarkably increased and excellent properties can be imparted to the
      electrodeposited product. In addition, the current efficiency is
      substantially increased and the uniformity of the electrodeposition is
      substantially improved, the porosity being decreased while dense
      crystalline particles are formed and consequently rapid electroplating is
      attained.
PAR  It is noted that the bubbles are entrained within the electrolytic solution
      2, filtered through the filter 9, by means of the bubble generator 10 and
      that the electrolytic solution 2 containing the bubbles is ejected from
      the ejecting tubes 12, as shown by the arrow lines B of FIGS. 2 and 3, so
      as to form a substantially uniform ejected flow. In this case, the bubbles
      are uniformly distributed within the electrolytic solution 2 as shown in
      FIG. 3, whereby the bubbles 16 float upwardly in the form of a curtain.
      However, it is also noted that the ultrasonic waves generated by means of
      the ultrasonic generators 4 cause the bubbles 16 to be irregularly
      deflected whereby the formation of standing waves normally caused by means
      of the ultrasonic waves is prevented so as to provide an electrodeposition
      having excellent properties, such as, for example, hard luster and smooth
      surface, wherein there are no striped or spotted patterns which could
      normally be produced by means of stationary waves.
PAR  Within the apparatus, as shown in FIG. 3, the electrolytic solution 2
      containing bubbles 16 is uniformly ejected toward the substrate 5 from the
      ejecting tubes 12 in the direction of the arrow lines B which direction is
      opposite that of the rotation of the substrate 5 as illustrated by the
      arrow line A. In this manner, the wave-movement of the electrolytic
      solution 2 around the substrate 5, and relative to the rotary direction of
      the substrate, can be prevented whereby a fluctuation in the
      electrodeposition normally caused by the wave-movement of the electrolytic
      solution can also be prevented.
PAR  The control device 14 can of course control the angular orientation of the
      slits 13 of the tubes 12 and thereby control the angle of the ejected flow
      of the recycled solution from the ejecting tubes 12 as best shown in FIG.
      4. Accordingly, the optimum ejecting position of the solution relative to
      the substrate can be suitably selected by controlling the angle of the
      ejected flow depending upon the size of the substrate 5. Similarly, the
      flow rate of the electrolytic solution from the ejecting tubes 12 can be
      controlled by means of the flow rate control valve 15, or alternatively,
      by controlling the rotary speed of the substrate 5, whereby the
      electrolytic solution is ejected at an optimum flow rate relative to the
      angular velocity of the substrate so as to prevent any disadvantages
      normally caused by wave-movements of the electrolytic solution around the
      substrate.
PAR  It is also incidentally noted that the ejected electrolytic solution is
      recycled through the filtering apparatus back into the electrolytic cell
      and that the bubbles are also entrained within the filtering passageway
      and accordingly, the filtering operation, the bubble entraining operation,
      and the ejecting operation are economically performed. The bubbles can be
      entrained within the electrolytic solution as the same passes through the
      recycling passageway, however, it is also possible to entrain the bubbles
      within the solution by directly injecting air into the electrolytic
      solution within the electrolytic cell by means of an air injector so
      disposed as to preferably discharge into the ejected flow of the
      electrolytic solution.
PAR  It is to be noted further that the bubbles can be formed by using air as
      well as another inert gas, it being remembered that the direction of the
      ejected electrolytic solution is to be maintained opposite the direction
      of rotation of the substrate.
PAR  Obviously, many modifications and variations of the present invention are
      possible in light of the above teachings. It is to be understood therefore
      that within the scope of the appended claims the present invention may be
      practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. An electroplating method which comprises the steps of:
PA1  rotating a substrate submerged within an electrolytic solution and under
      the influence and application of ultrasonic waves;
PA1  entraining bubbles within a portion of said solution; and
PA1  causing said portion of said electrolytic solution to be ejected toward
      said substrate in a direction substantially opposite the direction of
      rotation of the substrate.
NUM  2.
PAR  2. The electroplating method according to claim 1, wherein:
PA1  the direction of ejection of said electrolytic solution is changeable with
      respect to said substrate so as to provide optimum flow conditions.
NUM  3.
PAR  3. The electroplating method according to claim 1, wherein:
PA1  the flow rate of said ejected electrolytic solution is changeable so as to
      provide an optimum flow rate.
NUM  4.
PAR  4. The electroplating method according to claim 1 wherein:
PA1  said electrolytic solution is recycled out of and back into an electrolytic
      cell; and
PA1  said bubbles are entrained within a recycling passageway of said
      electrolytic solution.
NUM  5.
PAR  5. The electroplating method according to claim 4 wherein:
PA1  said solution is passed through said recycling passageway of said
      electrolytic solution for filtering said solution.
NUM  6.
PAR  6. An electroplating apparatus for electroplating a substrate submerged
      within an electrolytic solution disposed within an electrolytic cell and
      under the application and influence of ultrasonic waves, comprising:
PA1  driving means for rotating said substrate;
PA1  bubble generator means for entraining bubbles within said electrolytic
      solution; and
PA1  ejector means for ejecting a portion of said electrolytic solution toward
      said substrate in a direction opposite the direction of rotation of said
      substrate.
NUM  7.
PAR  7. The electroplating apparatus according to claim 6, which further
      comprises:
PA1  flow rate control valve means for controlling the flow rate of said
      electrolytic solution ejected from said ejector means.
NUM  8.
PAR  8. The electroplating apparatus according to claim 6, which further
      comprises:
PA1  control means for controlling the angle of said ejection of said
      electrolytic solution from said ejector means to said substrate.
NUM  9.
PAR  9. The electroplating apparatus according to claim 6, wherein:
PA1  said ejector means includes an ejecting tube having ejection apertures
      disposed toward said substrate.
NUM  10.
PAR  10. The electroplating apparatus according to claim 9 which further
      comprises:
PA1  control means for controlling the angle of said ejection of said
      electrolytic solution from said apertures of said ejector means toward
      said substrate.
NUM  11.
PAR  11. The electroplating apparatus according to claim 9 wherein:
PA1  said ejecting tube is disposed below said substrate within said
      electrolytic solution.
NUM  12.
PAR  12. The electroplating apparatus according to claim 9 which further
      comprises:
PA1  filter means for filtering said electrolytic solution as said solution is
      recycled through said apparatus.
NUM  13.
PAR  13. The electroplating apparatus according to claim 12 wherein:
PA1  said ejecting tube is disposed below said substrate within said
      electrolytic solution.
NUM  14.
PAR  14. The electroplating apparatus according to claim 12 which further
      comprises;
PA1  control means for controlling the angle of said ejection of said
      electrolytic solution from said apertures toward said substrate.
NUM  15.
PAR  15. The electroplating apparatus according to claim 12 which further
      comprises:
PA1  flow rate control valve means for controlling the flow rate of said
      electrolytic solution ejected from said ejecting tube, which is disposed
      upon the inlet side of said filter means.
NUM  16.
PAR  16. The electroplating apparatus according to claim 12 wherein:
PA1  said ejection apertures of said ejecting tube comprise slits.
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ABST
PAL  Disclosed is an aqueous plating bath suitable for obtaining electrodeposits
      of palladium and its alloys. The bath is substantially free of cyanide,
      nitrate and nitrite, and comprises sulfite ion, palladium in the form of a
      tetra-coordinated complex with palladium in the +2 oxidation state, an
      atomic ratio of halide to palladium not in excess of 10, and exhibits a pH
      of from 7 to 12.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention concerns an electrolytic or galvanic sulfite
      containing bath, free from cyanide, for the electrodeposition of palladium
      and alloys thereof. The invention also concerns a process for the
      preparation and the replenishing of said electrolytic bath.
PAR  There exists already many electrolytic baths and methods for coating
      conductive pieces, or pieces made electrically conductive, with an
      electrolytic deposit of palladium or of alloys of palladium with precious
      or base metals. For the preparation of such baths, a great variety of
      salts have been employed and, more particularly, complexes the degree of
      coordination of which is often ill defined.
PAR  Thus, baths prepared from complex palladium cyanides have been used, e.g.,
      Pd(NH.sub.3).sub.2 (CN).sub.2 (U.S. Pat. No. 1,991,995), from palladium
      nitrates in ammonia (Electroplat. Met. Finishing (1962) 15, 20) and from
      palladium and potassium nitrate (U.S. Pat. No. 1,993,623).
PAR  Halogenated derivatives have also been used for such baths, e.g., palladium
      tetrammine halides (German Pat. No. 1,262,722, Russian Pat. No. 280,153
      and British Pat. No. 1,143,178) and palladium dichlorodiamine hydroxide
      (French Pat. No. 1,417,567).
PAR  Palladium nitrite baths are also known (Metal Finishing Guidebook &
      Directory, Westwood, N.J., USA, pp. 335-337), as well as those containing
      palladium tetrammine hydroxide (Russian Pat. No. 291,988 or complexes of
      palladium with organic compounds, e.g., palladium cyclohexanediamine
      tetraacetate, palladium ethylenediamine chloride and the corresponding
      sulfate (British Pat. No. 1,051,383) and salts of palladium and urea
      (German patent application No. 1,796,110).
PAR  The baths described above generally have a pH neutral or basic, acidic
      baths being apparently more difficult to control. However, a strongly
      acidic bath containing palladium nitrate and a small proportion (5 - 20%)
      of palladium sulfite has been recently disclosed (German patent
      application No. 2,105,626).
PAR  Although the baths described above have some advantages, they also have
      drawbacks. Thus, in general, palladium and palladium alloy deposits
      obtained from the known methods are subject to high internal stress which
      can result in the formation of splits and cracks when the thickness of the
      deposit is more than a certain critical value, e.g., 5 to 10.mu.. Such
      deposits are also very porous.
PAR  Furthermore, the use of palladium nitrate or nitrite baths, particularly in
      the presence of sulfites and organic chelating agents or brighteners,
      sometimes results in some undesirable discoloring of the deposits.
PAR  Also, in halogen rich baths, free halogens are released at the anodes
      during electrolysis which oxidizes said anodes and shorten the useful life
      thereof.
PAR  Finally, it should be noted that the presence of cyanides in electrolytic
      baths is highly undesirable because of their inherent toxicity and the
      problems associated with the treatment of waste liquors.
PAC  SUMMARY OF THE INVENTION
PAR  The bath of the present invention is free from the above defects. It is a
      bath having a pH from 7 to 12 comprising practically no nitrates nor
      nitrites, wherein the palladium having an oxidation state of .sup.+2, is
      in the form of tetracoordinated Pd ions, wherein the halogen ion (X)
      content is maintained at a low value such that the atomic ratio X/Pd is
      lower than 10.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The process for the preparation of the electrolytic palladium and palladium
      alloy bath according to the present invention comprises for its make-up,
      dissolving in an aqueous basic solution of an alkali or ammonium sulfite,
      in addition to the conventional ingredients generally used in such kind of
      electrolytic baths, at least one palladium derivative selected from the
      compounds of formulae
EQU  [PdX.sub.n.sub.+1 Y.sub.3.sub.-n ]ME.sub.n.sub.-1          (I),
EQU  [PdZ.sub.n Y.sub.4.sub.-n ]ME.sub.2n.sub.-2                (II),
EQU  [PdQ.sub.n Y.sub.4.sub.-n ]ME.sub.3n.sub.-2                (III),
PAL  and the ion
EQU  [PdY.sub.4 ].sup.+.sup.2                                   (IV)
PAL  with counteranion X, Z or Q, these being mono-, di- and tri-valent anions
      respectively, wherein Y is the monocoordinative function of a mono- or
      polyfunctional coordination entity having zero electrovalence, ME is a
      monovalent cation or an m.sup.th fraction of a cation of a valence m, n
      and m being integers 1 to 3, and which comprises, for its replenishing,
      dissolving in the bath a derivative of formula
EQU  [Pd(SO.sub.3).sub.n Y.sub.4.sub.-n ]ME.sub.2n.sub.-2       (V)
PAL  wherein Y, ME and n are defined as above, so as to keep the molar atomic
      ratio halogen/palladium in the solution below 10.
PAR  The other metals which can provide deposits of palladium alloys by the
      electrolysis of the present bath are much varied. Practically, most common
      or base metals and precious metals are suitable. As such, the following
      can be mentioned: Cd, Cr, Co, Cu, Ga, Au, In, Fe, Pb, Mo, Ni, Ag, Sn, V,
      Zn. However, in special cases, it is also possible to incorporate in the
      present bath metals such as As, Sb and Bi or noble metals of the platinum
      group such as Pt, Rh, Ru, Ir and Os. These metals can be present in the
      bath in the form of their water soluble salts or complexes generally used
      in the electroplating art with the exception, naturally of nitrates and
      nitrites. Among the derivatives of said metals the following will be
      preferably used: salts, e.g., halides, sulfates, sulfites, phosphates,
      pyrophosphates, salts with organic acids, e.g., acetates, formates, or
      chelates with conventional chelatants, e.g., ethylene diamine (en),
      ethylenediamine tetraacetic acid (EDTA) and ethylenediamine
      tetramethanephosphonic acid (EDTP). It is clear that the kind of each of
      said different metal compounds must be chosen as a function of their
      mutual compatibility and solubility in the bath.
PAR  The present bath can naturally contain more than one of the above mentioned
      alloying metals such as to provide alloy deposits having 2, 3 or several
      metal components. The concentration of the palladium and of the other
      metals in the present bath will be dependent on different factors such as,
      for instance, operating condition of the bath: current density,
      temperature, degree of agitation, etc., and the properties to be imparted
      to the palladium or palladium alloy to be deposited: mechanical
      properties, physical aspect, grade, etc. Generally, the grade of an
      electrodeposited alloy depends on the relative proportions of the metal
      ions present in the bath. However, this relation does not follow a
      straight line since, for given concentrations it is possible to change the
      grade of the deposited alloy by modifying the conditions of electrolysis.
      As an example, it can be mentioned that when using a solution for the
      electrodeposition of Pd-Ni alloys containing equivalent concentration (by
      weight) of these two metals, it is possible, by suitably modifying the
      operating conditions, e.g., current density, to vary plus or minus 30% the
      grade of the deposited alloy the average composition of which is normally
      50:50.
PAR  Generally, the concentration of the palladium and the alloying metals will
      be comprised between 1 and 50 g/l. However, these limits are not critical
      and, in some special cases, it will be possible to operate with
      concentrations below 1 g/l, e.g., from 1 to 1000 mg/l, or above 50 g/l,
      e.g., up to saturation.
PAR  In order to have the pH of the present bath adjusted between 7 and 12, as
      mentioned earlier, the bath can contain a basic compound, mineral or
      organic, for instance an alkali hydroxide (NaOH, KOH, LiOH, etc.) or
      ammonia. Using a quantity ranging from about 20 to 200 ml/l of 25% aqueous
      ammonia is preferred.
PAR  The amount of sulfite of the present bath may vary between wide limits.
      Indeed, at the beginning of its use, the bath can contain only relatively
      little sulfite, e.g., in the order of 1 to 10 g/l. As replenishing of the
      bath proceeds according to the present invention, the amount of sulfite
      will progressively increase without difficulty up to about 200 g/l or
      more. As sulfites, besides the sulfite of the alloying metals which are
      possibly present, the bath may contain alkali, earth-alkali or ammonium
      sulfites or the sulfite of organic bases.
PAR  The present bath can contain as the ingredients usually present in the
      electrolytic baths conducting and/or buffering agents, brighteners,
      complexing agents for controlling and inhibiting the deleterious effect of
      impurities which may be present in the bath, surfactants or wetting
      agents, etc. The purpose of the agents for controlling the effect of
      impurities is to block a significant amount thereof under a form which is
      electrochemically inactive during electrolysis for preventing such
      impurities to co-deposit with the coated metal and damage the aspect or
      the properties thereof.
PAR  The present bath can contain as conducting and/or buffering agents, besides
      the sulfites already mentioned and the alkali compounds necessary to
      adjust the pH between the above limits, one or several salts from mineral
      or organic acids with alkali, earth-alkali metals and ammonium, e.g.,
      alkali halides (NaCl, NH.sub.4 Br, etc.), Na.sub.2 SO.sub.4,
      (NH.sub.4).sub.2 SO.sub.4, (NH.sub.4).sub.3 PO.sub.4, CH.sub.3 COONa,
      sodium benzoate, etc. These agents are useful for increasing the
      conductivity of the bath and, if necessary, for preventing unexpected pH
      changes. The concentration of said conductivity and/or buffering agents
      can vary between 1 and 200 g/l but these limits are not critical. However,
      when using halides care must be taken that the molar ratio with the Pd
      does not go beyond the value indicated previously.
PAR  As brighteners and agents for controlling the impurities of the bath,
      conventional organic nitrogen, sulfur and phosphorous chelatants can be
      used. For example, compounds from the following classes can be used
      advantageously: arene- and alkane-sulfonic acids and the alkali and
      ammonium salts thereof, EDTA, diethylene triamine pentaacetic acid (DTPA)
      and its salts, the higher homologs thereof, their phosphorus analogs
      wherein the --COOH groups are replaced partially or totally by
      --PO(OH).sub.3 groups and their alkali or ammonium salts.
PAR  As examples of the above chelatants, the following compounds may be
      mentioned among others: (HO).sub.2 OP-COH(CH.sub.3)-PO(OH).sub.2 ;
      (HO).sub.2 P-CH.sub.2 -NH-CO-NH-CH.sub.2 -PO(OH).sub.2 ; (HO).sub.2
      OP-(CH.sub.2).sub.n -PO(OH) with n = 1, 2 and 3; N[CH.sub.2 -PO(OH.sub.2
      ].sub.3 ;
      ##EQU1##
      and other similar compounds.
PAR  The amounts of the above compounds which may be contained in the present
      bath strongly depend on the structure and the chelating action thereof. In
      some cases, very small quantities, e.g., below 1 g/l can be enough to
      counteract the effect of impurities and maintain the bath in proper
      operating conditions, in other cases, higher quantities may be necessary,
      for instance up to 10 or 20 g/l. However, in many cases, even an excess of
      such chelatants, for instance 50 g/l or more, is not pernicious,
      particularly if the metals of the alloy to be electrolytically deposited
      only have a weak affinity of such chelating agents. As an example, it may
      be mentioned that in the case of a palladium-nickel bath comprising, as
      chelating agent, ethylenediamine tetramethanephosphonic acid, a quantity
      of the latter in the range of, say, 1 to 100 g/l is convenient.
PAR  As wetting agents or surfactants, most compounds currently used in
      electrolytic baths can be used. A list of such compounds can be found in
      "Detergents & Emulsifiers, Allured Publ. Corp., Ridgewood, N.J., USA".
      Alkali sulfates and alkali alkanesulfonates are however preferred, e.g.,
      sodium lauryl sulfate and alkali or ammonium methane-, ethane-, propane-,
      propene-, butane- or butene-sulfonates and the higher molecular weight
      homologs thereof.
PAR  In the above process for the preparation and maintenance of the above bath
      by means of compounds I, II, III, IV and V, X indicates a monovalent
      anion, e.g., Cl.sup.-, Br.sup.-, I.sup.-, CH.sub.3 COO.sup.-, HO.sup.-,
      etc., Z designates bivalent anions, e.g., SO.sub.4.sup..sup.-2,
      SO.sub.3.sup..sup.-2, [PdCl.sub.4 ].sup..sup.-2, SeO.sub.4.sup..sup.-2,
      etc. Q represents a trivalent anion such as PO.sub.3.sup..sup.-3,
      PO.sub.4.sup..sup.-3, etc. Y represents for example H.sub.2 O, NH.sub.3 or
      an organic amine, namely CH.sub.3 NH.sub.2, (CH.sub.3).sub.2 NH,
      (CH.sub.3).sub.3 N or the N function of a di- or polyamine, e.g. H.sub.2
      N--CH.sub.2 -- (of en) or
      ##EQU2##
      of cyclohexylamine or of cyclohexane diamine. It is evident that when said
      amine is a chelatant, i.e., when it comprises two coordination centers (or
      more), said centers can coordinate with one or more palladium atoms.
PAR  In the above formulae I to V, ME represents a mono- or polyvalent cation.
      As examples of such monovalent cations, one can mention alkali metal ions,
      NH.sub.4 and complex groups, e.g., [PdXY.sub.3 ].sup.+, where X and Y have
      the above mentioned meaning, such as [PdCl(NH.sub.3).sub.3 ].sup.+. Other
      similar groups can be mentioned where the palladium is replaced by other
      transition metals (precious metals being included), e.g., Ni, Co, Cu, Fe,
      Au, Rn, Rh, etc.
PAR  As examples of divalent cations, one can mention earthalkali metals as far
      as the compounds involved are water-soluble and complex cations, for
      example, [PdY.sub.4 ].sup.+.sup.2 wherein Y is also defined as above. Also
      in this case Pd can be replaced by other tetracoordinated metal atoms.
      Furthermore, divalent complex cations having a central atom with
      coordination number different from four are also possible, for example
      [Co(NH.sub.3).sub.6 ].sup.+.sup.2.
PAR  As examples of trivalent cations, one can mention Sb.sup..sup.+3,
      Cr.sup..sup.+3, Fe.sup..sup.+3 and their complexes.
PAR  Preferably, the following compounds will be used for the initial
      preparation of the present bath: [Pden(S.sub.2 O.sub.3).sub.2 ]
      (NH.sub.4).sub.2, PdCl.sub.2 (NH.sub.3).sub.2, [PdCl.sub.4 ]
      [Pd(NH.sub.3).sub.4 ], [PdCl.sub.3 NH.sub.3 ] [PdCl(NH.sub.3).sub.3 ],
      PdSO.sub.3 (H.sub.2 O).sub.3, K.sub.2 ]Pd(SO.sub.3).sub.2 (H.sub.2
      O).sub.2 ], PdCl.sub.2 (OC(NH.sub.2).sub.2).sub.2, [Pd(NH.sub.3).sub.4
      ]Cl.sub.2, Na[ClPdSO.sub.3 en], Pd(SO.sub.3) (NH.sub.3).sub.3 et
      [Pd(SO.sub.3).sub.2 (NH.sub.3).sub.2 ] (NH.sub.4).sub.2.
PAR  A listing of palladium compounds which are suitable for carrying out the
      present invention and methods for the preparation of said compounds can be
      found in F. R. Hartley: The Chemistry of Platinum and Palladium, Applied
      Sc. Publ. Ltd., London (1973) and references included therein. See Also J.
      Chem. Soc. (1960), p. 2620.
PAR  For replenishing the present bath, Pd(SO.sub.3) (NH.sub.3).sub.3 will
      preferably be used so as to keep the chloride content of the bath during
      the full useful life of the bath, i.e., for at least 40 to 50
      replenishments, sufficiently low for ensuring that the chlorine evolution
      at the anode is negligible.
PAR  The present bath can be operated at temperatures comprised between about
      20.degree. and 80.degree.C., preferably at 50.degree.-60.degree.C. The
      current density can be about 0.1 to 5 A/dm.sup.2, preferably between 0.5
      and 1.5 A/dm.sup.2. However, the temperature and current density limits
      are not critical and can be exceeded in some special cases.
PAR  Preferably, the present palladium bath will be replenished when the initial
      Pd concentration has dropped 20 to 50%.
PAR  The following Examples illustrate the invention in more details. In said
      Examples the temperatures are given in degrees centigrade.
PAC  EXAMPLE 1
PAC  Bath for the Electrolytic Deposition of Palladium
PAR  An electrolytic solution was prepared by dissolving the following
      ingredients in water (the concentration of Pd is given in g of
      metal/liter):
     Ingredients           g/l or ml/l                                         

     ______________________________________                                    

     Pd as Pd(SO.sub.3) (NH.sub.3).sub.3                                       

                            9                                                  

     (NH.sub.4).sub.2 SO.sub.3                                                 

                           25                                                  

     NH.sub.4 OH (aqueous, 25%)                                                

                            100 ml                                             

     (NH.sub.4).sub.2 SO.sub.4                                                 

                           40                                                  

     Potassium salt of ethylene                                                

                             15 ml                                             

     diamine tetra(methyl phos-                                                

     phonic acid) (30% H.sub.2 O)*                                             

     NH.sub.4 Cl           10                                                  

     2-ethylhexyl NaSulfate                                                    

                            0.5 ml                                             

     (aqueous, 30%)                                                            

     pH                    9.8                                                 

     ______________________________________                                    

      *Manufactured by Monsanto Co., St. Louis, Mo. 63166, USA -- as DEQUEST   

      2044                                                                     

PAR  The above bath was operated at 60.degree.C. under 1 A/dm.sup.2 which gave
      shiny grey cathode deposits thicker than 10.mu. without any visible cracks
      or faults.
PAR  When the Pd concentration of the bath had dropped to 4 g/l, the latter was
      replenished with Pd(SO.sub.3) (NH.sub.3).sub.3. At least 40 successive
      replenishing steps were carried out without any loss in plating
      efficiency.
PAR  The palladium triammine sulfite used for the preparation of the above bath
      was prepared as follows:
PAR  Palladium dichloride (4 g = 2.356 g Pd) was suspended in water (50 ml). To
      this were added 2.588 g NaCl and the mixture was heated to 60.degree.C.
      while stirring. The solids dissolved in about 30 minutes to give a deep
      red solution of Na.sub.2 [PdCl.sub.4 ]. Still at the same temperature,
      20-30 ml of 25% aqueous ammonia were added which resulted in the formation
      of a pink precipitate of [Pd(NH.sub.3).sub.4 ][PdCl.sub.4 ]. The product
      was not separated and the heating to 60.degree.-80.degree.C. was continued
      until [PdCl(NH.sub.3).sub.3 ]Cl was formed which finally turned to
      pale-yellow [Pd(NH.sub.3).sub.4 ]Cl.sub.2.
PAR  The clear yellow solution was cooled to 5.degree.-10.degree.C. and a
      solution of (NH.sub.4).sub.2 SO.sub.3.H.sub.2 O (3.1 g) in water (25 ml)
      was added dropwise. PdSO.sub.3 (NH.sub.3).sub.3 (5.01 g, 94%) precipitated
      as fine colorless crystals which were separated by filtration and dried
      under reduced pressure. Elemental analysis confirmed the above formula for
      the product.
PAC  EXAMPLE 2
PAC  Bath for the Electrodeposition of Palladium-Nickel Alloy
PAR  The following ingredients were dissolved in water at the concentration
      given below (the concentration of the compounds of the metals deposited is
      given in g of metal/l):
TBL  Ingredients           g/l (or ml/l)                                       

     ______________________________________                                    

     Pd as PdCl.sub.2 [OC(NH.sub.2).sub.2 ].sub.2                              

                            6                                                  

     Ni as NiSO.sub.4       6                                                  

     Na.sub.2 SO.sub.3     30                                                  

     NH.sub.4 OH (25% in H.sub.2 O)                                            

                           100-110 ml                                          

     to give pH 9.5-9.8                                                        

     (NH.sub.4).sub.2 SO.sub.4                                                 

                           45                                                  

     DEQUEST 2044          25                                                  

     Anionic Surfactant     0.5 ml                                             

     (40% in H.sub.2 O)*                                                       

     ______________________________________                                    

      *Manufactured by Du Pont Co., Wilmington, Del. 19898, USA -- as ALKANOL  

      189S                                                                     

PAR  The above bath was operated at 50.degree.-60.degree.C. under 1.5 A/dm.sup.2
      which gave a bright cathode alloy deposit of 50:50 palladium-nickel having
      high hardness (500 Vickers) and high ductility. It was possible to obtain
      with this bath crack-free deposits more than 50.mu. thick with yields of
      25 mg/A.min.
PAR  When palladium and nickel content of the present bath had dropped about
      20%, it was replenished with the correct amount of a 1:1 Pd-Ni mixture in
      the form of Pd(NH.sub.3).sub.3 SO.sub.3 and NiSO.sub.4.
PAR  The pieces coated with Pd-Ni deposits from the above bath (2 and 5.mu.
      thick) have been subjected to tests for checking their resistance to
      corrosion. Some of the control samples were palladium clad, the others
      coated with pure nickel, the thickness of the deposits being identical to
      those of the test samples.
PAR  1. Ammonia test -- At room temperature, the pieces were hanged in a closed
      vessel filled with NH.sub.3 over a saturated solution of Na.sub.2
      SO.sub.3.
PAR  After 48 hrs., it was noted that the pieces coated either with pure Pd or
      Ni showed corrosion signs whereas the pieces protected by the 50:50 Pd-Ni
      alloy were intact. After 11 days, the Pd and Ni coated controls were
      entirely corroded whereas the pieces coated with the 50:50 Pd-Ni alloy
      were only slightly attacked.
PAR  2. Thioacetamide test -- As in the first step, the pieces were hanged in a
      shut vessel very close to solid powered thioacetamide and to a
      concentrated aqueous solution of sodium sulfite. After standing 5 days,
      the pieces covered either by Ni or Pd were strongly attacked whereas the
      test samples covered by the Pd-Ni alloy were only slightly attacked.
PAR  3. Artificial sweat test -- A solution of artificial sweat (German
      Standards BAM) was prepared by mixing together the following ingredients
      (g/l):
     Ingredients           g/l                                                 

     ______________________________________                                    

     NaCl                  20.0                                                

     NH.sub.4 Cl           17.5                                                

     Urea                  5.0                                                 

     CH.sub.3 COOH         2.5                                                 

     CH.sub.3 --CO--COOH   2.5                                                 

     Butyric acid          5.0                                                 

     Lactic acid           15.0                                                

     H.sub.2 O to make     1.0 liter                                           

     NaOH (aqueous sol.)                                                       

     to adjust pH to 4.7                                                       

     ______________________________________                                    

PAR  The pieces were placed on cotton pads soaked with the above solution and
      contained in an enclosure heated to 40.degree.C. The temperature was
      thermostatically controlled. After 11 days standing under test conditions,
      the pieces coated with the Pd-Ni alloy were only slightly attacked whereas
      the control samples were strongly attacked.
PAC  EXAMPLE 3
PAC  Bath for the Electrodeposition of a Palladium-Copper Alloy
PAR  The following ingredients were dissolved in water at the concentrations
      below; the concentrations of the compounds of the metals forming the alloy
      are given in g of metal/l:
TBL  Ingredients             g/l or ml/l                                       

     ______________________________________                                    

     Pd as PdSO.sub.3 (NH.sub.3).sub.3                                         

                               5                                               

     Cu as CuSO.sub.4         0.5                                              

     (NH.sub.4).sub.2 SO.sub.3                                                 

                               50                                              

     Na.sub.2 SO.sub.3         30                                              

     DEQUEST 2044              20 ml                                           

     Na and lauryl sulfate    0.5 ml                                           

     (30% H.sub.2 O sol.)                                                      

     pH adjusted with NH.sub.4 OH                                              

                              9.5                                              

     ______________________________________                                    

PAR  The above bath was operated at 60.degree.C. under 0.9-1 A/dm.sup.2 which
      gave shiny grey-pink deposits, ductiles and having no cracks even when
      more than 10.mu. thick.
PAC  EXAMPLE 4
PAC  Bath for the Electrodeposition of a Palladium-Gold Alloy
PAR  The same procedure described in the previous Examples was followed by means
      of the following ingredients:
TBL  Ingredients             g/l (or ml/l)                                     

     ______________________________________                                    

     Au as Au.sup.+.sup.1 sulfite                                              

                               5                                               

     Pd as PdSO.sub.3 (NH.sub.3).sub.3                                         

                               1                                               

     Na.sub.2 SO.sub.3         30                                              

     (NH.sub.4).sub.2 SO.sub.4                                                 

                               50                                              

     DEQUEST 2044              20 ml                                           

     As.sub.2 O.sub.3 (0.1% aqueous sol.)                                      

                               3 ml                                            

     Polyethylene glycol Na   0.05 g                                           

     sulfate                                                                   

     ______________________________________                                    

PAR  The above bath was operated at 50.degree.-60.degree.C and 1 A/dm.sup.2
      which gave yellow-grey bright coatings the grade of which was (in respect
      to gold) 18-20 kt.
PAC  EXAMPLE 5
PAC  Bath for the Electrodeposition of a Palladium-Cobalt Alloy
PAR  The same procedure as for the previous Examples was followed by using the
      following ingredients:
TBL  Ingredients             g/l or ml/l                                       

     ______________________________________                                    

     Pd as [Pd(NH.sub.3).sub.4 ]Cl.sub.2                                       

                               5                                               

     Co as CoSO.sub.4          5                                               

     Na.sub.2 SO.sub.3         30                                              

     Sodium allylsulfonate     1 ml                                            

     (30% aqueous)                                                             

     pH adjusted with NH.sub. 4 OH                                             

                              9.5                                              

     ______________________________________                                    

PAR  The above bath was operated as described in the previous Example
      (60.degree.C. 1 A/dm.sup.2) and gave 50:50 Pd-Co shiny deposits, ductile,
      the properties of which were comparable to those of the Pd-Ni alloy
      previously described.
PAC  EXAMPLE 6
PAC  Bath for the electrodeposition of a Palladium-Cobalt Alloy
PAR  The procedure of Example 5 was followed except for the further addition of
      20 ml/l of DEQUEST 2044 solution (see definition in Example 1). After this
      addition, the bath still performed as the bath of Example 5; it was,
      however, less sensitive to the presence of impurities and its useful life
      was prolonged.
PAC  EXAMPLE 7
PAC  Bath for the Electrodeposition of a Palladium-Zinc Alloy
PAR  The same procedure as for the previous Examples was followed by using the
      following ingredients:
TBL  Ingredients             g/l (or ml/l)                                     

     ______________________________________                                    

     Pd as PdCl.sub.2 (NH.sub.3).sub.2                                         

                               6.5                                             

     Zn as ZnSO.sub.4          6.0                                             

     (NH.sub.4).sub.2 SO.sub.4                                                 

                              50.0                                             

     (NH.sub.4).sub.2 SO.sub.3                                                 

                              40.0                                             

     OC[NH--CH.sub.2 --PO(OH).sub.2 ].sub.2                                    

                               2.0                                             

     Dodecyl sodium sulfate    1.5 ml                                          

     (10% aqueous)                                                             

     pH adjusted with NH.sub.4 OH                                              

                               9.8                                             

     ______________________________________                                    

PAR  This bath was operated at 60.degree.C. under 1 A/dm.sup.2 and gave white,
      shiny deposits without cracks at least up to 5.mu. and having good
      resistance to corrosion. When necessary, the bath was replenished with
      Pd(SO.sub.3).sub.2 (NH.sub.3).sub.2 Zn.
PAC  EXAMPLE 8
PAC  Bath for the Electrodeposition of a Multicomponent Pd Alloy.
PAR  A bath containing the following ingredients dissolved in water was
      prepared. The concentration of the alloy metal compounds is given in g of
      metal/l.
TBL  ______________________________________                                    

     Ingredients             g/l or ml/l                                       

     ______________________________________                                    

     Pd (as PdCl.sub.2 [OC(NH.sub.2).sub.2 ].sub.2)                            

                               5                                               

     Ni (as NiSO.sub.4)        5                                               

     Zn (as ZnSO.sub.4)        0.06                                            

     Cu (as CuSO.sub.4)        0.03                                            

     CH.sub.3 COONH.sub.4      50                                              

     Na.sub.2 SO.sub.3         25                                              

     DEQUEST 2044* (30% aqueous)                                               

                              100 ml                                           

     NH.sub.4 OH (25%) to give pH                                              

                               9.3-10                                          

     ______________________________________                                    

      *Organophosphorus chelating agent from MONSANTO Co., St. Louis, Mo 63166,

      U.S.A.                                                                   

PAR  The bath was operated at 50.degree.-60.degree.C and 1 A/dm.sup.2. It gave
      20.mu. white bright deposits having the following % composition: Pd 60, Ni
      36, Zn 2, Cu 2.
PAR  Sample pieces having received a 5.mu. coating of the above alloy were
      subjected to the artificial sweat test of Example 2. After 20 days testing
      no change was observed.
CLMS
STM  We claim:
NUM  1.
PAR  1. An aqueous electroplating bath suitable for obtaining deposits of
      palladium and its alloys wherein the palladium present consists
      essentially of a dissolved palladium complex of the formula Pd(SO.sub.3)
      (NH.sub.3).sub.3 in an amount from 1 g/l to 50 g/l of palladium, said bath
      exhibiting a pH of from 7 to 12.
NUM  2.
PAR  2. The bath of claim 1 containing an atomic ratio of halide to palladium
      not in excess of 10.
NUM  3.
PAR  3. The bath of claim 2 additionally comprising, in electrodepositable form,
      at least 1 mg/l of at least one metal selected from the group consisting
      of Cd, Cr, Co, Cu, Ga, Au, In, Fe, Pb, Mo, Ni, Ag, Sn, Zn, As, Sb, Bi, Pt,
      Rh, Ru, Ir and Os.
NUM  4.
PAR  4. The bath of claim 1 containing between 1 g/l and 20.degree. g/l of
      buffering or conductive salts selected from the alkali metal, earth-alkali
      metal and ammonium organic or mineral salts.
NUM  5.
PAR  5. The bath of claim 1 additionally comprising an organo-nitrogen, -sulfur,
      or -phosphorus compound selected from the group consisting of polyamines,
      aryl and alkyl sulfonates, aryl and alkyl phosphonates, the alkali metal
      and ammonium salts and the --OH, --COOH, --CHO, and substituted or
      unsubstituted amino derivatives of the foregoing.
NUM  6.
PAR  6. A method of obtaining a deposit of palladium or an alloy thereof on a
      conductive surface comprising electrolyzing the bath of claim 1 with said
      surface as cathode.
NUM  7.
PAR  7. In a method for replenishing the palladium content of a halide
      containing aqueous bath for the electrodeposition of palladium or its
      alloys, the improvement comprising maintaining the atomic ratio of
      halide:palladium at a value not in excess of 10 by adding the palladium as
      the complex Pd(SO.sub.3) (NH.sub.3).sub.3.
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ABST
PAL  Alkali metal hydroxide is produced by electrolysis of alkali metal chloride
      according to an improved diaphragm process wherein plural cationic
      ion-exchange membranes are used to divide an electrolytic cell into an
      anode compartment, at least one middle compartment and a cathode
      compartment. The ion-exchange membrane confronting anode is preferably
      substantially resistant to anode reaction products such as chlorine or
      chlorates. Alkali formed by electrolysis is recovered from cathode
      compartment or alternatively a portion thereof may be taken out from
      middle compartments at various concentrations. Alkali metal hydroxide can
      be produced in high purity and high concentration with excellent
      efficiency.
BSUM
PAR  This invention relates to a process for producing alkali metal hydroxides,
      chlorine and hydrogen by electrolysis of aqueous alkali metal chloride
      solutions. More particularly, it relates to a process for producing
      aqueous alkali metal hydroxide solutions (hereinafter referred to as
      "aqueous alkali solution") efficiently in a high concentration with low
      content of sodium chloride by the use of cation permselective ion-exchange
      membranes.
PAR  The well known mercury and diaphragm processes have been practiced for
      production of industrially important alkalis and chlorine. These processes
      have recognized advantages and disadvantages as discussed below. The
      diaphragm process is advantageous for use in small floor areas because an
      upright type system is adopted, and also because of its low electric power
      consumption. On the other hand, the process requires a step for removal of
      alkali halide, normally sodium chloride, which is coproduced in a mixed
      solution of alkali. Ordinarily, the procedure produces a product which is
      contaminated with sodium chloride to the extent of 1 to 2% so that further
      purification is required.
PAR  The mercury process can produce high purity products, but require large
      floor areas because mercury flowing on a horizontal plane is used as
      electrode. Moreover, electric power consumption is high. In addition,
      because mercury is a harmful substance, equipment for protection against
      leakages is required.
PAR  The use of ion exchange membranes for obtaining high purity alkalis with
      high efficiency in upright installation systems requiring no mercury is an
      attractive alternative. However, this process has not been used
      successfully up to this time. One of the reasons is the inadequacy of
      presently available ion-exchange membranes for producing NaOH at high
      concentration with good efficiency.
PAR  An object of the present invention is to provide a process for producing
      alkali metal hydroxides in high concentration and high purity with good
      efficiency by the use of ion-exchange membranes.
PAR  The present invention provides a process for electrolysis of alkali metal
      chlorides, which comprises dividing an electrolytic cell between the anode
      and cathode into compartments consisting of an anode compartment, at least
      one middle compartment and a cathode compartment with plural cationic
      ion-exchange membranes, precharing said cathode compartment with an
      aqueous alkali metal hydroxide solution with a concentration of 15% or
      more and said middle compartments with aqueous alkali metal hydroxide
      solutions which are less concentrated than the solution in said cathode
      compartment and the solutions in other middle compartments nearer to said
      cathode compartment, respectively; and flowing electric current between
      the electrodes, while supplying an aqueous alkali metal chloride solution
      to said anode compartment, supplying water to said cathode compartment,
      and removing alkali metal hydroxide from said cathode compartment while
      maintaining the concentration of the solution in said cathode compartment
      at the initial level.
PAR  As one modification of the above process, water is also supplied to the
      middle compartments, thereby making it possible to recover alkali metal
      hydroxides of various concentrations from said middle compartments.
DRWD
PAR  In order that the invention may be clearly understood and readily carried
      into effect, embodiments thereof will now be described by way of example
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 shows the relation between caustic soda concentration at the cathode
      side and that at the anode side of a cationic ion-exchange membrane which
      is required to keep the current efficiency at certain constant values;
PAR  FIG. 2 shows the relation between the caustic soda concentration at the
      cathode side of a cationic ion-exchange membrane and the current
      efficiency; and
PAR  FIG. 3 shows a schematic diagram of one embodiment of an electrolytic cell
      which is suitable for practicing the process of the present invention,
      wherein three cationic ion-exchange membranes are used.
DETD
PAR  When aqeuous alkali solutions such as aqueous caustic soda solutions having
      different concentrations are partitioned with one cationic ion-exchange
      membrane and electrodes are equipped at both sides, the current efficiency
      of the current flow therebetween depends on the transport numbers of
      sodium ion and hydroxide ion in the cationic ion-exchange membrane as well
      as on the diffusion of caustic soda through them. The former is influenced
      greatly by the concentration of caustic soda at the cathode side, the
      latter by the difference in concentrations of caustic soda at both sides
      of the cationic ion-exchange membrane. Accordingly, in order to increase
      the concentration of aqueous caustic soda at the cathode side, while
      maintaining a high current efficiency, a very high concentration aqueous
      caustic soda solution (although, of course, lower than the concentration
      at the cathode side) may be filled in the anode side, which is in contact
      with the cathode side via the cationic ion-exchange membrane, to reduce
      the loss by diffusion.
PAR  Referring now to FIG. 1 which shows the relation determined by experiments
      between caustic soda concentration at the cathode side and that at the
      anode side which is required to maintain current efficiency at certain
      constant values, the curves (a), (b), (c) and (d) denote relations between
      caustic soda concentration at the cathode side and that at the anode side,
      when the current efficiencies of the cationic ion-exchange are 95%, 90%,
      80% and 70%, respectively. The line (e) is a straight line passing the
      origin with a gradient of 45.degree.. FIG. 2 shows the relation between
      the caustic soda concentration at the cathode side of a cationic
      ion-exchange membrane and the current efficiency, experimentally
      determined, when an aqueous sodium chloride solution with a concentration
      of 300 g/l is filled at the anode side of said cationic ion-exchange
      membrane. FIG. 3 shows a schematic diagram of one embodiment of an
      electrolytic cell which is suitable for practicing the process of the
      present invention, wherein three cationic ion-exchange membranes K.sub.1,
      K.sub.2 and K.sub.3 are used.
PAR  The electrolytic cell as shown in FIG. 3 consists of the anode chamber 3,
      two middle compartments 4 and 5 and the cathode chamber 6 which are
      partitioned between anode 1 and cathode 2 with three cationic ion-exchange
      membranes K.sub.1, K.sub.2 and K.sub.3. We now suppose a case wherein
      electrolysis is performed by filling the anode compartment 3 with, for
      example, an aqueous sodium chloride solution at a sodium chloride
      concentration of 300 g/l and filling the middle compartments 4, 5 and the
      cathode compartment 6 with aqueous caustic soda solutions. In order to
      attain a current efficiency of 95% at that time, the value of the alkali
      concentration in cathode compartment 6 to which it must be adjusted and
      the alkali concentrations in the middle comparments 4 and 5 are determined
      as follows: From FIG. 2, the alkali concentration in the middle
      compartment 4 neighboring the anode compartment 3 must be 15%. The alkali
      concentration in the next middle compartment 5 must be the concentration
      such that the current efficiency of the cationic ion-exchange membrane
      K.sub.2 may be 95%. Hency, in FIG. 1, the line of the cathode side alkali
      concentration C.sub.1 =15% is drawn and the point at which this line
      intersects the line (e) is determined as E.sub.1. From E.sub.1 is drawn a
      line parallel to the ordinate axis and the point at which this line
      intersects the line (a) is determined as A.sub.2. The reading on the
      cathode side alkali concentration corresponding to A.sub.2, namely C.sub.2
      =23% denotes the alkali concentration at the cathode side (middle
      compartment 5) to attain current efficiency of 95% for the cationic
      ion-exchange membrane K.sub.2, when the alkali concentration at the anode
      side (middle compartment 4) is C.sub.1 =15%. By a similar procedure,
      namely by drawing a line parallel to the abscissa axis from A.sub.2,
      determining the intersected point E.sub.2 on the line (e), then drawing a
      line parallel to the ordinate axis from E.sub.2, determining the
      intersected point A.sub.3 on the line (a), followed by reading the cathode
      side alkali concentration corresponding to A.sub.3, it is apparent that
      the alkali concentration in cathode compartment 6 must be adjusted to
      about 30%.
PAR  As described above, when an electrolytic cell having four compartments
      partitioned with three cationic ion-exchange membranes, caustic soda is
      obtained from the cathode chamber in a concentration of 30% with current
      efficiency of 95%, whereby the alkali concentrations in the middle
      compartments are 15% and 23%, respectively. It is easily estimated from
      FIG. 1 that the alkali concentration obtained is further increased when
      the number of partitioned compartments are increased by increasing the
      number of cationic ion-exchange membranes. Thus, by suitably selecting the
      number of cationic ion-exchange membranes, an aqueous alkali solution can
      be obtained in any desired concentration with high current efficiency.
PAR  For practice of the present invention, there may be used a unit cell
      consisting of an anode compartment, at least one middle compartment and a
      cathode compartment which are partitioned with two or more cationic
      ion-exchange membranes between electrodes. Alternatively, a multiple cell
      constructed from a combination of unit cells may also be used.
PAR  The anodes and cathodes utilized in this invention may be any of those
      normally employed in electrolytic cells.
PAR  The following is a more specific description of the practice of the
      invention as applied to the electrolysis of sodium chloride. The anode
      compartment 3 is filled with an aqueous sodium chloride solution. Said
      compartment 3 may be arranged in a circulation system, equipped with inlet
      and outlet tubes. In this circulation system, an aqueous sodium chloride
      solution is supplied to the anode compartment. After said solution is
      lowered in concentration by electrolysis, it is taken out of the
      compartment, and after addition of sodium chloride or removal of
      impurities, if necessary, recycled again to the anode compartment. An
      aqueous caustic soda solution of any selected high concentration and a
      high purity (low sodium chloride content) is filled into the cathode
      compartment 6. The cathode compartment may also be arranged in a
      circulation system for circulating an aqueous caustic soda solution which
      is kept at a constant concentration by removing the caustic soda formed
      and supplying water from outside the cathode compartment. The middle
      compartments 4 and 5 which are partitioned with two neighboring cationic
      ion-exchange membranes, respectively, are filled with aqueous caustic soda
      solutions having different concentrations. The concentration of the
      aqueous caustic solution filled in the middle compartment 5 is higher in
      concentration than that in the middle compartment 4. Each concentration is
      determined as described above.
PAR  In the procedure as described above, the operations are performed while
      maintaining the middle compartments at equilibrium concentrations so that
      current efficiencies of the cationic membranes K.sub.1, K.sub.2 and
      K.sub.3 are equal to each other. In other words, the concentrations of the
      solutions in the middle compartments are equilibrated so that the alkali
      coming into each compartment through the cationic ion-exchange membrane at
      the cathode side and that going out through the cationic ion-exchange
      membrane at the anode side are equal in amount.
PAR  Alternatively, the present process may also be operated by varying the
      concentration of the middle compartment from the equilibrium concentration
      thereof so that the cationic ion-exchange membranes differ in current
      efficiency. For such an operation, a line parallel to the ordinate axis is
      drawn from E.sub.1 to FIG. 1 and the point at which this line intersects
      the line (b) is determined as B.sub.2. From B.sub.2 is drawn a line
      parallel to the abscissa axis and the point intersecting the line (e) is
      determined as E.sub.2 '. From E.sub.2 ' is drawn a line parallel to
      ordinate axis and the point intersecting the line (d) is determined as
      D.sub.3.
PAR  We now suppose a case wherein an aqueous sodium chloride solution with a
      concentration of 300 g/l is filled in anode compartment 3, an aqueous
      caustic soda solution with a concentration of 15% in the middle
      compartment 4, an aqueous caustic soda solution with a concentration of
      30.5%, which is the alkali concentration at cathode side corresponding to
      the point B.sub.2, in the middle compartment 5, and an aqueous caustic
      soda solution with a concentration of 49%, which is the alkali
      concentration at cathode side corresponding to the point D.sub.3, in the
      cathode compartment 6, respectively. When electrolysis is carried out
      under these conditions, the current efficiencies of the cationic
      ion-exchange membranes K.sub.1, k.sub.2 and K.sub.3 become 95%, 90% and
      70%, respectively, as seen from FIG. 1. If electrolysis is further
      continued, the alkali concentrations in the middle compartments change so
      as to equalize current efficiencies of the three cationic ion-exchange
      membranes K.sub.1, K.sub.2 and K.sub.3. However, circulation systems may
      also be adopted for the middle compartments by providing outlets and
      inlets as in the anode compartment 3 and cathode compartment 6. The
      caustic soda concentrations in the middle compartments 4 and 5 are
      maintained at the initial concentrations 15% and 30%, respectively by
      removal of caustic soda and addition of water similarly as in the cathode
      chamber 6. When electrolysis is continued under these conditions, caustic
      soda is removed from the respective middle compartments, in an amount
      corresponding to the difference between the cationic ion-exchange
      membranes at the cathode and anode sides of each compartment, as one
      portion of the caustic soda formed, namely aqueous caustic soda solutions
      having concentrations of 49%, 30% and 15% are obtained with current
      efficiency of 70%, 20% and 5%, respectively. As a whole, aqueous caustic
      soda solutions are obtained with overall current efficiency of 95%.
PAR  Any of the usual cationic ion-exchange membranes known to the art may be
      used in the present invention. Preferably, membranes wherein carboxylic
      groups are fixed as exchange groups on a polymeric substrate are employed.
      Such membranes are produced, for example, by copolymerization of divinyl
      benzene with acrylic acid, anhydride, ester, acid chloride or other
      derivatives in a suitable solvent. It is also desirable in the present
      process to use plurality of ion-exchange membranes having different
      properties. For example, the membrane confronting the anode is selected to
      be resistant to anode reaction products. Sulfonated ion-exchange membranes
      derived from fluorine containing compounds such as
      .alpha.,.beta.,.beta.-trifluoro styrene are preferably employed.
PAR  Thus, when the process of the present invention is practiced, caustic soda
      can be produced in various concentrations corresponding to uses.
PAR  Although the process of the present invention is described mainly by
      referring to production of caustic soda by electrolysis of sodium
      chloride, it is also applicable for other alkali metals in a similar
      manner.
PAR  The following non-limiting examples are given by way of illustration only.
PAC  EXAMPLE 1
PAR  An electrolytic cell, as shown in FIG. 3, is used in this Example.
      Membranes derived from a copolymer of acrylic acid and styrene crosslined
      with divinyl benzene are used for three cationic ion-exchange membranes. A
      platinum coated titanium plate is used for the anode and a nickel plate
      for the cathode. The effective area for electric conduction is 10 cm in
      length and 5 cm in breadth.
PAR  The anode compartment is equipped at top and bottom with openings for
      circulation of aqueous sodium chloride solution. An aqueous sodium
      chloride solution with a concentration of about 300 g/l is supplied from
      the opening at the bottom and overflown out of the opening at the top. The
      cathode compartment is similarly equipped with openings at top and bottom.
      From a vessel containing aqueous caustic soda solution is supplied the
      aqueous caustic soda solution to the compartment through the opening at
      the bottom. The caustic soda overflowing from the opening at the top is
      recycled in selected amounts to the alkali vessel. During flow of current,
      the caustic soda concentration is maintained at 30 .+-. 1% by supplying
      water to the alkali vessel. The two middle compartments are filled with
      aqueous caustic solutions, the middle compartment at the side of anode
      with 15% and that at the side of cathode with 23% aqueous caustic
      solutions, respectively.
PAR  Under these conditions, current is passed at current density of 15
      A/dm.sup.2 for a total 30 hours. The current efficiency, which is
      determined from the increased amount of caustic soda in the vessel, is
      94.7%. The concentrations of caustic soda in the middle compartments are
      also analyzed after electrolysis and are found to be substantially the
      same as the initial concentrations, namely 15.3% and 22.6%, respectively.
PAC  EXAMPLE 2
PAR  The electrolytic cell used in Example 1 is modified so that each of
      compartments 4, 5 and 6 is equipped with a circulation system for
      circulating by pump an aqueous caustic soda solution between vessels
      containing said solution and each middle compartment.
PAR  The circulation system for the compartment 4 at the anode side and the
      circulation system for the compartment 5 at the cathode side are filled
      with 15 and 30% aqueous caustic soda solutions, respectively. The
      circulation system for the cathode compartment is filled with 48% aqueous
      caustic soda solution. The anode compartment is supplied, as in Example 1,
      with 300 g/l aqueous sodium chloride solution.
PAR  Under these conditions, current is passed at current density of 15
      A/dm.sup.2. Each vessel containing aqueous caustic soda solution is
      maintained at the initial concentration with .+-. 1% error.
PAR  The current efficiencies are determined from the increased amount of
      caustic soda in each vessel to be 71.0%, 19.1% and 4.3%, respectively. The
      concentrations of caustic soda in the respective solutions are 48%, 30%
      and 15%. The overall current efficency is 94.4%.
PAC  EXAMPLE 3
PAR  An electolytic cell consisting of one unit cell, comprising an anode, a
      middle and a cathode compartment partitioned with two ion-exchange
      membranes, is used. As the ion-exchange membrane between the cathode and
      the middle compartments, there is used a membrane derived from a
      three-dimensionally crosslinked polymer obtained by crssslinking acrylic
      acid-styrene copolymer with divinyl benzene. As the ion-exchange membrane
      between the anode and the middle compartments, there is used a sulfonated
      ion-exchange membrane having partially sulfonated bridges which is
      obtained by treating a membrane polymer .alpha.,.beta.,.beta.-trifluoro
      styrene at about 70.degree.C with excessive amount of chloro-sulfonic acid
      and thereafter boiling the treated membrane in a boiling water overnight.
      The same cathode and anode as used in Example 1 are used. The structure
      and the circulation system in the cathode and the anode compartments are
      also the same as in Example 1. The anode compartment is supplied with 290
      g/l of aqueous sodium chloride solution. The alkali concentration in the
      cathode compartment is maintained at 18 to 21% by supplying water to the
      vessel containing aqueous caustic soda solution. Under these conditions,
      current is passed at a current density of 15 A/dm.sup.2 for 32 hours. The
      current efficiency determined from the increased amount of alkali is 92.7%
      in terms of the average current efficiency over the total period. During
      the current flow, there is a gradual decrease in amount of the alkali
      solution in the middle compartment. Accordingly, electrolysis is
      discontinued at the end of each hour, and all of the alkali solution in
      the middle compartment is drawn out for analysis of alkali concentration.
      Then, the middle compartment is filled again with an aqueous alkali
      solution which is prepared to have the same concentration as analyzed,
      whereupon procedure of starting up electrolysis is repeated. During these
      operations, the alkali concentration in the middle compartment is found to
      be invariably within the range of 8 to 9% after 10 hours. The alkali
      contained no trace of anode reaction products such as hypochlorite ion or
      chlorate ion.
PAR  For comparison, electrolysis is conducted, under the same conditions as in
      Example 3, in a two-compartment system by using only one membrane of the
      same type used in Example 3 between the anode and the middle compartments.
      The current efficiency obtained is 76% (.+-. 3%).
PAC  EXAMPLE 4
PAR  An electrolytic cell as used in Example 3 is modified in a manner such that
      the middle compartment, in the same manner as the cathode compartment, is
      equipped with a system to circulate solution from an alkali vessel to a
      pump, the middle chamber and again back to the efficiency In order to
      maintain the concentration of the circulated alkali in the middle
      compartment at 5% (.+-. 1%) and also to maintain the concentration of the
      circulated alkali in the cathode compartment at 18 to 21%, water is
      supplied continuously into each of the vessels which are equipped with
      circulation systems.
PAR  Under these conditions, current is passed at a current density of 15
      A/dm.sup.2 for 27 hours. The average current efficiency was 87.5% as
      determined from the increased alkali in the cathode circulation system as
      8.2% in the middle circulation system. No trace of anode reaction products
      such as hydrochlorite ion or chlorate ion are found in the alkali in the
      middle circulation system.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A continuous process for the electrolysis of an alkali metal chloride
      which comprises:
PA1  1. dividing an electrolytic cell into an anode and a cathode compartment
      with at least one middle compartment, said compartments being separated
      one from the other by separate cationic ion exchange membranes;
PA1  2. precharging aqueous alkali metal chloride solution of a first
      concentration into said anode compartment;
PA1  3. precharging aqueous alkali metal hydroxide solution having the same
      alkali metal as said alkali metal chloride solution into said first middle
      compartment at a second concentration, the ratio of said second
      concentration to said first concentration being such as to maintain a
      preselected current efficiency during electrolysis;
PA1  4. precharging the same aqueous metal hydroxide solution into the cathode
      compartment at a third concentration which is greater than said second
      concentration and selected so that the ratio of said second concentration
      to said third concentration is such as to maintain the said preselected
      current efficiency during electrolysis; and
PA1  5. applying a voltage across the electrolytic cell while continuously
      supplying aqueous alkali metal chloride to said anode compartment at said
      first concentration, and continuously adding water to, while withdrawing
      alkali metal hydroxide solution from, said cathode compartment at rates so
      as to maintain said third concentration at a constant value.
NUM  2.
PAR  2. A process as in claim 1 wherein there is a plurality of middle
      compartments each precharged with an alkali metal hydroxide solution at
      different concentrations, the concentrations in each separate compartment
      being selected to increase with increasing proximity to the cathode
      compartment all such concentrations being less than the said third
      concentration in the cathode compartment and being selected so as to
      maintain said preselected current efficiency.
NUM  3.
PAR  3. A process as in claim 1 wherein the cationic ion exchange membrane
      closest to the anode is substantially resistant to anode reaction
      products.
NUM  4.
PAR  4. A process as in claim 1 wherein the alkali metal chloride is sodium
      chloride.
NUM  5.
PAR  5. A process as in claim 2 wherein the alkali metal chloride is sodium
      chloride.
NUM  6.
PAR  6. A process as in claim 5 wherein the number of middle compartments is
      two, said first concentration is 300 g/l, said second concentration is
      15%, the concentration in the second middle compartment is 23%, the third
      concentration is 30%, and the preselected current efficiency is 95%.
NUM  7.
PAR  7. A process as in claim 1 wherein water is supplied to at least one middle
      compartment and alkali metal hydroxide solution is withdrawn therefrom,
      the concentration of the said alkali metal hydroxide solution being
      different from the concentration of the alkali metal hydroxide solution
      withdrawn from the cathode compartment.
NUM  8.
PAR  8. A process as in claim 6 wherein the alkali metal hydroxide is sodium
      hydroxide.
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PAL  A method of recovering gallium from sodium aluminate solutions comprises
      extracting gallium from aluminate solution by electrolysing the solution
      with a current density of at least 0.002 A/cm.sup.2 and a cathodic
      potential relative to a saturated calomel electrode of at least 1.5 volts,
      using an anode made from a metal which does not produce undesirable
      impurities in the aluminate liquor under the conditions of electrolysis
      and a solid cathode made of a metal into which gallium diffuses, while
      maintaining the temperature of the aluminate solution in the range
      25.degree.to 80.degree.C until the gallium has diffused into the cathode
      to give a gallium content in the surface layers of at least 0.10%. The
      cathode metal is preferably tin, lead, indium, zinc and alloys of tin and
      lead. The preferred current density range is 0.005 to 0.05 A/cm.sup.2
      while the preferred temperature range is 35.degree.to 65.degree.C. The
      gallium is subsequently separated from the cathode metal.
BSUM
PAR  The recovery of metallic gallium from the sodium aluminate solutions found
      in the Bayer Process or any other process for the recovery of alumina from
      aluminium ores, hereafter referred to as aluminate liquor, by electrolysis
      of the liquor using conventional solid electrodes such as stainless steel
      or nickel is very difficult. The difficulty arises because of the low
      gallium concentrations (0.15 - 0.40 g/l) found in aluminate liquor and the
      presence of impurities such as iron, vanadium, chromium and organic
      materials which are often present in higher concentrations than the
      gallium and which interfere with the electrolytic deposition of gallium.
PAR  The procedures at present practiced for the recovery of gallium from
      aluminate liquors involve either: (1) partial or complete destruction of
      the sodium aluminate content of the liquor by either the two stage
      addition of carbon dioxide to first precipitate part of the alumina and
      then to co-precipitate the remainder of the alumina and the gallium (as
      gallium hydroxide) (French Pat. Specifications Nos. 952,976 and 969,033)
      or, by the addition of calcium oxide to precipitate part of the alumina as
      a mixture of calcium aluminates, followed by the addition of carbon
      dioxide (U.S. Pat. No. 2,582,376). Both methods form a gallium rich
      alumina from which gallium may be recovered by dissolution in sodium
      hydroxide followed by electrolysis: or, (2) electrolysis of aluminate
      liquor using a stirred mercury cathode into which the gallium is dispersed
      after deposition on the mercury surface (British Pat. Specifications Nos.
      797,501 and 797,502).
PAR  The use of carbon dioxide or calcium oxide to form a gallium rich alumina
      destroys the aluminate liquor so that it cannot be reintroduced into the
      process without further treatment. The use of a stirred mercury cathode
      requires the handling of large quantities of mercury which is considered
      harzardous. Also, as rather strong stirring of the mercury is necessary
      there is a risk that fine droplets will be formed and dispersed into the
      aluminate liquor, this risk increases as the gallium content of the
      mercury increases and it is necessary to remove the mercury when it
      contains only 1% gallium.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a method of extracting
      gallium which does not require pretreatment or contamination of the
      aluminate liquor.
PAR  The present invention provides a method of extracting gallium from
      aluminate liquor obtained in the course of the recovery of aluminium from
      aluminate ores which comprises electrolysing the solution with a current
      density of at least 0.002 A/cm.sup.2 using a solid cathode made of a metal
      into which gallium diffuses until the gallium has diffused into the
      cathode to give a gallium content in the surface layers of at least 0.10%.
PAR  In this specification all percentages are by weight.
PAR  With advantage electrolysis is continued until the gallium content is at
      least 0.5% to a depth of at least 5 .mu.m. The preferred cathode metals
      are tin, lead, indium, zinc and tin/lead alloys.
PAR  This process enables gallium to be extracted directly from aluminate
      liquors by its absorption into a solid metal cathode in an electrolytic
      process without substantially destroying or altering the sodium aluminate
      content of the liquors. In the operation of the process gallium is
      deposited on the cathode surface and diffuses into the metallic lattice of
      the cathode and is thus prevented from redissolving. When an appropriate
      concentration of gallium has accumulated in the cathode, the cathode may
      be withdrawn from the liquor and the gallium separated from the cathodic
      material by physical and/or chemical means. A preferred method of
      separating gallium from tin, lead or tin-lead alloy cathodes is described
      hereafter.
PAR  In the case of tin it is possible to obtain a gallium content in the
      cathode of over 4% by this method. The diffusion will result in a
      variation in the gallium content between the surface and the centre of the
      electrode and the most economic level at which to withdraw the cathode
      will depend upon such factors as the reduction in the rate of absorption
      with time resulting from a build up of gallium in the surface layers. The
      economic level of gallium in the cathode will also be dependent upon the
      ease of extraction of the gallium from the electrode. The cathode may be
      constructed in one of several manners. It may be in the form of a thin
      sheet such as a foil with a thickness of 0.01 to 0.3 mm. It may be a
      thicker block from which the surface layer is removed physically or
      chemically when a predetermined gallium content has built up in the
      surface layer. It may also be in the form of a thin coating of say 1 - 50
      .mu.m thickness on an inert substrate such as stainless steel. Each of
      these constructions allows an easier separation of gallium from the
      cathode material by maximising the gallium content. Also, by adopting one
      of these constructions it is possible to minimise the electrolysis time
      required to accumulate an economic gallium content in the cathode
      material.
PAR  The other metallic impurities e.g. iron, vanadium, chromium, in aluminate
      liquors which hinder or prevent the deposition of gallium onto
      conventional metallic cathodes are also deposited on the cathodes used in
      this process but we have found they do not prevent the deposition of
      gallium. They form initially as a hard film but are gradually displaced as
      the gallium builds up in the cathode.
PAR  One or more anodes are used and should be made from a metal that is
      insoluble under the conditions of electrolysis, or from a metal that if
      soluble under these conditions does not produce undesirable impurities in
      the aluminate liquor.
PAR  Platinum, platinum coated titanium, polished nickel or stainless steel
      anodes are equally effective in the recovery of gallium; pure aluminium
      may also be used as when this dissolves it does not contaminate the
      aluminate liquor or prevent the deposition of gallium at the cathode. The
      preferred arrangement is a nickel anode with a tin/lead cathode.
PAR  The current density of the cathode should be at least 0.002 amps/cm.sup.2
      and preferably between 0.005 and 0.05 amps/cm.sup.2. The cathodic
      potential should be at least 1.5 volts relative to the saturated calomel
      electrode and preferably 1.65 to 2.10 volts. The terminal potential should
      be above 2.5 volts but in normal operation it is adjusted so as to obtain
      the required values for the cathodic potential and current density. The
      temperature of the electrolyte should be between 25.degree.C and
      80.degree.C and preferably between 35.degree.C and 65.degree.C. At
      temperatures above 80.degree.C gallium recovery is negligible. The use of
      higher cathodic current densities produces a substantially less than pro
      rata increase in the rate of gallium recovery and thus reduces the current
      efficiency, also, the use of higher current densities is accompanied by
      unacceptable foam formation and heating of the electrolyte.
PAR  The process may be applied to the aluminate liquors found at any stage in
      the usual processes for the recovery of alumina but preferably when the
      gallium content is at least 0.20 g/l. The process may be applied batchwise
      wherein a particular volume of aluminate liquor is electrolysed for a
      period sufficient to deposit the required amount of gallium in the cathode
      or, in a continuous process with a flow of untreated aluminate liquor past
      the electrodes wherein the cathodes are replaced when they have attained a
      predetermined gallium content.
DETD
PAC  EXAMPLES OF PREFERRED EMBODIMENTS
PAC  EXAMPLE 1
PAR  0.192 litre of aluminate liquor containing 320 g/l Na.sub.2 O, 160 g/l
      Al.sub.2 O.sub.3 and 0.35 g/l Ga from a plant operating the Bayer Process
      for the recovery of alumina from bauxite was placed in a polythene vessel
      of 0.25 litre capacity. The liquor was maintained at 41.degree.C and
      electrolysed by means of a vertically suspended tin cathode, which was 0.3
      mm thick and of 50 cm.sup.2 surface area, and a vertically suspended
      platinum coated titanium anode of 50 cm.sup.2 surface area. Electrolysis
      was carried out for 2 hours with a cathode current density of 0.02
      A/cm.sup.2 which was achieved by adjusting the terminal voltage to 3.9
      volts. At the end of 2 hours the electrolyte was diluted and warmed to
      redissolve any suspended or precipitated solids. This clear solution was
      then analysed and found to contain 0.235 g/l gallium which is equivalent
      to a 33% removal of gallium from the aluminate liquor. A horizontal cross
      section of the tin cathode was examined by electron microprobe, an
      instrument that allows analysis of microvolumes of a solid in situ and
      measures the distribution of a chemical element within the solid. It was
      found that gallium had penetrated up to 60 .mu.m into the tin
      perpendicular to each face of the cathode and, within this area there was
      a layer, 30 .mu.m thick, adjacent the surface, that had a concentration of
      1.4% Ga which approximates to the amount removed from solution. There were
      no visible particles of gallium on the electrode surface and no deposits
      of gallium in the solution beneath the cathode.
PAC  EXAMPLE 2
PAR  An experiment was carried out under the same conditions described in
      Example 1 but with an electrolysis time of 20 hours. Analysis of the
      contents of the electrolytic cell revealed that the gallium content of the
      electrolyte had fallen to 0.105 g/l which is equivalent to a gallium
      removal of 70%.
PAR  Examination of a horizontal cross section of the tin cathode revealed that
      gallium had penetrated to a depth of up to 100 .mu.m, and, there was a
      layer 60 .mu.m thick adjacent the surface that had a gallium content of
      2.5%.
PAC  EXAMPLE 3
PAR  1.5 litres of aluminate liquor containing 155 g/l Na.sub.2 O, 75 g/l
      Al.sub.2 O.sub.3 and 0.2 g/l Ga from a plant operating the Bayer Process
      for the recovery of alumina from bauxite was placed in a polythene vessel
      of two litres capacity. The liquor was maintained at 44.degree.C and
      electrolysed by means of a vertically suspended indium cathode of 600
      cm.sup.2 surface area and a vertically suspended stainless steel anode of
      50 cm.sup.2 surface area. The current density at the cathode was 0.02
      A/cm.sup.2. After four hours electrolysis analysis of the electrolyte
      treated as in Example 1 showed 47.5% of the gallium had been removed.
PAC  EXAMPLE 4
PAR  0.195 litre of aluminate liquor from the same batch as described in Example
      1 was placed in a polythene beaker of 0.25 litre capacity. The liquor was
      maintained at 42.degree.C and electrolysed by means of a vertically
      suspended lead cathode constructed of thin lead sheet and a polished
      nickel anode, each electrode had a submerged area of 50 cm.sup.2. The
      current density at the cathode was 0.02 A/cm.sup.2 and the cathodic
      potential 1.8 - 1.9 volts relative to the saturated calomel electrode.
      Electrolysis was continued for 4 hours and subsequent chemical analysis of
      the lead cathode showed it to contain 0.28% gallium which is equivalent to
      16% recovery of gallium from the liquor.
PAC  EXAMPLE 5
PAR  The experiment of Example 4 was repeated using a cathode manufactured from
      thin zinc sheet. Chemical analysis of the zinc cathode after 4 hours
      electrolysis showed it to contain 0.15% gallium which is equivalent to 14%
      gallium recovery from the aluminate solution.
PAC  EXAMPLE 6
PAR  0.201 liter of aluminate liquor containing 288 g/l Na.sub.2 O, 144 g/l
      Al.sub.2 O.sub.3 and 0.31 g/l Ga from a plant operating the Bayer Process
      was placed in a polythene beaker of 0.25 liter capacity. The liquor was
      maintained at 53.degree.C and electrolysed by means of a vertically
      suspended cathode of 50 cm.sup.2 submerged area constructed from 0.1 mm
      thick, 60% Sn/40% Pb sheet, and a polished nickel anode of similar area.
      Electrolysis was continued for 4 hours with a cathode current density of
      0.012 A/cm.sup.2 and potential of 1.8 - 1.9 volts. Subsequent chemical
      analysis of the cathode showed it to contain 2.21% gallium which is
      equivalent to a recovery of 57% of the gallium from the aluminate
      solution.
PAC  EXAMPLE 7
PAR  4 litres of aluminate liquor containing 272 g/l Na.sub.2 O, 136 g/l
      Al.sub.2 O.sub.3 and 0.30 g/l Ga were placed in a rectangular
      polypropylene vessel of approximate dimensions 30 .times. 12.5 .times. 18
      cm, the depth of liquor was about 10.6 cm. The liquor was heated to
      50.degree.C and electrolysed by means of seven vertically hanging polished
      nickel anodes interspaced by six vertically hanging tin cathodes
      constructed from 0.05 mm tin sheet, the submerged dimension of the anodes
      and the cathodes were 11 .times. 91/2 cm. Electrolysis was continued for 4
      hours at a cathodic current density of 0.013 A/cm.sup.2 with a cathodic
      potential of 1.8 - 1.9 volts. Chemical analysis of the tin cathodes after
      electrolysis showed them to contain 3.4% gallium which represents a 64%
      recovery of gallium from the aluminate liquor.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of extracting gallium from aluminate liquor obtained in the
      course of the recovery of aluminate from aluminate ores which comprises
      electrolysing the liquor with a current density of at least 0.002
      A/cm.sup.2 and a cathodic potential relative to a saturated calomel
      electrode of at least 1.5 volts, using an anode made from a metal which
      does not produce undesirable impurities in the aluminate liquor under the
      conditions of electrolysis and a solid cathode made of a metal into which
      gallium diffuses, while maintaining the temperature of the aluminate
      solution in the range 25.degree.to 80.degree.C until the gallium has
      diffused into the cathode to give a gallium content in the surface layers
      of at least 0.10%.
NUM  2.
PAR  2. A method according to claim 1, in which electrolysis is continued until
      the gallium content in the surface layers to a depth of at least 5 .mu.m
      is at least 0.5%.
NUM  3.
PAR  3. A method according to claim 1, in which the metal of the cathode is
      selected from the group consisting of tin, lead, indium, zinc, or tin/lead
      alloys.
NUM  4.
PAR  4. A method according to claim 1, in which the anode is selected from the
      group consisting of platinum, platinum coated titanium, polished nickel,
      stainless steel and aluminium.
NUM  5.
PAR  5. A method according to claim 1, which comprises maintaining the current
      density in the range 0.005 to 0.05 A/cm.sup.2.
NUM  6.
PAR  6. A method according to claim 1, which includes maintaining said cathodic
      potential in the range 1.65 to 2.10 volts.
NUM  7.
PAR  7. A method according to claim 1, which includes maintaining said
      temperature in the range 35.degree. to 65.degree.C.
NUM  8.
PAR  8. A method according to claim 1 in which the initial concentration of
      gallium in the aluminate liquor is greater than 0.20 g/l.
NUM  9.
PAR  9. A method according to claim 1, which includes subsequently separating
      the gallium from the cathode metal.
NUM  10.
PAR  10. In a method of extracting gallium from aluminate liquor obtained in the
      course of the recovery of aluminate from aluminate ores and wherein said
      aluminate liquor contains vanadium as an impurity, comprising
      electrolyzing the liquor to deposit gallium on the cathode, the
      improvement comprising:
PA1  using a current density in the range of 0.005 to 0.05 A/cm.sup.2 ;
PA1  using a cathodic potential relative to the saturated calomel electrode in
      the range of 1.65 to 2.10 volts;
PA1  using an anode made from a metal which does not produce undesirable
      impurities in the aluminate liquor under the conditions of electrolysis;
PA1  using a solid cathode made of a metal into which gallium diffuses selected
      from the group consisting of tin, lead, indium, zinc, and tin/lead alloys;
      and
PA1  maintaining the temperature of the aluminate solution in the range of
      35.degree.-65.degree.C until the gallium has diffused into the cathode to
      give a gallium content in the surface layers of at least 0.10%.
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ABST
PAL  Fluoboric acid is used to pickle steel, particularly hot rolled steel, in
      either a continuous strip or batch operation. The spent acid is recycled
      after treatment by electrolysis using compartmented cells separated by a
      membrane.
PARN
     This is a continuation-in-part of our application Ser. No. 415,084, filed
      Nov. 12, 1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Iron and steel products become coated with an oxide scale during their
      process of manufacture; the presence of this scale is objectionable when
      the material is processed further. For example, the oxide scale must be
      removed and a clean surface provided if satisfactory results are to be
      obtained from hot-rolled sheet or strip in any operation involving
      deformation of the product. If sheets are manufactured for drawing
      applications, removal of the oxide scale is essential, as its presence on
      the steel surface tends to shorten die life, cause irregular drawing
      conditions, and destroy the surface smoothness of the finished product. If
      the sheet or strip is to be used in further processing involving coating,
      oxide removal is necessary to permit proper alloying or adherence of
      metallic coatings and satisfactory adherence when a non-metallic coating
      or paint is used. In the production of cold-reduced steel sheet and strip,
      it is necessary that the oxide resulting during hot rolling of the slab to
      breakdown form be removed completely before cold reduction to prevent lack
      of uniformity and eliminate surface irregularities.
PAR  Pickling is the chemical process used to remove the oxide by the action of
      water solutions of inorganic acids, usually either sulfuric acid (H.sub.2
      SO.sub.4) or hydrochloric acid (HCl). When steel or iron materials are
      immersed in solutions of these acids a portion of the oxide scale is
      dissolved and, to some extent, the acid penetrates cracks in the scale and
      a portion of the scale is undercut and lifted off. Unless an inhibitor is
      added to the pickling solution excessive base metal dissolution may occur
      in a batch operation or in a continuous operation during a line stop.
      Further, large quantities of spent pickle liquor result from these
      operations and, though recovery methods have been developed, they involve
      appreciable capital investment and produce by-products such as hydrated
      ferrous sulfate or finely divided iron oxide mixtures that, themselves,
      present disposal problems. The matter is complicated by pollution
      abatement legislation that limits the applicability of neutralization and
      dumping of sludge that has been largely employed heretofore.
PAR  We are not aware of any references in the literature to the use of
      fluoboric acid for chemical pickling (absence of electric current) hot
      rolled steel.
PAR  The reader may be interested in reviewing DeBruyne U.S. Pat. No. 3,654,099,
      which describes the use of HBF.sub.4 in an aqueous acid bath for cathodic
      treatment of stainless steel to activate it prior to electroplating.
      D'Aquila et al, in U.S. Pat. No. 2,920,023 employs a fluoborate salt in a
      molten bath for electrolytic cleaning of ferrous metal cleaning.
PAR  For general background, the following U.S. Patents may also be of interest:
      U.S. Pat. Nos. 3,694,334, 3,383,324, 3,280,038, 3,230,172, 3,304,246,
      3,096,261, 2,773,023, 2,760,927, 3,627,654, 3,660,253 and 3,293,159.
PAR  The use of an anion permselective membrane to remove iron values from spent
      fluoboric acid has also not been suggested prior to our invention, so far
      as we know.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of our invention to provide a pickling solution that can be
      used to remove scale from iron or steel products at practical rates, that
      will not excessively attack the base metal if the steel is in contact with
      the solution after scale removal is completed, and that will result in a
      spent pickle liquor that will be amenable to an efficient recovery method
      that results in recyclable products and that complies with limitations
      imposed by pollution abatement regulations.
DETD
PAR  Practical descaling rates (60 seconds or less) for continuous pickling of
      hot-rolled low-carbon steel strip are shown for coupons immersed in
      fluoboric acid in Table I. The time available for descaling in batch
      operations (usually 20 minutes or longer) is sufficient for all conditions
      studied. Pickling time required in fluoboric acid is dependent on
      temperature and acid concentration. With non-temper-rolled steel at least
      175.degree.F and 130 g/l acid are required to pickle in less than 60
      seconds. Steel which has been temper-rolled 3 percent can be pickled in
      less than 60 seconds at 150.degree.F in a 65 g/l acid solution. Fluoboric
      acid pickling rates are not appreciably decreased by increases in iron
      concentration. with non-temper-rolled steel in solutions at 175.degree.F
      the pickling times (determined when 100% of the oxide was removed)
      exceeded 60 seconds only when 108 g/l iron was present. With temper-rolled
      steel all pickling times were under 60 seconds and in this respect compare
      favorably with times required for H.sub.2 SO.sub.4 or HCl pickling. Unlike
      H.sub.2 SO.sub.4 and HCl, which completely remove scale in minimum times,
      fluoboric acid changes the scale to a sludge which can be removed by
      ordinary scrubbing and rinsing.
TBL                Table I                                                     

     ______________________________________                                    

     Descaling Times Required for Hot-Rolled Low-Carbon                        

     Steel Strip in Fluoboric Acid Solutions                                   

     Solution Concentration in                                                 

                           Descaling Time, seconds                             

     Temperature                                                               

              Solution, g/l                                                    

                           Non-Temper  Steel Temper-                           

     .degree.F                                                                 

              HBF.sub.4                                                        

                      Fe       Rolled Steel                                    

                                         Rolled 3%                             

     ______________________________________                                    

      150*      65    0        **        50                                    

     150       130    0        90        45                                    

       175***   65    0        90        40                                    

     175        65    43       **        50                                    

     175        65    108      **        50                                    

     175       130    0        40        20                                    

     175       130    14       55        **                                    

     175       130    29       50        **                                    

     175       130    43       55        25                                    

     175       130    108      70        25                                    

       200****  65    0        30        20                                    

     200        65    43       45        25                                    

     200        65    108      50        25                                    

     200       130    0        35        20                                    

     200       130    14       35        **                                    

     200       130    29       35        **                                    

     200       130    43       35        15                                    

     200       130    108      40        30                                    

     ______________________________________                                    

        *66.degree.C                                                           

       **Not determined                                                        

       ***79.degree.C                                                          

      ****93.degree.C                                                          

PAR  The attack of fluoboric acid solutions on hot-rolled low-carbon steel
      during a one hour immersion test was much less than the attack that occurs
      on the steel base in eigher H.sub.2 SO.sub.4 or HCl solutions; see Table
      II. Metal dissolution was determined by weight loss of the coupons.
      Commercially, inhibitors that afford at least 90 percent inhibition are
      used with H.sub.2 SO.sub.4 and with HCl to avoid over-pickling of strip
      during line stops. We may avoid the use of an inhibitor and still achieve
      satisfactory results with HBF.sub.4.
TBL                Table II                                                    

     ______________________________________                                    

     Base Metal Dissolution during One Hour Immersion of Hot-Rolled            

     Low-Carbon Steel in Uninhibited Pickling Solutions                        

             Iron           Weight Loss From Samples                           

             Content        Base Metal Dissolved                               

             in     Temp-   mg/cm.sup.2                                        

                Solution                                                       

                        erature Non-Temper                                     

                                         Steel Temper                          

     Solution  g/1      .degree.F                                              

                                Rolled Steel                                   

                                         Rolled 3%                             

     ______________________________________                                    

     H.sub.2 SO.sub.4, 280 g/l                                                 

               10        200*   198      206                                   

     HCl, 100 g/l                                                              

               100      200     158      184                                   

     HCl, 100 g/l                                                              

               100      175**   88       100                                   

     HCl, 60 g/l                                                               

               100      175     79       ***                                   

     HBF.sub.4, 130 g/l                                                        

               0        200     27        30                                   

     ______________________________________                                    

       *93.degree.C                                                            

       **79.degree.C                                                           

      ***Not determined                                                        

PAR  Laboratory experiments have been carried out on the recovery of acid and
      iron from HBF --Fe(BF.sub.4).sub.2 solutions similar to those that would
      result if fluoboric acid was used for pickling of hot-rolled strip. For
      comparison some runs were also made using simulated HCl and H.sub.2
      SO.sub.4 spend pickle liquors. Electrolysis runs were made using
      two-compartment cells. The solutions were analyzed for iron and for free
      acid. The steel cathodes were weighed before and after each run to
      determine the amount of iron deposited. Anodes were made of graphite and
      an anion permselective membrane (Ionac Chemical Company, No. MA3475R,
      0.015 inch thick) was used to separate the catholyte and anolyte
      compartments. This membrane has an electrical resistance in 0.1 N NaCl of
      10.5 ohms/cm.sup.2 and in 1.0 N NaCl of 5.2 ohms/cm.sup.2, a
      permselectivity of 99% when separating a 1.0 N NaCl solution from a 0.5 N
      NaCl solution, a thickness of 14-15 mils and a capacity of 1.13 meq./g.
      While we may use any commercial electrodialysis membrane which is strong
      enough, we prefer that it have a permselectivity of at least 90% and a
      capacity of at least 0.9 meg./g. The catholytes in our experiments
      represent simulated spent pickle liquors and the anolytes used were dilute
      solutions of the appropriate acid. Initially, cells with 27 ml
      compartments were used and subsequently larger cells with 200 ml
      compartments and with 2,000 ml compartments, and as high as 8,000 ml for
      the anolyte.
PAR  In Table III data are shown concerning the solution concentration changes
      that occur and in Table IV data are shown on the current efficiencies of
      the anodic and cathodic processes. Whereas for HCl the iron plating
      process was reasonably efficient the acid buildup in the anolyte was not;
      anode reactions included evolution of chlorine gas and this complication
      may prevent practical utilization of electrolysis for recovery of spent
      HCl solutions. In agreement with published results on electrolysis of
      spent H.sub.2 SO.sub.4, insignificant amounts of iron were
      electrodeposited unitl the free acid concentration was substantially
      reduced in the catholyte; during later stages the iron deposition process
      improves somewhat. Even though the efficiency of iron electrodeposition is
      poor, the buildup process of free acid in the anolyte solution has a
      current efficiency of 50%. Advantages in use of HBF.sub.4 for pickling are
      readily apparent.
PAR  With HBF.sub.4 solutions, iron electrodeposition on the cathode proceeds at
      significant rates even in the presence of moderately high levels of free
      acid. Current efficiencies based on the iron plating and acid buildup
      processes on the order of 50% are typical and, under some conditions, may
      exceed this level. Recovered iron can be melted and used in steelmaking
      operations.
TBL                                    Table III                               

     __________________________________________________________________________

     Electrolysis Experiments Using Anion Permselective Membrane               

     to Separate Catholyte and Anolyte Solutions:                              

     Changes in Solution Concentration                                         

     Size Cell                         Concentration, grams per liter          

     Acid Compartments,                                                        

                  Current Density,                                             

                                  Faradays                                     

                                       Anolyte      Catholyte                  

     Used ml      amp/in..sup.2                                                

                            Time, hrs.                                         

                                  Consumed                                     

                                       Free Acid                               

                                              Iron  Free Acid                  

                                                           Iron                

     __________________________________________________________________________

     HCl  27      --        0     M    22.6   0.38  2.2    132.4               

     HCl  27      0.5       4     0.224                                        

                                       82.2   0.02  0.7    22.4                

     H.sub.2 SO.sub.4                                                          

          27      --        0     --   26.0   0.02  114.6  71.9                

     H.sub.2 SO.sub.4                                                          

          27      0.5       4     0.224                                        

                                       196.0  0.02  6.8    74.1                

     H.sub.2 SO.sub.4                                                          

          27      0.5       8     0.448                                        

     H.sub.2 SO.sub.4                                                          

          200     --        0     --   26.0   0.002 111.2  74.8                

     H.sub.2 SO.sub.4                                                          

          200     0.5       4     0.522                                        

                                       92.6   0.5   54.4   80.1                

     HBF.sub.4                                                                 

          200     --        0     --   15.8   &lt;0.002                           

                                                    60.7   137.9               

     HBF.sub.4 *                                                               

          200     0.5       2     0.261                                        

                                       74.8   0.3   34.3   136.6               

     HBF.sub.4                                                                 

          200     --        0     --   16.3   15.7  60.6   137.9               

     HBF.sub.4 *                                                               

          200     0.5       2     0.261                                        

                                       108.7  13.5  27.7   137.4               

     HBF.sub.4 *                                                               

          200     0.5       4     0.522                                        

                                       180.4  12.5  25.1   122.5               

     HBF.sub.4                                                                 

          200     --        0     --   16.3   15.7  29.5   142.2               

     HBF.sub.4                                                                 

          200     1.0       4     1.044                                        

                                       261.8  13.5  19.8   100.6               

     HBF.sub.4                                                                 

          200     --        0     --   3.2    53.8  3.2    53.8                

     HBF.sub.4                                                                 

          200     0.5       4     0.522                                        

                                       164.6  46.4  0.7    20.1                

     HBF.sub.4                                                                 

          2000    --        0     --   17.0   0.1   27.3   147.4               

     HBF.sub.4                                                                 

          2000    0.833     7     15.66                                        

                                       286.0  7.0   7.0    40.5                

     HBF.sub.4                                                                 

          2000    --        0     --   18.5   0.2   50.2   197.6               

     HBF.sub.4                                                                 

          2000    0.833     3.5   7.83 210.0  21.0  28.0   128.0               

     __________________________________________________________________________

      *160.degree.F -- other runs at 120.degree.F                              

TBL                                    Table IV                                

     __________________________________________________________________________

     Electrolysis Experiments Using Anion Permselective Membrane               

     to Separate Catholyte and Anolyte Solutions:                              

     Efficiency of Process                                                     

          Size Cell                                                            

                 Current        Electro-  Equiv. of Free                       

                                                   Current Efficiency, %       

     Acid Compart-                                                             

                 Density,                                                      

                       Time,                                                   

                           Faradays                                            

                                deposited Iron                                 

                                          Acid buildup                         

                                                   Based on                    

                                                           Based on Acid       

     Used ments, ml                                                            

                 amps/in..sup.2                                                

                       hours                                                   

                           Consumed                                            

                                Wt., g.                                        

                                     Equiv.                                    

                                          in Electrolyte                       

                                                   Fe Deposited                

                                                           in                  

     __________________________________________________________________________

                                                           Anolyte             

     HCl   27    --    0   --   --   --   --       --      --                  

     HCl   27    0.5   4   0.224                                               

                                3.8  0.1340                                    

                                          0.0442   60      20                  

     H.sub.2 SO.sub.4                                                          

           27    --    0   --   --   --   --       --                          

     H.sub.2 SO.sub.4                                                          

           27    0.5   4   0.224                                               

                                0.2  0.0060                                    

                                          0.0936    3      42                  

     H.sub.2 SO.sub.4                                                          

           27    0.5   8   0.448                                               

                                2.0  0.0700                                    

                                          0.1717   16      38                  

     H.sub.2 SO.sub.4                                                          

          200    --    0   --   --   --   --       --      --                  

     H.sub.2 SO.sub.4                                                          

          200    0.5   4   0.522                                               

                                 0.06                                          

                                     0.0021                                    

                                          0.2717    0.4    52                  

     HBF.sub.4                                                                 

          200    --    0   --   --   --   --       --      --                  

     HBF.sub.4 *                                                               

          200    0.5   2   0.261                                               

                                2.7  0.0967                                    

                                          0.1344   37      52                  

     HBF.sub.4                                                                 

          200    --    0   --   --   --   --       --      --                  

     HBF.sub.4 *                                                               

          200    0.5   2   0.261                                               

                                3.6  0.1289                                    

                                          0.2105   81      49                  

     HBF.sub.4 *                                                               

          200    0.5   4   0.522                                               

                                8.1  0.2901                                    

                                          0.3738   72      56                  

     HBF.sub.4                                                                 

          200    --    0   --   --   --   --       --      --                  

     HBF.sub.4                                                                 

          200    1.0   4   1.044                                               

                                13.6 0.4871                                    

                                          0.5592   54      47                  

     HBF.sub.4                                                                 

          200    --    0   --   --   --   --       --                          

     HBF.sub.4                                                                 

          200    0.5   4   0.522                                               

                                9.1  0.3259                                    

                                          0.3593   62      69                  

     HBF.sub.4                                                                 

          2000   --    0   --   --   --   --       --      --                  

     HBF.sub.4 *                                                               

          2000    0.833                                                        

                       7   15.66                                               

                                206.0                                          

                                     7.3768                                    

                                          5.9991   47      38                  

     HBF.sub.4                                                                 

          2000   --    0   --   --   --   --       --      --                  

     HBF.sub.4 *                                                               

          2000    0.833                                                        

                       3.5 7.83 139.2                                          

                                     4.9847                                    

                                          4.3342   64      55                  

     __________________________________________________________________________

      *160.degree.F -- other runs at 120.degree.F                              

PAR  The concentration of HBF.sub.4 in the pickling bath may range from 10 to
      450 grams per liter. We prefer a concentration range from 65 to 130 grams
      per liter. Although at least some pickling effect will be observed for
      contact times as low as 30 seconds, as a practical matter the contact time
      for continuous strip pickling should be no less than 45 seconds in order
      to achieve a product of minimum acceptability; contact times as long as
      one hour will cause some loss of base metal, although not to the extent
      obtained with uninhibited sulfuric or hydrochloric acid. Temperatures may
      range from room temperature to 212.degree.F, although a range of
      175.degree.F to 200.degree.F is preferred.
PAR  Iron values may be recovered from the spent acid in the same
      electrodialysis operation in which the acid is recovered. For this purpose
      we prefer to use a permselective ion exchange membrane in an electrolytic
      bath. Direct currents may range from 10 to 600 amperes per square foot,
      although a range of 50 to 300 amperes per square foot is preferred.
      Efficiencies are best when the initial iron concentration in the catholyte
      solution is high relative to the acid concentration in the catholyte
      solution; iron concentrations should be at least 50 grams per liter,
      preferably 50 to 150 g/l, and preferred acid concentrations are below 30
      grams per liter.
PAR  Recovery runs were made using volume ratios of anolyte to catholyte of 4:1,
      as may be seen in Table V. Membrane areas used were 72 in..sup.2 for the
      2,000:4,000 runs, 36 in..sup.2 for the 1,000:4,000 runs, and 18 in..sup.2
      for the 500;2,000 in..sup.2. As before, low-carbon sheet steel cathodes
      were used and graphite anodes with Dynel anode bags. Although current
      efficiencies for iron and acid recovery were high as current densities
      were increased 600 A/ft..sup.2 (4.166 A/in..sup.2), there were operating
      difficulties that might be expected to become worse if higher current
      densities were employed. For runs at 400 and at 600 A/ft..sup.2 (2.777 and
      4.166 A/in..sup.2) the catholyte and anolyte solutions became heated to
      220.degree.F. The applied voltage required increased with current density,
      i.e., from 5 to 12 volts for current densities up to 300 A/ft..sup.2 and
      over 20 volts for current densities of 400 and 600 A/ft..sup.2
      Deterioration of the graphite anodes increased at the higher current
      densities and, in spite of the use of anode bags, particulate carbon was
      introduced into the anolyte solution. Further, there was some evidence
      (HBF.sub.4 concentrations in the catholyte solutions) of decreased
      membrane permselectivity and/or increased anion diffusion from the anolyte
      to the catholyte solution.
TBL                                    Table V                                 

     __________________________________________________________________________

     Electrolysis Experiments With Fe (BF.sub.4).sub.2 - HBF.sub.4 Solutions   

     Using Anion Permselective                                                 

     Membrane to Separate Catholyte and Anolyte Solutions                      

                                          Current                              

                                          Efficiency                           

                                          Based                                

                                              Based                            

     Volume of                            on Fe                                

                                              on                               

     Solution                                                                  

             Solu-             Electro-   Depos-                               

                                              Acid                             

                                                  Concentration, g/l.          

     in cell, ml.                                                              

             tion                                                              

                 Current        deposited ited                                 

                                              in  Anolyte                      

                                                       Catholyte               

     Catho-                                                                    

         Ano-                                                                  

             Temp.                                                             

                 Density                                                       

                      Time,                                                    

                          Faradays                                             

                               Iron           Ano-                             

                                                  Free     Free                

     lyte                                                                      

         lyte                                                                  

             .degree.F                                                         

                 amps/in.sup.2                                                 

                      hrs.                                                     

                        Consumed                                               

                               Wt.,g                                           

                                    Equiv.    lyte                             

                                                  Acid Iron                    

                                                           Acid                

                                                              Iron             

     __________________________________________________________________________

     2000                                                                      

         8000                                                                  

             160 --   0   --   --   --    --  --  19   &lt; 0.1                   

                                                           &lt;1 162.5            

     2000                                                                      

         8000                                                                  

             160 0.833                                                         

                      7   15.67                                                

                               266  9.525 60.8                                 

                                              46.5                             

                                                  99   &lt;0.1                    

                                                           &lt;1  24.4            

     2000                                                                      

         8000                                                                  

             180 --   0   --   --   --    --  --  36   &lt;0.2                    

                                                           19 146.2            

     2000                                                                      

         8000                                                                  

             180 1.042                                                         

                      5   13.99                                                

                                252*                                           

                                    9.038*                                     

                                          50.8*                                

                                              64.6                             

                                                  114  &lt;0.2                    

                                                            2  20.0            

     2000                                                                      

         8000                                                                  

             180 --   0   --   --   --    --  --  16    0.5                    

                                                           &lt;1 155.6            

     2000                                                                      

         8000                                                                  

             180 1.250                                                         

                      5   16.79                                                

                                306*                                           

                                    10.958*                                    

                                          65.3*                                

                                              49.9                             

                                                  108  10.4                    

                                                           &lt;1  5.5             

     1000                                                                      

         4000                                                                  

             170 --   0   --   --   --    --  --  27    0.4                    

                                                           23 169.0            

     1000                                                                      

         4000                                                                  

             170 1.250                                                         

                      5    8.39                                                

                               169  6.052 72.1                                 

                                              64.0                             

                                                  145   1.3                    

                                                            2  2.9             

     1000                                                                      

         4000                                                                  

             170 --   0   --   --   --    --  --  24   &lt;0.1                    

                                                           36 170.0            

     1000                                                                      

         4000                                                                  

             170 1.667                                                         

                      4    8.95                                                

                               156  5.586 62.4                                 

                                              58.5                             

                                                  139   0.7                    

                                                            1  3.9             

     1000                                                                      

         4000                                                                  

             180 --   0   --   --   --    --  --  24   &lt;0.1                    

                                                           19 150.1            

     1000                                                                      

         4000                                                                  

             180 2.083                                                         

                      2.5  6.99                                                

                                131*                                           

                                    4.702*                                     

                                          67.2*                                

                                              71.6                             

                                                  134  &lt;0.1                    

                                                            3  18.8            

      500                                                                      

         2000                                                                  

             220 --   0   --   --   --    --  --  26    0.2                    

                                                           66 174.7            

      500                                                                      

         2000                                                                  

             220 2.777                                                         

                      1.5  2.80                                                

                                50  1.791 64.0                                 

                                              78.1                             

                                                  122   0.6                    

                                                           31  64.3            

      500                                                                      

         2000                                                                  

             220 --   0   --   --   --    --  --  26    0.1                    

                                                           49 174.7            

      500                                                                      

         2000                                                                  

             220 4.166                                                         

                      0.5  1.40                                                

                                26.5                                           

                                    0.949 67.8                                 

                                              71.5                             

                                                  70    0.7                    

                                                           79 121*             

     __________________________________________________________________________

      *Calculated from deposited iron                                          

CLMS
STM  We claim:
NUM  1.
PAR  1. Method of pickling steel comprising contacting the steel with a pickling
      solution consisting of fluoboric acid, subjecting the spent fluoboric acid
      to electrodialysis by introducing the spent acid into the cathode
      compartment of a cell having said cathode compartment separated from an
      anode compartment by anion exchange membrane, recovering the iron on the
      cathode thereof and recycling the acid from the anolyte.
NUM  2.
PAR  2. Method of claim 1 in which the current is from 10 to 600 amperes per
      square foot of membrane.
NUM  3.
PAR  3. Method of claim 1 in which the current is from 50 to 300 amperes per
      square foot of membrane.
NUM  4.
PAR  4. Method of claim 1 in which the initial iron concentration in the
      catholyte solution is above 50 grams per liter and the initial acid
      concentration is below 30 grams per liter.
NUM  5.
PAR  5. Method of recovering iron values and fluoboric acid from a spent
      pickling solution of fluoboric acid comprising subjecting said spent
      pickling solution to electrodialysis, recovering the iron on the cathode
      thereof, and recovering the acid from the anolyte.
NUM  6.
PAR  6. Method of claim 5 in which the electrodialysis is conducted in a cell
      separated by an anion exchange membrane into an anode compartment and a
      cathode compartment.
NUM  7.
PAR  7. Mehtod of claim 5 in which the current is from 10 to 600 amperes per
      square foot of membrane.
NUM  8.
PAR  8. Method of claim 5 in which the current is from 50 to 300 amperes per
      square foot of membrane.
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PAL  Disclosed herein are a process and apparatus for electrolytically removing
      suspended and dissolved impurities from contaminated water. By the process
      of the invention, contaminated water is fed to a column where it is
      exposed to an electrical field created between a plurality of oppositely
      charged perforate plates by a pulsating electrical signal. The pulsating
      signal causes cations to be freed from the plates and destroys bacteria
      and cyanide where present. The process causes a micro-floc to form which
      grows by a chaining process into a large, easily separable floc which
      adsorbs essentially all of the suspended matter in the contaminated water
      including soil and other particles of colloidal size, dead bacteria, and
      precipitated metal salts, as well as some metal ions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the field of fluid purification, and in
      particular, to the electrolytic treatment of contaminated water. There are
      many known methods of treating contaminated water to remove varying
      degrees of contamination therefrom. The two most common methods of water
      purification are chemical precipitation and reverse osmosis. It has been
      known to electrolytically treat polluted water to remove contaminants
      therefrom. For example, Landreth in U.S. Pat. No. 1,131,067 describes a
      liquid treatment process in which contaminated liquid is fed through a
      treating chamber containing multiple electrodes spaced and insulated from
      each other and so disposed that the liquid passes in a zigzag direction
      backwardly and forwardly through the chamber between the electrodes. The
      electrodes are alternately charged and are supplied with an electric
      current of unspecified nature from a generator. Similarly, U.S. Pat. No.
      744,171 to Davis, et al discloses a method for separating oil and similar
      impurities from water by subjecting the solution to an electrolytic field
      of unspecified nature produced by iron electrodes which may be arranged so
      that the water flows past them in a zigzag manner. According to Davis, et
      al, the oil combines with iron freed from the electrodes to form a
      separable scum. More recently, Vellas, et al in U.S. Pat. No, 3,192,142
      have proposed to pass contaminated water through a multiple electrode
      coagulation set so designed that the polluted water circulates parallel to
      electrodes supplied with a rectified pulsating electrical current.
      According to the patentees, this step has the effect of starting a process
      of coagulation. The oppositely charged electrodes are disclosed as
      fabricated from different materials, preferably rustless steel and
      aluminum and the current to the electrodes is selected to transmit
      positively charged ions to the solution. So far as I am aware, none of the
      methods described above have proved adaptable to large-scale treatment of
      contaminated water.
PAR  Other workers have commented on the importance of zeta potential in floc
      formation. See Thomas M. Riddick Chemical Engineering, June 26, 1961,
      pages 121-126 and July 10, 1961, pages 141-146. Briefly, zeta potential is
      a measure of the electro-kinetic charge that surrounds suspended
      particulate matter. Riddick describes the charges on raw water turbidity
      as predominately electro-negative and strong enough to cause significant
      mutual repulsion of the suspended particles. When the zeta potential of
      suspended colloidal matter is reduced to near zero, plus or minus about 5
      millivolts, repulsive forces are eliminated, allowing the colloidal
      particles to collide with each other whereupon the forces of adhesion,
      cohesion and mechanical locking result in agglomeration, in turn
      occasioning formation of a large particle size floc which readily settles
      out of the solution. While Riddick controls zeta potential of colloidal
      matter by chemical means, applicant has found that the process and
      apparatus described herein apparently also has the effect of reducing the
      zeta potential on suspended colloidal matter so a floc can readily form
      which entraps virtually all of the suspended matter in the solution being
      treated.
PAC  SUMMARY OF THE INVENTION
PAR  In its most general sense, the apparatus of the invention comprises an
      upright column with a water inlet port adjacent its lower end and a water
      outlet port adjacent its upper end, the column containing a plurality of
      perforate plates disposed in the column in a plane essentially
      perpendicular to the longitudinal axis thereof. In some embodiments of the
      invention, the treating apparatus consists of a plurality of identical
      columns arranged in series. The traverse dimensions of the plates
      approximate the inside dimensions of the column to insure that, in
      operation, essentially all of the contaminated water entering the column
      passes through the perforations in the plates. The transverse dimension of
      individual perforations is preferably not greater than about 7% of the
      diameter of the plates. The perforations are preferably approximately
      evenly spaced across the plates, most preferably in such number as to
      comprise from about 20% to about 80% of the area of the plates. The plates
      are disposed in two sets comprised of alternating anode and cathode
      plates. A source of a variable pulsating electrical signal is provided to
      simultaneously supply the individual plates of each set with pulsating
      electrical signals of opposite signs. It is understood that the particular
      width, cross sectional shape and spacing of the plates in the column are
      not critical except as discussed above, these being matters of design
      choice.
PAR  The plates may be fabricated from a variety of conductive materials. The
      primary requirement is that the anode be comprised predominately of a floc
      forming metal such as aluminum or iron. In one embodiment, both the anode
      and cathode plates are fabricated from iron so even wear of the plates may
      be effected by reversing the sign of the signal applied to the set of
      plates. In another embodiment, the cathode plates may be fabricated from a
      non-gassing material such as molybdenum.
PAR  For each contaminated water source being used, there is an optimum current
      density on the plates to affect the desired contaminant removal. In
      practical operation, this means that for each contaminated water source,
      there is an optimum current which should be supplied to the column since
      the plates will usually be of a fixed size. Since changes in conductivity
      of the contaminated water may occur, which would reduce or increase the
      current at a constant voltage, it is desirable that the variable pulsating
      electrical signal source be designed with the capability of varying the
      voltage applied to the column in inverse relation to the conductivity to
      maintain a constant current. As a practical matter, pulsating electrical
      signal supply units with a fixed A.C. voltage supply are not capable of
      the range of voltage variations necessary to react to large changes in
      conductivity of the contaminated water. Therefore, in one embodiment of
      the invention, sensing means are provided for sensing conductivity and
      changes thereof of the contaminated water prior to its introduction to the
      column. The sensing means produces a signal which causes a voltage
      controller to vary the input A.C. voltage to the pulsating electrical
      signal supply unit thereby allowing the unit to react to broad changes in
      conductivity of the contaminated water source.
PAR  The method of generating the variable pulsating electrical signal to be
      applied to the plates of the column is not critical to the invention, the
      only requirement being that the signal creates a pulsating electrical
      field between the plates. In some embodiments of the invention, it is
      desirable that the signal develop an electrical field near the plates on
      the order of magnitude of at least about 10.sup.5 - 10.sup.6 volts/cm.
      Regardless of the manner the electrical signal is generated, it is
      economically desirable to apply the potential between the plates only for
      that part of the wave form where the amplitude is relatively high since it
      is only at the higher amplitudes that the higher electrical fields are
      created.
PAR  In one embodiment of the invention, the electrical signal to the column is
      provided by a unit which converts an electrical alternating potential by
      halfwave rectification, to pulsating electrical signals of opposite signs
      variable in magnitude and the point on the A.C. cycle at which the
      potential is applied. In another embodiment, the electrical signal to the
      apparatus of the invention is provided by a unit which converts an
      electrical alternating potential by full wave rectification, to pulsating
      electrical signals of opposite signs variable in magnitude and the point
      on the A.C. cycle at which the potential is applied. The advantage of full
      wave rectification is that a higher frequency is obtained. The higher
      frequency provides twice the number of pulses provided by half wave
      rectification for the same power usage and therefore improved efficiency
      is obtained.
PAR  In yet another embodiment, an electrical A.C. signal may first be rectified
      by a full wave bridge and then filtered to provide a constant level D.C.
      voltage. The D.C. voltage may then be applied to a chopper-inverter
      circuit which will provide a square wave, pulsed output that is infinitely
      variable in frequency and width. Such a circuit provides advantages over
      the previously-described phase controlled methods in that the
      instantaneous turn on and turn off characteristic of the square wave form
      allows the potential to be applied only during the most efficient high
      amplitude portion of the wave form.
PAR  By the process of this invention, contaminated water containing any
      combination of organic and inorganic suspended solids of whatever particle
      size, dissolved metal salts and cyanide is fed to the water treatment
      apparatus heretofore described. Preferably, the contaminated water is
      pretreated prior to introduction into the apparatus by adjusting its pH to
      a range of from abut 8.0 to about 10.0 by addition of an aqueous acid or
      base such as HCl or NaOH, as required, and by screening out gross
      particulate matter, as by passage through a relatively large screen, as
      for example, a screen of about 30 mesh. It is understood that the method
      and apparatus of the invention are operable over the entire pH range and
      that pH adjustment merely functions to bring the hydroxide ion
      concentration to a level which present experience has demonstrated
      provides the most economic contaminant removal.
PAR  The contaminated water is then fed to the column where it flows through the
      perforations in the plates and is exposed to the pulsating electrical
      signal supplied to the plates. The optimal average residence time between
      the oppositely charged plates of the apparatus may be readily determined
      for each source of contaminated water being treated and depends on the
      degree and type of contaminant removal desired.
PAR  The application of the pulsating electrical signal to the plates as the
      contaminated water flows through the column causes metal salts to
      precipitate from the solution, bacteria to be killed, and cyanide to be
      destroyed, and initiates formation of micro floc. At this point, the
      process of of the invention in its most general sense is complete. The
      following post-treatment process steps serve only to aid floc formation
      and removal from the water.
PAR  Post-treatment of the treated water begins by feeding it to a flocculation
      chamber of such capacity that the average residence time of water therein
      is at least about 20 minutes. In the flocculation chamber, micro-floc
      particles grow through a chaining process and absorb from the solution
      metal ions as well as substantially all of the contained organic and
      inorganic solid particles, including dead bacteria, colloidal particles
      and newly precipitated metal salts. The floc is then removed by
      clarification and filtering apparatus to yield essentially pure water and
      a sludge which may be further treated to recover metals and other valuable
      by-products.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a partial cross-sectional view of one embodiment of the apparatus
      of the invention.
PAR  FIG. 2 is a perspective view of a portion of the apparatus of FIG. 1
      showing the arrangement of the plates.
PAR  FIG. 3 is a schematic process flow diagram of one embodiment of the process
      of the invention.
PAR  FIG. 4 is a simplified schematic block diagram of a portion of an
      electrical circuit suitable for supplying a pulsating electrical signal to
      the apparatus of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  One embodiment of the apparatus of the invention is depicted in FIG. 1 and
      comprises an upright column 11 which may be constructed from any
      non-conductive material, e.g., lucite or glass. It is understood that the
      only requirement for construction of column 11 is that the interior of the
      column be non-conducting. Thus, the materials of construction may include
      a column of an outer conductive shell about a non-conductive lining. When
      the column is constructed of a transparent, non-conductive material such
      as lucite or glass, the additional advantage of being able to observe its
      operation accrues. Column 11 has water inlet port 50 and water outlet port
      51. Disposed within the column in a plane essentially perpendicular to the
      longitudinal axis thereof are a plurality of perforate plates 52 and 53.
      Plates 52 and 53 are fabricated from iron and are electrically insulated
      from the column. Their transverse dimensions approximate the inner
      diameter of the column so as to insure that, in operation, essentially all
      of the contaminated water being treated passes through plate perforations.
PAR  In FIG. 1, numerals 52 and 53 designate two mutually alternating sets of
      plates disposed in the column. Cathode plates 52 are electrically
      connected to cathode 54 and anode plates 53 are electrically connected to
      anode 55. Anode 55 and cathode 54 are mounted in column 11 in any
      convenient manner as by being secured by nuts 57 to plug 56.
PAR  FIG. 2 more clearly depicts the arrangement of the plates. In operation,
      each alternating set of plates is supplied with a variable pulsating
      electrical signal of opposite sign. In the embodiment of the invention
      depicted in FIG. 2, cathode plates 52 are supplied with mounting
      perforations 64 and 65. The diameter of perforation 65 is approximately
      equal to the outside diameter of cathode rod 54 so that plate 52 may be
      electrically connected to cathode rod 54 at the periphery of perforation
      65. The diameter of perforation 64 is slightly larger than the outside
      diameter of insulator 63 so that insulator 63 may be passed through plate
      52 thereby electrically insulating it from anode rod 55. Anode plates 53
      are provided with perforations 61 and 62. Perforation 62 is of a diameter
      approximately equal to the outside diameter of anode 55 so that plates 53
      may be electrically connected to anode rod 55 at the periphery of
      perforation 62. The diameter of perforation 61 is slightly larger than the
      outside diameter of insulator 60 so that insulator 60 may be passed
      through plate 53, electrically insulating it from cathode 54. Plates 52
      and 53 are provided with perforations 66 through which the water being
      treated flows.
PAR  In one embodiment of the invention, as represented in FIG. 2, plates 52 and
      53 are identical 51/2 inch diameter iron plates with 1/4 inch diameter
      perforations set on a 1/2 inch staggered center which total about 40% of
      the area of the plates. In other embodiments of the invention, as for
      example when non-gassing cathode plates are employed, the cathode plates
      would be provided with minimum number of relatively large holes while the
      anode plates will have a maximum amount of small holes to increase the
      ratio of anode area to cathode area thereby increasing the current density
      on the anode.
PAR  Cathode rod 54 and anode rod 55 are supplied with pulsating electrical
      signals of opposite signs by variable pulsating electrical signal unit
      generating means 12. As was pointed out above, in some embodiments of the
      invention, it is desirable that the pulse provided by unit 12 develops
      electrical fields at the surface of the anode plate on the order of
      magnitude of at least 10.sup.5 - 10.sup.6 volts/cm. This is desirable
      because it has been calculated that when a potential is applied between
      spaced iron plates through a conductive solution, space charge sheaths
      will be produced at the surface of the plates. The space charge sheaths
      are exceedingly thin compared to separation of the electrodes. For
      example, with a normal separation of electrodes in a sodium chloride
      solution, as for example, one inch or more, the space charge sheaths at a
      potential of 100 volts and a current of 1 amp or any combination totaling
      100 volt-amps will be 0.376 .times. 10.sup.-.sup.3 cm in thickness. The
      high electrical fields of 10.sup.5 - 10.sup.6 volts/cm magnitude referred
      to above are developed in these space charge sheaths. The configuration of
      the apparatus of the invention insures that substantially all of the
      contaminated water being treated is exposed to these high-potential space
      charge sheaths. For convenience, the calculated potential assumed planar
      plates. When the irregularity of the iron surface and the edge of the
      perforations are taken into account, it is probable that the potential may
      be an order of magnitude higher at some points. The calculated potential
      is sufficient to remove metal ions from the surface of the anodes into the
      contaminated water, cause disassociation of cyanide molecules and water,
      and destroy bacteria in a sodium chloride solution, It is understood that
      the magnitude of the electrical charge in the space charge sheath
      necessary to affect a desired degree of contaminate removal will vary with
      the composition of the water being treated.
PAR  The apparatus of the invention includes means to supply the sets of plates
      52 and 53 with a variable pulsating electrical signal of opposite signs.
      This means is generally designated as unit 12 in the process flow diagram
      of FIG. 3. In the embodiment of the invention where the signal is supplied
      by halfwave rectification as described above, the circuitry of unit 12 is
      as depicted by simplified block schematic diagram FIG. 4. FIG. 4 depicts
      in simplified form, one third of a circuit capable of providing a
      pulsating electrical signal to each of three columns employed in series in
      the process of the invention. The circuitry is repeated three times to
      provide a signal to each unit. In this embodiment of unit 12, input A.C.
      power circuit 100 is supplied with a 480 volt, three-phase electrical
      signal in delta configuration and the signal is transformered down to a
      120 volt, three-phase wye configuration. Each phase of the 120 volt signal
      is applied to a silicon-controlled rectifier (SCR) in SCR circuit 102. The
      SCR is triggered by the control circuits 104-116 described below. When
      triggered, the SCR applies an electrical signal to the plates of the
      column. The timing of the triggering signal determines the portion of the
      halfwave rectified wave form applied.
PAR  The triggering circuit comprises one shot trigger source circuit 104 which
      maintains syncronization between SCR triggering and the input A.C.
      voltage. The signal developed by one shot trigger source circuit 104 is
      supplied to pulse generator 106 which develops a variable time based
      square wave pulse. Pulse timing may be adjusted either by manual one shot
      timing adjust circuit 108 or by automatic one shot timing circuit 110, if
      automatic mode is desired. The time adjusted pulse developed by pulse
      generator 106 is applied to SCR gate drive circuit 112 which applies the
      triggering signal to activate the SCR in SCR circuit 102. The current
      across the plates of column 11 is maintained at constant level by shunt
      resistor circuit 116 which supplies a signal to automatic current control
      circuit 114 which automatically adjusts the pulse width thereby
      maintaining the current to chamber 11 at a constant value. In one
      embodiment unit 12 may be supplied with an A.C. voltage control regulator,
      not shown, which adjusts the A.C. voltage supply in increments responsive
      to the conductivity of the contaminated water so that the current control
      feature of unit 12 may function over a broad conductivity range.
PAR  The process of one embodiment of the invention is depicted in schematic
      form in FIG. 3. Contaminated water 1 is pumped by pump 2 to surge tank 3.
      The contaminated water may contain as contaminants to be removed from the
      solution, organic and inorganic suspended solids, dissolved metal salts
      such as iron, lead, tin, nickel, cobalt, cadmium, chromium, zinc,
      aluminum, magnesium, calcium, sodium, copper, mercury, silver, gold,
      platinum, and antimony salts as well as cyanide complexes of these and
      other metals. From surge tank 3, contaminated water 1 flows to pH
      adjustment tank 4. If the pH of the contaminated water 1 is outside the
      range of from about 8.0 to about 10.0, the pH is adjusted to within that
      range by the addition of an aqueous acid 5, as for example, HCl or H.sub.2
      SO.sub.4, or an aqueous base 6, as for example, sodium or calcium
      hydroxide as required.
PAR  The contaminated water 7 whose pH has been adjusted to within the specified
      range is screened through screen filter 8 which is comprised of a screen
      of relatively large mesh, as for example, about 30 mesh or larger. The
      conductivity of contaminated water 7 is measured by conductivity sensor 9
      which produces a signal from which a voltage controller adjusts the A.C.
      voltage supply to pulsating electrical signal unit 12 so that the unit may
      regulate the electrical signal supplied to the plates of the treating
      apparatus 11 as described above. The contaminated water 7 is then pumped
      by pump 10 to the water inlet port at the bottom of column 11. The water
      passes through the plates of column 11 and is exposed to a pulsating
      electrical signal supplied to the plates by unit 12 via electrical leads
      13 and 14. The electrical signal destroys bacteria in the water, destroys
      cyanide, disassociates water to form hydroxide ions, and releases iron
      cations from the iron anode plates. It is believed that iron cations form
      compounds such as [Fe(H.sub.2 O).sub.8 (OH).sub.2 ].sup.+.sup.+.sup.+,
      etc. which polymerize and initiate the formation of a floc. In addition,
      the iron cations replace metal cations above iron in the electromotive
      series in the solution, causing the precipitation of metal salts from the
      water. Insoluble metal hydroxides are also formed as precipitates. Flox
      formation begins almost instantaneously in the form of a micro-floc which
      becomes visible as chaining occurs as the contaminated water passes
      through the plates of column 11.
PAR  For each water source being treated, there is an optimum current density on
      the plates, which will vary depending on the contaminants sought to be
      removed from the solution. This optimum current density can readily be
      determined for a particular solution merely by varying the current
      supplied to the plates of the apparatus or a pilot version thereof to
      achieve optimum removal of desired contaminants. The column is sized so as
      to economically process any desired flow rate. In operation, the total
      current supplied to the apparatus is automatically maintained at a
      constant by electrical signal unit 12 as described above. The treatment
      time, i.e., the residence time of the water in column 11 will vary with
      each contaminated water source being treated according to the nature and
      quantity of the contaminants sought to be removed.
PAR  The treated water 15 next flows to flocculation tank 16 which is of such
      size as to provide a residence time of the treated water in the tank of at
      least about 20 minutes. As the water passes through tank 16, it may be
      caused to follow a non-linear path through the tank as by the Wier design
      depicted in FIG. 3. The Wier design maintains the water in gentle
      agitation which aids in floc formation and growth. It is also believed
      that the column design of tank 16 aids in floc formation due to the
      pressures present at the bottom of the column. During this time, the
      micro-floc grows through chaining into large floc particles which absorb
      metals from the solution as well as substantially all of the solids in the
      treated water, including colloidal suspended solids, dead bacteria and
      newly precipitated metals. It is believed that one reason the floc is able
      to absorb the colloidal particles is that subjecting the suspended solids
      to the pulsating electrical signal in the treating apparatus reduces the
      zeta potential of the normally negatively charged colloidal particles to
      near neutrality, reducing the repulsive forces between the colloidal
      particles and allowing them to collide with each other whereupon the
      forces of adhesion, cohesion, and mechanical locking result in
      agglomeration of the particles and absorption thereof by the growing floc.
PAR  Treated water 17 containing suspended floc is removed from floc tank 16 and
      fed to clarifier 18. Some of the floc will settle in the floc tank and is
      removed from the bottom as sludge 19 which is handled as described below.
      Clarifier 18 is designed to aid in removal of the floc particles. In a
      preferred design, the clarifier may be shaped to function like a cyclone
      and remove most of the suspended floc. Alternatively, the clarifier may be
      a centrifuge or other commercially available clarifier. Clarified water 20
      is fed to holding tank 21 and the floc and sludge 22 is removed from the
      bottom of the clarifier and treated as described below. Additional sludge
      and floc 23 will settle to the bottom of hold tank 21 and is removed and
      treated as described below. The treated water 24 from hold tank 21 is
      pumped by pump 25 through polish filter 26 which may be any suitable
      commercially available polish filter capable of removing the floc
      particles which have not been removed from the water. Essentially pure,
      treated water 27 from which all floc particles have been removed emerges
      from filter 26 and may be used as desired. The filter cake 28 is removed
      from filter 26, combined with floc and sludge 19, 22, and 23 and pumped by
      pump 29 to sludge tank 30. If desired, the overflow 31 from sludge tank 30
      may be returned to the floc tank by pump 32. The concentrated sludge 33
      may be treated as desired, e.g., to recover metals therefrom, or may be
      disposed of.
PAR  The apparatus and method of the invention are further disclosed and
      described by the following examples in which they are employed to treat
      the waste stream from a metal plating plant. The treating process was
      essentially as described in FIG. 3 except that three identical columns
      were connected in series and no clarifier was employed. The circuitry of
      unit 12 was essentially as described in FIG. 4. Each of the three
      circuits, only one of which is depicted in FIG. 4 was used to develop a
      half wave rectified pulsating electrical signal to be applied to the
      plates of each of the three columns. The duty cycle, that is, the portion
      of the wave form over which the signal is applied to the column, is
      variable from 0 - 100%. As will be noted from the tables below, in some
      instances the voltage and duty cycle applied to each column was varied
      from column to column, since the temperature rise through each column
      increases the conductivity of the contaminated water thus requiring a
      lower voltage and duty cycle in each succeeding column. The voltage and
      amp figures for each columnn are average figures across the plates of the
      column and the power consumption inn kilowatt hours per 1,000 gallons is
      the total power consumption of the columns. The three columns employed had
      a 6-inch inside diameter and a flow height from inlet 50 to outlet 51 of
      78 inches. Each column had 28 identical iron plates 52 and 53 spaced 3
      inches apart and 51/2 inches in diameter. The plates contained 1/4 inch
      diameter perforations set on a 1/2 inch staggered center totaling about
      40% of the area of the plates.
PAC  EXAMPLE 1
PAR  A contaminated water stream containing 19.2 ppm chromium, 25.0 ppm cadmium,
      and 22.5 ppm zinc in a solution containing 45.0 ppm CN.sup.- (colormetric
      titration for free cyanide) and having a conductivity of 2,225 micromhos
      was adjusted to a pH of 8.0 and fed to the unit at 75.degree.F. The
      operating conditions for the unit at flow rates of 2, 3, and 4 gallons per
      minute are shown in Table 1. Treatment of the water by the method and
      apparatus of the invention at these conditions resulted in the level of
      contaminant removal shown in Table 2.
TBL                Table 1                                                     

     ______________________________________                                    

     VOLTS      AMPS     DUTY                                                  

     D.C.       D.C.     CYCLE .%  UNIT POWER                                  

     ______________________________________                                    

     Column     Column   Column    KW    KW-hr per                             

     1/2/3      1/2/3    1/2/3     AC    1000 gal                              

     ______________________________________                                    

     2 GPM 51/32/34 72/76/76 90/65/50                                          

                                     3.48  24.22                               

     3 GPM 48/32/36 70/72/75 90/70/55                                          

                                     3.22  16.18                               

     4 GPM 56/42/48 68/75/78 95/70/55                                          

                                     3.07  15.73                               

     ______________________________________                                    

TBL                Table 2                                                     

     ______________________________________                                    

     PERCENT CONTAMINANT REMOVAL                                               

     ______________________________________                                    

     Compound Cr        Cd        Zn      Cn.sup.-                             

     ______________________________________                                    

     2 GPM    99.94     99.92     97.55   93.33                                

     3 GPM    99.94     98.00     98.22   85.78                                

     4 GPM    99.92     98.00     96.88   94.67                                

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  A contaminated water stream containing 39.6 ppm chromium, 8.2 ppm copper,
      10.6 ppm nickel and no cyanide with a conductivity of 2,150 micromhos was
      adjusted to the pH of 6.7 and fed to the unit at 75.degree.F. The
      operating conditions for the unit at flow rates of 2.0, 3.0 and 4.0
      gallons per minute are shown in Table 3. Treatment of the water by the
      method and apparatus of the invention at those conditions resulted in the
      level of contaminant removel shown in Table 4.
TBL                Table 3                                                     

     ______________________________________                                    

     VOLTS      AMPS     DUTY                                                  

     D.C.       D.C.     CYCLE %   UNIT POWER                                  

     ______________________________________                                    

     Column     Column   Column    KW    KW-hr per                             

     1/2/3      1/2/3    1/2/3     AC    1000 gal                              

     ______________________________________                                    

     2 GPM 54/55/41 70/70/70 95/80/70                                          

                                     3.37  35.95                               

     3 GPM 55/34/42 70/70/70 95/85/75                                          

                                     3.57  21.22                               

     4 GPM 55/38/46 68/70/70 95/85/80                                          

                                     3.37  16.92                               

     ______________________________________                                    

TBL                Table 4                                                     

     ______________________________________                                    

     PERCENT CONTAMINANT REMOVAL                                               

     ______________________________________                                    

     Compound  Cr          Cu          Ni                                      

     ______________________________________                                    

     2 GPM     99.97       99.57       98.77                                   

     3 GPM     97.97       99.70       99.34                                   

     4 GPM     99.97       99.39       98.77                                   

     ______________________________________                                    

PAR  It will be noted from the foregoing that the scope of the invention is not
      limited to any particular combinations of contaminants or methods of
      pre-treating or post-treating the water before or after the column. The
      reason is that the method and apparatus of the invention will function as
      described under a wide variety of conditions. For example, with some
      nickel-cyanide solutions, it is desirable to pre-treat the water by
      methods known to the art to convert cyanide to cyanate prior to treating
      the water with the apparatus and method of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for electrolytically treating contaminated water containing
      suspended and dissolved impurities comprising the steps of:
PA1  passing the contaminated water vertically upward through an upright column
      having a water inlet port adjacent the lower end thereof and a water
      outlet port adjacent the upper end thereof, wherein between the inlet and
      outlet port, a plurality of electrically conductive perforate plates are
      disposed in the column in a plane essentially perpendicular to the
      longitudinal axis thereof and electrically insulated therefrom, the
      transverse dimensions of the plate approximating those of the column so
      that essentially all of the contaminated water being passed through the
      column passes through perforations in the plates;
PA1  generating variable pulsating electrical signals of opposite signs; and,
PA1  supplying a variable pulsating electrical signal of a first sign to
      individual ones of a first set of the plates while simultaneously
      supplying a variable pulsating electrical signal of the opposite sign to
      individual ones of a second, alternating set of the plates to create a
      pulsating electrical field between the plates.
NUM  2.
PAR  2. The process of claim 1 wherein water downstream of said column is passed
      through a flocculation chamber of such capacity that the average residence
      time of the water therein is at least about 20 minutes.
NUM  3.
PAR  3. The process of claim 2 wherein water in said chamber is subjected to
      gentle agitation.
NUM  4.
PAR  4. The process of claim 3 wherein said water is caused to follow a
      non-linear path through said chamber, occasioning said agitation.
NUM  5.
PAR  5. The process of claim 1 comprising the further step of, prior to passing
      the contaminated water through the column, adjusting the pH of the
      contaminated water to within a range of from about 8.0 to about 10.0.
NUM  6.
PAR  6. The process of claim 5 which comprises the further step of removing
      gross impurities from the contaminated water by passing it through a
      screen of abut 30 mesh or larger prior to its admission to said column.
NUM  7.
PAR  7. The process of claim 2 wherein downstream of said chamber water is
      passed through clarification and filtering means to remove suspended
      matter therefrom.
NUM  8.
PAR  8. A process for electrolytically treating contaminated water containing as
      contaminants organic and inorganic suspended solids, dissolved metal
      salts, and cyanide complexes of metals comprising the steps of:
PA1  pretreating the contaminated water by adjusting its pH to within the range
      of from about 8.0 to about 10.0 and by screening the contaminated water
      through a screen of about 30 mesh or larger;
PA1  passing the contaminated water vertically upward through an upright column
      having a water inlet port adjacent the lower end thereof and a water
      outlet port adjacent the upper end thereof, wherein, between the inlet and
      outlet port, a plurality of electrically conductive perforate plates are
      disposed in the column in a plane essentially perpendicular to the
      longitudinal axis thereof and electrically insulated therefrom, the
      transverse dimensions of the plates approximating those of the column so
      that essentially all of the contaminated water passed through the column
      passes through perforations in said plates;
PA1  generating variable pulsating electrical signals of opposite signs with
      variable pulsating electrical signal means;
PA1  applying a variable pulsating electrical signal of a first sign to
      individual ones of a first set of the plates while simultaneously applying
      a variable pulsating electrical signal of the opposite sign to individual
      ones of a second, alternating set of the plates to create a pulsating
      electrical field between the plates;
PA1  passing contaminated water which flows from the outlet port of the column
      through a flocculation chamber of such capacity that the average residence
      time of the water therein is at least about 20 minutes; and,
PA1  subsequently, passing the water through clarification and filtering means
      to remove suspended solids therefrom.
NUM  9.
PAR  9. The process of claim 8 wherein the voltage of the pulsating electrical
      signal is varied so as to maintain a constant current density on the
      plates of the column.
NUM  10.
PAR  10. The process of claim 8 which additionally comprises the step of sensing
      conductivity of said water upstream from said column, generating a signal
      proportional to said conductivity, and employing said signal to vary input
      A.C. voltage to means by which said pulsating signal is generated in
      inverse relation to said conductivity.
NUM  11.
PAR  11. The process of claim 1, wherein the voltage of the pulsating electrical
      signals is varied so as to maintain a constant current density on the
      plates of the column.
NUM  12.
PAR  12. The process of claim 1, further comprising the step of sensing
      conductivity of said water upstream from the column, generating a signal
      proportional to said conductivity, and employing said signal to vary input
      A.C. voltage to means by which said pulsating signal is generated in
      inverse relation to said conductivity.
NUM  13.
PAR  13. The process of claim 1, further including the step of maintaining
      current density on the perforate plates substantially at a constant by
      varying the voltage of the pulsating electrical signals.
NUM  14.
PAR  14. The process of claim 1, wherein the magnitude of said pulsating
      electrical field is at least about 10.sup.5 volts/centimeter in the
      immediate vicinity of said plates.
NUM  15.
PAR  15. The process of claim 1, wherein said pulsating electrical signals are
      generated in the form of a square wave.
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PAL  A process for the vapor phase graft copolymerization of a monomer vapor
      onto a polymeric substrate in the presence of a source of light at low
      energy levels and a photosensitive vapor (e.g. a diketone) activated by
      such low energy. The product of said process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Graft copolymers have been formed by techniques in which a polymeric
      substrate is wet out with a solution of a monomer and subjected to
      ionizing radiation to cause the monomer to polymerize in grafted form on
      the substrate. One example of this technique is illustrated in Cline et
      al, U.S. Pat. No. 3,090,664 in which an unsaturated organic acid or salt
      is grafted onto a nitrogen containing polymer substrate. According to this
      patent, the bulk of the irradiation received by the wet fabric comprises
      photons at wave lengths less than 3000 A. Optional photoinitiators
      activated by ultraviolet light are indicated by the patent as a means for
      reducing the ultraviolet light exposure required for grafting. Such
      photoinitiators are disclosed as being added in the liquid form together
      with the monomer.
PAR  The process of the Cline et al patent has a number of disadvantages.
      Because the monomer is added in a liquid form and penetrates deeply into
      the polymeric substrate, it tends to homopolymerize within the substrate
      as well as on the surface. Thus, a relatively thick uneven layer of
      homopolymer is deposited. In certain instances such as grafting of
      monomers for permanent press characteristics, such a thick coating results
      in undesirable tactile properties such as roughness, stiffness and poor
      draping. In addition, where the polymeric substrate is a fiber, the excess
      liquid monomer tends to form bridges across fibers within the fabric
      during polymerization leading to unsightly spot welding which also
      contributes to fabric stiffness.
PAR  Another disadvantage to graft polymerization using a liquid monomer is that
      there is a substantial waste of excess monomer which is homopolymerized on
      the substrate surface. Also, addition of the photoinitiator in liquid form
      also is wasted.
PAR  Irradiation at the relatively high energy disclosed in the Cline et al
      patent (less than 3000 A.) produces detrimental effects upon the polymeric
      substrate. Noticeable effects are discoloration of the substrate and
      reduction in tensile strength.
PAR  Another disadvantage of the above technique is that when the optional
      photoinitiator is employed, it is added as a liquid. Such photoinitiators,
      which are normally colored, tend to stain or discolor the fabric when
      added in this form.
PAC  SUMMARY OF THE INVENTION AND OBJECTS
PAR  It is a general object of the invention to graft a monomer onto a polymeric
      substrate in a manner which overcomes the aforementioned disadvantages of
      the prior art.
PAR  It is a particular object of the invention to provide a graft
      polymerization technique in which the monomer is applied in the vapor
      phase thereby forming a relatively thin and uniform coating upon the
      surface of the polymeric substrate.
PAR  It is a further object of the invention to perform the grafting process in
      the presence of relatively low energy light so as to avoid detrimental
      effects on the polymeric substrate.
PAR  Additional objects and features of the invention will appear from the
      following description in which the preferred embodiments are set forth in
      detail.
PAR  In accordance with the above objects a vapor phase method for forming a
      graft copolymer in the presence of low energy, irradiation is provided. In
      a first step, a wetting agent is deposited upon the surface of a polymeric
      substrate in forms such as fiber, fabric, film or sheets. Suitable
      polymeric substrates include cellulose and its derivatives,
      protein-containing polymers, polyamides, polyurethanes, vinyl polymers
      including polyolefins and polyesters.
PAR  Thereafter, the polymeric substrate is contacted with a monomer and
      photosensitive vapor in the presence of low energy radiation. Suitable
      monomers include unhalogenated vinyl monomers including substituted groups
      selected from the group consisting of organic acids, esters and ethers,
      and cyanide.
PAR  It is preferable that the light energy be at a relatively low level, i.e.,
      characterized by a majority, and preferably at least 75-90%, of photons
      having wavelengths over 3000 A.
PAR  The present method is predicated upon the discovery that certain
      photosensitive vapors are capable of being activated by exposure to the
      above low energy light to a state sufficient to create grafting sites on
      the polymeric substrates to thereby graft polymerize a monomer at the
      sites. In addition, it is important that the photosensitive materials have
      sufficient vapor pressure at the conditions of reaction to be in the vapor
      form so as to avoid discoloration of the polymeric substrate. Suitable
      photosensitive monomers include volatile diketones and .alpha., .beta.
      unsaturated carbonyl compounds.
PAR  It has been found that the use of a wetting agent is highly desirable to
      increase the rate of graft polymerization to an economically feasible
      level. Such wetting agent should have an affinity for the polymeric
      substrate, monomer and photosensitive vapor. The rate of grafting is
      further increased where the monomer is soluble in the wetting agent.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Briefly described, the present process comprises a vapor phase method for
      forming a graft copolymer in the presence of low energy irradiation. In a
      first step a wetting agent is deposited upon the polymeric substrate.
      Thereafter, a polymeric substrate is placed in a closed system into which
      a monomer and a photosensitive material, both in the vapor phase, are
      supplied in the presence of low energy radiation.
PAR  The technique of graft polymerization is basically a free radical
      mechanism. Active grafting sites are created on the polymeric substrate by
      exposure to energy sources such as irradiation. Monomers are caused to
      polymerize at these reactive sites to form a final structure comprising
      the polymeric substrate with appendant polymerized monomer units.
PAR  In accordance with the present invention, the grafting site is created by
      means of irradiation activating a photosensitive vapor which, in turn,
      transfers this energy directly to a surface of the polymeric substrate. In
      the absence of the photosensitive vapor, the low energies of irradiation
      employed would not creat sufficient grafting sites for purposes of the
      invention.
PAR  The polymeric substrate may be in any form which is desired for the end
      product. Such form includes fibers, fabric, sheet, and film. For purposes
      of the present discussion, it will be assumed that the substrate is in
      fabric form.
PAR  In a first step the polymeric substrate (fabric) is prewet with a wetting
      agent. This may be accomplished, for example, by dipping the fabric into
      the wetting agent. After wetting, excess solvent is removed from the
      fabric as by squeezing.
PAR  The wetting agent comprises a material with an affinity for the polymeric
      substrate, monomer, as well as the photosensitive vapor. Most efficient
      and uniform grafting is accomplished where the monomer is also soluble in
      the wetting agent. Thus, the wetting agents are dependent upon the
      particular graft polymerization system. Certain common wetting agents, as
      set forth in the examples, include water, alcohol, formamides, and the
      like.
PAR  In one system of a batch type, the fabric substrate is placed in a closed
      system which includes a light energy source as well as inlet openings for
      monomer vapor and sensitizer vapor. Before introduction of these vapors,
      the system is flushed suitably with an inert gas such as nitrogen or steam
      to remove the oxygen which inhibits polymerization. Where the grafting is
      to occur with atmospheric pressure, it is preferable that the nitrogen be
      supplied at a slight positive pressure such as from 1.01 to 1.1
      atmosphere.
PAR  The technique for supplying monomer to the closed system is dependent upon
      its vapor pressure characteristics. Typically, the monomer is in a liquid
      state at room temperature but possesses sufficient vapor pressure for
      being entrained in a carrier gas bubbling through a solution of monomer.
      For this purpose, the same inert gas used to flush the system may be
      bubbled through the monomer and thereafter directed into the closed
      chamber containing the polymeric substrate. Where the monomer does not
      have sufficient vapor pressure at room temperature for this technique, it
      may be heated to a limited extent. For this purpose, it is preferable not
      to heat the monomer above say 100.degree. to 120.degree. to avoid
      homopolymerization. Alternatively a vacuum could be drawn, but this is
      relatively expensive.
PAR  It may be desirable to entrain the monomer in a vaporized liquid in which
      the monomer is soluble to improve the entrainment of monomer in a vapor
      state. In one system of this type, for example, superheated steam is
      passed through acrylic acid monomer and thereafter into the closed system.
      Of course, another reason that the steam tends to increase the monomer
      input is that it heats the monomer for increased vapor pressure.
PAR  The same techniques for supplying monomer to the system may also be
      employed to supply a sensitizer. A relatively small portion of sensitizer
      is necessary in comparison to the monomer. Thus, where the same rate of
      flow of carrier gas is bubbled through the sensitizer and into the closed
      system, sensitizer is diluted in a suitable solvent, such as water, which
      will not interfere with the reaction. For this purpose the sensitizer may
      be diluted on the order of one part sensitizer to 100 parts or more of
      water.
PAR  In the present process, excess polymer and photosensitizer vapors are
      directed out of the system after contact with the polymer substrate
      through a gas outlet at the opposite side of the reaction chamber. These
      vapors may be recycled and join the inlet stream leading to economy of
      reactants. This is in contrast to the relatively high loss of reactants
      when a graft polymerization in the presence of irradiation is carried out
      in the liquid phase.
PAR  A suitable apparatus for the above system includes a closed chamber with at
      least one inlet for sensitizer vapor and monomer. As explained
      hereinafter, the sensitizer and monomer may be supplied simultaneously and
      thus through the same inlet opening. On the other hand, it may be
      desirable to supply sensitizer and monomer at different flow rates and at
      different times. Thus, it is preferable that the apparatus include at
      least two inlet openings. A source of inert gas under pressure is bubbled
      through separate containers of monomer and the sensitizer solution to
      carry the vapors into the closed chamber. A vapor outlet is provided for
      the removal of these gases.
PAR  For uniform grafting, it is preferable that the source of radiation be
      equidistant from all portions of the polymeric substrate. Suitable
      apparatus to accomplish this objective includes a centrally located source
      of light energy and means for mounting the substrate on an arc line formed
      with a source of ultraviolet light at the center. A water jacket may be
      provided around the light source for cooling.
PAR  As explained in detail hereinafter, the low energy characteristic of the
      light received by the polymeric fabric is highly important. It is
      preferable that the majority of the light energy comprise photons having
      wavelengths of an excess of 3000 A. At least 75% of the photons should
      have wavelengths over 3000 A. Conversely, it is preferable to filter out
      the major portion of the relatively high energy light with wavelengths
      below the abovevalues. Since such high energy is not necessary in
      accordance with the present invention, it is preferable to filter all but
      trace amounts of such high energy irradiation. A suitable light source for
      the above purpose is a Pyrex glass-filtered mercury arc lamp. The Pyrex
      glass filters at least 90% of the light energy below 3000 A. The intensity
      is varied depending upon the distance of the fabric and the desired time
      interval of grafting. The required intensity is decreased as the time of
      exposure is increased. Typical light sources may be on the order of 100 to
      450 watts. The Pyrex glass filters out wavelengths below about 3000 A.
PAR  It is apparent that the intensity (watts/cm.sup.2) and time of irradiation
      according to the present process are interrelated. That is, at higher
      intensities, the graft polymerization occurs in a relatively short period
      of time while the time increases as the intensity of irradiation is
      decreased.
PAR  Alternative apparatus to the foregoing may be utilized where continuous
      graft polymerization is desired. For example, any conventional continuous
      means for conveying a film or fabric may be utilized, such as rollers.
      Such rollers would be disposed within an enclosed chamber into which a
      sensitized vapor and monomer are introduced and exposed to a light source.
PAR  An important feature of the present invention is the discovery that free
      radical sites on a polymeric substrate may be created indirectly, that is,
      by the transfer of energy from a photosensitive vapor in the presence of
      relatively low energy radiation. For this purpose, it is necessary that
      the photosensitizer be activated at the aforementioned low energy levels
      sufficiently to create grafting sites. In other words, photosensitive
      material should be highly absorptive of light energy and below energy
      wavelength set forth above. In addition, since the process occurs in the
      vapor phase, it is necessary that the photosensitive material have
      sufficient volatility at the operating conditions of the reaction to be in
      vapor form. For economic reasons, it is preferable that the reaction
      chamber be maintained at a pressure close to atmospheric and at a
      temperature close to room temperature.
PAR  At the above conditions, it has been found that .alpha.-diketones,
      especially biacetyl, are suitable photosensitive vapors. Biacetyl is
      highly absorptive at wavelengths of 3600 to 4600 A. Other suitable
      diketones include hexane-3, 4-dione, cyclohexane-1/2, 2-dione or glyoxal.
      Other usable compounds which have the requisite absorption to energy at
      the above wavelengths are the .alpha., .beta. unsaturated carbonyl group
      such as benzaddelyde, acrolein and crotonaldehyde. It should be understood
      that the other photosensitive materials that possess the foregoing
      characteristics may be employed in accordance with the present invention.
PAR  A wide variety of polymeric substrates may be employed for purposes of the
      present invention. A broad grouping of such materials includes cellulose
      and its derivatives, protein-containing polymers, polyamides,
      polyurethanes, vinyl polymers, and polyesters.
PAR  The term "cellulose" is intended to include various forms such as paper,
      cotton, flax, and blends of cellulose with other materials such as a
      polyester-cotton fabric. The cellulose derivatives include cellulose
      esters, such as cellulose acetate and triacetate, cellophane film, and
      regenerated cellulose such as rayon.
PAR  The protein-containing polymers include natural fibers such as wool and
      mohair and copolymers of proteins with other monomers.
PAR  The polyamides include the various forms of nylon. The polyurethanes
      include spandex.
PAR  As used herein, suitable vinyl polymers include acrylics, such as
      acrylonitrile, modacrylics, such as copolymers of acrylonitrile and vinyl
      chloride, polystyrene, polyvinyl esters, polyvinyl ethers, polyvinyl
      alcohols and their derivatives and condensation polymers such as
      polyesters. Particularly suitable polyolefins include polyethylene and
      polypropylene.
PAR  Since the graft polymerization of the present invention is a surface
      phenomenon, it is preferable that the substrate be in a form which
      presents a large amount of surface area to the monomer. Thus, good
      grafting reactions occur by the use of fabrics comprised of fibers or with
      relatively porous sheets such as filter paper. For example, polyethylene
      fibers are more readily grafted than polyethylene films. On the other
      hand, many films such as cellulose derivatives are highly grafted.
PAR  Suitable monomers according to the present invention, are relatively polar
      and comprise unhalogenated vinyl monomers including substituted groups
      selected from the group consisting or organic acids and their derivatives,
      organic and inorganic esters and ethers. The term "unhalogenated vinyl
      monomer" means that the vinyl portion of the monomer includes no diirect
      substitution of a halogen group. On the other hand, this is not meant to
      exclude halogen substitution removed from the vinyl group as in an
      inorganic vinyl ester such as, vinyl phosphonate. This term excludes, for
      example, vinyl chloride as a monomer as it has not been found to be an
      effective grafting monomer according to the present invention. It is
      believed that vinyl chloride is not sufficiently polar.
PAR  Suitable substituted groups for the above vinyl monomers include vinyl
      organic acids and derivatives such as acrylic acid and methacrylic acid
      and derivatives. Vinyl organic esters include alkyl acrylates such as,
      methyl acrylate, butyl acrylate, methyl methacrylate. Vinyl inorganic
      esters include vinyl phosphonate, and bis (2-chloroethyl) vinyl
      phosphonate. Substitute vinyl organic esters include 2,2,2 trifluoroethyl
      methacrylate, N,N-dimethylaminoethyl methacrylate, hexafluoroisopropyl
      acrylate and heptafluoroisopropylethyl acrylate. The vinyl cyanide
      monomers include acrylonitrile, and methacrylonitrile.
PAR  It should be apparent that many monomers which fall within the above
      definition, other than the ones specifically set forth, may be employed
      depending upon the desired end use. For example, the vinyl phosphonates
      are grafted for the specific purpose of imparting flame resistent
      characteristics to the polymer substrate.
PAR  The foregoing vapor phase graft polymerization process includes many
      advantages over solution processes. Formation of ungrafted monomer is
      minimized. No wet pickup of monomer or drying cycle to remove monomers is
      required for the process since the vapor monomer is not deposited in
      excess on the surface of the polymer substrate as in the solution process.
      Furthermore, relatively thin uniform graft coatings may be accomplished
      according to the present invention in comparison to the relatively thick
      graft copolymers produced during the solution process.
PAR  Another important reason for carrying out the present process in the vapor
      phase is that photosensitizers in general and the ones particularly set
      forth above are characterized by distinct colors (yellow). If the
      sensitizer is applied in the liquid phase, it would be incorporated into
      the polymeric substrate and color the same. On the other hand, it has been
      found that by utilizing the photosensitizer in the gaseous phase that this
      tendency to color the polymeric substrate is eliminated.
PAR  The mechanism of the present invention is believed to occur as follows:
      Light from an irradiation source is absorbed by the photosensitive vapor
      at relatively low energies, e.g., wavelengths in excess of 3600 A., to
      produce electronically excited molecules which are capable of abstracting
      hydrogen atoms from the polymeric substrate to form free radicals thereon.
      These radicals on the substrate are believed to react with monomer vapor
      through successive addition of monomer units until the growing radical
      abstracts a hydrogen ion from some other source in the system. The
      resulting graft polymer chains are chemically bonded to the substrate.
PAR  The gas phase reaction of the present invention produces a graft copolymer
      with a large percentage of graft polymerization in comparison to
      homopolymerization. This has been established by solvent extraction of the
      polymerized monomer in which, say, less than 5% was dissolved. Since a
      true graft polymer would not dissolve, this indicates a ratio of graft
      polymer to homopolymer on the order of 95:5. This is in marked contrast to
      the product of the solution grafting techniques.
PAR  The above mechanism is believed to differ from prior art high energy
      radiation techniques in which the active grafting sites are directly
      created by exposure to the light energy. This requires high levels of
      irradiation which tend to photodegrade the polymer substrate causing
      decreased tensile strength and discoloration.
PAR  Electron microscopic examination of surfaces and cross sections of graft
      copolymer samples of the present invention illustrates that the product is
      highly uniformly deposited in a relatively thin coating on the substrate
      surface in comparison to that obtained by solution techniques.
PAR  The present process has a number of important commercial applications, as
      more fully illustrated in the examples. For example, ionic groups may be
      introduced onto nonionic textile fibers to give dye affinities to such
      fibers. For this purpose, for example, acrylic acid may be grafted onto
      nylon, polyester, polyolefin, to render such substrates dyeable in the
      presence of basic dyes. Other modifications of the surface characteristics
      of the substrate polymers by the present process include the introduction
      of hydrophilic or hydrophobic polymers onto films to improve their
      affinity or resistance respectively, to water. Also, the process may be
      used to alter the liquid and gas permeability characteristics of films.
PAR  Other physical and mechanical properties of polymeric substrates such as
      fibrous films and fabrics may be altered according to the present
      invention. For example, the following properties may be modified: water
      absorbency, tensile properties, solvent solubility, heat resistance, heat
      conductivity, electrical properties, abrasion resistance, wrinkle
      resistance, pilling resistance, hand, luster, flamability and launder
      ability. Specific chemical properties which may be modified include
      resistance to acids, alkalis, oxydizing and reducing agents, insects,
      mildew, and Rd,
PAR  In order to more clearly disclose the nature of the present invention,
      specific examples of graft polymerization are hereinafter given. It should
      be understood, however, that this is done by way of example and is
      intended neither to delineate the scope of the invention nor limit the
      appended claims. Unless otherwise indicated, values in parenthesis under
      the headings "Test Results or Data" indicate results for the ungrafted
      control substrate. The symbols rd, a, and b are a standard form of color
      identification.
DETD
PAC  EXAMPLE 1
PAR  This example illustrates an acrylic acid monomer grafted onto a polymeric
      substrate comprising cotton fabric (Test Fabrics 80 .times. 80 print
      cloth, No. 400W).
PAR  The cotton samples (3.times.6 inches) were wet out with water and excess
      removed using a laboratory pad. The samples were stapled to a wire screen
      and placed in a photochemical reactor equipped with two gas inlets and one
      gas outlet of the type described above. A stream of nitrogen (5 cc/sec)
      was passed through a 1.0% aqueous solution of biacetyl and then into the
      photochemical reactor for 25 minutes. At the same time a super-heated
      steam was passed through acrylic acid and into the reactor. During the
      last 20 minutes the samples were irradiated with a 200-W pyrex-filtered
      mercury arc from 6 cm distance. After irradiation the samples were
      extracted with hot water, dried, and conditioned.
PAR  The percentage uptake of grafted monomer was 6.9%.
TBL  ______________________________________                                    

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                      Test Results or Data                                     

     ______________________________________                                    

     Soil Release: Oily Stain                                                  

                      Stain Release Rating = 2.3 (3.5)                         

     Release Method (AATCC 130-                                                

     1969) Washing Procedure II                                                

     Dyeings (1% owf) at 100.degree.C                                          

     for 60 min. at a 200:1                                                    

     liquor ratio.                                                             

     Basic Blue 4 with 5%                                                      

                      Basic Blue 4 Rd = 47:1 (53.5),                           

     sodium sulfate   a = -15.9 (-13.0), b = -12.0                             

                      (-16.0)                                                  

     ______________________________________                                    

PAR  The graft of polyacrylic acid on the cotton caused the cotton to have a
      lower stain release rating and altered the dyeing properties. The cotton
      dyed to a deeper shade with the basic dye but was somewhat uneven.
PAC  EXAMPLE 2
PAR  This example illustrates an acrylic acid monomer grafted onto a polymeric
      substrate comprising cotton fabric (Test Fabrics 80 .times. 80 print
      cloth, No. 400W).
PAR  The cottom samples (3.times.6 inches) were wet out with water and excess
      removed by passing the samples through a laboratory pad. The samples were
      stapled to a wire screen and placed in a photochemical reactor equipped
      with two gas inlets and a gas outlet. Streams of nitrogen were passed
      through a 1.0% aqueous solution of biacetyl (5 cc/sec) and neat acrylic
      acid (5 cc/sec) and into the reactor for 30 minutes. During the final 15
      minutes, the samples were irradiated with a 450-W pyrex-filtered mercury
      arc from 6 cm distance. Following irradiation, the samples were washed
      with hot water, dried, and conditioned.
PAR  The percentage uptake of grafted monomer was 2.7%.
TBL  __________________________________________________________________________

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                     Test Results or Data                                      

     __________________________________________________________________________

     Basic Dyeings (3% owf) with                                               

     5% sodium sulfate and 1%                                                  

     acetic acid at 80.degree.C for                                            

     60 min. with a 200:1 liquor                                               

     ratio.                                                                    

     Basic Blue 1    Basic Blue 1 - Dyed to a deep blue                        

                     shade, while untreated control                            

                     dyed to a light blue. Both                                

                     dyeings were somewhat uneven.                             

                     Rd = 8.0 (44.5), a = -10.0 (-16.7),                       

                     b = -39.7 (-17.3)                                         

     Basic Violet 14 Basic Violet 14 - Dyed to a deep -  violet color with     

                     slight uneven-                                            

                     ness, while untreated cotton dyed                         

                     light purple. Rd = 3.6 (18.4), -  a = 30.7 (47.0), b =    

                     1.1 (-16.5)                                               

     Basic Red 2     Basic Red 2 - Dyed to a deep red                          

                     with some spottiness, while                               

                     untreated cotton dyed dark pink.                          

                     Rd = 8.7 (29.4), a = 42.6 (40.3),                         

                     b = 13.4 (0.9).                                           

     Basic Yellow 2  Basic Yellow 2 - Dyed to a medium                         

                     yellow-green, while untreated                             

                     cotton dyed to a light yellow.                            

                     Rd = 55.2 (74.6), a = -15.0                               

                     (-13.8), b = 46.3 (37.6)                                  

     __________________________________________________________________________

PAR  The treated cotton dyed to much deeper, fast shades than untreated cotton
      with a number of basic dyes. This treatment affords a method to dye cotton
      with bright basic dyes for which it normally has no affinity.
PAC  EXAMPLE 3
PAR  This example illustrates an acrylic acid monomer grafted onto a polymeric
      substrate comprising nylon fabric (Test Fabrics, spun type 200, No. 358).
PAR  The same as Example 1 except 3.times.6 inches nylon samples were used.
PAR  The percentage uptake of grafted monomer was 24.7%.
TBL  Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                     Test Results or Data                                      

     __________________________________________________________________________

     Soil Release: Oily Stain                                                  

                     Stain Release Rating = 3.5 (3.7)                          

     Release Method (AATCC                                                     

     130-1969) Washing                                                         

     Procedure II                                                              

     Dyeings (1% owf) at 100.degree.C                                          

     for 60 min. and 200:1 liquor                                              

     ratio.                                                                    

     Basic Blue 4 with 5% sodium                                               

                     Basic Blue 4 - Dyed to a very deep                        

     sulfate         blue with slight uneveness, while                         

                     control nylon dyed a very pale                            

                     blue. Rd = 5.8 (29.0),                                    

                     a = -9.4 (-14.7), b = 27.9 (-9.4)                         

     Acid Green 3 with 5%                                                      

                     Acid Green 3 - The fabric dyed to                         

     sodium sulfate  a pale even blue while the control                        

                     dyed deep blue-green. Rd =                                

                     20.5 (8.1), a = -24.5 (-26.3),                            

                     b = -13.7 (-9.1)                                          

     __________________________________________________________________________

PAC  EXAMPLE 4
PAR  This example illustrates an acrylic acid monomer grafted onto a polymeric
      substrate comprising nylon fabric (Test Fabrics spun type 200, No. 358).
PAR  The same as Example 2, except 3 .times. 6 inches nylon samples were used.
PAR  The percentage uptake of grafted monomer was 2.5%.
TBL  Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                     Test Results or Data                                      

     __________________________________________________________________________

     Basic Dyeings (3% owf) with                                               

     5% sodium sulfate and 1%                                                  

     acetic acid at 80.degree.C for 60                                         

     min. with a 200:1 liquor                                                  

     ratio.                                                                    

     Basic Blue 1    Basic Blue 1 - Dyed to a medium                           

                     blue with some unevenness of                              

                     shade, while control nylon dyed                           

                     to a pale blue. Rd = 13.9 (45.9),                         

                     a = -19.2 (-17.9), b = -37.4                              

                     (-10.9)                                                   

     Basic Violet 14 Basic Violet 14 - Dyed to a deep                          

                     violet, while untreated nylon dyed                        

                     medium violet. Rd = 6.3 (16.2),                           

                     a = 61.0 (59.8), b = -20.1 (-28.9)                        

     Basic Red 2     Basic Red 2 - Dyed to dark red,                           

                     while untreated nylon dyed pink.                          

                     Rd = 14.9 (27.1), a = 56.5 (45.5),                        

                     b = 9.6 (-9.4)                                            

     Basic Yellow 2  Basic Yellow 2 - Dyed to a medium                         

                     yellow-green, while control dyed                          

                     light yellow. Rd = 54.1 (68.0),                           

                     a = -22.1 (-13.2), b = 40.9 (26.3)                        

     __________________________________________________________________________

PAR  The treated nylon showed greatly improved dyeability compared to untreated
      with a number of basic dyes. This technique affords a method to greatly
      enhance the affinity of nylon to bright basic dyes.
PAC  EXAMPLE 5
PAR  This example illustrates an acrylic acid monomer grafted onto a polymeric
      substrate comprising polyester fabric (Test Fabrics Dacron Type 54, No.
      754-W).
PAR  The same as Example 1 except 3 .times. 6 inches polyester samples were
      used.
PAR  The percentage uptake of grafted monomer was 1.1%.
TBL  __________________________________________________________________________

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                      Test Results or Data                                     

     __________________________________________________________________________

     Soil Release: Oily Stain                                                  

                      Stain Release Rating = 5.0 (3.7)                         

     Release Method (AATCC 130-                                                

     1969) Washing Procedure II.                                               

     Dyeings (1% owf) at 100.degree.C for                                      

     60 min. at 200:1 liquor ratio.                                            

     Basic Blue 4 with 5% sodium                                               

                      Basic Blue 4 - Dyed to a light blue                      

     sulfate          while control fabric showed only                         

                      a trace of dye uptake.                                   

                      Rd = 46.7 (63.1), a = -12.1 (-3.0),                      

                      b = -12.4, (3.2)                                         

     Basic Blue 26 with 5%                                                     

                      Basic Blue 26 - Dyed to deep blue                        

     sodium sulfate   with some irregularity in shade                          

                      while control dyed light blue.                           

                      Rd = 6.8 (29.3), a = 8.4 (-6.2), -  b = -33.9            

     __________________________________________________________________________

                      (-16.1)                                                  

PAR  The treated polyester exhibited excellent oily stain release properties and
      affinity for basic dyes. Treatment of the polyester with poly(acrylic
      acid) made it possible to dye this fabric with basic dyes for which it
      previously had no affinity.
PAC  EXAMPLE 6
PAR  This example illustrates an acrylic acid monomer grafted onto a polymeric
      substrate comprising polyester fabric (Test Fabrics Dacron Type 54, No.
      754-W).
PAR  The same as Example 2 except 3 .times. 6 inches polyester samples wet out
      in N,N-dimethylformamide were used.
PAR  The percentage uptake of grafted monomer was 1.2%.
TBL  __________________________________________________________________________

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                     Test Results or Data                                      

     __________________________________________________________________________

     Basic Dyeings (3% owf) with                                               

     5% sodium sulfate and 1%                                                  

     acetic acid at 80.degree.C for                                            

     60 min. with a 200:1 liquor                                               

     ratio.                                                                    

     Basic Violet 14 Basic Violet 14 - Dyed to a medium                        

                     violet with some unevenness of                            

                     shade, while untreated nylon was                          

                     very lightly tinted.                                      

                     Rd = 11.2 (51.6), a = 41.2 (7.6),                         

                     b = -11.6 (-4.0)                                          

     Basic Red 2     Basic Red 2 - Dyed to a light red,                        

                     while untreated polyester was                             

                     slightly tinted pink.                                     

                     Rd = 23.6 (57.2), a = 38.2 (12.6)                         

                     b = 0.3 (0.6)                                             

     __________________________________________________________________________

PAR  The treated polyester showed affinity for basic dyes, while untreated
      polyester was only slightly tinted by these ionic dyes. The treatment
      allows one to dye difficult-to-dye polyester with bright basic dyes.
PAC  EXAMPLE 7
PAR  This example illustrates an acrylic acid monomer grafted onto a polymeric
      substrate comprising polypropylene fabric (Test Fabrics Herculon Type 40,
      50 oz., 2 .times. 2 ply, No. 967).
PAR  The same as Example 2 except 3 .times. 6 inches polypropylene samples wet
      out in N,N-dimethylformamide were used.
PAR  The percentage uptake of grafted monomer was 0.2%.
TBL  __________________________________________________________________________

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                     Test Results or Data                                      

     __________________________________________________________________________

     Basic Dyeings (3% owf) with                                               

     5% sodium sulfate and 1%                                                  

     acetic acid at 80.degree.C for 60                                         

     min. with a 200:1 liquor                                                  

     ratio.                                                                    

     Basic Violet 14 Basic Violet 14 - Dyed to a medium                        

                     violet, while untreated polyolefin                        

                     was very lightly tinted.                                  

                     Rd = 26.4 (47.6), a = 22.6 (10.1),                        

                     b = -13.8 (-2.8)                                          

     Basic Red 2     Basic Red 2 - Dyed to a light pink,                       

                     while untreated polypropylene was                         

                     only slightly tinted.                                     

                     Rd = 38.6 (58.0), a = 20.2 (11.8),                        

                     b = 1.0 (3.6).                                            

     __________________________________________________________________________

PAR  The treated polypropylene fabric were successfully dyed with basic dyes,
      although the untreated fabric had essentially no affinity for these dyes.
      This technique provides a method to enhance the dyeing properties of
      polypropylene.
PAC  EXAMPLE 8
PAR  This example illustrates an acrylic acid monomer grafted onto a polymeric
      substrate comprising wool fabric (Burlington 1 .times. 1 Plain weave
      worsted, style 6561).
PAR  The same as Example 2 except 3 .times. 6 inches wool samples wet out in
      water were used.
PAR  The percentage uptake of grafted monomer was 2.3%.
TBL  __________________________________________________________________________

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                      Test Results or Data                                     

     __________________________________________________________________________

     Basic Dyeings (3% owf) with                                               

     5% sodium sulfate and 1%                                                  

     acetic acid at 80.degree.C for 60                                         

     min. at a 100:1 liquor ratio.                                             

     Basic Blue 1     Basic Blue 1 - Dyed deep blue-green                      

                      with some unevenness of shade,                           

                      while untreated wool dyed medium                         

                      blue-green. The depth of shade                           

                      was much deeper on the face of the                       

                      modified wool. Rd = 3.0 (6.2),                           

                      a = -2.1 (-11.6), b = -18.2 (-28.9)                      

     Basic Violet 14  Basic Violet 14 - Dyed dark with                         

                      some unevenness to a violet shade,                       

                      while untreated wool dyed to an                          

                      even dark violet. Rd = 4.3 (3.3),                        

                      a = 11.4 (30.9), b = 7.3 (0.0)                           

     Basic Red 2      Basic Red 2 - Dyed to a slightly                         

                      deeper red than untreated wool.                          

                      Rd = 6.5 (9.0), a = 45.0 (47.6),                         

                      b = 13.8 (11.9)                                          

     Basic Yellow 2   Basic Yellow 2 - Dyed to a medium                        

                      yellow-green, while control dyed                         

                      to a medium greenish-yellow.                             

                      Rd - 47.4 (58.3), a = -16.6 (-8.3),                      

                      b = 4.4 (48.7)                                           

     __________________________________________________________________________

PAR  The treated wool showed greatly improved dyeability with basic dyes and
      provides a technique to increase the affinity of bright basic dyes for
      wool.
PAC  EXAMPLE 9
PAR  This example illustrates an acrylamide monomer grafted onto a polymeric
      substrate comprising cotton fabric (Test Fabrics 80 .times. 80 print
      cloth, No. 400W).
PAR  Cotton samples (3 .times. 6 inches) were placed in a 20% aqueous acrylamide
      solution and excess solution removed by passing the fabrics through a
      laboratory pad. The samples were stapled to a wire screen and placed in a
      photochemical reactor fitted with a gas inlet and gas outlet. Nitrogen was
      bubbled through a 1.0% aqueous biacetyl solution (5 cc/sec) and then into
      the photoreactor for 45 minutes. During the last 30 minutes the samples
      were irradiated with a 200-W pyrex-filtered mercury arc from 6 cm
      distance. After irradiation the samples were washed thoroughly in hot
      water, dried, and conditioned.
PAR  The percentage uptake of grafted monomer was 14.1%.
TBL  __________________________________________________________________________

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                     Test Results or Data                                      

     __________________________________________________________________________

     Durable Press Appearance                                                  

                     Fabric Smoothness Rating = 1.0 (1.5)                      

     Rating - (AATCC 124-1969)                                                 

     Wash Condition I, tumble                                                  

     dry (2 cycles).                                                           

     Dyeings (1% owf) at 100.degree.C                                          

     for 60 min. and 200:1 liquor                                              

     ratio                                                                     

     Direct Orange 15                                                          

                     Direct Orange 15 - Dyed to a deeper                       

                     richer orange than control.                               

                     Rd = 67.3 (70.8), a = 4.3 (0.4),                          

                     b = 18.2 (18.6)                                           

     Basic Blue 4    Basic Blue 4 - Dyed a deeper blue                         

                     than control. Rd + 30.0 (53.5),                           

                     a = -13.3 (-13.0), b = 14.1 (-12.0)                       

     Procion Red H-E3B                                                         

                     Procion Red H-E3B - Deeper pink                           

     (Reactive)      shade than control. Rd = 61.9                             

                     (64.6), a = 19.2 (16.7),                                  

                     b = -2.6 (-1.6)                                           

      Procion Yellow H-E3G                                                     

                     Procion Yellow H-E3G - Essentially                        

     (Reactive)      the same yellow shade as control.                         

                     Rd = 77.7 (77.5), a = -2.9 (-2.8),                        

                     b = 11.5 (11.6)                                           

     __________________________________________________________________________

PAR  The treated cotton had a slightly lower wrinkle recovery after laundering,
      but the dyeing properties of the fabric were generally improved by the
      treatment. The fabric dyed to a deeper color with both the direct and
      basic dyes, but only a slight effect on the dyeing properties with procion
      reactive dyes was noted.
PAC  EXAMPLE 10
PAR  This example illustrates an acrylonitrile monomer grafted onto a polymeric
      substrate comprising cotton fabric (Test Fabrics 80 .times. 80 mercerized
      print cloth, No. 400W).
PAR  The cotton samples (3 .times. 6 inches) were wet out with water and excess
      water removed by passing the samples through a laboratory pad. The samples
      were stapled to a wire screen and placed in a photochemical reactor with
      two gas inlets and a gas outlet. Streams of nitrogen were passed through a
      1.0% solution of aqueous biacetyl (1 cc/sec) and through monomer (1
      cc/sec) and into the reactor for 45 minutes. During the final 30 minutes
      the samples were irradiated with a 200-W pyrex-filtered mercury arc from 6
      cm distance. Following irradiation, the samples were extracted with
      benzene, washed with water, dried, and conditioned.
PAR  The percentage uptake of grafted monomer was 7.8%.
TBL  __________________________________________________________________________

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                    Test Results or Data                                       

     __________________________________________________________________________

     Cantilever Stiffness                                                      

                    G = 133 mg-cm (124 mg-cm)                                  

     (G) (ASTM D1388-64)                                                       

     Monsanto Wrinkle Recovery,                                                

                    Recovery Angles -                                          

                               Dry = 92.degree. (89.degree.),                  

     warp direction, dry and   Wet = 45.degree. (46.degree.)                   

     wet (AATCC 66-1968)                                                       

     Soil Release: Oily Stain                                                  

                    Stain Release Rating = 2.8 (2.2)                           

     Release Method (AATCC 130-                                                

     1969) Washing Procedure II                                                

     Scanning Electron                                                         

                    Findings - The polymer coating on                          

     Microscopy of fabric samples                                              

                    the individual fibers is extremely                         

     at 525 to 2100X magnifica-                                                

                    even and uniform over the fiber                            

     tion.          surfaces and no interfiber                                 

                    bonding is found.                                          

     __________________________________________________________________________

PAR  Cotton fabric was successfully grafted with acrylonitrile evenly over the
      fabric to yield a fabric with only slightly altered properties. Although
      no significant increase in the wrinkle recovery or stiffness of the fabric
      is found, improved stain release properties for the treated fabric is
      found. It is known that cotton treated with acrylonitrile is mildew
      resistant; therefore, this treatment should also provide this property
      without significant alteration of fabric aesthetics.
PAC  EXAMPLE 11
PAR  This example illustrates an acrylonitrile monomer grafted onto a polymeric
      substrate comprising wool fabric (Burlington 1 .times. 1 plain weave
      worsted, style 6561).
PAR  The wool sample (3 .times. 6 inches) was wet out with methanol and attached
      to the immersion well of the photochemical reactor, and the reactor was
      assembled. Nitrogen streams were passed through a 1.0% solution of
      biacetyl in methanol (5 cc/sec) and neat monomer (5 cc/sec), and then into
      the photochemical reactor for 45 minutes. During the last 30 minutes the
      sample was irradiated with a 100-W pyrex-filtered mercury arc from 2 cm
      distance. Following irradiation, the sample was rinsed in hot water,
      dried, and conditioned.
PAR  The percentage uptake of grafted monomer was 11.5%.
TBL  ______________________________________                                    

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                      Test Results or Data                                     

     ______________________________________                                    

     Cantilever Stiffness (G)                                                  

                      G = 302 mg-cm (166 mg-cm)                                

     (ASTM D1388-64)                                                           

     Monsanto Wrinkle Recovery,                                                

                      Recovery Angles-                                         

     warp direction, dry and wet                                               

                      Dry = 159.degree. (163.degree.)                          

     (AATCC 66-1968)  Wet = 79.degree. (123.degree.)                           

     Soil Release: Oily Stain                                                  

                      Stain Release Rating                                     

     Release Method (AATCC 130-                                                

                      = 1.7 (1.0)                                              

     1969) Washing Procedure I                                                 

     Felting Shrinkage Machine                                                 

                      Percent Area Shrinking after                             

     wash in hot (140.degree.F) water                                          

                      5 washes = 5.0% (7.5%)                                   

     with 5 lb. ballast and 70g                                                

     AATCC detergent for 15                                                    

     min. each wash.                                                           

     Durable Press Appearance                                                  

                      Fabric Smoothness Rating                                 

     Ratings after tumble                                                      

                      = 2.5 (2.1)                                              

     drying (AATCC 124-1969)                                                   

     ______________________________________                                    

PAR  Wool treated with polyacrylonitrile showed less shrinkage and better fabric
      smoothness after 5 launderings than untreated wool. The treated fabric
      also showed stain release properties superior to control. Only a slight
      increase in fabric stiffness and some loss in wet wrinkle recovery was
      caused by the treatment. Similar uptakes of acrylonitrile by solution
      techniques yield a stiff "boardy" fabric with similar physical properties
      but low aesthetic appeal.
PAC  EXAMPLE 12
PAR  This example illustrates an n-butyl acrylate monomer grafted onto a
      polymeric substrate comprising wool fabric (Burlington 1 .times. 1 plain
      weave worsted, style 6561).
PAR  Wool samples (3 .times. 6 inches) were wet out with water and excess
      removed by passing the samples through a laboratory pad. The samples were
      taped to the immersion well of the photochemical reactor and the reactor
      assembled. A nitrogen stream was passed through a 1.0% aqueous solution of
      biacetyl (5 cc/sec) and steam passed through monomer (5 cc/sec) and into
      the reactor for 45 minutes. During the final 30 minutes, the samples were
      irradiated with a 100-W mercury arc from 2 cm distance. After irradiation,
      the fabrics were washed with methanol and water, dried, and conditioned.
PAR  The percentage uptake of grafted monomer was 5.6%.
TBL  __________________________________________________________________________

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                     Test Results or Data                                      

     __________________________________________________________________________

     Felting Shrinkage and                                                     

                     Percent Area Shrinkage -                                  

     Durable Press Rating -                                                    

                     3.8% (7.5%) (5 washes)                                    

     Machine wash in hot (140.degree.F)                                        

     water with 5 lb. ballast                                                  

                     Durable Press Ratings - 2.8 (2.2)                         

     and 70 g AATCC detergent                                                  

                     (5 washes) -for 15 min. each wash.                        

     Durable Press Appearance                                                  

     Ratings after tumble dry-                                                 

     ing (AATCC 124-1966).                                                     

     Tensile Properties of yarn                                                

                     Breaking Strength - Dry = 356.+-.57g                      

     (ASTM 2256-69)  (377.+-.39g),                                             

                     Wet = 320.+-.50g (317.+-.55g)                             

                     Percent Elongation at Break - Dry =                       

                     30.+-.6% (36.+-.6%),                                      

                     Wet = 50.+-.4% (53.+-.4%)                                 

                     Energy to Break - Dry = 539.+-.176 g-cm                   

                     (699.+-.183 g-cm),                                        

                     Wet = 627.+-.107 g-cm (537.+-.277 g-cm)                   

     __________________________________________________________________________

PAR  The treated wool showed high resistance to felt shrinkage and enhanced
      durable press properties with essentially no effect on the tensile
      properties of the wool. This treatment imparts wash and wear properties to
      wool without affecting the strength and elongation or the aesthetic
      properties of the wool.
PAC  EXAMPLE 13
PAR  This example illustrates a bis(2-chloroethyl)vinyl phosphonate monomer
      grafted onto a polymeric substrate comprising wool fabric (Burlington 1
      .times. 1 plain weave worsted, style 6561).
PAR  Wool samples (3 .times. 6 inches) were placed in 10% monomer solution in
      methanol-water (80:20) and excess solution removed from the fabric using a
      laboratory pad. The wool samples were stapled to a wire screen and placed
      in the photochemical reactor with a gas inlet and outlet. Nitrogen (5
      cc/sec) was bubbled through a 1.0% aqueous biacetyl solution and then into
      the photochemical reactor for 45 minutes. During the last 30 minutes the
      samples were irradiated with a 200-W pyrex-filtered high pressure mercury
      vapor lamp from 6 cm distance. Following irradiation, the samples were
      washed in methanol, dried, conditioned, and weighed.
PAR  The percentage uptake of grafted monomer was 2.3%.
TBL  Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                      Test Results or Data                                     

     ______________________________________                                    

     Oxygen Index Flammability                                                 

                      Osygen Index = 27.25 (24.25)                             

     Test (ASTM D2863-70)                                                      

     ______________________________________                                    

PAR  The treated wool had a significantly higher oxygen index than control wool
      and therefore a significant increase in the flame retardancy for the
      treated wool. The treated wool possessed a good hand (feel), whereas wool
      treated in this manner by solution polymerization techniques has a less
      desirable hand. This treatment appears to be a satisfactory flame
      retardant finish for wool without loss of hand or appearance.
PAC  EXAMPLE 14
PAR  This example illustrates a bis(2-chloroethyl)vinyl phosphonate monomer
      grafted onto a polymeric substrate comprising acetate fabric (Test Fabrics
      2 .times. 2 ply staple, No. 152).
PAR  The same as Example 3 except 3 .times. 6 inches acetate samples were used.
PAR  The percentage uptake of grafted monomer was 1.0%.
TBL  __________________________________________________________________________

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                    Test Results or Data                                       

     __________________________________________________________________________

     Oxygen Index Flammability                                                 

                    Oxygen Index = 23.0 to 24.75 (18.25)                       

     Test (ASTM D2863-70)                                                      

     __________________________________________________________________________

PAR  The treated acetate showed a significant increase in oxygen index, although
      some variability was noted from sample to sample. No detachable change in
      hand (feel) was noted for the fabric. The treatment would serve as a flame
      retardant finish for acetate with little change in fabric hand.
PAC  EXAMPLE 15
PAR  This example illustrates a N,N-Dimethylaminoethyl methacrylate grafted onto
      a polymeric substrate comprising polyester fabric (test fabrics dacron
      type 54, No. 754-W).
PAR  Polyester samples (3 .times. 6 inches) were placed in a 10% aqueous
      solution of N,N-dimethylaminoethyl methacrylate and excess solution
      removed by passing the samples through a laboratory pad. The samples were
      stapled to a wire screen and placed in a photochemical reactor equipped
      with a gas inlet and outlet. Nitrogen was bubbled through a 1% aqueous
      solution of biacetyl (5 cc/sec) and into the reactor for 45 minutes.
      During the last 30 minutes the samples were irradiated with a 200-W
      pyrex-filtered mercury arc from 6 cm distance. After irradiation the
      samples were washed in hot water, dried, and conditioned.
PAR  The percentage uptake of grafted monomer was &lt;0.1%.
TBL  ______________________________________                                    

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                     Test Results or Data                                      

     ______________________________________                                    

     Dyeings (3% owf) at 80.degree.C for                                       

     60 min., 5% sodium sulfate,                                               

     1% acetic acid, liquor ratio                                              

     200:1                                                                     

     Acid Blue 67    Acid Blue 67 - Dyed light blue,                           

                     while untreated polyester was not                         

                     tinted. Rd = 43.3 (64.4),                                 

                     a = -1.0 (+0.1), b =-1.2 (-18.0)                          

     Acid Red 27     Acid Red 27 - Dyed light pink,                            

                     while untreated polyester was not                         

                     tinted. Rd = 50.3 (71.2),                                 

                     a = 17.8 (-0.2), b = -1.2 (+3.8)                          

     Procion Red MX-5B                                                         

                     Procion Red MX-5B - Dyed pink                             

                     while untreated polyester was only                        

                     slightly tinted. Rd = 44.6 (66.5),                        

                     a = 28.2 (3.5), b = -2.8 (1.6)                            

     ______________________________________                                    

PAR  The treated polyester samples possessed dyeing properties superior to
      untreated polyester with these acid and reactive dyes. Whereas untreated
      polyester was untinted by these dyes, the treated fabric dyed to light to
      medium shades. Therefore, it is possible to dye polyester treated by the
      vapor phase technique with dyes for which it ordinarily has no affinity
      without complex modification of the fiber.
PAC  EXAMPLE 16
PAR  This example illustrates a N,N-dimethylaminoethyl methacrylate monomer
      grafted onto a polymeric substrate comprising polypropylene fabric (Test
      Fabrics Herculon Type 40, 5 oz. 2 .times. 2 ply, No. 967).
PAR  The same as Example 15 except 3 .times. 6 inches polypropylene samples were
      used.
PAR  The percentage uptake of grafted monomer was 0.1%.
TBL  ______________________________________                                    

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                     Test Results or Data                                      

     ______________________________________                                    

     Dyeings (3% owf) at 80.degree.C                                           

     for 60 min., 5% sodium                                                    

     sulfate, 1% acetic acid,                                                  

     liquor ratio 200:1.                                                       

     Acid Blue 67    Acid Blue 67 - Dyed to a light blue,                      

                     while untreated polypropylene was                         

                     not tinted. Rd = 34.0 (66.8),                             

                     a = -0.9 (-1.4), b = -21.9 (+5.1)                         

     Acid Red 27     Acid Red 27 - Dyed to a pink, while                       

                     untreated polypropylene was not                           

                     tinted. Rd = 40.2 (70.4)                                  

                     a = 23.0 (-1.2), b = 0.6 (7.2)                            

     Procion Red MX-5B                                                         

                     Procion Red MX-5B - Dyed to a                             

                     medium pink, while untreated                              

                     polypropylene was not tinted.                             

                     Rd = 35.8 (68.2), a = 34.8 (0.9),                         

                     b = 0.1 (6.6)                                             

     ______________________________________                                    

PAR  The treated polypropylene dyed to light to medium shades with the acid and
      reactive dyes, while untreated polypropylene was not tinted or colored by
      these dyes. Therefore, polypropylene treated by the vapor phase technique
      can be dyed with dyes which normally have no affinity for polypropylene.
PAC  EXAMPLE 17
PAR  This example illustrates a N,N-dimethylaminoethyl methacrylate monomer
      grafted onto a polymeric substrate comprising rayon fabric (Test Fabrics
      Viscose challis print cloth No. 266).
PAR  Same as Example 15 except 3 .times. 6 inches rayon samples were used.
PAR  The percentage uptake of grafted monomer was 3.8%.
TBL  ______________________________________                                    

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                    Test Results or Data                                       

     ______________________________________                                    

     Dyeings (3% owf) at 80.degree.C                                           

     for 60 min., 5% sodium                                                    

     sulfate, 1% acetic acid,                                                  

     liquor ratio 200:1.                                                       

     Acid Blue 67   Acid Blue 67 - Dyed to a light                             

                    skittery blue, while untreated                             

                    rayon was only slightly tinted.                            

                    Rd = 21.8 (55.4), a = 2.8 (-0.6),                          

                    b = -34.4 (-9.0)                                           

     Acid Red 27    Acid Red 27 - Dyed to a light                              

                    frosted red, while untreated rayon                         

                    was only slightly tinted.                                  

                    Rd = 21.8 (62.8), a = 26.4 (7.2),                          

                    b = 0.6 (0.1)                                              

     Procion Red MX-5B                                                         

                    Procion Red MX-5B - Dyed to a                              

                    medium red with slightly uneven                            

                    shading, while untreated rayon was                         

                    lightly and unevenly tinted.                               

                    Rd = 23.4 (61.0), a = 44.2 (16.6),                         

                    b = 10.6 (0.2)                                             

     ______________________________________                                    

PAR  Vapor phase treatment of the rayon enhanced the dyeing properties of the
      rayon with acid and reactive dyes, since the dye affinity was increased by
      the treatment.
PAC  EXAMPLE 18
PAR  This example illustrates a hexafluoroisopropyl acrylate monomer grafted
      onto a polymeric substrate comprising wool fabric (Burlington) 1 .times. 1
      plain weave worsted, style 6561).
PAR  The wool samples (3 .times. 6 inches) were wet out in water and excess
      removed by passing the fabric through a laboratory pad. The samples were
      stapled to a wire screen and placed in a photochemical reactor equipped
      with two gas inlets and a gas outlet. Nitrogen streams were passed through
      a 1.0% aqueous biocetyl solution (3 cc/sec) and neat monomer (3 cc/sec)
      for 45 minutes. During the final 30 minutes, the samples were irradiated
      with a 100-watt pyrex-filtered mercury arc from 6 cm distance. Following
      irradiation the samples were washed in hot water, dried, and conditioned.
PAR  The percentage uptake of grafted monomer was 5.8%.
TBL  ______________________________________                                    

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                     Test Results or Data                                      

     ______________________________________                                    

     Water Repellency: Spray                                                   

                     Spray Rating = 70 (50)                                    

     Test (AATCC 22-1967)                                                      

     Oil Repellency: Hydrocarbon                                               

                     Oil Repellency Rating = &lt;1 (&lt;1)                           

     Resistance Test (AATCC)                                                   

                     (Spreading of oil slower on                               

     118-1966)       treated fabric)                                           

     Soil Release: Oily Stain                                                  

                     Stain Release Rating = 1.5 (1.0)                          

     Release Method (AATCC 130-                                                

     1969) Washing Procedure I                                                 

     Scanning Electron                                                         

                     Findings - An extremely even                              

     Microscopy of fabric sample                                               

                     coating of polymer on the surface                         

     at 525 to 2100X magnifica-                                                

                     of the fibers was found.                                  

     tion                                                                      

     ______________________________________                                    

PAR  The treated wool had improved water repellency and stain release
      properties, but essentially no change in oil repellency without a great
      change in the aesthetic properties of the wool.
PAC  EXAMPLE 19
PAR  This example illustrates a heptafluoroisopropoyethyl acrylate monomer
      grafted onto a polymeric substrate comprising nylon fabric (Test Fabrics
      spun type 200, No. 358).
PAR  The wool samples (3 .times. 6 inches) were wet out with water (a) or
      N,N-dimethylformamide (b), stapled to a wire screen, and placed in a
      photochemical reactor equipped with two gas inlets and one gas outlet.
      Nitrogen streams (5 cc/sec) were bubbled through a 1.0% solution of
      biacetyl in water and the monomer and then into the photochemical reactor
      for 15 minutes. The nitrogen flows were continued for another 30 minutes
      while the samples were irradiated with a 200-W pyrex-filtered mercury arc
      from 6 cm distance. The samples were then washed thoroughly with hot
      water, dried, and conditioned.
PAR  The percentage uptake of grafted monomer was (a) = 0.5% (b) = 3.7%.
TBL  ______________________________________                                    

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                     Test Results or Data                                      

     ______________________________________                                    

     Water Repellency: Spray                                                   

                     Spray Rating (a) = 60                                     

     Test (AATCC 22-1967)                                                      

                     (b) = 90 (0)                                              

     Oil Repellency: Hydro-                                                    

                     Oil Repellency Rating (a) = &lt;1                            

     carbon Resistance Test                                                    

                     (b) = 2 (&lt;1)                                              

     (AATCC 118-1966)                                                          

     Soil Release: Oily Stain                                                  

                     Stain Release Ratings (a) = 5.0                           

     Release Method (AATCC                                                     

                     (b) = 5.0 (3.7)                                           

     130-1969) Washing                                                         

     Procedure II                                                              

     ______________________________________                                    

PAR  The nylon samples were successfully grafted with the fluoromonomer to give
      a fabric with a high degree of water repellency, improved oil repellency,
      and oil stain release properties. Wetting with N,N-dimethylformamide gave
      the higher uptake of fluoromonomer and therefore the greatest improvement
      in these properties.
PAC  EXAMPLE 20
PAR  This example illustrates a methyl acrylate monomer grafted onto a polymeric
      substrate comprising cotton fabric (Test Fabrics 80 .times. 80 print cloth
      No. 400W).
PAR  Cotton samples (3 .times. 6 inches) were wet out with water and excess
      removed by passing the samples through a laboratory pad. The samples were
      stapled to a wire screen and placed in a photochemical reactor equipped
      with two gas inlets and one gas outlet. Nitrogen streams were passed (5
      cc/sec) through solutions of 1.0% aqueous biacetyl and monomer and into
      the photochemical reactor for 45 minutes. During the last 30 minutes the
      samples were irradiated with a 200-W pyrex-filtered mercury arc from 25 cm
      distance. Following irradiation, the fabrics were thoroughly extracted
      with ethyl alcohol, water, and then dried and conditioned.
PAR  The percentage uptake of grafted monomer was 22.1%.
TBL  ______________________________________                                    

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                       Test Results or Data                                    

     ______________________________________                                    

     Cantilever Stiffness (G)                                                  

                       G = 328 mg-cm (138 mg-cm)                               

     (ASTM D1388-64)                                                           

     Monsanto Wrinkle Recovery                                                 

                       Recovery Angles -                                       

     warp direction, dry and wet                                               

                       Dry = 73.degree. (88.degree.)                           

     (AATCC 66-1968)   Wet = 75.degree. (88.degree.)                           

     Tear Resistance (Elmendorf)                                               

                       Tearing Force = 900 g (750 g)                           

     (ASTM D1424-63)                                                           

     Durable Press Appearance                                                  

                       Fabric Smoothness Rating =                              

     Rating (AATCC 124-1969),                                                  

                       2.2 (1.5)                                               

     Wash Condition I, Tumble                                                  

     Dry                                                                       

     Water Repellency: Spray                                                   

                       Spray Rating = 0 (0)                                    

     Test (AATCC 22-1967)                                                      

     Oil Repellency: Hydro-                                                    

                       Oil Repellency Rating =                                 

     carbon Resistance Test                                                    

                       &lt;1 (&lt;1)                                                 

     (AATCC 118-1966)                                                          

     ______________________________________                                    

PAR  Cotton treated with poly(methyl acrylate) exhibits enhanced tear resistance
      and durable press properties, although slightly lower dry and wet wrinkle
      recoveries are observed. Although a high uptake of polymer is present, the
      fabric is only slightly stiffer and has the same water and oil repellency
      properties as untreated cotton.
PAC  EXAMPLE 21
PAR  This example illustrates a methyl acrylate monomer grafted onto a polymeric
      substrate comprising cellophane film.
PAR  The film 51/2 .times. 81/2 inches was soaked in water 30 minutes and excess
      water removed by blotting on paper towels. The film was stapled to a wire
      screen and placed in a photochemical reactor equipped with two gas inlets
      and one gas outlet. Nitrogen streams were bubbled through 1.0% aqueous
      biacetyl solution (5 cc/sec) and monomer (5 cc/sec) and into the reactor
      for 30 minutes. During the final 15 minutes the samples were irradiated
      with a 450-W pyrex-filtered mercury arc from 6 cm distance. The samples
      were washed with water, dried at 60.degree.C, and conditioned.
PAR  The percentage uptake of grafted monomer was 4.5%.
TBL  __________________________________________________________________________

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                    Test Results or Data                                       

     __________________________________________________________________________

     Water Permeability over a                                                 

                    Findings - There was no significant                        

     7 day period.  difference between the permeability                        

                    of the grafted film and control.                           

     Tensile properties of film                                                

                    Tensile Strength (wet) = 129.7.+-.37.1                     

     (wet) (ASTM D828-60)                                                      

                    (145.+-.41.0g)                                             

                    % Elongation at Break (wet) =                              

                    87.0.+-.18.7% (90.7.+-.12.0%)                              

                    Energy to Break (wet) = 260.5.+-.80.0                      

                    g-cm (254.+-.68.4 g-cm)                                    

     __________________________________________________________________________

PAC  EXAMPLE 22
PAR  This example illustrates a methyl acrylate monomer grafted onto a polymeric
      substrate comprising filter paper (Whatman No. 1).
PAR  Paper strips (21/4 .times. 6 inches) were soaked in water, stapled to a
      wire screen and placed in a photochemical reactor equipped with two gas
      inlets and one gas outlet. Nitrogen streams were bubbled through a
      solution of 1.0% biacetyl in water and monomer and then into the
      photochemical reactor for 15 minutes. The nitrogen flows were continued
      for another 25 minutes, while the samples were irradiated with a
      pyrex-filtered 200-W high pressure mercury arc from 6 cm distance. The
      samples were removed from the reactor, extracted with benzene, then dried
      and conditioned.
PAR  The percentage uptake of grafted monomer was 17.8%.
TBL  ______________________________________                                    

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                    Test Results or Data                                       

     ______________________________________                                    

     Disintegration Time in                                                    

                    Disintergration Time = &gt;6 hrs.                             

     water (1.0 g samples in                                                   

                    Control = &lt;1 hr                                            

     100 ml of water with                                                      

     constant shaking)                                                         

     Wetting Properties with                                                   

                    Wetting - complete instantaneous                           

     water and mineral oil                                                     

                    wetting with both water and                                

                    mineral oil (same observations with                        

                    control samples)                                           

     Tensile Properties of                                                     

                    Tensile Strength - Dry =                                   

     paper strips   391.+-.29g (400.+-.96g),                                   

     (ASTM D828-60).                                                           

                    Control = 418.+-.112g,                                     

                    Wet = 140.+-.16g (88.+-.4g),                               

                    Control = 147.+-.75g                                       

                    Energy to Break - Dry = 76.+-.16 g-cm                      

                    (52.+-.14 g-cm), Control = 72.+-.14 g-cm,                  

                    Wet = 30.+-.9 g-cm (9.+-.1 g-cm),                          

                    Control = 4.+-.1 g-cm                                      

     ______________________________________                                    

PAR  Filter paper was successfully grafted with methyl acrylate to give a
      product which exhibited greatly improved wet tensile properties without
      significant change in the wetability of the paper.
PAC  EXAMPLE 23
PAR  This example illustrates a methyl acrylate monomer grafted onto a polymeric
      substrate comprising nylon fabric (Test Fabrics spun type 200, No. 358).
PAR  The nylon samples (3 .times. 6 inches) were soaked in water for 20 minutes
      and excess removed by passing the samples through a laboratory pad. The
      samples were stapled onto a wire screen and placed in a photochemical
      reactor equipped with two gas inlets and a gas outlet. Nitrogen streams
      were passed through a 1% aqueous biacetyl solution (2.5 cc/sec) and
      monomer (2.5 cc/sec) and into the reactor for 50 minutes. During the final
      30 minutes, the samples were irradiated with a 200-W pyrex-filtered
      mercury arc from 6 cm distance. Following irradiation the samples were
      extracted with benzene, washed with water, dried, and conditioned.
PAR  The percentage uptake of grafted monomer was 13.7%.
TBL  ______________________________________                                    

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                      Test Results or Data                                     

     ______________________________________                                    

     Cantilever Stiffness (G)                                                  

                      G = 132 mg-cm (96 mg-cm)                                 

     (ASTM D1388-64)                                                           

     Monsanto Wrinkle Recovery,                                                

                      Recovery Angles -                                        

     warp direction, dry and                                                   

                      Dry = 116 (121)                                          

     wet (AATCC 66-1968)                                                       

                      Wet = 86 (81)                                            

     Tensile properties of yarn                                                

                      Breaking Strength Dry =                                  

     (ASTM D2256-69)  847.+-.90g (779.+-.115g)                                 

                      % Elongation at Break Dry =                              

                      54.+-.3% (52.+-.7%)                                      

                      Energy to Break Dry =                                    

                      1782.+-.328 g-cm                                         

                      (1344.+-.339 g-cm)                                       

     Scanning Electron                                                         

                      Findings - Essentially even                              

     Microscopy of fabric                                                      

                      distribution of polymer on the                           

     samples at 600 to 2400X                                                   

                      fiber surfaces with some nodes of                        

     magnification.   polymer apparent.                                        

     ______________________________________                                    

PAR  Nylon fabric was successfully grafted with methyl acrylate to give a
      product having significantly improved tensile properties. The polymer was
      shown to be evenly grafted onto the surface of the nylon fabric.
PAC  EXAMPLE 24
PAR  This example illustrates a methyl acrylate monomer grafted onto a polymeric
      substrate comprising a polyester fabric (Test Fabrics Dacron Style 54, No.
      754-W).
PAR  Polyester samples were wet out in N,N-dimethylformamide (a) or
      dimethylsulfoxide (b) and excess solvent removed using a laboratory pad.
      The sample was taped to the cold finger of the photochemical reactor and
      the reactor assembled. Nitrogen streams were bubbled through a 2.0%
      solution of biacetyl in ethyl acetate (5 cc/sec) and monomer (5 cc/sec)
      and into the reactor for 35 minutes. During the last 20 minutes the
      samples were irradiated with a 200-W pyrex-filtered mercury arc from 2 cm
      distance. The sample was removed from the cold finger, washed with
      ethanol, distilled water, dried, and conditioned.
PAR  The percentage uptake of grafted monomer was (a) - 7.7%, (b) - 0.8%.
TBL  ______________________________________                                    

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                      Test Results or Data                                     

     ______________________________________                                    

     Tensile Properties of yarn                                                

                      Breaking Strength = 848.+-.95 g                          

     for (a) samples only                                                      

                      (761.+-.130g)                                            

     (ASTM D2256-69)                                                           

                      % Elongation at Break = 32.+-.4%                         

                      (31.+-.4%)                                               

                      Energy to Break = 765.+-.185g                            

                      (635.+-.188 g-cm)                                        

     Scanning Electron                                                         

                      Findings - A somewhat uneven                             

     Microscopy of fabric                                                      

                      coating of polymer is present                            

     sample at 550 to 2300X                                                    

                      on the fiber surface, with some                          

     magnification.   large nodes of polymer present.                          

     ______________________________________                                    

PAR  Polyester treated with methyl acrylate showed significant improvement in
      tensile properties, although the grafting was not as even as expected.
PAC  EXAMPLE 25
PAR  This example illustrates a methyl acrylate monomer grafted onto a polymeric
      substrate comprising polypropylene fabric (Test Fabrics Herculon Type 40,
      5oz., 2 .times. 2 ply, No. 967).
PAR  The polypropylene samples were wet out in different solvents in each case;
      1,2-dichloroethane (DCE), n-propanol (POH), N,N-dimethylformamide (DMF),
      Dimethylsulfoxide (DMSO), and benzene (Bz) and excess solvent removed
      using a laboratory pad. The samples were stapled to a wire screen and
      placed in a photochemical reactor equipped with two gas outlets and a gas
      inlet. Nitrogen streams were passed through a 1.0% solution of biacetyl (5
      cc/sec) dissolved in methanol and through monomer (5 cc/sec) and then into
      the reactor for 30 minutes. During the last 15 minutes the samples were
      irradiated by 200-W pyrex-filtered mercury arc, extracted with benzene,
      dried, and conditioned.
PAR  The percentage uptake of grafted monomer was DCE = 1.8%, POH = 0.7%, DMF =
      8.4%, DMSO = 7.4%, Bz = 0.7%.
TBL  Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                    Test Results or Data                                       

     __________________________________________________________________________

     Tensile Properties of yarn                                                

                    Breaking Strength = 421.+-.42g                             

     for DMSO-wetted sample                                                    

                    (433.+-.54g)                                               

     (ASTM D2256-69)                                                           

     Monsanto Wrinkle Recovery                                                 

                    % Elongation at Break = 69.+-.5%                           

     for DMF-wetted sample warp                                                

                    (68.+-.8%)                                                 

     direction, dry (AATCC                                                     

     66-1968)       Energy to Break = 574.+-.95 g-cm                           

                    (603.+-.143 g-cm)                                          

     Cantilever Stiffness (G)                                                  

     (ASTM D1388-64) for DMSO-                                                 

                    Recovery Angle-                                            

                              Dry = 119.degree. (127.degree.)                  

     wetted sample            Wet = 130.degree. (113.degree.)                  

                    G = 673 mg-cm (382 mg-cm)                                  

     __________________________________________________________________________

PAR  Methyl acrylate was successfully grafted to polypropylene fabric
      particularly when the fabric was wet out with solvents which swell the
      fiber (DMSO or DMF). The wet wrinkle recovery of the treated fabric was
      improved.
PAC  EXAMPLE 26
PAR  This example illustrates a N-methylolacrylamide monomer grafted onto a
      polymeric substrate comprising wool fabric (Burlington 1 .times. 1 plain
      weave worsted, style 6561).
PAR  The wool samples were immersed in a 10% solution of monomer (a) or in a 10%
      solution of monomer containing 0.5% zinc nitrate catalyst (b), and excess
      solution removed by passing the samples through a laboratory pad. The
      samples were stapled to a wire screen and placed in a photochemical
      reactor equipped with a gas inlet and gas outlet. Nitrogen was bubbled
      through a 1.0% solution of aqueous biacetyl (10 cc/sec) and into the
      reactor for 35 minutes. During the final 20 minutes the samples were
      irradiated with a 200-W pyrex-filtered mercury arc from 6 cm distance.
      Following irradiation the samples were pressed at 150.degree.C for one
      minute, washed thoroughly with hot water, dried, and conditioned.
PAR  The percentage uptake of grafted monomer was (a) = 9.4%, (b) = 12.1%.
TBL  __________________________________________________________________________

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                    Test Results or Data                                       

     __________________________________________________________________________

     Cantilever Stiffness (G)                                                  

                    G - (a) = 2438 mg-cm (248 mg-cm),                          

     (ASTM D1388-64)                                                           

                    (b) = 1105 mg-cm (168 mg-cm),                              

                    Control - 154 mg-cm                                        

     Monsanto Wrinkle Recovery,                                                

                    Wrinkle Recovery Angle - Dry =                             

     warp direction, dry and                                                   

                    (a) = 145.degree. (154.degree.), (b) = 131.degree.         

     and wet (AATCC 66-1968)                                                   

                    (157.degree.), Control = 160.degree.                       

                    Wet = (a) = 145.degree. (122.degree.), (b) =               

                    144.degree. (128.degree.), Control = 111.degree.           

     Durable Press Appearance                                                  

                    Fabric Smoothness Rating - (a) =                           

     Rating (AATCC 124-1969),                                                  

                    4.2 (4.2), (b) = 4.7 (3.7),                                

     Washing Condition I,                                                      

                    Control = 3.2                                              

     Tumble Dry                                                                

     Tensile Properties of yarn                                                

                    Breaking Strength - Dry - (a) =                            

     (ASTM D2256-69)                                                           

                    393.+-.40g (364.+-.37g), (b) = 451.+-.52g                  

                    (401.+-.56g), Control = 377.+-.39g                         

                    Wet - (a) = 298.+-.41g (286.+-.34g),                       

                    (b) = 298.+-.52g (293.+-.30g),                             

                    Control =  317.+-.55g.                                     

                    % Elongation at Break - Dry -                              

                    (a) 27.+-.4% (33.+-.4%), b = 36.+-.3%                      

                    (35.+-.5%), Control = 36.+-.6%                             

                    Wet - (a) = 86.+-.12% (88.+-.11%),                         

                    (b) = 96.+-.3% (98.+-.5%),                                 

                    Control = 53.+-.4%                                         

                    Energy at Break - Dry - (a) =                              

                    530.+-.134 g-cm (571.+-.59 g-cm),                          

                    (b) = 855.+-.150 g-cm (639.+-.175 g-cm),                   

                    Control = 699.+-.183 g-cm                                  

                    Wet - (a) = 474.+-.92 g-cm (455.+-.82 g-cm),               

                    (b) =  511.+-.96 g-cm (509.+-.51 g-cm,                     

                    Control = 537.+-.277 g-cm                                  

     Scanning Electron                                                         

                    Findings - The polymer formed in                           

     Microscopy of fabric                                                      

                    an irregular manner on the surface                         

     samples at 500 to 2500X                                                   

                    of the fabric.                                             

     magnification.                                                            

     __________________________________________________________________________

PAR  Wool treated with monomer and sensitizer in the presence and absence of
      zinc nitrate catalyst showed significant uptakes of polymer and increases
      in fabric stiffness as might be expected for a crosslinked durable press
      resin. The wet wrinkle recovery values of the wool treated with both
      monomer and biacetyl and then crosslinked using zinc nitrate catalyst and
      heat had excellent durable press properties compared to control. In
      addition, the tensile properties of the wool were only slightly affected
      by the treatment. This could serve as a durable treatment for wool.
PAC  EXAMPLE 27
PAR  This example illustrates a N-methylolacrylamide monomer grafted onto a
      polymeric substrate comprising polyester-cotton fabric (50:50) blend (Test
      Fabrics 5 oz. 2 .times. 2 Blue C polyester-mercurized cotton, No. 9503).
PAR  The procedure was the same as in Example 26 except a 5% aqueous solution of
      monomer with 0.25% zinc nitrate catalyst and 3 .times. 6 inches samples of
      polyester-cotton were used.
PAR  The percentage uptake of grafted monomer was 5.7%.
TBL  __________________________________________________________________________

     Properties of the Grafted Surface                                         

     Test Procedure of Method                                                  

                     Test Results or Data                                      

     __________________________________________________________________________

     Cantilever Stiffness (G)                                                  

                     G = 2410 mg-cm (251 mg-cm),                               

     (ASTM D1388-64) Control = 198 mg-cm                                       

     Monsanto Wrinkle Recovery,                                                

                     Wrinkle Recovery Angle - Dry =                            

     warp direction, dry and                                                   

                     80 (121), Control = 124.degree.                           

     wet (AATCC 66-1968)                                                       

                     Wet = 129.degree. (118.degree.), Control = 117.degree.    

     Durable Press Appearance                                                  

                     Fabric Smoothness Rating =                                

     Rating (AATCC 124-1969),                                                  

                     3.5 (3.7), Control = 2.7                                  

     Wash Condition I, -Tumble Dry                                             

     __________________________________________________________________________

PAR  The treated fabric showed a significant uptake of polymer and a great
      increase in fabric stiffness as would be expected with a highly
      cross-linked durable press finish. The finish lowered the dry wrinkle
      recovery of the fabric but improved the wet wrinkle recovery. The
      smoothness of the fabric after washing and tumble drying was not
      significantly different than fabric treated with monomer and zinc nitrate
      catalyst only, but did have a higher smoothness rating than untreated
      fabric. Changes in the treatment conditions might further enhance the
      durable press properties of the treated fabric.
PAC  EXAMPLE 28
PAR  This example illustrates a methyl methacrylate monomer grafted onto a
      polymeric substrate comprising wool fabric (Burlington 1 .times. 1 plain
      weave worsted, style 6561).
PAR  Wool samples (3 .times. 6 inches) were wet out in water and excess water
      removed by passing the fabric through a laboratory pad. The samples were
      stapled on a wire screen and placed in photochemical reactor with two gas
      inlets and a gas outlet. Nitrogen streams were bubbled through a 1.0%
      aqueous biacetyl solution (5 cc/sec) and a monomer solution (5 cc/sec) and
      into the reactor for 15 minutes. The nitrogen flows were continued while
      the samples were irradiated from 6 cm distance for 15 minutes for (a), 20
      minutes for (b), with a 200-W pyrex-filtered mercury arc. Following
      irradiation, the samples were extracted with benzene, dried and
      conditioned.
PAR  The percentage uptake of grafted monomer was (a) = 6.3%, (b) = 12.7%.
TBL  __________________________________________________________________________

     Properties of the Grafted Surface                                         

     Test Procedure or                                                         

                  Test Results or Data                                         

     Method                                                                    

     __________________________________________________________________________

     Felting Shrinkage-                                                        

                  Percent Area Shrinkage After                                 

     __________________________________________________________________________

     Machine wash in hot                                                       

     (140.degree.F) water with 5                                               

                  5 washes  10 washes                                          

                                   15 washes                                   

     lb. ballast, and 70 g.                                                    

     AATCC detergent for                                                       

                  Cont. 8.1 (1.7)                                              

                            15.3 (1.7)                                         

                                   22.9 (1.7)                                  

     15 minutes each wash.                                                     

     Durable Press                                                             

                  a 6.9 (1.7)                                                  

                            10.5 (1.7)                                         

                                   14.0 (3.0)                                  

     Appearance Ratings                                                        

     after tumble drying                                                       

                  b 8.1 (2.3)                                                  

                            8.5 (2.7)                                          

                                   10.6 (2.3)                                  

     in parentheses                                                            

     (AATCC 124-1969)                                                          

     Cantilever Stiffness                                                      

                  Cantilever Stiffness                                         

                              (G)                                              

     (G) (ASTM D1388-64)                                                       

                  Control - 166 mg-cm                                          

                  a - 163 mg-cm                                                

     Monsanto Wrinkle                                                          

                  b - 201 mg-cm                                                

     Recovery, warp direc-                                                     

     tion, dry and wet                                                         

     (ASTM 1295-67)                                                            

     Soil Release: Oily                                                        

                  Recovery Angle-Dry,                                          

     Stain Release Method                                                      

                  Control - 163.degree.                                        

     (AATCC 130-1969)                                                          

                  a - 163.degree.                                              

     Washing Procedure I                                                       

                  b - 158.degree.                                              

                  Wet, Control - 123.degree.                                   

                  a - 120.degree.                                              

                  b - 109.degree.                                              

                  Stain Release Rating, Control - 1.0                          

                  a - 1.3                                                      

                  b - 1.5                                                      

     __________________________________________________________________________

PAR  The treatment of the wool with methyl methacrylate gave a product which
      showed greatly reduced felting shrinkage, improved appearance after
      laundering, and improved oily stain release without significant alteration
      of hand (feel) or stiffness. The washing studies show that the treated
      wools undergo a significant reduction in shrinkage through repeated
      washings and at the same time possess a much less wrinkled appearance
      after prolonged washing, although only small changes in Monsanto wrinkle
      recovery are found. The hand of the treated wools is similar to control,
      and the stiffness is very nearly the same as untreated wool. The treated
      fabrics also show slightly improved release of oily stains on laundering.
      Treatment of wool with this monomer by solution techniques would give a
      very boardy unacceptable fabric.
PAC  EXAMPLE 29
PAR  This example illustrates a 2,2,2-trifluoroethyl methacrylate monomer
      grafted onto a polymeric substrate comprising cotton fabric (Test Fabrics
      80 .times. 80 mercerized print cloth, No. 400W).
PAR  The cotton samples (3 .times. 6 inches) were wet out with water (a) or
      N,N-dimethylformamide (b), stapled to a wire screen, and placed in a
      photochemical reactor equipped with 2 gas inlets and one gas outlet.
      Nitrogen streams were bubbled through a 1.0% aqueous biacetyl solution (5
      cc/sec) and through monomer (5 cc/sec) and into the photochemical reactor
      for 45 minutes. During the final 30 minutes the samples were irradiated
      with a 200-W pyrex-filtered mercury arc from 6 cm distance. After
      irradiation, the samples were washed with hot water, dried, and
      conditioned.
PAR  The percentage uptake of grafted monomer was a = 0.4%, b = 4.7%.
TBL  __________________________________________________________________________

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                     Test Results or Data                                      

     __________________________________________________________________________

     Water Repellency: Spray                                                   

                     Spray Rating (a) = 0 (b) = 25 (0)                         

     Test (AATCC 22-1967)                                                      

     Oil Repellency: Hydrocarbon                                               

                     Oil Repellency Rating (a) = &lt;1                            

     Resistance Test (b) = &lt;1 (&lt;1) (Spreading of oil                           

     (AATCC 118-1966)                                                          

                     was slower on treated fabric)                             

     Soil Release: Oily Stain                                                  

                     Stain Release Rating a = 3.0                              

     Release Method (AATCC                                                     

                     b = 3.0 (2.2)                                             

     130-1969) Washing Procedure                                               

     II                                                                        

     __________________________________________________________________________

PAR  The cotton treated with the higher uptake of polymer (b) showed some water
      repellency, and improved stain release properties, while the oil
      repellency of the fabric was essentially unchanged. The stain release
      rating for the cotton treated with the lower uptake of polymer (a) was
      also improved. The above treatment imparts some water repellency and
      improved stain release properties to the cotton without marked change in
      the properties of the fabric. Other fluoropolymer finishes applied by this
      technique may show superior properties.
PAC  EXAMPLE 30
PAR  This example illustrates a 2,2,2,-trifluoroethyl methacrylate monomer
      grafted onto a polymeric substrate comprising nylon fabric (test fabrics
      spun type 200, No. 358)
PAR  Same as Example 29 except 3 .times. 6 inches nylon samples were used. Water
      (a) and N,N-dimethylformamide (b) were used as wetting agents.
PAR  The percentage uptake of grafted monomer was (a) - 1.1%, (b) - 0.8%.
TBL  ______________________________________                                    

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                    Test Results or Data                                       

     ______________________________________                                    

     Water Repellency: Spray                                                   

                    Spray Rating (a) = 95 (b) = 70 (0).                        

     Test (AATCC 22-1967)                                                      

     Oil Repellency: Hydro-                                                    

                    Oil Repellency Rating (a) = &lt;1                             

     carbon Resistance Test                                                    

                    (b) = &lt;1 (&lt;1)                                              

     (AATCC 118-1966)                                                          

                    (Spreading of oil was slower on                            

                    treated fabrics)                                           

     Soil Release: Oily Stain                                                  

                    Stain Release Rating (a) =                                 

     Release Method (AATCC                                                     

                    (b) = 4.0 (3.7)                                            

     130-1969) Washing                                                         

     Procedure II                                                              

     ______________________________________                                    

PAR  Nylon treated with the polymer by both techniques showed markedly improved
      water repellency, but no significant increase in oil repellency. Also
      slight improvement in the soil release properties of the nylon treated by
      method (b) was observed. This treatment imparted significant water
      repellency properties to the nylon without significant change in the hand
      or aesthetics of the fabric. Although 2,2,2-trifluoroethyl methacrylate
      was successfully grafted to polyester (3.6%) and polypropylene (3.9%)
      fabrics using the vapor phase grafting technique and N,N-dimethylformamide
      as wetting agent, no significant improvement in the water or oil
      repellency or stain release properties of these fabrics were found.
PAC  EXAMPLE 31
PAR  This example illustrates a 2,2,2,-trifluoroethyl methacrylate monomer
      grafted onto a polymeric substrate comprising rayon fabric (test fabrics
      viscose challis print cloth, No. 266).
PAR  Same as Example 29 except 3 .times. 6 inches rayon samples were used. Water
      (a) and N,N-dimethylformamide (b) were used as wetting agents.
PAR  The percentage uptake of grafted monomer was a = 2.0, b = 7.6%.
TBL  ______________________________________                                    

     Properties of the Grafted Surface                                         

     Test Procedure or Method                                                  

                    Test Results or Data                                       

     ______________________________________                                    

     Water Repellency: Spray                                                   

                    Spray Rating (a) = 0 (b) = 75 (0)                          

     Test (AATCC 22-1967)                                                      

     Oil Repellency: Hydro-                                                    

                    Oil Repellency Rating (a) =                                

     carbon Resistance Test                                                    

                    &lt;1 b = &lt;1 (&lt;1)                                             

     (AATCC 118-1966)                                                          

                    (Spreading of oil was slower on                            

                    treated fabrics)                                           

     Soil Release: Oily Stain                                                  

                    Stain Release Rating (a) = 2.0                             

     Release Method (AATCC                                                     

                    (b) = 3.5 (1.4)                                            

     130-1969) Washing                                                         

     Procedure I                                                               

     ______________________________________                                    

PAR  The rayon treated with the higher uptake of polymer (b) showed good water
      repellency, and a markedly improved stain release rating, while no change
      in the oil repellency was found. At higher uptakes of fluoropolymer (b)
      the rayon becomes water repellent and exhibits enhanced stain release
      properties without great change in aesthetic properties.
CLMS
STM  We claim:
NUM  1.
PAR  1. A vapor phase method for forming a graft copolymer in the presence of
      low energy irradiation comprising the steps of depositing a wetting agent
      onto the surface of a polyamide polymeric substrate; and contacting said
      substrate with an unhalogenated vinyl monomer from a vapor source, said
      monomer including substituted groups selected from the group consisting of
      organic acids and their derivatives, organic and inorganic esters and
      ethers and cyanide in the presence of light energy, the majority of which
      comprises photons having wavelengths over 3000 S., and contacting said
      wetted substrate with a volatile photosensitive compound from a vapor
      source, said photosensitive compound being capable of activation by
      exposure to said light to a state sufficient to create grafting sites on
      said polymeric substrate to there by graft polymerize said monomer at said
      sites, said wetting agent having an affinity for said polymeric substrate,
      monomer and photosensitive compound.
NUM  2.
PAR  2. A method as in claim 1 in which said photosensitive vapor is selected
      from the group consisting of diketones and .alpha., .beta. unsaturated
      carbonyl compounds.
NUM  3.
PAR  3. A method as in claim 1 in which at least 75% of said light comprises
      photons having wavelengths over 3000 A.
NUM  4.
PAR  4. A method as in claim 1 in which said photosensitive vapor is biacetyl.
NUM  5.
PAR  5. A method as in claim 1 in which said polymeric substrate is in the form
      of a fiber.
NUM  6.
PAR  6. A method as in claim 1 in which said polymeric substrate is in the form
      of a fabric.
NUM  7.
PAR  7. A method as in claim 1 in which said polymeric substrate is in the form
      of a sheet.
NUM  8.
PAR  8. A method as in claim 1 in which said monomer is selected from the group
      consisting of acrylic acid, substituted acrylic acids, acrylates,
      substituted acrylates, acrylonitrile and acrylamides.
NUM  9.
PAR  9. A method as in claim 1 in which said monomer is soluble in said wetting
      agent.
NUM  10.
PAR  10. A product formed by the process of claim 1.
NUM  11.
PAR  11. A product formed by the process of claim 8.
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ABST
PAL  Hydrogen sulfide is decomposed to elemental sulfur in an electrical
      discharge. In one embodiment of the invention the H.sub.2 S decomposition
      rate is substantially increased when the decomposition is effected in the
      presence of polymeric chlorotrifluoroethylene.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the decomposition of hydrogen sulfide. More
      particularly, the invention relates to the decomposition of hydrogen
      sulfide in an electrical discharge.
PAR  2. Description of the Prior Art
PAR  Hydrogen sulfide is one of the most toxic of gases, even more harmful than
      phosgene and cyanide gases. It is also very corrosive and responsible for
      the rapid deterioration of equipment. Industrially, hydrogen sulfide is
      emitted by SO.sub.2 and metal sulfide reduction plants, oil refineries,
      natural gas producers, coking furnaces, kraft papermills, tanneries, and
      chemical plants manufacturing sulfur-containing compounds.
PAR  In view of these harmful effects of hydrogen sulfide there has been
      concerted efforts directed toward increasing the removal efficiencies of
      hydrogen sulfide to avoid secondary pollution, regardless of the economics
      involved. It is known, for example, that hydrogen sulfide can be removed
      with aqueous alkaline solutions, non-aqueous organic amines and dry basic
      oxides. The sorption of hydrogen sulfide on a solid or a liquid, however,
      is only a temporary solution since the hydrogen sulfide sorbent must be
      regenerated for use. These regeneration techniques usually involve
      multistep operations including the steps of stripping the hydrogen sulfide
      with wet or dry heat, followed by the partial oxidation of the hydrogen
      sulfide to SO.sub.2 which is then converted to sulfur by, for instance,
      the Claus process or the Townsend process. If the Claus process (solid
      catalyst) is used in the catalytic reduction step, the hot sulfur vapor is
      difficult to condense while in the Townsend process (liquid catalyst) the
      colloidal sulfur is difficult to reclaim from the liquid.
PAR  It has also been known that hydrogen sulfide can be decomposed to hydrogen
      and sulfur with ultraviolet light radiation or by heat (e.g., above
      500.degree. C) or by electrolysis in an electrolyte. All of these
      techniques are not without their shortcomings, however, and involve either
      cumbersome procedures, less than desirable yields or decomposition
      products other than sulfur and hydrogen. Methods depending on oxidation of
      hydrogen sulfide, for instance, produce water rather than the more
      economically valuable hydrogen.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the invention, therefore, is to provide a onestep process for
      the decomposition of hydrogen sulfide directly into hydrogen and elemental
      sulfur.
PAR  Another object of the invention is to provide a one-step process for
      converting hydrogen sulfide to non-toxic products at atmospheric pressure
      and at low temperatures such as ambient temperatures.
PAR  Yet another object of the invention is to reduce atmospheric pollution by
      reducing the concentration of hydrogen sulfide in industrial gas
      by-products containing same while simultaneously producing hydrogen and
      elemental sulfur.
PAR  These and other objects of the invention are obtained by exposing a gas
      containing hydrogen sulfide to a silent electrical discharge obtained by a
      voltage sufficient to effect decomposition of the hydrogen sulfide to
      hydrogen and elemental sulfur.
PAR  The silent electrical discharge or cold plasma discharge as it is commonly
      called is a high voltage, alternating current discharge. It may be
      produced by any of the known conventional cold plasma discharge reactors
      of the art as, for example, the ozonizers. The ozonizers are generally of
      two types; the concentric tube type and the plate type. In the concentric
      tube type the gas to be reacted passes through the annular space formed by
      the concentric tubes, said annular space being usually about 1 - 6 mm
      across, that is, between the two tubes. One of the tubes must be made of a
      dielectric material, usually glass, and the other may be either glass or a
      metal which does not catalyze reaction or decomposition of the desired
      products. The internal surface of the inner tube and the external surface
      of the outer tube when made of glass, are in contact with an electrical
      conductor such as an electrically conducting solution, an electrical
      conductor such as metal foil or an electrically conducting paint. These
      conductors act as electrodes. A high voltage is then applied across the
      electrodes to create the silent electrical discharge.
PAR  In the plate type ozonizer the gas is passed through a constant gap of 1 -
      6 mm between parallel plates. At least one dielectric plate must be
      present in each space between high voltage and grounded surfaces to
      prevent arcing across the electrodes. The required voltage is impressed on
      flat electrodes which may be metal plates or metal foil or glass.
PAR  In the process of the invention the silent electrical discharge through
      which the hydrogen sulfide or hydrogen sulfide-containing gas is passed is
      derived by applying to the electrodes a voltage sufficient to effect
      decomposition of the H.sub.2 S. This "threshold voltage" at which
      decomposition of H.sub.2 S occurs will vary usually from about 1 to 3 kv,
      depending principally upon the electrode-gap width, and the voltage which
      can be applied in the process of the invention can range up to 50 kv or
      higher, if desired. It has been determined that in general increasing the
      applied voltage increases both the conversion and the yields. The
      particular voltage applied for optimum conversion and yield will depend
      also on the particular diluent utilized or other constituents present in
      the gas composition. Ordinarily, the threshold voltage is lower with
      monoatomic gas diluents such as argon and helium than with diatomic gases
      such as nitrogen and hydrogen.
PAR  The gas exposed to the silent electrical discharge according to the
      invention may be the hydrogen sulfide alone or a gas composition
      containing hydrogen sulfide as a constituent. Advantageously an inert
      diluent such as argon, helium or nitrogen is utilized. Higher conversions
      are usually obtained with the heavier inert gas molecules such as those of
      argon than with the lower molecular weight gas diluents such as nitrogen
      and helium. When the gas composition subjected to decomposition in
      accordance with the invention is one containing inert diluents, the
      concentration of hydrogen sulfide can be about 0.25 to 10% by volume. The
      process of the invention also contemplates the exposure of hydrogen
      sulfide containing gases which are the result of an industrial process
      such as those aforementioned, either as the principal H.sub.2 S abating
      operation or as a secondary removal operation, that is, on the last
      remnants of hydrogen sulfide that usually escape the primary H.sub.2 S
      removal methods be they electrical, catalytic or scrubbing techniques.
PAR  Exposure of the hydrogen sulfide-containing gas may be effected at a
      temperature of -40.degree.C up to 61.degree.C or more. The cooler the
      temperature, the greater the hydrogen sulfide conversion and rate of
      decomposition. The preferred exposure temperatures therefore fall in the
      range of about -41.degree.C to 25.degree.C and in most instances room or
      ambient temperature will be found to provide the desired yields.
PAR  The decomposition of the hydrogen sulfide in accordance with the method of
      the invention may be conducted at atmospheric pressure but elevated
      pressures may be utilized if desired. In general the rate of decomposition
      is found to increase with the increase in gas pressure.
PAR  In a preferred embodiment of the present invention the decomposition of the
      hydrogen sulfide is carried out in the presence of
      polychlorotrifluoroethylene oil, referred to as CFE. When CFE is present
      in the electrical discharge zone during the decomposition, hydrogen
      sulfide conversions of over 90% can be achieved. The reason for the
      substantial increase in hydrogen sulfide conversion is not completely
      understood but it is believed that the CFE molecules assist in quenching
      the intermediate or metastable product species, thereby preventing their
      recombination.
PAR  The invention will be further illustrated by reference to the following
      examples. In the examples, the concentric tube reactor herein referred to
      as an ozonizer, shown in the accompanying drawing was employed. FIG. 1 of
      the drawing is a longitudinal view in section of the ozonizer and FIG. 2
      is a cross-section of FIG. 1 taken along lines A--A. Electrical contact to
      the tubes (Vycor) was made by the use of a 7.7 molar ZnCl.sub.2 solution.
      The reactor had a removable inner electrode, which permitted both the
      insertion of different diameter inner electrodes and the removal of solid
      products from the reactor. Electrical power was supplied to the reactor
      with a step-up transformer. The primary power supplied to the transformer
      was measured with a wattmeter and the secondary power was determined by
      measuring the area of the oscilloscope trace produced by the ozonizer's
      voltage and current. The applied root-mean-square (rms) voltage to the
      ozonizer was measured with high voltage probe and a high-impedance
      voltmeter. Chemically pure gases were metered from compressed cylinders
      into a mixing chamber by means of low-flow needle valves. Pressures less
      than 1 atm were obtained by evacuating the ozonizer with a mechanical
      pump. After the desired reactant concentration and flow rate were
      obtained, the discharge was initiated and the degree of reaction was
      determined.
PAR  The integral decomposition rate or space-time yield, R, in micromoles per
      cubic centimeter per minute, was determined by analyzing the inlet and
      exhaust gases with a gas chromatograph. If the inlet percentage, v/v, of
      H.sub.2 S is c.sub.i and its exhaust is c.sub.e, then the balancing of
      this material across the reactor leads to
      ##EQU1##
      where f is the total gas flow in cubic centimeters per minute and V.sub.d
      is electrical discharge volume in cubic centimeters. The fractional
      conversion, x, of H.sub.2 S is defined as
      ##EQU2##
      hence
      ##EQU3##
      where fH.sub.2 S is the H.sub.2 S mass flow rate in micromoles per minute.
PAR  The integral decomposition rate was calculated as the product of the
      H.sub.2 S mass flow rate in micromoles per minute times its fractional
      conversion divided by the reactor volume in cubic centimeters. The
      residence-time, .tau., of the gas was calculated as the ratio of the
      reactor electrical discharge volume, V.sub.d, to the volumetric gas flow,
      f, expressed in cubic centimeters per minute.
DETD
PAC  EXAMPLE I
PAR  Hydrogen sulfide mixed with helium was passed through the ozonizer of the
      drawing and the gas was exposed to a silent electrical discharge in an
      annular region formed by the two concentric glass tubes of the ozonizer.
      The electrode gap was varied by fixing the outside electrode at 28cm and
      varying the inner electrode. Electrical power was supplied to the reactor
      with a 17 kv Jefferson transformer. The results are shown in Table 1
      below.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Effect of electrode gap and total gas flow on the H.sub.2 S conversion    

               Electrical  Concentration H.sub.2 S, percent                    

     Flow (f),                                                                 

           Gap,                                                                

               discharge                                                       

                     Residence                  Fractional                     

                                                       R,     Primary          

     cm.sup.3 /min                                                             

           mm  volume,                                                         

                     time, min                                                 

                           Inlet, Exhaust,                                     

                                         Removed,                              

                                                conversion,                    

                                                       micromoles              

                                                              power,           

               cm.sup.3    c.sub.i                                             

                                  c.sub.e                                      

                                         c.sub.r                               

                                                .times.                        

                                                       per cm.sup.3            

                                                              watts            

                                                       per min                 

     __________________________________________________________________________

     133   1.0 32    0.241 3.13   2.87-2.92                                    

                                         0.21-.26                              

                                                0.07-.08                       

                                                       0.39-0.48               

                                                              7.3              

     302   1.0 32    .106  3.13   3.01-3.06                                    

                                         .07-.12                               

                                                .02-.04                        

                                                       .29-.50                 

                                                              7.3              

     498   1.0 32    .064  3.13   3.07-3.11                                    

                                         .02-.06                               

                                                .01-.02                        

                                                       .14-.41                 

                                                              7.3              

     646   1.0 32    .050  3.13   3.06-3.08                                    

                                         .05-.07                               

                                                .02-.02                        

                                                       .45-.63                 

                                                              7.3              

     888   1.0 32    .036  3.13   3.07-3.10                                    

                                         .03-.06                               

                                                .01-.02                        

                                                       .37-.74                 

                                                              7.3              

      52   2.0 57    1.096 3.13   0.64-0.92                                    

                                         2.21-2.49                             

                                                .70-.72                        

                                                        .90-1.00               

                                                              7.0              

      74   2.0 57    .770  3.13   1.43-1.57                                    

                                         1.56-1.70                             

                                                .50-.54                        

                                                        .90-0.99               

                                                              7.0              

     120   2.0 57    .475  3.13   2.06-2.10                                    

                                          .90-1.07                             

                                                .29-.34                        

                                                        .84-1.01               

                                                              7.0              

     236   2.0 57    .242  3.13   2.68-2.69                                    

                                         .44-.45                               

                                                .14-.14                        

                                                        .81-0.83               

                                                              7.0              

     395   2.0 57    .144  3.13   2.76-2.80                                    

                                         .33-.37                               

                                                .11- .12                       

                                                       1.02-1.14               

                                                              7.0              

     487   2.0 57    .117  3.13   2.86-2.89                                    

                                         .24-.27                               

                                                .08-.09                        

                                                        .91-1.03               

                                                              7.0              

     602   2.0 57    .092  3.13   2.87-3.00                                    

                                         .18-.26                               

                                                .06-.08                        

                                                        .84-1.02               

                                                              7.0              

     800   2.0 57    .071  3.13   2.96-3.00                                    

                                         .13-.17                               

                                                .04-.05                        

                                                        .81-1.06               

                                                              7.0              

     919   2.0 57    .062  3.13   2.95-3.02                                    

                                         .11- .18                              

                                                .04-.06                        

                                                        .79-1.29               

                                                              7.0              

     1177  2.0 57    .048  3.13   3.00-3.04                                    

                                         .09-.13                               

                                                .03-.04                        

                                                        .83-1.19               

                                                              7.0              

      60   3.5 89    1.483 3.13   1.13-1.42                                    

                                         1.71-2.00                             

                                                .55-.64                        

                                                       .51- .60                

                                                              7.0              

     142   3.5 89    .627  3.13   2.33-2.41                                    

                                         .72-.80                               

                                                .23-.26                        

                                                       .51-.57                 

                                                              7.0              

     360   3.5 89    .248  3.13   2.83-2.84                                    

                                         .29-.30                               

                                                .09-.10                        

                                                       .52-.54                 

                                                              7.0              

     1078  3.5 89    .83   3.13   3.00-3.03                                    

                                         .10-.13                               

                                                .03-.04                        

                                                       .54-.70                 

                                                              7.0              

     130   5.5 116   0.892 3.00   1.87-1.91                                    

                                         1.09-1.13                             

                                                0.36-0.37                      

                                                       0.54-                   

                                                              5.16             

     232   5.5 116   .500  3.00   2.36-2.37                                    

                                          .63-0.64                             

                                                .21-.21                        

                                                       .56- .57                

                                                              5.1              

     360   5.5 116   .322  3.00   2.57-2.58                                    

                                         .42-.43                               

                                                .14-.14                        

                                                       .58-.59                 

                                                              5.1              

     455   5.5 116   .255  3.00   2.64-2.67                                    

                                         .33-.36                               

                                                .11- .12                       

                                                       .58-.63                 

                                                              5.1              

     565   5.5 116   .205  3.00   2.71-2.73                                    

                                         .27-.29                               

                                                .09-.10                        

                                                       .59-.63                 

                                                              5.1              

     1364  5.5 116   .087  3.00   2.86-2.88                                    

                                         .11-.14                               

                                                .04-.05                        

                                                       .56-.72                 

                                                              5.1              

     2197  5.5 116   .053  3.00   2.89-2.93                                    

                                         .07-.11                               

                                                .02-.04                        

                                                       .59-.93                 

                                                              5.1              

     __________________________________________________________________________

      The above results were obtained at the following experimental conditions:

      applied voltage = 14 kv, gas temperature = 25.degree. C, and helium gas  

      diluent.                                                                 

PAR  The data in Table 1 shows that the conversion decreases as the gas flow
      rate increases but essentially no changes occurs in the reaction yield.
      The highest reaction rate occurred at a 2 mm electrode gap whereas the
      maximum power consumption of the transformer occurred at 1 mm.
PAC  EXAMPLE II
PAR  In this example the effect of the reactant (H.sub.2 S) concention was
      determined utilizing a 5.5 mm electrode gap in the reactor at a nominal
      gas flow of 0.50 liter per minute (STP). The results of the study are
      shown in Table 2 below.
TBL                Table 2.                                                    

     ______________________________________                                    

     Effect of inlet H S gas concentration on reaction rate                    

     H.sub.2 S analyses, percent          Pri-                                 

                                R, micro- mary                                 

     Inlet, Exhaust, Removed, Conversion                                       

                                      moles per                                

                                              power,                           

     c.sub.i                                                                   

            c.sub.e  c.sub.r  (c.sub.r /c.sub.i), .times.                      

                                      cm.sup.3 per                             

                                              watt                             

                                      min                                      

     ______________________________________                                    

     0.33   0.25     0.08     0.242   0.154   5.0                              

     1.11   0.94     0.17     0.153   0.326   5.1                              

     1.80   1.56     0.24     0.133   0.461   5.4                              

     2.57   2.34     0.23     0.089   0.441   5.5                              

     3.35   3.09     0.26     0.078   0.499   5.8                              

     4.13   3.88     0.25     0.060   0.480   6.0                              

     7.20   7.02     0.18     0.025   0.336   7.0                              

     10.43  10.35    0.08     0.008   0.149   7.5                              

     ______________________________________                                    

      The above results were obtained at the following experimental conditions:

      electrode gap = 5.5 mm; applied voltage = 14 kv; electrical discharge    

      volume = 116 cm.sup.3 ; gas temperature = 25.degree.C; gas flow = 0.50   

      liter per minute; and helium gas diluent.                                

PAR  The data of Table 2 demonstrate that the H.sub.2 S conversion was greatest
      at the lowest H.sub.2 S inlet concentration. However, the reaction yield
      was highest at about 3 percent H.sub.2 S. The data also shows that the
      power consumption increased directly with the H.sub.2 S inlet
      concentration.
PAC  EXAMPLE III
PAR  In this example the effect of the gas temperature in the range of
      -41.degree.C to 61.degree.C on the fractional H.sub.2 S conversion and
      reaction yield was evaluated. The conditions for the decomposition and
      results are summarized in Table 3 below.
TBL                                    Table 3.                                

     __________________________________________________________________________

     Experimental data for the H.sub.2 S decomposition in a                    

     discharge at various temperatures                                         

                H.sub.2 S concentration, percent                               

                               Fractional                                      

                                      R,                                       

     Temp,                                                                     

          Flow, (f),                                                           

                Inlet,                                                         

                     Exhaust,                                                  

                          Removed,                                             

                               conversion,                                     

                                      Micromoles per                           

     .degree.C                                                                 

          cm.sup.3 /min                                                        

                c.sub.i                                                        

                     c.sub.e                                                   

                          c.sub.r                                              

                               (c.sub.r /c.sub.i), .times.                     

                                      cm.sup.3 per min                         

     __________________________________________________________________________

     -41.0                                                                     

          481   2.89 2.59 0.30 0.104  0.555                                    

     6.0  503   2.89 2.65 .24  .083   .464                                     

     18.7 493   2.89 2.65 .24  .083   .409                                     

     19.9 493   2.89 2.62 .27  .093   .512                                     

     20.0 493   2.89 2.66 .23  .080   .436                                     

     58.0 494   2.89 2.69 .20  .069   .380                                     

     59.0 494   2.89 2.68 .21  .073   .399                                     

     60.0 494   2.89 2.69 .20  .069   .380                                     

     61.0 494   2.89 2.69 .20  .069   .380                                     

     __________________________________________________________________________

      The above results were obtained at the following experimental conditions:

      electrode gap = 5.5 mm, applied voltage = 17 kv, primary power = 5.2 watt

      electrical discharge volume = 116 cm.sup.3 and helium gas diluent.       

PAR  The data of Table 3 shows that the conversion and yield both increase as
      the temperature decreases. Lower gas temperatures, therefore, are
      preferred for the decomposition of H.sub.2 S.
PAC  EXAMPLE IV
PAR  In this example the dependence of the H.sub.2 S decomposition yield on the
      applied voltage was studied at a gas temperature of 25.degree.C. The other
      conditions employed in the decomposition and the results obtained are
      summarized in Table 4 below.
TBL                                    Table 4.                                

     __________________________________________________________________________

     Experimental data obtained at various applied                             

     voltages and gas diluents                                                 

     Applied                                                                   

          Primary                                                              

               H.sub.2 S analysis, percent                                     

                               Fractional                                      

                                     R, micro-                                 

     voltage,                                                                  

          power,                                                               

               Inlet,                                                          

                   Exhaust,                                                    

                         Removed,                                              

                               conversion                                      

                                     moles per                                 

     kv   watts                                                                

               c.sub.i                                                         

                   c.sub.e                                                     

                         c.sub.r                                               

                               (c.sub.r /c.sub.i), .times.                     

                                     cm.sup.3 per min                          

     __________________________________________________________________________

                   (HYDROGEN DILUENT)                                          

     6    0    2.89                                                            

                   2.93  0     0     0                                         

     7    1.8  2.87                                                            

                   2.84  0.03  0.01  0.056                                     

     11   5.4  2.87                                                            

                   2.79  .08   .03   .149                                      

     14   8.4  2.87                                                            

                   2.76  .11   .04   .205                                      

     16   11.4 2.89                                                            

                   2.77  .12   .04   .224                                      

     __________________________________________________________________________

                   (HELIUM DILUENT)                                            

     1    0.2  3.13                                                            

                   3.13  0     0     0                                         

     2    .5   3.13                                                            

                   3.12  0.01  &lt;0.01 0.019                                     

     4    1.9  3.13                                                            

                   3.06  .07   .02   .136                                      

     7    4.0  3.13                                                            

                   3.01  .12   .04   .233                                      

     10   7.0  3.13                                                            

                   2.92  .21   .07   .408                                      

     10   7.0  3.13                                                            

                   2.93  .20   .06   .388                                      

     21   14.0 3.13                                                            

                   2.88  .25   .08   .486                                      

     21   14.0 3.13                                                            

                   2.85  .28   .09   .544                                      

     __________________________________________________________________________

                   (NITROGEN DILUENT)                                          

     9    2.4  2.94                                                            

                   2.90  0.04  0.01  0.080                                     

     12   6.6  2.91                                                            

                   2.79  .12   .04   .240                                      

     14   9.6  2.94                                                            

                   2.67  .27   .09   .540                                      

     16   13.2 2.94                                                            

                   2.60  .34   .12   .681                                      

     17   15.6 2.94                                                            

                   2.54  .40   .14   .801                                      

     20   19.1 2.91                                                            

                   2.52  .39   .13   .781                                      

     21   22.2 2.91                                                            

                   2.36  .55   .19   1.101                                     

     21   22.2 2.93                                                            

                   2.35  .58   .20   1.161                                     

     __________________________________________________________________________

                   (ARGON DILUENT)                                             

     1    +0   2.96                                                            

                   2.88  0.08  0.03  0.161                                     

     4    +0   2.96                                                            

                   2.82  .14   .05   .282                                      

     6    1.2  2.91                                                            

                   2.71  .20   .07   .400                                      

     7    3.0  2.94                                                            

                   2.67  .27   .09   .544                                      

     8    3.6  2.91                                                            

                   2.59  .32   .11   .645                                      

     12   6.0  2.94                                                            

                   2.48  .46   .16   .927                                      

     14   7.8  2.90                                                            

                   2.41  .49   .17   1.987                                     

     17   10.8 2.94                                                            

                   2.38  .56   .19   1.128                                     

     __________________________________________________________________________

      The above results were obtained at the following experimental conditions:

      electrode gap = 5.5 mm; gas flow = 0.50 liter per minute; reactor volume 

      116 cm.sup.3 ; and gas temperature = 25.degree. C.                       

PAR  The data of Table 4 demonstrates that the conversion and yield increase at
      applied voltages greater than the threshold value (about 3 kv). The
      highest conversions below 16 kv were obtained with argon diluent. At 16
      kv, the conversion with Ar and N.sub.2 were essentially the same. With He
      and H.sub.2, the H.sub.2 S conversions were considerably lower.
PAC  EXAMPLE V
PAR  The effect of the total gas pressure on H.sub.2 S decomposition rate was
      determined at a constant mass-or volumetric-flow. The decomposition
      conditions and the results obtained are summarized in Table 5.
TBL                                    Table 5.                                

     __________________________________________________________________________

     Effect of pressure of the H.sub.2 S decomposition                         

                Volumetric                                                     

                      Total       H.sub.2 S Concentration,                     

     Absolute                                                                  

           Primary                                                             

                flow at                                                        

                      mass  Residence                                          

                                  percent           H.sub.2 S                  

                                                           R,                  

     pressure,                                                                 

           power,                                                              

                operating                                                      

                      flow (M),                                                

                            time, min                                          

                                  Inlet,                                       

                                      Exhaust,                                 

                                             Removed,                          

                                                    conversion,                

                                                           micromoles          

     torr  watt pressure,                                                      

                      milli-      c.sub.i                                      

                                      c.sub.e                                  

                                             c.sub.r                           

                                                    percent                    

                                                           per cm.sup.3        

                cm.sup.3 /min                                                  

                      moles/min                            per                 

     __________________________________________________________________________

                                                           min                 

     SECTION A - CONSTANT MASS FLOW AND VARIABLE VOLUMETRIC FLOW               

     __________________________________________________________________________

     144   4.2  2640  22.3  0.025 3.00                                         

                                      2.87-2.98                                

                                             0.02-0.13                         

                                                    0.7-4.3                    

                                                           0.038-0.250         

     446   4.2  855   22.3  .136  3.00                                         

                                      2.80-2.81                                

                                             .19-.20                           

                                                    6.3-6.7                    

                                                           .365-.385           

     590   4.2  644   22.3  .180  3.00                                         

                                      2.72-2.74                                

                                             .26-.28                           

                                                    8.7-9.3                    

                                                           .500-.538           

     741   4.8  515   22.4  .225  3.00                                         

                                      2.67-2.70                                

                                             .30-.33                           

                                                    10.0-11.0                  

                                                           .580-.638           

     755   5.4  500   22.1  .232  3.00                                         

                                      2.68-2.69                                

                                             .31-.32                           

                                                    10.3-10.7                  

                                                           .591-.611           

     1210  6.0  308   21.9  .377  3.00                                         

                                      2.56-2.62                                

                                             .38-.44                           

                                                    12.7- 14.7                 

                                                           .716-.829           

     1417  6.0  258   21.5  .449  3.00                                         

                                      2.45-2.55                                

                                             .45-.55                           

                                                    15.0-18.3                  

                                                            .834-1.019         

     __________________________________________________________________________

     SECTION B - CONSTANT VOLUMETRIC FLOW AND VARIABLE MASS FLOW               

     __________________________________________________________________________

     326   6.6  510    9.8  0.227 2.89                                         

                                      2.42-2.52                                

                                             0.37-0.47                         

                                                    12.8-16.3                  

                                                           0.312-0.396         

     481   6.0  511   14.5  .227  2.89                                         

                                      2.51-2.64                                

                                             .25-.38                           

                                                     8.7-13.1                  

                                                           .274-.474           

     587   6.0  511   17.6  .227  2.89                                         

                                      2.60-2.62                                

                                             .27-.29                           

                                                     9.3-10.0                  

                                                           .410-.441           

     741   5.4  509   22.1  .228  2.89                                         

                                      2.65-2.67                                

                                             .22- .24                          

                                                    7.6-8.3                    

                                                           .420-.458           

     765   5.4  517   23.2  .223  2.89                                         

                                      2.67-2.68                                

                                             .21- .22                          

                                                    7.3-7.6                    

                                                           .421-.441           

     1065  5.8  517   32.3  .225  2.89                                         

                                      2.69-2.70                                

                                             .19-.20                           

                                                    6.6-6.9                    

                                                           .529-.557           

     1205  6.0  505   35.8  .229  2.89                                         

                                      2.68-2.70                                

                                             .19-.21                           

                                                    6.6-7.3                    

                                                           .586-.648           

     1507  6.0  515   45.6  .225  2.89                                         

                                      2.70-2.71                                

                                             .18-.19                           

                                                    6.2-6.6                    

                                                           .707-.746           

     __________________________________________________________________________

      The above results were obtained at the following experimental conditions:

      electrode gap = 5.5 mm, applied voltage = 14 kv, gas temperature =       

      25.degree. C, electrical discharge volume = 116 cm.sup.3, and helium gas 

      diluent.                                                                 

PAR  As can be seen from the data of Table 5 the reaction yield increased with
      increasing pressure in both cases, i.e., at a constant mass-or
      volumetric-flow.
PAC  EXAMPLE VI
PAR  In this example the dependence of the reaction yield on the volume of the
      electrical discharge zone was determined by filling the predischarge and
      discharge zone with either dimethylaniline or with
      polychlorotrifluoroethylene oil. About 20 cc of liquid were required
      before the liquid reached the inner electrode and this quantity was
      referred to as predischarged zone. The conditions for the decomposition
      and the results obtained are reported in Table 6 below.
TBL                                    TABLE 6.                                

     __________________________________________________________________________

     Experimental data obtained with a 5.5 mm electrode gap at 14.5 kv with    

     and without                                                               

     dimethylaniline and chlorofluorocarbon oil in the reactor                 

                        Gas   H.sub.2 S                                        

     Volume, cm.sup.3   resistance                                             

                              concentration, percent                           

                                            H.sub.2 S                          

                                                   R,                          

     Discharge,                                                                

           Liquid,                                                             

                Gas flow (f),                                                  

                        time  Inlet,                                           

                                  Exhaust,                                     

                                       Removed,                                

                                            conversion,                        

                                                   micromoles                  

                                                         Primary               

                                                               R               

     V.sub.d                                                                   

            V.sub.l                                                            

                cm.sup.3 /min                                                  

                        V.sub.d                                                

                               c.sub.i                                         

                                   c.sub.e                                     

                                        c.sub.r                                

                                            percent                            

                                                   per cm.sup.3                

                                                         power ( P),           

                         f ,                       per min                     

                                                         watt  P               

                        minutes                                                

     __________________________________________________________________________

     SECTION A - DIMETHYLANILINE                                               

     __________________________________________________________________________

     126   None 154     0.818 2.99                                             

                                  2.36 0.68 21     0.339 8.8   0.039           

     126   .sup.1 20                                                           

                154     .818  3.15                                             

                                  2.69 .46  15     .248  8.8   .028            

     85    61   150     .567  3.29                                             

                                  2.87 .42  13     .328  8.8   .037            

     85    61   150     .567  3.19                                             

                                  2.84 .35  11     .275  8.8   .031            

     41    105  150     .273  3.19                                             

                                  2.92 .27  8      .441  8.8   .050            

     0     146  147     .0    3.19                                             

                                  3.03 .17  5      --    8.8   --              

     __________________________________________________________________________

     SECTION B - CHLOROFLUOROCARBON OIL                                        

     __________________________________________________________________________

     126   None 154     0.818 2.99                                             

                                  2.36 0.63 21     0.339 8.8   0.039           

     126   .sup.1 20                                                           

                153     .823  2.90                                             

                                  1.01 1.89 65     1.015 16.0  .064            

     108   38   148     .730  2.90                                             

                                  1.22 1.68 58     1.025 14.0  .065            

     89    57   148     .601  2.90                                             

                                  1.51 1.39 48     1.032 12.0  .066            

     63    83   148     .426  2.90                                             

                                  1.94 .96  33     1.003 9.5   .061            

     __________________________________________________________________________

      .sup.1 Quantity of liquid required to fill predischarge zone. The above  

      results were obtained at the following experimental conditions: gas      

      temperature = 25.degree. C, gas pressure 760 torr, and helium gas diluent

                                                                               

PAR  The data of Table 6 show that when dimethylaniline (DMA) was added to the
      predischarge zone, the H.sub.2 S conversion decreased. It appeared that
      the DMA vapor inhibited the H.sub.2 S decomposition reaction. As more DMA
      was added, the H.sub.2 S conversion also decreased due to the decrease in
      the discharge volume (V.sub.d) but the quantity of reaction per unit
      volume remained essentially constant.
PAR  When polychlorotrifluoroethylene oil was added to the predischarge zone it
      was surprisingly found that the H.sub.2 S conversion tripled. With
      addition of the CFE to the discharge zone (V.sub.d), the conversion
      decreased linearly with V.sub.d as is evident by the constant
      decomposition (R). The wattage increased in the presence of the CFE vapor
      in the discharge zone but decreased as more CFE liquid was added to the
      discharge zone. This indicates that the quantity of H.sub.2 S decomposed
      per unit energy is greater when CFE vapor is present.
CLMS
STM  It is claimed:
NUM  1.
PAR  1. A method for the decomposition of hydrogen sulfide into elemental sulfur
      and hydrogen which comprises exposing a gas comprising H.sub.2 S to a
      silent electrical discharge derived from a voltage sufficient to effect
      said decomposition said decomposition being effected in the presence of
      polychlorotrifluoroethylene oil vapor.
NUM  2.
PAR  2. The method of claim 1 wherein the said exposure is at a temperature of
      -41.degree.C to 30.degree.C.
NUM  3.
PAR  3. The method of claim 2 wherein the temperature is ambient temperature.
NUM  4.
PAR  4. The method of claim 1 wherein said gas comprises H.sub.2 S and an inert
      gas diluent.
NUM  5.
PAR  5. The method of claim 4 wherein the gas diluent is selected from argon,
      nitrogen and helium.
NUM  6.
PAR  6. The method of claim 4 wherein the concentration of H.sub.2 S in said gas
      diluent is about .25 to 10% by volume.
NUM  7.
PAR  7. The method for the decomposition of hydrogen sulfide into hydrogen and
      elemental sulfur wherein a gas comprising hydrogen sulfide,
      polychlotrifluoroethylene oil vapor and an inert gas is exposed at a
      temperature of about -40.degree.C to 61.degree.C to a silent electrical
      discharge derived from a voltage sufficient to effect said decomposition,
      the concentration of said hydrogen sulfide in said inert gas ranging from
      about .25 to 10% by volume.
NUM  8.
PAR  8. The method of claim 7 wherein said temperature is ambient temperature
      and the pressure is atmospheric pressure.
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ABST
PAL  The method of making coloured photomasks used in manufacture of
      printed-circuit boards and microcircuits, consisting in doping the surface
      of a glass substrate with a staining metal by virtue of a repeated
      electrodiffusion of the ions of the staining metal occurring from diverse
      melts, followed by reduction of the staining metal. Further on, a
      protective layer is applied to the glass substrate stained layer,
      corresponding to a predetermined pattern, the unprotected portions of the
      stained layer are removed and the protective layer is eliminated.
BSUM
PAR  This invention relates generally to the art of microelectronics and more
      specifically it concerns a method of making coloured photomasks used in
      manufacture of printed-circuit boards and thin-film and integrated
      microcircuits.
PAR  It is commonly known to use nowadays the method of making photomasks,
      consisting in vacuum deposition of a thin metallic film upon a glass
      substrate, further establishing the required pattern made of a
      photoresist, on the thus-deposited metallic film and the subsequent
      elimination, by virtue of chemical etching, those portions of the metallic
      film that are not covered by the photoresist.
PAR  In said known method use is made for obtaining a metallic film of such
      metals as chromium, nickel, silver, copper, tungsten and molybdenum,
      though most widely practicable among these is chromium which features high
      attrition resistance and good adhesion to the surface of a glass
      substrate.
PAR  Such a metallized photomask obtained by said known method features high
      optic density; however, it suffers from some disadvantages as, say,
      opacity to visible light spectrum and high reflection factor which hinder
      its application in producing printed-circuit boards and microcircuits.
PAR  Another method is also widely known to use heretofore for producing a
      selectively light-transmitting emulsion photomask, however, its carrying
      into effect offers a number of difficulties concerned with the use of
      organic materials featuring absorption capacity in that wavelength
      spectrum to which the now-existing photoresists are sensitive.
PAR  All these disadvantages and drawbacks have been obviated in one more known
      method of making coloured photomasks, residing in that one surface of a
      flat glass substrate is doped with a staining metal (such as copper, gold,
      silver or indium), said substrate being moved with its other surface over
      an electrically-conductive melt, followed by colouring the doped surface
      of said glass substrate by reducing the staining metal, with subsequent
      formation of a protective doped layer on the stained surface of the glass
      substrate that corresponds to a desired pattern of image, whereupon the
      exposed (non-masked) portions of the glass substrate stained portions are
      removed and the doped masking layer is eliminated.
PAR  The thus-prepared coloured photomask features an optical density of the
      order of 1.5 units and a thickness of the glass substrate stained layer
      equal to about one micron.
PAR  Minimum width of a line of the desired pattern on the coloured photomask
      corresponds to a double thickness of the stained layer and, consequently,
      for a photomask obtained by said known method, said minimum line width
      equals 2 microns which proves to be insufficient in some cases. Giving
      preference to said known method of making coloured photomasks as the one
      making it possible to obtain low primary-cost products featuring high
      performance characteristics, it should however be pointed out that for a
      given particular range of problems a relatively low resolution of the
      obtained coloured photomasks cannot be considered as reasonably fair.
PAR  It is a primary object of the present invention to provide a method of
      making coloured photomasks having high optical density.
PAR  It is another object of the present invention to provide a method of making
      coloured photomasks having a minimum stained layer thickness.
PAR  It is one more object of the present invention to provide a method of
      making coloured photomasks having essentially large effective area.
PAR  According to said and other objects the essence of the present invention
      resides in that in a method making coloured photomasks, consisting in
      doping one of the surfaces of a flat glass substrate with a staining metal
      (such as copper, gold, silver or indium), while with its other surface
      said glass substrate is moved over an electrically conducting melt,
      whereupon said former surface of the glass substrate is stained by way of
      reduction of the staining metal, followed by the formation of a protective
      layer on the stained layer of the glass substrate which protective layer
      corresponds to a predetermined pattern, with subsequent removal of
      nonprotected portions of the stained layer and elimination of the
      protective layer, according to the invention, prior to doping said surface
      of the glass substrate, there is carried out an electrodiffusion of the
      ions of the staining metal occurring from a melt of lead with said
      staining metal, followed by reduction of the latter, whereas doping is
      effected by repeated electrodiffusion of the ions of the staining metal
      occurring from a melt of the staining metal with lead, tin, bismuth or
      thallium.
DRWD
PAR  In what follows the present invention is illustrated in a disclosure of
      specific exemplary embodiments thereof to be had in conjunction with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a diagrammatic view of an installation for carrying into effect
      the herein-proposed method of making coloured photomasks, according to the
      invention;
PAR  FIG. 2 is a curve of stained-layer optical density versus the thickness of
      said layer for diverse kinds of melts used, according to the invention;
PAR  FIG. 3 is another curve of stained-layer optical density versus the
      thickness of said layer for diverse kinds of melts used, according to the
      invention;
PAR  FIG. 4 is one more curve of stained-layer optical density versus the
      thickness of said layer for diverse kinds of melts used, according to the
      invention;
PAR  FIG. 5 is a sectional view of a glass substrate carrying a stained layer
      and a protective layer formed therein, according to the invention;
PAR  FIG. 6 is a sectional view of the glass substrate of FIG. 5 with the
      unprotected portions of the stained layer removed, according to the
      invention; and
PAR  FIG. 7 is a sectional view of a resultant coloured photomask, according to
      the invention.
DETD
PAR  Now let us consider a specific exemplary embodiment of the herein-proposed
      method for making coloured photomasks.
PAR  A flat glass substrate 1 (FIG. 1) which is essentially a sheet glass,
      heated to 600.degree.-800.degree.C is moved in a reducing atmosphere of
      hydrogen in the direction shown by arrow A, over a surface 2 of molten
      tin, which surface is an electrically conducting one. Any other conducting
      substance may, however, be made use of for the purpose.
PAR  The outside surface of the substrate 1 carries a system 3 of electrodes
      which system is connected to the positive pole of a direct current source
      whose negative pole is connected to the surface 2 of molten tin. In said
      system 3 of electrodes a first electrode 4 is electrically connected to
      the outside surface of the substrate 1 through a melt 5 of lead with
      copper which is the staining metal, a second electrode 6 is electrically
      connected to said outside surface of the substrate 1 through a tin-copper
      melt 7, a third electrode 8, through a bismuth-copper melt 9 and a fourth
      electrode, through a thallium-copper melt 11, the alternation sequence of
      the melts 7, 9 and 11 being any.
PAR  The melt corresponding to every particular electrode is held thereon by any
      conventional method.
PAR  When the glass substrate 1 moves in the direction indicated by the arrow A,
      the outside surface of the substrate 1 first gets exposed to the effect of
      the electrode 4. As a result, an electrodiffusion occurs, i.e., copper
      ions from the melt 5, under the effect of electric field penetrate into
      the superficial layer of the substrate 1. The thickness of a doped layer
      12 (i.e., saturated with copper ions) is the function of the time of
      action of the melt 5, of the current density and of the temperature to
      which the glass substrate 1 is heated. At the next moment copper ions are
      reduced under the effect of the reducing hydrogen atmosphere to the atomic
      state which results in red colouring of that portion of the substrate
      which has been exposed to the effect of the electrode 4. As the substrate
      1 is further moved said stained portion gets consecutively exposed to the
      effect of the respective electrodes 6, 8 and 10 which produce similar
      effect to those referenced to the electrode 4 to successively intensify
      the colour of the layer 12 practically not increasing the thickness
      thereof.
PAR  This is called forth by a preparatory effect of the staining metal from the
      lead melt exerted upon the outside surface of the glass substrate 1 which
      establishes the conditions under which the thickness of the stained layer
      12 during treatment of the glass surface with a staining metal (copper in
      this particular case) from the tin, bismuth and thallium melts,
      practically corresponds to the thickness obtained after the initial
      treatment with the electrode 4.
PAR  FIG. 2 shows the optical density D (plotted against Y-axis of the stained
      layer as the function of the thickness h (plotted against X-axis) of said
      layer formed due to the effect of the lead-copper melt 5 (FIG. 1) upon the
      substrate 1, represented graphically as a curve 13 (FIG. 2).
PAR  FIG. 2 shows also a curve 14 to indicate similar functional dependence for
      the case where the bismuth-copper melt 5 (FIG. 1) is used.
PAR  As it ensues from the above-stated characteristic curves, at the same
      values of the optical density D the thickness h of the stained layer 12
      (FIG. 1) is less in case of the lead-copper melt 5.
PAR  When a lead-copper melt is used as the melts 7, 9 and 11 that exercise
      effect upon the substrate 1 after the latter has been exposed to the
      action of the melt 5, an increase in the optical density does not
      practically enlarge the thickness of the layer 12 which ensues from the
      characteristic curves represented in FIG. 3.
PAR  Herein a curve 15 represents graphically the optical density D versus the
      thickness h of the stained layer 12 (FIG. 1) after the effect of the melt
      5 which is defined by way of successively decreasing the thickness of the
      layer 12 in virtue of eliminating some portions of the stained layer 12.
PAR  Next curves 16 and 17 (FIG. 3) show similar functional dependence displayed
      but after the substrate 1 has undergone the effect of the melts 7 and 9
      (FIG. 1).
PAR  FIG. 4 illustrates the functional dependence of the optical density D upon
      the thickness h of the stained layer 12 (FIG. 1) obtained due to the
      effect produced upon the substrate 1 by the lead-copper melt 5 and by the
      subsequent repeated effect by the bismuth-copper melts 7, 9 and 11
      represented graphically by a curve 18 (FIG. 4), as well as the functional
      dependence of the optical density D upon the thickness h of the stained
      layer 12 (FIG. 1) obtained by exposing the substrate 1 to the effect of
      the bismuth-copper melt 5 followed by a repeated effect of the
      bismuth-copper melts 7, 9 and 11 as represented graphically by a curve 19
      (FIG. 4).
PAR  It ensues from the analysis of the afore-stated characteristic curves that
      the required optical density D is obtained at less thickness h of the
      stained layer 12 (FIG. 1) whenever the substrate 1 is additionally
      subjected to doping from the lead-copper melt 5 preparatory to being
      exposed to a repeated doping from the melts 7, 9 and 11.
PAR  Upon subjecting the substrate 1 to the effect of the melts 5, 7, 9 and 11
      there is obtained the stained layer 12 therein of the required optical
      density D (i.e., colour intensity) and thickness h.
PAR  Further on, by resorting to any of the known conventional techniques a
      protective (masking) layer 20 is formed from a photoresist on the stained
      layer 12 of the substrate 1, corresponding to the required pattern or
      image. At the next moment the nonprotected portions of the stained layer
      12 (FIG. 6) are removed, whereupon the protective photoresist layer 20 is
      eliminated. FIG. 7 depicts a sectional view of a resultant coloured
      photomask showing portions 21 of the stained layer 12 which correspond to
      the required pattern.
PAR  Used as a staining metal may be copper, gold, silver or indium. Whenever
      use is made of copper as a staining metal (which is the case in the
      aforestated disclosure), the portions 21 are coloured dark-red, whereas in
      case of using some other staining metal (viz., gold, silver, indium) the
      process for producing coloured photomasks remains unaffected as compared
      to that considered hereinbefore, the only difference being in that the
      stained portions 21 display other colours. Particularly the use of gold
      results in the portions 21 coloured light-red, while silver or indium
      produces the yellow-coloured portions 21.
PAR  To obtain the stained layer 12 of the required thickness and optical
      density the number of melts used to produce effect upon the substrate
      after that produced by the melt 5 may be any, the process for producing
      coloured photomasks remaining in this case unaffected.
PAR  Besides, such melts may feature any composition selected from those stated
      hereinbefore.
PAR  The use of a preliminary effect of a melt of lead with a staining metal
      upon the surface of the substrate 1 makes it possible to obtain the
      required thickness of the stained layer 12 ranging from 0.3 to 0.4 micron.
PAR  This is concerned with the fact that lead penetrates into glass for a depth
      up to 4 microns, and the following electrodiffusion of the staining metal
      occurs in the already modified layer of the glass substrate 1, featuring
      the electrodiffusion factor of the staining metal much less than that in
      the starting layer.
PAR  The method of a successive effect of the melts 7, 9 and 11 (FIG. 1)
      establishes the conditions for a uniform formation of the stained coating
      over the entire surface of the glass substrate under treatment which
      amounts practically to a few square meters.
PAR  All this enables the production of coloured photomasks having a great
      effective area the pattern on which features a minimum line size down to 1
      micron and even minuter.
PAR  Formation of the stained layer 12 may occur in the production process of
      polished glass from tin melt which cuts down much the prime cost of glass
      substrate for coloured photomasks as compared to the known ones.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making colored photomasks, consisting in doping a first
      surface of a flat glass substrate with a staining metal, selected from the
      group, consisting of copper, gold, silver and indium, moving a second
      surface of said glass substrate over an electrically conducting melt, said
      doping being effected by virtue of an electric diffusion of the ions of
      said staining metal occurring from the melt of lead with said staining
      metal, followed by reduction of said staining metal and by subsequent
      doping of said first surface of mentioned glass substrate by way of a
      repeated electric diffusion of the ions of said staining metal occurring
      from the melt of said staining metal with the metal selected from the
      group, consisting of lead, tin, bismuth and thallium, followed by
      reduction of said staining metal, forming a protective layer on the
      stained layer of said glass substrate, corresponding to a predetermined
      pattern, and removing the unprotected portions of said stained layer and
      elimination of said protective layer, said photomasks having a
      substantially high optical density and minimum stained layer thickness,
      said photomasks having substantially large effective area.
NUM  2.
PAR  2. The method as defined in claim 1 wherein the surface layer of the glass
      has a thickness less than 0.3 .mu.m, the optical density of the surface
      layer of the glass being within the range of 1.5 to 1.7 units.
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ABST
PAL  Improved multistage electrodialysis process utilizing anion and cation
      exchange membranes with differing coefficients of divalent ion
      permselectivity selected and utilized to prevent precipitation of
      insoluble salts in concentration stream.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Multistage electrodialysis procedures for desalination of aqueous salt
      containing solutions are well known. In accordance with these processes,
      two or more stages are provided in which electrodialysis cells are divided
      into alternate dilution and concentration chambers by alternating pairs of
      anionic and cationic membranes so that each chamber has two boundary
      members, one an anionic membrane and the other a cationic membrane. The
      former, upon application of an electric charge, will permit the passage of
      anions such as chloride or sulfate ions towards the anode. The latter will
      permit the passage of cations such as calcium or sodium ions towards the
      cathode.
PAR  This process, although very attractive, has not yet realized its full
      potential because of the tendency of insoluble salt formation in the
      concentration chamber. Usually these salts are formed from divalent ions
      present in the water to be treated. The concentration of these ions in the
      raw water is not sufficiently high so that the salt forms and
      precipitates. However, in the concentration chambers of multistage
      electrodialysis units, they become progressively more concentrated so that
      the salt ultimately precipitates.
PAR  It has therefore become the practice in this art to apply water softening
      procedures to the raw water so as to remove a large proportion of these
      divalent ions before subjecting the water to electrodialysis. This
      procedure, while effective, considerably increases the cost of
      desalination, so that electrodialysis suffers competitively when compared
      with other desalination processes, such as reverse osmosis or ion
      exchange.
PAR  Accordingly, much effort has been directed to improving electrodialysis
      procedures utilizing ion selective membranes in attempts to avoid the
      initial softening step.
PAR  Cationic and anionic membranes are well known in the art, and can be
      prepared by conventional procedures to have a variety of properties. Thus
      membranes can be prepared which will selectively retain or transport
      anions or cations. They can also be prepared to selectively retain or
      transport monovalent anions or cations. Membranes can be prepared which in
      an electrolytic cell will permit the passage of monovalent cations such as
      sodium at a greater rate than the passage of divalent cations such as
      calcium under the influence of an electric charge. Such membranes are
      known in the art as divalent permselective cationic ion exchange
      membranes.
PAR  Divalent permselective anionic ion exchange membranes which will permit the
      passage of monovalent anions at a faster rate than the passage of divalent
      anions are also known.
PAR  The divalent ion permselectivity coefficient, for example the coefficient
      for the calcium ion F.sub.Ca, or the sulfate ion F.sub.SO.sbsb.4 are
      defined as follows:
PAR  The divalent ion permselectivity coefficients referred to here in the
      specification and claims, i.e., divalent cation permselectivity
      coefficient (F.sub.Ca) and divalent anion permselectivity coefficient
      (F.sub.SO.sbsb.4) are defined as follows:
PA1  F.sub.ca : relative permselectivity of calcium ion to sodium ion through a
      cation exchange membrane calculated by the following equation under the
      measurement conditions set forth below:
      ##EQU1##
      wherein N.sub.Ca and N.sub.Na are normal concentrations of Ca.sup.+.sup.+
      and Na.sup.+ ions, respectively, in concentration streams, and C.sub.Ca
      and C.sub.Na are those of Ca.sup.+.sup.+ and Na.sup.+ ions, respectively,
      in dilution streams;
PA1  F.sub.so.sbsb.4 : relative permselectivity of sulfate ion to chlorine ion
      through an anion exchange membrane calculated by the following equation
      under the measurement conditions set forth below:
      ##EQU2##
      wherein N.sub.SO.sbsb.4 and N.sub.Cl are normal concentrations of SO.sub.4
      .sup.-.sup.- and Cl.sup.- ions, respectively, in concentration streams,
      and C.sub.SO.sbsb.4 and C.sub.Cl are those of SO.sub.4 .sup.-.sup.- and
      Cl.sup.- ions, respectively, in dilution streams.
PAL  Measurement method:
PAR  Silver-silver chloride electrodes are set at terminal ends of an
      electrodialysis frame. The electrodialysis frame is divided into five
      chambers, namely the anode, dilution, concentration, dilution and cathode
      chambers, by placing ion-exchange membranes between the electrodes. There
      are placed in the order from anode of (a) an anion exchange membrane
      (Aciplex A-101; trade name of Asahi Kasei Kogyo Kabushiki Kaisha, Japan),
      (b) a cation exchange membrane of which relative permselectivity is to be
      measured, (c) an anion exchange membrane (Aciplex A-101) and (d) a cation
      exchange membrane (Aciplex K-101; trade name of Asahi Kasei Kogyo
      Kabushiki Kaisha, Japan), when F.sub.Ca is to be measured. In case of
      measurement of F.sub.SO.sbsb.4, the cation exchange membrane (b) is
      replaced by cation exchange membrane (Aciplex K-101) and the anion
      exchange membrane (c) by an anion exchange membrane of which relative
      permselectivity is to be measured. The ion exchange membranes each have an
      effective current flow area of 4 cm .times. 4 cm.
PAR  When F.sub.Ca is measured, an aqueous mixed salt solution (NaCl = 0.05N;
      CaCl.sub.2 .times. 0.05N) is passed through dilution chambers at the
      linear velocity of 10 cm/sec, and the concentration chamber is filled with
      the same aqueous mixed salt solution. For the measurement of
      F.sub.SO.sbsb.4, an aqueous mixed salt solution (NaCl = 0.05N; Na.sub.2
      SO.sub.4 =  0.05N) is passed through dilution chambers at the linear
      velocity of 10 cm/sec, and the concentration chamber is filled with the
      same aqueous salt solution. Through anode and cathode chambers,
      respectively, are passed 0.1N aqueous sodium chloride solutions.
      Electrodialysis is carried out at a current density of 2.2 A/dm.sup.2 at
      25.degree.C. Four hours after the start of current passage, the streams
      are analyzed for ion concentration and the values of F.sub.Ca and
      F.sub.SO.sbsb.4 determined.
PAL  The Invention
PAR  Conventionally in desalination by multistage electrodialysis, the cationic
      and anionic membranes utilized have been selected with no particular
      attention to their divalent ion permselectivity coefficients. It has now
      been discovered that desalination by multistage electrodialysis can be
      effected without an initial softening step, and without precipitation of
      insoluble salts in the concentration stream provided that the ion exchange
      membranes are selected with regard to their divalent ion permselectivy
      coefficients, and their position in the electrolytic cell.
PAR  One of the most important desalination procedures is the desalting of
      aqueous solutions, such as brine, containing gypsum. For convenience, the
      process of this invention will be principally described as it relates to
      this procedure.
DRWD
PAR  The invention will be better understood by reference to the accompanying
      drawings in which:
PAR  FIG. 1 shows schematic flow diagram for illustration of an embodiment
      wherein the number of stages is four, the concentration streams of the
      first and the third stages, and those of the second and the fourth stages
      are recycled in combination, respectively, and the dilution streams are
      recycled in each stage;
PAR  FIG. 2 schematically shows an embodiment wherein the number of stages is
      four, the concentration streams of the first and the second stages, and
      those of the third and the fourth stages are recycled in combination,
      respectively, and the dilution streams are recycled in each stage;
PAR  FIG. 3 schematically shows an embodiment wherein the number of the stages
      is four, the concentration streams of the first and the third stages, and
      those of the second and the fourth stages are recycled in combination,
      respectively, and the dilution stream is not recycled;
PAR  FIG. 4 schematically shows an embodiment wherein the number of the stages
      is two, the concentration streams are independently recycled and the
      dilution streams are recycled in each stage;
PAR  FIG. 5 schematically shows an embodiment wherein the number of the stages
      is two, the concentration streams are independent and not recycled, and
      the dilution stream is not recycled; and
PAR  FIGS. 6 and 7 illustrate the details of a two stage process.
DETD
PAR  In all of these Figures, C and D signify concentration and dilution sides,
      respectively; T-1 through T-8 tanks for dilution or concentration streams;
      and p-1 through p-8 pumps for recycle.
PAR  In accordance with the present invention as applied to aqueous streams to
      be treated which contain scale forming ions, there is provided a process
      for desalination of an aqueous solution of plural salts by multi-stage
      electrodialysis with two or more stages which are connected in series to
      effect dilution in progressive steps, each stage having multiple pairs of
      anionic and cationic ion exchange membranes placed alternately therein to
      divide said stage into alternate dilution and concentration chambers,
      comprising using in at least one stage plural pairs of ion exchange
      membranes, at least one of the first membranes having a divalent ion
      permselectivity coefficient less than 0.7, preferably not more than 0.5,
      and at least one of the second membranes with a coefficient of at least
      0.7, the second membranes being cationic when the first membranes is
      anionic, and anionic when the first membrane is cationic.
PAR  The number of the pairs of the membranes having such divalent ion
      permselectivity coefficients as specified above can be varied depending on
      the composition of raw water to be treated, the extent of desalination to
      be desired, the extent of desalination to be desired, the scale of the
      apparatus and various desalination conditions. In principle, the effect of
      the present invention can be attained even when only one such pair is used
      in one stage. The result obtained is better in proportion to the number of
      such pairs. Practically speaking, therefore, the percentages of such pairs
      among all pairs in one stage are not less than 50%, more preferably not
      less than 90%. The result obtained is generally most favorable when
      substantially all pairs consist of such membranes.
PAR  For convenience, the ion exchange membranes with coefficients less than 0.7
      are referred to herein as "X membranes" and those with coefficients of 0.7
      or more as "Y membranes." When X membranes are cationic, they are denoted
      by X.sub.K ; when they are anionic, they are denoted by X.sub.A.
      Similarly, cationic and anionic Y membranes are denoted by Y.sub.K and
      Y.sub.A, respectively.
PAR  Normally the coefficient of X membranes is at least 0.001. Similarly, the
      coefficient of Y membranes is usually less than 100.
PAR  In the practice of this invention, each stage may contain plural pairs of X
      - Y membranes. This is especially preferred when the desired degree of
      desalination [=(salt concentration in raw water - salt concentration in
      product water)/salt concentration in raw water] is relatively large.
      However, in cases when only a relatively low degree of desalination is
      required, combinations of X and Y membranes are not necessarily required
      in all the stages. Thus, for example, the invention may be practiced in
      apparatus in which only one stage has an X-Y combination and other stages
      have Y--Y or X--X combinations. When all the stages consist of X-Y
      combinations and both X.sub.K -Y.sub.A and X.sub.A -Y.sub.K combinations
      are used, it is possible to perform desalination without salt
      precipitation even if the extent of desalination is large. This is because
      both species of monovalent ions, i.e., cations and anions, can effectively
      be transported into concentration chambers. In preferred embodiments,
      alternate stages are arranged to have an X.sub.K -Y.sub.A combination
      followed by an X.sub.A -Y.sub.K combination.
PAR  When X-Y combinations are employed in all stages, all X-membranes may have
      the same coefficient; that is they may all be the same species, or all
      Y-membranes may have the same coefficient. When two or more species of X
      membranes are used, it is preferred that at least one of them have a
      coefficient of 0.4 or less.
PAR  Reference is now made to FIGS. 6 and 7 for a more specific explanation of
      the process of this invention. The figures represent a two stage process.
      FIG. 6 is the first stage, and FIG. 7 is the second stage.
PAR  In FIG. 6, the dilution chambers are on the anode side of the cation
      exchange membranes. The concentration chambers are on the cathode side of
      the cation exchange membranes. Thus 1 and 3 are dilution chambers, and 2
      and 4 are concentration chambers.
PAR  For purposes of explanation, the X.sub.K and Y.sub.A membranes in both
      figures are assigned the coefficients F.sub.Ca = 0.1 and F.sub.SO.sbsb.4 =
      1.
PAR  It will be seen in FIG. 6 that the anions in the dilution stream permeate
      the anionic membranes with equal facility. Hence the proportion of sulfate
      ion to chloride ion remains constant in the dilution stream. On the other
      hand, the sodium ions permeate the cationic membranes at a greater rate
      than do the calcium ions. The result is that the concentration of calcium
      ion in the dilution stream increases with respect to sodium ion, and the
      concentration of calcium ions in the concentration chambers does not
      increase to the point where precipitation of calcium sulfate takes place.
PAR  In FIG. 7, the opposite process is observed. In this stage, chambers 1 and
      3 are concentration chambers, and 2 and 4 are dilution chambers. In this
      stage, the membranes are arranged so that sulfate ions are selectively
      retained in the dilution chambers and retarded from entry into the
      concentration chambers. The calcium ions, however, enter the concentration
      chambers at the same rate as the sodium ion. The result is that the
      calcium ions, which were permitted to accumulate in the dilution chambers
      in stage 1, now escape from these chambers. However, now the concentration
      of sulfate ion is not permitted to increase, since it is retained in the
      dilution chambers. Again, there is no salt precipitation.
PAR  It will be seen that in overall effect the initial raw water becomes
      progressively less rich in ions, and the ultimate concentration stream
      becomes richer in gypsum forming ions. However, none of the successive,
      alternate concentration streams are permitted to become sufficiently
      concentrated with calcium and sulfate ions so that gypsum precipitates.
PAR  Those skilled in the art will recognize from the foregoing explanation that
      the process of this invention is not limited to desalination of solutions
      containing gypsum forming constituents. It will also be recognized that
      the divalent ion permselectivity coefficients for the membranes may be
      values above and below 0.1 and 1. The relative values may also be
      inverted. To prevent the precipitation of gypsum, the approximate values
      are above and below 0.7. For other salts, there will be equivalent values.
      It will be further noted that the advantages of the invention are
      applicable if only one stage has membranes selected and arranged in
      accordance with the invention.
PAR  In its broadest sense therefore this invention may be defined as an
      electrodialysis process for the desalination of aqueous salt solutions in
      which two or more stages for electrodialysis are connected in series to
      effect dilution by reduction of total ion content in progressive stages,
      each stage having multiple pairs of anionic and cationic membranes
      alternately placed therein to divide said stage into alternate dilution
      and concentration chambers containing dilution and concentration streams,
      said salt solution containing at least one divalent anion and at least one
      divalent cation capable of forming an insoluble salt in said concentration
      stream which comprises selectively retaining at least one of said divalent
      cations or anions in the dilution stream by conducting electrodialysis
      through an ion exchange membrane which forms one boundary of said dilution
      chamber and has a divalent ion permselectivity coefficient which is
      sufficiently less than one so that the concentration ratio of said
      selectively retained divalent cation or anion to monovalent ion of the
      same charge in the dilution chamber is increased and the concentration
      product of divalent cations and anions which are capable of forming said
      insoluble salt in the concentration chamber does not exceed the solubility
      product of the insoluble salt.
PAR  Most of conventional ion exchange membranes can be used as Y membranes in
      the process of this invention. In general, ion exchange membranes have ion
      exchange groups which may be either inorganic or organic. Both inorganic
      and organic types can be used in the present invention. Typically useful
      organic cation exchange groups include, for example, sulfonic, phosphoric
      and carboxylic acid groups. A typical example of useful inorganic cation
      exchange groups is zirconium phosphate. Organic anion exchange groups are
      exemplified by the monomethyl pyridinium group, quaternary ammonium bases
      such as trimethyl phenyl ammonium group or amino groups such as dimethyl
      amino group or monomethyl amino group. One typical example of inorganic
      anion exchange groups is zirconium hydroxide. As is well known, these ion
      exchange membranes can be prepared by forming starting materials having
      such ion exchange groups already present into membranes or by introducing
      such ion exchange groups into membranes previously formed. The divalent
      ion permselectivity coefficients of the ion exchange membranes will vary
      depending primarily on the combination of their structures, degree of
      crosslinking, and substances employed as additives. Any ion exchange
      membrane can be used as a Y membrane in the present invention, providing
      it has a divalent permselectivity coefficient of 0.7 or more.
PAR  Typical examples of commercially available Y.sub.K membranes are Aciplex
      K-101 (Asahi Kasei Kogyo Kabushiki Kaisha, Japan), R-61 (Ionics, Inc.),
      CMG-10 (Asahi Glass, Japan), CL-25T (Tokuyama Soda Co., Japan). Typical
      examples of Y.sub.A membranes are Aciplex A-101 and A-201 (Asahi Kasei
      Kogyo Kabushiki Kaisha).
PAR  The ion exchange membranes, conventionally known as monovalent ion
      permselective membranes, can be used as X membranes in the process of the
      present invention. An X.sub.K membrane may be a cation exchange membrane
      containing cation groups which are known to be monovalent cation
      permselective, e.g. carboxylic acid group. Alternatively, X.sub.K
      membranes can be prepared, as disclosed in Japanese Patent Applications
      No. 3081/72 and 34676/73, by application of thin layers comprising mainly
      anion exchange groups on the surface of cation exchange membranes.
      Likewise, there may be used as X.sub.A membranes anion exchange membranes
      containing anion groups which are known to be monovalent anion
      permselective, e.g. monomethyl pyridinium group. X.sub.A membranes may
      also be prepared, as disclosed in Japanese Patent Applications No.
      19980/70 and No. 34676/73, by application of thin layers comprising mainly
      cation exchange groups on the surface of anion exchange membranes.
PAR  The process according to the present invention can be practiced by any
      multi-stage electrodialysis process. For example, the stream to be
      desalted (dilution stream) may be recycled in the first stage until it is
      diluted to a desired concentration, followed by transfer or recycling of
      the dilution stream into subsequent electrodialysis unit where a similar
      procedure is repeated. Alternatively, it is not necessarily required to
      recycle the solution to be desalted (one pass system). During such
      dilution procedures, concentration may proceed by the recycle system, the
      one pass system or other systems wherein tanks may or may not be employed.
      When desalination is performed by use of X membranes, either the anionic
      or cationic ion exchange membranes and Y membranes as the complementary
      membranes in at least one stage in the multi-stage electrodialysis process
      of the invention, precipitate forming tendency is reduced in that stage
      without adversely affecting the other stages. It is especially preferred
      to separate concentration streams from X-Y combinations.
PAR  The aqueous saltous solution to be treated according to the present process
      includes all aqueous solutions containing components capable of forming
      substantially insoluble salts, i.e., salts which are less soluble than 0.1
      equivalent/liter-pure water (i.e., 0.1N) at 20.degree.C. Typical examples
      of such salts often encountered in desalination procedures are barium
      sulfate and calcium sulfate. The aqueous solutions which are particularly
      applicable to the process of this invention are brine, brackish water,
      sewage disposal water and waste liquors from factories.
PAR  Referring now to FIG. 4, T-1 is the tank for the dilution stream of the
      first stage, T-2 the tank for the dilution stream of the second stage, T-3
      the tank for the concentration stream of the first stage and T-4 the tank
      for concentration stream of the second stage; and p-1 to p-4 are pumps for
      recycle, respectively. For illustration, suppose the ion exchange
      membranes are arranged in each stage as follows:
TBL             First Stage Second Stage                                       

     ______________________________________                                    

     Cation exchange                                                           

                  X.sub.K membranes                                            

                                Y.sub.K membranes                              

     membranes                                                                 

     Anion exchange                                                            

                  Y.sub.A membranes                                            

                                X.sub.A membranes                              

     membranes                                                                 

     ______________________________________                                    

PAL  When electrodialysis of raw water is performed using ion exchange membranes
      of this combination, the resulting dilution stream (for reasons explained
      in more detail above) in the first stage is increased in proportion of
      Ca.sup.+.sup.+ to Na.sup.+ ions with little change in proportion of
      SO.sub.4 .sup.-.sup.- to Cl.sup.- ions compared with raw water. On the
      other hand, the resulting concentration stream in the first stage is
      increased in proportion of Na.sup.+ to Ca.sup.+.sup.+ ion with little
      change in proportion of SO.sub.4 .sup.-.sup.- to Cl.sup.- ion compared
      with the raw water. As the result, the concentration product of
      Ca.sup.+.sup.+ and SO.sub.4 .sup.-.sup.- in the concentration stream
      remains a value far lower than when electrodialysis is performed by use of
      a combination of Y--Y membranes. Thus, very stable running can be
      effected. On the other hand, in the second stage, the dilution stream is
      increased in proportions of SO.sub.4 .sup.-.sup.- to Cl.sup.- ions with
      little change in the ratio of Na.sup.+ to Ca.sup.+.sup.+; while the
      concentration stream is increased in proportion of Cl.sup.- to SO.sub.4
      .sup.-.sup.- ions with little change in the ratio of Na.sup.+ to
      Ca.sup.+.sup.+. Therefore, it is possible to maintain the concentration
      product of gypsum lower than in the case of electrodialysis by use of a
      combination of Y--Y membranes.
PAR  Typical examples of combinations of ion exchange membranes, when
      multi-stage electrodialysis is conducted in four stages are as follows:
TBL              Cation exchange                                               

                             Anion exchange                                    

                 membranes   membranes                                         

     ______________________________________                                    

     (I)    1st stage  Y.sub.K       X.sub.A                                   

            2nd  "     X.sub.K       Y.sub.A                                   

            3rd  "     X.sub.K       Y.sub.A                                   

            4th  "     Y.sub.K       X.sub.A                                   

     (II)   1st stage  Y.sub.K       X.sub.A                                   

            2nd  "     Y.sub.K       X.sub.A                                   

            3rd  "     X.sub.K       Y.sub.A                                   

            4th  "     X.sub.K       Y.sub.A                                   

     (III)  1st stage  Y.sub.K       X.sub.A                                   

            2nd  "     X.sub.K       Y.sub.A                                   

            3rd  "     Y.sub.K       X.sub.A                                   

            4th  "     X.sub.K       Y.sub.A                                   

     (IV)   1st stage  X.sub.K       Y.sub.A                                   

            2nd  "     Y.sub.K       X.sub.A                                   

            3rd  "     X.sub.K       Y.sub.A                                   

            4th  "     Y.sub.K       X.sub.A                                   

     ______________________________________                                    

PAR  Among these, such combinations as (III) or (IV), herein X membranes are
      used for cation and anion exchange membranes, respectively, in alternate
      stages, are the most preferred.
PAR  The process of this invention is not effective for batchwise operation or
      one stage electrodialysis but for multi-stage electrodialysis having two
      or more stages. The present process is useful for desalination of brine
      rich in insoluble salt forming components without softening, and can be
      operated continuously for long periods of time.
PAR  The following non-limiting examples are given by way of illustration only.
      In the examples, all parts and percentages are "by weight" and "% by
      weight," respectively, and "epm" means "equivalents per million."
PAC  EXAMPLE 1
PAR  An X.sub.K membrane is prepared from a cation exchange membrane (Aciplex
      K-101; trade name of Asahi Kasei Kogyo Kabushiki Kaisha, Japan) by a
      method similar to that as disclosed in Example 7 of Japanese Patent
      Publication No. 3081/72.
PAR  To 100 parts of 4-vinyl pyridine are added 0.2 parts of
      azobisisobutyronitrile as a polymerization initiator, and polymerization
      is carried out at 40.degree.C for 16 hours. The linear polymer obtained is
      subjected to precipitation fractionation with ligroin and dried. One part
      of this polymer is dissolved in 100 parts of ethanol and this solution is
      coated on one side of the K-101 membrane, followed by removal of excess
      linear polymer electrolyte by a rubber roller squeezer. The coated cation
      exchange membrane is then cured by crosslinking in a mixed solution of 30
      parts of dibromoethane and 70 parts of toluene at 60.degree.C for 20 hours
      to provide an X.sub.K membrane with F.sub.Ca value of 0.2.
PAR  An X.sub.A membrane is also prepared from an anion exchange membrane
      (Aciplex A-101; trade name of Asahi Kasei Kogyo Kabushiki Kaisha, Japan)
      by a method similar to that of Example 2 in Japanese Patent Publication
      No. 19980/70.
PAR  An aqueous solution of potassium polystyrene sulfonic acid obtained by
      heating a mixture of 10 parts of the potassium salt of styrene sulfonic
      acid, 90 parts of water and 0.5  parts of potassium persulfate is diluted
      to 0.3% aqueous solution. The aforesaid A-101 membrane is dipped in this
      solution for 50 hours to provide an X.sub.A membrane with F.sub.SO.sbsb.4
      value of 0.03.
PAR  These X membranes are used together with the K-101 membranes (F.sub.Ca =
      1.2) and anion exchange membranes Aciplex A-201 (trade name of Asahi Kasei
      Kogyo Kabushiki Kaisha; F.sub.SO.sbsb.4 =  1.0) as Y membranes. They are
      arranged in the stages (I) through (IV) illustrated in FIG. 1 in the
      manner as shown below:
TBL  Stage (I)     Stage (II)                                                  

                           Stage (III)                                         

                                   Stage (IV)                                  

     __________________________________________________________________________

     Cation                                                                    

           K-101   X.sub.K K-101   X.sub.K                                     

     exchange                                                                  

     membranes                                                                 

           (F.sub.Ca =1.2)                                                     

                   (F.sub.Ca =0.2)                                             

                           (F.sub.Ca =1.2)                                     

                                   (F.sub.Ca =0.2)                             

     Anion X.sub.A A-201   X.sub.A A-201                                       

     exchange                                                                  

     membranes                                                                 

           (F.sub.SO.sbsb.4 =0.03)                                             

                   (F.sub.SO.sbsb.4 =1.0)                                      

                           (F.sub.SO.sbsb.4 =0.03)                             

                                   (F.sub.SO.sbsb.4 =1.0)                      

     __________________________________________________________________________

PAR  A raw water with the following ionic composition:
TBL  Na                31 epm                                                  

     Ca               6.1                                                      

     Mg               5.5                                                      

     Cl               24                                                       

     SO.sub.4         18                                                       

     HCO.sub.3        0.6                                                      

PAL  is subjected to electrodialysis (at 25.degree.C; linear flow velocity = 15
      cm/sec) by a multi-stage electrodialysis apparatus of laboratory scale
      with four stages having 20 pairs of ion exchange membranes in each stage.
      The schematic flow diagram is shown in FIG. 1. The result obtained is
      shown in Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Salt                                                                      

     Ion 1st stage  2nd stage  3rd stage  4th stage                            

         (I=1 A/dm.sup.2)                                                      

                    (I=0.8 A/dm.sup.2)                                         

                               (I=0.6 A/dm.sup.2)                              

                                          (I=0.48 A/dm.sup.2)                  

     Dil.     Conc. Dil. Conc. Dil. Conc. Dil. Conc.                           

     stream   stream                                                           

                    stream                                                     

                         stream                                                

                               stream                                          

                                    stream                                     

                                          stream                               

                                               stream                          

     (epm)    (epm) (epm)                                                      

                         (epm) (epm)                                           

                                    (epm) (epm)                                

                                               (epm)                           

     __________________________________________________________________________

     Na  23.6 102.8 15.9 125.0 12.1 135.4 7.9  170.5                           

     Ca  4.3  23.1  4.1  9.3   2.9  33.4  2.7  11.3                            

     Mg  3.9  20.8  3.7  8.4   2.6  30.0  2.4  10.2                            

     Cl  13.6 127.3 10.1 68.2  4.4  177.9 3.2  79.5                            

     SO.sub.4                                                                  

         17.9 19.4  13.3 74.5  13.1 20.9  9.7  112.5                           

     HCO.sub.3                                                                 

         0.3  --    0.3  --    0.1  --    0.1  --                              

     Total                                                                     

         31.8 146.7 23.7 142.7 17.6 198.8 13.0 192                             

     __________________________________________________________________________

      Note: The concentration streams are maintained at pH 6.0 by addition of  

      hydrochloric acid. "I" means current density.                            

PAR  The above electrodialysis is conducted for one month without formation of
      gypsum in tanks T-5, T-6, T-7 and T-8.
PAC  COMPARATIVE EXAMPLE 1
PAR  Electrodialysis of raw water is conducted in the same manner as in Example
      1, except that the K-101 and A-201 membranes are used in place of X.sub.K
      and X.sub.A membranes, respectively. After only 72 hours of
      electrodialysis, gypsum forms in tanks 5, 6, 7 and 8.
PAC  EXAMPLE 2
PAR  The same X.sub.K and X.sub.A membranes as prepared in Example 1 are used
      together with the same K-101 and A-101 membranes as used in Example 1 as Y
      membranes. They are arranged in the stages (I) through (IV) illustrated in
      FIG. 2 in the following manner:
     Stage (I)     Stage (II)                                                  

                           Stage (III)                                         

                                   Stage (IV)                                  

     __________________________________________________________________________

     Cation                                                                    

           K-101   K-101   X.sub.K X.sub.K                                     

     exchange                                                                  

     membranes                                                                 

           (F.sub.Ca =1.2)                                                     

                   (F.sub.Ca =1.2)                                             

                           (F.sub.Ca =0.2)                                     

                                   (F.sub.Ca =0.2)                             

     Anion X.sub.A X.sub.A A-101   A-101                                       

     exchange                                                                  

     membranes                                                                 

           (F.sub.SO.sbsb.4 =0.03)                                             

                   (F.sub.SO.sbsb.4 =0.03)                                     

                           (F.sub.SO.sbsb.4 =0.8)                              

                                   (F.sub.SO.sbsb.4 =0.8)                      

     __________________________________________________________________________

PAR  The same raw water as used in Example 1 is subjected to electrodialysis (at
      25.degree.C; linear flow velocity = 8 cm/sec) using a multi-stage
      electrodialysis apparatus of laboratory scale stages having 20 pairs of
      ion exchange membranes in each stage. The schematic flow diagram is shown
      in FIG. 2. The results are shown in Table 2.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Salt                                                                      

     Ion 1st stage  2nd stage  3rd stage  4th stage                            

         (I=0.7 A/dm.sup.2)                                                    

                    I=0.56 A/cm.sup.2)                                         

                               (I=0.43 A/dm.sup.2)                             

                                          (I=0.33 A/dm.sup.2)                  

     Dil.     Conc. Dil. Conc. Dil. Conc. Dil. Conc.                           

     stream   stream                                                           

                    stream                                                     

                         stream                                                

                               stream                                          

                                    stream                                     

                                          stream                               

                                               stream                          

     (epm)    (epm) (epm)                                                      

                         (epm) (epm)                                           

                                    (epm) (epm)                                

                                               (epm)                           

     __________________________________________________________________________

     Na  23.6 86.8  17.8 126.2 12.1 86.0  7.9  123.2                           

     Ca  4.3  19.3  3.0  28.0  2.9  7.8   2.7  9.5                             

     Mg  3.9  17.4  2.8  25.3  2.6  7.0   2.4  8.5                             

     Cl  13.6 104.4 5.9  158.8 4.1  41.7  2.8  52.7                            

     SO.sub.4                                                                  

         17.9 19.1  17.6 20.7  13.4 59.1  10.1 88.5                            

     HCO.sub.3                                                                 

         0.3  --    0.1  --    0.1  --    0.1  --                              

     Total                                                                     

         31.8 123.5 23.6 179.5 17.6 100.8 13.0 141.2                           

     __________________________________________________________________________

      Note: The concentration streams are maintained at pH 6.0 by addition of  

      hydrochloric acid.                                                       

PAR  The above electrodialysis is conducted for one month, without gypsum
      formation in tanks T-5 and T-6.
PAC  COMPARATIVE EXAMPLE 2
PAR  Electrodialysis of raw water is conducted in the same manner as in Example
      2, except that the K-101 and A-101 membranes are used in place of the
      X.sub.K and X.sub.A membranes, respectively. After electrodialysis for
      only 72 hours, gypsum is found to be formed in the tank T-6.
PAC  EXAMPLE 3
PAR  Electrodialysis of the same raw water as used in Example 1 is performed by
      a multi-stage electrodialysis laboratory scale apparatus with four stages,
      each with 20 membrane pairs (at 25.degree.C, linear flow velocity = 10
      cm/sec). The schematic flow diagram is shown in FIG. 3. The same ion
      exchange membranes are used as in Example 1, but the arrangement is
      changed to that as shown below:
     Stage (I)    Stage (II)                                                   

                          Stage (III)                                          

                                  Stage (IV)                                   

     __________________________________________________________________________

     Cation                                                                    

           X.sub.K                                                             

                  K-101   X.sub.K K-101                                        

     exchange                                                                  

     membranes                                                                 

           (F.sub.Ca =0.2)                                                     

                  (F.sub.Ca =1.2)                                              

                          (F.sub.Ca =0.2)                                      

                                  (F.sub.Ca =1.2)                              

     Anion A-201  X.sub.A A-201   X.sub.A                                      

     exchange                                                                  

     membranes                                                                 

           (F.sub.SO.sbsb.4 =1.0)                                              

                  (F.sub.SO.sbsb.4 =0.03)                                      

                          (F.sub.SO.sbsb.4 =1.0)                               

                                  (F.sub.SO.sbsb.4 =0.03)                      

     __________________________________________________________________________

PAR  The result obtained is shown in Table 3.
TBL                                    Table 3                                 

     __________________________________________________________________________

     Salt                                                                      

     Ion 1st stage                                                             

                 2nd stage                                                     

                          3rd stage                                            

                                   4th stage)                                  

         (I=1 A/dm.sup.2)                                                      

                 (I=0.8 A/dm.sup.2)                                            

                          (I=0.6 A/dm.sup.2)                                   

                                   (I=0.48 A/dm.sup.2)                         

     Dil.    Conc.                                                             

                  Dil.                                                         

                     Conc.                                                     

                          Dil.                                                 

                              Conc.                                            

                                   Dil.                                        

                                       Conc.                                   

     stream  stream                                                            

                 stream                                                        

                     stream                                                    

                          stream                                               

                              stream                                           

                                   stream                                      

                                       stream                                  

     (epm)   (epm)                                                             

                 (epm)                                                         

                     (epm)                                                     

                          (epm)                                                

                              (epm)                                            

                                   (epm)                                       

                                       (epm)                                   

     __________________________________________________________________________

     Na  20.9                                                                  

             112.9                                                             

                 15.9                                                          

                     78.8 10.2                                                 

                              153.5                                            

                                   7.9 99.8                                    

     Ca  5.7 9.1 4.1 22.0 3.8 11.1 2.7 31.6                                    

     Mg  5.2 8.2 3.7 19.8 3.4 10.0 2.4 28.6                                    

     Cl  17.9                                                                  

             75.2                                                              

                 10.1                                                          

                     101.6                                                     

                          7.5 94.0 3.2 140.0                                   

     SO.sub.4                                                                  

         13.4                                                                  

             55.0                                                              

                 13.3                                                          

                     19.0 9.9 80.6 9.7 20.0                                    

     HCO.sub.3                                                                 

         0.4 --  0.3 --   0.1 --   0.1 --                                      

     Total                                                                     

         31.8                                                                  

             130.2                                                             

                 23.7                                                          

                     120.6                                                     

                          17.5                                                 

                              174.6                                            

                                   13.0                                        

                                       160.0                                   

     __________________________________________________________________________

      Note: The concentration streams are maintained at pH 6.0 by addition of  

      hydrochloric acid.                                                       

PAR  During continuous running for 1 month, no gypsum was formed in the outlets
      for the waste concentration streams.
PAC  COMPARATIVE EXAMPLE 3
PAR  When identical electrodialysis of raw water was performed for 72 hours
      using membranes K-101 and A-201 in place of the X.sub.K and X.sub.A
      membranes, gypsum was formed in the outlets for waste concentration
      streams.
PAC  EXAMPLE 4
PAR  A raw water with the following composition of salt ions:
TBL  Na             12.06 epm                                                  

     Ca             4.18                                                       

     Mg             0                                                          

     Cl             9.75                                                       

     SO.sub.4       6.49                                                       

     HCO.sub.3      0                                                          

PAL  is subjected to electrodialysis (at 25.degree.C; linear flow velocity = 15
      cm/sec) by a multi-stage electrodialysis laboratory scale apparatus with
      two stages with 20 pairs of membranes in each stage. The schematic flow
      diagram is shown in FIG. 4. The same X.sub.K membranes as used in Example
      1 and the same K-101 membranes and A-101 membranes as described in Example
      1 are used according to the following arrangement:
TBL            Stage (I)    Stage (II)                                         

     ______________________________________                                    

     Cation exchange                                                           

                 X.sub.K (F.sub.Ca =0.2)                                       

                                K-101 (F.sub.Ca =1.2)                          

     membranes                                                                 

     Anion exchange                                                            

                 A-101(F.sub.SO.sbsb.4 =0.8)                                   

                                A-101(F.sub.SO.sbsb.4 =0.8)                    

     membranes                                                                 

     ______________________________________                                    

PAR  The result is shown in Table 4.
TBL                Table 4                                                     

     ______________________________________                                    

     Salt ion 1st stage       2nd stage                                        

              (I=0.4 A/dm.sup.2)                                               

                              (I=0.24 A/dm.sup.2)                              

            Dil.    Conc.     Dil.      Conc.                                  

            stream  stream    stream    stream                                 

            (epm)   (epm)     (epm)     (epm)                                  

     ______________________________________                                    

     Na       5.44      78.72     3.15    34.48                                

     Ca       3.74      8.59      1.85    23.08                                

     Mg       --        --        --      --                                   

     Cl       5.14      56.18     2.57    35.12                                

     SO.sub.4 4.04      31.13     2.43    22.44                                

     HCO.sub.3                                                                 

              --        --        --      --                                   

     Total    9.18      87.31     5.00    57.56                                

     ______________________________________                                    

PAR  The above electrodialysis is performed for one month, during which no
      gypsum is formed in the tanks T-3 and T-4.
PAC  COMPARATIVE EXAMPLE 4
PAR  Example 4 is repeated, but K-101 membranes are used in place of the X.sub.K
      membranes in stage (I). Gypsum was observed to form in the tank T-3 after
      running for 72 hours.
PAC  EXAMPLE 5
PAR  A raw water with the following composition of salt ions:
TBL  Na              2.46 epm                                                  

     Ca              5.28                                                      

     Mg              1.61                                                      

     Cl              2.15                                                      

     SO.sub.4        4.05                                                      

     HCO.sub.3       3.15                                                      

PAL  is subjected to electrodialysis (at 20.degree.C; linear flow velocity = 8
      cm/sec) by a multi-stage electrodialysis apparatus of a laboratory scale
      with two stages, each having 20 membrane pairs. The schematic flow diagram
      is shown in FIG. 4. The same X.sub.K and X.sub.A membranes as used in
      Example 1 and the same K-101 and A-101 membranes as described in Example 1
      are combined as follows:
TBL            Stage (I)    Stage (II)                                         

     ______________________________________                                    

     Cation exchange                                                           

                 X.sub.K (F.sub.Ca=0.2)                                        

                                K-101(F.sub.Ca =1.2)                           

     membranes                                                                 

     Anion exchange                                                            

                 A-101(F.sub.SO.sbsb.4 =0.8)                                   

                                X.sub.A(F.sub.SO.sbsb.4 =0.03)                 

     ______________________________________                                    

PAR  Table 5 shows the result of the electrodialysis.
TBL                Table 5                                                     

     ______________________________________                                    

     Salt ion                                                                  

             1st stage       2nd stage                                         

             (I=0.20 A/dm.sup.2)                                               

                             (I=0.12 A/dm.sup.2)                               

     Dil.          Conc.     Dil.      Conc.                                   

     stream        stream    stream    stream                                  

     (epm)         (epm)     (epm)     (epm)                                   

     ______________________________________                                    

     Na      0.02      22.7      0.02    2.4                                   

     Ca      4.15      14.7      2.26    29.5                                  

     Mg      1.49      2.6       0.98    8.1                                   

     Cl      1.22      24.3      0.26    35.7                                  

     SO.sub.4                                                                  

             2.65      15.7      2.62    4.3                                   

     HCO.sub.3                                                                 

             1.79      --        0.38    --                                    

     Total   5.66      40.0      3.26    40.0                                  

     ______________________________________                                    

      Note: The concentration streams are maintained at pH 6.0 by injection of 

      hydrochloric acid.                                                       

PAR  Electrodialysis was continued for one month, with no gypsum formation in
      tanks T-3 and T-4.
PAC  COMPARATIVE EXAMPLE 5
PAR  Example 5 is repeated, but the K-101 membranes and A-101 membranes are used
      in place of the X.sub.K and X.sub.A membranes, respectively. After only 24
      hours, gypsum was observed in tanks 3 and 4.
PAC  EXAMPLE 6
PAR  An X.sub.K membrane is prepared by the same method as described in Example
      1 of Japanese Patent Publication No. 3081/72. Specifically, a cation
      exchange membrane (Aciplex K-101; F.sub.Ca =  1.2: trade name of Asahi
      Kasei Kogyo Kabushiki Kaisha, Japan) is treated in the following manner:
PAR  To 90 parts of methaphenylene diamine hydrochloride are added 21 parts of
      dicyandiamide and 10 parts of water, and the composition is mixed at
      90.degree.C for 2 hours. After further addition of 7.5 parts of paraform
      to the mixture, the reaction is continued for an additional 8 hours. Five
      parts of a viscous fluid of the resulting condensate are dissolved in 50
      parts of water. Into this solution is dipped the aforesaid K-101 membrane
      at 90.degree.C for 10 hours for coating treatment. After the treatment,
      the coated membrane is rinsed with water to remove excessive condensate,
      and then dipped into a crosslinking curing liquid, prepared by adding 8
      parts of furfural and 0.5 parts of concentrated hydrochloric acid to 100
      parts of water, at 40.degree.C for 30 minutes. After drying in air, it is
      subjected to crosslink curing at 110.degree.C for 4 hours to provide a
      cation exchange membrane having F.sub.Ca value of 0.5.
PAR  An X.sub.A membrane is also prepared by treatment of an anion exchange
      membrane (Aciplex A-101; F.sub.SO.sbsb.4 =  0.8: trade name of Asahi Kasei
      Kogyo Kabushiki Kaisha, Japan) in the manner similar to Example 3 of
      Japanese Patent Publication No. 19980/70.
PAR  An aqueous polymethacrylic acid solution obtained by heating a mixture of
      10 parts of methacrylic acid, 90 parts of water and 0.2 parts of ammonium
      persulfate is diluted to 0.25% aqueous solution. Into this solution is
      dipped the aforesaid A-101 membrane for 50 hours to obtain an anion
      exchange membrane having F.sub.SO.sbsb.4 value of 0.06.
PAR  The X.sub.K and X.sub.A membranes thus prepared are used in combination
      with the K-101 and the A-101 membranes as Y membranes for electrodialysis.
      They are arranged in stages (I) and (II) illustrated in FIG. 5 in the
      manner as shown below:
TBL             Stage (I)   Stage (II)                                         

     ______________________________________                                    

     Cation exchange                                                           

                   K-101(F.sub.Ca =1.2)                                        

                                X.sub.K (F.sub.Ca =0.5)                        

     membranes                                                                 

     Anion exchange                                                            

                  X.sub.A (F.sub.SO.sbsb.4 =0.06) A-101(F.sub.SO.sbsb.4 =0.8)  

     membranes                                                                 

     ______________________________________                                    

PAR  A raw water with the following ionic composition:
TBL  Na               4.82 epm                                                 

     Ca               4.23                                                     

     Mg               2.59                                                     

     Cl               3.22                                                     

     SO.sub.4         5.16                                                     

     HCO.sub.3        3.26                                                     

PAL  is subjected to electrodialysis using a two-stage laboratory scale
      electrodialysis apparatus having 20 membrane pairs per stage (at
      20.degree.C; linear flow velocity = 5 cm/sec). The schematic flow diagram
      is shown in FIG. 5. The salt ion compositions of the streams in each stage
      obtained as the result of electrodialysis are shown in Table 6.
TBL                Table 6                                                     

     ______________________________________                                    

     Salt ion 1st stage       2nd stage                                        

              (I=0.26 A/dm.sup.2)                                              

                              (I=0.17 A/dm.sup.2)                              

     ______________________________________                                    

            Dil.    Conc.     Dil.      Conc.                                  

            stream  stream    stream    stream                                 

            (epm)   (epm)     (epm)     (epm)                                  

     ______________________________________                                    

     Na       3.29      14.7      1.21    31.4                                 

     Ca       2.06      18.2      1.41    12.4                                 

     Mg       1.60      9.0       1.30    6.3                                  

     Cl       0.98      35.5      0.48    19.0                                 

     SO.sub.4 4.97      6.4       2.95    31.1                                 

     HCO.sub.3                                                                 

              1.00      --        0.49    --                                   

     Total    6.95      41.9      3.92    50.1                                 

     ______________________________________                                    

      Note: The concentration streams are maintained at ph 6.0 by addition of  

      hydrochloric acid.                                                       

PAR  After running for one month, no gypsum is formed in the outlets for waste
      concentration streams.
PAC  COMPARATIVE EXAMPLE 6
PAR  Example 6 is repeated, but the X.sub.A and X.sub.K membranes are replaced
      by the membranes K-101 and A-101, respectively. After 72 hours of running,
      gypsum is formed in the outlet for waste concentration stream in the first
      stage.
PAC  EXAMPLE 7
PAR  An X.sub.K membrane is prepared from a cation exchange membrane (Aciplex
      K-101; trade name of Asahi Kasei Kogyo Kabushiki Kaisha, Japan) by a
      method similar to that as disclosed in Example 10 of Japanese Patent
      Publication No. 3081/72.
PAR  To a mixture of 60 parts of chloromethylated styrene monomer, 20 parts of
      acetoxy styrene and 20 parts of styrene are added 0.4 parts of lauryl
      peroxide. Polymerization is performed at 45.degree.C for 12 hours. The
      resulting polymer is precipitated by using methanol and separated by
      filtration. Then, the polymer is dissolved in benzene and into the
      solution is injected trimethyl amine gas to saturate the solution
      therewith, followed by amination at 50.degree.C for 2 hours. After
      amination, the polymer separates from the benzene layer. The separated
      polymer is washed with acetone and dried. 50 Parts of the aminated polymer
      are charged into 200 parts of aqueous caustic soda solution to hydrolyze
      acetoxy groups by treating at 100.degree.C for 15 hours. After excessive
      alkali is neutralized with hydrochloric acid, water is added to the
      resultant until the concentration of the high molecular electrolyte is
      diluted to 0.2%. The thus prepared aqueous high molecular electrolyte
      solution is passed through dilution chambers of an electrodialysis
      apparatus wherein the K-101 membranes to be treated and anion membranes
      (Aciplex A-101: trade name of Asahi Kasei Kogyo Kabushiki Kaisha, Japan)
      alternately, while 3.0 N sodium chloride solution is passed through the
      concentration chambers. The treatment is performed under direct current of
      0.1 A/dm.sup.2 for 3 hours. Then, the coated K-101 cation exchange
      membrane is immersed in 37% aqueous formalin solution to effect
      crosslinking treatment at 80.degree.C for 20 hours, whereby there is
      obtained an X.sub.K membrane having F.sub.Ca value of 0.05.
PAR  An X.sub.A membrane is also prepared from an anion exchange membrane
      (Aciplex A-201; trade name of Asahi Kasei Kogyo Kabushiki Kaisha, Japan)
      by a method similar to that of Example 6 in Japanese Patent Publication
      No. 19980/70.
PAR  A copolymer prepared from 5 parts of methyl acrylate, 5 parts of vinyl
      acetate, 90 parts of water, 2 parts of benzoyl peroxide and 5 parts of
      magnesium sulfate is hydrolyzed to give a high molecular electrolyte. In
      an aqueous solution containing 1% of this electrolyte is immersed the
      A-201 membrane to be treated at 25.degree.C for 24 hours, to obtain an
      X.sub.A membrane having F.sub.SO.sbsb.4 value of 0.4.
PAR  These X membranes are used together with the K-101 membranes (F.sub.Ca =
      1.2) and anion exchange membranes Aciplex A-201 (F.sub.SO.sbsb.4 =  1.0)
      as Y membranes. They are arranged in the stages (I) and (II) illustrated
      in FIG. 4 in the manner as shown below:
TBL             Stage (I)   Stage (II)                                         

     ______________________________________                                    

     Cation exchange                                                           

                  K-101           X.sub.K                                      

     membranes    (F.sub.Ca =1.2)                                              

                                (F.sub.Ca =0.05)                               

     Anion exchange                                                            

                  X.sub.A       A-201                                          

     membranes    (F.sub.SO.sbsb.4 =0.4)                                       

                                (F.sub.SO.sbsb.4 =1.0)                         

     ______________________________________                                    

PAR  A raw water with the following ionic composition:
TBL  Na               7.23 epm                                                 

     Ca               3.50                                                     

     Mg               1.61                                                     

     Cl               2.15                                                     

     SO.sub.4         7.36                                                     

     HCO.sub.3        2.83                                                     

PAL  is subjected to electrodialysis (at 25.degree.C; linear flow velocity = 15
      cm/sec) by a multi-stage electrodialysis apparatus of laboratory scale
      with four stages having 20 pairs of ion exchange membranes in each stage.
      The schematic flow diagram is shown in FIG. 4. The result obtained is
      shown in Table 7.
TBL                Table 7                                                     

     ______________________________________                                    

     Salt ion 1st stage       2nd stage                                        

              (I=0.4 A/dm.sup.2)                                               

                              (I=0.26 A/dm.sup.2)                              

            Dil.    Conc.     Dil.      Conc.                                  

            stream  stream    stream    stream                                 

     ______________________________________                                    

     Na       4.67      38.4      1.65    63.5                                 

     Ca       2.01      21.6      1.95    4.5                                  

     Mg       0.93      10.0      0.90    2.0                                  

     Cl       0.87      41.4      0.51    20.0                                 

     SO.sub.4 5.61      28.6      3.32    50.0                                 

     HCO.sub.3                                                                 

              1.13      --        0.67    --                                   

     Total    7.61      70.0      4.50    70.0                                 

     ______________________________________                                    

      Note: The concentration streams are maintained at pH 6.0 by addition of  

      hydrochloric acid.                                                       

PAR  During continuous running for 1 month, no gypsum was formed in the tanks
      T-3 and T-4.
PAC  COMPARATIVE EXAMPLE 7
PAR  When identical electrodialysis of the raw water was performed for 72 hours
      using membranes K-101 and A-201 in place of the X.sub.K and X.sub.A
      membranes, gypsum was formed in the tanks T-3 and T-4.
PAC  EXAMPLE 8
PAR  As X.sub.K membrane, the same membrane as used in Example 7 is employed.
PAR  An X.sub.A membrane is prepared from Aciplex A-201 membrane by a method
      similar to that as disclosed in Example 7 in Japanese Patent Publication
      No. 19980/70. Namely, said A-201 membrane is dipped at 25.degree.C for 24
      hours in 5% aqueous solution of calcium salt of a polystyrene sulfonic
      acid which is obtained by sulfonating commercially available polystyrene
      with molecular weight of about 80,000 with conc. sulfuric acid. The thus
      treated anion exchange membrane has F.sub.SO.sbsb.4 value of 0.2.
PAR  These X membranes are used together with the K-101 membranes (F.sub.Ca =
      1.2) and anion exchange membranes Aciplex A-201 (F.sub.SO.sbsb.4 =  1.0)
      as Y membranes. They are arranged in the stages (I) and (II) illustrated
      in FIG. 4 in the manner as shown below:
TBL             Stage (I)   Stage (II)                                         

     ______________________________________                                    

     Cation exchange                                                           

                    X.sub.K     K-101                                          

     membranes    (F.sub.Ca =0.05)                                             

                                (F.sub.Ca =1.2)                                

     Anion exchange                                                            

                  A-201           X.sub.A                                      

     membranes    (F.sub.SO.sbsb.4 =1.0)                                       

                                (F.sub.SO.sbsb.4 =0.2)                         

     ______________________________________                                    

PAR  A raw water having the same ionic composition as used in Example 7 is
      subjected to electrodialysis under the same conditions as in Example 7.
      The result obtained is shown in Table 8.
TBL                Table 8                                                     

     ______________________________________                                    

     Salt ion 1st stage       2nd stage                                        

              I=0.4 A/dm.sup.2)                                                

                              (I=0.26 A/dm.sup.2)                              

            Dil.    Conc.     Dil.      Conc.                                  

            stream  stream    stream    stream                                 

     ______________________________________                                    

     Na       2.64      63.0      1.69    24.7                                 

     Ca       3.40       4.8      1.93    31.0                                 

     Mg       1.57       2.2      0.88    14.3                                 

     Cl       1.32      28.3      0.28    49.8                                 

     SO.sub.4 4.54      41.7      3.84    20.2                                 

     HCO.sub.3                                                                 

              1.75      --        0.38    --                                   

     Total    7.61      70.0      4.50    70.0                                 

     ______________________________________                                    

      Note: The concentration streams are maintained at pH 6.0 by addition of  

      hydrochloric acid.                                                       

PAR  During continuous running for 1 month, no gypsum was formed in the tanks
      T-3 and T-4.
PAC  COMPARATIVE EXAMPLE 8
PAR  When identical electrodialysis of the raw water was performed for 72 hours
      using membranes K-101 and A-201 membranes in place of the X.sub.K and
      X.sub.A membranes, gypsum was formed in the tanks T-3 and T-4.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrodialysis process for the desalination of aqueous salt
      solutions in which two or more stages for electrodialysis are connected in
      series to effect dilution by reduction of total ion content in progressive
      stages, each stage having multiple pairs of anionic and cationic membranes
      alternately placed therein to divide said stage into alternate dilution
      and concentration chambers containing dilution and concentration streams,
      said salt solution containing at least one divalent anion and at least one
      divalent cation capable of forming an insoluble salt in said concentration
      stream which comprises selectively retaining at least one of said divalent
      cations or anions in the dilution stream by conducting electrodialysis
      through an ion exchange membrane which forms one boundary of said dilution
      chamber and has a divalent ion permselectivity coefficient which is
      sufficiently less than one so that the concentration ratio of said
      selectively retained divalent cation or anion to monovalent ion of the
      same charge in the dilution chamber is increased and the concentration
      product of divalent cations and anions which are capable of forming said
      insoluble salt in the concentration chamber does not exceed the solubility
      product of the insoluble salt.
NUM  2.
PAR  2. In a process for desalination of an aqueous salt solution containing
      ions capable of forming gypsum by multi-stage electrodialysis with at
      least two stages which are connected in series to effect dilution in
      progressive steps, each stage having multiple pairs of anionic and
      cationic ion exchange membranes placed alternately therein to divide said
      stage into alternate dilution and concentration chambers, the improvement
      comprising using in at least one stage plural pairs of ion exchange
      membranes, at least one of the first membranes having a divalent ion
      permselectivity coefficient for calcium or sulfate ions of less than 0.7
      as one of said anionic and cationic ion exchange membranes, and at least
      0.7 for at least one of the second membranes, the second membrane being
      cationic when the first membrane is anionic, and anionic when the first
      membrane is cationic.
NUM  3.
PAR  3. A process as claimed in claim 2, wherein the coefficient of
      substantially all of the first membranes in each stage is less than 0.7,
      and of the second membrane is at least 0.7.
NUM  4.
PAR  4. A process as claimed in claim 2, wherein the coefficient of the first
      ion exchange membrane is less than 0.5.
NUM  5.
PAR  5. A process as claimed in claim 3, wherein the coefficient of the first
      ion exchange membrane is less than 0.5.
NUM  6.
PAR  6. A process as claimed in claim 3, wherein said first and second ion
      exchange membranes are used in alternate stages, respectively.
NUM  7.
PAR  7. A process as claimed in claim 5, wherein said first and second ion
      exchange membranes are used in alternate stages.
NUM  8.
PAR  8. A process as claimed in claim 2, wherein at least two cationic ion
      exchange membranes in different stages have different coefficients.
NUM  9.
PAR  9. A process as claimed in claim 2, wherein at least two anionic ion
      exchange membranes in different stages have different coefficients.
NUM  10.
PAR  10. A process as claimed in claim 8, wherein the coefficient of the
      cationic ion exchange membrane is less than 0.4.
NUM  11.
PAR  11. A process as claimed in claim 9, wherein the coefficient of the anionic
      ion exchange membrane is less than 0.4.
NUM  12.
PAR  12. A process as claimed in claim 2, wherein concentrated aqueous solutions
      in different stages are joined into separate streams.
NUM  13.
PAR  13. A process as claimed in claim 2, wherein concentrated aqueous solutions
      in stages having the combination of ion exchange membranes defined in
      claim 2 are joined into streams which are separate from those in stages
      having ion exchange membranes different from such combination.
NUM  14.
PAR  14. A process as claimed in claim 2, wherein the solution to be desalted is
      passed successively through the stages in one pass per each stage.
NUM  15.
PAR  15. A process as claimed in claim 2, wherein the solution to be desalted is
      recycled in each stage.
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ABST
PAL  An apparatus and method are provided for continuous electrocoating of a
      conducting substrate with a coating of essentially non-conductive
      material. The invention is especially characterized by the provision of at
      least one electrode which converges towards the substrate in the direction
      of travel of the substrate. The electrode so converges in the direction of
      travel of the substrate that the rate of deposition of the non-conductive
      material onto the conducting substrate remains substantially constant
      throughout the electrocating operation.
BSUM
PAR  This invention relates to an apparatus and method for continuous
      electrocoating of a conducting substrate with an essentially non
      conductive material.
PAR  Continuous electrocoating or electrophoresis operations are well known in
      the art. It is known, for example, to apply an insulating material onto
      electrical wires or metallic strips by continuous electrocoating. The
      prior art electrocoating cells generally contain at least one electrode
      parallel to the substrate to be electrocoated. During continuous
      electrocoating, the use of an electrode parallel to the substrate being
      coated provides an uneven distribution of current density, which results
      in an initial heavy deposition rate of the non-conductive material, such
      as resin, as the substrate to be coated enters the cell, and a reducing
      rate of deposition as the substrate passes through the remainder of the
      cell. This is readily understandable, since the electrical resistance
      between the conductive metallic substrate and the electrode which is
      parallel thereto will be lower at the entrance point where the substrate
      is entirely or substantially uncoated, than towards the middle of the cell
      where the substrate already has acquired a coating of the non-conductive
      resin thereon, and much lower than at the exit point where the conducting
      substrate has acquired most if not all of the desired coating of resin.
PAR  These uneven conditions are not very satisfactory and often result in a non
      uniform deposit and promote gas entrapment especially during the early
      stages of resin deposition.
PAR  It has now been surprisingly found that substantial advantages can be
      realized by using an electrode which converges towards the substrate in
      the direction of travel of the substrate instead of a parallel electrode
      as used up to now. These advantages are as follows:
PA1  A. constant rate of deposition;
PA1  B. better deposit quality due to less entrapped gas during initial
      deposition; and
PA1  C. reduced cell residence time, or shorter cell length, to achieve a same
      deposit thickness.
PAR  Basically, the improved apparatus for continuous electrocoating of a
      conducting substrate with a coating of essentially non-conductive material
      comprises an electrocoating bath, means for continuously passing the
      substrate through such bath, at least one electrode facing at least a
      portion of the substrate, said electrode converging towards the substrate
      in the direction of travel of the substrate so that the rate of deposition
      of the coating material onto the substrate remains substantially constant
      throughout the electrocoating operation.
PAR  It will be appreciated that the conducting substrate may be an electrical
      conductor such as a wire or a strip of metallic material, e.g. of
      aluminum, copper, steel or the like. It may also be a more complex
      article, but it must be adaptable for a continuous electrocoating
      operation.
PAR  The essentially non-conductive material can also be of any desired type.
      For example, it can be a resin or an organic insulation of any type, so
      long as it is suitable for electrocoating or electrophoretic deposition on
      the substrate. There are many such materials known in the art and the
      particular type of the conducting substrate and/or of the non-conductive
      material certainly do not affect the essential principle of the present
      invention which is the use of an electrode converging towards the
      substrate to be coated in the direction of travel of such substrate.
PAR  It is also not important in which way the deposition on the substrate is
      controlled during the electrocoating operation, whether by constant
      potential or constant current or some sort of combination of the two. All
      these variables and materials may easily be adjusted by the man of the art
      to his particular operation within the scope of this invention.
PAR  The electrode will usually be of rectangular shape when a strip or sheet of
      material is to be electrocoated. However, when the article to be coated is
      more complex, the electrode will normally be of such shape as to follow
      the contour of such article. There may be plural electrodes connected in
      parallel to follow the contour of the article or to coat a strip on both
      sides. In the case of coating of electrical wires, the electrode or
      electrodes may be formed so as to substantially or completely surround the
      wire which is coated with the insulating material.
PAR  In addition, the electrode may converge towards the substrate following a
      steady predetermined slope or it may converge following a predetermined
      curved path. If the electrode is designed to converge toward the substrate
      in the direction of travel following a steady predetermined slope, this
      will not produce a perfectly constant rate of deposition but nonetheless
      the results will be improved over those obtained by using an electrode
      parallel to the substrate. In order to obtain a perfectly constant rate of
      deposition, the electrode must converge following a curved path which
      ensures a constant current density at the substrate over the entire length
      thereof from the cell inlet. The closest to constant current density has
      been obtained using the following equation:
      ##EQU1##
      where d.sub.i = distance in cm. perpendicular to the substrate between the
      substrate and the electrode at point i along the length L of the substrate
      immersed in the electrocoating bath;
PA1  K = specific conductance of the electrocoating bath composition in
      ohm.sup.-.sup.1 cm.sup.-.sup.1 ;
PA1  W.sub.e and W.sub.s = width or circumference of the electrode and substrate
      respectively, in cm.;
PA1  I = total current to the cell in amperes;
PA1  U = applied voltage E
PA1  u.sub.fi = voltage drop across the freshly deposited film at point i along
      the substrate.
DRWD
PAR  The invention will now be further described, by way of example, with
      reference to the accompanying drawings in which:
PAR  FIG. 1 is a partly sectional illustration of the apparatus of the present
      invention;
PAR  FIG. 2 illustrates the voltage drop across a freshly deposited film as a
      function of the distance travelled by the substrate being coated from the
      cell inlet;
PAR  FIG. 3 is a schematic diagram illustrating the substrate-electrode
      separation versus distance from the cell inltet for a straight electrode
      and for a curved electrode;
PAR  FIG. 4 illustrates equipotential lines for substrate-electrode separations
      defined from the above equation;
PAR  FIG. 5 illustrates the current density versus distance from the cell inlet
      for the straight and curved electrodes; and
PAR  FIG. 6 illustrates the dielectric edge breakdown voltage versus film
      thickness for an electrode paralled to the substrate and an electrode
      converging toward the substrate.
DETD
PAR  Referring to FIG. 1, there is shown an electrocoating cell 1 containing an
      electrocoating bath 2 through which a conducting substrate such as a strip
      3 is conveyed by roller 4 and additional conveying means (not shown) of
      conventional type. Cell 1 includes two electrodes 5a and 5b between which
      the substrate 3 passes and which converge towards the substrate in such a
      way as to provide an essentially constant current density at the substrate
      under operative cell conditions. The electrodes are connected in parallel
      to the negative terminal of a D.C. source E, the positive terminal of
      which is connected to the strip. Cell 1 is normally constructed from an
      insulating material, such as PVC or is at least insulated from both the
      electrodes 5a and 5b and the substrate 3.
PAR  The profile and shape of such converging electrodes can be determined by
      considering various factors and, depending on the operational conditions
      and results desired, one may determine such profile by establishing the
      distance between the electrodes and the substrate at a number of points
      within the electrocoating cell. If only two or three points are used for
      such determination, very probably one can have converging electrodes such
      as 6a and 6b sloping at a predetermined angle. This will not produce a
      perfectly constant rate of deposition at all points, but nonetheless such
      converging electrodes will result in highly improved conditions over those
      produced by the use of conventional parallel electrodes.
PAR  In order to obtain a constant rate of deposition, the electrodes should
      converge towards the substrate so as to result in an essentially uniform
      electrical resistance between them and the travelling substrate under
      operative cell conditions.
PAR  This is achieved when the following equation is satisfied:
EQU  R.sub.s.sbsb.1  + R.sub.f.sbsb.1  = R = R.sub.s.sbsb.2 + R.sub.f.sbsb.2(1)
PAL  where:
PA1  R.sub.s.sbsb.1 and R.sub.s.sbsb.2 are the resistances of the electrocoating
      bath between the electrode and any point a and b on the substrate;
PA1  R.sub.f.sbsb.1 and R.sub.f.sbsb.2 are the resistances of the freshly
      deposited film, at these points a and b; and
PA1  R is the resistance between the electrodes and the substrate.
PAR  The profile and shape of the converging electrode may be determined either
      by using a simple mathematical equation which provides a first
      approximation to the electrode geometry, or by a rigorous solution using
      the Laplace equation and suitable boundary conditions.
PAR  In either case the operational current density is first selected at the
      voltage and the film-liquid interface in the continuous electrocoating
      cell is determined as a function of position in the cell, from static
      measurements using parallel electrodes, the same electrocoating bath
      composition and the same current density. The result of the static
      measurement is film voltage drop as a function of time. For any given line
      speed, this information can be converted to freshly deposited film voltage
      drop as a function of position in the cell for continuous coating, if the
      current density is held at the originally selected operational value.
PAR  The specific conductance of the electrocoating bath composition must also
      be determined.
PAR  If it is assumed that current flows perpendicular to the substrate between
      the substrate and electrodes, the electrode geometry with respect to the
      substrate may be calculated from the following equation:
      ##EQU2##
      where: d.sub.i is the distance in cm. perpendicular to the substrate
      between the substrate and the electrode at point i along the length L of
      the substrate immersed in the electrocoating composition;
PA1  K is the specific conductance of the electrocoating bath composition, in
      ohm.sup.-.sup.1 cm.sup.-.sup.1 ;
PA1  W.sub.e and W.sub.s are the width or circumference of the electrode and
      substrate respectively, in cm.;
PA1  I is the total current to the cell, in amperes;
PA1  U is the applied voltage; and
PA1  U.sub.fi is the voltage drop across the freshly deposited film at point i
      along the substrate, as determined previously by static experiment.
PAR  It will be recognized by a man of the art that rigorous design of
      electrodes which will maintain constant current density at the substrate,
      over the entire length of the cell, requires solution of the Laplace
      equation:
EQU  .gradient..sup.2 .phi. = 0                                 (3)
PAL  where:
PA1  .phi. is the potential in the electrocoating solution between the substrate
      and the electrodes, and
PA1  .gradient..sup.2 is the well known Laplacian operator.
PAR  When the substrate is a continuous strip, the Laplacian operator is
      conveniently expressed in rectangular coordinates. With the further
      simplification that potential variations across the strip are not
      considered, since they are irrelevant to the scope of this invention,
      equation (3) may be written as
      ##EQU3##
      where x and y are variables denoting position in the electrocoating
      solution. x at the substrate is equal to zero.
PAR  The current density, J, at the substrate is related to the potential .phi.
      obtained from solution of equation (4) by the relation
      ##EQU4##
PAR  Then a suitable procedure for electrode design to achieve constant current
      density throughout the cell is as follows:
PA1  a. assume an electrode geometry,
PA1  b. evaulate .phi. [equation 4 ], and
PA1  c. evaluate J [equation (5)] as a function of position in the cell. Repeat
      for different electrode geometries until the desired constant value of J
      is obtained.
PAR  In a typical calculation using this procedure, the following parameters
      were assumed:
PA1  K = 0.00056 ohm.sup.-.sup.1 cm.sup.-.sup.1
PA1  L = 18 in. I = 2.7 amps
PA1  W.sub.e = 4 in. W.sub.s = 11/4 in.
PAR  The selected current density was 0.06 amps/in..sup.2. The voltage drop
      versus distance data for this current density, as obtained from a static
      experiment, are recorded in FIG. 2.
PAR  A cell voltage of U = 135 volts was assumed. However, polarization effects
      have been ignored, and in practice it would be necessary to adjust U until
      the required current density is achieved. The voltage drop due to
      polarization is a constant at constant current density, so this assumption
      does not affect the electrode design.
PAR  For this problem, a suitable form of the solution to equation (4) is
EQU  .phi. (x,y) = (A.sub.1m e.sup.ax + A.sub.2m e .sup.-.sup.ax) (B.sub.1m sin
      ay + B.sub.2m cos ay)                                     (6)
PAL  where the infinite set of constants A.sub.1m, A.sub.2m, B.sub.1m, B.sub.2m
      and a are determined from the boundary conditions so that .phi. (x,y) must
      reduce to the value of the applied potential, U, on the electrode, and to
      the film voltage, U.sub.f, on the substrate.
PAR  .phi. (x,y) was evaluated for a number of electrode geometries, and
      corresponding current density distributions were obtained from equation
      (5). The closest to constant current density was obtained using the
      electrode design using the approximate equation (2). This electrode is
      illustrated as a broken line in FIG. 3. The corresponding equipotential
      lines calculated from equation (6) are drawn in FIG. 4. The resulting
      current density at the substrate [equation (5) ] is illustrated by a
      broken line in FIG. 5. For comparison, FIG. 5 also shows the closest to
      constant current density which can be obtained with a straight electrode
      (this electrode is illustrated as a solid line in FIG. 3).
PAR  This example demonstrates that equation (2) provides a satisfactory
      approximation to the electrode geometry which will yield essentially
      constant current density along the substrate in the continuous cell.
PAR  It will therefore be realized that, in this context, the invention provides
      a great deal of flexibility and adaptability to the particular operational
      conditions.
PAR  Table I records a comparison of the conventional electrocoating cell
      (parallel electrodes, substrate-electrode separation 1-5/16 in.) and the
      converging straight line electrode of FIG. 3. The continuous strip was
      (11/4 .times. 0.002 in.) aluminum, run at a line speed of 6 ft./min. with
      an acrylic electrocoating resin. Both sets of electrodes were 4 in. wide,
      and the cell length was 18 in. The current to each cell was kept constant
      at 2.7 amp., or 0.06 amp./in..sup.2 of substrate.
PAR  The results show that the average build was 12% greater for the converging
      electrodes compared to the parallel electrodes, for the same average
      applied voltage. More important, the strip coated in the converging cell
      was of much better quality, with fewer gas bubbles.
TBL                TABLE I                                                     

     ______________________________________                                    

     COMPARISON OF PARALLEL AND CONVERGING ELECTRODE                           

     ELECTROCOATING CELLS                                                      

                Electrode          Thickness                                   

                Configura-                                                     

                          Applied  of Coating                                  

                tion      Voltage  (10.sup.3 in.)                              

     ______________________________________                                    

     TC 1       Converging                                                     

                          131      1.5                                         

     TC 2       Converging                                                     

                          121      1.6                                         

     TC 3       Converging                                                     

                          125      1.5                                         

     TC 4       Converging                                                     

                          120      1.65                                        

                Average = 124      1.56                                        

     TG 1       Parallel  128      1.4                                         

     TG 2       Parallel  126      1.4                                         

     TG 3       Parallel  122      1.4                                         

     TG 4       Parallel  121      1.4                                         

                Average = 124      1.4                                         

     ______________________________________                                    

PAR  In a further example Table II provides a comparison of the cell residence
      times required for a given resin deposit thickness at similar line speeds
      for the conventional cell using parallel electrodes and the novel cell
      using converging electrodes. The advantages of the shorter residence time
      required by the novel cell are two-fold:
PA1  a. Firstly, one may use higher line speeds with cells of the same substrate
      immersion length.
PA1  b. Secondly, as demonstrated in Table II, the required cell length for a
      given line speed and thickness is shorter using the novel cell, an
      important factor in the design of commercial vertical
      continuous-electrocoating machines.
TBL                TABLE II                                                    

     ______________________________________                                    

     COMPARISON OF CELL RESIDENCE TIMES AND REQUIRED CELL                      

     LENGTHS FOR PARALLEL AND CONVERGING ELECTRODES                            

                     Ap-     Average Required                                  

                                             Required                          

     Electrode                                                                 

             Line    plied   Film    Cell    Cell                              

     Configur-                                                                 

             Speed,  Vol-    Thickness,                                        

                                     Residence                                 

                                             Length,                           

     ation   fpm     tage    in.     Time, Sec                                 

                                             in.                               

     ______________________________________                                    

     Parallel                                                                  

              9      180     0.00060 10.0    18.0                              

     Converging                                                                

              9      180     0.00075 5.0     9.0                               

     Parallel                                                                  

             10      180     0.00055 9.0     18.0                              

     Converging                                                                

             10      185     0.00050 3.6     7.3                               

     Parallel                                                                  

             16      160     0.00045 5.6     18.0                              

     Converging                                                                

             16      160     0.00045 2.7     8.5                               

     ______________________________________                                    

PAR  FIG. 6 provides a comparison of the dielectric breakdown voltage values at
      the edge of an aluminum strip continuously coated with a coat of resin
      using a conventional cell with parallel electrodes and the novel cell
      using converging electrodes in accordance with this invention.  In FIG. 6,
      the results of conventional coating are illustrated by the broken line and
      those of the coating in accordance with this invention are illustrated by
      the continuous line. It will be seen from this figure that the value of
      400 volts for edge dielectric breakdown is achieved with 0.0006 in. of
      resin deposited in accordance with this invention, but it requires 0.0008
      in. of resin thickness to achieve a coating of similar electrical quality
      in accordance with a conventional operation using parallel electrodes. It
      is therefore obvious that the constant current density conditions which
      are achieved using converging electrodes provide a better quality deposit
      which could not be forseen from prior art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for continuously electrocoating a conducting substrate with
      essentially non-conductive material, comprising: means for continuously
      passing said substrate through an electrocoating bath; and at least one
      electrode facing at least a portion of the substrate, said electrode
      converging towards the substrate in the direction of travel of the
      substrate so that the rate of deposition of the coating material onto the
      substrate remains substantially constant throughout the electrocoating
      operation.
NUM  2.
PAR  2. An apparatus as defined in claim 1, wherein said electrode converges
      following a steady predetermined slope.
NUM  3.
PAR  3. An apparatus as defined in claim 1, wherein the substrate is a strip and
      wherein two plate-like electrodes are provided so as to be one on each
      side of the strip and connected in parallel so as to coat both sides of
      the strip.
NUM  4.
PAR  4. An apparatus as defined in claim 1, wherein the substrate is a wire and
      wherein the electrode is formed so as to surround the wire.
NUM  5.
PAR  5. An apparatus as defined in claim 1, wherein the substrate has a
      predetermined cross-section and wherein the electrode is formed so as to
      follow the contour of said substrate.
NUM  6.
PAR  6. An apparatus as defined in claim 1, wherein the substrate has a
      predetermined cross-section and wherein plural electrodes are provided to
      follow the contour of said substrate.
NUM  7.
PAR  7. A process for continuously electrocoating a conducting substrate with
      essentially non-conductive material, the process comprising the steps of:
      positioning at least one electrode in an electrocoating bath so as to face
      at least a portion of said substrate when being electrocoated, said
      electrode converging towards the substrate in one direction; and
      continuously passing said substrate through said electrocoating bath in
      said one direction so that the rate of deposition of the coating material
      onto the substrate remains substantially constant throughout the
      electrocoating operation.
NUM  8.
PAR  8. A process as defined in claim 7, wherein said electrode converges
      following a predetermined curved path satisfying the following equation:
      ##EQU5##
      where: d.sub.i = distance in cm. perpendicular to the substrate between
      the substrate and the electrode at point i along the length L of the
      substrate immersed in the electrocoating bath;
PA1  K = specific conductance of the electrocoating bath composition in
      ohm.sup.-.sup.1 cm.sup.-.sup.1 ;
PA1  W.sub.e and W.sub.s = width or circumference of the electrode and substrate
      respectively in cm;
PA1  I = total current to the cell in amp;
PA1  U = voltage applied to the electrode;
PA1  U.sub.fi = voltage drop across the freshly deposited film at point i along
      the substrate.
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ABST
PAL  Disclosed is a radio capsule having an electrode structure for measuring
      the concentration of an ionic species in an ion containing solution. A
      thin film conductive electrode is strongly bonded to the inner surface of
      a thin cylindrically shaped membrane of glass sensitive to the ionic
      species. A conductive lead wire makes electrical contact with the
      electrode. A mass of non-conductive reinforcing backing material having a
      thermal coefficient of expansion greater than that of the membrane
      strongly adheres to the conductive electrode and the membrane. The backing
      material is cured or solidified at a temperature sufficiently higher than
      that at which the electrode structure is to be used so that contraction of
      the backing material during curing places the membrane in a state of
      compression, thereby strengthening the same. The resultant electrode
      structure is incorporated into a radio capsule which also comprises
      circuitry for transmitting a signal modulated in accordance with the
      concentration of the measured ionic species.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 158,293,
      filed June 30, 1971, now abandoned, and is related to application Ser. No.
      468,750 entitled "Reinforced Glass Electrode Structure" filed by us on May
      10, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to solid, low impedance glass electrode structures
      for use in radio capsules used in the remote determination of ion
      activities.
PAR  The use of glass electrode structures for determining and measuring an
      ionic species in ionic solution is now common-place. In one usual form,
      the glass electrode structure comprises a tube made, at least in part, of
      an ion-sensitive glass. Glasses preferentially sensitive to hydrogen ion,
      potassium ion, sodium ion and the like are well known. The tube is sealed
      at one end to form an enclosure in which is disposed an electrolyte. The
      electrode structure also includes a conductive lead wire in contact with
      the electrolyte for picking up any potential at the electrolyte. When the
      tube exterior is in contact with a solution containing ions to which it is
      sensitive, a charge developes across the glass between the external
      solution and internal electrolyte in accordance with the ionic activity.
      The glass electrode structure in contact with the solution essentially
      constitutes a half cell.
PAR  The previously described glass electrode structure is normally employed
      with conventional pH equipment, the active ion sensing electrode structure
      being operatively connected to a standard half cell by means of high
      impedance, high gain electrometric amplification equipment. Such high
      impedance equipment is required to measure the potential of the ion
      sensing electrode structure since the resistivity of ion-sensitive glasses
      is about 10.sup.10 ohm-cm, even for so-called low resistance glasses which
      exhibit substantial ion sensitivity. Hence, the usual practice is to form
      the membrane of ion sensitive glass as a thin bulbous structure to reduce
      the impedance thereof. Even these electrodes may have an impedance of 100
      megohms or more due to practical size limitations of the exposed sensing
      area.
PAR  While such electrode structures measure ion activity fairly rapidly and
      accurately, and are well adapted for continuous measurement, their usage
      poses several problems. Due to their inherent fragility arising out of the
      necessary thinness of the membrane, such electrodes are subject to
      breakage and failure. Furthermore, when attempts have been made to
      miniaturize this type of electrode the impedance thereof increases as the
      area of the ion sensitive membrane decreases, thereby placing an
      additional burden on the electrode and lead insulation and on the
      electrometric amplification equipment which must possess extremely high
      input impedance.
PAR  Attempts to provide stronger electrodes have resulted in relatively high
      impedance structures. U.S. Pat. No. 3,282,817 issued Nov. 1, 1966 to J. H.
      Riseman et al. discloses an ion-sensitive glass tube in which there is
      disposed the usual metallic, electrically conductive lead wire and a mass
      of solid, electrically conductive fused crystalline material in contact
      with both the lead wire and the ion-sensitive glass. This crystalline
      material may consist of a salt of silver or thallium. Electrodes of this
      type made with fused silver chloride, silver bromide, silver iodide or
      mixtures thereof are generally of high impedance, e.g., 100 to 1,000
      megohms, the glass membrane accounting for only a small part of the total
      impedance. It appears that a very thin film of silver salt offers a high
      resistance in such a dry electrode structure and extremely small
      electrodes of this type cannot be used in application where low impedance
      is required.
PAR  In recent years attempts have been made to incorporate small ion-sensitive
      electrode structures in radio capsules small enough to be swallowed by a
      patient. Such electrode structures must be rugged and must provide a
      relatively low impedance output. Many of the techniques employed in normal
      laboratory monitoring of ion activities cannot be applied to radio
      capsules due to the small size thereof. The impedance of the
      aforementioned silver chloride filled electrode structure is too high to
      be conveniently used in a radio capsule. When well-known techniques have
      been applied in the development of radio capsule electrodes, inaccurate
      devices have resulted due to the simplicity of the circuitry, the low
      voltage and power available, and the requirement to insulate adequately in
      the small volume available in radio capsules. Compromises have been made
      by using low impedance metal-metal oxide or other types of pH sensors to
      simplify the circuitry problem. For example, U.S. Pat. No. 3,133,537
      issued May 19, 1964 to H. Muth and U.S. Pat. No. 3,340,866 issued Sept.
      12, 1967 to H. G. Noller disclose low impedance antimony electrodes used
      in conjunction with a pH measuring radio capsule. Although such electrodes
      are rugged and provide a low impedance output, they do not provide the
      accuracy which can be obtained from glass electrode structures.
PAR  Glass electrode structures having very thin liquid filled glass membranes
      have been considered for use in radio capsules, but the thin membrane is
      very easily broken during ordinary handling and represents a hazard to a
      patient who has swallowed such a capsule. Baskets made of corrosion
      resistant metal have been employed on some of these capsules to protect
      the fragile, ionsensing glass membrane. The protective basket restricts
      the flow of fluid over the membrane, thereby causing a response time lag
      and giving rise to the possibility that matter will be trapped by the
      basket and interfere with access of the electrode surface to the fluid
      under test.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an improved ion-activity
      measuring electrode structure for use in radio capsules, said structure
      being characterized particularly by its low impedance and improved
      mechanical strength.
PAR  Briefly, the electrode structure of the present invention is of the type
      that is adapted to be used in a radio capsule for measuring the
      concentration of an ionic species in an ion containing solution. Such
      capsules generally comprise a housing in which is disposed an electrode
      structure for providing a voltage dependent on the activity of the ionic
      species in the solution. An oscillator circuit disposed in the housing
      generates an rf signal which is modulated by the voltage provided by the
      electrode structure. Means are provided for producing an operating voltage
      for the oscillator circuit and for providing a reference potential for the
      electrode structure. The electrode structure of the present invention is
      characterized in that it comprises a cylindrically shaped membrane of
      glass sensitive to the ionic species, said membrane having a thin film
      conductive electrode strongly bonded to at least a portion of the inner
      surface thereof. Conductive means are provided for connecting the
      oscillator circuit to the conductive electrode. To permit the use of
      extremely thin membranes, a mass of non-conductive backing material is
      strongly bonded to the inner surface of the conductive electrode and to
      that portion of the inner surface of the membrane adjacent to the
      conductive electrode. The thermal coefficient of expansion of the backing
      material is greater than that of the glass membrane, and the membrane is
      in a state of compression, thereby strengthening the electrode structure.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1-6 illustrate basic steps in the construction of an electrode
      structure in accordance with the present invention. FIG. 1 shows the end
      of a hollow glass stem immersed in a pool of molten ion-sensitive glass.
      FIG. 2 shows apparatus for blowing a cylindrical membrane. FIG. 3 shows
      apparatus for applying a conductive electrode inside the cylindrical
      membrane. FIG. 4 shows a cross-sectional view of the membrane and stem
      after an electrical contact lead has been attached to the conductive
      electrode. FIG. 5 illustrates a method of severing the membrane from the
      stem. FIG. 6 shows a cross-sectional view of the membrane electrode
      composite in a mold.
PAR  FIG. 7 is a cross-sectional view of a schematic illustration of a radio
      capsule incorporating an electrode structure produced in accordance with
      the present invention.
PAR  FIG. 8 illustrates one of the steps in the construction of an alternative
      embodiment.
PAR  FIG. 9 is a cross-sectional view of an alternative embodiment of the
      present invention.
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PAC  DETAILED DESCRIPTION
PAR  Electrode structures having small active surface areas, e.g. about 100
      mm.sup.2, and output impedances considerably less than 100 megohms are
      required for use in radio capsules. Electrode impedance should be low due
      to the limitations imposed on circuitry and insulation due to capsule
      size. Since the surface area of this type of electrode structure is very
      small, the ion-sensing glass membrane must be extremely thin and a good
      electrical connection must be made to the inner surface thereof to insure
      a low impedance output.
PAR  FIGS. 1-6 illustrate basic steps in the construction of a preferred low
      impedance ion-sensing electrode structure which is especially well suited
      for use in a radio capsule. The same reference numerals are used in
      several of these FIGURES to indicate identical parts. In FIG. 1 the end of
      a hollow glass stem 10 is immersed in a pool of molten ion-sensitive glass
      12 which is disposed in a crucible 14. Stem 10 may consist of any type of
      glass that is suitable for supporting a thin walled cylinder which is to
      be formed on the end thereof. Molten glass 12 may consist of any suitable
      ion-sensitive glass composition such as the lithia pH glass described in
      U.S. Pat. No. 2,462,843 issued Mar. 1, 1949 to H. Cary et al. It could
      also consist of some other pH responsive glass composition such as one of
      those described in U.S. Pat. No. 2,497,235 issued Feb. 14, 1950 to G. A.
      Perley; U.S. Pat. No. 3,025,174 issued Mar. 13, 1962 to W. Simon; U.S.
      Pat. No. 2,668,143 issued Feb. 2, 1954 to P. T. Gilbert, Jr. et al.; or
      the like. A pNa responsive glass is described in U.S. Pat. No. 2,829,090
      issued Apr. 1, 1958 to G. Eisenman et al. and a pK responsive glass is
      described in U.S. Pat. No. 3,041,252  issued June 26, 1962 to G. Eisenman
      et al. All of the aforementioned glasses are relatively low-resistivity
      glasses having resistive values in the order of 10.sup.9 to 10.sup.10
      ohm-cm. In order to insure that the bond between the glass membrane and
      the stem remains temperature stable, the glass composition chosen for the
      stem 10 should have substantially the same thermal coefficient of
      expansion as the ion-sensitive glass over the temperature range in which
      the electrode structure is formed.
PAR  After a small gob of ion-sensitive glass has become adhered to the tip of
      stem 10, it is placed in a cylindrical carbon mold 16, the cross-section
      of which is shown in FIG. 2. A guide 18 aligns the stem glass properly in
      mold 16. An air line 20 is attached to the stem, and a cylindrical
      membrane 22 is blown. Although the thickness of membrane 22 is usually
      between 10 and 20 microns, it could be less than 10 microns. Depending on
      the particular glass used for the membrane, a minimum thickness will be
      reached below which the membrane is no longer useful for monitoring ion
      activity. Depending upon the type of ion-sensitive glass which is
      utilized, the electrode impedance is usually too high for use in radio
      capsules when the membrane thickness exceeds about 30 microns. The fragile
      membrane 22 is removed from mold 16 and is handled by the attached stem 10
      while some of the subsequent steps are performed. To form the preferred
      electrode structure the tip 24 of membrane 22 is removed to permit the
      formation of a conductive layer on a portion of the inner surface of the
      membrane. Tip 24 may be severed by passing a hot platinum wire through the
      membrane to provide a smooth, fire-polished electrode end. The end of the
      cylindrical membrane may be flame-polished to give temporary added
      strength, and the system may also be flame-annealed to relieve unwanted
      stresses.
PAR  A thin, continuous, strongly bonded conductive film must be applied to at
      least a portion of the inner surface of the membrane 22. Whereas thermal
      reduction of metallic compounds produced a conductive film which bonded
      well to the glass membrane, vapor deposited and chemically reduced
      conductive films performed relatively poorly due to their poor adhesion to
      the glass. Perhaps the heating cycle to which the thermally deposited
      films were subjected formed an intermediate metal-glass layer which
      adhered well to the pure metal layer. The thermally reduced metallic layer
      can be formed by applying a coating of a solution of an organo-metal
      compound to the glass membrane and firing at an appropriate temperature.
      The organo-metal solution may be applied by any convenient method such as
      wash coating, brushing, spraying, or the like. When formed in accordance
      with the method of the present invention the metallic layer adheres well
      to the virgin surface of the glass, i.e., that surface which is initially
      formed when the membrane is blown. No surface roughening techniques such
      as grinding, etching or the like need be performed on the smooth virgin
      surface prior to forming the conductive film.
PAR  A particularly suitable method for applying a cylindrical coating of the
      solution to the inner surface of a small glass cylinder is illustrated in
      FIG. 3. Stem 10 is secured in a lathe chuck 26 which is rotated slowly
      while a layer 28 of organo-metal solution is applied to membrane 22 from a
      hypodermic needle 10. Stem 10 is the removed from chuck 26 and the
      membranestem composite is heated to at least 171.degree.C in order to
      volatilize the organic constituents in the coating and to deposit a
      continuous, metallic silver film. In order to produce a strongly bonded
      silver film, the membrane should be heated to a higher temperature up to a
      maximum of about 870.degree.C. In accordance with a preferred heat
      treatment cycle, the membrane is placed into a furnace, the temperature of
      which is about 300.degree.C. The furnace temperature is then rapidly
      increased to about 550.degree.C for at least 10 minutes to reduce the
      organo-metal solution and to provide a good bond between the resultant
      metal film and the membrane. The metal coated membrane can then be removed
      from the furnace, and the temperature thereof can be quickly reduced to
      room temperature. It was found that a continuous metallic film about one
      micron thick possessed the necessary properties for an ion-sensing
      electrode. Good electrodes were obtained by using an organo-silver
      compound known as Engelhard-Hanovia liquid organic silver No. 9374 which
      contains 18.0% silver and 0.15% rhodium. Other organo-metal solutions
      could be used to provide a conductive film of gold, tin, lead, platinum,
      palladium, nickel, cobalt, tantalum, chromium, cadmium, copper, vanadium
      or the like.
PAR  As shown in FIG. 4 an electrical contact lead is attached to the reduced
      conductive electrode 34. This electrical connection is preferably made by
      attaching a fine electrical contact lead 31 to electrode 34 by using
      another application of organo-metal compound at the point where lead 31
      contacts the conductive electrode and firing for a time sufficient to form
      a metallic connection. A larger diameter lead 32 is then electrically
      connected to lead 31 by solder 33 or the like. The diameter of lead 32
      should be at least twice that of fine lead 31, lead 31 consisting of 0.001
      in. diameter silver wire and lead 32 consisting of 0.005 in. diameter
      silver wire in one embodiment. The fine wire lead 31 and solder connection
      33 are so positioned that they will be completely covered with a
      non-conductive backing material to be applied in a subsequent step. Fine
      lead 31 can be easily and safely attached to electrode 34 by a small
      amount of silver, and the subsequent attachment of wire 32 and encasing
      thereof in backing material provides a fairly strong electrical lead
      extending from the resultant smooth cast surface.
PAR  A length of unsilvered ion-sensitive glass 36 is retained to provide
      improved insulation in the completed electrode structure. If the length of
      section 36 is greater than that required for the completed electrode
      structure, a portion thereof may be severed by using a hot platinum wire
      to give a smooth, fire-polished electrode end. Excess portions of membrane
      22 have been removed by sawing and grit-blasting, but these methods may
      leave undesirable small cracks or stains in the glass.
PAR  The glass cylinders are washed in hot trichlorethylene, acetone, and
      alcohol and rinsed in flowing deionized water. After drying, a soft
      silicone washer 40 is placed over the membrane 22 in the vicinity of the
      conductive electrode 34 as shown in FIG. 5. A hot platinum wire is again
      used to cut the electrode structure to finished length, again leaving a
      length of membrane glass extending beyond the conductive electrode 34.
      Silicone washer 40 acts as a cushion and supports the fragile electrode
      structure as it is parted from the stronger stem 10. Washer 40 also serves
      as a place to grip the electrode structure for further processing.
PAR  At this point of the manufacturing process the electrode structure is
      extremely fragile. However, a solid structure which is much stronger than
      conventional liquid-filled electrodes can be made by providing the inner
      surface of the membrane-conductive electrode composite with a layer of a
      solid material such as glass, plastic or the like. Since a plastic such as
      epoxy provides a good seal, does not deleteriously affect the electroded
      membrane, and results in an extremely strong electrode structure, the use
      of this material is preferred. The inner surface and ends of the thin
      glass membrane-electrode assembly resulting from the severing step of FIG.
      5 are treated with a 1% solution of silane to deposit a thin silane film
      41 which enhances bonding of the reinforcing material. Dow Corning Z6040
      silane, which was used for this process, is an epoxy functional material,
      glycidoxy-propyl trimethoxy silane. A chemical reaction results which
      forms a glass-epoxy bridging surface to prepare the glass for epoxy
      backing. The conductive electrode surface is also compatible with the
      silane solution, and a complete treated surface is prepared for the
      subsequent epoxy reinforcing step.
PAR  After the silane film is thoroughly dried the epoxy may be applied to the
      inner surface of the membrane and conductive electrode. To form a uniform
      layer of epoxy on the inner surface of the membrane 22 and electrode 34,
      the electroded membrane is placed on a silicone mold 42 having a core 44
      projecting through the cylinder as shown in FIG. 6. An epoxy such as Hysol
      epoxy made with C9-4183 resin and H3840 hardener is cast between the glass
      membrane and the mold portion 44. This assembly is heated at an elevated
      temperature until the epoxy is cured. Since the thermal coefficient of
      expansion of the epoxy is about three or four times greater than that of
      the glass, the epoxy should be cured at a temperature sufficiently higher
      than the temperature at which the resultant electrode structure is to be
      used so that the shrinkage of the epoxy causes the glass membrane to be
      placed in a state of compression at use temperatures. This greatly
      increases the strength of the glass membrane and the overall electrode
      structure.
PAR  Optimum shrinkage properties for the above described epoxy were obtained by
      heating the epoxy at 60.degree.C. for a period of time between 16 and 24
      hours. Since the use temperature of a radio capsule to be swallowed by a
      human being is about 37.degree.C, the glass membrane will never be
      weakened during use by going into tension. Prestressing the glass at an
      appropriate curing temperature above use temperature and providing a solid
      bond between the epoxy and both the membrane glass and conductive
      electrode in accordance with the aforementioned specific example resulted
      in a system which could withstand thermal shock up to 75.degree.C for
      0.degree.C. Even though the glass may be less than 20 microns thick, it is
      sufficiently strong in this application because the compressive strength
      of the glass is the only property of interest at normal use temperatures.
      Thus, with a good bond between the epoxy and the membrane and conductive
      electrode, the composite electrode structure possesses almost as much
      mechanical strength as the solid epoxy backing alone. Electrode structures
      designed for use at temperatures up to 100.degree. C were also formed in
      accordance with the above teachings. However, an unnecessarily high curing
      temperature causes very high compressive stress to exist in the electrode
      glass at use temperatures much lower than the curing temperature.
      Therefore, the curing temperature should be selected to give optimum
      electrode properties over the anticipated range of use temperatures.
PAR  FIG. 7 is a schematic illustration of a radio capsule incorporating a high
      strength electrode structure produced in accordance with the previously
      described method. For the sake of simplicity the silane film 41 is omitted
      from this FIGURE. The battery, oscillator circuit and antenna coil are
      illustrated in block diagram form since they are conventional, well-known
      radio capsule components. The battery may be constructed in accordance
      with the teachings of the aforementioned Muth and Noller patents, and
      these patents are accordingly incorporated herein by reference. These
      patents teach that one of the battery electrodes, which may be a
      silver-silver chloride electrode, may also function as the reference
      electrode of the ion-sensing arrangement. When such a dual function
      electrode is employed, the battery chamber is preferably connected to the
      exterior of the capsule by an aperture (not shown) which is sealed off by
      a semi-permeable membrane. The reference electrode for the ion-sensing
      arrangement could also be a separate component constructed in accordance
      with the teachings of U.S. Pat. No. 3,547,794 issued Dec. 15, 1970 to K.
      Nishimoto et. al.; however, this arrangement requires more space than a
      dual function electrode.
PAR  The hollow epoxy backing cylinder 46 may be formed by the mold shown in
      FIG. 6. The electrode structure including the epoxy backing can be tested
      as a discrete pH electrode to determine its potential response to pH
      solutions. The impedance and other properties of interest can also be
      determined before the electrode is incorporated into a radio capsule. A
      printed circuit oscillator having an antenna coil protruding from one end
      thereof is then disposed within the hollow epoxy cylinder, and this
      assembly is inserted into a silicone mold to form an epoxy end portion or
      cap 48 which slightly overlaps membrane 22 at portion 50. Still another
      silicone mold may be used to form a second end cap 52 in which the battery
      may be housed. End cap 52 also has an overlapping portion 54. The battery
      electrodes and the wire 32 are connected to the oscillator circuit prior
      to forming housing 52. Obviously, the battery is replaced in passive
      capsules by appropriate components for developing an induced charge.
PAR  The solid interior, ion-sensitive glass membrane electrode structure of the
      present invention maintained the accuracy of response of conventional
      liquid-filled laboratory electrode structures and yet had the low
      impedance and greater strength that are required for radio capsule use.
      The added advantages of rapid response to pH change and low
      preconditioning times were also obtained from this type of electrode
      construction. The high accuracy is obtained by using the same high quality
      ion-sensitive glass that is used in good laboratory electrodes. The low
      impedance is made possible by the use of very thin glass membranes and
      well adhering conductive electrodes which are strengthened by the solid,
      well bonded epoxy backing material. A low response time of less than one
      second, and a short solution preconditioning time are mainly the result of
      the low impedance and extreme thinness of the glass membrane. The
      impedance of cylindrical electrode structures having a diameter of about
      0.3 in. and a length of about 0.3 in. was between 15 and 40 megohms.
      Conventionally made electrodes of similar size usually have an impedance
      between 100 and 500 megohms. A low resistivity lithia pH glass was
      utilized in the construction of an electrode structure of the type shown
      in FIG. 7. When immersed in a pH 7 test solution, this electrode structure
      showed a maximum variation of 5 millivolts in measuring a substantially
      constant potential of 100 millivolts to a silver-silver chloride reference
      electrode over a period of 18 hours while at a substantially constant
      temperature of 25.degree.C.
PAR  A radio capsule electrode structure may have shapes other than that
      disclosed in the preferred embodiment. FIGS. 8 and 9 show an alternative
      embodiment which may be used. A cylindrically shaped membrane 62 having a
      spherical end portion 64 is formed as described hereinabove in conjunction
      with FIGS. 1 and 2. Instead of severing the spherical portion 64, a soft
      silicone washer 66 is placed over membrane 62 and that end of the membrane
      attached to the stem is severed leaving the membrane at the desired
      length. The membrane can be supported by washer 66 while a layer 68 of
      organo-metal solution is applied to the interior thereof. As described in
      connection with the preferred embodiment, the organo-metal solution may be
      applied by wash coating, brushing, spraying, or the like. As illustrated
      in FIG. 8, the preferred method of applying layer 68 is to insert a
      hypodermic needle 70 into the opened end of membrane 62 and apply the
      organo-metal solution while slowly rotating the membrane.
PAR  As described hereinabove, the layer 68 of organo-metal solution is heated
      in order to volatilize the organic constituents thereof and to deposit a
      continuous, metallic film electrode 72 which is strongly bonded to
      membrane 62. A lead wire 74 is attached to the reduced conductive
      electrode 72 as described in conjunction with FIG. 4. A thin layer of
      epoxy or other non-conductive backing material may be applied to the inner
      surface of membrane 62 and to the exposed surface of conductive electrode
      72 by inserting a mold core into the open end of the membrane 62, applying
      a mixture of epoxy resin and hardener between the membrane and mold and
      thereafter curing the epoxy at the desired temperature. An alternative
      method of applying the thin layer 76 of epoxy is to coat the inner portion
      of the membrane and electrode with epoxy and continuously rotate the
      membrane during curing to achieve an even coating of epoxy. The electrode
      structure so formed can be incorporated into a radio capsule as one end
      thereof, the adjacent part 78 of the capsule housing including a portion
      80 which overlaps the end of membrane 62. In such a capsule the circuitry
      could occupy the central portion thereof as illustrated in FIG. 7, and the
      transmitting coil could be disposed around the circuitry.
PAR  A radio capsule has been described herein as being capable of measuring
      hydrogen ion activity in the human ailmentary canal. Such capsules can
      also be used to determine specific ion activity in animals or inaminate
      objects such as chemical reaction or storage vessels, where the need to
      fully enclose the system for purposes of sterility or confinement of
      reaction products because of poisonous gas generation, presence of radio
      active materials, and the like, makes a wireless telemetry system
      advantageous.
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STM  We claim:
NUM  1.
PAR  1. In a radio capsule for measuring concentration of an ionic species in an
      ion containing solution, said capsule being of the type comprising
PA1  a housing,
PA1  an electrode structure for providing a voltage dependent on the activity of
      said ionic species in said solution, said electrode structure being so
      disposed in said housing that a portion thereof is adapted to be exposed
      to said solution,
PA1  an oscillator circuit for generating an rf signal which is modulated by the
      voltage provided by said electrode structure,
PA1  means for providing an operating voltage for said oscillator circuit, and
PA1  means for providing a reference potential for said electrode structure,
PAL  said electrode structure being characterized in that it comprises
PA1  a cylindrically shaped membrane of glass sensitive to said ionic species,
      said membrane having inner and outer surfaces, said outer surface of said
      membrane being adapted to be exposed to said solution,
PA1  a thin film conductive electrode disposed on at least a portion of the
      inner surface of said membrane,
PA1  conductive means for connecting said conductive electrode to said
      oscillator circuit, and
PA1  a mass of non-conductive backing material adherent to the inner surface of
      said conductive electrode and to that portion of the inner surface of said
      membrane adjacent to said conductive electrode, the thermal coefficient of
      expansion of said backing material being greater than that of said glass
      membrane and said glass membrane being in a state of compression.
NUM  2.
PAR  2. A radio capsule in accordance with claim 1 wherein said conductive means
      comprises a fine conductive wire in electrical contact with said
      conductive electrode.
NUM  3.
PAR  3. A radio capsule in accordance with claim 2 wherein said conductive means
      further comprises a second wire electrically connected to said fine wire,
      the diameter of said second wire being at least twice that of said fine
      wire, said fine wire and the point of electrical connection of said fine
      and said second wires being encased in said mass of non-conductive
      material, said second wire projecting from said non-conductive material.
NUM  4.
PAR  4. A radio capsule in accordance with claim 3 wherein said backing material
      is selected from the group consisting of plastic and glass.
NUM  5.
PAR  5. A radio capsule in accordance with claim 4 wherein said backing material
      consists of epoxy.
NUM  6.
PAR  6. A radio capsule in accordance with claim 5 wherein said conductive
      electrode consists of a material selected from the group consisting of
      silver, gold, platinum, palladium, tin, lead, nickel, cobalt, tantalum,
      chromium, cadmium, copper and vanadium.
NUM  7.
PAR  7. A radio capsule in accordance with claim 6 wherein said housing
      comprises opposed end portions, said membrane being disposed centrally
      within said housing in such a manner that said end portions of said
      housing overlap corresponding end portions of said membrane.
NUM  8.
PAR  8. A radio capsule in accordance with claim 6 wherein said glass membrane
      further comprises a spherically shaped end portion, said membrane being
      disposed at one end of said housing, the adjacent portion of said housing
      overlapping the corresponding portion of said membrane.
NUM  9.
PAR  9. A radio capsule in accordance with claim 1 wherein the thickness of said
      membrane is less than 30 microns.
NUM  10.
PAR  10. A radio capsule in accordance with claim 1 wherein the thickness of
      said membrane is between 10 and 20 microns.
NUM  11.
PAR  11. A radio capsule in accordance with claim 1 further comprising a thin
      film of silane disposed between said non-conductive backing material and
      the adjacent portions of said electrode and said membrane, and wherein
      said backing material consists of epoxy and said electrode consists of
      silver.
NUM  12.
PAR  12. A radio capsule in accordance with claim 1 wherein at least a portion
      of said oscillator circuit is disposed within said backing material.
NUM  13.
PAR  13. A radio capsule in accordance with claim 1 wherein the surface of said
      membrane on which said conductive electrode is disposed is the smooth
      virgin surface.
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PAL  Electroplating procedures and apparatus are described in which the metal
      plated out of the bath is replenished by a consumable anode. Particular
      attention is paid to the design of the anode assembly so as to facilitate
      rapid replenishment of the consumable part of the anode without
      introducing electrical resistances which results in nonuniform plating.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention involves a process and apparatus for the electroplating of
      metals. In particular, it involves electroplating utilizing a consumable
      anode.
PAR  2. Description of the Prior Art
PAR  Electroplating of metals such as, for example, copper and nickel is
      extensively used in the manufacture of various articles and devices. Well
      known is the plating of metals on iron and other metals to prevent
      corrosion and to increase conductivity. Recent developments include
      electroplating of metals in the manufacture of electronic circuits and
      devices. In these latter applications a considerable degree of control is
      required in order to obtain uniform and reproducible results.
PAR  A particular problem associated with electroplating is corrosion of various
      electrical connections used in the process. Particularly troublesome is
      the variation in current densities caused by corrosion in electrical
      contacts.
PAR  A particular case in point involves electroplating processes in which the
      plating metal is replenished using a consumable anode. Here, part of the
      anode assembly (called the consumable part of the anode) is made of the
      metal being plated and is dissolved by electrolytic action during the
      plating process. In order to facilitate resupply of this metal, the
      consumable part of the anode is usually made replaceable. Electrical
      contact between the consumable part of the anode and the anode rod is made
      through a hanging device called here an anode hook. The anode rod is
      connected to the electrical power supply. Conventionally, anode hooks are
      made from round stock in the form of hooks or eyes and are threaded into
      the consumable part of the anode. These hooks are hung on the anode rod.
      Usually, there is a multiplicity of anode hooks (with attached plating
      metal) hung on each anode rod and sometimes a number of anode rods in each
      anode assembly. In commercial manufacturing procedures where large plating
      tanks are run on a semi-continuous basis, a rapid and convenient procedure
      for replenishing the consumable part of the anode is highly desirable. In
      copper plating, the anode hook is sometimes made of titanium, but the
      anode rod is usually made of copper. Other materials either were not
      believed to have sufficiently high electrical conductivity, or presented
      the danger of contaminating the electroplating bath. Although titanium
      anode hooks and copper anode rods perform reasonably well, considerable
      care must be taken to insure that corrosion does not lead to alteration of
      the electrical resistance in the contacts which would produce nonuniform
      current distributions. This leads to considerable inconvenience in
      replenishing the consumable part of the anode. The consumable part of the
      anode is often made in the form of metal bars with the anode hooks
      threaded into the bars. As the metal dissolves, the threads which hold the
      bars on the hooks dissolves. This increases the electrical resistance
      between hook and metal bars and leads to nonuniform plating. In severe
      cases, the metal bar becomes electrically isolated so that no current
      flows. To prevent these conditions, the metal bars had to be removed much
      before complete dissolution.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is a process and apparatus for electroplating metals in which
      titanium is used in certain crucial electrical parts which carry current
      to the electroplating bath. The invention pertains to electroplating
      processes in which a consumable anode is used to replenish metal plated
      out of the bath. The electrical parts involved are the anode rod which is
      attached to the source of current and the anode hook. The anode hook
      mechanically and electrically connects the consumable part of the anode to
      the anode rod. The anode hook is of unique design so as to permit rapid
      replacement of the consumable part of the anode without the danger of
      introducing excessive electrical resistance which might lead to nonuniform
      plating. Flat-stock titanium is used to make the anode hook. Viewed from
      the side, the anode hook has an L shape. The bottom surface of the L shape
      attaches to the consumable part of the anode. The flat part of the long
      section of the L shape (either inside or outside surface) attaches to the
      anode rod. The anode rod is also made of titanium flat stock with
      sufficient cross-section to insure a large area contact between anode rod
      and anode hook. This assures a low voltage drop at currents used in the
      plating process. The cross-section is approximately rectangular in shape
      with the longer-dimension surface attaching to the anode hook. A bolt
      (typically made of titanium with a shape so that it can be hand tightened)
      is threaded into this longer-dimension surface of the anode rod. The long
      section of the anode hook is slotted in the upward direction so that the
      anode hook hangs on the bolt threaded into the anode rod. Tightening of
      the bolt provides a positive contact between anode hook and anode rod.
      Because the contact between anode rod and anode hook is a flat surface
      with area generally greater than one inch square, the electrical
      resistance is very low and does not adversely affect the plating process.
      The consumable part of the anode, usually in the form of a metal bar with
      one flat surface, is attached to the bottom surface of the anode hook by
      means of a bolt (typically titanium) threaded into the metal bar. The flat
      interface between anode hook and metal bar tends to exclude electrolyte
      from the threads in the metal bar. Since electrolyte is not in contact
      with the threads, the threads are not dissolved and good mechanical and
      electrical contact are maintained between anode hook and metal bar during
      the plating process. The anode hook and rod made in accordance with the
      invention permits rapid replacement of the metal bars without the danger
      of introducing high resistance contacts which causes nonuniform plating.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a perspective view of the titanium anode hook;
PAR  FIG. 2 shows a perspective view of the titanium anode hook attached to a
      section of anode rod and equipped with a copper metal bar; and
PAR  FIG. 3 shows a perspective view of a metal electroplating bath showing
      electrolyte, titanium anode hook and titanium anode rod.
DETD
PAC  DETAILED DESCRIPTION
PAR  Interest in the use of titanium in electroplating devices was attracted by
      the discovery that ordinary commercially available titanium has a
      resistivity considerably lower than commonly known. For example, the
      literature value of commercial titanium as given in the standard reference
      [Handbook of Tables for Applied Engineering Science, edited by R. Bolz and
      G. L. Tuve, p. 95, the Chemical Rubber Company, Cleveland, Ohio (1970)] is
      80 microhm-cm. Experiments carried out on commercial titanium show that
      the resistance is considerably less than 80 microhm-cm. This was
      determined by measuring the resistance of two rectangular pieces of
      titanium obtained from Industrial Titanium Corporation. One was 12 inches
      long by 2 inches wide and 3/16 inches thick, and the other was 24 inches
      long by 11/2  inches wide and 5/16 inches thick. Fifty amperes of current
      was passed through the bars while the voltage drop between measured
      distances along the bars was determined with a high impedance input
      resistance digital voltmeter. The resistivity values were obtained from
      the formula
      ##EQU1##
      where R, the resistance, is equal to voltage drop divided by 50 amperes. A
      is the cross-sectional area, and l is the length between voltmeter probes.
      The resistivity values obtained for the two bars were 47.3 and 50.8
      microhm-cm. The surprisingly lower resistivity value made it appear that
      titanium might be attractive for use in certain metal plating applications
      where freedom from corrosion and contamination considerations were of
      particular importance.
PAR  The invention is a process for the electrodeposition of metals in which
      certain critical parts in the anode assembly are made of commercial
      titanium. The invention is directed in particular to electrodeposition
      processes in which the metal being electroplated is replenished in the
      bath by a consumable anode. The anode assembly consists of an anode rod
      which is connected directly to the power supply, an anode hook and the
      consumable part of the anode. The consumable part of the anode is usually
      in the form of a metal bar preferable with at least one flat surface. The
      anode hook mechanically and electrically connects the anode rod to the
      metal bar.
PAR  The anode rod is preferably rectangular in cross-section so as to supply a
      flat surface for electrical connection to the anode hook. Cross-sectional
      dimensions may vary over wide limits, but a thickness of one-eighth inch
      to 1 inch and a width of 1-3 inches are typical. Dimensions are adjusted
      so as to provide sufficient surface for good electrical contact between
      anode rod and anode hook and to insure a small (preferably less than 0.1
      volt) voltage drop in the anode rods at the current at which the plating
      process is carried out. The anode hook also is made of flat stock titanium
      and when viewed from the side is L-shaped. Along the flat surface of the
      long side of the L shape, it is slotted slightly in the upward direction
      so that the anode hook (with attached metal) can be slipped on a bolt
      attached to the anode rod. The anode hook is supplied with a hole on top
      of the L section for ease of grasping either by hand or by mechanical
      means. The bottom surface of the L shape is also flat and attaches to the
      flat surface of the metal bar. This attachment is usually made by means of
      a bolt screwed into a threaded hole in the metal bar. The advantage of a
      flat surface between the anode hook and the metal bar is that it tends to
      exclude electrolyte from the theaded hole which prevents dissolution of
      the threads. Also, the flat surfaces present a large area for electrical
      contact which minimizes electrical resistance. Typically, the anode hook
      is made of flat stock 1/8-1 inch thick and 1-3 inches wide. The length of
      the small part of the L shape is typically 1-3 inches, and the length of
      the long part of the L shape is typically 3-10 inches. Although this
      process is applicable to a large variety of plating processes, it is
      particularly significant in copper plating processes since these processes
      often replenish dissolved metal by anode dissolution. Further, copper
      plating baths are often quite corrosive and typically require high
      currents.
PAR  FIG. 1 shows a typical design of the anode hook 10 showing the upward
      slotted section 11 and the hole on top of the L shape 12, the bottom L
      section 13, and the hole required for attachment to the metal bar 14.
PAR  FIG. 2 shows the assembled anode structure 20, with anode rod 21 made of
      titanium, anode hook 22 made of titanium and the metal bar 23. In a copper
      plating bath the metal bar is made of copper. Also shown is the screw 24
      attached to the metal bar, which preferably is made of titanium. On
      attaching the anode hook to the anode rod, positive pressure is applied by
      a hand-tightened screw assembly 25. This positive pressure insures good
      electrical contact between the titanium anode rod and titanium anode hook.
PAR  FIG. 3 shows a perspective view with cutaway sections of an electroplating
      bath 30 with anode assembly 31 and cathode assembly 32. Also shown is the
      bath container 33 and bath solution 34. The anode assembly comprises the
      anode rod 35 and the anode hook 36. The metal being dissolved in the bath
      37 and bolt 38 attaching this metal to the anode hook are also shown.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A cell for electroplating metals on a surface having an anode assembly
      and cathode assembly in which the anode assembly comprises an anode rod,
      an anode hook attached to the anode rod, means for attaching the anode
      hook to the anode rod, a consumable anode, and means for attaching the
      consumable anode to the anode hook, characterized in that the anode rod
      and anode hook are made of a flat stock material which consists
      essentially of titanium and the anode rod has a width between 1 and 3
      inches and a thickness between one-eighth and 1 inch; and the anode hook
      has a width between 1 and 3 inches and a thickness between one-eighth and
      1 inch and has an L shape with the short dimension of the L shape between
      1 and 3 inches and the long dimension of the L shape between 3 and 12
      inches and in which the long part of the L shape has a slot of uniform
      width slanting inwardly and upwardly for attachment to the anode rod.
NUM  2.
PAR  2. The apparatus of claim 1 in which the electroplating metal is copper.
NUM  3.
PAR  3. The apparatus of claim 1 in which the electroplating metal is nickel.
NUM  4.
PAR  4. The apparatus of claim 1 in which the means of attaching the consumable
      anode to the anode hook is a bolt screwed into a threaded hole in the
      consumable anode in which the bolt is made of a material consisting
      essentially of titanium.
NUM  5.
PAR  5. The apparatus of claim 1 in which the means of attaching the anode hook
      to the anode rod is a bolt threaded into the anode rod which fits into the
      slot in the anode hook, in which the bolt is made of a material which
      consists essentially of titanium.
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ABST
PAL  The pressure vessel of a hydrogen generator is provided with closely-spaced
      cylindrical screen electrodes and a dielectric coating on the vessel's
      internal surfaces in order to improve generator efficiency and life.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The invention relates to apparatus for generating hydrogen, more
      specifically to the internal construction of the pressure vessel of such a
      generator.
PAR  2. Description of the Prior Art:
PAR  It is a well-known process to obtain hydrogen from the disassociation of
      water by electrolysis. Hydrogen generators using this principle generally
      employ a pressurized container in which the electrodes are situated and
      the oxygen and hydrogen gases are collected separately. U.S. Pat. No.
      3,761,382 represents an important improvement in the generation and
      purification of hydrogen. The novel pressure vessel of this patented
      generator includes a tank member which is hermetically secured to a closed
      top member. A controlled volume of electrolytic solution is maintained in
      the tank during operation. The hydrogen electrode (cathode) comprises a
      cylindrical probe member which is mounted in the center of the tank. An
      open-ended, cylindrical screen oxygen electrode (anode) surrounds the
      hydrogen electrode. The electrodes are spaced by a plastic cylindrical
      sleeve member and a woven asbestos sleeve cover.
PAR  The pressure vessel of the patented generator has been found to have
      several drawbacks. First, an appreciable electrical flow from the anode to
      the internal wall of the pressure vessel has resulted in reduced
      efficiency of the generator. Second, the approximate 1/4 inch space
      between the anode and cathode has resulted in a relatively high resistance
      to current flow between anode and cathode. By reducing the space between
      anode and cathode, the generating capacity of the generator can be
      improved by increasing the current flow for a given voltage. The high
      resistance has also caused the generator to run at elevated temperatures
      thereby reducing the life of the asbestos screen and other internal
      components. Third, the vessel interior surface is continuously exposed to
      a 18% solution of sodium hydroxide, oxygen and hydrogen. It has been found
      that these substances corrode and otherwise tend to deteriorate the
      interior surfaces of the pressure vessel.
PAR  It is the purpose of the present invention to overcome the disadvantages
      while maintaining the many advantages of the generator pressure vessel of
      U.S. Pat. No. 3,761,382.
PAC  SUMMARY OF THE INVENTION
PAR  The apparatus of the invention provides a novel pressure vessel
      construction for electrolytic hydrogen or oxygen generators. The pressure
      vessel includes a top member which is hermetically secured to a tank
      member. Appropriate openings are provided in the top for introducing water
      into the tank, removing hydrogen and oxygen gas from the tank and securing
      the hydrogen and oxygen electrode terminals. The tank houses the hydrogen
      and oxygen electrodes which are cylindrical screen members separated only
      by a woven asbestos curtain and an electrically insulated, thin-wall steel
      tube. The interior surface of the tank is also electrically insulated to
      prevent power loss to such surface.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a section view of the pressure vessel showing the position of the
      hydrogen and oxygen electrodes and with the water inlet, hydrogen and
      oxygen outlets, and level control means not shown but with the invention
      improvements being shown.
PAR  FIG. 2 is an enlarged section view of the electrodes, tube member and
      asbestos sleeve shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As best shown in FIG. 1, pressure vessel 10 comprises a tank member 11 and
      top member 12. In specific embodiment, tank 11 is a standard 4-inch weld
      cap welded to a standard 4-inch weld neck flange and top member 12 is a
      4-inch blind flange. Members 11 and 12 are secured together in a gas-tight
      seal by bolts 13 and nuts 14. Tank 11 encloses four cylindrical
      components: hydrogen electrode 15, oxygen electrode 16, asbestos curtain
      18, and tube member 19, which are arranged in a closely spaced, concentric
      manner.
PAR  Thin-wall, slotted tube member 19 is secured in a gas-tight connection 25
      to the interior surface of top member 12 and extends downwardly within
      tank 11 to a point approximately one-half inch from the bottom surface of
      tank 11. Tube 19 is made from 20-gauge carbon steel and is provided with a
      plurality of vertical slots 20 which leave only sufficient skeleton to
      support woven asbestos curtain 18. Curtain 18 is wrapped around tube 19
      and secured by strings 27, 28. Curtain 18 covers slots 20 and prevents the
      passage of either oxygen or hydrogen through the slots.
PAR  An oxygen electrode terminal 40 extends through top 12 into tank 11.
      Attached to terminal 40 is an electrode connector 42 which connects
      terminal 40 to the oxygen electrode screen 16. Electrode screen 16 is
      located immediately outside of asbestos curtain 18. In specific
      embodiment, electrode 16 is made from a nickel 200 screen having 12 by 12
      mesh and 0.032 inch diameter wire. Electrode 16 serves as the anode in the
      electrolysis process. Screen electrode 16 covers and extends slightly
      above and below slots 20 in tube 19. The stainless steel hydrogen
      electrode screen 15 is connected to hydrogen electrode terminal 41 by
      electrode connector 43. Electrode 15 is made from 304 stainless steel
      screen having 14 by 14 mesh and 0.025 inch wire. Electrode 15 is mounted
      inside of tube 19 to serve as the cathode. As best shown in FIG. 2,
      electrodes 15 and 16 are separated only by the thicknesses of curtain 18
      and tube 19.
PAR  Slots 20 in tube 19 allow for the passage of ions between the electrodes
      15, 16 while the asbestos curtain 18 serves as a barrier to the flow of
      gas through the slots. The 20-gauge steel construction of tube 19 provides
      a 0.0375 inch wall thickness. It has been found that this approaches the
      minimum wall thickness which will provide structural integrity at
      operating temperatures. As discussed previously, the thickness of tube 19
      determines the distance between electrodes 15 and 16. By placing
      electrodes 15, 16 in a close spatial relationship, the resistance to
      electrical flow between the electrodes is decreased thereby increasing the
      hydrogen output per unit of electrical energy consumed. A further
      advantage of placing the electrodes close together is that heat generation
      is kept at a minimum thereby increasing the life of the internal
      components. Tube 19 is made from an electrical conducting material; and,
      therefore, it must be coated with an insulating coating 30 since it may be
      in physical contact with electrode 15 and is positioned only a short
      distance from electrode 16. The preferred coating is No. ECB-136A Epoxy
      manufactured by Polymer corporation of Reading, Pennsylvania. Polymer
      Epoxy No. ECA-1283 and certain polyvinyl chlorides with good dielectric
      qualities have also been used successfully. It has been found that if the
      interior wall surface of tank 10 is made from an electrical conducting
      material, there will be a power loss due to electrical flow from electrode
      16 to the wall surface; therefore, the interior wall surface of tank 11 is
      coated with coating 30, as used on tube 19.
PAR  The operation of pressure vessel 10 will now be described. Before start-up,
      the level of the electrolytic solution in tank 11 is brought to level L
      which is sufficiently high to assure that the solution completely covers
      electrode screens 15 and 16. An electric potential is created between
      electrodes 15 and 16 thereby generating oxygen and hydrogen by
      electrolysis in the manner well known to those skilled in the art. Oxygen
      collects in oxygen collection space 23 and hydrogen collects in hydrogen
      collection space 22. Gas-tight seal 25 prevents mixing of the gases. The
      oxygen is bled to the atmosphere from collection space 23 through a
      suitable relief valve (not shown) and the hydrogen is conveyed from the
      generator through suitable tubing (not shown) at such rates that the level
      of caustic fluid remains at a satisfactory level for further electrolysis.
      Suitable control means (not shown) are provided to keep the electrolytic
      solution at operative levels.
PAR  In summary, the novel and efficient construction of pressure vessel 10
      leads to increased efficiency in the operation of a hydrogen generator of
      the type described in U.S. Pat. No. 3,761,382. The epoxy coating 30 on the
      interior wall surface of tank 11 prevents corrosion due to the continuous
      exposure to the caustic electrolytic solution. Coating 30 also serves to
      insulate the tank wall from electrode screen 16 thereby eliminating any
      electrical flow from electrode 16 to the wall. By coating slotted tube
      member 19 with coating 30, it is possible to use an electrically
      insulated, thin-wall steel tube instead of the thicker plastic tube
      members of the prior art. As a result there is a close spatial
      relationship between electrodes 15 and 16 which reduces the resistance
      between electrodes and allows a higher current flow at a constant voltage.
      It has been found that this reduction in electrical resistance allows the
      hydrogen generator to produce approximately 25% more hydrogen at constant
      power consumption. The lower resistance also cuts back on heat generation
      in tank 11 and thereby increased the life of the internal components.
PAR  Since the present invention follows U.S. Pat. No. 3,761,382, a more
      complete understanding of the invention, its advantages and operation, may
      be had by resort to that patent and whose teachings have not been repeated
      here.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electrolytic hydrogen or oxygen generator apparatus of the type
      having a pressure tank adapted to contain an electrolytic solution
      including water and an electrolyte, and having a water inlet, an oxygen
      outlet and a hydrogen outlet, the improved pressure tank assembly
      comprising, in combination:
PA1  a. a metal tank member having a closed bottom and an open top;
PA1  b. a cover member hermetically secured to the open top of said tank member,
      said cover member providing openings for said water inlet, oxygen outlet
      and hydrogen outlet;
PA1  c. a thin-wall integral cylindrical tube member having electrically
      insulating surfaces and positioned centrally inside of said tank member,
      the upper end portion of said tube member being connected to said cover
      member in a gas-tight seal and having a lower open end portion terminating
      immediately above the closed bottom surface of said tank member and
      including openings cut therein;
PA1  d. a woven, cylindrical asbestos curtain covering said tube openings and
      adapted to act as an impervious barrier to hydrogen and oxygen gas flow
      while allowing the passage of ions and electrolytic solution therethrough;
PA1  e. oxygen electrode means mounted inside said tank member and having
      electrically conducting means extending through said cover, said oxygen
      electrode means comprising a fine mesh screen electrode wrapped in close
      spaced relation around said asbestos curtain and covering said tube
      openings;
PA1  f. hydrogen electrode means mounted inside said tank member and having
      electrically conducting means extending through said cover, said hydrogen
      electrode means comprising a fine mesh screen electrode positioned inside
      of said tube and being coaxial with said tube in a close spaced relation
      therewith and having a height sufficient to cover said tube openings; and
PA1  g. an electrically insulating coating impervious to and inert with respect
      to hydrogen, oxygen, and sodium hydroxide applied to the entire interior
      side and bottom wall surfaces of said tank member.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said oxygen electrode screen is a
      nickel screen and said hydrogen electrode screen is a stainless steel
      screen.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said tube is made of steel having a
      thickness less than 0.040 inches and covered with an electrically
      insulating coating selected from the group consisting of epoxy and
      polyvinyl chloride.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said electrically insulating coating
      applied to the interior surfaces of said tank member is selected from the
      group consisting of epoxy and polyvinyl chloride.
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ABST
PAL  The system comprises at least one device which includes an electrode and a
      fluid cavity both extending the longitudinal length of the circuit board
      adjacent to the portion of the board involved. Ordinarily, the terminal
      contacts along one edge of the board are to be stripped of, for example,
      tin-lead solder or plated with, for example, gold. The portion of the
      board to be plated or stripped, is made the other electrode. The electrode
      of the device is spaced from the contacts so that the fluid from the
      cavity flows evenly over the surface of the contact pads. Current passes
      from the electrode through the fluid to the board surface to either strip
      or plate, depending on the application of the system. The polarities of
      the electrodes are reversed for plating and stripping and the solution is
      changed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to a fluid flow stripping and plating system and,
      more particularly, to such a system in which an electrode is disposed
      adjacent to a circuit board to be plated and/or stripped for passing
      current through a fluid flowing evenly over the portion of the circuit
      board involved.
PAR  2. Description of the Prior Art
PAR  In order to produce circuit boards, it is necessary to be able to strip, or
      etch away, solder from the portions of the circuit pattern comprising the
      terminal contact pads of a circuit board. The terminal pads are ordinarily
      inserted into a terminal board connector comprising part of an electronic
      system. After the solder is etched away from the terminal pad portion, it
      is necessary then to gold plate over the copper exposed during the etching
      process. Gold adheres better to the copper than to solder.
PAR  In the past, the boards have been masked and dipped into an acid solution
      for removing the solder and, subsequently, gold-plated according to known
      techniques. In another method, a carbon electrode wrapped in a cloth has
      been dipped in an acid etchant and brushed across the portion of the board
      to be stripped. Both processes are relatively inefficient and consume
      considerable periods of time. The tool and workpiece must be moved
      relative to each other.
PAR  A system is desired in which the solder can be etched away from the
      terminal contact pads of the circuit board at a relatively fast and
      efficient rate. It would also be preferred if the system could be used to
      plate gold on the etched copper contact pads. The system described herein
      provides an efficient fluid flow stripping and plating system which is an
      improvement over the processes described above.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the invention comprises a system for evenly flowing a fluid over a
      selected portion of a circuit board, usually the terminal contact pads,
      for removing a material such as solder from copper or for plating a
      material such as gold over the copper contact pads of the circuit board.
      The system includes a longitudinal extending electrode disposed adjacent
      to, but separated from, the contact pads being etched or plated. Fluid
      from a longitudinally extending cavity flows between the electrode and the
      contact terminals. Current passes through the fluid to either etch or
      plate the contact pads. The circuit board contact pads are polarized as an
      electrode of opposite polarity.
PAR  During the etching, or stripping process, an etchant solution is passed
      over the contact pads. For the plating process, the polarities of the
      board and the electrode adjacent to the board are reversed, and a plating
      solution is passed over the contact pads.
PAR  Therefore, it is an object of this invention to provide an improved system
      and process for etching a material from a base material.
PAR  It is another object of this invention to provide an improved system for
      plating a material over a base material.
PAR  A still further object of this invention is to provide an improved etching
      and plating system in which the etchant and/or the plating solution is
      passed over a selected portion of a circuit board.
PAR  A still further object of this invention is to provide a fluid flow etching
      and/or plating system using a longitudinally extending electrode and
      cavity for equally flowing a fluid over a portion of a circuit board while
      simultaneously passing a current through the fluid to either remove one
      material from the base material or to plate a material over a base
      material depending on the application of the system.
PAR  A still further object of the invention is to provide an improved system
      for stripping, or etching, solder from a copper base material comprising
      the contact pads of a circuit board which does not involve dipping a board
      into an acid etchant.
PAR  A further object of the invention is to provide a stripping and/or plating
      system which does not require the use of a rubbing device to remove and/or
      plate one material from or onto a base material.
PAR  A still further object of this invention is to provide a fluid flow etching
      and plating system which can remove solder from a copper base at a
      relatively fast rate and which can plate gold over a copper base at a
      relatively fast rate.
PAR  Another object of this invention is to provide a system for removing and/or
      plating a material on or from, as the case may be, a circuit board which
      does not require a relative movement of the system and the circuit board
      during the removing and/or plating operation.
PAR  These and other objects of the invention will become more apparent when
      taken in connection with the description of the drawings, a brief
      description of which follows:
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is a perspective view of one embodiment of a system using two fluid
      flow etching and plating devices.
PAR  FIG. 2 is an end view of one embodiment of a fluid flow etching and plating
      device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is a perspective view of one embodiment of etching and plating
      system 1 comprising individual devices 2 and 3 having longitudinal lengths
      equal to that of circuit board 4 which is disposed between the devices. In
      other embodiments, only one device may be required. The devices include
      longitudinal electrode 5 and 6 comprised of a material such as carbon
      having a rectangular shape. The electrodes provide for equal distribution
      of current along the adjacent surfaces of the circuit board.
PAR  Cavity members 7 and 8, comprised of a non-corrosive material such as
      stainless steel, are connected on top of the electrodes 5 and 6
      respectively. The cavities include tubing 9 and 10 connected at the back
      sides of the members to direct fluid into the cavities from a source such
      as pump 11. The other sides of the cavities are open and slightly beveled
      (as shown more clearly in FIG. 2) to match the beveled edge of the
      electrodes.
PAR  Spacers 12 and 13 are affixed to the sides 14 and 15 of cavities 7 and 8
      respectively for displacing the sides of the electrodes from the surfaces
      of the circuit board and to permit fluid to flow from the openings of the
      cavities across the surfaces of the circuit board adjacent to the
      electrodes. The spacers provide an initial emf gap between the electrode
      and the circuit board. The spacers may be comprised of a rubber strip or
      other material non-reactive with the fluid passing through the openings
      above the beveled edges. In addition, the spacer prevents fluid from
      flowing in the opposite direction as it passes from the openings. FIG. 2
      illustrates the function of the spacers more clearly.
PAR  Walls 16 and 17 of the cavities form channels adjacent to tubings 9 and 10.
      The walls connected to the inner surface of the top of the cavities have
      heights which permit the fluid to flow out of the channels into the open
      portions of the cavities on the opposite side of the wall adjacent to the
      cavity openings (see FIG. 2). The walls remove air bubbles from the fluid
      and direct the flow of fluid so that the fluid flows evenly over the
      surface of the circuit board. Ordinarily, the tube, the cavity, and wall
      are formed simultaneously. The parts of the devices may be combined by a
      suitable adhesive which is non-reactive to the chemical elements involved.
PAR  Pump 11 supplies fluid, either an etchant or a plating fluid, through
      tubing 9 and 10 of the devices 7 and 8. The system further comprises sump,
      or reservoir, 18 for collecting the fluid as it passes from the respective
      openings of cavities 7 and 8 of the devices past the contact pads 19 of
      circuit board 4. The contact pads are not shown in great detail since they
      are known to persons skilled in the art.
PAR  The appropriate contact pads of circuit board 4 are connected to power
      supply and control circuit 20 by clip 21 and to the electrodes 5 and 6.
      The power supply is used to polarize the circuit board to a polarity
      opposite that of the electrodes. The control portion of the power supply
      20 may be implemented by a current switch to disconnect the electrodes
      from the power supply when the current level through the circuit board
      falls below a certain value. For example, when the power supply is turned
      on, the current through the board may be approximately 40 amps. Whereas,
      after the tin-lead solder has been etched away the current drops to 10
      amps. When the current switch detects the 10 amp level, the power supply
      is turned off or otherwise disconnected from the electrode.
PAR  FIG. 2 is a cross-sectional end view of one etching and plating device 22.
      The end section has been removed to more clearly illustrate the position
      of wall 23 which forms a channel at the rear of cavity 24. The channel is
      between the openings in the wall 25 through which fluid is directed and
      the opening 26 in the opposite wall 27 for directing the fluid towards the
      circuit board 31. The opening is beveled to match the beveled edge 28 of
      the electrode 29 and is configured to control the pressure of the fluid
      from the cavity. As a result, the fluid is directed downward across the
      face of the circuit board under a controlled pressure.
PAR  Spacer 30, affixed to the outer surface of side 27, is comprised of
      nonreactive material such as a close celled nitrogen filled chlorophene
      rubber. The spacer has a thickness so that the device 22 is separated from
      the circuit board by an amount to permit the fluid to flow from opening 26
      across the contact pads of the circuit board and between side 32 of the
      electrode 29.
PAR  Depending upon the particular application of the system, either for etching
      or plating, the system performs the process on both sides of the board
      simultaneously. Ordinarily, the system is used to etch tin-lead solder
      from the copper base of the contact pads at the edge of the circuit board
      and, subsequently, plate the copper pads with gold.
PAR  When the system is operated as an etching, or stripping, system, for
      example, to remove solder plating from the copper terminal pads at the
      edge of a circuit board, an acid etchant such as fluoroboric acid is
      passed through the openings of the devices 11 and 13 so that it flows
      evenly over the face of the circuit board. The circuit board is connected
      to the plus terminal 21 of the power supply 20, and the electrodes 5 and 6
      are connected to the minus terminal of the power supply. The current
      passes through the solution to the polarized solder so that the solder is
      very quickly and efficiently removed from the copper base material. For
      example, fluid may be pumped from the source at a rate of approximately
      2.5 gallons per minute. While the power supply may be set at approximately
      10 volts, from 3 to 5 seconds would be required to strip the tin-lead
      solder from a 5 .times. 9 inch circuit board at the contact pad area.
PAR  It is pointed out that although the fluid is an electrolyte which permits
      current to be conducted from the electrode into the circuit board, it also
      provides a mechanical cleansing effect to remove the material etched away
      by the combined action of the current and the fluoroboric acid. In other
      systems using an acid etchant, it is actually necessary to mechanically
      rub or wash away the etched material. One of the advantages of the system
      described herein is that the device is clamped in a fixed position against
      the circuit board and a relative movement between the device and the
      circuit board is not required.
PAR  The system may be used to plate gold onto the exposed copper pads. After
      the solder has been removed, the fluid is changed from an acid etchant to
      a plating solution containing gold; and the polarization of the electrode
      is reversed. In other words, the copper base of the circuit board is made
      the minus (-) electrode and the electrodes 20 and 21 of the devices are
      made the positive (+) electrodes. For that embodiment, the gold is
      deposited onto the copper base as the fluid flows evenly across the
      polarized terminal pads.
CLMS
STM  I claim:
NUM  1.
PAR  1. A fluid flow stripping and plating system for removable circuit boards
      and having a fluid source containing a fluid therein, comprising in
      combination:
PA1  Electrical contact means for connection to a removable circuit board having
      terminal contacts adapted to be energized with a voltage of one polarity;
PA1  First cavity means having a first opening therein said first opening being
      in a side of the first cavity means;
PA1  A first electrode connected to said first cavity means and extending the
      length of said first cavity means;
PA1  Means for spacing said first cavity means from said circuit board for
      permitting said fluid to flow from the first opening between said first
      electrode and said circuit board and across said terminal contacts when
      said circuit board is inserted in said system;
PA1  A second cavity means having a second opening therein, said second opening
      being in a side of said second cavity means and having a length of at
      least equal to that of said first cavity means;
PA1  A second electrode connected to said second cavity means and extending the
      length of said second cavity means;
PA1  said first and second electrodes being adapted to be energized with a
      voltage of the opposite polarity; and
PA1  A second means for spacing said second cavity means from said circuit board
      for permitting said fluid to flow from the second opening between said
      second electrode and said circuit board and across said terminal contacts
      when said circuit board is interposed between said first and second
      electrodes, said first and second electrodes being composed of carbon.
NUM  2.
PAR  2. The combination recited in claim 1, wherein:
PA1  said fluid source providing a supply of the fluid therefrom into either of
      said cavity means, either of said cavity means including means for
      removing bubbles from said openings, said openings having configurations
      for providing predetermined fluid pressure.
NUM  3.
PAR  3. The combination recited in claim 1, including:
PA1  means for connecting said first electrode to a voltage having one polarity
      and the portion of said circuit board adjacent to said first electrode to
      a voltage having another polarity for providing electrodes of opposite
      polarities for removing metal from the metallic portions of said circuit
      board when said fluid flows across the portion of the circuit board
      adjacent to said first electrode.
NUM  4.
PAR  4. The combination recited in claim 1, wherein said fluid is a plating
      solution.
NUM  5.
PAR  5. The combination recited in claim 1, wherein:
PA1  at least one of said openings having a configuration for providing control
      of the pressure of said fluid so as to enable removal of material etched
      from said circuit board.
NUM  6.
PAR  6. The combination recited in claim 1 wherein the first and second
      electrodes connected to the respective first and second cavity means
      adjacent the respective first and second openings, said first and second
      electrodes being configured as an extension to said first and second
      openings whereby the permitted flow is guided across said circuit board
      when the latter is interposed between said first and second electrodes.
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ABST
PAL  A coating of a protected electrocatalytic material on a dimensionally
      stable anode or other electrode.
PARN
PAR  This application is a continuation of application Ser. No. 144,907, filed
      May 19, 1971, now abandoned, which in turn is a continuation-in-part of
      application Ser. No. 702,695, filed Feb. 2, 1968, now U.S. Pat. No.
      3,632,498.
BSUM
PAR  When dimensionally stable electrodes formed from valve metals, such as
      titanium, tantalum, zirconium, niobium, etc. and alloys thereof, are used
      as anodes for chlorine production in electrolysis cells and in other
      electrolysis processes, it is necessary to provide a coating or partial
      coating for such dimensionally stable anodes which is capable of
      conducting current from the metal base of the anode to the electrolyte and
      of catalyzing the formation of chlorine molecules from the chloride ions
      released at the anode. Such coating also prevents passivation of the anode
      over long periods of time.
PAR  Typical conductive electrocatalytic coatings are gold, silver, platinum,
      palladium, iridium, ruthenium, osmium, rhodium, iron, nickel, chromium,
      copper, lead, manganese, and oxides, nitrides, carbides and sulfides
      thereof and graphite. However, when said coatings are applied to a
      dimensionally stable anode base and subjected to the conditions of a
      chlorine electrolysis cell, whether of the mercury cathode or diaphragm
      type, the said coatings deteriorate or are consumed or destroyed rapidly
      under the cell conditions.
PAR  One of the objects of this invention is to provide a method of protecting
      said coatings on a dimensionally stable anode base and of prolonging the
      effective life of said electrocatalytic material on the anode base.
PAR  Another object of the invention is to provide a method for protecting the
      electrocatalytic material on an electrode which utilizes relatively
      inexpensive materials in the coatings thereon and which is nevertheless
      excellent for carrying out electrolytic processes and provides an
      electrode having a long life and is stable in operation.
PAR  Various other objects and advantages of this invention will appear as the
      description proceeds.
DRWD
PAR  The invention will now be described in greater detail with reference to the
      accompanying drawings, in which:
PAR  FIG. 1 is a cross-section of the electrode according to the invention; and
PAR  FIG. 2 is a graph in which the performance of prior electrodes is compared
      with that of an electrode according to the invention.
DETD
PAR  Referring to the drawings, the electrode according to the invention
      consists of a base or core 10 having a coating 11 thereon, which two parts
      consist of material which will be described more fully hereinafter.
PAR  The electrode is shown as having a simple rectangular shape, but it will be
      understood that the electrode is not limited to such a configuration, but
      may have any configuration suitable for the electrolysis apparatus in
      which the electrode is to be used. Furthermore, there is shown a simple
      cavity 12 at the top for connecting the current conductor thereto, but
      this feature does not constitute part of the invention and may be changed
      as desired.
PAR  The base or core of the electrode according to the invention consists of a
      conductive material which, at least on the outside, is resistant to the
      electrolyte in which it is to be used. Thus, for example the base may
      consist of any of the film-forming metals such as aluminum, tantalum,
      titanium, zirconium, bismuth, tungsten, niobium, or alloys of two or more
      of these metals. However, I may use other conductive materials which will
      not be affected by the electrolyte and the products formed during the
      dissociation thereof, it being possible to use metals such as iron, nickel
      or lead, and non-metallic conductive materials, such as graphite, in
      suitable electrolytes.
PAR  The coating 11 consists of an electrically conductive electrocatalytic
      material such as one or more metals, oxides, nitrides, carbides or
      sulfides of the electrolytic coatings recited above, together with a
      protecting coating material for protecting said conductive
      electrocatalytic material from the conditions encountered in a chlorine or
      other electrolysis cell. While there are a number of theories as to the
      exact nature of the coating, it is thought that the protecting coating
      material may surround the electrocatalytic material and protect it from
      the conditions in the cell while not inhibiting the electrocatalytic
      activity of the electrocatalytic material. The protecting material may
      consist of oxides, nitrides, carbides and sulfides of titanium, tantalum,
      zirconium, niobium, aluminum, lead or of graphite. It should preferably be
      coprecipitated from a mixed solution or suspension of the protective
      material and a solution from which an electrocatalytic material from the
      group consisting of gold, silver, platinum, palladium, iridium, ruthenium,
      osmium, rhodium, iron, nickel, chromium, lead and manganese can be
      precipitated. The mixed solution or suspension may be formed of soluble
      salts of the metals forming the final coating or of mixed suspensions,
      said solutions precipitating the salts together in intimate mixture in the
      coating on the electrodes. The materials may be applied in separate coats.
PAR  The coating according to the invention need not cover the entire surface of
      the electrode to be immersed in the electrolyte. As a matter of fact, the
      coating need only cover 2% of the immersed zone, and the electrode will
      still operate effectively and efficiently.
PAR  There are a number of methods of forming the protected electrocatalytic
      coating on the base to produce the mixed coating material. The most
      practical one thereof comprises the coprecipitation of an oxide of a
      film-forming metal with the other material of the mixture constituting the
      coating, which coprecipitation may be effected chemically, thermally,
      electrically, or by a combination of these methods. One method of
      effecting such a coprecipitation consists in preparing a solution
      containing materials from which one or more oxides of the protective
      film-forming metal can be precipitated, and further materials from which
      the electrocatalytic conductor material can be precipitated and thereafter
      treating the solution in such a manner that the oxide or oxides of the
      film-forming metal are coprecipitated with the conductors of the
      electrocatalytic material. Among the methods of treating the solution are
      evaporation of the solvent followed by the thermal oxidation of the mixed
      material, whereby when the solution is first applied to the surface of the
      electrode to be coated by a treatment such as brushing, immersion, or
      spraying, the coprecipitated mixture remains behind on the surface of the
      electrode. Alternatively, the pH of the solution can be so adjusted that
      the materials of the mixture are precipitated to form a suspension and
      then the portion of the electrode to be coated can be immersed in the
      suspension and an electrophoresis effected to precipitate the materials
      onto the electrode. Such a method is preferably followed by sintering to
      promote the adhesion of the deposited mixture to the material of the core
      of the electrode.
PAR  A particular method of coprecipitating the materials to form the mixed
      coating material comprises preparing a solution containing a solvent and a
      soluble compound or compounds of a film-forming metal, which will
      precipitate when the solvent is evaporated, and a soluble compound or
      compounds of a non-film-forming electrocatalytic conductor which will also
      precipitate when the solvent is evaporated. The solution is applied to the
      surface of the electrode base to be coated, and the base thus coated is
      heated one or more times, preferably several times, in a non-reducing
      atmosphere.
PAR  Alternatively, only one of the materials in the solvent need be evaporated.
      That is to say, either a compound from which an oxide of a film-forming
      metal can be deposited, or a compound from which a non-film-forming
      conductor can be deposited, the other compound or compounds being
      suspended in the solution. The subsequent treatments are the same as in
      the case that all materials are in the dissolved state.
PAR  A different method of making the electrode consists in the use of the
      so-called vacuum-sputtering techniques, in which the base is placed in a
      vacuum and cathods of one or more film-forming metals are placed in the
      vacuum together with a cathode of an electrolytic non-film-forming metal
      or an oxide thereof, and the sputtering current is conducted through an
      anode and the cathodes so that the electrolytic film-forming metal
      protective oxide or oxides are sputtered onto the base together with the
      electrolytic non-film-forming metal or electrocatalytic metals or oxide or
      oxides thereof.
PAR  Still another method of making the electrode according to the invention
      consists in the use of an electrolysis. The base of the electrode is
      immersed in an electrolyte consisting of a solution of salts or other
      compounds of one or more protective film-forming metals from which
      solution the oxide or the oxides will coprecipitate onto the electrode
      when the solution is subjected to electrolysis. The solution also contains
      a soluble compounds of a non-film-forming electrocatalytic metal or metals
      or of an oxide or oxides of such metals which will also coprecipitate
      during the electrolysis. The electrolysis can be effected either by
      passing an alternating current through the electrode, or by using the
      electrode as an anode and conducting a direct current through it.
PAR  Generally speaking, the formation of the mixtures of the oxides according
      to the invention can be effected thermally by heating in the air, but in
      some cases this can be beneficially affected by conducting the heat
      treatment under subatmospheric or superatmospheric pressure. The heating
      may be effected by resistance heating or high-frequency heating.
PAR  When the mixtures are applied electrolytically, this is best effected under
      anodic conditions, and preferably so that one or more hydroxides of the
      metals are deposited on the base, such hydroxides being subsequently
      sealed by boiling in demineralized water or by heating.
PAR  Generally speaking, the starting products are salts of the metals which are
      converted into the desired oxides thermally. The acid residue is
      preferably so selected that the salt is converted into an oxide at a
      temperature of from 400.degree.-1200.degree.C. I preferably use acid
      residues of volatile acids such as HCl, HBr, or acetic acid.
PAR  The manner in which the electrode according to the invention is used will
      be readily apparent to those skilled in the art. For most uses, the
      electrode is placed as an anode in an electrolysis apparatus, and the
      electrolysis is carried out in the conventional manner and under
      conventional conditions, the product or products of the electrolysis being
      yielded in the conventional manner, or the purified electrolyte being
      recovered, as desired. Examples of processes in which the electrode is
      thus used are the electrolysis of brine in mercury cells or diaphragm
      cells for the production of chlorine and alkali metal hydroxides, the
      electrolytic production of chlorates, hydrochlorites, persulphates, and
      perborates, the electrolytic oxidation of organic compounds, such as
      liquid or gaseous hydrocarbons, for example, propylene or ethylene, the
      electrolytic deposition of metals, desalination of water, sterilization of
      water, and fuel cells. The electrode is also excellently suitable for use
      as an anode in cathode protection systems and as a cathode in bi-polar
      cells.
PAR  While the electrocatalytic ingredient of the electrode coating is sometimes
      referred to herein as a chlorine discharge catalyst, capable of catlyzing
      the formation of chloride ions into chlorine molecules and of discharging
      the chlorine molecules from the surface of an anode into the electrolyte,
      it will be understood that electrodes coated with an electrocatalytic
      material and a protective compound therefor are used in many other
      electrolysis process, as described above.
PAR  As explained above, the provision of the mixed coating containing the
      conductive electrocatalytic material and the protecting material is the
      particular feature accounting for the outstanding performance of the
      electrode according to my invention. The importance of the restriction
      that the coating must behave as a mixed material in which the
      electrocatalytic ingredient is protected by the protecting coating
      material, rather than as mere physical mixture of the two materials in
      which they act separately, can be shown by means of several examples. Iron
      oxide itself is highly sensitive to hydrochloric acid at room temperature,
      and so are several titanium oxides. I have found, however, that when a
      co-precipitated mixture of iron oxide and titanium oxide is applied to a
      base of conductive material, it is only affected by hydrochloric acid at
      room temperature to a very small extent. Similarly, ruthenium oxide coated
      on a titanium base, connected as an anode in an alkali metal chloride
      electrolysis, which anode is contacted with the amalgam formed in a
      mercury cell, loses a part of its thickness after a prolonged period of
      electrolysis, because the reductive properties of the amalgam convert the
      ruthenium oxide into metallic ruthenium, and the metallic ruthenium is
      readily dissolved in the amalgam from the surface of the titanium and is
      not resistant to the electrolyte. Co-precipitated mixed oxides of titanium
      oxide and ruthenium oxide, however, which are in contact with such an
      amalgam, are resistant to the amalgam because these mixed oxides are not
      reduced and so do not dissolved in the amalgam or in the generated
      chlorine, as the titanium oxide protects the conductive electrocatalytic
      ruthenium oxide.
PAR  It should be noted that the mixed materials which are applied to the
      electrodes according to the present invention are quite different from
      those obtained, for example, by mere heating in the air of the solid noble
      metals, or when these are superimposed in discontinuous layers in finely
      divided condition on other metals. Generally speaking, it may be said that
      the oxidation of the solid metals by mere heating is very difficult, and
      that although finely divided noble metals may be oxidized, the adhesion of
      such oxides to the substrate is often very poor. Electrolytic oxidation is
      also very difficult, and in addition, layers produced in this manner also
      show poor adhesion, so that a mechanically weak electrode is formed. The
      problem of rendering the oxides of the noble metals and other metals in
      finely divided condition adhesive and at the same time protective and
      resistant is now solved by virture of the coprecipitation of the
      non-film-forming electrocatalytic conductors with the oxides of the
      film-forming metals. It is suprising, for example, that palladium oxide,
      platinum oxide and ruthenium oxide are fully resistant to chlorine cell
      conditions, when protected by coprecipitated titanium oxide. This is not
      so with platinum plate applied to a metallic base, either by
      electro-deposition or chemi-deposition, when heated in the air or used as
      an anode in the electrolysis of alkali metal chloride. The platinum plate
      is not resistant to chlorine cell conditions and does not acquire the
      condition required according to the present invention. That is to say, an
      adhering mixture is coprecipitated thereon.
PAR  The following Table A clearly indicates the difference between the
      co-precipitated protected oxides according to the present invention and
      the other oxides which may be formed thermally or electrolytically when,
      for example, an electrode consisting of a base of metallic titanium and a
      coating of a platinum metal is oxidized in the air or used to electrolyze
      a dilute solution of an alkali metal chloride or dilute hydrochloric acid.
TBL  ______________________________________                                    

     CHEMICAL AND ELECTROLYTIC PROPERTIES OF SINGULAR OXIDES AS                

     COMPARED WITH THE MIXED PROTECTIVE OXIDES ACCORDING TO THE                

     INVENTION.                                                                

                    THERMAL OXIDIATION IN AIR AT                               

                    500.degree.C OF Pt/Pd/Ag/Fe/Ru IN                          

                    FINELY-DIVIDED CONDITION ON                                

                    TITANIUM BASE.                                             

     ______________________________________                                    

     Formation of oxide         N/B/B/B/G                                      

     Adhesion to base metal     B/B/B/B/B                                      

     Resistance to 0.2% sodium amalgam                                         

                                B/B/B/B/B                                      

     Overvoltage in chlorine electrolysis                                      

      at 8000 amps/m.sup.2      B/B/--/--/B                                    

     Loss of oxides per tone of chlorine                                       

      at 8000 amps/m.sup.2      M/M/--/--/M                                    

     Chemical resistance to aqua regia                                         

      without current           B/B/--/--/B                                    

     Resistance to reduction    B/B/B/B/B                                      

     Catalytic properties in the oxidation                                     

      of organic compounds      B/B/B/B/B                                      

     Mechanical strength        B/B/B/B/B                                      

     ______________________________________                                    

      KEY: E -- Excellent                                                      

      B -- Bad                                                                 

      G -- Good                                                                

      N -- Practically no Oxide Formed                                         

      M -- Much                                                                

      L -- Very Little.                                                        

TBL  ______________________________________                                    

                   Electrolytic oxidation in dilute                            

                   sulphuric acid of Pt/Pd/Ag/Fe/Ru                            

                   in finely-divided state on                                  

                   titanium base                                               

     ______________________________________                                    

     Formation of oxide     N/B/B/--/G                                         

     Adhesion to base metal --/--/B/--/B                                       

     Resistance to 0.2% sodium amalgam                                         

                            --/B/B/--/B                                        

     Overvoltage in chlorine electrolysis                                      

                            --/B/--/--/G                                       

     at 8000 amps/m.sup.2   (for a short time)                                 

     Loss of oxides per ton of chlorine at                                     

     8000 amps/m.sup.2      --/M/--/--/M                                       

     Chemical resistance to aqua regia                                         

     without current        --/B/--/--/B                                       

     Resistance to reduction                                                   

                            --/B/--/--/B                                       

     Catalytic properties in the oxidation                                     

     of organic compounds   --/B/B/B/B                                         

     Mechanical strength    --/B/B/B/B                                         

     ______________________________________                                    

TBL           Coprecipitated Oxides of Ru/Ti, PT/Zr,                           

              Pd/Ta, Ag/Ti, Fe/Ti, and Pt/Ti In Finely-                        

              Divided State On Titanium Base, In Which                         

              The Valve Metal Oxide Acts As A Protective                       

              Coating For The Electrocatalytic Platinum                        

              Group Metal Oxide.                                               

     ______________________________________                                    

     Formation of oxide       E/E/E/E/E/E                                      

     Adhesion to base metal   E/E/E/E/E/E                                      

     Resistance to 0.2% sodium amalgam                                         

                              E/E/E/--/E/E                                     

     Overvoltage in chlorine electrolysis                                      

     at 8000 amps/m.sup.2     E/E/E/--/--/E                                    

     Loss of oxides per ton of chlorine at                                     

     8000 amps/m.sup.2        L/L/L/--/--/L                                    

     Chemical resistance to aqua regia                                         

     without current          E/E/E/--/--/E                                    

     Resistance to reduction  E/E/E/--/--/E                                    

     Catalytic properties in the oxidation                                     

     of organic compounds     E/E/E/--/--/E                                    

     Mechanical strength      E/E/E/--/--/E                                    

     ______________________________________                                    

PAR  In a test designed to show quantitatively the improvement obtained by
      electrodes according to the invention as compared with other electrodes in
      contact with 0.2% sodium amalgam under a constant electric load of 10.000
      Amp/m.sup.2 during electrolysis and of 80.000 Amp/m.sup.2 during
      short-circuiting with the amalgam, a number of titanium bases were
      respectively coated with (1) metallic ruthenium, (2) a mixture of platinum
      and iridium (70/30 weight/weight), (3) a coprecipitated mixture of
      ruthenium oxide and titanium oxide (90 mol%/ 10 mol%), and (4) a
      coprecipitated mixture of ruthenium oxide and titanium oxide (30 mol%/70
      mol%). All of these materials were present in a thickness of 10 g/m.sup.2.
      The electrodes were introduced into a brine test cell containing 0.2%
      sodium amalgam, which quantity was kept constant, the brine in the cell
      having a concentration of 28% and a temperature of 80.degree.C, the
      applied current density being 10.000 Amp/m.sup.2. These conditions are the
      same as may be the case in a large-scale cell. FIG. 2 shows the
      overvoltage in millivolts plotted against the time. It will be seen that,
      whereas the overvoltage of the first, second and third electrodes
      increased relatively rapidly owing to the contact with the amalgam, and no
      protection for the electrocatalytic platinum group material, the
      overvoltage of the electrode according to the invention, i.e., containing
      more than 50% titanium oxide, only increased gradually during a long
      period of time.
PAR  The following tables show the protective effect of titanium oxide of the
      electrocatalytic material when a mixture of titanium oxide and ruthenium
      oxide is applied to a titanium electrode base and tested (a) by dipping
      under load into a 0.2% sodium mercury amalgam (which dipping frequently
      occurs in mercury cell operation), and (b) in operation in a mercury
      chlorine cell.
TBL  ______________________________________                                    

     (a)                                                                       

     WEIGHT LOSS AFTER 5 min. DIP IN 0.2% AMALGAM UNDER LOAD                   

     25.000 amp/m.sup.2. WEIGHT OF RuO.sub.2 IS 10 gr/m.sup.2 OF ANODE         

     ______________________________________                                    

     SURFACE.                                                                  

     RuO.sub.2 /TiO.sub.2                                                      

                   90/10 mol %     10.7 gr/m.sup.2                             

     RuO.sub.2 /TiO.sub.2                                                      

                   70/30 mol %     8 gr/m.sup.2                                

     RuO.sub.2 /TiO.sub.2                                                      

                   50/50 mol %     6 gr/m.sup.2                                

     RuO.sub.2 /TiO.sub.2                                                      

                   30/70 mol %     0.75 gr/m.sup.2                             

     RuO.sub.2 /TiO.sub.2                                                      

                   10/90 mol %     1 gr/m.sup.2.                               

     ______________________________________                                    

TBL  ______________________________________                                    

     (b)                                                                       

     WEIGHT LOSS AFTER 60 DAYS RUNNING IN A MERCURY CELL.                      

     WEIGHT OF RuO.sub.2 IS 10 gr/m.sup.2 OF ANODE SURFACE                     

     ______________________________________                                    

     RuO.sub.2 /TiO.sub.2                                                      

                   90/10 mol %     7 gr/m.sup.2                                

     RuO.sub.2 /TiO.sub.2                                                      

                   80/20 mol %     6 gr/m.sup.2                                

     RuO.sub.2 /TiO.sub.2                                                      

                   70/30 mol %     5 gr/m.sup.2                                

     RuO.sub.2 /TiO.sub.2                                                      

                   60/40 mol %     2.75 gr/m.sup.2                             

     RuO.sub.2 /TiO.sub.2                                                      

                   50/50 mol %     2.50 gr/m.sup.2                             

     RuO.sub.2 /TiO.sub.2                                                      

                   45/55 mol %     1.5 gr/m.sup.2                              

     RuO.sub.2 /TiO.sub.2                                                      

                   30/70 mol %     0.4 gr/m.sup.2                              

     RuO.sub.2 /TiO.sub.2                                                      

                   10/90 mol %     0.4 gr/m.sup.2.                             

     ______________________________________                                    

PAR  The invention is illustrated, but not limited, by the following examples.
PAC  EXAMPLE I
PA1  6.2 cc butyl alcohol
PA1  0.4 cc HCl 36%
PA1  3 cc butyl titanate
PA1  1 g RuCl.sub.3
PAR  The solution was several times brushed on to a cleaned titanium plate
      (grain size titanium 0.04-0.06 mm; ASTM 6) of 10 .times. 10 cm and a
      thickness of 1 mm, the plate being first pickled in hot aqueous oxalic
      acid, subjected to ultrasonorous vibration in water, and dried. The plate
      thus treated was heated in the air at a temperature of 300.degree. -
      500.degree.C for 1 - 5 minutes.
PAR  The resulting electrode had a coating of ruthenium oxide coprecipitated
      with titanium oxide, the titanium oxide being present in a proportion of
      70 mol %, the balance being RuO.sub.2.
PAR  The resulting electrode was placed in a hydrochloric acid cell as an anode,
      the cathode being a silver plated titanium electrode. Flowing hydrochloric
      acid of 25% was electrolyzed at 70.degree.C and 2500 Amp/m.sup.2 for
      practically one year with excellent results and with losses of less than
      0.1 g ruthenium per ton of chlorine.
PAR  The resulting electrode was placed in a brine electrolysis cell as an
      anode, the cathode being mercury and the brine having a concentration of
      28% a pH of about 2.5, and a temperature of 80.degree.C. The spacing
      between anode and cathode was less than 2.5 mm. When a current density of
      10.000 Amp/m.sup.2 was applied, the anode had an extremely low overvoltage
      of about 80 millivolts, measured against a calomel reference electrode,
      and this was maintained for a long period of time, even after various
      short-circuitings with the amalgam.
PAR  The resulting electrode was placed in a brine diaphragm cell as an anode,
      the cathode being iron, and the brine having a concentration of 28%, a pH
      of about 3.5, and a temperature of 80.degree.C. At a current density of
      1000 Amp/m.sup.2, the anode had an extremely low overvoltage of 60 mVolts
      and maintained this for a long period of time. The losses of metallic
      ruthenium were less than 0.15 g per ton of produced chlorine, in the
      mercury cell and less than 0.1 g of produced chlorine in the diaphragm
      cell.
PAR  The resulting electrode was also used in a cathodic protection system as
      anode for the protection of a ship. The electric design was a conventional
      system well-known to those skilled in the art. The anode showed good
      electrical and mechanical properties.
PAR  The resulting electrode was extremely suitable for the oxidation of
      unsaturated organic compounds, such as ehtylene and propylene, as well as
      for the preparation of chlorates.
PAR  The resulting electrode was also suitable for electrodialysis, because it
      readily admits of pole changing.
PAR  The resulting electrode was also used in a galvanic metal deposition
      process, in which gold was deposited on coper from a bath having the
      following composition: gold choride 30 g/l, nitric acid (specific gravity
      1.19) 25 cc/l, sodium chloride 12 g/l, sulphuric acid (specific gravity
      1.025) 13 g/l (+ organic brighteners). By means of this bath, at
      70.degree.C, and a current density of 8-10 Amp/m.sup.2, an excellent
      plating on the cathode was obtained, the overvoltage at the anode being
      such that no damage was done to the bath.
PAC  EXAMPLE II
PA1  80 cc TiCl.sub.3 -solution in H.sub.2 O (25% TiO.sub.2)
PA1  1 g RuCl.sub.3
PAR  This mixture was absorbed in a graphite anode at a subatmospheric pressure
      this anode being previously subjected to ultrasonorous vibrations for 10
      minutes. Subsequently the anode was heated in a stream of air for 1/2 hour
      at a temperature of 300.degree. - 800.degree.C. This treatment was
      repeated four times. The resulting electrode had a coating of ruthenium
      oxide, co-precipitated with titanium oxide, the titanium oxide being
      present in a proportion of 98.4 mol % TiO.sub.2, there being 1.6 mol %
      RuO.sub.2.
PAR  An untreated graphite anode was placed in an alkali metal chloride cell
      containing 28% brine of a pH of about 2.5 and a temperature of 80.degree.C
      as the electrolyte and a mercury cathode. The distance between the anode
      and the cathode was less than 2.5 mm.
PAR  A current of a density of 8.000 Amp/m.sup.2 was passed through the cell.
      The anode first had an overvoltage of about 400 mV, which decreased to 360
      and after a considerable time increased to 450 mV. Furthermore, the
      untreated anode showed marked erosion after a short while, and as a result
      the brine solution became black with the graphite released. In addition to
      the contamination of the bath liquid, the loose graphite caused stray
      currents, resulting in loss of efficiency and discharge of the amalgam.
      Furthermore, the spacing between the anode and the cathode required
      adjustment at regular intervals, because this spacing changed as a result
      of the erosion of the anode, resulting in loss of energy in the
      electrolyte.
PAR  The electrode according to this example, placed in the same electrolyte
      under the same conditions, had an overvoltage of only 70 mV, which
      overvoltage remained constant during a considerable time. Moreover, the
      bath remained clear and the anode showed no erosion. Accordingly, not only
      was the electrolyte not contaminated, but the electrodes did not require
      adjustment.
PAR  The electrode according to the invention was also used as an anode in a
      cathode protection system of a conventional type and operated excellently.
PAC  EXAMPLE III
PAR  A tantalum plate was cleansed well and mechanically roughened, and a
      coating mixture was prepared as follows:
PA1  18 cc isopropyl alcohol
PA1  1 g iridium chloride
PA1  2 g platinum chloride
PA1  4 g isopropyl titanate
PA1  3 cc anise-oil (reducing agent)
PAR  Lavender oil or linalool may be used instead of the anise-oil.
PAR  The mixture was brushed onto the tantalum plate several times, and the
      coated base was subsequently heated at a temperature of 600.degree.C, for
      several minutes. The resulting electrode had an oxide coating of iridium
      and platinum, co-precipitated with titanium oxide, the titanium oxide
      being present in a proportion of 65.8 mol % in addition to 12.65 mol %
      iridium and 21.55 mol % platinum.
PAR  This electrode operated excellently in electrolytic processes for the
      preparation of chlorine, oxygen, oxidation of organic compounds, and in
      galvanic baths.
PAC  EXAMPLE IV
PAR  A zirconium plate was degreased and a coating mixture was prepared as
      follows:
PA1  10 cc water
PA1  1 g gold chloride
PA1  3 cc 25% titanium chloride solution
PA1  0.1 cc wetting agent
PAR  This mixture was brushed onto the degreased plate and the plate was heated
      in the air at a temperature of 200.degree. - 300.degree.C and at a
      superatmospheric pressure. This treatment was repeated 8 times.
PAR  The resulting electrode had a coating of gold oxide coprecipitated with
      titanium oxide, the titanium oxide being present in a proportion of 74 mol
      % and the gold oxide in a proportion of 26 mol %.
PAR  This electrode operated excellently in dilute sulphuric acid solutions.
PAC  EXAMPLE V
PAR  A titanium rod was degreased and then pickled for 8 hours in a 10% oxalic
      acid solution at 90.degree.C. The rod was subsequently brushed with the
      following mixture:
PA1  30 cc TiCl.sub.3 solution in water
PA1  3 g anhydrous ferric chloride
PA1  1 g ferrous chloride
PAR  The resulting rod was subsequently heated in a space filled with a mixture
      of steam and air at a temperature of 450.degree. -600.degree.C for 1-2
      hours.
PAR  The resulting rod was connected in a cathodic protection system. The
      electrode operated excellently in alkaline solutions at current densities
      upto 1,000 Amp/m.sup.2.
PAC  EXAMPLE VI
PA1  6.2 cc butyl alcohol
PA1  0.4 cc hydrochloric acid 36%
PA1  1 g zirconium acetyl acetonate
PA1  1 g iridium chloride, dry
PAR  The solution was applied to a zirconium base as described in Example I, the
      base being previously degreased, pickled, and subjected to ultrasonorous
      vibrations. After the application of the solution the base was heated at
      500.degree. -700.degree.C for several minutes by clamping the base between
      two copper plates heated throughout their surface. This resulted in a
      highly uniform heating of the overall surface, which was highly beneficial
      to the quality of the anode. The treatment was repeated several times. The
      ratio of zirconium oxide to iridium oxide in the mixture had been so
      selected that more than 50 mol % of zirconium oxide was present in it. The
      anode thus made was excellently suitable for all kinds of electrolytic
      processes, particularly for the electrolysis of sulfuric acid solutions
      and solutions of sulfates.
PAC  EXAMPLE VII
PA1  9 cc butyl alcohol
PA1  0.4 cc hydrochloric acid 36%
PA1  1 g palladium chloride
PA1  3 cc pentaethyl tantalate.
PAR  A tantalum base was dipped into the above solution and after drying heated
      at 500.degree. - 800.degree.C to deposit a mixture thereon of 62 mol %
      tantalum oxide and 38 mol % palladium oxide. This treatment was repeated
      six times. The tantalum base was a thin tube which after the completion of
      the coating was provided with a copper rod acting as a current conductor,
      because the tantalum tube comprised insufficient metal for it to be able
      to transport current without undue losses. In order to ensure proper
      contact between the tantalum tube and the copper rod, the inner surface of
      the tantalum tube was electrolytically copper-plated. Intimate contact
      between the copper rod and the copper inner coating was obtained by
      applying molten tin therebetween and allowing the tin to solidify.
PAR  The anode made in this manner was excellently suitable for cathodic
      protection purposes with an applied voltage of higher than 20 volts, and
      also is an excellent anode for the preparation of hypochlorites.
PAC  EXAMPLE VIII
PA1  6.2 cc butyl alcohol
PA1  0.4 cc hydrochloric acid 36%
PA1  1 g ruthenium chloride `3 cc niobium pentaethylate.
PAR  A niobium base was degreased and connected as an anode in an electrolyte to
      form an oxide coating thereon. This coating was subsequently rinsed
      thoroughly and dried. The anode with the oxide coating thereon was dipped
      into the above solution and subjected to high-frequency heating at
      600.degree.C at a subatmospheric pressure of 100 mm Hg to convert the
      reactants to the desired mixture. This treatment was repeated several
      times until the desired mixture was present on the niobium in a thickness
      of 2 microns.
PAR  The anode thus made was excellently suitable for all kinds of electrolytic
      processes, such as for the preparation of chlorine, chlorates, and
      hypochlorites, for the sterilization of swimming-pools, etc..
PAC  EXAMPLE IX
PAR  A titanium plate was degreased and pickled and subsequently an oxide
      coating of about 1 mm thickness was applied to it by means of
      electrolysis.
PAR  A mixture of: `10 cc butyl alcohol
PA1  1 g ruthenium oxide powder
PA1  3 cc butyl titanate
PAL  was painted onto it and converted into the desired mixture at a temperature
      of 300.degree. - 600.degree.C. This treatment was repeated so many times
      that 10g/m.sup.2 of the desired mixture was present on the surface of the
      titanium plate.
PAR  The anode made in this manneer was excellently suitable for the
      electrolytic preparation of chlorine, and chlorine compounds, and for
      cathodic protection purposes.
PAR  The electrolytically formed oxide on the titanium highly promotes the
      adhesion of the mixture formed.
PAC  EXAMPLE X
PAR  A niobium expanded metal plate was pre-treated in known manner and
      subsequently brushed with a solution of:
PA1  10 cc water
PA1  1 g ruthenium chloride
PA1  1/2 cc hydrochloric acid (35%)
PA1  2 g titanium hydroxide.
PAR  The plate was subsequently heated at 400.degree. - 700.degree.C for several
      minutes until the desired mixture formed. This treatment was repeated
      until 6 g/m.sup.2 of the mixture was present on the surface.
PAR  This anode was excellently suitable for the electrolysis of alkaline
      solutions.
PAC  EXAMPLE XI
PAR  An aluminum plate was degreased and pickled in a conventional manner. There
      was then prepared a mixture of:
PA1  10 cc isopropyl alcohol
PA1  1 g aluminum bromide
PA1  1 g platinum chloride
PA1  0.01 g iodine.
PAR  The aluminum plate was dipped into this mixture and heated at 400.degree.C
      to form the required mixture, the latter consisting of 62.2 mol % A1.sub.2
      0.sub.3 and 37.8 mol % Pt0.sub.2.
PAR  This treatment was repeated several times, the mixture being applied to the
      plate either by dipping or painting.
PAR  The electrode thus made is excellently suitable for the electrolysis of
      boric acid compounds.
PAC  EXAMPLE XII
PAR  The following mixture was prepared:
PA1  10 cc butyl alcohol
PA1  6 cc butyl titanate
PA1  2 g graphite (can be replaced by titanium nitride or tantalum carbide or
      rhenium sulfide)
PAR  This mixture was painted onto a titanium base and heated at a temperature
      of 400.degree.-700.degree.C, which treatment was repeated a number of
      times.
PAR  An anode thus coated with graphite and titanium oxide is particularly
      suitable for electrolyses in which a low current density is desirable, for
      example, cathodic protection of subterraneous objects.
PAR  Anodes in which the coating contains in addition to titanium oxide a
      nitride, carbide, or sulfide are resistant to high current densities in
      various electrolytes.
PAC  EXAMPLE XIII
PA1  2 g titanium chelate
PA1  1 g ruthenium chelate
PAR  These two chelates were intimately admixed in the dry state and
      subsequently placed on the bottom of a vessel which can be closed and
      heated. A degreased, pickled titanium rod, covered as to 98% with a
      heat-resistant silicon lacquer layer, was introduced into the vessel. By
      heating the chelates, a mixture of titanium oxide and ruthenium oxide was
      evaporated onto the 2% of exposed titanium, and the required crystal form
      was obtained by sintering. A small quantity of hydrochloric acid vapour in
      the vessel promotes the adhesion of the mixed oxide. Subsequently the
      lacquer layer was removed. The resulting electrode has an active surface
      area of about 2%.
PAR  This electrode is excellently suitable as an anode for the sterilization of
      water in swimming-pools or for the electrolysis of two layers of liquid,
      in which a local electrolysis of either of the liquids is desired.
PAR  Naturally, partly coated anodes may also be made in different manners from
      that described in this example.
PAC  EXAMPLE XIV
PA1  10 cc butyl alcohol
PA1  2 cc butyl titanate
PA1  1 cc pentaethyl tantalate
PA1  1 cc pentaethyl niobate
PA1  1 g ruthenium chloride, bromide, or iodide
PA1  0.1 g hydrogen chloride
PAR  A zirconium base was degreased and pickled in a known manner. The above
      mixture was painted onto the base and converted by heating at
      400.degree.-700.degree.C in air. This treatment was repeated until 40
      g/m.sup.2 of the desired mixture was present on the surface. The mixed
      material consisted of the oxides of titanium, tantalum, and niobium as
      protective oxides of film-forming metals and ruthenium oxide as the
      electrocatalytic non-film-forming conductor.
PAR  In addition, some zirconium oxide had formed thermally on the boundary
      surface of the mixture and the zirconium rod. The quantity of oxides of
      film-forming metals was more than 50 mol %, calculated on the overall
      mixture.
PAR  Such an anode is particularly suitable for all kinds of electrolyses, such
      as of sulphuric acid compounds, for the purification of water, and for the
      preparation of chlorates.
PAC  EXAMPLE XV
PAR  A titanium plate was degreased, pickled, and subjected to ultra-sonorous
      vibrations. Subsequently the plate was placed as an electrode in a stirred
      emulsion consisting of:
PA1  100 cc water
PA1  100 cc acetone
PA1  5 g extremely finely-divided mixture of co-precipitated platinum oxide (3
      g) and titanium oxide (2 g)
PA1  1 g emulsifying agent
PAR  The second electrode was constituted by a platinum plate. By applying an
      electric voltage of 10 - 100 volts, the titanium was electrophoretically
      coated with a mixed oxide from the emulsion. After being removed from the
      bath, the titanium with the coating deposited thereon was carefully dried
      and subsequently heated at 400.degree.C for several minutes. Thereafter
      the electrophoretically deposited layer had an excellent adhesion to the
      titanium, and the anode thus made is suitable for various kinds of
      electrolyses.
PAR  The adhesion is highly promoted by pre-oxidizing the titanium base by means
      of heat or electrolytically, and then applying the mixed oxide by
      electophoresis.
PAR  This example was repeated using a mixture of co-precipitated platinum
      oxide, titanium oxide, and manganese dioxide. There is thus obtained an
      anode having a high overvoltage and catalytic properties.
PAC  EXAMPLE XVI
PAR  Two titanium rods were degreased and pickled and subsequently placed in a
      galvanic bath having the following composition:
PA1  100 cc ethanol
PA1  100 cc water
PA1  1 g ruthenium chloride
PA1  10 g titanium chloride
PA1  and subsequently connected to a source of alternating current of 13 volts
      and a current density of 15 Amp/m.sup.2, temperature
      20.degree.-30.degree.C, for a period of time of about 20 minutes.
PAR  After about 20 minutes both rods were coated with a mixture of titanium
      oxide and ruthenium oxide, the adhesion of which was still further
      improved by heating at 400.degree.C for 5 minutes.
PAR  The anode thus made is excellently suitable for use in various electrolyses
      effected at low current densities.
PAC  EXAMPLE XVII
PAR  A titanium rod was degreased and subsequently electrolytically provided
      with an oxide coating of a thickness of about 5 microns. The rod thus
      treated was placed as an anode in a bath (80.degree.C), containing:
PA1  100 cc water
PA1  5 g yellow lead oxide
PA1  5 g sodium hydroxide
PA1  3 cc hydrogen peroxide
PA1  10 cc titanium chloride solution (25% Ti0.sub.2)
PAR  This bath is regularly insufflated with air. The treated titanium rod was
      connected an anode, an iron plate being used as the cathode. The voltage
      differential between the anode and the cathode was about 2 - 3 volts, and
      the current density was about 5 Amp/m.sup.2.
PAR  After about an half hour, the titanium anode was coated with a mixture of
      titanium oxide and lead oxide, the properties of which could be
      considerably improved by heating at 200.degree.- 600.degree.C.
PAR  An anode thus treated is suitable for use in electrolyses in which no
      high-current densities are necessary.
PAC  EXAMPLE XVIII
PAR  Titanium expanded metal was degreased and pickled, and then painted with
      the following mixture:
PA1  10 cc butyl alcohol
PA1  1 g ruthenium chloride
PA1  3 cc zirconium acetyl acetonate.
PAR  Subsequently the product was heated at 400.degree. - 700.degree.C. this
      treatment was repeated until the mixture on the titanium had a thickness
      of 1/2 micron.
PAR  An electrode thus made is excellently suitable for the electrolysis of
      solutions of sulphuric acid compounds, the resistance of the titanium to
      sulphuric acid being greatly increased by virtue of the mixed surface
      coating containing zirconium oxide.
PAC  EXAMPLE XIX
PAR  A tantalum wire was degreased and pickled, and then dipped into a mixture
      of
PA1  10 cc butyl alcohol
PA1  3 cc butyl titanate
PA1  1 g iridium chloride
PAR  The wire was then heated at a temperature of 500.degree.-700.degree.C, and
      the treatment was repeated until at least 2.5 g of the mixture of the
      oxides per m.sup.2 was present on the surface of the tantalum.
PAR  A tantalum wire thus treated is excellently suitable for use as an anode
      for the cathodic protection of ships.
PAC  EXAMPLE XX
PAR  A titanium plate was degreased, pickled, subjected to ultrasonoric
      vibrations and then rinsed thoroughly and dried. This plate was
      subsequently placed in an apparatus in which metals can be vacuum
      deposited. As cathodes, a bar of platinum and bars of titanium were
      connected, the ambient atmosphere containing so much oxygen that the
      cathodic materials were deposited on the titanium as oxides (a detailed
      description of this apparatus is contained in the book by L. Holland,
      VACUUM DEPOSITION, 1963, pages 454-458).
PAR  After several minutes a mixture of titanium oxide and platinum oxide was
      deposited on the titanium, and the titanium thus treated is excellently
      suitable for the electrolysis of aqueous electrolytes.
PAC  EXAMPLE XXI
PAR  Niobium was degreased and subsequently provided with an oxide coating of a
      thickness of at least 1 micron. This can be effected either
      electrolytically or thermally.
PAR  Subsequently a past was prepared of:
PA1  10 cc ethanol
PA1  1 g ruthenium oxide
PA1  4 g titanium oxide.
PAR  This mixture was intimately admixed, heated, sintered, comminuted, and
      again mixed with 10 cc ethanol. The resulting paste was applied to the
      oxidized niobium in a thin layer, and subsequently heated at a temperature
      of 450.degree.- 700.degree.C. This treatment was repeated until at least
      10 g of the desired mixture per m.sup.2 was present on the surface.
PAR  A niobium plate thus treated is excellently suitable for the electrolysis
      of electrolytes.
PAC  EXAMPLE XXII
PAR  A soft-quality titanium rod was degreased and then a mixture of more than
      50 mol % titanium oxide and less than 50 mol % palladium oxide was rolled
      into it under pressure. Alternatively, this may be effected by hammering.
PAR  The oxides were prepared by dissolving water-soluble salts of the metals in
      water in the required proportions, from which solution they were
      precipitated with lye, washed, and carefully dried. In this manner a very
      fine mixed oxide was obtained, which could be hammered or rolled into the
      titanium without undue trouble. Other conventional methods of preparing
      these mixed oxides can naturally be used as well.
PAR  Furthermore, other metals than titanium can naturally be treated in this
      manner.
PAC  EXAMPLE XXIII
PA1  6.2 cc butyl alcohol
PA1  0.4 cc water
PA1  3 cc butyl titanate
PA1  1 g ruthenium chloride.
PAR  The above solution was painted onto a titanium base and heated as described
      in Example I.
PAR  An anode thus made is particularly suitable for the electrolysis of zinc
      sulphate or copper sulphate solutions which may be contaminated with
      nitrate or chloride, for the manufacture of the metals concerned.
PAC  EXAMPLE XXIV
PAR  A zirconium plate was degreased and subsequently provided with the desired
      mixture of oxides by means of a so-called plasma burner.
PAR  There is thus obtained a very thin, but excellently adhering layer, and a
      zirconium plate provided with such a coating is excellently suitable for
      all kinds of electrolyses.
PAR  In the above illustrative examples, the materials from the group consisting
      of gold, silver, platinum, palladium, iridium, ruthenium, osmium, rhodium,
      iron, nickel, chromium, copper, lead, manganese and oxides, nitrides,
      carbides and sulfides thereof and graphite, act as elecrocatalytic
      conductors to conduct current from the anode base to the electrolyte and
      in the production of chlorine to catalyze the formation of chlorine
      molecules from the chloride ions released at the anode, and the oxides and
      other compounds of the film forming metals act to protect the
      electrocatalytic material and promote adherence of the coatings to the
      base.
PAR  The nitrides, carbides, sulfides and graphite given by way of illustration
      in Example XII act as electrocatalytic agents protected by the titanium
      oxide. The combination of electrocatalytic agents and protective oxides
      has excellent adherence to the anode base.
PAR  Various modifications and changes may be made in the steps described and
      the solutions and compositions used without departing from the spirit of
      the invention or the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrode for use in an electrolytic reaction comprising a base of
      electrically conductive film-forming metal in solid form having thereon a
      mixed coating material of an electrically conductive coating material
      effective for carrying out electrolysis and protecting coating material
      consisting of at least one metal oxide of a single film-forming metal, the
      protecting coating material acting during electrolysis in a cell to
      protect the conductive coating material against the cell conditions, the
      conductive coating material being at least one material from the group
      consisting of gold, silver, platinum, palladium, iridium, ruthenium,
      osmium, rhodium, iron, nickel, chromium, copper, lead, manganese, and
      nitrides, carbides and sulfides thereof, and said group further consisting
      of oxides of gold, silver, iron, nickel, chromium, copper, lead and
      manganese.
NUM  2.
PAR  2. An anode as claimed in claim 1 in which the base is metal and the
      protecting coating material is an oxide of the metal constituting the
      base.
NUM  3.
PAR  3. An anode as claimed in claim 1 in which the protecting coating material
      is from the group consisting of oxides of aluminum, tantalum, titanium,
      zirconium, bismuth, tungsten and niobium.
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ABST
PAL  A filter-press type electrodialysis apparatus imparts excellent uniform
      distribution of the liquid within the diluting and concentrating cells and
      low leakage of the liquid between the cells due to the fact that the
      liquid feeding or discharging means of the cells are formed separately
      from the body of the cell frame and of a rigid material having a thickness
      not more than and preferably less than the thickness of the cell frame
      body, which is formed of an elastic material, whereupon assembly of the
      elements, the cell frames are compressed together while the feeding or
      discharging means are substantially non-compressed, thereby preventing
      leakage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to filter-press type
      electrodialysis apparatus in which cation exchange membranes and anion
      exchange membranes are alternately arranged between cell frames and
      spacers provided therein, and more particularly to an improved
      filter-press type electrodialysis apparatus which imparts excellent
      uniform distribution of the liquid within the diluting and concentrating
      cells and imparts low leakage of the liquid, from one cell through
      apertures within the frame to another cell, and/or discharged between the
      cell frames.
PAR  2. Description of the Prior Art
PAR  Filter-press type electrodialysis apparatus have been used for
      concentration or demineralization of electrolytes from various solutions
      containing electrolytes, such as for example, saline water, electroplating
      waste, radioactive waste, sugar solution cheese whey, organic acid
      solutions, or the like. In such electrodialysis apparatus, it is quite
      important to impart uniform distribution of the liquid to be
      electrodialyzed within the cell chambers and to prevent leakage of the
      liquid from one cell to another or from the area between the cell frames.
PAR  The uniform distribution of the liquid within the cells is closely related
      to the limiting current density within each of the cells (Industrial and
      Engineering Chemistry, Vol. 49, No. 4 page 780, 1957), and when the
      distribution of the liquid is different within each of the cells, the
      corresponding limiting current density is presented to each cell.
      Consequently, the limiting current density of the apparatus is controlled
      at the lowest value of the various limiting current densities and
      accordingly, the efficiency of such an apparatus is low. It has therefore
      been attempted to impart uniform distribution of the liquid within the
      cells, however, it has been relatively difficult to maintain such uniform
      distribution of the liquid within a commercial scale apparatus.
PAR  Similarly, leakage of the liquid between cells causes contamination of the
      dialyzed liquid whereby the electrodialysis operation itself becomes
      meaningless. Accordingly, it is quite important to prevent leakage of the
      liquid, and various proposals dealing with the liquid feeding or
      discharging means of the cells, which are the passages connecting the
      central opening portions of the cell frames to conduit apertures within
      the cell frames, have been made.
PAR  For example, the following structures have been known:
PAR  1. A portion of the cell frame, leading from the conduit apertures of the
      cell frame to the central opening, is deleted so as to form a passage for
      the liquid within a narrow area.
PAR  2. A portion of the cell frame, leading from the conduit apertures of the
      cell frame to the central opening, is deleted and spacers made of rough
      fabric and having a thickness not less than the thickness of the cell
      frame, are disposed within the deleted portion of the cell frame.
PAR  3. A portion of the cell frame leading from the conduit apertures of the
      cell frame to the central opening is deleted as in the instance of the
      apparatus of (2) above and an elastic material having projections which
      have a thickness not less than the thickness of the cell frame is disposed
      within the deleted portion.
PAR  However, these conventional contrivances could nevertheless not impart
      uniform distribution of the liquid to the cells or could not treat a
      sufficient amount of the liquid within an operative cycle of the apparatus
      with high efficiency. When such proposals have been applied to a
      commercial scale apparatus, the purposes and goals could not be
      accomplished to an extent which would sufficiently obviate the problem.
      Especially within the instance of the apparatus of (3) above, the passage
      for the liquid is formed by a contraction of the elastic projections.
      Accordingly, the passages of the liquid are different within each of the
      cells, and obviously are not uniform. Moreover, in commericial scale
      apparatus, it is especially difficult to uniformly secure all of the cell
      chambers within the apparatus, and under such conditions, the distribution
      of the liquid within the cell chambers is quite non-uniform, and the
      limiting current density which indicates the level of safe operation of
      the apparatus, fluctuates among the cells and it is quite disadvantageous
      for efficient operation of the electrodialysis apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a
      filter-press type electrodialysis apparatus which imparts uniform
      distribution of the liquid within the cells and low leakage of the liquid
      from one cell to another cell and/or also discharged between the cell
      frames.
PAR  Another object of the present invention is to provide a filter-press type
      electrodialysis apparatus which exhibits the aforenoted characteristics of
      uniform distribution and low leakage of the liquid even though the size of
      the cell frames is large for application within commercial scale
      apparatus.
PAR  Still another object of the present invention is to provide a filter-press
      type electrodialysis apparatus which exhibits low leakage of the liquid
      even though the cell frames are assembled under relatively low pressure
      conditions.
PAR  Yet another object of the present invention is to provide a filter-press
      type electrodialysis apparatus which maintains the uniform distribution of
      the liquid within the cells eventhough the cells are secured under high
      pressure conditions for completely preventing leakage of the liquid within
      the cells.
PAR  A further object of the present invention is to provide a filter-press type
      electrodialysis apparatus which maintains the uniform distribution of the
      liquid and which is easily assembled or disassembled.
PAR  These foregoing objects are achieved according to the present invention
      through the provision of electrodialysis apparatus which includes a
      plurality of alternately disposed anion exchange membranes and cation
      exchange membranes and cell frames interposed between the membranes such
      members being arranged and fastened between a pair of electrodes, wherein
      the passage portion of the cell frames, connecting the central opening of
      the frames to apertures within the cell frames, for feeding or discharging
      the liquid to or from the cells is formed separately from the body of the
      cell frame and of a rigid material having a thickness not more than and
      preferably less than the thickness of the body of the cell frame which is
      made of an elastic material.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Various other objects, features, and attendant advantages of the present
      invention will be more fully appreciated as the same becomes better
      understood from the following detailed description when considered in
      connection with the accompanying drawings in which like reference
      characters designate like or corresponding parts throughout the several
      views, and wherein:
PAR  FIG. 1 is a schematic exploded view showing an arrangement of the
      concentrating cell frames, diluting cell frames and ion exchange membranes
      in a filter-press type electrodialysis apparatus construded according to
      the present invention;
PAR  FIG. 2a is a cross-sectional view of the electrodialysis apparatus shown in
      FIG. 1, under assembled conditions, wherein the elements are secured
      between a pair of electrodes, taken along the line A'--A'  of FIG. 1;
PAR  FIG. 2b is a schematic view showing a portion of the spacer means;
PAR  FIG. 3a is a plan view of either a diluting or concentrating cell frame
      used within the electrodialysis apparatus of the present invention;
PAR  FIG. 3b is a cross-sectional view of the cell frame of FIG. 3a, taken along
      the line B-B' in FIG. 3a;
PAR  FIG. 3c is a cross-sectional view of the cell frame of FIG 3a, taken along
      the line C-C' in FIG. 3a;
PAR  FIGS. 4a-c are cross-sectional views of various modifications of the
      connecting passages between the apertures of the cell frame for forming
      the liquid conduits and the central openings of the cell frame;
PAR  FIGS. 5a and 6a are plan views of other embodiments of the diluting cell
      frame and the concentrating cell frame which may be utilized within the
      present invention;
PAR  FIGS. 5b and 6b are cross-sectional views of the cell frames of FIGS. 5a
      and 6a taken along the lines D-D' and E-E' of FIGS. 5a and 6a
      respectively;
PAR  FIG. 7a is a schematic view illustrating the passage-defining means of the
      cell frames of FIGS. 5a or FIG. 6a;
PAR  FIG. 7b is a cross-sectional view of the passage defining means of FIG. 7a
      taken along the line F-F' of FIG. 7a;
PAR  FIG. 8a is a plan view of a portion of a cell frame having lattice type
      convex ribs upon the surface thereof; and
PAR  FIG. 8b is a cross-sectional view of the cell frame of FIG. 8 a taken along
      the line G-G' of FIG. 8a.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, and more particularly to FIG. 1 thereof, a
      filter-press type electrodialysis apparatus is shown as including cation
      exchange membranes 1 and anion exchange membranes 2 alternately arranged
      and interposed between membrane cell frames 3 or cell frames 4 which
      contain net-type spacers, shown in inserted condition in FIG. 2b, such
      assembly being arranged between a pair of electrodes and secured to a
      fastening frame, not shown. The cell frames 3 and 4 have a thickness of,
      for example, 0.7 - 3 mm, and have a picture frame configuration having a
      central rectangular opening therein. Thus, within the electrodialysis
      apparatus, ion-diluting cells and ion-concentrating cells, which are
      referred to as whole cells, are alternately formed, each cell having the
      net-type spacers inserted therein, the cell frames which form
      ion-concentrating cells and ion-diluting cells being referred to as
      concentrating cell frames and diluting cell frames, respectively.
PAR  The concentrating cell frames and the diluting cell frames have vertically
      disposed passages 6 connecting the central opening to horizontally
      disposed slots 5 for feeding the liquid to the cells or discharging the
      liquid from the cells. Slots 5 are provided at the peripheral portion of
      each cell frame and membranes at corresponding positions thereof, such
      that when the cell frames and the membranes are alternately assembled, the
      slots within the membranes and cell frames are aligned and in effect form
      conduits 7-10 for feeding the liquid into the apparatus or discharging the
      liquid from the apparatus. Within the apparatus, the diluting liquid is
      fed through conduit 7 and the passages 6 formed within the diluting cell
      frames to each of the diluting cells so as to be distributed within the
      cell and be electrodialyzed so as to discharge through the passages 6 and
      conduit 8 and be passed out of the apparatus.
PAR  On the other hand, the concentrating liquid is fed through the conduit 9
      and passages 6 of the concentrating cell frames so as to be conducted to
      the concentrating cells, the concentrating liquid fed into the
      concentrating cells being distributed therewithin, electrodialyzed, and
      discharged through the passages 6 of the concentrating cell frames and the
      conduit 10 so as to be conducted out of the apparatus. Thus, the diluting
      liquid and the concentrating liquid are fed to the apparatus and
      discharged therefrom after the electrodialysis.
PAR  Referring now to FIG. 2a, the apparatus is disclosed wherein the elements
      are fastened between a pair of electrodes, the reference character 11
      designating a concentrating cell while the reference character 12
      designates a diluting cell, spacers 13 and 14 of the concentrating cell
      and the diluting cell, respectively, being suitably provided. FIGS. 3a-3c
      disclose a frame, which may be either a diluting cell frame or a
      concentrating cell frame, utilized with the filter-press type
      electrodialysis apparatus of the present invention, the spacer shown
      within FIG. 2a being of net-type material which may usually be made of
      plastic, such as for example, polyethylene, polypropylene,
      polyvinylchloride, or the like, and whose thickness is preferably the same
      as that of the cell frames. The spacers prevent mutual contact between the
      ion exchange membranes and provide uniform distribution of the liquid
      within the cells.
PAR  FIG. 3a is a plan view of a cell frame, which may be either a diluting cell
      frame or a concentrating cell frame, wherein apertures 15 and 16 are
      provided for forming conduits for feeding the liquid to the apparatus and
      for discharging the liquid from the apparatus, respectively, and the frame
      also includes passage portions 17 for connecting the apertures 15 and 16
      with the central frame opening. Normally, such passages 17 connecting the
      apertures, forming the fluid conduits, to the central opening within the
      diluting cells are formed at upper or lower sides within all of such
      frames, and are alternately arranged, thus changing the relative positions
      of such apertures within the upper and lower sides whereby the liquid is
      uniformly distributed within the diluting cells. The passages connecting
      the apertures, forming the fluid conduit, to the central opening within
      the concentrating cells are formed similarly to those within the diluting
      cells but not in correspondence therewith whereby the positions of the
      passages within the concentrating cells do not align with those of the
      adjacent diluting cells. The passage portions of the frame are formed by a
      process separate from that process forming the body of the frame.
PAR  In accordance with the present invention, the thickness of the passage
      portions of the frame should not be greater than the thickness of the body
      of the frame and the portions of the frame defining the passages should be
      made of a rigid material. As a composite structure, the passage portions
      of the frame are not compressed as a result of fastening and assembling
      the frame members, the ion-exchange membranes, and the spacers between the
      pair of the electrodes, even though the bodies of the frames are
      compressed, due to the fact that the passage defining portions are in fact
      constructed of a rigid material. Preferably, the thickness of the passage
      portions should be less than the thickness of the body of the frame
      member, as best seen in FIGS. 3b and 3c, such that upon assembly, the body
      portion of the frame will be compressed and will have a thickness
      equivalent to the thickness of the frame portions defining the passage
      parts of the frame. Such passage parts of the frame formed in the
      foregoing manner are preferably prepared by a combination of two mating
      pieces 18 and 19, as best shown in FIGS. 4a and 4b, although it is also
      possible to prepare the same from a single plate within which suitable
      holes are formed, and when the two pieces of the frame member defining the
      passages are combined and such frame portion is assembled to the main body
      of the frame, the component parts can be adhered together with a suitable
      bonding agent.
PAR  The body of the frame is usually made of an elastic material, preferably a
      rubber-like elastic material having a 30.degree.-110.degree., and more
      especially 40.degree.-95.degree. of hardness, as measured by the Japanese
      Industrial Standard K-6301, such material being for example, natural or
      synthetic rubber, for example, styrene-butadiene rubber, chloroprene
      rubber, or epichlorohydriene rubber, or a synthetic resin, for example,
      polyethylene resin, polyvinylchloride, or an ethylene-vinylacetate
      copolymer preferably having a vinylacetate content of 5-30% by weight. The
      rigid material of the frame defining the passage portions thereof can be
      either metal, a crosslinked resin, or a substantially incompressible
      resin, for example, a polypropylene resin, a hard type polyvinylchloride
      resin, a high crosslinked polyester resin, or a high density polyethylene
      resin acrylonitrilebutadiene-styrene resin which is preferably one having
      a 70.degree.-140.degree., and more especially 80.degree.-120.degree. of
      Rockwell hardness B as measured by the Japanese Industrial Standard
      B-7726.
PAR  As has already been noted heretofore, it is quite important to form the
      portion of the frame defining the passages so as to have a thickness, not
      more than, and preferably less than the thickness of the body of the frame
      and to use a rigid material therefor. In conjunction with such, it is
      further noted that the material of which the passage defining parts of the
      cell frame can be made of may be rigid plastics which are not compressed
      under pressures of 1-10 kg/cm.sup.2 while the material of which the body
      portion of the cell frame can be made of may be rubber-like elastic
      material which is compressed under pressures of 1-10 kg/cm.sup.2. In
      assembling the electrodialysis apparatus of the present invention, the
      peripheral portions of the cell frames as well as the passages within the
      frames from which leakage of the liquid normally occurs, will tend to be
      compressed by adjacent compressible frame bodies whereby leakage of the
      liquid is prevented due to the compressibility and elasticity of the body
      frame members. Moreover, as a result of the passage defining portions of
      the frames being made of the noted rigid material, the current density of
      the apparatus, is desirably limited.
PAR  It should also be noted that as the passages are in effect feeding means
      for supplying the liquid to each of the cell chambers from the conduits,
      it is extremely important to uniformly distribute such liquid to and
      within the cell chambers. In addition, as the passage defining portion of
      the frame is made of rigid material which is not compressed as a result of
      assembling the frame apparatus, the passageway per se is not compressed
      and can be maintained in the same shape whereby leakage of the liquid is
      prevented. Maintaining such configuration of course imparts or facilitates
      a constant feeding of the liquid to the cells, especially the diluting
      cells, without being adversely affected by the assembly conditions and
      also serves to impart or facilitate uniform distribution of the liquid
      within and to the cells as well as maintaining a constant, limited current
      density within each cell.
PAR  As is clearly understood from the foregoing description of the apparatus of
      the present invention, the thickness and the material of the frame portion
      defining the passages, which is formed separately from the main body of
      the frame, are mutually related. When for example, the thickness of the
      frame body is substantially greater than the thickness of the frame
      portion defining the passages, the material of the frame body should be
      made of a high compressible elastic material compared to that of the
      passage defining portion of the frame. When the thickness of the frame
      body is only slightly greater than that of the passage defining portion of
      the frame, the material of the frame body need only be slightly more
      compressible when compared to the material of the passage defining portion
      of the frame.
PAR  With respect to the relation between the thickness of the frame body and
      that of the passage defining portion of the frame, it is preferable that
      the thickness of the passage defining portion of the frame be 1/100-1/10,
      and especially 3/100-7/100, less than the thickness of the frame body.
      When the thickness of each part is the same, a substantially large force
      is required to secure the component parts together for preventing of
      leakage of the liquid. Accordingly, deterioration of the frame material
      due to such forces and the concomitant wear is rapid, and such forces also
      cause strain of the frame cells which result in a substantial decrease to
      the limiting current density. The thickness of the frame body and/or the
      passage defining portion of the frame are usually formed within an
      accuracy of 3/100-5/100 wherein the thickness represents the average
      thickness.
PAR  Within the electrodialysis apparatus of the present invention, it is also
      preferable to form a plurality of convex ribs, in a lattice configuration
      upon the surface of the frame body, whereby leakage of the liquid is
      further decreased and the assembled elements of the apparatus can be
      secured together by means of fastening forces which have low strain and
      stress values but which nevertheless are sufficient to prevent leakage.
      With respect to this feature, line contact of the frame results as opposed
      to surface contact, and consequently, accuracy in accomplishing uniformity
      of thickness of the frame can be neglected. One embodiment of the
      lattice-type ribs is shown in FIGS. 8a and 8b. The ribs can be formed upon
      the surface of the frame by a molding process utilizing an engraved roller
      or by pressing a flat frame with an engraved roller, and it is preferable
      to form the ribs upon only one side of the frame body.
PAR  The size and height of the ribs upon the surface of the frame can be
      suitably selected, and are preferably 0.05-0.3 and more preferably
      0.08-0.15, times the thickness of the frame. Since the assembly forces can
      be decreased by this feature, the life of the ion-exchange membranes, the
      frame, or the like can therefore be prolonged. Moreover, in fastening
      together the elements of the electrodialysis apparatus of the present
      invention, when the peripheral portion of the net type spacers are bonded
      upon or to the inner peripheral portions of the cell frames facing the
      central openings, the assembly and disassembly of the elements becomes
      quite easy, the resistance strength of the frame against inner pressure
      exerted upon the frame can be increased, and also the limiting current
      density of the apparatus can be increased.
PAR  The above-noted phenomena are due to the fact that the net-type spacer is
      prepared so as to have a size which is able to cover the entire area of
      the cells so as to impart uniform distribution of the liquid therewith.
      However, the position of the spacers usually deviate from the normal
      intended positions within the cells because of several factors, such as
      for example, the inferior skill of assembling the components, the
      hydraulic pressure of the liquid passing through the cells, the weight of
      the spacers, and the like, the result being a non-uniform distribution of
      the liquid within the cells, unless means for securely bonding the spacers
      is obtained. Such means for bonding the spacers upon the frames is shown
      in FIG. 2a wherein it is seen that the bonding of the spacers with the
      frames is preferably performed at more than one surface portion of the
      corresponding positions of the frame and the spacer. The bonding manner
      preferably includes forming a plurality of concavities upon the frame so
      as not to increase the thickness thereof and to bond the spacers
      therewithin with suitable bonding agents, such as for example, an epoxy
      type bonding agent, or alternatively, to adhere the components together by
      heat-sealing means. Further appreciation of the invention can be obtained
      by means of certain specific examples which are provided herein for
      purposes of illustration only and are not intended to be limiting in any
      manner.
PAC  EXAMPLE I
PAR  A diluting cell frame made of chloroprene rubber having a degree of
      hardness of 50 and having the shape shown in FIGS. 5a and 5b, the size of
      which measured 55 cm .times. 18 cm, a thickness of 2.0 mm, the size of the
      central opening being 39 cm .times. 13 cm, and including four apertures
      for forming the upper and lower conduits, was prepared. A concentrating
      cell frame made of the same material and having the same structure and the
      shape shown in FIGS. 6a and 6b was also prepared. Within the passage
      portion of both cell frames, a member made of polypropylene having a
      degree of hardness of 100 and a thickness of 1.9 mm and which has the
      shape shown in FIGS. 7a and 7b was inserted as the passage defining
      portion of the frame so as to provide connecting conduit means between the
      central opening and the apertures.
PAR  A filter-press type electrodialysis apparatus having 49 concentrating cells
      and 50 diluting cells, exhibiting no leakage of the liquid from the
      apparatus, was assembled as follows:
PAR  The diluting cell frames and the concentrating cell frames, within which
      net-type spacers made of polyethylene having a thickness of 2.0 mm and a
      size measuring 38.8 .times. 12.8 cm are inserted, were arranged
      alternately together with cation exchange membranes, having a thickness of
      110.mu., specific resistance of 180.OMEGA.-cm and a transport number of
      Na+ 0.91&lt;, and anion exchange membranes having a thickness of 110.mu.,
      specific resistance of 170.OMEGA.-cm, and a transport number of Cl -
      0.93&lt;, as shown in FIG. 1.
PAR  The transport number of the membranes is calculated from the membrane
      potential when placed within a sodium chloride solutions of 0.5 mol and
      1.0 mol. The components were secured between a pair of electrodes, made of
      platinum plated with titanium, the fastening frames being placed under a
      pressure of 3 kg/cm.sup.2. Two hundred (200) liters of a solution
      containing 3000 ppm of sodium chloride was fed, at 25.degree.C, within the
      diluting cells at a rate of 5 cm/sec., which was the average linear
      velocity, to the membranes, and the same solution was fed to the
      concentrating cells, the solution being electrodialyzed by applying 80
      volt thereto. The limiting current density of the apparatus was 34
      A/dm.sup.2 N and the distribution of the solution within all of the cell
      chambers was substantially uniform.
PAR  After 1 hour and 40 minutes from the initiation of voltage applications,
      the electrodialyzed solution was demineralized so as to be 500 ppm of
      sodium chloride, and the current efficiency was 82%.
PAC  REFERENCES
PAR  Each one of the filter-press type electrodialysis apparatus was assembled
      and included modifying the material and/or thickness of the passage
      defining portion of the frame of the apparatus of Example 1 as follows:
PAR  1. The thickness of the passage defining portion of the frame was 2.1 mm
      which was thicker than the body of the frame although constructed of the
      same material. (See Reference 1).
PAR  2. The passage defining portion of the frame was made of an
      ethylene-vinyl-acetate copolymer (vinylacetate content being 40% and a
      degree of hardness of 40), the component parts having the same thickness.
      (See Reference 2).
PAR  3. The passage portion of the frame was made of the same material as in
      Reference 2 and had a thickness of 2.1 mm. (See Reference 3)
PAR  The pressure required for fastening together the elements of the assembly,
      until there was no leakage of the solution from the apparatus, and the
      limiting current density of such electrodialysis apparatus, were as
      follows:
TBL             Pressure for                                                   

                           Limiting current                                    

                fastening  density                                             

     ______________________________________                                    

     Reference 1  4.5 kg/cm.sup.2                                              

                               34 A/dm.sup.2 N                                 

     Reference 2  3.0 kg/cm.sup.2                                              

                               24 A/dm.sup.2 N                                 

     Reference 3  2.5 kg/cm.sup.2                                              

                               19 A/dm.sup.2 N                                 

     ______________________________________                                    

PAC  EXAMPLE II
PAR  The diluting cell frames and the concentrating cell frames shown in FIGS.
      8a and 8b having lattice-like ribs having a height of 0.3 mm and a pitch
      of 10 mm upon one side of the surface, were utilized within the
      electrodialysis apparatus of Example 1 which was assembled under a
      fastening pressure of 3.0 kg/cm.sup.2. The same solution was fed to the
      diluting cells and to the concentrating cells so as to form a higher
      pressure difference of 50mmHg to the diluting cells. The internal leakage
      from the diluting cells to the concentrating cells was 13 liter/hours, and
      when the test was conducted within the electrodialysis apparatus of
      Example 1, the internal leakage was 38 liter/hour while when conducted
      within the apparatus of Example 2, the fastening pressure required for
      providing internal leakage at the rate of 38 liter/hour was approximately
      2.5 kg/cm.sup.2.
PAC  EXAMPLE III
PAR  Within the assembly of the electrodialysis apparatus of Example 1, the net
      type spacers made of polyethylene were bonded to the cell frames along the
      concave portions thereof and at the inner peripheral portions of the
      central opening, as shown in FIGS. 2a and 3a with an epoxy type bonding
      agent. The demineralization of the solution of sodium chloride was
      performed under the conditions of Example 1 and the limiting current
      density of the apparatus was 40 A/dm.sup.2 N.
PAR  Obviously, many modifications and variations of the present invention are
      possbile in light of the above teachings. It is to be understood therefore
      that within the scope of the appended claims the present invention may be
      practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A filter-press type electrodialysis apparatus comprising:
PA1  a plurality of alternately arranged anion exchange membranes and cation
      membranes having cell frames interposed between said membranes, said
      membranes and frames being arranged and fastened between a pair of
      electrodes;
PA1  said cell frames include a central opening, conduits for feeding or
      discharging the liquid to be electrodialyzed to or from said cell frames,
      and passages connecting said conduits to said central openings; and
PA1  wherein the portion of said frame defining said passages comprise inserts
      formed separately from the body of said cell frame and which are of a
      rigid material having a thickness less than the thickness of said cell
      frame body which is made of an elastic material.
NUM  2.
PAR  2. The electrodialysis apparatus as set forth in claim 1, wherein the
      thickness of said passage defining portion of said cell frame is
      1/100-1/10 less than the thickness of said body of said cell frame.
NUM  3.
PAR  3. The electrodialysis apparatus as set forth in claim 1, wherein the rigid
      material of said passage defining portions has a 70.degree.-140.degree. of
      Rockwell hardness B as measured by the Japanese Industrial Standard B-7726
      while the elastic material of said frame body has a 30.degree.-110.degree.
      degree of hardness as measured by the Japanese Industrial Standard K-6301.
NUM  4.
PAR  4. The electrodialysis apparatus as set forth in claim 1, wherein the
      material of said passage defining portions of said cell frame is made of a
      rigid plastic which is incompressible under a pressure within the range of
      1 - 10 kg/cm.sup.2 while the material of the frame body is made of a
      rubberlike elastic material which is compressible under a pressure within
      the range of 1 - 10 kg/cm.sup.2.
NUM  5.
PAR  5. The electrodialysis apparatus as set forth in claim 1, wherein convex
      ribs, disposed within a lattice array are provided upon the surface of
      said frame body.
NUM  6.
PAR  6. The electrodialysis apparatus as set forth in claim 5, wherein the
      thickness of said convex ribs is 0.05 - 0.3 times the thickness of said
      frame body.
NUM  7.
PAR  7. The electrodialysis apparatus as set forth in claim 1, wherein spacers
      are respectively disposed within said cell frames and are bonded to at
      least one inner peripheral portion of said cell frame facing said central
      opening.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. The Field of the Invention
PAR  The field of this invention is gas making generators and domestic plants.
PAR  2. Description of the Prior Art
PAR  Coal gas has been deemed expensive because only the volatile portion
      distills off and the remaining coke is deemed relatively valueless: usual
      apparatuses for producing coal gas have been bulky and expensive or not
      easily installed, maintained or controlled.
PAC  SUMMARY OF THE INVENTION
PAR  A retort operating under a slight vacuum is arranged in a readily
      installed, maintained and controlled system that provides for using the
      thermal energy of the products of distillation to produce added gas from
      the coal. The batch apparatus retort is particularly readily emptied and
      filled.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic representation, partly in section, of a batch
      operating system according to this invention.
PAR  FIG. 2 is a diagrammatic vertical longitudinal view of retort assembly 20
      during its charging with coal.
PAR  FIG. 3 is a diagrammatic vertical longitudinal showing of the retort
      assembly 20 during the discharge of coke therefrom.
PAR  FIG. 4 is a diagrammatic cross sectional view of chamber 40.
PAR  FIG. 5 is a diagrammatic view of a system for continuous operation.
PAR  FIG. 6 is a pictorial view of the embodiment shown in FIG. 1.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The system of this invention, in one embodiment, 18, comprises, in
      operative combination, a retort assembly 19, a washer assembly 50, a
      condenser and collector assembly 60, a pump and storage assembly 100 and a
      heating assembly 110.
PAR  The retort assembly 19 comprises, in operative combination, a cylindrical
      retort subassembly 20 and a hood subassembly 121. The retort subassembly
      comprises a retort tank 20.1 and a discharge pipe 32 and handle 29. Tank
      20.1 is composed of a rigid imperforate cylindrical side wall 22, a
      vertical circular flat imperforate left end wall 23 and a removable right
      vertical circular flat end wall or lid 24. Walls 22 and 23 are permanent
      joined in a gas tight and firm manner as by welding. Wing nuts 34, 34',
      34" and the like releasably yet firmly hold the lid 24 to a rigid shoulder
      30 on the right side, as shown in FIG. 1, of cylindrical wall 22. The
      shoulder 30 is a flat rigid annulus joined at its periphery to the right
      hand edge of wall 22. With the wing nuts tightened, the walls 22, 23 and
      24 are firmly joined together and form a substantially gas-tight rigid
      tank. The soulder 30 has a slot 36 therein at the bottom thereof (shown in
      FIG. 2) to expedite emptying thereof although not interfering with the
      substantially gas-tight fit thereof with lid 24 when tank 20.1 is closed
      by lid 24. The wing nuts hold on to bolts that are attached firmly to
      shoulder 30. The lid 24 has a center hole 24C for gas to pass into the
      channel of the pipe 32. A retort chamber 21 is defined by the walls 22, 23
      and 24.
PAR  The hood assembly 121 is composed of a hood base 25, a hood top 26 and a
      grid 126. The hood base 25 is a rigid frame or skirt open at its top and
      at its bottom and comprising a left side (25.1 in FIG. 1), a right side
      (as shown in FIG. 1), a rear (as shown in FIG. 1) and a front wall similar
      to the rear wall (and shown in FIG. 6). The frame surrounds the bottom
      portion of the tank 20.1. The removable top 26 fits on top of the base 25
      and extends over the retort top and provides for confining a heating flame
      112 applied to the bottom of the retort. A plurality of holes 38 are
      provided at the top of hood or top 26 for escape of hot gases after such
      hot confined gases have heated the retort wall or shell 22.
PAR  The left side of the hood base supports the bottom of a left journal 27 and
      the right side of that hood base supports the bottom portion of the right
      journal bearing 28. Four rigid frame support legs as 115 and 116 are
      attached to the bottom of the open skirt that forms base 25 and support
      the frame 25 above the ground 120. These legs also support a grid 126
      above a burner 111, and below the bottom of tank 20.1. The grid is located
      between the walls of hood base 25 and below retort shell wall 22,
      generally as shown in FIG. 1, above burner 111.
PAR  A generally solid and rigid stub shaft 29 is firmly and rigidly fixed to
      center of rigid circular retort end wall 23 and is co-axial therewith and
      extends laterally therefrom and is rotatably supported in circular journal
      bearing 27.
PAR  This structure provides that, on removal of the hood top 26 and on release
      of the wing nuts 34, 34' and 34", the shell 22 may be separated from its
      lid 24 and the tube 32 attached to that lid. The combination of parts
      comprising the handle 35, the wall 23, and the cylindrical wall 22 may
      then be tilted, as shown in FIG. 3, or lifted completely out of contact
      with the shell 25 to be filled when tilted as shown in FIG. 2 or may be
      tilted downward to empty the contents of the chamber 21 onto the grid 126,
      as shown in FIG. 3.
PAR  A rigid handle 35 is firmly attached onto the outer end of the shaft 29
      whereby to gently rotate that shaft and the cylindrical retort 20 and the
      material 39 within the retort and so lightly agitate it in that chamber
      while being heated therein.
PAR  The arm 29 has a shaft 29.1 that is long enough to allow wall 23 of tank
      20.1 to be moved toward left end wall 25.1 and for tank 20.1 to be
      supported thereon and tilted for filling with coal, as shown in FIG. 2, or
      applying of coke to grid 126, as shown in FIG. 3, when wall 22 and wall 24
      are separated as shown in FIGS. 2 and 3.
PAR  A thermally sensitive element 31 is supported on the interior portion of
      the stub shaft 29 and is connected by an indicator wire passing through
      the shaft 29 to provide an exteriorily observable indication of
      temperature in chamber 21 at gauge T (113).
PAR  A rigid hollow cylindrical pipe or tube 32 with a central longitudinal
      channel 33 is coaxial with the center of lid 24 and central hole 24C
      therein. Tube 32 is firmly fixed at its left end to the outer surface of
      lid 24 and that tube 32 is rotatably supported on right journal bearing 28
      and is also at its right end firmly attached to the left end of joint 43.
PAR  Hollow pipe or tube 32 extends from the right hand side of the chamber 21
      (right hand as shown in FIG. 1) to bracket support 41 and to the rotatable
      portion of joint 43. Another bracket 42 is firmly attached to and supports
      the right hand portion of the joint 43. The left hand side or end of the
      tube 32 is firmly and rigidly joined to the right hand wall of the rigid
      chamber 21; the chamber 21 is thus supported by its firm attachment to the
      rigid tube or hollow pipe 32 and the similarly rigid arm 29.1.
PAR  A rotatable joint 43 joins the right hand end of the rotatable tube 32 and
      the left end of the fixed tube or pipe 49. A plurality of circular thin
      cooling fins as 37 are attached to the tube 32 and 49 and provide for
      cooling the gases in the tube 32 prior to the time such gases reach the
      joint 43 from the hot chamber 21. This cooling of such gases by such fins
      provides for a reduction of otherwise intense temperature stress in that
      rotatable joint and thereby protects that joint from dimensional changes
      resulting from the otherwise high temperature stresses (700.degree. to
      900.degree.F.) resulting from contact of such joint with the hot gases
      passing from chamber 21 via channel 33, which gases were theretofore
      heated by the flame 112. Rigid vertically extending brackets 41 and 42 are
      firmly fixed to and are firmly supported on a rigid washer tank 50 which
      washer is firmly supported on the ground 120.
PAR  Cooling coil 45 is a helical metal coil arranged to pass the gases exiting
      from the chamber 21 into the top of washer assembly 50. The cooling coil
      45 is formed of thin walled metal with an interior channel operatively
      connected at one, feed end, to the discharge end of the chamber 21. That
      channel extends vertically about a vertical axis to the discharge end 45.1
      of the cooling coil 45. The discharge end 45.1 of the cooling coil
      connects to a cooling coil discharge pipe 46' which pipe 46' has a channel
      therethrough connecting to the channel of coil 45. Pipe 46' enters the
      interior of a gastight washing chamber and extends below the upper level
      of liquid 54 in the wash liquid chamber space 55.
PAR  The washer assembly 50 is a rigid structure formed by a rigid cylindrical
      side wall 51, a rigid horizontal water-tight wall or floor 52 at the
      bottom thereof and a rigid top 58; walls 51, 58 and 52 are firmly joined
      together and define a gas-tight washer space 55 wherein a washing liquid
      54 is located. A horizontal baffle 53 is located above the top of the
      liquid 54 and is made of a relatively loosely open mesh, usually
      one-quarter inch stainless steel.
PAR  The discharge pipe 46' from the cooling coil 45 extends vertically below
      the level of the liquid 54 to a horizontal pipe portion 47' located close
      to the bottom, 52, of the wash chamber 50. Liquid 54 is a watery solution
      of brine (NaCl). The washer tank 50 serves as a separator of tar and oil
      fractions from the mixture of condensed vapors of tar and oil in the vapor
      mixtures passed into chamber 55. Liquor 54 also separates the tar and oil
      liquid fraction from each other. The salty liquor 54 serves to separate
      the oily fractions of different specific gravity from the tar and also
      avoid creation of foams and oil-in-water suspensions.
PAR  Chamber 50 is thus a rigid structure and provides rigid support for the
      brackets 41 and 42 that support the tubes 49 and 32.
PAR  A vertical washer outlet conduit or line 68 extends from its bottom end
      which is located in the portion of space 55 below top wall or lid 58 above
      baffle 53 to the inlet 57.3 of a condenser and cooler 57. The line 56 is a
      metal pipe with a channel therein that is open at its bottom end to space
      55 and open at its upper end to and through three way valves 60.1 and 60.2
      to the top of a condenser and cooler 57.
PAR  The chamber 40 is a rigid air-tight metallic baffled chamber; it is filled
      with a coarsely divided filtering and catalytic mass such as hopcalite
      which serves to filter small size solid material and also, in the event of
      leakage of air from rotatable joint 43 to provide for destruction of any
      carbon monoxide in that chamber.
PAR  Hopcalite is a mixture of metallic oxides, largely manganese dioxide and
      cupric oxide, with the addition of cobalt and silver oxides, which
      catalyzes the oxidation of carbon monoxide at ordinary temperatures.
PAR  An imperforate circular baffle 40.2 is supported in the middle of the
      chamber 40 in a line with yet extending perpendicular to the central
      longitudinal axis of channel 56 generally as shown in FIG. 4. The baffle
      is supported on a spider 40.3, which spider is joined to the baffle and
      the cylindrical chamber wall. A gas flow space 40.4 is provided between
      the periphery of baffle 40.2 and the interior of the wall of the chamber
      40. This change in direction of flow of gas provides for contact of the
      gas from chamber 55 and the hopcalite mass.
PAR  This structure provides that gas flowing from the chamber 55 will be
      treated to remove undesired carbon monoxide while the temperature thereof
      is sufficiently cool for that catalyst to be most effective and prior to
      condensation of liquid in which carbon monoxide is soluble.
PAR  Chamber 40 is open to and rigidly attached to the cylindrical straight pipe
      or conduit 56 having a channel or conduit therein which channel is coaxial
      with and continuous with channel 56.1 and the interior of chamber 40.
      Tubes 56.1 and 56 are thus coaxial with and rigidly joined to each other
      but valves 60.1 and 60.2 may be used to bypass line 68 to line 57.3 (see
      FIG. 1). The cooler 57 is a conventional automobile radiator in the
      particular embodiment illustrated with long (2 feet long) thin walled
      metallic cooling tubes 57.1 operatively connected to an upper manifold
      57.2 and a lower manifold 57.3. A cooler discharge outlet conduit or line
      59 passes downwardly from bottom of lower manifold of cooler 57 into the
      top wall 61 of a condenser and collector tank 60.
PAR  The collector tank 60 is a vertically extending gastight tank having a top
      wall 61, a bottom wall 63 and a cylindrical side wall 65, all firmly
      joined together and to conduits 59, 66 and 69.
PAR  A conventional sight glass 62 provides for determining the level of liquid
      in the chamber C enclosed within collector tank 60 and emptying that tank
      as necessary. The sight glass is operatively connected through side wall
      65 of the collector tank 60 in conventional gas-tight manner to chamber C.
PAR  The bottom wall 63 of the chamber 60 is operatively connected to a
      vertically extended collector pipe or line 66 through a cut-off valve 66V;
      line 66 is thereby operatively connected to the condensate storage tank
      67. The tank 67 has a discharge line 67.1 and a cut-off valve 67.2. The
      line 66 is a pipe with a channel therein that is connected in gas-tight
      manner to the bottom of tank 60 and top of tank 67; the height of line 66
      is several feet so that the vacuum created by pump 82 does not inhibit
      discharge from the outlet 67.1 of tank 67.
PAR  A lower condenser outlet line 69 is a vertical pipe with a channel therein
      which channel is operatively connected in gas-tight manner at its bottom
      to the top of collector tank 60 and at its top to a silencer 70. An upper
      condenser line 71 is a rigid pipe with a channel therein which extends
      from and connects to the top of the silencer 70 and enters an air-tight
      and water-tight absorber tank 46 containing baffles as 48 and a carbon
      monoxide absorbing liquid 47 as ammoniacal or hydrochloric acid solutions
      of cuprous chloride (the ammoniacal solution is preferred). An aqueous
      sodium bicarbonate solution may also be used in a separate tank to remove
      CO.sub.2. The line 71 extends to near the bottom of the absorber tank 46
      which may be filled and/or emptied through valves 46.1 and 46.2,
      respectively. Silencer 70 includes an orifice plate to stop noises.
PAR  The inlet of an absorber tank discharge line or pipe or conduit 72 is
      operatively connected to top of tank 46. Line 72 is provided with a test
      jet valve 75 at a tee 72T and line 72 is connected to a filter inlet of a
      filter casing 77 and a filter body 76 is held in a gas-tight filter casing
      77. A filter outlet line 79 is operatively connected to and passes from
      the outlet of the casing 77 to a tee 80 whereat a pressure gauge is
      located and line 79 also passes to a regulator valve 81 operatively
      connected to and leading to the inlet 82.1 of a conventional rotary pump
      82. The pump 82 is driven by a motor 84 and that pump has a discharge 82D
      with an outlet operatively connected to a discharge line 83. The pump
      discharge line 83 is a rigid metal pipe with a channel therein and such
      line is provided with a tee 85T and a test jet 85 which is connected to
      that tee through a cutoff valve 85V. The line 83 extends from the
      discharge 82D of the pump 82 past tee 85 to a tee 86. Distribution tee 86
      is connected by an adjustable throttle valve 87 to a conventional union or
      sleeve connector 89. Sleeve 89 provides for ready separation of the line
      83 from the tank 90 when needed as on replacement of that tank by another
      tank.
PAR  The storage assembly 100 comprises a balance tank 95 and a storage tank 90
      and pipes and valves associated therewith. A disconnectable sleeve
      connector 89 provides for gas-tight connection between assembly 100 and
      the remainder of the generating assembly 18 or for separation of the
      assembly 100 therefrom.
PAR  Storage tank 90 has a top cutoff or gate valve 91 and an throttle valve 92
      and a pressure gauge 93. The balance tank 95 is located with its bottom at
      a somewhat greater height than the top of tank 90 although it has the same
      volume or a larger volume than the tank 90. Storage tank 90 is an
      elongated cylindrical tank adapted for containing gas at high pressure. An
      air-tight and gas-tight interconnecting balance tank feed line 96 extends
      from the bottom of tank 95 to a quick disconnect coupling 90.1. A float
      valve 98 on the balance tank provides for freely passing air but not
      liquid 99 out of tank 95. The liquid 99 which extends from the tank 90 to
      the tank 95 is a liquid as water in which the gas to be collected in the
      space 90S above the liquid 99 in the tank 90 is substantially insoluble
      and with which it does not react. The selective valve 98 passes air but
      not water, hence provides for that the bottom of tank 90 is operatively
      connected to displacement line or conduit 97, a cutoff valve 97.1 and
      therethrough, serially, to the cutoff valve 96.1, the line 96 and the
      bottom of tank 95. The connector 90.1 provides for separation of the tank
      90 from the balance tank 95 when the tank 90 is full. The sleeve connector
      90.1 (between cutoff valves 97.1 and 96.1) provides, with sleeve 89 for
      separation of tank 90 from system 18 when full and its replacement by
      another like tank for filling with gas.
PAR  In operation, tank 90 is filled with water prior to adding combustible gas
      mixture thereto and tank 95 is connected thereto by lines 96 and 97. Tank
      95 is filled initially only to a level such that filling of the tank 90
      with gas and displacement of all the liquid 99 initially in tank 90 into
      tank 95 displaces all the gas as 99G initially in tank 95 over the level
      of the liquid 99 in tank 95. This addition of all the liquid initially in
      tank 90 also fills tank 95 with liquid whereupon valve 98 closes when such
      tank 95 is filled with liquid (which occurs after all of the gas in that
      tank has been displaced by the liquid theretofore in tank 90). Valve 98 is
      connected to the very top of the tank 99.
PAR  This arrangement of tanks 90 and 95 provides that additions of gaseous
      mixture to tank 90 beyond that required to fill the tank 90 at only
      slightly over atmospheric pressure serve only to increase the pressure in
      the tank 90 but do not displace further liquid therefrom whereby the tank
      90 is filled with combustible mixture under pressure without admixture
      with air.
PAR  The volume of liquid in tanks 90 and 95 is chosen so that filling tank 90
      with gas at high pressure drives the liquid 99 past valve 97.1 but not
      past the sleeve 90.1.
PAR  By this structure, the initial filling of the tank 90 with gas results in
      displacement of the water in tank 90 at only modest pressure to tank 95.
      The height of the water in tank 95 over the top of tank 90 provides for
      complete discharge of the gas in the tank 90 to the place of its intended
      use as a house as 726. The valve 92 is connected by a consumer line 132
      and valve 130 and valve 131 to the house line 129 whereat the consumer gas
      line is connected to gas using structures as the gas stove 128' and the
      gas furnace 127. As diagrammatically illustrated in FIG. 1, tank 95 is
      higher than tank 90 so that the bottom of tank 95 is at the level of or
      greater than the top of tank 90. Also, as shown in FIG. 1, the tank 60 is
      substantially higher than the tank 67 and the coil 45 is above and higher
      than the top of tank 50. The tank 50 is provided with a drain valve 50.2
      leading to the tank 50.1 as well as a three-way valve 50.3 located at the
      upper portion of the tank 50 and below the grid 53 to provide for
      separating the tars and oils in the mixture of vapors and condensed tars
      and oils passing from bottom of coil 45 to liquor 54.
PAR  A pipe or line 101 is operatively connected to and passes from the tee 86
      to an adjustable throttle valve 101V and is operatively connected through
      that valve to a burner feed line or pipe 102. Line 102 extends to a burner
      111 through a cut-off valve 104 and a tee 105. The cutoff valve 104
      provides for disconnection of the storage assembly 100 from the burner
      111. Burner 111 is firmly supported on ground 120 below grid 126 and hood
      base 25. A branch of the tee 105 in line 102 is operatively connected to
      and fed by a reserve fuel chamber 109.
PAR  The lines 102 and 108 are operatively connected through the tee 105 to a
      jet 111 to create a flame 112 which heats the retort 20 within the hood
      base 25.
PAR  Reserve fuel chamber 109 is operatively connected to line 108 through a
      cut-off valve 107, a releasable connector 106 and a cut-off valve 108V.
PAR  The start-up fuel chamber 109 is operatively connected by cut-off valves
      109' and 109" and connector 109'" to line 102, so that such chamber may be
      filled from tank 90 when such tank 90 is under pressure preparatory to the
      separation of the tank 90 from the system 18 when the system is used to
      fill many tanks such as 90 in a series and one of such series is intended
      to be shortly disconnected and start-up would require another source of
      heat for the coal, as 39, in chamber 21.
PAR  An insulated vertical wall 128 separates assembly 20 from remainder of
      assembly 18. Coal 39 is a high volatile sub-bituminous coal from Navajo
      Mine of Arizona Public Service, Four Corners Area.
PAR  FIG. 6 is a pictorial view of system as shown in FIG. 1 except for that
      chamber 40 is not used therein and the hood 26 of assembly 25 is removed
      from frame 25 for purpose of illustration of interior of retort assembly
      19 and retort tank 20.1 is not rotatably mounted. This FIG. 6 illustrates
      that the entire assembly 18, shown in FIG. 6), including tanks 90 and 95,
      occupy a space only about 3 by 10 feet in area, hence is readily installed
      in a garage or transported in a truck: the connections between parts are
      simple and can be effected with hand tools as diagrammatically illustrated
      in FIG. 1.
PAR  To start the operation of the system 18, the cover 26 is removed from its
      base 25 and shell 22 is disconnected from the cover 24 by release of all
      the wing nuts as 34 and 34' connecting the lid 24 to the shell or wall 22.
      The shell 22 and wall 23 and shaft 29 are then lifted up or tilted as
      shown in FIG. 2 and a load of coal 39 is placed in the chamber 21.
      Thereupon, the wing nuts are tightly connected to the shell 22 and the
      chamber 21 is thereby rendered air-tight; thereupon the hood 26 is placed
      on top of the base 25. The charge 39 of coal is, in the particular
      embodiment shown, composed of 44 pounds of pea size coal, free of dust to
      improve the porosity of charge. The chamber 21 is sealed shut by nuts as
      34 in a substantially air-tight manner. Generally, air leakage is
      minimized but it is utilized to destroy carbon monoxide that might
      otherwise render the collected product dangerous. Chamber 21 is heated to
      between 700.degree. and 900.degree.F. and maintained at such temperature
      during gasification of the feed (39). Temperature is monitored in chamber
      21 by a standard thermoelectric sensing element as 31 located in the
      chamber 21 and operatively connected to and actuating a gauge or visible
      indicator 113, or the exhaust temperature may be monitored at holes as 38
      in the hood top 26. The gas for heating the coal in such initial stage of
      operation is supplied from chamber 109 via line 108 and open valve 108V
      and open valve 107 while the cut-off valve 104 is closed.
PAR  On such initial heating, a gas mixture composed generally as set out in
      Table I, column 2, is produced, although the usual variation in range of
      such components when any of a large variety of coal is used is not
      particularly significant for this apparatus. [Table I herebelow]
PAR  The hot vapors evolved from tank 20.1 also include vapors of tars and oils.
      The tars have a specific gravity in excess of 1.0 (compared to water) and
      usually 1.07 to 1.09 and settle to the bottom of tank 50; such hot vapors
      condensed also include 2-1/2 to 3 gallons of light oil motor fuel per ton
      of coal. The oils condense and have a specific gravity less than 1.0; the
      fuel fractions are vaporized in chamber 50. These fuel fractions are
      materials having substantial portion thereof with boiling points less than
      100.degree.C. (212.degree.F.) and are useful as motor fuel and are
      collected in tanks 60 and 67. Carbolic acid, creosote, phenols and sulfur
      compounds, such as thiocyanates and thiosulfides, are collected in the
      liquor 54 and retained in chamber 50 and collected as a waste product in
      tank 50.1.
PAR  After such loading of chamber 21 and heating of its contents by the source
      109, the initial stage of operation of the system is evidenced by audible
      bubbling or gurgling sounds developed in the washer 50 due to passage of
      gas through the liquid 54.
PAR  The dimensions of the particular embodiment 18 are set out in Table Ii
      herebelow.
PAR  After a few minutes of operation, the output sput or vent of valve 75
      provides an orange flame. Tee 72.1 in line 72 has a valve 75 with an
      output sput or vent thereon for provision of the flame 75F and the valve
      75 is a throttle valve. This flame indicates the displacement of air from
      all points between the valve 75 and the retort chamber 21.
PAR  Vent 85 does not provide a combustible mixture for about 5 minutes after a
      flame is provided at output sput or vent of valve vent 75. It would be
      noted that the tee 85T feeding to the valve 85V is as close as possible to
      tee 86 from which the line 101 leads to the burner 111 and from which also
      the valves 87 and 91 lead to the tank 90. Vent 85 is a sput or short pipe
      at end of valve 85V.
PAR  After vent 85 lights, the pump 82 is started and produces 3 to 5 p.s.i.g.
      vacuum in line 79 and produces a discharge pressure of 150 to 180 p.s.i.g.
      in line 83. After vent 85 is lit and pump 82 is running, valve 104 may be
      opened and gas may be passed from pump discharge line 83 to tee 86 and
      line 101 and line 102 and valve 104 and burner 111 to produce heat at
      flame 112 for the heating of the coal 39 in chamber 21. The valve 106 is
      then closed then the valve 104 is opened whereby the overall cycle of gas
      production in chamber 21, storage in tank 90, burning at flame 112 and
      passage of gas to its utilization is balanced with enough gas passing to
      the flame 112 to maintain the desired temperature of 700.degree. to
      900.degree.F. in chamber 21 while producing excess gas and storing the gas
      so produced in tank 90. The vacuum produced by the pump 82 is read at
      gauge 80 while the discharge pressure of pump 82 is read when a steady
      state is reached at the gauge 93 at tank 90.
PAR  Completion of gasification is indicated by cessation of the bubbling moise
      in washer 50. At such time, 44 pounds of bituminous coal produces 1/4
      gallon of gasoline at discharge 67.2 and 440 cubic feet of gas. Two tons
      of coal will produce 7 gallons of gasoline and 44,000 cubic feet of gas at
      standard temperature and pressure; however, the high pressure produced by
      the pump provides for the ready storage of a large amount of gas in the
      tank 90.
PAR  Coke, tar, liquor and gas produced by this process vary according to the
      particular method of carbonization and the nature of coal used.
PAR  Generally for every 100 units of heat contained in the coal carbonized, 24
      appears in the gas, 42 in the coke and 5.6 in the tar, for an overall
      efficiency of 71.6%, with 28.4% used in the manufacture. The use of the
      coke provides for substantially complete transfer of the gasification
      possibility of the coal to gas with the coke left over at each batch
      operation emptied from the container 21, as shown in FIG. 3, and deposited
      on the grid 126. The gas from burner 111, whether provided from tank 90 or
      from tank 109, provides for igniting the coke and providing the heat to
      the furnace walls containing such coke (127) to ignite that coke to
      provide a flame as 112 for heating of the mass of coal (39) in the chamber
      21. Additionally, gasoline is collected which is usable for automobile
      fuel as well as gas being collected for use in gas stoves and gas
      furnaces.
PAR  The completion of gasification is indicated by a cessation of the bubbling
      noise in the washer 50.
PAR  According to another embodiment of this invention (as shown in FIG. 5), a
      retort assembly 219, a washer assembly 250, a condenser and collector
      assembly 260, an absorber assembly 270 and a pump and storage assembly 300
      and a heating assembly 310 are provided in operative combination. This
      embodiment 218 provides for continuous operation rather than a batch
      operation (as shown in FIG. 1). In embodiment 218, the retort subassembly
      219 comprises a retort tank 220 in shape of a vertical right cylinder with
      a feed conveyor 221 and a discharge conveyor 222 operatively connected
      thereto. The tank 220 has cylindrical side walls and a louvered conical
      bottom 223 with circular spaces as 224 between the circular conical
      portions of the louvered conical bottom and a circumferential manifold
      303. The top, horizontal feed conveyor 221 is a screw conveyor that feeds
      through a star wheel 225 into the top of chamber 226 of the tank 220 while
      solid material is discharged from horizontal discharge screw conveyor 222
      at bottom of tank 220 onto grid 326 in the heating assembly 310.
PAR  The heating assembly 310 comprises a furnace chamber 313, a vertically
      extending chimney 312 on top of the chamber, a grid 326 in the chamber
      adjacent discharging conveyors 222, heat transfer tubes 302 above the grid
      and below the chimney and a gas burner 311 below the grid.
PAR  The washer assembly 250 comprises a cooler coil 245 and a washer tank 255.
      The inlet of coil 245 is connected to discharge 228 of retort chamber 226.
      The outlet of coil 245 is operatively connected to a vertical line 251
      leading into the vertically extending washer tank 255 and extending to
      near the bottom thereof yet spaced away therefrom; the discharge end of
      line 251 extends below the level of liquid 254.
PAR  The end of line 251 extends to below the top level of a liquor 254 -- a
      brine -- in tank 255. Tank 255 is connected at its bottom to discharge
      chamber 252 by discharge line 253 and to coil 257 by a pipe or line 256. A
      cooler coil 257 is connected by line 259 to top of separator tank 265.
      Tank 265 connects by line 266 to a valved gasoline collector chamber 267.
      An absorptive solution 247 for carbon monoxide is held in a tank 246 of
      assembly 270. The top of chamber of tank 265 is connected to tank 246 by
      line 271; tank 246 has baffles 248; line 280 connects to the upper wall of
      tank 246 and the upper portion of chamber 249 of tank 246 and pump 282
      inlet. The discharge of pump 282 is connected to tee 286 and tee 286
      connects by line 287 into each of a battery of tanks or chambers as 290,
      290', 290", each of which tanks is connected by a U-tube as 291D, 291D'
      and 291D" to balance tanks as 295, 295' and 295", respectively, which
      pairs of tanks (290-295, 290'-295') contain jointly volumes of water as
      299, 299' and 299" and operate and are related functionally as above
      described for tanks 90 and 95 and the volume of water 99 therein. Tee 286
      also connects to a gas cycle line 301 and a house line 329.
PAR  The bottom of tank 246 is connected to one end of a discharge line 272; the
      other end of which line is connected to a regeneration tank 258. The
      outlet of the tank 258 is connected to a recycle line inlet line 273. The
      outlet of the recycle line is connected to the top of tank 258 through a
      pump 274. The same solution is used in tank 246 as is used in tank 46 for
      absorption of carbon monoxide. Inlet 275 and outlet 276 in 258 provide for
      addition and removal of gases (as air) to regenerate the liquid 247 of
      tank 246 passed to tank 258.
PAR  The process of embodiment 218 continuously provides combustible gas
      mixtures in tanks 290, 290' and 290" from the coal 239 in tank 220 and
      supplies home users of gas, as at 826.
PAR  In operation of embodiment 218, the coal mass 239 is fed into chamber 226
      by the screw conveyor 221 from a source 238 of such coal.
PAR  The mass of coal 239 is heated at 700.degree. to 900.degree.F. to form coke
      240 and evolves a first vapor mixture from mass 239, such mixture
      comprising vapors of tars, oils, natural gasoline and hydrogen, methane
      and carbon dioxide. Due to vacuum-producing action of pump 282, the
      pressure in chamber 226 is 3 to 5 p.s.i. below atmospheric pressure. The
      vapors pass out of chamber 226 by line 228. Coke 240 passes along the
      conveyor 222 onto a grid 326 and is burned in furnace 310. The combustion
      gases from burning of such coke passes up chimney 312 and heats the gas
      passed through pipe 301 within that chimney.
PAR  The vapors of the tars and oils from the first vapor mixture in chamber 226
      condense in coil 245. The condensed tars and oils are washed and collected
      in chambers 255 and 252 and in 255 separated from the remaining vapors,
      which provide a second vapor mixture. That second vapor mixture passes
      through line 256 to coil 257 where condensing and separating of the
      gasoline vapors from that said second vapor mixture occurs and produces a
      third vapor mixture that is passed out of tank 265 via line 271 and liquid
      gasoline that is collected in tank 265: such liquid is passed downwardly
      by vertical line 266 to a collecting tank 267 from which it may be
      dispensed, overcoming the vacuum effect of pump 282 by the height of line
      266.
PAR  Carbon monoxide in the third vapor mixture is removed in tank 246 to
      produce a fourth vaporous mixture in line 280; pump 282 raises the
      pressure of that fourth vaporous mixture to a pressure about 150 p.s.i.
      above atmospheric pressure;
PAR  The cross 286 divides the pressurized fourth vapor mixture comprising
      methane and hydrogen from pump 282 into at least two parts sending one
      part by line 288 to storage tank 290 while burning the coke 240 to heat a
      second part of said fourth vapor mixture (from line 301) in heat transfer
      tubes 302 and passing the thus heated part of said fourth vapor mixture
      into a manifold 303 and then through spaces 224 to contact with fresh
      portions of the coal and thereby evolving added portions of the above
      first and second and third and fourth vapor mixtures and producing further
      portions of coke. A portion of the fourth vapor mixture in line 301 may be
      passed by tee 306 and a cut-off valve 309 by a line 307 to a burner 311
      whereby to initiate combustion of the coke on grid 326 in chamber 310.
      Heat transfer between chimney 312 and feed conveyor 221 to chamber 226 is
      also provided as shown in FIG. 5.
PAR  The liquor in tank 246 is passed to tank 258 to be regenerated and then
      returned to tank 246 (for reuse) by pump 274 and line 273. The line 301 is
      connected by a consumer line 332 and valve 330 and valve 331 to the house
      line 329 for a house as 826 whereat the consumer gas line is connected to
      gas using structures as the gas stove 328 and the gas furnace 327. Another
      line as 329' provides gas for another house. Each of the tanks 290, 290'
      and 290" may be separately filled and then separated from the line 287 as
      above described for tanks 90 and 95 and each of tanks 290, 290' and 290"
      is provided (at D) with disconnect valves and couplings as 87 and 91 and
      disconnectable couplings as 89 and (at 291D, 291D' and 291D") with valves
      as 97.1 and 96.1 and disconnectable couplings as 90.1.
PAR  Analyses of coal 39 are available in U.S. Geologic Survey 1972 Report,
      Southwest Energy Study Report, Appendix J, Part II, Tables 2A and 3A.
TBL                TABLE I                                                     

     ______________________________________                                    

     GAS PRODUCED BY HEATING COAL                                              

     Column 1: Components Column 2                                             

     ______________________________________                                    

     Oxygen               0.2                                                  

     Carbon Dioxide       4.5                                                  

     Unsaturated hydro-                                                        

     carbons              3.8                                                  

     Carbon Monoxide      8.3                                                  

     Hydrogen             29.0                                                 

     Methane              49.1                                                 

     Nitrogen             5.0                                                  

     B.T.U. per                                                                

     cubic foot           475-560 B.T.U.                                       

     Gas cu.ft./ton       20-50,000                                            

     Density relative                                                          

     to air               0.4 to 0.8                                           

     Flame Temperature    3600.degree. F.                                      

                           (1982.degree. C.)                                   

     ______________________________________                                    

TBL                                    TABLE II                                

     __________________________________________________________________________

     Tank 21:                                                                  

            Diameter          6 in. O.D.                                       

            Length            16 in.                                           

            Wall Thickness    5/16 in.                                         

     Coil 45:                                                                  

            Length            12 in.                                           

            Wall Thickness    .035 in.                                         

            Helix Diameter    10 in. I.D.                                      

            Wall Diameter     1/2 in.                                          

            Pitch of Helix (longitudinal                                       

             spacing of helix portion)                                         

                              2 in.                                            

     Tank 46:                                                                  

            Diameter          12 in.                                           

            Length            39-1/2 in.                                       

            Wall Thickness    1/16 in.                                         

     Tank 50:                                                                  

            Height            14 in.                                           

            Diameter, inside  12 in.                                           

            Wall Thickness    3/32 in.                                         

            Height of baffle over floor 53                                     

                              10-7/32 in.                                      

     Cooler 57:                                                                

            Pipe size, o.d. (number)                                           

                              1/2 in. (11 tubes)                               

            Wall Thickness    .035 in.                                         

            Wall Length       8 in.                                            

     Tank 60:                                                                  

            Height            16 in.                                           

            Diameter          6 in.                                            

            Wall Thickness    .040 in.                                         

     Motor 82:                                                                 

            Horsepower        1/4 H.P.                                         

            r.p.m.            1750 R.P.M.                                      

     Pump 84:                                                                  

            Input pressure    3.5 in. Hg Neg.                                  

            Output pressure   180 PSI                                          

     Tank 90:                                                                  

            Diameter          2 feet                                           

            Length            6 feet                                           

            Wall Thickness    1/8 in.                                          

     __________________________________________________________________________

CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for generating combustible gas mixtures and liquid gasoline
      from coal comprising, in operative combination, a retort assembly, a
      washer assembly, a condenser assembly, a pump and storage assembly and a
      heating assembly;
PA1  said retort assembly comprising a gas-tight retort tank and a hood, said
      gas-tight retort tank comprising a horizontally extending rigid
      imperforate cylindrical wall and one vertically extending side wall firmly
      attached thereto on one side thereof and another side wall removably yet
      firmly attached to another side of said cylindrical wall, a support for
      journal means for rotatably supporting said retort tank near said one side
      wall thereof, another support for journal means for rotatably supporting
      said retort tank adjacent to said other side wall; one shaft means fixed
      to and extending horizontally from said one side wall to said journal
      means on said one of said supports and rotatably supported thereon, and
      another shaft means fixed to and extending from the other of said side
      walls to the journal means on said other support and rotatably supported
      thereon, a retort discharge channel extending through said removably
      attached side wall and shaft connected thereto, and one end of a cooling
      coil operatively connected to said retort discharge channel; a grid
      support, a grid thereon, said grid below said retort tank, a gas burner
      being located below said grid, and the hood of said retort tank comprises
      a lower base and an upper perforated shell, said lower base being a rigid
      frame open at its top and bottom, said frame surrounding the periphery of
      the retort tank and, on removal of said removably attached side wall from
      said horizontally extending cylindrical wall, said rigid imperforate
      cylindrical wall of said retort tank and one vertical side wall being
      pivotal about a horizontal axis on said one support and said horizontally
      extending imperforate cylindrical wall being tiltable to a sloped position
      whereby to empty the content of said retort tank on to said grid,
PA1  said washer assembly comprising a cooling coil and a washer tank, said
      cooling coil comprising a vertically extending coil, one, lower, end of
      said cooling coil operatively attached to said retort discharge channel,
      the other, discharge, end of said cooling coil operatively attached to
      said washer tank and extending thereinto, said washer tank comprising a
      vertically elongated gastight tank with top, bottom and side walls joined
      together and enclosing a gas-tight chamber therebetween, said discharge
      end of the cooling coil extending towards the bottom wall thereof, said
      washer tank having an upper outlet line operatively connected to the top
      thereof and to the chamber therein and extending to the inlet of a
      condenser;
PA1  said condenser assembly comprising a condenser and a collection tank, said
      condenser connected via a vertically extending tube therebelow to said
      collection tank, which has an upper discharge outlet and a lower discharge
      outlet, said lower discharge outlet connected to a collection discharge
      line and said collection discharge line feeding to a gasoline collector
      tank, said gasoline collector tank located below said collection tank;
PA1  said collection tank upper discharge outlet operatively connected to a
      gas-tight gas treatment chamber,
PA1  said pump and storage assembly comprising a pump and a first storage tank,
      said collection tank upper discharge line connected via said gas treatment
      chamber to the inlet of said pump, a power means operatively attached to
      said pump, and a discharge outlet on said pump, a pump discharge line
      operatively connected to said pump discharge outlet, a first tee connected
      to said pump discharge line, one arm of said tee connected to said first
      storage tank through a first throttle valve and another arm of said tee
      operatively connected to the inlet of a second throttle valve, said second
      throttle valve having an outlet, said second throttle valve outlet
      connected to said burner below said retort tank by a line, and comprising
      also a second tee in said line from said first tee to said burner between
      said burner and said second throttle valve, two arms of which tee are
      connected to said line and a reserve gas storage compartment having a
      cut-off valve operatively connected thereto and a gas storage compartment
      discharge line operatively connects said cut-off valve to a third arm of
      said second tee whereby said burner is operatively connected to said
      reserve gas storage compartment.
NUM  2.
PAR  2. Apparatus as in claim 1 wherein a third tee is located in the line
      between said gas treatment chamber and the inlet of said pump and a gas
      jet is operatively connected to said third tee and a cut-off valve is
      located between said gas jet and said third tee, and wherein a fourth tee
      is located between said pump discharge line and said first tee with two
      arms of said fourth tee connected to said pump discharge line and a third
      arm of said fourth tee connected to the inlet of a valve with the outlet
      of said valve operatively connected to a test jet.
NUM  3.
PAR  3. Apparatus as in claim 2 wherein said first storage tank has at its
      bottom a discharge line which is operatively connected through a cut-off
      valve, a disconnectable coupling and a second cut-off valve to a second
      storage tank having an inlet at its bottom and being of a greater capacity
      than said first storage tank, the bottom of said second storage tank being
      located at the level of the top of said first storage tank, a connecting
      pipe from the bottom of said second storage tank to the bottom of said
      first tank, said line including said cut-off valve, a disconnectable
      coupling and a second cut-off valve between the first storage tank and
      said second storage tank and a valve at the top of said second storage
      tank which closes against passage of liquid but allows free flow of gas
      therethrough.
NUM  4.
PAR  4. Process of providing combustible gas mixtures and liquid gasoline from
      coal, comprising the steps of
PA1  a. heating a first batch of dust-free coal at 700.degree. to 900.degree.F.
      in a retort and evolving a first vapor mixture therefrom comprising vapors
      of tars, oils, natural gasoline and hydrogen, methane and carbon monoxide
      at a pressure below atmospheric pressure and producing coke in said
      chamber,
PA1  b. condensing the tars and oils from the first vapor mixture and separating
      them and collecting said condensed tars and oils and thereby producing a
      second vapor mixture;
PA1  c. condensing and separating the resulting liquid gasoline from said second
      vaporous mixture and thereby producing a third vapor mixture and
      collecting liquid gasoline;
PA1  d. removing carbon monoxide from said third vapor mixture and thereby
      producing a fourth vapor mixture and raising the pressure of said fourth
      vapor mixture to a pressure above atmospheric pressure;
PA1  e. dividing said pressurized fourth vapor mixture comprising methane and
      hydrogen into two portions and passing one portion thereof to storage and
      use and a second portion to a burner and there burning said second portion
      to heat said coal to maintain the temperature in said retort in the range
      of 700.degree. to 900.degree.F. and
PA1  f. after a first batch of said coal has been heated and said vapor mixtures
      evolved therefrom, the resultant coke is removed from the retort and
      passed to a grid below said retort and a fresh portion of coal is added to
      the retort and said coke is ignited on said grid by said second portion of
      said fourth vapor mixture and burned to heat said second batch of said
      coal and develop a second batch of each of said first, second, third and
      fourth vapor mixtures.
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ABST
PAL  A process for producing high octane low lead content or unleaded gasoline
      from a hydrocarbon feedstock by hydrocracking the hydrocarbon feedstock;
      fractionating the hydrocracking effluent in a fractionation zone, thereby
      obtaining a stream rich in singly branched hexanes; isomerizing the singly
      branched hexanes to doubly branched hexanes in an isomerization zone
      operated at a reaction temperature below 300.degree.F.; and combining the
      doubly branched hexanes with C.sub.7 + hydrocarbons derived from the
      hydrocracking effluent, thereby obtaining a high octane gasoline or
      gasoline blending stock. In a preferred embodiment, the isomerization zone
      effluent is fractionated to give a cyclohexane-rich stream which stream is
      catalytically reformed and then the reformate is combined with the doubly
      branched hexanes from the isomerization zone.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to combined hydrocracking and isomerization.
PAR  Hydrocracking is a well-known process. Typical conditions for hydrocracking
      include a pressure of 100 to 10,000 psig, a temperature of 600.degree. to
      1000.degree.F., a hydrogen rate of 100 to 10,000 standard cubic feet per
      barrel of feed and a catalyst such as a Group VIII metal or metal compound
      and/or a Group VIB metal or metal compound on a porous refractory base.
PAR  Isomerization of normal paraffins such as n-pentane, n-hexane or n-heptane
      is widely practiced for production of higher-octane isomers for use in
      gasoline.
PAR  Table I, below, shows the relatively excellent octane values for branched
      paraffins, i.e., the incentive for isomerization.
TBL                TABLE I                                                     

     ______________________________________                                    

                 Research Octane                                               

                              Motor Octane                                     

                             3 cc.          3 cc.                              

     Hydrocarbon   Clear     TEL      Clear TEL                                

     ______________________________________                                    

     n-Pentane      62        89      62     84                                

     i-Pentane      92       109      90    105                                

     n-Hexane       25        65      26     65                                

     2-Methylpentane                                                           

                    73        93      74     91                                

     3-Methylpentane                                                           

                    75        93      74     91                                

     2,2-Dimethylbutane                                                        

                    92       106      93    113                                

      (neohexane)                                                              

     2,3-Dimethylbutane                                                        

                   103       119      94    112                                

      (diisopropyl)                                                            

     ______________________________________                                    

PAR  Isomerization processes can be divided into high, low, and ultra-low
      temperature processes. Rough temperature ranges are:
      500.degree.-800.degree.F. for high temperature isomerization;
      150.degree.-400.degree.F. for low temperature isomerization; and 31  to
      150.degree.F. for ultra-low temperature isomerization.
PAR  Patents disclosing low-temperature hydrocarbon isomerization processes
      include U.S. Pat. No. 3,180,905, which is directed to the use of an
      aluminum tribromide catalyst, and U.S. Pat. No. 3,227,772, which in
      general is directed to the use of a metal halide catalyst with hydrogen
      halide at temperatures in the range of about 50.degree. to 350.degree.F.
PAR  Catalysts used for middle to low-temperature range isomerization processes,
      e.g., 150.degree.-500.degree.F., include platinum on halided alumina
      wherein the halide content is above 1 weight percent and usually above 2
      weight percent. Isomerization processes using these solid
      high-halide-content catalysts are disclosed, for example, in U.S. Pat. No.
      2,999,074 and U.S. Pat. No. 2,927,087. The high halide content can be
      achieved by subliming a Friedel-Crafts component, such as aluminum
      chloride, onto the alumina support or treating the alumina support with an
      organic halide, such as carbon tetrachloride. Such catalysts can be used
      for isomerization at temperatures of about 300.degree.F. and below.
PAR  For typical low-temperature isomerization the catlayst used in AlCl.sub.3
      plus hydrogen chloride. Low-temperature isomerization feedstock, dried and
      preheated to reaction temperature, is combined with a recycle stream (if
      recycling is practiced), mixed with hydrogen chloride, and passed through
      a reactor and an aluminum chloride recovery section. Reactor effluent is
      cooled and flashed to discharge any light gases through a small absorber
      that recovers hydrogen chloride carried off in the gases. Liquid from the
      flash drum is stripped to recover hydrogen chloride, and is caustic-washed
      to remove the last traces of acid. The stripping column is usually
      operated at a pressure high enough that the stripped hydrogen chloride can
      be returned directly to the reactor. If recycling of unconverted normal
      paraffin is practiced, the recycle stream is then fractionated from the
      product.
PAR  Typical reaction conditions are:
     Catalyst               AlCl.sub.3 -HCl                                    

     Inhibitor              H.sub.2 (60 psi)                                   

     Pressure, psi            300                                              

     Temperature, .degree.F.                                                   

                            176-212                                            

     Space velocity, V/hr/V 1.0-2.5                                            

     HCl conc., wt.%           5                                               

     Conversion %             60                                               

PAR  Ultra-low temperature isomerization so far has not been employed
      commercially to a significant extent. Patents which have disclosed
      ultra-low temperature isomerization process include U.S. Pat. No.
      2,956,095, directed to the use of fluosulfonic acid catalysts. U.S. Pat.
      No. 3,201,494 is directed to ultra-low temperature isomerization using an
      HF.sup.. antimony pentafluroride catalyst in liquid phase and U.S. Pat.
      No. 3,394,202 is directed to use of a supported HF.sup.. antimony
      pentafluoride catalyst. U.S. Pat. No. 3,678,120 discloses the use of a
      supported HF.sup.. antimony pentafluoride or fluosulfonic acid.sup..
      antimony pentafluoride catalyst for low-temperature isomerization much the
      same as in U.S. Pat. No. 3,394,202.
PAR  The prior art does not appear to disclose the combination of
      hydrocracking-low temperature isomerization of singly branched hexanes,
      particularly as described in the specific process combinations below.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a process is provided for producing
      high octane low lead content or unleaded gasoline from a hydrocarbon
      feedstock, which process comprises hydrocracking the hydrocarbon
      feedstock, thereby obtaining a hydrocracking effluent comprising singly
      branched hexanes and C.sub.7 + hydrocarbons; fractionating the
      hydrocracking effluent in a fractionation zone, thereby obtaining a stream
      rich in singly branched hexanes; isomerizing the singly branched hexanes
      to doubly branched hexanes in an isomerization zone operated at a reaction
      temperature below 300.degree.F.; and combining the doubly branched hexanes
      with C.sub.7 + hydrocarbons derived from the hydrocracking effluent,
      thereby obtaining a high octane gasoline or gasoline blending stock.
PAR  According to a preferred embodiment of the present invention, the
      fractionating is carried out to obtain a butane fraction, a pentane-hexane
      fraction and a C.sub.7 + fraction, and the pentane-hexane fraction is fed
      to the isomerizing step.
PAR  According to another preferred embodiment of the present invention, the
      fractionating is carried out to obtain an isopentane-rich fraction and the
      pentane-hexane fraction is a normal pentane-hexane fraction.
PAR  Among other factors the present invention is based on my finding that
      hydrocracking integrated with isomerization to produce high octane
      gasoline even though hydrocracking itself produces isoparaffins and
      isomerization also produces isoparaffins. The isomerization step of the
      present invention must be carried out at a low temperature, i.e., below
      300.degree.F., and the feed to the isomerization step must include singly
      branched isohexanes produced in the hydrocracking step.
PAR  One reason the present invention is surprisingly advantageously integrated
      into an overall process to produce high octane unleaded or low lead
      content gasoline is that the present invention affords an especially
      advantageous feedstock for reforming to produce high octane material from
      that portion of the hydrocracking effluent that is not upgraded to the
      high octane doubly branched hexanes by isomerization. This is accomplished
      as follows: Hydrocracking produces a high yield of methylcyclopentane. In
      the low temperature isomerization step of the present invention
      methylcyclopentane is isomerized very advantageously to cyclohexane. Such
      isomerization is not nearly as advantageously carried out at high
      temperature because, although methylcyclopentane isomerizes to cyclohexane
      relatively easy, the extent of isomerization at high temperature is not
      very great as the thermodynamic equilibrium is considerably in favor of
      methylcyclopentane at high temperature. However, at the low temperature
      required in the isomerization step in accordance with the present
      invention, the thermodynamic equilibrium is considerably in favor of
      cyclohexane. The reason cyclohexane production is important is that
      cyclohexane is easily reformed to high octane benzene. Methylcyclopentane
      can be reformed to benzene but not as easily as can cyclohexane. To reform
      methylcyclopentane to benzene, methylcyclopentane first has to be
      converted to cyclohexane in the reformer reactor. The cyclohexane is then
      dehydrogenated to yield benzene. During the time it takes to isomerize
      methylcyclopentane to cyclohexane in the reforming zone, some cracking
      takes place with net loss to light ends such as methane, ethane, propane,
      butane and pentane. Because of this loss and because of other factors, the
      reforming yield of benzene from the cyclohexane feed is about 25 to 35
      percent greater than the reforming yield of benzene from
      methylcyclopentane.
PAR  In accordance with an especially preferred embodiment of the present
      invention, the isomerization step effluent is fractionated to obtain a
      cyclohexane-rich fraction and the process of the present invention further
      comprises feeding the cyclohexane-rich fraction to a catalytic reforming
      step and combining C.sub.5 + hydrocarbons produced in catalytic reforming
      with doubly branched hexanes produced in the isomerizing step of the
      present invention. In this especially preferred embodiment of the present
      invention, it will be understood that the C.sub.5 + hydrocarbons from
      reforming include C.sub.7 + hydrocarbons derived from the hydrocracking
      effluent although, of course, the majority of the C.sub.7 + hydrocarbons
      derived from the hydrocracking effluent will have been catalytically
      reformed and thus upgraded in octane by the reforming step of the present
      embodiment of the invention. Also, of course, it will be understood that
      cyclohexane present in the cyclohexane-rich fraction to the reforming step
      is dehydrogenated to benzene in the reforming step.
PAR  The term "rich" is used herein to mean a fraction which contains at least
      10 weight percent of the specified component and usually more than about
      20 weight percent of the specified component. The specified component can
      be more than 50 weight percent of the fraction referred to as, for
      example, in the case of separating an isopentane-rich fraction.
PAR  Also, an inventive concept which is broader than the especially preferred
      embodiment mentioned aforesaid as well as being easily combined with the
      especially preferred embodiment of the present invention comprises
      operating a low-temperature isomerization step followed by fractionation
      to obtain a stream which is very rich in cyclohexane, for example 50
      weight percent or more of cyclohexane, followed by feeding the very rich
      cyclohexane-rich fraction to reforming, carried out under mild conditions
      because of the ease of reforming cyclohexane to benzene. Mild reforming
      conditions can include the use of less halide in the reforming catalyst,
      for example below 0.2 weight percent halide instead of above 0.7  weight
      percent, and also the use of rhodium in the reforming catalyst instead of
      the conventional platinum.
PAR  The catalysts which can be used in the isomerizing step of the present
      invention are those catalysts which are effective for isomerizing singly
      branched hexanes to doubly branched hexanes at a reaction temperature
      below about 300.degree.F. A particularly preferred catalyst for the
      low-temperature isomerization step of the present invention is HF.sup..
      antimony pentafluoride supported on a porous solid carrier, preferably a
      fluorided alumina carrier. Catalysts such as the aforesaid supported
      HF.sup.. antimony pentafluoride are described further in commonly assigned
      patent application Ser. No. 268,296, filed July 3, 1972, entitled
      "Isomerization." As described in the above-identified application, it has
      been found especially important, in order to achieve a low deactivation
      rate with the supported HF.sup.. antimony pentafluoride catalyst, to use a
      high isobutane content in the feed to the isomerization reaction zone.
      Specifically, it is important to use 25 weight percent or more isobutane
      in the feed to the isomerization zone when using such a catalyst. In the
      process of the present invention, isobutane is produced in considerable
      amounts by the hydrocracking step. The isobutane produced in the
      hydrocracking step can advantageously be used to supply isobutane to the
      isomerizing step.
PAR  Other isomerization catalysts which can be used in the isomerizing step of
      the present invention include fluosulfonic acid, boron trifluoride with a
      hydrogen halide acid such as HF, HCl or HBr, metal halides such as
      aluminum, antimony and tantalum halides, preferably with the metal halide
      being in the form of a metal trihalide with excess hydrogen halide acid
      present. Suitable halides for use in the metal halide and in the hydrogen
      halide include chloride, fluoride and bromide. Solid catalysts with high
      halide contents such as are used in the Butamer process can also be used
      in the low temperature isomerizing step of the present invention and these
      catalysts include platinum or a Group VIII metal on a refractory support
      such as alumina and with a halide content in excess of about 2 weight
      percent, usually a halide content between about 3 and 15 weight percent.
      Suitable halides for these latter-mentioned catalysts are chloride,
      bromide and fluoride with chloride being especially preferred.
PAR  The hydrocracking step of the present invention employs a conventional
      hydrocracking catalyst which typically will comprise a Group VIB and/or
      Group VIII metal on an acidic porous refractory support. The Group VIB
      and/or Group VIII metal of the hydrocracking catalyst can be in compound
      form as, for example, in the form of the metal sulfide, metal oxide or
      metal halide. The carrier for the hydrocracking catalyst can be made
      acidic in various ways as, for example, by using silica with alumina
      instead of using pure alumina or pure silica, or by adding halide to the
      carrier in an amount ranging from about 0.2 weight percent up to about 3
      weight percent but more usually only up to about 1.5 weight percent.
      Suitable halides for enhancing the acidity of the hydrocracking catalyst
      support include chloride, fluoride and bromide, with chloride being
      preferred. Crystalline aluminosilicate zeolites such as mordenite,
      faujasite, so-called zeolite Y and zeolite X, also can be used as part or
      all of the hydrocracking catalyst suppot and such zeolites, particularly
      in the hydrogen form, will provide acidity for the hydrocracking catalyst
      and can be used in conjunction with amorphous alumina to provide the
      necessary acidity for the hydrocracking catalyst. Because of the acidity
      of the conventional hydrocracking catalysts, substantial isomerization
      occurs during the hydrocracking reaction so that there is a relatively
      high percentage of isoparaffins such as isobutane, isopentane and singly
      branched isohexanes in the effluent from a hydrocracking process.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing is a schematic process flow diagram illustrating a preferred
      embodiment of the process of the present invention.
DETD
PAC  FURTHER DESCRIPTION AND EXAMPLE
PAR  Referring to the drawing, a hydrocarbon feed is introduced to hydrocracking
      zone 2 via line 1. Typical hydrocarbon feedstocks are gas oils boiling,
      for example, within the range 200.degree. up to as high as 1000.degree. or
      1100.degree.F. A typical gas oil feedstock boils between about 400.degree.
      and 800.degree.F. A recycle of an unconverted portion of the hydrocarbon
      feed is also introduced to hydrocracking zone 2 via line 3. Preferred
      operating conditions for the hydrocracking reaction zone include a
      temperature between 600.degree. and 950.degree.F., a pressure between 100
      and 10,000 psig, and a hydrogen feed rate between 1,000 and 15,000 SCF per
      barrel of hydrocarbon feed. In the hydrocracking step of the present
      invention the hydrocarbon feedstock is converted to gasoline boiling range
      hydrocarbons, singly branched hexanes, isopentane, normal pentane,
      butanes, propane, ethane and methane. The term "gasoline boiling range
      hydrocarbons" is used herein to connote material boiling within the range
      of isopentane to about 400.degree.or 450.degree.F. Usually there is also a
      few percent of butanes in the product gasoline.
PAR  The effluent from the hydrocracking zone is passed via line 6 to
      fractionation zone 7. In fractionation zone 7 unconverted portions of the
      hydrocarbon feed are separated for return to the hydrocracking zone via
      line 3. Butanes and lighter hydrocarbons are also separated for removal
      via lines 8 and 9. As indicated previously, a portion of the isobutane may
      be used in isomerization zone 10 especially when the isomerization zone
      employs an HF.sup.. antimony pentafluoride catalyst.
PAR  According to the preferred embodiment of the invention shown in the
      drawing, isopentane is separated from the hydrocracking zone effluent and
      passed via line 12 to blending zone 13.
PAR  Normal pentane and hexanes are separated and passed via line 14 to
      isomerization zone 10.
PAR  The C.sub.5 and C.sub.6 fraction withdrawn from fractionation zone 7 via
      line 14 and fed to the isomerization zone includes singly branched hexanes
      produced in the hydrocracking zone. The C.sub.5 and C.sub.6 fraction is
      isomerized in the isomerization zone to produce isopentane and doubly
      branched hexanes. The doubly branched hexanes have a much greater octane
      than the singly branched hexanes which are produced in the hydrocracking
      zone. Temperatures used in the hydrocracking reaction zone range from
      600.degree. to 950.degree.F., whereas temperatures used in the
      isomerization zone range from about 0.degree. to 300.degree. F. A portion
      of the effluent from isomerization zone 10 is delivered to fractionation
      zone 7 via line 4. Table II below lists the octane rating of various
      C.sub.6 hydrocarbons. As can be appreciated from the Table,
      2,2-dimethylbutane and 2,3-dimethylbutane, which are doubly branched
      hexanes, are about 20 to 30 octane numbers higher than the singly branched
      hexanes, 2-methylpentane and 3-methylpentane.
TBL                TABLE II                                                    

     ______________________________________                                    

     Properties of Hexanes                                                     

                     Boiling        F-1 Clear                                  

      Compound       Point, .degree.F.                                         

                                    Octane No.                                 

     ______________________________________                                    

     2,2-Dimethylbutane                                                        

                     121            91.8                                       

     2,3-Dimethylbutane                                                        

                     136            103                                        

     2-Methylpentane 140            73.4                                       

     3-Methylpentane 145            74.5                                       

     n-Hexane        155            24.8                                       

     Methylcyclopentane                                                        

                     161            91.3                                       

     Cyclohexane     177            83.0                                       

     Benzene         176            110                                        

     ______________________________________                                    

PAR  Thus, the doubly branched hexanes are especially valuable in achieving a
      high octane gasoline with no lead or only low lead content.
PAR  The term "low lead content" is used herein to mean a lead content below
      about 3 cc's of lead compound, such as tetraethyl lead, per gallon of
      gasoline and usually below about 1.5 cc's of lead compound per gallon of
      gasoline.
PAR  Catalytic hydrocracking at 650.degree.-950.degree.F. produces substantial
      amounts of methylcyclopentane. The isomerizing step of the present
      invention is especially advantageous for isomerizing the
      methylcyclopentane to cyclohexane. The cyclohexane in turn is
      advantageously separated in fractionation zone 7 so that a
      cyclohexane-rich feedstock is obtained for feed to reforming zone 18. The
      cyclohexane-rich feedstock and/or C.sub.7 + feedstock from the
      hydrocracking step is fed to reforming zone 18 via line 17 and is reformed
      to yield high octane aromatic-rich C.sub.5 + hydrocarbons which are
      withdrawn from reforming zone 18 via line 19. Suitable reaction conditions
      for the reforming reaction zone include a temperature between 800.degree.
      and 1,100.degree.F., a pressure between atmospheric and 500 psig, and a
      catalyst such as platinum on alumina or preferably platinum-rhenium on an
      alumina support under processing conditions as are described further in
      U.S. Pat. No. 3,415,737.
PAR  The various components produced in accordance with the present invention
      include isopentane and dimethylbutanes which are withdrawn via line 20
      from isomerization zone 10, isopentane from fractionation zone 7, C.sub.7
      + hydrocarbons withdrawn via lines 15 and 16 from the fractionation zone
      and C.sub.5 + reformate withdrawn from the reforming zone via line 19.
      According to the preferred embodiment illustrated in the drawing, these
      various fractions are blended in zone 13 to obtain product high octane
      unleaded or low lead content gasoline withdrawn via line 21.
PAR  The following examples further illustrate the invention.
PAC  EXAMPLE 1
PAR  100,000 B/D of a Gulf Coast crude fraction boiling in the range of
      500.degree.-900.degree.F. is hydrocracked at 1200 psig with a NiSn/SiAl
      catalyst to give 81,800 B/D of a C.sub.7 - 400.degree.F. boiling range
      product and 25,200 B/D of a C.sub.5 -C.sub.6 product having the
      composition given in column 1, Table III. The hexane fraction of the
      latter is separated and isomerized at 70.degree.F. with SbF.sub.5.sup..
      HF/AlF.sub.3 catalyst to give a product having the composition given in
      column 2, Table III. The C.sub.6 cyclics are separated from the latter and
      combined with the C.sub.7 -400.degree.F. product from hydrocracking above.
      This mixture is reformed with Pt-Re/Al.sub.2 O.sub.3 catalyst at 200 psig
      to give 69,200 B/D of 97 research octane (unleaded) C.sub.5 + product. The
      pentane fraction from hydrocracking, the C.sub.6 product from
      isomerization, and the C.sub.5 + product from reforming are combined to
      give 93,800 B/D of C.sub.5 + product having a 95 research octane number
      (unleaded).
PAC  EXAMPLE 2
PAR  The same crude fraction (100,000 B/D) as given in Example 1 is hydrocracked
      at 1,200 psig with a Pd/SiAl catalyst to give 88,200 B/D of a C.sub.7
      -400.degree.F. boiling range product and 22,300 B/D of a C.sub.5 -C.sub.6
      product having the composition given in column 3, Table III. The nC.sub.5
      -C.sub.6 fraction of the latter is separated and isomerized at
      70.degree.F. in the SbF.sub.5.sup.. HF/AlF.sub.3 catalyst to give a
      product having the composition given in column 4, Table III. The C.sub.7
      -400.degree.F. product from hydrocracking above is reformed with
      PtRe/Al.sub.2 O.sub.3 catalyst at 200 psig to give 74,000 B/D of 97
      research octane (unleaded) C.sub.5 + product. The isopentane fraction from
      hydrocracking, the C.sub.5 -C.sub.6 product from isomerization, and the
      C.sub.5 + product from reforming are combined to give 96,400 B/D of
      C.sub.5 + product having a 95 research octane number (unleaded).
TBL                TABLE III                                                   

     ______________________________________                                    

     1              2          3          4                                    

     ______________________________________                                    

     iC.sub.5                                                                  

             47.3       --         39.6     13.1                               

     nC.sub.5                                                                  

             3.7        --         9.4      2.2                                

     22DMB   0.1        44.4       0.3      36.5                               

     23DMB   4.0        7.1        3.1      5.8                                

     2MP     20.7       17.8       18.3     14.6                               

     3MP     11.9       6.9        10.9     5.7                                

     nHex    1.9        3.5        7.1      2.9                                

     CyC.sub.5                                                                 

             .5         --         0.5      0.9                                

     MCP     8.9        1.8        9.8      1.8                                

     CH      .7         18.5       1.0      16.5                               

     Bz      .3         --         --       --                                 

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing high octane low lead content or unleaded
      gasoline from a hydrocarbon feedstock which comprises
PA1  hydrocracking the hydrocarbon feedstock, thereby obtaining a hydrocracking
      effluent comprising singly branched hexanes and C.sub.7 + hydrocarbons;
PA1  fractionating the hydrocracking effluent in a fractionation zone, thereby
      obtaining a stream rich in singly branched hexanes;
PA1  isomerizing the singly branched hexanes to doubly branched hexanes in an
      isomerization zone operated at a reaction temperature below 300.degree.F.;
      and
PA1  combining the doubly branched hexanes with C.sub.7 + hydrocarbons derived
      from the hydrocracking effluent, thereby obtaining a high octane gasoline
      or gasoline blending stock.
NUM  2.
PAR  2. The process in accordance with claim 1 wherein the fractionating is
      carried out to obtain a butane fraction, a pentane-hexane fraction and a
      C.sub.7 + fraction, and wherein the pentane-hexane fraction is fed to the
      isomerizing step.
NUM  3.
PAR  3. The process in accordance with claim 2 wherein the fractionating is
      carried out to obtain an isopentane-rich fraction and wherein the
      pentane-hexane fraction is a normal pentane-hexane fraction.
NUM  4.
PAR  4. The process in accordance with claim 1 wherein the fractionating is
      carried out to obtain a cyclohexane-rich fraction and wherein the process
      further comprises
PA1  feeding the cyclohexane-rich fraction to catalytic reforming, thereby
      obtaining a C.sub.5 + hydrocarbon effluent from catalytic reforming; and
PA1  combining the C.sub.5 + hydrocarbons with said doubly branched hexanes.
NUM  5.
PAR  5. The process in accordance with claim 1 wherein the isomerization is
      carried out by contacting the singly branched hexanes with a catalyst
      comprising HF.sup.. antimony pentafluoride supported on a porous solid
      carrier.
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ABST
PAL  Heavy hydrocarbons are hydroprocessed in a pipe reactor and the reactor
      effluent separated into its vapor, liquid, and catalyst components in a
      multiple-zone vapor-liquid-catalyst separator. The pipe reactor may have
      one or more sections and the vapor-liquid-catalyst separator may be
      employed for intermediate separation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the hydroprocessing of heavy hydrocarbon
      feedstocks, such as heavy gas oils, reduced crudes, and hydrocarbon
      residua. More particularly, it relates to a novel process for the
      hydroprocessing of heavy hydrocarbon feedstocks, which process employs a
      pipe reactor. The pipe reactor may be present in one or more sections or
      stages.
PAR  Today there are various processes employing numerous refining techniques
      which are used by petroleum refiners to upgrade the petroleum fractions
      obtained from the petroleum crudes. These processes, such as
      isomerization, reforming, hydrocracking, and alkylation are well-known in
      the art and may be used successfully to convert various hydrocarbon
      fractions into useful products. However, such processes do not convert
      effectively the higher-boiling feedstocks and fractions into sufficient
      quantities of usable products, such as motor fuels and heating fuels.
      Among these higher-boiling hydrocarbons are the heavy gas oils,
      lubricating oils, and hydrocarbon residua. Such fractions, in particular,
      hydrocarbon residua, have not been exploited fully by the refiner.
      Attempts to refine these heavy materials have shown, for the most part,
      that the processing must be done at such high severities that such
      processing is unattractive. These refractory materials give relatively low
      yields of usable products.
PAR  Accordingly, a primary object of the present invention is to provide a
      process that can be used effectively and efficiently to convert the
      refractory fractions, such as higher-boiling gas oils and residual
      hydrocarbons, to more usable products.
PAR  In the past, the heavier hydrocarbon fractions, such as hydrocarbon
      residua, have been hydroprocessed, in general, by one of two methods: (1)
      a method employing a fixed-bed trickle-phase system, and (2) a method
      employing an ebullating-bed reactor system. Now there has been developed a
      process which converts effectively the refractory, higher-boiling
      petroleum fractions. This process employs a pipe reactor.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly, in accordance with the present invention, there is provided a
      process for the hydroprocessing of a heavy petroleum hydrocarbon fraction
      in a system employing a pipe reactor, which process comprises: heating
      said hydrocarbon fraction to a temperature of at least 600.degree.F. to
      obtain a preheated heavy hydrocarbon fraction; introducing said preheated
      heavy hydrocarbon fraction into the bottom zone of a vapor-liquid-catalyst
      separator having three zones, a top zone wherein vapor is separated from
      liquid and catalyst, said vapor, said liquid, and said catalyst having
      been introduced into said top zone as effluent from said pipe reactor, an
      intermediate zone wherein said catalyst separates from said liquid, and a
      bottom zone wherein said preheated heavy hydrocarbon fraction is mixed
      with catalyst to form a heavy-hydrocarbon-catalyst slurry; withdrawing
      said heavy-hydrocarbon-catalyst slurry from the bottom of said bottom
      zone; heating said heavy-hydrocarbon-catalyst slurry to a temperature of
      at least 700.degree.F. to obtain a heated heavy-hydrocarbon-catalyst
      slurry; passing said heated heavy-hydrocarbon-catalyst slurry through said
      pipe reactor in the presence of hydrogen while controlling the temperature
      in said pipe reactor by a means for temperature control; withdrawing
      effluent from said pipe reactor and passing said effluent into said top
      zone of said vapor-liquid-catalyst separator; withdrawing vapor product
      from said top zone of said vapor-liquid-catalyst separator; withdrawing
      liquid product from said intermediate zone; and obtaining usable products
      from said vapor product and said liquid product.
PAR  Quench gas may be introduced into the pipe reactor at suitable points along
      its length as a means for temperature control.
PAR  The vapor product being removed from the top zone of the
      vapor-liquid-catalyst separator may be sent to a reactor containing a
      fixed bed of hydrotreating catalyst wherein the vapor phase may be
      hydrotreated to saturate olefins and to provide further desulfurization.
PAR  The pipe reactor may comprise one or more sections or stages and the
      vapor-liquid-catalyst separator may be used for intermediate separation,
      that is, employed between two sections of the pipe reactor.
DRWD
PAC  BRIEF DESCRIPTIONS OF THE DRAWINGS
PAR  Three figures are associated with this specification.
PAR  FIG. 1 represents a simplified schematic flow diagram of an embodiment of
      the process of the present invention, which embodiment employs a
      onesection pipe reactor.
PAR  FIG. 2 presents a simplified schematic flow diagram of another embodiment
      of the process of the present invention wherein the pipe reactor has 3
      sections or stages, the first two sections being followed by vapor-liquid
      separators and the third section being followed by the
      vapor-liquid-catalyst separator.
PAR  FIG. 3 depicts a simplified schematic flow diagram of a third embodiment of
      the process of the present invention wherein the pipe reactor has 3
      sections and the system employs intermediate separation. The
      vapor-liquid-catalyst separator is located between the second and third
      sections of the pipe reactor.
DETD
PAC  DESCRIPTION AND PREFERRED EMBODIMENTS
PAR  The process of the present invention may be used advantageously to
      hydroprocess heavy hydrocarbon fractions, such as heavy gas oils,
      lubricating oil, petroleum hydrocarbon residua, hydrocarbons from coal,
      and hydrocarbons from tar sands. This process employs a pipe reactor,
      which may have one or more sections or stages, and a multiple-zone
      vapor-liquid-catalyst separator. Preferably, the pipe reactor should be
      sufficiently long to provide at least 75 percent desulfurization of the
      feed. Numerous advantages may be derived from the use of a pipe reactor in
      the process of the present invention. (1) The pipe reactor operates as a
      multistage system, whereby it will perform much better for desulfurization
      than a reaction system employing an ebullating bed. (2) A pipe reactor
      provides a higher ratio of liquid-volume-to-reactor-volume than does a
      trickle-phase fixed-bed reactor. Therefore, it should have a higher
      volumetric cracking efficiency than the trickle-phase fixed-bed reactor.
      (3) A pipe reactor allows continuous removal of catalyst from the reactor
      and recirculation of the catalyst to the reactor. Such operation should
      permit an operating temperature that is higher than the operating
      temperature employed in a fixed-bed reactor system. (4) Catalyst will be
      continuously or intermittently withdrawn and replaced in the pipe reactor
      system. Such withdrawal and addition of catalyst can be changed or
      modified without unpacking a catalyst bed or shutting down the unit, which
      would be necessary if the catalyst were present in a fixed bed. (5) The
      particle size of the catalyst employed is small; consequently, high
      efficiency of catalyst use with respect to demetalation can be employed.
      (6) A pipe reactor should be relatively free of slowly progressive
      plugging problems. In hydroprocessing reduced crude, a fixed-bed catalyst
      system may encounter such plugging problems. (7) The surface of a pipe
      reactor is available for cooling. Temperature control is facilitated and
      the need for high-pressure cooling equipment is minimized. (8) A pipe
      reactor generally will be more simply fabricated than a straight-side
      shell reactor, which is conventionally employed for hydrocracking; hence,
      fabrication for the pipe reactor should, therefore, not be limited to a
      few major vessel suppliers. As a result, competitive bidding and
      construction schedules should be facilitated.
PAR  Pursuant to the present invention, there is provided a process for the
      hydroprocessing of a heavy petroleum hydrocarbon fraction in a system
      employing a pipe reactor, which process comprises: heating said
      hydrocarbon fraction to a temperature of at least 600.degree.F. to obtain
      a preheated heavy hydrocarbon fraction; introducing said preheated heavy
      hydrocarbon fraction into the bottom zone of a vapor-liquid-catalyst
      separator having three zones, a top zone wherein vapor is separated from
      liquid and catalyst, said vapor, said liquid, and said catalyst having
      been introduced into said top zone as effluent from said pipe reactor, an
      intermediate zone wherein said catalyst separates from said liquid, and a
      bottom zone wherein said preheated heavy hydrocarbon fraction is
      introduced into said bottom zone and mixed with said catalyst to form a
      heavy-hydrocarbon-catalyst slurry; withdrawing said
      heavy-hydrocarbon-catalyst slurry from the bottom of said bottom zone;
      heating said heavy-hydrocarbon-catalyst slurry to a temperature of at
      least 700.degree.F. to obtain a heated heavy-hydrocarbon-catalyst slurry;
      passing said heated-heavy-hydrocarbon-catalyst slurry through said pipe
      reactor in the presence of hydrogen while controlling the temperature in
      said pipe reactor by a means for temperature control; withdrawing effluent
      from said pipe reactor and passing said effluent into said top zone of
      said vapor-liquid-catalyst separator; withdrawing vapor product from said
      top zone of said vapor-liquid-catalyst separator; withdrawing liquid
      product from said intermediate zone; and obtaining usable products from
      said vapor product and said liquid product.
PAR  In an embodiment of the process of the present invention, the pipe reactor
      comprises at least two sections, each of said sections, excluding the last
      section, being followed by a vapor-liquid separator, and said last section
      being followed by the vapor-liquid-catalyst separator. In such an
      embodiment, vapor in each vapor-liquid separator is separated from the
      liquid and catalyst in that particular vapor-liquid separator, the vapor,
      liquid, and catalyst in that particular vapor-liquid separator having been
      introduced into that particular vapor-liquid separator as constituents of
      the effluent from the preceding section of the pipe reactor; the liquid
      and catalyst in said effluent from the preceding section of pipe reactor
      are sent to the next succeeding section of said pipe reactor from that
      particular vapor-liquid separator; and the effluent from said last section
      of said pipe reactor is withdrawn from said last section and is passed
      into said top zone of said vapor-liquid-catalyst separator.
PAR  In another embodiment of the process of the present invention, there is a
      system that employs a pipe reactor which has three sections, a first
      section, a second section, and a third section. In this embodiment, the
      process comprises: heating the hydrocarbon fraction to a temperature of at
      least 600.degree.F. to obtain a preheated heavy hydrocarbon fraction;
      introducing said preheated heavy hydrocarbon fraction into the bottom zone
      of a vapor-liquid-catalyst separator having three zones, a top zone
      wherein vapor is separated from liquid and a catalyst, said vapor, said
      liquid, and said catalyst having been introduced into said top zone as
      constituents of second effluent from said second section and constituents
      of third effluent from said third section of said pipe reactor, an
      intermediate zone wherein said catalyst separates from said liquid, and a
      bottom zone wherein on one side of a verticle baffle contained therein
      said preheated heavy hydrocarbon fraction is introduced into said bottom
      zone and mixed with said catalyst to form a heavy-hydrocarbon-catalyst
      slurry and on the other side of said baffle a stream of unconverted heavy
      hydrocarbons, that is, a stream of unconverted hydrocarbons, primarily
      product from said second section concentrated by fractionation, is
      introduced into said bottom zone and mixed with said catalyst to form an
      unconverted-heavy-hydrocarbon-catalyst slurry; withdrawing said
      heavy-hydrocarbon-catalyst slurry and said
      unconverted-heavy-hydrocarbon-catalyst slurry from the bottom of said
      bottom zone; heating said heavy-hydrocarbon-catalyst slurry to a
      temperature of at least 700.degree.F. to obtain a heated
      heavy-hydrocarbon-catalyst catalyst slurry; passing said
      heated-heavy-hydrocarbon-catalyst slurry through said first section of
      said pipe reactor in the presence of hydrogen while controlling the
      temperature in said first section by a first means for temperature
      control; withdrawing a first effluent from said first section and passing
      said first effluent through a first vapor-liquid separator wherein vapor
      is separated from the liquid and catalyst in said first effluent; passing
      said liquid and catalyst in said first effluent through said second
      section of said pipe reactor in the presence of hydrogen while controlling
      the temperature in said second section by a second means for temperature
      control; withdrawing said second effluent from said second section and
      passing said second effluent into said top zone of said
      vapor-liquid-catalyst separator; heating said
      unconverted-heavy-hydrocarbon-catalyst slurry to a temperature of about
      700.degree.F. to obtain a heated unconverted-heavy-hydrocarbon-catalyst
      slurry; passing said heated unconverted-heavy-hydrocarbon-catalyst slurry
      through said third section of said pipe reactor in the presence of
      hydrogen while controlling the temperature in said third section by a
      third means for temperature control; withdrawing said third effluent from
      said third section and passing said third effluent into said top zone of
      said vapor-liquid-catalyst separator; withdrawing a vapor product from
      said top zone of said vapor-liquid-catalyst separator; withdrawing liquid
      product from said intermediate zone; and obtaining usable products from
      said vapor product and said liquid product. In this embodiment, the first
      means, second means, and third means for temperature control each
      comprises introducing quench gas into the appropriate section of the pipe
      reactor at suitable points along the length of said appropriate section.
PAR  It is to be understood that the method of introducing quench gas into the
      pipe reactor as a means for temperature control is not the only way of
      controlling temperatures. The external surface of the pipe reactor itself
      can be used for this purpose. In such an embodiment, the uninsulated pipe
      reactor or pipe reactor section would be enclosed in an insulated jacket,
      through which cooling air is blown. The air which is so heated would be
      used as preheated air for process or utility furnaces associated with the
      unit, thereby recovering heat from the reactor. It is conceivable that
      sufficient heat could be removed from the reactor to provide operation
      that approaches isothermal operation. In addition, the heat removal
      pattern could be such to provide controlled gradient operation.
PAR  According to the present invention, there is provided a process for the
      hydroprocessing of heavy hydrocarbon fractions. These heavy hydrocarbon
      fractions comprise heavy gas oils, lubricating oils, and petroleum
      hydrocarbon residua.
PAR  Hydrocarbon residua are, for the most part, by-products of processes which
      are primarily used to obtain other petroleum products. The residual fuel
      oils are examples of such hydrocarbon residua. Commercial residual fuel
      oils have gravities which may vary between 8.9.degree. and 23.5.degree.
      API, flash points within the range of about 150.degree. to about
      450.degree.F., and pour points within a range of about -55.degree. to
      about 50.degree.F. Their Conradson carbon residues may fall within a range
      of about 0.1 to about a value as great as 25 to 30% and their boiling
      points may fall within a range of about 300.degree. to greater than
      1,100.degree.F. Such residual fuel oils have been used generally to supply
      heat.
PAR  The heavier fractions of the various petroleum crudes will contain
      appreciable amounts of sulfur and nitrogen, as well as certain so-called
      heavy metals. For example, a vacuum reduced crude may be found to contain
      as much as 100 parts per million of nickel and vanadium, or more. Metals
      such as these deleteriously affect the life of any catalyst over which the
      hydrocarbons containing such metals are being processed. In upgrading the
      heavier fractions of a petroleum crude, it is desired that a portion of
      the nitrogen and sulfur be removed from the heavy-gas-oil fraction, which
      material is sent usually to a catalytic cracker for additional processing.
PAR  Hydroprocessing may be used in the upgrading of heavier petroleum fractions
      to usable petroleum products. It comprises the contacting of the
      hydrocarbon material that is being processed with a suitable catalyst
      under suitable conditions in the presence of hydrogen. The outstanding
      growth of catalytic reforming and the large amounts of hydrogen resulting
      therefrom have advanced the economic attractiveness of hydroprocessing. In
      such a process, not only are a great deal of the sulfur and a large
      percentage of the nitrogen removed from the hydrocarbon material being
      processed, but also the hydrocarbon material is hydrocracked to yield some
      usable hydrocarbon products.
PAR  Hydrocracking is a general term which is applied to petroleum refining
      process employing destructive hydrogenation wherein hydrocarbon feedstocks
      which have relatively high molecular weights are converted to
      lower-molecular-weight hydrocarbons at elevated temperature and pressure
      in the presence of a suitable catalyst and a hydrogen-containing gas.
      Hydrogen is consumed in the conversion of organic nitrogen to ammonia and
      the conversion of sulfur to hydrogen sulfide, in the splitting of
      high-molecular-weight compounds into lower-molecular-weight compounds, and
      in the saturation of olefins and other unsaturated compounds.
PAR  Any catalyst that is suitable for the treating of petroleum hydrocarbon
      residua and other petroleum hydrocarbon fractions may be employed in the
      process of the present invention. For example, the catalyst may comprise a
      hydrogenation component and a solid support material. The hydrogenation
      component may comprise a metal of Group VI-B of the Periodic Table of
      Elements and/or a metal of Group VIII of the Periodic Table, oxides of
      such metals, sulfides of such metals, or combinations thereof. The support
      material may be a solid refractory inorganic oxide. Appropriate Group VI-B
      metals are molybdenum and tungsten and suitable Group VIII metals are
      cobalt and nickel, as shown by the Periodic Table found on page 628 of
      WEBSTER'S SEVENTH NEW COLLEGIATE DICTIONARY, G. & C. Merriam Company,
      Springfield, Mass., U.S.A. (1965).
PAR  An example of a suitable support is a catalytically active alumina.
      Preferably, the alumina has a surface area of about 150 to about 500
      square meters per gram, or higher. It is desirable that such an alumina be
      in one of the well-known catalytically active crystalline forms, such as
      gamma-alumina, eta-alumina, or mixtures thereof. Although such alumina may
      be pure, it may contain also minor amounts of other oxides that are inert
      under the conditions at which it will be used. Such an alumina can contain
      a small amount of silica for stability without creating undesirable
      effects in the process of the present invention. Desirably, the amount of
      silica is within the range of about 1 to about 10 weight percent. It is
      essential that the alumina in the catalyst of the present invention has
      relatively large pore diameters. The average pore diameter of the alumina
      should be within the range of about 60 to about 200 A, or larger.
PAR  An example of a suitable catalyst for the process of the present invention
      is a catalytic composition comprising cobalt and molybdenum on an
      inorganic oxide support of a large-pore-diameter alumina having an average
      pore diameter within the range of about 100 to about 200 angstroms and a
      surface area within the range of about 150 to about 500 square meters per
      gram. The combined amounts of the hydrogenation metals are within the
      range of about 3 to about 35 weight pecent based upon said composition.
      The molybdenum should be present in an amount within the range of about
      4.5 to about 26 weight percent, calculated as molybdenum trioxide and
      based upon said composition, and the cobalt should be present in an amount
      within the range of about 1.3 to about 5.2 weight percent, calculated as
      cobalt oxide and based upon said composition. A typical embodiment of this
      suitable catalyst comprises 3 weight percent cobalt and 14 weight percent
      molybdenum, both metals being calculated as the oxides, on a
      large-pore-diameter alumina.
PAR  The catalyst for hydroprocessing heavy gas oils and hydrocarbon residua can
      be prepared by incorporating the hydrogenation component into the solid
      support through the use of an aqueous solution of a heat-decomposable
      compound of the particular metal. In the case of cobalt, a solution of
      cobalt nitrate, cobalt acetate, cobalt formate, or a solution of such
      metal compound and a soluble complexing agent, can be used to impregnate
      the cobalt on the support. In the case of molybdenum, an aqueous solution
      of ammonium heptamolybdate or a solution of molybdenum trioxide in
      ethanolamine may be used to impregnate the molybdenum on the support.
      Following these impregnations, the resulting material is dried and
      calcined. It is recognized that the catalyst may be prepared by methods
      other than those discussed hereinabove; therefore, the above preparation
      methods are presented for purpose of illustration only and are not
      intended to limit the nature or type of preparation methods.
PAR  While a catalyst containing cobalt and molybdenum as hydrogenation metals
      has been considered hereinabove, it is to be emphasized that this is not
      the only catalyst that can be employed in the process of the present
      invention. As pointed out hereinabove, any catalyst that is suitable for
      the treating of petroleum hydrocarbon fractions may be employed in the
      process of the present invention. Appropriately, the catalyst may be
      employed in the shape or spheres or extrudates and advantageously may have
      a particle size of approximately 30-60 mesh (U.S. Sieve Series). Suitably,
      the particle size of catalysts employed in the process of the present
      invention should fall within the range of 0.005 to about 0.125 inch.
PAR  The following examples are presented for the purpose of illustration only
      and are not intended to limit the scope of the present invention. Each of
      these examples is associated with a figure. Please note that in each of
      these figures some pieces of auxiliary equipment, such as compressors,
      heat exchangers, valves, and some pumps, are not shown. Since the need and
      location of such auxiliary equipment would be recognized easily by those
      skilled in the art, its omission is appropriate and provides
      simplification of the drawings.
PAC  EXAMPLE 1
PAR  An embodiment of the process of the present invention is presented in this
      example. This embodiment is depicted in FIG. 1 and presents the invention
      in its broadest aspects.
PAR  A heavy hydrocarbon feedstock, such as a reduced crude, passes from source
      10 through line 11 into furnace 12, where it is preheated to a temperature
      of about 700.degree.F. The heated hydrocarbon feedstock passes through
      line 13 into vapor-liquid-catalyst separator 14. Separator 14 is a
      multiple-zone separator, having a top zone 15, an intermediate zone 16,
      and a bottom zone 17. The heated hydrocarbon feedstock passes from line 13
      through distribution means 18 into bottom zone 17 of separator 14. In
      bottom zone 17, which is located in the inverted conical section at the
      bottom of separator 14, the heated hydrocarbon feedstock replaces
      reactor-effluent liquid to form a feedstock-catalyst slurry.
PAR  The hydrocarbon-feedstock-catalyst slurry formed in bottom zone 17 passes
      downwardly through zone 17 into line 19. Catalyst may be withdrawn
      conveniently as an oil slurry from separator 14 by way of line 19a and
      fresh catalyst may be added via line 19b.
PAR  In intermediate zone 16, catalyst separates from reactor-effluent liquid by
      gravity and descends into bottom zone 17. Reactor-effluent liquid passes
      between separator baffle 20 and the extension of inverted conical baffle
      21, which extension is identified as duct 21a. Top zone 15 is separated
      from intermediate zone 16 by inverted conical baffle 21. Intermediate zone
      16 extends from inverted conical baffle 21 downwardly to approximately the
      lower end of the vertical sides of vessel 14. Below this is located bottom
      zone 17. Subsequently, the reactor-effluent liquid passes from zone 16
      into line 22 located above baffle 20 and then through line 22 as heavy
      liquid product to a product recovery system. Such product recovery system
      would be well-known to those having ordinary skill in the art and, hence,
      is not shown here.
PAR  The hydrocarbon-feedstock-catalyst slurry is pumped from line 19 through
      line 23 by pump 24. Hydrogen-containing recycle gas, obtained from the
      product recovery system of the process, not shown, passes through line 25,
      to be joined by makeup hydrogen source 26 and line 27. The gases mix in
      line 28 and pass into line 23, where they intermingle and blend with the
      hydrocarbon-feedstock-catalyst slurry. The resulting blend passes through
      line 23, furnace 29, and line 30 into pipe reactor 31. Alternatively, the
      gas stream could be heated in a furnace and the hot gas stream blended
      with the hydrocarbon-feedstock-catalyst slurry prior to its introduction
      into the pipe reactor 31. Practically, the reaction starts at the outlet
      of the furnace or, perhaps, in the furnace. The heat of reaction produced
      may be controlled by the addition of quench gas at selected points along
      the length of the pipe reactor 31. For purposes of illustration, quench
      gas passes from line 32 through lines 33 and 34 into pipe reactor 31.
      Alternatively, the surface of the pipe reactor could be used for cooling.
      In such case, breeching and baffling could be used to control forced air
      flow around the outside of the pipe reactor. The resultant heated air
      could be employed advantageously for furnace pre-heat.
PAR  The pipe reactor 31 should have a pipe length that is sufficient to give
      the desired conversion and the desired extent of desulfurization and
      denitrogenation. It is recommended that total pipe volume be adequate to
      permit a residence time of about 5 minutes to 2 hours. Other operating
      conditions are: a hydrogen partial pressure of about 300 psia to about
      3,000 psia, a temperature of about 600.degree. to about 1,000.degree.F.,
      and an amount of catalyst that could conceivably be as large as that
      permitted by the carrying capacity of the liquid passing through the pipe
      reactor.
PAR  Reactor effluent passes from pipe reactor 31 through line 35 to
      vapor-liquid-catalyst separator 14. If needed, reactor effluent may be
      mixed with quench gas to control the temperature in separator 14. Quench
      gas may be added via line 36.
PAR  The reactor effluent and quench gas, if used, pass from line 35 into top
      zone 15 of separator 14. As pointed out hereinabove, top zone 15 is
      separated from intermediate zone 16 by conical-shaped baffle 21. In zone
      15, vapor is separated from the liquid and catalyst. Vapor passes from the
      top 37 of separator 14 by way of line 38 to be sent to a vapor recovery
      system, not shown. Recycle gas is obtained from the vapor and a portion
      thereof is sent to line 25. Another portion of the recycle gas may be used
      as quench gas, if desired.
PAR  As an alternative, the vapor in line 38 may be sent to a vapor phase
      reactor containing one or more fixed beds of a hydrogenation catalyst,
      such as a catalyst comprising the oxides of cobalt and molybdenum on
      alumina, for hydrotreating to provide olefin saturation and further
      desulfurization. In any event, the vapor would eventually be separated
      from the liquid and returned to the process system as receycle gas.
PAR  In intermediate zone 16 of separator 14, the catalyst separates from the
      heavy liquid product, which product is withdrawn from the annular space in
      intermediate zone 16 between conical baffle 21, separator baffle 20, and
      the walls of vessel 14 and is removed as heavy liquid product via line 22,
      as noted hereinabove.
PAC  EXAMPLE II
PAR  FIG. 2 presents another embodiment of the process of the present invention
      wherein the pipe reactor is made up of three sections, each section being
      separated from the preceding section by a vapor-liquid separator. The
      vapor-liquid separator permits a greater fraction of the pipe reactor to
      contain catalyst slurry.
PAR  A petroleum hydrocarbon residuum is obtained from source 39, is heated to a
      temperature of about 700.degree.F. by means not shown, and is passed
      through line 40 into a multiple-zone vapor-liquid-catalyst separator 41.
      This residuum is a vacuum residuum and has the properties shown in Table I
      hereinbelow.
TBL                TABLE I                                                     

     ______________________________________                                    

     Properties of Vacuum Residuum                                             

     ______________________________________                                    

     Gravity, .degree.API    5.8                                               

     Sulfur, wt.%            4.02                                              

     Nitrogen, wt.%          0.53                                              

     Hydrogen, wt.%          9.95                                              

     Ramsbottom Carbon, wt.% 21.4                                              

     Hot heptane insolubles, wt.%                                              

                             19.2                                              

     Viscosity, SSF at 210.degree.F.                                           

                             2039                                              

           SSF at 275.degree.F.                                                

                             153                                               

     Metal, ppm                                                                

      nickel                 45                                                

      vanadium               138                                               

     Composition, volume %                                                     

      650.degree. - 1,000.degree.F.                                            

                             5.0                                               

      1,000.sup.+.degree.F.  95.0                                              

     Composition, weight %                                                     

      650.degree. - 1,000.degree.F.                                            

                             3.9                                               

      1,000.sup.+.degree.F.  96.1                                              

     ______________________________________                                    

PAL  The residuum is treated at the rate of 10,000 barrels per stream day (BSD).
      The vapor-liquid-catalyst separator 41 comprises a top zone 42, an
      intermediate zone 43, and a bottom zone 44. The heated residuum passes
      from line 40 through distribution means 45 into bottom zone 44 of
      vapor-liquid-catalyst separator 41. In bottom zone 44, the lower inverted
      conical section, the heated residuum replaces reactor-effluent liquid to
      form a residuum-catalyst slurry.
PAR  The resultant residuum-catalyst slurry passes downwardly through zone 44
      into line 46. Spent catalyst, present as an oil slurry, is withdrawn from
      the system via line 46a and fresh catalyst is added via line 46b. The
      replaced reactor-effluent liquid, which separates from the catalyst in
      intermediate zone 43 by gravity as the liquid-catalyst slurry descends in
      intermediate zone 43, passes between separator baffle 47 and the extension
      of inverted conical baffle 48, which extension is identified as duct 48a.
      Subsequently, the reactor-liquid effluent is withdrawn from intermediate
      zone 43 as heavy liquid product by way of line 49 at the rate of 5,320
      BSD.
PAR  Top zone 42 is separated from intermediate zone 43 by inverted conical
      baffle 48. Intermediate zone 43 extends from inverted conical baffle 48
      downwardly to approximately the lower end of the vertical walls of
      separator 41. Below this is located bottom zone 44.
PAR  The residuum-catalyst slurry, at a temperature of 700.degree.F., is pumped
      at the rate of 12,500 BSD by pump 50 from line 46 through line 51.
      Hydrogencontaining recycle gas is introduced into line 51 by way of line
      52 and is mixed with the residuum-catalyst slurry. The resultant
      residuum-catalyst-gas blend is heated in furnace 53 to a temperature of
      about 820.degree.F. and the heated mixture passes through line 54 into the
      first section 55 of the pipe reactor. First section 55 has an inside
      diameter of 10 inches and a length of 1,350 feet. The pressure in this
      first section 55 decreases from 2,000 psia at its inlet to 1,990 psia at
      its outlet. The temperature in first section 55 is maintained at
      820.degree.F. As pointed out hereinabove, for all practical purposes, the
      reaction zone begins at the outlet of the furnace or in the furnace
      itself.
PAR  The effluent from first section 55 passes into vapor-liquid separator 56,
      which is operated at a temperature of 820.degree.F. and a pressure of
      1,990 psia. Vapor is separated from the liquid and catalyst and passes
      from vapor-liquid separator 56 via line 57 at the rate of 17,200 standard
      cubic feet per minute (SCFM). The liquid-catalyst mixture passes from
      vapor-liquid separator 56 into second section 58 of the pipe reactor.
      Second section 58 has an inside diameter of 10 inches and a length of
      2,450 feet. Hydrogen-containing recycle gas is introduced into second
      section 58 via line 59. Second-section 58 is operated at a temperature of
      820.degree.F. and a pressure of 1,990 psia at its inlet and a pressure of
      1,980 psia at its outlet.
PAR  The effluent from second section 58 passes into vapor-liquid separator 60.
      Separator 60 is operated at a temperature of 820.degree.F. and a pressure
      of 1,980 psia. Vapor is separated from the liquid and catalyst and passes
      from vapor-liquid separator 60 by way of line 61 at the rate of 15,430
      SCFM and the oil-catalyst slurry passes from vapor-liquid separator 60
      into third section 62 of the pipe reactor. The third section 62 has an
      inside diameter of 7 inches and a length of 5,610 feet.
      Hydrogen-containing recycle gas is introduced into third section 62 of the
      pipe reactor by way of line 63. Third section 62 is operated at a
      temperature of 820.degree. F. and a pressure of 1,980 psia at its inlet
      and a pressure of 1,970 psia at its outlet.
PAR  As explained hereinabove, suitable means for temperature control may be
      employed at each section of the pipe reactor.
PAR  The effluent from the third section 62, comprising a vapor-liquid-catalyst
      slurry, passes through line 64 into the top zone 42 of
      vapor-liquid-catalyst separator 41. The effluent from third section 62 is
      combined with a portion of cool liquid from scrubber 67 discussed
      hereinbelow. This cooler liquid is used at the rate of 2,700 BSD and has a
      temperature of about 100.degree.F. Quench gas could also be used as a
      cooling means. Of course, cooling is also accomplished by heat-exchange
      means, not shown in the simplified figure. Wash water is added to the
      stream line 66. Vapor is separated from the liquid and catalyst in top
      zone 42 and is withdrawn from the top of vapor-liquid-catalyst separator
      41 by way of line 65 at a temperature of about 700.degree.F., a pressure
      of 1,970 psia, and a rate of 19,250 SCFM. This vapor is combined with the
      vapor streams in lines 57 and 61, withdrawn respectively from vapor-liquid
      separators 56 and 60, and the combined vapor is passed through line 66
      into recycle-gas scrubber 67. Recycle-gas scrubber 67 is operated at a
      temperature of 120.degree.F. and a pressure of 1,915 psia. Lean oil is
      introduced into scrubber 67 by way of line 68 at a rate of 2,860 BSD and
      fat oil is withdrawn via line 69 and sent to appropriate recovery
      equipment. Liquid product is removed from the bottom of scrubber 67 by way
      of line 70 and caolescer 71 and is sent to a vapor-liquid separator 73 via
      line 72. About 686 BSD of water are released at a temperature of about
      120.degree. F. from coalescer 71 by way of line 74. Vapor-liquid separator
      73 is operated at a temperature of 100.degree.F. and a pressure of 214
      psia.
PAR  Hydrogen-containing gas is withdrawn from recycle-gas scrubber 67 by way of
      line 75. This hydrogen-containing gas is compressed to a pressure of 2,075
      psia and a temperature of 140.degree.F. and is passed through line 75 at a
      rate of 43,400 SCFM. Makeup hydrogen from source 76, at a temperature of
      100.degree.F. and a pressure of about 265 psia, is compressed to a
      pressure of about 2,075 psia and a temperature of 300.degree.F. and is
      passed through line 77 at a rate of 13,500 SCFM, to be combined with the
      hydrogen-containing gas in line 75. This gas mixture is then passed
      through line 75, to be divided into several streams, which are
      subsequently passed through lines 59, 52, and 63 and are introduced into
      the second section 58 of the pipe reactor, first section 55, and third
      section 62, respectively, as discussed hereinabove.
PAR  Vapor is removed from vapor-liquid separator 73 by way of line 78 and is
      sent to suitable vapor recovery equipment, not shown in FIG. 2. The flow
      rate of vapor is 3,700 SCFM. Liquid is removed from vapor-liquid separator
      73 via line 79, is heated by appropriate means to a temperature of
      400.degree.F., and is sent at a rate of 4,280 BSD to be fractionated into
      useful product streams. As mentioned hereinabove, another portion of this
      liquid is sent via line 79a to be combined with effluent from the third
      section 62 of the pipe reactor in line 64.
PAR  Heavy liquid product from vapor-liquid-catalyst separator 41 passes through
      line 49 at the rate of 5,320 BSD and at a temperature of about
      700.degree.F. into the top of stripper 80. Stream is introduced into the
      bottom of stripper 80 via line 81 at the rate of about 1,500 pounds per
      hour. Lighter hydrocarbons are withdrawn from the top of stripper 80 by
      way of line 82. Lights ends are separated from this stream by means not
      shown and are sent by way of line 83 at a rate of 620 SCFM to appropriate
      vapor recovery equipment, not shown in FIG. 2. The remainder of this
      stream is sent by line 82 to be combined with the liquid from vapor-liquid
      separator 73 in line 79.
PAR  The combined liquid in line 79 is heated in furnace 84 to a temperature of
      550.degree. F. and is passed through line 85 into fractionator 86. Light
      ends, naphtha, distillate, and gas oil are withdrawn from fractionator 86
      via lines 87, 88, 89, and 90, respectively, at the following respective
      rates, 630 SCFM, 3,560 BSD, 3,360 BSD, and 350 BSD.
PAR  The heavier hydrocarbons in stripper 80 are withdrawn from the bottom of
      stripper 80 by way of line 91 at a temperature of 640.degree.F. and at a
      rate of 3,760 BSD and are sent to furnace 92 and then through line 93 into
      vacuum tower 94. Vacuum tower 94 is operated at a temperature of
      750.degree. F. A pressure of 70 millimeters of mercury is employed in the
      flash zone of vacuum tower 94. Inerts, estimated to have a molecular
      weight of 30, are removed by line 95 at a rate of 200 pounds per hour and
      gas oil is withdrawn from vacuum tower 94 by way of line 96 at a
      temperature of 150.degree.F. and at a rate of 2,250 BSD. Unconverted resid
      is withdrawn from the bottom of vacuum tower 94 by way of line 97 at a
      temperature of 175.degree.F. and at a rate of 1,420 BSD.
PAR  In this embodiment, 85 volume percent of the 1,000.degree.F.-plus material
      in the resid is converted to lower boiling products. Conversion in the
      first section 55 of the pipe reactor is 40 volume percent; in the second
      section 58, 30 volume percent; and in the third section 62, 15 volume
      percent. About 40 percent of the pipe volume contains catalyst-liquid
      slurry.
PAC  EXAMPLE III
PAR  FIG. 3 presents still another embodiment of the process of the present
      invention wherein the first two sections of the pipe reactor are separated
      from the third section of the pipe reactor by the vapor-liquid-catalyst
      separator. This embodiment of the process of the present invention may be
      identified as that embodiment having intermediate product separation. This
      embodiment permits a reduction in the recracking of products, which would
      otherwise pass through the third section of pipe reactor, and a reduction
      in the length of the third section of the pipe reactor by concentrating
      the unconverted residuum in the feed to that section. Moreover, it permits
      higher catalyst-to-oil ratios throughout the pipe reactor. The amount of
      catalyst included is limited by the amount of liquid phase at the outlet
      of the pipe reactor. The amount of liquid phase decreases through the pipe
      reactor because conversion takes place.
PAR  The same petroleum hydrocarbon residuum that is employed in Example II is
      obtained from source 98 and is passed by way of line 99 into the bottom
      zone of a multiple-zone vapor-liquid-catalyst separator 100. This residuum
      is treated at the rate of 10,000 BSD. The vapor-liquid-catalyst separator
      100 is composed of a top zone 101, an intermediate zone 102, and a bottom
      zone 103. The residuum, heated to a temperature of about 700.degree.F. by
      means not shown, passes from line 99 through distribution means 104 into
      bottom zone 103 of the vapor-liquid-catalyst separator 100. Please note
      that the bottom zone 103 is divided into two sides. In the one side, the
      resid is introduced into the separator 100 by way of distributor 104. In
      the other side of the bottom zone 103, recycled unconverted resid is
      introduced into bottom zone 103 by way of line 105 and distributor means
      106. The bottom zone 103 is separated by baffle 107. In bottom zone 103,
      either the heated residuum replaces reactoreffluent liquid to form a
      residuum-catalyst slurry on one side of baffle 107 or the hot recycled
      unconverted residuum replaces reactor-effluent liquid to form an
      unconverted-residuum-catalyst slurry on the other side of baffle 107. The
      resultant residuum-catalyst slurry is withdrawn from bottom zone 103 via
      line 108 and the resultant unconverted-residuum-catalyst slurry is
      withdrawn from bottom zone 103 by way of line 109. Spent catalyst, present
      as an oil slurry, is withdrawn from the system via line 109a and fresh
      catalyst is added via line 109b.
PAR  The residuum-catalyst slurry in line 108 is pumped by pump 110 through line
      111 at the rate of 14,600 BSD. In a like manner, the
      unconverted-residuum-catalyst slurry in line 109 is pumped by pump 112
      through line 113 at the rate of 5,280 BSD. Hydrogen-containing gas is
      introduced into line 111 by way of line 114 and the resultant
      gas-residuum-catalyst mixture is passed through line 111 into furnace 115.
      In a like manner, hydrogen-containing gas is passed through line 116 into
      line 113 and the resultant gas-catalyst-unconverted-residuum mixture is
      passed through line 113 into furnace 115.
PAR  The resultant gas-residuum-catalyst mixture is heated in furnace 115 to a
      temperature of about 820.degree.F. and the heated mixture is then passed
      through line 117 into the first section 118 of the pipe reactor. First
      section 118 of the pipe reactor has an inside diameter of 10 inches and a
      length of 1,660 feet. The pressure in this first section 118 decreases
      from 2,000 psia at its inlet to 1,990 psia at its outlet. The temperature
      in the first section 118 is maintained at 820.degree.F. For all practical
      purposes, the reaction begins at the outlet of furnace 115 or in the
      furnace itself.
PAR  The effluent from first section 118 passes into vapor-liquid separator 119,
      which is operated at a temperature of 820.degree.F. and at a pressure of
      1,990 psia. Vapor is separated from the liquid and catalyst and passes
      from vaporliquid separator 119 via line 120 at the rate of 17,200 SCFM.
      The liquid-catalyst mixture passes from vapor-liquid separator 119 into
      second section 121 of the pipe reactor. Second section 121 has an inside
      diameter of 10 inches and a length of 3,090 feet. Hydrogen-containing
      recycle gas is introduced into second section 121 via line 122.
      Second-section 121 is operated at a temperature of 820.degree.F. and a
      pressure of 1,990 psia at its inlet and a pressure of 1,980 psia at its
      outlet.
PAR  The effluent from second section 121 passes through line 123 into the top
      zone 101 of vapor-liquid-catalyst separator 100. Quench liquid is
      introduced into line 123 by way of line 141. Vapor is separated from the
      liquid and catalyst in top zone 101 and is withdrawn from the top of
      vapor-liquid-catalyst separator 100 by way of line 124 at a temperature of
      about 700.degree.F., a pressure of 1,980 psia, and a rate of 35,700 SCFM.
      This vapor is combined with the vapor stream in line 120 that is withdrawn
      from vapor-liquid separator 119 and the combined vapor is passed through
      line 125 into recyclegas scrubber 126. The combined vapor stream is cooled
      by heat-exchange means, not shown, and water washing, not shown, as it
      passes through line 125.
PAR  Recycle-gas scrubber 126 is operated at a temperature of 120.degree.F. and
      a pressure of 1,915 psia. Lean oil is introduced into scrubber 126 by way
      of line 127 at a rate of 2,860 BSD and fat oil is withdrawn via line 128
      and sent to appropriate recovery equipment, not shown. Liquid product is
      removed from the bottom of scrubber 126 by way of line 129 and coalescer
      130 and is sent to a vapor-liquid separator 131 by way of line 132. About
      686 BSD of water are released at a temperature of about 120.degree.F. from
      coalescer 130 by way of line 133. Vapor-liquid separator 131 is operated
      at a temperature of 100.degree.F. and a pressure of 215 psia.
PAR  Hydrogen-containing gas is withdrawn from recycle-gas scrubber 126 by way
      of line 134. This hydrogen-containing gas is compressed to a pressure of
      2,075 psia and a temperature of 140.degree.F. and is passed through line
      134 at the rate of 43,400 SCFM. Makeup hydrogen from source 135, at a
      temperature of 100.degree.F. and a pressure of about 265 psia, is
      compressed to a pressure of about 2,075 psia and a temperature of
      300.degree.F. and is passed through line 136 at a rate of 13,100 SCFM, to
      be combined with the hydrogen-containing gas in line 134. This gas mixture
      is then passed through line 134 and line 114, to be divided into several
      streams, one of which is passed through line 122 into the second section
      121 of the pipe reactor, one of which is introduced into the
      catalyst-residuum slurry in line 111 by way of line 114, and another of
      which is passed through line 116 into the unconverted-residuum-catalyst
      slurry in line 113, as mentioned hereinabove.
PAR  Vapor is removed from vapor-liquid separator 131 by way of line 137 and is
      sent to suitable vapor recovery equipment, not shown in FIG. 3. The flow
      rate of the vapor is 3,300 SCFM. Liquid is removed from vapor-liquid
      separator 131 by way of line 138 and is divided into two streams, one
      being sent through line 139 and the other being sent through line 140. The
      liquid passing through line 139 is heated by appropriate means to a
      temperature of 420.degree.F. and is passed at a rate of 4,100 BSD to be
      fractionated into useful product streams. The liquid passing through line
      140 is passed at the rate of 4,580 BSD. This liquid stream in line 140 is
      then divided into two streams, one of which passes through line 141 into
      line 123, which contains effluent from second section 121 of the pipe
      reactor, as discussed hereinabove. The other liquid stream from the liquid
      in line 140 passes through line 142 into line 143, which contains effluent
      from the third section 144 of the pipe reactor, as discussed hereinafter.
PAR  The vapor-liquid-catalyst mixtures in lines 143 and 123 are passed into the
      top zone 101 of vapor-liquid-catalyst separator 100. As pointed out
      hereinabove, vapor is separated from the mixture and is withdrawn from
      separator 100 by way of line 124. The liquid-catalyst slurry descends
      through duct 145a, an extension of inverted conical baffle 145, into
      intermediate zone 102 of vapor-liquid-catalyst separator 100, where the
      catalyst separates from the liquid by gravity and passes into bottom zone
      103.
PAR  Top zone 101 is separated from intermediate zone 102 by inverted conical
      baffle 145. Intermediate zone 102 extends from inverted conical baffle 145
      downwardly to approximately the lower end of the vertical walls of
      separator 100. Below this is located bottom zone 103.
PAR  In bottom zone 103, the catalyst meets the heated resid from distribution
      means 104 and the unconverted residuum from distribution means 106. The
      liquid product is withdrawn from the annular space in intermediate zone
      102 between conical baffle 145, separator baffle 146, and the walls of
      separator 100 by way of line 147 as heavy liquid product.
PAR  The heated hydrogen-containing-gas-unconverted-residuum-catalyst mixture in
      line 113 is sent through furnace 115 and line 148 into third-section 144
      of the pipe reactor. Third section 144 of the pipe reactor has an inside
      diameter of 7 inches and a length of 3,730 feet. This third section 144 is
      operated at a temperature of 820.degree.F. and a pressure of 1,990 psia at
      its inlet and a pressure of 1,980 at its outlet.
PAR  Although not shown, suitable temperature-control means may be employed at
      each section of the pipe reactor.
PAR  Heavy liquid product from vapor-liquid-catalyst separator 100 passes
      through line 147 at the rate of 8,700 BSD and at a temperature of about
      700.degree.F. into the top of stripper 149. Steam is introduced into the
      bottom of stripper 149 via line 150 at the rate of about 2,900 pounds per
      hour. Lighter hydrocarbons are withdrawn from the top of stripper 149 by
      way of line 151. Light ends are separated from this stream in appropriate
      equipment, not shown, and are sent by way of line 152 at a rate of about
      620 SCFM to appropriate vapor recovery equipment, not shown in FIG. 3. The
      remainder of this stream is sent by line 153 to be combined with the
      liquid from vapor-liquid separator 131, which liquid is passing through
      line 139.
PAR  The combined liquid from lines 139 and 153 is sent through line 154 to
      furnace 155 and is heated in furnace 155 to a temperature of 550.degree.F.
      The heated liquid is then passed through line 156 into fractionator 157.
      Light ends, naphtha, distillate, and gas oil are withdrawn from
      fractionator 157 via lines 158, 159, 160, and 161, respectively, at the
      following respective rates: 630 SCFM, 3,490 BSD, 3,250 BSD, and 350 BSD.
PAR  The heavier hydrocarbons in stripper 149 are withdrawn from the bottom of
      stripper 149 by way of line 162 at a temperature of 640.degree.F. and at a
      rate of 7,050 BSD and sent to furnace 163 and then through line 164 into
      vacuum tower 165. Vacuum tower 165 is operated at a temperature of
      750.degree.F. and a pressure of 25 millimeters of mercury in the flash
      zone. Inerts, estimated to have a molecular weight of 30, are removed at
      the rate of 280 pounds per hour from vacuum tower 165 by line 166 and gas
      oil is withdrawn from vacuum tower 165 by way of line 167 at a temperature
      of 150.degree.F. and at a rate of 2,410 BSD. Unconverted residuum is
      withdrawn from the bottom of vacuum tower 165 by way of line 168. This
      stream of unconverted residuum is then divided into two streams. One
      stream of unconverted residuum is withdrawn from the system at a
      temperature of 175.degree.F. and at a rate of 1,420 BSD. This stream is
      withdrawn by way of line 169. The other stream of unconverted residuum is
      passed through line 170 to be pumped by pump 171 into line 105 as recycled
      hydrocarbons. This recycled resid stream is at a temperature of
      750.degree.F. and is moved at the rate of 3,220 BSD.
PAR  In this embodiment of the process of the present invention, 85 volume
      percent of the 1,000.degree.F.--plus material in the resid is converted to
      higher boiling products, just as was done in the previous embodiment.
      Coversion in the first section 118 of the pipe reactor is 40 volume
      percent; in the second section 121, 30 volume percent; and in the third
      section 144, 15 volume percent. However, in this embodiment, the gas oil
      being fed to the third section 144 and the volume of the third section 144
      are reduced. Moreover, this intermediate-separation technique reduces the
      amount of cracking of the product gas oil and allows a higher
      catalyst-to-oil ratio. A comparison of catalyst-to-oil ratios obtained by
      once-through operation with those obtained by intermediate-separation
      techniques is presented in Table II.
TBL                                    TABLE II                                

     __________________________________________________________________________

     CATALYST-TO-OIL WEIGHT RATIOS FOR PIPE REACTORS HAVING THREE SECTIONS     

             SECTION I   SECTION II  SECTION III                               

     OPERATION                                                                 

             Inlet                                                             

                 Outlet                                                        

                     Avg.                                                      

                         Inlet                                                 

                             Outlet                                            

                                 Avg.                                          

                                     Inlet                                     

                                         Outlet                                

                                             Avg.                              

     __________________________________________________________________________

     Once-Through                                                              

             0.20                                                              

                 0.25                                                          

                     0.23                                                      

                         0.27                                                  

                             0.37                                              

                                 0.32                                          

                                     0.42                                      

                                         0.60                                  

                                             0.51                              

     Intermediate                                                              

      Separation                                                               

             0.34                                                              

                 0.42                                                          

                     0.38                                                      

                         0.45                                                  

                             0.60                                              

                                 0.53                                          

                                     0.40                                      

                                         0.60                                  

                                             0.50                              

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the hydroprocessing of a heavy petroleum hydrocarbon
      fraction in a system employing a pipe reactor, which process comprises:
      heating said hydrocarbon fraction to a temperature of at least
      600.degree.F. to obtain a preheated heavy hydrocarbon fraction;
      introducing said preheated heavy hydrocarbon fraction into the bottom zone
      of a vapor-liquid-catalyst separator having three zones, a top zone
      wherein vapor is separated from liquid and catalyst, said vapor, said
      liquid, and said catalyst having been introduced into said top zone as
      effluent from said pipe reactor, an intermediate zone wherein said
      catalyst separates from said liquid, and a bottom zone wherein said
      preheated heavy hydrocarbon fraction is introduced into said bottom zone
      and mixed with said catalyst to form a heavy-hydrocarbon-catalyst slurry;
      withdrawing said heavy-hydrocarbon-catalyst slurry from the bottom of said
      bottom zone; heating said heavy-hydrocarbon-catalyst slurry to a
      temperature of at least 700.degree.F. to obtain a heated
      heavy-hydrocarbon-catalyst slurry; passing said heated
      heavy-hydrocarbon-catalyst slurry through said pipe reactor in the
      presence of hydrogen under conditions suitable for the hydroprocessing of
      heavy petroleum hydrocarbons, including a temperature of about 600.degree.
      to about 1,000.degree.F. and a hydrogen partial pressure of about 300 psia
      to about 3,000 psia, while controlling the temperature in said pipe
      reactor by a means for temperature control; withdrawing effluent from said
      pipe reactor and passing said effluent into said top zone of said
      vapor-liquid-catalyst separator; withdrawing vapor product from said top
      zone of said vapor-liquid-catalyst separator; withdrawing liquid product
      from said intermediate zone; and obtaining usable products from said vapor
      product and said liquid product, said catalyst being suitable for the
      hydroprocessing of heavy petroleum hydrocarbons.
NUM  2.
PAR  2. The process of claim 1 wherein said means for temperature control
      comprises introducing quench gas into said pipe reactor at suitable points
      along the length of said pipe reactor.
NUM  3.
PAR  3. The process of claim 1 wherein said pipe reactor comprises at least two
      sections, each of said sections, excluding the last section, being
      followed by a vapor-liquid separator and said last section being followed
      by said vapor-liquid-catalyst separator; and wherein in each vapor-liquid
      separator vapor is separated from the liquid and catalyst in that
      particular vapor-liquid separator, the vapor, liquid, and catalyst in that
      particular vapor-liquid separator having been introduced into that
      particular vapor-liquid separator as constituents of the effluent from the
      preceding section of said pipe reactor; the liquid and catalyst in said
      effluent from the preceding section of pipe reactor are sent to the next
      succeeding section of said pipe reactor from that particular vapor-liquid
      separator; and the effluent from said last section of said pipe reactor is
      withdrawn from said last section and is passed into said top zone of said
      vapor-liquid-catalyst separator.
NUM  4.
PAR  4. The process of claim 3 wherein said means for temperature control
      comprises introducing quench gas into said pipe reactor at suitable points
      along the length of said pipe reactor.
NUM  5.
PAR  5. A process for the hydroprocessing of a heavy hydrocarbon feedstock in a
      system employing a first pipe reactor having two sections, a first section
      and a second section, and a second pipe reactor having one section, which
      process comprises: heating said hydrocarbon feedstock to a temperature of
      at least 600.degree.F. to obtain a preheated heavy hydrocarbon fraction;
      introducing said preheated heavy hydrocarbon fraction into the bottom zone
      of a vapor-liquid-catalyst separator having three zones, a top zone
      wherein vapor is separated from liquid and a catalyst, said vapor, said
      liquid, and said catalyst having been introduced into said top zone as
      constituents of second effluent from said second section of said first
      pipe reactor and constituents of third effluent from said second pipe
      reactor, an intermediate zone wherein said catalyst separates from said
      liquid, and a bottom zone wherein on one side of a verticle baffle
      contained therein said preheated heavy hydrocarbon fraction is introduced
      into said bottom zone and mixed with said catalyst to form a
      heavy-hydrocarbon-catalyst slurry and on the other side of said baffle a
      stream of recycled unconverted heavy hydrocarbons is introduced into said
      bottom zone and mixed with said catalyst to form an
      unconverted-heavy-hydrocarbon-catalyst slurry; withdrawing said
      heavy-hydrocarbon-catalyst slurry and said
      unconverted-heavy-hydrocarbon-catalyst slurry from the bottom of said
      bottom zone; heating said heavy-hydrocarbon-catalyst slurry to a
      temperature of at least 700.degree.F. to obtain a heated
      heavy-hydrocarbon-catalyst slurry; passing said heated
      heavy-hydrocarbon-catalyst slurry through said first section of said first
      pipe reactor in the presence of hydrogen while controlling the temperature
      in said first section of said first pipe reactor by a first means for
      temperature control; withdrawing a first effluent from said first section
      of said first pipe reactor and passing said first effluent through a first
      vapor-liquid separator wherein vapor is separated from the liquid and
      catalyst in said first effluent; passing said liquid and catalyst in said
      first effluent through said second section of said first pipe reactor in
      the presence of hydrogen while controlling the temperature in said second
      section of said first pipe reactor by a second means for temperature
      control; withdrawing said second effluent from said second section of said
      first pipe reactor and passing said second effluent into said top zone of
      said vapor-liquid-catalyst separator; heating said
      unconverted-heavy-hydrocarbon-catalyst slurry to a temperature of about
      700.degree.F. to obtain a heated unconverted-heavy-hydrocarbon-catalyst
      slurry; passing said heated unconverted-heavy-hydrocarbon-catalyst slurry
      through said second pipe reactor in the presence of hydrogen while
      controlling the temperature in said second pipe reactor by a third means
      for temperature control; withdrawing said third effluent from said second
      pipe reactor and passing said third effluent into said top zone of said
      vapor-liquid-catalyst separator; withdrawing a vapor product from said top
      zone of said vapor-liquid-catalyst separator; withdrawing liquid product
      from said intermediate zone; and obtaining usable products from said vapor
      product and said liquid product, said first pipe reactor and said second
      pipe reactor being maintained at conditions that are suitable for the
      hydroprocessing of heavy petroleum hydrocarbons, including a temperature
      of about 600.degree.F. to about 1,000.degree.F. and a hydrogen partial
      pressure of about 300 psia to about 3,000 psia, and said catalyst being
      suitable for the hydroprocessing of heavy petroleum hydrocarbons.
NUM  6.
PAR  6. The process of claim 4 wherein said first means, said second means, and
      said third means for temperature control each comprises introducing quench
      gas into the appropriate section of said first pipe reactor and said
      second pipe reactor at suitable points along the length of said
      appropriate section.
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ABST
PAL  A process for catalytic cracking of a hydrocarbon feedstock which comprises
      contacting the feedstock with a catalyst which comprises predominantly a
      synthetic silica-alumina matrix containing 56 to 90 weight per cent
      alumina and wherein the catalyst does not contain any clay constituent.
PAL  Preferably the matrix contains more than 65 weight per cent alumina. At
      these high alumina levels, which are about double or treble most of the
      current commercial cracking catalyst alumina levels, we have found that
      surprisingly high activity is achieved by our cracking catalyst.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to catalytic cracking and an improved
      catalyst for use therein, particularly high alumina content catalyst, and
      particularly synthetic high alumina catalyst prepared by simultaneous
      cogellation of alumina and silica.
PAR  Catalytic cracking is a hydrocarbon conversion process in which a
      hydrocarbon, such as a petroleum oil fraction, is passed over a catalyst
      at an elevated temperature and at atmospheric or somewhat higher pressures
      to split higher molecular weight hydrocarbons into lower molecular weight
      substances, the principal end product being gasoline. The cracking
      temperatures are usually around 600.degree. to 1,000.degree. F.,
      preferably around 900.degree. F. The cracking catalyst is typically
      circulated between the catalytic cracking reaction zone and the catalyst
      regeneration zone or vessel. The cracking catalyst is regenerated in the
      regeneration zone by burning deposited carbonaceous material off the
      catalyst at about 900.degree.  to 2,000.degree. F., then the regenerated
      catalyst is recirculated to the catalytic cracking reaction zone. Steam is
      formed in the regeneration step because the carbonaceous material is
      combusted to carbon oxides and water vapor.
PAR  Typical commercial catalytic cracking data is shown by the table below:
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     COMMERCIAL CATALYTIC CRACKING DATA                                        

     Operating Conditions                                                      

     Catalyst            Synthetic beads, 15% Al.sub.2 O.sub.3                 

                         85% SiO.sub.2, 0.003% Cr                              

     __________________________________________________________________________

     Reactor pressure         10 psig                                          

     Temperature of oil vapor feed                                             

                              783.degree.F.                                    

     Temperature of catalyst to reactor                                        

                              900.degree.F.                                    

     Catalyst to oil ratio    3.8 vol/vol                                      

     Carbon on spent catalyst 1.12% wt                                         

     Carbon on regenerated catalyst                                            

                              0.04% wt                                         

     Feed space velocity      1.7 LHSV*                                        

      Products, Weight % of Feed                                               

     H.sub.2, CH.sub.4, C.sub.2 H.sub.4, C.sub.2 H.sub.6                       

                              1.1                                              

     C.sub.3 H.sub.6          1.5                                              

     C.sub.3 H.sub.8          1.2                                              

     C.sub.4 H.sub.8          2.1                                              

     i--C.sub.4 H.sub.10      3.7                                              

     n--C.sub.4 H.sub.10      0.9                                              

     Gasoline, 33-202.degree.C                                                 

                              32.3                                             

     Naphtha, 188-231.degree.C                                                 

                              4.7                                              

     Fuel oil, 218-338.degree.C                                                

                              38.8                                             

     Heavy oil, 18.3.degree.API                                                

                              10.5                                             

     Coke                     3.2                                              

                              100.0                                            

     __________________________________________________________________________

      *LHSV = Liquid hourly space velocity, volumes of liquid feed per volume o

      catalyst per hour.                                                       

PAR  As can be seen from the above data, the amount of C.sub.3 and C.sub.4
      olefins typically produced is about four weight per cent. The Table 1 data
      is for a plant using TCC beads; the olefin yield from a plant using
      typical fluidized catalyst produced by spray drying would be about 5
      weight per cent.
PAR  Various methods are known for the preparation of catalytic cracking
      catalysts such as the commercial methods described by Ryland et al.
      starting at page 6 in Emmett's "Catalysis" Volume 7, Reinhold Publishing,
      1960. Frequently, synthetic silica-alumina cracking catalysts are prepared
      by neutralizing an alkali metal silicate solution with a mineral acid,
      adding alum solution to the resulting hydrogel to incorporate the
      requisite amount of alumina in the final catalyst and precipitating the
      alum as alumina by the addition of a suitable base. Then the catalyst
      material is washed, spray dried (or formed as a bead in oil) and calcined.
PAR  As mentioned by Ryland et al, at page 9, there are numerous other methods
      for preparing alumina-silica catalysts including gellation of the
      desirable solubilized constituents under controlled conditions.
PAR  Natural clay material can be used as cracking catalysts after suitable
      treatment, such as acid activation. As indicated by one of the references
      reviewed by Ryland et al. at page 16, it is believed that the cracking
      activity of clay catalysts is not primarily due to the crystalline phase
      of the clay material but rather to an amorphous phase of the clay formed
      by the acid treatment. Also, it is believed that the amorphous phase of
      the clay formed by the acid treatment is essentially identical with a
      synthetic alumina-silica catalyst which in turn is believed to consist of
      a mixture of extremely small alumina and silica particles sharing oxygens
      or in intimate contact.
PAR  In many instances, because of the lower cost of clay materials, clay
      materials are used as a relatively inactive portion of synthetically
      prepared silica-alumina catalysts. That is, the clay can be used to
      "extend" the more expensive synthetically prepared silica-alumina. As
      pointed out by H. H. Voge at page 408 and 417 in Emmett's "Catalysis"
      Volume 6, Reinhold Publishing, 1958, a synthetic alumina-silica cracking
      catalyst ordinarily contains 10-25 weight per cent alumina. Ryland et al.
      at page 6 points out that early synthetic alumina-silica catalysts
      contained about 10 -12 per cent alumina, but that later high alumina
      catalysts were made containing about 25 per cent alumina.
PAR  An article by B. H. Loper, "Oil and Gas Journal," Apr. 25, 1955, page 115,
      also describes commercial results from "high alumina" catalysts which
      contain 25 weight per cent alumina.
PAR  The following patents disclose cracking catalysts of high alumina content:
PAR  U.S. Pat. No. 2,469,314 (Ryland et al.) 25 weight per cent alumina.
PAR  U.S. Pat. No. 3,023,172 (Innes et al.) 25 wt. per cent alumina exclusive of
      added low cost kaolin clay.
PAR  U.S. Pat. No. 3,010,914 (Braithwaite et al.) discloses a cracking catalyst
      composed of synthetic alumina-silica and added clay with the portion of
      alumina in the synthetic alumina-silica being 15 -80 wt. per cent alumina.
      The clay, in general, is 20-85 wt. per cent of the final catalyst. As per
      example 1 of the patent, the catalyst can be made by adding aqueous acid
      to a solution containing sodium aluminate and kaolin clay, and then adding
      a solution of alum and water so that the resulting pH of the slurry is
      9.5. The resulting alumina-silica composition contains about 72.5 per cent
      alumina and 27 per cent silica, presumably based on the entire composition
      which includes the kaolin clay.
PAR  U.S. Pat. No. 3,010,914 also mentions that the activity of the catalyst
      measured after steaming of the catalyst is of more practical value in
      evaluating the catalyst than the activity without steam pretreatment.
PAR  Although U.S. Pat. No. 3,010,914 discloses relatively high alumina contents
      for a synthetic silica-alumina catalystcontaining clay, a subsequent
      Braithwaite et al. patent, U.S. Pat. No. 3,034,995, suggests lower alumina
      contents for synthetic silica-alumina catalyst-containing clay. Thus,
      according to U.S. Pat. No. 3,034,995, the synthetically dry silica-alumina
      hydrogel portion of the clay-containing catalyst contains 5 to 45 weight
      per cent alumina and 55 to 95 weight per cent silica.
PAR  U.S. Pat. No. 3,131,156 (Wilson et al.) is also directed to high alumina
      catalyst containing up to about 30 weight per cent alumina.
PAR  Current commercial cracking catalysts have a wide range of alumina
      contents. For example, commercial Catalyst A (believed to contain clay) 55
      weight per cent alumina; commercial Catalyst B (also believed to contain
      clay) 50.5 weight per cent alumina; commercial Catalyst C, 46 weight per
      cent alumina; commercial Catalyst D, 35 weight per cent alumina, 65 weight
      per cent silica in the synthetic alumina-silica matrix, but the finished
      catalyst also includes added crystalline zeolites (aluminosilicate
      molecular sieves); Catalyst E, stated to be a high alumina catalyst, 25
      weight per cent alumina; Catalyst F, stated to be "low alumina", 13 wt.
      per cent alumina; Catalyst G, stated to be a high alumina, 25 wt. per cent
      alumina; Catalyst H, 13 wt. per cent alumina; Catalyst I, 10 wt. per cent
      alumina.
PAR  By hindsight, after carrying out our experimental work, one reference which
      we found to be particularly pertinent is a C. L. Thomas article, at page
      2564, "Industrial and Engineering Chemistry," Volume 41, No. 11. This
      article discloses a peak in cracking activity at alumina to silica ratios
      which approach the alumina content required in the synthetic
      alumina-silica matrix of the cracking catalyst to which the present
      specification is directed. In addition to the necessity to take the Thomas
      reference with the other prior art as a whole, we also note that the
      Thomas reference does not point out whether or not the catalysts tested by
      Thomas were steamed prior to testing. FIG. 1 from the Thomas reference is
      presented in revised form as part of FIG. 1 of the present specification
      and is discussed further hereinbelow.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention a process is provided for catalytic
      cracking of a hydrocarbon feedstock which comprises contacting the
      feedstock with a catalyst which contains predominantly a synthetic
      silica-alumina matrix containing 56 to 90 weight per cent alumina and
      wherein the catalyst does not contain any clay constituent.
PAR  The present invention is based on our finding that a high alumina content,
      greater than 56 weight per cent alumina, gives higher cracking activity
      than conventional cracking catalysts which, in prior commercial use, have
      essentially always had less than 56 weight per cent alumina. The present
      invention excludes catalysts prepared using clays or incorporating clays
      as part of the catalyst. Clays tend to lower the activity of the catalyst,
      whereas the present invention is directed to a high activity catalyst.
      Molecular sieves (crystalline aluminosilicate zeolites) can be included
      with the synthetic silica-alumina matrix of the catalyst of the present
      invention as the molecular sieves usually tend to increase the cracking
      activity of the catalyst.
PAR  U.S. Pat. No. 3,425,956 discloses the use of crystalline zeolites for
      promoting synthetic silica-alumina catalytic cracking catalysts. Among the
      broad disclosure of this patent is mentioned synthetic silica-alumina
      matrices containing up to about 95 weight per cent alumina, but U.S. Pat.
      No. 3,425,956 does not disclose any special advantage of catalysts
      restricted to having 56 to 90 weight per cent alumina in the synthetic
      silica-alumina matrix. The example catalyst in U.S. Pat. No. 3,425,956 had
      about 15 weight per cent alumina, and they were compared to commercial
      silica-alumina catalysts having about 13 weight per cent alumina, and in
      the case of one commercial high alumina catalyst, 27.4 wt. per cent
      alumina.
PAR  Although the catalyst of the present invention can contain an added
      crystalline zeolite, in any case the synthetic silica-alumina matrix is
      the predominant portion of the finished catalyst used in the process of
      the present invention. The statement that the catalyst "comprises
      predominantly a synthetic silicaalumina matrix" means that the synthetic
      silica-alumina matrix accounts for at least 50 weight per cent of the
      catalyst. Preferably the synthetic silica-alumina matrix is at least 75
      wt. per cent of the catalyst and more preferably at least 85 weight per
      cent of the final catalyst. The term "synthetic" silica-alumina means that
      the silica-alumina is made (synthesized) from a silicon (usually silicon
      compound) containing material and an aluminum (usually aluminum compound)
      containing material, as opposed to being a naturally occurring clay, and
      as opposed to being an acid treated natural clay.
PAR  As indicated earlier, the catalyst of the present invention preferably does
      not contain any clay constituents such as the kaolin and other natural
      clays.
PAR  According to a preferred embodiment of the present invention the catalyst
      consists essentially of synthetic silicaalumina.
PAR  The catalyst of the present invention, and especially the catalyst
      consisting essentially of synthetic silica-alumina in accordance with the
      present invention, has been found to be particularly advantageous for use
      in catalytic cracking directed to the production of relatively high
      amounts of olefins, that is, above about 6 weight per cent olefins based
      on product, preferably above about eight weight per cent olefins based on
      product.
PAR  Preferably the synthetic silica-alumina matrix of the catalytic cracking
      catalyst used according to the present invention contains at least 60
      weight per cent alumina, and still more preferably, at least 65 weight per
      cent alumina.
PAR  Suitable catalytic cracking conditions for use in the process of the
      present invention include a temperature between 800.degree. and
      1200.degree.F., a pressure between atmospheric and 200 psig, and a
      hydrocarbon feedstock to the catalytic cracking reaction zone boiling
      within the limits of about 150.degree. to 1000.degree.F.
PAR  The present invention is directed to the catalyst composition as well as
      the use of the catalyst in catalytic cracking.
PAR  According to a preferred embodiment of the present invention, the catalytic
      cracking catalyst is prepared by steps comprising
PA1  a. forming an acidic solution containing aluminum and silicon;
PA1  b. cogelling aluminum and silicon compounds in the solution by adding a
      base to obtain a catalyst precursor; and
PA1  c. washing, drying, and calcining the catalyst precursor to obtain the
      catalyst containing the synthetic silica-alumina matrix.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a plot showing the relative activity for cracking as the ordinate
      versus weight per cent alumina in the cracking catalyst as the abscissa.
PAR  FIG. 2 is a plot similar to FIG. 1, except that FIG. 2 is based on
      catalysts according to the present invention and wherein the catalysts
      have been steamed prior to testing the catalyst for activity.
DETD
PAC  FURTHER DESCRIPTION OF THE DRAWINGS
PAR  Curve A of FIG. 1 shows maximum activity for catalytic cracking at an
      alumina content for the cracking catalyst of about 25 weight per cent.
      Curve A is based on an article by Holm and Clark, "Journal of Catalysis"
      Volume 2, page 16, 1963. It is not stated in this article by Holm and
      Clark that the catalyst was steamed before testing for activity. It is
      stated that the catalysts were heated in dry air at 550.degree.C.
      (1,004.degree.F.). Further details on the method of obtaining Curve A can
      be obtained from the Holm and Clark reference.
PAR  Curve B is similar to Curve A except that it shows a maximum for cracking
      activity at about 50 weight per cent alumina. This curve is based on FIG.
      1 of the earlier mentioned C. L. Thomas article from IEC. It is not stated
      by Thomas whether or not his catalyst was steamed before carrying out his
      cracking activity tests.
PAR  The FIG. 2 data was obtained by performing cracking activity tests on
      catalysts of various alumina contents. The catalysts were prepared as
      follows:
PAR  An aqueous mixture of aluminum chloride, sodium silicate hydrochloric acid,
      glacial acetic acid (or other organic acid, e.g., succinic) with pH &lt;2 is
      prepared. Cogellation is accomplished by adding concentrated ammonium
      hydroxide solution to raise the pH to 7.0. The precipitate is filtered and
      dewatered to give an extrudable paste. The paste is formed into extrudate
      by pressing through an opening at high pressure. The wet extrudates are
      ion exchanged with ammonium acetate or ammonium carbonate to reduce soda
      to an acceptable level (&lt;.1%) then washed to remove excess acetate and
      chloride and finally dried and calcined to burn off residual carbonaceous
      residues and to activate the catalyst. Crystalline aluminosilicate zeolite
      may be added at the cogellation stage or afterwards by reslurrying, but
      before forming extrudate. Before testing, catalysts are pretreated by
      steaming 6 hours at 1,400.degree.F. in 100% steam atmospheres, 15 psi
      pressure.
PAR  Briefly speaking, it is preferred to prepare the cracking catalyst we use
      by steps including the following:
PAR  a. forming an acidic solution (pH about 1.0) containing aluminum and
      silicon; for example, by using sodium silicate and aluminum sulphate or
      alumina dissolved in hydrochloric acid;
PAR  b. cogelling aluminum and silicon compounds in the solution by adding a
      base such as ammonia, ammonium hydroxide or sodium hydroxide (resulting pH
      about preferably under 7.0, e.g, about 6.2) to thus obtain a catalyst
      precursor which is believed to be made up of hydroxylated and/or hydrated
      aluminum or aluminum oxide and silicon or silicon oxide, and
PAR  c. applying customary steps of filtering, ion-exchanging, washing, drying,
      and calcining to convert the catalyst precursor into a final catalyst
      comprising the synthetic silica-alumina.
PAR  Less preferable general methods which might be used are along the lines of
      neutralizing an alkali metal silicate solution with a mineral acid, adding
      alum solution to the resulting hydrogel to incorporate the requisite
      amount of alumina in the final catalyst, and precipitating the alum as
      alumina be the addition of a suitable base.
PAR  Other general methods are referred to starting at page 6 of the Ryland et
      al. article in Emmett's "Catalysis," Volume 7.
PAR  Referring again more particularly to FIG. 2, the procedure used in carrying
      out the catalytic cracking activity tests were as follows:
PAR  The reactor we used is a 3/8-inch stainless steel tube that fits into a
      three-block temperature-controlled furnace capable of maintaining a flat
      thermal profile. Catalyst volume can be varied up to a 6-cc maximum. With
      the reactor in place in the furnace, the entire system is purged with
      nitrogen. At the start of the actual run, the nitrogen purge is stopped.
      Feed addition is made by means of a variable speed motor-driven syringe
      pump. The units are equipped with timers and automatic controls to ensure
      reproducibility of feed volume. A postfeed period nitrogen purge sweeps
      all unreacted feed and cracked products from the reactor. The reactor
      effluent is condensed in a receiver maintained at room temperature. Gas
      liquid separation at normal room temperatures permits essentially complete
      recovery of C.sub.4 -- components in the gas phase. The uncondensed
      gaseous products and postfeed purge nitrogen pass through the condensed
      liquid in the microreceiver and are collected over brine. The volume and
      pressure of the gas are noted. Gas samples are then taken for
      chromatographic analysis. This permits calculation of the weight of the
      gaseous components in the reaction mix. The liquid collected in the
      receiver is weighed to the nearest milligram. The receivers are fitted
      with septums so that the liquid product can be sampled directly with a
      hypodermic needle and syringe. The withdrawn liquid is injected into a
      temperature programmed gas chromatograph for a "simulated distillation"
      type of analysis. Determination of the fraction boiling above "the
      430.degree.F cut point " permits calculation of conversion.
PAR  Coke deposited on the catalyst is determined by removing it from the
      reactor after the run and subjecting it to carbon analysis on a LECO
      carbon analyzer.
PAL  Test Conditions
PAR  The following operating conditions were typically used:
     Catalyst:   3.00 grams, steamed prior to testing                          

     Feed:       1.03 ml of a 625-900.degree.F cut from a                      

                 Pascagoula gas oil having 24.1.degree.API                     

                 gravity, and 65.degree.F pour point                           

     Temperature:                                                              

                 925.degree.F                                                  

     WHSV:       3.72                                                          

     Cat/Oil Ratio:                                                            

                 3.23                                                          

PAR  The catalyst charge can be either fluid cracking catalyst or 3/32-inch and
      smaller pellets, extrudates, or granules. The 625.degree.-900.degree.F gas
      oil was prepared by a TBP-type distillation thus eliminating any overlap
      material in the LCO (430.degree.-625.degree. F) boiling range.
PAR  Table 2 below summarizes catalysts tested and their relative activity in
      terms of weight per cent conversion which can be compared to the alumina
      content of the synthetic silicaalumina catalysts.
TBL                TABLE 2                                                     

     ______________________________________                                    

     PROPERTIES OF COGELLED SILICA-ALUMINA CATALYSTS                           

     ALL CATALYSTS PRETREATED FOR 6 HOURS AT 1400.degree.F. WITH STEAM         

                            Bulk       Activity,                               

                 Al.sub.2 O.sub.3,                                             

                            Density,   Wt %                                    

     Catalyst    Wt %       g/cc       Conversion                              

     ______________________________________                                    

     B-298-48    100        0.82       31.6                                    

     B-298-49    85         0.84       73.8                                    

     B-658-6B    75         0.69       74.1                                    

     B-298-14E   72         0.90       79.3                                    

     DC-194      60         0.77       74.6                                    

     B-298-19D   60         0.78       73.8                                    

     B-298-17E   50         0.76       72.8                                    

     DC-195      40         0.76       69.8                                    

     JC-185      30         0.86       65.8                                    

     B-298-38E   25         0.97       63.1                                    

     CRC-151     10         0.65       51.0                                    

     Davison GR-12                                                             

                  0         0.73       6.8                                     

     ______________________________________                                    

PAR  As can be seen from the data in Table 2 and the results as graphically
      presented in FIG. 2, an especially preferred catalytic cracking catalyst
      is synthetic silica-alumina containing between 60 and 75 weight per cent
      alumina. In view of the prior art, the especially high activity found for
      these catalysts is a surprising result which could not be predicted.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for catalytic cracking of a hydrocarbon feedstock which
      comprises contacting the feedstock with a catalyst which consists
      essentially of a simultaneously cogelled synthetic silica-alumina
      containing 56 to 90 weight percent alumina, said catalyst having been
      steamed at about 1,400.degree.F, and said process producing relatively
      high yields of C.sub.3 and C.sub.4 olefins.
NUM  2.
PAR  2. A process in accordance with claim 1 wherein the catalyst contains at
      least 60 weight per cent alumina.
NUM  3.
PAR  3. A process in accordance with claim 1 wherein the catalyst contains at
      least 65 weight per cent alumina.
NUM  4.
PAR  4. A process in accordance with claim 1 wherein the catalytic cracking
      conditions include a temperature between 800.degree. and 1,200.degree.F.,
      a pressure between atmospheric and 200 psig, and a hydrocarbon feedstock
      boiling within the limits of about 150.degree.F. to 1,000.degree.F.
NUM  5.
PAR  5. A process in accordance with claim 4 wherein the catalyst which is used
      to contact the feedstock is a catalyst prepared by the steps comprising
PA1  a. forming an acidic solution containing aluminum and silicon;
PA1  b. cogelling aluminum and silicon compounds in the solution by adding a
      base to obtain a catalyst precursor; and
PA1  c. ion-exchanging, washing, drying, calcining and steaming the catalyst
      precursor.
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PAL  A platinum-containing catalyst, particularly one comprising platinum,
      rhenium, and silver, and preferably platinum, rhenium, silver and halides,
      composited with a porous inorganic support material, preferably sulfided,
      is found useful in hydrocarbon conversion reactions, particularly
      reforming (hydroforming). A naphtha or straight run gasoline can be
      contacted with such catalyst at reforming conditions in the presence of
      hydrogen to improve the octane quality of the naphtha or gasoline.
BSUM
PAR  Catalytic reforming (i.e., hydroforming) is an established process in the
      petroleum refining industry and has been used for improving the octane
      quality of naphthas and straight run gasolines for many years. Catalysts
      used in catalytic reforming are recognized as dual-functional, perhaps
      more accurately polyfunctional, the catalyst composite including a
      component comprising a metal, or metals, or a compound or compounds
      thereof, providing a hydrogenation-dehydrogenation (hydrogen transfer)
      function, isomerization function, hydrocracking function, and/or
      hydrogenolysis function, and an acidic component providing isomerization,
      cracking, and/or hydrocracking functions.
PAR  The platinum group, or Group VIII noble metals (ruthenium, osmium, rhodium,
      iridium, palladium and platinum), despite their expense, have been long
      recognized as particularly efficient hydrogen transfer components.
      Platinum per se has, in fact, proven par excellence as a hydrogen transfer
      component and, in fact, possesses a combination of properties which makes
      it particularly suitable as a component for commercial reforming
      catalysts. Conventional reforming catalysts have thus long employed
      platinum composited with an inorganic oxide base, particularly alumina, to
      which halogen is added to supply the isomerization function. Platinum
      catalysts have achieved world-wide use in commercial reforming operations.
PAR  There is a desideratum in the art, occasioned in large part by the
      withdrawal of alkyl lead compounds based on ecological considerations, and
      intensive efforts are again underway to improve the octane quality of
      naphthas and gasolines while suppressing the use of such additives, or by
      elimination of such additives, and present emphasis is on the improvement
      of reforming catalysts. Improvements have been made, and new species of
      catalysts have been developed. The new family of reforming catalysts which
      have proven most satisfactory are largely bimetallic, and most (if not
      all) include platinum as an essential component. Thus, platinum yet
      maintains a rank of distinction as a component of commercially viable
      reforming catalysts. The industry, in turning to catalysts which employ
      bimetallic components to provide effective hydrogen transfer and
      dehydrocyclization for improving the octane quality of naphthas and
      gasolines in commercial operations, has also utilized catalysts which
      contain both platinum and rhenium (e.g., U.S. Pat. No. 3,415,737). While
      the combination of platinum and rhenium has proven effective, surpassing
      platinum per se as a hydrogen transfer and dehydrocyclization component
      for commercial reforming operations, further improvement of such catalysts
      is quite desirable.
PAR  Platinum-rhenium catalysts possess satisfactory activity for use in
      reforming operations, activity being defined as that property which
      imparts the ability to produce aromatics, aromatic production (or octane
      improvement) generally being measured as a function of temperature, feed
      rate, etc. Platinum-rhenium catalysts also possess satisfactory
      selectively which is defined as that property which imparts the ability of
      the catalyst to produce high yields of high octane number C.sub.5 .sup.+
      liquid products with concurrent low production of normally gaseous
      hydrocarbons, i.e., C.sub.1 -C.sub.4 hydrocarbons, or solid carbonaceous
      by-products, and coke, which form on the catalysts during reforming. These
      catalysts also possess good stability or activity maintenance, i.e.,
      activity plotted as a function of time, good stability or activity
      maintenance being defined as high retention of good activity and
      selectivity, or continued high activity and stability for prolonged
      periods during hydrocarbon conversion, or reforming operations.
PAR  While any commercially viable reforming catalyst must possess these
      properties to a significant degree, no catalyst used in real world
      operations can possess all of these properties to the ultimate degree. One
      of these characteristics may be possessed by a catalyst in admirable
      degree, but the proper quality of another of these characteristics may
      adversely affect the worth of the catalyst. Thus, a catalyst which
      possesses good selectivity does not necessarily have good activity, and
      vice versa. A small decrease in C.sub.5 .sup.+ liquid yield can thus
      represent a large debit in commercial reforming operations. Conversely,
      the worth of a catalyst which possesses high selectivity may be
      jeopardized by the considerable capital cost which necessitates large
      charges of noble metals containing catalysts. Proper balance between these
      several properties is essential in the commercial world and an improvement
      gained in one property, or characteristic, cannot be too much offset by
      loss of another if the catalyst is to prove commercially viable.
PAR  While platinum-rhenium catalysts appear to possess a generally satisfactory
      balance between these several desirable properties, it is nonetheless
      desired to further improve the basic platinum-rhenium catalyst. Also, it
      is desirable to reduce the amount of rhenium and platinum which must be
      employed, since both rhenium and platinum are not plentiful metals and are
      quite expensive.
PAR  Accordingly, it has now been discovered that a catalyst comprising
      catalytically active amounts of platinum, rhenium and silver and, more
      preferably, platinum, rhenium, silver and halide composited with a porous
      inorganic base, notably alumina, is more sulfur-tolerant, more active, has
      greater selectivity for producing gasolines at reforming conditions and is
      more stable than, e.g., a catalyst otherwise similar except that it does
      not contain silver, or silver and halide. Moreover, the activity of such
      catalysts closely approximates, or approaches, that of platinum and
      rheniumcontaining catalysts otherwise similar except that they contain
      higher amounts of rhenium and platinum. A preferred catalyst composition
      of such character comprises from about 0.05 to about 3 percent platinum,
      preferably from about 0.1 to about 1 percent platinum, from about 0.05 to
      about 3 percent rhenium, preferably from about 0.1 to about 1 percent
      rhenium, and from about 0.005 to about 5 percent, preferably from about
      0.1 to about 0.7 percent, and more preferably from about 0.2 to about 0.5
      percent of silver, based on the total weight (dry basis) of the
      composition. Preferably, also, the sum total of the silver and rhenium
      contained in such catalyst compositions ranges from about 0.3 to about 1
      percent, and more preferably from about 0.45 to about 0.70, based on the
      weight (dry basis) of the total catalyst compositions. In the more
      preferred compositions, the atom ratio of rhenium:silver ranges from about
      10:1 to about 1:12, and preferably from about 1:1 to about 1:5, whereas
      the atom ratio of the platinum:rhenium ranges from about 0.25:1 to about
      5:1, and preferably from about 1:1 to about 2:1. The absolute
      concentration of the metals used, particularly the rhenium and silver, has
      a relationship to the atom ratios employed, to the nature of the base
      employed and to the nature of the feed and the amount of sulfur, nitrogen,
      and oxygen, phosphorus and various other Group VA and VIA elements
      (Periodic Table of the Elements, E. H. Sargent & Co., copyright 1962,
      Dyna-Slide Co.) contained in the feed.
PAR  The preferred catalyst of this invention not only includes platinum,
      rhenium and silver, but also halogen, preferably in relatively high
      concentration. In the preferred halogen-containing species, the halogen is
      combined with the silver such that it is believed that at least a portion
      of the latter metal exists as a halide salt rather than as a reduced form
      of silver, thus providing better catalyst stability as contrasted with
      conventional catalysts wherein all or most of the metals are in reduced
      form, and a larger proportion of the halogen more easily lost during
      reforming operations. The catalyst compositions, in any event, initially
      contain from about 0.1 to about 25 percent halogen, preferably from about
      0.5 to about 2.5 percent halogen. The catalysts, preferably, also contain
      sulfur suitably from about 0.001 to about 2 percent, and preferably from
      about 0.001 to about 0.15 percent sulfur, based on the total weight (dry
      basis) of the catalyst compositions. Such catalysts, at optimum
      conditions, possess significantly greater activity, activity maintenance,
      and improved selectivity even as compared with catalysts otherwise similar
      which contain equal or greater amounts of platinum and rhenium, but no
      silver or silver halide. In the preferred combinations at optimum
      conditions, the activity of the catalyst is considerably more active than
      (almost twice that of) conventional platinum-rhenium reforming catalysts
      run at optimum conditions. Because of the greatly increased activity, in
      terms of rhenium and platinum effectiveness, this permits the use of a
      less expensive and more available metal, i.e., silver in lieu of part of
      the rhenium and platinum. These catalysts, at optimum sulfur levels, also
      possess enhanced selectivity, providing increased C.sub.5 .sup.+ liquid
      yields as contrasted with a catalyst otherwise similar except that it does
      not contain silver, the latter having been run at optimum conditions.
      These platinum-rhenium-silver (or platinum-rhenium-silver halide)
      catalysts are far more tolerant to sulfur than catalysts otherwise similar
      except that they contain no silver.
PAR  Halogen in excess of what is required for activation is added to the
      catalyst during preparation, this providing better dispersement of metals
      and assurance that the metals are in their desired form. In a reforming
      operation, much of the halogen originally added is progressively stripped
      from the catalyst and hence, quite early during the run, but particularly
      after an extended period, the catalyst, despite its relatively high
      stability, contains less halogen than was originally added. In the initial
      portion of an operating run, the halogen concentration is relatively
      rapidly diminished and thereafter tends to stabilize, the halogen being
      lost at a decreasing rate. In the initial preparation of these catalysts,
      it is preferred to incorporate sufficient halogen to provide a molar ratio
      of halogen:silver ranging from about 3:1 to about 30:1, and preferably
      from about 10:1 to about 20:1. These catalysts, after stabilization during
      a reforming operation, generally contain halogen and silver in molar ratio
      of halogen:silver ranging from about 1:1 to about 20:1, and preferably
      from about 5:1 to about 15:1. In the preparation of catalysts containing
      the more preferred, or optimum, concentration of silver, the
      halogen:silver ratio generally ranges from about 12:1 to about 18:1, and
      after stabilization from about 4:1 to about 12:1. In terms of weight
      concentration of halogen, such catalysts generally contain from about 0.3
      to about 1.5 percent, and more generally from about 0.5 to about 1 percent
      halogen, based on the weight (dry basis) of the total catalyst
      composition. Because of the high affinity of the halide for silver, which
      is believed to form the silver halide at least in part under the
      conditions normally used, the higher the concentration of silver the
      greater the concentration of the halide retained by the catalyst during an
      operating run.
PAR  The catalysts of this invention are particularly suitable for use alone or
      in admixture with other catalysts, and can be used in one or more of the
      several stages (or reaction zones) of a multiple stage reforming process,
      i.e., one wherein a series of reactors is provided with beds of catalysts,
      the beds of which are serially contacted with preheated feed. They are
      particularly effective for the treatment of paraffinic feeds, or feeds
      which are difficult to reform, particularly at severe operating
      conditions, or at conditions for producing very high octanes, and more
      particularly octanes in excess of 100 RON and yet more particularly
      octanes in excess of 102 RON. They are also particularly effective in
      treating high sulfur feeds, and have shown outstanding activity and
      selectivity in the treatment of feeds containing 10 ppm sulfur, and
      higher, i.e., at conditions wherein a catalyst otherwise similar but not
      containing silver, or silver halide, shows greatly reduced activity. The
      catalysts are quite suitable in reactors following the first reactor of
      the series. In a preferred process of this type, fixed beds of the
      catalysts are contained in individual reactors (or reaction zones), the
      naphtha feed is reheated in inter-stage reheater furnaces to reforming
      temperatures and, with hydrogen, is passed sequentially through the
      several reactors of the series. The vapor effluent from the last reactor
      of the series, a gas rich in hydrogen which usually contains small amounts
      of gaseous hydrocarbons, is separated from the C.sub.5 .sup.+ liquid
      product and recycled to the process to inhibit coke formation on the
      catalyst. Hydrogen is produced in net amount in the reaction, which is a
      particular advantage in modern refinery operations.
PAR  In the practice of this invention, the metals are composited with a support
      material, suitably mildly or moderately acidic refractory inorganic
      oxides, e.g., silica, silica-alumina, magnesia, thoria, boria, titania,
      zirconia, various spinels and the like, including, in particular, alumina,
      and more particularly gamma alumina, which species are preferred. Other
      supports include halides, oxy halides, mixed halides and the like. High
      surface area catalysts, or catalysts having surface areas ranging upwardly
      from about 10, and preferably 100 M.sup.2 /g. (B.E.T.) are preferred. In
      particular, catalysts having surface areas ranging from about 150 to about
      600 M.sup.2 /g. prove quite satisfactory.
PAR  The platinum, rhenium, silver, and silver halide components can be
      composited or intimately associated with the porous inorganic oxide
      support or other carrier by various techniques known to the art such as
      ion-exchange, coprecipitation, or physical mixing of fine particles with
      the alumina in the sol or gel form, etc. For example, the catalyst
      composite can be formed by adding together suitable reagents such as water
      soluble salts of platinum, rhenium, and/or silver, and ammonium hydroxide
      or ammonium carbonate, and a salt of aluminum such as aluminum nitrate,
      aluminum sec-butoxide, or aluminum sulfate to form aluminum hydroxide.
      When the metals are included in the preparation of the support, higher
      concentrations of the metals, particularly of silver, are often necessary.
      The aluminum hydroxide containing the salts of platinum, rhenium, and
      silver can then be heated, dried, formed into pellets or extruded, and
      then calcined in nitrogen or nonagglomerating atmosphere. The platinum or
      rhenium, or both, can be added to the support, and then the silver added.
      Or the silver can be added, and then the platinum and rhenium added
      together, or in sequence. The silver, in the preferred preparation, is
      usually added first to the catalyst base by impregnation typically via an
      "incipient wetness" technique which requires a minimum of solution so that
      the total solution is absorbed, initially or after some evaporation, or by
      adsorption from dilute or concentrated solution. The catalyst is then
      dried and the other required metals are then added in a second
      impregnation step. Calcination between these steps is not necessary, as is
      the case in most dual impregnation catalyst preparations. Suitably,
      platinum, rhenium, and halogen are added simultaneously and the catalyst
      then dried. On the other hand, if the silver, platinum, and rhenium have
      already been added as by coprecipitation from an alumina gel, the halide
      can be subsequently added, e.g., by impregnation from an aqueous HCl
      solution, or by gas phase chlorination with an HCl-Cl.sub.2 mixture or
      other halide precursor. The material is then calcined in a
      nonagglomerating atmosphere and then hydrogen treated, or hydrogen sulfide
      treated, or both, in situ or ex situ, to reduce the salts and complete the
      formation of the catalyst composite.
PAR  Pursuant to the impregnation method, porous refractory inorganic oxides in
      dry or solvated state are contacted, either alone or admixed, or otherwise
      incorporated with a metal or metals-containing solution, or solutions, and
      thereby impregnated by either the "incipient wetness" technique, or a
      technique embodying absorption from a dilute or concentrated solution, or
      solutions, with subsequent evaporation to effect total uptake of liquid.
      The catalyst is then dried and, if smaller particles are desired, then
      crushed to form particles of the desired size ranging, e.g., from about 5
      to about 200 mesh (Tyler series), and preferably particles of about 1/10
      to about 1/50 inch average diameter can be used. The support material can
      be treated by contact with a single solution containing the desired
      amounts of platinum, rhenium, and silver, or treated sequentially by
      contact with a solution containing one or more metals, and then a solution
      which contains another metal, or metals, in the desired amounts.
      Preferably, the silver is first added to the support, and then the
      platinum and rhenium are simultaneously added, suitably along with the
      desired halide. The catalyst from any preparative sequence can then be
      dried, calcined in a nonagglomerating atmosphere and contacted with
      hydrogen, or hydrogen sulfide, or both, in situ or ex situ, to reduce part
      or all of the metal salts and activate the catalyst.
PAR  It is particularly desirable, and preferred, to incorporate an acidic or
      isomerization component within the catalyst composite, subsequent to the
      addition of the silver, so that the insoluble silver halide is formed on
      the catalyst surface rather than as a precipitate from the solution. It is
      more preferred to incorporate the acidic or isomerization function within
      the catalyst by addition of halide, e.g., fluoride, chloride, bromide,
      iodide, and the like, particularly chloride or fluoride, more preferably
      chloride. This controls the rate of isomerization and cracking. This is
      conveniently and preferably done, partially or entirely, after
      incorporation of the silver, and during the time of incorporation of the
      other metals onto the support, or less preferably subsequent to addition
      of all of the metals to the support. The metals thus can be added as
      halide salts of platinum and/or rhenium, after addition of the silver,
      during preparation of these catalysts.
PAR  The partially dried catalyst, after incorporation of the metals, and
      halogen, is then completely dried or calcined in nitrogen or other
      non-agglomerating medium, either in situ or ex situ, as related to the
      reactor in which the naphtha reforming reaction is to be carried out. The
      general method is to carry out the drying in flowing nitrogen while
      raising the temperature stepwise to avoid too high a concentration of
      water vapor. The temperature is not critical, but is generally increased
      to 800.degree.-1000.degree.F. and the gas flow maintained until the
      catalyst is essentially completely dry. At this stage (or after the
      reduction, or during sulfiding), if it is desired to raise the halide
      concentration of the catalyst further, halogen, halogen halide or halide
      precursor can be contacted with the catalyst in gaseous form, in situ or
      ex situ. It is very important that the catalyst be essentially dry before
      it is reduced or contacted with hydrogen in order to avoid metals
      agglomeration. The catalyst is then reduced, generally with hydrogen or a
      hydrogen-containing gas, the platinum being reduced, or partially reduced
      to the metallic state, and the rhenium being partially reduced, but not
      necessarily to the metallic state, before the catalyst is subjected to
      reforming conditions. The reduction is generally carried out by passing
      the hydrogen through the zone of contact with the catalyst at sufficient
      velocity to rapidly sweep out the water vapor that is formed. The
      temperature of reduction is not especially critical, but is generally
      carried out in the range of about 500.degree. to about 1,000.degree.F. The
      time required for reduction of the noble metals is generally short and not
      more than an hour, or at least no more than 1 to 4 hours is generally
      required to complete the reduction.
PAR  Following the reduction, the catalyst is sulfided by contact with a
      sulfide, generally hydrogen sulfide or compound which will produce
      hydrogen sulfide in situ. The sulfiding step is particularly desirable
      inasmuch as sulfiding can improve the activity and selectivity of the
      catalyst significantly. The contact of a hydrogen sulfide-containing gas
      with the catalyst serves a number of functions, and has a profound
      influence on the reforming performance of the catalyst. In sulfiding the
      catalyst, the catalyst is contacted with a dilute gaseous solution, e.g.,
      about 50 to about 5,000 ppm, preferably about 1,000 to about 3,000 ppm, of
      hydrogen sulfide in hydrogen, or hydrogen plus other nonreactive gases.
      The contacting of the catalyst with this gas is conducted at about
      500.degree. to about 1000.degree.F., preferably from about 700.degree.F.
      to about 950.degree.F., and is continued until hydrogen sulfide is
      detected in the effluent gas. Such treatment incorporates from about 0.001
      to about 2 weight percent, and preferably from about 0.01 to about 0.15
      weight percent sulfur on the catalyst.
PAR  Essentially any hydrocarbon fraction containing paraffins, naphthenes, and
      the like, admixed one with the other or in admixture with other
      hydrocarbons, can be converted by means of the catalysts of this
      invention. A suitable feed, e.g., either virgin or cracked,
      Fischer-Tropsch or mixtures thereof, is contacted at reforming conditions
      in the presence of hydrogen (once-through, or recycle) with a catalyst
      composite including a support which contains catalytically active amounts
      of the metals. Typical feed stream hydrocarbon molecules are those
      containing from about 5 to about 12 carbon atoms, or more preferably from
      about 6 to about 12 carbon atoms, or more preferably from about 7 to about
      10 carbon atoms. Naphthas, or petroleum fractions, boiling within the
      range of from about 80.degree.F. to about 450.degree.F., and preferably
      from about 125.degree.F. to about 375.degree.F., contain hydrocarbons or
      carbon numbers within these ranges. Typical fractions thus usually contain
      from about 20 to about 80 volume percent of paraffins, both normal and
      branched, which fall in the range of about C.sub.5 to C.sub.12, and from
      about 20 to about 80 volume percent of naphthenes boiling within the range
      of about C.sub.6 to C.sub.12. Typical feeds generally contain from about 5
      through about 20 volume percent of aromatics which boil within the range
      of about C.sub.6 to C.sub.12, typically as produced in the product from
      the naphthenes and paraffins.
PAR  It is essential, for best results, that the feed contain sulfur.
      Preferably, the feed shall contain from about 0.1 to about 1000 parts, per
      million parts of feed (ppm), and more preferably from about 2 to about 50
      ppm of sulfur. The manner of addition of sulfur to the feed is not
      critical, sulfur generally being added intermittently or continuously into
      the feed, or in the recycle gas, or both, generally as hydrogen sulfide or
      precursor thereof.
PAR  The reforming reaction, because of the high activity of the catalyst, can
      be conducted at temperatures somewhat lower than is required with
      conventional catalysts. Suitably, however, the reaction is conducted at
      temperatures ranging from about 600.degree. to about 1050.degree.F., and
      preferably at temperatures ranging from about 800.degree. to about
      1,000.degree.F. Pressures range generally from about 50 to about 750 psig,
      and preferably from about 100 to about 500 psig. The reactions are
      conducted in the presence of hydrogen to suppress side reactions normally
      leading to the formation of unsaturated carbonaceous residues, or coke,
      which deposits upon and causes deactivation of the catalyst. The hydrogen
      rate, oncethrough or recycle, is generally within the range of from about
      1,000 to about 10,000 SCF/Bbl, and preferably within the range of from
      about 2,000 to about 7,000 SCF/Bbl. The feed stream, in admixture with
      hydrogen, is passed over beds of the catalyst at space velocities ranging
      from about 0.1 to about 25 W/W/Hr., and preferably from about 0.5 to about
      7.0 W/W/Hr.
PAR  The invention will be more fully understood by reference to the following
      selected nonlimiting examples and comparative data which illustrate its
      more salient features. All parts are given in terms of weight except as
      otherwise specified.
PAR  Several catalysts were prepared for demonstrative purposes from portions of
      particulate alumina of the type conventionally used in the manufacture of
      commercial reforming catalysts. The portions of alumina were impregnated
      with a solution of salts of the metals to be composited therewith, treated
      and activated and then employed as catalysts in a series of representative
      reforming reactions. The portions of alumina, except in the instance
      wherein a bimetallic platinum-rhenium catalyst (Catalyst A) was prepared
      and employed as a control for comparative purposes, were impregnated with
      aqueous acid solutions containing a mixture of water soluble salts of
      platinum, rhenium and halide, in a subsequent step to that in which silver
      had been added in an initial impregnation step (Catalysts B and C). The
      platinum-rhenium catalyst (Catalyst A) was prepared in identical fashion
      to Catalysts B and C, except that the silver impregnation step was
      omitted.
PAR  These catalysts were each evaluated in a continuously operated reactor for
      reforming naphtha at essentially the same conditions of temperature,
      pressure and hydrogen rate. The space velocity of the several reactions
      was varied, as identified in the tabulated data. The data related to
      catalyst preparation, and naphtha reforming, are given below, the data on
      catalyst preparations being given in the examples and demonstrations
      immediately following.
DETD
PAC  EXAMPLES
PAC  CATALYST PREPARATIONS
PAL  Catalyst A (Platinum-Rhenium)
PAR  A portion of high purity gamma alumina extrudates, previously calcined, was
      crushed and screened to 14-35 mesh (Tyler), then calcined about 2 hours in
      a flow of air or nitrogen at 1,000.degree.F. The calcined alumina (50.00
      gms) was impregnated with a solution prepared by mixing 6.00 ml. Pt stock
      solution of chloroplatinic acid (25.0 mg Pt/ml and 27.3 mg Cl/ml), 2.89 ml
      Re stock solution of perrhenic acid (52 mg Re/ml) and 8.23 ml of
      hydrochloric acid stock solution (48.6 mg Cl/ml) are admixed and diluted
      to approximately 65 ml with deionized water. After allowing the solution
      to stand for a period of one hour, by which time the remaining solution,
      if any, was colorless, the catalyst was dried in the vacuum oven to about
      400.degree.F. The catalyst was then charged to a resistance heated Vycor
      tube and heated at 950.degree.-1000.degree.F. in a flow of nitrogen for 3
      hours and was then reduced in hydrogen at 900.degree.-910.degree.F. for 2
      hours. The catalyst was then sulfided by treatment with a flowing
      hydrogen-H.sub.2 S mixture (0.3 percent H.sub.2 S) which was further
      diluted with hydrogen and nitrogen. This was done at
      900.degree.-910.degree.F. until H.sub.2 S broke through the bottom of the
      bed and was detected with moist lead acetate paper.
PAR  The composition of this Catalyst A is as follows:
PAR  Pt, 0.3 percent; Re, 0.3 percent; Cl, 0.90 percent; S, 0.08 percent.
PAC  Catalyst B (Platinum-Rhenium-Silver)
PAR  A portion of high purity gamma alumina extrudates, previously calcined, was
      crushed and screened to 14/35 mesh (Tyler), then calcined about 2 hours in
      a flow of air or nitrogen at 1000.degree.F. The calcined alumina (50.00
      gms) was impregnated with a solution prepared by dissolving 0.236 gms of
      reagent silver nitrate in about 65 ml of distilled water. After allowing
      the solution to stand for a period of one hour, the remaining solution was
      evaporated and the catalyst dried in a vacuum oven to about 400.degree.F.
      The catalyst was then impregnated with a solution prepared by mixing 6.00
      ml Pt stock solution of chloroplatinic acid (25.0 mg Pt/ml and 27.3 mg
      Cl/ml) and 2.89 ml Re stock solution of perrhenic acid (52 mg Re/ml) and
      13.09 ml of hydrochloric acid stock solution (48.6 mg Cl/ml) diluted to 65
      ml with distilled water. After allowing the solution to stand for a period
      of 2 hours, by which time the remaining solution was colorless, the
      catalyst was dried, calcined, and sulfided as in the preparation of
      Catalyst A.
PAR  The composition of the catalyst is as follows:
PAR  Pt, 0.3 percent; Re, 0.3 percent; Ag, 0.3 percent; Cl, 0.95 percent; S, 0.1
      percent.
PAC  Catalyst C (Platinum-Rhenium-Silver)
PAR  The preparation of Catalyst C was identical to that of Catalyst B except
      that the 1/16 inch alumina extrudates were not crushed and sieved. Thus,
      the final form of the Catalyst C was that of 1/16 inch extrudates, while
      Catalyst B was 14/35 mesh particles.
PAR  The composition of Catalyst C is as follows:
PAR  Pt, 0.3 percent; Re, 0.3 percent; Ag, 0.3 percent; Cl, 0.98 percent; S,
      0.12 percent.
PAC  REFORMING RUNS
PAR  These several catalysts, after their preparation, were allowed to cool
      under nitrogen at low flow rate, handled under nitrogen, and stored under
      nitrogen and/or purified and dried hydrocarbon, generally normal heptane.
      Each was subsequently evaluated in extended reforming tests in a small
      continuous flow, once-through, or non-cyclic, reactor with a typical
      highly paraffinic Aramco feed. The inspections on the feed are as
      presented in Table 1, as follows:
TBL                TABLE I                                                     

     ______________________________________                                    

                           Aramco                                              

                           Feed                                                

     ______________________________________                                    

     API Gravity             60.2                                              

     Octane, RON             40.0                                              

     Total Aromatics (Wt.)   15.1                                              

     Total Naphthenes (Wt.)  22.6                                              

     Total Paraffins (Wt.)   62.7                                              

     Distillation (ASTM-D86)                                                   

     IBP, .degree.F.         212                                               

     5%                      232                                               

     10                      236                                               

     20                      244                                               

     30                      251                                               

     40                      260                                               

     50                      269                                               

     60                      279                                               

     70                      290                                               

     80                      302                                               

     90                      315                                               

     95                      325                                               

     FBP, .degree.F.         381                                               

     ______________________________________                                    

PAR  A series of reforming runs, as shown by reference to Tables 2, 3 and 4,
      were conducted with each of these several catalysts, Catalyst A being
      employed as a reference for determination of the effectiveness of the
      novel catalysts of this invention which employ the triumvirate of metals,
      viz., platinum, rhenium and silver (Catalysts B and C). Catalyst A was
      employed to reform the feed to which was added 1.0 ppm of sulfur, this
      concentration of sulfur being about optimum for the platinum-rhenium
      catalyst. Catalysts B and C were also used to reform the Aramco feed at
      generally optimum conditions, the feed in these instances containing 10.0
      ppm added sulfur. These catalysts, both of which contain platinum, rhenium
      and silver, differ one from another only in that Catalyst B is sieved to
      14/35 mesh (Tyler) particle size, and Catalyst C is in the form of 1/16
      inch extrudates.
PAR  Each of the reforming tests was conducted at conditions, inclusive of the
      following:
TBL  Hydrocarbon Feed     Aramco Naphtha                                       

     Sandbath Temperature, .degree.F.                                          

                          925 (Isothermal)                                     

                          (920.degree.F., E.I.T.).sup.(1)                      

     Pressure, Psi        200                                                  

     Hydrogen Recycle Rate, SCF/B                                              

                          4800                                                 

     Hydrocarbon Feed Space Velocity                                           

                          2.1-2.2                                              

      .sup.(1) Equivalent Isothermal Temperature of catalyst bed.              

PAL  The feed sulfur levels, which were varied in the several runs, are given in
      the data tabulated below, along with the results obtained for the
      individual runs, this including for the individual runs the catalyst age,
      in hours, the C.sub.5 .sup.+ Product Yield (volume percent) and the
      analyzed Aromatics Concentration in the C.sub.5 .sup.+ Product (volume
      percent), the latter being given along with the calculated approximate
      Research Octane Number (RON).
TBL                TABLE 2                                                     

     ______________________________________                                    

     Catalyst A: 0.3% Pt; 0.3% Re; 0.9% Cl; 0.08% S                            

     Run Conditions: Aramco Naphtha at 1.0 ppm S                               

                 C.sub.5 .sup.+ Product                                        

                            Aromatics                                          

     Hours on Feed                                                             

                 Yield      C.sub.5 .sup.+ Product                             

                                       Calculated                              

     (End of Balance)                                                          

                 (Volume %) (Volume %) RON                                     

     ______________________________________                                    

     22.8        69.9       67.0       100.8                                   

     29.8        69.9       64.5       99.8                                    

     47.8        71.2       60.9       98.4                                    

     54.8        70.4       63.1       99.2                                    

     126.8       72.5       58.8       97.5                                    

     143.8       73.0       58.1       97.2                                    

     150.8       73.2       56.9       96.7                                    

     167.8       73.9       57.1       96.8                                    

     174.8       74.6       56.4       96.5                                    

     191.8       74.3       56.4       96.5                                    

     198.8       74.9       54.7       95.8                                    

     215.8       74.4       55.8       96.3                                    

     222.8       75.2       54.8       95.9                                    

     294.8       76.8       51.4       94.5                                    

     311.8       77.1       51.1       94.4                                    

     318.8       77.5       49.5       93.7                                    

     335.8       77.8       49.2       93.6                                    

     342.8       76.8       52.0       94.8                                    

     359.8       77.4       50.9       94.3                                    

     366.8       77.4       51.1       94.4                                    

     383.8       77.6       55.3       96.1                                    

     370.8       77.5       50.9       94.3                                    

     462.8       78.6       49.2       93.6                                    

     479.8       78.9       49.9       93.9                                    

     486.8       77.9       51.3       94.4                                    

     ______________________________________                                    

TBL                TABLE 3                                                     

     ______________________________________                                    

     Catalyst B: 0.3% Pt; 0.3% Re; 0.3% Ag; 0.90% Cl; 0.1% S                   

     Form: 14/35 mesh.                                                         

     Run Conditions: Aramco Naphtha at 10.0 ppm S                              

                 C.sub.5 .sup.+ Product                                        

                            Aromatics                                          

     Hours on Feed                                                             

                 Yield      C.sub.5 .sup.+ Product                             

                                       Calculated                              

     (End of Balance)                                                          

                 (Volume %) (Volume %) RON                                     

     ______________________________________                                    

     25.3        64.5       65.6       100.2                                   

     49.3        64.4       66.5       100.6                                   

     145.3       66.5       59.8       97.9                                    

     169.3       66.0       62.9       99.1                                    

     193.3       66.0       62.3       98.9                                    

     217.3       66.2       61.8       98.7                                    

     289.3       68.6       60.6       98.2                                    

     313.3       67.9       60.8       98.3                                    

     332.3       68.6       60.2       98.1                                    

     364.3       68.8       62.4       99.0                                    

     388.3       69.0       57.9       97.1                                    

     460.3       70.1       57.3       96.9                                    

     494.3       70.7       57.2       96.8                                    

     508.3       71.0       57.3       96.9                                    

     ______________________________________                                    

TBL                TABLE 4                                                     

     ______________________________________                                    

     Catalyst C: 0.3% Pt; 0.3% Re; 0.3% Ag; 0.95% Cl; 0.12% S                  

     Form: 1/16" extrudate. -Run Conditions: Aramco Naphtha at 10.0 ppm S      

                 C.sub.5 .sup.+ Product                                        

                            Aromatics                                          

     Hours on Feed                                                             

                 Yield      C.sub.5 .sup.+ Product                             

                                       Calculated                              

     (End of Balance)                                                          

                 (Volume %) (Volume %) RON                                     

     ______________________________________                                    

     23.7        64.2       68.8       101.5                                   

     47.7        68.1       65.6       100.2                                   

     119.7       68.6       66.9       100.8                                   

     143.7       72.6       61.3       98.5                                    

     167.7       70.4       61.1       98.4                                    

     ______________________________________                                    

PAR  When the results of running Catalyst A at its generally optimum conditions,
      as given in Table 2, are compared with those for Catalysts B and C as
      given in Tables 3 and 4, it is immediately obvious that Catalysts B and C
      are much more active; in fact, roughly twice as active ad Catalyst A.
      Moreover, the activity maintenance of Catalyst B and C is considerably
      improved as contrasted with that of Catalyst A. Furthermore, the generally
      optimum conditions of Catalysts B and C wherein a feed containing
      approximately 10 ppm sulfur is used contrasts strongly with the generally
      optimum conditions for Catalyst A which requires a feed S level generally
      in the range of 1 ppm. Indeed, the running of Catalyst A under identical
      conditions, including the 10 ppm feed S level, to the runs reported in
      Tables 3 and 4, where catalysts B and C excel, shows that the activity of
      Catalyst A is so abysmally low that valid numerical comparisons are
      essentially impossible. Thus, the feed sulfur tolerance of the Catalysts B
      and C is well established and is one of the prime features of significance
      resulting from the inclusion of silver or silver and halogen in the
      reforming catalyst. It will further be seen by comparison of Tables 2 and
      4 that Catalyst C, besides showing enhanced activity, activity
      maintenance, and sulfur tolerance, shows improved selectivity as well,
      providing an approximately 4 percent C.sub.5 .sup.+ yield advantage over
      Catalyst A at the high octane levels of severity.
PAR  It is essential that the catalyst composition of this invention contain the
      triumvirate of metals--viz., platinum, rhenium and silver, deposited or
      otherwise incorporated, preferably impregnated, upon a porous inorganic
      oxide base in catalytically active concentrations. The catalytically
      active metals can be present, e.g., as metallic metal, or as oxides,
      chlorides, oxychlorides, aluminates, carbides, hydrides, or sulfides of
      the metal, or as mixtures thereof with these and other less readily
      describable structures. Under the varying conditions of forming and using
      the catalysts, it is likely that the metals will vary in their actual
      distribution as oxides, chlorides, oxychlorides, aluminates, carbides,
      hydrides, sulfides, or reduced forms of the metals, or mixtures thereof
      with these and other less readily describable structures. The metals,
      however, are calculated on the basis of metallic metal. The catalytically
      active metals are composited with the porous inorganic oxide bases by
      methods known to the art. Preferably, the silver is impregnated on the
      support by contact with a solution containing a silver salt, and the
      so-formed composite is dried at conditions ranging from about 200.degree.
      to about 400.degree.F., often at reduced pressure, or in a stream of
      flowing gas. The resulting composite is then preferably impregnated by
      contacting with an acid solution, or solutions, containing the other
      metals, i.e., platinum and rhenium, and the resulting composite similarly
      dried, and then further dried and calcined at temperatures ranging up to
      about 1,200.degree.F. in an atmosphere which does not agglomerate the
      metals. The catalyst then may be contacted in situ or ex situ with halogen
      precursor, halide or halide precursor. Halogen, preferably chlorine, and
      next in preference fluorine, is generally added at the time of catalyst
      preparation as the acid in the metals impregnation solution. Additional
      halogen can be added during reforming operations to maintain desired
      operating levels. Suitably, a hydrogen halide, or halide precursor, e.g.,
      an organic or inorganic halide, can be added to the feed as a means of
      replenishing catalyst halide level or holding it at some desired level
      above the level obtained with no halide added in the feed. It is preferred
      that the halide concentration in the feed be in the range of about 0.01
      ppm to about 1,000 ppm, and more preferably in the range of from about 0.1
      ppm to about 10 ppm halide, depending on the feed rate employed. The
      catalyst is then sulfided, generally by contact with H.sub.2 S in dilute
      gaseous mixture to convert at least some of the metals to the
      corresponding sulfides. As with the halides, the feeds can be spiked with
      sulfur compounds, or other higher sulfur feed, to add sulfide to the
      catalyst during operation. H.sub.2 S, HCl, or other gases containing
      sulfur or halogen can also be added to the recycle gas streams to change
      catalyst sulfur and halide levels during operation.
PAR  It is apparent that various modifications and changes can be made without
      departing the spirit and scope of the present invention, an outstanding
      feature of which is that the octane quality of various hydrocarbon
      feedstocks, inclusive particularly of paraffinic feedstocks, can be
      upgraded and improved.
CLMS
STM  Having described the invention, what is claimed is:
NUM  1.
PAR  1. A catalyst suitable for conversion of hydrocarbons consisting
      essentially of a composite of a porous inorganic oxide support, platinum
      in concentration ranging from about 0.05 to about 3 percent, rhenium in
      concentration ranging from about 0.05 to about 3 percent, and silver in
      concentration ranging from about 0.005 to about 5 percent, based on the
      total weight of the catalyst.
NUM  2.
PAR  2. The catalyst of claim 1 wherein the composite comprises from about 0.1
      to about 1.0 percent platinum, from about 0.1 to about 1.0 percent
      rhenium, and from about 0.1 to about 0.7 percent silver.
NUM  3.
PAR  3. The catalyst of claim 2 wherein the silver ranges from about 0.2 to
      about 0.5 percent.
NUM  4.
PAR  4. The catalyst of claim 1 wherein the composite comprises from about 0.1
      to about 25 percent halogen.
NUM  5.
PAR  5. The catalyst of claim 4 wherein the halogen is chlorine.
NUM  6.
PAR  6. The catalyst of claim 1 wherein the composite contains from about 0.5 to
      about 2.5 percent halogen.
NUM  7.
PAR  7. The catalyst of claim 1 wherein the porous inorganic oxide support is
      alumina.
NUM  8.
PAR  8. The catalyst of claim 1 wherein the composite contains from about 0.001
      to about 2 percent sulfur.
NUM  9.
PAR  9. The catalyst of claim 1 wherein the composite contains from about 0.01
      to about 0.15 percent sulfur.
NUM  10.
PAR  10. A reforming catalyst consisting essentially of a composite of alumina,
      platinum in concentration ranging from about 0.1 to about 1 percent,
      rhenium in concentration ranging from about 0.1 to about 1 percent, silver
      in concentration ranging from about 0.005 to about 5 percent, chlorine in
      concentration ranging from about 0.3 to about 1.5 percent, and sulfur in
      concentration ranging from about 0.001 to about 2 percent, based on the
      total weight of the catalyst.
NUM  11.
PAR  11. The composition of claim 10 wherein the silver ranges from about 0.1 to
      about 0.7 percent.
NUM  12.
PAR  12. The catalyst of claim 10 wherein the alumina is gamma alumina, and the
      sum total concentration of the platinum and rhenium ranges from about 0.3
      to about 1 percent.
NUM  13.
PAR  13. The catalyst of claim 10 wherein the sum total amount of platinum and
      rhenium ranges from about 0.3 to about 1 percent, and the atom ratio of
      the rhenium:silver ranges from about 10:1 to about 1:12.
NUM  14.
PAR  14. The catalyst of claim 10 wherein the sum total amount of platinum and
      rhenium ranges from about 0.45 to about 0.70 percent, and the atom ratio
      of the rhenium:silver ranges from about 1:1 to about 1:5.
NUM  15.
PAR  15. The catalyst of claim 10 wherein the sum total amount of platinum and
      rhenium ranges from about 0.3 to about 1 percent, and the atom ratio of
      the platinum:rhenium ranges from about 0.25:1 to about 5:1.
NUM  16.
PAR  16. The catalyst of claim 10 wherein the sum total amount of platinum and
      rhenium ranges from about 0.45 to about 0.70 percent, and the atom ratio
      of the platinum:rhenium ranges from about 1:1 to about 2:1.
NUM  17.
PAR  17. A process for improving the octane quality of naphthas comprising
      contacting the said naphtha at reforming conditions with a catalyst
      consisting essentially of a porous inorganic oxide support, platinum in
      concentration ranging from about 0.05 to about 3 percent, rhenium in
      concentration ranging from about 0.05 to about 3 percent, and silver in
      concentration ranging from about 0.005 to about 5 percent, based on the
      total weight of the catalyst.
NUM  18.
PAR  18. The process of claim 17 wherein the silver ranges from about 0.1 to
      about 0.7 percent.
NUM  19.
PAR  19. The process of claim 17 wherein the silver ranges from about 0.2 to
      about 0.5 percent.
NUM  20.
PAR  20. The process of claim 17 wherein the catalyst composite comprises from
      about 0.1 to about 1.0 percent platinum, from about 0.1 to about 1.0
      percent rhenium and from about 0.1 to about 0.7 percent silver.
NUM  21.
PAR  21. The process of claim 20 wherein the sum total concentration of platinum
      and rhenium ranges from about 0.3 to about 1 percent.
NUM  22.
PAR  22. The process of claim 17 wherein the composite comprises from about 0.1
      to about 25 percent halogen.
NUM  23.
PAR  23. The process of claim 17 wherein the composite comprises from about 0.5
      to about 2.5 percent halogen.
NUM  24.
PAR  24. The process of claim 23 wherein the halogen is chlorine.
NUM  25.
PAR  25. The process of claim 17 wherein the porous inorganic oxide support is
      alumina.
NUM  26.
PAR  26. The process of claim 17 wherein the catalyst contains from about 0.001
      to about 2 percent sulfur.
NUM  27.
PAR  27. The process of claim 26 wherein the catalyst contains from about 0.01
      to about 0.15 percent sulfur.
NUM  28.
PAR  28. The process of claim 17 wherein reforming is conducted at temperatures
      ranging from about 600.degree.F. to about 1050.degree.F., at pressures
      ranging from about 50 psig to about 750 psig, at space velocities ranging
      from about 0.1 to about 25 W/Hr./W, and at hydrogen rates ranging from
      about 1000 to about 10,000 SCF/Bbl.
NUM  29.
PAR  29. The process of claim 28 wherein temperatures range from about
      850.degree.F. to about 1000.degree.F., pressures range from about 100 psig
      to about 250 psig, space velocities range from about 0.5 to about 7.0
      W/W/Hr., and the hydrogen rate ranges from about 2000 to about 7000
      SCF/Bbl.
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PAL  The deactivation rate of a catalyst used for the high temperature, high
      space velocity desulfurization of heavy oils is reduced by the
      incorporation in the catalyst of a small amount of a noble metal.
BSUM
PAR  This invention relates to the desulfurization of petroleum fractions. More
      particularly, it is concerned with the catalytic hydrodesulfurization of
      heavy petroleum oils under conditions whereby the throughput and
      desulfurization efficiency of a unit may be increased and the hydrogen
      consumption reduced while the catalyst life is prolonged.
PAR  The catalytic desulfurization of petroleum oils has been well known in the
      refining industry for many years having been discussed extensively in
      "Petroleum Processing" November 1956, pages 116-138. The literature
      discloses reaction conditions, using a fixed bed of particulate catalyst,
      in the broad ranges of temperatures of from 400.degree.-900.degree.F.,
      pressures of from 50-5000 psig, hydrogen rates of from 200-20,000 standard
      cubic feet per barrel (scfb) and space velocities of 0.1-20 volumes of oil
      per volume of catalyst per hour (v/v/hr.)
PAR  Experience has shown that in the commercial desulfurization of heavy oils
      such as gas oils and heavier stocks that is, oils having an initial
      boiling point of about 500.degree.F. or higher, using fixed beds and
      conventional desulfurization catalysts, the start-of-run temperature using
      fresh or freshly regenerated catalyst is usually between about 625.degree.
      and 650.degree.F. and the end-of-run temperature about 750.degree.F., a
      gradual increase in temperature being made to compensate for loss of
      activity of the catalyst throughout the onstream period. Pressures range
      generally between about 500 and 1,000 psig with hydrogen rates of about
      500-2000 scfb. Ordinarily in conventional commercial units the space
      velocity is controlled to obtain the desired amount of desulfurization
      with 85-90 percent desulfurization being considered as the most practical
      from an efficiency standpoint. For the most part, conventional commercial
      heavy oil desulfurization units are designed to operate at a space
      velocity of about 1.
PAR  It has been generally accepted in the industry that hydrogen consumption is
      a function of the amount of desulfurization and that as the percent
      desulfurization increases so does the amount of hydrogen consumed. It is
      also a general belief in the industry that, other things being equal, a
      decrease in space velocity or correlatively a longer residence time is
      required to obtain an increase in desulfurization. It has also been
      generally accepted that high temperatures result in shortened catalyst
      life due to loss of activity on the part of the catalyst through
      deposition of carbon and in the case of residue-containing charge stocks,
      metal-containing compounds on the surface of the catalyst particles.
PAR  For ecological reasons, it has become necessary to refine more and more
      petroleum fractions to reduce the sulfur content thereof thus making
      desulfurization costs enormous, not only in the amount of new processing
      equipment that must be built but also in the costs of processing the
      various petroleum fractions such as the energy consumed in heating and
      pressurizing the petroleum fraction and in the cost of hydrogen consumed.
      Process improvements leading to a reduction in hydrogen consumption of 100
      scfb or an increase in desulfurization from 90 to 95 percent would result
      in a great economic improvement over current operations. It would also be
      a distinct improvement in the efficiency of a hydrodesulfurization unit if
      the catalyst deactivation rate could be reduced thereby prolonging the
      onstream periods and reducing the overall down-time for catalyst
      regeneration.
PAR  According to our invention, the efficiency of a desulfurization unit is
      improved by contacting a sulfur-containing petroleum oil having an initial
      boiling point of at least about 500.degree.F. with added hydrogen at a
      temperature between 750.degree. and 850.degree.F., a pressure between
      about 300 and 3000 psig and a space velocity between 3 and 10 preferably
      from 4 to 8 v/v/hr. in the presence of a hydrogenation catalyst comprising
      a Group VI metal or compound thereof and an iron group metal or compound
      thereof on a refractory inorganic oxide support and containing from about
      0.1 to 5 percent by weight noble metal based on the catalyst composite.
PAR  The feed used in the process of our invention is a heavy petroleum oil
      fraction having an initial boiling point of at least about 500.degree.F.
      Non-limiting examples of such feeds are atmospheric gas oils, vacuum gas
      oils, atmospheric residua, vacuum residua, heavy coker distillates, coal
      tar distillates and gas oils obtained from shale, tar sand and the like.
      Generally, they contain from about 0.5 to 5.0 weight percent sulfur.
PAR  The hydrogen used in our process may be obtained from any suitable source
      such as reformer by-product hydrogen, electrolytic hydrogen or hydrogen
      produced by the partial oxidation of carbonaceous or hydrocarbonaceous
      materials followed by shift conversion and CO.sub.2 removal. The hydrogen
      should have a purity of at least 50 percent and preferably at least 65
      percent by volume, the higher the purity the greater the partial pressure
      of the hydrogen.
PAR  The catalyst used in the process of our invention comprises a Group VIII
      metal such as an iron group metal or compound thereof composited with a
      Group VI metal or compound thereof on a refractory inorganic oxide
      support. Suitable Group VIII metals are nickel and cobalt which may be
      used in conjunction with tungsten or molybdenum. Preferably, the metals
      are in the form of the oxide or sulfide. Advantageously the iron group
      metal is present in an amount between about 1.0 and 10 percent by weight
      of the catalyst composite and the Group VI metal is present in an amount
      between about 5 and 30 percent also based by weight on the catalyst
      composite. Examples of refractory inorganic oxides which may be used as a
      support are silica, alumina, magnesia, zirconia and the like and mixtures
      thereof. In a preferred embodiment the support is composed for the most
      part of alumina stabilized with a minor amount, e.g., up to about 5 wt.
      percent, silica.
PAR  The catalyst also contains as an agent for reducing the deactivation rate
      of the catalyst, a small amount, e.g., 0.1-5.0 preferably from 0.2-2.0
      percent noble metal based on the weight of the catalyst composite. The
      rhodium is particularly effective in reducing the deactivation rate when
      the catalyst is used at conditions well above the usual commercial
      conditions, e.g., high temperatures such as 800.degree.-850.degree.F. and
      high space velocities such as 4-8 v/v/hr.
PAR  Neither the catalyst nor its preparation form any part of our invention.
      The catalyst may be prepared by conventional means such as those disclosed
      in U.S. Pat. No. 2,437,533 issued Mar. 9, 1948. The catalyst may be
      prepared by forming the support which, in a preferred embodiment, is
      alumina containing a small amount of silica. The support may then be
      impregnated with the desired metals by use of a solution of a
      water-soluble compound of the metal. For example, water solutions of
      ammonium molybdate, cobalt nitrate, nickel nitrate, ammonium metatungstate
      and rhodium trichloride may be used for impregnation. After the
      impregnation of the metallic materials on the support, the catalyst
      composite is dried and then calcined for several hours in air at high
      temperature, e.g., 900.degree.-1000.degree.F.
PAR  The catalyst may be used as a slurry, a moving bed, a fixed bed or a
      fluidized bed. In a preferred embodiment, the catalyst is used as a fixed
      bed of particles which may be spheroids or cylindroids, the latter being
      preferred. When the catalyst is used as a fixed bed, the oil flow may be
      either upward or downward with concurrent hydrogen flow or the flow of oil
      may be downward counter to upwardly flowing hydrogen. In a preferred
      embodiment the hydrogen and the oil both pass downwardly through the fixed
      bed of catalyst particles.
PAR  In commercial installations it is customary to separate the hydrogen from
      the desulfurization zone effluent and recycle the separated hydrogen to
      the desulfurization zone. To prevent the buildup of impurities such as low
      molecular weight gaseous hydrocarbons, hydrogen sulfide and ammonia, a
      portion of the recycled hydrogen may be bled from the system and replaced
      with fresh hydrogen. Hydrogen may also be added to the recycle stream to
      replace that consumed in the desulfurization process. The ammonia and
      hydrogen sulfide may also be removed from the hydrogen by scrubbing with a
      methanolamine-water solution.
PAR  By following the procedure of our invention, that is, by carrying out the
      desulfurization of hydrocarbon oils having an initial boiling point of at
      least about 500.degree.F. using a desulfurization catalyst containing a
      small amount of noble metal at unusually high temperatures and space
      velocities, not only is there a considerable reduction in hydrogen
      consumption over conventional procedures but in addition, the catalyst
      life is prolonged.
PAR  The following examples are submitted for illustrative purposes only and it
      should not be construed that the invention is restricted thereto.
DETD
PAC  EXAMPLE I
PAR  In this example the catalyst is prepared from a commercially obtainable
      desulfurization catalyst composed of 3 wt. percent cobalt, 12 wt. percent
      molybdenum, 3 wt. percent silica and the balance alumina in pellet form.
      The cobalt and molybdenum are present as the oxides. The catalyst has a
      surface area of 290 m.sup.2 /g., a pore volume of 0.63 cc/g. and an
      average pore diameter of 82.5 A. 180 grams of the catalyst is impregnated
      with 1.35 grams of rhodium trichloride dissolved in 125 cc. of distilled
      water. After standing at room temperature with occasional mixing for 1
      hour, the impregnated catalyst is dried at 250.degree.F. for 64 hours. The
      impregnated catalyst and a sample of catalyst, as purchased, are calcined
      at 900.degree.F. for 2 hours in a flow of air. The catalysts are then
      evaluated by desulfurizing a West Texas-New Mexico vacuum gas oil having
      an API gravity of 22.degree. and a sulfur content of 1.85 percent by
      passing the charge in each of Runs A and B with hydrogen through a bed of
      catalyst at a temperature of 800.degree.F., a pressure of 400 psig and a
      space velocity of 4 v/v/hr. Hydrogen is introduced with the charge at a
      rate of 1,500 scfb. recycle hydrogen and 500 scfb. fresh hydrogen. The
      results are tabulated below, the length of the on-stream period being
      reported in terms of barrels of charge per lb. of catalyst, catalyst A
      being the catalyst as purchased and calcined and B the catalyst containing
      0.3 wt. percent rhodium.
TBL                TABLE 1                                                     

     ______________________________________                                    

     Throughput (bbl./lb.)                                                     

                         A          B                                          

     ______________________________________                                    

     0.20                91.3       91.8                                       

     0.27                90.2       91.3                                       

     0.34                89.1       90.2                                       

     0.41                88.1       89.7                                       

     0.47                87.0       89.1                                       

     0.54                87.5       89.1                                       

     0.61                86.4       89.1                                       

     0.68                85.9       87.5                                       

     0.75                85.4       88.1                                       

     0.82                84.8       88.1                                       

     0.89                85.4       87.5                                       

     0.95                84.8       87.5                                       

     1.02                84.3       88.1                                       

     1.09                84.3       88.1                                       

     1.16                84.3       87.0                                       

     1.23                84.3       85.9                                       

     1.30                83.7       86.4                                       

     1.37                83.7       87.0                                       

     1.43                83.2       86.4                                       

     1.50                83.2       86.4                                       

     1.57                82.1       85.4                                       

     1.64                81.6       85.4                                       

     ______________________________________                                    

PAR  The foregoing data in which columns A and B list the percent
      desulfurization show that the rate of deactivation of Catalyst B is
      considerably lower than that of Catalyst A.
PAC  EXAMPLE II
PAR  In this example 300 grams of the commercially obtainable cobalt molybdenum
      catalyst pellets used in Example I is impregnated with 200 ml. of a
      solution of chloroplatinic acid containing 0.9g platinum. After standing
      for 1 hour at room temperature the catalyst is dried overnight at
      250.degree.F. Calcination is carried out in a flow of air at 900.degree.F.
      The catalyst contains 0.3 wt. percent platinum.
PAC  EXAMPLE III
PAR  180 g of commercial catalyst pellets used in Example I is impregnated with
      a solution of 0.45 g of rhodium trichloride dissolved in 125 cc of H.sub.2
      O. After standing at room temperature with occasional mixing for 1 hour,
      the impregnated catalyst is dried at 250.degree.F. for 64 hours. The
      impregnated catalyst is calcined at 900.degree.F. for 2 hours in a flow of
      air. It contains 0.1 wt. percent rhodium.
PAR  The catalysts prepared in Examples II and III above are evaluated against
      the unimpregnated catalyst by desulfurization of West Texas-New Mexico
      Sour vacuum gas oil containing 1.9 wt. percent sulfur at a temperature of
      800.degree.F., a pressure of 800 psig, a space velocity of 4 v/v/hr. in
      the presence of hydrogen introduced at a rate of 500 scf fresh hyrogen and
      1,500 scf recycle hydrogen per barrel of feed.
PAR  The results are tabulated below, the length of the on stream period being
      reported in terms of barrels of charge per pound of catalyst, with the
      column headed Base Run listing the percent desulfurization of the
      unimpregnated catalyst and the columns headed II and III listing the
      percent desulfurization of the respective catalysts.
TBL                TABLE 2                                                     

     ______________________________________                                    

     Throughput (bbl./lb.)                                                     

                      Base Run  II      III                                    

     ______________________________________                                    

     0.5              90.8      92.6    --                                     

     0.6              90.7      92.4    --                                     

     0.7              90.6      92.3    --                                     

     0.8              90.5      92.1    --                                     

     0.9              90.4      92.0    92.4                                   

     1.0              90.3      91.9    92.4                                   

     1.1              90.2      91.7    92.3                                   

     1.2              90.1      91.6    92.2                                   

     1.3              90.0      91.5    92.2                                   

     1.4              89.9      91.4    92.1                                   

     1.5              89.8      91.3    92.1                                   

     1.6              89.7      91.1    92.1                                   

     1.7              89.6      91.0    92.0                                   

     1.8              89.6      90.9    92.0                                   

     1.9              89.5      90.8    91.9                                   

     2.0              89.4      90.7    91.9                                   

     2.1              89.3      90.7    91.9                                   

     2.2              89.2      90.6    91.8                                   

     2.3              89.2      90.5    91.8                                   

     2.4              89.1      90.4    91.7                                   

     2.5              89.0      90.3    91.7                                   

     2.6              89.0      90.3    91.7                                   

     ______________________________________                                    

PAC  EXAMPLE IV
PAR  In this example, 300 grams of the same commercially available
      desulfurization catalyst used in Example I is impregnated with an aqueous
      solution containing 0.6 g of IrCl.sub.3.4 H.sub.2 O in 189 cc. of water.
      After standing at room temperature with occasional mixing for several
      hours, the impregnated catalyst is dried at 250.degree.F. for 64 hours and
      then calcined at 1000.degree.F. for 2 hours. The resulting catalyst
      contains 0.1 wt. percent iridium. This catalyst is evaluated against the
      unimpregnated catalyst by making comparative runs using as charge stock an
      Arabian vacuum gas oil containing 2.37 wt. percent sulfur in which the
      charge is passed through a bed of catalyst pellets. The reaction
      conditions are less severe in this example than in Examples II and III in
      that as in Example I the pressure here is only 400 psig. The other
      conditions are a temperature of 800.degree.F., a space velocity of 4
      v/v/hr. with hydrogen introduced at a rate of 2,000 scfb of which 500 scf
      is fresh hydrogen and 1,500 scf is recycled hydrogen. The results are
      tabulated below, throughput being measured in terms of barrels of charge
      per pound of catalyst, and the column headed "Base Run" showing the
      percent desulfurization using the unimpregnated catalyst and that headed
      "IV" showing the percent desulfurization using the catalyst containing 0.1
      wt. percent iridium. It will be noted again that the deactivation rate of
      catalyst IV is lower than that of the unimpregnated catalyst.
PAR  For a true comparison, in each of these examples the unimpregnated catalyst
      is subjected to the same calcination treatment as the impregnated catalyst
      with which it is compared.
TBL                TABLE 3                                                     

     ______________________________________                                    

     Throughput      Base Run      IV                                          

     ______________________________________                                    

     0.26            87.1          87.7                                        

     0.33            86.7          87.3                                        

     0.39            85.4          86.9                                        

     0.46            84.9          86.0                                        

     0.53            84.1          84.8                                        

     0.59            84.1          84.3                                        

     0.66            83.2          83.1                                        

     0.72            83.2          83.5                                        

     0.79            83.4          83.5                                        

     0.86            81.5          82.7                                        

     0.92            81.9          83.5                                        

     0.99            80.6          83.1                                        

     1.06            80.6          82.7                                        

     1.12            81.1          82.7                                        

     1.19            81.1          81.8                                        

     1.26            80.6          81.4                                        

     1.32            80.6          81.8                                        

     1.39            79.8          81.8                                        

     ______________________________________                                    

PAR  These examples show that under the conditions employed, that is, at high
      temperatures and high space velocities, the catalysts impregnated with
      noble metals do not have significantly higher initial activity than the
      unimpregnated catalysts but their deactivation rate is noticeably lower.
PAR  Obviously, various modifications of the invention as hereinbefore set forth
      may be made without departing from the spirit and scope thereof, and
      therefore, only such limitations should be made as are indicated in the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the hydrodesulfurization of a petroleum oil fraction
      having an initial boiling point of at least about 500.degree.F. which
      comprises contacting said fraction in the presence of added hydrogen under
      hydrodesulfurization conditions including a temperature between about
      750.degree. and 850.degree.F. and a space velocity between about 3 and 10
      v/v/hr. with a catalyst comprising an iron group metal, oxide or sulfide
      and a Group VI metal, oxide or sulfide supported on a base comprising a
      refractory inorganic oxide support selected from the group consisting of
      alumina, magnesia and zirconia and mixtures thereof and containing between
      0 and 5 weight percent silica, said catalyst also containing from 0.1 to 5
      percent noble metal by weight based on the catalyst composite.
NUM  2.
PAR  2. The process of claim 1 in which the pressure is below 500 psig.
NUM  3.
PAR  3. The process of claim 1 in which the iron group metal is nickel.
NUM  4.
PAR  4. The process of claim 1 in which the iron group metal is cobalt.
NUM  5.
PAR  5. The process of claim 1 in which the Group VI metal is molybdenum.
NUM  6.
PAR  6. The process of claim 1 in which the Group VI metal is tungsten.
NUM  7.
PAR  7. The process of claim 1 in which the noble metal is platinum.
NUM  8.
PAR  8. The process of claim 1 in which the noble metal is rhodium.
NUM  9.
PAR  9. The process of claim 1 in which the noble metal is iridium.
NUM  10.
PAR  10. The process of claim 1 in which the space velocity is between 4 and 8.
NUM  11.
PAR  11. The process of claim 1 in which the noble metal is present in an amount
      between 0.2 and 2.0 wt. percent.
NUM  12.
PAR  12. The process of claim 1 in which the refractory inorganic oxide is
      alumina.
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ABST
PAL  A method for removing a contaminant comprising at least one of arsenic and
      selenium from a synthetic crude oil or fraction thereof characterized by
      mixing with the synthetic crude oil feed (1) particles of a material that
      is either iron, cobalt, nickel, oxides or sulfides of these metals, or a
      mixture thereof, and (2) hydrogen, and heating the mixture in a reaction
      zone to deposit said contaminant(s) on said particles. A liquid product
      stream comprising the synthetic crude oil without the contaminant(s) is
      recovered, leaving a thickened slurry. All or a portion of the thickened
      slurry can be withdrawn from the process and all or a part of the slurry
      can be mixed with fresh synthetic feed. Also disclosed are specific and
      preferred process details.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of removing catalyst-poisoning
      impurities, or contaminants; such as, arsenic or selenium; from
      hydrocarbonaceous fluids; such as, synthetic crude oil and synthetic oil
      fractions.
PAR  2. Description of the Prior Art
PAR  There has been a resurgence of interest in sources of energy that were
      formerly noncompetitive. These sources of energy include shale oil, fluids
      obtained from coal, bitumen obtained from tar sands, and the like. Many of
      these hydrocarbonaceous (i.e., not composed exclusively of hydrogen and
      carbon) fluids contain contaminants that could poison expensive catalysts,
      such as those used in hydrogenation and other processes to which these
      hydrocarbonaceous fluids must be subjected before they can be
      satisfactorily transported and used as sources of energy. The best prior
      art of which I am aware is disclosed in a co-pending application Ser. No.
      314,015, filed Dec. 11, 1972 now abandoned in favor of Ser. No. 421,139,
      filed Dec. 3, 1973, with co-inventor Donald K. Wunderlich and entitled
      "Synthetic Oil Treatment." That descriptive matter will be briefly
      summarized hereinafter for the reader's convenience. The prior art has
      included a method for removing arsenic from hydrocarbon charge stocks,
      such as described in U.S. Pat. No. 2,778,779. Such methods have included
      using the iron, nickel and cobalt oxides to remove arsenic from streams of
      naturally occurring crude, such as naphtha or straight run gasoline. By
      employing the oxides at low temperature, such as from room temperature to
      about 200.degree.F, by disregarding the atmosphere under which the
      reaction takes place, and by using substantial amounts of water, the oxide
      acts as an oxidizing agent and oxidizes the arsenic to a water soluble
      arsenic oxide. In this way the arsenic oxide is dissolved in the water and
      removed from the naturally occurring crude oil or oil fraction.
PAR  Also, arsenic has been removed from similar naturally occurring crude oils
      by contacting them with a metallic salt of a strong acid at low
      temperature, such as room temperature, without regard to the atmosphere
      under which the contacting takes place. In this particular process, it was
      taught that oxides do not work for removing arsenic and this process is
      disclosed in U.S. Pat. No. 2,781,297.
PAR  Processes that work for removing other contaminants, or catalyst-poisoning
      materials, such as organo-metallic compounds like iron porphyrins, are
      frequently inoperable for removing impurities like arsenic. For example,
      the catalytic hydrogenation of hydrocarbons to effect the precipitation of
      an insoluble iron salt of the iron prophyrin within a hydrogenating
      catalyst, as described in U.S. Pat. No. 3,496,099, cannot be employed
      satisfactorily in removing arsenic from synthetic crudes of the like.
PAR  The invention described in Ser. No. 314,015 improved significantly on the
      prior art, but had one drawback that prevented its being totally
      satisfactory. The contaminant tended to be concentrated in a surface layer
      about 30 microns thick, so the center portion of the larger pellets and
      the like were not useful and available for removing the contaminant.
PAR  In fact, none of the prior art processes have been completely satisfactory
      in removing catalyst-poisoning impurities, such as arsenic, from synthetic
      crude oil and synthetic oil fractions.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a method of
      removing contaminants from a feed stream of synthetic crude or the like
      that does not require the use of aqueous, or hydrophilic, solutions and
      alleviates the difficulties of the prior art.
PAR  More specifically, it is an object of this invention to provide a method of
      removing a contaminant from a feed stream that accomplishes the foregoing
      object and provides relatively long contact time and a high level of
      activity in the system at all times, yet requiring small, economically
      feasible vessels, such as reactors, and separators.
PAR  These and other objects will become apparent from the descriptive matter
      hereinafter.
PAR  The foregoing objects are achieved in accordance with this invention by
      mixing with the synthetic crude oil feed (1) particles of a material that
      is either iron, cobalt, nickel, oxides or sulfides of these metals, or a
      mixture thereof, and (2) hydrogen, and heating the mixture in a reaction
      zone to deposit the contaminant(s) on the particles of the material
      present. A gas stream containing hydrogen can be separated, leaving the
      slurry. A liquid stream comprising the synthetic crude oil without the
      contaminant can be separated from the slurry, leaving a thickened slurry.
      All or a portion of the thickened slurry can be withdrawn from the process
      and all or part of the slurry can be mixed with fresh synthetic feed that
      has not yet been treated to remove contaminant(s).
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  The FIGURE is a flow diagram of one embodiment of this invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  To facilitate understanding, the treatment of a stream of a synthetic crude
      with the particles of the material for removing the contaminant will be
      described hereinafter.
PAR  The drawing shows one embodiment within this invention wherein fresh feed
      in pipe 1 has added thereto fresh (makeup) particles of iron, etc., if any
      is added, by way of pipe 2, hydrogen by way of pipe 3, and any recycle
      slurry by way of pipe 4, after which the resulting mixture enters reaction
      zone 5 wherein it is heated and the contaminants deposit out on the
      particles present in the mixture. The mixture then passes by way of pipe 6
      to separation zone 7 wherein hydrogen containing gas is removed from the
      mixture by way of pipe 8. Essentially contaminant free oil is removed as
      the product of the process by way of pipe 9 and the remaining slurry of
      liquid and particles is removed by way of pipe 10 for removal from the
      system or recycle in pipe 4 or a combination thereof.
PAR  In carrying out this invention, the particles of material are injected into
      the feed stream of synthetic crude to remove the contaminant of arsenic or
      selenium, whether in elemental or combined form. The particles of material
      preferably have a surface area of at least 1 square meter per gram, still
      more preferably having a surface area of at least 50 square meters per
      gram. The active ingredient; such as, the iron oxide or iron sulfide; for
      example, the crushed and sieved pellets of a conventional carbon monoxide
      shift catalyst; can be employed by itself in the particles or may be
      employed in combination with a conventional support (carrier); such as,
      silica, alumina, magnesia, zirconia, thoria, zinc oxide, chromium oxide,
      silicon carbide, or naturally occurring carriers, like clay, Kieselguhr,
      Fuller's earth, pumice, bauxite and the like, or in any combination of two
      or more thereof whether naturally occurring or prepared. As indicated
      hereinbefore, the particles of material are minus six (-6) mesh (pass
      through a 6 mesh, U.S. Standard or Tyler, screen) or smaller in order to
      form a slurry more advantageously and be more readily recycled or pumped
      through pipelines and the like.
PAR  In this embodiment, the particles are first slurried with syncrude and then
      the resulting slurry is injected into the syncrude feed line already
      maintained at elevated pressure. The procedure and equipment for forming
      and admixing the slurry is conventional; for example, the conventional
      equipment for admixing cement for subterranean bore hole cementing
      operations, or for admixing drilling or fracturing fluids for use with
      wells penetrating subterranean formations.
PAR  In any event, the injected particles in combination with the syncrude
      stream forms a dilute slurry at elevated pressure. The dilute slurry is
      combined with a stream of high pressure hydrogen. The resulting admixture
      of dilute slurry and hydrogen is heated. The heat may be supplied by
      heating the constituents individually before admixing them or the heat may
      be supplied to the admixture. In any event, the admixture of dilute slurry
      and hydrogen is heated to a temperature of at least 300.degree.F, and
      preferably at least to 700.degree.F. Still more preferably, the admixture
      of dilute slurry and hydrogen is heated to temperatures in the range of
      about 700.degree.F to about 850.degree.F.
PAR  The hot, or heated, admixture is sent to a high pressure, high temperature
      reactor. The reactor may be heated. The reactor is sized to provide, in
      conjunction with flow lines and separators, a residence time of at least
      about 1 minute and preferably 5 minutes or longer. Also, the reactor is
      maintained at a pressure of at least 500 pounds per square inch gauge
      (psig), preferably, at least 1,500 psig. This allows sufficient time for
      the syncrude to intimately contact the particles of material, even on
      their interior via the passageways and pores that exist within the
      particles.
PAR  At the elevated temperature and in the hydrogen atmosphere, there is a
      removal of the contaminant from the feed stream. Specifically, the
      contaminant, such as the arsenic, is dispersed in the matrix of the
      material in a manner analogous to adsorption phenomena such that it is
      removed in non-water soluble form.
PAR  After suitable reaction time in the flow lines, and the reactor in the
      hydrogen atmosphere, the admixture of the particles of material, syncrude
      and hydrogen pass to a first separator, or first separating means, where
      the gas stream is separated from the admixture. The gas stream comprises
      hydrogen together with any other gaseous constituents that may be formed
      at the elevated temperature as a result of the treatment of the syncrude.
      Ordinarily, the additional gaseous constituents will be minor in the
      absence of a hydrogenation catalyst.
PAR  The remaining dilute slurry comprising the particles of the material and
      the syncrude are then passed to a second separator, or second separation
      means.
PAR  In the second separating means, a portion of liquid syncrude without the
      contaminant, is passed off as an effluent stream to be sent to further
      processing, such as downstream hydrogenation. A recycle stream comprising
      a more concentrated slurry of the particles of the material and the
      liquid, or syncrude, is returned to a point upstream; for example,
      injected into intimate contact with the incoming syncrude at least by the
      time it reaches the high temperature reactor. For example, the recycle
      slurry may be injected at the same point at which the solids are injected
      into the incoming syncrude; at any point upstream of the reactor; or into
      the high temperature, high pressure reactor itself. It has been
      satisfactory to inject the recycle slurry into the reactor. A portion of
      the recycle slurry is withdrawn. The portion that is withdrawn is sized so
      as to withdraw an amount of the small particles that is equal to the first
      amount of small particles that are injected into the incoming feed stream,
      or incoming syncrude. The portion is withdrawn before the remainder of the
      recycle slurry is injected into intimate contact with the incoming
      syncrude.
PAR  The first separation means may comprise a conventional gas-liquid separator
      with conventional liquid level controls.
PAR  The second separation means may comprise any of the conventionally
      available means. These conventional means comprise centrifuges that
      subject the particles to centrifugal force to sling them to the outside
      such that the center portion will be particle-free liquid. The centrifuges
      may be conventional centrifuges or they may be of the type employed for
      recycling Barite or the like in processing drilling mud. Illustrative of
      the latter types of centrifuges is one described in U.S. Pat. Nos.
      3,400,819, issued Sept. 10, 1968 and 3,433,312, issued Mar. 18, 1969, the
      descriptive matter of which is embodied herein by reference.
PAR  On the other hand, a second separation means may comprise quiescent
      settling tank with very low velocity of movement therein so as to allow
      the solids to settle to the bottom so they can be drawn as a concentrated
      slurry and allow withdrawal of the supernatant liquid from the top. If
      desired, a conventional reactor, such as the lime-soda ash reactor
      employed in water treating may be used and allow the liquid to be
      withdrawn from a quiescent zone. All of these second separation means are
      well known and do not need to be described further herein.
PAR  The portion of the recycle slurry that is withdrawn may be withdrawn per se
      and the particles subsequently separated from the liquid phase. On the
      other hand, if desired, a third separation means may be employed to effect
      separation of the liquid phase and a recycling of the liquid phase, either
      to form a slurry with the dry particles that are injected into the
      incoming syncrude, or injected directly into the reactor. For example, a
      centrifuge separator such as described hereinbefore may be advantageously
      employed to draw off the particles and allow recycling of the liquid
      without substantial decrease in pressure. The solid particles may then be
      processed as appropriate either to remove the arsenic for commercial use
      or to regenerate the particles for reinjection, or both. A co-worker, Mr.
      Ralph Styring, has invented and filed a patent application on a method for
      processing solid particles. The patent application is entitled "Method of
      Removing Contaminant from Spent Contaminant-Removing Material," filed Jan.
      23, 1974, Ser. No. 435,760 assigned to the assignee of this application.
      That method is applicable for treating the withdrawn particles of material
      that contain the contaminant, such as arsenic removed in accordance with
      this invention, and its descriptive matter is incorporated herein by
      reference.
PAR  Any amount of the particles of material can be employed in the process of
      this invention as long as the resulting dilute slurry formed with
      admixture with the syncrude is a pumpable slurry that does not tend to
      accumulate, or pile up, solid particles in piping, fittings, heat
      exchangers (if employed) and the like. The more particles of material that
      are present in the syncrude the more nearly complete will be the removal
      of the contaminant, or impurity.
PAR  This invention has an inherent advantage in that the liquid-solid contact
      time can be relatively long with economically sized vessels, particularly
      if the syncrude and solids are heated before or near the point of mixing,
      or at least by the point of admixture with the hydrogen gas. Thus, there
      is a turbulence of intermixing and a relatively long mutual "reaction", or
      residence, time that results in a more nearly complete removal of the
      contaminant from the syncrude by the time the slurry of particles of the
      material and the syncrude have passed through the piping, the reactor and
      the separators.
PAR  The withdrawal of the recycle slurry and the particles therein maintains
      the proportion of particles in equilibrium, with a constant make-up and
      withdrawal; and maintains a constant "activity," or potential for removal
      of the contaminant from the syncrude, in the system. Moreover, the use of
      the small particles effects a more nearly complete use of all of the
      material, since even the center portions of the small particles are useful
      and available for interdispersing the contaminant; instead of having a
      layer of only about 30 microns thick on a larger particle in which the
      contaminant is dispersed. Thus, the process inherently effects a greater
      efficiency in the use of the material in removing the contaminant.
PAR  While the oxides and sulfides of the iron have been described specifically
      hereinbefore, the particles of material that are useful in this invention
      as active materials may comprise the nickelic, ferric, cobaltic, ferrous,
      nickelous, and cobaltous forms. For example, ferric oxide, both Fe.sub.2
      O.sub.3 and Fe.sub.3 O.sub.4, nickelic oxides Ni.sub.2 O.sub.3 and
      Ni.sub.3 O.sub.4, and cobaltic oxides Co.sub.2 O.sub.3 and Co.sub.3
      O.sub.4, can be employed. Similar reasoning is applicable to the
      comparable sulfides of the metals and to the ferrous, cobaltous and
      nickelous forms of the oxides and sulfides.
PAR  While the injection of a slurry containing the particles of the material
      has been described hereinbefore, the dry particles of material may be
      injected directly into a low pressure stream of the syncrude by suitable
      apparatus, such as the bins and blenders for admixing drilling mud
      particles, such as Barite and clay, into drilling fluids for forming the
      low pressure drilling fluid for drilling bore holes into subterranean
      formations. The resulting low pressure syncrude containing the particles
      of materials slurried therewith can then be elevated in pressure employing
      conventional pumps, such as the pumps employed to elevate the pressure of
      a drilling fluid, or the like.
PAR  It is within the scope of this invention to employ a single reaction zone
      or a plurality of separate reaction zones. The reaction zones can be
      employed in series (staged) or in parallel or a combination thereof.
PAR  From the foregoing, it can be seen that this invention effects the objects
      set out hereinbefore and alleviates the difficulties of the prior art
      processes.
PAR  Having thus described the invention, it will be understood that such
      description has been given by way of illustration and example and not by
      way of limitation, reference for the latter purpose being had to the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of removing a nonmetallic contaminant comprising at least one
      of arsenic and selenium in elemental or combined form from a synthetic
      hydrocarbonaceous fluid obtained from normally solid coal, oil shale or
      tar comprising mixing said hydrocarbonaceous fluid with (1) particles of a
      material selected from the group consisting of iron, cobalt, nickel, at
      least one oxide of said metals, at least one sulfide of said metals and a
      combination thereof; said particles being of a size sufficient to form a
      slurry with said hydrocarbonaceous fluid; and (2) hydrogen; heating at an
      elevated pressure said slurry and hydrogen mixture in a reaction zone to a
      temperature sufficient to effect in conjunction with said elevated
      pressure removal of said contaminant from said hydrocarbonaceous fluid and
      deposition of said contaminant on said particles; said temperature being
      less than that which substantially alters the character of said
      hydrocarbonaceous fluid; and recovering a liquid product stream comprising
      said hydrocarbonaceous fluid essentially free of said contaminant from the
      thus treated slurry.
NUM  2.
PAR  2. A method according to claim 1 wherein said particles are of a size which
      passes through a 6 mesh screen.
NUM  3.
PAR  3. A method according to claim 1 wherein said hydrogen is mixed with said
      hydrocarbonaceous fluid under elevated pressure, and the mixture is
      treated in said reaction zone under a temperature of at least about
      300.degree.F. and a pressure of at least about 500 psig.
NUM  4.
PAR  4. A method according to claim 1 wherein besides said product stream, a gas
      stream containing hydrogen is also recovered thereby leaving a thickened
      slurry suitable for reuse with fresh contaminant containing feed, and
      recycling at least part of said thickened slurry to said reaction zone.
NUM  5.
PAR  5. A method according to claim 4 wherein said recycled slurry is injected
      into said hydrocarbonaceous fluid upstream of said reaction zone.
NUM  6.
PAR  6. A method according to claim 4 wherein said recycled slurry is injected
      into said reaction zone to admix with said hydrocarbonaceous fluid and
      said small particles of said material therein.
NUM  7.
PAR  7. A method according to claim 1 wherein said small particles are admixed
      with said hydrocarbonaceous fluid to form a slurry first and said slurry
      is thereafter injected into said hydrocarbonaceous fluid to facilitate
      injection at elevated pressure; and said hydrocarbonaceous fluid and said
      hydrogen are provided at said pressure of at least 500 psig upstream of
      said reaction zone.
NUM  8.
PAR  8. A method according to claim 7 wherein said temperature of at least
      300.degree.F. is also provided upstream of said reaction zone for longer
      reaction time.
NUM  9.
PAR  9. A method according to claim 1 wherein said temperature is in the range
      of from about 700.degree. to about 850.degree.F. and said pressure is at
      least about 1,500 psig.
NUM  10.
PAR  10. A method according to claim 1 wherein said liquid is separated from
      said thickened recycle slurry by centrifugation.
NUM  11.
PAR  11. A method according to claim 1 wherein said particles are separated from
      said recycle slurry by centrifugation such that said small particles of
      said material are available for regeneration and reuse and the remainder
      of said portion of said recycle slurry is available for return to the
      reaction zone.
NUM  12.
PAR  12. A method according to claim 1 wherein a plurality of reaction zones is
      employed.
NUM  13.
PAR  13. A method according to claim 12 wherein said plurality of reaction zones
      is employed in series.
NUM  14.
PAR  14. A method according to claim 12 wherein said plurality of reaction zones
      is employed in parallel.
NUM  15.
PAR  15. A method according to claim 12 wherein said plurality of reaction zones
      is employed in a combination of series and parallel.
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ABST
PAL  A flotation method for sulfide ores in which, prior to sulfide ore
      flotation for effecting a mutual separation of the ore constituents, there
      is carried out a pre-treatment or conditioning step by applying d-c
      current to the sulfide ore slurry by means of an electrode in order to
      depress the floatability of certain of the ore constituents.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. FIELD OF THE INVENTION
PAR  This invention relates to an improved flotation method for sulfide ores.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  In general, when flotation of sulfide ores is carried out to effect mutual
      separation of ore constituents, a depressing agent is used to depress or
      inhibit the floatability of a particular constituent or constituents of
      the ore. A collecting agent, a frothing agent and a condition-regulating
      agent are used to induce a copious froth. The prior art flotation methods
      have been dependent on the utilization of these chemical agents or
      additives.
PAR  The mechanisms of the depressing action that occurs during flotation using
      chemical agents are due to a variety of effects, such as the cleaning
      effect of the agents on the surfaces of the mineral particles, the
      selective adsorption or the selective chemical affinity of the depressing
      agent to the mineral particles, or the change of electric charge on the
      surfaces of the mineral particles. A unified explanation of the effects
      caused by these variables is difficult. Therefore, in the flotation method
      utilizing the depressing action of chemical agents, various depressing
      agents are selected and used based on the various particular requirements
      of each process, namely, the kind of ore used and its quality, the kind of
      collecting agent used, etc. In addition to the treatment with chemical
      agents, there are other well known depressing methods involving physical
      treatments, for example, separation of Cu-Zn by heating the pulp,
      utilization of heating by a furnace, utilization of ultrasonic waves, or
      aging or heaping and the like.
PAC  SUMMARY OF THE INVENTION
PAR  We have discovered that a depressing action can be produced by applying d-c
      current to the sulfide ore slurry in a pre-treatment or conditioning step,
      prior to flotation, so that an effective mutual separation of the minerals
      can be obtained by flotation.
PAR  An object of this invention is to provide a flotation method for sulfide
      ores which is suitable for carrying out an effective mutual separation of
      the constituents of the ore.
PAR  Another object of this invention is to provide a flotation method for
      sulfide ores which facilitates the control of the flotation for separating
      the constituents of the sulfide ores.
PAR  A further object of this invention is to provide a non-polluting flotation
      method which does not use toxic agents and is economically profitable.
PAR  The sulfide ores employed in the present invention include ordinary single
      sulfides of copper, lead, zinc and iron, as well as ores containing
      molybdenum, graphite, quartz, calcite, dolomite, etc., and also the
      products of general flotation of sulfide ores such as the bulk
      concentrates of straight differential flotations. In the pre-treatment or
      conditioning step of the method of this invention, d-c current is
      conducted into an ore slurry using electrodes, so as to produce a
      depressing action whereby the flotation of certain constituents of the ore
      is inhibited during the subsequent flotation step.
PAR  In the present invention, the conditions for achieving the depression
      action can be obtained by suitable selection of combinations of electrode
      materials, d-c voltage, d-c current and electric conditioning agent
      employed in the conditioning step.
DETD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph showing the effect on the depressing rate caused by
      various electrode materials when d-c current is applied to the copper
      sulfide ore slurry by electrodes before flotation of the ore.
PAR  FIG. 2 is a graph showing the effect on the depressing rate caused by
      various electrode materials when d-c current is applied to the lead
      sulfide ore slurry before flotation of the ore.
PAR  FIG. 3 is a graph showing the effect on the depressing rate caused by
      various electrode materials when d-c current is applied to the ore slurry
      before flotation, wherein the ore is zinc sulfide ore which had been
      previously activated by copper sulfate.
PAR  FIG. 4 is a graph showing the effect on the depressing rate caused by
      various electrode materials when d-c current is applied to the iron
      sulfide ore slurry before flotation of the ore.
PAR  FIG. 5 is a graph showing the effect on the depressing rate caused by
      various electrode materials when d-c current is applied to the molybdenum
      sulfide slurry before flotation of the ore.
PAR  FIG. 6 is a graph showing the effect on the depressing rate caused by the
      electric conditioning time when d-c current is applied to the ore slurry
      before the flotation of copper sulfide and molybdenum sulfide ores.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The flotation method according to the present invention is capable of
      achieving wide variations in the flotation properties of the ore slurry by
      changes of the electrode materials and the electric conditioning time.
      These will be further described by referring to the accompanying drawings.
PAR  In the experiments carried out to obtain the data appearing in the
      accompanying drawings, the processing agents used were mineral oil and
      MIBC in the case of molybdenum sulfide ores and pine oil and potassium
      ethylxanthate in the case of the other sulfide ores. The experimental
      apparatus used was a conventional laboratory flotation cell having an
      electrically insulated agitator. The electrodes were inserted in this
      apparatus, and d-c current was conducted into the slurry for conditioning
      same prior to the flotation. Then after the addition of the flotation
      agent, flotation was carried out.
PAR  In the experiments of FIGS. 1-5, for the same ore samples, the amount of
      voltage, current, electric conditions and electric conditioning agent were
      the same. Only the electrode materials were changed. In the drawings, the
      abscissa shows the electrode materials that were used. The symbol "non"
      signifies that no d-c current was applied, i.e., this shows the flotation
      result when the conditioning pre-treatment of this invention is not
      applied. The ordinates show the depressing rate caused by the electric
      conditioning and indicate the relative depressing rate of each electrode
      material. In each case the value for "non" was taken as being the datum
      point, i.e., 0percent relative depressing rate. FIGS. 1 through 5 show the
      effects of the depressing action of the respective electrode materials at
      a fixed electric conditioning time. This action is also a function of
      conditioning time as shown in FIG. 6. It can be observed from these
      drawings that the depressing rate for each sulfide ore varies depending on
      the electrode material used, respectively. Therefore, it is necessary to
      select a suitable electrode material for best results with each different
      sulfide ore. It is desirable to use electrodes which gradually dissolve in
      use such as Al, Cu, Ni and the like or non-soluble electrodes such as
      carbon, alone or in combinations thereof. The electrode shape is not
      critical and can be selected from such shapes as plate, bar, cylinder,
      lattice or fiber and combinations thereof, depending on the conditions
      such as the existence of an agitator, the strength of the agitator, the
      physical properties of the ore slurry or the shape of the conditioning
      tank. But it is desirable to use a plate type electrode.
PAR  The preferred optimum values of electric voltage, electric current and
      electric conditioning time will vary depending on the particular ore
      treated. These requirements are related closely to the kind of the
      electric conditioning agent used and the amount thereof, the distance
      between electrodes, the areas of said electrodes, and the size of the
      electric conditioner vessel. There is employed a current density of 0.002
      to 20 A/dm.sup.2 and a voltage of 0.5 to 750 volts. Suitable values within
      those ranges can be readily selected, taking the foregoing points into
      consideration, by carrying out a series of routine experiments to
      determine the specific conditions that will provide the most economic
      recovery of a concentrate of the desired mineral.
PAR  It is preferred to add to the ore slurry or pulp an electric conditioning
      agent which acts as a strong electrolyte, in order to minimize the amount
      of electric power required. But this electric conditioning agent should
      not be dissociated into ions which interrupt the depressing action.
      Suitable conditioning agents include hydroxides such as KOH, Ca(OH).sub.2,
      Zn(OH).sub.2, NH.sub.4 OH, acids such as HNO.sub.3, H.sub.2 SO.sub.4, HC1,
      CH.sub.3 COOH, H.sub.2 C.sub.2 O.sub.4 and salts thereof. The halogenides
      of the alkali metals or of the alkaline earth metals are preferred.
PAR  As stated above, the effective mutual separation of the constituents of
      sulfide ores can be achieved by suitably selecting the electrode material,
      the d-c voltage and current and the electric conditioning agent.
PAR  In order to obtain a satisfactory separation by flotation, for instance,
      the joint use of soda ash with a surface active agent as a dispersing
      agent is very effective in the present invention, the same as in the prior
      art flotation methods. And, in order to obtain a satisfactory separation
      by flotation in the polycomponent system, pH regulation is important, the
      same as in the prior art flotation methods. Thus, in general, the
      flotation step itself can be carried out in accordance with conventional
      techniques.
PAR  The tank used for the electric conditioning step must be electrically
      insulated for reasons of safety of personnel and machinery and of economy
      in the electric power consumption. The shape of the tank is not critical.
      It can be circular, square, channel-shaped or tubular, for example.
PAR  Therefore, this invention comprises improving the mutual separation of the
      minerals by conducting d-c current into the ore slurry, prior to
      flotation, by means of an electrode or or electrodes to cause a depressing
      action, i.e., to inhibit flotation of certain minerals during the
      subsequent flotation step. Control or regulation of the depressing effect
      can be achieved simply by adjustment of the quantity of electricity
      applied in the conditioning step. Thus, control of the flotation operation
      is remarkably easy in comparison with the addition of conventional
      chemical agents. And also, because of the unique depressing action
      achieved by this invention, which hitherto has not been known, the
      technical field for application of this new flotation process is greatly
      expanded, so that minerals which are difficult to separate by the prior
      art methods can be effectively processed by the method of the present
      invention.
PAR  Moreover, since the method of the present invention has the advantageous
      features that the cost necessary to achieve the depressing effect is
      reduced and toxic agents, such as sodium cyanide, are not required, the
      method of the present invention makes it possible to do flotation with
      less pollution, and it is economical and useful in the preservation of the
      environment.
PAC  PREFERRED EMBODIMENTS OF THE INVENTION
PAR  In the following Examples, all "percent" refer to percent by weight.
PAC  EXAMPLE 1
PAR  The ore sample employed in this example was a zinc concentrate activated by
      copper sulfate, and containing iron sulfide ore and zinc sulfide ore. This
      sample was subjected to the method of the present invention under the
      following conditions, by regulating the pH to be substantially neutral and
      the results are shown in the Table 1.
TBL  ______________________________________                                    

     Electric conditioning agent                                               

                           CaCl.sub.2 0.2 mol/l                                

     Ni electrode          48 V 1.0 A/dm.sup.2                                 

     Electric conditioning time                                                

                           5 min.                                              

     Pine oil              50 g/t                                              

     KEX                   120 g/t                                             

     Flotation time        7 min.                                              

     pH                    7.5                                                 

     ______________________________________                                    

TBL                Table 1                                                     

     ______________________________________                                    

     Kinds of       Assay %       Recovery %                                   

     minerals Weight    Zn       Fe     Zn     Fe                              

     ______________________________________                                    

     Feed     100       45.3     15.2  100    100                              

     Zinc                                                                      

     concentrate                                                               

               84.1     52.6     10.2   97.6   56.6                            

     Tailing   15.9      6.8     41.4   2.4    43.4                            

     ______________________________________                                    

PAR  Table 1 shows that the separation of Zn and Fe was done with very high
      efficiency by the method of this invention.
PAR  In this connection, in a comparative test the conventional flotation method
      for a mineral having the aforesaid composition was carried out. It was
      necesary to add a large amount of lime, and there was a tendency of
      depressing the flotation of the Zn material. The result of this
      conventional flotation for removal of iron from Zn concentrate containing
      a high amount of Fe, showed that the Zn assay in the zinc concentrate was
      only as high as 48percent.
PAC  EXAMPLE 2
PAR  In the flotation of molybdenum-bearing sulfide copper ore, the conventional
      method uses cyanides or arsenic sulfide, or phosphorus sulfide. But these
      depressing agents are toxic and it is not desirable to use a large amount
      thereof. Under the following conditions, the method of the present
      invention was applied to the sample and the results shown in Table 2 were
      obtained.
TBL  ______________________________________                                    

     Electric conditioning agent                                               

                           NaCl 0.1 mol/l                                      

     Fe electrode          35 V 1.0 A/dm.sup.2                                 

     Electric conditioning time                                                

                           1 min.                                              

     MIBC                  150 g/t                                             

     Kerosene              50 g/t                                              

     Flotation time        5 min.                                              

     pH                    8.5                                                 

     ______________________________________                                    

TBL                Table 2                                                     

     ______________________________________                                    

     Kinds of Weight    Assay %       Recovery %                               

     materials                                                                 

              %         Mo       Cu     Mo     Cu                              

     ______________________________________                                    

     Feed     100       1.1      27.9  100    100                              

     Concentrate                                                               

              5.2       18.1     19.7   86.9   3.7                             

     Tailing  94.8      0.15     28.4   13.1   96.3                            

     ______________________________________                                    

PAR  Table 2 shows that Mo and Cu can be separated effectively without using any
      toxic agent. As compared with the prior flotation method, this method
      decreases greatly the number of cleanings required to obtain a final
      concentrate of the required concentration.
PAC  EXAMPLE 3
PAR  In the flotation of lead sulfide ore and copper sulfide ore, the
      conventional method uses cyanides as the depressing agent for copper
      sulfide ores or bichromates as the depressing agent for lead sulfide ore.
      But these depressing agents are toxic and it is not desirable to use a
      large amount thereof. Under the following conditions, the method of the
      present invention was applied to the sample and the results shown in the
      Table 3 were obtained.
TBL  ______________________________________                                    

     Electric conditioning agent                                               

                           CH.sub.3 COONa 0.3 mol/l                            

     Al electrode          44 V   0.8 A/dm.sup.2                               

     Electric conditioning time                                                

                           2 min.                                              

     Pine oil              120 g/t                                             

     KEX                   80 g/t                                              

     Flotation time        7 min.                                              

     ______________________________________                                    

TBL                Table 3                                                     

     ______________________________________                                    

     Kinds of Weight    Assay %       Recovery %                               

     minerals %         Pb       Cu     Pb     Cu                              

     ______________________________________                                    

     Feed     100       4.5      24.5  100    100                              

     Concentrate                                                               

              20.8      15.9     17.7   73.6   15.0                            

     Tailing  79.2      1.5      26.3   26.4   85.0                            

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  The method of the present invention and the conventional xanthate process
      were both carried out on modified lead-zinc sulfide ore. The results are
      shown in the following table.
TBL                                    Table 4                                 

     __________________________________________________________________________

            Method of this Invention                                           

                               Conventional Xanthate method                    

     Electrical                                                                

            Aluminum electrode                                                 

     Conditioning                                                              

            D.C. 16 V 1.0 A/dm.sup.2                                           

     Treatment                                                                 

            Electric conditioning agent                                        

                                     None                                      

     Conditions                                                                

            CH.sub.3 COONa                                                     

            Electric conditioning time 10 min.                                 

     Flotation                                                                 

            Armac C 150 g/t    Na.sub.2 CO.sub.3 2 kg/t                        

     Conditions                                                                

            Nikko No. 10 oil 100 g/t                                           

                               CuSO.sub.4 2 kg/t                               

            Flotation time 17 min                                              

                               Sodium amylxanthate 600g/t                      

            pH 8.25            Nikko No. 10 oil 250 g/t                        

                               Flotation time 17 min.                          

                               pH 7.8                                          

     __________________________________________________________________________

            Assay %  Recovery %                                                

                               Assay % Recovery %                              

            Pb  Zn   Pb   Zn   Pb  Zn  Pb   Zn                                 

     __________________________________________________________________________

     Feed   1.5 10.5 100.0                                                     

                          100.0                                                

                               1.5 10.5                                        

                                       100.0                                   

                                            100.0                              

     Froth  6.9 49.6 89.1 91.5 7.3 48.9                                        

                                       78.4 77.7                               

     Tailing                                                                   

            0.2  1.1 10.1  8.5 0.4  2.8                                        

                                       21.6 22.3                               

     __________________________________________________________________________

PAR  In general, Xanthate flotation for lead-zinc ore uses CuSo.sub.4 as the
      activator in a quantity of at most 500 g/t. However, in this Example 2
      kg/t of CuSO.sub.4 were required and the recovery percent is too low, and
      it is unprofitable. On the contrary, when the method of this invention is
      utilized, even if the quantity of the flotation agent is decreased, the
      recovery percent is improved so that it is capable of meeting industrial
      requirements.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A method of ore separation which comprises: electrically preconditioning
      an ore pulp containing mixed metal sulfide ore particles selected from the
      group consisting of (1) mixtures of zinc sulfide and iron sulfide, (2)
      mixtures of molybdenum sulfide and copper sulfide, (3) mixtures of lead
      sulfide and copper sulfide, and (4) mixtures of lead sulfide and zinc
      sulfide, by applying DC current to said ore pulp from electrodes inserted
      in said pulp, at a current density of from 0.002 to 20 A/dm.sup.2 and at a
      voltage of from 0.5 to 750 V, for a period of time effective to depress
      the flotability of iron sulfide in the case of mixture (1), copper sulfide
      in the case of mixtures (2) and (3), and lead sulfide in the case of
      mixture (4) relative to the remaining metal sulfides in the respective
      mixtures whereby to improve their separation characteristics;
      discontinuing application of said DC current; and then adding flotation
      agent to said electrically preconditioned pulp and subjecting said
      electrically preconditioned pulp to froth flotation in a flotation cell,
      and recovering from the flotation cell a concentrate of zinc sulfide in
      the case of mixture (1), molybdenum sulfide in the case of mixture (2),
      lead sulfide in the case of mixture (3), and zinc sulfide in the case of
      mixture (4).
NUM  2.
PAR  2. The method of claim 1, in which an electric conditioning agent is added
      to said ore pulp prior to or during application of said DC current.
NUM  3.
PAR  3. The method of claim 2, in which said electric conditioning agent is
      selected from the group consisting of KOH, NaOH, Zn(OH).sub.2,
      Ca(OH).sub.2, NH.sub.4 OH, HC1, H.sub.2 SO.sub.4, HNO.sub.3, H.sub.2
      C.sub.2 O.sub.4 and CH.sub.3 COOH and salts of the latter five acids.
NUM  4.
PAR  4. The method of claim 1, in which the material of said electrodes is
      selected from Al, Fe, Cu, Zn, Pb, Ni, alloys thereof and carbon, and is
      selected in relation to the constituent metal sulfides of said ore pulp so
      as to impose a substantially greater flotability depression on one of said
      metal sulfides than it does on another metal sulfide of said ore pulp.
NUM  5.
PAR  5. The method of claim 1, in which said ore pulp is a mixture of zinc
      sulfide and iron sulfide, said electrodes are made of Ni, and a
      concentrate of zinc sulfide is recovered as the froth.
NUM  6.
PAR  6. The method of claim 1, in which said ore pulp is a mixture of molybdenum
      sulfide and copper sulfide, said electrodes are made of Fe, and a
      concentrate of molybdenum sulfide is recovered as the froth.
NUM  7.
PAR  7. The method of claim 1, in which said ore pulp is a mixture of lead
      sulfide and copper sulfide, said electrodes are made of Al, and a
      concentrate of lead sulfide is recovered as the froth.
NUM  8.
PAR  8. The method of claim 1, in which said ore is a mixture of lead sulfide
      and zinc sulfide, said electrodes are made of Al, and a concentrate of
      zinc sulfide is recovered as the froth.
PATN
WKU  039336263
SRC  5
APN  3790045
APT  1
ART  177
APD  19730712
TTL  Classifier for particulate material
ISD  19760120
NCL  5
ECL  3
EXA  Hill; Ralph J.
EXP  Lutter; Frank W.
NDR  1
NFG  1
INVT
NAM  Stukel; James
CTY  Ottawa
STA  IL
INVT
NAM  Rentz; Robert G.
CTY  Ottawa
STA  IL
ASSG
NAM  Ottawa Silica Company
CTY  Ottawa
STA  IL
COD  02
CLAS
OCL  209134
XCL  209142
ICL  B07b  402
FSC  209
FSS  134-137;156;32;33;142;143
UREF
PNO  197897
ISD  18771200
NAM  Rice
OCL  209135
UREF
PNO  447027
ISD  18910200
NAM  Hallowell
OCL  209142
UREF
PNO  494800
ISD  18930400
NAM  Shumaker
OCL  209135
UREF
PNO  601728
ISD  18980400
NAM  Case
XCL  209139R
UREF
PNO  775965
ISD  19041100
NAM  Edison
OCL  209135
UREF
PNO  1042836
ISD  19121000
NAM  Stromborg
OCL  209135
UREF
PNO  1491429
ISD  19240400
NAM  Stebbins
OCL  209135
UREF
PNO  3098781
ISD  19630700
NAM  Greten
OCL  209134
FREF
PNO  545,573
ISD  19221000
CNT  FR
OCL  209135
LREP
FRM  Hofgren, Wegner, Allen, Stellman & McCord
ABST
PAL  A classifier for particulate material of the type wherein a stream of the
      particles to be classified is introduced into a moving stream of air,
      classification being achieved by the varying degree of entrainment of the
      particles in the air stream due to their difference in size. The
      classifier employs a closed housing having a plurality of outlets, each
      for a different size of particle, and an inlet located thereabove. An air
      impeller drives a current of air across the particle outlets. The housing
      is closed so that the air defining the stream is continuously
      recirculated. At a point in the air stream downstream of the outlets there
      is provided an enlarged chamber through which the air flows at an
      extremely low velocity to preclude particles from being entrained in the
      air to be carried back to the air impeller.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to classifiers for particulate material and, more
      particularly, to classifiers of the type wherein particles are distributed
      to various collection points by entrainment in a moving current of air.
PAR  Representative prior art includes the following U.S. Pat. Nos.: Rice
      197,897; Frink 248,584; Davidson 527,835; Edison 775,965; Stromborg
      1,042,836; Stebbins 1,759,959; Stebbins 1,834,981; Cowher 2,978,103; and
      Murphy 3,385,436.
PAR  A variety of industries require the use of classifiers for particulate
      material in their operations. Most particulate material classifiers fall
      into either of two general categories. The first general category employs
      the use of screens which, in many instances, are sufficient for a
      particular type of job. However, where a high throughput of material to be
      classified is required, screen type classifiers are impractical.
PAR  The second basic type of classifier is one which classifies by entraining
      particles in an air stream. Heavier particles are less likely to be
      substantially entrained than lighter particles and classification is thus
      achieved by taking advantage of this fact. Air stream classifiers have the
      advantage over screen classifiers of handling far greater amounts of
      material.
PAR  However, most air stream classifiers in use today are not without their
      disadvantages. In many instances, the particulate material to be treated
      will contain substantial fines that will not drop out of the air stream at
      the endmost classifying stage. As a result, in many instances, such fines
      are discharged into the environment with the exhaust from the air stream
      thereby causing an air pollution problem.
PAR  Attempts have been made to eliminate the air pollution problem by
      recirculating the air. The above identified Murphy patent is
      representative of this approach. However, where the particulate material
      is relatively hard as, for example, sand, the fines mentioned above are
      recirculated through an air impelling device and may cause rapid
      deterioration of the same due to abrasive contact therewith. Thus, such
      equipment requires substantial maintenance.
PAC  SUMMARY OF THE INVENTION
PAR  It is the principal object of the invention to provide a new and improved
      air classifier for particulate material. More specifically, it is an
      object of the invention to provide such a classifier wherein entrained
      fines are not discharged into the environment and wherein provision is
      made to minimize the entrainment of fines so as to enhance the longevity
      and maintenance-free life of the classifier.
PAR  The exemplary embodiment achieves the foregoing objects in an apparatus
      including a generally horizontally elongated, substantially closed housing
      having upper, lower, side and end walls. Intermediate the ends of the
      bottom wall, there is provided a plurality of individual outlets which
      extend transversely of the housing between the side walls and which are
      arranged serially in the direction of elongation thereof. An air impelling
      device is located within the housing adjacent one end thereof and is
      operable to direct air from that end toward the other end across the
      particulate material outlets.
PAR  A material inlet is also located within said housing and includes an
      elongated metering orifice within the housing which extends transversely
      of the housing and through which particulate material may be introduced
      into the housing. The orifice is on the lower end of a manifold which, in
      turn, is connected via a pipe to the exterior of the housing so as to
      establish a "head" of particulate material to promote uniformity of flow
      of material into the housing. The orifice is located directly above or
      upstream of the nearest particle outlet so that particulate material
      flowing therefrom will be entrained in a current of air generated by the
      air impeller with the heavier particles dropping more directly downwardly
      under the influence of gravity than the lighter particles to achieve
      classification.
PAR  To promote uniformity of classification, means are located between the air
      impeller and the particle inlet to provide a laminar flow condition in the
      air stream across the particle outlets. In the exemplary embodiment,
      screens are employed for this purpose.
PAR  Downstream of the inlet, there is provided a baffle means for directing the
      lightest particles toward the endmost particle outlet to minimize
      entrainment thereof. In addition, downstream of the last particle outlet
      is an enlarged chamber through which the air stream flows. Because of the
      enlargement of the chamber, the velocity of the air flow therethrough is
      relatively minimal, allowing the lightest particles to drop out of the air
      stream. Means are associated with the chamber for directing such particles
      to the last particle outlet.
PAR  An air path is also established between the chamber and the air impeller to
      provide for recirculation within what amounts to an essentially sealed
      housing to preclude the discharge of entrained material into the
      surrounding atmosphere.
DRWD
PAR  Other objects and advantages will become apparent from the following
      specification taken in conjunction with the accompanying drawings.
PAC  DESCRIPTION OF THE DRAWING
PAR  The FIGURE is a perspective view of a particle classifier made according to
      the invention with one side wall totally broken away for clarity.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  An exemplary embodiment of a particulate material classifying apparatus
      made according to the invention is illustrated in the Figure and is seen
      to include a generally closed housing, generally designated 10, including
      an upper wall 12, a pair of side walls 14 (only one of which is shown), a
      means, generally designated 16, defining one end wall, a means, generally
      designated 18, defining an opposed end wall, and a bottom wall 20.
PAR  Mounted on the exterior surface of the upper wall 12, near the end 18, is a
      frame 22 mounting bearings 24 which journal a shaft 26 for rotation about
      a substantially vertical axis. The shaft 26 is elongated and extends into
      the interior of the housing 10 to mount an air impelling blade 28. The
      upper end of the shaft 26 mounts a sheave 30 about which is trained a belt
      32. The belt 32 is also trained about a sheave 34 on the output shaft 36
      of a drive motor 38. As a result of the foregoing construction, when the
      drive motor 38 is energized, the impeller 28 will be rotated to establish
      a current of air which follows a path to be described hereinafter within
      the housing 10.
PAR  The upper wall 12 of the housing 10 also includes an opening 40 through
      which a conduit 42 sealingly passes. The upper end of the conduit 42
      terminates in a hopper 44 into which particulate material 46 may be
      received from any suitable source, schematically indicated at 48. The
      lower end of the conduit 42 within the housing 10, and substantially below
      the inner surface of the upper wall 12, terminates in an elongated
      manifold 50 which, as can be seen, is oriented generally transverse to the
      direction of elongation of the housing 10 and is generally horizontal. The
      manifold 50, at its lower end, includes downwardly projecting, spaced lips
      52 defining a particle passage 53. Above the latter and within the
      manifold 50 is a removable orifice plate 54 having an elongated metering
      slot 55 which is elongated transversely of the housing 10 and aligned with
      the passage 53. As a result, a uniform stream of particulate material may
      be introduced across the interior of the housing. By changing the plate 54
      to a similar plate having a wider or narrower slot 55, the flow rate may
      be appropriately regulated.
PAR  The provision of the manifold 50, conduit 42 and hopper 44 allows
      particulate material 46 to be held in the apparatus sufficiently as to
      establish a "head" of material above the metering slot 55 to promote
      uniformity of flow of the material therethrough in much the same manner as
      liquid flow is controlled. The head also seals the inlet precluding air
      from being drawn into the housing thereby precluding the exhausting of air
      from the housing through the outlets thereof.
PAR  A flow path defining member 56 is located within the housing 10 as
      substantially an extension of the upper surface of the manifold 50 and is
      directed toward the end 18 of the housing 10 in the general proximity of
      the impeller 28. Curved baffles 58 are located about the impeller 28 for
      the usual purposes.
PAR  Below the plate 56 is a similar plate 60 which joins with substantially the
      lower end of the lip 52 nearest the housing end 18. Interposed between the
      plate 60 and the bottom wall 20 of the housing 10, are one or more screens
      62. Between the screens 62 and the impeller are one or more curved air
      flow directing baffles 64. The overall arrangement is such that when the
      motor 38 is energized, air will be drawn across the plate 58 and directed
      by the impeller 28 across the baffles 64 and through the screens 62. The
      latter serve to establish a laminar flow condition in the current of air
      after the same has passed through the screen 62 to encounter particulate
      material flowing through the slot 55. That is, the screens 62
      substantially eliminate turbulence in the air stream to promote accurate
      classification.
PAR  Downstream of the screens 62 and the slot 55 are a plurality of particle
      outlets. The same are arranged transverse to the elongated dimension of
      the housing 10 and serially intermediate the ends thereof. A first of the
      particle outlets is designated 66 and will receive the coarsest particles
      being classified. By means of formed metal ducting 68, the particles
      received in the outlet are directed to the corresponding outlet tube 70
      from which the sized particles may be taken and applied to that ultimate
      use.
PAR  As can be observed from the FIGURE, upwardly extending plates of
      progressively increased length 72 are associated with the downstream side
      of each of the outlets 66 going from the end wall 18 toward the end wall
      16. This, in effect, increases the effective size of the particle
      receiving opening of each of the particle outlets 66 while in essence
      canting the opening in the general direction of the slot 55.
PAR  As illustrated, fifteen of the particle outlets 66 are provided, although a
      greater or lesser number could be used. A sixteenth outlet is generally
      designated 74 and has an effective particle receiving area many times that
      of a given one of the outlets 66. The outlet 74 is intended to receive the
      finest of the particles introduced through the orifice 54. The outlet 74
      may be defined by an inverted pyramid-shaped sheet metal structure 78
      terminating in an outlet tube 80. To the upstream side of the outlet 74
      there is provided a baffle means, generally designated 82, for directing
      the air stream, after it has passed the downstream most one of the outlets
      66, toward the outlet 74.
PAR  In the exemplary embodiment, the baffle means 82 are arranged as a
      plurality of plates 84 in a louver-like formation. The plates 84, in
      connection with a plate 86, extending to the upper surface of the manifold
      50 together with the side walls 14, that portion of the upper wall 12
      adjacent the end wall 16 and the end wall 16, define an enlarged chamber
      90. The chamber 90 is, as is apparent from the FIGURE, downstream of the
      particle outlets 66 and 74 and because of the substantial enlargement in
      its size over the remainder of the flow path for the air, it will be
      appreciated that air in the chamber 90 will be moving at an extremely low
      velocity such that even extreme fines are free to drop out of entrainment
      in the air stream into the outlet 74. To assist in this function, the end
      wall 16 may include a diagonal section 92 which acts as a chute for the
      fine material to direct the same to the outlet 74.
PAR  It will be appreciated from the foregoing description of the exemplary
      embodiment of the invention that a classifier made according to the
      invention provides reliable, accurate, high capacity classification of
      particulate material such as sand. It will also be recognized that by
      reason of the air circulation path, entrained fines are not discharged
      into the environment to cause a pollution problem. Moreover, by reason of
      the provision of the enlarged chamber 90, the entrainment of fines in the
      return path for the air to the impeller is virtually eliminated. As a
      result, where abrasive materials, such as sand, are being classified, the
      equipment will be relatively maintenance free and long-lived since
      abrasive contact with the impeller 28 is virtually eliminated.
PAR  A classifier made according to the invention is ideally suited for ganging
      in multiples of the housings 10 in side-by-side relationship. When more
      than one of the housings are employed in a ganged relationship, one of the
      motors 38 may drive two or more of the impellers 28. In such a case, a
      single orifice plate 55 having a length sufficient to extend through all
      of the side-by-side housings may be employed, leakage about such an
      orifice plate being negligible by reason of the seal provided by the head
      of particulate material as mentioned previously.
CLMS
STM  We claim:
NUM  1.
PAR  1. A particle classifier comprising: a generally closed housing having an
      inlet through which particulate material may be introduced into the
      housing for classification purposes and a plurality of outlets located
      below said inlet and in serial fashion extending along one boundary of
      said housing, said outlets being to one side of said inlet; means within
      said housing on the other side of said inlet for forcing a current of air
      across said inlet to said one side thereof for entraining particles
      introduced into said housing through said inlet whereby heavier particles
      will be received in outlets nearer to said inlet and light particles will
      be carried to outlets further from said inlet; means within said housing
      defining a flow path for air from said inlet one side to said inlet other
      side whereby said means for forcing a current of air is operative to
      continuously circulate air within said housing; and means within said flow
      path between said current of air forcing means and said further outlets
      defining an enlarged expansion chamber through which the current of air
      passes at a relatively low velocity so as to substantially preclude
      entrainment of the lightest ones of the particles introduced into said
      inlet back to said current of air forcing means, said chamber defining
      means including louvers for directing said current of air toward an outlet
      remote from said inlet.
NUM  2.
PAR  2. Particle classifying apparatus according to claim 1 wherein said inlet
      comprises a manifold extending across said housing and having an elongated
      opening through which particles may pass into said housing and means for
      delivering particulate material to be classified to said manifold to
      establish a head of particulate material in said manifold above said
      opening including an upright conduit in communication with said manifold
      and hopper means mounted on said conduit.
NUM  3.
PAR  3. Air classifying apparatus for particulate material comprising: a
      generally horizontally elongated, substantially closed housing having an
      upper side, a bottom side, a pair of side walls, and means defining end
      walls; means in said bottom wall intermediate the ends thereof defining a
      plurality of individual particle outlets, said outlets extending
      transversely of said housing and being arranged serially in the direction
      of elongation thereof; an air impelling device located within said housing
      adjacent one end thereof and operable to direct air from said one end
      toward the other end across said particle outlets; a particulate material
      inlet within said housing including an elongated metering orifice within
      said housing extending transversely of said housing through which
      particulate material may be introduced into said housing, said orifice
      being located directly above or upstream of the particulate outlet nearest
      said housing one end so that particulate material flowing therefrom will
      be entrained in a current of air generated by said air impelling device
      with the heavier particles dropping more directly downwardly under the
      influence of gravity than the lighter particles; means downstream of said
      impeller and upstream of said orifice for establishing a laminar air flow
      characteristic in the current of air generated by said air impeller prior
      to the impingement of said current of air on a stream of particles
      emanating from said orifice; light particle directing means within said
      housing for directing extremely light particles entrained in said current
      of air toward at least the particle outlet nearest the other end of said
      housing; and said housing including an enlarged chamber downstream of said
      particle outlet nearest said other end, said chamber being sufficiently
      large that a current of air passing therethrough is at a relatively low
      velocity to substantially preclude particles entrained in said current of
      air from passing through said chamber; means associated with said chamber
      for directing particles entrained in air reaching said chamber toward one
      of said particle outlets; and means associated with said chamber for
      redirecting air therefrom toward said air impelling device to define a
      closed air circulation path.
NUM  4.
PAR  4. Air classifying apparatus for particulate material comprising: a
      generally horizontally elongated, substantially closed housing having an
      upper side, a bottom side, a pair of side walls, and means defining end
      walls; means in said bottom wall intermediate said end walls defining a
      plurality of individual particle outlets, said outlets being arranged
      serially in the direction of elongation of said housing; means associated
      with said housing for directing a current of air from one end thereof
      toward the other end thereof across said particle outlets; a particulate
      material inlet within said housing through which particulate material may
      be introduced into said housing, said inlet being located directly above
      or upstream of the particulate outlet nearest said housing one end so that
      particulate material flowing therefrom will be entrained in said current
      of air when said air directing means is operating with the heavier
      particles dropping more directly downwardly under the influence of gravity
      than the lighter particles; said housing further including an enlarged
      chamber adjacent said other end and downstream of said particle outlet
      nearest said other end, said chamber being sufficiently large so that said
      current of air after passing of said particle outlets at a relatively high
      velocity will move within said chamber at a relatively low velocity to
      substantially preclude particles entrained in said current of air from
      passing through said chamber; means associated with said chamber for
      directing particles coming out of entrainment in said current of air
      within said chamber to one of said particle outlets; and means
      establishing a closed air flow path from said chamber to said housing one
      end; said means for directing particles comprising louvers overlying at
      least some of said outlets, said louvers being directed to cause said
      current of air to flow downwardly towards said one particle outlet.
NUM  5.
PAR  5. An air classifying apparatus according to claim 4 wherein said means
      defining a closed flow path is located wholly within said housing.
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ABST
PAL  The present invention relates to the elimination by biological means of
      organic waste matter of household or industrial origin or petroleum waste
      matter. According to the invention the needs in carbon, nitrogen,
      phosphorus and trace elements of specific aerobic micro-organisms of the
      waste material to be eliminated and the optimum pH are determined
      experimentally, the content of each of these nutritive elements in the
      waste material to be eliminated is analysed, the said waste matter is
      placed in suspension in water and at least nitrogen and phosphorus
      contents and the pH of the suspension are controlled by adding elements
      which contain them so that said contents and pH agree with those necessary
      to the specific micro-organisms of the said waste matter, and the
      suspension is aerated. The element added to control the nitrogen and
      phosphorus contents is mainly constituted by vinasses, of which the
      nitrogen content is controlled with ammonium nitrate, the phosphorus level
      with dicalcium phosphate and the carbon level with calcium carbonate. The
      waste matters to be eliminated are mainly cellulose waste matters and
      petroleum residues.
PARN
PAR  This is a continuation of application Ser. No. 259,850, filed June 5, 1972,
      now abandoned.
BSUM
PAR  The present invention relates to the elimination by biological means of
      organic waste matter of household or industrial origin or petroleum waste
      matter. It is known that organic waste matters in suspension in water are,
      when the oxygenation of the water is sufficient, subjected to natural
      biodegradation under the influence of aerobic micro-organisms, but this
      biodegradation is slow because the aqueous milieu in which the waste
      matters are in suspension is often unsuitable or at the very least is not
      the best for the development of these micro-organisms.
PAR  In order to develop the micro-organisms need air, which requirement is
      generally met in a known manner by means of mixing and aerating. But they
      equally need carbon, nitrogen, phosphorus and trace elements in well
      defined proportions. The micro-organisms which are specific for the
      degradation of certain substances show maximum development when they are
      located in a specific pH medium. The technique of biological purification
      by the method referred to in the case of activated sludge is limited to
      artificial aeration of the aqueous suspension, which aeration makes it
      possible to meet the biochemical oxygen requirement but is insufficient as
      nutritive requirements of the micro-organisms which destroy organic
      substances by means of oxidation and mineralization are concerned. In
      order to compensate for this insufficiency in the known method it is
      necessary to recycle the activated sludge which is enriched in
      micro-organisms but this recycling leads to an increase in the volume
      which has to be treated.
PAR  It is moreover necessary when it is desired to eliminate such waste matters
      which per se constitute a source in certain of the nutritive elements
      which are necessary to the micro-organisms not to add to the medium large
      quantities of sources of the same nutritive elements which are more easily
      consumed by the said micro-organisms.
PAR  In addition the waste matters must be dispersed in stable suspension and it
      is impossible to subject to biological degradation certain waste matters
      such as petroleum waste matters unless they are likewise emulsified.
PAR  The present invention thus aims to provide a process for biologically
      eliminating organic waste matter in suspension in water by means of
      aerobic micro-organisms in which the suspension is diluted and which
      latter is aerated in order to satisfy the biochemical oxygen requirement,
      according to which the needs in carbon, nitrogen phosphorus and trace
      elements of specific aerobic micro-organisms of the waste material to be
      eliminated and the optimum pH are determined experimentally, the content
      of each of these nutritive elements in the waste material to be eliminated
      is analysed, the said waste matter is placed in suspension in water and at
      least nitrogen and phosphorus contents and the pH of the suspension are
      controlled by adding elements which contain them so that said contents and
      pH agree with those necessary to the specific micro-organisms of the said
      waste matter.
PAR  The present invention aims to provide in particular a process for
      eliminating cellulose waste matters, according to which the nitrogen
      content of the suspension containing them is controlled at 2 to 6% by dry
      weight of the said waste matter and the phosphorus content at 0,8 to 2% of
      the dry weight of the said waste matter.
PAR  The present invention likewise intends to provide a process for eliminating
      petroleum residues according to which the said residues are emulsified in
      water using a glue and the nitrogen content of the suspension containing
      them is controlled at 6 to 8% by weight of the said residues and the
      phosphorus content at 1 to 3% of the weight of the said residues.
PAR  According to the invention it is also possible to add to the suspension
      specific growth agents of the micro-organisms such as extracts of yeast.
PAR  Sources of carbon capable of making up for an insufficiency of carbon in
      the waste matter to be eliminated can be for example carbohydrates such as
      cellulose waste matter, (paper, textile waste, vegetable remains, etc.)
      and waste matter from sugar refining, malting, the maize industry,
      hydrocarbons such as petroleum residues, lipides such as residues from
      soap manufacture and food industries and alkaline or alkaline-earth
      carbonates.
PAR  A source of nitrogen capable of making up an insufficiency of nitrogen in
      the waste matters to be eliminated can be for example organic compounds of
      nitrogen such as urea, waste matter from foodstuffs, waste matter from
      foodstuffs industries (vinasse, waste matter from dairies, from tanneries,
      etc.) glue from bones, skins or fish and all ammonium salts such as
      nitrates, sulphates and phosphates of ammonium.
PAR  The phosphorus can be added in the organic form of animal waste matter or
      in the mineral form of alkaline or alkaline-earth phosphates.
PAR  Trace elements are present in numerous types of waste matter, for example
      in vinasses.
PAR  In order to emulsify in the water petroleum waste matters such as crude
      petroleum, resudual sludge, oils and grease, soluble oils etc. use is made
      of a biodegradable dispersing agent such as glues from bones, skins or
      fish and natural gums (tragacanth, arabic, etc.).
PAR  The present invention also intends to provide specific compositions for the
      elimination by means of biological degradation of specific waste matters,
      which are constituted principally by vinasses of which the nitrogen
      content is controlled with ammonium nitrate, the phosphorus level with
      dicalcium phosphate and the carbon level with calcium carbonate.
PAR  Vinasses are in fact cheap sources of nitrogen and trace elements as they
      themselves constitute distillation residues. They are moreover, unlike
      molasses, lacking in sugar and alcohol which are the sources of carbon
      most easily consumed by micro-organisms. Thus their presence does not
      interfere with the biological degradation of the carbonacous part of the
      waste matters.
PAR  The present invention also intends to provide a composition for the
      biological elimination of cellulose waste matters constituted in its
      active part by 50 to 70% by weight of vinasse, 0 to 30% by weight of
      ammonium nitrate and 15 to 30% by weight of dicalcium phosphate.
PAR  It likewise has as its object a composition for the biological elimination
      of petroleum residues constituted in its active part by 40 to 60% by
      weight of vinasse, 0 to 12% by weight of ammonium nitrate, 3 to 8% by
      weight of dicalcium phosphate, 25 to 40% by weight of calcium carbonate
      and 1 to 3% by weight of glue.
PAR  Ammonium nitrate can often be suppressed when the vinasses are very rich in
      nitrogen.
PAR  Active part is taken in the above to mean the part which intervenes in the
      process of biological elimination of waste matters, and it is quite clear
      that the compound can contain water or additional mineral or organic
      substances.
PAR  The present invention also intends to provide a process for eliminating
      cellulose waste matters in accordance with which a composition as above
      described is added at the rate of 10 to 35% by weight of the weight of
      cellulose waste matter which it contains, to an aqueous suspension with
      acid pH containing the said waste matter and the suspension is aerated.
PAR  It also has as it aim a process for eliminating petroleum residues
      according to which to 100 parts by weight of waste matter there are added
      70 to 200 parts by weight of a composition as above described the mixture
      being stirred with 10 to 30 times its own weight of water, and the
      resultant emulsion being aerated.
DRWD
PAR  There follows a description of examples of use of the invention.
PAC  EXAMPLE 1
PAR  To eliminate cellulose waste matters, waste matters from paper-making,
      papers, cellulose textile waste matters, a paste has been prepared
      constituted by :
     Vinasses from distillation of molasses                                    

                                60%                                            

     Ammonium nitrate           20%                                            

     Dicalcium phosphate        20%                                            

PAR  The waste matters have been placed in suspension in the water when there
      was still none (residual waters) and the suspension was acidified with
      nitric acid so as to have the optimum pH of 5.5.
PAR  To the suspension was added 20% by weight of the cellulose waste matters to
      be eliminated of the above composition. The suspension was aerated. After
      30 days the cellulose waste matters had disappeared.
PAC  EXAMPLE 2
PAR  In order to eliminate petroleum residues constituted by residual sludge a
      paste was prepared constituted by :
TBL  Vinasse                 39%                                               

     Ammonium nitrate         7%                                               

     Dicalcium phosphate      4%                                               

     Calcium carbonate       29%                                               

     Glue (skins glue)        1%                                               

     Water                   20%                                               

PAR  This paste was mixed in equal parts to the petroleum residues and the
      mixture was stirred with 20 times its own weight of water then the
      emulsion which was obtained was stored in a tank with forced aeration.
      After 25 days chromatography showed total degradation of the hydrocarbons.
PAC  EXAMPLE 3
PAR  In order to eliminate petroleum residues constituted by greasing oils a
      paste was prepared constituted by :
TBL  Potassium vinasse       15%                                               

     Magnesium vinasse       30%                                               

     Dicalcium phosphate      6%                                               

     Calcium carbonate       30%                                               

     Glue (arabic gum)        1%                                               

     Water                   18%                                               

PAR  This compound was added weight for weight to greasing oils and to the
      mixture was added 30 times its own weight of water. The emulsion was
      poured out over a soil constituted by a mixture of sand and gravel. After
      60 days no trace of hydrocarbon was detected in the soil.
PAR  The embodiments described above by way of example can be modified in
      numerous ways without thereby exceeding the scope of the present invention
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the elimination of petroleum residues by biodegradation,
      comprising adding to 100 parts by weight of said residue, 70 to 200 parts
      by weight of a composition consisting essentially of 40 to 60% by weight
      of vinasse, a substantial amount up to 12% by weight of an ammonium
      compound selected from the group consisting of ammonium nitrate, ammonium
      sulphate and ammonium phosphate, 3 to 8% by weight of a phosphate selected
      from the group consisting of alkali phosphate and alkaline earth
      phosphate, 25 to 40% by weight of a carbonate selected from the group
      consisting of alkali carbonate and alkaline earth carbonate, and 1 to 3%
      by weight of glue, mixing said composition with 10 to 30 times its weight
      of water to form an emulsion, and aerating said emulsion.
NUM  2.
PAR  2. A process according to claim 1, in which said glue is a member selected
      from the group consisting of bone glue, skin glue, fish glue and natural
      gums.
NUM  3.
PAR  3. A process as claimed in claim 1, in which said ammonium compound is
      ammonium nitrate, said phosphate is dicalcium phosphate and said carbonate
      is calcium carbonate.
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ABST
PAL  This invention relates to an improved anaerobic digestion apparatus for
      decomposable organic materials characterized by a digestor covered and
      sealed by a liquid-filled pond heated with solar energy. The effluent from
      the fermentation reaction taking place in the digestor has excellent
      absorptivity for solar energy and is advantageously used as the heat
      transfer medium filling the pond. The pond is covered with a translucent
      roof capable of transmitting solar energy, such roof cooperating with the
      liquid-filled pond therebeneath to produce an artificial environment of
      reduced sensitivity to atmospheric conditions which is operative to help
      maintain a condition of stable equilibrium within the digestor. In the
      preferred embodiment, the vessel forming part of the digestor in which the
      fermentation reaction takes place comprises an excavated trench lined with
      a suitable fluid-impermeable membrance while the roof over the pond
      consists of an inflatable air-supported bubble. Also preferred is to float
      the pond upon the fermenting material in the digestor by covering the
      latter with a flexible fluid-filled float-supported membrane. The
      invention also encompasses the novel method of carrying out anaerobic
      digestion of decomposable organic materials which includes sealing and
      insulating the open-topped reaction vessel by covering same with a
      fluid-filled pond, heating the fluid in the pond with solar energy, and
      circulating the fluid thus heated through the feedstock in the digestor so
      as to maintain a near constant temperature therein conducive to
      fermentation. The invention further includes such novel steps as floating
      the pond upon the fermenting feedstock in the digestor, burying the
      reaction vessel to minimize heat transfer through the walls thereof, and
      establishing a self-regulating environment above the digestor which
      insulates same from the more radical, and sometimes extreme, fluctuations
      in atmospheric temperature and light conditions occurring outside thereof.
BSUM
PAR  Anaerobic digestion systems for decomposable organic waste materials are
      widely known and used, especially in the production of clear, potable
      water in a waste water treatment facility. All such systems result in the
      production of so-called "bio-gas" resulting from the action of the
      methanogenic bacteria on the organic feed material. This bio-gas
      by-product is a mixture of methane, carbon dioxide and hydrogen sulfide.
      More specifically, bio-gas is about 70% methane, 30% CO.sub.2 and a trace,
      10ppm or so, H.sub.2 S. Once the CO.sub.2 and H.sub.2 S are removed or at
      least reduced to acceptable limits, the methane is usable and marketable
      just the same way as natural gas.
PAR  The bio-gas generated in a waste water treatment facility is either
      consumed or flared as waste gas and it is always considered as a
      by-product, the primary product being the clean water. Nevertheless, the
      principles and techniques used in waste water treatment can, with certain
      changes, be made adaptable to a synthetic fuels facility where the
      emphasis becomes one of gas production rather than potable water. These
      changes amount to a modification of the feed composition so as to optimize
      gas production, selecting operating temperatures most favorable to the
      methane-producing (methanogenic) bacteria and controlling the latter
      through the use of a novel solar-heated heat sink covering the digestor so
      as to prevent "temperature-shock" in the bacteria.
PAR  Now, while the potential of tremendous volumes of organic waste materials
      as a source of fuel has long been recognized, to date none has succeeded
      in building a processing plant that is practical from a commercial
      standpoint due to the unfavorable economics and the particular technical
      problems involved. Some of these problems are general in nature in that
      they effect the practicality of any anaerobic digestion system regardless
      of what type of decomposable organic waste material is used as a feed, a
      few of the more important of which are as follows:
PA1  1. Huge sealed tanks are needed which possess the capacity to handle the
      tremendous volume of feedstock that must be processed in order to realize
      any commercially significant output of gas.
PA1  2. The feedstock must be mixed, specially prepared and, perhaps, even
      treated before being introduced into the digestor so that it can be
      handled efficiently, will enter and remain compatible with the bacteria,
      and is optimized from a chemical standpoint for gas production.
PA1  3. Once in the digestor, the feedstock has to be mixed to promote efficient
      bacterial action and the temperature of the system must be controlled and
      maintained within a degree or two one way or the other at levels in excess
      of 90.degree.F.
PAR  While there are many known sources of decomposable organic waste materials
      susceptible of undergoing anaerobic digestion and producing bio-gas as a
      result thereof, probably one of the most significant ones is manure.
      Manure, in addition to the ever-present problem of its odor, creates a
      number of special problems which, in some instances at least, contribute
      to the already overwhelming problems associated with using anaerobic
      digestion of decomposable organic wastes as the means for generating
      methane. One very serious problem is that in gathering up the manure to be
      processed, it is never free of dirt, sand, straw and other contaminants
      present in the area where the cattle are confined and much of which may
      have to be removed prior to its being treated. Barnyard manure from cattle
      allowed to forage for themselves as opposed to feedlot manure is, in
      addition, inconsistent in texture and other physical characteristics which
      makes it difficult to handle and poses a multitude of sizing, pumping and
      piping problems. Furthermore, barnyard manure often differs chemically
      from feedlot manure in that it usually contains a considerably higher
      proportion of constituents which are not effected by bacterial action and,
      as a result, eventually form a scum on the surface of the digestor which
      has to be removed.
PAR  It has now been found in accordance with the teaching of the instant
      invention that these and other shortcomings of the prior art facilities
      and methods for the anaerobic bacterial decomposition of organic waste
      materials can, in large measure, be overcome by the simple, yet unobvious,
      expedient of covering and sealing the digestor with a liquid-filled pond
      forming a heat sink, then roofing over the latter with a translucent dome,
      preferably inflatable, which transmits solar energy to the fluid in the
      sink, and then using the fluid thus warmed as the heat transfer medium for
      maintaining the digestor temperature within prescribed limits. The
      digestor preferably comprises a trench capable of retaining the feedstock,
      the open top of which is both closed and sealed by means of a cover that
      functions as the receptacle for the fluid in the pond atop thereof. This
      cover can float on the feedstock slurry in the digestor and the effluent
      from the digestor is ideally suited for use as the heat transfer medium in
      the pond because its dark brown to black color is highly absorptive of the
      solar energy. By using an inflatable bubble as the translucent dome or
      canopy over the digestor in place of a rigid structure, considerable cost
      savings are effected, especially in large scale installations.
PAR  It is, therefore, the principal object of the present invention to provide
      a novel anaerobic digestion system.
PAR  A second objective of the invention is to provide a system of the type
      aforementioned wherein solar energy is used to heat same.
PAR  Another object of the within-described invention is to provide a unique
      method of carrying out the anaerobic digestion of decomposable organic
      waste materials with special emphasis upon the storage and conservation of
      solar energy in a heat transfer medium used to maintain an essentially
      constant temperature environment.
PAR  Still another objective of the invention herein disclosed and claimed is to
      utilize the effluent from the digestor along with cover sealing same as
      the means for confining the bio-gas, generated in the latter, the heat
      transfer media within which the solar energy is stored and, lastly, as the
      insulation that prevents the feedstock from overheating or becoming too
      cool as the ambient temperature inside the translucent dome fluctuates.
PAR  An additional objective is to use the dome-covered pond as the means for
      creating an artificial environment that helps maintain a near constant
      temperature in the digestor despite wide variations in outside
      temperature, atmospheric conditions and daylight.
DRWD
PAR  Other objects will be in part apparent and in part pointed out specifically
      hereinafter in connection with the description of the drawings that
      follows, and in which:
PAR  FIG. 1 is a fragmentary top plan view of the primary digestor, portions of
      which have been broken away to reveal it covered by a floating pond and
      the pond, in turn, covered by an inflatable translucent bubble;
PAR  FIG. 2 is a section taken along line 2--2 of FIG. 1 to a greatly enlarged
      scale;
PAR  FIG. 3 is a fragmentary section still further enlarged showing the details
      of the trench bank, the liner for the trench, the floating pond liner and
      the end wall structure;
PAR  FIG. 4 is a longitudinal section taken along line 4--4 of FIG. 1 and to the
      same scale as FIG. 2, portions of the center section having been broken
      away and deleted to conserve space;
PAR  FIG. 5 is an enlarged fragmentary section similar to FIG. 3 and to the same
      scale as the latter showing the details of the wiers at opposite ends of
      the trench; and,
PAR  FIG. 6 is a schematic flow diagram showing the primary and secondary
      digestions, effluent lagoon and associated fluid-transfer piping employed
      in the fermentation of bio-degradable feedlot wastes that form part of a
      plant whose primary objective is the production of methane and carbon
      dioxide.
DETD
PAR  Before referring specifcally to the drawings, it will be helpful to mention
      that the invention forming the subject matter hereof will be described in
      connection with a large scale plant for the anaerobic digestion of
      commercial feedlot waste with the primary objective of such a plant being
      the production of methane for use as a gaseous fuel. It is in such a plant
      as this that the economics inherent in the design make the production of
      gaseous fuel commercially practicable; yet, this same system with but
      minor modification of a type well within the skill of an ordinary artisan,
      will function equally well for waste water treatment or, for that matter,
      the anaerobic digestion of any biodegradable organic waste. In fact, if
      the end product of the process is other than a low-priced fuel such as,
      for example, hydroponically-grown flowers, vegetables and the like, than a
      smaller installation becomes commercially attractive where one could
      conceivably afford a rigid translucent solar dome in place of an
      inflatable one and replace the trench-type digestor dug into the ground
      with a more conventional reaction vessel. Be that as it may, regardless of
      the particular end product produced by the system, its novel features
      remain germane thereto.
PAR  Since the instant anaerobic digestion system has been illustrated and will
      be described in connection with a plant to produce methane through the
      bacterial degradation of feedlot wastes, it would be well to first examine
      the conditions, both favorable and unfavorable, under which such a plant
      must operate. To begin with, the magnitude of such an operation becomes
      somewhat difficult to comprehend in that a large feedlot will have a
      "standing population" of around 100,000 cattle at any one time. These
      cattle are introduced into the pens at an average weight of around 700
      pounds each and sold, after being fed for five months, at an average
      weight of 1100 pounds.
PAR  The cattle are confined in pens to maximize their food intake while
      allowing only minimal exercise thus bringing about the greatest weight
      gain during the period of confinement. Fortunately, in order to achieve
      the maximum possible weight gain, the feed is specially formulated and its
      consistency results in the manure being consistent also. Moreover, the
      digestive system of a bovine animal utilizes bacteria similar to that
      employed in the digestor of the instant sytem, therefore, the specially
      formulated feed results in a manure which, likewise, is both physically
      and biologically ideally suited to the anaerobic process utilized in the
      method and apparatus forming the subject matter hereof.
PAR  After the cattle are "fed-out", the pens are emptied and the manure is
      scraped therefrom and removed for processing along with a substantial
      amount of soil, debris and other contaminants. Despite these contaminants,
      the manure is remarkably uniform even to its physical characteristics
      which make it easy to process mechanically into a mixture that can be
      processed easily and efficiently. The startling fact is that a 100,000 cow
      feedlot will generate a mixture each day of slightly over 3.3 million
      pounds of manure and dirt to be processed. This is only part of the story
      in that almost 6 million pounds of water is added to this waste material
      each day along with nearly 200,000 pounds of carbon, bringing the total
      weight of the feedstock being introduced into the system during each 24
      hour period in excess of 9 million pounds on an average.
PAR  Now, a conventional facility capable of processing this magnitude of
      material on a daily basis would, in addition to being huge, be so costly
      as to become uneconomical especially when used as a plant to produce
      primarily methane. For instance, the primary and secondary digestors must
      each have a volume or capacity of upwards of 1 1/3 million cubic feet
      which translates into two tanks some 40 feet deep, 82 feet wide and 700
      feet long. An ordinary above-ground structure of this size would be very
      expensive to say the least; therefore, in accordance with the teaching of
      the instant invention a novel and inexpensive substitute therefore will be
      used which has been illustrated in FIGS. 1 through 5 of the drawings to
      which detailed reference will now be made.
PAR  The anaerobic digestion apparatus has been designated broadly by reference
      numeral 10 and it will be seen to include a digestor similarly designated
      by numeral 12 which, in the particular form shown, comprises an excavated
      trench 14, the sides 16, bottom 18 and ends 20 of which are overlayed and
      sealed with a fluid impervious liner 22. A poured concrete rein 24 borders
      the entire trench and provides the footing to which the liner 22 and the
      cover 26 are anchored. In the particular form shown, the portions 26m of
      the rim 26 located at the ends of the trench (FIGS. 4 and 5) are truncated
      to produce horizontally-disposed platforms 28 atop which are erected
      variable height wiers 30 over which the liquid heat transfer medium 32 is
      allowed to flow from pond 34 atop cover 26 preparatory to being circulated
      through the feedstock sludge where it is used to maintain the latter at an
      essentially constant temperature. Bordering the truncated end sections 24m
      of the rim on the outside thereof are a pair of open-topped concrete tanks
      36 positioned at opposite ends that receive the heat transfer medium 32
      which has overflowed the wiers. The effluent in these tanks will be pumped
      therefrom through an underground piping system 38, the function of which
      is to circulate the heat transfer medium through the sludge in the
      digestor.
PAR  Bordering the trench 14 on the outside of the rim are concrete footings 40
      to which the inflatable translucent dome or canopy 42 is anchored to
      provide a roof over the digestor 12. The heat transfer medium 32 in the
      "floating" pond 34 is, of course, heated by the sun during the daytime
      while at night the moisture present inside the dome condenses on the cold
      surface thereof giving up heat in the process which helps to maintain an
      essentially constant temperature environment. The cover 26 is supported
      atop the feedstock slurry 44 in the trench upon floats 46. This cover 26
      is sealed to the trench liner 14 along the rim of the trench and
      cooperates therewith to define the anaerobic digestor 12 broken only by
      the vent 48 (FIG. 2) through which the bio-gas is withdrawn for further
      processing.
PAR  At this point it might be wise to explore in somewhat greater detail the
      various elements of the digestion system 10 for which purpose specific
      reference will be made to FIGS. 2-5, inclusive. First of all, the trench
      14 is shown excavated to provide downwardly and inwardly sloping side and
      end walls thus producing a large trough with trapazoidal cross sections
      both longitudinally and transversely. As already noted, a plant to handle
      the manure from a 100,000 cow feedlot will require two such trenches with
      each being 700 feet .times. 82 feet .times. 40 feet deep and having a
      capacity of 12.5 million gallons.
PAR  The poured concrete rim 24 bordering each tank has, as its prime purpose,
      the anchoring of both the trench liner 22 and the floating cover 26. In
      the particular configuration shown, it is round on top and has an inside
      wall 50 (FIG. 3) inclined at the same angle as the trench wall so as to
      form a coplanar continuation of the latter. The cover and trench liner are
      both draped across the rounded top edge and down along the outside wall 52
      to which they are secured by a length of channel iron 54 bolted onto studs
      56 projecting from the rim in which the heads are buried. Those truncated
      rim sections 24m at the ends of the trench merely have the cover and liner
      draped across horizontal surface 28 at which point they are anchored down
      by the wier 30 fastened atop the latter as shown in FIG. 5.
PAR  Rubber lined excavations are not novel but they do provide the necessary
      capacity at a cost for below that of surface tanks regardless of how they
      are made. For instance, rubber lined excavations are figured at current
      prices at around $0.02/gallon including excavation costs, whereas,
      conventional surface tanks cost anywhere from 21/2 to 5 times this much.
      It is presently purposed to line the trenches with a reinforced
      rubber-like material having a thickness in the neighborhood of 30 mils.
      While the same rubberized material may be used for the trench cover 26, it
      will carry a considerable hydrostatic load at least in the primary
      digestor and, for this reason, will have to be made from heavier stock
      say, for example, 45 mill material.
PAR  The floats 46 are cylinders of polystyrene that are buoyed up by the
      feedstock sludge 44 filling the trench. The rubber cover 26 is draped from
      float to float as shown in FIGS. 2 and 3 where it functions in cooperation
      with the trench liner to seal the interior of the digestor from the
      atmosphere and thus permit it to operate anaerobically. As will appear
      presently, the second stage digestor really can function quite well
      without the pond 34 overlying same; therefore, the floats 46 can, if
      desired, be eliminated altogether because the pressure of the bio-gas
      generated beneath the cover is entirely adequate to support same. The
      placement of the floats is, of course, a matter of choice just so long as
      enough of them are being used to adequately support the liquid-filled
      cover.
PAR  Pond 34 overlying the digestor is, in all probability, the most important
      single feature of the invention. At least the primary digestor has this
      pond filled with fluid to a depth of between 2 and 6 inches at all times.
      The effluent from the digestor itself is ideally suited for use as the
      heat transfer medium 32 that fills the pond 34 because it is dark brown to
      black in color and provides excellent heat absorptivity. It flows from
      pond 34 over the wiers 30 into the open-topped tanks 36 located at
      opposite ends of the digestor. It can then be pumped from these tanks and
      circulated through the heat exchanger 38 laid in the bottom of the trench.
PAR  These wiers are best revealed in FIGS. 3 and 5 and they will be seen to
      comprise nothing more than upright channels 58 and a transverse channel 60
      defined between the spaced parallel flanges of back-to-back angle irons
      fastened to the horizontal surface 28 atop truncated rim 24m and the
      vertically-extending walls at the ends thereof. A series of 2 .times. 4
      boards 62 are stacked one atop the other with the ends thereof confined
      within the upright channels as shown. The effective height of the wiers
      can, of course, be altered by removing one or more boards from the stack
      thereof and permitting the effluent to overflow those that are left into
      the holding tanks. The depth of the effluent in the pond is a function of
      how much is allowed to overflow the wiers into the holding tanks although,
      to some extent at least, its maximum depth is controlled by how full the
      trench is filled with the feedstock sludge. By carefully controlling the
      temperature of the effluent heat transfer medium in a manner to be set
      forth in detail presently, the temperature within the digestor can be
      maintained at a near constant level.
PAR  The only opening in the cover 26 admits vent 48 through which the bio-gas
      is withdrawn from the digestor for further processing to remove the
      CO.sub.2 and H.sub.2 S. Vent 48 is not, of course, open to the atmosphere,
      but rather, comprises a part of a closed system terminating in a gas
      storage facility.
PAR  The canopy 42 covering the digestor 12 comprises an important as well as an
      integral part of the digestion system as it not only transmits the solar
      energy to the heat transfer medium 32 in the pond 34 but, in addition,
      cooperates therewith to produce an artificial environment which is
      conducive to the conservation of the heat necessary to maintain the
      digestor at a constant temperature. While, as previously noted, a rigid
      translucent dome-like structure will function just as well in the instant
      anaerobic digestion system, its cost would be prohibitive in the size
      required to cover the digestors, especially in a fuel gas production
      facility; therefore, an inflatable plastic bubble constitutes the only
      practical solution. The material for such a bubble must transmit as much
      of the spectral and diffuse solar radiation as possible consistent with
      its possessing the requisite structural strength to withstand expected
      snow and wind loads, etc. Several such materials are commercially
      available and are presently used for this same general type of inflatable
      roof structure. It should be noted in passing that, while the bubble has
      been characterized herein as being "translucent" in that it must transmit
      solar energy to the heat transfer medium, it is to be understood that a
      transparent or semi-transparent roof-forming structure can also be used.
PAR  Next, reference will be made to the flow diagram of FIG. 6 for a detailed
      description of the method of using the previously-described apparatus for
      the anaerobic digestion of decomposable organic waste materials at a
      near-constant temperature. While the method is applicable to anaerobic
      digestion plants processing organic wastes for other purposes than methane
      recovery as well as those in which the feedstock is other than manure, a
      plant processing solid feedlot waste to produce fuel as its primary
      product has been selected for purposes of illustration because the
      economics made possible in accordance with the teaching of the instant
      invention are most necessary in such an application.
PAR  The raw feedstock enters the primary digestor 12P through feed line 66
      where it is deposited at the head end 68 of the latter. This raw feedstock
      will, upon introduction into the primary digestor, have already been
      subjected to certain pre-fermentation steps which will vary greatly with
      the type, condition and end use to be made thereof. For instance, solid
      feedlot waste materials must first be mechanically sized by means of a
      screen (not shown) or other apparatus of a similar nature capable of
      separating the large masses therefrom while passing only those of a given
      size or smaller. This is followed by a combined gravity separation and
      dilution step wherein the feedstock is mixed with make-up fluids into a
      pumpable slurry while, at the same time, the rocks, trash and other heavy
      solid contaminants are being separated therefrom. This feedstock includes
      not only the manure to be processed but, in addition, water together with
      recycled effluent and sludge from the digestion process. If, as in the
      present example, the plant has as its primary objective the production of
      gaseous fuel, then additional carbon must be added to the make-up stream,
      in order to attain a proper chemical (carbon/nitrogen) balance in the feed
      solids. In addition to carbon itself, the necessary carbon can be added in
      the form of sawdust, straw or other carbon-rich organic waste. Various
      types of conventional mechanical mixers and mills can be used to blend the
      feedstock and reduce its size to a pumpable slurry, none of which has been
      illustrated here as it forms no part of the present invention.
PAR  In addition to the carbon added to the feedstock in proportions such as to
      provide a carbon/nitrogen ratio of around 25-30 to 1, recycled sludge from
      the second stage digestor 12S is withdrawn therefrom through sludge line
      70 where it is combined with the other components of the feedstock
      entering the primary or first stage digestor 12P through line 66. This
      sludge is heavily laden with bacteria and it is used to "seed" the
      feedstock so that it will commence fermentation immediately upon its being
      introduced into the digestor.
PAR  One additional pretreatment step is necessary in those plants processing
      feedlot wastes before they can be fed into the digestor, namely, the
      removal of inorganic solid wastes, particularly, sand and gravel. After
      each lot of cattle is "fed-out" the pens that housed same are scraped
      clean and then resurfaced with a sand-gravel mixture, most of which is
      subsequently removed along with the manure. Since these inorganic wastes
      are inert insofar as being subject to bacterial attack, they must be
      removed prior to entering the digestor as the cost of moving them through
      the system for no useful purpose would be prohibitive. Actually, these
      substances have an average specific gravity well above that of the active
      ingredients in the feedstock and, for this reason, they would soon settle
      out in the digestor and eventually fill it up. Accordingly, in a plant to
      process feedlot wastes, a classification step is necessary to remove the
      heavier inorganic solids preparatory to introduction of the decomposable
      organic wastes into the system. Such a classification is not a difficult
      one and many standard centrifugal separators and the like will do the job
      quite adequately and at minimal cost. It should, perhaps, be mentioned
      that these inorganics carry away with them significant percentages of
      decomposable organics unless the latter are washed therefrom; accordingly,
      it is good engineering plant design practice to wash these inorganics
      prior to disposing of them with the organic-rich effluent from the
      digestors that is used as part of the make-up fluids in the feedstock. In
      the schematic, effluent line 72 is used for this purpose and, as shown, it
      can take effluent from either digestor or effluent storage lagoon 74.
PAR  Following completion of the pretreatment steps, the feedstock entering the
      primary digestor will be relatively free of inert inorganic solids, have a
      solid particle size in the slurry of around 1/16 inch or smaller, and
      contain somewhere around 15-18% solids. Additionally, it will have been
      heavily "seeded" with bacteria by mixing into it active sludge from the
      second stage digestor. Finally, it will have been chemically tailored to
      maximize the recovery in accordance with the selected end use. In the case
      of methane production as previously noted, the feedstock will be
      chemically adjusted to increase its carbon/nitrogen ratio.
PAR  The instant plant contemplates a two-stage digestion process wherein two
      digestors, a primary one 12P and a secondary one 12S, are connected in
      series. Both digestors have tanks of the same size in the particular plant
      illustrated, each having a capacity of about 11/3  million cubic feet. A
      feedlot having 100,000 cattle "standing" at one time will, as already
      noted, produce 31/3 million pounds of manure per day containing well over
      800,000 pounds/day of volatile solids. By the time the pretreatment steps
      are finished and the feedstock is ready to enter the primary digestor, two
      of them each having capacities of 121/2  million gallons are needed.
PAR  These digestors operate on the so-called "plug-flow" reactor principle,
      namely, the feedstock enters one end of the tank and proceeds slowly
      through it finally exiting at the discharge end 76. During its journey
      through the digestor, it passes through a zone of maximum reaction
      (fermentation) wherein the bacterial action produces the biogas which
      makes the portion of the slurry thus decomposed relatively lighter than
      the unreacted portion. As this occurs, vertical motion within the digestor
      takes place along with the horizontal reaction occasioned by its progress
      toward the discharge end of the tank. This "self-mixing" as a result of
      gas evolution contributes to the fermentation reaction as it continually
      brings the bacteria into contact with fresh (undecomposed) material.
PAR  The bio-gas evolved in the fermentation is bled off through the pond
      covering and sealing the digestor for further processing as represented by
      gas line 48. This gas has about 10 ppm H.sub.2 S, 30% CO.sub.2 by volume
      and the rest methane. It, of course, must first be cleaned to remove the
      particulate matter, then dried to take out the water before being
      processed to take out the H.sub.2 S and CO.sub.2. A conventional scrubber
      can be used to reduce the H.sub.2 S concentration to acceptable limits of,
      say, 1 ppm. Further processing to strip the CO.sub.2 therefrom in, for
      example, an amine-contactor process where the CO.sub.2 is absorbed in an
      aqueous solution of monoethanolamine before being steam stripped leaves
      essentially pure methane ready for sale.
PAR  Now, one of the main prerequisites of an anaerobic digestion system is that
      of protecting the bacteria against a so-called "temperature shock". These
      organisms are so sensitive to temperature that they suffer such shocks
      when the temperature varies as little as a few degrees one way or the
      other. While the bacterial colony may not actually die as a result of
      temperature shock, its activity is reduced to an extent that the
      fermentation reaction stops for all practical purposes; therefore, changes
      in temperature must be carefully guarded against. Certainly one of the
      most, if not the most, significant feature of the instant anaerobic
      digestion method is the way in which the temperature of the system is
      maintained at a near constant level through the storage of solar energy in
      fluid heat transfer medium used to both seal and insulate the tank filled
      with the fermenting decomposable organic waste materials.
PAR  The fermentation reaction will proceed satisfactorily at any temperature
      between approximately 90.degree.F and 115.degree.F, however, between these
      limits many different species of bacteria become active, each in its own
      particular temperature zone carved out of this broader range. In other
      words, the digestion process is basically an equilibrium between many
      species of bacteria that live upon various substrates (food) and on one
      another. Changes in temperature cause this equilibrium to shift and some
      of the more temperature-sensitive species die off or become less active
      while others assume a more active role.
PAR  If, as is being assumed here, the prime purpose of the system is gas
      production, then so-called "methanogenic" bacteria are responsible and the
      equilibrium should be shifted to conditions favoring their maximum
      activity. Unfortunately, methanogenic bacteria are the more sensitive of
      the species present and, therefore, more susceptible to temperature shock.
      Ideally, methanogenic bacteria should be kept at about 95.degree.F and the
      temperature range should not be allowed to vary more than .+-.2.0.degree.F
      per day from this base temperature if temperature shock is to be avoided.
PAR  The solar energy transmitted through the translucent bubble covering the
      primary digestor 12P during the daylight hours is, of course, stored in
      the fluid heat transfer medium 32 filling the pond 34 and, to a lesser
      extent, by the digestor cover 26 itself. Tremendous amounts of heat can be
      absorbed and stored in this fashion. For instance, the absorptivity of the
      fluid heat transfer medium 32 in the pond is 85% or more when the pond is
      filled with effluent from the digestors. The basic temperature control is
      maintained within the primary digestor 12P by circulating the heat
      transfer medium 32 through the feedstock slurry 44 by means of heat
      exchangers 38 (FIGS. 2, 4 and 6) laid in the bottom of the trench. In the
      particular form shown in FIG. 6, the heat exchange medium 32 is pumped
      from the tank 36F at the intake end of the primary digestor 12P,
      circulated through the heat exchanger 38 laid in the bottom of the latter
      and then returned to the tank 36D at the discharge end.
PAR  During the daylight hours, solar energy is transmitted by the translucent
      dome and absorbed by the liquid heat transfer medium which evaporates thus
      preventing the cavity beneath the dome from getting too hot. Conversely,
      at night, the evaporated water will condense into rain thereby giving up
      heat to the solar cavity and preventing same from getting too cold. A
      thermal analysis of the system shows that a tremendous quantity of heat
      energy can be captured in the above manner, especially when the effluent
      having an absorptivity at least equal to that of muddy water is used as
      the heat transfer medium. In fact, depending upon the location of the
      plant and the available sunlight, too much thermal energy is likely to be
      a problem rather than too little. Thus, instead of having to supplement
      the solar energy to maintain the preselected temperature in the digestor,
      the more probable need is that of a cooling pond represented by storage
      lagoon 74 in FIG. 6. This lagoon is used to store the effluent during
      periods of maximum solar energy flux or until needed for heating the
      digestor such as at night, during prolonged cloudy periods and in
      extremely cold weather. Once the thermal energy is available in the heat
      transfer medium, there is, of course, no problem in maintaining the
      required digestor temperature as these techniques are well known to those
      experienced in the heating and refrigeration art and, for this reason,
      they form no part of the instant invention.
PAR  One further important step in the process should be mentioned before
      leaving the subject of the thermal aspects of the system and that is the
      need for preheating the feedstock prior to introducing same into the
      intake end of the primary digestor. Obviously, the very "temperature
      shock" one wishes to avoid would occur if the feedstock entering the
      digestor was at a temperature other than that of the material already
      undergoing fermentation therein; therefore, the mix must be preheated to
      the pre-selected digestor temperature in advance of its entering the
      latter. Several sources of compatible liquids, both cold and hot are
      readily available for this purpose. The effluent is, of course, the best
      source of warm fluid or, alternatively, cooling water from the gas
      compression facility (not shown). Cooling water will probably be provided
      by a well or some sort of a cooling lagoon. Some of the heat required to
      preheat the feedstock is advantageously introduced by recycling part of
      the semidigested sludge removed from a point near the discharge end of the
      primary digestor back into the intake end thereof for which purpose sludge
      recycle system 76 is employed. The recycled sludge is not only at the
      correct temperature already but, in addition, the bacteria present therein
      tend to "reseed" the culture located near the intake end of the digestor
      thus maintaining the homogeneity thereof and further optimizing gas
      production.
PAR  The process as delineated in FIG. 6 is intended to carry out approximately
      80% of the gas production in the primary digestor 12P and the remaining
      20% in the secondary digestor 12S. This secondary digestor, while
      essentially the same size as the primary one due to the fact that it must
      handle the entire output of the latter is in certain other respects quite
      different. To begin with, it is quiescent in that no mixing takes place
      therein and it is unheated. Actually, it comprises an anaerobic settling
      vessel in which the fermentation reaction commenced in the primary
      digestor goes to completion. As such, the trench 14 must be lined as at 16
      just the same as the primary digestor and it must also be covered and
      sealed by a cover 26. This cover will not be filled with a heat transfer
      medium unless, perhaps, additional heat storage capacity is needed for the
      primary digestor or other parts of the plant. The secondary digestor is,
      however, preferably covered by inflatable bubble 42 as was the primary
      one.
PAR  Incidental, but nonetheless important, features of the plant are such
      things as a by-pass line 78 by means of which the feedstock can be
      admitted directly to the secondary digestor when, for some reason, the
      first one needs to be shut down for cleaning and the like. Sludge passes
      from the primary digestor to the secondary one through sludge line 80.
      Also, sludge line 70 previously mentioned which is used to seed the
      feedstock with bacteria from the second stage digestor can also be used to
      introduce well buffered material at a pH of 7.5 or higher from the second
      stage should a situation occur in which the primary digestor goes "sour"
      and its pH drops down to 7.0 and below.
PAR  A plant such as that outlined above is capable of producing about 81/3
      million ft..sup.3 of bio-gas/day in the first stage digestor and another
      11/3 million ft..sup.3 in the secondary one making a total of nearly 10
      million ft..sup.3 /day. Of this, one can realize over seven million
      ft..sup.3 /day of methane having a heating value of about 277 million
      BTU/hour. As by-products of such a facility, the sludge with minimal
      additional processing can be expected to yield considerable fertilizer.
      The bio-gas, on the other hand, in addition to methane, will yield  21/2
      million ft..sup.3 or so of dry CO.sub.2 /day.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An anaerobic digestion system which comprises: an open-topped reaction
      vessel having biodegradable organic reactants therein; a liquid and gas
      impervious lid sealing the reactants therein; a liquid heat exchange
      medium covering the lid and cooperating therewith to define a pond; means
      insulating said pond from the reactants so as to minimize the direct
      exchange of heat therebetween; translucent roof-forming means covering
      said pond effective to transmit solar energy to the heat exchange medium
      contained therein; means associated with said bond for withdrawing the
      heat exchange medium therefrom and adjusting the temperature thereof to a
      predetermined level; and, heat transfer means connected to take the heat
      exchange medium with its temperature thus adjusted and circulate same in
      heat exchange relation through the reactants to maintain the temperature
      thereof at a relatively constant level effective to promote fermentation.
NUM  2.
PAR  2. The anaerobic digestion system as set forth in claim 1 which includes:
      gas removal means connected into the interior of the reaction vessel for
      withdrawing gaseous reaction products therefrom.
NUM  3.
PAR  3. The anaerobic digestion system as set forth in claim 1 in which: the
      roof-forming means comprises an inflatable air-supported structure.
NUM  4.
PAR  4. The anaerobic digestion system as set forth in claim 1 in which: the
      means insulating said pond from the reactants comprises buoyant means
      floating upon said reactants supporting the pond in spaced relation
      thereabove to leave a gas-filled space therebetween.
NUM  5.
PAR  5. The anaerobic digestion system as set forth in claim 1 in which: the
      reactants are of a type that decompose upon anaerobic digestion within the
      reaction vessel to produce bio-gas and a pumpable effluent as reaction
      products; and, in which said pumpable effluent comprises the liquid heat
      exchange medium covering the lid.
NUM  6.
PAR  6. The reaction vessel of claim 1 wherein the pond is floated upon the
      reactants so as to leave a dead air space therebetween that minimizes the
      direct exchange of heat from one to the other.
NUM  7.
PAR  7. The method of anaerobically digesting decomposable organic material
      which comprises: introducing bio-degradable organic reactants into an
      open-topped reaction vessel, covering said reaction vessel with a
      fluid-filled pond exposed to the sun so as to produce a sealed chamber
      therein, insulating said pond from the reactants so as to minimize the
      direct exchange of heat from the sun-warmed liquid to said reactants,
      fermenting the reactants within said sealed chamber so as to generate a
      gas therefrom, removing the sun-warmed liquid from the pond and adjusting
      the temperature thereof, passing the liquid with its temperature thus
      adjusted in heat-exchange relation to the fermenting reactants in a manner
      to maintain same at a near constant pre-selected temperature effective to
      promote anaerobic digestion, and removing the gas thus generated.
NUM  8.
PAR  8. The method as set forth in claim 7 which includes the additional steps
      of: introducing the reactants into the reaction vessel in the form of a
      pumpable slurry, and using the effluent from the fermentation reaction as
      the liquid heat transfer medium with which the pond is filled.
NUM  9.
PAR  9. The method as set forth in claim 7 which includes the step of: floating
      the liquid-filled pond upon the reactants in the reaction vessel so as to
      maintain a gas-filled space therebetween.
NUM  10.
PAR  10. The method as set forth in claim 7 which includes the step of:
      inflating an air-supported translucent dome over the pond as a protective
      cover therefor.
NUM  11.
PAR  11. The method as set forth in claim 10 which includes the steps of:
      trapping the fluid evaporated from the pond during the daylight hours
      beneath the translucent dome covering same, and condensing the fluid thus
      evaporated on the relatively colder dome surface during the nighttime so
      as to create an artificial environment inside the latter effective to
      protect the reactants against extreme changes in ambient temperature.
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ABST
PAL  An oxygenation system for promoting the activity of microorganisms
      supported on a filter bed, by introducing an oxygenated liquid stream into
      contact with the microorganisms.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to making the optimum use of a biological filter.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  One of the many techniques for treating aqueous effluents is to pass the
      effluent through a filter bed which supports micro-organisms that break
      down some or all of the waste material contained in the effluent stream.
      In general the desired activity of the micro-organisms occurs under
      aerobic conditions. As the filtration proceeds, however, the activity of
      the micro-organisms tends to use up the available oxygen in the system and
      to lead to anaerobic conditions which result in the formation of
      undesirable products such as hydrogen sulphide.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention there is provided a process for treating a
      filter bed in which micro-organisms are supported wherein the
      micro-organisms are supplied with oxygen by introducing oxygen-enriched
      gas into water and passing the thus oxygenated water through the filter
      bed.
PAR  Various types of filter bed are available for use as a biological filter.
      The micro-organisms can be supported on a rigid structure, for example on
      several layers of mesh, or on a bed of particulate material. Such beds are
      very useful in practice since they act both as a chemical filter and as a
      biological filter. An especially convenient type of particulate filter bed
      is the type that includes several layers of particulate material in which
      the smallest particles are of the most dense material and the largest
      particles are of the least dense material. In use, such a multiple density
      bed classifies itself into the requisite layer arrangement, the smallest
      (and densest) particles at the lowest level and the largest (least dense)
      particles at the uppermost level. Typical components of such a bed are
      polystyrene of relatively large particle size, anthracite of intermediate
      particle size and sand of small particle size. This mixture classifies
      itself into layers, in descending order, of polystyrene, anthracite and
      sand.
PAR  Many different strains of micro-organism can be used as the biologically
      active portion of the filter. If the filter is used in sewage treatment
      the micro-organisms are preferably bacteria of the activated sludge type.
      Aqueous liquid to be filtered is introduced at the top of the bed and
      emerges, appropriately purified, from the base. Care must be taken to keep
      the flow rate through the bed below the level at which a substantial
      proportion of the micro-organisms would be swept out of the bed.
PAR  The term "oxygen-enriched gas" is employed herein to include pure oxygen or
      any oxygen-containing gas with an oxygen content greater than that of air.
      The oxygen content of the oxygen-enriched gas is preferably greater than
      90% and most preferably greater than 98%.
PAR  The oxygen-enriched gas can if desired be introduced directly into the
      aqueous liquid to be filtered but can alternatively be introduced into a
      separate aqueous stream which is then combined with the aqueous liquid to
      be filtered before it reaches the filter bed.
PAR  As a further possibility, the oxygenated water can be passed countercurrent
      to the direction of flow of liquid to be filtered. Countercurrent
      introduction can conveniently be combined with a stage of back flushing
      the filter bed to remove from it waste material from previous introduction
      of liquid to be filtered.
PAR  Introduction of oxygenated water into the filter bed can be conducted
      either intermittently or continuously. One convenient arrangement is to
      introduce oxygenated water and liquid to the filter bed alternately. In
      such a system the biological activity of the bed is restored to its upper
      level at the end of each filtration stage. Introduction of oxygenated
      water simultaneously with the introduction of liquid to be filtered
      ensures that the biological activity of the filter bed is maintained at a
      high level.
PAR  Although for most applications it is prefered to operate the filter bed at
      ambient temperature and ambient pressure there are instances in which the
      additional oxygenation obtained by employing elevated pressure makes the
      use of elevated pressure worthwhile.
DRWD
PAR  The invention is illustrated with reference to the accompanying FIGURE.
DETD
PAR  The FIGURE shows an elevation, partly in section, of a filter unit suitable
      for use according to the process of the present invention.
PAR  The filter unit includes a cylindrical shell 1 disposed vertically and
      having at its upper end an inlet 3 for aqueous effluent material. A
      conduit 5 conveys water through a venturi 7 into which a stream of
      substantially pure oxygen is introduced through a conduit 9 leading from
      an oxygen cylinder (not shown). The thus-oxygenated stream enters the
      filter unit through an inlet 10 close to the effluent inlet 3. In the
      filter unit a multi-layer bed of particulate material rests on a
      perforated plate 11. The bed includes a lower layer 13 of sand, an
      intermediate layer 15 of anthracite and an upper layer 17 of polystyrene.
      An outlet 19 is provided for filtered liquor leaving the bed. An on/off
      valve 21 is provided in the outlet 19.
PAR  At the base of the filter unit there is provided an inlet conduit 23 with
      an associated on/off valve 25 for the introduction of water to flush the
      filter bed at appropriate intervals. An outlet 27 is provided in the upper
      part of the shell 1 for the escape of liquor with associated waste
      material during the back flushing operation.
PAR  A suitable strain of micro-organism, typically activated sludge, is
      supported on the filter bed layers 13, 15 and 17.
PAR  In a typical operation aqueous material to be filtered is introduced
      through the inlet 3, passes through the filter  layers 17, 15 and 13 and
      purified material is withdrawn through the outlet 19. When the addition of
      a batch of material to be filtered is complete oxygenated water is
      introduced through the inlet 10 to restore the activated sludge to its
      peak condition. A second batch of material to be filtered is then
      introduced through the inlet 3. The sequence of effluent introduction and
      oxygenated water introduction is continued alternately. After a given
      period of such alternate operation it is usually desirable to conduct a
      back flush to remove accumulated waste material from the bed, this being
      done by closing the valve 21, opening the valve 25 and introducing clean
      water upwards through the bed and removing the water with any entrained
      waste material through the outlet 27. The valve 25 is then reclosed, the
      valve 21 reopened and the alternate sequence recommenced.
PAR  The apparatus illustrated in the FIGURE allows considerable flexibility in
      operations and can if desired be operated in sequences considerably
      different from the one described in detail above. For example it is
      possible to introduce effluent and oxygenated liquor simultaneously or to
      introduce effluent continuously and oxygenated liquor intermittently
      throughout the period of introducing effluent.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for filtering an aqueous effluent material by introducing the
      effluent above a graded density filter bed wherein said bed includes
      layers of particulate material in which the smallest particles are of the
      most dense material and are at the lowest level and the largest particles
      are the least dense material and are at the uppermost level, and passing
      the same downward through the filter bed in which micro-organisms are
      supported wherein the micro-organisms are supplied with oxygen by
      substantially dissolving substantially pure oxygen gas in water to form
      oxygenated water and passing the thus oxygenated water downwardly through
      the filter bed whereby the bio-availability of oxygen to the organisms is
      inhanced without significant disturbance of the graded density of the
      filter bed thereby promoting the biological activity of the
      micro-organisms, and removing accumulated waste material from the filter
      bed by back flushing with attendant establishment of the graded density of
      the filter bed.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein the micro-organisms are bacteria
      of the activated sludge type.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein the oxygen content of the
      oxygen-enriched gas is greater than 90%.
NUM  4.
PAR  4. A process as claimed in claim 3, wherein the oxygen content is greater
      than 98%.
NUM  5.
PAR  5. A process as claimed in claim 1, wherein oxygenated water and aqueous
      effluent material to be filtered are introduced alternately into the
      filter bed.
NUM  6.
PAR  6. A process as claimed in claim 1 wherein the filter bed is maintained at
      super-atmospheric pressure.
NUM  7.
PAR  7. A process as claimed in claim 1 wherein the several layers of
      particulate material are in descending order of polystyrene, anthracite
      and sand, respectively.
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ABST
PAL  A process for the treatment of waste waters from the preparation of
      phthalic esters of alcohols to reduce the BOD and recover alcohols
      comprising treating the waste water with a strong acid and then extracting
      the acidified waste water with an alcohol, preferably the same as the
      alcohol used to form the phthalic ester.
BSUM
PAR  The present invention concerns a process for purifying waste water
      containing phthalic esters, e.g. that resulting from the production of
      dialkyl phthalates, in particular orthophthalates of higher alcohols.
PAR  One of the processes which is most widely used on an industrial scale for
      the production of dialkyl phthalates is esterification of the
      corresponding alcohol by phthalic anhydride or acid in the presence of
      sulfuric acid acting as a catalyst.
PAR  In this reaction, besides the dialkyl phthalate, there is also formed a
      certain number of neutral or acid esters resulting from the reactions as
      between the alcohol used and the phthalic and sulfuric acids. In order to
      purify the dialkyl phthalate, the neutral or acid esters are subjected to
      a series of operations: careful hydrolysis of the esters, destruction of
      the neutral alkyl sulfate, neutralization of the acid functions by a base,
      washing operations, or decantation operations; this results in waste
      waters comprising all the water-soluble impurities from the process and
      particularly the salts of organic acid, and a small amount of the
      unreacted starting materials for the esterification operation.
PAR  Before discharging such waste waters, it is essential that they be
      subjected to a treatment for removing the major part of the organic
      molecules. The organic material content is conveniently represented by the
      "biological oxygen demand" referred to for the sake of brevity as "BOD",
      and it is common for the waste water from a phthalate-producing factory to
      have a BOD of 20,000 mg/l of oxygen, whereas often the standards set by
      the administrative services for protection of the environment will accept
      discharge only of water having a very low BOD. Moreover, most of the
      substances present in the waste water are due to the excess amounts of the
      starting materials; alcohol, phthalic acid, sulfuric acid, which are
      necessitated by the technical and economic constraints of the procedure
      for preparing the dialkyl phthalate and in particular due to the secondary
      reactions which such materials cause.
PAR  Most of the conventional treatment processes applied to waste water
      (flocculation, absorption on activated carbon, chemical oxidation,
      microbian digestion) are of low efficiency, expensive, and do not permit
      recovery of the organic materials.
PAR  In order to facilitate separation and recovery of the organic compounds, it
      has been proposed that the waste water should be subjected to an operation
      to hydrolyze the alkyl phthalates and sulfates in acid medium, followed by
      a neutralization operation and an operation for recovery of the alcohol by
      decantation. This process, which makes if possible to recover the alcohol,
      is however not sufficiently efficient for "depollution", as it does not
      separate the phthalates and as it also requires fairly strict hydrolysis
      conditions, namely 200.degree.C at a pressure of 20 bars, this resulting
      in substantial capital investment and operating costs.
PAR  The present invention provides a process for the purification of waste
      water containing one or more phthalic esters of alcohols having more than
      4 carbon atoms, which comprises acidification of the waste water by a
      strong acid to attain a free acidity of the waste water greater than 0.05N
      and extraction of the acidified water with an alcohol having more than 4
      carbon atoms. Preferably the free acidity of the acidified water is from
      0.05 to 0.5N.
PAR  In accordance with a particular embodiment of the process, sulfuric acid is
      used for the acidification operation, the amount being such that the
      treated waste water has a free acidity of more than 0.05N, preferably less
      than 0.5N.
PAR  In a preferred embodiment, the higher alcohol used for the extraction
      treatment is the same as the alcohol used for the esterification
      operation, and the organic extract is recycled to the esterification
      operation, possibly after removal of the unwanted impurities.
PAR  In a further embodiment, all the alcohol necessary for the esterification
      operation is used first for the operation of extracting the organic acid
      esters and acids. In accordance with an alternative embodiment, only a
      fraction of the alcohol necessary for the esterification operation is used
      for the extraction treatment of the waste water.
PAR  In a method of producing dioctyl ortho-phthalate (DOP), comprising
      esterification in aqueous medium of the o-phthalic acid or anhydride by
      means of octyl alcohol (2-ethylhexanol) with sulfuric acid as catalyst,
      partial hydrolysis of the neutral esters, neutralization of the mixture,
      and separation of the mixture into DOP and waste water, the process
      according to the invention comprises acidifying the waste water by means
      of sulfuric acid until it has a free acidity of from 0.15N to 0.5N and the
      acidified waste water is subjected to an extraction treatment by means of
      octyl alcohol, with separation of an aqueous solution which is discharged
      after recovery of the dissolved octyl alcohol, and an organic extract
      which is recycled to the esterification reaction vessel.
PAR  In a method of producing diisononyl ortho phthalate (DINP) by
      esterification of the o-phthalic anhydride or acid by means of isononanol
      with sulfuric acid as catalyst, and separation of the mixture into DINP
      and waste water, the process of the invention comprises acidifying the
      waste water by addition of sulfuric acid until it has a free acidity of
      from 0.05N to 0.20N, and that the acidified waste water is then subjected
      to an extraction treatment by means of isononanol with separation of an
      aqueous solution which is discharged after recovery of the isononanol, and
      an organic extract which is recycled to the esterification reaction
      vessel.
PAR  Sulfuric, hydrochloric and nitric acids can be mentioned as strong acids
      which can be used, although this list should not be considered as
      exhaustive.
PAR  The alcohols which can be used comprise branched or unbranched cyclic or
      aliphatic alcohols which are relatively insoluble in water, comprising at
      least four carbon atoms. By way of non-limiting example, mention can be
      made of butyl, amyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl and
      dodecyl alcohols and their branched forms, for example isobutanol,
      2-ethylhexanol and isononanol.
PAR  Use of the process on waste water resulting from the production of DOP and
      DINP will now be described by way of non-limiting illustration.
DRWD
PAR  To facilitate the following description, the accompanying single FIGURE
      gives a flow diagram of the operations involved, the treatment of the
      waste water being purely and simply added onto a conventional production
      apparatus.
DETD
PAR  In the drawing, a rectangle 1 is used to denote the conventional production
      apparatus, with the feeds for the various raw materials, the intake or
      feed 2 for alcohol, feed 3 for phthalic acid, feed 4 for sulfuric acid,
      feed 5 for the basic material serving for the neutralization of the
      reaction mixture before separation of the DOP, and the discharges or
      outlets, namely 6 for the dialkyl phthalate, 7 for the waste water and 8
      for the various purges. The conduit 7 leads into an acidification vessel 9
      provided with stirrers and provided with a feed 10 for the sulfuric acid,
      and two discharges, one discharge 11 for gases and the other discharge 12
      for the acidified waste water. The conduit 12 leads into a liquid-liquid
      extraction contactor vessel 13 (a vessel for extraction by liquid-liquid
      contact). The contactor vessel 13 is a known multi-stage apparatus. In the
      drawing the apparatus is indicated diagrammatically by a rectangle with
      the conduit 12 for the inlet of the acidified waste water, conduit 14 for
      the alcohol feed, outlet 15 for the alcohol charged with organic extract,
      which is returned to the apparatus 1, and the discharge 16 for the waste
      water which has been treated. The discharge 16 leads into a neutralizer 17
      with a feed 18 for neutralizing material, a discharge 19 for the outlet of
      gas, an outlet 20 by means of which the neutralized water passes into a
      distillation apparatus 21, the final discharge 22 for the treated waste
      water, and an outlet 23 for the alcohol-water azeotrope.
PAR  The conduit 23 leads into a decanter 24 which carries out the separation
      into water, which is returned by way of a conduit 25 to the distillation
      apparatus, and alcohol, which is returned by way of conduit 26 to the
      conduit 14 leading to the contacting vessel 13. The mode of operation will
      be sufficiently apparent from the description, so that it is not
      specifically described, only particular features will be referred to in
      the course of the description of the numbered operations given by way of
      example.
PAC  EXAMPLE 1
PAR  This example relates to the treatment of the waste water from the
      production of DOP.
PAR  In the production of dioctyl phthalate, depending on the conditions of
      preparations, the waste water can contain variable concentrations of the
      following impurities: octanol (2-ethylhexanol), dioctyl phthalate,
      disodium phthalate, mixed sodium and octyl phthalate, mixed sodium and
      octyl sulfate, sodium sulfate, sodium carbonate, sodium acid carbonate or
      sodium hydroxide, the dioctyl sulfate having been hydrolyzed to acid
      sulfate and the liquid then being neutralized. Generally, the most
      abundant impurity is the mixed sodium and octyl sulfate, which is
      responsible for the greatest part of the biological oxygen demand (BOD) of
      the waste water.
PAR  By operating in accordance with the invention, it has been found that
      octanol was an effective extraction agent on the one hand as regards
      dioctyl phthalate and dioctyl sulfate which are contained in the waste
      water, and on the other hand as regards the organic acid esters and acids
      present, namely: phthalic acid, octyl acid phthalate and octyl acid
      sulfate. On the other hand, it is substantially ineffective as regards
      extracting sulfuric acid and it is virtually incapable of extracting the
      sodium salts of the organic acids, which are much too water-soluble.
PAR  Hereinafter, for the compounds contained in the acidified waste water,
      their partition coefficients (P) are given, that is to say, the ratio of
      their concentrations in the organic phase (octanol) and the aqueous phase
      (waste water). For example, in the presence of an excess of 0.3N sulfuric
      acid, the following partition coefficients (P) are obtained:
TBL  P        dioctyl sulfate      &gt;10.sup.3                                   

     P        dioctyl phthalate    &gt;10.sup.3                                   

     P        phthalic acid and octyl acid                                     

              phthalate            &gt;10                                         

     P        octyl acid sulfate    4.8                                        

     P        sulfuric acid        &lt;10.sup..sup.-3                             

PAR  It is found that octanol extraction of the octyl acid sulfate, which is the
      main impurity in the waste water, is relatively easy, and that all the
      other impurities are extracted to an even greater degree.
PAR  Moreover, it was found possible to increase the partition coefficients of
      the weak organic acids, by increasing the free sulfuric acid
      concentration. Thus, the partition coefficient of octyl sulfate rises with
      the free acid concentration in the form sulfuric acid.
TBL  ______________________________________                                    

     Free acid as gram Partition coefficient                                   

     equivalent/liter  of octyl acid sulfate                                   

     ______________________________________                                    

     0                 0.4                                                     

     0.05              1.2                                                     

     0.1               2                                                       

     0.2               3.4                                                     

     0.3               4.8                                                     

     0.4               6.0                                                     

     ______________________________________                                    

PAR  The experiment was not continued beyond a value of free acidity of higher
      than 0.4N because, above that value, the process becomes burdensome in
      view of the amounts of H.sub.2 SO.sub.4 required, and also the process has
      the disadvantage of resulting in the discharge of waste water which is
      excessively highly charged with alkali metal sulfates.
PAR  Extraction of the organic impurities contained in the waste water can thus
      be easily carried out by liquid extraction in a multi-stage contactor
      which receives in countercurrent flow, on the one hand, the octanol and,
      on the other hand, the acidified waste water containing the organic
      impurities resulting from the production process.
PAR  The waste solution issuing from the dioctyl phthalate production apparatus
      has the following composition:
TBL  Dioctyl phthalate         2 g/l                                           

     Octanol                   2 g/l                                           

     Sodium carbonate          5 g/l                                           

     Sodium acid carbonate     5 g/l                                           

     Sodium phthalate          4 g/l                                           

     Mixed sodium and octyl phthalate                                          

                               1 g/l                                           

     Mixed sodium and octyl sulfate                                            

                               23 g/l                                          

PAR  The biological oxygen demand (BOD) of this solution is 20,000 mg of
      oxygen/liter.
PAR  By way of the conduit 7, this solution is introduced into the acidification
      vessel 9 at a rate of 1 m.sup.3 /hour, at the same time as 28 kg/hour of
      sulfuric acid by way of the conduit 10. An acid solution is obtained at
      the outlet from the vessel 9, the composition of the acid solution being
      approximately:
TBL  Dioctyl phthalate      2       g/l                                        

     Octanol                2       g/l                                        

     Phthalic acid          1.3     g/l                                        

     Octyl acid phthalate   1.1     g/l                                        

     Octyl acid sulfate     21      g/l                                        

     Free sulfuric acid (H.sub.2 SO.sub.4)                                     

                            13      g/l                                        

     Total non-organic sulfate                                                 

     (mineral sulfates + free                                                  

     sulfuric acid) expressed in                                               

     the form of H.sub.2 SO.sub.4                                              

                            27      g/l                                        

PAR  This solution is introduced by way of the conduit 12 into the first stage
      of a mixer-decanter installation 13 comprising five stages. Octanol
      (2-ethyl hexanol) at a flow rate of 1 m.sup.3 /hour is injected by way of
      the conduit 14 at the inlet to the fifth stage of the installation 13.
PAR  An octanol extract is collected at the outlet from the first stage of the
      installation 13, the composition of the extract being as follows:
TBL  Dioctyl phthalate    2        g/l                                         

     Water                25       g/l                                         

     Phthalic acid        1.3      g/l                                         

     Octyl acid phthalate 1.1      g/l                                         

     Octyl acid sulfate   .about.21                                            

                                   g/l                                         

     Sulfuric acid        &lt;0.01    g/l                                         

PAR  This octanol extract is passed by way of the conduit 15 into the
      installation 1 in which it takes part in esterification of the phthalic
      acid. The raffinate issuing from the fifth stage of the mixer-decanter
      installation 13 is of the following composition:
TBL  Octanol                1        g/l                                       

     Octyl acid sulfate     &lt;0.02    g/l                                       

     Sulfuric acid          .about.13                                          

                                     g/l                                       

     Total non-organic sulfate in the                                          

      form H.sub.2 SO.sub.4 27       g/l                                       

PAR  The residual BOD of this solution is 500 mg of oxygen/liter of refined
      waste water. This refined solution is then subjected to neutralization in
      the reaction vessel 17 by introducing 11 kg/hour of sodium hydroxide by
      way of the feed 18, then the solution, with a pH of 7, is passed by way of
      the conduit 20 into a distillation column 21 comprising ten theoretical
      stages and which supplies a distillate comprising the octanol-water
      azeotrope (BP 99.1.degree.C; formed of 20% octanol and 80% water). After
      decantation in the decanter 24, the alcoholic phase is re-injected at the
      level of the fifth theoretical stage of the installation 13.
PAR  The distillation bottom product which is discharged by way of the conduit
      22 has the following characteristics:
TBL  Sodium sulfate      40 g/l                                                

     BOD                 50 mg of oxygen                                       

                          per liter                                            

PAR  It can therefore be discharged into a river.
PAC  EXAMPLE 2
PAR  This example is identical to Example 1 except that treatment is on the
      waste water resulting from the production of diisononyl orthophthalate
      (DINP). In order not to encumber the present description, only the values
      and results which are absolutely necessary for evaluating the efficiency
      of the process will be given hereinafter.
PAR  Under the same conditions as described in the preceding Example, a solution
      issuing from a DINP production apparatus is treated; it has a BOD of
      20,000 mg of oxygen/liter, which is due for the major part to the mixed
      isononyl sulfates and phthalates.
PAR  This solution is introduced into the vessel 9 of the above-described
      installation, all other values being equal except for the amount of
      sulfuric acid which is only 15 kg/hour. The solution issuing from the
      vessel 9 is introduced into the installation 13 by way of the conduit 12
      and the isononanol is introduced in the fifth stage of the apparatus, by
      way of the conduit 14. The isononanol flow rate is 1 m.sup.3 h. At the
      outlet from the first stage of the installation 13, there is collected an
      isononanol extract which is passed to the DINP production unit 1. The
      raffinate which is discharged through 16 from the fifth stage of the
      installation 13 has a BOD of 200 mg/l only, which is due mainly to the
      isononyl alcohol present.
PAR  After neutralization and distillation of the isononanol-water azeotrope (BP
      98.5.degree.C, formed of 30% isononanol and 70% water), there is produced
      a waste water which titrates:
TBL  Sodium sulfate      20 g/l                                                

     BOD                 50 mg of oxygen                                       

                          per liter                                            

CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the purification of waste water resulting from the
      production of phthalic esters by esterification of phthalic acid or
      anhydride with alcohols having more than 4 carbon atoms, which comprises
      acidifying the waste water with a strong acid to attain a free acidity of
      the waste water greater than 0.05 N and extracting the acidified water
      with an alcohol having more than 4 carbon atoms for removal of organic
      impurities from the acidified water.
NUM  2.
PAR  2. A process according to claim 1, wherein the strong acid is sulfuric
      acid.
NUM  3.
PAR  3. A process according to claim 1, wherein the alcohol used for the
      extraction is the same as that used to form the phthalic ester.
NUM  4.
PAR  4. A process according to claim 1, wherein the waste water is from the
      acid-catalyzed esterification of a phthalic anhydride or acid with an
      alcohol having more than 4 carbon atoms.
NUM  5.
PAR  5. A process according to claim 4, wherein all the alcohol necessary for
      the esterification step is derived from the alcohol used in the extraction
      step.
NUM  6.
PAR  6. A process according to claim 4, wherein only part of the alcohol
      necessary for the esterification step is derived from the alcohol used in
      the extraction step.
NUM  7.
PAR  7. A process according to claim 1, wherein the free acidity of the waste
      water after acidification is within the range of 0.05 to 0.5 N.
NUM  8.
PAR  8. A process according to claim 4, wherein the waste water is from the
      industrial production of dioctyl (di-2-ethylhexyl) phthalate, the free
      acidity of the acidified waste water is from 0.15 to 0.5 N and the alcohol
      used for the extraction is octyl alcohol (2-ethylhexanol).
NUM  9.
PAR  9. A process according to claim 4, wherein the waste water is from the
      industrial production of diisononyl phthalate, the free acidity of the
      acidified waste water is from 0.05 to 0.20 N and the alcohol used for the
      extraction is isononanol.
NUM  10.
PAR  10. A process according to claim 1, which includes the step of separating
      the alcohol extract from a remaining organic phase and neutralizing the
      aqueous phase from the extraction step.
NUM  11.
PAR  11. A process according to claim 10, which includes the step of distilling
      the neutralized aqueous phase to remove at least a portion of any residual
      alcohol.
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ABST
PAL  An ion exchange system having a number of vessels containing beds of ion
      exchange material that remain in the same vessel during exhaustion and
      regeneration is operated so that the efficiency of exhaustion and
      regeneration is increased and the amount of time the vessels and ion
      exchange material stand idle is reduced. A number of vessels are connected
      in parallel in service while other vessels are connected in series for
      regeneration. Vessels with freshly regenerated ion exchange material are
      connected in series with the service vessel containing the most nearly
      exhausted bed of ion exchange material while that bed is being
      substantially completely exhausted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to a fixed bed method for the
      operation of ion exchange apparatus. More specifically, the present
      invention relates to a method for the sequential exhaustion and
      regeneration of a number of fixed beds of ion exchange material wherein
      each bed is always in a different phase of exhaustion or regeneration from
      any other bed.
PAR  During the service cycle of a fixed bed ion exchanger, the bed of ion
      exchange material may be considered as divided into three adjacent zones.
      The first zone, which lies immediately in contact with the incoming fluid
      to be treated, becomes exhausted in its ability to exchange ions with
      those in the incoming fluid after only a brief period of operation. The
      second zone is a transitional zone which is only partly exhausted in its
      ion exchange ability. The third zone consists of ion exchange material
      which has not been in contact with any exchangeable ions in the incoming
      fluid and has the greatest ion exchange ability.
PAR  As the service operation continues, with the fluid to be treated flowing
      through the bed, the interfaces between the three zones move through the
      bed of ion exchange material in the direction of the service flow, until
      the third zone is displaced by the second, or partially exhausted zone. At
      this point in the operation of a fixed bed ion exchanger, the ability of
      the bed to remove ions from the incoming fluid deteriorates and unwanted
      ions may be detected in the effluent of treated fluid from the bed.
      Accordingly, in normal operation, the service cycle of the ion exchanger
      is usually terminated before the second or partially exhausted zone has
      completely displaced the third zone even though the bed still contains
      some material capable of performing an ion exchange function. It is thus
      apparent that in normal operation, the full ion exchange capacity of the
      fixed bed cannot be utilized without deterioration of effluent quality.
PAR  A similar situation develops, only in reverse, during regeneration of a
      fixed bed ion exchanger in that the regenerant solution passing through
      the exhausted material displaces previously exchanged ions from the ion
      exchange material so that after a brief period of operation three zones
      are formed. The first zone contains regenerated ion exchange material, the
      second zone contains partially regenerated ion exchange material and the
      third zone contains exhausted ion exchange material. The interfaces
      between the zones move through the bed in the direction of regenerant
      flow. When the third or exhausted zone has been displaced by the second or
      partially regenerated zone, the ability of the regenerant to regenerate
      the bed deteriorates and unused regenerant may be detected in the effluent
      from the bed.
PAR  In most instances, ion exchange materials are regenerated with a regenerant
      solution that contains an amount of ions substantially in excess of the
      stoichiometric amount necessary to displace the ions that have been
      removed by the ion exchanger. In general the larger the excess employed,
      the more complete the displacement of the removed ions from the ion
      exchange material, the resultant improvement in effluent quality and ion
      exchanger capacity. This excess regenerant is usually discharged to waste.
      As a result, conventional fixed bed operation is usually inefficient in
      both service operation and regeneration in that (a) incomplete use is made
      of the ion exchange material during service and (b) regeneration of all
      exhausted ion exchange material requires that some regenerant be wasted.
PAR  The efficiency of exhaustion of ion exchange material can be improved by
      moving ion exchange material through the system in a direction counter to
      the service flow so that the three zones described above remain generally
      stationary with respect to service flow. Similarly, the exhausted ion
      exchange material can be moved counter to the flow of regenerant so that
      the exhausted material is contacted with an increasing concentration of
      regenerant. While counter current ion exchange makes more efficient use of
      both the ion exchange material and the regenerant, the hydraulic and
      mechanical problems presented in moving the material often outweigh the
      inefficiency of fixed bed operation. As a result, the inefficiency of
      conventional fixed bed operation is often overlooked in order to benefit
      from ease of operation.
PAR  One method of improving the efficiency of both the exhaustion and
      regeneration of the ion exchange material without sacrificing the benefits
      of leaving the material in place is disclosed in U.S. Pat. No. 3,632,506
      to R. C. Adams and J. R. Anderson, and Permutit Technical Bulletin Vol.
      VIII, No. 1, Progressive Mode (TM), A New Approach to Ion Exchange, The
      Permutit Co. Inc., Paramus, N.J., April 1970. In the processes disclosed
      therein, the fluid being treated is passed through one vessel while at
      least two vessels are regenerated in series, with the regenerant passing
      through at least one partially regenerated bed and then through a
      completely exhausted bed. When the first bed in the regeneration series is
      regenerated it is returned to service, by opening and closing various
      valves that connect the vessels in the system to each other, and connected
      in series with the vessel through which the fluid being treated is
      passing. In this position, the freshly regenerated bed acts as a polisher
      and makes it possible to utilize substantially the full ion exchange
      capacity of the first bed in the service series before that bed is removed
      from service for regeneration. Thus, the efficiency of exhaustion or
      utilization of the ion exchange material is improved.
PAR  When the first bed in the service series has been substantially completely
      exhausted it is removed from service, by operating appropriate valves, and
      added to the end of a rengeneration series, where it is contacted with
      partially spent regenerant effluent from a partially regenerated resin
      bed. The regenerant always passes through at least two vessels in a
      series, and the point of regenerant introduction is moved from vessel to
      vessel as the beds are regenerated. Consequently, each bed is contacted
      with substantially more than the stoichiometric amount of regenerant, but
      substantially complete utilization of the regenerant is achieved.
PAR  Thus, it may be seen that the processes disclosed in the above mentioned
      patent and bulletin, by moving the points where the fluid being treated
      and the regenerant are introduced into the system, provide significant
      increases in the efficiency of exhaustion and regeneration of the ion
      exchange material without moving the material and still provide continuous
      flow to service at all times.
PAR  Under the procedure described in the foregoing patent and bulletin each
      vessel is in the primary or upstream service position for at least a
      period of time equal to the time required for one regeneration step, i.e.
      the time required to backwash an exhausted bed, pass regenerant in series
      through a partially exhausted bed and an exhausted bed and rinse a
      regenerated bed; plus the time during which one resin bed is in the
      polishing or downstream service position. Consequently, for continuous
      service flow each vessel must contain sufficient resin capacity to remove
      the exchangeable ions from the influent supply during regeneration step
      and one polishing step.
PAR  Ideally, for minimum resin inventory per vessel, the time for primary
      service and the time for one regeneration step plus the polishing step
      should be equal, assuming a constant flow rate of treated fluid from the
      system and a constant concentration of exchangeable ions in the influent
      to the system. However, the specific rate of flow of fluid through the ion
      exchange resin bed, i.e. the flow per unit volume of resin, must fall
      within certain parameters for various ion exchange resins, otherwise
      incomplete ion exchange and poor effluent quality or excessive pressure
      loss develop, which may be economically detrimetal and/or cause excessive
      damage to the ion exchange resin particles.
PAR  In some instances, the amount of resin that must be provided in order to
      keep the specific flow rate in the desired range is greater than the
      minimum resin volume required to handle the primary service flow during
      regeneration and polishing service. For example, under one possible
      condition a cation exchange resin may have the following characteristics
      in the service described herein.
PA1  Resin capacity per cubic foot -- 10,000 grains
PA1  Maximum flow rate per cubic foot of resin -- 10 gallons per cubic foot per
      minute.
PA1  Time for regeneration -- 40 minutes.
PA1  Time for polishing service -- 10 minutes.
PAR  If, under these condition, the system flow rate is 1,000 gallons per minute
      with an exchangeable ion content of 20 grains per gallon, the minimum
      resin volume required to handle the primary service flow during
      regeneration and polishing service would be
      ##EQU1##
PAR  The maximum flow rate per cubic foot of resin would then be
      ##EQU2##
PAR  This meets the design parameters given above.
PAR  However, if this same resin, with the same design parameters, were to
      operate with a system flow requirement of 1,000 gpm with an exchangeable
      ion content of 10 grains per gallon then the minimum resin volume required
      per vessel to handle the service flow during regeneration and polishing
      service would be
      ##EQU3##
PAR  The maximum flow rate per cubic foot of resin would be
      ##EQU4##
      which is too high for the design parameters given, and a minimum volume of
      ##EQU5##
      would have to be provided in each vessel.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide methods for improving the
      efficiency of exhaustion and regeneration of fixed bed ion exchangers in
      which the service cycle is substantially longer than the regeneration
      cycle.
PAR  Another object is to provide methods for improving the efficiency of
      exhaustion and regeneration of fixed bed ion exchangers that also reduce
      the amount of ion exchange material and equipment required in processes
      wherein the service cycle is substantially longer than the regeneration
      cycle.
PAR  The invention utilizes an ion exchange system having at least four vessels,
      each of which contains a bed of ion exchange material that is in a
      different stage of exhaustion or regeneration from any other bed in the
      system. Valves and conduits connect the vessels in parallel with each
      other for primary service, or in series so that the downstream vessel acts
      as a polisher.
PAR  The beds are exhausted and regenerated in sequence one after another by
      connecting various combinations of vessels to form different service and
      regeneration groups and thereby move the points where the fluid being
      treated and the regenerant or regenerants are introduced into the system.
      In the first step, two or more vessels, which contain partially exhausted
      beds in differing stages of exhaustion, are connected in parallel to form
      a first service group and the fluid being treated passes in parallel
      through the vessels. At the same time, a vessel containing a bed of
      exhausted ion exchange material that has just been removed from service is
      connected in series with at least one vessel containing a partially
      regenerated bed to form a first regeneration group. As in the processes
      disclosed in the patent and bulletin mentioned above, the regenerant
      passes through the vessels in the regeneration group in series, contacting
      the primary or most highly regenerated bed in the series first and
      contacting the completely exhausted bed last.
PAR  After the primary bed in the regeneration group has been regenerated, it is
      returned to service by connecting it in series with a first vessel in the
      first service group, containing the most nearly exhausted bed in that
      service group, to form a second service group. The vessel containing the
      freshly regenerated bed is connected downstream of the first vessel and
      these two vessels are connected in parallel with the remaining vessel or
      vessels that were in the first service group. The fluid being treated
      passes through the second service group until the bed of ion exchange
      material in the first vessel from the first service group is substantially
      completely exhausted. During this step, the freshly regenerated bed acts
      as a polisher, absorbing ions that leak through the bed that is nearing
      exhaustion.
PAR  When the bed in the vessel upstream from the newly regenerated polisher has
      been exhausted, it is removed from service and connected in series with
      the vessel or vessels remaining from the first regeneration group to form
      a second regeneration group. As before, the regenerant is passed through
      this group or series of vessels so that it contacts the most highly
      regenerated bed of ion exchange material first and the exhausted material
      last. At the same time, the vessel that operated as a polisher in the
      second service group and the other vessel or vessels remaining from that
      group are all connected in parallel to form a third service group, and the
      fluid being treated passes in parallel through these vessels.
PAR  The foregoing steps are repeated, by connecting vessels containing
      regenerated ion exchange material in series with service vessels
      containing the most nearly exhausted beds to form new service groups, and
      connecting vessels containing exhausted beds in series with and downstream
      from one or more vessels containing partially regenerated beds to form new
      regeneration groups, so that the beds of ion exchange material are
      exhausted and regenerated in sequence. Thus, this invention, like the
      processes disclosed in the patent and bulletin referred to above,
      increases the efficiency of exhausting and regenerating the ion exchange
      material without moving the material.
PAR  The number of steps in the exhaustion of each bed will depend on the number
      of vessels that are connected in parallel in service groups. Thus, by
      varying the number of vessels that are connected in parallel, the length
      of one of the steps in the service cycle may be made more nearly equal to
      the length of one of the regeneration steps, the amount of time during
      which any particular vessel is idle is reduced, and, as will be seen
      below, the amount of ion exchange material and the size or number of
      vessels needed to treat certain fluids are also reduced.
DRWD
PAC  DRAWINGS
PAR  FIG. 1 is a piping schematic of a system utilizing one embodiment of this
      invention.
PAR  FIGS. 2a-2h are block flow diagrams showing the individual steps in the
      operating of the system shown in FIG. 1.
PAR  FIGS. 3a-3j are block flow diagrams showing the individual steps in another
      embodiment of this invention.
PAR  FIG. 4 is a schematic of the regeneration piping for a variant of the
      system shown in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 illustrates a system containing four vessels or columns 10, 20, 30,
      40, each of which contains a bed of ion exchange material that remains in
      place during the operation of the system. For purposes of discussion, it
      will be assumed that the ion exchange material is a cation exchange resin
      being used to treat raw water and regenerated with acid. Of course, this
      system could also be used for numerous other ion exchange processes.
PAR  The raw water or other fluid being treated is supplied through a fluid
      inlet line 1, which is connected to service inlet valves 11, 21, 31, 41 at
      the top of each vessel. The water passing through the vessel may be
      discharged either through service outlet valves 17, 27, 37, 47, which are
      connected to a line 7 that carries the purified water to service, or
      through polisher connection valves 18, 28, 38, 48, that direct the water
      through interconnecting piping (not shown) to polisher inlet valves 12,
      22, 32, 42 at the top of other vessels in the system.
PAR  The acid for the regeneration of the resin is supplied through line 3,
      which is connected to regenerant inlet valves 13, 23, 33, 43 at the top of
      each column. The partially spent regenerant coming out of the bottom of
      the first column in each regeneration group passes through a regenerant
      outlet valve 16, 26, 36, 46 to another vessel wherein the ion exchange
      capacity of the partially spent regenerant is used up. The spent
      regenerant discharged from the second vessel in any regeneration group is
      discharged through bottom waste outlet valves 15, 25, 35, 45 to a waste
      discharge line 5. The vessels also have top waste outlet valves 14, 24,
      34, 44, which are also connected to the waste discharge line 5, and
      backwash inlet valves 19, 29, 39, 49, which are connected by a backwash
      line 9 to the raw water supply line 1.
PAC  OPERATION
PAR  The steps in the operation of the system of FIG. 1 are illustrated in FIG.
      2, wherein the diagrams are shaded to represent the portion of resin in
      the exhausted form as it varies down the columns at the start of each
      step. For example, at the start of the step illustrated in FIG. 2a the
      resin at the top of column 20, which operated as a polisher in the
      previous step, is exhausted but most of the remaining resin in this column
      is in the regenerated form. Column 10, the other vessel in the service
      group in FIG. 2a, contains a more thoroughly exhausted bed; i.e. a bed
      containing a higher percentage of exhausted resin. The bed in column 30,
      the first column in the regeneration group in this step, is partially
      regenerated; and column 40, the second column in the regeneration group,
      contains resin that is substantially completely exhausted.
PAR  As in most ion exchanged processes, none of the resin beds in the
      illustrated process are regenerated to their theoretical ion exchange
      capacity because it would be uneconomical to do so. Thus, it should be
      understood that the terms "regenerated resin," "regenerated beds" and
      "regenerated columns" refer to resin, beds and columns in the highest
      state of regeneration the system is designed to produce.
PAR  In step 2a vessels 10 and 20 are connected in parallel to form a first
      service group by opening service inlet valves 11 and 21 and service outlet
      valves 17 and 27. Thus, the raw water being treated passes in parallel
      through vessels 10 and 20 and is discharged to service through line 7.
PAR  At the start of step 2a the resin in vessel 40 is backwashed by opening
      backwash inlet valve 49 and top waste outlet valve 44. Thus, water passes
      up through the resin in vessel 40 and is discharged to waste through line
      5.
PAR  When backwashing is complete, valves 49 and 44 are closed and column 40 is
      connected in series with column 30 to form a first regeneration group.
      This is accomplished by opening the regenerant inlet valve 33 for vessel
      30, the regenerant outlet valve 36 that connects vessel 30 to vessel 40,
      and the bottom waste outlet valve 45 from vessel 40. Thus, the regenerant
      passes down through vessel 30, completing the regeneration of the resin
      therein, and the partially spent regenerant discharge from column 30
      passes down through column 40. The regeneration capacity remaining in the
      partially spent regenerant from column 30 is substantially completely
      utilized to bring the bed in column 40 to the partially regenerated state
      illustrated in FIG. 2b. Thus, regeneration efficiency is improved.
PAR  When the resin in vessel 30 has been regenerated, the regenerant inlet
      valve 33 is closed, service inlet valve 31 is opened, and the resin in
      vessel 30 is rinsed by passing water down through the column. Like the
      partially spent regenerant, the rinse effluent from vessel 30 passes
      through regenerant outlet valve 36, down through vessel 40, and to waste
      through valve 45, thus utilizing any remaining regeneration capacity in
      the regenerant rinsed from vessel 30.
PAR  As is apparent from the foregoing, each regeneration step in the
      illustrated process includes three sub-steps; i.e., backwashing the
      exhausted bed, the actual regeneration, and rinsing the regenerated bed.
      It should be understood that references herein to the length of the
      regeneration cycle or the length of a regeneration step include the time
      needed for backwashing and rinsing if these sub-steps are used, as they
      are in most ion exchange processes.
PAR  After the resin vessel 30 has been regenerated and rinsed, this vessel is
      removed from the regeneration group, by closing regenerant outlet valve
      36, and connected with vessel 10, which contains the most nearly exhausted
      bed of resin in the first service group, to form a second service group,
      which is shown in FIG. 2b. In order to place the vessels in this
      configuration, with vessel 30 downstream from and in series with vessel
      10, and vessel 10 and 30 in parallel with vessel 20, service outlet valve
      17 and service inlet valve 31 are closed and polisher connection valve 18,
      polisher inlet valve 32 and service outlet valve 37 are opened. Thus, part
      of the raw water passes through vessel 10 and then through vessel 30,
      which acts as a polisher and absorbs cations that leak through vessel 10,
      and the rest of the water continues to pass directly through vessel 20 to
      service.
PAR  Preferably, vessel 30 is placed in polisher service as soon as it has been
      regenerated, even if breakthrough or leakage through vessel 10 is not
      imminent, in which case vessel 30 would not remove any ions until leakage
      through vessel 10 commenced. Placing vessels in polisher service as soon
      as they are regenerated provides a safety factor that reduces the need for
      close monitoring of the effluent from the upstream, or primary resin beds
      nearing exhaustion.
PAR  Of course, it is not generally desirable to design and operate the system
      so that an excessive amount of time elapses after vessel 30 is placed in
      polisher service before the resin in vessel 10 is exhausted, since this
      would increase the time during which vessel 40 is standing idle. Optimum
      operation with this system is achieved by adjusting the rates at which raw
      water and regenerant pass through the vessel, the amount of resin in the
      vessel, the regenerant concentration and other factors which affect the
      length of the service and/or regeneration cycles, according to techniques
      well known in the ion exchange art, so that breakthrough from the most
      exhausted bed in the service group occurs shortly after a polisher bed has
      been connected in series with it.
PAR  The raw water is passed through the second service group, as shown in FIG.
      2b, until the resin in vessel 10 is substantially completely exhausted.
      Again, in order to minimize the periods of time in which vessels and resin
      are standing idle, it is preferable to design and operate the system so
      that exhaustion of the resin in the upstream bed occurs as soon as
      possible after a polisher vessel has been placed in service.
PAR  As a general rule, it is preferable to design and operate the system so
      that the steps illustrated in FIG. 2a, 2c, 2e and 2g, in which two vessels
      are connected in parallel in service groups and the remaining two vessels
      are connected in series in regeneration groups, are somewhat longer than
      the steps illustrated in FIGS. 2b, 2d, 2f, and 2h, in which a freshly
      regenerated bed is connected in series with a bed nearing exhaustion and a
      partially regenerated bed is standing idle.
PAR  When the resin in vessel 10 has been substantially completely exhausted,
      this vessel is removed from service by closing service inlet valve 11 and
      polisher connection valve 18. Vessel 30 is connected in parallel with
      vessel 20, by closing polisher inlet valve 32 and opening service inlet
      valve 31, to form the third service group shown in FIG. 2c. Water passes
      in parallel through vessels 20 and 30 while the regeneration of column 40
      is completed and the regeneration of column 10 is begun.
PAR  At the beginning of step 2c, vessel 10 is backwashed by opening backwash
      inlet valve 19 and top waste outlet valve 14. At the end of the backwash
      step these valves are closed and vessel 10 is connected in series with and
      downstream from vessel 40, to form the second regeneration group,
      illustrated in FIG. 2c. The bottom waste outlet valve 45 from vessel 40 is
      closed and regenerant inlet valve 43, regenerant outlet valve 46 and the
      bottom waste outlet valve 15 from vessel 10 are opened. Thus, fresh acid
      passes through vessel 40, completing the regeneration of the resin
      therein, and the partially spent regenerant effluent from vessel 40
      partially regenerates the resin in vessel 10.
PAR  When the fresh acid introduction to vessel 40 has been completed,
      regenerant inlet valve 43 is closed and service inlet valve 41 is opened
      to rinse column 40. The regenerant rinsed from vessel 40 is passed through
      vessel 10. Upon completion of the rinse step, valves 41 and 46 are closed
      to remove vessel 40 from the regeneration group, the service outlet valve
      27 from column 20 is closed and valves 28, 41 and 47 are opened to form
      the fourth service group, illustrated in FIG. 2d. In this configuration,
      vessel 40 is in series with and downstream from vessel 20, and vessels 40
      and 20 are in parallel with vessel 30. Column 40 functions as a polisher,
      absorbing ions leaking through vessel 20 while the resin in that vessel
      becomes completely exhausted.
PAR  The foregoing steps are continually repeated, by removing exhausted columns
      from service are connecting them in series with partially regenerated
      columns to form additional regeneration groups and by connecting
      regenerated columns in series with nearly exhausted columns. Thus, the
      points where water and regenerant are introduced gradually move through
      the system and the beds are exhausted and regenerated in sequence. In FIG.
      2e, vessels 30 and 40 are connected in parallel in service and columns 10
      and 20 are regenerated in series. In FIG. 2f the regenerated bed in vessel
      10 acts as a polisher for vessel 30 while the resin therein becomes
      completely exhausted. Similarly, in FIG. 2g vessels 40 and 10 are in
      parallel in service while columns 20 and 30 are regenerated in series, and
      in FIG. 2h vessel 20 acts as a polisher for vessel 40. At the end of Step
      2h, the system is ready for the step illustrated in FIG. 2a and the cycle
      begins all over again.
PAR  By using regenerated columns as polishers for columns nearing exhaustion,
      and always regenerating a plurality of columns in series, the processes of
      this invention, like the processes disclosed in the patent and bulletin
      referred to above, improve the efficiency of exhaustion and regeneration
      of the ion exchange resin. Furthermore, the processes of this invention,
      by utilizing vessels connected in parallel in the service groups, balance
      the time that each vessel remains in service and the length of time during
      which each column is either being regenerated or standing idle so that the
      idle or hold time is reduced.
PAR  The total system flow is divided between 2 primary service vessels
      throughout the complete cycle, and each vessel is in primary service for
      four of the individual steps in the overall cycle illustrated in FIG. 2.
      Also, each vessel is in the regenerating phase for two steps, in the
      polishing phase for one of the individual steps, and idle during the
      remaining step, while another vessel is in polishing service. As may be
      seen from the Figure, each vessel is in primary service during two steps
      in which other vessels are regenerated and during two polishing steps.
PAR  Now, with the example shown previously, the service flow rate of 1,000 gpm
      can be divided between two vessels, at 500 gpm per vessel, at all times
      during the period of a regeneration and polishing step. Based upon flow
      considerations, the minimum resin inventory per vessel can then be
      ##EQU6##
PAR  This volume will permit each vessel to remain in primary service for two
      regenerating cycles of 40 minutes each plus two polishing steps of ten
      minutes each when operating at 500 gpm per vessel with water containing 10
      grains of exchangeable ions per gallon, as indicated from the calculation
      ##EQU7##
PAR  Thus, four vessels each containing 50 cubic feet of resin for a total of
      200 cubic feet for the system would satisfy the design parameters given
      whereas, as was shown above, if only three vessels were used, a minimum of
      100 cubic feet per vessel or a total of 300 cubic feet for the system
      would be required. Obviously, with smaller resin inventory per vessel and
      lower flow rates per vessel, smaller vessel sizes and smaller pipe and
      valve sizes are required.
PAR  If the length of the service cycle is at least equal to three times the
      length of a regeneration step plus a polishing step, another vessel and
      set of piping like those illustated in FIG. 1 may be added to produce a
      five column system. The first four steps in the operation of a system of
      this sort are illustrated in FIGS. 3a-3d. In step 3a, three vessels 51,
      52, 53 containing beds of partially exhausted ion exchange resin in
      varying stages of exhaustion are connected in parallel in a first service
      group. While the water being treated is passing through these vessels;
      exhausted resin in vessel 55 is backwashed, partially regenerated resin in
      vessel 54 and the exhausted resin in vessel 54 and the exhausted resin in
      vessel 55 are regenerated in series to complete the regeneration of column
      54 and begin the regeneration of column 55, and column 54 is rinsed.
      Vessel 54 is then connected in series with vessel 51, which contains the
      most nearly exhausted bed of resin in the first service group, to form a
      second service group, which is illustrated in FIG. 3b. In this step,
      vessel 54 is connected in series with and downstream from vessel 51, and
      vessels 51 and 54 are operated in parallel with vessels 52 and 53. When
      the resin in vessel 51 has been substantially completely exhausted, it is
      removed from service, backwashed, and regenerated in series with vessel 55
      in the second regeneration group illustrated in FIG. 3c. At the same time,
      vessel 54, which was a polisher in the second service group, is connected
      in parallel with vessels 52 and 53 to form the third service group.
PAR  When the resin in vessel 55 has been regenerated and rinsed, this vessel is
      connected in series with and downstream from vessel 52 and in parallel
      with vessels 53 and 54 to form the fourth service group; in which vessel
      55 functions as a polisher while the resin in vessel 52 is substantially
      completely exhausted. As in the process illustrated in FIG. 2, the
      foregoing steps are repeated, by removing vessels containing exhausted
      resin from service and connecting them in series with and downstream from
      vessels containing partially regenerated resin to form additional
      regeneration groups, and by connecting vessels containing regenerated
      resin in series with vessels containing nearly exhausted resin, so that
      the beds are exhausted and regenerated in sequence one after the other.
PAR  In the next step, vessels 53, 54, 55 are connected in parallel for service
      and columns 51 and 52 are regenerated in series. When the resin in vessel
      51 has been regenerated, this vessel is connected in series with and
      downstream from vessel 53. When the resin in vessel 53 is exhausted, it is
      regenerated in series with and downsteam from vessel 52, while vessels 51,
      54, and 55 are connected in parallel for service.
PAR  Next, vessel 52 is connected in series with and downstream from vessel 54
      until that bed is exhausted. When this happens, vessel 54 is regenerated
      in series with and downstream from vessel 53, while vessels 51, 52, and 55
      are connected in parallel for service. The cycle is completed by operating
      vessel 53 as a polisher downstream from and in series with vessel 55, and
      in parallel with vessels 51 and 52, until the resin in vessel 55 is
      exhausted.
PAR  The complete cycle for this process contains 10 individual steps
      illustrated in FIGS. 3a-3j, instead of the 8 individual steps for the
      process illustrated in FIG. 2. Each vessel is in primary service for six
      of the steps of the five vessel cycle, in polishing service for one step,
      in regeneration for two of the steps, and idle for the remaining step.
      Thus, the total system flow is divided between three primary service
      vessels throughout the complete cycle. Using design parameters previously
      given for purposes of illustration, a flow rate of 1,000 gpm would be
      divided between three vessels at all times during the regeneration and
      polishing steps, for a total of 333.3 gpm per vessel.
PAR  The minimum resin inventory per vessel based upon flow considerations could
      then be
      ##EQU8##
PAR  Such a resin capacity would permit treatment, at a total flow rate of 1,000
      gpm, of an influent containing an ionizable solids content as low as
      ##EQU9##
PAR  Under these conditions, each vessel could remain in primary service for
      three regenerating cycles of 40 minutes each plus three polishing steps of
      10 minutes each requiring a total of 150 minutes, when operating at 333.3
      gpm per vessel, as indicated from the following calculation.
      ##EQU10##
PAR  The foregoing discussion assumes that the resin in each vessel is of the
      same type, i.e. either a cation or anion exchange resin. However, the
      processes of this invention may also be utilized in connection with mixed
      bed ion exchangers. FIG. 4 illustrates the regeneration piping for a
      system of this sort. Most of the service piping, which may be the same as
      the system shown in FIG. 1, has been left out of FIG. 4 for purposes of
      clarity.
PAR  The system shown in FIG. 4 contains four vessels 60, 70, 80 and 90, each of
      which contains both anion and cation exchange resin. As in the system
      shown in FIG. 1, each vessel has a service inlet valve 61, 71, 81, 91
      connecting the vessel to the main raw water supply line 101; a backwash
      inlet valve 69, 79, 89, 99 which is connected to the water supply line 101
      by a backwash line 109; and a top waste outlet valve 64, 74, 84, 94
      connected to a waste discharge line 105. The vessels shown in FIG. 4 each
      have an anion regenerant inlet valve 62, 72, 82, 92, through which a
      suitable anion regenerant such as sodium hydroxide may be supplied to the
      top of the vessel; and a cation regenerant inlet valve 63, 73, 83, and 93,
      through which a suitable cation regenerant such as acid is fed to the
      bottom of the vessel. The regenerants, instead of passing completely
      through the column, are discharged from the column through interface
      collectors 66, 76, 86, 96 located at an intermediate level in each vessel.
      During the first step in the regeneration of the anion exchange resin, the
      partially spent anion regenerant from the first vessel in the regeneration
      group passes through an anion regenerant outlet valve 67, 77, 87, 97 to
      the next vessel in the regeneration group. After regeneration and rinsing
      of the anion resin, the cation bed is regenerated, and the partially spent
      cation regenerant effluent from the first vessel in the regeneration group
      passes through a cation regenerant outlet valve 68, 78, 88, 98 to the
      second vessel in the group. The regenerant effluents from the second
      vessel in the regeneration group are discharged through a spent regenerant
      outlet valve 65, 75, 85, 95 to the waste discharge line 105.
PAR  FIG. 4 is shaded to indicate the position the different resins occupy in
      the vessel during exhaustion and regeneration. Slanted lines extending
      from upper right to lower left represent anion exchange resin, slanted
      lines extending from upper left to lower right represent cation exchange
      resin, and cross hatched shading indicates a bed in which the cation and
      anion exchange resins are mixed. FIG. 4 illustrates the resins during the
      step which corresponds to the step illustrated in FIG. 2a. In this step,
      vessels 60 and 70 are connected in parallel to form a service group. The
      raw water enters the vessel through valves 61 and 71 and is discharged
      through service outlet valves (not shown) at the bottom of the vessels.
PAR  At the beginning of the step shown in FIG. 4 vessel 90, which contains
      exhausted resin, is backwashed by opening backwash inlet valve 99 and top
      waste outlet valve 94. Backwashing also separates the resins. The anion
      exchange resin, which is less dense than the cation exchange resin in the
      exhausted form, forms a layer at the top of the column above the interface
      collector 96 and the cation exchange resin forms a layer at the bottom of
      the column below the interface collector.
PAR  When backwashing and separation of the resin are completed, valves 94 and
      99 are closed and the resin in vessel 90 is regenerated in series with and
      downstream from the resin in vessel 80, which was partially regenerated in
      the last regeneration step. The anion regenerant inlet valve 82 for vessel
      80, the anion regenerant outlet valve 87 that connects interface collector
      86 to the top of vessel 90, and the spent regenerant outlet valve 95 from
      vessel 90 are opened. Thus, fresh anion regenerant contacts the anion
      exchange resin at the top of vessel 80 and completes the regeneration of
      this resin. The partially spent regenerant is discharged through interface
      collector 86 and valve 87 and passes down through the anion exchange resin
      at the top of vessel 90, partially regenerating this resin. The spent
      regenerant effluent is discharged through interface collector 96 and spent
      regenerant outlet valve 95 to the waste discharge line 105. During this
      operation, a slow blocking flow of water may be passed through the
      backwash inlet valves 89 and 99 and up through the layers of cation
      exchange resin to keep the anion regenerant from contacting the cation
      exchange resin.
PAR  When the anion exchange resin in vessel 80 has been regenerated, valve 82
      is closed and service inlet valve 81 is opened to rinse the anion exchange
      resin in vessel 80. The rinse effluent is discharged through interface
      collector 86 and anion regenerant outlet valve 87 so that it passes
      through the anion exchange resin in vessel 96 and any remaining
      regeneration capacity is fully utilized.
PAR  Cation regenerant is then passed through the layers at the bottom of
      vessels 80 and 90 by opening cation regenerant inlet valve 83 and the
      cation regenerant outlet valve 88 that connects the two vessels. Thus, the
      fresh regenerant first passes through the cation exchange resin in vessel
      80, completing its regeneration, and then passes through the cation
      exchange resin at the bottom of vessel 90, beginning its regeneration.
      Service inlet valve 81 and/or service inlet valve 91 may be opened
      slightly during this phase to pass slow blocking flows of water down
      through the anion exchange resin layers and prevent the cation regenerant
      from contacting the anion exchange resin.
PAR  When the cation exchange resin in vessel 80 has been regenerated, it is
      rinsed by opening valve 89. Again, the rinse effluent is discharged
      through cation regenerant outlet valve 88 and passes through the cation
      exchange resin in vessel 90 so that any remaining regeneration capacity
      may be utilized. When rinsing has been completed, valve 88 is closed, the
      top waste outlet valve 84 is opened and the resins in vessel 80 are mixed,
      by passing air up through the column, to form a mixed bed like those in
      vessels 60 and 70. Vessel 80 can now be connected in series with either
      vessel 60 or 70, whichever contains the more exhausted resin, to function
      as a polisher in the next service group. The individual exhaustion and
      regeneration steps are repeated, as illustrated in FIG. 2, so that each
      bed in the system shown in FIG. 4 is exhausted and regenerated in
      sequence.
PAR  The criteria that was discussed above for the optimum service to
      regeneration ratio for single resin ion exchangers also apply to the mixed
      bed system illustrated in FIG. 4. Of course, it should be understood that
      the length of the regeneration cycle for the mixed bed system includes the
      time needed to regenerate the anion exchange resin plus the time needed to
      regenerate the cation exchange resin.
PAR  Various modifications to the illustrated systems and processes will be
      readily apparent to those skilled in the art. For example, as discussed in
      the bulletin referred to above, the regenerants may be diluted between the
      first and second beds in a regeneration group or the regenerants may be
      passed up through the first bed in the regeneration group and down through
      the second. Similarly, the beds may be regenerated with three times the
      stoichiometric quantity of regenerant, as illustrated in the above
      mentioned patent and bulletin, by adding another vessel to the system and
      regenerating two partially regenerated beds in series with each exhausted
      bed. These and a number of other modifications may be made within the
      scope of this invention, which is defined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of operating an ion exchange system having four vessels, each
      of which contains a bed of ion exchange resin that remains in the vessel
      during exhaustion and regeneration, and valve and conduit means for
      connecting said vessels for both series and parallel flow, comprising:
PA1  a. connecting a first vessel containing a partially exhausted bed in
      parallel with a second vessel containing a partially exhausted bed that is
      less exhausted than the bed in said first vessel to form a first service
      group, passing fluid to be treated in parallel through said first and
      second vessels and, at the same time, passing regenerant through a third
      vessel containing a partially regenerated bed and then through a fourth
      vessel containing an exhausted bed until the bed in said third vessel is
      regenerated and the bed in said fourth vessel is partially regenerated;
PA1  b. connecting said third vessel in series with said first vessel, with said
      third vessel downstream from said first vessel and said first and third
      vessels in parallel with said second vessel, to form a second service
      group, and passing the fluid to be treated through said second service
      group until the bed in said first vessel is exhausted;
PA1  c. removing said first vessel from service, connecting said second and said
      third vessel in parallel to form a third service group, passing the fluid
      to be treated in parallel through said second and third vessels and, at
      the same time, passing regenerant through said fourth vessel and then
      through said first vessel until the bed in the fourth vessel is
      regenerated and the bed in the first vessel is partially regenerated;
PA1  d. connecting said fourth vessel in series with said second vessel, with
      said fourth vessel downstream from said second vessel and the fourth and
      second vessels in parallel with the third vessel, to form a fourth service
      group, and passing the fluid to be treated through the fourth service
      group until the bed in the second vessel is exhausted;
PA1  e. removing said second vessel from service, connecting said third and
      fourth vessels in parallel to form a fifth service group, passing the
      fluid being treated in parallel through said third and fourth vessels and,
      at the same time, passing regenerant through said first vessel and then
      through said second vessel until the bed in said first vessel is
      regenerated and the bed in said second vessel is partially regenerated;
PA1  f. connecting said first vessel in series with said third vessel, with said
      first vessel downstream from said third vessel and the third and first
      vessels in parallel with the fourth vessel, to form a sixth service group,
      and passing the fluid to be treated through this service group until the
      bed in said third vessel is exhausted;
PA1  g. removing said third vessel from service, connecting said fourth vessel
      and said first vessel in parallel to form a seventh service group, passing
      the fluid to be treated in parallel through said fourth and first vessels
      and, at the same time, passing regenerant through said second vessel and
      then through said third vessel until the bed in the second vessel is
      regenerated and the bed in the third vessel is partially regenerated;
PA1  h. connecting said second vessel in series with the fourth vessel, with the
      second vessel downstream from the fourth vessel and the fourth and second
      vessels in parallel with said first vessel, to form an eighth service
      group, and passing the fluid being treated through said service group
      until the bed in the fourth vessel is exhausted; and
PA1  i. repeating the foregoing sequence.
NUM  2.
PAR  2. A method of operating an ion exchange system having five vessels, each
      containing a bed of ion exchange resin that remains in the vessel during
      exhaustion and regeneration, and valve and conduit means for connecting
      said vessels for both series and parallel flow, comprising:
PA1  a. connecting first, second and third vessels containing beds of partially
      exhausted ion exchange resin in differing stages of exhaustion in parallel
      to form a first service group, with said first vessel containing the most
      thoroughly exhausted bed and said third vessel containing the least
      exhausted bed, passing fluid to be treated in parallel through said first,
      second and third vessels and, at the same time, passing regenerant through
      a fourth vessel containing a partially regenerated bed and then through a
      fifth vessel containing an exhausted bed until the bed in said fourth
      vessel is regenerated and the bed in said fifth vessel is partially
      regenerated;
PA1  b. connecting said fourth vessel in series with and downstream from said
      first vessel, with the first and fourth vessels in parallel with said
      second and said third vessels, to form a second service group, and passing
      the fluid being treated through this service group until the bed in said
      first vessel is exhausted;
PA1  c. removing said first vessel from service, connecting said second, third
      and fourth vessels in parallel to form a third service group, passing the
      fluid to be treated in parallel through said second, third and fourth
      vessels and, at the same time, passing regenerant through said fifth
      vessel and then through said first vessel until the bed in said fifth
      vessel is regenerated and the bed in said first vessel is partially
      regenerated;
PA1  d. connecting said fifth vessel in series with and downstream from said
      second vessel, with the fifth and second vessels in parallel with said
      third and fourth vessels, to form a fourth service group, and passing the
      fluid being treated through this service group until the bed in the second
      vessel is exhausted;
PA1  e. removing said second vessel from service, connecting said third, fourth
      and fifth vessels in parallel to form a fifth service group, passing the
      fluid to be treated in parallel through said third, fourth and fifth
      vessels and, at the same time, passing regenerant through said first
      vessel and then through said second vessel until the bed in said first
      vessel is regenerated and the bed in said second vessel is partially
      regenerated;
PA1  f. connecting said first vessel in series with and downstream from said
      third vessel, with the first and third vessels in parallel with the fourth
      and fifth vessels, to form a sixth service group, and passing the fluid
      being treated through this service group until the bed in the third vessel
      is exhausted;
PA1  g. removing the third vessel from service, connecting the first, fourth and
      fifth vessels in parallel to form a seventh service group, passing the
      fluid to be treated in parallel through said first, fourth and fifth
      vessels and, at the same time, passing regenerant through said second
      vessel and then through said third vessel until the bed in said second
      vessel is regenerated and the bed in said third vessel is partially
      regenerated;
PA1  h. connecting said second vessel in series with and downstream from said
      fourth vessel, with said second and fourth vessels in parallel with said
      first and fifth vessels, to form an eighth service group, and passing the
      fluid being treated through this service group until the resin in the
      fourth vessel is exhausted;
PA1  i. removing said fourth vessel from service, connecting said first, second
      and fifth vessels in parallel to form a ninth service group, passing the
      fluid to be treated in parallel through said first, second and fifth
      vessels and, at the same time passing regenerant through said third vessel
      and then through said fourth vessel until the bed in said third vessel is
      regenerated and the bed in said fourth vessel is partially regenerated;
PA1  j. connecting said third vessel in series with and downstream from said
      fifth vessel, with the fifth and third vessels in parallel with said first
      and second vessels, to form a tenth service group, and passing the fluid
      being treated through this service group until the bed in the fifth vessel
      is exhausted; and
PA1  k. repeating the foregoing sequence.
NUM  3.
PAR  3. A method of operating an ion exchange system having at least four
      vessels, each of which contains a bed of ion exchange material that
      remains in the vessel during exhaustion and regeneration, and valve and
      conduit means for connecting said vessels for both series and parallel
      flow, comprising exhausting and regenerating said beds of ion exchange
      material in sequence one after another by:
PA1  a. connecting two or more of said vessels, containing beds of ion exchange
      material in differing stages of exhaustion in parallel to form a first
      service group, passing a fluid to be treated in parallel through these
      vessels and, at the same time, connecting two or more other vessels
      containing beds of ion exchange material in differing stages of
      regeneration in series to form a first regeneration group, with a primary
      vessel containing the most completely regenerated ion exchange material at
      the upstream end of the series and a last vessel containing exhausted
      resin at the downstream end of said regeneration group, the total number
      of vessels in said first service group and said first regeneration group
      being equal to the number of vessels in said system, and passing
      regenerant in series through the regeneration group, whereby the
      regenerant contacts the most completely regenerated ion exchange material
      first and contacts said exhausted ion exchange material last, until the
      ion exchange material in said primary vessel has been regenerated and said
      exhausted ion exchange material in said last vessel has been partially
      regenerated;
PA1  b. removing said primary vessel from said regeneration group and connecting
      this vessel in series with and downstream from a first vessel from said
      first service group, containing the most nearly exhausted bed in said
      first service group, with said primary vessel from said first regeneration
      group and said first vessel from said first service group in parallel with
      the other vessel or vessels remaining from said first service group, to
      form a second service group, and passing the fluid being treated through
      said second service group until the bed in the first vessel from the first
      service group is exhausted;
PA1  c. removing said first vessel from the second service group, connecting
      said primary vessel from the first regeneration group in parallel with the
      other vessel or vessels remaining from said second service group to form a
      third service group; and, at the same time, connecting said first vessel
      in series with and downstream from the vessel or vessels remaining from
      the first regeneration group to form a second regeneration group and
      passing regenerant in series through this regeneration group, whereby the
      regenerant passes first through a primary vessel in said second
      regeneration group, containing the most completely regenerated ion
      exchange material in the second regeneration group, and through said first
      vessel last, until the ion exchange material in said primary vessel in the
      second regeneration group has been regenerated and the exhausted ion
      exchange material in said first vessel has been partially regenerated;
PA1  d. removing said primary vessel from said second regeneration group and
      connecting this vessel in series with and downstream from a second vessel
      from said third service group, containing the most nearly exhausted bed in
      said third service group, with said primary vessel from said second
      regeneration group and said second vessel in parallel with the other
      vessel or vessels remaining from said third service group, to form a
      fourth service group, and passing the fluid being treated through said
      fourth service group until the bed in said second vessel is exhausted;
PA1  e. removing said second vessel from the fourth service group, connecting
      said primary vessel from the second regeneration group in parallel with
      the other vessel or vessels remaining from said fourth service group to
      form a fifth service group; and, at the same time, connecting said second
      vessel in series with and downstream from the vessel or vessels remaining
      from the second regeneration group to form a third regeneration group and
      passing regenerant in series through this regeneration group, whereby the
      regenerant passes first through a primary vessel in said third
      regeneration group, containing the most completely regenerated ion
      exchange material in the third regeneration group, and through said second
      vessel last, until the ion exchange material in said primary vessel in the
      third regeneration group has been regenerated and the exhausted ion
      exchange material in said second vessel has been partially regenerated;
PA1  f. removing said primary vessel from said third regeneration group and
      connecting this vessel in series with and downstream from a third vessel
      from said fifth service group, containing the most nearly exhausted bed in
      said fifth service group, with said primary vessel from said third
      regeneration group and said third vessel in parallel with the other vessel
      or vessels remaining from said fifth service group, to form a sixth
      service group, and passing the fluid being treated through said sixth
      service group until the bed in said third vessel is exhausted;
PA1  g. removing said third vessel from the sixth service group, connecting said
      primary vessel from the third regeneration group in parallel with the
      other vessel or vessels remaining from said sixth service group to form a
      seventh service group; and, at the same time, connecting said third vessel
      in series with and downstream from the vessel or vessels remaining from
      the third regeneration group to form a fourth regeneration group and
      passing regenerant in series through this regeneration group, whereby the
      regenerant passes first through a primary vessel in said fourth
      regeneration group, containing the most completely regenerated ion
      exchange material in the fourth regeneration group, and through said third
      vessel last, until the ion exchange material in said primary vessel in the
      fourth regeneration group has been regenerated and the exhausted ion
      exchange material in said third vessel has been partially regenerated;
PA1  h. removing said primary vessel from said fourth regeneration group and
      connecting this vessel in series with and downstream from a fourth vessel
      from said seventh service group, containing the most nearly exhausted bed
      in said seventh service group, with said primary vessel from said fourth
      regeneration group and said fourth vessel in parallel with the other
      vessel or vessels remaining from said seventh service group, to form an
      eighth service group, and passing the fluid being treated through said
      eighth service group until the bed in said fourth vessel is exhausted; and
PA1  i. continuing to remove vessels containing exhausted ion exchange material
      from service and to connect them in series with and downstream from at
      least one vessel containing partially regenerated ion exchange material to
      form additional regeneration groups, and continuing to connect vessels
      containing regenerated ion exchange material in series with and downstream
      from vessels containing the most nearly exhausted ion exchange material
      from the previous service group to form new service groups, whereby the
      points where the fluid being treated and the regenerant are introduced
      gradually move through the system and the beds of ion exchange material
      are exhausted and regenerated in sequence one after another.
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ABST
PAL  A method of removing immiscible fluids such as oil spills from the surface
      of bodies of water which comprises placing an adsorbant compound on the
      water survace in contact with the immiscible fluid and maintaining contact
      between the surface of the immiscible fluid and the adsorbant material
      until the immiscible fluid is adsorbed. The adsorbant compound consists of
      an admixture comprising from between about 30% and 70% by weight of lead
      slag mineral wool, with the balance being a finely divided natural stone
      substance containing substantial quantities of iron, aluminum, and
      magnesium oxides, including such natural stones as trap rock, basalt and
      gabbro. The lead slag mineral wool is treated with a
      hydrophobic-oil-soluble hydrocarbon chain substance, such as oleic acid to
      wet the surface of the mineral wool prior to mixing with stone flour. The
      lead slag mineral wool is preferably fragmented into nodules having a
      diameter of, for example, from 1/2 inch to 1 inch. The composition may be
      also utilized for removing oil spills from lake beds or soil surfaces.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  The present application is a continuation-in-part of my co-pending
      application Ser. No. 362,317, filed May 21, 1973, entitled "Removal of
      Immiscible Fluids from Water Surfaces and Lake Beds." now abandoned, which
      application was a continuation-in-part of application Ser. No. 296,789,
      filed Oct. 12, 1972, now abandoned, this application being a
      continuation-in-part of a still earlier co-pending application Ser. No.
      143,713, filed May 26, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates generally to an improved method of removing
      immiscible fluids such as oil slicks from the surface of bodies of water
      or beds, and more specifically to a technique for removing oils such as
      crude or refined oil, gasoline, or the like from these surfaces including
      water surfaces in order to avoid or reduce pollution of the water. In the
      past, various techniques and materials have been utilized for providing an
      adsorbant compound for the water, however these adsorbants have frequently
      been found to be ineffective in permanent removal of the pollutant, or
      have frequently contributed to pollution on their own. The concept of the
      present invention provides a means for removing pollutants and effectively
      retaining these materials over extended periods of time, without
      contributing to the pollution of the water by incorporation of undesirable
      materials in the adsorbant compound. Also, an effective means of mixing
      the component materials is provided.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the primary feature or concept of the present invention provides
      for the removal of immiscible fluids by placing an adsorbant compound on
      the surface of the water. The adsorbant compound is an admixture of
      compacted lead slag mineral wool coated with a hydrophobicoil soluble film
      such as oleic acid, and between about 30% and 70% by weight of a finely
      divided natural stone containing substantial quantities of the oxides of
      iron, aluminum and magnesium may be added, such as, for example, trap
      rock, basalt or gabbro. Trap rock is generally preferred. Basalt is an
      Apanitic rock, while gabbro is a Plutonic rock, and all substances are, of
      course, readily available.
PAR  The composition of the adsorbant compound is one which does not contribute
      to biological oxygen demand in the water being treated. The substances are
      highly inert, and are utilized for their highly adsorbant characteristics.
      The rate of adsorption is high, and the retention of adsorbed oily
      materials has also been found to be unusually high. In other words, an oil
      slick may be removed from the surface of a body of water by broadcasting
      the adsorbant compound upon the surface of the water, and this oil slick
      will remain tightly adsorbed by the material over extended periods of
      time. Inasmuch as the adsorbant compound is inert, the net affect is a
      reduction in the extent of pollution of the body of water. The component
      materials are preferably mixed together in a closed tumbler.
PAR  The adsorbant compound of the present invention has been found to have a
      high affinity for oils such as crude or refined petroleum oils and the
      like. The substance will take up or adsorb substantial quantities of oil
      from a water surface, with the quantities adsorbed being extremely high
      relative to the weight or volume of the adsorbant compound.
PAR  The composition provides a means for cleaning up oil or other chemicals
      which constitute immiscible fluids which have been discharged into bodies
      of surface water. There appears to be an unusually strong bond or
      attraction between the oil film and the treated or coated mineral wool.
      The physical characteristics of the adsorbant treated lead slag mineral
      wool and rock flour are such that the materials may be placed into contact
      with the oil spill, and later skimmed off the surface of the water prior
      to complete immersion of the adsorbant material. The coated or treated
      mineral wool assists in maintaining the material buoyant over extended
      periods of time. In certain instances, however, it may be desirable or
      expedient to permit the adsorbant material to remain on the water surface
      for an extended period of time and permitted to ultimately settle to the
      bottom of the body of water while retaining the adsorbed pollutants.
PAR  Therefore, it is a primary object of the present invention to provide an
      improved method for removing immiscible fluids from the surfaces of bodies
      of water which includes placing an adsorbant compound on the water
      surface, the adsorbant compound consisting of an admixture of compositions
      which do not in themselves contribute to pollution of the water body.
PAR  It is yet a further object of the present invention to provide an improved
      method for removing immiscible fluids from the surface of bodies of water
      which includes placing an adsorbant compound on the water surface, wherein
      the adsorbant compound consists of an admixture of from between about 30%
      and 70% by weight of lead slag mineral wool coated with an oil-soluble
      hydrophobic film.
PAR  It is yet a further object of the present invention to provide an improved
      material for adsorbing immiscible fluids from the surfaces of bodies of
      water which includes an admixture of hydrophobic film coated lead slag
      mineral wool pellets and a finely divided inert rock or stone containing
      substantial quantities of the oxides of iron, aluminum, and magnesium.
PAR  Other and further objects of the present invention will become apparent to
      those skilled in the art upon a study of the following specification and
      appended claims.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As has been indicated, the adsorbant compound utilized in the present
      invention includes an admixture of from about 30% to about 70% by weight
      of lead slag mineral wool, balance rock flour. It has been found most
      desirable to employ from between about 45%-55% lead slag mineral wool,
      balance rock flour. Certain applications of the adsorbant compound may
      dictate variations in the quantity, however for most oil spills on bodies
      of water, the admixture of 50% lead slag mineral wool, balance rock flour
      has been found to be optimum. In order to enhance the capability of the
      substance to adsorb and retain water immiscible fluids, a quantity of
      finely divided trap rock material or powder or other natural stone rich in
      the oxides of iron, aluminum and magnesium is added. Best results have
      been obtained through the addition of a material selected from the group
      consisting of basalt and gabbro. This material is preferably added in
      finely divided form, such as in the form of finely divided particles of 50
      mesh or smaller.
PAR  The lead slag mineral wool is commercially available. This material is a
      by-product of lead smelting, and normally contains high metal oxide
      content. There appears to be a reasonable attraction between oils and lead
      slag mineral wool, this affinity being believed to contribute to the
      retention of the oil by the mineral wool. The application of the film of
      oil soluble-hydrophobic material to the lead slag wool enhances the
      affinity of the material for oil. Also, prior to mixing with rock flour,
      the lead slag mineral wool is preferably passed through a hammer mill or
      silage cutter in order to compress the material into fragments or nodules
      approximately 1/2 inch to 1 inch in diameter.
PAR  The mineral wool is treated with a material so as to render the surface
      coated with a film of oil soluble hydrophobic material. Preferably, oleic
      acid is used to form this film, it being understood, however, that other
      fatty acids may be utilized, preferably those having from between 16 and
      22 carbon atoms. Since the most abundant acids have 16 or 18 carbon atoms
      in the chain, and these are commercially available, they become more
      useful for the present concept. In this connection, the acids of the group
      consisting of palmitic, stearic, oleic, linoleic, linolenic, and
      arachidonic acids may be found useful. Linoleic, linolenic and arachidonic
      acids are frequently referred to as "essential fatty acids." The acids are
      normally derived from the glycerides.
PAR  In order to prepare the substance for use, one part of the acid is added to
      approximately 50 parts of water, and the lead slag mineral wool is passed
      through the liquid until the fibers become damp. The damp fibers are then
      mixed with the finely divided trap rock flour. This material, following
      drying, provides an adsorbant material that floats on water surfaces for
      periods of up to 30 days. During this period, the mixed material has a
      great affinity for oil and certain other water immiscible materials, and
      little, if any, affinity for water. The fiber materials appear to act as a
      matrix which binds and holds the oil into the compressed balls or rolls of
      wool, and the material can be easily removed from the water surface. The
      material has been found to be capable of withstanding constant agitation
      and will normally hold, and retain up to 12 times its weight of oil. The
      congealed oil matrix material may float for periods of up to 30 days. Wave
      action may provide agitation of the material in oily waters, which tends
      to be helpful in expediting adsorption.
PAR  It has been found that the fatty acids selected from the group consisting
      of palmitic, stearic, oleic, linoleic, linolenic, and arachidonic acids
      are equally suited to the concept. They are employed by dispersing the
      acid in water, preferably distilled water, on a basis of approximately 2%
      acid, balance water. The lead slag mineral wool is exposed to the
      acid-water mixture to an extent sufficient to permit the wool to become
      damp, and therefore substantially coated with the fatty acid upon
      evaporation of the water.
PAR  When materials rich in oxides of iron, aluminum, and magnesium are added,
      this material may be introduced into the mineral wool while in a hammer
      mill, or may be physically added prior to use. The technique and nature of
      the materials permit the finely divided stone material to be conveniently
      added to the mineral wool.
PAR  In actual use, the adsorbant compound is placed upon the surface of the
      water in contact with the immiscible fluids such as spilled oil or the
      like. The oil is quickly adsorbed into the surface of the lead slag
      mineral wool-rock flour mixture.
PAC  EXAMPLE 1
PAR  500 pounds of lead slag wool was passed through a hammer mill and
      compressed balls or rolls of the wool were formed. This material was
      thereafter wetted with a solution of 2% oleic acid in water and permitted
      to dry.
PAR  Thereafter, 500 pounds of basalt, 50 mesh and smaller were added to the
      lead slag wool and the combination placed within a closed tumbler chamber
      and tumbled for a period of 10 minutes at a rate of approximately 50
      cycles per minute. A butter churn tumbler may be satisfactorily utilized
      for this purpose. Following tumbling, the material was permitted to settle
      for 5 minutes within the closed chamber so as to permit the dust to settle
      and find its way into the intricacies of the lead slag wool.
PAR  This material will pick up at least about 10 times its own weight in oil
      when placed on a water surface containing a superimposed layer of oil,
      such as petroleum products and the like.
PAR  In certain instances, a greater quantity of crushed basalt may be
      desirable, particularly when the material is to be used to remove thick
      heavy films of oil from water surfaces. The upper limit of approximately
      70% of basalt is felt reasonable in view of the density increase of the
      material when this quantity is employed, since as the density increases,
      the material has a more rapid rate of sinking within the area being
      treated.
PAR  For treatment of surface water wherein the bed is impregnated with trapped
      oil or the like, it has been found that the technique is more effective
      when applied during periods of rising barometric pressure. The reason for
      this is unknown, however it has been observed that greater quantities of
      trapped oil are released from the bed during periods of barometric
      pressure increase.
PAC  TREATMENT EXAMPLE
PAR  A mixture of 500 pounds of lead slag wool was passed through a shredder to
      form compressed lightweight balls, these lightweight balls having a
      nominal diameter of approximately 1 inch when formed. This material was
      thereafter wetted with a solution of 2% oleic acid in water, and permitted
      to dry.
PAR  Thereafter, 500 pounds of basalt ground to 50 mesh or smaller was added to
      the lead slag wool and the combination placed within a 50 gallon drum and
      tumbled at a rate of 50 revolutions per minute for a period of 10 minutes.
      Following tumbling, the batch of material was permitted to settle for 5
      minutes to permit dusting to cease, and the material was then removed.
PAR  This composition is then spread along a shoreline and surface of a lake
      having no surface outlet at a rate of 100 pounds of the lead slag
      wool-rock flour per acre.
PAR  The material ultimately sinks to the lake bottom, and retains the adsorbed
      and adsorbed oil film therewithin.
PAC  GENERAL DISCUSSION
PAR  In another operational concept, the lead slag mineral wool and rock flour
      mixture may be retained or physically confined within a screen-like
      enclosure. A coarse mesh screen or the like may be utilized for retention
      of the adsorbant compound. The structure may then be placed into physical
      contact with the surface of the body of water, thus permitting the
      adsorbant material or compound to be more conveniently retrieved.
PAR  The operating parameters for this concept are the same as those set forth
      in the operational example hereinabove. The substance is capable of
      retaining up to twelve times its weight of oil, and with this parameter in
      mind, the adsorbant compound is utilized on a weight basis calculated to
      retain the appropriate quantities of materials.
PAR  In a modified form of the concept, the lead slag wool may initially be
      spread upon the surface of the oil covered water, and thereafter the trap
      rock screenings may be applied to the lead slag wool, previously dispersed
      on the water surface.
PAR  In certain other applications, particularly where a water level may vary
      substantially between highs and lows, the mixed fiber material may be
      dispersed on the shore line where it has been found to adsorb oil which
      may be retained as a slick on the surface.
PAR  In still other applications, trap rock screenings and limestone screenings
      may be spread sequentially over the lake bottom following oil removal, and
      this activity has been found to be beneficial on the quality of the water
      following oil removal.
PAR  In still a further embodiment, it may be desirable or expedient to permit
      the adsorbant material to settle to the bottom of the body of water and
      remain there for an extended period of time, particularly after it has
      become loaded with oil, and with the oil being retained therein. In this
      concept, the material is initially spread on the oil slick and permitted
      to remain therefor a period of several days, after which an additional
      quantity of trap rock screenings is spread over the floating mass, in an
      amount sufficient to sink the mass.
PAR  While the precise mechanism is not known, it appears that the placing of
      metal oxides such as iron, aluminum, or magnesium in a body of water
      assists in the adsorption of phosphates, nitrates, nitrites, and the like.
      The compositions appear to function best when large exposed areas or
      surface areas are available. It appears that the material creates an
      environment which encourages and speeds bacterial decomposition of the oil
      and certain other water pollutants.
PAR  Typical analyses of materials which have been found particularly useful in
      connection with the present invention are set forth hereinbelow:
TBL                  Lead Slag  Basalt                                         

     ______________________________________                                    

     Si 02             38.0 %       45.90 %                                    

     Fe2 03            20.0         14.08                                      

     Al2 03            7.0          17.35                                      

     Co 0              26.0         8.93                                       

     Mg 0              5.0          8.40                                       

     Total Alkalis as Na2 0                                                    

                       2.0          --                                         

     So 3              2.0          3.88                                       

     ______________________________________                                    

PAR  As a further feature of the present invention, it has been found that there
      are a number of lakes, lagoons, oil ponds, rivers, creeks, boat harbors
      and the like which have their beds and shore lines saturated with oil and
      other water immiscible pollutants. For clarifying these areas, it has been
      found that trap rock screenings may be spread upon the water surfaces,
      whereupon the larger particles immediately sink, while the finer particles
      form a temporary white cloud in the water. The screenings preferably have
      a size ranging from approximately 10 mesh to less than 100 mesh, it being
      understood that the size range is not critical, but is important from the
      standpoint of providing a significant surface area for performing the
      function, with this type of material being readily available at that
      residue taken from the dust collector of a trap rock crushing operation.
      This material is known generally as "trap rock flour." The deposit of trap
      rock screenings of a size of approximately 10 mesh to about 100 mesh has
      been found to disrupt the oil particles from the lake bed, and permits
      them to rise to the surface and form a film in a relatively small or
      confined area. This discharged or released oil film can then be gathered
      up with the mixed fiber material on the water surface, or it can be
      permitted to move onto the shore line where it may be adsorbed by the
      mixed fiber material and trap rock screenings which may have been
      previously spread on the shore line.
PAR  Copper slag mineral wool may be utilized as a substitute for lead slag
      mineral wool, with this material not having the requirement of being
      passed through a shredder. It will be appreciated that lead slag wool is
      preferred as a material, however.
PAR  It will be appreciated that various techniques will become apparent to
      those skilled in the art for accomplishing the aspects of the present
      invention. Variations in admixture, method of preparing admixtures, and
      the like may be readily employed.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of removing oil spills from the surface of bodies of water
      comprising:
PA1  a. placing an adsorbant compound on the water surface and in direct contact
      with said immiscible fluid and maintaining contact between said immiscible
      fluid and said adsorbant compound until said immiscible fluid is adsorbed
      by said adsorbant compound; and
PA1  b. thereafter removing said adsorbant compound and adsorbed material from
      said water surface;
PA1  c. said adsorbant compound conssiting of an admixture of from between about
      30% and 70% by weight of particulate lead slag mineral wool, balance of
      from between about 70% and 30% rock flour, said lead slag mineral wool
      having a film of an oil soluble hydrophobic film thereon, said rock flour
      being selected from the group consisting of trap rock, basalt and gabbro,
      and having a particle size of up to about 50 mesh.
NUM  2.
PAR  2. The method as set forth in claim 1 being particularly characterized in
      that said adsorbant compound consists of an admixture comprising between
      about 45% and 55% lead slag mineral wool, balance of from between about
      55% and 45% rock flour.
NUM  3.
PAR  3. The method as set forth in claim 1 being particularly characterized in
      that said adsorbant compound consists of an admixture comprising 50% lead
      slag mineral wool, balance of 50% rock flour.
NUM  4.
PAR  4. The method as defined in claim 1 being particularly characterized in
      that said oil solublehydrophobic film is a film of a fatty acid selected
      from the group consisting of palmitic, stearic, oleic, linoleic,
      linolenic, and arachidonic acids.
NUM  5.
PAR  5. The method of removing oil spills from the surface and bed of bodies of
      water comprising:
PA1  a initially spreading a certain finely divided particulate solid upon the
      surface of the water, and permitting the composition to settle to the bed
      surface, said certain particulate solid being selected from the group
      consisting of trap rock, basalt and gabbro, and having a particle size of
      up to 50 mesh;
PA1  b thereafter placing an adsorbant compound on the water surface in contact
      with said immiscible fluid and maintaining contact between said immiscible
      fluid and said adsorbant compound until said immiscible fluid is adsorbed;
      and
PA1  c removing said adsorbant compound and adsorbed material from said water
      surface;
PA1  d said adsorbant compound consisting of an admixture comprising from
      between about 30% and 70% by weight of particulate lead slag mineral wool
      coated with a film of an oil-soluble-hydrophobic film, balance of from
      between 70% and 30% rock flour, said rock flour being selected from the
      group consisting of trap rock, basalt and gabbro, and having a particle
      size of up to about 50 mesh.
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ABST
PAL  A method for separating vinyl chloride from a mixture of vinyl chloride
      with other non-plastic substances such as sand and soil, metals, glass or
      rubbers which comprises introducing gas bubbles into a dispersion of the
      vinyl chloride mixture in an aqueous liquid medium such as water or salt
      water and containing a flotation agent such as pine oil thereby to float
      the vinyl chloride and collect it.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method for separating vinyl chloride from a
      mixture of vinyl chloride with other substances.
PAR  The term "vinyl chloride", as used in the present specification and
      appended claims, denotes a vinyl chloride monomer powder, a vinyl chloride
      polymer powder, and polyvinyl chloride in various shapes. Examples of
      other substances in the mixture from which the vinyl chloride can be
      separated include materials such as soil, sand, metals, glass, or rubber.
PAR  2. Description of the Prior Art
PAR  Mixtures of vinyl chloride with other substances are present, for example,
      in contaminated products in the manufacture of vinyl chloride monomers or
      polymers and in wastes of composite materials using vinyl chloride. By
      separating and removing the other substances, the vinyl chloride becomes
      purer, and has a higher value as a product. Moreover, the wastes can be
      reused and therefore the other substances separated can also be utilized.
PAR  The only conventional method for separating vinyl chloride from a mixture
      of vinyl chloride with other substances has relied on a separation in
      water utilizing the difference in the specific gravity between the vinyl
      chloride and the other substances. In performing this specific gravity
      separation, the material (mixture) to be treated should be of
      substantially the same size, but actually, the mixture contains sizes
      unsuitable for separation which reduces the efficiency of separation.
      Furthermore, substances having similar specific gravities cannot be
      separated from each other with good results, and this method based on the
      difference in specific gravity is unsuitable for treating large quantities
      of material continuously.
PAR  It is an object of this invention to provide a new method for separating
      vinyl chloride from a mixture of vinyl chloride with other substances.
PAC  SUMMARY OF THE INVENTION
PAR  We have found that the surface of vinyl chloride is hydrophobic and is
      difficult to wet with water, and that vinyl chloride can be made to float
      by adhering gas bubbles thereto.
PAR  Accordingly, this invention provides a method for separating vinyl
      chloride, which comprises placing a mixture of vinyl chloride and other
      substances in an aqueous liquid medium and introducing gas bubbles into
      the medium in the presence of a flotation agent thereby to float the vinyl
      chloride.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The method of this invention can be applied directly to a material in the
      form of granules, fine particles or films. But if the particle size of
      granules or fine particles is large, the particle size must be comminuted
      to a size less than about 10 mm. Suitable sizes for the films are, e.g.,
      pieces whose sum of the longest length or diagonal and the shortest width
      divided by two is less than about 100 mm.
PAR  The material is placed in an aqueous liquid medium such as water or salt
      water, and a flotation agent, such as pine oil, kerosene, cresylic acid,
      eucalyptus oil, camphor oil, pyridine, o-toluidine, higher alcohols having
      four to five carbon atoms such as propyl alcohol, amyl alcohol, etc.,
      methyl isobutyl carbinol or a mixture thereof, is added in an amount of up
      to about 1,000 g, preferably 10 to 200 g, per ton of the material. When
      gas bubbles are introduced into the aqueous liquid medium, the vinyl
      chloride is floated due to the adherence of the gas bubbles.
PAR  In order to depress the floating of the other substances than the vinyl
      chloride, depressants such as sodium silicate, starch, dextrin, or
      hydrofluoric acid, etc. are added where the other substances are soil,
      sand or glass, or surface modifiers such as sodium cyanide, potassium
      ferrocyanide, potassium ferricyanide, or bichromate, etc. are added where
      the other substances are metals. Better separation results are obtained
      using these depressants and surface modifiers. Generally, a suitable
      amount can range from about 50 to 100 g/ton.
PAR  The present invention is carried out in an aqueous liquid medium which
      includes water and salt water. Suitable examples of salt water include sea
      water, brine, bittern-containing water as well as aqueous solutions
      containing halides such as NaCl, MgCl.sub.2 and MgBr.sub.2, etc., sulfates
      such as MgSO.sub.4, CaSO.sub.4, K.sub.2 SO.sub.4 and Na.sub.2 SO.sub.4,
      etc. and bicarbontes such as Ca(HCO.sub.3).sub.2 and NaHCO.sub.3, etc.
      Water generally is employed as the aqueous liquid medium.
PAR  Gas bubbles may be generated in the aqueous liquid medium separation tank
      using any known method, such as mechanically stirring, bubbling a gas
      through the aqueous liquid medium, release of dissolved gas under
      pressure, evacuation to release dissolved gases, electolysis or a
      combination of two or more of these methods. Suitable gases which can be
      used are oxygen, air, nitrogen, carbon dioxide, inert gases such as argon,
      etc. and finer bubble sizes are preferred. A variety of tank shapes can be
      employed, for example, the tanks can be tetragonal, regular and
      non-regular polygonal or circular, and also can be a trough-type,
      thickener-type or cyclone-type tank.
PAR  A suitable proportion of the material (mixture) in the separation tank is
      about 1 to 30, preferably 1 to 10, parts by weight per 100 parts by weight
      of the aqueous liquid medium. The temperature of the aqueous liquid medium
      is not critical in the method of this invention, but is preferably in the
      range of from about 0.degree. to about 70.degree.C, most preferably at an
      environment temperature (about 15.degree. to about 35.degree.C).
      Temperatures below about 0.degree.C are practically not preferred since at
      such low temperatures the efficiency of separation of the mixture in the
      flotation tends to decrease. On the other hand, the use of a temperature
      higher than about 70.degree.C makes the method of the present invention
      uneconomical and, in addition, such a higher temperature is not desirable
      from the standpoint of the working environment. The aqueous liquid medium
      is usually used at room temperature (about 20.degree. - 30.degree.C), but
      the separation of vinyl chloride from the other substances is promoted if
      the medium is warmed. Furthermore, the method of this invention is
      applicable over a wide pH range. The medium may also contain inorganic or
      organic substances such as those generally found in river water,
      industrial water, etc. without impairing the method of this invention.
PAR  As stated above, this invention comprises a method of floating vinyl
      chloride by adhering gas bubbles to it in the presence of a flotation
      agent utilizing the hydrophobic properties of the vinyl chloride, and is
      quite different from the conventional float-sink method based on the
      utilization of differences in specific gravity. According to this
      invention, there is no need to arrange the sizes of the treating
      materials, and materials having similar specific gravities can also be
      separated with high precision. The method of this invention is very
      valuable as a continuous treating method involving large quantities of
      material, and the materials separated can be reclaimed and reused.
PAR  The following Examples are given to illustrate the present invention in
      greater detail. Unless otherwise indicated all parts, percents, ratios and
      the like are by weight.
PAC  EXAMPLE 1
PAR  In the process of producing vinyl chloride, soil and sand having a size of
      less than 5 mm may sometimes be mixed in a vinyl chloride powder. It has
      been the previous prior art practice to remove the soil and sand by
      overflowing the vinyl chloride which has a low specific gravity using a
      rising water stream. However, good separation cannot be ensured since the
      soil and sand in fine sizes overflow with the vinyl chloride.
PAR  400 grams of such a material was placed in a rectangular separation tank
      containing 8,000 ml of water, and pine oil was added in an amount of 30
      grams per ton of the material. Gas bubbles were introduced for 5 minutes
      to float the vinyl chloride and collect it. Since the floating material
      contained small amounts of soil and sand, it was precisely separated for 5
      minutes using 10 grams of pine oil. Vinyl chloride which was substantially
      pure and free from the soil and sand could be separated at a recovery of
      98%.
PAC  EXAMPLE 2
PAR  The vinyl chloride coatings peeled from used copper wires were pulverized
      to a size of less than about 5 mm. The resulting vinyl chloride waste
      contains 3 to 5% by weight of copper wire waste. In the prior art
      separation method, the vinyl chloride was separated from the copper by the
      float-sink method based on utilization of difference in specific gravity.
      According to this prior method, copper fragments of large sizes can be
      separated, but fine copper powder is still mixed with the vinyl chloride
      and cannot be removed. If the vinyl chloride contains copper, a remarkable
      decline in quality and copper loss results when reusing. Accordingly, it
      is necessary to remove the copper powder.
PAR  300 grams of such a material was placed in a rectangular separation tank
      containing 8,000 ml of water, and sodium cyanide was added in an amount of
      50 grams per ton of the material. Then, 40 grams of pine oil was added,
      and gas bubbles were introduced for 6 minutes to float the vinyl chloride.
      Since this floating material contained a very small amount of a copper
      powder, it was precisely separated for 5 minutes using 10 grams of sodium
      cyanide per ton of the starting material. Vinyl chloride substantially
      free from the copper could be separated at a recovery of 97.5%.
PAC  EXAMPLE 3
PAR  Coatings stripped from used copper wires were pulverized to a size of less
      than about 5 mm to form coating wastes. These wastes contained vinyl
      chloride and rubber, and with prior techniques they could not be separated
      from each other, and had to be discarded.
PAR  240 grams of such a material was placed in a rectangular separation tank
      containing 8,000 ml of water, and pine oil was added in an amount of 50
      grams per ton of the material. Gas bubbles were introduced for 3 minutes.
      Vinyl chloride substantially free from rubber could be floated and
      recovered at a recovery of 98%.
PAR  The materials separated in these Examples could be reclaimed and reused.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for separating vinyl chloride from a mixture of vinyl chloride
      with other non-plastic substances selected from the group consisting of
      soil, sand, metals, glass, rubber and a mixture thereof, which comprises
      introducing gas bubbles into a dispersion of the vinyl chloride mixture in
      an aqueous liquid medium, and adding to said dispersion a flotation agent
      selected from the group consisting of pine oil, kerosene, cresylic acid,
      eucalyptus oil, camphor oil, a higher alcohol, methyl isobutyl carbinol,
      pyridine, o-toluidine and a mixture thereof thereby to float the vinyl
      chloride due to the adherence of the gas bubbles thereto.
NUM  2.
PAR  2. The method of claim 1, wherein the amount of said flotation agent is up
      to about 1,000 grams per ton of said mixture.
NUM  3.
PAR  3. The method of claim 1, wherein the proportion of said vinyl chloride
      mixture is about 1 to 30 parts by weight per 100 parts by weight of said
      aqueous liquid medium.
NUM  4.
PAR  4. The method of claim 1, wherein said aqueous liquid medium is water or
      salt water.
NUM  5.
PAR  5. The method of claim 1, wherein said aqueous liquid medium is warmed.
NUM  6.
PAR  6. The method of claim 1, wherein said flotation agent is pine oil.
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ABST
PAL  A process for concentrating and separating solids from solid/liquid
      mixtures in the treatment of sewage sludge, which comprises incorporating
      into such sludge 2 to 10 % by weight of fine dust coal or lignite having
      such a size distribution that 30 to 50 % by weight of the whole particles
      have a finer size not greater than 100 mesh and 70 to 50 % by weight of
      the whole particles have a coarser size exceeding 100 mesh, mixing them
      under agitation, allowing the resulting admixture to stand still to
      separate the coal-containing concentrated sludge from the supernatant
      liquor, and if desired, filtering the coal-containing concentrated sludge
      to remove water therefrom; and a continuous dehydration apparatus which is
      used effectively for practice of said process.
BSUM
PAR  This invention relates to a process for separating sludge concentrates with
      use of fine dust coal or lignite. More specifically, the invention relates
      to a process for separating sludge solids in the highly concentrated state
      by employing fine dust coal or lignite having a specific size
      distribution, which comprises finer particles having a finer size within a
      specific range and coarser particles having a greater size within a
      specific range at a specific ratio.
PAR  In general, solid contents of excessive sludges or other concentrated
      sludges discharged from the process of the aerobic activated sludge
      treatment of excrement, sewage and waste water are about 4,000 to 13,000
      ppm. For the treatment of such excessive sludges or concentrated sludges,
      various methods have been proposed. For instance, there has been proposed
      a method comprising incorporating into such sludge 5 to 30 % by weight of
      a iron-type coagulant such as iron chloride or iron sulfate and 5 to 30 %
      by weight of a neutralizing agent such as lime, dehydrating the admixture
      by employing a dehydrating apparatus and recovering the solids in the form
      of a cake. Incorporation of a carbonaceous substance such as naphtha
      carbon in conducting the above method has also been proposed as means for
      imparting the combustibility to the recovered cake.
PAR  However, in such conventional method employing a coagulant which has
      heretofore been used for cleaning city water, it is difficult to separate
      solids of the sludge from water, because solids of the sludge are present
      in the form of a very stable sol, well-admixed with water acting as the
      dispersion medium. More specifically, in the above conventional method,
      when the sludge is incorporated with the above chemicals and the admixture
      is allowed to stand still, it takes a very long time for solids of the
      sludge to coagulate and sediment. Since the phase separation between the
      sludge solids and the supernatant liquor proceeds in such state that the
      solids contain a great quantity of water therein, attainment of effective
      separation cannot be expected. Furthermore, in this conventional method,
      even when the coagulated sediments are subjected to a dehydration
      treatment such as filtration, the water content is still as high as 83 -
      92 % by weight; therefore, the drying treatment of the recovered solids is
      not easy in many cases.
PAR  In concentration and separation of sludges, it is desired that the
      following two conditions are satisfied; one being that when an admixture
      of a sludge and a coagulant is allowed to stand still, the resulting
      sediment of the coagulated sludge solids is recovered for a short period
      time in the form of a non-bulky compact mass while the supernatant liquor
      is so cleaned that it can be discharged directly without any further
      cleaning treatment; and the other being that the dehydration of the
      coagulated sediment can be accomplished very easily and cakes of a very
      low water content are obtained. It is also desired that the cost of the
      coagulant is low.
PAR  It has now been found that in the treatment of excessive sludges or
      concentrated sludges, when fine dust coal or lignite having such a
      specific size distribution that it comprises particles of a specific finer
      size and particles of a specific coarser size at a specific ratio is used
      as a coagulant, the coagulation and sedimentation of the sludge solids can
      be accomplished very promptly while keeping the solids in the very highly
      concentrated state, and that the resulting coal-containing sludge
      concentrate is very excellent in the filtering property and its water
      content can be reduced to 42 to 60 % by weight. Based on the above
      findings, I have now arrived at this invention.
PAR  In accordance with this invention, there is provided a process for
      concentrating and separating solids of excessive sludges or concentrated
      sludges discharged from the treatment of excrement, sewage and other
      filthy water, which comprises incorporating into such sludge 2 to 10 % by
      weight of fine dust coal or lignite having such a size distribution that
      30 to 50 % by weight of the whole particles have a finer size not greater
      than 100 mesh and 70 to 50 % by weight of the whole particles have a
      coarser size exceeding 100 mesh, mixing them under agitation, allowing the
      resulting admixture to stand still to separate the coal-containing
      concentrated sludge from the supernatant liquor, and if desired, filtering
      the coal-containing concentrated sludge to remove water therefrom.
PAR  Further, in accordance with this invention, there is provided a process for
      concentrating and separating solids of excessive sludges or concentrated
      sludges discharged from the treatment of excrement, sewage and other
      filthy water, which comprises incorporating into such sludge 2 to 10 % by
      weight of fine dust coal or lignite having such a size distribution that
      30 to 50 % by weight of the whole particles have a finer size not greater
      than 100 mesh and 70 to 50 % by weight of the whole particles having a
      size exceeding 100 mesh, mixing them under agitation, incorporating into
      the mixture a coagulant of the iron-aluminum type in an amount of from
      one-fiftieth to one-tenth of the fine dust coal or lignite, allowing the
      resulting mixture to stand still to separate the coal-containing
      concentrated sludge from the supernatant liquor, and if desired, filtering
      the coal-containing concentrated sludge to remove water therefrom.
PAR  In the above process of this invention, the resulting coal-containing
      concentrated sludge exhibits a much lower resistance to filtration than
      sludge concentrates formed by the above-mentioned conventional methods,
      and the water content of the resulting filter cake is much lower than in
      the conventional methods.
PAR  In general, properties of excessive sludges and concentrated sludges vary
      greatly depending on properties of waste water or sewage from which they
      have been discharged, and it is difficult to maintain the filtering and
      dehydrating efficiency at a high level in any of sludges regardless of
      variation in properties. For instance, when the coal-containing
      concentrated sludge coming from the above process is filtered and
      dehydrated, it is indispensable that coarser particles of the fine dust
      coal or lignite contained in the sludge sediment uniformly on the entire
      face of filter cloth in the form of a precoat layer. However, the time
      required for the coarser particles to separate from the concentrated
      sludge and sediment on the filter cloth in the form of a precoat layer
      varies greatly depending on such factors as properties of the starting
      sludge, properties of the fine dust coal or lignite, the thickness of the
      coalcontaining concentrated sludge fed on the filter cloth, the storage
      and residence length and the forwarding rate of the filter cloth.
PAR  I have found that in filtering and dehydrating the above-mentioned
      coal-containing concentrated sludge by feeding it onto the surface of a
      filter cloth, it is made possible to accomplish filtration and dehydration
      of said coal-containing concentrated sludge with very high efficiency
      regardless of variation of properties of the starting excessive sludges or
      concentrated sludges, by continuously forwarding the filter cloth to a
      liquid reservoir to which the coal-containing concentrated sludge is fed
      and to a filtering zone in which vacuum suction filtration is effected,
      moving the filter cloth to the bottom of the liquid reservoir with an
      inclination to the liquid surface in such a manner that the filter cloth
      crosses the liquid surface at least on one side of the liquid reservoir,
      and providing a member capable of adjusting freely the inclination angle
      of the filter cloth to be forwarded to the bottom of the liquid reservoir.
PAR  Thus, there is provided an apparatus for the continuous dehydration of
      sludges, which comprises a liquid reservoir for receiving an admixture of
      fine dust coal and a sludge, a filtering zone connected with said liquid
      reservoir, in which vacuum suction filtration is effected, and an endless
      filter cloth which is continuously forwarded to said liquid reservoir and
      filtering zone, wherein said liquid reservoir is provided with a bottom
      portion which is inclined to the liquid surface and is disposed to cross
      the liquid surface at least at the portion connecting the liquid reservoir
      with the filtering zone; the filtering zone is constructed of a vacuum
      chamber provided with roll bars at the upper portion thereof; the endless
      filter cloth is so disposed that it is at first introduced into the bottom
      portion of said liquid reservoir while being kept in contact with the
      bottom portion along a length sufficient to form a precoat layer on the
      surface of the endless filter cloth, and then the filter cloth is
      introduced on the roll bars of the filtering zone; and wherein said liquid
      reservoir is connected pivotably with the filtering zone and is provided
      with a member for adjusting the elevation angle of the bottom portion of
      the liquid reservoir.
PAR  The process of this invention is useful for treatment of various sludges,
      for instance, concentrated sludges or excessive sludges discharged from
      the treatment of various waste waters, e.g., city sewage water, excrement,
      waste water from livestock farms, waste water from marine product
      factories, waste water from butcheries, waste water from dye works, waste
      water from chemical-manufacturing factories and waste water from other
      ordinary factories or works, etc. In general, excessive sludges discharged
      from the treatment of such waste waters contain water at a content of 90
      to 99 %, the remainder being composed of ashes and combustible components
      ( which will be referred to inclusively as "solids" hereinbelow). As
      mentioned above, these solids are present in the form of a very stable sol
      well-admixed with water acting as a dispersion medium. According to this
      invention, it is possible to separate effectively and promptly solids
      present in the state stably dispersed in the sludge. In the process of
      this invention, solids can be effectively separated also from a secondary
      sludge concentrate ( having a water content of 90 to 95 % ) formed by
      concentrating the sludge by a conventional method such as mentioned above.
PAR  In this invention it is essential that fine dust coal or lignite comprising
      the above-mentioned finer particles and coarser particles at a specific
      ratio is incorporated in an excessive sludge or partially concentrated
      sludge in an amount of 2 to 10 % by weight based on the sludge, whereby it
      is made possible to coagulate and separate the solids in the sludge
      promptly and effectively.
PAR  Any of fine dust coals and lignites may be optionally used in this
      invention after adjusting the particle size distribution so that finer
      particles having a size not greater than 100 mesh occupy 30 to 50 % by
      weight of the whole particles and coarser particles having a size
      exceeding 100 mesh occupy 70 to 50 % by weight of the whole particles. For
      instance, precipitated fine dusts of low grade formed as by-products at
      the dressing step of the coal mining industry and coal dusts discharged
      from the steps of digging and dressing of lignites of low carbonization
      degree are usually discarded at collieries as useless by-products having
      no commercial value. According to this invention, such fine dusts of low
      grade or dusts of brown coal or lignite of low carbonization degree may be
      used advantageously as a coagulant for precipitating and sedimenting
      solids of sludges, after they have been subjected to the above-mentioned
      size distribution adjustment. These fine dusts of low grade and dusts of
      brown coal of lignite of low carbonization degree are much cheaper than
      commercially available coal dusts of high carbonization degree, and their
      activity of coagulating solids in sludges is rather higher than such
      commercially available coal dusts. In general, these fine dusts of low
      grade and dusts of brown coal or lignite of low carbonization degree
      comprises about 60 to about 80 % by weight of particles having a size
      ranging from 32 mesh (0.5 mm) to 325 mesh (0.043 mm), and they have a
      calorific power of 3500 to 5000 Kcal/Kg and an ash content ranging from 10
      to 40 %. In this invention, these fine dust coals and lignite dusts are
      used as a precipitant and coagulant for sludge solids, after their size
      distribution has been adjusted as mentioned above.
PAR  In the fine dust coal or lignite to be used in this invention it is
      especially important that particles having a size not greater than 100
      mesh, preferably not greater than 150 mesh (0.1 mm) but greater than 325
      mesh (0.043 mm), occupy at least 30 % by weight of the whole particles.
      This requirement is essential for promoting coagulation and sedimentation
      of sludge solids. On the other hand, in case the amount of coarser
      particles having a size exceeding 100 mesh is less than 50 % by weight of
      the whole particles, prompt coagulation and sedimentation of sludge solids
      in the highly concentrated state cannot be expected any longer. Among
      finer and coarser particles constituting the fine dust coal or lignite, it
      is finer particles having a size not greater than 100 mesh, preferably a
      size ranging from 150 to 300 mesh, that exhibit an action of absorbing
      colloidal solids dispersed in the sludge on the surfaces thereof and thus
      coagulating them. The finer particles adsorbing the sludge solids thereon
      coagulate one another, resulting in the particle growth, and with
      sedimentation of coarser particles, these finer particles are also
      sedimented in the flocky state. In short, the activity of coagulating and
      sedimenting sludge solids by the fine dust coal or lignite is owing to
      cooperation of finer particles and coarser particles present in the fine
      dust coal or lignite at a specific ratio, which can be readily understood
      from the following explanation made hereinbelow by reference to
      accompanying drawings.
DRWD
PAR  In the drawings, FIG. 1 is a graph illustrating the size distribution in
      the size-adjusted fine duct coal 1 to be used in this invention and
      comparative fine dust coals 2 and 3;
PAR  FIG. 2 is a graph illustrating the relation between the height of the
      sedimented solids and the sedimentation period, attained when a sludge is
      treated with above fine dust coals 1, 2 and 3 shown in FIG. 1; and
PAR  FIGS. 3-A and 3-B are side views illustrating the arrangement of the
      apparatus of this invention.
DETD
PAR  In FIG. 1 there are shown size distribution curves of the size-adjusted
      fine dust coal 1 to be used in this invention and fine dust coals 2 and 3
      in which the size distribution requirement of this invention is not
      satisfied. As is seen from the curve 1, the size-adjusted fine dust coal
      to be used in this invention is characterized in that two peaks
      corresponding with finer and coarser particles, respectively, appear in
      its size distribution curve.
PAR  In FIG. 2 there are illustrated results obtained when the above fine dust
      coals 1, 2 and 3 are separately added to an excessive sludge having a
      solid content of 9500 ppm in an amount of 5 % by weight and the sludge is
      allowed to stand still in a precipitation tank having a liquid surface
      height of 1050 cm. The curve C-1 of FIG. 2 illustrates the result obtained
      when the coal-free starting sludge is allowed to stand still. In this
      case, sludge solids are not effectively coagulated or precipitated. As is
      seen from curves 2 and 3 of FIG. 2, when non-size-adjusted fine dust coals
      2 and 3 are incorporated into the sludge, the solids are concentrated only
      to such a degree that the volume of the sedimented solids is about
      one-half of the volume of the starting sludge. In contrast, in the case of
      the size-adjusted fine dust coal 1 comprising finer particles and coarser
      particles at a specific ratio, as is seen from the curve 1 of FIG. 2, the
      sludge solids are coagulated, sedimented and concentrated for a short time
      so effectively that the volume of the solids is less than one-third of the
      volume of the starting sludge.
PAR  In FIG. 2, the Curve C-2 illustrates the result obtained when as a
      comparative finely divided carbon, naphtha carbon formed as a by-product
      in the petrochemical industry (having an average particle size of 40 .mu.
      at a content of 80 %) is incorporated in the sludge in an amount of 5 % by
      weight. If the coagulation and sedimentation of solids in the sludge be
      influenced merely by the surface area of a carbonaceous substance used as
      the coagulant, it may be expected that the above naphtha carbon will be
      able to coagulate and sediment the sludge solids more promptly at a higher
      concentration. However, contrary to the above expectation, only in the
      case of the size-adjusted fine dust coal of this invention comprising
      finer particles and coarser particles at a specific ratio, prompt
      coagulation and sedimentation of sludge solids at a high concentration can
      be attained.
PAR  In practicing the process of this invention, a fine dust coal or lignite
      having a size distribution adjusted as mentioned above is incorporated in
      an excessive or partially concentrated sludge in an amount of 2 to 10 % by
      weight, preferably 2 to 7 % by weight, especially preferably 3 to 5 % by
      weight, based on the sludge, and the admixture is agitated sufficiently to
      bring about a homogeneous, well-compounded state between the coal and
      sludge. Then, the admixture is introduced into a concentration or
      separation tank, and it is allowed to stand still for about 20 minutes to
      about 2 hours, preferably 40 minutes to 50 minutes. Thus, substantial
      portions of the solids contained in the sludge are separated from the
      supernatant liquor, and are sedimented and deposited as coal-containing
      concentrated sludge. Accordingly, the supernatent from which substantial
      portions of solids have been separated is discharged as it is or it is
      returned to the waste water treatment plant and is used as water for
      primary washing of sludges.
PAR  As described above, properties of excessive sludges or concentrated sludges
      to be treated, vary greatly depending on properties of the original waste
      water, and it is generally very difficult to obtain a coagulating agent
      which can exhibit an equivalent effect regardless of properties of
      starting sludges to be treated. However, in this invention, since in the
      fine dust coal or lignite the size distribution is preliminarily adjusted,
      it is possible to cope readily with variety in properties of excessive
      sludges or concentrated sludges to be treated. In general, it is preferred
      to determine, based on preliminary experiments, patterns of size
      distributions giving optimum results depending on types of sludges to be
      treated within the size distribution range specified in this invention. In
      some cases, it is preferred to conduct a preliminary treatment for
      uniformalizing concentrations and properties of sludges, for instance, a
      re-aerating treatment, prior to the coagulation and sedimentation
      treatment of this invention. In order to change the pattern of the size
      distribution in the fine dust coal or lignite to be used in this
      invention, it is possible to incorporate a finely divided carbonaceous
      material formed as a byproduct at the thermal cracking step in the
      petrochemical industry, such as naphtha carbon or oil carbon, in an amount
      of 5 to 30 % by weight based on the fine dust coal or lignite, whereby the
      coagulating property of sludge solids can be improved or modified.
PAR  The objects of this invention can be fully attained only by the use of the
      above-mentioned fine dust coal or lignite having a specific size
      distribution such as mentioned above. However, in order to further lower
      the water content in a cake of the coal-containing concentrated sludge
      solids and further lower the solid content in the filtrate water, it is
      especially preferred to use, in combination with the above-mentioned
      sizeadjusted fine dust coal or lignite, a coagulant of the iron-aluminum
      type in an amount of one-fiftieth to one-tenth, especially one-twentieth
      to one-fifteenth, of the fine dust coal or lignite. As such coagulant
      there may be employed, for instance, a coagulant of iron sulfate-aluminum
      sulfate type. For example, a coagulant obtained by treating red mud
      discarded from the aluminum-refining process with sulfuric acid, is
      advantageously used in this invention. When such coagulants of the iron
      salt-aluminum salt type, especially a coagulant composed of sulfuric
      acid-treated red mud, are used in the process of this invention, they
      cause formation of flocky hydroxides of aluminum, iron and titanium or the
      like in the sludge, and these flocky hydroxides catch and coagulate
      colloidal solids in the sludge effectively. These coagulants of the
      ironaluminum type are generally effective when the pH of the sludge is
      maintained on the alkaline side (for instance, pH of 8 to 8.5). However,
      in this invention, since such coagulants are used in combination with fine
      coal dust or lignite powder, additon of an alkalizing agent such as
      limestone need not be effected, but such alkalizing agent may be used
      depending on the kind of the sludge to be treated and any particular
      disadvantage is not brought about by use of such alkalizing agent.
PAR  In the embodiment of this invention employing a coagulant of the
      iron-aluminum type, the size-adjusted fine dust coal or lignite is in
      advance incorporated into an excessive sludge or partially concentrated
      sludge and they are agitated. Then, a coagulant of the ironaluminum type
      is added to the admixture of the sludge and size-adjusted fine dust coal
      or lignite. This sequence of addition is very important. In case the
      coagulant of the iron-aluminum type is added coincidentally with the
      size-adjusted fine dust coal or lignite, excellent coagulating and
      separating activities of the size-adjusted fine dust coal or lignite are
      rather inhibited by the presence of the coagulant, and sufficient results
      cannot be obtained. In this invention, it is preferred that addition of
      the coagulant of the iron-aluminum type is effected when 5 to 20 minutes,
      especially 5 to 10 minutes, have passed since addition of the
      size-adjusted fine dust coal or lignite. By adopting such procedures,
      catching and coagulation of colloidal solids in the sludge can be further
      ensured and the water content of the coal-containing concentrated sludge
      cake can be further lowered.
PAR  Thus, the starting sludge is separated into two phases, one of the
      supernatant liquor and the other of the coal-containing concentrated
      sludge, according to this invention. The supernatant liquor is taken out
      from the above, or the coal-containing concentrated sludge is withdrawn
      from the bottom. The so separated coal-containing concentrated sludge is,
      if desired, subjected to the filtration treatment to remove water
      therefrom. Also at this filtering and dehydrating step, prominent
      advantages are attained in this invention. More specifically, when the so
      separated sludge is introduced on a filtering material, coarser particles
      of the size-adjusted fine dust coal or lignite contained in the sludge or
      coarser particles carrying sludge solids coagulated thereon, are at first
      allowed to sediment on the filter cloth to form a precoat layer thereon,
      and then agglomerates of finer particles of the size-adjusted fine dust
      coal or lignite and sludge solids coagulated thereon are sucked and
      deposited in the form of a compressed sludge layer. Accordingly, in the
      process of this invention, filtration of agglomerates of finer particles
      of the fine dust coal or lignite and sludge solids coagulated thereon
      should naturally be accomplished through the precoat layer of the coarser
      particles of the fine dust coal or lignite, and removal of water can be
      performed very easily. Furthermore, the water content of the resulting
      filter cake is as low as 42 - 60 %. Therefore, this cake can readily be
      burnt out and it may be used sufficiently as fuel for incineration of
      rubbish and refuse.
PAR  Sludges treated with the aerobic digestion method exhibit a specific
      filtration resistancer .gamma. of 1.0 .times. 10.sup.10 to 20.0 .times.
      10.sup.10 when filtered by the vacuum filtering method or 2.0 .times.
      10.sup.10 to 20.0 .times. 10.sup.10 when filtered by the filter-press
      filtering method (Journal of Association of Drain and Sewerage, vol. 6,
      No. 57 and vol. 5, No. 55). In contrast, the coal-containing concentrated
      sludge according to the process of this invention, exhibits a specific
      filtration resistance .gamma. of 1 .times. 10.sup.6 to 3 .times. 10.sup.6.
      From the foregoing, it will readily be understood that the coal-containing
      concentrated sludge formed by the process of this invention is excellent
      in the filtering property.
PAR  It is preferred that the filtering step of this invention is practised by
      employing the above-mentioned apparatus for the continuous dehydration of
      sludges.
PAR  In FIGS. 3-A and 3-B illustrating the arrangement of the apparatus of this
      invention, a liquid reservoir indicated as whole by symbol A and a
      filtering zone indicated as a whole by symbol B are disposed in the
      longitudinal direction of the apparatus. An endless filter cloth (shown by
      the dotted line in the drawings) is disposed so that it is continuously
      forwarded to liquid reservoir A and filtering zone B where vacuum suction
      filtration is effected.
PAR  The liquid reservoir A is provided with a bottom 2 disposed so that it is
      inclined to the liquid surface of the coal-containing concentrated sludge
      (which will be referred to merely as "coal-containing sludge" hereinbelow)
      fed to the liquid reservoir A and it crosses the liquid surface 1 at least
      at the portion connecting the liquid reservoir A with the filtering zone
      B. On the deepest side of the inclined bottom 2 there is provided a dike
      barrier 3 for overflowing excess of the coal-containing sludge fed, and a
      pond 5 for the coal-containing sludge is formed in the state surrounded by
      the bottom 2, the overflowing dike barrier 3 and both side planks 4. An
      overflow-receiving box 8 is provided at the external of the deepest side
      of the pond 5 to receive the excessive sludge overflown through the
      overflowing dike barrier 5. A pipe 9 is mounted on the overflow-receiving
      box 8 to take out the over-flown sludge. Above the deepest side of the
      pond 5 for the coal-containing sludge, a feed box 12 provided with a feed
      pipe 10 and a discharge opening 11 is mounted. Between the feed pipe 10
      and discharge opening 11 of the feed box 12, a plurality of guide flappers
      13 extending with a downward inclination and in opposite directions
      alternately, are mounted to impart a long passage to the stream of the
      coal-containing sludge while inhibiting occurrence of turbulence in the
      sludge stream. An overflow-discharging pipe 14 is mounted at the upper
      portion of the feed box 12 to overflow excess of the coal-containing
      sludge and discharge it from the feed box 12. The lower end of this
      overflow-discharging pipe 14 is opened to the overflow-receiving box 8
      positioned below said pipe 14.
PAR  It is preferred that a box 15 for filtrate water is provided below the
      lower side of the bottom 2 of the liquid reservoir A in the sate having a
      contact therewith. In this case, filtering holes 16 are perforated
      throughout the bottom 2 or at a portion of the bottom 2 where the liquid
      depth is small. Thus, filtrate water is passed through the filter cloth C
      running on the upper side of the bottom 2 and the holes 16 perforated
      through the bottom 2, and then filtrate water is introduced into the box
      15. A pipe 17 is mounted on the filtrate water box 15 for discharging
      filtrate water therefrom. The inside of the filtrate water box 15 may be
      maintained under atmospheric pressure or under slightly reduced pressure.
PAR  In the apparatus of this invention, a filtering zone B where vacuum suction
      filtration is effected is provided subsequently to the liquid reservoir B.
      The filtering zone B is constructed of a vacuum chamber 18 provided with a
      plurality of roll bars at the upper portion thereof. Roll bars 19 are
      supported rotatably on a machine frame and they are disposed so that
      filtrate water are introduced into the vacuum chamber 18 through
      clearances between roll bars 19. It is preferred that the roll bar 19
      comprises a plurality of riffles disposed spacedly from each other, so
      that filtrate water is effectively forwarded through clearances formed
      between two adjoining riffles. Below the vacuum chamber 18, a liquid
      discharge pipe 20 is mounted to discharge filtrate water stored in the
      vacuum chamber.
PAR  In a preferable embodiment of the apparatus of this invention, a plurality
      of vacuum chambers 18, 18', 18" ..., especially two or three vacuum
      chambers, are provided in the longitudinal direction of the apparatus, and
      the degree of decompression is heightened along the direction of the
      advance of the filter cloth. For instance, the dehydration efficiency can
      be heightened by maintaining the negative pressure (difference of the
      reduced pressure from atmospheric pressure) at 80 - 100 mm Hg (absolute )
      in the first vacuum chamber 18, 120 - 200 mm Hg (absolute ) in the second
      vacuum chamber 18' and 250 - 400 mm Hg (absolute ) in the third vacuum
      chamber 18". Further, a negative pressure of up to 600 mm Hg may be
      attained in the final drum.
PAR  The apparatus of this invention is characterized in that an endless filter
      cloth C is continuously forwarded to a liquid reservoir A having an
      inclined bottom 2 crossing the liquid surface and a filtering zone B
      constructed of a vacuum chamber 18 provided with roll bars 19 mounted on
      the upper portion thereof; the endless filter cloth is so disposed that it
      is at first introduced to the bottom 2 of the liquid reservoir A while
      being kept in contact with the bottom 2 along a length sufficient to form
      a precoat layer of coarser particles of the size-adjusted fine dust coal
      or lignite on the surface of the endless filter cloth and then the filter
      cloth is taken out of the liquid reservoir A and introduced on the roll
      bars 19 of the filtering zone; and that the liquid reservoir A is
      connected pivotably with one end of the filtering zone B and is provided
      with a member for adjusting the elevation angle of the bottom 2 of the
      liquid reservoir A. When the apparatus of such structure is employed, it
      is made possible to form in advance a precoat layer of coarser particles
      contained in the coal-containing sludge on the filter cloth and adposit on
      the precoat layer agglomerates of finer particles and the sludge solids
      coagulated thereon, regardless of any variation in properties of the
      sludge, by appropriately adjusting the moving angle of the filter cloth,
      the liquid depth in the liquid reservoir, the horizontal length of the
      stored sludge and/or the storing capacity of the liquid reservoir. The
      above specific structure of the apparatus of this invention will be
      detailed below.
PAR  In FIG. 3-A, the filtering zone B for vacuum suction filtration is fixed
      almost horizontally in the longitudinal direction of the apparatus by
      means of supporting stanchions 21 and 22. One end of the liquid reservoir
      A where the liquid has the shallowest depth is connected with one end of
      the filtering zone B by means of a hinge 23 so that the liquid reservoir
      may be pivoted. The other end of the liquid reservoir A where the liquid
      depth is greatest is attached to a liquid reservoir-supporting stanchion
      24, and this stanchion 24 is supported by a stretchable supporting
      stanchion 26 through an angle-changeable supporting hinge 25. An arc-like
      angle-changing guide stay 27 is mounted on side planks 4 of the pond of
      the liquid reservoir A or on the filtrate water box 16. At the end portion
      of the angle-changing guide stay 27, a plurality of adjusting holes 28 are
      provided to adjust the elevation angle of the bottom 2 of the liquid
      reservoir A. To the stanchion 21 is fixed an adjusting plate 29 provided
      with holes 28' corresponding with adjusting holes 28 of the angle-changing
      guide stay 27.
PAR  The adjustment of the elevation angle of the bottom 2 of the liquid
      reservoir A can be easily accomplished by moving vertically the
      stretchable supporting stanchion 26 so that the bottom 2 has a desired
      elevation angle, fixing the stanchion 26 at this position, and inserting
      angle-adjusting bolts 30 into adjusting holes 28 of the angle-changing
      guide stay 27 and corresponding holes 28' of the adjusting plate 29 fixed
      to the supporting stanchion 21, thereby to fix them. Of course,
      simultaneously with the adjustment of the elevation angle of the bottom 2,
      adjustment of the depth of the pond 5 for the coal-containing sludge and
      the horizontal storage length may be accomplished. In general, it is
      preferred that the elevation angle of the bottom 2 of the liquid reservoir
      A may be adjusted within a range of 0.degree. to 20.degree..
PAR  In order to forward the filter cloth C to bottom 2 of the liquid reservoir
      A in contact therewith along a length sufficient to form a precoat layer
      of coarser particles of the fine dust coal or lignite on the filter cloth
      C, at the deepest portion of the pond 5 for the coal-containing sludge a
      roll bar 31 for pressing the filter cloth is provided. The endless filter
      cloth C is introduced into the bottom of the pond 5 by means of this
      pressing roll bar 31, and advances along the bottom 2 of the liquid
      reservoir A toward the shallower portion. During this passage, water is
      spontaneously removed through the filtering plate 16 having a plurality of
      holes perforated therethrough. Then, the filter cloth crosses the liquid
      surface and is forwarded on roll bars 19 of the filtering zone B. The
      pressing roll bar 31 is attached rotatably to the apparatus frame, and a
      sprocket or pulley 32 may be mounted on the shaft of the roll bar 31 to
      positively rotate it by means of a suitable power-transmitting mechanism (
      not shown ). It is also possible to dispose the pressing roll bar 31 in a
      lower position so that the periphery of the pressing roll bar 31 crosses a
      little the extension line of the bottom 2, whereby the contact between the
      bottom 2 and filter cloth C can be made closer. A rubber seal 33 may be
      provided on the hinge 23 in order to maintain the liquid-tight state at
      the portion connecting the liquid reservoir A with the filtering zone B.
      For adjustment of the thickness of the layer of the coal-containing sludge
      on the filter cloth, it is possible to mount a slit controller 34a at the
      point where the filter cloth C is taken up from the liquid surface of the
      coal-containing sludge. Thus, the thickness of the coal-containing sludge
      on the filter cloth may be adjusted optionally.
PAR  In order to pull the filter cloth C forwarded on roll bars 19 of the
      filtering zone B for vacuum suction filtration, it is preferred that a
      drive drum 34 is provided on the forward side of the filtering zone B. As
      the drive drum 34 there may be employed either an ordinary drum having a
      smooth surface or a so-called drum filter installed with a vacuum suction
      filtering device therein. A discharge shoot 35 is provided in the position
      neighbouring the side or bottom of the drum 34 to collect filter cakes.
      Filter cakes on the filter cloth C are exfoliated therefrom by means of a
      suitable scraper (not shown ) and then collected in the discharge shoot
      35. In the embodiment illustrated in FIG. 3-B, in order to exfoliate
      filter cakes from the filter cloth effectively, the filter cloth C coming
      from the drum 34 is introduced to an auxiliary roll 34', and during this
      passage exfoliation of filter cakes from the filter cloth C is
      accomplished completely.
PAR  In order to impart a constant tension to the filter cloth C forwarded to
      the pressing roll bar 31 even when the elevation angle of the botton 2 of
      the liquid reservoir A is changed, an arm 36 is attached to the end point
      of the liquid reservoir-supporting stanchion 24, a suspension rod 37 is
      attached to this arm 36 so that it may move vertically, and a feed roll 39
      is mounted rotatably on the end point of this suspension rod 37. It is
      desired that a worm screwed outwardly from the center is mounted on the
      feed roll 39 so that an extension force is given in the width direction of
      the filter cloth C. Thus, the filter cloth C is forwarded along the bottom
      2 toward the point crossing the liquid surface through the pressing roll
      bar 32 mounted at the deeper portion of the pond 5 for the coal-containing
      sludge while being maintained under a constant tension by means of the
      feed roll 39. Then, the filter cloth C is introduced on roll bars 19 of
      the filtering zone and allowed to advance toward the drive drum 34 from
      the discharge side of the filtering zone. Then, the filter cloth C is
      forwarded onto the discharge shoot 35 where filter cakes are exfoliated
      from the filter cloth C. A water-washing tank 40 installed with a washing
      roll 41 is provided to wash the filter cloth C from which filter cakes
      have been exfoliated. The filter cloth C coming from the auxiliary roll
      34' is introduced into the washing roll 41 in the water-washing tank 40
      through a tension roll 42 and a guide roll 43, and then, it is forwarded
      again to the feed roll 39 via a guide roll 43', and guide rolls 44, 44',
      44" ....
PAR  In application of the apparatus of this invention to filtraton and
      dehydration of coal-containing sludges, a fine coal dust (fine dust coal
      of low grade or powdery lignite ) in which finer particles having a size
      ranging from 100 mesh to 325 mesh occupy 30 to 50 % by weight, preferably
      40 to 50 % by weight, of the whole particles and remaining particles have
      a size exceeding 100 mesh is incorporated in an excessive sludge or
      concentrated sludge discharged from a plant for treatment of waste waters
      in an amount of 2 to 10 % by weight, preferably 3 to 5 % by weight, based
      on the fine coal dust, and the admixture is allowed to stand still for 30
      minutes to two hours to effect coagulation and sedimentation of sludge
      solids, whereby the supernatant liquor is separated from the
      coal-containing concentrated sludge at a volume ratio of about 7 : 3. The
      coal-containing concentrated sludge is fed to the feed box 12 through the
      feed pipe 10, and it is fed to the deepest portion of the pond 5 through
      the discharge opening 11 of the feed box 12. The coagulation state of the
      fine coal dust and sludge solids is partially destroyed during the pipe
      transportation and the sludge undergoes a turbulent action. However, this
      turbulent state is partially relaxed in the feed box 12 and the sludge
      solids are settled in the pond 5, whereby re-coagulation and sedimentation
      of finer particles of the fine coal dust and the sludge solids can be
      accomplished. At first coarser particles of the fine coal dust are
      deposited on the filter cloth C moving upwardly along the inclined bottom
      2 of the pond 5 to form a precoat layer, and then, coagulates composed of
      finer particles and sludge solids or coagulates of sludge solids alone are
      sedimented and deposited on the precoat layer. At this time, the filter
      cloth C is pressed against the bottom 2 by means of the pressing roll bar
      31 and gravity of the coal-containing sludge stored in the pond 5 is
      imposed on the filter cloth C. Therefore, in general, no vertical wavy
      movement of the filter cloth C is not observed. A part of water removed in
      the pond 5 is passed through the precoat layer, the filter cloth C and
      filtering holes 16 perforated through the bottom 2, dropped into the
      filtrate water box 15, and collected through the pipe 17 for withdrawing
      filtrate water.
PAR  The elevation angle of the bottom 2 is most preferably adjusted in the
      following manner depending on the kind of the sludge to be treated:
PA1  A. in the case of a dense and close sludge having a high viscosity, the
      elevation angle of the bottom 2 is adjusted to 5.degree. to 15.degree..
PA1  B. in the case of a dense and close sludge having a medium viscosity, the
      elevation angle of the bottom 2 is adjusted to 3.degree. to 7.degree..
PA1  C. in the case of a sludge having a low viscosity, the elevation angle of
      the bottom 2 is adjusted to 0.degree. to 5.degree..
PAR  However, it is of course possible to adopt elevation angles other than
      mentioned above depending on the kind of the waste water from which the
      sludge to be treated has been derived.
PAR  An assembly of the precoat layer and layers of coagulated sludge solids or
      of the sludge, which has been formed on the filter cloth C in the pond 5
      for the coal-containing sludge, is forwarded onto the roll bars 19 of the
      filtering zone B after its thickness is uniformalized and adjusted to 5 to
      10 mm by means of the slit controller 34. In the filtering zone B,
      dehydration of said assembly is effectively accomplished by vacuum suction
      filtration.
PAR  Cakes from which water has been removed are exfoliated from the filter
      cloth by means of a scraper and are collected in the shoot 35 for
      discharge of the filter cakes.
PAR  In the apparatus of this invention, by adjusting the angle of the bottom of
      the liquid reservoir, namely the moving angle of the filter cloth, a
      precoat layer of coarser particles of the fine coal dust can be formed
      uniformly on the filter cloth regardless of variety of properties of
      sludges to be treated, and at the same time coagulates of finer particles
      of the fine coal dust and sludge solids, or sludges per se, can be
      deposited or coated on the precoat layer. Accordingly, in the apparatus of
      this invention, since filtration of sludges is accomplished through the
      precoat layer of coarser particles of the fine coal dust and the layer of
      coagulates containing finer particles of the fine coal dust, the
      filtration resistance is extremely low ( .gamma. = 1 .times. 10.sup.6 to 3
      .times. 10.sup.6). As a result, the filtration can be performed very
      easily and the water content of the resulting filter cake is as low as 42
      to 60 % by weight. Thus, filter cakes discharged from the apparatus of
      this invention can be effectively used as fuel for incineration of rubbish
      and refuse, as they are or after they have been dried slightly.
PAR  As explained hereinabove, in accordance with this invention, by adjusting
      the size distribution in a fine dust coal or lignite powder of low grade
      which can be easily obtained at a low cost and using such size-adjusted
      fine dust coal or lignite, it is made possible to effect coagulation and
      sedimentation of sludge solids promptly and in the highly concentrated
      dense state, and final filter cakes can be obtained in the form of a very
      low water content. Thus, this invention is very advantageous also from the
      viewpoint of prevention of environmental pollution.
PAR  This invention will now be illustrated more specifically by reference to
      Example.
PAC  EXAMPLE
PAR  The following coagulants were separately incorporated into an excessive
      sludge of a solid content of 5.460 ppm which had been taken from a
      concentration tank of a sewage treatment plant:
PA1  A. fine dust coal having a size distribution shown by the curve 1 of FIG. 1
      (Fine Dust Coal No. 3 produced by Tainheiyo Tanko ) in an amount of 5 % by
      weight based on the sludge.
PA1  B. oil carbon having an average particle size of 40 .mu. at a ratio of 80 %
      and produced as a by-product in the petrochemical industry in an amount of
      5 % by weight based on the sludge.
PA1  C. fine dust coal described in A above in an amount of 5 % by weight based
      on the sludge and sulfuric acid-treated red mud (Tradename: EDEX-S ) in an
      amount of 0.5 % by weight based on the sludge.
PA1  D. oil carbon described in B above in an amount of 5 % by weight based on
      the sludge and the abovementioned EDEX-S in an amount of 0.5 % by weight
      based on the sludge.
PAR  In the case of coagulants A and B, after addition of the coagulant, the
      sludge was stirred for 5 minutes and then allowed to stand still for 2
      minutes. In the case of combination coagulants C and D, at first the fine
      dust coal or oil carbon was added to the sludge, the agitation was
      conducted for 5 minutes, the admixture was allowed to stand still for 2
      minutes, and then EDEX-S was added thereto, following which the admixture
      was allowed to stand still for 2 minutes.
PAR  The supernatant liquor was separated, and the sediment of the
      coal-containing concentrated sludge was fed on a filter cloth composed of
      Saran No. 30001. The suction filtration was conducted under a negative
      pressure of 200 mm Hg. Results are shown in Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

               A       B       C       D                                       

     Coagulant this    comparison                                              

                               this    comparison                              

               invention       invention                                       

     __________________________________________________________________________

     Volume ratio (%)                                                          

               36                                                              

     of coal-contain-                                                          

     ing concentrate                                                           

     to starting sludge                                                        

     Solid concentra-                                                          

               (allowed                                                        

                       (allowed                                                

                               (allowed                                        

                                       (allowed                                

     tion (ppm) of                                                             

               to stand                                                        

                       to stand                                                

                               to stand                                        

                                       to stand                                

     supernatant                                                               

               still for                                                       

                       still for                                               

                               still for                                       

                                       still for                               

     liquor    30 minutes)                                                     

                       30 minutes)                                             

                               30 minutes)                                     

                                       30                                      

               100     220     120     minutes)                                

                                       200                                     

     Water content                                                             

     (%) of filter                                                             

     cake      64.5    92.3    57.1    91.8                                    

     Solid concent-                                                            

     ration (ppm) of                                                           

     filtrate water                                                            

               980     1,140   810     910                                     

     Color of  light   black   light   black                                   

     filtrate water                                                            

               gray            gray                                            

     Ratio (%) of                                                              

     catching                                                                  

     sludge solids                                                             

               96.4    91.0    98.3    90.6                                    

     __________________________________________________________________________

PAR  From the results shown in Table 1, it will readily be understood that use
      of a fine dust coal or lignite having a specific size destribution, namely
      comprising finer particles having a specific smaller particle size and
      coarser particles having a specific greater particle size at a specific
      ratio is very important to coagulate and sediment sludge solids promptly
      in the highly concentrated dense state and to remove water from resulting
      filter cakes effectively.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for concentrating and separating solids from solid/liquid
      mixtures in the treatment of sewage sludge which comprises incorporating
      into such sludge 2 to 10 % by weight of fine dust coal or lignite
      particles having such a size distribution that 30 to 50% by weight of the
      whole particles have a finer size not greater than 100 mesh and 70 to 50%
      by weight of the whole particles have a coarser size exceeding 100 mesh;
      wherein the size distribution of the particles is such as to correspond
      with the size distribution curve (1) of FIG. 1 of the drawings, mixing the
      sewage sludge and fine dust coal or lignite particles under agitation,
      allowing the resulting admixture to stand still for about 20 minutes to
      about 2 hours to separate it into a coal-containing concentrated sludge
      and a supernatant liqour, feeding the coal-containing concentrated sludge
      onto a continuously moving filter cloth disposed so that it crosses, at a
      predetermined inclined angle, the surface of the coal-containing
      concentrated sludge, thereby to form on the filter cloth at first a
      precoat layer of coarser particles of the fine dust coal or lignite and
      then a layer of coagulates composed of finer particles of the fine dust
      coal or lignite and sludge solid, and conducting vacuum suction filtration
      from the back surface of the filter cloth, thereby to remove water from
      said layer.
NUM  2.
PAR  2. A process set forth in claim 1, wherein the fine dust coal or lignite
      comprises particles having a size of from 150 mesh to 325 mesh in an
      amount of at least 30 % weight based on the whole particles and particles
      having a size exceeding 100 mesh in an amount of at least 50 % by weight
      based on the whole particles.
NUM  3.
PAR  3. A process set forth in claim 1, wherein the fine dust coal or lignite
      has a calorific power of 3500 to 5000 Kcal/Kg and comprises ash components
      in an amount of 10 to 40 % by weight.
NUM  4.
PAR  4. A process according to claim 1, wherein fine dust coal is incorporated
      with the sewage sludge.
NUM  5.
PAR  5. A process for concentrating and separating solids from solid/liquid
      mixtures in the treatment of sewage sludge which comprises incorporating
      into such sludge 2 to 10% by weight of fine dust coal or lignite particles
      having a size distribution such that 30 to 50% by weight of the whole
      particles have a finer size not greater than 100 mesh and 70 to 50% by
      weight of the whole particles have a coarser size exceeding 100 mesh;
      wherein the size distribution of the particles is such as to correspond
      with the size distribution curve (1) of FIG. 1 of the drawings, mixing the
      sewage sludge and fine dust coal or lignite particles under agitation,
      incorporating into this mixture a coagulant comprising a mixture of iron
      and aluminum salts in an amount of from 1/50 to 1/10 by weight of the fine
      dust coal or lignite particles when 5 to 20 minutes have passed since the
      addition of said fine dust coal or lignite particles, allowing the
      resultant mixture to stand still for 20 minutes to 2 hours to separate it
      into a supernatant liquor and a coal-containing concentrated sludge,
      feeding the coal-containing concentrated sludge onto a continuously moving
      filter cloth disposed so that it crosses at a predetermined inclined
      angle, the surface of the coal-containing concentrated sludge, thereby to
      form on the filter cloth at first a precoat layer of coarser particles of
      the fine dust coal or lignite and then a layer of coagulates composed of
      finer particles of the fine dust coal or lignite and sludge solid, and
      conducting vacuum suction filtration from the back surface of the filter
      cloth thereby to remove water from said layer.
NUM  6.
PAR  6. A process according to claim 5, wherein fine dust coal is incorporated
      with the sewage sludge.
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ABST
PAL  Selenium is removed from solution in acidic waste water by treatment of the
      water with a metallic reducing agent. The invention is particularly
      effective for removal of selenium from zinc smelter effluent by reaction
      of the effluent with powdered zinc.
BSUM
PAR  A large percentage of zinc is obtained industrially from sulfide ores such
      as sphalerite, ZnS. The ores are initially concentrated to remove gangue
      and other metals such as lead, iron, and copper. The concentrates are then
      smelter-roasted to convert the zinc sulfide to oxide according to the
      equation:
EQU  2ZnS + 30.sub.2 .fwdarw.  2ZnO + 2SO.sub.2
PAL  Offgases from the smelter operation are water-scrubbed for cooling,
      humidification and removal of particulates. In the scrubbing process
      SO.sub.2 and other soluble materials are absorbed by the scrubber water.
      When the concentrate contains selenium, typically in concentrations of
      about 0.1% to 1%, the scrub solution will also contain selenium in the
      form of selenious acid, H.sub.2 SeO.sub.3, and generally in concentrations
      of about 5 to 30 ppm. Typically, these solutions also contain SO.sub.2 in
      concentrations of about 0.3 to 2 grams per liter, and have pH values of
      about 2.1 to 2.6.
PAR  This scrub solution, which constitutes effluent from the smelter operation,
      contains concentrations of selenium that are too high to meet regulations
      pertaining to the quality of water acceptable for discharge into public
      waterways. Accordingly, removal of a substantial proportion of the
      selenium from the effluent is essential.
PAR  Commonly employed water treatment operations, such as lime coagulation and
      sand filtration, are not sufficiently effective for removal of selenium
      from solution. Ion exchange processes are more effective, but are complex
      and, therefore, expensive.
PAR  It has now been found, according to the method of the invention, that an
      effective, rapid and economical removal of selenium from acidic waste
      water solutions may be achieved by treatment of such solutions with a
      metallic reducing agent. The method of the invention is particularly
      applicable to removal of selenium from zinc smelter effluent by treatment
      of the effluent with metallic zinc. However, it may also be employed for
      removal of selenium from other aqueous wastes such as those from copper
      refining processes, scrubber solutions from coal burning operations, etc.
      In addition, other metallic reducing agents such as iron or aluminum may
      be used.
PAR  The metallic reducing agent is usually most efficient when employed in a
      finely divided form, preferably in the form of a powder of a particle size
      of about 50 to 150 microns. However, other forms of the metal such as
      scrap fragments, granules, turnings, wools, etc. may be appropriate in
      specific situations. The optimum amount of the reducing agent used will
      generally be approximately the stoichiometric amount required to
      precipitate substantially all of the selenium from solution. In the case
      of the preferred embodiment of the invention, i.e., the use of zinc powder
      to precipitate selenium from zinc smelter effluent, the reaction involved
      is essentially as follows:
EQU  H.sub.2 SeO.sub.3 +  4H.sup.+ + 2Zn.degree. .fwdarw. Se.degree. + 2Zn.sup.+
      .sup.+ + 3H.sub.2 O.
PAL  Somewhat greater or lesser amounts of metallic reducing agent may, however,
      be suitable, depending on the desired degree of removal of the selenium.
      Generally, agitation, e.g., vigorous stirring, of the admixture of waste
      water and reducing agent is also desirable for optimum efficiency of the
      reaction.
PAR  Optimum temperature and pH for precipitation of selenium by the method of
      the invention will vary considerably depending on the specific waste water
      treated and the reducing agent employed. Generally, however, a temperature
      of about 25.degree. to 85.degree. C and a pH of about 1 to 4 is suitable.
      The waste water may be treated to achieve these values, or they may be
      inherent in the specific waste water, e.g., in zinc smelter effluent which
      will generally be at a temperature of about 50.degree. to 70.degree. C and
      a pH of about 2 to 3.
PAR  Optimum time for the reaction of the invention will also vary greatly with
      the type of waste water, type and state of subdivision of the metallic
      reducing agent, temperature, pH, etc., and is best determined empirically.
      Generally, however, a time of about 1 to 10 minutes is sufficient for
      maximum precipitation of the selenium. The reaction is often sufficiently
      rapid to permit the use of a continuous process. Following completion of
      the reaction, precipitated solids, consisting predominantly of selenium
      and any unreacted reducing agent, may be separated from the remaining
      solution by any conventional means such as filtration, decanting, etc.
      Reduction in the selenium content of the solution will generally be found
      to be at least about 60 to greater than 98 percent.
DETD
PAR  The method of the invention will be more specifically illustrated by the
      following examples:
PAC  EXAMPLE 1
PAR  Process waste water (3 liters; pH 2.4, containing 7.6 ppm selenium), which
      contained some finely divided solid as received from a zinc smelter, was
      heated to 70.degree. C to simulate the conditions prevailing at the
      smelter. To the vigorously stirred solution was added 0.150 gram of
      reagent grade zinc dust. The solution was stirred continuously with
      heating to maintain the temperature at 70.degree. C. Samples were
      withdrawn at intervals and filtered to separate the soluble selenium from
      the solids in the system. Selenium determinations were performed on the
      filtrates and the results are shown in Table I.
TBL                TABLE 1                                                     

     ______________________________________                                    

                     Selenium        Selenium                                  

     Elapsed time,   concentration in                                          

                                     removed,                                  

       min           filtrate, ppm   pct                                       

     ______________________________________                                    

      0 (control sample)                                                       

                     7.6             0                                         

      0.5            5.4             29                                        

      1.0            2.2             71                                        

      2.5            0.2             97                                        

      4.0            &lt;0.2.sup.1      &gt;97                                       

     ______________________________________                                    

      .sup.1 The threshold of detection in the analysis used was 0.2 ppm.      

PAC  EXAMPLE 2
PAR  A two-stage cocurrent reactor for continuous zinc treatment of process
      water was assembled as follows: A 1-liter glass beaker fitted with a glass
      sidearm which permitted overflow of solution when the volume exceeds 800
      milliliter (stage 1) was positioned to overflow by gravity into a second
      such beaker (stage 2) which overflowed to a storage vessel. Both stages
      were equipped with four plastic baffles and overhead stirrers fitted with
      paddletype impellers. Zinc dust was fed continuously into stage 1. Process
      waste water containing 7.8 ppm Se was preheated to 70.degree. C and pumped
      into stage 1 at a rate of 330 milliliters per minute. Zinc dust was added
      simultaneously to stage 1 at a rate of 0.07 gram per minute. After a total
      of 9.9 liters of water had been pumped through the apparatus (to allow
      attainment of steady-state conditions) samples were taken from both
      stages, filtered to remove interfering solids, and analyzed for selenium.
      The concentration of soluble selenium in both stages was below 0.2 ppm
      (the threshold of detection) for a removal of at least 97 percent of the
      selenium present in the feed solution.
PAC  EXAMPLE 3
PAR  In this example, other metallic reducing agents were compared with zinc
      dust in a standardized test routine. Process water (0.5 liter usually; 3.0
      liters when bulky reagents such as aluminum or iron scrap were used) was
      heated to and maintained at 70.degree. C. The solid reagent was added to
      the vigorously stirred solution. After 20 minutes, a sample was withdrawn,
      filtered to remove interfering solids, and analyzed for soluble selenium.
      Results are shown in Table 2.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

                       Selenium                                                

                              Selenium                                         

                       concentra-                                              

                              concentra-                                       

                 Applica-                                                      

                       tion before                                             

                              tion after                                       

                                    Selenium                                   

     Metal used and                                                            

                 tion rate,                                                    

                       treatment,                                              

                              treatment,                                       

                                    removed,                                   

     physical form                                                             

                 g/1   ppm    ppm   pct                                        

     __________________________________________________________________________

     zinc dust   0.12  6.2    0.3   94                                         

       do.       .15   6.2    .1    98                                         

       do.       .20   6.3    &lt;0.1  &gt;98                                        

     Iron powder;                                                              

       100 mesh  .10   6.6    1.9   71                                         

     Iron powder;                                                              

       100 mesh  .20   6.6    .6    91                                         

     Detinned can                                                              

       scrap; 1/8in.                                                           

       by 1 in. pieces                                                         

                 2.0   3.1    .2    94                                         

     Aluminum powder                                                           

                 .2    6.3    .1    98                                         

     Aluminum can scrap;                                                       

       .about.1/8in. by .about.1 in.                                           

       pieces    2.0   5.5    .2    96                                         

     __________________________________________________________________________
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STM  I claim:
NUM  1.
PAR  1. A method for removing selenium from zinc smelter effluent comprising
      reacting the effluent with a metallic reducing agent at a temperature of
      about 25.degree. to 85.degree. C for a time sufficient to reduce a
      substantial portion of the soluble selenium to insoluble metallic
      selenium.
NUM  2.
PAR  2. The method of claim 1 which the reaction temperature is about 50.degree.
      to 70.degree. C.
NUM  3.
PAR  3. The method of claim 1 in which the reducing agent is zinc.
NUM  4.
PAR  4. The method of claim 3 in which the zinc is in powder form.
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PAL  A waste disposal system and method which incinerates solid human excrement
      evacuated into a toilet bowl employing a reusable chemical flushing
      liquid. The liquid discharges into an individual holding tank and
      thereafter is reusable for additional flushes until the solid excrement in
      the individual holding tank reaches approximately a predetermined level
      which usually is determined by the number of flushes. Then the collected
      human waste is discharged into a main collection holding tank where the
      solid excrement along with some of the chemical liquid rises until a
      predetermined level is reached. Subsequently, and upon the simultaneous
      occurrence of several triggering conditions, the solid excrement and
      liquid present in the main collection holding tank are run through a
      comminutor which returns such mixture to the main tank from which it is
      again passed to the comminutor and back to the tank in a closed cycle, a
      sufficient period of time being allotted to reduce such solid excrement
      and the chemical liquid to a gelatinous consistency. When this consistency
      is reached, the same being determined by the passage of a given period of
      time, and if the same triggering conditions still prevail, the comminuted
      mixture from the closed cycle is bled off into the exhaust of the engine
      used to power the conveyance, the comminution being continued during such
      discharge.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Disposal of solid human excrement by incineration and combustion in the
      exhaust of an engine-driven conveyance.
PAR  2. Description of the Prior Art
PAR  The disposal of solid human excrement always has presented a problem which
      has become aggravated with the passage of years as the population grew and
      less room became available for accumulation and disposal equipment, and as
      ecologists imposed restraints on discharge of waste and the by-products of
      waste in the water. The problem is currently a serious one even as it
      relates to excrement evacuated into stationary toilets and stationary
      sewage systems. But when the toilet bowls are aboard a moving conveyance,
      the problem worsens. Where the conveyance is a land conveyance, for
      example, a bus, the only solution has been a holding tank, but the
      capacity of such a tank is inherently limited by the size of the
      conveyance, so that where the bus is large a substantial problem exists.
      Where the toilet bowl was aboard a marine craft, for years the solution
      seemed simple -- excrement was simply discharged into the ocean, but this
      no longer is acceptable. Governments and states currently are exercising
      their superior powers to prohibit such discharge into oceans, lakes and
      rivers plied by marine craft and, as a result, desperate measures were
      resorted to. The immediate answer was to place a collection tank aboard
      each marine craft and to discharge the contents of the tank at the end of
      each trip, the discharge being into a land-based disposal unit or a sewer.
      However, this remedy only has proven to be temporary because of the
      overloading of shore-based disposal facilities, so that attention now is
      being turned to disposal systems which are carried by conveyances.
PAR  A large number of systems has been suggested for this purpose. However,
      none of these systems has proven to be commercially successful due to
      their inability to completely destroy the excreta, to clogging of
      components of the equipment, to odors discharged from the equipment and to
      lack of safety factors, so that there currently still is a great need for
      an economical, efficient, reliable system that constitutes relatively few
      and simple parts and can be easily installed and maintained.
PAC  SUMMARY OF THE INVENTION
PAR  1. Purposes of the Invention
PAR  It is an object of the invention to provide a waste disposal system and
      method which overcomes the defects attendant upon the prior art.
PAR  It is another object of the invention to provide a system and method of the
      character described in which the apparatus constitutes simple and
      relatively few parts which can be made, assembled, installed and
      maintained at a low cost and which, withal, is efficient and reliable.
PAR  In is another object of the invention to provide a system and method of the
      character described wherein the apparatus is safe and odor-free and from
      which the discharge into the atmosphere is wholly innocuous.
PAR  Other objects of the invention in part will be obvious and in part will be
      pointed out hereinafter.
PAR  2. Brief Description of the Invention
PAR  A waste disposal system and method, a principal use of which is for marine
      craft but which also can be used for land and air conveyances. The
      equipment used in the system and method includes at least one, and
      conventionally several, toilet bowls. The bowls are of the type which
      utilize a reusable chemical flushing liquid which, after each use of the
      bowl, is flushed and discharged to an individual holding tank, the solid
      human excrement being separated from the chemical flushing liquid which
      thereafter is used for subsequent flushes. The excrement in the individual
      holding tank gradually builds up until a substantial amount is
      accumulated, this being determined in a conventional chemical flushing
      toilet by the number of flushes, although, obviously, a sensor could be
      employed for the same purpose. When this level is reached or the requisite
      number of flushes has been made, the stored excrement in the individual
      holding tank, together with the chemical flushing liquid that has been
      used throughout the period, is discharged into a main collection holding
      tank and fresh chemical flushing liquid is charged into the system for a
      given bowl and associated individual holding tank. If desired, more than
      one bowl can use the same individual holding tank and the same charge of
      reusable chemical flushing liquid.
PAR  The main collection holding tank has two sensors. One is a high level
      sensor and the other is a low level sensor. Eventually, after a sufficient
      amount of solid human excrement has been amassed in the main collection
      holding tank, the high level sensor is actuated. This constitutes one of
      several triggering conditions, all of which must be present simultaneously
      to initiate and complete a discharge cycle from the main collection
      holding tank.
PAR  When the discharge cycle is initiated, the mixture of solid human excrement
      and chemical flushing liquid in the main collection holding tank is
      withdrawn by a pump from the tank and, as it is withdrawn, it is
      comminuted, a comminutor pump being employed for this purpose. The
      discharge from the comminutor pump is led back to the main collection
      holding tank through a by-pass loop, thereby completing a closed cycle.
      The continuous traversal of excrement and liquid through such closed cycle
      reduces the solid excrement and the chemical flushing liquid to a
      gelatinous consistency. When this consistency is reached, the gelatinous
      mixture can be bled off from the closed cycle for disposal. The point in
      time where the discharge can start could be determined by sensing the
      consistency of the gelatinous mixture. However, inasmuch as the disposal
      of the gelatinous mixture is not dependent upon its consistency and can
      efficiently be practiced in the present system and method providing that
      at least a given consistency is attained, the aforesaid point in time is
      determined as a function of time elaspsed and, to this end, a timer is
      employed, which is to say that the timer is started when the comminutor
      pump initiates its operation and after the given period of time has
      passed, the bleed-off from the closed cycle is actuated as by opening a
      valve from the by-pass loop.
PAR  The gelatinous mixture is led from the bleed-off for discharge providing
      that the sundry conditions which triggered the operation of the comminutor
      pump still prevail. In that event, the gelatinous mixture is led from the
      bleed-off to a discharge nozzle in the exhaust of an engine. The mixture
      is assisted in its discharge from the nozzle by air under pressure so that
      the mixture with the aid of air is reduced to a fine spray which, at the
      temperature of the exhaust gases from the engine, will vaporize the
      chemical liquid present, will dry the now-fine solid excrement, will
      incinerate the fine excrement and will burn any residual chemical liquid,
      combustible vapor from the chemical liquid and combustible solids from the
      excrement, the burning taking place with the assistance of the oxygen in
      the air that aided in the particlization of the gelatinous mixture and the
      excess air in the exhaust gases from the engine. The temperature of the
      engine exhaust gases is sufficiently high to insure that such combustion
      will take place. As a result, there is discharged into the atmosphere
      along with the exhaust from the engine the gaseous products of combustion
      which are, principally, water and carbon dioxide, some fine ash from the
      unburnable constituents of the chemical flushing liquid and solid
      excrement, and some fine solid hydrocarbons where the combustion has not
      been complete. The non-gaseous portions of the combusted gelatinous
      mixture are unnoticeable and harmless, as are the products of combustion
      of such mixture, so that their discharge into the air will not be visible,
      will be harmless, will be ecologically acceptable and will be odor free.
PAR  The triggering conditions aforementioned are important to the proper
      practice of the present invention.
PAR  The first triggering condition already has been mentioned. It is the
      presence of a predetermined high level of solid excrement and chemical
      flushing liquid in the main collection holding tank.
PAR  The second triggering condition is the temperature of the exhaust gases
      discharged from the engine.
PAR  The engine preferably is the engine used to drive the conveyance. Such an
      engine conventionally will be an internal combustion engine as, for
      example, a spark ignition internal combustion engine or a diesel engine.
      The fuel burned can be gaseous, a mixture of gasifiable combustible fluid
      and air, or a combustible fluid together with air. The exhaust gas
      temperature must be at least 600.degree.F at the point where the
      gelatinous mixture is discharged into the exhaust gases along with air as
      droplets, e.g. a spray. Preferably, the temperature is at least somewhat
      higher, for instance, 625.degree.F. It obviously would be useless to
      discharge the gelatinous mixture into the conduit that leads the exhaust
      gases to the atmosphere if the temperature in this conduit were the same
      as the prevailing ambient temperature because that would mean that the
      engine was not running. It also would not be useful to discharge the
      combustible mixture into the exhaust gas conduit at temperatures below
      600.degree.F because the chemical flushing liquid and the finely
      particulate solid excrement contained therein as a conjoint gelatinous
      mass would not fully incinerate and would not fully burn.
PAR  The third triggering condition is somewhat anomalous. It is that the engine
      be operating which, of course, is, as a first-order inference, a
      consequence of the second triggering condition, i.e., the temperature of
      the exhaust gases. However, it is not enough simply that the engine be
      running and that the exhaust gases be at a sufficiently high temperature
      because the exhaust gases may not be exiting in a sufficiently high volume
      to properly perform evaporation, incineration and combustion; hence, the
      third triggering condition is that the flow of exhaust gases be at a
      proper volume to suitably carry out effective evaporation, incineration
      and combustion.
PAR  Preferably, the third triggering condition is subdivided into two
      triggering conditions, each of which, in effect, backs up the other, so
      that if one of the sub-conditions should be fulfilled but not the other,
      no discharge from the bleed-off should be permitted to occur lest the
      emission of the excrement and flushing liquid along with the exhaust gases
      be offensive.
PAR  The first of the sub-conditions constituting the third triggering condition
      is the throttle setting for the engine. This is simply a position switch
      which may be located adjacent the control arm for the carburetor or the
      fuel throttle, or the metering valve if a fuel-injection system is
      employed. When the throttle is at a certain setting and the exhaust gas
      temperature has reached at least a certain minimum value, conditions
      essentially are ripe for discharge of the gelatinous mixture into the
      exhaust gas conduit.
PAR  However, as noted above, it is preferred also to fulfill the second
      sub-condition of the third triggering condition, this being the pressure
      of the lube oil in the engine. It is possible that the throttle may be set
      to a desired position but that the engine has not yet reached a
      performance commensurate with the throttle setting, in which event, it
      would be improper to discharge the gelatinous mixture into the exhaust gas
      conduit. However, since lube pressure is a function of engine operating
      conditions, the attainment of a predetermined lube pressure value will
      corroborate the presence of the proper operating mode of the engine.
      Moreover, because lube pressure might under certain conditions reach a
      high value but the throttle setting might be low, it is desirable to have
      both of these sub-conditions of the third triggering condition fulfilled
      before initiating operation of the comminutor pump as well as subsequently
      actuating the discharge of the gelatinous mixture from the bleed-off.
PAR  The operation of the comminutor pump and the discharge of the gelatinous
      mixture through a nozzle into the exhaust gas conduit continues once it
      has started until the low level sensor in the main collection holding tank
      is actuated. This indicates that the level of the gelatinous mixture in
      the main collection holding tank has reached a predetermined low value. At
      this time, two things occur. The comminutor pump is cut out of operation
      and the bleed-off from the closed cycle to the discharge nozzle stops. The
      system now coasts, that is to say, idles, until the high level sensor for
      the main collection holding tank is reactivated, whereupon the comminuting
      and discharge cycle is repeated as aforesaid.
PAR  It will be appreciated that people occupying the conveyance cannot be
      expected to understand how the present system works, nor need they. But it
      will be quite obvious that there will be neither comminution nor discharge
      if the engine is not running, or not operating under sufficient load, or
      not fast enough, or the exhaust gas temperature is not sufficiently high.
      Most of these conditions usually will be fulfilled when the conveyance is
      moving in a normal manner. However, if the conveyance is standing still,
      even when the engine is running, all the conditions may not be met, or if
      the engine is not running the conditions certainly will not be fulfilled.
      It, therefore, is possible with the aforesaid system for the level in the
      main collection holding tank to exceed the predetermined level at which
      the high level sensor is actuated without initiating a comminuting and
      discharge cycle. Therefore, as a further feature of the present invention,
      an alarm is provided which is energized when the high level sensor is
      actuated but the system is not set into operation. This alarm gives notice
      to the operators of the conveyance that they should request the
      passengers, at the discretion of the operators who are aware of the excess
      capacity of the main collection holding tank and of the number of flushes
      remaining before the chemical liquid and solid excrement is discharged
      into any given individual holding tank, to refrain from using all or some
      of the toilet bowls.
PAR  The invention consists in the features of construction, combination of
      elements, arrangement of parts and series of steps which will be
      exemplified in the system and method hereinafter described and of which
      the scope of application will be indicated in the appended claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the accompanying drawings in which is shown one of the various possible
      embodiments of the invention:
PAR  FIG. 1 is a schematic view of the component elements of a waste disposal
      system embodying the present invention;
PAR  FIG. 2 is a wiring diagram for the system; and
PAR  FIG. 3 is an enlarged sectional view through the discharge nozzle at the
      exhaust gas conduit.
DETD
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  Referring now in detail to the drawings, the reference numeral 10 denotes a
      waste disposal system embodying the present invention. Said system
      includes at least one and usually one or more batteries of chemical
      toilets. Each said toilet constitutes a toilet bowl 12 which employs a
      chemical flushing liquid. These types of chemical toilets are well known
      in the art. A typical such toilet bowl is the "COMMIDORE" sold by
      Koehler-Dayton, a division of Litton Industries, of New Britain,
      Connecticut. Such a toilet includes a toilet bowl 12, and a source of
      supply for chemical flushing liquid which conventionally is water plus a
      chemical additive that provides the proper combination of wetting agent,
      deodorizers, bacterial controls and color to the flushing liquid, all as
      is well known and currently available. The chemical flushing liquid is
      supplied from a small tank to the toilet bowl for each flushing actuation
      of the bowl. The liquid, after exiting from the discharge of the bowl,
      goes to an individual holding tank which may be at the bottom of the bowl
      in the position indicated by the reference numeral 14. After each flushing
      operation a substantial part of the solid human excrement evacuated is
      separated from the chemical flushing liquid most of which thereupon is
      returned to the container for the same, ready for reuse. Eventually, the
      individual holding tank approaches a predetermined capacity. This usually
      is determined by the number of flushes performed by the toilet bowl. By
      way of example and without limitation, a typical number of flushes before
      the individual holding tank is discharged is 160, and a typical amount of
      chemical flushing liquid which, as noted above, is largely water, is four
      gallons. A typical volume which is accumulated in the individual holding
      tank before discharge therefrom is 16 gallons. When this number of flushes
      is reached, a signal is provided by the toilet bowl, this being
      conventional, to inform whoever uses it next that the contents of the
      individual holding tank should be discharged, whereupon a slide valve 16
      at the base of the toilet bowl is actuated. This causes the contents of
      the individual holding tank and the chemical flushing liquid that has been
      repeatedly reused to be dropped into a conduit 18 which leads to a main
      collection holding tank 20. In the unlikely event that there is only a
      single chemical toilet bowl 12, the conduit 18 would lead vertically from
      a discharge outlet of the individual holding tank 14 directly to the main
      collection holding tank which would be vertically beneath it. However, a
      more normal situation is that several toilet bowls will be provided,
      usually one battery in the men's room and another battery in the women's
      room. Each battery would feed into a header and the headers would either
      be directly connected or individually connected to the conduit 18 that
      leads to the main collection holding tank. The portion of the system thus
      far described is entirely conventional.
PAR  A comminutor pump 22 is provided which conveniently, although not
      necessarily, may be mounted on top of the main collection holding tank.
      The intake to the comminutor is connected by a drop pipe 24 the open
      bottom end of which is located near the bottom of the main collection
      holding tank. The discharge outlet of the comminutor pump is connected
      through a hand-controlled valve 26 to an effluent conduit 28. A by-pass
      loop 30 has its inlet tapped into the effluent conduit 28 beyond the valve
      26 and its outlet located at any level, desirably a high level, within the
      main collection holding tank.
PAR  The main collection holding tank has two level sensors, to wit, a high
      level sensor 32 and a low level sensor 34. These sensors are of any
      suitable construction. In their simplest form they merely are floats which
      actuate microswitches. More sophisticated sensors may be provided such as
      sensors which include heating elements which are differentially responsive
      to the heat conductivity of ambient fluids so as to differentiate between
      the presence of an ambient gas or an ambient liquid. Each sensor, in
      effect, constitutes a probe and has in association therewith a switch,
      e.g. a microswitch, to wit, a switch 36 associated with the high level
      sensor and a switch 38 associated with the low level sensor (see FIG. 2).
      The switch 36, for reasons which will be apparent, is normally open, as is
      the switch 38. The switch 36 will close when the high level sensor is
      actuated upon the level of the material in the main collection holding
      tank reaching the sensor. The switch 38 will open when the level of the
      material in the main collection holding tank reaches the associated sensor
      34.
PAR  A bleed-off conduit 40 is connected through a normally-closed solenoid
      controlled discharge valve 42 to the junction between the effluent conduit
      28 and the by-pass loop 30. The sundry conditions for triggering the
      opening of this valve will be described in detail hereinafter, one of said
      conditions being closing of the normally high-level open switch 36
      previously described. The discharge of the bleed-off conduit leads to a
      nozzle 44 physically located in a conduit 46 through which the exhaust
      gases from an engine 48 are discharged to the atmosphere. This conduit
      also sometimes is referred to in the art as a stack or smoke stack for the
      engine. The engine 48 is the engine which propels the conveyance in which
      the system 10 is located. Said conveyance can be an airplane, or a
      trailer, or a bus, or a boat, or a ship; its present principal
      contemplated use is for a marine conveyance. The engine may be of any
      internal combustion type as, for example, a spark ignition engine or a
      diesel engine. Exhaust gases which are the products of combustion leave
      the engine through an exhaust manifold 50, then, optionally, through a
      muffler 52 from which they flow into the smoke stack 46.
PAR  The nozzle 44 which is schematically indicated in FIG. 1 is shown in detail
      in FIG. 3. In FIG. 3 the reference numeral 54 denotes a wall of the smoke
      stack on which the nozzle is mounted. The reference numeral 56 denotes the
      discharge orifice of the nozzle, the same being connected through an elbow
      58 and a short run of pipe 60 to one of the major openings of a Y-fitting
      62. The other major opening of this fitting which is in axial alignment
      with the opening connected to the pipe 60 is connected to the bleed-off
      conduit 40. The angled branch 64 of the Y-fitting is connected to an air
      inlet conduit 66 through which air under pressure is injected. The
      configuration of the discharge orifice may be of simple circular shape as
      illustrated, or, if large amounts of the gelatinous mixture is are to be
      ejected therefrom and atomized with the assistance of the air from the
      inlet conduit 66, said orifice may be of a more complex configuration to
      assist in the formation of a spray, i.e., the nozzle may be of the kind
      normally used for reducing liquid to droplets. It will be appreciated that
      the discharge orifice 56, the elbow 58 and the pipe 60, since they extend
      through the wall 54 of the smoke stack 46, are exposed to high
      temperature. This temperature would have a detrimental effect on the metal
      of the orifice, elbow and pipe and, depending upon the type of fuel used,
      the amount of water vapor in the exhaust gases and the nature of the
      chemicals present in the exhaust gases, could quickly corrode the orifice,
      elbow and pipe. Moreover, the gelatinous mixture issuing from the orifice
      56 might carbonize within the nozzle, due to the same high temperature, to
      reduce the discharge and eventually block the nozzle. Therefore, it is
      most desirable that the nozzle and its associated parts, to wit, the elbow
      and pipe, be protected against this high temperature, as they are by the
      presence of a jacket 68 which passes through the wall 54 to a point beyond
      the discharge orifice. The discharge orifice extends through an opening in
      the upper portion of the jacket and is welded thereto. The pipe 60 extends
      through an outer end wall of the jacket and is welded thereto. A cooling
      medium is continuously passed through the interior of the jacket and
      around the nozzle, elbow and pipe 60. A preferred cooling medium is water
      since it is inexpensive and, on marine conveyances, readily available. The
      water from the body of water in which the conveyance is traveling can be
      used, in which case, if the water is salt water the interior of the jacket
      and the exteriors of the elements contained within the jacket preferably
      are treated against corrosion as by galvanizing. The cooling medium is
      introduced into the jacket through an intake pipe 70 and leaves the jacket
      through an outlet pipe 72.
PAR  One of the triggering controls, to wit, the high level normally-open switch
      36, already has been mentioned. The other triggering controls are three in
      number, two of them being sub-controls which reinforce each other. More
      specifically, the second triggering control is a heat control. It
      constitutes a temperature sensing probe 74 located in the smoke stack 46
      close to the nozzle 44. The function of this probe, as has been mentioned
      previously, is to insure that there is no discharge of the gelatinous
      mixture from the nozzle 44 when the exhaust gas temperature (among other
      conditions) is not at least 600.degree.F and preferably at least
      625.degree.F. Temperature sensing probes are so wide in their variety and
      structure and so well known in the art that no sensing probe is here
      illustrated. By way of example, however, the same may constitute a contact
      mounted on a bimetallic strip which contact is normally spaced from a
      stationary contact and which is moved toward the stationary contact by
      flexing of the strip caused by a rising of its temperature. The switch
      associated with the stack temperature probe 64 is indicated by the
      reference numeral 76 in the circuit diagram of FIG. 2.
PAR  The next two triggering controls of both employed to indicate running of
      the engine 48 under a high enough load and at a high enough speed to
      obtain a sufficient volume of exhaust gas flow through the smoke stack
      past the nozzle 44. These triggering controls are sub-controls, one of
      which is a throttle position probe 78 and the other a lube oil engine
      pressure probe 80. The throttle position probe simply constitutes a
      sensing finger in the path of travel of an element in the kinematic
      linkage between the throttle and the fuel regulator, e.g. a carburetor
      fuel control arm or a control arm for a fuelinjection pump. A switch 82
      which is normally open is regulated by the throttle position probe and is
      closed when the throttle has been sufficiently far advanced. The lube oil
      pressure probe constitutes a pressure switch 84 connected in the
      lubricating oil circuit. The switch is normally open and is closed when
      the lubricating oil pressure reaches at least a predetermined level. The
      combination of the throttle probe and the lube oil pressure probe insures
      that when both have been actuated, i.e. their switches closed, the volume
      of exhaust gases is sufficient to incinerate the gelatinous mixture and,
      with the aid of the excess air in the exhaust gases and the air entrained
      in the combustible mixture and supplied through the air inlet conduit 66,
      so much of the mixture as is combustible will be burned.
PAR  The system further includes a solenoid controlled valve 86 in the water
      intake pipe 70 and a solenoid controlled valve 88 in the water outlet pipe
      72.
PAR  Additional components form part of the system 10 but reference thereto will
      be included in the following description of the operation of the system
      which will be made in connection with FIG. 2, the electric circuit for the
      system, inasmuch as the additional components basically are electrical in
      character.
PAR  The electrical system of FIG. 2 is shown in its ideal position, this being
      the state of the sundry components at a time before the level of the
      material within the main collection holding tank has reached the high
      level probe 32. This material constitutes, at such time, to a major
      extent, a non-gelatinous mixture of solid human excrement and chemical
      flushing liquid and other waste matter. The balance of the material in the
      tank at this time is in the form of the remainder of the gelatinous
      mixture which previously had been created during the last comminuting and
      discharge cycle and was left at the end of the cycle upon opening of the
      switch 38.
PAR  When the previous comminuting and discharge cycle terminated and the main
      collection holding tank are substantially empty, the toilet bowls 12 will,
      in the course of events, be used from time to time and, at the end of a
      proper number of flushes, will have the individual holding tank associated
      therewith discharged into the main collection holding tank by operation of
      the slide valve 16, this occurring from time to time for all of the toilet
      bowls the discharge from the individual holding tanks of which are
      connected to the main collection holding tank. Thus, the level of the
      material continues to rise with the passage of time until, eventually,
      said level reaches the high level probe 32, whereupon the normally-open
      switch 36 is closed. This is a triggering condition to commence operation
      of the comminutor pump. However, the pump must not be started if the
      engine is shut down because the gelatinous mixture would be neither
      incinerated nor combusted. Nor should the pump be started if the engine is
      idling or running at a low speed or under a light load because then the
      flow of exhaust gases would not be sufficiently great to properly combust
      the gelatinous mixture. Nor should the comminution start if the
      temperature in the stack is not sufficiently high for incineration and
      combustion.
PAR  Therefore, the normally open stack temperature switch 76, the normally open
      throttle position switch 82 and the normally open lube oil pressure switch
      84 are electrically connected in series as is seen in FIG. 2. This
      series-connected group of switches also is connected in series with the
      normally open low level main collection holding tank switch 38, i.e., the
      switches 36, 76, 82 and 84. The switch 38, of course, will have been
      closed prior to the switch 36, its closing having taken place shortly
      after a major fraction of the material in the main collection holding tank
      has been discharged. This group of five switches is connected through lead
      lines 90, 92 and 94 to a circuitbreaker 96 that, in turn, is connected to
      the hot side of a source of power 98. The terminal of the switch 38, other
      than the terminal connected to the switch 36, is connected to a power bus
      100.
PAR  Three load branches 102, 104 and 106 are taken off the power bus. Each of
      these branches runs to a return bus 108 that is connected to the common
      terminal 110 of the power source.
PAR  The branch 106 includes in it only the comminutor pump 22. As a result,
      when the three control conditions are triggered (one of them constituting
      the two sub-conditions), to wit, a high level is reached in the main
      collection holding tank, the temperature of the exhaust gases in the smoke
      stack is at least 600.degree.F and preferably at least 625.degree.F, and
      the engine 48 is running at at least a certain throttle setting and having
      at least a minimum pressure in the lubricating oil, the comminutor pump is
      actuated. At this moment the solenoid valve 42 still is idle, for a reason
      which shortly will be pointed out, so that the material in the tank 20 is
      drawn up through the drop pipe 24 into the comminutor pump where it is
      macerated and delivered under a pressure head to the effluent conduit 28
      and then back through the by-pass loop 30 into the holding tank. This
      pumping and macerating action must take place for at least a certain
      minimum of time, e.g. 2 minutes, for any specific size of main collection
      holding tank. The specific time mentioned, i.e., 2  minutes, is a
      satisfactory time for a 55-gallon holding tank which is a suitable size
      for a small boat such,, for instance, as a tug having three recirculating
      toilet bowls (toilet bowls with a recirculating flushing liquid).
      Proportionally longer periods of comminution time without discharge are
      utilized for proportionately larger main collection holding tanks, and
      vice versa.
PAR  By the end of this period of time, the solid human excrement and other
      waste material will have been finely ground and uniformly dispersed
      throughout the chemical flushing liquid so that the mixture assumes a
      gelatinous consistency which can be roughly compared to the consistency of
      apple sauce. It should further be mentioned that the specific period of
      time mentioned is not to be considered as critical. However, the time
      should be long enough to at least create the aforesaid consistency so that
      throughout the mixture, as it is being circulated from the main collection
      holding tank through the comminutor back to said tank, there will be
      essentially no visible noticeable solid masses, all of the same having
      been reduced to the mentioned fine size in which they are suspended in the
      liquid. The gelatinous mixture now is ready for discharge through the
      nozzle 44 into the smoke stack 46 in atomized form for incineration and
      combustion.
PAR  In order to make certain that the comminutor pump runs without discharge
      for a suitable time to attain the desired consistency, a delay timer 112
      is interposed in the branch 102 between the power bus 100 and the return
      bus 108, said timer being in series with the solenoid controlled discharge
      valve 42. Hence, when the predetermined period of time has elapsed, the
      solenoid of the discharge valve 42 will be actuated to open this normally
      closed valve. However, this solenoid will not be energized unless the four
      triggering conditions still prevail, which is to say, the switches 36, 76,
      82 and 84 must be closed (the switch 38 obviously still is closed because
      there is considerable material in the main collection holding tank. If any
      one of these triggering conditions is absent, the valve 42 will remain
      closed. Thus, if the engine shuts down or if the temperature in the stack
      drops or if the engine is idling after the comminutor has been turned on,
      the valve 42 will not open despite the fact that the proper period of time
      has elapsed. It further will be observed that if any one of these
      triggering conditions ceases to prevail, the comminutor pump will be shut
      down, so that burn-out of the pump is prevented. It additionally should be
      pointed out that the pump cannot continue to operate after the material in
      the main collection holding tank has fallen below the low level probe
      because at such time the switch 38 will assume its normally-open position.
PAR  The third branch, i.e., the branch 104, contains in it the water solenoid
      86 and the air solenoid 88, although, if desired, this branch may derive
      its power from a point after the delay timer rather than directly from the
      power bus 100. When the air and water solenoids are actuated, water will
      start to circulate through the jacket 68 of the nozzle 44 and air will be
      supplied through the air inlet conduit to the pipe 60, elbow 58 and
      discharge orifice 56.
PAR  When the solenoid 42 is actuated, the gelatinous mixture from the main
      collection holding tank will be bled-off through this valve and through
      the conduit 40 leading to the nozzle 44. In a typical installation, for
      example the one which was discussed above with the 55-gallon main holding
      tank, a suitable rate of discharge of the gelatinous mixture is from about
      one-half to one gallon per minute which leaves through the discharge
      orifice 56. For the indicated rate of discharge, the size of the orifice
      is 3/4 inch. The air in the same typical installation is injected into the
      pipe 60 at a pressure of about 10 psig. The air is injected at a rate of
      about 1 cfm while the gelatinous mixture is discharged through the orifice
      at a rate of about 1 gallon per minute, at 5 psig, so that the approximate
      ratio between the volume of air and the volume of combustible mixture at
      the zone of discharge is about eight to one. It is iterated that all of
      the foregoing figures simply are exemplificative and not intended to be
      restrictive, nor are they critical. The ratio between the rate of
      discharge of the air and of the gelatinous mixture and the relative
      pressures of the two are so selected for the given nozzle that the
      gelatinous mixture assumes an atomized state as it leaves the nozzle. With
      the figures mentioned, the atomized mixture has the appearance of a heavy
      mist. The gelatinous particles are tiny -- of sub-droplet size -- so that
      the particles jointly present a large surface area whereby the liquid
      phase of the particles will quickly vaporize at the elevated temperature
      to which they are exposed (at least 600.degree.F), so much of the vapors
      as are combustible will combust, so much of the solid phase as is
      noncombustible will incinerate, and so much of the solid phase as is
      combustible will burn either directly or be decomposed into combustible
      components which are burned.
PAR  The discharge of the atomized air-enveloped gelatinous mixture continues,
      as does the closed comminution cycle, until the level of the material in
      the main collection holding tank reaches the low level probe. At this time
      the switch 38 opens to shut off the comminutor pump, thereby to deactivate
      the comminutor pump 22, the discharge solenoid 42, the water solenoid 86
      and the air solenoid 88, whereupon the system returns to its quiescent
      condition to await the next activation thereof upon closure of the high
      level switch 36 when the triggering conditions concurrently prevail.
PAR  As a safety factor, the high level probe also includes a normally open
      switch 114 in series with a signal device such as a light 116 between the
      circuitbreaker 96 and the return bus 108. The switch 114 is set to close
      after the switch 36, that is to say, when the level of the material in the
      main collection holding tank is at a slightly higher elevation than the
      level at which the switch 36 closes. The purpose of the switch 114 and the
      signal device 116 are to advise the operating personnel that the
      comminutor pump has not been energized and the discharge cycle will not be
      started because one or more of the triggering conditions does not prevail,
      in which event, it is desirable for the operator to notify people aboard
      the conveyance not to use, or at least not to flush, the toilet bowls
      until further notice or the material in the main collection holding tank
      will back up into the bowls. The operating personnel can make such
      notification by closing a manually actuatable alarm switch 118 to energize
      another signal device 120, e.g. an audible alarm.
PAR  It thus will be seen that this are provided a system and method which
      achieve the various objects of the invention and which are well adapted to
      meet the conditions of practical use.
PAR  As various possible embodiments might be made of the above invention, and
      as various changes might be made in the embodiments above set forth, it is
      to be understood that all matter herein described or shown in the
      accompanying drawings is to be interpreted as illustrative and not in a
      limiting sense.
CLMS
STM  Having thus described the invention there is claimed as new and desired to
      be secured by Letters Patent:
NUM  1.
PAR  1. On a conveyance, a disposal system for sewage including solid waste and
      liquid, said system comprising:
PA1  a. a recirculation toilet bowl employing a reusable chemical flushing
      liquid and having an individual holding tank in which solid waste is
      substantially separated from liquid and said waste and liquid are
      accumulated, said bowl having means for discharging said individual
      holding tank after several flushes,
PA1  b. a main collection holding tank,
PA1  c. means for leading the discharge from the individual holding tank to the
      main collection holding tank,
PA1  d. a comminutor pump, said pump having
PA2  i. an outlet and
PA2  ii. an inlet,
PA1  e. means connecting the inlet to adjacent the bottom of the main collection
      holding tank,
PA1  f. means connecting the outlet to the main collection holding tank so that
      when the pump is in operation a closed cycle is provided for withdrawing
      liquid and solid waste from the main collection holding tank, macerating
      it in the pump and returning it to the main collection holding tank
      whereby after a length of time the material in the main collection holding
      tank will assume a geltinous consistency,
PA1  g. an internal combustion engine furnishing a source of power for
      propelling the conveyance, said engine having an exhaust through which
      exhaust gases from the engine are discharged,
PA1  h. an exhaust-gas conduit to receive exhaust gases discharged from the
      engine and to eject them into the atmosphere,
PA1  j. a nozzle in the exhaust gas conduit,
PA1  k. a bleed-off conduit leading from the comminutor discharge to the nozzle,
PA1  m. a valve in said conduit,
PA1  n. means for energizing said pump while said valve is closed so as to
      convert the liquid and waste in the main collection holding tank to a
      gelatinous consistency,
PA1  o. means for opening the valve after said material is reduced to a
      gelatinous consistency and for discharging said material through the
      bleed-off conduit and out of the nozzle,
PA1  p. means for injecting air under pressure into the material leaving the
      nozzle so as to atomize the same,
PA1  q. said pump-actuating means being under the regulation of the following
      triggering conditions:
PA2  i. the temperature of exhaust gases in the exhaust gas conduit,
PA2  ii. the level of material in the main collection holding tank, and
PA2  iii. the condition of the engine
PA2  iv. such that the comminutor pump is not actuated unless the temperature of
      the exhaust gases in the stack is at least 600.degree.F, the level of the
      material in the main collection holding tank is at least at a
      predetermined high elevation, and the engine is running, is not idling and
      is operating under conditions sufficient to engender a volume of exhaust
      gases that will substantially fully evaporate, incinerate and combust the
      vaporized gelatinous material in the smoke stack with the aid of the
      injected air,
PA1  r. said valve in the bleed-off conduit being closed during operation of the
      comminutor pump, and
PA1  s. time delay means for opening the valve after a period of time sufficient
      to reduce the material in the main collection holding tank to a gelatinous
      consistency while the said triggering conditions still prevail.
NUM  2.
PAR  2. A system as set forth in claim 1 wherein the temperature of the exhaust
      gases in the exhaust gas conduit, which is one of the triggering
      conditions, is at least 625.degree.F.
NUM  3.
PAR  3. A system as set forth in claim 1 wherein cooling means is provided for
      the nozzle.
NUM  4.
PAR  4. A system as set forth in claim 3 wherein the cooling means is a water
      jacket.
NUM  5.
PAR  5. A system as set forth in claim 1 wherein the valve in the bleed-off
      conduit and the means for injecting air into the nozzle are rendered
      operable when the triggering conditions prevail.
NUM  6.
PAR  6. A system as set forth in claim 4 wherein means is provided to supply
      water to the jacket and wherein a valve is interposed between said water
      supply means and said jacket, said valve being actuated when the
      triggering conditions prevail.
NUM  7.
PAR  7. A system as set forth in claim 1 wherein the engine condition, which is
      one of the triggering conditions, is responsive to the position of the
      throttle for the engine and to the lube oil pressure for the engine.
NUM  8.
PAR  8. A system as set forth in claim 1 wherein a low level sensor for the
      material in the main collection holding tank is provided, said sensor
      rendering the pump actuating means ineffective when the level of the
      material in the main collection holding tank is below a predetermined low
      elevation.
NUM  9.
PAR  9. A system as set forth in claim 7 wherein a different probe is provided
      for each different triggering condition.
NUM  10.
PAR  10. A system as set forth in claim 9 wherein each probe, when actuated,
      closes a normally-open switch, the energizing circuit for the pump
      actuating means being in series with all said switches, the energizing
      circuit for the bleed-off conduit valve means being in series with all
      said switches and a time delay means, and the energizing circuit for the
      air injection means being in series with all said switches.
NUM  11.
PAR  11. A method for disposing of sewage on a conveyance which sewage includes
      solid waste and liquid from a main collection holding tank to which liquid
      and solid waste are discharged from a recirculation toilet bowl employing
      a reusable chemical flushing liquid and having an individual holding tank
      in which solid waste substantially is separated from said liquid and
      accumulated and thereafter said waste and liquid are discharged into the
      main collection holding tank after several flushes of the toilet bowl,
      said method comprising:
PA1  a. actuating a comminutor pump to withdraw material from the main
      collection holding tank and return it to said tank for a sufficient length
      of time for the material in the tank to assume a gelatinous consistency,
PA1  b. after the material in the main collection holding tank has assumed such
      a consistency, discharging said material in atomized form with the aid of
      air under pressure into an exhaust gas conduit for an engine,
PA1  c. said material thus atomized being bled-off from the material leaving the
      comminutor,
PA1  d. said comminutor being operated upon the occurrence of the following
      triggering conditions:
PA2  i. the temperature of the exhaust gases in the exhaust gas conduit,
PA2  ii. the high level of material in the main collection holding tank, and
PA2  iii. the condition of the engine
PA2  iv. such that the comminutor pump is not actuated unless the temperature of
      the exhaust gases in the stack is at least 600.degree.F, the level of the
      material in the main collection holding tank is at least at a
      predetermined high elevation, and the engine is running, is not idling and
      is operating under conditions sufficient to engender a volume of exhaust
      gases that will substantially fully evaporate, incinerate and combust the
      vaporized gelatinous material in the smoke stack with the aid of the
      injected air,
PA1  e. said discharge being actuated upon the occurrence of the same triggering
      conditions and after a time delay sufficient to reduce the material to
      said gelatinous consistency.
NUM  12.
PAR  12. A method as set forth in claim 11 wherein the temperature of the
      exhaust gases is at least 625.degree.F.
NUM  13.
PAR  13. A method as set forth in claim 11 wherein the engine condition is
      determined by throttle setting and lube oil pressure.
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ABST
PAL  For separating slag from heavy metal melts, as iron, steel and copper, a
      pipe-like body is used into which the slag and metal are drawn and which
      is rotated about its axis to cause the molten metal to form a layer within
      the pipe-like body on the outside of a slag layer, the dividing surface
      between the slag and the metal having the shape of a part of a paraboloid
      of revolution. The arrangement is tilted at an angle, and at its upper end
      is provided with a wall over which the slag can escape while holding the
      molten metal. At its lower end it is provided with a trap arrangement
      which allows molten metal to flow back downwardly into the main body of
      melt while preventing the return of the slag.
PAL  The arrangement can also be used as a mixer.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 286,831,
      filed Sept. 6, 1972, and now abandoned.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to an arrangement for transporting, for separating
      and for mixing metallurgical melts and slags.
PAR  2. The Prior Art
PAR  One example often arising in practice of fluids which are difficult to
      handle is the problem of separating slag from the surface of a metal melt.
      The usual procedures for this purpose consist in tipping a container in
      which the metal melt and slag are held, for example an oven, a pan or the
      like, to such a degree that the surface of the melt reaches an edge which
      serves as a dam against overflow. By means of this dam the metal melt is
      held back, whereas the slag can flow over an edge of the dam. Often
      additional methods are used, in which the filling of the container
      produces a flow in the direction of such edge. Also suction arrangements
      are known, which suck off the slag from the surface of the melt. Such
      arrangements are used when tipping of the container is impossible or
      accompanied with special difficulties or disadvantages.
PAR  These processes are difficult and expensive and time-consuming, especially
      if it is required that the slag be removed without residue, without also
      losing at the same time metal melt. But loss of metal melt is often
      unavoidable, because often metal melt is held in the slag, the melt
      because of the surface tension forming small balls.
PAR  Fluids of different density, especially metallurgical melts, must also
      often be treated in such a way that a pre-determined flow path is produced
      in the fluid. The purpose of such a flow can differ. The treatment can be
      to eliminate inhomogeneities of different kinds, to accelerate a reaction
      or to bring a melt layer to chemical equilibrium.
PAC  SUMMARY OF THE INVENTION
PAR  Through the invention an arrangement is provided which serves to separate
      slag from molten metal, without requiring that the fluid container in
      which they are held be tipped.
PAR  The arrangement according to the invention for the transport, separation or
      mixing of metallurgical melts and slag, is characterised by a pipe-like
      body with an outlet opening at the front, the inner diameter of which is
      smaller than the inner diameter of the interior space of the pipe-like
      body, an inlet opening and a trap, the inside diameter of which is smaller
      than the inside diameter of the outlet opening and around the
      circumference of which at  pg,3 least one passage to the outlet opening
      exists and an arrangement for rotatably mounting the pipe-like body for
      turning about a slanting axis and imparting rotation to it.
PAR  If the forward end of the pipe-like body is held in a fluid, for example at
      the surface of a metal melt covered with slag, and the pipe-like body is
      then rotated at a sufficient speed, the melt and the slag travel into the
      interior of the body. The specifically heavy metal melt is through
      centrifugal force accelerated outward and upward and lies on the inner
      wall of the pipe-like body. The specifically lighter slag forms an inner
      layer which through centrifugal force is also accelerated outward and
      upward. The dividing surface between the layers has the shape of a part of
      a paraboloid of revolution. The outflow of the slag towards the bottom is
      prevented through the trap, but not the outflow of an excess of the
      specifically heavier metal melt. This can travel back over the passage
      which is associated with the trap into the container. When the slag is to
      be drawn off, it moves to an opening at the upper end of the pipe-like
      body, the inner diameter of which is smaller than the inner diameter of
      the body. Thereby the movement of the metal melt at the upper end of the
      pipe-like body is held back, whereas the specifically lighter slag can
      escape through the upper opening. During the removal of slag (or another
      specifically lighter fluid), the pipe-like body is held at an angle in the
      fluid, with the forward end lying deeper than the rear end. The
      arrangement according to the invention can however also be used for
      example for mixing. In this case the rear end of the pipe-like body is
      closed.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a vertical cross-section of an opening in a melt container,
      wherein through the opening an arrangement according to the invention is
      introduced;
PAR  FIG. 2 shows the forward end of the arrangement according to the invention
      in cross-section in an enlarged view;
PAR  FIG. 3 is a section through the back end of the rotating body;
PAR  FIG. 4 is a diametral section through the forward end of the pipe-like body
      in a further embodiment of the invention;
PAR  FIG. 5 shows the device in operation; and
PAR  FIG. 6 is an enlargement of a part of the lower end of a form having a
      deflecting shield.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In FIG. 1, a pipe-like body 1, 2, 3 is shown. This body extends through an
      opening of a metallurgical oven. In FIG. 1 the oven is provided with a
      cover 5, a wall 6, a working opening 7 and a cooling box 8. The working
      opening 7 is limited below by a surface 9. Only a part of the interior of
      the oven is shown, namely an inwardly and downwardly sloping hearth 10. In
      the oven is metal melt 11 on which an upper surface, a slag layer 12
      floats. Above the pipe-like body 1, 2, 3 a shield 13 is arranged, which
      has the purpose of directing the slag which is expelled through the
      opening in the upper part of the pipe-like body downwardly, for example to
      a further transport arrangement not shown here.
PAR  In FIG. 2, the forward part of the pipe-like body is shown, which during
      operation is inserted partly in the fluid, as shown in FIG. 1. The surface
      of the melt should be positioned at the dotted line 14. The slag layer is
      not shown in FIG. 2. The depth of penetration is so chosen that the
      forward end 1 of the pipe-like body is rotated in the boundary between the
      metal melt and the slag. The part 1 has a mouth 15a, behind which a trap
      is arranged. This trap consists of an inner ring, whose inner diameter
      D.sub.1 is smaller than the inner diameter D.sub.2 of the pipe-like body
      in general. At the circumference of the ring are one or more openings 16,
      which form passages, which connect the inside of the pipe-like body with
      the mouth opening 15a. The diameter D.sub.3 of the mouth 15a is greater
      than the diameter D.sub.1, but is smaller than the diameter D.sub.2.
PAR  Through the arrangement of the trap ring an obstruction is formed which
      prevents the fluid from flowing out completely. The obstructive action
      requires the condition that the trap ring has a smaller inner diameter
      D.sub.1 than the inner part of the pipe-like body. It is also important
      that the diameter D.sub.3 of the mouth 15 is also somewhat smaller than
      the diameter D.sub.2. There are thus two obstacles provided, one of which
      provides the control of the outflow of the heavy metal melt whereas the
      construction of the other is such that the backflow of the specifically
      lighter fluid (in the foregoing example, slag) is blocked. The slag
      escapes over the edge 20 because of which the thickness of the slag layer
      does not become sufficiently great so that its inner diameter is less than
      D.sub.1, which is smaller than D.sub.4. As has been already clearly set
      forth, the rotating body of material consists of two layers, namely an
      outer layer of metal melt and an inner layer of slag.
PAR  In FIG. 2, the transition of forward part 1 to the metal part 2 of the
      pipe-like body is shown. The metal part 2 has an outer cooling jacket 18
      whereas the inner surface for metallurgical use consists of a refractory
      material. The cooling jacket is provided with arrangements such as rings
      R, which serve for journalling the pipe-like body.
PAR  In FIG. 3, the upper end of the intermediate part 2 and the end piece of
      the pipe-like body are shown. The upper end 3 merges directly into the
      metal part 2. In FIG. 3 there is also shown the screen 13, which is
      already shown in FIG. 1. The inner surface of the pipe-like body is
      limited upwardly by the edge 20, which has a smaller diameter D.sub.4 than
      the adjacent area. The diameter D.sub.4 is normally smaller than the
      diameter D.sub.3 of the mouth. The end part 3 is built as a box, which is
      formed by an elongation of the cooling jacket 18 and an end plate 21. In
      the box are several openings 21' for the outflow of the specifically
      relatively light fluid, such as for example slag, which flows out over the
      edge 20. On the end plate an axle 22 is fastened which in the case shown
      constitutes a hollow axle, which has the advantage that through the axle
      the fluid can be optically observed and any needed control measures
      applied. The axle is part of a drive arrangement, for example a pulley
      21".
PAR  Referring now to FIG. 5, this shows somewhat diagramatically the operation
      of the device. Assuming a member of the type shown, the rotation will
      produce a paraboloid of revolution of the heavier body according to the
      formula
EQU  h = W.sup.2 D.sup.2 /8g
PAL  where h is the height of the paraboloid above diameter D;
PA1  D is the diameter of the paraboloid at the base;
PA1  W is the angular rotational speed in radians per second; and
PA1  g is the force of gravity.
PAR  Assuming that the device is rotated at 1000 rpm (or about 100 radians per
      second), and D.sub.3 to be 250 mm, this gives a value for h of about 7.8
      meters. In other words, if there were no obstruction, the molten metal
      would rise to such a height. Obviously, however, it is desirable to avoid
      the use of such a long pipe-like body. If, then, D.sub.2 is 265 mm, at a
      distance 0.25 meters upward from D.sub.3 the inner diameter of the
      paraboloid of molten metal will be about 240 mm. Since the diameter
      D.sub.4 of the upper outlet is less than this value, for example 200 mm,
      and is located at 0.25 meters from the bottom, it will effectively prevent
      the escape of the molten metal while the slag is allowed to escape. This
      is represented in FIG. 5 by the ending of the metal layer at 38. In other
      words, by providing a dam at this point, the remainder of the pipe-like
      body, which contains only slag, can be eliminated.
PAR  While the slope of the device will cause a slight deviation from the
      theoretical paraboloid of revolution, the difference is so slight that the
      figures given above approximate the true figures so closely as not to
      interfere with the operation in the manner described.
PAR  In operation, the metal melt as well as the slag are drawn into the device,
      and they form two layers. The outer layer of metal melt is determined by
      the inner diameter D.sub.3 of the opening of the mouth. The excess of
      metal melt flows through the holes 16 back into the container. The slag
      layer however cannot flow out because this is prevented by the trap. If
      the slag layer extends so far inwardly that the inner diameter of the
      layer reaches the edge 20, the slag is ejected.
PAR  The slope of the cylindrical body, its speed of rotation and the inner
      diameters D.sub.3, D.sub.1, D.sub.4 of the openings 15, 15a and 20 in
      conjunction with the depth of penetration determine the manner of
      operation. It is important for a deslagging operation that not only slag
      but also metal melt flows into the pipe-like body. This is a condition for
      the transport of the slag in the container into the arrangement. The flow
      of metal melt causes the slag to be drawn with it. In order not to hamper
      the inflow, it should be further assured that the metal melt (or other
      relatively heavy fluid) receives during the outflow a direction which does
      not prevent the inflow of fluid. Stationary guiding arrangements both for
      the inflow and for the outflow which possess suitable geometric
      characteristics are then sometimes desirable.
PAR  Such guiding arrangements are shown in FIG. 6, where an extension 32 from
      the body 2 carries by legs 30 a flaring shield 34. Metal flowing back
      escapes through openings 30 under centrifugal force and is prevented by
      the screen from mingling with the slag-metal mixture being drawn in.
PAR  The arrangement according to the invention brings, in contrast to the usual
      deslagging methods through decanting, the special advantage that a very
      good separation of the metal melt from the slag is produced. Not only will
      the metal melt and the slag be definitely separated from each other, but
      also small drops of metal melt will be separated by the strong centrifugal
      force from the slag and joined with the metal melt. It is advantageous
      also that a layer of metal melt protects the ceramic walls of the
      pipe-like body from the direct attack of the slag. In this way the usual
      harmful attack of aggressive slags is strongly reduced.
PAR  Normally the separation forces between the slag and metal melt is very
      great, so that the separation goes quickly and completely. If however the
      difference in density is relatively small, or if the separation because of
      particular surface characteristics or surface phenomena is difficult, for
      example because of electrical attraction forces, it may be necessary that
      fluid flowing over the rear edge 20 be subjected to a further separation
      procedure. This separation procedure can follow in the same way as the
      first separation or the fluid after passing the edge 20 can be collected
      and the further separation be carried out for example by gravity. In both
      cases the heavy fluid, for example a metal melt, can be returned to the
      container. It is also possible to carry out more than two separations one
      after the other. The metal melt can be returned to the container in a
      forced stream, which either alone or together with the guiding
      arrangements results in a current pattern in the container which is such
      that on the one hand the inflow stream is imporved and on the other hand
      the outflow of the inflow stream is not prevented or disturbed.
PAR  It is possible to prevent the outflow of liquid at the upper end of the
      cylindrical body, which can be attained for example by making the inner
      diameter of the edge smaller or by closing the pipe-like body at the top,
      and the arrangement then acts no longer in the manner described as a pump
      but as an apparatus for producing currents in the bath, for example in a
      melt. In this form the arrangement is a very effective mixing apparatus
      which can be built in correspondence to the foregoing requirements. Thus
      it can also be advantageous, for instance, if the arrangement is
      associated with a pan or a container open from above, to arrange the axis
      of rotation perpendicular. The arrangement when works only as a turbine
      with a central intake end and with outlet channels which can be horizontal
      or vertical. Outlet channels can also be directed upwardly. Such an
      arrangement which operates in the boundary layer between the metal melt
      and slag can produce an extraordinary mixing.
PAR  The outer surface of the pipe-like body takes the fluid with it so that
      rotation of the fluid can result, which influences a considerable part of
      the bath. Thus an effective mixing results, which even exists at a
      substantial distance from the body. Under suitable conditions the slag can
      be emulsified in the metal melt by the rotation. If through a
      corresponding slanted position of the pipe-like body a greater part of the
      wall surface is brought into contact with the slag and the outlet openings
      are closed, the device operates as a mixing apparatus.
PAR  If the arrangement is to produce mainly a flow through in its interior, the
      rotation which is imparted to the outer surface of the fluid is in general
      not desired. This can lead to unregulated and disadvantageous turbulence.
      In order to avoid this, a stationary non-rotatable part is arranged at the
      rotating body, which can if desired completely cover the body. In order to
      prevent the melt from causing disturbances by penetrating into the space
      between the stationary part and the rotating body, seals or flow guide
      arrangements can be used. An example shown in FIG. 4 is a stationary part
      27. The volume fluid which penetrates into the space 30 is pressed from it
      downwardly around the conical part of the outer surface of the rotating
      body, so that the tendency to rise up higher in the space 30 is
      counteracted. On the surface of the rotating body are spirally extending
      channels 25 or ribs which counteract any centrifugal influence on the
      fluid by the surface.
PAR  In FIG. 4 an example is shown in which the characteristics, which are
      described above, are essentially as follows:
PAR  The arrangement avoids the otherwise resulting danger that the fluid
      blockage results in a siphon action. The lower part directly opposite the
      mouth has herein essentially only a pumping function. The conical form of
      the interior increases this operation, which through ribs (not shown here)
      or the like can be further increased. The outlet openings 28 are arranged
      at a distance from the intake end of the pipe-like body and suitably
      dimensioned in order to reduce the danger of siphoning.
PAR  Basically the device according to the invention is a pump which sucks in
      through one opening and through another opening 28 allows a part of the
      fluid sucked in to run back. This primary operation can be used in order
      to force a part of the fluid, for example the surface area, in a
      predetermined stream. In deslagging this is used in order to allow the
      slag floating on the melt to flow to the inlet opening. The pipe-like body
      undergoes in a consequence of its rotation a motion of revolution. In
      general also guiding arrangements are required. These arrangements must be
      adapted to different conditions. It is advantageous to mount the guiding
      arrangements on the apparatus which are arranged for quieting the current
      outside the pipe-like body.
PAR  If the arrangement for example is introduced into a round oven, as is shown
      in FIG. 1, the guiding arrangements can be vertical discs at the inlet,
      which together with part 27 form a funnel. Other vertical discs can be
      arranged at the back end of the fixed part 27. These vertical discs form
      together with the vertical walls of the oven a narrow channel-like space,
      to which the fluid flow out of the openings 28 flows. The fluid forms then
      along the oven wall a current which separates the slag residue which
      remains behind. The foregoing is an example of the possibility of the
      provision of guides for the cooperation of the inlet stream and the outlet
      stream.
PAR  If the arrangement is to be used as a pump, the forward end is immersed so
      deeply in the fluid that both the metal melt and slag can flow through the
      mouth 15. The pipe is then driven with such high speed that the
      centrifugal force is at least four times the force of gravity or higher.
      In many cases substantially higher speeds of rotation can be considered,
      for example in which the centrifugal acceleration is equal to 100 times
      the force of gravity or higher. The fluid which is collected in the
      pipe-like body is set in rotation through the rotation of the pipe-like
      body so that it quickly forms a layer inside the mouth which covers the
      whole interior surface of the pipe-like body. Often it is advantageous to
      provide the inner part of the pipe-like body where the fluid is driven in
      or even over a longer area (in FIG. 4 for example up to the trap) with
      arrangements for carrying along the fluid such as ribs, which have a
      pumping effect and set the fluid in faster rotation. Such arrangements are
      not shown in the drawings.
PAR  If the rotational speed is increased, the freedom of choice of the
      dimensions of the various diameters is greater. In every particular case,
      however, the known hydrodynamic laws are the basis of the choice.
PAR  The apparatus as shown has value not only because of the processing within
      the apparatus but also because it operates as a pump picking up melt from
      the container, where it separates and returns the slag to the same
      container. Because the efficiency of the device may be reduced if the
      escaping melt mixes partly with the inflow, and because its flow is rather
      vigorous, it is desirable to guide it to prevent such disturbances.
      Likewise this helps to ensure that the bulk of fluid in the container
      flows into a pattern which brings the surface layer completely to the
      entrance opening.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of separating a mixture of metal melt and slag which comprises
      introducing the mixture into the lower end of a hollow cylinder body
      mounted to rotate about a slanting axis, rotating the body about such axis
      at a sufficient speed to draw the mixture upwardly in the body to form the
      slag into a truncated paraboloid of revolution with its lower end
      surrounded by the melt to separate the melt from the slag, preventing
      upward movement of the melt in the cylinder body beyond a predetermined
      point by limiting the upward movement thereof and simultaneously
      permitting discharge of the melt downwardly, and preventing downward
      movement of the slag which has been separated from the melt, while
      permitting the escape of the slag at the upper end of said body.
NUM  2.
PAR  2. A device for separating a mixture of metal melt and slag which comprises
      a pipe-like body having an internal wall, means mounting said body to
      rotate about a slanting axis at a sufficient speed to form the slag into a
      truncated paraboloid of revolution with its lower end surrounded by the
      melt, said body including means to prevent upward movement of the melt
      beyond a predetermined point by limiting the upward movement thereof,
      means for simultaneously permitting discharge of the separated melt
      downwardly into the mixture, means for preventing downward movement of the
      slag which has been separated from the melt and means for permitting the
      escape of the slag at the top.
NUM  3.
PAR  3. A device as claimed in claim 2, in which said means for permitting the
      escape of the slag comprises a first opening at the upper end of the body,
      said body having a second opening at its lower end constituting the means
      for permitting the discharge of the separated melt downwardly, and said
      means for preventing downward movement of the slag comprises trap means
      adjacent said second opening for preventing the slag from escaping through
      the second opening, said trap means comprising a ring spaced inwardly from
      the wall of the body and having a substantially unobstructed opening
      therethrough, and said means for limiting the upward movement comprises an
      annular limiting edge forming an opening with a diameter less than the
      diameter of the internal wall of the body.
NUM  4.
PAR  4. In a device as claimed in claim 3, the diameter of the internal wall of
      the body being greater than the diameter of said second opening.
NUM  5.
PAR  5. A device for separating a mixture of metal melt and slag which comprises
      a pipe-like body having an internal wall, means mounting said body to
      rotate about a slanting axis at a sufficient speed to form the slag into a
      truncated paraboloid of revolution with its lower end surrounded by the
      melt, said body having an inlet opening at its lower end, a section above
      the inlet opening having a greater diameter than that of the inlet
      opening, an annular member in said section of less diameter than the
      diameter of the section and having a substantially unobstructed opening
      therethrough, the diameter of the internal wall of the body above said
      section being less than the diameter of the section, an annular limiting
      edge at the upper end of the body forming an opening at the upper end of
      the body of less diameter than the internal diameter of the body and at
      least one opening in the wall of the body above the limiting edge to
      permit the discharge of the separated slag.
NUM  6.
PAR  6. In a device as claimed in claim 5, wherein said section is constructed
      and arranged to allow melt to flow back downwardly outside of the annular
      member, and means to guide such melt away from the inlet opening.
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ABST
PAL  A liquid fuel purification system has a centrifuge in parallel with a
      conventional filter. Both the centrifuge and the filter are in fluid
      communication with a reservoir of liquid fuel and with a user of liquid
      fuel, such as an internal combustion engine. A by-pass valve device
      selectively effects the movement of fuel through either the centrifuge or
      the filter responsively to centrifuge speeds. The latter, in a preferred
      embodiment, is responsive to engine speeds.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  I. Field of the Invention
PAR  The present invention relates to a system for cleaning or purifying liquids
      and more particularly to fuel purification devices for engines or motor
      vehicles.
PAR  II. Description of the Prior Art
PAR  Conventional fuel filtering devices used to purify liquid fuel used in
      engines have a number of drawbacks, particularly when used in military
      vehicles, in off-road vehicles such as are used in the construction
      industry, and in all-terrain recreational vehicles. Vehicles of these
      types operate in extremely hostile environments resulting in short service
      life of the usual fuel filtering devices. The fuel filtering devices must
      therefore be changed at frequent intervals resulting in extensive vehicle
      down time. Furthermore, in order to make such that the fuel filter devices
      are properly operating a maintenance schedule must be rigorously followed.
      From a practical standpoint, this becomes impossible, particularly with
      military vehicles used in a war zone, because they cannot be routinely
      serviced at planned or scheduled short intervals. Therefore, in the
      interest of expediency, the clogged or inoperative fuel filter is removed
      from the fuel system allowing contaminated fuel to reach the engine with
      the resulting damage to vital engine parts.
PAR  An additional problem associated with the known fuel filtering devices,
      again particularly with military vehicles, is that, because they must be
      regularly changed, a large stock pile of replacement fuel filters is
      required. This further complicates an already difficult logistics problem.
PAR  There is, therefore, a need for a fuel purification system which is
      relatively inexpensive, easy to maintain and has an extended service life.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is a liquid flow system comprising: (a) a filter; (b)
      a centrifuge in parallel with said filter; and (c) a bypass valve means to
      selectively effect the movement of liquid through either said centrifuge
      or said filter. As applied to the fuel system supplying an engine the
      system uses a conventional porous filter element during engine start up
      and subsequently shifts to a centrifuge once the engine is in operation.
      Because the conventional porous filter element is used only intermittently
      and only for short intervals, such as at engine startup, its service life
      is greatly extended over that of a fuel filter used exclusively and
      continously. The centrifuge used for removal of foreign particles and
      water after the engine has started need not be replaced, but only cleaned.
      Further, the motor vehicle need not be removed to a service area for
      cleaning of the centrifuge since it can easily be cleaned in the field,
      and in a short time, by the driver of the motor vehicle.
PAR  Similarly, the use of both centrifuge and filter has advantages over the
      use of a centrifuge alone in that the combination provides for adequate
      cleaning of a fuel during start up of the engine.
PAR  In a preferred embodiment, the fuel purification system comprises a
      centrifuge in fluid communication with a fuel tank and an engine and a
      conventional porous filter also in fluid communication with the fuel tank
      and the engine, the filter and centrifuge being in parallel. A
      centrifugally actuated valve is disposed within the centrifuge to control
      the flow of fuel through the centrifuge and a pressure actuated valve is
      operatively associated with the filter to control the flow of fuel through
      the filter. During engine start-up, the centrifuge does not turn fast
      enough to effectively separate foreign particles and water from the fuel.
      Therefore, to prevent dirt and water from reaching the engine before the
      centrifuge attains sufficient rotational speed, the fuel is first routed
      through the conventional filter to the engine. The pressure operated valve
      associated with the filter is opened by the initial fuel pressure. After
      the engine starts, the speed of the centrifuge increases to a point where
      it can effectively separate the foreign particles from the fuel. At this
      point the centrifugal force actuated valve opens allowing fuel to flow
      through the centrifuge to the engine. As fuel flows through the
      centrifuge, the pressure of the fuel flowing to the filter decreases to a
      point where it no longer can maintain the pressure actuated valve open.
      The pressurized actuated valve then closes preventing fuel flow through
      the filter. At this point, the engine is fed by fuel which has been
      centrifuged and is substantially free of water and particulate matter.
PAR  In the case where an aqueous liquid is to be cleaned the centrifuge
      separates out relatively heavier particulate matter and relatively heavier
      water insoluble liquids.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  A better understanding of the present invention will be had upon reference
      to the accompanying drawings in which like numerals refer to like parts
      throughout the several views and in which:
PAR  FIG. 1 is a sectional view of a preferred embodiment of the liquid flow
      system of the present invention;
PAR  FIG. 2 is a cross sectional view of a second embodiment of a centrifuge
      which can be used in the purification system of the invention;
PAR  FIG. 3 is a view taken along line 3--3 of FIG. 1; and
PAR  FIG. 4 is a cross sectional view of a third embodiment of a centrifuge
      which can be used in the purification system of the invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a liquid purification system 10 is shown as
      including a centrifuge 12 and, in parallel therewith, a conventional
      porous filter 14. A liquid bypass 16 is connected, in series, to the
      centrifuge 12 and also in series, to the filter 14. The purification
      system 10 is in liquid communication with a source of liquid, which for
      purposes of this description will be assumed to be a liquid fuel tank (not
      shown), by means of a fuel carrying conduit 18 and with a user of liquid
      fuel, which for purposes of this description will be assumed to be an
      internal combustion engine, by means of a fuel carrying conduit 20.
PAR  The centrifuge 12 is also in liquid communication with the exit conduit 20
      by means of a conduit 22. Similarly, the filter 14 is in liquid
      communication with the exit conduit 20 by means of a conduit 24.
PAR  A fuel pressure actuated valve 26 is disposed in the conduit 24. The system
      10 also includes a water drain line 28 from the centrifuge 12 and a water
      drain line 30 from the filter 14 to continuously bleed water therefrom.
      Water separated from the fuel may be disposed of in any suitable manner.
PAR  The centrifuge 12 comprises a housing 32 having a hollow interior 34 which
      contains a hollow rotating centrifuge drum 36. The housing 32 includes an
      inlet port 38 for receiving fuel from the bypass 16 and an outlet port 40
      for passage of clean fuel to the conduit 22, to conduit 20, and to the
      engine. The drum 36 includes a core 42 having a hollow interior 44 and is
      connected to the rotating drum 36 for rotation therewith about the
      longitudinal axis of the drum 36. A passageway 48 provides a means of
      fluid communication between the hollow interior 44 of the core 42 and the
      outlet port 40 of the housing 32. An inlet passageway 50 provides for fuel
      flow from the housing inlet port 38 to the interior of the rotating drum
      36. An aperture 52 is also disposed in the wall of the drum 36 to expel
      separated water from the interior of the drum into the hollow interior 34
      of the centrifuge housing 32. Such water subsequently drains through a
      drain port 54 into the water drain line 28.
PAR  The interior 44 of the core 42 is in fluid communication with the interior
      of the drum 36 by means of an aperture 56 in the core 52. A centrifugal
      force actuated valve 58 is disposed in the aperture 56 as a means for
      controlling the flow of fuel through the centrifuge 12. The valve 58
      comprises a plunger 59 spring actuated to a closed position by spring 61.
      The weight of the plunger 59, the spring rate of the spring 61, and the
      center of gravity of the plunger 59, are of predetermined values such that
      when the drum 36 has reached a sufficient predetermined rotational speed
      the centrifugal forces generated effect the opening of the valve 58. The
      drum 36 also includes a cylindrical baffle 60 concentrically disposed
      therein and adapted to direct incoming fuel toward the inside wall of the
      drum 36 and to restrict the inward flow of fuel. Vanes 62 are connected to
      the baffle 60 and are positioned in the flow of incoming fuel through the
      inlet passageway 50 so that the incoming fuel will impinge upon the vanes
      62 in a manner to assist the rotation of the fuel with the drum 36.
PAR  The bypass 16 comprises a bypass channel 64 having an inlet 65 in fluid
      communication with the conduit 18, an oulet 67 and a branch aperture 66
      providing fluid communication between the bypass channel 64 and the
      centrifuge inlet port 38.
PAR  Referring to FIGS. 1 and 3, a hydraulic motor 68 is disposed within a
      chamber 69 in the bypass channel 64 and is drivingly connected to the drum
      36 by means of a shaft 70 so that the fuel flowing in the bypass channel
      64 drives the drum 36. The hydraulic motor 68 is shown as a vane motor,
      however it will be apparent that a variety of motors such as the gear or
      plunger type will also work satisfactorily. The vane motor 68 comprises a
      rotatable hub 71 having a plurality of radially extending vanes 73
      disposed therein. The vanes are biased outwardly of the hub 71 by springs
      (not shown), so that the tips 75 of the vanes 73 are in contact with the
      walls of the chamber 69. The fuel in the channel 64 impinges upon the
      vanes 73 causing the hub 71 to rotate. The rotating hub 71 drives the
      shaft 70.
PAR  Referring once again to FIG. 1, the porous filter 14 comprises an inlet
      port 72 and an outlet port 74, and a porous filter element 175. The inlet
      port 72 is in fluid communication with the bypass channel 64 by means of
      conduit 76.
PAR  In operation, when the engine is first started up, the flow rate of
      incoming fuel (see arrow A in FIG. 1) through the bypass channel 64 is
      insufficient to turn the drum 36 of the centrifuge 12 at a velocity fast
      enough to efficiently separate foreign particles and water from the fuel.
      Therefore it is desirable that the fuel temporarily bypass the centrifuge
      12. To accomplish this, the centrifugal force actuated valve device 58 is
      preset to remain closed at rotational speeds of the drum 36 which are
      insufficient for the separation of water and particulate matter. This
      prevents fuel from flowing through the aperture 56 into the interior 44 of
      the core 42. Rather, the incoming fuel is routed through the bypass
      channel 64 and fluid carrying conduit 76 (see arrow B in FIG. 1) into the
      porous filter 14 and through the filter element 75 where foreign particles
      and water are separated out (see arrow C in FIG. 1). The clean fuel then
      passes out of the filter 14 through the outlet port 74, through the
      pressure actuated valve 26 (see arrow D in FIG. 1) through conduit 24 (see
      arrow E) and into exit conduit 20.
PAR  During the foregoing events the pressure of the fuel flowing through the
      filter 14 is sufficient to maintain the valve 26 in its open position
      allowing filtered fuel to pass therethrough and ultimately to the engine.
      As operation continues, however, the flow rate of incoming fuel becomes
      high enough to operate the hydraulic motor 68 and hence the drum 36 at a
      rotational speed high enough to effect the separation of particles and
      water from the fuel. At this point, the centrifugal force actuated valve
      58 opens the aperture 56 into the hollow interior 44 of the core 42
      allowing centrifuged fuel to flow through the centrifuge to the engine.
      Diverting the fuel flow through the centrifuge causes the fluid pressure
      in the conduit 76 and filter 14 to decrease below a value sufficient to
      hold the pressure actuated valve 26 open. The entire volume of incoming
      fuel from the fuel tank is thus routed through the branch aperture 66 and
      into the centrifuge inlet port 38 (see arrows F in FIG. 1). The incoming
      fuel passes through the inlet passages 50 in the drum 36 (see arrow G in
      FIG. 1) and into the interior of the drum 36 where it impinges upon the
      vanes 62 (see arrow H in FIG. 1) further adding to the driving force which
      causes the drum 36 to rotate.
PAR  As the drum 36 rotates, the heavier foreign particles and water are caused
      to migrate outwardly, the particles packing against the interior annular
      wall of the drum 36 as shown at 80 in FIG. 1, and the water extracted from
      the fuel passes through the aperture 52 (see arrow J in FIG. 1) and into
      the hollow interior 34 of the centrifuge (see arrows K in FIG. 1) where it
      is subsequently drained off through the drain port 54. The clean fuel
      passes between the baffle 60 and the drum 36 and then migrates inwardly
      (see arrows L in FIG. 1) of the rotating drum 36 to the now open aperture
      56 and into the hollow interior of the core 42 (see arrows M in FIG. 1).
      The clean fuel in the interior 44 of the core 42 then flows through the
      passageway 48, through the outlet port 40 into the conduit 22, to the
      conduit 20 and then to the engine (see arrow N in FIG. 1).
PAR  Comparative results to be expected can be seen from the following. Six
      commercially available filter elements were installed in military engines
      (two elements per engine). A mixture of fine dust and asphaltines was
      added to the fuel in a laboratory set-up. When the pressure drop across
      the elements reached 20 psi at a flow rate of 120 gallons per hour the
      elements were considered plugged. The weight of filtered solids varied
      from 0.08 to 0.15 pounds per element with an average of 0.11 pounds per
      element or 0.22 pounds per engine. Experience indicates that such solids
      pack to a density of about 0.05 pounds per cubic inch leading to an
      expected capacity of 2.4 pounds for the average centrifuge of the type
      shown in FIG. 1. Thus, one can expect about a 10 to 1 increase in filter
      life with the use of the present invention.
PAR  FIG. 2 illustrates a centrifuge 112 similar to construction to the
      centrifuge 12 shown in FIG. 1 except that a plurality of concentrically
      disposed spaced apart cylindrical baffles, such as baffle 160, are
      substituted for the single baffle 60. At least one aperture, such as
      aperture 162, is formed in each of the baffles 160 to provide for the
      passage of fuel inwardly of the drum 36 to the aperture 56 in the core 42
      (see arrows P in FIG. 2). The purpose of multiplying the number of baffles
      160 is to provide additional surfaces against which foreign particles may
      pack, as indicated at 180, and to decrease the distance through which the
      particles must migrate radially outwardly of the drum 36 before they reach
      a surface against which to pack.
PAR  Referring to FIG. 4, there is illustrated a further construction of a
      centrifuge 212 which is similar to the centrifuge 112 of FIG. 2 and the
      centrifuge 12 of FIG. 1 except in the following particulars.
PAR  The centrifuge 212 comprises a housing 232 having a hollow interior 234 and
      a hollow rotating drum 236 disposed within the hollow interior 234. The
      housing 232 includes a liquid fuel inlet port 238 and a fuel outlet port
      240. The rotating drum 236 comprises inlet passageways 250 which establish
      fluid communication between the branch aperture 266 and the inlet port
      238. A conduit 256 leads to a centrifugal force actuated valve 258 which
      controls the flow of clean fuel from the centrifuge 212. A fluid bypass
      216 comprising a bypass channel 264 having an inlet 265 in fluid
      communication with a fuel tank, an outlet 267 in fluid communication with
      a conventional filter (such as filter 14) and a branch aperture 266 is in
      fluid communication with the inlet port 238 for supplying fuel to the
      centrifuge 212 after engine start-up. The hollow rotating drum 236 is
      driven by, for example, an electric motor 268 drivingly connected to a
      drive shaft 270 so that the rotational speed of the drum 236 is
      independent of the velocity of the fuel flowing through the system. The
      fuel outlet port 240 from the centrifuge is connected to the conduit 22
      for delivering clean fuel to conduit 20 for use in an engine.
PAR  In operation, when the engine is first started up, the fuel flows through
      the inlet 265, through the bypass channel 264, through outlet 267 to the
      porous filter 14 and subsequently to the engine. Concurrently, the
      electric motor 268 is started and rotates the drum 236. When the
      rotational speed of the drum 236 is high enough to effect the separation
      of foreign particles and water from the fuel, the centrifugal force
      activated valve device 258 opens the aperture 256 allowing fuel to flow
      through the centrifuge to the engine. The fuel flowing through the bypass
      channel 264 then meets less flow resistance in the branch aperture 266
      than through the conduit 76 to the filter 14 and, therefore, follows the
      branch aperture 266. This in turn causes the fluid pressure in the conduit
      76 and filter 14 to decrease below a value sufficient to hold the pressure
      activated valve 26 open. The entire volume of incoming fluid from the fuel
      tank is thus routed through the branch aperture 266 and into the
      centrifuge inlet port 238 (see arrows H in FIG. 4).
PAR  The foregoing detailed descriptions are given primarily for clearness of
      understanding and no unnecessary limitations should be understood
      therefrom, for modifications will be obvious to those skilled in the art
      and may be made without departing from the spirit of the invention or the
      scope of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a liquid fuel flow system wherein fuel flowing through said system
      under pressure between a source of fuel and a user of such fuel is freed
      from contaminants, the improvement which comprises the combination of
PA1  a. a centrifuge having an inlet port in liquid communication with said
      source, an outlet port in liquid communication with said user, and a
      rotatable cylindrical drum adapted to effect the packing of particulate
      matter against the inside wall thereof;
PA1  b. means for rotating said centrifuge;
PA1  c. a filter having an inlet port in liquid communication with said source,
      and an outlet port in liquid communication with said user; and
PA1  d. bypass means to effect the flow of fuel through either said centrifuge
      or said filter, said means comprising a first valve responsive to
      centrifugal force to effect the flow of fuel through said centrifuge and a
      second valve responsive to fuel pressure above a predetermined level for
      effecting the flow of fuel through said filter, and
PA1  e. wherein flow of fuel through said centrifuge reduces the pressure of
      said fuel below said predetermined pressure.
NUM  2.
PAR  2. The system as defined in claim 1 wherein said centrifuge drum comprises,
      in a wall thereof, a port for the removal of water separated from said
      fuel.
NUM  3.
PAR  3. The system as defined in claim 1 wherein said centrifuge comprises a
      cylindrical baffle inside said drum and concentric therewith, said baffle
      adapted to direct incoming fuel toward the inner wall of said drum and to
      restrict its flow toward the center of said drum.
NUM  4.
PAR  4. The system as defined in claim 3 wherein there are a plurality of said
      baffles each concentric with the others.
NUM  5.
PAR  5. The system as defined in claim 1 wherein said centrifuge comprises a
      motor to effect the rotation of said drum.
NUM  6.
PAR  6. The system as defined in claim 1 wherein said system comprises a
      hydraulic motor which effects the rotation of said drum responsively to
      fuel flow in said system.
NUM  7.
PAR  7. The system as defined in claim 1 wherein said centrifuge drum comprises,
      in a wall thereof, a port for the removal of water separated from said
      fuel; said centrifuge comprises a cylindrical baffle inside said drum and
      concentric therewith; and said system comprises a hydraulic motor which
      effects the rotation of said drum responsively to fuel flow in said
      system.
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ABST
PAL  A machine for preparing and dispensing artificial mineral water is
      disclosed, of the kind in which water is previously demineralized by
      fractional crystallization of ice, the improvement consisting in the
      provision of shower diffusion means for spreading the water to be
      demineralized onto the surface of the principal evaporator, water
      collecting means beneath the evaporator, chute means for collecting the
      ice as formed on the evaporator and for sending it to a container where
      the ice is melted and means to transfer at least a portion of the molten
      ice to a mineralizing and possibly to a carbonating device.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  This invention relates to an apparatus of the household type for the
      preparation of beverages, more particularly of artificial mineral water.
PAR  In U.S. Pat. application Ser. No. 122,488 filed Mar. 9, 1971, now U.S. Pat.
      No. 3,785,492 there is disclosed an apparatus of the kind referred to
      above, which comprises as its characteristic component parts a
      demineralizing device for the feeding water of the apparatus, a
      mineralizing device having the object of introducing in the demineralized
      water the ions which are characteristic of the mineral water one desires
      to obtain, and control means for the automation of the machine. More
      particularly, demineralization is obtained by the agency of a distillation
      apparatus, the use of which is efficient but, due to its known operating
      principle, causes a considerably high running cost of the entire machine.
PAR  To correct this defect, there has been suggested in U.S. Pat. No. 3,785,492
      an apparatus of the kind referred to above, in which the demineralization
      of water is obtained by fractional crystallization.
PAR  Fractional crystallization is obtained by means of a refrigerating circuit
      whose evaporator can be displaced by the agency of a linkage from a
      collecting container for the feeding water to an ice collecting tank and
      vice versa, during the several stages of the operation. These
      displacements, moreover, are associated to appropriate reversals of the
      cycle of said refrigeration circuit.
PAR  This latter approach affords a substantial economy in operation but gives
      rise to another technical problem, that is, that of the presence of
      movable mechanical component parts. This fact involves reliability
      problems and wear problems of the component parts which are subjected to
      frictional forces, the construction of these parts being comparatively
      intricate.
PAR  An object of the present invention is to combine the advantages of the
      approaches indicated above, while simultaneously removing all the defects,
      thus providing a beverage preparing machine capable of a virtually static
      operation.
PAR  This object is achieved according to the invention by means of an automatic
      household-type apparatus for the preparation of beverages, especially
      artificial mineral water, comprising a demineralizing device having a
      refrigeration circuit with a principal evaporator and an auxiliary
      evaporator for the fractional crystallization of the fed-in water, a
      mineralizing device having the purpose of introducing in the demineralized
      water the ions which are characteristic of the mineral water one desires
      to obtain, and control means for the automation of the machine. The
      present apparatus includes shower means for the diffusion of the fed-in
      water onto the outer surface of the principal evaporator, which is in a
      fixed position in said refrigeration circuit, a tray adapted to receive
      the fed-in water and to collect the water dripping from said evaporator,
      circulation means for sending to said shower diffuser the water contained
      in said tray, chute means adapted to convey the ice formed on said
      evaporator and separated therefrom through its heating in a conventional
      manner in a container wherein first heating means are housed for melting
      said ice, siphoning means for transferring at least a part of the melted
      water into said mineralization device and then into a reservoir adapted to
      store the mineralized water and equipped with means for controllably
      dispensing same.
PAR  The features and advantages of the invention will become more clearly
      apparent from the ensuing description, given by way of nonlimiting example
      only, of a preferred embodiment of the subject machine.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  This description is referred to the accompanying drawings, wherein:
PAR  FIG. 1 shows a front cross-sectional view of the machine according to the
      invention.
PAR  FIG. 2 shows a lateral cross-sectional view of the machine of FIG. 1.
PAR  FIG. 3 diagrammatically shows the refrigeration circuit of the machine of
      FIG. 1, with a few water-conditioning means and the relevant control
      devices.
PAR  FIG. 4 shows a perspective view, partly in cross-section, of a detail of
      the machine of FIG. 1.
PAR  FIG. 5 and 6 show respective cross-sectional views of the detail of FIG. 4.
PAR  FIGS. 7, 8 and 9 show a perspective view and two partial cross-sectional
      views of a preferred embodiment of the detail of FIGS. 4, 5 and 6.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Having reference to FIGS. 1 and 2, the machine according to the invention
      comprises an outer shell 7 which mainly contains a housing which is
      hermetically sealed and insulated, 8, which is preferably made with an
      expanded form shaped as in FIG. 2.
PAR  In the housing 8 there is arranged a shower diffuser 10, having a boxlike
      form and having two parallel rows of holes 11 through which emerges the
      water fed to the diffuser through an inlet mouth 12 (it should be recalled
      that the arrows shown in the drawing indicate the direction of flow of the
      several fluids they represent).
PAR  The fed-in water is mainly drawn, through a duct 13 controlled by a loading
      electro magnetic valve 14, from the usual water main.
PAR  Horizontally below the diffuser 10 there is arranged the principal
      evaporator 15 of a refrigerating circuit which will be described
      hereinafter. Such an evaporator has substantially a U shape and is
      arranged in registry with the holes 11. In addition, the evaporator 15 has
      a cross-sectional shape which is of a vertically elongate tubular outline
      which gradually tapers downwards as shown in FIG. 6.
PAR  Beneath the evaporator 15 there is arranged a foraminous grid 16, having an
      appropriate length and inclined towards a container 17.
PAR  To the grid 16 there is affixed a plate 58, which is also inclined but in
      the opposite direction and is extended through a certain length over a
      tray 18 which collects the fed-in water.
PAR  In the tray, a pressure-stat 60 is appropriately housed.
PAR  The collected water is conveyed, through a duct 19, partly to a pump 20
      which feeds it to the diffuser 10 via a duct 21, and partly to a
      discharged duct 22, for example through a device (not shown) such as
      described in Italian Utility Model No. 154,985.
PAR  The container 17 has a duct 45 which is in direct communication with a
      dispensing cock 46.
PAR  The container 17 is also in communication, through a siphon 23, with the
      rocking tray 24 (shown in FIG. 1 in two operative positions, in solid and
      dotted lines, respectively) of a mineralizing device of the kind disclosed
      in Italian Utility Model No. 151,655.
PAR  Such a mineralizing device comprises also a distributor 25 for the
      mineralizing salts and a rechargeable container 26 therefor.
PAR  Beneath the tray 24 there is arranged a tank 27 for the mineralized water,
      equipped with a conventional discharge device 28 for the overflow
      conditions and with a dispensing cock 29. A device similar to the device
      28 is also provided (but it is not shown) in the interior of the tray 18.
PAR  Above the container 17 and the tank 27, in which a pressure-stat 61 is
      housed, there is arranged a sterilizing lamp 30, which is conventional and
      is properly fastened to the housing 8. It should be noticed that such a
      housing is preferably formed by a central body 81, a baseplate 55 and a
      top portion 82, which are hermetically sealed to each other.
PAR  Above the housing 8 there is arranged, affixed to a supporting member 9, a
      compressor 31 for the refrigeration circuit.
PAR  Having now particular reference to FIG. 3, such a circuit comprises a first
      loop comprising the compressor 31, the condenser 32, the capillary tube 33
      (connected to the compressor through a dehydrating filter 34 and partially
      housed in the container 17), an auxiliary evaporator 35 (substantially
      housed in the tank 27), the principal evaporator 15, the heat exchanger
      36, the intake duct 37 (having a thermostat 38 sensitive to the
      temperature of the coolant).
PAR  In the tank 17 and the reservoir 27 there are also housed, respectively,
      electric heating resistors 39 and 40, such as the sensing members of the
      thermostats 41, 42, 43.
PAR  All these thermostats and said pressure-stats are a part of an electric
      circuit (conventional and not shown) which is adapted automatically to
      govern the several working functions of the machine and comprising a
      programmer 59 (FIG. 2).
PAR  The refrigerating circuit also comprises a second loop formed by the
      compressor 31, the electro magnetic valve 44 for deviating the fluid
      emerging from the compressor, the duct 50, the evaporator 15, and the
      intake duct 37 (with the thermostat 38).
PAR  Having reference primarily to FIGS. 4, 5 and 6, the evaporator 15 has an
      inner longitudinal partition wall 47 which is extended through almost its
      entire length. By so doing, there are defined in the interior of the
      principal evaporator two discrete loops, 48 and 49, the former coming from
      the auxiliary evaporator 35, and the second coming from the duct 50. After
      a certain route, in the interior of the evaporator 15 and preferably near
      its end 51, the loops 48 and 49 merge to make up said intake duct 37.
PAR  Two straps 52 and 53, shaped and fastened to the evaporator 15 as shown in
      FIG. 4, support the latter and connect it to the diffuser 10 and are
      conventionally engaged (for example by means of screws) with the
      respective straps 52' and 53' which are integral with the diffuser 10
      aforementioned.
PAR  More particularly, the stirrups 52 and 52' shield the curved portion 54 of
      the evaporator 15 from the water dripping through the holes 11, thus
      preventing the formation of ice on said portion. This is because, as is
      known, the ice which is formed on a curved surface can be stripped from a
      curved surface less easily than from a rectilinear surface, that which (as
      will become more clearly apparent hereinafter) could adversely affect the
      satisfactory operation of the whole machine.
PAR  As already pointed out, all the means and devices intended for the
      treatment of water are housed in the interior of the housing 8, whose
      baseplate 55 is normally maintained, for example by fly nuts 56, in the
      closed position. The baseplate 55 can thus easily be removed for the inner
      cleaning of the housing 8 which, when open, permits the withdrawal of the
      tank 27 and thus also of the other members, which can thus be cleaned in
      turn. Preferably, the baseplate 55 is integral with the bottom of the tank
      27 which can thus be automatically withdrawn along with the baseplate.
PAR  Lastly, the apparatus as described herein is equipped with rings 57 (FIGS.
      1 and 2) by means of which it can be hung to any wall 62 (FIG. 2).
PAR  In operation, inasmuch as the tray 18 is initially empty, the pressure-stat
      60 permits the opening of the electro magnetic valve 14, so that feeding
      water can be charged, through the duct 13. As the water in the tray 18 has
      reached a preselected level, the pressure-stat 60 closes the electro
      magnetic charging valve 14 and permits, through the programmer 59, the
      actuation of the pump 20 and the compressor 31. Since the electro magnetic
      valve 44 is closed, the first loop of the refrigeration circuit as
      operative; more particularly, the coolant flowing through the capillary
      tube 33 undergoes a first slight expansion in the auxiliary evaporator 35
      (which slightly cools) and a more intense expansion in the evaporator 15
      (which cools considerably).
PAR  Simultaneously, the pump 20 sends the water contained in the tray 18,
      through the duct 21 and the mouth 12, to the diffuser 10. Thus, through
      the holes 11, the water drips evenly distributed on the evaporator 15 (or,
      better to speak, on the portion thereof which is comprised between the
      straps 52, 52' and 53 53') being partially crystallized on its surface.
      More particularly, the ice tends to be formed (by gravity due to the shape
      of the evaporator and to the fact that, since the coolant flows along the
      loop 48, the latter is cooled more that the loop 49) on the bottom portion
      of the evaporator 15.
PAR  The water which did not crystallize drips, through the openings of the grid
      16 and with a dampened noise from the plate 58 onto the collecting tray
      18, wherefrom it is then partially recycled towards the diffuser 10 by the
      agency of the pump 20.
PAR  A portion of the collected water is, conversely discharged, as outlined
      above, through the duct 22; for an understanding of the discharging device
      reference is made to the above cited Italian Utility Model No. 154,985.
PAR  At a preselected instant of time the programmer 59 controls the opening of
      the electro magnetic valve 44, so that the coolant of the refrigeration
      circuit finds a leeway along the second loop, that is through the same
      electro magnetic valve 44.
PAR  By so doing, the compressed coolant (which is thus in the stat of a hot
      gas) heats the evaporator 15, more particularly its loop 49, thus giving
      rise to a partial melting and separation of the ice from the evaporator
      15.
PAR  It should be noticed that the expedient as described herein of the more
      intense cooling of the loop 48 and the more intense heating of the loop 49
      of the principal evaporator permits (as has been ascertained also
      experimentally) the formation and the separation, respectively, of the ice
      with a minimum water loss and thus with an optimum efficiency of the whole
      machine.
PAR  The ice which is separated from the principal evaporator falls by gravity
      on the grid 16 which causes it to slide and then fall in the container 17,
      where it is melted by the heating action of the portion of the capillary
      tube 33 housed therein.
PAR  The resistor 39 contributes towards the melting of the ice when this is
      possibly allowed by the thermostat 41, responsive to the temperature
      obtaining on the bottom of the container 17. This fact permits an
      efficient balancing of the heat requirements consistently with the ambient
      conditions in which the machine is caused to operate.
PAR  A portion of the melted water (demineralized) is transferred through the
      siphon 23 to the mineralizing device, where it receives the appropriate
      salt dosage, substantially as described in the above cited Italian Utility
      Model No. 151,655 (the only difference being that these salts are now
      preferably in the liquid state). Upon mineralization, water (or in any
      case the obtained beverage) is forwarded by gravity to the reservoir 27
      where it is continually sterilized (such as the melted water contained in
      the tank 17) due to the action, known per se, of the lamp 30.
PAR  Since after the separation of the ice from the evaporator 15 the thermostat
      38 detects a certain temperature of the hot gas flowing through the duct
      37 (a temperature at which the ice has been certainly stripped), the
      thermostat 38 controls the closing of the electro magnetic 44 again, thus
      causing the restoration of the first loop of the refrigeration circuit.
PAR  Should the water as stored in the tank 27 not reach a preselected lever,
      after the stripping of the ice from the evaporator 15, a subsequent
      operative cycle identical to the one described above is started.
PAR  When, conversely, the water in the tank 27 attains said preselected level,
      this fact is detected by the pressure-stat 61 which controls, in a
      conventional manner, the stop of the operation of the machine. More
      particularly, the pressure-stat 61 permits, through the programmer 59, to
      block both the compressor 31 and the pump 20.
PAR  This condition remains unaffected until, due to the effect of dispensing
      operations (through the cock 29) of the stored water, the level of the
      water decreased to such an extent as to come below the preselected level,
      so that the pressure-stat 61 allows the operation of the machine once
      again for the production of additional amounts of mineral water.
PAR  The auxiliary evaporator 35 (whose operation is determined by the
      thermostat 43 acting upon the compressor 31) and possibly the resistor 40
      (whose feed is controlled by the thermostat 42) permit to carry out a
      thermal conditioning of the stored water, which is thus maintained at a
      preselected temperature.
PAR  It should be noticed that the apparatus can dispense also demineralized
      water only, that is the water as contained in the container 17 and fed
      through the duct 45 to the cock 46.
PAR  In a preferred embodiment (FIGS. 7 to 9) the bottom of the boxlike
      container (or diffuser) 10 is provided with two portions 83 which protrude
      towards the bottom until being immediately adjacent to, and preferably in
      contact with, the top surface of the principal evaporator 15. The holes 11
      are arranged on the bottom of the diffuser 10 in alignment with the sides
      and in the vicinity of the projections 83, so that the fed-in water
      emerging from the holes aforesaid may fall to sweep the outer surface of
      the evaporator 15 (with the exception, obviously of the top portion which
      is not exposed), and crystallizes in layers thereon. In this connnection,
      the portions 83 protrude along a length which is proportional to the speed
      at which the water flows and their outer sidewalls are equipped with
      appropriate vertical ridges 84. These expedients act in such a way that
      the fed-in water is directed towards the evaporator 15 with an orderly and
      laminar flow, so as to originate an optimum fractional crystallization the
      evaporator, the interior of which is hollow and defines a path for the
      coolant of the associated refrigeration circuit (FIG. 3), which in this
      case is deprived of the duct 50 and the relevant electro magnetic valve
      44. It should be noted that the ridges 84 of the sidewalls of the
      projections 83 can be replaced by an appropriate chemical or mechanical
      treatment of the walls, adapted to afford an orderly and laminar flow of
      the water emerging from the holes 11.
PAR  In correspondence with the zone of contact with the evaporator 15, the
      projections 83 are equipped with a seat in which a heating electric
      resistor 85 is housed, preferably in direct contact (for a good heat
      transfer) with the top surface of the evaporator 15. At least the bottom
      wall of the diffuser 10 is of a heat-resistant and heat-insulating
      material, for example, a thermoplastic material also having appropriate
      hygienic properties, so that ice is formed only, as aforesaid, on the
      exposed surface of the evaporator 15.
PAR  The resistor 85, properly fed by the programmer 59 (FIG. 2) of the subject
      apparatus has the task of causing the partial melting and thus the
      stripping of the ice from the evaporator 15. Due to the expedients as now
      described, such stripping is rapid and takes place with a reduced melting
      of the ice and thus the amount of unused water is small. This fact
      obviously allows the apparatus according to the invention to provide a
      higher overall efficiency and thus, when the performances are equal, the
      overall size can be reduced. As is known, the problem of the reduction of
      size is of considerable importance in household appliances. In addition,
      in the projections 83 a groove 86 is formed, which communicates with the
      interior of the diffuser 10, and the bottom of the latter is inclined
      towards the groove of each projection. Bottom and grooves 86 are also
      inclined towards the inlet mouth 12 of the fed-in water, as formed on a
      side of the bottom wall aforementioned. By so doing, in the periods of
      stoppage of the circulation pump 20 (FIG. 3) a fraction of the water which
      is present in the interior of the diffuser flows over the bottom thereof
      and, by sweeping off from the holes 11 the possibly accumulated foreign
      particulates, is collected in the grooves 86, and is sent to the inlet
      mouth 12 (which in these stages acts as return duct) and is finally sent
      to the sink 22. This cyclical scavenging action of the holes 11 prevents
      their clogging and thus the reliability of the entire machine is improved.
PAR  From what has been described the advantages of the subject machine are
      apparent and can be summarized in terms of a constructional and operative
      simplicity, reliability due to a substantially static operation, and a
      operating cost.
PAR  Obviously, the machine as described can receive all the modifications which
      lie within the scope of the invention; more particularly, all the controls
      can be associated to each other in any way, provided that the overall
      operability of the machine remains unaltered.
PAR  Lastly, the machine in question can be equipped with a water carbonator of
      any conventional make.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic household type machine for preparing beverages, more
      particularly artificial mineral water, comprising water feeding means, a
      demineralizing device provided with means for the fractional
      crystallization of the fed-in water, a mineralizing device for introducing
      into the demineralized water the ions which are characteristic of the
      mineral water to be obtained, a tank for receiving and storing the
      mineralized water, controlled dispensing means for mineralized water in
      the tank and control means for automating the machine operation, the
      demineralizing device comprising a refrigeration circuit including a
      compressor, a principal evaporator which is U-shaped and arranged
      horizontally, said principal evaporator having a vertical cross-section in
      a vertically elongated tubular form which gradually tapers downwards, an
      auxiliary evaporator and a capillary tube with restrictor function, shower
      diffusion means formed by a boxlike container equipped at is bottom with a
      plurality of holes which are placed directly above the U-shaped principal
      evaporator to diffuse by dripping the fed-in water onto the outer surface
      of the principal evaporator, a tray located below the principal evaporator
      to collect the water dripping therefrom, circulating means for sending to
      the shower diffusion means at least a part of the water collected in the
      tray, first heating means associated with an upper portion of the
      principal evaporator to cause stripping of the ice formed on the principal
      evaporator and chute means located below the principal evaporator to
      collect the ice stripped from the principal evaporator and convey it
      towards an ice melting container in which at least a part of the capillary
      tube is housed, siphoning means being provided for transferring at least a
      fraction of the melted ice through the mineralizing device to the
      mineralized water storing tank and second heating means being housed in
      the tank together with the auxiliary evaporator and controlled by the
      control means so as to maintain the stored water, in combination with the
      auxiliary evaporator, at a pre-selected temperature.
NUM  2.
PAR  2. A machine according to claim 1, wherein said principal evaporator has an
      inner longitudinal partition wall so as to define two loops for the fluid
      coolant, a first loop for the cold fluid coming from the auxiliary
      evaporator and a second loop for the hot heating fluid coming from the
      compressor, said first and second loops having a single outlet towards
      said compressor and having in addition sections which are substantially of
      the same surface area.
NUM  3.
PAR  3. A machine according to claim 1, wherein the outer surface of said
      principal evaporator and the bottom of said boxlike container are
      immediately adjacent to one another, preferably in mutual contact, said
      holes being formed on the container in the vicinity of the contact area
      between the bottom and said evaporator in such a way that the water
      emerging from said holes falls to sweep the outer surface of the
      evaporator with the exception of the top portion thereof.
NUM  4.
PAR  4. A machine according to claim 3, wherein the bottom of said boxlike
      container is provided, in correspondence with said contact area, with a
      seat in which a heating device is housed which is adapted to supply heat
      to said principal evaporator.
NUM  5.
PAR  5. A machine according to claim 4, wherein said heating device comprises an
      electric resistor arranged in contact with the top surface of said
      principal evaporator.
NUM  6.
PAR  6. A machine according to claim 3, wherein at least the bottom of said
      boxlike container is of a heat-resistant and heat insulating material,
      such as a thermoplastic material.
NUM  7.
PAR  7. A machine according to claim 3, wherein, in correspondence with said
      contact area, the bottom of said boxlike container projects downwards
      along a length which is proportional to the speed of flow of the fed-in
      water.
NUM  8.
PAR  8. A machine according to claim 7, wherein the outer side surfaces of said
      projection of the container bottom have vertical grooves which are adapted
      to ensure an orderly and laminar flow of the water emerging from said
      holes.
NUM  9.
PAR  9. A machine according to claim 7, wherein the outer side surfaces of said
      projection of the container bottom are treated either chemically or
      mechanically so as to ensure an orderly and laminar flow of the water
      emerging from said holes.
NUM  10.
PAR  10. A machine according to claim 7, wherein the circulation means
      cyclically send the fed in water to an inlet mouth of said boxlike
      container, wherein the bottom of the container is inclined towards a
      groove formed on the bottom of said container in correspondence with said
      projection and thus overlies along at least a portion of the top surface
      of the principal evaporator, said groove and said bottom being, in
      addition, inclined towards said inlet mouth, which is also formed on said
      bottom.
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ABST
PAL  Methods and apparatus for treating wastewater, such as municipal sewage,
      are provided in which an oxygen enriched feed gas is supplied to an
      oxygenation chamber wherein oxygen is efficiently dissolved in wastewater
      (mixed liquor) by means of a static mixing device. The chamber is
      preferably submerged in a large body of wastewater being treated, such as
      is commonly found in the secondary stage of an activated sludge wastewater
      treatment system with the chamber being adapted to receive such wastewater
      from a location slightly below the surface thereof. Oxygenated wastewater
      is discharged from the chamber in either a radial or multi-directional
      pattern at a sufficient velocity to effect a thorough mixing of the
      oxygenated wastewater and the large body of wastewater contained in the
      secondary stage treatment tank. The overall concentration of dissolved
      oxygen in the wastewater is maintained throughout the tank to a level
      sufficient to sustain microbial digestion of organic waste while providing
      the requisite stirring necessary to preclude settling of solids from the
      wastewater.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 413,409,
      filed Nov. 6, 1973, and which is assigned to the assignee of the present
      invention.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to methods and apparatus for treating a waste
      liquid with a gas and more particularly to methods and apparatus for
      oxygenating wastewater as, for example, in an activated sludge secondary
      stage waste treatment process.
PAR  In order to avoid intolerable ecological and environmental damage, efforts
      have continually been made to provide wastewater treatment plants of
      sufficient capacity to adequately treat or purify increasing quantities of
      municipal sewage and industrial wastes. One well known technique for
      purifying wastewater is the activated sludge process. In this process,
      aerobic microbial activity is relied upon to cause a digestion or
      consumption of organic waste materials. In order to sustain such microbial
      action, oxygen must be dissolved into the wastewater (which preferably
      comprises a mixed liquor of liquid waste and microbial solids) at rates
      proportional to the microbial activity. The rate of oxygen dissolution
      required generally varies in accordance with the biological oxygen demand
      (BOD) of the particular wastewater being treated and the microbial
      population. A number of techniques are currently used or proposed for
      obtaining the required dissolution rates.
PAR  Briefly, prior art techniques for oxygenating wastewater include an air
      aeration process wherein ambient air is relied upon as an oxygen source
      and by vigorously agitating the wastewater, such as by means of a surface
      impeller, a transfer of oxygen into the wastewater is achieved. However,
      as the oxygen content of air is only 21 percent, this dissolution
      technique requires substantial wastewater `retention` time and relatively
      high expenditures of electrical power in driving such mechanical mixing
      devices. In other prior art techniques, oxygen enriched air has been
      proposed as a means of reducing the aforementioned retention time and in
      this regard, systems for diffusing minute bubbles of oxygen into
      wastewater have been suggested. Although capital costs of such systems are
      relatively low, it has been found that the amount of oxygen which is not
      dissolved in the wastewater, and hence is released to the atmosphere is
      many times of an economically unacceptable level. This wastage of oxygen
      is particularly noticeable in relatively shallow secondary treatment
      tanks. Other techniques for oxygenating wastewater include down-flow
      bubble contact devices wherein an oxygen enriched gas is injected into a
      rapidly descending current of wastewater. The momentum interchange between
      such fluids tends to reduce the rise velocity of the gas bubbles, thereby
      increasing the period of time during which oxygen and wastewater are
      maintained in contact and thus enabling a transfer of oxygen into the
      wastewater. This technique, as for example described in U.S. Pat. Nos.
      3,476,366 and 3,643,403, has the disadvantage that substantially complete
      dissolution of oxygen into the wastewater cannot be assured and that any
      oxygen not so dissolved is generally lost to the atmosphere.
PAR  Still further prior art attempts to efficiently oxygenate wastewater
      include the concept of covering a secondary stage treatment tank and
      providing an oxygen enriched atmosphere in the ullage space so formed
      above the wastewater therein. Such a technique is described in an article
      entitled "Aeration With a High-Oxygen Atmosphere in A. S. Process," by
      Harold E. Babbitt, Wastes Engineering, May, 1952, pages 258-259. In this
      system a feed gas of approximately 95 percent oxygen was bubbled through
      wastewater to be treated with undissolved oxygen being collected in the
      ullage space, recompressed and recirculated as a feed gas to the closed
      aeration tank. Similar techniques wherein oxygen is bubbled through
      wastewater and/or mixed with the wastewater by means of a submerged
      turbine or surface impeller are described in U.S. Pat. Nos.
      3,547,811-3,547,815. It is recognized, however, that both the Babbitt
      system and the latter techniques require confining a relatively large
      volume of an oxygen-enriched aeration gas in the ullage space beneath a
      tank cover and as such, provide a substantial supply of a combustion
      supporting medium. As rotating mechanical mixing equipment as described in
      the foregoing patents provides a potential source of sparks and
      combustible material exists in the form of lubricants, potentially
      dangerous fire hazards are presented.
PAR  As each of the foregoing prior art techniques for treating wastewater
      possesses certain undesirable characteristics it is clear that a present
      need exists for improved methods and apparatus for dissolution of oxygen
      in wastewater by an efficient mass transfer action as well as safely
      effecting a reduction of the power requirements necessary for such mass
      transfer and tank mixing.
PAC  OBJECTS
PAR  It is an object of the present invention to provide methods and apparatus
      for efficiently oxygenating wastewater, such as municipal sewage or
      industrial wastes in concert with a suitable microbial population.
PAR  It is also an object of the present invention to provide methods and
      apparatus for oxygenating wastewater under treatment without reliance upon
      the mechanical mixing of an oxygen containing feed gas and wastewater or
      mechanically stirring the solid-liquid contents of a treatment tank.
PAR  It is still another object of the present invention to provide methods and
      apparatus for treating wastewater wherein an oxygenating chamber is
      emplaced in a larger treatment tank, which chamber is effective to
      discharge oxygenated wastewater therefrom so as to thoroughly mix the
      oxygenated wastewater with wastewater confined in the treatment tank.
PAR  It is yet another object of the present invention to provide methods and
      apparatus for discharging oxygenated wastewater from the bottom portion of
      an oxygenating chamber in a substantially radial pattern so as to enable a
      thorough mixing of the liquid in a treatment tank throughout virtually all
      portions thereof.
PAR  It is a further object of the present invention to provide methods and
      apparatus for treating wastewater in an activated sludge waste treatment
      process wherein oxygenated wastewater is discharged from an oxygenating
      chamber into the lower reaches of a larger treatment tank to provide a
      thorough mixing of the oxygenated wastewater and wastewater in the
      treatment tank while sufficiently stirring the combined tank contents to
      maintain solids in suspension as required to promote effective microbial
      digestion of organic waste material.
PAR  It is yet another object of the present invention to provide methods and
      apparatus for dscharging oxygenated wastewater through one or more, or all
      sides of an oxygenating chamber into the lower reaches of a larger
      wastewater treatment tank to assure a thorough mixing of the oxygenated
      wastewater with the contents of the treatment tank.
PAR  It is still a further object of the present invention to provide methods
      and apparatus for admitting wastewater to be oxygenated into an
      oxygenating chamber wherein the frictional losses of a flow of wastewater
      so introduced are minimized thereby improving the utilization efficiency
      of supplied hydraulic energy necessary to produce a static gas-liquid
      mixing of oxygen and wastewater in the chamber.
PAR  Other objects of the present invention will become apparent from the
      detailed description of an exemplary embodiment thereof which follows and
      the novel features of the present invention will be particularly pointed
      out in conjunction with the claims appended hereto.
PAC  SUMMARY
PAR  In accordance with the present invention, methods and apparatus for
      dissolving a gas such as oxygen in a liquid such as wastewater comprise
      providing an oxygenating chamber in a relatively large body of the liquid
      being treated with the chamber having an inlet for receiving the liquid, a
      static mixing means for dissolving the gas, such as oxygen, in the liquid
      and discharge means for discharging oxygenated liquid into said larger
      body of liquid in a radial or multi-directional pattern such that the
      oxygenated liquid is thoroughly mixed with the larger body of liquid.
PAR  Preferably, static mixing means are provided within an oxygenating chamber
      comprised of one or more gravitational fall zones wherein oxygenation of
      wastewater may be accomplished by passing wastewater over a weir or baffle
      at a preferred superficial flow velocity thereby generating a forced free
      fall of wastewater through an oxygen enriched aeration gas. The falling
      wastewater impinges upon wastewater in the lower reaches of the
      gravitational fall zone thereby creating a high degree of gas-liquid
      turbulence which is effective to promote a mass transfer of a gas such as
      oxygen into a liquid such as wastewater. The wastewater then passes from
      the fall zone to a relatively quiescent liquid accumulation space from
      which entrained oxygen is disentrained into the gas accumulation space for
      return to the fall zone thereby enabling further exposure to the influent
      liquid stream to oxygen in the gas accumulation space. The gas
      accumulation space is maintained in the chamber above the liquid
      accumulation space by introducing an oxygen-enriched feed gas under a
      predetermined pressure which is effective to depress the liquid level
      within the chamber to an extent corresponding to such pressure and thereby
      define a `fall height` between such liquid level and the weir or partition
      over which the influent wastewater is forced to flow. Preferably, the
      oxygenation chamber so described is provided with a plurality of
      symmetrically configured gravitational fall zones and gas accumulation
      spaces such that an overall balance of buoyance forces on the chamber is
      maintained. In addition, it is preferred to fully submerge the chamber and
      to admit wastewater to be oxygenated through an inlet conduit disposed in
      the top wall of the chamber at a point slightly below the surface of the
      liquid in the treatment tank.
PAR  Wastewater in the liquid accumulation space is maintained under a pressure
      head corresponding to the pressure of the feed gas introduced into the
      oxygenating chamber. Accordingly, such a pressure head provides the motive
      force for discharging oxygenating wastewater from the chamber through a
      suitable outlet or nozzle discharge. In order to assure that oxygenated
      wastewater discharged from the chamber is thoroughly mixed with wastewater
      confined in the treatment tank, it is preferred to provide a nozzle at the
      chamber outlet which is effective to establish a radial or
      multi-directional flow of oxygenated wastewater at velocities sufficient
      to adequately mix the contents of the treatment tank. In addition, by
      discharging oxygenated wastewater from the lower portion of the chamber,
      the greatest degree of mixing in the treatment tank is achieved where such
      mixing is most urgently required, i.e., at the lower reaches of bottom
      thereof. Thus, by providing an adjustable nozzle which establishes a
      radial or multi-directional flow pattern of oxygenated wastewater at
      selected velocities in the lower reaches of the larger treatment tank, a
      thorough mixing of the oxygenated wastewater and treatment tank contents
      is achieved thereby increasing the average dissolved oxygen level of
      wastewater in the treatment tank to magnitude sufficient to sustain
      microbial activity in an activated sludge process. In addition, the
      aforementioned mixing in the lower reaches of the treatment tank is also
      effective in satisfying a second requisite of the activated sludge
      process, namely the provision of sufficient tank stirring to maintain
      solids in suspension during microbial activity.
PAR  The oxygenation chamber utilized in connection with the present invention
      may be provided with an annular opening or orifice defined in the bottom
      wall thereof which opening is partially restricted by means of an
      adjustable outlet means which in turn is effective to establish a
      substantially horizontal, radial flow pattern of oxygenated wastewater
      emitted from the chamber. Adjustment of the outlet means which may include
      a nozzle element will alter the velocity of oxygenated wastewater
      discharged into the treatment tank. Alternatively, the adjustable outlet
      means may comprise adjustable nozzle elements provided in the lower
      portions of one or more, or all, side walls of the oxygenating chamber
      such that a multidirectional flow pattern of oxygenated wastewater is
      established throughout the contents of the larger treatment tank.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be more clearly understood by reference to the following
      detailed description of an exemplary embodiment thereof in conjunction
      with the following drawings in which:
PAR  FIG. 1 is a sectional elevational view of an exemplary oxygenating
      apparatus in accordance with the present invention.
PAR  FIG. 2 is a partial sectional plan view taken along the line 2-2'
      illustrated in FIG. 1.
PAR  FIG. 3 is a partial isometric view primarily of the bottom wall of the
      oxygenating chamber together with an adjustable outlet nozzle device.
PAR  FIG. 4 is a partial elevational view of the oxygenating chamber and
      adjustable nozzle device depicted in FIG. 3.
PAR  FIG. 5 is a partial isometric view of a plurality of outlet nozzles mounted
      in the side walls of an oxygenating chamber.
PAR  FIG. 6 is an isometric view of exemplary components which may be utilized
      to comprise one or more of the side wall mounted nozzles illustrated in
      FIG. 5.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to the drawing, and in particular to FIG. 1, illustrated therein
      is an exemplary embodiment of an apparatus for oxygenating wastewater
      which may be utilized in an activated sludge waste treatment process.
      Oxygenating apparatus 10 is preferably submerged in wastewater 12 which
      may comprise `mixed liquor` contained in a secondary stage treatment tank
      having a bottom 13, includes a chamber 11 having an inlet 15, static
      mixing means in form of gravitational fall zones 24 and an adjustable
      outlet means 31. Chamber 11 is preferably comprised of a material such as
      concrete and may have a bottom wall 11' formed from a material such as
      mild steel although other suitable water impervious materials offering the
      necessary support will be acceptable. A plurality of legs 14, which may be
      adjustable in height, are provided to position chamber 11 such that bottom
      wall 11' is spaced away from the bottom 13 of a secondary stage treatment
      tank confining a body of wastewater 12. The inlet 15 to chamber 11 is
      comprised of a conduit which may generally take the form of a venturi that
      extends from the uppermost portions thereof above the top wall of chamber
      11 downwardly therein. Preferably, a suitable baffle means 32, which may
      comprise an annular ring member, is disposed about the top of inlet 15
      with the uppermost edge of baffle means 32 extending to a point slightly
      below the surface of wastewater 12. The vertical position of baffle means
      32 may be varied by rotation of an adjustment screw 32' threadably engaged
      with a flange portion of baffle means 32. The purpose of adjusting the
      height of baffle means 32 is to compensate for variations in the level of
      wastewater. It will be appreciated that such height adjustments may be
      provided automatically in response to detected variations in the level of
      wastewater 12.
PAR  A motor 16 and a suitable shaft coupling 34 are mounted by means of support
      elements 33 atop chamber 11 with pump motor 16 being located above the
      surface of wastewater 12. A shaft having an impeller 17 mounted thereon
      extends downwardly from coupling 34 into inlet 15 and upon operation of
      motor 16, impeller 17 is rotated to axially pump wastewater from the upper
      portion of inlet 15 downwardly therethrough. By configuring conduit 15
      such that the lower portion increases in cross-sectional area toward the
      lowermost extremity thereof, a diffusing effect is obtained whereby the
      hydraulic energy imparted to wastewater pumped therethrough is converted
      to a pressure head and the velocity of influent wastewater decreases upon
      flowing to the bottom or exit of inlet 15. The influent wastewater thus
      enters a space or re-entrant well immediately above partition 27 and is
      then forced upwardly exteriorally of inlet 15 between vertically extending
      partitions 21. The change in direction of the flow of influent wastewater
      in the space immediately above partition 27 will cause frictional losses
      to be incurred. However, as the velocity of the influent wastewater is
      reduced by the diffusing effect achieved in the lower portion of inlet 15,
      the frictional and hence head losses of the influent flow are
      correspondingly reduced. In addition, as will be described subsequently, a
      relatively low superficial flow velocity of wastewater through the static
      mixing means of chamber 11 of approximately 0.3-3.0 ft/sec. is desirable.
      However, as most readily available pump motors operate at relatively high
      speeds, e.g. 1,000 r.p.m. or higher, any reduction in the velocity of
      wastewater forced into the re-entrant well immediately above partition 27
      facilitates the generation of superficial flow velocities in the foregoing
      range.
PAR  The static mixing means of chamber 11 is defined by partitions 21, baffles
      23, each of which baffle is spaced away from a corresponding partition 21
      and a substantially horizontal partition 27 having an upwardly extending
      portion 27' spaced away from vertically disposed baffle 23 as illustrated
      in FIG. 1. The aforementioned partitions and baffle define a pair of
      gravitational fall zones 24 although it will be appreciated that one or
      more than two fall zones may be defined in an oxygenation chamber in
      accordance with the present invention. Preferably, the arrangement of fall
      zones and the appropriate partitions and baffles therefor is symmetrical
      about a center line of chamber 11 as such symmetry is necessary to assure
      the proper balance of the chamber when emplaced in a body of wastewater. A
      feed gas is introduced through conduit 29 into the upper reaches of
      chamber 11 under a predetermined positive pressure. The feed gas, which is
      preferably an oxygen enriched gas of at least 40 percent oxygen is
      effective to depress the level of liquid within chamber 11 to a level
      corresponding to the magnitude of the pressure of the feed gas.
      Accordingly, in this manner a liquid accumulation space 25 is formed in
      the lower reaches of chamber 11 while a gas accumulation space 26 is
      formed in the chamber thereabove. A conduit 30 is provided to extend into
      the upper reaches of chamber 11 in order to vent the oxygenating gas
      formed within gas accumulation space 26. Although the particular reason
      for providing such a venting conduit will be described in greater detail
      hereafter it will be appreciated that gas accumulation space 26 should be
      symmetrical about a center line through chamber 11 as unequal buoyant
      forces produced by gas accumulation space 26 will unbalance chamber 11.
      Furthermore, to avoid unnecessary buoyant forces, the volume of gas
      accumulation space 26 is conveniently reduced by slanting the upper
      portions of the side walls of chamber 11. Appropriate relief valves may be
      provided to limit the pressure within gas space 26 to a level such that
      the `water seal` provided by influent wastewater in inlet 15 is not
      disrupted.
PAR  An adjustable outlet means 31, which may comprise a nozzle having a
      variable opening is disposed in the lower portion of chamber 11 and, as
      illustrated in FIG. 1, may be formed in the bottom wall 11'  thereof. The
      provision of such an adjustable outlet means is effective to permit the
      discharge of oxygenated wastewater from liquid accumulation space 25 of
      chamber 11 into the secondary treatment tank and by suitably adjusting the
      opening of such a nozzle, the velocity of discharged wastewater may be
      effectively controlled. As will be described in greater detail with
      reference to the structure illustrated in FIG. 3, adjustable outlet means
      31 depicted in FIG. 1 is effective to discharge oxygenated wastewater from
      chamber 11 in a substantially horizontal, radial flow pattern throughout
      the lower reaches of wastewater 12, thereby providing a turbulence or
      mixing action at the levels of wastewater 12 where such mixing is most
      effective in maintaining substantially all solids in suspension, and thus
      assure satisfactory microbial digestion.
PAR  Referring now to FIG. 2, illustrated therein is a partial sectional view of
      the exemplary embodiment of apparatus for dissolving a gas in a liquid
      taken along the sectional line 2-2' depicted in FIG. 1. Inlet 15 and
      impeller shaft 17 are preferably centrally located within chamber 11 and
      baffles and partitions 21, 23 and 27 are configured to define a pair of
      static mixing devices in the form of gravitational fall zones 24 which
      extend laterally substantially completely along the length of chamber 11.
      In this manner, chamber 11 is efficiently utilized as the length of each
      fall zone, extending between side panels 35 and 36, is maximized within
      the chamber. The arrows depicted in FIG. 2 generally indicate the
      approximate flow of an oxygen enriched feed gas supplied to the interior
      of chamber 11 through conduit 29. It will be appreciated that the oxygen
      enriched feed gas introduced into chamber 11 is permitted to flow around
      inlet 15 and is thus available as a source of oxygen which is dissolved in
      wasterwater flowing through fall zones 24 to the right and left of inlet
      conduit 15. Preferably, venting conduit 30 illustrated in FIG. 1 is
      provided at a suitable location in the interior of chamber 11 remote from
      the location of feed gas conduit 29. Accordingly, by locating a venting
      conduit in proximity to corner A above the right hand extremity of panel
      36, a substantial interaction between the wastewater to by oxygenated and
      the feed gas will occur prior to the venting of oxygenating gas which will
      typically include impurities such as nitrogen stripped from the
      wastewater. In this manner, a "short circuiting" of the oxygen enriched
      feed gas between feed conduit 29 and a vent 30 (FIG. 1) and hence, the
      inefficient use of such a feed gas, is substantially reduced.
PAR  Briefly, the operation of oxygenating apparatus 10 illustrated in an
      exemplary form in FIGS. 1 and 2 will now be described. Initially, pump
      motor 16 is energized and an oxygen-enriched feed gas is supplied through
      conduit 29 to the upper reaches of chamber 11 thereby causing the level of
      wastewater therein to be depressed to a predetermined extent as mentioned
      previously. Actuation of impeller 17 is effective to force wastewater into
      inlet 15 and by appropriately adjusting the height of baffle 32, a surface
      velocity of wastewater will be established thereby drawing any foam which
      may form on the surface into inlet 15. Any foam drawn into inlet 15 is
      finely dispersed by the action of impeller 17. As described heretofore,
      the introduced wastewater is then passed upwardly between the exterior of
      inlet 15 and partitions 21 so as to form a water seal between gas
      accumulation space 26 and inlet 15 thus preventing the escape of the
      oxygenation gas through inlet 15 even in the event of motor stoppage due
      to power failure.
PAR  Wastewater is forced over the uppermost extremity of partitions 21, through
      the oxygenating gas in fall zones 24 and impinges on the wastewater lying
      in the lower reaches of each fall zone. The resulting gas-liquid
      turbulence is effective to cause a mass transfer of oxygen supplied to the
      gas accumulation space 26 into wastewater flowing through each fall zone
      24. Thus, as the velocity of wastewater forced to flow through fall zone
      24 increases, the turbulence therein and hence the mass transfer rate of
      oxygen into the wastewater is increased. However, the increased flow rate
      of such wastewater requires a greater expenditure of energy, i.e.,
      electrical power consumed by pump motor 16 driving impeller 17, and as the
      wastewater is retained in fall zone 24 for a relatively short period of
      time due to the high superficial flow velocity thereof (the wastewater
      flow rate divided by the cross-sectional area thereof between partitions
      21), less time is available for effecting the aforementioned mass transfer
      and correspondingly, the benefits of increased wastewater-oxygenation gas
      turbulence in the fall zone are not fully realized. Similarly, by
      decreasing the superficial flow velocity of wastewater over the top of
      partitions 21 to a very low rate, the expenditure of energy necessary to
      effect such a flow rate is substantially reduced but as the
      wastewater-oxygenation gas turbulence within the fall zone 24 is likewise
      reduced, the mass transfer rate of oxygen into the wastewater flow is
      severely limited. Therefore, by selecting an appropriate fall height and
      suitable superficial flow velocities, e.g. between 0.3 and 3.0 ft/sec., a
      turbulent froth column is developed and confined within the fall zone 24
      such that the resulting mass transfer rate of oxygen into the wastewater
      is maintained at an acceptably high level while also avoiding the
      consumption of excessive amounts of electrical energy by pump motor 16. It
      has been found that for any particular fall height, wastewater flowing
      through a fall zone at a superficial flow velocity of approximately
      0.75-1.5 ft./sec. is preferred.
PAR  As the wastewater is exited from fall zones 24 and passes over the top
      portion of partition 27', a portion of the oxygenating gas supplied to the
      fall zones is entrained in the wastewater and is swept into liquid
      accumulation space 25. This space comprises a relatively quiescent portion
      of chamber 11 and as the velocity of wastewater admitted into space 25
      decreases, bubbles of the oxygenating gas swept into this space are
      disentrained into gas accumulation space 26. By disposing baffles 23 such
      that a passage 28 is formed between the uppermost extremity of such
      baffles and the top wall of chamber 11 the oxygenating gas which has not
      been dissolved in wastewater in fall zone 24 is returned to the upper
      portion of such fall zones and is available for dissolution in the
      wastewater. It will be understood that by returning or recycling the
      oxygenating gas disentrained from wastewater in liquid accumulation space
      25, substantial improvements in the utilization of a feed gas are
      obtained. Thus, although some oxygen is present in the oxygenating gas
      vented through conduit 30, recycling of the disentrained oxygenating gas
      causes the greater portion thereof (e.g. up to and above 90 percent) to be
      dissolved in the wastewater.
PAR  The oxygenated wastewater in liquid accumulation space 25 is discharged
      from chamber 11 through an adjustable outlet means 31 appropriately
      positioned at an aperture defined in bottom wall 11'. As will be described
      in greater detail hereafter, outlet means 31 is effective to emit
      oxygenated wastewater from chamber 11 in a substantially horizontal,
      radial pattern such that the emitted wastewater stream is thoroughly mixed
      with wastewater 12 in substantially all areas of the treatment tank. In
      addition, by emitting oxygenated wastewater which preferably exhibits a
      dissolved oxygen level of at least 15 p.p.m. in a 360.degree. horizontal
      flow pattern and at predetermined velocity of, for example, 2.0-6.0
      ft./sec. an adequate stirring of wastewater 12 is achieved such that solid
      particles are adequately maintained in suspension and a dissolved oxygen
      level of at least 2.0 p.p.m., which is sufficient to sustain aerobic
      conditions, is established throughout wastewater 12. By discharging
      oxygenated wastewater from the lower reaches of chamber 11 as illustrated
      in FIG. 1, the highest degree of "tank mixing" is obtained at the portion
      of the tank where such mixing is most urgently required, namely at the
      bottom or lower levels thereof. Thus, solid particles, including the
      organic waste material and activated sludge are maintained in suspension
      thereby enabling the successful aerobic digestion of such organic
      materials in wastewater 11.
PAR  Referring now to FIG. 3, illustrated therein is an exemplary embodiment of
      adjustable outlet means 31 which is effective to establish a radial flow
      pattern of oxygenated wastewater discharged into wastewater 12 through an
      aperture 50 defined in bottom wall 11' of chamber 11. Although the
      illustrated apparatus is particularly effective for producng the
      aforementioned radial discharge of oxygenated wastewater from chamber 11,
      it will be appreciated that other flow patterns of oxygenated wastewater
      in wastewater 12 may be achieved by appropriately modifying the geometry
      of adjustable outlet means 31 and aperture 50. Adjustable outlet means 31
      is, in essence, comprised of plate and rim cnfiguration 38, 39, support
      means 41-43 and 46, an adjustment means 44, 48 and 49. Plate member 37
      preferably comprises the uppermost surface of adjustable outlet means 31
      and is of a surface area corresponding to and smaller than aperture 50. A
      relatively small aperture 38 is defined in plate 37 to enable the flow of
      a portion of the discharged oxygenated wastewater therethrough for reasons
      which will become readily apparent hereinafter. Rim 39 is rigidly attached
      to the perimeter or circumference of plate 37 or, rim 39 may be integrally
      formed with plate 37. Preferably, rim 39 extends downwardly from plate 37
      at an acute angle from the horizontal which plate and rim thereby form a
      nozzle element and define the angle at which oxygenated wastewater is
      discharged from chamber 11 with respect to the bottom of the treatment
      tank containing wastewater 12. However, in portions of the treatment tank
      remote from outlet means 31, the flow pattern of oxygenated wastewater
      will be substantially horizontal. Thus, by varying the angle at which rim
      39 is disposed with respect to the horizontal plane in which plate 37
      lies, the degree to which emitted oxygenated wastewater spreads throughout
      the treatment tank, as opposed to abruptly contacting the bottom of such
      tank may be varied. However, the angle of discharge cannot in practice be
      made too acute as the smaller the angle, the greater is the likelihood
      that discharged oxygenated wastewater will attach to bottom wall 11' in
      accordance with the well known Coanda effect. As wall attachment will
      inhibit the mixing of oxygenated wastewater and wastewater 12, the
      `discharge angle` must not be reduced so as to generate a Coanda effect.
PAR  Plate 37 and rim 39 are preferably supported by, for example, a pair of
      support arms 41 and 42 which may extend through rim 39 and are rigidly
      affixed thereto, such as, for example, by means of a weld along line 54 as
      illustrated in FIG. 3. In addition, the ends of arms 41 and 42 remote from
      line 54 are also rigidly affixed, as for example, by welding, etc. to the
      interior surface of rim 39, thereby providing a rigid support for plate 37
      and rim 39. A setscrew 48 is preferably threaded through arms 41 and 42 at
      a point exteriorally of rim 39. A stop flange or bracket 49 is
      appropriately affixed to the bottom wall 11' of chamber 11 such that upon
      rotation of arms 41 and 42 generally along the line indicated by arrow 52,
      setscrew 48 will engage stop bracket 49 and by the appropriate adjustment
      of setscrew 48, the nozzle element formed by plate 37 and rim 39 may be
      conveniently centered with respect to aperture 50 to thereby define a
      substantially annular passage through which oxygenated wastewater is
      emitted. A support member 43 which may comprise a right angle bracket
      having an extending portion 43' is fixedly attached, such as by welding to
      sleeve 44 and arms 41 and 42 are additionally fixedly attached to
      extending portion 43' of support member 43. Sleeve 44 may be comprised of
      a tubular member preferably having a circular cross section with at least
      the lower portion thereof being comprised of a substantially noncorrosive
      material such as stainless steel. Sleeve 44 is preferably fitted over a
      guide rod 45 which extends in a substantially vertical direction adjacent
      to the sidewall of chamber 11. The lower portion of rod 45 is preferably
      comprised of a material such as stainless steel in order to reduce wear
      due to the bearing action between sleeve 44 and rod 45. Thus, although a
      certain degree of wear is inevitable during the adjustment of nozzle 31,
      as will be described in greater detail hereafter, it is preferable to
      provide bearing surfaces of a material which will not readily corrode in
      an ambient essentially comprised of a liquid such as wastewater. The lower
      portion of rod 45 is preferably rigidly affixed to a bracket 46 which in
      turn is rigidly mounted on bottom wall 11' of chamber 11 such as by means
      of bolts 47.
PAR  In order to establish a predetermined flow pattern of oxygenated wastewater
      discharged from chamber 11, sleeve 44 which preferably extends to a point
      above the wastewater into which chamber 11 is to be inserted is rotated in
      a clockwise direction as generally indicated by arrow 52. As a consequence
      of such rotation, support member 43 and arms 41 and 42 and hence the
      nozzle element comprised of plate 37 and rim 39 are likewise rotated from
      a disengaged position (illustrated in FIG. 3) until the lower extremity of
      setscrew 48 comes into contact with stop bracket 49. By appropriately
      adjusting screw 48, plate 37 and rim 39 of adjustable outlet means 31 are
      centered or are positioned in any other predetermined location to
      establish a radial, or other flow pattern of discharged oxygenated
      wastewater, respectively. It will be appreciated that the aforementioned
      adjustment or centering of adjustable outlet means 31 may be accomplished
      prior to the insertion of chamber 11 into wastewater to be oxygenated. In
      addition, by providing an aperture 38 in plate 37, a fraction of the
      discharged oxygenated wastewater may be emitted directly beneath plate 37
      and rim 39 thereby maintaining a stirring action of the liquid therebelow
      and thus preventing any accumulation of sludge or other solid materials in
      a "dead" space beneath plate 37. Such a stirring action is important when,
      for example, the clearance between the lower edge of rim 39 and the bottom
      of the treatment tank confining wastewater 12 (FIG. 1) is on the order of
      6-12 inches. Accordingly, it is considered beneficial to divert a portion
      of the oxygenated wastewater to be discharged from chamber 11 into the
      aforedescribed space beneath plate 37 and rim 39 thereby avoiding
      formation of any "dead" spaces.
PAR  It will be appreciated that other means may be utilized for the purpose of
      centering plate 37 and rim 39 with respect to aperture 50. For example, a
      plurality of vanes may be disposed so as to extend from the surface of rim
      39 (not shown) and, for example, by appropriately spacing such vanes on
      rim 39, a centering thereof with respect to aperture 50 together with the
      establishment of a plurality of streams of discharged oxygenated
      wastewater is achieved.
PAR  Upon the centering, or otherwise positioning adjustable outlet means 31
      with respect to aperture 50, the oxygenating chamber 11 may be inserted
      into wastewater 12 to be treated. The velocity of oxygenated wastewater
      discharged from liquid accumulation space 25 of chamber 11 may also be
      adjusted as will be seen by reference to FIG. 4. The translation of sleeve
      44 in a substantially vertical direction as, for example, along the line
      indicated by arrow 53 (FIG. 4), will cause an adjustment in the vertical
      position of support member 43 and support arms 41 and 42 rigidly affixed
      thereto. Accordingly, raising sleeve 44 by any convenient mechanism (not
      shown) reduces the effective width of the annular exit passage formed at
      aperture 50 and through which oxygenated wastewater may be discharged into
      the larger treatment tank, thereby increasing the velocity of such
      discharged wastewater. In this manner, translation of sleeve 44 in a
      vertical direction may be utilized to control or regulate the velocity of
      oxygenated wastewater emanating from chamber 11. As influent wastewater is
      continually pumped through inlet 15 (FIG. 1) and a feed gas is supplied
      through conduit 29, it is necessary to avoid any plugging or clogging of
      the outlet of chamber 11 defined by aperture 50. By configuring arms 41
      and 42 such that the height thereof is substantially less than the height
      of rim 39, complete closure of adjustable outlet means 31 is precluded. It
      will be seen that upon raising sleeve 44 the upper surface of, for
      example, arm 42 will abut the bottom wall 11' of chamber 11; however, such
      abutment will nonetheless retain at least a portion of aperture 50 in the
      form of an annular passage of reduced width in communication with the
      exterior of chamber 11 as rim 39 will be precluded from being translated
      into contact with bottom wall 11'. Thus, rim 39 will remain spaced away
      from the edge of bottom wall 11' defining the annular exit passage at
      aperture 50 and hence, plugging or clogging of such aperture will be
      inhibited.
PAR  It will also be appreciated that in the event that any maintenance is
      required with respect to adjustable outlet means 31 subsequent to the
      emplacement of chamber 11 in a treatment tank, sleeve 44 may be rotated to
      the position generally depicted in FIG. 3. Sleeve 44 may then be raised
      upwardly along the sidewall of chamber 11 and may be removed from guide
      rod 45 for any necessary maintenance or repair. Reinsertion of adjustable
      outlet means 31 may be conveniently effected by sliding sleeve 44 over
      guide rod 45 and lowering sleeve 44 into wastewater 12 to a point such
      that the adjustable nozzle 31 may then be rotated into a predetermined
      position beneath bottom wall 11' and centered with respect to aperture 50
      as heretofore described.
PAR  The secondary treatment tanks normally comprising a portion of a municipal
      sewage waste treatment plant will many times vary in both capacity and
      geometry. Therefore, certain secondary treatment tanks for oxygenating
      wastewater 12 may require particular flow patterns therein in order to
      assure that a sufficient stirring and/or mixing of the tank contents is
      effected. Although utilization of an adjustable outlet means 31 with
      oxygenating apparatus 10 illustrated in FIG. 1 is well suited to many
      secondary treatment tank configurations, it may be required to establish
      somewhat different flow patterns in other types of treatment tanks. In
      certain applications, it may be desirable to discharge oxygenated
      wastewater at any of several velocities essentially simultaneously from
      the sides of an oxygenating apparatus 10 as opposed to relying upon a
      single bottom wall discharge (FIG. 1) for mixing and stirring operations
      in all secondary treatment tank configurations. Thus, the extra capital
      costs incurred in providing an adjustable outlet means to emit a stream of
      oxygenated wastewater through each sidewall of an oxygenating apparatus 10
      may be justified in the event that such a plurality of adjustable nozzles
      obtains requisite flow patterns within wastewater 12 which may not be
      readily attainable by reliance upon a single bottom wall discharge such as
      adjustable outlet means 31 heretofore described.
PAR  With reference to FIG. 5 illustrated therein is an exemplary embodiment of
      apparatus that may be utilized to effect a discharge of oxygenated
      wastewater from chamber 11 through one or more sidewalls thereof. An
      adjustable outlet means 60 includes top and bottom plate members 61 which
      are provided with a pair of retaining ears 66 and which members may be
      maintained spaced apart by suitable support brackets (not shown). A guide
      rod 63 extends upwardly in a substantially vertical direction from top
      member 61 and is adapted to receive a sleeve 65 having an internal
      diameter slightly larger than the diameter of rod 63. Rigidly affixed to
      the lower extremity of sleeve 65 is a cover 64 which includes top and side
      portions adapted to slidably engage top and bottom members 61. By
      inserting the upper extremity of guide rod 63, which preferably extends to
      a point above the surface of wastewater 12, through cover 64 and sleeve
      65, the latter elements may be lowered along the sidewall of chamber 11
      until cover 64 occludes at least a portion of the opening between members
      61. By adjusting the vertical position of cover 64 as aforesaid, the
      height and hence the exposed area of the opening between members 61 will
      be correspondingly controlled. Thus, in the event it should be desired to
      increase the velocity of oxygenated wastewater discharged through
      adjustable outlet means 60, cover 64 may be lowered by lowering rod 65 to
      reduce the size of the opening between members 61 thereby causing the
      production of a stream of oxygenated wastewater at a greater velocity. In
      addition, by configuring top and bottom members 61 as illustrated in FIG.
      5, for example, oxygenated wastewater is discharged into wastewater 12 in
      a multi-directional, fan-like manner through a range of approximately
      10.degree.-180.degree. thereby facilitating a thorough mixture of
      oxygenated wastewater and wastewater 12 in a treatment tank.
      Alternatively, cover 64 may extend fully over the aperture between members
      61 and may have an aperture defined in the vertical, side portion thereof
      in order to emit oxygenated wastewater at a particular velocity.
PAR  Referring now to FIG. 6, there is illustrated in somewhat greater detail
      apparatus for discharging oxygenated wastewater from liquid accumulation
      space 25 of chamber 11 into wastewater 12. Each of retaining ears 66 of
      adjustable outlet means 60 is provided with threaded apertures
      therethrough and is adapted to receive a bolt 71. In addition, a baffle 67
      is provided with substantially flat baffle surface and retaining ears 68
      each of which ears is provided with a threaded aperture therein adapted to
      receive bolt 71. Suitable apertures are defined in sidewall 11 for
      receiving bolt 71 while an aperture 72, which may be of a rectangular
      cross-section is also formed in the sidewall of chamber 11. Accordingly,
      baffle 67 and adjustable nozzle 60 may be securely fastened to a sidewall
      of chamber 11 by means of bolts 71 and in cooperation with cover 64 (not
      shown), restricted passages of selected size are provided for effecting
      the discharge of oxygenated wastewater from liquid accumulation space 25
      in a plurality of streams dispersing in a multi-directional, fan-like
      manner into wastewater 12 at any one of a range of flow velocities.
PAR  It will be recognized that with respect to the concept of discharging
      oxygenated wastewater through a sidewall of chamber 11, the fact that the
      discharge location is in closer proximity to the upper reaches of liquid
      accumulation zone 25 may cause a greater degree of entrained bubbles of
      the oxygenating gas to pass through adjustable outlet means 60 rather than
      being disentrained into gas accumulation space 26 (FIG. 1). It has been
      found, however, that by providing a substantially horizontally disposed
      baffle 67 as illustrated in FIG. 6, the generally downward flow of
      wastewater in liquid accumulation space 25 is diverted and entrained
      oxygenating gas bubbles within chamber 11 are substantially precluded from
      escaping therefrom by baffle 67, and thus the overall oxygen utilization
      of apparatus 10 is enhanced. However, it will be appreciated that other
      forms of baffle 67 than a horizontally disposed baffle member as
      illustrated in FIG. 6 may be appropriately disposed with relation to a
      sidewall discharge of chamber 11 and yet be within the scope of the
      present invention.
PAR  It will be appreciated that although the foregoing description is related
      to a single oxygenating apparatus 10, it is within the scope of the
      present invention to provide a plurality of such devices in a single
      secondary treatment tank. For example, by disposing a plurality of vanes
      on an adjustable outlet means such as means 31 illustrated in FIG. 1,
      various flow patterns may be established as a result of streams discharged
      from one oxygenating apparatus cooperating with streams discharged from
      another similar apparatus.
PAR  While the present invention has been particularly described in terms of
      specific embodiments thereof, it will be understood that numerous
      variations upon the invention are now enabled to those skilled in the art,
      which variations are yet within the scope of the instant teaching.
      Accordingly, the present invention is to be broadly construed and limited
      only by the scope and spirit of the claims now appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for oxygenating a body of wastewater containing organic solids
      comprising a generally enclosed oxygenating chamber having top, bottom and
      sidewalls and emplaceable in said body of wastewater and having an
      aperture defined in said bottom wall of said chamber; means for pumping
      wastewater under treatment into said chamber through an inlet thereof;
      means for creating a turbulent condition in said pumped wastewater in a
      mixing zone in said chamber and for contacting said turbulent wastewater
      with said oxygenating gas to thereby dissolve oxygen and entrain
      oxygenating gas in said turbulent wastewater; liquid accumulation means
      disposed within said chamber for receiving oxygenated wastewater from said
      mixing zone and for dissipating said turbulence to enable disentrainment
      and recovery within said chamber of undissolved oxygenating gas entrained
      in said wastewater in said mixing zone; and nozzle means for discharging
      said oxygenated wastewater into said body of wastewater at a velocity such
      that said body of wastewater is sufficiently stirred to maintain said
      organic solids suspended therein, the improvement comprising said nozzle
      means having a plate member and a rim portion extending at a downward
      angle from the periphery of the plate member which has an area smaller
      than the area of said aperture and a geometry corresponding to the
      geometry of said aperture; and means for supporting said plate member and
      rim portion spaced away from said bottom wall at said aperture such that
      oxygenated wastewater is discharged from said chamber in a predetermined,
      multi-directional pattern into said body of wastewater.
NUM  2.
PAR  2. Apparatus as defined in claim 1 wherein said plate member and said
      aperture are substantially circular and the diameter of said plate member
      is less than the diameter of said aperture whereby a substantially annular
      passage is defined by said plate member and rim portion and said aperture.
NUM  3.
PAR  3. Apparatus as defined in claim 2 wherein the position of said support
      means is vertically adjustable such that upon vertical translation of said
      support means, the width of said passage is varied and the velocity of
      discharged oxygenated wastewater is thereby controlled.
NUM  4.
PAR  4. Apparatus as defined in claim 3 wherein said support means comprises a
      rotatable elongated member extending substantially vertically and
      exteriorally of said chamber, support arm means affixed to said plate
      member and rim portion and bracket means for rigidly securing said support
      arm means to the lower end of said elongated member.
NUM  5.
PAR  5. Apparatus as defined in claim 4 additionally comprising a guide rod
      rigidly connected to said chamber and extending substantially vertically
      and exteriorally of said chamber, and wherein said elongated member
      comprises a substantially cylindrical tube disposed about said rod such
      that said plate member and rim portion may be positioned at said aperture
      upon rotation of said elongated member.
NUM  6.
PAR  6. Apparatus as defined in claim 5 wherein the height of said support arm
      means between said rim portion and said bracket means is less than the
      height of said rim portion such that upon raising said elongated member
      with said plate member and rim portion positioned at said aperture,
      complete closure of said passage is inhibited by abutment of said support
      arm means against the bottom wall of said chamber.
NUM  7.
PAR  7. Apparatus as defined in claim 1 wherein an aperture is defined in said
      plate member such that a minor portion of oxygenated wastewater discharged
      from said chamber flows through said plate member aperture thereby
      stirring wastewater below said plate member.
NUM  8.
PAR  8. Apparatus as defined in claim 4 additionally comprising means for
      centering said plate member and rim portion at the aperture in the bottom
      wall of the chamber.
NUM  9.
PAR  9. Apparatus as defined in claim 8 wherein said centering means comprise a
      set screw threadably engaged with said support arm means and a stop
      element mounted on the bottom wall of said chamber such that rotation of
      said set screw against said stop element is effective to center said plate
      member and rim portion relative to said aperture.
NUM  10.
PAR  10. Apparatus as defined in claim 1 additionally comprising means disposed
      between said pumping means and said means for creating said turbulent
      condition for reducing the velocity of said pumped wastewater and thereby
      reducing frictional losses as said pumped wastewater flows to said means
      for creating said turbulent condition.
NUM  11.
PAR  11. Apparatus as defined in claim 1 wherein said chamber inlet further
      includes adjustable baffle means disposed atop said chamber and means for
      adjusting the vertical position of said baffle means with respect to the
      surface of said wastewater being treated.
NUM  12.
PAR  12. Apparatus for oxygenating a body of wastewater containing organic
      solids comprising a generally enclosed oxygenating chamber having top,
      bottom and sidewalls and emplaceable in said body of wastewater; means for
      pumping wastewater under treatment into said chamber; means for creating a
      turbulent condition in said pumped wastewater in a mixing zone in said
      chamber and for contacting said turbulent wastewater with said oxygenating
      gas to thereby dissolve oxygen and entrain oxygenating gas in said
      turbulent wastewater; liquid accumulation means disposed within said
      chamber for receiving oxygenated wastewater from said mixing zone and for
      dissipating said turbulence to enable disentrainment and recovery within
      said chamber of undissolved oxygenating gas entrained in said wastewater
      in said mixing zone; and nozzle means for discharging said oxygenated
      wastewater into said body of wastewater at a velocity such that said body
      of wastewater is sufficiently stirred to maintain said organic solids
      suspended therein, the improvement comprising said nozzle means including
      an aperture defined in the lower portion of at least one of said
      sidewalls; top and bottom plate members spaced apart from one another and
      disposed above and below said aperture, respectively, and extending from
      said sidewall into said body of wastewater; and adjustable cover means
      adapted to slidably engage said top plate member and extend downwardly
      therefrom such that the passage between said top and bottom plate members,
      through which passage said discharged oxygenated wastewater may flow, is
      controlled in dependence upon the vertical position of said adjustable
      cover means.
NUM  13.
PAR  13. Apparatus as defined in claim 10 additionally comprising baffle means
      disposed interiorly of said chamber and extending substantialy
      horizontally from said sidewall above said aperture such that the
      discharge of bubbles of said oxygenating gas entrained in said oxygenated
      wastewater from said chamber is substantially inhibited.
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ABST
PAL  A sewage treatment and recycling system is disclosed wherein effluent is
      initially treated in a septic tank and then flows over a perforated splash
      pan to be distributed evenly over a removable filter. The filtered
      effluent then passes through a second filter and into a holding tank from
      where it is pumped to a water tank and chlorinated before being sprayed
      over the land surface or used for other purposes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a sewage treatment system. More particularly the
      invention relates to a system which purifies sewage effluent to an extent
      which permits the purified effluent to be used for a variety of purposes
      and even renders the effluent potable.
PAR  In those areas which do not have a public sewage system, it is common for
      residences, commercial establishments or other buildings to have
      individual sewage treatment systems. Each of these systems generally
      comprises a septic tank having different compartments in which the solid
      waste is broken apart and dissolved to a partially purified fluid by the
      interaction of the aerobic/anaerobic bacteria balance. Additionally, the
      scum and grease which collects on top of the fluid is attacked and partly
      decomposed by aerobic microorganisms which are present in the septic tank
      in a relatively small amount. Suitable means are provided to permit the
      treated effluent to flow by force of gravity from the septic tank into a
      drainage field or directly into a river or stream.
PAR  However, since conventional septic tanks do not have an adequate
      aerobic/anaerobic bacteria balance, the treated sewage still contains
      significant amounts of coliform while having a high biological oxygen
      demand. As such the effluent is a major source of pollution of the lakes,
      streams and subsurface waters. In turn, the effluent can be a health
      hazard to a community as well as being a hazard to the environment and
      ecology.
PAR  Generally, conventional sewage systems of the type under discussion require
      suitable drainage means to function properly. When a system is installed
      in the ground which has poor percolation it is extremely difficult to
      obtain adequate drainage of the treated effluent. The results of this can
      cause not only great inconvenience to the people using the system but also
      can pose a significant health problem.
PAR  The pollution and health hazards associated with conventional septic
      systems can be attributed to the fact that the effluent is either
      discharged directly into a stream or drained into a subsurface drainage
      field which normally is so far below the land surface as to prevent
      further natural bacteriological treatment of the effluent. In such systems
      the effluent is considered useless waste. The present invention not only
      solves the pollution and health problems of the conventional sewage
      systems but also provides an effluent which has a variety of uses such as
      for irrigation and is even potable.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a primary object of the invention to provide a sewage
      treatment system for residential or commercial application wherein the
      treated effluent can safely be used for a variety of purposes, such as
      irrigation. It is a further object of the invention to provide a system
      wherein the treated effluent is potable and is not a source of pollution.
PAR  It is another object of the invention to provide an economical, self
      contained sewage treatment system wherein the sewage is treated in
      successive steps and the remaining effluent is low in biological oxygen
      demand and coliform.
PAR  Also, a purpose of the invention is to provide a system wherein sewage is
      treated by aerobic bacterial action resulting in a breakdown of anaerobic
      bacteria and is subsequently filtered to become a useful effluent.
PAR  It is a further object of the invention to provide a sewage treatment
      system which has a unique filter for cleaning the effluent and rendering
      it safe for use in irrigation or plumbing systems or other suitable
      applications.
PAR  It is another object of the invention to provide a sewage treatment system
      in which the effluent is chlorinated prior to being discharged into the
      surrounding environment or used for other purposes.
PAR  Another object of the invention is to provide a sewage treatment system in
      which a novel means is provided for evenly distributing the effluent over
      a filter after passing through a septic tank, thereby permitting uniform
      and complete filtering of the effluent.
PAR  There and other objects of the invention will be apparent from the
      following description of the invention which basically comprises a septic
      tank having suitable compartments for initially treating the sewage by
      aerobic bacterial action. The effluent then flows from the septic tank
      onto a perforated splash pan which is designed to distribute the effluent
      evenly over the surface of a first filter which preferably is removable.
      The effluent flows through this first filter and then flows through a
      second filter in which the coliform and biological oxygen demand are
      reduced to acceptable levels. This filtered effluent then flows into a
      holding tank from which it is pumped to a pressure tank. Prior to entering
      the pressure tank the effluent is chlorinated and then discharged or
      pumped to the surface. The treated effluent is now potable water and can
      be used in irrigation or plumbing system of the facility to which the
      system is connected.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exposed top view of the structure comprising the invention.
PAR  FIG. 2 is a side elevational view of the structure.
PAR  FIG. 3 is another elevational view of the structure taken along lines 3--3
      of FIG. 2.
PAR  FIG. 4 depicts the water supply tank, air compressor and chlorinator which
      are accessory items of equipment.
PAR  FIG. 5 is a more detailed view of the splash pan used for distributing
      effluent over the system's filter.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1 there is shown a top view of the main structural
      elements of the sewage treatment system. Container 10 is an aerated septic
      tank having an inlet passage 11 which is connected to the sewage drainage
      line of a building when the system is installed. Sewage therefore drains
      into septic tank 10 through line 11 and flows from compartment 12 to
      compartment 13 in the normal manner while undergoing reduction and
      dissolution by aerobic/anaerobic bacterial action. As is well known the
      sewage contains anaerobic bacteria which thrive in the absence of oxygen
      but must be killed since they carry diseases. Therefore aerobic bacteria
      which thrive in the presence of oxygen and are present naturally in air
      are introduced in order to attack the anaerobic bacteria. In this regard
      there are present in air microorganisms known as phagocytes which ingest
      and destroy the anaerobic microorganisms. This action of the phagocytes is
      referred to herein as aerobic bacterial action. The air inlet passage 14
      is provided near the bottom of the septic tank to permit the necessary
      aeration of the tank for aerobic bacterial action. The air introduced via
      inlet 14 is forced from an air compressor and acts to stir the sewage to
      accomplish more efficient and more complete bacterial action as well as to
      keep the sewage in motion in moving from compartment 12 to compartment 13.
      Vent 16 is provided to remove obnoxious odors in the normal manner as well
      as to maintain proper pressure distribution within the tank so that the
      sewage is free to flow in the tank. The septic tank is preferably
      constructed of concrete or steel since it is important that no leakage
      from the tank occur.
PAR  Outlet pipes 17 are provided near the top of the end wall of compartment
      13. Baffle 15 acts to prevent solids from passing into compartment 13 so
      that only effluent which is relatively free of solids flows beneath the
      barrier from compartment 12 into compartment 13. Therefore, as the sewage
      flows through the septic tank 10 and its level rises, the effluent near
      the top in compartment 13 is generally free of solids and therefore is
      ready for subsequent treatment. Three pipes 17 are provided although more
      or fewer pipes can be used with the number being determined by the size of
      tank 10 and other structural considerations. Upon reaching the level of
      the outlet pipes 17 the effluent flows out of the tank 10 and onto the
      splash pan 18 located near the top of container 19 which serves as a
      filter tank. The splash pan is perforated with a series of holes 21 and
      has baffles 22 to control the flow of effluent over the pan's surface.
      Further description of the construction and operation of the splash pan is
      left to subsequent Figures. Extending out from below filter tank 19 is
      container 23 which serves as a fluid collecting and holding tank, both of
      which are also preferably constructed of concrete or steel to assure no
      leakage of effluent.
PAR  Turning now to FIG. 2 the arrangement of the filter system in tank 19 is
      illustrated. The outlet pipe 17 from tank 10 is shown positioned above
      splash pan 18 which is supported in tank 19 by brackets 24 attached to the
      side walls of the tank. The details of the splash pan are viewed better in
      FIG. 5 where it is shown that the splash pan is shaped like a hood having
      two end walls, one of which is shown at 20 with opening 25 for holding the
      pan. The effluent flowing from pipe 17 first collects in trough 26. After
      the trough fills, the effluent flows over the side to the first baffle 22.
      Holes are provided in the pan just before the baffle, permitting the
      effluent to trickle through. If a large volume of effluent is discharged
      from pipe 17 the effluent will flow over the baffles and be distributed
      across the entire surface of the splash pan. Holes are provided in the
      splash pan in front of each baffle with a greater number of holes per
      surface area being successively provided in front of the baffles as one
      progresses from the center of the pan out to its edge. Therefore the
      baffle adjacent trough 26 has the fewest holes in front of it while the
      baffle nearest the wall of tank 19 has the most. These baffles thus
      control the flow of effluent across the surface of the splash pan while
      the holes permit the effluent to trickle over the surface of a first
      filter 27. The particular arrangement of holes, as well as the arrangement
      of baffles, described and shown as being preferred are not intended as
      limitative of the splash pan construction or of the invention since other
      arrangements are readily contemplated. It is apparent that the size and
      number of holes depend upon the size of the pan 18 and the overall
      installation. However, the holes should not be so large that all the
      effluent flows through the first set of holes and not get past the first
      baffle 22 since the effluent would then not be evenly distributed over the
      filter.
PAR  Filter 27 comprises a perforated support member, preferably a screen, which
      is supported at either end by brackets 28 mounted to the side walls of
      tank 19 and is laid across the interior of the tank. A preferred feature
      is that this filter be removable and be periodically replaced. Access to
      the removable filter 27 is gained through removing the cover on filter
      tank 19 and lifting the splash pan 18 off brackets 24. Proper clearances
      are built into the system so that pipes 17 won't prevent removal of pan
      18. The cover on filter tank 19 is not shown nor is the cover on septic
      tank 10 so that the interior of the system can be better illustrated.
      However, when the system is installed in the earth, a concrete or other
      suitable cover is placed over both tanks 10 and 19. A removable hatch is
      provided in the cover over filter tank 19 in order to permit removal of
      filter 27 as just described.
PAR  Filter 27 preferably is multilayered and serves the primary purpose of
      neutralizing the urea in the effluent and removing some of the larger
      suspended solids. The first layer on top of the screen is fiber glass wool
      which prevents the other filter materials from going through the screen.
      On top of the fiber glass there is placed a layer of anionic/cationic
      resins which act to remove metallic ions from the effluent if such ions
      are present in the effluent to such a degree that their removal is
      desirable. Finally, the top layer consists of suitable organic materials
      which neutralize the urea. These organic materials are periodically
      replaced to assure proper filtration under operating conditions and
      therefore the filter has been designed to be removable. A rather
      inexpensive and readily available substance to serve as the organic filter
      agent is tree leaves which preferably are ground up and spread across the
      screen to a depth of approximately 4 inches. Although leaves have been
      found suitable for this purpose other suitable materials include ground
      wood products such as wood chips or sawdust. The important point is to
      select a suitable organic agent capable of neutralizing the urea and such
      materials are readily known to those skilled in the art. Tree leaves are
      used since they are an abundant and natural source of organic acids such
      as tannic acid, ascorbic acids, etc., depending on the type of leaf.
PAR  It is also desirable that aerobic bacterial action take place in the area
      of the filter 27. Therefore air is introduced into the open space above
      the filter and below the splash pan 18 primarily by open ended pipe 29
      which as shown begins above the filter 27 and terminates in holding tank
      23. As will be discussed later tank 23 is aerated by suitable means and
      the air in this tank is able to pass up through pipe 29 and into the open
      space above filter 27. Since the upper open end of this pipe is positioned
      immediately beneath trough 26 in which there are no holes, the possibility
      of effluent passing directly into holding tank 23 via pipe 29 is avoided.
      Vent 20 is provided to remove residual odors and to equalize pressure in
      filter tank 19.
PAR  After flowing through filter 27, the effluent is again filtered by the
      primary filter 31. The main purpose of this filter is to slow the flow of
      effluent in order to permit continued aerobic bacterial action to take
      place. In this manner the coliform bacteria is significantly reduced as
      well as the biological oxygen demand (b.o.d.) of the effluent. As is well
      known to those skilled in the art these two characteristics of effluent
      coming from septic tanks are the prime pollutants since coliform is the
      disease carrying bacteria while the degree of b.o.d. of the effluent is a
      measure of the oxygen in the effluent which in turn indicates whether fish
      or other aquatic life could survive in the effluent. In operation the
      sewage treatment system of the present invention has provided an effluent
      which is low in b.o.d. and coliform; so low in fact that the water
      discharged from this system is potable. Consequently, a reservoir of water
      which can be safely used for a multitude of purposes is provided by the
      present invention.
PAR  As noted previously the air which is necessary for the aerobic bacterial
      action is introduced above the first filter 27 via pipe 29. As the
      effluent descends from the first filter onto the final filter 31 and
      passes there through, the final filter acts to remove loose metallic ions
      while enabling the aerobic bacterial action to take place. The effluent
      collects at the bottom of filter 31 which also is the bottom of tank 19.
      It then flows into pipe 29 through holes 32 and then into holding tank 23.
      Preferably a layer of stones is placed on the bottom of tank 19 and a mesh
      screen is wrapped around the pipe 29 in the area of holes 32 to assure
      that the holes don't become clogged by the mixture which makes up the
      filter 31. In addition a layer of hay is placed on top of the stones to
      remove any trace of quantities of petroleum in the effluent. The filter
      mix 31 is then put on top of the hay. Since air flows up the pipe 29 when
      effluent is not being discharged into tank 23, this air pressure also aids
      in keeping holes 32 open and free of clogging debris.
PAR  A combination which has been found to work satisfactorily as the final
      filter 31 comprises 40% to 85% by volume of washed coarse silica sand
      together with 60% to 15% by volume of a suitable mixture of humus and
      alluvial deposits. Additional materials mixed in the filter composition
      can include clay and silicates (which sould be no greater than 10% by
      volume of the total mixture). It is desirable, although not necessary, to
      have organic neutralizing ingredients in the form of first stage
      decomposition, such as peat or lignite in the humus. In order to improve
      the absorption ability of the filter diatomaceous earth can be added in
      suitable amounts.
PAR  It was earlier mentioned that a significant drawback of conventional septic
      systems is that the effluent is discharged into a subsurface drainage
      field. As is well known, the bacterial action necessary to cleanse and
      filter such effluent is present only in the top layer of earth and to a
      depth of about 2 to 3 feet. As a result, since conventional drainage
      fields are over 3 feet below the earth's surface, there is little or no
      natural cleaning and filtering of the effluent. Consequently, the
      subsurface water table becomes polluted. Over a period of time the
      subsurface area in the vicinity of the drainage field can therefore become
      saturated with pollutants and the polluted subsurface waters, in turn,
      pollute the nearby lakes and streams. The present invention prevents such
      subsurface pollution.
PAR  The preferred composition of the final filter was given above. This filter
      is preferably about four feet deep and by the choice of elements which
      comprise the filter the natural cleansing and filtering action of the
      earth's soil is utilized to render the effluent a non-pollutant. Since the
      humus and alluvial deposits as well as all the other elements contained in
      the final filter are inexpensive and readily available, the filter
      therefore is not only efficient but also economical.
PAR  Referring to FIG. 3, the filter tank 19 and holding tank 23 are shown as
      viewed along lines 3--3 of FIG. 2. The elements in tank 19 previously
      described are again numbered as before. After the effluent has flowed
      through the final filter 31 it enters pipe 29 through holes 32 and is then
      discharged into the holding tank 23 where it is shown at 33. Pipe 34 is an
      air inlet pipe which is connected to an air compressor in order to aerate
      the holding tank. This aeration acts to stir the effluent and assure
      complete treatment of the effluent by aerobic bacterial action. Line 36 is
      connected to an electric water pump shown in FIG. 4. The pump may be
      operated by a manual switch or preferably conventional automatic switch
      means are provided whereby the pump is automatically turned on when the
      effluent 33 in tank 23 reaches a certain level. The effluent is pumped
      from tank 23 into a mixing tank 38. Chlorine from chlorinator 39 is
      introduced into the effluent at 50 prior to entering the water pressure
      tank 38. In order to achieve efficient chlorination, the chlorine is
      introduced at a 45.degree.angle at point 40. The amount of chlorine
      present in the water is preferably in the range of 6 to 10 parts chlorine
      per million parts water. The chlorine is introduced to assure that the
      coliform content in the effluent is reduced to an acceptable level so that
      the water can be pumped to the surface and sprayed over the ground or used
      for other purposes without any danger to health.
PAR  Tank 38 is a standard glass-lined water supply tank and the chlorinated
      water flows under pressure from the tank into an underground sprinkler
      system depicted by the four lines 41. Each of these lines is connected to
      a sprinkler head 42 for spraying the water over the ground. In order to be
      certain that the sprinkler head does not freeze, the automatic
      self-draining valves 43 are provided so that water remaining in lines 41
      at the end of a sprinkling cycle is able to drain into French drains and
      into the surrounding soil below the frost level.
PAR  It is also contemplated that the water from the water supply tank 38 could
      be recycled and used in the plumbing system of the house or building
      having the sewage treatment system of this invention. In practice, part of
      the holding tank 23 is under the building's foundation and the items shown
      in FIG. 4 are in the building's basement. This arrangement facilitiates
      construction of the pumping and chlorinating systems and permits easy
      access to tank 23. Also, it is then easy to connect the supply tank 38 to
      the building's plumbing system.
PAR  There has been described herein the preferred embodiment of this invention.
      It is recognized that details of arrangement and construction can be
      altered and that other changes to the system can be made which are within
      the intent and scope of this invention and the following claims.
PAR  For example, the system depicted in the figures illustrates a unitary
      structure of three containers or tanks. It is recognized that these
      containers can be separate tanks which are in fluid communication with
      each other, such as by pipes, wherein each tank is a separate structure.
      The structure disclosed in the figures is economical and compact but the
      particular arrangement of containers and the structure thereof is a matter
      of choice and can be varied without going outside the scope and intent of
      the invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Sewage treatment apparatus comprising, in combination, a first container
      and a second container, inlet means in an upper portion of the sidewall of
      said first container, means for aerating liquid in said first container,
      outlet means in an upper portion of the sidewall of said first container
      oppositely spaced from said inlet, said outlet means comprising a conduit
      with a first open end located within said first container and a second
      open end located in and approximately centrally of said second container,
      fluid distributor structure comprising a trough with a bottom and
      sidewalls, said trough being located beneath said second open conduit end
      for the reception of fluid therefrom, downwardly sloping sidewalls
      peripherally arranged around said trough with the inner peripheral ends
      thereof in fluid communication with said trough whereby excess fluid
      received by said trough is caused to flow over the surfaces of said
      sloping sidewalls, apertures distributed in the surface of said sloping
      sidewalls with baffle structure adjacent thereto constructed and arranged
      to divert liquid into said apertures, first filter means comprising a
      perforated support means supporting filter media horizontally located
      within said second compartment beneath said apertures, second filter means
      comprising a mixture of sand, humus and alluvial deposites located within
      said second container beneath said first filter means, filtered fluid
      collection means located beneath said second filter means in fluid
      communication therewith, and means in fluid communication with said fluid
      collection means for the removal of filtered fluid therefrom.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said filtered fluid collection means
      comprises a third container and said means for removal of filtered fluid
      therefrom comprises a pump and a conduit assembly.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said pump and conduit assembly is
      further defined to comprise a conduit means for connecting said pump to
      said third container and a second conduit means connecting said pump to a
      sprinkler, said sprinkler being on the ground surface, and an automatic
      self-draining valve being located in said conduit means.
NUM  4.
PAR  4. The apparatus of claim 1 wherein said support means of said first filter
      means is a screen and said filter media comprises a layer of organic
      materials with a layer of fiberglass.
NUM  5.
PAR  5. The apparatus of claim 1 wherein clay, silicates, diatomaceous earth and
      organic neutralizing ingredients in the form of first stage decomposition
      are mixed with said sand, humus and alluvial deposites in said second
      filter means.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said sand is present in an amount
      ranging between 40% to 85% by volume and said humus and alluvial deposits
      are present together in an amount ranging between 60% and 15% by volume of
      said second filter means.
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PAL  Flocculation is carried out by mixing a coagulant, such as alum, with the
      fluid to be treated, such as water, and introducing the resultant mixture
      into the upstream end of a conductor. In a preferred form, the conductor
      comprises a series of discrete pipe sections, each downstream section
      having a progressively larger diameter and length with diverging
      transition members connecting adjacent sections. The sizes of the sections
      and the transition members are carefully predetermined, as is the radius
      of curvature of the coil, in the event the pipe is wound, so as to afford
      a velocity gradient and flow condition throughout the length of the pipe
      yielding optimum results.
PAL  Modified forms of continuous decayed velocity gradient systems are also
      disclosed. One form uses a coiled pipe wherein the pipe diameter is
      constant and the coil radius of curvature progressively increases. Another
      form utilizes staged compartments, each upstream compartment feeding each
      adjacent downstream compartment across progressively decreasing
      differential heads.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Flocculation is a process utilized in water and waste-water treatment, as
      well as the chemical process industry, to form aggregates of particles by
      effecting contact between the particles by means of velocity gradients
      established in the fluid to be treated. These velocity gradients can be
      brought about either mechanically or hydraulically.
PAR  Mechanical flocculation is widely known and practiced. A stirring paddle in
      a large tank filled with liquid to be flocculated is moved through the
      liquid at a very slow speed, in the neighborhood of one to three feet per
      second, thereby setting up velocity gradients in the liquid and bringing
      about collisions of particles, one with another, so as to effect
      aggregation of the particles. Paddle speed is held at a value which
      assures minimal turbulence levels so that excessive breakup of the
      particle aggregates does not occur. Overall detention time in a staged
      mechanical flocculation system in a typical water treatment plant
      generally ranges from thirty to sixty minutes.
PAR  Hydraulic flocculation has generally been restricted to water treatment
      plants, not being widely practiced either in chemical processing or in
      waste water treatment. Various baffle arrangements provide a labyrinthine
      path for the flow of the water being treated, the induced velocity
      gradients causing particle collision and resultant aggregation. Overall
      hydraulic head losses in such installations are preferably limited to less
      than one foot of liquid so as to minimize the breakup of particle
      aggregation. Residence, or dwell, time is correspondingly lengthy.
PAR  For additional background information, reference is had to applicant's
      Dissertation entitled INITIAL MIXING AND TURBULENT FLOCCULATION submitted
      in partial satisfaction of the requirements for the degree of Doctor of
      Philosophy in Engineering in the Graduate Division of The University of
      California, Berkeley, California.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to a flocculation apparatus which can conveniently be
      used either in new construction or integrated in an existing fluid
      treatment installation with advantageous results.
PAR  It is an object of the invention to provide a flocculator in which the
      residence time is substantially less than that encountered in the
      mechanical and hydraulic installations heretofore known.
PAR  It is another object of the invention to provide a flocculation system
      which is capable of operating efficiently even in a waste water treatment
      plant in which there are wide variations in flow rate over a 24 - hour
      period.
PAR  It is a further object of the invention to provide a flocculation apparatus
      which is relatively compact in size and economical both with respect to
      initial installation costs and maintenance expense.
PAR  It is yet a further object of the invention to provide a flocculation
      apparatus and process which is versatile in that the system readily lends
      itself to use in a number of different environments.
PAR  It is still another object of the invention to provide a flocculation
      system which provides a continuous decayed hydraulic gradient capable of
      yielding a narrow size distribution of a large average particle aggregate
      size in a minimum time.
PAR  It is an additional object of the invention to provide a generally improved
      flocculation apparatus.
DRWD
PAR  Other objects, together with the foregoing, are attained in the embodiment
      described in the following description and illustrated in the accompanying
      drawings in which:
PAR  FIG. 1 is a developed view of a flocculator pipe constructed pursuant to
      the invention, portions of the pipe being broken away to reduce the extent
      of the figure;
PAR  FIG. 2 is a top plan view of the straight pipe flocculation apparatus of
      FIG. 1 wound in a coil and installed in a typical installation;
PAR  FIG. 3 is a median vertical sectional view of the installation shown in
      FIG. 2, the plane of the section being indicated by the line 3 -- 3 in
      FIG. 2;
PAR  FIG. 4 is a top plan view of a modified form of apparatus;
PAR  FIG. 5 is a front elevational view of the FIG. 4 form of apparatus; and,
PAR  FIG. 6 is a diagrammatic view of another form of flocculator.
DETD
PAR  While the flocculation apparatus of the invention can be embodied and
      practiced in a variety of ways, depending upon the environment and
      requirements of use, a preferred embodiment is shown most clearly in FIGS.
      1-3, and described in the following description.
PAR  Since a pipe flow type of installation affords several advantages over the
      basin arrangements heretofore widely used, there is provided, as appears
      in FIG. 1, in developed form, a pipe generally designated by the reference
      numeral 12, extending from an upstream end 13 to a downstream end 14 with
      an over-all length L.
PAR  Assuming that the flocculation system is to be utilized in connection with
      the treatment of a liquid, such as water, and, more particularly, the
      reduction of turbidity caused by extremely small particles of clay, or
      other colloidal material, suspended therein, the liquid to be treated is
      first mixed with a predetermined quantity of coagulant such as alum. This
      preliminary treatment forms no part of the present invention, has long
      been known and used, and is therefore not described in detail.
PAR  The coagulated liquid is introduced into the pipe inlet at the upstream end
      13 and flows downstream, emerging in due course from the outlet end 14
      from which location the liquid and the accompanying large particle
      aggregations are conducted to a separating station, as will subsequently
      be described.
PAR  In traveling through the pipe 12, the fluid has induced in it a myriad of
      velocity gradients effective to cause collisions between the colloidal
      particles and thereby creat particle aggregations of substantial
      magnitude.
PAR  A careful balance must be maintained as the liquid progresses from the
      inlet end toward the outlet end. That is to say, it is desirable to
      maintain a maximum velocity gradient in order to yield a particular
      particle aggregation size, and distribution, in minimum time, but without
      breakup of formed particles. This optimum velocity gradient is termed the
      maximum sub-breakable velocity gradient.
PAR  In order to maintain this desirable balanced condition, the extremely high
      velocity gradient at the inlet part 13 must be continuously reduced to
      lower relative velocity gradients. An effective way to achieve this result
      is to diverge the pipe in a downstream direction.
PAR  Although a smoothly continuous divergent pipe construction would provide
      good results, practical considerations point to a series of discrete pipe
      sections each of predetermined increasing diameter and length joined by
      diverging transition members also of predetermined size.
PAR  Thus, as appears most clearly in FIG. 1, the first section B1 having
      diameter D1 is connected to transition member T2 which merges into a
      section of larger diameter D2, followed by transition member T3 connected
      to the next section of still larger diameter D3, then by transition member
      T4 and the next section of yet larger diameter D4 succeeded by transition
      member T5 and the last section of largest diameter D5.
PAR  For convenience, a transition member T and the immediately succeeding pipe
      section is designated by the reference letter B. Thus, as shown in FIG. 1,
      the first pipe section is B1 (there being no transition member T in this
      first section; B2 consists of transition member T2 and the succeeding pipe
      section; B3 consists of transition member T3 and the succeeding pipe
      section, etc.
PAR  It is again emphasized that in order to maintain the desired balance in the
      flow conditions, the pipe dimensions must carefully be predetermined.
PAR  For straight pipe Decayed Gradient Flocculation, the optimum pipe diameter,
      D, is related to travel distance, x, as follows:
      ##EQU1##
      where, D = pipe internal diameter (cm)
PA1  f = pipe Darcy friction factor (l)
PA1  Q = flow rate (cm.sup.3 /sec)
PA1  x = fluid travel distance (cm)
PA1  B = floc particle breakup rate coefficient (sec.sup.2 /cm.sup.2) = k.sub.2
      /e.sub.T
PAL  where,
PA2  k.sub.2 = floc breakup rate constant (sec.sup. .sup.-1) ascertained by the
      procedure described in Wilson, "Initial Mixing and Turbulent
      Flocculation", Ph.D. Thesis, University of California, Berkeley,
      California, 1972
PA2  e.sub.T = total specific energy dissipation rate (cm.sup.2 /sec.sup.3)
PAR  For coiled pipe Decayed Gradient Flocculation, wherein the coil has a
      radius of r, measured to the center of the coiled pipe of diameter
      D.sub.c, the Darcy friction factor, f.sub.c, will be larger than the
      straight pipe fraction factor, f, specified above. To achieve a given
      degree of flocculation in a minimum of time, the coiled pipe diameter,
      D.sub.c, will be related to the straight pipe diameter, D, above, as
      follows:
      ##EQU2##
      and the length of coiled pipe, x.sub.c, will be related to the length of
      straight pipe, x, above, as follows:
      ##EQU3##
PAR  The critical Reynolds number for turbulence in coiled pipe flow is reported
      as follows in Perry's Chemical Engineers Handbook, 4th Edition,
      ##EQU4##
PAR  Based upon the foregoing, installation dimensions can be ascertained for
      any desired capacity.
PAR  Thus, for a relatively small installation, termed Model 150 (capable of
      treating 150 gallons per minute), in which the over-all pipe length L is
      450 feet, the first section B1 is 5 feet in length and has a diameter D1
      of 2.0 inches; the second section B2 is also 5 feet in length including
      transition member T2, which is nominally equal to 6 inches, and D2 is 3
      inches; T3 is nominally 7 inches, B3 is 10 feet and D3 is 4 inches; T4 is
      nominally 9 inches, B4 is 95 feet and D4 is 6 inches; lastly, T5 is
      nominally 11 inches, B5 is 335 feet and D5 is 8 inches.
PAR  For a somewhat larger installation, termed Model 400 (capable of treating
      400 gallons per minute), the over-all pipe length L is 562 feet and the
      respective dimensions are as follows: B1, 6.5 feet, D1 2.5 inches; T2,
      about 24 inches, B2, 16.5 feet, D2, 6 inches; T3, about 11 inches, B3, 53
      feet, D3, 8 inches; T4 about 12 inches, B4, 106 feet, D4, 10 inches; and,
      T5, about 14 inches, B5, 308 feet, D5, 12 inches.
PAR  In addition to maintaining the maximum sub-breakable velocity gradient, it
      is also necessary to maintain a nearly laminar flow condition throughout
      the pipe length in order to minimize the potential for particle aggregate
      breakup resulting from turbulent velocity fluctuations. In other words,
      random swings from steady state flow conditions could be of such magnitude
      as to cause undesirable particle disruptions and consequent degradation of
      the aggregate buildup pattern.
PAR  Accordingly, I have subjected the continuous pipe flow arrangement
      heretofore described to the influence of centrifugal forces, such forces
      being capable of stabilizing flow conditions and maintaining laminar flow
      conditions even at relatively high Reynolds numbers.
PAR  These stabilizing forces are introduced by coiling the pipe into a spiral,
      or helix, bearing in mind that the critical Reynolds number is a function
      both of pipe diameter and coil diameter. Pipe diameter, in other words, is
      a parameter affecting not only the establishment of the maximum
      sub-breakable velocity gradient, along with pipe section length, but must
      also be considered in conjunction with coil diameter to maintain laminar
      flow conditions.
PAR  It is also to be noted that by superimposing these centrifugal forces on
      the customary pipe wall forces found in linear flow, much greater head
      loss per unit volume of liquid is encountered; i.e. the equivalent
      "hydraulic length" of a coiled pipe may be much greater than that found in
      linear flow. Here again, the amount depends upon the ratio of pipe to coil
      diameter.
PAR  Thus, by adjusting the various dimensions of the system components, the
      desired flow properties and attendant beneficial flocculation results can
      most advantageously be achieved.
PAR  An installation incorporating the foregoing principles so as to maintain
      the maximum sub-breakable velocity gradient throughout the length of the
      pipe and under laminar flow conditions is most clearly shown in FIGS. 2
      and 3.
PAR  In FIGS. 2 and 3, the pipe illustrated in linear, or developed, form in
      FIG. 1 is curved into a coil 21 having an internal diameter C which in the
      case of the Models 150 and 400 is 10 feet and 16 feet, respectively.
PAR  The coiled pipe 21 is disposed within a holding tank 22, having an upper
      portion 23 which is preferably cylindrical in shape and supported on a
      plurality of columns 24 extending upwardly from ground level 25. The lower
      end of the cylindrical tank is closed by an inverted conical bottom 26
      terminating at the apex in a drain 27 controlled by a valve 28 to be used
      periodically when the relatively heavy particle aggregations 30 which have
      accumulated at the bottom of the tank are to be removed.
PAR  An annular ledge 31 around the bottom of the cylindrical tank serves to
      support the pipe coil 21 as shown, with the upstream end 13 of the pipe
      coil at the bottom so as to receive liquid from the adjacent inlet nipple
      32 in the direction indicated by the arrow 33. Suitable support blocks 34
      and spacers 35 transfer the weight of the pipe coil to the annular ledge
      31.
PAR  As the liquid from the inlet nipple 32 passes through the initial curved
      pipe section B1, then enters the divergent portion T2 and into the
      expanded chamber created by the larger diameter of the section B2, the
      relatively high initial velocity gradients begin to decay, this process
      continuing as the flow proceeds onwardly through successively more
      capacious conduits. At the same time aided by centrifugal force and the
      additional "hydraulic length" afforded by the coiled pipe configuration,
      nearly laminar flow is maintained. Optimum conditions are thereby created
      for the aggregation of the floc bodies, with the result that as the liquid
      emerges from the outlet end 14 of the pipe, a very large number of
      particle aggregates of a desirable size range is present, and
      substantially all the suspended particles have been captured.
PAR  Upon emerging from the outlet end 14 of the pipe section B5, the liquid and
      entrained floc aggregates enter the body of liquid 40 in the annular space
      41 between the cylindrical tank 23 and a cylindrical divider wall 43, or
      baffle, which is coextensive in height with the cylindrical tank 23. The
      divider wall 43 is suitably attached to and depends from a horizontal
      X-shaped framework 44 supported on the upper rim 46 of the tank 23.
PAR  The body of liquid 40 in the annular passageway 41 is substantially greater
      in extent than the stream emerging from the pipe outlet 14 and serves
      still further to reduce any residual velocity gradients. Thus, the
      relatively large and heavy aggregate particles begin to descend in the
      direction indicated by the arrows 47 in FIG. 3. At the same time the
      liquid itself flows slowly downwardly in the same direction 47.
PAR  Upon reaching the lower end 48 of the divider wall, the liquid flows
      inwardly and upwardly as indicated by the arrows 49 whereas the relatively
      heavy floc groupings continue to descend, by inertia, toward the inverted
      conical bottom 26 as shown by the arrows 50, and are deflected laterally
      and downwardly by the conical walls to collect in the bottom of the cone
      from which location the accumulation is drained, or flushed, at suitable
      intervals.
PAR  The clear fluid, devoid of aggregate particles, continues to ascend, as
      indicated by the arrows 53, through the body of fluid in the large central
      chamber 54 defined by the divider walls 43. Upon reaching the top 56, or
      lip, of the ring 57 spaced inwardly from the cylindrical divider wall 43,
      the clear fluid spills over the lip 56 into the annular trough 58 defined
      by the ring 57, the encompassing wall 43 and the annular bottom 59, the
      bottom 59 being suitably mounted on the divider wall 43, as by welding.
PAR  Entry of the fluid into the very large body of fluid in the chamber 54
      marks the last and largest cross-sectional areal expansion of the
      conductor carrying the fluid, beginning with the relatively small pipe
      section B1. The specific energy and velocity gradients have
      correspondingly been substantially dissipated at the optimum rate.
PAR  After rising through the large body of fluid in the central chamber 54 and
      spilling over the weir-like lip 56 into the annular trough 58, the clear
      fluid descends through an opening 61 in the trough 58 thence through a
      radial pipe 62 extending through the wall 23 of the cylindrical tank 22,
      down a downspout 63 and into a pipe 64. From the pipe 64 the clear fluid
      is conducted away in the direction of the arrow 66 to storage and ultimate
      distribution, as desired.
PAR  A variant form 70 of the flocculator is disclosed in FIGS. 4 and 5. In this
      modification, a pipe 71 is again used, but in this instance the pipe is of
      uniform diameter and the desired nearly laminar flow conditions and
      maximum sub-breakable velocity gradients are controlled by appropriately
      adjusting pipe diameter 72, pipe length 73 and continuously varying the
      radii of curvature 74, 75, 76, etc. It will be noted, for example, that
      the initial radius of curvature 74, near the inlet 77, is relatively
      "tight", thereby affording a substantial "hydraulic length" so as to
      effect prompt decay or degradation of the velocity gradients existing at
      the inlet 77 and, at the same time, maintaining control over flow
      conditions owing to the considerable centrifugal force imposed upon the
      stream flow by tightly winding the coil.
PAR  As the liquid proceeds on its way, continuous decay of the velocity
      gradients occurs so that when the liquid and the attendant floc
      congregations emerge from the outlet end 79 in the direction of the arrow
      81, the extent of the velocity gradients is minimal and separation by any
      suitable, conventional system is readily taken care of.
PAR  FIG. 6 shows another modified form of flocculator involving a plurality of
      staged compartments 84a - 84f at progressively lower "heads" corresponding
      to the progressively reduced velocity gradients of the previously
      described flocculation systems.
PAR  In the FIG. 6 form of device, the liquid to be treated, descends in steps,
      or stages. As before, the energy dissipation rate is carefully
      predetermined so as to achieve optimum flocculation with a minimum of time
      and a minimum of aggregate particle breakup. Thus, the first compartment
      84a, or stage, of the flocculation reactor, or system, generally
      designated by the reference numeral 88, is filled with liquid to a height
      h1, descending to a height h2 in the second compartment 84b, through a
      differential head .DELTA.h2, then to height h3 in the third compartment
      84c, through a differential head .DELTA.h3, etc.
PAR  It will be noted that the differential head drop is exponential in nature,
      with the differential head drop .DELTA.h6 closely approaching an
      insignificant amount.
PAR  With Ai the surface area of the ith compartment; Vi, the entrance velocity
      to the ith compartment; Qi, the amount of flow to the ith compartment; hi,
      the liquid height in the ith compartment; the maximum specific energy
      dissipation rate to the ith compartment, ei, is given by the formula:
      ##EQU5##
      where
EQU  .rho. = density (gm/cm.sup.3)
PAL  and
EQU  Ti = Average residence time in ith compartment (sec)
PAL  For a submerged orifice
EQU  Vi.sup.2 /2 = g[h(i-l)-hi] = g.DELTA. hi
PAL  Therefore
      ##EQU6##
PAR  Further, compartment residence times are related to the maximum
      sub-breakable energy dissipation rate, ei, as follows:
      ##EQU7##
      where,
EQU  ei = specific energy dissipation rate in the ith compartment (cm.sup.2
      /sec.sup.3)
EQU  B = breakup rate coefficient (sec.sup.2 /cm.sup.2) (see above); and,
EQU  ti = T1 = T2 + . . . Ti (sec)
PAR  Thus, by selecting suitable values so that the Decayed Gradient
      Flocculation equations are satisfied, systems having specific dimensions
      and configurations can be arrived at.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flocculation apparatus for the treatment of a fluid, said apparatus
      comprising:
PA1  a. a conductor capable of carrying the fluid and a coagulant mixed
      therewith from an upstream inlet end at a first relatively high pressure
      head to a downstream outlet end at a second relatively low pressure head,
      the dimensions and configuration of said conductor being predetermined so
      that the rate of energy dissipation at any location throughout said
      conductor is such as to effect flocculation of particle aggregates to any
      given size in the minimum time;
PA2  1. said conductor being a pipe including a plurality of discrete sections,
      each section having a predetermined diameter and length, and a plurality
      of transition members of predetermined length connecting adjacent pipe
      sections, said discrete sections being of progressively larger diameters
      in a downstream direction;
PA2  2. said pipe being helically wound into a coil of predetermined diameter;
PA1  b. a vertical, right circular cylindrical tank encompassing said coil;
PA1  c. an inverted conical closure depending from the lower end of said tank
      and forming the bottom of said tank;
PA1  d. a vertical, right circular cylindrical divider wall defining an interior
      compartment, said divider wall being coaxially disposed within said tank
      and forming an annular vertical passageway with the walls of said tank;
PA2  1. said pipe coil being supported on said tank and located within said
      annular passageway with the outlet end of said pipe discharging into said
      annular passageway, the bottom end of said annular passageway overlying
      said inverted conical bottom of said tank so that the heavier flocculation
      clusters in the treated fluid descend through said annular passageway into
      contact with said inverted conical bottom and are downwardly and inwardly
      deflected thereby toward the apex of said inverted conical bottom; and
PA1  e. means for periodically draining the accumulated flocculation clusters
      from the apex area of said inverted conical bottom of said tank.
NUM  2.
PAR  2. A flocculation apparatus as in claim 1 further including an annular
      trough mounted on the inner surface of said cylindrical divider wall, said
      trough including a weir-like lip over which the fluid at the upper exposed
      surface of the water body within the divider wall interior compartment
      spills into the trough; an outlet opening in said trough; and means for
      conducting the fluid away from said opening.
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ABST
PAL  Conductive filter elements are made by treating nonconductive fibrous
      materials such as inorganic or organic fibers with resins containing
      finely divided carbon. The treated fibers are then fabricated into filter
      elements which are electrically conductive throughout. Strands of roving
      or yarn which are nonconductive may be joined by twisting together with
      strands of conductive roving or yarn to give conductivity to the finished
      multiple strand. Conductive filter elements are also made from extruded
      fibers which are filled with carbonaceous material during extrusion. These
      elements permit grounding of static electrical potential which would
      otherwise accumulate in a nonconductive element. If desired, a controlled
      low potential direct or alternating electrical charge can be maintained on
      the filter element to enhance the separation of particles of opposite
      charge. Particulate filter media, such as that used in filter beds, may
      also be treated with carbon to form an electrically conductive filter
      mass.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Fluid filtration is a well-known industrial operation. Many different types
      of filter apparatus have been developed, ranging from units for separation
      of relatively coarse particles from a fluid stream down to the removal of
      sub-micron particles. All types of filter media have been used, having
      varying degrees of effectiveness depending on the type of fluid being
      processed and the kind of particle being removed. The filtration operation
      is basically simple, being essentially a straining and size separation
      procedure. In many cases the rate of filtration is a complicating factor,
      so that a filter which is effective at a given fluid flow rate may quickly
      become ineffective when flow rates are increased. Fluid composition may
      also give rise to undesirable effects. Fluids of high purity may have such
      resistance to the conductance of electricity that a static charge is built
      up within the fluid from the action of flowing through piping or similar
      conduits. Nonconductive filters with their multiplicity of orifices or
      pores break up the fluids into very small portions, resulting in the
      accumulation of the static charge on the nonconductive filter media. When
      this potential is sufficiently high, a spark may jump to a surface of
      lower potential with the possibility of either igniting the fluid, if a
      flammable liquid or gas, or causing an explosion if the fluid is a
      suspension of dust in air, for example.
PAR  In some cases a low potential charge on a filter medium may be beneficial,
      especially if the charge is of opposite polarity to that of the particles
      being separated. In this case, the electrical attraction of the filter
      medium for the particles enhances filter action. This type of charge may
      be supplied from a controlled external source of direct current and
      requires a filter media with electrical conductance.
PAR  A number of patent references describe filters in which the formation of a
      static charge is relied on to enhance filter efficiency. In U.S. Pat. No.
      2,612,966 to W. H. Nicol, a filter medium of polyethylene fibers is
      disclosed for air filtration, passage of the air building up an
      electrostatic charge which removes dust particles. The filter medium is
      nonconductive and the static charges are of uncontrolled potential. Other
      patents, such as U.S. Pat. No. 2,724,457 to C. S. Besser and U.S. Pat. No.
      2,795,290 to P. V. Bertsch, disclosed similar types of filters. A U.S.
      Pat. No. 2,992,700 to L. Silverman discloses a fluidized bed of plastic
      spheres which build up static charges during filtration. In U.S. 3,186,551
      issued to A. Dornauf, a filtering method for jet fuel is described which
      indicates a conductive connection between two metal end caps and the
      center core of the filter cartridge to remove static electricity. This is
      a primitive method and does not envision the presence of static
      electricity throughout the fluid which does not conduct away easily. A
      patent issued to D. Zulauf (U.S. Pat. No. 3,446,906) describes a metal
      plated plastic foam sheet material which would be more effective for
      static charge removal, no mention is made of fibers or conductive
      materials other than metals. In U.S. Pat. No. 2,684,126, issued to D. I.
      Doyle, the hazard of dust explosion by static electrical discharge is
      cited and a grounded copper wire screen insert for a filter bag is
      disclosed.
PAR  From a consideration of the prior art, it appears desirable to have some
      type of electrical charge on the filter media, especially for applications
      in which very small particles are to be removed from the fluid stream.
      Static electricity is generated at relatively high potentials and none of
      the prior art devices seem to have any way of regulating this potential.
      There is probably little hazard for small filters handling low volumes of
      fluid at relatively low velocities such as domestic vacuum or furnace air
      cleaners. In larger scale operations, however, large volumes of fluid are
      handled at high velocities and the amounts of flammable liquids or
      explosiveprone particle and gas mixtures present a serious fire or
      explosion hazard. The control of electrical charges on filter media is
      important; therefore, an object of the present invention is to provide
      filter media which have conductive properties which permit removal of
      dangerous static electrical potentials from fluid streams. A further
      object of the invention is the provision of filter media which will allow
      the establishment of a controlled low voltage potential on the media to
      aid particle separation while avoiding the hazards of a high potential
      discharge from the filter media into the filter fluid.
PAC  SUMMARY OF THE INVENTION
PAR  The invention discloses a porous, resilient, electrically conductive filter
      element comprising a body of permeable material sufficiently porous to
      allow the passage of fluid through the body. The filter element comprises
      carbonaceous conductive material for conducting and dissipating static
      electrical charges accumulating in the element during fluid passage. As a
      modification, the filter element may be connected to an external power
      supply suitable for maintaining a controlled uniform electrical potential
      across the filter media to assist in the retention of particles of
      opposite charge during filtration. Filter beds of particulate materials
      may also be provided with conductive carbonaceoue material dispersed
      thereon for conducting electrical charges throughout the filter element
      during fluid passage. The filter bed may either be grounded or may be
      insulated to permit a controlled electrical potential on the filter media.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a sandwich construction having two sheets
      of porous fibrous material with conducting particles of conductive carbon
      disposed between the sheets.
PAR  FIG. 2 is a sectional view taken on the line 2-2 of FIG. 1.
PAR  FIG. 3 is a modification showing a porous filter sheet having conductive
      carbon fibers disposed throughout the sheet.
PAR  FIG. 4 is a plain view of a filter disc cut from the material of either
      FIG. 2 or FIG. 3.
PAR  FIG. 5 shows a flat filter element adapted for air or gas filtration.
PAR  FIG. 6 is a top plain view with part broken away of a pleated liquid
      filter.
PAR  FIG. 7 is a horizontal sectional view through a cylindrical filter formed
      by wrapping a sheet of filter material spirally about a central core.
PAR  FIG. 8 is a top plan view of a molded filter.
PAR  FIG. 9 is a lengthwise sectional view of a grounded filter cartridge.
PAR  FIG. 10 shows the cartridge of FIG. 9 with controlled external power
      circuit. No grounding circuit is used with this modification.
PAR  FIGS. 11 and 13 are lengthwise sectional views of filter assemblies
      containing filter cartridges without end caps and having external power
      sources for charging the cartridges.
PAR  FIG. 12 is a sectional side view of a filter bed, charged by an external
      power source.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Units for fluid filtration are commonly made from fibers which can be
      either inorganic, such as alumina, silica, glass or asbestos fiber or made
      from organic polymers such as nylon, Dacron, polyethylene or
      polypropylene, or resins such as phenolic, vinyl chloride or melamine.
      Animal or vegetable fibers, such as wool or cotton, may also be used.
      These materials may be blended if desired and formed into filter elements
      by well-known methods such as winding, felting, needling, flocculating,
      etc., the elements usually being held in place by the application of
      appropriate binders which are applied to the filter materials during
      filter fabrication. These methods and materials result in filter elements
      that have relatively nonconductive structures and which may permit the
      accumulation of undesirable static electrical potentials during operation.
      This is prevented in the filter element of the invention by applying a
      coating of carbon to the surface of the filter materials during their
      fabrication. The term "carbon", as used in this description, includes all
      forms of electrically conductive carbon commercially available and in
      which the carbon may be partially or completely in the graphitized form.
      The carbon may be applied to the filter material by mixing finely divided
      carbon with the binder which is applied to the filter element during
      manufacture, thus distributing the carbon throughout the element and
      forming conductive surfaces therein.
PAR  Where a synthetic fiber, such as viscose rayon or cellulose acetate rayon,
      is made by extrusion from a resin mixture, the carbon may be included in
      the mixture. The extruded fiber then contains the carbon internally and
      may be made into conductive filter elements with or without binders as
      desired. In another method of manufacture, nonconductive fibers may be
      blended with carbon fibers and then fabricated into conductive filter
      elements.
PAR  One type of filter element construction is shown in FIG. 1 in which two
      sheets of porous fibrous material 20 and 21 are assembled in a sandwich
      fashion, enclosing between them a layer of bonding resin 22 containing
      carbon particles or fibers 24, the particles or fibers being so disposed
      as to furnish an electrically conductive path through the resin layer. The
      porous fiber sheets 20 and 21 may be formed of various fibers such as wood
      fibers, cotton linters or wool, as well as inorganic fibers made from
      alumina, silica, glass or asbestos. Synthetic fibers of Nylon, Dacron,
      polyethylene or polypropylene may be used, also fibers drawn from
      phenolic, melamine or vinyl chloride resins. These materials may be
      blended, if desired, and the fibers may be water-laid or air-laid to form
      a sheet or batt. A cross section of the filter element is shown in FIG. 2.
PAR  Although the conductive carbon containing part of the filter element is
      shown as a sandwich layer in FIG. 2, it is not restricted to this form but
      may be distributed throughout the filter element as shown in FIG. 3. In
      this preferred modification a porous fibrous filter element 23 has carbon
      particles or fibers 24 disposed throughout the element. The carbon
      particles or fibers are preferably mixed with the fibrous stock at the
      time the element 23 is being formed. Resins or latexes such as melamine
      formaldehyde, phenol formaldehyde or similar melamine or phenolic resins
      may be used to bond the conductive material to the fibers. Regenerated
      cellulose available in powder form for solution preparation or other
      cellulosic solutions may be used, depending on the end use of the filter
      element.
PAR  Filter elements as shown in FIGS. 2 and 3 may be employed in various types
      of filters. One such filter is shown in FIG. 4 in which the element of
      either FIG. 2 or FIG. 3 is cut to form the disc shown, which may be
      secured in the desired filtering position to act as a surface type filter.
      Another modification is shown in FIG. 5 in which the element 25 is made of
      a more loosely felted fiber batt, adapted for air or gas filtration, with
      the fibrous element being supported in a metal frame 26.
PAR  The filter elements as shown in FIG. 2 or FIG. 3 may also be employed to
      form a pleated filter element as shown in FIG. 6 where the filter element
      23 is pleated as indicated at 28 and the pleats are arranged in the form
      of an annulus about a perforated center tube 27. The filter construction
      thus formed is preferably provided with end caps 29 which are bonded to
      the opposite ends of the element 28, such end caps having a center hole 30
      to receive the usual filter support. A similar type of construction is
      shown in FIG. 7 in which the filter element 23 is wound spirally upon
      itself around a perforated center tube 27 to form a filter cartridge.
      Alternatively, the cartridge may be formed by winding a yarn or roving of
      a conductive fiber or mixture of fibers in a Honeycomb pattern on center
      tube 27, or the cartridge may be formed from a molded or vacuum formed
      cylindrical mass of fibers 31 as shown in FIG. 8.
PAR  In all of the constructions described, the carbon particles or fibers are
      distributed throughout the filter element in such a manner as to insure
      electrical conductivity throughout the element. The element is then
      grounded through the end caps as shown for a filter cartridge in FIG. 9.
      In this figure, a cartridge made as in FIGS. 6, 7 or 8 is shown with end
      caps 29. These end caps are of any suitable metal and are joined to the
      filter elements 23 by a suitable sealing composition 32. Since most
      sealing compositions are resinous in nature and nonconductive, they must
      be blended with a sufficient amount of finely divided carbon to provide an
      electrically conductive bond between the filter elements 23 and the end
      caps 29. The end caps are then grounded as indicated by electrical
      connection 33. This ground is usually supplied by the metal filter housing
      in contact with the end caps so that only special cases would require a
      separate ground connection to the filter elements. The invention is not
      limited to filter cartridges having end caps however, since most of the
      wound Honeycomb and felted (vacuum formed) filter cartridges are made
      without end caps. These would be grounded through the metal ends of the
      filter housing. The conductive filter elements of the invention therefor
      provide a method for the dissipation of static charges that may rapidly
      build up in the pores of nonconductive filter media. This eliminates the
      hazard of high static electrical charge accumulations that may cause
      sparking across the filter media and ignition or explosion of flammable
      filter fluids or fluid mixtures.
PAR  While the conductive filter elements of the invention have been described
      in reference to their utility for removing static charges, the invention
      is not restricted to this use alone. In many filtration applications, an
      electrical charge of relatively low potential in the pores of the filter
      element enhances the separation effect. This is especially true if the
      particles removed are of opposite charge to that on the filter element.
      This allows the element to function throughout its depth, rather than
      restricting particle removal to the surface of the element. The conductive
      filter elements of the invention permit the maintenance of a controlled
      charge of low potential throughout the filter, the charge being either
      positive or negative if direct current is used. The power source may also
      be alternating current, varying in frequency from about 2 to about 60
      cycles per second, with the preferred range being 2 to 20 cycles per
      second. High potentials, such as those used in electrostatic precipitators
      are avoided, since the filter element of the invention employs relatively
      low potentials.
PAR  The use of low voltage potential in connection with a conductive filter
      element of the invention is shown in FIG. 10 in which a cartridge, similar
      to that of FIG. 9 has been modified to permit the maintenance of a
      controlled charge within the conductive filter element 23. Metal end caps
      29 are used to make electrical contact with the filter element 23, the
      caps are connected to an external power source 34 by the conductor 35.
      Current potentials ranging from about 0.001 to about 100 volts may be used
      and the charge on the filter element may be either positive or negative,
      or may alternate between these, depending on the power source and the
      charge carried by the particles in the filter fluid stream. These
      particles may be charged by suspending metal grids 36 in the fluid at a
      distance upstream from the filter, the grids then being connected to the
      opposite pole of the power source 34. The direction of fluid flow is shown
      by arrows 38. The end caps 37 must be of plastic or a similar insulating
      material to prevent the grounding of the filter cartridge and the loss of
      the controlled potential.
PAR  The invention is not limited to filter cartridges having end caps however,
      but may also be used with cartridges made without end caps. An assembled
      filter unit of this type is shown in FIG. 11. Both the bottom filter
      housing end cap 40 and the top housing end cap 42 are of conductive
      material and are connected to opposite poles of a power source 44. The
      outer cylindrical shell 46 is made of conducting material which may be a
      suitable metal or plastic with metal laminations. The circular insulating
      gasket 48 prevents electrical flow directly between the two housings. The
      conductive filter element 50 is held in electrical contact with the top
      filter housing 42 and is insulated from the bottom housing 40 by the
      basket 52. The upper filter housing 42 contains a fluid inlet 54 and
      filtrate discharge 56, the filter assembly being held together by
      appropriate closure means, not shown in the figure. It should be
      emphasized that grounding is not desired when the filter elements have
      controlled charges from external power sources. Special housings must be
      used, the housings being insulated electrically from the pipe or tubing
      carrying the fluid and filtrate into and from the filter housings.
      Nonconductive materials such as rubber or plastic may be used for this
      purpose.
PAR  In some filtration applications, the filter element may function more
      effectively if it is made part of a closed electrical circuit. An
      assembled filter unit of this type is shown in FIG. 13. This is similar to
      the assembly shown in FIG. 11 wherein a conductive filter element is held
      between two electrically conductive filter housings. In FIG. 13, the
      filter element 70 is held in electrical contact with top filter housing 72
      and lower housing 74. The outer cylindrical shell 76 is made of a
      nonconductive material or, if conductive, is insulated from both filter
      housings by circular insulating gaskets 78. The power source 80 is
      connected to the filter housings to allow a flow of current from the power
      source through the conductive filter element 70 and back to the power
      source, this flow being either direct or alternating current as desired.
      The upper filter housing 72 contains a fluid inlet 82 and filtrate
      discharge 84, the filter assembly being held together by closure means not
      shown in the figure. Since a controlled electrical charge, as described
      previously, is used in this filter, grounding must be avoided.
PAR  While the filter elements of the invention have been described by reference
      to materials in the fibrous state, the invention is not restricted to
      these but may also be applied to bed type filters using particulate filter
      media such as sand, coal granules, glass beads, Tripoli and Fullers Earth
      or similar diatomaceous earths. These normally nonconductive media may be
      coated or impregnated with carbon and electrified with a low voltage
      charge. In the filtration of liquids, the particulate material may carry
      an electrical charge (zeta potential) and this may be equaled by an
      opposite charge applied to the filter bed so that particles down to and
      including colloidal sizes are removed.
PAR  A filter element of this type is shown in FIG. 12 in which the conductive
      filter bed material 60 contains a network, screen or rod electrode 62
      while a similar type of electrode 64 is positioned a short distance from
      the surface of the filter bed. The two electrodes are connected to an
      external power source 66 which may furnish a potential ranging from about
      0.001 to about 100 volts. Fluid flow, as shown by arrows 68, passes
      through electrode 64 before entering the filter element 60 which has an
      opposite charge. As in the charged elements previously described, the
      filter bed and electrodes must be insulated to prevent grounding and
      resultant dissipation of the controlled filter charge.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A filter element, said filter element including:
PA1  a. a fluid permeable body composed of electrically conductive carbonaceous
      material disposed throughout said body for defining an electrical pathway
      therethrough;
PA1  b. an external terminal means; and
PA1  c. electrical conductive means in electrical contact with said carbonaceous
      material and with said external terminal means for defining an electrical
      pathway there between.
NUM  2.
PAR  2. A filter element according to claim 1 in which the electrically
      conductive carbonaceous material comprises finely divided carbon.
NUM  3.
PAR  3. A filter element according to claim 1 in which the said electrically
      conductive carbonaceous material comprises carbon fibers.
NUM  4.
PAR  4. A filter element according to claim 1 in which the external terminal
      means is an electrical ground.
NUM  5.
PAR  5. A filter element according to claim 1 in which the external terminal
      means is an electrical power source.
NUM  6.
PAR  6. A filter assembly comprising:
PA1  a. a casing having an inlet and an outlet for fluids, the casing having a
      supporting and sealing means associated therewith for directing the fluids
      through a filter element enclosed within the casing; and
PA1  b. said filter element including a fluid permeable body comprised of
      electrically conductive carbonaceous material disposed throughout said
      body for defining an electrical pathway therethrough, an external terminal
      means, and electrical conductive means in electrical contact with said
      carbonaceous material and with said external terminal means for defining
      an electrical pathway therebetween.
NUM  7.
PAR  7. A filter assembly according to claim 6 in which the carbonaceous
      conductive material comprises finely divided carbon, and at least one
      fibrous support means for holding the carbon in fixed location within the
      assembly.
NUM  8.
PAR  8. A filter element according to claim 7 in which the fibrous support means
      contains the conductive carbonaceous material as a fiber filler.
NUM  9.
PAR  9. A filter assembly according to claim 7 in which the fibrous support
      means contains the conductive carbonaceous material as a fiber filler.
NUM  10.
PAR  10. A filter assembly according to claim 6 in which the electrically
      conductive carbonaceous material comprises carbon fibers.
NUM  11.
PAR  11. A filter assembly according to claim 6 in which the external terminal
      means is an electrical ground.
NUM  12.
PAR  12. A filter assembly according to claim 6 in which the external terminal
      means is an electrical power source.
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ABST
PAL  A gaseous discharge sputter coating apparatus is described for sequentially
      sputtering different materials onto discrete batches of substrate objects.
      The apparatus includes a chamber defining a controlled environment capable
      of sustaining a gaseous discharge, a table within the chamber for
      supporting separate batches of substrate objects, and means for sustaining
      a gaseous discharge within the chamber. A plurality of target electrode
      structures is also provided, each of which has a surface in the chamber
      which has a layer on it of one of the materials desired to be coated onto
      the substrate objects. The target electrode structures are part of the
      wall of the controlled environment chamber, and each includes an
      insulating material separating it from the remainder of the wall. In order
      to obviate the necessity of including a ground shield around each of the
      target electrodes, only that portion of the electrode within the chamber
      having the material on it has power applied to it to cause the sputtering.
      The target electrode structures are detachably secured to the remaining
      portion of the wall so that they may be removed for servicing.
PARN
PAR  This is a continuation of application Ser. No. 237,566 filed Mar. 23, 1972,
      now abandoned, which is a continuation of application Ser. No. 875,657
      filed on Nov. 12, 1969, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a gaseous discharge sputter coating apparatus
      having an improved target electrode structure which simplifies the
      construction and use of the apparatus and which is not subject to
      capacitive losses as are prior art structures.
PAR  It is necessary for many purposes to coat objects with one or more thin
      film of material. For example, most microelectronic components are
      produced by the application of thin films of conducting or semiconducting
      material onto a substrate surface. One of the primary types of apparatus
      used to apply such thin films relies on the sputtering phenomenon to
      provide the coating. That is, a target of the selected coating material is
      bombarded with high energy positive ions to effect removal of particles of
      the coated material from the target. The removed particles then deposit
      onto and adhere to substrate objects disposed in the line-of-sight of the
      bombarded target. The desired thin film is thus produced by the build-up
      on the substrate of the deposited particles.
PAR  The target sputtering and the deposition is most often obtained by forming
      a gaseous discharge between the target and an electrode such as the
      support for the substrate objects. Usually, the gaseous discharge is
      initiated and sustained by applying high frequency, e.g., radio frequency,
      electrical energy to the target or the other electrode structure. Samples
      of sputtering apparatuses of this type can be found in U.S. patent
      applications Ser. No. 625,733 filed Mar. 24, 1967, now abandoned; Ser. No.
      662,637 filed Aug. 23, 1967, now abandoned; Ser. No. 668,107 filed Sept.
      15, 1967, now U.S. Pat. No. 3,537,973; and Ser. No. 674,539 filed Oct. 11,
      1967, now abandoned.
PAR  The target electrode structure for such an arrangement is usually in the
      form of a plate having a layer of the desired coating material on one face
      thereof. The plate is suspended within a chamber which encloses the
      substrate objects and which defines a controlled high vacuum environment
      for the gaseous discharge sputtering. It has been necessary in the past to
      include a grounding shield surrounding all surfaces of the plate, except
      for the face having the coating material, in order to confine the gaseous
      discharge to such face. If a grounding shield is not provided in prior art
      structures, sputtering of materials from surfaces of the electrode other
      than the surface having the desired material will occur. This will result
      in contamination of the coating applied to the substrate.
PAR  In order to be effective to prevent the formation of a gaseous discharge at
      surfaces of the target not made from the desired coating material, the
      grounding shield must be fairly closely spaced to the electrode. This
      results in capacitance between the electrode and the shielding, with
      resulting high power losses and, at times, arcing. Thus the intensity of
      the gaseous discharge and the desired sputtering is limited by such
      shields.
PAR  Other disadvantages are inherent in present systems in view of the
      necessity of locating the target electrode within a high vacuum chamber
      having a controlled environment to support the gaseous discharge. That is,
      relatively complicated electrical feed-through and cooling mechanisms must
      be provided through the wall of the vacuum chamber in order to connect the
      target electrode with electrical cooling medium sources exterior to such
      chamber. These complicated mechanisms are expensive and quite space
      consuming.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a coating apparatus of
      the sputtering type which has a target electrode structure not subject to
      the above difficulties and disadvantages. In its basic aspects, the
      invention is a coating apparatus having a target electrode structure which
      itself is a part of the wall of the vacuum chamber defining the controlled
      environment for the sputtering and which includes a portion which is
      outside the chamber. With this construction, the electrode can be designed
      so that the only portion within the chamber from which sputtering can take
      place is that surface on which the desired material is bonded. Thus, it is
      no longer necessary to include a ground plane surrounding the other
      portions of the electrode structure to prevent unwanted sputtering from
      such portions. Capacitive losses and arcing with their consequent
      limitations are thereby avoided. Moreover, with such a construction,
      feed-through mechanisms for applying electrical energy to the electrode
      and for providing cooling of such electrode are no longer necessary. The
      power can be directly applied to the portion of the electrode which is
      outside of the chamber as long as such portion is in an electrical
      conducting relationship with the target electrode surface within the
      chamber. Cooling coils can also be used exterior of the vacuum chamber to
      conduct heat from the portion of the electrode which is outside of the
      controlled environment to thereby also cool the electrode sputtering
      surface inside the chamber.
PAR  Other features and advantages of the instant invention will become apparent
      from the following more detailed description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a sectional view of a preferred embodiment of a coating apparatus
      of the invention;
PAR  FIG. 2 is a partial sectional view of a typical target electrode structure
      utilized in prior art coating apparatuses;
PAR  FIG. 3 is an enlarged sectional view illustrating the target electrode
      structure of the instant invention; and
PAR  FIG. 4 is a reduced plan view taken on a plane indicated by the lines 4--4
      in FIG. 1 illustrating the shutter arrangement of the coating apparatuses
      of the instant invention.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENT
PAR  FIG. 1 illustrates in section a preferred coating apparatus of the
      invention which can be used to sequentially sputter different materials
      onto substrate objects, such as microcircuitry wafers. That is, the
      apparatus, generally referred to by the reference numeral 11, can be used
      to sequentially apply several layers of different materials to substrate
      objects without the necessity of access being had to the interior of the
      chamber between the deposition of the different layers. Such apparatus
      includes an outer vacuum chamber 12 for containing a controlled
      environment for the formation of a gaseous discharge to obtain the desired
      sputtering. As is conventional, a vacuum exhaust port 13 communicates the
      chamber with a vacuum system for evacuating such chamber. Means (not
      shown) are also included for introducing a low pressure gas into the
      chamber to provide a controlled gas background for the formation of
      gaseous discharges. In accordance with conventional practice, the gas
      generally is an inert gas such as argon, but may include other gases if
      reactive sputtering is desired.
PAR  Vacuum chamber 12 is formed by a cylindrical side wall 14 and top and
      bottom discular end walls 16 and 17, respectively. The upper and lower
      portions of chamber 12 are separable from one another along lateral joint
      18 so that access can be had to the interior of the chamber for
      maintenance and for the insertion and removal of substrate objects to be
      coated.
PAR  Means are provided within the chamber for supporting at discrete locations
      therein a plurality of substrate objects to be coated. More particularly,
      a disc-shaped table 19 is located within the chamber axially mounted on a
      shaft 21. As illustrated, shaft 21 extends through bottom wall 17 of
      chamber 12 via a rotary motion vacuum feedthrough diagrammatically
      illustrated by bearings 22 and guard vacuum exhaust bore 23. Rotation of
      shaft 21 exterior to the chamber will rotate table 19 within the chamber,
      as is desirable for reasons which will become clear hereinafter.
PAR  Table 19 includes an annular ground electrode structure 24 which is
      supported by blocks 26 of an electrical insulating material within an
      annular cavity 27 in the upper surface of such table 19. The perimeter of
      the table is supported by uprights 28 which extend upwardly at spaced
      locations within the chamber from its bottom wall 17. A ball bearing 29
      between each upright 28 and table 19 permits rotation of the table with
      respect to the uprights.
PAR  Annular electrode structure 24 is adapted to support at discrete locations
      on its upper surface batches of substrate objects 30 to be coated. In this
      embodiment, such electrode structure also acts as one of the electrodes by
      which the desired gaseous discharges are maintained within the vacuum
      chamber. Means are provided for cooling electrode 24. For this purpose,
      inlet and outlet cooling medium tubes 25 extend through shaft 21 and to
      suitable coolant passages (not shown) in the body of the electrode.
PAR  Before the coating of many substrate objects, it is desirable to be able to
      clean the surfaces thereof to be coated by first sputtering the
      contaminated surface material from the object. Thus, it is desirable to be
      able to apply high frequency electrical energy to the annular electrode
      structure 24 and thereby cause it and the substrate objects to act as a
      target electrode from which sputtering will occur. Means are therefore
      included for applying the high frequency electrical energy to electrode
      24. More particularly, a suitably insulated conducting post 31 extends
      upwardly into chamber 12 through bottom end wall 17 via vacuum electrical
      feedthrough, schematically illustrated at 32. Post 31 terminates at a
      location adjacent the peripheral edge of structure 24, and a plurality of
      electrode blocks 33 project downwardly from the underneath surface of
      electrode 24 for selective engagement with such post. Contact blocks 33
      are spaced about the periphery of electrode 24 so that one of the same
      will be in engagement with post 31 whenever the substrates 30 are aligned
      with a target electrode structure.
PAR  As a particularly salient feature of the instant invention, it includes
      target electrode structures which not only act as sources of the desired
      coating materials, but also define parts of the wall of the chamber and
      have portions outside the control environment of such chamber. This is in
      contrast to conventional target electrode structures, a typical one of
      which is illustrated in FIG. 2. Such prior art target electrode structures
      have included a relatively complicated vacuum feedthrough 34 for directing
      both a cooling medium such as water and electrical energy to the target
      electrode 36. It has been necessary with prior art structures to include a
      ground shield 38 surrounding all surfaces of the electrode structure not
      having a layer 37 of the desired coating material. This grounding shield
      is provided for the purpose of confining the gaseous discharge to the face
      having the layer 37 so that sputtering does not occur on other surfaces of
      the electrode and cause contamination of the coating applied to the
      substrate. In order for the grounding shield 38 to be effective for this
      purpose, it must be fairly closely spaced to the electrode 36. The result
      is that capacitance is built up between the electrode and the shielding,
      with resulting high power losses and at times arcing. In the past
      therefore the intensity of the gaseous discharge and the consequential
      sputtering of the desired material has been severely limited by the
      necessity of such shield.
PAR  Because the target electrode structures incorporated into the invention,
      each of which is generally referred to by the reference numeral 41, are
      parts of the wall defining the vacuum chamber 12, as well as for other
      reasons, they are not subject to the disadvantages inherent in the prior
      art electrode structures. In this connection, each target electrode
      structure 41 includes an electrical and heat conducting discular plate
      having a first side or base 43 within the chamber and an opposite face 44
      exterior to the controlled environment of the chamber. A layer 46 of the
      desired coating material is suitably bonded to plate 42 and covers the
      full face 43 thereof.
PAR  Means are provided for electrically insulating the plate 42 of each target
      electrode from the remaining wall portion of chamber 12. That is, a
      cylindrical rim 47 of an insulating material, such as a ceramic, is
      secured to face 44 of each plate 42 at its perimeter. An annular flange 48
      extends outwardly from the upper end of rim 47 for the securance of the
      respective target electrode structures to the usual wall structure of the
      chamber. Such flange is detachably secured to the wall 16 of the chamber
      so that the electrode structure may be selectively removed from the
      chamber to facilitate access to the face 43 thereof and the layer of
      material 46. More particularly, a plurality of spaced apart bolts 49 pass
      through flange 48 and are received within tapped bores in the wall 16.
      Sealing means in the form of O rings 51 hermetically seal the flanges 48
      to wall 16 about the periphery of the apertures through which the
      respective target electrodes extend.
PAR  It will be appreciated from the above that a grounding shield is not needed
      with the target electrode structure of the invention. This is because the
      only electrified portion of the target electrode structure which is within
      the controlled environment and can support a glow discharge is the face 43
      thereof having the layer 46. Thus, no ground shield is necessary to
      prevent the formation of a gaseous discharge from other surfaces of the
      target electrode structure. The result is that the capacitance and
      electrical losses associated with a shield are avoided.
PAR  It should be noted that essentially all of the plate 42 to be energized of
      each target electrode is spaced from all other electrical conducting
      portions of the wall defining the chamber so that electrical losses from
      the plate to the remainder of the chamber wall are minimized. The only
      location at which there is any close spacing between the plate 42 and the
      wall of the chamber is at the peripheral edge of the plate. The amount of
      capacitance which can build up in this minimal surface is inconsequential.
      However, if it is desired to even eliminate this amount, it is only
      necessary to axially elongate the ceramic rim 47 in order to space the
      plate 43 further into the interior of the chamber and thus further from
      the wall 16.
PAR  The fact that each target electrode structure 41 is removable from the
      chamber is an important advantage of the structure. When it is desired to
      substitute one coating material for another, it is merely necessary to
      replace one of the target electrode structures with another having the
      desired coating material. Moreover, the application of the layer of
      coating material to the face of the target electrode structure may be
      easily accomplished once the electrode is separated by removal from the
      remainder of the coating apparatus. In contrast, with prior art target
      electrode structures, such as that shown in FIG. 2, it has been necessary
      to apply a coating on a separate, removable plate which is then secured to
      the target electrode by means of a bolt, or the like. This intermediate
      separate piece has limited both the electrical and heat conductance
      between the target electrode structure and the layer of coating material.
PAR  Another major advantage of the apparatus of the invention is that the
      target electrode plate can be both cooled and energized from the exterior
      of the chamber. That is, in order to cool the surface 44 of the plate and,
      thus, the bombarded surface 46 thereof, a tube 52 for the passage of a
      cooling medium is coiled in good heat conducting relationship onto the
      surface 44. In order to apply electrical energy to the plate, a high
      frequency electrical lead 53 may also be simply secured to the surface 44
      of the plate 42.
PAR  As mentioned before, the apparatus of the invention is usable to
      sequentially sputter different materials onto a plurality of substrate
      objects located at discrete locations on the table electrode 24. For this
      purpose, each of the target electrode structures 41 has a layer 46 of a
      different one of the desired materials. By rotating table 19 by means of
      shaft 21, the substrate objects at any discrete location on the electrode
      24 can be brought into registery or alignment with the target electrode
      having the material with which it is desired to coat such objects. In this
      connection, means are provided for confining the gaseous discharge within
      the chamber to sputter material from only the selected one of the targets.
      More particularly, a shutter arrangement made up of a pair of spaced upper
      and lower discular plates 56 and 57, respectively, are disposed between
      the target electrodes and the substrate object. Both of the plates 56 and
      57 are axially mounted upon a shaft 58 which extends upwardly through a
      suitable rotary vacuum feedthrough 59 to the exterior of the chamber for
      actuation.
PAR  As is best illustrated in FIG. 4, each of the plates 56 and 57 is provided
      with a pair of apertures 61 and 62, respectively. One of the apertures 61
      is aligned with one of the apertures 62 to permit passage through the
      shutter arrangement of material sputtered from any selected one of the
      target electrodes to substrates on the table at a location directly
      therebeneath. The second aperture 61 of shutter 56 overlies a solid
      portion of shutter 57, and is provided to enable "sputter cleaning" of any
      one of the target electrode structures by permitting sputtering from such
      target electrode onto the shutter 57. The other aperture 62 in the lower
      shutter 57 is for the purpose of allowing sputter cleaning from the
      substrate objects onto the upper shutter by applying electrical energy to
      the table electrode 24 as previously described. It will be appreciated
      that the shutter arrangement can be rotated exterior to the chamber by
      shaft 58 to align any selected one of the aperture arrangements with any
      selected one of the target electrode structures to enable the desired
      sputtering mode.
PAR  It should be appreciated from the above that making the target electrode a
      part of the wall of the chamber defining the controlled environment for
      sputtering provides many advantageous results. And although the invention
      has been described with respect to a preferred embodiment thereof, it will
      be apparent to those skilled in the art that many changes and alterations
      can be made within the spirit and scope of the invention as defined by the
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a coating apparatus for sputtering material from a target electrode
      structure by a gaseous discharge for deposition onto a substrate surface,
      comprising a chamber defining a controlled environment for said sputtering
      and deposition, a target electrode structure having a surface within said
      chamber of the material to be sputtered, means within said chamber for
      supporting a substrate object at a location for deposition thereon of said
      material, and means for initiating and sustaining a gaseous discharge
      within said chamber to sputter said material from said target electrode
      structure for deposition onto said substrate object; THE IMPROVEMENT
      WHEREIN said target electrode structure comprises a metallic target
      electrode plate having an inner surface facing the interior of said
      chamber and an outer surface facing outwardly of said chamber, said
      chamber having a metallic wall portion adjacent said target electrode
      structure and having an aperture in said wall portion, a tubular
      dielectric member having one end hermetically sealed to said target
      electrode plate adjacent the periphery of said target electrode plate, the
      other end of said tubular dielectric member having a hermetic seal
      connection to said wall portion, said aperture being large enough to
      permit said target electrode plate and said tubular dielectric member to
      be inserted through the aperture from the outside of said chamber, and the
      inner surface of said target electrode plate being positioned inside said
      chamber whereby the inner surface of said target electrode plate can be
      covered with either dielectric or metallic sputter material, the inner
      surface of said target electrode plate extending into said chamber no
      further than to the position at which said inner surface of said target
      plate is substantially coplanar with the inner surface of said adjacent
      wall portion of said chamber, and said adjacent wall portion of said
      chamber being closely adjacent the periphery of said target electrode
      plate to prevent sputtering from the periphery of said target electrode
      plate.
NUM  2.
PAR  2. A coating apparatus as claimed in claim 1 in which said hermetic seal
      connection between said tubular member and said wall portion comprises a
      metallic flange removably sealed to the outside of said wall portion and a
      hermetic seal between said tubular member and said flange.
NUM  3.
PAR  3. A coating apparatus as claimed in claim 2 in which the inside dimension
      of said metallic flange is substantially no less than the inside dimension
      of said tubular dielectric member, whereby electrical losses are minimized
      because metallic portions of the apparatus which are at the potential of
      the chamber and face the outer surface of the target electrode plate are
      minimized.
NUM  4.
PAR  4. A coating apparatus as claimed in claim 1 in which said target electrode
      plate extends into said aperture to a position at which the inner surface
      of said target electrode plate is substantially coplanar with the interior
      surface of said wall portion adjacent said aperture.
NUM  5.
PAR  5. A coating apparatus as claimed in claim 1 in which cooling means are
      associated with said outer surface of said target electrode plate, and
      said cooling means are located entirely outside said controlled
      environment of said chamber.
NUM  6.
PAR  6. In a coating apparatus for sputtering material from a target electrode
      structure by a gaseous discharge for deposition onto a substrate surface,
      comprising a chamber defining a controlled environment for said sputtering
      and deposition, a target electrode structure having a surface within said
      chamber of the material to be sputtered, means within said chamber for
      supporting a substrate object at a location for deposition thereon of said
      material, and means for initiating and sustaining a gaseous discharge
      within said chamber to sputter said material from said target electrode
      structure for deposition onto said substrate object; the improvement
      wherein said target electrode structure comprises a metallic target
      electrode plate having an inner surface facing the interior of said
      chamber, said chamber having a metallic wall portion adjacent said target
      electrode structure and having an aperture in said wall portion, hermetic
      sealing and support means interposed between said target electrode plate
      and the outside of said wall portion for supporting said target electrode
      plate from the outside of said chamber, said sealing and support means
      being detachably sealed to the outer surface of the chamber wall portion
      around said aperture, said sealing and support means including insulating
      means electrically separating said target electrode plate from said
      chamber, said aperture in said chamber wall portion being large enough to
      permit said target electrode plate to be inserted through the aperture
      from the outside of said chamber, and the inner surface of said target
      electrode plate being positioned within the atmosphere inside said chamber
      whereby the inner surface of said target electrode plate can be covered
      with either dielectric or metallic sputter material.
NUM  7.
PAR  7. A coating apparatus as in claim 6 in which said inner surface of said
      target electrode plate extends into said chamber no further than to the
      position at which said inner surface of said target plate is substantially
      coplanar with the inner surface of said adjacent wall portion of said
      chamber, and said adjacent wall portion of said chamber is closely
      adjacent the periphery of said target electrode plate to prevent
      sputtering from the periphery of said target electrode plate.
NUM  8.
PAR  8. In a coating apparatus for sputtering material from a target electrode
      structure by a gaseous discharge for deposition onto a substrate surface,
      comprising a chamber defining a controlled environment for said sputtering
      and deposition, a target electrode structure having a surface within said
      chamber of the material to be sputtered, means within said chamber for
      supporting a substrate object at a location for deposition thereon of said
      material, and means for initiating and sustaining a gaseous discharge
      within said chamber to sputter said material from said target electrode
      structure for deposition onto said substrate object; THE IMPROVEMENT
      WHEREIN said target electrode structure comprises a metallic target
      electrode plate having an inner surface facing the interior of said
      chamber, said chamber having a metallic wall adjacent said target
      electrode structure and having an aperture in said wall, hermetic sealing
      and support means interposed between said target electrode plate and said
      wall, said sealing and support means being sealed to said chamber wall
      around said aperture, said sealing and support means including insulating
      means electrically separating said target electrode plate from said
      chamber, said aperture being at least as large as said target electrode
      plate, said target electrode plate being positioned in registry with said
      aperture so said target electrode plate does not overlap said chamber wall
      around said aperture, and the inner surface of said target electrode plate
      being positioned within the atmosphere inside said chamber whereby the
      inner surface of said target electrode plate can be covered with either
      dielectric or metallic sputter material.
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PAL  A deep fat fryer trap receivable in the fryer well has imperforate trap
      portions extending along opposite margins of the bottom wall and an oil
      straining portion along a narrow medial portion of the bottom wall. The
      side walls have upper marginal edges closely fitting the well walls. Oil
      straining portions are also disposed in the side walls spaced upwardly
      from the bottom.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to a crumb and sediment trap for a deep fat fryer,
      in particular a commercial type fryer such as would be found in
      restaurants.
PAC  BRIEF DESCRIPTION OF PRIOR ART
PAR  Heretofor others have suggested strainers and like devices for removing
      food crumbs from deep fat fryer oil so that such crumbs do not contaminate
      the oil or fryer well, but so far as I am aware, none of such devices have
      enjoyed any appreciable or widespread commercial success. It is my belief
      that none of such devices, for a variety of reasons, was wholly
      satisfactory. U.S. Pat. Nos. disclosures representative of the prior art
      are as follows:
     2,570,628;       2,716,938;                                               

     2,635,527;       2,716,939.                                               

PAR  In a commercial establishment where the deep fat fryer is in use eighteen
      hours or more during the day, it is necessary that the oil be kept free of
      food crumbs in a simple, safe, convenient and reliable manner and with
      minimal or no interference with the use of the fryer. I have found that a
      trap which nests in the well and which catches and holds the crumbs and
      which every few hours can be readily removed and cleaned, is the best
      solution. However, for such a trap to be satisfactory, I have determined
      it should embody a certain combination of features which I have not found
      in prior deep fat fryer strainers. First, in the prior art, the approach
      has not been to provide a trap which essentially removes the food crumbs
      from the circulating hot cooking oil, and as a result such crumbs can
      continue to circulate with the oil to contaminate it as well as the food
      being cooked. Second, there has been little or no attention to positively
      physically isolating such crumbs so that they are removed from the
      circulating hot oil. Third, the foregoing concepts have not heretofor been
      embodied in a device which is received in nesting relation in the fryer
      well and which is relatively inexpensive and easy to handle and clean.
PAC  SUMMARY OF THE INVENTION
PAR  My deep fat fryer trap comprises a box like device formed of stainless,
      copper, or other suitable material, and has a bottom, side and end walls.
      Such walls define a pair of crumb traps at opposite sides of the bottom
      wall. The bottom wall has an elevated medial ridge portion provided with
      an oil straining mesh screen. The sides and end walls are also provided
      with oil straining mesh screen throughout the major portions of the areas
      thereof but with such screen spaced from the marginal edges of such walls.
      A pair of baffles are provided arranged inside and spaced above and
      parallel to the bottom walls with the outer edges disposed abutting the
      end and side walls and with the inner edges spaced apart and terminating
      adjacent the ridge where the oil strainer is disposed. In addition, an
      apron projects from one end of the device and a lifting handle is secured
      to the apron. The upper marginal edges of the side walls and an end wall
      are flared laterally outwardly to meet the well walls of the fryer. The
      baffles serve to isolate crumbs on the bottom from the oil circulating
      above the baffles and in contact with the food being cooked.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is perspective view showing my deep fat fryer trap;
PAR  FIG. 2 is a longitudinal cross sectional view through a deep fat fryer well
      with my trap disposed therein, and similar to a side elevation taken on a
      line 2--2 of FIG. 3; and;
PAR  FIG. 3 is a cross sectional view taken on a line 3--3 of FIG. 2.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  As shown in FIG. 1 my deep fat fryer trap comprises a box-like receptacle
      having a bottom wall 10, side walls 12 and 14 and end walls 16 and 18. The
      bottom wall 10 slopes upwardly from the opposite side walls 12 and 14, as
      best shown in FIG. 3 to a ridge portion 20 along the medial area of the
      bottom wall and a pair of crumb traps 22 and 24 are located along opposite
      sides of the ridge portion of the bottom wall adjacent the side walls 12
      and 14. The outer edges of such crumb traps 22 and 24 are defined by
      imperforate wall portions 15 and 17 of the side walls 12 and 14 which are
      about one inch high. The traps are further augmented and isolated from the
      cooking oil 25 by a pair of baffles 26 and 28, which are spaced above the
      bottom wall 10 arranged parallel to it with outer edges of the baffle
      connected to the side and end walls and with the inner edges 30 and 32
      being arranged in opposed spaced apart relation on opposite sides of ridge
      portion 20.
PAR  The ridge portion 20 of the bottom wall while open to permit the cooking
      oil to flow therethrough, is covered by a wire mesh oil strainer screen 34
      of gage. The side and end walls are largely open to the flow of the
      cooking oil therethrough with the open spaces being covered by wire mesh
      screens of 12', 14', 16', and 18' of the same gage as screen 34.
PAR  The upper edges of the side walls 12 and 14 and end wall 16 are laterally
      outwardly flared as at 36, 38, and 40 to meet or lie closely adjacent the
      walls 37, 39, 41 and 43 of the well W of the deep fat fryer shown in FIGS.
      2 and 3. The end wall 18 is provided with a laterally outwardly extending
      apron 42 which overlies an extension W-1 of the well. A lifting handle 44
      is connected to the apron 42 for manual lifting of the trap into and out
      of deep fat fryer well.
PAR  Crumbs of food that may fall into the fryer well W from food baskets (not
      shown) temporarily mounted on the supports and well carrying handles 48
      and 52, or which may fall from food being placed in the well, will be
      deflected by the flanges 36, 38 and 40 and apron 42 so that they do not
      drop into the cooking oil between the trap and well walls 37, 39, 41 and
      43. The trap side and end walls project upwardly above the top surface
      (oil level) of the cooking oil as shown in FIGS. 2 and 3 thereby
      preventing any food crumbs in the oil within the trap from escaping from
      the confines of the trap during bubbling or agitation of the oil during
      cooking of food therein, and also and importantly upon removal of the trap
      from the well the crumbs are required to remain in the trap and cannot
      escape into the oil remaining in the fryer well as the trap is lifted
      therefrom.
PAR  The lower outer edges 46 and 48 of the bottom wall of my trap structure are
      adapted to abut the bottom 47 of the well with the ridge portion 20 of the
      bottom wall thereby spaced upwardly from the bottom of the well permitting
      the flow of the hot oil through the ridge portion for circulation within
      the well.
PAR  Crumbs from the food being cooked, tend to accumulate within the trap
      portions 22 and 24 and thereby are essentially removed from the
      circulation of the cooking oil as will be apparent from a consideration of
      FIGS. 2 and 3. By virtue of the slope of the bottom wall, the crumbs tend
      to migrate down the bottom wall to the outer corners where they lie in a
      quiescent condition until the trap structure is removed from the well for
      cleaning.
PAR  When the well is to be cleaned of the accumulated crumbs, the food baskets
      (not shown) are removed, and then by grasping the lifting handle 44 the
      trap structure may be raised out of the well and as it is raised the hot
      oil therewithin will drain through the side and end screens, and ridge
      screen into the well. The large open (but screened) areas of the side and
      end walls permits the lifting of the trap without danger of the hot
      cooking oil being spilled, and when it is remembered that where a fryer is
      in constant use and personnel are under pressure and in a hurry they are
      not as careful as at other times, the capability of quickly removing the
      trap becomes an important characteristic. The trap structure may then be
      carried to a sink or washing area where it may be thoroughly cleaned. If
      the restaurant is provided with a second trap structure, the same having
      been previously made ready, can be immediately inserted in the deep fat
      fryer while the contaminated trap is being cleaned and prepared for use
      when the second trap itself is to be removed for cleaning.
PAR  My experimentation has indicated the importance of trapping the food crumbs
      in areas of relative isolation from the turbulence of the cooking oil
      during the food cooking operation. I have found, found, for example, that
      with use of a trap structure of the character herein disclosed, the
      cooking oil will last many times longer. Particularly effective results
      are obtained if the trap is removed every 2 or 3 hours and a clean trap
      substituted. It is my belief that the outward and downward slope of the
      imperforate areas of the bottom wall in combination with the imperforate
      areas 47 and 49 of the side walls, which together define the trap areas 22
      and 24, serve to collect and hold the food particles from circulating with
      the hot cooking oil and prevent carry-over of taste from one food batch to
      another and also breakdown of the oil itself. I have found that these trap
      areas are effective even without the baffles 26 and 28 and I believe this
      is because such trap areas are remote from the ridge screen 34 where there
      is a substantial flow-through current of oil.
PAR  I have found that there seems to be a reduction in the amount of fuel
      required to effect cooking of foods in a deep fat fryer provided with one
      of my trap structures.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A deep fat fryer trap having bottom, side and end walls connected to
      form a box-like structure, said bottom wall sloping upwardly from the
      opposite side wall to a ridge portion along the medial area thereby
      defining a pair of crumb traps along opposite sides of the ridge portion
      of the bottom wall, said bottom wall being imperforate except for the
      ridge portion, a crumb strainer screen disposed along said ridge portion,
      said side and end walls being largely open and having crumb strainer
      screens extending across the open areas thereof, baffle means extending
      over the pair of traps and spaced upwardly therefrom in substantially
      parallel relation with the bottom wall to isolate crumbs in the traps from
      cooking oil above the baffles, an apron connected to and extending
      laterally from the upper edge of one of the end walls, the upper edges of
      the remaining end and side walls flaring laterally outwardly to
      substantially meet the walls of a fryer well when the trap is placed
      therein, and a lifting handle connected to said apron and projecting
      outwardly there beyond.
NUM  2.
PAR  2. A deep fat fryer trap comprising bottom, side and end walls, said bottom
      wall sloping upwardly from said side walls to a medial ridge portion, said
      walls having imperforate portions defining crumb traps along opposite
      edges of the bottom wall adjacent the side walls, said bottom wall having
      a narrow crumb strainer extending along the medial ridge portion between
      the traps, baffle means extending over the crumb traps in spaced relation
      above the bottom wall for isolating the crumb traps, and the upper
      marginal edges of said side and end walls adapted to extend above the
      level of oil in a fryer well within which the trap is received.
NUM  3.
PAR  3. The invention defined by claim 2 characterized in that said side and end
      walls have crumb strainer areas extending throughout a major portion of
      each but spaced inwardly from the marginal edges thereof.
NUM  4.
PAR  4. The invention defined by claim 2 characterized in that an apron portion
      extends laterally from the upper edge of one end wall to provide a crumb
      catcher, and a lifting handle is connected to said apron whereby the trap
      may be lifted into or out of the well.
NUM  5.
PAR  5. The invention defined by claim 2 characterized in that the upper
      marginal edges of the side and end walls are flared outwardly
      substantially to meet the well walls of a fryer in which the trap is
      received.
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PAL  There is provided an improvement of a reverse osmosis separation apparatus
      in that a membrane module or a permeator has spiral passages for a feed
      solution and a permeated solution respectively, those passages being
      formed with membrane sheets about a hollow mandrel to allow the feeding
      solution to flow spirally on a plane perpendicular to the axis of the
      mandrel thereby performing with a high recovery ratio and preventing the
      feed solution from passing through the feed solution passage in an
      unequally distributed flow state, which decreases rejection of the
      solution. The improved apparatus has a reinforced module in which the
      spiral sheets are held together with the mandrel in a rigid state by means
      of sealing members forming the opposite ends of the module thereby
      preventing the spiral sheets from being subjected to telescoping or axial
      deformation which results in damage to the membrane sheets.
BSUM
PAR  The present invention relates to an improved apparatus for effectively
      separating a desired liquid component from a feed solution, utilizing the
      principle of reverse osmosis.
PAR  Various liquid separation apparatuses employing reverse osmosis membranes
      have been proposed. These apparatuses may be a tube type, a hollow fiber
      type or a spiral type. As for the spiral type apparatus, for example, the
      specification of U.S. Pat. No. 3,367,504 discloses a reverse osmosis
      separation apparatus comprising a cylindrical chamber and a module having
      a hollow mandrel with two sheets of reverse osmosis membranes spirally
      wound about the hollow mandrel in an arrangement such that a first passage
      for a permeated solution communicating with the interior of the hollow
      mandrel is formed between the inside surfaces of the two membrane sheets
      and a second passage for a feeding solution is formed between the outside
      surfaces of the two membrane sheets, wherein the feed solution is forced
      to flow from the spiral edges of the membrane sheets through the second
      passage in a direction parallel to the axis of the mandrel, while the
      permeated liquid from the feed solution passes through the membrane sheets
      into the first passage by reverse osmosis and flows spirally through the
      first passage, and then is discharged from the first passage into the
      hollow mandrel.
PAR  The disadvantage of the above-mentioned apparatus is that it performs with
      a relatively low recovering ratio. Further, the apparatus has inherent
      problems in that the sectional area of the feed solution passage varies
      considerably owing to the fluid pressure of the feed solution and thus,
      the flow velocity varies on a plane orthogonal to the axial direction.
      This results in an unequally distributed fluid flow in the passage, and
      produces the phenomenon of polarized concentration. Such a phenomenon
      decreases rejection which is a performance of the module. In order to
      avoid unequal distribution of the flow, a considerably complicated design
      of the apparatus is required with the result that the apparatus presents
      difficulty in fabrication.
PAR  Further, the specification of U.S. Pat. No. 3,173,867 discloses another
      reverse osmosis separation apparatus of a spiral type, wherein a feed
      solution is forced to flow spirally along the surfaces of membrane sheets
      wound spirally about a hollow mandrel and the permeated solution is forced
      to flow along the opposite surfaces of the membrane sheets in the axial
      direction of the mandrel. It is noted that, although the secondly
      mentioned apparatus has the advantage of a high recovery ratio in
      comparison with the first mentioned apparatus, is has the disadvantage of
      being so complicated an arrangement that it presents difficulty in
      fabrication.
PAR  Therefore, an object of the present invention is to provide an improvement
      of the reverse osmosis separation apparatus, which avoids the
      disadvantages of the prior art apparatuses, and has an increased rejection
      by preventing polarized concentration resulting from the unequally
      distributed flow of the solution, while a high recovery ratio is ensured.
PAR  The module employed in the conventional apparatus presents difficulty in
      fabrication, and/or has the disadvantage of being easily deformable. The
      deformation of the mandrel is referred to as telescoping. It is noted that
      the tendency to telescope occurs not only during operation of the
      apparatus but also at the time when the module is mounted in or is removed
      from the chamber. Further telescoping easily occurs during the
      construction process of the module. The occurrence of telescoping is
      accompanied by deformation and consequent damage of the thin membrane
      sheet. Since damage or breakdown of the membrane sheet causes the
      apparatus to perform with a considerably decreased rejection, it is
      obviously desirable to prevent the occurrence of the telescope phenomenon.
PAR  A second object of the present invention is to provide a simple arrangement
      of a reverse osmosis separation apparatus comprising a cylindrical chamber
      with a reinforced module having a hollow mandrel and reverse osmosis
      membrane, which prevents telescoping which occurs often in the
      conventional apparatus. Therefore, according to the present invention,
      production of the module and combination of the module with the chamber
      become simple and easy and avoidance of damage to the membrane sheets is
      ensured.
PAR  In one aspect of the present invention, there is provided a reverse osmosis
      separation apparatus comprising a cylindrical chamber; a membrane module
      disposed with its axis coaxial to the axis of the chamber, the module
      comprising a hollow mandrel having a hole or axially aligned holes on its
      outer circumference and a pair of membrane sheets spaced apart from each
      other by spacing layers and spirally wound about the mandrel to form a
      first spiral passage for a permeated solution between the opposite inner
      surfaces of the sheets and to form a second spiral passage for a feed
      solution between the opposite outer surfaces of the sheets. The first
      passage is closed at the outer edges of the entire lengths of the sheets
      and has an outlet opening elongated in the axial direction at the inner
      edges of the entire lengths of the sheets to communicate with the interior
      of the mandrel through the hole thereof, and the second passage has an
      inlet opening elongated in the axial direction at the outer edges of the
      entire lengths of the sheets and an axial outlet opening at the spiral
      edges of the sheets in the vicinity of the surface of the mandrel. The
      first and second passage are closed at the opposite spiral edges of the
      sheets over the spiral lengths except foor the partial length where the
      axial outlet opening is formed. Means are provided for supplying the feed
      solution into the chamber to allow it to flow into the second passage from
      the inlet opening thereof in a direction perpendicular to the axis; means
      for discharging the nonpermeated solution having flowed out through the
      axial outlet opening of the second passage from the chamber and means for
      discharging the permeated solution having flowed into the interior of the
      mandrel from the chamber are also provided. In the apparatus, the feed
      solution under increased pressure passes spirally through the second
      passage in contact with the sheets on a plane perpendicular to the axis,
      while a solution having a concentrated solvent permeates fromthe feed
      solution by reverse osmosis through the sheets into the first passage. The
      resultant solution having a concentrated solute, that is, the nonpermeated
      solution, flows axially along the surface of the mandrel through the
      second passage and flows out of the axial outlet opening of the second
      passage while the permeated solution flows into the interior of the
      mandrel.
PAR  In another aspect of the present invention, there is provided a reverse
      osmosis separation apparatus comprising a cylindrical chamber and a
      membrane module disposed with its axis coaxial to the axis of the chamber,
      the module comprising a hollow mandrel having first and second holes or
      axially aligned holes and the first and second separated zones in the
      interior thereof communicating with the first and second holes,
      respectively and a pair of membrane sheets spaced apart from each other by
      spacing layers and spirally wound about the mandrel to form a first spiral
      passage for a permeated solution between the opposite inner surfaces of
      the spiral sheets and to form a second spiral passage for a feed solution
      between the opposite outer surfaces of the spiral sheets. The first
      passage is closed at the upper edges of the entire lengths of the spiral
      sheets and has an outlet opening elongated in the axial direction at the
      inner edges of the entire lengths of the spiral sheets to communicate with
      the first interior zone of the mandrel through the corresponding hole
      thereof, the second passage having an inlet opening elongated in the axial
      direction at the outer edges of the entire lengths of the spiral sheets
      and an outlet opening elongated in the axial direction at the inner edges
      of the entire lengths of the spiral sheets to communicate with the second
      interior zone of the mandrel through the corresponding hole thereof, the
      first and second passages being closed at the opposite spiral edges of the
      sheets over the spiral lengths respectively. Means are provided for
      supplying the feed solution into the chamber to allow it to flow into the
      second passage from the inlet opening thereof in a direction perpendicular
      to the axis; means for discharging the nonpermeated solution having flowed
      into the second interior zone of the mandrel from the chamber, and means
      for discharging the permeated solution having flowed into the first
      interior zone of the mandrel from the chamber are also provided. In the
      present apparatus, the feed solution under increased pressure passes
      spirally through the second passage in contact with the sheets on a plane
      perpendicular to the axis, while a solution having a concentrated solvent
      is permeated from the feed solution by reverse osmosis into the first
      passage through the sheets. The resultant solution having a concentrated
      solute, i.e., the nonpermeated solution, flows from the outlet opening of
      the second passage into the second interior zone of the mandrel through
      the second hold of the mandrel, while the permeated solution flows from
      the outlet opening of the first passage into the first interior zone of
      the mandrel through the first hole of the mandrel.
PAR  The feature of the apparatus of the present invention is that reverse
      osmosis is carried out through spiral membranes between which a feed
      solution is forced to flow spirally on a plane substantially perpendicular
      to the axis, and the pemeated solution is also forced to flow in the
      spiral direction.
DRWD
PAR  The invention will be more fully described by way of examples with
      reference to the accompanying drawings, wherein:
PAR  FIG. 1 is a partially sectional elevated view of an embodiment of a
      separation apparatus according to the present invention, showing a
      cylindrical chamber with side covers at the opposite ends and a membrane
      module mounted therein;
PAR  FIG. 2 is a cross sectional view of the module, taken along the line II--II
      of FIG. 1, showing an embodiment of a module having a single passage for a
      permeated solution and a single passage for a feed solution;
PAR  FIG. 3 is an axially sectional view of the module taken along the line
      III--III of FIG. 1;
PAR  FIG. 4 is a cross sectional view of the module taken along the line II--II
      of FIG. 1, which shows another embodiment of the module, with three
      passages for the permeated solution and three passages for the feed
      solution;
PAR  FIG. 5 is a cross sectional view of a modification of the module shown in
      FIG. 2, which is covered with a cylindrical filter;
PAR  FIG. 6 is a sectional diagram showing the telescope phenomenon occurring in
      the module of the conventional apparatus;
PAR  FIG. 7 is a partially sectional elevated view of another embodiment of a
      separation apparatus according to the present invention, which corresponds
      to FIG. 1;
PAR  FIG. 8 is a cross sectional view of the module taken along the line
      VIII--VIII of FIG. 7, which corresponds to FIG. 2;
PAR  FIG. 9 is an axially sectional view of the module taken along the line
      IX--IX of FIG. 7, which corresponds to FIG. 3;
PAR  FIG. 10 is a graph of the flow rate of a feed solution against the
      rejection of the permeated solution, showing the performances of the
      apparatus of the present invention and the conventional apparatus by
      comparison.
DETD
PAR  FIG. 1 shows one embodiment of the apparatus according to the invention,
      wherein a module 4 comprising a hollow mandrel with a closed end and an
      open end and membrane sheets is mounted coaxially in a cylindrical chamber
      1. The opposite ends of the chamber 1 are closed with side covers 2 and 3
      at its flanges. The chamber 1 is provided on its circumference with an
      inlet pipe 5 for a feed solution and with an outlet pipe 6 at one end for
      the nonpermeated solution, while the module is provided with an outlet
      conduit 7 connected to the open-end of the mandrel for the permeated
      solution. The space between the module 4 and the inner surface of the
      chamber 1 is divided into two zones 11 and 12 by a sealing member 10 to
      allow the permeated solution to be discharged out of the chamber 1 without
      mixing with the feed solution. The feed solution is introduced into zone
      11 of the chamber 1 under sufficient pressure to carry out reverse osmosis
      through the inlet pipe 5 and the chamber is filled with the solution. The
      feed solution flows into the module 4 from its circumference over the
      axial length in a direction perpendicular to the axis.
PAR  FIG. 2 shows an embodiment of the module shown in FIG. 1. Referring to FIG.
      2, the module 4 comprises the hollow mandrel 8 and two membrane sheets 13a
      and 13b. Each membrane sheet is fixed to the surface of the mandrel 8 at
      its edge with bonding materials B and C. The membrane sheets 13a and 13b
      are spaced apart from each other by a layer of porous backing material 14
      therebetween and are wound spirally about the mandrel 8. A layer of porous
      or grid separating material 15 is disposed adjacent the membrane surfaces
      on the outer aspect of the backing material by being spirally wound with
      the membrane sheets. The sheets 13a and 13b with the backing material 14
      form a spiral passage for a permeated solution. The permeated solution
      passage is closed with a sealing material A at the outer edges of the
      sheets over their axial lengths, while it is open at the inner edges of
      the sheets over their axial length to communicate with the interior 19 of
      the mandrel 8 through holes or slits 9 on the circumference of the
      mandrel, which are axially aligned over the length of the mandrel. The
      permeated solution passage is closed at the opposite spiral edges of the
      sheets over their spiral lengths by sealing members 16 and 17 as shown in
      FIGS. 1 and 3. The sealing members are made of synthetic resin. In this
      connection, the permeated solution is forced to flow from the passage into
      the interior 19 of the mandrel 8 through the holes 9 thereof.
PAR  The membrane sheets 13a and 13b with the separating material 15 form a
      spiral passage for the feed solution. The feed solution passage is open at
      the outer edges of the membrane sheets over their axial lengths to allow
      the feed solution to flow into the passage in a direction perpendicular to
      the axis, while it is closed at the inner edges of the sheets over their
      axial lengths by the mandrel 8. The feed solution passage is closed at the
      spiral edges of the sheets over the entire spiral length by the sealing
      member 16 while it is closed by the sealing member 17 at the opposite
      spiral edges of the sheets over most of the spiral lengths except for a
      part of the length in the vicinity of the mandrel surface. In this
      connection, the feed solution passage partially and axially open at the
      spiral edges of the membrane sheets near the mandrel surface, as indicated
      by numeral 20, to allow the nonpermeated solution to flow through a path
      20a in the axial direction along the surface of the mandrel. The
      nonpermeated solution flows out of the axial outlet opening 20 into the
      zone 12 of the chamber 1.
PAR  In the drawings, the flow directions of the feed solution or nonpermeated
      solution and the permeated solution in the apparatus are indicated by
      arrows.
PAR  The sealing members 16 and 17 form the opposite ends of the module 4 and
      serve not only to prevent the feed solution from flowing into the module
      in the axial direction but also to hold the spiral sheets 13a and 13b and
      the spiral spacing layers 14 and 15 at the opposite spiral edges thereof,
      together with the mandrel 8, in a rigid state. The module is thus
      reinforced to an extent sufficient to ensure that telescoping or
      deformation of the spiral sheets as in the conventional apparatus shown in
      FIG. 6, does not occur. Therefore, the present invention completely
      eliminates the problem of telescoping. In FIG. 6, the same numbers as in
      FIG. 1 denote the corresponding members or elements.
PAR  FIG. 4 shows another embodiment of the module shown in FIG. 1, wherein
      three pairs of membrane sheets are spirally wound with the necessary
      spacing layers about a hollow mandrel in overlapping relation to form
      three spiral passages for the feed solution and the corresponding spiral
      passages for the permeated solution. Each pair formed by the feed solution
      passage and the permeated passage corresponds to that shon in FIG. 2 in
      its arrangement. The elements and members in the module shown in FIG. 4
      are denoted by the same numerals as the corresponding one in the module
      shown in FIG. 2.
PAR  The longer the spiral length of the feed solution passage in the module,
      the greater the pressure loss of fluid. Therefore, in order to decrease
      the pressure loss of fluid, it is preferable to adopt a module as shown in
      FIG. 4 rather than that in FIG. 2, because the greater the number of feed
      solution passages provided in the module having the same dimensions, the
      shorter the spiral length of each passage.
PAR  FIG. 5 shows a modufied module wherein the module shown in FIG. 2 is
      convered circumferentially by a cylindrical filter 18. In the operation of
      this apparatus, the membrane sheets are generally subjected to a higher
      pressure than the reverse osmotic pressure of the sheets. The sheets are
      generally made of an organic polymer such as cellulose, polyamide or the
      like. Therefore, solid impurities such as rust, generated in the system
      including the separation apparatus, may damage the apparatus, particularly
      the membrane sheet. According to the present invention, since the feed
      solution is introduced into the module from the circumference thereof, the
      modified module shown in FIG. 5 is effective for preventing the kind of
      damage as mentioned above.
PAR  FIG. 7 shows another embodiment of a reverse osmosis separation apparatus
      according to the present invention, wherein a module is mounted coaxially
      in a cylindrical chamber. FIGS. 8 and 9 show the module employed in the
      apparatus shown in FIG. 7. In the drawings, the same numerals as in FIGS.
      1, 2 and 3 denote the corresponding elements or members. The other
      embodiment of the apparatus has an arrangement similar to that shown in
      FIGS. 1, 2 and 3, except for the following. The space between the module 4
      and the inner surface of the cylindrical chamber 1 is of a single zone.
      The interior 19 of the hollow mandrel 8 is divided by an axially
      longitudinal plate 8a into two zones 19a and 19b, elongated in the axial
      direction. At one end of the mandrel, the zone 19a is closed and the other
      zone 19b is open. At the opposite end of the mandrel, the zone 19a is open
      and the other zone 19b is closed. An outlet pipe 7 is connected to the end
      of the mandrel to communicate with the zone 19b, while another outlet pipe
      7' is connected to the other end of the mandrel to communicate with the
      other zone 19a. The permeated solution passage is open at the inner edges
      of the membrane sheets 13a and 13b and communicates with axially aligned
      holes 9 on the circumference of the mandrel 8, which open to the interior
      zone 19b of the mandrel. The feed solution passage is open at the inner
      edges of the membrane sheets 13a and 13b and communicate with axially
      aligned holes 9' on the circumference of the mandrel 8, which open to the
      interior zone 19a of the mandrel. The permeated solution passage and the
      feed solution passage are closed at the opposite spiral edges of the
      sheets over the spiral lengths with sealing members 16 and 17'. The
      sealing member 17' has no axial output opening such as the opening 20
      shown in FIG. 3. In this connection, the feed solution flows into the
      chamber 1 through the input conduit 5 and flows spirally into the feed
      solution passage of the module from the circumference thereof. The
      nonpermeated solution in the feed solution passage flows into the interior
      zone 19a of the mandrel through the hole 9' and is then discharged from
      the chamber 1 through the outlet pipe 7'. The permeated solution flows
      into the interior zone 19b of the mandrel throuh the hole 9 and is then
      discharged from the chamber 1 through the outlet pipe 7.
PAR  FIG. 10 shows the results of experiments involving the apparatus of the
      present invention and the conventional apparatus disclosed in U.S. Pat.
      No. 3,367,504. The experiments were carried out under the conditions that
      both apparatuses are made of the same materials and with the same
      dimensions, to be operated under the same operational conditions. An
      aqueous solution of 1000 ppm NaCl was supplied as a feed solution with a
      flow rate of 30 kg/cm.sup.2 at a temperature of 25.degree.C. The rejection
      shown in FIG. 10 was calculated by the following formula.
      ##EQU1##
      wherein R: rejection in percentage,
PA1  C.sub.F : concentration of solute in feed solution,
PA1  C.sub.O : concentration of solute in nonpermeated solution after discharge,
      and
PA1  C.sub.S : concentration of solute in permeated solution after discharge.
PAR  Referring to FIG. 10, it is apparent that the rejection increases when the
      flow rate of the feed solution increases. It is considered that this
      phenomenon appears due to the following. In the apparatus of the
      invention, the flow velocity of the feed solution passing along the
      surface of the membrane sheet increases when the flow rate of the feed
      solution increases, and the increased flow velocity promotes renewal of
      the feed solution layer on the surface of the membrane sheet, thereby
      preventing the phenomenon of polarized concentration of the solute in the
      feed solution.
PAR  When the flow rate increases further, rejection reaches the state of
      equilibrium. In the state of near equilibrium indicated by a or b in FIG.
      10, the polarized concentration phenomenon is only slightly exhibited. In
      general, the separation apparatus is operated with the flow rate
      corresponding to approximately the above mentioned state.
PAR  It is advantageous to flow the feed solution at as low a flow rate as
      possible. This is because a lesser flow rate of the feed solution effects
      a higher recovery ratio.
PAR  Recovery ratio is defined by a ratio of a volume of the permeated solution
      to a volume of the feed solution. As is apparent from the results shown in
      FIG. 10, it is noted that, in comparing curve I representing the apparatus
      of the invention with curve II representing the conventional apparatus,
      the rejection of the apparatus of the invention reaches the state of
      equilibrium at a smaller flow rate than that of the conventional
      apparatus. From this fact, it may be proven that the apparatus of the
      invention performs with a higher recovery ratio than that of the
      conventional apparatus.
PAR  In such a module as in the apparatus of the invention or the conventional
      apparatus, comprising a hollow mandrel and membrane sheets spirally wound
      thereabout, the membrane sheet is generally considerable longer in the
      spiral direction in comparison with the length in the axial direction.
      Therefore, comparing the apparatus of the invention, wherein the feed
      solution is forced to flow in the spiral direction, with the conventional
      apparatus, wherein the feed solution is forced to flow in the axial
      direction, under the condition that the feed solution flows at the same
      flow velocity, the recovery ratio of the apparatus of the invention is
      higher than that of the conventional apparatus. This is because the
      passage area of the spiral membrane sheet is larger in the apparatus of
      the invention than in the conventional apparatus at the same flow velocity
      and thus, the flow rate of the feed solution in the former becomes lower
      than that of the latter.
PAR  To increase the recovery ratio, a system having a plurality of separation
      apparatuses in series appears to be reasonable. However, in the case where
      the conventional apparatus is arranged in series, a substantial increase
      in the recovery ratio can not be expected if the last apparatus in the
      series performs with a low recovery ratio. On the contrary, in the case
      where the apparatus of the invention is employed as the last apparatus, a
      high recovery ratio can be expected.
PAR  According to the invention, the apparatus has advantages in that the
      unequally distributed flow of the feed solution in the spiral passage is
      prevented and thus, the phenomenon of polarized concentration of the
      solute in the feed solution does not occur. From the results shown in FIG.
      10, it is recognized that there is a substantial difference in the
      rejection in the state of near equilibrium between the apparatus of the
      invention and the conventional apparatus.
PAR  The difference in rejection is considered to result from the occurrence of
      the unequally distributed flow in the conventional apparatus, while such
      an unequally distributed flow does not occur in the apparatus of the
      invention. The difference in the rejection ranges from 1 to 2 percent.
      This difference may not appear to be valuable or significant. However,
      such a difference is greatly significant in practice, since it is between
      high rejection in the order of 90 percent and it registers great progress
      in the reverse osmosis technology.
PAR  In general, the membrane sheets and the spacing layers wound spirally about
      the mandrel have tensions of lower values at the areas near the mandrel
      than those at the areas near the circumference of the module. In some
      cases, the tension of the membrane sheet as well as the spacing layer may
      have a negative value. Therefore, in the conventional apparatus, since the
      feed solution is forced to flow into the module from the end thereof and
      to flow axially in the module, a difference in the spaces of the opposite
      membrane sheets between the area near the mandrel and the area near the
      circumference of the module is created; that is, the space at the area
      near the mandrel becomes larger than that at the area near the
      circumference. In this connection, the feed solution flows at a higher
      flow rate at the area near the mandrel than at the area near the
      circumference.
PAR  Further, variation of the sectional area of the solution passage is created
      due to fluid pressure, in so far as the spiral membrane sheets are not
      fixed. This effects an unequally distributed flow of the feed solution on
      the membrane sheets. On the contray, in tha apparatus of the present
      invention, such an unequally distributed flow does not occur since the
      feed solution is forced to flow into the module from the circumference
      thereof and to flow spirally in the module.
PAR  In the apparatus of the invention described above, the feed solution is
      forced to flow into the module from the circumference thereof through the
      inlet 5 and is discharged from the chamber through the outlet pipe 6 or
      7'. However, the feed solution can also flow in the apparatus in the
      reverse direction, that is, from the outlet pipe to the inlet pipe through
      the module, and even if the reversed flow direction is adopted,
      substantially the same effects as in the normal direction are obtainable.
PAR  The invention has been described in detail with particular reference to
      preferred embodiments thereof, but it should be understood that variations
      and modifications can be effected within the spirit and scope of the
      invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a reverse osmosis separation apparatus comprising a cylindrical
      chamber having a membrane module disposed with the axis thereof coaxial to
      the axis of said chamber, said module comprising a hollow mandrel having
      at least one hole at the outer circumference thereof and at least one pair
      of membrane sheets spaced apart from each other by spacing layers and
      spirally wound about said mandrel to form a first spiral passage for a
      permeated solution between the opposite inner surfaces of said sheets and
      to form a second spiral passage for a feed solution between the opposite
      outer surfaces of said sheets, said first passage being closed at the
      outer edges of the entire lengths of said sheets and having an outlet
      opening elongated in the axial direction at the inner edges of the entire
      lengths of said sheets to communicate with with the interior of said
      mandrel through said hole thereof, means for supplying said feed solution
      into said chamber to allow the solution to flow into said second passage,
      means for discharging the nonpermeated solution which flows out of said
      membrane module from said chamber, and means for discharging said
      permeated solution which flows into the interior of said mandrel from said
      chamber, the improvement comprising: said second passage having an inlet
      opening elongated in the axial direction at the outer edges of the entire
      lengths of said sheets and an axiaal outlet opening at the spiral edges of
      said sheets in the vicinity of the surface of said mandrel; said first and
      second passages being closed at the opposite edges of said sheets over
      most of the spiral lengths except where said axial outlet opening is
      formed, and; said supplying means for said feed solution being provided so
      that said feed solution is forced to flow transversely into said chamber
      in a direction perpendicular to the axis of said chamber, whereby said
      feed solution is forced to flow into said second passage through said
      inlet opening thereof and to flow spirally around said mandrel through
      said second passage and said nonpermeated solution is forced to flow out
      of said membrane module through said axial outlet opening of said second
      passage, said permeated solution flowing spirally in said first spiral
      passage and being discharged via said hole in the mandrel into the
      interior of said mandrel.
NUM  2.
PAR  2. A reverse osmosis separation apparatus according to claim 1, wherein a
      plurality of pairs of said membrane sheets with said spacing layer are
      spirally wound about said mandrel in overlapping relation to form a
      plurality of sets of said first and second passages in said module, said
      mandrel having a plurality of said holes on the circumference thereof to
      communicate respectively with said first passages.
NUM  3.
PAR  3. A reverse osmosis separation apparatus according to claim 1, wherein
      said membrane sheets and said spacing layers at the opposite spiral edges
      thereof are held together with said mandrel in a rigid state by means of
      sealing members, said sealing members respectively forming the opposite
      ends of said module.
NUM  4.
PAR  4. A reverse osmosis separation apparatus according to claim 1, wherein
      said module is covered circumferentially with a cylindrical filter for
      said feeding solution.
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PAL  An apparatus for the separation of liquid mixtures by means of
      permselective separation membranes, comprising at least one separation
      module composed of a distributor plate, a collector plate and an
      intermediate situated separation membrane. The distributor plate is
      provided at the region of the effective membrane surface with at least one
      throughpassage opening arranged at the periphery thereof for the mixture
      to be separated and at least one open flow channel extending from said
      throughpassage opening towards the center of the membrane. The flow
      channel is arranged such that the mixture along one face of the membrane
      is subjected to a turbulent flow for the successive flushing of the
      membrane surface. The membrane is provided with an axial throughflow
      opening into which opens the flow channel. The collector plate is provided
      with an axial bore, a substantially ring-shaped recess arranged opposite
      the flow channel, a highly porous carrier element arranged in the
      ring-shaped recess for substantially uniformly supporting the membrane at
      a discharge side thereof, and at least one collecting channel leading from
      the periphery of the ring-shaped recess towards the outside. The carrier
      element is pressure resistant and highly porous to an extent sufficient to
      allow for a rapid unhindered flow-off of the permeate which flows through
      and out of the membrane via the ring-shaped recess to the collecting
      channel without any appreciable pressure drop and at the same time
      opposing any bending-through of the membrane. There are also provided
      sealing means provided at the distributor plate and the collector plate
      for sealing the flow channel and the ring-shaped recess at the center and
      at the periphery of the membrane from one another and from the
      surroundings against high pressure and vacuum.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to apparatus for the separation of liquid
      mixtures, especially organic substance mixtures and aqueous salt
      solutions.
PAR  Organic mixtures which are in a liquid state at room temperature,
      especially those which are relatively difficult to separate,
      advantageously are separated by techniques known as perstraction and
      pervaporation, in both cases a high degree of separation being realized
      through the use of permselective (permeability selective) membranes or
      diaphragms. With perstraction, also referred to as membrane-delayed
      extraction, the liquid mixture is delivered at high pressure (up to about
      1000 atmospheres) to the front face of a microporous, permselective
      membrane and the permeating material, i.e. the fraction to be separated
      out in a suitable extraction liquid, is withdrawn at low pressure (for
      instance 1 atmosphere) from the membrane rear face.
PAR  On the other hand, in the case of pervaporation dense or non-porous
      permselective membranes are used, to the front face of which there is
      delivered the liquid mixture at atmospheric pressure or low excess
      pressure and at the rear face of which there is withdrawn the permeating
      material under vacuum in a vapor state.
PAR  The multifarious separation work which is to be carried out at the present
      time, however, results in very different requirements which are dependent
      upon numerous parameters with respect to the substance and the operating
      conditions and are especially difficult to determine by calculations.
      Therefore for each case special equipment must be constructed, requiring
      for this purpose a high experimental expenditure before it is possible to
      devise a separation apparatus which really allows for satisfactory
      separation operations on a technical scale.
PAC  SUMMARY OF THE INVENTION
PAR  Hence, the present invention aims at the provision of a new and improved
      construction of apparatus for the separation of liquid mixtures by means
      of permselective separation membranes or diaphragms in a manner not
      associated with the aforementioned drawbacks and limitations of the prior
      art constructions.
PAR  Another object of the invention is directed to overcoming the
      aforementioned difficulties prevailing in this field of technology.
PAR  Yet a further and more specific object of the invention aims at the
      provision of a versatile separation apparatus enabling the performance of
      technologically satisfactory separation operations for different
      separation purposes through the use of easily exchangeable membranes
      accommodated to the momentarily encountered purpose and wherein the
      separation operation can be carried out under very different operating
      conditions, such as pressure, throughput and the like.
PAR  Now in order to implement these and still further objects of the invention,
      which will become more readily apparent as the description proceeds, the
      subject matter of this development relates to an improved construction of
      apparatus for the separation of liquid mixtures by means of permselective
      separation membranes, and which apparatus is manifested by the features
      that it comprises at least one separation module incorporating a
      distributor plate, a collector plate and an intermediately situated
      separation membrane, wherein such is supported at both sides and sealed
      towards the outside. The distributor plate at the region of the effective
      membrane surface has at least one throughflow opening arranged at the
      periphery thereof for the mixture to be separated-out as well as one open
      flow channel extending along a curved line from this opening to the center
      of the membrane. The flow channel is arranged such that the mixture is
      exposed along one side of the membrane to a turbulent flow for the
      successive flushing of the membrane surface along a serpentine-shaped or
      undulated path from the periphery to the center thereof. The membrane
      possesses an axial throughflow opening into which opens the flow channel.
      The collector plate has an axial bore, a substantially ring-shaped recess
      opposite the flow channel, and a highly porous carrier element arranged in
      the ring-shaped recess for uniformly supporting the membrane at its exit
      or discharge side as well as at least one collecting channel leading from
      the periphery of the ring-shaped recess towards the outside. The carrier
      element is constructed to be pressure resistant and highly porous in such
      a way that it can permit a rapid unhindered flowing-off of the material
      which flows through and out of the membrane via the recess to the
      collecting channel without any considerable pressure drop and at the same
      time opposing any bending-through of the membrane. Sealing means are
      provided at the distributor plate and the collector plate such that the
      flow channel and the ring-shaped recess are sealed at the center and at
      the periphery of the membrane against high pressure or vacuum effects from
      one another and from the surroundings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better understood and objects other than those set
      forth above, will become apparent when consideration is given to the
      following detailed description thereof. Such description makes reference
      to the annexed drawings wherein:
PAR  FIG. 1 is a cross-sectional view of a first exemplary embodiment of the
      invention in the form of a simple separation module with a single
      separation membrane or diaphragm, the module components having been
      illustrated in spaced relationship from one another to improve clarity in
      illustration;
PAR  FIG. 2 is a plan view of the distributor plate of the separation module
      shown in FIG. 1, viewed along the line II--II thereof; and
PAR  FIG. 3 is a cross-sectional view of a second exemplary embodiment
      incorporating a number of separation modules.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Describing now the drawings, the simple separation module depicted in FIG.
      1 consists essentially of a single permselective separation membrane 1
      which is sealingly mounted by means of not particularly illustrated
      holding means between a distributor plate 2 and a collector plate 3.
PAR  As best seen by referring to FIGS. 1 and 2 the distributor plate 2 is
      provided at the region of its periphery with an inlet bore or throughflow
      opening 4 which allows for the inflow of the liquid mixture to be
      separated to the top side or surface 1a of the membrane 1. The distributor
      plate 2 is provided at its underface with coaxial substantially
      ring-shaped grooves 5, 6 and 7 defining a flow channel and these grooves
      are connected with one another and with a central circular-shaped
      depression or recess 8 equipped with an outlet opening 9. In the recess 8
      there is inserted a contact ring 10 having an axial outlet bore 11. The
      membrane 1 is also equipped with an axial throughflow opening 12 and with
      the aid of the sealing O-rings 13 and 14 is held at its periphery and at
      its center in a sealed fashion between the plates 2 and 3. As best seen by
      referring to FIG. 2 the ring-shaped groove or channel arrangement 5 to 7
      is arranged such that it forms between the inlet 4 and the outlet 9 a
      narrow, serpentine-shaped or undulated flow path for the liquid mixture
      along the membrane 1 at the upper surface or face thereof.
PAR  The collector plate 3 is provided at its periphery and at its center with
      sealing surfaces 15 and 16 as well as with an intermediately situated
      wide, ring-shaped recess or recess arrangement 17. This serves for the
      reception of a highly porous carrier element or supporting insert 18 which
      allows for the uniform support of the major portion of the underface or
      outlet surface 1b of the membrane 1 and at the same time an essentially
      unhindered, practically pressure loss-free withdrawal of the permeating
      substance (permeate) from the membrane 1, through the recess 17, via a
      collecting channel 19 radially arranged at the periphery of the plate 3,
      to a collector pipe or conduit 20. The ring-shaped carrier or supporting
      insert 19 can be constructed for this purpose in a number of different
      ways. It can, for instance, consist of a wire or grid network as well as
      of a perforated plate which, on the one hand, bears against the membrane 1
      and, on the other hand, has a multiplicity of spacer elements for
      supporting the same against the floor of the recess 17. It is important
      that the insert 18 be able to uniformly support the entire membrane or
      diaphragm 1 against high pressure differences and at the same time be
      highly pervious both axially as well as radially. Basically, the insert 18
      also could be constituted by highly porous frit, for instance glass frit.
PAR  The collector plate 3 is also provided with an axial bore 21 for the
      discharge of the retained material (retentate) from the separation module.
PAR  It should be understood that, if desired, there can be provided more than
      one throughflow opening 4 at the distributor plate 2 and more than one
      collecting channel 19 at the collector plate 3.
PAR  After the described separation module has been sealingly assembled together
      then it is ready for use. With the aid of a pump and appropriate conduits
      (not shown) the mixture to be separated can be conducted under pressure
      once or a number of times through the separation module in order to obtain
      the desired separation action, the permeate being withdrawn via the tube
      or conduit 20.
PAR  The described very simple arrangement of the separation module according to
      FIGS. 1 and 2 provides for the following significant practical advantages:
PAR  a. The membrane or diaphragm 1 is easily exchangeable and can be rapidly
      accommodated to the momentarily encountered separation work;
PAR  b. The membrane is effectively supported at both faces along its entire
      surface and sealingly arranged at the periphery and at the center, so that
      it can withstand, without deformation, high pressure differentials which
      occur during operation;
PAR  c. By virtue of the described relatively narrow ring-shaped groove
      arrangement 5, 6, 7 of the distributor plate 2 the entire mixture to be
      separated is guided under turbulent flow conditions along a very long
      serpentine-shaped path past the membrane surface, there thus being insured
      for optimum conditions with regard to a good separation action for high
      throughput at the inlet side of the membrane;
PAR  d. The highly porous supporting insert 18 provides for a maximum uniform
      supporting of the membrane 1 and nonetheless allows for the withdrawal of
      the permeate with insignificant pressure losses at the outlet or exit side
      of the membrane;
PAR  e. Owing to the advantages (a) to (d) explained above the separation module
      can be operated with different types of separation membranes both under
      high pressure as well as also under high vacuum, i.e. can be employed for
      perstraction as well as for pervaporation. The highly porous carrier
      element or support insert 18 allows for a uniform application of the
      vacuum at the entire outlet or exit surface of the membrane.
PAR  Hence, there is provided a simple, versatile separation module which can be
      employed for the most different separation work. It is only necessary to
      properly select the separation membrane and the operating conditions
      (pressure or vacuum) in order to insure for optimum separation conditions
      in all respects. This module can be advantageously employed for the
      separation of relatively small quantities of mixtures or also for the
      emperical determination of the optimum separation membranes and and
      separation conditions respectively. Also exactly the same advantages as
      discussed above are realized in larger separation apparatuses with a
      number of series or tandem arranged similar modules of the described type,
      the module components can be easily standardized and optionally
      accommodated to one another.
PAR  FIG. 3 shows in cross-sectional view a second exemplary embodiment of the
      invention with a number of separation modules connected behind one another
      or in tandem between end plates 22a and 22b. As best seen by referring to
      such Figure the membranes 1 at both ends of such modular arrangement are
      provided with a respective distributor plate 2 of exactly the same
      construction as shown in FIGS. 1 and 2 and described above. Intermediate
      thereof there are provided a number of simililar separation modules T,
      only one of which has been conveniently shown in FIG. 3. Each module T
      consists of two double distributor plates 2' constructed at both faces in
      the manner shown in FIGS. 1 and 2, two membranes 1 each with an axial
      opening 12 and an intermediately situated collector plate 3' which
      likewise is constructed at both faces in the manner shown in FIG. 1.
PAR  In this manner is is possible to easily stack a large number of such
      separation modules T on top of one another i.e. to arrange such behind one
      another in order to obtain the desired separation action. This simple
      arrangement allows for the rapid exchange of the separation membranes
      depending upon requirements.
PAR  As also shown schematically in FIG. 3 the described apparatus can be
      arranged together with a container 23 for the mixture in a closed
      circulation system equipped with a pump 24 in order to allow for a
      multiple pass of the mixture to be separated until the desired degree of
      separation has been obtained. The collector tubes or pipes 20 of the
      separation modules are connected via a common collector conduit or line 25
      with a permeate container 26.
PAR  If the equipment according to FIG. 3 is employed for hyperfiltration or
      perstraction, then the pump 24 consists of a high-pressure pump and the
      membrane 1 of microporous permselective membranes of conventional
      structure, for instance formed of cellulose acetate or polyvinylchloride,
      the properties of which are accommodated in each instance to the
      components which are to be separated out.
PAR  On the other hand, in the case of pervaporation the pump 24 only serves as
      the circulation pump which merely delivers a sufficient pressure for
      overcoming the pressure losses during the flow of the substance through
      the separation modules. The collector tubes 20 and the collector conduit
      25 in this instance are coupled in conventional manner with a not
      particularly illustrated vacuum pump as well as a cold trap.
PAR  The membranes 1 then consist of non-porous permselective membranes of
      diaphragms of similar conventional substances.
PAR  The different modular components of the described apparatuses must be
      resistant to the effects of the liquid mixtures, wherein, for instance,
      there can be employed to advantage steel, TEFLON, glass and so forth as
      the material for the distributor and/or collector plates.
PAR  Furthermore, it is here mentioned that when using substances with
      sufficient mechanical strength, for instance steel, for the distributor
      plates and the collector plates, the end plates 22a, 22b of the
      arrangement according to FIG. 3 can be omitted. Further, if desired there
      also can be only employed double-face acting distributor- and/or collector
      plates 2' and 3' respectively, formed of steel, while omitting both the
      corresponding single-face acting plates 2 and 3 respectively as well as
      the end plates 22a and 22b. In this way there can be obtained a separation
      arrangement which only is composed of the same type modules T according to
      FIG. 3. Consequently, the series or mass production can be simplified in
      that only two plate types are required for the assembly of the separation
      apparatus with random number of modules.
PAR  Module separation apparatuses of the described type can be used, for
      instance, to advantage for the separation of expensive substance mixtures
      which are present in relatively small quantities, and which cannot or only
      with great difficulty can be separated by conventional heretofore known
      separation techniques. Such separation problems occur, for instance, quite
      often in the perfume industry, where oftentimes one is dealing with heat
      sensitive substances which are difficult to separate.
PAR  Owing to the aspects of the invention it is possible to advantageously
      separate, for instance, azeotropic mixtures as well as
      turpentine-containing natural extracts or heat-sensitive physiologically
      effective substance mixtures.
PAR  While there is shown and described present preferred embodiments of the
      invention, it is to be distinctly understood that the invention is not
      limited thereto, but may be otherwise variously embodied and practiced
      within the scope of the following claims.
CLMS
STM  Accordingly, what is claimed is:
NUM  1.
PAR  1. An apparatus for the separation of liquid mixtures by means of
      permselective separation membranes, comprising at least one separation
      module composed of a distributor plate, a collector plate and an
      intermediate situated separation membrane, said separation membrane having
      oppositely situated faces, one of said faces defining an effective
      membrane surface, the distributor plate being provided at the region of
      the effective membrane surface with at least one throughpassage opening
      arranged at the periphery thereof for the mixture to be separated and at
      least one open flow channel extending from said throughpassage opening
      towards the center of the membrane, said flow channel being arranged such
      that the mixture along one face of the membrane is subjected to a
      turbulent flow for the successive flushing of the membrane surface, said
      membrane being provided with an axial throughflow opening into which opens
      said flow channel, the collector plate comprising a body of imporous
      material formed with an axial bore, a substantially ring-shaped recess
      arranged opposite the flow channel, and at least one collecting channel
      leading from the ring-shaped recess towards the outside, and the collector
      plate also comprising a highly porous carrier element arranged in the
      ring-shaped recess for substantially uniformly supporting the membrane at
      a discharge side thereof defined by the other face, the carrier element
      being pressure resistant and highly porous to an extent sufficient to
      allow for a rapid unhindered flow-off of the permeate which flows through
      and out of the membrane via the ring-shaped recess to the collecting
      channel without any appreciable pressure drop and at the same time
      opposing any bending-through of the membrane, and sealing means provided
      at the distributor plate and the collector plate for sealing the flow
      channel and the ring-shaped recess at the center and at the periphery of
      the membrane from one another and from the surroundings against high
      pressure and vacuum.
NUM  2.
PAR  2. The apparatus as defined in claim 1, wherein the flow channel comprises
      a number of concentric flow communicating ring-shaped grooves and a
      central recess.
NUM  3.
PAR  3. The apparatus as defined in claim 1, wherein the carrier element
      comprises a wire grid network.
NUM  4.
PAR  4. The apparatus as defined in claim 1, wherein the carrier element
      comprises a perforated plate bearing against the membrane and extending at
      a distance from the floor of the ring-shaped recess of the distributor
      plate.
NUM  5.
PAR  5. The apparatus as defined in claim 4, wherein the perforated plate is
      supported by means of a multiplicity of spacers at the floor of the
      ring-shaped recess.
NUM  6.
PAR  6. The apparatus as defined in claim 1, wherein the distributor plate is
      identically constructed at both faces thereof.
NUM  7.
PAR  7. The apparatus as defined in claim 1, wherein the collector plate is
      identically constructed at both faces thereof.
NUM  8.
PAR  8. The apparatus as defined in claim 1, wherein there are provided a
      plurality of such separation modules which are arranged in tandem, and
      wherein the distributor plates, with the exception of end plates, and the
      collector plates in each case are associated with two separation
      membranes.
NUM  9.
PAR  9. The apparatus as defined in claim 1, wherein the distributor plate and
      the collector plate are formed of glass.
NUM  10.
PAR  10. The apparatus as defined in claim 1, wherein the carrier element
      consists of frit.
NUM  11.
PAR  11. The apparatus as defined in claim 10, wherein the frit comprises glass
      frit.
NUM  12.
PAR  12. The apparatus as defined in claim 1, wherein the membrane is sealingly
      supported at both faces and towards the outside.
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ABST
PAL  A screening apparatus comprising a water receptacle, a screen frame mounted
      on the water receptacle with a screen covering the opening of the water
      receptacle, a sprinkler for sprinkling water into the screen frame and a
      vibrator for expanding and contracting air within the water receptacle to
      thereby vibrate the screen.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a screening apparatus comprising means for
      sprinkling liquid into a screen frame having a screen and means for
      vibrating the screen.
PAR  Screening apparatuses of this type, called wet-type screening apparatuses,
      have been provided to overcome the drawback of inefficient screening
      operation experienced with apparatuses of the dry type in which the screen
      is merely vibrated.
PAR  The conventional screening apparatus of the wet type includes a screen
      frame supported in suspension to subject the screen to horizontal
      oscillations. Such apparatus has the following drawbacks:
PAR  1. The swinging motion of the screen causes the water retained in the
      screen frame to move in horizontal directions therein, with the result
      that powdery or granular material fails to spread over the screen
      uniformly, making it impossible to achieve highly efficient and accurate
      screening operation.
PAR  2. Inasmuch as the screen can not sufficiently vibrate relative to the
      screen frame, with oscillations taking place in horizontal directions,
      particles or granules trapped in the meshes of the screen are almost
      unable to rollingly move upward or downward, hence still inefficient
      operation.
PAR  To overcome these drawbacks, this invention provides improvements in the
      wet-type screening apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  The screening apparatus of this invention comprises a screen frame having a
      screen, a housing for mounting the screen frame, the housing having an
      opening communicating with the meshes of the screen in the screen frame
      mounted thereon, means for supplying a liquid into the screen frame
      mounted on the housing, and means for alternately expanding and
      contracting air within the housing to thereby vibrate the screen relative
      to the screen frame in directions substantially perpendicular to the plane
      of the screen.
PAR  Briefly, the apparatus of this invention is characterized in that the air
      within a space below the screen is expanded and contracted alternately to
      vibrate the screen utilizing the expansion and contraction of the air.
PAR  Accordingly, there is no need to vibrate the screen frame in order to
      vibrate the screen but the screen itself is vibrated in directions
      substantially perpendicular to its plane, making it less likely that the
      remaining liquid in the screen frame will move in horizontal directions
      and consequently permitting powdery or granular material to be screened
      while being spread almost uniformly over the entire surface of the screen
      all the time. Thus screening operation can be carried out more efficiently
      and accurately than with conventional wet-type screening apparatuses.
PAR  Since the screen is adapted to be vibrated in a direction substantially
      perpendicular to its plane, the powdery or granular material becomes
      suspended in liquid retained in the screen frame, while particles or
      granules which tend to clog up the meshes of the screen are rollingly
      moved and agitated, being thereby dispersed in the remaining liquid in the
      screen frame. The screen therefore achieves improved efficiency.
PAR  Accordingly the primary object of this invention is to provide a wet-type
      apparatus for screening efficiently and accurately.
PAR  Another object of this invention is to provide an apparatus capable of
      keeping powdery or granular material distributed almost uniformly over the
      entire surface of the screen.
PAR  Still another object of this invention is to provide an apparatus suitable
      for screening operation on a large scale.
PAR  Other objects and advantages of this invention will become apparent from
      the following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view in vertical section showing an embodiment of this
      invention; and
PAR  FIG. 2 is a view in section taken along the line II--II in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A base frame 1 is formed in its top with an opening 2, below which there is
      disposed a downwardly inclined plate 3. A housing 7 comprises the upper
      shelf portion 4, front and rear side walls 5 and right side wall 6 of the
      base frame 1 and the inclined plate 3 and has openings 8 and 9 at the
      upper and lower ends of the inclined plate 3 respectively.
PAR  The opening 2 in the top of the base frame 1 is circular and has a diameter
      slightly greater than the diameter of a circular screen 11 attached to a
      cylindrical screen frame 10. Accordingly, the opening 2 of the base frame
      1 communicates with all the meshes of the screen 11. Mounted on the screen
      frame 10 is an upper frame 12 having approximately the same size and shape
      as the screen frame 10 to prevent splashing of water supplied into the
      screen frame 10.
PAR  A bent pipe 13 secured to the base frame 1 has at its distal end a bearing
      member 14 the interior of which communicates with the pipe 13. The bearing
      member 14 supports a rotary pipe 15 rotatable about a vertical axis which
      almost coincides with the center axis of the opening 2 in the top of the
      base frame 1. By way of a plurality of apertures 16 formed in the rotary
      pipe 15, the rotary pipe 15 internally communicates with the bearing
      member 14. The rotary pipe 15 is closed at its upper end which is provided
      with a handle 17. Through the engagement of the handle 17 with the bearing
      member 14, the rotary pipe 15 is suspended from and supported by the
      bearing member 14. The rotary pipe 15 carries at its lower end a
      horizontal pipe 18 having a substantially horizontal axis and internally
      communicating with the pipe 18. The horizontal pipe 18 is equipped with a
      plurality of nozzles 19 which are spaced apart equidistantly. The nozzles
      19 positioned on the left side of the axis of the rotary pipe 15 are
      oriented in opposite relation to those positioned on the right side with
      respect to the jetting direction. More specifically as illustrated in FIG.
      2, each of the nozzles 19 has its jetting direction inclined,
      circumferentially of the horizontal pipe 18, at an angle of .theta.
      (45.degree.) with respect to a vertical line, so that when water is
      supplied by means, not shown, to the bent pipe 13, the jet of water from
      the nozzles 19 produces a reaction force, which rotates the rotary pipe 15
      and the horizontal pipe 18. By sprinkling water with revolving nozzles 19
      during screening operation in this way, the water can be applied to the
      screen 11 almost uniformly over the entire surface thereof to improve the
      efficiency and accuracy of the operation. The rotary pipe 15 is also
      provided, toward its lower end, with a plurality of nozzles 20 for
      sprinkling water. The water sprinkled into the screen frame 10 passes
      downward through the meshes of the screen 11 with undersize powdery or
      granular material, flows down on the inclined plate 3 and is discharged
      from the housing 7 through the opening 9 at the lower end of the inclined
      plate 3.
PAR  The bearing member 14 has a hook 21 for engagement with an annular
      projection 22 on the rotary pipe 15, whereby the rotary pipe 15 can be
      retained at the elevated position so that the screen frame 10 can be
      handled without being hindered by the rotary pipe 15 and horizontal pipe
      18 when being mounted on the base frame 1.
PAR  An air chamber 27 is defined by the upper wall 4, front and rear side walls
      5 and left side wall 23 of the base frame 1, the inclined plate 3 and an
      airtight flexible diaphragm 26 extending from a rib 24 beneath the
      inclined plate 3 to another rib 25 on the left side wall 23. The air
      chamber 27 communicates with the housing 7 through the opening 8 at the
      upper end of the inclined plate 3 of the housing 7. The diaphragm 26 has a
      highly magnetic member 28 which is pushed up by a plurality of compression
      springs 29 attached to the base frame 1. Disposed below the magnetic
      member 28 is an electromagnet 30 mounted on the base frame 1 and connected
      to an A.C. supply source 31 by a circuit including a half-wave rectifier
      32. Current is therefore applied to the electromagnet 30 intermittently.
      Consequently, by virtue of depression by the electromagnet 30 and
      elevation by the compression spring 29, the highly magnetic member 38
      undergoes vibration having a small amplitude and short period, causing
      expansion and contraction of air within the air or pulsation chamber 27.
      The energy of the expansion and contraction is transmitted to the air
      within the housing 7 which air in turn undergoes expansion and
      contraction, this bringing the screen 11 into vibration relative to the
      screen frame 10 in a direction substantially perpendicular to the plane of
      the screen 11. As a result, the apparatus performs the screening operation
      more efficiently and more accurately than conventional apparatuses as
      already described in detail.
PAR  Since satisfactory results can be produced only by vibrating the screen 11
      through the expansion and contraction of air within the housing 7
      according to this invention, the housing 7 may have the opening 9 for
      discharging water. However, the water discharge opening 9 may
      alternatively be closed with a valve or watertight trap so that the screen
      11 can be vibrated when used in a large apparatus, or the screen 11 may be
      so adapted that air will pass through the meshes of screen 11 upward and
      downward.
PAR  Further according to this invention, it is advantageous to provide the
      housing 7 and air chamber 27 separately as in the foregoing embodiment in
      order to prevent the suspension flowing through the screen 11 from
      entering the chamber 27. However, the diaphragm 26 may alternatively be
      positioned in the housing 7 to directly expand and contract the air within
      the housing 7. Various known means are also employable to cause the air in
      the housing 7 to expand and contract alternately.
PAR  Conveniently, the water may contain for example a suitable dispersing agent
      added thereto to promote dispersion of powdery or granular material into
      water and to thereby ensure screening operation with improved efficiency.
      Furthermore, powdery or granular material may previously be mixed with
      water or solution to prepare a suspension, which may then be fed onto the
      screen 11.
PAR  The means for supplying water, solution, suspension or like liquid into the
      screen frame 10 mounted on the housing 7 may be, for example, stationary
      nozzles which are spaced apart and arranged over the almost entire area of
      the screen 11. The screen 11 may be inclined, with nozzles positioned
      above the inclined screen. The present invention can further be embodied
      in the form of various other modifications.
PAR  The apparatus according to this invention are usable for experimental
      purposes as well as for industrial operations.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. In a screening apparatus, the combination comprising:
PA1  housing means provided with horizontal shelf portion means;
PA1  means defining an opening in said shelf portion means;
PA1  open ended frame means disposed about said means defining an opening;
PA1  said frame means extending upwardly therefrom;
PA1  screen means disposed at the lower end of said frame means and adapted to
      cover said means defining the opening;
PA1  means for supplying liquid to said screen from a position above said screen
      means;
PA1  plate means disposed below said screen means and inclined relative to said
      screen means to provide a drainage conduit for said liquid; and
PA1  air pulsation means disposed below and protected by said plate means, said
      pulsation means communicating with said screen means by an outlet above
      said plate means but below said screen means.
NUM  2.
PAR  2. In a screen apparatus as described in claim 1, in which said means for
      supplying liquid includes a plurality of nozzles revolvable by the
      reaction force of the flow of liquid from said means.
NUM  3.
PAR  3. In a screening apparatus as described in claim 1, in which said air
      pulsation means comprises spring biased magnetic diaphragm means actuated
      by an intermittently energized electromagnet.
NUM  4.
PAR  4. In a screening apparatus as described in claim 1 in which said means for
      supplying liquid is upwardly translatable thereby providing access to said
      frame and screen means.
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ABST
PAL  An apparatus for effecting purification and fractional separation of a
      material suspension, which includes a screening assembly of the closed
      centripetal type comprising an outer annular chamber with a stationary
      outer shell and also an inward rotatable drum, together with an inner
      annular chamber which is radially outwardly defined by said first drum and
      radially inwardly by a second screening drum, an improvement in the
      efficiency of the separatory apparatus consists in providing means for
      creating pulsating waves in the suspension in association with said first
      rotating screening drum.
PARN
PAR  This application is a continuation of application Ser. No. 225,487, filed
      Feb. 11, 1972, and now abandoned.
BSUM
PAR  The present invention relates to a method of purifying and fractioning
      material suspensions, especially fibre suspensions, in which the
      suspension is passed under pressure to an outer annular chamber of an
      apparatus comprising a number of concentrically arranged chambers, and
      caused to flow inwardly of the apparatus, to be purified and fractioned.
PAR  The invention also relates to an apparatus for carrying out the method and
      pertains to screens of the closed centripetal type, comprising an outer
      annular chamber provided with an inlet for the fibre suspension and being
      radially outwardly defined by a stationary cylindrical or conical shell
      and radially inwardly by a first rotatable cylindrical or conical drum
      provided with suspension pulsating means, and an inner annular chamber
      with outlets for impurities, e.g., reject, the inner chamber being
      radially outwardly defined by the first drum and radially inwardly by a
      cylindrical or conical second screening drum, and further comprising a
      passage located within the second screening drum and arranged to receive
      the purified fibre suspension, i.e., the accept, and communicating with an
      outlet therefore.
PAR  The main object of the present invention is to improve on the method and
      apparatus disclosed in and embraced by Swedish Pat. No. 316,363 with
      respect to the fibre suspension purifying sequence and with respect to
      reducing the content of primary fibres in the reject and its content of
      small and heavy impurities.
PAR  The desired improvements are obtained with the method and apparatus of the
      present invention, the method being mainly characterized in that pulsating
      waves are created in the suspension by means of a first rotating screening
      drum provided with suspension pulsating means and screen openings, that
      the suspension during its passage inwardly first passes through the first
      drum provided with screen openings and suspension pulsating means, whereby
      coarse and/or heavy impurities such as knots and sand, are separated from
      the suspension, that the suspension is then passed through a second
      screening drum having considerably finer screening openings than the first
      mentioned drum, to further purify the suspension, and that the impurities
      are removed from the space formed between the two screening drums and the
      purified suspension is removed from the space within the second screening
      drum, while the apparatus of the invention is distinguished by the fact
      that the first drum is provided with considerably larger screen openings
      than the screen openings in the second screening drum to enable the fibre
      suspension to pass through the first drum, while separating from the
      suspension the coarser and heavier impurities thereof, to the second
      screening drum and through the passage of which the suspension is
      purified.
PAR  When proceeding in accordance with the present invention, the fibre
      suspension subsequent to separating scrap material therefrom is first
      coarsely screened inwardly through a rapidly rotating first screening drum
      provided with suspension pulsating means and screen openings (suitably
      having perforations with a diameter of 4-8 mm), whereafter the suspension
      is finely screened by passing the same through a second screening drum
      arranged concentrically with the first screening drum and suitably capable
      of rotating at high speeds in the opposite direction thereto. The
      perforations of the second screening drum are suitably in the form of
      holes having a diameter of 1 - 2.5 mm or slots having a width of 0.20 -
      0.60 mm. The conditions for finely screening the fibre suspension, for
      instance pulp, can thus be adapted for the final treatment process and, so
      to speak, is not restricted by the different conditions required for
      different reasons with the preceding coarse screening process.
PAR  Separation of the major portion of the small and heavy impurities contained
      in the pulp, such as sand, rust, etc., is effected during the coarse
      screening process, and hence the peripheral speed at which the first
      screening drum is caused to rotate is adjusted in a manner such that its
      centrifugal effect is sufficient for this purpose. To amplify the
      separation effect, the first drum is provided with pulse generating
      external deformations, e.g., low, bowl or scoop-shaped projections,
      arranged peripherally in one or more zones, alternating with perforated
      zones or combined therewith.
PAR  Water under pressure is charged to the final portion of both the knot
      removal section and the fine screening section, for diluting and flushing
      purposes.
PAR  The screenability and the degree to which pulp can be screened/purified
      varies widely with different types of pulp. It follows from this that the
      peripheral speed at which the drums should rotate in order to provide the
      desired degree of pulp screening and purification can also differ greatly
      with different types of pulp.
PAR  The peripheral speed of the first screening drum is mainly determined by
      the desired centrifugal effect with regard to the removal of smaller and
      heavier impurities, and is normally of the order of 7 - 15 m/sec or
      possibly lower.
PAR  The peripheral speed of the second screening drum is decided with respect
      to the type of pulp in question and its consistency, together with the
      selected perforation, so that the screening sequence can be surely
      completed under the variations occurring during plate operations with
      respect to the screenability and concentration of the pulp. Fine screening
      of the pulp should therefore not be effected more forcedly than necessary,
      since otherwise the purity of the pulp is liable to be impaired. The
      second screening drum is therefore arranged to rotate at peripheral speeds
      covering a wider range than the first screening drum, e.g., normally of
      the order of 7 - 20 m/sec.
PAR  From the aforegoing discussion on the suitable peripheral speeds for
      respective drums it will be clear that both the gap between the first
      screening drum and the stationary shell and the gap between the two drums
      must be adjusted to provide for an optimum purifying sequence.
PAR  The drums used with the apparatus to which the present invention pertains
      are suitably tapered outwardly and downwardly so that both the outer
      annular chamber between the first screening drum and the surrounding
      cylindrical stationary shell, which may optionally be slightly tapered
      outwardly or inwardly, and the inner annular chamber between the drums
      decrease downwardly. If the outer, stationary shell is slightly tapered
      inwardly and downwardly, the first screening drum may be in the form of a
      pure cylinder, as may also the second screening drum.
PAR  The pulp flowing through the first screening drum to the annular chamber
      between the drums forms a rapidly rotating liquid layer on the inside of
      the first screening drum and a layer of liquid on the outside of the
      second screening drum, rotating rapidly in an opposite direction to the
      liquid layer on the first drum. An intensive turbulence occurs between the
      contra-rotating layers of liquid, which acts in a deflocculative manner
      and promotes separation of the impurities.
PAR  Located adjacent the inside of the second screening drum is a suitable
      number of stationary pulp pulsating vanes, so constructed that local
      pressure impacts cause the screening means to be cleaned of fibres
      adhering thereto at a frequency of 20 - 50 impacts/sec. together in every
      point on the screening means, the pulsating vanes being adapted to the
      concentration and screenability of the pulp and to the size of the holes
      or the width of the slots in the drum. Although a reasonable tolerance
      margin should be arranged for, a higher frequency than necessary should
      not be used, since each vane shields off a respective portion of the
      periphery of the screening drum and reduces the volume of the flow
      therethrough.
PAR  To improve the pulsating effect, and thereby improve the extent to which
      the perforations in the second screening drum are freed from fibres,
      surface deformations similar to the deformations on the outside of the
      first screening, suspension pulsating, drum can also be arranged on the
      inside thereof. The means for causing the pulp to pulsate may also
      comprise strips having a design suitable to cause eddy currents with more
      accentuated turbulence and pressure and vacuum impact forces against the
      second screening drum.
DRWD
PAR  The invention will now be described in more detail with reference to two
      embodiments thereof and to the accompanying drawing, in which
PAR  FIGS. 1 and 2 illustrates a central vertical section of an apparatus
      constructed according to the invention and having a vertical rotation
      shaft.
PAC  EMBODIMENT 1
PAR  The embodiment illustrated in FIG. 1 comprises mainly a rapidly rotating
      screening drum 1, a coarse screening and suspension pulsating drum 2
      disposed externally of and concentric with the screening drum 1, and a
      stationary shell 3 arranged concentrically with the drums 1 and 2. The
      shell 3 is attached to holders 4 mounted on a screen casing 5, which is
      securely mounted against a screen frame 6, which in turn is attached to a
      frame 7.
PAR  At the top av the first screening drum 2, when seen in the direction of
      flow of the suspension, is a cover 8 which is securely journalled to a
      rotatable shaft 9. The top of the second screening drum 1 is fitted with a
      cover 10 having low pump vanes 11. The cover 10 is securely journalled to
      a sleeve 12, which is journalled to the shaft 9 by radial bearings 13 and
      14 and axial bearings 15. The sleeve 12 is also outwardly journalled in
      radial bearings 16 and 17 to a bearing frame 18, which at the top is
      fastened to the screen frame 6 and at the bottom projects into said frame.
      The sleeve 12 is journalled axially to the frame 18 over axial bearings 19
      and a sleeve 20 attached to the frame 18 and provided with packing box
      seals 20a. The axial load on the shaft 9 is transferred to the bearings 15
      via a ring 21 and is taken up by a sleeve 22 mounted on the sleeve 12. The
      radial bearing of the shaft 9 is strengthened by a radial bearing 23,
      which is held to the shaft 9 by a screw 28 via the ring 21, wear linings
      24 and 25, a drive pulley 26 and a plate 27. A second drive pulley 29 for
      the second screening drum 1 is journalled on the sleeve 22 and provided
      with a packing box seal 30.
PAR  The axial load on the sleeve 12 is taken up by a Seeger-ring 31 and is
      transmitted via the bearing 17, a ring 32 and the bearing 19 to the sleeve
      20, which is screwed securely to the frame 18.
PAR  A nut 33 is provided to attach the cover 8, a wear lining 34 and the
      bearing 13 to the shaft 9.
PAR  The cover 8 is provided with vanes 35 and the cover 10 is provided with
      packing boxes 36 and 37.
PAR  Located adjacent the inside of the second screening drum 1, on the screen
      frame 6, is a number of vanes 38 arranged to create pulsating movements in
      the suspension so as to free the screening means of blocking material. One
      or more of the vanes 38 may be of hollow construction to enable water to
      be passed therethrough and directed outwardly against the second screening
      drum 1, for the purpose of assisting the pulsation forces to clean the
      screening means and to dilute the pulp on the outside of the drum
      throughout its entire height.
PAR  The shell 3 of the illustrated embodiment is provided at its upper portion
      39 with coarse perforations having a diameter of 20-25 mm. The lower
      portion 40 of the shell 3 is provided with an outlet 41 for knots and the
      like and is perforated to permit flushing and diluting water to be passed
      through.
PAR  The second screening drum 1 is provided at the bottom thereof with a seal
      42, which in the illustrated embodiment is of the so-called mechanical
      type.
PAR  The first screening drum 2 is provided with surface deformations 43, e.g.
      low, bowl shaped projections, arranged to create pulsating movement in the
      suspension, the deformations being shown located in two peripheral zones.
      If desired, similar projections can be arranged in corresponding zones on
      the inside of the drum. These latter zones may also be arranged axially,
      preferably parallel with the vanes 38, and suitably distributed
      differently with a larger graduation in the peripheral direction than the
      vanes, to prevent the simultaneous occurrence of local, counteracting
      pulsating and cleaning effects. As previously mentioned, the axial
      pulsating means may also be in the form of strips constructed, if desired,
      to produce eddy currents with more accentuated turbulence and pressure and
      vacuum impact effects against the second screening drum 1.
PAR  Water under pressure is introduced for dilution and flushing purposes at
      the lower portions of the first screening drum 2, through orifices 44 and
      slots 46 at the two lower flanges of the drum.
PAR  The apparatus is closed at the top by a cover 45.
PAR  The drive pullies 26 and 29 are driven by belts (not shown) and separate
      electric motors (not shown) diametrically positioned to reduce the lower
      radial loads on the bearings.
PAC  MODE OF OPERATION
PAR  Pulp suspension, i.e., the inject, is fed into the apparatus tangentially
      at A, from where it enters an annular scrap chamber B. Scrap material is
      emptied as desired at C. The pulp is distributed peripherally and flows
      inwardly through the coarsely perforated portion 39 of the shell 3 and is
      accelerated to a suitable speed and the required pressure by the vanes 35,
      the pulp being, at the same time, defibrated. The pulp then enters the
      outer annular chamber D and flows through the perforated zones of the
      first screening drum 2 under the influence of the centrifugal and pumping
      effect produced thereby, where knots and other coarse material are
      separated from the suspension. The remaining pulp is then diluted with
      water under pressure fed to the chamber E at F, through the perforations
      40 in the shell 3. The knots, etc., depart through an outlet 41 with a
      suitable counter pressure at G.
PAR  The pulp, cleansed of knots and other coarse material, flows into the inner
      annular chamber N and inwardly through the turbulent liquid layer and the
      perforations of the second screening drum 1. Local collections of fibers
      on the perforations of the drum are dispersed by the pressure waves
      created by the vanes 38.
PAR  The remaining pulp is diluted with water under pressure fed to the chamber
      J at H.
PAR  The portion of the pulp rejected by the fine screening drum 1 enters the
      chamber K and leaves the apparatus at L with a suitable counter pressure,
      wherewith the volume/quantity is regulated.
PAR  The pulp accepted by the fine screening drum 1 departs from the apparatus
      at M.
PAC  EMBODIMENT 2
PAR  A simplified embodiment is illustrated in FIG. 2, in which parts identical
      to those illustrated in FIG. 1 are identified by the same reference
      numerals.
PAR  The embodiment of FIG. 2 is intended for more readily screened and short
      fibre pulps.
PAR  The main difference between the two embodiments is that the fine screening
      drum of FIG. 2 is stationary.
PAR  The first drum 2 is, in this embodiment, secured to the cover 8, which is
      journalled to the shaft 9. The cover 8 is provided with vanes 35 and 11.
PAR  Screwed to the upper flange of the second drum 1 is a ring 10. The drum 1
      with the ring 10 is placed with the upper flange of the drum against the
      flange of the screen frame 6 and, at the bottom, against the lowest flange
      of the screen casing 5. The ring 10 is screwed fast to the upper flange of
      the screen frame 6.
PAR  The bottom portion of the bearing sleeve 12 is fitted in the screen frame
      6, while the upper portion is securely screwed thereto.
PAR  The shaft 9 is journalled at the top to the bearing sleeve 12 by means of
      the radial bearing 13, and at the bottom by means of the radial bearing
      14. The axial load on the shaft is taken up by the ring 21, the axial
      bearing 15 and a cover 22 screwed securely to the bearing sleeve 12. The
      cover 22 is provided with a Stefa-seal 30.
PAR  The plate 27, drive pulley 26, wear lining 24, ring 21 and bearing 14 are
      secured to the shaft 9 by the screw 28.
PAR  The cover 8, wear lining 34, and bearing 13 are secured to the shaft 9 by
      the nut 33.
PAR  The bearings are sealed at the top by packing box 36.
PAR  The upper portion 39 of the shell 3 is coarsely perforated with holes
      having a diameter of 20-25 mm, while its lower portion is suitably
      perforated to permit the entry of water under pressure and is provided
      with an outlet 41 for knots, etc.
PAR  The first drum 2 is provided with suspension pulsating surface
      deformations, e.g., low, bowl-shaped projections 43, shown as being
      disposed in two zones. Similar projections can also be arranged in
      corresponding zones on the inside of the drum, if so required (compare
      embodiment 1). Water under pressure is introduced for dilution purposes
      through the perforation 44 located in the lower portion of the drum 2.
PAR  The top of the apparatus is closed by means of a cover 45.
PAR  The drive pulley 26 is driven by a belt (not shown) coupled to an electric
      motor (not shown).
PAC  MODE OF OPERATION
PAR  Pulp suspension, i.e., the inject, is fed to the apparatus tangentially at
      A, from where it enters the annular scrap chamber B, from which scrap etc.
      is removed as required from C. The pulp is distributed peripherally and
      flows inwardly through the coarsely perforated shell portion 39,
      accelerated to a suitable speed and to a suitable pressure by the vanes
      35, the pulp, at the same time, being defibrated. The pulp then enters the
      outer annular chamber D and passes through the perforations of the drum 2
      to remove knots from the suspension. The pulp is also defibrated and
      deflocculated at the zones provided with the projections 43 and diluted
      with water under pressure entering through the perforations 40 in the
      shell 3. The perforated portion of the shell is interrupted by the outlet
      41, through which the knots pass with a suitable counter pressure at G,
      the counter pressure regulating the volume.
PAR  As a result of the centrifugal and pumping effect produced by the drum 2
      and the rotating liquid layer located on the inner surface thereof, the
      pulp is caused to flow through the drum into the annular space N between
      the two drums, past the boundary layer adjacent the fine screening drum 1
      and through the perforations thereof. An extra pulsating effect is
      obtained by for example bowl-shaped projections on the inside of the drum
      2 (see also embodiment 1).
PAR  Dilution water under pressure is fed to the low portion of the second
      screening drum 1 through perforations 44. The rejected portion of the pulp
      enters chamber K and departs at L with a suitable counter pressure,
      wherewith the volume is controlled.
PAR  The pulp accepted by the drum 1 departs from the apparatus at M.
PAR  Although the invention has been described with reference to two embodiments
      thereof, it is not restricted hereto, but can be modified within the scope
      of the accompanying claims.
PAR  For example, in order to eliminate the seal 42 in the embodiment of FIG. 1,
      the accepted portion of the pulp can be removed from the upper portion of
      the apparatus, the seal in this instance being placed between the accepted
      pulp and the pulp fed to the apparatus, i.e., the inject whereby any
      leakage suitably occurs from the accept to the inject. There are a number
      of different possible solutions in this respect, depending on whether the
      apparatus operates in a pulpline under relatively high pressure, or
      whether the accept is able to run freely from the top.
PAR  Moreover, with the embodiment of FIG. 2 having a stationary fine screening
      drum, the vanes 38 can be mounted for rotation and driven at suitable
      speeds in a manner similar to the second screening drum 1 in the
      embodiment of FIG. 1.
PAR  Further, although the illustrated embodiments are provided with a vertical
      centre shaft, the shaft may alternatively be generally horizontal,
      especially if in this way the apparatus is made simpler and more
      efficient.
PAR  Finally, when the apparatus is used at a point in the process at which
      knots have already been removed from the pulp, still different kinds of
      impurities, which are separated from the suspension at the coarse
      screening step, are removed as mentioned above but it is also possible to
      make the apparatus less expensive by excluding the mentioned pressurized
      water inlet and/or knot outlet. Further, if the machine is not intended
      for use in removing scrap material from the pulp, the scrap chamber B can
      also be omitted, and optionally also the coarsely perforated shell portion
      39.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an apparatus for purifying and fractionating a fiber suspension, said
      apparatus including an outer annular chamber (D) having an inlet (A) for
      the fiber suspension to be purified and fractioned, said chamber being
      radially outwardly defined by a stationary shell (3) and radially inwardly
      by a rotatable first screening drum (2) having a circular cross-section,
      said first drum being provided with pulsating means (43) and screen
      openings and an inner annular chamber (N) with an outlet (L) for
      impurities, the reject, the inner chamber being radially outwardly defined
      by said first screening drum (2) and radially inwardly by a second
      screening drum (1) for finely screening the fiber suspension, and further
      including a passage located inside the second screening drum (1) and
      arranged to receive the purified fiber suspension, i.e., the accept, and
      communicating with an outlet (M), therefor, the improvement wherein the
      pulsating means of said first screening drum (2) is fixed to said drum,
      and wherein said first screening drum is provided with openings which are
      considerably larger than are the screen openings in the second screening
      drum (1) to enable the fiber suspension to pass through the first drum
      (2), while separating from the suspension the coarser and heavier
      impurities thereof, to the second screening drum (1), and through passage
      through which the suspension is purified.
NUM  2.
PAR  2. An apparatus according to claim 1, characterized in that the second
      screening drum (1) is stationary.
NUM  3.
PAR  3. An apparatus according to claim 1, characterized in that the second
      screening drum (1) is rotatable.
NUM  4.
PAR  4. An apparatus according to claim 1, chacterized in that rotatable vanes
      or like means are arranged suitably at one end of the first drum (2) to
      provide the necessary pressure in the outer annular chamber (D) for the
      flow of fiber suspension inwardly through said drum (2).
NUM  5.
PAR  5. An apparatus according to claim 1, characterized in that the outer
      annular chamber (D) is connected to an outlet (41) for coarse and heavy
      impurities such as knots and sand.
NUM  6.
PAR  6. An apparatus according to claim 1, characterized in that the suspension
      pulsating means (43) of the first drum (2) project out from the outer
      surface thereof.
NUM  7.
PAR  7. An apparatus according to claim 1, characterized in that the suspension
      pulsating means of the first drum (2) project out from the inner surface
      thereof.
NUM  8.
PAR  8. An apparatus according to claim 1, characterized in that the suspension
      pulsating means of the first drum (2) project out from both the inner and
      outer surfaces thereof.
NUM  9.
PAR  9. An apparatus according to claim 1, characterized in that the suspension
      pulsating means (43) of the first drum (2) are in the form of bowl like
      structures with suitably spherical surface.
NUM  10.
PAR  10. An apparatus according to claim 1, characterized in that the suspension
      pulsating means (43) and the screen openings are alternately arranged and
      evenly distributed on the first drum (2).
NUM  11.
PAR  11. An apparatus according to claim 1, characterized in that the suspension
      pulsating means (43) are arranged in at least one zone on the first drum
      (2) alternating with zones having screen openings.
NUM  12.
PAR  12. An apparatus according to claim 1, characterized in that the first drum
      (2) has screen openings with a diameter of 4-8 mm and that the second drum
      (1) has screen openings with a diameter of 1.0 - 2.5 mm.
NUM  13.
PAR  13. An apparatus according to claim 1, characterized in that the first drum
      has screen openings with a diameter of 4-8 mm, and that the second drum
      has screen slots with a width of 0.20 - 0.60 mm.
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ABST
PAL  An apparatus for filtering fluids to remove solid discard particles
      therefrom, in which the apparatus includes a housing having a filter
      chamber, an inlet-side sealing chamber, and a discharge-side sealing
      chamber, a movable fluid inlet member which is movable into and out of the
      housing and which includes inlet-side and discharge-side bearing surfaces,
      and flexible sealing members which cooperate with the bearing surfaces in
      the sealing chambers to seal the filter chamber, a movable length of
      filter medium, and means for displacing the bearing surfaces and the
      movable length of filter medium, and which is operated by displacing the
      discharge-side movable bearing surface so that the movable length of
      filter medium may pass clear thereof, and displacing the movable length of
      filter medium clear of the discharge-side movable bearing surface to
      provide synchronized removal of the used length of filter medium from the
      filter chamber with discard particles associated therewith which are
      embedded therein and collected thereby, and indexing of a new length of
      filter medium in the filter chamber, without interference from or with the
      discharge-side flexible sealing member and bearing surface, which enables
      high volume filtration operations, over a wide range of fluid inlet
      pressures, for long periods of time, to enable filtration of discard
      particles in a wide range of shapes and sizes. In the apparatus, the
      flexible sealing members conform to the shape of the bearing surfaces to
      provide efficient non-bypass sealing of the filter chamber, and
      reciprocating filter medium gripping elements provide efficient
      displacement of the continuous length of filter medium.
PARN
PAR  This is a continuation of application Ser. No. 379,994, filed July 17, 1973
     .
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to filtering devices, and more
      particularly relates to an apparatus for filtering fluid including
      displacement of a used length of filter medium, and indexing of a new
      length of filter medium.
PAR  In a typical filtration operation, fluid passes through a filter medium,
      which is located in a filter chamber, in order to strain solid discard
      particles therefrom. Such filter medium may be sealed in the filter
      chamber at the ends thereof, in order to prevent fluid bypass for single
      pass filtration.
PAR  In large volume filtration operations, as in direct line tubular filter
      apparatus, for example, efficiency has been achieved by utilization of
      continuous lengths of tubular filter media, and means for automatically
      displacing the tubular filter medium through the filter chamber so as to
      automatically remove the used length of filter medium and index a new
      length of filter medium. Furthermore, non-bypass sealing has been provided
      in such devices by incorporation of seals comprising movable and fixed
      bearing surfaces which cooperate at the filter medium inlet and discharge
      sides of the filter chamber.
PAR  In displacing the used length of filter medium from the filter chamber
      through a clearance space between the discharge side movable and fixed
      bearing surfaces, accumulations of collected discard particles, which
      become associated with discard particles embedded in the interstices of
      the filter medium during filtration, interfered with such displacement and
      adhered to the disharge-side bearing surface with interfered with sealing
      of the filter chamber. To prevent accumulation of collected discard
      particles, operational requirements for such apparatus included high fluid
      inlet pressures, shortened time periods of operation, and limitation of
      particle sizes filtered to small sized discard particles, thereby
      substantially reducing the efficiency of operation and the utility and
      applicability of such apparatus.
PAR  In sealing the filter medium in the filter chamber, such seals incorporated
      large sealing surfaces which required high sealing pressures to operate,
      limited the internal fluid pressures which the enclosure was capable of
      withstanding, and were susceptible to seal leaks with resultant fluid
      bypass.
PAR  To remove the used length of filter medium and index a new length of filter
      medium, filter medium pinching rollers were utilized at the discharge-side
      end of the filter medium. Discard particles associated with the used
      length of filter medium being extracted, and solutions used during the
      filtration cycle, adhered to the rollers, with resultant damage to the
      roller surfaces and interference with the indexing cycle.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the foregoing, it may be regarded as an object of the
      present invention to provide a fluid filtering apparatus which enables
      displacement of the used length of filter medium, including discard
      particles associated therewith which are embedded therein and collected
      thereby, without interference from or with the discharge-side seal.
PAR  It is a further object of the present invention to provide a fluid
      filtering apparatus which enables efficient sealing of the filter medium
      in the filter chamber during filtration, and which provides seals capable
      of withstanding high internal fluid pressures. It is still further object
      of the present invention to provide a fluid filtering apparatus which
      enables displacement of the used length of filter medium without
      interfering with the displacing means.
PAR  In accordance with the present invention, the foregoing objects and others
      are achieved through use of an apparatus which includes a discharge-side
      movable bearing surface, a movable length of filter medium, and means for
      displacing the discharge-side movable bearing surface and the continuous
      length of filter medium, and which is operated by displacing the
      discharge-side movable bearing surface, so that the movable length of
      filter medium may pass clear thereof, and displacing the movable length of
      filter medium clear of the discharge-side movable bearing surface, which
      provides synchronized removal of the used length of filter medium from the
      filter chamber with discard particles associated therewith which are
      embedded therein and collected thereby and indexing of a new length of
      filter medium in the filter chamber without interference from or with the
      discharge-side seal, which enables high volume filtration operations, over
      a wide range of fluid inlet pressures, for long periods of time, to enable
      filtration of discard particles in a wide range of shapes and sizes. In
      the apparatus, means for sealing the filter medium in the filter chamber,
      which include a bearing surface and a flexible sealing member which
      conforms to the shape of the bearing surface, provide efficient sealing,
      and guide wheels, including reciprocating filter medium gripping elements,
      provide efficient filter medium displacement, while preventing adherence
      of interfering substances to the surfaces thereof.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  The invention is diagrammatically illustrated, by way of example, in the
      appended drawings, in which:
PAR  FIG. 1 is a side elevational, partly-sectional, partly-fragmentary view of
      a portion of the fluid filtering apparatus as shown in FIG. 2, in
      accordance with the invention;
PAR  FIG. 2 is a side elevational view of the fluid filtering apparatus in the
      filtering cycle;
PAR  FIG. 3 is a side elevational view of the fluid filtering apparatus in the
      indexing cycle;
PAR  FIG. 4 is a side elevational fragmentary view of a portion of a movable
      fluid inlet member pursuant to the invention;
PAR  FIG. 5 is an end elevational view of a top place in accordance with the
      invention; and
PAR  FIG. 6 is an end elevational fragmentary view of a bracket support plate
      taken at line 6--6 in FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The fluid filtering apparatus 10, as illustrated in the Figures, may
      comprise, for example, a housing 11 having a filter chamber 12 and sealing
      chambers 13, 13', a movable fluid inlet member 14 which is movable into
      and out of the housing 11, means 15 for sealing the filter chamber 12
      which are located in the sealing chambers 13, 13', a movable length of
      filter medium 16 which is extendable through the housing 11, means 17 for
      displacing the movable length of filter medium 16 and the movable fluid
      inlet member 14, and a filtrate outlet 18 which is connected to the
      housing 11.
PAR  The housing 11, as shown in FIGS. 1 and 2, for example, includes a central
      portion 20, an inlet side 21 which is connected to the central portion 20
      at one end thereof, and through which a new length of filter medium is
      indexed, and a discharge side 22 which is connected to the central portion
      20 at the other end thereof, and through which the used length of filter
      medium is displaced. The housing 11 is mounted to a base 23 by supports
      24, 24'. In the housing central portion 20, a tubular central frame
      segment 25 having an outside surface 26 includes an inlet-side end portion
      27 and a discharge-side end portion 28. In the housing inlet side 21, a
      tubular inlet-side frame segment 29 having an outside surface 30 and an
      inside surface 31, includes end portions 32, 32'. An inlet-side inner
      flange 33 is mounted to the outside surface 26 of the tubular central
      frame segment inlet-side end portion 27. An inlet-side annular plate 34,
      which is located adjacent to the inlet-side inner flange 33, includes a
      first side wall 35, a second side wall 36, and a transverse aperture wall
      37. An inlet-side intermediate flange 38 is mounted to the outside surface
      30 of the tubular inlet-side frame segment 29 at end portion 32' adjacent
      the inlet-side annular plate second side wall 36. Bolt connectors 39, 39'
      interconnect the inlet-side inner flange 33, the inlet-side annular plate
      34, and the inlet-side intermediate flange 38. An inlet-side outer flange
      40 is mounted to the outside surface 30 of the tubular inlet-side frame
      segment 29 at end portion 32. An inlet-side end ring 41, which is located
      adjacent to the inlet-side outer flange 40, includes a first side wall 42,
      a second side wall 43, and a transverse aperture wall 44. Bolt fasteners
      45, 45' interconnect the inlet-side outer flange 40 and the inlet-side end
      ring 41. In the housing discharge side 22, a tubular discharge-side frame
      segment 46 having an outside surface 47 and an inside surface 48, includes
      end portions 49, 49'. A discharge-side inner flange 50 is mounted to the
      outside surface 26 of the tubular central frame segment discharge-side end
      portion 28. A discharge-side annular plate 51, which is located adjacent
      to the discharge-side inner flange 50, includes a first side wall 52, a
      second side wall 53, and a transverse aperture wall 54. A discharge-side
      intermediate flange 55 is mounted to the outside surface 47 of the tubular
      discharge-side frame segment 46 at end portion 49 adjacent the
      discharge-side annular plate second side wall 53. Bolt connectors 56, 56'
      interconnect the discharge-side inner flange 50, the discharge-side
      annular plate 51, and the discharge-side intermediate flange 55. A
      discharge-side outer flange 57 is mounted to the outside surface 47 of the
      tubular discharge-side frame segment 46 at end portion 49'. A
      discharge-side end ring 58, which is located adjacent to the
      discharge-side outer flange 57, includes a first side wall 59, a second
      side wall 60, and a transverse aperture wall 61. Bolt fasteners 62, 62'
      interconnect the discharge-side outer flange 57 and the discharge-side end
      ring 58. Platen end rings 63, 63' are mounted to the inlet-side annular
      plate transverse aperture wall 37 and the discharge-side annular plate
      transverse aperture wall 54, and a tubular platen 64 is mounted in the
      filter chamber 12 to the platen end rings 63, 63'. The filter chamber 12,
      as shown in FIG. 1, for example, is defined by the tubular central frame
      segment 25, the first side wall 35 of the inlet-side annular plate 34, and
      the first side wall 52 of the discharge-side annular plate 51. The sealing
      chambers, as illustrated for example in FIG. 1, comprise an inlet-side
      sealing chamber 13, and a discharge-side sealing chamber 13', which are
      connected to the filter chamber 12. The inlet-side sealing chamber 13 is
      defined by the tubular inlet-side frame segment 29, the inlet-side annular
      plate second side wall 36, and the inlet-side end ring first side wall 42.
      The discharge-side sealing chamber 13' is defined by the tubular
      discharge-side frame segment 46, the discharge-side annular plate second
      side wall 53, and the discharge-side end ring first side wall 59.
PAR  The movable fluid inlet member 14, as shown in FIGS. 1-3, for example,
      comprises an upper tubular portion 70, a lower tubular portion 71, which
      is movable into and out of the housing 11, and which includes a perforated
      section 72 having an inlet-side end portion 73 and a discharge-side end
      portion 74, and an end plate 75 at one end thereof, and a U-shaped tubular
      connector section 76 which is connected at one end thereof to the upper
      tubular portion 70 and at the other end thereof to the lower tubular
      portion 71. An inlet valve 77 and an air valve (not shown) are connected
      at first ends thereof to the upper tubular portion 70, and an inlet gauge
      78 is connected to the inlet valve 77. A flexible inlet tube 79 is
      connected at one end thereof to the second end of the inlet valve 77, and
      a pump 88 is connected to the other end of the flexible inlet tube 79. A
      motor 81 is connected to the pump 80.
PAR  The means 15 for sealing the filter medium in the filter chamber, as shown
      for example in FIG. 1, comprise an inlet-side bearing surface 90 at the
      perforated section inlet-side end portion 73 of the movable fluid inlet
      member lower tubular portion 70, a discharge-side bearing surface 91 at
      the perforated section discharge-side end portion 74 of the movable fluid
      inlet member lower tubular portion 70, an inlet-side flexible sealing
      member 92 and a discharge-side flexible sealing members 93, which are
      generally comformable to the shape of the bearing surfaces 90, 91, and
      means 94 for pressurizing the flexible sealing members 92 and 93. The
      bearing surfaces 90 and 91 may comprise, for example sealing mandrel
      sections of the movable fluid inlet member lower tubular portion 70. The
      flexible sealing members 92 and 93 may comprise, for example, elastomeric
      elements which seal about the ends and along the medial portions thereof
      against the bearing surfaces 90 and 91. The inlet-side flexible sealing
      member 92 is mounted in the inlet-side sealing chamber 13 by an inlet-side
      inner sleeve 95 and an inlet-side outer sleeve 96 which are mounted to the
      inside surface 31 of the tubular inlet-side frame segment 29, by an
      inlet-side inner clamp plate 97 which includes a clamp portion 98 and bolt
      connectors 99, 99' which connect the clamp portion 98 to the inlet-side
      annular plate second side wall 36, and by an inlet-side outer clamp plate
      100 which includes a clamp portion 101 and bolt connectors 102, 102' which
      connect the clamp portion 101 to the inlet-side end ring first side wall
      42. The discharge-side flexible sealing member 93 is mounted in the
      discharge-side sealing chamber 13', by a discharge-side inner sleeve 103
      and a discharge-side outer sleeve 104 which are mounted to the inside
      surface 48 of the tubular discharge-side frame segment 46, by
      discharge-side inner clamp plate 105 which includes a clamp portion 106
      and bolt connectors 107, 107' which connect the clamp portion 106 to the
      inlet-side annular plate second side wall 36, and by a discharge-side
      outer clamp plate 108 which includes a clamp portion 109 and bolt
      connectors 110, 110', which connect the clamp portion 109 to the
      discharge-side end ring first side wall 59. The pressurizing means 94 may
      comprise a hydraulic or pneumatic pressure source (not shown), which is
      connected to a first end of a pressure line 111 which is connected at
      second ends thereof through inlet openings 112, 112' to the sealing
      chambers 13, 13'. A valve 113 is connected to the pressure line 111, and a
      gauge 114 is connected to the valve 113.
PAR  The movable length of filter medium 16, for example, as illustrated in
      FIGS. 1 and 2, includes a slit portion 120 at one end thereof, a filtering
      portion 121 in the central section thereof, and a supply portion 122 at
      the other end thereof. Slitting wheels 123, 123', which are mounted to the
      housing 11 in the path of displacement of the filtering portion 121, slit
      the filter medium to form the slit portion 120 which is then collected in
      the discard container 124. The supply portion 122 is supported on a
      support shaft 125 which is mounted by support brackets (126 shown, another
      support bracket not shown) to the base 23. A filter medium guide bar 127,
      over which the supply portion 120 passes, is mounted to a guide support
      128 which is mounted to the inlet-side end ring second side wall 43 of the
      housing 11.
PAR  The means 17 for displacing the movable length of filter medium 16 and the
      movable fluid inlet member 14, as illustrated in FIGS. 1-3, for example,
      include guiding means 130, which guide the movement of the movable fluid
      inlet member upper tubular portion 70, which include a support plate 131
      which is mounted to the housing 11 top surface, bracket support plates
      132, 132' which are mounted to the support plate 131 at spaced apart
      locations thereon, and rollers 133, 133' and 134, 134' which are mounted
      in the bracket support plates 132, 132' to bear against the movable fluid
      inlet member upper tubular portion 70. A guide rail 135 is mounted along a
      portion of the bottom surface of the movable fluid inlet member upper
      tubular portion 70. Roller guides 136, 136' are mounted to the bracket
      support plates 132, 132' to bear against the guide rail 135. A rack 137 is
      mounted along a portion of the bottom surface of the movable fluid inlet
      member upper tubular portion 70, and includes a blank section 138 therein,
      and a pawl 139 is mounted to the bottom surface of the movable fluid inlet
      member upper tubular portion 70. Stop plates 140, 140' 140" are mounted to
      the movable fluid inlet member upper tubular portion 70 at spaced apart
      locations thereon. A gear train, (not shown), which is mounted in a gear
      box 141, includes guide wheel gears (not shown) mounted to the guide wheel
      shafts (142 shown, another guide wheel shaft not shown) a pinion gear (not
      shown), mounted to a pinion shaft 143, which is engageable with the rack
      137 and the pawl 139, and connecting gears (not shown) which connect the
      pinion gear and the guide wheel gears. Guide wheels (144 shown, another
      guide wheel not shown) are mounted to the guide wheel shafts 142, and
      include radial openings 145, reciprocating filter medium engaging members
      146, which may comprise, for example, radially extendable spikes, which
      are located in the guide wheels 144 and which are extendable through the
      radial openings 145, and means (not shown) for reciprocating the
      extendable spikes 146, such as an international cam arrangement. Means 147
      for driving the gear train include a drive wheel 148, which is mounted to
      the end of the pinion shaft 143, and which may be automatically or
      manually operable. The filtrate outlet 18, as shown for example, in FIGS.
      1 and 2, comprises a flange 150 which is mounted to the housing 11 and
      connected to the filter chamber 12 about a filtrate opening.
PAR  In the operation of the percent device, for example, in order to prepare
      the fluid filtering apparatus 10 for a filtration cycle, a new length of
      filter medium is indexed in the filter chamber 12 by de-pressurizing the
      flexible sealing members 92 and 93 in the sealing chambers 13, 13', and
      rotating the drive wheel 148 in a clockwise direction, which generates
      clockwise rotation of the pinion shaft 143, and corresponding rotation of
      the pinion gear, the connecting gears, and the guide wheel gears (not
      shown), and the guide wheel shafts 142. The pinion gear engages the rack
      137 and generates transverse outward movement of the movable fluid inlet
      member 14 including the discharge-side bearing surface 91 from the housing
      11. Movement of the movable fluid inlet member 14 is guided by the rollers
      133, 133' and 134, 134' which bear against the upper tubular portion 70,
      and by the roller guides 136, 136' which bear against the guide rail 135.
      Concurrently, rotation of the guide wheel gear generates rotation of the
      guide wheels 144 and the reciprocating spikes 146 which engage the movable
      length of the filter medium 16 and extract the used filtering portion 121
      of filter medium from the filter chamber 12. The reciprocating spikes 146
      in the guide wheel 144 engages the free end of the filter medium by
      extending through the radial openings 145 and sequentially indexing the
      filter medium for a distance equivalent to the length of arc over which
      the spike is extended by an internal cam arrangement (not shown); the
      spikes 146 then retract through the radial openings 145, which serve to
      remove adhering substances therefrom, and release the filter medium at the
      point where the spike is released by the internal cam arrangement.
      Movement of the lower tubular portion 71 generates rotation of the
      slitting wheels 123, 123' which slit the used filtering portion 121 of
      filter medium which is being displaced, whereupon the slit filtering
      portion with discard particles embedded therein and collected discard
      particles associated therewith, is collected in the discard container 124.
      The indexing operation continues until the pinion gear engages the rack
      blank section 138, and the stop plates 140, 140' contact the roller guides
      136, 136' as shown in FIG. 3. Upon further rotation of the drive wheel
      148, the pinion gear rotates and is engaged by the pawl 139 which rides in
      the pinion gear teeth, thereby preventing further movement of the fluid
      inlet member 14, while the gear train rotates and generates rotation of
      the guide wheel gear, the guide wheel shaft 142 and the guide wheel 144,
      whereby the reciprocating spikes 146 continue to engage and extract the
      filter medium while the discharge-side bearing surface 91 remains in
      position outside the housing 11 and spaced from the slit portion 120 of
      the filter medium, with the discard particles embedded therein and
      collected thereby, which falls into the discard container 124, to thereby
      complete indexing of a new length of filter medium and displacement of the
      used length of filter medium. To return the movable fluid inlet member
      lower tubular portion 71 to position in the housing 11 in preparation for
      the next filtration cycle, the drive wheel 148 is rotated in a
      counterclockwise direction, which generates counterclockwise rotation of
      the pinion gear (not shown), while the guide wheel gears, and the guide
      wheels 144 which rotate only in one direction as required for extraction
      of the filter medium, remain stationary. The pinion gear engages the rack
      137 and generates transverse inward movement of the movable fluid inlet
      member 14 including the discharge-side bearing surface 91 into the housing
      11. The return operation continues until the stop plates 140', 140"
      contact the bracket support plates 132, 132' as shown in FIG. 2.
PAR  During the filtration cycle, the flexible sealing members 92 and 93 are
      pressurized by the pressurizing means 94 to seal about the ends and along
      the medial portions thereof against the bearing surfaces 90 and 91 in
      order to seal the filter chamber 12, and fluid is pumped through the
      flexible inlet tube 79, the movable fluid inlet member 14 including the
      lower tubular portion perforated section 72, and the filtration section
      121 of the filter medium. The filtrate then passes through thefiltrate
      opening and the flange 150. Some discard particles become embedded in the
      filtration section 121 of the filter medium, while other discard particles
      become associated with and are collected by the embedded discard
      particles. Filtration continues until there is a high back pressure
      reading indicated on the inlet guage 78, whereupon a cleaning cycle is
      initiated.
PAR  During the cleaning cycle, the inlet valve 78 is closed and the air valve
      (not shown) is opened, enabling air under pressure to flow through the
      movable fluid inlet member 14, the filter chamber 12, and the filtrate
      outlet 18, which forces all solution in the filter chamber 12 out the
      filtrate outlet 18. Afterwards, a new length of filter medium is indexed
      and the used length of filter medium is displaced, as set forth above.
PAR  In accordance with the foregoing description, it can be seen that the
      synchronized simultaneous displacement of the discharge-side bearing
      surface 91 and the movable length of filter media 16 including the used
      length of filter medium (which comprises the filtration section 121) with
      solid discard particles associated therewith which are embedded therein
      and collected thereby, enables efficient displacement of the used length
      of filter medium from the filter chamber and indexing of a new length of
      filter medium in the filter chamber without interference from or with the
      discharge-side sealing means 15. Since the discharge-side bearing surface
      91 is displaced to a position wherein the used length of filter medium 121
      with discard particles associated therewith may pass clear thereof, and
      the movable length of filter medium 16 including the used length 121
      thereof is displaced clear of the discharge-side movable bearing surface
      91, operational restrictions otherwise required to compensate for
      accumulations of discard particles are substantially eliminated, which
      enables high volume filtration operations, over a wide range of fluid
      inlet pressures, for long periods of time, to enable filtration of discard
      particles in a wide range of shapes and sizes. Furthermore, the flexible
      sealing members 92, 93, which seal about the ends, providing small end
      portions adjacent the filter chamber 12 on which the internal fluid acts,
      and which conform to the shape of the bearing surfaces 90, 91, along the
      medial portions thereof to seal the filter chamber 12, to provide a
      minimal area exposed to the fluid pressure for efficient sealing which is
      capable of withstanding high internal fluid pressures. Still further, the
      reciprocating spikes 145 in the guide wheels 144, which are extended for
      short arc distances and retract through openings which serve to remove
      substances therefrom, provide effective filter medium displacement while
      preventing adherence of interfering substances thereto.
PAR  While the present invention has been particularly set forth in terms of a
      specific embodiment thereof, it will be understood in view of the instant
      disclosure that numerous variations upon the invention are now enabled to
      those skilled in the art, in which variations in propriety are within the
      scope of the instant teaching. Accordingly, the invention is to be broadly
      construed and limited only by the scope and spirit of the claims now
      appended thereto.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for filtering fluids, which comprises:
PA1  a. a housing, comprising
PA2  1. a filter chamber including a first end wall having an opening, a second
      end wall having an opening, and a first enclosing side wall having a
      filtrate opening;
PA2  2. a first sealing chamber including the first end wall, a third end wall
      having an opening, and a second enclosing side wall; and
PAR  3. a second sealing chamber including the second end wall, a fourth end
      wall having an opening, and a third enclosing side wall;
PA1  b. a tubular fluid inlet member slidably movable through the openings in
      the end walls in the housing, which includes at a first end a first
      section, a second section, and a perforated medial section which is
      located intermediate the first section and second section;
PA1  c. tubular filter media extendable through the openings in the end walls in
      the housing;
PA1  d. means for displacing the tubular fluid inlet member and the tubular
      filter media so that during filtration the first end of the tubular fluid
      inlet member extends into the housing through the tubular filter media for
      positioning the first section in the first sealing chamber, the medial
      section in the filter chamber, and the second section in the second
      sealing chamber, and after filtration the length of tubular filter media
      in which the filtered solids are retained and the second section and
      medial section of the tubular fluid inlet member are displaced from the
      housing; and
PA1  e. means for sealing the filter chamber which cooperate with the first
      section and second section of the tubular fluid inlet member to seal the
      filter chamber.
NUM  2.
PAR  2. A fluid filtering apparatus as recited in claim 1, in which the first
      section of the tubular fluid inlet member comprises a first mandrel, the
      second section of the tubular fluid inlet member comprises a second
      mandrel, and the sealing means comprise a first tubular flexible seal
      mounted in the first sealing chamber, a second tubular flexible seal
      mounted in the second sealing chamber, and means for expanding the first
      tubular flexible seal and the second tubular flexible seal so that during
      filtration the first tubular flexible seal is expanded about the first
      mandrel and the second tubular flexible seal is expanded about the second
      mandrel.
NUM  3.
PAR  3. A fluid filtering apparatus as recited in claim 1, in which the tubular
      fluid inlet member includes, at the second end, a guide rail, a rack
      having a blank section, and a pawl pivotally mounted in the blank section
      of the rack, and in which the displacing means includes a second housing,
      a first shaft rotatably journalled in the second housing, a pinion gear
      mounted on the first shaft engageable with the rack or pawl, a second
      shaft rotatably journalled in the second housing, a guide wheel engageable
      with the tubular filter media mounted on the second shaft, a guide wheel
      gear mounted on the second shaft, and a gear train mounted in the second
      housing engaged with the pinion gear at one end and the guide wheel gear
      at the other end.
NUM  4.
PAR  4. A fluid filtering apparatus as recited in claim 2, in which the first
      tubular flexible seal and second tubular flexible seal are expandable to
      seal about the ends and along the medial portion of the first mandrel and
      the second mandrel respectively.
NUM  5.
PAR  5. A fluid filtering apparatus as recited in claim 3, in which the guide
      wheel has openings at circumferential locations, and includes a plurality
      of fingers radially extendable, and means for reciprocally extending and
      retracting the fingers radially through the circumferential wheel openings
      to engage and release the tubular filter media.
NUM  6.
PAR  6. A fluid filtering apparatus as recited in claim 3, further comprising
      means for supporting the other end of the tubular fluid inlet member,
      comprising a bracket support plate including first rollers mounted therein
      which bear against the tubular fluid inlet member, and second rollers
      mounted therein which bear against the guide rail.
NUM  7.
PAR  7. A fluid filtering apparatus as recited in claim 3, further comprising
      slitting wheels mounted at one end of the housing in the path of
      displacement of the tubular filter media.
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ABST
PAL  The specification discloses an apparatus for recovering bitumen from large
      water surfaces. The apparatus comprises a crowned continuous conveyor belt
      with screen-bottomed scoops spaced along the outer surface of the belt.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  The present invention relates to an apparatus for recovering floating
      bitumen from large bodies of water. Most devices for recovering oil or
      bitumen from bodies of water are concerned with the recovery of thin film.
      For example, U.S. Pat. No. 3,314,545, to Grabbe et al., issued Apr. 18,
      1967, proposes an endless conveyor belt of nonabsorbent material to which
      oil adheres. The Grabbe et al. apparatus and method are uniquely suited to
      solving the problem of recovering a thin layer or film of oil. Currently,
      apparatus designed for the recovery of large volumes of thick tarry or
      bituminous floating materials either recover undesirably large quantities
      of water with the bitumen or do not recover maximum quantities of bitumen.
PAR  The present apparatus permits recovery of floating bitumen from large
      bodies of water in a manner whereby the amount of water recovered with the
      bitumen is substantially less than that recovered using other equipment.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention is directed to the recovery of larger quantities of
      oil or bitumen from the surface of large bodies of water. The present
      invention also makes possible maximum recovery of floating bitumen or
      tarry oil substantially free from water. The apparatus of the present
      invention comprises a continuous conveyor belt which is crowned so that
      its upper outer surface slopes downwardly from a longitudinal apex, means
      for continuously rotating the belt from a recovery area to discharge area,
      and screen bottomed scoops spaced along the outer surface of the belt. The
      belt can be mounted so that it can be raised or lowered or swept back and
      forth. The screen bottomed scoops can be buckets with removable or
      permanent screen bottoms. In operation the belt is set so that the scoops
      dip into the water at the recovery area immediately below the bitumen
      water interface. The belt is then set into operation. The scoops dip into
      the body of water and carry water and bitumen up and away from the
      recovery area to a discharge area. As the belt passes between the areas,
      water drains through the scoop screening to the belt surface. The belt
      crown directs the water to the belt edge where it can be collected by
      troughs or merely discharged off. The belt can be provided with baffles to
      aid in deflecting the water sideward of the belt.
PAR  The screen is of a mesh size to allow the passage of water therethrough,
      but to retain the bitumen. This mesh size is between 3.0 mm and 30.0 mm
      and preferable between 6.0 mm and 20.0 mm. Screen of this mesh size allows
      the drainage of water, but retains the bitumen because of its higher
      surface tension.
PAR  The apparatus of this invention can be set at the edge of a body of water
      with its recovery area dipping down into the body surface and its
      discharge area directed to a receiving vessel on land. Alternatively, the
      apparatus can be mounted on a marine vessel of suitable displacement for
      moving recovery.
PAR  The process of the present invention can be described as a method for
      recovering floating bitumen from large bodies of water which comprises
      scooping the bitumen along with water from the body of water at a recovery
      zone, continuously passing the bitumen from the recovery zone to a
      discharge zone, draining the water from the bitumen while passing the
      bitumen from the recovery zone to the discharge zone and diverting the
      drained water from the passing bitumen to a disposal area.
PAR  The present invention is most useful for recovering floating bitumen from
      pondwater from a hot water process for treating tar sands. In the hot
      water method, bituminous tar sands are jetted with steam and mulled with a
      minor amount of hot water at temperatures in the range of 140.degree. to
      210.degree.F. The resulting pulp is screened, diluted and carried to a
      separations cell maintained at a temperature of about 150.degree. to
      200.degree.F. In the separation cell, sand settles to the bottom as
      tailings and bitumen rises to the top in the form of an oil froth. An
      aqueous middlings layer containing some mineral and bitumen is formed
      between these layers. A scavenger step may be conducted on the middlings
      layer from the primary separation step to recover additional amounts of
      bitumen therefrom. This step usually comprises aerating the middlings as
      taught by K. A. Clark, "The Hot Water Washing Method", Canadian Oil and
      Gas Industries 3, 46 (1950). The froth from the primary separation and the
      froth from the scavenger step can be combined, diluted with naphtha and
      centrifuged to remove more water and residual mineral. The diluent is then
      distilled off and the bitumen is coked to a high quality crude suitable
      for further processing. The hot water process is described in detail by
      Floyd et al., Canadian Pat. No. 841,581 issued May 12, 1970.
PAR  A water effluent is removed from the hot water processing area and is
      discharged into a settling pond. This water effluent comprises middlings
      material of depleted bitumen content which has undergone final treatment,
      sand tailings layer and other discharged water-containing fractions which
      are not the primary products of the hot water process. The effluent is
      removed from the process area as a slurry of about 35 to 55, typically 45,
      percent solids by weight. This effluent contains virtually all of the clay
      material which was present in the feed and which typically amounts to 2 to
      10 percent of the feed. This effluent is discharged to the upper portion
      of a sand pile zone which is inclined downwardly to a pond zone. The
      effluent percolates down through the sand pile and collects in the pond.
      After standing, a layer of thick bitumen separates from water in the pond
      and collects as a thick scum at the pond surface. Most of the processes
      and devices used for recovering oil from large bodies of water cannot be
      used to recover this bitumen from the pondwater because these devices and
      processes are designed for recovering thin films. On the other hand, it
      has been observed that processes for recovering larger volumes of liquid
      from the surface of another liquid are not suitable for recovering bitumen
      from pondwater because such processes and devices are not responsive to
      the varying interface between the bitumen and water. Such processes and
      devices either recover such large amounts of water along with the bitumen
      that the water cannot be easily removed or do not recover substantially
      all of the bitumen. The present invention makes possible the recovery of
      bitumen from pondwater and the subsequent collection of bitumen
      substantially free from water. Thus, the present invention makes possible
      the increased production of bitumen from bituminous tar sands in a hot
      water process.
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PAR  FIG. 1 of the drawings is a schematic cut-away side view of an apparatus
      which is the preferred embodiment of the present invention.
PAR  FIG. 3 of the drawings is an enlarged schematic view along the line A--A'
      of FIG. 1.
PAR  FIG. 3 of the drawings is a top view of the belt as shown in FIG. 2. FIGS.
      2 and 3 show in detail the crowned belt and screened scoops which are
      characteristics of the apparatus of the present invention.
DETD
PAR  The apparatus of the present invention will be described in detail in
      reference to the drawings. In FIG. 1 rollers 1, 2 and 3 are mounted
      between side uprights 4 and 4' which when the apparatus is in use, extend
      at recovery zone R through bitumen layer 5 and into pondwater 6 below the
      bitumen-pondwater interface. Endless conveyor belt 7 runs over rollers 1,
      2 and 3. This belt can be made of any suitable material of strength
      sufficient to support the filled load-carrying scoops.
PAR  The belt is crowned as shown in FIG. 2. The belt supports a plurality of
      scoops 8 and baffles 9 spaced along its outer surface. In this example the
      scoops 8 are screen-bottomed buckets. A trough 10 runs along each edge of
      belt 7 and is attached to side wall 4 at each side of an upper portion of
      the belt.
PAR  The belt is driven by a motor 11 via one or more of the rollers 1, 2 and 3.
      The drawing shows the belt 7 driven by motor 11 via roller 3. The speed of
      the belt can be adjusted according to the particular operation conditions
      by variable speed unit 12.
PAR  FIG. 2 is an enlarged section view of the belt 7 and scoops 8 and baffles
      along the line A--A' of FIG. 1. For the purpose of the description, the
      cut-away portion shown from line A--A' has been expanded to show the
      entire belt from the direction of lines A--A'. This is done to illustrate
      in detail the crown belt and screen scoops of the present invention.
PAR  FIG. 2 shows the upright side walls 4 and 4' of the apparatus with troughs
      10 and shows the crowned conveyor belt 7 which supports load-carrying
      bucket 8 and baffle 9. The buckets have screen bottoms 13. FIG. 2 also
      shows roller 2 which can be crowned or any shape suitable to support the
      belt. All rollers 1, 2 and 3 can also be crowned to fit the contour of
      belt 7 if desired.
PAR  FIG. 3 of the drawings is a top view of the belt 7 as shown in FIG. 2. FIG.
      3 shows the apparatus side walls 4 and 4', the belt 7 as viewed from the
      top, bucket scoop 8, baffle 9 and troughs 10.
PAR  In operation the lower end of the apparatus is placed into the floating
      bitumen at recovery zone R. The apparatus is placed so that the buckets 8
      of the belt 7 dip just below the bitumen pondwater interface. This can be
      done by activating the belt and slowly dipping the belt and buckets into
      the floating bitumen until some water is recovered with bitumen. This
      described operation is the preferred operation because it insures maximum
      recovery of bitumen. The buckets on the belt dip into the floating bitumen
      and carry bitumen and water clockwise on the upper belt area to discharge
      area D where the product is delivered to suitable collectors. As the
      buckets travel from the recovery area R to discharge area D, water settles
      down from the bitumen and passes through the screen 13. The screen is of a
      mesh size such that the water will pass freely through but that the
      bitumen because of its greater viscosity and stickiness will be retained.
      The water passes through the screen 13 to the belt surface 7 where because
      of the belt crown design and because of baffles 9 it is diverted to the
      belt side, off the belt and into troughs 10. The water is collected in
      troughs 10 and is then delivered back into the pond.
PAR  This apparatus and operation as described above gives a maximum recovery of
      heavy floating bitumen substantially free from water. In a hot water
      process operation, this bitumen can be added to the combined froth
      products, diluted and centrifuged. This apparatus and operation can
      therefore be used to increase the yields of bitumen from the hot water
      process.
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STM  The invention claimed is:
NUM  1.
PAR  1. An endless belt apparatus for recovering thick, tarry, bituminous froth
      from the surface of a body of water and delivering said froth to a
      discharge area above said body of water, said apparatus comprising in
      combination a frame supporting at least two rollers constructed and
      arranged to support an endless belt in an inclined position from the
      surface of said body of water to discharge area above said body of water,
      said belt comprising a downwardly sloping outer surface extending from a
      longitudinal raised central portion of the belt to its periphery, a
      plurality of screen-bottom buckets supported by said belt on the outer
      surface thereof along its peripheral length, said screen bottoms having a
      mesh size in the range of 3.0 to 30.0 millimeters to selectively retain
      said bituminous froth in said bucket, passing fluids through said screen
      bottoms while moving from said body of water to said discharge area,
      baffle means located on the outer surface of said belt adjacent to each of
      said buckets, whereby fluid passing through said buckets is deflected
      toward said downwardly sloping surface of each side of said belt, and a
      means for rotating said belt.
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PAL  An improved filter for medical infusion and injection equipment is
      manufactured by compacting stainless steel powder particles of an
      irregular or dendritic shape, in the substantial absence of a binder, to
      form a porous, self-supporting green article, and thereafter sintering the
      green article. The resulting filter is porous with the pores communicating
      with one another to form a network of tortuous or winding paths having
      lateral, oblique and vertical segments which function to trap
      contaminating particles of a solution passed therethrough. The porous
      filter is sealed in a tubular fitting by force-fitting the filter into the
      internal peripheral wall of an annular plastic bead in the fitting and
      heating the filter to cause the plastic bead to soften or melt and flow
      into the pores of the filter along a continuous peripheral ring.
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PAC  BACKGROUND OF THE PRESENT INVENTION
PAR  The present invention relates generally to medical equipment and, more
      specifically, to filters and filter devices for use in medical injection
      and infusion equipment, such as hypodermic needles and intravenous
      infusion sets, and to methods of making such filters and filter devices.
PAR  In recent years medical researchers have been expressing increasing concern
      about the presence of particulate contamination in parenteral solutions
      intravascularly infused or injected into patients, and about the possible
      harm such contamination may cause. The term "parenteral solutions" as used
      throughout this patent is intended to refer to any solution intravenously
      or intramuscularly fed to a patient, including medication injected by a
      hypodermic syringe and various solutions (e.g., glucose, blood,
      medication, etc.) fed intravenously through an inravenous infusion set.
PAR  It is estimated that the average hospital patient currently receives
      approximately 2.5 liters of parenteral solutions during his illness, and
      the critically ill patient may receive as much as 100 liters or more.
      Recent studies have shown that the parenteral solutions are often
      comtaminated by particulate matter from the infusion equipment, e.g., the
      glass or plastic container for the solution, the tubing set, the stopper
      or "bung" and other accessories of the equipment. Obviously such
      contamination may be harmful to the patient, depending on the type, size,
      quantity, etc., of the contaminating particles. Harmful effects have been
      demonstrated by medical researchers by means of human autopsies and
      studies on various animals.
PAR  Particulate contamination is also present in the parenteral solutions
      injected into patients by means of hypodermic syringes. Sources of such
      contamination include the syringe barrels, plungers (which typically have
      rubber tips) and the covers (typically rubber) and interior (typically
      glass) of multi-dose vials from which solutions to be injected are
      withdrawn.
PAR  It is thus apparent that there is a need in the medical field for some
      means to prevent or minimize particulate matter contamination in
      parenteral solutions infused or injected into patients.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  It has been suggested that filters be employed in infusion and injection
      equipment to filter particulate contamination from the parenteral fluids
      fed to patients. However, there are numerous requirements and standards
      which any such filter must meet, and no filter or filter device heretofore
      designed has fully satisfied these requirements and standards or met with
      any appreciable acceptance or use in the medical field.
PAR  One of the requirements that any filter for medical injection or infusion
      equipment must meet is that it must pass the fluid to be injected or
      infused at a relatively high rate initially, and, in the case of infusion
      equipment, at a reasonably high rate over an extended period of time.
PAR  Another requirement of filters for medical infusion and injection equipment
      is that the filter be efficient in removing particulate contamination from
      the fluid to be infused or injected.
PAR  Still another requirement of filters for medical injection and infusion
      equipment is that the filters must provide a reasonably good measure of
      protection against air embolism; i.e., the filter must have the ability to
      prevent air bubbles from passing therethrough.
PAR  Yet another requirement of filters for medical injection and infusion
      equipment is that shedding of the filter in use must be minimal or
      non-existent to avoid introduction of foreign matter into the solution to
      be infused or injected.
PAR  Still another requirement of filters for medical infusion and injection
      equipment is that the filters be compatible with the various drugs or
      other solutions to be infused or injected; i.e., the filter material must
      not react with the infused or injected fluid to form matter which might be
      harmful to the patient.
PAR  Another requirement of filters for medical infusion and injection equipment
      is that the filter be compatible with the size, shape and material of the
      infusion or injection equipment, particularly the tubular member (e.g.,
      the hub or other fitting) in which the filter is disposed, and,
      preferably, the filter should be compatible with existing standard
      infusion and injection equipment.
PAR  Another requirement is that the filter must be effectively sealed or bonded
      in he fluid flow line of the infusion or injection equipment to insure
      that the filter will perform its function effectively and efficiently,
      i.e., that no particulate contamination will leak between the filter and
      the interior wall of the fitting in which it is disposed.
PAR  A further requirement is that the filter and means of incorporation of the
      filter into the injection or infusion equipment must not add appreciably
      to the cost of the equipment, particularly in view of the fact that most
      of the injection and infusion equipment in use today is disposable (i.e.,
      designed to be discarded after a single use).
PAR  In view of the foregoing, it is an object of the present invention to
      provide an improved filter and filter device for medical injection and
      infusion equipment which is highly efficient in removing particulate
      contamination from parenteral fluids to be infused or injected into
      patients while permitting relatively high flow rate of parenteral fluids
      therethrough.
PAR  It is a further object of the present invention to provide a filter and
      filter device for medical infusion and injection equipment which does not
      shed in use.
PAR  It is another object of the present invention to provide an improved filter
      and filter device for medical infusion and injection equipment which is
      compatible in size, shape and material, with the parenteral fluids to be
      filtered and with existing standard medical infusion and injection
      equipment.
PAR  It is a further object of the present invention to provide an improved
      filter and filter device for medical infusion and injection equipment
      which provides a relatively high degree of protection against air
      embolism.
PAR  It is a further object of the present invention to provide a filter device
      for medical infusion and injection equipment which is effectively and
      economically sealed or bonded in the fluid flow line of the equipment.
PAR  Another object of the present invention is to provide a filter and filter
      device for medical infusion and injection equipment which does not add
      appreciably to the cost of the equipment and, thus, is suitable and
      practical for use in disposable equipment.
PAR  The methods of manufacture of the present invention yield a filter and
      filter device which satisfy and realize the several objects discussed
      above. Essentially, the method of manufacturing the filter element of the
      present invention comprises the steps of compacting metal particles having
      an irregular or dendritic shape in a suitable mold to cause the
      projections or arms on the irregular peripheries of the dendritic
      particles to interlock with one another and produce a self-supporting
      green porous article, and thereafter sintering the green article. The
      resulting filter element comprises a plurality of pores communicating with
      one another along tortuous or winding paths having laterally extending
      portions, vertically extending portions and obliquely extending portions
      which trap or catch contaminating particles in solutions passed through
      the filter.
PAR  The filter element is force-fit into a plastic tubular member (e.g., a hub)
      and heated to soften or melt the adjacent internal peripheral wall of the
      tubular member which then flows into the pores of the filter to form a
      continuous peripheral seal between the filter and the tubular member.
PAR  Before proceeding to a detailed description of the preferred embodiments of
      this invention, it is to be noted that the permissible rate of flow of a
      solution through a filter and the efficiency of a filter ordinarily vary
      inversely with one another, i.e., the higher the permissible flow rate,
      the lower the efficiency, and the higher the efficiency, the lower the
      permissible flow rate. This is due to the fact that the permissible flow
      rate and the efficiency of a filter are largely governed by the size and
      pattern of the pores in the filter: the larger the pores, the higher the
      permissible flow rate and the lower the efficiency, and the smaller the
      pores, the lower the permissible flow rate and the higher the efficiency.
PAR  It is also to be noted that since a filter is employed for the very purpose
      of catching and retaining particles, any filter will become at least
      partially clogged through continued use to progressively increase the
      efficiency of the filter and decrease the permissible flow rate.
PAR  The factors governing the initial flow rate of a parenteral solution
      through a filter are:
PA1  a. The effective surface area of the filter exposed to the solution to be
      infused or injected.
PA1  b. The wall thickness of the filter through which the solution to be
      infused or injected must pass.
PA1  c. The mean pore diameter of the filter.
PA1  d. The porosity of the filter, i.e., the ratio of the volume of the
      openings or pores to the volume of solid material.
PA1  e. The height of the solution to be infused above the needle, in the case
      of infusion equipment.
PA1  f. The venous pressure of the patient.
PA1  g. The viscosity and specific gravity of the solution to be infused or
      injected.
PA1  h. Flow restrictions in series with the filter, such as flow clamps in the
      intravenous infusion set, the drip orifice from the bottle of solution to
      be infused, the needle, the inside diameter of the tubing of the infusion
      set, etc.
PAR  The factors governing the long term flow rate include all of the foregoing
      factors, and further include the following factors:
PA1  a. Reduction in the level of the solution being infused, due to depletion.
PA1  b. The level of particulate contamination in the solution being infused or
      injected.
PA1  c. The pore structure of the filter (i.e., the pattern or arrangement of
      the pores in the filter).
PAR  The factors governing filter efficiency are:
PA1  a. The mean pore diameter of the filter.
PA1  b. The maximum pore diameter of the filter.
PA1  c. The number of pore minima connected in series, from filter input surface
      to filter output surface.
PA1  d. The integrity of the seal or bond of the filter to the filter housing
      (e.g., the hub).
PA1  e. The number of particles trapped in or on the filter from solution
      previously passed therethrough.
PA1  f. The distribution of size of the particles in the solution being
      filtered.
PA1  g. The particle density of the solution being filtered, i.e., the number of
      particles per volume of solution.
PA1  h. The stability of the shapes of particles in the solution.
PA1  i. The ratios of length to width to height of the particles in the
      solution.
PAR  Mean pore diameter and maximum pore diameter [factors (a) and (b) above]
      attempt to define, in a practical fashion, the distribution of pore sizes
      in the filter.
PAR  The most effective way to measure the efficiency of a filter is to put the
      filter to the task of fulfilling its function, e.g., to filter a
      particulate suspension and examine the filtrate for particles passed. The
      ratio of particles retained by the filter to particles passed therethrough
      in each size category (i.e., particle size) represents the efficiency of
      the filter for particles of that particular size. Thus, efficiency may be
      determined by the following equation:
PA1  E = 100 (1-F/D), where
PA1  E = filter efficiency in percent;
PA1  F = particles per unit volume in the filtrate; and
PA1  D = particles per unit volume in the particle suspension.
PAR  The filter of the present invention optimizes both the efficiency and
      permissible flow rate characteristics to permit maximum desired flow for
      the required efficiency. Among the features, which contribute to
      optimization of these important characteristics are the following:
PA1  a. The surface area of the filter is as large as possible, consistent with
      other parameters, such as size and cost requirements.
PA1  b. The wall thicknesses of the filter are as thin as possible, consistent
      with structural strength, manufacturing practicality and efficiency
      requirements.
PA1  c. The minimum pore diameter of the filter is as large as possible
      consistent with efficiency requirements (e.g., the size and quantity of
      particulate contamination which must be removed from the solution).
PA1  d. The porosity of the filter is as high as possible, consistent with
      practical considerations in manufacturing.
PA1  e. The pore structure or pattern of the filter is designed to resist
      "blinding" or blocking of the filter by entrapped particles.
PAR  Other objects, features and advantages of the present invention will be
      apparent from the following detailed description of preferred embodiments
      of the invention and the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of a hypodermic needle into which a
      filter of the present invention may be incorporated.
PAR  FIG. 2 is a sectional elevation view of the hub or tubular fitting of the
      apparatus shown in FIG. 1 with a filter of the present invention being
      inserted therein.
PAR  FIG. 3 is a sectional elevation view similar to FIG. 2 showing the filter
      in place in the fitting.
PAR  FIG. 4 is a sectional elevation view similar to FIGS. 2 and 3 showing the
      filter being induction heated to seal it in the fitting.
PAR  FIG. 5 is a partial sectional elevation view showing in greater detail the
      seal between the filter and the fitting.
PAR  FIG. 6 is an enlarged perspective view of the filter shown in FIGS. 1-5.
PAR  FIG. 7 is a photomicrograph of some irregular or dendritic stainless steel
      particles from which the filter shown in FIG. 6 may be made.
PAR  FIGS. 8 and 9 are photomicrographs of portions of the surfaces of filters
      manufactured according to the teachings of the present invention, the
      surface areas having been magnified 100 times.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a hypodermic needle 10 into which the filter device of
      the present invention may be incorporated. The needle 10 includes a needle
      cannula 12 (preferably stainless steel) connected to the forward or distal
      end of a thermoplastic tubular hub or fitting 16 having a porous,
      sintered, powdered stainless steel filter 18 therein. The filter element
      18 is manufactured according to the teachings of the present invention,
      described below. It is manufactured from stainless steel particles having
      an irregular or dendritic shape.
PAR  The hypodermic needle 10 of FIG. 1 is only an exemplary showing of a
      medical injection device into which the filter device of the present
      invention may be incorporated. It is contemplated that the filter device
      of the present invention may be incorporated in various types of medical
      equipment and the like, including intravenous infusion sets, hypodermic
      syringes and double luer adapters. The tubular thermoplastic fitting or
      connector 16 is exemplary of only one of numerous types of connectors,
      fittings, adapters and hubs into which a filter may be incorporated and
      sealed to form the filter device of the present invention.
PAR  As best shown in FIG. 6, the filter 18 illustrated herein is preferably
      cylindrical cup-shape in form, having a closed rear end 36 and an open
      forward end 38.
PAR  The cylindrical cup-shape of the filter element 18 maximizes the effective
      surface area of the filter which is exposed to the solution to be passed
      therethrough, consistent with the overall size limitations imposed by the
      fitting into which the filter is inserted, to maximize the permissible
      flow rate of the solution. For example, in the present invention filters
      having a surface area of about 0.06 sq. in. and a wall thickness of about
      0.02 in. to 0.06 in. (preferably about 0.03 in.) are preferable. It is to
      be understood, however, that filters of various other shapes may be
      manufactured according to the present invention, such as disc shapes and
      plate shapes, for example.
PAR  According to a preferred embodiment of the present invention, the filter 18
      is manufactured according to the following process:
PA1  1. Metal powder having particles of an irregular or dendritic shape are
      screened to obtain particles of the desired size.
PAR  2. A predetermined amount of the screened powder is blended with a
      predetermined, relatively small quantity of a lubricant.
PAR  3. The powder-lubricant blend is loaded into a suitable mold and compacted
      therein under a predetermined compaction pressure to obtain a
      self-supporting "green" filter.
PAR  4. The "green" filter is removed from the mold and subjected to a two step
      heating process to first "burn-off" the lubricant and thereafter sinter
      the filter.
PAR  The specific details associated with the foregoing basic steps, including
      times, temperatures, compaction pressure, materials, etc., will now be
      described.
PAR  Examples of stainless steel particles of irregular or dendritic shape are
      shown in the photomicrograph of FIG. 7. Stainless steel powder comprising
      particles such as those shown in FIG. 7 are screened to obtain stainless
      steel particles of the desired size. The size of the particles, along with
      other parameters, including the compaction pressure applied to the powder,
      will determine the efficiency of the filter and the permissible rate of
      flow of solution passed through the filter.
PAR  Two grades of filters are described herein. One grade is termed S3-5, and
      the second grade is termed S8-10. The filter grade identification
      indicates the efficiency of the filter. The S3-5 filter is designed to
      remove from the solution to be filtered 99% of all particles larger than
      five micrometers and 95% of all particles larger than three micrometers.
      The S8-10 filter is designed to remove 99% of all particles larger than
      ten micrometers and 95% of all particles larger than eight micrometers. As
      described below, these filter efficiencies have been achieved while
      permitting a relatively high rate of flow of solution through the filters.
PAR  The stainless steel powder from which the S3-5 filter has been manufactured
      have mean diameter particle sizes of between about 44 micrometers and 74
      micrometers, also identified as having sieve cuts of 200/325 mesh.
PAR  The S8-10 filter has been manufactured from stainless steel powder whose
      mean diameter particle sizes are between about 125 and 149 micrometers,
      having sieve cuts of 100/120 mesh.
PAR  In both cases, the shapes of the particles are sufficiently irregular so
      that the "branches" or "arms" of adjacent particles lock together when the
      powder is compacted to form a self-supporting article.
PAR  The screening step employed may be the two step screening process wherein a
      larger mesh screen is first used to eliminate powder particles larger than
      the largest particle size desired (e.g., 74 micrometers for the S3-5
      filter, 149 micrometers for the S8-10 filter) and a smaller mesh screen is
      then used to eliminate powder particles smaller than the smallest particle
      size desired (e.g., 44 micrometers for the S3-5 filter, 125 micrometers
      for the S8-10 filter).
PAR  Following the screening step, the stainless steel particles are mixed with
      a suitable lubricant and loaded into a suitable mold (e.g., a mold having
      a cup-shape) and compacted into the desired shape.
PAR  Any numbr of lubricants may be employed, such as a synthetic wax of general
      fatty acid origin, for example. One such wax is known as Acrawax C and is
      manufactured by the Glyco Chemical Co. of Greenwich, Connecticut.
PAR  The amount of lubricant should preferable be about 0.05% by weight of the
      green article, or greater, and may be as much as 0.5% by weight. It will
      be appreciated that the greater the amount of lubricant added, the longer
      the tool life of the mold and compacting equipment. The lubricant may be
      mixed with the stainless steel powder by tumbling the powder and lubricant
      in a suitable roller mill, for example.
PAR  The amount, by weight, of stainless steel powder to be mixed with the
      lubricant and loaded in the mold of the press equipment may be calculated
      in the following manner:
PA1  a. The volume of stainless steel powder in the cup-shaped filter =
      TT/4[D.sup.2 L -(D-2T).sup.2 (L-C],
PAL  where
PA1  D = the outside diameter of the filter;
PA1  L = the length of the filter;
PA1  TT = the constant, pi;
PA1  T = the wall thickness of the filter;
PAL  and
PA1  C = the thickness of the end wall of the filter.
PA1  b. The density of the stainless steel used, No. 316, equals 0.29 pounds per
      cubic inch, or 131.5418 grams per cubic inch.
PA1  c. During the subsequent sintering operation, the green filter may be
      expected to shrink approximately 0.0005 inches in diameter and
      approximately 1% in length.
PA1  d. The density of the compacted filter, after sintering = 1-P, where P =
      the desired porosity of the compacted, sintered filter.
PA1  e. W.sub.d = (131.542 TT/4) (1-P) (1+S) [0.99L(D- .0005).sup.2
      -(D-0.0005-2T).sup.2 0.99(L-C)]
PAL  or
PA1  W.sub.d = 102.2798(1-P) (1+S) [L(D-0.0005).sup.2 -(D-0.0005-2T).sup.2
      (L-C)]
PAL  where
PA1  W.sub.d = the desired weight, in grams, of the green filter;
PA1  p = the desired porosity of the sintered filter, expressed as a decimal
      fraction;
PA1  S = the weight of lubricant added to the stainless steel powder, expressed
      as a decimal fraction of powder weight;
PA1  L = the overall length, in inches, of the green filter;
PA1  D = the outside diameter, in inches, of the green filter;
PA1  TT = the constant, pi;
PA1  T = the cylindrical wall thickness, in inches, of the green filter; and
PA1  C = the thickness of the end wall of the green filter, in inches.
PAL  By way of example, if the green filter (the filter formed by compacting the
      powder and lubricant mix, prior to sintering) has the following
      approximate dimensions:
PA1  D = 0.1280 inch, L = 0.1515 inch, C = 0.0303 inch, T = 0.030 inch,
PA1  P = 0.30, S = 0.0005, and W.sub.d + 0.13685 grams,
PAL  after sintering the filter will have the following approximate dimensions:
PA1  D = 0.1275 inch, L = 0.150 inch, C = 0.030 inch, T = 0.030 inch,
PA1  P = 0.30, S = 0.0000, and W.sub.d + 0.136782 grams.
PAR  The optimum pressure of compaction of the stainless steel powder-lubricant
      blend may be calculated according to the following formula:
PA1  P.sub. c = F.sub.R /A.sub.F, where
PA1  P.sub.c = the compaction pressure required to achieve the desired density
      of the pressed green filter;
PA1  F.sub.r = the powder press ram force, in pounds, which may be measured
      indirectly by measurement of treadle deflection; and
PA1  A.sub.f = the calculated area, e.g., TTr.sup.2 of the end wall of the
      filter.
PAR  For example, P.sub.c = F.sub.R /A.sub.F = F.sub.R /TTr.sup.2 = 1600
      pounds/.012767657 sq. in. =  62.7 tons per sq. inch, where the ram force
      is 1600 pounds and the area of the end wall of the filter is .012767657
      sq. in.
PAR  For the specific examples given, it has been discovered that; for the S3-5
      filter, a filter density of about 5.6 gm/cm.sup.3 will result in a desired
      porosity of 30.2% by pressing approximately 139 mg of powder and
      lubricant, while, for the S8-10 filter, a density of about 5.4 gm/cm.sup.3
      will result in a desired porosity of 33.0% by pressing approximately 133
      mg of powder and lubricant.
PAR  After it has been determined that an acceptable filter can be manufactured
      using a given compaction pressure, the pressure figure can be used to make
      additional parts or parts of different sizes and shapes.
PAR  It has been found that the green filter made according to the foregoing
      steps and formulas are completely self-supporting and will not crumble
      when handled.
PAR  The green filter is then heated to a suitable temperature (e.g., between
      about 800.degree.F and 1000.degree.F for from 30 minutes to 90 minutes) to
      burn off the lubricant and, thereafter, is sintered at an increased
      temperature (e.g., between about 2000.degree.F and 2400.degree.F) for a
      suitable period (e.g., 15 to 90 minutes) to form the finished, sintered
      filter. Sintering is accomplished in a dry H.sub.2 atmosphere.
PAR  It should be noted that there are a great many variable factors in
      manufacturing filters according to the present invention which will affect
      the characteristics of the finished filters and their performance in use.
      Tables A, B and C below set forth these variables which have been taken
      into consideration in arriving at many of the manufacturing parameters
      (e.g., times, temperatures, pressures, materials, etc.) described herein.
      Most of these variables are set forth in a book entitled "Fundamental
      Principles of Powder Metallurgy" by W. D. Jones, St. Martin's Press.
PAR  Table A sets forth those variables which have been shown to exert the
      greatest influence over the completed filter. Many of them show up in the
      mathematical equations set forth herein and are manipulated by the process
      of the present invention.
PAR  Table B includes variables, some of which may be manipulated, but with less
      frequency than the variables of Table A. Some of these variables, such as
      tool wear, are not manipulated, but are monitored.
PAR  Table C includes other variables, some of which are of subtle, or even
      questionable significance. Some of these variables are automatically
      manipulated when related variables in Tables A or B are manipulated.
PAC  Table A -- Primary Control Variables
PA1  1. metal powder
PA2  a. chemical composition and solid density
PA2  b. particle size distribution
PA1  2. lubricant
PA2  a. amount
PA1  3. press tooling
PA2  a. cavity diameter
PA2  b. filter end wall thickness adjustment
PA2  c. filter end wall fill adjustment
PA1  4. presses
PA2  a. fill adjustment, overall filter
PA2  b. compacted part height adjustment, overall filter
PA1  5. sintering
PA2  a. chemical composition of metal powder
PA2  b. temperature
PA2  c. time
PAC  Table B -- Secondary Control Variables
PA1  1. metal powder
PA2  a. flowability
PA2  b. particle shape
PA1  2. lubricant
PA2  a. chemical make-up
PA2  b. particle size
PA2  c. particle shape
PA2  d. method of mixing
PA2  e. completeness of mixing
PA1  3. press tooling
PA2  a. wear
PA2  b. tolerances
PA1  4. presses
PA2  a. pressure variations
PA2  b. speed
PA2  c. vibration
PA2  d. wear
PA2  e. temperature rise
PA1  5. sintering
PA2  a. rate of heating
PA2  b. rate of cooling
PA2  c. nature of atmosphere
PA2  d. impurities in atmosphere
PA2  e. rate of flow of atmosphere
PAC  Table C -- Tertiary Variables
PA1  1. metal powder
PA2  a. apparent density
PA2  b. compressibility
PA2  c. ability to work harden
PA2  d. absorbed gases
PA2  e. segregation of constituents
PA1  2. lubricant
PA2  a. temperature rise in mixing
PA2  b. changes in storage after mixing, before pressing
PA1  3. press tooling
PA2  a. materials
PA2  b. stiffness
PA2  c. clearances
PA2  d. finish
PA1  4. presses
PA2  a. alignment
PA2  b. ejection stresses
PA2  c. design
PA2  d. method of filling
PA1  5. sintering
PA2  a. activity of powder
PA2  b. gas content of compacts
PA2  c. amount and nature of lubricant
PA2  d. thermal expansion of metals involved
PAR  As noted above, many of the parameter values indicated in conjunction with
      the manufacturing process described above were determined according to the
      variables set forth in Tables A, B and C. Table D below sets forth the
      preferred parameter values which have been established for the S3-5 and
      S8-10 filters. Some of the values in Table D are called out specifically
      and others are described generally.
TBL                                    Table D                                 

     __________________________________________________________________________

     Values of Parameters                                                      

     1.                                                                        

       metal powder   S3-5      S8-10                                          

     __________________________________________________________________________

     (a) particle size                                                         

                  44-74 micrometer mean                                        

                                125-149 micrometer mean                        

       distribution -                                                          

                  diameter (325/200 sieve                                      

                                diameter (120/100 sieve                        

                  mesh).        mesh).                                         

       (b) particle shape -                                                    

                  must be of sufficiently irregular shape to hold              

                  together when compacted (green strength).                    

       (c) flowability -                                                       

                  selected to optimize press speed.                            

       (d) chemical                                                            

                   Type 316 Stainless Steel                                    

         composition -                                                         

       (e) particle solid                                                      

                   8.03 gm/cm.sup.3 (0.29 lb/in.sup.3)                         

         density -                                                             

     2.                                                                        

       lubricant                                                               

       (a) chemical                                                            

                  synthetic wax of general fatty acid origin, such as          

         composition -                                                         

                  Acrawax C.                                                   

       (b) amount -                                                            

                  0.05% by weight shown to be satisfactory, but                

                  up to 0.5% probably acceptable, with increased               

                  tool life an advantage.                                      

       (c) mixing -                                                            

                  tumbling in roller mill for about 25 minutes.                

       (d) particle size                                                       

                  atomized for good flow and easy mixing.                      

         and shape -                                                           

     3.                                                                        

       pressing                                                                

       (a) amount (metal                                                       

                  139 mg to achieve filter                                     

                                133 mg to achieve filter                       

         powder plus                                                           

                  density of about 5.6 gm/                                     

                                density of about 5.4 gm/cm.sup.3               

         lubricant) -                                                          

                  cm.sup.3 (30.2% porosity)                                    

                                (33.0% porosity)                               

     4.                                                                        

       sintering                                                               

     (a) lubricant                                                             

                  800.degree.F to 1000.degree.F (prefer about 850.degree.F)    

                  for from                                                     

       burn-off time                                                           

                  30-90 minutes (prefer about 60 minutes).                     

       and temperature                                                         

     (b) sintering time                                                        

                  2000.degree.F to 2400.degree.F (prefer about 2200.degree.F)  

                  for from                                                     

       and temperature                                                         

                  15-90 minutes (prefer about 30 minutes).                     

     __________________________________________________________________________

PAR  The filter element resulting from the process described above is depicted
      in FIG. 6 of the drawings.
PAR  FIG. 7 of the drawings shows the dendritic or irregular shape of the
      stainless steel particles which are compacted, in the manner set forth
      above, to form the filter element. It will be noted that the dendritic
      particles have projections or branches or arms extending therefrom. These
      projections define the irregular particle shapes and, when compacted in
      the manner set forth above, interlock with one another to form a
      substantially self-supporting green filter element which can be handled
      without significant shedding or crumbling, before the lubricant "burn-off"
      and sintering steps. It is to be noted that the self-supporting nature of
      the green article formed by compacting the particles in the substantial
      absence of a binder is one of the several significant advantages of the
      filter and process of the present invention.
PAR  FIG. 8 of the drawings is a photomicrograph of a portion of the surface of
      an S3-5 filter manufactured according to the present invention and
      magnified one hundred times. FIG. 9 is a photomicrograph of a portion of
      the surface of an S8-10 filter manufactured according to the present
      invention and magnified one hundred times.
PAR  The pattern or arrangement of the internal pore structure of the filter
      element 18 is also illustrated by the photomicrographs of FIGS. 8 and 9.
      It may be seen from FIGS. 8 and 9 that the compacted dendritic particles
      define communicating pores therebetween. These communicating pores define
      a plurality of tortuous or winding pore paths having lateral, oblique and
      vertical components or sections. This arrangement of tortuous pore paths
      provides increased efficiency or particle catching ability of the filter.
      Particles which may pass through one, two, or more of the pores because of
      the size or disposition (e.g., lengthwise or end-on) of the particle will
      later be passed to a subsequent, perhaps smaller, pore in a different
      position (e.g., sideways) and will be trapped thereby.
PAR  Another way of defining the internal pore structure of the filter utilizes
      the terminology "pore minima". A pore minimum, as used herein, refers to
      the irregular plane figure defined by the intersection of a plane normal
      to the pore fluid flow with the particles which bound the pore, where the
      plane is located along the flow path at a point where the area of the
      plane figure is less than at adjacent points either ahead or behind on the
      flow path. Thus, the pore minimum defines the smallest particle which a
      given pore may trap. The pore structure of the filter of the present
      invention may be defined as comprising a series of multiple pore minima
      relieved by larger pores or pore portions. Since the pores are of
      different sizes and angular dispositions, a particle may pass through one
      or more pores, but will eventually be trapped by a pore having a pore
      minimum smaller than the particle.
PAR  Numerous tests and experiments confirm the high efficiency or particle
      catching ability of the filter of the present invention, and further
      confirm the ability of the filter to permit parenteral fluids to flow
      therethrough at a maximum rate for a given efficiency.
PAR  It has also been determined through numerous tests and experiments that the
      filters of the present invention offer a high measure of protection
      against air embolism, are completely compatible with drugs commonly
      injected or infused into human beings, and do not shed in use.
PAR  The method by which a filter 18 manufactured according to the present
      invention may be sealed in a tubular thermoplastic connector 16 and the
      resulting filter assembly or device may best be understood by referring to
      FIGS. 2 to 5.
PAR  The termoplastic connector 16 is of generally tubular shape and has
      internal peripheral wall 19 defining a longitudinal passage 20 extending
      therethrough. The outer or proximal end 22 of the passage 20 is tapered
      outwardly (commonly referred to in the medical field as a female luer
      taper) to facilitate sealing reception of the tip of a syringe (or other
      tubular member) to which the proximal end of the fitting 16 is to be
      connected. The forward or distal end of the passage through the stem 24
      may be cylindrical or tapered to receive the butt end of the needle
      cannula 12, which may, for example, be epoxy bonded therein.
PAR  The intermediate portion of the peripheral wall 19 of passage 20 is
      provided with a shoulder 30 which functions as a seat for the end of the
      filter 18. An inwardly-projecting annular ring or bead 32 is provided on
      the interior wall 19 of the fitting 16 just above the shoulder or seat 30.
      The internal diameter of the bead 32 is slightly less than the outer
      diameter of the filter 18 so that the end of the filter 18 can be
      forcefitted into the bead 32 in a manner and for a purpose described more
      fully below.
PAR  The term "thermoplastic", as used herein, is intended to refer to any
      plastic material that will soften when heated and re-solidify or harden
      when cooled. The thermoplastic fitting or connector 16 is preferably
      constructed of a relatively rigid thermoplastic such as polypropylene,
      polycarbonate or polyethylene terephthalate.
PAR  The filter 18 is preferably cylindrical cup-shaped in form, having a closed
      rear end 36 and an open forward end 38 defined by a forward peripheral
      wall 39.
PAR  The filter element 18 is positioned and sealed or bonded in the tubular
      fitting 16 in the following manner.
PAR  The filter element 18 is inserted, open end first, into the passage 20 of
      the fitting 16 by means of a suitable tool, such as the insertion tip 40
      of a suitable vacuum tool, as shown in FIG. 2. The filter element 18 is
      held on the tool 40 by suction, and is pressed downwardly through the
      plastic annular ring or bead 32 until the forward peripheral wall 39 of
      the open forward end 38 rests or seats on the annular shoulder 30. As
      noted above, the outer diameter of the filter element 18 is slightly
      larger than the internal diameter of the annular bead 32 so that the
      forward end of the filter 18 is force-fitted in the annular bead 32 to
      compress and deform the bead (see FIG. 3).
PAR  With the filter element 18 in place (i.e., with the forward end wall 39 of
      the filter abutting the shoulder 30 in the fitting 16 and the forward end
      portion of the peripheral wall of the filter 18 force-fitted in the
      annular bead 32), the filter element 18 is heated to a temperature and for
      such a time to heat the thermoplastic bead 32, which melts or softens and
      flows into the pores in a continuous ring around the forward end portion
      of the outer peripheral wall of the filter element 18. As shown in FIG. 4,
      it is contemplated that the filter element 18 may be heated by the
      electromagnetic field generated by induction heating coils 44. It is
      contemplated, however, that other means of heating the filter element 18
      may be employed so long as such heating means does not interfere with the
      compressive force exerted by the filter element on the annular bead 32.
PAR  FIG. 5 is an enlarged sectional view illustrating the intrusion of the
      plastic bead 32 into the pores around the outer peripheral wall of the
      forward end portion of the filter element 18 after the bead has cooled and
      re-solidified.
PAR  It is to be noted that the seal or bond formed between the bead 32 and the
      forward end portion of the outer surface of filter element 18 is a
      relatively thin continuous ring which does not significantly reduce the
      effective surface area of the filter which is exposed to the solution to
      be filtered. Thus, the seal will not inhibit the flow rate of the
      solutions which pass through the filter. It is to be noted that the
      foregoing is a significant advantage of the present invention because it
      is essential to maintain the effective surface area of the filter element
      18 at a maximum to insure that the flow rate of the solution passed
      through the filter may be maintained at the desired level. It will also be
      noted that the cylindrical cup shape of the filter element 18 maximizes
      the effective surface area of the filter which is exposed to the solution
      to be passed therethrough, consistent with the over-all size limitations
      imposed by the fitting into which it is inserted, to maximize the
      permissible flow rate of the solution. The foregoing description of the
      overall configuration of the filter and method of bonding it within a
      tubular fitting or hub is more specifically described in the copending
      application of T. E. Weichselbaum for Method of Sealing Filter in Tubular
      Fitting for Medical Injection Equipment and The Like, and Resulting Filter
      Device, filed Jan. 15, 1973, Ser. No. 323,726, now U.S. Pat. No. 3,817,389
       and assigned to the same assignee as the present invention.
PAR  From the foregoing, it will be appreciated that the method of the present
      invention provides a filter device for medical injection equipment and the
      like which is relatively inexpensive, efficient and readily adaptable for
      use with existing injection and infusion equipment (e.g., plastic
      fittings, such as injection needle hubs). The ring seal or bond formed
      between the tubular fitting and the peripheral wall of the filter provides
      an effective continuous seal which does not interfere with the critical,
      permissible flow rate of solution through the filter, yet insures a fluid
      tight seal to prevent fluid from passing around, rather than through, the
      filter element. Thus, the method and resulting filter device of the
      present invention satisfies the existing need in the industry for a device
      which will effectively eliminate or minimize particulate contamination in
      parenteral fluids to be injected into patients.
PAR  It is contemplated, of course, that numerous changes and modifications may
      be made to the particular embodiments of the method and filter device
      described above and shown in the drawings without departing from the scope
      of the present invention. For example, while a cylindrical cup-shaped
      filter has been shown and described as a preferrable embodiment, it is
      contemplated that method and filter devices of the present invention may
      employ filter elements of other shapes, such as disk shapes, plate shapes
      and rounded cup shapes.
PAR  Accordingly, it is intended that the scope of the present invention be
      limited only by the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for manufacturing a sintered, porous stainless steel filter
      for use in medical injection and infusion equipment and the like; said
      filter being manufactured from stainless steel particles having an
      irregular or dendritic shape with arm-like projections extending outwardly
      therefrom; said process comprising the steps of:
PA1  screening dendritic stainless steel particles to obtain particles of a
      predetermined size;
PA1  mixing the screened particles with a lubricant;
PA1  loading the particle-lubricant mixture into a mold of desired shape;
PA1  compacting the particle-lubricant mixture in the mold at a predetermined
      compaction pressure to cause the arm-like projections on the particles to
      engage and interlock with one another and form a self-supporting, porous,
      green filter;
PA1  heating the green filter at a predetermined temperature to burn off the
      lubricant; and
PA1  sintering the filter to form a sintered, porous, stainless steel filter.
NUM  2.
PAR  2. A process of manufacturing a filter according to claim 1, wherein said
      screening step comprises screening stainless steel particles to obtain
      particles having mean diameters of between about 44 and 74 micrometers.
NUM  3.
PAR  3. A process of manufacturing a filter according to claim 2, wherein the
      mixture is compacted to a density of about 5.6 gm/cm.sup.3.
NUM  4.
PAR  4. The product of the process of claim 3.
NUM  5.
PAR  5. The product of the process of claim 2.
NUM  6.
PAR  6. A process of manufacturing a filter according to claim 1, wherein said
      screening step comprises screening stainless steel particles to obtain
      particles having mean diameters of between about 125 and 149 micrometers.
NUM  7.
PAR  7. A process of manufacturing a filter according to claim 6, wherein the
      mixture is compacted to a density of about 5.4 gm/cm.sup.3.
NUM  8.
PAR  8. The product of the process of claim 7.
NUM  9.
PAR  9. The product of the process of claim 6.
NUM  10.
PAR  10. A process of manufacturing a filter according to claim 1, wherein said
      step of mixing the screened particles with a lubricant comprises mixing
      the screened particles with a synthetic wax of general fatty acid origin.
NUM  11.
PAR  11. The product of the process of claim 10.
NUM  12.
PAR  12. A process of manufacturing a filter according to claim 1, wherein said
      step of sintering said filter comprises heating said filter at a
      temperature of between about 2000.degree.F, and about 2400.degree.F, for
      about 30 minutes.
NUM  13.
PAR  13. The product of the process of claim 12.
NUM  14.
PAR  14. The product of the process of claim 1.
NUM  15.
PAR  15. A process for manufacturing a porous filter fir use in medical
      injection and infusion equipment and the like, said filter being
      manufactured from metal particles having an irregular or dendritic shape
      with arm-like projections extending outwardly therefrom; said process
      comprising the steps of:
PA1  screening dendritic metal particles to obtain dendritic particles of a
      predetermined size;
PA1  mixing the screened dendritic particles with a lubricant;
PA1  loading the particle-lubricant mixture into a mold;
PA1  compacting the particle-lubricant mixture in the mold at a predetermined
      compaction pressure to cause the arm-like projections on the particles to
      engage and interlock with one another and form a self-supporting green
      article;
PA1  heating the green article at a predetermined temperature to burn off the
      lubricant; and
PA1  sintering the filter to form a sintered, porous metal filter.
NUM  16.
PAR  16. The product of the process of claim 15.
NUM  17.
PAR  17. A process for making a filter device of metal particles for medical
      injection and infusion equipment and the like, said filter of said filter
      device being manufactured from metal particles having an irregular or
      dendritic shape with arm-like projections extending outwardly therefrom;
      said process comprising the steps of:
PA1  screening the metal particles to obtain particles of a predetermined size;
PA1  mixing the screened particles with a lubricant;
PA1  loading the particle-lubricant mixture into a mold;
PA1  compacting the particle-lubricant mixture in the mold at a predetermined
      compaction pressure to cause the arm-like projections on the particles to
      engage and interlock with one another and, form a self-supporting green
      filter article having a porous, axially-extending outer peripheral wall;
PA1  heating the green filter article at a predetermined temperature to burn off
      the lubricant;
PA1  sintering the filter to form a sintered, porous metal filter; and
PA1  inserting the filter into the interior peripheral wall of an at least
      partially plastic peripheral member having an axially-extending interior
      peripheral wall so that at least a continuous peripheral portion of said
      interior peripheral wall is in contact with said axially-extending outer
      peripheral surface of said filter; and heating said filter to a
      temperature sufficient to cause at least a portion of the interior
      peripheral wall of said peripheral member to flow into the pores of said
      filter.
NUM  18.
PAR  18. The product of the process of claim 17.
NUM  19.
PAR  19. A process of making a filter device for medical injection and infusion
      equipment and the like, said filter of said filter device being
      manufactured from metal particles having an irregular or dendritic shape
      with arm-like projections extending outwardly therefrom; said process
      comprising the steps of:
PA1  compacting the metal particles in a mold in the substantial absence of a
      binder to cause the arm-like projections on adjacent particles to
      interlock with one another and form a self-supporting, porous, green
      article; and sintering said green article to produce a sintered, porous
      metal filter;
PA1  inserting the filter into the interior peripheral wall of an at least
      partially plastic peripheral member, and heating said filter to a
      temperature sufficient to cause at least a portion of the interior
      peripheral wall of said peripheral member to flow into the pores of said
      filter.
NUM  20.
PAR  20. The product of the process of claim 19.
NUM  21.
PAR  21. A process for manufacturing a filter device for medical injection and
      infusion equipment and the like, said filter of said filter device being
      manufactured from metal particles having an irregular or dendritic shape
      with arm-like projections extending outwardly therefrom; said process
      comprising the steps of:
PA1  screening the metal particles to obtain particles of a predetermined size;
PA1  mixing the screened particles with a lubricant;
PA1  loading the particle-lubricant mixture into a mold;
PA1  compacting the particle-lubricant mixture in the mold at a predetermined
      compaction pressure to cause the arm-like projections on the particles to
      engage and interlock with one another and form a selfsupporting green
      article;
PA1  heating the green filter article at a predetermined temperature to burn off
      the lubricant;
PA1  sintering the filter article to form a sintered, porous metal filter;
PA1  force-fitting said filter into a plastic annular projection within the
      interior peripheral wall of a tubular member; and
PA1  heating said filter to a temperature sufficient to cause a peripheral
      portion of the interior peripheral wall of said plastic annulus to soften
      and flow into pores in such filter to form a continuous peripheral seal
      between said tubular member and said filter.
NUM  22.
PAR  22. The product of the process of claim 21.
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ABST
PAL  Membranes of acrylonitrile polymers having water-permeability greater than
      0.2 ml/cm.sup.2.min.atm and useful as an inexpensive superior ultrafilter,
      comprising (1) a porous layer or layers existing near and on the surfaces
      of said membranes, the average sizes of pores contained in said porous
      layer or layers and existing on each of assumptive parallel planes to the
      surfaces of said membranes, having such a gradient that said average sizes
      become smaller toward the surfaces of said membranes, and (2) a reticulate
      porous layer adjacent to said porous layer or layers (1) and containing
      therein a succession of voids of cylindrical shape or revolving ellipsoid
      shape having diameters of 5 - 50.mu. and lengths of at least 10.mu., are
      prepared by dissolving an acrylonitrile polymer in an aqueous solution of
      nitric acid of 65 - 95% by weight concentration, casting the resulting
      solution on a support followed by coagulation in a coagulation bath, or
      extruding the resulting solution from a slit into a coagulation bath, the
      coagulation bath being water alone or a nitric acid aqueous solution of
      30% by weight or less.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention relates to membranes of acrylonitrile polymers for
      ultrafilter and a method for producing the same. More particularly, it
      relates to a high performance membranes of acrylonitrile polymers for
      ultrafilter having a large water-permeability, in which size of pore are
      extremely small and distribution of size is narrow and the method for
      producing the same. An object of the present invention is to provide novel
      membranes for ultrafilter having a large water-permeability being capable
      of affording a high filtration rate; hardly causing the clogging of pores
      and hence, enabling to carry out continuous filtration operation for a
      long period of time with the same material. Another object of the present
      invention is to provide membranes for ultrafilter having a large
      mechanical strength, a high chemical stability, has a superior resistance
      to microorganisms hence microbially almost incorruptible; which are useful
      in various commercial separation process.
PAR  For separating bacteria, proteins, viruses, colloidal substances, etc. by
      filtration, collodion membrance, gel cellophane film, etc. have been
      heretofore used. Recently, however, in place of these conventional
      ultrafilters, cellulose acetate membrane, collagen membrane, dextran
      membrane, etc. have been newly commercialized, and broad application
      thereof have been developed in such fields as food industry,
      pharmaceutical industry, electronic industry, prevention of public
      nuisance, etc. in addition to those of laboratory scale. However, these
      conventional filters which have been heretofore used have various
      drawbacks such as low water-permeability, a considerably high pressure
      necessary at the time of filtration operation, necessity of exchange of
      filter within a short period of time due to clogging, etc. Further,
      ultrafilters of cellulosic membranes which have been mostly used are
      liable to undergo degradation due to hydrolysis as well as corruption due
      to microbial action, and moreover their resistance to chemicals is not
      good.
PAR  Recently, studies on methods for producing ultrafilters have been advanced,
      and methods for producing films having pores of smaller sizes and a larger
      water-permeability have been proposed.
PAR  As one of them there is a method in which solvent within the surface of
      film is positively vaporized at the time of film-making to form a layer of
      dense structure on one side of film and remaining about 100.mu. layer of a
      porous structure. Thus the aim for overcoming the disadvantage of the
      conventional film has been achieved to a certain extent by this method.
      According to U.S. Pat. No. 3,567,810 which uses the above-mentioned
      method, polysulfone, polyacrylonitrile or the like are dissolved in a
      mixed solvent of dimethylsulfoxide and acetone or N,N-dimethylacetamide
      and acetone and made into film, but at the time of film-making, the
      solvent within the surface of film is vaporized, for example, by exposing
      the film to an air current having a temperature of 90.degree. -
      150.degree.C, for a few seconds, and then the resulting film is dipped in
      a coagulation bath to obtain a film having dense struction in part close
      to the surface.
PAR  The water-permeability of the films thus prepared is improved compared with
      conventional products, but it is still low, e.g. as low as 0.31 - 0.086
      ml/cm.sup.2.min.atm. U.S. Pat. No. 2,846,727 also discloses a similar
      method, but it can afford only a same extent of water-permeability.
PAR  As the result of studies carried out by us in order to overcome the
      above-mentioned drawbacks of conventional ultrafilter, particularly
      improvement in water-permeability, ultrafilters have been prepared from
      acrylonitrile polymers, which show excellent performances as filtration
      material, i.e. a much greater water-permeability than the conventional
      products, a large mechanical strength, few clogging and capability of
      performing continuous filtration operation for a long period of time with
      the same material, a high chemical stability and a superior resistance to
      microorganisms.
PAR  The conventional microfilters have been prepared by perforating as many
      uniform pores as possible through a base material, and the passages of
      solvent in the microfilters are limited only to the pores. Accordingly, in
      order to increase the filtration rate, it is necessary to enlarge the
      diameters of the pores up to a limitation diameter which hinders passage
      of particles. However, even when the diameters of the pores are enlarged,
      clogging of pores is still liable to occur, since particles and the
      diameters of the pores both have a range of distribution to a certain
      extent.
PAR  An idea then occurred to us that a microfilter which gives a higher
      filtration rate without accompaniment of liability of clogging may be
      obtained by a structure in which an average pore diameter is made
      sufficiently small but the number of pores is made sufficiently larger and
      the basic material also can pass water. This structure is quite contrary
      to conventional one in which filtration is carried out only through the
      pores in the basic material but the basic material itself does not pass
      water at all.
PAR  As a means for the embodiment of such an idea one may propose a film having
      a water-containing gel-like structure, but, polymers gel-like structure,
      generally form a so-called jelly whose strength is not sufficiently high
      to make a membrane usable as filter. (The term "gel-like" referred to
      herein means a water content of at least 50% based upon volume ratio.)
PAR  Thus, it is a general phenomenon that the increase in water-permeability
      reduces mechanical strength while the increase in mechanical strength
      reduces waterpermeability. In such a situation, we have succeeded in
      making two inconsistent characteristic properties consistent as
      hereinafter described.
PAR  As for polymers having a gel-like structure, water-soluble polymers, their
      copolymers or their cross-linked polymers have been known, but they are
      mechanically weak in the presence of water and cannot be used as filter
      even when they are shaped into a film. Thus, we have made a search for
      materials having a water-containing gel-like structure from among
      hydrophobic high molecular weight polymers and a method for forming the
      same. This may apparently be in inconsistent direction for the approach to
      a film having a water-containing gel-like structure.
PAR  In order to give a water-containing gel-like structure, it is necessary
      that the principal chain or the side chain of the polymers has an affinity
      with water, and when the affinity of the molecular chain with water is
      strong, water molecules are coordinated with the chain over the whole
      length of the molecular chain to form a gel structure having a high
      water-content. However, if its affinity with water is too strong, the
      polymers are completely dissolved in water, or even when undissolved, they
      swell, giving only a film having a poor mechanical strength as
      above-mentioned. Thus, in order to obtain a microfilter having a high
      water-content, in other words, a high water-permeability, and yet a large
      mechanical strength, it is an important keypoint to select a material
      having an optimum hydrophylic or hydrophobic property.
PAR  As for a parameter for expressing the affinity between substances, SP value
      (solubility parameter) has been often employed. The following Table 1
      shows SP values of various kinds of insoluble polymers. The SP value of
      water is so high as 23.41.
TBL                Table 1                                                     

     ______________________________________                                    

     SP values of various kinds of water                                       

     insoluble polymers                                                        

     ______________________________________                                    

     Polytetrafluoroethylene                                                   

                           6.2                                                 

     Polydimethylsiloxane                                                      

      (silicone rubber)    7.3                                                 

     Butyl rubber          7.7                                                 

     Polypropylene         7.9                                                 

     Polyethylene          7.9                                                 

     Natural rubber        8.0                                                 

     Polyisobutylene       8.0                                                 

     Polybutadine          8.5                                                 

     Polybutyl acrylate    8.8                                                 

     Polystyrene           9.1                                                 

     Polysulfide (thiokol rubber)                                              

                           9.2                                                 

     Polymethyl methacrylate                                                   

                           9.2                                                 

     Neoprene              9.3                                                 

     Polybutadiene-acrylonitrile                                               

      (75:25)              9.4                                                 

     Polyvinyl acetate     9.4                                                 

     Polyethyl acrylate    9.4                                                 

     Polyvinyl chloride    9.5                                                 

     Polyurethane          10.0                                                

     Epoxy resin           10.1                                                

     Ethylcellulose        10.3                                                

     Polyethylene terephthalate                                                

                           10.7                                                

     Cellulose diacetate   10.9                                                

     Cellulose dinitrate   11.0                                                

     Polymethylene oxide   11.0                                                

     Phenol resin          11.0                                                

     Polyvinylidene chloride                                                   

                           12.2                                                

     Nylon                 13.0                                                

     Polymethacrylonitrile 15.0                                                

     Polyacrylonitrile     15.4                                                

     ______________________________________                                    

PAR  As seen in the above-described Table 1, among waterinsoluble polymers, the
      SP value of polyacrylonitrile, i.e., 15.4, is highest and close to the
      value of water, 23.41. Thus, it can be concluded that polyacrylonitrile is
      most suitable as the base material for preparing a microfilter having a
      high water-content and a large mechanical strength.
PAR  With regard to sheets or films consisting mainly of polyacrylonitrile, it
      has been known that they generally show extremely low gas-, and steam- and
      water-permeabilities as compared to those of other polymers, and by
      utilizing such low permeabilities, various studies have been made with
      regard to the development of these materials as packaging materials for
      preserving fragrance or moisture. Also, by utilizing the characteristics
      of such low gassteam- and water-permeabilities, application of bottles
      shaped from acrylonitrile polymers, for beer or refreshment drink is now
      being investigated in earnest, and it is said that if only the problem of
      discarding the waste of bottles is solved, they will be substituted for
      glass bottles. This fact evidences that the articles shaped according to a
      conventional process have low gas-, steam- and water-permeabilities and
      also a low water-absorptivity, and are extremely excellent in the point of
      overall resistance to water. Further, they are also superior in resistance
      to microorganisms and to various chemicals.
PAR  We have found also that in spite of their superiority in resistance to
      water, polyacrylonitrile has a small contact angle which is a parameter
      for expressing wettability to water, i.e. so-called wettable property,
      among those of general hydrophobic high molecular weight polymer
      materials, as shown in the following Table 2:
TBL                Table 2                                                     

     ______________________________________                                    

     Contact angles of various polymers                                        

     ______________________________________                                    

     Polyacrylonitrile         49                                              

     Nylon-6                   52                                              

     N-methoxymethyl-polyamide 52                                              

     Polymethyl acrylate       52                                              

     Cellulose diacetate       53                                              

     Polycarbonate             56                                              

     Polyvinyl acetate         57                                              

     Melamine-coated plate     58                                              

     Vinylon (aldehyde-treated PVA)                                            

                               61                                              

     Polymethyl methacrylate   62                                              

     Phenol resin              63                                              

     Cellulose triacetate      67                                              

     Polyvinyl chloride        68                                              

     Chlorinated rubber        68                                              

     Polyethylene terephthalate                                                

                               69                                              

     Polytrifluorochloroethylene                                               

                               72                                              

     Neoprene                  73                                              

     Low pressure process                                                      

      polyethylene             73                                              

     High pressure process polyethylene                                        

                               81                                              

     Polystyrene               84                                              

     Silicone rubber           90                                              

     Polypropyrene             91                                              

     Polytetrafluoroethylene   104                                             

     ______________________________________                                    

      Note: The value for polyacrylonitrile was observed this time. Other value

      were cited from "Handbook of materials and their water contents" edited b

      Kobunshi Gakkai, Japan, Kyoritsu Publishing Co. Ltd., 1968.              

PAR  From the viewpoint that if a filtration film can be prepared from such a
      water-wettable material, the resulting film would be extremely excellent
      in stability, we have investigated a method for forming a body of a fine
      structure which gives a large water-permeability to polyacrylonitrile, and
      finally succeeded in preparing an ultrafilter from a starting material of
      polyacrylonitrile, having a large water-permeability and a uniform
      distribution of pore diameters. As for a method for preparing an
      ultrafilter from copolymers of acrylonitrile as a raw material, a brief
      explanation has already been made referring to U.S. Pat. No. 3,567,810.
      Even when a dense structure is positively formed on the surface part of
      film by using an organic solvent, then promoting the vaporization of the
      solvent on the surface part of film, then dipping the resultant film in a
      coagulation bath, and controlling the diameters of pores by the resulting
      dense layer, only a product having a poor water-permeability can be
      obtained due to the presence of the dense layer.
PAR  As the result of earnest attempt to find out a method for preparing films
      having a uniform gel structure without forming such a particularly dense
      layer as mentioned above, but having fully controlled diameters of pores,
      an ultrafilter has been prepared by the use of nitric acid as an inorganic
      solvent, whose water-permeability is by one order greater than those of
      the films shaped by the use of an organic solvent, and yet whose
      distribution of pore diameters is narrow.
PAR  The characteristic feature of the method of the present invention is to
      provide a membrane for ultrafilter which does not have a dense layer, by
      using a non-volatile inorganic solvent. Such a membrane for ultrafilter
      could not have been obtained by conventional processes in which organic
      solvents are used.
DRWD
PAR  Referring now to the drawings, there are shown in FIGS. 1 - 4, microscopic
      photographs of cross-sections of representative membranes of the present
      invention.
DETD
     FIGS. 1 and 2 show a macro-structure, and FIGS. 3 and 4 show a
      micro-structure. FIG. 1 is an optical microscopic photograph of a
      cross-section vertical to the membrane, FIG. 2 is an optical microscopic
      photograph of a section parallel to the membrane, of the layer containing
      voids. FIG. 3 is a transmission type electron microscope photograph of a
      gradient type porous layer close to the surface of the membrane (2500
      times of magnifying power). FIG. 4 is a transmission type electron
      microscope photograph of an ultra-thin cut piece of the same layer (12,500
      times of magnifying power). In FIGS. 1 and 2, numeral 1 shows voids;
      numeral 2 shows the surface of the membrane; numeral 3 shows the
      back-surface of the membrane; and numeral 4 shows voids. In FIGS. 3 and 4,
      numerals 5 and 7 show the surface of the membrane and numerals 6 and 8
      show voids.
PAR  The membranes of the present invention have a layer of about 5 to 10.mu. on
      the surface side as shown in FIG. 1.
PAR  Adjacent to and in contact with this layer, there is a layer containing
      voids of a cylindrical shape having a substantially circular cross-section
      which are so specific that the diameters of the cross-section become
      greater, as the voids approach the back surface, but the voids do not
      penetrate the membrane to the back surface, as shown in FIG. 2. When
      viewed in micro, the layer containing voids consist of a body of a
      reticulate porous structure having pore diameters of about 0.1 - 0.5.mu.,
      as shown in FIGS. 3 and 4. Adjacent to and in contact with this layer,
      there is a surface porous structure which does not contain voids but the
      diameters of pores constituting the porous structure become smaller
      continuously as the pores approach the surface. This layer will be named
      hereinafter a gradient type porous layer. The diameters of pores contained
      in the gradient type layer are about 0.5.mu. on the side close to the
      layer containing voids but they are in the order of 1000 A to several A at
      the surface part. The reason of the advantages of the ultrafilter
      according to the present invention, i.e. a large water-permeability and no
      occurrence of clogging, is believed to be due to the existence of the
      gradient type layer and the adjacent layer containing voids.
PAR  The above-mentioned is one example of the structure of the membranes of the
      present invention. Membranes of the present invention, however, are not
      limited to this example and naturally include variation in a certain
      range.
PAR  The gradient type porous layer occupies the surface part of the membrane of
      ultrafilter and has a thickness less than 100.mu., preferably in the range
      of 30 - 1.mu.. When a number of planes existing at arbitrary distances
      apart from the surface are assumed, the average diameter of the pores
      existing in each plane becomes larger with the increase of distance from
      the surface of the membrane. It is 5.mu. or less, preferably about 1.mu.
      on the side close to the layer containing voids and less than 1000 A at
      the surface part.
PAR  The voids are parts of the membrane where the polymer constituting the
      membrane is deficient. They contain water in the wet state and air in the
      dry state. They have an ellipsoidal or cylindrical shape having their long
      axes in the direction perpendicular to the surfaces of the membrane. The
      sections perpendicular to the long axes of the voids are nearly circular.
      The lengths of the long axes are two times or more the diameters of the
      above-mentioned circular sections. So long as the voids have diameters of
      5.mu. or more and lengths of 10.mu. or more, they are effective for the
      water-permeability of membrane. However, if the diameters exceed 50.mu.,
      the membrane loses its mechanical strength and hence its practical value.
PAR  Further, the lengths of the voids must be less than the thickness of the
      membrane. If they exceed the thickness of the membrane, one end or both
      the ends of the voids are open onto the surfaces of the membrane and the
      mechanical strength of the membrane is much reduced.
PAR  With regard to the thickness of the layer containing voids, there is no
      particular limitation but it is preferable that the voids do not penetrate
      the membrane in order that the strength of the membrane is maintained.
PAR  The recticulate porous structure is the one existing between each voids as
      shown in FIG. 4, but the size of the meshes is not limited to this size
      and all the sizes in the range of 0.1.mu. to 5.mu. are included in the
      range of the membrane of the present invention.
PAR  The ultrafilter according to the present invention has as extremely small a
      limit of molecular weight for filtration as 45,000 (about 30A), but,
      nevertheless, has a water-permeability greater than 0.2
      ml/cm.sup.2.min.atm. which is much larger than those of conventional
      ultrafilters.
PAR  The ultrafilters according to the present invention have, as shown in
      Examples, an extremely small limit of molecular weight for filtration,
      i.e. 45,000 (about 30A), and neverthless, a much larger water-permeability
      than those of conventional membranes, i.e. greater than 0.2
      ml/cm.sup.2.min.atm.
PAR  A description will be made with regard to a method for producing membranes
      for ultrafilter.
PAR  It is necessary that the raw material polymers include 60% by mol or more
      of acrylonitrile, but acrylonitrile polymers containing 84 mol% or more of
      acrylonitrile units (or component) in the polymer chain are preferable. If
      the content of acrylonitrile units is less than 84% by mol, the solubility
      of the polymers in nitric acid is reduced and the viscosity of solution
      increases with the increase of comonomer units.
PAR  As comonomers, olefins such as isobutene, 1-hexene, etc.; halogenated
      olefins such as vinylidene chloride, vinyl chloride, etc.; diens such as
      butadiene, isobutene, etc.; esters such as methyl acrylate, ethyl
      acrylate, methyl methacrylate, vinyl acetate, etc.; aromatic compounds
      such as styrene, .alpha.-methyl styrene, etc.; nitriles such as
      methacrylonitrile, vinylidene cyanide, etc.; and the like, can be
      mentioned. Multi-component copolymers obtained by combinations of
      acrylonitrile with any of the above-mentioned comonomers are useful, but
      the molecular weight of polymers should be in the range of intrinsic
      viscosity of 0.4 to 3.0 as measured in N,N-dimethylformamide at
      35.degree.C in order to keep the sufficient mechanical properties and
      film-forming properties of dope.
PAR  As seen from the data of Examples, as the content of comonomer units
      increases, water-permeability increases, but mechanical strength of
      membranes begins to be reduced at about 14% by mol and is much reduced at
      about 16% by mol or more to such an extent as no more usable as a filter
      membrane.
PAR  As a solvent for a dope used for shaping membranes, nitric acid is most
      desirable and the nitric acid referred to herein includes all which are in
      the range of concentrations of its aqueous solution capable of dissolving
      acrylonitrile polymer. There are many solvents for polyacrylonitrile e.g.
      dimethylsulfoxide, N,N'-dimethylacetamide and the like, but, as shown by
      comparison in Examples, it is very difficult to obtain membranes for
      ultrafilter having a large water-permeability by solvents other than
      nitric acid.
PAR  It is preferable that the coagulation bath is a nitric acid having a
      concentration of 0 - 30% by weight, preferably water alone. As the
      concentration of the bath increases, a membrane having a high
      water-permeability can be scarcely obtained.
PAR  As seen from the data of Examples, the concentration of polymer in a dope
      should be adjusted to those in the range of 2 - 40% by weight, preferably
      in the range of 5 - 30% by weight.
PAR  Table 5 of Example 3 shows the relationship between polymer concentration
      and water-permeability, where when the concentration exceeds 40% by
      weight, waterpermeability becomes very small.
PAR  Table 5 also shows the relationship between polymer concentration and
      mechanical strength of membrane. Strength is greatly reduced at about 5%
      by weight and is much reduced at about 2% by weight or less, to such an
      extent as no more usable as a filter membrane. Further, from the viewpoint
      of capability of film-shaping, a concentration lower than 2% by weight
      reduces the viscosity of solution too much and a concentration higher than
      40% by weight increases the viscosity of solution too much to obtain a
      good quality membrane.
PAR  The dissolution of polymer in nitric acid should be carried out at a
      temperature of 0.degree.C to -5.degree.C and this temperature should be
      maintained during the time of filtration and defoaming. If a temperature
      of solution is elevated to a temperature higher than 0.degree.C, during
      the time of dissolution, filtration and defoaming, polymers undergo
      drastic hydrolysis and membranes prepared from such a solution have a
      dense structure and notably reduced waterpermeability.
PAR  It is not preferable to apply such a stretching operation as those
      generally employed in common filmshaping process to the membranes during
      the step of film-shaping.
PAR  As for shaping methods for membranes, casting of a dope upon a plate, an
      endless belt or a revoling drum followed by immersion in a coagulation
      bath or extrusion of a dope from a slit directly into a coagulation bath
      can be employed.
PAR  It is also possible to prepare a membrane of ultrafilter on a supporting
      material such as cloth, porous plate, porous tube and they should be
      construed to be included in the membrane of the present invention.
PAR  Further a description will be made with regard to parameters referred to
      herein which show specific properties of the membranes for ultrafilter.
PAR  Water-permeability: (ml/cm.sup.2.min.atm)
PAR  For the measurement of water-permeability, a common pressure-filtering
      apparatus designed so as to clamp a membrane through a packing material is
      used, and an amount of distilled water permeated for a unit period of time
      and per unit area was measured under a pressure difference of 1 atmosphere
      between a feed side and a flowout side.
PAR  Pore diameter:
PAR  Since pore diameters are extremely small they cannot be measured directly.
      Solutions of proteins having various sizes of spherical molecules were
      filtered with membranes and analyses were carried out with regard to
      filtrates in order to obtain a measure of pore diameters.
PAR  A list of spherical proteins used in Examples is shown in Table 3.
TBL                Table 3                                                     

     ______________________________________                                    

     Spherical proteins for measuring pore-                                    

     diameter                                                                  

                         Molecular weight                                      

     ______________________________________                                    

     .gamma.-Globulin      160,000                                             

     Man serum albumen     67,000                                              

     Egg albumen           45,000                                              

     Pepsin                35,000                                              

     .alpha.-Chymotrypsin  24,500                                              

     Myoglobin             17,800                                              

     .alpha.-Lactoalbumen  16,000                                              

     Cytochrome-C          13,000                                              

     Insulin                5,700                                              

     .gamma.-Bacitracin     1,400                                              

     ______________________________________                                    

PAR  Filtration limit molecular weight: the least molecular weight of particles
      completely (100%) unable to pass through membranes of ultrafilter.
PAC  EXAMPLE 1
PAR  Polyacrylonitrile having an intrinsic viscosity of 1.2 as measured in
      N,N-dimethylformamide at 35.degree.C was dissolved in an aqueous solution
      of nitric acid (65%) maintained at -5.degree.C so as to give a
      concentration of 15 g/100 ml, and the resulting solution was filtered and
      defoamed while being maintained at -5.degree.C. The resulting solution was
      uniformly cast on a glass plate by means of a knife coater to give a
      thickness of 0.3 mm. Immediately thereafter, the plate thus coated was
      dipped in a large amount of water to coagulate the solution. After
      coagulation, the resulting film was stripped from the glass surface and
      washed with water sufficiently. Then, the specific properties of the
      ultrafilter thus prepared was measured without drying to give a
      water-permeability 2.5 ml/cm.sup.2.min.atm and a limit of molecular weight
      for filtration of 45,000. Further, pepsin was permeated in 100%.
PAR  FIG. 1 shows an optical microscope photo of a thin cut piece of the
      cross-section of the film perpendicular to the film surface. FIG. 2 shows
      an optical microscope photo of a cut piece of a surface parallel to the
      film surface, of a voids-containing layer. FIG. 3 shows a photograph of
      transmission type electron microscope (2,500 times) of an ultra-thin cut
      piece in the vicinity of the surface of the film. FIG. 4 shows a further
      enlarged one (12,500 times) thereof.
PAR  In FIG. 1, numeral 1 shows voids; numeral 2, the surface of film; and
      numeral 3, the back surface of film. In FIG. 3, numeral 4 shows voids. In
      FIGS. 3 and 4, numerals 5 and 7 show the surface of film; and numerals 6
      and 8 show voids.
PAR  This film has a gradient type porous layer having a thickness of about
      6.mu., in the part of surface, and further, in contact therewith, a
      network porous layer (the size of the network: about 0.5.mu.) containing
      therein voids having diameters of 10 - 30.mu. and lengths of 20 - 200.mu..
      The voids are regularly disposed perpendicularly to the film and have an
      effective structure for increasing water-permeability. The thickness of
      the film is 270.mu..
PAR  In the same manner as the above-mentioned, with acrylonitrile copolymers
      containing various contents of methylacrylate units as comonomer ones
      (intrinsic viscosity as measured in N,N-dimethylformamide at 35.degree.C;
      2.5 - 0.4), the respective films were prepared using an aqueous solution
      of nitric acid, and their specific properties were measured to give the
      following results shown in Table 4.
TBL                                    Table 4                                 

     __________________________________________________________________________

     Specific properties of films of Example 1                                 

     Content of                                                                

           Thickness                                                           

                 Thickness                                                     

                        Size of voids                                          

                                Water-                                         

                                     Limit of                                  

                                           Tensile                             

     comonomer                                                                 

           of film                                                             

                 of     (.mu.)  permea-                                        

                                     molecular                                 

                                           strength                            

     (% bymol)                                                                 

           (.mu.)                                                              

                 gradient       bility                                         

                                     weight                                    

                                           (kg/cm.sup.2)                       

                 type porous                                                   

                        dia-    (ml/cm.sup.2.                                  

                                     for                                       

                 layer (.mu.)                                                  

                        meter                                                  

                            length                                             

                                min.sup.. atm)                                 

                                     filtra-                                   

                                     tion                                      

     __________________________________________________________________________

     0     270   6      10-30                                                  

                            20-200                                             

                                2.5  45,000                                    

                                           25.0                                

     1     270   6      10-30                                                  

                            20-200                                             

                                3.2  45,000                                    

                                           25.3                                

     8     270   6      10-30                                                  

                            20-200                                             

                                8.3  45,000                                    

                                           26.0                                

     12    270   5      10-30                                                  

                            20-200                                             

                                11.1 45,000                                    

                                           24.0                                

     14    270   5      10-30                                                  

                            20-200                                             

                                12.6 45,000                                    

                                           18.2                                

     16    270   4      10-30                                                  

                            20-200                                             

                                14.0 45,000                                    

                                           10.0                                

     __________________________________________________________________________

PAR  As seen from the Table, with the increase of content of comonomer, the
      water-permeability is increased, but the meachnical strength is reduced.
      At a content thereof above 16%, only a product having an inssufficient
      strength as filter could be obtained.
PAC  EXAMPLE 2
PAR  An acrylonitrile copolymer containing 1% by mol of methacrylonitrile
      (intrinsic viscosity as measured in N,N-dimethylformamide; 1.5) was
      subjected to filmmaking in the same manner as in Example 1 to give an
      ultrafilter having a water-permeability of 3.4 ml/cm.sup.2.min.atm and a
      limit of molecular weight for filtration of 45,000. Pepsin was permeated
      by 100%.
PAC  EXAMPLE 3
PAR  An acrylonitrile copolymer containing 8% by mol of methyl methacrylate
      (intrinsic viscosity as measured in N,N-dimethylformamide: 1.7) was
      subjected to filmmaking in the same manner as in Example 1, to investigate
      the relationship between concentration of solution and specific properties
      of ultrafilter. The results are shown in Table 5.
TBL                                    Table 5                                 

     __________________________________________________________________________

     Specific properties of film of Example 3                                  

     Concen-                                                                   

          Thickness                                                            

                Thickness                                                      

                       Size of voids                                           

                               Water-                                          

                                    Limit of                                   

                                          Tensile                              

     tration                                                                   

          of film                                                              

                of     (.mu.)  permea-                                         

                                    molecular                                  

                                          strength                             

     of spin-                                                                  

          (.mu.)                                                               

                gradient       bility                                          

                                    weight                                     

     ning       type porous                                                    

                       dia-    (ml/cm.sup.2                                    

                                    for                                        

     solution   layer (.mu.)                                                   

                       meter                                                   

                           length                                              

                               min.sup.. atm)                                  

                                    filtra-                                    

     (% by                          tion                                       

     weight)                                                                   

     __________________________________________________________________________

     2    240   4      10-30                                                   

                           20-200                                              

                               15.3 45,000                                     

                                           9.3                                 

     5    250   5      10-30                                                   

                           20-200                                              

                               14.1 45,000                                     

                                          20.1                                 

     10   270   6      10-30                                                   

                           20-200                                              

                               10.7 45,000                                     

                                          27.0                                 

     15   270   7      10-30                                                   

                           20-200                                              

                               8.1  45,000                                     

                                          31.8                                 

     20   270   7      10-30                                                   

                           20-200                                              

                               5.0  45,000                                     

                                          38.0                                 

     30   280   7      10-30                                                   

                           20-200                                              

                               2.7  45,000                                     

                                          50.5                                 

     40   280   7      10-30                                                   

                           20-200                                              

                               0.1  45,000                                     

                                          65.2                                 

     __________________________________________________________________________

PAR  If the concentration of spinning solution is below 2%, the mechanical
      strength of a membrane is extremely reduced, while if it exceeds 40%, the
      water-permeability is also extremely reduced, whereby the resulting
      product cannot be used as filter.
PAC  EXAMPLE 4
PAR  An acrylonitrile copolymer containing 8% by mol of methyl acrylate units
      (intrinsic viscosity: 1.7) was dissolved in the same manner as in Example
      1, and the resulting solution was subjected to film-making but only
      concentrations of nitric acid of the coagulation bath. were varied. The
      specific properties of the resulting ultrafilters are shown in Table 6.
TBL                                    Table 6                                 

     __________________________________________________________________________

     Specific properties of film of Example 4                                  

     Nitric acid                                                               

            Thickness                                                          

                  Thickness of                                                 

                            Size of voids                                      

                                    Water-  Limit of                           

     concentra-                                                                

            of film                                                            

                  gradient  (.mu.)  permeability                               

                                            molecular                          

     tion of                                                                   

            (.mu.)                                                             

                  type porous       (ml/cm.sup.2. min.                         

                                            weight for                         

     coagulation  layer     dia-    atm)    filtration                         

     bath (%)     (.mu.)    meter                                              

                                length                                         

     __________________________________________________________________________

     0      270    6        10-30                                              

                                20-200                                         

                                     8.1    45,000                             

     10     270    9        10-30                                              

                                20-200                                         

                                     3.4    45,000                             

     20     270   14        10-30                                              

                                20-200                                         

                                     1.5    45,000                             

     30     260   20        10-30                                              

                                20-200                                         

                                     0.7    45,000                             

     __________________________________________________________________________

PAR  As seen from Table 6, with the increase of nitric acid concentration of
      coagulation bath, the thickness of the gradient type porous layer is
      increased while the water-permeability is reduced.
PAC  COMPARATIVE EXAMPLES
PAR  Film-making was carried out in the same manner as in Example 1 except that
      N,N-dimethylsulfoxide was used as the solvent for polymer solution. The
      results are shown in Table 7.
PAR  As seen from Table 7, the films prepared by the use of
      N,N-dimethylsulfoxide as solvent have neither gradient type porous layer
      nor voids, and also their water-permeabilities are small.
PAR  Further, film-making was carried out in the same manner as in Example 1, by
      the use of N,N-dimethylacetamide, and the specific properties of the
      resulting films were measured. The results are shown in Table 8.
TBL                                    Table 7                                 

     __________________________________________________________________________

     Specific properties of ultrafilter according to                           

     N,N-dimethylsulfoxide process                                             

     (comonomer: methyl acrylate)                                              

     Content of                                                                

           Thickness                                                           

                 Gradient                                                      

                      Voids                                                    

                          Water-                                               

                               Limit of                                        

                                     Tensile                                   

     comonomer                                                                 

           of film                                                             

                 type     permea-                                              

                               molecular                                       

                                     strength                                  

     (% by mol)                                                                

           (.mu.)                                                              

                 porous   bility                                               

                               weight for                                      

                                     (kg/cm.sup.2)                             

                 layer    (ml/cm.sup.2.                                        

                               filtration                                      

                          min.sup.. atm)                                       

     __________________________________________________________________________

     0     270   no   no  0.31 45,000                                          

                                     23.0                                      

     1     270   "    "   0.23 45,000                                          

                                     23.2                                      

     8     270   "    "   0.01 --    24.1                                      

     12    270   "    "   0.001                                                

                               --    --                                        

     14    270   "    "   &lt;0.0001                                              

                               --    --                                        

     16    270   "    "   &lt;0.0001                                              

                               --    --                                        

     __________________________________________________________________________

TBL                                    Table 8                                 

     __________________________________________________________________________

     Specific properties of ultrafilters                                       

     according to N,N-dimethylacetamide                                        

     process                                                                   

     (comonomer: methyl acrylate)                                              

     Content of                                                                

           Thickness                                                           

                 Gradient                                                      

                      Voids                                                    

                          Water-  Limit of                                     

                                        Tensile                                

     comonomer                                                                 

           of film                                                             

                 type     permeability                                         

                                  molecular                                    

                                        strength                               

     (% by mol)                                                                

           (.mu.)                                                              

                 porous   (ml/cm.sup.2. min.                                   

                                  weight                                       

                                        (kg/cm.sup.2)                          

                 layer    atm)    for                                          

                                  filtration                                   

     __________________________________________________________________________

     0     270   no   no  0.30    45,000                                       

                                        23.1                                   

     1     270   "    "   0.21    45,000                                       

                                        23.5                                   

     8     270   "    "   0.01    --    23.8                                   

     __________________________________________________________________________

PAR  As seen from the Table, the films prepared by the use of
      N,N-dimethylacetamide as solvent, also have neither gradient type porous
      layer nor voids, and the water-permeabilities are also small.
PAR  As shown in these Comparative Examples, in the cases of the ultrafilters
      prepared according to N,N-dimethylsulfoxide process or
      N,N-dimethylacetamide process, the water-permeabilities are reduced with
      the increase of the content of comonomer, whereas the ultrafilters
      prepared according to nitric acid process show an entirely opposite
      tendency that the water-permeability is increased with the increase of the
      content of comonomer. Further, the water-permeabilities of the films
      prepared according to nitric acid process are 10 - several tens times
      those according to N,N-dimethylsulfoxide process or N,N-dimethyl-acetamide
      process.
PAC  EXAMPLES 5 - 14
PAR  Film-making was carried out in the same manner as in Example 1, with
      various kinds of copolymers. The specific properties of the resulting
      films are shown in Table 9.
TBL                                    Table 9                                 

     __________________________________________________________________________

     Specific properties of films of Examples 5 - 14                           

     Example                                                                   

          Composition Thickness                                                

                            Thickness                                          

                                   Size of voids                               

                                           Water- Limit of                     

     No.  of copolymer                                                         

                      of film                                                  

                            of gradient                                        

                                   (.mu.)  permeability                        

                                                  molecular                    

     (ratio by mol)   (.mu.)                                                   

                            type porous                                        

                                   dia-    (ml/cm.sup.2. min.                  

                                                  weight for                   

                            layer (.mu.)                                       

                                   meter                                       

                                       length                                  

                                           atm)   filtration                   

     __________________________________________________________________________

     5    Acrylonitrile (AN)-                                                  

          isobutene                                                            

           (98:2)     270   6      10-30                                       

                                       20-200                                  

                                           2.1    45,000                       

     6    AN-ethyl vinylether                                                  

           (98:2)     270   6      10-30                                       

                                       20-200                                  

                                           1.8    45,000                       

     7    AN-vinylidene                                                        

          chloride (68:32)                                                     

                      270   6      10-30                                       

                                       20-200                                  

                                           12.1   45,000                       

     8    AN-butadiene                                                         

           (99:1)     270   6      10-30                                       

                                       20-200                                  

                                           2.5    45,000                       

     9    AN-styrene (98:2)                                                    

                      270   6      10-30                                       

                                       20-200                                  

                                           1.4    45,000                       

     10   AN-methacrylo-                                                       

          nitrile (60:40)                                                      

                      270   6      10-30                                       

                                       20-200                                  

                                           13.0   45,000                       

     11   AN-acrylamide                                                        

           (90:10)    270   6      10-30                                       

                                       20-200                                  

                                           0.9    45,000                       

     12   AN-dimethyl-                                                         

          acrylamide (90:10)                                                   

                      270   6      10-30                                       

                                       20-200                                  

                                           7.7    45,000                       

     13   AN-acrylic acid                                                      

           (80:20)    270   6      10-30                                       

                                       20-200                                  

                                           8.3    45,000                       

     14   AN-acrylic acid-                                                     

          methylacrylate                                                       

           (91:8:1)   270   6      10-30                                       

                                       20-200                                  

                                           1.5    45,000                       

     __________________________________________________________________________

PAC  EXAMPLES 15 - 18
PAR  An acrylonitrile copolymer containing 8% by mol of methyl acrylate units
      (intrinsic viscosity as measured in dimethylformamide: 1.6) was subjected
      to film-making in the same manner as in Example 1, except that the nitric
      acid concentration of dope was varied from 62% to 90%. The specific
      properties of the resulting films are shown in Table 10. As shown in the
      Table, the mechanical strength was best in the vicinity of 68%.
TBL                                    Table 10                                

     __________________________________________________________________________

     Specific properties of films of Examples 15 - 18                          

          Nitric acid                                                          

                 Thickness                                                     

                       Thickness                                               

                              Size of voids                                    

                                      Water-                                   

                                            Limit of                           

                                                  Tensile                      

     Example                                                                   

          concentra-                                                           

                 of film                                                       

                       of gradient                                             

                              (.mu.)  permea-                                  

                                            molecular                          

                                                  strength                     

     No.  tion of                                                              

                 (.mu.)                                                        

                       type porous    bility                                   

                                            weight                             

                                                  (kg/cm.sup.2)                

     spinning          layer  dia-          for                                

     solution          (.mu.) meter                                            

                                  length                                       

                                      (ml/cm.sup.2.                            

                                            filtra-                            

     (%)                              min.sup.. atm)                           

                                            tion                               

     __________________________________________________________________________

     15   62     270   6      10-30                                            

                                  20-200                                       

                                      7.1   45,000                             

                                                  20.3                         

     16   68     270   6      10-30                                            

                                  20-200                                       

                                      7.2   45,000                             

                                                  26.1                         

     17   73     270   6      10-40                                            

                                  20-200                                       

                                      6.8   45,000                             

                                                  19.7                         

     18   90     270   6      10-50                                            

                                  20-200                                       

                                      7.1   45,000                             

                                                  16.9                         

     __________________________________________________________________________

PAC  EXAMPLE 19
PAR  Polyacrylonitrile having an intrinsic viscosity of 1.8 as measured in
      N,N-dimethylformamide was dissolved in an aqueous solution of nitric acid
      (70%) maintained at -5.degree.C, to give a solution having a concentration
      of 15g/100 ml, which was then filtered and defoamed while being maintained
      at -5.degree.C. The resulting solution was extruded from a slit having a
      width of 5 cm and a gap distance of 0.2 mm and dipped in water as a
      coagulation bath to give a membrane. The membrane thus prepared had a
      water-permeability of 1.3 ml/cm.sup.2.min.atm, a limit of molecular weight
      for filtration of 45,000 and a gradient-type porous layer on each surface,
      each layer having a thickness of 6.mu. . The voids contained therein had
      diameters of 10-30.mu. and lengths of 20-200.mu. .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Membranes of acrylonitrile polymers for ultrafilter, comprising:
PA1  1. a porous layer or layers existing near and on at least one of the
      surfaces of said membranes, the average sizes of pores contained in said
      porous layer or layers and existing on each of assumptive parallel planes
      to the surfaces of said membranes, having a gradient in that said average
      sizes become smaller toward the surfaces of said membranes, and
PA1  2. a reticulate porous layer adjacent to said porous layer or layers (1)
      and containing therein a succession of voids of cylindrical shape or
      revolving ellipsoid shape having diameters of 5 - 50 .mu. and lengths of
      at least 10 .mu. and less than the thickness of said membranes, said
      membranes being prepared by dissolving an acrylonitrile polymer containing
      at least 84% by weight of acrylonitrile units in a solution of nitric acid
      having a concentration of 65-95% by weight, extruding the resulting
      solution, introducing the resulting extrudate into a solidifying bath
      consisting of water or an aqueous solution of nitric acid having a
      concentration of 30% by weight or less.
NUM  2.
PAR  2. Membranes of acrylonitrile polymers for ultrafilter according to claim 1
      wherein said extruding is carried out from a die onto a support to cast
      said resulting solution thereon.
NUM  3.
PAR  3. Membranes of acrylonitrile polymers for ultrafilter according to claim 2
      wherein said support is a flat plate.
NUM  4.
PAR  4. Membranes of acrylonitrile polymers for ultrafilter according to claim 2
      wherein said support is an endless belt.
NUM  5.
PAR  5. Membranes of acrylonitrile polymers for ultrafilter according to claim 2
      wherein said support is a porous one.
NUM  6.
PAR  6. Membranes of acrylonitrile polymers for ultrafilter according to claim 1
      wherein said extruding is carried out by means of a linear form slit.
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ABST
PAL  A device for separating oil from an oil laden liquid in which a tank having
      an inlet and outlet in opposite side walls has at least two parallel
      inclined plates between them to define a tortuous path for the liquid. The
      plate adjacent the inlet has one edge secured to the inlet wall to define
      a space to minimize the turbulence of the incoming liquid.
BSUM
PAR  The invention relates to a device for separating oil from an oil laden
      liquid in which the oil is lighter than the purified liquid being in a
      very pure state, comprising a tank with an oil separator having at least
      two parallel inclined plates spaced from each other, with outlet means for
      said oil at its upper side, with an overflow between said oil separator
      and outlet means for the purified liquid, and with a space between an
      inlet of said oil laden liquid at the front wall of said tank and the
      entry into said separator to eliminate the turbulence of said oil laden
      liquid before entrance into the separator as much as possible, known as
      such.
PAR  In the prior art such as disclosed in the applicant's prior U.S. Pat. No.
      3,529,728 a space is bound by a bottom, a front wall, side walls of the
      tank and also by a baffle extending horizontally from the front wall. The
      outer plates of the parallel plates of the oil separator, which are placed
      above each other are connected to the horizontal baffle and the bottom
      respectively and form a relative small angle with the bottom. The plates
      of this prior art device are provided at the upper side with protruding
      fingers, so that the complete device takes up much space. Above as well as
      under the separator are spaces not necessary for the operation of the
      device.
PAR  It is an object of this invention to provide an oil separating device of
      the kind mentioned in the first paragraph which is compact, inexpensive
      and able to reach a high degree of purity of the purified liquid, e.g. of
      the order of magnitude of 10 ppm oil. To this end the outer plate of the
      parallel plates of the oil separator bounding the space between the inlet
      of the oil laden liquid and the entry into the separator extends from the
      front first wall of the tank and the other outer plate of the parallel
      plates of the oil separator extends substantially from the rear or second
      wall of the tank. Preferably the outer plate of the oil separator bounding
      said space extends from the front first wall of the tank downwardly and
      inwardly into the tank.
PAR  By this is obtained that the separated oil moves in the in the direction of
      flow of the liquid to be purified.
PAR  The angle between the outer plate of the oil separator bounding said space
      and the front wall preferably is about 30.degree..
PAR  According to another feature a prefabricated packet consisting of parallel
      plates is provided between the outer plates of the oil separator, the
      plates of said packet extending parallel to the outer plates of the oil
      separator and the extremities of all plates lying substantially in a
      horizontal plane through the respective free extremities of the outer
      plates.
PAR  By changing the distance between the outer plates and the number of inner
      plates it is possible to change the capacity and the separating
      characteristics of the oil separator in a simple way.
PAR  It is also possible to provide a co-alescention filter between the outer
      plates of the oil separator dependent upon the liquid to be treated.
DRWD
PAR  In the accompanying drawings:
PAR  FIG. 1 is an oil separating device with a filter
PAR  FIG. 2 is an oil separating device according to FIG. 1 with a packet of
      plates.
PAR  FIG. 3 is a second embodiment of an oil separating device
PAR  FIG. 4 is a second embodiment of an oil separating device according to FIG.
      3 with a packet of plates.
DETD
PAR  The oil separating device according to FIG. 1 consists of a tank with a
      front first wall 1, a rear second wall 2 and a bottom 3. In this tank is
      provided an oil separator 4 with parallel outer plates 5 and 6. Plate 5
      extends from the front wall 1 of the tank and forms an angle .alpha. with
      this wall and ends at some distance above the bottom 3 to define a space
      in which the cross section increases in a direction moving away from the
      inlet as is shown in the drawings. Plate 6 of oil separator 4 extends
      upwardly from the rear wall 2 or (not shown) from the bottom 3 of the tank
      close to the wall 2 under the same angle .alpha. as plate 5 with the front
      wall 1 and terminates at same distance from the upper side of the tank but
      above the lower extremity of plate 5.
PAR  Between plate 6 of the oil separator 4 and the wall 2 of the tank there is
      provided a vertical baffle 7 connected to the side walls of the tank and
      extending from the upper side of the tank terminating at some distance
      from the outer wall 6 of the oil separator 4. Between the baffle 7 and the
      wall 2 there is provided a second baffle 8 which extends from outer plate
      6 of the oil separator and terminates at some distance under the upper
      side of the tank but above the lower extremity of baffle 7.
PAR  In the space 9 between the front wall 1 of the tank and plate 5 of the oil
      separator opens a supply line 10 for the liquid to be purified. The liquid
      free from oil is discharged through line 11 which is in communication with
      the space bounded by wall 2, plate 6 and baffle 8. To discharge the
      separated oil there is provided an outlet pipe 12. It is also possible to
      apply an adjustable skimmer for the discharge of the oil.
PAR  The liquid to be purified enters the device through line 10 and flows
      through space 9 in which turbulence is eliminated completely or for the
      greater part to the entry at the lower side into the separator 4. The
      separated oil gathers at the upper side of the tank and is discharged
      through pipe 12.
PAR  The purified liquid flows from the upper side of the separator 4 underneath
      baffle 7 and over baffle 8 serving as an overflow to line 11 where it is
      discharged. Arrows show the paths of the liquids.
PAR  If desired, dependent upon the material to be treated, it is possible to
      provide a coalescention filter 13 between the plates 5 and 6.
PAR  In FIG. 2 parts corresponding to those of FIG. 1 are provided with the same
      reference numerals. In FIG. 2 is indicated that it is possible to increase
      the capacity to provide a packet consisting of parallel plates 14 between
      the outer plates 5 and 6 of the oil separator. The number of plates and
      their mutual distance can be chosen dependent of the desired capacity of
      the oil separating device.
PAR  FIG. 3 shows another embodiment of a compact separating device. The outer
      plate 15 of the oil separator 4 in this embodiment does not extend from
      the front wall 1 of the tank downwardly and inwardly but upwardly and
      inwardly into the tank. The other outer plate 16 parallel to plate 15
      extends from wall 2 of the tank and terminates at some distance from the
      bottom 3 of the tank. A vertical baffle 17, as is true with all the plates
      in the tank, connects to the side walls of the tank, extends from the
      bottom 3 and terminates at some distance from plate 16 of the oil
      separator. The path of the different liquids is indicated with arrows.
PAR  It is also possible in the oil separator according to FIG. 3 to fit a
      packet consisting of parallel plates 18 as shown in FIG. 4. It is also
      possible to provide a coalescention filter.
PAR  In both embodiments the capacity and the power to separate of the device
      can be varied by varying the number of the plates of the packet. In this
      way it is possible to vary the capacity of the devices e.g. between 3 and
      35 m.sup.3 /h.
PAR  As an example a device with a capacity of 35 m.sup.3 /h and comprising a
      packet with e.g. seven plates has horizontal dimensions of 1.3 .times. 1.0
      meters and a height of 1.3 meters with the distance of the oil separator
      to the bottom and the upper edge of the tank being 0.2 meters and 0.3
      meters respectively.
PAR  The packet of plates comprises a number of complete identical parallel
      standard plates reduces the cost of manufacture. It is possible to provide
      the plates with fingers as disclosed in the prior art or to bend the upper
      extremities of the separate plates such that coalescention of the oil
      drops is stimulated. In this case it is possible that the upper
      extremities of the separate plates are inclined and that the plates in the
      same packet have an opposite inclination.
PAR  The angle .alpha. between the outer plates of the oil separator and the
      front and rear walls of the tank preferably is about 30.degree.. With this
      angle the space necessary for the oil separator is small and such a device
      has a good separation of the oil.
PAR  Though the embodiment according to FIGS. 3 and 4 guarantees a good
      separation and is somewhat simpler in construction, the embodiment
      according to FIGS. 1 and 2 is preferred, because the flow of the liquid to
      be purified and the separated oil is in the same direction.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for separating oil from an oil laden liquid comprising:
PA1  a. a tank having oil laden liquid, side walls and a bottom with an inlet in
      a first side wall below the surface of said oil laden liquid for
      introducing the oil laden liquid and an outlet in a second side wall for
      the purified liquid;
PA1  b. means for separating oil from an oil laden liquid comprising at least
      two parallel inclined plates spaced from each other in the tank;
PA1  c. one of the parallel plates extending at an incline from and having one
      edge fixed to the first side wall to define a space with said first side
      wall adjacent the inlet to minimize the turbulence of the incoming liquid;
PA1  d. the other parallel plate extending from and having one edge fixed to the
      second side wall to define a second space adjacent the outlet;
PA1  e. each plate having a free edge opposite its fixed edge, one free edge
      pointed upwardly and the other free edge pointed downwardly;
PA1  f. oil discharge means near the top of the tank for removal of the
      separated oil whereby oil laden liquid entering into said tank through the
      inlet has the turbulence thereof almost completely eliminated before entry
      into one end of said separating means wherein the oil is separated from
      the oil laden liquid so that the separated oil gathers near the top of the
      tank and is discharged therefrom through said discharge means and the
      purified liquid then flows from the other end of the separating means and
      is discharged through the outlet.
NUM  2.
PAR  2. The device of claim 1 in which the plate extending from the first side
      wall is inclined downwardly and inwardly in the tank.
NUM  3.
PAR  3. The device of claim 1 in which the plate extending from the first side
      wall is inclined upwardly and inwardly in the tank.
NUM  4.
PAR  4. The device of claim 1 in which the angle between the first side wall and
      its plate is about 30.degree..
NUM  5.
PAR  5. The device of claim 1 wherein said separating means further comprises a
      plurality of additional plates between said parallel plates with the
      extremities of all plates being in a substantially horizontal plane.
NUM  6.
PAR  6. The device of claim 1 including a coalescor between the parallel plates.
NUM  7.
PAR  7. The device of claim 6 wherein said coalescor is a coalescention filter.
NUM  8.
PAR  8. The device of claim 1 including a substantially vertically extending
      plate adjacent said outlet and of lesser vertical length than the inclined
      plates.
NUM  9.
PAR  9. The device of claim 8 including a second substantially vertical plate
      which is spaced from first mentioned vertical plate in overlapping
      relation.
NUM  10.
PAR  10. The device of claim 1 wherein said discharge means comprises an outlet
      pipe.
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PAL  A cable-controlled thickener for a settling tank is provided with rake arms
      which are hinged for movement in a vertical plane only at the lower end of
      a freely rotatable structure which is suspended from a driving mechanism,
      the suspension arrangement being located above the highest possible liquid
      level in the tank.
BSUM
PAR  The invention relates to thickener mechanisms as used for settling of
      slurries, sludges, concentrates, tailings or the like and in particular to
      cable-controlled thickeners.
PAR  Many designs of continuously operating thickeners are known in which rake
      arms carrying rake blades are rotated about a vertical shaft through the
      slurry in a settling tank or the like. For such thickeners it was
      necessary to provide a lift mechanism for the rake arms to lift the rake
      blades out of the slurry when the latter encounter an obstacle or the
      settling solids become too dense.
PAR  This lifting of the rake arms can be achieved either by a screw-type
      lifting mechanism or by cables used to pull the rake arms with the blades
      thereon through the slurry.
PAR  Cable-controlled thickeners are known in which the ends of the rake arms
      are connected by a type of universal joint to a structure fastened at the
      lower end of a vertical drive shaft which carries at its upper end
      corresponding drag arms leading the rake arms by a predetermined angle and
      connected by cables with the rake arms. Other cables are suspended from
      the upper end of the drive shaft to adjust the lowest position of the rake
      arms with relation to the bottom of the settling tank.
PAR  Under normal operation the rake arms with the rake blades will, therefore,
      move through the slurry, behind the drag arms. When the rake blades,
      however, encounter an increased resistance the rake arms will swing about
      the universal joint in an arc backwards and upwards to overcome the
      obstacle and thereafter will return under their own weight to their normal
      position.
PAR  These arrangements have the disadvantage that the rake blades in lifting on
      an arc change their angle with regard to the slurry and thus lose their
      efficiency to a certain extent.
PAR  It has, therefore, been proposed to replace the universal joints at the
      rake arm ends by a hinge-type connection allowing only a movement of the
      rake arm in a vertical plane, and providing a horizontal slide for the
      hinge.
PAR  Although this construction is an improvement over the earlier
      cable-controlled thickeners both systems have the disadvantage that not
      only the hinges but the whole structure permitting free rotation of the
      rake arms relative to the vertical drive shaft is submerged in the slurry.
      Thus the structure is subject to heavy wear and tear and in particular to
      abrasive forces owing to the composition of the slurry. This can lead to
      increased friction and in extreme cases to complete inhibition of the free
      movement of the rake arms relative to the drive shaft.
PAR  It is an object of the invention to overcome this disadvantage. This object
      is achieved according to the invention by a cable-controlled thickener of
      the central column type having one or more cable supported rake arms with
      scraper blades attached thereto for shifting the contents in a settling
      tank on rotation of said rake arm(s) around said central column, said
      thickener comprising a drive cage having one or more drag arms extending
      therefrom and being rotatably mounted on said column above the highest
      liquid level in said tank, driving means for said drive cage, a lower cage
      freely rotatably mounted below said drive cage in alignment therewith,
      said lower cage near its lower end having one or more rake arms hinged
      thereto for movement of each rake arm in a vertical plane, each said rake
      arm being supported and moved in a circular movement through said settling
      tank by cable means connecting the rake arm with a corresponding drag arm
      of said drive cage, whereby any change in load on said scraper blades
      produces relative movement between said drive cage and said lower cage
      thus moving each rake arm in a vertical plane only by the corresponding
      cable means thus maintaining the rake arm truly radial to the thickener
      tank. In this way only the hinges for the vertical movement of the rake
      arms are submerged but all bearing surfaces for the rotational movement of
      the rake arm around the axis are not subject to slurry ingress, and thus
      wear and tear is substantially reduced.
PAR  The term "cage" used herein is to be interpreted in its widest sense and
      includes an open structure as shown in the embodiment as well as a sleeve
      or similar tubular arrangement with a circular or rectangular
      cross-section.
DRWD
PAR  One embodiment of the invention will be described hereinafter in more
      detail in connection with the drawings in which:
PAR  FIG. 1 is a plan view of part of a cable controlled thickener and settling
      tank according to the invention,
PAR  FIG. 2 is a side view of the thickener of FIG. 1 along line A--A,
PAR  FIG. 3 shows details of the monorail suspension of the lower cage shown in
      FIG. 2, and
PAR  FIG. 4 shows details of the hinge arrangement for the rake arm shown in
      FIG. 1.
DETD
PAR  In FIGS. 1 and 2 a centre column thickener is shown which has a centre
      column 1 mounted in the centre of the settling tank 2. The column 1
      supports a drive cage 3 which is rotatably mounted on the column and is
      driven by a suitable driving mechanism 4.
PAR  The drive cage 3 carries two oppositely extending drag arms 5 and 6. Below
      the drag arms 5 and 6 and secured either to cage 3 (as shown in the
      drawings) or to column 1 is an annular monorail 7. This monorail 7 forms
      the support for a lower cage 8 which is concentric with the column 1 and
      therefore in alignment with the drive cage 3 The lower cage 8, which in
      this embodiment has a square cross-section, is suspended from the monorail
      7, by means of rollers 9 (FIG. 3) evenly spaced around the circumference
      of cage 8 and permitting free rotation of cage 8 around the centre column
      1. The drive cage 3 as well as the monorail 7 and thus the rollers 9 are
      all arranged above the highest level 10 which the slurry may reach in the
      settling tank 1.
PAR  The lower end of cage 8 which extends into the slurry carries two
      oppositely arranged rake arms 11 and 12 corresponding to the drag arms 5
      and 6. The rake arms are connected to the lower cage 8 by a hinge
      arrangement 13 incorporating two angle struts 24 and two horizontally
      extending hinge pins 14 for each rake arm arranged at corresponding
      corners of the cage 8 as shown in more detail in FIG. 4. These hinge
      arrangements allow a movement of the rake arms in vertical planes and can
      be designed so robust that they will not be affected to any marked degree
      by the slurry through which they move.
PAR  Each rake arm carries a plurality of scraper blades 15 adjusted to such an
      angle in relation to the longitudinal axis of the corresponding rake arm
      that the highest efficiency in operation is achieved.
PAR  Each rake arm (11, 12) is supported by a pair of support cables 16, 17 from
      the drive cage 8. In addition each rake arm (11, 12) is connected with its
      corresponding drag arm (5, 6) by a drag cable as shown for rake arm 11 by
      the drag cable 18 which is fixed at points 19 and 20 on the rake arm 11
      and passes over a pulley 21 mounted on the drag arm 5.
PAR  Under normal operating conditions rotation of the drive cage 3 with drag
      arms 5 and 6 will impart a corresponding movement through the drag cables
      18 to the rake arms 11 and 12 which thus will rotate around the centre
      column 1 at the same speed and no relative movement between the drive cage
      3 and the lower cage 8 will occur.
PAR  In case the scraper blades 15, however, encounter an obstacle which
      increases the pressure on the blades, the movement of the rake arms 11, 12
      is retarded relative to the movement of the drag arms 5, 6. Thus a pull is
      exerted on the drag cables 18 which will swing the rake arms 11, 12
      upwards as shown in dotted lines 11' and 12', whereby the cable 18 moves
      over the pulley 21 to equalize the pull on the two cable connection points
      19 and 20.
PAR  As the rake arms 11, 12 can only move in a vertical plane by means of the
      hinge arrangement 13, as explained above, the centre line of each rake arm
      remains radial with respect to the central vertical axis of the settling
      tank 2 under all load conditions and thus the angle of the scraper blades
      15 with regard to their direction of movement through the slurry remains
      unchanged, so that the highest efficiency can be maintained.
PAR  When the obstacle is overcome and thus the pressure on the scraper blades
      15 is reduced again, the rake arms 11 and 12 move downwards under their
      own weight and drive cage 3 and lower cage 8 move together as mentioned
      before.
PAR  As the monorail 7 and the rollers 9 are mounted above the slurry level 10
      the free movement of the rollers on the rail can never be impaired and
      thus the movements of the rake arms 11, 12 will respond freely to changes
      in drag on the scraper blades 15.
PAR  As only comparatively small angular movements between the drag arms 5, 6
      and rake arms 11, 12 are required for lifting the rake arms sufficiently
      to overcome resistance in the slurry the annular monorail can be replaced
      by two or more monorail segments mounted on the drive cage 8 depending on
      the number of suspension points for the lower cage 8.
PAR  In known manner the lower cage 8 may carry at its lower end a plurality of
      cone scraper blades 22 to scrape the central conical part 23 of the
      settling tank 2.
PAR  The foregoing detailed description refers only to one embodiment of the
      invention and modifications can be made without departing from the scope
      thereof. Thus, for example, the monorail may be mounted on the lower cage
      and the rollers on the drive cage or the monorail suspension may be
      replaced by any other type of suspension permitting relative angular
      movement between the drive cage and the lower cage carrying the rake arms.
CLMS
STM  We claim:
NUM  1.
PAR  1. A cable-controlled thickener of the central column type having at least
      one cable supported rake arm with scraper blades attached thereto for
      shifting the contents in a settling tank on rotation of said rake arm
      around said central column, said thickener comprising a drive cage having
      at least one drag arm extending therefrom and being rotatably mounted on
      said column above the highest liquid level in said tank, driving means for
      said drive cage, a lower cage freely rotatably mounted below said drive
      cage above the highest liquid level in said tank in alignment with said
      drive cage, said lower cage near its lower end having hinge means to hinge
      at least one rake arm to said lower cage, said hinge means permitting
      movement of said rake arm only in a vertical plane, cable means connecting
      the drag arm of the drive cage with said rake arm; said cable means
      comprising a pair of support cables with the first ends of each fixedly
      connected to spaced apart points on the corresponding rake arm, a drag
      cable passing around a pulley located at the end of each drag arm opposite
      the drive cage and with its opposite ends connected to said support cable
      spaced apart points on the rake arm whereby, with changes in load on the
      rake arm and pivotal movement upward in a vertical plane relative
      rotational movement between the upper drive cage and freely rotatable
      lower cage maintains loading on the support cables and equalized pull on
      the drag cable.
NUM  2.
PAR  2. The cable-controlled thickener as claimed in claim 1 wherein an annular
      monorail is mounted at the lower end of the drive cage and wherein a
      plurality of rollers are evenly spaced around the upper end of said lower
      cage, said rollers engaging said monorail for relative annular movement
      between said drive cage and said lower cage.
NUM  3.
PAR  3. The cable-controlled thickener as claimed in claim 2 wherein the cable
      means for each rake arm comprise support cables connecting the rake arm
      with the drive cage and a drag cable, and wherein the drag arm is provided
      with a equalizing pulley and the drag cable is passing around said pulley
      and has its ends fixed to spaced apart points of said rake arm.
NUM  4.
PAR  4. The cable-controlled thickener as claimed in claim 3 wherein the drive
      cage has two oppositely extending drag arms and the lower cage has two
      corresponding oppositely extending rake arms.
NUM  5.
PAR  5. The cable-controlled thickener as claimed in claim 1 and having a
      plurality of spaced apart cone scraper blades mounted on the lower end of
      the lower cage.
NUM  6.
PAR  6. In a cable-controlled thickener of the central column type having two
      oppositely extending cable supported rake arms with scraper blades
      attached thereto for shifting the contents in a settling tank on rotation
      of said rake arms around said central column, the improvement comprising a
      drive cage rotatably mounted on said column above the highest liquid level
      in the tank, driving means for said drive cage, two oppositely extending
      drag arms on said drive cage, a lower cage above the highest liquid level
      in the tank permitting rotational relative movement between said cages, a
      rake arm hinge arrangement on two opposite sides of said lower cage, each
      hinge arrangement being formed by two struts at the end of each rake arm
      and two horizontally extending hinge pins permitting movement of each rake
      arm in a vertical plane only, cable means comprising a pair of support
      cables with the first ends of each fixedly connected to said drive cage
      and the other ends of each fixedly connected to spaced apart points on the
      corresponding rate arm, a drag cable passing around a pulley located at
      the end of each drag arm opposite the drive cage and with its opposite
      ends connected to said support cable spaced apart points on the rake arm
      whereby, with changes in load on the rake arm and pivotal movement upward
      in a vertical plane relative rotational movement between the upper drive
      cage and freely rotatable lower cage maintains loading on the support
      cables and equalized pull on the drag cable.
NUM  7.
PAR  7. The improvement as claimed in claim 6, wherein said suspension means
      comprises a monorail on the lower end of said drive cage and a plurality
      of rollers at the upper end of said lower cage, said rollers engaging said
      monorail.
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ABST
PAL  A lubricant having boundary layer properties to minimize friction between
      contacting metal parts under low-speed, high-load conditions. The
      lubricant is constituted by an oil intermixed with a dispersion of
      microfine fluorocarbon particles having an extremely low-coefficient of
      friction, the dispersion being stabilized by a charge-neutralizing agent
      such as a silane.
PARN
PAC  RELATED APPLICATION:
PAR  This application is a continuation of my patent application Ser. No.
      377,931, filed July 10, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to lubricants, and more particularly to
      lubricating oils having fluorocarbon particles dispersed therein for use
      in internal combustion engines to reduce the emission of pollutants into
      the atmosphere.
PAR  Even the most carefully finished metal surfaces have minute projections and
      depressions therein which introduce resistance when one surface is moved
      relative to another. The application of a lubricant to these surfaces
      reduces friction by interposing a film of oil therebetween. The rotation
      of a journal in a bearing draws the oil between it and the bearing so that
      the two metal surfaces are separated by a very thin film of oil. The
      degree of friction depends on the viscosity of the oil, the speed of
      rotation and the load on the journal. If the journal starts rotating after
      a period of rest, it may not drag enough oil to float the surfaces apart,
      hence friction will then be considerably greater, the friction being
      independent of the viscosity of the lubricant and being related only to
      the load and to the "oiliness" property of the residual lubricant to stick
      tightly to the metal surfaces. This condition is referred to as "boundary
      lubrication", for then the moving parts are separated by a film of only
      molecular thickness which may cause serious damage to the overheated
      bearing surfaces.
PAR  The two most significant characteristics of a hydrodynamic lubricant are
      its viscosity and its viscosity index; the latter being the relationship
      between viscosity and temperature. The higher the index the less viscosity
      will change with temperature. Lubricants serve not only to reduce
      friction, but also to remove heat developed within the machinery and as a
      protection against corrosion.
PAR  The role played by lubrication in the operation of an internal combustion
      engine has not been fully appreciated, for while there is widespread
      concern with deleterious pollutants emitted by vehicles employing such
      engines, expedients for reducing noxious emissions have not heretofore
      involved the nature of the engine lubricants.
PAR  In an internal combustion engine, the pollutants are constituted by oxides
      of nitrogen, unburned hydrocarbons and carbon monoxide. The ecological
      problems created by automobiles are not merely due to the emissions from
      the engine exhaust into the atmosphere, for the emitted substances produce
      chemical reactions in the atmosphere when radiant energy is supplied
      thereto by the sun. Thus photochemical smog, which is now encountered in
      many major cities, is the result of photochemical reactions involving
      hydrocarbons from exhaust gases, evaporation losses, and nitric oxide.
PAR  Some of the factors which are involved in the emission of pollutants will
      now be considered.
PAC  COMBUSTION CHAMBER DEPOSITS:
PAR  Exhaust emission levels of new vehicles undergo appreciable change during
      the initial 5 to 10 thousand miles of operation. The reason for this
      change is the formation of deposits on the walls of the combustion
      chambers. These deposits act as a sponge to absorb hydrocarbons during the
      compression stroke, to preserve the hydrocarbons within the deposit pores
      during the flame process and then to discharge them to the atmosphere as
      unburned hydrocarbons during the exhaust stroke. As the buildup of these
      deposits take place with accumulated mileage, objectionable hydrocarbon
      emission levels also increase.
PAC  Air-Fuel Ratio:
PAR  This ratio has a significant effect on exhaust hydrocarbon emission. It has
      been found that the emission of unburned hydrocarbon and carbon monoxide
      can be cut down sharply by leaning the mixture, for then the ratio of
      oxygen to fuel is high and full combustion takes place. Hydrocarbon
      emission reductions obtained by operation at lean air-fuel ratios are
      accompanied by improved fuel economy. But a lean mixture ordinarily
      results in "surging" and this imposes a practical limitation in reductions
      that otherwise might be obtainable.
PAC  Idling Speed:
PAR  The speed at which an engine idles determines its emission output and while
      a reduced idling speed is highly desirable, with existing lubricants it is
      not possible to reduce the idling speed to a degree minimizing emission
      without producing a ragged and unacceptable operation. It must be borne in
      mind that with the start and stop traffic characteristic of public and
      private transportation in crowded urban areas, much of vehicular time is
      spent in idling and this fact accounts in large measure for the high level
      of pollutants in the atmosphere.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAC  Boundary Layer Lubrication:
PAR  When a properly lubricated automobile engine is run at moderate speeds and
      loads, there is little actual metal-to-metal contact; hence a condition of
      hydrodynamic stability exists. The oil forms films between the parts,
      while the relative motion keeps all mechanisms hydroplaning on the fluid.
PAR  The condition which prevails in an internal combustion engine is quite
      different under low-speed, high-load conditions, for then the oil films
      cannot separate the parts. Metal contact occurs and surface welding,
      plowing and peak-shearing occurs, all contributing to high friction and
      wear. As a consequence, heat is generated and power is wasted.
PAR  Usually metal surfaces carry films of solid oxides that tend to have
      naturally lubricating quality to reduce galling, etc. But even these films
      are penetrated under high load conditions. Extreme pressure, boundary
      lubrication without the use of solid lubricants is impossible.
PAR  Several solid materials have heretofore been used to perform these
      functions. Among these are MOS.sub.2 (Molybdenum disulfide), Graphite and
      Teflon. Teflon is the Du Pont trademark for tetrafluoroethylene (TFE)
      fluorocarbon polymers. Other materials have been used to form oxide,
      sulfide or chloride films on surfaces under high pressure conditions. Some
      are the chlorinated polyphenols (Arochlors, Manufactured by Monsanto).
      However, their environmental toxicity has caused them to be removed from
      the market in recent years.
PAR  The present invention resides in a solid lubricant serving as an oil
      additive and providing a high order of boundary layer lubrication which
      reduces friction and minimizes heating. Because of its extraordinary
      physical and chemical properties, Teflon is the preferred additive.
      However, for best results, it is essential that the Teflon be incorporated
      in the oil as microfine particles and that it be uniformly dispersed
      therein, without agglomeration. The Teflon particles must pass easily
      through an oil filter and between closely machined metal surfaces, such as
      those existing in hydraulic valve lifters.
PAR  The following is a list of the various particle sizes of commercially
      available Teflon.
TBL  ______________________________________                                    

     CORPORATION MATERIAL       SIZE                                           

     ______________________________________                                    

     Whitcon     Teflon Powder  less than 1 Micron                             

     Liquid Nitrogen                                                           

     Corp. (LNC) Teflon Powder  8-10 Microns                                   

     Du Pont     TFE-42         .05 - .5 Microns                               

                 T-30 dispersions                                              

     ______________________________________                                    

PAR  The exceptionally small particle size of the Du Pont products makes them
      the best candidates for boundary layer lubricants.
PAR  Teflon dispersions, such as dispersions designated T-30 TD-1 and TFE-42 of
      Du Pont are highly unstable. As noted in the DuPont literature:
PAR  "Teflon 42 dispersion will settle on prolonged standin or a heating above
      150.degree.f. It can be redispersed by mild agitation. Stock being stored
      for an indefinite period should be redispersed at least every 2 weeks by
      inverting or rolling the container. High speed stirring or violent
      agitation should be avoided since this will cause irreversible
      coagulation. The dispersion should be protected from the atmosphere to
      prevent coagulation by drying. It should be protected against freezing at
      all times to prevent irreversible coagulation."
PAR  The T-30 and similar aqueous dispersions are hydrophob colloids with
      negatively charged particles. In a dispersion in which 60% is in the form
      of solids, there are approximately 0.9 grams of Teflon for each cc of
      solution.
PAR  In order to render the Teflon dispersion stable, I have discovered that by
      adding a silane or silizane thereto such as amino silane (Dow-A1100) or
      Methyl trichloro silane (Dow Corning Z1211), the resultant dispersions are
      remarkably freeze-thaw stable. While the reason for this stability is not
      fully understood, it is believed that a cloud of silane atoms attaches
      itself to each of the Teflon particles and precludes clumping thereof by
      neutralizing the surface charges. Thus, the silane acts as a charge
      neutralizing agent.
PAR  When 300 cc of a T-30 Teflon dispersion is mixed with 30 cc of Z6020 amino
      functional silane or Z6079 hexamethyl disilizane (a strong alkali) that
      releases ammonia on exposure to moisture, it can be repeatedly frozen
      solid and thawed without any loss of properties. It can be infinitely
      dispersed in water, oil, emulsion paints and lacquers, since the silane
      prevents particle contact coagulation. Best results have been obtained
      with a ratio of 300 cc of Teflon dispersion T-3 to 15 cc of silane or
      silizane. A lesser ratio leads to some irreversibility whereas a silane of
      50/50 gives an irreversible jell as the silne competes for water with the
      Teflon particles.
PAR  When the stabilized Teflon dispersion is intermixed with a lubricating oil,
      the oil functions as a hydrodynamic lubricant at moderate and high speeds
      of the lubricated vehicle. But in slow-speed, high load conditions where
      oil is usually not effective, the Teflon particles coat the metal surfaces
      to form a solid boundary layer lubricant that reduces friction and
      minimizes heat.
PAR  Another useful stabilizing agent is fumed Al.sub. 2 O.sub.3 (Alon)
      manufactured by G. L. Cabot Corp. Alon is composed of particles whose
      dimensions are about .01u that are clumped into .1u aggregates. It is one
      of the few particles that possesses a positive surface charge up to ph
      9.1, the isoelectric point. Suspensions containing negative charges are
      obtained by adjusting the ph above 10 so when the ammonia of the silizanes
      in the mixes dissipates, the Alon particles will migrate to the Teflon
      particles and neutralize the charge and control clumping. This has been
      tested and found to be the case although it does not have the same effect
      on freeze thaw as the silizanes/silanes.
PAR  When preparing Teflon - Oil greases, the thixotropic quality is enhanced by
      using Alon. The discrete nature of the particles is easier to retain and
      there is less tendency to sheet out into films.
PAC  METHOD FOR ADDING FLUOROCARBON DISPERSIONS TO INTERNAL COMBUSTION ENGINE
      CRANKCASES:
PAR  It is important that the total concentration of dispersed fluorocarbon that
      is added to an internal combustion engine be very small. If the particles
      are not widely separated and discrete there will be a tendency to sheet
      and form clumps that can cause trouble with hydraulic valve lifters.
      Moreover, the agglomerated particles will readily be removed by the oil
      filter.
PAR  The following procedure for adding dispersion has worked well:
PAR  A. Take 200 cc of T-30 Teflon dispersion - add 20 cc of Hexamethyl Di
      Silizane (Dow Corning Z-6079). A very fluid product is obtained that is
      readily dispersed in oil, etc.
PAR  B. Take one quart of engine oil (the type used is unimportant) and add 20
      cc of Dow Corning Z6020 or A1100 to it (Aminofunctional silane).
PAR  C. The two (A & B) are mixed together, producing a fine milky dispersion.
      The water of dispersion of the T-30 hydrolizes the silanes thereby forming
      a fine web work of molecules that protects and separates the Teflon
      particles. There is a slight tendency to settle, but redispersion is
      effected with the mildest agitation.
PAR  The solution is still much too concentrated for engines but is superior as
      a lubricant for differential gears and high shear systems where small
      orifices are not present. To treat an engine about 200 cc of the
      above-described solution is added to a cold engine (5 quarts of oil) and
      then run to disperse the fluorocarbon particles throughout the system.
PAR  It will be found that the engine runs progressively smoother as the
      internal surfaces acquire a coating of Teflon. There is a tendency for the
      oil filter to remove the larger particles and any clumps that form but
      enough Teflon continues circulating a repair damaged areas and to maintain
      exceptional internal lubrication.
PAR  The engine can then be idled very low by first adjusting the carburetor's
      idle jets until the engine operation appears somewhat rough, then backing
      off and setting the final idle with the throttle adjusting screw.
PAR  The water that is in the mix is boiled off after the engine reaches
      operating temperature, leaving the fluorocarbons and hydrolized silanes
      circulating. The silanes are very surface active and doubtless enhance the
      lubricity of the whole system. The technology for preventing settling
      altogether using protective colloids is well known in the art and will not
      be discussed here.
PAR  ROAD TESTS:
PAR  The following mixture was prepared for use in testing internal combustion
      engines. The dispersion was constituted by 300 cc of Teflon T-30 to 30 cc
      of silane (A 1100). The dispersion was then mixed with an equal volume of
      Amoco motor oil to produce a pourable grease having exceptional
      lubricating properties. As pointed out previously, any acceptable brand of
      lubricating oil may be modified by a dispersion in accordance with the
      invention.
PAR   I. When this grease was added to the crankcase of a 1966 white Chevrolet
      (V8) Station Wagon having a manifold vacuum gauge and an electrical
      tachometer (118,659.6 odometer), the following results were obtained.
TBL  ______________________________________                                    

     HOT ENGINE -- NEUTRAL                                                     

                   BEFORE   5 MIN.   10 MIN.                                   

                                            3 HFS                              

     TACK READING RPM                                                          

                   725-750  750      800    825                                

     MANIFOLD PRESSURE                                                         

     (IN Hg)       20.5     21.0     21-21.5                                   

                                            22                                 

     ______________________________________                                    

PAR  It will be noted that the RPM and Manifold pressure values rose with time.
      The engine idles faster because it is better lubricated. It takes awhile
      for the Teflon to get around in the system, so that the improvement takes
      at least one hour to become apparent.
PAR  The idle was then reset and cut back until it was a trifle ragged. This
      gave 500 RPM in Neutral, 19 in Hg, on the vacuum gauge. (Chevrolet calls
      for 600 RPM in drive). The vehicle now had 350 RPM in drive. The engine
      was road tested for several hundred miles, and became smoother with
      continued operation. Apparently the Teflon particles wear into the
      surfaces, perhaps helped by the Hydrolized A1100 silane which is very
      surface active.
PAR  The significance of the super-pressure lubricant to an engine is that most
      of the exhaust pollution in the major urban areas is caused by engines in
      traffic, the engines idling. If they could idle at half the usual speed
      (RPM), less material would be blowing out the exhaust pipe. There should
      also be significant fuel savings.
PAR   II. The above-mentioned 1966 White Chevrolet V8 with hydraulic lifters was
      run several days with the Teflon dispersion in the crankcase. It was then
      tested for exhaust gas pollutants with a new Allen Infrared Exhaust Gas
      analyzer. The results were 2% CO (carbon monoxide) and 400 RPM HC
      (hydrocarbons) idling at 375-400 RPM in Drive. The state of New Jersey
      standards are:
TBL         1966 - earlier                                                     

                        1968-1969   1970-1971                                  

     ______________________________________                                    

     %CO      10%            8%          6%                                    

     HC (RPM) 1600          800         600                                    

     ______________________________________                                    

PAR  Note that this car with a gross mileage of about 120,000 with no major
      engine work ever done on it and with only the simplest pollution controls
      (PVC valve) is now exceeding the exhaust emission standards for 1970-1974
      by a considerable margin. (No equipment was available for testing nitrogen
      oxide.)
PAR  The difference is that the test is run at idle on a super-smooth, lean
      engine with dispersed Teflon powder boundary layer lubrication. Since a
      great deal of pollution is generated by idling and deaccelerating engines,
      this could help the atmospheric problem considerably. The hydraulic
      lifters on the engine are quiet and working smoothly.
PAR   III. A dispersion of 100 cc concentrated, stabilized T-30 in an equal
      volume of engine oil was added to the crankcase of a 1969 Ford LTD (V8)
      Station Wagon (approx. 35,000 miles), while idling.
TBL  ______________________________________                                    

            BEFORE    5 MIN.   10 MIN.                                         

                                      1 HR.   2 HR.                            

     TACHO- 400-425   400-425  400-425                                         

                                      425-450 Smooth                           

     METER  (Ragged)                          450                              

     TRANSMISSION                                                              

     IN NEUTRAL                                                                

     ______________________________________                                    

PAR  The Teflon dispersion was too concentrated and valve lifter noise commenced
      after 2 hours in spite of the smooth operation. Remember that the
      preferred mixes are now recommended as highly dilute for this reason. The
      engine runs remarkably smooth in spite of jammed lifters.
PAR  IV. Dodge 1952, 8 cylinder Pick-up Truck (over 100,000 Miles). Before
      treatment, the engine of this vehicle was pumping oil badly. The preferred
      mix was added to the crankcase. In several hours the oil fumes passing out
      of the tail pipe were greatly reduced.
PAR  V. 1957 Pickup Truck 80,000 Miles, 6 cylinder, 235 cu. in. This machine had
      a 6 cylinder junk yard engine of unknown past. It was greatly smoothed by
      the addition of the Teflon-oil lubricant.
PAR  VI. Ford Falcon, 1960, 80,000 miles. Poorly maintained car that was using
      11/2 quarts of oil per week. After one week with the Teflon dispersion and
      oil mixture in the crankcase the oil consumption had dropped to 1/2 quart.
PAR  VII. Three lawn mowers and a go-kart were treated. All operated with less
      smoke and more power. Very smooth operation.
PAC  REDUCTION OF SURFACE PRE-IGNITION:
PAR  The inner surface of the combustion chamber in a conventional piston engine
      is loaded with catalytically-active hot spots caused by surface roughness
      of the cast iron and sharp edges on the pistons. A debris of ash deposits
      (lead compounds) and dirt from carbonized oil and dispersing agents coat
      the top of the chamber and piston. But the cylinder walls are relatively
      clean, for they are wiped and oiled on each stroke of the piston.
PAR  Several undesirable results ensue: A portion of the engine knock or ping is
      caused by ignition from surface hot spots that is out of phase with the
      firing of the spark plugs. This leads to poor combustion and rough
      performance. The formation of nitrous oxides (a mixture too lean and hot)
      and unburned hydrocarbons (a misture too rich and cold) is spotty, and
      exhaust gases are difficult to control.
PAR  A solution to the problem which is at least partially effective involves
      the following:
PAR  1. Minimizing the accumulation of the deposits in the combustion chamber by
      Teflon coating the head and piston with an easily applied spray (Teflon
      S). Since adhesion to the Teflon will be poor, the debris will blow out
      the tail pipe and not accumulate.
PAR  2. For engines that are already in use, apply the Teflon in another form as
      a powder that is very slowly fed into the intake manifold. The heat of
      combustion softens it and causes coating of the surfaces.
PAR  Experiments have been run in three active engines with the following
      results:
PAC  ENGINE No. 1
PAR  Black and White Rambler, 6 cylinder Station Wagon, odometer reading -
      77,004. The engine was overhauled and one damaged piston replaced. The
      remaining pistons, scratched and scoured from metal floating in the oil,
      were scraped clean of carbon deposits and vapor degreased. All pistons
      were sprayed with Teflon S. The old scoured rod bearings were treated
      similarly.
PAR  The engine was reassembled, the oil flushed several times and it is now
      running reasonably well. One scoured cylinder contributed to oil pumping.
      No ping noticeable when accelerated. The head was not coated.
PAC  ENGINE No. 2
PAR  White 1966 Chevrolet, 8 cylinder, Station Wagon. This machine has over
      130,000 miles on it. A manifold vacuum gauge was installed and read 15
      inches Hg at idle, with the transmission in "park."
PAR  While idling, a hexane dispersion of Teflon power (LNP Corp.) was sprayed
      into the carburetor. The manifold vacuum went to 20 inches (faster idle,
      lower friction in upper cylinders). The pressure dropped back a bit to 18
      inches and then held steady for about 100 miles. This was a rather loose
      engine to begin with. It took several days for the manifold vacuum to
      return to 15 inches. Fricton increased as the Teflon wore and scuffed off
      the ring, cylinder and piston surfaces.
PAC  ENGINE No. 3
PAR  Green 1969 Ford Station Wagon (33,525 miles). This engine has emission
      controls on it but not as extensive as those on 1973 cars. It idles very
      poorly when cold and not too well when warm and stalled easily if
      accelerated when cold. The engine pinged when accelerated after it was
      warmed up.
PAR  Teflon in a hexane dispersion was sprayed into the carburetor and it was
      noticed that the idle smoothed dramatically Even more noticeable - there
      was not longer any ping when the engine was accelerated.
PAR  With the engine idle set at about 350 to 400 RPM, much lower than the
      usual, relatively high RPM rate prescribed by manufacturers for idling,
      and with the leanness of the fuel-air mixture at its optimum value for
      smooth operation in the idling mode, the emission of pollutants is reduced
      to a marked degree. However, if the air is admitted into the engine in an
      excessively hot and expanding state, this adversely affects the leanness
      of the mixture. It is desireable, therefore, to induce air in a relatively
      cool state and for this purpose the engine may be provided with a
      thermostatically-controlled device to open the air intake directly to the
      atmosphere when the temperature of the air being taken in exceeds a
      predetermined level.
PAR  The viscosity of the oil used in conjunction with the additive should be
      such that oil pressure in a hot-loose engine stays at about 25 to 30
      p.s.i. when the engine idles at low speed (350 RPM). Fortunately,
      available multi-viscosity oils (10-30-40 etc.) contain coiled chain or
      spiral polymers that expand or open under heat to increase the viscosity
      of the oil. This provides a low viscosity when cold for easy starting, and
      a high viscosity to maintain oil pressure when hot. An additive in
      accordance with the invention may be incorporated in such oils with
      suitable protective colloids and detergents to maintain good dispersion in
      the crankcase. In some instances, suitable thickeners may be added to the
      oil, such as a polybutane.
PAR  While there have been disclosed preferred embodiments of a lubricating oil
      with fluorocarbon additive, it is to be understood that many changes may
      be made therein without departing from the essential spirit of the
      invention.
CLMS
STM  I CLAIM:
NUM  1.
PAR  1. A modified oil lubricant suitable for a combustion engine provided with
      an oil filter, said lubricant comprising major amounts of a liquid
      lubricating oil intermingled with minor amounts of a dispersion of
      polytetrafluoroethylene particles in the sub-micron range and a charge
      neutralizing agent stabilizing the dispersion to prevent agglomeration and
      coagulation of the particles, whereby the lubricant is capable of passing
      through said oil filter without separation of the particles from the oil.
NUM  2.
PAR  2. A modified oil lubricant as set forth in claim 1, wherein said agents
      are selected from the group consisting of silanes and silizanes.
NUM  3.
PAR  3. A modified oil lubricant as set forth in claim 1, wherein said particles
      are in an aqueous dispersion and in a range of 0.05 to 0.5 microns.
NUM  4.
PAR  4. A modified oil lubricant as set forth in claim 1, wherein said agent is
      fumed Al.sub. 2 O.sub.3.
NUM  5.
PAR  5. A method of improving the operation of an internal combustion engine
      comprising the steps of adding to the normal lubricating oil for the
      engine a small but effective amount of an aqueous dispersion of
      polytetrafluoroethylene particles in the sub-micron range and a charge
      neutralizing agent stabilizing the dispersion to prevent agglomeration and
      coagulation of the particles, thereby to impart boundary layer lubricating
      properties to the oil, then reducing the idling speed of the engine below
      the prescribed level, and leaving the air-fuel mixture for the engine
      whereby the emission of pollutants from the engine is significantly
      reduced.
NUM  6.
PAR  6. A method as set forth in claim 5, further including the steps of
      reducing the idling speed of the engine below the level prescribed
      therefor, and leaving the air-fuel mixture for the engine.
NUM  7.
PAR  7. A method as set forth in claim 5, further including the step of drawing
      into the engine relatively cool air to constitute said air-fuel mixture.
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ABST
PAL  A grease may be made having synergistic extreme pressure properties using a
      major amount of a base oil and a thickener and a minor amount of low
      density polyethylene and known extreme pressure enhancing additives.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention pertains to the field of lubricants, especially greases.
PAR  2. DESCRIPTION OF THE PRIOR ART
PAR  It is desirable in the selection of greases to consider the environment
      that the grease will have to operate under and in many cases to select a
      grease which has properties which will allow it to perform adequately
      where two surfaces come together with considerable force. A lubricant
      between these surfaces must possess a property known as Extreme Pressure
      (EP) Tolerance. This property allows the lubricant to continue to
      lubricate the two surfaces and to stay between the two surfaces even
      though the surfaces come together with considerable force making it very
      difficult to keep a lubricant in place and to keep the two surfaces from
      actually touching each other. The art has many references to additives
      which impart extreme pressure properties to greases, that is the extreme
      pressure properties of the resulting grease having the combination of
      additives as disclosed by applicants have extreme pressure properties
      superior to greases containing either component of the proposed additive
      combination. In general, the additive combination of applicants' invention
      consists of low density polyethylene and a conventional extreme pressure
      additive. The low density polyethylene is melted into the grease and the
      combination imparts a synergistic effect to the extreme pressure
      properties of the resulting grease. Polyethylene has been used and is
      disclosed in the art for other purposes. U.S. Pat. No. 3,432,431 discloses
      a grease having improved endurance properties, which is not related to
      extreme pressure properties, wherein a high density polyethylene is cold
      dispersed, not melted, into a grease. Extreme pressure properties are not
      discussed. In fact the high density type of polyethylene used is not
      suitable for applicants' invention. The only mention of extreme pressure
      properties comes in a general listing of other additives which the
      patentee says may be used in his grease. One of these additives,
      molybdenum disulfide, is known to be used as an extreme pressure additive.
      However, the teachings of this patent do not discuss extreme pressure
      properties and the reference to molybdenum disulfide is only used in a
      general listing of other additives. Also, patentee uses high density
      polyethylene which is cold dispersed unlike the low density polyethylene
      which is melted, hot dispersed, in applicants' invention.
PAR  U.S. Pat. No. 3,753,906 discloses a brake cylinder grease which by the
      definition of the numerated properties does not have extreme pressure
      properties. In this patent a medium density polyethylene is melted into
      grease to thicken it. The only reference to extreme pressure properties is
      in a general and broad listing of other additives wherein the term
      "extreme pressure agents" appears. However, no details are given in this
      instance and no teaching is given to indicate that any extreme pressure
      properties are needed or desired in the grease disclosed and claimed, nor
      is there any teaching of synergism at all. In fact, extreme pressure
      properties are not even measured in the grease which is claimed. The
      general thrust of this patent is in the order of addition of the
      polyethylene and the clay and the effect of the order of addition on the
      endurance test which provides the improvement of the grease. Further,
      medium density polyethylene is required whereas low density polyethylene
      is required for the present invention.
PAR  Applicants on the other hand, have as an object the production of a grease
      having synergistic mixture of additives which impart extreme pressure
      agent. The low density polyethylene is melted into the grease.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is a grease comprising a major amount of a lubricating oil, a
      thickener, low density polyethylene and conventional extreme pressure
      agents.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The lubricating oils forming the major component of the grease compositions
      may be any lubricating oils having Saybolt Universal viscosities in the
      range from about 75 seconds at 100.degree.F (75 SUS/100.degree.F) to about
      225 seconds at 210.degree.F, which may be either naphthenic or paraffinic
      in type or blends comprising both naphthenic and paraffinic oils. The
      preferred lubricating oils are those having Saybolt Universal viscosities
      in the range from about 300 seconds at 100.degree.F to about 100 seconds
      at 210.degree.F, which may be blends of lighter and heavier oils in the
      lubricating oil viscosity range. Synthetic lubricating oils, which may be
      preferred in preparing greases having special properties required for
      special types of lubricating service, include oils prepared by cracking
      and polymerizing products of the Fischer-Tropsch process and the like as
      well as other synthetic oleaginous compounds such as polyethers,
      polyester, silicone oils, etc. having viscosities within the lubricating
      oil viscosity range. Suitable polyethers include particularly polyalkylene
      glycols such as polyethylene glycol. Suitable polyesters include the
      aliphatic dicarboxylic acid diesters, such as di-2-ethyl-hexyl sebacate,
      di (secondary amyl) sebacate, di-2-ethyl-hexyl azelate, di-iso-octyl
      adipate, etc. The sulfur analogs of the polyalkylene esters and polyesters
      are also suitable.
PAR  Silicone polymer oils may also be employed, preferably having viscosities
      in the range from about 70 to 900 seconds Saybolt Universal at
      100.degree.F. Suitable compounds of this type include dimetyl silicone
      polymer, diethyl silicone polymer, methyl cyclohexyl silicone silicone
      polymer, diphenyl silicone polymer, methylethyl silicone polymer,
      methyltolyl silicone polymer, etc. The lubricating oils normally comprise
      from about 70 to 98% of the grease composition.
PAR  Generally two types of thickeners for the oils are used to form greases:
      soaps and/or clays.
PAR  By the term "soap-base thickening agent" as used herein, is meant metal
      soaps of fatty acids which are capable of providing a stable gel structure
      to lubricating base oils. The term is intended to include conventional
      metal soaps. complex soaps, mixed base soap greases, and the like, and
      include the following particular types of soap thickeners:
PA1  Metal base:
PA2  Aluminum base
PA2  Barium base
PA2  Calcium base
PA2  Lithium base
PA2  Sodium base
PA2  Lead base
PA2  Strontium base
PA1  Mixed bases:
PA2  Sodium-calcium base
PA2  Sodium-barium base
PA2  Calcium-aluminum base
PA2  Sodium-aluminum base
PA2  Magnesium-aluminum base
PA2  Lithium-aluminum base
PA2  Lithium-calcium base
PA1  Metal complex;
PA2  Hydrated calcium soap
PA2  Hydrated aluminum soap
PA2  Hydrated barium soap
PA2  Hydrated lithium soap
PA2  Hydrated sodium soap
PA2  Hydrated strontium soap
PA2  Complex aluminum soap
PA2  Complex barium soap
PA2  Aluminum-barium complex
PA2  Aluminum-sodium complex
PA2  Complex calcium soap
PA2  Calcium soap-calcium acetate complex
PA2  Calcium soap-calcium chloride complex
PA2  Calcium soap-strontium hydrate complex
PA2  Calcium-barium soap complex
PA2  Complex lithium soap
PA2  Lithium soap-lithium acetate
PA2  Lithium soap-lithium azelate complex
PA2  Magnesium soap complex
PA2  Lead soap complex
PA2  Sodium soap-sodium acetate complex
PA2  Sodium soap-sodium acrylate complex
PA2  Sodium-barium complex
PA2  Strontium-calcium acetate complex
PAR  Though the lubricating base oil component of the invention can be either a
      natural or synthetic oil, as a practical matter, the base oil will usually
      be a natural oil, e.g., a petroleum-derived mineral oil. Many synthetic
      oils such as silicone oils and various esters can be thickened effectively
      with soap thickeners; however, the thermal stability of soaps is usually
      considerably lower than that of the synthetic oils. Therefore, there is
      usually no point in using expensive synthetic oils with soap greases.
      Exceptions to this, however, are some of the complex greases which possess
      considerably higher thermal stability than the conventional soap-base
      greases.
PAR  The clays which are useful as thickeners for the preparation of greases are
      oleophilic clay products exhibiting a substantial base exchange capacity.
      The clays particularly contemplated herein include especially the
      montmorillonites, such as sodium, potassium, lithium, and the other
      bentonites, particularly of the Wyoming bentonite type. Still more
      preferred are the magnesium bentonites, sometimes referred to as
      "Hectorites." These clays are characterized by unbalanced crystal
      structure and are believed to have negative charges which are normally
      neutralized by inorganic cations. An especially preferred bentonite is
      that made by complexing finely particulated montmorillonite in aqueous
      media with dimethyldioctadecyl ammonium chloride using the techniques
      described in U.S. Pat. No. 2,531,427 and 2,531,440. This product can also
      be purchased under the coined name "Bentone 34" from the Baroid Sales
      Division of National Lead.
PAR  The term "oleophilic clay product" is meant to include such clays when they
      have absorbed thereon or reacted therewith sufficient organic ammonia base
      to form an oleophilic product. The so-called "onium-clays" comprise
      reaction products of oleophilic ammonium bases (or their salts) and clay.
PAR  The clays are more preferably modified by absorption of one or more
      oleophilic cationic surface-active agents such as those described in U.S.
      Pat. Nos. 2,831,809 and 2,874,152. The clays are preferably present in an
      amount sufficient to cause grease formation of the lubricating oil to
      occur. This will usually occur in the range of 2.5-10% by weight of the
      high base exchange clay (based on the inorganic clay portion of the
      oleophilic clay product) depending somewhat upon the precise clay
      employed, the chemical constitution of the major lubricating oil
      components and the proportions of other components present in the grease
      formulation.
PAR  The thickeners used in our invention normally comprise from about 3% to 10%
      of the grease.
PAR  The polyethylene which is one component of the synergistic additive
      combination of our invention is low density polyethylene. The density
      ranges from about 0.910 to 0.925 g/cc.
PAR  The other component in the synergistic extreme pressure additive
      combination of our invention comprises conventional extreme pressure
      additives. Such additives include but are not limited to molybdenum
      disulfide, lime, graphite, antimonydiamyldithiocarbamate, antimony
      dialkyldithiocarbamate and antimony phosphorodithioate.
PAR  The polyethylene may be present in an amount ranging from about 0.1 to 3.0%
      of the grease. The conventional extreme pressure additive may be present
      in an amount ranging from about 1 to 20% of the grease.
PAR  In addition to the additive combination of our invention, other additives
      of the types ordinarily employed in lubricating compositions may be
      employed in these greases, such as oxidation inhibitors, corrosion
      inhibitors and tackiness agents.
PAC  PREPARATION OF THE GREASE AND EXPERIMENTATION
PAR  The procedure for incorporating the polyethylene is to heat the oil to
      150.degree.-160.degree.F and add the polyethylene. Heating is continued
      after the polyethylene is added until the temperature reaches
      300.degree.-310.degree.F. This temperature is maintained while stirring
      until all the polyethylene has dissolved. After all of the polyethylene is
      dissolved, continued stirring and, if possible, circulation of the
      oil-polyethylene blend from the bottom of the blending kettle are
      maintained for one to three hours at 300.degree.-310.degree.F to assure
      uniform distribution of the polyethylene. After cooling to
      150.degree.-160.degree.F, the clay thickener dispersant, additional oil
      and additives may be added as required to give the desired finished grease
      product. Alternately the clay thickener may be added prior to the
      polyethylene addition with equivalent results. Examples 1-4 illustrate the
      utility of the invention for greases and show the synergistic effect of
      the additive combination on EP properties (Timken test).
DETD
PAC  EXAMPLE 1
PAR  A clay thickened EP grease was prepared with and without polyethylene to
      give products of the composition and properties indicated below.
TBL  ______________________________________                                    

     Composition, Wt. %                                                        

      Base Oil, 70 SUS/210.degree.F                                            

                          79.04     77.25                                      

      Bentone 34 Thickener                                                     

                          6.96      7.00                                       

      Molybdenum Disulfide                                                     

                          7.00      7.00                                       

      Lime                3.00      3.00                                       

      Antimonydiamyldithiocarbamate                                            

                          4.00      4.00                                       

      Polyethylene        --        1.75                                       

      Water (Added)       (0.70)    (0.62)                                     

     Test Results                                                              

      Worked Pen. (D-217) 373       385                                        

      Timken, OK, Ld (D-2509)                                                  

                          20        45                                         

      Load Wear Index, Kg (ST-238)                                             

                          68.3      69.2                                       

      Weld Point, Kg      224       251                                        

      Heat Stability                                                           

      Worked Pen. Change                                                       

      Per Cent after 24 Hr.                                                    

      at 250.degree.F +18           -6.5                                       

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  A clay thickened grease having a higher viscosity base oil than the grease
      in Example 1 was prepared with and without polyethylene to give the
      product compositions and performance shown below.
TBL  ______________________________________                                    

     Composition, Wt. %                                                        

      Base Oil, 95 SUS/210.degree.F                                            

                          80.08     78.31                                      

      Bentone 34 Thickener                                                     

                          5.92      6.15                                       

      Molybdenum Disulfide                                                     

                          7.00      7.00                                       

      Lime                3.00      3.00                                       

      Antimonydiamydithiocarbamate                                             

                          4.00      4.00                                       

      Polyethylene Resin  --        1.54                                       

      Water (Added)       (0.70)    (0.50)                                     

     Test Results                                                              

      Worked Pen. (D-217) 364       349                                        

      Timken, OK, Lb (D-2509)                                                  

                          25        50                                         

      Load Wear Index     74.4      70.3                                       

       Weld Point, Kg     251       316                                        

      Heat Stability, Worked Pen. Change                                       

       Per Cent after 24 Hr. at 250.degree.F                                   

                          +17       +12                                        

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  A clay thickened EP grease similar to those of Example 2, except that
      graphite was used in place of lime for antiwear properties, was prepared
      with and without polyethylene to give the product compositions and
      performance shown below.
TBL  ______________________________________                                    

     Composition, Wt.%                                                         

      Base Oil, 95 SUS/210.degree.F                                            

                          80.48     81.20                                      

      Bentone 34 Thickener                                                     

                          5.52      4.20                                       

      Molybdenum Disulfide                                                     

                          7.00      7.00                                       

      Graphite            3.00      3.00                                       

      Antimonydiamyldithiocarbamate                                            

                          4.00      4.00                                       

      Polyethylene        --        0.60                                       

      Water (Added)       (0.50)    (0.42)                                     

     Test Results                                                              

      Worked Pen. (D-217) 363       352                                        

      Timken, OK, Lb (D-2509)                                                  

                          15        40                                         

      Heat Stability, Worked Pen Change                                        

      Per Cent after 72 hr. at 200.degree.F                                    

                          +8.9      +3.1                                       

     ______________________________________                                    

PAC  EXAMPLE 4
TBL  Additives                                                                 

      Base Oil           88.3        86.5                                      

      Lithium Soap       7.7         7.5                                       

      Ashless Dithiocarbamate                                                  

                         4.0         4.0                                       

      Polyethylene       --          2.0                                       

     Test Results                                                              

      Timken                                                                   

      OK, Lb (D-2509)    30          40                                        

      Score, Lb          35          45                                        

      Load Wear Index, Kg                                                      

                         37.6        41.7                                      

      Weld Point, Kg     200         251                                       

     ______________________________________                                    

PAR  The above example shows that synergistic EP additive activity is obtained
      by adding polyethylene to a lithium soap thickened grease. Earlier data
      were for clay thickened greases.
PAR  All examples show that significant improvments in EP and heat stability
      properties are obtained by the addition of polyethylene. The polyethylene
      used meets the requirements for ASTM grade D-1248-1-A-4, i.e. density at
      23.degree.C of 0.910-0.925, natural color and a melt index of 0.4-1.0 g/10
      minutes. However, it is expected that other polymers and grades of low
      density polyethylene may also be employed as long as they are completely
      soluble in the mineral oil to be used. The operable range of polymer is
      between 0.1 and 3.0 wt. % although 0.5 to 2.0 wt. % is preferred.
PAC  EXAMPLE 5
PAR  A lithium soap thickened grease was prepared with and without polyethylene
      to give the product compositions and performance shown below.
TBL  ______________________________________                                    

     Composition, Wt. %                                                        

      Base Oil           90.4        91.7                                      

      Li Soap            9.6         7.2                                       

      Polyethylene       --          1.1                                       

     Test Results                                                              

      Worked pen. (D-217)                                                      

                         253         260                                       

      Timken, OK, Lb (D-2509)                                                  

                         5           5                                         

     ______________________________________                                    

PAR  The above results show that the addition of polyethylene to a grease that
      does not already contain load carry additives does not improve EP
      properties as measured by the ASTM Timken Test. This indicates that the
      improvement shown in Examples 1 through 4 is the result of a synergistic
      effect between polyethylene and the EP/antiwear additives i.e.
      antimonydiamyldithiocarbamate, graphite, lime and molybdenum disulfide.
CLMS
STM  We claim:
NUM  1.
PAR  1. A grease comprising
PA1  a. a major amount of a lubricating oil,
PA1  b. a thickener,
PA1  c. polyethylene of density ranging between 0.910 and 0.925 g/cc and
PA1  d. conventional extreme pressure agents.
NUM  2.
PAR  2. A grease as in claim 1 wherein the conventional extreme pressure agents
      comprise molybdenum disulfide, lime, graphite and
      antimonydiamyldithiocarbamate.
NUM  3.
PAR  3. A grease as in claim 1 wherein the conventional extreme pressure agents
      comprise molybdenum disulfide and antimonydiamyldithiocarbamate.
NUM  4.
PAR  4. A grease as in claim 1 wherein the conventional extreme pressure agent
      comprises graphite.
NUM  5.
PAR  5. A grease as in claim 1 wherein the conventional extreme pressure agents
      comprise molybdenum disulfide, graphite and antimonydiamyldithiocarbamate.
NUM  6.
PAR  6. A grease as in claim 1 wherein the conventional extreme pressure agents
      comprise molybdenum disulfide, lime and antimonydiamyldithiocarbamate.
NUM  7.
PAR  7. A grease as in claim 1 wherein the conventional extreme pressure agent
      comprises molybdenum disulfide.
NUM  8.
PAR  8. A grease as in claim 1 wherein the conventional extreme pressure agent
      comprises lime.
NUM  9.
PAR  9. A grease as in claim 1 wherein the conventional extreme pressure agent
      is anitmonydiamyldithiocarbamate.
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ABST
PAL  A metalworking composition and an additive for a metalworking composition
      which imparts extreme pressure, antiwear, and corrosion-inhibiting
      properties to the metalworking composition. The additive comprises a
      phosphate ester and a sulphur compound. The composition comprises the
      additive used in an oil-based vehicle.
PARN
PAR  This is a continuation of application Ser. No. 72,871, filed Sept. 16, 1970
      and now abandoned.
BSUM
PAR  This invention relates to metalworking compositions and an additive for
      such oil-base metalworking and cooling compositions. More particularly,
      this invention relates to a metalworking additive comprising a phosphate
      ester having the following formula:
      ##EQU1##
      WHEREIN EO is ethylene oxide; R is selected from the group consisting of
      linear or branched chain alkyl groups having from 6 to 30 carbon atoms,
      phenyl, alkylphenyl, wherein the alkyl group has from 1 to 10 carbon
      atoms, and dialkyl phenyl, wherein the alkyl groups have a total of from 2
      to 20 carbon atoms; X is selected from hydrogen, ammonium, amines and
      metals from groups I-A, I-B, II-A or II-B of the periodic table; n is a
      number from 0 to 50; a is a number from 1 to 3, b is a number from 0 to 2,
      and a plus b = 3; and a sulphur-containing compound. This invention also
      provides a metalworking composition comprising the above additive in a
      suitable oil-based vehicle. This invention provides an additive which is
      used in compositions for cooling and lubricating surfaces which are in
      frictional contact such as those employed in metalworking operations, such
      as turning, cutting, drilling, grinding and the like.
PAR  Lubricants which have been previously employed in metalworking operations
      are of two main types, the mineral oils and the so-called soluble oils,
      which are oil and water emulsions prepared from hydrocarbon oils, water
      and an emulsifying agent. These prior art lubricants have had many
      drawbacks, such as inflammability, operability only at certain cutting
      speeds, rusting, poor extreme pressure properties, etc. Although certain
      of these prior art lubricant compositions do not have one or more of these
      undesirable properties, there are no known lubricant compositions which
      have all the desirable properties of the various prior art lubricating
      compositions without their corresponding disadvantages and drawbacks.
PAR  Briefly, it is found that metalworking lubricant compositions containing
      the additive of the present invention have excellent extreme pressure
      antiwear and corrosion-inhibiting properties. Metalworking emulsions
      containing the additive of this invention also are not inflammable and are
      extremely stable.
PAR  It is therefore a primary object of this invention to provide an additive
      for lubricant cooling compositions which imparts excellent extreme
      pressure, antiwear, corrosion-inhibiting and non-inflammable properties to
      the metalworking composition.
PAR  It is a further object of this invention to provide a metalworking additive
      which gives the metalworking composition a low foam profile.
PAR  It is a still further object of this invention to provide a metalworking
      additive comprising a phosphate ester and a sulphur-containing compound.
PAR  It is a still further object of this invention to provide an extreme
      pressure and antiwear metalworking composition which is non-inflammable,
      low foaming and corrosion resistant.
PAR  Still further objects and advantages of the composition of the present
      invention will become more apparent from the following more detailed
      description thereof.
PAR  In accordance with this invention, it has been found that a metalworking
      additive comprising a phosphate ester and a sulphur-containing compound
      unexpectedly gives metalworking compositions excellent extreme pressure,
      antiwear and rust-inhibiting properties. This result was especially
      unexpected since the phosphate esters and sulphur-containing compound have
      been used singly in prior metalworking lubricating compositions. These
      metalworking lubricating compositions had either good extreme pressure
      properties or antiwear properties, but not both. Compositions containing
      the phosphate esters or sulphur-containing compounds also required the
      addition of an anti-rust agent. It is therefore quite unexpected that the
      combination of a phosphate ester and a sulphur-containing compound in a
      metalworking composition would produce an extreme pressure, antiwear and
      corrosion-resistant lubricating composition. As stated above, the
      composition of this invention contains a phosphate ester having the
      following formula:
      ##EQU2##
      wherein EO, X, n, a and b have the same meanings as above, and a
      sulphur-containing compound. Although any of the above phosphate esters
      are suitable for use in the composition of this invention, those phosphate
      esters are especially preferred wherein R is selected from linear alkyl
      having from 6 to 20 carbon atoms, alkylphenyl, wherein the alkyl group has
      from 1 to 14 carbon atoms, and phenyl; n is a number from 0 to 10; X is
      selected from hydrogen, ammonium, diethanolamine and triethanolamine; and
      EO, a and b have the same meanings as above. These compounds may be
      produced by methods disclosed in U.S. Pat. Nos. 3,004,056 and 3,004,057.
PAR  The sulphur-containing compounds used in the composition of this invention
      include elemental sulphur; sulphurized oils, such as lard oil, sperm oil,
      cod oil, mineral oil, etc.; 2-mercaptobenzothiazole and derivatives
      thereof having the following formula:
      ##SPC1##
PAL  wherein X is selected from hydrogen, hydroxymethyl and metals from Groups
      I-A, I-B, II-A or II-B of the periodic table; R is selected from hydrogen
      and an alkyl group having from 1 to 10 carbon atoms; R.sub.1 is selected
      from hydrogen and an alkyl group having from 1 to 10 carbon atoms,
      carboxy,
      ##EQU3##
      2-mercaptobenzothiazole and derivatives having the following formula:
      ##SPC2##
PAL  wherein X has the same meaning as above; substituted 2-mercaptothiazole
      compounds, such as:
PA1  5-chloro-2-mercpatobenzothiazole,
PA1  5-bromo-2-mercaptobenzothiazole,
PA1  5-sulfonic acid (sodium salt)-2-mercaptobenzothiazole,
PA1  5-amido-2-mercaptobenzothiazole,
PA1  5-methyl-2-mercaptobenzothiazole,
PA1  7-methyl-2-mercaptobenzothiazole,
PA1  5-carboxylic acid-2-mercaptobenzothiazole,
PA1  5-ethoxy-2-mercaptobenzothiazole,
PA1  6-ethoxy-2-mercaptobenzothiazole,
PA1  6-chloro-2-mercaptobenzothiazole, etc.;
PAL  2,2'-dithiobis (thiazole) and derivatives thereof having the following
      formula:
      ##SPC3##
PAL  wherein R.sub.2, R.sub.3, R.sub.4 and R.sub.5 are selected from hydrogen
      and an alkyl group having from 1 to 10 carbon atoms; 2,2'-dithiobis
      (benzothiazole) and derivatives thereof such as
      5,5'-dichloro-2,2'-dithiobis (benzothiazole), 5,5'-dibromo-2,2'-dithiobis
      (benzothiazole), 5,5'-disulfonic acid (sodium salt)-2,2'-dithiobis
      (benzothiazole), 5,5'-diamido-2,2'-dithiobis (benzothiazole),
      5,5'-dimethyl-2,2'-dithiobis (benzothiazole), 7,7'-dimethyl-2,2'-dithiobis
      (benzothiazole), 5,5'-dicarboxylic acid-2,2'-dithiobis (benzothiazole),
      5,5'-diethoxy-2,2'-dithiobis (benzothiazole), 6,6'-diethoxy-2,2'dithiobis
      (benzothiazole), etc.; polysulfides of the 2-mercaptobenzothiazole
      compounds listed above; 2-mercaptonapthothiazole; 2,2'-dithiobis
      (naphthothiazole) and polysulfides of 2-mercaptonaphthothiazole and
      derivatives of these compounds analogous to the 2-mercaptobenzothiazole
      derivatives listed above; diphenyl sulfide and analogues such as
      di-n-butyl sulphide, di-sec-butyl sulphide, di-tert-butyl sulphide,
      dibenzyl sulphide, etc.; diphenyl disulfide with analogues such as
      di-n-butyl disulphide, di-sec-butyl disulphide, di-tert-butyl disulphide,
      dibenzyl disulphide, di-octyl disulphide, di-allyl disulphide,
      di-n-dodecyl disulphide, etc.; and various sulfones such as di-tert-butyl
      sulfone.
PAR  Although any of the above sulphur-containing compounds may be used in the
      composition of this invention, 2-mercaptobenzothiazole and its
      derivatives, elemental sulphur, and the sulphur-containing oils are
      preferred.
PAR  In general, the additive of this invention contains the phosphate ester and
      sulphur-containing compound in a weight ratio of from 23:1 to 1:1 based on
      the weight of sulphur in the sulphur-containing compound. The additive of
      this invention generally comprises less than 10% by weight of the final
      metalworking composition with the only limitation being the final sulphur
      content of the composition. The sulphur must comprise at least 0.0015% by
      weight of the total weight of the metalworking composition. The upper
      limit is dictated primarily by economics, since a large percentage of the
      composition of this invention does not appreciably improve the
      characteristics of the composition. In general, the preferred additive
      contains a weight ratio of from 10:1 to 1:1 with the sulphur content being
      at least 0.10% based on the total weight of the composition.
PAR  The additive composition of this invention is prepared in the form of an
      emulsifiable concentrate by mixing the phosphate ester compounds with a
      portion of a suitable vehicle, such as mineral oils, vegetable oils,
      animal oils, esters of fatty acids, manufactured oils, cracked
      hydrocarbons, etc., with stirring to dissolve the phosphate ester. If the
      phosphate ester is to be neutralized, a neutralizing agent is added at
      this point. The sulphur-containing compound is dissolved in a suitable
      non-ionic surfactant, such as the condensation product of a polyglycol
      ether, or an alkylene oxide such as propylene oxide, butylene oxide or
      ethylene oxide with an organic compound containing at least 6 carbon atoms
      and a reactive hydrogen atom, such as alcohols, phenols, thiols, primary
      and secondary amines, carboxylic and sulfonic acids and their amides, and
      is added to the phosphate ester-oil mixture. This mixture is then diluted
      with a suitable oil-based vehicle to provide a metalworking emulsion
      containing from 1 to 30% of the additive mixture.
PAR  If the vehicle used is a sulphur-containing oil such as lard oil, sperm
      oil, cod oil, etc., a further sulphur-containing compound is not required.
      In this instance, the metalworking composition would comprise a mixture of
      the phosphate ester and the sulphur-containing oil.
PAR  Since the metalworking compositions of this invention are low foaming and
      rust-inhibiting, other foam and rust inhibitors are not needed.
PAR  The following examples more fully illustrate the additive compositions of
      this invention and metalworking fluids containing these additives. These
      examples are for the purpose of illustration only and are not intended to
      be limiting in any way. In the following examples, all parts and
      percentages are by weight.
DETD
PAC  EXAMPLE 1
PAR  An emulsifiable metalworking concentrate was prepared by adding 3.00 g of
      the phosphate ester based on oleyl alcohol plus 4 EO and 17.0 g of a 100
      SUS solvent refined naphthenic pale oil into a wide mouth jar. This
      mixture was stirred at room temperature to dissolve the phosphate ester.
      0.70 g of diethanolamine was then added to this mixture, followed by the
      addition of 14.0 g of a mixture of 1.0 g of 2-mercaptobenzothiazole
      previously dissolved in 13.0 g of a nonionic surfactant (Igepal CO-430).
      65.3 g of 100 SUS solvent refined naphthenic pale oil was then added and
      this mixture was warmed on a hot plate for 3 to 5 minutes and stirred to
      effect complete solution of all components. The concentrate was fluid and
      clear on standing at room temperature.
PAC  EXAMPLES 2 TO 6
PAR  Using the procedure of Example 1, emulsifiable concentrates having the
      compositions listed in Table I were prepared.
PAC  COMPARATIVE EXAMPLE 1
PAR  Following the procedure of Example 1, a concentrate containing no
      2-mercaptobenzothiazole was prepared. This concentrate had the following
      composition:
TBL  3.0     g      phosphate ester based on oleyl alcohol                     

                      plus 4 EO                                                

     13.0    g      nonionic (Igepal CO-430)                                   

     0.70    g      diethanolamine                                             

     83.3    g      100 SUS solvent refined naphthenic                         

                      pale oil                                                 

TBL                                    TABLE I                                 

     __________________________________________________________________________

     PRODUCT      EXAMPLE NO.                                                  

                          2    3    4    5    6                                

                         Grams Added                                           

     __________________________________________________________________________

     Phosphate Ester .sup.(1)                                                  

                         3.0  3.5  3.5  3.0  3.0                               

     Nonionic .sup.(2)   13.0 13.0 13.0 13.0 13.0                              

     Diethanolamine      0.70 0.75 0.75 0.70 0.70                              

     2-mercaptobenzothiazole                                                   

                         1.25 1.0  1.25 0.75 0.50                              

     100 SUS oil         82.1 82.8 82.5 82.6 82.8                              

     __________________________________________________________________________

      .sup.(1) The phosphate ester based on oleyl alcohol plus 4 EO            

      .sup.(2) Igepal CO-430                                                   

PAC  COMPARATIVE EXAMPLE 2
PAR  Using the procedure of Example 1, an attempt was made to prepare a
      concentrate containing no phosphate ester. However, the
      2-mercaptobenzothiazole was not soluble in a formulation containing 13.0 g
      of nonionic (Igepal CO-430) and 86.0 g of 100 SUS oil.
PAC  EXAMPLE 7
PAR  Seven metalworking emulsions were prepared containing 5% of the
      concentrates described in Examples 1 through 6 and Comparative Example 1.
      These emulsions were labelled Emulsions 1 through 6 and CE-1 respectively
      and had excellent stability, not showing creaming or bottom separation
      after standing for 24 hours at room temperature. The pH of these emulsions
      varied from 7.0 to 7.45. These emulsions were then subjected to a
      rust-inhibiting test, a Shell 4-ball extreme pressure test and a Falex
      wear test. The results of these tests, which will be more fully described
      below, are shown in Table II.
PAR  The rust-inhibiting properties of these metalworking emulsions were tested
      by immersing about 10 g of clean cast iron chips in the emulsion for 5 to
      10 minutes, after which time the emulsion was drained off and the chips
      were placed on a clean 1020 carbon steel panel and allowed to stand for 24
      hours in the laboratory atmosphere. The results listed in Table II show
      the percentage rust which formed on the chips immersed in each emulsion.
      As can be readily seen from the results listed in Table II, those
      formulations which were prepared from concentrates containing more than
      0.50% of 2-mercaptobenzothiazole were effective in inhibiting rust, while
      those containing either less than 0.50% 2-mercaptobenzothiazole or no
      2-mercaptobenzothiazole showed significant amounts of rust forming on
      these chips. This test clearly shows that the rust-inhibiting properties
      of these metalworking emulsions are vastly improved by the addition of
      2-mercaptobenzothiazole to the phosphate ester containing composition.
PAR  The extreme pressure properties of these emulsions were tested by using the
      Shell 4-ball tester, which is the standard testing device for lubricants.
      These tests were run at a 100 kg load, 1500 rpm, and room temperature,
      using 52100 steel balls. The results of the Shell 4-ball test show that by
      adding the 2-mercaptobenzothiazole to the phosphate ester, the extreme
      pressure properties of the metalworking emulsion are vastly improved. Even
      Emulsion 6, which only contained 0.50% of 2-mercaptobenzothiazole, showed
      vastly improved properties over Comparative Example 1, which contained no
      2-mercaptobenzothiazole. These tests clearly showed that metalworking
      emulsions containing both a phosphate ester and a sulfur-containing
      compound, in this case 2-mercaptobenzothiazole, have improved extreme
      pressure properties over compositions containing the phosphate ester
      alone.
PAR  The Falex load tests were run using SAE 3135 steel pins, Rockwell hardness
      B-87, 8-10 RMS finish and AISI C-1137 steel V blocks, Rockwell C-20
      hardness, 6-8 RMS finish. The load was increased in 250-pound increments,
      running 2 minutes at each 250-pound level until failure occurred either by
      pin breakage or by failure to maintain torque. The results of this test
      show that those metalworking emulsions containing both the phosphate ester
      and the sulphur-containing compound were able to withstand far greater
      loads than the metalworking emulsion containing only the phosphate ester.
      In fact, in some cases the load passed using emulsions containing the
      phosphate ester and the sulphur-containing compound were nearly twice as
      great as the load passed in Comparative Example 1.
PAR  The Falex wear tests were run using the same types of pins and blocks at a
      load of 1500 pounds. These tests were run on a 1:3 dilution of the 5%
      emulsions and the results listed are the number of teeth required to
      maintain the 1500 pound load for fifteen minutes. The fewer teeth required
      to maintain a load, the less wear is indicated. As is evident from the
      results in Table II, the emulsions containing the combination of the
      phosphate ester and more than 0.50% of 2-mercaptobenzothiazole exhibited
      performance far greater than those emulsions which had 0.50%
      2-mercaptobenzothiazole or less. This test shows the importance of
      maintaining the proper ratio of 2-mercaptobenzothiazole to phosphate
      ester, since although Emulsion Number 6 contained 2-mercaptobenzothiazole,
      it did not contain enough to impart excellent wear resistant properties,
      as evidenced by Emulsions Number 1 and 5.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Antiwear and Extreme Pressure Testing                                     

     __________________________________________________________________________

     RUNNING TIME,                                                             

              Emulsions 1 through 6, Concentrate                               

                                            CE-1                               

     MINUTES  1    2    3    4    5    6                                       

              Shell 4-Ball Scar Diameters, mm, 5% Emulsion                     

      10      0.600                                                            

                   0.650                                                       

                        0.650                                                  

                             0.650                                             

                                  0.575                                        

                                       0.640                                   

                                            1.00                               

      30      0.750                                                            

                   0.775                                                       

                        0.808                                                  

                             0.825                                             

                                  0.750                                        

                                       0.850                                   

                                            Weld                               

              Falex Load Test, 5% Emulsion                                     

     LOAD PASSED,                                                              

     LBS.     4250 4500 3750 4250 3500 3500 2250                               

              Falex Wear Test, 1:3 Dilution of 5% Emulsion                     

     WEAR, NO.                                                                 

     OF TEETH 0    5    12   0    43   Pin  Pin                                

                                       Broke                                   

                                            Broke                              

     __________________________________________________________________________

PAC  EXAMPLE 8
PAR  Four metalworking concentrates as described below in Table III were diluted
      to form a 5% solution with 1:1 hexylene glycol/water mixture. Shell 4-ball
      tests were run on these dilute solutions using a 100 kg load, 1500 rpm,
      52100 steel balls, at room temperature, and attempts were made to measure
      the scar diameters after 10 and 30 minutes running time. In Table III, MBT
      stands for 2-mercaptobenzothiazole, DEA stands for diethanolamine, and
      phosphate ester stands for the phosphate ester based on oleyl alcohol plus
      4 EO. As is evident from the results of Table III, wherein only
      concentrate 4 containing the 2-mercaptobenzothiazole and the phosphate
      ester yielded scar diameters, since the other three concentrates welded
      after from 2 to 9 minutes, a metalworking composition containing both a
      sulphur derivative and a phosphate ester exhibits vastly improved extreme
      pressure properties.
PAC  EXAMPLE 9
PAR  Metalworking concentrates containing the various phosphate esters described
      in Table IV prepared in a 1:1 mixture of hexylene glycol/water. These
      concentrates contained 3.0% of the phosphate ester and 1.0% of
      triethanolamine and were diluted to a 5% solution with 19 parts of a 1:1
      mixture of hexylene glycol/water.
TBL                                    TABLE III                               

     __________________________________________________________________________

     CONCENTRATE                                                               

             % MBT                                                             

                  % DEA                                                        

                       % Phosphate                                             

                               Scar Diameter, mm.                              

     NUMBER            Ester   10 min.                                         

                                     30 min.                                   

     __________________________________________________________________________

     1       0.50              Weld                                            

     2       0.50 0.70         Weld                                            

     3            0.70 3.0     Weld                                            

     4       0.50 0.70 3.0      0.625                                          

                                     0.710                                     

     __________________________________________________________________________

PAL   For each phosphate ester, a concentrate was prepared with
      2-mercaptobenzothiazole present in a concentration of 0.50% and without
      2-mercaptobenzothiazole (MBT). Shell 4-ball tests were run on these
      dilutions and scar diameters were measured after 10 and 30 minutes running
      time at a load of 100 kg, 1500 rpm, and room temperature, using 52100
      steel balls. Also one run was made in a hexylene glycol/water solution
      containing only 0.50% of 2-mercaptobenzothiazole (MBT). The results are
      listed in Table IV.
PAC  EXAMPLE 10
PAR  An emulsifiable metalworking concentrate was prepared by adding 30 g of
      phosphate ester based on oleyl alcohol plus 4 EO, 130 g of nonionic
      surfactant (Igepal CO-430), 6.8 g of diethanolamine, and 10.0 g of the
      zinc salt of 2-mercaptobenzothiazole. This mixture was heated with
      stirring to 120.degree.C until a clear solution was obtained. Then 8232 g
      of 100 SUS solvent refined naphthenic pale oil was added and the mixture
      was stirred until uniform and allowed to cool to room temperature, giving
      a clear, stable, emulsifiable concentrate. A 5% emulsion of this
      concentrate showed no creaming or bottom separation after standing for 24
      hours at room temperature. Shell 4-ball tests and Falex load tests were
      run on the 5% emulsion of this concentrate and a similar concentrate
      containing no zinc salt of 2-mercaptobenzothiazole. The Falex wear tests
      were run on a 1:3 dilution of the 5% emulsion. The resulting data are
      listed in Table V.
TBL                                    TABLE IV                                

     __________________________________________________________________________

     Antiwear Performance of Various Phosphate Esters                          

     with MBT (2-mercaptobenzothiazole)                                        

     Phosphate Ester   Shell 4-Ball Performance Scar Diameter, mm              

               Moles EO per                                                    

                       WITH MBT    WITHOUT MBT                                 

     Base      Mole of Base                                                    

                       10 min.                                                 

                             30 min.                                           

                                   10 min.                                     

                                         30 min.                               

     __________________________________________________________________________

     Dodecylphenol                                                             

               1.8     0.645 0.825 0.613 Weld                                  

     Dinonylphenol                                                             

               7.0     0.846 1.00  0.754 Weld                                  

     Dinonylphenol                                                             

               9.6     0.833 0.900 0.733 Weld                                  

     Phenol    6.0     0.908 0.971 Weld                                        

     Tridecyl alcohol                                                          

               3.0     0.679 0.896 Weld                                        

     No phosphate ester                                                        

                       Weld                                                    

     __________________________________________________________________________

TBL                TABLE V                                                     

     ______________________________________                                    

     Antiwear-EP Performance of a Phosphate Ester                              

     Plus the Zinc Salt of 2-Mercaptobenzothiazole                             

     Test             Performance Results                                      

     Test             With Zn-MBT Without Zn-MBT                               

     ______________________________________                                    

     Shell 4-Ball, Scar Dia., mm                                               

                      With Zn-MBT Without Zm-MBT                               

     ______________________________________                                    

         10 min.      0.600       0.950                                        

         30 min.      0.800       Weld                                         

     Falex Load, lbs. 3250        2000                                         

     Falex Wear, No. of Teeth                                                  

                      0           Pin Broke                                    

     ______________________________________                                    

PAR  As illustrated by the results shown in Table V, the combination of a
      phosphate ester and a zinc salt of a sulphur compound produced
      satisfactory results. The concentration containing both the phosphate
      ester and the zinc salt was also tested for rust inhibition as described
      in Example 7. After 24 hours, no rust was observed on chips treated with
      the metalworking fluid containing both the phosphate ester and the zinc
      salt of 2-mercaptobenzothiazole, while rusting was observed on the chips
      immersed in the fluid containing no sulphur-containing compound.
PAC  EXAMPLE 11
PAR  Concentrates containing no oil were prepared by blending 16.9 g of
      phosphate ester, 73.4 g of a nonionic surfactant (Igepal CO-430), 4.07 g
      of diethanolamine, and 5.64 g of either 2-mercaptobenzothiazole or its
      zinc salt and heating to about 100.degree.- 120.degree.C with stirring. A
      clear, stable concentrate was formed which was readily dilutable with oil
      to form an emulsifiable concentrate and yielded metalworking emulsions
      having properties identical with those previously described.
PAC  EXAMPLE 12
PAR  An oil-base metalworking fluid was prepared by adding to the base oil 0.50%
      of the phosphate ester based on oleyl alcohol plus 4 EO and 0.10%
      elemental sulphur. This fluid was tested as above and gave a Falex load of
      4250 pounds, and Shell 4-ball scar diameters of 0.596 mm for at least 10
      minutes and 0.693 mm for at least 30 minutes.
PAR  A similar fluid was prepared containing only 0.50% of the phosphate ester.
      This fluid yielded a Falex load of only 1750 pounds and scar diameters of
      0.588 mm (10 minutes) and 0.696 mm (30 minutes) were measured. A similar
      fluid was also prepared containing only 0.10% elemental sulphur. This
      fluid yielded a Falex load of only 1000 pounds and a scar diameter of
      greater than 1.0 mm after 10 minutes running time. From these results, it
      is apparent that the combination of the phosphate ester with the elemental
      sulphur gave a great improvement in the Falex load carrying capacity of
      the metalworking fluid.
PAC  EXAMPLE 13
PAR  An oil-base metalworking fluid was prepared by adding to the oil base 0.50%
      of the phosphate ester based on oleyl alcohol plus 4 EO and 0.10% dibenzyl
      disulfide. This oil passed a Falex load of 2250 pounds while the fluid
      containing only 0.10% dibenzyl disulfide passed a Falex load of only 500
      pounds, showing again that improvement was obtained when a combination of
      a phosphate ester and a sulphur-containing compound was used.
PAC  EXAMPLE 14
PAR  An emulsifiable metalworking concentrate was prepared by adding 60 g of 100
      SUS solvent refined pale oil, 6.7 g of the phosphate ester based on oleyl
      alcohol plus 4 EO, 10 g of sulphurized sperm oil containing 11.5% sulphur,
      10 g of nonionic surfactant (Igepal CO-430) and 13.3 g of nonionic
      surfactant (Triester of oleyl plus 7 EO).
PAR  A similar concentrate was prepared in which the sulphurized sperm oil was
      omitted and in its place, an additional 10 g of 100 SUS solvent refined
      pale oil was used. Both these concentrates were clear and stable and 5%
      emulsions prepared from these concentrates were also stable, showing no
      creaming or bottom separation in 24 hours standing at room temperature.
      Shell 4-ball tests and Falex load tests were run on these 5% emulsions and
      Falex wear tests were run on 1:10 dilutions of the 5% emulsion. The tests
      were run under the same conditions as those described previously and the
      results are shown in Table VI below.
PAC  EXAMPLE 15
PAR  An emulsifiable metalworking concentrate was prepared by adding 7.0 g of
      100 SUS solvent refined naphthenic pale oil, 1.0 g of the phosphate ester
      prepared from oleyl alcohol plus 4 EO, 1.0 g of annonionic emulsifier
      (Igepal CO-430), and 1.0 g of a sulphurized sperm oil containing 11.5%
      sulphur to a bottle, warming for 3 to 5 minutes with shaking to give a
      clear, stable concentrate. A 5% emulsion was prepared by diluting this
      concentrate with tap water. This emulsion was stable, showing no
      separation after 24 hours at room temperature. Falex wear tests were run
      on a 1:10 dilution of this 5% emulsion at a jaw load of 1500 pounds and
      gave zero teeth wear.
TBL                TABLE VI                                                    

     ______________________________________                                    

     Performance of Phosphate Ester with Sulphurized Sperm Oil                 

                   Performance                                                 

                  With             Without                                     

                  Sulphurized      Sulphurized                                 

     Test         Sperm Oil        Sperm Oil                                   

     ______________________________________                                    

     Shell 4-Ball                                                              

     Scar Diameter, mm                                                         

      10 min.     0.617            0.650                                       

      30 min.     0.775            0.825                                       

     Falex Load                                                                

      Load passed, lbs.                                                        

                  4250             4000                                        

     Falex Wear                                                                

      No. of Teeth                                                             

                  18               200                                         

     ______________________________________                                    

PAL  when a similar formulation was prepared omitting the sulphurized sperm oil,
      the pin broke after 6 minutes at 1500 pounds in the Falex wear test,
      demonstrating the superior performance of the combination of products.
PAC  EXAMPLE 16
PAR  An emulsifiable metalworking concentrate was prepared by adding 6.4 g of a
      100 SUS solvent refined naphthenic pale oil, 2.0 g of the phosphate ester
      based on dinonylphenol plus 9.6 EO, and 1.6 g of a sulphurized sperm oil
      containing 11.5% sulphur to a bottle. The mixture was warmed slightly and
      stirred to effect complete solution. A clear, stable concentrate was
      obtained and a 5% emulsion of this concentrate in tap water was very
      stable, showing no separation after 24 hours. A Falex wear test was run on
      a 1:10 dilution of the 5% emulsion. Zero teeth wear was obtained during 15
      minutes at a 1500 pound jaw load. A similar formulation, prepared without
      the sulphurized sperm oil, broke the pin in a Falex wear test after 11
      minutes at 1500 pounds.
PAC  EXAMPLE 17
PAR  An emulsifiable metalworking concentrate was prepared without a phosphate
      ester present by adding 3.0 g of sulphurized sperm oil, 3.0 g of a
      petroleum sulfonate (Petromix No. 9), 3.0 g of a nonionic emulsifier
      (Igepal CO-430) and 21.0 g of a 100 SUS solvent refined naphthenic pale
      oil to a bottle. The concentrate formed an excellent, stable 5% emulsion.
      However, in a Falex wear test on a 1:10 dilution of the 5% emulsion, 116
      teeth wear were observed in 15 minutes at a jaw load of 1500 pounds.
      Comparison of the results of this example with those of Examples 15 and 16
      demonstrates that both the phosphate ester and sulphur-containing product
      must be present in the metalworking formulation to obtain excellent
      antiwear properties.
PAC  EXAMPLE 18
PAR  A commercially available sulphurized cutting oil containing 3/4 to 1%
      sulphur was evaluated on the Shell 4-ball tester and Falex machine. The
      balls welded after about 2 minutes at a load of 160 kg, 1500 rpm, using
      52100 steel balls in the Shell 4-ball tester. A Falex load of 4250 pounds
      was attained; the wear was 264 teeth in a Falex wear test at 1000 pounds
      jaw load. When 0.5% of the phosphate ester prepared from oleyl alcohol
      plus 4 EO was added to the oil, the Shell 4-ball scar diameters were 0.709
      mm after 10 minutes running at 160 kg load and 0.850 mm after 30 minutes.
      When 1.0% of the same phosphate ester was added, the Falex wear at 1000
      pounds was zero teeth; the pin showed no discoloration and was very
      smooth. Both tests showed, therefore, great improvement in wear
      performance upon addition of the phosphate ester to the sulphurized oil.
      Also, when 1.0 % of the phosphate ester and 1.0% of a t-C.sub.18 H.sub.37
      NH.sub.2 to t-C.sub.22 H.sub.45 NH.sub.2 amine (Primene JMT) were added,
      the Falex load increased to 4500 pounds and the Falex wear was zero teeth.
PAC  EXAMPLE 19
PAR  A metalworking oil was formulated by adding 1.0 g of the ammonium salt of
      the phosphate ester based on oleyl alcohol plus 4 EO to 99.0 g of a
      sulphurized mineral oil containing 3/4 to 1% sulphur. The oil passed 4500
      pounds jaw load without failure in the Falex load test, while the oil
      without the ammonium salt of a phosphate ester failed at 4250 pounds.
PAC  EXAMPLE 20
PAR  A metalworking oil was formulated by adding 1.0 g of the monoethanolamine
      salt of the phosphate ester of oleyl alcohol plus 4.0 EO to 99.0 g of a
      sulphurized mineral oil. The formulated oil passed 4500 pounds jaw load
      without failure while the oil without the amine salt of the phosphate
      ester failed at 4250 pounds and developed 10 pounds higher torque.
PAC  EXAMPLE 21
PAR  Three emulsifiable concentrates were prepared containing the components at
      the concentrations shown in Table VII.
PAR  Emulsions were prepared containing 5% concentrate in 60 ppm tap water and
      tested for frothing according to Federal Specification VV-C-846a, Method
      4.6.3. The emulsion based on Concentrate No. 1 broke in 1.0 minute; the
      emulsion based on Concentrate No. 2 broke in 0.5 minute; the emulsion
      based on Concentrate No. 3, containing no 2-mercaptobenzothiazole, broke
      in 2 minutes.
TBL                TABLE VII                                                   

     ______________________________________                                    

     Emulsifiable Concentrates                                                 

                  Concentrate No.                                              

     Additive       1         2         3                                      

     ______________________________________                                    

     Nonionic emulsifier                                                       

                    13.0 g    13.0 g    13.0 g                                 

     Phosphate ester .sup.(1)                                                  

                    3.0 g     3.0 g     3.0 g                                  

     2-mercaptobenzothiazole                                                   

                    0.75 g    1.25 g    0.0 g                                  

     Diethanolamine 0.72 g    0.72 g    0.72 g                                 

     Oil .sup.(2)   82.5 g    82.03 g   83.28 g                                

     ______________________________________                                    

      .sup.(1) The phosphate ester based on oleyl alcohol plus 4 EO            

      .sup.(2) A 100 SUS solvent refined naphthenic pale oil                   

PAL  This shows that composition containing both the phosphate ester and the
      2-mercaptobenzothiazole are effective in diminishing emulsion foaming.
PAC  EXAMPLE 22
PAR  An oil-base metalworking fluid was prepared by adding to a mineral oil
      0.50% of the phosphate ester based on oleyl alcohol plus 4.0 EO and 0.10%
      sulphur. Complete solution was effected by stirring at room temperature.
      This product gave Shell 4-ball scar diameters of 0.596 and 0.693 mm when
      tested for 10 and 30 minutes respectively, at 100 kg load at 250 F, using
      a spindle speed of 1500 rpm, and 52100 steel balls. A Falex load of 4000
      pounds was obtained using standard pin and blocks.
PAR  When only sulphur was added to the same base oil, the Shell 4-ball scar
      diameter was greater than 1.00 mm in 10 minutes under the same conditions
      of test; the Falex load passed was only 750 pounds.
PAC  EXAMPLE 23
PAR  An oil-base metalworking fluid was prepared by adding to a mineral oil
      0.50% of the phosphate ester based on oleyl alcohol plus 4.0 EO and 0.10%
      dibenzyl disulfide. A Falex load of 2250 pounds was obtained. Mineral oil
      containing only 0.1% dibenzyl disulfide gave a Falex load of only 500
      pounds.
PAC  EXAMPLE 24
PAR  In the emulsifiable metalworking concentrates of Example 10, the sulphur
      compound was replaced with:
PA1  a. 2-mercaptothiazole;
PA1  b. 4,5-dimethyl-2-mercaptothiazole;
PA1  c. 5-amido-2-mercaptobenzothiazole;
PA1  d. 2,2'-dithiobis (thiazole)
PA1  e. 2,2'-dithiobis (benzothiazole)
PA1  f. the polysulfide of 2-mercaptobenzothiazole;
PA1  g. 2-mercaptonaphthothiazole;
PA1  h. diphenyl sulfide; and
PA1  i. di-t-butyl sulfone.
PAL  Similar results were obtained with each of the above compounds.
PAR  As can readily be seen from the foregoing examples, metalworking
      compositions containing a phosphate ester and a sulphur-containing
      compound exhibit vastly improved extreme pressure, antiwear,
      foam-inhibiting and rust-inhibiting properties. While the compositions of
      this invention have been illustrated by the foregoing examples, the
      compositions of this invention are to be limited only by the appended
      claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An additive composition for imparting a combination of extreme pressure,
      antiwear and corrosion-inhibiting properties to a metalworking
      composition, said additive comprising:
PA1  a. a phosphate ester having the following formula:
      ##EQU4##
       wherein EO is ethylene oxide; R is selected from the group consisting of
      linear or branched chain alkyl groups having from 6 to 30 carbon atoms,
      phenyl, alkylphenyl, wherein the alkyl group has from 1 to 10 carbon
      atoms, and dialkyl phenyl wherein the alkyl groups have a total of from 2
      to 20 carbon atoms; X is selected from hydrogen, ammonium, amines and
      metals from groups I-A, I-B, II-A and II-B of the periodic table; n is a
      number from 0 to 50; a is 1, 2 or 3, and b is 0, 1 or 2 with the proviso
      that said a plus said b equals 3; and
PA1  b. a sulphur-containing compound selected from the group consisting of
      elemental sulphur; sulphurized mineral oils; 2-mercaptobenzothiazole;
      5-substituted, 6-substituted and 7-substituted 2-mercaptobenzothiazole
      wherein the substituent is selected from the group consisting of chloro,
      bromo, sulfonic acid, amido, methyl, carboxylic acid, and ethoxy;
      2-mercaptobenzothiazole derivatives having the following formula:
      ##SPC4##
PA1   wherein X is selected from hydrogen, hydroxymethyl and metals of groups
      I-A, I-B, II-A and II-B of the periodic table; derivatives of
      2-mercaptothiazole having the formula:
      ##SPC5##
PA1   wherein X is selected from hydrogen, hydroxymethyl and metals from groups
      I-A, I-B, II-A and II-B of the periodic table; R is selected from hydrogen
      and an alkyl group having from 1 to 10 carbon atoms; and R.sub.1 is
      selected from hydrogen, an alkyl group having from 1 to 10 carbon atoms,
      carboxy,
      ##EQU5##
NUM  2.
PAR  2. 2'-dithiobisthiazole and derivatives thereof having the following
      formula:
      ##SPC6##
PA1   wherein R.sub.2, R.sub.3, R.sub.4 and R.sub.5 are selected from the group
      consisting of hydrogen and an alkyl group having from 1 to 10 carbon
      atoms; 2,2'-dithiobis(benzothiazole) and 5,5', 6,6', and 7,7' substituted
      derivatives thereof wherein the substituent is taken from a group
      consisting of dichloro, dibromo, disulfonic acid, diamido, dimethyl,
      dicarboxylic acid, and diethoxy; 2-mercaptonaphthiazole;
      2,2'-dithiobis(naphthothiazole); diphenyl sulfide; diphenyl disulfide and
      di-tert-butyl sulfone, the weight ratio of said phosphate ester to said
      sulphur-containing compound being in a range of from about 25:1 to about
      1:1 based on the weight of sulphur in said sulphur-containing comoound,
      said additive composition containing at least about 0.005% sulphur by
PAR   weight, based on the total weight of said additive composition. 2. The
      additive composition of claim 1 wherein the ratio of phosphate ester to
      sulphur-containing compound is from 10:1 to 1:1 by weight based on the
      sulphur content of the sulphur-containing compound and wherein R of the
      formula of (a) is selected from the group consisting of a linear alkyl
      group having from 6 to 20 carbon atoms, an alkyl phenyl group, the alkyl
      group having from 1 to 14 carbon atoms, and phenyl; n is a number from 1
      to 10; and X is selected from hydrogen, ammonium, diethanolamine, and
      triethanolamine.
NUM  3.
PAR  3. The composition of claim 2 in which said sulphur-containing compound
      comprises 2-mercaptobenzothiazole.
NUM  4.
PAR  4. The composition of claim 2 in which the sulphur-containing compound
      comprises 5-substituted, 6-substituted and 7-substituted
      2-mercaptobenzothiazole wherein the substituent is selected from the group
      consisting of chloro, bromo, sulfonic acid, amido, methyl, carboxylic
      acid, and ethoxy.
NUM  5.
PAR  5. The composition of claim 2 in which the sulphur-containing compound
      comprises 2-mercaptobenzothiazole derivatives having the following
      formula:
      ##SPC7##
PAL  wherein X is selected from hydrogen, hydroxymethyl and metals of groups
      I-A, I-B, II-A and II-B of the periodic table.
NUM  6.
PAR  6. The composition of claim 2 in which the sulphur-containing compound
      comprises 2,2'-dithiobisthiazole and derivatives thereof having the
      following formula:
      ##SPC8##
PA1   wherein R.sub.2, R.sub.3, R.sub.4 and R.sub.5 are selected from the group
      consisting of hydrogen and an alkyl group having from 1 to 10 carbon
      atoms.
NUM  7.
PAR  7. The composition of claim 2 in which the sulphur-containing compound
      comprises 2,2'-dithiobis(benzothiazole) and 5,5', 6,6', and 7,7'
      substituted derivatives thereof wherein the substituent is taken from a
      group consisting of dichloro, dibromo, disulfonic acid, diamido, dimethyl,
      dicarboxylic acid, and diethoxy.
NUM  8.
PAR  8. The composition of claim 2 in which the sulphur-containing compound
      comprises diphenyl sulfide.
NUM  9.
PAR  9. The composition of claim 2 in which the sulphur-containing compound
      comprises elemental sulphur.
NUM  10.
PAR  10. The composition of claim 2 in which the sulphur-containing compound
      comprises sulphurized mineral oils.
NUM  11.
PAR  11. An improved metalworking composition comprising:
PA1  a. a phosphate ester having the following formula:
      ##EQU6##
       wherein EO is ethylene oxide; R is selected from the group consisting of
      linear or branched chain alkyl groups having from 6 to 30 carbon atoms,
      phenyl, alkylphenyl, wherein the alkyl groups have a total of from 2 to 20
      carbon atoms; X is selected from hydrogen, ammonium, amines and metals
      from groups I-A, I-B, II-A and II-B of the periodic table; n is a number
      from 0 - 50; a is 1, 2 or 3, and b is 0, 1 or 2 with the proviso that said
      a plus said b equals 3;
PA1  b. a sulphur-containing compound selected from the group consisting of
      elemental sulphur; sulphurized mineral oils; 2-mercaptobenzothiazole;
      5-substituted, 6-substituted and 7-substituted 2-mercaptobenzothiazole
      wherein the substituent is selected from the group consisting of chloro,
      bromo, sulfonic acid, amido, methyl, carboxylic acid, and ethoxy;
      2-mercaptobenzothiazole derivatives having the following formula:
      ##SPC9##
PA1   wherein X is selected from hydrogen, hydroxymethyl and metals of groups
      I-A, I-B, II-A and II-B of the periodic table; derivatives of
      2-mercaptothiazole having the formula:
      ##SPC10##
PA1   wherein X is selected from hydrogen, hydroxymethyl and metals from groups
      I-A, I-B, II-A and II-B of the periodic table; R is selected from hydrogen
      and an alkyl group having from 1 to 10 carbon atoms; and R.sub.1 is
      selected from hydrogen, an alkyl group having from 1 to 10 carbon atoms,
      carboxy,
      ##EQU7##
PAR    2. 2'-dithiobisthiazole and derivatives thereof having the following
      formula:
      ##SPC11##
PA1   wherein R.sub.2, R.sub.3 R.sub.4 and R.sub.5 are selected from the group
      consisting of hydrogen and an alkyl group having from 1 to 10 carbon
      atoms, 2,2'-dithiobis(benzothiazole) and 5,5', 6,6', and 7,7' substituted
      derivatives thereof wherein the substituent is taken from a group
      consisting of dichloro, dibromo, disulfonic acid, diamido, dimethyl,
      dicarboxylic acid, and diethoxy; 2-mercaptonaphthothiazole;
      2,2'-dithiobis(naphthothiazole); diphenyl sulfide; diphenyl disulfide and
      di-tert-butyl sulfone; and
PA1  c. an oil based lubricating vehicle, the weight ratio of said phosphate
      ester to said sulphur-containing compound being in the range of from about
      25:1 to about 1:1 based on the weight of sulphur in said
      sulphur-containing compound and said composition containing at least about
      0.0015% sulphur by weight, based on the total weight of said metalworking
      composition, whereby the metalworking composition has a desirable
      combination of extreme pressure, antiwear and corrosion-inhibiting
      properties.
NUM  12.
PAR  12. The metalworking composition of claim 11 wherein the ratio of phosphate
      ester to sulphur-containing compound is from 10:1 to 1:1 by weight based
      on the sulphur content of the sulphur-containing compound, wherein R is
      selected from the group consisting of a linear alkyl group having from 6
      to 20 carbon atoms, an alkyl phenyl group, the alkyl group having from 1
      to 14 carbon atoms, and phenyl; n is a number from 1 to 10; and X is
      selected from hydrogen, ammonium, diethanolamine, and triethanolamine and
      in which said composition contains at least about 0.10% sulphur by weight,
      based on the total weight of said metalworking composition.
NUM  13.
PAR  13. The metalworking composition of claim 12 wherein said vehicle is
      selected from the group consisting of a mineral oil, a glycol, a mineral
      oil-water mixture and a glycol-water mixture.
NUM  14.
PAR  14. The metalworking composition of claim 13 wherein the vehicle is a
      hexylene glycol-water mixture.
NUM  15.
PAR  15. The metalworking composition of claim 12 in which said
      sulphur-containing compound comprises 2-mercaptobenzothiazole.
NUM  16.
PAR  16. The metalworking composition of claim 13 in which the
      sulphur-containing compound comprises 5-substituted, 6-substituted and
      7-substituted 2-mercaptobenzothiazole wherein the substituent is selected
      from the group consisting of chloro, bromo, sulfonic acid, amido, methyl,
      carboxylic acid, and ethoxy.
NUM  17.
PAR  17. The metalworking composition of claim 13 in which the
      sulphur-containing compound comprises 2-mercaptobenzothiazole derivatives
      having the following formula:
      ##SPC12##
PA1   wherein X is selected from hydrogen, hydroxymethyl and metals of groups
      I-A, I-B, II-A and II-B of the periodic table.
NUM  18.
PAR  18. The metalworking composition of claim 13 in which the
      sulphur-containing compound comprises 2,2'-dithiobisthiazole and
      derivatives thereof having the following formula:
      ##SPC13##
PA1   wherein R.sub.2, R.sub.3, R.sub.4 and R.sub.5 are selected from the group
      consisting of hydrogen and an alkyl group having from 1 to 10 carbon
      atoms.
NUM  19.
PAR  19. The metalworking composition of claim 13 in which the
      sulphur-containing compound comprises 2,2'-dithiobis(benzothiazole) and
      5,5', 6,6', and 7,7' substituted derivatives thereof wherein the
      substituent is taken from a group consisting of dichloro, dibromo,
      disulfonic acid, diamido, dimethyl, dicarboxylic acid, and diethoxy.
NUM  20.
PAR  20. The metalworking composition of claim 13 in which the
      sulphur-containing compound comprises diphenyl sulfide.
NUM  21.
PAR  21. The metalworking composition of claim 13 in which the
      sulphur-containing compound comprises elemental sulphur.
NUM  22.
PAR  22. The metalworking composition of claim 13 in which the
      sulphur-containing compound comprises sulphurized mineral oil.
NUM  23.
PAR  23. A metalworking process which comprises working metal in the presence of
      the metalworking composition of claim 13.
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ABST
PAL  Functional fluid lubricating oil compositions are provided which comprise
      (A) a major amount of an oil of lubricating viscosity, and (B) an
      effective amount of each of the following: (1) an alkenyl succinimide, (2)
      a Group II metal salt of a dihydrocarbyl dithiophosphoric acid, (3) a
      compound selected from the group consisting of (a) fatty acid esters of
      dihydric and other polyhydric alcohols, and oil soluble oxyalkylated
      derivatives thereof, (b) fatty acid amides of low molecular weight amino
      acids, (c) N-fatty alkyl-N,N-diethanol amines, (d) N-fatty
      alkyl-N,N-di(ethoxyethanol) amines, (e) N-fatty alkyl-N,N-di-poly(ethoxy)
      ethanol amines, and (f) mixtures thereof, and (4) a basic sulfurized
      alkaline earth metal alkyl phenate. Such lubricating compositions are
      useful as functional fluids in systems requiring fluid coupling, hydraulic
      fluid and/or lubrication of relatively moving parts. The lubricating
      compositions of the invention are particularly useful as the functional
      fluid in automatic transmissions, particularly in passenger automobiles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to lubricating oil compositions, particularly to
      lubricating oil compositions useful as functional fluids in systems
      requiring fluid coupling, hydraulic fluid, and/or lubrication of
      relatively moving parts. In a preferred embodiment, this invention relates
      to a lubricating oil composition useful as the functional fluid in
      automatic transmissions, particularly automatic transmissions used in
      passenger automobiles.
PAR  The trend today is towards longer and longer periods of time between
      servicing of the modern passenger automobile. This trend includes
      servicing of the automatic transmission. Automobile manufacturers, for the
      convenience of their customers, are seeking to extend the time between
      fluid changes in the automatic transmission to greater and greater
      mileages.
PAR  Automatic transmission fluids are required to have a variety of desirable
      characteristics besides acting as a satisfactory fluid coupling or torque
      converter. Among these are allowing the transmission to shift smoothly,
      allowing the transmission to lock up during a shift from one speed to
      another within a certain specified period of time, and lubricating
      relatively moving parts such as bearing surfaces and clutch plates.
PAR  An automatic transmission is a complicated piece of machinery. It includes
      a turbine drive unit with a torque converter and one or more clutches
      which are engaged and disengaged automatically by an intricate hydraulic
      control unit. In a typical automatic transmission, the clutches are made
      up of alternating steel plates and steel plates faced on both sides with a
      friction material such as compressed paper.
PAR  To achieve a smooth shift, the clutch plates are not abruptly engaged, but
      are compressed together at a controlled rate, with pressure varying with
      speed and torque. Therefore, for a finite measurable period of time, the
      friction facings and steel surfaces are in relative motion until complete
      engagement occurs. The time lapse between when shifting begins and
      relative motion between the plates ceases is called the time to lock up.
PAR  This time to lock up is an important specification to be met in qualifying
      an automatic transmission fluid for use in the transmission of an
      automobile manufacturer. In order to not cause a great strain on the drive
      train and obtain a smooth shift, maximum and minimum times to lock up are
      specified.
PAR  An automatic transmission should not emit noises when it shifts. This
      problem is most noticeable in certain transmissions; especially when they
      are used with high output engines (e.g., 400 cubic inches displacement and
      larger). It occurs during manual shifting (e.g., Park to Drive, Park to
      Reverse, Drive to Reverse, etc.) of the transmission. The noise emitted is
      generally described as a "clunk."
PAR  The functional fluid used in automatic transmissions is subjected to very
      severe conditions of use. The temperature of the automatic transmission
      fluid under normal operating conditions will reach 275.degree.F. Under
      more severe conditions, such as during climbing hills, trailer towing,
      stop-and-go traffic in the metropolitan areas, etc., the fluid temperature
      can increase significantly above this, up to, for example, 325.degree.F
      and higher. In addition, the fluid is constantly being pumped and
      agitated, thereby being brought into intimate contact with the atmosphere
      within the automatic transmission. Fresh air and atmospheric moisture are
      constantly introduced through the transmission housing breather tube.
      Under these conditions of high temperature and thorough mixing, the fluid
      tends to be oxidized, forming undesirable contaminants in the fluid, and
      modifying or impairing the desirable characteristics of the fluid.
PAR  The degradation products which are produced during use cause the
      characteristics of the functional fluid to change. The smoothness of the
      shift can be lost and the time it takes the transmission to lock up during
      a shift from one speed to another increases. As will be appreciated, when
      the lock-up time increases, the clutch facings are in relative motion to
      each other for a greater period of time, thereby allowing for the
      possibility of greater wear, higher clutch facing temperatures, and
      greater heat input to the fluid.
PAR  Eventually, the time to lock up will increase until it becomes too long to
      be acceptable. Prior to this point, the automatic transmission fluid must
      be changed to avoid permanent damage to clutches and/or bands.
PAR  In addition to the possibility of permanent damage to friction members, the
      degraded oil contains various contaminants which can either coagulate and
      settle out or plate out as a film throughout the transmission. This is
      particularly detrimental in the small passages and close-fitting spool
      valves of the hydraulic control unit where a small amount of deposit can
      significantly change the size of the openings, cause sluggish valve
      movement thereby changing flow rates and pressures which, in turn, can
      markedly affect the performance of the entire transmission. In addition,
      if particles or lumps form in the fluid, they could completely block small
      openings such as in screens or filters and totally inpair the function of
      the transmission.
PAR  What is needed for the modern day automatic transmission is a fluid which
      is stable over an extended use interval, retains its shifting
      characteristics over this interval and reduces or eliminates noise
      generation and emission in the transmission.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Using amines and amine salts including hydroxy-alkyl amines in lubricating
      compositions is known. See Stuart and Lowe, U.S. Pat. No. 2,758,086.
      Lubricating oil compositions containing heterocyclic nitrogen-containing
      detergent polymers, oil-soluble salts of amino-imides of long-chain
      mono-substituted polymeric hydrocarbyl succinic anhydrides and
      thiophosphates are described in Henderson et al, U.S. Pat. No. 3,265,618.
PAR  Using metal salts of phosphorodithioic acid to improve the oxidative
      stability of lubricating compositions has been often disclosed. See, for
      example, Meinhardt, U.S. Pat. No. 3,347,790, and Rutherford et al., U.S.
      Pat. No. Re. 22,829. The combination of N,N-dialkyl aminoalkylene alkenyl
      succinimides and metal dithiophosphates are disclosed as being good
      detergent combinations in crankcase lubricating oils which prevent the
      formation of sludges and varnishes without contributing to the deposit of
      large amounts of ash in the combustion chamber are described in Anderson
      et al., U.S. Pat. No. 3,018,247.
PAR  "Lubricating Oil Compositions suitable for use as automatic transmission
      fluids" are described in Butler et al., U.S. Pat. 3,396,109. These
      compositions, which contain the reaction product of a dihydrocarbyl
      phosphonodithioic acid with an amine, are described as oxidation
      inhibitors and anti-wear agents.
PAR  Lube oil compositions containing a basic alkaline earth metal petroleum
      sulfonate, a copolymer of C-vinyl pyridine and an alkyl methacrylate, and
      a succinimide of mono(polyolefin)succinic anhydride and a polyalkylene
      polyamine have been described as useful as turbine oils, gear oils, etc.,
      in Henderson, U.S. Pat. No. 3,438,897. These compositions can optionally
      contain zinc dialkyl dithiophosphate.
PAR  Automatic transmission fluids containing an oxyalkylated tertiary amine, a
      substituted imidazoline, and a polyalkenyl-substituted succinimide are
      disclosed in Bickham, U.S. Pat. No. 3,634,256. Bickham says the
      oxyalkylated tertiary amine and the substituted imidazoline interact to
      change the shape of the friction curve.
PAC  SUMMARY OF THE INVENTION
PAR  The lubricating oil compositions of this invention comprise (a) a major
      amount of an oil of lubricating viscosity, and (b) an effective amount of
      each of the following: (1) an alkenyl succinimide, (2) a Group II metal
      salt of a dihydrocarbyl dithiophosphoric acid, (3) a compound selected
      from the group consisting of (a) fatty acid esters of dihydric alcohols,
      (b) fatty acid esters of other polyhydric alcohols, (c) oil-soluble
      oxyalkylated derivatives of fatty acid esters of dihydric alcohols, (d)
      oil-soluble oxyalkylated derivatives of fatty acid esters of polyhydric
      alcohols, (e) fatty acid amides of low molecular weight amino acids, (f)
      N-fatty alkyl-N,N-diethanol amines, (g) N-fatty
      alkyl-N,N-di-(ethoxyethanol) amines, (h) N-fatty alkyl-N,N-di-poly(ethoxy)
      ethanol amines, and (i) mixture thereof, and (4) a basic sulfurized
      alkaline earth metal alkyl phenate. These lubricating oil compositions are
      useful as the functional fluids in systems requiring fluid coupling,
      hydraulic fluids and/or lubrication of relatively moving parts. These
      fluids are particularly valuable since their useful life is significantly
      greater than functional fluids currently available.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  As described above, the extended life functional fluid compositions of this
      invention comprise a major amount of aan oil of lubricating viscosity and
      an effective amount of each of: an alkenyl succinimide; a Group II metal
      salt of a dihydrocarbyl dithiophosphoric acid; a compound selected from
      fatty acid esters of dihydric or other polyhydric alcohols, oil-soluble
      oxyalkylated derivatives of fatty acid esters of dihydric or other
      polyhydric alcohols, fatty acid amides of low molecular amino acids,
      N-fatty alkyl-N,N-diethanol amines and oil-soluble oxyalkylated
      derivatives thereof, and mixtures thereof; and, a basic sulfurized
      alkaline earth metal alkyl phenate.
PAR  The alkenyl succinimide is present to, among other things, act as a
      dispersant and prevent formation of deposits formed during operation of
      the system containing the functional fluid. Alkenyl succinimides are well
      known. They are the reaction product of a polyolefin polymer-substituted
      succinic anhydride with an amine, preferably a polyalkylene polyamine. The
      polyolefin polymer-substituted succinic anhydrides are obtained by
      reaction of a polyolefin polymer or a derivative thereof with maleic
      anhydride. The succinic anhydride thus obtained is reacted with the amine.
      The preparation of the alkenyl succinimides has been described many times
      in the art. See, for example, U.S. Pat. No. 3,390,082, in Cols. 2 through
      6, wherein such a description is set forth. Many of the alkenyl
      succinimides prepared by the techniques set forth therein are suitable for
      use in the present invention.
PAR  Particularly good results are obtained with the lubricating oil
      compositions of this invention when the alkenyl succinimide is a
      polyisobutene-substituted succinic anhydride of a polyalkylene polyamine.
PAR  The polyisobutene from which the polyisobutene-substituted succinic
      anhydride is obtained by polymerizing isobutene and can vary widely in its
      compositions. The average number of carbon atoms can range from 30 or less
      to 250 or more, with a resulting number average molecular weight of about
      400 or less to 3,000 or more. Preferably, the average number of carbon
      atoms per polyisobutene molecule will range from about 50 to about 100
      with the polyisobutenes having a number average molecular weight of about
      600 to about 1,500. More preferably, the average number of carbon atoms
      per polyisobutene molecule ranges from about 60 to about 90, and the
      number average molecular weight ranges from about 800 to 1,300. The
      polyisobutene is reacted with maleic anhydride according to well-known
      precedures to yield the polyisobutene-substituted succinic anhydride.
PAR  The substituted succinic anhydride is reacted with a polyalkylene polyamine
      to yield the corresponding succinimide. Each alkylene radical of the
      polyalkylene polyamine usually has up to about 8 carbon atoms. The number
      of alkylene radicals can range up to about 8. The alkylene radical is
      exemplified by ethylene, propylene, butylene, trimethylene,
      tetramethylene, pentamethylene, hexamethylene, octamethylene, etc. The
      number of amino groups generally, but not necessarily, is one greater than
      the number of alkylene radicals present in the amine, i.e., if a
      polyalkylene polyamine contains 3 alkylene radicals, it will usually
      contain 4 amino radicals. The number of amino radicals can range up to
      about 9. Preferably, the alkylene radical contains from about 2 to about 4
      carbon atoms and all amine groups are primary or secondary. In this case,
      the number of amine groups exceeds the number of alkylene groups by 1.
      Preferably the polyalkylene polyamine contains from 3 to 5 amine groups.
      Specific examples of the polyalkylene polyamines include ethylenediamine,
      diethylenetriamine, triethylenetetramine, propylenediamine,
      tripropylenetetramine, tetraethylenepentamine, trimethylenediamine,
      pentaethylenehexamine, di-(trimethylene)triamine,
      tri(hexamethylene)tetramine, etc.
PAR  Other amines suitable for preparing the alkenyl succinimide useful in this
      invention include the cyclic amines such as piperizine, morpholine and
      dipiperizines.
PAR  Preferably the alkenyl succinimides used in the compositions of this
      invention have the following formula:
      ##EQU1##
      wherein:
PAR  a. R1 represents an alkenyl group, preferably a substantially saturated
      hydrocarbon prepared by polymerizing aliphatic mono-olefins. Preferably R1
      is prepared from isobutene and has an average number of carbon atoms and a
      number average molecular weight as described above.
PAR  b. the "Alkylene" radical represents a substantially hydrocarbyl group
      containing up to about 8 carbon atoms and preferably containing from about
      2-4 carbon atoms as described hereinabove.
PAR  c. A represents a hydrocarbyl group, an amine-substituted hydrocarbyl
      group, or hydrogen. The hydrocarbyl group and the amine-substituted
      hydrocarbyl groups are generally the alkyl and amino-substituted alkyl
      analogs of the alkylene radicals described above. Preferably A represents
      hydrogen.
PAR  d. n represents an integer of from about 1 to 10, and preferably from about
      3-5.
PAR  The alkenyl succinimide is present in the lubricating oil compositions of
      the invention in an amount effective to act as a dispersant and prevent
      the deposit of contaminants formed in the oil during operation of the
      system containing the functional fluid. This effective amount can vary
      widely and is relatively high compared to the levels of alkenyl
      succinimide normally used in lubricating oils. For example, the amount of
      alkenyl succinimide can range from about 1.4 percent to about 4 percent
      weight of the total lubricating oil composition. Preferably the amount of
      alkenyl succinimide present in the lubricating oil composition of the
      invention ranges from about 1.75 to about 2.25 percent by weight of the
      total composition.
PAR  As discussed above, the lubricating oil compositions of the invention
      contain a Group II metal salt of a dihydrocarbyl dithiophosphoric acid.
      One function of this salt is to act as an oxidation inhibitor thereby
      preventing the formation of a variety of oxygenated hydrocarbon products
      which impair the usefulness and shorten the useful life of the lubricating
      oil.
PAR  As stated above, the temperatures to which the functional fluids or
      automatic transmissions are subjected are often severe. Under these
      thermally severe conditions, not only is the lubricating oil quite prone
      to oxidation, but antioxidant additives quite often undergo thermal
      degradation. Accordingly, for a functional fluid to have an extended
      useful life, the oxidation inhibitor added to the lubricating oil must
      have good thermal stability at these relatively high tempatatures, or its
      thermal degradation products must also exhibit antioxidation properties.
PAR  It has now been found that the above-mentioned Group II metal salts of
      dihydrocarbyl dithiophosphoric acids exhibit thantioxidant and thermal
      stability properties required for the severe service proposed. Group II
      metal salts of phosphorodithioic acids have been described previously,
      See, for example, U.S. Pat. No. 3,390,080, cols. 6 and 7, wherein these
      compounds and their preparation are described generally. Suitably, the
      Group II metal salts of the dihydrocarbyl dithiophosphoric acids useful in
      the lubricating oil composition of this invention contain from about 4 to
      about 12, preferably 4 to 8 carbon atoms in each of the hydrocarbyl
      radicals. An excellent antioxidant is obtained when the hydrocarbyl
      radicals are the remainder of mixed primary octanols. Another excellent
      antioxidant is obtained from a mixture of isobutyl alcohol and mixed
      primary hexanols. The metals suitable for forming these salts include
      barium, calcium, strontium, zinc and cadmium, of which zinc is preferred.
PAR  Preferably, the Group II metal salt of a dihydrocarbyl dithiophosphoric
      acid has the following formula:
      ##EQU2##
      wherein:
PAR  e. R2 and R3 each independently represent hydrocarbyl radicals as described
      above, and
PAR  f. M1 represents a Group II metal cation as described above.
PAR  The dithiophosphoric salt is present in the lubricating oil compositions of
      this invention in an amount effective to inhibit the oxidation of the
      lubricating oil. This effective amount can vary widely and typically
      ranges from about 0.5 to about 1.5 percent by weight of the total
      composition, preferably the salt is present in an amount ranging from
      about 0.75 to about 1.0 percent by weight of the total lubricating oil
      composition.
PAR  The lubricating oil compositions of the invention contain one or more
      compounds which act principally as a friction modifier to give the
      lubricating oil the proper frictional characteristics. These frictional
      characteristics are particularly important where the functional fluid is
      to be used in automatic transmissions. The frictional properties of the
      oil are an important factor in how the oil-lubricated clutch plates lock
      up during shifting. Each manufacturer of automaatic transmissions
      specifies certain lock-up characteristics for the transmissions he
      manufactures. Various friction modifiers are introduced into the
      functional fluid to give the oil the proper characteristics to meet the
      "shift feel" requirements of various manufacturers. "Shift feel" is, to
      some extent, a subjective judgement made by the auto manufacturers.
      However, it can be analyzed objectively by the effect the friction
      modifier has on the static and kinetic coefficients of friction of the
      oil. The friction modifiers used in the oils of this invention allow
      custom design of these coefficients to meet the requirements of the
      various auto manufacturers.
PAR  The friction modifiers used in the lubricating oil compositions of the
      invention include the fatty acid esters of dihydric and other polyhydric
      alcohols and oil-soluble oxyalkylated derivatives of these esters.
PAR  The fatty acid moiety must be of sufficient length to make the ester oil
      soluble. Suitably, the fatty acid moiety contains from 12 to 20 carbon
      atoms exclusive of oxyalkylation, which can be in a branched, but
      preferably are in a predominately straight chain containing from zero to
      one, preferably one, site of olefinic unsaturation. The fatty acid moiety
      is conveniently derived from naturally occurring substances. For example,
      castor oil is predominately a triglyceride in which the esterified acids
      are more than 85% mono- and dihydroxy-substituted 18 carbon atom acids
      with 0-1 sites of olefinic unsaturation.
PAR  In a preferred embodiment of this invention, the fatty acid ester has one
      of the following formulae:
      ##EQU3##
      wherein:
PAR  g. R4 represents an alkylene or alkenylene, preferably substantially
      straight chain, containing from 10 to 18, preferably 14-16 carbon atoms
      and zero to one, preferably one site of olefinic unsaturation, such as the
      alkenylene necessary to complete oleic acid:
PAR  h. R5 represents the remainder of a dihydric or polyhydric alcohol
      containing from 2 to 5 carbon atoms and 2 to 4 hydroxyl groups;
PAR  i. R6 represents the remainder of a dihydric or polyhydric alcohol
      containing from 2 to 5 carbon atoms and from 2 to 4 hydroxyl groups;
PAR  j. R7 represents an alkylene preferably containing from 2 to 3 carbon atoms
      such as ethylene or propylene. If z represents an integer greater than 1,
      R7 can represent mixtures of alkylenes. Preferably, R7 does not represent
      mixed alkylenes;
PAR  n. x represents 0, 1 or 2, preferably 0 or 1;
PAR  o. y represents 1, 2 or 3, preferably 1 or 3; and
PAR  p. z represents an integer from 0 to 22, preferably 1 to 7.
PAR  As the number of oxyalkylene groups contained in the compounds of Formula
      IV increases, the oil solubility of the ester is reduced. Accordingly, it
      is preferred that the total number of oxyalkylene groups be no more than
      about 22. This is conveniently determined by the hydroxyl number of the
      compound. This number is determined by reacting the compound with acetic
      anhydride and then titrating the acetic acid produced with potassium
      hydroxide. The hydroxyl number is expressed as the number of milligrams of
      potassium hydroxide needed to neutralize the acetic acid produced by one
      gram of the compound reacted with the acetic anhydride. Compounds of
      Formula IV useful in the fluids of this invention preferably are those in
      which y represents 3, R4 contains about 16 carbon atoms, R7 represents
      ethylene, and the compound has an hydroxyl number of from 100 to 160. In
      these compounds, z has an average value of about 1 to about 7.
PAR  As discussed above, the fatty acid moiety can be derived from natural
      sources which yield fatty acids of the requisite carbon content. An
      excellent source of fatty acids for the preparation of the compounds of
      Formula III is castor oil. The ricinoleic acid derived therefrom can be
      esterified with various dihydric and other polyhydric alcohols such as
      ethylene glycol, propylene glycol, glycerol and pentaerythritol. Another
      excellent fatty acid is oleic acid obtained from many naturally occurring
      oils. This acid can be esterified with the same alcohols as the ricinoleic
      acid above.
PAR  An excellent source of the compounds of Formula IV is castor oil. The
      hydroxyl groups of the ricinoleic acid can be oxyalkylenated with various
      alkylene oxides such as ethylene oxide or propylene oxide. The molecular
      weight, hydroxyl number and oil solubility can be controlled by the number
      of mols of alkylene oxide added to a mol of castor oil. Generally, the
      compounds useful in the invention are adducts containing not more than 22
      mols of alkylene oxide per mol of castor oil.
PAR  Hydroxy fatty acid esters which have been found to be highly useful in the
      compositions of this invention include compositions available under the
      trade name FLEXRICIN, particularly numbers 9-17 and compositions available
      under the trade name SURFACTOL, particularly numbers 318 and 340, all of
      which are available from Baker Castor Oil Company.
PAR  Fatty acid esters which have been found to be highly useful in the
      compositions of this invention include compositions such as
      pentaerythritol monooleate available under the name PEMOL available from
      Emery Industries.
PAR  Generally, the proper shift feel is obtained when the composition contains
      from 0.05 to about 0.8 percent weight of the above fatty acid esters based
      on the total composition. For lubricating oil compositions intended for
      use in automatic transmissions used in automobiles manufactured by Ford
      Motor Company, these fatty acid esters should be used in concentrations of
      from about 0.05 to about 0.3 weight percent, preferably from about 0.1 to
      about 0.2 weight percent of the composition. For lubricating oil
      compositions intended for use in automatic transmissions used in
      automobiles manufactured by General Motors Corporation, these esters
      should be used in concentrations of from about 0.1 to about 0.6 weight
      percent, preferably from about 0.15 to about 0.3 weight percent of the
      composition.
PAR  Friction modifiers useful in the lubricating oil compositions of this
      invention also include fatty acid amides of low molecular weight amino
      acids.
PAR  The fatty acid moiety must be of sufficient length to make the amide oil
      soluble. Suitable fatty acid moieties include those described above for
      the fatty acid esters. Suitable acids include those obtained by
      saponification of naturally occurring substances. For example, castor oil
      yields ricinoleic acid; various oils including olive oil yield oleic acid;
      coconut oil yields acids containing predominately 12-14 carbon atom; etc.
      Preferably, the fatty acid moiety is from oleic acid.
PAR  In a preferred embodiment of this invention, the fatty acid amide of low
      molecular weight amino acids has the following formula:
      ##EQU4##
      wherein:
PAR  R4 and x have the same meaning as defined above,
PAR  k. R8 represents an alkylene group containing from 1 to 2 carbon atoms such
      as methylene, ethylene, ethylidene, and the like, preferably methylene;
      and
PAR  l. R9 represents an alkyl group containing from 1 to 6 carbon atoms such as
      methyl, ethyl, propyl, isopropyl, butyl, i-butyl, s-butyl, t-butyl,
      pentyl, amyl, hexyl and the like, preferably containing 1 to 2 carbon
      atoms and more preferably is methyl.
PAR  Fatty acid amides of low molecular weight amino acids include sarcosine
      oleylamide available commercially under the trade name SARKOSYL O from
      Gergy Industrial Chemicals.
PAR  Generally, the proper shift feel is obtained with these fatty acid amides
      at about the same concentration ranges as specified above for the fatty
      acid esters. However, these amides appear to be slightly less effective in
      friction modification than the esters. Thus in the ranges specified above,
      to obtain the same friction modification, the esters will be used in the
      lower part of the concentration ranges and amides will be used in the
      upper part of the concentration ranges specified.
PAR  The friction modifiers used in the lubricating oil of the invention also
      include tertiary amines, particularly those selected from N-fatty
      alkyl-N,N-di-ethanol amines, N-fatty alkyl-N,N-di-(ethoxyethanol)amines
      and N-fatty alkyl-N,N-di-poly(ethoxy)ethanolamines.
PAR  The fatty alkyl nitrogen substituent must be of sufficient length to make
      the amine oil soluble. Suitably, the fatty alkyl nitrogen substituent
      contains from 12 to 18 carbon atoms, which can be in a branched, but
      preferably are in a predominantly straight chain. The fatty alkyl moiety
      is conveniently obtained from naturally occurring substances containing
      the requisite length of alkyl chain. For example, the alkyl chain is
      suitably derived from substances such as coconut oil containing
      approximately 69-70 percent carbon chains having 12-14 carbon atoms.
      Suitably, also, the alkyl moiety can be derived from substances such as
      oleoamine containing predominantly alkyl chains having 18 carbon atoms.
      Preferably, the alkyl moiety is derived from coconut oil.
PAR  In a preferred embodiment of this invention, the tertiary amine has the
      following formula:
      ##EQU5##
      wherein:
PAR  m. R10 represents a fatty alkyl group containing from 12 to 18 preferably
      12 to 14 carbon atoms, and
PAR  g. a and b each represent a positive whole integer greater than zero such
      that the sum of a and b represents a value of from 2 to 30.
PAR  As the sum of a and b increases, the oil solubility of the amine is
      reduced. Accordingly, it is preferred that the sum of a and b represents a
      value of from 2 to 15 and, more preferably, from 2 to 5. Most preferably,
      a and b each represent 1.
PAR  As discussed above, the fatty alkyl group represented by R10 can be derived
      from naturally occurring substances containing alkyl groups predominantly
      of the requisite lengths, preferably the fatty alkyl group represented by
      R10 is derived from coconut oil and contains predominately 12 to 14 carbon
      atoms.
PAR  The tertiary amines can be prepared by reacting the fatty alkyl amine with
      the appropriate number of mols of ethylene oxide. Tertiary amines derived
      from naturally occurring substances such as coconut oil and oleoamine are
      available from Armour Industrial Chemical Company under the trade name
      ETHOMEEN. Particularly suitable compounds are those of the ETHOMEEN-C and
      ETHOMEEN-O series.
PAR  Generally, the proper shift feel is obtained when the composition contains
      these tertiary amines in about the same concentration ranges as specified
      above for the fatty acid esters.
PAR  The lubricating oil compositions of the invention contain a basic
      sulfurized alkaline earth metal alkyl phenate. One of the functions of
      this phenate is to act as a detergent and dispersant. Among other things,
      it prevents the deposit of contaminants formed during high temperature
      operation of the system containing the functional fluid.
PAR  The basic sulfurized alkaline earth metal alkyl phenates are well known.
      Many of the phenates of this type have been used as additives for
      lubricating oil compositions. These salts are obtained by a variety of
      processes such as treating the neutralization product of an alkaline earth
      metal base and an an alkylphenol with sulfur. Conveniently the sulfur, in
      elemental form, is added to the neutralization product and reacted at
      elevated temperatures to produce the sulfurized alkaline earth metal alkyl
      phenate.
PAR  If more alkaline earth metal base were added during the neutralization
      reaction than was necessary to neutralize the phenol, a basic sulfurized
      alkaline earth metal alkyl phenate is obtained. See, for example, the
      process of Walker et al, U.S. Pat. No. 2,680,096. Additional basicity can
      be obtained by adding carbon dioxide to the basic sulfurized alkaline
      earth metal alkyl phenate. The excess alkaline earth metal base can be
      added subsequent to the sulfurization step but is conveniently added at
      the same time as the alkaline earth metal base is added to neutralize the
      phenol.
PAR  Although carbon dioxide is the most commonly used material to produce the
      basic or "overbased" phenates, other weak basic acids and acid anhydrides
      can be used, such as carbonic acid, sulfurous acid, sulfur dioxide, and
      the like. A process wherein basic sulfurized alkaline earth metal
      alkylphenates are produced by adding carbon dioxide is shown in Hanneman,
      U.S. Pat. No. 3,178,368.
PAR  The alkyl portion of the alkyl phenate is present to lend oil solubility to
      the phenate. The alkyl portion can be obtained from naturally occurring or
      synthetic sources. Naturally occurring sources include petroleum
      hydrocarbons such as white oil and wax. Being derived from petroleum, the
      hydrocarbon moiety is a mixture of diffferent hydrocarbyl groups, the
      specific composition of which depends upon the particular oil stock which
      was used as a starting material. Suitable synthetic sources include
      various commercially available alkenes and alkane derivatives which when
      reacted with the phenol yeild an alkylphenol. Suitable radicals obtained
      include butyl, hexyl, octyl, decyl, dodecyl, hexadecyl, eicosyl,
      tricontyl, and the like. Other suitable synthetic sources of the alkyl
      radical include olefin polymers such as polypropylene, polybutylene,
      polyisobutylene and the like.
PAR  The alkyl group can be straight-chained or branch-chained, saturated or
      unsaturated (if unsaturated, preferably containing not more than 2 and
      generally not more than 1 site of olefinic unsaturation). The alkyl
      radicals will generally contain from 4 to 30 carbon atoms. Generally when
      the phenol is monoalkylsubstituted, the alkyl radical should contain at
      least 8 carbon atoms.
PAR  The alkaline earth metal of the basic sulfurized alkaline earth metal alkyl
      phenate suitably includes magnesium, calcium, strontium and barium of
      which calcium is particularly preferred.
PAR  Quite often overbased alkali and alkaline earth metal sulfonates are
      present in the reaction mixture during the preparation of the phenate.
      These sulfonates are generally not removed subsequent to the reaction and
      accordingly are present as a minor component of the phenate when it is
      added to the lubricating oil compositions of the invention. The presence
      of this sulfonate does not detract from the usefulness of the phenate in
      the invention and, in many cases, supplies additional dispersant and
      detergent properties to the lubricating oil compositions.
PAR  Preferably the basic sulfurized alkaline earth metal alkyl phenate is
      prepared from an alkyl phenate having the following formula:
      ##SPC1##
PAL  wherein:
PAR  r. R11 represents one or more, preferably 1 to 3 alkyl substituents on the
      benzene ring such as the alkyl substituents described above.
PAR  The basic sulfurized alkaline earth metal alkyl phenates are present in the
      lubricating oil compositions of the invention in an amount effective to
      substantially prevent the deposit of contaminants formed in the oil during
      severe high temperature of the system containing the composition. This
      effective amount can vary widely and typically ranges from about 0.4 to
      about 4 weight percent phenate in the total composition preferably from
      about 0.8 to about 2 weight percent phenate in the lubricating oil
      composition.
PAC  AUTOMATIC TRANSMISSION FLUIDS
PAR  In a preferred embodiment, the compositions of this invention are
      particularly well suited for use in automatic transmissions, particularly
      in passenger automobiles.
PAR  Automatic transmission fluids generally have a viscosity in the range from
      about 75 to 1,000 SUS (Saybolt Universal Seconds) at 100.degree.F and from
      about 35 to 75 SUS at 210.degree.F. The base oils for the automatic
      transmission fluids are light lubricating oils and ordinarily have a
      viscosity in the range of about 50 to 400 SUS at 100.degree.F and 33 to 50
      SUS at 210.degree.F. The base stock is generally a lubricating oil
      fraction of petroleum. It can be either naphthenic or paraffinic base,
      unrefined, acid refined, hydrotreated, or solvent refined, etc., as
      required in the particular lubricating need. Also, synthetic oils meeting
      the necessary viscosity requirements, either with or without viscosity
      index improvers, may be used as the base stock.
PAR  To summarize, the various constituents will be present in the automatic
      transmission fluid as follows:
PAR  The alkenyl succinimide used in this invention generally will be present in
      the functional fluid in from about 1 to about 4 percent weight, more
      usually from about 1.50 to about 2.25 percent weight. In concentrates
      prepared for addition to the base oil prior to use, the alkenyl
      succinimide can be present in from about 10 to about 35 weight percent.
PAR  The Group II metal salt of a dihydrocarbyl dithiophosphoric acid will
      generally be present in the functional fluid in from about 0.5 to about
      1.5 percent weight, more usually from about 0.75 to about 1.0 percent
      weight. The dithiophosphoric acid salts may be present in concentrates
      from about 5 to about 20 percent weight.
PAR  The friction modifier selected from the fatty acid esters, fatty acid
      amides, tertiary amines and mixtures thereof will generally be present in
      the functional fluid in from about 0.05 to about 0.8 percent weight, more
      usually from about 0.05 to about 0.6 percent weight, depending upon the
      requirements of the manufacturer of the transmission. These components or
      mixtures may be present in concentrates in from about 1 to about 3 percent
      weight.
PAR  The basic sulfurized alkaline earth metal alkyl phenate will generally be
      present in the functional fluid in from about 0.4 to about 4 percent
      weight, more usually from about 0.8 to about 2 percent weight. The phenate
      may be present in concentrates from about 5 to about 15 percent weight.
PAR  The functional fluid will normally contain a large number of other
      additives. It is usually necessary to heavily compound such oils in order
      to meet the exacting requirements specified.
PAR  Included among the other additives which can be used are additional
      oxidation inhibitors, such as, for example, the adduct obtained by
      combining terpene and phosphorous pentasulfide. Suitable materials are
      commercially available under the trade names SANTOLUBE and HITEC available
      from Monsanto Company and Edwin L. Cooper, Ltd., respectively.
PAR  Also commonly used in functional fluids are antifoam agents such as the
      various commercially available fluorosilicone compounds. A particularly
      good antifoam agent is available from Dow Corning under the name FS 1265
      Fluid.
PAR  Another useful functional fluid additive is a seal swell agent. A variety
      of compounds are useful for this function and include the bottoms product
      from catalytic cracking units used in the production of gasolines. These
      materials, containing a high percentage of condensed ring aromatics, are
      commercially available from Lubrizol Corporation under the name Lubrizol
      725.
PAR  Also included in functional fluids are viscosity improving agents which are
      normally high molecular weight polymers such as the acrylate polymers.
      Useful examples include the copolymers of alkyl methacrylate with vinyl
      pyrrolidine available under the tradename ACRYLOID from Rohm & Haas and
      terpolymers derived from styrene, alkylacrylates and nitrogen-containing
      polymer precursors available from Lubrizol Corporation under the name
      Lubrizol 3700 Series and methacrylates available from Texaco, Inc. Other
      viscosity improving agents include hydrocarbon polymers such as
      polyisobutylene or ethylene/propylene copolymers.
PAR  These additives will be present in the functional fluid in varying amounts
      necessary to accomplish the purpose for which they were included. For
      example, additional oxidation inhibitors such as the terpene-phosphorous
      pentasulfide adduct may be present in amounts ranging from about 0.1
      percent to about 1 percent weight or more. The fluorosilicone antifoam
      agent will generally be present in from about 2 to about 50 ppm. The
      viscosity index improver will normally be present in from about 0.5 to
      about 15 percent by weight of the base oil, more usually from about 2 to
      about 10 percent by weight of the base oil. The seal swell agent will be
      present in an amount effective to control the size of the seals with which
      the functional fluid comes in contact. For example, the bottoms from the
      catalytic cracking unit will be present in an amount ranging from about 1
      to about 10 percent, more usually from about 2 to about 5 percent weight.
PAR  Other additives include pour point depressants, antisquawk agents, etc.
      Numerous automatic transmission fluid additives are listed in U.S. Pat.
      Nos. 3,156,652 and 3,175,976, which disclosure is incorporated herein by
      reference.
PAR  These various additives are also often incorporated into the concentrates
      and will be present therein in correspondingly higher concentrations.
PAC  EXAMPLES
PAR  The following examples are offered by way of illustration and not by way of
      limitation.
PAC  EXAMPLE 1
PAR  The "clunk" noise emanating from certain automatic transmissions has been
      determined to be dependent upon the relationship between the dynamic
      coefficient of friction and the static coefficient of friction of the
      automatic transmission fluid. It has been determined that the "clunk"
      noise could be greatly reduced, if not substantially eleminated, if the
      dynamic and static coefficients of friction of the automatic transmission
      fluid were substantially the same.
PAR  These coefficients of friction can be determined by using the SAE No. 2
      Friction Tester. Briefly, this friction tester comprises an electric motor
      driving the input shaft of a set of clutch plates from an automatic
      transmission. The output shaft is attached to a torque lever arm. This in
      turn operates a transducer to indicate the torque output which is then
      recorded on a strip chart. The clutch is engaged by compressed air and
      power to the electric motor is simultaneously shut off. When the clutch
      plates are engaged, the angular momentum of the electric motor is consumed
      in the sliding friction between the rotating clutch plates attached to the
      input shaft and the fixed clutch plates attached to the output shaft.
PAR  The quantity of angular momentum energy which can be built up in the
      electric motor can be varied by attaching various sized flywheel weights
      to one end of the armature shaft of the electric motor. The torque
      recorded at the output shaft generally rises rapidly to a relatively
      constant level and remains at this level (with certain variations
      depending upon the frictional characteristics of the test fluid) until
      motor rotation ceases at which time the torque drops to zero.
PAR  The dynamic coefficient of friction is determined from the torque recorded
      on the strip chart. After the rotor has ceased rotation, a lever arm is
      attached to the output shaft of the armature and torque is applied to
      determine the static coefficient of friction.
PAR  For purposes of testing the fluids of this invention, the General Motors
      procedure established in 1967 for testing Dexron fluids was followed. Both
      a low-energy test and a high-energy test were used. Table III shows the
      results of testing an automatic transmission fluid meeting all the
      requirements established by Ford Motor Company in their Specification
      M2C33-G specification. This fluid labeled "H" has a static coefficient of
      friction of about 22-25% higher than the dynamic coefficient of friction.
      This fluid was then modified by adding friction modifiers. Four different
      fluids containing four different friction modifiers were prepared and are
      shown as Fluids 1-4 in Table III.
PAR  Table I shows the compositions of Fluid H. Table II shows the friction
      modifiers numbered 1-4 which were added to Fluid H to prepared fluids 1-4
      respectively.
TBL                TABLE I                                                     

     ______________________________________                                    

     Composition of Fluid H                                                    

     ______________________________________                                    

     Component                Quantity                                         

     ______________________________________                                    

     Viscosity index improver - commercially                                   

     available styrene/alkylacrylate/nitrogen-                                 

     containing polymer precursor terpolymer                                   

                              5.35% w                                          

     Alkenyl succinimide derived by reacting                                   

     a polyisobutene (number average mole-                                     

     cular weight about 950) substituted                                       

     succinic anhydride with tetraethyl-                                       

     pentamine; mol ratio of amine to                                          

     anhydride = 0.87         1.75% w                                          

     Zinc di(isobutyl/mixed primary hexyl)                                     

     dithiophosphate          10.0 mM/kg                                       

     Carbonated, sulfurized calcium poly-                                      

     propylenephenate; mol ratio of lime                                       

     to phenol = 1.0, contains 5.25%                                           

     calcium                  12.5 mM/kg                                       

     Dibutyl-p-cresol         0.15 mM/kg                                       

     Antifoam agent - commercially avail-                                      

     able fluorosilicone      15 ppm                                           

     Seal Swell agent - commercially avail-                                    

     able hydrocarbon obtained as a                                            

     bottoms cut from the stream from a                                        

     catalytic cracking unit used to pro-                                      

     duce gasoline; predominately con-                                         

     densed ring aromatic compounds                                            

                              4.0% w                                           

     Eastern base oil having a viscosity                                       

     of 109 SUS at 100.degree.F and 40 SUS at                                  

     210.degree.F                                                              

     ______________________________________                                    

TBL                TABLE II                                                    

     ______________________________________                                    

     Friction Modifiers                                                        

     No.         Modifier                                                      

     ______________________________________                                    

     1         N,N-diethanol cocoamine                                         

     2         sarcosine oleylamide                                            

     3         pentaerythritol monooleate                                      

     4         glyceryl monoricinoleate                                        

     ______________________________________                                    

TBL                TABLE III                                                   

     ______________________________________                                    

     Coefficients of Friction                                                  

     Fluid % w Modifier                                                        

                      High Energy   Low Energy                                 

     ______________________________________                                    

                F.sub.K                                                        

                       F.sub.S  F.sub.K  F.sub.S                               

     H     --         0.1353   0.1658 0.1373 0.1712                            

     1      0.15      0.1337   0.1427 0.1355 0.1498                            

     2     0.1        0.1319   0.1391 0.1337 0.1391                            

     3     0.1        0.1319   0.1373 0.1391 0.1427                            

     4     0.2        0.1319   0.1266 0.1407 0.1355                            

     ______________________________________                                    

PAR  As can be seen from the data in Table III, all four of the modified
      functional fluids (fluids 1-4) have static coefficients of friction very
      nearly the same as the dynamic coefficient of friction. On the other hand,
      Fluid H has a static coefficient of friction substantially higher than its
      dynamic coefficient of friction.
PAC  EXAMPLE 2
PAR  All five fluids described in Example 1 and listed in Table III were tested
      for antiwear performance in the well-known Four-Ball Wear test and Timken
      test.
PAR  The Four-Ball Wear test is described in Boner, Gear and Transmission
      Lubricants, Reinhhold Publication Corporation (1964) at pages 222-224. In
      this test, the fourth ball is rotated at 600 rpm for 120 minutes. The test
      lubricant is at 200.degree..+-.5.degree.F.
PAR  In the Timken test a cylindrical steel test specimen is rotated in contact
      with a flat surface of a fixed steel block. The steel block and the
      rotating cylinder are immersed in the test lubricant which is at
      200.degree..+-.5.degree.F. The cylinder is rotated at 800 rpm yielding a
      rubbing velocity of 406 ft/min. The load on the loading arm which presses
      the cylinder against the steel block is shown in Table 4. The test is run
      for 30 minutes at the end of which time the wear scar on the test block is
      measured.
PAR  The test results are shown in Table IV.
TBL                TABLE IV                                                    

     ______________________________________                                    

     Antiwear Performance                                                      

     Four-Ball       Timken                                                    

     Fluid Wear Scar, mm Load, lb.  Wear Scar, mm                              

     ______________________________________                                    

     H     0.415, 0.418  10         0.59, 0.56                                 

     1     0.416          5         0.671                                      

                         10         0.744                                      

     2     0.396, 0.406   8         0.807                                      

     3     0.418         10         0.885                                      

     4     0.447          5         0.689                                      

     ______________________________________                                    

PAR  The data shown in Table IV demonstrates that the modified functional fluids
      of this invention exhibit substantially equal antiwear performance as the
      high-static coefficient of friction fluid which meets all the requirements
      for use in a Ford automatic transmission fluid. Example 3
PAR  Fluids 1-4 described in Example 1 and shown in Table III were tested by
      Ford Motor Company at their research laboratory for "anticlunk"
      performance in a Ford C-6 automatic transmission. All four fluids were
      found to substantially reduce or completely eliminate the "clunk" noise
      experienced with Fluid H of Example 1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A lubricating oil composition comprising:
PA1  a. a major amount of an oil of lubricating viscosity, and
PA1  B. an effective amount of each of the following:
PAR  1. an alkenyl succinimide,
PA2  2. a Group II metal salt of a dihydrocarbyl dithiophosphoric acid,
PA2  3. a friction modifier selected from the group consisting of (a) fatty acid
      esters of polyhydric alcohols, (b) oil-soluble oxyalkylated derivatives of
      fatty acid esters of dihydric alcohols, (c) oil-soluble oxyalkylated
      derivatives of fatty acid esters of polyhydricalcohols, (d) fatty acid
      amides of low molecular weight amino acids, (e) N-fatty
      alkyl-N,N-diethanol amines, (f) N-fatty alkyl-N,N-di-(ethoxyethanol)
      amines, (g) N-fatty alkyl-N,N-di-poly(ethoxy)ethanol amines, and (h)
      mixtures thereof, and
PA1  4. a basic sulfurized alkaline earth metal alkyl phenate.
NUM  2.
PAR  2. A lubricating oil composition of claim 1 wherein
PA1  1. said alkenyl succinimide is a polyisobutenyl succinimide of a
      polyalkylene polyamine,
PA1  2. said hydrocarbyl groups of said dithiophosphoric acid contain from 4 to
      12 carbon atoms,
PA1  3. the fatty alkyl group of said fatty acids contain from 12-20 carbon
      atoms and said fatty alkyl group of said tertiary amine contains from
      12-18 carbon atoms, and
PAR  4. said Group II metal of said basic sulfurized alkaline earth metal alkyl
      phenate is magnesium, calcium, or barium.
NUM  3.
PAR  3. A lubricating oil composition of claim 1 wherein:
PA1  1. said alkenyl succinimide has the following formula:
      ##EQU6##
       wherein: a. R.sub.1 represents an alkyl group,
PA2  b. the "Alkylene" radical contains from 1 to 8 carbon atoms,
PA2  c. A represents a hydrocarbyl group, an amine substituted hydrocarbyl
      group, or hydrogen, and
PA2  d. n represents an integer of from 1 to 10;
PAR  2. said dithiophosphoric acid salt has the following formula:
      ##EQU7##
       wherein: e. R.sub.2 and R.sub.3 each independently represent hydrocarbon
      radicals, and
PA2  f. M.sub.1 represents a Group II metal cation:
PA1  3a. said fatty acid of esters of polyhydric alcohols have the following
      formula:
      ##EQU8##
      3b. said oil-soluble oxyalkylated derivatives of fatty acid esters of
      polyhydric alcohols have the following formula:
      ##EQU9##
      3c. said fatty acid amides of low molecular weight amino acids having the
      following formula:
      ##EQU10##
      3d. said N-fatty alkyl-N,N-diethanol amines, N-fatty
      alkyl-N,N-di-(ethoxyethanol) amines, and N-fatty alkyl N,N-poly (ethoxy)
      ethanol amines having the following formula:
      ##EQU11##
       wherein: g. R.sub.4 represents an alkylene or alkenylene group containing
      10-18 carbon atoms and 0-1 site of olefinic unsaturation;
PA2  h. R.sub.5 represents the remainder of a dihydric of polyhydric alcohol
      containing from 2-5 carbon atoms and from 2-4 hydroxyl groups,
PA2  i. R.sub.6 represents the remainder of a polyhydric alcohol containing from
      2-5 carbon atoms and from 2-4 hydroxyl groups;
PA2  j. R.sub.7 represents an alkylene group containing 2-3 carbon atoms;
PA2  k. R.sub.8 represents an alkylene group containing from 1-2 carbon atoms;
PA1  l. R.sub.9 represents an alkyl group containing 1-6 carbon atoms;
PA2  m. R.sub.10 represents a fatty alkyl group containing from 12-18 carbon
      atoms;
PA2  n. x represents 0, 1 or 2;
PA2  o. y represents 1, 2 or 3;
PA2  p. z represents an integer from 1-22 such that the total number of
      --R.sub.7 O-- groups is from 1 to 22; and
PA2  q. a and b each represent a positive whole integer greater than zero such
      that the sum of a and b represents a value of from 2-30; and
PA1  4.
NUM  4.
PAR  4. said basic sulfurized alkaline earth metal alkyl phenate is prepared
      from a compound having the formula:
      ##SPC2##
PA1   wherein:
PA2  r. R.sub.11 represents from 1 to 3 alkyl substituents on the benzene ring.
PAR    . A lubricating oil composition of claim 3 wherein:
PA1  1. in said alkenyl succinimide,
PA2  a. R.sub.1 represents an alkenyl group derived from polyisobutene,
PA2  b. said "Alkylene" radical contains from 2 to 4 carbon atoms,
PA2  c. A represents hydrogen, and
PA2  d. n represents 3, 4 or 5;
PA1  2. in said dithiophosphoric acid salt,
PA2  e. R.sub.2 and R.sub.3 each independently represent a hydrocarbyl radical
      containing from 4 to 12 carbon atoms, and
PA2  f. M.sub.1 represents zinc;
PA1  3. in said friction modifiers,
PA2  g. R.sub.4 represents an alkenylene containing 14 to 16 carbon atoms and
      one site of olefinic unsaturation,
PA2  k. R.sub.8 represents methylene,
PA2  l. R.sub.9 represents methyl,
PA2  m. R.sub.10 represents a fatty alkyl group containing from 12 to 14 carbon
      atoms,
PA2  n. x represents 0 or 1,
PA2  o. y represents 1 or 3
PA2  p. z represents an integer from 1 to 7 such that the total number of
      --R.sub.7 O-- groups is from 1 to 7, and
PA2  q. a and b each represent 1, 2 or 3; and
PAR  4. in said phenate,
PA2  r. R.sub.11 represents 1 to 3 alkyl substituents on the benzene ring, each
      of said substituents containing 4 to 30 carbon atoms.
NUM  5.
PAR  5. A lubricating oil composition of claim 4 wherein:
PA1  1. in said alkenyl succinimide,
PA2  a. R.sub.1 represents a polyisobutenyl radical having a number average
      molecular weight of from about 800 to about 1300,
PA2  b. said "Alkylene" radical contains 2 carbon atoms, and
PA2  d. n represents 4;
PA1  2. in said dithiophosphoric acid salt,
PA2  e. R.sub.2 and R.sub.3 each independently represent a hydrocarbyl radical
      containing from 4 to 8 carbon atoms; and
PA1  3. in said friction modifiers,
PA2  j. R.sub.7 represents an alkylene group containing 2 carbon atoms, and
PA2  g. a and b each represent one.
NUM  6.
PAR  6. A lubricating oil composition of claim 5 wherein said composition
      contains:
PA1  1. from 1 to 4 weight percent of said alkenyl succinimide,
PA1  2. from 0.5 to l.5 weight percent of said dithiophosphoric acid salt,
PA1  3. from 0.05 to 0.8 weight percent of said friction modifier, and
PA1  4. from 0.4 to 4 weight percent of said basic sulfurized alkaline earth
      metal alkyl phenate.
NUM  7.
PAR  7. A lubricating oil composition of claim 5 wherein said composition
      contains:
PA1  1. from 1.5 to 2.25 weight percent of said alkenyl succinimide,
PA1  2. from 0.75 to 1 weight percent of said dithiophosphoric acid salt,
PA1  3. from 0.05 to 0.3 weight percent of said friction modifier, and
PA1  4. from 0.8 to 2 weight percent of said basic sulfurized alkaline earth
      metal alkyl phenate.
NUM  8.
PAR  8. A lubricating oil composition of claim 5 wherein said composition
      contains:
PA1  1. from 1.50 to 2.25 weight percent of said alkenyl succinimide,
PA1  2. from 0.75 to 1.0 percent weight of said dithiophosphoric acid salt,
PA1  3. from 0.1 to 0.6 weight percent of said friction modifier, and
PAR  4. from 0.8 to 2 weight percent of said basic sulfurized alkaline earth
      metal alkyl phenate.
NUM  9.
PAR  9. A lubricating oil composition of claim 5 wherein said composition
      contains:
PA1  1. from 1.50 to 2.25 weight percent of said alkenyl succinimide,
PA1  2. from 0.75 to 1.0 percent weight of said dithiophosphoric acid salt,
PA1  3. from 0.1 to 0.2 weight percent of said friction modifier, and
PA1  4. from 0.8 to 2 weight percent of said basic sulfurized alkaline earth
      metal alkyl phenate.
NUM  10.
PAR  10. A lubricating oil composition of claim 5 wherein said composition
      contains:
PA1  1. from 1.50 to 2.25 weight percent of said alkenyl succinimide,
PA1  2. from 0.75 to 1.0 percent weight of said dithiophosphoric acid salt,
PA1  3. from 0.15 to 0.3 weight percent of said friction modifier, and
PA1  4. from 0.8 to 2 weight percent of said basic sulfurized alkaline earth
      metal alkyl phenate.
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ABST
PAL  A reducing hot rolling oil for copper and copper alloys comprising 1000
      parts by weight of water, 6 - 200 parts by weight of at least one member
      selected from the group consisting of carboxylic acid type, sulfate type
      and phosphate type anionic surface active agents, and 0.8 - 200 parts by
      weight of at least one hydroxyl group-containing compound selected from
      the group consisting of alcohols, alkylene glycols and glycol ethers. The
      rolling oil can provide copper and copper alloys with lubricity, oxide
      film removing ability and oxide film formation preventing ability by
      spraying between a rolling mill and the metal to be rolled on the hot
      rolling of copper and copper alloys.
PAR  The present invention relates to a rolling oil. More particularly, the
      invention pertains to a rolling oil which can provide copper and copper
      alloys with lubricity, oxide film removing ability and oxide film
      formation preventing ability by spraying between a rolling mill and the
      metal to be rolled on the hot rolling of copper and copper alloys.
PAR  Hot rolling oils for copper and copper alloys which have heretofore been
      used consist mainly of a mineral oil emulsified with an anionic or
      nonionic surface active agent. In the case of these rolling oils, as the
      metal to be rolled is heated to 400- - 900.degree.C on hot rolling, the
      emulsion particles of the rolling oils become coarse and the emulsion
      becomes ill-balanced until the oil component of the rolling oils is often
      separated. Therefore, the rolling oils have defects that they deteriorate
      rapidly, their lubricating property is reduced, the abrasion of a rolling
      mill is accelerated, and excess copper soap is formed. Also, when copper
      and copper alloys are hot rolled, the rolling oils have defect that copper
      oxide (Cu0 and Cu.sub.2 0) film is formed on the surface of the metal, and
      the oxide film not only causes the abrasion of a die or rolls on cold
      processing in the subsequent step but also leaves the oxide film even on
      the surface of the cold processed final product, the surface of the
      product being blackened. In order to obviate these defects, pickling
      treatment with, for example, sulfuric acid is carried out after hot
      rolling to dissolve and remove the oxide film on the surface of copper and
      copper alloys.
PAR  As a result of various studies on the removal of the above-mentioned
      defects in the hot rolling of copper and copper alloys, the present
      inventors have completed the present invention.
PAR  The rolling oils of the present invention are of solution-type and are
      excellent in stability. Thus, they are always in the form of a clean
      liquid.
PAR  If copper and copper alloys are rolled with the rolling oils of the present
      invention, a rolled copper material free from an oxide film and having a
      smooth surface can be obtained. Therefore, the rolling oils of the present
      invention have advantages in that the pickling step can be omitted,
      thereby cost being remarkably reduced owing to curtailment of steps and
      waste liquid treatment, working environment such as operational safety is
      improved, and the loss of copper and copper alloy materials on rolling is
      reduced by the prevention of copper oxide formation on hot rolling.
PAR  According to the present invention, a reducing hot rolling oil for copper
      and copper alloys comprising 1000 parts by weight of water, 6 - 200 parts
      by weight of at least one member selected from the group consisting of
      carboxylic acid type, sulfate type and phosphate type anionic surface
      active agents, and 0.8 - 200 parts by weight of at least one hydroxyl
      group-containing compound selected from the group consisting of alcohols,
      alkylene glycols and glycol ethers is provided.
PAR  The carboxylic acid type, sulfate type and phosphate type anionic surface
      active agents used in the present invention are effective for preventing
      the abrasion of a rolling mill, providing lubricity, removing an oxide
      film and preventing the formation of copper oxide on the hot rolling of
      copper and copper alloys at a temperature of about 400.degree.C or more.
PAR  The carboxylic acid type anionic surface active agents are carboxylic acid
      salts represented by the general formula
EQU  RCOOM
PAL  wherein R is an alkyl group having 12 22 carbon atoms and M is Na, K,
      NH.sub.4, NH.sub.2 C.sub.2 H.sub.4 OH, NH(C.sub.2 H.sub.4 OH).sub.2 or
      N(C.sub.2 H.sub.4 OH).sub.3. The fatty acid RCOOH is exemplified by lauric
      acid, palmitic acid, stearic acid, linolic acid, ricinolic acid, linolenic
      acid, oleic acid and erucic acid. Natural fatty acids such as rapeseed oil
      fatty acid, soybean oil fatty acid, rice bran oil fatty acid, coconut oil
      fatty acid, castor oil fatty acid and palm oil fatty acid are excellent in
      lubricating property. Rapeseed oil fatty acid, rice bran fatty acid,
      caster oil fatty acid and palm oil fatty acid are comparatively easy to
      use in commercial practice of the present invention owing to their
      cheapness.
PAR  The sulfate type anionic surface active agents are salts of higher alcohol
      sulfuric acid esters represented by the general formula
EQU  ROSO.sub.3 M,
PAL  petroleum sulfonates represented by the general formula
EQU  RSO.sub.3 M,
PAL  salts of sulfuric acid esters of fatty acids or esters thereof represented
      by the general formula
EQU  R(OSO.sub.3 M)COOR',
PAL  and sulfates of aliphatic amines and aliphatic amides represented by the
      general formula
EQU  RCONHR'CH.sub.2 CH.sub.2 OSO.sub.3 M.
PAL  In these formulas, R and R' represent an alkyl group having 11 - 21 carbon
      atoms and fatty acids are the same as in the above-mentioned carboxylic
      acid type anionic surface active agents when R and R' are a fatty acid
      residue, and represent an alkyl group having 12 - 18 carbon atoms when R
      and R' are a higher alcohol residue. The higher alcohol is exemplified by
      lauryl alcohol, palmityl alcohol, stearyl alcohol and oleyl alcohol, but
      synthetic alcohols as a mixture of saturated alcohols having 12, 14 and 16
      carbon atoms, respectively, are commercially easy to use owing to their
      cheapness and thermal stability.
PAR  Further, the phosphate type anionic surface active agents are ethylene
      oxide-added phosphoric acid ester salts represented by the general
      formulas
      ##EQU1##
      and alkylphosphoric acid ester salts represented by the general formulas
EQU  (RO).sub.2 PO(OM)
PAL  or
EQU  (RO)PO(OM).sub.2.
PAL  In these formulas, R is the same as exemplified in the sulfate type anionic
      surface active agents when R is a higher alcohol residue and is preferably
      nonylphenol or octylphenol residue when R is an alkylphenol residue, n is
      an average addition mole number as a mixture of mono- and di-esters and
      preferably 2 - 15, and M has the same meaning as that defined in the
      carboxylic acid type anionic surface active agents.
PAR  The hydroxyl-group containing compounds such as alcohols, alkylene glycols
      and glycol ethers used in the present invention are effective for removing
      an oxide film, preventing the formation of copper oxide and providing
      lubricity on the hot rolling of copper or copper alloys.
PAR  Therefore, the use of the hydroxyl group-containing compounds together with
      the above-mentioned anionic surface active agents produces a synergistic
      effect of lubrication and reduction.
PAR  The alcohols include methyl alcohol, ethyl alcohol, n-propyl alcohol,
      n-butyl alcohol, isopropyl alcohol and isobutyl alcohol.
PAR  The alkylene glycols include ethylene glycol, propylene glycol, butylene
      glycol and hexylene glycol.
PAR  The glycol ethers include ethylene glycol monomethyl ether, ethylene glycol
      monoethyl ether, ethylene glycol monopropyl ether, ethylene glycol
      monobutyl ether, diethylene glycol monomethyl ether, diethylene glycol
      monoethyl ether, diethylene glycol monopropyl ether and diethylene glycol
      monobutyl ether.
PAR  If an amount of the anionic surface active agent added is 4 parts by weight
      per 1000 parts by weight of water or less in the present invention, wear
      track area and film strength are reduced and lubricity becomes poor. If
      the amount is 6 parts by weight per 1000 parts by weight of water or more,
      wear track area and film strength are improved and lubricity becomes
      better. Also, if the amount exceeds 200 parts by weight per 1000 parts by
      weight of water, reducing property does not change but cooling property is
      reduced. Therefore, the amount of the anionic surface active agent is
      suitably 6 to 200 parts by weight per 1000 parts by weight of water.
PAR  If an amount of the hydroxyl group-containing compound added is 0.5 part by
      weight per 1000 parts by weight of water or less, the surface of copper or
      copper alloys after rolling turns red, the thickness of the oxide film
      increases, and reduction time becomes longer. If the amount is 0.8 part by
      weight per 1000 parts by weight of water or more, copper or copper alloys
      after rolling is clean and bright and is  essentially free of surface
      oxidation, almost no oxide film is formed, and reduction time becomes very
      short. Also, if the amount exceeds 200 parts by weight per 1000 parts by
      weight of water, the lubricating property of the rolling oil does not
      change but its flash point is reduced. Therefore, the amount of the
      hydroxyl group-containing compound added is suitably 0.8 to 200 parts by
      weight per 1000 parts by weight of water.
PAR  A total amount of the anionic surface active agent and the hydroxyl
      group-containing compound is preferably 10 to 100 parts by weight per 1000
      parts by weight of water, among which the hydroxyl group-containing
      compound amounts 5 to 30 parts by weight.
PAR  The rolling oils for the rolling of copper or copper alloys according to
      the present invention are preferably kept alkaline, that is, the pH of the
      rolling oils is preferably maintained at 8.0 or more in order to prevent
      the formation of copper oxide and copper soap.
PAR  As for the reducing property of the rolling oils according to the present
      invention, alcohols produce a very rapid effect while alkylene glycols and
      glycol ethers produce a slower effect. However, the use of alcohols
      together with alkylene glycols and/or glycol ethers is effective, since
      alcohols are rapidly consumed.
PAR  Also, as for the lubricating property of the rolling oils according to the
      present invention, it is preferable to use 10 to 100% by weight of a fatty
      acid ester nonionic surface active agent together with an anionic surface
      active agent based on the weight of the anionic surface active agent since
      the life of the rolling oils can be thereby prolonged (although the life
      of a rolling mill is not substantially affected.).
DETD
PAR  The following examples, in which all parts are expressed by weight, unless
      otherwise indicated, will serve to illustrate the practice of the
      invention in more detail. The performance of the rolling oils obtained was
      tested by the following testing methods:
PAR  1. Lubricity test
PAR  Wear track area and film strength were measured by the use of a Soda
      four-ball tester according to JIS K 2519 "Testing Method for Load Carrying
      Capacity of Petroleum Products."
PAR  Wear track area was measured by using three brass balls as fixed balls and
      one steel ball as a rotating ball and rotating the steel ball at 200
      r.p.m. under a load of 2 kg/cm.sup.2 for 20 minutes.
PAR  Also, film strength was measured by using three steel balls as fixed balls
      and one steel ball as a rotating ball and rotating the steel ball at 200
      r.p.m. while a load was increased from a no-load state at a rate of 0.5
      kg/cm.sup.2 per minute.
PAR  2. Reducing property test
PAR  A copper material of 8 mm in diameter was heated to 700.degree.C by a gas
      burner, and the heated copper material was immediately immersed in a
      sample liquid. The time elapsed until the surface of the copper material
      turned clean and bright was measured as a criterion for evaluating the
      reducing property of the sample liquid.
PAR  When the surface of the copper material turned clean and bright, the
      thickness of the remaining oxide film was found to be about 0.1 - 0.2 .mu.
      (as CuO) and substantially no oxide film was formed.
PAC  EXAMPLE 1
PAR  1000 Parts of water, 20 parts of rapeseed oil fatty acid potassium salt (a
      1% aqueous solution of which showed a pH of 11.0) and 10 parts of methyl
      alcohol were mixed to obtain a rolling oil.
PAR  The lubricating and reducing properties of the resulting rolling oil were
      found to be satisfactory as a hot rolling oil for copper and copper alloys
      as follows:
TBL  Lubricating property:                                                     

     Wear track area  0.325 mm.sup.2                                           

     Film strength    10.0 kg/cm.sup.2                                         

     Reducing property:                                                        

     Appearance of copper                                                      

     surface          Clean and bright and                                     

                      essentially free of sur-                                 

                      face oxidation                                           

     Thickness of copper                                                       

     oxide (as CuO)    0.03 .mu.                                               

     Reduction time   &lt;0.5 sec.                                                

PAC  EXAMPLES 2 - 5
PAR  In the same manner as in Example 1, rolling oils were produced according to
      the recipes as mentioned in Table 1. The lubricating and reducing
      properties of the resulting rolling oils are also shown in Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Example      2      3      4      5                                       

     __________________________________________________________________________

     Water (parts)                                                             

                  1000   1000   1000   1000                                    

     Rapeseed oil fatty acid                                                   

                  20     200    6      6                                       

     potassium salt*(parts)                                                    

     Propyl alcohol (parts)                                                    

                  10     0.8    200    0.8                                     

     Lubricating property:                                                     

      Wear track area                                                          

                  0.324  0.303  0.605  0.602                                   

     (mm.sup.2)                                                                

      Film strength                                                            

                  10.0   11.0   6.0    6.5                                     

     (kg/cm.sup.2)                                                             

     Reducing property:                                                        

     Appearance of                                                             

                  Clean and bright and                                         

     copper surface                                                            

                  essentially free of                                          

                  surface oxidation                                            

      Thickness of                                                             

      copper oxide                                                             

                  0.03   0.12   0.01   0.12                                    

     (as CuO) (.mu.)                                                           

      Reduction time                                                           

     (sec.)       &lt;0.5   1.0    &lt;0.5   1.0                                     

     __________________________________________________________________________

      *A 1% aqueous solution of the rapeseed fatty acid potassium salt showed a

      pH of 11.0.                                                              

PAR  As is clear from the above table, all of the resulting rolling oils showed
      satisfactory performance as a hot rolling oil for copper and copper
      alloys. (The recipes in Examples 3 and 5 are the lower and upper limits in
      the process of the present invention.)
PAC  EXAMPLES 6 - 12
PAR  In the same manner as in Example 1, rolling oils were produced by mixing
      1000 parts of water, 20 parts of the same rapeseed oil fatty acid
      potassium salt as used in Examples 1 - 5 and 10 parts of different hydroxy
      group-containing compounds. The hydroxy group-containing compounds used
      and the lubricating and reducing properties of the resulting rolling oils
      are shown in Table 2.
TBL                Table 2                                                     

     ______________________________________                                    

     Example           6        7        8                                     

     ______________________________________                                    

     Hydroxyl group-   Butyl    Ethylene Hexylene                              

     containing compound                                                       

                       alcohol  glycol   glycol                                

     Lubricating property:                                                     

     Wear track area                                                           

     (mm.sup.2)        0.323    0.325    0.325                                 

     Film strength                                                             

     (kg/cm.sup.2)     10.0     10.0     10.0                                  

     Reducing property:                                                        

     Appearance of     Clean and bright and es-                                

     copper surface    sentially free of surface                               

                       oxidation                                               

     Thickness of                                                              

     copper oxide (as CuO)                                                     

     (.mu.)            0.03     0.13     0.04                                  

     Reduction time                                                            

     (sec.)            &lt;0.5     1.5      &lt;0.5                                  

     ______________________________________                                    

     9        10          11          12                                       

     ______________________________________                                    

     Ethylene Diethylene  Ethylene    Diethylene                               

     glycol   glycol      glycol      glycol                                   

     monomethyl                                                                

              monomethyl  monobutyl   monobutyl                                

     ether    ether       ether       ether                                    

     0.323    0.325       0.323       0.323                                    

     10.0     10.0        10.0        10.0                                     

     Clean and bright and essentially                                          

     free of surface oxidation                                                 

     0.07     0.08        0.05        0.05                                     

     1.0      1.0         &lt;0.5        &lt;0.5                                     

     ______________________________________                                    

PAC  EXAMPLES 13 - 31
PAR  In the same manner as in Example 1, rolling oils were produced by mixing
      1000 parts of water, 10 parts of propyl alcohol and 20 parts of different
      anionic surface active agents. The anionic surface active agents used and
      the lubricating and reducing properties of the resulting rolling oils are
      shown in Table 3.
TBL                Table 3                                                     

     ______________________________________                                    

     Example         13          14                                            

     ______________________________________                                    

     Anionic surface active                                                    

                     Lauric acid Oleic acid                                    

     agent           triethanol- potassium                                     

                     amine salt  salt                                          

     Lubricating property:                                                     

     Wear track area                                                           

     (mm.sup.2)      0.327       0.324                                         

     Film strength                                                             

     (kg/cm.sup.2)   9.5         9.5                                           

     Reducing property:                                                        

     Appearance of   Clean and bright and                                      

     copper surface  essentially free of                                       

                     surface oxidation                                         

     Thickness of                                                              

     copper oxide                                                              

     (as CuO) (.mu.) 0.03        0.03                                          

     Reduction time                                                            

     (sec.)          &lt;0.5        &lt;0.5                                          

     ______________________________________                                    

     15       16         17          18                                        

     ______________________________________                                    

     Erucic acid                                                               

              Coconut oil                                                      

                         Lauryl      Oleyl                                     

     sodium salt                                                               

              fatty acid alcohol     alcohol                                   

              diethanol- sulfuric    sulfuric                                  

              amine salt acid ester  acid ester                                

                         triethanol- potassium                                 

                         amine salt  salt                                      

     0.320    0.325      0.331       0.335                                     

     10.0     9.5        10.0        10.0                                      

     Clean and bright and essentially free                                     

     of surface oxidation.                                                     

     0.03     0.03       0.03        0.03                                      

     &lt;0.5     &lt;0.5       &lt;0.5        &lt;0.5                                      

     ______________________________________                                    

     19       20         21          22                                        

     ______________________________________                                    

     Synthetic                                                                 

              Petroleum  Ricinolic   Erucic acid                               

     alcohol  sulfonic   acid lauryl oleyl                                     

     (C.sub.12 60%                                                             

              acid sodium                                                      

                         alcohol     alcohol                                   

              salt       ester       ester                                     

     C.sub.14 40%)                                                             

              (molecular sulfuric    sulfuric                                  

     sulfuric weight     acid ester  acid ester                                

     acid ester                                                                

              about 500) potassium   triethanol-                               

     monoethanol-        salt        amine salt                                

     amine salt                                                                

     0.338    0.330      0.321       0.320                                     

     10.0     11.5       16.5        17.0                                      

     Clean and bright and essentially free                                     

     of surface oxidation                                                      

     0.03     0.03       0.03        0.03                                      

     &lt;0.5     &lt;0.5       &lt;0.5        &lt;0.5                                      

     ______________________________________                                    

     23       24         25          26                                        

     ______________________________________                                    

     Castor oil                                                                

              Laurylamine                                                      

                         Oleic acid  Poly(oxyethy-                             

     sulfuric sulfuric   diethanol-  lene) lauryl                              

     acid ester                                                                

              acid ester amide       ether                                     

     potassium                                                                 

              potassium  sulfuric    phosphoric                                

     salt     salt       acid ester  acid mono-                                

                         potassium   and diester                               

                         salt        triethanol-                               

                                     amine salt                                

                                     (monoester                                

                                     ca. 60%                                   

                                     diester ca.                               

                                     40%, ethylene                             

                                     oxide addi-                               

                                     tion mole                                 

                                     number 2)                                 

     0.320    0.338      0.341       0.330                                     

     17.0     10.0       10.5        17.5                                      

     Clean and bright and essentially free                                     

     of surface oxidation                                                      

     0.03     0.03       0.03        0.03                                      

     &lt;0.5     &lt;0.5       &lt;0.5        &lt;0.5                                      

     ______________________________________                                    

     27           28             29                                            

     ______________________________________                                    

     Poly(oxyethy-                                                             

                  Poly(oxy-      Poly(oxyethy-                                 

     lene) oleyl  ethylene)      lene)                                         

     ether phos-  nonylphenol    octylphenol                                   

     phoric acid  ether          ether phos-                                   

     mono- and    phosphoric     phoric acid                                   

     diester      acid mono-     mono- and                                     

     potassium    and diester    diester                                       

     salt (mono-  monoethanol-   sodium salt                                   

     ester ca.    amine salt     (monoester                                    

     60% diester  (monoester     ca. 60%                                       

     ca. 40%,     ca. 60%        diester ca.                                   

     ethylene     diester ca.    40%, ethylene                                 

     oxide addi-  40%, ethylene  oxide addi-                                   

     tion mole    oxide addi-    tion mole                                     

     number 2)    tion mole      number 15)                                    

                  number 4)                                                    

     0.332        0.338          0.337                                         

     17.5         17.0           16.5                                          

     Clean and bright and essentially free                                     

     of surface oxidation                                                      

     0.03         0.03           0.03                                          

     &lt;0.5         &lt;0.5           &lt;0.5                                          

     ______________________________________                                    

     30                31                                                      

     ______________________________________                                    

     Lauryl            Oleyl                                                   

     phosphate         phosphate                                               

     triethanol-       potassium                                               

     amine salt        salt                                                    

     0.335             0.335                                                   

     16.0              16.0                                                    

     Clean and bright and                                                      

     essentially free of                                                       

     surface oxidation                                                         

     0.03              0.03                                                    

     &lt;0.5              &lt;0.5                                                    

     ______________________________________                                    

PAC  EXAMPLES 32 - 34
PAR  Rolling oils were produced according to the recipes as mentioned in Table
      4.
TBL                Table 4                                                     

     ______________________________________                                    

     Example        32        33        34                                     

     ______________________________________                                    

     Water (parts)  1000      1000      1000                                   

     Lauryl alcohol                                                            

     sulfuric acid ester                                                       

     triethanolamine                                                           

     salt* (parts)  20        20        100                                    

     Isopropyl alcohol                                                         

     (parts)         4         7        20                                     

     Hexylene glycol                                                           

     (parts)         1         3        10                                     

     ______________________________________                                    

      *A 1% aqueous solution of the salt showed a pH of 10.0.                  

PAC  EXAMPLE 35
PAR  A rolling oil was produced according to the following recipe:
TBL                     Parts                                                  

     ______________________________________                                    

     Water                1000                                                 

     Rapeseed oil fatty acid                                                   

     potassium salt*      20                                                   

     Poly(oxyethylene) lauryl                                                  

     ether phosphoric acid                                                     

     mono- and diester tri-                                                    

     ethanolamine salt                                                         

     (monoester ca. 60% diester                                                

     ca. 40%, ethylene oxide                                                   

     addition mole number 2)                                                   

                          5                                                    

     Isopropyl alcohol    7                                                    

     Ethylene glycol monobutyl                                                 

     ether                3                                                    

     ______________________________________                                    

      *A 1% aqueous solution of the salt showed a pH of 11.0.                  

PAC  EXAMPLE 36
PAR  A rolling oil was produced according to the 10 following recipe:
TBL                     Parts                                                  

     ______________________________________                                    

     Water                1000                                                 

     Rapeseed oil fatty acid                                                   

     potassium salt*      30                                                   

     Petroleum sulfonic acid                                                   

     sodium salt**        5                                                    

     Poly(oxyethylene) dilaurate                                               

     (ethylene oxide addition                                                  

     mole number 10)      5                                                    

     Ethyl alcohol        10                                                   

     Hexylene glycol      4                                                    

     ______________________________________                                    

      *A 1% aqueous solution of the salt showed a pH of 11.0.                  

      **A 1% aqueous solution of the salt showed a pH of 10.5.                 

PAC  EXAMPLE 37
PAR  A rolling oil was produced according to the following recipe:
TBL                     Parts                                                  

     ______________________________________                                    

     Water                1000                                                 

     Oleic acid potassium salt*                                                

                          25                                                   

     Caster oil sulfuric acid                                                  

     ester potassium salt**                                                    

                          10                                                   

     Methyl alcohol       10                                                   

     Hexylene glycol      3                                                    

     Ethylene glycol monobutyl                                                 

     ether                3                                                    

     ______________________________________                                    

      *A 1% aqueous solution of the salt showed a pH of 11.0.                  

      **A 1% aqueous solution of the salt showed a pH of 11.0.                 

PAC  EXAMPLE 38
PAR  A rolling oil was produced according to the following recipe:
TBL                     Parts                                                  

     ______________________________________                                    

     Water                1000                                                 

     Rapeseed oil fatty acid                                                   

     potassium salt*      25                                                   

     Petroleum sulfonic acid                                                   

     sodium salt**        5                                                    

     Poly(oxyethylene)                                                         

     nonylphenol ether phosphoric                                              

     acid mono- and diester                                                    

     monoethanolamine salt                                                     

     (monoester ca. 60% diester                                                

     ca. 40%, ethylene oxide                                                   

     addition mole number 4)                                                   

                          5                                                    

     Isopropyl alcohol    9                                                    

     Hexylene glycol      3                                                    

     Ethylene glycol monobutyl                                                 

     ether                3                                                    

     ______________________________________                                    

      *A 1% aqueous solution of the salt showed a pH of 11.0.                  

      **A 1% aqueous solution of the salt showed a pH of 10.5.                 

PAC  EXAMPLE 39
PAR  A rolling oil was produced according to the following recipe:
TBL                      Parts                                                 

     ______________________________________                                    

     Water                 1000                                                

     Rapeseed oil fatty acid                                                   

     potassium salt*       8                                                   

     Petroleum sulfonic acid                                                   

     potassium salt**      3                                                   

     Poly(oxyethylene) nonylphenol                                             

     ether phosphoric acid mono-                                               

     and diester triethanolamine salt                                          

     (monoester ca. 60% diester ca.                                            

     40%, ethylene oxide addition                                              

     mole number 7)        3                                                   

     Poly(oxyethylene) dioleate                                                

     (ethylene oxide addition mole                                             

     number ca. 14)        4                                                   

     Isopropyl alcohol     11                                                  

     Hexylene glycol       4                                                   

     ______________________________________                                    

      *A 1% aqueous solution of the salt showed a pH of 11.0.                  

      **A 1% aqueous solution of the salt showed a pH of 10.5.                 

PAR  The lubricating and reducing properties of the rolling oils obtained in
      Examples 32 - 38 are shown in Table 5 in comparison with those of a prior
      art rolling oil.
TBL                                    Table 5                                 

     __________________________________________________________________________

     Lubricating                                                               

     property          Reducing property                                       

     Example                                                                   

          Wear track                                                           

                Film   Appearance                                              

                              Thickness                                        

                                    Reduction                                  

          area  strength                                                       

                       of copper                                               

                              of copper                                        

                                    time                                       

                       surface                                                 

                              oxide                                            

          (mm.sup.2)                                                           

                (kg/cm.sup.2) (as CuO)                                         

                                    (sec.)                                     

                              (.mu.)                                           

     __________________________________________________________________________

     32   0.327 9.5           0.05  0.5                                        

     33   0.327 9.5           0.03  &lt; 0.5                                      

     34   0.301 14.5   Clean and                                               

                              0.02  &lt; 0.5                                      

                       bright and                                              

     35   0.320 16.5   essentially                                             

                              0.03  &lt; 0.5                                      

                       free of                                                 

     36   0.319 16.0   surface                                                 

                              0.03  &lt; 0.5                                      

                       oxidation                                               

     37   0.312 17.0          0.03  &lt; 0.5                                      

     38   0.313 17.5          0.03  &lt; 0.5                                      

     Prior                                                                     

     art                            Not                                        

     rolling                                                                   

          0.480 6.0    Black red                                               

                              6.0   reducing                                   

     oil                                                                       

     Blank                          Not                                        

     test --    --     Black  10.0  reducing                                   

     __________________________________________________________________________

      Notes:                                                                   

      (1) The prior art rolling oil is a 3% aqueous solution obtained by mixing

      80 parts of a mineral oil, 5 parts of an oil or fat, 5 parts of a soap, 1

      parts of a nonionic surface active agent and water.                      

      (2) The blank test was carried out by heating a copper material to       

      700.degree.C, allowing the material to cool in air and measuring.        

PAR  The use of the rolling oils according to the present invention in the hot
      rolling of a copper wire material is explained below.
PAR  A roll stand is tightly sealed in order to prevent the invasion of oxygen
      into a rolling mill, wherein a material to be rolled is completely
      immersed in a rolling oil. The rolled material leaves the rolling mill and
      then enters a cooling pipe filled with the rolling oil, where the material
      is cooled to a temperature at which substantially no oxide film is formed,
      that is, a temperature of 80.degree.C or less and then wound up by a
      winder into a bundle. Here, the temperature at the inlet of the rolling
      mill is 750.degree.C and that at the outlet of the rolling mill is
      600.degree.C.
PAR  A comparison of the performance of the rolling oils according to the
      present invention with that of a prior art rolling oil is as shown in
      Table 6.
TBL                Table 6                                                     

     ______________________________________                                    

                 Appearance of  Thickness of                                   

     Example     hot rolled     copper oxide                                   

                 material       as CuO                                         

                                (.mu.)                                         

     ______________________________________                                    

      2                         0.03                                           

      8                         0.06                                           

     11                         0.07                                           

     14                         0.03                                           

     18          Clean and      0.03                                           

                 bright                                                        

     27          and es-        0.03                                           

                 sentially                                                     

     36          free of        0.03                                           

                 surface                                                       

     37          oxidation      0.03                                           

     38                         0.03                                           

     Prior                                                                     

     art oil*    Black          9.75                                           

     ______________________________________                                    

      *3% aqueous solution                                                     

PAR  Also, in the case of the prior art oil, the thickness of copper oxide after
      hot rolling and sulfuric acid treatment is 0.03 - 0.05 .mu. as CuO. When
      the sulfuric acid treatment is effected, the surface of the rolled
      material becomes frosted. On the other hand, in the case of the rolling
      oils according to the present invention, the surface of the rolled
      material is always lustrous and smooth.
PAR  As for lubricating property, when the rolling oils according to the present
      invention are used, the abrasion speed of the rolls is reduced to about
      1/2 to 1/3 of that in the use of prior art rolling oils.  pg,30 Further,
      the inside of the rolling mill, an oil tank and a circulating pipe do not
      become sticky but remain clean as compared with the case of prior art
      oils.
PAR  As described above, when the rolling oils according to the present
      invention are used as a hot rolling oil for copper and copper alloys, the
      life of the rolls are prolonged and the inside of the rolling mill and the
      other apparatuses remain clean as compared with the use of prior art oils,
      that is, mineral oil-based emulsion type lubricants. Further, sulfuric
      acid treatment is not required owing to the formation of no oxide film and
      the rolled material can be directly used as a starting material in the
      subsequent cold processing step.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A reducing hot rolling oil for copper and copper alloys comprising 1000
      parts by weight of water, 6 - 200 parts by weight of at least one member
      selected from the group consisting of carboxylic acid type, sulfate type
      and phosphate type anionic surface active agents, and 0.8 - 200 parts by
      weight of at least one hydroxyl group-containing compound selected from
      the group consisting of alcohols, alkylene glycols and glycol ethers.
NUM  2.
PAR  2. A reducing rolling oil according to claim 1, which comprises 1000 parts
      by weight of water, 5 - 95 parts by weight of at least one member selected
      from the group consisting of carboxylic acid type, sulfate type and
      phosphate type anionic surface active agents, and 5 - 30 parts by weight
      of at least one hydroxyl group-containing compound selected from the group
      consisting of alcohols, alkylene glycols and glycol ethers.
NUM  3.
PAR  3. A reducing rolling oil according to claim 1 which has a pH of at least
      8.0.
NUM  4.
PAR  4. A reducing rolling oil according to any one of claims 1 - which further
      contains 10 - 100% by weight of a nonionic surface active agent based on
      the weight of the anionic surface active agent.
NUM  5.
PAR  5. A reducing rolling oil according to claim 1, which consists of 1000
      parts by weight of water, 10 parts by weight of propyl alcohol and 20
      parts by weight of oleic acid potassium salt.
NUM  6.
PAR  6. A reducing rolling oil according to claim 1, which consists of 1000
      parts by weight of water, 20 parts by weight of rapeseed oil fatty acid
      potassium salt (a 1% aqueous solution of which has a pH of 11.0). 5 parts
      by weight of poly(oxyethylene) lauryl ether phosphoric acid mono- and
      diester triethanolamine salt (monoester ca. 60% diester ca. 40%, ethylene
      oxide addition mole number 2), 7 parts by weight of isopropyl alcohol and
      3 parts by weight of ethylene glycol monobutyl ether.
NUM  7.
PAR  7. A reducing rolling oil according to claim 1, which consists of 1000
      parts by weight of water, 8 parts by weight of rapeseed oil fatty acid
      potassium salt (a 1% aqueous solution of which has a pH of 11.0), 3 parts
      by weight of petroleum sulfonic acid potassium salt (a 1% aqueous solution
      of which has a pH of 10.5), 3 parts by weight of poly(oxyethylene)
      nonylphenol ether phosphoric acid mono- and diester triethanolamine salt
      (monoester ca. 60% diester ca. 40%, ethylene oxide addition mole number
      7), 4 parts by weight of poly(oxyethylene) dioleate (ethylene oxide
      addition mole number ca. 14), 11 parts by weight of isopropyl alcohol and
      4 parts by weight of hexylene glycol.
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ABST
PAL  An aqueous base lubricant composition particularly useful as a post pickle
      and rolling fluid for steel comprising an aqueous dispersion of (1) a
      water miscible fluid which is the condensation product of from 1.5 to 2
      moles of a dialkanol amine which is either diethanolamine or
      diisopropanolamine and one mole of a monocarboxylic acid containing 10-20
      carbon atoms, or glyceride thereof, and (2) an agent for reducing the
      viscosity of the aqueous composition which is either (a) an alkyl aryl
      sulfonate, (b) a monoalkyl ether of a lower alkylene glycol, (c) a lower
      glycol, or (d) a monoalkyl ether of a polyoxyalkylene glycol. The
      lubricant compositions may contain extreme pressure or anti-friction
      additives as well as materials which enhance the rust and corrosion
      protection provided by said compositions.
BSUM
PAC  PRIOR PROCEDURES
PAR  In the production of cold rolled steel, hot ingots of steel are first
      rolled to produce a four to six inch thick slab, and thereafter the slab
      is reduced in thickness to produce a strip having a thickness of 0.075 to
      0.250 inches. After the hot rolled strip is formed, it is introduced to a
      pickling bath containing sulfuric or hydrochloric acid to remove scale
      formed by oxidation during the hot rolling process.
PAR  After removal from the pickling bath the steel sheet is rinsed with water
      to remove the acid, air dried and coiled. In the prior procedures, a post
      pickling fluid has been applied to the surfaces of the sheet prior to
      coiling for the purpose of minimizing scratching during coiling and to
      lubricate the surfaces of the sheet in subsequent cold rolling operations.
PAR  The post pickling fluids used heretofore generally have been compounded
      oils which provide the sheet with a coating of oil. Such fluids generally
      have comprised mineral or fatty oil, rust inhibitors such as petroleum
      sulfonates, lubricating additives such as alkyl acid phosphates, and
      emulsifiers or dispersants.
PAR  These pickling fluids have suffered from a number of disadvantages. A
      particular problem has been one of disposal of the spent fluids for, by
      their inherent oily nature, such fluids have the potential for polluting
      rivers and streams. Such fluids are also known to drip from the coiled
      pickled strip, with the result that the work area is rendered dirty and
      unsafe by reason of oily deposits. A further problem is that of "mill
      refusal" or "gagging." More specifically, the oily nature of the fluid
      interferes with the mill rolls getting a "bite" on the strip to cause the
      strip to advance through the rolls during cold rolling. In order to
      overcome this particular problem kerosene has been added to the fluid to
      reduce lubricity. However, kerosene represents a distinct fire hazard in
      the cold rolling operation.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of this invention to provide an aqueous base post pickling
      fluid and lubricant for the cold rolling of steel, which composition is
      substantially non-staining and non-corrosive to steel.
PAR  A particular object of this invention is an aqueous base post pickling
      fluid and rolling lubricant which substantially overcomes the
      above-described pollution and fire hazards presented by the oily
      compositions heretofore used in post pickling and cold rolling operations.
PAR  A still further object is to provide an aqueous base post pickling fluid
      which has a substantially reduced tendency to drip from the coiled pickled
      steel strip, thereby simplifying the maintaining of clean, safe work
      areas.
PAR  Still another object of this invention is the provision of an aqueous base
      rolling fluid which improves the surface life of the work rolls, provides
      for a clean rolling operation, and makes possible the production of clean
      steel strip which does not exhibit the defect commonly referred to as
      "carbon edge."
DETD
PAR  These and other objects of this invention will become apparent from the
      following detailed description of the invention and appended claims.
PAC  DESCRIPTION OF THE INVENTION
PAR  According to this invention there is provided a novel aqueous base post
      pickling fluid and cold rolling lubricant containing in addition to water,
      two essential constituents in given proportions, namely, (1) a water
      miscible fluid which is the condensation product of an aliphatic
      monocarboxylic acid containing 10-20 carbon atoms, or a glyceride thereof,
      and a dialkanol amine selected from the group consisting of diethanolamine
      and diisopropanolamine, the mole ratio of dialkanol amine to carboxylic
      acid being from about 1.5 to 2 to one, and an agent for reducing the
      viscosity of the aqueous base fluid which is either (a) an alkyl aryl
      sulfonate, (b) a mono alkyl ether of a lower alkylene glycol, (c) a lower
      glycol, or (d) a mono alkyl ether of a polyoxyalkylene glycol, and
      mixtures of such agents. The aqueous base fluids may contain extreme
      pressure or antifriction additives, as well as materials which enhance the
      rust and corrosion protection provided by such fluids.
PAR  The two essential constituents identified above can be combined to form a
      concentrate comprising about 50 to 92% acid-amine condensate, and about
      8-50 percent of the viscosity reducing agent. Preferably the concentrate
      comprises 50-80 percent of the condensate and 20-50 percent of viscosity
      reducing agent. The concentrate can then be added to water. In the case of
      a post pickling fluid, the concentrate may comprise about 15-50 percent by
      weight, based on the total weight of the aqueous fluid.
PAR  In preparing a cold rolling fluid according to this invention, the
      concentrate may be combined with water so that the resulting aqueous base
      composition comprises about 0.5 to 2 percent by weight of the total
      composition, of the concentrate.
PAR  The aqueous base fluids of this invention are substantially "oil free" in
      that they do not contain any oily component, e.g. petroleum oil, fatty
      oil, etc. Thus, the novel fluid, after use, presents a much reduced
      pollution problem as compared to the prior oily fluids used for the same
      purpose.
PAR  In addition, when applied to sheet steel immediately following the pickling
      operation, at which time the steel is at a temperature of about
      160.degree.-220.degree.F., the water evaporates leaving the surfaces of
      the sheet coated with an adherent film which provides both corrosion
      resistance and lubricity to prevent scratching during coiling and
      uncoiling. The film also provides lubricity during the initial stages of
      cold reduction. Inasmuch as the film is adherent to the steel strip, it
      does not drip therefrom, an important factor in maintaining a clean safe
      work area.
PAR  The aqueous base fluids of this invention provide the sheet with a bright
      clean finish and there is an absence of a carbon edge.
PAR  As previously stated, the water-miscible fluid is a condensation product of
      an aliphatic monocarboxylic acid, or glyceride, and a dialkanol amine, in
      the proportions of substantially from 1.5 to 2.7 moles of the amine to one
      of the carboxylic acid. The monocarboxylic acids preferably are fatty
      acids having from 10 to 20 carbon atoms and glycerides of such acids.
      Examples of such fatty acids are stearic acid, palmitic acid, oleic acid,
      linoleic acid, lauric acid, myristic acid, coconut oil fatty acids,
      ricinoleic acid and the like, as well as the glycerides of such acids.
      Preferred carboxylic acids include refined tall oil fatty acids
      (predominantly a mixture of oleic and linoleic acids), and the glycerides
      commonly known as tallows and lard oils.
PAR  The aforementioned monocarboxylic acids are reacted with a dialkanol amine.
      Examples of such dialkanol amines are duethanol-, and diisopropanol-amine.
PAR  The condensates are prepared by reacting not substantially less than about
      1.5 and preferably about 2 moles of the dialkanol amine with one mole of
      monocarboxylic acid. The condensation reaction takes place at temperatures
      above about 100.degree.C. but below the temperature of decomposition of
      the resulting material. Where the monocarboxylic acid reactant is in the
      form of a glyceride, the aforesaid mole ratio of amine to acid refers to
      moles of acid in any such glyceride.
PAR  A particularly preferred condensate fluid for use in the products of the
      present invention comprises the condensation product of about 1.8 moles of
      diethanol amine and one mole (based on carboxylic acid content) of yellow
      grease (approximately 85 percent glyceride of a mixture of stearic,
      palmitic and oleic acids). Another preferred water-miscible condensate is
      the reaction product of diethanol amine and tall oil fatty acids in the
      above-specified molar ratios of amine to fatty acid. Condensates of the
      type used in the lubricant compositions of the present invention and
      procedures for preparing them are described in detail in U.S. Pat. No.
      2,089,212.
PAR  In the post pickle fluids and cold rolling lubricants of this invention it
      is believed that the above-described condensates, which should be liquid
      at ambient temperatures, function to provide the fluids with the necessary
      lubricity. In addition, to some degree they act as rust inhibitors for
      steel sheet.
PAR  Although the above-described condensates are miscible with water, it was
      found that when aqueous compositions containing such condensates are
      applied to the hot steel during the post pickling operation, the aqueous
      compositions undergo a substantial increase in viscosity with reduction in
      water content due to evaporation. Such increase in viscosity interferes
      with the uniform distribution of the condensate on the steel surface. The
      result is that upon evaporation of substantially all water there remains
      on the surface of the steel sheet islands of condensate separated by
      uncoated, and thus unprotected, areas. It was discovered that by including
      in the aqueous base lubricant compositions of this invention one or more
      viscosity reducing agents in specified amounts, the aforementioned problem
      of uneven and incomplete distribution of the condensate on the surface of
      the steel sheet can be overcome.
PAR  As indicated above, the viscosity reducing agents are of four chemical
      types, namely (a) alkyl aryl sulfonates, (b) mono alkyl ethers of lower
      alkylene glycols, (c) lower glycols, and (d) mono alkyl ethers of certain
      polyoxyalkylene glycols, as well as mixtures of such agents.
PAR  The alkyl arylene sulfonates, which are commonly referred to as "mahogany
      sulfonates" because of their characteristic color, are oil soluble and,
      when derived by sulfonation of a heavy petroleum distillate typically
      contain a single aromatic ring with a long aliphatic chain. Thus, such
      sulfonates can be represented by the general formula
EQU  RSO.sub.3 X
PAL  in which R is an alkyl arylene (generally phenylene) containing from 20 to
      30 carbon atoms, and X is sodium, potassium, ammonium or a primary,
      secondary or tertiary amine. The average molecular weight of such
      sulfonates produced from petroleum fractions ordinarily will be on the
      order of about 450-500. Methods for preparation of such sulfonates are
      well known. See Kirk-Othmer Encyclopedia of Chemical Technology, 2d.,
      Volume 19, pages 296-297 (1969).
PAR  A preferred sulfonate is a sodium alkyl phenylene sulfonate having an
      average molecular weight of about 455-480 derived from petroleum.
PAR  In the aqueous base fluids of this invention the sulfonate provides the
      steel sheet with some rust protection. In addition, the sulfonate provides
      some degree of lubricity, acts as a bodying agent for the composition and
      assists in solubilizing the non-aqueous constituents in the major
      constituent, water.
PAR  A second class of viscosity reducing agents is the mono alkyl ethers of
      lower alkylene glycols having the formula
      ##EQU1##
      in which R' is an alkyl group containing from 1 to 4 carbon atoms, R" is
      hydrogen or methyl, and y is an integer from 1 to 3. Typical of such
      ethers are the mono ethyl ether of ethylene glycol, and the mono butyl
      ether of propylene (R" is CH.sub.3) glycol, the latter being a preferred
      ether-type viscosity reducing agent.
PAR  The third class of viscosity reducing agents are the lower glycols selected
      from the group consisting of dipropylene glycol, tripropylene glycol,
      1,5-pentane diol, 2-ethyl-1,3-hexane diol, and hexylene glycol
      (2-methyl-2,4-pentane diol).
PAR  The fourth category of viscosity reducing agents are the mono alkyl ethers
      of polyoxyalkylene glycols. These compounds, which contain both
      oxyethylene and oxy 1,2-propylene groups are also referred to as
      monohydroxy oxy ethylene oxy 1,2-propylene aliphatic monoethers in which
      the ethylene oxide and 1,2-propylene oxide are combined therein as
      oxyethylene and oxy 1,2-propylene groups. Ordinarily, in such compounds
      the oxyethylene and oxy 1,2-propylene are combined in a ratio which is at
      least one-third part of 1,2-propylene oxide for each part of ethylene
      oxide. Such compounds generally will have an average molecular weight of
      at least 500, of which at least 300 is attributable to the oxyethylene and
      oxy 1,2-propylene groups.
PAR  These ethers and processes for their production which involve reacting
      together an alcohol, e.g. butanol, ethylene oxide and 1,2-propylene oxide,
      are described in U.S. Pat. No. 2,425,755. The resulting product is a
      mixture of ethers, which mixture has certain physical properties and an
      average molecular weight. A preferred viscosity reducing agent of this
      type is a mixture of butyl monoethers having an average molecular weight
      of about 850. In such ethers preferably there is a 1:1 ratio of
      1,2-propylene oxide to ethylene oxide groups.
PAR  Although the desired viscosity reduction of the aqueous base lubricant
      compositions of this invention can be accomplished by the use of a
      compound selected from any one of the four above-described classes of
      compounds, various mixtures of compounds from different classes can also
      be used. A preferred combination of viscosity reducing agents is given in
      Example 3, below.
PAR  The compositions of this invention may also contain other additives such as
      agents which improve lubricity and fluidity, as well as others which
      enhance the corrosion resistance provided by such compositions.
PAR  Examples of agents for enhancing lubricity are alkyl acid phosphates of the
      general formula:
      ##EQU2##
      in which R'" is an alkyl group containing from 10 to 12 carbon atoms. A
      preferred phosphate of this type is lauryl acid phosphate.
PAR  In the lubricating compositions of this invention it is desirable that the
      acid phosphates be neutralized. Where an excess of amine is used in
      preparing the acid-amine condensates, such amine is available to effect
      such neutralization. However, neutralization can also be accomplished by
      adding various amines, such as diethanol amine, diisopropanol amine, and
      triethanol amine.
PAR  An additive which can be included to enhance the corrosion resistance
      provided by the novel lubricants is a petroleum oxidate.
PAR  These additional, and optional additives may comprise up to about 12
      percent by weight, of the concentrates or non-aqueous portion of the
      lubricants of this invention.
PAR  The concentrates can be prepared merely by mixing together at ambient
      temperatures the several constituents, all of which are liquids at such
      temperature. The aqueous base lubricants can then be prepared from the
      concentrates merely by combining them with an appropriate quantity of
      water, i.e. about 15-50 percent for post pickle fluids, and about 0.5 - 2
      percent for rolling lubricants.
PAR  The following specific examples are merely representative of preferred
      embodiments of the invention and are by no means exhaustive. Rather, they
      are merely such as to teach those skilled in the art the manner in which
      the invention may be practiced.
PAR  Concentrates having the following formulations were prepared by combining
      the several constituents.
TBL  ______________________________________                                    

     Example 1                                                                 

     Constituent           Weight Percent                                      

     ______________________________________                                    

     Sodium petroleum sulfonate*                                               

                           23.0                                                

     Fatty Acid-amine condensate**                                             

                           69.5                                                

     Mixture of decyl and lauryl                                               

         acid phosphates   7.5                                                 

     Example 2                                                                 

     Constituent           Weight Percent                                      

     ______________________________________                                    

     Sodium petroleum sulfonate*                                               

                           21.4                                                

     Fatty acid-amine condensate**                                             

                           64.1                                                

     Mixture of decyl and lauryl                                               

         phosphates        7.2                                                 

     Triethanol amine      7.3                                                 

     Example 3                                                                 

     Constituent           Weight Percent                                      

     ______________________________________                                    

     Sodium petroleum sulfonate*                                               

                           10                                                  

     Fatty acid-amine condensate**                                             

                           53                                                  

     Butyl carbitol        15                                                  

     Mono butyl ether of polyoxyalkylene                                       

         glycol***         15                                                  

     Lauryl acid phosphate 7                                                   

     ______________________________________                                    

      *sodium alkyl phenylene sulfonate, average M.W. 455-480                  

      **condensation product of diethanolamine and yellow grease, in the       

      proportion of 1.8 moles of amine for each mole of fatty acids in the     

      grease                                                                   

      ***mixture of monohydroxy oxyethylene oxy 1,2-propylene butyl monoethers,

      ave. M.W. 850, 1:1 ratio oxyethylene to oxy 1,2-propylene groups         

PAC  EXAMPLE 4
PAR  The concentrates of Examples 1, 2 and 3 were diluted with water to provide
      several post pickling fluids containing 25, 30 and 35 percent of
      concentrate. The several post pickling fluids were separately charged into
      the recirculating pickler upcoiler lubrication system of a sheet steel
      mill. Each fluid was flowed onto the freshly pickled surfaces of carbon
      sheet steel prior to a set of pinch rolls designed to level the fluid as
      well as advance the strip of steel into a loosely formed coil. Excess
      fluid was squeezed off the sides of the strip during passage through the
      pinch rolls.
PAR  The steel sheets or strips to which the post pickling fluids were applied
      had different thicknesses and widths. The width of some strips was only 20
      inches whereas that of others was as much as 48 inches. Similarly, some
      sheets were relatively thin, e.g. 0.08 inches whereas others were as thick
      as 0.25 inches. The temperature of the steel strips at the time of
      application of the post pickling fluids was in the range of
      140.degree.-180.degree.F.
PAR  The post pickling fluids of the Examples 1, 2 and 3 protected the freshly
      pickled sheets from rusting and from scratching and coil digs during
      coiling at the exit side of the pickle line in the upcoiler and during
      uncoiling in the coil box immediately prior to subsequent cold reduction.
      The post pickling fluids also serve as a lubricant at the No. 1 stand of
      the cold reduction mills where the stand merely uses a water wash.
PAC  EXAMPLE 5
PAR  The concentrates of Examples, 1, 2 and 3 were diluted with water to provide
      aqueous base lubricants containing about 2 percent concentrate. Each such
      lubricant composition was tested for its lubricating properties in the
      cold rolling of steel using the following procedure.
PAR  A divided tank coolant reservoir having a capacity of 16,000 gallons, was
      charged with approximately 14,000 gallons of water. Twelve 55-gallon drums
      of a mixture consisting of 30 parts of the concentrate of Example 1 and 70
      parts water were charged into this system. The resulting solution was
      recirculated over a standard design 3-stand, 4-high cold reduction mill.
      The recirculation was done with the use of transfer pumps which were an
      integral part of the reservoir system. Hot rolled steel which had
      previously been pickled and oiled were subsequently cold reduced using the
      solution mentioned above. The nature of the coating of the pickled sheet
      was either a standard petroleum oil/fatty oil blend or a mixture
      consisting of 30 parts of the concentrate of Example 1 and 70 parts water.
PAR  The coils of steel referred to in Example 4, above, were cold rolled. Of
      the large number of coils that were rolled, only two coils were rejected
      because of carbon edge.
PAR  Similar rolling tests were conducted in the same manner using concentrates
      of Examples 2 and 3 in place of that of Example 1. Results were the same.
PAR  It was determined that the aqueous lubricants of this invention effectively
      cool work roll surfaces, provide lubrication during the rolling
      (reduction) process, improve surface life of work rolls, aid in
      maintaining the shape of strip (sheet rolled) and cleanliness of rolling
      operation, and provide a strip of sufficient cleanliness at the exit side
      of the mill such that the defect known as carbon edge, just prevalent
      after cold reduced sheet has been annealed, is eliminated.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A concentrate for addition to water to form an aqueous base lubricant
      composition particularly useful as a post pickle and rolling fluid for
      steel comprising (1) from about 50 to about 92 percent, by weight, of a
      water miscible fluid which is the condensation product of an aliphatic
      monocarboxylic acid containing from 10 to 20 carbon atoms, or glyceride
      thereof, and a dialkanolamine selected from the group consisting of
      diethanolamine and diisopropanolamine, the mole ratio of dialkanolamine to
      carboxylic acid being not less than about 1.5 to 1, and (2) from about 8
      to about 50 percent of an agent for reducing the viscosity of aqueous base
      lubricant compositions containing said concentrate, said viscosity
      reducing agent being selected from the group consisting of (a) a sulfonate
      of the general formula
EQU  RSO.sub.3 X
PAL  in which R is an alkyl arylene group containing from 20 to 30 carbon atoms
      and X is Na, K, NH.sub.4 or an amino group, (b) a mono alkyl ether of a
      lower alkylene glycol of the formula
      ##EQU3##
      in which R' is an alkyl group containing from 1 to 4 carbon atoms, R" is H
      or CH.sub.3, and y is an integer of from 1 to 3, (c) a glycol selected
      from the group consisting of dipropylene glycol, tripropylene glycol,
      1,5-pentane diol, 2-ethyl-1,3-hexane diol, and hexylene glycol, and (d) a
      monohydroxy oxyethylene oxy 1,2-propylene aliphatic monoether in which the
      ethylene oxide and 1,2-propylene oxide are combined therein as oxyethylene
      and oxy 1,2-propylene groups, said monoether having an average molecular
      weight of at least 300, and mixtures of said viscosity reducing agents.
NUM  2.
PAR  2. A concentrate according to claim 1 comprising (1) from about 50 to about
      80 percent of said water miscible condensation product, and (2) from about
      20 to about 50 percent of said viscosity reducing agent.
NUM  3.
PAR  3. A concentrate according to claim 1 containing up to about 12 percent of
      a lubricity enhancing agent comprising a neutralized alkyl acid phosphate
      of the general formula
      ##EQU4##
      in which R'" is an alkyl group containing from 10 to 12 carbon atoms.
NUM  4.
PAR  4. A concentrate according to claim 1 comprising (1) about 53 percent of a
      water miscible fluid which is the condensation product of yellow grease
      and diethanolamine, the mole ratio of said amine to carboxylic acid of
      said grease being about 1.8 to 1, (2) as a viscosity reducing agent, the
      combination of about 10 percent of a sodium petroleum sulfonate having a
      molecular weight of about 455 to about 480, 15 percent of butyl carbitol
      and 15 percent of a mixture of monohydroxy oxyethylene oxy 1,2-propylene
      butyl monoethers having an average molecular weight of about 850 in which
      ethylene oxide and 1,2-propylene oxide are combined therein as oxyethylene
      and oxy 1,2-propylene groups in the ratio of one part of ethylene oxide
      for each part of 1,2-propylene oxide, (3) and about 6% lauryl acid
      phosphate, said percentages being by weight based on the total weight of
      said concentrate.
NUM  5.
PAR  5. A post pickling fluid for steel comprising from about 15 to about 50
      percent of the concentrate of claim 1 and water, said percentage being by
      weight, based on the total weight of said fluid.
NUM  6.
PAR  6. A post pickling fluid for steel comprising from about 25 percent of the
      concentrate of claim 4 and water, said percentage being by weight based on
      the total weight of said fluid.
NUM  7.
PAR  7. A rolling lubricant for steel comprising from about 0.5 to about 2
      percent, of the concentrate of claim 1 and water, said percentage being by
      weight based on the total weight of said composition.
NUM  8.
PAR  8. A rolling lubricant for steel comprising about 1.5 percent of the
      concentrate of claim 4, said percentage being by weight based on the total
      weight of said lubricant.
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ABST
PAL  Certain polyalkoxylated compounds are combined with alkaline earth metal
      carbonates dispersed in a hydrocarbon medium to provide lubricating
      compositions of superior acid neutralizing capability and rust inhibition
      in internal combustion engines.
PARN
PAC  CROSS-REFERENCES
PAR  This is a continuation of application Ser. No. 413,144, filed Nov. 5, 1973,
      now U.S. Pat. No. 3,856,687, which is a continuation of Ser. No. 142,838,
      filed May 10, 1971, now abandoned, which in turn is a continuation-in-part
      of Ser. No. 45,567, filed June 11, 1970, now U.S. Pat. No. 3,711,406.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  Lubricating oils are employed not only for lubrication, but as a vehicle to
      promote the protection of the surfaces lubricated by the oil. The tendency
      for rusting has required that lubricating oils include additives which
      inhibit rust. Also included in lubricating oils for internal combustion
      engines are bases capable of neutralizing the acids formed during fuel
      combustion or introduced into the oil by blow-by or other mechanisms.
PAR  The oxidation of hydrocarbon oils yields a variety of compounds that are
      deleterious for the service for which the oils are intended. A large
      variety of end products result from the oxidation. Among those identified
      are lactones, ketones, aldehydes, esters, alcohols, hydroxy acids,
      anhydrides, peroxides, and acids. The acidic and peroxidic components
      attack metals, corrode bearings, and promote wear and rust. Acidic
      products are also a major source of the oil insolubles that cause ring
      sticking, sludging, and impede oil flow.
PAR  Diesel fuels contain varying amounts of sulfur which is oxidized in
      combustion and mainly exhausted from the engine. However, appreciable
      quantities are blown through the ring zone together with air and water.
      Under these conditions, the SO.sub.2 is converted to SO.sub.3, which in
      turn is converted to sulfuric acid. This results in acidic attack on the
      oil, rings and cylinders.
PAR  While gasoline fuels are low enough in sulfur content so that sulfuric acid
      attack should pose no problem, the blow-by of fuel oxidation products and
      water which accumulate in the crankcase lead to sludging, corrosion and
      lacquer formation.
PAR  The three important mechanisms available for inhibiting rust and corrosion
      are acid neutralization, inhibition of oil oxidation and protective film
      formation. Since acids are involved in the rust and corrosion processes,
      it is obvious that their neutralization will serve as a preventative. This
      is a function performed by alkaline earth metal carbonates, which when
      dispersed in a lubricating oil by means of a metal salt dispersant
      (phenate or sulfonate) will maintain low copper-lead bearing corrosion
      rates and inhibit rusting as long as the pH of the oil is above 6.
      Furthermore, it has been shown that in the diesel engine corrosion by
      sulfuric acid is prevented as long as the pH of the oil is maintained
      above 4.5. Ring and cylinder wear in gasoline engines operating under low
      temperature conditions (jacket temperature = 32.degree.C.) increases
      sharply when the pH of the oil drops below 6 [W. T. Stewart and F. A.
      Stuart, Advances in Petroleum Chemistry and Refining, Vol. 7, p. 1
      (1963)].
PAR  Rusting and acidic corrosion also constitute a serious problem in steam
      turbines and other machinery exposed to moisture. Like the internal
      combustion engine corrosion discussed previously, this type of corrosive
      wear is readily controlled by effective alkaline additives.
PAR  2. Description of the Prior Art
PAR  In U.S. Pat. No. 3,458,444, alkenyl succininates of hydrocarbon-substituted
      ethanolamines are taught as rust inhibitors. Various alkanolamines are
      taught in U.S. Pat. Nos. 3,197,510 and 3,398,197, the compounds having a
      wide variety of uses. Esters of the imidazolines are taught as corrosion
      inhibitors in U.S. Pat. No. 3,017,352.
PAR  U.S. Pat. Nos. 2,681,315 and 2,833,717 teach lubricating oil compositions
      containing poly(oxyethylene)alkylphenol useful as rust or
      corrosion-inhibiting additives. U.S. Pat. No. 2,921,027 teaches
      poly(oxyethylene)sorbitan fatty acid ester as a rust inhibitor. U.S. Pat.
      Nos. 2,620,302, 2,620,304, and 2,620,305 teach 1,2-poly(oxyalkylene)glycol
      lubricating compositions. Alkaline earth metal salt dispersants are also
      mentioned in some of the foregoing patents. U.S. Pat. NO. 3,509,052
      teaches the use of succinic acid derivatives in combination with
      poly(oxyalkylene)polyols and U.S. Pat. No. 3,567,784 is also concerned
      with the poly(oxyalkylene)polyols.
PAC  SUMMARY
PAR  The compositions of this invention are a combination of a polyalkoxylated
      compound and an alkaline earth metal carbonate dispersed in an oil of
      lubricating viscosity. The presence of a polyalkoxylated compound in the
      composition promotes the neutralization of acid from an aqueous phase
      mixed with the oil as determined by pH measurements. The compositions
      provide rust and corrosion protection.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The combination of certain polyalkoxylated compounds and alkaline earth
      metal carbonates dispersed in an oil of lubricating viscosity in
      accordance with the present invention results in surprising improvement in
      the rate of acid neutralization as demonstrated by the acid neutralization
      rate test to be described further. The use of certain polyalkoxylated
      compounds in combination with the dispersed carbonate inhibits rust
      formation and corrosion of ferrous metal surfaces coming into contact with
      lubricants containing said combinations. The polyalkoxylated compounds are
      present in amounts from 0.1 to about 5.0 percent by weight of the
      composition. These compounds are certain oil-soluble alkyl or alkenyl
      amines, glycols, alcohols, imidazolines, acids and phenols which are
      polyalkoxylated as described below.
PAR  The alkaline earth metal carbonate will normally be present to provide
      alkalinity values of from about 0.5 to 100 mg. KOH/g., more usually from
      about 1 to 20 mg. KOH/g. (for method of determination, see Abbott &
      Farley, Methods and Significance of Base Determination in Marine Cylinder
      Lubrication Oils, 23rd ASLE Meeting, May, 1968.) While alkalinity values
      in excess of 10 mg. KOH/g. are not essential to rusting protection, values
      in excess of 10 mg. KOH/g. will frequently be used for a particular
      service. In marine lubrication, alkalinity values are high, while in
      automobile lubrication, alkalinity values are relatively low.
PAR  Other additives may also be included to fulfill functions other than those
      provided for by the dispersed carbonate base and polyalkoxylated compound,
      as well as to augment the functions of the latter additives.
PAR  The other additives will be present in varying amounts, the total amount of
      other additives normally not exceeding 15 weight percent and usually not
      being less than 0.1 weight percent. These additives include ashless
      dispersants such as succinimides, hydrocarbyl alkylene polyamines, etc.,
      dithiophosphates, carboxylic acid corrosion inhibitors, etc.
PAC  COMPONENTS
PAC  Polyalkoxylated Compounds
PAR  These compounds are of the general formula
EQU  Y -- (R.sup.1 O).sub.a H
PAL  wherein R.sup.1 is a C.sub.2 -C.sub.5 alkylene radical and a is in the
      range from 1 to about 12. Among other possible embodiments of the
      invention, to be discussed subsequently, Y can be the phenoxy fragment
      having the formula
      ##SPC1##
PAL  wherein R.sup.2 is an aliphatic hydrocarbyl radical of molecular weight in
      the range from about 50 to about 2,000. If R.sup.2 is an alkyl group, and
      R.sup.1 is --CH.sub.2 CH.sub.2 --, then the compound is an alkyl phenoxy
      poly(oxyethylene)ethanol.
PAR  R.sup.1 is an alkylene radical of 2-5 carbon atoms representing the
      hydrocarbyl portion of the one or more alkylene oxide units incorporated
      into the molecule. For example, preferably R.sup.1 O is the propylene
      oxide unit --CH(CH.sub.3)CH.sub.2 O--, or most preferably, the ethylene
      oxide unit --CH.sub.2 CH.sub.2 O--.
PAR  R.sup.2 is an alkyl or alkenyl radical of about 5 or more carbon atoms, and
      has a molecular weight in the range from about 50 to 2,000. The alkyl or
      alkenyl groups can be straight-chain or branched or partially
      straight-chain and partially branched. Preferably R.sup.2 is an alkyl or
      alkenyl having 0 to 2 sites of unsaturation. The R.sup.2 group can be
      derived from synthetic or natural sources. Illustrative R.sup.2 groups are
      dodecyl, tetradecyl, hexadecyl, octadecyl, etc. Dodecadienyl,
      n-octadecadienyl, hexadecenyl, etc. R.sup.2 can be polyisobutenyl or other
      polymers of olefin monomers of from 2 to 6 carbon atoms, and preferably
      from 3 to 4 carbon atoms.
PAR  Illustrative examples of the polyalkoxylated phenoxy compounds within the
      scope of the present invention are nonylphenoxy poly(oxyethylene)ethanol,
      dodecyl phenoxy poly(oxyethylene)ethanol, dodecyl phenoxy
      poly(oxypropylene)propanol, hexadecadienyl phenoxy
      poly(oxyethylene)ethanol, etc.
PAR  In another embodiment of this invention, Y is the fatty acid fragment
      R.sup.2 COO-- and Y(R.sup.1 O).sub.a H is a polyoxyalkylene fatty acid
      ester. In still another embodiment, Y is the alcoholic fragment, R.sup.2
      CH.sub.2 O-- and Y(R.sup.1 O).sub.a H is an alkyl or alkenyl
      poly(oxyalkylene)alkanol.
PAR  Illustrative alkyl poly(oxyalkylene)alkanols and alkenyl
      poly(oxyalkylene)alkanols which fall within the scope of the present
      invention include decyl poly(oxyethylene) ethanol, dodecyl
      poly(oxypropylene)propanol, octadecenyl poly(oxyethylene)ethanol, etc.,
      all of the general formula, R.sup.2 CH.sub.2 O(R.sup.1 O).sub.a H. Of
      these, the alkyl poly(oxyethylene)ethanols are the preferred embodiment.
PAR  Illustrative poly(oxyalkylene) fatty acid esters which are included within
      the scope of this invention are of the general formula R.sup.2 COO(R.sup.1
      O).sub.a H and include poly(oxyethylene)stearate,
      poly(oxyethylene)laurate, poly(oxyethylene)oleate,
      poly(oxypropylene)stearate, etc.
PAR  The conversion of an aliphatic alcohol, alkyl phenol or fatty acid into a
      polyoxyethylene derivative can be accomplished according to base catalyzed
      reactions which are well known in the literature.
      ##EQU1##
EQU  Y(CH.sub.2 CH.sub.2 O)-- +YH.fwdarw.Y-- +Y(CH.sub.2 CH.sub.2 O)H   The
      effectiveness of ethoxylation catalysts increases with their basicity.
      Ratios of 0.005-0.5 mole of NaOH, NaOCH.sub.3 or KOH per mole of reactant
      are frequently used. Reaction temperatures range from
      100.degree.-200.degree.C. depending upon the reactant and the properties
      desired, i.e., degree of ethoxylation. In general, the polyoxyalkylene
      surfactants are poly-dispersed mixtures of compounds that differ in the
      polymer chain length. However, their properties approximate those of the
      molecule represented by their average composition.
PAR  In yet another embodiment of this invention, Y is HO--(R.sup.4 O).sub.e
      (CH(CH.sub.3)CH.sub.2 O).sub.d -- and Y (R.sup.1 O).sub.a H is a
      poly(oxypropylene)poly(oxyethylene) glycol. R.sup.4 is ethylene, d is in
      the range from 0 to about 70 and e is 1 to about 12. Propylene oxide is
      reacted with propylene glycol (1,2-propane diol) to form a series of
      polyoxypropylene hydrophobes with molecular weights of 800 and greater.
      The molecular weight of the polyoxypropylene glycol must be at least 800
      for it to function as a hydrophobe. These hydrophobes are then made
      amphipathic by ethoxylation to polyoxyethylene contents of 20-90 percent
      of the total weight. A series of products of this composition is marketed
      by Wyandotte Chemicals Corporation under their Pluronic trade-mark.
PAC  Nitrogen Containing Polyalkoxylated Compounds
PAR  In still another embodiment of this invention, Y is an alkyl- or
      alkenyl-substituted imidazoline nucleus
      ##EQU2##
      and Y(R.sup.1 O).sub.a H is an alkyl or alkenyl
      imidazopoly(oxyalkylene)alkanol. In a preferred embodiment the oxyalkylene
      is oxyethylene. For illustrative purposes, compounds within the scope of
      this embodiment include oleyl imidazo poly(oxyethylene)ethanol, heptadecyl
      imidazo poly(oxyethylene)ethanol, heptadecenyl imidazo
      poly(oxyethylene)ethanol, etc.
PAR  In a further embodiment of this invention, Y is itself a polyalkoxylated
      fragment of the formula
      ##EQU3##
      wherein R.sup.3 is a C.sub.2 -C.sub.3 alkylene, R.sup.1 and R.sup.2 are as
      heretofore described, a is from 1 to about 12, as heretofore defined, b
      and b' in the range from 0 to about 12 and c is 0 or 1. Preferably R.sup.1
      is an alkylene of 2-3 carbon atoms. Illustrative compounds which find use
      within the scope of this invention are N,N',N'-tri(2-hydroxy
      ethyl)N-octadecyl propylene diamine,
      N,N',N'-tri(3-hydroxypropyl)N-octadecadienyl propylene diamine,
      N,N-di(2-hydroxy ethyl)stearyl amine, N,N-di(3-hydroxy
      propyl)tetradecylamine, etc. R.sup.2 may be a polymer of an olefin monomer
      of from 2 to 6 carbon atoms. In a preferred embodiment of this invention
      R.sup.2 is a polybutenyl radical having a number average molecular weight
      of about 1,400. The polybutene polyamine is, for example, the product of
      the reaction of a chlorinated polyisobutylene and ethylene diamine.
PAR  Some polyalkoxylated compounds suitable for use in this invention are
      commercially available under various trade names. Thus, suitable compounds
      include certain block copolymers of propylene oxide and ethylene oxide,
      such as the Pluronics (Wyandotte Chemicals); the poly(oxyethylene)
      alcohols such as the Neodols (Shell); poly(oxyethylene)amines, such as
      Ethoduomeens (Armour); poly(oxyethylene)imidazolines, such as the
      Monazolines (Mona Industries); poly(oxyethylene)acids, such as Nonisols
      (Geigy) and Ethofats (Armour).
PAR  The over-all structure of these molecules is amphipathic and purposely so.
      An amphipathic molecule is an organic species encompassing in the same
      molecule two dissimilar structural groups, e.g., a water soluble and a
      water insoluble moiety. The composition, solubility properties, location,
      relation and relative sizes of these dissimilar moieties in relation to
      the over-all molecular configuration determines the efficacy of the
      polyalkoxylated compound for our purposes.
PAR  A variety of names have been used to describe the opposing properties of
      the moieties which make up an amphipathic molecule, e.g.,
      hydrophobic-hydrophilic, lipophilic-lipophobic, oleophilic-oleophobic, and
      simply polar-nonpolar. In compounds of the class used in this invention,
      the polyoxyalkylene chain, (R.sup.1 O).sub.a, is the water solubilizing
      (hydrophilic, polar or lipophobic) moiety and Y, mainly the hydrocarbyl
      R.sup.2, is the oil solubilizing (hydrophobic, nonpolar, or lipophilic)
      moiety.
PAR  The molecular weights of the amphiphatic molecules found to be useful in
      the present invention range from a low of about 150 up to an average
      molecular weight of about 4,500 when Y is a polymeric substance. For the
      purposes of the present invention, for each polyalkoxylated compound,
      there is an optimum solubility and polar balance between the hydrophilic
      and hydrophobic moieties. Relatively small changes in the composition of
      the amphipathic molecule are sufficient to change its relative solubility
      and synergistic acid neutralization effect in conjunction with dispersed
      alkaline earth metal carbonates.
PAR  Thus the value of a which specifies the degree of polyalkoxylation can vary
      from 1 to about 12, but could exceed this greatly. The value of a must be
      balanced against the carbon number, chain length and degree of
      unsaturation in the hydrocarbyl radical R.sup.2 as well as the nature of
      the remainder of the Y fragment, whether phenoxy, alkoxy, heterocyclic,
      etc.
PAC  Alkaline Earth Metal Carbonates
PAR  The alkaline earth metal carbonates are magnesium, calcium and barium
      carbonates, preferably calcium and barium carbonates. Small amounts of the
      hydroxides of the metals may also be present, usually not contributing
      more than about 20 percent of the alkalinity value from the alkaline earth
      metal carbonate composition. The alkaline earth metal compounds are not
      soluble in hydrocarbon media. Therefore, they are invariably dispersed
      with some type of metal salt dispersant. These dispersants are well known
      in the art and will be discussed only summarily.
PAR  The preferred dispersants are the sulfonate and phenate dispersants. The
      sulfonates are extensively discussed in U.S. Pat. No. 3,488,284. The
      organic sulfonates are prepared either from natural or synthetic sources.
      The natural sulfonates are referred to as mahogany sulfonates and are
      derived from petroleum mineral oil fractions and normally have from about
      25 to 50 carbon atoms per sulfonic acid. Synthetic sources are also
      employed which are usually alkylated benzenes having from about 25 to 50
      carbon atoms. The use of the sulfonates and the method of preparing
      overbased sulfonates is well known, as already indicated by the above
      patent. Other patents include U.S. Pat. Nos. 3,021,280, 3,256,186,
      3,057,896 and 3,312,618.
PAR  Another class of dispersant for alkaline earth metal carbonates are the
      phenates. The phenates are alkylated phenols either individually or
      polymerized to a low order of from 2 to 5 alkyl phenols, normally bridged
      with sulfur, alkylene groups, or di(alkylene) amino groups (Mannich
      bases). The alkyl group on the phenol is normally of at least 8 carbon
      atoms and usually does not exceed 36 carbon atoms, more usually being in
      the range of about 12 to 30 carbon atoms. The phenoxide in the phenate
      also contributes to alkalinity value.
PAR  The overbased phenates are described in numerous patents such as U.S. Pat.
      Nos. 3,474,035, 3,429,812, 3,388,063, 3,336,224 and 2,798,852.
PAR  Other dispersants which are also employed are the alkaline earth metal
      alkyl phosphonates and thiophosphonates. The phosphonates will normally be
      at least about 30 carbon atoms and may be as high as 200 carbon atoms,
      more usually from about 50 to 125 carbon atoms. These overbased
      phosphonates are described in U.S. Pat. No. 3,312,618.
PAR  Another group of dispersants are the succinimides of alkylene polyamines.
      These dispersants usually have an alkyl or alkenyl group bonded to the
      succinimide group of at least 50 carbon atoms and not more than about 200
      carbon atoms. The alkylene polyamines are normally ethylene or propylene
      polyamines having from 2 to 6 amino groups, more usually from 3 to 5 amino
      groups. Carboxylates also find use as dispersants. See U.S. Pat. No.
      2,865,951.
PAR  The alkalinity value of the overbased dispersants will usually be at least
      150 and not exceed 500, more usually being in the range of about 200 to
      450 mg. KOH/g. The equivalent ratio of base to dispersant will be at least
      1 to 1 and more usually at least 1.5 to 1, normally not exceeding about 20
      to 1.
PAR  These compositions are used in a sufficient amount to provide the desired
      alkalinity value in the final composition. Therefore, the alkaline earth
      metal carbonates are prepared as concentrates and then diluted in the
      lubricating oil medium with the polyalkoxylated compound to provide the
      desired end composition.
PAC  Lubricating Oils
PAR  The oils which find use in this invention are oils of lubricating viscosity
      derived from petroleum or synthetic sources. The oils may be paraffinic,
      ester, naphthenic, halo-substituted hydrocarbons, asphaltic or
      combinations thereof. Oils of lubricating viscosity normally have
      viscosities in the range of 35 to 50,000 Saybolt Universal Seconds (SUS)
      at 100.degree.F., more usually from about 50 to 10,000 SUS at
      100.degree.F.
PAC  Other Additives
PAR  Other additives are desirably included in the composition. These additives
      may be pour point depressants, oiliness agents, antioxidants, detergents
      (particularly succinimides), corrosion inhibitors, extreme pressure
      agents, etc. Usually, for oils to be used in an engine, the total amount
      of these additivies will range from about 0.1 to 15 weight percent, more
      usually from about 0.5 to 10 weight percent. The individual additives may
      vary in amount from about 0.01 to 10 weight percent of the total
      composition. In concentrates, the weight percent of these additives will
      usually range from about 0.3 to 30 weight percent.
PAR  A preferred aspect of using the compositions of this invention in
      lubricating oils is to include in the oil from about 1 to 50 mM./kg. of a
      dihydrocarbyl phosphorodithioate, wherein the hydrocarbyl groups are from
      about 4 to 36 carbon atoms. Usually, the hydrocarbyl groups will be alkyl
      or alkaryl groups. The remaining valence of the phosphorodithioate will
      usually be satisfied by zinc, but polyalkyleneoxy or a third hydrocarbyl
      group may also be used. (Hydrocarbyl is an organic radical composed solely
      of carbon and hydrogen which may be aliphatic, alicyclic or aromatic. In
      this invention, the preferred hydrocarbyl groups are free of aliphatic
      unsaturation.)
PAC  Neutralization Rate Test
PAR  The Neutralization Rate Test (NRT) consists of the neutralization of an
      acidic aqueous phase with a basic oil phase. The progress of the
      neutralization is followed with a pH meter by measuring the pH at
      15-second, 30-second, or some other convenient interval. The pH is then
      plotted versus the time. Lubricating oil compositions containing dispersed
      alkaline earth metal carbonate will neutralize the acid and exhibit a
      definite point of inflection (PI) usually in the pH range of 3.5 to 6.5,
      but the time elapsed to the point of inflection (TPI) varies very widely,
      depending on the presence or absence of a neutralization promoter of the
      present invention, all other test factors being kept constant.
PAR  It is believed that the PI corresponds to the first end point for the
      acid-base titration in the given system. For example, the first end point
      in the purely aqueous titration of 0.01 N HCl with 0.02 N sodium carbonate
      occurs at pH 4.5 and is believed to correspond to the conversion of HCl to
      carbonic acid. A second end point occurs at pH 8.1 believed corresponding
      to the conversion of dissolved carbonic acid to bicarbonate.
PAR  The time elapsed from initial mixing of oil and aqueous phases to the PI is
      the TPI, and it forms the basis for comparing various oil compositions. In
      general, in the comparison of two oil compositions the one with a low TPI
      rating (fast acid neutralization) has appeared to have better rust
      performance than the composition with high TPI (slow acid neutralization)
      all other factors being kept constant. In examples to be elaborated below,
      the performance of the lubricating oil compositions in the well-known
      Sequence IIB Engine Test were shown to be related to NRT results in these
      cases, all other factors being kept constant.
PAR  Thus the NRT is used to test the efficacy of the polyalkoxylated material
      as an oil soluble promoter of neutralization. The test procedure is as
      follows. A 250 ml. beaker containing aqueous HCl (0.01 to 0.003 N) is
      fitted into a test stand with a stirring paddle and the electrodes of a
      Beckman Expandomatic pH meter immersed in the solution. The stirrer is a
      Waco power stirrer operated at about 500 rpm. The electrodes are a Calomel
      electrode and a Glass electrode. Since the oil phase may have a tendency
      to foul the Glass electrode, periodic application of Desicote (Beckman
      hydrophobic surface coating) should be applied as a preventive. Care
      should also be taken to place the electrodes and stirrer in the same
      relative position in the beaker for each test, and the rate of stirring
      should be constant for highest reproducibility.
PAR  Next the test oil composition, 50 ml., is layered onto the aqueous phase
      with as little mixing as possible. The pH meter is switched on, and the
      stop watch and the stirrer are started simultaneously. pH readings are
      then made at known elapsed times and plotted versus time. The TPI will
      vary from more than 150 minutes for certain tested oil compositions
      containing carbonate but having no acid neutralization promoters, to less
      than one minute with certain polyoxyalkylene neutralization promoters
      present (see Table I).
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Neutralization Rate Test                                                  

     Composition                  Weight Percent.sup.1                         

                                            TPI.sup.2                          

                                                  pH.sup.3                     

     __________________________________________________________________________

     1.  Reference Oil.sup.4      0         167   5.3                          

     2.  C.sub.12 --C.sub.6 H.sub.4 O--(CH.sub.2 CH.sub.2 O).sub.a H           

                        in Reference Oil                                       

         a = 5-6                  0.5        24   5.2                          

         R--CH.sub.2 O--(CH.sub.2 CH.sub.2 O).sub.a H                          

     3.  R = C.sub.12 --C.sub.15 a = 0                                         

                        in Reference Oil                                       

                                  0.5       &gt;40   --                           

     4.  R = C.sub.12 --C.sub.15 a = 3                                         

                        in Reference Oil                                       

                                  0.5       15.6  4.8                          

     5.  R = C.sub.12 --C.sub.15 a = 9                                         

                        in Reference Oil                                       

                                  0.5        4.0  6.0                          

         R--CO--(CH.sub.2 CH.sub.2 O).sub.a H                                  

         .parallel.                                                            

         O                                                                     

     6.  R = C.sub.17, a = 3                                                   

                        in Reference Oil                                       

                                  0.5       47.2  5.2                          

     7.  R = C.sub.18,a = 10                                                   

                        in Reference Oil                                       

                                  0.5       20.5  5.1                          

     8.  R = C.sub.11,a = 15                                                   

                        in Reference Oil                                       

                                  0.5       45.0  5.1                          

     9.  Poly(oxyethylene)polybutene                                           

         ethylene diamine                                                      

                        in Reference Oil                                       

                                  2.0       12.0  5.5                          

     10. C.sub.18 --N(CH.sub.2).sub.3 N(CH.sub.2 CH.sub.2 OH).sub.2            

                        in Reference Oil                                       

                                  0.5        3    4.2                          

         .vertline.                                                            

         (CH.sub.2 CH.sub.2 O)H                                                

                        in Reference Oil                                       

     11. R--C--N--CH.sub.2 CH.sub.2 OH                                         

                        in Reference Oil                                       

                                  0.5       &lt;1    --                           

         .parallel..vertline.                                                  

         N.vertline.                                                           

         R = C.sub.17   in Reference Oil                                       

     12.                                                                       

        HO--(CH.sub.2 CH.sub.2 O).sub.b --(CH(CH.sub.3)CH.sub.2 O).sub.d       

        --(CH.sub.2 CH.sub.2 O).sub.a H                                        

                                  0.5       1.5   --                           

        d = 16b+d/a = 0.15                                                     

     __________________________________________________________________________

      Footnotes                                                                

      .sup.1 Weight percent of acid neutralization promoter added to reference 

      oil.                                                                     

      .sup.2 Time elapsed from start of mixing to point of inflection, in      

      minutes.                                                                 

      .sup.3 pH at point of inflection. Aqueous phase 0.01 N HCl.              

      .sup.4 Reference Oil: a 126 neutral paraffinic oil containing 3.8 percent

      by weight of polyisobutenyl succinimide of tetraethylenepentamine; 6.25  

      millimoles/kg. of zinc dialkylphenyl dithiophosphate; 9.25 millimoles/kg.

      of zinc dialkyl dithiophosphate; and 80 millimoles/kg. of carbonated,    

      sulfurized calcium alkyl phenate, having an alkalinity value of 259      

      mg.KOH/g., 9.25 weight percent calcium and mole ratio of CaCO.sub.3 to   

      phenoxide of about 1.5-2:1.                                              

PAR  Important test parameters are, first, base oil viscosity. In any comparison
      of lubricating oil compositions, the V.sub.100 of the test oils should not
      vary by not more than 15 percent. Secondly, the normality of the acid. If
      the normality of the acid is reduced by one-half, then the TPI is reduced
      (roughly) by one-half. This parameter may be used to adjust the scale of
      neutralization times in different series of tests.
PAR  Reproducibility of the NRT has been established by extensive testing, e.g.,
      22 tests on the same reference composition, conducted in the same way,
      over a period of seven months gave an average TPI of 18.6 minutes with a
      standard deviation of one minute.
PAR  Table I illustrates the activity of the polyalkoxylated amphipathic
      compounds of this invention. Composition 1 consists of the reference oil
      used in the test. The alkalinity value from the calcium carbonate
      dispersed by calcium propylene phenate is 8.9 mg. KOH/g. It also contains
      other additives, but it does not contain an acid neutralization promoter.
      As a result, the TPI for the reference oil is 167 minutes. Composition 3
      shows little improvement, if any, in the TPI by the inclusion of 0.5
      weight percent of a primary linear C.sub.12-15 alcohol, but compositions 4
      and 5 show the appreciable improvement resulting from the inclusion of
      polyethoxylated versions of the same alcohol.
PAR  The other results of Table I are typical of satisfactory performing
      additives in the NRT. In general, one looks for addition agents which
      substantially reduce the TPI relative to that of the reference oil (0
      weight percent of acid neutralization promoter). A reduction in the TPI of
      better than 50 percent is regarded as evidence that the addition agent
      will function to help fulfill the objects of this invention. There are, of
      course, other properties which are needed such as additive compatibility,
      stability, etc. So far as rust inhibition is concerned, there is strong
      evidence that while a satisfactory NRT result is not quantitatively
      predictive of an MS Sequence IIB rust rating, at the very least, the NRT
      result does tend to be related to the comparative rust inhibition
      properties of any two additives, all other factors being kept constant.
      Table II presents evidence obtained from NRT and MS Sequence IIB tests
      relating the "average engine rust" to the pH after four minutes of mixing
      of an oil composition with an acidic aqueous phase. These particular
      results indicate that the more rapidly the pH of the mixture tends toward
      neutrality (a pH of 7.0 at 24.degree.C. indicates acid-base neutrality),
      the lower is the average engine rust formation in Sequence IIB test
      (higher rating). The IIB test is part of GM specifications and requires a
      8.9 to pass.
TBL                TABLE II                                                    

     ______________________________________                                    

                    MS Sequence IIB                                            

     Lubricating Oil                                                           

                    Average Engine                                             

     Composition    Rust Rating.sup.1                                          

                                     pH.sup.2                                  

     ______________________________________                                    

     1              9.2              6.8                                       

     2              9.1              5.1                                       

     3              8.8              4.5                                       

     4              8.4              4.2                                       

     5              8.1              4.0                                       

     6              8.2              3.1                                       

     7              6.3              2.7                                       

     ______________________________________                                    

      .sup.1 GM specifications require average engine rust rating of 8.9 to pas

      MS Sequence IIB test.                                                    

      .sup.2 Average pH after four minutes elapsed time in NRT. Into 50 ml. of 

      0.01 N HCl in a 150-ml. beaker with stirring bar, magnetic stirrer and   

      Glass electrode assembly, is pipetted 25 ml. of the oil composition with 

      minimum mixing. The stirrer and stopwatch are started simultaneously and 

      pH readings are taken.                                                   

PAC  Further Testing
PAR  A number of lubricating oil compositions were prepared by combining the
      appropriate amount of alkaline earth metal carbonates, specifically
      calcium carbonate, dispersed by either a sulfonate or a phenate with an
      ethoxylated amine, N-octadecyl (derived from tallow fatty acids)
      N,N',N'-tri(2-hydroxyethyl) propylene diamine. (Supplied by Armour & Co.
      as Ethoduomeen T-13; the composition also contains about 30 percent by
      weight of the total composition of N-octadecyl [derived from tallow fatty
      acid] N,N'-di(2-hydroxyethyl) amine.) These compositions were tested in a
      variety of ways to establish the effectiveness of polyalkoxylated
      amphipathics as rust and corrosion inhibitors.
PAR  The first test is carried out as follows: A GM Oldsmobile oil relief valve
      (cut lengthwise into halves) is polished with No. 2/0 emery polishing
      paper, rinsed with C.P. hexane and then stored in hexane. The relief valve
      is then placed in 100 ml. of test oil heated in a beaker at
      125.degree.-130.degree.F. for one minute. An acidic solution is provided
      by combining 9 ml. of a solution prepared from 4 ml. of concentrated
      hydrochloric acid, 4 ml. of glacial acetic acid, 4 ml. concentrated
      sulfuric acid and 84 ml. distilled water with 300 ml. of test oil in a 400
      ml. beaker. After stirring at 2,000 rpm for 8 minutes, the acid solution
      and test oil composition are placed in an oil bath maintained at
      140.degree.F. The treated relief valve is then put into the oil mixture
      with the flat surface sitting on the bottom of the beaker. After stirring
      at 550 rpm for 20 hours, the beaker is removed from the oil bath, the
      valve removed from the oil and rinsed twice with C.P. hexane and rated.
      The valve is rated from 0 to 10, 0 equaling heavy rust and 10 being clean.
PAR  The test oil employed, simulating a commercially compounded oil, was an SAE
      30 oil (26.7 wt. % 130 neutral oil, 42.8 wt. % 480 neutral oil and 30.5
      wt. % 185 bright stock; this was the base oil in all the tests unless
      otherwise indicated) containing 2 weight percent of a polyisobutenyl
      succinimide of tetraethylene pentamine (the polyisobutenyl group having a
      number average molecular weight of about 1000), 12 mM./kg. of zinc dialkyl
      dithiophosphate (alkyl of from 4 to 5 carbon atoms) and 40 mM./kg. based
      on Ca of calcium carbonate dispersed with calcium mahogany sulfonate
      wherein the base ratio is 9.3, and the calcium carbonate composition
      contains 11.4 percent calcium. The final composition has an alkalinity
      value from the calcium carbonate of about 1.45.
PAR  The rust rating for the reference oil without the polyethoxylated diamine
      was 6.5. With 0.3 weight percent of the polyethoxylated diamine and 0.15
      weight percent of the monoamine, the rust rating was 9.1 and 9.4.
PAR  The next tests which were employed are called the Humidity Cabinet Test and
      the Hydrobromic Acid Panel Rust Test. The Humidity Cabinet Test is ASTM
      D-1748 and employs a sand-blasted steel panel 1/8 .times. 2 .times. 4
      inches dipped in the oil to be tested, drained of free oil at room
      temperature and placed in the humidity cabinet at 120.degree.F. and
      100.degree. humidity for the time specified for the results. The HBr test
      employs 3 sand-blasted steel panels of the same size as above immersed for
      no more than 1 second in 0.1 percent aqueous hydrobromic acid. Within one
      second of removing the test panels from the hydrobromic acid solution, the
      test panels are dipped in the oil to be evaluated at room temperature. The
      test panels are dipped and removed from the test oil 12 times during a
      period of 60 seconds, after which they are suspended in air for 4 hours at
      room temperature and then examined for rusting. The results are compared
      with a commercially available rust inhibitor, tetrapropenyl succinic acid.
TBL                                    TABLE IIIA                              

     __________________________________________________________________________

     (Humidity Cabinet Test)                                                   

     Rust Inhibitor Hours (degree of rust)                                     

                Wt. %                                                          

                    168 264 436 672 744                                        

     __________________________________________________________________________

                    50% 80% 100% Heavy                                         

      .sup.1    --  Heavy                                                      

                        Heavy                                                  

                            Rust                                               

                    Rust                                                       

                        Rust                                                   

     Tetrapropenyl                                                             

                0.25                                                           

                    60% Heavy                                                  

     succinic acid  Rust                                                       

     Ethoxylated Amine.sup.2                                                   

                0.50                                                           

                    No Rust                                                    

     __________________________________________________________________________

     TABLE IIIB                                                                

     __________________________________________________________________________

     (HBr Panel Rust Test)                                                     

     Rust Inhibitor     Rust Rating (hrs.)                                     

                Wt. %   1 2 3 4                                                

     __________________________________________________________________________

     .sup.1     --      80% (heavy rust)                                       

     Ethoxylated Amine.sup.2                                                   

                0.45                                                           

                    dup-                                                       

                        0 0 Two specks (light)                                 

                    licate                                                     

                    runs                                                       

                        0 0 0 0                                                

     __________________________________________________________________________

      .sup.1 Reference Oil -- In the base oil was included 2 wt. %             

      polyisobutenyl succinimide of tetraethylene pentamine (polyisobutenyl of 

      .about.1000 number average molecular weight); 12 mM./kg. of zinc dialkyl 

      dithiophosphate (alkyl of from 4 to 5 carbon atoms; 40 mM./kg. based on C

      of calcium mahogany sulfonate overbased with calcium carbonate (9.3 base 

      ratio; 11.4 wt. % Ca); and 0.02 wt. % terephthalic acid.                 

      .sup.2 0.35 wt. % of N,N',N'-tri(2-hydroxyethyl) N-octadecyl propylene   

      diamine and 0.15 wt. % of N-octadecyl diethanolamine.                    

PAR  The next series of tests is the MS Sequence IIB Engine Test. This test is
      part of the GM specifications and requires a rating of 8.9 per pass. The
      first test was carried out using the same reference oil as employed in the
      Half Relief Valve Rust Test and the same ethoxylated amine composition as
      employed in that test. The average rust rating for the reference
      formulation was 8.4 and 8.8. The reference formulation with the amine had
      an average rust rating of 9.2.
PAR  The MS Sequence IIB Engine Test was repeated using a mid-continent 10 W
      base oil containing 1.9 weight percent of the same succinimide employed
      previously, 6.25 mM./kg. of zinc dialkylphenyl dithiophosphate (alkyl is
      polypropenyl of from 12 to 15 carbon atoms), 9.25 mM./kg of zinc dialkyl
      dithiophosphate (alkyl is from 4 to 5 carbon atoms) plus the additional
      additives set forth in the following table:
TBL                TABLE IV                                                    

     ______________________________________                                    

     ADDITIVES            AVERAGE RUST RATINGS                                 

     ______________________________________                                    

                              5.9                                              

     Sulfonate.sup.1                                                           

                40 mM./kg..sup.4                                               

                              8.4                                              

     Sulfonate.sup.1                                                           

                80 mM./kg..sup.5                                               

                              8.2                                              

     Sulfonate  40 mM./kg.+                                                    

     Ethoxylated                                                               

      Diamine.sup.2                                                            

                0.35 wt. %                                                     

     Phenate.sup.3                                                             

                40 mM./kg..sup.6                                               

                              8.1                                              

     Phenate.sup.3                                                             

                80 mM/kg..sup.7                                                

                              8.0                                              

     Phenate    40 mM./kg.+                                                    

     Ethoxylated              9.0                                              

      Diamine.sup.2                                                            

                0.35 wt. %                                                     

     ______________________________________                                    

      .sup.1 Sulfonate -- Calcium mahogany sulfonate and calcium carbonate     

      having a 9.3 base ratio, 11.4 wt. % Ca.                                  

      .sup.2 N-octadecyl (derived from tallow fatty acid) N,N',N'              

      tri(2-hydroxyethyl) propylene diamine. Additionally, there is .15 wt. % o

      N-octadecyl (derived from tallow fatty acid) diethanolamine.             

      .sup.3 Calcium carbonate dispersed calcium polypropylene phenate         

      (polypropylene of from 12 to 15 carbon atoms) 9.25 wt. % Ca, mol ratio of

      CaCO.sub.3 to phenoxide is about 1.5-2:1.                                

      .sup.4 The alkalinity value derived from the overbased sulfonate is 1.45 

      mg. KOH/g.                                                               

      .sup.5 The alkalinity value derived from the overbased sulfonate is 2.9  

      mg. KOH/g.                                                               

      .sup.6 The alkalinity value from the overbased phenate is 4.45 mg. KOH/g.

      .sup.7 The alkalinity value from the overbased phenate is 8.9 mg. KOH/g. 

PAR  The above results demonstrate that the combination of alkaline earth metal
      carbonate and the poly(oxyalkylene) alkyl amines provide excellent rust
      protection, not only under the conditions of recognized bench tests, but
      also under the severe conditions of the MS Sequence IIB Engine Test.
      Furthermore, the ethoxylated amine composition combination with alkaline
      earth metal carbonate provides a pass under the very rigid specifications
      set forth by General Motors. In addition, the use of the compositions of
      poly(oxyalkylene) compounds permits smaller amounts of ash to be
      introduced into the oil and therefore avoids the problems associated with
      high ash oils. Finally, poly(oxyalkylene) additives are compatible with a
      wide range of other lubricating oil additives providing clear bright
      lubricant compositions.
CLMS
STM  I claim:
NUM  1.
PAR  1. A lubricating oil composition comprising:
PA1  a major amount of a hydrocarbon oil of lubricating viscosity;
PA1  from about 0.01 to 5 weight percent of at least one oil-soluble acid
      neutralization accelerating compound of the formula
EQU  Y -- (R.sup.1 O).sub.a H
PA1   wherein R.sup.1 is an ethylene or propylene radical and a is in the range
      from 1 to about 12,
PA1  and wherein Y is selected from the group consisting of
      ##SPC2##
      ##EQU4##
EQU  R.sup.2 -- CH.sub.2 O --,
      ##EQU5##
       wherein R.sup.2 is an aliphatic hydrocarbyl radical of molecular weight
      in the range from about 100 to about 2,000, R.sup.4 is an ethylene
      radical, d is in the range from 0 to about 70 and e is in the range from 1
      to about 12, and sufficient alkaline earth metal carbonate dispersed in
      said hydrocarbon oil to provide an alkalinity value of from 0.5 to 100
      mg.KOH/g.
NUM  2.
PAR  2. A composition according to claim 1 wherein said alkaline earth metal
      carbonate is calcium carbonate dispersed in said oil with a phenate or
      sulfonate lubricating oil dispersant.
NUM  3.
PAR  3. A composition according to claim 2 wherein said dispersant is a
      sulfonate dispersant derived from a sulfonic acid of from 25 to 50 carbon
      atoms.
NUM  4.
PAR  4. A composition according to claim 2 wherein said dispersant is a phenate
      derived from alkylated phenol or polymerized alkylated phenols having 2 to
      5 phenol groups per molecule and an alkyl group of from 12 to 30 carbon
      atoms.
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CLAS
OCL  252 515A
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ABST
PAL  An improved method of transmitting power in a hydraulically operated
      mechanism which comprises adding to the operative liquid a certain amount
      of a tertiary diamide having the following structural formula:
      ##EQU1##
      wherein
      ##EQU2##
      and wherein R R  H, alkyl radical having C.sub.1 -C.sub.5
PA1  m = 2-8
PA1  x = 1-5
PAL  The tertiary diamide imparts to the liquid the property of swelling seals
      in the mechanical system and thereby prevents leakage.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of Ser. No. 293,984, filed Oct.
      2, 1972, now abandoned. The latter is related to the following
      applications:
     Serial Numbers     Inventors                                              

     ______________________________________                                    

     293,979            R. M. Thompson                                         

     293,980            R. M. Thompson                                         

     293,981            R. M. Thompson                                         

     293,982            R. M. Thompson                                         

     293,983            R. M. Thompson and                                     

                        A. F. Talbot                                           

     ______________________________________                                    

PAL  The last five aforementioned applications were filed the same date as
      application Ser. No. 293,984. The first and second of the aforementioned
      applications relate to novel classes of diamides; the third and fourth
      relate to the use of certain diamides as lubricants and the last to the
      use of certain diamides in grease. The aforementioned application Ser. No.
      293,981 is now abandoned; the aforementioned application Ser. Nos.
      293,979; 293,982; and 293,983 are now U.S. Pat Nos. 3,888,894; 3,827,981;
      and 3,827,980, respectively.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Along with the development of various mechanism for transmitting power has
      arisen the need for suitable liquids which perform essential functions in
      the operation of those mechanisms. Operation of these complex mechanisms
      often requires that the liquid function in several different capacities.
      The liquid not only serves as a lubricant and coolant in reducing the
      friction and heat developed during operation of the mechanism, but also
      performs other key functions. In the case of automatic transmissions for
      automotive vehicles, for example, the liquid functions hydrokinetically in
      the liquid coupling or torque converter, depending upon the type of
      transmission, and in the hydraulic operation of the various mechanical
      components of the driving unit.
PAR  In most hydraulic systems the hydraulic liquid must lubricate the
      frictional parts of the system in addition to performing the primary
      function of transmitting power. The parts which are so lubricated include
      the frictional surfaces of the liquid pump, operating pistons, cylinders,
      valves and liquid motors. Many of these components are complex mechanical
      devices.
PAR  Automatic transmissions, industrial hydraulic systems, gear reducers,
      collision bumpers and the like, employ functional liquids having base
      stocks selected from naturally occurring oils of mineral origin or
      synthetic liquids such as that described in U.S. Pat. No. 3,577,361, W. C.
      Hammann et al, May 4, 1971. However, such liquids by themselves do not
      possess the characteristics which enable them to perform satisfactorily in
      such demanding applications. Thus, it is a general practice to add small
      amounts of other materials to these base stocks to affect one or more of
      the properties thereof. Among these latter materials are viscosity index
      improvers, detergent-inhibitors and swelling agents. These additives are
      described in U.S. Pat. No. 3,389,088, W. C. Schar et al, June 18, 1968.
PAR  While the aforementioned power transmission liquids perform satisfactorily,
      there has been a need to improve their properties with respect to freedom
      from leakage. This leakage, for example, from vehicle automatic
      transmission systems, pollutes our environment. The principal reason for
      the leakage is the deterioration of the elastomeric seals or gaskets or
      other similar devices. The deterioration can be defined as a change in the
      dimensions of a seal caused by mechanical wear and/or the liquid through a
      chemical-physical means.
PAR  As a result of this there have been numerous attempts to develop a material
      that can be added to the liquid that is present in power transmissions to
      revitalize the leaking seals or gaskets by swelling and softening the
      elastomer in those seals. An additive for this purpose must not be too
      potent in its elastomeric swelling properties because excessive swelling
      and softening of the transmission seals will cause seal failure. Also, the
      additive must not lower the viscosity of the automatic transmission liquid
      nor impair its oxidation stability.
PAR  As an alternative, the material could be present in the power transmission
      fluid when it was initially placed in the transmission equipment.
PAC  SUMMARY OF THE INVENTION
PAR  This invention pertains to an improved method of transmitting power in a
      hydraulically-operated mechanism. More specifically, it relates to the use
      of an improved hydraulic liquid containing certain percentages of a
      tertiary diamide having the following formula:
      ##EQU3##
      wherein
      ##EQU4##
      and wherein R = H, alkyl radical having C.sub.1 -C.sub.5
PA1  m = 2-8
PA1  x = 1-5
PAR  in an apparatus in which mechanical forces are transmitted or absorbed,
      e.g., in automotive transmission, hydraulic system, shock absorbed,
      hydraulic steering mechanism, clutch, collision bumber and other
      mechanical devices. The invention also pertains to the hydraulic liquid
      containing the tertiary diamide. The tertiary diamide serves as a swelling
      agent.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  It has now been discovered that tertiary diamides having the structural
      formula shown in the Summary of the Invention imparts to a power
      transmitting liquid the property of swelling an elastomeric seal in the
      mechanical system and thereby prevents leakage which pollutes our
      environment.
PAR  The swelling agents of this invention can be prepared by reacting a normal
      paraffinic diacid with a secondary amine wherein one radical is a methyl.
      This general reaction is illustrated by the following equation:
      ##EQU5##
      The normal paraffinic diacid of equation(1) can contain 6-14 carbon atoms;
      preferably 8-12. Accordingly n of the diacid of equation (1) equals 4-12,
      preferably 6-10. Examples of such acids are suberic, azelaic and sebacic.
      The secondary amine of equation (1) contains a methyl and R'. The latter
      ##EQU6##
      wherein x = 1-5, R = H or an alkyl radical containing C.sub.1 -C.sub.5 and
      m = 2-8. A preferred R' is one wherein x = 1; more preferably x = 1 and R
      = H and m = 3-6. Preparation of primary and secondary amines and the
      physical and chemical properties of the amines are given in Kirk-Othmer,
      ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY, 2nd Edition, Volume 2, Amines
      (Survey).
PAR  Another method involves reacting a normal paraffinic diacylhalogen, e.g., a
      dizcylchloride, with a secondary amine wherein one radical is a methyl.
      This general reaction is illustrated by the following equation:
      ##EQU7##
      In equation (2) n, as in equation (1), equals 4-12, preferably 6-10. R' is
      the same as in general equation (1).
PAR  Seal refers to the material for packing pistons, making pipe joints, and
      similar devices. Seal also includes mechanical seals which form a running
      seal between flat, precision-finished surfaces. These latter seals are
      described in PERRY'S CHEMICAL ENGINEER'S HANDBOOK, Perry, Chilton,
      Kirkpatrick, 4th Edition, Section 6, Transport & Storage of Fluids. Seal,
      as defined herein, also includes gaskets, O-rings and other similar
      devices which are also described in the aforementioned handbook.
PAR  Elastomeric refers to the material of construction of the aforementioned
      seal. The material can be a synthetic or natural one. Some examples of
      synthetic elastomers are styrenebutadiene copolymer,
      acrylonnitrile-butadiene copolymer, polyisoprene, polybutadiene, butyl
      rubber, urethane, chlorosulfonated polyethylene and others, all of which
      are described in ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY, Kirk-Othmer, 2nd
      Edition, Vol. 7, Elastomers, Synthetic. Natural material of construction
      relates to the various natural rubbers defined in Vol. 17, of the
      aforementioned encyclopedia.
PAR  The power transmitting liquid normally comprises a major amount of base
      stock and a minor amount of additives. The base stock can be a natural or
      synthetic liquid. Examples of natural liquids include, e.g., mineral oils
      such as lubricating oils. Examples are extracted bright stock, solvent
      refined stock and other similar refined petroleum lubricating fractions.
      Processes for preparing these materials are disclosed in ENCYCLOPEDIA OF
      CHEMICAL TECHNOLOGY, Kirk-Othmer, 2nd Edition, Volume 15, Petroleum, pps.
      1-76. Resulting products are disclosed in the same reference, pps. 77-92.
      Properties of mineral lubricating oils are disclosed in the aforementioned
      encyclopedia, Volume 12, Lubrication and Lubricants, pps. 557-576.
PAR  Synthetic liquids are also suitable. Examples include polymerized olefins,
      esters, polyglycols, silicones, phosphates, chlorinated aromatics and
      fluorochemicals. Properties of the particular members of these classes are
      disclosed in the aforementioned encyclopedia, Volume 12, Lubrication and
      Lubricants, pps. 576-582.
PAR  Additives incorporated with the base stock fulfill numerous functions. A
      few such functions include inhibiting oxidation which in turn delays
      formation of varnish, sludge and acids. Another function is rust
      reduction. These are surface-active materials which are preferentially
      adsorbed as a film on iron and steel surfaces to protect them from attacks
      by moisture. Other additives include dyes, odorizers, detergents,
      viscosity index improvers, pour point depressants and the like. More than
      one such additive may be present, however, none may be used. Such
      additives are disclosed in the aforementioned encyclopedia, Volume 12,
      Lubrication and Lubricants, pps. 574-576.
PAR  Thus the swelling agent of present invention has utility in the
      aforementioned fluids, i.e., base stock with or without additives wherein
      the base stock is a natural or synthetic fluid as heretofore defined.
PAR  Generally a power transmitting liquid, such as a transmission and/or
      hydraulic liquid is contained within the mechanical system by seals. These
      seals are elastomeric in construction and are designed to swell to a
      certain degree when penetrated by the liquid. Swell refers to an increase
      in volume of the seal. Thus the tertiary diamides of present invention can
      also be referred to as a swelling agent.
PAR  In practicing this invention, the power transmitting liquid comprises, in
      addition to the base stock and any of the additives, up to 20 volume
      percent of the tertiary diamide. The preferred compositions contain 0.5 -
      15 volume percent of the tertiary diamide and the particularly preferred
      composition contains 1.0 - 10 volume percent of the tertiary diamide.
PAR  One advantage of the tertiary diamide is that it has a greater efficiency
      for swelling elastomeric seals then other known seal swelling agents. For
      example, less then half as much diamide liquid is required for swelling
      acrylonnitrilebutadiene elastomer to the same degree as dioctylphthalate.
      The latter ester having utility as a swelling agent. Coupled with the
      diamide's greater efficiency is that the diamides have high boiling points
      and have excellent thermal and oxidative stability. The latter permits the
      liquid to be used within systems at higher operating temperatures.
PAC  EXAMPLE
PAR  The procedure for determining the effectiveness of the tertiary diamides as
      swelling agents was as follows:
PAR  Samples of elastomers were immersed in vessels containing a power
      transmitting liquid having no swelling agent. The samples were immersed
      for 70 hours with the liquid maintained at a temperature of 300.degree.F.
      As shown in the accompanying table, the acrylonnitrile-butadiene elastomer
      suffered a decrease in volume whereas the polyacrylate elastomer incurred
      an increase in volume.
TBL                                    TABLE                                   

     __________________________________________________________________________

                % Change in Elastomer Volume.sup.(4)                           

     Elastomer  Acrylonnitrile-Butadiene                                       

                              Polyacrylate                                     

     Swelling Agent                                                            

                DOP.sup.(1)                                                    

                       Diamide.sup.(2)                                         

                              DOP.sup.(1)                                      

                                     Diamide.sup.(2)                           

     % Volume of                                                               

     Swelling Agent.sup.(3)                                                    

     __________________________________________________________________________

      0         -1.64  -1.64  +1.85  +1.85                                     

      5         +0.80  +3.35  +3.30  +5.10                                     

     10         +2.00  +7.75  +6.00  +7.70                                     

     __________________________________________________________________________

      .sup.(1) DOP = dioctylphthalate, a known seal swelling agent.            

      .sup.(2) Diamide = N,N-dimethyl-N,N-dioctylazelamide.                    

      .sup.(3) Swelling agent is incorporated in a solvent refined petroleum   

      stock having a viscosity of 120 SUS at 100.degree.F.                     

      .sup.(4) Immersion time, 70 hours at 300.degree.F.                       

PAR  Also, samples of elastomers were immersed in vessels containing a power
      transmitting liquid having swelling agents. The liquid in one group of
      vessels contained dioctylphthalate. The amounts of ester in the liquid
      were as shown in the table. The liquid in another group of vessels
      contained N,N-dimethylN,N-dioctylazelamide. The amounts of the diamide in
      the liquid were as shown in the aforementioned table. After 70 hours had
      elapsed the samples of the elastomer were removed and the change in
      volumes determined. These changes are reported in the table.
PAR  The results shown in the accompanying table demonstrate that at a given
      concentration of swelling agent in the power transmitting liquid, the
      increase in elastomeric volume with the diamide was substantially greater
      than that with the dioctylphthalate. Thus the same amount of increase in
      elastomeric volume can be obtained by using much smaller amounts of
      diamide in the base liquid.
PAR  Analogous results will be obtained when other diamides, e.g.,
      N,N'-dimethyl-N,N'-dihexylazelamide,
      N,N'-dimethyl-N,N'-di2-ethylhexylazelamide,
      N,N'-dimethyl-N,N'-di-2-ethylhexylsebacamide, are used. Use of hydrocarbon
      liquids other than the aforementioned solvent refined stocks, such as
      extracted bright stock will yield analogous results. Similar results will
      be obtained when using the following synthetic liquids: polyisobutene,
      polybutene, methyl silicone, tricresyl phosphate, diesters derived from
      adipic, azelaic or sebacic acids esterified with C.sub.8 to C.sub.9
      branched-chain alcohols, polypropylene glycol,
      polychlorotrifluoroethylene, chlorinated biphenyl, polyphenyl ether, and
      hex(2-ethylbutoxy) disiloxane.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. In a method for transmitting power by a lubricating liquid wherein an
      elastomeric seal is subject to deterioration, the improvement which
      comprises adding to said liquid about 0.5 to 20 volume percent of at least
      one tertiary diamide having the following formula:
      ##EQU8##
      wherein
      ##EQU9##
      wherein R = H, alkyl radical having C.sub.1 -C.sub.5
PA1  m = 2-8
PA1  x = 1-5
PAL  whereby said diamide causes said seals to swell thereby reducing leakage.
NUM  2.
PAR  2. Method according to claim 1 wherein the volume percent of the diamide is
      0.5 - 15.
NUM  3.
PAR  3. Method according to claim 1 wherein the volume percent of the diamide is
      1.0 - 10.
NUM  4.
PAR  4. Method according to claim 2 wherein the method for transmitting power is
      an automatic transmission.
NUM  5.
PAR  5. Method according to claim 2 wherein the method for transmitting power is
      a hydraulic brake.
NUM  6.
PAR  6. A power transmitting and lubricating liquid comprising about 0.5 -20
      volume percent of at least one tertiary diamide having the following
      formula:
      ##EQU10##
      wherein
      ##EQU11##
      wherein R = H, alkyl radical having C.sub.1 -C.sub.5
PA1  m = 2-8
PA1  x = 1-5
PAL  said diamide imparting to the liquid the property of swelling seals and
      thereby preventing leakage.
NUM  7.
PAR  7. Liquid according to claim 6 wherein the volume percent of the diamide is
      0.5 -15.
NUM  8.
PAR  8. Liquid according to claim 6 wherein the volume percent of the diamide is
      1.0 -10.
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ABST
PAL  A light-transparent photoconductive material for use in electrophotography
      is the reaction product obtained by condensing
PA1  A. an organic photoconductive compound containing an amino and/or hydroxyl
      group and
PA1  B. a reactive colored compound containing an active halogen atom;
PAL  Or by condensing
PA1  A. an organic photoconductive compound containing an active halogen atom
      and
PA1  B. a reactive colored compound containing an amino and/or hydroxyl group.
PARN
PAR  This is a division of application Ser. No. 314,519 filed Dec. 13, 1972, now
      U.S. Pat. No. 3,852,208, which in turn was a division of application Ser.
      No. 888,886 filed on Dec. 29, 1969, now U.S. Pat. No. 3,721,554.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention relates to novel colored or color developing organic
      photoconductive materials which are useful as developing or photosensitive
      materials in electrophotography or related techniques.
PAC  BACKGROUND INFORMATION AND PRIOR ART
PAR  A variety of substances have previously been proposed as organic
      photoconductive materials to be used in electrophotography, such as, for
      example, N-vinylcarbazole and its derivatives. However, very few colored
      or color developing organic photoconductive materials are known which are
      obtained by coupling organic photodonductive materials with coloring
      materials or color developing components.
PAR  The present inventors, who have investigated the reproduction of
      multi-colored or naturally colored images as one of the aims in
      electrophotography, obtained good results when they used colored organic
      photoconductive materials as toner in the production of superimposed
      images. For example, in the reproduction of naturally colored images on a
      panchromatically sensitized zinc oxide photoconductive layer, a negatively
      charged photoconductive layer is first exposed to the object through a red
      filter and then developed with a cyan-colored toner. The photoconductive
      layer is then again charged in a negative sense and exposed to the object
      through a green filter to obtain a negatively charged image which is
      subsequently developed with a magenta toner. Further, the photoconductive
      layer is charged negatively, exposed to the object through a blue filter
      and developed with a yellow toner.
PAR  In this case, if the images toned in cyan color are electrically
      insulating, they are also charged at the second negative charging and the
      charged electricity will not disappear at the following exposure to green
      light so that the images produced by the magenta toner inevitably overlap
      the images in cyan. On the other hand, however, if the cyan-colored toner
      is electrically conducting, the cyan images are not at all charged during
      the second charging process so that, if the images produced by the second
      exposure with the green light overlap the blue images of the first
      exposure, the magenta toner will never be attached to the respective part.
      To overcome the difficulty, the toner has to exhibit photosensitivity in
      itself.
PAR  For obtaining satisfactory results it is, however, not sufficient that the
      toner possesses photosensitivity or photoconductivity. If the magenta
      toner and the yellow toner are not transparent to light, for example, the
      parts where the images of three colors superimpose each other will not
      show their mixed color (in other words, will not show blue color at the
      superimposition of cyan and magenta, nor green color at the
      superimposition of cyan and yellow), but the color of the toner employed
      afterwards covers the color of the previously applied toner, so that the
      parts where cyan is superimposed by magenta and by yellow show magenta and
      yellow color, respectively.
PAR  In conclusion, the toners, in either dry or wet process of developing, must
      be of colored materials having photoconductivity and light transparency to
      reproduce naturally colored images by electrophotography.
PAR  Organic photoconductive materials colored with a coloring material and
      meeting the above requirements have previously been investigated. But the
      lot-to-lot variation of the coloring materials with respect to purity,
      solubility etc. often resulted in fluctuation in the quality of product,
      and therefore reproducible and continuous production of the developers was
      very difficult. It was also found that the coloring materials in the
      developed images became blurred during storage and have a tendency to
      transfer to other matter.
PAR  The present inventors continued their efforts to eliminate these defects
      and finally arrived at the present invention.
PAC  SUMMARY OF INVENTION
PAR  The object of this invention is to provide colored or color developing
      organic photoconductive materials which are transparent to light.
PAR  An other object of this invention is to provide colored or color developing
      organic photoconductive materials and which can be reproducibly produced
      with constant color characteristics and which are not influenced by
      lot-to-lot variation of the contamination of impurities.
PAR  A further object of this invention is to provide colored or color
      developing organic photoconductive materials for use in photographic
      developing having favorable light transparency of which the electrical
      characteristics are suited especially to the reproduction of multi-colored
      or naturally colored images.
PAR  A further object of this invention is to provide a process for producing
      visible images by employing color developing organic photoconductive
      materials as materials for photographic developing and making them to
      react with a color developing auxiliary after the developing process.
PAR  An other further object of this invention is to provide colored or color
      developing photosensitive materials for use in electrophotography which
      have a photosensitive layer containing colored or color developing organic
      photoconductive materials.
PAR  The present invention can provide colored organic photoconductive materials
      for use in electrophotography by the reaction of organic photoconductive
      substances with reactive colored components. The reactive colored
      components refer to reactive coloring materials and reactive color
      developing components in general.
PAR  In other words, the present invention relates to a procedure for obtaining
      colored organic photoconductive materials for use in electrophotography by
      the reaction of organic photoconductive materials with reactive coloring
      materials, and also to a process for obtaining color developing organic
      photoconductive materials for use in electrophotography by the reaction of
      organic photoconductive substances with reactive color developing
      components.
PAR  The colored or color developing organic photoconductive materials of this
      invention can be obtained by chemically combining an organic
      photoconductive substance having at least one amino or hydroxy group with
      a coloring or a color developing component having at least one active
      halogen atom.
PAR  Further the colored or color developing organic photoconductive materials
      of this invention can be obtained by chemically combining an organic
      photoconductive substance having at least one active halogen atom with a
      coloring or a color developing component having at least one amino or
      hydroxyl group.
PAR  The resulting products of the chemical combination are not only
      photoconductive but also colored and light-transparent, and the colors on
      them are free from defects, e.g., they do not become blurred or
      transferred because the coloring materials are chemically combined, not in
      the same manner as in a usual dyeing, with the photoconductive substances,
      and the steadiness of color was maintained for every product owing to the
      constant ratio of combining molecules in the chemical combination.
PAR  When the color developing organic photoconductive materials of this
      invention are employed as materials for photographic developing, they can
      either be reacted beforehand with a color developing auxiliary to develop
      coloration, or they are used as they are as materials for developing and
      are reacted, after developed, with the color developing auxiliary to
      develop coloration.
PAR  The colored or color developing organic photoconductive materials may be
      pulverized in a ball-mill, a roll-mill and an atomizer to use them as
      toner for use as dry or wet developing agent, or they may be used in
      combination with other colored substances or vehicle resins, in the case
      of which the vehicle resins include, for example, rosin and the
      derivatives thereof, styrene resin, alkyd resin, terpene resin, xylene
      resin, straight chain hydrocarbon resin, phenol resin, epoxy resin and
      acrylic resin. These toners may be used as developer for negatively
      charged images in single or in combination with carrier materials such as
      glass beads, iron powder and furs.
PAR  When the organic photoconductive materials are used as wet developing
      agent, the materials are dispersed in a carrier liquid. For the carrier
      liquid, an insulating liquid widely known as carrier liquid for a liquid
      developer, for example, aliphatic hydrocarbons, cycloaliphatic
      hydrocarbons, halogenated hydrocarbons, aromatic hydrocarbons such as
      pentane, hexane, gasoline, kerosene, mineral spirit, cyclohexane, carbon
      tetrachloride, perchloroethylene and naphtha and silicone oil waxes may be
      used and in a special case water may be used.
PAR  When the colored or color developing organic photoconductive materials of
      this invention are utilized as the photosensitive materials for use in
      electrophotography, a binding resin or plasticizer is not required for the
      organic photoconductive materials having capability of forming films, but
      use of 30 - 100% by weight of a binding resin is desired for the
      photoconductive materials which do not have capability of forming films.
      In this case, a plasticizer may be added in the amount of 5 - 100% by
      weight, alone or in combination with an other photoconductive material, to
      further improve the quality of the coating films.
PAR  Binding resins referred to above include, for example, polystyrene resin,
      polyvinyl chloride, phenol resin, polyvinyl acetate, polyvinyl acetal,
      epoxy resin, xylene resin, alkyd resin, polycarbonate resin, acrylonitrile
      styrene resin.
PAR  As supports for the photosensitive materials may be used, for example,
      metallic plates of aluminum copper, zinc and silver, papers treated so
      that solvents could not enter the interior, aluminum laminated paper,
      films of synthetic resins in which a plasticizer is contained, and
      supports the surfaces of which are coated with a metal, a metal oxide or a
      metal halide as glass, paper, polyethylene, polypropylene, polyethylene
      terephthalate, polystyrol, polyvinyl chloride, ethylcellulose, cellulose
      acetate, polyester films and other synthetic resin films. In general, they
      should have a surface resistance less than 10.sup.9 ohms, preferably less
      than 10.sup.5 ohms.
PAR  The films of the photosensitive layer can be formed on the supports in a
      conventional manner such as, for example, by use of rolls, wire bars, or
      air knives.
PAR  Since the color developing organic photoconductive materials of this
      invention are generally colorless or lightly colored, they have many
      advantages over colored organic photoconductive materials when employed as
      materials for photographic developing or photosensitive materials.
PAR  The most predominant advantages of the materials of this invention as used
      for materials of photographic developing is as follows. In case of
      developing by way of superimposed multi-colored images as described
      before, for example, if an already colored material for developing is
      used, the coloration of the first developed image will act as filter in
      the subsequent exposures, thus significantly decreasing the apparent
      sensitivity to decrease. However, if a color developing organic
      photoconductive material which is colorless or lightly colored is used,
      the above described difficulty will be completely eliminated or at least
      minimized.
PAR  When these colorless or lightly colored materials are used for
      photosensitive materials, unfavorable effects on sensitivity to light and
      color could not be observed.
PAR  On the other hand, in synthesizing photoconductive materials, the reaction
      of a colored substance with an organic photoconductive compound should be
      carried out fairly slowly in order that the coloring substance be not
      decomposed nor faded in the course of reaction. The various conditions of
      reaction may, however, be freely selected, when a color developing
      component is used, because the component is usually of a lower molecular
      weight and more resistant to heat and light than the coloring substances.
PAR  The condensation reaction of the various active halogens and amines of this
      invention is preferably performed in anhydrous media. The condensation
      reactions under such condition generally proceed at an amazingly high rate
      at the boiling point of ordinary organic solvents such as, for example,
      benzene, toluene, xylene, monochlorobenzene, dichlorobenzene,
      trichlorobenzene, nitrobenzene and dioxane. Further, to accelerate the
      reactions in general, an acid condensing agent (for example, pyridine,
      triethylamine, anhydrous sodium acetate, etc.) is added with advantage.
PAR  Organic photoconductive compounds having an amino or a hydroxyl group or
      groups which may be employed in the present invention include, for
      example, the following:
      ##SPC1##
PAR  The photoconductive substances having an active halogen atom or atoms
      include, for example, following substances:
      ##SPC2##
PAR  The reactive coloring materials or compounds having an active halogen atom
      or atoms, which may be employed in the present invention, include the
      following substances:
      ##SPC3##
PAR  The reactive coloring materials having an amino or a hydroxy group or
      groups include, for example, the following:
      ##SPC4##
PAR  Examples of reactive color developing components having an active halogen
      atom or atoms, which are employed in the present invention include, for
      example, the following substances:
      ##SPC5##
PAR  The reactive color developing components having an amino or/and a hydroxyl
      group which are employed in the present invention include, for example,
      the following substances:
      ##SPC6##
DETD
PAR  The present invention will be illustrated below with reference to examples,
      but these examples do not restrict the invention.
PAR  Examples of reactions of reactive coloring materials having an active
      halogen atom or atoms with organic photoconductive substances having an
      amino or hydroxyl group or groups.
PAC  EXAMPLE 1
PAR  The substance (1.0 mol) of the formula (1) was dissolved in 3 liters of
      dried dioxane to which then 700ml of dried was added, and the solution was
      thoroughly mixed by stirring and kept at 0.degree. - 5.degree.C. Next, the
      reactive coloring material (0.6 mol) of the formula (35) was dissolved in
      3.0 liters of dried dioxane, which was added in small increments to the
      above solution in such a manner that the temperature did not rise above
      5.degree.C. After the whole volume had been added, the resultant solution
      was stirred for 30 minutes, and to it a solution of 1.0 mol sodium
      carbonate in 500ml water was added at the same temperature. After stirred
      for 3.5 - 4 hours, the mixture was poured into a large amount of water to
      obtain a magenta-colored photoconductive coloring material.
      Recrystallization from dioxane gave magenta-colored crystals. Melting
      point: 245.degree. - 248.degree.C.
PAC  EXAMPLE 2
PAR  The substance (1.0 mol) of the formula (4) was dissolved in 3 liters of
      dried dioxane to which 700ml of dried acetone was added. The mixed
      solution was thoroughly mixed by stirring and kept at 0.degree. -
      5.degree.C. Using a solution in which 0.5 mol of the substance of the
      formula (36) was dissolved in 3.0 liters of dried dioxane, the same
      treatment as in Example 1 was followed to obtain a solid yellow substance.
PAC  EXAMPLE 3
PAR  The substance (1.0 mol) of the formula (5) was dissolved in 3 liters of
      dried dioxane to which 700ml of dried acetone was added. The mixed
      solution was thoroughly mixed by stirring and kept at 0.degree. -
      5.degree.C. The substance (0.5 mol) of the formula (41) was dissolved in
      3.0 liters of dioxane. Using the solutions, the same treatment as in
      Example 1 was followed to obtain a solid blue substance.
PAC  EXAMPLE 4
PAR  The substance (1.0 mol) of the formula (7) was dissolved in a mixture of 3
      liters of dried dioxane and 4 mol of triethylamine. On the other hand, the
      substance (1 mol) of the formula (49) was dissolved in 4.0 liters of
      o-dichlorobenzene. Using these solutions, the same treatment as in Example
      1 was followed to obtain solid reddish orange matter.
PAC  EXAMPLE 5
PAR  The substance (1.0 mol) of the formula (11) was dissolved in 3 liters of
      dried dioxane to which 700ml of dried acetone was added. The solution was
      thoroughly mixed by stirring and kept at 0.degree. - 5.degree.C. Next, the
      substance (0.5 mol) of the formula (43) was dissolved in 3.0 liters of
      dried dioxane. Using these solutions, the same treatment as in Example 1
      was followed to obtain a solid yellow substance.
PAC  EXAMPLE 6
PAR  The substance (1.0 mol) of the formula (21) was dissolved in 3 liters of
      monochlorobenzene to which 300g of triethylamine was added. A solution of
      1.0 mol substance of the formula (49) in 2.5 liters of dioxane was added
      to the above solution at 0.degree. - 5.degree.C. An exothermic reaction
      took place. After the whole volume of the solution had been mixed, the
      temperature was maintained at 90.degree. - 95.degree.C and the stirring
      was continued for 90 minutes to complete the reaction. After being cooled,
      the mixture was filtered and the filtrate was evaporated to the half
      volume under reduced pressure. The remainder was added to methyl alcohol
      to obtain a red photoconductive substance. Recrystallization from a
      mixture of monochlorobenzene and dioxane gave a red photoconductive
      substance (m.p. 200.degree.C).
PAC  EXAMPLE 7
PAR  The substance (1.0 mol) of the formula (26) was dissolved in 4.0 liters of
      dioxane to which 320g of triethylamine was added. The mixture was cooled
      to 0.degree.-5.degree.C under agitation. On the other hand, the substance
      (1.0 mol) of the formula (58) was dissolved in 4.5 liters of dioxane.
      Using these solutions, the same treatment as in Example 6 was followed to
      obtain a yellowish red organic photoconductive substance.
PAR  Examples of reactions of an organic photoconductive substance having an
      active halogen atom or atoms with a reactive coloring material having an
      amino or a hydroxyl group of groups.
PAC  EXAMPLE 8
PAR  The substance (1.0 mol) of the formula (59) was dissolved in a mixture of
      3.0 liters of monochlorobenzene and 4.0 liters of pyridine. While the
      solution being stirred at 0.degree. - 5.degree.C, 1.0 mol of the substance
      of the formula (27) was added. Then the stirring was continued at the
      elevated temperature 90.degree. - 95.degree.C for 90 minutes to complete
      the reaction. The whole mixture was then poured into iced hydrochloric
      acid when a purple solid was separated. After separated by filtration, the
      solid matter was washed thoroughly with water and dried. Recrystallization
      from monochlorobenzene gave violet photoconductive powders with the yield
      62 - 65%.
PAC  EXAMPLE 9
PAR  The substance (1.0 mol) of the formula (34) was dissolved in 3 liters of
      dried dioxane to which 700ml of dried acetone was added. The solution was
      thoroughly mixed by stirring and kept at 0.degree. - 5.degree.C. On the
      other hand, the substance (1.0 mol) of the formula (61) was dissolved in
      3.0 liters of dioxane. Using these solutions, the same treatment as in
      Example 1 was followed to obtain an orange photoconductive substance.
PAC  EXAMPLE 10
PAR  The substance (1.0 mol) of the formula (65) was dissolved in a mixture of
      2.5 liters of dioxane and 2.0 liters of monochlorobenzene, to which 300g
      of triethylamine was added. The solution was kept at 0.degree. -
      5.degree.C. The substance (1.0 mol) of the formula (33) was added to the
      above solution and the same treatment as in Example 8 was followed to
      obtain an oragne photoconductive matter with the yield 72%.
PAC  EXAMPLE 11
PAR  The substance (1.0 mol) of the formula (34) was reacted with the substance
      (1.0 mol) of the formula (67) in the same manner as in Example 10 to
      obtain an orange photoconductive substance.
PAR  Examples will be shown below in which the colored organic photoconductive
      materials of the present invention are used as developing materials for
      electrophotography.
PAC  EXAMPLE 12
PAR  The chemically bound colored substances described in Examples 1 through 11
      were pulverized into powders of 5.mu. diameter in average with an atomizer
      and 1 - 10g, preferably 2 - 5g, of the powders were mixed thoroughly with
      100g of magnetic iron powders (as carrier) of 100 - 150 mesh in the
      average diameter of particles. The mixture was adsorbed on a bar magnet to
      be used as a magnetic brush, with which several time scanning on
      electrostatic figures produced visible images. The images, when treated by
      the known process of fixation, were converted into permanent ones.
PAC  EXAMPLE 13
PAR  The chemically bound colored substances (10g) described in Examples 1
      through 11 were dispersed with a ball mill in 100ml of insulating liquid
      such as herosene and mineral spirit, and 10ml of it was again dispersed in
      the same manner in 2 liters of an insulating liquid to obtain a liquid
      photographic developer. Use of the liquid to develop electrostatic figures
      on a photosensitive paper for electrophotography produces visible figures,
      when applied in an appropriate manner such as dipping, rolling or
      spraying.
PAC  EXAMPLE 14
PAR  A photosensitive paper for electrophotography prepared by use of zinc oxide
      and acrylic resin was charged with a corona discharger with the applied
      voltage -7KV. Then the paper was exposed to a colored figure through a red
      filter. The electric charge remains on the paper only in the shape of
      figure which should be colored in blue. The charged figure was developed
      with the developer for blue color (the liquid photographic developer
      obtained in Example 3 prepared by adding 1.5 - 2.0g of a blue substance in
      100ml of a petroleum solvent and by dispersing with a ball mill for 15 -
      20 hours) and was fixed. After being dried, the paper was again charged
      with electricity, exposed to a colored figure through a green filter and
      developed with a developer for magenta color (prepared in the same manner
      as above using the toner obtained in Example 1), by which process the only
      part that was sensitive to the magenta developer appeared in color by the
      developing. After the figure was fixed, the paper was again
      electrostatically charged, exposed through a blue filter and developed in
      the same manner (with a similar developer using the toner prepared in
      Example  2), by which process the only part that was sensitive to the
      photographic developer for yellow color appeared. The composite figure
      thus obtained almost perfectly reproduced the original figure.
PAR  The colored organic photoconductive materials of this invention is employed
      not only as a toner as above in both wet and dry processes, but also as a
      suitable developing material to be used for the photoelectrophoretic
      imaging process. This process employs photoconductive pigment as toner in
      place of a so-called light sensitive layer made of a photoconductor.
PAR  The following example illustrates the case in which the colored organic
      photoconductive materials of this invention was employed as developer for
      figure formation in the photoelectrophoretic imaging process.
PAC  EXAMPLE 15
PAR  To a petroleum solvent Isopar-H (commercial name) 12 - 15% by weight of the
      substance obtained in Example 1 was added and the mixture was treated with
      a ball mill for 4 - 5 days to make a dispersoid of micro particles. This
      was applied on a light transparent electrode in a thin layer on which was
      placed an insulating paper and further on it another electrode. While a DC
      voltage 700V was being applied between the two electrodes, the paper was
      exposed to a light image through the transparent electrode. A colored
      image appeared on the surface of the insulating paper and a negative
      mirror image on the surface of transparent electrode.
PAR  The colored organic photoconductive materials of this invention can also be
      effectively employed as a component of the photosensitive layer for
      electrophotography.
PAR  Recently, colored copy papers are often used for duplicate purpose in
      offices dependently on the use or content of the duplicates. Since the
      colored organic photoconductive materials of this invention exhibit
      photoconductivity for themselves, they can be employed to prepare colored
      duplicate papers for electrophotography by applying them on a supporter,
      such as paper, either as they are or in a mixture with other
      photoconductive substances such as zinc oxide, polyvinylcarbazole and, if
      necessary, with an appropriate binding material.
PAR  The following examples illustrate the colored organic photoconductive
      materials as used to prepare the photosensitive layer for
      electrophotography.
PAC  EXAMPLE 16
PAR  To 10 parts of the colored organic photoconductive substance obtained in
      Example 1 were added 80 parts of dioxane, 60 parts of dimethylformamide,
      and 30 parts of methylcellosolve and further 28 parts of zinc oxide, and
      the whole mixture was treated for 4.0 - 4.5 hours with a ball mill to make
      a dispersoid.
PAR  On base papers of 60 - 70g weight per square meter which had been treated
      with polyvinyl alcohol, the zinc oxide paint above was applied with a roll
      and dried by hot air. The photosensitive papers thus prepared are colored
      magenta. The colored photosensitive paper for electrophotography prepared
      in this way was electrostatically charged with a corona discharger to
      which -7KV was applied. Subsequently the paper was exposed to light
      together with the original figure and by the liquid developing process
      using a pigment-petroleum solvent a positive image was produced.
PAR  The colored organic photoconductive materials of this invention are
      especially suited, as the above examples show, to be used for photographic
      developer and photosensitive materials. In these cases, the materials of
      this invention can be naturally used not only alone but also in
      combination with various known additives or other materials. For example,
      one or more members selected from the group consisting of pigments,
      dyestuffs, resins, electrostatic charge controllers, dispersing agents and
      fixers may be dispersed or dissolved in the materials of this invention.
PAR  In the next place, examples of the reactions of organic photoconductive
      substance containing amino or hydroxyl group or groups with reactive color
      developing components containing active halogen atom or atoms will be
      shown.
PAC  EXAMPLE 17
PAR  To the substance (1.0 mol) of the formula (1) were added 3.0 liters of
      dioxane, 0.3 liter of methylene chloride and further 0.6 mol of a reactive
      coupler dissolved in 2.0 liters of dioxane. While the mixture being
      stirred at 10.degree. - 15.degree.C, 2 mols of sodium carbonate dissolved
      in 300ml of water was added at the same temperature. After stirring was
      continued for 5 - 6 hours, the mixture was poured into a large amount of
      water, when white crystals were precipitated which were then separated by
      filtration and washed with water. To the alcoholic alkali solution of the
      crystals, 50ml of a 2% solution of potassium ferricyanide and then 55ml of
      a 3% solution of dimethylparamine were added to obtain a magenta-colored
      matter. Filtration, thorough washing with water, and drying gave a
      photoconductive coloring material.
PAC  EXAMPLE 18
PAR  The precipitate formed in the aqueous solution in Example 17 was separated
      by filtration, washed with water, and dissolved in an alcoholic alkali
      solution to which solution was added a diazonium salt of aniline to obtain
      a yellow organic photoconductive coloring material.
PAC  EXAMPLE 19
PAR  The substance (1 mol) of the formula (4) was dissolved in a mixture
      consisting of 2.4 liters of dried benzene, 700ml of dried methylene
      chloride and dried pyridine. On the other hand, the substance (0.5 mol) of
      the formula (73) was dissolved in a mixture consisting of 1.5 liters of
      dried dioxane and 1.5 liters of dried benzene. Using these solutions, the
      treatment was followed as in Example 17 to obtain the reaction product,
      which was then treated in the same manner as in Example 18 to give a red
      organic photoconductive coloring material.
PAC  EXAMPLE 20
PAR  The substance (1.0 mol) of the formula (5) was dissolved in a mixture
      consisting of 3 liters of dried toluene and 4 mols of triethylamine, and
      on the other hand the substance (0.5 mol) of the formula (78) was
      dissolved in a mixture consisting of 2.5 liters of dioxane and 800ml of
      benzene. The latter solution was added to the former while the temperature
      was maintained at 0.degree. - 5.degree.C. Subsequently the temperature was
      raised to 90.degree. - 95.degree.C where the reaction was continued for 2
      hours. The mixture was added to an ice-cooled hydrochloric acid and the
      precipitate formed was filtered, thoroughly washed with water and purified
      by recrystallization from dioxane. Further color developing reaction as in
      Example 17 produced a magenta-colored photoconductive coloring material.
PAC  EXAMPLE 21
PAR  The substance (1 mol) of the formula (7) was dissolved in a mixture
      consisting of 3 liters of dried dioxane and 4 mols of triethylamine, and
      on the other hand the substance (1 mol) of the formula (77) was dissolved
      in 4.0 liters of o-dichlorobenzene. Using the two solutions above the
      treatment was followed as in Example 20 and further the same color
      developing reaction as in Example 17 was conducted to obtain a blue
      photoconductive coloring material.
PAC  EXAMPLE 22
PAR  The substance (1 mol) of the formula (11) was dissolved in a mixture
      consisting of 3 liters of dried benzene and 4 mols of triethylamine and,
      on the other hand, the substance (0.5 mol) of the formula (79) was
      dissolved in a mixture consisting of 2 liters of nitrobenzene and 2 liters
      of dioxane. Using the two solutions, the same treatment as in Example 20
      and further the same color developing reaction as in Example 17 were
      followed to obtain a blue photoconductive coloring material.
PAC  EXAMPLE 23
PAR  The substance (1 mol) of the formula (13) was dissolved in a mixture
      consisting of 500ml of dried ether, 2.5 liters of dried dioxane and 4 mols
      of dried triethylamine and, on the other hand, the substance (1 mol) of
      the formula (76) was dissolved in 4.0 liters of o-dichlorobenzene. The two
      solutions were mixed together and the same treatment as in Example 20 and
      further the same color developing reaction as in Example 17 were followed
      to obtain a yellow photoconductive coloring material.
PAC  EXAMPLE 24
PAR  To a solution of the substance (1.0 mol) of the formula (21) in 3.0 liters
      of chlorobenzene and further 310g of triethylamine maintained at 0.degree.
      - 5.degree.C, the substance (1.0 mol) of the formula (77) dissolved in 2.5
      liters of dioxane was added under stirring at the same temperature
      0.degree. - 5.degree.C. The same treatment as in Example 20 produced white
      powders which afforded a blue material when treated by the color
      developing reaction with diethylparamine as in Example 17 and a red
      material when treated with a diazonium salt of aniline.
PAC  EXAMPLE 25
PAR  To a solution of the substance (1.0 mol) of the formula (26) in 4.0 liters
      of dioxane and 320g of triethylamine cooled at 0.degree. - 5.degree.C, a
      solution of the substance (1.0 mol) of the formula (76) in 2.5 liters of
      dioxane was added and the mixture was treated as in Example 20 to obtain
      white powders of the melting point 210.degree. -212.degree.C. The powders
      developed yellow coloration when treated with either color developing
      agent of diethylparamine or diazonium salt.
PAR  The following examples show reactions of organic photoconductive substances
      containing active halogen atom or atoms with reactive color developing
      components containing amino or hydroxyl group or groups.
PAC  EXAMPLE 26
PAR  To a solution of the substance (1.0 mol) of the formula (80) in 3.0 liters
      of monochlorobenzene and 3.5 liters of dioxane, 350g of triethylamine was
      added under agitation and the mixture was cooled to 0.degree. -
      5.degree.C. Subsequent addition of the substance (1.0 mol) of the formula
      (33) gave rise to an exothermic reaction. After addition of the total
      quantity, the mixture was heated to 90.degree. - 95.degree.C to continue
      the reaction for 90 min. After filtration and evaporation to a third of
      the volume at the reduced pressure, the remaining solution was added to
      methyl alcohol when a light-yellow solid substance appeared.
      Recrystallization from a mixed solution of dioxane and methylene chloride
      gave white powders, melting point 190.degree. - 192.degree.C. The same
      color developing reaction as in Example 17 produced a magenta-colored
      photoconductive substance.
PAC  EXAMPLE 27
PAR  To a solution of the substance (1.0 mol) of the formula (83) in 4.0 liters
      of dioxane, 320g of triethylamine was added. This was treated with the
      substance (1.0 mol) of the formula (32) in the same manner as in Example
      26 gave white powders. The color developing reaction of the powders as in
      Example 17 afforded a photoconductive coloring material.
PAC  EXAMPLE 28
PAR  The substance (1.0 mol) of the formula (85) was dissolved in 5.0 liters of
      dioxane and 320g of triethylamine and cooled to 0.degree. - 5.degree.C.
      The substance (1.0 mol) of the formula (32) was added to it under
      agitation, and the mixture was treated as in Example 26 to give white
      powders. The color developing reaction with diethylparamine produced
      yellow coloration.
PAC  EXAMPLE 29
PAR  To a solution of the substance (1.0 mol) of the formula (84) in 5.0 liters
      of dioxane, 320g of triethylamine was added and the mixture was cooled at
      0.degree. - 5.degree.C. Addition to it of the substance (1.0 mol) of the
      formula (32) under agitation and the same treatment as in Example 26
      produced white powders. The color developing reaction with diethylparamine
      and a diazonium salt of aniline exhibited magenta and yellow coloration,
      respectively.
PAR  Examples will be shown below in which the color developing organic
      photoconductive materials of this invention were employed as developing
      materials for electrophotography.
PAC  EXAMPLE 30
PAR  The intermediate obtained prior to the color developing treatment described
      in Example 17, that is the reaction product of the substances of the
      formulae (1) and (72), was thoroughly washed with water and dried. The 5g
      portion of it was dispersed in 1000ml of a petroleum solvent (trade mark:
      Isopar) by treating with a ball mill for 5 hours, to prepare a developing
      solution. On the other hand, a photosensitive paper for
      electrophotography, which was prepared from zinc oxide and acrylic resin,
      was electrostatically charged with a corona discharger to which -7KV was
      applied, and this was exposed to light. The developing treatment with the
      above developer produced colorless figures at the charged parts. The paper
      was soaked in a color developing solution as in Example 17, when
      magenta-colored visible figures appeared. Alternatively, the colorless
      figures formed on the zinc oxide paper were transferred under pressure to
      a copying paper which had a slightly adhesive surface. The same color
      developing reaction as before produced magenta-colored visible figures.
PAC  EXAMPLE 31
PAR  The substance obtained prior to the color developing reaction in Example 21
      was dispersed in Isopar in the same manner as in Example 30. Following the
      procedure in Example 30 colorless figures were formed on a zinc oxide
      paper, which were treated with a color developing agent either directly or
      after transferred to a copying paper as in Example 30 to form visible
      figures in which figures were colored blue.
PAC  EXAMPLE 32
PAR  The substance obtained prior to the color developing reaction in Example 23
      was dispersed in Isopar in the same manner as in Example 30. Following the
      procedure in Example 30, colorless figures were formed on a zinc oxide
      paper, which were treated with a color developing agent either directly or
      after transferred to a copying paper as in Example 30 to form visible
      figures in which figures were colored yellow.
PAC  EXAMPLE 33
PAR  A photosensitive paper for electrophotography prepared from zinc oxide and
      acrylic resin was electrostatically charged with a corona discharger to
      which -7KV was applied. This paper was exposed to an original colored
      manuscript through a red filter when the electrical charge remains on the
      paper at those parts of the figures which should be colored blue. These
      parts were developed with the colorless developer described in Example 31
      and the colorless figures were transferred, as in Example 30, by the
      electrostatic method to a copying paper having a slightly adhesive
      surface. Then the zinc oxide paper was exposed in the same way through a
      green filter, treated with a colorless developer described in Example 30
      and the colorless figures were transferred to the same copying paper as
      above. Finally the zinc oxide paper was exposed through a blue filter,
      developed with the colorless developer described in Example 32 when only
      those parts of the figures which should be colored yellow were developed.
      These figures were similarly transferred to the above copying paper. Thus,
      the figures which should be colored blue, red and yellow were
      superimposedly obtained on a single paper. By the color developing
      reaction with dimethylparamine as conducted in Example 17, the figures
      were colored blue, red and yellow corresponding to the above treatments,
      giving the same colored figures as in the original manuscript.
PAC  EXAMPLE 34
PAR  The chemically combined colored substances appearing in Example 17 through
      29 were separately pulverized with an atomizer into particles of the
      average diameter 5.mu., of which 1 - 10g., preferably 2 - 5g, was
      thoroughly mixed with 100g of magnetic iron powder (as carrier) of the
      average particle diameter 100 - 150 mesh. The mixture was adsorbed on a
      bar magnet to be used as a magnetic brush. The electrostatically charged
      figures were converted into colored visible figures, when scanned above
      them several times with the brush. The colored figures could be made
      permanent figures by treating the known method of developing.
PAC  EXAMPLE 35
PAR  Each 10g of the chemically combined colored substances described in
      Examples 17 through 29 was dispersed with a ball mill in 100ml of such
      insulating liquid as kerosine and mineral spirit. The 10ml portion of it
      was further dispersed in 2 ml of the same insulating liquid to obtain a
      liquid developer. The photosensitive paper for electrophotography carrying
      electrostatically charged figures on it was brought into contact with the
      developer by the method of soaking, rollers or spraying, when the
      electrostatically charged figures were developed into colored visible
      figures.
PAC  EXAMPLE 36
PAR  A photosensitive paper for electrophotography prepared from zinc oxide and
      acrylic resin was electrostatically charged with a corona discharger to
      which -7KV was applied. This paper was exposed to an original colored
      manuscript through a red filter, when the charge on the paper remains only
      at those parts of the figures which should be colored blue. These parts
      were developed with the blue developing solution obtained in Example 21
      (the liquid developing agent prepared by dispersing a mixture of 100ml of
      a petroleum solvent and 1.5 - 2.0g of the toner with a ball mill for 15 -
      20 hours) and fixed. The paper, after being dried, was again charged,
      exposed through a green filter and treated with the magenta developing
      solution (prepared as above from the toner obtained in Example 17) when
      only those parts were developed which were sensitive to the magenta
      developer. After fixing, the paper was again charged, exposed through a
      blue filter and treated with the developer (prepared as above from the
      toner obtained in Example 23) when only those parts were developed into
      figures which were sensitive to the yellow developer. The copied figures
      thus obtained almost reproduced the original manuscript.
PAR  The colored organic photoconductive materials of the present invention are
      not only used as toner materials in both dry and wet processes, but also
      suitable to the developing materials for figure formation in
      electrophoresis. The present method empolys a photoconductive pigment as
      toner instead of using a so-called photoconductive photosensitive layer.
PAR  The materials of this invention exhibit very excellent quality when used
      for the photoelectrophoretic imaging process. More particularly, the
      materials of this invention are very effective as photographic developing
      agent, especially for simultaneous reproduction of more than two colors.
PAR  The following examples show the use of the color developing organic
      photoconductive materials of this invention for the photographic developer
      employed in the figure formation of photoelectrophoretic imaging process.
PAC  EXAMPLE 37
PAR  The substance obtained in Example 17 was added to a petroleum solvent,
      Isopar-H (commercial name), in the amount of 12 - 15% by weight and
      dispersed by treating with a ball mill for 4 - 5 days to make a
      microdispersoid. This was applied on a light transparent electrode in a
      thin layer and an insulating paper was placed on it and then another
      electrode further on them. They were exposed to a light image while a DC
      voltage 700V, was being applied between the two electrodes. A colored
      image which corresponded to the light image was obtained on the insulating
      paper and a negative mirror image on the surface of the transparent
      electrode.
PAR  The color developing organic photoconductive materials of this invention
      can also be used effectively for a component of the photosensitive layer
      for electrophotography.
PAR  Recently colored copying papers are often preferred in offices to classify
      the copies more easily depending on use and purpose of the copies. Since
      the color developing photoconductive materials of this invention are
      photoconductive by themselves, they can be employed to make copying papers
      for electrophotography when applied on a supporting base such as paper,
      either alone or in combination with other photoconductive substance such
      as zinc oxide and polyvinyl carbazole and, if necessary, an appropriate
      combining material. In this case, the color developing treatment, when
      carried out, immediately produces colored copying papers.
PAR  The following examples show the use of the colored organic photoconductive
      materials of this invention for the photosensitive layers of
      electrophotography.
PAC  EXAMPLE 38
PAR  To 10 parts of the color developing organic photoconductive substance
      obtained in Example 17, 5 parts of copolymerized resin of styrene and
      butadiene, 80 parts of dioxane, 60 parts of dimethylformamide, 30 parts of
      methyl-cellosolve and 28 parts of zinc oxide were added. The mixture was
      treated with a ball mill for 4.0 - 4.5 hours. The zinc oxide paint thus
      prepared was then applied with a roller onto paper of 60 -70g weight per
      square meter to which polyvinyl alcohol had been applied to the surface,
      and the product was dried with hot air. The photosensitive paper thus
      obtained was colored in magenta color. This colored photosensitive paper
      for electrophotography was electrostatically charged with a corona
      discharger to which -7KV was applied, exposed to light together with a
      photographic manuscript, and treated with a liquid developer containing a
      pigment and a petroleum solvent to produce a positive figure.
PAR  The colored organic photoconductive substances of this invention are also
      characterized by producing different colors by being treated with
      different color developing agents. This fact is illustrated by the
      following examples.
PAC  EXAMPLE 39
PAR  The substance (1 mol) of the formula (1) was dissolved in 3 liters of dried
      benzene to which 700 ml of dried pyridine was then added. The mixture was
      thoroughly mixed by stirring and maintained at 0.degree.- 5.degree.C. On
      the other hand, the reactive coupler (0.6 mol) of the formula (72) was
      dissolved in 1 liter of dried benzene and 1.5 liters of dried dioxane.
      This solution was added in small increments to the former solution in such
      a way that the temperature did not rise above 10.degree.C. After the total
      volume had been added, the temperature was gradually raised up to
      90.degree. - 95.degree.C under agitation, after 2 hours allowed to cool
      and then poured into ice-cooled hydrochloric acid to make a slightly acid
      solution, when immediately the reaction product was precipitated. This was
      separated by filtration, thoroughly washed with water and dried.
PAR  A mixture consisting of 5g of the above product, 0.5g of linseed oil
      denatured alkyd resin, 0.5g of phenol denatured rosin and 10g of toluene
      was dispersed with a ball mill for 8 hours. The condensed solution (5g)
      thus prepared of the color developing colorless developer was dispersed in
      1,000ml of a petroleum solvent, Isopar, to obtain the color developing
      colorless developer. This developer exhibited magenta color when treated
      with dimethylparamine or diethylparamine, and yellow color when treated
      with diazonium salt.
PAC  EXAMPLE 40
PAR  The reaction product obtained in Example 21 (the substance before submitted
      to the color developing reaction) was dispersed as in Example 39 together
      with alkyd or rosin and 5g of the concentrated color developing agent for
      photographic developer thus prepared was dispersed in 1,000ml of Isoper to
      obtain a color developing colorless developer. This agent developed blue
      and red colors when treated with dimethyl and diethylparamines,
      respectively.
PAC  EXAMPLE 41
PAR  A commercial zinc oxide copying paper was charged and exposed, as in
      Example 36, and developed with the colorless developer obtained in Example
      39, and then with the developer for color developing in the same manner as
      in Example 17 to obtain magenta-colored figures.
PAC  EXAMPLE 42
PAR  A mixture consisting of 50g of the colorless photoconductive substance
      obtained in Example 17 (the substance before submitted to the color
      developing reaction), 8g of styrene resin and 10g of methyl acrylate ester
      resin was dissolved in 40g of methylethylketone and 30 g of
      dimethylformamide. The resulting mixture was applied to 15 - 18 .mu.
      thickness to a high quality paper the surface of which had been processed
      with polyvinyl alcohol. The prepared photoconductive paper was
      electrostatically charged with a corona discharger to which -7KV was
      applied, and then exposed to light. On the other hand, 10g of titanium
      oxide and 20g of styrene resin was added to 50g of xylene and the mixture
      was dispersed for 8 hours with a ball mill, from which the resulting
      concentrated developing agent (10g) was dispersed in 2,000 ml of Isopar as
      carrier. The white developer thus prepared was used to develop the above
      exposed photosensitive paper to obtain white figures. After complete
      melting of styrene resin and fixing, the color developing reaction was
      conducted as in Example 17 to develop magenta-colored figures in addition
      to white figures.
PAC  EXAMPLE 43
PAR  The color developing photoconductive substance (50g) obtained in Example 17
      was mixed with 8g of polyvinyl butylate and 10g of acrylic acid-vinyl
      acetate (in the association ratio 1 : 1), and was dissolved in a mixture
      of 140g of methylethylketone and 130g of dimethylformamide. This was
      applied to 15 - 18.mu. thickness to a high quality paper the surface of
      which had been treated with oilyvinyl alcohol. The prepared photosensitive
      paper was electrostatically charged with a corona discharger, to which
      +7KV was applied, and exposed to light. The color developing substance
      (10g) prepared from the substances of the formula (7) and of the formula
      (77) was dissolved in 30g of polyvinyl butylate and the mixture was
      dispersed for 8 hours with a ball mill to obtain a concentrated developer.
      The 10g portion of the developer was dispersed in 2,000ml of Isopar, with
      which the above exposed paper was developed to obtain white figures. By
      being heated to 60.degree.- 70.degree.C and treated to develop colors in
      the same manner as in Example 17, the base of the photosensitive paper was
      colored in magenta color and the figures in cyan.
PAR  As is evident in the above examples, the color developing organic
      photoconductive materials of this invention are especially suitable to
      developing or photosensitive materials. Naturally the materials or this
      invention can be used not only alone, but in combination with various
      known additives or other materials. For example, one or more pigments,
      dyestuffs, resins, charge controllers, dispersers, fixers, sensitizers and
      desensitizers may be dispersed or dissolved in the materials of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a toner for developing an electrostatic latent image, the improvement
      which comprises that the effective component of the toner is the reaction
      product obtained by condensing
PA1  a. the organic photoconductive compound of the formula
      ##SPC7##
PA1    and
PA1  b. the colored substance of the formula
      ##SPC8##
NUM  2.
PAR  2. In a toner for developing an electrostatic latent image, the improvement
      which comprises that the effective component of the toner is the reaction
      product obtained by condensing
PA1  a. an organic photoconductive compound being an oxydiazole compound and
PA1  b. a colored substance being an azomethine pyrazolone dye.
NUM  3.
PAR  3. In a toner for developing an electrostatic latent image, the improvement
      which comprises that the effective component of the toner is the reaction
      product obtained by condensing
PA1  a. an organic photoconductive compound selected from the group consisting
      of oxydiazole compounds, oxazole compounds, thiazole compounds, imidazole
      compounds, carbazole compounds and polycarbazole compounds; and
PA1  b. a colored substance selected from the group consisting of azomethine
      pyrazolone dyes, azo pyrazolone dyes, azo dyes, azomethine dyes and
      anthraquinone dyes.
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PAL  An electrostatic toner material for use in electrophotography consisting
      essentially of finely divided particles formed of a generally uniform
      mixture comprised of 5 to 15 % by weight of a colored material and 95 to
      85 % by weight of resin mixture consisting essentially of:
PA1  A. 40 to 60 % by weight of a polymer having at least 50% of the recurring
      units thereof constituted by at least one styrene monomer of the formula:
      ##EQU1##
      wherein R is hydrogen or methyl, and the balance of such recurring units
      derived from at least one alkyl methacrylate monomer wherein alkyl
      comprises 1-4 carbon atoms,
PA1  B. 20 to 40 % by weight of a homopolymer of butyl acrylate or butyl
      methacrylate, or copolymers thereof with up to 80 % by weight of methyl
      acrylate or methyl methacrylate, and
PA1  C. 5 to 20 % by weight of a polymeric plasticizer selected from polyvinyl
      butyral, polyethylene and co(vinyl acetate/ethylene).
PAL  The electrostatic toner material consists of particles having a diameter
      between 1 and 30 microns.
PARN
PAR  The invention relates to the manufacture of an electrostatic toner material
      and to the electrostatic toner material thus obtained, the application
      being a continuation-in-part application of United States Patent
      Application Ser. No. 162,303 filed July 13, 1971 now abandoned.
BSUM
PAR  It is known to convert latent electrostatic images into visible images by
      means of a toner consisting of minute particles of a material, usually a
      resin, which mostly is coloured and which has specific triboelectric
      properties. Depending on the sign of the electrostatic charge the resin
      particles are either attracted and deposited on the charged areas of the
      latent image, or are repelled by the charged areas and deposited on the
      discharged places. Such an operation is called development of the latent
      electrostatic image. The latent image itself can be formed according to
      known techniques, e.g. by exposure of a uniformly electrostatically
      charged photoconducting surface containing as photoconductor zinc oxide,
      selenium, or an organic photoconductor.
PAR  For a better control of the development of the latent image the toner is
      used in combination with solid carrier particles or the toner particles
      can be dispersed in an insulating liquid.
PAR  If a dry developer is used, it is composed of two components, a finely
      ground pigmented or coloured resinous toner and a relatively
      coarse-grained carrier material having particle diameters of about 0.3 to
      1.0 mm. For the development of the latent image, the developing mixture is
      cascaded merely over the exposed plate. The carrier material, e.g., glass
      or steel beads, which may be enveloped by a resinous film-forming product,
      carries the toner as it cascades over the plate and also charges the toner
      particles to the correct polarity by frictional electrification. As a
      toner-laden carrier particle passes over an electrical discontinuity in
      the surface of the plate, the toner particles are deposited on the charged
      areas of the image, not on the discharged portions or background portions
      of the image. Moreover, toner particles that would deposit on the
      background portions of the image, are taken away by following carrier
      particles running over the plate. This results in an image of toner
      particles electrostatically attracted by the image surface. This powder
      image can be fixed on the photoconductive plate or can be transferred to a
      receptor surface, e.g. a paper sheet. The transfer can be accomplished by
      bringing the powder image in contact with the receptor surface, if
      necessary, in the presence of an electrostatic field. If the receptor
      surface, e.g. the paper sheet, is stripped then from the image-carrying
      surface, it carries with it a substantial amount of toner particles in the
      form of the desired image. Subsequently, this image can be made permanent,
      i.e. fixed, according to any desired method such as heating or solvent
      fixing.
PAR  The photographic and physical properties of the toner should be as
      favourable as possible. The selection of the binding agent used in the
      toner material is determined especially by its triboelectrical properties.
      Indeed, the binding agent should allow the toner to obtain a sign of
      charge opposite to that of the sign of the photoconductor and of the
      carrier. In the case of a selenium drum positively charged by a corona
      discharge the most appropriate binding agents for the toner are
      polystyrene and polymers of styrene homologues, copolymers of styrene and
      acrylates or methacrylates, colophony, and esters of colophony with
      polyalcohols. The choice of the binding agent is also determined by
      physical properties. The melting point should be chosen so that the
      properties of the toner are not altered at normal working temperatures. On
      the other hand the toner should be capable of being fixed by heat whereas
      the paper to which the toner image has been transferred should not be
      scorched thereby. The melting range of the toner should preferably vary
      therefore between 80.degree. and 140.degree.C, more preferably between
      110.degree. and 120.degree.C, whereby the actual melting range of the
      toner should be as narrow as possible for a fast and complete fixing of
      the powder image in the developing apparatus. The above-mentioned binding
      agents can be made appropriate especially by adaptation of the molecular
      weight. If the melting point is too high it can be lowered by the addition
      to the toner of plasticizers, e.g. compounds of the ester type such as
      dibutyl phthalate, triphenyl phosphate, or by the addition of low
      molecular weight polyethylene or of polymeric plasticizers such as e.g.
      polyvinyl acetals. The brittleness of the toner should be low also.
      Indeed, too high a brittleness would result in the soiling of the selenium
      drum, thus causing image fog and soiling of the apparatus in consequence
      of dust formation.
PAR  The toner should have appropriate plasticity characteristics. In the
      development zone the toner particles collide continuously. These
      collisions should not give rise to a change in the triboelectrical and
      physical properties of the toner. This can only be accomplished if the
      toner is a sufficiently elastic or resilient toner, i.e. if the toner
      under the influence of pressure can undergo a certain deformation, but
      immediately upon elimination of the cause assumes its original condition
      again. It has been found that a capacity to undergo a deformation of about
      10-20% is an optimum or target range, relative to a zero deformation value
      for a particle which was hard or brittle. At the same time, the particles
      should ideally exhibit a capacity to recover from such deformation
      substantially completely upon removal of the deforming force. Hence, an
      elasticity, or recovery from deformation, should ideally be as close to
      100% as possible since this tends to avoid any smearing of the toner
      particles on the support which would contribute to an increase of fogging
      during development. Compounds that can be used successfully in a toner to
      impart very good elactic properties are e.g. polyvinyl butyraldehyde
      acetal, polyethylene, and copolymers such as co(vinyl acetate/ethylene).
PAR  It is an object of the invention to manufacture an electrostatic toner
      material having excellent triboelectric and physical properties.
PAR  According to the invention an electrostatic toner material is provided
      consisting essentially of finely divided particles, comprising, based on
      the total weight of toner material, 5 to 15% of a colouring material and
      95 to 85 % of a resin mixture comprising:
PA1  A. 40 to 60 % by weight of a polymer or copolymer comprising recurring
      units deriving from at least one styrene according to the formula:
      ##EQU2##
      wherein: R is hydrogen or methyl,
PA1  B. 20 to 40 % by weight of a polymer taken from the group consisting of
      homopolymers of butyl acrylate or methacrylate and copolymers of butyl
      acrylate or methacrylate with methyl acrylate or methacrylate containing
      up to 80 % by weight of methyl acrylate or methacrylate, and
PA1  C. 5 to 20 % by weight of a polymeric thermoplastic plasticizer selected
      from polyvinyl butyral, polyethylene and co(vinyl acetate/ethylene), the
      percentages of (A), (B) and (C) being calculated on the total weight of
      said resin mixture, said electrostatic toner material consisting of
      particles having a diameter between 1 and 30 microns.
PAR  The invention also consists of an electrophotographic process wherein an
      electrostatic image is made visible by bringing an image surface carrying
      an electrostatic image in contact with toner particles consisting
      essentially of finelydivided particles comprising, based on the total
      weight of toner, between 5 and 15 % of a colouring material and 95 to 85%
      of a resin mixture comprising:
PA1  A. 40 to 60 % by weight of a polymer or copolymer comprising recurring
      units deriving from at least one styrene according to the formula:
      ##EQU3##
      wherein: R is hydrogen or methyl,
PA1  B. 20 to 40 % by weight of a polymer taken from the group consisting of
      homopolymers of butyl acrylate or methacrylate and copolymers of butyl
      acrylate or methacrylate with methyl acrylate or methacrylate containing
      up to 80 % by weight of methyl acrylate or methacrylate, and
PA1  C. 5 to 20 % by weight of a polymeric thermoplastic plasticizer selected
      from polyvinyl butyral, polyethylene and co(vinyl acetate/ethylene),
PAL  the percentages of (A), (B) and (C) being calculated on the total weight of
      said resin mixture, said electrostatic toner material consisting of
      particles having a diameter between 1 and 30 microns.
PAR  The colouring material (pigment or dyestuff) is to be present in the toner
      in an amount sufficient to colour the toner intensively, so that a clearly
      visible image is obtained. Usually the pigment is a black pigment, e.g.
      carbon black. In cases wherein a colour copy is desired, organic pigments
      or dyestuffs can be used. Normally, the amount of colouring material is
      comprised between 5 and 15 % by weight with respect to the total weight of
      the toner mass. The polymer composition is mixed with the colouring
      material preferably by ball-milling.
PAR  The colouring material is mixed intimately with 95 to 85% by weight,
      (calculated on the total weight of toner) of a mixture of resins. The
      first of these resins is a polymer or copolymer comprising recurring units
      deriving from at least one styrene according to the formula:
      ##EQU4##
      wherein: R is hydrogen or methyl.
PAR  In a most preferred embodiment of the invention the first resin is a
      copolymer comprising 50 to 60 % by weight of recurring units deriving from
      at least one styrene compound according to the above formula, e.g. styrene
      together with a minor amount of .alpha.-methyl styrene, and 50 to 40 % by
      weight of recurring units deriving from at least one alkyl methacrylate,
      wherein the alkyl group comprises 1 to 4 carbon atoms. Methyl-, ethyl-,
      n-propyl-, iso-propyl-, n-butyl-, and isobutyl methacrylate and mixtures
      of these can be used. When copolymerizing e.g. styrene, .alpha.-methyl
      styrene and an alkyl methacrylate, normally the copolymer formed contains
      also a minor amount, mostly less than about 1 % by weight of units
      containing free carboxyl groups, probably resulting from a saponification
      reaction occurring during polymerization.
PAR  The copolymer of alkyl methacrylate and styrene is mixed with 20 to 40 %
      (calculated on the total weight of the resin mixture) of a polymer taken
      from the group of homopolymers of butyl acrylate or methacrylate and
      copolymers of butyl acrylate or methacrylate with methyl acrylate or
      methacrylate containing up to 80 % by weight of methyl acrylate or
      methacrylate. Preferred polymers are the homopolymers of n-butyl
      methacrylate and the copolymer of n-butyl methacrylate and methyl
      methacrylate (25:75 % by weight).
PAR  As a third component a polymeric thermoplastic plasticizer is added to the
      resin mixture in an amount of 5 to 20 % by weight. The plasticizer is
      taken from the group consisting of polyvinyl butyral, polyethylene and
      copolymers such as co(vinyl acetate/ethylene). When polyvinyl butyral is
      used the polymeric chain may comprise minor amounts of units deriving from
      vinyl alcohol and vinyl acetate.
PAR  The different resins can be mixed by melting. The colouring material is
      added to the resulting melt while stirring until a homogeneous blend is
      formed. After cooling, the solid mass obtained is crushed and further
      ground in a ball-mill to a particle size of 1 to 30 microns. The resulting
      powder is not tacky at room temperature so that it will freely flow over
      the surfaces carrying the latent electrostatic images.
PAR  For the development of the electrostatic images the toner is applied
      loosely to the latent electrostatic image where it is attracted
      electrostatically at the latent image areas. The most usual developing
      method is cascade development. According to this method the electrostatic
      toner is mixed with a granular carrier, which may be electrically
      conductive or insulating. The granular carrier material is composed of
      glass or steel beads, either or not encased in a suitable covering, which
      imparts the necessary triboelectric properties to the granular carrier
      material. Normally 1 part by weight of toner powder is mixed with about
      100 parts by weight of granular carrier material.
PAR  The carrier particles, when brought in close contact with the powdery toner
      particles, obtain a charge of a polarity opposed to that of the toner
      particles, so that the latter envelop the carrier particles. If a positive
      reproduction of an electrostatic image is desired, the carrier is chosen
      in such a way that the toner particles obtain a charge with a polarity
      opposite to that of the electrostatic charge. In order to obtain a
      negative copy the carrier can be chosen in such a way that the toner
      particles obtain a charge having the same polarity as that of the
      electrostatic image.
PAR  The carrier particles have to be large enough, larger anyway than the toner
      particles. They have such a shape, that they roll over the image-carrying
      surface. Preferably glass beads are used having a diameter of 600 to 800
      microns. The toner particles are attracted by the charged areas of the
      surface and separated from the carrier particles, which in consequence of
      gravity continue their rolling motion.
PAR  The toner particles are fixed on paper or any other support by heat or
      solvent fixing. When heat energy is supplied or solvent is added to the
      toner, the toner softens, tends to become more fluid, flows together and
      is attached irreversibly to the paper support.
PAR  The invention is illustrated by the following examples.
DETD
PAC  EXAMPLE 1
PAR  A toner mixture is prepared from 5.2 parts by weight of polystyrene having
      a molecular weight of approximately 30,000 and 1 part by weight of
      polyvinylbutyral having a molecular weight of approximately 30,000, which
      in addition to the vinyl butyral groups contains also approximatively 20 %
      by weight of vinyl alcohol groups and 2.5% by weight of vinyl acetate
      groups. 2.8 parts by weight of co(methyl methacrylate/n-butyl
      methacrylate)(50:50 mole % corresponding to a percentage by weight ratio
      of 39:61, and having an intrinsic viscosity of 0.2 measured in chloroform
      at 20.degree.C) and 1 part by weight of Spezialschwarz IV (trade name for
      carbon black sold by Deutsche Gold- und Silberscheideanstalt, Frankfurt
      a/M, Germany) are added as well.
PAR  The components are mixed in dry condition and then melted at a temperature
      of 150.degree.-160.degree.C. The melt is then kneaded for approximately 30
      min. at the same temperature. After cooling and breaking to a particle
      size of approximatively 1 mm the powder is ground for 15 h, in aqueous
      medium in a vibration ball mill. After drying and sieving a toner having a
      particle size of 37.5 micron with a fixing temperature of approximately
      130.degree.C is obtained.
PAR  A developer mixture is then prepared by mixing 1 g of this toner powder
      with 100 g of carrier particles composed of glass beads having a diameter
      of 600 to 800 microns.
PAR  After positively charging of a selenium drum and image-wise exposing to an
      original, the developing mixture was cascaded over the electrostatic
      latent image. A black toner image was left on the selenium drum. The image
      was then transferred to a paper support. The image on this paper support
      was fixed by heating.
PAR  In this way an image with a sufficiently high density was obtained. The
      image was sharp but felt rather rough. After successive developments with
      the same developer mixture only a very weak change in contrast was
      observed.
PAR  If in the above mentioned process the mixture of polystyrene, polyvinyl
      butyral, and co(methyl methacrylate/n-butyl methacrylate) in the toner
      would be replaced by pure polystyrene, images having a good density would
      be obtained, which would feel rather rough also. The images, however,
      would be unsharp and during the successive developments with the same
      developer mixture the fog would increase considerably and the image
      density, i.e. the contrast, would be reduced markedly.
PAR  If to the developer mixture of polystyrene and carbon black an amount of
      polyvinyl butyral as described above is added also, a slight improval with
      respect to fog would be found during continuous use. The other
      disadvantages would remain, however.
PAR  If the polyvinyl butyral would be replaced by polyisobutyl methacrylate an
      improval of the density would be obtained, the copy would still feel rough
      but during successive developments the fog would still increase.
PAR  It appears therefrom that only with the mixture according to the invention,
      which contains polymers of styrene, polyvinyl butyral and co(methyl
      methacrylate/n-butyl methacrylate) sharp, contrasty images having a good
      density are obtained and that during continuous use of this developer
      mixture no fog is formed nor that their image density diminishes.
PAC  EXAMPLE 2
PAR  A toner mixture is prepared from 5.2 parts by weight of resin A, 2.8 parts
      by weight of resin B, 1 part by weight of resin C and 1 part by weight of
      carbon black Spezialschwarz IV.
PAR  Resin A is a copolymer containing 50 % by weight of styrene, 5 % by weight
      of .alpha.-methyl styrene, and 45 % by weight of isobutyl methacrylate.
PAR  Resin B is a copolymer of methyl methacrylate and n-butyl methacrylate
      (39:61 % by weight).
PAR  Resin C is polyvinyl butyral containing approximatively 20 % by weight of
      vinyl alcohol groups and 2.5 % by weight of vinyl acetate groups.
PAR  This toner mixture is melted in the same way as in example 1 and
      ball-milled. It has a fixing temperature of approximatively 110.degree.C.
PAR  1 g of this toner powder is mixed with 100 g of carrier particles
      consisting of glass beads having a diameter of 600 to 800 microns.
PAR  Image-wise exposure, development of the latent image, transfer to a paper
      support and fixation are performed as in example 1.
PAR  Positive images having a high density and sharpness are obtained. The
      fixing temperature of the powder images is in a very favourable
      temperature range. During successive developments with the same developer
      mixture only a very weak fog is obtained.
PAR  If for comparison in the above-mentioned developer mixture of resins A, B,
      C the two latter substances are omitted so that only a copolymer of
      styrene, .alpha.-methyl styrene and isobutyl methacrylate is used, we find
      that a lowering of the fixing temperature is obtained also and that the
      image shows a smooth surface. The fog during continuous use of the toner
      powder is very important, however.
PAR  If a developer mixture is used, which contains resin C in addition to resin
      A, the fixing temperature is somewhat higher and the fog value is improved
      as compared with resin A alone. Although the contrast obtained is better
      than in the case polystyrene is used alone, it is worse however, than in
      the case a mixture of the three resins is used.
PAR  In the above examples use is made of carrier particles consisting of simple
      glass beads. In order to improve the action of the carrier particles,
      especially at high relative humidities, e.g. at 65 % and more, the glass
      beads can be subjected to a special pretreatment. Therefore the glass
      beads having a diameter of 600 to 800 microns are degreased and treated
      with chromic acid. After washing with distilled water until free of acid,
      the beads are dried with air at approximatively 90.degree.C. Subsequently
      the glass beads are rolled into a solution in cyclohexane of a
      trialkoxysilane according to the following structural formula:
      ##EQU5##
      Other trialkoxysilanes that may be used are those described in our United
      Kingdom Patent Application No. 54,678/68.
PAR  The beads are then dried in a hot air current of approximatively
      80.degree.C and rolled into a solution of an azo dye and ethyl cellulose.
      Suitable solvents are e.g. tetrachloroethane, methylene chloride,
      1,2-dichloroethane, toluene, xylene, or mixtures thereof, an appropriate
      azo dye is e.g. Zapon fast yellow R (C.I. 18,690) (trade mark of Badische
      Anilin- und Soda-Fabrik, Ludwigshafen, Germany).
PAR  A suitable proportion of the ingredients is e.g. 1 kg of glass beads, 0.5 g
      of dye, 1 g of ethyl cellulose and 25 ml of solvent.
PAR  The glass beads that have been pretreated with trialkoxysilane as described
      above are now surrounded by a layer of ethylcellulose and dye. After
      approximatively 30 min. of rolling the glass beads are dried in a hot air
      stream of approximatively 80.degree.C.
PAR  As a result of the pretreatment with the trialkoxysilane the ethyl
      cellulose adheres very strongly to the glass beads, so that the layer
      after repeated use (approximatively 15,000 copies) of the developer
      mixture still adheres to the carrier. The treatment also reduces the fog
      in the toner images during continuous use.
PAR  Instead of treating the glass beads prior to the enveloping with ethyl
      cellulose with a trialkoxysilane they can be treated also with organic
      phosphor compounds, e.g. those described in the United Kingdom Patent
      Specification No. 1,151,141, which are bivalent or trivalent metal salts
      of a phosphorus oxyacid containing at least one organic residue.
PAC  EXAMPLE 3
PAR  In the toner mixture described in Example 2, the 2.8 parts of polyvinyl
      butyral are replaced by a same amount of co(vinyl acetate/ethylene) having
      an ethylene content of 72 % by weight. The toner mixture formed is melted
      in the same way as in Example 1 and ball-milled. It has a fixing
      temperature of 108.degree.C.
PAR  After image-wise exposure, development of the latent image, transfer to a
      paper support, and fixation as in Example 1, positive images having a high
      density and sharpness are obtained. During successive developments with
      the same developer mixture only a very weak fog is noticed.
PAC  EXAMPLE 4
PAR  Glass beads having a diameter of 600-800 microns are degreased, treated
      with chromic acid, and washed with distilled water until free of acid.
      Thereafter the beads are dried with air at approximatively 90.degree.C.
      Subsequently, the glass beads are rolled into a solution of zinc
      tridecylphosphate in diethyl ether. For 1 kg of glass beads 25 ml of a 5 %
      by weight solution of zinc tridecylphosphate in diethyl ether is used.
PAR  The glass beads are dried in air of approximatively 80.degree.C and rolled
      for 30 min. in a ball-mill containing the following mixture:
     azo dye              0.5      g                                           

     ethyl cellulose      1        g                                           

     methylene chloride   22.5     ml                                          

     1,2-dichloroethane   2.5      ml                                          

PAR  After drying in air of 80.degree.C glass beads are obtained that are
      surrounded with a layer of ethyl cellulose and an azo dye.
PAR  100 g of glass beads thus pretreated are mixed with 0.5 g of toner mixture
      as described in Example 2 and used as a xerographic developer. The images
      formed after transfer to a paper support and thermofixing have an
      excellent quality, even after a production of more than 10,000 copies.
      Even then the adhesion of the ethyl cellulose layer to the glass beads was
      still excellent.
PAC  EXAMPLE 5
PAR  The process of Example 2 is repeated with the difference that instead of
      glass beads, stell balls having a diameter of 300-400 microns and which
      have been surrounded with a layer of cellulose nitrate are used as the
      carrier material. This enveloping with cellulose nitrate is performed in a
      ball-mill wherein the steel balls are mixed with 4 % by weight of
      cellulose nitrate dissolved in methyl isobutyl ketone. The ball-mill is
      heated by means of an infrared lamp, so that the solvent evaporates slowly
      and leaves the ball-mill through an axial discharge tube.
PAR  0.5 g of the toner mixture of Example 2 is mixed with 100 g of the thus
      treated steel ball and the developer mixture formed is used as described
      in Example 1 to develop a negatively charged and image-wise exposed zinc
      oxide layer. The sign of charge of the toner now is positive and a sharp
      positive image is obtained from the original.
PAC  EXAMPLE 6
PAR  The process described in Example 2 is repeated with the difference,
      however, that resin B is replaced by a copolymer of methyl methacrylate
      and n-butyl methacrylate containing 33% by weight of methyl methacrylate
      and 67% by weight of n-butyl methacrylate.
PAR  Positive images having also high density and sharpness are obtained.
PAC  EXAMPLE 7
PAR  A toner mixture is prepared from 5.2 parts by weight of resin A, 2.8 parts
      by weight of resin B, 1 part by weight of resin C and 1 part by weight of
      Calco Oil black.
PAR  Resin A is a copolymer containing 56 % by weight of styrene, 7 % by weight
      of .alpha.-methyl styrene and 37 % by weight of isobutyl methacrylate.
PAR  Resin B is a copolymer of methyl methacrylate and n-butyl methacrylate
      (75:25 % by weight).
PAR  Resin C is polyvinyl butyral containing approximatively 20 % by weight of
      vinyl alcohol units and 2.5 % by weight of vinyl acetate units.
PAR  Calco Oil black is the trade name of carbon black powder sold by Pylam
      Products Co., U.S.A.
PAR  The components are mixed in dry condition, whereafter the mixture is
      kneeded for 30 min. at a temperature of approximatively 135.degree.C.
      After cooling and breaking 60 g of the mixture is ground for 15 h in a
      vibration ball mill in the presence of 240 ml of water. The mass is sucked
      off and air dried to a moisture content of 0.5 % maximum. Sieving of the
      powder gives a toner having a particle size between 1 and 30 micron, with
      a melting temperature of approximatively 117.degree.C. 1 g of this toner
      powder is mixed with 99 g of glass beads having a diameter between 600 and
      800 microns. According to the cascade method, the developer mixture formed
      is used to produce a positive image on a negatively charged zinc oxide
      paper that had been image-wise exposed to light. The image on the paper is
      fixed by heat or solvent fixing. An image with a sufficiently high density
      is formed that showed little or no fog in the non-image areas.
PAC   EXAMPLE 8
PAR  An organic photoconductor layer such as described in our cognated United
      Kingdom Patent Applications Nos. 15,333/69 and 42,061/69 is negatively
      charged and thereafter image-wise exposed to light. For developing the
      latent image formed, the developer mixture of toner and glass beads of
      Example 7 is cascaded over the exposed plate. The powder image is
      electrostatically transferred to a piece of paper whereon it is fixed,
      e.g. by heat. The powder remaining on the organic photoconductor is
      eliminated electrostatically and mechanically, whereupon the organic
      photoconductor plate is immediately ready for another image-wise
      developing.
PAR  The image that was formed showed good line reproduction and is satisfactory
      solid area coverage with little background deposition.
PAC  EXAMPLE 9
PAR  Very good positive images are formed on a zinc oxide paper or on a paper
      containing an organic photoconductor, such as described in our cognated
      United Kingdom Patent Applications Nos. 15,333/69 and 42,061/69, when
      using a toner mixture formed according to the method described in Example
      7, the ingredients of which were the same, with the sole difference,
      however, that instead of using Calco Oil black, a same amount of Waxoline
      Nigrosine NS was used, which is the trade name of a carbon black sold by
      Imperial chemical Industries, Great Britain.
PAC  EXAMPLE 10
PAR  The process of the first part of Example 2 was repeated with the sole
      difference that co(methyl-methacrylate/n-butyl methacrylate (39:61 % by
      weight) was replaced by a same amount of poly-n-butyl methacrylate. The
      fixing temperature of the toner was about 125.degree.C. Copies made with
      the toner material had the following characteristics:
PAR  -- high density
PAR  -- sharp images
PAR  -- a fixing temperature that is acceptable
PAR  -- a positive image.
PAR  The toner possessed great mechanical strength which was demonstrated in a
      continuous process using always the same developer mixture.
CLMS
STM  We claim:
NUM  1.
PAR  1. A particulate composition of matter adapted for developing electrostatic
      images consisting essentially of finely divided particles comprising by
      weight 5 to 15 % of a colored material and 95 to 85 % of a resin mixture
      consisting essentially of:
PA1  A. 40 to 60 % by weight of a polymer having about 50 % of the recurring
      units thereof derived from at least one styrene monomer of the formula:
      ##EQU6##
      wherein: R is hydrogen or methyl, and the balance of such recurring units
      derived from at least one alkyl methacrylate monomer wherein alkyl
      comprises 1-4 carbon atoms,
PA1  B. 20 to 40 % by weight of a homopolymer of butyl acrylate or butyl
      methacrylate or a copolymer of butyl acrylate or butyl methacrylate with
      up to 80 % by weight of methyl acrylate or methyl methacrylate, and
PA1  C. 5 to 20 % by weight of a polymeric plasticizer selected from polyvinyl
      butyral, polyethylene and co(vinylacetate/ethylene), said particles having
      a diameter between 1 and 30 microns.
NUM  2.
PAR  2. A particulate composition of matter according to claim 1, wherein resin
      (A) is polystyrene.
NUM  3.
PAR  3. A particulate composition of matter according to claim 1, wherein resin
      (A) comprises 50 to 60 % by weight of recurring units deriving from at
      least one styrene monomer of the formula:
      ##EQU7##
      wherein: R is hydrogen or methyl, and 50 to 40 % by weight of at least one
      alkyl methacrylate, wherein the alkyl group comprises 1 to 4 carbon atoms.
NUM  4.
PAR  4. A particulate composition of matter according to claim 3, wherein resin
      (A) is a copolymer of styrene and isobutyl methacrylate.
NUM  5.
PAR  5. A particulate composition of matter according to claim 3, wherein resin
      (A) is a copolymer of styrene, .alpha.-methyl styrene and isobutyl
      methacrylate.
NUM  6.
PAR  6. A particulate composition of matter according to claim 1, wherein resin
      (B) is a homopolymer of n-butyl methacrylate.
NUM  7.
PAR  7. A particulate composition of matter according to claim 1, wherein resin
      (B) is a copolymer of n-butyl methacrylate with up to 80 % by weight of
      methyl methacrylate.
NUM  8.
PAR  8. A particulate composition of matter according to claim 1, wherein resin
      (B) is a copolymer of n-butyl methacrylate and methyl methacrylate in a
      ratio of 25-75 % by weight.
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ABST
PAL  An insulation material which comprises:
PA1  A. a major amount of 1,2-polybutadiene;
PA1  B. from 10 to 150 parts by weight of a styrene or styrene derivative per
      100 parts by weight of 1,2-polybutadiene;
PA1  C. from 15 to 150 parts by weight of 2,4,6-tribromophenylacrylate per 100
      parts by weight of the mixture of 1,2-polybutadiene and styrene or styrene
      derivative; and
PA1  D. from 100 to 300 parts by weight of talc powder per 100 parts by weight
      of 2,4,6-tribromophenyl acrylate.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention relates to an insulation material and especially
      relates to an insulation resin useful for electrical insulation.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  As insulation materials for electrical application, various organic polymer
      compounds such as thermoplastic and thermosetting resins are known.
      Especially, as insulation materials for casting, potting, encapsulation
      and dipping of electric components, various thermosetting resins such as
      fireproof epoxy resin and unsaturated polyester resin are known. However,
      these resins usually have dielectric properties which change very much
      with the changes of temperature, high dielectric loss factor at a high
      temperature, low arc resistance and low tracking resistance. For these
      reasons, a fireproof epoxy resin and an unsaturated polyester resin are
      not suitable for insulation materials of electric components for high
      frequency and voltage.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide an insulation material for
      casting, potting, encapsulation or dipping of electric components for high
      frequency and voltage.
PAR  Another object of the present invention is to provide an insulation
      material having low dielectric constant and low dielectric loss tangent.
PAR  Another object of the present invention is to provide an insulation
      material whose dielectric characteristics scarcely change over a wide
      range of temperature.
PAR  Another object of the present invention is to provide an insulation
      material having high arc resistance and high tracking resistance.
PAR  Another object of the present invention is to provide an insulation
      material having high firing resistance.
PAR  Another object of the present invention is to provide an insulation
      material having good mechanical characteristics such as high crack
      resistance and fast curing rate.
PAR  These and other objects of the present invention will be apparent upon
      consideration of the following detailed description taken together with
      the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIGS. 1, 2 and 3 are the graphs showing dielectric constant versus
      temperature of cured resins according to the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  An insulation material according to the present invention consists
      essentially of a major amount of 1,2 -polybutadiene, from 10 to 150 parts
      by weight of styrene or styrene derivative per 100 parts by weight of
      1,2-polybutadiene, from 15 to 150 parts by weight of
      2,4,6-tribromophenylacrylate per 100 parts by weight of the mixture of
      1,2-polybutadiene and styrene or styrene derivative and from 100 to 300
      parts by weight of talc powder per 100 parts by weight of
      2,4,6-tribromophenylacrylate.
PAR  The novel insulation material according to the present invention has
      superior characteristics in electric properties such as low dielectric
      constant, low dielectric loss tangent, high arc resistance and high
      tracking resistance, and at the same time high firing resistance and good
      mechanical properties such as high crack resistance. Accordingly,
      electrical components having superior characteristics especially both in
      electrical properties and inflammability can be made using the novel
      insulation material according to the present invention.
PAR  Furthermore, by using the novel insulation material according to the
      present invention, electrical components can be made without injuring the
      property of embedded materials such as coils, semiconductors and so on,
      because the resin becomes hardened at relatively low temperature.
PAR  The 1,2-polybutadiene used in the present invention is a liquid pre-polymer
      having a number mean molecular weight (MW) preferably of 2,000 to 5,000,
      viscosity preferably of 5,000 to 20,000 centipoise (cp) at 25.degree.C,
      and undergoes cross-linking reaction in the presence preferably of 0.5-5%
      dicumylperoxide as a catalyst by heating 130.degree. to 150.degree.C
      preferably for more than 60 minutes.
PAR  The cured 1,2-polybutadiene resin has properties as shown below:
TBL  Hardness (Rockwell)                                                       

                     M80         (ASTM D785)                                   

     Crack resistance                                                          

                     Crack       (ASTM D1674)                                  

     Inflammability  Burning     (ASTM D635)                                   

     Dielectric constant                                                       

                     2.4         (ASTM D150)                                   

     Dielectric loss tangent                                                   

                     0.001       (ASTM D150)                                   

     Arc resistance  80 second   (ASTM D495)                                   

     Volume resistance                                                         

                     10.sup.16 .OMEGA.-cm                                      

                                 (ASTM D257)                                   

PAR  The above data show that cured 1,2-polybutadiene homopolymer has low
      dielectric loss factor. However, as mentioned above, the time required for
      curing is too long, and the temperature required for curing is too high
      for commercial application. In addition, 1,2-polybutadiene homopolymer
      mentioned above has another defect such as poor crack resistance, when the
      electric component is embedded. Another defect of 1,2-polybutadiene
      homopolymer is its tendency to flame. Therefore, it is not suitable to
      apply 1,2-polybutadiene alone as an insulation material for electric
      components.
PAR  The present invention relates to a composition comprising a resin compound
      which composition is useful for electrical insulation having fast curing
      rate, low dielectric loss factor, high arc resistance, high tracking
      resistance, high firing resistance and high crack resistance. The resin
      compound according to the present invention comprises 1,2-polybutadiene
      having a number mean molecular weight preferably of 2,000 to 5,000,
      styrene or styrene derivative, 2,4,6-tribromophenylacrylate, talc powder
      and organic peroxide as a catalyst. This compound is cured by heating at a
      temperature preferably higher than 100.degree.C in the presence preferably
      of 0.5-3% by weight of a catalyst such as dicumylperoxide,
      tertiarybutylperbenzoate and benzoylperoxide. Curing can hardly be
      accomplished at a temperature less than 100.degree.C.
PAR  It is one of the features of the present invention that the use of styrene
      or styrene derivaive as crosslinking agent for 1,2-polybutadiene can
      decrease the viscosity of the resin mixture. Preferable sytrene
      derivatives include chlorostyrene, divinylbenzene, vinyltoluene and
      ethylvinylbenzene as shown below.
      ##SPC1##
PAC  X: H, Cl, CH=CH.sub.2 CH.sub.3, C.sub.2 H.sub.5
PAR  A preferable amount of styrene or styrene derivative is from 10 to 150
      parts by weight per 100 parts by weight of 1,2-polybutadiene. In an amount
      less than 10 parts by weight of styrene or styrene derivative, the
      viscosity will not be sufficiently improved. With an increase of the
      relative amount of styrene or styrene derivative, the viscosity of the
      resin mixture decreases. In an amount more than 150 parts by weight of
      styrene or styrene derivative, the corresponding cured resin does not have
      sufficiently high crack resistance.
PAR  It is another feature of the present invention that
      2,4,6-tribromophenylacrylate is added to the blend of 1,2-polybutadiene
      and styrene or styrene derivative as mentioned above.
      2,4,6-tribromophenylacrylate is copolymerized with 1,2-polybutadiene and
      styrene or styrene derivative. The use of 2,4,6-tribromophenylacrylate is
      effective to reduce the temperature and the time for setting the blended
      mixture, and moreover to increase the resistance to flaming. With an
      increase of the relative amount of 2,4,6-tribromophenylacrylate, the
      inflammability of cured resin increases, and moreover, the crack
      resistance of cured resin increases, but at the same time, both the
      dielectric loss factor and the degree of variation of dielectric loss
      factor with the variation of temperatures increase. A preferable amount of
      2,4,6-tribromophenylacrylate is from 15 to 150 parts by weight per 100
      parts by weight of the blend of 1,2-polybutadiene and styrene or styrene
      derivative. In an amount less than 15 parts by weight of
      2,4,6-tribromophenylacrylate, the effect thereof for firing resistance is
      insufficient, and the crack resistance is not improved sufficiently. When
      that amount is more than 150 parts, the dielectric loss factor of the
      cured resin becomes higher. However, cured resin including
      2,4,6-tribromophenylacrylate has the disadvantage of insufficient arc
      resistance and tracking resistance.
PAR  It is another feature of the present invention that a talc powder is added
      to the blended resin of 1,2-polybutadiene, styrene or styrene derivative
      and 2,4,6-tribromophenylacrylate. The use of a talc powder avoids the
      disadvantage described above. The general chemical formula of talc is
      Mg.sub.3 Si.sub.4 O.sub.10 (HO).sub.2 and is variously named as talc,
      talk, talcum powder, steatite, soapstone, potstone, French chalk or
      Spanish chalk. With an increase of the relative amount of talc powder, the
      arc resistance and tracking resistance of the cured resin increase. A
      preferable amount of the talc powder is from 100 to 300 parts by weight
      per 100 parts by weight of 2,4,6-tribromophenylacrylate. When talc powder
      is present in an amount less than 100 parts by weight for 100 parts by
      weight of 2,4,6-tribromophenylacrylate, the corresponding cured resin is
      relatively easy to break down by arcing and tracking. When that amount is
      more than 300 parts, the blended mixture has too high a viscosity to be
      applied to the dipping, potting, casting and encapsulation of electric
      components.
PAR  The present invention is applicable to insulation materials including a
      mineral powder such as fused quartz glass, silica, mica and alumina.
PAR  The following examples illustrate the benefits to be obtained by the
      process of this invention and should not be construed as limitative.
PAC  EXAMPLE 1
PAR  Blended mixtures of 1,2-polybutadiene, styrene,
      2,4,6-tribromophenylacrylate, talc powder, dicumylperoxide and
      benzoylperoxide as shown in Table 1 were prepared.
TBL                                    Table 1                                 

     __________________________________________________________________________

                      Parts by weight                                          

                      compound number                                          

     component        I     II    III   IV  V     VI                           

     __________________________________________________________________________

     1,2-polybutadiene (MW:5000)                                               

                      100   100   100   100 100   100                          

     styrene          0     5     10     80 150   200                          

     2,4,6-tribromophenylacrylate                                              

                      50    55    60     90 125   150                          

     talc powder      75    78    80    135 188   225                          

     benzoylperoxide  1.5   1.6   1.8    3  3.7   4.5                          

     dicumylperoxide  3     3.2   3.6    6  7.4   9                            

     __________________________________________________________________________

PAL  In Table 1, the amount of styrene varies from 0 to 200 parts by weight per
      100 parts by weight of 1,2-polybutadiene, and the amount of
      2,4,6-tribromophenylacrylate is 50 parts by weight per 100 parts by weight
      of the blend of 1,2-polybutadiene and styrene, and the amount of talc
      powder is 150 parts by weight per 100 parts by weight of 2,4,6
      -tribromophenylacrylate. To 100 parts by weight of the mixtures of
      1,2-polybutadiene, styrene and 2,4,6-tribromophenylacrylate are added 2
      parts by weight of dicumylperoxide and 1 part by weight of benzoylperoxide
      as catalyst.
PAR  Each of the mixtures shown in Table 1 was poured into a mold in which a
      steel hexagonal bar was set as in ASTM (American Society for Testing
      Materials) D 1674-59T. They were heated for 1 hour at 120.degree.C in an
      air oven, and were converted to a cured hard resin in which the steel
      hexagonal bar was embedded. Crack resistance was examined by using these
      samples. The dielectric properties of each cured hard resin was examined
      by the method of ASTM D-150. Arc resistance of each cured hard resin was
      examined by the method of ASTM D 495-58. Tracking resistance of each cured
      hard resin was examined by the method of DIN (Deutsche Industrie Normen,
      German Industry Standard) 53480. Flammability of each cured hard resin was
      examined by the method of ASTM D 635-56T. The viscosity of blended mixture
      was measured by the rotational viscometer at 30.degree.C. Each of the
      mixtures in Table 1 was heated at 120.degree.C for 1 hour in an air oven,
      and was converted to a cured hard resin. The tests mentioned above were
      carried out by using these samples. Thus, results shown in Table 2 were
      obtained.
TBL                                    Table 2                                 

     __________________________________________________________________________

                  results and measured values                                  

                  compound number                                              

     property     I     II    III  IV   V    VI                                

     __________________________________________________________________________

                  more than                                                    

                        more than                                              

     viscosity(poise)                                                          

                  1000  1000  50   31   15   6                                 

     crack resistance                                                          

                  no crack                                                     

                        no crack                                               

                              no crack                                         

                                   no crack                                    

                                        no crack                               

                                             crack                             

     inflammability                                                            

                  nonburn-                                                     

                        nonburn-                                               

                              nonburn-                                         

                                   nonburn-                                    

                                        nonburn-                               

                                             nonburn-                          

                  ing   ing   ing  ing  ing  ing                               

     arc resistance (seconds)                                                  

                  183   183   183  183  182  181                               

     tracking resistance                                                       

                  KA3C  KA3C  KA3C KA3C KA3C KA3C                              

     dielectric constant                                                       

                  2.95  3.01  3.12 3.28 3.31 3.42                              

           (10kHz)                                                             

     dielectric loss tangent                                                   

                  0.005 0.005 0.006                                            

                                   0.007                                       

                                        0.007                                  

                                             0.009                             

     __________________________________________________________________________

PAR  The data in Table 2 clearly show that the resins having styrene in an
      amount from 10 to 150 parts by weight for 100 parts by weight of
      1,2-polybutadiene, as shown in compound numbers III to V, have excellent
      properties in viscosity of the blend mixture and crack resistance,
      inflammability, arc resistance, tracking resistance, dielectric constant
      and dielectric loss tangent of cured resin. The resin having none or a
      small amount of styrene, as shown in compound number I or II, has too high
      viscosity to be applied industrially. The resin having large amount of
      styrene, as shown in compound number VI, showed poor crack resistance.
PAC  EXAMPLE 2
PAR  Blended mixtures of 1,2-polybutadiene, styrene,
      2,4,6-tribromophenylacrylate, talc powder, dicumylperoxide and
      benzoylperoxide as shown in Table 3 were prepared.
TBL                                    Table 3                                 

     __________________________________________________________________________

                     parts by weight                                           

                     compound number                                           

     component       VII   VIII  IX    X   XI  XII                             

     __________________________________________________________________________

     1,2-polybutadiene(MW4000)                                                 

                     100   100   100   100 100 100                             

     styrene         50    50    50     50  50 50                              

     2,4,6-tribromophenylacrylate                                              

                     0     15    22.5  100 225 300                             

     talc powder     0     23    33    150 340 450                             

     benzoylperoxide 1.5   1.9   2.5    4   6  8.5                             

     dicumylperoxide 3     3.8   5      8   12 17                              

     __________________________________________________________________________

PAL  In Table 3, the amount of 2,4,6-tribromophenylacrylate varies from 0 to 200
      parts by weight per 100 parts by weight of the blend of 1,2-polybutadiene
      and styrene, the amount of talc powder is 150 parts by weight per 100
      parts by weight of 2,4,6-tribromophenylacrylate, and the amount of talc
      powder is 50 parts by weight per 100 parts by weight of 1,2-polybutadiene.
      2 parts by weight of dicumylperoxide and 1 part by weight of
      benzoylperoxide per 100 parts by weight of the blend of 1,2-polybutadiene,
      styrene and 2,4,6-tribromophenylacrylate is added as a catalyst.
PAR  Each of the mixtures was heated for 1 hour in a test tube immersed in an
      oil bath at 100.degree., 120.degree. and 140.degree.C. The external
      appearances of the resins were observed. The results are shown in Table 4.
TBL                Table 4                                                     

     ______________________________________                                    

              Properties of the resin                                          

     heating  compound number                                                  

     temperature                                                               

              VII     VIII      IX   X    XI   XII                             

     ______________________________________                                    

     100.degree.C                                                              

              liquid  semi-solid                                               

                                hard hard hard hard                            

     120.degree.C                                                              

              soft    soft      hard hard hard hard                            

     140.degree.C                                                              

              hard    hard      hard hard hard hard                            

     ______________________________________                                    

PAR  Each of the mixtures in Table 3 was heated for 1 hour at 120.degree. or
      140.degree.C in an air oven. Crack resistance, inflammability, arc
      resistance, tracking resistance, dielectric constant and dielectric loss
      tangent of the cured hard resins were examined by the same method as
      indicated in Example 1. The results shown in Table 5 were obtained.
TBL                                    Table 5                                 

     __________________________________________________________________________

                     results and measured values                               

                     compound number                                           

     property        VII  VIII   IX   X    XI   XII                            

     __________________________________________________________________________

     heating temperature (.degree.C)                                           

                     140  140    120  120  120  120                            

     crack resistance                                                          

                     no crack                                                  

                          no crack                                             

                                 no crack                                      

                                      no crack                                 

                                           no crack                            

                                                no crack                       

                          self-                                                

     inflammability  burning                                                   

                          extinguish-                                          

                                 nonburn-                                      

                                      nonburn-                                 

                                           nonburn-                            

                                                nonburn-                       

                          ing    ing  ing  ing  ing                            

     arc resistance (seconds)                                                  

                     120  181    181  182  182  184                            

     tracking resistance                                                       

                     KA3b KA3C   KA3C KA3C KA3C KA3C                           

     dielectric constant (10 kHz)                                              

                     2.70 2.86   3.00 3.21 3.48 3.90                           

     dielectric loss tangent                                                   

                     0.002                                                     

                          0.004  0.005                                         

                                      0.007                                    

                                           0.010                               

                                                0.015                          

     __________________________________________________________________________

PAR  From Table 5, it can be seen that the compound numbers IX to XI show
      considerably good properties in crack resistance, inflammability, arc
      resistance, tracking resistance, dielectric constant and dielectric loss
      tangent. In other words, the resins having 2,4,6-tribromophenylacrylate in
      the range from 15 to 150 parts by weight for 100 parts by weight of the
      blend of 1,2-polybutadiene and styrene show superior qualities. The
      mixture having none or a small amount of 2,4,6-tribromophenylacrylate, as
      shown in compound number VII and VIII, need comparatively high temperature
      to be cured to a hard resin, and in addition, the cured hard resins show
      poor results in the flammability test.
PAR  The plot of dielectric constant vs. temperature in the range of 25.degree.C
      to 175.degree.C for the cured hard resins of Table 5 are shown in FIG. 1.
      The resin having a large amount of 2,4,6-tribromophenylacrylate, as shown
      in compound number XII, shows higher dielectric constant than others and
      large variation of dielectric constant against the change of temperature.
PAC  EXAMPLE 3
PAR  Blended mixture of 1,2-polybutadiene, styrene,
      2,4,6-tribromophenylacrylate, talc powder, dicumylperoxide and
      benzoylperoxide as shown in Table 6 were prepared.
TBL                                    Table 6                                 

     __________________________________________________________________________

                     parts by weight                                           

                     compound number                                           

     component       XIII  XIV   XV    XVI   XVII  XVIII                       

     __________________________________________________________________________

     1,2-polybutadiene (MW 3000)                                               

                     100   100   100   100   100   100                         

     styrene         50    50    50    50    50    50                          

     2,4,6-tribromophenylacrylate                                              

                     75    75    75    75    75    75                          

     talc powder     0     38    75    150   225   300                         

     benzoylperoxide 2.2   2.2   2.2   2.2   2.2   2.2                         

     dicumylperoxide 4.4   4.4   4.4   4.4   4.4   4.4                         

     __________________________________________________________________________

PAL  In Table 6, the amount of styrene is 50 parts by weight per 100 parts by
      weight of 1,2-polybutadiene, and the amount of
      2,4,6-tribromophenylacrylate is 50 parts by weight per 100 parts by weight
      of the blend of 1,2-polybutadiene and styrene, and the amount of talc
      powder varies from 0 to 400 parts by weight per 100 parts by weight of
      2,4,6-tribromophenylacrylate. Benzoylperoxide and dicumylperoxide are
      added as catalysts.
PAR  Each of the mixtures was heated for 1 hour at 120.degree.C in an air oven.
      Crack resistance, inflammability, arc resistance, tracking resistance,
      dielectric constant and dielectric loss tangent of each cured hard resins
      were examined by the same method as indicated in Example 1. The results as
      shown in Table 7 were obtained.
TBL                                    Table 7                                 

     __________________________________________________________________________

                     results and measured values                               

                     compound number                                           

     property        XIII XIV  XV   XVI  XVII XVIII                            

     __________________________________________________________________________

                                              more than                        

     viscosity (poise)                                                         

                     2    6    10   48   100  1000                             

     crack resistance                                                          

                     no crack                                                  

                          no crack                                             

                               no crack                                        

                                    no crack                                   

                                         no crack                              

                                              no crack                         

     inflammability  nonburn-                                                  

                          nonburn-                                             

                               nonburn-                                        

                                    nonburn-                                   

                                         nonburn-                              

                                              nonburn-                         

                     ing  ing  ing  ing  ing  ing                              

     arc resistance (seconds)                                                  

                     3    100  180  182  193  198                              

     tracking resistance                                                       

                     KA1  KA2  KA3C KA3C KA3C KA3C                             

     dielectric constant (10 kHz)                                              

                     2.68 2.81 2.92 3.08 3.30 3.64                             

     dielectric loss tangent                                                   

                     0.002                                                     

                          0.003                                                

                               0.004                                           

                                    0.006                                      

                                         0.007                                 

                                              0.009                            

     __________________________________________________________________________

PAR  From Table 7, it can be seen that the compound numbers XV to XVII show
      considerably good properties in viscosity, crack resistance,
      inflammability, arc resistance, tracking resistance, dielectric constant
      and dielectric loss tangent. In other words, the resins having talc powder
      in the range from 100 to 300 parts by weight per 100 parts by weight of
      2,4,6-tribromophenylacrylate show superior qualities.
PAR  The cured resin having none or small amount of talc powder, as shown in
      compound number XIII and XIV, give poor results in arc resistance and
      tracking resistance. The resin having large amount of talc powder, as
      shown in compound number XVIII, shows too high a viscosity to be applied
      industrially.
PAC  EXAMPLE 4
PAR  Blended mixture of 1,2-polybutadiene, a styrene derivative,
      2,4,6-tribromophenylacrylate, talc powder, dicumylperoxide,
      benzoylperoxide and tertiarybutylperbenzoate as shown in Table 8 were
      prepared.
TBL                                    Table 8                                 

     __________________________________________________________________________

                     parts by weight                                           

                     compound number                                           

     component       XIX XX    XXI XXII  XXIII                                 

                                             XXIV                              

     __________________________________________________________________________

     1,2-polybutadiene (MW 4000)                                               

                     100 100   100 100   100 100                               

     styrene          50 --    --  --    --  --                                

     chlorostyrene   --  80     50 30    --  --                                

     vinyltoluene    --  --    --  --     50 --                                

     divinylbenzene  --  --    --  --    --  30                                

     ethylvinylbenzene                                                         

                     --  --    --  --    --  20                                

     2,4,6-tribromophenylacrylate                                              

                      75 80     75 60     75 75                                

     talc powder     100 120   100 90    100 100                               

     dicumylperoxide  4  5.2    4  3.8    4   4                                

     tertiarybutylperbenzoate                                                  

                      2  --    --  1.9    2   2                                

     benzoylperoxide --  2.6    2  --    --  --                                

     __________________________________________________________________________

PAR  Each of the mixtures in Table 8 was heated for 1 hour at 120.degree.C in an
      air oven. Crack resistance, inflammability, arc resistance, tracking
      resistance, dielectric constant and dielectric loss tangent of the cured
      resins were examined by the same method as indicated in Example 1. The
      results shown in Table 9 were obtained.
TBL                                    Table 9                                 

     __________________________________________________________________________

                     results and measured values                               

                     compound number                                           

     property        XIX   XX   XXI  XXII XXIII                                

                                               XXIV                            

     __________________________________________________________________________

     viscosity       20    32   40   45   30   44                              

     crack resistance                                                          

                     no crack                                                  

                           no crack                                            

                                no crack                                       

                                     no crack                                  

                                          no crack                             

                                               no crack                        

     inflammability  nonburning                                                

                           nonburn-                                            

                                nonburn-                                       

                                     nonburn-                                  

                                          nonburn-                             

                                               nonburn-                        

                           ing  ing  ing  ing  ing                             

     arc resistance (seconds)                                                  

                     181   182  181  181  181  182                             

     tracking resistance                                                       

                     KA3C  KA3C KA3C KA3C KA3C KA3C                            

     dielectric constant (10 kHz)                                              

                     3.02  3.15 3.05 2.91 3.04 3.00                            

     dielectric loss tangent                                                   

                     0.005 0.007                                               

                                0.006                                          

                                     0.005                                     

                                          0.005                                

                                               0.005                           

     __________________________________________________________________________

PAR  From Table 9, it can be seen that all compounds show considerably good
      properties in viscosity, crack resistance inflammability, arc resistance,
      tracking resistance, dielectric constant and dielectric loss tangent. The
      plot of dielectric constant vs. temperature in the range from 25.degree.C
      to 175.degree.C for the cured hard resins of Table 9 are shown in FIG. 2.
      From FIG. 2, it can be seen that dielectric constant of each compound
      scarcely changes over a wide range of temperature.
PAC  EXAMPLE 5
PAR  Blended mixtures of 1,2-polybutadiene, a styrene derivative,
      2,4,6-tribromophenylacrylate, talc powder, dicumylperoxide,
      benzoylperoxide and mineral powder as shown in Table 10 were prepared.
TBL                                    Table 10                                

     __________________________________________________________________________

                     parts by weight                                           

                     compound number                                           

     component       XXV XXVI                                                  

                             XXVII                                             

                                 XXVIII                                        

                                     XXIX  XXX                                 

     __________________________________________________________________________

     1,2-polybutadiene (MW 3000)                                               

                     100 100 100 100 100   100                                 

     styrene         40  40  --  --  20    20                                  

     chlorostyrene   --  --  60  60  20    20                                  

     2,4,6-tribromophenylacrylate                                              

                     60  60  40  40  70    70                                  

     talc powder     80  --  70  --  100   --                                  

     fuse quartz glass powder                                                  

                     80  160 --  --  --    --                                  

     alumina hydrate powder                                                    

                     --  --  70  140 --    --                                  

     silica powder   --  --  --  --  80    180                                 

     antimony trioxide                                                         

                     30  30  20  20  40    40                                  

     benzoylperoxide  2   2   2   2  2.1   2.1                                 

     dicumylperoxide  4   4   4   4  4.2   4.2                                 

     __________________________________________________________________________

PAR  Each of the mixtues in Table 10 was heated for 1 hour at 120.degree.C in an
      air oven. Crack resistance, inflammability, arc resistance, tracking
      resistance, dielectric constant and dielectric loss tangent of cured
      resins were examined by the same method as indicated in Example 1. The
      results as shown in Table 11 and FIG. 3 were obtained.
PAR  Thus FIG. 3 is a plot of the dielectric constant vs. temperature in the
      range of from 25.degree.C to 175.degree.C for the cured resins of Table
      11.
TBL                                    Table 11                                

     __________________________________________________________________________

                     results and measured values                               

                     compound number                                           

     property        XXV  XXVI XXVII                                           

                                    XXVIII                                     

                                         XXIX XXX                              

     __________________________________________________________________________

     viscosity       72   55   65   50   81   68                               

     crack resistance                                                          

                     no crack                                                  

                          no crack                                             

                               no crack                                        

                                    no crack                                   

                                         no crack                              

                                              no crack                         

     inflammability  nonburn-                                                  

                          nonburn-                                             

                               nonburn-                                        

                                    nonburn-                                   

                                         nonburn-                              

                                              nonburn-                         

                     ing  ing  ing  ing  ing  ing                              

     arc resistance (seconds)                                                  

                     181  25   185  120  182  31                               

     tracking resistance                                                       

                     KA3C KA2  KA3C KA3a KA3C KA2                              

     dielectric constant(10kHz)                                                

                     3.15 3.12 3.39 3.50 3.23 3.35                             

     dielectric loss tangent                                                   

                     0.006                                                     

                          0.005                                                

                               0.009                                           

                                    0.013                                      

                                         0.007                                 

                                              0.008                            

     __________________________________________________________________________

PAR  From Table 11, it can be seen that the resins having talc powder, as shown
      in compounds XXV, XXVII and XXIX, have good properties in arc resistance
      and tracking resistance. However, the resins without talc powder, as shown
      in compound number XXVI, XXVIII and XXX, give poor results in arc
      resistance and tracking resistance.
PAR  As many apparently widely different embodiments of this invention may be
      made without departing from the spirit and scope thereof, it is to be
      understood that the invention is not limited to the specific embodiments
      thereof except as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical insulation material which comprises:
PA1  a. a major amount of 1,2-polybutadiene,
PA1  b. from 10 to 150 parts by weight of styrene or styrene derivative selected
      from the group consisting of chlorostyrene, divinylbenzene, vinyltoluene
      and ethylvinylbenzene,
PA1  c. from 15 to 150 parts by weight of 2,4,6-tribromophenylacrylate per 100
      parts by weight of the mixture of said 1,2-polybutadiene and said styrene
      or styrene derivative, and
PA1  d. from 100 to 300 parts by weight of talc powder per 100 parts by weight
      of said 2,4,6-tribromophenylacrylate.
NUM  2.
PAR  2. An insulation material according to claim 1, which is cured to a hard
      resin by heating at a temperature more than 100.degree.C in the presence
      of a peroxide.
NUM  3.
PAR  3. An insulation material according to claim 1, wherein said
      1,2-polybutadiene has a mean molecular weight from 2,000 to 5,000.
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ABST
PAL  A wet developer for use in electrophotography which consists of a carrier
      liquid having electric resistance of 10.sup.9 .OMEGA. . cm or more and
      dielectric constant of less than 3 and containing colored particles with a
      particle size of about 0.1 .about. 10 .mu., said particles being
      substantially insoluble in said carrier liquid, possessed of properties of
      solid matter and showing a distinct polarity within said carrier liquid,
      coupled with adhesive suspended particles with a particle size of about
      0.01 .about. 10 .mu. which show the same polarity as said colored
      particles.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  a. Field of the Invention
PAR  The present invention relates to a developer for use in electrostatic
      photography, and it particularly relates to a liquid developer for use in
      electrostatic photography which demonstrates a superb effect in transfer
      of image.
PAR  B. Description of the Prior Art
PAR  As the method of developing an electrostatic latent image formed on the
      electrophotographic copying material, electrostatic recording material,
      etc., there are generally known the dry-developing method and
      wet-developing method. Further, the developing method is classified into
      the transfer process and the direct process by the difference of the
      process for obtaining the final copies. Accordingly, it is theoretically
      possible to employ either the dry-developing method or wet-developing
      method for both the transfer process and direct process. The
      wet-developing method is superior to the dry-developing method in that it
      renders a copied image with less edge effect and a high resolving power.
      Meanwhile, the transfer process renders it possible to form a copied image
      on an ordinary paper film and other materials not provided with a
      photoconductive layer, so that it has an advantage that the resulting
      copies are easy to handle as compared with the case of the direct process.
PAR  However, the transfer process has hitherto employed the dry-developing
      method, and application of the wet-developing method to the transfer
      process has scarcely been tried. The main reason for this is as follows.
      According to the dry-developing method, inasmuch as the toner for dry
      process to serve as the developer is a dry powder and not possessed of
      tackiness, the image formed on the photoconductive layer is easy to
      transfer and the residual image on the photoconductive layer after
      transfer is also easy to remove, while, according to the wet-developing
      method, inasmuch as the developer for use therein is one prepared by
      dispersing the toner for wet process in an insulating carrier liquid, the
      toner image formed on the photoconductive layer is possessed of tackiness,
      so that transfer cannot be performed sufficiently and the residual image
      is hard to remove.
PAR  As the known developer for use in electrophotography, there is, for
      instance, a developer disclosed in Japanese patent publication No.
      11069/1966. The toner employed for this developer has a comparatively good
      transferability, but as the electric charge of said toner is indistinct,
      the concentration of the image becomes insufficient, there is brought
      about a stained ground, and further the transferred toner is poor in
      fixability and unusable for wet-process transfer.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide a liquid developer for
      use in electrostatic photography which demonstrates a superb effect in
      wet-process image transfer. In other words, the object of the present
      invention is to provide a liquid developer for use in electrostatic
      photography which renders an easy and sufficient transfer of an image to a
      paper and other materials from a photoconductive layer on the occasion of
      transferring an image obtained by wet-developing method and makes the
      transferred image display an excellent fixability.
PAR  Such a liquid developer must satisy the conditions that (1) the toner can
      adhere to the electrostatic latent image sufficiently, (2) the toner
      adhering to the photoconductive layer can be easily transferred to a paper
      or other materials, (3) the toner remaining on the photoconductive layer
      after transfer can be easily removed, (4) the fixability of the
      transferred image is satisfactory, etc.
PAR  The inventors of the present invention have made a series of studies on how
      to satisfy these conditions, and, as a result, they have come to the
      finding that a developer having the following composition is suitable for
      this purpose. In other words, they have found that a developer consisting
      of a carrier liquid having electric resistance of 10.sup.9 .OMEGA..sup..
      cm or more and dielectric constant of less than 3 and containing colored
      particles (A) with a particle size of about 0.1 .about. 10 .mu. , said
      particles (A) being substantially insoluble in said carrier liquid,
      possessed of properties of solid matter and showing a distinct polarity
      within said carrier liquid, coupled with adhesive suspended particles (B)
      with a particle size of about 0.01 .about. 10 .mu. which show the same
      polarity as said colored particles (A) is suitable for said purpose. Such
      colored particle (A) consist of pigment particles coated with at least one
      member selected from the following group of resins (a), and can be
      obtained by subjecting a pigment and a resin to, for instance, the process
      of melting, kneading and then crushing or the process of kneading by the
      use of a solvent and spray-drying after removal of said solvent.
PAR  As the resin to be included in the group of resins (a), there are copolymer
      consisting of at least one monomer selected from the group consisting of
      styrene, chloromethylene, hydroxy styrene, vinyl benzoate, amino styrene,
      nitro styrene, dimethyl amino styrene and methyl styrene, dimethyl amino
      styrene and methyl styrene and at least one monomer selected from the
      group consisting of alkyl acrylate and alkyl methacrylate (wherein the
      ratio of said monomers can be determined optionally when said alkyl group
      has 1 .about. 6 carbon atoms, while in case said alkyl group has 7 .about.
      12 carbon atoms, alkyl acrylate and/or alkyl methacrylate is to be less
      than 20 mol %), alkyl acrylate polymer or copolymer, alkyl methacrylate
      polymer or copolymer, alkyl acrylate.about.alkyl methacrylate copolymer
      (wherein their alkyl group has 1 .about. 6 carbon atoms),
      styrene.about.butadiene copolymer (wherein styrene is to be more than 70
      mol %), polystyrene, polyvinyl toluene, phenol resin, epoxy resin,
      petroleum resin, rosin-denatured alkyd resin, polyamide and wax. As the
      resins illustrative of the group of resins (a), there are
      styrene.about.butyl methacrylate copolymer, styrene.about.isobutyl
      methacrylate copolymer, vinyl toluene.about.methyl acrylate copolymer,
      methyl methacrylate.about.ethyl methacrylate copolymer, butyl
      methacrylate.about.methyl methacrylate copolymer, amino
      styrene.about.methyl methacrylate copolymer, vinyl toluene.about.2-ethyl
      hexyl acrylate copolymer, styrene.about.2-ethyl hexyl methacrylate
      copolymer, chlorostyrene.about.hexyl methacrylate copolymer, vinyl
      toluene.about.2-ethyl hexyl methacrylate copolymer, vinyl
      toluene.about.lauryl methacrylate copolymer, carbana wax, paraffin wax,
      ethyl cellulose, etc. And, as the applicable commercial resins, there are
      Piccolatic A-50, Piccolatic A-75, Piccolatic D-75, Piccolatic D-100,
      Piccolatic D-125 (the foregoing are styrene resins), Piccotex 100,
      Piccotex 120, Piccolite S-85, Piccolite S-100, Escolec 1071U, Escolec
      1102U (the foregoing are vinyl toluene resins) [the above enumerated are
      manufactures of ESSO Petroleum, Ltd.], PP-8500, PP-8100, PP-811, BP-700
      (the foregoing phenol resins are manufactures of Gunei Kagaku, Ltd.),
      Pri-epor-PE 40, Pri-epor-PE 80, Pri-epor-PE 70 (the foregoing are
      manufactures of Dainippon Shikizai, Ltd.), Piccoflex 100, Piccodine 2025
      (the foregoing are manufactures of ESSO Petroleum, Ltd.) [the above
      enumerated are epoxy resins], Piccovar 450, Piccovar 420-H, Inkovar 147
      (the foregoing are petroleum resins manufactured by ESSO Petroleum, Ltd.),
      Pentlyn H, Pentlyn G, Betaprene H-100 (the foregoing are manufactures of
      Reich-Hord Co.), Stybelite, Pentaseit P406, Pentaseit P423 (the foregoing
      are manufactures of Harcules Corp.), Piccoplate (a manufacture of ESSO
      Petroleum, Ltd.) [the foregoing are rosin-denatured resins], Dital 6 (a
      manufacture of Dupon Corp.), DPA Polyamide (a manufacture of Johnson
      Corp.) [the foregoing are polyamide], Pliolite VTAC, Pliolite VTACL,
      Pliolite S-5A, Pliolite S-5B, Pliolite S-5D, Pliolite VT, Pliolite VTL,
      Pliolite AC (the foregoing are manufactures of Good Year Corp.), Pliolite
      ACL, and JSR 0060 (styrene.about.butadiene rubber).
PAR  As the pigment or dye for use in the present invention, those available on
      the market will do. There are, for instance, Carbon Black Mitsubishi No.
      44, Carbon Black Mitsubishi No. MA-100 (the foregoing are manufactures of
      Mitsubishi Kasei, Ltd.), Printex G, Special Black-15 (a manufacture of
      Deggusa Co.), Statex, Peerles 155 (the foregoing are manufactures of
      Columbia Co.), Elftex 5 (a manufacture of Cabot Co.), Acetylene Black (a
      manufacture of Denki Kagaku, Ltd.), Cyanine Black (a manufacture of
      Sumitomo Kagaku, Ltd.), Special Black EB, Spirit Black S.B. (the foregoing
      are manufactures of Orient Kasei, Ltd.), Aniline Black (a manufacture of
      I.C.I. Co., England), Brilliant Carmine 6B (a manufacture of Sanyo
      Shikiso, Ltd.), Rhodamine B (a manufacture of Toyo Ink, Ltd.), Benzidine
      Yellow GNH (a manufacture of Sanyo Shikiso, Ltd.), Ultra Rose F (a
      manufacture of Toyo Ink, Ltd.), Cyanine Blue FG (a manufacture of Sanyo
      Shikiso, Ltd.), Phthalocyanine Green F7G (a manufacture of Dainichi Seika,
      Ltd.), Cyanine Blue LBG (a manufacture of Sumitomo Kagaku, Ltd.),
      Benzidine Yellow GR (a manufacture of Toyo Ink, Ltd.), Oil Blue, Alkali
      Blue (the foregoing are manufactures of Orient Kasei, Ltd.), Ultra Blue B
      (a manufacture of Toyo Ink, Ltd.), Spilon Yellow, Spilon Red (the
      foregoing are manufactures of Hodogaya Kagaku, Ltd.), Microlith Black-CT,
      Microlith Blue 40T, Microlith Green-CT, Microlith Yellow-20T, Microlith
      Red-RT (the foregoing are manufactures of CIBA, Ltd.), Reflex Blue-AG (a
      manufacture of Hochst Co., Ltd.), etc.
PAR  As the particles having the same composition as said colored particles (A),
      there are Lot 327/45 (a manufacture of Kalle Co., Ltd.) as a dry toner,
      Graph Fax Toner Powder No. 39-50 (a manufacture of Hunt Co., Ltd.), etc.
PAR  The appropriate compounding ratio of the pigment to a resin of the group of
      resins (a) by weight is in the range of about 1:1 .about. 10. The adhesive
      suspended particles (B) include (1) particles consisting of a resin
      belonging to the aforesaid group of resins (a), a resin belonging to the
      following group of resins (b) and a resin belonging to the following group
      of resins (c), (2) particles consisting of a resin belonging to the
      aforesaid group of resins (a) and a resin belonging to the following group
      of resins (b) and (3) particles consisting of a resin belonging to the
      following group of resins (b) and a resin belonging to the following group
      of resins (c), and the appropriate particle size is in the range of about
      0.01 .about. 10 .mu.. These particles can be obtained through the process
      of kneading the components together with an appropriate solvent and
      subsequently dispersing them by adding a carrier liquid thereto. By adding
      aromatic hydrocarbon and/or a plasticizer to the foregoing particles (1),
      (2) and (3), it is possible to enhance their adhesiveness.
PAR  It is desirable to make the adhesive suspended particles (B) further
      contain said pigment and/or dye to the extent of less than 20% by weight
      or thereabouts.
PAR  Besides, in the case of said particles (1), the appropriate compounding
      ratio of the resin belonging to the group of resins (a), the resin
      belonging to the group of resins (b) and the resin belonging to the group
      of resins (c) by weight is in the range of about 1:1 .about. 10:1 .about.
      5, in the case of said particles (2), the appropriate compounding ratio of
      the resin belonging to the group of resins (a) and the resin belonging to
      the group of resins (b) by weight is in the range of about 1:1 .about. 10,
      and in the case of said particles (3), the appropriate compounding ratio
      of the resin belonging to the group of resins (b) and the resin belonging
      to the group of resins (c) by weight is in the range of about 1:0.1
      .about. 1.
PAR  As the resins belonging to the group of resins (b), there are a copolymer
      consisting of at least one monomer selected from the group consisting of
      styrene, chlorostyrene, hydroxy styrene, vinyl benzoate, amino styrene,
      nitro styrene, dimethyl amino styrene and methyl styrene and at least one
      monomer selected from the group consisting of alkyl acryalte and alkyl
      methacrylate (wherein alkyl acrylate and/or alkyl methacrylate is more
      than 30 mol %, and alkyl group has 7 .about. 12 carbon atoms), alkyl
      acrylate polymer or copolymer, alkyl methacrylate.about.alkyl methacrylate
      copolymer (wherein alkyl group has more than 7 .about. 12 carbon atoms),
      styrene.about.butadiene copolymer (wherein styrene is less than 55 mol %),
      isobutylene.about.isoprene chlorinated copolymer and butyl rubber, and as
      the applicable commercial resins belonging to this group, there are
      Solpren 1205, Solpren 303, Solpren 235, Solpren 1204, Plioflex 3417,
      Plioflex 1502, SBR 1500, Butyl Rubber HT-1067, Butyl Rubber 68, ESSO Butyl
      215, ESSO Vistaron 4504, ESSO Vistaron 3708, ESSO Vistanex LM and ESSO
      Vistanex MN.
PAR  As the resins belonging to the group of resins (c), there are copolymers
      consisting of at least one monomer selected from the group consisting of
      hydroxy alkyl acrylate, hydroxy alkyl methacrylate, epoxy alkyl acrylate,
      epoxy alkyl methacrylate (alkyl group in the foregoing has 1 .about. 4
      carbon atoms), acryl nitrile, acrylic acid and methacrylic acid and at
      least one monomer selected from the group consisting of alkyl acrylate and
      alkyl methacrylate (alkyl group in the foregoing has 1 .about. 12 carbon
      atoms), such as methyl methacrylate.about.hydroxy ethyl
      methacrylate.about.butyl methacrylate copolymer, methyl
      methacrylate.about.acrylonitrile.about.butyl methacrylate copolymer butyl
      methacrylate.about.glycidyl methacrylate.about.acrylic acid.about.2-ethyl
      hexyl methacrylate copolymer, etc., and as the applicable commercial
      resins belonging to this group, there are Alon A-1001, Alon S-1511, Alon
      S-1510, Alon S-2040, Alon S-1606, Alon S-2302 and Alon S-1001.
PAR  As the aromatic hydrocarbons for use in preparing the adhesive suspended
      particles (B), there are Solvesso 100, Solvesso 150, Naphtha No. 1,
      Naphtha No. 5, Naphtha No. 6 (the foregoing are manufactures of ESSO
      Petroleum, Ltd.), Pegazol 1030, Pegazol 2130, Pegazol 3040, Pegazol
      AS-100, Pegazol ARO-40 (the foregoing are manufactures of Mobile
      Petroleum, Ltd.), Swazol 1500, Swazol 1800 (the foregoing are manufactures
      of Maruzen Petroleum, Ltd.), etc. As the plasticizer for use in the
      present invention, there are dimethyl phthalate, butyl phthalate, diethyl
      phthalate and tricresyl phosphate, and as the applicable commercial
      plasticizer, there are Adecacizer 0122, Adecacizer 0120, Adecacizer L-30,
      Adecacizer L-40, Drapex 7.7, Drapex 8.8, Epocizer P-202, Polycizer P-206
      and Polycizer P-300 (the foregoing are manufactures of Adeca Argus
      Chemicals, Ltd.).
PAR  The adhesive suspended particles (B) may be further compounded with
      polyethylene, polypropylene, polyurethane or silicone oil to the extent of
      less than 10% by weight. Addition of polyethylene, polypropylene or
      polyurethane can improve the stability of dispersion, and addition of
      silicone oil can improve the strippability.
PAR  The carrier liquid for use in the present invention is to have electric
      resistance of 10.sup.9 .OMEGA..sup.. cm or more and dielectric constant of
      less than 3, and as the applicable commercial carrier liquids, there are,
      for instance, Shell S.B.P, Shellzol, Isopar H, Isopar L, Isopar K, Isopar
      M, Isopar G, Isopar E, Naphtha No. 1, Naphtha No. 2, Naphtha No. 3,
      Naphtha No. 5, Naphtha No. 6, Solvesso 100, Solvesso 150 (the foregoing
      are manufacture of Shell Petroleum, Ltd.), Pegazol 1030, Pegazol 2130,
      Pegazol 2130-C, Pegazol 3040, Pegazol AS-100, Pegazol ARO-40 (the
      foregoing are manufactures of Mobil Petroleum Ltd.), etc.
PAR  A liquid developer under the present invention can be obtained by
      dispersing the foregoing colored particles (A) and adhesive suspended
      particles (B) in said carrier liquid. The ratio of said colored particles
      (A) to adhesive suspended particles (B) by weight is usually in the range
      of about 1:0.5 .about. 30. This developer may be further mixed with
      manganese naphthenate, cobalt naphthenate, nickel naphthenate, octope
      aluminum, aluminum stearate, etc.
PAR  In order to develop an electrostatic latent image by the use of a liquid
      developer under the present invention and subsequently transfer the thus
      developed image to an ordinary paper, plastic film, etc., it is possible
      to employ a bias jointly, but it suffices to resort to pressing alone. And
      the thus transferred image is possessed of an excellent resolving power.
      Besides, the liquid developer under the present invention can also display
      a superb effect with respect to stability of dispersion and stability of
      polarity. Such an effect is considered attributable to the facts that the
      colored particles (A) dispersed in the carrier liquid are substantially
      insoluble in said carrier liquid and possessed of properties of solid
      matter and the adhesive suspended particles (B) are possessed of such
      properties as fixing the image so that the colored particles forming the
      image are transferred en bloc, and the colored particles having the
      properties of solid matter can prevent the image from being crushed due to
      pressing at the time of transfer, rendering it possible to easily perform
      transfer of image of high resolving power.
PAR  Further particulars of the present invention will be given in the following
      by reference to some embodiments thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  Example 1
PAR  By kneading 50 g of Lot 327/45 as the dry toner (a manufacture of Kalle
      Co., Ltd.) with 250 g of Isopar L and dispersing by means of a ball-mill
      for 48 hours, colored particles (A) were prepared.
PAR  Meanwhile,
     Microlith Black-CT     10 g                                               

     Reflex Blue-AG         1.5 g                                              

     Pliolite VTAC          200 g                                              

     Solpren 1205           100 g                                              

     Solvesso 150           300 g                                              

     Adecacizer 0122        30 g                                               

PAL  were kneaded for 30 minutes by means of a 3-roll mill, and 3000 g of
      Isopar-L was added to the kneaded mixture to be dispersed therein by a
      homodisper, whereby adhesive suspended particles (B) were obtained.
PAR  Next, 30 g of said particles (A), 400 g of particles (B) (containing isopar
      L) and 500 g of Isopar L were dispersed by means of a ball-mill for 24
      hours to prepare a concentrated toner. By dispersing 1 part by weight of
      this concentrated toner in 3 parts by weight of Isopar L, a liquid
      developer was obtained.
PAR  When an electrostatic latent image formed on a photoconductive layer
      consisting mainly of polyvinyl carbazole was developed by applying this
      liquid developer and subsequently was lightly pressed with a rubber roller
      upon placing it over a commercial slick paper, the image was readily
      transferred and there was obtained a transferred image having a high
      resolving power. After the transfer, there was scarcely left a residual
      image, which was easy to remove. Besides, this developer displayed a
      excellent running ability.
PAC  Example 2
PAR  By kneading 50 g of Graphofax toner powder No. 39 with 250 g of Isopar M
      and dispersing by means of a ball-mill for 48 hours, colored particles (A)
      were prepared.
PAR  Meanwhile,
TBL  Printex G                5 g                                              

     Vinyl toluene.about.2-ethyl hexyl                                         

     methacrylate (molar                                                       

     ratio=9:1) copolymer     200 g                                            

     Solpren 1204             50 g                                             

     Swazol 1500              250 g                                            

PAL  were kneaded for 30 minutes by means of a 3-roll mill, and 3000 g of Isopar
      G was added to the kneaded mixture to be dispersed therein by a
      homodisper, whereby adhesive suspended particles (B) were obtained.
PAR  Next, 30 g of said particles (A), 500 g of particles (B) and 500 g of
      Isopar G were dispersed by means of a ball-mill for 24 hours to prepare a
      concentrated toner. By dispersing 1 part by weight of this concentrated
      toner in 3 parts by weight of Isopar G, a liquid developer was obtained.
      This developer demonstrated the same performances as that of Example 1.
PAC  Example 3
TBL  ______________________________________                                    

     Piccolatic A-75        100 g                                              

     Pliolite S-5A          10 g                                               

     Peerles 155            20 g                                               

     Special Black EB       5 g                                                

     ______________________________________                                    

PAL  were melted and kneaded by means of a 2-roll mill for 8 hours (at a
      temperature of 120.degree. .about. 130.degree.C), and subsequently crushed
      into a dry powder having a particle size of about 1 .about. 5 .mu.,
      whereby colored particles (A) were prepared.
PAR  Meanwhile,
     Alon S-1511             50 g                                              

     Butyl Rubber HT-67      100 g                                             

     Plioflex 1502           100 g                                             

     Swazol 1800             200 g                                             

     Sun wax solution (1%                                                      

     petroleum solvent                                                         

     solution of polyethylene)                                                 

                             300 g                                             

     Pegazol AS-100          3000 g                                            

PAL  were dispersed by means of a homodisper, whereby adhesive suspended
      particles (B) were obtained.
PAR  Next, 30 g of said particles (A) and 500 g of particles (B) were dispersed
      by means of a ball-mill for 24 hours to prepare a concentrated toner. By
      dispersing 1 part by weight of this concentrated toner in 3 parts by
      weight of Pegazol AS-100, a liquid developer was obtained. This developer
      demonstrated the same performances as that of Example 1.
PAC  Example 4
TBL  ______________________________________                                    

     Acetylene Black        10 g                                               

     Alkali Blue            2 g                                                

     Piccotex 120           100 g                                              

     ______________________________________                                    

PAL  were melted and kneaded by means of a 2-roll mill for 3 hours, and
      subsequently crushed into a dry powder having a particle size of about 1
      .about. 5 .mu., whereby colored particles (A) were prepared.
PAR  Meanwhile,
     styrene.about.isobutyl methacrylate                                       

     copolymer (molar ratio=5:5)                                               

                              100 g                                            

     Carbana wax              2.5 g                                            

     S.B.R. 1500              50 g                                             

     dimethyl phthalate       50 g                                             

     Isopar G                 100 g                                            

PAL  were kneaded by means of a 3-roll mill for 30 minutes, and 1500 g of Isopar
      G was added to the kneaded mixture to be dispersed therein by a
      homodisper, whereby adhesive suspended particles (B) were obtained.
PAR  Next, 50 g of said particles (A), 500 g of a dispersion of particles (B)
      and 500 g of Isopar G were dispersed by means of a ball-mill for 40 hours,
      whereby a concentrated toner was prepared. By dispersing 1 part by weight
      of this concentrated toner in 3 parts by weight of Isopar G, a liquid
      developer was obtained. This developer demonstrated the same performances
      as that of Example 1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A wet developer for use in electrophotography comprising a carrier
      liquid having an electrical resistance of at least 10.sup.4 ohm cm. and a
      dielectric constant up to 3, there being two types of particles disposed
      therein, particles A and particles B;
PA1  1. said particles A having a particle size of from 0.1 to 10 .mu. and
      comprising pigment particles coated with at least one member of the
      polymers selected from the group consisting of Group (a);
PA1  2.
NUM  2.
PAR  2. said particles B being adhesive, having a particle size of from 0.01 to
      10 .mu. and comprising at least one member selected from the group
      consisting of Resin 1, Resin 2 and Resin 3;
PA2  Resin 1 comprising a mixture containing at least one member of the polymers
      selected from the group consisting of Group (a), at least one member of
      the polymers selected from the group consisting of Group (b), and at least
      one member of the polymers selected from the group consisting of Group
      (c);
PA2  Resin 2 comprising a mixture containing at least one member of the polymers
      selected from the group consisting of Group (a), and at least one members
      of the polymers selected from the group consisting of Group (b); and
PA2  Resin 3 comprising a mixture containing at least one member of the polymers
      selected from the group consisting of Group (b), and at least one member
      of the polymers selected from the group consisting of Group (c):
PA1  the said polymer Groups (a), (b), and (c) being defined as:
PA1  Polymer Group (a):
PA1  Polymers selected from the group consisting of:
PA2  1. copolymers containing at least one monomer selected from the group
      consisting of styrene, chlorostyrene, hydroxystyrene, vinyl benzoate,
      aminostyrene, nitrostyrene, dimethyl aminostyrene and methylstyrene
      together with at least one monomer selected from the group consisting of:
PA3  a. alkyl acrylates and methacrylates wherein the alkyl group contains 1 to
      6 carbon atoms,
PA3  b. alkyl acrylates and methacrylates wherein the alkyl group contains 7 to
      12 carbon atoms (there being up to 20 mol % of such monomer in a
      copolymer),
PA2  2. alkyl acrylate polymers and copolymers wherein the alkyl group contains
      1 to 6 carbon atoms,
PA2  3. alkyl methacrylate polymers and copolymers wherein the alkyl group
      contains 1 to 6 carbon atoms,
PA2  4. alkyl acrylate-alkyl methacrylate copolymers wherein the alkyl group
      contains 1 to 6 carbon atoms,
PA2  5. styrene-butadiene copolymers containing more than 70 mol % styrene,
PA2  6. polystyrene,
PA2  7. polyvinyl toluene,
PA2  8. phenol resins,
PA2  9. epoxy resins,
PA2  10. petroleum resins
PAR  11. rosin denatured alkyd resins,
PA2  12. polyamides, and
PA2  13. waxes:
PA1  Polymer Group (b):
PA1  Polymers selected from the group consisting of:
PA2  1. copolymers selected from the group consisting of styrene, chlorostyrene,
      hydroxystyrene, vinyl benzoate, aminostyrene, nitrostyrene, dimethyl amino
      styrene, and methylstyrene, together with at least one monomer selected
      from the group consisting of:
PA3  a. alkyl acrylates and methacrylates wherein the alkyl group contains from
      7 to 12 carbon atoms (there being more than 30 mol % of said monomer in a
      copolymer),
PA2  2. alkyl acrylate polymers and copolymers wherein the alkyl group contains
      7 to 12 carbon atoms,
PA2  3. alkyl methacrylate polymers and copolymers wherein the alkyl group
      contains 7 to 12 carbon atoms,
PA2  4. styrene-butadiene copolymers containing up to 55 mol % of styrene,
PA2  5. chlorinated isobutylene-isoprene copolymers, and
PA2  6. butyl rubber:
PA1  Polymer Group (c):
PA1  Polymers selected from the group consisting of:
PAR  1. copolymers containing at least one monomer selected from the group
      consisting of:
PA3  a. hydroxy and epoxy alkyl acrylates and methacrylates wherein the alkyl
      group contains from 1 to 4 carbon atoms, acrylonitrile, and acrylic and
      methacrylic acid together with at least one monomer selected from the
      group consisting of alkyl acrylates and methacrylates wherein the alkyl
PAR   group contains from 1 to 12 carbon atoms. 2. A developer according to
      claim 1 containing only Resin 1, the weight ratio of Polymer Group (a) to
      Polymer Group (b) to Polymer Group (c) being from 1:1 - 10:1 - 5.
NUM  3.
PAR  3. A developer according to claim 1 containing only Resin 2, the weight
      ratio of Polymer Group (a) to Polymer Group (b) being from 1:1 - 10.
NUM  4.
PAR  4. A developer according to claim 1 containing only Resin 3, the weight
      ratio of Polymer Group (b) to Polymer Group (c) being from 1:1 - 10.
NUM  5.
PAR  5. A developer according to claim 1 wherein the weight ratio of pigment to
      resin in Particles A is from 1:1 - 10.
NUM  6.
PAR  6. A developer according to claim 1 wherein the weight ratio of Particles A
      to Particles B is from 1:0.5 - 30.
NUM  7.
PAR  7. A developer according to claim 1 wherein Particles B contain up to 20%
      by weight of a pigment or a dye.
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ABST
PAL  An intergranular insulation type semiconductive ceramic composition
      comprising a major proportion of strontium titanate (SrTiO.sub.3), a minor
      amount of niobium oxide (Nb.sub.2 O.sub.5) or tantalum oxide (Ta.sub.2
      O.sub.5), a minor amount of either germanium oxide (GeO.sub.2) or zinc
      oxide (ZnO) and having diffused therein either bismuth oxide (Bi.sub.2
      O.sub.3) or a mixture of bismuth oxide, lead oxide (PbO) and boric oxide
      (B.sub.2 O.sub.3). The material is especially useful as a capacitor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is in the field of ceramic compositions having high
      dielectric constants and including strontium titanate as the major
      ingredient, the crystalline lattice of the strontium titanate being
      substituted by oxides of niobium, tantalum, germanium, or zinc and having
      insulated grain boundaries through the diffusion therein of either bismuth
      oxide or a combination of bismuth oxide, lead oxide, and boric oxide.
PAR  2. Description of the Prior Art
PAR  It has heretofore been known that it is possible to produce a ceramic
      dielectric with a large effect dielectric constant by insulating the grain
      boundaries of a conventional ceramic semiconductor. This type of structure
      is generally referred to as a "boundary layer type capacitor." A ceramic
      semiconductor of the barium titanate series, for example, an effective
      dielectric constant of 50,000 to 70,000 can be obtained, with an
      insulation property such that its withstand voltage is 800 volts per
      millimeter and its insulation resistance is about 2 .times. 10.sup.11
      ohm/cm. The difficulty with this type of capacitor, however, is that it
      evidences a capacity change of about .+-. 40.degree. from its value of
      20.degree. by a change in temperature to the range of 30.degree. to
      85.degree.C. Furthermore, its loss factor is comparatively large, being at
      about 5 to 10%, so that its usefulness as a capacitor is restricted.
PAR  It has also been known that strontium titanate can be used as a principal
      component of a capacitor, when combined with manganese oxide and silica,
      and the resultant mixture is sintered in an argon atmosphere to obtain a
      ceramic semiconductor. This structure, with or without an additional
      manganese oxide coating, can be subjected to a secondary sintering in an
      oxidizing atmosphere to cause the grain boundaries to become insulated.
      The product thus obtained is as low as 15% in electrostatic capacity
      change in the range of 30.degree. to 85.degree.C, and its loss factor
      becomes as low as 2 to 5% so that these properties are better than the
      corresponding properties of a barium titanate type. However, the effective
      dielectric constant at a withstand voltage of 1,800 to 1,000 volts per
      millimeter is only about 20,000 to 35,000, which is very low.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an intergranular insulation type
      semiconductive ceramic composition in which the principal ingredient (at
      least 50%) is strontium titanate to which may be added either niobium
      oxide (Nb.sub.2 O.sub.5) or tantalum oxide (Ta.sub.2 O.sub.5) and either
      germanium oxide (GeO.sub.2) or zinc oxide (ZnO). The resulting mixture is
      molded and sintered so as to obtain a polycrystalline ceramic
      semiconductor. The grain boundaries are insulated by diffusion therein of
      bismuth oxide (Bi.sub.2 O.sub.3) or a composition containing bismuth
      oxide, lead monoxide (PbO) and boron oxide (B.sub.2 O.sub.3).
PAR  The change in electrostatic capacity with temperature of the new
      compositions is maintained within plus or minus 15%, together with an
      improvement in the withstand voltage and the loss factor. The effective
      dielectric constant is similar to that obtained where a barium titanate
      series semiconductor is used.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE of the drawing is a graph illustrating the change of
      electrostatic capacity with temperature for the capacitors of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following examples illustrate the variations which are possible in
      proceeding in accordance with the present invention.
PAC  EXAMPLE 1
PAR  Powdered strontium titanate, niobium oxide and zinc oxide were combined in
      the proportions shown in Table 1, mixed and pulverized in accordance with
      the usual ceramic manufacturing method. Then each composition was combined
      with a binder such as polyvinyl alcohol and pressed and molded into the
      form of a disc. Each disc was sintered at 1350.degree.C to 1480.degree.C
      in a slightly reducing atmosphere containing 99% nitrogen and 1% hydrogen
      so as to produce a ceramic semiconductor sample of about 8 millimeters in
      diameter and 0.4 millimeters in thickness. These discs were then coated on
      their major surfaces with three milligrams of bismuth oxide powder as a
      diffusion agent and sintered at 1,300.degree.C for 2 hours in an oxidizing
      atmosphere so as to diffuse the agent into the grain boundaries of the
      sample for grain boundary insulation. This sample was formed into a
      capacitor by applying silver electrodes and baking them to opposite
      surfaces of the discs.
PAR  The electrical properties obtained for each of the capacitors are described
      in Table 1. The measurement of dielectric constant and the loss factor
      were made at 1 kilohertz and the insulation resistance value was obtained
      at 1 minute after applying a 50 volt DC potential. The measurement as to
      dielectric breakdown voltage was made with a direct current voltage.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

            Weight ratio of each                                               

            component (%) Electric Properties                                  

                                    Insulation resistance                      

                                                Breakdown voltage              

     Sample No.                                                                

            SrTiO.sub.3                                                        

                 Nb.sub.2 O.sub.5                                              

                      GeO.sub.2                                                

                          .epsilon.                                            

                               tan.delta.(%)                                   

                                    (M.OMEGA. cm)                              

                                                (V/mm)                         

     __________________________________________________________________________

     1      90.68                                                              

                 5.32 4.00                                                     

                          51.times.10.sup.3                                    

                               0.8  17.times.10.sup.4                          

                                                1500                           

     2      95.93                                                              

                 0.07 4.00                                                     

                          54.times.10.sup.3                                    

                               0.6  14.times.10.sup.4                          

                                                1300                           

     3      99.88                                                              

                 0.07 0.05                                                     

                          58.times.10.sup.3                                    

                               0.6  14.times.10.sup.4                          

                                                1300                           

     4      94.63                                                              

                 5.32 0.05                                                     

                          57.times.10.sup.3                                    

                               0.7  16.times.10.sup.4                          

                                                1400                           

     5      93.40                                                              

                 2.80 3.80                                                     

                          59.times.10.sup.3                                    

                               0.7  14.times.10.sup.4                          

                                                1400                           

     6      98.03                                                              

                 1.47 0.50                                                     

                          60.times.10.sup.3                                    

                               0.6  14.times.10.sup.4                          

                                                1400                           

     7      97.47                                                              

                 0.53 2.00                                                     

                          63.times.10.sup.3                                    

                               0.6  12.times.10.sup.4                          

                                                1300                           

     8      97.67                                                              

                 1.33 1.00                                                     

                          65.times.10.sup.3                                    

                               0.6  14.times.10.sup.4                          

                                                1300                           

     9      93.19                                                              

                 4.80 2.01                                                     

                          62.times.10.sup.3                                    

                               0.7  14.times.10.sup.4                          

                                                1300                           

     10     89.68                                                              

                 5.32 5.00                                                     

                          28.times.10.sup.3                                    

                               1.5   5.times.10.sup.4                          

                                                 400                           

     11     89.20                                                              

                 6.80 4.00                                                     

                          25.times.10.sup.3                                    

                               1.1  11.times.10.sup.4                          

                                                 700                           

     12     95.97                                                              

                 0.03 4.00                                                     

                          40.times.10.sup.3                                    

                               0.6  13.times.10.sup.4                          

                                                1300                           

     13     91.20                                                              

                 6.80 2.00                                                     

                          30.times.10.sup.3                                    

                               0.9  13.times.10.sup.4                          

                                                1300                           

     14     98.02                                                              

                 0.03 1.95                                                     

                          39.times.10.sup.3                                    

                               0.7  12.times.10.sup.4                          

                                                1100                           

     15     99.91                                                              

                 0.04 0.05                                                     

                          34.times.10.sup.3                                    

                               0.8  11.times.10.sup.4                          

                                                 700                           

     16     92.30                                                              

                 7.65 0.05                                                     

                          34.times.10.sup.3                                    

                               0.8  16.times.10.sup.4                          

                                                1400                           

     17     94.66                                                              

                 5.32 0.02                                                     

                          41.times.10.sup.3                                    

                               0.7  16.times.10.sup.4                          

                                                1500                           

     __________________________________________________________________________

PAR  From this table, it will be seen that sample numbers 1 to 9 exhibited
      properties such that the loss factor was below 0.8%, the effective
      dielectric constant was 51,000 to 65,000, the insulation resistance is
      120,000 to 170,000 megohm centimeters, and the breakdown voltage was 1,300
      to 1,500 volts per millimeter. Additionally, it was found that the
      electrostatic capacity change rate in relation to temperature falls only
      about 9% in a generally linear fashion, as shown in the drawing.
PAR  It is clear from the above that as compared with typical grain boundary
      insulation type capacitors, the electrical properties of the capacitor of
      the present invention are clearly superior.
PAR  The samples numbered 10 to 17 were not particularly suitable because of
      their relatively low dielectric constant. Accordingly, with niobium oxide
      and germanium oxide compounded with the strontium titanate of the ranges
      of the three should be as follows:
TBL  SrTiO.sub.3    90.68 to 99.88 weight %                                    

     Nb.sub.2 O.sub.3                                                          

                    0.07 to 5.32 weight %                                      

     GeO.sub.2      0.05 to 4.00 weight %                                      

PAR  It is believed that the Nb.sub.2 O.sub.3 replaces the atoms of SrTiO.sub.3
      crystals so as to make the SrTiO.sub.3 semiconductive and thereby form a
      so-called valency control type semiconductor. It is also believed that the
      GeO.sub.2 exists mainly in the grain boundary layer of the crystals and
      has a tendency to increase the grain diameter or size of the semiconductor
      crystals.
PAR  At the secondary sintering for diffusion, bismuth oxide combines with the
      GeO.sub.2 already present in the grain boundary layer to provide a uniform
      insulation layer having small pin holes. It was observed through an
      electron microscope that the crystal grain diameter is larger than that of
      a conventional strontium titanate semiconductor. If the grain diameter
      becomes larger, the effective dielectric constant is increased because the
      insulation layer of the grain boundaries becomes thin for the number of
      grains connected in series becomes smaller. Thus, the uniform grain
      boundary insulation layer is apparently obtained, and therefore, the
      insulation resistance value and the loss factor can be maintained at
      appropriate values even when the layer is thin.
PAC  EXAMPLE 2
PAR  A semiconductor is made up as in example 1 using the following ingredients:
TBL  strontium titanate  97.67 weight %                                        

     niobium oxide       1.33 weight %                                         

     germanium dioxide   1.00 weight %                                         

PAR  These semiconductive discs thus obtained were coated on their major
      surfaces with three milligrams of diffusion agents containing lead oxide,
      bismuth oxide and boric oxide, in the concentrations shown in Table 2.
      Each sample was sintered at 1,100.degree.C for 2 hours in an oxidizing
      atmosphere so as to diffuse the agent into the grain boundary as a sample
      to provide an intergranular insulation therefor. Silver electrodes were
      baked onto opposite main surfaces of the discs to form the sample into a
      capacitor. The electrical properties of such capacitors are also shown in
      Table 2.
TBL                                    Table 2                                 

     __________________________________________________________________________

            Weight ratio of                                                    

            each component (%)                                                 

                         Electric Properties                                   

                                   Insulation                                  

                                         Breakdown                             

     Sample No.                                                                

            PbO Bi.sub.2 O.sub.3                                               

                     B.sub.2 O.sub.3                                           

                         .epsilon.                                             

                              tan .delta.                                      

                                   Resistance                                  

                                         Voltage                               

                              (%)  (M.OMEGA..cm)                               

                                         (V/mm)                                

     __________________________________________________________________________

     18     50  45   5   75.times.10.sup.3                                     

                              0.35 35.times.10.sup.4                           

                                         1800                                  

     19      5  95   0   63.times.10.sup.3                                     

                              1.2   8.times.10.sup.4                           

                                         1100                                  

     20     45  54   1   60.times.10.sup.3                                     

                              1.8   7.times.10.sup.4                           

                                          800                                  

     21     45  53   2   70.times.10.sup.3                                     

                              0.5  20.times.10.sup.4                           

                                         1500                                  

     22     45  50   5   72.times.10.sup.3                                     

                              0.4  28.times.10.sup.4                           

                                         1600                                  

     23     45  45   10  70.times.10.sup.3                                     

                              0.4  21.times.10.sup.4                           

                                         1700                                  

     24     45  40   15  63.times.10.sup.3                                     

                              0.8  10.times.10.sup.4                           

                                         1260                                  

     25     34  64   2   70.times.10.sup.3                                     

                              0.45 15.times.10.sup.4                           

                                         1340                                  

     26     32  58   10  68.times.10.sup.3                                     

                              0.4  17.times.10.sup.4                           

                                         1400                                  

     27     28  66   6   65.times.10.sup.3                                     

                              0.6  10.times.10.sup.4                           

                                         1100                                  

     28     38  57   5   70.times.10.sup.3                                     

                              0.4  20.times.10.sup.4                           

                                         1600                                  

     29     48  40   2   71.times.10.sup.3                                     

                              0.55 18.times.10.sup.4                           

                                         1540                                  

     30     53  37   10  69.times.10.sup.3                                     

                              0.55 16.times.10.sup.4                           

                                         1300                                  

     31     61  34   5   73.times.10.sup.3                                     

                              2.5  5000   400                                  

     32     50  50   0   70.times.10.sup.3                                     

                              7.5   600   160                                  

     __________________________________________________________________________

PAC  EXAMPLE 3
PAR  Various compositions containing strontium titanate, niobium oxide and
      germanium dioxide prepared in the composition ratio shown in table 3.
      These samples were treated with diffusion agents containing PbO, Bi.sub.2
      O.sub.3 and B.sub.2 O.sub.3 and having the composition ratios stated in
      Table 3. They were then subjected to almost the same treatment as in
      Example 2 to obtain capacitor samples. The electrical properties of these
      capacitors are also stated in Table 3.
TBL                                    Table 3                                 

     __________________________________________________________________________

            Weight ratio of                                                    

            each component (%)                                                 

                          Weight ratio(%)                                      

                                   Electric properties                         

                                             Insulation                        

                                                   Breakdown                   

     Sample No.                                                                

            SrTiO.sub.3                                                        

                 Nb.sub.2 O.sub.5                                              

                      GeO.sub.2                                                

                          PbO-Bi.sub.2 O.sub.3 -B.sub.2 O.sub.3                

                                   .epsilon.                                   

                                        Tan.delta.                             

                                             resistance                        

                                                   voltage                     

                                        (%)  (M.OMEGA..cm)                     

                                                   (V/mm)                      

     __________________________________________________________________________

     33     90.68                                                              

                 5.32 4.00                                                     

                          34-64-2  54.times.10.sup.3                           

                                        0.45 25.times.10.sup.4                 

                                                   1700                        

     34     "    "    "   53-37-10 53.times.10.sup.3                           

                                        0.55 21.times.10.sup.4                 

                                                   1600                        

     35     95.93                                                              

                 0.07 4.00                                                     

                          34-64-2  55.times.10.sup.3                           

                                        0.40 20.times.10.sup.4                 

                                                   1500                        

     36     "    "    "   53-37-10 54.times.10.sup.3                           

                                        0.40 17.times.10.sup.4                 

                                                   1420                        

     37     98.03                                                              

                 1.47 0.50                                                     

                          34-64-2  67.times.10.sup.3                           

                                        0.50 24.times.10.sup.4                 

                                                   1600                        

     38     "    "    "   53-37-10 65.times.10.sup.3                           

                                        0.55 20.times.10.sup.4                 

                                                   1500                        

     39     97.47                                                              

                 0.53 2.00                                                     

                          34-64-2  67.times.10.sup. 3                          

                                        0.50 24.times.10.sup.4                 

                                                   1500                        

     40     "    "    "   53-37-10 64.times.10.sup.3                           

                                        0.50 22.times.10.sup.4                 

                                                   1400                        

     41     99.88                                                              

                 0.07 0.05                                                     

                          34-64-2  59.times.10.sup.3                           

                                        0.50 16.times.10.sup.4                 

                                                   1400                        

     42     "    "    "   53-37-10 58.times.10.sup.3                           

                                        0.50 17.times.10.sup.4                 

                                                   1400                        

     __________________________________________________________________________

PAR  As shown in Tables 2 and 3, it is possible to improve the electrical
      properties by using a diffusion agent containing lead oxide, bismuth
      oxide, and boric oxide as compared with using bismuth oxide alone.
PAR  As shown in the foregoing tables, sample numbers 18, 21-23, 25, 26, 28-30,
      33-42 had loss factors of from 0.35 to 0.55%, effective dielectric
      constants from 53,000 to 72,000, insulation resistances of 150,000 to
      350,000 megohm centimeters, and a breakdown voltage of from 1300 to 1800
      volts per millimeter.
PAR  Samples numbers 19, 20, 25, 27, 31 and 32 have improved dielectric
      constants, but are inferior in other electric properties because of the
      ratios of lead oxide, bismuth oxide, and boric oxide. Accordingly, the
      most favorable composition ratio for the diffusant diffusing into a
      strontium titanate-niobium oxide-germanium oxide semiconductor is as
      follows:
TBL  PbO              32 to 53 weight %                                        

     Bi.sub.2 O.sub.3 37 to 64 weight %                                        

     B.sub.2 O.sub.3   2 to 10 weight %                                        

PAC  EXAMPLE 4
PAR  Powdered strontium titanate, tantalum oxide and germanium oxide were
      combined in ratios indicated in Table 4, mixed and pulverized in
      accordance with known ceramic manufacturing methods. They were combined
      with a known binder such as polyvinyl alcohol and molded by pressing to
      obtain samples in disc form. Each of the samples was sintered at
      1,350.degree. to 1,480.degree.C for 3 hours in a slightly reducing
      atmosphere of 99% nitrogen and 1% hydrogen to obtain a semiconductor disc
      of about 8 millimeters in diameter and 0.4 millimeters in thickness. Each
      was coated with three milligrams of bismuth oxide powder as a diffusing
      agent and sintered at 1,300.degree.C for 2 hours in an oxidizing
      atmosphere so as to diffuse the agent into the grain boundaries of the
      sample and provide intergranular insulation. Thereafter, silver electrodes
      were attached by baking them onto the opposite surfaces of the sample to
      obtain a capacitor.
PAR  The electrical properties of such capacitors are also shown in Table 4. The
      dielectric constant and the loss factor wee measured in terms of 1
      kilohertz, the insulation resistance value was that obtained after 1
      minute after an application of a direct current voltage of 50 volts, and
      the dielectric breakdown voltage was measured with a direct current
      voltage.
TBL                                    Table 4                                 

     __________________________________________________________________________

            Weight ratio of                                                    

            each component (%)                                                 

                          Electric properties                                  

     Sample No.                tan .delta.                                     

                                    Insulation resistance                      

                                                 Breakdown voltage             

            SrTiO.sub.3                                                        

                 Ta.sub.2 O.sub.5                                              

                      GeO.sub.2                                                

                          .epsilon.                                            

                               (%)  (M.OMEGA..cm)                              

                                                 (V/mm)                        

     __________________________________________________________________________

     1      91.92                                                              

                 4.08 4.00                                                     

                          50.times.10.sup.3                                    

                               0.8  13.times.10.sup.4                          

                                                 1400                          

     2      95.67                                                              

                 0.33 4.00                                                     

                          55.times.10.sup.3                                    

                               0.8  18.times.10.sup.4                          

                                                 1500                          

     3      99.62                                                              

                 0.33 0.05                                                     

                          59.times.10.sup.3                                    

                               0.7  17.times.10.sup.4                          

                                                 1500                          

     4      95.87                                                              

                 4.08 0.05                                                     

                          52.times.10.sup.3                                    

                               0.7  18.times.10.sup.4                          

                                                 1400                          

     5      94.19                                                              

                 2.01 3.80                                                     

                          57.times.10.sup.3                                    

                               0.7  16.times.10.sup.4                          

                                                 1200                          

     6      97.55                                                              

                 0.40 2.05                                                     

                          59.times.10.sup.3                                    

                               0.7  17.times.10.sup.4                          

                                                 1500                          

     7      97.40                                                              

                 2.50 0.10                                                     

                          60.times.10.sup.3                                    

                               0.7  16.times.10.sup.4                          

                                                 1400                          

     8      96.42                                                              

                 1.58 2.00                                                     

                          61.times.10.sup.3                                    

                               0.8  15.times.10.sup.4                          

                                                 1300                          

     9      96.44                                                              

                 0.56 3.00                                                     

                          61.times.10.sup.3                                    

                               0.7  16.times.10.sup.4                          

                                                 1300                          

     10     91.58                                                              

                 4.42 4.00                                                     

                          30.times.10.sup.3                                    

                               1.4   8.times.10.sup.4                          

                                                  800                          

     11     93.00                                                              

                 2.00 5.00                                                     

                          32.times.10.sup.3                                    

                               1.2  10.times.10.sup.4                          

                                                  900                          

     12     97.74                                                              

                 0.11 2.15                                                     

                          39.times.10.sup.3                                    

                               0.7  16.times.10.sup.4                          

                                                 1100                          

     13     94.87                                                              

                 0.33 4.80                                                     

                          38.times.10.sup.3                                    

                               1.2  16.times.10.sup.4                          

                                                 1300                          

     14     98.09                                                              

                 1.89 0.02                                                     

                          40.times.10.sup.3                                    

                               0.7  16.times.10.sup.4                          

                                                 1400                          

     15     99.73                                                              

                 0.22 0.05                                                     

                          39.times.10.sup.3                                    

                               0.7  15.times.10.sup.4                          

                                                 1200                          

     16     91.90                                                              

                 5.00 3.10                                                     

                          31.times.10.sup.3                                    

                               0.8  30.times.10.sup.4                          

                                                 1600                          

     17     95.90                                                              

                 4.08 0.02                                                     

                          35.times.10.sup.3                                    

                               1.3  18.times.10.sup.4                          

                                                 1300                          

     __________________________________________________________________________

PAR  It will be seen in Table 4 that samples 1 to 4 each exhibited properties
      such that the loss factor was below 0.8%, of the effective dielectric
      constant was 50,000 to 61,000, the insulation resistance was 150,000 to
      180,000 megohm centimeters, and the breakdown voltage was 1200 to 1500
      volts per millimeter. The dielectric capacity change rate due to
      temperature change was in the range of plus or minus 13%, as shown in the
      drawing.
PAR  It is clear from the foregoing that the loss factor value was improved very
      much as compared with that of an intergranular type capacitor comprising
      conventional strontium titanate. In addition, the dielectric constant is
      increased from 1.7 to two times, and is near that obtained from using
      conventional barium titanate semiconductors.
PAR  The samples numbered 10 to 17, however, are not as favorable because of
      their relatively low dielectric constant. Accordingly, the preferred
      composition where strontium titanate is combined with tantalum oxide and
      germanium oxide is as follows:
TBL  SrTiO.sub.3    91.92 to 99.62 weight %                                    

     Ta.sub.2 O.sub.5                                                          

                    0.33 to 4.08 weight %                                      

     GeO.sub.2      0.05 to 4.00 weight %                                      

PAR  It is believed that the Ta.sub.2 O.sub.5 replaces the atoms of SrTiO.sub.3
      crystals to make SrTiO.sub.3 semiconductive and form a valency control
      type semiconductor. GeO.sub.2 exists mainly in the grain boundary layer
      and has a tendency to increase the crystal grain size or diameter of the
      semiconductive crystals. During the secondary sintering for diffusion, the
      diffusants combined with the germanium oxide already existing in the grain
      boundaries and thereby form a uniform insulation layer having small pin
      holes. It is relatively easy to obain a uniform insulation layer in this
      way and therefore, the insulation resistance value and the loss factor can
      be favorable even when the layer is very thin.
PAC  EXAMPLE 5
PAR  A composition was made up comprising:
TBL  Strontium titanate  96.42 weight %                                        

     tantalum oxide      1.58 weight %                                         

     germanium dioxide   2.00 weight %                                         

PAR  This composition was processed as in example 4 to produce a ceramic
      semiconductor material. Each was treated with three milligrams of
      diffusion agents comprising PbO, Bi.sub.2 O.sub.3 and B.sub.2 O.sub.3
      having the compositions listed in Table 5. Each sample was sintered at
      1,100.degree.C for 2 hours in an oxidizing atmosphere so as to diffuse the
      agents into the grain boundaries thereby forming intergranular insulation.
      Silver electrodes were attached by baking them to opposite main surfaces
      of each sample to provide a capacitor. The electrical properties of such
      capacitors are also recited in Table 5.
TBL                                    Table 5                                 

     __________________________________________________________________________

            Weight ratio of                                                    

            each component (%)                                                 

                         Electric properties                                   

     Sample No                                                                 

            PbO Bi.sub.2 O.sub.3                                               

                     B.sub.2 O.sub.3                                           

                         .epsilon.                                             

                              tan.delta.(%)                                    

                                   Insulation resistance                       

                                               Breakdown voltage               

                                   (M.OMEGA..cm)                               

                                               (V/mm)                          

     __________________________________________________________________________

     18     54  41   5   68.times.10.sup.3                                     

                              0.35 21.times.10.sup.4                           

                                               1400                            

     19      5  95   0   60.times.10.sup.3                                     

                              1.3  14.times.10.sup.4                           

                                               1200                            

     20     45  54   1   70.times.10.sup.3                                     

                              2.0   2.times.10.sup.4                           

                                                400                            

     21     45  53   2   68.times.10.sup.3                                     

                              0.5  17.times.10.sup.4                           

                                               1400                            

     22     45  50   5   67.times.10.sup.3                                     

                              0.3  21.times.10.sup.4                           

                                               1600                            

     23     45  45   10  63.times.10.sup.3                                     

                              0.35 20.times.10.sup.4                           

                                               1500                            

     24     45  40   15  55.times.10.sup.3                                     

                              0.4  10.times.10.sup.4                           

                                                900                            

     25     35  63   2   64.times.10.sup.3                                     

                              0.5  17.times.10.sup.4                           

                                               1400                            

     26     27  63   10  63.times.10.sup.3                                     

                              0.45 16.times.10.sup.4                           

                                               1300                            

     27     26  69   5   50.times.10.sup.3                                     

                              0.6   8.times.10.sup.4                           

                                                600                            

     28     35  60   5   66.times.10.sup.3                                     

                              0.45 20.times.10.sup.4                           

                                               1700                            

     29     58  40   2   62.times.10.sup.3                                     

                              0.45 17.times.10.sup.4                           

                                               1500                            

     30     56  34   10  61.times.10.sup.3                                     

                              0.65 18.times.10.sup.4                           

                                               1500                            

     31     64  30   6   60.times.10.sup.3                                     

                              3.4  350          400                            

     32     50  50   0   65.times.10.sup.3                                     

                              6.8  200          300                            

     __________________________________________________________________________

PAC  EXAMPLE 6
PAR  Compositions comprising strontium titanate, tantalum oxide and germanium
      dioxide were prepared with the proportions indicated in Table 6 to obtain
      ceramic semiconductor samples. These samples were treated with diffusion
      agents comprising lead oxide, bismuth oxide and boron oxide in the
      percentages indicated in Table 6. The treated samples were then formed
      into capacitors. The electrical properties of such capacitors are also
      stated in Table 6.
TBL                                    Table 6                                 

     __________________________________________________________________________

     Weight ratio of                                                           

     each component (%)  Weight ratio(%)                                       

                                       Electric Properties                     

     Sample                                 Insulation                         

                                                   Breakdown                   

     No. SrTi O.sub.3                                                          

               Ta.sub.2 O.sub.5                                                

                    Ge O.sub.2                                                 

                         PbO--Bi.sub.2 O.sub.3 --B.sub.2 O.sub.3               

                                  .epsilon.                                    

                                       tan.delta.                              

                                            resistance                         

                                                   voltage                     

                                       (%)  (M.OMEGA..cm)                      

                                                   (V/mm)                      

     __________________________________________________________________________

     33  91.92 4.08 4.00 35-63-2  53.times.10.sup.3                            

                                       0.45 16.times.10.sup.4                  

                                                   1400                        

     34  "     "    "    56-34-10 52.times.10.sup.3                            

                                       0.55 17.times.10.sup.4                  

                                                   1500                        

     35  95.67 0.33 4.00 35-63-2  57.times.10.sup.3                            

                                       0.40 19.times.10.sup.4                  

                                                   1500                        

     36  "     "    "    56-34-10 56.times.10.sup.3                            

                                       0.70 20.times.10.sup.4                  

                                                   1600                        

     37  97.55 0.40 2.05 35-63-2  61.times.10.sup.3                            

                                       0.35 20.times.10.sup.4                  

                                                   1600                        

     38  "     "    "    56-34-10 60.times.10.sup.3                            

                                       0.60 20.times.10.sup.4                  

                                                   1660                        

     39  97.40 2.50 0.10 35- 63-2 64.times.10.sup.3                            

                                       0.40 16.5.times.10.sup.4                

                                                   1500                        

     40  "     "    "    56-34-10 62.times.10.sup.3                            

                                       0.60 17.times.10.sup.4                  

                                                   1400                        

     41  99.62 0.33 0.05 35-63-2  61.times.10.sup.3                            

                                       0.45 17.times.10.sup.4                  

                                                   1500                        

     42  "     "    "    56-34-10 59.times.10.sup.3                            

                                       0.50 19.times.10.sup.4                  

                                                   1500                        

     __________________________________________________________________________

PAR  From samples numbers 18, 21-23, 25, 56, 28-29 and 33-42, the loss factor is
      in the range of 0.3 to 0.7, the effective dielectric constant is 52,000 to
      68,000, the insulation resistance is 160,000 to 210,000 megohm
      centimeters, and the breakdown voltage is 1200 to 1700 volts per
      millimeter.
PAR  As to samples numbers 19, 20, 24, 27, 31 and 32, they have an improved
      dielectric constant, but are somewhat inferior in other properties.
      Accordingly, the preferred composition for diffusion into a strontium
      titanate-tantalum oxide-germanium dioxide semiconductor is as follows:
TBL  PbO              27 to 58 weight %                                        

     Bi.sub.2 O.sub.3 34 to 63 weight %                                        

     B.sub.2 O.sub.3   2 to 10 weight %                                        

PAC  EXAMPLE 7
PAR  Powders of strontium titanate, niobium oxide and zinc oxide were combined
      in the ratios shown in Table 7. They were mixed and pulverized in
      accordance with known ceramic manufacturing methods, and combined with
      binders such as polyvinyl alcohol. After molding to form a disc, each of
      these samples were sintered at 1,350.degree.-1,480.degree.C for 3 hours in
      a slightly reducing atmosphere of 99% nitrogen and 1% hydrogen to obtain
      discs of about 8 millimeters in diameter and 0.4 millimeters in thickness.
      Each of the ceramic semiconductors were treated with three milligrams of
      bismuth powder as a diffusing agent, followed by sintering at
      1,300.degree.C for 2 hours in an oxidizing atmosphere so as to diffuse the
      agent into the grain boundaries of the sample. Silver electrodes were
      applied to provide a capacitor. The electrical properties of the
      capacitors are set forth in table 7. These tests were made under the same
      conditions as previously noted tests.
PAR  It will be seen that samples numbers 1 to 9 have loss factors below 0.9%,
      an effective dielectric constant of from 50,000 to 62,000, and insulation
      resistance of 90,000 to 140,000 megohm centimeters, and a breakdown
      voltage of 1,000 to 1,400 volts per millimeter. The dielectric capacity
      change rate temperature varied in the range from about plus or minus 15%
      as shown in the drawing.
PAR  From the foregoing, it will be seen that the loss value is improved very
      much as compared with that of an intergranular insulation type capacitor
      of strontium titanate, and the dielectric constant is increased to 1.8 to
      2 times and approximates that obtained by using conventional barium
      titanate series semiconductors.
PAR  Samples 10 to 17, however, are not particularly favorable because of their
      relatively low dielectric constant. Accordingly, the semiconductor
      compositions of the present invention when employing niobium oxide in
      combination with zinc oxide should preferably have the following ranges:
TBL  SrTiO.sub.3    91.18 to 99.82 weight %                                    

     Nb.sub.2 O.sub.5                                                          

                    0.13 to 5.32 weight %                                      

     ZnO            0.05 to 3.5 weight %                                       

TBL                                    Table 7                                 

     __________________________________________________________________________

            Weight ratio of                                                    

            each component (%)                                                 

                          Electric properties                                  

     Sample No                 tan.delta.                                      

                                   Insulation resistance                       

                                               Breakdown voltage               

            SrTiO.sub.3                                                        

                 Nb.sub.2 O.sub.5                                              

                      ZnO .epsilon.                                            

                               (%) (M.OMEGA..cm)                               

                                               (V/mm)                          

     __________________________________________________________________________

     1      91.18                                                              

                 5.32 3.50                                                     

                          50.times.10.sup.3                                    

                               0.9 10.times.10.sup.4                           

                                               1200                            

     2      94.63                                                              

                 5.32 0.05                                                     

                          51.times.10.sup.3                                    

                               0.85                                            

                                   10.times.10.sup.4                           

                                               1160                            

     3      99.82                                                              

                 0.13 0.05                                                     

                          53.times.10.sup.3                                    

                               0.9 14.times.10.sup.4                           

                                               1400                            

     4      96.37                                                              

                 0.13 3.50                                                     

                          51.times.10.sup.3                                    

                               0.7 12.times.10.sup.4                           

                                               1300                            

     5      94.49                                                              

                 2.51 3.00                                                     

                          51.times.10.sup.3                                    

                               0.8 10.times.10.sup.4                           

                                               1100                            

     6      98.20                                                              

                 0.50 1.30                                                     

                          59.times.10.sup.3                                    

                               0.8  9.times.10.sup.4                           

                                               1000                            

     7      97.35                                                              

                 2.50 0.15                                                     

                          62.times.10.sup.3                                    

                               0.8  9.times.10.sup.4                           

                                               1000                            

     8      98.45                                                              

                 1.05 0.50                                                     

                          61.times.10.sup.3                                    

                               0.8  9.times.10.sup.4                           

                                               1100                            

     9      93.40                                                              

                 4.60 2.00                                                     

                          50.times.10.sup.3                                    

                               0.9 10.times.10.sup.4                           

                                               1100                            

     10     90.12                                                              

                 6.38 3.50                                                     

                          35.times.10.sup.3                                    

                               0.8 10.times.10.sup.4                           

                                               1200                            

     11     92.85                                                              

                 2.65 4.50                                                     

                          38.times.10.sup.3                                    

                               1.2  4.times.10.sup. 4                          

                                                700                            

     12     98.30                                                              

                 0.05 1.65                                                     

                          42.times.10.sup.3                                    

                               0.8  9.times.10.sup.4                           

                                               1100                            

     13     95.87                                                              

                 0.13 4.00                                                     

                          39.times.10.sup.3                                    

                               1.7  6.times.10.sup.4                           

                                                600                            

     14     97.49                                                              

                 2.50 0.01                                                     

                          43.times.10.sup.3                                    

                               1.2 13.times.10.sup.4                           

                                               1300                            

     15     99.90                                                              

                 0.05 0.05                                                     

                          42.times.10.sup.3                                    

                               0.9 12.times.10.sup.4                           

                                               1000                            

     16     91.20                                                              

                 6.50 2.30                                                     

                          34.times.10.sup.3                                    

                               0.8 12.times.10.sup.4                           

                                               1200                            

     17     94.66                                                              

                 5.32 0.02                                                     

                          40.times.10.sup.3                                    

                               1.0  9.times.10.sup.4                           

                                               1000                            

     __________________________________________________________________________

PAC  EXAMPLE 8
PAR  A composition was made up with the following analysis:
TBL  Strontium titanate  94.49 weight %                                        

     niobium oxide       2.51 weight %                                         

     zinc oxide          3.00 weight %                                         

PAR  This material was treated as example 7 to obtain semiconductor materials.
      Three milligrams of diffusion agents comprising PbO, Bi.sub.2 O.sub.3 and
      B.sub.2 O.sub.3 in the proportions indicated in Table 8 were diffused into
      the samples by sintering at 1,100.degree.C for 2 hours in an oxidizing
      atmosphere. Silver electrodes were attached to provide capacitors and the
      electrical properties of such capacitors are also recited in Table 8.
TBL                                    Table 8                                 

     __________________________________________________________________________

            Weight ratio of                                                    

            each component (%)                                                 

                         Electric properties                                   

     Sample No.                                                                

            PbO Bi.sub.2 O.sub.3                                               

                     B.sub.2 O.sub.3                                           

                         .epsilon.                                             

                              tan.delta.                                       

                                   Insulation resistance                       

                                               Breakdown voltage               

                              (%)  (M.OMEGA..cm)                               

                                               (V/mm)                          

     __________________________________________________________________________

     18     55  40   5   61.times.10.sup.3                                     

                              0.6  18.times.10.sup.4                           

                                               1500                            

     19     45  54   1   62.times.10.sup.3                                     

                              2.5  0.5.times.10.sup.4                          

                                                300                            

     20     45  53   2   62.times.10.sup.3                                     

                              0.7  12.times.10.sup.4                           

                                               1100                            

     21     45  50   5   61.times.10.sup.3                                     

                              0.3  25.times.10.sup.4                           

                                               1600                            

     22     45  45   10  55.times.10.sup.3                                     

                              0.3  16.times.10.sup.4                           

                                               1200                            

     23     45  40   15  45.times.10.sup.3                                     

                              0.4  10.times.10.sup.4                           

                                               1160                            

     24     29  69   2   55.times.10.sup.3                                     

                              0.8  10.times.10.sup.4                           

                                               1100                            

     25     29  61   10  51.times.10.sup.3                                     

                              0.5  12.times.10.sup.4                           

                                               1300                            

     26     23  71   6   45.times.10.sup.3                                     

                              0.7   8.times.10.sup.4                           

                                               1200                            

     27     35  60   5   53.times.10.sup.3                                     

                              0.6  12.times.10.sup.4                           

                                               1200                            

     28     63  35   2   59.times.10.sup.3                                     

                              0.8  9.5.times. 10.sup.4                         

                                               1200                            

     29     55  35   10  57.times.10.sup.3                                     

                              0.5  11.times.10.sup.4                           

                                               1160                            

     30     65  30   5   60.times.10.sup.3                                     

                              1.2   1.times.10.sup.4                           

                                                800                            

     __________________________________________________________________________

PAC  EXAMPLE 9
PAR  Compositions comprising strontium titanate, niobium oxide and zinc oxide
      were made up as shown in Table 9 and prepared as described in connection
      with Examples 7 and 8. These samples were treated with diffusion agents
      comprising PbO, Bi.sub.2 O.sub.3 and B.sub.2 O.sub.3, having the
      compositions shown in Table 9. Each sample was made up into a capacitor
      and the electrical properties of such capacitors were measured and
      recorded in Table 9.
TBL                                    Table 9                                 

     __________________________________________________________________________

     Weight ratio of                                                           

     each component (%)                                                        

                       Weight ratio (%)                                        

                                     Electric Properties                       

     Sample                               Insulation                           

                                                Breakdown                      

     No.                             tan.delta.                                

                                          resistance                           

                                                voltage                        

         SrTiO.sub.3                                                           

              Nb.sub.2 O.sub.5                                                 

                   ZnO PbO-Bi.sub.2 O.sub.3 -B.sub.2 O.sub.3                   

                                .epsilon.                                      

                                     (%)  (M.OMEGA.cm)                         

                                                (V/mm)                         

     __________________________________________________________________________

     31  91.18                                                                 

              5.32 3.50                                                        

                       29-61-10 51.times.10.sup.3                              

                                     0.7  13.times.10.sup.4                    

                                                1260                           

     32  "    "    "   63-35-2  53.times.10.sup.3                              

                                     0.7  13.times.10.sup.4                    

                                                1360                           

     33  94.63                                                                 

              5.32 0.05                                                        

                       29-61-10 53.times.10.sup.3                              

                                     0.5  14.times.10.sup.4                    

                                                1300                           

     34  "    "    "   63-35-2  55.times.10.sup.3                              

                                     0.5  13.times.10.sup.4                    

                                                1240                           

     35  97.35                                                                 

              2.50 0.15                                                        

                       29-61-10 60.times.10.sup.3                              

                                     0.5  15.times.10.sup.4                    

                                                1100                           

     36  "    "    "   63-35-2  83.times.10.sup.3                              

                                     0.6  15.times.10.sup.4                    

                                                1080                           

     37  98.20                                                                 

              0.50 1.30                                                        

                       29-61-10 56.times.10.sup.3                              

                                     0.65 16.times.10.sup.4                    

                                                1340                           

     38  "    "    "   63-35-2  58.times.10.sup.3                              

                                     0.65 15.times.10.sup.4                    

                                                1400                           

     39  99.82                                                                 

              0.13 0.05                                                        

                       29-61-10 54.times.10.sup.3                              

                                     0.7  15.times.10.sup.4                    

                                                1400                           

     40  "    "    "   63-35-2  55.times.10.sup.3                              

                                     0.8  14.times.10.sup.4                    

                                                1400                           

     __________________________________________________________________________

PAR  As indicated in the table, samples numbers 18, 20-22, 24, and 25, 27-29 and
      31-40 had loss factors in the range of 0.3 to 0.8%. The effective
      dielectric constant was 51,000 to 63,000, the insulation resistance was
      95,000 to 180,000 megohm centimeters, and the breakdown voltage was 1100
      to 1400 volts per millimeter.
PAR  Samples Nos. 19, 23, 26 and 30 were improved as far as dielectric constant
      was concerned, but were inferior in some other electrical properties.
      Accordingly, the preferred composition ratio of PbO-Bi.sub.2 O.sub.3
      -B.sub.2 O.sub.3 where the strontium titanate is combined with niobium
      oxide and zinc oxide is as follows:
TBL  PbO              29 to 63 weight %                                        

     Bi.sub.2 O.sub.3 35 to 69 weight %                                        

     B.sub.2 O.sub.3   2 to 10 weight %                                        

PAR  The combination of PbO, Bi.sub.2 O.sub.3, and B.sub.2 O.sub.3 can be
      diffused into the semiconductor at lower temperatures than Bi.sub.2
      O.sub.3 alone. The composition may be produced by heating the mixture of
      the components to about 1,000.degree.C until it becomes glassy, and it is
      then crushed into powder. Alternatively, it may be mixed with an organic
      solvent to provide a paste.
PAR  The ceramic semiconductor compositions of strontium titanate described
      herein have excellent electrical properties, small changes of capacitance
      in relation to temperature, and improved loss factors.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. An intergranular insulation type semiconductive ceramic composition
      comprising from 90.68 to 99.88% by weight of polycrystalline SrTiO.sub.3,
      from 0.07 to 5.32% by weight of either Nb.sub.2 O.sub.5 or Ta.sub.2
      O.sub.5, from 0.05 to 4.00% by weight of either GeO.sub.2 or ZnO, and
      having diffused therein either Bi.sub.2 O.sub.3 or a mixture of Bi.sub.2
      O.sub.3, PbO, and B.sub.2 O.sub.3, the diffused material providing a
      substantially uniform insulating layer about the grain boundaries of the
      polycrystalline SrTiO.sub.3.
NUM  2.
PAR  2. The composition of claim 1, which contains from 90.68 to 99.88 percent
      by weight SrTiO.sub.2, from 0.07 to 5.32 percent by weight Nb.sub.2
      O.sub.5, from 0.05 to 4.00 percent by weight GeO.sub.2 and the diffused
      oxides contain 32 to 53 weight percent PbO, 37 to 64 weight percent
      Bi.sub.2 O.sub.3 and 2 to 10 weight percent B.sub.2 O.sub.3.
NUM  3.
PAR  3. The composition of claim 1, which contains from 91.92 to 99.62 percent
      by weight SrTiO.sub.3, from 0.33 to 4.08 percent by weight Ta.sub.2
      O.sub.5, from 0.05 to 4.00 percent by weight GeO.sub.2 and the diffused
      oxides contain from 17 to 58 weight percent PbO, from 34 to 63 weight
      percent Bi.sub.2 O.sub.3 and 2 to 10 weight percent B.sub.2 O.sub.3.
NUM  4.
PAR  4. The composition of claim 1, which contains from 91.18 to 99.82 percent
      by weight SrTiO.sub.3, from 0.13 to 5.32 percent by weight Nb.sub.2
      O.sub.5, from 0.05 to 3.5 weight percent ZnO and the diffused oxides
      contain from 29 to 63 weight percent PbO, 35 to 65 weight percent Bi.sub.2
      O.sub.3 and 2 to 10 weight percent B.sub.2 O.sub.3.
NUM  5.
PAR  5. A method of making an intergranular insulation type semiconductor
      ceramic composition which comprises mixing a major amount of SrTiO.sub.3
      with a minor amount of Nb.sub.2 O.sub.5 or Ta.sub.2 O.sub.5 and a minor
      amount of GeO.sub.2 or ZnO, molding the resulting mixture and sintering
      the same in a slightly reducing atmosphere to produce a polycrystalline
      ceramic, and thereafter diffusing therein Bi.sub.2 O.sub.3 or a mixture of
      Bi.sub.2 O.sub.3, PbO, and B.sub.2 O.sub.3 to insulate the grain
      boundaries of said ceramic.
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PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a continuation-in-part of Applicant's co-pending application Ser.
      No. 406,422 filed Oct. 15, 1973 and now abandoned.
PAR  1. Field of the Invention
PAR  This invention relates to functional fluid compositions containing
      phosphate ester base stocks and hydrogenated quaterphenyls and to the use
      of such fluids in hydraulic pressure devices.
PAR  2. Description of the Prior Art
PAR  Functional fluids suitable for operating hydraulic mechanisms require a
      combination of properties. These include a low pour point to insure safe
      and satisfactory low temperature operations and low oxidative
      susceptibility to avoid sludge build-up. Another important property is a
      flat viscosity temperature curve, that is, a high viscosity index which
      allows the fluid to remain operable over a wide range of temperatures. One
      of the vital properties required for industrial, mining or military uses
      is fire resistance. Still other desirable properties include a relatively
      high boiling point and low corrosive characteristics.
PAR  As mentioned, fire resistance is an important property of fluids,
      especially those used in mining operations and hydraulic-powered hand
      tools. To be acceptable fluids for these uses, they must pass the Schedule
      30 U.S. Bureau of Mines Fire Test. Various phosphate ester base fluids and
      particularly mixtures of triaryl phosphates where the aryl groups are
      phenol, alkyl substituted phenols and aryl alkyl substituted phenols
      provide considerably more fire resistance than the Schedule 30 Test
      requires, but cost generally six times that of petroleum fluids, require
      special sealing materials and are often unstable at low temperatures. A
      functional fluid composition providing satisfactory fire resistance for
      mining and hydraulic-powered hand tool operations as well as other
      desirable fluid properties, would be an advancement in the art.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, there is provided fire resistant
      functional fluid compositions useful in the mining operations. These
      compositions comprise at least one phosphate ester of the general formula
      ##EQU1##
      wherein each R is individually an alkyl group containing from 2 to 12
      carbon atoms, an alkoxy alkyl group, containing from 2 to 12 carbon atoms
      in the alkyl group; phenyl; alkyl substituted phenyl group having the
      general structure
      ##SPC1##
PAL  Wherein R.sub.1 is an alkyl radical of 1 to 18 carbon atoms; or an aryl
      alkyl phenyl group having the general structure
      ##SPC2##
PAL  Wherein each R.sub.2 is individually an alkyl of 1 to about 18 carbon atoms
      or hydrogen, and 10% to about 50% based on the total weight of the
      composition, of hydrogenated quaterphenyl, 25 to 50% hydrogenated.
PAR  Surprisingly, in addition to providing sufficient fire resistance, these
      fluids have an unexpectedly low pour point and remain clear homogeneous
      solutions down to the pour point temperature of -23.degree.C, which
      minimizes outdoor storage problems.
PAR  Another aspect of this invention provides a method for using such fluids in
      hydraulic pressure devices.
PAR  The hydrogenated quaterphenyls that may be used in the practice of this
      invention are 25 to 50%, preferably 30 to 40% hydrogenated. They are
      described and may be prepared in accordance with the teachings of U.S.
      Pat. No. 2,925,398 which is incorporated herein by reference.
PAR  About 10% to about 50%, preferably 35% to 45% by weight of hydrogenated
      quaterphenyl, based on the total weight of the composition of this
      invention, is used. This amount, as well as the hydrogenation level, are
      very critical. If more than 50% is utilized, the fire resistance suffers.
      If less than 10% is used, generally highly aromatic phosphate esters
      solidify at low temperatures. Likewise, if a different hydrogenation level
      is employed, the composition solidifies at low temperatures. Applicant has
      also found that other polyphenyls, namely bi and terphenyls interfere with
      fire resistance.
PAR  A portion of the hydrogenated quaterphenyl may be replaced with petroleum
      derived hydrocarbon oils. Such oils may be used to replace a portion of
      the hydrogenated quaterphenyl in an amount of about 5% to about 80% based
      on the total weight of the hydrogenated quaterphenyl. Generally, a portion
      of the quaterphenyl is replaced with petroleum oils in those applications
      where low temperature homogeneity is not important.
PAR  In those instances where a portion of the quaterphenyl is replaced with
      petroleum derived hydrocarbon oils, the quaterphenyl acts as a solubilizer
      for the highly aromatic phosphate esters which would be insoluble in
      petroleum oil. Such a composition is also advantageous in that it can be
      separated, recovered and reclaimed in cases of leaks.
PAR  As mentioned, esters of phosphoric acid which can be employed as base
      stocks in the compositions of the instant invention are defined by Formula
      I. Preferred base stocks are hereinafter referred to generically as
      phosphates and include trialkyl phosphates, triphenyl phosphates,
      alkyl-substituted phenyl phosphates, aryl alkyl-substituted phenyl
      phosphates and mixtures thereof. When R is an alkyl group, preferably it
      contains from 2 to 12 carbon atoms. When each R is an alkyl group, the
      total number of carbon atoms in the trialkyl phosphate is from 12 to 36
      carbon atoms. These alkyl groups are for example, ethyl, propyl,
      isopropyl, butyl, hexyl, 2-ethylhexyl, dodecyl, decyl and the like. When R
      is an alkyl-substituted phenyl group, the alkyl group contains 1 to 18
      carbon atoms provided that the total number of carbon atoms in all alkyl
      groups attached to any one phenyl group is at most, 18 carbon atoms.
      Illustrative of these alkyl-substituted phenyl groups are for example,
      methylphenyl, ethylphenyl, dimethylpropylphenyl, nonylphenyl, decylphenyl,
      dipentylphenyl, butylhexylphenyl, and the like. Alkoxyalkyl groups for
      example, those having the formula
EQU  H(C.sub.n H.sub.2n --O).sub.x -- C.sub.a H.sub.2a
PAL  wherein n is an integer having a value of from 1 to 10, a is an integer
      having a value of from 2 to 10, preferably x is 1.  These alkoxyalkyl
      groups are for example, methoxyethyl, ethoxyethyl, propoxyethyl,
      ethoxypropyl, ethoxypentyl, propoxydecyl, nonyloxyethyl, octyloxybutyl and
      the like.
PAR  Aryl alkyl phenyl groups represented by Formula III are those wherein each
      R.sub.2 is individually hydrogen or an alkyl of 1 to about 18, preferably
      1 to 6, carbon atoms. Illustrative of these are for example, cumylphenyl,
      benzylphenyl, alphamethylbenzyl, alpha-hexylbenzyl, alpha,
      alpha-dinonylbenzyl, alpha, alpha-dipentadecylbenzyl and
      alpha-heptadecylbenzyl.
PAR  Typical examples of these phosphate esters are for example, dibutylphenyl
      phosphate, triphenyl phosphate, tricresyl phosphate, tributyl phosphate,
      tri-2-ethylhexyl phosphate, trioctyl phosphate, the phosphates described
      in U.S. Pat. No. 3,723,315 which is incorporated herein by reference, such
      as di(nonylphenyl) phenyl phosphate, di(cumylphenyl) phenyl phosphate,
      (cumylphenyl) (nonylphenyl) phenyl phosphate, and mixtures of the above
      phosphates such as mixtures of tributyl phosphate and tricresyl phosphate,
      mixtures of triphenyl phosphate and 2-ethylhexyl diphenyl phosphate,
      mixtures of cumylphenyl diphenyl phosphate, nonylphenyl diphenyl
      phosphate, 2-ethylhexyl diphenyl phosphate and triphenyl phosphate. A
      preferred mixture contains 45 to 65% triphenyl phosphate, 25 to 45% by
      weight of the reaction product of 1.5 to 2 moles of nonylphenyl, 0.5 to 1
      mole of cumylphenol, 6 to 7 moles of phenyl with 3 moles of phosphorus
      oxychloride and 5 to 15% of 2-ethylhexyl diphenyl phosphate. All
      percentages are by weight based on the total weight of the mixture. These
      esters are well known and can be prepared by those procedures well known
      in the art.
PAR  In the compositions of this invention, the phosphate ester is present in an
      amount of from about 50% to about 90%, preferably 50% to 65% by weight,
      based on the total weight of the composition.
PAR  The compositions of the present invention can be prepared by methods known
      to those skilled in the art. For example, the phosphate ester and the
      hydrogenated quaterphenyl can be blended in stainless steel equipment
      using a propeller stirrer until a uniform mixture is obtained.
PAR  Functional fluid compositions of this invention can contain dyes, pour
      point depressants, metal deactivators, acid scavengers, rust inhibitors,
      defoamers, viscosity index improving antioxidants, load bearing additives
      and the like. They are generally used in small amounts, usually less than
      5% by weight, based on the total weight of the fluid composition.
PAR  Examples of viscosity index improvers include styrene isobutylene
      copolymers, styrene butadiene copolymers having an average molecular
      weight of about 60,000 to 100,000 and polypropylene glycol having an
      average molecular weight of 2000 to 5000. Rust inhibitors include
      sulfonate soaps such as barium nonylnapthyl sulfonate, and salts of fatty
      acids such as calcium phenyl sterate. And scavengers include hindered
      phenols, amines and epoxy compounds. Foam inhibitors include polymerized
      silicone fluids. Phthalate and adipate esters may also be used.
PAR  An illustrative composition of this invention contains:
TBL  Ingredient         Amount-Percent by Weight                               

     ______________________________________                                    

     quaterphenyl - 40% hydrogenated                                           

                        40                                                     

     triphenyl phosphate                                                       

                        30                                                     

     2-ethylhexyl diphenyl phosphate                                           

                        10                                                     

     nonylphenyl diphenyl phosphate-                                           

     cumylphenyl diphenyl phosphate                                            

                        20                                                     

     mixture                                                                   

     ______________________________________                                    

      *Prepared by reacting two moles of nonylphenol, one mole of cumylphenol, 

      six moles of phenol and three moles of phosphorus oxychloride.           

PAR  Other compositions of this invention contain in the same amount in place of
      the quaterphenyl, quaterphenyl--45% hydrogenated, quaterphenyl--28%
      hydrogenated and quaterphenyl--30% hydrogenated. Alternatively, in place
      of the 2-ethylhexyl diphenyl phosphate, there may be substituted in the
      same amount cresyl diphenyl phosphate, hexyl diphenyl phosphate,
      octyldiphenyl phosphate or pentadiphenyl phosphate. Up to 10% of the
      nonylphenyl diphenyl phosphate -- cumylphenyl diphenyl phosphate mixture
      may be replaced with octylbenzyl phthalate, di isodecyl adipate,
      polypropylene glycol, phthalate esters with C.sub.7 to C.sub.11 alcohols
      and styrene isobutylene copolymers.
PAR  The method of this invention involves using the fluid compositions of this
      invention as the hydraulic fluid in a method of operating a hydraulic
      pressure device, wherein a displaceable force is transmitted to a
      transplaceable member by means of a hydraulic fluid.
PAR  Another method of this invention involves using the fluid composition of
      this invention in a method of lubricating metal surfaces in frictional
      contact by interposing between the surfaces such fluid composition.
DETD
PAC  Examples
PAR  The following examples serve to better illustrate the invention. All are
      parts by weight unless otherwise expressly set forth.
PAR  The compositions in Table I were prepared by blending the ingredients until
      a uniform mixture was formed.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     INGREDIENTS - PERCENT BY WEIGHT                                           

                            2-ethyl-                                           

           Quater-          hexyl cresyl                 VI improver.sup.5     

                                                         anti                  

     Example                                                                   

           phenyl 40%-      diphenyl                                           

                                  diphenyl  Phthalate.sup.3                    

                                                         oxidant and/or        

     Number                                                                    

           hydrogenated                                                        

                  TPP.sup.1                                                    

                       N.sub.2 C.sup.2                                         

                            phosphate                                          

                                  phosphate                                    

                                        Oil Ester  DIDA.sup.4                  

                                                         anti foam             

     __________________________________________________________________________

                                                         agent                 

     1     40     30   17   10    --    --  2.7    --    .3                    

     2     40     30    21.6                                                   

                             5    --    --  2.7    --    .7                    

     3     30     30   24   13    --    --  2.7    --    .3                    

     4     30     30   25   12    --    --  2.7    --    .3                    

     5     40     27   15   --    15    --  2.7    --    .3                    

     6     40     30   14   --    13    --  2.7    --    .3                    

     7     31     35   20   --     0    --  13.6   --    .4                    

     8     40     33   17    7    --    --  2.7    --    .3                    

     9     35     35   20   --    --    10  --     --    --                    

     10    30     35   25   --    --    --  --     10    --                    

     11    35     35   25   --    --    --  --     5     --                    

     12    40     36   24   --    --    --  --     --    --                    

     13    40     37   23   --    --    --  --     --    --                    

     14    37     35   20   --    --    --  2.7    5     .3                    

     15    35     35   20   --    --    --  --     10    --                    

     16    40     40   15   --    --    --  --     5     --                    

     17    45     45   10   --    --    --  --     --                          

     18    50     50   --   --    --    --  --     --    --                    

     19    30     30   22   15    --    --  2.7    --    .3                    

     20    40     30   20     6.8 --    --  2.7    --    .5                    

     21    30     30   25   12    --    --  2.7    --    .3                    

     22    30     33   21   13    --    --  2.7    --    .3                    

     23    37     35   20   --    --    --  --      5.5  2.5                   

     __________________________________________________________________________

      .sup.1 Triphenyl phosphate                                               

      .sup.2 Mixture of phosphate esters prepared by reacting 2 moles of       

      nonylphenol, 1 mole of cumylphenol and 6 moles of phenol with 3 moles of 

      phosphorus oxychloride.                                                  

      .sup.3 Octylbenzyl phthalate or phthalate ester with C.sub.7 C.sub.11    

      alcohols.                                                                

      .sup.4 Di isodecyl adipate                                               

      .sup.5 Styrene isobutylene copolymers of polypropylene glycol.           

PAR  Schedule 30 fire tests were run on some of the compositions and the results
      are given in Table II below. Viscosity and specific gravity information is
      also given.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Example  SPRAY         AIT Flash                                          

                                    Fire                                       

                                        Viscosity.sup.1                        

     Number                                                                    

          Wick                                                                 

              Torch*                                                           

                  Kerosine*                                                    

                        Spark                                                  

                            .degree.C                                          

                                .degree.C                                      

                                    .degree.C                                  

                                        38.degree.C                            

                                            99.degree.C                        

                                                SPG.sup.2                      

     __________________________________________________________________________

     1.   27.0                                                                 

              &lt;1-1                                                             

                  &lt;1-1  --  --  246 274 66.5                                   

                                            6.83                               

                                                1.098                          

     2.   --  --  --    --  426 --  --  --  --  --                             

     3.   --  &lt;1-2                                                             

                  &lt;1-2  --  426 --  --  --  --  --                             

     4.   --  --  --    --  --  --  --  50.1                                   

                                            --  --                             

     5.   --  &lt;1-1                                                             

                  &lt;1-1  --  --  --  --  69.1                                   

                                            6.90                               

                                                1.107                          

     6.   --  &lt;1-1                                                             

                  &lt;1-1  &lt;1-1                                                   

                            --  243 296 --  --  --                             

     7.   27.6                                                                 

               1-3                                                             

                   1-2  &lt;1  --  --  --  --  --  --                             

     8.   27.0                                                                 

              --  --    --  --  --  --  67.7                                   

                                            --  --                             

     9.   --  --  --    --  --  --  --  --  --  --                             

     10.  --  --  --    --  --  --  --  46.7                                   

                                            --  --                             

     11.  --  --  --    --  --  --  --  57.8                                   

                                            --  --                             

     12.  --  --  --    --  --  --  --  70.9                                   

                                            6.42                               

                                                --                             

     13.  --  --  --    --  --  --  --  --  --  1.112                          

     14.  --  --  --    --  --  --  --  68.3                                   

                                            7.05                               

                                                --                             

     15.  --  --  --    --  --  --  --  49.2                                   

                                            5.67                               

                                                --                             

     16.  --  --  --    --  --  --  --  --  --  --                             

     17.  --  --  --    --  --  --  --  --  --  --                             

     18.  --  --  --    --  --  --  --  --  --  --                             

     19.  --  --  --    --  --  --  --  49.6                                   

                                            --  --                             

     20.  --  --  --    --  460 246 274 68  6.8 --                             

     21.  --  --  --    --  --  --  --  54.3                                   

                                            --  --                             

     22.  --  --  --    --  --  248 299 48.6                                   

                                            --  1.109                          

     23.  33.4                                                                 

              &lt;1-1                                                             

                  &lt;1-1  --  --  248 299 66.3                                   

                                             6.75                              

                                                --                             

     __________________________________________________________________________

      *In seconds                                                              

      .sup.1 In centistokes                                                    

      .sup.2 Specofoc gravity                                                  

PAR  Tables III and IV further demonstrate the effectiveness of hydrogenated
      quaterphenyl in improving fire resistance in the disclosed compositions.
      Table III shows the compositions of examples 24 through 32, while Table IV
      shows the fire resistance and physical properties of the compositions of
      Table III.
PAR  These data show that the disclosed fluids, containing 10 to 50 percent by
      weight of hydrogenated quaterphenyl within the 25 to 50 weight percent
      hydrogenation range, produces fire resistant liquids. The other examples
      result in products which are either liquids with substantially less fire
      resistance, liquids which have such high viscosity as to be of no
      practical use as hydraulic fluids, liquids which contain crystals, or
      slurrys.
TBL                                    TABLE III                               

     __________________________________________________________________________

     INGREDIENTS, PERCENT BY WEIGHT                                            

          Tri-      2-ethyl-                                                   

          phenyl                                                               

               N.sub.2 C                                                       

                    hexyl       VI                                             

     Ex.  Phos-                                                                

               Phos-                                                           

                    Diphenyl                                                   

                          Phthalate                                            

                                Improver                                       

     No.  phate                                                                

               phate                                                           

                    Phosphate                                                  

                          Ester Additives                                      

                                      HQ-40.sup.(1)                            

                                            HQ-100.sup.(2)                     

                                                   HB-40 (3)                   

                                                         Biphenyl              

                                                              Terphenyl        

     __________________________________________________________________________

     24   30   20.2 6.8   2.7   0.3   40    0      0     0    0                

     25   30   20.2 6.8   2.7   0.3   0     0      0     40   0                

     26   30   20.2 6.8   2.7   0.3   0     0      0     0    40               

     27   30   20.2 6.8   2.7   0.3   0     0      40    0    0                

     28   12   8.2  6.8   2.7   0.3   70    0      0     0    0                

     29   30   20.2 6.8   2.7   0.3   0     40     0     0    0                

     30   46   31   10.4  4.14  0.46  8     0      0     0    0                

     31    42.5                                                                

               28.6 9.6   3.87  0.43  15    0      0     0    0                

     32   50   38   12    0     0     0     0      0     0    0                

     __________________________________________________________________________

      .sup.(1) 40% Hydrogenated Quaterphenyl                                   

      .sup.(2) 100% Hydrogenated Quaterphenyl                                  

      .sup.(3) 40% Hydrogenated Terphenyl                                      

TBL                                    TABLE IV                                

     __________________________________________________________________________

     FIRE RESISTANCE PROPERTIES     PHYSICAL PROPERTIES                        

     Wick,        Spray   Flash                                                

                               Fire              Solution Viscosity, cs.       

     EXAMPLE                                                                   

           Avg. cycles                                                         

                  Torch Ig-                                                    

                          Point                                                

                               Point             Point                         

     NUMBER                                                                    

           to burn.sup.(1)                                                     

                  nition.sup.(2)                                               

                          .degree.C..sup.(3)                                   

                               .degree.C..sup.(3)                              

                                    Appearance   .degree.C.                    

                                                          38.degree.C.         

                                                               99.degree.C.    

     __________________________________________________________________________

     24    21.6   &lt;1 - 1 sec.                                                  

                          249  282  liquid at 25 C                             

                                                 &lt;25 C    69   7               

     25    3.6     &gt;10 sec.                                                    

                          138  143  nearly solid crystal-                      

                                                 49 to 54 C                    

                                                          --   --              

                                    line slurry                                

     26    36     .sup.(4)                                                     

                          221  268  Thick slurry of solids                     

                                                 127 to 132 C                  

                                                          --   --              

                                    and liquid                                 

     27    9.8     &gt;10 sec                                                     

                          201  238  liquid at 25 C                             

                                                 &lt;25 C    27   4               

     28    16.6   .sup.(5)                                                     

                          243  271  viscous liquid at 25 C                     

                                                 &lt;25 C    194  10              

     29    --     --      --   --   thin slurry at 25 C                        

                                                 60 to 65 C                    

                                                          --   --              

     30    26.0   1&gt; - 4  249  274  some crystal growth                        

                                    at 31.degree.C                             

                                                 --       27.8 4.81            

     31    21.4   1 - 6   238  277  no change in seed                          

                                    crystals     --       34.5 52.5            

     32    --     --      --   --   solids/liquid slurry                       

                                                 32 to 38 C                    

                                                          --   --              

                                    at 25 C                                    

     __________________________________________________________________________

      .sup.(1) BuMines Sched. 30, fluid not subjected to evaporation as for    

      water containing fluids                                                  

      .sup.(2) BuMines Sched. 30, torch sequence generally more severe than    

      spark or burning rag ignition source.                                    

      .sup.(3) ASTM D-92, Cleveland open cup                                   

      .sup.(4) Could not spray at 150 F (.about.65 C) test temp. due to solids 

      present                                                                  

      .sup.(5) High viscosity would not allow spray pattern from test nozzle at

      required test temp. and pressure.                                        

PAR  From a consideration of the above specification, it will be appreciated
      that many improvements and modifications may be made without departing
      from the spirit and scope of the invention. It is to be understood,
      therefore, that the invention is in no way limited except as defined by
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A functional fluid composition comprising (1) from about 10% to about
      50% by weight based on the total weight of the composition, of a phosphate
      ester represented by the formula
      ##EQU2##
      wherein each R is individually an alkyl group containing from 2 to 12
      carbon atoms; an alkoxy alkyl group, containing from 2 to 12 carbon atoms
      in the alkyl group; phenyl; alkyl substituted phenyl group having the
      general structure
      ##SPC3##
PAL  wherein R.sub.1 is an alkyl radical of 1 to 18 carbon atoms; or an aryl
      alkyl phenyl group having the general structure and
      ##SPC4##
PAL  wherein each R.sub.2 is individually an alkyl of 1 to about 18 carbon
      atoms, and (2) 10% to about 50% by weight based on the total weight of the
      composition, of hydrogenated quaterphenyl, 25 to 50% hydrogenated.
NUM  2.
PAR  2. A composition according to claim 1 wherein the phosphate ester is
      selected from the group consisting of tributyl phosphate, tricresyl
      phosphate, cresylidene diphenyl phosphate, triphenyl phosphate,
      cumylphenyl diphenyl phosphate, nonylphenyl diphenyl phosphate,
      2-ethylhexyl diphenyl phosphate, cresyl diphenyl phosphate and mixtures
      thereof.
NUM  3.
PAR  3. A composition according to claim 2 wherein 5% to about 80% of the
      hydrogenated quaterphenyl is replaced with a petroleum derived hydrocarbon
      oil.
NUM  4.
PAR  4. A fluid composition consisting essentially of (1) from about 10% to
      about 50% by weight, based on the total weight of the composition, of a
      mixture of triphenyl phosphate, nonylphenyl diphenyl phosphate,
      cumylphenyl diphenyl phosphate, and 2-ethylhexyl diphenyl phosphate; and
      (2) 10 to 50% by weight, based on the total weight of the composition, of
      hydrogenated quaterphenyl 30 to 40% hydrogenated.
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ABST
PAL  A mixture of non-agglomerated particles of condensed phosphate salt,
      detergent builder salt and solid chlorine-releasing agent are agglomerated
      (i.e. formed into composite, enlarged particles) on an inclined, generally
      planar sliding bed. The residence time in the agglomerator can be reduced
      below 2 minutes and even below one minute with no adverse effect upon
      chlorine stability or anti-caking properties, if at least about two moles
      of water (e.g. more than about 8 or 9 wt. % water) are added to each mole
      of condensed phosphate used in the composition prior to the time the
      condensed phosphate contacts the sliding bed. The resulting agglomerated
      particles which emerge from the agglomerator generally contain less than
      25 wt. % moisture and are relatively free-flowing. They are conveyed to a
      drying zone and raised to a temperature of at least about 33.degree. C. in
      order to substantially eliminate unbound moisture and to decompose any
      thermally unstable hydrates (e.g. higher hydrates of sodium carbonate)
      which have been formed during the agglomeration step.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a continuous process for agglomerating particles
      to form a detergent composition comprising enlarged, composite particles;
      that is, each agglomerated particle comprises a combination of all or
      substantially all of the ingredients of the total composition and is
      larger than any particulate component that went into it. An aspect of this
      invention relates to a continuous agglomeration process wherein
      particulate solids are fed to an agglomerator of the inclined disc type
      and are sprayed with water (i.e. water per se or water containing
      dissolved or suspended solids) to cause the particles of the intimately
      blended solid detergent ingredients to stick together and form enlarged,
      composite particles, i.e. agglomerates. Another aspect of this invention
      relates to an art-recognized alternative to dry mixing of detergent
      ingredients or mixing of detergent ingredients in an aqueous or nonaqueous
      slurry. This alternative is generally known as the rotating-disc type of
      agglomeration process. Still another aspect of this invention relates to
      an improvement over the process described in German Offenlegungschrift
      2,056,701 (Brill et al), laid open July 8, 1971 (equivalent to French Pat.
      No. 70-42401, publication No. 2072413, delivery date Aug.  30, 1971).
PAC  DESCRIPTION OF THE PRIOR ART
PAR  There is an extremely voluminous body of patent and industrial literature
      relating to agglomeration and other techniques for achieving good quality
      control over detergent compositions. Several major companies have done
      considerable work in this field and have published extensively on their
      work, at least in the patent literature. Thus, the prior art offers the
      skilled detergent formulator a large number of alternative routes to a
      stable, well-controlled product.
PAR  Of all these various routes, the so-called agglomeration technique can,
      under appropriate circumstances, oftentimes provide a number of known
      advantages, including enhanced control over particle size and particle
      density. It has also been recognized that each particle can comprise an
      intimate mixture of all or several of the ingredients of the detergent
      composition, thus greatly reducing or even eliminating the possibility of
      segregation of the ingredients during shipping and storage.
PAR  The advantages of agglomeration are believed to be maximized in a
      continuous, single-stage, inclined pan or disc process, whereby all of the
      essential ingredients of the detergent composition are continuously fed
      (e.g. by gravity feed or spraying) as solids or in liquid form (e.g.
      liquid non-ionic surfactants and/or aqueous media) onto the disc, so that
      they become agglomerated into enlarged, composite particles by the sliding
      and scouring or rotating action of the resulting bed. This type of
      single-stage agglomeration is distinct from "falling curtain" processes or
      batch processes or other processes not involving a generally planar,
      inclined, sliding bed and is also distinct from any process in which two
      or more agglomerates or an agglomerate and a non-agglomerated particulate
      solid are combined. For example, a significant advantage of continuous
      single-stage sliding bed processes is the high volume throughput (i.e.
      rapid production rate) made possible by sliding bed technology and by the
      need for only the single-stage of agglomeration. By "single-stage
      agglomeration process" is meant a process wherein there is essentially
      only one agglomeration step. If there be any mixing or blending steps
      preceding agglomeration (and ordinarily there are no significant
      pre-mixing steps), these steps do not produce any significant size
      enlargement. Furthermore, except for desirable but generally non-essential
      ingredients such as dyes, perfumes, and the like, there are no ingredients
      added after agglomeration. In a single-stage process, recycled fines,
      sanitizing agents, hardness-sequestering salts, builder salts and
      anti-corrosion agents, and the like can all be present on the sliding bed
      during agglomeration.
PAR  In the aforementioned Germain laid-open application 2,056,701 (hereinafter
      referred to as DT-OS '701), a single-stage agglomeration process for
      almost any type of detergent composition is disclosed. Residence times in
      the rotating disc agglomerator are said to be 2 - 15 minutes. ("Residence
      time" for such a process is usually defined as the weight of material on
      the agglomeration bed at any given instant during the practice of process,
      divided by the total feed rate, i.e. the rate at which all raw materials
      are added to the disc, including all solids, water, non-ionic liquids,
      etc.) The disclosure of DT-OS '701 reports generally good properties for
      the resulting agglomerate, including rapid cup dispensing, i.e. resistance
      to caking in the detergent cup of a mechanical dishwasher; resistance to
      caking during storage; good stability for chlorine-releasing agents in the
      composition; etc. However, subsequent experience with the DT-OS '701
      process has shown that the properties of the agglomerate can be dependent
      upon a set of factors which is more complex than originally recognized.
PAR  First, the end use of the product is significant. Some products made with
      the DT-OS '701 process comprised detergent formulations specifically
      designed for cleaning coffee pots and the like, and quality control is in
      some respects less difficult for such products; for example, rapid
      cup-dispensing properties are not needed.
PAR  Second, the residence time in the agglomerator has been found to have an
      effect upon several properties of the resulting product. Although the
      entire range of 2 - 15 minutes (DT-OS '701,  page 13, line 6) appears to
      be operative, a rate-determining step of some sort (which apparently
      affects primarily the machine dishwashing detergents rather than coffee
      pot cleaners and the like) can often times reduce the utility of the
      shorter residence times (e.g. less than 6 minutes) and cause residence
      times less than 2 minutes to be highly undesirable.
PAR  Third, sanitizing agent stability during storage, caking during storage,
      and other stability or performance factors have more recently been found
      to be apparently dependent upon the ambient temperature during storage.
      The agglomerated product produced by the DT-OS '701 process is dry,
      free-flowing, and stable (e.g. chlorine stable) at normal ambient
      temperatures such as 20.degree. - 25.degree.C. However, after storage at
      temperatures in the range of 30.degree. - 45.degree.C., caking of
      detergent in the package, "cup caking" (slow cup dispensing) during use,
      and chlorine losses begin to become evident. (Warm weather, particularly
      in the southern United States, can cause the temperature inside an
      uncooled warehouse to climb well into the 30.degree. - 45.degree.C.
      range.)
PAR  Fourth, it has been found that drying conditions and/or ageing of the
      agglomerates discharged from the sliding bed can contribute to poor
      performance of machine diswashing detergents. Drying should be uniform
      throughout the agglomerated particle, i.e. from surface to core. Too much
      or too rapid drying can result in the formation of undesired water
      insoluble material (e.g. insoluble silicates) in the particle. Too little
      drying can lead to a variety of performance and stability problems.
      Furthermore, a hot, humid environment (e.g. the inside of a rotating drum
      dryer) is not usually favorable to the stability of chlorine-releasing
      agents such as the chlorinated isocyanates. Some drying conditions can
      actually produce agglomerates which are too dry on the surface and too
      moist in the core. The particle size of the agglomerate is a factor which
      affects drying efficiency, since agglomerates larger than +4 or even +6
      mesh (U.S. Standard) are difficult to dry uniformly. The disclosure of
      DT-OS '701 (page 13, line 19 et seq) suggests that need for drying depends
      upon the relationship between the amount of water added to the agglomerate
      and the water of hydration of salts in the agglomerate, i.e. the need to
      evaporate free water. It has more recently been found that this teaching
      failed to take into account the complex set of factors described
      previously, e.g. the end use of the product, possible rate-determining
      steps such as the relative rates of hydration of the various salts in the
      composition, the residence time in the agglomerator, and the possibility
      of product storage at mildly elevated temperatures, e.g. 35.degree. or
      40.degree.C. In short, conditions apparently do exist under which a
      variety of previously unforeseen or poorly understood problems can arise
      for a single-stage agglomeration process.
PAR  The chlorine stability problem has been carefully studied by several
      different workers in this field; see U.S. Pat. Nos. 3,248,330; 3,350,318
      (col. 4, line 73 et seq.); 3,359,207 (col. 2, line 27 et seq); 3,356,612;
      3,640,876; and 3,650,961.
PAR  Caking problems have also been studied. It has been suggested that caking
      tendencies of detergents containing condensed phosphate salts can be
      reduced or eliminated if these phosphate salts are fully hydrated. For
      example, sodium tri polyphosphate (hereinafter called STP) forms a
      hexahydrate; this means that the fully hydrated salt contains about 23 wt.
      % of water. It has also been suggested, on the other hand, that anhydrous
      STP is useful for its chemical drying capability in an agglomeration
      process. Still other prior art disclosures treat anhydrous STP and
      partially hydrated STP as substantial equivalents; see DT-OS '701, page 6,
      last paragraph. It has also been recognized that the hydration of STP to
      form STP.sup.. 6H.sub.2 O or the like may not be a straightforward
      reaction; see U.S. Pat. No. 2,909,490, column 2, lines 25 - 64 and the
      Examples. In short, for single-stage sliding bed agglomeration processes,
      there does not appear to be any simple way to avoid the caking problem
      through manipulation of the hydration reaction which converts anhydrous or
      partially hydrated STP hexahydrate in or on the bed.
PAR  Despite these prior art problems, this invention contemplates a
      single-stage sliding bed agglomeration process with a very short residence
      time for the condensed phosphate in the sliding bed and with no
      significant sacrifice of chlorine stability and resistance to caking
      tendencies.
PAC  SUMMARY OF THE INVENTION
PAR  This invention involves a number of interrelated discoveries.
PAR  First, it has been found that hydration rate of condensed phosphates (such
      as STP) is a principal rate-determining step in the type of single-stage
      agglomeration process described in DT-OS '701. Hardness-sequestering salts
      such as STP apparently hydrate rather slowly as compared to some of the
      common builder salts. Therefore, the agglomeration rate can be speeded up
      to its physical lower limit of a few seconds (as compared to a few
      minutes) by commencing or completing the hydration of the condensed
      phosphate prior to the time the condensed phosphate actually contacts the
      sliding bed. A simple means for accomplishing this pre-hydration of the
      condensed phosphate salt is to use the fully hydrated salt as the raw
      material fed to the disc (along with the builder salts, etc.). However,
      full hydration (e.g. 6 moles of water per mole of STP), while desirable to
      help avoid the "cup caking" phenomenon, is not essential to good storage
      stability for the detergent. In fact, in some cases it can be desirable to
      have a very small amount of hydratable salt present during storage to
      serve as a water scavenger. A good "head start", typically at least about
      2 moles of water per mole of condensed phosphate salt, will permit
      sufficient hydration of the condensed phosphate during a very short (less
      6 minutes, preferably less than 2 minutes) sliding bed residence time. For
      suitable condensed phosphate salts such as STP, the salt will ordinarily
      be provided with more than 8% or 9% by weight of water before
      agglomeration begins, an exemplary range being 10-15 wt. %. The amount of
      water needed for a good head start varies with the nature of the condensed
      phosphate. e.g. its molecular weight.
PAR  Second, the condensed phosphate, due to its relatively slow hydration rate,
      has to compete with other hydratable salts for free (unbound) water
      available during the agglomeration step. Even if enough water is present
      to theoretically hydrate all of the salts in the detergent composition,
      the actual distribution of the water (chemically and physically)
      throughout the resulting agglomerated material may be the source of
      potential problems in further processing or handling of the composition or
      in performance characteristics in the washing machine. Thus, an apparently
      fully dried, free-flowing agglomerated detergent product may not be all
      that it seems. The condensed phosphate salt component of the composition
      can still be capable of taking on additional water of hydration. The
      hydrated builder salt crystals may be capable of giving up some of their
      water of hydration during warm storage conditions, thus providing a latent
      source of moisture which can adversely affect both chlorine stability and
      resistance to caking. To be speeded up, therefore, a single-stage sliding
      bed agglomeration process is preferably designed to provide (1) a
      controlled level of water of hydration for those salts which hydrate
      slowly but form stable hydrates and (2) maximum level of decomposition of
      unstable hydrates prior to packaging of the agglomerated product.
PAR  Third, it has been found that at least some thermally assisted dehydration
      of the agglomerated product is an important feature of the rapid,
      single-stage sliding bed agglomeration process when any of a wide variety
      of detergent builder salts are present in the composition and particularly
      when these detergent builder salts help to chemically dry the agglomerates
      through formation of thermally unstable hydrate salts. Typically, these
      detergent builder salts form hydrates which decompose or melt and thereby
      release water at temperatures well below 100.degree.C.; in fact, the
      decomposition temperature or melting point can be well within the typical
      warm storage temperature conditions discussed previously, e.g. near
      33.degree.C. This relative thermal instability should be contrasted with
      the relative stability of a hydrate such as STP hexahydrate, which
      decomposes at about 105.degree.C. Thus, thermally assisted
      dehydration/drying conditions can be controlled so that both free or
      uncombined water and thermally removable water of hydration (i.e. water of
      hydration removable at temperatures below the dehydration or decomposition
      temperature of stable condensed phosphate hydrates such as STP
      hexahydrate) can be removed from the agglomerates without substantial loss
      of chlorine from chlorine-releasing agents in the composition or breakdown
      of the relatively stable hydrated condensed phosphate salts. The need for
      some thermally assisted dehydration is particularly acute when a sodium
      silicate is added to the composition in the form of an aqueous spray. The
      solids content of any useful or practical aqueous silicate spray is likely
      to be less than 50 or 60 wt. %. Thus, the amount of water added along with
      the silicate is likely to be greater than needed for agglomeration
      purposes, though less than the total theoretical water of hydration
      requirements of the system, e.g. less than 16 moles of water for the sum
      of one mole of STP plus one mole of sodium carbonate. The moist
      agglomerates discharged from the sliding bed, with the silicate spray
      technique, can nevertheless contain some uncombined water (due to the
      short residence time) and thermally removable water of hydration (due to
      the relative thermal instability of salts such as Na.sub.2 CO.sub.3.sup..
      1OH.sub.2 O), both of which can be effectively removed by raising the
      temperature of the agglomerates to at least the decomposition temperature
      or melting point of the thermally unstable hydrates, e.g. to temperatures
      above 33.degree.C. Typical moist agglomerates emerging from the sliding
      bed contain about 3 - 10% by weight thermally removable water of hydration
      and a total water content (including such water of hydration) of about 20
      - 25 wt. %. Surprisingly, physical drying at these mildly elevated
      temperatures does not adversely affect the stability of typical
      chlorine-releasing agents, e.g. the chlorinated isocyanuric acid
      derivatives. Furthermore, if any chemical drying (i.e. hydrated salt
      formation) is to be relied upon during high throughput, single-stage,
      sliding bed agglomeration, it now appears that the rapid formation of
      unstable hydrates (e.g. sodium carbonate hydrates having a higher level of
      hydration than the monohydrate) is the best means to this end (provided an
      adequate drying step follows agglomeration). Hydration reactions involving
      the condensed phosphate are not generally a reliable and effective means
      of water uptake in this type of rapid agglomeration process; in fact,
      condensed phosphates pre-hydrated to a stable hydrate salt (e.g. STP
      hexahydrate) are operative in this invention as feed materials.
PAR  Briefly summarized, then, this invention involves modifying the process
      disclosed in DT-OS '701 such that:
PAR  a. at least about 2 moles of water have already been added to each mole of
      the alkali metal condensed polyphosphate prior to the time that the
      condensed polyphosphate contacts the sliding bed,
PAR  b. the residence time on the sliding bed is kept short, e.g. less than 6,
      preferably less than 2 minutes, and
PAR  c. the agglomerates resulting from this rapid, continuous, single-stage
      agglomeration are thermally dried and dehydrated by heating conditions
      which selectively remove thermally removable water of hydration without
      reducing other chemically bound water content (e.g. of condensed
      polyphosphates) below desired levels. The dryer will typically provide a
      dryer/dehydrating zone temperature above 40.degree.C., and the
      agglomerates will be exposed to this temperature until the agglomerated
      particles have obtained a temperature ranging from about 33.degree.C. to a
      temperature safely below the decomposition temperature (or melting point)
      of the hydrated condensed phosphate. It is also important to remove the
      agglomerates from the dryer as soon as the thermally removable water of
      hydration and uncombined water have been substantially driven off.
      Excessive exposure to drying conditions after the water in the composition
      has reached a low level could lead to the formation of water insoluble
      matter in the composition or could adversely affect temperature-sensitive
      components of the composition, e.g. the chlorine-releasing agent. In any
      event, the drying step is preferably short enough in duration to be
      compatible with a continuous, high production process.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention involves selection of suitable detergent ingredients and
      processing conditions. The apparatus (agglomerator, dryer, conveying
      equipment, etc.) used to practice the process consists by and large of
      commercially available or conventional components. Thus, the person
      skilled in the art will be able to select suitable apparatus based on a
      brief description of major pieces of equipment used in the process.
PAC  APPARATUS
PAR  The preferred type of agglomerator is generally referred to as rotating
      inclined disc or pan type. A particularly suitable inclined disc or pan
      apparatus is disclosed in FIGS. 1 - 4 of the aforementioned DT-OS '701.
      The basic inclined pan or disc structure is also well described in
      commercial literature published by Dravo Corporation.
PAR  As is particularly well illustrated by the Drawings of DT-OS '701, the dry,
      solid ingredients (with or without pretreatments such as spraying with
      liquid non-ionic surfactants, commingling of raw materials, etc.) can be
      distributed properly on the disc by a suitable feeding tube, and the
      aqueous agglomerating medium can be sprayed onto the resulting sliding bed
      by a suitable spray nozzle. More than one spray nozzle can be used, so
      that, for example, aqueous sodium silicate can be sprayed on from one
      nozzle and a liquid foam-suppressing non-ionic surfactant (full strength
      or diluted with water or solvents) or the like can be sprayed on from a
      second nozzle. The agglomerates discharged from the sliding bed can be
      conveyed to a suitable dryer by a conventional conveyor belt, or,
      preferably, by a gravity feed similar to the feeding tube arrangement
      placed over the disc. A gravity feed is easily arranged in any plant with
      enough space to locate the agglomerator on a higher level than the dryer.
PAR  The dryer can be, for example, the rotating, elongated horizontal drum type
      wherein hot air is introduced all along the length of the drum. With a
      suitable rotating drum dryer (e.g. the "Roto-Louvre" dryer supplied by
      Link-Belt Division of FMC Corporation) a continuous or substantially
      continuous throughput from the raw material feed to the rotating disc
      agglomerator to the dryer to receiving or collecting the final product can
      be arranged. The hot, dry selectively dehydrated product emerging from the
      dryer can, if desired, be screened through one or more standard sieves.
      Oversize particles can be crushed (e.g. to -8 mesh or, preferably, to -10
      or -12 mesh) and fines (typically resulting from this crushing of
      oversized particles) can be recycled as raw material fed to the
      agglomerator. It is generally desirable to cool the properly-sized
      agglomerate fraction (i.e. the product fraction) to normal ambient
      temperatures by any suitable means.
PAR  Thus, a large, high production output is possible with basically two major
      pieces of equipment; the rotating disc agglomerator and the rotating drum
      dryer.
PAC  DETERGENT INGREDIENTS
PAR  As is known in the art, all detergents have in common their ability to
      clean, but the similarity may end there. For example, laundry detergents
      often are mildly alkaline and are capable of generating foam which helps
      to lift or carry away soil from textile materials. Hand dishwashing
      detergent compositions are somewhat similar to laundry detergents, and, in
      addition, may contain lubricants or emollients for the hands. Detergents
      for cleaning hard surfaces such as dishes in washing machines such as
      dishwashers are generally tailored for the peculiar cleaning action and
      environment of the wash tank of those machines, and thus are formulated
      somewhat differently. In machine dishwashing detergent compositions,
      higher alkalinity and foam suppression are normally desirable.
      Sequestering of hardness (alkaline earth ions, ferric ions, etc.) by means
      of condensed phosphates, alone or in combination with other materials, is
      a typical feature of the machine dishwashing process. Detergent builder
      salts, anti-corrosion agents, foam-suppressing surfactants,
      chlorine-releasing agents, and fillers ordinarily are included in a
      detergent formulation in addition to the condensed phosphate component.
      The process of this invention is particularly well-suited to producing
      agglomerated machine dishwashing detergent compositions for home or
      industrial use, particularly the typical home or consumer product, which
      contains all or nearly all of the usual machine dishwashing detergent
      ingredients.
PAC  THE CONDENSED PHOSPHATES
PAR  By "condensed phosphates" is normally meant the alkali metal condensed
      phosphate salts, well known to those engaged in the detergent industry.
      These salts are generally characterized by the structural formula:
      ##EQU1##
PAR  Wherein M is hydrogen or an alkali metal (at least one M being an alkali
      metal) and n is an integer ranging from 1 to about 6. Although higher
      numerical values of n are well known, these higher condensed phosphates
      have a lower water solubility, and their hydrated form is less suitable
      for the practice of this invention.
PAR  Typical alkali metal condensed phosphates salts useful in this invention
      include tetrasodium pyrophosphate, tetrapotassium pyrophosphate, sodium
      tripolyphosphate, (STP), other sodium polyphosphates and the like.
      Mixtures of these salts can, of course, be used as the condensed phosphate
      component. These salts can form hydrates with adequate thermal stability.
      For example, STP hexahydrate will not decompose under warm storage
      conditions (e.g. the 30.degree. - 45.degree.C. conditions mentioned
      previously).
PAR  As used in the compositions of the present invention, the amount of
      condensed phosphate in the detergent compositions will be at least about
      2% by weight of the total agglomerated composition. Amounts up to 90% or
      even 95% by weight are technically possible and even desirable; however, a
      condensed phosphate content below 60% or 70% by weight is preferable for
      economic reasons. The condensed phosphate content can be reduced below 35
      wt. % or even 25 wt. % through proper formulation, e.g. through
      combinations with other hardness sequestering agents known in the art; see
      U.S. Pat. No. 3,700,599 (Mizuno et al), issued Oct. 24, 1972.
PAC  HYDRATABLE DETERGENT BUILDER SALTS AND CORROSION INHIBITORS
PAR  Detergent builder salts are also well known, and at least one hydratable
      detergent builder salt is normally included in the composition in the
      amount of at least 2% but preferably less than 70% by weight. To avoid the
      sometimes confusing terminology used in the art, the term "detergent
      builder salts" is used herein primarily with reference to those salts,
      (generally sodium or potassium salts) included in the composition for
      increasing alkalinity, for inhibiting corrosion of flatware, for extending
      the composition, or for water conditioning by precipitation of hardness,
      rather than for sequestering of alkaline earth metal ions such as calcium
      or magnesium ion. Thus, most detergent builder salts are not hardness
      sequestering agents, even though they may precipitate hardness from the
      wash water (in machine dishwashing, sequestration is the preferred means
      for reducing hardness, since precipitated calcium carbonate or the like
      can form a film upon dishes or glassware). About the only typical example
      of a class of detergent builder salts which can do double duty (in the
      sense of also sequesting some hardness) are the alkali metal
      pyrophosphates. Again, for economic reasons, it would ordinarily be
      undesirable to replace inexpensive builders such as soda ash with
      pyrophosphates. Similarly, the di- and tri- alkali metal orthophosphates,
      though operative as builder salts, have the same economic drawback as the
      pyrophosphates. The preferred detergent builder salts are typically alkali
      metal carbonates, bi-carbonates, silicates, metasilicates, and borates.
      Although the carbonates (e.g. soda ash) tend to precipitate hardness (e.g.
      CaCO.sub.3) in a manner which is less desirable than other alkali metal
      salts (e.g. sodium sulfate), they are inexpensive and are effective
      chemical drying agents during agglomeration, and, in addition, have the
      desired effect on the pH of the composition. The typical pH range for
      compositions of this invention is about 9 to about 13, preferably about
      10.0 to 12.8, determined with a standard pH meter upon a 1.0 wt. % water
      solution of the composition.
PAR  Alkali metal metasilicates are useful builder salts or additives and can be
      added to the composition in dry or dissolved form. The metasilicates are
      sufficiently alkaline to significantly elevate pH and have some corrosion
      inhibiting properties. Alkali metal silicates with silica/sodium oxide
      ratios higher than the metasilicates are effective corrosion inhibitors,
      though these high ratios (e.g. 1.5:1 to 3.25:1 in SiO.sub.2 :Na.sub.2 O)
      make them less effective in raising pH. These silicates are most
      conveniently and economically obtained in the form of aqueous sodium
      silicate solutions containing about 35 to about 50 wt. % solids. As noted
      previously, the aqueous sodium silicate solutions can be used as a source
      of water for the agglomeration step of the process. The sodium silicates
      can also be added in dry form, in which case the moistening agent during
      the agglomeration step can be water per se, an aqueous solution of a
      suitable surfactant, etc. The various detergent builder salts (as defined
      herein) do not work with equal effectiveness, particularly with regard to
      providing an anhydrous material which will readily pick up water during
      agglomeration and will release it during the thermally assisted drying or
      dehydrating step. Sodium and/or potassium carbonate are generally
      preferred for this purpose. At least in theory, sodium carbonate or sodium
      carbonate monohydrate can be raised to higher levels of hydration, e.g.
      the heptahydrate or decahydrate level, fairly rapidly. At mildly elevated
      temperatures (e.g. 33.degree. - 60.degree.C) the higher hydrates of sodium
      carbonate revert to the monohydrate form, which is generally storage
      stable.
PAC  CHLORINE RELEASING AGENTS
PAR  Most dishwashing detergent compositions (as well as other detergent
      compositions) contain an agent which sanitizes the articles being cleaned
      through the biocidal or biostatic effect of chlorine. The chlorine is
      released by the sanitizing agent while the articles are being washed.
      Needless to say, it is detrimental to the function of the detergent
      composition if the chlorine is released prematurely. The chlorine
      releasing (sanitizing) agents used in this invention are solids and (to
      provide good chlorine retention prior to use) are preferably derived
      ultimately from isocyanuric acid. Among these agents are potassium and
      sodium dichloroisocyanate, trichloroisocyanuric acid, and "double salts"
      or crystalline complex salts or hydrated salts thereof (see U.S. Pat. No.
      3,272,813). Other less preferred chlorine releasing agents not related
      chemically to isocyanuric acid are well known, e.g. chlorinated trisodium
      phosphate, trichloromelamine, and the like. The preferred
      chlorine-releasing or sanitizing agents are fully effective in amounts
      less than 10% or even less than 5% by weight. Based on the total weight of
      the composition, 0.1 -  3% of the chlorine-releasing agent is ordinarily
      effective.
PAC  SURFACTANTS
PAR  Although various types of surfactants are useful in detergent compositions,
      those which have a tendency to produce stable foam are preferably excluded
      or used in minimal amounts in machine dishwashing compositions. The
      preferred surfactants of this invention have a cloud point of about
      45.degree.C. or less, determined in distilled water at a concentration of
      1%. These preferred surfactants, at 0.1 wt. % concentration, have
      Ross-Miles test values indicating the formation of very little stable foam
      after several minutes, e.g. Ross-Miles foam height values of less than
      45mm/15mm (initial value/5 minute value). Typical of these preferred
      low-foaming or de-foaming surfactants are non-ionic surfactants containing
      oxyethylene and, if desired, some oxypropylene units. See, for example,
      U.S. Pat. No. 3,048,548, issued Aug. 7, 1962 and U.S. Pat. No. 3,442,242,
      issued May 13, 1969. Another useful low foaming surfactant system is a
      blend of low foaming oxyethylene-oxypropylene adduct and an alkyl
      phosphate ester as described in U.S. Pat. Nos. 3,314,891 (Schmolka et al)
      and 3,595,968 (Groves).
PAR  The aforementioned surfactant (or blend of surfactants) is ordinarily added
      as a liquid and in limited amounts (e.g. 0 - 5% by weight of the total
      formulation) by any convenient means such as spraying. It can be sprayed,
      at full strength or in solution, onto a raw material (e.g. the condensed
      polyphosphate) or directly onto the sliding bed.
PAC  OTHER INGREDIENTS
PAR  Depending upon the end use and desired performance characteristics of
      compositions of this invention, fillers (including neutral salts),
      anti-caking agents, coloring agents, alkali metal hydroxides, and the like
      can be included as dry solids, or sprayed onto the sliding bed as solids
      dissolved or suspended in water. Alkali metal hydroxides (e.g. caustic
      soda, KOH, etc.) can be included in the composition in minor amounts,
      preferably less than 5 wt. %. Larger amounts can have undesired effects
      upon the moisture uptake and drying conditions used in this invention.
      Neutral alkali metal salts such as sodium sulfate (preferably anhydrous)
      are useful in combination with alkaline detergent builder salts (e.g.
      sodium or potassium carbonate). Sodium sulfate precipitates hardness in a
      form which is less likely to form a visible film on clear glass.
      Furthermore, this salt can also serve to some extent as a scavenger for
      water during storage of the composition. Sodium chloride is useful as a
      filler in some compositions and applications where corrosion is not likely
      to be a problem. Other known salts occasionally used in detergents include
      nitrates and acetates, preferably sodium nitrate or acetate. Generally
      speaking, any materials which serve to emulsify and remove food soils,
      inhibit the foam caused by certain food soils, promote wetting of
      dinnerware to inhibit spotting, remove stains such as those caused by
      coffee and tea, prevent build-up of soil films on dinnerware surfaces,
      reduce or eliminate tarnishing of flatware, and destroy bacteria can be
      useful in compositions of this invention, provided the various criteria
      and limits described previously are complied with.
PAR  To sum up, a typical composition of this invention, after agglomeration,
      comprises:
PAR  5-60% by weight of alkali metal condensed polyphosphate (not including
      water of hydration),
PAR  2-70% (e.g. 10-40%) by weight of at least one inorganic alkali metal
      detergent builder salt, such as a carbonate, orthophosphate,
      pyrophosphate, metasilicate or borate (not including water of hydration,
      if any),
PAR  0.1-10% by weight of an alkali metal salt of a chlorinated isocyanuric
      acid,
PAR  0-20% (e.g. up to 17%) by weight of a substantially neutral alkali metal
      salt (e.g. sodium sulfate),
PAR  0-5% by weight of the surfactant,
PAR  0-5% by weight of an alkali metal hydroxide, and
PAR  about 5-20% by weight of the sodium silicate (as solids), e.g. 25-35% by
      weight sodium silicate as an aqueous solution. (The preferred sodium
      silicates have a silica/sodium oxide ratio of 1.6:1 to 3.22:1.)
PAR  The composition is dry and contains only tract amounts of free water, if
      any. The water in the composition is essentially in the form of water of
      hydration, e.g. hydrated condensed phosphate, sodium carbonate
      monohydrate, hydrous silicate, and the like. The total amount of bound
      water in the composition is typically not more than about 20 or 25% by
      weight, but generally will not be less than about 10 or 15% by weight.
PAC  THE PROCESS
PAR  The first step in the process of this invention preferably involves
      providing a condensed phosphate brought to a minimum level of hydration.
      This partially hydrated condensed phosphate is then distributed onto the
      sliding bed (with or without previous commingling with other ingredients)
      with other dry solid ingredients, such as: at least one substantially
      anhydrous, particulate, detergent builder salt capable of forming a
      hydrate which is unstable or molten at temperatures above 33.degree.C. but
      well below 100.degree.C.; the chlorine-releasing agent; and the like. The
      sodium silicate is typically added in the form of aqueous solutions or
      suspensions sprayed onto the sliding bed. Liquid surfactants can be
      sprayed onto dry or partially hydrated raw materials during or prior to
      agglomeration. In the process of this invention, the condensed phosphate
      salts, a detergent builder salt, and the chlorine-releasing agent can be
      simultaneously commingled and agglomerated on the sliding bed. This
      invention does not require multiple stage agglomeration, special particle
      coating for encapsulation steps, or any other relatively complex
      operations often used to ensure chlorine stability for the chlorinated
      isocyanurates. Fully hydrated STP hexahydrate can be provided or selected
      as a raw material for the process of this invention. The hexahydrate
      theoretically contains about 23% by weight of bound water. It has been
      found that it is not necessary to prehydrate the STP all the way up to
      this 23% level, however. More than 8% by weight (corresponding to at least
      about 2 moles of water per mole of STP) can be adequate. A hydration level
      of at least about 9 or 10% by weight appears to give the STP a sufficient
      head start, so that it will be sufficiently hydrated during the very short
      residence time in the agglomerator, despite the competition for available
      water resulting from the presence of anhydrous or partially hydrated
      sodium carbonate. At least some of the water added to the STP is thus
      apparently in the form of water of hydration even before this partially
      hydrated STP comes into contact with other hydratable salts on the sliding
      bed.
PAR  In one embodiment of the invention, at least partially hydrated condensed
      phosphate, builder salt, and chlorine-releasing agent are fed through the
      same distributor or feed means (along with recycled fines, if any) and
      simultaneously commingled and agglomerated on the rotating disc. In
      another embodiment, the detergent builder salt (including any neutral
      salts such as sodium sulfate) and the chlorine-releasing agent are fed to
      the disc, while the condensed phosphate is added by itself to a different
      portion of the disc where it can be passed through a water spray (for
      pre-hydration) before it is distributed onto the sliding bed along with
      the other dry detergent ingredients.
PAR  Thus, the pre-hydration of the condensed phosphate can be provided for in
      any suitable manner prior to commencing the single-stage agglomeration
      process and prior to commencing the hydration reactions which occur during
      the agglomeration. Furthermore, the combination of the pre-hydrated
      condensed phosphate and the other dry solid ingredients can be commingled
      prior to the single stage agglomeration, but such pre-mixing is not
      necessary. The condensed phosphate can be hydrated and stored until
      needed; a hydration step can be set up as a continuous pre-treatment of
      anhydrous condensed phosphate raw material; or the pre-treatment step can
      be reduced in time to a matter of seconds by the water spray approach
      described previously. One method for providing this short duration but
      adequate pre-hydration is to add the anhydrous condensed phosphate
      directly to the agglomerator disc (e.g. at 1 o'clock) so that it will pass
      through the water spray and obtain a head start on hydration prior to the
      time that all the other ingredients are introduced for agglomeration (e.g.
      at 5 or 6 o'clock on a clockwise rotating disc). For all practical
      purposes, no agglomeration of the condensed phosphate occurs during the
      pre-hydration step since a single-stage agglomeration is desired.
PAR  As the dry components (i.e. those added essentially as particulate solids
      rather than as solids dissolved or suspended in water) are distributed
      onto the generally planar, inclined, rotating and sliding (or scouring)
      bed, spraying the bed with at least an agglomerating amount of a suitable
      aqueous medium will result in a rather well controlled agglomeration of
      the particulate solids. As pointed out previously, water per se, water
      containing a surfactant, and aqueous sodium silicate solutions are among
      the suitable aqueous media. A few percent by weight of pure water can be
      sufficient to provide agglomeration. However, when the aqueous medium
      includes a dissolved sodium silicate, the amount of water added to the
      sliding bed is ordinarily in excess of the amount needed purely for
      agglomeration. The residence time in the agglomerator can be surprisingly
      short; as pointed out previously "residence time" is defined as weight on
      the bed divided by total feed rate. As in the DT-OS '701 process, the
      agglomerates quickly attain sufficient size to slide down the disc under
      their own weight and spill over the bottom area (generally along the 5 to
      7 o'clock position) of the retaining ring of the rotating disc (or the
      bottom wall of the inclined pan). This automatic size classification and
      discharge of agglomerates from the disc is followed by conveying of the
      agglomerated particles to the heating drum, e.g. by a gravity feed or
      conveyor belt. The manner in which this residence time and discharge rate
      (with the attendant conveying to the dryer) can be controlled is through
      appropriate selection, arrangement, and manipulation of the equipment. As
      the person skilled in the art will readily appreciate, several factors can
      be varied at will to control agglomerator residence time and agglomerate
      size, e.g. feed rate to the disc, angle of the disc, rotational speed of
      the disc, number and location of water sprays, etc.; see DT-OS '701,
      particularly the discussion of FIGS. 1 - 4. The result of such
      manipulation is a very adequate control over the particle size and
      particle density of the agglomerates (i.e. enlarged, composite particles)
      sent to the dryer. Normally, at least 60% by weight of the agglomerates
      discharged from the disc are firm particles within the size range of -4
      +80 mesh in the U.S. Standard Sieve Series. After drying, the oversize
      agglomerates can be crushed or scalped to the desired maximum size (e.g.
      -8, -10, or -12 mesh) and fines capable of passing an 80 mesh, or if
      desired, 60 mesh screen on the U.S. Standard Scale can be recycled to the
      agglomerator. With proper care, oversized particles can be reduced to less
      than 10 or even less than 5% by weight of the agglomerates, and fines
      (except for those fines resulting from crushing of the oversize material)
      can be almost eliminated.
PAR  The agglomerates discharged from the sliding bed are conveyed to a heated
      drying or dehydrating zone typically provided by an elongated,
      substantially horizontally oriented, rotating drum dryer in which hot, dry
      air is introduced along the entire length of the drying zone. The drying
      zone thus has an ambient temperature well above room temperature,
      generally at least above 33.degree.C. and preferably above 40.degree.C.,
      since one of the objectives of the drying step is to elevate the
      agglomerates to a temperature at which absorbed free water and undesirable
      or thermally removable waters of hydration will be driven off. That is,
      the agglomerates are raised to at least 33.degree.C. and preferably to at
      least 40.degree.C. Agglomerate temperatures (as opposed to drying zone
      ambient temperatures) as high as 50.degree. or even 60.degree.C. will
      drive off the water in less than 2 hours, typically in about 0.2-1 hour,
      depending on the hot air flow rate through the dryer. If the drying zone
      residence time is less than about 0.2 hours, the resulting product either
      could contain some undesired moisture or could be degraded by the high
      temperatures needed to achieve full drying in such a short span of time.
      The agglomerates themselves should be kept safely below the decomposition
      temperature of the hydrated condensed phosphate--in other words, safely
      below about 100.degree.C. (The decomposition temperature of STP
      hexahydrate is about 105.degree.C.) For the higher hydrates of sodium
      carbonate, this presents no problem, since they readily revert to sodium
      carbonate monohydrate in the 33.degree. - 60.degree.C. range. For hydrates
      of sodium metasilicate, on the other hand, an agglomerate temperature as
      high as 75.degree.C. would be required if this salt were to be fully
      dehydrated. Fortunately, there is ordinarily no need for such high
      temperature dehydrations. Hydrates with this level of stability would not
      be likely to decompose even under the warmest storage conditions.
PAR  As the skilled artisan will readily appreciate from the foregoing
      disclosure, time, temperature, and air flow rate are inter-related during
      the drying step. Bringing the agglomerates to 60.degree. or 75.degree.C.
      (through the use of very high ambient temperatures in the dryer) can
      shorten the residence time in the dryer, while the use of mildly elevated
      temperatures may result in a need for residence times even longer than 2
      hours. Long drying residence times depress the production rate and can
      result in chlorine stability problems or the formation of water-insoluble
      silicates. Short residence times in the dryer may increase the apparent
      production rate, but the risk of adversely affecting the stability of the
      agglomerates and/or incompletely drying them is high. Thus, there may be
      no real advantage in decreasing the drying zone residence time below about
      20 or 25 minutes.
PAR  The ambient temperature in the dryer must, of course, be at or above the
      temperature that the agglomerates are to reach prior to being discharged
      from the dryer. Thus, the heating zone provided by the dryer drum will
      ordinarily have an ambient temperature above about 40.degree.C., and the
      temperature at the hot air inlets to the dryer will ordinarily be above
      100.degree.C., e.g. 130.degree. - 140.degree.C. (This 130.degree. -
      140.degree.C. air is, of course, cooled by evaporation and the like
      occuring within the dryer drum.) Typically, the agglomerates discharged
      from the dryer are at or near their peak temperature.
PAR  It is preferred that the agglomerates discharged from the drying or heating
      zone enter a significantly cooler environment, e.g. a normal room
      temperature environment. Once the agglomerates have been properly screened
      and (if necessary) crushed to the desired size, further cooling by any
      suitable means can be desirable to remove any heat that still remains in
      the agglomerates from the drying step.
PAR  Agglomerates produced by this invention tend to be firm and have good
      physical strength. They generally resist fracture during mechanical
      handling.
PAR  In the following non-limiting but illustrative Examples all parts and
      percentages are by weight unless otherwise specified.
PAC  EXAMPLE 1
PAR  A detergent formulation was prepared in accordance with the method of the
      invention by combining the following materials on a 39-inch diameter
      inclined disc with a retaining ring around its periphery (as in
      DT-OS-'701).
TBL  ______________________________________                                    

     Component               Weight Percent                                    

     ______________________________________                                    

     Sodium tripolyphosphate, hydrated                                         

                             49.32                                             

     Sodium Carbonate        9.77                                              

     Sodium sulfate          10.25                                             

     Polyoxyalkylene surfactant                                                

                             1.08                                              

     Sodium dichloroisocyanurate                                               

                             1.45                                              

     Aqueous sodium silicate (46% solids,                                      

      Na.sub.2 O:SiO.sub.2 1.0:2.4)                                            

                             30.66                                             

     Encapsulated perfume    0.16                                              

     ______________________________________                                    

PAR  The rpm of the disc, feed rate of raw material, angle of inclination and
      placement of liquid sprays was arranged to provide an agglomerator
      residence time of 1.7 minutes. The surfactant was the liquid, non-ionic
      polyoxyalkylene detergent described in U.S. Pat. No. 3,048,548 to Temple
      et al.
PAR  Agglomerates spilling over the retaining ring were conveyed by gravity feed
      into a horizontal rotary dryer (Roto-Louvre by FMC Corp.). The temperature
      of the hot air introduced into the dryer was 220.degree.F. (104.degree.C).
      The agglomerates emerging from the dryer were at a temperature within a
      few degrees of 120.degree.F (49.degree.C) which was approximately the peak
      temperature obtained by the agglomerates during the drying step. The
      residence time of the product in the dryer was 24 minutes.
PAR  Virtually all of the agglomerates emerging from the dryer were in the -4+60
      US mesh size range. The entire product was ground in a hammermill and then
      screened on a 60 mesh screen. The resultant product was essentially all in
      the -12+60 US mesh size range plus about 20 weight percent fines were
      produced by grinding and they were recycled back to the agglomeration bed.
PAR  The agglomerates leaving the agglomeration bed contained about 25% by
      weight total moisture and those leaving the dryer contained about 15.5% by
      weight of total moisture.
PAR  The chlorine stability of the agglomerates was tested. Essentially no
      chlorine loss during agglomeration and drying could be detected. After
      storage of the agglomerated, dried, ground product for 4 weeks at room
      temperature, the available chlorine losses were only 22%.
PAR  Chemical analysis indicated no significant reversion of sodium
      tripolyphosphate to orthophosphate during processing and storage.
PAR  A "cup caking" test was made by determining the length of time needed to
      wash all of the agglomerated detergent out of a dishwasher detergent
      dispensing cup. By reference to actual performance tests, it was
      determined that a test reading of 30 seconds or less was acceptable.
      Product produced by this example was found to have a test reading less
      than 10 second which compares very favorably to the test results for
      products described in U.S. Pat. No. 3,306,858 (Oberle).
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated with the following composition:
TBL  Component               Weight Percent                                    

     ______________________________________                                    

     Sodium tripolyphosphate, hydrated                                         

                             33.73                                             

     Sodium carbonate        24.37                                             

     Sodium sulfate          6.33                                              

     Polyoxyalkylene surfactant                                                

                             0.95                                              

     Sodium dichloroisocyanurate                                               

                             1.42                                              

     Aqueous sodium silicate (46% solids,                                      

      Na.sub.2 O:SiO.sub.2 1:2.4)                                              

                             33.70                                             

     ______________________________________                                    

PAR  The chlorine stability of the product made by this Example had chlorine
      losses of 29.5% after 4 weeks storage at room temperature.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 was repeated on a 6 foot diameter inclined disc
      with a retaining ring around the periphery. The anhydrous sodium
      tripolyphosphate was prewetted with water in a Patterson-Kelley continuous
      liquid-solids blender as it was fed onto the disc.
TBL  ______________________________________                                    

     Component               Weight Percent                                    

     ______________________________________                                    

     Sodium tripolyphosphate, anhydrous                                        

                             29.07                                             

     Sodium carbonate        27.28                                             

     Sodium sulfate          7.53                                              

     Polyoxyalkylene surfactant                                                

                             0.94                                              

     Sodium dichloroisocyanurate                                               

                             2.23                                              

     Aqueous sodium silicate (46%                                              

      solids, Na.sub.2 O:SiO.sub.2 1:2.4)                                      

                             30.42                                             

     Pure water              2.53                                              

     ______________________________________                                    

PAR  The agglomerator residence time was 2.3 minutes. Agglomerates spilling over
      the retaining ring were conveyed by gravity into a horizontal rotary dryer
      having an inlet air temperature of 267.degree.F. The agglomerates emerging
      from the dryer were at a temperature of 114.degree.F. The product
      residence time in the dryer was 38 minutes.
PAR  About 30% of the product emerging from the dryer was larger than 10 U.S.
      mesh size with almost none smaller than 60 U.S. mesh. The entire product
      was screened through a 12 mesh screen and on a 60 mesh screen with the
      oversize ground in a hammermill and recycled back through the screens. The
      resultant product was virtually all in the -12+60 U.S. mesh size range.
      About 20 weight percent fines (-60 U.S. mesh) were produced during
      grinding and recycled back to the agglomeration bed.
PAR  The agglomerates leaving the agglomeration bed contained about 20% by
      weight total moisture and those leaving the dryer contained about 16.5 by
      weight total moisture.
PAR  After storage of the product at room temperature for four weeks the
      available chlorine loss was 5%. Cup caking times as described in Example 1
      were less than 10 seconds.
PAC  EXAMPLE 4
PAR  The procedure of Example 3 was repeated with the following composition:
TBL  Component               Weight Percent                                    

     ______________________________________                                    

     Sodium tripolyphosphate, anhydrous                                        

                             40.25                                             

     Sodium carbonate        16.41                                             

     Sodium sulfate          4.54                                              

     Polyoxyalkylene surfactant                                                

                             0.97                                              

     Sodium dichloroisocyanurate                                               

                             1.49                                              

     Aqueous sodium silicate (46% solids,                                      

      Na.sub.2 O:SiO.sub.2 1:2.4)                                              

                             29.24                                             

     Pure Water              7.10                                              

     ______________________________________                                    

PAR  The agglomerator residence time was 1.5 minutes and dryer residence time
      was 30 minutes. The temperature of air entering the dryer was
      290.degree.F. The temperature of the agglomerates discharging from the
      dryer was 120.degree.F.
PAR  About 3.5% of the product emerging from the dryer was larger than 12 U.S.
      mesh size and less than 1% was smaller than 60 U.S. mesh size.
PAR  The total moisture content of agglomerates leaving the agglomeration bed
      was 22% and in product leaving the dryer the moisture content was 17.2%.
PAR  After storage of the product at room temperature for four weeks the
      available chlorine loss was 10%. Cup caking times (as described in Example
      1) were 15 - 17 seconds.
PAC  EXAMPLE 5
PAR  The procedure of Example 3 was repeated with the following composition:
TBL  Component               Weight Percent                                    

     ______________________________________                                    

     Sodium tripolyphosphate, anhydrous                                        

                             41.88                                             

     Sodium carbonate        20.94                                             

     Polyoxyalkylene surfactant                                                

                             1.05                                              

     Sodium dichloroisocyanurate                                               

                             1.87                                              

     Aqueous sodium silicate (46% solids,                                      

     Na.sub.2 O:SiO.sub.2 1:2.4)                                               

                             29.63                                             

     Pure Water              4.64                                              

     ______________________________________                                    

PAR  The agglomerator residence time was 1.9 minutes and the dryer residence
      time was 34 minutes. The temperature of air entering the dryer was
      262.degree.F. and the temperature of agglomerates discharging from the
      dryer was 121.degree.F.
PAR  The product was screened through a 12 U.S. mesh screen and the oversized
      material was ground in a hammermill and recycled to the aggomerator.
PAR  The total moisture content of agglomerates leaving the agglomeration bed
      was about 21% by weight and in the product leaving the dryer the moisture
      content was 15%.
PAR  After storage of the product at room temperature for four hours the
      available chlorine loss was 2.6%. Cup caking times (as described in
      Example 1) were less than 10 seconds.
PAR  Available chlorine analyses of the compositions made by each of these
      Examples were made periodically and compared with the formulation of
      Example 5 made by the "pre-mix" technique of Oberle, U.S. Pat. No.
      3,306,858, rather than by agglomeration. Samples for these analyses were
      stored in plastic bottles at room temperature. The results of the analyses
      are as follows:
TBL                PERCENT AVAILABLE CHLORINE RETAINED                         

     ______________________________________                                    

                                        "Pre-Mix"                              

     Ex.1       Ex.2   Ex.3   Ex.4 Ex.5 (Non-agglomerated)                     

                                        Product                                

     ______________________________________                                    

     14 days 79.4   75.9   93.3 91.7 96.9 86.7                                 

     21 days 79.7   78.3   96.5 87.3 96.8 79.8                                 

     28 days 78.0   71.5   95.9 90.1 97.4 81.7                                 

     35 days 80.1   75.0   --   82.5 96.2 79.6                                 

     45 days --     --     94.0 --   96.0 80.7                                 

     60 days 75.5   --     90.9 --   --   79.8                                 

     75 days 67.8   --     82.5 --   94.4 68.2                                 

     90 days 64.4   --     81.2 --   91.2 68.0                                 

     120 days                                                                  

             58.3   --     74.3 --   85.7 61.9                                 

     ______________________________________                                    

PAR  The stability of the products made by these Examples was surprising in view
      of prior art teachings that de-foaming surfactants, chlorine-release
      agents, detergent builder salts, liquid silicate solutions and/or STP must
      be added in one or another specific sequences to protect chlorine
      stability (U.S. Pat. Nos. 3,761,416; 3,625,902; 3,359,207; 3,248,330). In
      these Examples, these materials were substantially continuously fed
      directly to the agglomerator and thereby mixed and agglomerated at the
      same time. Although this invention is not bound by any theory, it is
      assumed that there are non-porous protective barriers of sodium silicate
      within each agglomerated particle which inhibit migration of chlorine and
      de-foamer.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A continuous single-stage agglomeration process for producing an
      agglomerated detergent composition comprising the steps of:
PA1  a. distributing substantially non-agglomerated particles onto a generally
      planar, inclined, rotating, sliding bed of particles of detergent
      ingredients, said substantially non-agglomerated particles consisting
      essentially of:
PA2  1. an at least partially hydrated condensed phosphate salt capable of
      sequestering hardness-causing metal ions and capable of retaining all of
      its water of hydration until heated at least to a decomposition
      temperature above 45.degree.C., said condensed phosphate salt being a
      sodium or potassium salt of the formula
      ##EQU2##
      wherein M is hydrogen, sodium, or potassium, at least one M being sodium
      or potassium, and n is a number ranging from 1 to about 6;
PA2  2.
NUM  2.
PAR  2. a solid chlorine-releasing agent selected from the group consisting of
      chlorinated isocyanuric acid; a sodium salt of said acid; a potassium salt
      of said acid; and sodium and potassium double salts, crystalline complex
      salts, and hydrated salts of said acid;
PA2  3. a hydratable detergent builder salt capable of forming a hydrate salt
      which decomposes and releases at least some of its water of hydration at a
      decomposition temperature below said decomposition temperature of said
      condensed phosphate salt; said hydratable detergent builder salt being
      selected from the group consisting of the following sodium and phosphate
      salts: the carbonates, bicarbonates, orthophosphates, pyrophosphates,
      borates, metasilicates, and silicates with a higher silica/sodium or
      potassium oxide ratio than metasilicate, said ratio ranging up to 3.25:1;
PA1  b. continuing the rotation of said bed and contacting said substantially
      non-agglomerated particles with water in an amount at least sufficient to:
PA2  1. form a partially hydrated detergent builder salt, and
PA2  2. cause said substantially non-agglomerated particles to agglomerate to
      form enlarged, composite particles;
PA1  c. conveying said enlarged composite particles, after a residence time on
      said bed of less than 15 minutes, to a heating zone in which the heating
      conditions are sufficient to raise said enlarged composite particles to a
      peak temperature at least equal to a temperature below said decomposition
      temperature of said phosphate salt, at which the hydrated detergent
      builder salt resulting from said step
PA1  b. will converted to a lower level of hydration which is stable under
      normal storage and handling conditions;
PA1  d. discharging said enlarged, composite particles from said heating zone
      into a relatively cooler environment no earlier than the time said lower
      level of hydration has been reached but before said chlorine-releasing
PAR   agent has decomposed and become ineffective as a chlorine source. 2. A
      process according to claim 1 wherein said detergent builder salt is a
      non-sequestering salt selected from the group consisting of the alkali
      metal carbonates, di- and tri-alkali metal orthophosphates, alkali metal
      silicates, and alkali metal borates, said alkali metal being selected from
      the group consisting of sodium and potassium.
NUM  3.
PAR  3. A process according to claim 1, wherein said substantially
      non-agglomerated particles include 0 - 20% by weight of anhydrous sodium
      sulfate and 0 - 5% by weight of an alkali metal hydroxide selected from
      the group consisting of caustic soda and KOH.
NUM  4.
PAR  4. A process according to claim 1 which comprises the steps of:
PA1  I. adding at least about 2 moles of water to each mole of sodium or
      potassium condensed phosphate salt to obtain said partially hydrated
      condensed phosphate salt prior to said step (a);
PA1  Ii. discharging from said inclined, rotating, sliding bed the agglomerates
      resulting from said step (b) after less than 6 minutes residence time in
      said inclined, rotating, sliding bed;
PA1  Iii. heating the agglomerates obtained from said step II in a heating zone
      having an ambient temperature above 40.degree.C. until said agglomerates
      reach a temperature of at least about 33.degree.C.; and
PA1  Iv. removing said agglomerates from said heating zone to a relatively
      cooler environment as soon as said agglomerates have reached a storage
      stable condition.
NUM  5.
PAR  5. A process according to claim 1 wherein:
PA1  at least some of the enclarged, composite particles discharged from said
      heating zone in step (d) are small enough to pass a 4 mesh U.S. Standard
      Screen and at least some of said enlarged, composite particles are large
      enough to be retained on 80 mesh U.S. Standard Screen;
PA1  said enlarged composite particles are screened subsequent to said step (c)
      to a size range of about 0.25 to about 2.5 mm; and
PA1  particles smaller than about 0.25 mm passing through the screen are
      recycled for use in said step (a);
PA1  and wherein the residence time on said bed in said step (b) is less than 6
      minutes.
NUM  6.
PAR  6. A process according to claim 1 wherein at least about 2 moles of water
      is added to each mole of said condensed phosphate salt to obtain the
      partially hydrated condensed phosphate salt of said step (a) (1).
NUM  7.
PAR  7. A process according to claim 1 wherein the water used in step (b)
      contains dissolved or suspended solids, and wherein the amount of water
      used to complete step (b) is less than the combined theoretical maximum
      water of hydration of the hydratable salts included in said detergent
      ingredients and said dissolved or suspended solids.
NUM  8.
PAR  8. A process according to claim 1 wherein:
PA1  a. said at least partially hydrated condensed phosphate salt is
      substantially fully hydrated;
PA1  b. the water used in step (b) is substantially free of dissolved or
      suspended solids; and
PA1  c. said water is sprayed onto said substantially non-agglomerated particles
      in an amount sufficient to agglomerate said particles but not sufficient
      to fully hydrate any hydratable salts in said non-agglomerated particles.
NUM  9.
PAR  9. A process according to claim 1 wherein said step (a) is carried out by:
PA1  1. feeding a substantially anhydrous alkali metal condensed phosphate salt
      having a particle size range small enough to pass a 60 mesh U.S. Standard
      Screen to a generally planar, inclined, rotating disc agglomerator,
PA1  2. spraying said condensed phosphate salt, while on said disc agglomerator,
      with water under non-agglomerating conditions until said condensed
      phosphate salt has taken up more than 8% by weight of water,
PA1  3. physically adding said chlorine-releasing agent and said hydratable
      detergent builder salt to the resulting partially hydrated condensed
      phosphate salt, and
PA1  4. agglomerating the combination provided by step (3) on said rotating,
      sliding bed.
NUM  10.
PAR  10. A process according to claim 1 wherein said at least partially hydrated
      condensed phosphate salt has taken up more than 8% by weight of water
      prior to said step (a), and wherein at least some of said water is in the
      form of water of hydration.
NUM  11.
PAR  11. A process according to claim 1 wherein said heating zone has an ambient
      temperature above 40.degree.C.; wherein said enlarged, composite particles
      are brought to a maximum temperature of about 40.degree. to about
      60.degree.C.; and wherein the total residence time of said enlarged,
      composite particle in said heating zone is greater than about 0.2 but less
      than about 2 hours.
NUM  12.
PAR  12. A process according to claim 6 wherein said partially hydrated
      condensed phosphate salt of said step (a) (1) contains at least about 10%
      by weight of water, and at least some of said water is water of hydration
      of the compound sodium tripolyphosphate hexahydrate.
NUM  13.
PAR  13. A process according to claim 7 wherein said solids comprise a sodium
      silicate having an SiO.sub.2 /Na.sub.2 O ratio in the range of about 1.5:1
      to about 3.25:1, and wherein the enlarged, composite particles obtained
      from said step (d) contain more than 10% but less than 20% by weight of
      water as water of hydration and water in hydrous sodium silicate.
NUM  14.
PAR  14. A process according to claim 7 wherein chemical drying of said
      enlarged, composite particles occurs during said step (b) due to hydration
      of said hydratable detergent builder salts.
NUM  15.
PAR  15. A process according to claim 10 wherein said at least partially
      hydrated condensed phosphate salt is sodium tripolyphosphate containing
      about 10 to about 23% by weight of water.
NUM  16.
PAR  16. A process according to claim 4, wherein the said residence time in said
      inclined, rotating, sliding bed is less than two minutes.
NUM  17.
PAR  17. A continuous process for agglomerating and blending particulate
      ingredients of a detergent composition, said process comprising the steps
      of:
PA1  (a) feeding a composition to a generally planar, inclined, rotating and
      sliding bed, said composition comprising:
PA2  1. 5 - 60% by weight of particulate sodium tri-polyphosphate, brought at
      least partially to the hexahydrate state and containing about 9 to about
      23% by weight of water, based on the weight of said sodium
      tripolyphosphate,
PAR  2. 2 - 70% by weight of at least one substantially anhydrous, particulate,
      inorganic alkali metal alkaline detergent builder salt selected from the
      group consisting of a carbonate, an orthophosphate, a pyrophosphate, a
      metasilicate, and a borate, said alkali metal being selected from the
      group consisting of sodium and potassium;
PA2  3. 0.1 - 10% by weight of a particulate sodium or potassium salt of a
      chlorinated isocyanuric acid; and
PA2  4. up to 20% by weight of anhydrous particulate sodium sulfate;
PA1  b. continuously spraying an agglomerating amount of water onto said
      rotating and sliding bed,
PA1  c. maintaining a residence time for said composition on said sliding bed
      which ranges from about 10 seconds to about 2 minutes, whereby
      agglomerated particles containing said composition are produced, at least
      60% by weight of said agglomerated particles having a size range of -4+ 80
      mesh on the U.S. Standard Scale,
PA1  d. continuously conveying the agglomerated particulates resulting from the
      preceding steps to a heated drying and dehydrating zone and maintaining
      said agglomerated particles in said drying and dehydrating zone for at
      least about 0.2 but less than about 2 hours until said agglomerated
      particles reach a temperature of at least 40.degree.C. but less than
      60.degree.C., and
PA1  e. discharging the resulting dried agglomerated particles from said drying
      and dehydrating zone into a relatively cooler environment.
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PAL  A germicidal cleaning composition comprising anionic surfactant,
      tetrapotassium pyrophosphate, phenolic germicide, and hydrotrope. A method
      of cleaning and sanitizing hard surfaces is also presented.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention described herein relates to liquid germicidal cleaning
      compositions.
PAR  2. Description of the Prior Art
PAR  It is widely known to those skilled in the art of cleaning and sanitizing
      hard surfaces that phenol and substituted phenols are effective
      germicides. Two well known substituted phenol germicides are
      4-chloro-2-cyclopentyl phenol, sold under the trade name Dowicide 9 by the
      Dow Chemical Company, Midland, Mich., and 2-benzyl-4-chlorophenol sold
      under the trade name Santophen 1 by Monsanto Company, St. Louis, Mo.
PAR  Previous workers, such as Rogers, In U.S. Pat. No. 2,614,060, and
      Partansky, in U.S. Pat. No. 2,359,240, have taught that phosphates such as
      sodium tripolyphosphate and potassium pyrophosphate, in water solution,
      enhance the germicidal activity of phenolic germicides.
PAR  Other workers, such as Peacock, in British Pat. No. 1,104,692, have
      demonstrated that it is possible to make heavy duty germicidal cleaners by
      mixing together a sufactant, a phosphate builder, a phenolic germicide and
      a hydrotrope.
PAR  While many useful germicidal cleaners have been described and made, they
      have heretofore suffered from one serious defect: none have been
      particularly effective against bacteria from the family Pseudomonodaceae.
      Bacteria from this family are responsible for meningitis, pneumonia,
      urinary tract infections, wound infections and burn infections. The
      ineffectiveness of germicidal cleaners against Pseudomonodaceae has caused
      severe problems in hospitals and clinics throughout the world. One
      particularly troublesome species of this family is Pseudomonas aeruginosa.
      A complete description of Pseudomonodaceae can be found in any of the
      standard bacteriological texts such as Bergey's Manual of Determinative
      Bacteriology, 7th Edition, (Baltimore, 1957) published by William and
      Wilkins Company.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a composition of matter
      which demonstrates superior cleaning performance and which is effective in
      killing a wide range of bacteria including bacteria from the family
      Pseudomonodaceae. It is a further object of this invention to provide a
      method of cleaning and sanitizing hard surfaces in general, and more
      particularly, hard surfaces which are contaminated by bacteria from the
      family Pseudomonodaceae.
PAR  To accomplish the objects hereinbefore stated, there is provided a
      composition of matter which comprises
PA1  A. an anionic surfactant selected from the group consisting of soaps,
      anionic synthetic detergents, and mixtures thereof;
PA1  B. tetrapotassium pyrophosphate;
PA1  C. a phenolic germicide selected from the group consisting of
      4-chloro-2-cyclopentyl phenyl, 2-benzyl-4-chlorophenol, and mixtures
      thereof; and
PA1  d. a hydrotrope wherein (a) is present at from 1.5 to 4.5% (all percentages
      noted herein are percent by weight), (b) is present at from 8 to 15%, (c)
      is present at from 2.5 to 3.7% and (d) is present at from 10 to 25%.
PAR  The above-described composition of matter is an effective germicidal
      cleaner when used as is or when diluted with water at a ratio of one part
      cleaner to up to about 85 parts water.
PAR  The method of cleaning and sanitizing hard surfaces comprises providing a
      composition of matter as hereinbefore described, diluting one part by
      weight of the composition of matter with from 0 to about 85 parts water,
      and contacting the hard surface with the diluted composition of matter.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The instant invention provides a germicidally active cleaning composition
      of matter which comprises
PA1  a. an anionic surfactant selected from the group consisting of soaps,
      anionic synthetic detergents, and mixtures thereof;
PA1  b. tetrapotassium pyrophosphate;
PA1  c. a phenolic germicide selected from the group consisting of
      4-chloro-2-cyclopentyl phenol, 2-benzyl-4-chlorophenol, and mixtures
      thereof; and
PA1  d. a hydrotrope wherein (a) is present at from 1.5 to 4.5%,
PA1  b. is present at from 8 to 15%,
PA1  c. is present at from 2.5 to 3.7% and
PA1  d. is present at from 10 to 25%.
PAL  Preferably, (a) is present at from 2 to 4%, (b) at from 12 to 15%, (c) at
      from 2.7 to 3.5%, and (d) at from 10 to 14%.
PAR  Component (a) of the composition is defined as a water-soluble soap or a
      synthetic anionic detergent. Mixtures of soaps and synthetic anionic
      detergents may also be used.
PAR  The soaps contemplated for use in the instant invention are the
      water-soluble salts of saturated fatty acids. The cationic portion of the
      soap molecule can be alkali metal, morpholine, ammonium, and substituted
      ammonium where the substituents are alkyl or hydroxy alkyl radicals
      containing from 1 to 3 carbon atoms. The anionic portion of the molecule
      can be a saturated fatty acid containing from 8 to 22 carbon atoms. The
      fatty acid may be either straight or branched chain, synthetic or derived
      from natural fats and oils. Preferably, the anionic portion of the soap
      molecule will contain from about 10 to about 18 carbon atoms. Examples of
      soaps which may be used in the instant invention are sodium decanoate,
      potassium dodecanoate, ammonium hexadecanoate, triethylammonium
      dodecanoate, triethylanol ammonium dodecanoate, the alkali metal salts of
      the mixed fatty acids derived from coconut oil and the alkali metal salts
      of the fatty acids derived from hydrogenated tallow. The most preferred
      soaps for use in the instant invention are the sodium and potassium salts
      of fatty acids containing from about 10 to about 14 carbon atoms and the
      sodium and potassium salts of fatty acids such as occur in coconut oil.
PAR  The synthetic anionic detergents contemplated for use in the present
      invention are well known to those skilled in the art. Listings of suitable
      materials may be found in many published sources such as McCutcheon's
      Detergents and Emulsifiers, 1973, North American Edition (1973, Ridgewood,
      N.J.) published by Allured Publishing Corporation. In the paragraph
      immediately following there is contained a non-limiting listing of
      suitable synthetic anionic detergents.
PAR  Anionic synthetic detergents useful in the present invention include the
      water-soluble salts, particularly the alkali metal salts, of organic
      sulfuric reaction products having in their molecular structure an alkyl
      radical containing from about 8 to about 22 carbon atoms and a radical
      selected from the group consisting of sulfonic acid and sulfuric acid
      ester radicals. (Included in the term alkyl is the alkyl portion of higher
      alcyl radicals.) Important examples of the anionic synthetic detergents
      useful in the present invention are the sodium or potassium alkyl
      sulfates, especially those obtained by sulfating the higher alcohols
      (C.sub.8 - C.sub.18 carbon atoms) produced by reducing the glycerides of
      tallow or coconut oil; sodium or potassium alkyl benzene sulfonates, in
      which the alkyl group contains from about 9 to about 15 carbon atoms,
      including those of the types described in U.S. Pat. Nos. 2,220,099 and
      2,477,383 (the alkyl radical can be a straight or branched aliphatic
      chain); sodium alkyl glyceryl ether sulfonates, especially those ethers of
      the higher alcohols derived from tallow and coconut oil; sodium coconut
      oil fatty acid monoglyceride sulfates and sulfonates; sodium or potassium
      salts of sulfuric acid esters of the reaction product of one mole of a
      higher fatty alcohol (e.g., tallow or coconut oil alcohols) and about 1 to
      6 moles of ethylene oxide; sodium or potassium salts of alkyl phenol
      ethylene oxide ether sulfate with about 1 to about 10 moles of ethylene
      oxide per molecule and in which the alkyl radicals contain from 8 to about
      12 carbon atoms; the reaction product of fatty acids esterified with
      isethionic acid and neutralized with sodium hydroxide where, for example,
      the fatty acids are derived from coconut oil, sodium or potassium salts of
      fatty acid amide of a methyl tauride in which fatty acids, for example,
      are derived from coconut oil; and others known in the art, a number
      specifically set forth in U.S. Pat. Nos. 2,486,921, 2,486,922 and
      2,396,278. Other important anionic synthetic detergents are the sulfonated
      olefins, described in U.S. Pat. No. 3,488,384.
PAR  Still other important anionic synthetic detergents are the water-soluble
      salts of alkyl diphenyl ether disulfonates such as those described in U.S.
      Pat. No. 3,002,883. Still other suitable anionic synthetic detergents are
      the phosphate mono- and di-esters of the formula
      ##EQU1##
      or
      ##EQU2##
      wherein R is a hydrocarbon group (preferably an alkyl or alkyl phenol
      group) containing from about 8 to about 150 carbon atoms, n is an integer
      from 0 to about 30, X is a water-soluble cation, such as alkali metal.
      These anionic synthetic detergents can be prepared as shown in U.S. Pat.
      No. 3,352,790.
PAR  A preferred anionic synthetic detergent is the sodium salt of the sulfuric
      acid ester of the reaction product of 1 mole of coconut fatty alcohol with
      about 3 moles of ethylene oxide (NaAE.sub.3 S). Highly preferred for use
      in the instant invention is a mixture of the aforesaid NaAE.sub.3 S, the
      sodium salt of n-decyl diphenyl ether disulfonate, and the potassium salt
      of fatty acids derived from coconut oil (i.e., potassium coconut soap)
      wherein the ratio of NaAE.sub.3 S to diphenyl ether disulfonate is from
      about 1.0:1 to about 1.6:1 and the ratio of potassium coconut soap to
      diphenyl ether disulfonate is from about 0.2:1 to about 0.6:1. The sodium
      n-decyl diphenyl ether disulfonate is sold under the trade name Dowfax 3B2
      by the Dow Chemical Company of Midland, Mich.
PAR  In general, cationic zwitterionic, ampholytic, and nonionic detergents
      should not be used in the instant compositions because of their well known
      tendency to reduce the activity of phenolic germicides.
PAR  Component (b) is tetrapotassium pyrophosphate (TKPP). This component, which
      is present at from about 8 to about 15%, preferably from about 12 to about
      15%, serves as a contributor to the high cleaning efficiency of the
      composition and as an enhancer of the effectiveness of the phenolic
      germicides. Other well known detergency builders such as the alkali metal
      carbonates and bicarbonates, the alkali metal tripolyphosphates, the
      alkali metal hexametaphosphates, the water-soluble salts of
      methane-1-hydroxy-1,1-diphosphonic acid, and the water-soluble salts of
      ethylene diamine tetraacetic acid may be optionally added to the
      composition along with the required TKPP.
PAR  Component (c) of the instant composition is a phenolic germicide selected
      from the group consisting of 4-chloro-2-cyclopentyl phenol (CCPP) and
      2-benzyl-4-chlorophenol (BCP). CCPP is sold by the Dow Chemical Company,
      Midland, Mich. under the trademark Dowicide 9; BCP is sold by Monsanto
      Company, St. Louis, Mo. under the trademark Santophen 1. While both of
      these phenolics are well known as being effective against a wide variety
      of microorganisms, they are also well known to be relatively weak against
      bacteria of the family Pseudomonodaceae. The heart of the present
      invention is the extension of the already broad spectrum activity of these
      two phenolic germicides to encompass cidal activity against the bacteria
      of the family Pseudomonodaceae. Either CCPP or BCP may be used in the
      instant invention at from about 2.5 to about 3.7%. Mixtures of the two
      phenolic germicides, in all proportions, may be used at the same levels.
      The preferred range of use of these two materials is from about 2.7 to
      about 3.5%.
PAR  Other phenolic germicides are compatible with the CCPP and the BCP and may
      optionally be used in the present invention along with the required CCPP,
      BCP, or mixtures of the two. However, the inclusion of these additional
      materials is generally considered to be unnecessary because of the high
      level of broad spectrum activity achieved by CCPP and BCP or mixtures of
      the two as used in the instant invention.
PAR  Component (d) is a hydrotrope. Examples of materials useful in the instant
      invention as the hydrotrope include the alkali metal salts of toluene
      sulfonic acid, xylene sulfonic acid and cumene sulfonic acid. Mixtures of
      these materials may also be used. Highly preferred for use in the present
      invention is potassium toluene sulfonate (KTS).
PAR  In order to obtain a composition of matter which is physically stable and
      which demonstrates cidal activity against bacteria of the family
      Pseudomonodaceae, it is critical that at least 10% hydrotrope be present
      in the composition. While up to 25% hydrotrope can be used, the preferred
      range is from 10% to about 14%.
PAR  In addition to the four necessary components listed above (i.e. anionic
      surfactant, TKPP, phenolic germicide, and hydrotrope) certain optional
      materials may be added to the composition. Examples of such materials are
      water-miscible solvents which serve as freeze thaw stability enhancers.
      Examples of these solvents are ethanol, propanol, isopropanol, and
      ethylene glycol. Isopropanol is a preferred water-miscible solvent. These
      solvents may be present at from about 0.5% to about 4%. Anti-oxidants such
      as sodium sulfite, citric acid, and sodium nitrite may also be used to
      advantage in the composition to prevent darkening of the phenolic
      germicide. Materials such as dyes, pigments, and perfumes which contribute
      to the aesthetic characteristics of the composition may also be optionally
      used.
PAR  To prepare the germicidal cleaning composition as hereinbefore described,
      the appropriate quantities of the components are added to soft water at
      room temperature with gentle agitation. While in general the order of
      addition is immaterial, the following order has been found to be
      convenient: the soap if used (it is to be understood that preformed soap
      may be used in this composition or, optionally, soap may be formed in situ
      by blending together in aqueous solution the appropriate alkali metal
      hydroxide and the appropriate fatty acid), the hydrotrope, the TKPP, the
      anionic synthetic detergent if used, the water-miscible solvent if used,
      the phenolic germicide, and the balance of the optional ingredients such
      as anti-oxidants, dyes, perfumes, and salts.
PAR  The instant compositions may be used as is for cleaning and sanitizing hard
      surfaces. That is to say, the concentrated composition as hereinbefore
      described may be applied directly to a hard surface in order to clean and
      sanitize the surface. More commonly, and preferably, the composition is
      diluted with water prior to its use as a sanitizing cleaner. Any
      convenient dilution up to about 85 parts by weight water to 1 part
      concentrated composition may be used. Preferably, 1 part germicidal
      cleaner composition will be added to from about 50 to about 75 parts water
      with 1 part germicidal cleaner composition to about 64 parts water being
      optimal.
PAR  The method of use of the invention comprises providing a concentrated
      germicidal cleaner as hereinbefore described, diluting said germicidal
      cleaner with from 0 to about 85 parts by weight water, preferably from
      about 50 to about 75 parts water, to each part concentrated germicidal
      cleaner, and contacting a soiled surface which may be contaminated with
      bacteria including bacteria of the family Pseudomonodaceae with said
      diluted germicidal cleaner composition.
PAR  In order to more fully describe the instant invention, the following
      examples are offered by way of illustration and not limitation:
PAC  EXAMPLE I
PAR  The following materials were mixed in the order listed, at room temperature
      with gentle agitation, in order to form a concentrated germicidal cleaning
      composition:
TBL  Soft Water       66.7 parts by weight                                     

     Potassium hydroxide                                                       

                       0.1                                                     

     Coconut fatty acids                                                       

                       0.36                                                    

     KTS              11.0                                                     

     TKPP             13.2                                                     

     NaAE.sub.3 S      1.3                                                     

     Dowfax 3B2        1.0                                                     

     Isopropanol       2.0                                                     

     CCPP              3.0                                                     

     Sodium Sulfite    1.0                                                     

     Perfume           0.3                                                     

     Dye               0.0004                                                  

PAR  Laboratory cleaning tests of the germicidal cleaner at a dilution of one
      part cleaner in 64 parts water were conducted. In these tests, a white
      vinyl tile panel was soiled with an artificial soil compounded of humus,
      fat, cement, silicagel, clay, gelatin, sodium chloride, carbon black, and
      iron oxide. The panels were cleaned using the diluted germicidal cleaner
      of Example I on a sponge drawn across the panels by a Gardner Straight
      Line Washability and Abrasion Machine. Dirty panels were assigned a visual
      grade of 1.0; unsoiled panels were assigned a visual grade of 10.0. After
      20 cycles of the cleaner-soaked sponge by the Gardner machine, the dirty
      panels had been cleaned to an average visual grade of 8.5. This test
      indicates that the germicidal cleaner of Example I effectively cleans
      soiled surfaces.
PAR  To test the germicidal effectiveness of Example I, the cleaner, still at a
      dilution of 1 to 64, was tested in the A.O.A.C. 11th Edition Use --
      Dilution Confirmation Test against three organisms. Three separate
      replicates of tests using the indicated number of tubes were performed
      with the results shown in Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Results: A.O.A.C. Use - Dilution Confirmation Test                        

     Example I at 1:64 Dilution                                                

     Organism                                                                  

     Staphylococcus Solmonella     Pseudomouos                                 

     aureus         choleraesuis   aeruginosa                                  

     __________________________________________________________________________

     Growth  No. Tubes                                                         

                    Growth  No. Tubes                                          

                                   Growth  No. Tubes                           

     (No. Tubes)                                                               

             Tested (No. Tubes)                                                

                            Tested (No. Tubes)                                 

                                           Tested                              

     0       60     0       60     0       30                                  

     0       60     0       60     0       30                                  

     0       60     0       60     0       30                                  

     __________________________________________________________________________

PAR  The data of Table 1 indicates Example I is effective against several
      bacteria including a member of the family Pseudomonodaceae.
PAC  EXAMPLE II
PAR  The composition of Example I was duplicated except the CCPP was replaced
      with BCP. When the A.O.A.C. Use -- Dilution Confirmation Test was
      conducted on this sample using Pseudomous aeruginosa, no growth was
      observed in any of 20 tubes. It is apparent, then, that the germicidal
      cleaner of Example II is effective against members of the family
      Pseudomonodaceae.
PAC  EXAMPLE III
PAR  The CCPP of Example I was replaced with pentachlorophenol, a common,
      normally effective germicide. When the A.O.A.C. Use Dilution Confirmation
      Test was conducted against P. aeruginosa, growth was observed in 19 of 20
      tubes indicating a lack of effectiveness against this organism.
PAC  EXAMPLE IV
PAR  In the composition of Example I, 63.6% of the KTS was replaced with soft
      water (i.e. Example IV contains 4% KTS rather than 11.0%). A precipitate
      was immediately formed indicating the composition to be physically
      unstable.
PAC  EXAMPLE V
PAR  In the composition of Example I, 4.5 parts water was replaced with 2.4
      parts sodium bicarbonate and 2.1 parts sodium carbonate. The cleaning
      effectiveness of the composition, at a dilution of 1 in 64, was not
      diminished.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A concentrated, physically stable, aqueous germicidal cleaning
      composition which provides cidal activity against bacteria of the family
      Pseudomonodaceae consisting of:
     Soft Water             66.7 parts                                         

     Potassium Hydroxide     0.1 part                                          

     Coconut Fatty Acids     0.36 part                                         

     Potassium Toluene Sulfonate                                               

                            11.0 parts                                         

     Tetra Potassium Pyrophosphate                                             

                            13.2 parts                                         

     Sodium Salt of the Sulfuric                                               

                             1.3 parts                                         

      Acid Ester of the Reaction                                               

      Product of 1 mole of Coconut                                             

      Fatty Alcohol with about                                                 

      3 moles of Ethylene Oxide                                                

      (NaAE.sub.3 S)                                                           

     Sodium n-decyl diphenyl                                                   

                             1.0 parts                                         

      ether disulfonate                                                        

     Isopropanol             2.0 parts                                         

     4-chloro-2-cyclopentyl  3.0 parts                                         

     phenol (CCPP)                                                             

     Sodium Sulfite          1.0 parts                                         

PAL  said parts being by weight.
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PAL  Detergent compositions having an effective suds controlling agent
      comprising a silicone material which is substantially removed from contact
      with the surfactant component of the composition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to detergent compositions containing as an
      essential ingredient a silicone suds controlling agent which is stable on
      storage. The concept of "stability" as used herein is in the context of
      protecting the silicone and preserving, maintaining or promoting its
      capability of suppressing or controlling the suds profile of a detergent
      surface active agent. More specificially, the invention in its broadest
      context encompasses detergent compositions comprising a detersive
      surfactant component and a silicone suds controlling agent which is
      separated or isolated within a protective matrix from the detersive
      surfactant.
PAR  In many industrial and household detergent operations involving aqueous
      solutions the formation of excessive suds is highly objectionable. Many
      prior art detergent compositions are high sudsing products. When such
      compositions are used in laundry washing machines, and especially in
      automatic dishwashers, they suds profusely and may cause the machines to
      overflow. Moreover, in horizontal tumbler-type washing machines, excess
      suds decrease the washing action by interfering with the free fall of the
      fabrics. A consequence may be that excessive suds or suds overflow may
      cause damage to the machine or may cause the user to compensate for
      excessive suds formation by using less detergent composition than is
      desirable to achieve good cleaning. On the other hand, users of detergent
      compositions for washing by hand, usually at lower temperatures, normally
      expect a certain amount of suds to be present at least until the detergent
      solution is so loaded with soil that it is no longer effective for
      cleaning. Thus, for some applications, such as automatic dishwashing,
      minimum suds formation is desirable; for so-called light-duty or fine
      fabric hand laundering a moderate suds level is useful; whereas a
      generous, but not excessive, suds blanket has come to be expected with
      so-called heavy-duty laundry compositions for washing heavily soiled
      fabrics. Adapting or controlling the suds profile of a detergent
      composition in these different applications has been a technical
      formulating challenge.
PAR  It is known that the sudsing of many prior art detergent compositions can
      be controlled by means of suds depressants such as long chain fatty acids,
      long chain fatty alcohols, esters and/or ethers thereof, or fatty acid
      amines and amides. Many of these suds depressants appear to have an
      adverse effect upon the whiteness maintenance properties of the detergent
      compositions and most are only useful and effective at lower temperatures.
      Moreover, many of such prior art materials are sensitive to water
      hardness; some cannot be used because of their interaction with washing
      additives; and some interact adversely with the soil or are ineffective
      under alkaline conditions.
PAR  Silicones are widely known and taught for use as highly effective suds
      controlling agents. For example, U.S. Pat. No. 3,455,839 relates to
      compositions and processes for defoaming aqueous solutions by
      incorporating therein small amounts of polydimethylsiloxane fluids.
PAR  Useful suds controlling silicones are mixtures of silicone and silanated
      silica as described, for instance, in German Pat. Application DOS
      2,124,526.
PAR  Additionally, German Pat. No. 2,232,262 relates to silicone suds
      controlling agents comprising sodium tripolyphosphate surface-coated with
      an organopolysiloxane.
PAR  Although silicone defoamers and suds controlling agents have been known for
      many years, such materials have not heretofore been successfully
      incorporated into a detergent composition. Rather, the silicones are
      characteristically used once the detergent composition has already been
      added to the aqueous cleaning bath. This, of course, is not desirable, nor
      always feasible, since the user is not predisposed to add such materials
      separately to a fabric laundering bath or automatic dishwasher.
      Accordingly, it would be desirable to provide detergent compositions
      containing a stable silicone suds controlling agent as an integral
      ingredient.
PAR  A variety of means have been suggested for employing silicones in
      combination with detergent compositions. For example, it would be expected
      that such material could simply be sprayed onto, or otherwise admixed,
      with a detergent composition to provide the desired suds control. However,
      simple admixture of a silicone with a detergent composition has been shown
      experimentally not to be a satisfactory means for providing the suds
      controlling function. While such silicone-containing compositions
      initially exhibit a controlled suds, the suds control property of the
      silicone is very significantly reduced or perhaps even completely lost
      during storage of the composition for even relatively short periods. For
      this reason, attempts have been made to stabilize or protect the silicones
      in the detergent compositions, for example by sorption on a carrier
      material (see German Pat. No. 2,232,262, above). However, experiments have
      shown that adsorbing a silicone on a porous carrier does not provide
      detergent compositions having a substantial foam controlling action after
      storage.
PAR  It has now been found that the problem with formulating stable, controlled
      sudsing detergent compositions containing silicones arises from an
      interaction between the detersive surfactant (i.e., detergent) component
      of such mixtures and the silicone suds controlling agent. While the exact
      mechanism is not known, it appears that, on storage, the surfactant
      component interacts with the silicone to render it water-dispersible. On
      admixture of the detergent composition with water, the silicone is
      dispersed throughout the aqueous liquor rather than migrating to the
      air/water interface. Accordingly, the silicone cannot perform its desired
      suds controlling function.
PAR  Having recognized the problem of the heretofore unsuspected interaction of
      the detergent material with the silicone on storage, it has now been found
      that by isolating the silicone material from said detergent, compositions
      having controlled suds patterns even after prolonged storage can be
      provided.
PAR  Accordingly, it is an object of this invention to provide detergent
      compositions having a controlled suds pattern. (By "controlled suds
      pattern" herein is meant a suds height which is substantially zero in an
      automatic dishwashing composition, and which is low-to-medium in height
      over a broad temperature range in the case of hand- and machine-laundering
      products.)
PAR  It is further object herein to provide compositions and processes for
      incorporating silicone suds controlling agents in detergent compositions
      such that effective suds control is obtained even after prolonged storage.
PAR  These and other objects are obtained herein, as will be seen from the
      following disclosure.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention encompasses detergent compositions having a
      controlled suds pattern, comprising:
PA1  i. a suds suppressing amount of a stable suds controlling component
      especially adapted for use in a detergent composition, comprising a
      silicone suds controlling agent releasably incorporated in a water-soluble
      or water-dispersible, substantially non-surface active,
      detergent-impermeable carrier; and
PA1  ii. a detergent component selected from the group consisting of anionic,
      nonionic, zwitterionic, ampholytic and cationic detergents.
PAR  The silicone suds controlling component of the instant compositions is
      employed herein in a "suds suppressing amount". By "suds suppressing
      amount" is meant that the formulator of the compositions can select an
      amount of this component which will control the suds to the extent
      desired. For example, for use in automatic dishwashers, a suds height of
      zero is desirable; accordingly relatively more of the suds controller will
      be used. For hand dishwashing, relatively less suds controller will be
      used. The amount of suds controller will also vary with the detergent
      component selected. For example, with high sudsing surfactants, relatively
      more of the controller is used to achieve the desired suds control than
      when low foaming detergents are selected for use in the compositions
      herein.
PAR  The silicone suds controlling component herein comprises a silicone suds
      controlling agent of the type hereinafter disclosed which is substantially
      isolated from the detergent component of the composition. This "isolation"
      is achieved by incorporating the silicone agent in a water-soluble or
      water-dispersible carrier matrix. Of course, the matrix, itself, must be a
      substantially non-surface active material which does not, itself, interact
      with the silicone agent in the manner disclosed above. Moreover, the
      carrier must be substantially impenetrable by the detergent component of
      the detergent composition to prevent such undesirable silicone/detergent
      interaction. For example, simply sorbing the silicone agent onto and into
      a porous carrier matrix does not suffice to prevent interactions with the
      detergent component on storage. It is only when the silicone is
      substantially fully isolated from the detergent that stable compositions
      are secured.
PAR  Moreover, the carrier matrix herein must not contain added surface active
      agents, other than the silicone. For example, British Pat. No. 892,787
      suggests that encapsulated silicone defoamers can be prepared by
      encapsulating a silicone in a film-forming material. The patent teaches
      that surfactants can be mixed directly and intimately with the silicone
      and encapsulating material to provide a homogeneous dispersion which can
      be spray-dried to granular form. However, such surfactant-containing
      granules are not contemplated for use herein due to stability problems
      occasioned by the intimate contact of the silicone and surfactant within
      the granule during storage before use. Accordingly, the carriers herein
      must be surfactant-free.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The compositions of the present invention comprise two essential
      components, the silicone suds controlling component and the detergent
      component. In order to provide a stable composition which provides good
      suds control even after storage, it is necessary to isolate the silicone
      component from the detergent component in the manner hereinafter
      disclosed. The individual components of the compositions herein are
      described in detail, below.
PAC  Suds Controlling Component
PAR  The suds controlling component of the instant compositions comprises a
      silicone suds controlling agent which is incorporated in a water-soluble
      or water-dispersible, substantially non-surface active,
      detergent-impermeable carrier material. The carrier material contains
      within its interior substantially all the silicone suds controlling agent
      and effectively isolates it, i.e., keeps it out of contact, from the
      detergent component of the compositions. The carrier material is selected
      such that, upon admixture with water, the carrier matrix dissolves or
      disperses to release the silicone material incorporated therewith to
      perform its suds controlling function.
PAR  The silicone materials employed as the suds controlling agents herein can
      be alkylated polysiloxane materials of several types, either singly or in
      combination with various solid materials such as silica aerogels and
      xerogels and hydrophobic silicas of various types. In industrial practice,
      the term "silicone" has become a generic term which encompasses a variety
      of relatively high molecular weight polymers containing siloxane units and
      hydrocarbyl groups of various types. In general terms, the silicone suds
      controllers can be described as siloxanes having the general structure
      ##EQU1##
      wherein x is from about 20 to about 2,000, and R and R' are each alkyl or
      aryl groups, especially methyl, ethyl, propyl, butyl and phenyl. The
      polydimethylsiloxanes (R and R' are methyl) having a molecular weight
      within the range of from about 200 to about 200,000, and higher, are all
      useful as suds controlling agents. Silicone materials are commercially
      available from the Dow Corning Corporation under the trade name Silicone
      200 Fluids.
PAR  Additionally, other silicone materials wherein the side chain groups R and
      R' are alkyl, aryl, or mixed alkyl and aryl hydrocarbyl groups exhibit
      useful suds controlling properties. These materials are readily prepared
      by the hydrolysis of the appropriate alkyl, aryl or mixed alkylaryl
      silicone dichlorides with water in the manner well known in the art. As
      specific examples of such silicone suds controlling agents useful herein
      there can be mentioned, for example, diethyl polysiloxanes; dipropyl
      polysiloxanes; dibutyl polysiloxanes; methylethyl polysiloxanes;
      phenylmethyl polysiloxanes; and the like. The dimethyl polysiloxanes are
      particularly useful herein due to their low cost and ready availability.
PAR  A second type of silicone suds controlling agent useful in the compositions
      herein comprises a mixture of an alkylated siloxane of the type
      hereinabove disclosed and solid silica. Such mixtures of silicone and
      silica can be prepared by affixing the silicone to the surface of silica
      (SiO.sub.2), for example by means of the catalytic reaction disclosed in
      U.S. Pat. No. 3,235,509. Suds controlling agents comprising mixtures of
      silicone and silica prepared in this manner preferably comprise silicone
      and silica in a silicone:silica ratio of from 19:1 to 1:2, preferably 10:1
      to 1:1. The silica can be chemically and/or physically bound to the
      silicone in an amount which is preferably about 10 to 15% by weight, based
      on the silicone. The particle size of the silica employed in such
      silica/silicone suds controlling agents should preferably be not more than
      100 millimicrons, preferably from 10 millimicrons to 20 millimicrons, and
      the specific surface area of the silica should exceed about 50 m.sup.2 /g.
PAR  Alternatively, suds controlling agents comprising silicone and silica can
      be prepared by admixing a silicone fluid of the type hereinabove disclosed
      with a hydrophobic silica having a particle size and surface area in the
      range disclosed above. Any of several known methods may be used for making
      a hydrophobic silica which can be employed herein in combination with a
      silicone as the suds controlling agent. For example, a fumed silica can be
      reacted with a trialkyl chlorosilane (i.e., "silanated") to affix
      hydrophobic trialkylsilane groups on the surface of the silica. In a
      preferred and well known process, fumed silica is contacted with
      trimethylchlorosilane and a preferred hydrophobic silanated silica useful
      in the present compositions is secured.
PAR  In an alternate procedure, a hydrophobic silica useful in the present
      compositions and processes is obtained by contacting silica with any of
      the following compounds: metal, ammonium and substituted ammonium salts of
      long chain fatty acids, such as sodium stearate, aluminum stearate, and
      the like; silylhalides, such as ethyltrichlorosilane,
      butyltrichlorosilane, tricyclohexylchlorosilane, and the like; and long
      chain alkyl amines or ammonium salts, such as cetyl trimethyl amine, cetyl
      trimethyl ammonium chloride, and the like.
PAR  A preferred suds controlling agent herein comprises a hydrophobic silanated
      (most preferably trimethylsilanated) silica having a particle size in the
      range from about 10 to 20 millimicrons and a specific surface area above
      about 50 m.sup.2 /g intimately admixed with a dimethyl silicone fluid
      having a molecular weight in the range of from about 500 to about 200,000,
      at a weight ratio of silicone to silanated silica of from about 19:1 to
      about 1:2. Such suds controlling agents preferably comprise silicone and
      the silanated silica in a weight ratio of silicone:silanated silica of
      from 10:1 to 1:1. The mixed hydrophobic silanated (especially
      trimethylsilanated) silica-silicone suds controlling agents provide suds
      control over a broad range of temperatures, presumably due to the
      controlled release of the silicone from the surface of the silanated
      silica.
PAR  Another type of suds control agent herein comprises a silicone material of
      the type hereinabove disclosed sorbed onto and into a solid. Such suds
      controlling agents comprise the silicone and solid in a silicone:solid
      ratio of from about 20:1 to about 1:20, preferably about 5:1 to about 1:1.
      Examples of suitable solid sorbents for the silicones herein include
      sodium carbonate, sodium tripolyphosphate, any of the sodium silicates,
      clay, starch, kieselguhr, Fuller's Earth, and the like. The alkalinity of
      the solid sorbents is of no consequence to the compositions herein,
      inasmuch as it has been discovered that the silicones are stable when
      admixed therewith. As disclosed hereinabove, the sorbent-plus-silicone
      suds controlling agent must be coated or otherwise incorporated into a
      carrier material of the type hereinafter disclosed to effectively isolate
      the silicone from the detergent component of the instant compositions.
PAR  Yet another type of silicone suds controlling agent herein comprises a
      silicone fluid, a silicone resin and silica. The silicone fluids useful in
      such suds controlling mixtures are any of the types hereinabove disclosed,
      but are preferably dimethyl silicones. The silicone "resins" used in such
      compositions can be any alkylated silicone resins, but are usually those
      prepared from methylsilanes. Silicone resins are commonly described as
      "three-dimensional"  polymers arising from the hydrolysis of alkyl
      trichlorosilanes, whereas the silicone fluids are "two-dimensional"
      polymers prepared from the hydrolysis of dichlorosilanes. The silica
      components of such compositions are the microporous materials such as the
      fumed silica aerogels and xerogels having the particle sizes and surface
      areas hereinabove disclosed.
PAR  The mixed silicone fluid/silicone resin/silica materials useful in the
      present composition can be prepared in the manner disclosed in U.S. Pat.
      No. 3,455,839. These mixed materials are commercially available from the
      Dow Corning Corporation. According to U.S. Pat. No. 3,455,839, such
      materials can be described as mixtures consisting essentially of:
PA1  a. from about 10 parts to about 100 parts by weight of a
      polydimethylsiloxane fluid having a viscosity in the range from 20 cs. to
      1500 cs. at 25.degree.C;
PA1  b. 5 to 50 parts by weight of a siloxane resin composed of (CH.sub.3).sub.3
      SiO.sub.1/2 units and SiO.sub.2 units in which the ratio of the
      (CH.sub.3).sub.3 SiO.sub.1/2 units to the SiO.sub.2 units is within the
      range of from 0.6/1 to 1.2/1; and
PA1  c. 1 to 10 parts by weight of a silica aerogel.
PAL  Such mixtures can also be sorbed onto and into a water-soluble solid as
      disclosed above.
PAR  Again, such mixed silicone resin/silica suds controlling agnets must be
      combined with a detergent-impermeable carrier material to be useful in the
      compositions herein.
PAR  The silicone suds controlling agents of the aforementioned type must be
      incorporated within (i.e., coated, encapsulated, covered by, internalized,
      or otherwise substantially contained within) a water-soluble or
      water-dispersible carrier material which must be impermeable to detergents
      and which, itself, must be substantially non-surface active. By
      substantially non-surface active is means that the carrier material,
      itself, does not interact with the silicone material in such fashion that
      it is emulsified or otherwise excessively dispersed throughout an aqueous
      medium, rather than at the air/water interface.
PAR  Of course, when preparing a dry powder or granulated detergent composition
      it is preferable that the silicone suds controlling component thereof also
      be substantially dry and non-tacky at ambient temperatures. Accordingly,
      it is preferred herein to use as the carrier material or vehicle plastic,
      organic compounds which can be conveniently melted, admixed with the
      silicone suds controlling agent, and thereafter cooled to form solid
      powders, granules or prills. There are a wide variety of such carrier
      materials useful herein. Since the silicone suds controlling agent is to
      be releasably incorporated in the carrier, such that the silicone is
      released into the aqueous bath upon admixture of the composition
      therewith, it is preferred that the carrier material be water-soluble.
      However, water-dispersible materials are also useful, inasmuch as they
      will also release the silicone upon addition to an aqueous bath.
PAR  A wide variety of carrier materials having the requisite
      solubility/dispersibility characteristics and the essential features of
      being non-surface active and detergent-impermeable are known. For example,
      the high molecular weight carbowaxes which have substantially no surface
      active characteristics are useful herein. Examples of this type of
      material include the polyethyleneglycols having a molecular weight of from
      about 1,500 to about 10,000, especially about 4,000. Surprisingly, highly
      ethoxylated fatty alcohols such as tallow alcohol condensed with about 25
      molar proportions of ethylene oxide are useful herein. Other alcohol
      condensates containing extremely high ethoxylate proportions (ca. 25 and
      above) are also useful herein. Such high ethoxylates apparently lack
      sufficient surface active characteristics to interact or otherwise
      interfere with the desired suds control properties of the silicone agents
      herein. A particularly preferred ethoxylated carrier material herein is
      tallowalcohol condensed with about 25 molar proportions of ethylene oxide,
      and abbreviated TAE.sub.25.
PAR  A variety of other materials useful as the carrier agents herein may also
      be mentioned: gelatin; agar; gum arabic; and various algae-derived gels.
PAR  The silicone suds controlling component of the present invention can be
      conveniently prepared by admixing or spraying the silicone suds
      controlling agent with a carrier material to form a granular product.
      Conveniently, a melt of carrier material and silicone suds controlling
      agent is prepared and sprayed in a cooling tower to form droplets
      comprising the carrier material with the silicone suds controlling agent
      releasably incorporated therein. When this procedure is used, the silicone
      suds controlling agent is contained within the carrier material so
      effectively that when this material is eventually admixed with or
      incorporated into a detergent composition, the silicone does not
      substantially come into contact with the detergent surfactant ingredient.
PAR  In order to provide a granular, non-tacky suds controlling component useful
      in dry granular detergent compositions, the composite of the silicone suds
      controlling agent and carrier material should be substantially solidified.
      This can be achieved by use of long drying towers or rapid refrigeration
      processes which quickly cool the droplets such that the carrier melt is
      hardened. However, such procedures are not preferred in an industrial
      process because of extra plant requirements.
PAR  It has been discovered that a rapid and effective way for solidifying a
      carrier melt containing the silicone suds controlling agent is by spraying
      the carrier melt into and onto a fluidized bed of a solid, preferably
      water-soluble material to form coated granules. The resulting coated
      granules of suds controlling component are crisp and free-flowing, and are
      especially adapted for use in detergent compositions.
PAR  Any type of powdered material is useful to form a fluidized bed suitable
      for cooling and coating the spray-dried melts herein. Of course, it is
      particularly suitable to choose dry powders which are useful per se in
      detergent compositions for their builder, soil-suspending, softening, and
      the like properties. Specific examples of suitable powdered coating
      materials useful in the fluidized bed processes herein include, for
      example, sodium tripolyphosphate, sodium carbonate, sodium
      carboxymethylcellulose, granulated starch, clay, sodium citrate, sodium
      acetate, sodium sulfate, and the like. The particle size of such coating
      materials is in no way limited but must be such that a fluidized bed can
      be conveniently secured. In general, particle size range will be from
      about 0.1 micron to about 100 microns.
PAR  It is to be recognized that the amount of carrier used to isolate the
      silicone suds controlling agent herein from the detergent component of the
      compositions herein is not critical. It is only necessary that enough
      carrier be used to provide sufficient volume that substantially all the
      silicone can be incorporated therein. Likewise, it is preferred to have
      sufficient carrier material to provide for sufficient strength of the
      resultant granule to resist premature breakage. Generally, above about a
      2:1 weight ratio of carrier to silicone suds controlling agent is
      employed.
PAR  Likewise, the amount of solid powder material which optionally coats the
      carrier-plus-silicone granule is not critical. For most purposes,
      sufficient powder is employed to substantially coat the mixture of carrier
      having the silicone incorporated therein with one or two layers of the
      powder. In addition to cooling and solidifying the carrier, the
      particulate coating material provides additional protection from the
      detergent component of the compositions, but it is not essential for this
      purpose.
PAR  Accordingly, the present invention encompasses detergent compositions
      comprising a detergent component and a suds controlling component
      comprising a prill or bead consisting essentially of from about 0.1 to
      about 99% by weight of a silicone suds controlling agent of any of the
      types hereinabove disclosed and from about 0.1 to about 99% by weight of a
      carrier material of the type hereinabove disclosed. The invention also
      encompasses such compositions wherein the prill is substantially coated
      with a water-soluble or water-dispersible particulate solid.
PAR  The size of the particles of the suds controlling component used in the
      present compositions is not critical to their use and performance
      characteristics. In general, spray-drying processes result in particles in
      a size of from about 1 micron to about 1000 microns in diameter; the
      prills can be made to match these dimensions.
PAR  Detergent compositions comprising the suds control component and the
      detergent component can be provided having various ratios and proportions
      of these two materials. Of course, the amount of the suds control
      component can be varied, depending upon the suds profile desired by the
      formulator. Moreover, the amount of detergent component can be varied to
      provide either heavy duty or light duty products, as desired.
PAR  For most purposes, it is preferred to use a sufficient amount of the
      silicone suds controlling component in the detergent composition to
      provide a concentration of from about 0.01 to about 10% by weight of the
      silicone suds controlling agent in the composition. A preferred amount of
      silicone suds controlling agent in the detergent composition lies within
      the range of from 0.01 to 0.5% by weight. Accordingly, the amount of suds
      control component will be adjusted, depending upon the amount of silicone
      suds control agent contained therein, to provide these desirable
      percentages of suds control agent.
PAR  The amount of the detergent component can, as noted hereinabove, vary over
      a wide range which depends on the desires of the user. In general, the
      compositions contain from about 5 to about 95%, preferably about 10 to
      about 30% by weight, of detergent.
PAC  Detergent Component
PAR  The detergent compositions of the instant invention can contain all manner
      of organic, water-soluble detergent compounds inasmuch as the silicone
      suds control agents are isolated therefrom. A typical listing of the
      classes and species of detergent compounds useful herein appear in U.S.
      Pat. No. 3,664,961, incorporated herein by reference. The following list
      of detergent compounds and mixtures which can be used in the instant
      compositions is representative of such materials, but is not intended to
      be limiting.
PAR  Water-soluble salts of the higher fatty acids, i.e., "soaps", are useful as
      the detergent component of the composition herein. This class of
      detergents includes ordinary alkali metal soaps such as the sodium,
      potassium, ammonium and alkylolammonium salts of higher fatty acids
      containing from about 8 to about 24 carbon atoms and preferably from about
      10 to about 20  carbon atoms. Soaps can be made by direct saponification
      of fats and oils or by the neutralization of free fatty acids.
      Particularly useful are the sodium and potassium salts of the mixtures of
      fatty acids derived from coconut oil and tallow, i.e., sodium or potassium
      tallow and coconut soap.
PAR  Another class of detergents includes water-soluble salts, particularly the
      alkali metal, ammonium and alkylolammonium salts, or organic sulfuric
      reaction products having in their molecular structure an alkyl group
      containing from about 8 to 22 carbon atoms and a sulfonic acid or sulfuric
      acid ester group. (Included in the term "alkyl" is the alkyl portion of
      acyl groups.) Examples of this group of synthetic detergents which form a
      part of the detergent compositions of the present invention are the sodium
      and potassium alkyl sulfates, especially those obtained by sulfating the
      higher alcohols (C.sub.8 -C.sub.18 carbon atoms) produced by reducing the
      glycerides of tallow or coconut oil; and sodium and potassium alkyl
      benzene sulfonates, in which the alkyl group contains from about 9 to
      about 15 carbon atoms, in straight chain or branched chain configuration,
      e.g. those of the type described in U.S. Pat. Nos. 2,220,099 and
      2,477,383. Especially valuable are linear straight chain alkyl benzene
      sulfonates in which the average of the alkyl groups is about 12 carbon
      atoms, abbreviated as C.sub.12 LAS.
PAR  Other anionic detergent compounds herein include the sodium alkyl glyceryl
      ether sulfonates, especially those ethers of higher alcohols derived from
      tallow and coconut oil; sodium coconut oil fatty acid monoglyceride
      sulfonates and sulfates; and sodium or potassium salts of alkyl phenol
      ethylene oxide ether sulfate containing about 1 to about 10 units of
      ethylene oxide per molecule and wherein the alkyl groups contain about 8
      to about 12 carbon atoms.
PAR  Water-soluble nonionic synthetic detergents are also useful as the
      detergent component of the instant composition. Such nonionic detergent
      materials can be broadly defined as compounds produced by the condensation
      of alkylene oxide groups (hydrophilic in nature) with an organic
      hydrophobic compound, which may be aliphatic or alkyl aromatic in nature.
      The length of the polyoxyalkylene group which is condensed with any
      particular hydrophobic group can be easily adjusted to yield a
      water-soluble compound having the desired degree of balance between
      hydrophilic and hydrophobic elements.
PAR  For example, a well-known class of nonionic synthetic detergents is made
      available on the market under the trade name of "Pluronic." These
      compounds are formed by condensing ethylene oxide with a hydrophobic base
      formed by the condensation of propylene oxide with propylene glycol. Other
      suitable nonionic synthetic detergents include the polyethylene oxide
      condensates of alkyl phenols, e.g., the condensation products of alkyl
      phenols having an alkyl group containing from about 6 to 12 carbon atoms
      in either a straight chain or branched chain configuration, with ethylene
      oxide, the said ethylene oxide being present in amounts equal to 5 to 25
      moles of ethylene oxide per mole of alkyl phenol.
PAR  The water-soluble condensation products of aliphatic alcohols having from 8
      to 22 carbon atoms, in either straight chain or branched configuration,
      with ethylene oxide, e.g., a coconut alcohol-ethylene oxide condensate
      having from 5 to 30 moles of ethylene oxide per mole of coconut alcohol,
      the coconut alcohol fraction having from 10 to 14 carbon atoms, are also
      useful nonionic detergents herein.
PAR  Semi-polar nonionic detergents include water-soluble amine oxides
      containing one alkyl moiety of from about 10 to 28 carbon atoms and 2
      moieties selected from the group consisting of alkyl groups and
      hydroxyalkyl groups containing from 1 to about 3 carbon atoms;
      water-soluble phosphine oxide detergents containing one alkyl moiety of
      about 10 to 28 carbon atoms and 2 moieties selected from the group
      consisting of alkyl groups and hydroxyalkyl groups containing from about 1
      to 3 carbon atoms; and water-soluble sulfoxide detergents containing one
      alkyl moiety of from about 10 to 28 carbon atoms and a moiety selected
      from the group consisting of alkyl and hydroxyalkyl moieties of from 1 to
      3 carbon atoms.
PAR  Ampholytic detergents include derivatives of aliphatic or aliphatic
      derivatives of heterocyclic secondary and tertiary amines in which the
      aliphatic moiety can be straight chain or branched and wherein one of the
      aliphatic substituents contains from about 8 to 18 carbon atoms and at
      least one aliphatic substituent contains an anionic water-solubilizing
      group.
PAR  Zwitterionic detergents include derivatives of aliphatic quaternary
      ammonium, phosphonium and sulfonium compounds in which the aliphatic
      moieties can be straight chain or branched, and wherein one of the
      aliphatic substituents contains from about 8 to 18 carbon atoms and one
      contains an anionic water solubilizing group. The quaternary compounds,
      themselves, e.g. cetyltrimethyl ammonium bromide, can also be used herein.
PAR  Other useful detergent compounds herein include the water-soluble salts of
      esters of .alpha.-sulfonated fatty acids containing from about 6 to 20
      carbon atoms in the fatty acid group and from about 1 to 10 carbon atoms
      in the ester group; water-soluble salts of 2-acyloxy-alkane-1-sulfonic
      acids containing from about 2 to 9 carbon atoms in the acyl group and from
      about 9 to about 23 carbon atoms in the alkane moiety; alkyl ether
      sulfates containing from about 10 to 20 carbon atoms in the alkyl group
      and from about 1 to 30 moles of ethylene oxide; water-soluble salts of
      olefin sulfonates containing from about 12 to 24 carbon atoms; and
      .beta.-alkyloxy alkane sulfonates containing from about 1 to 3 carbon
      atoms in the alkyl group and from about 8 to 20 carbon atoms in the alkane
      moiety.
PAR  Preferred water-soluble organic detergent compounds herein include linear
      alkyl benzene sulfonates containing from about 11 to 14 carbon atoms in
      the alkyl group; the tallow range alkyl sulfates; the coconut alkyl
      glyceryl sulfonates; alkyl ether sulfates wherein the alkyl moiety
      contains from about 14 to 18 carbon atoms and wherein the average degree
      of ethoxylation varies between 1 and 6; the sulfated condensation products
      of tallow alcohol with from about 3 to 10 moles of ethylene oxide; olefin
      sulfonates containing from about 14 to 16 carbon atoms; alkyl dimethyl
      amine oxides wherein the alkyl group contains from about 11 to 16 carbon
      atoms; alkyldimethyl-ammonio-propane-sulfonates and
      alkyl-dimethyl-ammonio-hydroxy-propane-sulfonates wherein the alkyl group
      in both types contains from about 14 to 18 carbon atoms; soaps, as
      hereinabove defined; the condensation product of tallow fatty alcohol with
      about 11 moles of ethylene oxide; and the condensation product of a
      C.sub.13 (avg.) secondary alcohol with 9 moles of ethylene oxide.
PAR  Specific preferred detergents for use herein include: sodium linear
      C.sub.10 -C.sub.18 alkyl benzene sulfonate; triethanolamine C.sub.10
      -C.sub.18 alkyl benzene sulfonate; sodium tallow alkyl sulfate; sodium
      coconut alkyl glyceryl ether sulfonate; the sodium salt of a sulfated
      condensation product of a tallow alcohol with from about 3 to about 10
      moles of ethylene oxide; the condensation product of a coconut fatty
      alcohol with about 6 moles of ethylene oxide; the condensation product of
      tallow fatty alcohol with about 11 moles of ethylene oxide;
      3-(N,N-dimethyl-N-coconutalalkylammonio)-2-hydroxypropane-1-sulfonate;
      3-(N,N-dimethyl-N-coconutalkylammonio-propane-1-sulfonate;
      6-(N-dodecylbenzyl-N,N-dimethylammonio)hexanoate; dodecyl dimethyl amine
      oxide; coconut alkyl dimethyl amine oxide; and the water-soluble sodium
      and potassium salts of higher fatty acids containing 8 to 24 carbon atoms.
PAR  It is to be recognized that any of the foregoing detergents can be used
      separately herein or as mixtures. Examples of preferred detergent mixtures
      herein are as follows.
PAR  An especially preferred alkyl ether sulfate detergent component of the
      instant compositions is a mixture of alkyl ether sulfates, said mixture
      having an average (arithmetic mean) carbon chain length within the range
      of from about 12 to 16 carbon atoms, preferably from about 14 to 15 carbon
      atoms, and an average (arithmetic mean) degree of ethoxylation of from
      about 1 to 4 moles of ethylene oxide, preferably from about 2 to 3 moles
      of ethylene oxide; see copending application of Jocobsen and Krummel, Ser.
      No. 306,330, filed Nov. 13, 1972, incorporated herein by reference.
PAR  Specifically, such preferred mixtures comprise from about 0.05 to 5% by
      weight of mixture of C.sub.12-13 compounds, from about 55 to 70% by weight
      of mixture of C.sub.14-15 compounds, from about 25 to 40% by weight of
      mixture of C.sub.16-17 compounds and from about 0.1 to 5% by weight of
      mixture of C.sub.18-19 compounds. Further, such preferred alkyl ether
      sulfate mixtures comprise from about 15 to 25% by weight of mixture of
      compounds having a degree of ethoxylation of 0, from about 50 to 65% by
      weight of mixture of compounds having a degree of ethoxylation from 1 to
      4, from about 12 to 22% by weight of mixture of compounds having a degree
      of ethoxylation from 5 to 8 and from about 0.5 to 10% by weight of mixture
      of compounds having a degree of ethoxylation greater than 8.
PAR  Examples of alkyl ether sulfate mixtures falling within the above-specified
      ranges are set forth in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     MIXTURE CHARACTERISTIC                                                    

                    ALKYL                                                      

                         ETHER                                                 

                              SULFATE                                          

                                    MIXTURE                                    

     __________________________________________________________________________

     Average carbon chain                                                      

                    I    II   III   IV                                         

     Length (No. C Atoms)                                                      

                    14.86                                                      

                         14.68                                                 

                              14.86 14.88                                      

     __________________________________________________________________________

     12-13 carbon atoms (wt.%)                                                 

                     4%   1%   1%    3%                                        

     14-15 carbon atoms (wt.%)                                                 

                    55%  65%  65%   57%                                        

     16-17 carbon atoms (wt.%)                                                 

                    36%  33%  33%   38%                                        

     18-19 carbon atoms (wt.%)                                                 

                     5%   1%   1%    2%                                        

     __________________________________________________________________________

     Average degree of ethoxy-                                                 

     lation (No. Moles EO)                                                     

                     1.98                                                      

                          2.25                                                 

                               2.25 3.0                                        

     __________________________________________________________________________

     0 moles ethylene oxide                                                    

     (wt.%)         15%  21%  22.9% 18%                                        

     1-4 moles ethylene oxide                                                  

     (wt.%)         63%  59%  65%   55%                                        

     5-8 moles ethylene oxide                                                  

     (wt.%)         21%  17%  12%   22%                                        

     9+ moles ethylene oxide                                                   

     (wt.%)          1%   3%  0.1%   5%                                        

     __________________________________________________________________________

     Salt           K    Na   Na    Na                                         

     __________________________________________________________________________

PAR  Preferred "olefin sulfonate" detergent mixtures utilizable herein comprise
      olefin sulfonates containing from about 10 to about 24 carbon atoms. Such
      materials can be produced by sulfonation of .alpha.-olefins by means of
      uncomplexed sulfur dioxide followed by neutralization under conditions
      such that any sultones present are hydrolyzed to the corresponding
      hydroxy-alkane sulfonates. The .alpha.-olefin starting materials
      preferably have from 14 to 16 carbon atoms. Said preferred .alpha.-olefin
      sulfonates are described in U.S. Pat. No. 3,332,880, incorporated herein
      by reference.
PAR  Preferred .alpha.-olefin sulfonate mixtures herein consist essentially of
      from about 30 to about 70% by weight of a Component A, from about 20 to
      about 70% by weight of a Component B, and from about 2 to about 15% of a
      Component C, wherein
PA1  a. said Component A is a mixture of double-bond positional isomers of
      water-soluble salts of alkene-1-sulfonic acids containing from about 10 to
      about 24 carbon atoms, said mixture of positional isomers including about
      10 to about 25% of an alpha-beta unsaturated isomer, about 30 to about 70%
      of a beta-gamma unsaturated isomer, about 5 to about 25% of gamma-delta
      unsaturated isomer, and about 5 to about 10% of a delta-epsilon
      unsaturated isomer;
PA1  b. said Component B is a mixture of water-soluble salts of
      bifunctionally-substituted sulfur-containing saturated aliphatic compounds
      containing from about 10 to about 24 carbon atoms, the functional units
      being hydroxy and sulfonate groups with the sulfonate groups always being
      on the terminal carbon and the hydroxyl group being attached to a carbon
      atom at least two carbon atoms removed from the terminal carbon atoms at
      least 90% of the hydroxy group substitutions being in 3, 4, and 5
      positions; and
PA1  c. said Component C is a mixture comprising from about 30-95% water-soluble
      salts of alkene disulfonates containing from about 10 to about 24 carbon
      atoms, and from about 5 to about 70% water-soluble salts of hydroxy
      disulfonates containing from about 10 to about 24 carbon atoms, said
      alkene disulfonates containing a sulfonate group attached to a terminal
      carbon atom and a second sulfonate group attached to an internal carbon
      atom not more than about six carbon atoms removed from said terminal
      carbon atom, the alkene double bond being distributed between the terminal
      carbon atom and about the seventh carbon atom, said hydroxy disulfonates
      being saturated aliphatic compounds having a sulfonate group attached to a
      terminal carbon, a second sulfonate group attached to an internal carbon
      atom not more than about six carbon atoms removed from said terminal
      carbon atom, and a hydroxy group attached to a carbon atom which is not
      more than about four carbon atoms removed from the site of attachment of
      said second sulfonate group.
PAC  Optional Additives
PAR  The detergent compositions of the present invention can contain, in
      addition to the silicone and detergent, water-soluble builders such as
      those commonly taught for use in detergent compositions. Such auxiliary
      builders can be employed to sequester hardness ions and to help adjust the
      pH of the laundering liquor. Such builders can be employed in
      concentrations of from about 5 to about 95% by weight, preferably from
      about 10 to about 50% by weight, of the detergent compositions herein to
      provide their builder and pH-controlling function. The builders herein
      include any of the conventional inorganic and organic water-soluble
      builder salts.
PAR  Such builders can be, for example, water-soluble salts of phosphates,
      pyrophosphates, orthophosphates, polyphosphates, phosphonates, carbonates,
      polyhydroxysulfonates, silicates, polyacetates, carboxylates,
      polycarboxylates and succinates. Specific examples of inorganic phosphate
      builders include sodium and potassium tripolyphosphates, phosphates, and
      hexametaphosphates. The polyphosphonates specifically include, for
      example, the sodium and potassium salts of ethylene diphosphonic acid, the
      sodium and potassium salts of ethane-1-hydroxy-1, 1-diphosphonic acid and
      the sodium and potassium salts of ethane-1, 1,2-triphosphonic acid.
      Examples of these and other phosphorus builder compounds are disclosed in
      U.S. Pat. Nos. 3,159,581, 3,213,030, 3,422,021, 3,422,137 3,400,176 and
      3,400,148, incorporated herein by reference.
PAR  Non-phosphorus containing sequestrants can also be selected for use herein
      as builders.
PAR  Specific examples of non-phosphorus, inorganic detergent builder
      ingredients include water-soluble inorganic carbonate, bicarbonate, and
      silicate salts. The alkali metal, e.g., sodium and potassium, carbonates,
      bicarbonates, and silicates are particularly useful herein.
PAR  Water-soluble, organic builders are also useful herein. For example, the
      alkali metal, ammonium and substituted ammonium polyacetates,
      carboxylates, polycarboxylates and polyhydroxysulfonates are useful in the
      present compositions. Specific examples of the polyacetate and
      polycarboxylate builder salts include sodium, potassium, lithium, ammonium
      and substituted ammonium salts of ethylene diamine tetraacetic acid,
      nitrilotriacetic acid, oxydisuccinic acid, mellitic acid, benzene
      polycarboxylic acids, and citric acid.
PAR  Highly preferred non-phosphorus auxiliary builder materials herein include
      sodium carbonate, sodium bicarbonate, sodium silicate, sodium citrate,
      sodium oxydisuccinate, sodium mellitate, sodium nitrilotriacetate, and
      sodium etnylenediaminetetraacetate, and mixtures thereof.
PAR  Other highly preferred builders herein are the polycarboxylate builders set
      forth in U.S. Pat. No. 3,308,067, Diehl, incorporated herein by reference.
      Examples of such materials include the water-soluble salts of homo- and
      co-polymers of aliphatic carboxylic acids such as maleic acid, itaconic
      acid, mesaconic acid, fumaric acid, aconitic acid, citraconic acid and
      methylenemalonic acid.
PAR  Additional, preferred builders herein include the water-soluble salts,
      especially the sodium and potassium salts, of carboxymethyloxymalonate,
      carboxymethyloxysuccinate, cis-cyclohexanehexacarboxylate,
      cis-cyclopentanetetracarboxylate and phlorogiucinol trisulfonate.
PAR  The detergent compositions herein can contain all manner of additional
      materials commonly found in laundering and cleaning compositions. For
      example, the compositions can contain thickeners and soil suspending
      agents such as carboxymethylcellulose and the like. Enzymes, especially
      the proteolytic and lipolytic enzymes commonly used in laundry detergent
      compositions, can also be present herein. Various perfumes, optical
      bleaches, fillers, anti-caking agents, fabric softeners and the like can
      be present in the compositions to provide the usual benefits occasioned by
      the use of such materials in detergent conditions. Polyethylene glycol
      (M.W. 600-8000), especially polyethylene glycol 6000, can be
      advantageously used in the fabric laundery compositions herein at from 0.1
      to 1.5% by weight to provide whiteness maintenance benefits. It is to be
      recognized that all such adjuvant materials are useful herein inasmuch as
      they are compatible and stable in the presence of the isolated silicone
      suds suppressor.
PAR  The composition herein can additionally contain from 0.1 to 10% by weight
      of one or more bleaching agents. Preferred bleaching agents are hydrogen
      peroxide addition compounds. The hydrogen peroxide addition compounds may
      be organic but are preferabyl inorganic in nature.
PAR  A great variety of these compounds exist. Most of them are prepared by
      crystallization from solutions containing H.sub.2 O.sub.2. Others are
      prepared by drying a slurry containing the corresponding salts and H.sub.2
      O.sub.2. The most useful hydrogen peroxide addition compounds are the
      perborates, e.g., sodium perborate mono- and tetrahydrates. Other useful
      perborates are potassium and ammonium perborates having the formulae
      2KBO.sub.3.sup.. H.sub.2 O and 2NH.sub.4 BO.sub.3.sup.. H.sub.2 O
      respectively. Other valuable hydrogen peroxide addition compounds are the
      carbonate peroxyhydrates, e.g., 2Na.sub.2 CO.sub.3.sup.. 3H.sub.2 O.sub.2,
      and the phosphate peroxyhydrates, e.g., sodium pyrophosphate peroxyhydrate
      Na.sub.4 P.sub.2 O.sub.7.sup.. 2H.sub.2 O.sub.2. The most suitable organic
      hydrogen peroxide addition compound which can be incorporated into the
      detergent compositions of the present invention is the urea hydrogen
      peroxide addition compound of the formula CO(NH.sub.2).sub.2.sup.. H.sub.2
      O.sub.2, because it is one of the few free flowing dry organic hydrogen
      peroxide addition compounds.
PAR  Other bleaching agents which can be used include oxygenating bleaches such
      as sodium or potassium persulfate, for instance the mixed salt marketed as
      "Oxone", and organic per acids and peroxides, such as those disclosed in
      British Pat. Nos. 886,188, 1,293,063 and British Application No. 5896/71.
PAR  Halogen bleaches, for example hypochlorites or hypobromites and compounds
      providing these ions in solution, may also be used in the compositions
      herein. Examples are sodium hypochlorite itself, chlorinated trisodium
      phosphate, and organic N-chloro-compounds such as chlorinated isocyanuric
      acid compounds. These are particularly useful in automatic dishwashing
      detergent compositions at concentrations of from 0.1to 10% by weight.
PAR  A finished detergent composition of this invention may contain minor
      amounts of materials which make the product more attractive. The following
      are mentioned by way of example: a tarnish inhibitor such as benzotriazole
      or ethylene thio-urea can be added in amounts up to 2% by weight;
      fluorescers, perfumes and dyes, while not essential, can be added in small
      amounts. An alkaline material such as sodium or potassium carbonate or
      hydroxide can be added in minor amounts as supplementary pH adjusters.
      There may also be mentioned, as suitable additives: bacteriostats,
      bactericides, corrosion inhibitors such as soluble alkali silicates
      (preferably sodium silicates having an SiO.sub.2 /Na.sub.2 O ratio of from
      1:1 to 2.8:1, and textile softening agents.
DETD
PAR  The following examples illustrate the compositions herein, but are not
      intended to be limiting thereof.
PAC  EXAMPLE 1
PAR  A granular detergent composition having the following composition by weight
      was used in this illustration of the invention:
     Sodium salt of linear dodecyl-                                            

     benzene sulphonate    10%                                                 

     Tallow alcohol condensed with 11                                          

     molar proportions of ethylene oxide                                       

                           2%                                                  

     Sodium tripolyphosphate                                                   

                           32%                                                 

     Sodium perborate tetrahydrate                                             

                           32%                                                 

     Sodium silicate       6%                                                  

     Sodium sulphate       6%                                                  

     Moisture etc.         balance.                                            

PAR  To samples of this composition were added 0.1% by weight of silanated
      silica (QUSO WR50 supplied by Philadelphia Quartz Co.) and 0.1% by weight
      of silicone (SAG 100 supplied by Union Carbide Corp.), in various forms as
      described below. The sudsing behaviour of these compositions was tested in
      a miniature drum washing machine, loaded with 0.875 g of a lipid soil, and
      a standard load of fabric. The washing liquor consisted of 3.5 liters of a
      solution of the composition to be tested, of concentration 0.9% by weight,
      in water hardness of 3.4 millimols per liter, at 25.degree.C initially.
      The machine was started and the temperature of the solution raised to
      90.degree.C over a period of 1 hour. Suds levels were measured at
      appropriate temperature levels. Suds heights observed are given below.
TBL  ______________________________________                                    

     Temperature       30.degree.C 90.degree.C                                 

     Agitation Time    6-7 mins.   60 mins.                                    

     SAMPLE                                                                    

     ______________________________________                                    

     (1)  No suds control                                                      

          agent            15 cm       Over-                                   

                                       sudsing                                 

     (2)  Silicone/Silanated                                                   

          silica incorporated                                                  

          in detergent composi-                                                

          tion before spray                                                    

          drying           15 cm       Over-                                   

                                       sudsing                                 

     (3)  Silicone/Silanated                                                   

          mixture, unprotected,                                                

          blended with granular                                                

          composition                                                          

     (a)     Immediately                                                       

             before testing                                                    

                           0           8 cm                                    

     (b)     Product pre-                                                      

             pared and aged                                                    

             1 month before                                                    

             testing       15 cm       Over-                                   

                                       sudsing                                 

     (4)  Silicone and sila-                                                   

          nated silica com-                                                    

          ponents dry mixed                                                    

          separately with the                                                  

          granular composition                                                 

                           0 cm        10 cm                                   

     (5)  Mixed silicone/sila-                                                 

          nated silica granu-                                                  

          lated and coated with                                                

          TAE.sub.25 and then dry                                              

          mixed with the granu-                                                

          lar detergent composi-                                               

          tion.                                                                

     (a)     Immediately                                                       

             before testing                                                    

                           5 cm        8 cm                                    

     (b)     Product prepared                                                  

             and aged 1 month                                                  

             before testing                                                    

                           5 cm        8 cm                                    

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  A composition, differing from that of Example 1 in that it contained 12% by
      weight of TERGITOL 15-S-9 (a C.sub.10-15 secondary alcohol ethoxylated
      with an average of 9 moles ethylene oxide) instead of the dodecylbenzene
      sulphonate and tallow alcohol ethoxylate, was tested similarly.
PAR  Suds levels were:
TBL  Temperature       30.degree.C                                             

                                  90.degree.C                                  

     Agitation Time    6-7 mins   60 mins                                      

     SAMPLE                                                                    

     ______________________________________                                    

     (1)  No suds control                                                      

          agent            10 cm      Oversudsing                              

     (2)  Silicone/Silanated                                                   

          silica components                                                    

          dry mixed separately                                                 

          with the granular                                                    

          composition      0 cm       8 cm                                     

     (3)  Mixed silicone/                                                      

          silanated silica                                                     

          granulated, and                                                      

          coated with TAE.sub.25                                               

          and then dry mixed                                                   

          with the granular                                                    

          detergent composition                                                

     (a)     Immediately                                                       

             before testing                                                    

                           5 cm       6 cm                                     

     (b)     Product prepared                                                  

             and aged 1 month                                                  

             before testing                                                    

                           5 cm       6 cm                                     

     ______________________________________                                    

PAR  Example 1 (Sample 5) and Example 2 (Sample 3) clearly illustrate the
      comparative storage stability of detergent compositions containing the
      suds control agent protected from interaction with the detergent.
PAR  Example 3 demonstrates the controlled suds profile which is achieved by
      means of mixed silanated silica/silicone suds controlling agents
      incorporated in TAE.sub.25.
PAC  EXAMPLE 3
PAR  Detergent compositions formulated as follows were prepared:
TBL                      A    B    C    D                                      

     __________________________________________________________________________

     TERGITOL 15-S-9     10%  10%  10%  10%                                    

     Sodium tripolyphosphate (STPP)                                            

                         40%  40%  40%  40%                                    

     Sodium perborate tetrahydrate                                             

                         25%  25%  25%  25%                                    

     Sodium silicate (SiO.sub.2 : Na.sub.2 O = 2.0)                            

                          8%   8%   8%   8%                                    

     Sodium sulfate       7%   7%   7%   7%                                    

     Silanated silica     0.1%                                                 

                              --    0.1%                                       

                                         0.05%                                 

     Silicone            --    0.1%                                            

                                    0.1%                                       

                                         0.05%                                 

     Tallow alcohol ethoxylated with an                                        

     average of 25 moles ethylene oxide                                        

     (TAE.sub.25)        --   --    0.8%                                       

                                         0.4%                                  

     Balance (water, perfume proteolytic                                       

     enzyme, optical brightener, and                                           

     sodium carboxymethylcellulose)                                            

     __________________________________________________________________________

PAR  TERGITOL 15-S-9, silanated silica, and silicone are more precisely defined
      in Examples 1 and 2.
PAR  The above compositions were prepared by a spray-drying process with the
      perborate, silanated silica and/or silicone dry-blended into the
      spray-dried portion. The liquid silicone of Composition B was first
      sprayed onto a bed of STPP to form agglomerates and then added to the
      spray-dried portion of the composition. The silanated silica and silicone
      of Compositions C and D were first blended with melted TAE.sub.25. This
      blend was then atomized into a fluidized bed of STPP to form agglomerates.
      The agglomerates are of a spherical shape with the silanated silica,
      silicone and TAE.sub.25 homogeneously blended together and having a
      coating of STPP. The agglomerate consisted of about 5% silanated silica,
      5% silicone, 40% TAE.sub.25 and 50% STPP. They had a particle size of
      about 0.25 to 1.50 mm diameter as determined by sieve analysis.
PAR  Compositions A-D were tested for sudsing by adding sufficient product to a
      washing machine containing 3.5 liters of water having a water hardness of
      3.0 mmol/liter to give a product concentration of 0.8% by weight. The
      washing machine contained lipid soil as well as soiled clothing. The water
      was heated from 20.degree. to 100.degree.C over a time span of 1 hour. The
      height of the suds was measured at different temperature levels and
      recorded. A level of suds above 15 cm for this type of washing machine is
      unacceptable in that proper cleaning is impaired. Each composition was
      tested in the same manner. Results of the tests were as follows:
TBL           30.degree.C                                                      

                  40.degree.C                                                  

                      50.degree.C                                              

                          60.degree.C                                          

                              70.degree.C                                      

                                  80.degree.C                                  

                                      90.degree.C                              

     __________________________________________________________________________

     Composition A                                                             

              8 cm                                                             

                  14 cm                                                        

                      20 cm                                                    

                          25 cm                                                

                              -- oversudsing --                                

     Composition B                                                             

              0 cm                                                             

                   0 cm                                                        

                       2 cm                                                    

                          10 cm                                                

                              12 cm                                            

                                  11 cm                                        

                                      11 cm                                    

     Composition C                                                             

              2 cm                                                             

                   8 cm                                                        

                       8 cm                                                    

                           8 cm                                                

                               9 cm                                            

                                   9 cm                                        

                                       8 cm                                    

     Composition D                                                             

              6 cm                                                             

                  12 cm                                                        

                      12 cm                                                    

                          12 cm                                                

                              11 cm                                            

                                  13 cm                                        

                                      12 cm                                    

     __________________________________________________________________________

PAR  The above results indicate that silanated silica alone (Composition A) is
      not a satisfactory suds suppressor in a nonionic detergent composition
      because of the high sudsing and oversudsing that occurs at the higher
      temperatures. Similarly the results obtained from Composition B indicate
      that the use of silicone alone in a nonionic detergent composition is not
      fully satisfactory because of the undesirable low suds profile at the
      lower temperatures. Compositions C and D possess satisfactory suds
      profiles as evidenced by the relatively high suds profile at low
      temperatures as well as effective suds suppression ability at the higher
      temperatures.
PAR  Example 4 demonstrates the added advantages for the use of intimate
      mixtures of silanated silica and silicone as suds suppressors in fabric
      laundering compositions.
PAC  EXAMPLE 4
PAR  The following detergent compositions were prepared:
TBL                       A      B                                             

     ______________________________________                                    

     Sodium salt of linear dodecyl                                             

     benzene sulfonate      6.3%     6.3%                                      

     Sodium salt of sulfonated tallow                                          

     alcohol                2.7%     2.7%                                      

     Tallow alcohol ethoxylated with                                           

     an average of 11 moles of                                                 

     ethylene oxide (TAE.sub.11)                                               

                            2.7%     2.7%                                      

     Sodium tripolyphosphate                                                   

                            40%      40%                                       

     Sodium perborate tetrahydrate                                             

                            24.5%    24.5%                                     

     Sodium silicate (SiO.sub.2 : Na.sub.2 O = 2.0)                            

                            9.0%     9.0%                                      

     Sodium sulfate         7.0%     7.0%                                      

     Silanated silica       0.1%     --                                        

     Silicone               0.1%     --                                        

     Silanated silica/silicone                                                 

                            --       0.2%                                      

     Tallow alcohol ethoxylated with                                           

                            0.8%     0.8%                                      

     an average of 25 moles of                                                 

     ethylene oxide (TAE.sub.25)                                               

     Balance (water, perfume, sodium                                           

     carboxymethylcellulose)                                                   

     ______________________________________                                    

PAR  The silanated silica and silicone were the materials described in Example
      1.
PAR  Compositions A and B were prepared by a spray-drying process with the
      sodium perborate tetrahydrate, silanated silica, and silicone dry-mixed
      into the spray-dried compositions. The silanated silica and silicone of
      Composition A were each separately encapsulated with TAE.sub.25. The suds
      suppressor mixture of Composition B was prepared in the manner described
      in Example 3 and had a 1:1 weight ratio of the silanated silica and
      silicone. The sudsing patterns of the above compositions were determined
      using the test described above in Example 3 except that the water used in
      this example has a hardness of 3.4 mmol/liter. The following results were
      obtained:
TBL         40.degree.C                                                        

                  50.degree.C                                                  

                          60.degree.C                                          

                                  70.degree.C                                  

                                        80.degree.C                            

                                              90.degree.C                      

     ______________________________________                                    

     Composition                                                               

              0 cm    8 cm    15 cm 22 cm oversudsing                          

     Composition                                                               

              3 cm    7 cm    7 cm  7 cm  7 cm  8 cm                           

     B                                                                         

     ______________________________________                                    

PAR  The above test shows that the sudsing pattern of the composition
      illustrative of this invention i.e. Composition B possesses a relatively
      high suds pattern at the lower temperatures but does not oversuds at the
      higher temperatures. However, the composition containing silanated silica
      and silicone separately protected possessed an unsatisfactory suds pattern
      for this use. More specifically, Composition A was found to oversuds at
      the higher temperatures. This example shows that mixtures of silanated
      silica and silicone which have been protected separately are not
      satisfactory in this type of product.
PAC  EXAMPLE 5
PAR  The following detergent composition was tested in hard water and soft water
      to demonstrate the fact that the suds control agent of this invention is
      not dependent on the hardness of the water:
TBL                         %                                                  

     ______________________________________                                    

     TERGITOL 15-S-9          10                                               

     Sodium tripolyphosphate  40                                               

     Sodium perborate tetrahydrate                                             

                              25                                               

     Sodium silicate (SiO.sub.2 :Na.sub.2 O = 2.0)                             

                              8                                                

     Sodium sulfate           7                                                

     Silanated silica         0.15                                             

     Silicone                 0.10                                             

     Tallow alcohol ethoxylated with                                           

     an average of 25 moles ethylene                                           

     oxide                    1.0                                              

     Balance (water, perfume, proteo-                                          

     lytic enzyme and sodium carboxy-                                          

     methylcellulose)                                                          

     ______________________________________                                    

PAR  The silanated silica, silicone (both as described in Example 1) and
      TAE.sub.25 were as described in Example 3. The composition was tested in
      water solutions having hardness of 0 and 2 mmol/liter, respectively. Each
      test was run using a horizontal drum washing machine having a heat-up time
      of 1 hour from 20.degree.to 90.degree.C. A washing load was made up of 4.5
      kg of soiled fabrics and a product concentration of 0.90%. The height of
      suds was measured at 4 minute intervals. The suds profiles as measured by
      the suds height data for the tests using the soft and hard water were
      substantially identical, thus indicating that the suds control agent of
      this invention is insensitive to water hardness. This is to be contrasted
      with prior art suds control agents e.g. fatty acid mixtures which control
      suds to varying degrees depending on the water hardness of the wash water.
PAC  EXAMPLE 6
PAR  Detergent compositions containing relatively high levels of surface-active
      agents were tested using the suds control agent of this invention and a
      known suds control agent, i.e. HYFAC (a fatty acid mixture commercially
      available).
TBL  ______________________________________                                    

                           A      B                                            

     ______________________________________                                    

     Sodium salt of dodecyl benzene sulfonate                                  

                             14%      14%                                      

     Tallow alcohol ethoxylated with 11 moles                                  

     of ethylene oxide        8%       8%                                      

     Sodium tripolyphosphate 28%      28%                                      

     Sodium perborate monohydrate                                              

                             22%      22%                                      

     Sodium silicate (Si.sub.2 O:Na.sub.2 O = 2.0)                             

                              5%       5%                                      

     Sodium sulfate          17%      17%                                      

     Silicone/silanated silica                                                 

                              0.25%   --                                       

     Tallow alcohol ethoxylated with 25 moles                                  

     of ethylene oxide        1.0%    --                                       

     Hyfac                   --        5%                                      

     Balance (water, optical brightener,                                       

     perfume and sodium carboxymethylcellulose)                                

     ______________________________________                                    

PAR  The silanated silica and silicone were in a 3:2 weight ratio and were the
      materials described in Example 1. The mixture was prepared as described in
      Example 3, Compositions C and D.
PAR  Each of the above compositions was tested for sudsing in a horizontal drum
      type washing machine. Water having a hardness of about 1 mmol was used.
      Detergent compositions sufficient to give a product concentration of 0.9%
      was added to each machine. An 8 kg bundle of soiled fabrics was split in
      half and also added to each machine. The wash water solutions were heated
      from 20.degree. to 90.degree.C over a heat-up time of 1 hour. The height
      of suds was measured at 4 minutes intervals.
PAR  The washing machine containing composition B had about 19 cm of suds at its
      maximum. This was considered unsatisfactory in that the cleaning
      performances of such a product would be impaired. However, the composition
      of this invention, Composition A exhibited satisfactory sudsings in that
      the maximum height of the generated suds was about 6 cm -- too low to
      interfere with the cleaning action of the wash solution.
PAC  EXAMPLE 7
PAR  The composition of Example 1 (5) is modified by removal of the sodium
      linear C.sub.12 alkylbenzenesulfonate and replacing it with an equal
      amount of the detergent mixtures set forth in Table I, respectively, and
      equivalent results are secured.
PAC  EXAMPLE 8
PAR  The composition of Example 1 (5) is modified by removal of the sodium
      linear C.sub.12 alkylbenzenesulfonate and replacing it with an equal
      amount of: triethanolamine C.sub.10 -C.sub.18 alkyl benzene sulfonate;
      sodium tallow alkyl sulfate; sodium coconut alkyl glyceryl ether
      sulfonate; the sodium salt of a sulfated condensation product of a tallow
      alcohol with from about 3 to about 10 moles of ethylene oxide; the
      condensation product of a coconut fatty alcohol with about 6 moles of
      ethylene oxide; the condensation product of tallow fatty alcohol with
      about 11 moles of ethylene oxide;
      3-(N,N-dimethyl-N-coconutalkylammonio)-2-hydroxypropane-1-sulfonate;
      3-(N,N-dimethyl-N-coconutalkylammonio)-propane-1-sulfonate;
      6-(N-dodecylbenzyl-N,N-dimethylammonio) hexanoate; dodecyl dimethyl amine
      oxide; coconut alkyl dimethyl amine oxide; and mixtures thereof,
      respectively, and equivalent results are secured.
PAR  The controlled sudsing compositions of this invention can be used in
      granular detergent compositions for use in automatic dishwashing machines.
      For this application, low sudsing throughout a broad temperature range is
      desirable to prevent an overflow of suds and to insure effective operation
      of the machine. The use of a surface active detergent in an automatic
      dishwashing composition assist soil removal and facilitates sheeting of
      water from the soiled articles thereby inhibiting the formation of visible
      spots and streaks on glassware. However, the high degree of water
      agitation present in an automatic dishwashing machine generally produces
      copious sudsing even with low levels of surface active agent unless a suds
      control agent is present. Additionally, certain soils such as egg residues
      accentuate the sudsing of the detergent compositions. Indeed, the suds
      problem in automatic dishwashers can be so severe as to actually inhibit
      the rotation of the spray arm in the machine. Accordingly, low sudsing
      detergents are preferred for such use.
PAR  Silicone is an effective suds control agent for use in automatic
      dishwashing machines. The presence of silicone in the washing solution
      during the wash cycle of an automatic dishwasher in the range of 0.1 to 1%
      based on the weight of granular detergent compositions is effective in
      controlling the suds of a granular detergent composition containing 10% by
      weight of a nonionic surface active agent such as an ethoxylated fatty
      alcohol containing an average of about 6 moles of ethylene oxide for each
      mole of fatty alcohol with an average of about 12 carbon atoms. Although
      silicone has shown the potential to control suds in such a composition,
      the simple incorporation of silicone into the composition itself by direct
      addition of silicone has not proven to be practically effective. As noted
      above, aged or stored conventional silicone-containing detergent
      compositions lose their sudsing characteristics and become unacceptable
      for use in automatic dishwashing machines. The addition of silicone to a
      granular carrier such as sodium silicate or sodium tripolyphosphate before
      incorporation into the remainder of the detergent composition does not
      prevent the loss of a low sudsing characteristic as a consequence of
      aging. Compositions prepared as described herein overcome these
      sudsing/aging problems and provide detergent compositions especially
      adapted for use in automatic dishwashers.
PAC  EXAMPLE 9
PAR  A granular composition especially adapted for use in an automatic
      dishwasher is as follows:
     Component               Wt.%                                              

     ______________________________________                                    

     Anhydrous Sodium Carbonate                                                

                             30.0                                              

     Hydrated Sodium Silicate                                                  

     (81.5% solids, SiO.sub.2.Na.sub.2 O ratio =                               

     2.1:1 by weight)        20.0                                              

     Coconut alcohol condensed with                                            

     6 molar proportions of                                                    

     ethylene oxide          10.0                                              

     Sodium citrate dihydrate                                                  

                             10.0                                              

     Sodium dichlorocyanurate dihydrate                                        

                             3.8                                               

     Polyethylene glycol                                                       

     (Carbowax 4000 M.W. 3000-3700)                                            

                             2.0                                               

     Dimethyl Silicone       0.8                                               

     Anhydrous Sodium Sulfate                                                  

                             Balance                                           

     ______________________________________                                    

PAR  The foregoing composition was prepared by mixing the sodium carbonate, the
      sodium citrate, the sodium dichlorocyanurate, the sodium sulfate, and
      one-half of the sodium silicate in a ribbon blender. The ethoxylated fatty
      alcohol was sprayed on these granules. Separately, the remaining silicate
      was charged into a second ribbon blender. The fluid silicone (SAG 100) was
      added thereto and mixed with the silicate until uniformly dispersed. The
      polyethylene glycol was melted at 140.degree.F and the melt was sprayed
      over the silicone-silicate granules. Continued blending during the
      spraying process insured a substantially uniform coating of solid
      polyethylene glycol on the silicone-silicate granules. The two granule
      portions from the first and second ribbon blenders were dry-mixed
      together.
PAR  The sudsing behavior of this composition was evaluated in a Hobart Kitchen
      Aid Model KD-15C automatic dishwashing machine. For purposes of evaluating
      the sudsing characteristics of a detergent composition, conditions known
      to accentuate sudsing are employed. The machine was loaded with clean
      dishes and glassware. Fifteen grams of blended raw egg were placed in the
      machine. A source of softened water (less than 1 grain/gal. of Ca as Ca
      Co.sub.3) was connected to the water inlet part of the washer. Twenty-five
      grams of the detergent composition were added to the machine and the
      machine cycle was started. Water temperature for the wash and rinse cycles
      was maintained at 100.degree.-105.degree.F.
PAR  Sudsing is measured by observing suds overflow from the top of the machine.
      This occurrence is very objectionable. Excessive suds also manifests
      itself by slowing down the rotation of the spray arm of the washer. The
      degree of slowdown is measured by equipping the machine with a rotation
      counter and can be expressed relative to the rotation speed when no
      detergent is present in the machine. The sudsing behavior of the
      composition listed was evaluated immediately after preparation of the
      composition and also after the product was maintained in a vapor tight
      container for four days at 100.degree.F.
PAR  Performance results were as follows:
TBL             Freshly Made                                                   

                            Aged 4 Days                                        

                Product     100.degree.F                                       

     ______________________________________                                    

     Suds Overflow                                                             

                  None          None                                           

     Machine Efficiency                                                        

     (no product = 100%)                                                       

     Wash cycle   87.6%         90.1%                                          

     First Rinse  83.4          86.2                                           

     Second Rinse 86.1          87.6                                           

     ______________________________________                                    

PAR  The above results indicate that the composition is a satisfactory automatic
      dishwasher detergent composition from the standpoint of sudsing and that
      aging at elevated temperatures does not cause a loss of suds control
      capabilities.
PAR  If the composition used in this demonstration is modified by using an
      unprotected dimethyl silicone suds controlling agent, the machine
      efficiency figures in the right hand column of the table above would be
      significantly below the values obtained with freshly made product.
PAR  The detergent compositions herein are conveniently prepared by simply
      dry-mixing the various components.
PAR  By this invention detergent compositions are provided which have
      unexpectedly improved sudsing characteristics. A discovery has been made
      which permits a person skilled in the art to formulate detergent
      compositions having reduced or nil-sudsing properties. Such detergent
      compositions are especially needed in automatic dishwasher applications
      and comprise a silicone suds controller protected or insulated from
      contact with the major surface active detergent component of the total
      formulation. For light-duty or heavy-duty laundry applications, the
      present invention, in a preferred embodiment, provides compostions which
      have an overall suds profile acceptable at lower temperatures (hand
      laundering) or higher temperatures (machine laundering). This latter
      preferred embodiment comprises silicone used in conjunction with at least
      one additional essential element which together are protected from the
      degradative influence of a surface active detergent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A detergent composition having a controlled suds pattern consisting
      essentially
PA1  i. from about 0.01 to about 10% by weight of a suds controlling agent
      comprising an intimate mixture of silicone and silica having a surface
      area greater than 50 m.sup.2 /gram releaseably incorporated in a
      water-soluble or water-dispersible, substantially non-surface active,
      detergent-impermeable carrier selected from the group consisting of
      gelatin, agar, gum arabic, algae gel and the condensation products of
      tallow alcohol and 25 moles or more of ethylene oxide; and
PA1  from about 5 to about 95% by weight of a detergent component selected from
      the group consisting of anionic, nonionic, zwitterionic, ampholytic and
      cationic detergent compound;
PAL  wherein the silicone is in a weight ratio to the silica of from about 19:1
      to about 1:2 and the carrier is from about 0.1 to about 99% by weight of
      the suds controlling agent and the carrrier material.
NUM  2.
PAR  2. A composition according to claim 1 wherein the suds controlling agent is
      a polydimethylsiloxane fluid.
NUM  3.
PAR  3. A composition according to claim 1 wherein the silica is hydrophobic.
NUM  4.
PAR  4. A composition according to claim 3 wherein the hydrophobic silica is
      silanated silica.
NUM  5.
PAR  5. A composition according to claim 4 wherein the silicone is a
      polydimethylsiloxane fluid.
NUM  6.
PAR  6. A composition according to claim 1 wherein the silicone is sorbed onto
      and into a member selected from the group consisting of sodium carbonate,
      sodium tripolyphosphate, sodium silicate, clay, starch, kieselguhr, and
      Fuller's Earth.
NUM  7.
PAR  7. A composition according to claim 1 wherein the suds controlling agent is
      a mixture of silicone fluid, silicone resin and silica comprising:
PA1  a. from about 10 parts to about 100 parts by weight of a
      polydimethylsiloxane fluid having a viscosity in the range from 20 cs. to
      1500 cs at 25.degree.C;
PA1  b. 5 to 50 parts by weight of a siloxane resin composed of (CH.sub.3).sub.3
      SiO.sub.1/2 units and SiO.sub.2 units in which the ratio of the
      (CH.sub.3).sub.3 SiO.sub.1/2 units to the SiO.sub.2 units is within the
      range of from 0.6/1 to 1.2/1; and
PA1  c. 1 to 10 parts by weight of a silica aerogel.
NUM  8.
PAR  8. A composition according to claim 7 wherein the mixture is sorbed on a
      water-soluble solid selected from the group consisting of sodium
      carbonate, sodium tripolyphophate, sodium silicate, clay, starch,
      kieselguhr, and Fuller's Earth.
NUM  9.
PAR  9. A composition according to claim 1 wherein the suds controlling agent is
      additionally coated with a member selected from the group consisting of
      sodium tripolyphosphate, sodium carbonate, sodium carboxymethylcellulose,
      granulated starch, clay, sodium citrate, sodium acetate, and sodium
      sulfate in a weight ratio of the suds controlling agent to said member of
      from about 20:1 to about 1:20.
NUM  10.
PAR  10. A composition according to claim 1 wherein the detergent compound is a
      water-soluble salt of an organic sulfuric reaction product having in its
      molecular structure an alkly group containing from about 8 to about 22
      carbon atoms and a sulfonic acid or sulfuric acid ester group.
NUM  11.
PAR  11. A composition according to claim 1 wherein the detergent compound is a
      water-soluble soap.
NUM  12.
PAR  12. A composition according to claim 1 wherein the detergent compound is
      selected from the group consisting of sodium linear C.sub.10 -C.sub.18
      alkyl benzene sulfonate; triethanolamine C.sub.10 14 C.sub.18 alkyl
      benzene sulfonate; sodium tallow alkyl sulfate; sodium coconut alkyl
      glyceryl ether sulfonate; the sodium salt of a sulfated condensation
      product of a tallow alcohol with from about 3 to about 10 moles of
      ethylene oxide; the condensation product of a coconut fatty alcohol with
      about 6 moles of ethylene oxide; the condensation product of tallow fatty
      alcohol with about 11 moles of ethylene oxide;
      3-(N,N-dimethyl-N-coconutalkyl-ammonio) -2-hydroxypropane-1-sulfonate;
      3-(N,N-dimethyl-N-coconutalkylammonio) -propane-1-sulfonate;
      6-(N-dodecylbenzyl-N,N-dimethylammonio) hexanoate; dodecyl dimethyl amine
      oxide; coconut alkyl dimethyl amine oxide; the water-soluble sodium and
      potassium salts of higher fatty acids containing 8 to 24 carbon atoms; and
      mixtures thereof
NUM  13.
PAR  13. A composition according to claim 1 wherein the detergent compound is a
      mixture of alkyl ether sulfate compounds, comprising: from about 0.05 to
      5% by weight of mixture of C.sub.12-13 compounds, from about 55 to 70% by
      weight of mixture of C.sub.14-15 compounds, from about 25 to 40% by weight
      of mixture of C.sub.16-17 compounds, from about 0.1 to 5% by weight of
      mixture of C.sub.18-19 compounds, from about 15 to 25% by weight of
      mixture of compounds having a degree of ethoxylation of 0, from about 50
      to 65% by weight of mixture of compounds having a degree of ethoxylation
      from 1 to 4, from about 12 to 22% by weight of mixture of compounds having
      a degree of ethoxylation from 5 to 8 and from about 0.5 to 10% by weight
      of mixture of compounds having a degree of ethoxylation greater than 8.
NUM  14.
PAR  14. A composition according to claim 1, containing, as an additional
      component, from about 5 to about 95% by weight of a water-soluble
      detergency builder.
NUM  15.
PAR  15. A composition according to claim 14 wherein the auxiliary builder is
      selected from the group consisting of sodium tripolyphosphate and
      potassium tripolyphosphate.
NUM  16.
PAR  16. A composition according to claim 14 wherein the auxiliary builder is a
      non-phosphorus containing builder.
NUM  17.
PAR  17. A composition according to claim 16 wherein the detergency builder is
      selected from the group consisting of water-soluble inorganic carbonate,
      bicarbonate, and silicate salts.
NUM  18.
PAR  18. A composition according to claim 16 wherein the detergency builder is
      selected from the group consisting of sodium citrate, sodium
      oxydisuccinate, sodium mellitate, sodium nitrilotriacetate, sodium
      ethylenediaminetetraacetate, sodium polymaleate, sodium polyitaconate,
      sodium polymesaconate, sodium polyfumarate, sodium polyaconitate, sodium
      polycitraconate, sodium polymethylenemalonate, sodium
      carboxymethylmalonate, sodium carboxymethyloxysuccinate, sodium
      cis-cyclohexanehexacarboxylate, cis-cyclopentanetetracarboxylate and
      sodium phloroglucinol trisulfonate.
NUM  19.
PAR  19. A composition according to claim 1 containing as an additional
      component from about 0.1 to about 3% by weight of a polyethylene glycol of
      a molecular weight in the range of 400 to 8,000.
NUM  20.
PAR  20. A composition according to claim 19 containing from 0.5 to 1.5% of
      polyethylene glycol of a molecular weight of 6,000.
NUM  21.
PAR  21. The detergent composition of claim 1 wherein the carrier is a
      condensation product of tallow alcohol and about 25 moles of ethylene
      oxide.
NUM  22.
PAR  22. The composition of claim 21 wherein the detergent component is a
      nonionic surface active agent.
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ABST
PAL  Partial salts, particularly alkali metal salts, of polymeric aliphatic
      carboxylic acids are made by isolation from their aqueous solutions, the
      degree of neutralisation being not more than about 60%. The partial salts
      have improved storage properties which facilitates their use, for example
      in detergent compositions.
BSUM
PAR  The present invention relates to chemical compounds and to detergent
      compositions incorporating such compounds, and in particular to chemical
      compounds adapted for use as detergency builders in detergent
      compositions.
PAR  It has been proposed to use as detergency builders salts of synthetic
      polycarboxylic acid compounds, particularly salts of relatively high
      molecular weight polymers and copolymers of unsaturated aliphatic
      carboxylic acids such as polyacrylic acid. These materials are commonly
      used in the form of their alkali metal salts, for example sodium salts,
      but these salts are sometimes difficult to produce in dry form and they
      tend to have unsatisfactory storage properties when exposed to the air.
      Moveover, when incorporated in detergent compositions, the presence of
      such polycarboxylate detergency builders tends to impair the storage
      properties of the detergent compositions.
PAR  The salts of polymeric aliphatic carboxylic acids can also be used as
      stabilisers and thickeners in liquid compositions, for example liquid
      detergent compositions, when they are usually used in much smaller
      proportions than when used as detergency builders.
PAR  In view of the difficulties of producing dry salts of polymeric aliphatic
      carboxylic acids the compositions are usually supplied commercially in
      aqueous solution, which is expensive in terms of packaging and transport
      costs. Alternatively, the free acid can in some cases be supplied in
      powder form, but this then requires neutralisation to the salt, and the
      difficulties caused by the hygroscopicity of the salt are still present
      when the salt is subsequently desired in powder form.
PAR  We have now found that polymeric aliphatic carboxylic acids which are
      partially neutralised can be prepared relatively readily in dry form and
      have commercially satisfactory storage properties. Moreover, detergent
      compositions with satisfactory storage properties can be made from such
      partially neutralised polymeric aliphatic carboxylic acids.
PAR  According to the present invention a process for the preparation of a
      partial salt of a polymeric aliphatic carboxylic acid comprising isolating
      the partial salt from an aqueous solution thereof, the extent of
      neutralisation of the acid being up to about 60% by weight.
PAR  The invention includes a partial salt of a polymeric aliphatic carboxylic
      acid which is partially neutralised to the extent of up to about 60% by
      weight. The salt-forming cation is normally an alkali metal cation, but
      other cations such as ammonium or substituted ammonium cations can
      alternatively be used.
PAR  It should be mentioned that the partial salts of the polymeric aliphatic
      carboxylic acids cannot be made by simple admixture of a fully neutralised
      salt and the acid itself, as this would not give the required physical
      properties to the mixture. The partial salts can only be prepared
      satisfactorily and in accordance with this invention by isolation of the
      partial salts from their aqueous solutions.
PAR  The invention further includes a detergent composition incorporating as a
      detergency builder a polymeric aliphatic carboxylic material of which up
      to about 60% by weight is in water soluble salt form, particularly as the
      alkali metal salt. The detergent composition can be made by admixture of
      its ingredients including a partial salt of a polymeric aliphatic
      carboxylic acid as described or, preferably, by isolation of the detergent
      composition from an aqueous slurry which includes a partial alkali metal
      salt of a polymeric aliphatic carboxylic acid. Such detergent compositions
      are generally powdered or granular products, but they may alternatively be
      in tablet, flake or other dry form.
PAR  In addition to the polymeric carboxylic compounds, the detergent
      compositions essentially incorporate one or more detergent active
      compounds, which may be anionic, nonionic, zwitterionic or amphoteric
      compounds or mixtures thereof.
PAR  Suitable anionic detergent active compositions which can be used include
      for example, sodium and potassium alkyl sulphates, especially those
      obtained by sulphating the higher (C.sub.8 -C.sub.18) alcohols produced by
      reducing the glycerides of tallow or coconut oil; sodium and potassium
      alkyl (C.sub.9 -C.sub.20) benzene sulphonates, particularly sodium linear
      secondary alkyl (C.sub.10 -C.sub.15) benzene sulphonates; sodium alkyl
      glyceryl ether sulphates; sodium coconut oil fatty acid monoglyceride
      sulphates and sulphonates; sodium and potassium salts of sulphuric acid
      esters of higher (C.sub.9 -C.sub.18) fatty alcohol-alkylene oxide,
      particularly ethylene oxide, reaction products; the reaction products of
      fatty acids such as coconut fatty acids esterified with isethionic acid
      and neutralised with sodium hydroxide; sodium and potassium salts of fatty
      acid amides of methyl taurine; alkane sulphonates such as those derived by
      reacting alpha-olefins (C.sub.8 -C.sub.20) with sodium bisulphite; and
      olefin sulphonates, which term is used to cover the material made by
      reacting olefins, particularly alpha-olefins, with SO.sub.3 and then
      neutralising and hydrolysing the reaction product. The anionic detergent
      active compound could alternatively be a soap, especially a sodium or
      potassium soap of mixed nut oil and tallow fatty acids.
PAR  Examples of suitable nonionic detergent active compounds include the
      reaction products of alkylene oxides, usually ethylene oxide, with alkyl
      (C.sub.6 -C.sub.12) phenols, generally 5 to 25 EO, i.e. 5 to 25 units of
      ethylene oxide per molecule; the condensation products of aliphatic
      (C.sub.8 -C.sub.18) alcohols with ethylene oxide, generally 6 to 30 EO,
      and products made by condensation of ethylene oxide with the reaction
      products of propylene oxide and ethylenediamine. Other suitable nonionic
      detergent active compounds include tertiary amine oxides, generally having
      one alkyl (C.sub.8 -C.sub.18) radical, two methyl, ethyl or hydroxy ethyl
      radicals, and analogous tertiary phosphine oxides and dialkyl sulphoxides.
PAR  Suitable amphoteric synthetic detergents are derivatives of aliphatic
      secondary and tertiary amines, with at least one C.sub.8 to C.sub.18
      aliphatic radical and with an anionic water solubilising group, for
      example sodium N-2-hydroxyalkyl-N-methyl-taurates. Suitable zwitterionic
      synthetic detergents are derivatives of aliphatic quaternary ammonium
      compounds, sulphonium compounds and phosphonium compounds with at least
      one C.sub.8 to C.sub.18 aliphatic radical and an anionic water
      solubilising group, for example sulphobetaines.
PAR  These and other suitable detergent active compounds are described in the
      literature, for example "Surface Active Agents" by Schwartz and Perry and
      "Surface Active Agents and Detergents" by Schwartz, Perry and Berch.
PAR  When the salts of polymeric aliphatic carboxylic acids are used in
      detergent compositions as detergency builders, the amount of the salts is
      generally in the range of from about 10 to 50% by weight, calculated in
      the fully neutralised salt form. The ratio of the detergent active
      compound or compounds to the detergency builder is generally in the range
      of from about 3:1 to about 1:10 parts by weight.
PAR  Te polymeric aliphatic carboxylic acids which are used to form the partial
      salts according to the invention are homopolymers or copolymers of
      unsaturated alphatic mono- or polycaboxylic acids, which in the case of
      copolymers contain at least about 50% by weight of units derived from such
      polycarboxylic acids. Suitable unsaturated aliphatic mono- and
      polycarboxylic acids include, for example, acrylic acid, methacrylic acid,
      maleic acid, fumaric acid, itaconic acid, aconitic acid, crotonic acid,
      and citraconic acid. The polycarboxylic acids such as maleic acid can, if
      necessary or desirable, be polymerised in the form of their anhydrides and
      subsequently hydrolysed. Other unsaturated aliphatic carboxylic acids may
      be used but they tend to be more expensive and their salts are less
      water-soluble as the equivalent weight increases. The preferred polymeric
      aliphatic carboxylic acids are those containing at least 50% by weight of
      monomeric units derived from unsaturated aliphatic mono or polycarboxylic
      acids containing not more than 3 carbon atoms other than carbon atoms in
      carboxyl groups.
PAR  The copolymers may be formed of mixtures of the unsaturated aliphatic
      carboxylic acids with or without other copolymerisable monomers, or they
      may be formed from single unsaturated alphatic carboxylic acids with other
      copolymerisable monomers. In either case the percentage by weight in the
      polymer of units derived from non-carboxylic acids should be not more than
      about 50%. Suitable copolymerisable monomers include, for example, vinyl
      chloride, acrylonitrile, vinyl acetate, methyl acrylate, methyl
      methacrylate, styrene, vinyl methyl ether, acrylamide, ethylene, propylene
      and 3-butenoic acid. However, the amounts of these monomers, such as vinyl
      methyl ether styrene and vinyl acetate, which have relatively large
      organic radicals preferably should not be such as to render the fully
      neutralised salts of the polymers water-insoluble or dispersible. Moreover
      the presence of such large organic radicals tends to diminish the
      detergency building properties of the salts. It is preferred to have no
      more than about 30% by weight of units of any copolymerisable monomer with
      an organic radical having a molecular weight greater than 16 when the
      salts of the polymeric aliphatic carboxylic acid are to be used as
      detergency builders.
PAR  The molecular weight of the polymeric aliphatic carboxylic acid may vary
      considerably provided that the salt is still water-soluble or dispersible.
      The molecular weight is generally in the range of from about 5,000 to
      1,000,000.
PAR  The present invention is particularly applicable to the preparation of
      partial salts of homopolymers and copolymers of acrylic acid, which
      incorporate in the case of the copolymers at least about 50% and
      preferably at least about 80% by weight of units derived from acrylic
      acid. Other specific preferred polymeric aliphatic carboxylic materials
      are the homopolymers and copolymers of maleic anhydride, especially the
      copolymers with ethylene, styrene and vinyl methyl ether. Suitable
      polymeric aliphatic carboxylic acids are commercially available, for
      example products sold under the trade names Versicol and Gantrez.
PAR  The polymerisation of acrylic acid homo- and copolymers can be accomplished
      using free-radical initiators, such as alkali metal persulphates, acyl and
      aryl peroxides, acyl and aryl peresters and aliphatic azo-compounds. The
      reaction may be carried out in situ or in aqueous or non-aqueous solution
      or suspension. Chain-terminating agents may be added to control the
      molecular weight. The copolymers of maleic anhydride may be synthesised
      using any of the types of free-radical initiators mentioned above in
      suitable solvents such as benzene or acetone, or in the absence of a
      solvent under an inert atmosphere. These polymerisation techniques are
      well known in the art. It will be appreciated that instead of a single
      polymeric aliphatic carboxylic acid being used, mixtures of two or more
      polymeric aliphatic carboxylic acids may be used to prepare the partial
      salts according to the invention.
PAR  The degree of neutralisation of the polymeric aliphatic carboxylic acids to
      facilitate preparation of the partial salts in dry form and give optimum
      properties as regards hygroscopicity and consequent stability during
      storage, depends on the nature of the polymers or copolymers. In the case
      of homopolymers of unsaturated aliphatic carboxylic acids without any
      substituent organic radicals apart from methyl or carboxylic radicals, or
      copolymers incorporating at least about 80% of units of such carboxylic
      acids, it is preferred to prepare and use partial salts neutralised to the
      extent of at least about 20% by weight. With less than about 20%
      neutralisation it tends to be more difficult to prepare the partial salts
      in dry form, apparently due to a tendency for the polymeric carboxylic
      acid to undergo further polymerisation during heat drying. This tendency
      is particularly noticeable in the case of homopolymers of acrylic acid.
PAR  In the case of homopolymers or copolymers of unsaturated aliphatic
      carboxylic acids other than the homopolymers and copolymers of the
      carboxylic acids having only methyl and carboxylic radicals mentioned
      above it is generally possible to prepare and use partial salts or less
      than about 20% neutralisation, as the tendency of these materials to
      polymerise further is apparently minimal. However, there is generally
      little benefit to be achieved in making and using a partial salt of less
      than about 10% neutralisation.
PAR  In general the maximum degree of neutralisation as regards the optimum
      physical properties of the partial salt in dry form and the ease of its
      preparation is about 50%, but for some polymeric aliphatic carboxylic
      compounds the maximum degree of neutralisation for satisfactory properties
      may be lower than this, for example 40 or 45% neutralisation. The optimum
      degree of neutralisation of the partial salts of any polymeric aliphatic
      carboxylic acids according to the invention are readily determinable by
      simple experiment.
PAR  Isolation of the partial salts of the polymeric carboxylic acids from the
      aqueous solutions is normally accomplished by some form of heat drying,
      for example by spray-drying, depending on the desired physical form of the
      product, for example powdered, flaked or granular form. The aqueous
      solutions may be prepared by dissolution of the acid and then neutralised
      by addition of an alkaline material, preferably an alkali metal hydroxide,
      for example sodium or potassium hydroxides. The aqueous solutions may
      alternatively be prepared from appropriate amounts of the acid itself and
      a fully neutralised salt.
PAR  Although a polymeric aliphatic carboxylic acid can be incorporated as a
      detergency builder in a detergent composition in the form of its partial
      salt, the polymeric carboxylic acid needs to be fully neutralised when the
      composition is used for fabric washing or other purposes. To accomplish
      this the detergent composition may additionally incorporate one or more
      alkaline salts, preferably alkali metal salts, for example sodium or
      potassium carbonates, alkaline silicates or metasilicates, which fully
      neutralise the acid when the composition is dissolved in water.
      Alternatively, an alkaline salt may be added separately to an aqueous
      solution of a detergent composition, but this is less convenient and would
      only be practical for commercial use, for example in laundries.
PAR  However, when alkaline salts are incorporated in detergent compositions to
      neutralise the polymeric aliphatic carboxylic acids during use, the
      amounts of such salts should be as low as possible. This enables the
      compositions to incorporate sufficient amounts of other essential
      ingredients, particularly the detergent active compounds and the polymeric
      aliphatic carboxylic acid detergency builder itself, for satisfactory
      fabric washing properties. So as to minimise the amount of alkaline salt
      necessary in a detergent composition to neutralise fully the polymer
      aliphatic carboxylic acid detergency builder when the composition is used,
      it is preferable to use in the detergent composition a partial salt of
      such an acid neutralised to the maximum extent possible whilst retaining
      satisfactory properties for the partial salt.
PAR  The detergent compositions may include optional ingredients of the usual
      type, for example bleaching materials and bleach activators, fluorescent
      agents, germicides, enzymes, anti-redeposition agents, lather boosters or
      suppressors and colourants. Detergent compositions also commonly
      incorporate minor amounts of water, usually from about 5 to about 10% by
      weight in the case of detergent compositions in powder form.
DETD
PAR  The invention is illustrated by the following Examples in which parts and
      percentages are by weight except where otherwise indicated.
PAC  EXAMPLE 1
PAR  A series of partial salts of polyacrylic acid were prepared as follows. A
      25% aqueous solution of a polyacrylic acid obtained from Allied Colloids
      Ltd under a trade name "Versicol E7" was neutralised by the addition of
      various amounts of sodium hydroxide in flake form. Sodium sulphate in the
      ratio of 1 part to 5 parts of the polyacrylic acid was also added to the
      solution to increase the bulk density of the spray-dried product
      subsequently produced. The clear aqueous solutions of the partially
      neutralised polyacrylic acids together with a fully neutralised sample,
      which had water contents of between 68 and 71% by weight depending on the
      degree of neutralisation of the acid, were each heated to 90.degree.C and
      then spray-dried. The conditions of spray-drying were as follows:
TBL  Atomising pressure  150-200 psi                                           

     Air inlet temperature                                                     

                         325.degree.C                                          

     Air inlet flow rate 100 lbs per minute                                    

PAR  The powders formed had the properties shown in Table I below.
TBL                Table I                                                     

     ______________________________________                                    

     Power                pH of 1% aqueous                                     

     Reference                                                                 

             % Neutralization                                                  

                          solution      % moisture                             

     ______________________________________                                    

     A       10.0         3.55          0.4                                    

     B       20.8         4.43          4.5                                    

     C       29.3         4.63          2.8                                    

     D       38.0         4.92          2.5                                    

     E       48.4         5.32          1.0                                    

     E       58.2         5.70          2.6                                    

     G       67.5         6.07          3.8                                    

     H       77.0         6.47          4.2                                    

     I       86.5         6.82          4.4                                    

     J       100          8.55          0.0                                    

     ______________________________________                                    

PAR  For comparative purposes the same procedure was followed with an
      unneutralised solution of the polyacrylic acid but it was found to be
      impossible to obtain a powder by so doing, apparently due to further
      polymerisation of the polyacrylic acid during the spray-drying operation.
      The polymer formed had a glass-like appearance and was not readily soluble
      in water. Furthermore, the polymer adhered firmly to surfaces which it
      contacted, particularly the walls of the spray-drying tower. There was
      also difficulty in producing the powder A, as again some further
      polymerisation of the acid appeared to take place under the spray-drying
      conditions and only 10% of the powder was in fact obtained, the remainder
      staying in the tower or in the pipelines to the tower. All of the powders
      which were produced were crisp and free-flowing and white in colour, with
      the exception of powder J which was a dirty grey colour, possible due to
      the presence of some impurities.
PAR  Storage tests were undertaken in respect to powders A to J by exposing
      samples of the powders in open dishes for one week to varying conditions
      of temperature and relative humidity (RH). The equilibrium moisture
      contents of the powders and their physical appearances are described in
      Table II below.
TBL                                    Table II                                

     __________________________________________________________________________

     Power Ref.                                                                

             Equilibrium moisture content and physical appearance after one    

             week's storage                                                    

     __________________________________________________________________________

             28.degree.C/70% RH  37.degree./70% RH                             

                                                  20.degree.C/90% RH           

             %H.sub.2 O                                                        

                   Appearance    %H.sub.2 O                                    

                                     Appearance   %H.sub.2 O                   

                                                      Appearance               

     __________________________________________________________________________

     A       6.7   Surface slightly caked,                                     

                                 11.2                                          

                                     Complete hard mass of                     

                                                  31.9                         

                                                      Hard sticky mass         

                   otherwise good    powder                                    

     B       8.3   Good free flowing powder                                    

                                 12.2                                          

                                     Hard surface, remaining                   

                                                  33.3                         

                                                      Hard sticky mass         

                                     powder crisp                              

     C       8.6   Good free flowing powder                                    

                                 12.0                                          

                                     Hard surface, remaining                   

                                                  33.9                         

                                                      Hard sticky mass         

                                     powder slightly soft                      

     D       9.5   Good free flowing powder                                    

                                 13.1                                          

                                     Hard surface, remaining                   

                                                  36.3                         

                                                      Hard sticky mass         

                                     powder crisp                              

     E       11.9  Good free flowing powder                                    

                                 18.6                                          

                                     Hard crisp powder                         

                                                  41.7                         

                                                      Very soft and sticky     

     F       10.5  Good free flowing powder                                    

                                 23.3                                          

                                     Soft spongy powder                        

                                                  45.1                         

                                                      Soft and sticky          

     G       13.5  Surface slight caked,                                       

                                 27.8                                          

                                     Soft spongy powder                        

                                                  48.8                         

                                                      Very soft, almost        

                                                      liquid                   

                   otherwise good                                              

     H       19.5  Surface badly caked                                         

                                 32.9                                          

                                     Sticky slurry                             

                                                  52.1                         

                                                      Liquid                   

     I       23.5  Spongy almost fully caked                                   

                                 35.5                                          

                                     Sticky slurry                             

                                                  54.2                         

                                                      Liquid                   

                   powder                                                      

     J       29.9  Fully caked powder                                          

                                 39.4                                          

                                     Sticky slurry                             

                                                  55.6                         

                                                      Liquid                   

     __________________________________________________________________________

PAR  Although all the powders had unsatisfactory properties after storage at 90%
      RH, only the powders made from the polyacrylic acid neutralised to the
      extent of from 20 to 60% had satisfactory properties after storage under
      the conditions (28.degree.C and 70% RH) simulating severe conditions of
      domestic storage in temperate countries.
PAR  A further storage trial was conducted of powders C and J, when they were
      left exposed to the atmosphere in open trays for a period of 7 days.
      Powder C retained its original free-flowing qualities throughout this
      period of storage whereas powder J changed its physical form, in
      particular it became sticky, caked, dried out or broke up, depending on
      the variable weather conditions during the period of storage.
PAC  EXAMPLE 2
PAR  A detergent powder was made by the following process. A 25% aqueous
      solution of polyacrylic acid as used in Example 1 was mixed with anhydrous
      dodecyl benzene sulphonic acid (prepared by sulphonation of DOBS 055
      obtained from Shell Chemicals Ltd) in a conventional paddle mixer. The mix
      was partially neutralised with flaked sodium hydroxide to give an aqueous
      slurry containing sodium dodecyl benzene sulphonate and partially
      neutralised polyacrylic acid, 45% of which was in the form of the sodium
      salt. Other conventional detergent ingredients were added to the mix and
      the temperature of the slurry was raised to 90.degree.C. Its nominal
      moisture content was 54%.
PAR  The slurry prepared as described above was de-aerated, the specific gravity
      before and after de-aeration being 0.70 lbs per cu.ft. and 1.05 lbs per
      cu.ft., respectively, and then spray-dried by spraying under pressure into
      a tower up which air at 325.degree.C was passed at a rate of 100 lbs per
      minute.
PAR  The resultant powder had added to it amounts of sodium carbonate and sodium
      perborate tetrahydrate and then had the formulation in Table III below:
TBL                Table III                                                   

     ______________________________________                                    

     Ingredient              Parts                                             

     ______________________________________                                    

     Sodium dodecyl benzene sulphonate                                         

                             20                                                

     Sodium polyacrylate     16                                                

     Polyacrylic acid        14.8                                              

     Sodium carbonate        13.0                                              

     Sodium carboxymethylcellulose                                             

                             0.5                                               

     Sodium toluene sulphonate                                                 

                             1.0                                               

     Coconut monoethanolamide                                                  

                             3.0                                               

     Sodium perborate tetrahydrate                                             

                             20.0                                              

     Water                   8.6                                               

     ______________________________________                                    

PAR  The resultant powder had a bulk density of 15.5 lbs per cu. ft. and a pH
      (1% aqueous solution) of 9.1.
PAR  The powder was subjected to storage for a period of one week in an open
      dish under varying conditions of temperature and humidity, namely
      28.degree.C/70% RH, 37.degree.C/70% RH, 20.degree.C/90% RH and under
      ambient conditions. After all but the most severe conditions of storage at
      90% relative humidity, the powders were perfectly satisfactory; the sample
      stored at 20.degree.C/90% RH had deteriorated slightly but would still be
      commercially acceptable.
PAR  For comparative purposes, a further detergent powder was similarly
      prepared, except that the polyacrylic acid was fully neutralised in the
      slurry and no sdium carbonate was added. The resultant powder was tested
      for its properties under the same varying storage conditions when it was
      found to become very soft at 28.degree.C/70% RH and to liquefy on storage
      at 37.degree.C/70% RH. This powder would be quite unsatisfactory for
      commercial use.
PAC  EXAMPLE 3
PAR  A series of partial salts were prepared of a maleic anhydride/vinyl methyl
      ether acid copolymer (1:1 molar ratio) obtained as a powder under the
      trade name Gantrez from General Aniline and Film Corporation. The partial
      salts were obtained as powders, containing about 7% water by
      disintegrating the flakes produced by drum-drying aqueous solutions of the
      acid to which varying amounts of sodium hydroxide were added to give a
      range of degrees of neutralisation. All of the partial salts were obtained
      as greyish white powders, whereas a fully neutralised salt prepared for
      comparative purposes was coloured orange, apparently due to impurities in
      the copolymer which are coloured at high pH.
PAR  The powders so formed were examined for their storage properties under
      varying conditions of temperature and relative humidity (RH).
PAR  Details of the partial salts formed and their storage properties are shown
      in Table IV below.
TBL                                    Table IV                                

     __________________________________________________________________________

     Powder            Equilibrium moisture content and physical appearance    

                       after one week's storage                                

     __________________________________________________________________________

     Reference                                                                 

            % neutralisation                                                   

                       28.degree.C/70% RH     37.degree.C/70% RH               

                       % H.sub.2 O                                             

                             Appearance       % H.sub.2 O                      

                                                   Appearance                  

     __________________________________________________________________________

     K      16.0       15.3  Good white powder                                 

                                              17.1 Partially caked white       

                                                   powder                      

     L      25.6       15.5  Good white powder                                 

                                              18.0 Partially caked white       

                                                   powder                      

     M      33.6       17.3  Soft, partially caked white                       

                                              22.8 Fully caked white powder    

                             powder                                            

     N      43.0       20.8  Hard brown plastic material                       

                                              29.1 Hard brown plastic          

                                                   material                    

     O      56.8       26.6  Hard brown plastic material                       

                                              35.9 Hard brown plastic          

                                                   material                    

     P      68.0       31.8  Hard brown plastic material                       

                                              40.0 Hard brown plastic          

                                                   material                    

     Q      80.0       31.2  Hard brown plastic material                       

                                              40.4 Hard brown plastic          

                                                   material                    

     R      91.2       38.0  Hard brown plastic material                       

                                              47.2 Hard brown plastic          

                                                   material                    

     S      100.0      38.9  Hard brown plastic material                       

                                              48.2 Hard brown plastic          

     __________________________________________________________________________

                                                   material                    

PAR  The partially neutralised salts were also stored in open dishes under
      ambient room conditions, when it was found that the materials K to N had
      perfectly satisfactory storage properties, powder O turned sticky and
      powders P to S turned to slurries after storage for a week.
PAR  For use in a powdered detergent composition the degree of neutralisation of
      the maleic anhydride/vinyl methyl ether copolymer should be not more than
      about 40% for the powder to have satisfactory storage properties in the
      conventional laminated cardboard cartons.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing a detergent composition comprising the steps of:
PA1  a. preparing an aqueous solution of a polymeric aliphatic carboxylic acid
      containing at least 50 weight percent of monomeric units from at least one
      carboxylic acid selected from the group consisting of acrylic acid, and
      maleic acid, said polymeric aliphatic carboxylic acid having a molecular
      weight of from about 5,000 to about 1,000,000;
PA1  b. forming a partial alkali metal salt by partially neutralising the acid
      to the extent of not more than 60 percent by weight;
PA1  c. adding a detergent active compound selected from the group consisting of
      anionic, nonionic, zwitterionic, amphoteric compounds and mixtures
      thereof; and,
PA1  d. isolating the partial alkali metal salt and the detergent active
      compound from the aqueous solution, to form a dry detergent composition.
PAL  the ratio of the detergent active compound to the partial salt being from
      about 3:1 to about 1:10 parts by weight.
NUM  2.
PAR  2. A process according to claim 1 wherein the extent of neutralisation of
      the partial alkali metal salt is from about 10 to 50 percent by weight.
NUM  3.
PAR  3. A dry detergent composition comprising a detergent active compound
      selected from the group consisting of anionic, nonionic, zwitterionic,
      amphoteric compounds and mixtures thereof and as a builder therefore a
      partial alkali metal salt of a polymeric aliphatic carboxylic acid
      containing at least 50 percent by weight of monomeric units from at least
      one carboxylic acid selected from the group consisting of acrylic acid,
      and maleic acid, said polymeric aliphatic carboxylic acid having a
      molecular weight of from about 5,000 to about 1,000,000, the partial salt
      being neutralised to the extent of not more than about 60 percent by
      weight, and the ratio of the detergent active compound to the partial salt
      being from about 3:1 to about 1:10 parts by weight.
NUM  4.
PAR  4. A detergent composition according to claim 3, wherein the partial salt
      is neutralised to the extent of from about 10 to 50% by weight.
NUM  5.
PAR  5. A detergent composition according to claim 3 additionally including an
      alkaline alkali metal salt to neutralise fully the partial salt of the
      polymeric carboxylic compound when the composition is dissolved or
      dispersed in water.
NUM  6.
PAR  6. A detergent composition according to claim 5 wherein the alkaline alkali
      metal salt is sodium or potassium carbonate, alkaline silicate or
      metasilicate.
PATN
WKU  039336743
SRC  5
APN  5477867
APT  1
ART  165
APD  19750207
TTL  Cleaning composition
ISD  19760120
NCL  9
ECL  1
EXP  Schulz; William E.
INVT
NAM  Farnsworth; Albert M.
STR  616 N. Arizona Ave.
CTY  Chandler
STA  AZ
ZIP  85224
CLAS
OCL  252171
XCL  134 40
EDF  2
ICL  C11D  750
FSC  252
FSS  171;170
FSC  134
FSS  40
UREF
PNO  2262508
ISD  19411100
NAM  Little
OCL  252171
UREF
PNO  3277013
ISD  19661000
NAM  Gianladis
OCL  252171
UREF
PNO  3528922
ISD  19700900
NAM  Wagner
OCL  252171
UREF
PNO  3637512
ISD  19720100
NAM  Matson
OCL  252171
UREF
PNO  3775334
ISD  19731100
NAM  Christie
OCL  252171
LREP
FRM  Cahill, Sutton & Thomas
ABST
PAL  The composition disclosed consists primarily of a hydrocarbon oil of
      approximately the kerosene boiling range, preferably deodorized, in
      proportions of 5 to 92% by weight, preferably about 60 to 80%, based on
      the total composition, a limonene type solvent oil in proportions of 5 to
      90%, preferably 20 to 35%, about 0.5 to 6% of lanolin or equivalent wool
      grease lubricating agent for the skin, and about 0.5 to 2.0% of a surface
      active agent, preferably of the aerosol type, such as "Aerosol OT" or
      equivalent.
BSUM
PAC  BACKGROUND AND PRIOR ART
PAR  Many types of cleaning compositions are known for removing greases, tars,
      resins, waxes and many other contaminants from various surfaces. In
      general, these must act as solvents, or at least as softeners, for the
      material to be removed. Contaminants commonly include several ingredients,
      some of which are more difficult to remove or dissolve than others. Hence,
      it is quite a common practice to use very powerful solvents in cleaning
      compositions, particularly when the contaminants are particularly hard to
      remove. These may be used where there is no contact with the human body,
      but in other cases it is necessary to take stringent precautions so that
      the cleaning material will not cause injury to persons using it. The more
      powerful solvents, such as the lower ketones and mixed ketones, aldehydes,
      chlorinated hydrocarbons, certain of the lower acids and alcohols, and
      benzene type hydrocarbons and their derivatives are often highly injurious
      to the human skin or to sensitive organs of the body such as the eyes
      and/or the respiratory organs and other parts, particularly the mucosae.
      Many of these powerful solvents are quite toxic and they must be used only
      with body protection, often requiring complex ventilating systems and/or
      liquid proof gloves and other protective devices or clothing.
PAR  Another objection to many of the more effective solvents is that they will
      also remove or tend to remove paints, varnishes and other decorative or
      protective coatings from the surfaces with which they come into contact.
      This property of course often limits the usefulness of the more powerful
      solvents, such as the ketones, aldehydes, lower alcohols and acids, and
      some of the chlorinated solvents that are so often used. Such materials
      are used generally in combinations.
PAR  Among materials that have been particularly difficult to remove, and which
      must be removed without injury to human operators or to adjacent surface
      coatings, and the like, are such gummy or viscous materials as the
      residues of gel in so-called "jelly-filled" cables. These cables are used
      extensively in the communications industry, particularly for telephone
      trunk lines, underground lines and the like. The gel which is released,
      when the cables are cut or stripped for joining or branching, contaminates
      both the work and the worker and is quite obnoxious. Numerous solvents
      that might otherwise be employed for cleaning off such materials are too
      injurious to the skin of humans or to eyes or respiratory organs, or they
      may cause damage to painted, enameled or varnished surfaces, which rules
      out their use in many instances. Ordinary soap and water are not effective
      for removing materials such as those mentioned above.
PAR  Other types of resinous or gummy residue which are very hard to deal with,
      are the matrix materials commonly used by dentists for making dental
      prostheses. Being used in the human mouth, these materials cannot safely
      be removed by use of the more effective or potent solvents conventionally
      used for external purposes, because of toxicity and other harmful
      properties. Here again, the safer conventional materials are not
      sufficiently effective for cleaning such viscous residue materials from
      teeth, gums and other parts of the oral cavity.
PAR  Typical compositions which have been suggested in the prior art for
      cleaning some of the more difficult soluble residues include those
      disclosed in the U.S. Pat. No. 3,335,807 to Keers which describes
      compositions for removing epoxy and urethane type resinous contaminants.
      The patented compositions comprise combinations of chlorinated aliphatic
      hydrocarbons and chlorinated or non-chlorinated benzene and benzene
      derivatives; they also include oxygenated derivatives of benzene such as
      phenol and cresol. Most of these materials, and most benzene type
      compounds are quite toxic or unsafe for intimate skin contact or for
      inhaling, and they are altogether unsuitable for purposes of the present
      invention.
PAR  A particular object of the present invention is to produce a cleaning
      composition which will safely remove, especially, the gel residues from
      jelly-filled cables, and the viscous dental contaminants mentioned above
      without injury to personnel involved. Of course, the new compositions may
      also be used for many other purposes. The specific purpose mentioned
      requires the use of solvents of adequate dissolving power which are free
      or substantially free of the objectionable toxic properties mentioned
      above, i.e., which are not irritating to the human skin or to eyes or
      respiratory organs or to mucosae in general. The invention also involves
      the use of ingredients which will offset the tendency of many solvents to
      remove the natural lubricants from the human skin or which will replace
      such lubricants if they are removed to a significant extent. It also
      involves the use of a main carrier oil or base that in itself is not
      injurious to the body and preferably unobjectionable because of odor. It
      involves, further, the use of a surface active agent which will enhance
      and accelerate the dissolving action of the composition on the contaminant
      material. It is contemplated that the materials of the present invention
      will come into extensive contact with the human body.
PAR  Many references in the prior art use some of these ingredients and some of
      them use more than one of them in combination. Some of the more pertinent
      prior art references with which the applicant is familiar will be
      mentioned.
PAR  In U.S. Pat. No. 2,942,008 to Labowe, there is disclosed a solvent
      composition designed for use in cosmetic and pharmaceutical applications,
      as well as in industrial, which contains mixtures of animal or mineral
      oils along with lower aliphatic alcohols, the latter being solubilized in
      the oils by use of some of the higher fatty alcohols, such as oleyl,
      lauryl, myristyl and/or cetyl alcohols and the like. These materials,
      while largely nontoxic, do not have the solvent properties required by the
      present invention.
PAR  U.S. Pat. No. 3,131,153, to Klausner, describes a variety of products,
      including self-propellant sprays for various purposes, such as for
      cosmetics, lathers, and paint removers. These are made up, in general, of
      ketones, polyhydric alcohols, lower aliphatic mono-hydric alcohols, and
      the like, and the compositions may also include perfumes. Obviously, these
      products are not suitable for purposes of the present invention because
      they lack solvent power, although some ingredients are included which
      would be soothing or lubricating to the human skin.
PAR  U.S. Pat. No. 3,625,763, to Melillo, describes a composition for stripping
      resinous coatings of the epoxy type from substrates such as printed
      circuit boards. Ingredients named include polychlorinated aliphatic
      compounds, along with ketones and alcohols; several of the ingredients
      described are highly toxic to the human skin and to other sensitive body
      parts and the compositions as a whole would not be suitable for purposes
      of the present invention. U.S. Pat. No. 3,640,884, to Schofield et at.,
      describes a cleaning and degreasing composition which involves the use of
      highly chlorinated and fluorinated hydrocarbons, such as
      tetrachlorodifluoroethane, along with acetic acid, or other acids, etc.,
      and some lower alcohols. One of the uses suggested is to clean printed
      circuit boards of resinous materials. The ingredients described in the
      patent may be suitable for that purpose but they include toxic materials
      and apparently they would be injurious, also, to painted or varnished
      surfaces. U.S. Pat. No. 3,661,641, to Vigh et al. also describes a
      composition for removing resins of polyurethane type from printed circuit
      boards, using such ingredients as toluene, ethanol, propanol and methanol.
      Methanol is somewhat toxic and toluene is even more so; moreover, these
      rather volatile materials are not suitable for purposes of the present
      invention, not having the solvency and staying qualities desired for
      dissolving the particular materials mentioned above.
PAR  U.S. Pat. No. 3,714,049, to Charle et al., describes a sprayable aerosol
      type cleaner for removing stains from surfaces, particularly where the
      stains are caused by fatty substances. The reference suggests use of a
      combination of fluoro-chlorinated hydrocarbon propellants, such as
      trichloromonofluoromethane, along with trichloroethylene or turpentine,
      carbon tetrachloride, etc., and a finely divided solid absorbing powder,
      such as silica or talc. Aside from including some skin irritating
      ingredients that are named, the composition does not appear to be suitable
      for purposes of the present invention.
PAR  Thus, the prior art compositions of which applicant is aware do not appear
      to have been directed to a solution of the problems for which the
      composition of the present invention is particularly suited and designed.
      For purposes of the present invention, the composition must not be too
      volatile; it needs adequate solvent power but must be free of toxicity, it
      must prevent skin deoiling or restore the oils as they are removed, and it
      must be made up of materials which are not significantly irritating to
      eyes, respiratory tract, or other sensitive body parts, while
      accomplishing the required cleaning function rapidly and effectively.
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  As a starting material or base, the composition of the present invention is
      made up of a major fraction, preferably, of a hydrocarbon oil of the
      boiling range, or approximate boiling range of kerosene; preferably,
      however, it is free of kerosene odor, or substantially so. Lighter
      hydrocarbon fractions than this will evaporate too rapidly and will tend
      too strongly to de-oil the human skin. The material should stay on the
      surface to be cleaned long enough to permit full penetration of the
      solvent into the residue to be removed. A suitable base oil that is
      available commercially at moderate cost is a deodorized petroleum fraction
      having essentially the following characteristics:
TBL  API gravity        48-51                                                  

     Specific gravity   0.775-0.788                                            

     Saybolt Viscosity  30-35                                                  

     Thermo viscosity   400                                                    

     Flash point (open cup)                                                    

                        170-180                                                

     Flash point (closed cup)                                                  

                        135-145                                                

     Initial boiling point                                                     

                        380-410                                                

     Distillation end point                                                    

                        480-510                                                

     Unsulfonatable residue                                                    

                        95%                                                    

     Pour point, .degree.F.                                                    

                        -25                                                    

     Saybolt color      30+ (water white)                                      

     Odor               Practically none.                                      

PAR  The fraction described is freely miscible in all proportions with acetone,
      benzol, tertiary butyl alcohol, carbone tetrachloride, chloroform and
      diethylene chloride. It is freely miscible, also, with the vegetable oils,
      such as olive oil, China wood oil, linseed oil, and pine oil, as well as
      with mineral oils and oleic acid. Waxes such as beeswax, carnauba wax,
      ceresin, Japan wax, montan wax and paraffin are at least somewhat soluble
      in it, as are also such miscellaneous materials as tallow, wool grease,
      rosin, petrolatum and many others. Average molecular weight is estimated
      to be about 154. Proportions of this oil may vary from 5 to 92% by weight,
      based on total composition, usually 60 to 80%.
PAR  The second ingredient, largely responsible for the needed selective solvent
      action, apparently, is what may be called a limonene type oil, an extract
      obtained from citrus peels and the like, and consisting to a substantial
      extent of the terpene, limonene, C.sub.10 H.sub.16. Limonene, per se, has
      a specific gravity of 0.853 and a boiling point of 176.degree. C. This
      extract oil ingredient is preferably one obtainable commercially from the
      citrus industry; it is sometimes sold under the general trade name of
      "praline". Such materials are often sold as a soap grade or toiletry grade
      oil, used as perfuming or modifying agents. A typical product has these
      characteristics:
TBL  Color               Very light yellow                                     

     Refractive index (20.degree.C.)                                           

                         1.4719                                                

     Specific gravity (25.degree.C.)                                           

                         0.841                                                 

     Resin content, %    0.10                                                  

     Aldehyde content, % 0.29                                                  

PAR  A more general product of the same approximate composition, a limonene
      extract, has a refractive index which may vary from 1.4718 to 1.4722 at
      20.degree. C., optical rotation from 99.0 to 100.0, and a specific gravity
      from 0.838 to 0.843 at 25.degree. C. Maximum permissible resin content for
      purposes of this invention is 0.10% and maximum aldehyde content (as
      decanal) is about 0.90% by weight. Either of the above limonene type
      products is suitable for use as the second ingredient in the composition
      of the present invention. Both of them consist largely of limonene, per
      se, and they will be understood hereinafter to be referred to by the
      expression, "limonene type" oil, extract, or ingredient. Such a citrus
      distillate is used in proportions, broadly, of 5 to 90% by weight, based
      on the total composition, but generally will be between about 20 and 35%,
      preferably within the range of 25 to 30% for the specific uses described
      hereinafter. For finer uses, this ingredient is of a good toiletry grade,
      as commonly used in hand and bath soaps.
PAR  To protect the skin of the user, especially the hands, and to enhance
      somewhat the solvent power of the cleaner, a third ingredient is added,
      selected from the group which consists of lanolin and wool grease. Refined
      lanoline preferably will be used for finer applications, e.g., for
      cleaning dental matrix residues, but the cruder wool grease is quite
      satisfactory for more general purposes, and specifically for cleaning the
      viscous, tarry, residues off jelly filled cables. Proportions of lanolin
      or wool grease may vary from 0.5 to 6% by weight, usually, preferably
      being within the limits of 2.0 to 3.5%. Particularly preferred proportions
      are 2.5 to 3.0%. The lanolin or wool grease not only gives protection to
      the skin against the solvents that would tend to remove the natural oils
      from the hands, for example, but it also replaces the oil which is removed
      by these and other materials. It leaves the hands soft and free from
      irritation. A particularly preferred composition contains about 70% of an
      odorless paraffinic oil of the kerosene boiling range, 26 to 27% of the
      higher grade limonene extract, about 2 to 3% of lanolin, and 0.5 to 1% of
      "Aerosol OT."
PAR  To accelerate or promote the cleansing action, a small amount of a surface
      active agent is added, usually about 1 to 2% by weight, although the
      broader range of 0.5 to 3% may sometimes be useful. This material may be
      of various suitable kinds, but the aerosol type surfactants are preferred,
      specifically, the dialkyl alkali metal succinates, especially dioctyl
      sodium sulfosuccinate, known commercially as "Aerosol OT". See, for
      example, Organic Chemistry, by Fieser and Fieser, Heath & Co., Boston,
      1944, pp. 394-5. However, other surface active substances may often be
      used, such as sulfonated castor oil and analogous sulfonates, well known
      to the art, or the sulfate of long chain alcohols, such as are commonly
      marketed for use as detergents, under such trade names as "Gardinol",
      "Dreft", and others. The surface active agents facilitate wetting of the
      surface by the solvents and help to penetrate repellant materials which
      are often encountered.
PAR  Compositions have been made up consisting essentially of about 70% by
      weight of the base oil described above, 25 to 27% of the limonene type
      solvent oil, about 3% of lanolin and about 1% of an aerosol surfacant,
      specifically the Aerosol OT mentioned above. In order to make certain that
      these materials would be safe to handle, as well as to be sure they are
      effective cleansers, careful tests were made to measure primary skin
      irritation and toxicity to eyes and other sensitive organs. They are
      useful for the specific purposes mentioned above and for many other
      purposes, such as cleaning printers ink from machinery and from hands.
PAR  To test the composition of this invention for primary skin irritation, the
      abraded and intact skin of six albino rabbits, clipped free of hair, was
      treated with the new cleaning compound. Two areas of the animals' back,
      placed approximately ten centimeters apart, were designated for positions
      of test patches. One area was abraded by making incisions through the
      stratum corneum, but not sufficiently deep to disturb the derma or to
      produce bleeding. The patches consisted of two layers of light gauze, cut
      in squares of 2.5 centimeters, secured to the animals by thin bands of
      adhesive tape. The material to be tested, in portions of 0.5 milliliters
      in the case of liquids, or 0.5 grams dissolved in an appropriate solvent
      in the case of solids or semisolids, was introduced beneath the patch. The
      entire trunks of the test animals were then wrapped in clear plastic trunk
      bands, which helped to hold the patches in position and retarded
      evaporation of volatile substances during 24 hour exposures. The
      composition under test was applied so that there were two applications
      (one intact and one abraded) to each of the six animals. The animals were
      immobilized in a special holder during the 24 hour exposure period. Upon
      removal of the patches, the resulting reactions were evaluated on the
      basis of the designated values in the Table I which follows below.
      Evaluations were made again after 72 hours, following application. The
      final score represents an average of the 24 and 72 hour readings. Point
      scoring was by the following method:
TBL  A.  Erythema and Eschar formation:                                        

         Very slight erythema (barely perceptible)                             

                                       1                                       

         Well defined erythema         2                                       

         Moderate to severe erythema   3                                       

         Severe erythema (beet redness) to slight                              

         eschar formation (injuries in depth)                                  

                                       4                                       

     B.  Edema formation:                                                      

         Very slight edema (barely perceptible)                                

                                       1                                       

         Slight edema (edges of area well defined                              

         by definite raising)          2                                       

         Moderate edema (area raised approx. 1 mm.)                            

                                       3                                       

         Severe edema (raised more than 1 mm. and                              

         extending beyond area of exposure                                     

                                       4                                       

              A + B                                                            

     Tabulation,      = Irritation Index.                                      

              4                                                                

PAR  The degree of irritation, as established by the Applied Biological Sciences
      Laboratory, Inc., is as follows:
TBL  Irritation Index  Degree of Irritation                                    

     ______________________________________                                    

      0                Non-irritant                                            

     0.1 to 0.9        Slight irritant                                         

     1.0 to 1.9        Mild irritant                                           

     2.0 to 2.9        Moderate irritant                                       

     3.0 to 3.9        Irritant                                                

     4.0 to 4.9        Severe irritant                                         

     5.0 or more       Product fails test                                      

     ______________________________________                                    

PAR  Results of the above described tests are tabulated:
TBL                Table I                                                     

     ______________________________________                                    

                                      Mean Score,                              

     A. Erythema and Eschar                                                    

                    Exposure time     Expos. Unit                              

                                      Value                                    

     ______________________________________                                    

     Intact skin    24                0.0                                      

     Intact skin    72                2.50                                     

     Abraded skin   24                0.0                                      

     Abraded skin   72                3.17                                     

                             Subtotal 5.67                                     

     B. Edema                                                                  

     Intact skin    24                0.0                                      

     Intact skin    72                0.0                                      

     Abraded skin   24                0.0                                      

     Abraded skin   72                0.0                                      

                             Subtotal 0.0                                      

                             TOTAL    5.67                                     

     ______________________________________                                    

PAR  Irritation index then equals 5.67/4 or 1.42, the mild irritant
      classification. According to FDA, a product producing an irritation index
      of 5.0 or more is considered irritating to the skin and must be labeled as
      such. This product was considered to rate very high for an effective
      solvent.
PAR  The Draize Eye Test, is analogous. Albino rabbits also were used, and 0.1
      ml. of the substance was placed in one eye of the animal, the other eye.
      untreated, serving as a control. A series of nine rabbits was used. With
      the first three, treated eyes remained unwashed. The next three had the
      treated eye washed with 20 ml. of lukewarm water (approx. body
      temperature) ten seconds after the product was instilled in the eye,
      whereas the last three had the eye washed immediately after treatment.
      Ocular reactions were read with the unaided eye, or with a slit lamp,
      readings being made at 24, 48 and 72 hours after treatment. The cornea was
      scored on the basis of the density of the opacity and total area involved.
      The iris was scored on intensity or degree of inflammation, and the
      palphebral and remaining bulbar mucosae were scored on the extent of the
      chemosis, redness, and discharge. A total score is the sum of the scores
      for the cornea, iris and conjunctivae.
PAR  For the cornea, scoring is from 0 to 4 on degree of opacity (A); a score of
      4 indicates that the iris in invisible, lesser scores indicate degrees of
      opacity for the iris. A second score (B) is given for the area of cornea
      involved in the opacity; one-quarter or less is scored as 1, less than
      half is 2, more than half is 3, and greater than three-quarters up to the
      full area is scored 4. Total score for cornea is the sum of A and B.
PAR  For the iris, a normal condition is rated 0, folds above normal,
      congestion, and/or swelling while the iris is still reacting to light is
      scored 1, and if there is no reaction to light, the score is 2. The total
      iris score is the reading, plus 5.
PAR  For conjunctivae, reading A is for redness. If vessels are normal, score 0,
      if they are definitely injected above normal, score 1; if they are
      diffuse, deeper crimson in color and vessels not easily discernable, score
      2; for diffuse beefy red, score 3.
PAR  For chemosis (B), no swelling is scored 0, any swelling above normal
      (including nicitating membrane) is scored 1; obvious swelling with partial
      eversion of lids scores 2; swelling with lids up to half closed scores 3;
      swelling with lids half closed or more, to completely closed, scores 4.
PAR  For discharge (c), no discharge scores 0, any discharge different from
      normal scores 1, discharge with moistening of lids and hairs just adjacent
      to the lids scores 2, and discharge with moistening of the lids and hairs,
      and considerable areas around the eye is scored 3. The total conjunctival
      score is obtained by adding (A), (B), and (C) and multiplying by 2.
PAR  Results of the Draize test, as described above, are tabulated:
TBL                                    Table II                                

     __________________________________________________________________________

     Mean Score of Group                                                       

     Unwashed               Immediate Wash      10 Second Wash                 

     Time in hours          Time in hours       Time in hours                  

     Structure                                                                 

           24  48 72 96 108 24  48  72  96  108 24  48  72  96 108             

     __________________________________________________________________________

     Cornea                                                                    

           0.0 0.0                                                             

                  0.0                                                          

                     -- --  0.0 0.0 0.0 --  --  0.0 0.0 0.0 -- --              

     Iris  0.0 0.0                                                             

                  0.0                                                          

                     -- --  0.0 0.0 0.0 --  --  0.0 0.0 0.0 -- --              

     Conjunc-                                                                  

     tivae 1.33                                                                

               0.0                                                             

                  0.0                                                          

                     -- --  0.0 0.0 0.0 --  --  0.0 0.0 0.0 -- --              

     Data evaluation*       Data evaluation     Data evaluation                

     0.004                  0.0                 0.0                            

     Very slight irritant   Non-irritant        Non-irritant                   

     __________________________________________________________________________

      *Note: The index is obtained by dividing the total score in each column b

      110. The Draize index is 0 for non-irritants, 0.1 to 0.2 for slight      

      irritant, 0.3 to 0.4 for moderate irritant; 0.5 to 0.6 for irritant; 0.7 

      to 0.8 for highly irritating substances; and 0.9 to 1.0 for extremely    

      irritating materials. For a solvent that is effective to remove such     

      difficultly soluble materials as described above, the rating of "very    

      slight irritant; is considered excellent. In conclusion, the independent 

      test agency reported that the product of the present invention is        

      considered non-irritating to the eyes.                                   

PAR  Obviously, proportions may be varied and minor quantities of conventional
      materials which do not affect the properties of the cleaning composition
      may be added, as will readily be understood by those skilled in the art.
      The compositions of this invention may be used for many purposes other
      than those specifically mentioned above. It is intended by the claims
      which follow to cover the obvious changes in proportions of named
      ingredients, substitutions of equivalent ingredients, and/or the addition
      of immaterial of functionally inconsiderate quantities of other agents, as
      broadly as the state of the prior art properly permits.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition for removing contaminating resinous, gummy or tarry
      residues from surfaces without adversely affecting paints or varnishes,
      said composition being substantially non-irritating to the skin and eyes
      of human beings, which comprises, in combination, the following
      ingredients in weight proportions, as indicated, based on the weight of
      the whole composition:
PA1  A. about 5 to 92% of a base hydrocarbon oil of substantially the boiling
      range of kerosene, which is substantially free of objectionable odor and
      having not more than 5% of sulfonatable constituents,
PA1  B. about 5 to 90% of a limonene type citrus distillate having high solvency
      for the contaminant and having a refractive index between about 1.4718 and
      1.4722 at 20.degree. C., with a specific gravity between about 0.838 and
      0.843, having a resin content not more than about 0.10% and aldehyde
      content not in excess of about 0.90%,
PA1  C. 0.5 to 6.0% of a skin lubricant selected from the class which consists
      of lanolin and wool grease, and
PA1  D. 0.5 to 3% of a surface active agent to promote wetting of the
      contaminant by the composition.
NUM  2.
PAR  2. Composition according to claim 1 in which the base oil is used in
      proportions of about 60 to 80%, the limonene type extract or distillate 20
      to 35%, and the lubricant is about 2.0 to 3.5%.
NUM  3.
PAR  3. Composition according to claim 1 in which the limonene product is a
      citrus distillate extract having a specific gravity of about 0.841, a
      refractive index of about 1.4719, and an aldehyde content not in excess of
      0.5%.
NUM  4.
PAR  4. A composition according to claim 3 in which the proportions of the
      limonene ingredient is about 26 to 27%.
NUM  5.
PAR  5. A composition according to claim 1 in which the lubricant is present in
      proportions of 2.5 to 3.0% of the total.
NUM  6.
PAR  6. A composition according to claim 1 in which the base oil comprises about
      68 to 72% of the total, the limonene type material about 26 to 27%, and
      the lubricant about 2 to 3%.
NUM  7.
PAR  7. A composition according to claim 1 in which the lubricant is lanolin.
NUM  8.
PAR  8. A composition according to claim 1 in which the major portion of the
      composition is the base hydrocarbon oil, said oil being substantially
      odorless, the limonene ingredient is a toiletry grade extract, the
      lubricant is a refined lanolin and the surface active agent is a dialkyl
      alkali metal sulfs succinate.
NUM  9.
PAR  9. A composition according to claim 1 in which the base oil is a deodorized
      paraffinic oil of the kerosene boiling range in proportions of about 70%,
      26 to 27% of a soap grade limonene type extract from citrus peels, 2 to 3%
      of refined lanolin, and 0.5 to 1% of dioctyl sodium sulfasuccinate.
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ABST
PAL  Improved curing agents having long pot life for use with urethane
      elastomers are prepared by reacting orthochloroaniline, an ester of
      anthranilic acid, and formaldehyde in selected molar ratios in an acid
      medium.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has been long known in the prior art to employ aromatic diamines,
      including various unsubstituted or substituted methylene-dianilines as
      curing agents for polyurethanes as well as for epoxy resins. Ring
      substituents in the aniline molecule have included halogen, as well as
      alkyl, alkoxy, and carboxyalkyl groups. The resulting diamine type curing
      agents have been found essential to impart strength and toughness to the
      resins to which they are applied. However, the known diamine type
      materials differ widely in their curative action, and most are too
      fast-acting to be of practical importance.
PAR  At the present time, the most widely used curing agent for the foregoing
      types of polymers is the compound 4,4'-methylene bis-orthochloroaniline,
      which is available commercially under the designations MOCA and Curene
      442. Owing to steric hindrance and electronic effect of the amino group,
      this diamine possesses satisfactory pot life and also imparts excellent
      physical properties to the resin products with which it is employed.
      However, this compound is toxic, and is also a suspected carcinogen.
      Recently promulgated federal regulations relating to occupational safety
      and health restrict work-place exposure to this substance.
PAR  Another diamine which has been employed for curative purposes in connection
      with diamine cured polyurethane compositions is methylene bis methyl
      anthranilate, known as MMA, the use of which is mentioned in U.S. Pat.
      Nos. 3,188,302 and 3,629,168. However, this substance exhibits a very
      short pot life and imparts poor physical properties to urethane
      elastomers.
PAR  Another disadvantage of the agent 4,4-methylene bisorthochloroaniline is
      its tendency to undergo discolorization when kept in the molten state for
      prolonged periods, such as several hours. This may adversely affect the
      color of the polyurethane vulcanizate, and may require the addition of a
      color stabilizer such as an alkali metal hydroxide thereto, as described
      in U.S. Pat. No. 3,393,239.
PAR  The conventional method of preparation of the methylene dianiline curing
      agents of the prior art has been to condense formaldehyde with one or more
      substituted anilines under acid conditions, and in specified molar ratios.
      Where more than one aniline or substituted aniline is reacted, it is not
      certain whether a single molecular compound is produced, or rather a
      mixture of individual diamines each derived from reaction between the
      formaldehyde and a particular aniline. In some instances the products are
      believed to be mixtures of isomeric polyamines. Hence such curing agents
      are conventionally characterized as prepared by condensing the various
      compounds in the presence of an acid in specified molar ratios.
PAR  The diamine curing agents are conventionally blended with the polyurethane
      prepolymers by uniformly dispersing them therein, either directly or via a
      liquid diluent. They are similarly blended with uncured epoxy resins.
PAC  GENERAL DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention there is provided a novel class of
      diamine curing agents and a novel process for their preparation. These
      agents function as curatives for urethane elastomers. They are prepared by
      reacting a mixture of an anthranilic acid ester and orthochloroaniline
      with formaldehyde in an acid medium. The resulting product is believed to
      represent a mixture of polyamine isomers.
PAR  Under the reaction conditions of the invention, the proportion of
      4,4'-methylene bis-orthochloroaniline present in the resulting polyamine
      mixture is preferably kept so low that the resulting curing agent is
      substantially nontoxic under the standards of the Federal Hazardous
      Substances Labelling Act.
PAR  The curing compositions of the invention are exceptionally stable and
      possess a working pot life equal to or better than that of 4,4'-methylene
      bis-orthochloroaniline. At the same time, they impart excellent physical
      properties to both polyether and polyester prepolymers of urethane
      elastomers. In contrast to most known curatives, the curing agents of the
      invention impart longer working pot life as the temperature of the
      urethane system is increased.
PAR  In preparing the curing agents of the invention, there is generally
      employed a major proportion of the anthranilic acid ester and a minor
      proportion of the orthochloroaniline. Depending on the anthranilic acid
      ester and the particular proportions, the resulting reaction product may
      be an oily liquid or a solid having a well defined melting temperature
      range.
PAR  The curing activity and the pot life of the novel products of the invention
      are dependent upon the molar ratio of orthochloroanline acid ester, and
      also upon the molar ratio of the total quantity of reacting amines to
      formaldehyde. In accordance with the invention, the molar ratio of
      orthochloroaniline to anthranilic acid ester is in the range of 1:99 to
      50:50, preferably in the range of 1:99 to 10:90. The amount of
      formaldehyde (100%) employed represents a molar ratio of total amines to
      formaldehyde in the range of about 1.5:1 to 10:1.
PAR  The anthranilic acid esters employed in the practice of the invention are
      preferably lower alkyl esters, or mixtures thereof, in which the alkyl may
      be straight or branched chain alkyl. Examples of suitable esters include
      methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert.-butyl, and
      amyl esters. Methyl anthranilate is preferred.
PAR  The acid employed for the condensation may be any strong inorganic acid or
      organic carboxylic acid, or mixtures thereof, of the type conventionally
      used in this type of reaction. Examples of suitable acids include
      hydrochloric, sulfuric, nitric, and phosphoric acids, p-toluenesulfonic
      acid, and trichloroacetic acid, with hydrochloric acid being preferred.
      The quantity of acid employed represents at least about 0.5 equivalent per
      mol of total amines up to about 10 equivalents, depending upon reaction
      conditions, preferably in the range of about 1 to 2 equivalents.
PAR  The condensation is advantageously performed in an aqueous medium, but it
      may also be performed in an organic solvent, such as a lower alkanol, for
      example methanol, ethanol, or propanol or butanol.
PAR  The resulting curative representing a mixture of diamines consisting
      primarily of (A) methylene-bis-orthochloraniline; (B) 4,4'
      -diamino-2-chloro-2'-carboalkoxydiphenylmethane; and (C)
      methylene-bis-alkylanthranilate, is believed to be formed in accordance
      with the following reaction scheme:
      ##SPC1##
PAR  The condensation reaction is performed at slightly elevated temperature,
      preferably in the range of about 60.degree. to about 150.degree.C., and at
      atmospheric pressure.
PAR  Compound B, which can result from two different routes in the above
      mechanism could not result from simple mixtures of A and C and is believed
      to be responsible for the efficacy of the curative.
PAR  Furthermore, minor amounts of condensation products ortho to the amine
      function and difunctional are possible. Schiff base intermediates are also
      a possible explanation for the observed products which rearrange in the
      acid medium to diamine curatives or to unreactive by-products or triaryl
      species. The approximate quantities of these three species relative to the
      total diamine content of the curative are dependent on the mole ratio of
      OCA and methyl anthranilate as seen from the following table.
TBL  ______________________________________                                    

     Mole% OCA  Mole % MA  %A        %B      %C                                

     ______________________________________                                    

     50         50         21-29     51-57   21                                

     25         75          14        38     48                                

     10         90          5         15     80                                

     3          97          &lt;1        4      95                                

     ______________________________________                                    

PAL  The curatives have a higher equivalent weight than 4,4'
      methylenebis-orthochloroaniline and may be incorporated with the resins to
      which they are to be added with standard equipment and techniques.
PAR  The products in the lower percentages of orthochloroaniline are of low
      toxicity, the acute oral dosage (LD.sub.50) in rats being in excess of
      1000 mg per kg of body weight.
PAR  Polyurethane elastomers having improved properties may be prepared with the
      use of the curing agents of the invention, by reacting a suitable
      prepolymer with the curing agent at a temperature in the range of about
      190.degree. to 200.degree.F (87.degree. to 93.degree.C).
PAR  The urethane elastomers with which the curing agents may be incorporated
      may be made from isocyanate terminated prepolymers, prepared by
      interacting various glycols or glycol ethers and organic isocyanates. The
      prepolymers are thus polyesters or polyethers, and the curing agents of
      the invention may be uniformly distributed therein either directly or in a
      suitable diluent, in accordance with conventional practice. The amount of
      curative will generally be in the range of about 12 to 15 pounds per 100
      pounds of prepolymer.
PAR  The isocyanates which may be used to form the prepolymers include, for
      example, 2,4-toluene diisocyanate, mixtures thereof with 2,6-toluene
      diisocyanate, hexamethylene diisocyanate, and the like.
PAR  By reacting the isocyanates with a molar excess of a compound containing a
      plurality of hydroxy or carboxy groups, there are obtained the
      prepolymers. Where the compounds that are reacted with the isocyanates are
      polyesters, the latter are generally made by reacting di- or polyhydric
      alcohols with dicarboxylic acids. Examples of dihydric alcohols suitable
      for the preparation of polyester prepolymers include ethylene glycol,
      diethylene glycol, triethyleneglycol, propylene glycol, 1,4- and 1,2-
      butanediol, and the like. Examples of dicarboxylic acids include adipic
      acid, sebacic acid, azelaic acid, and others.
PAR  By reacting the isocyanates with polyoxyalkylene polyols, such as
      polyoxyethylene glycol, polyoxypropylene glycol, and various reaction
      products of glycols with alkylene oxides, such as ethylene oxide or
      propylene oxide, or mixtures thereof, there are obtained polyether
      prepolymers, for the curing of which the curing agents of the invention
      are also suitable.
PAR  Examples of polyurethane prepolymers which may be advantageously employed
      in the practice of the invention are those sold commercially under the
      designations Adiprene L 100, or Vibrathane B 600.
PAR  The prepolymers used in the examples below to evaluate the curatives of the
      invention are isocyanate-terminated prepolymers of conventional types,
      such as, for example a prepolymer made by reacting a suitable polyol with
      a suitable amount of a diisocyanate, whereby the resulting products have a
      free --NCO content above about 4%, ranging up to about 20%. A suitable
      prepolymer is that made by reacting polytetramethylene ether glycol with
      2,4-tolylene diisocyanate.
PAR  The following Table 1 demonstrates the improved pot life attainable with a
      typical curing agent of the invention, using a polyurethane polyether
      prepolymer having a 4.1% free NCO content made by reacting 1 mole of
      polytetramethyleneether glycol having a number average molecular weight of
      about 1000 with 1.6 moles of 2.4 toluene diisocyanate, and admixing
      therewith the curing agent prepared according to the method of Example 1,
      below, with three different molar ratios of amine components, indicating
      the respective viscosities (in centipoises) at the end of various periods
      of time from 2 to 11 minutes.
TBL                TABLE 1                                                     

     ______________________________________                                    

     VISCOSITY   METHYLANTHRANILATE-ORTHOCHLOROANILINE                         

     IN   CPS    MOlE RATIO                                                    

               99/1      97/3        90/10                                     

     ______________________________________                                    

      2 minutes  400         1000         1000                                 

      4          1200        1800         2000                                 

      6          3400        3000         6000                                 

      7          5400        4100         8000                                 

      8          8000        6300        11200                                 

     10          22000       15000       21800                                 

     11          24800       28500       28000                                 

     ______________________________________                                    

PAR  A comparison of the physical properties of urethane elastomers made from
      the polyurethane polyether of Table 1, when cured with
      methylene-bis-methyl anthranilate (MMA) and with the curing agent prepared
      according to Example 2, below, is shown in Table 2.
TBL                TABLE 2                                                     

     ______________________________________                                    

                              COMPOSITION OF                                   

                  MMA         EXAMPLE 2                                        

     ______________________________________                                    

     Shore Hardness A 85 - D 30   A 91 - D 41                                  

     Tensile, psi   3560          4640                                         

     Elongation, %   440           470                                         

     Die C, pi       320           525                                         

     Trouser Tear, pi                                                          

                     47            98                                          

     50% modulus, psi                                                          

                     600           900                                         

     100% modulus, psi                                                         

                     815          1230                                         

     300% modulus, psi                                                         

                    2150          2270                                         

     ______________________________________                                    

PAR  It will be seen from Table 2 that the curing agent of the invention imparts
      substantially higher hardness, tensile strength, and elasticity properties
      to the urethane elastomer.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following examples illustrate the practice of the invention, but are
      not to be regarded as limiting:
PAC  EXAMPLE 1
PAR  A 3-liter flask equipped with an agitator, condenser and receiver for
      vacuum distillation is charged with 940 cc water, and then 775 gm of 32%
      hydrochloric acid are added with agitation. Then 923.1 gm of methyl
      anthranilate and 8.1 gm orthochloroaniline are added. After mixing for 5
      minutes, there are added 80 grams of an aqueous solution containing 37.5%
      formaldehyde by weight. The reaction mixture is heated to 90.degree.C and
      maintained at that temperature for 1 hour.
PAR  The reaction mixture is then neutralized with 33% sodium hydroxide
      solution, a precipitate forms which is separated from the aqueous phase.
      Vacuum and heat are applied to remove excess water, methyl anthranilate
      and orthochloroaniline. There remains a dark reddish amber oil which can
      be admixed directly with a urethane prepolymer for curing, or allowed to
      cool and solidify.
PAC  EXAMPLE 2
PAR  The following reaction ingredients were employed in the amounts indicated:
TBL  Water                    840 cc                                           

     Hydrochloric acid (32%)  549.3 gm                                         

     Methyl anthranilate      885.9 gm                                         

     Orthochloroaniline        39.3 gm                                         

     Formaldehyde (as 37.5%)                                                   

      solution                 80.0 gm                                         

PAL  the reaction was performed using the same equipment and procedure as in
      Example 1. The product after cooling was a tan solid containing 9.7% by
      weight of -- NH.sub.2 groups.
PAC  EXAMPLE 3
PAR  Proceeding as in Examples 1 and 2, the following reaction ingredients were
      employed in the amounts indicated:
TBL  Water                    840 cc                                           

     Hydrochloric acid (32%)  549.3 gm                                         

     Methyl anthranilate      839.1 gm                                         

     Orthochloroaniline        78.3 gm                                         

     Formaldehyde (37.5%                                                       

      solution)                80.0 gm                                         

PAR  The product in this example was a tan solid having 9.0% by weight of
      --NH.sub.2 groups.
PAC  EXAMPLE 4
PAR  Another method of producing this curative is as follows:
PAR  A 2-liter flask equipped with an agitator and reflux condenser is charged
      with 685.5 gm of water and 200.5 gm of 32% hydrochloric acid are added
      with agitation. Then 246.5 gm of methyl anthranilate and 5.9 gm of
      orthochloroaniline are added. The mixture is heated to 70.degree.C and
      65.8 gm of formaldehyde in the form of a 37.5% aqueous solution is added
      slowly. The reaction is then allowed to reflux for 60 minutes. After
      reflux the reaction is cooled to 70.degree.C and neutralized with a 33%
      aqueous solution of NaOH. The precipitate is filtered, washed, and dried
      in an oven at 105.degree.C for 3 hours. The resultant product is a tan
      granular material which melts between 140.degree.-160.degree.C and is
      capable of reacting with a polyurethane prepolymer.
PAC  EXAMPLE 5
PAR  The following ingredients were employed in the amounts indicated:
TBL  Water                    685.5 gm                                         

     Hydrochloric Acid 32%    200.5 gm                                         

     Ethyl Anthranilate       313.3 gm                                         

     Orthochloroaniline        5.9 gm                                          

     Formaldehyde 37.5%        65.8 gm                                         

     Sodium Hydroxide 33.3%   211.3 gm                                         

PAR  The same equipment and initial procedure as described in Example 4 was
      used. The product obtained after neutralization, however, was a dark
      reddish amber liquid which was phase separated and dried by vacuum
      stripping. The resultant oily viscous liquid solidified while standing for
      several days.
PAR  The following characteristics of the curative were obtained:
TBL  % NH.sub.2              9.42                                              

     Equivalent Weight       170                                               

     Physical Appearance     Solid                                             

     Color                   Tan                                               

     Stability               Good                                              

     Odor                    Slight                                            

PAR  An elastomer was made by reacting this curative with a polyether prepolymer
      made by reacting 1 mole of polytetramethylene ether glycol with an average
      molecular weight of about 1000, with 1-6 moles of 2,4-tolylene
      diisocyanate containing 4% free NCO. The following properties were
      determined:
TBL  Hardness, Shore A        60                                               

     Modulus, psi                                                              

      100%                   250                                               

      200%                   300                                               

      300%                   350                                               

     Tensile, psi            425                                               

     Elongation, %           400                                               

PAC  EXAMPLE 6
PAR  In the same manner as Examples 4 and 5. The following ingredients were
      combined:
TBL  Water                   685.5 gm                                          

     Hydrochloric Acid 32%   200.5 gm                                          

     n-Propyl Anthranilate   292.2 gm                                          

     Orthochloroaniline       5.9 gm                                           

     Formaldehyde 37.5%       65.8 gm                                          

     Sodium Hydroxide 33.3%  211.3 gm                                          

PAR  An oily viscous liquid was phase separated after neutralization. Water was
      removed by vacuum stripping leaving an oily dark reddish amber liquid. The
      following values were obtained:
TBL  % NH.sub.2             8.61                                               

     Equivalent Weight      186                                                

     Physical Appearance (melted)                                              

                            Clear Liquid                                       

     Color                  Dark Reddish Amber                                 

     Stability              Good                                               

     Odor                   Slight                                             

PAR  An elastomer was made using this liquid curative and a polyether,
      prepolymer containing 4% free NCO. The following physical properties were
      measured in the elastomer.
TBL  ______________________________________                                    

     Hardness, Shore A        70                                               

     Modulus, psi                                                              

      100%                   272                                               

      200%                   297                                               

      300%                   375                                               

     Tensile, psi            769                                               

     Elongation, %           520                                               

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A curing agent for polyurethane prepolymers which is a mixture
      consisting essentially of (A) methylene-bis-orthochloroaniline; (B)
      4,4'-diamino-2-chloro-2'-carbo-lower-alkoxydiphenylmethane; and (C)
      methylene-bis-lower-alkylanthranilate.
NUM  2.
PAR  2. The composition of claim 1 in which said carbo-lower-alkoxy is
      carbomethoxy, and said methylene-bis-lower-alkyl anthranilate is
      methylene-bis- methyl anthranilate.
NUM  3.
PAR  3. The composition of claim 1 in which the methylene-bis-lower-alkyl
      anthranilate is methylene-bis-methyl anthranilate.
NUM  4.
PAR  4. The composition of claim 1 in which the methylene-bis-lower-alkyl
      anthranilate is methylene-bis-ethyl anthranilate.
NUM  5.
PAR  5. The composition of claim 1 in which the methylene-bis-lower-alkyl
      anthranilate is methylene-bis-propyl anthranilate.
NUM  6.
PAR  6. The composition of claim 1 in which the methylene-bis-lower-alkyl
      anthranilate is a mixture of methylene-bis-methyl and methylene-bis-propyl
      anthranilate.
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ABST
PAL  This invention relates to stabilized aqueous solutions of sodium
      borohydride containing soluble zinc in the form of sodium zincate. They
      may contain from about 35 to about 46.9 percent sodium hydroxide and from
      about 9.35 to about 12.9 percent sodium borohydride and 0.5 to 3 percent
      zinc which is preferentially added as zinc oxide and reacted with the
      sodium hydroxide present in the solution to form sodium zincate. These
      solutions may be used to react with sodium bisulfite to form solutions of
      sodium hydrosulfite in excellent yield. Such hydrosulfite solutions do not
      form trace amounts of hydrogen sulfide and do not darken or corrode copper
      based paper machine wires in contrast to hydrosulfite solutions which
      contain no soluble zinc.
BSUM
PAR  Stabilized aqueous solutions of sodium borohydride described in the United
      States patent to Robert W. Bragdon No. 2,970,114, dated January 31, 1961
      have become an important item of commerce. Illustrative compositions are
      shown in the following table.
TBL  ______________________________________                                    

     Percent               Percent                                             

     NaOH                  NaBH.sub.4                                          

     ______________________________________                                    

     35.0                  9.35                                                

     40.0                  11.00                                               

     46.9                  12.9                                                

     ______________________________________                                    

PAL  These solutions contain 1- 2 percent sodium borate as an impurity.
PAR  One of the most important uses for these solutions has been the generation
      of sodium hydrosulfite solutions which are used to brighten groundwood
      pulps. The chemistry of the process is represented by the following
      equation:
EQU  NaBH.sub.4 + 8 NaOH + 8 SO.sub.2 .fwdarw. 4 Na.sub.2 S.sub.2 O.sub.4 +
      NaBO.sub.2 + 6 H.sub.2 O
PAL  This process is discussed in greater detail in the following publications:
PAR  P. Luner, R. LaPlaine, R. C. Wade, "Reductive Bleaching with Sodium
      Borohydride: Formation of Hydrosulfite in Situ," Pulp & Paper Mag. Canada
      65, No. C; T101- T106 (1969).
PAR  Goodart, Ty, "Third Generation Hydrosulfite Seen as Zinc Hydrosulfite
      Replacement," Paper Age, April 1972.
PAR  F. B. Sellers, "Installation and Operation of Borol Bleaching System for
      Groundwood," Midwest Technical Section Paper, Canadian Pulp & Paper
      Association, Mar. 2, 1973.
PAR  Under certain conditions not completely understood at this time, bleaching
      solutions containing sodium hydrosulfite when added to groundwood pulps
      can form trace amounts of hydrogen sulfide. This hydrogen sulfide can
      collect in the "dead air spaces" of the groundwood system and be present
      up to 200 parts per million of the atmosphere. This is objectionable to
      the operating personnel in the mill. Likewise a small amount of H.sub.2 S
      may remain dissolved in the process water which ultimately comes in
      contact with the paper machine wires. Where these wires are formed from
      copper based metals, darkening, corrosion and premature failure may
      result. This is very undesirable also.
PAR  As a solution of these problems it has been proposed to bleach groundwood
      pulp with sodium hydrosulfite solutions stabilized by the use of at least
      5% by weight of sparingly soluble zinc compounds in solid phase based on
      the sodium hydrosulfite as described in U.S. Pat. No. 3,653,804. This
      patent states, beginning on line 74 of column 2, "It evidently requires
      the solid phase of the sparingly soluble zinc compound to bind traces of
      hydrogen sulfide formed."
PAR  It has also been proposed to stabilize sodium hydrosulfite solutions
      against decomposition by adding up to 16% of CdSO.sub.4.8H.sub.2 O based
      on the sodium hydrosulfite to the bleach solution. (Ref.: M. Wayson, C. B.
      Anderson, W. J. Lem, and W. H. Rapson, TAPPI 52, 89-92 (1969). Because of
      its high toxicity cadmium may not be used in paper making processes where
      it would be discharged with the effluent water.
PAR  I have now discovered that improved stabilized aqueous solutions of sodium
      borohydride can be prepared by reacting and dissolving in the stabilized
      aqueous sodium borohydride solutions, prepared as described in the
      previously mentioned patent to Bragdon U.S. Pat. No. 2,970,114, any zinc
      compound which will form sodium zincate with the sodium hydroxide present
      in the solution. These improved solutions contain 0.5 to 3 percent zinc
      calculated as the element. As illustrative of zinc compounds which may be
      used in preparing these improved solutions, I may mention zinc acetate,
      zinc chloride, and zinc oxide. Even zinc metal as a fine powder is
      suitable as it reacts slowly with aqueous sodium hydroxide to form sodium
      zincate and hydrogen. However, I prefer to use zinc oxide to form the
      sodium zincate since it introduces no extraneous anions, it dissolves
      easily and is the least expensive source of zinc.
PAR  In the practice of the invention I prefer to dissolve 0.5 to 3 percent zinc
      calculated as the element in substantially saturated solutions containing
      11 to 12.9 percent sodium borohydride, 40-46.9 percent sodium hydroxide,
      and the balance water. It may also contain 1 to 2 percent sodium borate as
      an impurity. As items of commerce it is desirable that these solutions be
      as completely saturated with sodium borohydride and sodium hydroxide as
      possible since the costs of shipping are based upon the total weight of
      the solutions.
PAR  The preferred method of incorporating the zinc into these solutions is to
      add the required amount of zinc compound, for example 3.7 grams of zinc
      oxide to 96.3 grams of the saturated stabilized aqueous sodium borohydride
      solution, warm to about 80.degree.C. with stirring until the zinc compound
      reacts with the sodium hydroxide to form sodium zincate and dissolves. The
      resulting solution may be cooled without any precipitation or gelation
      occurring -- even on prolonged storage at 4.degree.C. No decomposition of
      the sodium borohydride in the solution occurs either during the formation
      and solution of the sodium zincate or on later storage of this solution
      greater than that described in U.S. Pat. No. 2,970,114.
PAR  I have found that these improved stabilized aqueous solutions of sodium
      borohydride and sodium hydroxide may be used to generate sodium
      hydrosulfite by the previously mentioned process which are useful for
      bleaching groundwood pulps and which do not form trace amounts of hydrogen
      sulfide in the system.
PAR  In actual practice, one pound of the saturated stabilized solution of the
      invention when reacted with sodium bisulfite or SO.sub.2 and additional
      sodium hydroxide will form at least 2.5 pounds of sodium hydrosulfite.
      Therefore, the zinc present based on sodium hydrosulfite is 3.0%/2.5
      equals 1.2% zinc which is equivalent to 1.6 % zinc oxide. This is markedly
      less than the 5% zinc oxide claimed in U.S. Pat. No. 3,653,804. It is very
      important to keep the zinc content of these solutions at the lowest
      practical limit commensurate with completely reacting with the hydrogen
      sulfide because the amount of zinc which may be discharged from pulp and
      paper mills in severely limited. Zinc ions are undesirable in the
      environment.
DETD
PAR  The invention is illustrated further by the following specific examples.
PAC  EXAMPLES
PAR  1. 96.3 Grams of an aqueous solution containing about 12% NaBH.sub.4, 42%
      NaOH and 1% NaBO.sub.2 were heated to 80.degree.C. on a hot plate in a
      Pyrex beaker. Zinc oxide (3.7 grams Mallinckrodt U.S.P. powder) was added
      gradually to the hot solution, with magnetic stirring. After 5 minutes,
      the ZnO had dissolved completely, with no sign of gas (H.sub.2) evolution.
      Cooling to room temperature did not cause precipitation of any components.
      Storage for 4 days at 40.degree.F. did not cause any change, viz. gas
      evolution or precipitation.
PAR  Actual analysis at a later date gave: 11.7% NaBH.sub.4, 42.5% NaOH and 3.0%
      Zn (by EDTA titration). Equivalent results were obtained where 3.7% ZnO
      was dissolved in a solution containing 35% NaOH, 9.4% of NaBH.sub.4, and
      1% NaBO.sub.2.
PAR  2. A solution was prepared on a 1-gallon scale, using 5307 grams of the
      solution containing about 12% NaBH.sub.4, 42% NaOH and 1% NaBO.sub.2 and
      205.6 grams ZnO in a 6-liter stainless steel beaker equipped with a
      mechanical stirrer. Stirring and heating were continued until the zinc
      oxide had dissolved (approximately 1 hour). The solution was then cooled
      and used to generate a 1.5% sodium hydrosulfite solution by reaction with
      additional NaOH and SO.sub.2 dissolved in water. There were no problems
      using this improved stabilized sodium borohydride solution containing
      sodium zincate. Yields of sodium hydrosulfite were equal to those obtained
      from the stabilized aqueous solution containing no sodium zincate.
PAR  3. About 1.5% sodium hydrosulfite solutions generated from stabilized
      aqueous sodium borohydride solutions containing about 12% NaBH.sub.4, 42%
      NaOH, 1% NaBO.sub.2 were prepared by reaction with requisite amounts of
      NaOH and SO.sub.2. On standing about 1 hour, H.sub.2 S could be detected
      in minute amounts in the solution and in the atmosphere over the solution.
      Test coupons of brass and bronze paper machine wires were immersed in this
      sodium hydrosulfite solution. Darkening of these coupons due to copper
      sulfide formation on the surface typically occurred within 4 to 5 hours.
PAR  4. The 1.5% sodium hydrosulfite solution from example 2 which also contains
      about 0.02% Zn or 0.025% ZnO in the form of sodium zincate gave no odor on
      qualitative test for even trace amounts of H.sub.2 S in the atmosphere
      above the solution or in the solution itself. Furthermore, no darkening of
      the brass and bronze wire test coupons occurred even after 3 days of
      immersion.
CLMS
STM  I claim:
NUM  1.
PAR  1. A stabilized aqueous sodium borohydride solution comprising from about
      35 to about 46.9 percent of sodium hydroxide, from about 9.35 to about
      12.9 percent sodium borohydride, zinc in an amount of 0.5 to 3 percent in
      the form of dissolved sodium zincate, and the balance water.
NUM  2.
PAR  2. A stabilized aqueous sodium borohydride solution comprising about 40 to
      about 46.9 percent sodium hydroxide, about 11 to about 12.9 percent sodium
      borohydride, zinc in an amount of 0.5 to 3 percent in the form of
      dissolved sodium zincate, and the balance water.
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ABST
PAL  Aqueous dispersions of aromatic polyisocyanates blocked with phenolic
      compounds are prepared by mixing the polyisocyanate dissolved in an
      organic water-soluble solvent and an aqueous solution containing an excess
      of the phenolic compound in the presence of an alkali metal hydroxide
      catalyst. When the phenolic compound is resorcinol, the excess resorcinol
      in the dispersion may be reacted with formaldehyde to form a
      resorcinol-formaldehyde resin; when the phenolic compound is phenol,
      excess resorcinol may be added and formaldehyde reacted with it to form
      the resorcinol-formaldehyde resin, a polyepoxide and a rubber latex may be
      also dispersed thus forming a dispersion that may be used to form single
      dip adhesive coatings on polyester substrates which will adhere to rubber.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a process for the preparation of aqueous
      dispersions of aromatic polyisocyanates blocked with phenolic compounds
      and to the preparation of a dispersion suitable for use in the formation
      of a single dip coating on polyester substrates which cause the polyester
      to adhere to rubber. Specifically, the single dip coating has utility as a
      coating for polyester tire cord.
PAC  BACKGROUND
PAR  It is known in the art to coat polyester substrates with phenol-blocked
      aromatic polyisocyanates from a single dip adhesive solution which also
      contains a polyepoxide and a rubber latex -- U.S. Pat. No. 3,234,067. The
      present invention produces an adhesive of this type, by a simplified
      procedure. The adhesive differs from that of the U.S. Pat. No. 3,234,067
      in that somewhat better adhesion is obtained. Chemically the products
      differ in that the dip compositions of the present invention require the
      presence of alkali metal hydroxide, while the compositions of U.S. Pat.
      No. 3,234,067 exclude the presence of excess caustic.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention comprises a process for the preparation of an aqueous
      dispersion of a phenolic-compound-blocked aromatic polyisocyanate. This
      aqueous dispersion is obtained by intimately mixing an aromatic
      polyisocyanate dissolved in a water-soluble organic solvent that is
      nonreactive with the polyisocyanate and an aqueous solution of a phenolic
      compound in the presence of a catalytic amount of an alkali metal
      hydroxide at a temperature of from 25.degree. to 75.degree.C. The reaction
      rate is temperature dependent, and will be substantially complete in from
      10 to 120 minutes. Normally the dispersion will contain 1 to 25% by weight
      of the dispersion of blocked aromatic polyisocyanate. In the preferred
      process the solution of the polyisocyanate is added to the solution of the
      phenolic compound.
PAR  The number of moles of the phenolic compound employed should be at least
      equal to the number of equivalents of isocyanate groups present, and the
      number of moles of phenolic compound may be as much as 8 times the number
      of equivalents of isocyanate groups. The preferred range of moles of
      phenolic compound per equivalent isocyanate group is about 1.1 to about 5.
PAR  The amount of alkali metal hydroxide employed as catalyst in the reaction
      is about 0.05 to 1 wt. percent based on the amount of water present. Any
      alkali metal hydroxide may be employed, but sodium hydroxide is preferred.
PAR  The phenolic compound employed as the blocking agent can be phenol or
      resorcinol.
PAR  Aromatic polyisocyanates are a well known class of compounds, and any of
      these compounds may be used herein, but the preferred compounds are
      diphenylmethane -4,4'-diisocyanate, toluene-2,4-diisocyanate,
      benzene-1,3-diisocyanate, diphenylether-2,4,4'-triisocyanate, and
      triphenylmethane-4,4', 4"-triisocyanate. Diphenylmethane-4,4'-diisocyanate
      is the most preferred compound.
PAR  It is desirable when carrying out the blocking reaction to have present in
      the mixture a water soluble surfactant. Preferred surfactants are anionic.
      A suitable surfactant is sodium dioctylsulfosuccinate. The surfactant can
      be present in the reaction mixture in the amount of about 1-10% by weight
      of the blocked isocyanate.
PAR  Solvents for dissolving the polyisocyanate must be nonreactive with the
      isocyanate and must be water soluble. Methyl ethyl ketone, acetone and
      tetrahydrofuran are highly satisfactory.
PAR  The present invention also comprises forming a coating solution that may be
      used as a single dip coating on polyester substrates. The first step in
      forming this coating is the removal of the water-soluble organic solvent.
      This may be accomplished by distillation. The distillation is preferably
      carried out at reduced pressure. After the solvent is removed a soluble
      formaldehyde-resorcinol resin is formed in the dispersion. If the phenolic
      compound employed in the formation of the dispersion is resorcinol, an
      aqueous solution of formaldehyde is merely added with mixing to the
      dispersion; a resorcinol-formaldehyde resin thus directly forms as the
      resorcinol was added in excess of that needed to block the isocyanate. On
      the other hand, if phenol is employed in blocking the isocyanate, then an
      amount of resorcinol is first added to the dispersion such that in the
      final dispersion the weight ratio of resorcinolformaldehyde resin to
      blocked aromatic polyisocyanate is in the range of about 0.2 to 1 to about
      1.5 to 1.
PAR  The formation of the resorcinol-formaldehyde resin in the dispersion of
      blocked isocyanate takes place on the addition of formaldehyde to the
      dispersion containing the resorcinol. This reaction is best carried out at
      a temperature in the range of about 25.degree. to 50.degree.C. The
      resorcinol is preferably present in a small molar excess over the amount
      of formaldehyde present.
PAR  The final coating solution must also contain a water insoluble polyepoxide
      and a rubber latex. These components are merely added in accordance with
      the conventional practices of the art as illustrated by U.S. Pat. No.
      3,234,067. The weight ratio of polyepoxide present in the dispersion to
      amount of blocked isocyanate present should be about 0.1 to 1 to about 4
      to 1. The amount of rubber latex solids present in the dispersion should
      be from about equal to the amount of resorcinol-formaldehyde resin present
      to about 6 times the amount of resorcinol-formaldehyde resin present.
PAR  The coating solution will contain about 6 to 24% by weight total solids. It
      may be applied in the conventional manner to the polyester substrate.
      After application the coating is heated to above about 200.degree.C. for
      0.5 to 15 minutes to remove the water and cure the coating. Usually the
      polyester substrate is kept under tension to prevent shrinkage. Thereafter
      rubber is applied and cured.
PAR  The single dip coating composition contains about 0.01 to 1 wt. percent
      alkali metal hydroxide, based on the weight of the water present. In the
      following examples the adhesion of polyester substrate to rubber is tested
      by the single end strip adhesion test and the "H-pull" test. Both of these
      tests are well known in the art and are more fully described in columns 2
      and 3 of U.S. Pat. No. 3,234,067.
PAR  The term "polyepoxide" is well defined in the art of adhesion coating of
      polyester resins, and is used herein in its convention sense. The term is
      more fully defined in U.S. Pat. No. 3,234,067 at column 9, line 12  et
      seq. The preferred polyepoxides are those having on the average at least 2
      epoxy groups per molecule, a melting point above about 90.degree.C. and an
      average molecular weight of above 800 and an epoxide equivalent above 200.
PAR  The term "rubber latex" is well known in the art of making
      resorcinol-formaldehyde-latex (RFL) coatings, and is used herein in the
      conventional sense. Suitable latex can be made from vinylpyridine
      copolymers; a preferred latex is 1,3-butadiene/styrene/2-vinylpyridine
      (70/15/15).
PAR  The coating composition of this invention is especially useful to coat
      polyester substrates, such as polyethylene terephthalate and the like, but
      it may also be used to coat cotton, rayon, nylon, and other fibrous
      materials that are to be used to reinforce rubber articles.
DETD
PAR  In the examples which follow, all parts and percentages are in parts by
      weight and all temperatures are in degrees centigrade unless otherwise
      specified.
PAC  EXAMPLE 1
PAC  1. Preparation of resorcinol blocked diphenylmethane-4,4'-diisocyanate
      dispersion A
PAR  A 5 -liter round-bottom flask was equipped with a mechanical agitator,
      reflux condenser, thermometer, heating mantle and 500 ml dropping funnel.
      Two liters of water were charged into the flask, and the following
      substances were dissolved therein: 413 g. resorcinol, 3.0 g. sodium
      hydroxide pellets and 23 gm. sodium dioctylsulfosuccinate (sold as Aerosol
      OT by American Cyanamid). The solution was heated to 40.degree.C. and
      agitated vigorously.
PAR  A solution of 200 g. diphenylmethane-4,4'-diisocyanate in 200 ml. methyl
      ethyl ketone was added from the dropping funnel over a period of one
      minute. During the next 8 minutes the temperature rose to 49.5.degree.C.,
      and the blocked isocyanate separated in finely dispersed form. The mixture
      was stirred for one hour at ambient temperature.
PAC  2. Removal of methyl ethyl ketone from dispersion A
PAR  The dispersion of step 1 was placed in a flask equipped with a distillation
      head, condenser and receiver. Pressure was reduced to about 175 mm. Hg.,
      and the pot temperature slowly raised to about 62.degree.C. A total of
      about 200 ml. ketone and 200 ml. water was collected in the receiver.
PAC  3. Preparation of resorcinol-formaldehyde resin containing dispersion A
PAR  The product of step 2 was cooled to 28.degree.C., 156 gm. of 37% aqueous
      formaldehyde solution was added, and the mixture stirred for 1 hour.
PAC  4. Preparation of dispersion-A/resins slurry
PAR  To the product of step 3 was added 100 gm. of micronized epoxy cresol
      novolac resin (sold as ECN-1299 by Ciba-Geigy) and the mixture stirred
      vigorously for one hour.
PAR  The mixture was then charged into a 1 gallon ball-mill containing 3/4-inch
      "Burundum" cylinders and rolled for 70 hours.
PAC  5. Preparation of single dip coating composition, substrate coating and
      testing
PAR  The slurry of step 4 (50 gm.) was diluted with 92.1 gm. water and then 29.3
      gm. of a 41 wt. % 1,3-butadiene/styrene/2-vinylpyridine latex (sold as
      "Gen-Tac" by General Tire and Rubber Co. ) was added with moderate
      agitation. The adhesive contained about 15% solids and was applied to the
      cord without aging.
PAR  Polyester cord was dipped in the above adhesive and treated on a Litzler
      machine under the following conditions:
TBL                 Oven 1    Oven 2                                           

     ______________________________________                                    

     Temperature (.degree.F.)                                                  

                      450         450                                          

     Applied Stretch (%)                                                       

                      3           0                                            

     Time (sec.)      50          80                                           

     ______________________________________                                    

PAR  The cord was then tested in a rubber stock of the following composition:
TBL  Component              Parts by Weight                                    

     ______________________________________                                    

     Natural Rubber (smoked sheet No. 1)                                       

                            50                                                 

     SBR-1500.sup.a         50                                                 

     HAF carbon black.sup.b 35                                                 

     Stearic acid           1                                                  

     Zinc oxide             3                                                  

     Petroleum oil.sup.c    9.37                                               

     Antioxidant.sup.d      1                                                  

     2,2'-Dithiobisbenzothiazole                                               

                            1                                                  

     Sulfur.sup.e           3.13                                               

     ______________________________________                                    

      .sup.a Non-pigmented sulfur curable elastomer made by copolymerizing     

      1,3-butadiene and styrene at 6.degree.C. continuously in a continuous    

      water phase using emulsifiers, viscosity regulators, and a redox catalyst

      system. It contains about 23.5% styrene by weight and has a Mooney       

      viscosity (ML-1 + 4/100.degree.C.) of 52.                                

      .sup.b ASTM Designation N-330.                                           

      .sup.c Naphthenic petroleum oil ASTM D-2226 Type 103 having Saybolt      

      Universal Viscosity values of 2525 and 87.2 at 100.degree.F. and         

      210.degree.F., respectively, a molecular weight of 395, and a            

      viscosity-gravity constant of 0.889. (Sun Oil's tradename for this oil is

      "Circosol 4240.)                                                         

      .sup.d Polymerized 2,2,4-trimethyl-1,2-dihydroquinoline, m.p. 74.degree.C

      (Monsanto's tradename for this material is "Age Rite Resin D".)          

      .sup.e Amorphous, insoluble sulfur with 20% oil. (Stauffer Chemical's    

      registered trademark for this composition is "Crystex".)                 

PAR  The adhesion values found were:
TBL  2 ply adhesion  61 lbs./lineal inch                                       

     at 140.degree.C.                                                          

                     (mostly rubber                                            

                     stock tear)                                               

     H-pull          41 lbs./end                                               

PAC  COMPARATIVE EXAMPLE
PAR  Samples as above were prepared using the procedure described in U.S. Pat.
      No. 3,234,067, example 1(a), except that epoxy cresol novolac resin (sold
      as ECN-1299 by Ciba-Geigy) was used instead of the epoxylated novolac
      resin of the example. The results were:
TBL  2 ply adhesion  31 lbs./lineal inch                                       

     at 140.degree.C.                                                          

                     (mostly adhesive                                          

                     failure)                                                  

     H-pull          27 lbs./end                                               

PAC  EXAMPLE 2
PAR  Steps 1 to 4 of Example 1 were repeated using 138 gm. of 37% aqueous
      formaldehyde in step 3. An adhesive dip was then prepared having the
      following composition:
PA1  50 gm. of dispersion-A/resins slurry
PA1  90.9 gm. water
PA1  28.7 gm. "Gen-Tac" latex
PAL  Cords were then coated and tested as described in Example 1, and the
      results were:
TBL  2 ply adhesion at                                                         

                     58 lbs./lineal inch                                       

     140.degree.C.   (stock tear)                                              

     H-pull          40 lbs./end                                               

PAC  EXAMPLE 3
PAR  The procedure of Example 1, section 1 was repeated using the following
      quantities of chemicals: A solution of:
PA1  265 gm. phenol
PA1  1100 ml. water
PA1  4 gm. sodium hydroxide pellets 23 gm. Aerosol OT
PAL  A solution of:
PA1  150 gm. diphenylmethane-4,4'-diisocyanate
PA1  150 ml. methyl ethyl ketone.
PAL  The dispersion was vacuum filtered and the filter cake washed with water.
      After drying in a vacuum desiccator at 70.degree.C. the cake weighed 251
      g. The sample was determined to be phenol blocked
      diphenylmethane-4,4'-diisocyanate by comparing its melting point
      (197.degree.-199.degree.C.) and infra-red spectrum with a known sample of
      phenol blocked diphenylmethane-4,4'-diisocyanate.
PAC  Alternatives
PAR  It is contemplated that water-soluble derivatives of phenol or resorcinol,
      such as 2-chlorophenol, 3-chlorophenol, 4-chlorophenol, ortho-cresol,
      meta-cresol, paracresol, or 1,3-dihydroxy-2-methylbenzene could be used in
      the described reactions and results similar to those shown would be
      obtained.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the production of an aqueous dispersion of an aromatic
      polyisocyanate blocked with a phenolic compound which comprises mixing (a)
      an aromatic polyisocyanate dissolved in a water-soluble organic solvent
      that is nonreactive with the aromatic polyisocyanate, and (b) an aqueous
      solution containing a dissolved phenolic compound selected from the class
      consisting of phenol and resorcinol, the number of moles of the phenolic
      compound being at least equal to the number of equivalents of isocyanate
      groups present, said mixing taking place in the presence of a catalytic
      amount of an alkali metal hydroxide at a temperature of 25.degree. to
      75.degree.C.
NUM  2.
PAR  2. The process of claim 1 in which the mixing takes place for between 10
      and 120 minutes, and the dispersion contains 1 to 25% by weight of the
      dispersion of blocked aromatic polyisocyanate.
NUM  3.
PAR  3. The process of claim 1 in which the catalytic amount of alkali metal
      hydroxide is 0.05 to 1.0 wt. percent based on the amount of water present.
NUM  4.
PAR  4. The process of claim 1 in which a water soluble anionic surfactant is
      present during the mixing in the amount of 1-10 wt. % based on the amount
      of blocked isocyanate prepared.
NUM  5.
PAR  5. The process of claim 1 which comprises the additional step of removing
      the organic solvent by distillation.
NUM  6.
PAR  6. The process of claim 1 in which the aromatic polyisocyanate is selected
      from the class consisting of diphenylmethane-4,4'-diisocyanate,
      toluene-2,4-diisocyanate, benzene-1,3-diisocyanate,
      diphenylether-2,4,4'-triisocyanate, and
      triphenylmethane-4,4'-4"-triisocyanate.
NUM  7.
PAR  7. The process of claim 6 in which the organic solvent is selected from the
      class consisting of acetone, methyl ethyl ketone and tetrahydrofuran.
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ABST
PAL  Organosilicon grease-like compounds having good shear stability and being
      suitable for optical coupling are prepared by mixing a
      phenylmethylpolysiloxane fluid or a trimethylsiloxy endblocked fluid
      consisting of decylmethylsiloxane, tetradecylmethylsiloxane and
      alpha-methylstyrenemethylsiloxane units, a finely divided silica, and a
      polyalkylene oxide. A typical compound would be a mixture of 150 parts of
      a phenylmethylpolysiloxane, 15.5 parts of a fume silica having surface
      area of 380 square meters per gram, and 4 parts of polypropylene oxide
      having a molecular weight of 2,000. Such a compound has a light
      transmission in excess of 80% and excellent work shear stability.
PARN
PAR  This application in a continuation-in-part of U.S. application Ser. No.
      402,221 filed Oct. 1, 1973 now abandoned.
BSUM
PAR  Optical coupling compounds are used to enhance the transmission of
      electromagnetic radiation between two solid surfaces. The purpose of the
      compound is to cut down on reflection of the electromagnetic radiation at
      each surface thereby increasing the transmission of the radiation through
      an apparatus. It is known that combinations of a treated finely divided
      silica and a phenylmethylsiloxane fluid can be used for optical coupling
      compounds and that phenylsiloxane fluids can be used per se for this
      purpose. For example, the use of phenylmethylsiloxane fluids is shown in
      U.S. Pat. No. 3,655,274 and the use of an organosilicon grease or resin is
      shown in U.S. Pat. Nos. 3,356,616 and 3,299,267.
PAR  The fluids can be successfully used when the unit is sealed, but in those
      cases where the unit connot be sealed a grease or cured resin is needed.
      Cured resins, however, prevent taking apart and reassembling the optical
      system in the field. Thus, in many applications a grease is essential.
      With a grease, the lens system can be taken apart, repaired or cleaned and
      new grease applied and the system reassembled.
PAR  The primary grease heretofore employed has been sold under the designation
      QC-2-0057. It is a mixture of 94.5% by weight of a fluid copolymer of
      dimethylsiloxane containing about 10 mole percent phenylmethylsiloxane and
      5.5% by weight of a treated silica of the type shown in U.S. Pat. No.
      3,036,985. However, this compound has two disadvantages. First, the
      treated silica employed therein is quite expensive and difficult to
      manufacture. Second, the work shear properties of the compound leave much
      to be desired.  The latter is important because the cheapest way to
      assemble a device consisting of, for example, a scintallant and a photo
      multiplier tube used in devices to detect gamma radiation, is to place the
      grease on the face of one of the glass or plastic optical plates and then
      squeeze that plate against a second one to give a uniform bubble-free
      layer of compound between the two plates. In the operation, the grease is
      forced to flow several inches and to be reduced in thickness from 2 inches
      to from 0.4 to 1 mm. The excess is removed from the edges of the plate.
      If, however, during the operation the grease loses its consistency due to
      shear, it will subsequently flow from between the plates thereby impairing
      the optical coupling.
PAR  Attempts to use a cheaper filler such as a fume silica results in a grease
      which has ever less shear stability than those prepared with the aforesaid
      treated fillers.
PAR  Thus, the problem posed at the time of this invention was how to prepare a
      coupling compound using a cheaper filler than that of U.S. Pat. No.
      3,036,985 and which also has better shear ability than QC-2-0057, without
      ruining the optical properties. The latter requires a light transmission
      of at least 80% and preferably 85%* or more at 550 millimicrons wave
      length when measured in 1 cm. cell as compared with the same thickness of
      water. Applicant has found that these objectives can be reached by using
      the polyalkylene oxides shown below.
FNT  *Light transmission as recorded in the specification and claims is the
      percent transmission through a 1 cm. thick cell as compared with the same
      thickness of water for radiation having 550 millimicron wave length. The
      percent transmission increases as the thickness of the sample decreases.
PAR  This invention relates to a composition having a light transmission of at
      least 80% at 550 millimicrons wave length, consisting essentially of (1) a
      phenylmethylpolysiloxane fluid having a refractive index at 25.degree.C.
      of from 1.42 to 1.47 in which the substituents attached to the silicon are
      essentially all phenyl and methyl radicals, (2) a silica thickener having
      a surface area of at least 100 square meters per gram as measured by the
      BET Method in amount of from 5 to 25 parts by weight based on 100 parts of
      (1) and (3) a polyester soluble in (1) and being selected from the group
      consisting of polyethylene oxide, polypropylene oxide, copolymers of
      propylene oxide and ethylene oxide, copolymers of ethylene oxide and
      siloxanes, copolymers of propylene oxide and siloxanes, and copolymers of
      propylene oxide, ethylene oxide and siloxanes, the substituents on the
      silicon atoms in the siloxane portion of the copolymers being of the group
      consisting of lower aliphatic hydrocarbon radicals and phenyl radicals,
      there being at least 25 % by weight of said alkylene oxides in the
      copolymers, (3) being present in amount from 1 to 30 parts by weight based
      on 100 parts of (1).
PAR  This invention also relates to a composition having a light transmission of
      at least 80% at 550 l millimicrons wave length, consisting essentially of
      (A) a trimethylsiloxy endblocked fluid having a refractive index at
      25.degree.C. of from 1.42 to 1.47 consisting essentially of about 35 to 45
      mole percent decylmethylsiloxane units, about 35 to 45 mole percent
      tetradecylmethylsiloxane units and anout 15 to 25 mole percent of
      alphamethylstyrememethylsiloxane units, (B) a silica thickener having a
      surface area of at least 100 square meters per gram as measured by the BET
      Method in an amount of from 5 to 25 parts by weight based on 100 parts by
      weight of (A), and (C) a polyether soluble in (A) and being of the group
      consisting of polyethylene oxide, polypropylene oxide, copolymers of
      polyethylene oxide and polypropylene oxide, copolymers of ethylene oxide
      and siloxanes, copolymers of propylene oxide and siloxanes, and copolymers
      of ethylene oxide, propylene oxide and siloxanes, the substituents on the
      silicon in the siloxane portion of the copolymers being of the group
      consisting of lower aliphatic hydrocarbon and phenyl radicals, there being
      at least 25% by weight of said alkylene oxides in the copolymers, the
      proportion of (C) being from 1 to 30 parts by weight based on 100 parts by
      weight of (A).
PAR  The organopolysiloxane (1) can be any phenylmethylpolysiloxane within the
      desired refractive index range and can consist of siloxane units of the
      type phenylmethylsiloxane units, diphenylsiloxane units,
      monophenylsiloxane units, diphenylmethylsiloxane units,
      dimethylphenylsiloxane units, dimethylsiloxane units, trimethylsiloxane
      units, monoethylsiloxane units and SiO.sub.2 units. These units can be
      combined in any combination which will give a fluid material having the
      desired refractive index. This means that the fluids can be linear,
      branched or cyclic in structure and they can be prepared by any of the
      conventional means for preparing phenylmethylsiloxane fluids.
PAR  The fluid (A) is a trimethylsiloxy endblocked fluid consisting essentially
      of about 35 to 45 mole percent (C.sub.10 H.sub.21)(CH.sub.3)SiO units,
      about 35 to 45 mole percent of (C.sub.14 H.sub.29)(CH.sub.3)SiO units, and
      about 15 to 25 mole percent of alpha-methylstyrenemethylsiloxane
PAL  units. Any such fluids having a refractive index within the range of 1.42
      to 1.47 at 25.degree.C. can be used herein. The preferred fluid consists
      of about 40 mole percent of the decylmethylsiloxane units, about 40 mole
      percent of the tetradecylmethylsiloxane units, and about 20 mole percent
      of alpha-methylstyrememethylsiloxane units and has a refractive index of
      about 1.46. Siloxanes of this kind and their preparation are well known as
      shown by U.S. Pat. No. 3,624,190 the dislosure of which is incorporated by
      reference.
PAR  Ingredients (2) and (B) in the above compositions are any finely divided
      silica having a surface area of at least 100 square meters per gram as
      measured by the BET Method. These silicas can be prepared by any of the
      conventional processes known in the art such as by the well known aerogel
      technique, pyrogenic techniques, or by wet methods such as the
      precipitation of finely divided silica from a silica sol made from sodium
      or potassium silicate. The silicas can be untreated; that is, they can
      have no material on the surface thereof or they can be treated with
      alcohols or organosilicon compounds and these treated silicas can be
      prepared by any of the conventional methods such as, for example, by
      taking a preformed finely divided dry silica and reacting it with
      chlorosilanes, alkoxysilane or siloxanes or by reacting a silica organogel
      with organosilicon compounds as described and/or claimed in U.S. Pat. Nos.
      3,036,985 and 3,015,645.
PAR  The ingredients (3) and (C) for the compounds of this invention are
      polyalkylene oxides or copolymers of polyalkylene oxides with
      organosiloxanes. These polyalkylene oxides are sometimes referred to by
      those skilled in the art as polyethers, glycols, or polyglycols. The only
      critical feature of these materials is that they be soluble in (1) or (A).
      More specifically, the composition of this ingredient can be polyethylene
      oxide (or glycol), polypropylene oxide, copolymers of ethylene oxide and
      propylene oxide, copolymers of ethylene oxide and organosiloxanes,
      copolymers of propylene oxide and organopolysiloxanes, and copolymers of
      ethylene oxide, propylene oxide and organopolysiloxanes. The tern "soluble
      in (1)" or "soluble in (A)" means that this ingredient must dissolve in
      (1) or (A), respectively, and give a clear solution therein under
      operating conditions. The molecular weight of this ingredient is not
      critical so long as it is soluble in (1) or (A). The structure of this
      ingredient is not critical; that is, it can be linear, cyclic, or branched
      in structure. The polyalkylene oxide can have OH ends or it can be blocked
      with hydrocarbon or other groups derived, for example, from alcohols,
      carboxylic acids or isocyanates. Ingredients (3) and (C) should be present
      in amount from 1 to 30 parts by weight based on 100 parts by weight of (1)
      or (A), respectively.
PAR  Polyethylene oxides and polypropylene oxides and copolymers thereof are
      well known articles of commerce and nothing further need be said as to
      their methods of preparation or availability.
PAR  The copolymers of alkylene oxides and organopolysiloxanes are also well
      known materials and are articles of commerce. For the purpose of this
      invention, these copolymers can be of two types. First, those in which the
      alkylene oxide portion and the siloxane portion are connected through
      silicon-carbon linkages, such as those copolymers described in U.S. Pat.
      No. Re. 25,727 and U.S. Pat. No. 3,402,192 where the linking group between
      the Si and the alkylene oxide is an alkylene radical. The second type of
      copolymer are those in which the alkylene oxide portion and the
      organopolysiloxane portion are connected through silicon-oxygen-carbon
      bonds such as those copolymers described in U.S. Pat. No. 3,600,418. All
      three of these patents are incorporated herein by reference.
PAR  For the purpse of this invention, it is preferred that the substituents on
      the silicon atoms in the organopolysiloxane portion be lower aliphatic
      hydrocarbon radicals such as methyl, ethyl, propyl, butyl, vinly or allyl,
      or phenyl radicals. As can be seen from the aforesaid patents, the
      copolymers operative herein can be linear, branched or cyclic in structure
      and they can have any proportion of siloxane to alkylene oxide so long as
      they are soluble in (1) or (A) and contain at least 25% by weight alkylene
      oxide.
PAR  The compounds of this invention can be prepared by mixing the ingredients
      in any desired order and in any convenient fashion; that is, they can be
      mixed, for example, by hand, or on a three roll mill, a versator, or a
      colloid mill.
PAR  In addition to the required ingredients, the compositions of this invention
      can contain other non-essential materials such as corrosion inhibitors,
      oxidation retarders and flame retarders. These additional ingredients must
      not impair the optical properties of the compound beyond permissible
      limits.
DETD
PAR  The following examples are illustrative only and should not be construed as
      limiting the invention which is properly delineated in the appended
      claims. The penetration and work shear stability of the compounds shown in
      the examples were determined by ASTM-D-1403-69 using a 1/4 scale
      penetrometer and the readings were converted to those of a full scale
      penetrometer using the equation P = 3.75.sub.p +  24, where p is the 1/4
      scale reading. In these examples the penetration is recorded in tenths of
      a mm.
PAC  EXAMPLE 1
PAR  This example illustrates the effect of the glycol in stabilizing a compound
      containing a treated filler.
PAR  A compound was prepared by milling 94.5% by weight of a trimethylsiloxy
      endblocked copolymer of 10 mole percent phenylmethylsiloxane and 90 mole
      percent dimethylsiloxane, said copolymer having a viscosity of 1000 cs.
      and 5.5% by weight of a treated silica filler prepared in accordance with
      Example 3 of U.S. Pat. No. 3,036,985. This patent is hereby incorporated
      herein by reference. To 30 parts of this mixture was added by hand mixing
      0.8 part of polypropylene oxide having a molecular weight of 2,000. The
      resulting mixture was a clear material having excellent light
      transmission. The unworked penetration of this material was 248. After
      working in accordance with the aforesaid ASTM test, the penetration was
      264.
PAR  By contrast, the unworked penetration of the compound without the
      polypropylene glycol was 325 whereas the worked penetration was greater
      than 400 indicating extensive breakdown of the grease under shear.
PAC  EXAMPLE 2
PAR  Two formulations were prepared by mixing the ingredients shown below in the
      proportions shown. The siloxane and the polypropylene oxide were first
      mixed and the silica was then added. The mixture was given three passes on
      a three roll mill. After mixing, the compound was allowed to stand for the
      day indicated in the table below and then the worked and unworked
      penetration was determined and the results are shown. The light
      transmission of both compounds was excellent and specifically that of
      compound 1 was found to be 85% as measured by the aforesaid test. The
      compositions were as follows:
PA0  1. 150 parts by weight of the siloxane C.sub.6 H.sub.5
      S{OSi(CH.sub.3).sub.3} 3 *,
PA1  15.5 parts of a pyrogenic silica having a surface area between 380 and 420
      square meters per gram as measured by the BET Method, and
PA1  4 parts by weight of polypropylene oxide having a molecular weight of
      2,000.
PA0  2. 150 parts by weight of C.sub.6 h.sub.5 Si{OSi(CH.sub.3).sub.3} 3,
PA1  15.5 parts by weight of the silica of formulation (1) and
PA1  2 parts by weight of polypropylene oxide of 2,000 molecular weight.
FNT  *Refractive index 1.4600 at 25.degree.C.
PAL  The shear stability of each sample was tested and the penetration
      measurements are shown below:
TBL             Days      Unworked     Worked                                  

     Formulation                                                               

                Aging     Penetration  Penetration                             

     ______________________________________                                    

     1          14        240          249                                     

                30        231          251                                     

                75        236          255                                     

     2           3        230          242                                     

                30        253          285                                     

     ______________________________________                                    

PAL  By contrast, in each of these formulations without the propylene oxide the
      worked penetration was in excess of 400 showing inoperative greases for
      the purpose of this invention.
PAC  EXAMPLE 3
PAR  A copolymer of 69.22 mole percent dimethylsiloxane, 24.84 mole percent
      phenylmethylsiloxane, and 5.92 mole percent trimethylsiloxane was prepared
      having a viscosity of 96.1 centistoke and a refractive index of 1.4542 at
      25.degree.C. When this siloxane is substituted for that of Example 2,
      compounds of equivalent stability and light transmission are obtained.
PAC  EXAMPLE 4
PAR  150 parts by weight of the fluid C.sub.6 H.sub.5 Si{OSi(CH.sub.3).sub.3} 3
      was mixed as in Example 2 with 15.5 parts by weight of a pyrogenic silica
      having a surface area of about 400 square meters per gram and 4.0 parts by
      weight of polypropylene glycol of 1200 molecular weight. The resulting
      mixture had excellent light transmission and after 2.5 months at room
      temperature the unworked penetration was 219 and the worked penetration of
      242. Each value was an average of three measurements.
PAC  EXAMPLE 5
PAR  This example shows the effectiveness of silicone-alkylene oxide copolymers.
PAL  Formulation 1 was a mixture of:
PA1  120 parts C.sub.6 H.sub.5 Si{OSi(CH.sub.3).sub.3} 3,
PA1  10 parts of the silica of Example 4, and
PA1  10 parts (CH.sub.3).sub.3 Si
      ##EQU1##
      Formulation 2 was a mixture of: 150 parts C.sub.6 H.sub.5
      Si{OSi(CH.sub.3).sub.3} 3,
PA1  15.5 parts of the silica of Example 4, and
PA1  4 parts (CH.sub.3).sub.3 Si
      ##EQU2##
PAR  After 2.5 months standing at room temperature, the shear resistance of each
      sample was tested and the penetration was as follows:
TBL  Formulation      Unworked      Worked                                     

     ______________________________________                                    

     1                341           391                                        

     2                228           297                                        

     ______________________________________                                    

PAL  Both of these formulations has excellent light transmission.
PAC  EXAMPLE 6
PAR  Equivalent results are obtained when the following siloxane fluids are
      substituted in formulation 1 of Example 2.
      ##EQU3##
PAC  EXAMPLE 7
PAR  Equivalent results are obtained when the following polyalkylene oxides and
      copolymers are substituted for the polypropylene oxide of formulation 1 of
      Example 2.
PA0  Polyethylene oxide molecular weight 400.
PA0  Copolymer of 50 mole percent ethylene oxide and 50 mole percent propylene
      oxide, said copolymer having a molecular weight of 8000.
      ##EQU4##
PAC  EXAMPLE 8
PAR  Five compositions were prepared which consisted essentially of (A) 100
      parts of trimethylsiloxy endblocked fluid having a refractive index of
      about 1.4640 and a viscosity of about 1200 cs. at 25.degree.C. and
      consisting essentially of about 40 mole percent decylmethylsiloxane units,
      about 40 mole percent tetradecylmethylsiloxane units and about 20 mole
      percent alpha-methylstyrenemethylsiloxane units, (B) varying amounts of a
      pyrogenic silica, and (C) 2.3 parts of a polypropylene oxide having a
      molecular weight of about 2000 (Dow P-2000 Polyglycol). These compositions
      were prepared by first adding (C) to about two-thirds of (A) in a pony
      mixer tub, then adding (B) and stirring to uniformity, next adding the
      remaining one-third of (A) and mixing thoroughly, and finally transferring
      the composition to a 3-roll mill where it was given one pass at a roll
      pressure of about 225 psi. The amount of silica employed and the
      properties of the compositions which were measured are set forth in the
      table below.
TBL                           Light Transmission                               

                                         Penetration                           

     Composition                                                               

            Amt. Silica                                                        

                    Refractive Index                                           

                              %          Unworked                              

                                              Worked                           

     __________________________________________________________________________

     I      8       --        --         241  254                              

     II     9       1.4645    91         226  236                              

     III    10      1.4646    90         220  228                              

     IV     10*     --        --         220  227                              

     V      11      1.4649    --         201  213                              

     __________________________________________________________________________

      *This silica was Cab-O-Sil MS-75 whereas in the other four compositions  

      Cab-O-Sil S-17 was used. MS-75 has a surface area of 255.+-.15 m.sup.2 /g

      (BET) while S-17 has a surface area of 400.+-.20 m.sup.2 /gm (BET).      

PAC  EXAMPLE 9
PAR  Five compositions were prepared following the procedure of Example 8. These
      compositions consisted essentially of (A) 100 parts of the fluid of
      Example 8, (B) 10 parts of pyrogenic silica (Cab-O-Sil S- 17), and (C)
      varying amounts of polypropylene oxide (Dow P-2000 Polyglycol). As shown
      by the test results set forth in the table below, the amount of the
      polypropylene oxide seems to have little effect on the mechanical shear
      stability of the composition.
TBL  ______________________________________                                    

              Amount                                                           

              Polypropylene                                                    

                           Penetration                                         

     Composition                                                               

                Oxide          Unworked   Worked                               

     ______________________________________                                    

     I          2.1            213        224                                  

     II         2.2            212        224                                  

     III        2.3            214        --                                   

     IV         2.4            212        --                                   

     V          2.5            215        223                                  

     ______________________________________                                    

CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A composition having a light transmission of at least 80% at 550 milli
      micron wave length, consisting essentially of
PA1  1. a phenylmethylsiloxane fluid have a refractive index at 25.degree.C. of
      from 1.42 to 1.47 said phenyl and methyl groups being essentially all of
      the substituents on the silicon atoms of said siloxane,
PA1  2. a silica thickener having a surface area of at least 100 square meters
      per gram as measured by the BET Method in amount of from 5 to 25 parts by
      weight based on 100 parts by weight of (1), and
PA1  3. a polyether soluble in (1) and being of the group consisting of
      polyethylene oxide, polypropylene oxide, copolymers of polyethylene oxide
      and polypropylene oxide, copolymers of ethylene oxide and siloxanes,
      copolymers of propylene oxide and siloxanes and copolymers of ethylene
      oxide, propylene oxide and siloxanes, the substituents on the silicon in
      the siloxane portion of the copolymers being of the group consisting of
      lower aliphatic hydrocarbon and phenyl radicals, there being at least 25%
      by weight of said alkylene oxides in the copolymers, the proportion of (3)
      being from 1 to 30 parts by weight based on 100 parts by weight of (1).
NUM  2.
PAR  2. A composition of claim 1 in which (1) is C.sub.6 H.sub.5
      Si{OSi(CH.sub.3).sub.3} 3, (2) is a pyrogenic silica and (3) is
      polypropylene oxide.
NUM  3.
PAR  3. A composition in accordance with claim 1 in which (1) is C.sub.6 H.sub.5
      Si{OSi(CH.sub.3).sub.3} 3, (2) is a pyrogenic silica and (3) is a
      copolymer of propylene oxide and dimethylpolysiloxane.
NUM  4.
PAR  4. A composition in accordance with claim 1 in which (1) is C.sub.6 H.sub.5
      Si{OSI(CH.sub.3).sub.3} 3, (2) is pyrogenic silica and (3) is a copolymer
      of ethylene oxide and dimethylpolysiloxane.
NUM  5.
PAR  5. A composition having a light transmission of at least 80% at 550
      millimicrons wave length, consisting essentially of
PA1  A. a trimethylsiloxy endblocked fluid having a refractive index at
      25.degree.C. of from 1.42 to 1.47 consisting essentially of about 35 to 45
      mole percent decylmethylsiloxane units, about 35 to 45 mole percent
      tetradecylmethylsiloxane units and about 15 to 25 mole percent of
      alpha-methylstyrenemethylsiloxane units,
PA1  B. a silica thickener having a surface area of at least 100 square meters
      per gram as measured by the BET Method in an amount of from 5 to 25 parts
      by weight based on 100 parts by weight of (A), and
PA1  C. a polyether soluble in (A) and being of the group consisting of
      polyethylene oxide, polypropylene oxide, copolymers of polyethylene oxide
      and polypropylene oxide, copolymers of ethylene oxide and siloxanes,
      copolymers of propylene oxide and siloxanes, and copolymers of ethylene
      oxide, propylene oxide and siloxanes, the substituents on the silicon in
      the siloxane portion of the copolymers being of the group consisting of
      lower aliphatic hydrocarbon and phenyl radicals, there being at least 25%
      by weight of said alkylene oxides in the copolymers the proportion of (C)
      being from 1 to 30 parts by weight based on 100 parts by weight of (A).
NUM  6.
PAR  6. A composition as defined in claim 5 wherein (A) consists of about 40
      mole percent decylmethylsiloxane units, about 40 mole percent
      tetradecylmethylsiloxane units, and about 20 mole percent
      alpha-methylstyrenemethylsiloxane units, (B) is a pryrogenic silica and
      (C) is a polypropylene oxide.
NUM  7.
PAR  7. A composition as defined in claim 5 wherein (A) consists of about 40
      mole percent decylmethylsiloxane units, about 40 mole percent
      tetradecylmethylsiloxane units, and about 20 mole percent
      alpha-methylstyrenemethylsiloxane units, (B) is a pyrogenic silica and (C)
      is a copolymer of propylene oxide and dimethylpolysiloxane.
NUM  8.
PAR  8. A composition as defined in claim 5 wherein (A) consists of about 40
      mole percent decylmethylsiloxane units, about 40 mole percent
      tetradecylmethylsiloxane units, and about 20 mole percent
      alpha-methylstyrenemethylsiloxane units, (B) is a pyrogenic silica and (C)
      is a copolymer of ethylene oxide and dimethylpolysiloxane.
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ABST
PAL  A method for preparing uniform, spherical microspheres from an aqueous
      liquid sol feed stock, particularly of a fertile and/or fissionable
      nuclear fuel material. In the method, a jetstream of the liquid feed stock
      is provided, uniformly periodic varicose instabilities are induced in the
      jetstream, a concurrent, caoxial stripping flow of inert fluid is provided
      surrounding the jetstream to enhance the varicose instabilities in order
      to cause the uniform dispersion of the jetstream into uniform spherical
      droplets, and the uniform droplets are subsequently solidified.
PAL  The present invention is directed to methods for manufacturing uniform
      microspheres of inorganic materials, and more particularly, is directed to
      such methods for generating large numbers of small microspheres by sol-gel
      processes and to methods which are particularly suitable in the
      preparation of uniform solid microspheres of fertile or fissionable
      nuclear fuel materials.
PARN
PAR  The present application is a continuation in part of our copending
      application Ser. No. 217,853, filed Jan. 14, 1972 now U.S. Pat. No.
      3,731,850, and entitled Droplet Generator and Method.
BSUM
PAR  The provision of microspherical particles is important in various technical
      and industrial applications such as in the preparation of nuclear fuel for
      high-temperature, gas-cooled reactors and in the preparation of
      particulate catalyst materials used in petroleum refining and other
      chemical processes. It is desirable, and sometimes essential, that such
      microspheres be provided which are of a preselected uniform size, and
      which are of uniform, regular shape.
PAR  Microspherical particles are conventionally manufactured by dispersing a
      suitable liquid feed stock, containing dissolved or suspended material,
      into small droplets and subsequently solidifying the droplets in a
      suitable manner, such as by chemically gelling the droplets and/or
      evaporating or otherwise removing the solvent or liquid carrier from the
      droplets.
PAR  For example, oxide microspheres such as particulate nuclear fuel particles
      have commonly been made by the so-called "sol-gel" processes, wherein a
      fertile and/or fissionable material is prepared in the form of an aqueous
      sol liquid feed stock which is dispersed into small droplets which are
      subsequently dehydrated or otherwise treated under controlled conditions
      to produce form-stabilized gel particles. The form-stable particles are
      then sintered to a high density and may be subsequently coated with a
      refractory material such as pyrolytic carbon. Processing of these droplets
      to final spherical oxide particles is most efficiently carried out if the
      droplets are uniform in size and regular in shape. The provision of
      spherical oxide particles having a very narrow size distribution is
      particularly important in the satisfactory manufacture of certain types of
      nuclear reactor fuel materials.
PAR  The overall production rate of oxide microsphere particles is generally
      limited by the rate at which the liquid feed stock may be dispersed into
      droplets. Economical production of microspheres such as oxide nuclear
      reactor fuel particles generally requires high rates of conversion of
      liquid into suitably sized droplets.
PAR  The quality and uniformity of dispersion of liquid sol feed stock into
      droplets is a generally limiting factor with respect to the quality and
      uniformity of the finished oxide particles. Accordingly, it is desirable
      in the manufacture of uniform solid microspheres that the dispersion of
      liquid sol feed stock be carried out at a relatively high rate without
      sacrifice of droplet uniformity or quality. However, obtaining high
      throughput rates from droplet generating devices generally has been
      associated with a wide range of droplet size, shape or quality. For
      example, droplet generatore such as spray nozzles and spinning discs and
      bowls provide feed stock dispersion at a high throughput capacity, but
      produce an undesirably wide droplet size distribution.
PAR  Conversely, generally uniform droplets of liquid sol may be generated by
      relatively low capacity, monodispersive droplet generating devices which
      form and release individual droplets at a suitable orifice such as a
      capillary, either under the force of gravity or with the carefully
      adjusted coaxial flow of a second fluid. The second fluid is
      conventionally reactive with the liquid sol droplets through solvent
      extraction of pH change to result in solidification of the droplets
      through gellation, and the form-stabilized particles thus provided are
      generally subsequently sintered. The production rate from such devices
      varies from less than a hundred droplets per minute for gravity induced
      droplet formation to about 2,000 droplets per minute for a well adjusted
      two-fluid nozzle. Increased droplet generation rates of about 20,000
      droplets per minute with relatively good size uniformity may be achieved
      with vibrating capillary devices in which reciprocating motion at a
      preselected droplet generation frequency is imparted to the capillary or
      feed stock incident to dispersion of the liquid feed stock and of
      sufficient magnitude to result in the more or less uniform formation of
      droplets therefrom. It is also known to introduce a stream or jet of
      liquid sol feed stock into a quiescent zone of extraction solvent, in
      conjunction with a vibrator in the feed supply system.
PAR  Vibrating capillary devices for producing single streams of relatively
      uniform liquid drops have been developed for a variety of purposes
      distinctly differing from the sol-gel production of solid particulate
      microspheres, and generally all such vibrating capillary devices are
      based, at least in part on the theoretical analysis of Lord Rayleigh and
      subsequent workers on the instability of capillary jets.
PAR  In this connection, it is also known that for jet-streams of relatively
      simple inviscid fluids which readily break up under the influence of
      feedstock vibration without a coaxial gas flow into generally uniform
      droplets, that the problem of drop coalescence caused by the differential
      speed of drops following in the wake of their predecessors can be
      minimized though the provision of a generally gentle flow around the
      liquid jets through holes concentric with the capillaries adequate to
      prevent the drops from following in the trajectory of their predecessors.
PAR  However, there is a need for improved processes for manufacturing solid
      particulate microspheres involving the uniform dispersion of more complex,
      non-newtonian fluid sols as well as the additional complexities of
      surface-interactive gellation pheonomenon.
PAR  Accordingly, it is an object of the present invention to provide an
      improved method for manufacturing solid microspheres by a sol-gel process.
      It is a further object to provide a method which is capable of providing
      high production rates of uniformly sized solid, microspheres. It is a
      further object to provide microspherical particle manufacturing method
      which is reliable and flexible in operation over a wide range of
      parameters such as selection of particle size and production rate. It is
      still another object to provide an improved sol-gel method for
      continuously generating large numbers of small, uniform solid particles
      having a narrow particle size distribution, which process is economical
      and easy to control, and which is particularly adapted to the production
      of nuclear fuel particles.
DRWD
PAR  These and other objects of the invention are more particularly set forth in
      the following detailed description and in the accompanying drawings of
      which:
PAR  FIG. 1 is a top view, partially broken away of an embodiment of a droplet
      generating device suitable for carrying out a method in accordance with
      the present invention in which a gaseous coaxial stripping fluid is
      employed;
PAR  FIG. 2 is a cross-sectional side view of the droplet generating device of
      FIG. 1 taken through line 2--2;
PAR  FIG. 3 is a cross-sectional view of the droplet generating device of FIG. 2
      taken through line 3--3;
PAR  FIG. 4 is a cross-sectional view of the droplet generating device of FIG. 2
      taken through line 4--4;
PAR  FIG. 5 is a side view, partially broken away, of additonal apparatus for
      use in connection with the droplet generating device of FIGS. 1-4 in
      carrying out an embodiment of the method of the present invention;
PAR  FIG. 6 is a cross-sectional side view of an embodiment of a droplet
      generating device in accordance with the present invention in which the
      coaxial stripping fluid is a liquid; and
PAR  FIG. 7 is a cross-sectional view of another embodiment of a portion of the
      mechanism of the droplet generator of FIG. 6.
PAR  The present invention is directed to improvements in the sol-gel processes
      for the manufacture of solid microspheres of inorganic oxides, carbides or
      nitrides, and particularly nuclear fuel particles, in which a liquid sol
      for the inorganic material is dispersed into droplets, the droplets are
      solidified to a form-stable condition by contact with a gelling fluid, and
      the gelled, solidified droplets are subsequently sintered. Generally, the
      improvements with respect to such sol-gel processes comprise, in
      combination, carrying out the steps of providing a jetstream of a liquid
      sol feed stock having a viscosity of about 10 or more centistokes,
      inducing uniformly periodic varicose instabilities in the jetstream having
      a wavelength of at least about .pi. times the unperturbed diameter of the
      jetstream, providing a concurrent, coaxial stripping flow of a first fluid
      surrounding the jetstream to enhance the varicose instabilities in order
      to cause the uniform dispersion of the jetstream into uniform spherical
      droplets, said first fluid being substantially inert with respect to
      causing the solidification of the sol, and subsequently contacting said
      droplets with a second fluid which is interactive with the sol to solidify
      the droplets. The inert stripping fluid should be compatible with the
      second, solidification or "gellation" fluid.
PAR  As indicated, the improved method of the invention is particularly adapted
      for preparing spherical particles of fertile and/or fissionable nuclear
      fuel materials having a high degree of particle size uniformity consistent
      with high production rates. Particular materials suitable for preparing
      sols for use in the improved method include the actinide metals. The
      soluble salts such as nitrates, oxylates, chlorides, phosphates, etc. and
      oxides, mixtures of these oxides, solid solution systems of actinide metal
      oxides or other ceramic oxides may be used in the preparation of the sols
      in accordance with conventional practice. The actinide metals include the
      elements in the actinide series in the periodic table, thorium, uranium,
      plutonium, etc. The method of the invention is, however, also suitable for
      preparing spherical particles from various other colloidal or gellable
      materials which are capable of forming sols. For example, the colloids of
      alumina, zirconia, beryllia, silica, magnesia, chromia, the refractory
      oxides of metals in Group IV of the period table transition element
      oxides, rare earth oxides and their mixtures may be prepared into sols.
      The sols used in the present method may be prepared by any known process
      and generally will have a viscosity of from about 10 centistokes to about
      60 centistokes, and generally the actinide sols will have from about 100
      to about 1300 grams of the heavy metal per liter. It should be noted that
      the term sol is used broadly herein to include the gellable solutions of
      soluble salts of these materials conventionally employed in sol-gel
      processes. Suitable sols and the process for making such sols for use in
      sol-gel processes are well known in the art.
PAR  In accordance with the present method, a jetstream of the liquid sol feed
      stock is provided, and uniformly periodic, varicose instabilities are
      generated in the jetstream, which instabilities are alternate dilations
      and contractions in the jet which are generally radially symmetrical with
      respect to the jet axis. The instabilities will generally have a
      wavelength of at least .pi. times the unperturbed diameter of the
      jetstream and may have a frequency of more than 100,000 cycles per minute.
      Also in accordance with the present method, flow of stripping fluid
      surrounding the jetstream is provided to enhance these instabilities in
      order to cause the uniform breakup of the jet into uniform spherical
      droplets.
PAR  As will be more fully described hereinafter, this stripping fluid is
      substantially inert with respect to the sol of the jetstream, and in
      various embodiments may be either a gas or a liquid.
PAR  Illustrated in FIGS. 1 to 5 is a monodispersive droplet generating device
      10 which is suitable for carrying out an embodiment of the present
      invention employing a gas as the stripping agent. The droplet generator
      10, illustrated in cross-section in FIG. 2, includes means 12 for
      providing a jetstream of the liquid feed stock to be dispersed into
      droplets, and means 14 for generating uniformly periodic varicose
      instabilities in the jetstream. The droplet generator 10 also includes
      means 16 for providing a concurrent coaxial flow of inert gas 24
      surrounding the jetstream to enhance varicose instabilities 22 in the
      jetstream 20 in order to cause the uniform dispersion of the jetstream
      into uniform spherical droplets 26 of the liquid feed stock.
PAR  In the illustrated device for carrying out a gaseous stripping embodiment
      of the method, the means 12 for providing the jetstream 20 comprises a
      tube 28 through which the liquid feed stock may be forced to provide the
      jetstream. The tube 28 in the device 10 may be a straight capillary
      cylinder having a constant uniform interior and exterior diameters
      throughout its length. Preferably, however, a reduction in pressure to
      force the jet stream through tube 28 and a marked increase in droplet
      production rate can be obtained by employing a tube having an internal
      diameter considerably larger than the desired capillary orifice diameter
      together with interchangeable inserts located at the distal end 30 to
      provide a multiplicity of selective and readily changeable orifice
      diameters. The distal end 30 of the capillary tube accordingly provides a
      suitable orifice from which the liquid feed stock may issue as a well
      defined jetstream 20 upon being forced through the capillary tube 28. The
      proximal end 32 of the capillary tube 28 is in fluid communication with a
      liquid feed stock reservoir chamber 34. The feed stock chamber 34
      generally has a cylindrical shape defined by a cylindrical housing 35
      which in the illustrated embodiment is constructed from a suitable
      material inert to the liquid sol feed stock, such as stainless steel. The
      cylindrical housing 35 is connected at one end 36 in a fluid tight manner
      with the capillary tube 28 by means of a resilient gasket 38 having the
      form of a truncated cone. As also illustrated in FIGS. 2 and 3, the
      capillary tube 28 penetrates the gasket 38 along its longitudinal axis,
      and the gasket and capillary tube are centered at the end 36 of the
      cylindrical housing 35 so that the capillary tube also lies along the
      longitudinal axis of the cylindrical liquid feed stock chamber 34. The
      resilient gasket 38 is held in compression against the end 36 of the
      cylindrical housing 35 to thereby provide a fluid tight seal both between
      the gasket and the housing, and between the gasket and the capillary tube
      28.
PAR  The liquid feed stock chamber 34 is supplied with the liquid sol feed stock
      via supply tube 40 through the side of the cylindrical housing 35. The
      supply tube 40 makes fluid tight communication with the reservoir chamber
      34, and is in fluid communication with a source (not shown) of a suitable
      liquid feed stock. The liquid feed stock may be fed at a preselected
      uniform rate through the supply tube 40 into the chamber 34, and will then
      be forced through the capillary 28 to provide a jetstream 20 as it emerges
      from the orifice at the distal end 30 of the capillary. As will be
      described hereinafter, the feed rate into the chamber and through the
      capillary to provide the jetstream is directly related to the droplet
      production rate, and is capable of providing relatively high throughput
      rates consistent with excellent particle size uniformity.
PAR  In addition to serving as part of the fluid supply system to the capillary
      tube 28 from which the jetstream 20 exits the system, the reservoir
      chamber 34 also functions in the generation of uniform, periodic varicose
      instabilities in the jetstream in accordance with the present method. It
      should be noted that this instability generation in the jetstream is
      accomplished through the transmission of pressure pulses to the capillary
      supply stream rather than through the direct vibration of the capillary.
      In this connection, the pressure pulses are transmitted directly to the
      liquid sol feed stock in a reservoir chamber 34 having a diameter
      substantially greater than the capillary from which the jetstream issues.
      As will be more fully described hereinafter the transmission of pulsatile
      energy to the feed stock in the reservoir 34 in the generation of the
      instabilities is insufficient by itself to provide highly uniform drops
      and gelled particles of the liquid sol feed stock.
PAR  The reservoir chamber 34 is sealed by means of a resilient membrane 44 at
      its end 42 which is opposite the end 36 of housing 35 adjacent the
      proximal end 32 of the capillary tube. The membrane 44 is constructed of a
      suitable flexible material such as polyethylene which is impervious to the
      liquid feed stock. In the illustrated embodiment, the resilient membrane
      is in the form of a thin circular disc having a diameter greater than the
      diameter of the cylindrical reservoir chamber 34. The flat resilient
      membrane is mounted so that it abuts the planar end 46 of the cylindrical
      housing 35 and is held in compressive relationship against the planar face
      46 of the cylindrical housing by retainer ring 48. The retainer ring in
      turn abuts the outer body 50 of the droplet generator 10 along a direction
      longitudinal of the axis of the capillary tube 28 and the cylindridal
      reservoir chamber 34.
PAR  As is shown in FIG. 2, the interior surface 52 of membrane 44 forms one
      surface of the liquid feed stock reservoir chamber 34, while the exterior
      surface 54 of the membrane is exposed through a cylindrical cavity which
      is formed by the retainer ring 48 and the outer body 50 of the generator
      10 and which is coaxial with the reservoir compartment 34. Because the
      membrane 44 is relatively flexible, it is capable of transmitting pressure
      pulses from its exterior surface 54 to the liquid feed stock contained in
      the reservoir compartment, and it will be seen that any pressure pulses so
      transmitted will be delivered to the jetstream of liquid feed stock as it
      issues from the orifice of the capillary tube 28 at its distal end 30.
      Such pressure pulses in turn will generate varicose instabilities in the
      jetstream 20. In the illustrated embodiment, the pressure pulses are
      produced by periodic impingement of a gas stream, such as an air jet, upon
      the exterior surface 54 of the membrane 44. Uniform periodicity is induced
      in the impinging gas stream by means of a shutter interposed between the
      membrane and the source of the gas stream. Uniform periodicity of the
      impinging gas stream, and consequently uniform periodicity of the pressure
      pulses transmitted to the fluid issuing from the capillary orifice will
      result in uniform periodicity in the varicose instabilities generated in
      the jetstream 20. In the illustrated embodiment, a continuous jet 56 of
      air or other gas is supplied by a nozzle 58. The nozzle 58 is in
      communication with a pressurized gas source (not shown) which may be
      regulated in a suitable manner to provide a desired, uniform flow rate
      through the nozzle. The nozzle is positioned coaxially with respect to the
      axes of the capillary tube 28 and the reservoir chamber 34, and the gas
      jet 56 is accordingly directed to provide orthagonal impingement upon the
      flexible membrane 44. In order to convert the steady gas jet 56 from the
      nozzle into a rapid and regularly periodic source of pressure pulses, a
      rotary shutter arrangement 60 is interposed between the nozzle 58 and the
      membrane 44. As best shown in FIG. 1, the rotary shutter 60 comprises a
      flat circular disc 62 which is rotatably mounted with an axis of rotation
      generally parallel to, but displaced laterally from, the axes of the
      nozzle 58, reservoir chamber 34 and capillary tube 28. The disc 62 has a
      plurality of generally rectangular notches 64 provided at regular
      intervals about its circumference, and as shown in FIGS. 1 and 2, the
      lateral displacement of the rotational axis of the notched disc 62 a
      distance somewhat less than the radius of the disc, provides for regularly
      periodic obstruction of the flow of gas from the nozzle 58 to the membrane
      44 upon rotation of the notched disc at a uniform angular velocity. In
      this connection, the disc 62 is connected to a suitable motor 66 via
      mounting shaft 68 in order to provide for rotation of the disc at a
      desired, uniform velocity. The speed of motor 66 may be selected or
      regulated in any suitable manner. By appropriate choice of the number of
      notches 64 and the rotational speed of the disc, a very wide range of
      pulse frequencies may be provided. In addition, the total energy delivered
      to the membrane during each pulse may be varied by varying the delivery
      pressure of the gas jet 56 through the nozzle 58 and/or the width of the
      notches 64 in the disc 62. This capability of regulation of the gas-jet
      pulse frequency and strength provides for adjustment of the frequency and
      amplitude of the varicose instabilities generated in the liquid jet stream
      20 for operation of the droplet generator. The nozzle 58 and notched disc
      62 are enclosed within a housing 70 in order to contain the nose generated
      by the operation of the gas-jet, rotational shutter system.
PAR  Uniformly periodic varicose instabilities may also be provided in the
      liquid sol jetstream by other means of transmitting pressure pulses to the
      liquid sol feed stock in the reservoir which communicates with the
      capillary 28. In this connection, electrodynamic shaker coils suitably
      coupled with the fluid in the reservoir may also be employed, as will be
      described more fully hereinafter in connection with another embodiment of
      the present method employing a liquid as the stripping fluid.
PAR  The droplet generator 10 also includes means 16 for providing a concurrent,
      coaxial flow of gas surrounding the jetstream 20 in order to enhance the
      varicose instabilities generated in the jetstream so as to cause the
      uniform dispersion of the liquid jetstream 20 into uniform spherical
      droplets. The provision of this inert coaxial stripping gas stream is
      believed to have an important effect, in synergistic combination with the
      provision of the varicose instabilities, in inducing the uniform break up
      of the jetstream of the liquid sol type fluid, as well as functioning in
      the desired control of the solidification (gellation) of the uniformly
      sized droplets produced thereby.
PAR  The capillary tube 28 extends from the liquid feed stock reservoir chamber
      34 through a cylindrical passageway 72 which is formed by the coaxial gas
      flow director 74 and packing nut 76. The cylindrical passageway 72 is
      coaxial with the capillary tube 28 and is in communication with a
      plurality of feed passageways 78 which penetrate through the coaxial flow
      director for supplying inert gas for the coaxial air flow.
PAR  As shown in FIGS. 2 and 4, the coaxial flow director 74 is generally
      cylindrical in shape and resides in a cylindrical recess 80 in the droplet
      generator body 50. A gas supply line 82 extends through the body 50 in
      communication with a manifold 84, recessed about the circumference of the
      coaxial flow director 74, which serves to distribute gas to the gas feed
      passageways 78. 0 ring seals 86 seal the gas supply system of the coaxial
      flow director.
PAR  The cylindrical passageway 72 should be of sufficient length to provide for
      a radially uniform flow of gas generally in a direction concurrent with
      the direction of flow of the liquid jetstream 20. The provision of plural
      gas feed passageways 78 into the cylindrical passageway 72 of the coaxial
      flow director 74 also aids in the establishment of a uniform flow of gas
      around the jetstream 20. The interior end 88 of the cylindrical passageway
      72 is sealed, with the coaxial flow director 74 providing support for the
      capillary tube 28 at this point. The exterior end 92 of the cylindrical
      passageway is, of course, open and terminates at the exterior face 90 of
      the packing nut 76. The capillary tube 28 extends slightly beyond the
      exterior end 92 of the cylindrical passageway 72 so that the coaxial flow
      of gas from the passageway will be unconfined about the liquid jetstream
      20 as it exits the capillary orifice. The packing nut 76 in the
      illustrated device 10 not only serves to define the terminal portion of
      the cylindrical passageway, but also functions to complete the assembly of
      various components of the droplet generator. The packing nut 76 maintains
      the coaxial flow director in compression against the gasket 38 which in
      turn is compressed and sealed against the cylindrical housing 35. The
      cylindrical housing 35 is similarly sealed against the membrane 44 and the
      retainer ring 48, which is seated against a flange in the outer body 50 of
      the generator 10.
PAR  The droplet generator 10 is disposed such that the liquid sol jetstream and
      coaxial flow of inert gas are directed into a zone containing a fluid
      which is suitable for solidification of the liquid feed stock sol
      material. As illustrated in FIG. 5, the droplet generator 10 may be
      positioned atop a vessel 102 containing a fluid capable of gelling the sol
      material to a solid, form-stable state. In the illustrated embodiment, the
      gelling fluid has a gaseous zone 104 and a liquid zone 106. The gaseous
      zone contains a vapor which is reactive with the liquid sol material to
      result in solidification thereof and in the illustrated embodiment for
      acidic sols which gel upon basic pH change, is ammonia vapor, although
      other volatile bases could be employed. The sol droplets formed by the
      generator 10 are directed through the gaseous zone 104 and in passing
      through the zone 104 achieve sufficient solidification or form
      stabilization in the zone 104 to withstand impact with the liquid
      gellation phase 106, which in the illustrated embodiment is an aqueous
      solution of ammonia, although solutions of other bases may also be
      employed. The gellation of the droplets is completed in the liquid phase
      zone 106. The residence time of the droplets in the ammonia zone to
      provide the desired degree of form stability depends upon a number of
      factors such as the rate of reaction of the liquid sol droplets with the
      ammonia gas, and travel distances of from about 1/2 meter to 4 meters have
      been found to be satisfactory.
PAR  In operating the droplet generator 10, the liquid sol feed stock is fed by
      a suitable mechanism at a uniform, preset flow rate through the liquid
      feed stock supply tube 40 into the liquid feed stock reservoir 34.
      Generally, this flow rate will be adjusted so that, in the absence of
      varicose instability generation and coaxial gas flow, a relatively smooth,
      laminar jetstream 20 will be delivered from the capillary tube extending a
      readily observable and appropriate distance beyond its orifice such as
      between about 1 and about 4 centimeters for capillary tubes having an
      inside diameter in the range of from about 400 .mu. to about 1200 .mu..
PAR  Regular, varicose instabilities are generated in the liquid jetstream 20
      through the transmission of correspondingly regular pressure pulses to the
      liquid sol feed stock in a reservoir zone feeding capillary tube from
      which the jetstream issues. In this regard it is desirable that the
      varicose instabilities in the jetstream have a frequency such that the
      ratio of the instability wavelength to the unperturbed jetstream diameter
      be greater than about .pi. and preferably should be between about 4 and
      about 8. A ratio of about 4.5 is particularly desirable. By instability
      wavelength is meant the distance along the liquid jetstream between
      successive radial maxima or minima of the regularly periodic instability
      generated in the jetstream. For practical purposes, the unperturbed
      diameter of the jetstream may be referenced to the diameter of the
      jetstream may be referenced to the diameter of the capillary tube orifice.
      For the embodiments of the present method which employ a gaseous stripping
      fluid, the provision of the varicose instabilities is generally
      insufficient by itself to result in the desired uniform break up of the
      liquid sol materials, and the specified inert gas stripping stream is
      required to achieve the desired results.
PAR  A desired instability wavelength to unperturbed jetstream diameter may be
      established in any suitable manner. When the flow into the liquid chamber
      34 has been adjusted to provide a smooth laminar jetstream, this flow rate
      may be measured and the jetstream velocity calculated from this value and
      the diameter of the capillary orifice. The rotational speed of the notched
      disc 62 may then be adjusted to provide the proper frequency of pressure
      pulse impingement from the gas nozzle 58 on the membrane 44 to result in
      the generation of regularly periodic varicose instabilities of the desired
      wavelength in the jetstream. As indicated, the generation of varicose
      instabilities in the liquid sol jetstream through the provision of
      periodic pressure pulses is not sufficient to induce droplet formation of
      the desired uniformity or rate. A coaxial flow 24 of a gas such as air
      which is relatively inert to the liquid properties of the liquid sol feed
      stock is provided by means 16 in order to enhance the instabilities to the
      point of uniform droplet formation. With the liquid flow rate and the
      instability frequency set but no coaxial gas flowing, the droplet
      production rate and size distribution will be relatively random. As the
      coaxial gas flow is begun and increased, an increasing fraction of uniform
      droplets are produced having an ideal volume equal to the volumetric flow
      rate of the liquid feed stock in the jetstream, divided by the instability
      frequency. At low coaxial gas flow rates there will be a significant
      fraction of droplets having volumes which are an integral multiple of the
      ideal droplet volume. As the coaxial gas flow rate is increased, the
      fraction of ideal size droplets will increase until essentially all of the
      droplets are uniform and ideal in volume. If coaxial gas flow is further
      increased, smaller droplets tend to appear and finally the liquid
      jetstream becomes an entrained spray consisting of a random distribution
      of very small droplets.
PAR  With reference to the embodiment of FIG. 2, it will be seen that the liquid
      jetstream from the capillary tube 28 extends somewhat, for example about
      0.5 centimeter, beyond the coaxial gas flow orifice. Because of this
      geometry, in the illustrated embodiment, the numerical velocity along the
      jetstream, which generally will exceed the velocity of the liquid
      jetstream, cannot be readily calculated, but rather may be controlled on a
      volumetric flow basis and may be readily adjusted to achieve the desired
      uniformity of breakup of the liquid jetstream. However, in general it can
      be stated that the stripping gas flow rate preferably will be in a range
      of from about 1 to about 8 times and more preferably from about 1 to about
      5 times the velocity of the liquid sol jetstream along the jetstream at
      the point it issues from the capillary which forms it. Jetstream
      velocities of from about 1/2 to about 2 meters per second have been found
      to be satisfactory. It should also be pointed out that a coaxial gas flow
      without the generation of regular, periodic varicose instabilities therein
      will not produce a uniform dispersion of droplets at a high production
      rate.
PAR  In general, when the coaxial gas flow is properly adjusted, one droplet
      will be formed for each wavelength of the varicose instability and
      accordingly the droplet formation rate will be approximately equal to the
      instability frequency and thus the frequency of the pressure pulses
      provided by the rotary shutter. As will be apparent to those skilled in
      the art in view of the present disclosure, very high instability
      frequencies and correspondingly high uniform droplet production rates may
      be achieved through the use of the present invention.
PAR  The properly adjusted coaxial gas velocity relative to the liquid jetstream
      velocity depends on the viscosity of the liquid feedstock and its surface
      tension. The liquid sol feedstocks employed in the present method have a
      viscosity of from about 10 to about 60 centistokes, and preferably from
      about 10 to about 25 centistokes. The surface tension of liquid feed stock
      solutions is generally determined by their major components, and
      ordinarily may only be lowered by additives. Fluid viscosity is quite
      responsive to small additions of thickening agents and may be adjusted to
      a preselected value with such materials.
PAR  As indicated hereinabove, it is an important feature of the present method
      that the coaxial stripping fluid be substantially inert with respect to
      solidification (gellation) of the liquid sol feedstock material. Gases
      such as air and nitrogen are generally suitable for this purpose. This
      feature contributes to the uniform formation of spherical particles and
      provides an inert zone with respect to gellation phenomena which
      encompasses a critical zone in which the liquid sol jetstream is
      undergoing droplet formation. The droplets (and inert gas) are
      subsequently directed into a zone where they are contacted with a
      gellation fluid or fluids suitable for solidification of the droplets
      under conditions consistent with preventing distortion of spherical
      droplet shape during gellation. The provision of such gellation fluids
      suitable for a particular liquid sol composition is within the skill of
      the art in view of the present disclosure.
PAR  The following examples illustrate various features of the method of the
      present invention employing an inert gas stripping agent.
PAC  EXAMPLE 1
PAR  A droplet generator similar to the embodiment illustrated in FIGS. 1, 2, 3
      and 4 is provided which has a capillary tube about 3.6 cm. long with a 630
      micron diameter orifice. The cylindrical passageway for the coaxial gas
      flow is about 1.1 cm. long and has a diameter of about 0.25 cm. The
      capillary tube extends about 0.6 cm. beyond the coaxial gas flow orifice
      of the packing nut. The liquid reservoir chamber has a volume of about
      0.15 cm.sup.3 and the membrane is about 0.013 cm. (5 mil) thick and is
      constructed from polyethylene sheet stock. The circular membrane has an
      exposed diameter of about 0.5 cm. The rotary disc has two notches
      uniformly spaced about its circumference accounting for about 50 percent
      of the notched area of the disc, and is driven by a high speed electric
      motor. The continuous gas jet nozzle is located about 1 cm. away from the
      membrane, has an orifice diameter of about 0.16 cm. and is supplied with
      air at a pressure of about 60 psig. A thorium oxide sol having a viscosity
      of 25.5 centistokes and a density of 1.18 grams per cubic centimeter is
      fed into the liquid reservoir chamber and thence through the capillary at
      a uniform flow rate of 13 milliliters per minute to form a laminar
      jetstream with an unperturbed diameter of about 630 microns. The notched
      disc is activated to provide a pressure pulse rate of 14,000 pulses per
      minute which results in an instability wavelength to jetstream diameter
      ratio of 4.75. The ideal droplet diameter calculated for those parameters
      is 1420 microns.
PAR  In order to demonstrate the effect of inert coaxial gas flow, three runs at
      these operating parameters are conducted with different coaxial flow rates
      of air supplied to the coaxial flow director. The droplets generated pass
      through a zone of gaseous ammonia where they are chemically gelled to a
      stable, shape retaining condition, and into an aqueous solution of
      ammonium hydroxide. The particles are then recovered for microscopic
      examination. Data for such runs are as follows:
TBL                       Droplet Diameter                                     

     Run   Coaxial Air Rate                                                    

                          Estimated By                                         

     No.   (liters per minute)                                                 

                          Microscopic Examination                              

     ______________________________________                                    

     1     0              large and variable                                   

     2     9.2            about 1210 microns and larger                        

     3     14.4           about 1210 microns                                   

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  In this example, a run similar to those of Example 1 is carried out with
      the following parameters:
TBL  Liquid feed stock   a thorium oxide sol                                   

     Liquid feed stock viscosity                                               

                         11.1 centistokes                                      

     Liquid feed stock density                                                 

                         1.18 g/cm.sup.3                                       

     Feed stock flow rate                                                      

                         23.4 ml/min                                           

     Capillary orifice diameter                                                

                         814 microns                                           

     Instability frequency                                                     

                         12,250/min                                            

     Wavelength/diameter ratio                                                 

                         4.5                                                   

     Ideal droplet diameter                                                    

                         1540 microns                                          

PAR  The coaxial air flow is adjusted for uniform breakup of the jetstream and
      the droplets are gelled by passage through an atmosphere of ammonia into
      an aqueous solution of ammonium hydroxide. The gelled particles are then
      air dried, and a sample of the air dried particles are photomicrographed
      and their diameters measured. Within this sample, 99% of the sphere
      diameters are within the relatively narrow range of 599 .+-.  43 microns.
PAC  EXAMPLE 3
PAR  A run is conducted similar to the run of Example 2 having the following
      parameters:
TBL  Liquid feed stock   a thorium oxide sol                                   

     Liquid feed stock viscosity                                               

                         17.5 centistokes                                      

     Liquid feed stock density                                                 

                         1.18 g/cm.sup.3                                       

     Feed stock flow rate                                                      

                         18 ml/min                                             

     Capillary orifice diameter                                                

                         630 microns                                           

     Instability frequency                                                     

                         12,000/min                                            

     Wavelength/diameter ratio                                                 

                         7.65                                                  

     Ideal droplet diameter                                                    

                         1420 microns                                          

PAR  after gelling in ammonia and air drying, the particles are fired at a
      relatively low temperature and screened for size distribution:
TBL  Size Distribution After Low Temperature Firing (microns)                  

     Screen Fraction     Weight Percent                                        

     ______________________________________                                    

     175-295             0.4                                                   

     295-494             90.4                                                  

     (420-490                                                                  

     by optical method)                                                        

     over 495            9.3                                                   

     ______________________________________                                    

PAR  In this example a higher wavelength/diameter ratio than that used in
      Examples 1 and 2 is employed to demonstrate the ability to produce
      droplets of various sizes through variation of this ratio.
PAC  EXAMPLE 4
PAR  In this example, a run similar to that of Example 2 is carried out to
      demonstrate the use of a more complex liquid sol feed stock. The run has
      the following parameters:
TBL  Liquid feed stock a dispersion of carbon in a                             

                       solution containing zirconyl                            

                       and uranyl nitrates                                     

     Liquid feed stock viscosity                                               

                       17.8 centistokes                                        

     Liquid feed stock density                                                 

                       1.06 g/cm.sup.3                                         

     Feed stock flow rate                                                      

                       13.8 ml/min.                                            

     Capillary orifice diameter                                                

                       630 microns                                             

     Instability frequency                                                     

                       15,800/min                                              

     Wavelength/diameter ratio                                                 

                       4.5                                                     

     Ideal droplet diameter                                                    

                       1150 microns                                            

PAR  The gelled droplets produced in this run are uniformly 1100 microns in
      diameter when used optically. The gelled droplets may be used in the
      production of carbide microspheres in accordance with known procedures.
PAC  EXAMPLE 5
PAR  In this example, runs are carried out similar to Example 2 (except that the
      two-notch disc is replaced with an eight-notch disc) at various droplet
      generating frequencies with the liquid feed rate varied to maintain the
      wavelength/diameter ratio at 4.5. The parameters of the runs are:
TBL  Liquid feed stock a uranyl nitrate solution                               

     Liquid feed stock viscosity                                               

                       18 centistokes                                          

     Liquid feed stock density                                                 

                       1.13 g/cm.sup.3                                         

     Capillary orifice diameter                                                

                       342 microns                                             

     Wavelength/diameter                                                       

                       4.5                                                     

     Ideal Droplet diameter                                                    

                       646 microns                                             

          Liquid Feed                                                          

     Run  Flow Rate   Instability                                              

     No.  (ml/min)    Frequency      Yield                                     

     ______________________________________                                    

     1    5.75         43,600    High yield of ideal size                      

     2    12.7         88,000    Good yield of ideal size                      

                                 some larger and smaller                       

     3    23          160,000    Fair yield of ideal size                      

                                 many larger and smaller                       

     ______________________________________                                    

PAR  Accordingly, it is seen that a method has been provided which is capable of
      producing solidified particles of small diameter and very uniform size.
      The particles may be sintered in accordance with conventional procedures,
      and may readily be subjected to subsequent treatment such as the
      deposition of pyrolytic carbon coatings, in the provision of nuclear fuel
      particles.
PAR  Illustrated in FIG. 6 is a particle generator 200 which is suitable for
      carrying out an embodiment of the present method in which an inert liquid
      is employed as the stripping fluid. In a manner similar to that of the
      particle generating device illustrated in FIGS. 1-5, the particle
      generator 200 is provided with a conduit 202 in fluid communication with a
      straight-sided reservoir zone 204 through which the liquid sol feed stock
      may be supplied under pressure to the reservoir zone. At the discharge end
      of the reservoir zone 204 and in fluid communication therewith is provided
      a capillary tube 206, and at the end of the reservoir opposite the
      capillary 206 is disposed a means 208 for transmitting regularly periodic
      pressure pulses to the liquid sol feed stock fluid in the reservoir 204.
      The pressure pulse transmitting means 208 in the embodiment of FIG. 6
      comprises an axially movable piston 210 which makes a fluid tight seal
      with the reservoir zone 204 through the use of 0 rings 212, and which is
      in direct connection with a fixed electromechanical transducer 214, such
      as an electrodynamic shaker coil, via shaft 216. The transducer may be
      selected to be capable of driving the piston over the desired range of
      frequencies, and to thereby transmit regular, periodic pressure pulses to
      the liquid sol feed stock in the reservoir 204 which will provide regular,
      periodic varicose instabilities in a liquid sol jetstream 218 issuing from
      the orifice of the capillary 206.
PAR  Surrounding the capillary tube 206 is a radially symmetrical body 220 which
      defines a zone 222 surrounding the capillary tube 206, and which in the
      illustrated embodiment extends beyond the capillary orifice from which the
      liquid sol jetstream 218 is issued. In the generator 200 the body 220 has
      a lower cylindrical portion generally surrounding the capillary tube 206
      and an open-ended, cone-shaped upper portion having a cross section which
      narrows with increasing distance from the end of the capillary tube. A
      conduit 217 provides fluid communication with the zone 222 in a manner
      designed to foster laminar flow in a direction longitudinally of the axis
      of the capillary tube 206. The inert stripping liquid is introduced
      through the conduit 217.
PAR  Surrounding the capillary and stripping zone assembly is a cylindrical body
      226 which provides a gellation zone 228 for a liquid gellation agent for
      the liquid sol material of the jetstream. A conduit 230 located at the
      base of and in fluid communication with the cylindrical body 226 provides
      means for introducing a liquid gellation agent into the zone 228, which in
      the particle generator 200 is designed to provide an upward flow of the
      gellation agent in the zone 228.
PAR  Illustrated in FIG. 7 is another mechanism 300 suitable for the
      transmission of regularly periodic pulsatile energy to the liquid sol in a
      reservoir zone 302 incident to its passage to the capillary 304. In the
      mechanism 300, the pressure pulses are transmitted by a loosely coupled
      piston 306 which is flexible mounted in a fluid tight manner with the
      reservoir 302 by means of a cylindrical, accordion-like coupling 308. The
      piston may be driven by a suitable mechanism (not shown) to function in
      the provision of varicose instabilities in the liquid sol jetstream.
PAR  In carrying out an embodiment of the method employing an inert liquid
      stripping agent by means of the particle generator 200, a regulated amount
      of a suitable liquid sol is introduced under pressure through conduit 202
      into the reservoir 204 to provide a jetstream 218 of the sol issuing from
      the orifice of the capillary 206 in a manner similar to that described
      with respect to the embodiment of the method employing an inert gaseous
      stripping agent. The sol introduction is generally begun while maintaining
      a flow of inert liquid stripping agent and gellation agent through zones
      222 and 228, respectively. The transducer 214 may then be activated to
      transmit regularly periodic pressure pulses to the liquid feedstock in the
      reservoir 204 at a frequency selected in combination with the jetstream
      flow rate to provide droplets of a desired, predetermined size and
      consistent with the jetstream wavelength considerations earlier referred
      to. Generally, the volumetric displacement of the reciprocating piston 210
      will be controlled to be less than the volume of the desired droplet size,
      and as the flow resistance of the conduit 202 through which the liquid sol
      enters the reservoir 204 from the feedstock supply system (not shown) is
      substantially less than that of the capillary 206 from which the jetstream
      issues, a portion of this displacement is dissipated to the feedstock
      supply system.
PAR  The flow rate of the inert coaxial stripping fluid introduced into the zone
      222 by means of conduit 217 may then be adjusted to provide the maximum
      enhancement of the uniform dispersion of the jetstream into uniform
      droplets. For the embodiment of the method employing an inert coaxial
      stripping liquid, the flow speed at the capillary should best be at least
      about 1/4 of the linear exit speed of the jetstream. It has been found
      that the coaxial flow of inert stripping agent should be substantially
      laminar about the jetstream including the critical region in which breakup
      occurs, and in this connection, the coaxial flow of inert stripping liquid
      should be such that a Reynolds number of about 2500 is not exceeded. As a
      Reynolds number of about 2500 is exceeded, the coaxial stripping flow
      becomes non-laminar for the purposes of proper enhancement of the varicose
      instabilities and poor particle size distribution results.
PAR  The coaxial stripping fluid carries the dispersed droplets from the zone
      222 into contact with the gelling fluid in the zone 228. In the
      illustrated particle generator 200, the inert coaxial stripping agent zone
      222 is tapered at its upper end to provide for flow acceleration so that
      the formed droplets tend to be separated as they are conducted into the
      gelling zone 228.
PAR  As indicated hereinabove, the inert coaxial stripping fluid should be
      compatible, and preferably miscible, with the gelling agent, and the most
      appropriate selection of these materials is related to the type of liquid
      sol employed. The provision of suitable liquid gellation agents for a
      given liquid sol is within the skill of the sol-gel process art. Gellation
      liquids which function to chemically gel the droplets are preferred,
      although agents which function by exerting a dehydration or water
      extraction effect (or both dehydration and chemical gellation) on the
      droplets may also be employed. For actinide sols which are suitably
      chemically gelled by treatment with a basic gellation agent, hydrocarbon
      based liquids such as kerosine and including halogenated hydrocarbon
      liquids, which contain a dissolved base such as ammonia or other base
      which volatizes or decomposes upon particle sintering is particularly
      preferred.
PAR  As indicated, the inert stripping fluid should be compatible with the
      gelling agent, and, of course, should be non-gelling and substantially
      immiscible with respect to the liquid sol material. Preferably, the inert
      stripping fluid will be of substantially the same composition as the
      gelling agent liquid, with appropriate modification to render it inert
      with respect to solification of the liquid sol material. For example, when
      kerosene containing dissolved ammonia is employed as the gelling agent,
      kerosene without dissolved ammonia is suitably employed as the inert
      coaxial stripping agent.
PAR  At this point, it should be noted that compatibility of the stripping fluid
      with the gelling agent in the previously described method employing an
      inert gaseous stripping agent is provided by directing the stripping gas
      and jetstream droplets into a zone containing a gaseous gelling agent to
      provide for at least the initial part of the droplet gellation.
PAR  After gellation, the solidified particles may be sintered in accordance
      with conventional practice to provide solid oxide, carbide (if the sol
      contains dispersed carbonaceous material) or nitride particles of
      exceptional size uniformity.
PAR  The following examples illustrate a particle manufacturing method in which
      the inert coaxial stripping fluid is a liquid.
PAC  EXAMPLE 6
PAR  A particle generator similar to the embodiment illustrated in FIG. 6 is
      provided which has a capillary tube about 3.5 cm. long with an orifice
      diameter of about 584 microns (about 840 microns outside diameter), and a
      cylinder-cone assembly with a cylindrical portion about one inch long with
      an inside diameter of about 0.243 inches, and a conical portion about 31/2
       inches long tapering to an inside diameter of about 0.19 inches at its
      upper end. This assembly is located at the base of a gellation tube about
      12 feet long with an inside diameter of about 3/4 inch.
PAR  A thoria sol having a density of about 1.845 grams per cc. and containing
      about 930 grams of ThO.sub.2 per liter and a viscosity of about 15
      centistokes is fed into the generator at a flow rate of about 25 grams of
      sol per minute. The transducer is activated with a frequency of about 320
      Hertz with a sine waveform power source to provide a piston displacement
      of about 1/3 the volume of the predetermined droplet size. The coaxial
      velocity of an ammonia-free kerosene stripping liquid is provided at a
      rate of about 1 liter per minute, and the flow rate in the 12 foot tube of
      a kerosene gelling liquid containing dissolved ammonia is adjusted so that
      the droplets emerging from the end of the cone with the inert stripping
      liquid are carried to the top of the tube in about 30 seconds, and results
      in a rate of about 6 liters of kerosene per minute. The entire apparatus
      is constructed of transparent material and the initial breakup of the
      jetstream can be seen (with strobelight illumination) to be occuring in
      the cylindrical portion of the cylindrical-conical body 220. The gelled
      particles are collected and sintered to provide a product yield of about
      98.50 weight percent of the particles having a diameter between 450-550
      microns as determined by screening measurement. The particles are
      spherical and have an actual size dispersion of about plus or minus 8%.
      The production rate for this example is about 756 grams of ThO.sub.2 per
      minute.
PAC  EXAMPLE 7
PAR  A run is carried out in a manner similar to that of Example 6 except that a
      flow rate of the thoria sol of about 17 grams per minute, representing a
      production rate of about 590 grams of ThO.sub.2 per hour, was employed
      with an inert coaxial kerosene fluid flow of about 0.56 liters per minute,
      a transducer frequency of about 218 Hertz and a piston volume displacement
      of about one-ninth of the ideal droplet volume. The solidified spheres are
      collected and sintered to provide a product with a yield of about 97.65
      weight percent of spherical thoria particles having diameters of 450-550
      microns as determined by screening, with an actual diametric dispersion of
      about plus or minus 6%.
PAR  Accordingly, it is seen that improved sol-gel methods have been provided
      which are particularly adapted to the reliable and economical manufacture
      of microspherical nuclear fuel particles of highly uniform size and
      excellent quality. As will be apparent to those skilled in the art,
      various modifications, adaptations and variations of the foregoing
      specific disclosure can be made without departing from the teachings of
      the present invention.
PAR  Various features of the invention are set forth in the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a sol-gel process for the manufacture of solid microspheres of
      inorganic oxides, carbides or nitrides in which a liquid sol of the
      inorganic material is dispersed into droplets, the droplets are solidified
      to a form-stable condition by contact with a gelling fluid for the sol and
      the gelled, solidified droplets are subsequently sintered to provide solid
      microspherical particles, the improvement comprising carrying out in
      combination the steps of providing a jetstream of a liquid sol feedstock
      having a viscosity of from about 10 to about 60 centistokes, inducing
      uniformly periodic varicose instabilities in the jetstream having a
      wavelength of at least about pi times the unperturbed diameter of the
      jetstream, providing a concurrent, coaxial stripping flow of a first fluid
      surrounding the jetstream to enhance the varicose instabilities in order
      to cause the uniform dispersion of the jetstream into uniform spherical
      droplets, said first fluid being substantially inert with respect to
      causing the solidification of said sol, and subsequently contacting said
      droplets with a gelling fluid compatible with said first fluid and which
      is interactive with the sol to solidify the droplets.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein said inert coaxial stripping
      fluid is a gas and wherein the velocity of said coaxial gas flow along
      said jetstream is from about one to about eight times the velocity of said
      jetstream at the point of formation of said jetstream.
NUM  3.
PAR  3. A method in accordance with claim 2 wherein said second gelling fluid
      comprises ammonia gas.
NUM  4.
PAR  4. A method in accordance with claim 1 wherein said inert coaxial stripping
      fluid is a liquid, wherein said gelling fluid is a liquid compatible with
      said liquid stripping fluid, and wherein the flow of said inert coaxial
      stripping fluid is laminar around said jetstream.
NUM  5.
PAR  5. A method in accordance with claim 1 wherein said sol is an actinide
      element sol, and wherein said solid microspheres are fertile or
      fissionable nuclear fuel particles.
PATN
WKU  039336808
SRC  5
APN  1634518
APT  1
ART  141
APD  19710716
TTL  Stabilizing compositions for polyvinylchloride
ISD  19760120
NCL  1
ECL  1
EXP  Hoke; V. P.
INVT
NAM  Wowk; Anatole
CTY  Edison
STA  NJ
ASSG
NAM  M & T Chemicals Inc.
CTY  Greenwich
STA  CT
COD  02
RLAP
COD  72
APN  43230
APD  19700603
PSC  03
CLAS
OCL  252406
XCL  260 4575S
EDF  2
ICL  C08J  320
FSC  252
FSS  406
FSC  260
FSS  45.75 K
UREF
PNO  2914506
ISD  19591100
NAM  Mack et al.
OCL  260 45.75
UREF
PNO  3542825
ISD  19701100
NAM  Hoye
OCL  260 45.75
UREF
PNO  3565931
ISD  19710200
NAM  Brecker
OCL  260 45.75
LREP
FR2  Auber; Robert P.
FR2  Wheeless; Kenneth G.
FR2  Spector; Robert
ABST
PAL  This invention relates to novel compounds, oligomers, and polymers
      exhibiting at least one direct carbon to tin bond, at least one direct
      halogen to tin bond, at least one direct oxygen to tin bond, and at least
      one direct sulfur to tin bond, methods of preparing these novel compounds,
      and to polymers stabilized against the deteriorative effects of heat and
      light by two component compositions comprised at least in part of the
      novel compounds of this invention.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 43,230,
      filed June 3, 1970 now abandoned. This invention relates to novel
      organotin compounds and to novel stabilized halogen-containing polymer
      compositions.
BSUM
PAR  Halogen-containing polymers, including homopolymers and copolymers of vinyl
      chloride and vinylidene chloride, are materials which have proven useful,
      because of their desirable physical properties. Uses of these materials
      have been limited, however, by their inherent instability when exposed to
      conditions of heat and light. Under such conditions, the
      halogen-containing polymer may discolor, become brittle, crack, check or
      otherwise suffer deterioration of its physical properties. Thus,
      unstabilized chlorine-containing polymer compositions may be highly
      unsatisfactory for outdoor use where they may be subjected to both heat
      and light. Various techniques are known for stabilizing these polymers
      against degradation in the presence of heat alone or light alone but no
      single stabilizer compound has been found which confers the high degree of
      both heat and light stability which is required for outdoor use.
PAR  A further defect of prior art stabilizers is that they may normally be
      viscous liquids or pasty gels. They may thus be considerably more
      difficult to handle than solid stabilizers.
PAR  It is an object of this invention to provide novel organotin compounds
      which may be characterized by their unexpectedly superior physical
      properties. It is a further object of this invention to provide novel
      chlorine-containing polymer compositions characterized by their high
      resistance to degradation during outdoor exposure.
PAR  One aspect of this invention relates to novel compounds exhibiting one
      direct carbon to tin bond, one direct halogen to tin bond and one direct
      sulfur to tin bond and one direct oxygen to tin bond.
PAR  This invention also relates to halogen-containing polymers stabilized
      against the deteriorative effects of heat and light comprising a
      halogen-containing polymer and an effective amount of a stabilizer
      composition comprised at least in part of compounds, oligomers, and
      polymers exhibiting at least one direct carbon to tin bond, at least one
      direct halogen to tin bond, at least one direct oxygen to tin bond, and at
      least one direct sulfur to tin bond.
PAR  The novel compounds of this invention include those of the formula:
      ##EQU1##
      wherein X is chlorine or bromine and R and R' are hydrocarbons as
      hereinafter defined.
PAR  The novel oligomers and polymers of this invention are those of the
      formula:
      ##EQU2##
      WHEREIN X is chlorine or bromine and n is an integer of from 2 to 20.
PAR  The novel compounds of this invention may be prepared by reacting a
      compound of the formula RSn(OH).sub.2 X wherein R is a hydrocarbon radical
      selected from the group consisting of alkyl, alkenyl, cycloalkyl, aralkyl,
      aryl, and alkaryl and X is chlorine or bromine with a mercapto acid of the
      formula
      ##EQU3##
      or suitable derivative thereof, e.g. the corresponding acid anhydride.
PAR  In the foregoing formulae R is a monovalent hydrocarbon radical selected
      from the group consisting of alkyl, aralkyl, alkaryl, and aryl radicals
      containing up to 20 carbon atoms and cycloalkyl radicals containing 5 to 8
      carbon atoms. When R is an alkyl radical it may be a straight chain alkyl
      or a branched alkyl, including methyl, ethyl, n-propyl, isopropyl,
      n-butyl, isobutyl, sec-butyl, tert-butyl, n-amyl, neopentyl, isoamyl,
      n-hexyl, isohexyl, heptyls, octyls, decyls, dodecyls, tetradecyl,
      octadecyl, etc. When R is cycloalkyl, it may typically be cyclopentyl,
      cyclohexyl, cycloheptyl or cyclooctyl. R may represent a bicyclic
      hydrocarbon radical, e.g. bicyclo [2,2,0] hexane. When R is aralkyl, it
      may typically be benzyl, .beta.-phenylethyl, .gamma.-phenylpropyl,
      .beta.-phenylpropyl, etc. When R is aryl, it may typically be phenyl,
      naphthyl, etc. When R is alkaryl, it may typically be tolyl, xylyl,
      p-ethylphenyl, p-nonylphenyl, etc. R may be inertly substituted, e.g. may
      bear a non-reactive substituent such as alkyl, aryl, cycloalkyl, aralkyl,
      alkaryl, ether, etc.
PAR  R' is a divalent hydrocarbon radical selected from the group consisting of
      alkylene, arylene, alkarylene and aralkylene radicals containing up to 20
      carbon atoms and cycloalkylene radicals containing 5 to 8 carbon atoms.
      The radicals which R' can represent include the divalent equivalents of
      all radicals specified for R in the preceding paragraph.
PAR  Preferred novel compounds of this invention include: monobutylmonochlorotin
      S,O mercaptoacetate, monooctylmonochlorotin S,O mercaptoacetate,
      monocyclohexylmonochlorotin S,O mercaptoacetate, monomethylmonochlorotin
      S,O mercaptoacetate, monophenylmonochlorotin S,O mercaptoacetate,
      monobutylmonochlorotin S,O mercaptopropionate, monooctylmonochlorotin S,O
      mercaptopropionate, monocyclohexylmonochlorotin S,O mercaptopropionate,
      monomethylmonochlorotin S,O mercaptopropionate, monophenylmonochlorotin
      S,O mercaptopropionate, monobutylmonochlorotin S,O ortho-mercaptobenzoate
      and the corresponding monoorganomonobromotin compounds.
PAR  The reactant RSn(OH).sub.2 X of this invention is prepared from the
      compound RSnX.sub.3. Typical compounds RSnX.sub.3 include, but are not
      limited to, the following: ethyltin trichloride, propyltin trichloride,
      n-butyltin trichloride, hexyltin trichloride, octyltin trichloride,
      phenyltin trichloride, o-tolyltin trichloride, benzyltin trichloride,
      butenyltin trichloride, ethynyltin trichloride, and each of the
      corresponding tribromides.
PAR  Compounds such as butyltin bromide dichloride may be employed, most
      preferably the compound RSnX.sub.3 is a chloride; and the preferred
      compounds are n-butyltin trichloride and n-octyltin trichloride. The
      process for preparing the compound RSn(OH).sub.2 X includes maintaining an
      aqueous reaction mixture containing RSnX.sub.3 ; adding to said reaction
      mixture a catalytic amount of a catalyst selected from the group
      consisting of aluminum chloride, titanium tetrachloride, bismuth
      trichloride, ferric chloride, cobalt chloride, nickel chloride, cadmium
      chloride, zirconium tetrachloride, boron trifluoride etherate, mercuric
      chloride, cupric chloride, trifluoroacetic acid, and zinc fluoride;
      thereby forming a precipitate containing RSn(OH).sub.2 X; and recovering
      said precipitate from said aqueous reaction mixture. In practice, 10-200
      parts, say 17.5 parts of RSnX.sub.3 are added to 100 parts of aqueous
      reaction medium, preferably water. Catalyst, preferably aluminum chloride,
      is added in an amount of 0.1-10 parts, say 0.95 parts, and the solution
      allowed to stand for up to 2-3 hours. The solid precipitate which forms
      may be separated as by filtration and washed with 10-1000 parts, say 15
      parts of water. After further washing with 6-60 parts, say 12 parts of
      e.g. acetone, the precipitate may be air-dried. The product, typically
      obtained in an amount of 2.5 parts, is recovered from the filtrate.
PAR  The reaction RSnX.sub.3 + 2OH.sup.- .fwdarw. RSn(OH).sub.2 X + 2X.sup.-
      includes maintaining an aqueous reaction mixture containing RSnX.sub.3 ;
      adding to said aqueous reaction mixture base in an amount not
      stoichiometrically greater than the amount of RSnX.sub.3 thereby forming a
      precipitate containing RSn(OH).sub.2 X; and recovering said precipitate
      from said aqueous reaction mixture. In practice, 10-100 parts of
      RSnX.sub.3 may be added to 100 parts of aqueous reaction medium,
      preferably water. Base, preferably an alkali metal hydroxide such as
      potassium hydroxide, sodium hydroxide may be added thereto preferably as a
      solution containing 1-50 parts, say 10 parts of base in 100 parts of
      water. The amount of base added should not be stoichiometrically greater
      than, and preferably equal to, the amount of RSnX.sub.3, i.e. two
      equivalents of base per mole of RSnX.sub.3. The product RSn(OH).sub.2 X
      may precipitate and, preferably after standing for 4-12 hours be separated
      as by filtration. The precipitate may be washed with 50-500 parts, say 200
      parts of water (which has been acidified preferably with hydrochloric
      acid) to pH of preferably about 2.0. The product may then be dried.
PAR  The process for preparing RSn(OH).sub.2 X when R is alkyl includes
      maintaining an aqueous reaction mixture containing RSnX.sub.3 ; heating
      said reaction mixture thereby forming a precipitate containing
      RSn(OH).sub.2 X product; and recovering said precipitate from said aqueous
      reaction medium. In practice, 1-40 parts, say 4 parts of RSnX.sub.3 may be
      added to 100 parts of aqueous reaction medium, preferably water. The
      reaction mixture may then be heated to 70.degree.C-120.degree.C,
      preferably to reflux temperature for 1-5 hours, preferably 2 hours. The
      product RSn(OH).sub.2 X may copiously precipitate and be recovered by
      filtration. The precipitate may be washed with 2-10 parts, say 5 parts of
      water (which preferably has been acidified preferably with hydrochloric
      acid to pH of preferably 2.4). The product may be further washed with
      acetone (acidified to pH of 2.4) and air-dried.
PAR  Typical preferred reactants RSn(OH).sub.2 X include but are not limited to
      the following: ethyltin chloride dihydroxide, propyltin chloride
      dihydroxide, n-butyltin chloride dihydroxide, isobutyltin chloride
      dihydroxide, hexyltin chloride dihydroxide, octyltin chloride dihydroxide,
      phenyltin chloride dihydroxide, o-tolyltin chloride dihydroxide, benzyltin
      chloride dihydroxide, butenyltin chloride dihydroxide, and ethynyltin
      chloride dihydroxide. The corresponding bromide derivatives of the
      foregoing compounds are also suitable reactants.
PAR  Reaction mechanisms for the formation of the novel compounds, oligomers,
      and polymers of this invention are clearly illustrated by the following
      equations:
      ##EQU4##
PAR  These equations graphically show that a reaction occurs between the
      mercapto acid and the polymer or compound RSn(OH).sub.2 X whereby water
      splits off and a chemical bond is formed between the tin and sulfur. These
      equations further illustrate the necessity of one molecule of the mercapto
      compound per mole of the compound RSn(OH).sub.2 X to obtain the desired
      reaction and the desired novel compound having a 1:1 molar ratio of sulfur
      to tin.
PAR  It is within the scope of this invention that pure, impure or commercial
      grades of the reactants may be employed satisfactorily. In general, pure
      compounds of the above formulae may be prepared from pure raw materials.
      However, these novel compounds may be diluted with innocuous, inert
      materials thereby permitting the use of technical grades of materials or
      intermediates in their preparation.
PAR  Any suitable reaction temperatures may be employed. It is ordinarily
      preferred to use room or slightly elevated temperatures of the order up to
      about 100.degree.C. The exothermic nature of the reaction between the
      compound RSn(OH).sub.2 X and the sulfur containing compounds affords a
      considerable saving in the expenditure of external heat. The presence of
      water produced by the condensation reaction usually requires an additional
      heating or refluxing in order to strip said water from the reaction
      product, though it may be removed in any suitable matter.
PAR  The use of inert organic solvents as a medium for a reaction such as
      toluene, benzene, other aromatics, etc., is contemplated. The presence of
      such solvent facilitates the desired reaction. The solvent may be
      eliminated from the reaction product at the completion of the reaction by
      any suitable means. This may be accomplished by vaporizing the solvent
      under vacuum at elevated temperatures. Pressures of about 2 to 30 mm of
      mercury at temperatures of 75.degree.C to 160.degree.C are satisfactory in
      affecting the removal of toluene or like solvent from the reaction
      product.
PAR  By these procedures, the novel compounds of this invention can be obtained
      in almost theoretical yields. These yields are indicative that it is not
      necessary to use an excess of either reactant, the total amount of
      starting materials being substantially utilized in the formation of the
      final reaction product.
PAR  Polymers or resins which may be stabilized by practice of this invention
      are halogen-containing organic polymers typically those which contain
      chlorine atoms bonded to the polymer chain. These polymers include
      polyvinyl chloride-type polymers, e.g. polyvinyl chloride, polyvinylidene
      chloride, etc. They may also include copolymers formed by the
      copolymerization of vinyl chloride or vinylidene chloride with each other
      or with other ethylenically unsaturated monomers. Ethylenically
      unsaturated monomers may be compounds which contain polymerizable
      carbon-to-carbon double bonds and may include acrylates such as acrylic
      acid, ethyl acrylate, acrylonitrile, etc.; vinyl monomers such as styrene,
      vinyl acetate, etc.; maleates such as maleic acid, maleic anhydride,
      maleate esters, etc.
PAR  The polymers may be either "rigid" or "flexible". When "rigid" polymers are
      employed, they may include impact modifiers, pigments and/or fillers,
      lubricants, etc., in addition to the resin and stabilizer. When "flexible"
      polymers are employed, they may include plasticizer (primary and
      secondary), pigments and/or fillers, lubricants, etc., in addition to the
      resin and stabilizer.
PAR  In general the synthetic resins which can be stabilized according to this
      invention include the following polymers which may or may not be mixed
      with other stabilizers, additives, flameproofing agents, dyes, pigments,
      etc.:
PA1  a. Homopolymer of vinyl chloride,
PA1  b. Homopolymer of vinylidene chloride,
PA1  c. Copolymers of vinyl chloride and acrylonitrile,
PA1  d. Copolymers of vinylidene chloride and acrylonitrile,
PA1  e. Copolymers of vinylidene chloride, acrylonitrile and
      N-isopropylacrylamide,
PA1  f. Copolymers of vinyl chloride and vinyl acetate,
PA1  g. Copolymers of vinyl chloride, acrylonitrile, and N-butyrylacrylamide,
PA1  h. Copolymers of vinyl chloride, methyl methacrylate and vinyl acetate,
PA1  i. Copolymers of vinyl chloride or vinylidene chloride with acrylonitrile
      and N-vinylpyridine,
PA1  j. Copolymers of vinyl chloride or vinylidene chloride with acrylonitrile
      mixed with a homopolymer of an N-alkylacrylamide (e.g.
      N-iso-propylacrylamide, N-octylacrylamide, etc.),
PA1  k. Copolymers of vinyl chloride or vinylidene chloride with acrylonitrile
      mixed with a homopolymer or copolymer of .alpha.-vinylpyrrolidone,
PA1  l. Copolymers of vinyl chloride or vinylidene copolymers of an
      N-alkylacrylamide and acrylonitrile,
PA1  m. Other copolymers and mixtures of homopolymers or copolymers of vinyl
      chloride and/or vinylidene chloride with or without other monoolefinically
      unsaturated polymerizable monomers containing from 2 to 20 or more carbon
      atoms, especially those containing from 2 to 8 carbon atoms and no more
      than one nitrogen atom and no more than 2 oxygen atoms.
PAR  The methods for preparing the synthetic resins described above are well
      known and such methods and a great variety of such synthetic resins are
      described in the prior art. These synthetic resins are useful in preparing
      fibers, films, molding compositions, coating materials, wrapping
      materials, electrical insulation, fabrics, rope, plastic, pipe, paints,
      laminating materials for safety glass, adhesives, etc. Synthetic resins as
      stabilized in accordance with this invention are especially advantageous
      in synthetic fibers and products made therefrom such as rugs, wearing
      apparel, draperies, seat covers, upholstery, rope, cigarette filters, etc.
      Resistance to weathering (e.g. moisture and ultraviolet light) is
      especially important for items exposed to out of doors conditions.
      Resistance to ultraviolet light is also important for rugs, draperies,
      automobile seat covers, porch furniture upholstery and the like which may
      receive considerable sunlight.
PAR  The following examples are for illustration and are not to be construed as
      limiting the scope of the invention.
DETD
PAC  EXAMPLE 1
PAC  Preparation of monobutylmonochlorotin S,O mercaptopropionate and/or the
      polymer thereof.
PAR  Monobutylmonochlorotin S,O mercaptopropionate and the polymeric derivative
      were prepared by adding 24.55 grams (0.10 moles) of butylchlorotin
      dihydroxide and 10.6 grams (0.1 moles) of 3-mercaptopropionic acid to 120
      milliliters of benzene contained in a reaction vessel equipped with a
      stirrer, a thermometer and a reflux condenser over a Dean-Stark trap.
      After water was removed by azeotropic distillation (at 84.5.degree.) the
      benzene solvent was removed under reduced pressure leaving a residue which
      was dried to yield a product exhibiting a weight of 31.2 grams. Analysis
      of the product indicated the following:
TBL  Elemental Percentage                                                      

     of               Calculated  Found                                        

     ______________________________________                                    

     Sn               37.6        37.12                                        

     S                10.16       9.86                                         

     Cl               11.25       10.39                                        

     ______________________________________                                    

PAC  EXAMPLE 2
PAC  Preparation of polymer monobutylmonochlorotin S,O mercaptopropionate.
PAR  Monobutylmonochlorotin S,O mercaptopropionate was prepared by adding 10.6
      grams (0.10 moles) of 3-mercaptopropionic acid to 22.75 grams (0.10 moles)
      of polymeric butylchlorotin oxide in 275 milliliters of benzene.
PAR  Butyl chlorotin dihydroxide (22.75 grams) was slurried with 125 ml benzene
      in a 500-ml flask (round-bottomed 3-necked) equipped with stirrer,
      thermometer, and a reflux condenser over a Dean-Stark trap. The white
      slurry was heated to reflux, refluxed (79.degree.-83.degree.) for 2 hours
      to azeotrope water out. The theoretical amount of water (1.8 ml) was
      collected in the trap while the white solid dissolved. The dehydrated
      organotin compound was diluted with additional 150 ml benzene and
      mercaptopropionic acid was added. A milky reaction mix was reheated to
      reflux and refluxed for 11/4 hours (80.5.degree.C). In this time 2.0 ml
      water was removed by azeotropic distillation and the mixture became clear
      and colorless. This solution was concentrated under reduced pressure until
      a glassy residue was obtained which was then dried in a vacuum oven at
      50.degree.-55.degree.C for 31/2 hours. The glassy solid product exhibited
      a weight of 32.2 grams and the following analysis, by weight:
TBL  Elemental Percentage                                                      

     of               Calculated  Found                                        

     ______________________________________                                    

     Sn               37.6        37.12                                        

     S                10.16       9.82                                         

     Cl               11.25       10.65                                        

     Cl/Sn Atomic Ratio                                                        

                      1.00        0.96                                         

     ______________________________________                                    

PAC  EXAMPLE 3
PAC  Preparation of monobutylmonochlorotin S,O ortho-mercaptobenzoate.
PAR  Monobutylmonochlorotin S,O ortho-mercaptobenzoate was prepared by adding
      30.8 grams (0.20 moles) of ortho-mercaptobenzoic acid and 49.1 grams (0.2
      moles) of butyltin dihydroxychloride to 350 milliliters of benzene. The
      process was conducted as disclosed in Example 1. The product exhibited a
      weight of 69.8 grams, a 98% yield, and the following elemental analysis:
TBL  Elemental Percentage                                                      

     of               Calculated  Found                                        

     ______________________________________                                    

     Sn               32.67       32.37                                        

     S                8.82        8.41                                         

     Cl               9.76        9.35                                         

     ______________________________________                                    

PAC  EXAMPLE 4
PAC  Preparation of monooctylmonochlorotin S,O mercaptopropionate.
PAR  The novel compound monooctylmonochlorotin S,O mercaptopropionate was
      prepared by adding 21.2 grams (0.2 moles) of mercaptopropionic acid and
      60.3 grams (0.2 moles) of octyltin dihydroxychloride to 200 milliliters of
      benzene in a one liter reaction vessel equipped with a stirrer, a
      thermometer, and a reflux condenser. The by-product water was removed by
      azeotropic distillation while the reaction mixture was heated to reflux
      temperature for one hour. The benzene solvent was removed under reduced
      pressure. The product exhibited a weight of 78.0 grams and the following
      elemental analysis:
TBL  Elemental Percentage                                                      

     of               Calculated  Found                                        

     ______________________________________                                    

     Sn               31.96       32.14                                        

     S (metal bonded) 8.63        8.40                                         

     Cl               9.54        9.30                                         

     ______________________________________                                    

PAR  The novel compounds of this invention are useful as one ingredient of
      two-component stabilizers for halogen-containing polymers. Typically the
      stabilizer compositions are used in an amount of 0.05 to 10 parts by
      weight of 100 parts by weight of halogen-containing, typically vinyl
      chloride, resins. Preferably they may be used in the amount of 0.25-3, per
      100 parts of halogen-containing resin. Thus the preferred heat-stable
      vinyl chloride polymer compositions of this invention comprise 100 parts
      by weight of a vinyl chloride polymer and a stabilizing amount, typically
      0.05-10 parts of a novel compound of this invention. The second component
      of the stabilizer composition is preferably a diorganotin S,S'
      bis(dimercaptide) or a diorganotin S,S' bis(dimercaptocarboxylate) of the
      general formulae R.sub.2.sup.1 Sn(SR.sup.2).sub.2 and R.sub.2.sup.1
      Sn(SR.sup.3 COOR.sup.2).sub.2, respectively. R.sup.1 and R.sup.2 are
      monovalent hydrocarbon radicals selected from the same group as R and
      R.sup.3 is selected from the same group as R', all as described
      hereinbefore.
PAR  It is a feature of the novel stabilizer systems of this invention that it
      permits attainment of stabilized halogen-containing polymers and resins,
      particularly vinyl halide polymers such as vinyl chloride characterized by
      their resistance to the deteriorative effect of heat. The degrees of
      stabililzation attained in such systems may be considerably in excess of
      that previously attainable by any prior art stabilizer system.
PAR  Because of the outstanding properties of this novel stabilizer system, it
      is often possible to effect stabilization with lower quantities and
      thereby to obtain a more effective system on a cost-performance basis.
PAR  In order to illustrate clearly the novel features of this aspect of this
      invention and to illustrate the unexpected and outstanding results which
      may be attained by practice of this invention, the following illustrative
      examples may be set forth wherein all parts are parts by weight unless
      otherwise indicated.
PAR  In these examples, the rigid vinyl chloride polymer employed was that
      having a specific gravity of 1.40, a Shore Durometer "D" hardness of 80
      and an ultimate tensile strength of about 7,000 psi sold under the
      trademark Geon 103 EP (or equivalent).
PAR  The novel compounds employed were monobutylmonochlorotin S,O
      mercaptopropionate; monobutylmonochlorotin S,O mercaptoacetate; and
      monobutylmonochlorotin S,O mercaptobenzoate. The second stabilizer
      components were dibutyltin S,S' bis(isooctyl mercaptoacetate),
      di-n-butyltin S,S' bis(isooctyl mercaptopropionate) and di-n-butyltin S,S'
      di(lauryl mercaptide).
PAR  The polymer-stabilizer mixture was thoroughly blended using a two-roll
      differential speed mill wherein the rolls were oil-heated to a temperature
      of 175.degree.C. The mixtures were milled for about 5 minutes. A
      continuous band of the composition formed around one of the rolls. This
      band was cut and the composition was removed from the hot roll as a
      continuous sheet. Squares of this material measuring 2.54 cm .times. 2.54
      cm were cut for heat stability testing.
PAR  For the heat stability test, the squares were placed in an air oven
      regulated to maintain a temperature of 190.degree.C. Samples of each
      composition were removed from the oven at 15 minute intervals and were
      rated visually as to color change and degradation according to the
      following scale:
PA1  7 - clear, water-white
PA1  6 - off-white
PA1  5 - Slightest degree of yellowing
PA1  4 - definite yellow color
PA1  3 - deep yellow-brown color
PA1  2 - deep brown color
PA1  1 - dark brown to black color
PAR  The length of time in minutes required to reach a value of 3 or less was
      recorded as the Heat Stability Value.
PAR  The Heat Stability Value does not provide an indication of color changes
      which occur during the early stages of the heat testing. A comparative
      rating system was therefore devised to obtain a more meaningful
      representation of the color changes which occurred during the first 60
      minutes of the heat exposure period and to establish a criterion for
      comparing heat stabilities of polymer samples containing the compounds of
      the instant invention in combination with di-n-butyltin S,S' bis(isooctyl
      mercaptoacetate) or other control stabilizer with a sample containing only
      the control stabilizer.
PAR  The comparative rating was obtained by calculating the average of the 5
      color ratings (including the rating prior to heat treatment) observed at
      each of the 15 minute intervals during 60 minutes of heat exposure,
      dividing the average by the average obtained for the control alone and
      multiplying the quotient by 100.
PAR  The Heat Stability Value and comparative stability rating for each of the
      polymer samples tested are recorded in the following table. For the sake
      of brevity each of the stabilizers is represented by a letter, as follows:
PA1  A = monobutylmonochlorotin S,O mercaptobenzoate
PA1  B = monobutylmonochlorotin S,O mercaptoacetate
PA1  C = monobutylmonochlorotin S,O mercaptopropionate
PA1  D = di-n-butyltin S,S' bis(isooctyl mercaptoacetate)  (control)
PA1  E = di-n-butyltin S,S' bis(isooctyl mercaptopropionate)  (control)
PA1  F = di-n-butyltin S,S' di(lauryl mercaptide)  (control)
PAR  The monobutylmonochlorotin S,O mercaptoacetate can be prepared using the
      procedure of Example 4 and substituting an equimolar amount of
      mercaptoacetic acid for the mercaptopropionic acid.
TBL  ______________________________________                                    

              % By Weight Heat Stability                                       

                                       Comparative                             

     Stabilizer                                                                

              (based on   Value (minutes)                                      

                                       Stability                               

              polymer                  Rating                                  

     ______________________________________                                    

     A.sup.a  2.0         O.sup.b      --                                      

     B.sup.a  2.0         O.sup.b      --                                      

     C        2.0         15           --                                      

     D (control)                                                               

              2.0         60           100                                     

     E (control)                                                               

              2.0         75           100                                     

     F (control)                                                               

              2.0         60           100                                     

     A        0.2                                                              

     D        1.8         75           113                                     

     A        0.2                                                              

     E        1.8         60            92                                     

     A        0.2                                                              

     F        1.8         45           105                                     

     B        0.2                                                              

     D        1.8         75           113                                     

     B        0.2                                                              

     E        1.8         60            88                                     

     B        0.2                                                              

     F        1.8         60           132                                     

     C        0.2                                                              

     D        1.8         60           109                                     

     ______________________________________                                    

      .sup.a 0.5% of a stearyl stearate wax added to prevent polymer from      

      adhering to mill rollers                                                 

      .sup.b Initial color rating = 2                                          

PAR  The preceding data clearly demonstrate the unexpectedly superior
      stabilization imparted to poly(vinyl chloride) resins by the stabilizer
      compositions of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A novel composition for stabilizing a homopolymer or copolymer of vinyl
      chloride against the deteriorative effects of heat which comprises (1) a
      first stabilizer selected from the group consisting of butylchlorotin S,O
      mercaptoacetate, butylchlorotin S,O mercaptopropionate and butylchlorotin
      S,O mercaptobenzoate and (2) a second stabilizer selected from the group
      consisting of dibutyltin S,S' bis (isooctyl mercaptoacetate) and
      dibutyltin S,S' di(lauryl mercaptide).
PATN
WKU  039336816
SRC  5
APN  4509463
APT  1
ART  115
APD  19740313
TTL  Activation of copper salt phenol oxidation catalysts
ISD  19760120
NCL  3
ECL  1
EXA  Konopka; P. E.
EXP  Douglas; Winston A.
INVT
NAM  Hutchings; David A.
CTY  Stow
STA  OH
INVT
NAM  Farona; Michael F.
CTY  Cuyahoga Falls
STA  OH
ASSG
NAM  The Goodyear Tire & Rubber Company
CTY  Akron
STA  OH
COD  02
CLAS
OCL  252413
XCL  252415
XCL  260396R
EDF  2
ICL  B01J 2732
ICL  B01J 2728
ICL  C07C 4962
FSC  252
FSS  413;415
FSC  260
FSS  396 R
UREF
PNO  3796732
ISD  19740300
NAM  Brenner
OCL  260396R
FREF
PNO  45-24767
ISD  19710800
CNT  JA
OCL  260396R
LREP
FR2  Brunner; F. W.
FR2  Schupbach; C. R.
FR2  Clowney; J. Y.
ABST
PAL  A method of activating inactive copper salt catalysts for phenol oxidation
      by the addition of acid.
BSUM
PAR  The present invention relates to a method of activating copper salt
      catalysts for phenol oxidation which have been deactivated through the
      formation of insoluble complexes.
PAR  Copper salts are used to catalyze oxidation of phenols to benzoquinones. In
      this process a portion of the copper catalyst forms an insoluble
      precipitate which lacks catalytic activity. It is thought that solvents
      and products from the process react with the copper salt catalysts to form
      this inactive complex. This necessitates discarding at least the
      precipitated portion of the catalyst, and requires the addition of fresh
      catalyst, because carrying out the process in the presence of the inactive
      complex results in a decrease in yield and purity of benzoquinone.
PAR  It is therefore desirable to be able to reactivate the copper catalyst and
      allow it to be reused.
PAR  It has now been discovered that an inactive copper salt complex can be
      transformed to an active form by treating the complex with acids. Addition
      of acid dissolves the precipitate and regenerates the copper catalyst.
PAR  Representative examples of acids useful in the practice of the present
      invention are sulfuric, hydrochloric, nitric, trifluoroacetic, phosphoric,
      perchloric and toluene sulfonic. Mixtures of acids can be used.
PAR  Representative examples of complexes which can be regenerated using the
      process of the present invention are complexes formed from cuprous or
      cupric salts used as catalysts such as copper chlorides, copper bromides,
      copper iodides, copper fluorides, copper cyanate, copper cyanide, and
      copper thiocyanate.
PAR  The process of this invention can be carried out at room temperature and
      atmospheric pressure. Temperatures from 20.degree. C. to 120.degree. C.
      are preferred with temperatures from 25.degree. C. to 110.degree. C. being
      most preferred. Temperatures higher than 120.degree. C. can be used if
      desired. Pressures higher or lower than atmospheric pressure can be used.
PAR  The amount of acid required to dissolve the complex and reactivate the
      catalyst can vary widely. From about .001 mole to 1.0 mole of acid per
      gram of inactive complex can be used. From about .005 mole to .1 mole of
      acid per gram of inactive complex is preferred.
DETD
PAR  The practice of the invention is illustrated in the examples given below in
      which parts and percentages are by weight unless otherwise indicated.
      Example 1 is a comparative example illustrating the phenol oxidation
      producing the inactive catalyst precipitate. Examples 2, 3, 4 and 5 show
      various acids used to destroy the complex and activate the catalyst.
      Example 6 shows the activated catalyst produced in Example 2 being used
      for phenol oxidation. Examples 7 and 8, when compared, show the effect of
      excess acid on the oxidation of phenol to benzoquinone.
PAC  EXAMPLE 1
PAR  Thirty milliliters of methanol, 2 grams of phenol and one gram of copper
      (II) chloride catalyst were charged into a 75 cubic centimeter reaction
      bomb. The bomb was sealed and pressurized to 500 pounds per square inch
      gauge (PSIG) oxygen pressure and heated to 65.degree. C. The contents were
      agitated. After 4 hours reaction time the bomb was depressurized and the
      contents sampled for phenol and benzoquinone. Approximately 50 percent of
      the catalyst was in the form of an insoluble precipitate. A portion of
      this insoluble precipitate was tested for activity as a phenol oxidation
      catalyst using micro-oxidation techniques and found to be completely
      inactive. During the reaction phenol was converted to benzoquinone as
      shown.
TBL  ______________________________________                                    

     Time (Minutes)   Percent Conversion                                       

     ______________________________________                                    

     30               34                                                       

     60               46                                                       

     90               58                                                       

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  Forty milligrams of the inactive copper complex obtained as described in
      Example 1, 100 milligrams of phenol and 1 gram of methanol were placed in
      a 1/2  ounce bottle. The copper complex was completely insoluble in the
      methanol. One microliter increments of concentrated hydrochloric acid (38%
      by weight aqueous) were added to the reaction mixture. The complex was in
      solution after 11 microliters of concentrated hydrochloric acid were
      added.
PAC  EXAMPLE 3
PAR  Twenty milligrams of the inactive complex obtained as described in Example
      1, 100 milligrams of phenol and one cubic centimeter of methanol were
      added to a 1/2 ounce bottle. The complex was insoluble in the methanol.
      Two microliter portions of concentrated sulfuric acid were added until 10
      microliters were in the bottle. The insoluble complex went into solution
      with the methanol and acid when the mixture was heated with steam at
      100.degree. C. An oxidation was run with the solution formed by charging
      100 microliters of said solution into a micro reactor, heating to
      65.degree. C., and charging 500 pounds per square inch gauge oxygen
      pressure. After oxidizing for 60 minutes, 29.6 percent conversion of
      phenol to benzoquinone was obtained.
PAC  EXAMPLE 4
PAR  Twenty grams of the insoluble copper salt complex as described in Example
      1, 100 milligrams of phenol and 1 gram of methanol were mixed in a 1/2
      ounce bottle. Two microliter portions of trifluoroacetic acid were added
      until 10 microliters were in solution. Upon addition of the
      trifluoroacetic acid and heating with steam at 100.degree. C. appeared to
      dissolve approximately one-half of the catalyst complex, 100 microliters
      of this solution was charged into a micro reactor and reacted under the
      same conditions as described in Example 2. After 60 minutes of oxidation,
      2.47 percent conversion of the phenol to the benzoquinone was obtained.
      After 120 minutes reaction time, 4.19 percent phenol to benzoquinone
      conversion was obtained. The slower reaction rate was attributed to
      trifluoroacetic acid inhibition.
PAC  EXAMPLE 5
PAR  Twenty milligrams of the inactive copper salt complex obtained from Example
      1, 100 milligrams of phenol and 1 gram of methanol were dissolved in a 1/2
      ounce bottle. Twenty micrograms of toluene sulfonic acid were added and
      solution was effected under steam heat at 100.degree. C. One-half of the
      insoluble complex appeared to go into solution. One hundred microliters of
      the solution were charged into a micro reactor and reacted under the same
      conditions as described in Example 2. Samples were taken at 30 and 60
      minutes. After 30 minutes of oxidation, a conversion of less than 1
      percent phenol to benzoquinone was obtained. After 60 minutes reaction
      time, 4.74 percent conversion of phenol to benzoquinone was obtained.
PAC  EXAMPLE 6
PAR  Two hundred microliters of the solution obtained from Example 2 were
      charged into a micro oxidation reactor. The reactor was charged to 500
      pounds per square inch gauge oxygen pressure and heated to 65.degree. C.
      The reactor was sampled at 30, 60 and 120 minutes using a microliter
      syringe and the contents analyzed utilizing gas chromatography.
TBL  ______________________________________                                    

     Time      Conversion   Benzoquinone                                       

     Minutes   Percentage   Yield in Milligrams                                

     ______________________________________                                    

     30        2.40          2.4                                               

     60        10.5         10.5                                               

     120       33.5         33.5                                               

     ______________________________________                                    

PAC  EXAMPLE 7
PAR  Twenty milligrams of the inactive catalyst obtained as described in Example
      1 was added to 50 milligrams of phenol, .5 milliliters of methanol and 6
      microliters of hydrochloric acid. The acid did not dissolve the inactive
      complex. The solution was heated to about 100.degree. C. while 10 drops of
      additional methanol was added to compensate for evaporation. Approximately
      one-half of the inactive complex went into solution, said solution having
      a dark brown color. One hundred microliters were charged into a
      micro-oxidation reactor and oxidized at 65.degree. C. under 500 pounds per
      square inch gauge (PSIG) oxygen. Samples were obtained and analyzed as
      described in Example 6 to determine phenol to benzoquinone conversion.
TBL  ______________________________________                                    

     Time (Minutes)   Percent Conversion                                       

     ______________________________________                                    

     30               12.2                                                     

     60               26.0                                                     

     90               35.4                                                     

     ______________________________________                                    

PAC  EXAMPLE 8
PAR  This example was carried out in the same manner as Example 7 using 12
      microliters of hydrochloric acid. Heating was again necessary.
      Approximately three-fourths of the complex dissolved to form a dark brown
      solution. Oxidation and sampling as described in Example 7 showed the
      following results:
TBL  Time (Minutes)   Percent Conversion                                       

     ______________________________________                                    

     30               2.6                                                      

     60               5.4                                                      

     90               13.8                                                     

     ______________________________________                                    

PAR  The results of the sample oxidation carried out with the reactivated copper
      salt catalyst clearly indicates that acid treatment is useful in
      regenerating the copper salt complex formed during phenol oxidation using
      methanol solvent.
PAR  Excess acid tends to inhibit the ability of the activated catalyst to
      oxidize phenol to benzoquinone. Different acids vary in their effect on
      the oxidation rate. Normally the acids are effective in the concentrations
      indicated herein.
PAR  The inactive copper salt complex can be activated by separating the
      benzoquinone from the reaction mixture and adding acid directly to said
      reaction mixture. A more preferred method is to separate the inactive
      complex from the reaction solution before adding acid.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of reactivating a deactivated phenol oxidation catalyst complex
      resulting from the oxidation of phenol in methanol solution to form
      benzoquinone, said oxidation catalyst selected from the group consisting
      of copper(I) or copper(II) salts of halogen ions, thiocyanate ions and
      cyanide ions comprising
PA1  a. separating the inactive complex from the reaction solution
PA1  b. mixing said inactive catalyst complex with phenol and methanol
PA1  c. adding to said mixture from .001 mole to 1.0 mole per gram of inactive
      complex of at least one acid selected from the group consisting of
      sulfuric, hydrochloric, nitric, trifluoroacetic, phosphoric, perchloric
      and toluene sulfonic acid to the inactive catalyst and
PA1  d. heating the resulting mixture until the complex dissolves.
NUM  2.
PAR  2. A method as described in claim 1 above wherein the acid is selected from
      the group consisting of sulfuric and hydrochloric.
NUM  3.
PAR  3. A method as described in claim 1 above wherein the halogen ions are
      selected from the group consisting of chlorine, bromine, and iodine.
PATN
WKU  039336824
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APN  5195799
APT  1
ART  115
APD  19741031
TTL  Photopolymerization co-initiator systems
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NCL  2
ECL  1
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INVT
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STA  NJ
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CTY  New York
STA  NY
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CLAS
OCL  252431R
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UREF
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PNO  3729404
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NAM  Morgan
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UREF
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NAM  Osborn et al.
OCL  204159.23
FREF
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ISD  19690600
CNT  UK
OCL  252426
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FR2  Berlow; Cynthia
ABST
PAL  A photopolymerization co-initiator system comprises (a) about 1-30 parts of
      at least one carbonyl-containing compound, (b) about 1-30 parts of an
      organic compound containing nitrogen, phosphorus, arsenic, bismuth, or
      antimony, and (c) about 1-30 parts of at least one halogenated
      hydrocarbon.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 328,442,
      filed Jan. 31, 1973, now abandoned.
BSUM
PAR  This invention relates to photopolymerization initiators. More particularly
      it relates to photoinitator systems which comprise a carbonylcontaining
      compound, an organic functional compound of an element of Group V of the
      Periodic Table, and a halogenated hydrocarbon.
PAR  The use of photopolymerizable monomeric ethylenically unsaturated materials
      in coating compositions, printing inks, adhesives, and the like is known.
      It is also known that such monomeric materials are converted into polymers
      by the action of radiation and that they will polymerize at an improved
      rate when exposed to radiation in the presence of a photoinitiator.
PAR  The use of such photopolymerizable compositions in inks, coatings,
      adhesives, and presensitized photopolymeric printing plates has been
      described in, for example, U.S. Pat. Nos. 3,551,235; 3,551,246; 3,551,311;
      3,558,387; and 3,759,809.  While these products possessed good
      flexibility, chemical resistance, abrasion resistance, gloss, adhesion,
      color, and the like, it has now been found that these properties can be
      retained while at the same time speeding up the cure rate by using as the
      photoinitiator a mixture of a compound containing a carbonyl group, an
      organic functional compound of an element of Group V of the Periodic
      Table, and a halogenated hydrocarbon.
PAR  The photoinitiator of this invention is a combination of
PAR  A. AT LEAST ONE COMPOUND CONTAINING A CARBONYL GROUP AND HAVING THE FORMULA
      ##SPC1##
PAL  Wherein R, R', and R" is each hydrogen, C.sub.1-14 alkyl, aryl, alkylaryl,
      alkoxy, aryloxy, halogen, halogenated C.sub.1-14 alkyl, halogenated aryl,
      amino, or amino N-substituted with alkyl, aryl, .beta.-alkanol, or a
      combination of these, and may be the same or different; and R'" is
      hydrogen, C.sub.1-14 alkyl, halogenated alkyl, aryl, -OZ where Z is
      C.sub.1-14 alkyl or aryl;
      ##EQU1##
      where Y is hydrogen, C.sub.1-14 alkyl, aryl, or alkylaryl and Q is
      hydrogen, C.sub.1-14 alkyl, aryl, alkylaryl, alkoxy, or aryloxy; or
      ##SPC2##
PAL  Wherein R, R', and R" is each hydrogen, C.sub.1-14 alkyl, aryl, alkylaryl,
      alkoxy, aryloxy, halogen, halogenated C.sub.1-14 alkyl, halogenated aryl,
      amino, or amino N-substituted with alkyl, aryl, .beta.-alkanol, or a
      combination of these, and may be the same or different; examples of
      component (a) include but are not limited to acyloins, such as benzoin;
      acyloin derivatives, such as benzoin methyl ether and benzoin ethyl ether;
      ketones, such as benzophenone, acetophenone, ethyl methyl ketone,
      cyclopentanone, benzil, caprone, benzoyl cyclobutanone, dioctyl acetone,
      4,4'-benzoyl biphenyl, and the like; substituted benzophenones, such as
      Michler's ketone and halogenated aceto-and benzophenones; aldehydes, such
      as benzaldehyde, dimethylaminobenzaldehyde,
      4-hydroxy-3-methoxybenzaldehyde, 3,4-methylenedioxybenzaldehyde, o- and
      p-hydroxybenzaldehydes, naphthaldehyde, and cinnamaldehyde; and the like;
      and mixtures thereof;
PAR  b. at least one organic compound of a Group V element having the formula
      ##EQU2##
      wherein X is nitrogen, phosphorus, arsenic, bismuth, or antimony and R,
      R', and R" is each alkyl, hydroxyalkyl, aryl, aralkyl, or alkaryl and may
      be the same or different and one or both of R and R" may be hydrogen;
      examples of component (b) include but are not limited to diethanolamine,
      triethanolamine, dimethylphosphine, trimethylphosphine, tributylphosphine,
      triphenylphosphine, dibutylphenylphosphine, methyldiphenylphosphine,
      methylbutylphenylarsine, trioctylarsine, dibutylphenylbismuthine,
      triphenylstibene, methylbutylphenylstibene, dibutylphenylstibene,
      piperidine, p-piperidino acetophenone, N-hydroxyethylpiperidine,
      N-ethylmorpholine, N-hydroxyethylmorpholine, dipiperidinomethane,
      1,3-di-(N-beta-hydroxyethyl-4-piperidyl)propane,
      1,3-di-4-piperidylpropane, 4-benzoylpyridine, N-hydroxyethylpiperidine,
      and the like, and mixtures thereof; and
PAR  c. at least one halogenated aliphatic, alicyclic, and aromatic hydrocarbon
      in which the halogen may be chlorine, bromine, fluorine, or iodine, such
      as for example polyhalogenated hydrocarbons such as polychlorinated
      triphenyl and polyfluorinated phenyls, halogenated polyolefins such as
      chlorinated polyethylene and chlorinated polypropylene, chlorinated
      rubbers such as the Parlons (Hercules, Inc.), copolymers of vinyl chloride
      and vinyl isobutyl ether such as Vinoflex MP-400 (BASF Colors and
      Chemicals, Inc.), chlorinated aliphatic waxes such as Chlorowax 70
      (Diamond Alkali, Inc.), chlorinated paraffins such as Chlorafin 40 (Hooker
      Chemical Co.) and Unichlor-70B (Neville Chemical Co.), mono- and
      polychlorobenzenes, mono- and polybromobenzenes, mono- and
      polychloroxylenes, mono- and polybromoxylenes, dichloromaleic anhydride,
      1-(chloro-2-methyl) naphthalene, 2,4-dimethylbenzene sulfonyl chloride,
      1-bromo-3-(m-phenoxyphenoxy) benzene, 2-bromoethyl methyl ether,
      chlorendic anhydride and its corresponding esters, chloromethyl naphthyl
      chloride, chloromethyl naphthalene, bromoethyl phenanthrene, diiodomethyl
      anthracene, hexachlorocyclopentadiene, hexachlorobenzene,
      hexachloroparaxylene, and the like, and mixtures thereof.
PAR  The ratio of the amounts of the components of the photoinitiator system
      (a): (b):(c) is about 1-30: 1-30: 1-30, and preferably about 2-15: 2-10:
      1-5.
PAR  The photoinitiator system of this invention may be used in compositions
      with any suitable monomeric ethylenically unsaturated compound, such as
      the mono- or polyester, e.g., the acrylate, methacrylate, itaconate,
      cinnamate, or sorbate of an alkylene glycol, alkoxylene glycol, alicyclic
      glycol, and higher polyol such as ethylene glycol, triethylene glycol,
      tetraethylene glycol, tetramethylene glycol, butanediol, pentanediol,
      hexanediol, octadiol, trimethylolethane, trimethylolpropane,
      pentaerythritol, dipentaerythritol, sorbitol, d-mannitol, diols of
      unsaturated fatty acids, and the like, as well as modified acrylates,
      methacrylates, and itaconates; acrylated, methacrylated, and itaconated
      prepolymers, e.g., epoxy resins, oil and oil-free alkyd resins, urethanes,
      linear polyesters, and so forth; and the like, and mixtures thereof.
PAR  Typical compounds include, but are not limited to, hydroxyethyl acrylate,
      hydroxyethyl methacrylate, hydroxyhexyl acrylate, trimethylolpropane
      triacrylate, trimethylolethane triacrylate, trimethylolpropane
      trimethacrylate, trimethylolethane trimethacrylate, tetramethylene glycol
      dimethacrylate, ethylene glycol dimethacrylate, triethylene glycol
      dimethacrylate, tetraethylene glycol diacrylate, tetraethylene glycol
      dimethacrylate, pentaerythritol diacrylate, pentaerythritol triacrylate,
      pentaerythritol tetraacrylate, dipentaerythritol diacrylate,
      dipentaerythritol triacrylate, dipentaerythritol tetraacrylate,
      dipentaerythritol pentaacrylate, dipentaerythritol hexacrylate,
      tripentaerythritol octoacrylate, pentaerythritol dimethacrylate,
      pentaerythritol trimethacrylate, dipentaerythritol dimethacrylate,
      dipentaerythritol tetramethacrylate, tripentaerythritol octamethacrylate,
      pentaerythritol diitaconate, dipentaerythritol trisitaconate,
      dipentaerythritol pentaitaconate, dipentaerythritol hexaitaconate,
      ethylene glycol dimethacrylate, 1,3 -butanediol diacrylate, 1,3-butanediol
      dimethacrylate, 1,4-butanediol diitaconate, sorbitol triacrylate, sorbitol
      tetraacrylate, sorbitol tetramethacrylate, sorbitol pentaacrylate,
      sorbitol hexacrylate, modified 1,4-butylene diacrylate, modified
      trimethylolpropane triacrylate, modified pentaerythritol triacrylate,
      methacrylated epoxy resin, and the like, and mixtures and prepolymers
      thereof.
PAR  The ratio of the amount of the monomeric compound to the amount of the
      photoinitiator system is about 1-1,000 to 1, and preferably is about 10-50
      to 1.
PAR  Commonly known modifiers may be incorporated into the formulations using
      these compositions, including colorant; plasticizers; wetting agents for
      the colorant, such as dichloromethylstearate and other chlorinated fatty
      esters; leveling agents, such as lanolin, paraffin waxes, and natural
      waxes; and the like. Such modifiers are generally used in amounts ranging
      up to about 3 per cent by weight, preferably about 1 per cent, based on
      the total weight of the formulation.
PAR  The formulations may be prepared in any known and convenient manner.
PAR  The rate at which the photopolymerizable composition will dry varies with
      the nature of the substrate, the specific ingredients in the composition,
      the concentration of the photoinitiator, the thickness of the material,
      the nature and intensity of the radiation source and its distance from the
      material, the presence or absence of oxygen, and the temperature of the
      surrounding atmosphere. Irradiation may be accomplished by any one or a
      combination of a variety of methods; for example, the composition may be
      exposed to actinic light from any source and of any type as long as it
      furnishes an effective amount of ultraviolet radiation, since the
      compositions activatable by actinic light generally exhibit their maximum
      sensitivity in the range of about 1,800A, to 4,000A, and preferably about
      2,000A to 3,000A; electron beams; gamma radiation emitters; and the like;
      and combinations of these. Suitable sources include, but are not limited
      to, carbon arcs, mercury vapor arcs, pulsed xenon lamps, fluorescent lamps
      with special ultraviolet light-emitting phosphors, argon glow lamps,
      photographic flood lamps, and so forth.
PAR  The time of irradiation must be sufficient to give the effective dosage and
      irradiation may be carried out at any convenient temperature; most
      suitably it is carried out at room temperature for practical reasons.
      Distances of the radiation source from the work may range from about 1
      inch to 6 feet, and preferably about 5 inches to 4 feet.
PAR  When cured by radiation, the compositions of this invention are dry,
      flexible, abrasion resistant, and chemical resistant; also they have
      excellent ink receptivity, hydrophilic-hydrophobic balance, dot
      resolution, and initial roll-up, making them particularly suitable in such
      applications as presensitized lithographic printing plates and
      photoresists. The compositions are also useful as printing inks; adhesives
      for foils, films, papers, fabrics, and the like; coating for metals,
      plastics, paper, wood, foils, textiles, glass, cardboard, box board, and
      the like; and so forth.
PAR  When used as vehicles for inks, e.g., printing inks, the compositions may
      be pigmented with any of a variety of conventional organic or inorganic
      pigments, e.g., molybdate orange, titanium white, chrome yellow,
      phthalocyanine blue, and carbon black, as well as colored with dyes in a
      conventional amount. For example, the vehicle may be used in an amount
      ranging from about 20 to 99.9 per cent and the amount of colorant may
      range from about 0.1 to 80 per cent of the weight of the total
      composition.
PAR  Stock which may be printed includes paper, clay-coated paper, and various
      types of box board. In addition, the compositions of the present invention
      are suitable for the treatment of textiles, both natural and synthetic,
      e.g., in vehicles for textile printing inks or for specialized treatments
      of fabrics to produce water repellency, oil and stain resistance, crease
      resistance, etc.
PAR  When photopolymerizable materials using the initiators of the present
      invention are used as adhesives, at least one of the substrates must be
      translucent or transparent when ultraviolet light is used. When the
      radiation source is an electron beam or gamma radiation, at least one of
      the substrates must be capable of transmitting high energy electrons or
      gamma radiation, respectively, and neither is necessarily translucent to
      light. Typical laminations include polymer-coated cellophane to
      polymer-coated cellophane films, polymer-coated cellophane to
      polypropylene, Mylar to a metal substance such as aluminum or copper,
      polypropylene to aluminum, and the like.
PAR  Photopolymerizable compositions using the initiators of the present
      invention may be utilized for metal coatings and particularly for metals
      which are subsequently to be printed. Glass and plastics may also be
      printed or coated, and the coatings are conventionally applied by roller
      or spray. Pigmented coatings systems may be used for various polyester and
      vinyl films; glass; polymer-coated cellophane; treated and untreated
      polyethylene; treated and untreated polypropylene; and the like. Examples
      of metals which may be coated include sized and unsized tin plate.
PAR  Photopolymerizable elements prepared from compositions including the
      initiators of this invention comprise a support, e.g., a sheet or plate,
      having superimposed thereon a layer of the above-described
      photopolymerizable compositions. Suitable base or support materials
      include metals, e.g., steel and aluminum plates; sheets; and foils; and
      films or plates composed of various film-forming synthetic resins or high
      polymers, such as addition polymers, and in particular vinyl polymers,
      e.g., vinyl chloride polymers; vinylidene chloride polymers; vinylidene
      chloride copolymers with vinyl chloride, vinyl acetate, or acrylonitrile;
      linear condensation polymers such as a polyester, e.g., polyethylene
      terephthalate; polyamides; etc. Fillers or reinforcing agents can be
      present in the synthetic resin or polymer bases.
PAR  Photopolymerizable elements can be made by exposing to radiation selected
      portions of the photopolymerizable layer thereof until polymerization is
      completed to the desired depth in the exposed portions. The unexposed
      portions of the layer are then removed, e.g., by the use of solvents which
      dissolve the monomer or prepolymer but not the polymer.
PAR  When used in photopolymerizable elements, the optimum dry coating thickness
      of the photocurable composition is about 0.2 to 0.4 mil. Flexibility
      decreases with thicker films and abrasion resistance decreases with
      thinner films.
PAR  When used as printing inks, coating compositions, and adhesives, the
      photopolymerizable compositions are used without volatile solvents and
      possess many advantages over conventional oleoresinous and solvent-type
      inks and coatings. The substrate need not be pretreated or prepared in any
      way. The use of volatile solvents and the attendant hazards and air
      pollution are eliminated. The inks and coatings have excellent adhesion to
      the substrate after exposure to radiation. They have good gloss and
      rub-resistance and withstand temperatures as high as about 150.degree.C.
      and as low as about -20.degree.C. The printed or coated sheets can be
      worked and turned immediately after exposure to the energy source.
DETD
PAR  The invention and its advantages will be better understood with reference
      to the following illustrative examples, but it is not intended to be
      limited thereto. In the examples, the parts are given by weight unless
      otherwise specified. Unless otherwise indicated, when the ingredient is
      solid at room temperature, the mixture may be heated to melt the solid
      ingredient, but generally not above 100.degree.C., or it may be used in a
      mixture with other liquid ingredients. The atmospheric and temperature
      conditions were ambient unless otherwise noted.
PAR  The samples were prepared as follows: 0.2 gram of the ester-photoinitiator
      composition was rolled onto a 2 1/4 inch .times. 8 1/2 inch glass plate,
      using a "Quick-Peak" roller in order to form a uniform film. The wet film
      was then transferred to a 1 inch .times. 3 inch glass slide which was then
      exposed to consecutive 0.1-second flashes of a 100 watt/inch ultraviolet
      lamp until the composition was tack-free, as determined by rubbing the
      film with a finger.
PAC  EXAMPLES 1-8
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Composition, per cent                                                     

                  Example                                                      

     by weight    1    2  3   4   5   6   7  8                                 

     __________________________________________________________________________

     Pentaerythritol                                                           

                  100  95 95  95  95  95  95 95                                

     tetraacrylate                                                             

     Benzophenone --    5 --  --  3   --   3 2                                 

     Triethanolamine                                                           

                  --   --  5  --  2   3   -- 2                                 

     .alpha.-6-hexachloroparaxylene                                            

                  --   -- --   5  --  2    2 1                                 

     Cure speed, seconds                                                       

                   30  15 4.5 1.5 2.5 3.0 10 0.7                               

     __________________________________________________________________________

PAR  From these data it can be seen that the cure speed of pentaerythritol
      tetraacrylate with a combination of benzophenone (a conventional
      photoinitiator), triethanolamine (an organic compound containing a Group V
      element), and .alpha.-6-hexachloroparaxylene (a halogen-containing
      compound) is considerably faster (Example 8) than the ester alone (Example
      1) or the ester with comparable quantities of benzophenone (Example 2), of
      triethanolamine (Example 3), of .alpha.-6-hexachloroparaxylene (Example
      4), and of combinations of two of these (Examples 5, 6, and 7).
PAC  EXAMPLE 9
PAR  The procedure of Examples 3, 5, 6, and 8 was repeated with each of the
      following instead of triethanolamine: dibutylphenylphosphine,
      methylbutylphenylarsine, trioctylarsine, tributylbismuthine,
      triphenylstibine, 4-benzoylpyridine, N-hydroxyethylpiperidine,
      1,3-di-4-piperidylpropane, dipiperidinoethane, N-hydroxyethylmorpholine,
      and 1,3-di-(N-beta-hydroxyethyl-4-piperidyl)propane. The results were
      comparable.
PAC  EXAMPLES 10-16
TBL                                    TABLE II                                

     __________________________________________________________________________

     Composition, per cent                                                     

                 Example                                                       

     by weight   10   11 12  13  14  15 16                                     

     __________________________________________________________________________

     Pentaerythritol                                                           

                 94   94 94  94  94  94 94                                     

     tetraacrylate                                                             

     Benzil       6   -- --  3   --   3 2                                      

     Triphenylphosphine                                                        

                 --    6 --  3   3   -- 2                                      

     Pentachlorobenzene                                                        

                 --   -- 6   --  3    3 2                                      

     Cure speed, seconds                                                       

                 13   20 6   3   4   10 1.8                                    

     __________________________________________________________________________

PAR  From these data it can be seen that the cure speed of pentaerythritol
      tetraacrylate with a combination of benzil, triphenylphosphine, and
      pentachlorobenzene is considerably faster (Example 16) than the ester with
      comparable quantities of the initiators alone (Examples 10, 11, and 12)
      and of combination of two of the initiators (Examples 13, 14, and 15).
PAC  EXAMPLE 17
PAR  The procedure of Examples 10, 13, 15, and 16 was repeated with each of the
      following instead of benzil; benzophenone, benzoin methyl ether, Michler's
      ketone, and trichloroacetophenone. The results were comparable.
PAC  EXAMPLE 18
PAR  The procedure of Examples 12, 14, 15, and 16 was repeated with each of the
      following instead of pentachlorobenzene; hexachloroparaxylene,
      hexachlorobenzene, and chlorendic anhydride. The results were comparable.
PAC  EXAMPLE 19
PAR  The procedure of Examples 1 through 18 was repeated with each of the
      following monomeric compounds instead of pentaerythritol tetraacrylate:
      pentaerythritol trimethacrylate, 1,4-butylene diacrylate,
      trimethylolpropane triacrylate, trimethylolethane trimethacrylate,
      dipentaerythritol hexacrylate, sorbitol triacrylate, sorbitol
      tetramethacrylate, and isocyanate-modified pentaerythritol triacrylate.
      The results were comparable.
PAC  EXAMPLES 20-26
TBL                                    TABLE III                               

     __________________________________________________________________________

     Composition, per cent                                                     

                 Example                                                       

     by weight   20   21 22 23  24  25  26                                     

     __________________________________________________________________________

     Trimethylolpropane                                                        

                 95   95 95 95  95  95  95                                     

     triacrylate                                                               

     Benzaldehyde                                                              

                 5    -- -- 3   --  3   2                                      

     Methyldiethanolamine                                                      

                 --    5    2   3   --  2                                      

     Chlorinated paraffin                                                      

                 --   --  5 --  2   2   1                                      

     resin*                                                                    

     Cure speed, seconds                                                       

                 8    13 10 5   8   6   2.5                                    

     __________________________________________________________________________

      *CHLOREZ 700 (Dover Chemical Co.)                                        

PAR  From these data it can be seen that the cure speed of trimethylolpropane
      triacrylate with a combination of benzaldehyde, methyldiethanolamine, and
      a chlorinated paraffin resin is considerably faster (Example 26) than the
      ester with comparable quantities of the initiators alone (Examples 20, 21,
      and 22) and of combinations of two of the initiators (Examples 23, 24, and
      25).
PAC  EXAMPLE 27
PAR  An ink was prepared by grinding on a three-roll mill 85 per cent of the
      composition of Example 8 and 15 per cent of benzidine yellow. The ink was
      run on a Miehle press to print coated paper. The printed paper was exposed
      at a distance of 13/4 inches from three 21-inch 2,100-watt ultraviolet
      lamps. The ink dried in 0.25 second and had excellent gloss and water
      resistance.
PAC  EXAMPLE 28
PAR  The procedure of Example 27 was repeated with each of the following esters
      instead of pentaerythritol tetraacrylate: pentaerythritol trimethacrylate,
      isocyanate-modified pentaerythritol triacrylate, 1,4-butylene diacrylate,
      trimethylolethane triacrylate, and sorbitol tetraacrylate. The results
      were comparable.
PAC  EXAMPLE 29
PAR  The procedures of Examples 8, 16, 27, and 28 were repeated except that
      instead of being exposed to ultraviolet light the samples were passed on a
      conveyor belt beneath the beam of a Dynacote 300,000-volt linear electron
      accelerator at a speed and beam current so regulated as to produce a dose
      rate of 0.5 megarad.
PAR  These systems produced resinous materials of varying degrees of hardness in
      films from 0.5 to 20 mils thick having tacky surfaces.
PAC  EXAMPLE 30
PAR  The procedures of Examples 8, 16, 27, and 28 were repeated except that
      instead of being exposed to ultraviolet light the samples were exposed to
      a combination of ultraviolet light and electron beam radiation in a
      variety of arrangements as follows: ultraviolet light, then electron beam;
      electron beam, then ultraviolet light; ultraviolet light before and after
      electron beam; electron beam before and after ultraviolet radiation; and
      simultaneous electron beam and ultraviolet light radiation. The results
      were comparable.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A photopolymerization co-initiator system which consists essentially of
      (a) about 1-30 parts of at least one compound having the formula
      ##SPC3##
PAL  wherein R, R', and R" is each hydrogen, C.sub.1-14 alkyl, aryl, alkylaryl,
      alkoxy, aryloxy, halogen, halogenated C.sub.1-14 alkyl, halogenated aryl,
      amino, or amino N-substituted with alkyl, aryl, .beta.-alkanol, or a
      combination of these, and may be the same or different; and R'" is
      hydrogen, C.sub.1-14 alkyl, halogenated alkyl, aryl, --OZ where Z is
      C.sub.1-14 alkyl or aryl;
      ##EQU3##
      where Y is hydrogen, C.sub.1-14 alkyl, aryl, or alkylaryl and Q is
      hydrogen, C.sub.1-14 alkyl, aryl, alkylaryl, alkoxy, or aryloxy; or
      ##SPC4##
PAL  wherein R, R', and R" is each hydrogen, C.sub.1-14 alkyl, aryl, alkylaryl,
      alkoxy, aryloxy, halogen, halogenated C.sub.1-14 alkyl, halogenated aryl,
      amino, or amino N-substituted with alkyl, aryl, .beta.-alkanol, or a
      combination of these, and may be the same or different; (b) about 1-30
      parts of at least one compound having the formula
      ##EQU4##
      wherein X is nitrogen, phosphorus, arsenic, bismuth, or antimony and R,
      R', and R" is each alkyl, hydroxyalkyl, aryl, aralkyl, or alkaryl and may
      be the same or different and one or both of R and R" may be hydrogen; and
      (c) 1-30 parts of at least one halogenated hydrocarbon.
NUM  2.
PAR  2. The co-initiator of claim 1 wherein the ratio of (a):(b):(c) is about
      2-15:2-10:1-5.
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ABST
PAL  A hydrogenation catalyst in an oxidized state is activated by a method
      which yields a superior performing hydrogenation catalyst. The
      hydrogenation catalyst is reduced, sulfided and stripped by a procedure
      which allows a more economical and time-saving start-up procedure.
BSUM
PAR  This invention relates to the field of art commonly referred to as catalyst
      pretreatment or catalyst activiation. More particularly, this invention
      relates to a method of activation of an amorphous or crystalline
      hydrogenation catalyst through the use of a reduction, sulfiding and
      stripping procedure. More particularly, this invention relates to a method
      of reduction and sulfiding of a hydrogenation catalyst contained in a
      hydrogenation reaction zone by the reduction and sulfiding of the
      hydrogenation catalyst in the presence of a gaseous stream comprising
      hydrogen and a normally gaseous sulfide and by the hydrogen stripping
      thereof followed by the subsequent adjustment of the catalyst temperature
      to promote hydrocarbon hydrogenation reactions. This procedure allows
      integrated start-up and linedout operations to be performed in the
      hydrogenation reaction zone.
PAR  As a general rule, most hydrogenation catalysts that contain ion-exchanged
      or impregnated metallic components are utilized in a reduced and sulfided
      state within commercial hydrogenation reaction zones. Commercial
      hydrogenation catalysts are generally reduced and sulfided prior to the
      introduction of hydrocarbon feed stock in order to stabilize the
      hydrogenation catalyst by reducing the catalyst's initial high activity.
      The reduction and sulfiding in most cases eliminates the possibility of
      extreme temperature runaways which create high temperature conditions in
      the hydrogenation catalyst reaction zone which can cause permanent injury
      to both the hydrogenation catalyst and the reaction vessel.
PAR  In the commercial preparation of hydrogenation catalysts, reduction and
      sulfiding of the catalyst is generally performed under controlled
      conditions by contacting the freshly oxidized catalyst with a distillate
      petroleum stock and preferably with a cycle oil or a gas oil. In the case
      of a unit designed to process hydrocarbon distillate, the actual feed
      stock, e.g., naphtha, kerosene, gas oil, etc., may often be suitably
      employed for the reduction and sulfiding of the catalyst. However, in
      processing units designed for the treatment of what is commonly referred
      to as black oils which are characterized by having a significant portion
      boiling above 1,050.degree.F., the feed stock is not usually suitable for
      the pretreatment of fresh catalyst and a cycle oil or a gas oil is
      normally utilized.
PAR  Those familiar with the commissioning of a new batch of catalyst in a black
      oil hydrogenation processing unit will appreciate the attendant burden of
      reducing and sulfiding the new catalyst. Since many black oil units have a
      daily design capacity of from about 20,000 to about 50,000 barrels, a
      million or more pounds of catalyst must be treated. By the magnitude of
      the operation, it is easily seen that a very large quantity of start-up
      oil must be accumulated and stored. The start-up oil is usually a selected
      boiling range stock which must be fractionated during the refinery's
      normal operation and since often only a few thousand gallons of the
      selected stock may be collected each day, considerable time may be
      required to produce a sufficient quantity for the catalyst pretreatment.
      For the very large units, a million or more gallons may be required and
      which must be stored in a convenient location. Not only must special
      storage facilities be supplied, but high capacity transfer pumps and
      piping which are used perhaps a few weeks each year are also required. The
      actual step of pretreating the catalyst can be quite time consuming,
      lasting for several days and during which time production is lost.
PAR  The above-mentioned tedious and time-consuming routine which must be
      performed on each batch of fresh catalyst has provided the incentive to
      seek a more facile method of reducing and sulfiding hydrogenation
      catalyst. A considerable amount of work has been performed in the past
      relating to pretreating catalysts with hydrogen and hydrogen sulfide and
      with little or no success.
PAR  I have found that through the use of the method of activation of my
      invention that a hydrogenation catalyst may be as effectively pretreated
      as when conventional techniques are employed without any of the
      hereinabove described disadvantages. In using the process of my invention
      for the activation of a hydrogenation catalyst, there is no need to supply
      special hydrocarbon storage facilities, pumps and other related hardware,
      and the actual pretreatment feed stocks. Furthermore, the time required to
      perform the pretreatment step is greatly reduced by the techniques of the
      present invention.
PAR  It is an object of the present invention to activate and oxidized
      hydrogenation catalyst by reduction and sulfiding steps which give an
      activated hydrogenation catalyst having superior activity. It is another
      object of the present invention to reduce and sulfide a hydrogenation
      catalyst by a method which precludes the necessity of contacting the
      catalyst with a special start-up or pretreatment oil. It is yet another
      object of the present invention to eliminate the need for pretreatment oil
      storage and pumping facilities.
PAR  More specifically, another object of the present invention is a method for
      the activation of a mass of a hydrogenation catalyst containing at least
      one metallic component present in an oxidized form, which method comprises
      the steps of: (a) intimately contacting said mass of catalyst with gaseous
      hydrogen, containing a sulfur compound, at a temperature within the range
      of from about 550.degree.F. to about 800.degree.F. for a sufficient time
      to effect the reduction and sulfiding of a major proportion of said
      metallic component; and, (b) stripping the resulting reduced and sulfided
      catalyst with substantially pure hydrogen at a temperature within the
      range of from about 750.degree.F. to about 900.degree.F.
PAR  The process of this invention relates to the activation of a hydrogenation
      catalyst which is in an oxidized state. In referring to the oxidized state
      of a hydrogenation catalyst, the art generally refers to the oxidized
      hydrogenating components of the catalyst which are generally selected from
      the Group VIII metals of the Periodic Table of the Elements and include
      iron, cobalt, nickel, ruthenium, rhodium, palladium, osmium, iridium and
      platinum. When referring to an oxidized hydrogenation catalyst in this
      specification, I refer to the hydrogenating metal components of the
      catalyst recited hereinabove that are substantially in the oxidized state.
PAR  In order to initiate hydrogenation catalyst reaction systems without
      adversely harming the catalyst activity, it is preferred to begin
      hydrogenation operations with substantially all of the metallic
      hydrogenation components of the catalyst in a sulfided state. Sulfiding
      reduces the initial high activity associated the catalysts containing
      Group VIII metals, thereby reducing production of excess dry gaseous
      material while maintaining catalyst stability.
PAR  The metallic components are generally deposited on an inorganic oxide base
      or carrier material. Suitable carrier materials are the silica aluminas,
      the crystalline aluminosilicates and alumina. the amorphous carrier
      material may be prepared in any suitable manner, one method being to
      commingle water glass and a mineral acid, such as hydrochloric acids,
      sulfuric acid, etc., under conditions to precipitate a silica hydrogel. A
      silica hydrogel is than allowed to age after the pH has been adjusted to a
      proper level to allow the silica to at least partially polymerize.
      Following the aging of the silica gel, the pH is then raised by the
      addition of a basic substance, such as ammonium hydroxide, sodium
      hydroxide, etc., to neutralize acid present in the contacting of acid and
      water glass. Following this, aluminum in the form of an aluminum sulfate,
      aluminum chloride, aluminum nitrate, etc., is added to the silica gel. A
      silica alumina hydrogel is precipitated and treated by washing, filtering,
      reslurrying, spray drying and calcination in the usual manner. The active
      metallic component of the catalyst is then composited with the carrier
      material generally in an amount from about 0.01% to about 20% by weight of
      the finished catalyst.
PAR  The aforementioned desirable metal components to be incorporated into the
      catalyst comprise the Group VIII metals and may be incorporated into the
      catalyst base in any suitable manner. One such manner is to composite the
      metal component with the catalyst base by forming an aqueous solution of
      the halide of the metals such as platinum chloride, palladium chloride,
      etc., further diluting the solution and adding the resultant diluted
      solution to the base in a steam drier. Other suitable metal solutions may
      be employed such as colloidal solutions or suspensions, including the
      desirable metals cyanides, metal hydroxides, metal oxides, metal sulfides,
      etc. In cases where these solutions are not soluble in water at the
      temperature used, other suitable solvents, such as alcohols, ethers, etc.,
      may be utilized.
PAR  Both the natural and synthetic zeolitic aluminosilicates may be activated
      by the present invention. A crystalline zeolitic aluminosilicate
      encompassed by the present invention includes aluminosilicate cage
      structures in which the alumina and the silica tetrahedra are intimately
      connected with each other in an open three-dimensional crystalline
      network. The tetrahedra are crosslinked by the sharing of oxygen atoms.
      The spaces between the tetrahedra are occupied by water molecules prior to
      dehydration. The dehydration results in crystals interlaced with channels
      of molecular dimensions. Thus, the crystalline zeolitic aluminosilicates
      are often referred to as molecular sieves. In the hydrated form, the
      aluminosilicate may be represented by the formula represented in Equation
      1,
EQU  M.sub.2/n O:Al.sub.2 O.sub.3 :wSiO.sub.2 :yH.sub.2 O
PAL  where M is a cation which balances the electrovalence of the tetrahedra, n
      represents the valence of the cation, w, the moles of SiO.sub.2 and y, the
      moles of water. The cation may be any one of a number of ions, such as for
      example, the alkali metal ions, the alkaline earth ions, or rare earth
      ions. The cations may be mono-, di-, or trivalent.
PAR  Crystalline aluminosilicates, which find use in the process of the
      invention possess relatively well-defined pore structures. The exact type
      aluminosilicates is generally defined by the silica/alumina ratio and the
      pore dimensions. The faujasites are commonly represented as type X and
      type Y aluminosilicates and are defined by their varying silica to alumina
      ratios.
PAR  The synthesized zeolite type X can be represented in terms of mole oxides
      as represented in the following Equation 2,
EQU  0.9 .+-. 0.2M.sub.2/n O:Al.sub.2 O.sub.3 :2.5 .+-. 0.5SiO.sub.2 :yH.sub.2 O
PAL  where M represents at least one cation having the valence of not more than
      3, n represents the valence of M, and y is value up to about 8 depending
      on the identity of M and the degree of hydration of the crystal. Zeolite
      type X is described in U.S. Pat. No. 2,882,244.
PAR  The type Y zeolite may be represented in the terms of the mole ratio of
      oxides for the sodium form as represented in the following Equation 3,
EQU  0.9 .+-. 0.2Na.sub.2 O:Al.sub.2 O.sub.3 :wSiO.sub.2 :yH.sub.2 O
PAL  wherein w is a value greater than 3 and up to about 6 and y may be a value
      up to about 9. The type Y zeolite is described in U.S. Pat. No. 3,130,007.
PAR  The crystalline aluminosilicates for hydrogenation catalysts contain at
      least one metallic component selected from the Group VIII metals. These
      metallic components may be composited with the base or carrier
      (crystalline aluminosilicate) in amounts from about 0.1% to about 20% by
      weight of the catalyst. The metal component may be composited in manners
      similar to those explained for the amorphous aluminosilicate type
      catalyst. When the metallic components are composited on the crystalline
      aluminosilicate base or carrier, they are generally placed on the
      aluminosilicate by impregnation or base exchange means.
PAR  The process of the activation of a hydrogenation catalyst as expressed in
      this specification may be performed during the catalyst manufacture or in
      the hydrogenation reaction zone. In either situation, the method of
      activation of this invention is generally performed as follows. A suitable
      inert gas is first passed over the catalyst to remove any oxygen or other
      undesirable gases present. After a suitable low temperature inert gas
      purge, the catalyst is contacted with a stream of gaseous hydrogen which
      contains a suitable sulfur compound at temperatures within the range of
      from about 550.degree.F. to about 800.degree.F. A preferred
      sulfur-containing gaseous hydrogen stream consists of about 90 volume
      percent hydrogen and about 10 volume percent hydrogen sulfide. After
      essentially all of the hydrogenation metal components have been converted
      from an oxide to a sulfide state, the sulfided catalyst is purged with a
      hydrogen stream to eliminate gaseous sulfides. While passing a sulfur-free
      hydrogen stream over the catalyst the temperature of the catalyst is
      maintained at a temperature within the range of from about 800.degree.F.
      to about 900.degree.F. to perform what is referred to as hydrogen
      stripping. Hydrogen stripping is performed for a period of time ranging
      from about 1 hour to about 24 hours and preferably from about 2 to about 8
      hours.
PAR  It is preferred in the reduction and sulfiding activation steps disclosed
      herein that the quantity of gaseous sulfur compounds present be passed
      over the catalyst in sufficient concentration to allow sulfiding of
      metallic components present in the catalyst in a reasonable length of
      time. Knowing the metal content present in the catalyst and a
      concentration of the sulfur compound passing over the catalyst at a given
      flow rate and assuming essentially complete conversion of the metal to
      sulfides, it is possible without much difficulty to calculate the time
      required for sulfiding. It is preferred to employ sulfur concentrations in
      excess of about 50 weight p.p.m. concentration based on the total mass of
      material passing over the catalyst.
PAR  The method of activation of a hydrogenation catalyst as disclosed herein
      can also be used for the catalyst employed in a hydrogenation process
      whose primary function is the desulfurization and denitrification of a
      hydrocarbon feed stream. This method is particularly attractive for
      application to those processes which hydrorefine black oils. Typical black
      oils are atmospheric tower bottoms products, vacuum tower bottoms
      products, crude oil residuum, topped crude oils, crude oils extracted from
      tar sands and oil shale, etc.
PAR  Petroleum crude oils, particularly the heavy oils extracted from tar sands,
      topped or reduced crudes, and vacuum residuum etc., contain high molecular
      weight sulfurous compounds in exceedingly large quantities. In addition,
      such crude, or black oils contain excessive quantities of nitrogenous
      compounds, high molecular weight organo-metallic complexes principally
      comprising nickel and vanadium, and asphaltic material. Currently, an
      abundant supply of such hydrocarbonaceous material exists, most of which
      has a gravity less than 20.0.degree. API at 60.degree.F., and a
      significant proportion of which has a gravity less than 10.0. This
      material is generally further characterized by a boiling range indicating
      that 10% or more, by volume boils above a temperature of about
      1,050.degree.F.
PAR  The gaseous hydrogen stream used in reducing, sulfiding and stripping of
      the hydrogenation catalyst should be relatively pure hydrogen gas. It is
      preferred that the gaseous hydrogen stream used in the process of this
      invention for the activation of the hydrogenation catalyst be at least
      greater than about 80 mol percent hydrogen. When hydrogen sulfide gas is
      used, the total gas purity including hydrogen and hydrogen sulfide should
      be above 80 mol percent. In some instances, it is possible to use refinery
      gas streams containing large amounts of hydrogen which generally can be
      taken from hydrogen producing units within the refinery, such as reformers
      and other basic dehydrogenation type processes. Small amounts of light
      hydrocarbons (C.sub.4 and lighter gases) present in the gaseous stream
      passing into the hydrogenation catalyst during reduction, sulfiding and
      stripping operations do not appear to detrimentally affect resulting
      catalyst activity and selectivity. The maximum amount of light
      hydrocarbons allowable in the gaseous hydrogen stream is about 20 mol
      percent.
PAR  Complete reduction and sulfiding of the metallic component or components of
      the hydrogenation catalyst is generally determined by the presence of
      hydrogen sulfide in the effluent gas leaving the catalyst bed. The
      presence of unreacted sulfur compounds, such as hydrogen sulfide, is an
      indication that substantially all of the metallic components present in
      the hydrogenation catalyst in the catalyst bed, which are capable of being
      sulfided have been sulfided. After this sulfur breakthrough is recognized,
      the catalyst bed is swept with hydrogen to purge any residual gaseous
      sulfides. With a substantially pure hydrogen flow across the catalyst bed,
      the catalyst is stripped as hereinabove described.
PAR  The quantity that readily gives a basis for comparative catalyst evaluation
      when using the method of activation of this invention, is the average
      catalyst bed temperature. The average bed temperature is an indication of
      the activity of the catalyst since this temperature is adjusted to yield a
      desired residual sulfur concentration or a desired saturation level in the
      final product. Thus, a comparatively low catalyst bed temperature would be
      found for a catalyst of high activity. The invention and the benefits
      afforded therefrom are illustrated in the following examples which are not
      intended to be limiting in scope.
DETD
PAC  EXAMPLE I
PAR  Example I is used as a reference case to determine the benefit afforded by
      the use of the activation method of this invention and is representative
      of the start-up used in the prior art whereby the catalyst to be
      pretreated is contacted with a sulfurous hydrocarbon feed stock stream
      while circulating gaseous hydrogen through the catalyst at an elevated
      temperature and pressure. The pretreatment hydrocarbon feed stock used for
      this example was analyzed and is reported in Table I below.
TBL                TABLE I                                                     

     ______________________________________                                    

     Pretreatment Distillate Properties                                        

     ______________________________________                                    

     Gravity, .degree.API at 60.degree.F.                                      

                            20.3                                               

     Specific Gravity, at 60.degree.F.                                         

                            0.9321                                             

     Engler Distillation (.degree.F.)                                          

      5%                    453                                                

     10%                    481                                                

     30%                    497                                                

     50%                    515                                                

     70%                    538                                                

     90%                    594                                                

     95%                    630                                                

     E.P.                   660                                                

     Total Sulfur, wt. %    2.15                                               

     Total N, p.p.m.        159                                                

     Aromatics, LV%         65.5                                               

     Olefins, LV%           2.0                                                

     Paraffins and naphthenes, LV%                                             

                            32.5                                               

     ______________________________________                                    

PAR  The catalyst used in the example and all of the following examples was an
      alumina base catalyst which contained approximately 2 wt. % cobalt and 12
      wt. % molybdenum, calculated as if the metals existed in the elemental
      state. This catalyst was loaded into a catalyst testing plant and
      contacted with the above described pretreatment feed stock and hydrogen at
      a liquid hourly space velocity (LHSV) of 1, a temperature 0f
      450.degree.F., a pressure of 2,000 psig. and with a gas recirculation rate
      of 5,000 standard cubic feet of hydrogen per barrel (SCFB) for 24 hours.
      The catalyst testing unit which was used to evaluate the performance of
      the catalyst used in this example and in all subsequent examples, was
      essentially a single reaction zone type plant with a general flow scheme
      as described below. Fresh hydrocarbon feed was passed in admixture with a
      hydrogen rich gaseous stream into the catalytic reaction zone, which
      contained about 400 cc. of catalyst. The effluent from the reaction zone
      was passed to a high pressure separator wherein liquid and gaseous streams
      were separated. The gaseous stream comprised primarily hydrogen. The
      liquid from the high pressure separator was then passed into a stripper
      column. The stripper column separated gases having molecular weights of
      four carbon numbers or less from the liquid effluent passing out of the
      high pressure separator. The bottoms stream from the stripper column which
      comprises C.sub.5 + hydrocarbons was considered the product.
PAR  After the above described pretreatment has been performed, the flow of
      pretreatment feed stock was discontinued and a reduced crude feed stock,
      described hereinbelow in Table II, was substituted therefor.
TBL                TABLE II                                                    

     ______________________________________                                    

     Reduced Crude Properties                                                  

     ______________________________________                                    

     Gravity, .degree.API at 60.degree.F.                                      

                            13.3                                               

     Specific Gravity, at 60.degree.F.                                         

                            0.9772                                             

     Distillation (.degree.F.)                                                 

     IBP                    613                                                

      5%                    651                                                

     10%                    689                                                

     30%                    812                                                

     50%                    976                                                

     60%                    1037                                               

     % Over                 62                                                 

     Total Sulfur, wt. %    3.85                                               

     Total Nitrogen, wt. %  0.41                                               

     Conradson Carbon, wt. %                                                   

                            11.7                                               

     Heptane Insoluble, wt. %                                                  

                            7.72                                               

     ______________________________________                                    

PAL  The reduced crude feed stock was processed over the pretreated catalyst at
      a pressure of 2,000 psig., a liquid hourly space velocity of 1.2, a
      hydrogen circulation rate of 5,000 SCF and the reaction zone temperature
      was raised to maintain a residual sulfur level of 1.0 wt. % in the
      product. The processing of the reduced crude at these operating conditions
      shall hereinafter be referred to as the standard activity test. The target
      residual sulfur level was maintained with a reaction zone temperature of
      756.degree.F. after 250 hours of processing reduced crude. The results of
      catalyst performance for this example and those subsequent are summarized
      in Table III.
PAC  EXAMPLE II
PAR  A second batch of catalyst was loaded into the catalyst testing plant and
      the catalyst was subjected to the standard activity test as hereinbefore
      described without pretreatment of any type. A temperature of 770.degree.F.
      was required to reduce the product sulfur level to 1.0 wt. % after 250
      hours on stream. An untreated catalyst demonstrates an extremely poor
      activity.
PAC  EXAMPLE III
PAR  A third batch of catalyst was loaded into the catalyst testing plant and
      was contacted with a hydrogen containing gas with a 90% hydrogen and 10%
      hydrogen sulfide composition, hereinafter referred to as the standard
      sulfiding gas, for a period of 4 hours at 70.degree.F. The sulfided
      catalyst was then stripped with an essentially pure hydrogen stream for 3
      hours at 775.degree.F. After pretreatment, the catalyst was subjected to
      the standard activity test and the required temperature was 768.degree.F.
      The sulfiding at ambient temperature was only marginally more effective
      than no pretreatment.
PAC  EXAMPLE IV
PAR  A fourth batch of catalyst was loaded into the catalyst testing plant and
      was contacted with a sulfiding gas which had the same composition as that
      in the previous example for 4 hours at 572.degree.F. and then stripped
      with hydrogen for 3 hours at 775.degree.F. The temperature required to
      maintain 1.0 wt. % product sulfur during the standard activity test was
      752.degree.F.
PAC  EXAMPLE V
PAR  A fifth batch of catalyst was loaded into the catalyst testing plant and
      was contacted with the standard sulfiding gas at 775.degree.F. for 4 hours
      and then stripped with hydrogen for 3 hours at 775.degree.F. A temperature
      of 747.degree.F. was required to reduce the product sulfur level to 1.0
      wt. % after 250 hours on stream.
PAC  EXAMPLE VI
PAR  A sixth batch of catalyst was subjected to sulfiding for 4 hours at
      775.degree.F. and then stripped with hydrogen for 3 hours at 600.degree.F.
      The temperature required to maintain 1.0 wt. % product sulfur during the
      standard activity test was 755.degree.F.
PAC  EXAMPLE VII
PAR  A seventh batch of catalyst was subjected to sulfiding for 4 hours at
      775.degree.F. and then stripped with hydrogen for 3 hours at 900.degree.F.
      The temperature required to maintain 1.0 wt. % product sulfur during the
      standard activity test was 748.degree.F.
PAC  EXAMPLE VIII
PAR  An eighth batch of catalyst was subjected to sulfiding for 4 hours at
      775.degree.F. and then stripped with hydrogen for 3 hours at
      1100.degree.F. The temperature required to maintain 1.0 wt. % product
      sulfur during the standard activity test was 775.degree.F.
PAC  EXAMPLE IX
PAR  A ninth batch of catalyst was subjected to sulfiding for 4 hours at
      850.degree.F. and then stripped with hydrogen for 3 hours at 850.degree.F.
      The temperature required to maintain 1.0 wt. % product sulfur during the
      standard activity test was 772.degree.F.
PAC  EXAMPLE X
PAR  A tenth batch of catalyst was loaded into the catalyst plant and was
      contacted with the standard sulfiding gas as hereinbefore described at a
      temperature of 775.degree.F. for 4 hours. Unlike the preceding eight
      examples, the sulfided catalyst was immediately subjected to the standard
      activity test without stripping and the required temperature was found to
      be 774.degree.F.
TBL                TABLE III                                                   

     ______________________________________                                    

                                Reaction Zone                                  

                                Temperature Re-                                

                                quired To Yield                                

                                1% Sulfur After                                

                                250 Hours On                                   

     Ex.   Catalyst Pretreatment                                               

                                Stream, .degree.F.                             

     ______________________________________                                    

     Presulfiding    Hydrogen                                                  

     Temperature, .degree.F.                                                   

                     Strip, .degree.F.                                         

     I     (Prior Art Pretreatment With                                        

           Hydrocarbon Distillate)                                             

                                756                                            

     II    (No Pretreatment)    770                                            

     III    70           775        768                                        

     IV    572           775        752                                        

     V     775           775        747                                        

     IV    775           600        755                                        

     VII   775           900        748                                        

     VIII  775           1100       775                                        

     IX    850           850        772                                        

     X     775           (no stripping)                                        

                                    774                                        

     ______________________________________                                    

PAR  The pretreatment performed in Example V produced the most active catalyst
      for the desulfurization of reduced crude. The catalyst prepared according
      to Examples IV, V, VI and VII was more active than that produced with the
      prior art pretreatment with hydrocarbon distillate. According to Example
      II an untreated catalyst is grossly inferior to catalysts which have been
      pretreated by any method. Example X demonstrates the criticality of
      hydrogen stripping in a successful pretreatment of a catalyst in which a
      gaseous hydrogen and a sulfur compound are utilized.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. In a method for the activation of a mass of a hydrogenation catalyst
      containing cobalt and molybdenum components present in an oxidized form,
      the steps of:
PA1  a. intimately contacting said mass of catalyst with gaseous hydrogen,
      containing a sulfur compound, at a temperature within the range of from
      about 550.degree.F. to about 800.degree.F. for a sufficient time to effect
      the reduction and sulfiding of a major proportion of said metallic
      components; and,
PA1  b. stripping the resulting reduced and sulfided catalyst with substantially
      pure hydrogen at a temperature within the range of from about
      750.degree.F. to about 900.degree.F.
NUM  2.
PAR  2. The process of claim 1 further characterized in that said hydrogenation
      catalyst is an amorphous alumina carrier material containing said cobalt
      and molybdenum components.
NUM  3.
PAR  3. The process of claim 1 further characterized in that said sulfur
      compound is hydrogen sulfide.
PATN
WKU  039336840
SRC  5
APN  3951820
APT  1
ART  114
APD  19730907
TTL  Method of forming palladium oxide and palladium particles
ISD  19760120
NCL  4
ECL  1
EXA  Feeley; H. A.
EXP  Tung; T.
INVT
NAM  Petrow; Henry G.
CTY  Cambridge
STA  MA
INVT
NAM  Allen; Robert J.
CTY  Saugus
STA  MA
ASSG
NAM  Prototech Company
CTY  Newton Highlands
STA  MA
COD  02
RLAP
COD  71
APN  215149
APD  19720103
PSC  03
CLAS
OCL  252447
EDF  2
ICL  B01J 2118
FSC  252
FSS  447
FSC   75
FSS  22;102
UREF
PNO  2283198
ISD  19420500
NAM  Fink et al.
OCL   75102
UREF
PNO  3291753
ISD  19661200
NAM  Thompson
OCL  252447
UREF
PNO  3437431
ISD  19690400
NAM  Platz
OCL  423 22
UREF
PNO  3629145
ISD  19711200
NAM  Morikawa et al.
OCL  252447
UREF
PNO  3804779
ISD  19740400
NAM  Kent et al.
OCL  252447
LREP
FRM  Rines and Rines
     Shapiro and Shapiro
ABST
PAL  This disclosure deals with a novel catalytic structure embodying palladium
      metal particles (and in some instances palladium and gold metal particles)
      in the approximately 20-40 Angstrom size range on high surface area
      substrates useful as electrochemical cell electrodes, oxidation process
      catalysts and the like, and preferably formed from a colloidal sol of
      corresponding palladium oxide (and gold oxide) particles which are reduced
      on the substrate to the metal.
PARN
PAR  This is a continuation application of Ser. No. 215,149, filed Jan. 3, 1972
      now abandoned.
BSUM
PAR  The present invention relates to catalytic structures and methods of
      forming the same, being more particularly directed to high-surface-area
      palladium adsorbed onto a substrate, with and without similarly adsorbed
      gold, and methods of preparing the same, useful for electrochemical cell
      electrode and similar uses, oxidation processes, and other well-known
      similar uses, all hereinafter generically embraced by the terms
      "catalytic" or "catalyst."
PAR  The use of palladium as an electrochemical catalytic electrode, such as a
      fuel cell anode or the like, has been well known, as described, for
      example, in "A Hydrocarbon-Air Fuel Cell with Molten Alkali-Hydroxide
      Electrolyte" Walter Juda, Henry G. Petrow, Robert L. Novak, Robert J.
      Allen, David M. Moulton et al., Proceedings of the Electrochemical
      Society, October, 1968, Montreal, Canada, p. 183, paper 353, wherein use
      is made of the hydrogen-gas-pervious properties of solid layers or sheets
      of palladium. The problems of providing porous catalytic palladium
      structures, such as electrodes for fuel cells or the like, however, have
      involved difficulties in the production of large surface areas and of
      tenacious deposits upon appropriate substrates; and it is more
      particularly to these problems that the present invention, in one of its
      important aspects, is directed. It has been extremely difficult, for
      example, to deposit palladium in extremely fine and strongly adherent
      particles to create a large surface area structure. In addition, palladium
      has been known unsatisfactorily to corrode in fuel cell operation and the
      like upon loss of protective hydrogen fuel.
PAR  It is an object of the invention, accordingly, to provide a new and
      improved high-surface-area palladium catalytic structure strongly adsorbed
      upon appropriate rough or porous substrate and resistant to corrosive
      influences, and to provide novel methods of forming the same.
PAR  Another object is to provide a novel combined palladium and gold catalytic
      structure and method useful for fuel cell oxidation, and other catalytic
      applications.
PAR  A further object is to provide such novel structures of more general
      catalytic usage, as well.
PAR  Still another object is to provide new methods of preparation of sols from
      which such structures may be made.
PAR  Other and further objects will be explained hereinafter and are more
      particularly defined in the appended claims. In summary, however, from one
      of its broader aspects, the invention contemplates palladium particles (in
      some instances combined with similar gold particles) of substantially
      20-40 Angstroms particle size adsorbed to an appropriate substrate,
      preferably by the reduction of a NO.sub.2 -free and chloride-free
      palladium oxide colloid sol. Preferred details are hereinafter explained.
PAR  Referring first to the illustrative application to electrochemical cell
      operation (though the invention is of broader utility, as previously and
      hereinafter explained), porous catalytic electrodes have important
      application as anode structures in phosphoric acid fuel cells and other
      cells, as of the type described in "A High-Performance Fuel Cell Employing
      Conduction-PorousTeflon Electrodes and Liquid Electrolytes," L. W.
      Niedrach et al, Journal of Electrochemical Society, Vol. 112, Feb., 1965,
      p. 117-124. In such cells, carbon monoxide, produced when natural gas or
      other hydrocarbons are reformed to make the hydrogen fuel, is known to
      poison catalytic anode surfaces; and organics and other corrosive
      materials from the various cell components have similarly deleteriously
      affected the electrode life.
PAR  In accordance with a discovery underlying the present invention, it has
      been found that if small palladium particles in the approximately 20-40
      Angstrom particle size range can be strongly adhered to a porous carbon or
      similar rough substrate, not only is an extremely high surface area
      palladium catalytic anode provided, but the small particulate form is
      remarkably tolerant to both carbon monoxide and such organics and
      corrosive materials from the cell components. More than this, a remarkable
      resistance to corrosion, even if the protection of the hydrogen fuel is
      lost and even at temperatures up to 160.degree.C, over a substantial
      period of time, has surprisingly been found to be produced by such
      structures, contrary to the experience with prior palladium electrodes.
PAR  It is perhaps first in order to describe how the palladium catalytic
      structure is preferably formed.
PAR  Palladium metal, which is normally difficultly soluble in concentrated
      nitric acid, has been found to be violently dissolvable upon the adding to
      the nitric acid of a trace of bromine ions, such as through HBr. While
      palladium could have been dissolved in aqua regia, the stability of the
      colloidal sol of the invention (from which the particulated palladium is
      adsorbed upon the porous or rough substrate) requires absence of chloride
      ions. Since residual NO.sub.2 is also undesirable, the nitric acid that
      has dissolved the palladium is reflux-boiled to remove all traces of
      NO.sub.2 and to concentrate the solution. The concentrated solution is
      then diluted with water and contacted with a water-immiscible
      highmolecular weight amine, such as the tertiary octyl amine Alamine 336
      of General Mills Chemical Company, to bring the pH of the aqueous phase to
      about 3.0. The aqueous palladium oxide, with some palladium oxide
      precipitate, is separated and filtered to remove such precipitate. It has
      been determined by the O'Connor technique (described at "Fabrication of
      Monodisperse Lucite and Iron Oxide Particles With A Spinning Disc
      Generator," R. E. Albert, Henry G. Petrow et al, Health Physics, Vol. 10,
      pp. 933-940, 1964) that the resulting colloidal particles of the intensely
      brown palladium oxide in this sol are substantially in the 20-40 Angstrom
      particle size range. This sol is adsorbed upon a suitable substrate, such
      as porous carbon for electrode application (for example, Norit A
      high-surface area carbon black), and is reduced, as with hydrazine, to
      yield palladium metal particles of substantially the same size range,
      tenaciously adsorbed on the substrate.
PAR  An example follows of the efficacy of a catalytic structure so prepared and
      used as a porous hydrogen anode, one inch square, in a 135.degree.C
      phosphoric acid fuel cell employing a similarly dimensional platinum air
      cathode. The Norit A carbon substrate anode containing the adsorbed
      palladium particles above-discussed in a loading of about 1/2
      milligram/cm.sup.2, was found to be remarkably tolerant to CO in the
      hydrogen fuel, providing only about 20 millivolt drop in cell voltage at
      100 amperes per square foot current in operation when as much as 1.6
      percent (by volume) of CO was present in the hydrogen fuel, reformed from
      natural gas, and as compared with pure hydrogen fuel operation. No
      significant decay with time was noted.
PAR  It was found that if an equivalent amount of platinum (by cost) were used
      on the anode and operated under the same conditions, an initial 200
      millivolts of loss caused by CO poisoning is rapidly produced, with as
      much as another 100 millivolts being lost over time because of platinum
      poisoning from the organics, etc., of the cell components.
PAR  And even if the platinum and palladium loading of the equivalent catalytic
      anodes is made exactly the same and the cell is operated under the same
      conditions, the platinum anode, as distinguished from the palladium anode
      of the invention, produced a large 30-50 millivolts initial CO-poisoning
      loss, which increased with time, the operational characteristics decaying
      in performance.
PAR  More than this, despite prior experience in the art with the highly
      corrosive action of phosphoric acid, under heat, upon palladium that is
      not protected by a hydrogen layer, it has been surprisingly found that the
      particulate form of palladium anode above-described exhibits unusual
      properties. Whereas the prior art considered it necessary to alloy the
      palladium with, for example, gold to prevent this corrosion, and the
      resulting poorer catalytic activity of such alloying had to be put up
      with, this is not required with the structure of the invention for this
      particular purpose, though, as later explained, the combined use of gold
      may also be desirable. If the fuel cell is continued "on load" but the
      hydrogen fuel is lost, for example, it has been discovered that the
      catalytic particulate palladium anode structures of the invention still
      resists the phosphoric acid, such that the cell only suffers about 5
      millivolts of loss of performance over even as much as an hour of
      continued operation. If the output circuit is opened, moreover, and the
      hydrogen fuel input is again lost, it has been found that no detectable
      loss in cell performance occurs even after 24 hours of such operation;
      again attesting to the unusual properties of the catalytic structure of
      the invention.
PAR  Another important catalytic application of the particulated
      palladium-adsorbed substrate of the invention, enabling far less costly
      structures than if platinum had to be used, resides, for example, in its
      use on rough insulating asbestos or the like and on conductive metal
      strips or screen substrate, etc., to oxidize solvents in commercial
      processes, such as methyl ethyl ketone and the like, or to oxidize grease
      from cooking or other high-temperature solvent, carbon or similar
      effluents.
PAR  In connection with the use of the structures of the invention as oxidation
      process catalysts, typical results include the following. Using high
      surface area alumina pellets as a substrate, catalysts of identical
      palladium content were prepared; in one case, by adsorbing the palladium
      oxide sol of the invention on the pellets, and in the other case, by
      adsorbing a solution of palladium nitrate onto the pellets. The oxidation
      catalyst performance was then compared for the air oxidation of methane
      and benzene. For such catalysts containing 0.1% by weight of palladium,
      the catalyst prepared from the sol of the invention produced ignition
      temperatures for benzene approximately 30.degree.C lower than those
      obtained using the catalyst prepared from palladium nitrate. In the case
      of the oxidation of methane the catalyst prepared from the sol of the
      invention was superior in ignition temperatures by about 40.degree.C.
PAR  It has been found, furthermore, that the simultaneous use of both the
      colloidal palladium and colloidal gold, both in the oxide form, provides
      even a greater measure of performance, particularly as hydrogen anode or
      other electrode structures in the before mentioned fuel cells and the
      like.
PAR  In a fuel cell as before-described, operating with a hydrogen fuel
      containing carbon monoxide, (such as 80% hydrogen, 1.6% carbon monoxide,
      with the remainder being carbon dioxide) and with a loading of palladium
      adsorbed on carbon of 0.5 milligram per square centimeter, typical
      performance at 135.degree.C with a platinum cathode produces about 100 asf
      (amperes per square foot) at approximately 670 millivolts. If, however,
      gold is added in the colloidal form before-mentioned, to the catalyst
      structure in a substantially equal amount to that of palladium present,
      namely, about 0.5 milligram per square centimeter, typical performance at
      135.degree.C and at 100 asf will be considerably increased to the order of
      730 millivolts. This improvement becomes even more apparent for high
      current densities. For example, at 500 asf, the gold-palladium mixture of
      the invention is superior to palladium alone by about 100 millivolts.
      This, in turn, is superior to platinum by about 250 millivolts, when the
      platinum loading is .25 milligrams per square centimeter, the equivalent
      in cost to the one milligram total gold and palladium loading; and the
      gold-palladium mixture is far more suitable than platinum at the higher
      current densities where much more deterioration in performance of the
      latter was noted.
PAR  For example, one such fuel cell was operated for over 3200 hours without
      the gold-palladium anode of the invention showing any detectable
      deterioriation whatsoever.
PAR  The gold oxide colloidal particles in this mixture are of the same size
      range as the before-described palladium particles; and it has been found,
      as before explained, that to be effective as described, the gold must be
      applied to the substrate in this colloidal oxide form. Where, indeed, the
      gold was merely adsorbed on the carbon substrate from either chloroauric
      acid or sodium chloroaurate, the performance in the presence of palladium
      was identical to anodes prepared from palladium containing no gold
      whatsoever. The surprising result of the marked enhancement derived from
      the use of colloidal gold as above-described, moreover, resides further in
      the fact that, when applied as such a gold colloid, the gold itself
      appears to exhibit no anode activity whatsoever in the phosphoric acid
      electrolyte of the cell. furthermore X-ray diffraction studies demonstrate
      that there is no alloy formation from co-mingling of gold and palladium.
PAR  The colloidal gold oxide of the invention is preferably prepared and
      applied as follows. Two thousandths of a mol of chloroauric acid is
      dissolved in about 900 cc of water. To this is added 0.008 mol sodium
      hydroxide, as one molar sodium hydroxide solution, while stirring. The
      mixture is then allowed to stand approximately 48 hours during which
      period the solution changes color from bright yellow to a clear wine-red
      colloidal dispersion of gold oxide, exhibiting typical properties of
      colloids, such as flocculation upon prolonged heating or the addition of
      strong electrolyte such as sodium nitrate.
PAR  If the before-mentioned type of high surface carbon substrate such as Norit
      A, is employed, the colloidal gold is added thereto typically in the ratio
      of 50 grams of Norit A for 4 grams of colloidal gold. Following adsorption
      of the gold, the mixture is filtered, washed and redispersed in water.
      Sufficient colloidal palladium oxide sol (of typical concentration 5 grams
      palladium per liter) is then added to provide a total of about 4 grams of
      palladium particles adsorbed by the Norit A. This mixture is then reduced
      with hydrazine to yield gold and palladium metals; and the product is then
      filtered, washed and dried at 150.degree.C, being then usable as the
      catalytic material for forming the electrode, with the improved results
      before recounted.
PAR  Further uses and modifications will also occur to those skilled in this
      art, and all such are considered to fall within the spirit and scope of
      the invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of forming a particulated catalytic structure, that comprises,
      contacting a substantially NO.sub.2 free -- substituted therefor aqueous
      solution of palladium dissolved in concentrated chloride-free nitric acid
      with a water-immiscible high molecular weight amine in amount sufficient
      to bring the pH of the aqueous phase to substantially 3.0 and extracting
      the aqueous phase, thereby producing an aqueous colloidal sol of palladium
      oxide particles substantially in the range of 20-40 A in particle size.
NUM  2.
PAR  2. A method as claimed in claim 1 and in which said aqueous phase is
      adsorbed on a high surface area substrate and is reduced to yield
      corresponding palladium metal particles adhered to the substrate.
NUM  3.
PAR  3. A method as claimed in claim 2 and in which a colloidal sol of gold
      oxide particles is further adsorbed and reduced upon said substrate.
NUM  4.
PAR  4. A method as claimed in claim 2 and in which said palladium solution is
      formed by adding palladium metal to concentrated nitric acid in which said
      metal is normally difficulty soluble, and catalytically effecting violent
      dissolution of the palladium by adding a trace of bromine ions as from
      HBr.
PATN
WKU  039336859
SRC  5
APN  4899598
APT  1
ART  115
APD  19740719
TTL  Method for producing catalyst impregnated alumina extrudates
ISD  19760120
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ECL  1
EXP  Shine; W. J.
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STA  OK
INVT
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NAM  Cornelius et al.
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UREF
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UREF
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NAM  VonFuener et al.
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UREF
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ISD  19600900
NAM  Holden
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UREF
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NAM  Cornelius et al.
XCL  252463
UREF
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NAM  Colgan et al.
XCL  252463
LREP
FR2  Scott; F. Lindsey
ABST
PAL  An improvement in a method for producing alpha alumina monohydrate
      extrudates by mixing acid, water, and alpha alumina monohydrate to form an
      extrudable mixture; extruding the mixture to produce green alpha alumina
      monohydrate extrudates and drying the green extrudates, wherein the
      improvement comprises, contacting the green extrudates with an aqueous
      solution of catalytic metals in an amount sufficient to impregnate the
      extrudates with the catalytic metals thus improving the extrudate
      properties and impregnating the extrudates with catalytic metals.
BSUM
PAR  This invention relates to alpha alumina monohydrate extrudates. This
      invention further relates to an improvement in methods for producing alpha
      alumina monohydrate extrudates whereby the extrudates are impregnated with
      catalytic metals. This invention further relates to an improvement in
      methods for extruding alpha alumina monohydrate whereby the surface area
      of the extrudate particles is improved.
PAR  It is well known that alumina particles are desirable as catalyst supports
      and catalysts for a variety of catalytic reactions and processes. As a
      result, much time and effort have been devoted to a search for improved
      methods for producing extrudates of alumina having such desirable
      properties as high crush strength, low bulk density, high pore volume,
      high surface area, and the like for use as catalyst supports and
      catalysts. Very desirable alumina particles are produced by mixing from
      about 0.3 to about 2.0 parts acid, from about 36 to about 50 parts water,
      and about 50 parts finely divided alpha alumina monohydrate to form an
      extrudable mixture, thereafter extruding the mixture and drying to produce
      alpha alumina monohydrate extrudates. Such extrudates are desirable for
      their catalytic activity as catalyst supports. A disadvantage of such
      alumina particles is that the particles are not stable with respect to
      water and have been observed to disintegrate rapidly when immersed in
      aqueous solutions. It is common in the catalyst industry to incorporate
      catalytic elements into alumina support particles by forming aqueous
      solutions of catalytic components and thereafter immersing the alumina
      particles in said aqueous solutions. Obviously the instability of the
      alumina particles to water results in difficulty in formulating catalysts
      by conventionally used methods.
PAR  One attempt to overcome this difficulty is described in U.S. Ser. No.
      364,773, entitled "Stabilized Alpha Alumina Monohydrate Extrudates," filed
      May 31, 1973, by William C. Ziegenhain and Galen K. Madderra now Defensive
      Publication T929,001.
PAR  Much time and effort has been devoted to a continuing search for a method
      for impregnating such alumina particles with catalytic metals without
      causing disintegration of the alumina particles in aqueous solution.
PAR  It has now been found that desirable alpha alumina monohydrate extrudates
      are produced by an improvement in a method for producing alpha alumina
      monohydrate extrudates by mixing acid, water, and alpha alumina
      monohydrate to form an extrudable mixture, extruding the mixture to
      produce green alpha alumina monohydrate extrudates and drying the green
      extrudates. The improvement comprises contacting the green extrudates with
      an aqueous solution of catalytic metals in an amount sufficient to
      impregnate substantially the entire volume of the extrudates with the
      aqueous solution of catalytic metals, which upon drying results in an
      improvement of the extrudate properties and impregnation of the extrudates
      with catalytic metals.
PAR  In the extrusion of alpha alumina monohydrate, a commonly used procedure
      comprises mixing from about 0.3 to about 2.0 weight percent acid with from
      about 36 to about 50 parts water and 50 parts finely divided alpha alumina
      monohydrate to form an extrudable mixture and thereafter extruding to
      produce green alpha alumina monohydrate extrudates. The extrudates are
      then normally dried to about 60 to 80 weight percent Al.sub. 2 O.sub.3. As
      is well known to those skilled in the art, alpha alumina monohydrate, per
      se, contains about 85 percent Al.sub. 2 O.sub.3 with the balance being
      water. The water remaining in the dried extrudates is water of hydration,
      free water and the like. Alumina extrudates dried to 60 to 85 weight
      percent are normally considered as dried alumina extrudates although they
      may contain up to about 25 weight percent water as free water.
PAR  The alumina is normally mixed with the water and acid to form a dough-like
      extrudable mixture which is then extruded by the use of screw extruders,
      hydraulic extruders, and the like as is well known to those skilled in the
      art. No particular novelty is claimed in any particular extrusion
      apparatus or technique nor in the formation of the extrusion mixture,
      other than as methods with which Applicant's claimed improvement is
      effective.
PAR  Suitable acids are inorganic acids, aliphatic carboxylic organic acids
      containing from 1 to 3 carbon atoms and halogenated aliphatic carboxylic
      acids containing from 2 to 3 carbon atoms. Some such acids are
      hydrochloric acid, nitric acid, sulfuric acid, formic acid, propionic
      acid, acetic acid, monochloroacetic acid, dichloroacetic acid, and the
      like. Of these acids, hydrochloric acid, nitric acid, and acetic acid are
      more commonly used.
PAR  The alpha alumina monohydrate is typically produced by the alum process,
      the sodium aluminate process, or the water hydrolysis of aluminum
      alkoxides. Alpha alumina monohydrate produced by the water hydrolysis of
      alumina alkoxides is preferred. Such alumina is produced by a process
      comprising hydrolyzing aluminum alkoxides such as those produced by the
      Ziegler process with an excess of water to form an alcoholic organic
      portion and an aqueous alumina portion, thereafter separating the aqueous
      alumina portion from the organic portion and drying to produce alpha
      alumina monohydrate. One such alpha alumina monohydrate product is
      marketed by Continental Oil Company of 30 Rockefeller Plaza, New York, New
      York, under the trademark CATAPAL. The physical properties of such alumina
      are typically as follows:
TBL  1.  Crystal structure  alpha alumina monohydrate                          

     2.  Crystal structure after                                               

         calcining at 900.degree.F for                                         

         3 hours            gamma alumina                                      

     3.  Ultimate size                                                         

         (X-ray diffraction)                                                   

         020 reflection     37 angstroms                                       

         021 reflection     65 angstroms                                       

         440 reflection     45 angstroms                                       

     4.  Pore Volume (cc/g) 0.35-0.65                                          

     5.  Loose Bulk Density (lb/ft.sup.3)                                      

                            35-70                                              

     6.  Particle Size Distribution                                            

         (sieve)                                                               

         &gt;45 microns        20%                                                

         &lt;45 microns        80%                                                

     7.  Al.sub.2 O.sub.3 Content (wt %)                                       

                            65-85                                              

     8.  Loss on Ignition (wt %)                                               

                            15-35                                              

     9.  Surface Area (in.sup.2 /g)                                            

                            150-350                                            

PAR  Another suitable alpha alumina monohydrate is marketed by Kaiser Chemicals
      of Baton Rouge, Louisiana, under the trademark KCSA. This alumina is
      produced by a variation of the sodium aluminate process.
PAR  Alpha alumina monohydrate produced by the alum process is also suitable, as
      will be shown more fully hereinafter.
PAR  In the practice of the improvement of the present invention, extrudates are
      produced in the normal manner up through the extrusion step. After
      extruding the mixture to produce the undried i.e., green extrudates, the
      green extrudates are sprayed with or dipped into an aqueous solution of
      catalytic metals.
PAR  When dipping is used, the green extrudates are dipped into the aqueous
      solution for a time at least sufficient to saturate the extrudates with
      the aqueous solution. This time is normally relatively short and times of
      at least 5 seconds are preferred. In most instances, the saturation of the
      extrudates will be accomplished in from 5 seconds to 2 minutes.
PAR  When spraying, a sufficient amount of spray is used to result in
      substantially completely impregnating the extrudate particles with the
      aqueous solution. The degree of saturation is readily determined by
      breaking the dried extrudates and determining the penetration of the
      metals. The degree of penetration is readily determined by observation of
      the discoloration which results upon impregnation of the alumina
      extrudates with catalytic metals.
PAR  It is readily seen that by the improvement of the present invention, the
      second drying step is eliminated. Heretofore it has been necessary to dry
      the green extrudates to from about 65 to 85 weight percent Al.sub. 2
      O.sub.3 and thereafter immerse the dried extrudates in aqueous solutions
      of catalytic metals. Clearly, the extrudate particles then require a
      second drying step. It is readily seen that the improvement of the present
      invention eliminates the second drying step and obviates the necessity of
      spraying and steaming as shown in U.S. Ser. No. 364,773, referenced
      hereinbefore.
PAR  Suitable aqueous solutions of catalytic metals are those known to those
      skilled in the art, although preferred solutions are those containing
      polyvalent, catalytic metals. Typically such solutions contain metals such
      as cobalt, molybdenum, nickel, vanadium, tungsten, mixtures thereof, and
      the like, either as the metals or as salts of the metals such as oxides,
      halides, hydroxides, carbonates, sulfates, phosphates, nitrates, citrates,
      oxalates, metallic acids and salts such as molybdic acid, molybdate salts,
      and the like. In many instances, the metals will be in combination on the
      alumina extrudate. Desirably, a first component is selected from the group
      consisting of nickel and cobalt, and a second component is selected from
      the group consisting of molybdenum and tungsten when preparing
      desulfurization catalysts. The preparation of such solutions is well known
      to those skilled in the art. Such solutions as are used commonly for
      impregnating dried catalysts are suitable in the improvement of the
      present invention with the only real restrictions being that the catalytic
      metal must be present in an effective amount to provide the desired amount
      of metal in the alumina extrudate. It is readily seen that the
      concentration of the catalytic metal in the aqueous solution will
      determine the length of time during which the extrudate is immersed in an
      aqueous solution, the amount of spraying required, and the like.
PAR  In a desirable variation of the present invention, two or more metals are
      readily deposited on alumina extrudates by first contacting the green
      alumina extrudate with an aqueous solution containing one of the catalytic
      metals and thereafter contacting with an aqueous solution containing the
      second catalytic metal. Either spraying or dipping can be used. Both
      metals are thus present in the alumina extrudate. Obviously, many aqueous
      solutions of catalytic metals are known to those skilled in the art and
      such solutions are suitable in the practice of the improvement of the
      present invention, although as noted hereinbefore, those aqueous solutions
      wherein polyvalent, catalytic metals are dissolved are preferred.
PAR  The drying step is conducted after contacting by dipping or spraying the
      green extrudates. The drying may be accomplished by the same methods and
      equipment as is used when the green extrudates are not sprayed or dipped.
PAR  It is clear that the improvement of the present invention thus results in a
      substantial increase in efficiency in that one drying step is eliminated
      and a bothersome problem, namely the disintegration of alpha alumina
      monohydrate extrudates upon contact with aqueous environments, is
      eliminated.
PAR  A further and unexpected advantage is also realized. When alpha alumina
      monohydrate produced by the water hydrolysis of aluminum alkoxides is used
      as the starting material, it has been observed that a surprising and
      unexpected increase in surface area is obtained upon contacting or
      spraying the green extrudates with the aqueous solutions of catalytic
      metals. No adequate explanation is known to applicants for this increase
      in surface area at a point in the process wherein normally the surface
      area is decreased by further contacts with aqueous solutions.
PAR  It has been further observed that when contacting or spraying alpha alumina
      monohydrate produced by the sodium aluminate process slight increases in
      pore volume were obtained. No suitable explanation for this increase in
      pore volume is known since further aqueous contact at this point would be
      expected to result in a decrease in pore volume.
PAR  Having thus described the invention, it is pointed out that the foregoing
      description of preferred embodiments is illustrative rather than limiting
      in nature and that many variations and modifications within the scope of
      the present invention are possible and may be considered obvious or
      desirable to those skilled in the art upon a review of the foregoing
      description of the preferred embodiments and the following examples.
DETD
PAC  EXAMPLES
PAC  EXAMPLE 1
PAR  750 grams of CATAPAL alumina, 375 milliliters of distilled water, and 375
      milliliters of 3 volume percent acetic acid in water were mixed in a
      Baker-Perkins blender using a total mixing time of 30 minutes, and
      thereafter extruded through a 1/16 -inch die. A portion of the extrudate
      was dried overnight at 250.degree.F and then calcined at 900.degree.F as a
      base case product..sup.1 A separate portion of the green extrudate was
      sprayed with 75 milliliters of an aqueous solution of catalytic metals,
      dried at 250.degree.F for three hours. The analysis of the two samples is
      as follows.
FNT  .sup.1 Drying and calcining were at 250.degree.F overnight followed by
      calcining at 900.degree.F for three hours unless otherwise stated in all
      the tests.
TBL  ______________________________________                                    

                Base Case:   Metal Sprayed                                     

                No           on                                                

                Metal Deposition                                               

                             Green Extrodate                                   

     ______________________________________                                    

     Surface area, m.sup.2 /g                                                  

                  251.3          328.0                                         

     Average crush, lbs                                                        

                  10.5           7.7                                           

     Pore Volume, cc/g                                                         

                  0.65           0.50                                          

     Wt.%, Cobalt Oxide                                                        

                  --             2.9                                           

     (CoO)                                                                     

     Wt.%, MoO.sub.3                                                           

                  --             13.8                                          

     ______________________________________                                    

PAR  The aqueous solution of catalytic metals was prepared by the following
      procedure. 48 grams of molybdenum trioxide was dissolved in 60 cc of
      ammonium hydroxide (28-29 wt % ammonia in water) at 60.degree.C. Following
      complete solution, the pH of the solution was adjusted to 5.0 by the
      addition of nitric acid. 49 grams of cobalt hydrate was then mixed with 64
      cc of distilled water and the mixture was added to the molybdenum trioxide
      solution. The pH of the total mixture was then adjusted to 3.7 using
      nitric acid.
PAR  A substantial increase in the surface area of the green extrudate sprayed
      with the aqueous solution of catalytic metals was observed.
PAC  EXAMPLE 2
PAR  A second test, similar to the first test, was performed and portions of the
      extrudate product were tested as follows: (1) A base case product was
      prepared with no metals deposition. (2) 242 grams of "green" extrudate was
      sprayed with 70 grams of catalyst solution, dried, and calcined. The test
      results are shown below.
TBL  ______________________________________                                    

                   Base Case   Spray-Coated Product                            

     Surface area, m.sup.2 /g                                                  

                   262.9       306.7                                           

     Average crush, lbs                                                        

                   9.9         8.0                                             

     Pore volume, cc/g                                                         

                   0.65        0.56                                            

     Wt.%, Cobalt Oxide                                                        

     CoO)          --          2.6                                             

     Wt.%, MoO.sub.3                                                           

                   --          7.0                                             

     ______________________________________                                    

PAR  The same aqueous solution of catalytic metals described in Example 1 was
      used, and again it will be noted that a considerable increase in surface
      area was achieved. No cracking was noted during the coating procedure. A
      lower metal content extrudate was produced since a much smaller amount of
      aqueous catalyst solution was used as a spray.
PAC  EXAMPLE 3
PAR  A third test similar to Tests 1 and 2 was conducted. Portions of the
      extrudate were tested as follows: (1) Base case--no metals deposition,
      dried, and calcined. (2) Green extrudate was submerged in the
      cobalt-molybdenum catalyst solution described in Example 1 for 30 seconds,
      then dried and calcined. (3) Green extrudate was submerged in distilled
      water for 30 seconds, then dried and calcined. The test results were as
      follows.
TBL  ______________________________________                                    

                Surface        Pore                                            

                Area   Crush   Volume  Wt %  Wt %                              

                m.sup.2 /g                                                     

                       Pounds  cc/g    CoO   MoO.sub.3                         

     ______________________________________                                    

     1. Base Case 261.2    10.2    0.60  --    --                              

     2. Green Extrudate                                                        

       Dipped in                                                               

       Catalyst   317.8    8.5     0.48  3.3   10.3                            

     3. Dipped in                                                              

       Distilled Water                                                         

                  246.7    9.8     0.6   --    --                              

     ______________________________________                                    

PAR  It is noted that an increase in surface area was achieved by dipping the
      green extrudate in the catalyst solution and then drying, while dipping
      the extrudate in distilled water showed no increase in surface area and,
      in fact, resulted in a loss of surface area. There was no tendency to
      crack in any of the tests.
PAC  EXAMPLE 4
PAR  A Kaiser KCSA grade alumina was extruded by mixing 750 grams of alumina
      with 375 milliliters of 3 volume percent acetic acid in water over a four
      minute period and thereafter adding 250 milliliters of distilled water
      with continued mixing over a 7 minute period for a total mixing time of 11
      minutes to produce an extrudable mixture which was thereafter extruded. A
      portion of the extrudates was dried and calcined as a base case. A second
      portion of the green extrudates was dipped in the aqueous catalyst
      solution described in Example 1 for 10 seconds and thereafter dried and
      calcined. 575 grams of the green extrudate were sprayed with 135 grams of
      the aqueous solution of catalytic metals of Example 1 and thereafter dried
      and calcined. The extrudate properties were as follows.
TBL  __________________________________________________________________________

                                EXTRUDATE                                      

               Surface                                                         

                    Pore                                                       

                        METALS  CRUSH STRENGTH (LB)                            

     Deposition                                                                

               Area,                                                           

                    Vol.                                                       

                        Wt %                                                   

                            Wt %                                               

     Method    m.sup.2 /gm                                                     

                    cc/gm                                                      

                        Cobalt                                                 

                            Moly                                               

                                Lo  Hi  Avg.                                   

     __________________________________________________________________________

     None - Base Case                                                          

               335  0.58                                                       

                        --  --  16.5                                           

                                    32.5                                       

                                        25.2                                   

     None - Base Case                                                          

               315  0.61                                                       

                        --  --  18  22  20.1                                   

     Dipped    321  0.67                                                       

                        3.9 11.0                                               

                                 2.0                                           

                                    33  24.5                                   

     Sprayed   321  0.67                                                       

                        3.0 10.0                                               

                                16  36  27.3                                   

     __________________________________________________________________________

PAC  EXAMPLE 5
PAR  Alpha alumina monohydrate was produced by precipitating alumina from a
      solution containing 25 weight percent alum (Al.sub. 2 (SO.sub.4).sub.3) in
      water. Ammonia was added until alumina precipitated. The precipitated
      alumina was then recovered by filtration and carefully washed with
      distilled water to remove all of the sulfate ion. The alumina powder was
      then dried to about 70 weight percent Al.sub. 2 O.sub.3. 86 grams of the
      alumina was mixed with 43 milliliters of 3 volume percent acetic acid and
      thereafter mixed with 30 milliliters of distilled water. An additional 7.5
      milliliters of 3 volume percent acetic acid and water were then added with
      continued mixing. A portion of the extruded material was dried and
      calcined as a base case. A second portion of the green extrudate was
      dipped in the catalyst solution of Example 1 for 10 seconds and thereafter
      dried and calcined. 25 grams of the green extrudate were sprayed with 30
      milliliters of the catalyst solution of Example 1 and thereafter dried and
      calcined. The extrudate properties are shown below.
TBL  ______________________________________                                    

                                      EXTRUDATE                                

     Surface      Pore    METALS      CRUSH STRENGTH                           

     Deposition                                                                

             Area,    Vol.    W/O   W/O                                        

     Method  m.sup.2 /gm                                                       

                      cc/gm   Cobalt                                           

                                    Moly  Lo   Hi  Avg.                        

     ______________________________________                                    

     Sprayed 252      0.16    4.7   22    6    15   8.9                        

     Dipped  262      0.13    5.2   21    6    16   9.9                        

     None --                                                                   

     Base Case                                                                 

             293      0.36    --    --    9    27  17.1                        

     ______________________________________                                    

PAR  It will be observed that in the tests using the alpha alumina monohydrate
      produced by the water hydrolysis of aluminum alkoxides, i.e., Example 1-3,
      a surprising and unexpected increase in the surface area of the extrudate
      particles was achieved.
PAR  When the alpha alumina monohydrate is produced by other processes such as
      the sodium aluminate process, other properties tend to be improved, such
      as the pore volume, as shown in Example 4.
PAR  The alum-produced alpha alumina monohydrate showed little improvement upon
      spraying or dipping. It is noted, however, that it is unusual that
      catalyst materials can be impregnated into the alumina extrudate with no
      substantial loss of desirable properties, and it is particularly
      surprising that certain desirable properties could, in fact, be improved
      during the impregnating step.
PAR  In all tests described herein it was observed upon breaking the extrudates
      that the alumina was discolored to the center of the extrudate particles
      indicating that the extrudates were completely impregnated with the
      catalytic metals. In most instances the discoloration appeared to be
      relatively uniform, thus indicating that the catalytic metals were
      relatively uniformly distributed throughout the extrudate particles.
PAR  In Example 3, it will be noted that merely dipping the green extrudates in
      distilled water has no beneficial effects comparable to those achieved by
      dipping the green alumina extrudate in solutions of catalytic metals.
CLMS
STM  Having thus described the invention, we claim:
NUM  1.
PAR  1. In a method for producing catalyst impregnated alumina extrudates by
      admixing acid, said acid being selected from the group consisting of
      inorganic acid, aliphatic carboxylic organic acid containing from 1 to 3
      carbon atoms, halogenated aliphatic carboxylic acid containing from 2 to 3
      carbon atoms and mixtures thereof, water and alpha alumina monohydrate to
      form an extrudable mixture, extruding the mixture to produce green alpha
      alumina monohydrate extrudates and drying and calcining said green
      extrudates, the improvement comprising; impregnating said green extrudates
      prior to said drying with an aqueous solution of a catalytic metal
      compound selected from the group consisting catalytic metal salt,
      catalytic metal oxide, catalytic metal hydroxide, catalytic metal acid and
      mixtures thereof in an amount sufficient to impregnate substantially the
      entire volume of said extrudates with said catalytic metal compound
      thereby improving the extrudate properties.
NUM  2.
PAR  2. The improvement of claim 1 wherein said acid is selected from the group
      consisting of hydrochloric acid, nitric acid, sulfuric acid, formic acid,
      propionic acid, acetic acid, monochloroacetic acid and dichloroacetic
      acid.
NUM  3.
PAR  3. The improvement of claim 2 wherein said green extrudates are immersed in
      said aqueous solution for at least 5 seconds.
NUM  4.
PAR  4. The improvement of claim 3 wherein said aqueous solution contains a
      catalytic compound of a metal selected from the group consisting of
      cobalt, molybdenum, nickel, vanadium, tungsten and mixtures thereof.
NUM  5.
PAR  5. The improvement of claim 2 wherein said green extrudates are sprayed
      with said aqueous solution.
NUM  6.
PAR  6. The improvement of claim 5 wherein said aqueous solution contains a
      catalytic compound of a metal selected from the group consisting of
      cobalt, molybdenum, nickel, vanadium, tungsten and mixtures thereof.
NUM  7.
PAR  7. The improvement of claim 1 wherein said alpha alumina monohydrate is
      produced by the water hydrolysis of aluminum alkoxides.
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ABST
PAL  A catalyst suitable for the production of
PA1  Acrylonitrile from propylene or acrolein,
PA1  Acrylic acid from propylene or acrolein, and
PA1  Acrolein from propylene
PAL  Comprising silver oxide and molybdenum oxide in a molar ratio of from about
      0.1 to about 2.0.
PAL  The catalytic reactions using this new catalyst are directed towards the
      desired end product by variation of the molar ratio of silver oxide to
      molybdenum oxide.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a catalyst suitable for the production of
      acrylonitrile, acrylic acid, and acrolein.
PAR  2. Description of the Prior Art catalytically
PAR  It is already known in the art that acrolein can be produced by catalytic
      oxidation of propylene in the gaseous phase with oxygen or with a gas
      containing molecular oxygen.
PAR  It is also known that acrylic acid can be prepared catalytical in the vapor
      phase from propylene by first oxidizing the propylene to acrolein,
      separating the acrolein produced, and then oxidizing the acrolein to
      acrylic acid.
PAR  It is also known that acrylic acid can be prepared by direct catalytic
      oxidation of propylene in the vapor phase and recycling of the acrolein
      formed as a by-product to the oxidation reactor.
PAR  In this case, the mixture that is subjected to oxidation then consists of
      propylene and acrolein.
PAR  It is also known that acrylonitrile can be prepared by catalytic oxidation
      of propylene or acrolein in the vapor phase with oxygen or a gas
      containing molecular oxygen in the presence of ammonia.
PAR  Various combinations of antimony, arsenic, bismuth, cobalt, molybdenum,
      rare earths, tin, tellurium, and vanadium, both as oxides and as compounds
      consisting of at least two of the metals mentioned and oxygen, are
      normally used as catalysts for the oxidations described.
PAR  However, such catalysts have the disadvantage that they are not
      particularly flexible, in the sense that a catalyst, for example used
      e.g., for the production of acrylic acid normally cannot also be
      advantageously used in the production of acrolein or acrylonitrile, or
      vice versa, even if the relative quantities of the catalytic components
      are varied.
PAR  Moreover, the processes that make use of such catalysts are characterized
      by the formation of numerous by-products in appreciable quantities,
      particularly total oxidation products such as water and carbon dioxide.
PAR  This naturally means that the selectivities for the desired products are
      not very high, and they vary widely according to the type of catalyst used
      and the operating conditions.
PAC  SUMMARY OF THE INVENTION
PAR  One object of the present invention is a catalyst of high flexibility and
      high selectivity for the production of acrylonitrile, acrylic acid, and
      acrolein.
PAR  Another object of the present invention is a process for the preparation of
      such a catalyst.
PAR  Other objects will appear from the following description and the examples.
PAR  The catalyst of the present invention consists essentially of a mixture of
      silver and molybdenum oxides in which variation of the molar ratio of
      these oxides causes preferential displacement towards one or another of
      the desired products in the catalytic oxidation of propylene or acrolein
      in the vapor phase.
PAR  The use of molybdenum, as an oxide or as a salt, among the catalytic
      components suitable for the production of acrylonitrile, acrylic acid, and
      acrolein from propylene and of acrylonitrile and acrylic acid from
      acrolein is already known in the art.
PAR  It is also already known that silver can be used in small quantities as the
      activator in catalysts comprising at least two catalytically active
      components such as molybdenum and cobalt, molybdenum and nickel, or
      molybdenum and bismuth suitable for the oxidation of propylene or
      acrolein.
PAR  In the catalysts known in the art, therefore, molybdenum is never used
      alone but is always in combination with some other metal such as cobalt,
      michel, and bismuth, and silver, and if present, is always present as an
      activator and in a very small quantity.
PAR  Moreover, we have already pointed out that the catalysts known in the art
      for the production of acrylonitrile, acrylic acid, and acrolein are
      characterized by lack of flexibility and frequently by rather
      unsatisfactory selectivity values.
PAR  On the other hand, we have found a catalyst formed by molybdenum oxide and
      silver oxide that allows a high selectivity for the desired products and a
      high flexibility in the oxidation of propylene and of acrolein in the
      vapor phase.
PAR  In other words, we have found a catalyst that in addition to allowing high
      selectivities for the desired products in the oxidation of propylene or
      acrolein, enables the oxidation to be preferentially directed towards one
      or another of these products by variation of the molar ratio of silver
      oxide to molybdenum oxide.
PAR  The composition of the active mixture of oxides thus varies according to
      the final product desired in the oxidation of propylene or of acrolein.
PAR  In general, if all the oxidations are regarded as a single process, the
      catalyst is active when the molar ratio of silver oxide to molybdenum
      oxide is in the range of from about 0.1:1 to 2.0:1.
PAC   DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, the catalyst is prepared by
      precipitation from soluble salts of silver and of molybdenum in quantities
      such as to give the desired molar ratio of silver oxide to molybdenum
      oxide in the precipitate. The nitrate can be advantageously used as the
      silver salt, while ammonium molybdate and paramolybdate may be used as
      salts of molybdenum.
PAR  The precipitate obtained is dried at a temperature of from 100.degree. to
      130.degree.C for a time in the range of from about 3 to 12 hours.
PAR  The catalyst is then activated by heating in a current of air to a
      temperature in the range of from about 300.degree. to 600.degree.C, this
      temperature being maintained for a time of not less than 1 hour and
      preferably in the range of from about 2 to 10 hours.
PAR  This treatment may also be carried out directly in the reactor before the
      introduction of the reactants.
PAR  The catalyst in accordance with the invention for the oxidation of
      propylene and of acrolein may be arranged as a fixed-bed catalyst or as a
      mobile mass, e.g., flowing as a fluidized bed.
PAR  More particularly, in the case of the production of acrylonitrile from
      propylene or from acrolein, the best results are obtained with a catalyst
      in which the molar ratio of silver oxide to molybdenum oxide is in the
      range of from about 0.5:1 to 1.0:1 in the case of propylene and from about
      0.25:1 to 0.50:1 in the case of acrolein.
PAR  During the reaction of propylene or of acrolein, which is carried out in
      accordance with one of the known techniques in the vapor phase in the
      presence of ammonia and oxygen or a gas containing molecular oxygen,
      temperatures of from about 360.degree. to 450.degree.C and pressures of
      from about 0.1 to 3 atm are maintained, depending from the reactor used.
PAR  The pressure in the reaction vessel is not particularly decisive for the
      process. The operation is generally carried out at atmospheric pressure or
      at a slightly higher pressure up to about 2 -3 atm, and particularly at
      temperatures between about 380.degree. and 420.degree.C.
PAR  Under the conditions indicated above, the contact time of the gaseous
      mixture of propylene or acrolein, oxygen, and ammonia on the catalyst is
      from 1 to 10 seconds, and preferably from about 2 to 6 seconds in the case
      of propylene and from 1 to 5 seconds in the case of acrolein.
PAR  Variable quantities of inert gases may be added to the reactions gases,
      whose mutual quantitative ratios are not particularly decisive.
PAR  Thus, in accordance with the invention, the operation may be carried out in
      the presence of inert gases, such as nitrogen, carbon dioxide, or water
      vapor.
PAR  In this way a more uniform temperature distribution is obtained in the
      reaction vessel and the disadvantages due to overheating are avoided.
PAR  The quantity of inert gas used depends on the type and on the shape of the
      reaction vessel and on the arrangement of the catalyst.
PAR  On the other hand, in the case of the production of acrylic acid from
      propylene or acrolein, the best results are obtained with a catalyst in
      which the molar ratio of silver oxide to molybdenum oxide is in the range
      of from about 0.5:1 to 1:1.
PAR  The reaction of propylene or acrolein to acrylic acid is carried out
      according to known methods.
PAR  The process is generally carried out at atmospheric pressure or at a
      slightly higher pressure up to about 2 atm and with a temperature between
      about 300.degree. and 450.degree.C, and particularly between about
      380.degree. and 430.degree.C.
PAR  Under these conditions, the best results are obtained when the contact time
      of the gaseous mixture consisting of propylene or acrolein and oxygen or a
      gas containing molecular oxygen is in the range from 0.1 to 10 seconds,
      and preferably from 2 to 6 seconds in the case of propylene and from 0.5
      to 5 seconds in the case of acrolein.
PAR  Finally, in the production of acrolein from propylene the best results are
      obtained with a catalyst in which the molar ratio of silver oxide to
      molybdenum oxide is in the range of from about 0.25:1 to 0.50:1.
PAR  The oxidation of propylene may be carried out in accordance with one of the
      known techniques.
PAR  The process is generally carried out at atmospheric pressure or at a
      slightly higher pressure up to about 3 atm and at a temperature between
      about 300.degree. and 450.degree.C, and particularly between about
      320.degree. and 360.degree.C.
PAR  Under these conditions, the best results are obtained when the contact time
      of the gaseous mixture consisting of propylene and oxygen or a gas
      containing molecular oxygen is in the range from 0.1 to 10 seconds, and
      preferably from 1 to 6 seconds.
PAR  The invention will now be illustrated by the following examples, which are
      not intended to limit its scope in any way.
DETD
PAC  EXAMPLE 1
PAR  8.403 g of (NH.sub.4).sub.6 Mo.sub.7 O.sub.24.4H.sub.2 O were dissolved in
      80 ml of distilled H.sub.2 O.18.485 g of AgNO.sub.3 dissolved in 100 ml of
      water were added dropwise to this solution with stirring.
PAR  In this way a suspension of a yellowish-white precipitate was obtained, and
      this was heated for 1 hour at 80.degree.C and then allowed to settle for 3
      hours.
PAR  The precipitate was separated by filtration in a Buchner funnel and washed
      several times with H.sub.2 O until nitrates had been completely
      eliminated.
PAR  The product obtained was dried in an oven at 130.degree.C for 3 hours and
      then activated in a current of air at 500.degree.C for 5 hours.
PAC  EXAMPLE 2
PAR  The catalyst prepared as in Example 1 was crushed and sieved to obtain the
      fraction between 50 and 200 microns.
PAR  5.5 ml of this catalyst were charged into a tubular AISI 316 steel reactor
      having a diameter of 12 mm. Using the fixed-bed technique with a
      temperature of 400.degree.C and at atmospheric pressure, 6.2 liters/hour
      of a mixture consisting of 10% of O.sub.2, 30% of propylene, and 5% of
      NH.sub.3, the remainder being nitrogen (the percentages are by volume),
      were introduced into the reactor described with a contact time of 3.2
      seconds.
PAR  The reacted gas was found by analysis to comprise:
PA1  1.39% by volume of acrylonitrile
PA1  1.60% by volume of acrolein and
PA1  4.60% by volume of CO.sub.2
PAR  The molar selectivity calculated on the reacted propylene was:
PA1  32% for acrylonitrile
PA1  37% for acrolein
PA1  31% for carbon dioxide
PAC  EXAMPLE 3
PAR  A procedure similar to that of Example 2 was used, except for the
      temperature, which was 380.degree.C.
PAR  The reacted gas was found on analysis to comprise:
PA1  1.4% by volume of acrylonitrile
PA1  1.4% by volume of acrolein
PA1  3.6% by volume of CO.sub.2
PAL  with a molar selectivity calculated on the reacted propylene of:
PA1  35% for acrylonitrile
PA1  35% for acrolein
PA1  30% for CO.sub.2
PAC  EXAMPLE 4
PAR  1.8 ml of the catalyst of Example 1, crushed and sieved in the range from
      50 to 200 microns, were charged into a tubular AISI 316 steel reactor
      having a diameter of 12 mm.
PAR  Using the fixed-bed technique with a temperature of 415.degree.C and at
      atmospheric pressure, a mixture consisting of 5% by volume of acrolein and
      4.3% of oxygen, the remainder being nitrogen, was fed into the reactor
      described with a contact time of 1.8 seconds.
PAR  The reacted gas was found by analysis to comprise:
PA1  0.5% by volume of acrylic acid
PA1  0.05% by volume of acetic acid
PA1  1.8% by volume of a mixture of carbon monoxide and carbon dioxide with a
      molar selectivity calculated on the reacted acrolein of 45.5% for acrylic
      acid.
PAC  EXAMPLE 5
PAR  17.65 g of (NH.sub.4).sub.6 Mo.sub.7 O.sub.24.4H.sub.2 O were dissolved in
      160 ml of distilled H.sub.2 O.8.25 g of AgNO.sub.3 dissolved in 100 ml of
      water were added dropwise to this solution with stirring. A suspension of
      a yellow precipitate was obtained, and this was heated to 80.degree.C for
      1 hour and then allowed to settle for 3 hours.
PAR  The precipitate was separated by filtration through a Buchner funnel and
      washed several times with H.sub.2 O until nitrates had been completely
      eliminated.
PAR  The product obtained was dried in an oven at 130.degree.C for 3 hours and
      then activated in a current of air at 320.degree.C for 2 hours.
PAC  EXAMPLE 6
PAR  The catalyst prepared as in Example 5 was crushed and sieved to collect the
      fraction between 50 and 200 microns.
PAR  5.5 ml of this catalyst were charged into a tubular AISI 316 steel reactor
      having a diameter of 12 mm. Using the fixed-bed technique with a
      temperature of 360.degree.C and at atmospheric pressure, a mixture
      consisting of 30% of propylene and 5.5% of oxygen, the remainder being
      nitrogen (the percentages are again by volume), was fed to the reactor
      described with a contact time of 3.2 seconds.
PAR  The reacted gas was found on analysis to comprise:
PA1  0.975% by volume of acrolein and
PA1  1.020% by volume of carbon dioxide
PAL  with a molar selectivity calculated on the reacted propylene of 70% for
      acrolein.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A catalyst for use in the production of acrylonitrile, acrylic acid, and
      acrolein consisting of silver oxide and molybednum oxide in a molar ratio
      of silver oxide to molybdenum oxide in the range of from about 0.1:1 to
      2.0:1.
PATN
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APT  1
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ABST
PAL  A binder consisting of an aromatic polymeric material in which aryl groups
      are connected together by single-bond linkages over one or more atoms of
      carbon, sulfur, oxygen, nitrogen, phosphorus or silicon, preferably
      polyphenylene-sulfide, is mixed with carbon particles, with or without the
      addition of copper powder and the mixture is then pressed in a mold,
      removed from the mold, and sintered at a temperature of 300-500.degree.C,
      preferably about 350.degree.C for about an hour. Even without the presence
      of metal powder such brushes have qualities comparable to brushes cut from
      carbon plate material and conventional copper-containing brushes, and have
      substantially longer life than the former.
BSUM
PAR  The invention relates to a process for manufacturing carbon brushes made of
      a mixture of carbon and a binder, with or without admixture of a metal
      powder, for use in electrical machines.
PAR  Carbon brushes are made in a particularly economical manner by mixing
      component materials -- graphite, coke, metal powder and binder -- in the
      desired proportions, compressing the mixed powder or granular material in
      a mold to its final shape and then producing cohesion of the components,
      including curing or coking of the binder, by a suitable thermal treatment.
      There are advantages of convenience if the compression in the mold can be
      carried out at room temperature and if the electrical connection lead can
      be pressed into the article at the same time.
PAR  The following qualities are desired in a binder for carbon brushes:
PAR  1. The material should be available in powder form with good pouring
      qualities.
PAR  2. Above a definite and sufficiently high melting point, it should quickly
      soften and then have as little viscosity as possible.
PAR  3. In the melted state it should wet both the carbon and the metal powder
      very well, a quality that leads to high mechanical stability and low
      binder content requirement.
PAR  4. It should cure by cross-linking readily when heated in air.
PAR  5. It should provide the brush with a favorable abrasion behavior by
      promoting the formation of a patina on the collector ring or slip ring of
      the machine in which it is used.
PAR  All five of these quality requirements should be fulfilled as far as
      possible, the second, third and fifth items being of greater weight.
PAR  The binders heretofore used, which are pitch, phenolic resins and lead, do
      not fulfill all of the above-named requirements at the same time.
      Consequently, in order to obtain sufficient mechanical stability a
      relatively large binder content is necessary, as the result of which the
      electrical and thermal conductivity is unfavorably affected. In
      consequence metal-free carbon brushes can be made in this way only with
      poor quality, since these carbon materials cannot be produced with
      sufficient mechanical stability. For this type of brush, accordingly, it
      is necessary to turn to plate carbons that are produced by coking and
      graphitizing of plates, followed by machining the desired brush shape,
      followed by soldering on of the lead wire. This technology is
      substantially more expensive that the pressing of a powder into the final
      shape.
PAR  It is an object of the present invention to provide an economic method for
      making carbon brushes, especially also metal-free carbon brushes, that
      measure up to or even exceed the qualities of the heretofore known
      brushes, particularly those made out of plate carbon.
PAC  SUBJECT MATTER OF THE PRESENT INVENTION:
PAR  Briefly, in the initial step of mixing the component materials there is
      used a binder of the class of single-bonded aromatic polymers, i.e.
      polymers in which aromatic ring groups are connected to each other
      directly through a C--C bond or through a heteroatom or a heteroatom
      group. This group of materials is more particularly described in
      Hochtemperaturbestaendige Kunststoffe [Synthetic Materials Stable at High
      Temperatures] by E. Behr (Munich 1969) pp. 47ff.
PAR  The above-named class of materials fulfills all the requirements previously
      counted off: they have good pouring qualities as powders at room
      temperature; the melting point lies sufficiently high; they wet carbon
      very well because of their aromatic content, and they are generally easy
      to cure.
PAR  Particularly preferred are the polyarylsulfides of the general formula:
EQU  ...Ar--S--Ar--S--Ar...
PAL  in which Ar designates an aromatic ring system, the hydrogen atoms of which
      may be partly substituted by alkyl residues. Among this preferred group of
      compounds polyphenylenesulfide, available under the trade name Ryton from
      Phillips Petroleum Co., has been found particularly effective. This
      polyphenylenesulfide has the following formula:
      ##SPC1##
PAR  The above-named binders are mixed with the carbon in a quantity amounting
      to from 0.5 to 50 parts by weight for every 100 parts by weight of carbon
      in the initial mixture, and preferably from 3 to 10 parts by weight per
      100 parts by weight of carbon. The following example illustrates more
      particularly the practice of the invention.
DETD
PAC  EXAMPLE 1.
PAR  100 parts by weight of natural graphite are thoroughly mixed with 10 parts
      by weight of polyphenylenesulfide in finely ground form and the mixture is
      then compressed in a compression mold, the inside shape of which
      corresponds to the brush to be manufactured. A pressure of 4 metric tons
      per cm.sup.2 is applied. The pressed blank is removed from the mold, after
      which it is sintered for about one hour at a temperature between
      300.degree.C and 100.degree.C, preferably about 350.degree.C, in a
      protective gas atmosphere, e.g., nitrogen or city gas, a mixture
      consisting principally of hydrogen, methane and carbon monoxide. After
      cooling, the manufacture of the carbon brush is complete. Instead of 100
      parts of natural graphite there could also be used 42 parts by weight of
      natural graphite and 55 parts by weight of copper in powdered form, in
      which case a brush with the corresponding copper content is obtained
      instead of a metal-free brush. The manufacturing conditions are the same
      for the copper-bearing brush as those already described above.
PAR  In the following table, the properties of a carbon brush made in accordance
      with the process of the invention are compared to those of a
      copper-bearing brush made without a binder and also with a brush machined
      out of a mineral carbon plate.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Comparison of Properties of a Conventional Copper                         

     Item Containing Carbon Brush, a Metal-Free Carbon                         

     Brush Made According to the Invention and a Metal-                        

     Free Carbon Brush Machined Out of a Plate.                                

     Type         Cu-Containing                                                

                           Nat. Graphite                                       

                                    Natural                                    

                  Brush    with Polypheny-                                     

                                    Graphite                                   

                           lenesulfide                                         

     __________________________________________________________________________

     Manufacturing                                                             

                  Pressed in                                                   

                           Pressed in                                          

                                    Cut from                                   

      Process     Mold     Mold     Plates                                     

     __________________________________________________________________________

     spec. elec.                                                               

     resistance (.OMEGA. cm)                                                   

                   100-1000                                                    

                           1800-3000                                           

                                    3000-6000                                  

     Hardness (HRc 10/40)                                                      

                  50-70    60-70    60-80                                      

     Breakdown Load                                                            

     (kp) (acc. to PVA                                                         

     6742 and 10 mm vist.)                                                     

                  15-25    30-40     9-25                                      

     Life (hrs.)  1600     2300      2000                                      

     Voltage Drop (V)                                                          

                  0.2-0.4  0.2-0.3  1.0-2.0                                    

     __________________________________________________________________________

PAR  The comparisons show that in principle carbon brushes made under the same
      manufacturing conditions with polyphenylenesulfide are at least as good as
      the copper-bearing brushes and clearly superior in service life. A
      particular advantage may be observed from the fact that in spite of the
      high specific electrical resistance of the carbon materials made according
      to the invention, the absolute voltage drop lies in the same order of
      magnitude as in the case of the copper-bearing brushes. This points to an
      excellent patina formation with good stabilization of the patina and
      explains the good operating qualaties. Compared to the carbon brush
      machined out of plate material, the manufacturing process for which, as
      already mentioned above, is relatively expensive, the advantage of the
      carbon articles produced according to the invention lies particularly in
      the fact that their cost of production and price is only half of that of
      the carbon brushes machined out of plates.
PAR  The manufacturing method of the invention, accordingly makes it possible to
      manufacture carbon brushes at exceptionally favorable costs that in their
      properties match the heretofore conventional brushes in all respects or
      even excel thereover.
PAR  The term "heteroatom" with reference to an atom other than carbon commonly
      entering into organic compounds as an intermediate atom linking two carbon
      atoms, include atoms of the following elements: sulfur, oxygen, nitrogen,
      phosphorus and silicon.
PAR  Brushes containing a binder in which aryl groups are connected together by
      single bond linkages over one to four atoms of not more than two of the
      elements mentioned above are sintered at a temperature between
      300.degree.C and 500.degree.C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method of manufacturing carbon brushes for use in electrical machinery,
      comprising the steps of:
PA1  mixing carbon particles together with particles of a binder,
PA1  pressing the mixture in a mold to form a brush blank,
PA1  removing the pressed blank from the mold and sintering it at a temperature
      between 300.degree.C and 500.degree.C,
PA1  said binder being pressed in an amount which is between 0.5 and 50% by
      weight of the amount of carbon in said mixture, said binder consisting of
      a material that is a readily flowing and chemically stable liquid at the
      temperature of sintering, and is selected from the group consisting of
      polyaryl sulfides and polyaryl ethers.
NUM  2.
PAR  2. Method of manufacturing carbon brushes as defined in claim 1, in which
      said binder is present in said mixture in an amount not less than 3% and
      not more than 10% of the amount of carbon.
NUM  3.
PAR  3. Method of manufacturing carbon brushes as defined in claim 1, in which
      in the step of mixing carbon powder and a binder powder copper powder is
      also mixed.
NUM  4.
PAR  4. Method of manufacturing carbon brushes as defined in claim 1, in which
      the binder mixed in the step of mixing carbon powder and a binder powder
      is a polyarylsulfide of the general formula
EQU  ...Ar--S--Ar--S--Ar...
PAL  in which formula Ar represents an aromatic ring of which the hydrogen
      atoms, to the extent substituted, are substituted by alkyl radicals.
NUM  5.
PAR  5. Method of manufacturing carbon brushes as defined in claim 1, in which
      said binder is polyphenylenesulfide.
PATN
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PAL  Science, Vol. 175, (1972), 884-885.
PAL  Journal of Chemical Physics, Vol. 58, No. 2, (1973), 697-701.
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ABST
PAL  Metal chalcogenides having the general formula MZ.sub.y wherein Z is S, Se
      and Te; M is an element from Group IVB, VB, Mo, W, Tc, Pt, Re, Ge, Sn and
      Pb and y is 1.0 to 4.0 are lithiated by lithium compounds selected from
      LiR.sub.1, LiC(R.sub.1).sub.3, LiN(R.sub.1).sub.2, LiBH(R.sub.1).sub.3,
      LiR.sub.1.R.sub.2 and LiAlH.sub.4.R.sub.2 wherein R.sub.1 is a hydrocarbon
      radical of 1 to 8 carbon atoms and R.sub.2 is a chelating polyamine.
PAL  Novel intercalated compounds of the formula Li.sub.x MZ.sub.y are formed
      wherein M is a Group VB element, Hf, Ti and Zr; Z is S and Se, provided
      that Z is Se when M is vanadium; y is 1.67 to 2.02 and x is between 0.8
      and 1.2.
PARN
PAC  CROSS REFERENCES
PAR  This application is a continuation-in-part of application Ser. No. 487,860
      filed July 12, 1974, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention is directed toward the lithiation of inorganic metal
      chalcogenides. More particularly, the present invention is directed toward
      a novel method of lithiating compounds of metal chalcogenides which exist
      or are formed in relatively well ordered crystal structures having a
      plurality of planes with relatively weak attractive forces between the
      planes, and the novel lithium intercalated products thereof.
PAR  As is known, because of the relatively weak forces between the planes of
      metal chalcogenides, it has been found possible in certain cases to
      introduce a wide variety of molecules between the planes to form products
      which are stable at ambient temperatures but which will lose the molecules
      between the planes under appropriate conditions. These intercalated
      products have shown many desirable properties including superconductivity
      and lubricating properties.
PAR  2. Description of the Prior Art
PAR  Various methods are known for the preparation of lithium intercalated metal
      chalcogenides, for example, see the following: Journal of Chemical
      Physics, Volume 58, page 697 et seq (1973); published German patent
      application 2,061,162; National Bureau of Standards Special Publication
      No. 364; pages 625 et seq (1972); Journal of Less Common Metals, Volume
      20, page 121 et seq (1970); Science, Volume 175, page 884 et seq (1972);
      C. R. Acad. SC. Paris, 5., 276, Series C, page 1283 et seq (1973).
PAR  Basically, each of the foregoing references discloses preparative
      techniques that require extreme conditions or relatively sophisticated or
      complicated handling; and, each of the techniques often fail to yield
      suitable products. For example, insertion of lithium in the metal
      dichalcogenides by the foregoing techniques typically results in less than
      0.7 moles of lithium being inserted in the metal dichalcogenide. Often
      multiphase products result which include unwanted molecules, such as
      ammonia or nitrogenous contaminants, being inserted within the planes of
      the transition metal chalcogenide.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided a method of lithiating
      metal chalcogenides under controlled conditions. In its simplest sense,
      the method of the instant invention comprises adding a specific lithium
      compound to a transition metal chalcogenide. The specific lithium compound
      is selected from the group consisting of LiR.sub.1, LiC(R.sub.1).sub.3,
      LiN(R.sub.1).sub.2, LiBH(R.sub.1).sub.3, LiR.sub.1 .R.sub.2 and
      LiAlH.sub.4 .R.sub.2 wherein R.sub.1 is a hydrocarbon radical having from
      1 to 8 carbon atoms and R.sub.2 is a chelating polyamine. Typical
      hydrocarbon radicals include vinyl, butyl, phenyl, methyl and ethyl
      radicals. Preferred chelating polyamines include tetramethylethylene
      diamine and pentamethyldiethylene triamine. The metal chalcogenide to
      which the reactive lithium compound is added has the general formula
      MZ.sub.y wherein Z is an element selected from the group consisting of
      sulfur, selenium and tellurium; y is a number between 1.0 and 4.0 and M is
      an element selected from the group consisting of Group IVB elements, Group
      VB elements, molybdenum, tungsten, technetium, platinum, rhenium,
      germanium, tin and lead but not vanadium when Z is sulfur and y is 2.
      Preferably, M in the formula MZ.sub.y is titanium or tantalum (especially
      titanium); Z is preferably sulfur or selenium (especially preferred is
      sulfur); and, y preferably has a numerical value between about 1.60 and
      about 2.02, especially 2.0.
PAR  In another aspect of the present invention, there is provided novel lithium
      intercalated metal chalcogenides having the general formula Li.sub.x
      MZ.sub.y wherein Z is sulfur and selenium; M is an element selected from
      Group VB elements, hafnium and zirconium but not vanadium when Z is
      sulfur; y is a numerical value between 1.67 and 2.02 and x is a numerical
      value between 0.8 and 1.2 and preferably 0.9 to 1.1.
PAR  In yet another aspect of the present invention there is provided a
      nitrogen-free lithium titanium sulfide of the formula Li.sub.x TiS.sub.y
      where x is a numerical value from 0.8 to 1.2; and preferably 0.9 to 1.1
      and y is a numerical value from 1.67 to 2.02.
PAR  These and other features of the instant invention will be described herein
      in greater detail.
DRWD
PAC  THE FIGURE
PAR  The sole FIGURE is a side-by-side comparison of electron microphotographs
      having a magnification factor of 3000 of samples of a lithium intercalated
      titanium sulfide prepared in liquid ammonia by prior art technique and the
      lithium intercalated titanium sulfide prepared in accordance with the
      present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In the practice of the present invention metal chalcogenides are lithiated
      under controlled conditions by adding a specific lithium compound to a
      metal chalcogenide. The lithium compound employed is selected from the
      group consisting of LiR.sub.1, LiC(R.sub.1).sub.3, LiN(R.sub.1).sub.2,
      LiR.sub. 1.R.sub.2  and LiAlH.sub. 4.R.sub.2 wherein R.sub.1 is a
      hydrocarbon radical having from 1 to 8 carbon atoms and R.sub.2 is a
      chelating polyamine. Typical hydrocarbon radicals include vinyl, butyl,
      phenyl, methyl, ethyl and the like. Typical chelating polyamines include
      tetramethylethylene diamine, pentamethyldiethylene triamine and
      hexamethyltriethylene tetramine. In the preferred embodiment of the
      present invention, the lithium compound is n-butyl lithium.
PAR  The foregoing lithium compounds are prepared by well known techniques which
      form no part of the present invention. Indeed, the preferred lithium
      compound, as well as others, is a commercially available compound.
PAR  In general, the lithium compound is dissolved in an aprotic solvent or
      diluent such as hexane, heptane, benzene, toluene or tetrahydrofuran.
      Then, the solution of the lithium compound is added to the metal
      chalcogenide, at a temperature in the range of from about -100.degree.C.
      to 100.degree.C., and preferably at ambient temperatures. The mixture is
      allowed to stand (stirring is optional) for a time sufficient for
      lithiation of the metal chalcogenide to occur. Generally, such reaction
      time is between a half day to 30 days or more. While stirring tends to
      speed the lithiation of the metal chalcogenide, stirring also tends to
      promote the formation of powdered products. Thus, if the crystal size of
      metal chalcogenide is to be substantially maintained stirring the mixture
      is not preferred.
PAR  As will be appreciated the specific lithium compounds are generally air or
      moisture sensitive and consequently the lithium compound and the metal
      chalcogenide are handled in inert gas atmospheres, such as nitrogen,
      helium or argon.
PAR  Although a stoichiometric amount of the lithium compound and metal
      chalcogenide can be used, it is preferred in the practice of the present
      invention to use an excess of the specific lithium compound. For example,
      it is particularly preferred to use a 50% mole excess of the lithium
      compound.
PAR  The reaction can be followed by assaying a supernatant liquid for basic
      lithium or in the case of when n-butyl lithium is employed as the lithium
      compound, the extent of reaction also can be followed by monitoring the
      reaction mixture for the formation of octane, a coproduct.
PAR  Generally, the reaction is carried out at atmospheric pressure, although
      pressures up to 5 atmospheres or more may be employed.
PAR  As indicated previously, the metal chalcogenide employed in the present
      invention has the general formula MZ.sub.y wherein M is an element
      selected from the group consisting of Group IVB elements, Group VB
      elements, molybdenum, tungsten, technetium, platinum, rhenium, germanium,
      tin and lead; Z is a chalcogen, i.e., Z is an element selected from the
      group consisting of sulfur, selenium and tellurium; and y has a numerical
      value between 1.0 and about 4.0; provided, however, that when M is
      vanadium and y is 2, Z is selenium and tellurium only.
PAR  The term "Group" refers to the particular Group of the Periodic Table of
      the elements of the type set forth on the inside cover of The Merck Index
      (7th ed.).
PAR  The foregoing metal chalcogenides are readily prepared by well known
      techniques such as heating the elements at elevated temperatures in the
      requisite ratios or by metathetical reactions of the metal halides with
      hydrogen sulfide and the like. Many of these metal chalcogenides are
      commercially available also.
PAR  The lithium intercalated metal chalcogenides of the present invention may
      be utilized as cathode active materials in batteries such as set forth in
      copending application, Ser. No. 396,051, filed Sept. 10, 1973 and herein
      incorporated by reference.
PAR  The following examples shall serve to further illustrate the instant
      invention.
PAC  EXAMPLE 1
PAC  Reaction of the Metal Chalcogenide with n-butyl Lithium
PAR  In the following example n-butyl lithium was employed as the reactive
      lithium compound for lithiating the metal chalcogenide. The n-butyl
      lithium employed was a commercially available material of approximately
      1.6 molar in normal hexane. In most instances this commercially available
      n-butyl lithium was diluted further with hexane to provide a solution
      approximately 0.1 molar.
PAR  Prior to use, the precise concentration of n-butyl lithium starting reagent
      was determined by withdrawing an aliquot in a dry box, allowing the
      solvent to evaporate in a hood and quenching the remaining white material
      with ethanol and then water. A few drops of phenolphthalein indicator
      solution were added to the hydrolysate and the resultant solution was back
      titrated by first adding excess 0.1N HCl and then neutralizing with
      standard base.
PAR  To a known amount of the transition metal chalcogenide was added 0.5 molar
      excess of the hexane solution of n-butyl lithium. The material was kept
      for a period of between three days and three weeks under ambient
      conditions in a dry box. The reaction mixture was then filtered and a
      solid material washed once with normal hexane that had been distilled from
      P.sub.2 O.sub.5. The collected filtrate was assayed and the amount of
      lithium that reacted with the metal chalcogenide was inferred by loss of
      active base. The inferred lithium content was also checked by chemical
      analysis of representative samples of lithiated products; and these
      chemical analysis compared favorably with inferred results. For example,
      TiS.sub.2 and TaS.sub.2 were lithiated in the manner set forth above and
      it was found that substantially one mole of lithium reacted with one mole
      of metal chalcogenide based on unreacted n-butyl lithium. Direct chemical
      analysis was as follows: LiTiS.sub.2 Calc. Li:5.88%, found: 5.79, 5.98,
      5.87%; LiTaS.sub.2 Calc. Li:2.78%, found 2.75, 2.62%.
PAR  The results of the foregoing experiments are given below in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     Metal Chalcogenide  Product                                               

     ______________________________________                                    

     TaS.sub.2           Li.sub.0.94 TaS.sub.2                                 

     TiS.sub.2           Li.sub.1.03 TiS.sub.2                                 

     Ti.sub.1.1 S.sub.2  Li.sub.0.88 Ti.sub.1.1 S.sub.2                        

     Ti.sub.1.16 S.sub.2 Li.sub.0.68 Ti.sub.1.16 S.sub.2                       

     ZrS.sub.2           Li.sub.1.0 ZrS.sub.2                                  

     HfS.sub.2           Li.sub.1.1 HfS.sub.2                                  

     NbS.sub.2           Li.sub.0.8 NbS.sub.2                                  

     MoS.sub.2           Li.sub.1.06 MoS.sub.2                                 

     WS.sub.2            Li.sub.0.26 WS.sub.2                                  

     TiSe.sub.2          Li.sub.0.97 TiSe.sub.2                                

     ZrSe.sub.2          Li.sub.1.12 ZrSe.sub.2                                

     VSe.sub.2           Li.sub.1.0 VSe.sub.2 *                                

     NbSe.sub.2          Li.sub.1.0 NbSe.sub.2                                 

     HfSe.sub.2          Li.sub.0.97 HfSe.sub.2                                

     TaSe.sub.2          Li.sub.0.88 TaSe.sub.2                                

     TiTe.sub.2          Li.sub.0.8 TiTe.sub.2                                 

     HfTe.sub.2          Li.sub.0.54 HfTe.sub.2                                

     VTe.sub.2           Li.sub.1.71 VTe.sub.2                                 

     MoTe.sub.2          Li.sub.0.36 MoTe.sub.2                                

     WSe.sub.2           Li.sub.1.5 WSe.sub.2                                  

     MoSe.sub.2          Li.sub.0.5 MoSe.sub.2                                 

     ReSe.sub.2          Li.sub.1.16 ReSe.sub.2                                

     PtSe.sub.2          Li.sub.1.48 PtSe.sub.2                                

     V.sub.5 S.sub.8     Li.sub.0.34 V.sub.5 S.sub.8                           

     TiS.sub.3           Li.sub.3.0 TiS.sub.3                                  

     ZrS.sub.3           Li.sub.4.5 ZrS.sub.3                                  

     ZrSe.sub.3          Li.sub.4.7 ZrSe.sub.3                                 

     HfS.sub.3           Li.sub.2.5 HfS.sub.3                                  

     HfSe.sub.3          Li.sub.2.9 HfSe.sub.3                                 

     NbS.sub.3           Li.sub.2.22 NbS.sub.3                                 

     NbSe.sub.3          Li.sub.3.16 NbSe.sub.3                                

     Bi.sub.2 Te.sub.3   Li.sub.1.26 Bi.sub.2 Te.sub.3                         

     VS.sub.4            Li.sub.2 VS.sub.4                                     

     GaS                 Li.sub.0.2 GaS                                        

     ______________________________________                                    

      *only 1 mole equivalent of n-butyl lithium added                         

PAR  As will be appreciated from an examination of the foregoing table, the
      method of the present invention gives lithiated metal chalcogenides of
      unusually high lithium content. Indeed X-ray diffraction powder patterns
      verify that the novel compositions of the formula Li.sub.x MZ.sub.y where
      Z is sulfur and selenium; M is an element selected from Group VB elements
      titanium, zirconium, hafnium but not vanadium when Z is sulfur; x is from
      0.8 to 1.2 and y is a value from 1.67 to 2.02; are intercalated species;
      i.e., the X-ray data shows the presence of intercalated phases.
PAC  EXAMPLE 2
PAR  This example demonstrates the use of other lithium compounds in the
      formation of intercalated lithium chalcogenides.
PAR  The procedure used followed substantially that of Example 1. The test
      conditions and results are summarized in Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

     Lithium Compound   Solvent    Product                                     

     ______________________________________                                    

     LiN(CH.sub.3).sub.2                                                       

                        Benzene    Li.sub.x TiS.sub.2                          

     LiBH(C.sub.2 H.sub.5).sub.3                                               

                        THF        Li.sub.x TaS.sub.2                          

     Li n-butyl.cndot.TMEDA                                                    

                        Hexane     Li.sub.x TaS.sub.2                          

     LiAlH.sub.4 .cndot.PMDT                                                   

                        Benzene    Li.sub.x TaS.sub.2                          

     Li C.sub.6 H.sub.5 Benzene    Li.sub.x TaS.sub.2                          

     Li C.sub.2 H.sub.3 (Vinyl)                                                

                        THF        Li.sub.x TaS.sub.2                          

     Li C.sub.5 H.sub.5 (Cyclopentadienyl)                                     

                        THF        Li.sub.x TaS.sub.2                          

     LiC(C.sub.6 H.sub.5).sub.3                                                

                        Hexane     Li.sub.x TaS.sub.2                          

     ______________________________________                                    

      PMDT = pentamethyldiethylene triamine                                    

      TMEDA = tetramethylethylene diamine                                      

PAR  The value of x in the foregoing products ranged from 0.1 to 1.0.
      Intercalation of the chalcogenide was also verified by X-ray powder
      diffraction patterns.
PAC  EXAMPLE 3
PAR  This example demonstrates a very significant feature of the present
      invention by comparing lithium intercalated titanium disulfide prepared by
      a prior art process utilizing a solution of lithium metal in liquid
      ammonia aand utilizing n-butyl lithium as disclosed herein.
PAR  The LiTiS.sub.2 prepared via n-butyl lithium followed the procedure of
      Example 1. The LiTiS.sub.2 prepared in liquid ammonia was made as follows:
PAR  A glass pressure tube fitted with a valve was loaded with 2.000 g (0.01786
      moles) TiS.sub.2 and 0.125 g (0.01786 moles) Li cut into 1/4 inch pieces.
      Then 10 ml of freshly distilled ammonia (from sodium) was condensed into
      the tube and the valve closed. The tube was allowed to warm to ambient
      temperature (about 22.degree.C.). After 2 hours the ammonia was allowed to
      evaporate. The remaining solid was heated to about 250.degree.C. in a
      vacuum of less than about 10.sup..sup.-2 torr. for a period of about 0.5
      hr. Chemical analysis of the product is given in Table III below.
TBL                TABLE III                                                   

     ______________________________________                                    

     Element   % Found    % Calculated for LiTiS.sub.2                         

     ______________________________________                                    

      Ti       39.75      40.33                                                

     S         50.73      53.78                                                

      Li       5.55       5.88                                                 

     N         3.35       0                                                    

     H         0.31       0                                                    

     ______________________________________                                    

PAR  As can be seen the LiTiS.sub.2 material prepared in liquid ammonia
      contained more than 3.5% by weight of nitrogen-hydrogen contaminant
      despite the attempts to completely remove the nitrogen-hydrogen
      contaminant. The presence of protons is also confirmed by nuclear magnetic
      resonance analysis. Indeed, using transient solid-state nmr techniques,
      the lithium spin lattice relaxation times were measured and the
      self-diffusion coefficient of the lithium was determined for the sample of
      LiTiS.sub.2 prepared with n-butyl lithium in accordance with this
      invention and for the LiTiS.sub.2 sample prepared in liquid ammonia as
      described above. The self-diffusion coefficient for the n-butyl lithium
      product was equal to 10.sup..sup.-9 cm.sup.2 /sec. whereas for the liquid
      ammonia product it was less than 2 .times. 10.sup.-.sup.10 cm.sup.2 /sec.
      This data shows that the lithium in the LiTiS.sub.2 product of the present
      invention is diffusing at least five times faster than the lithium in the
      amminated product.
PAR  Additionally, the nitrogen-hydrogen contaminant, mentioned above, adversely
      affects the crystallinity of lithium intercalated metal chalcogenide. This
      is shown very dramatically in the electron microphotographs of the FIGURE.
      The material prepared according to this invention is free of
      nitrogen-hydrogen contaminants and is highly crystalline, whereas the
      material prepared by the prior art technique is not truly LiTiS.sub.2 but
      is an amminated species of LiTiS.sub.2 that is extremely exfoliated.
PAC  EXAMPLE 4
PAR  This example illustrates the utility of the intercalated chalcogenides of
      the present invention.
PAR  Lithium titanium sulfide, Li.sub.1.0 TiS.sub.2 was prepared by adding 0.51
      grams of titanium disulfide powder to 4 ml of 1.6 molar solution of
      n-butyl lithium in normal hexane and allowing the mixture to stand for
      several days in a nitrogen atmosphere. About 15 milligrams of the
      Li.sub.1.0 TiS.sub.2 prepared is pressed onto a copper plate of 0.5 inches
      in diameter. This plate was covered with a piece of filter paper as a
      separator and mounted in a "teflon" holder. A few milliliters of saturated
      solution of lithium hexafluorophosphate in propylene carbonate were poured
      into the holder followed by a lithium strip anode of dimensions 0.4
      .times. 2.0 .times. 0.5 cm. A copper plunger was then screwed down tight
      into the "teflon" holder. The cell electric contacts were made through the
      copper plate and plunger.
PAR  The initial open circuit voltage of this cell was 1.87 V. An attempt to
      further discharge the cell at a constant current of 0.2 ma. caused a rapid
      fall in the cell voltage, indicating that the system was essentially fully
      discharged. Recharging at one-third ma. was accomplished at applied
      voltages in the range of 2.4 to 3.1 volts.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of lithiating metal chalcogenides of the formula MZ.sub.y
      wherein: y
PA1  M is an element selected from Group IVB, Group VB elements of the Periodic
      Table of the Elements, molybdenum, tungsten, technetium, platinum,
      rhenium, germanium, tin and lead;
PA1  y is a numerical value between about 1.0 and about 4.0; and
PA1  Z is an element selected from the group consisting of sulfur, selenium and
      tellurium, provided that when M is vanadium and y is 2, Z is selected from
      selenium and tellurium only; comprising
PA1  adding at least a stoichrometric amount of a lithium compound to said metal
      chalcogenide, said lithium compound being selected from the group
      consisting of LiR.sub.1, LiC(R.sub.1).sub.3, LiN(R.sub.1).sub.2,
      LiBH(R.sub.1).sub.3, LiR.sub.1 .R.sub.3 and LiAlH.sub.4 .R.sub.2 wherein:
PA1  R.sub.1 is a hydrocarbon radical having from 1 to 8 carbon atoms and
      R.sub.2 is a chelating polyamine.
NUM  2.
PAR  2. The method of claim 1 wherein said lithium compound is added to said
      metal chalcogenide at a temperature ranging from about -100.degree.C. to
      about 100.degree.C.
NUM  3.
PAR  3. The method of claim 1 wherein said lithium compound is n-butyl lithium.
NUM  4.
PAR  4. The method of claim 1 wherein M is selected from Ti and Ta; Z is
      selected from S and Se; and y is between about 1.67 and about 2.02.
NUM  5.
PAR  5. The method of claim 1 wherein said chelating polyamine is selected from
      tetramethylethylene-diamine and pentamethyldiethylene triamine.
NUM  6.
PAR  6. A lithium intercalated metal chalcogenide having the formula Li.sub.x
      MZ.sub.y wherein:
PA1  M is selected from Group VB elements, Ti, Hf and Zr;
PA1  Z is selected from S and Se, provided that when M is vanadium Z is Se;
PA1  y is between 1.67 and 2.02; and
PA1  x is between 0.8 and 1.2.
NUM  7.
PAR  7. The lithium intercalated metal chalcogenide of claim 6 wherein x is
      between 0.9 and 1.1.
NUM  8.
PAR  8. The lithium intercalated metal chalcogenide of claim 6 wherein M is Ti;
      Z is S and said chalcogenide is free of nitrogen contaminants.
NUM  9.
PAR  9. The lithium intercalated metal chalcogenide of claim 6 wherein M is Ta
      and Z is S.
PATN
WKU  039336891
SRC  5
APN  3631583
APT  1
ART  141
APD  19730523
TTL  Fire retardant compositions
ISD  19760120
NCL  26
ECL  1
EXA  Person; S. M.
EXP  Czaja; Donald E.
INVT
NAM  Ray; Neil Hunter
CTY  Runcorn
CNT  EN
INVT
NAM  Shaw; Bryan
CTY  Runcorn
CNT  EN
INVT
NAM  Lane; Bruce Cochran
CTY  Runcorn
CNT  EN
ASSG
NAM  Imperial Chemical Industries Limited
CTY  London
CNT  EN
COD  03
PRIR
CNT  UK
APD  19720608
APN  26806/72
PRIR
CNT  UK
APD  19730116
APN  2190/73
CLAS
OCL  260  25FP
XCL  106 15FP
XCL  106 47
XCL  260 40R
XCL  260DIG24
EDF  2
ICL  C08K  332
ICL  C08K  340
FSC  260
FSS  40 B;DIG. 24;40 R;2.5 FP
FSC  106
FSS  47;15 FP
UREF
PNO  2754217
ISD  19560700
NAM  Allen et al.
OCL  106 15FP
UREF
PNO  3630764
ISD  19711200
NAM  Shannon
OCL  260 40R
UREF
PNO  3732181
ISD  19730500
NAM  Roy et al.
OCL  260 40R
OREF
PAL  S. Steiman et al., "Silane Coupling Agents", Industrial & Engineering
      Chemistry, Vol. 58, No. 3, (Nov. 1966), pp. 33-37.
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  The addition of a low softening point glass of Tg 300.degree.C and
      optionally a blowing agent, to a reinforced thermosetting composite
      material gives fire retardant properties to the product. Smoke emission on
      burning is less than for halogenated fire retardant additives. A preferred
      embodiment is GRP sheet containing a powdered phosphate glass and a
      blowing agent.
BSUM
PAR  This invention relates to fire retardant plastics materials.
PAR  Many organic plastics materials are inflammable, and fire retardant grades
      of these materials may be obtained by the incorporation of conventional
      additives which are generally either inorganic, for example antimony
      oxide, or halogenated organic materials for example
      tris(.beta.-chloroethyl) phosphate. Additives of the former type, may, if
      used in large quantities, adversely affect the mechanical properties of
      the material and in any case are usually opacifying, while additives of
      the latter type tend to act as plasticisers, thereby lowering the modulus
      and heat distortion temperature of the material, and may also tend to be
      leached out from the material.
PAR  Glass-reinforced thermosetting resins, particularly unsaturated polyesters,
      are sometimes used in structural applications, in which their
      inflammability presents a severe disadvantage. The presence of the glass
      reinforcement does not give any significant degree of fire retardance;
      indeed the glass fibre may act as a wick and prolong the burning of the
      matrix material.
PAR  We have found that the incorporation of a glass of low softening
      temperature, particularly a phosphate glass, into a reinforced
      thermosetting resin confers a degree of fire retardance upon the cured
      material. The mechanism is believed to involve the melting of the low
      softening point glass with the approach of a flame and the formation of a
      protective skin of fused glass over the material. The glass is itself
      incombustible and tends to exclude oxygen from the rest of the material.
      Other mechanisms of fire retardance may also be operative, however, and
      theories as to the mechanism of the fire-retardant effect are not to be
      construed as limiting the invention in any way.
PAR  We have also found that the addition of a blowing agent, that is, a
      compound which decomposes upon heating to liberate one or more
      non-flammable gases, to a composite material comprising a lowsoftening
      point glass, may give an improved degree of fire retardancy to the cured
      product.
PAR  The softening point of a glass is a quantity defined by ASTM C338-57, but
      as it is more convenient to measure the transformation temperature (Tg) of
      a glass, a low softening point glass is considered to be one having a
      transformation temperature not greater than 300.degree.C. An approximate
      correlation between softening point and transformation temperature is that
      the softening point is generally between 50.degree. and 70.degree.C above
      the transformation temperature.
PAR  The transformation temperature of a glass is defined herein as the value
      determined by differential calorimetry using the Du Pont Differential
      Thermal Analyser according to the following procedure: A sample of the
      powdered glass and a reference sample of pure powdered silica are heated
      at a programmed rate of temperature increase of 20.degree.C/min, and a
      graph is obtained of the temperature difference between the samples
      plotted against the temperature of the reference sample. This curve
      typically has a linear portion of small slope and a second linear portion
      of larger negative slope at higher temperatures. The two linear portions
      are produced so that they intersect, and the transformation temperature is
      taken as the temperature corresponding to the point of intersection.
PAR  According to the present invention, therefore, we provide a reinforced
      thermosetting composite material containing a low softening point
      inorganic oxide glass having a transformation temperature not greater than
      300.degree.C.
PAR  The reinforcement may be in the form of fibres and/or flakes, and the low
      softening point glass may be in the form of particles, flakes and/or
      fibres. When the low softening point glass is present in the form of
      flakes and/or fibres, it may replace part or all of the reinforcement.
      Preferably, however, the reinforcement is in the form of fibres and the
      low softening glass is particulate.
PAR  The materials according to the invention will, when in the cured state,
      possess fire-retardant properties, by which it is meant that the material
      will have a lower rate of burning in a test, such as the Underwriters
      Horizontal Slow-Burning Test, than that of a comparable material in the
      absence of the low softening point glass, although it is preferred that
      materials according to the invention will be "self-extinguishing" and more
      preferably "non-burning" as defined by ASTM D 635-68.
PAR  Other tests of fire retardancey include the Oxygen Index Test, ASTM D
      2863-70, in which the sample is burned in an oxygen/nitrogen atmosphere of
      controlled oxygen content, the oxygen index being the percentage by volume
      of oxygen in the atmosphere which is necessary to just support combustion
      of the sample.
PAR  Building materials are normally classified for fire retardancy in the
      United Kingdom according to British Standard 476, and for glass reinforced
      polyester sheeting the most relevant parts of BS 476 are part 3 (1958)
      (External Fire Exposure Roof Tests) and part 7 (1971) (Surface Spread of
      Flame). These tests are conducted on large samples, and are not suitable
      for routine laboratory testing. One GRP sheet material according to the
      invention gave results corresponding to AA on BS 476 part 3 and to class 2
      on BS 476 part 7. However, other samples have been found to give oxygen
      indices of from 35 to 44% and it is generally considered that a material
      having an oxygen index in the range 35-40% or higher will normally show
      class 1 properties under BS 476 part 7.
PAR  Preferably, the low-softening point glass is a phosphate glass, that is, an
      inorganic oxide glass comprising at least 25 mole % of P.sub.2 O.sub.5.
      Suitable glasses include any of the glasses described in our copending
      British Patent Application Nos. 18481/70, 48104/71, 48105/71, 6694/72 and
      19560/72 having appropriate transformation temperatures.
PAR  More preferably, the glasses have a transformation temperature below
      250.degree.C and comprise at least 50 mole % P.sub.2 O.sub.5, more
      preferably at least 60 mole % P.sub.2 O.sub.5 ; they may in addition
      contain any or all of the elements B, Al, Li, Na, K, Mg, Ca, Sr, Ba Cd,
      Zn, Pb, V, Cr, W, Mo, Sb, Bi and/or hydrogen in the form of combined
      water. Mixtures of two or more such glasses may be used.
PAR  A fibre-reinforced thermosetting composite material according to the
      present invention comprises a matrix of a thermosetting resin and a
      discontinuous phase of reinforcing fibres. Examples of thermosetting
      resins include unsaturated polyester, epoxy resins, polyurethanes,
      phenol/formaldehyde resins including resoles and novolaks, mixtures of any
      of these and products obtained by reacting together the precursors of one
      type of resin with the precursors of another type. The matrix resin may be
      in the fully cured condition or may be partially cured ("B-staged") or
      even uncured, in which case the material may be brought into the fully
      curved condition by known curing methods for example, heat, catalysis
      and/or radiation. It is preferred that the low-softening point glass is
      selected so that its softening point is above the highest temperature
      likely to be reached during curing of the material, and when a blowing
      agent is present, it should be selected so that the temperature at which
      it begins to undergo significant decomposition with evolution of gas is
      also above the highest temperature likely to be reached during curing.
PAR  Although the cured material will have fire-retardant properties, the
      uncured or partially cured material may not. Thus the uncured material may
      contain considerable amounts of volatile inflammable monomer for example
      styrene, which would make any degree of fire retardance very difficult to
      obtain.
PAR  The reinforcing fibres are preferably of E glass, but may comprise fibres
      of other inorganic materials for example glass other than E glass, metals,
      boron and carbon, and may be in the form of continuous fibres,
      discontinuous fibres of various lengths, or a mixture of both continuous
      and discontinuous fibres.
PAR  The fibre-reinforced composite material should preferably have a
      combination of fibre content and fibre length such that when a sample of
      the unmodified material is burned it does not disintegrate completely, but
      leaves an integral residue of the reinforcing fibre approximately of the
      same dimensions as the original sample. When such a material, modified by
      the incorporation of a low softening point glass, is ignited, the matrix
      material will begin to burn, and the reinforcing fibres will provide a
      support upon which a protective skin of fused low-softening point glass
      can form, thereby giving the fire retardant properties characteristic of
      the material according to the present invention.
PAR  Preferably the reinforcing fibre content will be at least 5% by volume of
      the material, more preferably at least 10% by volume. The mean fibre
      length should preferably be at least 0.5 cm, more preferably at least 2.5
      cm.
PAR  Examples of types of fibre-reinforced composite materials which may be
      modified by addition of low softening point glass to give fire retardant
      materials according to the invention include articles made by hand lay-up
      of glass-reinforced unsaturated polyesters in which the glass is in the
      form of continuous or chopped strand mat; sheet moulding compounds
      comprising chopped strand mat, fillers and partially cured resin, which
      may be shaped and cured by the application of heat and pressure; dough
      moulding compounds containing relatively short glass fibres, filler and
      partially cured resin; which may be fabricated into shaped articles; and
      filament-wound articles containing continuous glass, boron, metal or
      carbon fibres. Particularly preferred materials are flat or corrugated
      cured sheets of glass-reinforced polyester resin.
PAR  The low softening point glass to be incorporated into the fibrereinforced
      composite material is preferably in the form of a granular powder of
      particle size substantially in the range 100-300.mu.m diameter. The glass
      may be granulated for example by a 2-plate grinding mill and then may be
      dispersed either in a liquid reactant which is then reacted with other
      components in order to produce the resin, or in the resin itself in an
      uncured liquid or semiliquid state. The dispersion of low softening point
      glass in the resin may then be added to or blended with the reinforcing
      fibres.
PAR  An alternative and less preferred procedure is to grind the low softening
      point glass to a fine powder, of particle size substantially in the range
      1-75.mu.m, for example by ball milling. It may then be desirable to mill
      the glass in the presence of up to 2% or even more by weight (based on the
      glass) of a dispersing aid for example Silanox hydrophobic silica (Cabot
      Corp) in order to improve the dispersion of the glass in the resin,
      particularly for acidic glasses containing over 65 mole % P.sub.2 O.sub.5.
PAR  When the glass is prepared as a fine powder it is found that fire
      retardance is improved if the glass powder is aged by exposure to the
      atmosphere for a period of time, for example two weeks at room temperature
      or 1 hour at 110.degree.C. This ageing process may occur even after the
      glass is incorporated in the composite material, thus for example a
      material which is burning by ASTM D 635 when freshly prepared may be
      self-extinguishing or even non-burning when tested after a period of time
      of, for example, several months.
PAR  As an alternative method of preparation of the fibre-reinforced material
      according to the invention, the low softening point glass may be added as
      a granular or a fine powder to a suitable form of reinforcement for
      example to E-glass mat, and the reinforcement carrying the low softening
      point glass may then be impregnated with resin. It may be desirable to
      treat the reinforcement carrying the low softening point glass with a
      binder before impregnation with resin, a suitable treatment being, for
      example, spray coating with a solution of polyvinyl acetate.
PAR  When the unmodified composite material contains inert fillers for example
      talc or dolomite, the powdered or granulated low softening point glass may
      replace part or all of the filler. The modulus of the material is
      generally not adversely affected by the incorporation of particulate low
      softening point glass. The proportion of low softening point glass present
      in the composite is preferably between 2 and 60% by weight of the matrix
      resin, more preferably between 10 and 30% by weight of the matrix resin.
PAR  The low softening point glass may be present in the form of fibres which
      may be added in finely chopped form to the matrix resin, or may replace
      part or all of the reinforcing fibres. Heterofil composite fibres having a
      high melting core, for example of E glass and a sheath of low softening
      point glass may also be used as reinforcement.
PAR  Although products according to the invention are fire retardant and
      preferably self-extinguishing or non-burning by ASTM D635-68 nevertheless
      if they are held in a flame or are in close proximity to other burning
      materials the resin component may be entirely consumed by fire. However,
      whenever high-melting reinforcing fibres are present the residue will
      normally be a mass of reinforcing fibres bonded together by fused
      low-softening point glass which may retain some degree of strength and
      load bearing ability. By contrast, an unmodified fibre-reinforced
      composite article will burn to give a residue of fibres which, while it
      may retain the shape and dimensions of the original article, will have
      little or no strength or capacity for load bearing, unless the temperature
      of the fibre was high enough to fuse the reinforcing fibres together.
PAR  Fire retardant fibre-reinforced materials according to the invention
      containing low softening point glass with or without a blowing agent may
      also contain conventional fire retardant additives for example halogenated
      polyolefins, antimony compounds and halogenated phosphate esters.
      Alternatively or in addition, the resin component may be made
      intrinsically fire retardant by incorporation of halogenated residues in
      the polymer chains. For example, a polyester resin may incorporate
      chlorendic acid residues:
      ##SPC1##
PAL  and such a modified resin may give a highly fire retardant fibre-reinforced
      composite material when low softening point glass is present. In
      particular, an E-glass reinforced polyester made with a chlorendic
      acid-modified resin and containing particulate low softening point glass
      and a blowing agent may have an oxygen index as high as 44%. Both the
      matrix resin and the low softening point glass may be transparent and the
      refractive index of the low softening point glass may be selected to match
      that of the cured resin; if E glass is also present the refractive indices
      of the cured resin and of the low softening point glass can be selected to
      match that of E glass. When the refractive indices are matched in this
      way, a translucent fire retardant composite product of low diffusion may
      be obtained, which may be for example translucent GRP sheet suitable for
      roofing applications. A preferred low softening glass composition contains
      (mole %) P.sub.2 O.sub.5 65.8, PbO 13.2, Na.sub.2 O 9.4, Li.sub.2 O 9.4,
      B.sub.2 O.sub.3 2.3, and has a refractive index of 1.546, compared with
      that of 1.545-1.549 for E glass. The low softening point glass may be
      coloured either by the incorporation of transition metal ions as described
      in British Patent Application No. 6694/72 or of organic or inorganic
      pigments in order to produce coloured products.
PAR  Composite materials incorporating particulate low softening point phosphate
      glass according to the present invention may be adversely affected by
      weathering, and this is particularly so for translucent GRP sheet
      products, the light transmission of which decreases and the degree of
      diffusion increases on exposure to water. These adverse effects are due at
      least in part to hydrolysis of the phosphate glass, and may be reduced by
      coating the phosphate glass particles with a hydrophobic material, or with
      a coupling agent which increases the bonding of the glass to the matrix
      resin.
PAR  Suitable materials include magnesium stearate and hydrophobic silicas, for
      example Silanox (Cabot Corp.). Suitable coupling agents include for
      example methacryloxypropyl trimethoxy silane,
      .beta.-(3,4-epoxycyclohexyl)ethyl trimethoxy silane and
      glycidoxypropyltrimethoxy silane.
PAR  Solid coating agents for example Silanox may be added to the glass during
      granulation or ball milling or may be added subsequently to granulated
      glass and rolled with it to provide an even coating. Liquid coating
      agents, for example the above silanes, may be applied to the particulate
      glass in solution in an organic solvent, which is then removed by
      evaporation. The glass may first be treated with a reactive silicone
      primer, also applied in solution in an organic solvent.
PAR  Other methods of protecting the low softening point glass in the sheet
      product from water and thereby improving the weathering of the sheet
      include preparing the sheet with a resin rich gel coat and, more
      effectively, coating the sheet with a layer of waterimpervious material
      for example poly(vinylidene fluoride).
PAR  The effectiveness of coating agents may be determined by measuring the
      light transmission of a sample GRP sheet containing coated low softening
      glass particles before and after exposure in a weatherometer according to
      British Standard BS 3900 part F3 (1971), but a simpler test is that of
      water absorption at room temperature over 24 hours. (B.S. 2782 (1965),
      502G), a high water absorption corresponding to poor weathering. Light
      transmission before and after exposure to water in this test may also be
      measured.
PAR  Blowing agents suitable for use according to the present invention are
      compounds, generally organic solids, which decompose on heating above a
      temperature between 150.degree.C and 400.degree.C with evolution of
      non-flammable gas for example ammonia, nitrogen, water or carbon dioxide.
      Such materials are known to be effective in combination with other known
      fire retardants for example ammonium phosphates, their mode of action
      being partly to provide a blanket of non-flammable gas and partly to cause
      the material to swell into an intumescent charred mass which is an
      effective thermal insulator.
PAR  A preferred blowing agent is dicyandiamide (DCDA), NH.sub.2.C(NH).NHCN, and
      other blowing agents which are suitable include melamine, guanidinium
      carbonate, N-nitro-N'-cyano guanidine, uracil, barbituric acid and
      phosphoramide. Melamine has the greatest fire retardant effect as measured
      by ASTM D635 and also ASTM D2863-70 (oxygen index). However, DCDA is only
      marginally less effective, and has the advantage, in translucent sheet
      materials, of reducing the light transmission through the sheet by a
      smaller amount than does melamine.
PAR  The blowing agent may be added to the extent of between 2 and 20%, more
      preferably 5-10% by weight of the matrix resin, and conveniently is mixed
      in to the resin at the same time as the particulate low softening point
      glass. When DCDA is used as blowing agent, it is found that for a given
      total weight percentage of DCDA and low softening point glass in terms of
      the weight of resin, an optimum oxygen index is obtained when the weight
      ratio of DCDA to low softening point glass lies between 25:75 and 33:67.
PAR  Mixtures of two or more blowing agents may be used, and may be more
      effective than the same weight of a single blowing agent.
PAR  Many polymeric composite materials, including glass-reinforced polyester
      resins, generate large quantities of smoke on combustion. This presents an
      added hazard when such materials are present in a burning building, since
      the smoke may asphyxiate coccupants and may also obscure emergency exits.
      Furthermore, known fire retardant additives for example halogenated
      materials and antimony compounds usually increase the amount of smoke
      generated on combustion.
PAR  Fire retardant fibre-reinforced composite materials according to the
      present invention, however, generally give less smoke on combustion than
      do fire retardant materials containing conventional additives, and smoke
      generation may be reduced still further when a blowing agent is present in
      addition to the low softening point glass. In many cases the smoke
      generation on combustion of a fire retardant material according to the
      invention is significantly less than that for an unmodified composite
      material having no fire retardant properties. Furthermore, even when
      conventional fire retardant additives or resin components are present, the
      presence of low softening point glass, preferably together with a blowing
      agent, may lower the smoke generation considerably. For example, a
      chlorendic acid modified glass-reinforced polyester containing a phosphate
      glass and DCDA gave less smoke on combustion than did an unmodified GRP
      containing no fire retardant additives, low softening point glass or
      blowing agent.
PAR  Smoke generation on combustion is measured according to ASTM D 2843-70 in
      which the attenuation of a light beam across a confined space in which a
      sample of the material is burned is measured as a function of time. The
      maximum obscuration reached is measured, and in addition the "smoke
      density rating" is measured by integrating the area under the
      obscuration/time curve up to 4 minutes from the start of combustion. The
      rate of emission of smoke at a given time may also be measured from the
      slope of the curve, but this is not a part of the standard ASTM procedure.
PAR  Composite materials according to the invention may find application as, or
      in the manufacture of, composite structural and decorative members in
      buildings. In particular, translucent GRP sheet may be used for roofing
      the rooflights and opaque GRP sheet may be used for decorative panels.
DETD
PAR  The invention is further illustrated by the following Examples.
PAC  EXAMPLE 1
PAR  a. A phosphate glass made according to our copending British Patent
      Application No. 19560/72 and containing (mole %) 71.8% P.sub.2 O.sub.5,
      2.6% B.sub.2 O.sub.3, 10.3% Na.sub.2 O, 10.3% Li.sub.2 O and 5.1% BaO was
      ground to coarse particles (about 5-8 B.sub.SS mesh, 2.0-3.5 mm diameter)
      2% by weight of "Silanox" (Cabot Corp.) hydrophobic silica was added and
      the mixture was ball milled until the average particle size of the glass
      was reduced to less than 75 microns.
PAR  An unsaturated polyester resin was made by mixing the following components.
TBL  ______________________________________                                    

                              Parts                                            

                              by weight                                        

     ______________________________________                                    

     Polyester resin BP 4128 (BIP Chemicals Ltd)                               

                                60                                             

     Methyl ethyl ketone peroxide                                              

                                0.6                                            

     Accelerator B (BIP Chemicals Ltd)                                         

                                0.24                                           

     ______________________________________                                    

PAL  The glass powder (15 parts by weight) was then added and the mixture again
      well stirred. The dispersion of glass in resin was then incorporated with
      three 15cm square layers of glass mat (30 parts by weight, 14 parts by
      volume) using normal hand lay-up techniques in a suitable mould to give a
      finished flat plaque 150 .times. 150 .times.  3mm. The material was
      allowed to gel overnight and then cured for 5 hours at 80.degree.C. The
      glass mat used was Fibreglass SuprEmat, a 5cm chopped strand mat with a
      PVA/silane finish, wt. 450 gm.sup.-.sup.2.
PAR  b. A control plaque was made as above but substituting for the glass 15
      parts by weight of dolomite powder.
PAR  Sample (a) containing low softening point glass was self-extinguishing (SE)
      by ASTM D 635-68, the length burned being 33mm in 4 minutes (average of 3
      determinations).
PAR  The control sample (b) was burning (B) by this test, the burning rate being
      15mm per minute. (Average of 3).
PAC  EXAMPLE 2
PAR  A glass-reinforced polyurethane/polyester sheet moulding compound
      containing low softening point glass was prepared by mixing:
TBL                           Parts                                            

                              by weight                                        

     ______________________________________                                    

     An unsaturated polyester resin consisting                                 

     of 62% by wt. of an unsaturated polyester                                 

     of acid value 50.8 mg KOH/g and hydroxyl                                  

     value 69.3 mg KOH/g formed from fumaric                                   

                                65                                             

     acid and isophthalic acid (in molar ratio 3:1)                            

     and propylene glycol; and 38% wt. of styrene                              

     Triethylene glycol/hydroquinone (1:1)                                     

                                0.3                                            

     t-butyl peroctoate         1.0                                            

     Dianol 33 oxypropylated bisphenol A                                       

                                22.2                                           

     (hydroxyl value 33mg KOH/g)                                               

     ______________________________________                                    

PAL  then adding 25.2 parts by weight of the low softening glass of Example 1,
      powdered as described above, and 126.7 parts by weight of BLR.3
      stearate-coated calcium carbonate filler (Plastichem Ltd) and mixing
      thoroughly. 12.8 parts by weight of polymeric diisocyanatodiphenylmethane
      of average isocyanate functionality 2.7 (Suprasec DN, ICI Ltd) was blended
      with the mixture which was then added to two 23cm squares of SuprEmat
      chopped strand glass mat (60 parts by weight) and allowed to gel
      over-night. The sheet was cured by pressing at 135.degree.C for 10 minutes
      at a pressure of 3.9 MNm.sup.-.sup.2 to give a plaque 3mm thick.
PAR  A control plaque was also prepared using only BLR-3 filler (151.9 parts by
      weight) and no low softening point glass.
PAR  Three samples cut from each plaque were tested, all being
      self-extinguishing by ASTM D 635-68.
TBL  ______________________________________                                    

            Average Burning Time                                               

                          Average Length Burned                                

     ______________________________________                                    

     Example 2                                                                 

              60 secs          6mm                                             

     Control  294 secs.       50mm                                             

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  This example illustrates the use of small amounts of conventional
      fire-retardant additives in conjunction with a low softening glass in
      order to give improved fire-retardance.
PAR  A plaque was prepared as in Example 1 except that to the polyester resin
      was added 13 parts by weight of the powdered phosphate glass, 1.0 part by
      weight of antimony oxide ("Timonox" GS) (R.T.M.) and 1.0 part by weight of
      "Cereclor" 70 (chlorinated fire-retardant additive, Reg. Trade Mark of
      Imperial Chemical Industries Limited).
PAR  Samples cut from the plaque were non-burning (NB) by ASTM D635-68.
PAC  EXAMPLES 4-9
PAR  These examples illustrate the effect of blowing agents upon the fire
      retardancey of an E-glass reinforced polyester resin containing finely
      powdered low softening point glass.
PAR  The glass used was made according to our copending British Patent
      Application No. 19560/72, having the composition (moles %) P.sub.2 O.sub.5
      65.8, PbO 13.2, Na.sub.2 O 9.4, Li.sub.2 O 9.4, B.sub.2 O.sub.3 2.3 and a
      Tg of 147.degree.C It was ground to coarse particles (5-8 mesh B.S.S.)
      then ball milled to a particle size &lt;75.mu.m and aged by heating in air to
      110.degree.C for 1 hr.
PAR  In these examples, unless otherwise stated, a standard GRP plaque was made
      by stirring together the following components:
TBL                           Parts                                            

                              by weight                                        

     ______________________________________                                    

     Polyester resin Crystic 195 (containing                                   

     styrene and methyl methacrylate, and having                               

                                80                                             

     when cured n.sub.D = 1.548, supplied by                                   

     Scott Bader Limited)                                                      

     Catalyst H paste (Scott Bader Ltd)                                        

                                1.7                                            

     Accelerator E (Scott Bader Ltd)                                           

                                0.8                                            

     Low softening point glass powder                                          

                                20                                             

     Blowing agent              7                                              

     ______________________________________                                    

PAL  and impregnating three 15 cm square layers of SuprEmat (30 parts by weight,
      13% by volume of the total material) with the mixture, using nomal hand
      lay-up techniques. The material was allowed to gel overnight then cured
      for 5 hours at 80.degree.C, to give a 3mm thick plaque.
PAR  In addition, three control plaques were made up using the same weight of
      resin and E-glass, but without blowing agent. Control C1 had no powdered
      glass, C2 had 20 parts by weight of powdered E-glass, and C3 had 20 parts
      by weight of the low softening glass powder. In Example 9 a mixture of two
      blowing agents was used, 3.5 parts by weight of each being present.
PAR  Samples were cut from each plaque for testing by ASTM D635-68 and ASTM
      D2863-70 (Oxygen Index) The latter test is generally regarded to be the
      more meaningful and reproducible of the two.
TBL  __________________________________________________________________________

     Control          No of                                                    

                           ASTM D 635-68               ASTM                    

     or    Blowing Agent                                                       

                      samples                                                  

                           Burning Self-Extinguishing                          

                                              Non-Burning                      

                                                       D 2863-70               

     Example          averaged                                                 

                           Rate (mm/min)                                       

                                   dist.                                       

                                       time (min)                              

                                              afterburn                        

                                                       (oxygen index)          

     No.                           burned     time (min)                       

                                                       % O.sub.2 (mm)          

                                   (mm)                                        

     __________________________________________________________________________

     C1                                                                        

     (unmodified)     2    28      --  --     --       not measured            

     C2                                                                        

     (E-glass powder)                                                          

          2           20   --      --  --     20.3                             

     C3                                                                        

     (LSG powder)                                                              

          3           13   --      --  --     23.1                             

     4    DCDA        3    --      5   1.5     1.65    27.4                    

                                       (one sample)                            

                                              (av. of 2 sam.)                  

     5    Melamine    3    --      --  --     1.2      28.7                    

     6    Guanidinium carbonate                                                

                      3    --      6   1.5    --       27.1                    

     7    uracil      2    --      5   2.0    --       not measured            

     8    phosphoramide                                                        

                      3    --      13  1.8    --       not measured            

     9    DCDA + melamine                                                      

                      2    --      --  --     0.9      30.0                    

     __________________________________________________________________________

PAC  EXAMPLE 10
PAR  This example illustrates the effect of ageing the composite material
      containing low softening point glass.
PAR  A series of four standard plaques was made as described for Example 4-9
      using DCDA as blowing agent but using the glass of Example 1 freshly
      milled with 2% Silanox. A sample of each of two plaques was tested by ASTM
      D635-68 immediately, and a further sample from the same plaques was tested
      four months later, after storage in normal ambient conditions. The other
      two plaques were tested after 1 week and 4 months. The results are given
      below.
TBL  __________________________________________________________________________

                       Self-Extinguishing                                      

     Age No samples                                                            

               Burning                 Non-burning                             

         averaged                                                              

               rate (mm/min)                                                   

                       Dist. burned (mm)                                       

                                 time (min)                                    

                                       afterburn                               

                                       time (min)                              

     __________________________________________________________________________

     0   2     12.5    --        --    --                                      

     1 wk.                                                                     

         1     11      --        --    --                                      

         1     --       8        2.5   --                                      

     4 mo.                                                                     

         3     --      16        2.5   --                                      

         1     --      --        --    1.25                                    

     __________________________________________________________________________

PAC  EXAMPLE 11
PAR  This example illustrates the effect of ageing low softening point glass
      powder at 110.degree.C before incorporation into the resin. The glass was
      that described in Examples 4-9 and after ageing standard plaques were made
      up as described for Examples 4-9; with DCDA as blowing agent. Two or three
      samples from wach plaque were tested by ASTM D635-68 with the following
      results.
TBL  __________________________________________________________________________

                     Self-Extinguishing                                        

     Treatment of glass                                                        

               Burning               Non-burning                               

               rate (mm/                                                       

                     dist. burned (mm)                                         

                               time (min)                                      

                                     afterburn                                 

               min)                  time (min)                                

     __________________________________________________________________________

     freshly milled                                                            

               11                    --                                        

                     38        4.7                                             

                     25        3.8                                             

     aged at 110.degree.C                                                      

               --    13        2.3                                             

     30 min.                         1.5                                       

     aged at 110.degree.C                                                      

     60 min.   --              --    1.5                                       

                                     1.8                                       

     __________________________________________________________________________

PAC  EXAMPLES 12, 13
PAR  These examples illustrate the effect of the particle size of the low
      softening point glass upon the fire retardant properties of the product.
PAR  Two standard GRP plaques were made according to Examples 4-9, the 7 parts
      of blowing agent being made up of 2 parts DCDA and 5 parts melamine. In
      both cases the glass was that of Example 4, but for Example 12 the glass
      was ball milled powder, aged at 110.degree.C for 30 min, while for Example
      13 the glass was granulated and screened to B.S.S. mesh 60-85
      (180-250.mu.m approx. particle diameter).
TBL  ______________________________________                                    

     Example   ASTM D 635-68    Oxygen Index                                   

     ______________________________________                                    

     12        NB, 1.5 min afterburn                                           

                                29.2%                                          

     13        NB, 1.4 min afterburn                                           

                                31.6%                                          

     ______________________________________                                    

PAC  EXAMPLES 14-16
PAR  These Examples illustrate the effect of the Tg of the low softening point
      glass upon the fire retardance of the product. The Tg of a glass of a
      given composition may be varied by altering the refining time.
PAR  Standard plaques were made as described in Example 13, using samples of
      glass of the composition described in Examples 4-9, but varying in Tg. The
      glass was granulated and sieved to 180-250.mu.m particle size in all
      cases. Samples were tested by ASTM D2863-70.
TBL  ______________________________________                                    

     Example No                                                                

             Tg of low softening point glass                                   

                                  Oxygen Index                                 

             (.degree.C)          (%)                                          

     ______________________________________                                    

     14      108                  35.4                                         

     15      139                  29.2                                         

     16      189                  25.6                                         

     ______________________________________                                    

PAR  Example 16 was self-extinguishing by ASTM D635-68, the others being
      non-burning.
PAC  EXAMPLES 17-25
PAR  These Examples illustrate the effect of varying the ratio of low softening
      point glass (LSG) to blowing agent. The resin was that described in
      Examples 4-9, the glass was as described in Example 13, and the blowing
      agent was DCDA. The quantities of low softening point glass and of DCDA
      added to 82.5 parts of catalysed resin and 30 parts of E-glas mat are
      shown below together with the results of ASTM D2863-70.
TBL  __________________________________________________________________________

     Example                                                                   

          Total LSG + DCDA                                                     

                    LSG    DCDA   DCDA:  Oxygen                                

     No.  (pts. by weight)                                                     

                    (pts by wt)                                                

                           (pts by wt.)                                        

                                   LSG   Index                                 

     __________________________________________________________________________

     17   20        18     2      10:90  26.6                                  

     18   20        13.5   6.5    32.5:67.5                                    

                                         28.2                                  

     19   20        10     10     50:50  25.5                                  

     20   27        25     2      7.4:92.6                                     

                                         28.7                                  

     21   27        20     7      26:74  31.2                                  

     22   27        18     9      33:67  28.8                                  

     23   35        30     5      14.3:85.7                                    

                                         29.6                                  

     24   35        26     9      25.7:74.3                                    

                                         33.3                                  

     25   35        20     15     43.57  29.6                                  

     __________________________________________________________________________

PAC  EXAMPLES 26, 27
PAR  These Examples illustrate the increased fire retardance obtained when low
      softening point glass and blowing agent is used in conjunction with a
      chlorendic acid modified fire retardant polyester resin.
PAR  Plaques were made up as for Example 13, but in Example 26, the 80 parts of
      Crystic 195 was replaced by a mixture of 50 parts Crystic 195 and 30 parts
      of Crystic 302 (Scott Bader Ltd), a chlorendic acid modified unsaturated
      polyester resin. In Example 27, 80 parts of Crystic 302 were used. Burning
      test results are shown below, and compared with Example 13.
TBL  __________________________________________________________________________

     Example No.                                                               

            % modified resin                                                   

                      ASTM D635-68                                             

                                 Oxygen Index (%)                              

     __________________________________________________________________________

     13     0        NB, 1.4min afterburn                                      

                                 31.6                                          

     26     37.5     NB, 11sec. afterburn                                      

                                 38.7                                          

     27     100      NB, 0 afterburn                                           

                                 44.4                                          

     __________________________________________________________________________

PAC  EXAMPLES 28-30
PAR  These Examples illustrate the weathering of translucent GRP sheet according
      to the invention, and the use of coating agents to improve weathering.
PAR  Standard 3mm thick plaques were made up as described in Examples 4-9, using
      coated ball-milled low softening point glass, but no blowing agent. In
      addition, control plaques were made as C1, C2 and C3 in Examples 4-9, and
      as Example 12.
PAR  Specimens 50mm square were cut from the plaques, and three specimens of
      each plaque were tested. The light transmission of each specimen was
      measured water absorption was measured according to British Standard 2782
      part 5 1965, 502G, and the light transmission was again measured.
PAR  To determine light transmission, the specimen is placed horizontally on a
      diffusing translucent surface illuminated from below by fluorescent light
      tubes so that the light transmitted through the surface is 180-200
      lumens/ft.sup. 2 (1935-2150 lumens m.sup.-.sup.2).
PAR  An E.E.L. photoelectric photometer cell is placed on the upper surface of
      the specimen so that the cell (approx. 40 mm diameter) is entirely within
      the perimeter of the specimen. The light intensity reading (x
      lumens/ft.sup.2) is noted. The specimen is then removed without moving the
      cell and the new reading (y lumens/ft.sup.2) is noted. The % transmittance
      of the specimen is then x/y .times. 100.
PAR  According to BS 2782 pt. 5, 502G, the three specimens are dried in an oven
      for 24 hours at 50.degree.C, cooled in a dessicator, then placed in
      distilled water at 23.degree.C for 24 hours. The specimens are then taken
      out, surface water is removed with filter paper, and the specimens are
      weighted within 1 minute (W.sub.1). The specimens are then redried at
      50.degree.C for 24 hours, cooled in a dessicator and reweighed (W.sub.2).
PAR  The water absorption is W.sub.1 -W.sub.2 mg, the average of 3 results being
      taken.
TBL  __________________________________________________________________________

                                               Light                           

                                               Transmittance                   

     Control or                                                                

             Glass  Coating      blowing                                       

                                        Water absorp                           

                                               before                          

                                                   after                       

     Example No.                                                               

             Powder              agent  (mg)                                   

     __________________________________________________________________________

     C1      none   --           none   25     85.5                            

                                                   84.4                        

     C2      E-glass                                                           

                    none         none   29     69.2                            

                                                   63.5                        

     C3      milled LSG                                                        

                    none         none   134    58.8                            

                                                   43.6                        

     12      "      none         DCDA/mel.                                     

                                        165    48.9                            

                                                   34.9                        

     28      "      2% hydrophobic silica                                      

                                 none   40     52.3                            

                                                   49.5                        

     29      "      2% Mg stearate                                             

                                 none   42     66.0                            

                                                   64.0                        

     30      "      silicone/silane                                            

                                 none   46     85.4                            

                                                   74.0                        

     __________________________________________________________________________

PAR  In Example 30, the coating used was 0.5% Reactive Silicone 133 (Union
      Carbide Co.) applied in 5% solution in ethanol, followed by 1% Silane A
      174 (Union Carbide Co.) (methacryloxypropyl trimethoxysilane) applied in
      solution in ethanol.
PAR  It will be seen that coatings, particularly silanes, may improve the
      transmittance of the sheet before weathering as well as reducing the loss
      of transmittance due to weathering.
PAC  EXAMPLE 31
PAR  Commercial corrugated GRP translucent sheet is normally 1mm thickness. A
      sample of sheet of this thickness was made according to the invention,
      containing granulated low softening point glass as in Example 13 coated
      with silicone/silane system of Example 30, and DCDA as blowing agent, the
      DCDA particles also being coated with the silicone and silane.
PAR  The product has a light transmittance of 79% before weathering.
PAC  EXAMPLES 32-34
PAR  These Examples illustrate the use of low softening point glasses other than
      those of Examples 1 and 4.
PAC  EXAMPLE 32
PAR  The glass used in this Example is a less preferred phosphate glass
      containing less than 60 mole % P.sub.2 O.sub.5, having the composition
      (mole %) P.sub.2 O.sub.5 55.9, PbO 20.6, B.sub.2 O.sub.3 2.4, K.sub.2 O
      18.7, MgO 1.2, BaO 1.2, and a Tg of 205.degree.C.
PAR  The glass was granulated and screened to 180-250.mu.m particle size, and a
      standard plaque was made as described in Examples 4-9, using DCDA as
      blowing agent.
PAR  The sample was burning by ASTM D635-68, burning rate 16 mm/min. By
      comparison, the burning rate of control C2, incorporating E-glass powder,
      is 20 mm/min.
PAC  EXAMPLE 33
PAR  A glass having the composition (moles %) P.sub.2 O.sub.5 65.1, ZnO 9.3,
      Li.sub.2 O 18.6, BaO 7.0, and a Tg of 225.degree.C was ball milled and
      aged at 110.degree.C for 30 min. A standard plaque was made as described
      in Examples 4-9, using 5 parts melamine 2 parts DCDA.
PAR  The sample was self-extinguishing by ASTM D635-68, dist. burned 61mm time
      1.7 min. Oxygen index 26.6%.
PAC  EXAMPLE 34
PAR  The glass used in this example is a lead-free glass whose refractive index
      matches that of E glass. It has the composition (moles %) P.sub.2 O.sub.5
      70.2, Li.sub.2 O 10.0, Na.sub.2 O 10.0, B.sub.2 O.sub.3 2.5, Sb.sub.2
      O.sub.3 7.3, a Tg of 160.degree.C and a refractive index of 1.547.
PAR  A standard plaque made using granulated glass of of 180-250.mu.m particle
      size and 7 parts DCDA was self-extinguishing by ASTM D635-68 (3mm in 56
      sec.) Its Oxygen Index was 28.8%, water absorption 71mg, initial light
      transmittance 52%, light transmittance after water absorption also 52%.
PAC  EXAMPLES 35, 36
PAR  These Examples illustrate the testing of GRP sheet according to the
      invention by B.S. 476 part 3 and part 7.
PAR  Sheets were made up with the following weights of components:
TBL                       Weight (g)                                           

                          Ex. 35 Ex. 36                                        

     ______________________________________                                    

     Crystic 195            3500     1000                                      

     Catalyst paste H       35       10                                        

     Accelerator E          3.5      1                                         

     low softening point glass as Ex. 4,                                       

     Tg 153.degree.C ball milled and aged at                                   

                            875      250                                       

     110.degree.C                                                              

     DCDA                   302      86.2                                      

     SuprEmat               1080     308                                       

     ______________________________________                                    

PAL  Ex. 35 gave a sheet 91.5cm square, 3mm thick which was tested by BS 476
      part 3 and gave AA performance. A sample cut from the sheet had an oxygen
      index of 27.6%. Ex. 36 gave a sheet 915 .times. 254 .times. 3mm which was
      cut to 900 .times. 230mm and tested by BS 476 part 7, giving class 2
      performance.
PAC  EXAMPLE 37
PAR  This Example illustrates the evaluation of smoke emission on combustion
      according to ASTM 2843-70, using specimens of certain earlier Examples and
      controls together with two new controls C4 and C5 containing no low
      softening glass but conventional fire retardant additives and chlorendic
      acid modified resin respectively.
PAR  The following Table gives the compositions of the specimens used and the
      results for maximum obscuration and smoke density rating by ASTM 2843-70.
TBL  __________________________________________________________________________

           Example or control No.                                              

                        C1   C4   C5   12   13   26   33                       

           Catalysed Crystic 195                                               

                         82.5                                                  

                              82.5                                             

                                   52.2                                        

                                        82.5                                   

                                             82.5                              

                                                  52.5                         

                                                       82.5                    

           Crystic 302  --   --   30   --   --   30   --                       

           (chlorendic acid                                                    

             modified)                                                         

     parts SuprEmat     30   30   30   30   30   30   30                       

     by                                                                        

     wt.   Antimony oxide                                                      

                        --    8   --   --   --   --   --                       

           Cerechlor    --    8   --   --   --   --   --                       

           LSG (as Ex 4) aged)                                                 

           ball milled powder)                                                 

                        --   --   --   20   --   --   --                       

           LSG (as Ex 4) gran-                                                 

                        --   --   --   --   20   20   --                       

           ulated                                                              

           LSG (as Ex 33) powder                                               

                        --   --   --   --   --   --   20                       

           DCDA         --   --   --    2    2    2    2                       

           Melamine     --   --   --    5    5    5    5                       

     ASTM                                                                      

     2843-70                                                                   

           Max. obscuration %                                                  

                        99    99.5                                             

                                  100  75   81   93   75                       

           Smoke density rating                                                

                        86   91   86   55   55   53   55                       

     __________________________________________________________________________

PAC  EXAMPLE 38
PAR  This Example illustrates an alternative method of preparation of GRP sheet
      containing LSG powder.
PAR  Low softening point glass of the composition given in Example 4, Tg
      160.degree.C, was granulated and sieved to 180-250.mu.m, and 7.5g of the
      powder was sprinkled on to 10g SuprEmat (one 15cm square mat of 450
      gm.sup.-.sup.2). The mat bearing the LSG powder was then dipped through an
      emulsion of 0.25% polyvinyl acetate in water and dried at 80.degree.C, 3
      hour.
PAR  Three such mats were impregnated with 82.5g catalysed Crystic 195
      containing 7.0g DCDA and cured in the normal way to give a 3 mm plaque.
      Specimens cut from the plaque were S.E. (3mm, 1.3min) by ASTM D 635-68.
PAC  EXAMPLE 39
PAR  This Example illustrates a thermosetting composite material containing low
      softening point glass fibres.
PAR  A low softening point glass as described in Example 4 was drawn into fibre
      on a fibre spinning apparatus with a 48-hole bushing, to give a 48
      filament single end roving of fibre diameter 13.mu.m. The filaments were
      sized with polyvinyl acetate emulsion before being gathered together. A
      similar roving was obtained from E glass by drawing and coating, the
      wind-up speed being adjusted to give approx 15.mu.m diameter fibres.
PAR  Three ends of the E glass roving and 2 ends of the LSG roving were fed
      together into a compressed air driven chopping gun set to cut 5 cm
      lengths, and the chopped strands were sprayed on to a fine mesh screen
      with a partial vacuum applied to the under side. A random chopped strand
      mat weighing 750gm.sup.-.sup.2 was obtained, which was sprayed with
      polyvinyl acetate emulsion and dried.
PAR  Catalysed Crystic 195 (82.5g) containing DCDA (7g) was used to impregnate
      50g of the above mat, to give, after curing, a plaque containing 20g LSG
      fibres and 30g E glass fibres. Specimens cut from the plaque were NB
      (afterburn 1.7min) by ASTM 635-68, oxygen index
PAC  EXAMPLE 40
PAR  This Example illustrates the use of an epoxy resin as the thermosetting
      matrix.
PAR  10g of SuprEmat (one layer only) was impregnated with an epoxy resin
      prepared by mixing Araldite AV 100 (40g) and Araldite HV 100 (40g), and
      containing 20g of low softening point glass as Example 13, 2g DCDA and 5g
      melamine. The product was cured for 4 hours at 50.degree.C. A control
      plaque (C6) was made in which the LSG and blowing agent were omitted.
TBL  ______________________________________                                    

              ASTM 635-68   Oxygen Index                                       

     ______________________________________                                    

     Ex. 40   NB (afterburn 0.75 min)                                          

                                26.6%                                          

     C6       B (25 mm/min)     21.5%                                          

     ______________________________________                                    

CLMS
STM  What we claim is:
NUM  1.
PAR  1. A reinforced thermosetting composite material of improved fire
      retardance containing a thermosetting resin matrix, between 2 and 60% by
      weight, based on the weight of thermosetting resin matrix component, of a
      low softening point inorganic oxide glass having a transformation
      temperature not greater than 300.degree.C and from 2 to 20% by weight,
      based on the weight of the thermosetting resin matrix component, of at
      least one blowing agent, which decomposes upon heating above a temperature
      between 150.degree.C and 400.degree.C with evolution of a non-flammable
      gas, the combination of said glass and blowing agent improving the fire
      retardance of the thermosetting resin matrix.
NUM  2.
PAR  2. A material as claimed in claim 1 in which the low softening point glass
      has a transformation temperature not greater than 250.degree.C.
NUM  3.
PAR  3. A material as claimed in claim 1 in which the low softening point glass
      is a phosphate glass containing not less than 25 mole % P.sub.2 O.sub.5.
NUM  4.
PAR  4. A material as claimed in claim 3 in which the phosphate glass contains
      not less than 60 mole % P.sub.2 O.sub.5.
NUM  5.
PAR  5. A material as claimed in claim 4 in which the low softening point glass
      is present in the form of particles.
NUM  6.
PAR  6. A material as claimed in claim 5 in which the diameters of the low
      softening point glass particles fall substantially within the range
      100-300.mu.m.
NUM  7.
PAR  7. A material as claimed in claim 1 in which the low softening point glass
      is present to the extent of between 10 and 30% by weight of the matrix
      resin.
NUM  8.
PAR  8. A material as claimed in claim 3 in which the phosphate glass is in the
      form of particles which are coated with a finely powdered solid
      hydrophobic material.
NUM  9.
PAR  9. A material as claimed in claim 3 in which the phosphate glass is in the
      form of particles which are coated with an organosilane coupling agent.
NUM  10.
PAR  10. A material as claimed in claim 1 in which the reinforcement is in the
      form of fibres.
NUM  11.
PAR  11. A material as claimed in claim 10 in which the fibre reinforcement
      comprises E-glass.
NUM  12.
PAR  12. A material as claimed in claim 10 in which the content of reinforcing
      fibres is at least 5% by volume of the material.
NUM  13.
PAR  13. A material as claimed in claim 12 in which the mean length of the
      reinforcing fibres is at least 0.5cm.
NUM  14.
PAR  14. A material as claimed in claim 13 in which the thermosetting matrix
      component is an unsaturated polyester resin.
NUM  15.
PAR  15. A material as claimed in claim 14 in which the unsaturated polyester
      resin contains chlorendic acid residues.
NUM  16.
PAR  16. An E-glass reinforced material as claimed in claim 11, in which the
      thermosetting matrix component is an unsaturated polyester resin, the
      resin and the low softening point glass being selected so as to have
      refractive indices in the range N.sub.D =1.545-1.549, and the material
      being in the form of a translucent sheet.
NUM  17.
PAR  17. A material as claimed in claim 16 in which the low softening point
      glass has the composition (moles %) P.sub.2 O.sub.5 65.8, PbO 13.2,
      Na.sub.2 O 9.4, Li.sub.2 O 9.4, B.sub.2 O.sub.3 2.3.
NUM  18.
PAR  18. A material as claimed in claim 1 in which the blowing agent is present
      in the range of 5 to 10% by weight of the thermosetting matrix component.
NUM  19.
PAR  19. A material as claimed in claim 1 in which the blowing agent comprises
      dicyandiamide.
NUM  20.
PAR  20. A material as claimed in claim 19 in which the blowing agent comprises
      dicyandiamide and melamine.
NUM  21.
PAR  21. A material as claimed in claim 19 in which the rati of the weight of
      blowing agent to the weight of low softening point glass lies between
      25:75 and 33:67.
NUM  22.
PAR  22. A method for the preparation of material as claimed in claim 5
      comprising the steps of grinding a low softening point glass to
      particulate form, dispersing the particles and blowing agent in a liquid
      precursor of the thermosetting matrix, and impregnating the reinforcing
      component with the dispersion.
NUM  23.
PAR  23. A method for the preparation of material as claimed in claim 5,
      comprising the steps of grinding a low softening point glass to
      particulate form, adding the particles and blowing agent to the
      reinforcing component, and impregnating the combination with a liquid
      precursor of the thermosetting resin.
NUM  24.
PAR  24. A method as claimed in claim 22 in which the low softening point glass
      particles are coated with a material selected from finely powdered
      hydrophobic solids and organosilane coupling agents.
NUM  25.
PAR  25. A method as claimed in claim 23 including the additonal step of coating
      the combination of low softening glass particles and reinforcement with a
      binding agent before impregnation with the resin precursor.
NUM  26.
PAR  26. A material produced by the method of claim 20.
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ABST
PAL  Polyol blends which comprise a mixture of dihalobutenediol and polyhydroxy
      compounds wherein the hydroxyl number of the mixture is from about 200 to
      800 are disclosed. A process for preparing polyol blends and
      flameretardant polyurethane compositions using the polyol blends are also
      disclosed.
PARN
PAR  This application is a division of our copending U.S. patent application
      Ser. No. 123,109, filed Mar. 10, 1971, now U.S. Patent No. 3,812,047.
BSUM
PAR  This invention relates to novel polyol blends, to a process for preparing
      these compositions, and to flame-retardant polyurethane foam compositions
      prepared from these polyol compositions. More particularly, this invention
      relates to polyol blends and polyurethane foam compositions which contain
      dihalobutenediol and to a process for preparing a blend of
      dihalobutenediol and a polyhydroxy compound. Still, more particularly,
      this invention relates to flame-retardant foams derived from polyol blends
      containing dihalobutenediol and to the particular polyol blends used in
      the preparation of the foams.
PAR  Polyurethane foams, for reasons of economy and ease of handling, have
      become widely used as insulating materials in the construction and
      manufacturing arts. Notwithstanding that polyurethane and similarly
      constituted foams are excellent insulating materials by reason of their
      characteristic property of a low specific heat, this property itself
      frequently causes such foams to build up heat excessively within the
      surface layers thereof, which may result in the ignition of the foams. In
      the past, efforts have been made to overcome the disadvantage arising from
      the use of polyurethane and similar foams in the construction and other
      industries by adding to such foams a variety of additives, such as
      phosphorus and halogen-containing compounds, which tend to inhibit the
      flammability thereof. Frequently, however, the use of additives of the
      aforementioned kind results in difficulties in the preparation of the
      flame-retardant polyurethane foams arising from compatability problems
      with the reactant materials. Therefore, polyurethane foams prepared from
      reactant materials which would impart the characteristic of
      flame-retardancy thereto without the inclusion of possible incompatible
      additives represents a desirable advance in the art.
PAR  It is, accordingly, an object of this invention to provide a novel
      fire-retardant polyurethane foam composition.
PAR  It is another object of this invention to provide a novel polyol blend for
      use in said flame-retardant polyurethane foam compositions.
PAR  It is another object of this invention to provide novel processes for the
      preparation of said polyol blends. Still other objects of this invention
      will become evident to those skilled in the art from the following
      detailed description of the invention.
PAR  Broadly, the polyol blends of this invention are mixtures of
      dihalobutenediol and organic polyhydroxy compounds wherein the hydroxyl
      number of the resulting polyol blend is from about 200 to about 800 and
      the weight percent of the dihalobutenediol in said blend is at least about
      10%.
PAR  In a class of polyol blend of this invention the weight percent of
      2,3-dihalo-2-butene-1,4-diol based on the blend of diol and polyhydroxy
      compound does not exceed 60%. In a preferred polyol blend the weight
      percent of the 2,3-dihalo-2-butene-1,4-diol is from about 15 to about 40%
      based on the total weight of the diol and polyhydroxy compound and the
      hydroxyl number of the diol and polyol blend is from 300 to 600.
PAR  Among the 2,3-dihalo-2-butene-1,4-diols used in accordance with this
      invention are dibromobutenediol, dichlorobutenediol, and diiodobutenediol.
      The preferred diol is dibromobutenediol.
PAR  Exemplary of the polyhydroxy compounds which can be used in conjunction
      with the dibromobutenediol to prepare polyol blends within the polyol
      blends of this invention are polyhydroxy alkanes, alkoxylated polyhydroxy
      alkanes, sugars, alkoxylated sugars, hydroxyl terminated polyesters,
      hydroxyl terminated aromatic polyethers, and methylolated or alkoxylated
      amines.
PAR  More particularly within the category of polyhydroxy alkanes are included
      sugar alcohols, and glycols: for example, ethylene glycol, propylene
      glycol, butanediol, sorbitol, glycerine, erythritol, threitol, and
      1,2,5,6-hexanetetrol.
PAR  The alkoxylated polyhydroxy alkanes include the reaction product of an
      alkylene oxide or arylene oxide with a polyhydroxy alkane within the
      above-described class. The oxide which can be used in preparing the oxide
      derivatives can be any which is reactive with the polyhydroxy alkane
      without excessive degradation occurring. Among the oxides within this
      class are ethylene oxide, propylene oxide, butene oxide, and styrene
      oxide. The mols of oxide per hydroxyl group of polyhydroxy alkane are
      usually from 1:1 to about 20:1. Included as a polyhydroxy alkane are those
      polyethers represented by the formula
EQU  HO --R -- O-- H
PAL  where R is an alkenyl radical or an aryl substituted alkenyl radical and
      said alkenyl radical contains up to 4 carbon atoms.
PAR  The hydroxyl terminated aromatic polyethers which may be used as part of
      the polyol blend of the invention include polyphenyl ethers, and the
      reaction product of aromatic diols such as bisphenol A and an alkylene
      oxide. In all cases the aromatic polyethers have an ether linkage directly
      to the aromatic nucleus. Examples of the polyethers are polyoxyethylene
      (10)-2,2-bis(4-hydroxyphenyl)propane, polyoxystyrene(40)bis
      (2,6-dibromo-4-hydroxyphenyl)ethane and
      ##SPC1##
PAR  The sugars contemplated include mono- and disaccharides such as glucose,
      fructose, maltose, sucrose and mannose. The alkoxylated sugars include
      sugars containing up to about 10 oxyalkylene or oxyarylene groups per
      hydroxyl group of said sugar. Examples of these alkoxylated sugars include
      polyoxystyrene(10) sucrose, polyoxybutylene(6)glucose,
      polyoxyethylene(8)maltose.
PAR  The hydroxyl terminated polyesters which can be used are those hydroxyl
      terminated polyesters which are liquid at room temperature and may include
      the reaction products of saturated or unsaturated diacids with dihydroxy
      compounds. Examples of the acids include phthalic, succinic, adipic,
      fumaric, maleic, and bis(4-carboxyphenyl)propylene. The dihydroxy
      materials include diols such as butanediol, hexanediol,
      tetrabromobisphenol A, bis(4-hydroxyphenyl)ethylene, dibromobisphenol A,
      and alkoxylated derivatives of such dihydric materials.
PAR  Amines which can be used as hydroxyl bearing compounds are methylolated and
      alkoxylated aliphatic and aryl amines. More particularly, methylolated and
      alkoxylated amines which can be used in preparing the polyol blends of
      this invention include methylolated guanamines, methylolated melamine,
      alkoxylated melamines and guanamines, and methylolated and alkoxylated
      diamines and monoamines which contain at least one primary amine group.
      Examples of these amines include
      polyoxyethylene(7)-2,4-diamino-6-phenyl-s-triazine (more commonly called
      polyoxyethylene (7)benzoguanamine);
      2,4,6-tris[bis(hydroxymethyl)-amino]-s-triazine; N,N-bis(hydroxymethyl),
      N'-methyl, tetramethylene diamine;
      N,N,N',N'-tetrakis(hydroxymethyl)pentamethylene diamine;
      N,N-bis(hydroxymethyl) N'-ethyl, N'-propyl, tetramethylene diamine; and
      N'N'-bis(hydroxymethyl)propylamine.
PAR  The polyol blend of this invention may be prepared in various ways. The
      polyol blend may be prepared by mixing 2,3-dihalo-2-butene-1,4-diol with a
      polyhydroxy compound wherein the nature and amount of the polyhydroxy
      compound is chosen to achieve a polyol blend having a hydroxyl number of
      between about 200 and about 800. A preferred process for preparing the
      polyol blend of this invention comprises mixing 2-butyne-1,4-diol with an
      amine free polyhydroxy compound in a ratio so that at least about 31/2
      weight percent of the mixture is 2-butyene-1,4-diol and adding halogen,
      e.g. bromine, to the mixture at a temperature of less than about
      100.degree.C. and in a molar ratio sufficient to substantially halogenate
      the 2-butyne-1,4-diol to 2,3-dihalo-2-butene-1,4-diol. The final mixture
      of dihalobutenediol and the polyhydroxy compound will have a hydroxyl
      number of about 200 to about 800. The reason the temperature of this
      reaction is generally maintained below 100.degree.C. is not because of
      lack of halogenation potential at temperatures above 100.degree.C. but
      rather that at temperatures exceeding 100.degree.C. undesirable side
      reactions may occur which may limit the utility of the final polyol blend.
      More particularly, the molar ratio of halogen to butynediol during the
      course of the halogenation reaction may vary from about 0.9 to 1.2 and the
      temperature of the reaction may be from -5.degree.C. to 25.degree.C.
PAR  The polyol blend prepared according to the above preferred process will be
      a relatively stable blend of the dibromobutenediol and the particular
      polyhydroxy compound which constitutes the second member of the blend.
      Naturally, mixtures of more than one polyhydroxy compound can be used in
      preparing the blends of this invention. However, as indicated above,
      polyol blends containing methylolated or alkoxylated amines cannot be used
      in the in situ halogenation and thus polyol blends containing a
      methylolated or alkoxylated amine are prepared by alternate processes.
DETD
PAR  The following are representative examples of polyol blends which are within
      the scope of this invention and the process for preparing such blends:
PAC  EXAMPLE 1
PAR  43.5 grams of 2-butyne-1,4-diol are dissolved in distilled water at room
      temperature. To this solution of butynediol, 81.5 grams of bromine are
      added dropwise over a period of 30 minutes. During the addition of the
      bromine to the butynediol solution the reaction vessel is cooled in a
      water bath and a temperature is maintained between 25.degree. and
      35.degree.C. The solution during the addition of the bromine is
      continually stirred with a magnetic stirrer. After the entire amount of
      bromine is added, the solution is stirred for an additional 15 minutes to
      insure the complete reaction of the bromine with the butynediol. The
      product is a quantitative yield of 2,3-dibromo-2-butene-1,4-diol. To this
      homogeneous solution is then added 375 grams of polyoxypropylene (8)
      sorbitol at a concentration of 95 weight percent solids in an aqueous
      solution. This mixture of polyoxypropylene(8)sorbitol and
      dibromobutenediol is then stirred until homogeneous. After homogeneity is
      reached the solution is yellow and slightly hazy. This slightly hazy
      solution is then heated for 15 minutes at 70.degree.C. until it is
      completely clear. The aqueous solution is then passed through a cation
      exchange column to remove undesirable acid by-products. Then the water is
      removed under vacuum at 75.degree.C. and the final polyol blend has a dark
      color and has a hydroxyl number of 455.
PAC  EXAMPLE 2
PAR  43.5 grams of 2-butyne-1,4-diol, 375 grams of polyoxypropylene (8) sorbitol
      and 350 grams of distilled water are mixed together until a homogeneous
      solution is formed. This resultant solution is then cooled to a
      temperature between 25.degree. and 35.degree.C. and over a period of 30 to
      60 minutes 81.5 grams (37.85 ml) of bromine is added with stirring. After
      the completion of the bromine addition, the solution is stirred for an
      additional 15 minutes to insure complete reaction. The resultant reaction
      mixture is then cation exchanged and finally the water is removed under
      vacuum at a temperature from between 70.degree. and 75.degree.C. The
      polyol blend has a hydroxyl number of 480 and an acid number of 8. The
      final color of the polyol blend is a dark brown.
PAC  EXAMPLE 3
PAR  According to the procedure of Example 2, a polyol blend is prepared from
      101/2 grams of 2-butyne-1,4-diol, 100 grams of polyoxyethylene(6)sorbitan,
      70 grams of polyoxypropylene(10) glycerine and 291/2 grams of bromine. The
      hydroxyl number of this polyol blend is 337.
PAC  EXAMPLE 4
PAR  According to the procedure of Example 1, 100 grams of
      2,3-dibromo-2-butene-1,4-diol in an aqueous solution and 100 grams of
      polyoxypropylene diethylene triamine are dissolved in 200 grams of water.
      After cation exchanging the final polyol blend has a hydroxyl number of
      462.
PAC  EXAMPLE 5
PAR  60 grams of a polyester, prepared by heating 177.9 grams of glycerine and
      416.2 grams of phthalic anhydride in the presence of potassium hydroxide
      catalyst to 140.degree.C. and then adding 288 grams of propylene oxide, is
      blended with 40 grams of dibromobutenediol in an aqeuous solution
      according to the procedure of Example 1. The final blend of polyol has a
      hdyroxyl number of 433.
PAC  EXAMPLE 6
PAR  According to the procedure of Example 1, 100 grams of dibromobutenediol in
      an aqueous solution, 40 grams of sorbitol, and 60 grams of
      polyoxypropylene(10) sorbitol are blended and cation exchanged. The final
      polyol blend has a hydroxyl number of 730.
PAC  EXAMPLE 7
PAR  According to the procedure of Example 1, 60 grams of
      2,3-dichloro-2-butene-1,4-diol, 20 grams of glycerol, and 120 grams of a
      propylene glycol polyether having an average molecular weight of 500 are
      blended in a mixer. The resulting polyol composition is cation exchanged
      and found to have a hydroxyl number of 500.
PAR  In accordance with the present invention, the above-described polyol
      compositions may be used to prepare flame-retardant polyurethane foam
      compositions comprising an organic multifunctional isocyanate and an
      above-described polyol composition.
PAR  In general, the foams of this invention are prepared by reacting a polyol
      blend in accordance with this invention with an organic multifunctional
      isocyanate in a ratio suitable to provide from about 0.8 to 1.3 isocyanate
      groups per hydroxyl group of said polyol blend. A preferred ratio of
      isocyanate groups to hydroxyl groups is from about 0.95 to about 1.05.
PAR  The conditions under which the urethane foam is prepared are not critical.
      Temperatures as low as -40.degree.C. may be used if proper catalyst
      concentration is used and if the mixture does not become too viscous. The
      upper temperature is limited only by the volatility of the reactants. A
      practical temperature range is from about 0.degree. to about 60.degree.C.
      The process can be carried out by both continous and batch processing
      techniques.
PAR  A wide variety of organic isocyanate compounds may be used to prepare the
      novel polyurethane foam compositions among which are included diphenyl
      diisocyanate; toluene diisocyanate; chloro-phenyl-2,4-diisocyanate;
      1,4-tetramethylene diisocyanate; p-phenylene-diisocyanate;
      3,3-dimethyl-4,4'-phenylene diisocyanate; 3,3'-dimethoxy-4,4'-biphenylene
      diisocyanate; polymethylene polyphenyl polyisocyanate (PAPI, which is an
      essentially tri-functional, dark colored liquid); methylene bis
      (4,4'-phenyl polyisocyanate) (Mondur MR, which is primarily diphenyl
      methane 4,4'-diisocyanate, but has an average isocyanate group content of
      about 2.5 per molecule); and other polymethylene polyphenyl isocyanates
      containing in average of from about 2.2 through 3.3 NCO groups per
      molecule.
PAR  Catalysts which may be used in the preparation of polyurethane foams of
      this invention may include amine catalysts and tin catalysts or mixtures
      thereof. Among the suitable amine catalysts are N-alkyl morpholines such
      as N-methyl morpholine and N-ethyl morpholine, tertiary amines such as
      trimethyl amine, triethyl amine, tetramethyl guanidine,
      triethylenediamine, N,N,N',N'-tetramethyl-1,3-butanediamine; dimethyl
      ethanolamine, piperazine and piperazine derivatives, such as N-methyl
      piperazine, and 1,4-diazabicyclo(2.2)octane. Amine catalysts may be
      present in amounts from about 0.05% to about 2.0% by weight based on the
      weight of the reaction mixture. Among the suitable thin catalysts are
      included dialkyl tin laurates (such as dibutyl tin dilaurate), dibutyl
      tin-di-2-ethyl hexoate, dibutyl tin diacetate, stannous oleate, and
      stannous octoate. Tin catalysts may be present in amounts from about 0.01%
      to about 1.0% by weight based on the weight of the reaction mixture.
PAR  In a preferred embodiment of preparing the polyurethane foam compositions,
      a surface active agent and a foaming agent are used. Examples of useful
      surface active agents which can be present in amounts of from about 0.05%
      to about 2% by weight of the hydroxy-bearing compounds used to prepare the
      polyurethane foams of this invention are water-soluble
      siloxane-oxyalkylene block copolymers as described in U.S. Pat. No.
      2,834,748 to Bailey et al., issued May 13, 1958. A typical organo-silicon
      surfactant is L5310 available from Union Carbide Co. Other surfactants
      which may be used are condensates of ethylene oxide with a hydrophobic
      base formed by condensing propylene oxide with propylene glycol. These
      surfactants have a molecular weight within the range of about 2000 to
      about 8000 and are generally ascribed the formula
EQU  HO(C.sub.2 H.sub.4 O).sub.a (C.sub.3 H.sub.6 O).sub.n (C.sub.2 H.sub.4
      O).sub.c H.
PAL  "l-5320 silicone" is the Union Carbide Company's propriatary name for its
      low viscosity organo-silicone having a hydroxyl number of approximately
      170 and which is a liquid organo-silicone surfactant. Its solid
      counterpart is designated to the trade as "L-5310" and is covered by
      British Patent No. 1,015,611.
PAR  Dow Corning 195 Surfactant is a siliconeglycol copolymer having the
      following typical properties:
TBL  Viscosity at 77 f, centistokes                                            

                             325                                               

     Specific Gravity at 77 F                                                  

                             1.07                                              

     Refractive Index at 77 F                                                  

                             1.4540                                            

     Color, Gardner Scale    4                                                 

     Hydroxyl Content (Phthalic                                                

     Anhydride Method) percent                                                 

                             1.8                                               

PAL  Another class of surfactants comprises alkylene oxide adducts of ethylene
      diamine having generally the formula:
      ##EQU1##
      Still another class of surfactants comprises the polyoxyalkylene esters of
      long chain fatty acids and sorbitan such as polyoxyethylene(20)sorbitan
      monolaurate, polyoxyethylene(4)sorbitan monolaurate,
      polyoxyethylene(20)sorbitan tristearate, polyoxyethylene(20)sorbitan
      monooleate, polyoxethylene(5)sorbitan monooleate and
      polyoxyethylene(20)sorbitan trioleate.
PAR  Although the polyurethane foam compositions of this invention may use water
      as a foaming agent, a halogenated saturated aliphatic hydrocarbon or a
      mixture of such halogenated saturated aliphatic hydrocarbons is preferred,
      for example, trichlorofluoromethane (Freon 11); monochloroethane;
      monochloromonofluoroethane; 1,2-dibromo, 1,1,2,2-tetrafluoroethane;
      1,1,2-trichloro 1,2,2-trifluoroethane; 1,1,2,2-tetrafluoro
      1,2-dichloro-ethane; 1,2-difluoro-1,1,2,2-tetrachloroethane;
      dichloromethane; dibromomethane and their mixtures. These materials may be
      present in nearly trace amounts up to about 50% by weight of the
      hydroxyl-bearing compound, as desired.
PAR  Preferably, though not necessarily, the foams of the present invention may
      be prepared by reacting the polyol blend with an organic polyisocyanate in
      the presence of at least one amine catalyst, a surfactant and a blowing
      agent.
PAR  The foams of this invention are self-extinguishing polyurethane foams
      meeting the fire-retardant requirement of ASTM-D-1692-59T and a
      fire-retardant test similar to the Bureau of Mines' Flame Penetration Test
      which is conducted as follows:
PAR  A foam specimen measuring 6 inches .times. 6 inches .times. 1 inch is
      mounted horizontally on a transite heat shield with a single sheet of
      Number 5 filter paper sandwiched between the foam and the heat shield. The
      heat shield measures 7 inches .times. 7 inches .times. 1/4 inch and
      contains a 11/2 inch diameter hole in its center. A National Welding
      Equipment Company, Type 3A Blowpipe Torch, equipped with a size Number 2
      nozzle (for gas and air) is lit and adjusted to a flame temperature of
      1177.degree. .+-. 15.degree.C., as measured with a chromel alumel
      thermocouple attached to a Weston Electric Ammeter Model 301. The flame
      calibration is performed in a heat shield to avoid air draft flame
      temperature variations. After the temperature is adjusted the readings on
      two differential manometers is noted and maintained at these levels to
      assure flame temperature stability. A second heat shield, without any
      holes, is placed over the foam sample and the adjusted pencil tip flame
      placed over the sample and aligned with the hole in the lower heat shield.
      The upper heat shield is removed and simultaneously a stopwatch is
      started. The time required to burn through the foam as indicated by the
      igniting or charring of the filter paper when viewed through the hole in
      the bottom heat shield, is the burn through time.
PAR  To better enable those skilled in the art to practice the invention
      contained herein the following is a representative example of preparing a
      flame-retardant polyurethane foam within this invention:
PAC  EXAMPLE 8
TBL   Formulation                                                              

     ______________________________________                                    

     Component A             Percent by Weight                                 

     ______________________________________                                    

     polyphenyl polymethylene                                                  

     polyisocyanate          44.5                                              

     (MONDUR MR)                                                               

     Component B                                                               

     Polyol Blend of Example 1                                                 

                             38.8                                              

     Component B             Percent by Weight                                 

     Organo-silicon surfactant                                                 

     (Union Carbide L-5310)  0.6                                               

     Dimethyl ethanol amine  1.0                                               

     Dibutyl tin dilaurate   0.1                                               

     Freon R-11-B            15.0                                              

     ______________________________________                                    

      (FREON is the trademark of E. I. duPont de Nemours and Company).         

PAR  Component B of the above formulation is prepared by mixing together each of
      the ingredients sequentially in the amount specified and then blending the
      resulting mixture in a suitable container with a high speed mixer. To
      Component B is then added the specified amount of Component A, which is
      the isocyanate. The mixture of the components is stirred for 10 seconds at
      high speed on a high speed mixer, after which it is poured into a
      one-gallon paper cup. Within 21 seconds the foaming action has visibly
      commenced (cream time), within 72 seconds the top portion of the foam is
      set and non-sticky (tack time), and within 110 seconds the foaming is
      complete as noted by the foam no longer rising (foam time). The
      flame-retardancy of the foam is then tested by ASTM method 1692-59T with
      the following results:
TBL  Seconds          Inches                                                   

     ______________________________________                                    

     25               3/4                                                      

     28               3/4                                                      

     29               7/8                                                      

     ______________________________________                                    

PAL  The foregoing results indicate that the foam formulation is a
      flame-retardant foam.
PAR  The following are representative examples of foam formulations which may be
      produced by following th general procedure of Example 8. The order of
      mixing the ingredients of Component B is immaterial.
PAC  EXAMPLE 9
TBL  Component A          Percent by Weight                                    

     ______________________________________                                    

     polyphenyl polymethylene                                                  

                          45.5                                                 

     polyisocyanate                                                            

     (MONDUR MR)                                                               

     Component B                                                               

     Polyol Blend of Example 2                                                 

                          37.8                                                 

     L-5310 Surfactant    0.6                                                  

     Dimethyl Ethanol Amine                                                    

                          1.0                                                  

     Dibutyl Tin Dilaurate                                                     

                          0.1                                                  

     Freon R-11-B         15.0                                                 

     Self-Extinguishing Properties-                                            

     ASTM D-1692 Test:                                                         

     Time (seconds)                                                            

                 23         22         23                                      

     Inches      0.75       0.75       0.875                                   

     ______________________________________                                    

PAC  EXAMPLE 10
TBL  Component A         Percent by Weight                                     

     ______________________________________                                    

     PAPI                38.0                                                  

     Component B                                                               

     Polyol blend of Example 3                                                 

                         45.1                                                  

     Organo-Silicon Surfactant                                                 

     (Dow-Corning DC-195)                                                      

                         0.6                                                   

     Dimethyl Ethanol Amine                                                    

                         1.0                                                   

     Triethylene Diamine (33% in                                               

     dipropylene glycol) 0.3                                                   

     Freon R-11-B        15.0                                                  

     ______________________________________                                    

PAC  EXAMPLE 11
TBL  Component A         Percent by Weight                                     

     ______________________________________                                    

     MONDUR MR           45.3                                                  

     Component B                                                               

     Polyol Blend of Example 4                                                 

                         38.8                                                  

     Organo-Silicon Surfactant                                                 

     (Dow Corning DC-195)                                                      

                         0.6                                                   

     Triethylene Diamine (33% in                                               

     dipropylene glycol  0.3                                                   

     Freon R-11-B        15.0                                                  

     ______________________________________                                    

PAC  EXAMPLE 12
TBL  Component A         Percent by Weight                                     

     ______________________________________                                    

     PAPI                42.8                                                  

     Component B                                                               

     Polyol Blend of Example 6                                                 

                         40.3                                                  

     Dow-Corning-195 Surfactant                                                

                         0.6                                                   

     Dimethylethanol Amine                                                     

                         1.0                                                   

     Triethylene Diamine (33% in                                               

     dipropylene glycol) 0.3                                                   

     Freon R-11-B        15.0                                                  

     ______________________________________                                    

PAC  EXAMPLE 13
TBL  Component A         Percent by Weight                                     

     ______________________________________                                    

     MONDUR MR Isocyanate                                                      

                         54.0                                                  

     Component B                                                               

     Polyol Blend of Example 7                                                 

                         29.0                                                  

     L-5310 Surfactant   1.0                                                   

     Triethylene Diamine (33% in                                               

     dipropylene glycol) 1.0                                                   

     Freon R-11-B        15.0                                                  

     ______________________________________                                    

PAC  EXAMPLE 14
TBL  Component A         Percent by Weight                                     

     ______________________________________                                    

     PAPI Isocyanate     46.5                                                  

     Component B                                                               

     Polyol Blend of Example 8                                                 

                         36.5                                                  

     L-5310 Surfactant   1.0                                                   

     Triethylene Diamine (33% in                                               

     dipropylene glycol) 1.0                                                   

     Freon R-11-B        1.0                                                   

     ______________________________________                                    

PAR  It will be evident that although this invention has been described with
      reference to specific polyol blends, the substitution within this blend of
      any second polyhydroxy material which together with a DBBD in the
      proportions indicated supra achieves a hydroxyl number within the
      specified range is a polyhydroxy blend within the scope of the invention,
      and such interchange and modification to form a large variety of
      equivalent polyol blends useful in the preparation of fire-retardant
      polyurethane foams is contemplated.
CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. A flame-retardant polyurethane foam composition formed in the presence
      of a blowing agent which comprises the product formed by the reaction of
      an organic di- or poly-isocyanate and a polyol blend comprised of a
      mixture of 2,3-dihalo-2-butene-1,4-diol and a polyhydroxy compound
      selected from the group consisting of sorbitol, mono- and di-saccharides
      and alkoxylated sorbitol and mono- and di-saccharides containing up to 10
      oxyalkylene or oxyarylene groups per hydroxyl groups of the sorbitol and
      mono- and di-saccharide wherein the hydroxyl number of said blend is from
      about 300 to about 600 and said 2,3-dihalo-2-butene-1,4-diol is present at
      a concentration of from about 15% to 40% based on the weight of the polyol
      blend.
NUM  2.
PAR  2. A flame-retardant polyurethane foam composition of claim 1 wherein the
      polyol blend is comprised of 2,3-dibromo-2-butene-1,4-diol and
      polyoxypropylene sorbitol wherein the oxypropylene content is from 2 to 20
      mols per mol of sorbitol.
NUM  3.
PAR  3. A flame-retardant polyurethane foam composition of claim 1 wherein the
      2,3-dihalo-2-butene-1,4-diol is 2,3-dibromo-2-butene-1,4-diol.
NUM  4.
PAR  4. A flame-retardant polyurethane foam composition of claim 1 wherein the
      2,3-dihalo-2-butene-1,4-diol is 2,3-dibromo-2-butene-1,4-diol which is
      present at a concentration of about 25 percent based on the weight of the
      polyol blend.
NUM  5.
PAR  5. A flame-retardant polyurethane foam composition of claim 1 wherein the
      polyol blend is comprised of dibromobutenediol and polyoxypropylene
      sucrose wherein the oxypropylene content is from 2 to 20 mols per mol of
      sucrose.
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ABST
PAL  Crushed foam-backed fabrics possessing improved dry cleaning resistance and
      cold crack resistance are provided using aqueous emulsion copolymers of
      ethylene and vinyl acetate containing from 3-9% of cross-linking monomers
      and having a molecular weight of at least about 300,000.
BSUM
PAR  The present invention relates to aqueous emulsions useful in the production
      of crushed foam-backed fabrics possessing improved dry clean resistance,
      and cold crack resistance.
PAR  Crushed foam-backed fabrics have taken on increasing importance,
      particularly as a backing for drapery. Unfortunately, it has been
      difficult to provide a proper balance of diverse properties, since
      resistance to dry cleaning must be combined with good resilience which
      must be maintained at low temperature. Of course, external plasticizers
      can be used to help maintain low temperature resiliency, but these are
      fugitive and solvent soluble and, hence, cannot be used.
PAR  The materials presently in use are all acrylic copolymers, or combinations
      of vinyl acetate with acrylic esters such as butyl acrylate. Polyvinyl
      acetate itself is much too brittle. Using 30% of butyl acrylate in an
      effort to add resiliency to the vinyl acetate was not satisfactory. Dry
      clean resistance, hot tack resistance, and cold crack resistance were all
      poor. The addition of cross-linking monomers to such a system would
      improve the hot tack resistance, but it would lower the cold crack
      resistance, and hence this is no answer to the problem.
PAR  Initial efforts to use a copolymer of vinyl acetate and ethylene were
      unsuccessful. In the absence of cross-linking monomer, the copolymer lacks
      dry clean resistance. When cross-linking monomers were used, the cold
      crack resistance remained inadequate. While one could add a larger
      proportion of cross-linking monomers to enhance dry clean resistance, this
      would be self-defeating since it would further impair the already
      inadequate cold crack resistance.
PAR  The use of vinyl chloride was not helpful. Adding it to the cross-linked
      vinyl acetate-ethylene system in an amount of 20% did not help the cold
      crack resistance.
PAR  Curiously, when a vinyl acetate-ethylene copolymer of appropriate ethylene
      content is formed to possess sufficient molecular weight, and when there
      is incorporated in this copolymer a regulated proportion of cross-linking
      monomer, then outstanding dry clean resistance is combined with a
      resilient crushed foam which passes both hot tack and cold crack testing.
PAR  More particularly, in this invention, the copolymers which are used are
      constituted by monoethylenic monomers consisting essentially of from 15-40
      % ethylene, from 3-9% of cross-linking monomers, balance vinyl acetate.
      These monomers are copolymerized in aqueous emulsion under conditions
      providing a molecular weight of at least about 300,000, preferably at
      least 350,000. This is significantly higher than conventional
      ethylenevinyl acetate copolymers which have a maximum molecular weight of
      about 250,000.
PAR  It will be understood that the cross-linking monomers do not react
      significantly during copolymerization, so the copolymer particles formed
      in the emulsion are non-gelled and coalesce easily on air drying. If some
      cross-linking does occur, then molecular weight can be determined by light
      scattering or other method, but so long as the copolymer is essentially
      linear, the molecular weight can be determined from the intrinsic
      viscosity (measured in dimethyl formamide at 30.degree.C. and extrapolated
      to 0 concentration). The conversion of intrinsic viscosity to molecular
      weight can be carried out using the acetone line in the vinyl acetate
      graph in the Encyclopedia of Polymer Science and Technology, Vol. 15, page
      631 (Interscience 1972).
PAR  While the molecular weight critically needed herein is higher than usual,
      it is not particularly difficult to obtain and various mechanisms are
      available to obtain it. Thus, if a larger proportion of unreacted monomer
      is maintained in the reaction kettle during most of the polymerization,
      the molecular weight will be increased. This is simply achieved by adding
      the monomers more rapidly, or by adding the usual redox catalysts less
      rapidly. Lowering reaction temperature will also serve to increase
      molecular weight, as will increasing the duration of the reaction.
PAR  The ethylene content of the copolymer may range from 15-40 %, but is
      preferably in the range of 20-40%, most preferably 25-35%.
PAR  The cross-linking monomers are preferably monoethylenically unsaturated
      monomers carrying the N-methylol group, these being illustrated by
      N-methylol acrylamide or an N-methylol derivative of allyl carbamate which
      may contain one or two N-methylol groups. Many other members of this known
      class of monomers will be evident to those skilled in the art.
PAR  The N-methylol groups may be left unreacted, or they may be etherified, as
      with a C.sub.1 -C.sub.8  alcohol, preferably a C.sub.1 -C.sub.4 alcohol.
      The alcohol is released on baking to regenerate the N-methylol group for
      cure, as is well known.
PAR  Alcohol etherifying agents are illustrated by methyl alcohol and ethyl
      alcohol. Isopropyl alcohol, isobutyl alcohol, 2-ethoxy ethanol, and
      2-butoxy ethanol are also useful.
PAR  While vinyl acetate is relied upon herein to constitute the balance of the
      copolymer, all of the vinyl esters with saturated aliphatic monocarboxylic
      acids are useful in small proportion in this invention to replace a
      portion of the vinyl acetate. Vinyl stearate and vinyl versatate will
      illustrate the vinyl esters under consideration, and replacement in an
      amount of up to 20% by weight is included.
PAR  The cross-linking monomers can be constituted entirely by those having the
      N-methylol group, but it is preferred to include a proportion of monomers
      carrying active hydrogen which is reactive with the N-methylol group.
PAR  Particularly desirable monomers for inclusion in the copolymer as part of
      the cross-linking monomer component are acrylamide, methacrylamide, or
      other monoethylenic unsaturated amide as well as monoethylenic alcohols
      such as allyl alcohol, 2-hydroxy ethyl acrylate- or methacrylate, or the
      like.
PAR  The presence of a small proportion of an amide or alcohol as noted above is
      particularly desirable since it significantly improves the cure with the
      N-methylol functionality.
PAR  Another monomer which may optionally be present in small amount and which
      is helpful to enhance the cure is a small proportion of monoethylenic acid
      such as maleic, acrylic, or methacrylic acids or, more preferably,
      crotonic acid, 0.5-3% being typical. Monoethylenic sulphonic acids, or
      their salts, such as 2-sulphoethyl methacrylate or sodium vinyl sulphonate
      are also useful.
PAR  It is particularly desired to rely upon an N-methoxy derivative of an allyl
      carbamate since these provide the best physical properties on subsequent
      cure. These are provided by adducting formaldehyde with an allyl carbamate
      which has the formula:
      ##EQU1##
      in which R.sub.1 is hydrogen or methyl, R.sub.2 is an alkylidene group
      containing from 2-4 carbon atoms, and n is an integer from 0-10,
      preferably from 0-2.
PAR  Various allyl carbamates are useful herein, especially allyl carbamate and
      methallyl carbamate.
PAR  Allyl carbamate has the formula:
      ##EQU2##
PAR  This monoethylenic monomer is not an amide, and it will react with
      formaldehyde in an addition reaction with the two amino hydrogen atoms to
      generate the N-methylol group. When one molar proportion of formaldehyde
      is taken up, the derivative can be described by the formula:
      ##EQU3##
PAR  The same reaction can proceed to take up more formaldehyde to increase the
      N-methylol functionality which is generated.
PAR  Emulsion copolymers based on allyl carbamates are more fully described in
      my copending application Ser. No. 340,536, filed Mar. 12, 1973.
PAR  While it is preferred to rely upon the N-methylol group for cure, the epoxy
      group may be used instead, e.g., allyl glycidyl ether or glycidyl acrylate
      or methacrylate. These are desirably used together with monomers providing
      hydroxy or carboxy functionality as noted hereinbefore. It is the degree
      and uniformity of cross-linking after curing which is of prime importance.
PAR  A small amount, up to about 0.5% of a polyethylenic compound such as
      butylene glycol diacrylate or divinyl benzene may be included to increase
      molecular weight during copolymerization. Excessive cross-linking prior to
      cure is detrimental and must be avoided.
PAR  Since the aqueous emulsion polymerization of vinyl acetate with ethylene is
      well known per se, it will not be described at length. However, it is
      stressed again that the N-methylol allyl carbamate is easier to use since
      it will enter the copolymer at about the same rate as the vinyl acetate
      and ethylene so that the distribution of the N-methylol group in the final
      copolymer is considerably improved, and the greater solubility of the
      functional monomer in vinyl acetate also improves the ultimate product
      properties, especially hot tack resistance which is a function of uniform
      cure on baking. From 0.5-7% of the N-methylol allyl carbamate or its ether
      is preferred in the final emulsion copolymer. Auxiliary agents may also be
      present, as is known, such as protective colloids illustrated by polyvinyl
      alcohol and hydroxy ethyl cellulose. Ammonia or amine may be added to
      enhance emulsion stability.
PAR  From the standpoint of cure, baking is normally carried out at temperatures
      of from 250.degree.-500.degree.F. for periods of from 30 seconds to 1
      hour, but more usually at 275.degree.-350.degree.F. for from 2-20 minutes.
PAR  The emulsions produced by emulsion copolymerization are then formulated to
      improve the capacity to maintain a foam structure at the curing
      temperature. For this purpose, surfactants such as ammonium stearate,
      oleate, or palmitate, are incorporated. Thickeners such as hydroxy ethyl
      cellulose or polyvinyl alcohol are added to obtain a viscosity in the
      range of 500-5000 centipoises at which viscosity air is whipped into the
      emulsion to provide a foam. On a volumetric basis, the original emulsion
      is whipped until it possesses about 5 to about 10 times its original
      volume.
PAR  Other agents known for incorporation in foam compositions may be included
      as is known to the art, such as foam stabilizers, illustrated by C.sub.12
      -C.sub.20  fatty acid amides, and auxiliary cross-linking agents, such as
      aminoplast resins illustrated by water dispersible or soluble
      melamine-formaldehyde condensates. These aminoplast resins may be used in
      an amount of from 1-15% of the weight of the copolymer solids, or omitted
      entirely.
PAR  The foams used herein are pigmented, a pigment to binder weight ratio of
      from 0.1:1 to 2:1 being broadly useful, but a ratio of about 1:1 being
      customary. All of the pigments and mineral fillers useful in paint
      technology are useful herein.
PAR  The foams are applied by knife coating, followed by drying, crushing, and
      baking to cure the same. Typically, the wet thickness is about 60 mils,
      the coatings are dried to a moisture content in the range of about 5-20%,
      the thickness after crushing is about 10 mils, and baking is carried out
      as noted hereinbefore, a preferred schedule being 1-5 minutes at
      300.degree.-350.degree.F.
PAR  The proportions referred to herein and throughout this specification are by
      weight unless otherwise specified.
DETD
PAR  The invention is illustrated in the examples which follow:
PAC  EXAMPLE 1
PAR  Latex compositions were prepared by thoroughly blending 300 parts of
      emulsion copolymerized acrylic latex (about 50% solids) with 150 parts of
      titanium dioxide pigment, and 15 parts of water dispersible melamine
      formaldehyde resin. 7.2 Parts of water soluble ammonium stearate soap are
      used to stabilize the latex composition which is then mechanically foamed
      into a stable froth having a density of 135 gms/liter by whipping air into
      the composition. The resultant froth consisting of fine bubbles was then
      knife coated on the back side of a rayon/acetate satin drapery fabric
      using a knife positioned to provide a 60 mil opening above the fabric. The
      wet coated fabric was then partially dried at 180.degree.F. to about 12%
      moisture content in the coating and the partially dried fabric is crushed
      by passing the fabric through nip rolls which apply two tons of pressure
      over a nip area of 135 in..sup.2. The crushed coating is then cured at
      330.degree.F. for 3 minutes. A soft foam coated drapery fabric having a
      white backing is obtained resembling commercial foam backed drapery
      fabric. The fabric had 98 counts in warp (acetate) and 58 counts in
      filling (rayon).
PAR  Various copolymers were used in the above example, and the final foam
      backed fabrics were tested to determine their capacity to withstand the
      various tests to which such fabrics are normally subjected. The following
      results were obtained.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

                  Dry-         Cold Crack                                      

     Sample 5 Washes                                                           

                  5 cleanings                                                  

                         Hot Tack                                              

                               Fab. to Fab.                                    

                                       Foam to Foam                            

     __________________________________________________________________________

     Example A                                                                 

            3     1      Failed                                                

                               Failed  Passed                                  

     Example B                                                                 

            3     5      Passed                                                

                               Passed  Passed                                  

     Example C                                                                 

            2     1      Passed                                                

                               Failed  Passed                                  

     Example D                                                                 

            3     1      Passed                                                

                               Failed  Passed                                  

     Example E                                                                 

            1     1      Failed                                                

                               Failed  Passed                                  

     Example F                                                                 

            2     1      Failed                                                

                               Failed  Failed                                  

     __________________________________________________________________________

PAR  The ratings used in the above Table are identified as follows:
TBL  Rating    Description                                                     

     ______________________________________                                    

     5         No foam loss even at corner of double crease                    

     4         Foam loss only at corner of double crease                       

     3         Minor foam loss only along creased portion                      

     2         Major foam loss only along creased portion                      

     1         Foam loss on creased and uncreased portions                     

     ______________________________________                                    

PAR  The polymers tested are identified in the following tabulation.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

                         Equiweight Mixture                                    

          Vinyl     Butyl                                                      

                         Acrylamide and                                        

                                      Vinyl                                    

     Polymer                                                                   

          Acetate                                                              

               Ethylene                                                        

                    Acrylate                                                   

                         N-methylol Acrylamide                                 

                                      Chloride                                 

     __________________________________________________________________________

     A*** 70        30                                                         

     B*   65   30        5                                                     

     C**  63   32        5                                                     

     D    55   20        5            20                                       

     E         40                     60                                       

     F    100                                                                  

     __________________________________________________________________________

       *molecular weight = 400,000                                             

       **molecular weight = 250,000                                            

      ***0.5% glycol diacrylate added to improve hot tack, molecular weight =  

      450,000                                                                  

PAR  As will now be evident, the higher molecular weight copolymer of ethylene
      and vinyl acetate containing about 5% of cross-linking monomers was the
      only one to pass all the tests. Its dry clean resistance was outstanding,
      and it was the only one passing the difficult fabric to fabric cold crack
      test.
PAR  The various tests used are as follows.
PAC  Durability to Five Washes
PAR  Samples of foam coated fabric are cut about 2 inches in warp direction and
      about 7 inches in filling direction. The samples are folded fabric facing
      fabric to new dimension of about 1 .times. 7 inches and then folded again
      to the final dimension of about 1 .times.  31/2 inches to form a cuff. At
      this dimension the samples were stapled to retain that shape. The prepared
      samples were then washed five times along with five pounds of a dummy load
      in a Kenmore washing machine using a normal wash cycle, 120.degree.F.
      wash, 120.degree.F. rinse, and one cup of "Tide" detergent. After washing,
      the samples were tumble dried. After drying the samples were unfolded and
      visually examined for loss of foam from the fabric and rated as indicated
      previously.
PAC  Durability to Five Drycleanings
PAR  The samples for this test were prepared in the form of cuffs as described
      hereinbefore. The samples were submitted to "One Hour Martinizing" for
      five commercial drycleanings. The drycleaned samples were unfolded and
      rated the same way as the laundered samples.
PAC  Hot Tack
PAR  Samples of approximately 2 .times. 7 inches were cut for this test and
      folded once with foam facing the foam to form a new dimension of about 2
      .times. 31/2 inches. A dry hot iron supplied by General Electric (Cat. No.
      71F54, 1100 watts) preheated at the setting of Linen was placed on the
      folded sample for 30 seconds and then removed. The sample was allowed to
      cool to room temperature and unfolded. The sample was then observed for
      delamination of foam from the surface of the fabric. With no visual
      delamination of foam, samples were rated "passed" whereas with any visual
      delamination of foam, the samples were rated "failed".
PAC  Cold Crack
PAR  Samples were evaluated for cold crack by taking an 8 .times. 4 inches
      sample (8 inches in warp direction) and folding it into the form of a Z.
      The folded sample was placed on a glass plate in a 0.degree.F. freezer for
      2 hours, and was then removed and immediately rolled using a 13 pound
      roller, 12 inches in length. After three back and forth rolls, the fabric
      was opened, and the crease areas were inspected. If any cracks could be
      seen by the eye, then the test is rated "failed".
PAR  The invention is defined in the claims which follow.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pigmented foam comprising an aqueous emulsion comprising an aqueous
      medium having colloidally suspended therein an emulsion copolymer
      consisting essentially of from 15-40% ethylene, from 3-9% of cross-linking
      monomers, balance vinyl acetate, said copolymer having a molecular weight
      of at least about 300,000, said emulsion containing dispersed pigment in a
      pigment to binder weight ratio of from 0.1:1 to 2:1 and surfactant to
      stabilize the same, said emulsion having whipped therein air in an amount
      increasing the volume of said emulsion from about 5 to about 10-fold its
      original volume.
NUM  2.
PAR  2. A pigmented foam as recited in claim 1 in which said cross-linking
      monomers include monoethylenically unsaturated monomer carrying the
      N-methylol group.
NUM  3.
PAR  3. A pigmented foam as recited in claim 2 in which the said N-methylol
      group is etherified with a C.sub.1 -C.sub.8 alcohol.
NUM  4.
PAR  4. A pigmented foam as recited in claim 2 in which the said N-methylol
      group is etherified with A C.sub.1 -C.sub.4 alcohol.
NUM  5.
PAR  5. A pigmented foam as recited in claim 2 in which said cross-linking
      monomers include a proportion of monomer carrying active hydrogen reactive
      with the N-methylol group.
NUM  6.
PAR  6. A pigmented foam as recited in claim 5 in which said monomer carrying
      active hydrogen is selected from the group consisting of monoethylenic
      amides and monoethylenic alcohols.
NUM  7.
PAR  7. A pigmented foam as recited in claim 2 in which said cross-linking
      monomers further include from 0.5-3% of a monoethylenic acid.
NUM  8.
PAR  8. A pigmented foam as recited in claim 2 in which said monomer carrying
      the N-methylol group is an adduct of formaldehyde with an allyl carbamate
      having the formula:
      ##EQU4##
      in which R.sub.1 is hydrogen or methyl, R.sub.2 is an alkylidene group
      containing from 2-4 carbon atoms, and n is an integer from 0-10.
NUM  9.
PAR  9. A pigmented foam as recited in claim 8 in which said adduct has the
      formula:
      ##EQU5##
      in which X is selected from hydrogen and methylol.
NUM  10.
PAR  10. A pigmented foam as recited in claim 9 in which said formaldehyde
      adduct is etherified with a C.sub.1 -C.sub.4 alcohol.
NUM  11.
PAR  11. A pigmented foam as recited in claim 1 in which the cross-linking
      monomer component carries the epoxy group.
NUM  12.
PAR  12. A pigmented foam as recited in claim 1 in which said copolymer has a
      molecular weight of at least 350,000.
NUM  13.
PAR  13. A pigmented foam as recited in claim 1 in which said emulsion includes
      dissolved thickener providing a viscosity of from 500-5,000 centipoises.
NUM  14.
PAR  14. A fabric having a surface thereof coated with the pigmented foam of
      claim 1, said foam being in a cured compacted condition.
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ABST
PAL  This invention is a process for making a cellular polyurethane comprising
      reacting a polyalkylene polyol having reactive hydrogen atoms as
      determined by the Zerewitinoff method exhibiting a molecular weight of at
      least 500, an organic polyisocyanate, and water in the presence of a gel
      catalyst and a foaming catalyst comprising at least one compound selected
      from those of the formulae:
      ##SPC1##
PAL  Wherein R is a hydrocarbon, and R' is selected from the group consisting of
      hydrogen, halogens, and hydrocarbons.
BSUM
PAR  This invention relates to polyurethane foams and more specifically to novel
      blowing catalyst systems and to a method for producing such foams.
PAR  It is well known that a polyurethane can be prepared by reacting organic
      poly-functional isocyanates with organic compounds having two or more
      reactive hydrogen atoms as determined by the Zerewitinoff reaction. When
      this reaction is conducted under anhydrous conditions, the resulting
      polyurethane may be non-porous. If a cellular or foamed product is
      desired, water and an excess of isocyanate must be added to the mixture.
      When water reacts with the excess isocyanate groups not previously
      reacted, cabon dioxide is formed and entrapped in the reaction mixture.
      Various materials have been employed as catalysts or activators in the
      formation of polyurethanes. These catalysts have as their prime function
      the control of gas forming or blowing reaction.
PAR  It is an object of this invention to provide an improved and odorless foam
      product based on polyurethane. It is a further object of this invention to
      foam polyurethane in an optimum period of time. Other objects will be
      apparent to those skilled in the art on inspection of the following
      description.
PAR  This invention is a process for making cellular polyurethane comprising
      reacting a polyalkylene polyol having reactive hydrogen atoms as
      determined by the Zerewitinoff method, an organic polyisocyanate, and
      water in the presence of a gel catalyst and a blowing catalyst consisting
      of at least one compound selected from those of the formulae:
      ##SPC2##
PAL  Wherein R is a hydrocarbon, and R' is selected from the group consisting of
      hydrogen, halogens, and hydrocarbons.
PAR  The foaming agent of this invention provides an easily controlled foaming
      process. The novel synergistic catalyst combination of this invention
      unexpectedly permits extremely rapid foaming reactions in the production
      of polyurethane. The novel catalyst of this invention produces an optimum
      rise time.
PAR  It will be apparent that the foaming or blowing (or rise) reaction occurs
      simultaneously with the gelling (or solidification) reaction. When the
      gelling time of the reaction mixture is properly balanced with the rise
      time, the solidifying mass entraps the carbon dioxide gas thereby
      resulting in a foamed product.
PAC  DETAILED DESCRIPTION
PAR  This invention is a process for making a cellular polyurethane comprising
      reacting a polyalkylene polyol having reactive hydrogen atoms as
      determined by the Zerewitinoff method exhibiting a molecular weight of at
      least 500, an organic polyisocyanate, and water in the presence of a gel
      catalyst and a foaming catalyst comprising at least one compound selected
      from those of the formulae:
      ##SPC3##
PAL  Wherein R is a hydrocarbon, and R' is selected from the group consisting of
      hydrogen, halogens, and hydrocarbons.
PAR  In this compound, R may be a hydrocarbon radical preferably selected from
      the group consisting of alkyl, alkenyl, cycloalkyl, aralkyl, aryl,
      alkaryl, including such radicals when inertly substituted. When R is
      alkyl, it may typically be straight chain alkyl or branched alkyl,
      including methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
      sec-butyl, tert-butyl, n-amyl, neopentyl, isoamyl, n-hexyl, isohexyl,
      heptyls, octyls, decyls, dodecyls, tetradecyl, octadecyl, etc. Preferred
      alkyl includes lower alkyl i.e. having less than about 8 carbon atoms i.e.
      octyls and lower. When R is alkenyl, it may typically be vinyl, allyl,
      1-propenyl, methallyl, buten-1-yl, buten-2-yl, buten-3-yl, penten-1-yl,
      hexenyl, heptenyl, octenyl, decenyl, dodecenyl, tetradecenyl, octadecenyl,
      etc. When R is cycloalkyl, it may typically be cyclopentyl, cyclohexyl,
      cycloheptyl, cyclooctyl, etc. When R is aralkyl, it may typically be
      benzyl, .beta.-phenylethyl, .gamma.-phenylpropyl, .beta.-phenylpropyl,
      etc. When R is aryl, it may typically be phenyl, naphthyl, etc. When R is
      alkaryl, it may typically be tolyl, xylyl, p-ethylphenyl, p-nonylphenyl,
      etc. R may be inertly substituted e.g. may bear a non-reactive substituent
      such as alkyl, aryl, cycloalkyl, aralkyl, alkaryl, alkenyl, ether,
      halogen, nitro, ester, etc. Typical substituted alkyls include
      3-chloropropyl, 2-ethoxyethyl, carboethoxymethyl, etc. Substituted
      alkenyls include 4-chlorobutyl, .gamma.-phenylpropenyl, chloroallyl, etc.
      Substituted cycloalkyls include 4-methylcyclohexyl, 4-chlorocyclohexyl,
      etc. Inertly substituted aryl includes chlorophenyl, anisyl, biphenyl,
      etc. Inertly substituted aralkyl includes chlorobenzyl, p-methylbenzyl,
      etc. Inertly substituted alkaryl includes 3-chloro-5-methylphenyl,
      2,6-di-tert-butyl-4-chlorophenyl, etc.
PAR  The radical R' may be selected from the group consisting of hydrogen,
      halogen and hydrocarbon. Preferably, R' is hydrogen. R may be halogen
      having an atomic weight greater than 19, e.g., chlorine, bromine, and
      iodine.
PAR  When R' is hydrocarbon, it may typically be selected from the same group as
      R, i.e. it may be selected from the group consisting of alkyl, aryl and
      alkenyl, including inertly substituted alkyl, aryl and alkenyl. R' may
      typically be methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
      sec-butyl, tert-butyl, amyl, hexyl, octyl, decyl, dodecyl, octadecyl,
      cyclohexyl, cycloheptyl, vinyl, allyl, 1-propenyl, 1-butenyl, 2-butenyl,
      3-butenyl, phenyl, naphthyl, phenanthryl, chlorophenyl, nitrophenyl,
      benzyl, tolyl, ethylphenyl, phenylethyl, chlorobutyl, 2-ethylhexyl,
      ethoxyethyl, methylcyclohexyl, 3-chloro-2-butenyl, etc. R and R' may be
      the same or different and thw two R' radicals may be the same or
      different. R' may also include divalent hydrocarbons, preferably divalent
      alkyl (alkandiyl), which may be joined to form a cyclic structure
      including the nitrogen atom of the dithiocarbamate radical or which may
      form a bridged structure connecting two dithiocarbamate moieties. For
      example, R' may be methylene, ethylene, 1,2-propylene, trimethylene,
      1,2-butylene, tetramethylene, pentamethylene, hexamethylene,
      octamethylene, decamethylene, o-phenylene, m-phenylene, p-phenylene,
      4,4'-biphenylene, .alpha.-tolylene, xylylene, etc.
PAR  Preferred foaming or blowing catalysts of this invention are:
PA1  Bis(o-aminophenylthio) methane
PA1  Bis(o-aminophenylthio) ethane
PA1  Bis(o-aminophenylthio)-1,2 propane
PA1  Bis(o-aminophenylthio)-1,4 benzene
PAR  In the practice of this invention, the gel catalyst and the novel blowing
      catalyst combination may be present in ratio of 0.01 to 5 parts, say 1
      part of the former per part of the latter. In one preferred embodiment,
      when the blowing catalyst or combination of this invention is used with
      stannous 2-ethylhexoate as the gel catalyst, the ratio will be
      approximately 1.
PAR  Preferably the catalyst or mixture of catalysts will be present in
      catalytic amount corresponding to 0.01 to 5, say 0.6 parts by weight per
      100 parts of polyol. Preferably, the blowing catalyst will be present in a
      catalytic amount corresponding to 0.005 to 4.95, say 0.3 parts by weight
      per 100 parts of polyol, and the gel catalyst will be present in catalytic
      amount corresponding to 0.005 to 4.2 parts, say 0.6 parts by weight per
      100 parts of polyol.
PAR  It is also a feature of this invention that the combination herein noted
      may be used in connection with a wide variety of auxiliary blowing or
      auxiliary foaming catalysts. These may include tertiary amines, metal
      soaps wherein the metal may be antimony, bismuth, arsenic, manganese,
      iron, cobalt, nickel, alkali metal (including ammonium), alakaline earth
      metal, silver, zinc, cadmium, aluminum, or lead, or organotin compounds
      having the formula R'.sub.3 SnX' wherein R' is hydrocarbon and X' is
      selected from the group consisting of the negative residual portion of an
      organic carboxylic acid, a mercaptan, an alcohol, a phenol, and a halogen
      acid.
PAR  Typical tertiary amines which may be employed as auxiliary blowing
      catalysts include N-alkyl morpholines, e.g. N-methyl morpholine, N-ethyl
      morpholine (NEM) and cyclic triethylene diamine including, e.g. that which
      is sold under the trademark DABCO. Particularly preferred tertiary amine
      auxiliary blowing catalysts may contain N-ethyl morpholine or cyclic
      triethylene diamine or mixtures thereof, the mixtures containing say about
      1-2 parts by weight of cyclic triethylene diamine per 3 parts of N-ethyl
      morpholine. Tertiary amine blowing catalysts may be particularly desirable
      when fast rise times are desired.
PAR  Typical metal soaps which may be employed as auxiliary blowing catalysts
      include compounds having the formula M(OOCR").sub.n wherein M is selected
      from the group consisting of antimony, bismuth, arsenic, manganese, iron,
      cobalt, nickel, silver, zinc, cadmium, aluminum, and lead, R" is a
      hydrocarbon group and n is a small whole integer corresponding to the
      valence of M, typically 1, 2, 3, etc. Preferably n is 1 and the acid from
      which the soap is derived is monobasic. Among the hydrocarbon groups which
      may be represented by R", the following may be particularly noted:
      aliphatic or cycloaliphatic groups such as alkyl, alkenyl, etc. and
      corresponding cyclic groups such as cycloalkyl, etc.; an aryl group such
      as phenyl, substituted phenyls, naphthyl, etc.; an aralkyl group such as
      benzyl, styryl, cinnamyl, etc.; an alkaryl group such as tolyl, xylyl,
      etc.; a cycloaliphatic group such as naphthenic group; etc. Other
      equivalent groups may be employed. In a referred embodiment, R" may be an
      alkyl group having less than about 21 carbon atoms. Typical of the acids
      from which the soaps may be prepared may be acetic acid, propionic acid,
      butyric acid, caproic acid, caprylic acid, capric acid, stearic acid,
      oleic acid, etc. Naphthenic acid may be employed. The
      commercially-occurring mixture of acids known as "tall oil fatty acids"
      may be employed. When the metal M is antimony, bismuth or arsenic, the
      preferred R" group may be an aliphatic group having 6-21 carbon atoms.
      Typical preferred acids from which these particular soaps may be prepared
      include 2-ethyl hexoic acid, pelargonic acid, oleic acid,
      tetrachlorobenzoic acid, cyclohexyl carboxylic acid, and
      commercially-occurring mixture of tall oil fatty acids.
PAR  Specific metal soaps include: antimony tri-2-ethyl hexoate; antimony
      tripelargonate; arsenic trioleate; antimony tritallate; bismuth
      tri-2-ethylhexoate; arsenic tripelargonate; antimony
      tri(tetrachlorobenzoate); antimony tri(cyclohexylcarboxylate); bismuth
      trioleate; ferric stearate; manganous stearate; cobaltous stearate;
      cobaltous naphthenate; ferric linoleate; manganous linoleate; ferrous
      stearate; nickel stearate; calcium naphthenate; ammonium stearate;
      dimethylammonium stearate; trimethylammonium stearate; calcium stearate;
      magnesium stearate; barium stearate; lithium stearate; sodium stearate;
      strontium stearate; potassium oleate; ammonium tallate;
      strontium-2-ethylhexoate; lead naphthenate; zinc naphthenate; aluminum
      monostearate; aluminum distearate; aluminum tristearate; plumbous
      stearate; plumbous stearate (basic); zinc stearate; cadmium stearate;
      silver stearate; silver acetate; lead pelargonate. Preferred metal soaps
      include: antimony tritallate; manganese linoleate; ferrous stearate;
      nickel stearate; calcium naphthenate; barium stearate; sodium stearate;
      calcium stearate; zinc naphthenate; plumbous stearate; and aluminum
      distearate. Mot highly preferred metal soaps include: manganese linoleate;
      calcium naphthenate; cadmium stearate; and particularly antimony
      tritallate.
PAR  In the practice of this invention, according to certain of its aspects,
      when a blowing catalyst is employed, the curing catalysts may be present
      in a ratio of 0.1-5 parts by weight to 1 part by weight of blowing
      catalysts, preferably 0.5-2.5 to 1.
PAR  Preferably the catalyst mixture will be present in catalytic amount
      corresponding to 0.01 to 5, say 0.6 parts by weight per 100 parts of
      polyol. Preferably, the blowing catalyst will be present in a catalytic
      amount corresponding to 0.005 to 4.95, say 0.3 parts by weight per 100
      parts of polyol, and the gel catalyst will be present in a catalytic
      amount corresponding to 0.005 to 4.2 parts, say 0.6 parts by weight per
      100 parts of polyol.
PAR  A variety of organic polyisocyanates may be used in the practice of this
      invention although diisocyanates are preferred in many formulations.
      Suitable poly-functional isocyanates include alkylene diisocyanates such
      as hexamethylene diisocyanates, and decamethylene diisocyanates, tolylene
      diisocyanates, naphthalene diisocyanates, 4,4'-diphenylmethane
      diisocyanates, isomers or mixtures of any of these. Triisocyanates
      typically obtained by reaction with 3 moles of an arylene diisocyanate
      with 1 mole of a triol, e.g. the reaction products formed from 3 moles of
      tolylene diisocyanate and 1 mole of hexane triol may be employed. A
      preferred polyisocyanate is the mixture of 80% 2,4-tolylene diisocyanate
      and 20% 2,6-tolylene diisocyanate.
PAR  The term "isocyanates" is used herein to refer to polyisocyanates and to
      polyisothiocyanates, respectively, including particularly diisocyanates
      and diisothiocyanates. While the invention has been described specifically
      with reference to the reaction of certain diisocyanates, it is generically
      applicable to the reaction of any compound containing two or more ---N=C=G
      groups in which G is oxygen or sulfur. Compounds within this generic
      definition include polyisocyanates and polyisothiocyanates of the general
      formula:
EQU  R(NCG).sub.x
PAL  in which x is two or more and R can be alkylene, substituted alkylene,
      arylene, substituted arylene, a hydrocarbon or substituted hydrocarbon
      containing one or more aryl-NCG bonds and one or more alkyl-NCG bonds, a
      hydrocarbon or substituted hydrocarbon containing a plurality of either
      aryl-NCG or alkyl-NCG bonds. R can also include radicals such as --R--Z--R
      where Z may be any divalent moiety such as --O--, --O--R--O--, --CO--,
      --CO.sub.2 --, --S--, --S--R--S--, --SO.sub.2 --, etc. Examples of such
      compounds include hexamethylene diisocyanate, 1,8-diisocyanato-p-methane,
      xylylene diisocyanates, (OCNCH.sub.2 CH.sub.2 OCH.sub.2).sub.2,
      1-methyl-2-,4-diisocyanatocyclohexane, phenylene diisocyanates, tolylene
      diisocyanates, chlorophenylene diisocyanates,
      diphenylmethane-4,4'-diisocyanates, naphthalene-1, 5-diisocyanate,
      triphenylmethane-4,4'4"-triisocyanate, xylene-.alpha.,
      .alpha.'-diisothiocyanate, and isopropylbenzene-.alpha.,4-diisocyanate.
PAR  Further included are dimers and trimers of isocyanates and diisocyanates
      and polymeric diisocyanates of the general formulae:
EQU  (RNCG).sub.x and [R(NCG).sub.x ].sub.y
PAL  in which x and y are two or more, as well as compounds of the general
      formula:
EQU  M(NCG).sub.x
PAL  in which x is two or more and M is a difunctional or polyfunctional atom or
      group. Examples of this type include ethylphosphonic diisocyanate, C.sub.2
      H.sub.5 P(O) (NCO).sub.2 ; phenylphosphonic diisocyanate, C.sub.6 H.sub.5
      P(NCO).sub.2 ; compounds containing a .tbd.Si--NCG group, isocyanates
      derived from sulfonamides (RSO.sub.2 NCO), cyanic acid, and thiocyanic
      acid.
PAR  Substances having two or more active hydrogen atoms determined by the
      Zerewitinoff method operative in the practice of this invention are those
      organic compounds having 2 or more reactive hydrogen atoms which react
      with organic poly-functional isocyanates to give urethane polymers. These
      polyalkylene polyols, typically exhibiting an average molecular weight of
      at least about 500, include polyesters, polyethers, polyisocyanate
      modified polyesters, amides, alkylene glycols, polymercaptans, polyamines,
      polyisocyanate modified alkylene glycols, etc. These polyalkylene polyols
      may exhibit active primary or secondary hydroxyl groups. The polyalkylene
      polyol hydroxy-containing polyethers or polyesters include fatty acid
      glycerides. Polyersters which are a preferred type of polyalkylene polyol
      may be obtained by the esterification condensation reaction of aliphatic
      dibasic carboxylic acid with a glycol or a triol, or mixtures thereof, in
      proportions such that the resultant polyesters may contain predominately
      terminal hydroxyl groups. The dibasic carboxylic acids suitable for
      preparing polyesters include aliphatic and aromatic acids such as adipic
      acid, fumaric acid, sebasic acid, phthalic acid, etc. Suitable alcohols
      include ethylene glycols, diethylene glycols, trimethylol propane, etc.
      The fatty acid glycerides include those having a hydroxyl number of at
      least 50, such as castor oil, hydrogenated castor oil or blown natural
      oils.
PAR  Polyethers, a preferred type of polyalkylene polyol, include polyalkylene
      glycols, e.g. polyethylene glycols and polypropolyne glycols, preferably
      having a molecular weight of at least 200.
PAR  The method of this invention is particularly suitable for the reaction of
      organic polyisocyanates with high molecular weight polymers having at
      least two end groups containing reactive hydrogen. Preferred class of such
      polymers includes polyoxyalkylene polyols. These are long chain polyols
      containing one or more chains of connected oxyalkylene groups. Most
      desirable, these polyoxyalkylene polyols are liquid having an average
      molecular weight in the range of 500 to 5,000.
PAR  Examples of these polyoxyalkylene polyols include polypropylene glycols
      having average molecular weights of 500 to 5,000 and reaction products of
      propylene oxide with linear diols and higher polyols, said higher polyols
      when employed as reactants giving rise to branched polyoxyalkylene
      polyols; and ethylene oxide, propylene oxide copolymers having average
      molecular weights of 500 to 5,000 in which the weight ratio of ethylene
      oxide to propylene oxide ranges between 10:90 and 90:10, including
      reaction products mixtures of ethylene oxide and propylene oxide in the
      said ratios with linear diols and higher polyols.
PAR  Examples of linear diols referred to as reactants with one or more alkylene
      oxides include ethylene glycol, propylene glycol, 2-ethylhexanediol-1,3
      and examples of higher polyols including glycerol, trimethylol propane,
      1,2,6-hexane triol, pentaerythritol and sorbitol.
PAR  Another class of polymers having terminal groups that contain reactive
      hydrogen atoms suitable for reaction with polyisocyanates are lactone
      polymers, preferably those exhibiting molecular weights within the range
      of 500 to 10,000.
PAR  The preparation of polyether based urethane foams can be carried out by
      forming a prepolymer, i.e. prereacting molar equivalents of the polyether
      and isocyanate in the absence of water and thereafter producing a foam by
      the addition of excess isocyanate, water, and the novel catalyst of this
      invention. The production of urethane foams may be carried out by the one
      shot method in which the polyether, novel blowing agent, and isocyanate
      reactants are simultaneously mixed together and allowed to react in the
      presence of water. Urethane foams may also be produced by the
      semiprepolymer technique in which the polyether reactant is partially
      extended with excess isocyanate to provide a reaction product containing a
      high percentage of free isocyanate groups (20-35%) which is then formed in
      a later stage by reaction with the additional polyether and the novel
      blowing catalyst of this invention.
PAR  Formation of the preferred foamed products of this invention in a one shot
      system is effected by reacting the polyol with excess poly-functional
      isocyanate in the presence of water and the novel blowing catalyst of this
      invention.
PAR  Cell modifying agents, e.g. silicones such as trimethyl end-blocked
      dimethyl polysiloxanes may also be used in the practice of this invention.
PAR  The poly-functional isocyanate is typically present in an amount of 5 to
      300%, e.g. 40% by weight of the polyol. Water should be present in an
      amount sufficient to react with the isocyanate to liberate sufficient gas
      to produce a foam of the desired physical characteristics. Approximately 1
      to 10% water, based upon the weight of the polyols, is operable. The
      mixing of the constituents may be carried out at elevated temperatures or
      at room temperatures.
PAR  In a typical 2-step operation the polyols may be reacted with excess
      poly-functional isocyanate in the absence of water initially.
      Subsequently, water and other agents are added to the mixture, i.e. it is
      possible to prepare a prepolymer by the reaction of the organic
      polyisocyanate and the organic compound containing at least two active
      hydrogen-containing groups in a first step and then reacting the resulting
      isocyanate determined prepolymer with water in the second step in the
      presence of the novel foaming catalyst of this invention to prepare a
      cellular polyurethane plastic.
PAR  The amount of isocyanate used in the preparation of flexible foams should
      be such that there is more than the theoretical amount required to form a
      urethane linkage, --NCHO--O--, in the polymer resulting from reaction with
      the isocyanate with the active hydrogens of the polyether. The amount of
      isocyanate employed generally ranges from 1 to 7 equivalents preferably 2
      to 6 equivalents, per equivalent of polyether.
PAR  The reaction of excess diisocyanate with a polyoxypropylene glycol produces
      a polymer having terminal isocyanate groups. When it is desired to form a
      foam, the mixture of the isocyanate-modified polyether reacts through the
      isocyanate groups with a chain-extending agent containing active hydrogen
      such as water. This involves several reactions that proceed simultaneously
      including the reaction between the isocyanate groups and water to form
      urylene links (--NHCONH--) and carbon dioxide, as well as the reaction of
      the urylene links so formed with unreacted isocyanate groups to form
      biuret cross links. Depending upon the desired density of the urethane
      foam and the amount of cross linking desired, the total isocyanate
      equivalent to the active hydrogen equivalent should be such as to provide
      a ratio of 0.8 to 1.2 equivalents of isocyanate per equivalent of active
      hydrogen, and preferably a ratio of about 0.9 to 1.1 equivalents.
PAR  It is a feature of this invention that the blowing catalyst herein noted
      may be used in connection with a wide variety of gel catalysts including
      for example stannous 2-ethylhexoate, etc. In practice of the preferred
      embodiment of this invention, the preferred gelation catalyst which may be
      employed may be selected from the group consisting of Sn(OCOR).sub.2 and
      R'.sub.a SnX.sub.b. Other equivalent gelation catalysts may be employed.
      In the stannous compounds, Sn(OCOR).sub.2, R may be a hydrocarbon residue
      typically alkyl, alkenyl, aryl, aralkyl, alkaryl, cycloalkyl, etc. R may,
      for example, be methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl,
      t-butyl, amyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, oleyl i.e.
      7-heptadecenyl, etc., phenyl, o-, m-, or p-tolyl, naphthyl, cyclohexyl,
      benzyl, etc. The nature of R will, of course, define the group --OCOR;
      when R is methyl, for example, this group may be the acetate group.
      Preferably, however, the R group will contain at least about 7 carbon
      atoms and less than about 17 carbon atoms. When R is heptyl, the group
      --OCOR may be the 2-ethylhexoate group; when R is 7-heptadecenyl, the
      group --OCOR is the oleate group, etc. The preferred compounds which may
      be employed is stannous 2-ethylhexoate and stannous oleate.
PAR  In the organotin compounds R'.sub.a SnX.sub.b, R' may be the same as R.
      Preferably R' will be a hydrocarbon residue, typically alkyl, alkenyl,
      aryl, alkaryl, aralkyl, cycloalkyl, etc. R' may be, for example, methyl,
      ethyl, propyl, isopropyl, n-butyl, isobutyl, t-butyl, amyl, hexyl, heptyl,
      octyl, nonyl, decyl, undecyl, oleyl, i.e. 7-heptadecenyl, etc., phenyl,
      o-, m-, or p-tolyl, naphthyl, cyclohexyl, benzyl, etc. The sum of a and b
      will be 4, and either of a and b may be 1, 2, and 3. The preferred R'
      group is the n-butyl group C.sub.4 H.sub.9 --.
PAR  In the organotin compounds R'.sub.a SnX.sub.b, X may be selected from the
      group consisting of chlorides and the negative residual portions of
      organic carboxylic acids RCOO--, mercaptides RS--, alcohols RO--, esters
      of mercaptoacids ROOC(CH.sub.2).sub.n S wherein R may be hydrogen or the
      other residues hereinbefore noted; etc. Typical specific residual portions
      may include the 2-ethylhexoate, the lauryl mercaptide, the methoxide, and
      the isooctyl thioglycolate.
PAR  The preferred organotin compounds R'.sub.a SnX.sub.b may be those wherein a
      and b are 2; e.g. dibutyltin dilaurate and dibutyltin di-2-ethylhexoate.
PAR  In the practice of this invention, the gel catalyst and the novel blowing
      catalyst may be present in ratio of 0.01 to 5 parts, say 1 part of the
      former per part of the latter. In In one preferred embodiment, when the
      blowing catalyst of this invention is used with stannous 2-ethylexoate as
      the gel catalyst, the ratio will be approximately 1.
PAR  Preferably the catalyst mixture will be present in catalytic amount
      corresponding to 0.01 to 5, say 0.6 parts by weight per 100 parts of
      polyol. Preferably, the blowing catalyst will be present in a catalytic
      amount corresponding to 0.005 to 4.95, say 0.3 parts by weight per 100
      parts of polyol, and the gel catalyst will be present in catalytic amount
      corresponding to 0.005 to 4.2 parts, say 0.3 parts by weight per 100 parts
      of polyol.
PAR  Practice of this invention according to its specific embodiments may be
      observed by forming a typical one-shot polyether flexible foam by mixing
      (a) 200 grams of polyalkylene polyol (the polyether triol formed as the
      condensation product between glycerine and propylene oxide, having a
      molecular weight of about 3,000, a hydroxyl number of about 56, and sold
      either under the trademark Niax Triol LG-56 by Union Carbide Chemical Co.,
      or GP-3030 by Wyandotte Chemical Co.); (b) 3.0 grams of cell modifying
      agent, silicone (Union Carbide Chemical Co.L-540 or L-550 brand of
      trimethyl end-blocked dimethyl polysiloxane); (c) 90.0 grams of tolylene
      diisocyanate (80%:20% ratio of 2,4- and 2,6-isomers); (d) 7.0 grams of
      demineralized water; (e) 0.3 grams (except as otherwise indicated) of the
      foaming or blowing catalyst; and (f) 0.6 grams (except as otherwise
      indicated) of the gel catalyst. Table I infra discloses various specific
      examples using the combinations of catalysts noted, wherein stannous
      2-ethylhexoate is used as gel catalyst admired in 50:50 ratio with
      dioctylphthalate. Thus, in Example 1 set forth in Table I, the reaction
      mixture includes polyol silicone, diisocyanate, and water, together with
      0.4 grams of stannous 2-ethylhexoate gelation catalyst, and 0.3 grams of
      the blowing catalyst bis(o-aminophenylthio) methane.
PAR  The novel blowing catalyst of Example 1 was prepared by forming a slurry of
      169g of sodiumhydroxide dissolved in 246g of water added 273.1g of
      benzothiazole. The reaction mass was heated to reflux and held at reflux
      for 2 hours following which it was cooled to 25.degree.C.
PAR  To the cold reaction mass was added 92.8g of methylene dichloride and the
      reaction mass was again heated to reflux. After 3 hours of reflux, the
      vapor temperature was 100.degree.C. indicating complete consumption of
      this reactant.
PAR  After adding 250 ml of water and cooling, the resulting oil was extracted
      with benzene. The benzene was dried over magnesium sulfate, filtered and
      the solvent removed by distillation.
PAR  The residue weighed 250.0g for a yield of 95.3%. A portion of the residue
      was then purified as follows:
PAR  A benzene solution of the oil was vigorously agitated in the presence of an
      excess of aqueous hydrochloric acid. Solids developed immediately. The
      solids were filtered off and washed with acetone. The solids were then
      dissolved in hot water, some activated charcoal added and the mass gravity
      filtered. The water was then cooled and crystals of the purified
      hydrochloride salt were isolated by filtration.
PAR  The salt was then slurred in methylene dichloride and a solution of excess
      sodium hydroxide dissolved in water was added. After adding a few cc's of
      acetone, the mass was then agitated until all of the solids dissolved.
PAR  Phases were then separated and the organic phase was dried over magnesium
      sulfate and filtered.
PAR  The solvent was removed under reduced pressure to leave an oil which
      gradually crystallized.
PAR  The product had an assay of 94.7% and a melting range of
      58.degree.-61.degree.C.
PAR  The other compounds were synthesized in a similar manner.
DETD
PAR  In each of the examples, all of the components of the formulation were
      vigorously stirred upon mixing. The reaction started substantially
      immediately as evidenced by foaming. The cellular polyurethane product
      foamed and gelled promptly. The rise time was noted as the time at which
      the foam had risen to its maximum height. The exotherm was measured by
      placing a thermometer in the foam and noting the highest temperature to
      which it rose. Immediately after the mass had foamed, the surface was
      scraped with a spatula; this was done at 5-second intervals. The gel time
      was that time when, after scraping, the material did not flow or knit back
      together. The gel and rise times obtained by these tests are readily
      correlatable with those obtained in commercial practice. The results are
      tabulated in Table I.
PAC  EXAMPLE
PAR  A flexible polyurethane foam was prepared according to the following
      composition:
     Component              Parts                                              

     ______________________________________                                    

     Polyether*             100.0                                              

     Silicon**              1.5                                                

     Water                  3.5                                                

     Foaming catalyst       as indicated                                       

     Stannous octoate       0.3                                                

     N-ethyl morpholine     0.3                                                

     Tolylene diisocyanate  45.0                                               

     (80%:20% ratio of 2,4 and 2,6 isomers)                                    

     Organotin gel catalyst 0.3                                                

     ______________________________________                                    

        *polyether triol of glycerine and propylene oxide, having a molecular  

      weight of about 3000, a hydroxyl number of about 56, and sold under the  

      trademark Niax Triol LG-56.                                              

      **trimethylol end-blocked diemthyl polysiloxane sold under the trademark 

      Union Carbide L-540.                                                     

PAR  In each case, the polyether and polyisocyanate were preheated to
      30.degree.C. and all of the components were mixed simultaneously. The
      mixtures were allowed to react without external heating. Rise time, i.e.
      the time required for the foam to reach its maximum height, was observed
      and recorded. Gel time, i.e. the time required for the mixture to become
      non-flowable, was also noted.
PAR  The first catalyst employed for purposes of comparison was triethylene
      diamine foam catalyst (sold as Dabco 33-LV by Houdry.
TBL                TABLE I                                                     

     ______________________________________                                    

                                    Rise Time                                  

     Example No.                                                               

               Foaming Catalyst     (Seconds)                                  

     ______________________________________                                    

     1         Bis(o-aminophenylthio)methane                                   

                                    118                                        

     2         Bis(o-aminophenylthio)ethane                                    

                                    130.0                                      

     3         Bis(o-aminophenylthio)-1,2                                      

                                    153.0                                      

               propane                                                         

     ______________________________________                                    

PAR  Stannous 2-ethylhexoate and stannous oleate are typical of the gelling
      catalysts which may commonly be made by netralizing an aqueous solution of
      a stannous salt with a soap of the desired acid, RCOOH; typically an
      aqueous solution of stannous chloride may be reacted with a solution of
      sodium octoate to give the compound stannous octoate, a typical example of
      materials commonly compound stannous octoate, a typical example of
      materials commonly believed to have the formula Sn(OCOR).sub.2.
PAR  Similarly, selected reactions were run using other polyols, e.g.
      specifically a polyester of adipic acid having a hydroxyl number of 52
      sold under the trademark Foamrez-50 by Witco Chemical Co. The product
      foams were comparable to those noted in the above Table I.
PAR  Comparative polyurethane foams were prepared using only the N-ethyl
      morpholine as blowing of foaming catalyst. By the use of the novel
      catalysts of this invention it is readily possible to vary the gel and
      foaming times independently, so that the optimum value for each is readily
      attained. The product foams of this invention may be characterized by
      outstanding physical properties and hand, a fact which is at least in part
      due to the excellent balance which may be obtained in the competing
      gelling and foaming reactions. In addition, because of the surprisingly
      high efficiency of the diorganotin mixed ester catalysts, the foams may
      contain lower amounts of catalyst residues. Dry heat stability and aging
      properties may be superior to prior art foams. Acordingly, the foams of
      this invention may possess a uniquely wide area of utility.
PAR  The foam prepared in accordance with this invention had outstanding
      physical characteristics, including freedom from splitting and closed
      cells. Similar results may be obtained when organotin mixed ester
      catalysts of this invention are employed.
PAR  The novel catalytic compositions of this invention which are suitable for
      use as blowing and gel catalysts in the production of polyurethane foams
      by the reaction of a substance having active hydrogen atoms as determined
      by the Zerewitinoff method, e.g. a polyalkylene polyol, water, and an
      organic polyfunctional isocyanate, may contain a gel catalyst and, as a
      blowing catalyst, a combination of at least one compound selected from
      those of the formulae:
      ##SPC4##
PAL  wherein R is a hydrocarbon and R' is selected from the group consisting of
      hydrogen, halogens, and hydrocarbons. These novel compositions are
      odor-free, complete catalysts for polyurethane production. The novel
      polyurethane foams obtained by the process of this invention find a wider
      variety of uses than polyurethanes heretofore known.
PAR  The novel cellular polyurethane compositions prepared in accordance with
      this invention comprise a cellular polyurethane containing a gelling agent
      and as a synergistic blowing agent combination 0.004- 4.5 parts by weight
      per 100 parts of polyurethane composition of at least one compound
      selected from those of the formulae:
      ##SPC5##
PAL  wherein R is a hydrocarbon, and R' is selected from the group consisting of
      hydrogen, halogens, and hydrocarbons. This novel cellular polyurethane
      composition may be readily formed into shaped cellular polyurethane
      objects which may find use in the fabrication of cushions, insulation, and
      in other areas where cellular polyurethane compositions have heretofore
      been employed.
PAR  Although this invention has been described with reference to specific
      examples, it will be apparent that various modifications may be made
      thereto which fall within the scope of this invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. The process of making a cellular polyurethane which comprises reacting a
      polyalkylene polyol having reactive hydrogen atoms as determined by the
      Zerewitinoff method, an organic poly-functional isocyanate, water, and a
      gel catalyst, said reaction being carried out in the presence of a gel
      catalyst and a blowing catalyst comprising at least one compound selected
      from those of the formulae:
      ##SPC6##
PAL  wherein R is a hydrocarbon, and R' is selected from the group consisting of
      hydrogen, halogens, and hydrocarbons.
NUM  2.
PAR  2. The process of making a cellular polyurethane as claimed in claim 1
      wherein said R' is hydrogen.
NUM  3.
PAR  3. The process of making a cellular polyurethane as claimed in claim 2
      wherein said R is alkyl.
NUM  4.
PAR  4. The process of making a cellular polyurethane as claimed in claim 1
      wherein at least one blowing catalyst is bis(o-aminophenylthio)methane.
NUM  5.
PAR  5. The process of making a cellular polyurethane as claimed in claim 1
      wherein at least one blowing catalyst is bis(o-aminophenylthio)ethane.
NUM  6.
PAR  6. The process of making a cellular polyurethane as claimed in claim 1
      wherein at least one blowing catalyst is bis(o-aminophenylthio)-1,2
      propane.
NUM  7.
PAR  7. The process of making a cellular polyurethane as claimed in claim 1
      wherein said blowing catalyst is a combination of at least one tertiary
      amine and at least one compound selected from those of the formulae:
      ##SPC7##
PAL  wherein R is a hydrocarbon, and R' is selected from the group consisting of
      hydrogen, halogens, and hydrocarbons.
NUM  8.
PAR  8. The process of making a cellular polyurethane as claimed in claim 7
      wherein said tertiary amine is N-ethyl morpholine.
NUM  9.
PAR  9. The process of making a cellular polyurethane as claimed in claim 1
      wherein the gel catalyst is a compound selected from the group consising
      of Sn(OCOR).sub.2 and R'.sub.a SnX.sub.b wherein R and R' are hydrocarbon
      radicals and X is selected from the group consisting of chloride and
      negative residual portions of organic carboxylic acids, mercaptides,
      alcohols, and esters of mercaptoacids, a and b being 1-3, a plus b being
      4.
NUM  10.
PAR  10. The process of claim 1 wherein said catalytic amount is 0.001-5% of the
      polyol.
NUM  11.
PAR  11. The process of making a cellular polyurethane which comprises reacting
      100 parts of a substance having active hydrogen atoms as determined by the
      Zerewitinoff method, 5-300 parts of an organic poly-functional isocyanate,
      0.5-10 parts of water, 0.005-4.2 parts of gel catalyst, and as a blowing
      catalyst combination 0.005 to 4.95 parts of a mixture of at least one
      tertiary amine and at least one compound exhibiting the formula:
      ##SPC8##
PAL  wherein R is a hydrocarbon, and R' is selected from the group consisting of
      hydrogen, halogens, and hydrocarbons.
NUM  12.
PAR  12. The process of making a cellular polyurethane which comprises reacting
      100 parts of a substance having active hydrogen atoms as determined by the
      Zerewitinoff method, 5-300 parts of an organic poly-functional isocyanate,
      0.5-10 parts of water, 0.005-4.2 parts of gel catalyst, and as a blowing
      catalyst combination 0.005 to 4.95 parts of a mixture of a tertiary amine
      and a compound of the formula:
      ##SPC9##
PAL  where R is alkyl and R' is hydrogen.
NUM  13.
PAR  13. The process of making a cellular polyurethane which comprises reacting
      a substance having active hydrogen atoms as determined by the Zerewitinoff
      method, an organic poly-functional isocyanate, water, a gel catalyst, and
      as a blowing catalyst 0.005-4.95 parts of a mixture of 40% of at least one
      compound exhibiting the formula:
      ##SPC10##
PAL  wherein R is a hydrocarbon, and R' is selected from the group consisting of
      hydrogen, halogens, and hydrocarbons.
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ABST
PAL  Flame retardant flexible polyurethane foams having a porosity in the range
      between 0.5 and 10 cubic feet per minute and meeting all of the
      requirements of Motor Vehicle Safety Standard Docket 302 may be produced
      from tolylene diisocyanate (which is a mixture of the 2,4- and
      2,6-isomers) and polyether polyols without downgrading the flexibility or
      the porosity of the foam by (a) using in the polymerization reaction a
      tolylene diisocyanate in which the 2,4- to 2,6-isomer ratio is such that
      the tolylene diisocyanate contains not more than about 76 percent by
      weight of the 2,4-isomer, and (b) incorporating into the reaction medium
      prior to polymerization from about 1 to about 8 percent by weight of
      dibromoneopentyl glycol in a form such that the dibromoneopentyl glycol
      can be polymerized with the other reactants in the foam matrix, the weight
      of the dibromoneopentyl glycol being based on the weight of the polyether
      polyol used in the polymerization reaction. Best results have been
      obtained when the dibromoneopentyl glycol is incorporated in the reaction
      medium, either in the form of a dispersion or a solution of
      dibromoneopentyl glycol in the polyether polyol, using a tolylene
      diisocyanate in which the 2,4- to 2,6-isomer ratio is such that the
      tolylene diisocyanate contains 72.5 .+-. 2 percent by weight of the
      2,4-isomer and 27.5 .+-. 2 percent by weight of the 2,6-isomer.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the production of flexible polyurethane foams by
      a process involving the reaction of tolylene diisocyanate with a polyether
      polyol in the presence of a small amount of water and a catalytic amount
      of a polymerization catalyst. More particularly, the invention provides an
      improved method for flame retarding such polyurethane foams by
      incorporating dibromoneopentyl glycol into the foam matrix without
      downgrading the flexibility or porosity of the foam.
PAR  Flexible polyurethane foams made from tolylene diisocyanate and a polyether
      polyol comprise a very large segment of the polyurethane foam industry and
      are extensively used in fabricating automobile and furniture upholstery.
      Because of the inherent combustibility of polyurethane foams, which
      generally burn uncontrollably after ignition, there has been an extensive
      effort in the polyurethane foam industry during the past several years to
      produce flame retardant foams. These efforts have been stimulated by
      recent governmental regulations requiring improved safety standards for
      polyurethane foams used in automobiles, one of the most important of which
      regulations is Motor Vehicle Safety Standard Docket 302, published in the
      Federal Register on Jan. 8, 1971 and effective Sept. 1, 1972.
PAR  Flame-proofing flexible polyurethane foams, which have an open-cell porous
      structure, is much more difficult than flame-proofing closed-cell rigid
      foams, since open-cell structures permit the flame to obtain oxygen
      through the back face of the porous structure and also permit any
      volatilizable flame retardant to escape ahead of the flame front.
PAR  Many different methods have been suggested and commercially tested for
      flame retarding flexible polyurethane foams, all of which methods involve
      the addition to the foam reactants of some flame retardant prior to or
      during the polymerization reaction so that the flame retardant is
      uniformly distributed throughout the resultant foam. For convenience,
      these flame retardants may be characterized as either (1) non-reactive
      inorganic compounds which remain as discreet solid particles after
      dispersion through the foam matrix, (2) non-reactive organic compounds
      which remain dissolved in or dispersed throughout the foam matrix but are
      not chemically bound to or as part of the foam matrix, and (3) reactive
      organic compounds which enter into the polymerization reaction and become
      chemically bound as part of the foam matrix. Each of these methods
      presents difficulties.
PAR  The most common example of the first class of flame retardants, namely the
      non-reactive inorganic compounds which remain as discreet solid particles
      after dispersion throughout the foam matrix, is illustrated by the use of
      antimony trioxide and zinc oxide. As shown in U.S. Pat. No. 3,574,149,
      flame retardant flexible polyurethane foams may be obtained by dispersing
      in the foam reactants a mixture of antimony trioxide and zinc oxide in
      polyvinyl chloride. Insofar as these solid flame retardants are not
      compatible with the polyurethane foam matrix, flame retardancy is reduced
      and may be lost during washing and/or humid ageing of the foam. Moreover,
      since the required use level of these additives ranges from 20 to 30
      percent by weight of the total weight of the foam reactants, this system
      always changes the foam properties. Finally, a high bun exotherm (in which
      the interior temperature of the polyurethane foam bun reaches temperatures
      in excess of 150.degree.C.) results in a scorching of the interior of the
      foam due to the presence of any thermally unstable polyvinyl chloride.
PAR  The second class of flame retardants used in flameproofing flexible
      polyurethane foams is the non-reactive organic additive which acts as a
      plasticizer when dissolved in or dispersed throughout the foam matrix.
      Examples of such plasticizers include the halogenated
      phosphonate-phosphite sold by Monsanto Company under the trademark
      Phosgard C-22R and described in U.S. Pat. No. 3,014,956, as well as
      2,2-bis-(chloromethyl)trimethylene-bis-[di-(2-chloroethyl)phosphate] sold
      by Monsanto Company under the trademark Phosgard 2XC-20 and described in
      U.S. Pat. No. 3,192,242. Another example is
      tris-(2,3-dibromopropyl)phosphate which is sold by Michigan Chemical
      Company under the tradename LV-T23P. The use of halogenated phosphate
      esters in flexible foam for flame retardance results in mild to severe
      loss of foam properties, which is dependent on the use level of additive,
      and in mild to severe foam discoloration, which is dependent upon interior
      bun temperatures, with temperatures in excess of 150.degree.C. often
      resulting in very severe darkening of the center of slabstock bun. On
      ageing, flame retardancy is often lost due to the small but finite vapor
      pressure of the halogenated phosphate plasticizer.
PAR  The third class of flame retardants suggested for flame-proofing
      polyurethane foams are those reactive organic compounds which enter into
      the polymerization reaction and become chemically bound as part of the
      foam matrix. Examples of such flame retardants may be found in the article
      by Parrish et al. J. Cellular Plastics, 5, 348-57 (1969) and in U.S. Pat.
      Nos. 3,257,337 and 3,597,503. Insofar as such reactive organic compounds
      contain halogen, their efficacy as flame retardants in polyurethane foams
      is related to the relative ease with which the resultant foam forms
      hydrogen chloride and/or hydrogen bromide in the flame. These non-burning
      gases are believed to interfere with the free-radical mechanism of the
      burning reaction and stabilize the system against free-radical
      decomposition of the polyether chains in the foam matrix.
PAR  The current trend in flame-proofing flexible polyurethane foams has been to
      seek methods of employing a copolymerizable flame retardant
      notwithstanding the fact that the past history of using such reactive
      flame retardants has been mostly of theoretical rather than practical
      value. The reason for this is that foam processing with reactive flame
      retardants has been so difficult that it has prevented the adoption of
      these flame retardants on a commercial scale. However, the preparation of
      small scale laboratory foams have shown that reactive flame retardants may
      be extremely efficient in preventing flame propagation and do not suffer
      from loss of effectiveness on long-term ageing. The major shortcoming to
      this approach is the difficulty experienced in producing flame retardant
      polyurethane foams on a commercial production basis.
PAR  Polybrominated polyols are known to impart flame retardancy to the
      polyurethane chains when copolymerized with the other reactants which form
      the urethane linkage. One such polybrominated polyol is dibromoneopentyl
      glycol ("DBNG"), the Geneva name for which is
      2,2-bis-(bromomethyl)-1,3-propanediol. An early example of the use of
      dibromoneopentyl glycol to flame-proof polyurethane coating compositions
      (which are not foams) may be found in U.S. Pat. No. 3,542,740.
PAR  Although dibromoneopentyl glycol has been used as part of a complex ternary
      flame retardant system (containing antimony trioxide and a chlorinated
      hydrocarbon polymer) in flexible polyurethane foams made from tolylene
      diisocyanate and polymethylene polyphenylisocyanate interpolymerized with
      polyether polyols (as shown in U.S. Pat. No. 3,738,953), this
      copolymerizable flame retardant has never been used successfully as the
      only flame retardant in flexible polyurethane foams made from tolylene
      diisocyanate and polyether polyols because it has been impossible to
      incorporate dibromoneopentyl glycol in such urethane foam systems without
      obtaining closed or tight cell structures which, while suitable for flame
      retardance per se, make the resultant foam unsuitable for many uses.
PAC  SUMMARY OF THE INVENTION
PAR  Using either a solution of dibromoneopentyl glycol or a low viscosity (3000
      to 7000 cps) dispersion of this flame retardant in a polyether polyol, it
      has been found that flame retardant flexible polyurethane foams may be
      produced from tolylene diisocyanate and a polyether polyol without
      downgrading the porosity or the flexibility of the foam only when the 2,4-
      to 2,6-isomer ratio of the tolylene diisocyanate is such that the tolylene
      diisocyanate contains not more than about 76 percent by weight of the
      2,4-isomer. Under these circumstances, it is possible to obtain flame
      retardant flexible polyurethane foams with excellent physical properties
      using as little as about 1 to about 8 percent by weight of
      dibromoneopentyl glycol in the foam reaction medium, the weight of the
      diibromoneopentyl glycol being based on the weight of the polyether polyol
      used in the polymerization reaction.
PAR  Based on this discovery, the invention contemplates the improvement, in a
      process for producing flexible polyurethane foams having a porosity in the
      range from about 0.5 to about 10 cubic feet per minute, in which tolylene
      diisocyanate is reacted with a polyether polyol in the presence of a small
      amount of water and a catalytic amount of a polymerization catalyst, which
      comprises
PA1  a. using in the polymerization reaction a tolylene diisocyanate in which
      the 2,4- to 2,6-isomer ratio is such that the tolylene diisocyanate
      contains not more than about 76 percent by weight of the 2,4-isomer; and
PA1  b. incorporating into the reaction medium prior to polymerization from
      about 1 to about 8 percent by weight of dibromoneopentyl glycol in a form
      such that the dibromoneopentyl glycol can be polymerized with the other
      reactants in the foam matrix, the weight of the dibromoneopentyl glycol
      being based on the weight of the polyether polyol used in the
      polymerization reaction,
PAL  thereby producing a flame retardant flexible polyurethane foam without
      downgrading the flexibility or porosity of the foam.
PAC  BASIC PARAMETERS OF THE PROCESS
PAR  To obtain commercial-grade flexible polyurethane foams in accordance with
      the invention, which foams have a porosity in the range between 0.5 and 10
      cubic feet per minute (as measured by ASTM D-1564) and meet all of the
      requirements of Motor Vehicle Safety Standard Docket 302, the 2,4- to
      2,6-isomer ratio of the tolylene diisocyanate used in the polymerization
      reaction must be such that the tolylene diisocyanate must not contain more
      than about 76 percent by weight of the 2,4-isomer. The bulk of the
      commercial tolylene diisocyanate which is sold to the polyurethane
      industry in the U.S. is a mixture of 80 percent 2,4-isomer and 20 percent
      2,6-isomer, and most flexible foam formulations are based on use of this
      80/20 tolylene diisocyanate. However, there is available a commercial
      tolylene diisocyanate which contains 65 percent 2,4-isomer and 35 percent
      2,6-isomer.
PAR  The tolylene diisocyanate used in the process of the invention may be
      prepared by blending, prior to use in the polymerization reaction, the
      80/20 tolylene diisocyanate with the 65/35 tolylene diisocyanate,
      preferably using from 75 to 25 parts by weight of the 80/20 tolylene
      diisocyanate and from 25 to 75 parts by weight of the 65/35 tolylene
      diisocyanate. Excellent results have been obtained when the flame
      retardant flexible polyurethane foams are prepared using tolylene
      diisocyanate which is a 50:50 blend of the 80/20 and the 65/35 tolylene
      diisocyanates. This blend contains 72.5 .+-. 2 percent by weight of the
      2,4-isomer and 27.5 .+-. 2 percent by weight of the 2,6-isomer. Table I
      sets forth the 2,4- and 2,6-isomer contents of various blends of 80/20
      ("T-80" ) and and 65/35 ("T-65") commercial-grade tolylene diisocyanates.
TBL                TABLE I                                                     

     ______________________________________                                    

     Isomer Content of Tolylene Diisocyanate Blends                            

     T-65/T-80    2,4-Isomer     2,6-Isomer                                    

     ______________________________________                                    

     75/25        68.75          31.25                                         

     50/50        72.50          27.50                                         

     25/75        76.25          23.75                                         

     ______________________________________                                    

PAR  The selectively blended tolylene diisocyanate is reacted with a polyether
      polyol. Typical of such polyether polyols are the "Multranol" series of
      resins manufactured by Mobay Chemical Company, which are poly(propylene
      oxide/ethylene oxide) triols having molecular weights in the range from
      about 250 to about 6,000. Additional polyols, such as glycerol,
      hexanetriol, butanetriol, trimethylol propane trimethylol ethane and
      pentaerythritol, can be employed in the polymerization reaction with the
      polyether polyol to maintain the desirable --NCO/--OH ratio, which should
      be in the range between about 1:1 to about 1.8:1
PAR  Incorporating the dibromoneopentyl glycol in the reaction medium so that it
      can be polymerized with the other reactants and thereby become part of the
      foam matrix may prove to be a problem in commercial-scale operations,
      since DBNG is a solid having a melting point of 110.degree.C. This problem
      may be obviated by using a solution or a dispersion of dibromoneopentyl
      glycol in the particular polyether polyol to be used for the reaction.
PAR  Solution of dibromoneopentyl glycol in a polyether polyol is readily
      accomplished by mild agitation and heating. Agitation at
      70.degree.-80.degree.C for 20-30 minutes will readily effect clear stable
      solutions having a maximum of 15 percent concentration of DBNG in
      polyether polyols such as Multranol 7100 or 3900. Viscosity increase of
      the solution is minimal, a 10 percent solution of DBNG in Multranol 7100
      having a viscosity of 800 cps at 24.5.degree.C. compared to a polyol
      viscosity of about 600 cps.
PAR  Instead of using a solution of dibromoneopentyl glycol, a dispersion of
      DBNG in the polyether polyol may be used in the foam formulation. The
      dispersion of DBNG in polyether polyols is readily accomplished on a
      three-roll mill and, at dispersions of 40 to 50 percent, results in a very
      stable system of manageable viscosity. Using a three roll mill, dispersion
      of 40 parts by weight of DBNG in 60 parts by weight of Multranol 7100
      polyether polyol resulted in a system of approximately 3,000 cps
      viscosity, while the 50 percent dispersion resulted in a 7,000 cps
      viscosity. The 50 percent dispersion may settle somewhat over several
      months, but may be readily redispersed.
PAR  Regardless of whether a solution or dispersion of dibromoneopentyl glycol
      is used, the amount of dibromoneopentyl glycol incorporated into the
      reaction medium to achieve flame retardancy should be in the range from
      about 1 to about 8 percent by weight, based on the weight of the polyether
      polyol used in the polymerization reaction. As the water level in the foam
      formulation is increased from 2 to 3 phr, there is a concomittant increase
      in the amount of DBNG required to flame proof the foam. As a general rule,
      as the water level is increased the minimum level of DBNG required to
      obtain a self-extinguishing, zero burn rate (SEO) under the Motor Vehicle
      Safety Standard Docket 302 test conditions bears the following
      relationship to the water level in the foam formulation:
TBL  Water (php)    DBNG (php)                                                 

     ______________________________________                                    

     2.0            2.0                                                        

     3.0            4.0                                                        

     3.65           6.0                                                        

     ______________________________________                                    

PAR  The presence and/or use of conventional adjuvants employed in the
      production of polyurethanes, such as polymerization and gelation
      catalysts, emulsifiers, blowing agents and foam stabilizers do not
      interfere with the process according to the invention. Various
      antioxidants, such as 2,6-di-t-butyl-4-methylphenol, may also be
      incorporated into the foam formulation as a stabilizer.
DETD
PAC  EXAMPLES
PAR  The following examples which are illustrative of the ease with which flame
      retardant flexible polyurethane foams may be produced from tolylene
      diisocyanate and polyether polyols in accordance with the invention. In
      each of these examples (some of which are control tests for purposes of
      comparison), each component in the foam formulation is expressed in parts
      by weight per hundred parts by weight of polyether polyol (php) unless
      otherwise indicated. Where tradenames or trademarks are used to denote a
      particular component of the foam formulation, those components may be
      identified from the following list:
PA1  a. Multranol 3900 is a poly(propylene oxide/ethylene oxide) triol having a
      molecular weight of about 5,000 and sold by Mobay Chemical Company;
PA1  b. Multranol 7100 is a poly(propylene oxide/ethylene oxide) triol having a
      molecular weight of about 3,500 and sold by Mobay Chemical Company;
PA1  c. Mondur T-80 is tolylene diisocyanate containing 80 .+-. 1 percent of
      2,4-tolylene diisocyanate and 20 .+-. 1 percent of 2,6-tolylene
      diisocyanate and is sold by Mobay Chemical Company;
PA1  d. Mondur T-65 is tolylene diisocyanate containing 65 .+-.  2 percent by
      weight of 2,4-tolylene diisocyanate and 35 .+-. 2 percent by weight of
      2,6-tolylene diisocyanate and is sold by Mobay Chemical Company;
PA1  e. Y-6635 is a poly(methylsiloxane-polyoxyalkylene oxide) block copolymer
      sold by Union Carbide Corporation as a surfactant for flexible
      polyurethane foams; this surfactant is described in U.S. Pat. Nos.
      3,657,305, 3,686,254 and 3,594,334;
PA1  f. A-1 is a polyurethane catalyst sold by Union Carbide Corporation and is
      a 70 percent solution of bis-(dimethylaminoethyl) ether in di-n-propylene
      glycol;
PA1  g. T-9/3 (Carstan 866) is a gellation catalyst sold by Cincinnati Millicron
      Chemicals, Inc. and is composed of 331/3 percent by weight of stannous
      octoate and 662/3 percent by weight of diisodecyl phthalate; and
PA1  h. Freon 11 is trichlorofluoromethane, which is used as a blowing agent and
      is sold by E. I. duPont de Nemours & Company.
PAC  EXAMPLE I
PAR  The effect on the properties of flame retardant foams on varying the 2,4-
      and 2,6-isomer content of the tolylene diisocyanate used in the
      polymerization reaction is illustrated by the seven runs summarized in
      Table II. Except for the control (Run 7), 5 php of dibromoneopentyl glycol
      was used in each of these runs and was added to the foam formulation as a
      10 percent solution of DBNG in Multranol 7100.
PAR  In Run 1, where only Mondur T-80 was used as the tolylene diisocyanate, the
      foam was tight and closed-celled although it had flame retardancy.
      Attempts to improve the cellular structure of the foam formulation in Run
      1 by reduction of the catalyst level resulted in undesirably long rise
      times and even longer tack-free cure times, neither of which are
      compatible with efficient plant production and are economically
      undesirable.
PAR  In Runs 2 to 6, where varying blends of Mondur T-80 and T-65 were used,
      each of the resultant foams were open-celled and were self-extinguishing,
      with a zero burn rate as determined by Motor Vehicle Safety Standard
      Docket 302. In Run 7, where no DBNG was used and only Mondur T-80 was used
      as the tolylene diisocyanate, the foam had an open-celled structure but
      possessed no flame retardancy.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Effect on Properties of Flame Retardant Foams Upon Varying the 2,4- and   

     2,6-Isomer                                                                

     Content of the Tolylene Diisocyanate Used in the Polymerization           

                     Proportions and Results                                   

     Reactants       Run 1 Run 2 Run 3 Run 4                                   

                                            Run 5 Run 6 Run 7                  

     __________________________________________________________________________

     Multranol 7100  55.0  55.0  55.0  55.0 55.0  55.0  100.0                  

     Multranol 7100/DBNG (90/10)                                               

                     50.0  50.0  50.0  50.0 50.0  50.0  --                     

     Mondur T-80     42.10 31.6  25.25 21.05                                   

                                            10.5  --    37.95                  

     Mondur T-65     --    10.5  16.85 21.05                                   

                                            31.6  42.10 --                     

     Y-6634          0.70  0.70  0.70  0.70 0.70  0.70  0.70                   

     T-9/3 (Carstan 866)                                                       

                     0.65  0.75  0.80  0.90 1.10  1.40  0.90                   

     H.sub.2 O       3.00  3.00  3.00  3.00 3.00  3.00  3.00                   

     A-1             0.10  0.10  0.10  0.10 0.10  0.10  0.10                   

     Properties                                                                

     CT/RT (See Note 1)(sec.)                                                  

                     9/95  8/95  8/93  9/92 8/71  8/67  10/76                  

     Density, Pcf    1.87  2.06  2.18  2.04 1.97  1.96  1.97                   

     Porosity cu ft./min                                                       

                     Tight 5.6   4.5   3.50 3.70  5.50  --                     

                     Closed-                                                   

                           Open  Open  Open Open  Open  Open                   

                     Celled                                                    

     Burn Time (See Note 2)                                                    

                     6 sec.                                                    

                           15 sec.                                             

                                 14 sec.                                       

                                       15 sec.                                 

                                            20 sec.                            

                                                  16 sec.                      

                                                        --                     

     Burn Distance (See Note 3)                                                

                     .40"  1.0"  .95"  1.0" 1.20" 1.10" --                     

     Burn Rating (See Note 4)                                                  

                     SEO   SEO   SEO   SEO  SEO   SEO   Burn                   

     __________________________________________________________________________

      1) CT/RT = cream time/rise time. Cream time is a visual indication of an 

      extreme viscosity change in the foaming system. The formulation undergoes

      a change from a clear liquid to an opaque, creamy system. Initiation of  

      foam rise occurs at the cream time. Rise time is that point at which the 

      foaming mass ceases to rise and is indicative of how soon the foam bun ma

      be handled by production personnel.                                      

      2) Burn time is the time in seconds that the test sample burned. Time zer

      is taken upon ignition of the sample. Insofar as test ignition time is 15

      seconds, many of these samples extinguished during ignition time.        

      3) Burn distance is the distance the foam sample actually burned. Burn   

      ratings are calculated after 1.50 inches has burned. All of the samples i

      Runs 1 to 6 have zero burn rates.                                        

      4) SEO = Self extinguishing with zero burn rate.                         

PAC  EXAMPLE II
PAR  Table III sets forth three runs for producing flame retardant flexible
      polyurethane foams, in which the dibromoneopentyl glycol was added to the
      foam formulation in the form of a dispersion of DBNG in the polyether
      polyol. In each of these runs, the tolylene diisocyanate was a 50:50 blend
      of Mondur T-80 and T-65. In Run 1, the DBNG was added in the form of a 40
      percent dispersion of DBNG in Multranol 7100; in Run 2, the DBNG was added
      in the form of a 45 percent dispersion in Multranol 7100; and in Run 3,
      the DBNG was added in the form of a 50 percent dispersion in Multranol
      7100.
TBL                TABLE III                                                   

     ______________________________________                                    

     Use of Dispersions of DBNG in Flame Proofing                              

                   Proportions and Results                                     

     Reactants       Run 1     Run 2     Run 3                                 

     ______________________________________                                    

     Multranol 7100  93        95        94                                    

     DBNG            7         5         7                                     

     Mondur T-80     26.30     20.6      21.2                                  

     Mondur T-65     26.30     20.6      21.2                                  

     Y-6634          0.75      0.70      0.70                                  

     A-1             0.10      0.10      0.10                                  

     H.sub.2 O       4.0       3.0       3.0                                   

     T-9/3 (Carstan 866)                                                       

                     0.75      0.95      0.70                                  

     Properties                                                                

     Cream Time, sec.                                                          

                     10        7         7                                     

     Rise Time, sec. 59        69        70                                    

     Density, Pcf    1.62      1.88      1.95                                  

     Porosity        V. Open   V. Open   V. Open                               

     Burn Distance   1.05"     1"        1"                                    

     Burn Rating     SEO       SEO       SEO                                   

     ______________________________________                                    

PAC  EXAMPLE III
PAR  As indicated previously, there is an interrelationship between the water
      level, amount of DBNG and the 2,4- and 2,6-isomer ratio of the tolylene
      diisocyanate which is critical in obtaining flame retardant foams without
      downgrading the flexibility or porosity of the foam. Table IV summarizes
      the results of an aggregate of seventeen runs in four series showing the
      effect on the properties of flame retardant foams upon varying the DBNG
      content and the water level in the foam formulation.
PAR  In the first series (Runs A-1 through A-5), from 1 to 5 php of DBNG were
      used at a water level of 1.95 php. In the second series (Runs B-1 to B-4),
      from 2 to 5 php of DBNG were used at a water level of 2.00 php. In the
      third series (Runs C-1 to C-4), from 3 to 7 php of DBNG were used at a
      water level of 3.00 php. All 13 of these runs showed excellent flame
      retardancy (self-extinguishing, zero burn rates) and yielded commercially
      acceptable foams.
PAR  In the fourth series (Runs D-1 to D-4), which used 3.65 php water level in
      the foam formulation, acceptable flame retardancy was obtained only in one
      run (Run D-4) where 6 php of DBNG was used, indicating the general rule
      that as the water level increases there must be a corresponding increase
      in the DBNG content to obtain satisfactory flame retardancy under the
      Motor Vehicle Safety Standard Docket 302.
PAC  EXAMPLE IV
PAR  Table V sets forth the results obtained when the DBNG content and 2,4- and
      2,6-isomer content of the tolylene diisocyanate were varied while the
      water level was held at a constant 3.65 php. These results corroborate
      those observed in the previous examples.
TBL                                    TABLE IV                                

     __________________________________________________________________________

     Effect on Properties of Flame Retardant Foams Upon Varying the DBNG       

     Content                                                                   

     and the Water level in the Foam Formulation                               

               Proportions and Results                                         

     Reactants Run A-1                                                         

                     Run A-2                                                   

                           Run A-3                                             

                                 Run A-4                                       

                                       Run A-5                                 

                                             Run B-1                           

                                                   Run B-2                     

                                                         Run                   

                                                               Run             

     __________________________________________________________________________

                                                               B-4             

     Multranol 3900                                                            

               100.0 100.0 100.0 100.0 100.0 --    --    --    --              

     Multranol 7100                                                            

               --    --    --    --    --    100.0 100.0 100.0 100.0           

     DBNG      1.0   2.0   3.0   4.0   5.0   2.0   3.0   4.0   5.0             

     Mondur T-80                                                               

               --    --    --    --    --    11.8  --    12.35 --              

     Mondur T-65                                                               

               26.2  26.9  27.6  28.3  29.0  17.7  30.2  18.55 31.6            

     Y-6634    0.60  0.60  0.60  0.60  0.60  0.60  0.60  0.60  0.60            

     T-9/3                                                                     

      (Carstan 866)                                                            

               0.90  0.70  0.70  0.60  0.60  0.90  1.30  0.70  1.10            

     H.sub.2 O 1.95  1.95  1.95  1.95  1.95  2.00  2.00  2.00  2.00            

     A-1       0.10  0.10  0.10  0.10  0.10  0.10  0.10  0.10  0.10            

     Freon 11  3.00  3.00  3.00  3.00  3.00  --    --    --    --              

     Properties                                                                

     CT/RT (sec.)                                                              

               12/142                                                          

                     12/143                                                    

                           13/157                                              

                                 13/160                                        

                                       13/158                                  

                                             13/158                            

                                                   11/115                      

                                                         13/168                

                                                               11/124          

     Density, Pcf                                                              

               2.82  2.70  2.72  2.72  2.72  2.76  2.70  2.85  2.80            

     Porosity,                                                                 

      cu ft./min.                                                              

               5.3   5.1   2.8   3.50  3.80  6.9   6.8   6.1   5.1             

     Burn distance                                                             

               2.25" 1.10" .92"  .82"  .80"  .80"  .80"  .55"  .70"            

     Burn Rating                                                               

               SE    SEO   SEO   SEO   SEO   SEO   SEO   SEO   SEO             

     Reactants Run C-1                                                         

                     Run C-2                                                   

                           Run C-3                                             

                                 Run C-4                                       

                                       Run D-1                                 

                                             Run D-2                           

                                                   Run D-3                     

                                                         Run                   

     __________________________________________________________________________

                                                         D-4                   

     Multranol 7100                                                            

               100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0                 

     DNBG      3.0   4.0   5.0   7.0   3.0   4.0   5.0   6.0                   

     Mondur T-80                                                               

               16.1  16.4  16.8  11.3  19.9  20.0  20.3  19.65                 

     Mondur T-65                                                               

               24.2  24.6  25.0  33.9  29.9  30.0  30.45 29.45                 

     Y-6634    0.70  0.70  0.70  0.70  0.65  0.65  0.65  0.65                  

     T-9/3                                                                     

      (Carstan 866)                                                            

               1.15  1.00  0.90  0.90  1.10  1.10  0.90  0.70                  

     H.sub.2 O 3.00  3.00  3.00  3.00  3.65  3.65  3.65  3.65                  

     A-1       0.10  0.10  0.10  0.10  0.10  0.10  0.10  0.10                  

     Properties                                                                

     CT/RT (sec.)                                                              

               9/91  11/103                                                    

                           11/111                                              

                                 11/102                                        

                                       13/79 11/64 13/90 11/85                 

     Density, Pcf                                                              

               1.95  1.93  1.99  2.05  1.70  1.92  1.74  1.70                  

     Porosity,                                                                 

      cu ft./min                                                               

               8.7   9.4   8.9   9.7   9.9   8.4   9.1   8.9                   

     Burn Distance                                                             

               4.10" 1.15" 1.10" .95"  10"   7.5"  4.7"  1.15"                 

     Burn Rating                                                               

               SE    SEO   SEO   SEO   Burn  Burn  SE    SEO                   

     __________________________________________________________________________

TBL                                    TABLE V                                 

     __________________________________________________________________________

     Effect on Properties of Flame Retardant Foams Upon Varying the DBNG       

     Content                                                                   

     and the 2,4- and 2,6-Isomer Content of the Tolylene Diisocyanate Used in  

     the                                                                       

     Polymerization While Maintaining a Constant Water Level in the Foam       

     Formulation                                                               

                 Proportions and Results                                       

     Reactants   Run E-1                                                       

                       Run E-2                                                 

                             Run E-3                                           

                                   Run E-4                                     

                                         Run E-5                               

                                               Run E-6                         

     __________________________________________________________________________

     Multranol 7100                                                            

                 100.0 100.0 100.0 100.0 100.0 100.0                           

     DBNG        0.0   3.0   4.0   5.0   6.0   8.0                             

     Mondur T-80 23.55 18.8  20.0  20.3  19.65 50.36                           

     Mondur T-65 23.55 28.2  30.0  30.45 29.47 --                              

     Y-6634      0.65  0.65  0.65  0.65  0.65  0.65                            

     T-9/3 (Carstan 866)                                                       

                 1.50  1.30  1.10  0.90  0.90  0.20                            

     H.sub.2 O   3.65  3.65  3.65  3.65  3.65  3.65                            

     A-1         0.10  0.10  0.10  0.10  0.10  0.10                            

     Properties                                                                

     CT/RT (sec.)                                                              

                 11/72 11/71 11/64 13/90 11/85 --                              

     Density, Pcf                                                              

                 1.72  1.73  1.72  1.74  1.70  --                              

     Porosity, cu ft./min                                                      

                 8.2   8.6   8.4   9.1   8.9   Closed;                         

                                               Shrink                          

     Burn Distance                                                             

                 10.0" 10.0" 7.2"  4.8"  1.0"  --                              

     Burn Rating Burn  Burn  Burn  SE    SEO   --                              

     __________________________________________________________________________

PAC  EXAMPLE V
PAR  Trichlorofluromethane (Freon 11) and similar blowing agents may be used in
      producing the flame retardant flexible polyurethane foams according to the
      invention without diminishing the flame retardancy of the foam yet
      allowing the density to be altered. Table VI shows the results obtained
      with two identical formulations, differing only in that the second run
      used Freon as a blowing agent.
TBL                TABLE VI                                                    

     ______________________________________                                    

     Effect on Foam Properties on Using Freon                                  

     Reactants             Run 1    Run 2                                      

     ______________________________________                                    

     Multranol 7100        55       55                                         

     Multranol 7100/DBNG (90/10)                                               

                           50       50                                         

     Mondur T-80           21.05    21.05                                      

     Mondur T-65           21.05    21.05                                      

     Y-6634                0.70     0.70                                       

     T-9/3 (Carstan 866)   0.90     0.90                                       

     H.sub.2 O             3.0      3.0                                        

     A-1                   0.10     0.10                                       

     Freon 11              --       7.0                                        

     Properties                                                                

     CT/RT (sec.)          9/92     7/76                                       

     Density, Pcf          2.04     1.41                                       

     Porosity, cu. ft./min.                                                    

                           3.50     4.4                                        

     Burn Time             Open     Very Open                                  

                           15 sec.  17 sec.                                    

     Burn Distance          1.0"    1.40"                                      

     Burn Rating           SEO      SEO                                        

     ______________________________________                                    

PAC  EXAMPLE VII
PAR  This example illustrates the necessity of adding the dibromoneopentyl
      glycol to the reaction medium in a form such that the DBNG can be
      polymerized with the other reactants to form part of the foam matrix. In
      this sample, the DBNG was used in the solid form in which it was received
      from the manufacturer, Dow Chemical Company.
TBL  ______________________________________                                    

     Reactants     Parts by Weight                                             

     ______________________________________                                    

     Multranol 7100                                                            

                   100                                                         

     DBNG, as received                                                         

                   5.0                                                         

     Mondur T-80   21.05                                                       

     Mondur T-65   21.05                                                       

     Y-6634        0.70                                                        

     T-9/3 (Carstan 866)                                                       

                   0.90                                                        

     H.sub.2 O     3.00                                                        

     A-1           0.10                                                        

     Properties    Results                                                     

     ______________________________________                                    

     Cream Time, sec.                                                          

                   12                                                          

     Rise Time, sec.                                                           

                   80                                                          

     Foam Quality  Good Open Foam                                              

     Burn Distance 3.20" per minute                                            

     Burn Rating   Burned                                                      

     ______________________________________                                    

PAR  This foam lost 23.5 percent of the theoretical amount of DBNG after a 3
      hour extraction with acetone, illustrating the necessity of dispersing or
      dissolving the DBNG in the polyether polyol prior to polymerization.
PAC  EXAMPLE VIII
PAR  When the DBNG is chemically incorporated into the foam matrix according to
      the invention, the flame retardancy of the foam is permanent and is not
      destroyed by dry cleaning. By way of illustration, eight flame retardant
      flexible polyurethane foams, each 4 .times. 10 inches in size and each
      flame retarded with 3.0 parts of DBNG per hundred parts of foam in
      accordance with the process of the invention, were separately subjected to
      repeated extraction with perchloroethylene and the solvent extracts
      concentrated from approximately 2 liters to 25 cc. An infrared scan of the
      concentrated perchloroethylene extract did not show any absorption bands
      characteristic of dibromoneopentyl glycol.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for producing flexible polyurethane foams having a porosity
      in the range from about 0.5 to about 10 cubic feet per minute, in which an
      isomeric mixture of 2,4- and 2,6-tolylene diisocyanate is reacted with a
      polyether polyol in the presence of a small amount of water and a
      catalytic amount of a polymerization catalyst, the improvement which
      comprises:
PA1  a. reacting the polyether polyol with a sufficient amount of an isomeric
      mixture of tolylene diisocyanate which contains not more than about 76
      percent by weight of the 2,4-isomer, and
PA1  b. incorporating into the reaction mixture prior to polymerization from
      about 1 to about 8 percent by weight of dibromoneopentyl glycol based on
      the weight of the polyether polyol used in the polymerization reaction.
NUM  2.
PAR  2. A process for producing flame retardant flexible polyurethane foams
      according to claim 1, in which the tolylene diisocyanate used in the
      polymerization reaction has a 2,4-isomer content in the range from about
      68 to about 76 percent by weight.
NUM  3.
PAR  3. A process for producing flame retardant flexible polyurethane foams
      according to claim 1, in which the tolylene diisocyanate used in the
      polymerization reaction contains 72.5 .+-. 2 percent by weight of the
      2,4-isomer and 27.5 .+-. 2 percent by weight of the 2,6-isomer.
NUM  4.
PAR  4. A process for producing flame retardant flexible polyurethane foams
      according to claim 1, in which the dibromoneopentyl glycol is incorporated
      in the reaction medium in the form of a dispersion of dibromoneopentyl
      glycol in the polyether polyol.
NUM  5.
PAR  5. A process for producing flame retardant flexible polyurethane foams
      according to claim 1, in which the dibromoneopentyl glycol is incorporated
      in the reaction medium in the form of a solution of dibromoneopentyl
      glycol in the polyether polyol.
NUM  6.
PAR  6. A process for producing flame retardant flexible polyurethane foams
      according to claim 1, in which the polyether polyol is a poly(propylene
      oxide/ethylene oxide) triol having a molecular weight in the range from
      about 250 to about 6,500.
NUM  7.
PAR  7. A process for producing flame retardant flexible polyurethane foams
      according to claim 1, in which from about 1.75 to about 4 percent by
      weight of water and from about 2 to about 8 percent by weight of
      dibromoneopentyl glycol are used in the polymerization reaction, both
      percentages being based on the weight of the polyether polyol used in the
      polymerization reaction.
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PAL  Polyurethane and polyisocyanurate-urethane foams are disclosed.
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BSUM
PAR  This invention relates to plastic foams.
PAR  Plastic foams such as polyurethane foams and polyisocyanurate urethane
      foams have found widespread utility in the fields of insulation and
      structural reinforcement. One factor limiting the commercial utilization
      of plastic foams has been their flammability when exposed to flame or high
      temperature. Another factor to be considered is the amount of smoke
      generated by the foams under fire conditions. Modifications to control
      these properties are known in the art. For example, U.S. Pat. No.
      3,542,701 discloses the use of elementary sulfur as a flame-retardant in
      some plastic foams. U.S. patent application Ser. No. 371,324, filed June
      18, 1973, now U.S. Pat. No. 3,876,568, discloses the addition of
      elementary sulfur to polyisocyanurate-urethane foams to lower smoke
      output.
PAR  I have discovered that the addition of certain organosulfur compounds to
      polyurethane or polyisocyanurate-urethane foams reduces their smoking
      under fire conditions. This reduction is achieved without adversely
      affecting the flame retardency of the foams.
PAR  Accordingly, an object of this invention is to provide plastic foams with
      reduced smoke output under fire conditions.
PAR  One skilled in the art will see other objects, aspects and advantages of
      this invention in the following disclosure and appended claims.
PAR  The organosulfur compounds of this invention are organic sulfides,
      polysulfides, sulfoxides, sulfones, thiocarbonates and the like. These
      organosulfur compounds are represented by the formulas:
TBL  R.sub.2 S.sub.x     CS (OR).sub.2                                         

     R.sub.2 SO          CO (SR)OR                                             

     R.sub.2 SO.sub.2    CO(SR).sub.2                                          

                         CS(SR)OR                                              

                         CS(SR).sub.2                                          

PAL  wherein each R is hydrogen alkyl, alkoxy, cycloalkyl, cycloalkoxy, or aryl
      having 1 to 20 carbon atoms, at least one R is alkyl, alkoxy, cycloalkyl,
      cycloalkoxy or aryl and X is an integer from 1 to 10. Preferably each R is
      hydrogen, alkyl or aryl. Preferably each R has from 1 to 12 carbon atoms
      and x is an integer from 1 to 6. The sulfides are binary compounds of
      divalent sulfur. Oxidation of the sulfides produces sulfoxides, then
      sulfones. The oxidation of mercaptans produces the disulfides. We derive
      the thiocarbonates from carbonic acid by the substitution of one or more
      of its oxygen atoms with sulfur.
PAR  The amount of organosulfur compound in the foams ranges from 0.5 to 25.0%
      by weight of foam. And preferably ranges from 5.0 to 15.0%.
PAR  The term "isocyanurate" or "polyisocyanurate" refers to a composition
      having isocyanurate rings in its structure. These rings are generally
      depicted as:
      ##SPC1##
PAL  and are produced by the following equation:
      ##SPC2##
PAR  The art recognizes that the trimerization or polymerization of organic
      isocyanates having the formula RNCO, urethane prepolymers having reactive
      --NCO groups, or other materials having reactive --NCO groups attached
      thereto, for example, polyamide prepolymers, or combinations of these
      compounds, in the presence of a suitable catalytic agent and preferably
      one or more polyols will yield polymers referred to as isocyanurates,
      isocyanurate-urethanes or, for example, isocyanurate-amides or
      isocyanurate-urethane-amides. The isocyanurate ring structure is present
      in all of these compounds.
PAR  Urethanes or polyurethanes can be formed by a variety of methods. The most
      widely used production method is the reaction of di- or polyfunctional
      hydroxy compounds, for example hydroxyl terminated polyesters or
      polyethers, with di- or polyfunctional isocyanates. The general structure
      of a linear polyurethane derived from a dihydroxy compound, HOROH, and a
      diisocyanate, OCNR'NCO, is represented by the following general formula:
      ##EQU1##
PAR  In the polyisocyanurate-polyurethane compositions there is a combination of
      isocyanurate and urethane linkages or structure. Of the total isocyanate
      used in these compositions some of it is trimerized or polymerized to form
      isocyanurate rings and some of it is reacted with one or more polyols to
      form urethane linkages. These compositions are formed by controlling the
      NCO/OH ratio of the isocyanate and polyol reactants so that a certain
      percentage of the total available isocyanate can react with the polyol to
      form urethane structure and the remainder of the isocyanate can trimerize
      to form isocyanurate structure. Generally, the NCO/OH ratio is maintained
      between about 4 to 1 and 50 to 1 and the isocyanurate-urethane plastic
      foams so produced are about 5 to 25% urethane and 75 to 95% isocyanurate.
      The NCO/OH index is determined by using the formula:
      ##EQU2##
PAR  Rigid, low density foams can be prepared by reacting polyols with
      polyisocyanates in the presence of a suitable catalyst, a blowing agent,
      and generally a surfactant. This invention works well for both the
      one-shot technique and the pre-polymer approach.
PAR  The foaming operation is effected by means of incorporating the blowing
      agent in the foam forming constituents. It can be water or a low boiling,
      inert liquid, which vaporizes below the temperature of the foaming mass.
      The preferred blowing agents are certain halogen-substituted aliphatic
      hydrocarbons. In foams intended for use as insulation the incorporation of
      a gas lowers the foam's heat conductivity and results in obtaining a
      better K-factor. All of these methods are known in the art.
PAR  Preferred blowing agents are fluorocarbons such as
      trichloromonofluoromethane, dichlorofluoromethane and the like. The weight
      of blowing agents used is varied depending on the foam density desired.
PAR  Catalysts which are conventional for the trimerization of isocyanate groups
      may be used in the present invention. Some examples are described in the
      literature, such as Saunders, J. R. Frisch, K. C. "Polyurethanes,
      Chemistry and Technology," Part 1, pgs. 94-97 and 212; Beitchmann, B. D.
      "Rubber Age," February 1966; Beitchmann, B. D. I & EC Product Research and
      Development, Vol. 5, No. 1, pages 35-41, March 1966; and Nicolas, L. and
      Gmitter, G. T., J. Cellular Plastics, Vol. 1, No. 1, pgs. 85-95 (1965).
PAR  Examples of these trimerization catalysts are (a) organic strong bases or
      salts thereof, (b) tertiary amine cocatalyst combinations, (c) alkali
      metal oxides, alkali metal alcoholates, alkali metal phenolates, alkali
      metal hydroxides and alkali metal carbonates, (f) onium compounds from
      nitrogen, phosphorous, arsenic, antimony, sulfur and selenium, (g)
      epoxides and (h) nonsubstituted monocarbamic esters. Preferred catalysts
      are those which are soluble in other components of the formulation
      including for example, polyether polyols and fluorocarbons.
PAR  Conventional catalysts for the production of linear polyurethanes included
      are tertiary amines such as triethylenediamine. Other commonly employed
      catalysts are triethylamine and dimethylethanolamine, as well as tin,
      lead, and cobalt containing compounds.
PAR  When producing urethane foams, a surfactant is used which serves to
      regulate rigid foam cell size. Frequently used surfactants are high
      molecular weight, liquid silicones. The weight of surfactant generally is
      between 0.5 and 1.5% by weight of the polyol.
PAR  Generally, the polyol, catalyst, blowing agent and surfactant are admixed.
      The isocyanate and organo sulfur compound are mixed and then added to the
      polyol mixture. If desired, the isocyanate and organo sulfur compound can
      be added to the polyol mixture separately with the isocyanate being added
      last.
DETD
PAR  The advantages of this invention further are illustrated by the following
      examples. The reactants, proportions and other specific conditions are
      presented as being typical and should not be construed to limit the
      invention unduly.
PAC  EXAMPLE I
TBL  Ingredients          Parts by Weight                                      

                          (Control)                                            

                        Run 1   Run 2                                          

     ______________________________________                                    

     Prepolymer-polyphenyl                                                     

     polymethylene polyisocyanate and                                          

     a neutral phosphorus polyol                                               

                          112       112                                        

     Surfactant-silicone glycol                                                

     copolymers with direct silicone                                           

     carbon bonds         1         1                                          

     Trimerization Catalyst -                                                  

     dimethylaminomethyl phenol                                                

                          10        10                                         

     Blowing agent-trichlorofluoromethane                                      

                          20        21                                         

     ethylene trithiocarbonate                                                 

                          --        10                                         

     Density, pcf         2.0       2.2                                        

     Small tunnel smoke output                                                 

                          110       70                                         

     Small tunnel flame spread                                                 

                          23        27                                         

     ______________________________________                                    

PAR  These foams were prepared by adding the surfactant, catalyst and blowing
      agent to the prepolymer, and then adding the ethylene trithiocarbonate. I
      blended the trithiocarbonate with the prepolymer first for Run 2. The
      mixture was stirred until creaming commenced and then quickly poured into
      a mold and allowed to rise. Each sample was cured at room temperature for
      at least 2 weeks prior to testing.
PAR  Substantially identical polyisocyanurate-urethane foams are compared in
      Runs 1 (control) and 2. The only significant differences is the inclusion
      of ethylene trithiocarbonate in Run 2. This addition reduced the smoke
      output when the foam was fire-tested by 36%. This reduction in smoke
      output was achieved without adversely affecting the flame retardency of
      the foams.
PAC  EXAMPLE II
PAR  I carried out two additional runs according to the procedures of Example I.
      The only difference was the use of ditertiary butyl polysulfide in place
      of the ethylene trithiocarbonate. The results were as follows.
TBL  ______________________________________                                    

                    Run 3 (control)                                            

                                 Run 4                                         

     ______________________________________                                    

     Density, pcf     2.00           1.98                                      

     Small Tunnel Smoke Output                                                 

                      110            70                                        

     Small Tunnel Flame Spread                                                 

                      23             30                                        

     ______________________________________                                    

PAR  The use of ditertiary butyl polysulfide lowered smoke output when the foam
      was fire-tested by 36%. This reduction was achieved without adversely
      affecting the flame retardency of the foams.
PAR  Although I have described this invention in considerable detail, it must be
      understood that such detail is for the purposes of illustration only. One
      skilled in the art can make many variations and modifications without
      departing from the scope and spirit of this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A low smoke output, polyurethane or polyisocyanurate-urethane foam
      composition formed by reacting, in an NCO/OH ratio of from 1/1 to 50/1,
      one or more compounds having reactive --NCO groups with one or more
      polyols having reactive --OH groups; the foam composition containing 0.5
      to 25.0% of at least one organosulfur compound, based on the weight of
      foam composition wherein the organosulfur compound is a sulfide or a
      thiocarbonate.
NUM  2.
PAR  2. A foam composition according to claim 1 wherein the percent of
      organosulfur compound ranges from 5.0 to 10.0.
NUM  3.
PAR  3. A foam composition according to claim 1 wherein the organosulfur
      compound is ditertiary butyl polysulfide.
NUM  4.
PAR  4. A foam composition according to claim 1 wherein the organosulfur
      compound is ethylene trithiocarbonate.
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ABST
PAL  This application relates to certain novel hydroxyalkenylsiloxanes that are
      particularly useful as foam stabilizers for rigid polyurethane foams. The
      novel hydroxyalkenylsiloxanes have critical siloxane molecular weights and
      are produced by an addition reaction involving hydrosiloxanes and
      acetylenically unsaturated alcohols that contain a terminal acetylenic
      bond which does not shift significantly during the reaction.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATION
PAR  This application is a division of U.S. Pat. application Ser. No. 319,786,
      filed Dec. 29, 1972 now U.S. Pat. No. 3,842,112.
BSUM
PAR  Rigid polyether polyurethane foams are produced commercially by introducing
      several starting materials (i.e., a silicone surfactant, a polyether
      polyol, a fluorocarbon blowing agent, a catalyst and a polyisocyanate)
      into a reaction zone. It is important that the relative amounts of the
      materials in the reaction zone be carefully controlled in order to produce
      a satisfactory polyurethane foam. Control of the relative amount of the
      starting materials in the reaction zone is achieved, in part, by forming
      premixtures containing carefully controlled amounts of the silicone
      surfactant (i.e., a siloxane-polyoxyalkylene block copolymer), polyol, and
      fluorocarbon. It is desirable that the various components in these
      premixtures be compatible so as to eliminate the need for stirring the
      premixtures to insure homogeneity. Certain silicone surfactants are more
      compatible with the other starting materials in the premixtures than are
      other silicone surfactants. In particular, those silicone surfactants
      wherein the polyoxyalkylene blocks are endblocked by hydroxyl groups are
      generally more compatible in premixtures than are silicone surfactants
      wherein the polyoxyalkylene blocks are endblocked by alkoxy groups.
PAR  Siloxane-polyoxyalkylene block copolymers wherein the polyoxyalkylene
      blocks are endblocked by hydroxyl groups are often prepared by the
      addition of a linear polyoxyalkylene polymer endblocked at one end by an
      allyl group and at the other end by a hydroxyl group (or a group
      convertible to a hydroxyl group) with a hydrosiloxane. Such
      polyoxyalkylene reactants can be produced by reacting allyl alcohol with
      one or more alkylene oxides followed, if desired, by converting the
      hydroxy group to a group convertible to a hydroxyl group. In the addition
      reaction, the SiH groups add to the allyl group to produce the block
      copolymer. When the polyoxyalkylene reactant contains an alcoholic
      hydroxyl endblocking group, such groups can also react to some extent with
      SiH groups thereby decreasing the content of the desired hydroxyl groups
      in the block copolymer product with a resulting decrease in the
      compatibility of the block copolymer in the above-mentioned premixtures.
      This side reaction also undesirably increases the viscosity of the block
      copolymer product by partially crosslinking the block copolymer. Further,
      during the addition reaction, endblocking allyl groups in the
      polyoxyalkylene reactant tend to isomerize to some extent to propenyl
      groups which can react with the hydroxyl endblocking groups of the
      polyoxyalkylene reactant or block copolymer to form acetal groups. These
      side reactions also reduce the premixture compatability of the block
      copolymer by decreasing its hydroxyl content and also lead to an
      undesirable viscosity increase in the block copolymer by partially
      crosslinking the block copolymer.
PAR  When the polyoxyalkylene reactant contains an endblocking group convertible
      to a hydroxyl group, the undesirable side reactions of the hydroxyl group
      with the SiH groups and propenyl groups do not occur but the undesirable
      isomerization of allyl groups can still occur and the block copolymer
      initially formed must be further processed to regenerate the hydroxyl
      groups.
PAR  It is an object of this invention to provide hydroxyalkylsiloxanes that are
      useful as foam stabilizers for rigid polyether polyurethane foams.
PAR  It is an object of this invention to provide hydroxyalkylsiloxanes that are
      useful as foam stabilizers for rigid polyether polyurethane foams and that
      are readily produced from relatively simple alcohol reactants.
PAR  It is an object of this invention to provide hydroxyalkylsiloxanes that are
      useful as foam stabilizers for rigid polyether polyurethane foams and that
      are produced by a process relatively free of undesirable side reactions.
PAR  Other objects of this invention will be apparent from the description
      thereof appearing below.
PAR  This invention provides hydroxyalkenylsiloxanes consisting essentially of:
      (A) at least one hydroxyalkenylsiloxane unit having the formula:
      ##EQU1##
      wherein R is a divalent hydrocarbon group free of aliphatic carbon to
      carbon multiple bonds, R' is an arylene group, a cycloalkylene group that
      has no hydrogen bonded to the carbon atom attached to the C.sub.2 H.sub.2
      group and that is free of aliphatic carbon to carbon multiple bonds or a
      divalent- CR".sub.2 -group, R" and R.degree. are each monovalent
      hydrocarbon groups free of aliphatic carbon to carbon multiple bonds and
      having from 1 to 10 inclusive carbon atoms, C.sub.2 H.sub.2 is a --CH=CH--
      or a
      ##EQU2##
      group, each hydroxyalkenylsiloxane group has no more than 20 (preferably
      no more than 10) carbon atoms, a has a value of 0 or 1, b has a value of
      1, 2 or 3, c has a value of 0, 1 or 2, and (b+c) has a value of 1, 2 or 3;
      and (B) at least three hydrocarbylsiloxane units represented by the
      formula:
      ##EQU3##
      wherein R.degree..degree. is a monovalent hydrocarbon group free of
      aliphatic carbon to carbon multiple bonds and having from 1 to 10
      inclusive carbon atoms and d has a value of 1, 2 or 3, the molecular
      weight of the siloxane portion of the hydroxyalkenylsiloxane being from
      about 250 to about 1300 inclusive, and, when dihydrocarbylsiloxane units
      (R.sub.2 .degree..degree. SiO units) are present, the ratio of
      hydroxalkenylsiloxane units to dihydrocarbylsiloxane units is at least 0.5
      to 1.0. Those of the hydroxyalkenylsiloxanes of this invention containing
      at least one hydroxyalkenylsiloxane unit represented by formula (I) above
      wherein b+c is 1 or 2 are stable in premixtures containing the siloxane, a
      polyol and a blowing agent and so such siloxanes are preferred.
      Preferably, the siloxane portion represents from 60 to 80 weight percent
      of the hydroxyalkenylsiloxane and the hydroxyalkenylsiloxane has a
      viscosity up to 5000 centistokes at 25.degree.C. As used herein, the
      "siloxane portion" of the hydroxyalkenylsiloxane includes all of the
      groups and atoms in the hydroxyalkenylsiloxane apart from the
      hydroxyalkenyl groups, i.e., apart from the
EQU  HO(R).sub.a R'CH=CH- groups.
PAR  A preferred class of the hydroxyalkenylsiloxanes of this invention are
      represented by the average formula:
      ##EQU4##
      wherein R'" is a methyl or ethyl group, Me is a methyl group, x has a
      value from 1 to 8 inclusive, y has a value from 1 to 6 inclusive, the
      molecular weight of the hydroxyalkenylsiloxane, exclusive of the
      hydroxyalkenyl groups, is from about 300 to about 1000 inclusive and x:y
      is at least 0.5:1.
PAR  Typical of the monovalent hydrocarbon groups free of aliphatic carbon to
      carbon multiple bonds represented by R.degree., R", R'" and
      R.degree..degree. in formulas (I), (II) and (III) above are the alkyl
      groups (for example the methyl, ethyl, n-propyl, iso-propyl, n-butyl,
      sec-butyl, isobutyl, t-butyl, n-octyl and decyl, groups), the cycloalky
      groups (for example, the cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
      and cycloheptyl groups), the aryl groups (for example, the phenyl and
      naphthyl groups), the aralkyl groups (for example, the benzyl,
      2-phenyl-ethyl, 2-phenylpropyl, cumyl groups), and the alkaryl groups (for
      example, the tolyl, t-butylphenyl and styryl groups). Typical of the
      divalent hydrocarbon groups represented by R in formula (I) above are the
      alkylene and arylene groups (e.g., the methylene, ethylene, propylene,
      cyclohexylene and phenylene groups). Typical of the cyclic divalent
      hydrocarbon groups free of aliphatic carbon to carbon multiple bonds
      represented by R' in formula (I) above are the arylene groups such as the
      phenylene and tolylene groups and the cycloalkylene groups such as:
      ##SPC1##
PAR  This invention still further provides a process for producing the
      hydroxyalkenylsiloxanes described above which process comprises reacting
      (1) an acetylenic alcohol represented by the formula:
EQU  HO(R).sub.a R'C.tbd.CH                                     (IV)
PAL  wherein the symbols are as defined for formula (I) with (2) a hydrosiloxane
      consisting essentially of (A) at least one siloxane unit having the
      formula:
      ##EQU5##
      wherein the symbols are as defined for formula (I), and (B) at least three
      units having formula (II) above, the molecular weight of the hydrosiloxane
      being from 250 to 1300 inclusive, in the presence of (3) a catalyst for
      the addition of SiH to olefinic bonds. When hydroxyalkylsiloxanes of this
      invention containing dihydrocarbylsiloxane units are produced, the
      hydrosiloxane reactant must have a ratio of hydrosiloxane units to
      dihydrocarbylsiloxane units of at least 0.5 to 1.
PAR  Typical of the acetylenic alcohols that are useful in producing the
      hydroxyalkenylsiloxanes of this invention are the following:
TBL  3-Hydroxy-3-methyl-1-butyne                                               

                          HC.tbd.CCMe.sub.2 OH                                 

     1-Hydroxy-1-ethynyl cyclohexane                                           

     Propargyl alcohol    HC.tbd.C--CH.sub.2 OH                                

     3-Hydroxy-1-butyne   HC.tbd.C--CMeHOH                                     

PAR  The hydrosiloxane reactants used to produce the hydroxyalkenylsiloxanes of
      this invention can be produced by cohydrolyzing and cocondensing the
      appropriate hydrolyzable silanes or by equilibrating appropriate siloxanes
      using conventional techniques.
PAR  The process for producing the hydroxyhydroalkenylsiloxanes of this
      invention is conducted in the same manner as used in producing known
      hydrosiloxane-alkyne adducts (i.e., at elevated temperatures and in the
      presence of a catalyst). Since relatively little side reactions occur,
      approximately stoichiometric amounts of the olefinic alcohol and the
      hydrosiloxane (one acetylenic group per SiH group) can be employed.
      Solvents for the alcohol and hydrosiloxane reactants (e.g., liquid
      hydrocarbons such as toluene) can be employed. Amounts of platinum
      catalysts that provide from 10 to 200 parts by weight of platinum per
      million parts by weight of the reactants are useful. Suitable reaction
      temperatures are from 50.degree.C. to 100.degree.C. Suitable addition
      catalysts include chloroplatinic acid and complexes thereof and elemental
      platinum supported on charcoal or gamma alumina. At the conclusion of the
      process, any residual (unreacted) SiH can be removed by adding a small
      amount of methanol and sodium bicarbonate to the product and heating.
PAR  In view of the fact that the acetylenic bonds in the acetylenic alcohol
      reactants used in producing the siloxanes of this invention do not
      isomerize during the reaction with hydrosiloxanes and do not undergo other
      side reactions significantly, the resulting product contains little
      undesirable by products. Another advantage of this process is that it
      involves the use of monomeric alcohol reactants as distinguished from the
      polyoxyalkylene alcohol reactants employed in prior art processes.
      Further, the monomeric alcohol reactants employed in the process of this
      invention need not be reacted to block the hydroxy groups as is done in
      some prior art processes involving the use of polyoxyalkylene alcohol
      reactants.
PAR  This invention also provides a method for producing rigid polyurethane
      foams by reacting and foaming a foam formulation (reaction mixture)
      comprising (a) a polyether containing at least two hydroxyl group and
      having a hydroxyl number from about 200 to about 1000, (b) an organic
      polyisocyanate, (c) a catalyst for the reaction of (a) and (b) to produce
      the polyurethane, (d) a blowing agent and (e) a novel
      hydroxyalkenylsiloxane as described above as a foam stabilizer.
PAR  The polyethers that are useful in producing rigid polyurethane foam in
      accordance with this invention include polyoxyalkylene polyols including
      alkylene oxide adducts of, for example, glycerol, 1,2,6-hexanetriol,
      1,1,1-trimethylolethane, 1,1,1-trimethylolpropane, pentaerythritol,
      sorbitol, sucrose, lactose, alpha-methylglucoside,
      alpha-hydroxy-alkylglucoside, ammonia, triethanolamine,
      triisopropanolamine, ethylenediamine, diethyylenetriamine, novolac resins,
      phosphoric acid, benzenephosphoric acid, polyphosphoric acids such as
      tripolyphosphoric acid and tetrapolyphosphoric acid,
      phenol-aniline-formaldehyde ternary condensation products,
      aniline-formaldehyde condensation products, and the like, are useful. The
      alkylene oxides employed in producing polyoxyalkylene polyols normally
      have from 2 to 4 carbon atoms. Propylene oxide and mixtures of propylene
      oxide with ethylene oxide are preferred.
PAR  The hydroxyl number of the polyether polyols in producing polyurethane
      foams in accordance with this invention can range from about 200 to about
      1000. The hydroxyl number is defined as the number of milligrams of
      potassium hydroxide required for the complete neutralization of the
      hydrolysis product of the fully acetylated derivative prepared from 1 gram
      of polyol. The hydroxyl number can also be defined by the equation:
      ##EQU6##
      where OH=hydroxyl number of the polyol
PA1  f=average functionality, that is, average number of hydroxyl groups per
      molecule of polyol
PA1  m.w. average molecular weight of the polyol.
PAR  The organic polyisocyanates that are useful in producing polyurethane foams
      in accordance with this invention are organic compounds that contain at
      least two isocyanato groups. Suitable organic polyisocyanates include the
      poly(aryleneisocyantes) and the hydrocarbon diisocyanates, (e.g., the
      alkylene diisocyanates and the arylene diisocyanates).
PAR  Illustrative of suitable polyisocyanates are 1,2-diisocyanatoethane,
      1,3-diisocyanatopropane, 1,2-diisocyanatopropane, 1,4-diisocyanatobutane,
      1,5-diisocyanatopentene, 1,6-diisocyanatohexane,
      bis(3-isocyanatopropyl)ether, bis(3-isocyanatopropyl)sulfide,
      1,7-diisocyanatoheptane, 1,5-diisocyanato-2-dimethylpentane,
      1,6-diisocyanato-3 methoxyhexane, 1,8-diisocyanatooctane,
      1,5-diisocyanato-2,2,4-trimethylpentane, 1,9-diisocyanatononane,
      1,10-di(isocyanatopropyl)ether of 1,4-butylene glycol,
      1,11-diisocyanatoundecane, 1,12-diisocyanatododecane,
      bis(isocyanatohexyl)sulfide, 1,4-diisocyanatobenzene,
      2,4-diisocyanatotoluene, 2,6-diisocyanatotolylene,
      1,3-diisocyanato-o-xylene, 1,3-diisocyanato-m-xylene,
      1,3-diisocyanato-p-xylene, 2,4-diisocyanato-1-chlorobenzene,
      2,4-diisocyanato-1-nitrobenzene, and 2,5-diisocyanato-1-nitrobenzene.
      Suitable poly(aryleneisocyanates) include polymethylene
      poly(phenyleneisocyanates) having the formula:
      ##SPC2##
PAL  wherein x has an average value from 1.1 to 5 inclusive (preferably from 2.0
      to 3.0).
PAR  The catalysts that are useful in producing polyurethane foams in accordance
      with this invention include amine catalysts and metal catalyst. Useful
      amine catalysts include tertiary amines such as
      N,N-dimethyl-2-[2-dimethylaminoethoxy]ethylamine, trimethylamine,
      N-methylmorpholine, N-ethylmorpholine, N,N-dimethylbenzylamine,
      N,N-dimethylethanolamine, N,N,N',N'-tetramethyl-1,3-butanediamine,
      triethanolamine, 1,4-diazabicyclo[2,2,2] octane (triethylenediamine),
      hexadecyldimethylamine, and the like. Useful metal catalysts include
      dibutyl tin dilaurate.
PAR  Blowing agents that are useful in producing polyurethane foam in accordance
      with this invention include water, halogenated hydrocarbons (e.g.,
      fluorocarbons) such as trichloromonofluoromethane,
      dichlorodifluoromethane, dichloromonofluoromethane, dichloromethane,
      trichloromethane, 1,1-dichloro-1-fluoroethane,
      1,1,2-trichloro-1,2,2-trifluoromethane, hexafluorocyclobutane,
      octafluorocyclobutane, and the like. Another class of blowing agents
      include thermally unstable compounds which liberate gases upon heating,
      such as N,N'-dimethyl-N,N'-dinitrosoterephthalamide and the like.
PAR  The relative amounts of the various components used in producing
      polyurethane foams in accordance with this invention are not narrowly
      critical. The polyether polyol and the polyisocyanate, taken together, are
      present in the foam formulations (reaction mixtures) used to produce such
      foams in a major amount. The relative amounts of these two components is
      the amount required to produce a polyurethane structure of the foam and
      such relative amounts are well known in the art. The blowing agent and
      catalyst are each present in the know amount necessary to achieve the
      function of the component. Thus, the blowing agent is present in a minor
      amount sufficient to foam the reaction mixture to the desired density and
      the catalyst is present in a catalytic amount (i.e., an amount sufficient
      to catalyze the reaction to produce the polyurethane at a reasonable
      rate). The siloxane is present in a foam-stabilizing amount (i.e., in an
      amount sufficient to stabilize the foam). The siloxane is preferrably
      employed in an amount of from 0.2 to 5.0 parts by weight per 100 parts by
      weight of the polyol, polyisocyanate, catalyst and siloxane.
PAR  Conventional additives can be employed in minor amounts in producing
      polyurethane foams in accordance with the process of this invention if
      desired for specific purposes. Such additives include inhibitors (such as
      alpha-methyl styrene and alloocimene) and flame retardants (such as
      ("FYROL-6").
PAR  If desired, mixtures of the above-described starting materials (i.e.,
      polyols, polyisocyanates, etc.) can be used in producing polyurethane
      foams in accordance with this invention.
PAR  In accordance with this invention, polyurethane foams are produced by the
      conventional procedures such as the one-step or one-shot technique wherein
      all of the reactants are reacted simultaneously with the foaming
      operation. The foaming and the urethane-forming reaction in the one-step
      technique occur without the application of external heat. Thereafter, the
      foam can be heated (postcured) at 150.degree.C. to 212.degree.F. to
      eliminate any surface tackiness if desired. Preferred novel siloxanes and
      premixture containing the novel siloxanes are of low viscosity and do not
      present particular problems when pumped into mixing headings in the
      technique conventionally used in the one-shot process. It is often
      convenient to prepare premixtures containing the hydroxyalkylsiloxane, the
      blowing agent and the polyol. Such premixtures can also contain the
      catalysts and/or other additives.
PAR  The rigid polyurethane foams produced in accordance with this invention can
      be used for the same purposes as conventional rigid polyether polyurethane
      foams (e.g., they can be used as thermal insulating materials in buildings
      and in refrigerators).
PAR  The hydroxyalkenylsiloxanes of this invention are also useful as lubricants
      for textile fibers, emulsifiers and wetting agents.
PAR  In the above formulas, the symbols representing the numbers and types of
      groups need not have the same meaning at each occurrence throughout the
      composition. For example, some of the groups represented by formula (II)
      above can be dimethylsiloxane (Me.sub.2 SiO) while other of such groups
      can be triethylsiloxane groups ([C.sub.2 H.sub.5 ].sub.3 SiO.sub.0.5).
PAR  Other hydroxy-organosiloxane rigid polyurethane foam stabilizers are
      disclosed in U.S. Pat. application No. 319,788, filed concurrently
      herewith in the names of G. M. Omietanski, H. D. Furbee and V. T. Chuang
      entitled "Hydroxybicyclosiloxane Rigid Urethane Foam Stabilizers" and in
      U.S. Pat. application Ser. No. 319,528, filed concurrently herewith in the
      names of G. M. Omietanski and V. T. Chuang, entitled "Hydroxyalkylsiloxane
      Rigid Urethane Foam Stabilizers" now U.S. Pat. No. 3,879,433.
PAR  The following Examples illustrate the present invention.
PAR  In the following Examples, the abbreviations and symbols used have the
      indicated meanings:
TBL  cc         cubic centimeters                                              

     cstks      viscosity in centistokes at 25.degree.C.                       

     Et         ethyl                                                          

     "FYROL-6"  Diethyl-bis(2-hydroxyethyl)amino                               

                methylphosphonate                                              

     g.         grams                                                          

     gal.       gallon                                                         

     I.R.       infra red                                                      

     lbs.       pounds                                                         

     Me         methyl                                                         

     min.       minute                                                         

     ml.        milliliter                                                     

     MW         molecular weight                                               

     NMR        Nuclear Magnetic Resonance                                     

     %          percent                                                        

     "PAPI"     A polymeric polyisocyanate having the                          

                average formula:                                               

      ##SPC3##
PAL  where x has an average value of 1.7
TBL  Polyol I   A polypropylene oxide triol having a                           

                hydroxyl number of 450 produced by re-                         

                acting sucrose with propylene oxide                            

     ppm        parts by weight per million parts by                           

                weight                                                         

     psig       pounds per square inch gauge pressure                          

     sparge     Denotes passing a gas (e.g., nitrogen)                         

                through the liquid.                                            

     TMBDA      N,N,N',N'-tetramethyl-1,3-butane-                              

                diamine.                                                       

     "UCON-11"  trichloromonofluoromethane.                                    

PAC  HYDROSILOXANE PREPARATION
PAR  The following procedure is illustrative of a method that can be employed in
      making the hydrosiloxane reactants useful in producing the
      hydroxyalkenylsiloxanes of this invention. A solution of 0.0218 moles of a
      hydrosiloxane having the nominal formula Me.sub.3 SiO-(MeHSiO).sub.40
      SiMe.sub.3 (55.1 g, 354 cc/g SiH), a mixture of hexamethylcyclotrisiloxane
      and octamethylcyclotetrasiloxane (63.6 g) and 0.193 moles of
      hexamethyldisiloxane (31.4 g, 99.8 percent) were reacted in the presence
      of 3.0 g sulfuric acid (reagent grade) for 4 hours. This solution was then
      neutralized with sodium bicarbonate and filtered to give a water white
      clear equilibrated filtrate with a "nominal" formula of Me.sub.3
      -SiO(Me.sub.2 SiO).sub.4 -(MeHSiO).sub.4 -SiMe.sub.3, a viscosity of 4.2
      centistokes and a silanic hydrogen content of 129 cc/g. The above
      described reactions were carried out in a 500 ml, three-necked round
      bottom Morton flask equipped with a stirrer and two glass stoppers. The
      above "nominal" formula for this hydrosiloxane is the theoretical formula
      calculated on the basis of complete reaction of the siloxane starting
      materials. In this instance, the "nominal" formula is in agreement with
      the experimentally measured silanic hydrogen content of the hydrosiloxane.
      In the case of those of the hydrosiloxanes described below where the
      experimentally measured silanic hydrogen contents did not agree with the
      "nominal" formulas, the "nominal" formulas were corrected to agree with
      the silanic hydrogen measurement and the corrected formulas appear below.
PAC  CATALYST SOLUTIONS
PAR  The chloroplatinic acid used in producing the hydroxyalkenylsiloxanes
      described below was employed in the form of a solvent solution. The
      solution contained 3.3 or 10 parts by weight of chloroplatinic acid
      hexahydrate and 96.7 or 90 parts by weight of a mixture of solvents. The
      mixture of solvents consisted of 90 weight percent of the dimethyl ether
      of ethylene glycol and 10 weight percent of ethanol.
DETD
PAC  EXAMPLE I
PAR  A solution of 0.308 moles of 3-hydroxy-3-methyl-1-butyne (dimethyl
      propargyl alcohol) (26.3 g, 98.3 percent purity, pH of 7.0) and a
      hydrosiloxane having the average formula Me.sub.3 SiO(Me.sub.2
      SiO).sub.5.2 -(MeHSiO).sub.7.6 SiMe.sub.3 (0.28 equivalents of SiH, 36.3
      g, 173 cc/g SiH, 7.2 cstks) were reacted in the presence of 0.08 cc of 10
      wt.-percent chloroplatinic acid solution (100 parts by weight of platinum
      per million parts by weight of reactants) to give an adduct of the average
      formula of Me.sub.3 SiO (Me.sub.2 SiO).sub.5.2 [HOCMe.sub.2
      CH=CH-SiMeO].sub.7.6 SiMe.sub.3 and a viscosity of 30,898 cstks. The
      reaction was carried out in a 250 ml, three-necked round bottom flask
      fitted with a stirrer, thermometer, Dean-Stark trap, sparge tube and a
      condenser. The solution, under a nitrogen sparge was mixed and heated to
      60.degree.C and catalyzed. Further heating to 91.degree.C resulted in an
      exotherm which was controlled. Additional heating at 100.degree. C was
      maintained until the hydrosilation was completed (as evidenced by the
      absence of hydrogen in the silicon hydride-alcoholic potassium hydroxide
      fermentation tube test). The solution was then lites stripped at
      100.degree.C under a nitrogen sparge. Total preparation time was 22.5
      hours.
PAC  EXAMPLE II
PAR  Employing the procedure used in Example I 0.272 moles of the same
      acetylenic alcohol (23.3 g, 98.3 percent purity, pH of 7.0) was reacted
      with a hydrosiloxane with nominal formula Me.sub.3 SiO(Me.sub.2 SiO).sub.4
      MeHSiO).sub.4 SiMe.sub.3 (0.259 equivalents of SiH, 45.0 g, 129 cc/g SiH,
      4.2 cstks) in the presence of 1.12 cc of 3.3 wt-percent chloroplatinic
      acid solution (200 parts by weight of platinum per million parts by weight
      of reactants) to give an adduct with the average formula Me.sub.3
      SiO(Me.sub.2 SiO).sub.4 [HOCMe.sub.2 CH=CHSiMeO].sub.4 SiMe.sub.3 and a
      viscosity of 1,661 cstks. I.R. analysis indicated the presence of a
      hydroxyl functionality at 3.0 microns which is consistent with the above
      formula.
PAC  EXAMPLE III
PAR  Using the procedure described in Example I, 0.218 moles of
      HC.tbd.CCMe.sub.2 OH (18.6 g, 98.3 wt-percent, pH of 7.0) was added to
      Me.sub.3 SiO(Me.sub.2 SiO).sub.4 (MeHSiO).sub.2.8 SiMe.sub.3 (0.211
      equivalents of SiH, 43.8 g, 102 cc/g SiH, 4.2 cstks) with 0.08 cc of 10
      wt-percent chloroplatinic acid solution (100 parts by weight of platinum
      per million parts by weight of reactants) present. The resultant product
      mainly had an average formula of Me.sub.3 SiO(Me.sub.2 SIO).sub.4
      [HOCMe.sub.2 -CH=CHSiMeO].sub.2.8 SiMe.sub.3 and a viscosity of 405 cstks.
      The presence of OH absorption at 3.0 microns, as determined by I.R.
      analysis is consistent with the above average formula.
PAC  EXAMPLE IV
PAR  For purposes of comparison and using the procedure described in Example I,
      0.219 moles of HC.tbd.CCMe.sub.2 OH (18.7 g, 98.3% purity, pH of 7.0) was
      added to Me.sub.3 SiO(MeHSiO)SiMe.sub.3 (0.173 equivalents of SiH, 38.8 g,
      98.9% purity) in the presence of 0.14 cc of 10 wt-percent chloroplatinic
      acid solution (100 parts by weight of platinum per million parts by weight
      of reactants). This addition resulted mainly in the following adduct:
      Me.sub.3 SiO[HOCMe.sub.2 CH=CHSiMeO]SiMe.sub.3.NMR analysis confirmed that
      the product had a ratio of two terminal adduct (trans) to one internal
      adduct and also indicated that no side reaction (i.e., SiH+COH) had
      occurred. The viscosity of this adduct was 11.8 cstks and IR analysis
      indicated the presence of OH absorption at 3.0 microns which is also
      consistent with the above formula.
PAC  EXAMPLE V
PAR  Employing the procedure described in Example I, 0.196 moles of
      3-hydroxy-3-methyl-1-pentyne (20.0 g, 99.9% purity, pH of 7.0) was reacted
      with a hydrosiloxane having the nominal formula Me.sub.3 SiO-(Me.sub.2
      SiO).sub.4 (MeHSiO).sub.2.8 SiMe.sub.3 (0.194 equivalents of SiH, 42.6 g,
      102 cc/g SiH, 4.2 cstks) in the presence of 0.05 cc of a 3.3 wt-percent
      chloroplatinic acid solution (10 parts by weight of platinum per million
      parts by weight of reactants) as the catalyst to give a product which has
      the average formula of Me.sub.3 SiO(Me.sub.2 SiO).sub.4
      [HOCMeEtCH=CHSiMeO].sub.2.8 SiMe.sub.3 and a viscosity of 262 cstks. The
      presence of OH absorption at 3.0 microns, as determined by I.R. analysis
      is consistent with the average structural formula.
PAC  EXAMPLE VI
PAR  For purposes of comparison and employing the procedure described in Example
      I, 0.157 moles of 3-hydroxy-3-methyl-1-butyne (13.4 g, 98.3% purity pH of
      7.0) was added to Me.sub.3 SiOSiMe.sub.2 H (0.149 equivalents of SiH, 24.0
      g, 91.6%) in the presence of 0.03 cc of a 3.3 wt-percent chloroplatinic
      acid solution (10 parts by weight of platinum per million parts by weight
      of reactants). This addition resulted in an adduct with the formula:
      Me.sub.3 SiO[SiMe.sub.2 CH=CHMe.sub.2 COH]. The presence of OH absorption
      at 3.0 microns as determined by I.R. analysis is consistent with the
      nominal formula.
PAR  The structure and properties of the hydroxyalkenylsiloxanes produced as
      described in Examples I to VI above are tabulated in Table I below.
TBL                TABLE I                                                     

     ______________________________________                                    

     HYDROXYALENKYLSILOXANE STRUCTURE AND PROPERTIES                           

     Product                                                                   

             Product    Wt.-%     "Siloxane"                                   

                                          Product                              

     From   Structure   "Siloxane"                                             

                                  Mol. Wt.                                     

                                          Viscosity                            

     Example                                                                   

              (1)       (2)       (2)     (cstks.)                             

     ______________________________________                                    

     I          MD.sub.5.2 D'.sub.7.6 M                                        

                            61      995     30,898                             

     II         MD.sub.4 D'.sub.4 M                                            

                            67      694     1,661                              

     III        MD.sub.4 D'.sub.2.8 M                                          

                            72      623     405                                

     IV  (3)    MD'M        72      221     11.8                               

     V          MD.sub.4 D".sub.2.8 M                                          

                            69      623     262                                

     VI  (3)    MM'         63      147     --                                 

         (4)     --         34      1,445   350                                

     ______________________________________                                    

     Footnotes to Table I                                                      

     (1)    M denotes Me.sub.3 SiO.sub.0.5                                     

            D denotes Me.sub.2 SiO                                             

            D' denotes HOCMe.sub.2 CH=CH SiMeO                                 

            D" denotes HOCMeEtCH=CHSiMeO                                       

            M' denotes HOCMe.sub.2 CH=CHSiMe.sub.2 O.sub.0.5                   

     (2)    "Siloxane" denotes the portion of the product                      

            exclusive of the hydroxyalkenyl (i.e., the                         

            HOCMe.sub.2 CH=CH-- and HOCMeEtCH=CH-- group).                     

     (3)    Not a hydroxyalkenylsiloxane of this invention.                    

            Presented only for purposes of comparison.                         

     (4)    A commercially available siloxane-polyoxyalkylene                  

            block copolymer rigid polyether polyurethane foam                  

            stabilizer. Not a hydroxyalkenylsiloxane of this                   

            invention. Presented only for purposes of                          

            comparison.                                                        

PAC  EXAMPLE VII
PAR  The siloxanes produced as described in Examples I to VI above were used in
      producing polyurethane foams using the formulation and foaming procedure
      described below.
TBL  ______________________________________                                    

     Formulation                                                               

     Material         Parts by Weight                                          

     ______________________________________                                    

     Polyol I         70.0                                                     

     "FYROL-6"        30.0                                                     

     "UCON-11"        50.0                                                     

     TMBDA            1.5                                                      

     Hydroxyalkenylsiloxane                                                    

                      0.2 or 0.4                                               

     "PAPI" (Index 105)                                                        

                      110.0                                                    

     ______________________________________                                    

PAC  FOAMING PROCEDURE
PAR  A cleaned and waxed mold was heated to 212.degree.F. and any excess wax was
      removed with a clean cloth. A premixture was formed containing the
      "FYROL-6," Polyol I, TMBDA and "UCON 11." The premixture was thoroughly
      mixed until completely homogeneous and any "UCON 11" that volatilized
      during mixing was replaced. The mold is cooled to about 120.degree.F. The
      siloxane is added to the premixture and the premixture is again mixed for
      10 seconds. Then the "PAPI" is added to the premixture and the resulting
      formulation is mixed for 8 seconds. The formulation is introduced into the
      mold which is then closed. The temperature of the mold is maintained at
      115.degree. to 125.degree.F. for 5 minutes. Then the mold is placed into a
      212.degree.F. oven for 5 minutes. The cured foam is then removed from the
      mold. A slice is cut from the center of the foam and the number of cells
      per linear inch in the middle of the slice is measured. The latter
      measurement is an index of the fineness of the cell structure. A foam
      having fewer than 26 cells per inch is regarded as unsatisfactory
      ("coarse"). The "Rise" or height of the foam is measured. In view of the
      fact that the formulation used to produce the foam is viscous, a portion
      thereof sticks to the walls of the container in which the formulation is
      formed when the bulk of the formulation is introduced into the mold.
      Accordingly, the foam is weighed and the measured rise is corrected to
      allow for the amount of the formulation retained in the container by using
      the following formula:
      ##EQU7##
      Corrected Rise values are reported below. The Rise of a foam is roughly
      proportional to the potency of the foam stabilizer used to produce the
      foam.
PAC  PREMIXTURE COMPATIBILITY TEST
PAR  A mixture is formed containing the following materials:
TBL            840 grams Polyol I                                              

               360 grams "FYROL-6"                                             

                18 grams TMBDA                                                 

               600 grams "UCON-11"                                             

PAR  The mixture is stirred at moderate speed with an air motor equipped with a
      2 inch propeller. Any "UCON-11" that evaporates during the mixing is
      replaced by adding more "UCON-11" to the mixture. A 75.8 gram sample of
      the mixture so formed is added to a jar and then 0.5 cubic centimeters of
      a hydroxyalkenylsiloxane is added to the jar to form a premixture. The
      premixture is maintained at a temperature below 23.degree.C to minimize
      loss of "UCON-11" by volatilization. The premixture is stirred with a
      spatula until well mixed and is then observed visually for clarity or
      opaqueness.
PAR  The results of the above foam preparations are shown in Table II below:
TBL                TABLE II                                                    

     ______________________________________                                    

     TEST RESULTS                                                              

     Foam Test                                                                 

     Product                            Premixture                             

     From   Parts by  Rise      Cells   Compatibility                          

     Example                                                                   

            Weight    (In.)     Per In. Test                                   

     ______________________________________                                    

     I          0.4       17.7    40      Clear                                

                0.2       17.0    38                                           

     II         0.4       20.3    44      Clear                                

                0.2       16.7    38                                           

     III        0.4       17.5    32      Clear                                

                0.2       16.3    Coarse                                       

     IV  (a)    0.4       No foam produced                                     

                                        Clear                                  

                0.2                                                            

     V          0.4       18.0    42      Clear                                

                0.2       17.8    32                                           

     VI  (a)    0.4       1.4     Coarse  Clear                                

         (b)    0.2       18      35      Clear                                

     ______________________________________                                    

     Footnotes to Table II                                                     

     (a)    Not a hydroxyalkenylsiloxane of this invention.                    

            Presented only for purposes of comparison.                         

     (b)    See footnote (4) to Table I above.                                 

PAR  The poor foams obtained using the hydroxyalkenylsiloxanes of Examples IV
      and VI illustrate the importance of the siloxane molecular weight
      limitations that characterize the hydroxyalkylsiloxanes of this invention.
      The siloxanes of Examples IV and VI had siloxane molecular weights of less
      than 250.
PAR  In the above Examples, the formula of the principal (terminal or trans)
      adduct product is shown. Some of the isomeric (internal) adduct was also
      produced in each case.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for producing a rigid polyurethane foam by reacting and foaming
      a foam formulation comprising (a) a polyether containing at least two
      hydroxyl groups and having a hydroxyl number from about 200 to about 1000,
      (b) an organic polyisocyanate, (c) a catalyst for the reaction of (a) and
      (b) to produce the polyurethane, (d) a blowing agent and (e) a
      hydroxyalkenylsiloxane consisting essentially of (A) at least one
      hydroxyalkenylsiloxane unit having the formula:
      ##EQU8##
      wherein R is a divalent hydrocarbon group free of aliphatic carbon to
      carbon multiple bonds, R' is an arylene group, a cycloalkylene group that
      has no hydrogen bonded to the carbon atom attached to the C.sub.2 H.sub.2
      group and that is free of aliphatic carbon to carbon multiple bonds or a
      divalent-CR".sub.2 -group, R" and R.degree. are each monovalent
      hydrocarbon groups free of aliphatic carbon to carbon multiple bonds and
      having from 1 to 10 inclusive carbon atoms, C.sub.2 H.sub.2 is a -CH=CH-
      or a
      ##EQU9##
      group, each hydroxyalkenylsiloxane group has no more than 20 carbon atoms,
      a has a value of 0 or 1, b has a value of 1, 2 or 3, c has a value of 0, 1
      or 2, and (b+c) has a value of 1, 2 or 3; and (B) at least three
      hydrocarbylsiloxane units represented by the formula:
      ##EQU10##
      wherein R.degree..degree. is a monovalent hydrocarbon group free of
      aliphatic carbon to carbon multiple bonds and having from 1 to 10
      inclusive carbon atoms and d has a value of 1, 2 or 3, the molecular
      weight of the siloxane portion of the hydroxyalkenylsiloxane being from
      about 250 to about 1300 inclusive, and, when dihydrocarbylsiloxane units
      R.sub.2 .degree..degree. SiO units) are present, the ratio of
      hydroxyalkenylsiloxane units to dihydrocarbylsiloxane units is at least
      0.5 to 1.0.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein the hydroxyalkenylsiloxane is
      represented by the average formula:
      ##EQU11##
      wherein R'" is a methyl or ethyl group, Me is a methyl group, x has a
      value from 1 to 8 inclusive, y has a value from 1 to 6 inclusive, the
      molecular weight of the hydroxyalkenylsiloxane, exclusive of the
      hydroxyalkenyl groups, is from about 300 to about 1000 inclusive and x:y
      is at least 0.5:1.
NUM  3.
PAR  3. A premixture suitable for use in the method of claim 1 which premixture
      consists essentially of a hydroxyalkenylsiloxane, a blowing agent and a
      polyol, all as defined in claim 1.
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ABST
PAL  Polyalkylene glycol polyphosphorus compounds having allylic group or
      aromatic methylene group phosphonate linkages or both phosphite and
      allylic groups or aromatic methylene group phosphonate linkages are
      provided by reacting certain polyalkylene or glycol polyphosphites with a
      stoichiometric or less than a stoichiometric amount of an allylic group
      containing halide or halomethylated aromatic compound.
PARN
PAR  This is a divisional application of Ser. No. 198,006, filed Nov. 11, 1971,
      now U.S. Pat. No. 3,840,622, dated Oct. 8, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to certain polyalkylene polyphosphorus compounds and
      more particularly to polyalkylene glycol polyphosphorus compounds having
      allylic group or aromatic methylene group phosphonate linkages and useful
      as flame retardants.
PAR  In the polyurethane field, increased interest is being shown in compounds
      which can be added to the polyurethane polymers to act as fire retardant
      agents. Particular interest is being shown in compounds which have
      functional groups reactive with the polyol or polyisocyanate used in
      preparing the polyurethane so that the fire retardant agent can be
      copolymerized into the polymer chain. One such group of reactive flame
      retardants are the polyalkylene glycol phosphites such as those described
      in U.S. Pat. No. 3,009,939. However, these materials, due to their high OH
      numbers and crosslinking tendency, are unsuitable for use in flexible
      urethane foams. In U.S. Pat. Nos. 3,081,331 and 3,142,651 there is
      disclosed a method of forming polyalkylene glycol polyphosphites having up
      to 10 phosphite groups in the polymer chain by reacting a trialkyl
      phosphite with a polypropylene glycol in a molar ratio of 2.1 to 2.5 moles
      of glycol per mole of phosphite. These materials are also unsuitable for
      use in flexible urethane foams as a result of their high OH numbers and
      their tendency to crosslink.
PAR  Another attempt at employing reactive flame retardants, described in U.S.
      Pat. Nos. 3,142,651 and 3,092,651, involves the use of polypropylene
      glycol poly-hydrogenphosphonates produced by a thermal polymerization.
      Likewise, polyalkylene glycol hydrogen polyphosphonates have also been
      produced by transesterifying a secondary hydrogen phosphonate with a
      polyalkylene glycol according to the procedure outlined in British Patent
      Nos. 796,446 and 1,011,118. However, many of these materials have
      relatively high acidity, causing them to react with and thereby deactivate
      certain catalyst systems generally used in the formation of polyurethane
      polymers such, for example, as tertiary amine compounds. The first method
      has the additional drawback of contamination of the product by the
      alkylene glycol by-product which contamination is not easily removed.
PAR  In order to increase the flame retardancy of some of the above described
      phosphorus compounds, which have low phosphorus content, the prior art has
      attempted to incorporate various halogen containing substituents into the
      above described molecules. Thus, U.S. Pat. No. 3,159,605 describes the
      reaction of halogenated methanes with these compounds. Likewise, U.S. Pat.
      Nos. 3,131,206 and 3,328,493 describe the reaction of chloral with them.
      However, these materials, like their precursors, have many drawbacks. In
      particular, these products have high OH numbers and low phosphorus content
      thereby rendering them unsuitable as flame retardants in flexible urethane
      foams.
PAR  In co-pending U.S. applications Ser. No. 86,313, filed Nov. 2, 1970, now
      U.S. Pat. No. 3,819,750, dated June 25, 1974, and Ser. No. 63,262, filed
      Aug. 6, 1970, now abandoned, by Kyung Sup Shim, there are disclosed novel
      polyalkylene glycol vinyl phosphates which are far superior as flame
      retardants for urethane foams, particularly flexible foam, than any of the
      above described flame retardants. These vinyl phosphates, however, have
      one drawback. While they yield foams having excellent flame retardance and
      physical characteristics, they tend to discolor the center of the bun,
      thereby rendering the foam objectionable in appearance.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is one object of the present invention to provide novel
      polyalkylene glycol polyphosphorus compounds suitable as flame retardants.
PAR  Another object of this invention is to provide polyalkylene glycol
      polyphosphorus compounds suitable as flame retardants for urethane foams,
      and in particular, for flexible urethane foams.
PAR  A further object of the present invention is to prepare polyalkylene glycol
      polyphosphorus compounds which exhibit superior flame retardancy and
      physical properties such as stability, in comparison with the prior art
      compounds and further yield foams having good color and appearance
      throughout.
PAR  A still further object of the present invention is to provide urethane
      foams having incorporated therein these novel polyalkylene glycol
      polyphosphorus compounds.
PAR  These and other objects are accomplished herein by providing polyalkylene
      glycol polyphosphorus compounds having allylic group or aromatic methylene
      group phosphonate linkages or both phosphite and allylic group or aromatic
      methylene group phosphonate linkages.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  It has now been discovered that, by reacting an allylic group containing
      halide or halomethylated aromatic compound with certain polyalkylene
      glycol polyphosphites in stoichiometric or less than stoichiometric
      amounts, there is obtained a polyalkylene glycol polyphosphorus compound
      having allylic group or aromatic methylene group phosphonate linkages or
      both phosphite and allylic group or aromatic methylene group phosphonate
      linkages, along the polymer chain. These polyphosphorus polymers are
      characterized by low OH numbers and low acidity, a lack of the tendency to
      gel initially or crosslink in the final foamed product, and a high
      stability during and subsequent to the foam forming process.
PAR  The polyphosphorus compounds of the present invention can be represented by
      an idealized formula as follows:
      ##EQU1##
      wherein R is a polyalkylene glycol residue; R.sub.1 is an alkyl residue
      from the tertiary phosphite used to produce the polyalkylene glycol alkyl
      polyphosphite starting material of the present invention to be discussed
      hereinafter; R.sup.1 is an allylic residue or aromatic methylene residue
      to be discussed hereinafter; m is a number in the range between from 0 to
      about 25 and n is a number in the range between from 1 to about 25 such
      that the sum of m + n is from about 2 to about 50 and preferably between
      about 4 to about 10. The term alkyl residue as designated by R.sub.1 is
      preferably C.sub.1 -C.sub.1 o alkyl and most preferably methyl or ethyl.
      The term polyalkylene glycol residue, designated by R, is meant to define
      that portion remaining after two hydroxyl groups have been removed from a
      glycol having the formula:
EQU  HO--(R"O).sub.x --H                                        II.
PAL  wherein R" is an alkylene group of from 2 to about 20 carbon atoms, which
      is straight chained, branch chained, or a mixture thereof, and x
      designates the number of repeating alkylene ether units and is normally
      from 2 to about 20.
PAR  The compounds of the present invention are prepared by reacting an allylic
      group containing halide compound or a halomethylated aromatic compound
      with a polyalkylene glycol alkyl polyphosphite which has an idealized
      formula as follows:
      ##EQU2##
      wherein R, R.sub.1, m and n are as defined above. This polyphosphite of
      formula III in turn, is formed by transesterifying a tertiary phosphite
      with a polyalkylene glycol in a molar ratio of from about 1 to about 1.5
      and preferably from 1 to 1.2 moles of phosphite per mole of glycol.
PAR  The tertiary phosphite used to prepare the polyalkylene glycol akyl
      polyphosphite starting material of formula III has the general formula:
      ##EQU3##
      wherein each R.sub.1 is as defined above. Suitable phosphites include for
      example, trimethyl phosphite, triethyl phosphate, tripropyl phosphite,
      tributyl phosphite, trioctyl phosphite, dimethyl ethyl phosphite, diethyl
      methyl phosphite and the like. Trimethyl and triethyl phosphite are
      particularly preferred, with trimethyl phosphite being most preferred.
PAR  As stated above, the tertiary phosphite of Formula IV above is
      transesterified with a glycol corresponding to Formula II above to yield
      the starting polyalkylene glycol alkyl polyphosphite of formula III.
      Illustrative of the glycols which can be employed in the present invention
      include the following: diethylene glycol, triethylene glycol, dipropylene
      glycol, tripropylene glycol, tributylene glycol, polyethylene glycols
      wherein the average number of ether units is 2, polypropylene glycols
      wherein the average number of ether units is 14, trihexylene glycol, and
      the like. Particular preferred glycols are triethylene glycol, dipropylene
      glycol and tripropylene glycol. It is understood that these propylene
      glycols can be primary, secondary, or mixtures thereof.
PAR  In order to form the polyphosphite starting materials of the present
      invention represented by Formula III the tertiary phosphite and the
      desired glycol must be reacted in critical proportions. Thus, the tertiary
      phosphite should be present in an amount from about 1 to about 1.5 moles
      per mole of glycol. The preferred range for this preparation is from about
      1 to about 1.2 moles of phosphite per mole of glycol. If the glycol is
      reacted in quantities greater than 1:1 with the phosphite, the product
      will contain primarily the undesirable mono, di, tri and tetraphosphites
      and, more importantly, will have a substantial amount of free hydroxyl
      groups attached to the phosphite group.
PAR  The above disclosed transesterification reaction is normally conducted by
      mixing the phosphite and glycol in the presence of any of the well known
      transesterification catalysts. Particularly useful catalysts are the
      alkali metal alcoholates and phenolates such as sodium methylate, sodium
      decylate, sodium phenolate, tertiary alkylamine, and the like. These
      catalysts are normally employed in an amount from about 0.01 to about 10
      percent, by weight, of the entire reactant mixture. The reaction
      temperature should initially be kept below the boiling point of the lowest
      boiling reactant in order to avoid the loss of that reactant. Although the
      reaction can be conducted at room temperature, i.e., 20.degree. C., it is
      preferred to conduct it as close to the upper limit as possible in order
      to increase the rate of reaction. Thus, in the case where trimethyl
      phosphite is employed as the tertiary phosphite, the reaction temperature
      is preferably within the range of 80.degree. C. to 100.degree. C. and
      should not be allowed to rise above 105.degree. C. until at least one R'
      group on each of the phosphite molecules has been replaced with a
      polyalkylene glycol. This can normally be determined by monitoring the
      amount of methanol which has been evolved.
PAR  While the reaction can be run to completion at these temperature ranges, it
      has been found to be advantageous to raise the temperature after this
      initial replacement of one of the R' groups on the starting phosphite up
      to a limit of about 200.degree. C. and most preferably up to about
      150.degree. C. As stated above, the point at which the temperature should
      be raised can be determined by monitoring the amount of by-product alkanol
      produced. Thus, when one mole of trimethyl phosphite is being
      transesterified, the reaction temperature can be raised after one mole of
      methanol has been evolved. The transesterification is completed when two
      moles of methanol have been evolved. The degree of polymerization of the
      polyphosphite can be controlled to an extent by varying the time of the
      reaction. Furthermore, the polymer length can be monitored by measuring
      the viscosity buildup during the reaction according to well known
      techniques.
PAR  The transesterification reaction can optionally be carried out in the
      presence of an inert solvent, however, such solvent is not required for
      the practice of the present invention. The term inert solvent is meant to
      designate any solvent which does not react with the starting materials or
      products of the present invention. Suitable solvents include the alkylated
      benzenes such as ethyl benzene, diethyl benzene, toluene, the xylenes, and
      the like.
PAR  The polyphosphite of Formula III produced by the process described above is
      then reacted with a stoichiometric (or excess) or less than a
      stoichiometric amount of an organic compound containing an
      .alpha.-halo-.beta.-ethylenic unsaturated group. Compounds of this nature
      which are encompassed within the scope of this invention correspond to the
      following formulae V and VI:
      ##EQU4##
      wherein X is halogen, such as chlorine and bromine, R.sub.2, R.sub.3,
      R.sub.4, R.sub.5 and R.sub.6 are the same or different and are hydrogen,
      halogen, alkyl, halo-alkyl, aryl, halo-aryl, aralkyl, or halo-aralkyl and
      wherein R.sub.5 and R.sub.6 also may form a cyclic ring of up to 4
      carbons; and
      ##EQU5##
      wherein R.sub.2, R.sub.3 and X are as defined above and R.sub.7 is aryl,
      such as phenyl, naphthyl and the like, halo-aryl and alkyl-aryl. R.sub.2,
      R.sub.3, R.sub.4, R.sub.5 and R.sub.6 are preferably hydrogen or C.sub.1
      -C.sub.5 lower alkyl or halo C.sub.1 -C.sub.5 lower alkyl.
PAR  The compounds within the scope of Formula V above are further defined
      herein as allylic group containing halide compounds while the compounds
      within the scope of Formula VI are defined herein as halo-methylated
      aromatic compounds. Accordingly, the terms allylic residue and aromatic
      methylene residue as employed in Formula I above to describe R' are meant
      to be that portion of Formula V and Formula VI remaining after the removal
      of X. Thus, when R' is an allylic residue, the polyphosphorus compounds of
      the present invention correspond to the following formula:
      ##EQU6##
      wherein R, R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5 and m and n are as
      defined above. When R' is an aromatic methylene residue the polyphosphorus
      compounds of the present invention correspond to the following formula:
      ##EQU7##
      wherein R, R.sub.1, R.sub.2, R.sub.3, R.sub.7 and m and n are as defined
      above.
PAR  It will be understood that when difunctional allylic halide group compounds
      encompassed within Formula V, such as 1,4-dichlorobutene-2, are employed,
      the final product will be cross-linked to a certain degree.
PAR  Further illustrative of compounds within the scope of Formula V include for
      example, allyl chloride, allyl bromide, 3,4-dichlorobutene-1,
      1,2,3-trichloropropene and the like. Allyl chloride and allyl bromide are
      particularly preferred. Compounds within the scope of Formula VI include
      for example, benzyl chloride, benzyl bromide, chloromethylnaphthalene, and
      the like.
PAR  The allylic halide compounds of Formula V and the halomethylated aromatic
      compounds of Formula VI above are reacted with the polyphosphites of
      Formula III above in either stoichiometric or less than stoichiometric
      amounts. The term "stoichiometric amount" as used herein, is meant to
      designate the molar equivalent of phosphite groups in the polyphosphite.
      Thus, by employing less than this amount, the product will contain
      unreacted phosphite groups and correspond to compounds within Formula I
      above wherein m is 1 or more and n is as defined above. By employing a
      stoichiometric amount, or excess of an allylic halide or halo-methylated
      aromatic compound, compounds corresponding to Formula I wherein m is o and
      n is as defined above are produced. Accordingly, if the products resulting
      from the utilization of less than a stoichiometric amount of halide are
      desired, any amount of halide less than a stoichiometric amount may be
      employed. Generally, the desired range for most foam applications of the
      final product is from about 0.1 to about 0.9 moles of halide compound per
      mole of phosphite group. On the other hand, if the products resulting from
      the use of a stoichiometric amount or excess of halide are desired, any
      substantially stoichiometric or excess quantity of halide may be utilized.
PAR  The allylic halide or halomethylated aromatic compound can be reacted with
      the polyphosphite over a wide temperature range. Normally temperatures
      from about 50.degree. to about 200.degree. C. are employed. The reaction
      can be monitored by determining the amount of alkyl halide by-product
      formed. Thus, when 0.6 molar equivalents or 1.0 molar equivalents of
      allylic halide compound or halomethylated aromatic compound are used, the
      reaction is completed when 0.6 moles or 1.0 moles, respectively, of alkyl
      halide have evolved.
PAR  Since the reaction with the allylic halide or halomethylated aromatic
      compound and the polyphosphite of the present invention is normally
      endothermic in nature, said reaction is generally performed without the
      aid of a solvent or diluent as a temperature controlling measure. However,
      if the use of a solvent or diluent is desired, it should be non-reactive
      with respect to both the starting materials and desired products and
      should be miscible therewith. Illustrative of suitable solvents are
      halobenzenes, such as dichlorobenzene, xylene, ethylbenzene,
      diethylbenzene, various alkanes and the like.
PAR  The novel compounds of the present invention are characterized by their
      ability to copolymerize with polyisocyanates employed in forming
      polyurethanes, by their relatively low OH numbers and acidity, by their
      high phosphorus content, and by their high flame retardancy and
      stabilizing characteristics in the final foams. These compounds can
      completely replace the polyols normally employed in forming the foams or
      they can be used in combination with the polyols, thereby yielding foams
      with greatly improved flame resistance. Since they react in the foam
      forming process, their residues are chemically bonded into the foam,
      thereby giving them high permanance, even upon high temperature aging. The
      acid numbers of the compounds of the present invention are normally below
      about 2 milligrams of KOH per gram of the polyalkylene glycol
      polyphosphorus compound. This low acidity makes these compounds relatively
      unreactive toward the polymerization catalysts employed in producing the
      polyurethane foams. As mentioned above, these compounds have relatively
      low OH numbers as compared to the prior art flame retardants and
      therefore, can be used in flexible urethane foams without materially
      affecting the physical properties of such foams. By the term relatively
      low OH numbers, it is meant to designate OH numbers below about 160 and
      preferably below 100.
PAR  The compounds of the present invention are further characterized by the
      fact that they are substantially linear polymers when compared to those
      disclosed in the prior art. This result, at least in part is from the fact
      that the intermediate polyalkylene glycol alkyl polyphosphites used to
      make the present compounds contain primarily alkyl side chains attached to
      the phosphite groups. Consequently, the labile halogen released by the
      attacking allylic halide or halomethylated aromatic compound will
      preferentially react with the alkyl side chain rather than with the glycol
      linking groups. Thus, it has been observed that the by-product formed by
      the addition of the allylic halide or halomethylated aromatic compound to
      the polyphosphite intermediates used herein is the alkyl halide rather
      than the halogenated polyether alcohol which would result from attack on
      the glycol. Since the phosphite alkyl group is attacked preferentially
      there is little or no depolymerization.
PAR  An additional advantage inherent in the present invention is the fact that
      the alkyl halide by-product can easily be separated from the desired final
      product whereas a halogenated polyether alcohol by-product, such as would
      be formed when using the polymers described in the prior art cannot be
      easily separated due to its higher boiling point. Furthermore, the
      necessity for separating a halogenated polyether alcohol by-product is
      manifest since it is a monofunctional alcohol which would seriously
      impair, if not destroy, the foam forming ability of the urethane foam mix.
PAR  The compounds of the present invention, when employed in sufficient
      quantity, will yield a self-extinguishing polyurethane foam. This
      characteristic is particularly important in the area of flexible foams due
      to the wide use of such foams in hospitals, homes and automobiles.
      Normally, the compounds of the present invention can be employed in
      amounts of from about 5 to about 30 percent, by weight, of the entire foam
      forming mixture to yield self-extinguishing flexible foams. Preferably,
      they are employed in amounts from 10 to 15 percent, by weight, of the
      entire mixture. It is understood, however, that this amount will vary
      depending upon the particular foam being used, and that the required
      proportions can easily be determined with a minimum amount of blending
      work.
PAR  While the polyphosphorus compounds of the present invention are primarily
      intended for use in urethane foams, it is contemplated that they can also
      be used in a wide variety of polymeric systems. Illustrative of these
      systems are: polyesters, polyolefins, cellulose ethers and esters,
      urethane coatings and elastomers, polymethyl methacrylates, polyvinyl
      chlorides, and many others. Furthermore, the compounds of the present
      invention can also be employed in combination with any of the known flame
      retardants in foams or polymeric systems.
PAR  The polyurethane foams within which the flame retardants described above
      are incorporated are well known in the art. They are produced by the
      reaction of a di- or polyisocyanate and a di- or polyhydroxy (polyol)
      compound in the presence of a blowing agent and a catalyst. The foams can
      be made by any of the basic techniques used in foam formation; i.e., the
      prepolymer technique, the semi-prepolymer technique or the one-shot
      process. These techniques are well known and described in the polyurethane
      art.
PAR  As examples of organic di- and polyisocyanates which can be employed to
      make the polyurethane foams there can be employed
      toluene-2,4-diisocyanate, toluene-2,6-diisocyanate;
      4-methoxy-1,3-phenylene diisocyanate; diphenyl methane-4,4'-diisocyanate;
      4-chloro-1,3-phenylene-diisocyanate;
      4-isopropyl-1,3-phenylene-diisocyanate;
      4-ethoxy-1,3-phenylene-diisocyanate; 2,4-diisocyanate-diphenylether;
      3,3'-dimethyl-4,4'diisocyanateodiphenyl methane; mesitylene diisocyanate;
      durylene diisocyanate; 4,4'-methylene-bis (phenylisocyanate); benzidine
      diisocyanate; o-nitrobenzidine diisocyanate; 4,4'-diisocyanate-dibenzyl;
      3,3'-bitolylene-4,4'-diisocyanate; 1,5-naphthalene diisocyanate;
      tetramethylene diisocyanate; hexamethylene diisocyanate; decamethylene
      diisocyanate; toluene-2,4,6-triisocyanate; tritolylmethane triisocyanate;
      2,4,4'-triisocyanatodiphenyl ether; the reaction product of toluene
      diisocyanate with trimethylolpropane; and the reaction product of toluene
      diisocyanate with 1,2,6-hexanetriol.
PAR  Alternatively, as the polyisocyanate there can be used prepolymers made by
      reacting one or more of the above polyisocyanates with a di- or
      polyhydroxy compound such as a polyester having terminal hydroxyl groups,
      a polyhydric alcohol, glycerides or hydroxy containing glycerides, etc.
      These prepolymers should have terminal isocyanate groups and, to insure
      their presence, it is frequently desirable to employ an excess of 5% or
      more of the polyisocyanate in forming the prepolymer. Typical examples of
      such prepolymers having isocyanate end groups are those formed from
      toluene diisocyanate and polyhydroxy compounds. In most cases, a mixture
      of 80% of the 2,4-isomer and 20% of the 2,6-isomer of toluene diisocyanate
      is employed in making these prepolymers. Thus, there can be used the
      prepolymers resulting from the reaction between toluene diisocyanate and
      caster oil, blown tung oil, blown linseed oil or blown soya oil, and of
      toluene diisocyanate and the polyester of ethylene glycol, propylene
      glycol and adipic acid.
PAR  Examples of suitable polyols are polyethylene glycol, polypropylene
      glycols, ethylene glycol, diethylene glycol, triethylene glycol, propylene
      glycol, dipropylene glycol, tripropylene glycol, 1,4-butanediol,
      thiodiglycol, glycerol, trimethylolethane, trimethylol propane, ether
      triols from glycerine and propylene oxide, other containing triols from
      1,2,6-hexanetriol and propylene oxide, sorbitol-propylene oxide adducts,
      pentaerythritol-propylene oxide adducts, trimethylol phenol, oxypropylated
      sucrose, triethanolamine, pentacrythritol, diethanolamine, castor oil,
      blown linseed oil, blown soya oil, N,N,N',N'-tetrakis(2-hydroxyethyl)
      ethylenediamine, N,N,N',N'-tetrakis(2-hydroxypropyl)ethylenediamine,
      N,N,N',N",N", -pentakis(2-hydroxypropyl) diethyl triamine,
      N,N,N',N",N"-pentakis(2-hydroxyethyl) diethylene triamine, mixed ethylene
      glycol-propylene glycol adipate resin, polyethylene adipate phthalate and
      polyneopentylene sebacate.
PAR  In preparing the foamed polyurethanes there can be used any of the
      conventional basic catalysts such, for example, as N-methyl morpholine,
      N-ethyl morpholine, 1,2,4-trimethylpiperazine, trimethyl amine, triethyl
      amine, tributyl amine and other trialkyl amines, the esterification
      product of adipic acid and diethylethanolamine, triethyl amine citrate,
      3-morpholinopropionamide, 1,4-bis(2-hydroxypropyl)-2-methylpiperazine,
      2-diethylaminoacetamide, 3-diethylaminopropionamide, diethylethanolamine,
      triethylenediamine, N,N,N',N'-tetrakis (2-hydroxypropyl) ethylenediamine,
      N,N'-dimethylpiperazine, N,N-dimethylhexahydroaniline, tribenzylamine and
      sodium phenolate. Also applicable are tin compounds, e.g., hydrocarbon tin
      acrylates such as dibutyltin dilaurate, dibutyltin diacetate, dibutyltin
      dioctoate, tributyltin monolaurate, dimethyltin diacetate, dioctyltin
      diacetate, dilauryltin diacetate, dibutyltin maleate, hydrocarbon tin
      alkoxides, e.g., dibutyltin diethoxide, dibutyltin dimethoxide, diethyltin
      dibutoxide as well as other tin compounds, e.g., octylstannoic acid,
      trimethyltin hydroxide, trimethyltin chloride, triphenyltin hydroxide,
      trimethyltin chloride, triphenyltin hydride, triallyltin chloride,
      trioctyltin fluoride, dibutyltin dibromide, bis-(carboethoxymethyl) tin
      diiodide, tributyltin chloride, trioctyltin acetate, butyltin trichloride,
      octyltin tris-(thiobutoxide), dimethyltin oxide, dibutyl tin oxide,
      dioctyltin oxide, diphenyltin oxide, stannous octanoate, and stannous
      oleate.
PAR  Any of the conventional surfactants can be used in amounts of 1% or less,
      e.g. 0.2% by weight of the composition. The preferred surfactants are
      silicones, e.g., polydimethyl siloxane having a viscosity of 3 to 100
      centistokes, triethoxydimethyl polysiloxane, molecular weight 850
      copolymerized with a dimethoxypolyethylene glycol having a molecular
      weight of 750.
PAR  The foaming reaction can be carried out by adding water to the polyol prior
      to or simultaneously with the addition of the polyisocyanate.
      Alternatively, foams can be prepared by the use of a foaming or blowing
      agent. These are usually a liquefied, halogen substituted alkane such, for
      example, as methylene chloride. Especially preferred are those halogen
      substituted alkanes having at least one fluorine atom in their molecules
      such as trichlorofluoromethane, dichlorodifluoromethane
      dichloromonofluoromethane, chlorodifluoromethane,
      dichlorotetrafluoroethane. In using these blowing agents, they are
      uniformly distributed in either the polyol reactant or the polyisocyanate
      reactant whereupon the reactants are mixed permitting the temperature of
      the mixture to rise during the ensuing reaction above the boiling point of
      the liquefied gas so as to produce a porous polyurethane. It should be
      noted that foaming may also be affected by combining the use of a flowing
      agent with the addition of water to the polyol.
PAR  Having generally described the invention, the following examples are given
      for purposes of illustration. It will be understood that the invention is
      not limited to these examples but is susceptible to different
      modifications that will be recognized by one of ordinary skill in the art.
PAC  EXAMPLE 1
PAR  A three-necked flask equipped with a mechanical stirrer, thermometer, and
      condenser is charged with 545 g. (4.4 mole of trimethyl phosphite, 536 g.
      (4.0 mole) of dipropylene glycol (1.0 mole) and 1.0 g. of sodium
      methoxide. The reactants are then heated to 105.degree. C. under a
      nitrogen gas atmosphere over a period of 5 hours during which time 185 g.
      of methanol is collected. The reaction is completed under aspirator
      pressure for an additional 2 hours. Then, 250 g. benzene followed by 582
      g. (4.0 moles) of 1,2,3-trichloropropene is added to the reaction mixture
      and heated for 12 hours to a temperature of 113.degree. C. After removal
      of the volatile components, 849 g. of a viscous colorless oil product are
      obtained.
PAR  Analysis:
PA1  Acid No. = 0.28 mg KOH/g
PA1  Oh number = 19 mg KOH/g
PA1  % P = 10.8
PAR  Infrared analysis shows a multiplet centered at 1600 cm .sup..sup.-1.
PAC  EXAMPLE 2
PAR  A three-necked flask equipped with a mechanical stirrer, thermometer, and
      condenser is charged with 134 g. (1 mole) of dipropylene glycol, 124 g. (1
      mole) trimethyl phosphite and 0.3 g. of sodium methoxide. The reactants
      are heated to 100.degree. C. in a N.sub.2 atmosphere for 4 hours while
      removing methanol. The reaction is completed under aspirator pressure for
      an additional 3 hours. Finally, 100 g. (1.3 moles) of allyl chloride is
      introduced to the reaction mixture and heated to a reflux temperature of
      65.degree. C. for 2 days. The excess and unreacted allyl chloride is then
      removed followed by the removal of the remaining volatiles at 140.degree.
      C. under aspirator pressure to leave 183 g. of the liquid oily product.
PAR  Analysis:
PA1  Acidity = neutral
PA1  Oh number = 50 mg KOH/g.
PA1  % P = 13.5
PAR  Infrared analysis of the product indicates a band at 1645 cm .sup..sup.-1.
PAC  EXAMPLE 3
PAR  A three-necked 3 liter flask equipped with a mechanical stirrer,
      thermometer, a distilling head is charged with 545 g. (4.4 mole) trimethyl
      phosphite, 536 g. (4 mole) dipropylene glycol and 1.0 g. of sodium
      methoxide. These reactants are then heated to between 100.degree. -
      110.degree. C. for 2 hours during which time 248 g. of methanol is
      distilled out. This initial reaction is completed by continued heating at
      100.degree. C. under aspirator pressure for an additional 3 hours. 500 g.
      (4 mole) of 3,4-dichlorobutene-1 is introduced to the reaction product and
      heated at 120.degree. C. for 20 hours. After removal of the volatile
      components 626 g. of final product is obtained.
PAR  Analysis:
PA1  Acid No. = 0.56 mg. KOH/g. sample
PA1  Oh number = 12 mg KOH/g
PA1  % P = 13.4
PAR  Infrared analysis shows band at 1630 cm.sup..sup.-1.
PAC  EXAMPLE 4
PAR  A three-necked 500 ml. flask equipped with a mechanical stirrer,
      thermometer, and condenser is charged with 100 grams (0.52 mole) of the
      reaction product of dipropylene glycol and trimethylphosphite in a 1 to
      1.1 mole ratio respectively. 65 grams (0.34 mole) of benzyl chloride is
      added to the flask and the resulting mixture is heated to about
      110.degree. to 115.degree. C. over a period of 3.5 hours. The volatiles
      are removed at 105.degree. C. under reduced pressure and 110 grams of
      slightly cloudy colorless liquid product are obtained.
PAR  Analysis: Acid No. = neutral
PAR  In like manner to the above examples, good results are obtained when
      tripropylene glycol is substituted for the dipropylene glycol as well as
      when allyl bromide is substituted for the allyl chloride in Examples 1 and
      2.
PAC  EXAMPLE 5
PAR  Flexible polyurethane foams are prepared by employing the following
      formulations:
TBL                           I         II                                     

     __________________________________________________________________________

     Propoxylated glycerol (3000 mol. wt.)                                     

                              200 g.    200 g.                                 

     poly(dipropylene glycol allyl phosphonate)                                

     Prepared according to Example 2                                           

                              30 g.     30 g.                                  

     FYROL HB 32 (tris[2,3-dibromopropyl]phosphate)                            

                              0 g.      10 g.                                  

     Water                    8.0 g.    8.0 g.                                 

     Silicone Surfactant      1.8 g.    1.8 g.                                 

     N-ethyl morpholine       0.45 g.   0.45 g.                                

     Dimethylaminoethyl ether 0.35 g.   0.35 g.                                

     Methylene Chloride       6.0 g.    6.0 g.                                 

     Stannous Octoate, 50% in dioctyl phthalate                                

                              0.65 g.   0.65 g.                                

     Toluene diisocyanate (80/20 isomers)                                      

                              104.8 g.  104.8 g.                               

     Properties                                                                

     Rise-time                127 sec.  130 sec.                               

     Color-forming tendency   good      good                                   

     Density                  1.49 lbs/ft..sup.3                               

                                        1.62 lbs/ft.                           

     Flammability, ASTMD 1692 self-extinguishing                               

                                        self-ext.                              

      burn extent             3.4 inches                                       

                                        2.0 inches                             

      extinguishment time     48 seconds                                       

                                        34 seconds                             

     Dry Heat (22 hours at 140.degree. C.)                                     

      flammability            self-extinguishing                               

                                        self-ext.                              

      burn extent             3.1 inches                                       

                                        1.1 inches                             

      extinguishment time     37 seconds                                       

                                        19 seconds                             

     __________________________________________________________________________

PAR  Obviously, numerous modifications and variations of the present invention
      are possible in the light of the above teachings. It is, therefore, to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flame retardant polyurethane foam containing as a chemically bonded
      integral part thereof the residue of a polyphosphorus compound having the
      formula:
      ##EQU8##
      wherein R is a polyalkylene glycol residue defined as that portion
      remaining after two hydroxyl groups have been removed from a glycol having
      the formula:
      ##EQU9##
      wherein R" is an alkylene group of from 2 to about 20 carbon atoms, which
      is straight chain, branch chain, or a mixture thereof, and X designates
      the number of repeating alkylene ether units and is from 2 to about 20;
      R.sub.1 is a C.sub.1 -C.sub.10 alkyl residue; R' is an allylic residue
      formed from a compound selected from the group consisting of allyl
      bromide, allyl chloride, 3,4-dichlorobutene-1, 1,2,3-trichloropropene and
      1,4-dichlorobutene-2; m is a number in the range from 0 to about 25; and n
      is a number in the range from 1 to about 25 with the proviso that the sum
      of m+n is in the range of from about 2 to about 50.
NUM  2.
PAR  2. The polyurethane foam of claim 1 wherein said residue of the
      polyphosphorus compound is present in an amount of from about 5 to about
      30 percent by weight of the entire foam.
NUM  3.
PAR  3. The polyurethane foam of claim 2 wherein R is a residue of a
      polyalkylene glycol selected from the group consisting of diethylene
      glycol, triethylene glycol, dipropylene glycol and tripropylene glycol;
      R.sub.1 is methyl and R' is selected from the group consisting of
      ##EQU10##
      and
      ##EQU11##
NUM  4.
PAR  4. The polyurethane foam of claim 3 wherein R is a residue of dipropylene
      glycol, R' is
      ##EQU12##
      and R.sub.1 is methyl.
NUM  5.
PAR  5. The polyurethane foam of claim 4 wherein m is 0.
NUM  6.
PAR  6. The polyurethane foam of claim 1 wherein R is a residue of a
      polyalkylene glycol selected from the group consisting of diethylene
      glycol, triethylene glycol, dipropylene glycol, tripropylene glycol,
      tributylene glycol and trihexylene glycol.
NUM  7.
PAR  7. The polyurethane foam of claim 1 wherein m is 0.
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PAL  An antistatic polyurethane foam contains quaternary ammonium salt as an
      antistatic agent. The quaternary ammonium salt is added either to a raw
      material for polyurethane foam or to a prepared polyurethane foam by
      causing the foam to be impregnated with a solution containing the
      quaternary ammonium salt and drying it.
BSUM
PAR  This invention relates to an antistatic polyurethane foam and a method for
      preparing the same.
PAR  Urethane foam is prominently electrified when friction is imparted thereto.
      In a mattress manufacturing factory, when urethane foam is sliced into
      sheets, operator's working clothes are subjected to static electricity,
      giving off intense sparks. This leads to reduced operability and, in a
      worst case, a fire hazard.
PAR  Urethane form is widely used, for example, for mattress and for the
      trimming of an automobile etc. and interior decoration. However, there
      arises a problem as presented by static electricity. During the use of
      urethane foam, charges of static electricity is stored in the associated
      metal parts or metal fittings. This phenomenon shows a marked increase
      particularly in dry season and, when the metal part or metal fittings are
      touched by the finger of the operator, an unpleasant electric shock is
      imparted to the operator due to charges of static electricity.
      Particularly where a driver is occupied on the seat of an automobile,
      there is a chance that the drive suddenly suffers such an electric shock,
      thus disturbing the driver's attention.
PAR  When urethane foam is sliced into sheets, the operator experiences static
      electricity as already mentioned above. Since static electricity is stored
      by friction, the operator suffers an intense electric shock when he
      touches the associated metal etc., leading to reduced operability and in a
      worst case an injure to the human body. It comes to such a stage that such
      discomforts experienced due to charges of static electricity can not be
      overlooked merely as daily occurrences. In spite of this fact, no
      effective step is taken to this date to prevent occurrence of such static
      electricity.
PAR  It is accordingly a primary object of this invention to provide
      polyurethane foam having an excellent antistatic property.
PAR  Another object of this invention is to provide a method for preparing an
      antistatic polyurethane foam without losing rebound property etc.
PAR  An antistatic polyurethane foam according to this invention contains
      quaternary ammonium salt as an antistatic agent. The quaternary ammonium
      salt may be added during the reaction of polyols with polyisocyanates. In
      this case it is preferred that 0.05 to 10 parts by weight of quaternary
      ammonium salt be added based on 100 parts by weight of polyols. Where less
      than 0.05 part by weight of quaternary ammonium salt is added, an
      insufficient antistatic effect is exhibited. In contrast, where the amount
      of quaternary ammonium salt exceeds 10 parts by weight, it is difficult to
      form an excellent polyurethane foam due to irregular cells and shrinkage.
PAR  Quaternary ammonium salt may be added to a prepared polyurethane foam by
      causing the foam to be impregnated with a solution containing the
      quaternary ammonium salt and drying it. In this case, the solution is
      prepared by dissolving, or dispersing, quaternary ammonium salt into
      water, alcohol or polychloroprene latex. Where quaternary ammonium salt is
      added to polyurethane foam in a form dissolved or dispersed into a
      solution, it is preferred that quaternary ammonium salt be added thereto
      in an amount of 0.05 parts by weight or more based on 100 parts by weight
      or more based on 100 parts by weight of polyols. Where the amount of
      quaternary ammonium salt does not reach this value, an insufficient
      antistatic effect is exhibited. In this case, addition of more than 10
      parts by weight of quaternary ammonium salt exerts no bad influence on the
      structure of polyurethane foam per se. It is preferred, however, that the
      maximum amount of quaternary ammonium salt be 50 parts by weight from the
      economical view point as well as due to the properties of matter such as
      rebound property etc. being degraded.
PAR  Quaternary ammonium salt used in this invention as an antistatic agent is
      represented by a general formula:
EQU  R.sub.4 NX
PAL  in which R stands for alkyl group or aryl group and X stands for halogen or
      acid radical.
PAR  For example, the following quaternary ammonium salts may be preferably
      used.
PA1  [C.sub.12 H.sub.25 N(CH.sub.3).sub.3 ]ClO.sub.4 ;
PA1  [c.sub.12 h.sub.25 n(ch.sub.3).sub.2 c.sub.2 h.sub.4 oh]clO.sub.4 ;
PA1  [c.sub.12 h.sub.25 n(ch.sub.3).sub.2 c.sub.2 h.sub.4 oh]br;
      ##SPC1##
      ##EQU1##
      These quaternary ammonium salts exhibit a reliable antistatic effect in a
      small amount without degrading the properties of matter of polyurethane
      foam.
DRWD
PAR  The FIGURE represents an attenuation curve of static electricity showing a
      comparison between polyurethane foam according to this invention and a
      conventional polyurethane foam prepared without using quaternary ammonium
      salts.
DETD
PAR  This invention adopts the conventional method for preparing polyurethane
      foam except that quaternary ammonium salts are used as an antistatic
      agent. Generally, polyurethane foam is prepared in one-shot process or
      prepolymer process by suitably mixing polyols and polyisocyanates both
      constituting essential constituents with a sub-agent such as a blowing
      agent, catalyst, foam stabilizer, pigment, extender etc. As the polyols,
      polyester polyols and polyether polyols such as polypropylene glycol,
      polyethylene glycol etc. are widely used. As the polyisocyanates, tolylene
      diisocyanates (TDI) and diphenylmethane-4,4'-diisociate (MDI) are widely
      used. According to one method of this invention quaternary ammonium salts
      are added into a raw material for polyurethane foam without involving any
      loss. During the above-mentioned reaction process it was found that the
      quaternary ammonium salt also performs the function for promoting gelation
      i.e. serves as a polymerization catalyst. Consequently, it is possible to
      reduce an amount of expensive tin catalyst such as stannous octoate. Where
      a lesser amount of tin catalyst is used, many open cells are produced,
      resulting in an increase in breathability, cushioning property,
      extensibility and rebound property. A comparison was made, for example, in
      breathability between polyurethane foam prepared by adding quaternary
      ammonium salts into raw material and conventional polyurethane foam
      prepared without using quaternary ammonium salts. In the former case, the
      breathability was found to be 150 to 170 cc/min/cm.sup.2, while in the
      latter case the breathability was found to be 100 to 120 cc/min/cm.sup.2.
      The polyurethane foam prepared according to this invention is, therefore,
      desirably used in applications, such as mattress, requiring a cushioning
      property.
PAR  According to another method of this invention quaternary ammonium salt is
      added to a prepared polyurethane foam through a solution containing said
      quaternary ammonium salt. In this case it is preferred to press the
      prepared polyurethane foam by a suitable means which is followed by
      expanding it to cause the solution containing the quaternary ammonium salt
      to be absorbed in the polyurethane foam, and dry the resultant foam after
      its excess portion is squeezed out.
PAR  This invention will be more fully understood from the following specific
      examples in which all parts are by weight.
PAC  EXAMPLE 1
TBL          Component       Parts                                             

     ______________________________________                                    

     trifunctional polyetherglycol                                             

                             100                                               

      (molecular weight 3000)                                                  

     n-ethylmorpholine       0.4                                               

     triethylene diamine     0.1                                               

     stannous octoate        0.2                                               

     trichloromonofluoromethane                                                

                             2.0                                               

     water                   5.0                                               

     silicone oil            1.5                                               

     tolylene diisocyanate   65.0                                              

      (isomer ratio 2,4/2,6=80/20)                                             

     New Elegan AI*          0 to 5.0                                          

     ______________________________________                                    

      *New Elegan AI is a trade name of quaternary ammonium salts manufactured 

      by Japan Oils and Fats Co., Ltd., the chemical formula being represented 

      as follows: [C.sub.12 H.sub.25 N(CH.sub.3).sub.3 ] ClO.sub.4.            

PAR  A flexible polyurethane foam was manufactured according to the
      above-mentioned composition.
PAR  The specific gravity, rebound property and induced voltage of the foam were
      determined dependent upon the amount added of quaternary ammonium salt,
      the results of which are shown in Table I.
PAR  Vigorous frictions were imparted about 30 times to the surface of samples
      using a Bakelite plate and immediately thereafter the measurement of
      induced voltage was conducted using a static electricity measuring device
      (static voltmeter KTB-5 manufactured by KASUGA DENKI CO., LTD).
TBL                Table I                                                     

     ______________________________________                                    

     Amount added of New Elegan AI (parts)                                     

     0           0.1       0.5      2.5    5.0                                 

     ______________________________________                                    

     Specific                                                                  

     gravity                                                                   

            0.020    0.020     0.020  0.020  0.020                             

     Rebound                                                                   

     property                                                                  

            30       40        40     42     43                                

     Induced                                                                   

     voltage                                                                   

            7000-    200-                                                      

            8000     250       0      0      0                                 

     ______________________________________                                    

PAR  Polyurethane foams were prepared substantially in the same procedure as
      mentioned above, except that use was made of Armostat 410 and Resistat 141
      in place of quaternary ammonium salt. The foam articles all exhibited no
      antistatic effect, and phenomena such as irregular cells, cavities,
      "bottom-up" etc. were observed.
PAR  Armostat 410 is a trade name of a surface active agent manufactured by Lion
      Oils and Fats Co., Ltd., the chemical formula being represented by:
      ##EQU2##
PAR  Resistat 141 is a trade name of a surface active agent manufactured by
      DAIICHI KOGYO MEDICINE MANUFACTURING CO., LTD., the chemical formula being
      represented by:
      ##EQU3##
      in which R denotes alkyl groups having carbon atoms of 7-12 and m+n is an
      integer of 1-40.
PAR  Two kinds of samples were prepared substantially in the same procedure as
      mentioned above, one of which contains New Elegan AI of 0.5 part (this
      invention) and the other of which contains no New Elegan AI (conventional
      urethane foam). A voltage of 10KV was applied for 20 minutes to these
      samples to cause them to be electrified and the state in which the induced
      static electricity was decreased with time was observed. The detail is
      shown in a drawing. As will be appreciated from the drawing, urethane foam
      according to this invention showed an induced voltage of 2KV, the value of
      which came to a zero after lapse of 5 seconds, while the conventional
      urethane foam showed an induced voltage of 8KV, the value of which came to
      a zero after lapse of 600 seconds. The induced voltages shown in the
      drawing were measured using a static honestometer manufactured by Shishido
      & Co., Ltd.
PAC  EXAMPLE 2
PAR  The same procedure as in Example 1 was repeated except that four kinds of
      quaternary ammonium salts (a, b, c, and d) were used. 20 samples of
      flexible polyurethane foams were prepared. Vigorous frictions were
      imparted 30 times to the surface of the samples by the Bakelite plate and
      immediately thereafter voltages induced on the samples were measured using
      a static voltmeter KTB-5 manufactured by Kasuga Denki Co., Ltd. The result
      is shown in Table II.
TBL                Table II                                                    

     ______________________________________                                    

     Amount added of quaternary ammonium salt (parts)                          

             0       0.1      0.5     2.5   5.0                                

     ______________________________________                                    

     Kinds of                                                                  

             a     7000-     300-   0     0     0                              

     quaternary    8000      500                                               

     ammonium                                                                  

             b     ditto     400-   100-  0     0                              

     salts                   700    200                                        

             c     ditto     500-   100-  0     0                              

                             800    200                                        

             d     ditto     500-   100-  0     0                              

                             800    200                                        

     ______________________________________                                    

PAR  In Table II,
PA1  a: [C.sub.12 H.sub.25 N(CH.sub.3).sub.2 C.sub.2 H.sub.4 OH]ClO.sub.4 ;
      ##SPC2##
      ##EQU4##
PAC  EXAMPLE 3
PAR  Polyurethane foam having a specific gravity of 0.020 was sliced to a
      thickness of 5 mm to form lengthy sheets.
PAR  The lengthy sheets were passed through a 20% aqueous solution of
      lauryltrimethyl ammonium chloride and so adjusted in a suitable method as
      to contain 5% of said quaternary ammonium salt based on the weight of
      polyurethane foam. The so adjusted sheets were dried for 20 minutes in an
      oven at 90.degree.C.
PAR  It was proved that the amount of lauryltrimethyl ammonium chloride held in
      the sheet was 2.78 parts based on 100 parts of polyols.
PAR  When measured based on the procedure of Example 1, an induced voltage of
      the resultant sheet was found to be zero.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for preparing an antistatic polyurethane foam comprising
      reacting polyol with polyisocyanate to form a polyurethane foam in the
      presence of about 0.05 to 10 parts by weight based on 100 parts by weight
      of the polyol of a quaternary ammonium salt as an antistatic agent
      selected from the group consisting of:
PA1  [C.sub.12 H.sub.25 N(CH.sub.3).sub.3 ]ClO.sub.4 ;
PA1  [c.sub.12 h.sub.25 n(ch.sub.3).sub.2 c.sub.2 h.sub.4 oh]clO.sub.4 ;
      ##SPC3##
PA1  [c.sub.12 h.sub.25 n(ch.sub.3).sub.2 c.sub.2 h.sub.4 oh]br;
      ##SPC4##
      ##EQU5##
      and
      ##EQU6##
      and a mixture thereof.
NUM  2.
PAR  2. A method for preparing an antistatic polyurethane foam which comprises
      impregnating polyurethane foam with a solution of antistatic agent and
      drying the impregnated foam leaving in the foam an effective amount of the
      antistatic agent wherein said antistatic agent is a quaternary ammonium
      salt selected from the group consisting of:
PA1  [C.sub.12 H.sub.25 N(CH.sub.3).sub.3 ]ClO.sub.4 ;
PA1  [c.sub.12 h.sub.25 n(ch.sub.3).sub.2 c.sub.2 h.sub.4 oh]clO.sub.4 ;
      ##SPC5##
PA1  [c.sub.12 h.sub.25 n(ch.sub.3).sub.2 c.sub.2 h.sub.4 oh]br;
      ##SPC6##
      ##EQU7##
      and
      ##EQU8##
      and a mixture thereof.
NUM  3.
PAR  3. An antistatic foam containing an effective amount of quaternary ammonium
      salt as antistatic agent prepared by reacting polyol with polyisocyanate
      in the presence of said salt, said salt being selected from the group
      consisting of:
PA1  [C.sub.12 H.sub.25 N(CH.sub.3).sub.3 ]ClO.sub.4 ;
PA1  [c.sub.12 h.sub.25 n(ch.sub.3).sub.2 c.sub.2 h.sub.4 oh]clO.sub.4 ;
      ##SPC7##
PA1  [c.sub.12 h.sub.25 n(ch.sub.3).sub.2 c.sub.2 h.sub.4 oh]br;
      ##SPC8##
      ##EQU9##
      and
      ##EQU10##
      and a mixture thereof.
NUM  4.
PAR  4. An antistatic polyurethane foam according to claim 3 in which said
      quaternary ammonium salt is added to prepared polyurethane foam by
      impregnating said foam with a solution of said salt and drying the
      impregnated foam.
NUM  5.
PAR  5. An antistatic polyurethane foam according to claim 3 wherein said salt
      is present in said foam in an amount of about 0.05 to 10 parts by weight
      based on 100 parts by weight of polyol used in the formation of the foam.
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PAL  An improvement is disclosed in the preparation of rigid polyurethane foams
      which have relatively high surface friability. The improvement resides in
      the use of a select group of amine-based polyols to reduce the friability
      of the resulting foam.
BSUM
PAR  This invention relates to an improvement in the production of polyurethane
      foam. More particularly, the invention relates to the reduction of surface
      friability in rigid polyurethane foams.
PAR  It is known in the art that polyether polyols which are derived from
      4,4,4-trichloro-1,2-epoxybutane can be used to advantage in the
      preparation of a highly flame retardant, rigid polyurethane foam. See for
      example U.S. Pat. Nos. 3,269,961, 3,630,973 and 3,741,921.
PAR  However, it has recently been learned that the use of certain such polyols
      yields a foam which is often plagued with a high degree of surface
      friability. As such, the foam requires special handling and it cannot be
      used to advantage, if at all, in those applications in which the foam is
      sprayed onto, and is required to adhere to, certain surfaces such as in
      the on-site insulation of homes and industrial structures.
PAR  Now an improvement has been found for eliminating or minimizing the surface
      friability of rigid otherwise friable polyurethane foam. This objective is
      achieved, according to the invention, by including in the foam forming
      reaction mixture a second polyol comprised of a hydroxy-terminated adduct
      of alkylene oxide and an amine initiator, in which adduct substantially
      all the hydroxy groups are primary.
PAR  The improvement disclosed herein may be utilized in reducing the friability
      of any rigid polyurethane foam which is characterized by a relatively high
      degree of surface friability. However, it is preferred to employ the
      improvement of the invention in connection with the preparation of those
      rigid polyurethane foams which are prepared from a reaction mixture
      comprised of an organic polyisocyanate, a foaming agent, a reaction
      catalyst and, as the main reactive polyol, an adduct of a polyhydroxy
      compound and 4,4,4-trichloro-1,2-epoxybutane. This adduct, hereinafter
      referred to as the "main polyol reactant," may be prepared by methods well
      known in the art. For example, it can be prepared by condensing,
      optionally in the presence of an oxyalkylation catalyst, a polyhydroxy
      initiator compound with 4,4,4-trichloro-1,2-epoxybutane.
PAR  Although any polyhydroxy compound may be employed in preparing the main
      polyol reactant, it is preferred to employ a polyhydroxy compound which
      comprises a carbohydrate or a carbohydrate derivative. Illustrative are
      sucrose, dextrose, and mixtures of sucrose or dextrose with water and/or
      with an aliphatic diol or triol. Exemplificative of the latter are
      ethylene glycol, propylene glycol, the butylene glycols, glycerol,
      trimethylolpropane, triethylolpropane, mixtures thereof and the like.
PAR  A particularly preferred group of initiators for use in preparing the main
      polyol reactant is that selected from the group consisting of a mixture of
      dextrose and water, a mixture of dextrose and an aliphatic diol or triol,
      and a mixture of dextrose, water and an aliphatic diol or triol. Any
      suitable molar ratio of dextrose to water and/or diol or triol may be used
      in preparing such mixtures. For example at least about 0.6, and preferably
      about 0.9-3 moles each of water and/or diol or triol may be employed per
      mole of dextrose. A more detailed description concerning the preparation
      of these mixtures is provided in U.S. Pat. No. 3,741,921, issued June 26,
      1973 to M. Lapkin, the entire disclosure of which is incorporated by
      reference herein. As used in the specification and claims herein, the term
      "dextrose" is intended to include hydrous dextrose, such as
      .alpha.-d-glucose monohydrate, as well as anhydrous dextrose, e.g.,
      d-glucose. In accordance with the most preferred embodiments of the
      invention a mixture of dextrose and an aliphatic diol or triol is used as
      the initiator.
PAR  The 4,4,4-trichloro-1,2-epoxybutane may be used in purified form, as a
      crude product of the dehydrohalogenation of 4,4,4-trichloro-2-halobutanol,
      or as a mixture with a nonhalogenated alkylene oxide, e.g., ethylene
      oxide, propylene oxide, butylene oxide and mixtures thereof. Thus the term
      "4,4,4-trichloro-1,2-epoxybutane" as used in the specification and claims
      herein includes any such materials and mixtures which are suitable for
      condensation with a polyhydroxy initiator to form a polyol that is useful
      in the production of polyurethane foam.
PAR  In preparing the main polyol reactant, a wide variety of conventional
      oxyalkylation catalysts may be employed, if desired, to promote the
      condensation reaction between the 4,4,4-trichloro-1,2-epoxybutane and the
      polyhydroxy initiator. However, when a catalyst is used it is preferred to
      use an acid catalyst such as a Lewis acid, e.g., boron trifluoride or an
      etherate derivative thereof. Usually carried out at a temperature of about
      30.degree.-200.degree.C, the condensation reaction is allowed to proceed
      until a polyether polyol is obtained which has a hydroxyl number from
      about 150 to about 800, preferably about 260-550, and more preferably
      about 300-450.
PAR  Pursuant to the method of the invention, the polyurethane foam is prepared
      from a reaction mixture comprising a main polyol reactant, as described
      above, and a select second polyol. This second polyol, the use of which is
      critical to reducing the friability of the foam according to the
      invention, is hereinafter referred to as the "supplemental polyol."
PAR  As indicated above, the supplemental polyol is comprised of a
      hydroxyl-terminated adduct of alkylene oxide and an amine, in which adduct
      substantially all the hydroxy groups are primary groups. Such a
      supplemental polyol may be prepared by condensing, in the presence of an
      oxyalkylation catalyst, an amine initiator with alkylene oxide.
PAR  Any suitable amine initiator, including mixtures of initiators containing
      an amine, may be employed in preparing the supplemental polyol. Suitable
      amines include the following and mixtures thereof:
PA1  a. The primary aliphatic amines including mono-, di-, and triamines. These
      amines usually contain 1-8, and preferably 1-4, carbon atoms such as
      methylamine, ethylamine, n-propylamine, n-butylamine, n-amylamine,
      n-hexylamine, ethylene diamine, diaminopropane, diaminobutane,
      pentamethylene diamine, diethylene triamine, and mixtures thereof.
      Particularly preferred amines in this group are the diamines having 2-4
      carbon atoms such as ethylene diamine.
PA1  b. The primary aromatic amines including mono-, di-, and triamines.
      Preferably these contain 6-8 carbon atoms such as aniline, methylaniline,
      phenylene diamine, toluene diamine and triaminobenzene. A particularly
      preferred amine in this group is toluene diamine which may be any isomer,
      such as 2,3-, 2,4-, and 2,6-toluene diamine, or a mixture of such isomers.
PA1  c. The alkanolamines, i.e., the aliphatic hydroxy amines. Usually each
      alkanol group in these amines contains from 2 to 5 carbon atoms.
      Illustrative are ethanolamine, diethanolamine, triethanolamine, the mono-,
      di-, and tripropanolamines, ethanolpropanolamine, diethanolpropanolamine,
      and the mono-, di-, and tributanolamines. Particularly preferred
      alkanolamines are those in which each alkanol group contains 2-3 carbon
      atoms such as the ethanolamines, the propanolamines and the
      ethanaolpropanolamines.
PAR  The most preferred amines referred to above are selected from the group
      consisting of ethylene diamine, diaminopropane, toluene diamine, an
      ethanolamine such as mono-, di-, and triethanolamine, a propanolamine such
      as mono-, di-, and tripropanolamine, an ethanolpropanolamine such as
      monoethanolmonopropanolamine and diethanolpropanolamine, and mixtures of
      these amines.
PAR  An amine initiator as described above is condensed with alkylene oxide in
      preparing the supplemental polyol. Any suitable alkylene oxide, such as
      ethylene oxide, propylene oxide, butylene oxide, or a mixture of alkylene
      oxides may be employed provided that the product polyol contains
      substantially only primary hydroxy groups. However, it is preferred to
      employ ethylene oxide alone or in combination with a higher alkylene oxide
      provided the oxyalkylation is carried out step-wise with ethylene oxide
      being the sole, final oxyalkylating agent. The use of ethylene oxide alone
      is most preferred, in which case the adduct would be an oxyethylated
      amine.
PAR  A variety of conventional oxyalkylating catalysts may be used in carrying
      out the amine oxyalkylation reaction. However, it is preferred to employ
      an alkaline catalyst such as potassium hydroxide. The oxyalkylation
      reaction is allowed to proceed, using usually elevated temperatures, until
      a polyether polyol product is obtained which has a hydroxyl number of
      about 100-800 and preferably about 250-600. The reaction is then
      terminated and the product is recovered for use as a supplemental polyol
      according to the invention.
PAR  Any suitable proportion of the supplemental polyol may be employed which is
      effective in reducing the friability of the foam without otherwise
      interfering with, or detrimentally altering, its properties. Usually a
      proportion is used which ranges from about 8 to about 50, preferably about
      10-40, and more preferably about 10-25, parts per every 100 parts by
      weight of the main polyol reactant. The requisite proportion of the
      supplemental polyol may be preparatorily blended in with the main polyol
      reactant or it may be added separately to the foam-forming reaction
      mixture.
PAR  In preparing the foams of the invention, the abovedescribed polyols are
      reacted with an organic polyisocyanate in the presence of a reaction
      catalyst and a foaming agent. Either the one-shot method or the prepolymer
      technique may be employed in carrying out the reaction. Any suitable
      organic polyisocyanate, or mixture of polyisocyanates, may be used which
      is capable of reacting with a polyether polyol to form a polyurethane.
      Illustrative are toluene dissocyanate, such as the 80:20 and the 65:35
      mixtures of the 2,4:2,6-isomers, methylene-bis(4-phenylisocyanate),
      3,3'-bitolylene 4,4'-diisocyanate, 3,3'-dimethoxy-4,4'-bitolylene
      4,4'-dinaphthylene-1,5-diisocyanate, hexamethylene diisocyanate,
      polymethylene polyphenylisocyanate, and the like. The preferred
      isocyanates are toluene diisocyanate, polymethylene polyphenylisocyanate,
      and mixtures thereof. The polymethylene polyphenylisocyanate usually has a
      functionability of about 2.2-3.2 such as may be purchased commercially
      under the trademark "PAPI." The amount of isocyanate employed in the
      preparation of the polyurethane foams should be sufficient to provide at
      least about 0.9, and preferably about 1.0-1.2, NCO groups per each hydroxy
      group present in the foam-forming reaction system. A 100 multiple of the
      ratio of NCO to OH groups in the foam-forming reaction system is referred
      to as the "index."
PAR  The foaming agent employed in preparing the polyurethane foams can be any
      one of those known in the art to be useful for this purpose such as water,
      the halogenated hydrocarbons, and mixtures thereof. The preferred foaming
      agents are the halogenated hydrocarbons which include, for example,
      monofluorotrichloromethane, difluorodichloromethane, the
      trichlorotrifluoroethanes, dichlorotetrafluoroethane, methylene chloride,
      chloroform, carbon tetrachloride, and the like. The amount of foaming
      agent, or mixture of foaming agents, can be varied over a wide range.
      Generally, however, the halogenated hydrocarbons are employed in an amount
      ranging from about 1 to about 75 parts by weight per 100 parts of total
      polyols in the foam-forming reaction system; and generally water is
      employed in an amount ranging from about 0.1 to about 10 parts by weight
      per 100 parts of total polyols.
PAR  Any of the catalysts, or mixtures thereof, which are known in the art to
      catalyze the polyurethane foam-forming reaction may be employed in
      preparing the foams of the invention. These include the tertiary amines,
      such as N-methylmorpholine and triethylenediamine, and the organic metal
      salts such as stannous octoate and dibutyltin dilaurate. Generally the
      catalyst is employed in any suitable catalytic proportion such as from
      about 0.05 to about 3.0, and preferably from about 0.075 to about 2.0,
      percent by weight based on the total weight of polyols in the reaction
      system.
PAR  It is preferred in the preparation of the polyurethane foams of the
      invention to employ minor amounts of a conventional polyurethane foam
      surfactant. Typical of these are the silicon-based surfactants such as the
      silicone oils and soaps and the siloxanes. Usually the amount of
      surfactant ranges up to about 2 parts by weight per 100 parts of total
      polyols in the reaction system.
PAR  Various additives may also be incorporated in the polyurethane foam-forming
      reaction mixture, if desired, such as fillers, dyes, plasticizers,
      deodorants, and antioxidants.
PAR  The improved process of the invention provides a relatively simple and
      practically attractive route to resolving the problem of high surface
      friability in rigid polyurethane foam. Furthermore, this objective is
      achieved at minimum cost and without undermining or altering the other
      basic properties of the foam.
PAR  The polyurethane foams of the invention are of utility in a variety of
      commercial and industrial applications including for example the
      production of foam-insulated food and beverage containers, sporting goods,
      and like applications. They are of particular utility in those
      applications requiring a rigid foam which, along with being flame
      retardant, can be sprayed onto, and adheres to, wood and other structural
      materials. Such applications include the on-site generation of foam in the
      insulation of houses and other structural installations.
PAR  The following examples are provided to illustrate the invention. In these
      examples, a variety of supplemental polyols are used as indicated.
      Otherwise, the other foam forming ingredients are essentially the same
      throughout. They are as follows:
     Ingredients            Parts by Weight                                    

     ______________________________________                                    

     Main polyol reactant.sup.(1)                                              

                            100.0                                              

     Trifluorochloromethane foaming agent                                      

                            36.0-39.0                                          

     Dimethylcyclohexylamine catalyst                                          

                            2.0                                                

     Dow Corning 193 surfactant.sup.(2)                                        

                            2.0                                                

     Polymethylene polyphenylisocyanate.sup.(3)                                

                            (115 index).sup. (4)                               

     ______________________________________                                    

      .sup.(1) This is a 360 hydroxyl number polyether polyol prepared by      

      condensing, in the presence of boron trifluoride etherate catalyst,      

      4,4,4-trichloro-1,2-epoxybutane with an equi-molar mixture of ethylene   

      glycol and .alpha.-d-glucose monohydrate.                                

      .sup.(2) This is a silicone-glycol copolymer described in an August 1968 

      Dow Corning bulletin No. 05-146.                                         

      .sup.(3) This is a commercial product of the Upjohn Company purchased    

      under the trademark "PAPI" and having an approximate functionability of  

      2.6.                                                                     

      .sup.(4) The proportion of isocyanate was calculated to provide in each  

      example an index of 115.                                                 

PAR  Further in the examples, surface friability is tested by downwardly
      finger-rubbing the side of the foam bun, using sufficient finger pressure
      to form a slight indentation in the foam. The effect of this treatment is
      observed visually and on that basis the surface friability of the foam is
      rated as "high," "moderate," or "low." A high rating is given a foam which
      exhibits excessive surface crumbling; a moderate rating is given a foam
      which exhibits markedly reduced though still considerable crumbling; and a
      low rating indicates that the foam exhibits slight or no crumbling at all.
DETD
PAC  EXAMPLE 1
PAR  A rigid polyurethane foam was prepared from a reaction mixture consisting
      of the above ingredients, in the indicated proportions, and 20 parts by
      weight of oxyethylated diethanolamine, hydroxyl number 440, as a
      supplemental polyol. The ingredients were hand-mixed and foamed in a
      square cardboard box. After being cured, the resulting foam was removed
      from the box and its surface friability was tested in accordance with the
      test described above. The foam exhibited only slight surface crumbling and
      it was given a low friability rating.
PAC  COMPARISON 1
PAR  For comparison purposes, another rigid foam was prepared following the
      exact procedure of Example 1 except that no oxyethylated diethanolamine,
      or any other supplemental polyol, was included in the foam forming
      reaction mixture. The resulting foam exhibited excessive surface crumbling
      and was therefore given a high friability rating.
PAC  EXAMPLES 2-3
PAR  The procedure of Example 1 was followed in carrying out these two examples
      with one modification. This is that the oxyethylated diethanolamine used
      in Example 2 had a hydroxyl number of 597, and the oxyethylated
      diethanolamine used in Example 3 had a hydroxyl number of 288. In both
      cases the resulting foam exhibited only slight surface crumbling and thus
      earned a low friability rating.
PAC  EXAMPLE 4
PAR  Following the procedure of Example 1, a rigid polyurethane foam was
      prepared from a reaction mixture consisting of the above ingredients, in
      the indicated proportions, and 20 parts by weight of oxyethylated ethylene
      diamine, hydroxyl number 546. The resulting foam exhibited a substantial
      reduction in surface crumbling as compared with the foam of Comparison 1.
      It was thus given a moderate surface friability rating.
PAC  EXAMPLE 5
PAR  The supplemental polyol used in this example was a 537 hydroxyl number
      polyol prepared by the oxyethylation of an equi-molar mixture of
      ortho-toluene diamine and diethanolamine. Otherwise the same procedure of
      Example 1 was followed. The resulting rigid foam had a moderate surface
      friability rating.
PAC  EXAMPLE 6
PAR  The supplemental polyol used in this example was a 474 hydroxyl number
      polyol prepared by the oxyethylation of a mixture of sucrose and
      diethanolamine in a molar ratio of 2.25 moles of diethanolamine per every
      mole of sucrose. Otherwise again the procedure of Example 1 was followed.
      The resulting rigid foam had a moderate surface friability rating.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process of preparing a rigid polyurethane foam from a reaction
      mixture comprised of a polyether polyol reactant, an organic
      polyisocyanate reactant, a reaction catalyst and a forming agent, said
      polyether polyol reactant having a hydroxyl number of about 150-800 and
      being the product of condensing 4,4,4-trichloro-1,2-epoxybutane with a
      mixture selected from the group consisting of a mixture of dextrose and
      water, a mixture of dextrose and an aliphatic diol or triol, and a mixture
      of dextrose, water and an aliphatic diol or triol, the improvement of
      including in said reaction mixture a second polyol, in a proportion which
      is effective in reducing the surface friability of said foam, said second
      polyol characterized by having a hydroxyl number of about 100-800 and
      being an adduct of ethylene oxide and an amine selected from the group
      consisting of an aliphatic amine having 1-8 carbon atoms, an aromatic
      primary amine having 6-8 carbon atoms, an alkanolamine in which each
      alkanol group contains 2-5 carbon atoms, and a mixture thereof.
NUM  2.
PAR  2. A polyurethane foam prepared by the process of claim 1.
NUM  3.
PAR  3. The process of claim 1 wherein said amine is selected from the group
      consisting of ethylene diamine, toluene diamine, an ethanolamine, and a
      mixture thereof.
NUM  4.
PAR  4. The process of claim 1 wherein said aliphatic amine is a diamine having
      2-4 carbon atoms, said aromatic amine is toluene diamine, and said
      alkanolamine is an ethanolamine, a propanolamine or an
      ethanolpropanolamine.
NUM  5.
PAR  5. A polyurethane foam prepared by the process of claim 1.
NUM  6.
PAR  6. The process of claim 4 wherein said polyether polyol reactant is the
      product of condensing, in the presence of a Lewis acid catalyst,
      4,4,4-trichloro-1,2-epoxybutane with a mixture of dextrose and an
      aliphatic diol or triol.
NUM  7.
PAR  7. The process of claim 6 wherein said polyether polyol reactant has a
      hydroxyl number of about 260-550.
NUM  8.
PAR  8. A polyurethane foam prepared by the process of claim 7.
NUM  9.
PAR  9. The process of claim 7 wherein said second polyol has a hydroxyl number
      of about 250-600.
NUM  10.
PAR  10. The process of claim 9 wherein said second polyol is employed in a
      proportion of about 10-40 parts per every 100 parts by weight of said
      polyether polyol reactant.
NUM  11.
PAR  11. A polyurethane foam prepared by the process of claim 10.
NUM  12.
PAR  12. The process of claim 10 wherein said Lewis acid catalyst is boron
      trifluoride or an etherate derivative thereof.
NUM  13.
PAR  13. The process of claim 12 wherein the mixture used in preparing said
      polyether polyol reactant is a mixture of .alpha.-d-glucose monohydrate
      and ethylene glycol.
NUM  14.
PAR  14. A polyurethane foam prepared by the process of claim 13.
NUM  15.
PAR  15. The process of claim 13 wherein said reaction mixture comprises a
      silicon-based surfactant.
NUM  16.
PAR  16. The process of claim 15 wherein said foaming agent is a halogenated
      hydrocarbon foaming agent and said organic polyisocyanate is toluene
      diisocyanate, polymethylene polyphenylisocyanate, or a mixture thereof.
NUM  17.
PAR  17. The process of claim 16 wherein said amine is selected from the group
      consisting of ethylene diamine, toluene diamine, diethanolamine, and a
      mixture thereof.
NUM  18.
PAR  18. A polyurethane foam prepared by the process of claim 17.
PATN
WKU  039336999
SRC  5
APN  5111137
APT  1
ART  141
APD  19741002
TTL  Catalyst-reactant systems for the preparation of carbodiimide foams
ISD  19760120
NCL  12
ECL  1
EXA  Ivy; C. Warren
EXP  Czaja; Donald E.
INVT
NAM  Kan; Peter T.
CTY  Plymouth
STA  MI
INVT
NAM  Cenker; Moses
CTY  Trenton
STA  MI
ASSG
NAM  BASF Wyandotte Corporation
CTY  Wyandotte
STA  MI
COD  02
CLAS
OCL  260  25BF
XCL  252426
XCL  260  25AC
EDF  2
ICL  C08G 1814
ICL  C08G 1818
ICL  C08G 1820
FSC  260
FSS  2.5 BF;2.5 AC;2.5 AT;77.5 AC;75 NC
FSC  252
FSS  426
UREF
PNO  3020262
ISD  19620200
NAM  Speranza
OCL  260 77.5AC
UREF
PNO  3314901
ISD  19670400
NAM  Daumiller
OCL  260  2.5AC
UREF
PNO  3743626
ISD  19730700
NAM  Emmons
OCL  260  2.5AC
UREF
PNO  3793236
ISD  19740200
NAM  Ashida
OCL  260 77.5AC
OREF
PAL  Roberts & Caserio, Basic Principles of Organic Chemistry, W. A. Benjamin
      Inc. N.Y., 1965, pp. 486-487.
LREP
FR2  Swick; Bernhard R.
FR2  Michaels; Joseph D.
FR2  Dunn; Robert E.
ABST
PAL  Rigid cellular foams characterized by carbodiimide linkages are prepared by
      the catalytic condensation of an organic polyisocyanate in the presence of
      a catalytically sufficient amount of a carbodiimide catalyst and an
      exotherm generating reactant which is either (a) an oxazolidine or (b) an
      enamine. The foams hereof are characterized by excellent flame retardancy,
      weight retention and low friability.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention pertains to the preparation of rigid cellular foams.
      More particularly, the present invention relates to the preparation of
      rigid cellular foams characterized by carbodiimide linkages. Even more
      particularly, the present invention relates to the preparation of rigid
      cellular foams characterized by carbodiimide linkages from
      catalyst-reactant systems.
PAR  2. Prior Art
PAR  There has been disclosed heretofore the preparation of rigid cellular foams
      characterized by carbodiimide linkages. See, inter alia, U.S. Pat. Nos.
      3,645,923; 3,717,596; 3,772,217; 3,723,366, etc. Generally, these
      compositions are prepared by the catalytic condensation of an organic
      polyisocyanate in the presence of a carbodiimide catalyst, such as a
      2,4,6-tris(dialkanolamino)-s-triazine.
PAR  To promote the incorporation of isocyanurate groups into the resulting
      foams, the prior art, as exemplified above, has taught the use of
      co-catalyst systems comprising a carbodiimide catalyst and an isocyanate
      trimerization catalyst. The use of trimerization catalysts, while
      enhancing the flame retardancy of the foams, provides highly crosslinked
      polymers. As a result thereof, the foams produced from such co-catalyst
      systems tend to be characterized by high friability. This, in turn,
      necessitates the use of friability decreasing additives and the like,
      thereby increasing the cost of such foams.
PAR  Recognizing the fact that carbodiimide catalysts do, in and of themselves,
      cause trimerization of isocyanates, it would be most beneficial to employ
      such catalysts in combination with other catalysts or reactants which
      would negate the problems of friability while not diminishing the inherent
      qualities of the foams under consideration herein. It is to this end to
      which the present invention is directed.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention rigid cellular foams characterized
      by carbodiimide linkages are prepared by the catalytic condensation of an
      organic polyisocyanate in the presence of a carbodiimide catalyst and an
      exotherm generating reactant. The exotherm generating reactant is either
      an oxazolidine or an enamine.
PAR  The use of the oxazolidine is further enhanced by the conjoint use thereof
      with a Lewis acid.
PAR  The oxazolidine or enamine hereof is generally employed in an amount
      ranging from about 5 to 50 parts by weight thereof per 100 parts by weight
      of organic polyisocyanate.
PAR  For a more complete understanding of the present invention reference is
      made to the following detailed description and accompanying examples.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention, as noted, provides rigid cellular foams
      characterized by carbodiimide linkages. The foams hereof are prepared by
      the catalytic condensation of an organic polyisocyanate in the presence of
      a catalytically sufficient amount of a carbodiimide catalyst and an
      exotherm generating reactant which is either (a) an oxazolidine or (b) an
      enamine.
PAR  The catalyst-reactant systems hereof can be deployed as either a mixture
      thereof or an individual components added to the organic polyisocyanate.
PAR  At the outset it is to be noted that the foams hereof, although denoted as
      "carbodiimide foams" do contain minor amounts of free isocyanate, as well
      as having isocyanurate groups present therein. However, the dominant group
      within the foams is the carbodiimide linkage, i.e.,
EQU  -N=C=N-
PAL  Thus, the foams hereof are defined as carbodiimide foams.
PAR  As hereinbefore noted, it has been found that the use of an oxazolidine or
      an enamine conjointly with a carbodiimide catalyst provides carbodiimide
      foams of reduced friability without negating the inherent qualities of
      such foams. Although not wishing to be bound by any theory, it appears
      that the reaction of an oxazolidine or an enamine with an organic
      polyisocyanate is a highly exothermic reaction. The heat generated
      thereby, in turn, activates the carbodiimide catalyst.
PAR  Moreover, the reaction of an oxazolidine or an enamine with an organic
      polyisocyanate appears to produce polymers of reduced cross-linking, as
      contrasted with the degree of cross-linking with isocyanate trimerization
      catalysts. The lesser degree of cross-linking, thus, provides foams of
      reduced friability.
PAR  It should be noted that the reaction between an isocyanate and an enamine
      has been reported. See, inter alia, Cook, Enamines: Synthesis, Structure,
      and Reactions, Ed., Marcel Dekker, New York, N.Y. 1969. The reaction of
      enamines and organic polyisocyanates is presumed to provide either
      substituted ureas, amides, dicarboxamides or .beta.-lactams, depending on
      the nature of the reactants and the reaction conditions. However, the use
      of an enamine in the preparation of cellular products has not heretofore
      been reported. The reaction of an organic polyisocyanate and an
      oxazolidine has, also, not been reported heretofore in the preparation of
      the foams under consideration herein. However, in U.S. Pat. No. 3,793,236
      there is disclosed oxazolidine-modified isocyanurate foams prepared by the
      trimerization of isocyanateterminated polyoxazolidine.
PAR  In carrying out the present invention any enamine or oxazolidine can be
      used herein. Thus, for example, enamines corresponding to the formula:
      ##EQU1##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, are, individually, either
      aliphatic, alicyclic, aromatic, alkylaryl, or arylalkyl can be employed
      herein.
PAR  The enamines are generally prepared by the condensation of an aldehyde or
      ketone with a secondary amine followed by the acid catalyzed dehydration
      thereof with a suitable acid catalyst such as p-toluenesulfonic acid. The
      secondary amines may be simple dialkylsubstituted such as dimethylamine,
      diethylamine, di-n-propylamine, di-i-propylamine, cyclic amines, such as
      azetidine, pyrolidine, piperazine, morpholine and the like.
PAR  Useful aldehydes and ketones include, for example, aliphatic, alicyclic,
      aromatic, mixed aliphatic and aromatic, as well as heterocyclic compounds.
      Representative compounds include formaldehyde, acetaldehyde,
      propinaldehyde, acetone, 2-butanone, cyclopentanone,
      3-oxotetrahydrothiophene, 2-formalcyclohexanone, and the like.
PAR  It should also be noted that the enamines may contain reactive substituents
      such as hydroxyl, carboxyl, mercaptan groups and the like. These compounds
      are prepared from appropriately substituted secondary amines and aldehydes
      and ketones.
PAR  It should, further, be noted that if the secondary amine used to prepare
      the enamine contains more than one secondary amine group, its reaction
      with a mono-aldehyde or ketone will produce the corresponding di, tri, or
      higher enamine, accordingly. If a polycarboxyl compound is used with a
      poly-secondary amine, the product will be polymeric, i.e., polyenamine. It
      is, thus, contemplated that any enamine can be efficaciously deployed
      herein. A more comprehensive listing of enamines can be found in the
      hereinbefore referenced text by Cook.
PAR  Oxazolidines are conventionally prepared by the intermolecular dehydration
      and cyclization of a ketone or aldehyde with a substituted alkanolamine
      wherein the amine is secondary and any such compound can, also, be
      efficaciously deployed.
PAR  Representative of the substituted alkanolamines having a secondary amine
      group which can be utilized herein include, for example,
      N-methylethanolamine, N-methylisopropanolamine, N-ethylethanolamine,
      N-ethylisopropanolamine, N-n-propylethanolamine,
      N-n-propylisopropanolamine, N-i-propylethanolamine,
      N-i-propylisopropanolamine, N-phenylethanolamine,
      N-phenylisopropanolamine, diethanolamine, diisopropanolamine,
      N,N'-bis(2-hydroxyethyl)-1,4-butanediamine,
      N-N'-bis(2-hydroxybutyl)-1,4-butanediamine,
      N,N'-bis(2-hydroxybutyl)-1,6-hexanediamine,
      N,N'-bis(2-hydroxyethyl)-1,6-hexanediamine and the like.
PAR  The useful aldehydes and ketones are those hereinbefore enumerated.
PAR  It should be noted that the enamines and oxazolidines deployed herein can
      be selectively varied to tailor the resulting foams prepared therefrom,
      based upon the reaction thereof with an isocyanate. For example,
      1-piperidino-1-cyclohexene reacts with excess isocyanate to provide a
      vinylogous diamide by the following equation:
      ##SPC1##
PAR  If the enamine contains no .beta.-hydrogens, the reaction thereof with
      isocyanate provides a .beta.-lactam, as illustrated by the following:
      ##SPC2##
PAR  Exemplifying the use of a hydroxyl containing enamine to provide a
      urethane-amide is the following:
      ##SPC3##
PAL  If the isocyanate is polyfunctional then, of course, the corresponding
      polymers are obtained.
PAR  Illustrative of the tailoring of properties with an oxazolidine is the
      reaction of 3-methyloxazolidine-2-spirocyclohexane with an isocyanate to
      provide a polymeric urea, as follows:
      ##SPC4##
PAR  In practicing the present invention the preferred enamines are
      1-piperdino-1-cyclohexene and N-isobutenylpyrrolidine. The preferred
      oxazolidine is 3-(2-hydroxyethyl)oxazolidine-2-spirocyclohexane.
PAR  In using an oxazolidine as a component in the systems hereof it is
      preferred that a Lewis acid, also, be employed. The Lewis acid causes a
      higher exotherm to be generated by the oxazolidine, thereby, enhancing its
      capabilities of activating the carbodiimide catalyst. Any conventional
      Lewis acid can be used, such as, ferric chloride, aluminum chloride, boron
      trifluoride, stannic chloride, and the like, but preferably ferric
      chloride. The Lewis acid is employed in an amount of about ten percent, by
      weight, based on the weight of the oxazolidine.
PAR  The enamine and oxazolidine are used as individual components or in
      admixture with a carbodiimide catalyst. Suitable carbodiimide catalysts
      include, for example, 2,4,6-tris(dialkanolamino)-s-triazine, as reported
      in U.S. Pat. No. 3,645,923; 2,4,6-tris(N-methylethanolamino)-s-triazine,
      as described in U.S. Pat. No. 3,717,596; as well as the unsymmetrical
      triazines disclosed in U.S. Pat. Nos. 3,806,475; 3,824,239 and 3,824,240.
      Any such catalyst can be used herein.
PAR  The foams hereof are prepared from any suitable organic polyisocyanate.
      Such polyisocyanates generally correspond to the formula:
EQU  R(NCO).sub.Z
PAL  wherein R is a polyvalent organic radical selected from the group of
      aliphatic, aromatic, arylalkyl and alkylaryl organic radicals, as well as
      mixtures thereof; and Z is an integer corresponding to the valence number
      of R and is at least 2. Representative of the organic polyisocyanates
      contemplated herein include for example, the aromatic diisocyanates, such
      as 2,4-toluene diisocyanate, 2,6-toluene diisocyanate, mixtures of 2,4-
      and 2,6-toluene diisocyanate, crude toluene diisocyanate, methylene
      diphenyl diisocyanate and the like; the aromatic triisocyanates such as
      4,4',4"-triphenylmethylene triisocyanate, such as
      4,4'-dimethyldiphenylmethane-2,2',5,5'-tetraisocyanate, and the like;
      aralkyl polyisocyanates, such as xylylene diisocyanate; aliphatic
      polyisocyanates, such as hexamethylene-1,6-diisocyanate, lysine
      diisocyanate methylester and the like, and mixtures thereof. Other useful
      organic polyisocyanates include:
PA1  polymethylene polyphenylisocyanate,
PA1  hydrogenated methylene diphenylisocyanate,
PA1  m-phenylene diisocyanate,
PA1  naphthylene-1,5-diisocyanate,
PA1  1-methoxyphenyl-2,4-diisocyanate,
PA1  diphenylmethane-4,4'-diisocyanate,
PA1  4,4'-biphenylene diisocyanate,
PA1  3,3'-dimethoxy-4,4'-biphenyl diisocyanate,
PA1  3,3'-dimethyldiphenylmethane-4,4'-diisocyanate, and the like.
PAR  These polyisocyanates are prepared by conventional methods in the art such
      as the phosgenation of the corresponding organic amine.
PAR  Still another class of organic polyisocyanates useful herein are
      isocyanate-terminated quasi-prepolymers. These quasi-prepolymers are
      prepared by reacting excess organic polyisocyanate or mixtures thereof
      with a minor amount of an active hydrogen-containing compound. Suitable
      active-hydrogen containing compounds for preparing the quasi-prepolymers
      hereof are those containing at least two active hydrogen-containing groups
      which are isocyanate reactive. Typifying such compounds are
      hydroxyl-containing polyesters, polyalkylene ether polyols,
      hydroxyterminated polyurethane polymers, polyhydric polythioehters,
      alkylene oxide adducts of phosphorus-containing acids, polyacetals,
      aliphatic polyols, aliphatic thiols including alkane, alkene and alkyne
      thiols having two or more -SH groups; as well as mixtures thereof.
      Compounds which contain two or more different groups within the
      above-defined classes may also be used such as, for example, compounds
      which contain one -SH group and one --OH group.
PAR  Any suitable hydroxyl-containing polyester may be used such as are
      obtained, for example, from polycarboxylic acids and polyhydric alcohols.
      Any suitable polycarboxylic acid may be used as oxalic acid, malonic acid,
      succinic acid, glutaric acid, adipic acid, pimelic acid, suberic acid,
      azelaic acid, sebacic acid, brassylic acid, thapsic acid, maleic acid,
      fumaric acid, glutaconic acid, .alpha.-hydromuconic acid,
      .beta.-hydromuconic acid, butyl-.alpha.-ethylglutaric acid,
      .alpha.,.beta.-diethyl-succinic acid, isophathalic acid, terephtalic acid,
      hemimellitic acid, and 1,4-cyclohexanedicarboxylic acid. Any suitable
      polydric alcohol including both aliphatic and aromatic may be used such as
      ethylene glycol, 1,3-propylene glycol, 1,2-propylene glycol, 1,4-butylene
      glycol, 1,3-butylene glycol, 1,2-butylene glycol, 1,5-pentanediol,
      1,4-pentanediol, 1,3-pentanediol, 1,6-hexanediol, 1,7-heptanediol,
      glycerol, 1,1,1-trimethylolpropane, 1,1,1-trimethylolethane,
      hexane-1,2,6-triol, .alpha.-methyl glucoside, pentaerythritol, and
      sorbitol. Also included with the term "polyhydric alcohol" are compounds
      derived from phenol such as 2,2-bis(4-hydroxyphenyl)propane, commonly
      known as Bixphenol A.
PAR  Any suitable polyalkylene ether polyol may be used such as the
      polymerization product of an alkylene oxide or of an alkylene oxide with a
      polyhydric alcohol. Any suitable polyhydric alcohol may be used such as
      those disclosed above for use in the preparation of the
      hydroxyl-containing polyesters. Any suitable alkylene oxide may be used
      such as ehtylene oxide, propylene oxide, butylene oxide, amylene oxide,
      and heteric or block copolymers of these oxides. The polyalkylene
      polyether polyols may be prepared from other starting materials such as
      tetrahydrofuran; alkylene oxide tetrahydrofuran mixtures; epihalohydrins
      such as epichlorohydrin; as well as aralkylene oxides such as styrene
      oxide. The polyalkylene polyether polyols may have either primary or
      secondary hydroxyl groups, and, preferably, are polyethers prepared from
      alkylene oxides having from two to six carbon atoms such as polyethylene
      ether glycols, polypropylene ether glycols, and polybutylene ether
      glycols. The polyalkylene polyether polyols may be prepared by any known
      process such as, for example, the process disclosed by Wurtz in 1859 and
      Encyclopedia of Chemical Technology, vol 7, pp. 257-262, published by
      Interscience Publishers, Inc. (1957) or in U.S. Pat. No. 1,922,459.
PAR  Any suitable polyhydric polythioether may be used such as, for example, the
      condensation product of thiodiglycol or the reaction product of a dihydric
      alcohol such as is disclosed above for the preparation of the
      hydroxylcontaining polyesters with any other suitable thioether glycol.
PAR  The hydroxyl-containing polyester may also be a polyester amide such as is
      obtained by including some amine or amino alcohol in the reactants for the
      preparation of the polyesters. Thus, polyester amides may be obtained by
      condensing an amino alcohol such as ethanolamine with the polycarboxylic
      acids set forth above, or they may be made using the same components that
      make up the hydroxyl-containing polyester with only a portion of the
      components being a diamine such as ethylene diamine.
PAR  Alkylene oxide adducts of acids of phosphorus which may be used include
      those neutral adducts prepared from the alkylene oxides disclosed above
      for use in the preparation of polyalkylene polyether polyols. Acids of
      phosphorus which may be used are acids having a P.sub.2 O.sub.5
      equivalency of from about 72 to about 95 percent. The phosphoric acids are
      preferred.
PAR  Any suitable polyacetal may be used such as, for example, the reaction
      product of formaldehyde or other suitable aldehyde with a dihydric alcohol
      or an alkylene oxide such as those disclosed above.
PAR  Any suitable aliphatic thiol including alkane thiols containing at least
      two -SH groups may be used such as 1,2-ethanedithiol, 1,2-propanedithiol,
      1,3-propanedithiol, and 1,6-hexanedithiol, alkene thiols such as
      2-butene-1,4-dithiol, and alkyne thiols such as 3-hexyne-1,6-dithiol.
PAR  Other compounds which do not necessarily fit within any of the previously
      set forth classes of compounds which are quite suitable in the production
      of these other quasi-prepolymers compounds include the hydroxy-terminated
      polyurethane polymers such as a hydroxy-terminated polymer made by
      reacting the isocyanate with several moles of an alkylene glycol.
PAR  In preparing the rigid cellular foams herein, the exotherm generating
      reactant is employed in an amount ranging from about 5 to 50 parts
      thereof, by weight, per 100 parts by weight of organic polyisocyanate.
      Preferably, the reactant is employed in an amount ranging from about 15 to
      40 parts thereof, by weight, per 100  parts by weight of organic
      polyisocyanate.
PAR  The carbodiimide catalyst is employed in an amount ranging from about 1 to
      10 parts thereof, by weight, based on 100 parts, by weight, of organic
      polyisocyanate.
PAR  The catalyst and reactant system can be deployed as an admixture thereof or
      as individual components. In preparing the foams the system is added to
      the isocyanate and the mixture is stirred at the initiation temperature of
      the reaction until foam formation commences as evidenced by the generation
      of an exotherm. The initiation temperature may vary from room temperature
      to about 100.degree.C, depending on the reactants.
PAR  In preparing the foams additional ingredients such as plasticizers,
      surfactants, fillers, additional blowing agents and the like can be used
      in a conventional manner.
PAR  For a more complete understanding of the present invention reference is
      made to the following examples. In the examples, which are illustrative
      and not limitative of the invention, all parts are by weight absent
      indications to the contrary.
DETD
PAC  EXAMPLE I
PAR  This example illustrates the preparation of a series of carbodiimide foams
      from a catalyst-reactant system of a carbodiimide catalyst and either (1)
      an enamine or (2) an oxazolidine and in the presence of ferric chloride,
      as a Lewis acid.
PAR  Into a suitable vessel equipped with heating means and stirring means was
      charged one hundred parts of an 80:20 weight mixture of 2,4- and
      2,6-toluene diisocyanate (TDI). With stirring there was added thereto a
      blend of either (a) carbodiimide catalyst and enamine or (b) carbodiimide
      catalyst and the oxazolidine. The oxazolidine, where used, having
      pre-blended therewithin a Lewis acid.
PAR  In both catalyst-reactant systems a silicone surfactant was pre-blended
      therewith. The resulting mixture was mixed to the initiation temperature,
      as evidenced by the generation of an exotherm in the vessel and the
      commencement of foam formation.
PAR  A rigid cellular foam characterized by carbodiimide linkages and having
      reduced friability over previous foams was, thus, obtained.
PAR  The following table, Table I, sets forth the ingredients used to prepare
      the foams.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Parts by Weight                                                           

                                 Init.                                         

             Exotherm       Surfac-                                            

                                 Temp.                                         

                                     Exotherm.sup.g                            

     Sample                                                                    

         TDI Reactant                                                          

                   FeCl.sub.3.sup.d                                            

                        TMT.sup.e                                              

                            tant.sup.f                                         

                                 .degree.C                                     

                                     .degree.C                                 

     __________________________________________________________________________

     1   100 13.4.sup.a                                                        

                   --   4.4 2.2  25  117                                       

     2   100 23.1.sup.a                                                        

                   --   4.6 2.3  25  104                                       

     3   100 30.7.sup.a                                                        

                   --   6.2 3.1  25  129                                       

     4   100 10 .sup.b                                                         

                   0.2  5.0 --   50  120                                       

     5   100 15 .sup.b                                                         

                   1.0  5.0 --   25  127                                       

     6   100 15 .sup.b                                                         

                   0.3  5.0 --   25  126                                       

     7   100 15 .sup.c                                                         

                   0.2  5.0 --   25  131                                       

     8   100 15 .sup.c                                                         

                   0.2  5.0 1.0  25  131                                       

     __________________________________________________________________________

      .sup.a 1-Piperidino-1-cyclohexane (an enamine).                          

      .sup.b 3-Methyloxazolidine-2-spirocyclohexane.                           

      .sup.c 3-(2-Hydroxyethyl)oxazolidine-2-spirocyclohexane.                 

      .sup.d Ferric chloride, sublimed.                                        

      .sup.e 2,4,6-Tris(N-methylethanolamino)-s-triazine, a carbodiimide       

      catalyst.                                                                

      .sup.f Polysiloxane surfactant sold by Dow Corning under the name DC-193.

      .sup.g Temperature reached just prior to foaming.                        

PAC  EXAMPLE II
PAR  Following the procedure of Example I, a series of carbodiimide foams of
      reduced friability were prepared from a catalyst-reactant system of
      2,4,6-tris(N-methylethanolamino)-s-triazine (TMT), as the carbodiimide
      catalyst and N-isobutenylpyrrolidine (IBP) as the exotherm generating
      reactant, which were pre-blended in the presence of varying organic
      polyisocyanates.
PAR  Additionally, a surfactant and a plasticizer were added to the co-catalyst
      system prior to the reaction.
PAR  Pre-blended with the isocyanate was a supplemental blowing agent.
PAR  The following table, Table II, sets forth the ingredients and amounts
      thereof used to prepare the foams.
TBL                                    TABLE II                                

     __________________________________________________________________________

                                             Exo-                              

                              Plasti-                                          

                                   Surfac-                                     

                                        Blowing                                

                                             therm                             

     Sample                                                                    

          TDI   CMDI.sup.(1)                                                   

                      IBP TMT cizer.sup.(2)                                    

                                   tant.sup.(3)                                

                                        agent.sup.(4)                          

                                             .degree.C.sup.(5)                 

     __________________________________________________________________________

     9    100   --    20  3   2    1    --   183                               

     10   100   --    20  6   4    2    --   160                               

     11   50    50    30  6   4    2    --   184                               

     12   50    50    30  6   4    2    10   229                               

     13   30    70    30  6   4    2    10   95                                

     14   30    70    40  6   4    2    10   118                               

     15   10    90    40  6   4    2    10   118                               

     __________________________________________________________________________

      .sup.(1) Crude methylene diphenyl diisocyanate.                          

      .sup.(2) Tris(2-chloroethyl)phosphate.                                   

      .sup.(3) Same as footnote f of Example I.                                

      .sup.(4) 1,1,2-Trichloro-1,2,2-trifluoroethane.                          

      .sup.(5) Temperature at maximum exotherm during foaming.                 

PAC  EXAMPLE III
PAR  Following the procedure outlined in Example II, a series of carbodiimide
      foams of reduced friability were prepared from a plurality of organic
      polyisocyanates and a catalyst-reactant system of a carbodiimide catalyst
      and an oxazolidine having a Lewis acid added thereto.
PAR  In this example the catalyst-reactant system contained twenty parts of
      3-(2-hydroxyethyl)oxazolidine-2-spirocyclohexane, as the oxazolidine, one
      part of ferric chloride, as the Lewis acid, and varying amounts of
      2,4,6-tris(N-methylethanolamino)-s-triazine (TMT) as the carbodiimide
      catalyst.
PAR  The following table, Table III, sets forth the varying ingredients and
      amounts thereof used to prepare the cellular products hereof.
TBL                                    TABLE III                               

     __________________________________________________________________________

                                       Init.                                   

                       Plasti-                                                 

                            Surfac-                                            

                                 Blowing                                       

                                       Temp.,                                  

     Sample                                                                    

         TDI CMDI.sup.(1)                                                      

                   TMT cizer.sup.(1)                                           

                            tant.sup.(1)                                       

                                 Agent.sup.(1)                                 

                                       .degree.C                               

     __________________________________________________________________________

     16  50  50    5   2    2    13    25                                      

     17  50  50    7             12                                            

     18  40  60    5             10                                            

     19  40  60    7             10                                            

     20  30  70    5             13                                            

     21  30  70    7             13                                            

     22  20  80    5             15                                            

     23  20  80    7             15                                            

     24  10  90    5             20                                            

     25  10  90    7             20                                            

     26  --  100   5             25                                            

     27  --  100   7             25                                            

     __________________________________________________________________________

      .sup.(1) See footnotes, 1, 2, 3, and 4, respectively, of Example II.     

PAR  The foams of samples 16-27 were tested for physical properties, including
      flame retardancy, compressive strength at 10 percent deflection and
      tumbling friability, using the following test procedures:
TBL  Compressive Strength  ASTM D-1621                                         

     Tumbling Friability   ASTM C-1421                                         

     Flame Retardancy      ASTM D-3014                                         

     (Butler Chimney Test)                                                     

PAR  The results of these tests are set forth below in Table IV.
TBL                                    TABLE IV                                

     __________________________________________________________________________

              Comprehensive                                                    

              Strength                                                         

                      Closed                                                   

                           Tumbling                                            

                                 Butler Chimney test                           

              10%     Cell Friability                                          

                                 Weight                                        

                                       Flame                                   

                                           Time To                             

         Density,                                                              

              Deflection                                                       

                      Content                                                  

                           % Wt. Retention                                     

                                       Height                                  

                                           Self-extinguish                     

     Sample                                                                    

         pcf. psi.    %    Loss  %     In. sec.                                

     __________________________________________________________________________

     16  2.0  19.3     4   66    54    10  19                                  

     17  2.1  17.4     2   69    71        17                                  

     18  2.3  26.0     1   37    63        19                                  

     19  2.1  20.2     3   44    71        18                                  

     20  2.2  25.2     6   39    54        25                                  

     21  2.3  24.0     8   36    57        23                                  

     22  2.2  24.3    95   36    50        25                                  

     23  2.3  24.0    93   29    51        23                                  

     24  2.2  27.2    100  26    49        25                                  

     25  2.3  26.5    99   25    64        11                                  

     26  2.0  16.6    99   27    43        31                                  

     27  2.1  21.3    100  31    43        33                                  

     __________________________________________________________________________

PAR  It can be seen from a review of the data herein that the present invention
      provides rigid cellular carbodiimide foams of reduced friability than
      those heretofore obtained from prior catalytic systems. Furthermore, the
      flame retardancy of the present foams is not impaired since the
      carbodiimide catalyst promotes sufficient isocyanate trimerization.
CLMS
STM  Having thus described the invention what is desired to claim and secure by
      letters patent is:
NUM  1.
PAR  1. A process for the preparation of rigid cellular foams characterized by
      carbodiimide linkages, consisting essentially of:
PA1  catalytically condensing an organic polyisocyanate in the presence of a
      catalytically sufficient amount of carbodiimide catalyst and an effective
      amount of an exotherm generating reactant which is either (a) an enamine
      which is the reaction product of a secondary amine and an aldehyde or a
      ketone or (b) an oxazolidine.
NUM  2.
PAR  2. The process of claim 1 wherein the exotherm generating reactant is an
      enamine.
NUM  3.
PAR  3. The process of claim 2 wherein the enamine is selected from the group
      consisting of 1-piperidino-1-cyclohexene and N-isobutenylpyrrolidine.
NUM  4.
PAR  4. The process of claim 1 wherein the exotherm generating reactant is an
      oxazolidine.
NUM  5.
PAR  5. The process of claim 4 wherein the oxazolidine is selected from the
      group consisting of 3-(2-hydroxyethyl)oxazolidine-2-spirocyclohexane, and
      3-methyloxazolidine-2-spirocyclohexane.
NUM  6.
PAR  6. The process of claim 4 wherein the oxazolidine is reacted with the
      isocyanate in the presence of a Lewis acid.
NUM  7.
PAR  7. The process of claim 1 wherein the exotherm generating reactant is
      present in an amount ranging from about five to fifty parts thereof, by
      weight, per one hundred parts by weight of organic polyisocyanate.
NUM  8.
PAR  8. The process of claim 1 wherein the carbodiimide catalyst is
      2,4,6-tris(N-methylethanolamino)-s-triazine.
NUM  9.
PAR  9. A catalyst-reactant system for the preparation of rigid cellular plastic
      foams characterized by carbodiimide linkages consisting essentially of:
PA1  a. a carbodiimide catalyst, and
PA1  b. an exotherm generating reactant selected from the group consisting of
      (1) an enamine which is the reaction product of a secondary amine and an
      aldehyde or a ketone or (2) an oxazolidine.
NUM  10.
PAR  10. The system of claim 9 wherein the exotherm generating reactant is an
      enamine.
NUM  11.
PAR  11. The system of claim 9 wherein the exotherm generating reactant is an
      oxazolidine.
NUM  12.
PAR  12. The system of claim 11 which further includes a Lewis acid.
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ABST
PAL  Fire resistant modified polyurethane foams are prepared from polyols and
      the monomeric products formed by the pre-reaction of
      polyarylpolyisocyanates and halogenated phthalic anhydrides at a
      temperature of about 210.degree. to 300.degree.C. wherein the weight ratio
      of the polyarylpolyisocyanate to be halogenated phthalic anhydride is from
      above 2:1 to 10:1 and wherein the amount of the imide incorporated into
      the polyarylpolyisocyanate varies from about 25 to about 75 percent.
PARN
PAR  This application is a continuation-in-part of Ser. No. 340,354 filed on
      Mar. 12, 1973 by the same inventor, which in turn is a
      continuation-in-part application of Ser. No. 119,876 filed on Mar. 1, 1971
      by the same inventor and now abandoned, which in turn is a
      continuation-in-part application of Ser. No. 770,394 filed on Oct. 24,
      1968 by the same inventor and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to flame-resistant, rigid foam compositions which
      are produced from foamable, modified polyurethane resins.
PAR  Rigid foams of the polyurethane type have a wide variety of industrial and
      commercial applications. For example, because of extreme buoyancy, rigid
      polyurethane foam is used as a flotation material in such items as boats,
      floating docks, surf boards and water closet ball floats. Because of the
      ability to assume shapes necessary to fill non-uniform voids, rigid foam
      finds application as a packaging material. In the aircraft industry, rigid
      foams are employed as structural reinforcement elements in wingtips,
      flaps, ailerons, and so forth. Such applications employ the foams as
      rigidizing agents which bond-in-place to metal or fiber glass skins to
      provide continuous skin support, thus eliminating rib-type construction.
PAR  The primary use of polyurethane-type rigid foams, however, is as an
      insulating material. As an insulator, rigid foam may be applied to walls,
      floors, roofs and the like as a preformed slab of varying thickness. It
      may be applied as a molded slab to such contour shapes as pipes and
      conduits, or it may be foamed in place to fill small openings and
      crevices, or to fill the air space between an outer and an inner
      construction surface. Polyurethane-type rigid foams possess many
      advantages as insulating materials. They provide the highest efficiency of
      any presently available insulation resulting in the lowest weight and
      volume for a given application. These foams possess excellent water,
      solvent and chemical resistance, are easily applied, can be mold formed
      and have good adhesive qualities.
PAR  Foamable polyurethane resin compositions may be described basically as the
      reaction products of polyisocyanates and polyhydric alcohols. Foam resin
      compositions are prepared from the components simply by mixing the polyol
      and the polyisocyanate. The addition of water or a low boiling
      fluorocarbon as a blowing agent is a common expedient to obtain better
      foaming action. Other components such as siloxane glycol surfactants which
      improve cell configuration, or catalysts such as tertiary amines, tin
      alkyls or the tin salts of organic acids, may be added to the reaction
      mixture prior to foaming. Addition of heat or pressure is necessary to
      achieve foaming for the so-called "hot foam" compositions, but "cold foam"
      compositions may be conveniently foamed at ambient temperature pressure.
PAR  Foam compositions prepared according to the manner described frequently do
      not provide the degree of fire retardance and self-extinguishment which is
      required of a particular insulating or building material. To achieve foams
      which have satisfactory properties of this nature, it is often necessary
      to add a flame retarding agent to the foam compositions. Such agents may
      be, for example, inert solids such as antimony trioxide or liquids such as
      halogenated organo-phosphorous derivatives. While the use of such fire
      retardants has, in general, advantageous effects on the fire-resistant
      properties of a foam composition, it is not a completely satisfactory
      method of increasing fire resistance. For example, such agents increase
      the storage and handling problems connected with foamed resin
      compositions. Another disadvantage of these agents is that they may result
      in a foam composition which has non-uniform fire-resistant properties
      because of uneven distribution of the agents throughout the foam. An
      additional disadvantage of some of the more sophisticated fire-retardant
      agents is, of course, cost.
PAR  Recently, however, various improvements have been discovered which modify
      polyurethane compositions by incorporating in the molecular structure of
      the foams additional components. These components, which frequently
      contain halogens tend to give foam of improved fire-resistance. One
      example of such improvements is disclosed in Belgian Pat. No. 674,252 in
      which trimellitic anhydride is chemically incorporated in the foam.
      Another example, disclosed in Ser. No. 723,593 filed Apr. 23, 1968 by S.
      H. Marcus, comprises certain novel adducts of polyhydric alcohols and
      polyfunctional carboxylic acid anhydrides which are used instead of a
      conventional polyol in foam formation.
PAR  I have now discovered that substituting the monomeric imide product of the
      pre-reaction of a polyarylpolyisocyanate and a polyfunctional carboxylic
      acid anhydride for the isocyanate component in a urethane-type foam
      produces foamed products having excellent fire-resistant properties. This
      monomeric imide product was disclosed and patented by me in U.S. Pat. No.
      3,823,158. As can be seen in Table II all the foams containing the
      monomeric imide component had retained their weight in excess of 80
      percent while the samples without the incorporation of the imide only 53
      to 60 percent of the weight was retained. Foam compositions prepared
      according to my invention also give improvements over modified urethane
      foams such as those discussed above.
PAC  SUMMARY OF THE INVENTION
PAR  My invention concerns rigid fire-resistant foams which are prepared by
      reacting a polyol with the reaction product of a polyarylpolyisocyanate
      and the anhydride of a polyfunctional carboxylic acid. In addition, rigid
      foams prepared according to my invention may contain blowing agents,
      surfactants and other suitable agents or additives.
PAR  A particularly preferred embodiment of my invention comprises a rigid foam
      prepared from a polyol and the reaction product of a
      polyarylpolyisocyanate and a phthalic anhydride, especially
      tetrabromophthalic anhydride. These anhydrides when once reacted with an
      isocyanate group or a polyarylpolyisocyanate form monomers which are
      incapable of further reaction and thus extension of the system into
      polymeric form, unlike for example trimellitic anhydride. The consequences
      of this difference are critical. A polymeric product would be a higher
      molecular weight, larger, and more viscous material than would be the
      monomeric product of the reaction between a polyarylpolyisocyanate and a
      phthalic anhydride, under comparable reaction conditions.
PAR  This is illustrated in Table V. Comparison of the results of the
      experiments with Adduct Reference Numbers 129/A and 129/B which were made
      using tetrabromophthalic anhydride, with the results of the experiments
      with Adduct Reference Numbers 132/A, 134/A, and 135/A, which were made
      using trimellitic anhydride, shows that a much more viscous liquid product
      (or even a solid product) was produced when trimellitic anhydride was
      used, than when tetrabromophthalic anhydride was used. Comparison of the
      results for Adduct Reference Number 129/B with the results for Adduct
      Reference Numbers 132/A, 134/A, and 135/A proves that, even when the
      reaction temperatures are approximately the same, and even when the
      reaction is carried out for a much longer time with tetrabromophthalic
      anhydride than with trimellitic anhydride, use of trimellitic anhydride
      results in a much more viscous product than when tetrabromophthalic
      anhydride is used.
PAR  Thus, use of tetrabromophthalic anhydride, rather than trimellitic
      anhydride, is advantageous because the imide-containing
      polyarylpolyisocyanate derivatives produced from tetrabromophthalic
      anhydride have a lower viscosity than when trimellitic anhydride is used
      and because liquid products of medium viscosities are the most
      advantageous for use in rigid foam formulations.
PAC  DETAILED DESCRIPTION AND EXAMPLES
PAR  Polyols suitable for the preparation of foams according to my invention
      include generally any polyhydric alcohol having a hydroxyl functionality
      of at least three and a molecular weight below 2000. Polyols having a
      hydroxyl functionality less than three do not permit sufficient
      cross-linking to permit adequate foam strength. Polyols commonly utilized
      in my foam compositions are polyester and polyether polyols, but others
      such as amine and phorphorus-containing polyols may be employed.
PAR  Another class of polyols which are especially desirable for use in
      preparing foam compositions according to this invention are those
      described in Ser. No. 729,593 and U.S. Pat. No. 3,642,646, both filed Apr.
      23, 1968. Polyols of this type may be described as half ester reaction
      adducts of polyether polyols or mixtures of polyether polyols and
      anhydrides of polyfunctional carboxylic acids. The adduct polyols may
      additionally contain poly(ethylene-glycols) which serve as both diluents
      and additional sources of hydroxyl groups.
PAR  The monomeric isocyanate-derived compounds with which a polyol is reacted
      to produce foams according to this invention are described in Ser. No.
      770,383 filed Oct. 24, 1968, and now abandoned. These compounds may
      generally be described as the monomeric products of the pre-reaction of
      polyarylpolyisocyanates and polyfunctional carboxylic acid anhydrides.
      Generally a polyarylpolyisocyanate having two or more isocyanato groups
      per molecule may be reacted with the anhydride of a carboxylic acid having
      at least two carboxyl groups. The reaction is at atmospheric pressure and
      at a temperature of between about 210.degree.-300.degree.C. Time of the
      reaction depends on the product viscosity desired.
PAR  Polyarylpolyisocyanates suitable for the preparation of these isocyanate
      derivatives contain at least two aromatic rings, each ring being
      substituted by at least one isocyanato group. The aromatic rings may be
      suitably interconnected by one or more methylene, propylene, carbonyl,
      sulfoxide, sulfone or ether linkages. Isocyanate-substituted biphenyls are
      also suitable. The aromatic rings of any of the above compounds may be
      additionally substituted by ethyl, methyl or propyl groups. Specific
      examples of suitable polyarylpolyisocyanates for use with the invention
      include: polymethylene polyphenylisocyanates having from 2 to 10 benzene
      rings and liquid mixtures at room temperature of polymethylene
      polyphenylisocyanate with one or more of the following
      polyarylpolyisocyanates; 4,4'-diphenylmethylene diisocyanate;
      diphenylmethylene 3,3'-diisocyanate; diphenyl diisocyanate;
      diphenylsulfone diisocyanate, diphenylsulfide diisocyanate;
      diphenysulfoxide diisocyanate; and diphenylpropane diisocyanate.
      Polymethylene polyphenylisocyanates having an average benzene ring content
      of about 2.1 to 3.5 per molecule are particularly suitable isocyanates.
PAR  Anhydrides suitable for reacting with the described isocyanates may be
      generally described as anhydrides of carboxylic acids containing two or
      more carboxy functions. The carboxylic acids are aromatic and may contain
      substituents such as alkyl or halogen in addition to the carboxy
      functions. Suitable anhydrides include: phthalic anhydride,
      tetrachlorophthalic anhydride and tetrabromophthalic anhydride. Halogen
      containing anhydrides are generally preferred and tetrabromophthalic
      anhydride is especially preferred.
PAR  The monomeric imide isocyanate-anhydride reaction products are prepared by
      combining the two components in a stirred vessel in the presence of added
      heat until reaction occurs. It is advantageous to employ N.sub.2
      blanketing although the reaction may be conducted in open atmosphere.
      Ordinarily the reaction proceeds satisfactorily without a catalyst.
PAR  Reaction temperature may vary suitably between about
      210.degree.-300.degree.C. Preferred temperatures vary with the particular
      reactants but tend generally to be in the range of
      210.degree.-220.degree.C. As shown in Table V at reaction temperatures
      below 210.degree.C. particularly in range 100.degree.-120.degree.C. no
      imides are formed.
PAR  The principal reaction leading to the formation of the imide-containing
      isocyanate derivatives is assumed to proceed according to the reaction
      scheme below where phthalic anhydride is employed as an example of a
      suitable anhydride, and 4-isocyanato-bis-diphenylmethane is employed as an
      example of a suitable isocyanate:
      ##SPC1##
PAL  In addition to this principal reaction side reactions also occur, so that
      it is difficult accurately to identify all compounds present in the
      reaction product.
PAR  Product viscosity increases with increasing extent of reaction, and by
      continuing the reaction for a sufficient length of time a solid product
      may be obtained. In a given instance the reaction is conducted for a
      length of time suitable to achieve a product having the viscosity desired.
PAR  Viscosities of the products may also be controlled by the ratios of
      reactants employed. In general this ratio is not critical except that a
      mole excess of isocyanate is preferred to insure complete utilization of
      the anhydride.
PAR  For liquid products of medium viscosities which are the most advantageous
      for use in rigid foam formulations, it is frequently preferred to react
      above about 2 weight parts of the isocyanate with 1 weight part of the
      anhydride and subsequently to dilute the product to the desired viscosity
      with additional isocyanate. The two-step procedure produces a product
      having a lower viscosity than a one-step product having the same final
      weight ratio of isocyanate to anhydride.
PAR  The rigid foam composition comprises the reaction product of one equivalent
      based on hydroxyl of a polyol having an average hydroxyl functionality of
      at least 3 and from about 0.5 to about 12 equivalents, based on the
      isocyanate, of a polyarylpolyisocyanate, the improvement in said foam
      comprising the incorporating into the foam composition through the
      polyarylpolyisocyanate a monomeric imide prepared by prereacting a mixture
      comprising a polyarylpolyisocyanate characterized by a structure having
      2:1 to 10:1 benzene or methyl, ethyl or propyl substituted benzene rings
      linked by alkylene groups of from one to three carbon atoms, said benzene
      rings having one isocyanate functionality group per ring, and phthalic
      acid anhydride or the completely halogenated derivative thereof, at a
      temperature between 210.degree.C. and 300.degree.C. in a weight ratio of
      said polyarylpolyisocyanate to said anhydride of from above 2 to 10
      wherein the amount of imide incorporated into the polyarylpolyisocyanate,
      calculated on the basis of the original anhydride groups converted to
      imide groups, varies from about 25 to 75 percent, preferably from about 35
      to 65 percent, until a liquid product of the desired viscosity is
      obtained.
PAR  Preparation of foams of the type disclosed by my invention is according to
      techniques known to the art. Various methods of producing these foam
      compositions are practicable. In the so-called "one-shot" method, the
      polyol and polyisocyanate components together with any catalyst or blowing
      agents are combined simultaneously to produce the foam. According to the
      prepolymer method, the polyol and the polyisocyanate components are
      combined in a dry vessel and allowed to react to a limited extent to form
      a prepolymer. When it is desired to complete the foam formation, water is
      added to the prepolymer and the reaction is allowed to go to completion.
      Other methods of foam formation, such as the quasi-prepolymer method, will
      be familiar to those skilled in the art.
PAR  To achieve satisfactory foamed products it is advantageous to employ from
      about 0.5 to about 12 equivalents of the polyisocyanate derivative (based
      on isocyanato) for each equivalent of polyol (based on hydroxyl
      functionality). More usually the polyisocyanate derivative will be
      employed in an amount equal to from about 1.0 to about 1.5 equivalents for
      each equivalent of polyol. A particularly preferred composition is from
      about 1.1 to about 1.2 equivalents of isocyanate derivative for each
      equivalent of polyol.
PAR  In order to get a rapid foaming reaction, it may be convenient to use a
      catalyst. Many catalyst types are known but they may be generally
      characterized as organometallics, tertiary amines, or metal salts of
      organic acids. Tertiary amines and organo-tin compounds, especially as tin
      salts, are particularly effective. Suitable amines include triethylamines,
      diethylamines and diethylcyclohexylamines. Organo-tin compounds are also
      suitable catalysts. Organic substituents on the central tin molecule can
      be aliphatic compounds having from 1 to 6 carbon atoms, benzene or benzene
      derivatives, or heterocyclic compounds. Dibutyl tin dilaurate, stannous
      octanate, and dibutyl tin diacetate are particularly advantageous
      organo-tin catalysts. Catalysts for foam formation are usually present in
      amounts equal to from about 0.05 to about 2.0 weight percent of the
      starting mixture.
PAR  Any method that will lead to the formation of a gas within the reaction
      mixture will produce foamed products. In order to get very good foams, it
      is helpful to use a blowing agent. One such blowing agent is, for example,
      water which, when added to the reaction mixture, causes the liberation of
      carbon dioxide. Another class of useful external blowing agents is the
      group of fluorine-containing lower alkanes boiling above 20.degree.C. The
      amount of blowing agent combined with the reactant mixture can vary from
      about 1 to about 20 weight percent. An advantageous amount of blowing
      agent, especially for a fluorine containing blowing agent, is about 12
      weight percent.
PAR  In addition to the basic components necessary to foam formation, it is
      often advantageous to employ additive materials which provide a selective
      advantage to the foam composition. One such additive is a silicone
      surfactant. Silicones of the type useful in rigid foam preparation are
      surface tension depressants. As such, they reduce the energy required to
      form new surfaces and thus promote bubble formation. Highly effective
      agents also favor the production of more uniform bubbles and resulting
      cell structure. The silicones also equalize tensions on the surface of the
      bubble resulting in a foam of increased strength. The amount of surfactant
      present can vary from 0.01 to about 2.0 weight percent of the foam
      component mixture.
PAR  Foam compositions of this invention were tested according to a method
      devised by Butler Manufacturing Company which is known as the Chimney
      Test. The apparatus for this test consists of a chimney constructed on
      three sides of galvanized steel. Dimensions are 21/4 .times. 21/4 .times.
      12 inches. Channels are provided for sliding in 1/4 inch wired safety
      glass as the front panel of the chimney. Foam samples are mounted on three
      nails protruding from the back panel. Samples are cut to 3/4 .times. 3/4
      .times. 5 inches and mounted so that the bottom of the sample is 2 inches
      from the bottom of the chimney.
PAR  The flame source is a Bunsen burner fitted with a needle valve and
      adjustable air intake. Natural gas is metered on a Brooke R-2-15-AA
      rotameter. Flow is adjusted with the needle valve to a rotameter reading
      of 11.0 (bottom of the stainless steel ball). Flame temperature is
      measured using a chromel-alumel thermocouple connected into a West
      Gardsman JE controlling pyrometer. Air flow is adjusted to a flame
      temperature reading on the pyrometer of 1660.degree. .+-. 10.degree.F.,
      with the thermocouple set at the tip of the inner cone and the burner in
      position in the chimney.
PAR  With the weighed sample centered in the chimney, the tip of the inner cone
      is held in contact with the bottom of the sample for 10 seconds and then
      removed. Results of the Chimney Test were reported as three kinds of data:
PAR  1. Percent weight retention (PWR) which is the weight of the sample after
      the test compared to the sample weight before the test;
PAR  2. Extinction time in seconds (EXT) measured as the length of time from
      contact of the flame with the sample to flame extinction;
PAR  3. Flame height (FHt) rated visually from A-D.
PAR  The tests were performed in a laboratory having a relative humidity of 40
      .+-. 2 percent.
PAR  In order to illustrate more completely the compositions of my invention and
      the methods of their preparation, the following representative examples
      are offered. These examples are not and are not intended to be exhaustive
      of the scope of my invention.
DETD
PAC  EXAMPLE I
PAR  Isocyanate derivatives suitable for use in my invention were prepared from
      a variety of polyarylpolyisocyanates and polyfunctional carboxylic acid
      anhydrides. Reaction conditions and adduct formulations are shown in Table
      I.
PAR  The derivatives were prepared in a 2 liter stainless steel beaker fitted
      with an aluminum foil cover. In each preparation the reactants were
      stirred and heated to 550.degree.F., held at 500.degree.F. for the length
      of time shown and cooled to room temperature.
PAR  The isocyanates employed are all polymethylene polyphenylisocyanates having
      the following functionalities (functional groups per molecule) and
      equivalent weights:
     Isocyanate   Functionality Equivalent Weight                              

     ______________________________________                                    

     Mondur MR    2.5-2.7       132                                            

     PAPI         3.0           133.5                                          

     Isonate 390P 2.2-2.3       130                                            

     NCO-120      3.1-3.2       133                                            

     7418         3.3-3.4       140                                            

     Isonate-500  3             140.8                                          

     Isonate-125MF                                                             

                  2             125                                            

     NCO-10       2.3           133                                            

     NCO-20       2.6           133                                            

     ______________________________________                                    

PAR  The polyfunctional carboxylic acid anhydrides employed are identified by
      the following symbols:
TBL  Symbol         Anhydride Name                                             

     ______________________________________                                    

     Br.sub.4 PAN   tetrabromophthalic anhydride                               

     Cl.sub.4 PAN   tetrachlorophthalic anhydride                              

     PAN            phthalic anhydride                                         

     TMA            trimellitic anhydride                                      

     ClAN           chlorendic anhydride                                       

     ______________________________________                                    

TBL                                    TABLE I                                 

     __________________________________________________________________________

                       Isocyanate                                              

                              Heat-up                                          

                                     Time (min.)                               

                                            Derivative                         

     Derivative                                                                

           Isocyanate                                                          

                 Anhydride                                                     

                       Anhydride                                               

                              time (min.)                                      

                                     held at                                   

                                            Viscosity                          

     Number                                                                    

           Type  Type  weight ratio                                            

                              to 500.degree.F.                                 

                                     500.degree.F.                             

                                            (c.p. 70-75.degree.F.)             

     __________________________________________________________________________

     12    MR    Br.sub.4 PAN                                                  

                       2/1    18     0      very viscous                       

     20    MR    Br.sub.4 PAN                                                  

                       5/1    17.6   0      121,000                            

     26    PAPI  Br.sub.4 PAN                                                  

                       5/1    16.3   0      very viscous                       

     27    390P  Br.sub.4 PAN                                                  

                       5/1    15.6   0      some solid separated               

     28    NCO-120                                                             

                 Br.sub.4 PAN                                                  

                       5/1    17.8   0      very viscous                       

     29    7418  Br.sub.4 PAN                                                  

                       5/1    17.0   0      980,000                            

     30    500   Br.sub.4 PAN                                                  

                       5/1    14.0   0      very viscous                       

     31    125MF Br.sub.4 PAN                                                  

                       5/1    20.5   0      some solid separated               

     25    MR    PAN   20/1   16.5   0      650                                

     55    390P  Cl.sub.4 PAN                                                  

                       2/1    14.7   15     solid                              

     58    390P  Cl.sub.4 PAN                                                  

                       5/1    19.0   15     solid                              

     59    390P  Cl.sub.4 PAN                                                  

                       5/1    --     30     950                                

     48    390P  Br.sub.4 PAN                                                  

                       4/1    16.5   5      48,500                             

     37    125MF Br.sub.4 PAN                                                  

                       5/1    20.4   15     400                                

     H-8   NCO-10                                                              

                 ClAN  2/1    +      1 hr*  solid precipitated                 

     H-10  NCO-10                                                              

                 ClAN  2/1    ++     2 hr*  18,900                             

     RW47  NCO-10                                                              

                 ClAN  5/1    +++     4 hr**                                   

                                            780                                

     __________________________________________________________________________

       * At 410.degree.F.; reaction in 1 liter flask                           

       + Heat-up time to 410.degree.F. was 38 min.                             

       ++ Heat-up time to 410.degree.F. was 35 min.                            

      +++ Heat-up time to 392.degree.F. was 30 min.                            

       ** At 392.degree.F.; reaction in 1 liter flask                          

PAC  EXAMPLE II
PAR  Foam compositions were prepared according to my invention having the
      formulations given in Table II. Results of Chimney Test evaluation are
      included. It is evident from this data that the isocyanate derivatives
      containing tetrabromophthalic anhydride impart especially effective fire
      resistance to the foams which contain them.
PAR  Symbols used in Table II are defined in Table III. Isocyanate derivatives
      are identified in Table IV. In each case in Table II, the surfactant
      L-5410 was used at the level of 2 parts by weight. In each case in Table
      II, the catalyst DBTDA was used. The catalyst was used at the level of 0.5
      parts by weight in foam number 1075/177/A61 and at the level of 1 part by
      weight in all other foams.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Chemical Types              Formulation (parts by Weight)                 

                                                         Evaluation            

     __________________________________________________________________________

     Foam     Isocyanate   Addi-                                               

                                Isocyanate          Addi-                      

     Number   Derivative                                                       

                     Polyol                                                    

                           tive Derivative                                     

                                       Polyol                                  

                                           TMA CFCl.sub.3                      

                                                    tive PWR EXT FHt           

     __________________________________________________________________________

     1075/153/A14                                                              

              14     S5-125                                                    

                           C-22-R                                              

                                127    100 --  24   15   83  11  B             

     1075/161/A27                                                              

              20     PEP-450                                                   

                           C-22-R                                              

                                236    100 --  32   15   75  14  D             

     1075/177/A61                                                              

              47     PEP-450                                                   

                           C-22-R                                              

                                260    100 --  30   15   79  11  C             

     1075/179/A68                                                              

              46     S5-125                                                    

                           --   192    100 --  30   0    88  11  B             

     1075/174/A51                                                              

              32     S5-125                                                    

                           C-22-R                                              

                                154    100 --  20   15   90  11  B             

     1075/189/A98                                                              

              59     S5-125                                                    

                           --   154    100 --  30   0    77  12  D             

     1075/174/A56                                                              

              45     S5-125                                                    

                           --   154    100 --20                                

                                               0    80   11  C                 

     1075/185/A84                                                              

              51     S5-125                                                    

                           --   154    100 --  30   0    80  11  C             

     1075/185/A89                                                              

              53     S5-125                                                    

                           C-22-R                                              

                                160    100 --  30   15   88  11  B             

     1075/187/A91                                                              

              51     S5-125                                                    

                           C-22-R                                              

                                120     66 55  40   15   90  11  B             

     1075/187/A94                                                              

              53     S5-125                                                    

                           --   120     66 55  40   0    90  11  B-A           

     1075/198/A137                                                             

              C-195  PEP-450                                                   

                           C-22-R                                              

                                120     40 55  40   15   83  11  B             

     1075/202/A171                                                             

              C-195  S5-125                                                    

                           --   120     40 55  40   0    81  11  D             

                     PEP-450            40                                     

     1075/161/A18                                                              

              MONDUR*                                                          

              MR     PEP-450                                                   

                           --   197    100 --  32   0    53  29  D             

     1075/161/A19                                                              

              MONDUR*                                                          

              MR     PEP-450                                                   

                           C-22-R                                              

                                197    100 --  32   15   60  15  D             

     __________________________________________________________________________

      *No anhydride added                                                      

TBL                TABLE III                                                   

     ______________________________________                                    

     SYMBOL DEFINITIONS                                                        

     SYMBOL       DEFINITION                                                   

     ______________________________________                                    

     DBTDA        Dibutyltin Diacetate                                         

     L-5410       Siloxane glycol block copolymer                              

     DC-195       surfactants                                                  

     C-22-R                                                                    

     OOCH.sub.3 O                                                              

     .parallel..parallel..vertline..parallel.                                  

     ClCH.sub.2 CH.sub.2 --O--P--O--CH--P--O--CH--P(OCH.sub.2 CH.sub.2         

     Cl).sub.2                                                                 

     .vertline..vertline..vertline.                                            

     ClCH.sub.2 ----CH.sub.2 CH.sub.3 OCH.sub.2 CH.sub.2 Cl                    

     MR (Mondur MR)                                                            

     390P                                                                      

     7418                                                                      

     NCO 10                                                                    

     NCO 20       See Example I                                                

     TMA                                                                       

     Br.sub.4 PAN                                                              

     Cl.sub.4 PAN                                                              

     PAN                                                                       

     ClAN                                                                      

     PEP 450      A propoxylated pentaerythritol                               

                  polyol manufactured by Wyandotte                             

                  and having an equivalent weight of                           

                  100, a functionality of 4 and a                              

                  hydroxyl number of 561.                                      

     S5-125       A polyol prepared by reacting                                

                  1.8 parts of RS-530, a                                       

                  propoxylated sucrose manufactured                            

                  by Dow, having an equivalent weight                          

                  of 106, a functionality of 8 and an                          

                  hydroxyl number of 530, with 4.2                             

                  parts of a poly(ethylene-glycol)                             

                  having an average molecular weight                           

                  of about 200, 3.0 parts of tetra-                            

                  bromophthalic anhydride and 0.03                             

                  parts of triethyl amine. The                                 

                  reaction mixture is held at 180.degree.F.                    

                  for 20 hours under N.sub.2 pressure of                       

                  10 psig.                                                     

     ______________________________________                                    

PAC  TABLE IV
PAC  ISOCYANATE DERIVATIVE FORMULATIONS
PAR  The isocyanate derivatives listed below were prepared by combining amounts
      corresponding to the initial weight ratio of isocyanates and anhydride.
      The reactants were heated to 500.degree.F. under N.sub.2 blanket and
      cooled. Some of the reactions were maintained at 500.degree.F. for several
      minutes as indicated in the right-hand column of Table IV.
TBL  __________________________________________________________________________

                          Initial     Final                                    

                          Isocyanate/ wt. ratio of                             

     Code Isocyanate                                                           

                  Anhydride                                                    

                          Anhydride   isocyanate/anhydride                     

                                                 Minutes                       

     Number                                                                    

          Identification                                                       

                  Identification                                               

                          weight ratio                                         

                                 Diluent                                       

                                      in product at 500.degree.F               

     __________________________________________________________________________

     14   MR      Br.sub.4 PAN                                                 

                          4/1    --   4/1        0                             

     20   MR      Br.sub.4 PAN                                                 

                          5/1    --   5/1        0                             

     25   MR      PAN     20/1   --   20/1       0                             

     47   390P    Br.sub.4 PAN                                                 

                          3/1    --   3/1        5                             

     59   390P    Cl.sub.4 PAN                                                 

                          5/1    --   5/1        30                            

     46   390P    Br.sub.4 PAN                                                 

                          2/1    --   2/1        5                             

     32   390P    Br.sub.4 PAN                                                 

                          5/1    --   5/1        5                             

     45   125MF   Br.sub.4 PAN                                                 

                          4/1    --   4/1        30                            

     51   390P    Br.sub.4 PAN                                                 

                          2/1    390P 5/1        5                             

     53   390P    Br.sub.4 PAN                                                 

                          2/1    7418 5/1        5                             

     C-195                                                                     

          390P    Br.sub.4 PAN                                                 

                          2/1    390P 5/1        5                             

     RW-38                                                                     

          NCO-20  ClAN    3/1    --   3/1        *                             

     RW-47                                                                     

          NCO-10  ClAN    5/1    --   5/1        *                             

     __________________________________________________________________________

      *At 392.degree.F, 4 hrs.                                                 

TBL                                    TABLE V                                 

     __________________________________________________________________________

     Chemical Components*                                                      

                    Final Isocy-                                               

                            Preparation                                        

                                       Adduct                                  

     Adduct                                                                    

           Anhydride                                                           

                    anate/Anhy-                                                

                            Conditions Viscosity                               

     Reference  Weight                                                         

                    dride/Weight                                               

                            Tempera-                                           

                                  Time Tempera-                                

                                             Value                             

     Number                                                                    

           Type (g) Ratio   ture (.degree.C.)                                  

                                  Hrs. ture (.degree.F.)                       

                                             (c.p.)                            

     __________________________________________________________________________

     129/A Br.sub.4 PAN                                                        

                750 5/1     210   6    74    5,800                             

                                                  Considerable reaction to     

                                                  give cyclic imide            

     129/B Br.sub.4 PAN                                                        

                750 5/1     120   24   72    548**                             

                                                  Solid Portion: Mainly        

                                                  unreacted tetrabromo-        

                                                  phthalic anhydride           

                                                  Liquid Portion: Mainly       

                                                  unreacted isocyanate         

     132/A TMA  750 5/1     100   0.25 74    Solid                             

                                             Product                           

                                                  Very little, if any,         

                                                  amide or imide formation     

     134/A TMA  200 10/1    100   1    73    30,240                            

                                                  No imide; very small         

                                                  amount of amide              

     135/A TMA  400 5/1     100   1    74    Solid                             

                                             Product                           

                                                  No imide; very small amount  

                                                  of amide                     

     __________________________________________________________________________

       *In each case, the reactant isocyanate used was NCO-10. With adducts    

      129/A, 129/B, and 132/A, 1500 grams of NCO-10 were added; and, with 134/A

      and 135/A, 2000 grams of NCO-10 were added. With 129/A, 129/B, and 132/A,

      2250 grams of diluent isocyanate NCO-20 were added. No diluent isocyanate

      was used with adducts 134/A and 135/A.                                   

      **The product consisted of solid and liquid portions; the viscosity of th

      liquid portion was determined.                                           

CLMS
STM  I claim:
NUM  1.
PAR  1. In combination with a thermally stable and flame resistant rigid foam
      composition comprising the reaction product of one equivalent based on
      hydroxyl of a polyol having an average hydroxyl functionality of at least
      three and a molecular weight below 2000 and from about 0.5 to about 12
      equivalents based on isocyanate of a polyarylpolyisocyanate-containing
      component, the improvement which comprises the
      polyarylpolyisocyanate-containing component being the monomeric
      imide-containing polyarylpolyisocyanate derivative prepared by
      pre-reacting a mixture consisting essentially of a polyarylpolyisocyanate
      consisting of 2-10 benzene or methyl-, ethyl-, or propyl-substituted
      benzene rings linked by methylene groups, said benzene rings having one
      isocyanate functional group per ring, and a compound selected from the
      group consisting of phthalic anhydride, tetrachlorophthalic anhydride and
      tetrabromophthalic anhydride, in a weight ratio of said
      polyarylpolyisocyanate to said anhydride of about 2:1 to 10:1 and at a
      temperature between 210.degree.C. and 300.degree.C. until a liquid product
      of the desired viscosity is obtained, to thereby convert from about 25 to
      75 percent of the original anhydride groups to imide groups and to thereby
      incorporate an imide into the rigid form composition.
NUM  2.
PAR  2. The composition of claim 1 wherein the amount of imide incorporated
      varies from about 35 to 65 percent.
NUM  3.
PAR  3. The composition of claim 1 wherein tetrabromophthalic anhydride is
      pre-reacted with a polyarylpolyisocyanate to form the
      polyarylpolyisocyanate-containing compound.
NUM  4.
PAR  4. The composition of claim 1 in which the polyol comprises the reaction
      adduct of: (1) a polyol component and (2) an anhydride component selected
      from the group consisting of the anhydride of polyfunctional carboxylic
      acid and wherein from about 5 to about 40 weight percent of the adduct is
      comprised of the anhydride and 95 to 60 percent of the adduct is comprised
      of the polyol.
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PAL  Selected methylene-bridged diaryl polyisocyanates are used as stabilizers
      in the production of high resilience polyurethane foam.
BSUM
PAR  This invention relates to the preparation of flexible polyurethane foam.
      More particularly, the invention relates to an improvement in the
      preparation of high resilience polyurethane foam.
PAR  It is known to prepare a polyurethane foam by reacting various aromatic and
      aliphatic-aromatic polyisocyanates with a polyol or mixture of polyols.
      Also, it has been generally known that polyurethane foam having reduced
      combustibility can be achieved by utilizing in its preparation a
      chlorinated polyisocyanate. However, according to the prior art,
      chlorine-containing aromatic and aliphatic-aromatic polyisocyanates
      generally are either very viscous liquids or, as is more often the case,
      solid. As such, their use in polyurethane foam production, if at all
      practicable, entails costly and burdensome handling and processing
      measures which often render them unfeasible from an economic standpoint.
      For esxample, U.S. Pat. No. 3,360,539 discloses that the product of
      chlorinating an 80/20 isomer mixture 2,4- and 2,6-toluenediisocyanate is
      solid at room temperature. U.S. Pat. No. 2,945,875, which relates to the
      preparation of monochloro- and dichloro-phenylene diisocyanate, again
      indicates that these chlorinated products are solid at room temperature.
PAR  It is further known in the art to prepare certain monomeric
      methylene-bridged diaryl polyisocyanates by condensing an aromatic or
      aliphatic aromatic isocyanate with selected aromatic compounds having a
      halomethyl substituent and which may also have one or more chlorine
      substituents on the aromatic ring. See U.S. Pat. No. 3,255,226. The
      products of the process of that patent, which are described as being solid
      or viscous liquids, are said to be of utility generally in the preparation
      of polyurethane foam.
PAR  In addition, it is known, in the art of making flexible polyurethane foam,
      that the use of highly reactive foam-forming formulations, incorporating a
      highly reactive organic polyisocyanate and a high-molecular-weight polyol
      having a certain level of primary hydroxy groups, yields a foam with
      improved resilience and other desirable physical properties. Such a foam
      has come to be referred to in the art as a "high resilience" foam.
PAR  Due to the highly reactive nature of the reaction mixture from which these
      high resilience foams are prepared, such foams are characteristically
      unstable. This is particularly true for foams having a density below 2.0
      lbs. per cubic foot. Consequently, in the absence of a curing agent these
      foams usually succumb to substantial shrinkage or collapse shortly after
      the foaming reaction is completed and before they have become fully cured.
PAR  Now it has been found, according to the present invention, that high
      resilience polyurethane foams can be stabilized against shrinkage and
      collapse by incorporating in the foam-forming reaction mixture a certain
      proportion of a highly select group of liquid methylene-bridged diaryl
      polyisocyanates which, along with their low toxicity, are surprisingly of
      low viscosity and relatively high reactivity.
PAR  Foams prepared from a reaction mixture containing these polyisocyanates,
      while exhibiting all the desirable properties of high resilience foam, are
      not susceptible to substantial shrinkage even in the absence of a curing
      catalyst. The methylene-bridged diaryl polyisocyanates are particularly
      effective in the stabilization of high resilience foams having a density
      below 2.0 lbs. per cubic foot. As such, they are of utility in a variety
      of cushioning and upholstering applications, particularly in the
      production of molded automotive seats.
PAR  The methylene-bridged diaryl polyisocyanates which are employed as
      stabilizers in the process of the invention are represented by formula I
      as follows:
      ##EQU1##
      wherein R.sub.1 is NCO or halogen, and
PAR  R.sub.2 is H or alkyl of 1-4 carbon atoms, with the proviso that when
      R.sub.1 is halogen, R.sub.2 is an alkyl of 1-4 carbon atoms.
PAR  The following compounds, and mixtures thereof, are illustrative of the
      stabilizing polyisocyanates represented by formula I.
PAR  2,4-diisocyanato-2'-isocyanatophenyl-methane
PAR  2,6-diisocyanato-2'-isocyanatophenyl-methane
PAR  3,5-diisocyanato-2'-isocyanatophenyl-methane
PAR  2,4-diisocyanato-4'-isocyanatophenyl-methane
PAR  2,6-diisocyanato-4'-isocyanatophenyl-methane
PAR  2,4-diisocyanato-2'-isocyanato-5'-methylphenyl-methane
PAR  2,4-diisocyanato-4'-isocyanato-3'-methylphenyl-methane
PAR  2,6-diisocyanato-4'-isocyanato-2'-methylphenyl-methane
PAR  2,6-diisocyanato-2'-isocyanato-3'-methylphenyl-methane
PAR  2,6-diisocyanato-2'-isocyanato-5'-ethylphenyl-methane
PAR  2,4-diisocyanato-2'-isocyanato-3'-ethylphenyl-methane
PAR  2,6-diisocyanato-4'-isocyanato-3'-ethylphenyl-methane
PAR  2,4-diisocyanato-4'-isocyanato-2'-ethylphenyl-methane
PAR  2,4-diisocyanato-2'-isocyanato-5'-propylphenyl-methane
PAR  2,6-diisocyanato-4'-isocyanato-3'-butylphenyl-methane
PAR  2,4-diisocyanato-4'-chloro-3'-methyl-diphenyl-methane
PAR  2,6-diisocyanato-4'-chloro-3'-methyl-diphenyl-methane
PAR  2,4-diisocyanato-5'-bromo-2'-methyl-diphenyl-methane
PAR  2,6-diisocyanato-5'-chloro-2'-methyl-diphenyl-methane
PAR  2,6-diisocyanato-5'-chloro-2'-ethyl-diphenyl-methane
PAR  2,4-diisocyanato-5'-chloro-2'-ethyl-diphenyl-methane
PAR  2,4-diisocyanato-4'-bromo-3'-ethyl-diphenyl-methane
PAR  2,6-diisocyanato-4'-chloro-3'-propyl-diphenyl-methane
PAR  2,4-diisocyanato-4'-chloro-3'-propyl-diphenyl-methane
PAR  2,4-diisocyanato-5'-chloro-2'-butyl-diphenyl-methane
PAR  2,6-diisocyanato-5'-chloro-2'-butyl-diphenyl-methane
PAR  Preferred methylene-bridged diaryl polyisocyanates for use according to the
      invention are those represented by formulas II and III as follows:
      ##EQU2##
      wherein, as applied to each of formulas II and III,
PAR  R.sub.1 is NCO or chlorine and
PAR  R.sub.2 is H, methyl or ethyl with the proviso that when R.sub.1 is
      chlorine, R.sub.2 is ethyl or methyl.
PAR  Illustrative examples of preferred methylene-bridged diaryl polyisocyanates
      include any of the following and mixtures thereof:
PAR  2,4-diisocyanato-2'-isocyanatophenyl-methane
PAR  2,6-diisocyanato-2'-isocyanatophenyl-methane
PAR  2,4-diisocyanato-4'-isocyanatophenyl-methane
PAR  2,6-diisocyanato-4'-isocyanatophenyl-methane
PAR  2,4-diisocyanato-2'-isocyanato-5'-methylphenyl-methane
PAR  2,4-diisocyanato-4'-isocyanato-3'-methylphenyl-methane
PAR  2,6-diisocyanato-4'-isocyanato-2'-methylphenyl-methane
PAR  2,6-diisocyanato-2'-isocyanato-3'-methylphenyl-methane
PAR  2,6-diisocyanato-2'-isocyanato-5'-ethylphenyl-methane
PAR  2,4-diisocyanato-2'-isocyanato-3'-ethylphenyl-methane
PAR  2,6-diisocyanato-4'-isocyanato-3'-ethylphenyl-methane
PAR  2,4-diisocyanato-4'-isocyanato-2'-ethylphenyl-methane
PAR  2,4-diisocyanato-4'-chloro-3'-methyl-diphenyl-methane
PAR  2,6-diisocyanato-4'-chloro-3'-methyl-diphenyl-methane
PAR  2,4-diisocyanato-5'-chloro-2'-methyl-diphenyl-methane
PAR  2,6-diisocyanato-5'-chloro-2'-methyl-diphenyl-methane
PAR  2,6-diisocyanato-5'-chloro-2'-ethyl-diphenyl-methane
PAR  2,4-diisocyanato-5'-chloro-2'-ethyl-diphenyl-methane
PAR  2,4-diisocyanato-4'-chloro-3'-ethyl-diphenyl-methane
PAR  It is particularly preferred to employ isomeric mixtures of the
      polyisocyanates represented by formulas II and III. Illustrative such
      mixtures include:
PA1  a mixture of 2,4- and 2,6-diisocyanatophenyl-isocyanatophenyl-methane,
PA1  a mixture of 2,4- and 2,6-diisocyanatophenyl-chloromethylphenyl-methane,
      and
PA1  a mixture of 2,4- and 2,6-diisocyanatophenyl-chloroethylphenyl-methane.
PAR  The methylene-bridged diaryl polyisocyanates used in the method of the
      invention can be prepared by condensing, at a temperature of about
      50-250.degree.C and in the presence of a Friedel-Crafts catalyst, one mole
      of a substituted benzene with one mole of .alpha.-chlorotoluene
      diisocyanate. This condensation reaction is illustrated by the following
      equation:
      ##EQU3##
      wherein R.sub.1 and R.sub.2 have the significance indicated above.
PAR  Completion of the reaction, which is preferably carried out using a large
      stoichiometric excess of the substituted benzene, is indicated when no
      more hydrogen chloride is evolved. The methylene-bridged diaryl
      polyisocyanate products is then recovered by conventional distillation
      methods. A more detailed description of this type of condensation reaction
      is provided in the above-noted U.S. Pat. No. 3,255,226 which issued June
      7, 1966 to H. F. McShane. The entire disclosure of this patent is
      incorporated herein by reference.
PAR  Illustrative of the substituted benzenes which may be employed in preparing
      the methylene-bridged diaryl polyisocyanates are the following:
PAR  phenyl isocyanate
PAR  toluene isocyanate
PAR  ethyl benzene isocyanate
PAR  propyl benzene isocyanate
PAR  butyl benzene isocyanate
PAR  o-chlorotoluene
PAR  m-chlorotoluene
PAR  p-chlorotoluene
PAR  o-ethylchlorobenzene
PAR  m-ethylchlorobenzene
PAR  p-propylchlorobenzene
PAR  o-butylchlorobenzene
PAR  As noted above, the other reactant which is employed in preparing the
      methylene-bridged diaryl polyisocyanates is .alpha.-chlorotoluene
      diisocyanate. Any isomer, or mixture of isomers, of this compound may be
      used such as .alpha.-chloro-2,4-toluene diisocyanate,
      .alpha.-chloro-2,6-toluene diisocyanate, .alpha.-chloro-2,5-toluene
      diisocyanate, .alpha.-chloro-3,5-toluene diisocyanate, and mixtures
      thereof.
PAR  It is to be noted that the product of the condensation reaction is quite
      often a mixture of isomers which vary in proportion relative to one
      another. This is true even in the case where a single isomer of
      .alpha.-chlorotoluene diisocyanate is condensed with a single substituted
      benzene isomer; for inasmuch as the condensation could take place via any
      one of the available carbons on the substituted benzene ring, it follows
      for example that as many as four isomers could result when four molecules
      of the .alpha.-chlorotoluene diisocyanate are condensed with four
      molecules of a meta-substituted benzene. It is thus apparent that, as used
      in the specification and claims herein, formulas II and II above are
      intended to include isomeric mixtures as well as single isomers of the
      compounds encompassed by those formulas.
PAR  Except for the inclusion or use, pursuant to the invention, of a
      stabilizing polyisocyanate as described above, the preparation of
      polyurethane foam is achieved using prior art high resilience foam forming
      formulations. These comprise various combinations of polyether polyols,
      organic isocyanates, foaming agents and reaction catalysts.
PAR  The polyether polyol is one that is characterized by (1) a molecular weight
      of at least about 4,000, (2) a polyfunctional alcohol nucleus, (3)
      polyoxyalkylene chain segments attached through one end thereof to the
      nucleus, and (4) a ratio of primary to secondary hydroxyl end groups
      ranging from about 1.5:1 to about 5.5:1. This polyether can be prepared by
      methods generally well known in the art wherein a polyfunctional alcohol
      initiator is condensed, in the presence of an alkaline catalyst, first
      with an alkylene oxide having 3 or more carbon atoms and then with
      ethylene oxide.
PAR  The alcohol initiator which is used to prepare the polyether polyol can be
      any compound having 2-8 hydroxyl groups. Illustrative are ethylene glycol,
      propylene glycol, the butylene glycols such as 1,3-butylene glycol, the
      pentane diols such as 1,5-pentane diol, the hexane diols such as
      1,6-hexane diol, glycerol, trimethylolpropane, sorbitol, pentaerythritol,
      methyl glucoside, sucrose, mixtures thereof and the like. It is preferred,
      however, to employ an aliphatic polyol having 2-4, and more preferably
      3-4, hydroxyl groups, such as ethylene glycol, propylene glycol, glycerol,
      trimethylolpropane, sorbitol, and the like. The most preferred initiators
      are the aliphatic triols such as glycerol and trimethylolpropane.
PAR  In preparing the polyether polyol, a polyhydric alcohol initiator as
      described above is sequentially condensed, in the presence of an alkaline
      catalyst such as potassium hydroxide, first with an alkylene oxide having
      3-8, and preferably 3-4, carbon atoms and then ethylene oxide.
      Illustrative of the alkylene oxides which are first condensed with the
      alcohol initiator are propylene oxide, butylene oxide, pentylene oxide,
      mixtures thereof and the like, propylene oxide being most preferred. In
      carrying out the sequential condensation reactions, such amounts of
      ethylene oxide and higher alkylene oxide are employed as to provide a
      polyether having a molecular weight of at least about 4,000, and
      preferably from about 4,500 to about 7,000, and in which polyether the
      ratio of primary to secondary hydroxyl groups is from about 1.5:1 to about
      5.5:1 and preferably from about 2:1 to about 5:1.
PAR  In accordance with a particularly preferred embodiment of the invention,
      the polyether polyol which is employed in preparing the polyurethane foam
      is an oxypropylated, oxyethylated aliphatic triol having a molecular
      weight of about 4,500-6,600 and a ratio of primary to secondary hydroxyl
      groups from about 3:1 to about 4.5:1.
PAR  In preparing the foams of the invention, any suitable organic
      polyisocyanate, or a mixture of polyisocyanates, may be employed as the
      main isocyanate reactant. Illustrative are toluene diisocyanate, such as
      the 80:20 and the 65:35 mixtures of the 2,4- and 2,6-isomers, ethylene
      diisocyanate, propylene diisocyanate, methylenebis(4-phenyl) isocyanate,
      3,3'-ditoluene-4,4'-diisocyanate, hexamethylene diisocyanate,
      naphthalene-1,5-diisocyanate, mixtures thereof and the like. In accordance
      with a particularly preferred embodiment of the invention, an isomeric
      mixture of 2,4- and 2,6-toluene diisocyanate is employed in which the
      weight ratio of the 2,4-isomer to the 2,6-isomer is from about 60:40 to
      about 90:10 and more preferably from about 65:35 to about 80:20.
PAR  As indicated, along with the main organic polyisocyanate reactant, a
      methylene-bridged diaryl polyisocyanate as described above is employed in
      making the high resilient foams of the invention. Pursuant to the
      invention, the methylene-bridged diaryl polyisocyanate may be used in any
      suitable proportion which is effective in stabilizing the foam and
      providing other desirable foam characteristics without otherwise
      interfering with the foaming reaction or detrimentally altering the
      properties of the resulting foam. For example, from about 0.01 to about 10
      and preferably from about 1 to about 5 parts by weight of the
      methylene-bridged diaryl polyisocyanate are employed per 100 parts of
      polyol.
PAR  The total amount of polyisocyanates, including the main polyisocyanate
      reactant and the stabilizing methylene-bridged diaryl polyisocyanate, that
      is employed should generally be sufficient to provide at least 0.7 NCO
      group per hydroxyl group in the reaction system, which includes the
      polyether polyol, as well as any additional material and/or foaming agent
      present in the system. In practice a total amount of main isocyanate
      reactant and the stabilizing isocyanate is usually employed as to provide
      no more than about 1.25, and preferably about 0.9-1.15 NCO groups per each
      hydroxyl group.
PAR  Any suitable foaming agent, or mixture of foaming agents, may be employed
      in preparing the polyurethane foam. These include inorganic foaming
      agents, such as water, and organic foaming agents containing up to seven
      carbon atoms, such as the halogenated hydrocarbons and the low molecular
      weight alkanes, alkenes, and ethers. Illustrative organic foaming agents
      include monofluorotrichloromethane, dichlorofluoromethane,
      dichlorodifluoromethane, 1,1,2-trichloro-1,2,2-trifluoroethane, methylene
      chloride, chloroform, carbon tetrachloride, methane, ethane, ethylene,
      propylene, hexane, ethyl ether and diisopropyl ether. Water and the low
      molecular weight polyhalogenated alkanes, such as
      monofluorotrichloromethane and dichlorodifluoromethane, are preferred. The
      amount of foaming agent may be varied within a reasonably wide range as is
      well known in the art. Generally, however, the halogenated alkanes, for
      example, are employed in an amount of about 2-20 parts per 100 parts by
      weight of the polyether polyol; and water is employed in an amount of
      about 1-6 parts per 100 parts by weight of the polyether polyol.
PAR  The catalyst employed in preparing the foams of the invention may be any of
      the catalysts known to be useful for this purpose, including tertiary
      amines, organometallic salts, and mixtures of an organo-metallic salt with
      one or more tertiary amine, the latter being preferred. Typical tertiary
      amines include, for example, triethylamine, triethylene diamine,
      trimethylamine, tetramethylene diamine, tetramethylbutane diamine,
      N-methylmorpholine, N-ethylmorpholine, dimethylpiperazine,
      trimethylaminoethylpiperazine, dimethylcyclohexylamine, mixtures of
      bis(dimethylaminoethylether) and dipropylene glycol such as the 7:3 weight
      ratio mixture which is available commercially under the trademark Niax
      A-1, methyldicyclohexylamine, N-cyclohexylmorpholine,
      dimethylcyclohexylamine, methyldiethanolamine, mixtures of
      dimethylcyclohexylamine and 2(3-pentyl)-1-dimethylaminocyclohexane such as
      may be purchased commercially under the trademark Polycat,
      bis(dimethylaminoethylpropylether), mixtures of triethylene diamine and
      dipropylene glycol such as the 1:2 and 1:4 weight ratio mixtures which may
      be purchased commercially under the trademarks Dabco 33LV and Dabco 8020,
      respectively, bis(dimethylaminopropylether), and mixtures of these
      catalysts. The preferred tertiary amine catalysts are triethylenediamine,
      mixtures of triethylenediamine with dipropylene glycol, mixtures of
      bis(dimethylaminoethylether) and dipropylene glycol,
      dimethylcyclohexylamine alone or as a mixture thereof with
      2-(3-pentyl)-1-dimethylaminocyclohexane. The tertiary amine catalyst is
      used in a proportion of about 0.1-1.5, and preferably about 0.25-0.75,
      parts per 100 parts by weight of the total polyol which is employed in
      preparing the foam.
PAR  Typical organo-metallic salts include for example, the salts of tin,
      titanium, antimony, aluminum, cobalt, zinc, bismuth, lead, and cadmium,
      the tin salts, i.e., stannic and stannous salts, being preferred.
      Illustratively, such salts include the octoates, dilaurates, diacetates,
      dioctoates, oleates, and neodeconates of these metals, the octoates being
      preferred. The organo-metallic salt catalyst is used in a proportion of
      about 0-0.5, and preferably about 0.05-0.2, parts per 100 parts by weight
      of total polyol which is employed in the preparation of the foam.
PAR  It is preferred in the preparation of the polyurethane foams of the
      invention to employ minor amounts of a conventional surfactant in order to
      further improve the cell structure of the polyuretnane foam. Suitable such
      surfactants include for example, the silicon-based surfactants such as the
      silicones and the siloxaneoxyalkylene block co-polymers, all of which are
      commercially available materials.
PAR  Generally the silicones are employed in a proportion of up to about 0.1
      parts per 100 parts by weight of the polyether polyol; and the
      siloxaneoxyalkylene block co-polymers are employed in a porportion of up
      to about 2 parts per 100 parts by weight of the polyether polyol.
PAR  If desired a curing agent, such as a conventional amine curing agent, may
      be included in the foam forming reaction mixture. However, in accordance
      with the invention, the use of curing agents is not necessary and
      therefore it is preferable to exclude such materials from the reaction
      mixture.
PAR  Various additives can also be employed to provide different properties in
      the polyurethane foam e.g., fillers such as clay, calcium sulfate, or
      ammonium phosphate may be added to lower cost and improve physical
      properties. Ingredients such as dyes may be added for color, and fibrous
      glass, asbestos, or synthetic fibers may be added for strength. In
      addition, plasticizers, deodorants, antioxidants and flame retardants may
      be added.
PAR  In the practice of this invention, a polyurethane foam forming reaction
      mixture comprising the above-described ingredients is fed to a suitable
      reaction zone such as by pouring into a suitable mold or onto a moving
      conveyor belt where reaction proceeds. The foaming reaction is exothermic,
      and auxiliary heat is usually not necessary to effect the reaction,
      although it may be employed. After the reactants have been admixed for a
      period of between about 0.1 and about 20 seconds, an emulsion or "cream"
      forms. As the temperature increases from the reaction, gas bubbles are
      generated bringing about the formation of an uncured cellular gel material
      which usually cures fairly rapidly at room temperature. Once cured, the
      foam will be ready for use in various applications, such as seating,
      bedding, cushioning, etc.
PAR  Polyurethane foams prepared according to the process of the invention lend
      themselves to easy and fast processing by virtue of the fact that they
      become tack-free within a relatively short period of time after completion
      of the foaming reaction. These foams also have improved permeability
      inasmuch as they are substantially open-celled, i.e., more than 50 percent
      of their cells are open cells.
PAR  Furthermore, these foams are characterized by a combination of desirable
      properties. Ranging in density from about 1.3 to about 3.8, and preferably
      from about 1.6 to about 3.0, pounds per cubic foot, they have a SAC factor
      generally in excess of 2.4. The "SAC factor" is a measure of support
      provided by cushioning material. In accordance with the test described in
      ASTM D-1564-64T, it is expressed as the ratio of compression load
      deflection at 65 percent to 25 percent deflection. Thus by having a SAC
      factor of over 2.4, the foams of the invention, while being quite flexible
      and soft at the surface, exhibit little or no tendency to bottom out; and
      this property is achieved in the foams of the invention in the absence of
      fillers or other expedients which might alter the basic properties of the
      foam. The foams of the invention are also characterized by good tear
      strength, tensile strength and elongation properties.
PAR  By virtue of the combination of desirable physical porperties
      characterizing the polyurethane foams of the invention, these foams meet
      the rigid requirement set by the automotive industry for making molded
      auto seats. They are also of utility in numerous other cushioning
      applications such as in the manufacture of padding, seat cushions and the
      like.
PAR  The following examples are provided to illustrate the invention.
DETD
PAC  EXAMPLE 1
PAR  A flexible polyurethane foam was prepared from the following ingredients in
      the indicated proportions:
TBL                             Parts                                          

     Ingredients                by Weight                                      

     ______________________________________                                    

     Polyether polyol (1)       100                                            

     Triethylene diamine catalyst composition (2)                              

                                0.6                                            

     Toluene diisocyanate (3)   45.0                                           

     Stabilizing methylene-bridged diaryl                                      

     polyisocyanate (4)         3.0                                            

     Water                      4.0                                            

     Polydimethyl siloxane surfactant (5)                                      

                                0.6                                            

     ______________________________________                                    

PA1  1. This is a 4,625 molecular weight polyether triol prepared by the KOH
      catalyzed oxyalkylation of glycerol first with about 65 moles of propylene
      oxide and then with about 15 moles of ethylene oxide.
PA1  2. This catalyst composition, purchased commercially under the trademark
      "Dabco 33LV", consists essentially of 1/3  triethylene diamine and 2/3
      dipropylene glycol by weight.
PA1  3. This is an isomeric mixture consisting of 80%, 2,4-toluene diisocyanate
      and 20% 2,6-toluene diisocyanate by weight.
PA1  4. This is an isomeric mixture of
      2,4-diisocyanato-isocyanato-phenyl-methane and
      2,6-diisocyanato-isocyanato-phenyl-methane prepared by the condensation
      reaction of phenylisocyanate with an isomeric mixture of
      .alpha.-chloro-2,4-toluene diisocyanate and .alpha.-chloro-2,6-toluene
      diisocyanate.
PA1  5. This surfactant was purchased commercially under the trademark
      "DC-200-5".
PAR  The above ingredients were mixed together and dispensed from a foaming
      machine into a square cardboard box. The foaming reaction took place
      instantly and was completed in less than 3 minutes. A uniform foam product
      was thus obtained which cured at room temperature without exhibiting any
      shrinkage or collapse. After measuring the core density of the foam, its
      physical properties were determined, namely, compression load deflection
      properties and SAC factor (as described above, per ASTM D-1564-64T),
      tensile strength, tear strength and elongation. The latter three
      properties were determined in accordance with the test described in ASTM
      1564-64. The tensile strength, expressed in pounds per square inch, is a
      measure of the minimum tension per unit cross-sectional area, which must
      be exerted on a standard foam sample to cause it to snap or break. The
      tear strength is expressed in pounds per linear inch, and this indicates
      the force necessary to cause a one-inch tear in a standard foam sample.
      Finally the elongation, which is expressed as a percentage of original
      length of the sample, is a measure of the length that the sample can be
      stretched to before it breaks or snaps. The results of all these
      determinations are provided in Table 1 below.
PAC  COMPARATIVE EXAMPLE
PAR  The identical procedure of Example 1 was repeated except that no
      methylene-bridged diaryl polyisocyanate was used, and the proportion of
      toluene diisocyanate was increased to 48 parts in order to provide
      substantially the same proportion of total isocyanate in the reaction
      mixture. The foaming reaction took place instantly and was completed in
      less than 3 minutes. The foam produced, however, collapsed resulting in a
      sample unsuitable for use.
PAC  EXAMPLE 2
PAR  The identical procedure of Example 1 was followed except that 100 parts of
      a 5,340 molecular weight polyether triol prepared by the KOH catalyzed
      oxyalkylation of glycerol first with about 80 moles of propylene oxide and
      then with 15 moles of ethylene oxide was employed as the polyether polyol.
PAR  The resulting foam had a uniform appearance and no shrinkage or collapse
      was observed. The physical properties of the cured foam are provided in
      Table 1 below.
TBL                Table 1                                                     

     ______________________________________                                    

     FOAM PHYSICAL PROPERTIES                                                  

                          Ex. 1  Ex. 2                                         

     ______________________________________                                    

     Density (lbs./cu. ft.) 1.63     1.62                                      

     Compression Deflection                                                    

      Properties (lbs.)                                                        

       at 25% deflection    .19      .15                                       

       at 65% deflection    .49      .38                                       

       SAC Factor           2.51     2.47                                      

     Tensile Strength (lbs./sq. in.)                                           

                            10.62    11.07                                     

     Tear Strength (lbs./linear in.)                                           

                            0.89     1.04                                      

     Elongation (%)         100      130                                       

     ______________________________________                                    

PAL  Examples 1 and 2 show that polyurethane foam can be produced having high
      resilient properties at a density below 2.0 lbs./cu. ft. and which is
      stable against shrinkage or collapse by employing methylene-bridged diaryl
      polyisocyanates as stabilizers.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for preparing polyurethane foam from a reaction mixture
      comprised of an organic polyisocyanate, a polyether polyol reactant
      characterized by (1) a molecular weight of at least about 4,000, (2) an
      aliphatic alcohol nucleus having from about 2 to about 8 hydroxyl groups,
      (3) polyoxyalkylene chain segments attached to said nucleus, and (4) a
      ratio of primary to secondary hydroxyl end groups ranging from about 1.5:1
      to about 5.5:1, a foaming agent and a reaction catalyst, the improvement
      which comprises including in said reaction mixture a foam stabilizing
      proportion of a methylene-bridged diaryl polyisocyanate of the formula:
      ##EQU4##
      wherein R.sub.1 is NCO or halogen, and R.sub.2 is H or an alkyl having 1-4
      carbon atoms,
PA1  with the proviso that when R.sub.1 is halogen, R.sub.2 is an alkyl having
      1-4 carbon atoms.
NUM  2.
PAR  2. A polyurethane foam prepared by the process of claim 1.
NUM  3.
PAR  3. The process of claim 1 wherein said polyether polyol has a molecular
      weight of from about 4,500 to about 7,000 and in which said ratio of
      primary to secondary hydroxyl end groups ranges from about 2:1 to about
      5:1.
NUM  4.
PAR  4. The process of claim 3 wherein said organic polyisocyanate is toluene
      diisocyanate.
NUM  5.
PAR  5. The process of claim 4 wherein said methylene-bridged diaryl
      polyisocyanate is an isomeric mixture selected from the group consisting
      of a mixture of 2,4- and 2,6-diisocyanatophenyl-isocyanatophenyl-methane,
      a mixture of 2,4- and 2,6-diisocyanatophenyl-chloromethylphenyl-methane,
      and a mixture of 2,4- and
      2,6-diisocyanatophenyl-chloroethylphenyl-methane.
NUM  6.
PAR  6. The process of claim 5 wherein said foam stabilizing proportion ranges
      from about 1 to about 5 parts per 100 parts by weight of said polyether
      polyol.
NUM  7.
PAR  7. A polyurethane foam prepared by the process of claim 6.
NUM  8.
PAR  8. The process of claim 1 wherein said methylene-bridged diaryl
      polyisocyanate is represented by one of the following two formulas or a
      mixture thereof:
      ##EQU5##
      wherein, as applied to each of said formulas, R.sub.1 is NCO or chlorine
      and R.sub.2 is H, methyl or ethyl with the proviso that when R.sub.1 is
      chlorine, R.sub.2 is ethyl or methyl.
NUM  9.
PAR  9. A polyurethane foam prepared by the process of claim 8.
NUM  10.
PAR  10. The process of claim 8 wherein said methylene-bridged diaryl
      polyisocyanate is an isomeric mixture selected from the group consisting
      of
PA1  a mixture of 2,4- and 2,6-diisocyanatophenyl-isocyanatophenyl-methane,
PA1  a mixture of 2,4- and 2,6-diisocyanatophenyl-chloromethylphenyl-methane,
PA1  a mixture of 2,4- and 2,6-diisocyanatophenyl-chloroethylphenyl-methane.
NUM  11.
PAR  11. The process of claim 9 wherein said polyether polyol is an
      oxypropylated, oxyethylated aliphatic triol having a molecular weight of
      from about 4,500 to about 6,600 and in which said ratio of primary to
      secondary hydroxyl end groups ranges from about 3:1 to about 4.5:1.
NUM  12.
PAR  12. The process of claim 10 wherein said organic polyisocyanate is an
      isomeric mixture of 2,4- and 2,6-toluene diisocyanate in which the weight
      ratio of the 2,4-isomer to the 2,6-isomer is from about 60:40 to about
      90:10.
NUM  13.
PAR  13. The process of claim 12 wherein said aliphatic triol is glycerol or
      trimethylolpropane.
NUM  14.
PAR  14. The process of claim 13 wherein said reaction catalyst is a mixture of
      triethylene diamine and dipropylene glycol having a weight ratio of from
      about 1:2 to about 1:4 of said triethylene diamine to said dipropylene
      glycol.
NUM  15.
PAR  15. A polyurethane foam produced by the process of claim 11.
NUM  16.
PAR  16. The process of claim 14 wherein said methylene-bridged diaryl
      polyisocyanate is an isomeric mixture of 2,4- and
      2,6-diisocyanatophenyl-isocyanatophenyl-methane.
NUM  17.
PAR  17. A polyurethane foam produced by the process of claim 16 having a
      density of from about 1.3 to about 3.8 pounds per cubic foot.
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PAL  Release coating compositions for pressure sensitive adhesive articles,
      characterized by their excellent properties of remaining migration-free,
      without the use of an organic solvent, and, that of their ability to be
      readily separated from the adhesive layer without contaminating the same.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to release coating compositions for pressure
      sensitive adhesives. More particularly, this invention relates to
      thermosetting, resinous release coating compositions which do not employ
      organic solvents. Said compositions are characterized by their ability to
      provide for the rapid peeling of cover sheets from labels and the like
      and, for the rapid unwinding of tapes and other adhesive bearing materials
      in roll form.
PAR  As is known in the art, the use of pressure sensitive adhesives and, at
      times, that of non-pressure sensitive adhesives calls for the use of a
      release coating. In the case of the pressure sensitive materials, if tape,
      the release coating is applied to the side opposite that to which the
      adhesive layer is affixed, or, if in sheet form whether label or bandaid
      or "contact paper" or the like, the release coating is applied to that
      side of the protective cover sheet which comes in contact with the
      adhesive layer.
PAR  Conventional release coating compositions are usually film forming
      substances or solutions essentially comprised of a solvent, a release
      agent, and, at times, one or more optional additives. Among the more
      prevalent conventional release coating compositions are included those
      which are essentially comprised of a thermosetting silicone resin
      dissolved in an organic solvent such as toluene or xylene or the like.
      Release coating compositions of this type have proven quite useful in
      providing for the rapid release of cover sheets of labels and the like
      and, for the easy unwinding of tapes and other adhesive bearing articles
      in rolled form. However, they often present problems such as fire hazards
      and pollution, due to the presence of the solvent, and, in particular, the
      transfer or migration of the silicone into the adhesive layer. This
      undesired occurrence of silicone migration, which usually happens during
      storage of the coated product, is especially evidenced by a significant
      decrease in adhesive strength, due to the contamination of the adhesive
      layer.
PAR  Heretofore various efforts have been put forth to overcome the silicone
      migration problem. For example, a well known method is to first coat the
      cover sheet or interleave liner or the back side (non-adhesive bearing
      side) of the tape substrate with an anchor layer prior to applying the
      release coating. Another method is to use extremely low amounts of
      silicone and increased amounts of surfactants. Though such methods have
      proven to be somewhat successful, they are, in some respects, impractical
      or of limited usefulness. For instance, the use of an anchor layer
      presents an added cost factor and calls for the additional steps of
      preparation and coating. On the other hand, the use of too low an amount
      of the release agent, i.e., lubricant with increased amounts or
      surfactants, may result in inadequate or very poor separation from the
      adhesive layer and concomitant surfactant migration. For the foregoing
      reasons, there exists a need for a release coating composition which does
      not call for the use of an organic solvent and is capable of overcoming
      the inherent shortcomings of the prior art compositions.
PAC  SUMMARY OF THE INVENTION
PAR  Thus, it is the prime object of this invention to provide aqueous coating
      compositions which are useful as release coatings for pressure sensitive
      adhesives. It is a further object of this invention to provide release
      coating compositions which are characterized by their ability to be
      rapidly and cleanly separated from the adhesive layer. It is still a
      further object of this invention to provide an economic means for
      providing a release coating composition for pressure sensitive adhesives.
PAR  Various other objects and advantages of this invention will become apparent
      from the following description thereof.
PAR  We have now discovered that aqueous release coating compositions capable of
      overcoming the aforementioned problems can be prepared by incorporating a
      relase promoting compound into a thermally curable aqueous polymer system.
      More precisely, we have now found that aqueous release coating
      compositions comprising a film forming aqueous vinyl type polymer system
      which is capable of being crosslinked and a release promoting compound
      overcome the aforementioned problems of silicone migration and the
      concomitant reduction in the effectiveness of the adhesive. The films
      derived from these emulsions are free from grit and are readily
      crosslinked upon being heated. The resulting essentially surfactant-free
      and solvent-free films are rigid and are not prone to cold flow. In
      addition, the crosslinked films are particularly outstanding in regard to
      their ability to provide for the rapid release and easy unwinding of
      materials bearing pressure sensitive adhesives.
PAR  In brief, the novel aqueous release coating compositions of our invention
      essentially consist of two components, a hydrocolloid stabilized-aqueous
      emulsion of a crosslinkablevinyl type polymer and a release promoting
      compound; it being essential in the preparation of our compositions to
      make use of the hydrocolloid as the main emulsifier or protective colloid.
      In a varied aspect in the preparation of the polymers useful in the
      practice of this invention, a crosslinkable comonomer may be incorporated
      in the polymerizable mixture or a thermosetting resin may be subsequently
      admixed with the latex and the release promoting compound as described
      hereinafter.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In accordance with this invention, the novel aqueous release coating
      compositions are prepared by admixing the latex and the release promoting
      compound in an amount of from about 0.5 to about 20 per cent, by weight,
      of the total solids contained in the latex. The mixing process is
      ordinarily carried out at ambient temperature, except when the release
      promoting compound is added, at any time, during the polymerization of the
      monomeric system which is utilized to form the latex. In the instance of
      such a varied method of preparation, wherein the monomeric system also
      contains a crosslinkable comonomer, the complete composition is obtained
      when polymerization is completed.
PAR  Polymers which may be used in the process of our invention include vinyl
      acetate homopolymers; copolymers of vinyl acetate with any ethylenically
      unsaturated comonomer such as, for example, the copolymers containing
      vinyl acetate in combination with alkyl esters of alpha-unsaturated
      carboxylic acids, having from 2 to 18 carbon atoms in the alkyl group,
      e.g. methyl acrylate, methyl methacrylate, ethyl acrylate, ethyl
      methacrylate, butyl acrylate, etc.; copolymers of vinyl acetate with
      dialkyl esters of alpha-unsaturated dicarboxylic acids, e.g. maleic,
      fumaric, and itaconic acids, wherein the alkyl groups contain from 1 to 8
      carbon atoms; copolymers of vinylacetate and ethylene; copolymers of
      styrene and alkyl acrylates wherein the alkyl groups contain from 1 to 18
      carbon atoms; copolymers of vinyl chloride and vinyl acetate or alkyl
      acrylates and three component interpolymers of vinyl acetate, an alkyl
      ester of alpha-unsaturated carboxylic acid, and an alpha-unsaturated
      carboxylic acid; copolymers of vinylidene chloride and vinyl chloride or
      an alkyl (C.sub.1 -C.sub.18) acrylate or methacrylate.
PAR  The monomer phase used in preparing the vinyl acetate homo- or copolymer
      latices of this invention may comprise between 10 and 100 per cent, by
      weight, of vinyl acetate. The monomer phase used in preparing the styrene
      and alkyl acrylate copolymer latices useful in the practice of this
      invention may comprise between 20 and 65 per cent, by weight, of styrene.
      In the instance of the vinyl acetate based polymers, the remaining portion
      of the monomer phase may comprise from 0 to 90 per cent, by weight, of one
      or more ethylenically unsaturated comonomers, and optionally, a
      crosslinkable comonomer. In the instance of the styrene based polymer, the
      remaining portion may comprise, in addition to the alkyl acrylate, between
      0 and 5.0 per cent, by weight, of a crosslinkable comonomer.
PAR  As mentioned above, the monomer phases herein may also contain a
      crosslinkable comonomer capable of undergoing further reaction after the
      latex is applied. Suitable materials include acrylamide, the N-alkylol,
      alkyl, and alkylether derivatives of acrylamide wherein the alkyl groups
      contain from 1 to 8 carbon atoms; hydroxypropyl (ethyl) acrylate and
      methacrylate, glycidyl acrylate, methacrylate, and alpha ether generally
      unsaturated carboxy compound, etc. An example of a monomer phase in which
      a crosslinkable comonomer is employed would be that of vinyl acetate and
      N-methylol acrylamide. Such a copolymer will ordinarily be prepared so as
      to contain from about 84 per cent to about 99.5 per cent, by weight, of
      vinyl acetate and from about 16 per cent to about 0.5 per cent, by weight,
      of N-methylol acrylamide. These copolymer emulsions may be crosslinked,
      i.e., cured, when heated or, when acid catalyzed.
PAR  Although our vinyl acetate: N-methylol acrylamide copolymers will
      ordinarily comprise the reaction product of the two respective comonomers
      polymerized at a particular ratio within the range mentioned above, it is
      preferred that these copolymers should contain from about 6 per cent to
      about 2 per cent, by weight, of N-methylol acrylamide. It should also be
      noted that although the use of minor amounts of other comonomers, such as
      acrylates, maleates, fumarates, and various vinyl esters, etc. are not to
      be excluded from the useful copolymer emulsions, we prefer, however, to
      restrict ourselves to the exclusive use of vinyl acetate as the comonomer
      for the N-methylol acrylamide.
PAR  In actually preparing these polymers, the practitioner may employ any of
      the aqueous emulsion polymerization techniques well known to those skilled
      in the art. These techniques generally involve the reaction of an aqueous
      emulsion of the respective monomers in the presence of a free radical type
      catalyst and, at times, other functional ingredients with the added
      provision, as necessitated by the process of our invention. Although
      various other colloids such as hydroethyl cellulose, polymethylvinyl ether
      of maleic anhydride, polyacrylamide and the like may be used, it is
      preferred that polyvinyl alcohol is employed as the sole emulsifying
      agent. Non-volatile buffers or salts are preferably omitted so as to
      eliminate the presence of any fixed basic salts which would ordinarily
      retard the crosslinking of the resulting polymers.
PAR  Since it is necessary that the polymers useful in the practice of this
      invention be capable of forming a film within the temperature range within
      which they are dried, the glass transition temperature (Tg C.degree.) is
      an important property. For the purposes of this invention, it is required
      that the useful polymers display a Tg C.degree. which is greater than
      0.degree.C., but less than 60.degree.C. Tg C.degree. is a measure of a
      polymer's softness or hardness, wherein higher temperatures indicate a
      harder polymer, and lower temperatures indicate a softer polymer. This
      conventional criterion of polymer hardness or softness is described by
      Flory in "Principles of Polymer Chemistry," pp.  56 and 57 (1953), Cornell
      University Press.
PAR  In a varied aspect of this invention, wherein the monomeric composition of
      the latex does not contain a self crosslinking comonomer, a thermosetting
      resin may be incorporated in the latex and release agent mixture. Among
      the resins useful for this purpose are included: urea-formaldehyde,
      melamine formaldehyde, alkyd resins, etc. Said thermosetting resins are
      preferably applied in the form of solutions.
PAR  The second essential component required for the preparation of the novel
      compositions disclosed herein is the release promoting compound.
PAR  Among the release agents useful in the practice of this invention are
      included the organosilicone compounds such as:
PAR  1. the dimethyl polysiloxanes of which our analyses indicated the structure
      to be best represented by the following general formula:
      ##EQU1##
      wherein R may be hydrogen or an aryl group or a higher alkyl group having
      from 1 to 20 carbon atoms or an alkyl substituted aryl group; and x, y,
      and z are integers ranging from 1 to 4. Such compounds are often made
      commerically available as easily emulsified fluids which have viscosities
      ranging from about 7.0 to about 60,000 cps at 25.degree.C. Examples of
      such products are the L-522 and L-45 silicone fluids manufactured by Union
      Carbide Corporation;
PAR  2. the chemically reactive, water-soluble, Wernertype complexes in which a
      chromium nucleous is coordinated with a fatty acid, such as those
      compounds represented by the following general structural formula:
      ##EQU2##
      wherein R represents a fatty acid group, having at least 12 carbon atoms.
      Examples of such compounds are chromium stearato chloride and the various
      other compounds sold commercially in alcoholic solution by the E.I. DuPont
      de Nemours & Co. under the trade "Quilon";
PAR  3. the water-soluble, fluorocarbon-Werner complexes which contain a
      nonpolar head portion which contains a sulfonamido group and are
      represented by the following general structural formula:
      ##EQU3##
      wherein n is from 4 to 15; R is a divalent alkyl group having from 1 to 5
      carbon atoms, and W is an active hydrogen-reactive Werner complex in which
      a chromium nucleous is coordinated with a carboxylic acido group. Though
      the exact structure of said Werner complex is not known with certainty, it
      is believed to be best represented by the following formula:
      ##EQU4##
      Examples of the compounds defined by the foregoing general structures are
      the FC-805, a water soluble fluorochemical. The commercially available
      water dispersible fluorochemical resin emulsion, FC808, is also useful.
      Both of these are products of the Minnesota Mining and Manufacturing
      Company.
PAR  4. The organofunctional silicones such as silicone polycarbinol, mercapto
      silicone, carboxy silicone, chloroalkyl silicone, vinyl silicone, and such
      other compounds are also useful. The structures of such compounds are
      represented by either of the following two basic formulas:
      ##EQU5##
      IV(b) a graft polymer type such as
      ##EQU6##
      wherein R is an organic spacer, R' is an alkyl or an alkoxy group, and X
      is an organic reactive group including: alcohol, mercaptan, amine,
      carboxylic acid chloroalkyl and vinyl. Examples of the compounds defined
      by either of the two foregoing structural formulas are the silicone fluid
      products of the Dow Corning Corporation.
PAR  In the practice of this invention, it is preferred that a dimethyl
      polysiloxane, having a structure similar to that defined by Structure I,
      hereinabove, be used as the release promoting compound. It is also
      preferred that said compound be utilized with a vinyl acetate: N-methylol
      acrylamide copolymer, in an amount ranging from about 0.5 to about 10 per
      cent, by weight of the solids contained in said copolymer emulsion. Said
      copolymer is to preferably contain from about 6 to about 2 per cent, by
      weight, of N-methylolacrylamide.
PAR  The release coating compositions of this invention should be formulated,
      blended, applied, and cured so as to ensure their rapid, smooth separation
      from the adhesive layer. As previously mentioned, the release promoting
      material is blended with the film forming latex, at a concentration within
      the prescribed range. The thoroughly blended coating composition is first
      applied to either the back side (non-adhesive bearing side) of a tape
      substrate or to the face side of a cover sheet which is placed in face to
      face contact with the adhesive layer and, then dried and cured.
PAR  If desired, conventional non-chemically functional additives may be
      incorporated into the novel release coating compositions of this
      invention. Among these additives may be included: fillers such as finely
      ground polymer resins; pigments such as titanium dioxide, barium sulphate
      and the like; and dyes, preferably transparent, such as Brilliant Violet
      B, Fast Red 8 BLX, etc.
PAR  In using the novel aqueous release coating compositions to protect the
      adhesive layer of masking or adhesive tape or a pressure sensitive
      adhesive bearing article in sheet form such as a label or decal, etc.,
      said compositions may be applied to their respective substrates by means
      of any conventional coating technique. Since the adaptability of a
      suitable method of coating, not withstanding the viscosity of the
      composition, will depend, to some extent, on the shape or form of the
      substrate, selection of a particular technique is left to the
      practitioner. Thus, the novel release coating compositions may be sprayed
      onto a selected substrate or they may be applied by use of any mechanical
      coating method such as air knife, trailing blade, knife coater, reverse
      roll, etc.
PAR  The release coating compositions of this invention may usually be coated at
      ambient or room temperature, i.e., 20.degree.C. The practitioner may
      desire to adjust the viscosity of a particular composition to facilitate
      coating. The specific method selected for this purpose and the feasibility
      thereof will depend considerably on the rheological properties of the
      composition. The present aqueous release coating compositions are
      generally applied at coating weights ranging from about 4 to about 12
      pounds, preferably from about 7.5 to about 8.5 pounds per ream (3000
      square feet). In general, the coating weights at which these compositions
      will be applied will, of course, Vary according to, inter alia, the
      composition utilized.
PAR  Our release compositions may be coated onto a virtually unlimited variety
      of substrates, including paper, cloth, paperboard, metal sheets and foils,
      foamed plastics, rubber, cellophane, and plastic films and sheets such as
      those derived from polyethylene terephthalate, polystyrene, rubber
      hydrochloride, polyvinyl chloride, and any other substance where there is
      sufficient adhesion to the coated film. Moreover, these novel release
      coating compositions may be utilized with any conventional pressure
      sensitive adhesives. Such adhesives usually, essentially consist of a film
      forming elastomeric material which may be natural or synthetic such as a
      polymer of butadiene or isobutylene or isoprene and the like or a
      polyvinyl ether (C.sub.1 -C.sub.4) or a copolymer of styrene and butadiene
      or acrylonitrile and butadiene, or copolymers of acrylates and
      polyacrylates and other synthetic, or natural rubbers, etc.; and a
      tackifying material such as a hydrocarbon resin or a rosin ester or the
      like.
PAR  Subsequent to application, regardless of whether to a cover sheet or to the
      back side of a tape substrate, the film is dried and then cured by
      heating. The drying step is carried out by simply placing the coated
      substrate in oven set at a temperature from about 100.degree.C., for a
      period of about 25-30 seconds. In order to cure (crosslink) the release
      coating compositions of this invention, it is merely necessary to expose
      the coated film to a temperature ranging from about 195.degree.C. to about
      210.degree.C. over a period of about 1 minute. The practitioner will
      recognize that the selection of a specific heating temperature and the
      duration thereof will depend, for the most part, on the composition of the
      particular latex and the film thickness. Nevertheless, it is preferred
      that in those cases wherein a vinyl acetate: N-methylol acrylamide
      copolymer is utilized the heating process should be carried out at
      105.degree.C. over a period of approximately 30 seconds.
PAR  The following examples will further illustrate the embodiments of our
      invention. Unless specified otherwise, all amounts are given in terms of
      parts, by weight, on a dry basis.
DETD
PAC  EXAMPLE I
PAR  This example illustrates the preparation of a release coating composition
      and its usefulness on tape bearing a conventional, pressure sensitive
      adhesive layer. Said composition was prepared, using a polyvinyl acetate
      homopolymer, in combination with a commercially available thermosetting
      agent and a silicone release promoting compound. This example also
      illustrates the necessity of a crosslinking agent.
PAR  To make the above-described composition, 5 parts of L522 (a commercial
      polysiloxane product of the Union Carbide Corporation) and 1 part of
      "Uformite MM83" (a melamite formaldehyde resinous product of Rohm and
      Haas) were slowly admixed with 94 parts of a polyvinyl alcohol stabilized
      polyvinyl acetate homopolymer (weight percent solids) and 25.95 grams of
      water contained in a beaker. These ingredients were thoroughly stirred to
      ensure homogeneity. Thereafter portions of the resulting compositions and
      of two especially designed controls, A and B, were similarly coated onto
      the back sides of several strips of tape and tested for their release
      properties in the manners set forth hereinbelow.
PAR  Control A consisted of a blend of 95 parts of the above-described
      homopolymer, 5 parts of the above-described L522, and 25.95 grams of
      water. Control B merely consisted of the latex binder, namely the
      polyvinyl alcohol stabilized polyvinyl acetate homopolymer. The tests were
      conducted as follows:
PAR  A layer of the above-described test composition and layers of the two
      above-described controls were each applied to the non-adhesive sides of
      several 12 inch strips of standard masking tape by means of a wire-wound
      rod. All of the applications were made in such a manner so as to yield dry
      coating weights equivalent to that of about 8 pounds per 3000 square feet.
      The thusly coated strips were placed in an oven set at 105.degree.C. for
      30 seconds to remove any residual water therefrom and, then placed in an
      oven set about 204.degree.C. for 1 minute.
PAR  The unwind adhesion properties of the dried and cured test sample
      composition and those of the now thoroughly dried control compositions
      were determined by employing the standard procedure outlined in PSTC-8,
      published by the Pressure Sensitive Tape Council and issued in September,
      1955, and as revised in April, 1966. In accordance with this procedure,
      several 12 inch strips of the above-described masking tape were adhered to
      the surface of a stainless steel plate, and then a second strip of said
      masking tape was pressed directly over each of the first strips in a
      manner similar to the convolutions of rolled tape. The second strip, with
      its adhesive side down, was then mechanically delaminated by means of an
      Instron Testing Machine (Model No. T.T.C.) from that side of the first
      strip on which the release coating composition had been applied. Said
      machine measured the force required to remove the second strip from the
      first which remained adhered to the stainless steel plate. The results of
      the initial test and those similarly obtained after storage for 18 hours
      and also after 12 days at about 65.5.degree.C. and about 95 percent
      relative humidity are presented hereinbelow in terms of psi (pounds per
      square inch).
PAR  The "180 Peel Adhesion" of the test composition was determined by employing
      the standard procedure outlined in PSTC-1, published by the Pressure
      Sensitive Tape Council and issued in September, 1955, and revised in
      April, 1966. In accordance with this procedure, a 5 by 1 inch portion of
      the specimen, adhesive side down, is applied to a polished stainless steel
      plate by means of a roller and thereafter mechanically pulled therefrom,
      at a uniform rate of 12 inches per minute by means of an Instron Testing
      Machine. Said stainless steel plate had been thoroughly cleaned by
      immersion in hot mineral spirts (Grade I of TT-T-291) and scrubbed with a
      clean absorbent material before and after immersions in boiling 95 percent
      methanol and in boiling absolute methanol. The test results of an initial
      test and those obtained after 18 hours and after 12 days, at
      65.5.degree.C. and at a relative humidity of about 95 percent, were
      recorded in terms of ounces per one (1) inch width to the nearest ounce.
      The results of this test and those of the unwind adhesion test are set
      forth below in Table No. 1.
TBL                                    Table No. 1                             

     __________________________________________________________________________

     Material                                                                  

            Unwind Adhesion  180.degree. Peel Adhesion                         

     Tested Initial                                                            

                 18 Hour                                                       

                       12 Days                                                 

                             Initial                                           

                                  18 Hour                                      

                                        12 Days                                

     __________________________________________________________________________

     Control A                                                                 

            0    0     0     0    0     0                                      

     Control B                                                                 

            0    0.60  0     0     9.6  0                                      

     Test                                                                      

      Sample                                                                   

            0.12 0.38  0.42  28.0 24.0  23.2                                   

     __________________________________________________________________________

PAR  The data summarized above clearly indicates that in order to obtain any
      measurable release properties at all, it is necessary that the latex
      binder be self-crosslinking or have a thermosetting resin incorporated
      therewith and, also that a release promoting compound be present. The
      absence of any release properties in all cases wherein the controls were
      tested, except those of the 18 hour testing of Control B, is reflected by
      the 0 results reported. Such results indicate that considerable tearing
      was encountered.
PAC  EXAMPLES II-V
PAR  These examples illustrate the preparations of a series of release
      compositions, using a polyvinyl acetate copolymer which contained a
      thermosetting resin, in combination with a varied amount of a silicone
      release promoting compound. It further illustrates the usefulness of said
      compositions as a release coating composition for the mastic layer of a
      pressure sensitive tape.
PAR  To make each of four sample compositions, II, III, IV, and V, a varied
      amount of a silicone release promoting compound similar to that employed
      in the test sample of Example I was slowly stirred into a reciprocal
      amount of a vinyl acetate: N-methylol acrylamide copolymer emulsion
      required to make 100 parts, by weight, of the particular composition. The
      copolymer emulsion utilized herein was similar to and prepared in the same
      manner as that disclosed in Example 1 of assignee's U.S. Pat. No.
      3,301,809. Portions of each of the above-described test sample
      compositions and of an appropriate control were processed and thereafter
      tested for their release properties by the methods respectively outlined
      therefor in Example 1, hereinabove. Said control consisted of merely the
      vinyl acetate: N-methylolacrylamide copolymer emulsion utilized as the
      binder in each of the test sample compositions. The respectively varied
      amounts of L522 polysiloxane and the corresponding test results are set
      forth in Table No. 2 below.
TBL                                    Table No. 2                             

     __________________________________________________________________________

               Unwind Adhesion                                                 

                            180.degree. Peel Adhesion                          

     Material                                                                  

          Amount    18  12       18  12                                        

     Tested                                                                    

          of L522                                                              

               Initial                                                         

                    Hour                                                       

                        Days                                                   

                            Initial                                            

                                 Hour                                          

                                     Days                                      

     __________________________________________________________________________

     Control                                                                   

          --   0    0   0   0    0   0                                         

     Sample                                                                    

     II   0.5  0.17 0.42                                                       

                        0.30                                                   

                            21.0 24.0                                          

                                     23.2                                      

     Sample                                                                    

     III  2.0  1.05 1.25                                                       

                        1.60                                                   

                            21.0 19.0                                          

                                     22.0                                      

     Sample                                                                    

     IV   5.0  1.05 --  1.50                                                   

                            32.0 --  28.0                                      

     Sample                                                                    

     V    10.0 0.75 --  0.85                                                   

                            32.0 --  37.0                                      

     __________________________________________________________________________

PAR  The data presented above clearly shows the wide range in which the
      concentration of the release promoting compound can be varied in the
      preparation of the novel aqueous release coating compositions of this
      invention. Again, the omission of a release promoting compound in the
      control resulted in tearing in all cases.
PAC  EXAMPLE VI
PAR  This example illustrates the preparation of a release coating composition,
      using a polyvinyl acetate copolymer in combination with a chemically
      reactive, water-soluble, Werner-type complex such as that defined
      hereinabove by general structural formula II.
PAR  The procedural steps outlined in Examples II-V, for the preparation of the
      test samples were repeated, except herein 0.5 parts of Quilon C, a
      commercial product of the DuPont Company was utilized as the release
      promoting compound. When portions of the resulting composition were
      coated, dried, cured, and tested in the manners respectively set forth in
      Example I, the following results were obtained:
TBL  Unwind Adhesion  180.degree. Peel Adhesion                                

     Initial                                                                   

          18 Hour                                                              

                12 Days                                                        

                      Initial                                                  

                           18 Hour                                             

                                 12 Days                                       

     __________________________________________________________________________

     1.85 1.7   2.8   56   50     50                                           

     __________________________________________________________________________

PAR  The outstanding release properties of this composition are reflected by the
      test results presented above.
PAC  EXAMPLE VII
PAR  This example illustrates the usefulness of a relatively greater amount of a
      chemically reactive, Werner-type complex in the preparation of a release
      coating composition.
PAR  The procedural steps outlined in Examples II-V, for the preparations of the
      test samples, were again repeated, except herein 10 parts of Quilon C was
      utilized as the release promoting compound. When this composition was
      similarly processed and tested as were the preceding test samples, the
      test results, except those obtained after 12 days storage, were comparable
      to those of the test sample in Example VII. In the latter instances of
      both the Unwind Adhesion and the 180.degree. Peel Adhesion tests,
      considerable brittleness was encountered. This phenomena merely indicated
      an excess of the release promoting compound in this particular
      composition.
PAC  EXAMPLE VIII
PAR  This example illustrates the usefulness of a watersoluble fluorochemical in
      the preparation of a release coating composition, in accordance with this
      invention.
PAR  The procedural steps outlined in Example VI were again repeated, except
      herein 1 parts of FC805, a commercial, water-soluble fluorochemical
      manufactured by the Minnesota Mining and Manufacturing Co., was added to
      99 parts of the vinyl acetate and N-methylol acrylamide copolymer
      emulsion. Upon being processed and tested in the respective manners set
      forth in Example I, the resulting cured composition displayed the
      following release properties:
TBL  Unwind Adhesion  180.degree. Peel Adhesion                                

     Initial                                                                   

          18 Hour                                                              

                12 Days                                                        

                      Initial                                                  

                           18 Hour                                             

                                  12 Days                                      

     __________________________________________________________________________

     0.65 1.27  1.20  20   19     21                                           

     __________________________________________________________________________

PAR  As clearly indicated by the data presented above, the water soluble,
      fluorocarbon-Werner complexes such as those defined by general structural
      formulas III and IIIa, are quite useful in the practice of this invention.
      The usefulness of such compounds was further illustrated, when comparable
      results were similarly obtained by testing a cured composition which
      comprised 3 parts of "FC805" and 97 parts of the vinyl acetate and
      N-methylol acrylamide copolymer emulsion.
PAC  EXAMPLE IX
PAR  This example illustrates the preparation of a release coating composition,
      using a polyvinyl acetate copolymer which contained a thermosetting agent,
      in combination with a silicone release agent added during polymerization.
      It further illustrates the improved release and adhesion properties
      realized upon using said composition.
PAR  To make the above-described composition, 5 parts of a commercially
      available silicone fluid similar to that described in Example I, were
      slowly stirred into a polymerization reaction mixture which essentially
      consisted of the ingredients required to make 95 parts of a vinyl acetate
      (ViAc) and N-methylol acrylamide (NMA) copolymer emulsion in the manner
      taught in Example I of assignee's U.S. Pat. No. 3,301,809. When tested by
      the methods outlined in Parts II and III of Example I, the resulting cured
      composition showed the following release coating properties:
TBL  Unwind Adhesion  180.degree. Peel Adhesion                                

     Initial                                                                   

          18 Hour                                                              

                12 Days                                                        

                      Initial                                                  

                           18 Hour                                             

                                 12 Days                                       

     __________________________________________________________________________

     0.86 0.95  0.72  18   14    10                                            

     __________________________________________________________________________

PAR  The data summarized above clearly indicates the usefulness of an in-situ
      method and the feasibility thereof in the preparation of the novel release
      coating compositions disclosed herein. As shown, the release properties of
      the resulting cured composition were comparable to those of the test
      samples of the preceding examples.
PAC  EXAMPLES X-XII
PAR  These examples illustrate the usefulness of various protective colloids in
      the preparations of the aqueous release coating compositions typical of
      this invention.
PAR  To make each of three sample compositions, X, XI, and XII, 2 parts of a
      silicone release promoting compound similar to that employed in Example I
      were slowly admixed with 98 parts of a vinyl acetate and N-methylol
      acrylamide copolymer which had been prepared in a manner similar to that
      taught in Example I of assignee's U.S. Pat. No. 3,301,809, using a
      particular hydrocolloid as a stabilizer in lieu of polyvinyl alcohol.
      Portions of each the thusly prepared sample compositions were processed
      and thereafter tested for their release properties by the methods
      respectively set forth in Example I. The particular hydrocolloid used in
      each composition and the corresponding test results are presented below in
      Table No. 3.
TBL                                    Table No. 3                             

     __________________________________________________________________________

           Hydro-                                                              

                 Unwind Adhesion                                               

                              180 Peel Adhesion                                

     Material                                                                  

           colloid    18  12       18  12                                      

     Tested                                                                    

           Used  Initial                                                       

                      Hours                                                    

                          Days                                                 

                              Initial                                          

                                   Hours                                       

                                       Days                                    

     __________________________________________________________________________

     Sample X                                                                  

           Hydroxy-                                                            

                 1.4  0.4 0.15                                                 

                              34   24  31                                      

           ethyl                                                               

           cellulose                                                           

     Sample                                                                    

           polymethyl                                                          

                 0.08 0.35                                                     

                          0.13                                                 

                              31   26  24                                      

     XI    vinyl ether                                                         

           of maleic                                                           

           anhydride                                                           

     Sample                                                                    

           Polyacryl-                                                          

                 0.07 0.4 0.14                                                 

                              30   26  28                                      

     XII   amide                                                               

     __________________________________________________________________________

PAR  The data summarized above clearly indicates that various hydrocolloids can
      be utilized in the same manner as the polyvinyl alcohol as the main
      emulsifier or protective colloid of the latex binders of the aqueous
      release coating compositions of this invention. Furthermore, the data
      illustrates the ability of the coating compositions, prepared with latex
      binders containing a particular hydrocolloid, to display the desired
      release properties.
PAC  EXAMPLE X
PAR  This example illustrates the effectiveness of the present novel, aqueous
      release coating compositions, when applied at varied coating weights.
PAR  A release coating composition similar to that of Test Sample II in Examples
      II-V, hereinabove, was prepared, coated as varied coating weights,
      processed, and tested for release properties in the respective manners
      outlined in Example I. The coating weights were varied from 4 to 12 pounds
      per 3000 square foot ream. The results obtained upon testing the cured
      compositions are presented below in Table No. 4.
TBL                                    Table No. 4                             

     __________________________________________________________________________

     Coating Weight of                                                         

                Unwind Adhesion                                                

                             180 Peel Adhesion                                 

     Test Specimen   18  2        18  2                                        

     (lbs./ream)                                                               

                Initial                                                        

                     Hours                                                     

                         Days                                                  

                             Initial                                           

                                  Hours                                        

                                      Days                                     

     __________________________________________________________________________

     4          0.64 1.25                                                      

                         1.40                                                  

                             15.2 15.7                                         

                                      13.9                                     

     6          0.64 1.35                                                      

                         1.30                                                  

                             16.1 15.7                                         

                                      13.6                                     

     8          0.74 1.35                                                      

                         1.40                                                  

                             17.6 14.4                                         

                                      13.9                                     

     12         0.70 1.40                                                      

                         1.45                                                  

                             15.7 15.7                                         

                                      16.0                                     

     __________________________________________________________________________

PAR  As indicated by the data, the outstanding release properties of the novel
      compositions disclosed herein are not appreciably altered by significant
      variations in coating weights. In fact, the data illustrates the
      consistent effectiveness of said compositions, despite the use of a
      relatively small amount of release promoting compound, as well as a
      significant variation in the coating weight.
PAR  Summarizing, it is, thus, seen that this invention discloses aqueous
      release coating compositions which, upon being cured, are capable of
      providing excellent release films for pressure sensitive adhesives. Said
      compositions are characterized by their ability to provide for the rapid
      and clean separation of the adhesive layer from the protective cover sheet
      or from the backside of convoluted tape. Furthermore, this invention
      provides an economic means for releasing pressure sensitive adhesives in a
      wide variety of applications wherein the use of such adhesives is called
      for. Variations in proportions, procedures, and materials may be made,
      without departing from the scope of this invention as defined by the
      following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A release coating composition suitable for use with pressure sensitive
      adhesives in rolled form comprising:
PA1  A. a hydrocolloid stabilized aqueous emulsion of a film forming vinyl
      polymer having a T.sub.g of from 0.degree. to 60.degree.C. and selected
      from the group consisting of:
PA1  i. a crosslinkable copolymer from at least one crosslinkable monomer with
      at least one member of the group consisting of vinyl acetate; vinyl
      acetate and at least one member selected from the group consisting of
      C.sub.2 -C.sub.18 alkyl esters of acrylic and methacrylic acid, C.sub.1
      -C.sub.8 dialkyl esters of maleic, fumaric or itaconic acid, ethylene and
      vinyl chloride; styrene and at least one C.sub.2 -C.sub.18 alkyl ester of
      acrylic or methacrylic acid; and vinyl chloride and at least one C.sub.2
      -C.sub.18 alkyl ester of acrylic or methacrylic acid; and
PA1  ii. an emulsion polymer selected from the group consisting of vinyl acetate
      homopolymers; copolymers of vinyl acetate and at least one member selected
      from the group consisting of C.sub.2 -C.sub.18 alkyl esters of acrylic and
      methacrylic acid, C.sub.1 -C.sub.18 dialkyl esters of maleic, fumaric or
      itaconic acid, ethylene and vinyl chloride; copolymers of styrene and at
      least one C.sub.2 -C.sub.18 alkyl ester of acrylic and methacrylic acid;
      and copolymers of vinyl chloride and at least one C.sub.2 -C.sub.18 alkyl
      ester of acrylic and methacrylic acid; said emulsion polymer containing a
      thermosetting resin to effect crosslinking; and
PA1  B. from about 0.5 to 20 percent by weight of the emulsion polymer solids,
      of a release promoting compound selected from the group consisting of:
PA1  i. polysiloxanes of the general formula:
      ##EQU7##
      wherein R is H or an aryl, higher alkyl or alkyl substituted aryl group
      containing less than 20 carbon atoms, and x, y and z are integers ranging
      from 1 to 4; and
PA1  ii. organofunctional silicones of one of the following general formulas:
      ##EQU8##
      wherein R is an organic spacer other than alkyleneoxy or polyalkyleneoxy,
      R' is an alkyl or alkoxy group, X is a reactive member selected from the
      group consisting of hydroxy, mercapto, amino, carboxyl, chloroalkyl, and
      vinyl, and x and y are integers of from 1 to 4.
NUM  2.
PAR  2. The composition of claim 1 wherein said vinyl polymer contains mers from
      a crosslinkable comonomer selected from the group consisting of
      N-methylolacrylamide, acrylamide, hydroxymethylated diacetone acrylamide,
      hydroxymethyl acrylate, hydroxymethyl methacrylate, hydroxyethyl acrylate,
      hydroxyethyl methacrylate, glycidyl acrylate and glycidyl methacrylate to
      effect crosslinking of said polymer.
NUM  3.
PAR  3. The composition of claim 1 wherein said vinyl polymer contains 2 to 6
      percent, by weight of the emulsion polymer solids, of urea-formaldehyde or
      melamine formaldehyde to effect crosslinking of said polymer.
NUM  4.
PAR  4. The composition of claim 1 wherein the hydrocolloid stabilizer is
      selected from the group consisting of polyvinyl alcohol, hydroxyethyl
      cellulose, polymethyl vinyl ether of maleic anhydride and polyacrylamide.
NUM  5.
PAR  5. The composition of claim 1 wherein said part B is present in an amount
      of 0.5 to 10 percent, by weight of the emulsion polymer solids.
NUM  6.
PAR  6. The composition of claim 1 wherein said Part A is comprised of a
      polyvinyl alcohol stabilized vinyl acetate-n-methylolacrylamide copolymer,
      and said Part B is comprised of from 0.5 to 10 percent, by weight of the
      emulsion polymer solids, of a polysiloxane having a structure defined by
      formula I of claim 5 or an organofunctional silicone having a structure
      defined by formula II(a) or II(b) of claim 5.
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PAL  Coating compositions comprising a blend of nitrocellulose and a copolymer
      of 6 to 32 percent by weight ethylene, 36 to 65 percent by weight vinyl
      chloride and 23 to 50 percent by weight vinyl acetate in a solvent system,
      the ratio of nitrocellulose to copolymer being 80:20 to 20:80. Modifying
      resins, e.g., sucrose benzoate, maleic acid resin, etc.; and plasticizers,
      e.g., tris 2,3-dibromopropyl phosphate, di(2-ethylhexyl) phthalate, etc.,
      can be present in the compositions. The coatings possess excellent
      adhesion to various substrates as well as excellent hardness, toughness,
      low temperature flexibility and low flammability.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a coating composition and more particularly, to a
      coating composition comprising a blend of nitrocellulose and an
      ethylene/vinyl chloride/vinyl acetate copolymer.
PAR  2. Description of the Prior Art
PAR  Terpolymer resins prepared from ethylene, vinyl chloride and vinyl acetate
      are either available commercially or are disclosed in patent literature.
      For example, a terpolymer resin containing 25 percent by weight ethylene,
      61 percent by weight vinyl chloride and 14 percent by weight vinyl acetate
      is sold commercially by Air Products and Chemicals, Inc. under the
      tradename Airflex 720 for paint application. This terpolymer is not
      compatible with nitrocellulose. A copolymer resin containing 60 percent by
      weight ethylene and 40 percent by weight vinyl acetate (Du Pont's Elvax
      40) is compatible with nitrocellulose but due to its relatively high
      molecular weight, gives low solids at spray viscosity and has limited
      solubility in many lacquer solvents.
PAR  In U.S. Pat. No. 3,632,542 an emulsion polymerization process is disclosed
      for preparing a dispersion of ethylene, vinyl chloride and a vinyl ester,
      e.g., vinyl acetate. The contents of the dispersion is generally in the
      range of 5 to 25 percent by weight ethylene, 10 to 35 percent by weight
      vinyl chloride and 40 to 85 percent by weight vinyl ester. Such
      compositions when used as surface coating compositions give rise to films
      having improved resistance to hydrolysis by aqueous alkali.
PAR  The aforementioned commercial resins and dispersion do not have reduced
      flammability as well as other improved properties including reduced cost
      when blended with nitrocellulose.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that a coating composition having reduced
      flammability comprises a blend of nitrocellulose and a copolymer
      consisting essentially of 6 to 32 percent by weight ethylene, 36 to 65
      percent by weight vinyl chloride, and 23 to 50 percent by weight vinyl
      acetate in a solvent system, the ratio of nitrocellulose to copolymer
      being 80:20 to 20:80. Modified compositions contain modifying resins
      and/or plasticizers.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The coating composition of this invention comprises a blend of
      nitrocellulose and a copolymer consisting essentially of ethylene, vinyl
      chloride and vinyl acetate. Preferably the compositions contain modifying
      resins and/or plasticizers.
PAR  The copolymers useful in formulating the blend consist essentially of
      ethylene, 6 to 32 percent by weight, vinyl chloride, 36 to 65 percent by
      weight, and vinyl acetate, 23 to 50 percent by weight. At least 23 percent
      by weight of vinyl acetate is necessary to achieve compatibility with the
      nitrocellulose. Toughness and low-temperature flexibility properties of
      the blends are impaired if the ethylene content of the copolymer is less
      than about 6 percent by weight. Hardness is adversely affected if the
      ethylene content exceeds about 32 percent by weight. Vinyl chloride
      content of about 36 percent by weight and higher contributes to reduced
      flammability. Preferably the copolymer composition consists essentially of
      10 to 16 percent by weight ethylene, 50 to 60 percent by weight vinyl
      chloride and 23 to 35 percent by weight vinyl acetate.
PAR  The process used for making the copolymer is not critical provided that a
      soluble product is obtained. Minor amounts, e.g., up to about 3 percent by
      weight of monomers such as acrylic acid, methacrylic acid, etc., can be
      present in the copolymer. Polyfunctional monomers, however, such as
      divinyl succinate, diallyl maleate, ethylene glycol dimethacrylate, etc.,
      have an adverse effect on solubility and therefore should not be included.
      Solution or emulsion polymerization processes, as illustrated by the
      examples below can be used. These polymerization processes are known. A
      suitable emulsion polymerization process is described in U.S. Pat. No.
      3,632,542.
PAR  In the solution preparation of the copolymer, it is preferable to use a
      solvent which can be used as a component of the solvent system used for
      formulating the blend of nitrocellulose and copolymer. By using such a
      solvent system, it becomes unnecessary to isolate the copolymer prior to
      blending with the nitrocellulose. Suitable components for the solvent
      system include aromatic hydrocarbons such as benzene, toluene, xylene;
      aliphatic hydrocarbons such as hexane, heptane, etc.
PAR  In the emulsion preparation of the copolymer, the copolymer must be
      separated from the water prior to blending with nitrocellulose. The water
      can be removed by evaporation from a thin film. Preferably the water is
      removed by azeotropic distillation with a solvent such as xylene to leave
      a solution that can be used directly in making the solution of the blend
      of the nitrocellulose and copolymer.
PAR  The inherent viscosity of the copolymer is below 0.4 dl./g., preferably 0.2
      dl./g. in acetone at 30.degree.C. at a concentration of 0.5 g./100 ml. The
      low inherent viscosity enables the preparation of blend solutions of
      desirably high concentrations, e.g., up to 25 percent solids, that have
      low enough viscosity for spray applications.
PAR  Techniques for preparing copolymers having low inherent viscosity are
      known. The use of chain transfer agents is an effective technique. Useful
      chain transfer agents are xylene, toluene, isopropyl alcohol,
      tetrahydrofuran, dioxane, butyraldehyde, and long chain aliphatic
      mercaptans, i.e., those having 6 to 18 carbon atoms such as hexyl to
      octadecyl mercaptan. Xylene and toluene are particularly useful since they
      also serve as solvents for the blend of nitrocellulose and copolymer.
PAR  The ratio of nitrocellulose to copolymer in the blend may vary from 80:20
      to 20:80. For optimum balance of film properties preferably the ratios are
      40:60 to 60:40.
PAR  Preferred coating compositions contain blends modified by the addition of
      at least one modifying resin and/or plasticizer that are normally used in
      nitrocellulose lacquers. The modifying resin is generally present in up to
      about 12 percent by weight based on the weight of coating composition. The
      plasticizer is generally present in up to about 16 percent by weight based
      on the weight of coating composition. Examples of modifying resins are
      alkyd resins, polyacrylate and polymethacrylate resins, maleic acid
      resins, rosin ester resins, ester gum resins, sucrose benzoate, etc.
      Sucrose benzoate and maleic acid resins are preferred resins. Useful
      plasticizers include di(2-ethylhexyl) phthalate, butyl benzyl phthalate,
      castor oil, tricresyl phosphate, tris 2,3-dibromopropyl phosphate, etc.
      Tris 2,3-dibromopropyl phosphate is a preferred plasticizer. Many of the
      useful resin types and plasticizers are described in "Organic Coating
      Technology," H. F. Payne, Volume 1, John Wiley and Sons, New York, New
      York, 1954.
PAR  For some applications it may be desirable to add one or more auxiliary
      ingredients to achieve certain performance properties, to impart color, to
      use the coating in a specific manner or to use a specific type of
      equipment. Among the useful auxiliary ingredients or additives are
      pigments, dyes, extenders, flatting agents, etc. Generally, the total
      amount of such permissive conventional additives will not exceed about 50
      percent by weight, and preferably will not exceed about 30 percent by
      weight, of the total nonvolatile components of the composition, the
      remainder being nitrocellulose and copolymer of ethylene, vinyl chloride
      and vinyl acetate. In no case, moreover, will such permissive additive be
      employed in an amount which can deleteriously affect to any substantial
      degree the desirable characteristics of the coating composition of
      nitrocellulose and copolymer of ethylene, vinyl chloride and vinyl acetate
      as set forth hereinabove.
PAR  Any of the industrial nitrocellulose grades normally used in lacquers may
      be employed in the blends useful in the coating compositions. The
      viscosity of the nitrocellulose for spray application should be preferably
      below 0.5 second falling ball viscosity or less. The falling ball method
      measures the viscosity of a solution of nitrocellulose in certain standard
      solvent compositions, in terms of the time required for a 7.94 mm
      (5/16-inch) steel ball to fall through 25.4 cm. (10 inches) of the
      solution in a 2.54 cm. (1-inch) diameter tube. It corresponds to ASTM
      Method D-301-56.
PAR  The terms "quater-second,"  "half-second," etc. refer to the time of fall
      for a steel ball in the standard 12.2 percent nitrocellulose solution.
      Since a fall time of one second or less cannot be measured easily, more
      concentrated solutions are used with the low viscosity nitrocellulose. The
      percentage solids in the blend increases as the viscosity of the
      nitrocellulose decreases. At 0.5 second viscosity generally about twenty
      percent solids is present whereas at 0.25 viscosity generally about 25
      percent solids is present.
PAR  The solvent system used in the coating composition is prepared from a wide
      range of commonly used nitrocellulose lacquer solvents. At least two
      solvents are used in the system, preferably up to six solvents or more.
      Examples of solvents include active solvents such as esters, e.g., ethyl
      acetate, isopropyl acetate, n-propyl acetate, n-butyl acetate, amyl
      acetate, etc.; ketones, e.g., methyl, n-butyl ketone, ethyl amyl ketone,
      methyl ethyl ketone, methyl isobutyl ketone, etc.; diluents such as
      aromatic and aliphatic hydrocarbons, e.g., xylene, toluene, or a similar
      hydrocarbon solvent; latent solvents such as alcohols, e.g., ethyl
      alcohol, isopropyl alcohol, methyl amyl alcohol, butyl alcohol, etc.; and
      ethers, e.g., ethylene glycol monomethyl ether, ethylene glycol monoethyl
      ether, ethylene glycol monobutyl ether, etc. Suitable conventional
      solvents in addition to those just mentioned may be selected from those
      commercially available.
PAR  The coating compositions can be applied to a wide variety of substrates
      such as wood, metal, e.g., steel, glass, plastic, paper and fabric. The
      method by which the coatings are applied are the commonly used methods
      such as spraying, roll coating, curtain coating, dipping or brushing, etc.
PAR  Coatings made from the coating compositions of this invention show
      excellent adhesion to the aforementioned substrates. The coatings also
      have excellent hardness, toughness, low temperature flexibility, and
      reduced flammability. The low temperature flexibility contributed by the
      copolymer makes possible the use of lower molecular weight nitrocellulose.
      This results in higher formulation solids at application viscosity as well
      as reduced coating composition costs.
PAR  The coating compositions are useful as decorative and protective coatings
      on various substrates, examples of which have been set forth above.
PAC  EXAMPLES OF THE INVENTION
PAR  The following examples wherein the parts and percentages are by weight
      illustrate the invention. The test results set forth in the examples can
      be determined by the following test procedures:
PAR  Durometer Hardness, Shore A ASTM D-2240-68. The instrument consists of a
      spring-loaded indenter that protrudes through a presser foot, and a
      pointer and scale (0.0 to 2.54 mm). When pressed against a sample, the
      indenter is forced back through a distance proportional to its hardness or
      resilience.
PAR  Glass transition temperature (differential scanning calorimetry).
PAR  Inherent viscosity: "Preparative Methods of Polymer Chemistry," Second
      Edition, Sorenson and Campbell, John Wiley & Sons, New York, 1968, Page
      49.
PAR  Brookfield-Viscosity: 25.degree.C. using a Brookfield Viscometer,
      Multi-Speed Model LVF. Selection of proper spindle and speed as indicated
      in the Table described in the manual from Brookfield Engineering
      Laboratories, Inc.
PAR  Radiant Panel Flame Spread Test Interim Federal Standard 00136 (COM,NBS)
      and ASTM E 162-60.
PAC  PROPERTIES ON GLASS
PAR  Glass, Specular 60.degree. Federal Test Method Standard 141, Method 6101.
PAR  Sward Rocker Hardness: "Official Digest" 26, 10301038, November 1954. The
      values are reported as a percent of glass (glass standard is 100).
PAR  Tack Free Dry Time: Federal Test Method Standard 141, Method 4061.
PAC  PROPERTIES ON WOOD
PAR  Crosscut adhesion test: A series of parallel cuts through the film are made
      in one direction and a second series at right angles to the first. Eleven
      cuts 0.79 mm apart are made in each direction forming 100 squares.
      Adhesive tape is applied over the crosscut area and peeled off to
      determine coating adhesion. The number of squares remaining intact gives a
      measure of adhesion.
PAR  Impact Test: 0.45 kg. steel ball is dropped from 1.83 meters height. The
      rating system is 1 to 10 with 10 being the highest resistance (no cracks
      in coating) and 1 being the lowest resistance (complete coating removal).
PAR  Cold Check Resistance Test: Standard Test Method for temperature change
      resistance of clear nitrocellulose lacquer films applied to wood. ASTM D
      1211-60.
PAC  PROPERTIES ON METAL
PAR  Crosscut adhesion Test: similar to that described above except that the
      coated surface is metal.
PAR  Mandrel Flex: Federal Test Method Standard 141 Method 6221.
PAR  Impact Test: Use Parlin-Du Pont Impact Tester described in "Physical and
      Chemical Examination, Paint, Varnish, Lacquers and Colors" by Gardner and
      Sward, 12th edition, 1962, Page 146. Values for concave and convex are
      obtained.
DETD
PAC  EXAMPLE 1
PAR  A one-liter rocker bomb was charged with 200 g. xylene, 126 g. vinyl
      acetate and 4.5 g. azodiisobutyronitrile. The rocker bomb was cooled to
      -50.degree.C. and evacuated to a pressure of about 0.3 mm. of mercury. 141
      Grams of vinyl chloride were added and the temperature was raised slowly
      until it reached 29.degree.C. wherein the bomb was pressured to 14.06
      kg./sq. cm. with ethylene. At 60.degree.C. the ethylene pressure was
      raised to 42.18 kg./sq. cm. Over the next four hours the temperature was
      held at 80.degree.C. with the ethylene pressure at 42.18 kg./sq. cm. The
      temperature was raised to 90.degree.C. over a period of 25 minutes and
      held at that temperature for one hour with the pressure at 42.18 kg./sq.
      cm. The bomb was cooled to room temperature, discharged and rinsed out
      with 100 g. of xylene. The product solution, including the rinse xylene,
      weighed 575 g. Its solid content was 42.8 percent. It was concentrated to
      84 percent. The ethylene/vinyl chloride/vinyl acetate copolymer, isolated
      by evaporating a sample of the solution to dryness, had a Shore A
      Durometer Hardness of 70, a glass transition temperature of -7.degree.C.
      (by differential scanning calorimetry) and an inherent viscosity of 0.1
      dl./g. measured in acetone at 30.degree.C., at a concentration of 0.5
      g./100 ml. Its composition determined by analysis for oxygen and chlorine
      was:
PA1  16 percent ethylene
PA1  53 percent vinyl chloride
PA1  31 percent vinyl acetate
PAR  The 84 percent solution of copolymer in xylene was used to prepare a
      lacquer solution having the following compositions:
TBL           Solids           Parts                                           

     ______________________________________                                    

     HB14NC Nitrocellulose (NC) (1/2 sec.                                      

     viscosity)                44.5                                            

     E/VC1/VAc copolymer       35.5                                            

     Sucrose Benzoate          8.9                                             

     Di(2-ethylhexyl) phthalate                                                

                               11.1                                            

         Solvent               Parts                                           

     ______________________________________                                    

     Isopropyl Alcohol         12.1                                            

     Methyl Amyl Alcohol       5.1                                             

     Toluene                   24.3                                            

     Xylene                    20.1                                            

     Methyl m-Butyl Ketone     30.8                                            

     Ethyl Amyl Ketone         7.6                                             

     ______________________________________                                    

PAR  The solids content of the resulting clear lacquer solution was 20 percent.
      Its Brookfield viscosity was 61.5 cps. suitable for spray application.
      This compares with a Brookfield viscosity of 62.5 cps. for an 18 percent
      solids lacquer solution in which the copolymer was replaced by Duraplex ND
      77B, a non-oxidizing coconut oil modified alkyd resin sold by Rohm & Haas.
      This type of resin is a commonly used modifier for nitrocellulose in
      lacquers.
PAR  Coating applied to glass, wood and metal had the following properties:
TBL  Properties on Glass                                                       

     ______________________________________                                    

     Clarity, Visual (Black Glass)                                             

                               Clear                                           

     Gloss, Specular 60.degree.                                                

                               92.5                                            

     Sward Rocker Hardness, Hours after                                        

      Tack Free Dry                                                            

          1                    10                                              

          4                    16                                              

         24                    28                                              

         48                    32                                              

      1 hr. at 82.degree.C.    40                                              

     Properties on Wood                                                        

     ______________________________________                                    

     Adhesion, Crosscut (% Adhesion)                                           

                               100                                             

     Impact Test, 0.45 kg.     9                                               

     Cold Check Resistance Test,                                               

      One cycle = 1 hr. at 49.degree.C. followed                               

      by 1 hr. at -21.degree.C. with 30 minute                                 

      relaxation and rating period                                             

                               Passed 25                                       

      (cycles to failure)      cycles                                          

     Properties on Bonderized Steel                                            

     ______________________________________                                    

     Adhesion, Crosscut (% Adhesion)                                           

                               100                                             

                               Passed                                          

     Mandrel Flex              0.635 cm.                                       

     Impact Test (kg./m.)                                                      

      Concave                  0.89                                            

      Convex                   0.59                                            

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  The 84 percent xylene solution of E/VCl/VAc copolymer described in Example
      1 was used to make a lacquer solution of the same solids composition as
      Example 1 except that 1/4 sec. viscosity nitrocellulose was used and the
      solids content was 24 percent. The Brookfield viscosity of the lacquer
      solution was 78 cps.
PAR  In the cold check resistance test on wood a coating of this lacquer passed
      22 cycles, while a lacquer in which the copolymer was replaced by Duraplex
      ND77B, a non-oxidizing coconut oil modified alkyd resin, failed after two
      cycles.
PAC  EXAMPLE 3
PAR  The E/VCl/VAc copolymer described in Example 1 was used to make lacquer
      solutions in which the nonvolatile components were proportioned as shown
      in Table 1. The lacquers were applied to 15.24 cm. .times. 45.72 cm.
      .times. 0.32 cm. maple panels to provide a dry film thickness of 0.05 mm.
      Following a conditioning period the panels were then subjected to a
      Radiant Panel Flame Spread Test. Results are shown in Table 1. An uncoated
      control panel had a flame spread index of 160. It is apparent from the
      test data that the E/VCl/VAc copolymer contributed significantly to flame
      spread resistance.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     FLAME RETARDANT COATINGS                                                  

     Lacquer Film Composition (Parts)                                          

                       A     B     C     D     E     F                         

     __________________________________________________________________________

     Nitrocellulose    44.5  44.5  43.7  42.3  40.9  39.5                      

     Alkyd Resin       35.5  --    --    --    --    --                        

     E/VCl/VAc Copolymer                                                       

                       --    35.5  34.9  33.8  32.7  31.6                      

     Sucrose Benzoate  8.9   8.9   8.9   8.9   8.9   8.9                       

     Tris 2,3-dibromopropylphosphate                                           

                       11.1  11.1  12.5  15    17.5  20                        

     Flame Spread Index (I.sub.s)                                              

                       645   357   254   164   144   120                       

     __________________________________________________________________________

PAC  EXAMPLE 4
PAR  An E/VCl/VAc copolymer was prepared as described in Example 1 from 135 g.
      vinyl acetate, 4.5 g. azobisbutyronitrile and 120 g. vinyl chloride in 200
      g. xylene under 49.21 to 56.24 kg./sq. cm. ethylene pressure. The product
      solution in xylene was 41.4 percent solids and weighed 569 g. It was
      concentrated to 82 percent solids. A sample of the polymer isolated by
      evaporation of the xylene had a Shore A Durometer hardness of 0 and a
      glass transition temperature of -1.degree.C. Its composition was:
PA1  24 percent ethylene
PA1  45 percent vinyl chloride
PA1  31 percent vinyl acetate.
PAR  A clear, 20 percent solids lacquer like that described in Example 1 was
      prepared with this copolymer. Its Brookfield viscosity was 60 cps.
      Coatings applied to glass, wood, and metal substrates had the following
      properties:
TBL  Properties on Glass                                                       

     ______________________________________                                    

     Clarity, Visual (Black Glass)                                             

                               Clear                                           

     Gloss, Specular 60.degree.                                                

                               93.5                                            

     Sward Rocker Hardness, Hours after                                        

      Tack Free Dry                                                            

         1                     10                                              

         4                     14                                              

        24                     22                                              

        48                     22                                              

     1 Hr. at 82.degree.C.     28                                              

     Properties on Wood                                                        

     ______________________________________                                    

     Adhesion, Crosscut (% Adhesion)                                           

                               100                                             

     Impact Test               6                                               

     Properties on Bonderized Steel                                            

     ______________________________________                                    

     Adhesion, Crosscut (% Adhesion)                                           

                               100                                             

                               Passed                                          

     Mandrel Flex              0.32 cm.                                        

     Impact Test (kg./m.)                                                      

      Concave                  0.89                                            

      Convex                   0.62                                            

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  An 18.92-liter stainless steel pressure vessel was fitted with an agitator
      and an external heat exchanger through which the reaction mixture could be
      circulated for temperature control. It was charged with the following
      materials:
TBL  373 g.    Klearfac AB 270 mono-substituted ortho                          

               phosphate ester, nonionic surfactant                            

               (Wyandotte)                                                     

     38 g.     Ammonium hydroxide (29% NH.sub.3)                               

     590 g.    3% aqueous solution of Natrosol 300L                            

               hydroxethylcellulose (Hercules, Inc.)                           

     71 g.     Diammonium phosphate                                            

     44 g.     Isopropyl alcohol                                               

     5400 g.   Water                                                           

PAR  The vessel was closed, pressured with nitrogen to 7.03 kg./sq. cm., bled
      down to atmospheric pressure, pressured with ethylene to 7.03 kg./sq. cm.,
      bled down and then pressured again to 7.03 kg./sq. cm. with ethylene and
      bled down. With the agitator and circulating pump in operation the vessel
      contents were heated to 82.degree.C. while the vessel was pressured to
      84.36 kg./sq. cm. with ethylene. Then 138 g. of a 20 percent solution of
      ammonium persulfate in water was pumped into the vessel through a feed
      line. The following materials were added as three separate feed streams at
      constant rate over a period of 120 minutes.
TBL  ______________________________________                                    

             2120 g. vinyl acetate                                             

             4950 ml. vinyl chloride                                           

     ______________________________________                                    

PAR  720 cc 4.6 percent ammonium persulfate solution During this period the
      temperature of the reaction mixture was held at 82.degree.C. and the
      pressure was kept at 84.36 kg./sq. cm. by feeding ethylene as needed. The
      temperature was raised to 90.degree.C. and was held for 30 minutes. The
      reaction mixture was discharged into a defoaming vessel from which the
      ethylene was vented. The product emulsion was cooled to room temperature.
      It contained 48.8 percent solids. The polymer was isolated by evaporating
      the emulsion to dryness in a thin film. Its glass transition temperature
      was 4.5.degree.C. Its composition was as follows:
PA1  15 percent ethylene
PA1  57 percent vinyl chloride
PA1  28 percent vinyl acetate
PAR  A 17.4 percent solids lacquer solution similar to that of Example 1 was
      prepared with the above copolymer. Its Brookfield viscosity was 71 cps.
      Coatings applied to glass, wood and metal substrates had the following
      properties.
TBL  ______________________________________                                    

     Properties on Glass                                                       

     ______________________________________                                    

     Clarity, Visual (Black Glass)                                             

                               Clear                                           

     Gloss, Specular 60.degree.                                                

                               93.5                                            

     Sward Rocker Hardness, Hrs. after                                         

      Tack Free Dry                                                            

         1                     14                                              

         4                     20                                              

        24                     26                                              

        48                     26                                              

     1 Hr. at 82.degree.C.     40                                              

     Properties on Wood                                                        

     ______________________________________                                    

     Adhesion, Crosscut (% Adhesion)                                           

                               100                                             

     Impact Test               9                                               

     Cold Check Resistance                                                     

      (Cycles to Failure) one cycle =                                          

      1 hr. at 49.degree.C. followed by                                        

      1 hr. at -21.degree.C. with 30 min.                                      

      relaxation period. With HB14                                             

                               Passed 25                                       

      NC (1/2 second viscosity)                                                

                               cycles                                          

     Properties on Bonderized Steel                                            

     ______________________________________                                    

     Adhesion, Crosscut (% Adhesion)                                           

                               100                                             

     Mandrel Flex              Passed                                          

                               0.32 cm.                                        

     Impact Test (kg./m.)                                                      

      Concave                  0.71                                            

      Convex                   0.15                                            

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  The solvent mixture described in Example 1 and the copolymer described in
      Example 5 were used to prepare the following lacquer solutions:
TBL  Composition (Parts)                                                       

                     A       B       C     D                                   

     ______________________________________                                    

     Nitrocellulose (1/2 sec. visc.)                                           

                     50      65      50    45.5                                

     E/VCl/VAc Copolymer                                                       

                     50      35      40    45.5                                

     Sucrose Benzoate                                                          

                     --      --      10    --                                  

     Di(2-ethylhexyl) phthalate                                                

                     --      --      --    9                                   

     Solids (%)      16      16      16    17.4                                

     Brookfield Viscosity (cps.)                                               

                     71      152.5   71    71                                  

     ______________________________________                                    

PAR  Coatings applied to glass had the following properties:
TBL                 Compositions                                               

     Properties on Glass                                                       

                      A       B       C     D                                  

     ______________________________________                                    

     Clarity, Visual (Black Glass)                                             

                      Clear   Clear   Clear Clear                              

     Gloss, Specular 60.degree.                                                

                      79      70      84     80.5                              

     Sward Hardness, Hrs. After                                                

      Tack Free Dry                                                            

         1            18      30      20    14                                 

         4            24      30      22    18                                 

        24            28      30      32    24                                 

        48            28      32      30    26                                 

      1 hr. at 82.degree.C.                                                    

                      52      42      40    30                                 

     ______________________________________                                    

PAR  Formulation D containing plasticizer gave significantly higher solids at
      spray viscosity than the other three formulations. Formulation D gave a
      lower hardness value than the other formulations, however. When
      Formulation D was modified with a hardening resin, e.g., sucrose benzoate,
      the best combination of end-use properties was obtained.
PAC  EXAMPLE 7
PAR  The equipment and general procedure described in Example 5 were used to
      prepare an E/VCl/VAc copolymer emulsion. The charge to the reactor was as
      follows:
TBL  114 g.  Ultrawet 35K, sodium dodecylbenzene sulfonate                     

             solution                                                          

     6 g.    potassium bicarbonate                                             

     4,320 g.                                                                  

             Water                                                             

     334 g.  3% aqueous solution of Natrosol 300L                              

     700 g.  Vinyl acetate                                                     

PAR  With the reactor at 36.56 kg./sq. cm. and 80.degree.C., 110 ml. of a 20
      percent aqueous solution of sodium persulfate was pumped into the reactor.
      Then the following materials were added as three separate feed streams at
      constant rate over a period of about 100 minutes:
TBL  Feed 1:     3300 g.   vinyl acetate                                       

     Feed 2:     5200 ml.  vinyl chloride                                      

     Feed 3:     456 g.    Ultrawet 35K                                        

                 24 g.     potassium bicarbonate                               

                 15 g.     sodium persulfate                                   

                 1280 g.   water                                               

PAR  During this period the temperature of the reaction mixture was held at
      80.degree.C. and the pressure was kept at 36.56 kg./sq. cm. by feeding
      ethylene as needed. Ten minutes after the continuous feeds were in, the
      temperature was raised to 90.degree.C. over a period of seven minutes. It
      was held at 90.degree.C. for 10 minutes and then the product was
      discharged and cooled to room temperature. The product emulsion was 55.1
      percent solids. The polymer was isolated by pouring the emulsion onto the
      rolls of a rubber mill heated to 150.degree.C. and milling until the water
      evaporated. Its Shore A Durometer Hardness was 99 and the inherent
      viscosity was 0.45 dl./g. measured in tetrahydrofuran at 30.degree.C. and
      a concentration of 0.1 g./100 ml. Its glass transition temperature was
      26.degree.C. Its composition was as follows:
PA1  7 percent ethylene
PA1  50 percent vinyl chloride
PA1  43 percent vinyl acetate
PAR  The following lacquer solutions were prepared with this copolymer as
      described in Example 6:
TBL  Composition (Parts)                                                       

                        A      B       C     D                                 

     ______________________________________                                    

     Nitrocellulose (1/2 sec. visc.)                                           

                        50     65      50    50                                

     E/VCl/VAc Copolymer                                                       

                        50     35      40    40                                

     Sucrose Benzoate   --     --      10    --                                

     Di(2-ethylhexyl) phthalate                                                

                        --     --      --    10                                

     Solids (%)         14     12.8    14    14                                

     Brookfield viscosity (cps.)                                               

                        78     78      72.5  64                                

     ______________________________________                                    

PAR  Coatings applied to glass, wood and metal had the following properties:
TBL                    Composition                                             

     Properties on Glass                                                       

                       A    B   C   D                                          

     __________________________________________________________________________

     Clarity, Visual (Black Glass)                                             

                       Clear                                                   

                            Clear                                              

                                Clear                                          

                                    Clear                                      

     Gloss, Specular 60.degree.                                                

                       84.5 89.5                                               

                                90  92                                         

     Sward Rocker Hardness, Hrs.                                               

      after Tack Free Dry                                                      

         1             18   28  18  14                                         

         4             24   36  28  20                                         

        24             36   38  40  26                                         

        48             38   38  40  28                                         

     Properties on Wood                                                        

     __________________________________________________________________________

     Adhesion, Crosscut (% Adhesion)                                           

                       100  100 --  --                                         

     Impact Test        9    6  --  --                                         

     Properties on Bonderized Steel                                            

     __________________________________________________________________________

     Adhesion, Crosscut (% Adhesion)                                           

                        0   80                                                 

     Mandrel Flex      Passed                                                  

                            Failed                                             

                       0.635                                                   

                            1.27                                               

                       cm.  cm.                                                

     __________________________________________________________________________

PAR  Copolymers containing ethylene in amounts less than 6 percent by weight did
      not give the desired combination of hardness and flexibility properties.
PAC  EXAMPLE 8
PAR  The equipment and general procedure described in Example 5 were used to
      prepare an E/VCl/VAc copolymer emulsion. After isolating the copolymer the
      following results were obtained relating to the copolymer.
TBL  ______________________________________                                    

     Glass transition temperature (.degree.C.)                                 

                                +29                                            

     Brookfield viscosity, 20% solids (cps.)                                   

                                 25                                            

     Solution clarity           clear                                          

     ______________________________________                                    

PAR  The composition of the copolymer was as follows:
PA1  10.5 percent ethylene
PA1  54.5 percent vinyl chloride
PA1  35.0 percent vinyl acetate
PAR  The following lacquer solutions were prepared using the above-identified
      copolymer and compared with an alkyd control which contained no copolymer.
      The glass transition temperature of the alkyd control was +1 and the
      Brookfield viscosity, 20 percent solids, was 7.
TBL                          Alkyd         Alkyd                               

     Composition (Parts)                                                       

                     A       Control B     Control                             

     ______________________________________                                    

     Nitrocellulose (1/2 sec. visc.)                                           

                     50      50      65    65                                  

     E/VCl/VAc copolymer                                                       

                     50      --      35    --                                  

     Solids (%)      16      16       14.3  13.3                               

     Brookfield viscosity (cps.)                                               

                     49      70      70     62.5                               

     Properties on Glass:                                                      

     Clarity, Visual (Black Glass)                                             

                     Clear   Clear   Clear Clear                               

     Gloss, Specular 60.degree.                                                

                     87       94.5    88.5 94                                  

     Sward Rocker Hardness, Hrs.                                               

     after Tack Free Dry                                                       

         1           16      34      34    28                                  

         2           18      34      36    40                                  

         4*          18      46      34    46                                  

        24*          36      54      38    50                                  

        48*          36      50      36    58                                  

     ______________________________________                                    

      *Determined in the constant temperature room at 22 .+-. 1.1.degree.C. and

      50% .+-. 5% R.H.                                                         

CLMS
NUM  1.
PAR  1.  A coating comprising a blend of nitrocellulose and a copolymer having
      an inherent viscosity below 0.4 dl./g. in acetone at 30.degree.C. at a
      concentration of 0.5 g./100 ml. consisting essentially of 6 to 32 percent
      by weight ethylene, 36 to 65 percent by weight vinyl chloride and 23 to 50
      percent by weight vinyl acetate in an organic solvent system, the ratio of
      nitrocellulose to copolymer being 80:20 to 20:80.
NUM  2.
PAR  2. A coating composition according to claim 1 wherein the ratio of
      nitrocellulose to copolymer is 60:40 to 40:60.
NUM  3.
PAR  3. A coating composition according to claim 1 wherein there is present up
      to 12 percent by weight, based on the weight of nitrocellulose and
      copolymer, of at least one modifying resin.
NUM  4.
PAR  4. A coating composition according to claim 3 wherein the modifying resin
      is sucrose benzoate.
NUM  5.
PAR  5. A coating composition according to claim 3 wherein the modifying resin
      is a maleic acid resin.
NUM  6.
PAR  6. A coating composition according to claim 1 wherein there is present up
      to 15 percent by weight, based on the weight of nitrocellulose and
      copolymer, of a plasticizer.
NUM  7.
PAR  7. A coating composition according to claim 6 wherein the plasticizer is
      tris 2,3-dibromopropyl phosphate.
NUM  8.
PAR  8. A coating composition according to claim 1 wherein the organic solvent
      system is a mixture of at least two organic compounds.
NUM  9.
PAR  9. A coating composition according to claim 1 wherein the organic solvent
      system contains xylene.
NUM  10.
PAR  10. A coating composition according to claim 1 wherein the copolymer
      consists essentially of 10 to 16 percent by weight ethylene, 50 to 60
      percent by weight vinyl chloride, and 23 to 35 percent by weight vinyl
      acetate.
NUM  11.
PAR  11. A coating composition according to claim 1 wherein the inherent
      viscosity of the copolymer is below 0.2 dl./g. in acetone at 30.degree.C.
      at a concentration of 0.5 g./100 ml.
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ABST
PAL  Incorporation of wood protectants into materials produced by bonding wood
      particles and containing water repellents by blending the wood protectants
      with the water repellents.
BSUM
PAR  This application discloses and claims subject matter described in German
      Patent Application No. P 23 52 052.7, filed 17 Oct. 1973, which is
      incorporated herein by reference.
PAR  Chipboard and other wood materials containing wood particles and binders
      are subject to attack by fungi and pests in the same manner as solid wood.
PAR  For this reason, they are always treated with wood protectants whenever
      such attack is to be expected.
PAR  Whereas the protection of solid wood is usually limited to external
      treatment with wood protectants, thorough protection of wood materials
      composed of wood particles and binders is obtained, in principle, by
      applying the wood protectants to the particulate wood components or adding
      them to the binder before or during manufacture of the wood material.
PAR  However, both methods have drawbacks. Many wood protectants show poor
      compatibility with the binders and interfere with the bonding process
      irrespective of their method of incorporation. This leads, for example, to
      insufficient strength and swelling resistance of the resulting wood
      materials.
PAR  It is known to add water repellents to wood materials during their
      manufacture to improve the swelling properties thereof. Commonly used
      agents of this kind are paraffin emulsions.
PAR  It is an object of the invention to provide a process in which the normally
      only slightly water-soluble wood protectants may be incorporated into the
      wood material in a more efficient manner.
PAR  It is another object of the invention to provide a process giving
      hydrophobic wood particle-based materials bonded by a conventional
      phenoplastic or aminoplastic binder and exhibiting improved water
      resistance and improved resistance to both fungal and animal attack.
PAR  It is yet another object of the invention to provide improved chipboards by
      mixing together and bonding the following ingredients: wood particles or
      wood chips, a binder selected from the group comprising
      phenol/formaldehyde resins and amino resins such as urea, urea/melamine
      and melamine/formaldehyde resins, a water repellent and a wood protectant.
PAR  We have found that wood materials obtained by bonding particulate wood
      components with binders with the addition of water repellents may be
      treated with wood protectants in a particularly advantageous manner if the
      wood protectants are added to the water repellents.
PAR  When mainly paraffin emulsions are used as water repellents, it has been
      found particularly advantageous to blend the wood protectant with a
      suitable paraffin or wax material, which is then emulsified. It is clearly
      important to ensure that the wood protectant is enclosed in the water
      repellent during incorporation into the wood material to prevent
      interaction thereof with the glue used. Since the water repellent usually
      melts during the manufacture of the wood material, the wood protectant
      will be distributed throughout the wood material together with the water
      repellent.
PAR  This result is surprising, since impartial consideration of the matter
      would lead one to assume that the water repellent would, in enclosing the
      wood protectant, reduce the activity of the latter.
PAR  However, not only a particularly good and uniform action of the wood
      protectant is to be found, but tests have shown that specific wood
      protectants, e.g. the well-known sodium salt of
      N-nitroso-N-cyclohexylhydroxylamine, have a favorable effect on the
      activity of the water repellent. It is remarkable that the swelling of
      chipboard in which the water repellent added during manufacture contains
      N-nitroso-N-cyclohexylhydroxylamine would seem to be distinctly less than
      that of chipboard which has not been prepared in the manner of the
      invention.
PAR  Other suitable wood protectants for use in the present invention are for
      example potassium hydrogen fluoride, copper compounds and their soluble
      complexes, and boron compounds, i.e. organic compounds containing copper,
      boron or arsenic.
PAR  The wood protectants are generally applied at a rate of from 0./ to 10% and
      in particular from 0.2 to 5%, based on the weight of the material being
      treated. It will be appreciated that the amount necessary depends on the
      nature of the wood protectant, the type of wood, the wood glue used and
      other factors.
PAR  Preferred water repellents are emulsions of paraffin or degraded
      polyethylenes having a hydrocarbon content of from, say, 30 to 70 %.
      Emulsifiers generally used are alkali-compatible soaps, sulfonates, tallow
      oil preparations and ammonia.
PAR  Suitable binders for the manufacture of wood materials treated in the
      manner of the invention are also well known. In large-scale industrial
      work, use will be made of, for example, phenoplastic binders, particularly
      highly alkaline phenol resins, and aminoplastic binders, particularly
      urea, melamine and urea/melamine resins. In some cases, use is made of the
      so-called white glues, i.e. dispersions based on vinyl polymers, but these
      are quantitatively of minor significance.
PAR  The process of the invention is equally applicable to all bonding processes
      of the type under consideration, in which the said binders are used in
      conjunction with water repellents.
DETD
PAC  EXAMPLE
PAR  100 parts by weight of paraffin (melting range 60.degree.C) were melted and
      27 parts of the sodium salt of N-nitroso-N-cyclohexylhydroxylamine were
      blended with the melt. 30.8 parts of an emulsifier (RS 4907 by Henkel,
      Duesseldorf) as used commercially for the preparation of alkali-resistant
      paraffin emulsions were added to the melt and the whole was then
      emulsified in 160 parts by weight of water.
PAR  120 parts of this emulsion were mixed with 667 parts of a 48% solids phenol
      resin solution and 40 parts by weight of a hardener for the resin.
PAC  COMPARATIVE EXAMPLE A
PAR  To 667 parts of the same phenol resin solution as used in the Example there
      were added 80 parts of a conventional 50% paraffin emulsion and 40 parts
      of hardener. 43 parts of a wood protectant containing the active
      ingredient used in the Example in a concentration of 25% were also added
      to this mixture. This gave the same proportions of phenol resin and active
      wood protectant as in the Example.
PAC  COMPARATIVE EXAMPLE B
PAR  To 667 parts by weight of the same phenol resin solution as used in the
      Example there were added 80 parts by weight of a 50% paraffin emulsion and
      40 parts by weight of hardener.
PAC  Comparison of the Example with the Comparative Examples
PAR  Pine chips were treated with the glue mixture described in the Example in
      such a manner that 8% of phenol resin and 1% of paraffin were applied,
      based on the weight of the bone-dry chips. In the case of the glue mixture
      of the Example and Comparative Example A this means an addition of 0.27%
      of rot-proofing active ingredient. The glued chips were then pressed in a
      heated hydraulic press at 165.degree.C for 6 minutes to form chipboard
      having a thickness of about 19 mm. The chipboard specimens have the
      following properties:
TBL                      Example                                               

                                Comp.Ex. A                                     

                                       Comp.Ex. B                              

     __________________________________________________________________________

     thickness after sanding (mm)                                              

                         17.8   17.7   17.8                                    

     density (g/cm.sup.3)                                                      

                         0.622  0.616  0.659                                   

     flexural strength (kg/cm.sup.2)                                           

                         332    333    300                                     

     transverse tensile strength                                               

      dry (kg/cm.sup.2)  8.8    7.7    6.6                                     

      after 2 hrs at the boil (kg/cm.sup.2)                                    

                         2.9    2.7    2.8                                     

     degree of swell (board thickness)                                         

       after 2 hrs (%)   7.9    11.5   10.6                                    

      after 24 hrs (%)   16.4   17.2   18.9                                    

     fungal resistance                                                         

     (a) mildew                                                                

       aspergillus niger                                                       

       fungal growth on:                                                       

       specimen          -      -      +++                                     

       agar-agar         +++    +++    +++                                     

       areola formation around specimen                                        

                         10 mm  5 mm   -                                       

       trichoderma viride                                                      

       fungal growth on:                                                       

       specimen          -      -      +++                                     

       agar-agar         ++     +++    +++                                     

       areola formation  10 mm  8 mm   -                                       

     (b) wood-rot                                                              

       coniophora cerebella                                                    

       fungal growth on specimen                                               

                         -      -      +                                       

     __________________________________________________________________________

      Legend: the minus sign (-) denotes no fungal growth; the plus signs (+, +

      +, +++) denote progressive stages of fungal growth on specimen or        

      agar-agar ranging up to complete coverage.                               

CLMS
STM  We claim:
NUM  1.
PAR  1. In an improved process for the production of waterproof chipboard which
      also contains wood protectants by mixing wood chips, a binder selected
      from the group consisting of alkaline phenol formaldehyde resins,
      urea/formaldehyde resins, melamine/formaldehyde resins and
      urea/melamine/formaldehyde resins, a water repellent and a wood protectant
      and heating under pressure, the improvement which consists in blending
      together molten paraffin as the water repellent and the sodium salt of
      N-nitroso-N-cyclohexylhydroxylamine as the wood protectant, emuslifying
      the blend in water, mixing the emulsion with the wood chips and binder and
      curing the resultant blend under heat and pressure.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein said wood protectant is used in
      an amount of 0.1 to 10% by weight, based on the weight of the chipboard.
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ABST
PAL  Rapid-setting polyurethanes are prepared employing on the modifier
      component therein a mixture of a liquid aliphatic hydrocarbon boiling
      above about 150.degree.C and a liquid fatty acid or fatty oil boiling
      above about 150.degree.C.
PARN
PAR  This application is a continuation-in-part of my previous application Ser.
      No. 449,873, filed Mar. 11, 1974, now abandoned which is a
      continuation-in-part of application Ser. No. 392,590, filed Aug. 29, 1973,
      now abandoned.
BSUM
PAR  This invention relates to rapid-setting polyurethanes and, more
      particularly, to rapid-setting polyurethanes containing aliphatic
      hydrocarbon modifiers.
PAR  Rapid-setting, rigid polyurethanes are well known in the art, such as those
      described in U.S. Pat. Nos. 3,375,511, 3,726,827, 3,746,692, applications
      Ser. No. 327,630, filed Jan. 29, 1973, Ser. No. 327,718, filed Jan. 29,
      1973.
PAR  It is believed to be desirable to employ aliphatic hydrocarbons boiling
      above about 150.degree.C as a modifier component therein for various
      reasons such as:
PA1  A. to obtain low viscosity polyol or polyisocyanate blends by diluting
      either or both components with a low viscosity aliphatic hydrocarbon
      solvent, since such solvents are relatively inexpensive,
PA1  B. employ a low friction or a lubricating modifier so that the resultant
      polyurethane could be employed as a bearing surface, and
PA1  C. employ a low odor modifier such that in operations employing castings of
      rapidsetting polyurethanes, such as sawing, machining, drilling and the
      like, repulsive or irritating odors are not released during such
      operations. For example, trichlorobenzene is a known modifier for
      rapid-setting polyurethane compositions and polyurethanes produced
      therefrom are relatively odor-free until sawing, drilling or machining
      operations are performed thereon which releases the odor of such modifiers
      to the atmosphere.
PAR  Attempts to employ such aliphatic hydrocarbon compounds as the modifier
      component in rapid-setting polyurethane compositions have resulted in a
      rejection of such substances by the urethane-forming system i.e., the
      aliphatic hydrocarbons are not compatible with the urethaneforming
      mixture.
PAR  The rejection or incompatibility problem has unexpectedly been solved by
      the use of, as the modifier component therein a mixture of a liquid
      aliphatic hydrocarbon with a liquid fatty acid or fatty oil.
PAR  The present invention is therefore directed to solid, rigid non-cellular,
      non-porous polyurethanes having a density of at least about 1 g/cc,
      resulting from the admixture of the components of a polyurethane-forming
      composition, which can be demolded within 5 minutes, said
      polyurethane-forming composition comprising
PA1  A. a polyether polyol having a functionality of from 2 to about 8 and a
      hydroxyl equivalent weight of from about 60 to less than about 250,
      preferably from about 75 to about 200;
PA1  B. an organic polyisocyanate;
PA1  C. a modifier composition consisting essentially of
PA2  1. from about 85 to about 30 and preferably from about 80 to about 50
      percent by weight of a liquid aliphatic hydrocarbon having a boiling point
      of at least about 150.degree.C and
PA2  2. from about 15 to about 70 and preferably from about 20 to about 50
      percent by weight of a liquid fatty acid, fatty oil or mixture thereof
      having a boiling point of at least about 150.degree.C; and
PA1  D. a non-amine containing catalyst for urethane formation;
PAL  wherein components (A) and (B) are present in quantities so as to provide
      an NCO:OH ratio of from about 0.8:1 to about 2:1,  preferably from about
      0.95:1 to about 1.1:1; component (C) is present in quantities of from
      about 10 to about 50 and preferably from about 20 to about 40 percent by
      weight of the sum of components (A), (B) and (C); component (D) is present
      in quantities of from about 0.1 to about 10 percent and preferably from
      about 0.1 to about 2 percent by weight of the sum of the weights of
      components (A), (B) and (C); with the proviso that when component (A) is
      an amine initiated polyether polyol, the quantity of component (D) may be
      zero and when component (A) is a difunctional polyether polyol, then the
      average NCO-functionality of component (B) is at least about 2.5.
PAR  By the term "rigid" or non-elastomeric as used herein, it is meant that the
      compositions which when solidified or set have percent elongation values
      at the break point of less than 100 percent.
PAR  By the term "solid" as used herein, it is meant that the compositions when
      solidified or set have densities of at least 1 gram per cubic centimeter.
PAR  Suitable polyols for use in the present invention are those known to be
      useful in the preparation of rapid-setting polyurethanes having 2-8
      hydroxyl groups and an equivalent weight of from about 75 to about 230 as
      taught and described in U.S. Pat. Nos. 2,726,827; 3,746,692, pending
      application Ser. Nos. 358,245, filed May 7, 1973; 327,630, filed Jan. 29,
      1973 and 327,718 filed Jan. 29, 1973.
PAR  Suitable dihydroxyl-containing compounds having an OH equivalent weight
      below about 250 which are employed as component (A) include, for example,
      ethylene glycol, propylene glycol, butylene glycol, pentanediol,
      hexanediol, diethylene glycol, dipropylene glycol, bisphenol A,
      resorcinol, catechol, hydroquinone, mixtures thereof, adducts of a
      dihydroxyl-containing compound and a vicinal epoxy compound such as, for
      example, ethylene oxide, 1,2-propylene oxide, 1,2-butylene oxide, styrene
      oxide, epichlorohydrin, epibromohydrin, mixtures thereof and the like.
      When the dihydroxyl containing compound is a solid it is suitably employed
      by dissolving it in a suitable solvent such as, for example, a liquid
      polyol, tri-n-butyl phosphate, triethyl phosphate and the like.
PAR  Suitable amine initiated polyether polyols which are employed as component
      (A) in the present invention include, for example, those prepared by
      reacting an alkylene oxide with an amine having from 3 to about 8 active
      hydrogen atoms.
PAR  Suitable amines include, for example, ammonia, ethylenediamine,
      1,3-diaminopropane, 1,4-diaminobutane, 1,5-diaminopropane,
      1,6-diaminohexane, diethylenetriamine, tetraethylenepentamine,
      pentaethylenehexamine, mixtures thereof and the like.
PAR  Suitable alkylene oxides include, for example, ethylene oxide,
      1,2-propylene oxide, 1,2-butylene oxide, 2,3-butylene oxide, styrene
      oxide, epichlorohydrin, epibromohydrin, epiiodohydrin, mixtures thereof
      and the like.
PAR  Suitable initiator compounds having from 3 to 8 hydroxyl groups which are
      employed to prepare polyols (component A) employed in the present
      invention include, for example, glycerine, trimethylolpropane,
      pentaerythritol, sorbitol, sucrose, mixtures thereof and the like.
PAR  Suitable vicinal epoxy compounds which may be reacted with the initiator
      compounds to prepare polyols employed as component A in the present
      invention include, for example, the lower alkylene oxides and substituted
      alkylene oxides such as ethylene oxide, 1,2-propylene oxide, 1,2-butylene
      oxide, 2,3-butylene oxide, epichlorohydrin, epibromohydrin, epiiodohydrin,
      styrene oxide, mixtures thereof and the like.
PAR  Suitable polyisocyanates and catalysts which are useful in the present
      invention are also described in the above mentioned patents and pending
      applications.
PAR  Suitable organic polyisocyanates which may be employed as component (B) in
      the present invention include, for example, any organic polyisocyanate
      having 2 or more NCO groups per molecule and no other substituents capable
      of reacting with the hydroxyl groups of the polyether polyols employed as
      component (A). Suitable such polyisocyanates include, for example,
      2,4-toluenediisocyanate, 2,6-toluenediisocyanate, hexamethylene
      diisocyanate, p,p'-diphenylmethanediisocyanate, p-phenylenediisocyanate,
      hydrogenated methylene diphenyldiisocyanate (e.g. Hylene W) nappthalene
      diisocyanate, dianisidine diisocyanate, polymethylene
      polyphenylisocyanate, mixtures of one or more polyisocyanates and the
      like.
PAR  Other organic isocyanates which are suitably employed and which are to be
      included in the term organic polyisocyanate include isocyanate terminated
      prepolymers prepared from the previously mentioned polyols and the above
      mentioned isocyanates.
PAR  Suitable organic polyisocyanates which may be employed as component (B) in
      the polyurethane compositions of the present invention when component (A)
      has a functionality of 2 include those having an average NCO functionality
      of at least about 2.5 such as, for example, the polymethylene polyphenyl
      isocyanates, NCO-containing prepolymers such as the reaction products of
      an excess of an organic diisocyanate with polyhydroxyl containing
      compounds having from 3 to about 8 OH groups per molecule such as, for
      example, glycerine, trimethylolpropane, pentaerythritol, sorbitol,
      sucrose, mixtures thereof and mixtures with dihydroxyl-containing
      compounds such that the average hydroxyl functionality of the mixture is
      at least about 2.5. It is preferred that the organic polyisocyanate be
      liquid; however, in the event that it is a solid or semisolid or of a
      relatively high viscosity such that blending with the other components
      would be difficult or inconvenient, they may be prepared in a suitable
      solvent such as, for example, trichlorobenzene, propylene carbonate and
      the like.
PAR  Suitable organic diisocyanates which are employed in the preparation of the
      prepolymers containing an average of at least 2.5 NCO groups include for
      example, 2,4-toluenediisocyanate, 2,6-toluenediisocyanate, hexamethylene
      diisocyanate, p,p'-diphenylmethanediisocyanate, p-phenylenediisocyanate,
      hydrogenated methylene diphenyldiisocyanate (e.g. Hylene W) naphthalene
      diisocyanate, dianisidine diisocyanate, mixtures of one or more
      polyisocyanates and the like.
PAR  The prepolymers employed as the polyisocyanate, component (B), in the
      present invention have a percent free NCO content of from about 8 to about
      40 and preferably from about 12 to about 32 percent by weight.
PAR  Suitable organo-metal catalysts for urethane formation include, for
      example, organo-metal compounds of tin, zinc, lead, mercury, cadmium,
      bismuth, cobalt, antimony, iron and the like such as, for example, metal
      salts of a carboxylic acid having from about 2 to about 20 carbon atoms
      including, for example, stannous octoate, dibutyltin dilaurate, dibutyltin
      diacetate, ferric acetyl acetonate, lead octoate, lead oleate,
      phenylmercuric propionate, cobalt naphthenate, lead naphthenate, mixtures
      thereof and the like.
PAR  It is preferred that the catalysts be employed in liquid form. Those
      catalysts which are not ordinarily liquids are preferably added as a
      solution in a solvent. Suitable such solvents include, for example,
      dioctylphthalate, polyoxyalkylene glycols, mineral spirits, dipropylene
      glycol, mixtures thereof and the like.
PAR  So much of the above U.S. patents and pending applications as pertains to
      suitable polyols, polyisocyanates, catalysts and their relationship as to
      function and quantity to prepare rapid-setting polyurethanes are
      incorporated herein by reference.
PAR  As described in one or more of the above patents and pending applications,
      when the polyol is an amine-initiated polyol, a catalyst is not required
      and when a polyol having a functionality of 2 is employed, the
      polyisocyanate employed has an average functionality of at least about
      2.5.
PAR  Suitable liquid aliphatic hydrocarbons having a boiling point above about
      150.degree.C which can be employed herein as one component of the modifier
      component include, for example, petroleum distillates such as kerosene,
      gas oil, lubricating oil, Stoddards solvents as well as the substantially
      pure aliphatic hydrocarbons such as n-decane, triisobutylene, n-dodecane,
      n-pentadecane, 1-methyl-4-isopropylcyclohexane, ethyl cycloheptane,
      cyclononane, 1,3-diethylcyclohexane, mixtures thereof and the like.
PAR  The petroleum distillates may or may not contain minor amounts of aromatic
      compounds, which is usually dependent upon the source of the crude
      petroleum, i.e., some crude oils contain aromatic hydrocarbons and the
      distillates are usually a certain boiling point fraction or cut from the
      crude petroleum.
PAR  The term "Stoddards solvent" as employed herein means a petroleum
      distillate clear and free from suspended matter and undissolved water,
      having a minimum flash point of 100.degree.F, a distillation range of not
      less than 50 percent at 350.degree.F (177.degree.C), 90 percent at
      375.degree.F (190.degree.C), an end point not greater than 410.degree.F
      (210.degree.C), and containing less than 20% aromatic constituents.
PAR  Suitable fatty acids and naturally occurring fatty oils which may be
      employed as the liquid modifier compounds (Component C) in the present
      invention include those having from about 6 to about 24 carbon atoms and
      preferably the unsaturated fatty acids having from about 14 to about 20
      carbon atoms. Suitable such acids include, for example, oleic acid,
      octanoic acid, linoleic acid, linolenic acid, and the like. The fatty
      acids resulting from the hydrolysis of naturally occurring oils of animal
      and vegetable origin including for example, linseed oil, castor oil, tung
      oil, fish oil, soya oil and the like and such acids as are produced as
      by-products in chemical processes including for example, tall oil, the
      by-product resulting from the conversion of wood pulp to paper by the
      sulfate process, mixtures of any of the above and the like.
PAR  Also operable as the liquid modifier compound are the naturally occurring
      fatty oils having boiling points above about 150.degree.C including, for
      example, linseed oil, castor oil, tung oil, fish oil, soya oil, and the
      like.
PAR  Suitable materials from which adequate molds, for casting the compositions
      of the present invention, may be prepared include polymers such as, for
      example, polyethylene, polypropylene, their copolymers and the like,
      polyurethanes, polysiloxane elastomers, Mylar, cured polyepoxides,
      mixtures thereof and the like.
PAR  It is preferred to employ relatively thin wall molds or molds having a low
      heat capacity or thermal conductivity. Heavy molds made of relatively high
      thermal conductivity materials such as aluminum, copper, iron or steel and
      the like may present curing problems, i.e., the reactants may not be
      readily demolded unless the mold is preheated to about
      50.degree.-90.degree.C, especially when casting relatively thin sections.
      However, high thermal conductivity materials such as copper or aluminum
      can be employed as thin wall molds without preheating if the thermal
      capacity of the mold is relatively low compared to the amount of heat
      liberated in the casting.
PAR  The compositions of the present invention are useful as, but not restricted
      to such uses as, a casting material for preparing bearing surfaces,
      annular spacers, decorative objects, furniture or furniture components,
      gears or other machine components, threaded protective plugs and caps, and
      the like.
PAR  The following examples are illustrative of the present invention.
PAR  In each of the following examples and comparative experiments, all of the
      components except the catalyst were blended together and then the catalyst
      was rapidly belnded and poured into either a Mylar tray or a polyethylene
      beaker. In those instances where an amine initiated polyol was employed,
      wherein no catalyst is required, all of the components were blended
      together except the polyisocyanate which was later rapidly blended and the
      resultant mixture poured into a polyethylene beaker or a Mylar tray.
PAR  The components and results are given in the following Table.
TBL                                    TABLE                                   

     __________________________________________________________________________

     EXAMPLE OR COMPARATIVE EXPERIMENT DESIGNATION                             

                     Ex.  Comp Comp. Ex. Comp. Ex.  Comp. Ex.                  

     COMPONENT AND PROPERTY                                                    

                     1    Ex. A                                                

                               Ex. B 2   Ex. C 3    Ex. D 4   Example          

     __________________________________________________________________________

                                                              5                

     Polyol, Type/grams                                                        

                     A/30 A/30 A/30  B/50                                      

                                         B/50  B/30 B/30  B/60                 

                                                              C/46             

     Polyisocyanate, Type/g.                                                   

                     A/30 A/30 A/30  A/50                                      

                                         A/50  A/30 A/30  A/60                 

                                                              B/92             

     Aliphatic Modifier,                                                       

     type/grams      A/20 A/20 O     B/40                                      

                                         B/40  C/20 D/20  C/20                 

                                                              B/40             

     Fatty Modifier,                                                           

     type/grams      A/10 O    O     B/10                                      

                                         O     A/10 A/10  A/10                 

                                                              C/20             

     Catalyst, Type/cc                                                         

                     A/1  A/1  A/1   A/1 A/1   A/1  A/1   A/1 A/1              

     Mold Type       PE.sup.3                                                  

                          PE   PE    M.sup.2                                   

                                         M     PE   PE    M   M                

     Density, grams/cc                                                         

                     &gt;1   N.D. 0.23  &gt;1  N.D.  &gt;1   0.55  &gt;4  &gt;1               

     Solidification time.sup.1, sec.                                           

                     &lt;25  25   10    &lt;60 N.D.  20   20    20  &lt;45              

     Demold time.sup.1, sec.                                                   

                     &lt;60  N.D. N.D.  &lt;180                                      

                                         N.D.  120  N.D.  &lt;180                 

                                                              &lt;150             

     Tensile strength,                                                         

     psi/% elongation                                                          

                     N.D..sup.4                                                

                          N.D. N.D.  3235/5                                    

                                         250/  N.D. N.D.  7055/6               

                                                              4926/7           

     REMARKS         rigid,                                                    

                          liquid                                               

                               polymer   gross rigid                           

                                                    swelled,                   

                     solid,                                                    

                          phase                                                

                               swelled,  rejection                             

                                               non- porous,                    

                     non- rejected                                             

                               developed of modi-                              

                                               porous                          

                                                    bubble-                    

                     porous                                                    

                          from the                                             

                               large     fier from                             

                                               solid                           

                                                    containing                 

                     product                                                   

                          polymer                                              

                               fissures  polymer                               

                                               product                         

                                                    mass                       

                          mass           mass                                  

     __________________________________________________________________________

                                               Comp. Comp.                     

                                                          Comp.                

     COMPONENT AND PROPERTY                                                    

                   EXAMPLE 6                                                   

                          EXAMPLE 7                                            

                                 EXAMPLE 8                                     

                                        EXAMPLE 9                              

                                               Ex. E Ex. F                     

                                                          Ex.                  

                                                              EXAMPLE          

     __________________________________________________________________________

                                                              10               

     Polyol, Type/grams                                                        

                   B/30   B/30   B/30   A/40   A/30  A/30 A/30                 

                                                              A/30             

     Polyisocyanate, Type/g.                                                   

                   C/45   A/30   A/30   A/40   A/30  A/30 A/30                 

                                                              A/30             

     Aliphatic Modifier,                                                       

     type/grams    B/20   E/10   F/10   G/30   A/20  A/30 A/20                 

                                                              A/20             

     Fatty Modifier,                                                           

     type/grams    A/10   A/5    A/10   A/10   A/10  A/10 A/10                 

                                                              A/10             

     Catalyst, Type/cc                                                         

                   A/1    A/1    A/1    A/1    B/1   C/1  D/1 E/1              

     Mold Type     M      PE     PE     PE     PE    PE   PE  PE               

     Density, grams/cc                                                         

                   &gt;1     &gt;1     &gt;1     &gt;1     N.D.  N.D. N.D.                 

                                                              &gt;1               

     Solidification time.sup.1, sec.                                           

                   &lt;60    &lt;20    &lt;20    &lt;30    N.D.  N.D. N.D.                 

                                                              &lt;45              

     Demold time.sup.1, sec.                                                   

                   &lt;180   &lt;60    &lt;60    &lt;60    N.D.  N.D. N.D.                 

                                                              &lt;180             

     Tensile strength,                                                         

     psi/% elongation                                                          

                   5588/5 N.D.   N.D.   N.D.   N.D.  N.D. N.D.                 

                                                              N.D.             

     REMARKS       Rigid, Rigid  Rigid, Rigid, Liquid phase grossly            

                                                              solid,ed         

                   solid, solid, solid, solid, Large voids present in          

                                               polymerized    white,           

                   non-   opaque non-   non-   resin          opaque           

                   porous white  porous porous                bubble-free      

                   product                                                     

                          product                                              

                                 product                                       

                                        product               resin            

     __________________________________________________________________________

                   Ex.  Ex.  Ex.  Ex.         Comp.            Comp.           

     COMPONENT AND PROPERTY                                                    

                   11   12   13   14   Example 15                              

                                              Ex. H     EXAMPLE                

                                                               Ex.             

     __________________________________________________________________________

                                                               I               

     Polyol, Type/grams                                                        

                   A/30 D/50 E/26 F/51 G/60   G/60      B/46   H/40            

     Polyisocyanate, Type/g.                                                   

                   A/30 A/30 A/30 A/44 A/30   A/30      A/55   A/40            

     Aliphatic Modifier,                                                       

     type/grams    A/20 B/20 E/10 A/30 A/30   A/30      A/50   O               

     Fatty Modifier,                                                           

     type/grams    A/10 B/5  B/20 C/10 A/10   O         A/10   A/40            

     catalyst, Type/cc                                                         

                   F/1  A/1  A/1  A/1  A/1    A/1       O      O               

     Mold Type     PE   PE   PE   M    M      M         M      PE              

     Density, grams/cc                                                         

                   &gt;1   &gt;1   &gt;1   &gt;1   &gt;1     N.D.      &gt;1     0.2             

     Solidification time.sup.1, sec.                                           

                   60   30   30   &lt;20  &lt;35    30        &lt;30    30              

     Demold time.sup.1, sec.                                                   

                   &lt;240 180  &lt;180 60   &lt;75    N.D.      &lt;90    &lt;90             

     Tensile strength, -psi/% elongation                                       

                   N.D. N.D. N.D. N.D. 4756/6 N.D.      N.D.   N.D.            

     REMARKS       Solid,                                                      

                        Solid,                                                 

                             Solid,                                            

                                  Solid,      During soli-                     

                   bubble-                                                     

                        white,                                                 

                             white,                                            

                                  opaque,     dification, a                    

                   free opaque,                                                

                             opaque,                                           

                                  bubble-     liquid phase                     

                   resin                                                       

                        bubble-                                                

                             bubble-                                           

                                  free        exuded from the                  

                        free free resin       solid polymer.                   

                        resin                                                  

                             resin            Resultant polymer                

                                              had a deeply                     

                                              pitted surface.                  

     __________________________________________________________________________

                                                        Comparative            

     COMPONENT AND PROPERTY                                                    

                     EXAMPLE 17                                                

                            EXAMPLE 18                                         

                                   EXAMPLE 19                                  

                                          EXAMPLE 20                           

                                                 EXAMPLE 21                    

                                                        Experiment             

     __________________________________________________________________________

                                                        J                      

     Polyol, Type/grams                                                        

                     I/24   G/50   B/30   B/30   B/30   B/30                   

     Polyisocyanate, Type/g.                                                   

                     A/30   D/30   A/30   A/30   A/30   A/30                   

     Aliphatic modifier,                                                       

     type/grams      B/20   B/20   B/20   E/20   A/25   A/26.25                

     Fatty Modifier, -type/grams                                               

                     A/5    B/10   D/10   E/10   C/5    C/3.75                 

     Catalyst, Type/cc                                                         

                     O      A/1    A/1    A/1    A/1    A/1                    

     Mold Type       PE     PE     PE     PE     PE     PE                     

     Density, grams/cc                                                         

                     &gt;1     &gt;1     &gt;1     &gt;1     &gt;1     N.D.                   

     Solidification time.sup.1,sec.                                            

                     20     &lt;30    &lt;30    &lt;30    &lt;30    N.D.                   

     Demold time.sup.1, sec.                                                   

                     &lt;60    &lt;60    &lt;90    &lt;90    &lt;90    N.D.                   

     Tensile strength,                                                         

     psi/% elongation                                                          

                     N.D.   N.D.   N.D.   N.D.   N.D.   N.D.                   

     REMARKS         Solid, rigid, bubble-free resin    Liquid phase grossly   

                                          rejected, Large voids                

                                          present in polymerized               

                                          resin                                

     __________________________________________________________________________

      Footnotes to Table:                                                      

      .sup.1 The time was measured from the instant all of the components were 

      blended together.                                                        

      .sup.2 M indicates a Mylar tray was employed on the mold.                

      .sup.3 PE indicates a polyethylene beaker was employed as the mold.      

      .sup.4 N.D. indicates that the property was not determined.              

PA1  Polyol a was the reaction product of pentaerythritol with propylene oxide
      to an OH equivalent weight of about 87.
PA1  Polyol b was the reaction product of glycerine with propylene oxide to an
      OH equivalent weight of about 87.
PA1  Polyol c was dipropylene glycol.
PA1  Polyol d was the reaction product of glycerine with propylene oxide to an
      equivalent weight of about 150.
PA1  Polyol e was the reaction product of glycerine with ethylene oxide to an
      equivalent weight of about 78.
PA1  Polyol f was the reaction product of sucrose with propylene oxide to an
      equivalent weight of about 127.
PA1  Polyol g was the reaction product of sucrose with propylene oxide to an
      equivalent weight of about 160.
PA1  Polyol h was the reaction product of diethylene triamine with propylene
      oxide in a molar ratio of about 1:5 respectively and having an OH
      equivalent weight of about 76.
PA1  Polyol i was the reaction product of amino ethyl ethanol amine reacted with
      propylene oxide in a molar ratio of about 1:3 respectively having a
      hydroxyl equivalent weight of about 72.
PA1  Polyisocyanate a was an 80/20 mixture of 2,4-/2,6-toluene diisocyanate
      having an NCO equivalent weight of about 87.
PA1  Polyisocyanate b was a polymethylene polyphenylisocyanate having an NCO
      equivalent weight of about 134 and an average functionality of about 2.6.
PA1  Polyisocyanate c was a prepolymer prepared by reacting an excess of
      polyisocyanate S with polyol B, the resultant prepolymer contained about
      32 percent free NCO groups and an NCO equivalent weight of about 130.
PA1  Polyisocyanate d was xylene diisocyanate.
PA1  Aliphatic modifier a was a light gas oil having a boiling range of about
      180.degree.-300.degree.C.
PA1  Aliphatic modifier b was Stoodards solvent having a boiling range where 90
      percent distills over at 190.degree.C and the end point not higher than
      210.degree.C and containing about 3.4 weight percent aromatics.
PA1  Aliphatic modifier c was n-decane having a boiling point of about
      174.degree.C.
PA1  Aliphatic modifier d was n-octane having a boiling point of about
      125.degree.C.
PA1  Aliphatic modifier e was a white lubricating oil having a viscosity of 77.7
      centistokes at 100.degree.F; a pour point of -15.degree.F and a boiling
      point above 150.degree.C commercially available from the Exxon Company as
      Exxon Primol No. 335.
PA1  Aliphatic modifier f was a lubricating oil having a viscosity of 2121
      Saybolt seconds at 100.degree.F, an ASTM viscosity grade of 2150, at
      15.degree.F pour point and a boiling point greater than 150.degree.C
      commercially available from the Exxon Co. as Exxon Nuray No. 146.
PA1  Aliphatic modifier g was triisobutylene, a mixture of isomers of (C.sub.4
      H.sub.8).sub.3, having an atmospheric boiling range of 348.degree.-
      354.degree.F and a specific gravity of 0.764 at 60.degree.F.
PA1  Fatty modifier a was oleic acid.
PA1  Fatty modifier b was octanoic acid.
PA1  Fatty modifier c was tall oil having a specific gravity of 0.94, a
      viscosity of 50 Saybolt Universal seconds at 210.degree.F, and a
      saponification value of 193, having a boiling point of &gt;150.degree.C.
PA1  Fatty modifier d was a 36 carbon dimerized fatty acid having an iodine
      value of 13 and an acid value of 194, commercially available as Empol 1010
      from Emory Industries, Inc.
PA1  Fatty modifier e was castor oil.
PA1  Catalyst a was stannous octoate.
PA1  Catalyst b was a mixture of 70 wt. percent bis(2-dimethyl aminoethyl) ether
      and 30 percent dipropylene glycol.
PA1  Catalyst c was a 33 percent solution of triethylenediamine in dipropylene
      glycol.
PA1  Catalyst d was triethylamine.
PA1  Catalyst e was antimony octoate.
PA1  Catalyst f was mercuric naphthenate.
CLMS
STM  I claim:
NUM  1.
PAR  1. A solid, rigid, non-cellular, non-porous polyurethane having a density
      of at least about 1 g/cc, a percent elongation of &lt; 100, resulting from
      the admixture of the components of a polyurethane-forming composition,
      which can be demolded within 5 minutes after admixture of said components,
      said polyurethane-forming composition comprising
PA1  A. a polyether polyol having a functionality of from 2 to about 8 and a
      hydroxyl equivalent weight of from about 60 to less than about 250;
PA1  B. an organic polyisocyanate;
PA1  C. a modifier composition consisting essentially of
PA2  1. from about 85 to about 30 percent by weight of a liquid aliphatic
      hydrocarbon having a boiling point of at least about 150.degree.C and
PA2  2. from about 15 to about 70 percent by weight of a liquid fatty acid,
      fatty oil or mixture thereof having a boiling point of at least about
      150.degree.C; and
PA1  D an organo-metallic catalyst for urethane formation;
PAL  wherein components (A) and (B) are present in quantities so as to provide
      an NCO:OH ratio of from about 0.8:1 to about 2:1; component (C) is present
      in quantities of from about 10 to about 50 percent by weight of the sum of
      components (A), (B) and (C); Component (D) is present in quantities of
      from about 0.1 to about 10 percent by weight of the sum of the weights of
      components (A), (B) and (C); with the proviso that when component (A) is
      an amine initiated polyether polyol, the quantity of component (D) may be
      zero and when component (A) is a difunctional polyether polyol, then the
      average NCO-functionality of component (B) is at least about 2.5.
NUM  2.
PAR  2. A polyurethane of claim 1, wherein component (A) has an equivalent
      weight of from about 75 to about 200; components (A) and (B) are employed
      in quantities such that the NCO:OH ratio is from about 0.95:1 to about
      1.1:1; and component (D) when present is employed in quantities of from
      about 0.1 to about 2 percent.
NUM  3.
PAR  3. The polyurethanes of claim 2 wherein the modifier component contains
      from about 50 to about 80 percent by weight of (A) and from about 20 to
      about 50 percent by weight of (B).
NUM  4.
PAR  4. The polyurethane of claim 3 wherein the liquid aliphatic hydrocarbon is
      selected from the group consisting of gas oil, lubricating oil, Stoddards
      solvent, triisobutylene, n-decane and mixtures thereof.
NUM  5.
PAR  5. The polyurethane of claim 3 wherein the liquid fatty acid has from about
      6 to about 24 carbon atoms.
NUM  6.
PAR  6. The polyurethane of claim 5 wherein the liquid fatty acid is unsaturated
      and has from about 14 to about 20 carbon atoms.
NUM  7.
PAR  7. The polyurethane of claim 3 wherein the liquid fatty oil is selected
      from the group consisting of tall oil, castor oil and mixtures thereof.
NUM  8.
PAR  8. The polyurethane of claim 5 wherein the fatty acid was octanoic acid.
NUM  9.
PAR  9. The polyurethane of claim 6 wherein the fatty acid was oleic acid.
NUM  10.
PAR  10. A process for producing solid, rigid, non-cellular, non-porous
      polyurethane articles having a density of at least 1 g/cc, a percent
      elongation of less than 100, and which can be demolded within a period of
      about 5 minutes without the addition of an external source of heat which
      process comprises:
PA1  1. admixing the components of a composition comprising:
PA2  A. a polyether polyol having a functionality of from 2 to about 8 and a
      hydroxyl equivalent weight of from about 60 to less than about 250;
PA2  B. an organic polyisocyanate;
PA2  C. a modifier composition consisting essentially of
PAR  1. from about 85 to about 30 percent by weight of a liquid aliphatic
      hydrocarbon having a boiling point of at least about 150.degree.C and
PA3  2. from about 15 to about 70 percent by weight of a liquid fatty acid,
      fatty oil or mixture thereof having a boiling point of at least about
      150.degree.C; and
PA2  D. an organo-metallic catalyst for urethane formation;
PAL  wherein components (A) and (B) are present in quantities so as to provide
      an NCO:OH ratio of from about 0.8:1 to about 2:1; component (C) is present
      in quantities of from about 10 to about 50 percent by weight of the sum of
      components (A), (B) and (C); component (D) is present in quantities of
      from about 0.1 to about 10 percent by weight of the sum of the weights of
      components (A), (B) and (C); with the proviso that when component (A) is
      an amine initiated polyether polyol, the quantity of component (D) may be
      zero and when component (A) is a difunctional polyether polyol, then the
      average NCO-functionality of component (B) is at least about 2.5;
PA1  2. placing the admixed composition into a suitable mold wherein said
      composition solidifies within less than about 5 minutes to a solid having
      the aforesaid density and elongation; and
PA1  3. subsequently demolding the resultant article from the mold.
NUM  11.
PAR  11. The process of claim 10, wherein component (A) has an equivalent weight
      of from about 75 to about 200; components (A) and (B) are employed in
      quantities such that the NCO:OH ratio is from about 0.95:1 to about 1.1:1;
      and component (D) when present is employed in quantities of from about 0.1
      to about 2 percent.
NUM  12.
PAR  12. The process of claim 11 wherein the modifier component contains from
      about 50 to about 80 percent by weight of (A) and from about 20 to about
      50 percent by weight of (B).
NUM  13.
PAR  13. The process of claim 12 wherein the liquid aliphatic hydrocarbon is
      selected from the group consisting of gas oil, lubricating oil, Stoddards
      solvent, triisobutylene, n-decane and mixtures thereof.
NUM  14.
PAR  14. The process of claim 12 wherein the liquid fatty acid has from about 6
      to about 24 carbon atoms.
NUM  15.
PAR  15. The process of claim 14 wherein the liquid fatty acid is unsaturated
      and has from about 14 to about 20 carbon atoms.
NUM  16.
PAR  16. The polyurethane of claim 12 wherein the liquid fatty oil is selected
      from the group consisting of tall oil, castor oil and mixtures thereof.
NUM  17.
PAR  17. The polyurethane of claim 14 wherein the fatty acid is octanoic acid.
NUM  18.
PAR  18. The polyurethane of claim 15 wherein the fatty acid is oleic acid.
NUM  19.
PAR  19. The process of claim 10 wherein said mold is that of a furniture
      component.
NUM  20.
PAR  20. The process of claim 10 wherein said mold is that of a decorative
      object.
NUM  21.
PAR  21. The process of claim 10 wherein said mold is that of a machine
      component.
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ABST
PAL  A nonflammable binder composition having good properties, such as excellent
      adhesiveness, flexibility, storage stability and nonflammability,
      comprises a water-soluble silicate and a vinyl polymer emulsion which is
      prepared by emulsion polymerization of polymerizable vinyl monomer using,
      as an emulsifying agent, a neutralization product of water-soluble resin
      containing carboxyl groups.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a nonflammable binder composition which comprises
      a special vinyl polymer emulsion and water-soluble silicate. More
      particularly, the invention relates to the nonflammable binder composition
      having excellent properties such as good adhesiveness, flexibility,
      storage stability and nonflammability. Furthermore, the invention relates
      to the nonflammable binder composition in which several advantageous
      properties of the vinyl polymer emulsion and water-soluble silicate are
      combined. The term "nonflammable composition" as used hereinafter means a
      composition which is hardly combustible, flame-resisting or
      non-combustible.
PAR  2. Description of Prior Art
PAR  In the prior art, water-dispersed vinyl polymer emulsion have been commonly
      employed for a wide variety of uses since they scarcely contain organic
      solvents and easily form coating films, and further the adhesiveness and
      flexibility of the coating films formed therefrom are good. Said vinyl
      polymer emulsions, however, mainly comprises organic components and are
      liable to be burnt in a fire, so that they cannot comply with the
      requirement of nonflammability for the construction of high-storied
      buildings. Further, as the formed coating film is relatively soft, it is
      not competent for a use in which the wear resistance is required.
      Accordingly, it is necessary from the industrial and commercial demands to
      improve the vinyl polymer emulsion by eliminating the above-mentioned
      disadvantages.
PAR  An inorganic binder of water-soluble silicate is also used in a coating
      material, adhesive agent, building material, molding material and so forth
      as the material to cover the defects of said organic binder. Said
      water-soluble silicate is employed for such uses because it has several
      desirable properties such as strong adhesiveness, binding property, good
      chemical resistance, nonflammability and high hardness, which are
      characteristic of the inorganic material. Although the water-soluble
      silicate has these advantages, it is not widely used since it has no
      flexibility just like the above-mentioned vinyl polymer emulsion.
PAR  Accordingly, it is industrially quite worthwhile to propose a binder having
      the advantageous features of both vinyl polymer emulsion and water-soluble
      silicate, and in view of the fact that the binder is aqueous and scarcely
      contains organic solvent, it is desirable from the standpoint of the
      prevention of environmental pollution. As a method for eliminating the
      brittleness of water-soluble silicate while keeping the advantageous
      characteristics, an organic polymer having excellent flexibility is
      generally mixed with the silicate. However, although the water-soluble
      silicate itself is stable, when a foreign material such as organic
      material is mixed therewith, agglomeration of siliceous material is caused
      to occur by neutralization of electric charges or change of pH value, or
      the organic material is possibly hydrolyzed during long term storage, so
      that it cannot be kept stable. Accordingly, it has been substantially
      difficult to improve the properties of water-soluble silicate by using
      organic polymers.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Taking the above-mentioned characteristic of the water-soluble silicate
      into consideration, the inventors of the present application have made an
      extensive study on a combined system of water-soluble or water-dispersible
      organic polymer and water-soluble silicate so as to obtain a flexible,
      stable and nonflammable binder composition. As the result of such study,
      the binder composition of the present invention has been made, in which a
      special vinyl polymer emulsion was prepared by polymerizing a
      polymerizable vinyl monomer using a neutralization product of
      water-soluble resin containing carboxyl groups (hereinafter reffered to as
      "neutralized water-soluble resin") as the emulsifying agent.
PAR  Accordingly, the principal object of the present invention is to propose a
      novel and improved binder composition. A further object of the present
      invention is to propose a nonflammable binder composition which has the
      good properties of adhesiveness, flexibility and storage stability. A
      still further object of the present invention is to propose a nonflammable
      binder composition which having the advantageous features of both vinyl
      polymer emulsion and water-soluble silicate.
PAR  In accordance with the present invention, the nonflammable binder
      composition is prepared by mixing:
PAR  A. water-soluble silicate which is represented by the general formula:
EQU  M.sub.2 O.xSiO.sub.2
PAL  wherein M is an alkali metal or a nitrogen-containing basic group such as
      N(CH.sub.2 OH).sub.4, N(C.sub.2 H.sub.4 OH).sub.4, N(C.sub.2 H.sub.4
      OH).sub.3 or C(NH.sub.3).sub.2 NH, and x is a positive number not less
      than 0.5, and
PAR  B. vinyl polymer emulsion which is obtained by emulsion polymerization of
      polymerizable vinyl monomer using, as an emulsifying agent, a neutralized
      water-soluble resin. In the preparation of said nonflammable binder
      composition, the above-mentioned water-soluble silicate and vinyl polymer
      emulsion which is produced by emulsion polymerization of polymerizable
      vinyl monomer using radical polymerization initiator are simply mixed
      together.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  When the water-soluble silicate is mixed with the polymer emulsion prepared
      using the conventional emulsifying agents such as lower molecular surface
      active agent, polyvinyl alcohol or hydroxyethyl cellulose, the emulsion is
      destroyed by the alkaline component in said water-soluble silicate, or the
      siliceous material is agglomerated in a short period by the neutralization
      of electric charges, so that a stable binder can not be prepared. Further,
      when the common water-soluble organic polymer such as acrylic acid
      copolymer or polyamide resin is added to the aqueous solution of
      water-soluble silicate, separation of resin phase is caused by the salting
      out effect of the silicate, so that no desirable binder can be prepared.
PAR  In the vinyl polymer emulsion of the present invention, the above-mentioned
      defects are eliminated, and the vinyl polymer emulsion of the invention
      can stably exist in the aqueous solution of water-soluble silicate. The
      reason why the nonflammable binder composition of the present invention
      can be prepared may be such that the neutralization of electric charges of
      siliceous material in the mixing step is moderated since the neutralized
      water-soluble resin protects the circumferences of emulsion particles and
      the alkaline neutralizing agent used dissociates in the solution which
      acts as the common ion with the silicate, and that the neutralized
      water-soluble resin is not salted out by the silicate since it sticks fast
      around the emulsion particles as a protective colloid and it is not
      dissolved but dispersed. Further, the binder composition of the present
      invention comprising the water-soluble silicate and vinyl polymer emulsion
      prepared by using such neutralized water-soluble resin as the emulsifying
      agent has a film forming property and can be used as an excellent binder,
      and as understood from the microscopic observation, the above depends upon
      the fact that the vinyl polymer emulsion particles come closer together to
      obtain a continuous polymer film when water contained in the emulsion is
      evaporated, while the water-soluble silicate also coagulates to form a
      separate phase from said emulsion, so that the emulsion and silicate form
      a three-dimensional network structure by hardening. The binder of the
      present invention having the above-mentioned structure becomes
      nonflammable and very hard without loss of the merits of respective
      components because the organic material is enveloped in the inorganic
      material mainly consisting of the silicate, and tightly interconnected
      together.
PAR  The water-soluble silicates as used in the present invention are
      represented by the general formula:
EQU  M.sub.2 O.xSiO.sub.2
PAL  in which M is an alkali metal or a nitrogen-containing basic group such as
      N(CH.sub.3 OH).sub.4, N(C.sub.2 H.sub.4 OH).sub.4, N(C.sub.2 H.sub.4
      OH)).sub.3 or C(NH.sub.3).sub.2 NH, and x is a positive number not less
      than 0.5, and for example, there are alkali metal silicate consisting of
      silicic acid and alkali metal belonging to the group 1A of the periodic
      table, tertiary or quaternary ammonium silicate consisting of silicic acid
      and tertiary or quaternary amine, guanidine silicate consisting of silicic
      acid and guanidine, and colloidal silica. More particularly, sodium
      silicate, potassium silicate and lithium silicate as alkali metal
      silicates, triethanol ammonium silicate as tertiary ammonium silicate, and
      tetramethanol ammonium silicate and tetraethanol ammonium silicate as
      quanternary ammonium silicates are exemplified. These water-soluble
      silicates may be used alone or as a mixture of two or more of them. In the
      above-mentioned general formula, when the value of x is less than 0.5, the
      water resistance of binder becomes poor because the alkali content exists
      in excess, which is not desirable for the practical uses.
PAR  The water-soluble resins having carboxyl groups used as emulsifying agents
      for the preparation of the vinyl polymer emulsion of the present invention
      are alkyd resin, epoxy ester resin, acid adducts of drying oils or
      semi-drying oils, phenol resin, amino resin, acrylic resin, polyamide
      resin and maleinized polybutadiene.
PAR  The above-mentioned acid adducts of drying oils or semi-drying oils include
      the reaction products which are prepared by adding fumaric acid, maleic
      acid, acrylic acid, methacrylic acid and itaconic acid to vegetable oils
      such as tung oil, perilla oil, dehydrated castor oil, linseed oil, soybean
      oil, cotton seed oil, sesame oil and rape seed oil or their fatty acids.
      The alkyd resin used in the present invention is a drying or semi-drying
      alkyd resin which is prepared by the conventional method, and as the
      polyhydric alcohols, ethylene glycol, propylene glycol, diethylene glycol,
      butylene glycol, 2,2-dimethylpropanediol, glycerol, trimethylolethane,
      trimethylolpropane, 1,2,6-hexanetriol, pentaerythritol, sorbitol,
      diglycerol and dipentaerythritol can be used, while as the polybasic
      ingredients, phthalic anhydride, isophthalic acid, trimellitic acid,
      tetrahydrophthalic anhydride, maleic anhydride, fumaric acid,
      tetrachloromaleic anhydride, hexachloroendomethylene tetrahydrophthalic
      acid, succinic acid, adipic acid and sebacic acid can be used, further as
      the oil components for modification, any drying oils and semi-drying oils
      can be used. For example, castor oil, dehydrated castor oil, tung oil,
      safflower oil, soybean oil, linseed oil, coconut oil, cotton seed oil,
      tall oil, olive oil, rice bran oil and other oils containing conjugated or
      non-conjugated unsaturated fatty acids can be used. Furthermore, epoxy
      ester resin which is prepared by modifying drying oil or semi-drying oil
      resin, or alkyd resin with epoxy resin can also be used. Still further,
      acrylic resins which are prepared by copolymerization of acrylic acid,
      methacrylic acid, alcohol esters of acrylic acid or methacrylic acid, and
      vinyl monomers such as styrene, vinyl toluene, acrylamide and
      acrylonitrile; and polyamide resin having carboxyl group can be used. As
      the neutralizing agents for the above-mentioned resins, inorganic alkalis
      such as lithiun hydroxide, potassium hydroxide and sodium hydroxide;
      ammonia; water-soluble amines such as monomethylamine, dimethylamine,
      trimethylamine, monoethylamine, diethylamine, triethylamine,
      mono-n-propylamine and dimethyl-n-propylamine; and hydroxyamines such as
      monoethanolamine, diethanolamine, triethanolamine, N-methylethanolamine,
      N-aminoethylethanolamine, N-methyldiethanolamine, monoisopropanolamine,
      diisopropanolamine, triisopropanolamine and hydroxylamine are used
      according to the conventional neutralization method. The degree of
      neutralization may be partial or complete neutralization of the carboxylic
      acid. The thus obtained water-soluble resin can be used alone or in
      admixture with one another.
PAR  The above-mentioned maleinized polybutadiene is produced by maleinizing
      polybutadiene with maleic acid and/or the anhydride thereof. When maleic
      anhydride is used, the ring-opening is carried out by using water,
      alcohol, amine or the like to form dicarboxylic, half-esterified or
      half-amide product, then the thus formed carboxyl groups are neutralized
      and used for the emulsion polymerization. Furthermore, the maleinized
      polymer may be hydroxylated or epoxidized and used thereafter for the
      emulsion polymerization.
PAR  The acid value of the above-mentioned water-soluble resins having carboxyl
      groups used in the present invention should be about 20 to 350, preferably
      about 40 to 200. When this acid value is less than 20, the effect as the
      emulsifying agent cannot be expected, and accordingly no desirable polymer
      emulsion can be prepared. If the acid value is more than 350, the
      stability of the silicate will be lost when the polymer emulsion is
      finally mixed with the water-soluble silicate. The neutralizing agents for
      the neutralization of carboxyl groups may be ammonia, amines, or
      hydroxides, oxides, carbonates or bicarbonates of alkali metals.
PAR  The neutralized water-soluble resin is used in such an amount that
      theoretical acid value relative to the total solids contained in the
      resultant vinyl polymer emulsion will be in the range of 5 to 150.
      Theoretical acid value relative to the total solid is determined by the
      following equation;
      ##EQU1##
      wherein A is the acid value of water-soluble resin containing carboxylic
      group, B is the total weight in grams of the water-soluble resin and vinyl
      monomers charged to the polymerization system and C is the weight in grams
      of water-soluble resin charged to the polymerization system. If the
      theoretical acid value is less than 5, the emulsion polymerization cannot
      sufficiently proceed and a desirable emulsion is not formed. If the
      theoretical acid value becomes more than 150, the stability of the
      silicate will be lost when the polymerization product is finally mixed
      with the water-soluble silicate.
PAR  The vinyl polymer emulsion of the present invention is the emulsion
      polymerization product obtained from polymerizable vinyl monomers having a
      Q value of at least 0.1 determined by Q-e scheme. Said Q-e scheme is a
      theory representing the addition reaction rate constant of monomers to
      radicals, which was firstly proposed by T. Alfrey Jr. and C. C. Price in
      1947 (J. Polymer Sci., 2, 101). Said Q value is a constant showing the
      general reactivity of a monomer in Q-e scheme, and when the radical
      reactivity of a monomer is high, the value of Q generally becomes large.
PAR  As the polymerizable vinyl monomers having a Q value of at least 0.1 on Q-e
      scheme which are used in the present invention, there are for example,
      acrylic ester or methacrylic ester as represented by the general formula
      of
      ##EQU2##
      in which R.sub.1 is a hydrogen atom or a methyl group and R.sub.2 is an
      alkyl group having 1 to 18 carbon atoms. Examples of the vinyl monomers
      are alkyl esters of acrylic or methacrylic acid, glycidyl methacrylate,
      glycidyl acrylate, methoxybutyl acrylate, methoxybutyl methacrylate,
      methoxyethyl acrylate, methoxyethyl methacrylate, ethoxybutyl acrylate,
      ethoxybutyl methacrylate, allyl acrylate, allyl methacrylate,
      hydroxypropyl methacrylate, diethylaminoethyl methacrylate, allyloxyethyl
      methacrylate, styrene, .alpha.-methyl styrene, vinyltoluene,
      vinylpyridine, butadiene, isoprene, chloroprene, acrylonitrile and
      methacrylonitrile. These polymerizable vinyl monomers can be used alone or
      as a mixture of two or more of them, and they can be used together with
      about 10% by weight or less of water-soluble vinyl monomers such as
      acrylic acid, methacrylic acid, itaconic acid, acrylamide, methacrylamide,
      dimethylaminoethyl methacrylate, N-methylolacrylamide,
      N-methylolmethacrylamide, 2-hydroxyethyl methacrylate, 2-hydroxypropyl
      acrylate and acrolein.
PAR  In the emulsion polymerization, when a polymerizable vinyl monomer having a
      Q value of less than 0.1 in said Q-e scheme, such as vinyl acetate, and
      the emulsifying agent of the present invention are used, the monomer
      reacts with the emulsifying agent since the activity of radicals produced
      from said monomer is too large and the polymerization reaction of the
      vinyl monomers is impeded. With regard to the emulsion polymerization of
      the polymerizable vinyl monomer in the present invention, the
      conventionally known operation conditions can be well applied without any
      changes, and it may be carried out without the use of catalyst or in the
      presence of common radical polymerization initiator, or by applying
      radiant rays such as gamma rays.
PAR  As the above-mentioned polymerization initiators or polymerization
      initiating sources, for example, ionizing radiation, organic or inorganic
      peroxides, sulfides, sulfines, sulfinic acids, sulfones, azo compounds,
      diazo compounds, persulfates, perchlorates, water-soluble or oil-soluble
      redox polymerization initiators and the like can be effectively used.
PAR  The nonflammable binder composition is, as disclosed in the foregoing,
      prepared only by mixing the water-soluble silicate and the vinyl polymer
      emulsion made by using said emulsifying agent of neutralized water-soluble
      resin. it is, however, mixed using the conventional dispersing machines
      such as ball mills and colloid mills so as to obtain a more homogeneous
      product. Further, the water-soluble silicate can be mixed during the
      polymerization of emulsion, however, the stability of the final product is
      better when the silicate is added after the emulsion polymerization. The
      water-soluble silicate can be added as an aqueous solution or powder, and
      any difference of the qualities is not observed in the manner of additions
      to prepare the nonflammable binder compositions of the present invention.
PAR  The compounding ratio as solid of the water-soluble silicate and the vinyl
      polymer emulsion is in the range by weight of 80:20 to 30:70. When the
      ratio of vinyl polymer emulsion becomes less than 5% by weight, the
      flexibility of binder becomes insufficient, and when the ratio of vinyl
      polymer emulsion becomes more than 90% by weight, the nonflammability and
      hardness are reduced so that the desired nonflammable binder composition
      of the present invention can not be prepared.
PAR  The binder composition of the present invention is not only nonflammable
      but also flexible and has good adhesive and bonding properties, and
      excellent film forming property. Accordingly, the binder composition of
      the present invention can be used not only as the coating material as
      shown in the following Examples but also for the preparations of adhesive
      agents, ink vehicles and the like.
DETD
PAR  In order that those skilled in the art may better understand the present
      invention and the manner in which it may be practiced, the following
      specific Examples are given, wherein the parts and percent are parts by
      weight and percent by weight unless otherwise expressed.
PAC  EXAMPLE 1
PAR  A reaction vessel was fed with 78.3 parts of refined linseed oil and 13.0
      parts of maleic anhydride, which were caused to react at 180.degree.C for
      5 hours with stirring in the presence of nitrogen gas to obtain maleinized
      linseed oil. 40 parts of butyl cellosolve was added to 100 parts of said
      maleinized linseed oil, and caused to react at 120.degree.C for 2 hours;
      thus a half-estrified resin of 61 in acid value was obtained. To 70 parts
      of this reaction product were added 6 parts of 30% aqueous ammonia and 94
      parts of water at room temperature; thus an aqueous solution of maleinized
      linseed oil containing 35.3% solids was prepared. A mixture of 15 parts of
      styrene and 30 parts of ethyl acrylate containing 0.3 part of benzoyl
      peroxide were added dropwise for 2 hours to 150 parts of the above aqueous
      solution which was being stirred at 80.degree.C, and the mixture was
      caused to react at the same temperature (80.degree.C) for a further 6
      hours; thus a milky water dispersion of polymer containing 46% solids was
      obtained, in which the viscosity of said dispersion was V - W (Gardner,
      20.degree.C). The theoretical acid value of the product was about 30 on
      the assumption that vinyl monomers were completely polymerized. Then 130
      parts of this polymer dispersion and 100 parts of 40% sodium silicate
      (Na.sub.2 O.2SiO.sub.2) solution were mixed together to prepare a binder
      composition. By using a spray gun, the above binder composition was
      applied to the surfaces of 5 mm thick slate, 0.8 mm thick iron plate, an
      aluminum sash and 2 mm thick glass plate to form coating films of 30
      microns in thickness. In the application to said slate, it was preheated
      in a drying oven at 180.degree.C, and when the surface temperature became
      80.degree.C, the slate was subjected to the spraying. The test pieces were
      then prepared by baking the above coated plates at 150.degree.C for 30
      minutes.
PAR  The test results of thus formed test pieces are shown in the following
      Table 1 attached in the last part of this disclosure.
PAC  EXAMPLE 2
PAR  A maleinized linseed oil having an acid value of 223 was prepared by the
      reaction of 80 parts of refined linseed oil and 20 parts of maleic
      anhydride. Then, 40 parts of butyl cellosolve were added to 100 parts of
      said reaction product, and 17 parts of triethylamine and 752 parts of
      water were further added to obtain an aqueous solution containing 11%
      solids. After dispersing 11 parts of acrylonitrile which contained 0.1
      part of .alpha., .alpha.'-azobisisobutyronitrile into 100 parts of the
      above solution, the air in the reaction vessel was displaced with nitrogen
      gas and kept at 85.degree.C with stirring, and a mixture of 32 parts of
      ethyl acrylate containing 0.2 part of benzoyl peroxide, 16 parts of
      acrylonitrile and 30 parts of styrene was dropped for 2 hours and further
      caused to react at 85.degree. C for 10 hours. As the result of the above
      reaction, an aqueous dispersion of vinyl polymer containing 50 % solids
      and having a viscosity of X (Gardner, 20.degree.C) was obtained. The
      stability of this reaction product was good. The theoretical acid value of
      the product was about 30 on the assumption that vinyl monomers were
      completely polymerized. Thereafter, 120 parts of this polymer dispersion,
      75 parts of 20% lithium silicate (Li.sub.2 O.8SiO.sub.2) and 75 parts of
      20% colloidal silica (trademark: Snowtex C, made by Nissan Chemical
      Industries Co., Ltd. in Japan) were well mixed for 24 hours in a ball
      mill; thus the binder composition of the present invention was prepared.
      Further, in like manner as the foregoing Example 1, the above binder
      composition was applied to the surfaces of several plates and dried for 3
      days at room temperature to obtain test pieces.
PAC  EXAMPLE 3
PAR  A 1 liter four neck flask was fed with 0.5 mol of maleic anhydride, 0.83
      mol of phthalic anhydride, 0.5 mol of adipic acid, 0.05 mol of coconut oil
      fatty acid, 0.5 mol of triethylene glycol and 1 mol of diethylene glycol,
      and the mixture was subjected to condensation by heating at 190.degree. C
      for 8 hours; thereby unsaturated polyester resin having an acid value of
      75 was obtained. Then, 9 parts of triethylamine, 24 parts of water and 10
      parts of ethylene glycol monoethyl ether were mixed to 100 parts of said
      polyester resin and stirred at 70.degree.C for 1 hour to obtain a
      water-soluble unsaturated polyester resin varnish containing 70% of
      non-volatile matter. The non-volatile matter in the varnish was adjusted
      to 40% by adding 45 parts of water and 30 parts of butyl cellosolve to 100
      parts of said varnish. After the adjustment, 5 parts of acrylonitrile
      containing 0.1 part of benzoyl peroxide was dispersed in 100 parts of the
      adjusted solution, and while stirring at 80.degree.C, a mixture of 3 parts
      of n-butyl acrylate containing 0.2 part of benzoyl peroxide, 5 parts of
      2-ethylhexyl acrylate, 6.5 parts of styrene and 0.5 part of acrylic acid
      was dropped for 2 hours, and thereafter the reaction mixture was further
      caused to react for 6 hours at 80.degree.C. Through the above reaction, a
      milky aqueous dispersion of polymer having a solid content of 50% and a
      viscosity of Y (Gardner, 20.degree.C) was obtained. The theoretical acid
      value of the product was about 56.5 on the assumption that vinyl monomers
      were completely polymerized. Thereafter, 160 parts of the polymer
      dispersion, 125 parts of 20% tetraethanol ammonium silicate (x = 4.5),
      62.5 parts of 40% potassium silicate (x = 3.0), 30 parts of zinc white and
      30 parts of titanium dioxide were well mixed in a ball mill for 3 hours to
      prepare the binder composition of the present invention. Further, in like
      manner as the foregoing Example 1, this binder composition was applied to
      the surfaces of several plates and baked for 10 minutes at 200.degree.C to
      obtain test pieces.
PAC  EXAMPLE 4
PAR  A monomer mixture (100 parts) of the following composition which containing
      0.5 part of .alpha., .alpha.'-azobisiso-butyronitrile was dropped for 2
      hours into 60 parts of butyl cellosolve which was stirred at 85.degree.C.
TBL  ______________________________________                                    

     Monomer Mixture:                                                          

     Styrene                    25 parts                                       

     Ethyl acrylate             30 parts                                       

     2-Ethylhexyl acrylate      10 parts                                       

     Hydroxyethyl methacrylate  10 parts                                       

     Acrylic acid               25 parts                                       

     ______________________________________                                    

PAR  After the above dropping, the polymerization was continued for a further 4
      hours to obtain a viscous polymerization product containing 62.5% of
      non-volatile matter. The resin acid value of this reaction product was
      192. Then, 40 parts of triethylamine and 300 parts of water were added to
      160 parts of said polymerization product to obtain a water-soluble resin
      solution containing 20% non-volatile matter. Further, the following
      monomer mixture containing 0.4 part of .alpha.,
      .alpha.'-azobisiso-butyronitrile was added dropwise for 2 hours with
      stirring to 100 parts of the above water-soluble resin solution which was
      being kept at 85.RTM.C.
TBL  ______________________________________                                    

     Monomer Mixture:                                                          

     Ethyl acrylate             20 parts                                       

     Hydroxyethyl methacrylate  10 parts                                       

     Acrylonitrile              10 parts                                       

     Styrene                    20 parts                                       

     ______________________________________                                    

PAR  After the above dropping, the polymerization was continued for a further 5
      hours. The theoretical acid value of the product was about 75 on the
      assumption that vinyl monomers were completely polymerized. Then, 320
      parts of water and 150 parts of sodium silicate (x = 3) powder were added
      to the above product to prepare a binder composition. Further, 3 parts of
      ammonium metaphosphate, 1 part of zinc borate and 10 parts of red iron
      oxide were dispersed in 100 parts of said binder composition by using a
      ball mill for 1 hour, and thereafter the thus obtained mixture was applied
      to the surfaces of several substrates and baked for 30 minutes at
      80.degree.C to prepare test pieces.
PAC  EXAMPLE 5
PAR  The following monomer mixture (100 parts) which contained 0.5 part of
      .alpha., .alpha.'-azobisisobutyronitrile was dropped for 2 hours to 60
      parts of butyl cellosolve which was heated at 85.degree.C with stirring.
TBL  ______________________________________                                    

     Monomer mixture:                                                          

     Styrene                    20 parts                                       

     Ethyl acrylate             55 parts                                       

     2-Ethylhexyl acrylate      10 parts                                       

     Hydroxyethyl methacrylate  10 parts                                       

     Acrylic acid                5 parts                                       

     ______________________________________                                    

PAR  After the above dropping, the polymerization was continued for a further 4
      hours to obtain a viscous polymerization product containing 62.5%
      non-volatile matter, the acid value of which was 39. Then, 100 parts of
      the above polymerization product was mixed with 3 parts of triethylamine
      and 105 parts of water; thus a water-soluble resin solution containing 30%
      non-volatile matter was prepared. Further, 30 parts of the following
      monomer mixture containing 0.2 part of benzoyl peroxide was dropped for 2
      hours to 100 parts of said resin solution which was heated at 85.degree.C
      with stirring.
TBL  ______________________________________                                    

     Monomer Mixture:                                                          

     Ethyl acrylate             80 parts                                       

     Hydroxyethyl methacrylate  20 parts                                       

     Styrene                    10 parts                                       

     ______________________________________                                    

PAR  After the above dropping, the polymerization was further continued for 5
      hours to obtain a polymer dispersion containing 46% solids and having a
      viscosity of Y - Z (Gardner, 20.degree.C). The theoretical acid value of
      the product was about 8 on the assumption that vinyl monomers are
      completely polymerized. A binder composition was then prepared by mixing
      60 parts of this polymer dispersion, 50 parts of 20% triethanol ammonium
      silicate (x = 6), 50 parts of 20% collodial silica (trademark: Snowtex 20,
      made by Nissan Chemical Industries, Co., Ltd. in Japan) and 375 parts of
      20% lithium silicate. In like manner as the foregoing Example 1, this
      binder composition was applied to the surfaces of several plates, which
      were then dried for 3 days at room temperature to prepare test pieces.
PAC  EXAMPLE 6
PAR  An autoclave was fed with 150 g of polybutadiene (number average molecular
      weight: 1,900, 1,4-cis type: 72%, 1,4-trans type: 27% and 1,2-vinyl type
      1%), 20 g of maleic anhydride and 75 ml of xylene, and after displacing
      the air in the autoclave by nitrogen gas, the contents were caused to
      react by heating at 190.degree. to 200.degree.C for 5 hours with vigorous
      stirring. After the reaction, the reaction product was well rinsed with
      water, 60 ml of butyl cellosolve was added thereto, and the remaining
      water was removed by an evaporator to prepare a maleinized polybutadiene
      solution. The acid value of this maleinized polybutadiene was 93 and the
      concentration was 85.6%.
PAR  In the next step, an autoclave was fed with a solution consisting of 71.5 g
      of butyl methacrylate, 0.5 g of lead naphthenate (8% as metallic lead);
      and 40 g of the maleinized polybutadiene prepared in the above step, 10 ml
      of 28% aqueous ammonia, 100 ml of water and 200 mg of ammonium persulfate,
      and the air in the autoclave was replaced with nitrogen gas by repeating
      the procedures of nitrogen gas displacement and pressure reduction
      alternately for 30 minutes. Then, the mixture was heated at 75.degree. to
      85.degree.C for 2 hours with stirring. Thereby, an emulsion containing
      47.8% solids was prepared. The theoretical acid value of the product,
      assuming the butyl methacrylate was completely polymerized, was 30.0.
PAR  A binder composition was prepared by adding 65 parts of the above emulsion
      to 230 parts of 30% lithium silicate aqueous solution (x = 3.5) with
      vigorous stirring. In like manner as the foregoing Example 1, the thus
      prepared binder was applied to the surfaces of several plates and the
      coated plates were allowed to stand for 3 days in a room at 30.degree.C to
      obtain test pieces.
PAC  EXAMPLE 7
PAR  A ball mill was fed with 170 parts of 30% sodium silicate (x = 4.0), 100
      parts of 20% collodial silica and 60 parts of the emulsion as prepared in
      Example 6, and well mixed for 24 hours to prepare a binder composition. In
      like manner as the foregoing Example 1, this binder composition was
      applied to the surfaces of several plates and baked for 30 minutes at
      150.degree.C.
PAC  EXAMPLE 8
PAR  The following components were mixed and the mixture was applied to the
      surface of several plates in like manner as the foregoing Example 1, and
      then the coated plates were baked at 200.degree.C for 15 minutes.
TBL  ______________________________________                                    

     Binder components:                                                        

     20 % Tetraethanol ammonium silicate (x = 4.5)                             

                                 50 parts                                      

     40 % potassium silicate (x = 3.0)                                         

                                100 parts                                      

     Zinc white                  15 parts                                      

     Titanium dioxide            15 parts                                      

     Emulsion prepared in Example 6                                            

                                100 parts                                      

     ______________________________________                                    

PAC  EXAMPLE 9
PAR  A binder composition was prepared by mixing the following components and it
      was applied to the surfaces of several plates in like manner as the
      foregoing Example 1, and then the coated plates were baked at 250.degree.C
      for 10 minutes.
TBL  ______________________________________                                    

     Binder components:                                                        

     Powder of sodium silicate (x = 2)                                         

                                30 parts                                       

     Aluminum metaphosphate     5 parts                                        

     Zinc borate                1 part                                         

     Red iron oxide             20 parts                                       

     Emulsion prepared in Example 6                                            

                               140 parts                                       

     Water                     100 parts                                       

     ______________________________________                                    

PAC  EXAMPLE 10
PAR  A binder composition was prepared by mixing the following components and it
      was applied to the surfaces of several plates in like manner as the
      foregoing Example 1; then the coated plates were baked at 80.degree.C for
      30 minutes.
TBL  ______________________________________                                    

     Binder components:                                                        

     20 % Triethanol ammonium silicate (x = 6)                                 

                                 80 parts                                      

     20 % Colloidal silicate (trademark: Snowtex 20, made by Nissan Chemical   

     Industries, Ltd., in Japan)                                               

                                 80 parts                                      

     20 % Lithium silicate (x = 4)                                             

                                 50 parts                                      

     Emulsion prepared in Example 6                                            

                                180 parts                                      

     ______________________________________                                    

PAC  EXAMPLE 11
PAR  An autoclave was fed with 300 g of polybutadiene (number average molecular
      weight: 1,100, 1,4-trans type: 10.8% and 1,2-vinyl type 89.2%), 180 g of
      maleic anhydride, 200 ml of xylene and 150 ml of methyl isobutylketone,
      and after displacing air in the autoclave by nitrogen gas, the contents
      were caused to react by heating at 185.degree. to 195.degree.C for 4.5
      hours with vigorous stirring. After the reaction, the reaction product was
      rinsed well with water and then with methanol. 60 ml of butyl cellosolve
      was added thereto, and the remaining methanol was removed by an evaporator
      to prepare a maleinized polybutadiene solution. the acid value of this
      maleinized polybutadiene was 190 and the concentration was 83%.
PAR  In the next step, an autoclave was fed with 220 g of methyl methacrylate,
      220 g of lauryl methacrylate, 200 g of the maleinized polybutadiene
      prepared in the above step, 66 ml of 28% aqueous ammonia, 737 ml of water
      and 300 mg of ammonium persulfate, and the air in the autoclave was
      replaced with nitrogen gas by repeating the procedure of nitrogen
      displacement and pressure reduction alternately for 30 minutes. Then, the
      mixture was heated at 70.degree. to 80.degree.C for 6 hours with stirring.
      Thereby, an emulsion containing 41.0% solids was prepared. The theoretical
      acid value of the product assuming the butyl methacrylate to be completely
      polymerized was 52.0
PAR  Further, a binder composition was prepared by adding 60 parts of the above
      emulsion to 300 parts of 30% potassium silicate aqueous solution (x = 3.5)
      with vigorous stirring. In like manner as the foregoing Example 1, the
      thus prepared binder was applied to the surfaces of several plates and the
      coated plates were allowed to stand for 3 days in a room at 30.degree.C to
      obtain test pieces.
PAC  COMPARATIVE EXAMPLE 1
PAR  A mixture of 5 parts of polyvinyl alcohol having polymerization degree of
      1,000, 50 parts of water, 0.3 part of potassium persulfate and 45 parts of
      vinyl acetate, was stirred for 5 hours at 80.degree.C in the presence of
      nitrogen gas; thereby a viscous emulsion having a viscosity of Z(Gardner,
      20.degree.C) was prepared. This emulsion was applied to the surfaces of
      several plates in like manner as the foregoing Example 1, and the coated
      plates were dried for 3 days at room temperature to obtain test pieces.
PAC  COMPARATIVE EXAMPLE 2
PA1  An aqueous solution of 20% sodium silicate (x = 2) was applied to the
      surfaces of several plates in like manner as the foregoing Example 1, and
      the coated plates were baked for 30 minutes at 150.degree.C to obtain test
      pieces.
PAC  COMPARATIVE EXAMPLE 3
PAR  The emulsion as prepared in said Comparative Example 1 and 50% sodium
      silicate solution (x = 2) were mixed together. In the initial state of the
      mixing, the mixture was fluid, however, gelation occurred after about 20
      minutes.
PAC  COMPARATIVE TESTS
PAR  The properties of binders in the foregoing Examples 1 to 11 and Comparative
      Examples 1 to 3 were subjected to various tests, the results of which are
      shown in the following Table 1. In all tests except the bending test, no
      difference between each substrate as coated was observed, so that the
      results on the slates are shown in the table, while the bending test was
      carried out with respect to iron plates.
PAC  The test methods were as follows
PAR  1. Storage Test
PAR  A sample was put into a closed bottle and stored for 3 months at
      20.degree.C, and thereafter the condition of the sample was observed.
PAR  2. Bending Test
PAR  The test piece (iron plate) was bent with 5 mm in radius of curvature, and
      the condition of coating was observed.
PAR  3. Adhesion Test
PAR  One hundred squares having 1 mm sides were made on the coated surface by
      parallel and crossed knife-cut lines, then a pressure-sensitive tape
      (Scotch tape) was attached to the cut squares and the tape was peeled off.
      The remaining squares on the plate were counted.
PAR  4. Firing Test
PAR  The coated plate was heated by a Bunsen burner for 3 minutes, and the
      condition of coating after the heating was observed.
PAR  5. Hardness
PAR  The coated surface was subjected to scratching test by using various kinds
      (hardness) of pencils.
PAR  6. Water Resistance
PAR  The coated plate was immersed in flowing water at 20.degree.C for 7 days,
      and after that, the condition of coating film was observed.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Tests                                                                     

          Storage                                                              

               Bending                                                         

                    Adhesion                                                   

                          Firing   Water                                       

                          Test                                                 

                              Hardness                                         

          Test Test Test  (*2)                                                 

                              (*3) Resistance                                  

     __________________________________________________________________________

     Ex. 1                                                                     

          Good Good 100/100                                                    

                          NF  9H.sup.+                                         

                                   Good                                        

     Ex. 2                                                                     

          Good Good 100/100                                                    

                          SE  9H.sup.+                                         

                                   Good                                        

     Ex. 3                                                                     

          Good Good 100/100                                                    

                          SE  9H.sup.+                                         

                                   Good                                        

     Ex. 4                                                                     

          Good Good 100/100                                                    

                          NF  9H.sup.+                                         

                                   Good                                        

     Ex. 5                                                                     

          Good Good 100/100                                                    

                          NF  9H.sup.+                                         

                                   Good                                        

     Ex. 6                                                                     

          Good Good 100/100                                                    

                          NF  9H.sup.+                                         

                                   Good                                        

     Ex. 7                                                                     

          Good Good 100/100                                                    

                          NF  9H.sup.+                                         

                                   Good                                        

     Ex. 8                                                                     

          Good Good 100/100                                                    

                          SE  9H.sup.+                                         

                                   Good                                        

     Ex. 9                                                                     

          Good Good 100/100                                                    

                          SE  9H.sup.+                                         

                                   Good                                        

     Ex.10                                                                     

          Good Good 100/100                                                    

                          NF  9H.sup.+                                         

                                   Good                                        

     Ex.11                                                                     

          Good Good 100/100                                                    

                          NF  9H.sup.+                                         

                                   Good                                        

     CEx.1                                                                     

          Good Good  6/100                                                     

                          CB  2B   Blister                                     

     CEx.2                                                                     

          Good Crack                                                           

                    100/100                                                    

                          NF  9H.sup.+                                         

                                   Dissolved                                   

     CEx.3                                                                     

          Gela-                                                                

               --   --    --  --   --                                          

     (*1) tion                                                                 

     __________________________________________________________________________

      Notes:                                                                   

      *1) Ex. -- Example; CEx. -- Comparative Example                          

      *2) SE -- Self-extinguishable; NF -- Nonflammable CB -- Completely burnt 

      *3) 9H.sup.+ -- Harder than 9H                                           

PAR  In accordance with the above examples and test results, it will be
      understood that the nonflammable binder composition of the present
      invention has excellent properties and is useful. It should be emphasized,
      however, that the specific examples shown herein are intended as merely
      illustrative and in no way restrictive of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A nonflammable binder composition which comprises (A) 30 to 80 weight
      percent of water-soluble silicate represented by the formula:
EQU  M.sub.2 O.xSiO.sub.2
PAL  wherein M is an alkali metal or a nitrogen-containing basic group selected
      from the group consisting of N(CH.sub.2 OH).sub.4, N(C.sub.2 H.sub.4
      OH).sub.4, N(C.sub.2 H.sub.4 OH).sub.3 and C(NH.sub.3).sub.2 NH, and x is
      a positive number not less than 0.5, and (B) 70 to 20 weight percent of
      vinyl polymer emulsion which is the emulsion polymerization product of
      polymerizable vinyl monomer using, as an emulsifying agent, a neutralized
      product of water-soluble resin containing carboxyl groups and having an
      acid value of 20-350 in an amount such that the theoretical acid value
      relative to the total solids contained in the resultant vinyl polymer
      emulsion is about 5-150.
NUM  2.
PAR  2. A nonflammable binder composition as claimed in claim 1, in which said
      polymerizable vinyl monomer has a Q value of at least 0.1 as determined by
      the Q-e theory.
NUM  3.
PAR  3. A nonflammable binder composition as claimed in claim 1, in which said
      water-soluble resin is selected from the group consisting of alkyd resin,
      epoxy ester resin, acid adduct of drying oil or semi-drying oil, acrylic
      resin, polyamide resin and maleinized polybutadiene.
NUM  4.
PAR  4. A nonflammable binder composition as claimed in claim 1 in which said
      acid value is 40-200.
NUM  5.
PAR  5. A nonflammable binder composition as claimed in claim 1 in which said
      emulsifying agent is maleinized linseed oil which has been neutralized
      with ammonia or triethylamine.
NUM  6.
PAR  6. A nonflammable binder composition as claimed in claim 1 wherein said
      emulsifying agent is an alkyd resin of ingredients comprising maleic
      anhydride, phthalic anhydride, adipic acid, coconut oil fatty acid,
      triethylene glycol and diethylene glycol which has been neutralized with
      triethylamine and wherein said silicate is a mixture of potassium silicate
      and tetraethanol ammonium silicate.
NUM  7.
PAR  7. A nonflammable binder composition as claimed in claim 1 in which said
      emulsifying agent is the reaction product of ingredients comprising
      styrene, ethylacrylate, 2-ethylhexylacrylate, hydroxyethylmethacrylate,
      and acrylic acid which has been neutralized with triethylamine and wherein
      said silicate is sodium silicate or a mixture of lithium silicate and
      triethanol ammonium silicate.
NUM  8.
PAR  8. A nonflammable binder composition as claimed in claim 1 wherein said
      emulsifying agent is ammonia neutralized maleinized polybutadiene, said
      polymerizable vinyl monomer is butylmethacrylate and said silicate is
      selected from the group consisting of sodium silicate, lithium silicate, a
      mixture of potassium silicate and tetraethanol ammonium silicate, and a
      mixture of lithium silicate and tetraethanol ammonium silicate.
NUM  9.
PAR  9. A nonflammable binder composition as claimed in claim 1 in which said
      polymerizable vinyl monomer is at least one acrylic or methacrylic ester
      of the formula
      ##EQU3##
      in which R.sub.1 is hydrogen or methyl and R.sub.2 is alkyl of 1-18 carbon
      atoms.
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ABST
PAL  Alpha-olefin polymers made dyeable by the addition of a mixture of a nickel
      compound and an ester of terephthalic acid.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to dyeable .alpha.-olefin polymer compositions.
      Other aspects of this invention relate to methods for preparing dyeable
      .alpha.-olefin polymers. Another aspect of this invention relates to
      mixtures of a nickel compound and an ester of terephthalic acid.
PAC  BACKGROUND OF THE INVENTION
PAR  The use of .alpha.-olefin polymers in the manufacture of fibers and films
      is a well known art. Quite often the market value of .alpha.-olefin
      polymer fibers and/or films is directly related to their appearance,
      especially when used in articles of manufacture such as knitted or woven
      carpets and fabrics. The appearance of .alpha.-olefin polymers, such as
      polypropylene, is sometimes improved by incorporating in the polymer
      additives which aid in the development of desirable color features, such
      as improved depth of color or color quality. Metals salts of organic
      acids, polyalkylene oxides, hydrocarbon oils and waxes have been suggested
      by the prior art (U.S. Pat. No. 3,322,704) as additives which will improve
      the dyeability or color quality of .alpha.-olefin polymers. Because of the
      commercial interest in .alpha.-olefin polymers having improved color
      quality the search for additives which improve dyeability of
      .alpha.-olefin polymers continues.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to .alpha.-olefin polymers that contain a nickel
      compound and an ester of terephthalic acid which exhibit excellent
      dyeability, depth of color and color quality. This invention also relates
      to methods of preparing polymers of .alpha.-olefins that contain a nickel
      compound and an ester of terephthalic acid having excellent depth of color
      and color quality.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Any suitable .alpha.-olefin polymer can be employed in the practice of this
      invention. Polymers prepared from monomers having from 2 to 10 carbon
      atoms per molecule are conveniently used because of their ready commercial
      availability from many sources. The polymers can be homopolymers or
      copolymers of .alpha.-olefin monomers such as ethylene, propylene,
      butene-1, pentene-1, hexene-1, heptene-1, octene-1, nonene-1, and decene-1
      including block, graft or random copolymerized forms thereof including
      ethylene-propylene, ethylene-butene-1 and ethylene hexene-1 copolymers.
      Polymers of propylene including homopolymers and copolymers because of
      their commercial importance as fibers, films and other shaped articles
      constitute a preferred polymer class within the scope of this invention.
PAR  Nickel compounds which can be mixed with an ester of terephthalic acid can
      be any inorganic or organic, soluble or insoluble nickel compound
      providing the nickel compound is stable during manufacturing operations.
      Representative nickel compounds are nickel chloride, nickel sulfate,
      nickel acetate, nickel stearate, nickel pelargonate, nickel
      2-ethylhexanoate, nickel myristate, nickel ethylenediamine, nickel
      fumarate, nickel terephthalate and nickel alanine. Preferred nickel
      compounds are nickel salts of aliphatic organic acids such as nickel
      stearate, nickel acetate, and nickel 2-ethylhexanoate.
PAR  The esters of terephthalic acid employed in the practice of this invention
      include compounds having the formula
      ##EQU1##
      wherein R.sup.1 and R.sup.2 represent aliphatic, alicyclic, aromatic
      hydrocarbon groups, and combinations thereof, and R.sup.1 and R.sup.2 are
      the same or different. It is preferred that the total carbon content of
      each R.sup.1 and R.sup.2 group is in the range of 1 to 20 carbon atoms.
      Representative terephthalic acid esters included within the above
      definition are dimethyl terephthalate, diethyl terephthalate, methyl ethyl
      terephthalate, didodecyl terephthalate, dicyclohexyl terephthalate,
      dodecyl cyclohexyl terephthalate, dibenzyl terephthalate, diphenyl
      terephthalate, butyl phenyl terephthalate, dieicosyl terephthalate, and
      the like. Preferred esters of terephthalic acid are those compounds
      wherein the R.sup.1 and R.sup.2 groups are aromatic groups, for example,
      diphenyl terephthalate, dinapthyl terephthalate, phenyl naphthyl
      terephthalate.
PAR  In the practice of this invention the nickel compound and the terephthalic
      ester can be incorporated into .alpha.-olefin polymers in any manner so
      long as they are uniformly distributed throughout the polymer
      compositions. For example, suitable procedures involve dry blending of the
      nickel compound and terephthalic ester (sometimes referred to hereafter as
      the nickel-ester additives) in a subdivided form, with polymer fluff or
      powder with subsequent mastication of the polymer and the nickel-ester
      additives at elevated temperatures. Additives customarily employed by the
      art to stabilize .alpha.-olefin polymers against the degradation effect of
      heat, light, oxygen, as well as other additives which improve or aid in
      dyeing .alpha.-olefin polymers can be incorporated in .alpha.-olefin
      polymers along with the nickel-ester additives disclosed by this
      invention.
PAR  In addition the .alpha.-olefin polymer compositions of this invention can
      also contain fillers, pigments, plasticizers, and other inert ingredients
      frequently incorporated in .alpha.-olefin polymers of economic and
      processing reasons.
PAR  The preferred amount of nickel compound per 100 parts of .alpha.-olefin
      polymer is in the range of 0.05 to 5.0 parts by weight while the preferred
      amount of terephthalic acid ester is in the range of 0.1 to 4.0 parts of
      terephthalic acid ester. Accordingly, the proportions of nickel compound
      to terephthalic acid ester when admixed with .alpha.-olefin polymers may
      vary from 50 parts of nickel compound to 1 part of terephalic acid ester
      compound to 1 part of nickel compound to 80 parts of terephthalic acid
      ester compound. Generally, optimum dyeability is obtained when
      approximately 1 part of nickel compound and 2 parts of terephthalic acid
      ester compound be employed per 100 parts of .alpha.-olefin polymer.
PAR  As required for any .alpha.-olefin polymer application, those skilled in
      the art will be able to determine the optimum amount of the nickel-ester
      additives required to obtain the desired degree of dyeability improvement
      in a specific polymer by following simple test procedures.
PAC  EXAMPLE I
PAR  As illustrated in Table I, a polypropylene composition A was prepared by
      dry blending (1) polypropylene; (2) a thermal antioxidant, Irganox 1010,
      tetrakis[methylene(3,5-di-tertiary-butyl-4-hydroxyhydrocinnamate)]methane;
      (3) a processing additive, DOPI, dioctyl phosphite; (4) a thermal
      stabilizer, BHT, 2,6-di-t-butyl-4-methylphenol; and (5) a nickel compound,
      nickel stearate.
PAR  Seven additional polymer compositions B through H similar to A were
      prepared and admixed with alternate chemical additives (6 through 12).
TBL                                    TABLE I                                 

     __________________________________________________________________________

                    A     B     C     D     E     F     G     H                

     __________________________________________________________________________

     (1) Polypropylene                                                         

                    100.00                                                     

                          100.00                                               

                                100.00                                         

                                      100.00                                   

                                            100.00                             

                                                  100.00                       

                                                        100.00                 

                                                              100.00           

     (2) Irganox 1010                                                          

                    0.05  0.05  0.05  0.05  0.05  0.05  0.05  0.05             

     (3) DOPI       0.10  0.10  0.10  0.10  0.10  0.10  0.10  0.10             

     (4) BHT        0.02  0.02  0.02  0.02  0.02  0.02  0.02  0.02             

     (5) Nickel stearate                                                       

                    0.5   0.5   0.5   0.5   0.5   0.5   0.5   0.5              

     (6) Diphenyl   --    1.0   --    --    --    --    --    --               

     terephthalate                                                             

     (7) Diphenyl ortho-                                                       

                    --    --    1.0   --    --    --    --    --               

     phthalate                                                                 

     (8) Butyl benzyl ortho-                                                   

                    --    --    --    1.0   --    --    --    --               

     phthalate                                                                 

     (9) N,N'-distearyl-                                                       

                    --    --    --    --    1.0   --    --    --               

     ethylenediamine                                                           

     (10) Polyethylene oxide                                                   

                    --    --    --    --    --    1.0   --    --               

     (11) Alkyl sulfolanyl                                                     

                    --    --    --    --    --    --    1.0   --               

     ether                                                                     

     (12) Aromatic oil,                                                        

                    --    --    --    --    --    --    --    1.0              

     Bp 190.degree.C                                                           

     __________________________________________________________________________

PAR  The eight polypropylene polymer compositions A through H set out above were
      processed into knitted fabric prepared from 150/8 yarn (150/8 yarn is yarm
      composed of eight filaments with a total denier of 150). The knitted
      fabric was dyed as described below. A panel consisting of four people
      rated the relative dyeability of the knitted fabric samples by designating
      those samples having the deepest or best color by the number 1 and those
      with the lightest or poorest color by the number 3. The panel's ratings
      are shown in Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

                    A   B     C     D   E   F   G   H                          

     ______________________________________                                    

     Dyeability Rating                                                         

                      2     1     2   2   3   3   2   2                        

     ______________________________________                                    

PAR  Quite unexpectedly, the dyeability of nickel-terephthalic ester
      polypropylene mixtures, B above, was significantly better than the
      dyeability of nickel-orthophthalate ester polypropylene mixtures, C and D
      above, as shown by the panel's ratings. In addition, the
      nickel-terephthalic ester polypropylene mixtures were rated the best in
      dyeability over all other nickelalternate chemical polypropylene
      compositions.
PAC  DYEING PROCEDURE
PAR  Dyeing of individual knitted fabric samples of the compositions described
      in Example I A through H approximately three inches square having a
      thickness of approximately a 1/32 to 1/64 of an inch containing
      approximately 100 filaments per square inch was carried out accordingly:
PAR  1. a print paste consisting of (a) 50% by weight of a 5 % by weight Syngum
      mixture is butyl alcohol and water which had been stirred until smooth and
      (b) 50 % by weight of a color solution consisting of varying amounts%
      depending on the dye used (Petramin Yellow GL -- 2%, Petramin Red BL (50%
      paste) -- 4%; Petramin Dark Blue GL -- 1%); citric acid -- 6%; Cibaphasol
      AS -- 2%; Versene -- 2%; Tamol SN -- 2% (used with dry dye powders only)
      and sufficient water to make up at total color solution weight % of 100
      which has been heated at 160.degree.F and stirred until smooth, were
      combined and stirred until smooth.
PAR  2. the knitted fabric sample using print paste prepared in accordance with
      (1) above was squeegeed with enough print paste to completely flood the
      knitted fabric.
PAR  3. the fabric sample then was dried approximately 15 minutes. Drying was
      carried out until the samples were dry to the touch, and did not exhibit
      any color change. The sample was then steam heated in a steam autoclave
      for 15 minutes at 105.degree.-110.degree.C.
PAR  4. the fabric sample was then rinsed in lukewarm running water until all
      bleed-off color had been removed.
PAR  5. the sample was then soaped for 30 seconds in a sodium carbonate solution
      (2 grams per liter of water) and Igepal CO-630 solution (1 gram per 1
      liter of water) at 160.degree.F, rinsed to remove all traces of soap
      particles (as indicated by bubbles and slippery feel), run through a
      padder, centrifugally extracted, dried in air and then evaluated by
      representatives of the color panel as indicated in Example I above.
PAR  As illustrated by the above example, the dyes which are useful in the
      practice of this invention include metallizable dyes. These dyes are
      frequently referred to as chelating or metallizable disperse dyes, so
      called because they form stable chelate complexes with metal substances
      contained within the composition which is to be dyed. Preferred dyes
      within the scope of this invention include metallizable disperse dyes so
      called because they are water-insoluble and can be dispersed in water in a
      very fine particle size. Representative of dyes useful in the practice of
      this invention include metallizable disperse azo, disperse antraquinone,
      and disperse nitroarylamine dyes. The terms "disperse, chelating, azo,
      antraquinone and nitroarylamine" as customarily employed by those skilled
      in the art are illustrated and fully described in Encyclopedia of Polymer
      Science and Technology, Vol. 5, 1966, Copyright to John Wiley and Sons,
      Inc., Library of Congress Catalog Card Number 64-22188.
PAR  Also included with the term as to metallizable disperse dyes in the
      practice of this invention are petramin dyes manufactured by Verona
      Dyestuffs, a Division of Verona-Pharma Chemical Corporation and marketed
      under the trade-names Petramin Yellow GL, Petramin Yellow FRL, Petramin
      Yellow F3RL, Petramin Orange 5 GL, Petramin Orange 5 R, Petramin Red FBB,
      Petramin Violet R, Petramin Blue B, Petramin Blue GGL, Petramin Dark Blue
      GL, Petramin Brown 3 R, and "National Polypropylene" series of dyes
      produced by the National Aniline Division of the Allied Chemical Company
      including Polypropylene Green B, Polypropylene Brilliant Blue B,
      Polypropylene Brilliant Orange R, Polypropylene Violet 3BR, Polypropylene
      Red 2B, and Polypropylene Yellow R.
CLMS
STM  We claim:
NUM  1.
PAR  1. A dyeable .alpha.-olefin polymer composition comprising an
      .alpha.-olefin polymer, a nickel compound selected from the class
      consisting of nickel salts of aliphatic organic acids, and a di-ester of
      terephthalic acid, said nickel compound being present in an amount of from
      0.05 to 5.0 parts per 100 parts by weight of said .alpha.-olefin polymer,
      and said di-ester being present in an amount of from 0.1 to 4.0 parts per
      100 parts by weight of said .alpha.-olefin polymer.
NUM  2.
PAR  2. A composition in accordance with claim 1 wherein said nickel compound is
      nickel stearate, nickel acetate, nickel pelargonate, nickel
      2-ethylhexanoate, and nickel myristate.
NUM  3.
PAR  3. A composition in accordance with claim 1 further comprising a
      metallizable dye.
NUM  4.
PAR  4. A composition in accordance with claim 3 wherein said di-ester is
      selected from the class consisting of compounds having the formula
      ##EQU2##
      wherein R.sup.1 and R.sup.2 are individually selected from the class
      consisting of aliphatic, alicyclic, aromatic hydrocarbon groups, and
      combinations thereof wherein the total carbon content of each R.sup.1 and
      R.sup.2 group is in the range of from 1 to 20 carbon atoms.
NUM  5.
PAR  5. A composition in accordance with claim 4 wherein said .alpha.-olefin
      polymer is a polymer of at least one .alpha.-olefin monomer having from 2
      to 10 carbon atoms.
NUM  6.
PAR  6. A composition in accordance with claim 4 wherein said .alpha.-olefin
      polymer is a polymer of propylene.
NUM  7.
PAR  7. A composition in accordance with claim 6 wherein said di-ester is
      dimethyl terephthalate.
NUM  8.
PAR  8. A composition in accordance with claim 6 wherein said di-ester is
      diphenyl terephthalate and said nickel compound is nickel stearate.
NUM  9.
PAR  9. A composition in accordance with claim 3 wherein said metallizable dye
      is selected from the class consisting of metallizable disperse azo,
      anthraquinone, and nitroarylamine dyes.
NUM  10.
PAR  10. A composition in accordance with claim 3 wherein said metallizable dye
      is a metallizable disperse azo dye.
NUM  11.
PAR  11. A composition in accordance with claim 1 wherein said di-ester is
      diphenyl terephthalate.
NUM  12.
PAR  12. A composition in accordance with claim 11 wherein said nickel compound
      is nickel stearate.
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ABST
PAL  An improved crayon wax composition having a wax base, stearic acid, pigment
      and an additive mixture which comprises polyethylene having a molecular
      weight between 500,000-6,000,000 is disclosed. Use of the polyethylene in
      small amounts enables the replacement of higher melting point waxes with
      low-melting point paraffin wax of 120.degree.-140.degree.F, while still
      maintaining the required performance qualities of the crayon wax.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Waxes are a commonly used material in the composition of various marking
      devices. A marking device which is well known has been in the form of
      crayons made from various waxes and additives to form both the marking
      medium and the structural shape of the crayon. Such a dual purpose, i.e.,
      marking and structure, has imposed somewhat incompatible requirements on
      the composition. The composition must necessarily be solid, possess
      structural rigidity and strength to form a satisfactory supporting
      structure, yet must also be soft enough to form a carrier for the pigment
      which will be deposited under pressure on the surface of the material to
      be marked. Of necessity, the various compositions for crayon waxes used to
      the present time have been comprised between obtaining satisfactory
      strength and resistance to breaking, while simultaneously possessing
      sufficient softeners and flow qualities under pressure to give a
      satisfactory marking.
PAR  Presently a composition used is composed of paraffin wax having a melting
      point usually between 140.degree. and 165.degree.F and a few percent of
      microcrystalline wax. Additionally, stearic acid and the desired dye or
      pigment is added to make the complete crayon wax composition. Such a blend
      possesses sufficient suitable qualities such as resistance and adequate
      marking ability. However, due to the high ambient temperatures to which
      certain crayons may be subjected, it is desirable to increase the
      resistance to softening while at the same time to enhance the brightness
      of the marking. This is a present problem confronting the manufacturers of
      improved crayon waxes.
PAR  U.S. Pat. No. 2,882,246 of Leatherman et al., issued Apr. 14, 1959,
      discloses a wax composition containing polyethylene having a molecular
      weight in the range of 3,000 to 150,000. However, changes in the
      properties of the wax composition are generally directly proportional to
      the amount of the polyethylene present in the composition. U.S. Pat. No.
      3,491,043 of Zmitrovis, issued Jan. 20, 1970, discloses a wax composition
      containing an additive - a Fischer-Tropsch wax and an amorphous
      polypropylene. However, the additive does not permit the substitution of a
      lower melting point paraffin wax for the higher melting point paraffin wax
      in the composition and still maintain the desired qualities of the
      resulting product.
PAC  SUMMARY OF THE INVENTION
PAR  This invention therefore relates to an improved crayon wax composition
      having a paraffin wax base, stearic acid, pigment and small quantities of
      polyethylene having a molecular weight from about 500,000 to about
      6,000,000. The use of the latter surprisingly imparts to the composition
      improved resistance to softening at high ambient temperature while
      permitting the substitution of low melting point wax for high melting
      point wax in the wax base. In addition, markings from the improved crayon
      wax composition have an enhanced brightness. Furthermore, none of the
      other desired properties for a crayon wax composition are adversely
      influenced.
PAC  DESCRIPTION OF THE INVENTION
PAR  The crayon wax composition of this invention has for its basic constituent
      a wax in the amount of about 30-99% by weight of the composition.
PAR  Normally, the preferred base wax for a crayon wax composition is paraffin
      wax having a melting point between 140.degree.F to 150.degree.F. It may,
      however, contain microcrystalline wax having melting points of from about
      140.degree.F to about 210.degree.F, and/or vegetable, insect and animal
      waxes and mixtures thereof.
PAR  Ordinarily, commercial paraffin wax consists of straight chain or normal
      paraffin hydrocarbons of the C.sub.n H.sub.2n.sub.+2 series. These
      hydrocarbons have average molecular weights in the range of 360.degree. to
      492 with individual components varying from C.sub.20 to C.sub.35, although
      there are some higher melting waxes with molecular weights of up to 600.
      Generally, these paraffin waxes are characterized by having a melting
      point between 120.degree.F and 165.degree.F and a viscosity between 35 and
      60 SUS at 210.degree.F. They are produced from the heavier fractions of
      petroleum distillates, by first dewaxing the distillate to obtain slack
      wax and then deoiling the slack wax to obtain the paraffin wax.
PAR  Another constituent which is included in the crayon wax composition is
      stearic acid. The stearic acid is added generally in the amount of from
      about 10% to about 50% by weight, but more likely in the quantity of from
      about 20% to about 40% by weight.
PAR  To impart a color to the crayon wax composition as well as the desired
      color of the wax when applied as a marking, a pigment is added. This
      pigment is included in an amount to sufficiently impart the desired color
      density to the applied crayon wax composition and may be in the amount of
      from about 0.5% to about 25% by weight.
PAR  In order to obtain improved resistance to softening caused by high ambient
      temperatures, it has been found that the inclusion of polyethylene having
      a molecular weight of from 500,000 to 6,000,000 in quantities from
      approximately 0.10 to 10% by weight adds materially to the aforementioned
      desired property. It is preferred that the polyethylene be included in the
      amount of from about 0.25% to 5% by weight in the composition.
      Polyethylene having molecular weights of from 500,000 to 6,000,000 is
      described in ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY, Kirk & Othmer, (2nd
      Edition), Vol. 14, pages 264-265. Such polyethylenes have a nil melt index
      (ASTM D1248-65T-D1238, Condition E) and unusually good izod impact (D265)
      and environmental stress crack (D1693-60T) compared to lower molecular
      weight polyethylenes.
PAR  The improved resistance to softening caused by high ambient temperature
      surprisingly created by the use of the polyethylene occurs even though
      some or all of the high melting point wax of the crayon wax composition is
      replaced by low melting point wax. Also unexpected is that the brightness
      of the marking is enhanced by the improved crayon wax composition. And
      also unexpected is that the other desired properties of the crayon wax
      composition, such as hardness, is not adversely influenced by the
      inclusion of the lower melting and softer waxes.
TBL                TABLE                                                       

     ______________________________________                                    

     Comparative Results-Composition                                           

     of Present Invention and Other Compositions                               

                        Resistance to                                          

                        Softening at                                           

     Crayon Wax         High Ambient                                           

                                    Brightness                                 

     Composition        Temperatures                                           

                                    of Marking                                 

     ______________________________________                                    

     (A)  Typical Composition                                                  

                            Standard    Standard                               

     (B)  Replacement of All                                                   

                            Poorer      Superior                               

          High Melting Wax in                                                  

          (A) by Low Melting                                                   

          Wax                                                                  

     (C)  Addition of       Better      Superior                               

          Polyethylene* to (B)                                                 

     (D)  Replacement of Portion                                               

                            Better      Superior                               

          High Melting Point Wax                                               

          of (A) with Mixture of                                               

          Low Melting Point Wax                                                

          and Polyethylene*                                                    

     ______________________________________                                    

      *Polyethylene having molecular weight of about one million.              

DETD
PAR  The following illustrative examples more fully describe the composition of
      this invention and provides contrasting results.
PAC  EXAMPLES
PAR  A wax crayon composition is prepared using 68% by weight paraffin wax
      having a 145.degree.F melting point (Sunoco Paraffin Wax 4412), 30% by
      weight stearic acid, 1% by weight microcrystalline wax having a
      193.degree.F melting point (Sunoco Microcrystalline Wax 985); and the
      balance an orange dye. This wax crayon is the standard by which other wax
      crayon wax compositions are compared; it is referred to in the
      accompanying table as Typical Composition (A). This typical composition is
      tested as to its resistance to softening at high ambient temperature
      (about 90.degree.-95.degree.F) and as to the brightness of its marking.
      These test results are listed in the accompanying table as "standard".
PAR  Another wax crayon composition is prepared in a similar fashion to the
      aforementioned composition (A) but replacing a paraffin wax having a
      145.degree.F melting point is a paraffin wax having a 129.degree.F melting
      point. As shown in the accompanying table, this wax composition (B) has a
      poorer resistance to softening at high ambient temperature than the
      typical composition (A); however, the brightness of its marking is
      superior. This comparative result indicates why low melting point waxes
      are generally unacceptable as a component of wax crayon compositions.
PAR  A third wax crayon composition (C) illustrating present invention, is
      prepared in a similar fashion to the aforementioned composition (B) but
      the components were as follows: 63% by weight of the low melting point
      paraffin wax, 5% by weight of polyethylene having a molecular weight in
      excess of one million, 30% by weight of stearic acid and the balance as
      orange dye. As shown in the accompanying table, this wax crayon
      composition (C) has better resistance to softening at high ambient
      temperature and superior brightness of marking than the standard, i.e.,
      Typical Composition (A). This result indicates how a small amount of said
      polyethylene substantially improves the characteristic of the wax crayon
      composition.
PAR  A fourth wax crayon composition (D) is prepared in a similar fashion to the
      aforementioned composition (A) but 39% of the high melting point paraffin
      wax of composition (A) is replaced with a mixture containing 34% of the
      low melting point paraffin wax and of composition (B) and 5% of the
      polyethylene of composition (C). As shown in the accompanying table, this
      wax crayon composition (D) has a better resistance to softening at high
      ambient temperature and a superior brightness of marking than the
      standard, i.e., Typical Composition (A). This result indicates that a
      mixture of low melting point paraffin wax and polyethylene having a
      molecular weight of about one million can be substituted for high melting
      point paraffin wax typically used in a wax crayon composition.
PAR  Typical properties of the polyethylene used in the aforementioned
      compositions are:
TBL  Molecular Weight       1,250,000                                          

     Crystalline Melting Point                                                 

                            266-268.degree.F                                   

     Melt Index (ASTM D1238,                                                   

                            nil                                                

       Condition E)                                                            

     Specific Gravity       0.940-0.942                                        

PAL  Use of other polyethylenes having molecular weights between 500,000 and
      6,000,000 yield analogous results.
PAR  Typical properties of the waxes used in the aforementioned crayon
      composition are:
TBL  Property       High Melting Point.sup.(a)                                 

                                 Low Melting Point.sup.(b)                     

     __________________________________________________________________________

     Melting Point (AMP)                                                       

                    145.degree.F 129.degree.F                                  

     Oil Content (ASTM D721)                                                   

                    0.2%         0.4%                                          

     Color, Saybolt (ASTM D156)                                                

                    +28          +29                                           

     Specific Gravity at 60.degree.F                                           

                    0.925        0.906                                         

     Blocking Temp. ASTM D1465)                                                

                    112/115.degree.F                                           

                                 --                                            

     __________________________________________________________________________

      .sup.(a) Sunoco Wax 5415                                                 

      .sup.(b) Sunoco Wax 3425 and/or Sunoco Wax P-127                         

CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. An improved crayon wax composition containing a base wax, stearic acid,
      and a pigment wherein the improvement consists essentially of an additive
      mixture of:
PA1  a. polyethylene having a molecular weight of about 500,000-6,000,000
      wherein the polyethylene is in the amount of about 0.10%-10% by weight of
      the total composition; and
PA1  b. paraffin wax having a melting point of about 120.degree.F-140.degree.F.
NUM  2.
PAR  2. Crayon wax composition according to claim 1 wherein the base wax
      consists essentially of paraffin wax having a melting point of about
      140.degree.F-165.degree.F, and a microcrystalline wax having a melting
      point of about 140.degree.F-210.degree.F.
NUM  3.
PAR  3. Crayon wax composition according to claim 2 wherein the base wax
      consists essentially of the paraffin wax in the amount of about 30%-95% by
      weight, the microcrystalline wax in the amount of about 1%-5% by weight,
      the stearic acid in the amount of about 10%-50% by weight and the pigment
      in the amount of about 0.5%-25% by weight.
NUM  4.
PAR  4. A crayon wax composition consisting essentially of:
PA1  a. polyethylene having a molecular weight of about 500,000-6,000,000
      wherein the polyethylene is in the amount of about 0.25%-5% by weight of
      the total composition,
PA1  b. paraffin wax having a melting point of about 120.degree.F-140.degree.F,
PA1  c. stearic acid; and
PA1  d. pigment.
NUM  5.
PAR  5. A composition according to claim 4 wherein the stearic acid is in the
      amount of 10%-50% by weight and the pigment is in the amount of about
      0.5%-75% by weight of the total composition.
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ABST
PAL  Compositions composed of an alkylphenoxy polyethylene glycol, an amine or
      quaternary ammonium salt of an organic acid and an amide facilitate
      blending of particulate poly(vinyl chloride) resins during fabrication of
      the resin into molded or extruded articles.
PARN
PAR  This application is a division of application Ser. No. 407,033 filed Oct.
      16, 1973, now U.S. Pat. No 3,856,547 issued Dec. 24, 1974.
BSUM
PAR  This invention relates to processing aids for thermoplastic resins. More
      particularly, this invention is concerned with processing aids for
      poly(vinyl chloride) resins.
PAC  BACKGROUND OF THE INVENTION
PAR  Thermoplastic resins such as poly(vinyl chloride) are commonly produced in
      particulate form, e.g. as pellets or powders. When the particulate resin
      is employed to manufacture an article, as by molding, extrusion, etc., the
      particles must first be melted and formed into a homogenous mass. In the
      past, this process of fusion has been aided through incorporation into the
      resin of primary plasticizers, which act as solvents for the resin. The
      plasticizers also improve the flow and shear characteristics of the resins
      during processing into the final article. That is, the molten resin is
      more readily formed into the desired shape due to its reduced viscosity.
      Although plasticizers have been widely employed to assist in molding
      thermoplastic resins, they are not entirely satisfactory in all cases. In
      some cases, it is desired that the fabricated article have physical
      properties, especially rigidity and stiffness, comparable to those of the
      thermoplastic resin itself. It has been found, however, that when primary
      plasticizers are employed in amounts sufficient to improve the
      processability of thermoplastic resins, they materially reduce the
      rigidity of the resin. It is desirable, therefore, that there be a
      processing aid which can be blended with a thermoplastic resin such as
      poly(vinyl chloride) in amounts sufficient to improve the processability
      of the particulate resin during fabrication without also materially
      reducing the rigidity of the fabricated resin.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of this invention to provide a new processing aid for
      thermoplastic resins such as poly(vinyl chloride).
PAR  It is a further object of this invention to provide a processing aid
      capable of facilitating fabrication of particulate thermoplastic resins
      into fabricated articles.
PAR  Still another object of this invention is the provision of a processing aid
      for thermoplastic resins which will not materially reduce physical
      properties, especially rigidity of the fabricated resin.
PAR  A still further object of this invention is to provide an improved process
      for fabricating thermoplastic resins.
PAR  These and other objects of this invention, which will be evident from the
      ensuing specification and claims, are achieved through a novel composition
      comprising a monoalkylphenoxy polyethylene glycol, an amine or quaternary
      ammonium salt of an organic acid, and an amide as hereinafter defined.
      These processing aids, when employed in small amounts in combination with
      primary plasticizers facilitate processing of particulate thermoplastic
      resins through reduction of the viscosity of the softened or molten resin.
      Moreover, they permit reduction of the amount of primary plasticizers to a
      level such that the rigidity of the fabricated resin is not materially
      reduced.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The processing aids of this invention contain as essential ingredients a
      monoalkylphenoxy polyethylene glycol, a relatively non-volatile amine or
      quaternary ammonium salt and a relatively non-volatile amide. The
      processing aid optionally may contain polyethylene or polypropylene
      glycols and/or triglyceride oils.
PAR  The monoalkylphenoxy polyethylene glycols employed in accordance with this
      invention may be represented by the structural formula:
EQU  R--C.sub.6 H.sub.4 --O--(CH.sub.2 CH.sub.2 O).sub.n --H    (I)
PAL  wherein R is alkyl of from about 8 to about 12 carbons, including straight
      and branched-chain alkyl, and n is a number having a value of from about 3
      to about 7. Illustrative compounds include nonylphenoxy tetraethylene
      glycol, nonylphenoxy heptaethylene glycol, dodecylphenoxy tetraethylene
      glycol and the like. The alkylphenoxy polyethylene glycols comprise a
      predominant portion, i.e. at least 50 weight per cent, of the processing
      aids of this invention. Proportions in the range of from about 50 to about
      70 weight percent are preferred.
PAR  The second component of the processing aid of this invention is a
      relatively non-volatile amine or ammonium salt of an organic acid. The
      salt should be sufficiently nonvolatile that significant amounts will not
      evaporate from the resin mixture during processing. In general salts
      having vapor pressures of not greater than about 1 mm Hg at 20.degree.C.
      are useful.
PAR  Suitable salts may be represented by the formulas:
EQU  [R.sup.1 R.sup.2 R.sup.3 R.sup.4 N]  [O.sub.2 CR.sup.5 ]   (II)
PAL  and
EQU  [H--NH.sub.2 CH.sub.2 --NH.sub.3 ] [O.sub.2 CR.sup.5 ].sub.n.sub.+1 (III)
PAL  wherein each of R.sup.1, R.sup.2, and R.sup.3, when taken separately, is
      hydrogen or alkyl, R.sup.4 is alkyl, O.sub.2 CR.sup.5 is a residue of a
      monohydric organic acid or molecular weight of at least about 136 and n is
      a number having a value of at least about 3.
PAR  The amines employed in forming the salts of Formula (II) may be primary,
      secondary or tertiary amines, with tertiary amines being preferred. At
      least one of R.sup.1, R.sup.2, R.sup.3 and R.sup.4 is higher alkyl, e.g.
      alkyl of at least about 10 carbons, and preferably of from about 10 to
      about 20 carbons. Preferred tertiary amines are those wherein R.sup.1
      R.sup.2 and R.sup.3 each are higher alkyl. Tri(tridecyl) amine is
      especially preferred.
PAR  The salts of Formula (III) are salts of polyethylene polyamines having at
      least 4 ethyleneamine (--CH.sub.2 CH.sub.2 NH.sub.2 --) units, i.e.
      wherein n in Formula (III) has a value of at least 3, and preferably is 3
      or 4, i.e. tetraethylenepentamine and pentaethylenehexamine are preferred.
PAR  The acid employed in forming the salt can be any high molecular weight
      acid, with preferred acids being those which are free of active hydrogen
      atoms, i.e. free of active groups such as primary or secondary amine,
      hydroxyl, carboxyl, mercapto, etc. exclusive of the carboxyl group used
      for salt formation. Preferred acids are higher monohydric fatty acids,
      e.g. fatty acids of from about 8 to about 20 carbons, or alkyl substituted
      benzoic acids of 8 to about 20 carbons. Monoesterified diacids may also be
      employed, including monoesters of aliphatic and aromatic diacids of from
      about 2 to about 10 carbons, i.e. esters of malonic acid, glutaric acid,
      phthalic acid and the like. The esterifying group can be alkyl, aryl,
      alkaryl, or alkyl-, aryl-, or alkaryl-substituted polyethyleneoxy.
      Preferred monoesterified diacids have the formula:
EQU  HO.sub.2 C --R.sup.6 --CO.sub.2 --(CH.sub.2 CH.sub.2 O).sub.x --R.sup.7
      (IV)
PAL  wherein R.sup.6 is alkylene or arylene of 2 to 10 carbons. x has a value of
      from about 0 to about 5, and R.sup.7 is alkyl, aryl, or alkaryl of up to
      about 20 carbons. Illustrative salts include the tri(tridecyl) amine salt
      of neodecanoic acid, the tri(tridecyl) amine salt of mono(nonylphenoxy
      tetraethyleneoxy) phthalate and the like.
PAR  The amine or ammonium salt is employed in the processing aid in a minor
      proportion, i.e. an amount not greater than about 25 weight percent.
      Amounts of from about 15 to about 25 weight percent are preferred.
PAR  The final essential component of the processing aids of this invention is a
      relatively non-volatile amide. As was the case with the amine salt, the
      amide should be sufficiently non-volatile that a significant amount will
      not evaporate off during processing, with amides having vapor pressures of
      no greater than 1 mm Hg at 20.degree.C. being useful.
PAR  Suitable amides are represented by the formulas:
EQU  R.sup.8 CONHR.sup.9                                        (V)
PAL  and
      ##EQU1##
      wherein R.sup.5 is as defined above, R.sup.8 is alkyl of from 9 to about
      19 carbons, R.sup.9 is lower alkyl, e.g. alkyl of 1 to 4 carbons, or
      hydroxy lower alkyl, and m is a number having a value of at least about 3,
      and preferably of from about 3 to about 4.
PAR  The amides of Formula (V) are N-lower alkyl or N-hydroxyalkyl substituted
      higher amides of from about 11 to about 24 carbons. Illustrative amides
      include isostearic ethanolamide, coconut oil acid monoethanolamide and the
      like.
PAR  The amides of Formula (VI) are amides of the acids discussed above with the
      polyalkylene polyamines discussed above. Isostearic tetraethylenepentamide
      is illustrative of this class of compounds.
PAR  The amides comprise a minor proportion, e.g. no more than 25 weight percent
      of the processing aid of this invention. Preferred proportions are in the
      range of from about 5 to about 25 weight percent.
PAR  In addition to the above-mentioned essential components, the processing aid
      of this invention may also contain polyethylene or polypropylene glycols
      or esters and ethers of the monoethers of such polyglycols. These
      compounds may be represented by the formula:
EQU  R.sup.10 --(OR.sup.11).sub.Z --OR.sup.12                   (VII)
PAL  wherein R.sup.10 is hydrogen, alkyl or aryl of 2 to 18 carbons, R.sup.11 is
      ethylene or propylene, z is a number having a value of at least 2 and
      preferably from 2 to 100, and R.sup.12 is hydrogen, alkyl, aryl or acyl of
      1 to 3 carbons. Illustrative compounds of this class include tripropylene
      glycol, polypropylene glycol having a molecular weight of about 4000 and
      monylphenoxy tridecaethyleneglycol acetate.
PAR  These polyglycol compounds are employed in small amounts, i.e. not more
      than 10 weight percent of the processing aid. Amounts of from about 1 to
      10 weight percent are preferred when the polyglycol compound is present.
PAR  Finally, the processing aid of this invention may contain small amounts,
      i.e. less than 10 weight percent, and preferably from about 1 to about 10
      weight percent of a triglyceride oil such as castor oil. As with the
      polyglycol compound, the triglyceride oil is optional.
PAR  The processing aids of this invention are readily prepared by conventional
      techniques. That is, the components are mixed in the desired proportions
      in a suitable mixer.
PAR  The processing aids of this invention are useful in aiding the fabrication
      of any thermoplastic polymer which is the product of the addition
      polymerization of an olefinicially unsaturated monomer, such as
      polyethylene, polypropylene, polystyrene, poly(vinyl chloride) and the
      like. They are of particular use with poly(vinyl chloride). The processing
      aids are employed in amounts sufficient to improve the flow and shear
      characteristics of the resin which has been heated and subjected to
      pressure for fabrication into the final article. Amounts of from about 1
      to about 10 weight percent have been found suitable, although higher and
      lower amounts may be employed if desired.
PAR  The processing aid of this invention is employed in conjunction with a
      primary plasticizer for the particular resin. Such plasticizers are well
      known to the art, and include esters such as phosphates, phthalates,
      citrates, bis-benzoates and the like. Dialkyl phthalates such as dibutyl
      phthalate and dioctyl phthalate are preferred. A more complete listing of
      primary plasticizers can be found in the 1968 edition of Plastics
      Encyclopedia at pages 466-489, which is incorporated herein by reference.
      In general, the processing aid can be substituted for the primary
      plasticizer on at least an equal parts per weight basis. That is, the
      amount of primary plasticizer is reduced by an amount at least equal to
      the weight of the processing aid. For example, if 10 parts of plasticizer
      are conventionally employed with a thermoplastic resin, at least 2 parts
      of the plasticizer can be replaced by 2 parts of the processing aid. The
      resulting solid thermoplastic will have properties similar to those of the
      conventional plasticized resin, but the particulate resin will have
      reduced viscosity in the fluid state allowing for improved mixing prior to
      fabrication.
PAR  It is an advantage of the processing aids of this invention that they
      permit even further reductions in the amount of primary plasticizer. As a
      result one can obtain increased rigidity in the fabricated article and yet
      the particulate thermoplastic can be readily formed into the final article
      by virtue of the presence of the processing aid of this invention.
      Ordinarily, however, the amount of primary plasticizer will be at least
      about 1 weight percent, based upon the thermoplastic resin. It is further
      preferred that the weight of primary plasticizer be no less than the
      weight of the processing aid of this invention.
PAR  The processing aid, primary plasticizer and thermoplastic resin are mixed
      together prior to fabrication of the resin into the finished article.
      Mixing is effected by employing conventional equipment and procedures. It
      is desired that mixing be conducted for a period of time and under
      conditions sufficient to provide a homogenous mixture.
PAR  By the term fabrication, as employed herein, is meant a process whereby
      particulate thermoplastic resin is formed under heat and pressure into an
      article, as by molding, including compression and injection molding,
      extrusion, etc. The resulting product, whether it be in the form of a
      molded part or unit, a sheet or other physical article, is referred to as
      the fabricated article.
PAR  The following illustrative processing aids of this invention were prepared
      by mixing the specified components in the proportions shown:
PAC  COMPOUND A
PA0  70.0 g Mono(nonylphenoxy) tetraethyleneglycol
PA0  20.0 g Tri(tridecylamine) neodecanoate
PA0  10.0 g Coconut monoethanolamide
PAC  COMPOUND B
PA0  70.0 g Mono(nonylphenoxy) tetraethyleneglycol
PA0  20.0 g Tri(tridecylamine) neodecanoate
PA0  10.0 g Isostearic monoethanolamide
PAC  COMPOUND C
PA0  60.0 g Mono(nonylphenoxy) tetraethyleneglycol
PA0  10.0 g Mono(nonylphenoxy) heptaethyleneglycol
PA0  20.0 g Tri(tridecylamine) mono(nonylphenoxy) tetraethyleneglycol phthalate
PA0  10.0 g Isostearic monoethanolamide
PAC  COMPOUND D
PA0  60.0 g Mono(nonylphenoxy) tetraethyleneglycol
PA0  20.0 g Tri(tridecyl) neodecanoate
PA0  10.0 g Isostearic monoethanolamide
PA0  10.0 g Tripropyleneglycol
PAC  COMPOUND E
PA0  55.0 g Mono(nonylphenoxy) tetraethyleneglycol
PA0  5.0 g Mono(nonylphenoxy) heptaethyleneglycol
PA0  20.0 g Tri(tridecylamine) neodecanoate
PA0  10.0 g Isostearic monoethanolamide
PA0  5.0 g Tripropyleneglycol
PA0  5.0 g Castor oil, USP
PAC  COMPOUND F
PA0  60.0 g Mono(nonylphenoxy) tetraethyleneglycol
PA0  20.0 g Tri(tridecylamine) neodecanoate
PA0  10.0 g Isostearic monoethanolamide
PA0  10.0 g Mono(nonylphenoxy) tridecaethyleneglycol acetate
PAC  COMPOUND G
PA0  50.0 g Mono(nonylphenoxy) heptaethyleneglycol
PA0  20.0 g Tri(tridecylamine) neodecanoate
PA0  4.0 g Tetraethylenepentamine isostearate
PA0  16.0 g Isostearic tetraethylenepentamide
PA0  9.0 g Tripropyleneglycol
PA0  1.0 g Polypropyleneglycol (4000 Molecular Weight)
DETD
PAC  EXAMPLE I
PAR  A poly(vinyl chloride) resin formulation was prepared employing 100 parts
      of a medium molecular weight resin, 3.0 parts of a barium-cadmium-zinc
      stabilizer and 10.0 parts of dioctyl phthalate. Two additional
      formulations were prepared in which 2 parts of the dioctyl phthalate were
      replaced by 2 parts of Compound A or 2 parts of Compound B. Each of the
      three resin compositions was tested in a Brabender Plasticorder at
      195.degree.C. jacket temperature and a shear rate of 32 r.p.m. and the
      torque was determined. These tests are summarized as follows:
TBL                    Run No.                                                 

                       1     2       3                                         

     ______________________________________                                    

     Poly(vinyl chloride), pts.                                                

                         100     100     100                                   

     Stabilizer, pts.    3       3       3                                     

     Dioctyl phthalate, pts                                                    

                         10      8       8                                     

     Compound A, pts.    0       2       0                                     

     Compound B, pts.    0       0       2                                     

     Torque, m-g         1800    1700    1700                                  

     ______________________________________                                    

PAL  As is evident, replacement of 2 parts of the dioctyl phthalate with 2 parts
      of Compound A or Compound B substantially reduced the viscosity of the
      resin as indicated by the reduced torque.
PAC  EXAMPLE II
PAR  The procedures of Example I were repeated, except that the basic
      formulation contained 100 parts of low molecular weight poly(vinyl
      chloride), 3 parts barium-cadmium-zinc stabilizer and 2 parts dioctyl
      phthalate, and four additional formulations were prepared in which 1 part
      of the dioctyl phthalate was replaced by 1 part of Compound C, Compound D,
      Compound E or Compound F. The results of these tests are summarized as
      follows:
TBL                 Run No.                                                    

                    1    2      3      4    5                                  

     ______________________________________                                    

     Poly(vinyl chloride), pts.                                                

                      100    100    100  100  100                              

     Stabilizer, pts. 3      3      3    3    3                                

     Dioctyl phthalate, pts.                                                   

                      2      1      1    1    1                                

     Compound C, pts. 0      1      0    0    0                                

     Compound D, pts. 0      0      1    0    0                                

     Compound E, pts. 0      0      0    1    0                                

     Compound F, pts. 0      0      0    0    1                                

     Torque, m-g      1300   1225   1175 1150 1175                             

     ______________________________________                                    

PAC  EXAMPLE III
PAR  The procedure of Example I was repeated, except that the basic formulation
      contained 100 parts of low molecular weight poly(vinyl chloride), 3 parts
      barium-cadmium-zinc stabilizer, 25 parts dibenzyl sebacate, and 25 parts
      dipropyleneglycol dibenzoate, and two additional formulations were
      prepared in which 5 parts of the dibenzyl sebacate and 5 parts of the
      dipropyleneglycol dibenzoate were replaced by 10 parts of Compound B or
      Compound G.
PAR  Each of these three resin compositions was tested in the following manner:
PAR  2 g of the resin was evenly tapped down in a 2 inch diameter glass
      (culture) dish and put for 4 minutes in an oven at 195.degree.C. It was
      then immediately pressed with a 1.75 inch diameter glass bottle stopper
      with 16 pounds pressure. After cooling the resulting film was removed from
      the dish and the thickness measured.
PAR  The test results are summarized as follows:
TBL                   Run No.                                                  

                      1      2        3                                        

     ______________________________________                                    

     Poly(vinyl chloride),                                                     

      low molecular weight                                                     

                        100.0    100.0    100.0                                

     Barium-Cadmium-Zinc Stabilizer                                            

                        3.0      3.0      3.0                                  

     Dibenzyl sebacate  25.0     20.0     20.0                                 

     Dipropyleneglycol dibenzoate                                              

                        25.0     20.0     20.0                                 

     Compound B                                                                

                        10.0                                                   

     Compound G                                                                

                        10.0                                                   

     Thickness of film,                                                        

      tested as described above                                                

                        0.031"   0.025"   0.018"                               

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved method for processing a synthetic thermoplastic resin which
      is the product of the addition polymerization of an olefinically
      unsaturated monomer wherein particulate resin is admixed with a primary
      plasticizer and the resulting mixture is fabricated into a finished
      article, wherein the improvement comprises mixing said resin and primary
      plasticizer with a composition having as essential ingredients
PA1  a. at least about 50 weight percent of at least one monoalkyl phenoxy
      polyethylene glycol having from about 8 to about 12 carbons in the alkyl
      group thereof and from about 3 to about 7 ethyleneoxy units;
PA1  b. a minor proportion up to about 25 weight percent of at least one amine
      or ammonium salt of an organic acid having a vapor pressure of not greater
      than 1 mm Hg at 20.degree.C selected from the group consisting of
      monoamine salts of monohydric organic acids of molecular weight of at
      least 136 and polyethylene polyamide salts of such acids where said
      polyethylene polyamide has at least 4 ethyleneamine units, there being one
      acid residue for each amine nitrogen of said polyalkylene polyamine; and
PA1  c. a minor proportion up to about 25 weight percent of at least one amide
      having a vapor pressure of not greater than about 1 mm Hg at 20.degree.C
      selected from the group consisting of N-lower alkyl and N-hydroxy lower
      alkyl substitued higher amides of from 11 to about 24 carbons and amides
      of monohydric organic acids of molecular weight of at least 136 and
      polyethylene polyamines having at least 4 ethyleneamine units, there being
      one acid residue for each amine nitrogen,
PAL  said composition being present in an amount of from about 1 to about 10
      weight percent, based upon said resin, so as to improve the flow and shear
      characteristics of said resin during fabrication thereof, and said primary
      plasticizer being present in an amount of at least 1 weight percent.
NUM  2.
PAR  2. A method according to claim 1 wherein said primary plasticizer is
      present in an amount no less than the amount of said composition.
NUM  3.
PAR  3. A method according to claim 2 wherein said composition contains:
PA1  a. at least one monoalkylphenoxy polyethylene glycol selected from the
      group consisting of nonylphenoxy tetraethylene glycol, nonylphenoxy
      heptaethylene glycol and dodecylphenoxy tetraethylene glycol;
PA1  b. at least one amine salt selected from the group consisting of
      tri(tridecylamine) neodecanoate, tri(tridecylamine) mono(nonylphenoxy)
      tetraethylene glycol phthalate and tetraethylenepentamine isostearate;
PA1  c. at least one amide selected from the group consisting of coconut
      monoethanolamide, isostearic monoethanol amide and isostearic
      tetraethylenepentamide.
NUM  4.
PAR  4. A method according to claim 1 wherein said composition also contains at
      least one of:
PA1  a. at least one polyglycol selected from the group consisting of
      tripropylene glycol, mono(nonylphenoxy) tridecaethylene glycol acetate and
      polypropylene glycol having a molecular weight of about 4000; and
PA1  b. castor oil.
NUM  5.
PAR  5. A method according to claim 4 wherein said composition contains:
PA1  a. at least one of mono(nonylphenoxy) tetraethylene glycol and
      mono(nonylphenoxy) heptaethylene glycol;
PA1  b. Tri(tridecylamine) neodecanoate;
PA1  c. Isotearic monoethanolamide;
PA1  d. Tripropylene glycol; and
PA1  e. Castor Oil.
NUM  6.
PAR  6. The fabricated resin produced according to the method of claim 1.
NUM  7.
PAR  7. A method according to claim 1 wherein said composition includes at least
      one of
PA1  a. not more than 10 weight percent of at least one polyglycol selected from
      the group consisting of polyethylene glycols and polypropylene glycols
      having from 2 to about 100 alkyleneoxy units and esters and ethers of
      monoethers of such polyglycols; and
PA1  b. not more than 10 weight percent of at least one triglyceride oil.
NUM  8.
PAR  8. A method according to claim 1 wherein said resin is selected from the
      group consisting of polyethylene, polypropylene, polystyrene and
      poly(vinyl chloride).
NUM  9.
PAR  9. A method according to claim 1 wherein said resin is poly(vinyl
      chloride).
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ABST
PAL  A latex-asphalt emulsion composition comprising a cationic latex prepared
      by the emulsion-polymerization of a diene in the presence of an emulsifier
      of an inorganic or organic acid salt of an N-alkylpropylene
      diaminepolyglycol ether having the formula
      ##EQU1##
      wherein R represents a C.sub.12.sub.-20 saturated or unsaturated aliphatic
      hydrocarbon radical; x, y and z represent 0 or an integer such that 0 &lt; x
      + y + z .ltoreq. 3; and n represents the integers 2 or 3; and further
      comprises an alumina sol, asphalt or an asphalt emulsion.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  The present invention relates to a process for preparing an asphalt
      composition.
PAR  2. Description of the Prior Art:
PAR  A cationic asphalt emulsion has been widely used for asphalt pavement or
      road repair. The cationic asphalt which can be easily applied is highly
      adhesive to aggregates because of the cationic nature of the asphalt and
      it has a high demulsifying velocity which advantageously permits rapid
      reopening of the paved area to traffic. However, the physical properties
      of conventional cationic asphalt emulsions are not satisfactory.
PAR  Accordingly, various efforts for improving the physical properties without
      sacrificing the advantages of the asphalt emulsion, especially by
      improving the physical properties by adding a latex which also lengthens
      the life of the paved road and decreases road repair, have been
      undertaken. However, most conventional latexes are anionic or nonionic or
      contain anionic or nonionic surfactants. The cationic asphalt emulsion
      will combine with an anionic latex only with difficulty. Although a
      nonionic emulsified latex can be combined with a cationic asphalt
      emulsion, the high demulsifying property of the cationic asphalt emulsion
      will be disadvantageously decreased, and the surfactant will remain in the
      asphalt after demulsification, whereby the physical properties will
      disadvantageously be affected and satisfactory results will not be
      obtained.
PAR  The preparation of a cationic latex by emulsion-polymerization in the
      presence of a cationic emulsifier while preventing coagulation by adding a
      nonionic or amphoteric emulsifier in the resulting latex, whereby the
      ionic characteristic is inverted, is known in the prior art. The cationic
      nature of the latex prepared by the process is greatly reduced because a
      non-cationic emulsifier is included in the latex, and the adhesion of the
      latex to aggregates, its tackiness and rapid demulsifying properties are
      disadvantageously inferior to conventional cationic emulsions.
PAR  A polychloroprene latex prepared by using a cationic emulsifier is also
      known. However, the known polychloroprene latex is a gel polymer
      (benzene-insoluble polymer) so that molten asphalt can not be swelled or
      dissolved and an improved effect will not result. A need exists therefore
      for a cationic latex asphalt which will overcome the disadvantages of the
      prior art and which will combine the advantages of a cationic asphalt
      emulsion and a latex.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of the invention is to provide a latex-asphalt
      composition which readily adheres to aggregates, and which possesses a
      high demulsifying velocity and has improved physical properties which
      prolong the lifetime of the composition.
PAR  This object and other objects of the invention as will hereinafter become
      more readily understood can be attained by a latex-asphalt emulsion
      composition comprising a cationic latex prepared by
      emulsion-polymerization of a diene in the presence of an emulsifier which
      is an inorganic or organic acid salt of an N-alkylpropylene
      diamine-polyglycol ether, having the formula
      ##EQU2##
      wherein R represents a C.sub.12-20 saturated or unsaturated aliphatic
      hydrocarbon radical; x, y and z represent 0 or an integer such that 0 &lt; x
      + y + z .ltoreq. 3; n represents the integers 2 or 3; and further adding
      an alumina sol, a C.sub.4-14 n-alkyl mercaptan or a C.sub.4-8 dialkyl
      xanthogendisulfide, to the asphalt or an asphalt emulsion, and if
      desirable aggregates or fillers.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Suitable latexes for use in the present invention include diene polymer
      latexes prepared by the emulsion-polymerization of a monomer such as
      2-chlorobutadiene-1,3 (chloroprene), isoprene, styrene-butadiene,
      butadiene, acrylonitrile-butadiene, or the like, or a mixture thereof. A
      cationic latex prepared by polymerizing the monomer in the presence of a
      cationic emulsifier in order to form a cationic latex-asphalt emulsion, is
      preferable. A sol polymer having a suitable molecular weight, which can
      dissolve in molten asphalt, is preferably incorporated to impart suitable
      physical properties.
PAR  A suitable emulsifier for the cationic latex of the present invention
      includes an inorganic or organic acid salt of an N-alkylpropylene
      diaminepolyglycol ether having the formula
      ##EQU3##
      wherein R represents a C.sub.12-20 saturated or unsaturated aliphatic
      hydrocarbon radical; x, y and z represent 0 or an integer such that 0 &lt; x
      + y + Z .ltoreq. 3; and n represents the integers 2 or 3. The total of x +
      y + z is preferably small, so that the cationic nature will be high and
      the latex will not adversely affect the adhesion to aggregates or the
      tackiness of the product. After the processing, the emulsifier will remain
      on the surface of the aggregates in an insoluble form as may be seen from
      the formula which is not in the acid salt form. Accordingly the physical
      property improvement can be effectively achieved. However, when an
      emulsifier having a total x + y + z content of greater than or equal to 4
      is used for the latex, the hydrophilicity will increase, the cationic
      nature will decrease, and the nonionic nature will increase because of the
      increase in ethyleneoxide moieties. Even though the asphalt is modified
      with a latex containing an emulsifier with a large number of ethyleneoxide
      moieties, the adhesion to aggregates, tackiness and demulsification of the
      latex-asphalt emulsion will be inferior, so that improved physical
      properties of the asphalt after the application will not result.
PAR  Suitable organic acids for the emulsifier include aliphatic carboxylic
      acids, e.g. formic acid, acetic acid, propionic acid and oxalic acid;
      suitable inorganic acids for the emulsifier include hydrochloric acid,
      sulfuric acid and phosphoric acid. Acetic acid and hydrochloric acid are
      especially preferable. The concentration of the
      N-alkylpropylenediaminepolyglycol ether salt is usually 1 to 10 wt. %,
      preferably 2-6 wt. %, of the monomer. The diene type polymer latex used
      for the invention may be prepared by an O/W emulsion-polymerization method
      in the presence of an alumina sol, which stabilizes the polymerization.
PAR  The preferred dimensions of the colloidal alumina particles are 50 - 100
      m.mu. average length and 5 - 10 m.mu. average width. The alumina is in
      feather or fibrile form which is dispersed and stabilized with an organic
      acid, such as a C.sub.1-4 aliphatic acid, e.g., oxalic acid, formic acid,
      acetic acid, propionic acid; or an inorganic acid, such as hydrochloric
      acid, sulfuric acid, nitric acid, phosphoric acid or the like, preferably
      hydrochloric acid or acetic acid. Exemplary colloidal aluminas include
      alumina sol and baymated granulated alumina. The colloidal alumina is
      added in a quantity of 0.05 - 5 weight %, preferably 0.1 - 1.5 weight %,
      as solid Al.sub.2 O.sub.3 to the monomer. The colloidal alumina may be
      prepared by adding aluminum powder to an acid solution, thereby forming a
      solution of the aluminum salt. Depending upon the physical properties
      required for the asphalt, a sol polymer having a suitable molecular weight
      may be formed by adding a polymerization-modifier such as C.sub.4-14
      n-alkylmercaptan or a C.sub.4-8 dialkylxanthogendisulfide. When the
      polymerization-modifier is added to the extent of 0.001 - 0.05 mol %, most
      preferably 0.004 - 0.01 mol %, to the monomer, a suitable sol polymer is
      obtained.
PAR  The diene type polymer latex can be blended with the cationic asphalt
      emulsion at the place of application to modify the latex. The diene type
      polymer latex can be added to an aqueous solution of a cationic emulsifier
      and molten asphalt emulsified in the aqueous solution to prepare the
      asphalt emulsion. The diene type polymer latex can be mixed with the
      molten asphalt to emulsify the asphalt without another emulsifying agent.
      The cationic latex asphalt composition is suited for industrial
      preparation. Conventional processes used for preparing asphalt emulsions
      can be applied. Suitable antipeeling agents or surfactants may be added.
PAR  The diene type polymer latex can be added to the asphalt depending upon the
      ultimate use, for example, addition of 1 - 50% by weight to the asphalt
      when the latex-asphalt composition is to be used for asphalt pavement (to
      surface a road). The asphalt combined with the latex can also include
      plastic residues obtained from coal, coal tar distillates, petroleum
      pitch, petroleum resin, or the like.
PAR  The latex-asphalt composition of the invention has a cationic nature and
      excellent physical properties, so that the composition can be used for
      road pavement with aggregates, and also for coating rooves, floors, walls,
      pipes or the like to impart water proofing or corrosion resistance, and
      for adhering floor tile. The latex-asphalt composition can be used in
      fields wherein conventional asphalt emulsions have been used. The
      characteristic advantages of the asphalt composition of the invention are
      as follows.
PAR  1. Demulsification is rapid and reopening of roads to traffic after
      processing is hastened.
PAR  2. The quantity of the cationic emulsifier used for the preparation of the
      asphalt emulsion can be decreased. The asphalt can be emulsified with the
      latex if desired.
PAR  3. Desired latex-asphalt emulsions which are suitable for various uses
      depending upon the condition of the roads and method of processing, can be
      prepared by controlling the conditions of the preparation of the diene
      type polymer latex.
PAR  Having generally described the invention, a further understanding can be
      obtained by reference to certain specific examples which are provided
      herein for purposes of illustration only and are not intended to be
      limiting in any manner. In the examples below, the term "part" indicates
      "part by weight.
DETD
PAC  EXAMPLE 1
PAR  A. Preparation of Polychloroprene:
PAR  A reactor equipped with a stirrer, a reflux condenser, a specific gravity
      meter and nitrogen gas inlet and outlet tubes was charged with 100 parts
      of chloroprene monomer containing 0.35 parts of n-octylmercaptan.
PAR  To the monomer were added 125 parts of an aqueous solution of the
      emulsifier containing 0.4 part of alumina sol and 3 parts of N-tallow oil
      alkylpropylenediaminepolypropyleneglycol ether (3 moles of propyleneoxide
      adduct) and glacial acetic acid required for neutralization, with high
      speed stirring to prepare the chloroprene monomer emulsion. After purging
      the reactor with nitrogen, 0.015 part of t-butyl hydroperoxide was added
      to the emulsion and the mixture was heated to 30.degree.C. Sodium
      formaldehydesulfoxylate was added dropwise at a rate of 0.0025 part per
      hour to induce polymerization. The degree of polymerization was followed
      by monitoring the specific gravity. The addition of the reducing agent was
      stopped 6 hours after initiation of the reaction when the monomer
      conversion was 98%, and the reaction mixture was maintained at the same
      temperature for 5 hours. The resulting latex had 40% solid polymer
      content.
PAR  B. Preparation of latex-asphalt composition:
PAR  A mixture of 60 parts of straight asphalt heated to 125.degree. -
      140.degree.C (needle penetration of 80/100) and 40 parts of a mixture of
      0.2 part of tallow oil alkylpropylenediamine, 0.2 part of hydrochloric
      acid and 0.6 part of calcium chloride, the above latex (solid polymer
      content 1, 3, 5 or 7% of asphalt by weight) and the balance water, was
      prepared and heated to 30.degree. - 50.degree.C, with stirring in a
      homogenizer, to prepare a cationic polychloroprene-asphalt emulsion
      composition. Each sample prepared depending on the solid polymer content
      of the latex was dried under reduced pressure and the properties of the
      residue were measured. The results are shown in Table 1. As a reference,
      the process was repeated without admixing the polychloroprene latex. The
      properties of the residue are also shown in Table 1.
TBL                TABLE 1                                                     

     ______________________________________                                    

     Properties of residues of the latex or non-latex-asphalt                  

     emulsion composition:                                                     

     Solid poly-                                                               

               Softening Toughness  Tenacity                                   

                                           Elon-                               

     mer content in                                                            

               tempera-                    gation                              

     asphalt (%)                                                               

               ture      (Kg-cm)2)  (Kg-cm)                                    

                                           (%)4)                               

               (.degree.C)1)        3)                                         

     ______________________________________                                    

     0         39.0      10.0        2.0    6.9                                

     1         42.5      29.0       14.0   32.7                                

     3         46.5      36.0       23.0   28.8                                

     5         48.0      68.1       47.2   31.4                                

     7         51.0      79.0       61.0   34.8                                

     ______________________________________                                    

      Note:                                                                    

      1)Japanese Industrial Standard K 235.                                    

      2),3),4)J. R. Benson "Roads and Streets" April, 1955, pages 138-142. (tes

      conditions 23.degree.C; 300 mm/min pull speed.)                          

PAL  As is clear from the results, the polychloroprene latex acts to improve the
      physical properties of the asphalt.
PAC  EXAMPLE 2
PAR  The process of Example 1 was repeated in the same reactor except that 0.25
      part of n-hexyl mercaptan was added instead of n-octyl mercaptan, and 3
      parts of N-oleylpropylenediaminepolypropyleneglycol (2 moles of
      propyleneoxide adduct) were added instead of N-tallow oil alkyl
      propylenediamine-polypropyleneglycol ether. The polymerization was
      performed at  45.degree.C, in the preparation of the polychloroprene
      latex. In the homogenizer, 20 parts of the latex were heated to
      30.degree.-40.degree.C and 80 parts of straight asphalt (needle
      penetration of 60/80) melted at 150.degree.C were added to immediately
      form a high concentration latex-asphalt emulsion composition. The sample
      was dried under reduced pressure. The properties of the residue are shown
      in Table 2. The properties of the asphalt residue are also shown in Table
      2.
TBL                TABLE 2                                                     

     ______________________________________                                    

             Softening                                                         

                      Toughness Tenacity Elon-                                 

             temperature                 gation                                

             (.degree.C)                                                       

                      (Kg-cm)   (Kg-cm)  (%)                                   

     ______________________________________                                    

     Latex-asphalt                                                             

     composition                                                               

               55         219.5     175.2  21.0                                

     ______________________________________                                    

     Non-latex                                                                 

     asphalt                                                                   

     composition                                                               

               46          62.0      7.2    5.7                                

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  The process of Example 1 was repeated except that 3 parts of
      N-oleylpropylenediamine hydrochloride were used instead of N-tallow oil
      alkylpropylenediamine polyethyleneglycol and the polymerization was
      performed at 40.degree.C using 0.5 part of alumina sol and hydrochloric
      acid to prepare the polychloroprene latex. In the homogenizer, 10 parts of
      this latex and 100 parts of straight asphalt (needle penetration of
      80/100) melted at 125 - 140.degree.C were mixed to form a latex-asphalt
      emulsion composition. The sample was dried under reduced pressure. The
      properties of the residue are as follows.
TBL  ______________________________________                                    

     Softening temperature 48.0.degree.C                                       

     Toughness             79.0 Kg-cm                                          

     Tenacity              61.0 Kg-cm                                          

     Elongation            34.8 cm                                             

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  The polychloroprene latex-asphalt emulsion composition of Example 1 was
      blended with aggregates (high density Ascon). The Marshall stability of
      the composition was measured by the Marshall test pursuant to ASTM D
      1559-62T. The results are shown in Table 3 together with that for a
      nonlatex-asphalt emulsion composition.
TBL                TABLE 3                                                     

     ______________________________________                                    

     Marshall stability test:                                                  

     Polymer content                                                           

                  Marshall stability   Flow value                              

     in the binder                                                             

                  (Kg)                 (1/100 cm)                              

     ______________________________________                                    

     0             976            26                                           

     3            1,070           32                                           

     5            1,123           38                                           

     ______________________________________                                    

      Note:                                                                    

      1)asphalt = straight asphalt (needle penetration 60/80)                  

      2)binder content = 6% (average)                                          

PAC  EXAMPLE 5
PAR  A. Preparation of SBR latex:
PAR  A cationic SBR latex was prepared by emulsion-polymerization of the
      following components with an N-lauryl propylenediamine-polyethleneglycol
      ether (E.O. 2 mole) acetic acid salt emulsifier at 5.degree.C.
TBL  ______________________________________                                    

     Butadiene              71.5                                               

     Styrene                28.5                                               

     n-dodecyl mercaptan    0.6                                                

     Emulsifier             3.5                                                

     ______________________________________                                    

TBL  Ferrous sulfate        0.12                                               

     Potassium pyrophosphate                                                   

                            0.17                                               

     Dextrose               1.0                                                

     Alumina Sol            0.4                                                

     Water                  180                                                

     Cumene hydroperoxide                                                      

     (catalyst)             0.125                                              

PAR  In the emulsion-polymerization, when the conversion reached 7%, the
      addition of the catalyst was stopped and a polymerization inhibitor (0.1
      part of sodium nitrite, 0.2 part of hydroquinone, 0.3 part of d-tert-butyl
      hydroquinone to 100 parts of the monomers) was added to stop the reaction.
      The unreacted monomers were separated and phenyl-.beta.-naphthylamine
      (1.5% of the solid polymer component in the latex) was added to stabilize
      the resulting latex.
PAR  B. Preparation of latex-asphalt composition:
PAR  The SBR latex was concentrated by evaporation to give a 50% solid polymer
      component. In accordance with the process of Example 1, the concentrated
      SBR latex was admixed with the asphalt of Example 1, to immediately form a
      cationic latex-asphalt emulsion composition. The sample was dried under
      reduced pressure and the properties of the residue were measured. The
      results are shown in Table 4.
TBL                                    TABLE 4                                 

     __________________________________________________________________________

             Softening                                                         

                   Toughness                                                   

                         Tenacity                                              

                              Elongation                                       

                                    Demulsi-                                   

             tempera-               fying                                      

             ture (.degree.C)                                                  

                   (Kg-cm)                                                     

                         (Kg-cm)                                               

                              (%)   time                                       

                                    (min.)                                     

     __________________________________________________________________________

     Latex-asphalt                                                             

     composition                                                               

             48    57    39   11.2  5                                          

     __________________________________________________________________________

     non-latex                                                                 

     asphalt                                                                   

     composition                                                               

             39    19     3    1.8  8                                          

     __________________________________________________________________________

PAR  Having now fully described the invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention as set
      forth herein.
CLMS
STM  What is claimed as new and intended to be covered by letters patent is:
NUM  1.
PAR  1. A latex-asphalt emulsion composition which comprises a cationic latex
      prepared by emulsion-polymerizing a diene in the presence of an emulsifier
      of an inorganic or organic acid salt of an N-alkylpropylene
      diaminepolyglycol ether having the formula
      ##EQU4##
      wherein R represents a C.sub.12-20 saturated or unsaturated aliphatic
      hydrocarbon radical, x, y and z represent 0 or an integer such that 0 &lt; x
      + y + z .ltoreq. 3, n represents the integers 2 or 3; an alumina sol, and
      asphalt or an asphalt emulsion.
NUM  2.
PAR  2. The latex-asphalt emulsion composition of claim 1, wherein the cationic
      latex is prepared in the presence of a C.sub.4-10 n-alkyl mercaptan or a
      C.sub.4-8 dialkyl xanthogendisulfide.
NUM  3.
PAR  3. The latex-asphalt emulsion composition of claim 1, wherein the asphalt
      emulsion is a cationic asphalt emulsion.
NUM  4.
PAR  4. The latex-asphalt emulsion composition of claim 1, wherein the asphalt
      is emulsified with the cationic latex.
NUM  5.
PAR  5. The latex-asphalt emulsion composition of claim 1, wherein the diene is
      selected from the group consisting of 2-chlorobutadiene-1,3 isoprene,
      styrene-butadiene, butadiene, acrylonitrile-butadiene and isobutylene.
NUM  6.
PAR  6. The latex-asphalt emulsion composition of claim 1, wherein the cationic
      latex contains a dispersed polymer or copolymer of chloroprene.
NUM  7.
PAR  7. The latex-asphalt emulsion composition of claim 1, wherein the cationic
      latex contains a sol diene polymer.
NUM  8.
PAR  8. The latex-asphalt emulsion composition of claim 1, which further
      comprises an aggregate or filler.
NUM  9.
PAR  9. The latex-asphalt emulsion composition of claim 1, wherein 1 to 10
      weight % of said N-alkylpropylenediaminepolyglycol ether salt is present
      in the emulsion-polymerization of said diene.
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ABST
PAL  A glass fiber forming size utilized to produce glass fiber strands is
      described in which the forming size is an aqueous mixture of polyvinyl
      acetate, fatty acid lubricant, methacrylato chromic chloride and gamma
      (ethylene diamine) propyl trimethoxy silane, the mixture being adjusted to
      pH between 6.1 and 6.5. The size composition is applied to glass fibers
      during forming. The strands produced utilizing this forming size find
      particular utility when formed into roving and produce a particularly
      effective gun roving product.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 302,611,
      filed Oct. 31, 1972 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Fiber glass has been utilized for many years in the preparation of
      polyester resin fiber glass reinforced articles. One of the more important
      systems utilized in preparing fiber glass reinforced articles is the
      spray-up process. In this process a spray gun and a fiber glass roving
      chopper are combined so that the polyester resin to be utilized and roving
      are sprayed simultaneously onto a mold from a spray gun which has built
      into it a chopper. Fiber glass utilized for these purposes is provided in
      the form of roving and should possess good wet-out characteristics. Thus,
      the application of a satisfactory forming size on the surface of the glass
      fiber utilized to prepare the fiber glass roving for this use is important
      in providing a fiber glass product which is compatible with the polyester
      resins utilized in the spray-up process industry. Thus the sized roving
      must be capable of readily mixing with the resins used in the spray gun
      type applicator and should possess good laydown characteristics when
      sprayed on a mold in the manner conventionally employed in the spray-up
      industry.
PAC  THE INVENTION
PAR  In accordance with the present invention a novel forming size is provided
      for glass fibers which is readily compatible with polyester resins which
      finds particular utility when formed into fiber glass roving for
      utilization in the spray-up process fiber glass reinforcement field. Thus,
      in accordance with the instant invention a fiber glass sizing composition
      is provided which comprises an aqueous mixture of a polyvinyl acetate film
      former, a fatty acid lubricant, methacrylato chromic chloride, and gamma
      (ethylene diamine) propyl trimethoxy silane. The sizing mixture described
      above is provided with sufficient quantities of ingredients to provide a
      formulation which results in an aqueous mixture containing between 7 and
      7.5 percent by weight solids. It is an important consideration in
      preparing the forming size of the instant invention that the pH of the
      aqueous mixture be adjusted to between 6.1 and 6.5, preferably that it be
      controlled between 6.2 and 6.4.
PAR  In formulating the novel sizing composition of the instant invention
      various textile lubricants are employed and are preferably cationic or
      non-ionic in character. Thus, commercially available solubilized fatty
      acid amides including both saturated and unsaturated fatty acid amides
      where the acid group contains from 4 to 24 carbon atoms are typically
      employed. Also utilized are anhydrous acid solubilized polymers of lower
      molecular weight unsaturated fatty acid amides. A particularly effective
      material for utilization as a textile lubricant in the applicant's novel
      system is the pelargonic acid amide of tetraethylene pentamine. On a
      weight solids basis the sizing composition, this lubricant is used in
      amounts between 4 and 7 percent.
PAR  A major ingredient of the size formulation of the instant invention is
      polyvinyl acetate film former (40 to 60 percent weight solids) and in the
      typical size formulations employed in the instant invention the polyvinyl
      acetate content of the aqueous size solution ranges between 70 to 90
      percent by weight basis the total weight of the size solution solids.
PAR  A coupling agent is employed in the preparation of the instant size and
      typical of the coupling agents employed are complex compounds of the
      Werner type in which a trivalent nuclear atom such as chromium is
      coordinated with organic acid such as methacrylic acid, i.e., a
      methacrylic acid complex of chromic chloride. Such agents are described in
      U.S. Pat. No. 2,611,718. Other Werner type coupling agents having vinyl
      alkyl, amino, epoxy, mercaptyl, thioalkyl, thioaryl and phenyl groups are
      also suitable for incorporation of the size of the instant invention. On
      the basis of the size ingredients other than water, this material is used
      in amounts of 2 to 6 percent by weight solids.
PAR  The size composition of the instant invention also contains gamma (ethylene
      diamine) propyl trialkoxy silanes. While it is contemplated that various
      alkoxy groups may be linked to the silica atom, the preferred material of
      this character utilized in the practice of the invention is gamma
      (ethylene diamine) propyl trimethoxy silane. Silanes of this particular
      type have been found to be particularly effective in producing the size
      composition of the instant invention and in particular in producing fiber
      glass strands which when made into roving provide a superior gun roving
      product for spray-up applications in the fiber glass resin reinforcement
      area. On the basis of the size ingredients other than water this material
      is used in amounts of 3 to 6 percent by weight, preferably 4 to 5 percent
      by weight.
PAR  In applying the formulations of the instant invention to glass fibers the
      glass fiber strand is formed by a multitude of fine fiber glass filaments
      which are drawn at a high rate of speed through molten cones of glass
      located at the tips of small orifices in a bushing such as is shown in
      U.S. Pat. No. 2,133,238. During formation the filaments are coated while
      they are moving at speeds on the order of 5,000 to 20,000 feet per minute
      with the forming size of the instant invention. The size may be sprayed on
      the fibers as they are being drawn or in the preferred embodiment the
      fibers may be drawn across the surface of a roller applicator on which the
      size is placed. The fibers after sizing are grouped into strands which are
      then wound typically onto forming packages utilizing a winder and an
      associated paper or plastic or other type forming tube located on the
      surface of the winder in the conventional manner. The forming packages
      containing the fiber glass strand sized with the sizing composition of the
      instant invention may then be formed into roving by unwinding a plurality
      of strands from several forming packages positioned on a creel and
      combining the strands in parallel form and winding the strands on tubular
      support in the conventional manner.
PAR  The size of the instant invention is prepared by mixing the polyvinyl
      acetate latex with water in a mixing tank with stirring. To the polyvinyl
      acetate - water mixture is added the gamma (ethylene diamine) propyl
      trialkoxy silane which has preferably been premixed with cold water. After
      mixing these ingredients the coupling agent is added slowly to the mix
      tank. After mixing the coupling agent into the mixing tank the fiber glass
      lubricants are then added. The mixture is then diluted to final volume
      with water. The mixture is checked for its pH characteristics and
      sufficient acetic acid is added to control the pH between 6.1 and 6.5.
PAR  The size of the instant invention is applied to the individual glass fibers
      as has been stated during their formation. Thus, the size is applied to
      the individual fibers just after they emerge from the orifices in an
      electrically heated platinum alloy bushing containing the molten glass.
      Further, the size is applied to the filaments prior to the time they are
      grouped together to form a strand and application of size is preferably by
      means of a roller applicator which is partially submerged in the size
      solution which is contained in the reservoir. Such an applicator is shown
      in more detail in U.S. Pat. No. 2,728,972. The fibers after size is
      applied are then grouped into strands by using a graphite guide and wound
      around a rotating forming tube which produces strand travel of
      approximately 5,000 to 20,000 feet per minute. Other methods of applying
      the size to the strand of glass fibers such as pad applicators may be
      employed and the strand may be formed by means other than winding on the
      forming tube such as by means of a pair of rotating wheel pullers which
      direct strand into a suitable collecting device. After the fiber glass
      strands have been wound on the forming tube, they are then dried at
      approximately 240.degree.F. for a period of about 11 hours. After drying,
      the strands are then processed in a conventional manner by placing the
      forming tubes on a balloon creel and combining the strands in parallel
      form and winding them on a tubular support to provide roving packages.
PAR  Upon drying subsequent to the application of the aqueous sizing mixture,
      glass fibers are provided which contain on the surface thereof a coating
      residue obtained by evaporation of the moisture on the surface of the
      glass fibers of the aqueous mixture of polyvinyl acetate, fatty acid
      lubricant, methacrylato chromic chloride and the gamma (ethylene diamine)
      propyl trialkoxy silane.
PAR  The following example illustrates a typical preparation of the forming size
      of the instant invention.
DETD
PAC  EXAMPLE I
TBL                            Parts                                           

                               by                                              

                               Weight                                          

                               (grams)                                         

     ______________________________________                                    

     Polyvinyl acetate (film former                                            

                                 4500                                          

      56 percent solids in water)                                              

      1. Volan (Werner complex of methacrylic                                  

                                  334                                          

        acid chromic chloride                                                  

        19 percent solids in isopropanol)                                      

      2. Gamma (ethylene diamine) propyl tri-                                  

                                  226                                          

        methoxy silane in methanol (40 percent                                 

        volume by wt.) Z-6026                                                  

      3. Cationic fatty acid amide (Emery 4046D)                               

                                  24                                           

      4. Pelargonic acid amide of tetraethylene                                

                                  112                                          

        pentamine (C-185A)                                                     

     ______________________________________                                    

      Water (sufficient to provide 10 gallons of size mix)                     

      Acetic acid -- amount necessary to control pH at 6.3 .+-. 0.2            

      1. "Volan" methacrylic acid complex of chromic chloride sold by E. I. Du 

      Pont.                                                                    

      2. Z-6026 - methanolic solution of gamma (ethylene diamine) trimethoxy   

      silane sold by Dow Corning.                                              

      3. Emery 4046D - cationic fatty acid amide sold by Emery Industries.     

      4. C-185A - pelargonic acid amide of tetraethylene pentamine sold by     

      Imperial Chemical Industries.                                            

PAR  The size preparation listed above is prepared by mixing the polyvinyl
      acetate with about 35 percent of the total water to be used in preparing
      the final size solution volume. The gamma (ethylene diamine) propyl
      trimethoxy silane is then mixed with a small quantity of cold water and
      added to the mixing tank followed by the addition of the anti-static
      agent. The cationic fatty acid amide and the pelargonic acid amide of
      tetraethylene pentamine are mixed in hot water and added to the size
      ingredients with continuous mixing. The mixing tank is then diluted to the
      final volume of 10 gallons. The pH is then measured and acetic acid is
      added in sufficient quantity to control the pH at 6.3 .+-. 0.2. It is
      preferred that the pH of the final size be maintained at 6.3.
PAR  After mixing the forming size of Example I it is applied to the individual
      glass fibers during their formation. The size is applied to the individual
      fibers after they emerge from the orifices in the electrically heated
      platinum alloy bushing containing the molten glass and the size is applied
      to the filaments prior to the time they are grouped together to form a
      strand by means of a roller applicator such as the type shown in U.S. Pat.
      No. 2,728,972. The fibers are collected on a collet operating at speeds of
      about 6,000 revolutions per minute and the roller applicator speed is
      maintained at approximately 145 revolutions per minute. The forming
      packages are baked for a period of 11 hours at 240.degree.F. and are then
      placed on an appropriate balloon creel and wound on a roving winder to
      provide a fiber glass roving product containing the dried residue of the
      aqueous size composition placed on the fibers during formation. The dried
      residue on the glass fibers represents a coating of between 1.25 and 1.55
      percent by weight basis the bare glass. Roving produced by fibers sized
      with this quantity of the sizing of the instant invention has been found
      particularly effective in producing spray-up fiber glass reinforced resin
      products.
PAR  While the invention has been described with reference to certain specific
      examples and illustrative embodiments, it is not intended to be limited
      thereby except insofar as appears in the accompanying claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. An aqueous sizing composition for glass fiber strand whose ingredients
      other than water consists essentially of: 70 to 90 percent by weight based
      on total weight of the size solution solids of a polyvinyl acetate film
      former; 4 to 7 percent by weight based on solids fatty acid amide
      lubricant; 3 to 6 percent by weight solids gamma-ethylene diamine propyl
      trialkoxy silane; and 2 to 6 percent by weight solids methacrylic acid
      chromic halide coupling agent; said sizing composition having been
      adjusted to a pH of about 6.2 to 6.4, and said composition having 7.0 to
      7.5 percent by weight solids.
NUM  2.
PAR  2. The sizing composition of claim 1 wherein the alkoxy silane is gamma
      (ethylene diamine) propyl trimethoxy silane.
NUM  3.
PAR  3. The size composition of claim 2 wherein the gamma (ethylene diamine)
      propyl trimethoxy silane is between 4 to 5 percent by weight basis the
      size ingredients exclusive of the water.
NUM  4.
PAR  4. The size composition of claim 1 wherein the gamma (ethylene diamine)
      propyl trialkoxy silane is between 4 to 5 percent by weight of the size
      ingredients exclusive of the water.
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PAL  A novel encapsulating material and method of making said material is
      described wherein an organopolysiloxane polymer is mixed with a
      polydimethyl siloxane fluid diluent, a filler of hollow glass beads and a
      controlled amount of sodium in the form of sodium borate. A methyl
      hydrogen siloxane catalyst is added to the mixture and the material cured;
      the total amount of sodium present in the mixture and catalyst is
      maintained at approximately 180 ppm.
PARN
PAR  This application is a continuation in part of application Ser. No. 465,316,
      filed Apr. 29, 1974, now abandoned.
BSUM
PAR  The utilization of encapsulating materials or "potting" compounds in the
      electronics industry is well known; such materials or compounds in their
      cured state provide numerous advantages to the electrical components
      potted or encapsulated. Numerous systems are available in the prior art
      such as silicone rubber compounds, epoxy compounds, polyurethanes, vinyl
      polymers, acrylic polymers, and a variety of elastomers and syntactic
      foams. Each of these systems has specific advantages and disadvantages. It
      is also well known in the prior art that a variety of fillers can be
      utilized in the various systems to reduce the weight of the resulting
      cured material and generally to replace the relatively expensive
      constituents of the material with the inexpensive filler. In many
      applications, the filler will enhance the characteristics or properties of
      the material and may even provide certain characteristics that are
      required in a particular application.
PAR  In electronic applications, the encapsulating material must exhibit proper
      electrical characteristics and have acceptable resistivity, dielectric
      constant and dielectric absorption; further, the mechanical properties of
      the material may also be important such as the thermal coefficient of
      expansion, specific gravity, hardness and in some instances, tensile or
      shear strength. The thermal coefficient of expansion is particularly
      important when the encapsulated electrical component includes delicate
      electrical connections which can be broken or altered by the shifting of
      the encapsulating material during thermal expansion or contraction.
      Another property which the encapsulating material must exhibit prior to
      curing is the ability to flow into and around the components being
      encapsulated. This property is generally keyed to the material's
      viscosity; for example, in silicone polymer materials it is frequently
      desirable or necessary to add a non-reactive diluent to sufficiently
      reduce the viscosity of the uncured material. This lower viscosity permits
      the polymer to penetrate the interstices between electronic components and
      to appropriately conform to the shape of the encapsulated elements and the
      shape of the mold or shell utilized in the encapsulating process.
PAR  The addition of diluents, particularly in silicone polymer systems, is
      attended by possible serious side effects. For example, if the viscosity
      of the unpolymerized polymer must be reduced in a particular encapsulating
      application, and sufficient diluent is added to achieve this end, the
      resulting polymerized product after curing will frequently "bleed" and/or
      seriously lose some of its desirable characteristics. Indeed, excessive
      diluent may even result in a gelantinous mass completely unsuited
      mechanically or electrically to encapsulating techniques. In most silicone
      polymer systems, the addition of a non-reactive thinner is limited to
      approximately 10% by weight of the silicone polymer to which it is added.
PAR  The above-mentioned difficulties accompanying the utilization of silicone
      polymer encapsulating materials can become more acute in those instances
      where the encapsulating material is to be applied to sensitive electronic
      circuit devices such as integrated circuits; it is particularly true when
      the electrical properties of the encapsulating material affect low signal
      strengths usually present in such integrated circuits. The interaction of
      the electrical properties of the encapsulating material with such
      sensitive electronic systems places a much greater requirement for
      uniformity of the encapsulating material and for controllable desirable
      electrical characteristics of the material.
PAR  It is therefore an object of the present invention to provide a method for
      making a novel silicone polymer encapsulating material having desirable
      electrical and mechanical properties for encapsulating electronic
      components.
PAR  It is another object of the present invention to provide a method for
      making a novel silicone polymer encapsulating material wherein
      substantially more diluent may be added to the material during the process
      without deleteriously affecting the desirable properties of the
      polymerized material.
PAR  It is still another object of the present invention to provide a method for
      producing a novel silicone polymer encapsulating material wherein the
      sodium content of the unpolymerized mixture is controlled.
PAR  It is still another object of the present invention to provide a novel
      encapsulating material having desirable electrical and mechanical
      properties for use in the encapsulation of electronic components and
      integrated circuits.
PAR  These and other objects of the present invention will become more apparent
      to those skilled in the art as the description thereof proceeds.
PAR  A variety of organopolysiloxane systems are commercially available that may
      be utilized as the basis for the present invention. These polymer systems
      are generally an organopolysiloxane utilized with a methyl hydrogen
      siloxane catalyst. Thinners to be used with these polymers are usually a
      non-reactive polydimethyl siloxane fluid. Examples of such materials are
      General Electric's RTV silicone rubber compounds and specifically the
      compound designated by General Electric as "RTV-615", or "Sylgard 184" by
      Dow Chemical Corporation. Such compositions are described, for example, in
      U.S. Pat. Nos. 3,539,530 and 2,967,170.
PAR  Although the utilization of calcium carbonate, silica flour, glass fiber,
      or aluminum oxide as fillers are well known, small glass sphere fillers
      seem most appropriate. Such spheres are generally free-flowing,
      thin-walled, hollow glass or ceramic spheres approximately 10 to 300
      microns in diameter.
PAR  Such spheres are typically made from a variety of glass compositions and
      can be made from sodium borosilicate glass, silica, insoluble glass
      compounds or ceramics. Such hollow spherical glass filler materials are
      commercially available under the trade names "Eccospheres" and
      "Microballoons" from the Emerson & Cuming Corporation; such fillers are
      also available from the Minnesota Mining & Manufacturing Company and are
      designated as glass bubbles with a type designation such as "B22A".
PAR  In practicing the present invention it is necessary to ascertain the amount
      of sodium present in the constituents to be used and to augment, if
      necessary, the amount by adding sodium in the form of anhydrous sodium
      borate powder (Na.sub.2 B.sub.4 O.sub.7.10H.sub.2 O). Sodium borate is
      commercially available from various sources such as Mellinckrodt
      Chemicals; it has been found that sodium borate in powdered form,
      preferably of an approximate particle size of 600 mesh has been found
      suitable. In the event that excessive sodium compound residues are found
      to exist (which may occur in the form of a thin powdered coating of sodium
      borate on the glass beads), it may be necessary to remove such excess
      sodium residues. However, fillers such as glass beads are commercially
      available with sufficiently low sodium borate residue thereon that removal
      of sodium residues should generally not be required.
PAR  The sodium residue (in the form of sodium borate) present in bulk
      quantities of fillers, such as glass beads mentioned above, can be
      determined in accordance with well known and established test procedures
      (for example, ASTMD 1067- 68 Method A). The sodium content, which is in
      compound form, of the polymer catalyst and diluent can be determined by
      various acceptable techniques such as photospectometry. For example,
      samples of the polymer, the diluent and the catalyst are subjected to
      spectographical analysis using well known and established techniques to
      establish a value of the sodium content in each.
PAR  I have found that controlling the total sodium content, in sodium borate
      form, of the unpolymerized mixture of the polymer, diluent, filler and
      catalyst to approximately 3000 ppm by weight, or equivalent sodium content
      to approximately 200 ppm, produces unexpected results in the form of
      excellent electrical and mechanical properties of the polymerized
      encapsulated material while nevertheless permitting unusually high
      percentages of diluent (and therefore control of viscosity). Sodium
      content of silicone polymer mixtures, including fillers, diluents and
      catalysts, prepared in accordance with present day practices generally run
      in the range of 600 to 900 ppm although I have found some mixtures to be
      as low as 480 ppm and others to be as high as 1300 ppm. While the sodium
      content of the mixture was found to be ideal at approximately 180 ppm,
      decreasing or increasing the sodium content from this ideal was found to
      be accompanied by a deterioration in the mechanical and/or electrical
      properties of the system. I have found that sodium contents less than 30
      ppm will result in a system with a very slow cure, mechanical
      characteristics that are not suitable and the polymerized material will be
      gelatinous. When the sodium content exceeds 300 ppm, the polymerized
      system may be well cured but the electrical resistivity falls to an
      unacceptable level and other electrical characteristics present a totally
      unacceptable system for electrical encapsulation. For extremely sensitive
      electronic components, limiting the sodium content of the mixture to the
      range of 100 ppm to 300 ppm provides a workaable range within which to
      tailor the resulting system to specific needs while nevertheless
      practicing the teachings of the present invention.
PAR  In practicing the present invention the polymer may be pretested utilizing
      various polymer/catalyst ratios to determine the best ratio to optimize
      the desired mechanical and electrical characteristics. This technique is
      frequently used and is generally recommended in most polymer systems; such
      pretesting usually determines the optimum polymer/catalyst ratio to
      compensate for variations in the characteristics of the polymer and
      catalyst from lot to lot as they are supplied from the supplier. For
      example, one convenient technique is to prepare samples utilizing various
      percentages by weight of catalyst. Specifically, in using the above
      mentioned General Electric silicone polymer system RTV-615, four samples
      of polymer (GE 615A) catalyzed using the supplied catalyst (GE 615B) were
      prepared using catalyst percentages of 8%, 9%, 10% and 11%. Each of the
      sample compounds is then utilized to encapsulate a capacitor constructed
      from one inch square metallic plates separated by a 1/10 inch square low
      dielectric constant dielectric material. The dielectric is 1/32 inch
      thick. Appropriate leads are connected to the capacitor plates; care must
      be exercised to ensure that all materials utilized in the construction of
      the capacitors, including the encapsulating spacers, are nonreactive with
      the encapsulating system (such as, for example, sulphur and/or nitrogen
      containing compounds). The encapsulated capacitors are then subjected to
      resistivity tests, capacitance tests (which are usually measured at 1 Khz)
      and are tested for dielectric absorption. These tests are conducted at a
      variety of temperatures and usually at at least three temperatures,
      namely, -50.degree.C, 25.degree.C and 125.degree.C. It has been found that
      generally the samples that exhibit the more desirable values of any one of
      the above electric characteristics will also exhibit more desirable values
      of all of the above electrical characteristics. It may therefore be
      possible to rely on the results obtained from only one of the above tests,
      preferably the test for resistivity.
PAR  Of the four test devices using the various polymer/ catalyst ratios, the
      one exhibiting the best electric characteristics will then represent the
      ideal polymer/catalyst ratio for the particular batch of constituents.
PAR  To provide a suitable viscosity to the mixture of polymer filler and
      catalyst, a diluent may be added. The diluent, in the case of the General
      Electric RTV system is designated "RTV-910" and is a polydimethyl siloxane
      fluid. In silicone polymer systems, the utilization of a diluent must
      heretofore have been carefully controlled. Usually, the diluent was
      limited to approximately 5% by weight of the silicone polymer with an
      upper limit of approximately 10% diluent. I have found that with the
      method and encapsulating material of the present invention substantially
      more diluent than was thought possible may be added to the unpolymerized
      polymer. The ability to add the additional diluent permits the selection
      of viscosity to accommodate the end use of the unpolymerized mixture and
      ensure that the mixture will completely encapsulate the electronic
      components with which it is being used. Polymer to diluent ratios of
      approximately 1:1 by weight seem to be ideal; however, the system seems to
      operate satisfactorily using from 20% to 150% diluent or polymer diluent
      ratios of 1:0.2 to 1:1.5 by weight. It may be seen that this amount of
      diluent represents an increase of from 4 to 30 times the diluent
      heretofore recommended.
PAR  When utilizing glass spheres as the filler, the spheres may range in
      particle size from 10 - 300 microns; the distribution of particle size
      from batch to batch may vary. If they preponderence of glass beads' size
      is toward the smaller end of the distribution scale, the resulting
      encapsulating material incorporating those beads will have a tendency to
      be thin or non-viscous and difficult to handle during the encapsulating
      process. On the other hand, if the distribution of glass beads' size were
      near the larger end of the spectrum, the resulting encapsulating material
      would have a tendency to be thick or viscous and also difficult to handle
      during the encapsulating process. A procedure for grading or correcting
      for the variance in particle size distribution is therefore usually
      required prior to determining the actual weight or volume of the filler to
      be added to the polymer. When using glass beads or spheres as the filler,
      it is most convenient to work with weights although volumetric ratios
      would still produce proper proportions; however, using other more dense
      fillers, or mixtures of other fillers and glass spheres, volumetric ratios
      seem more appropriate. When using volume as a basis for determining
      mixture ratios, it has been found that a ratio of polymer to filler to
      approximately 1:1 is ideal.
PAR  To correct for the variance in particle size distribution, the specific
      gravity of the particular batch of glass beads to be used is determined,
      and that value is divided by the specific gravity of an ideal (theoretical
      uniform) batch of glass beads. The ratio of specific gravities therefore
      represents a correction factor which may be used to multiply the desired
      weight of filler to be mixed with the polymer. The weight ratio of polymer
      to glass beads, when using General Electric's organopolysiloxane, RTV-615
      and when using 3-M's B22A glass beads, is found to be ideal at
      approximately 4:1; however, weight ratios as high as 5:1 and as low as 3:1
      have been found satisfactory. As mentioned previously, in those instances
      where fillers other than glass beads are to be used, such as aluminum
      oxide, silica or calcium carbonate it has been found most convenient to
      determine the polymer/filler ratio on a volumetric basis. It has also been
      found that a volumetric ratio of 1:1 is appropriate when using such
      fillers.
DETD
PAC  EXAMPLE
PAR  Thirty-two pounds of organopolysiloxane polymer, namely, General Electric's
      RTV 615A was placed into a mixing barrel (the polymer was pretested as
      above described to ascertain the ideal polymer/catalyst ratio). The mixing
      barrel consisted of a cylindrical polypropylene drum with a stainless
      steel helical mixing screw therein, said screw mounted on a shaft affixed
      to one end of the cylindrical barrel. The barrel was mounted in a
      horizontal position and supported on driving wheels which, when operated,
      resulted in the continuous rotation of the barrel about its longitudinal
      axis; the helical screw member within the barrel aiding in the complete
      mixing and distributing of the contents therein.
PAR  To the polymer in the barrel was added thirty-two pounds of polydimethyl
      siloxane fluid thinner or diluent, namely, General Electric's RTV 910.
      Glass beads manufactured by 3-M under the type designation B22A were then
      weighed to provide a polymer to glass filler ratio of 4:1 (or 8 pounds of
      glass beads). The glass beads were previously found to have a specific
      gravity of approximately 0.110. The weight of correction factor thus
      applied to the eight pounds was the ratio of .110 to .104 (the nominal or
      ideal specific gravity of the beads) or 1.06. The amount of glass beads
      thus added was 8 times 1.06, or 8.48 pounds. The sodium borate content of
      the glass beads as determined by the procedure described above, added to
      the sodium content found to exist in the polymer catalyst and diluent by
      spectographic analysis was found to be approximately 60 ppm. Sufficient
      sodium was then added in the form of sodium borate to bring the total
      sodium content to the ideal level or approximately 180 ppm. The cover of
      the barrel was then sealed in place and the barrel rotated for
      approximately four hours to thoroughly mix the contents thereof. At the
      end of the mixing period, the mixture was a white milky substance having a
      viscosity of about that of a medium weight oil.
PAR  The contents of the mixing barrel were then transferred to an open
      stainless steel container where the proper amount of methyl hydrogen
      siloxane catalyst was added. The catalyst ratio determined in accordance
      with the procedures described above were found in this instance to be
      about 9% by weight of the polymer and therefore approximately 2.9 pounds
      of catalyst was added. The catalyst was stirred into the mixture being
      careful not to stir so vigorously as to crush the glass beads.
PAR  Several epoxy shells measuring approximately 2 in. .times. 2 inch .times.
      1/2 inch deep were utilized as forms or shells to receive a 1/8"inch layer
      of the above mixed constituents. Electronic integrated circuit chips
      having connector pins extending from one surface thereof were then placed
      in the shells with the pins extending upwardly, were gently pressed onto
      the mixture, and a subsequent layer of the mixture was then poured on top
      of the circuit chips up to the top of the shells. The viscosity of the
      mixture was found to be ideally suited for conforming to both the
      configuration of the shell and to completely surrounding the components on
      the circuit chips as well as the connector pins extendng from the chips
      through the subsequent layer of mixture (to provide a means of connection
      to the circuit now embedded between the layers of the encapsulating
      mixture). In this particular application, an epoxy cap or header was then
      bonded across the open side of the shell to enclose the encapsulating
      mixture and circuit chips with the connector pins extending through the
      header. The encapsulated device was then placed in a preheated oven at a
      temperature of 85.degree.C for six hours to effect a complete cure.
PAR  The mixture becomes compounded and is substantially cured within less than
      the above six hours; however, as in many cross-linking systems the
      completion of the cross-linking procedure can be assured by extending cure
      time. In practicing the method of the present invention, it has been found
      that occasional stirring of the mixture is necessary to prevent separation
      or striation of the various constituents in view of their varying
      densities; it has also been found that after dispensing the liquid mixture
      (such as by pouring in the above mentioned shells) it is desirable to
      effect the cure within approximately one-half hour to prevent such
      separation or striation of the constituents. It has also been found that
      the mixture may be cured at different temperatures and times without
      deleterious effects; for example, some electric components are extremely
      heat sensitive and it may be necessary to reduce the curing temperature to
      prevent damage to the electrical components. Reducing the curing
      temperature will, of course, increase the time required at that
      temperature for effecting a complete cure. It has been found, for example,
      that reducing the curing temperature to 65.degree.C increases the desired
      time for the cure to approximately 16 hours.
CLMS
STM  I claim:
NUM  1.
PAR  1. The method of making an encapsulating material comprising the steps:
PA1  a. forming a mixture of organopolysiloxane polymer, a polydimethyl siloxane
      fluid diluent, sodium borate and a filler taken from the group consisting
      of:
PA2  1. hollow glass beads,
PA2  2. aluminum oxide,
PA2  3. silica,
PA2  4. calcium carbonate,
PA2  5. glass fiber,
PAL  said mixture having a polymer to diluent ratio of about 1:0.2 to 1:1.5 by
      weight and having a polymer to filler ratio of about 1:1 by volume;
PA1  b. adding sufficient methyl hydrogen siloxane catalyst to substantially
      completely polymerize said polymer;
PA1  c. controlling the amount of sodium in said mixture and catalyst to a total
      sodium content of from about 125 ppm to about 300 ppm by weight of the
      total mixture and catalyst; and
PA1  d. curing said mixture for a time and at a temperature sufficient to
      substantially completely polymerize said polymer.
NUM  2.
PAR  2. The method of making an encapsulating material comprising the steps:
PA1  a. forming a mixture of silicone polymer, a polydimethyl siloxane fluid
      diluent, sodium borate and hollow glass beads, said mixture having a
      polymer to diluent ratio of about 1:0.2 to 1:1.5 by weight and having a
      polymer to glass bead ratio of about 5:1 to 3:1 by weight;
PA1  b. adding sufficient methyl hydrogen siloxane catalyst to substantially
      completely polymerize said polymer;
PA1  c. adding sodium borate to bring the amount of sodium in said mixture and
      catalyst to a total sodium content of from about 125 ppm to about 300 ppm
      by weight of the total mixture and catalyst; and
PA1  d. curing said mixture for a time and at a temperature sufficient to
      substantially completely polymerize said polymer.
NUM  3.
PAR  3. The method of making an encapsulating material comprising the steps:
PA1  a. forming a mixture of organopolysiloxane, a polydimethyl siloxane fluid
      diluent, sodium borate and hollow glass beads, said mixture having a
      polymer to diluent ratio of about 1:0.2 to 1:1.5 by weight and having a
      polymer to glass bead ratio of about 5:1 to 3:1 by weight;
PA1  b. adding sufficient methyl hydrogen siloxane catalyst to substantially
      completely polymerize said polymer;
PA1  c. controlling the amount of sodium in said mixture and catalyst to a total
      sodium content of about 100 ppm to about 200 ppm by weight of the total
      mixture and catalyst; and
PA1  d. curing said mixture for a time and at a temperature sufficient to
      substantially polymerize said polymer.
NUM  4.
PAR  4. The method of making an encapsulating material comprising the steps:
PA1  a. forming a mixture of organopolysiloxane, a polydimethyl siloxane fluid
      diluent, sodium borate and a filler of hollow spherical glass beads, said
      mixture having a polymer to diluent ratio of about 1:1 by weight and
      having a polymer to filler ratio of about 4:1 by weight;
PA1  b. adding from approximately 8% to approximately 11% by weight a methyl
      hydrogen siloxane catalyst to said mixture;
PA1  c. controlling the amount of sodium in said mixture and catalyst to a total
      sodium content of about 180 ppm by weight of the total mixture and
      catalyst; and
PA1  d. curing said mixture for a time and at a temperature sufficient to
      substantially completely polymerize said polymer.
NUM  5.
PAR  5. The novel encapsulating material produced by the method of claim 1.
NUM  6.
PAR  6. A novel polymerized silicone encapsulating material having hollow glass
      beads therein and produced by the method of claim 2.
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ABST
PAL  The method for preparing aromatic polyesters consists in the interaction
      between bis-phenols and dihalogenanhydrides of aromatic dicarboxylic acids
      taken at a molar ratio from 0.9 to 1.1, at a temperature from -10 to
      +30.degree.C, in the presence of alkali taken in the quantity of 2 - 2.5
      moles per mole of bis-phenols, in a system water-organic liquid, at their
      volume ratio from 0.2 to 5; said organic liquid is capable of dissolving
      dihalogenanhydrides of dicarboxylic acids, is chamically inactive towards
      the starting components, and is miscible with water in the quantity of not
      less than 25 per cent. The process is carried out in the presence of
      water-soluble salts of metals standing in the first and the second groups
      of the Periodic System, taken either separately or in combination, in the
      quantity from 5 to 45 per cent by weight with respect to the weight of
      water taken for the reaction. The reaction mixture which is formed, is
      emulsion containing the end product. The emulsion is ready for direct use.
PAL  The end product in the form of solution can also be obtained. To that end
      the reaction mixture containing the end product is allowed to stand to
      separate into two phases, namely into an aqueous and an organic phase. The
      organic phase is a solution of the end product in a mixture with the
      organic liquid and water. The settled out phases are separated. The
      obtained solution is ready for direct use.
PAL  The end product can also be prepared in the form of powder, for which
      purpose the reaction mixture, containing the end product is mixed with
      water in the quantity from 30 to 200 per cent of the volume of the
      reaction mixture. The obtained suspension is passed through a filter to
      isolate the end product.
PAL  The proposed method provides for the preparation of high-molecular aromatic
      polyesters at yields to 99.7 per cent.
BSUM
PAR  The invention relates to methods for preparing aromatic polyesters.
PAR  Said polyesters are widely used in electrotechnical, electronic, radio,
      aircraft and machine-building industries.
PAR  Plastics on the basis of aromatic polyesters have high strength, possess
      good dielectric properties, thermal stability, water resistance, and are
      therefore used in the manufacture of articles for electro-, and
      radio-engineering industry, e.g., for the manufacture of coil formers,
      bodies of capacitors, relays, etc.
PAR  Films made of such polymers are good insulating materials for electric
      motors (inter-layer, slot, lamellar insulation) and for transformers. They
      can also be used for preparing capacitors.
PAR  Aromatic polyesters can be used also as binding material for antifriction
      self-lubricating plastic articles working in vacuum without lubricants,
      for preparing fibres, adhesikes and foams standing temperatures to
      300.degree.C.
PAR  Known in the prior art are a few methods for preparing aromatic polyesters:
      (a) by polycondensation of bis-phenols with dichloroanhydrides of aromatic
      dicarboxylic acids in high-boiling solvents at elevated temperatures; (b)
      by polycondensation of bis-phenols with dichloroanhydrides of aromatic
      dicarboxylic acids in a medium of organic solvents in the presence of
      tertiary amines.
PAR  Disadvantages inherent in these methods are the presence of admixtures that
      are difficult to remove from the polymers after their synthesis, these
      admixtures may be residual quantities of the catalyst, or they may appear
      as a result of prolonged heating of the reaction mixture at high
      temperatures. These admixtures affect much adversely the quality of the
      end product to decrease its thermal stability, impair physico-mechanical
      characteristics and working behaviour.
PAR  Known also is the inter-phase method for preparing aromatic polyesters by
      the interaction of bis-phenols and dihalogenanhydrides of aromatic
      dicarboxylic acids in the presence of alkali. The synthesis is carried out
      in the system water-organic liquid, which is capable of dissolving the
      dihalogenanhydrides of dicarboxylic acids, is chemically inactive with
      respect to the starting reactants of the system, and is immiscible with
      water.
PAR  According to this method, bis-phenol and alkali, for example NaOH or KOH,
      taken in the quantity of 2-3 mole per mole of bis-phenol, are dissolved in
      water. Dihalogenanhydride of aromatic dicarboxylic acid is dissolved in an
      organic liquid, for example, in chloroform, or xylene. Bis-phenol and
      dihalogenanhydride are taken in equimolar ratio (or close to it). The
      obtained solutions are poured together and stirred. The process is carried
      out predominantly in the presence of an emulsifying agent and a catalyst,
      viz., salts of quarternary ammonium bases.
PAR  This method has some advantages. Thus, the reaction can be carried out at
      room temperature, the process proceeds at high rates. But there are also
      disadvantages in this method which reside in that the yield of the end
      product is rather low (80 - 90 per cent), the molecular weight is also
      insufficiently high (the logarithmic viscosity 0.3 - 0.8). Furthermore,
      the polyester obtained is contaminated with admixtures, e.g., remnants of
      the catalyst and emulsifying agent.
PAR  This involves thorough washing of the polymer which is complicated by the
      fact that the polymer, after synthesis, is impregnated with the organic
      liquid which is insoluble in water. Due to incomplete reaction (the yield
      of the product is 80 - 90 per cent) the mother liquor and the effluents
      contain great amounts of unreacted monomers, the catalyst, emulsifying
      agent, which involves additional operations on special complicated plants
      where the effluents are purified and the monomers are recovered.
PAR  The object of this invention is to provide a method for preparing aromatic
      polyesters that would make it possible to prepare high-molecular end
      product at high yield.
PAR  Another object of the invention is to simplify the process for preparing
      and treating the end product.
PAR  In accordance with these and other objects, the invention consists in that
      bis-phenols interact with dihalogenanhydrides of aromatic dicarboxylic
      acids taken in the molar ratio from 0.9 to 1.1, at room temperature from
      -10.degree. to +30.degree.C, in the presence of alkali taken in the
      quantity of 2 - 2.5 mole per mole of bis-phenols, in the system
      water-organic liquid at their volumetric ratio of 0.2 to 5, said organic
      liquid being capable of dissolving dihalogenanhydrides of dicarboxylic
      acids, chemically inactive towards the starting components, and miscible
      with water in the quantity not less than 25 per cent. The interaction
      between the starting components is realized in the presence of
      water-soluble salts of metals, standing in the first and second groups of
      the Periodic System, taken either separately or in combination, in the
      quantity from 5 to 45 per cent of the water weight; as a result, a
      reaction mixture containing the end product is obtained.
PAR  The introduction of said salts under the adopted conditions of realizing
      the proposed method, in particular in the presence of said organic liquid,
      changes the ratio of the main and side processes so that polyesters are
      produced at high yields, and their molecular weight is high, too. The
      polymer can be readily washed out of the organic liquid, and it contains
      no admixtures.
PAR  Bis-phenols, according to the invention, may be of various structure,
      containing both OH groups in one benzene nucleus (for example,
      resorcinol); binuclear, containing OH groups in various benzene nuclei
      (for example, 4,4'-dioxydiphenylpropane); binuclear, containing OH groups
      in various benzene nuclei which are separated by a carbon atom with a
      complex lateral substitute, for example, phenolphthalein 9,9'
      (4-oxyphenyl)fluorene; polynuclear bis-phenols containing, in addition to
      the OH groups bonded to the benzene nuclei, also aliphatic OH groups, for
      example, 2-.beta.-oxyethyl-3-3'-bis (4-oxyphenyl) phthalimidine, and also
      mixtures of bis-phenols of the above-named classes.
PAR  The starting dihalogenanhydrides of aromatic dicarboxylic acids, according
      to the invention, can be dihalogenanhydrides of aromatic dicarboxylic
      acids of various structures: phthalic (for example, iso- and terephthalic
      acid), aromatic dicarboxylic acids of the biphenyl series (for example,
      diphenyloxide of 4-4'dicarboxylic or diphenylhexafluoropropane-4,4'
      dicarboxylic acid); aromatic dicarboxylic acids with condensed nuclei (for
      example, 2,6-naphthalenedicarboxylic acid), and also their mixtures.
PAR  The alkalis that are introduced into the system, are alkalis that can
      convert bis-phenol into ionic form (for example, NaOH, KOH, LiOH, and
      others). The quantity of the alkali added is from 2.0 to 2.5 moles per
      mole of bis-phenol or a mixture of bis-phenols, i.e., with a small excess
      which is necessary to neutralize acid formed in the hydrolysis of
      dihalogenanhydride of aromatic dicarboxylic acids.
PAR  According to the invention, the organic liquids used in the process are
      liquids miscible with water in the quantity not less than 25 per cent.
      Such liquids are aliphatic ketones (e.g., methylethylketone), alicyclic
      lower ethers (for example, tetrahydrofurane, dioxane), and also their
      mixtures.
PAR  The general principle in selecting the organic liquid during synthesis of
      polymers from dihalogenanhydrides is their ability to dissolve
      dihalogenanhydride and also inertness towards all starting components. The
      quantity of the organic liquid is not important. The quantity of water and
      of the organic liquid is taken at their volume ratio from 0.2 to 5.
PAR  In order to prepare high-molecular end product, preference in selecting the
      organic liquid should be given to such an organic liquid that dissolves
      the end product or causes its swelling.
PAR  Making use of systems consisting of water and water-miscible organic
      liquids for polycondensation of bis-phenols and dihalogenanhydrides of
      aromatic dicarboxylic acids is theoretically of low probability due to the
      high possibility of hydrolysis of dihalogenanhydride. It has been found
      that the introduction into the system water - water-miscible organic
      liquid of an additive of water-soluble salts of metals of the first and
      second groups of the Periodic System drastically decreases the relative
      share of dihalogenanhydride which undergoes hydrolysis.
PAR  The introduction into the reaction system of said salts during synthesis of
      aromatic polyesters with the purpose of preparing high-molecular
      polyesters has not been practiced before.
PAR  According to the invention, examples of such salts are KCl, CH.sub.3 COONa,
      NaCl, BaCl.sub.2, and also their mixtures. The quantity of the additives
      (salts) is not of principal importance and it may vary within wide limits
      (over 5 per cent by weight) with respect to the quantity of water. There
      exists, however, a lower limit (for each salt) of salt content in the
      system, and if this lower limit is trespassed the molecular weight of the
      polyester is very low. The upper limit of the salt quantity is determined
      by its solubility in the system.
PAR  The result of the synthesis carried out under the thus selected conditions
      is the reaction mixture containing the end product. This reaction mixture
      is an emulsion which is ready for direct use. The emulsion consists of the
      organic and aqueous phases. The organic phase of the emulsion consists of
      a mixtures of the organic liquid taken for the synthesis, water (5-10 per
      cent by weight with respect to the organic phase) and the end product
      dissolved in this mixture. The aqueous phase is a solution of salts in a
      mixture of water and the organic liquid.
PAR  The end product can also be obtained as a solution or powder.
PAR  In order to prepare a solution of aromatic polyesters it is recommendable
      to settle said reaction mixture containing the end product so that the
      aqueous and organic phases are formed, the latter being a solution of the
      end product in a mixture of water and the organic liquid, as has been
      stated above. The phases are then separated. Said solution is stable in
      storage (to 30 days) and is ready for direct use.
PAR  Whenever necessary, aromatic polyesters can be prepared in the form of
      powder by precipitating them from emulsions or solutions. In order to
      prepare powder from emulsion, it is recommendable to add water to the
      reaction mixture, containing the end product (i.e., emulsion) and to
      separate the end product by passing the obtained suspension through a
      filter. (The quantity of water added is from 30 to 200 per cent by volume
      with respect to the reaction mixture).
PAR  The proposed method for preparing aromatic polyesters as compared with the
      known methods, does not require catalysts or emulsifying agents, and
      despite this it ensures preparation of the end product having high
      molecular weight (logarithmic viscosity to 2.5) at high yields (to 99.7
      per cent). Thus-obtained product has high thermal stability (stands
      temperatures over 280.degree.C).
PAR  Table 1 shows some characteristics of the proposed method, as compared to
      the inter-phase method for preparing aromatic polyesters in the system
      water-organic liquid immiscible with water. The Table is compiled with
      respect to the data obtained in preparing polyester of
      4,4'-dioxydiphenylpropane with a mixture of dichloroanhydrides of iso- and
      terephthalic acids).
TBL                                    Table 1                                 

     __________________________________________________________________________

     Nos                                                                       

        Specification                                                          

                    Water-organic liquid                                       

                               Water-organic liquid                            

                    immiscible with wa-                                        

                               miscible with water                             

                    ter system system (NaCl as salt)                           

     __________________________________________________________________________

     1  Organic liquid                                                         

                    xylene     tetrahydrofuran                                 

     2  Presence of catalyst,                                                  

        in % by wt of water                                                    

                     5-10      none                                            

     3  Synthesis time, min.                                                   

                     45         6-10                                           

     4  Washing procedures                                                     

        (for powder)                                                           

                    10-15      3                                               

     5  Yield of product, % of                                                 

        theory      85-90      98-99                                           

     6  Content of bis-phenol                                                  

        in effluents in % of                                                   

        starting quantity                                                      

                     8-12      0.1-0.2                                         

     __________________________________________________________________________

PAR  As it has already been said, emulsions and solutions of polyesters prepared
      by the proposed method are ready for immediate use. Owing to this fact,
      such labour-consuming operations of the inter-phase method as filtration
      and washing of the polymers swallen in water-immiscible organic liquid,
      stripping and distillation of organic liquids that destroy the end product
      under the action of the remaining quantities of alkali and elevated
      temperatures, are eliminated.
PAR  If the end product is prepared as powder, the operations of filtration and
      washing are less labour-consuming, and the time required to process the
      polymer is cut 3-5 times.
PAR  The high depth of completeness of the main reaction, the absence of
      catalysts or emulsifying agents, ensure the minimum contamination of the
      polymer and the effluents, which adds to the economy of the process.
PAR  For the purpose of comparison, Table 2 gives characteristics of polyester
      powder on the basis of 4,4'-dioxydiphenylpropane and dichloroanhydrides of
      iso-, and terephthalic acids (50:50) prepared by the proposed method as
      compared to the product obtained by the known inter phase method in the
      system xylene-water.
TBL                                    Table 2                                 

     __________________________________________________________________________

                        Aromatic polyester prepared in                         

     Nos                                                                       

        Characteristics xylene-water system                                    

                                   tetrahydrofuran-                            

                                   water-salt system                           

     __________________________________________________________________________

     1  Specific viscosity of 0.5%                                             

        polymer solution in mixture                                            

        with tetrachloroethane-phenol                                          

                        to  0.8    to  1.5                                     

     2  X-ray structure slightly crystal-                                      

                                   amorphous                                   

                        line                                                   

     3  Dispersity (mean particle                                              

        size), mm        0.7        0.2                                        

     4  Bulk weight, g/cc                                                      

                        0.17       0.37                                        

     5  Loss in specific viscosity                                             

        after treatment at 280.degree.C,                                       

        % of initial     60         25                                         

     __________________________________________________________________________

PAR  The high dispersity of the obtained aromatic polyesters offers good
      prospects for their use in the manufacture of antifriction
      self-lubricating plastics, for which the high degree of miscibility of the
      polymeric binder (in this case aromatic polyester) with the other
      components is guaranteed by high dispersity. Owing to high dispersity and
      increased thermal stability, powdered polyesters according to the
      invention are readily pelletized and granulated, and can successfully be
      used for the manufacture of plastics by pressing, moulding, extrusion.
      Below given are mechanical characteristics of a plastic material prepared
      by moulding polyester on the basis of 4,4'-dioxydiphenylpropane and a
      mixture of dichloroanhydrides of iso-, and terephthalic acids:
TBL  1.  Ultimate compression strength, kg/sq.cm                               

                                  900                                          

     2.  Ultimate tensile strength, kg/sq.cm                                   

                                  700                                          

     3.  Ultimate flexural strength, kg/sq.cm                                  

                                  1100-1200                                    

     4.  Impact strength, kg-cm/sq.cm:                                         

         for a notched specimen    15                                          

         for a solid specimen     specimen                                     

                                  remains                                      

                                  intact                                       

     5.  Vicat softening temperature, .degree.C                                

                                  200-210                                      

PAR  The above data indicate that the mechanical properties of the plastic on
      the basis of said aromatic polyester are not inferior to those in the
      widely known high-strength plastics, viz., polycarbonates, while its
      thermal stability is significantly higher. (On the basis of the other
      bis-phenols, for example, phenolphthalein 9,9'-(4-oxyphenyl)fluorene,
      plastics and other articles can be prepared, in which the Vicat softening
      temperature is as high as 300.degree. - 350.degree.C.
PAR  Aromatic polyesters prepared by the proposed method can be worked into
      films both by the pouring and by the extrusion method. The specifications
      of such films made from aromatic polyesters on the basis of
      4,4'-dioxydiphenylpropane and a mixture of dichloroanhydrides of iso-, and
      terephthalic acids (obtained by the casting method) are as follows:
TBL  1.     Ultimate tensile strength, kg/sq.cm                                

                                   700                                         

     2.     Percentage elongation  10-20                                       

     3.     Volume resistivity Ohm.cm                                          

                                   10.sup.16                                   

     4.     Dielectric constant    3                                           

     5.     Dielectric strength for a                                          

            30-micron thick specimen, kV/mm                                    

                                   100                                         

PAR  The proposed method can be realized as this.
PAR  Bis-phenol, a water-soluble salt, and alkali are dissolved, either in
      succession or simultaneously, in water or in a mixture of water and an
      organic liquid. Dihalogenanhydride of aromatic dicarboxylic acid is also
      dissolved in the organic liquid. The obtained solutions are poured
      together with stirring. Stirring is continued for 2 - 60 minutes, with the
      result that an emulsion is formed which contains high-molecular end
      product. The process is carried out at a temperature of -10.degree. to
      +30.degree.C, preferably at -10.degree. to +10.degree.C. All the named
      components can be taken separately or as mixtures with compounds of the
      same class.
PAR  The order in which the components are loaded does not matter. It may be as
      follows:
PAR  1. Dissolution of bis-phenol in an organic liquid (solution A); dissolution
      of alkali and salt in water (solution B); mixing together solutions A and
      B; dissolution of dihalogenanhydride in an organic liquid (solution C);
      adding solution C to a solution (A+B).
PAR  2. Adding solution (A+B) to solution C.
PAR  3. Dissolution of bis-phenol in an aqueous solution of alkali and salt and
      its mixing with solution of dihalogenanhydride in an organic liquid.
PAR  The preferable order of operations is that described in Item 1.
PAR  The obtained reaction mixture contains the end product and is actually an
      emulsion ready for direct use.
PAR  In order to prepare a solution, the emulsion is separated (by setting) into
      an organic and an aqueous phases. Said phases are separated from each
      other. The organic phase, which is a solution of polymer in an organic
      liquid and water, can also be used as such.
PAR  Whenever necessary, the polymer can be prepared as a powder. To that end,
      to the obtained reaction mixture added is water in the quantity from 30 to
      200 per cent of the reaction mixture volume. The result is a suspension
      which is then filtered to isolate the end product. The polymer is washed,
      for example, with water, and dried.
PAR  For a better understanding of the invention, the following examples of its
      practical embodiment are given by way of illustration.
PAR  The values of logarithmic viscosity [.eta.].sub.inh are obtained from the
      values of specific viscosities of the polymer solution (0.5 g/100 cc of
      solvent) at 250.degree.C. The solvent is a mixture of tetrachloroethane
      and phenol (2:3).
DETD
PAR  The yields of the polymer in per cent are given with respect to theory.
PAC  EXAMPLE 1
PAR  17.1 g of 4,4' -dioxydiphenylpropane are dissolved in 50 cc of
      tetrahydrofuran. To the obtained solution of bis-phenol added are 150 cc
      of an aqueous solution containing 6.6 g of NaOH and 18 g of KCl. 7.67 g of
      dichloroanhydride of isophthalic acid and 7.67 g of dichloroanhydride of
      terephthalic acid are dissolved in 100 cc of tetrahydrofuran at a
      temperature of -10.degree.C.
PAR  The obtained solution of dichloroanhydride is added with stirring to the
      solution of bis-phenol, salt and alkali, cooled to +5.degree.C. After
      pouring together the solutions, stirring is continued for another 2-3
      minutes. The result of this process is an emulsion ready for use.
PAR  To this emulsion added with stirring are 150 cc of water to prepare a
      suspension of the polymer which is separated by filtration. The polymer is
      washed with water and dried.
PAR  [.eta.].sub.inh of the polymer is 1.20. The yield of the polymer is 99.4
      per cent.
PAC  EXAMPLE 2
PAR  3.98 g of phenolphthalein are dissolved in 20 cc of tetrahydrofuran and to
      the obtained solution added are 30 cc of an aqueous solution containing
      1.1 g of NaOH and 6.7 g of NaCl. 2.3 g of dichloroanhydride of
      terephthalic acid are dissolved in 30 cc of tetrahydrofuran at a
      temperature of -10.degree.C.
PAR  The obtained solution of dichloroanhydride is added with stirring to the
      solution of bis-phenol, salt, and alkali, at a temperature of 20.degree.C.
      After pouring together the solutions, stirring is continued for another
      2-3 minutes to prepare emulsion which is an organic phase containing the
      polymer (8 per cent), tetrahydrofuran (87 per cent), water (5 per cent)
      and an aqueous phase which is an aqueous solution containing salts (22 per
      cent), tetrahydrofuran (8 per cent) and an insignificant amount of alkali
      which is neutralized with acetic acid. After settling and decanting the
      aqueous phase, an organic phase which is a solution of the polymer in
      tetrahydrofuran and water is isolated. The solution is ready for use. It
      can be used to manufacture articles of various configurations.
PAR  [.eta.].sub.inh of the polymer is 1.17.
PAC  EXAMPLE 3
PAR  3.8 g of 4,4'-dioxydiphenylpropane and 2.06 g of KOH are dissolved in 25 cc
      of water and to the obtained solution added are 25 cc of an aqueous
      solution containing 7 g of NaCl. 2.92 g of difluoroanhydride of
      isophthalic acid are dissolved in 50 cc of tetrahydrofuran at a
      temperature of 10.degree.C. The obtained solution of difluoranhydride is
      added with stirring to the solution of bis-phenol, alkali and salt cooled
      to +5.degree.C. After pouring together the solutions, stirring is
      continued for another 2-5 minutes, to prepare emulsion which is ready for
      use.
PAR  100 cc of water are added with stirring to the emulsion to prepare a
      suspension of the polymer from which it is separated by filtration. The
      polymer is washed with water and dried.
PAR  [.eta.].sub.inh of the polymer is 0.67. The yield is 98.5 per cent.
PAC  EXAMPLE 4
PAR  5.7 g of 4,4'-dioxydiphenylpropane are dissolved in 50 ml of cc of
      tetrahydrofuran. To the obtained solution of bis-phenol added are 45 cc of
      an aqueous solution containing 2.25 g of NaOH and 9 g of NaCl.
PAR  2.58 g of dichloroanhydride of isophthalic acid and 2.58 g of
      dichloroanhydride of terephthalic acid are dissolved in 55 cc of
      tetrahydrofuran at a temperature of -10.degree.C. The obtained solution of
      dichloroanhydride is added with stirring to the solution of bis-phenol,
      salt and alkali at a temperature of +20.degree.C. After pouring together
      the solutions, stirring is continued for another 2-5 minutes. The result
      of the process is emulsion which is an organic phase containing the
      polymer (12 per cent), tetrahydrofuran (83 per cent), water (5 per cent),
      and an aqueous phase which is an aqueous solution containing salt (22 per
      cent), tetrahydrofuran (10 per cent), and insignificant quantity of alkali
      which is neutralized with acid acetic acid. After settling and decanting
      the aqueous phase, an organic phase, i.e., solution of polymer in
      tetrahydrofuran and water is obtained. The solution is ready for use.
      Articles of various configurations are manufactures therefrom.
      [.eta.].sub.inh of the polymer is 1.89.
PAC  EXAMPLE 5
PAR  1.51 g of 2-.beta.-oxyethyl-3-3'-bis(4-oxyphenyl)phthalimidine and 0.95 g
      of 4,4'-dioxydiphenylpropane are dissolved in 30 cc of tetrahydrofuran. To
      the obtained solution of bis-phenol added are 30 cc of aqueous solution
      containing 0.72 g of NaOH and 5.5 g of NaCl.
PAR  1.72 g of dichloroanhydride of terephthalic acid are dissolved in 40 cc of
      tetrahydrofuran at a temperature of 10.degree.C, the obtained solution of
      dichloroanhydride is added with stirring to the solution of bis-phenol,
      salt and alkali, at a temperature of 30.degree.. After pouring together,
      stirring is continued for another 2-3 minutes. The result is suspension of
      the polymer which is separated by filtration. The polymer is washed with
      water and dried. [.eta.].sub.inh of the polymer is 1.15. The yield of the
      polymer is 97 per cent.
PAC  EXAMPLE 6
PAR  3.8 g of 4,4'-dioxydiphenylpropane, 9 g of NaCl and 1.5 g of NaOH are
      dissolved in a mixture consisting of 30 cc of methylethylketone and 50 cc
      of water. 1.72 g of dichloroanhydride of isophthalic acid and 1.72 g of
      dichloroanhydride of terephthalic acid are dissolved in 20 cc of
      tetrahydrofuran at a temperature of -10.degree.C. The obtained solution of
      dichloroanhydride is added with stirring to the solution of bis-phenol,
      salt, and alkali, at a temperature of +20.degree.C. After pouring
      together, the solution is stirred for another 3-5 minutes. The result is
      emulsion which is ready for use. To the emulsion added with stirring are
      200 cc of water. The result is suspension of the polymer which is
      separated by filtering. The polymer is washed with water and dried.
      [.eta.].sub.inh of the polymer is 0.64.
PAC  EXAMPLE 7
PAR  3.38 g of dichloroanhydride of terephthalic acid are dissolved in 50 cc of
      tetrahydrofuran at a temperature of -10.degree.C. Then 5.9 of
      9,9'-bis(4-oxyphenyl)fluorene, 1.5 g of NaOH and 7 g of KCl are dissolved
      in 50 cc of water at a temperature of +20.degree.C. The obtained solution
      of bis-phenol, alkali and salt is added with stirring to the solution of
      dichloroanhydride. After pouring together the solutions, stirring is
      continued for another 3-5 minutes. The resultant emulsion is ready for
      use. To the emulsion added with stirring are 50 cc of water. As a result,
      a suspension of the polymer is prepared, which is then separated by
      filtering. The polymer is washed with water and dried.
PAR  [.eta.].sub.inh of the polymer is 0.60.
PAC  EXAMPLE 8
PAR  3.8 g of 4,4'-dioxydiphenylpropane are dissolved in 25 cc of water
      containing 0.92 g of LiOH. To the obtained solution of bis-phenol added
      are 25 cc of an aqueous solution containing 6 g of LiCl. Then, 1.72 g of
      dichloroanhydride of isophthalic acid and 3.64 g of dichloroanhydride of
      diphenylhexafluoropropanedicarboxylic acid are dissolved in 60 cc of
      tetrahydrofuran at a temperature of -10.degree.C. The obtained solution of
      dichloroanhydride is added with stirring to the solution of bis-phenol,
      salt, and alkali, at a temperature of 10.degree.C. After pouring the
      solutions together, the mixture is stirred for another 3-5 minutes. The
      resultant emulsion is ready for use. To the emulsion added with stirring
      are 220 cc of water to prepare a suspension of the polymer which is
      separated by filtration. The polymer is washed with water and dried.
      [.eta.].sub.inh of the polymer is 0.73.
PAR  Examples 9 through 19 were carried out under the same conditions as in
      Example 1. The results of the experiments are summarized in Table 3.
TBL                                    Table 3                                 

     __________________________________________________________________________

     Nos                                                                       

        Bis-phenol, in g                                                       

                    Alkali, in g                                               

                            Salt, in g Dihalogenanhydride, in g                

     1  2              3       4             5                                 

     __________________________________________________________________________

     9  11.41 of dioxydiphe-                                                   

                    4.4 of NaOH                                                

                            10 of KCl  5.13 of isophthalic dichlo-             

        nylpropane                     roanhydride                             

                            15 of NaCl 6.38 of naphthalenedicarbo-             

                                       xylic dichloroanhydride                 

     10 ditto       6.18 of KOH                                                

                            10 of NaCl 1.56 of isophthalic dichl-              

                                       oroanhydride                            

                            10 of BaCl 8.70 of terephthalic dichlo-            

                                       roanhydride                             

     11 ditto       4.4 of NaOH                                                

                            18 of LiCl 5.13 of isophthalic dichloro-           

                                       anhydride                               

                                       7.45 of diphenyloxide-4,4'-             

                                       of dicarboxylic dichlo-                 

                                       roanhydride                             

     12 ditto       4.4 of NaOH                                                

                            25 of KBr  10.26 of terephthalic dichlo-           

                                       roanhydride                             

     13 ditto       4.4 of NaOH                                                

                            20 of NaCl 5.13 of terephthalic dichloro-          

                                       anhydride                               

                                       4.35 of isophthalic difluo-             

                                       roanhydride                             

     14 3.8 of ditto                                                           

                    1.1 NaOH                                                   

                            6.6 of NaCl                                        

                                       5.18 of benzophenondicarbo-             

                                       xylic dichloroanhydride                 

     15 ditto       0.92 of LiOH                                               

                            6 of LiCl  1.72 of isophthalic dichlo-             

                                       roanhydride                             

                                       2.60 of benzophenondicarbo-             

                                       xylic dichloroanhydride                 

     16 5.42 of resorcinol                                                     

                    4.4 of NaOH                                                

                            30 of BaCl 5.13 of isophthalic dichlo-             

                                       roanhydride                             

                                       5.13 of terephthalic dichlo-            

                                       roanhydride                             

     17 11.41 of dioxydiphe-                                                   

                    4.5 of NaOH                                                

                            20 of K.sub.2 CO.sub.3                             

                                        ditto                                  

        nylpropane                                                             

     18 ditto         ditto 50 of NaNO.sub.3                                   

                                       ditto                                   

     19 ditto       4.7 of NaOH                                                

                            20 of Ca(CH.sub.3 COO).sub.2                       

                                       ditto                                   

     __________________________________________________________________________

                            Nos                                                

                               Organic liquid,                                 

                                        Water,                                 

                                            [.eta.]inh                         

                                                 Yield of po-                  

                               cc       cc       lymer, % of                   

                                                 theory                        

                            1  6        7   8    9                             

     __________________________________________________________________________

                            9  150 of   150 2.53 99.5                          

                               tetrahydrofuran                                 

                            10 ditto    100 1.18 98                            

                            11 ditto    150 1.75 98                            

                            12 ditto    100 0.90 97                            

                            13 210 of ditto                                    

                                        90  0.75 99                            

                            14 50       50  0.80 97                            

                            15 50 of dioxane                                   

                                        50  0.76 99                            

                            16 150 of   150 0.82 98                            

                               tetrahydrofuran                                 

                            17              0.96 98                            

                            18              1.09 97                            

                            19              0.78 97                            

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. A method for preparing aromatic polyesters consisting in the interaction
      between bis-phenols and dihalogenanhydrides of aromatic dicarboxylic acids
      taken at the molar ratio from 0.9 to 1.1, at a temperature from
      -10.degree. to +30.degree.C, in the presence of alkali taken in the
      quantity of 2 - 2.5 mole per mole of bis-phenols, in the system
      water-organic liquid at their molar ratio from 0.2 to 5; said organic
      liquid is capable of dissolving dihalogenanhydrides of dicarboxylic acids,
      is chemically inactive towards the starting components, and is miscible
      with water in the quantity not less than 25 per cent; the said starting
      components are reacted in the presence of water-soluble salts of metals
      selected from the first and second groups of the Periodic System and taken
      in the quantity from 5 to 45 per cent by weight with respect to the
      quantity of water; as a result a reaction mixture containing the end
      product is obtained.
NUM  2.
PAR  2. A method according to claim 1, wherein the reaction mixture containing
      the end product is settled to separate into an aqueous and an organic
      phase, the latter containing organic liquid, water, and the end product;
      said phases are separated from each other.
NUM  3.
PAR  3. A method according to claim 1, wherein the reaction mixture containing
      the end product is mixed with water in the quantity from 30 to 200 per
      cent by volume with respect to said reaction mixture; the resulting
      suspension is filtered, to separate the end product in the form of powder.
PATN
WKU  039337146
SRC  5
APN  5393574
APT  1
ART  142
APD  19741021
TTL  Dip formulation additive for protection of adhesive-coated fabrics and
      single end cords
ISD  19760120
NCL  3
ECL  1
EXP  Bleutge; John C.
INVT
NAM  Adams; Hansford Tyson
CTY  Leesville
STA  SC
ASSG
NAM  Uniroyal Inc.
CTY  New York
STA  NY
COD  02
RLAP
COD  74
APN  385200
APD  19730802
PSC  01
PNO  3876457
CLAS
OCL  260 293
XCL  156335
XCL  260 285B
XCL  260846
XCL  428474
XCL  428483
EDF  2
ICL  C08L 6112
ICL  C08L  908
FSC  260
FSS  29.3;28.5 B;846
UREF
PNO  3443986
ISD  19690500
NAM  Watanabe et al.
OCL  156335
UREF
PNO  3787224
ISD  19740100
NAM  Uffner
OCL  260846
UREF
PNO  3859239
ISD  19750100
NAM  VanGils
OCL  260 28.5B
LREP
FR2  Sprowls, Esq.; Willard R.
ABST
PAL  Adhesive-coated tire cord fabric and similar fabric and single end cords
      for other end uses can be protected from the adverse effects of
      atmospheric pollutants, prior to the adhesion of such fabrics to rubber,
      by incorporating N,N'-ethylene bis-stearamide in the adhesive formulation.
PARN
PAR  This is a division, of application Ser. No. 385,200, filed Aug. 2, 1973 now
      U.S. Pat. No. 3,876,457.
BSUM
PAR  This invention relates to the protection of adhesive-coated tire cord,
      other fabrics, and single end cords, which are subsequently, after storage
      and/or shipment, to be adhered to rubber layers, from the adverse effects
      of atmospheric pollutants. It has been found that such fabrics and cords,
      after exposure to high levels of atmospheric pollutants present at normal
      to high temperatures and with a high incidence of UV light, demonstrate
      little or no adhesion to rubber layers in the construction of tires and
      other end products.
PAR  A patent to Watanabe et al., U.S. Pat. No. 3,443,986, proposes the
      inclusion of certain waxes in adhesion formulations to improve the
      adhesive strength of fibrous materials coated therewith. However, the
      formulations of this patent do not provide the answer to the problem
      encountered by the applicant.
PAR  Conventional adhesive dip formulations for application to fabric made from
      polyamide, polyester or rayon cord, which is subsequently to be adhered to
      shaped rubber articles prior to the vulcanization thereof, comprise a dip
      of a resorcinol-formaldehyde condensate and a latex of a vinyl
      pyridine-butadiene-styrene terpolymer or of a butadiene-styrene copolymer.
      It has been found that the effects of atmospheric pollutants, as referred
      to above, can be overcome by the incorporation of from about 1 to about 10
      weight percent, based on the dry rubber solids content of the dip, of
      N,N'-ethylene bis-stearamide. This bis-stearamide is a waxy material
      having a melting point of 288.degree. to 293.degree.F.
PAR  This invention will be described primarily in terms of the preparation of
      polyamide, polyester or rayon tire cord fabric for incorporation into
      shaped rubber tire carcasses with good adhesion. The following examples
      are given to demonstrate the application of the invention. It is
      understood that the invention is equally applicable to adhesive-coated
      fabric and single end cords intended for other uses.
DETD
PAC  EXAMPLE 1
PAR  This example illustrates the application of the novel additive of the
      present invention to protect polyester tire cord from the adverse effects
      of atmospheric pollutants, prior to adhesion of such fabrics to rubber.
PAR  Twisted 3440 denier, polyester (polyethylene terephthalate) tire cord
      consisting of 3 ply cord (in which each ply has 9.2 `Z` turns in the
      singles and 9.2 `S` turns in the plying operation) is run through a first
      dip having the following composition described in U.S. Pat. 3,307,966.
PAC  Composition - Dip One
PAR  1. 22.0G PHENOL BLOCKED MDI (Hylene MP - DuPont)
PAR  2. 1.5G Aerosol O.T. (dioctyl sodium sulfosuccinate)
PAR  3. 9.0G Epon 812 (an epoxide)
PAR  4. 1200G Water
PAR  The total solids on the cord after this first dip treatment is 0.5-1.5%
      (dry weight based upon the weight of the cord).
PAR  The cord is then cured for 40 seconds at 445.degree.F while applying 2.0%
      stretch. The cord is then run through a second dip (RFL dip) having the
      following composition:
PAC  Composition - Dip Two
PAR  1. 100g Vinyl pyridine latex (40% solids consisting of 70% butadiene -- 15%
      vinylpyridine -- 15% styrene terpolymer (Pyratex)
PAR  2. 2.5g Ammonium hydroxide
PAR  3. 9.0g Resorcinol-formaldehyde condensation product (Kopper's "Penacolite
      2170")
PAR  4. 4.5g Formalin (37%) diluted with water to 20% solids
PAR  5. N,N'-Ethylene-bis-stearamide -- 5 parts wax solids to 100 parts dry
      rubber solids.
PAR  Modified resorcinol-formaldehyde condensation products can also also be
      substituted, e.g., those in which another dihydric phenol is used or in
      which a third reactive component is included.
PAR  In general, the additive of this invention was made into a slurry by mixing
      various proportions of the additive and water with the appropriate
      dispersing system. The amount of additive used and found to be effective
      amounts to about 1 to 10 weight percent, based on the dried rubber.
PAR  The cord is then dried and cured at 390.degree.F for 90 seconds. The
      percent solids of RFL picked up on the cord is 2.5 to 4.5% dry weight
      based upon the weight of the cord. Adhesion results are obtained using the
      following test method which is also described in U.S. Pat. No. 3,549,481,
      the contents of which are hereby incorporated by reference herein.
PAR  A desirable procedure for storing and shipping the rolls of adhesive dipped
      tire cord fabric is to wrap each one in a polyethylene bag, draw a vacuum
      on the bag and tape the previously open end of the bag. Additional packing
      may be desirable prior to shipment but, with this treatment, there is no
      problem concerning atmospheric pollutants and U.V. light. It is only after
      the roll of tire cord fabric is withdrawn from the polyethylene bag in a
      badly polluted atmosphere that the problem solved by this invention is
      encountered.
PAR  The atmospheric pollutants which cause the most trouble for fabric adhesive
      coatings are the oxides of nitrogen and ozone. These are particularly
      detrimental in the presence of high temperature, low humidity and exposure
      to light, the ultraviolet rays being most damaging. Consequently, for
      testing purposes, a six foot by six foot room was equipped with apparatus
      necessary to provide the following conditions:
     Temperature      100.degree.F +                                           

     Relative Humidity                                                         

                      20%                                                      

     Ozone Concentration                                                       

                      10 to 25 parts/hundred million                           

     Nitrogen Dioxide 8 to 15 parts/hundred million                            

     Total Light      100 foot candles                                         

     Ultraviolet and  160 Microwatts/cm.sup.2                                  

     Infrared Light                                                            

PAR  Using this laboratory accelerated testing procedure, the use of the
      additive of this invention increases the resistance to adhesion loss by at
      least a factor of three in time. This is of vital importance since the
      fabric must retain good adhesion throughout all operations in conversion
      into a tire, a conveyor belt, etc. In general, those samples which retain
      an adhesion appearance of 4.0 or greater after one hour in this test have
      been found to process without problems under factory conditions.
PAR  Treated polyester cords are placed in parallel arrangement with 24 ends to
      the inch. Two pieces of 3 inch .times. 4 inch backing stock (a rubber
      material having a light weight reinforcing fabric in it) are pressed onto
      the cords by hand with the cord running parallel to the 3 inch side. The
      two pieces of backing stock are placed so that they cover different
      portions of the cords and are approximately one inch apart. The cord is
      then trimmed even around the edges of the backing stock. The cord side of
      the backing stock is then pressed by hand onto an adhesion stock. A
      typical formulation would be a 35/45/20 blend of natural rubber,
      styrene-butadiene rubber and cis-butadiene rubber tire skim stock
      containing 50 parts of carbon black, 1.5 parts of stearic acid, 25 parts
      of reclaimed rubber, 10 parts of zinc oxide, 1 part of antioxidant, 5
      parts of pine tar, 1 part of mercaptobenzothiazole, 0.1 part of
      diphenylguanidine and 3.2 parts of sulfur. Care is taken not to touch the
      cord or the adhesion surface of the backing stock or the adhesion stock.
      The articles formed are trimmed and cut in half. A 1 inch .times. 4 inch
      aluminum foil or Holland Cloth separator is placed on the exposed surface
      of the adhesion stock on one of the specimen halves, with the separator
      being aligned alone one 4 inch edge. The specimen halves are laminated
      together so that adhesion stock contacts adhesion stock except in the area
      where the separator is present.
PAR  The assembly is placed in a press and cured for 6 minutes at 350.degree.F
      platen temperature and 200 psi pressure.
PAR  The resultant article is cut into four 1 inch .times. 3 inch strips and the
      two end strips are discarded.
PAR  The separator is removed from the end of the remaining middle strips, the
      two end portions (referred to as tabs) are spread apart and maintained in
      that condition and the strips are placed in an Instron oven at
      250.degree.F for 30 minutes. Subsequently the tabs of each article are
      placed in the jaws of an Instron Tester, and the jaws of the tester are
      separated at a rate of 5 inches per minute and a chart speed of 1.5 inch
      per minute. Sufficient force in the tester is obtained to separate the
      article along its length. The separated surfaces are then examined to see
      how much of the cord has become visible due to stripping of the rubber
      from the cord. This is recorded according to the following scale:
     Rating                                                                    

     ______________________________________                                    

     5       100% Rubber Failure                                               

                                No Cord Visible                                

     4       75% Rubber Failure 25% Cord Visible                               

     3       50% Rubber Failure 50% Cord Visible                               

     2       25% Rubber Failure 75% Cord Visible                               

     1       No Rubber Failure  100% Cord Visible                              

     ______________________________________                                    

PAR  Thus, the highest rating value of the scale indicates that the adhesion
      bond was so strong that the failure occurred in the rubber stock; the
      lowest value of the scale indicates a weak adhesion bond, failure having
      occurred at the interface of the rubber stock and the cord rather than in
      the rubber stock itself.
PAR  Table I summarizes the comparison of exposure resistance using the
      described conditions of the polyethylene terephthalate tire cord with and
      without additive, N,N'-ethylene-bis-stearamide.
TBL                Table I                                                     

     ______________________________________                                    

                 Appearance/Lbs. Pull                                          

                 0 Mins.*                                                      

                         60 Mins.*  180 Mins.*                                 

     ______________________________________                                    

     No Additive   5.0/35    4.0/30.0   1.5/28.5                               

     5 Parts Additive                                                          

                   5.0/36.6  5.0/38.0   5.0/41.0                               

     71/2 Parts "  5.0/32.5  5.0/37.0   5.0/37.5                               

     10 Parts "    5.0/32.5  5.0/34.5   5.0/35.5                               

     ______________________________________                                    

      Note:                                                                    

      Amounts of Additives are based on dry rubber solids.                     

      *Minutes of exposure at 10 PPHM Ozone and 10 PPHM Oxides of nitrogen.    

PAC  EXAMPLE 2
PAR  This example illustrates the application of the additive of the present
      invention in a single dip system to protect polyester tire cord from the
      adverse effects of atmospheric pollutants.
PAR  A twisted 3 ply, 3440 denier, polyester tire cord as described in Example 1
      is run through a single dip system (H-7) described by ICI literature and
      in the British Polymer Journal [Vol. 3, p. 58 (1971)]. Briefly this dip
      system consists of an RFL (similar to that described in Example 1) with a
      special resin additive prepared from p-chlorophenol, resorcinol and
      formaldehyde. The cord is treated as described in Example 1 with the
      exception that 460.degree.F is required in the first oven instead of
      445.degree.F. Normally a dry weight ratio of 20g special resin to 40g RFL
      portion is employed.
PAR  Total solids on the cord is 4.5-5%.
TBL                Table II                                                    

     ______________________________________                                    

                Appearance/Lbs. Pull                                           

                Ozone PPHM                                                     

                          0 Mins.    60 Mins.                                  

     ______________________________________                                    

     Without additive                                                          

                  10          4.9/29.0   3.0/26.0                              

     With additive*                                                            

                  10          4.9/30.5   4.5/29.5                              

     ______________________________________                                    

      *10 parts by weight based on 100 parts dry rubber solids (Latex).        

PAC  Example 3
PAR  This example illustrates the application of the additive of the present
      invention to protect polyamide tire cord from adverse effect of
      atmospheric pollutants.
PAR  Twisted 2520 denier polyamide (nylon 6,6) tire cord consisting of 2 ply
      cord is passed through an oven at 445.degree.F for a period of 40 seconds
      while applying 2.0% stretch. The cord is then run through a dip of the
      composition as Dip II (RFL) in Example 1. The cord is then processed as
      described in the remainder of Example 1.
TBL                Table III                                                   

     ______________________________________                                    

     Nylon 6,6 with N,N'-Ethylene-Bis-Stearamide                               

                 Appearance/Lbs. Pull                                          

                 0 Mins.*                                                      

                         15 Mins.*  30 Mins.*                                  

     ______________________________________                                    

     No Additive   4.9/34.5  1.5/38.0   1.0/18.0                               

     1 Part Additive                                                           

                   4.9/35.0  4.0/36.0   4.0/34.0                               

     5 Parts "     4.8/39.5  4.7/38.5   4.5/31.5                               

     10 Parts "    4.8/34.5  4.7/37.5   4.5/29.5                               

     ______________________________________                                    

      Note:                                                                    

      Amounts of additives are based on dry rubber solids (Latex)              

      *Exposure 10 PPHM ozone, 10 PPHM oxides of nitrogen.                     

PAC  EXAMPLE 4
PAR  Fiber B is an aromatic polyamide (condensation polymer of
      p-phenylenediamine and terephthalic acid) developed by DuPont. Twisted
      4570 denier Fiber B (1500/ 3 ply) tire cord is treated similarly to
      polyethylene terephthalate described in Example 1.
TBL                Table IV                                                    

     ______________________________________                                    

                    Appearance/Lbs. Pull                                       

                    0 Mins.* 120 Mins.*                                        

     ______________________________________                                    

     Without Additive 5.0/35.0   1.5/20.0                                      

     With Additive**  5.0/34.0   4.9/34.0                                      

     ______________________________________                                    

       *Exposure 10 PPHM ozone, 10 PPHM oxides of nitrogen.                    

      **10 parts/100 parts dry rubber.                                         

PAC  EXAMPLE 5
PAR  This example illustrates the use of the additive of the present invention
      with rayon tire cord. This 3300 denier cord is processed the same as that
      described for nylon 6,6 in Example 3 or with styrene-butadiene rubbery
      copolymer (40% solids) substituted for the vinyl pyridine terpolymer.
TBL                Table V                                                     

     ______________________________________                                    

                 Appearance/Lbs. Pull                                          

                 0      30       60       180                                  

                 Min.*  Mins.*   Mins.*   Mins.*                               

     ______________________________________                                    

     Without Additive                                                          

                   5.0/33   3.5/18   1.0/15 1.0/12                             

     With Additive**                                                           

                   5.0/33   --       --     4.9/35                             

     (in Vinyl pyri-                                                           

     dine System)                                                              

     Without Additive                                                          

                   5.0/33   4.7/35   --     3.0/29                             

     with SBR                                                                  

     With Additive**                                                           

                   5.0/35   5.0/33   --     4.9/34                             

     with SBR                                                                  

     ______________________________________                                    

      *Exposure 10 PPHM ozone, 10 PPHM oxides of nitrogen.                     

      **10 parts additive/100 parts dry rubber.                                

PAR  The foregoing examples establish the excellent results which are obtained
      by the use of the additive of this invention.
PAC  EXAMPLE 6
PAR  Cetyl stearate has been set forth as a desirable additive in U.S. Pat. No.
      3,443,986. This additive was compared to N,N'-ethylene-bis-stearamide at
      10 PPHM ozone with polyester cord. The results summarized in Table VI
      reveal the unsatisfactory nature of cetyl stearate as an adhesive additive
      for the purposes of this invention.
TBL                                    Table VI                                

     __________________________________________________________________________

                  Initial Adhesion                                             

                             30 Mins. Exposure                                 

                                        1 Hour Exposure*                       

                  App.                                                         

                      Lbs. Pull                                                

                             App.                                              

                                 Lbs. Pull                                     

                                        App.                                   

                                            Lbs. Pull                          

     __________________________________________________________________________

     No Additive  5.0 33.5   4.0 28.5   1.5 25.0                               

     5% N,N'-ethylene-                                                         

                  5.0 32.5   5.0 34.0   5.0 37.0                               

     bis-stearamide**                                                          

     5% cetyl stearate***                                                      

                  5.0 33.0   1.2 23.5   1.0 26.5                               

     10% cetyl stearate***                                                     

                  5.0 33.0   1.0 25.5   1.0 25.5                               

     __________________________________________________________________________

      *Exposure 10 PPHM ozone, 10 PPHM oxides of nitrogen.                     

      **Based on dry rubber content of rubber latex.?                          

      ***Dispersion in water.                                                  

PAC  EXAMPLE 7
PAR  Table VII presents a list of materials which were unsatisfactory for the
      purposes of this invention with polyester cord under the conditions
      described in Example 1. Most of the materials were tried at 2, 4, 6, 8 and
      10 percent levels based on dry rubber solids (latex); the coated cords
      were tested in the exposure test described in Example 1 at 25 PPHM ozone.
TBL                Table VII                                                   

     ______________________________________                                    

     Identification       Remarks                                              

     ______________________________________                                    

      1. N,N'-bis-(1,4-dimethyl-                                               

                              No resistance to exposure                        

         phenyl)-p-phenylenediamine                                            

                              (1.0 appearance after 30                         

         (Eastman Eastozone 33)                                                

                              minutes exposure)                                

      2. N-phenyl-N-'-cyclohexyl-                                              

                              "                                                

         p-phenylenediamine                                                    

         (Uniroyal Flexzone 6H)                                                

      3. N-phenyl-N'-(1,3-dimethyl-                                            

                              "- butyl)-p-phenylenediamine                     

         (Uniroyal Flexzone 7L)                                                

      4. Royalac 136 (proprietary                                              

                              "                                                

         accelerator like a                                                    

         dithiocarbamate)                                                      

      5. Butyraldehyde-aniline                                                 

                              "                                                

         condensation product                                                  

         (Uniroyal Beutene,                                                    

         DuPont Antox)                                                         

      6. p-Chlorophenol-      "                                                

         formaldehyde-                                                         

         (ICI's Pexul)                                                         

      7. Triallylcyanurate-   "                                                

         formaldehyde-                                                         

         resorcinol prepolymer                                                 

         (ICI's N-3)                                                           

      8. Phenyl-.beta.-naphthylamine                                           

                              "                                                

         (Du Pont Neozone D + D Special)                                       

      9. Phenyl-.alpha.-naphthylamine                                          

                              "                                                

         (DuPont Neozone A)                                                    

     10. 2,4-dihydroxy benzophenone                                            

                              "                                                

         (DuPont Rylex H)                                                      

     11. 4-dodecyloxy-2-hydroxy-                                               

                              No resistance to exposure                        

         benzophenone                                                          

         (DuPont Rylex D)                                                      

     12. Diaryl phenylenediamines                                              

                              "                                                

         (DuPont Akroflex DAZ,                                                 

         Uniroyal JZF)                                                         

     13. Dialkylthioureas     "                                                

         (pennzone 685)                                                        

     14. Methyl 1-(butylcarbamoyl)                                             

                              "                                                

         2-benzimidazole carbamate                                             

         (DuPont Benlate)                                                      

     15. Nickel dibutyl       "                                                

         dithiocarbamate                                                       

         (DuPont NBC)                                                          

     16. Diphenyl propylenediamine                                             

                              "                                                

         (C. P. Hall Hallcolite L)                                             

     17. 6-Ethoxy-1,2-dihydro-2,2,                                             

                              "                                                

         4-trimethyl quinoline                                                 

         (Monsanto Santoflex AW)                                               

     18. N,N'-bis(1,4-dimethyl                                                 

                              "                                                

         pentyl)-                                                              

         p-phenylenediamine                                                    

     19. Sodium diethyl       "                                                

         dithiocarbamate                                                       

     20. Dibutyl tin bis dibutyl                                               

                              "                                                

         dithiocarbamte                                                        

     21. Elemental sulfur     "                                                

     ______________________________________                                    

PAR  The next set of waxes (22-33) are generally C18-C30 based mixtures with
      high hydrocarbon content which were previously advanced as additives in
      U.S. Pat. No. 3,443,986.
TBL  ______________________________________                                    

     22. ESSO Household Paraffin Wax                                           

                              No resistance                                    

                              to exposure                                      

     23. Nopco Corax Wax      "                                                

         (paraffin wax)                                                        

     24. Histowax (paraffin wax)                                               

                              "                                                

     25. Baker Castorwax (glyceryl                                             

                              "                                                

         tri(12-hydroxystearate))                                              

     26. Baker Dispersion 33  "                                                

         (dispersion of Baker                                                  

         Castorwax)                                                            

     27. Socony-Mobil Mobilsir                                                 

                              No resistance                                    

         (paraffin wax)       to exposure                                      

     28. Cincinnati Milacron  Incompatible with                                

         Advawax              Adhesive                                         

         440 (bis-amide polymer)                                               

                              dip                                              

     29. Acrawax (amide derived                                                

                              Incompatible with                                

                              Adhesive                                         

         from fatty acid)     dip                                              

     30. Acrawax B (amide derived                                              

                              "                                                

         from tri-glyceride)                                                   

     31. Acrawax HM (amide)   "                                                

     32. Glyconol (isopropyl bis-                                              

                              "                                                

         stearamide)                                                           

     33. Glycolube VL (ethylene                                                

                              "                                                

         bis-oleamide)                                                         

     ______________________________________                                    

PAR  In general, the final weight of adhesive coating solids on the fabrics of
      this invention is on the order of 3-10 weight percent, the amount of the
      additive of this invention, based on the fabric weight, being on the order
      of 1.0 weight percent, although this amount can range as low as 0.1 weight
      percent.
PAR  A valuable method of providing protection from atmospheric pollutants for
      adhesive-coated tire cord and other fabrics has been presented in the
      foregoing description and is covered by the following claims.
CLMS
STM  Having thus described my invention, what I claim and desire to protect by
      Letters Patent is:
NUM  1.
PAR  1. An adhesive dip formulation for application to fabric or single end cord
      made from a polyamide, polyester or rayon cord which is subsequently to be
      adhered to rubber in vulcanized shaped rubber articles comprises a dip of
      a resorcinol-formaldehyde condensate and a latex of vinyl
      pyridine-butadiene-styrene rubbery terpolymer or butadiene-styrene rubbery
      copolymer and from about 1 to about 10 weight percent of N,N'-ethylene
      bis-stearamide, based on the dry weight of rubber in resin-rubber mixture.
NUM  2.
PAR  2. The formulation of claim 1 wherein the rubbery terpolymer of claim 1 is
      a vinyl pyridinebutadiene-styrene rubbery terpolymer of 15-70-15 weight
      percent composition, respectively.
NUM  3.
PAR  3. The formulation of claim 2 wherein the amount of N,N'-ethylene
      bis-stearamide is about 3-6 weight percent.
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ABST
PAL  Preserved synthetic resin dispersions and products made therefrom are
      provided which contain N-substituted maleic imide derivatives as a
      preservative.
BSUM
PAR  The present invention relates to preservatives on the basis of
      N-substituted maleic imide derivatives for aqueous dispersions, especially
      aqueous synthetic resin dispersions which are used for example as vehicle
      for paints, glues and adhesives, in the building field, for paper
      manufacture and finishing, for leather coating, textile finishing or soil
      consolidation, as well as for the finished products manufactured with the
      use of such dispersions.
PAR  Though aqueous synthetic dispersions are relatively resistant to
      micro-organisms, the preservation of these products has become
      increasingly important, since the amount of residual monomer present in
      the dispersions, which has a preserving effect to a certain extent, has
      been reduced to an increasing extent because of the disagreeable odor of
      the monomer.
PAR  Until now, there have been employed for preserving aqueous synthetic resin
      dispersions and finished products manufactured with the use of such
      dispersions, especially during their storage and transport, compounds of
      the following classes: organo-mercury compounds, phenol and phenol
      derivatives, chlorophenols and chlorophenolates,
      dimethyl-dithiocarbamates, mercapto-benzothiazoles, substances yielding
      formaldehyde, p-hydroxybenzoates, alkali metal propionates, organo-tin
      compounds or quaternary ammonium salts.
PAR  Despite this wide range of biocidally active substances, efforts continue
      to be made to obtain new preservatives for the following reasons:
PA1  1. On prolonged action of the same substance, very often resistant germs
      develop in micro-organisms, and effective protection against these
      resistant strains is then only ensured by a substance belonging to another
      class of compounds.
PA1  2. Preservatives should have a biocidal activity as efficient as possible
      while having simultaneously the least possible toxicity in mammals. The
      range of their effect should be as wide as possible and their activity
      practically independent of the pH of the medium. These requirements are
      insufficiently met by quite a number of the above classes of substances.
PA1  3. The addition of a preservative to aqueous synthetic resin dispersions
      must not adversely affect the technological properties. Thus, for example,
      dispersions containing anionic emulsifiers should not be preserved by
      quaternary ammonium compounds, since these substances may have a negative
      effect on the stabilizing activity of the emulsifier. Anyway, nitrogen or
      sulfur containing substances are undesirable in aqueous synthetic resin
      dispersions, since they often accentuate the tendency of dispersions and
      paint films made therefrom to turn yellow.
PAR  British Pat. No. 1 174 514 hints at the fungicidal properties of N-maleic
      imide derivatives, but it cannot be learned from this patent specification
      that this class of substances may be used successfully for combating
      micro-organisms in aqueous dispersions without causing a yellowing of the
      films.
PAR  It has now been found that, surprisingly, aqueous synthetic resin
      dispersions and finished products manufactured with the use thereof can be
      preserved in an especially efficient manner by adding to these dispersions
      from 0.05 to 1.0 weight %, preferably from 0.1 to 0.5 weight %, relative
      to the dispersion, of at least one N-substituted maleic imide derivative
      of the formula
      ##EQU1##
      where R is an alkyl, cycloalkyl or aryl radical having from 3 to 8 carbon
      atoms, a 2-chloroethyl radical, a 4-nitrophenyl radical or a 2-naphthyl
      radical. Preferred substances are the N-n-butyl, N-neopentyl,
      N-cyclopentyl, N-(3,3'-dimethyl-butyl), N-benzyl, N-(2-chloroethyl),
      N-phenyl or N-(4-nitrophenyl) derivatives which have a good activity as
      well as a wide activity range. Especially advantageous are the
      N-neopentyl, N-benzyl and N-phenyl derivatives.
PAR  Suitable aqueous synthetic resin dispersions which may be preserved in
      accordance with the present invention are in principle all polymer
      dispersions prepared by polymerization or copolymerization of .alpha.,
      .beta.-ethylenically unsaturated compounds in the aqueous phase,
      optionally in the presence of emulsifiers and/or protective colloids and
      catalysts or redox systems yielding free radicals, or by other preparation
      processes. The aqueous synthetic resin dispersions may be prepared on the
      basis of the following .alpha.,.beta.-ethylenically unsaturated compounds
      which may be either homopolymerized or copolymerized with each other in a
      suitable manner:
PAR  Acrylic acid alkyl esters having from 1 to 18 carbon atoms in the alkyl
      radical, for example methylacrylate, ethylacrylate, butylacrylate,
      2-ethyl-hexylacrylate, laurylacrylate, stearyl-acrylate and the like,
PA0  methacrylic acid alkyl esters having from 1 to 18 carbon atoms in the alkyl
      radical, for example methylmethacrylate, ethyl-methacrylate,
      butylmethacrylate, 2-ethyl-hexylmethacrylate, stearylmethacrylate and the
      like,
PA0  vinyl esters, for example vinyl formate, vinyl acetate, vinyl propionate,
      vinyl butyrate, vinyl versatate, vinyl laurate, vinyl oleate, vinyl
      stearate and the like,
PA0  esters and semi-esters of maleic acid or fumaric acid which may be derived
      for example from the alcohols methanol, ethanol, (iso-) butanol, (iso-)
      octanol and the like,
PA0  vinyl and vinylidene halides, for example vinyl chloride, vinylidene
      chloride, chloroprene and the like,
PA0  vinyl aromatics, for example styrene, vinyltoluene, divinylbenzene and the
      like,
PA0  nitriles, for example acrylonitrile, methacrylonitrile and the like,
PA0  hydrocarbons, for example ethylene, propylene, (iso-)butylene, butadiene,
      isoprene and the like,
PAR  .alpha.,.beta.-ethylenically unsaturated acids, for example acrylic acid,
      methacrylic acid, crotonic acid and the like,
PA1  amides of .alpha.,.beta.-ethylenically unsaturated acids, for example
      acrylamide, methacrylamide, methylolacrylamide and the like, as well as
      other monomers usually employed for the preparation of dispersions.
PAR  The dispersions or the finished products manufactured therefrom may contain
      plasticizers, defoamers, antifreeze agents, corrosion inhibitors,
      cross-linking agents and other substances in the amounts usually employed.
PAR  It is often advantageous to use a mixture of two or more different N-maleic
      imide derivatives as preservative, in order to obtain a synergistic
      effect.
PAR  The preservative is advantageously added immediately after the dispersion
      is prepared, but it is also possible to add it at any later time.
      Agitation or any other mixing process ensures a homogeneous distribution
      of the preservative in the dispersion.
PAR  The preservation of aqueous synthetic resin dispersions by means of
      N-substituted maleic imide derivatives, besides adding a further class of
      substances to the range of preservatives presents the following
      advantages:
PAR  Having a good anti-microbic activity -- some N-substituted maleic imide
      derivatives have a biocidal activity which attains nearly that of
      organo-mercury compounds -- the N-substituted maleic imide derivatives, as
      compared to organo-mercury or organo-tin compounds, have a low toxicity in
      mammals. The activity range of the most active of these derivatives is
      very widespread and includes bacteria, fungi and algae. In view of the
      often occuring resistance of certain micro-organism strains, this further
      preservative which now is available is very advantageous.
PAR  There is no adverse effect on the technological properties of the
      dispersions or of the finished products manufactured therefrom when the
      dispersions are preserved according to the invention by means of
      N-substituted maleic imide derivatives. Especially paint films of
      dispersion paints which have been preserved in accordance with the present
      invention do not tend to yellow despite the presence of the nitrogen
      containing preservative.
DETD
PAR  The following examples illustrate the invention.
PAR  In order to test the activity of the N-substituted maleic imide
      derivatives, different amounts of active substances, in certain cases also
      mixtures of such substances, were added to synthetic resin dispersions and
      a dispersion paint, and the substances were homogeneously distributed in
      the dispersions or dispersion paint by agitation. A blank which did not
      contain any active substance was used for a comparison.
PAR  About 10.sup.6 cells/ml each of the micro-organisms Staphylococcus aureus,
      representing gram-positive bacteria, and Escherichia coli, representing
      gram-negative bacteria, and Aspergillus niger and Candida albicans,
      representing the fungi, were added to the dispersions or paint and
      homogeneously distributed by agitation. Besides, some of the test
      dispersions had been infested by foreign germs during their storage. After
      30 minutes (first control) and after 14 days, in some cases also after 28
      to 30 days, samples were taken from the infested dispersions and their
      germ number was determined according to the plate method of Koch.
PAR  The results are listed in the following Examples 1 to 5. In Example 6, the
      yellowing of a preserved dispersion paint was examined.
PAC  EXAMPLE 1
PAR  The sample was a copolymer dispersion on the basis of styrene/butyl
      acrylate prepared in the presence of non-ionic and anionic emulsifiers and
      ammonium-peroxydisulfate and sodium disulfite (pH 7.4). The microbicidal
      activity after 14 days is indicated in the following Table:
     Active substance                                                          

                   Staph.                                                      

                       Escher.                                                 

                            Asperg.                                            

                                 Candida                                       

     added         aureus                                                      

                       coli niger                                              

                                 albicans                                      

     __________________________________________________________________________

     without addition of                                                       

     active substance                                                          

                   10.sup.6                                                    

                       10.sup.6                                                

                            10.sup.5                                           

                                 10.sup.4                                      

     0.1 % neopentyl-m.                                                        

                   10.sup.6                                                    

                       10.sup.6                                                

                            &lt;100 &lt;100                                          

     0.2 % neopentyl-m.                                                        

                   10.sup.6                                                    

                       10.sup.6                                                

                            &lt;100 &lt;100                                          

     0.5 % neopentyl-m.                                                        

                   &lt;100                                                        

                       &lt;100 &lt;100 &lt;100                                          

     0.2 % phenyl-m.                                                           

                   &lt;100                                                        

                       &lt;100 &lt;100 &lt;100                                          

     0.1 % neopentyl-m.+                                                       

                   &lt;100                                                        

                       &lt;100 &lt;100 &lt;100                                          

     0.1 % phenyl-m                                                            

     __________________________________________________________________________

PAC  EXAMPLE 2
PAR  The sample was a dispersion paint obtained from the dispersion described in
      Example 1 and an aqueous pigment paste containing hydroxy-ethyl cellulose
      besides titanium dioxide and calcium carbonate (pH 8.0). The following
      Table shows the microbicidal activity after 14 days.
TBL  ______________________________________                                    

     Active substance                                                          

                  Staph.  Escher.  Asperg.                                     

                                          Candida                              

     added        aureus  coli     niger  albicans                             

     ______________________________________                                    

     without addition                                                          

                  10.sup.6                                                     

                          10.sup.6 &lt;100   &lt;100                                 

     0.1 % neopentyl-m.                                                        

                  10.sup.6                                                     

                          10.sup.6 &lt;100   &lt;100                                 

     0.2 % neopentyl-m.                                                        

                  10.sup.5                                                     

                          10.sup.5 &lt;100   &lt;100                                 

     0.5 % neopentyl-m.                                                        

                  &lt;100    &lt;100     &lt;100   &lt;100                                 

     0.2 % benzyl-m.                                                           

                  10.sup.6                                                     

                          10.sup.6 &lt;100   &lt;100                                 

     0.1 % phen. +                                                             

                  &lt;100    &lt;100     &lt;100   &lt;100                                 

     0.1 % benzyl                                                              

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  The sample was a copolymer dispersion on the basis of
      ethylacrylate/methylmethacrylate prepared in the presence of ionic and
      non-ionic emulsifiers and potassium peroxy-disulfate (pH 9.7). The
      following Table shows the microbicidal activity after 14 days.
TBL  __________________________________________________________________________

     Active substance                                                          

                  Staph.                                                       

                      Escher.                                                  

                           Asperg.                                             

                                Candida                                        

     added        aureus                                                       

                      coli niger                                               

                                albicans                                       

     __________________________________________________________________________

     without addition                                                          

                  10.sup.6                                                     

                      10.sup.6                                                 

                           &lt;100 &lt;100                                           

     0.1 %                                                                     

          neopentyl-m                                                          

                  &lt;100                                                         

                      &lt;100 &lt;100 &lt;100                                           

     0.2 %                                                                     

          neopentyl-m.                                                         

                  &lt;100                                                         

                      &lt;100 &lt;100 &lt;100                                           

     0.5 %                                                                     

          neopentyl-m.                                                         

                  &lt;100                                                         

                      &lt;100 &lt;100 &lt;100                                           

     0.2 %                                                                     

          phenyl-maleic                                                        

          imide   10.sup.6                                                     

                      10.sup.6                                                 

                           &lt;100 &lt;100                                           

     0.1 %                                                                     

          neopentyl-m. +                                                       

                  &lt;100                                                         

                      &lt;100 &lt;100 &lt;100                                           

     0.1 %                                                                     

          benzyl-maleic                                                        

          imide                                                                

     __________________________________________________________________________

PAC  EXAMPLE 4
PAR  The sample was a copolymer dispersion on the basis of butyl
      acrylate/methylmethacrylate prepared in the presence of anionic
      emulsifiers and ammonium peroxy-disulfate (pH 8.8). The following Table
      shows the microbicidal activity after 14 days.
TBL  ______________________________________                                    

     Active substance                                                          

                   Staph.  Escher.  Asperg.                                    

                                           Candida                             

     added         aureus  coli     niger  albicans                            

     ______________________________________                                    

     without addition                                                          

                   10.sup.6                                                    

                           10.sup.6 &lt;100   &lt;100                                

     0.1 % neopentyl-m.                                                        

                   abt.200 abt.200  &lt;100   &lt;100                                

     0.2 % neopentyl-m.                                                        

                   &lt;100    &lt;100     &lt;100   &lt;100                                

     0.5 % neopentyl-m.                                                        

                   &lt;100    &lt;100     &lt;100   &lt;100                                

     0.2 % benzyl maleic                                                       

        imide      &lt;100    &lt;100     &lt;100   &lt;100                                

     0.1 % neopentyl-m. +                                                      

                   &lt;100    &lt;100     &lt;100   &lt;100                                

     0.1 % benzyl-maleic                                                       

        imide                                                                  

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  The sample was a copolymer dispersion on the basis of vinyl
      acetate/ethylene prepared in the presence of non-ionic and anionic
      emulsifiers, polyvinyl alcohol, ammonium peroxy-disulfate and sodium
      disulfite (pH 6.7). The dispersion was heavily infested with foreign germs
      because of a storage of several months. The following Table shows the
      microbicidal activity after 14 days.
TBL  __________________________________________________________________________

     Active substance                                                          

                 Staph.                                                        

                     Escher.                                                   

                          Asperg.                                              

                               Candida                                         

                                     Foreign                                   

     added       aureus                                                        

                     coli niger                                                

                               albicans                                        

                                     germs                                     

     __________________________________________________________________________

     without addition                                                          

                 10.sup.6                                                      

                     10.sup.6                                                  

                          10.sup.5                                             

                               10.sup.6                                        

                                     abt. 10.sup.6                             

     0.1 % neopentyl-m.                                                        

                 10.sup.6                                                      

                     10.sup.6                                                  

                          &lt;100 10.sup.6                                        

                                     abt. 10.sup.6                             

     0.2 % neopentyl-m.                                                        

                 10.sup.4                                                      

                     10.sup.4                                                  

                          &lt;100 &lt;100  10.sup.4                                  

     0.5 % neopentyl-m.                                                        

                 10.sup.4                                                      

                     10.sup.4                                                  

                          &lt;100 abt. 100                                        

                                     10.sup.3                                  

     0.1 % phenyl-m. +                                                         

                 10.sup.3                                                      

                     10.sup.3                                                  

                          &lt;100 &lt;100  10.sup.3                                  

     0.1 % benzyl-m.                                                           

     __________________________________________________________________________

PAR  The same samples were stored for a further 2 weeks and again examined. The
      following Table shows the microbicidal activity after 30 days.
TBL  __________________________________________________________________________

     Active substance                                                          

                Staph.                                                         

                      Escher.                                                  

                            Asperg.                                            

                                 Candida                                       

                                      Foreign                                  

     added      aureus                                                         

                      coli  niger                                              

                                 albicans                                      

                                      germs                                    

     __________________________________________________________________________

     without addition                                                          

                10.sup.6                                                       

                      10.sup.6                                                 

                            10.sup.5                                           

                                 10.sup.6                                      

                                      10.sup.6                                 

     0.1 % neopentyl-m.                                                        

                10.sup.6                                                       

                      10.sup.6                                                 

                            &lt;100 10.sup.6                                      

                                      10.sup.6                                 

     0.2 % neopentyl-m.                                                        

                10.sup.5                                                       

                      10.sup.5                                                 

                            &lt;100 &lt;100 10.sup.4                                 

     0.5 % neopentyl-m.                                                        

                abt. 100                                                       

                      abt. 100                                                 

                            &lt;100 &lt;100 &lt;100                                     

     0.1 % phenyl-m. +                                                         

     0.1 % benzyl-m.                                                           

                10.sup.3                                                       

                      10.sup.3                                                 

                            &lt;100 &lt;100 &lt;100                                     

     __________________________________________________________________________

PAC  EXAMPLE 6
PAR  The sample was a dispersion paint as described in Example 2. Three paint
      films, one (a) without addition of microbicidal agent, one (b) containing
      0.5 %, relative to the total amount of paint, of neopentyl-maleic imide,
      and the third, (c) containing 0.5 %, relative to the total amount of
      paint, of benzo-isothiazolone, were prepared and irradiated for three days
      by means of a 300 Watt UV lamp. While the sample containing
      neopentyl-maleic imide and the paint film without any such addition did
      not turn yellow at all, the sample containing benzo-isothiazolone had
      substantially yellowed with the irradiation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A preserved aqueous synthetic resin dispersion which comprises a polymer
      or copolymer of .alpha.,.beta.-ethylenically unsaturated monomers and from
      0.05 to 1.0 weight %, relative to the dispersion, of at least one
      N-substituted maleic imide derivative of the formula (I)
      ##EQU2##
      where R is an alkyl, cycloalkyl or aryl radical having from 3 to 8 carbon
      atoms, a 2-chloroethyl radical, a 4-nitrophenyl radical or a 2-naphthyl
      radical.
NUM  2.
PAR  2. Preserved finished products based on aqueous synthetic resin
      dispersions, which comprise a polymer or copolymer of
      .alpha.,.beta.-ethylenically unsaturated monomers and from 0.05 to 1.0
      weight %, relative to the amount of dispersion, of at least one
      N-substituted maleic imide derivative of formula (I)
      ##EQU3##
      where R is an alkyl, cycloalkyl or aryl radical having from 3 to 8 carbon
      atoms, a 2-chloroethyl radical, a 4-nitrophenyl radical or a 2-naphthyl
      radical.
NUM  3.
PAR  3. A process for the preservation of aqueous dispersions of polymers or
      copolymers of .alpha.,.beta.-ethylenically unsaturated monomers or
      finished products manufactured therefrom which comprises adding to the
      dispersion or the finished product at least one N-substituted maleic imide
      derivative of formula (I)
      ##EQU4##
      where R is an alkyl, cycloalkyl or aryl radical having from 3 to 8 carbon
      atoms, a 2-chloroethyl radical, a 4-nitrophenyl radical or a 2-naphthyl
      radical.
NUM  4.
PAR  4. A preserved aqueous synthetic resin dispersion which comprises a polymer
      or copolymer of .alpha.,.beta.-ethylenically unsaturated monomers and from
      0.05 to 1.0 weight %, relative to the dispersion, of N-phenyl-, N-benzyl-,
      or N-neopentylmaleic imide or of a mixture thereof.
NUM  5.
PAR  5. Preserved finished products on the basis of aqueous synthetic resin
      dispersions which comprise a polymer or copolymer of
      .alpha.,.beta.-ethylenically unsaturated monomers and from 0.05 to 1.0
      weight %, relative to the dispersion, of N-phenyl-, N-benzyl-, or
      N-neopentyl-maleic imide or of a mixture thereof.
NUM  6.
PAR  6. A process for the preservation of aqueous dispersions of a polymer or
      copolymer of .alpha.,.beta.-ethylenically unsaturated monomers or finished
      products manufactured therefrom which comprises adding at least one
      compound selected from the group consisting of N-phenyl-, N-benzyl- and
      N-neopentyl-maleic imide to the dispersions or the finished product.
NUM  7.
PAR  7. A dispersion as defined in claim 1 wherein the imide derivative is
      N-neopentyl maleic imide.
NUM  8.
PAR  8. A preserved finished product as defined in claim 2 wherein the imide
      derivative is N-neopentyl maleic imide.
NUM  9.
PAR  9. A process as defined in claim 3 wherein the imide derivative is
      N-neopentyl maleic imide.
NUM  10.
PAR  10. A preserved aqueous synthetic resin dispersion comprising an aqueous
      dispersion of a copolymer of styrene and butylacrylate and from 0.05 to
      1.0 weight %, based on the weight of said dispersion, of N-neopentyl
      maleic imide as a preservative.
NUM  11.
PAR  11. A preserved finished product made from the aqueous synthetic resin
      dispersion of claim 10.
NUM  12.
PAR  12. A process for the preservation of aqueous synthetic resin dispersions
      or finished products made therefrom which comprises adding to an aqueous
      dispersion of a copolymer of styrene and butylacrylate or a finished
      product made from said dispersion an N-substituted maleic imide which is
      N-neopentyl maleic imide.
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ABST
PAL  Polymer dispersions having solids contents of from 45 to 65% by weight are
      continuously produced by copolymerizing a vinyl ester, ethylene and
      (meth)acrylamidoalkyl sulphonic acid or (meth)acryloyloxyalkyl sulphonic
      acid or ammonium or alkali salt thereof under an ethylene pressure of from
      5 to 120 atms, at a temperature of from 0.degree. to 60.degree.C in the
      presence of an anionic emulsifier and with the aid of a free radical
      forming agent.
PAL  The polymer dispersions are suitable as pigment binders.
BSUM
PAR   RESULT
PAR  The invention relates to the continuous production of aqueous dispersions
      of vinylacetate/ethylene polymers.
PAR  It is known that vinyl esters of saturated carboxylic acids with from 2 to
      18 carbon atoms in the acid component can be emulsion-polymerised in
      batches at elevated pressure in the presence of ethylene to form aqueous
      dispersions of vinyl ester/ethylene polymers. It is possible in this way
      to obtain dispersions differing with respect to the analytical composition
      of the polymer formed, depending upon the ethylene pressure and the other
      reaction conditions.
PAR  In the absence of external plasticisers, polymer dispersions of this kind,
      following removal of the water by evaporation at temperatures of from
      0.degree. to 15.degree.C, generally form coherent films only when the
      glass transition temperature T.sub.g of the copolymer is also in the range
      of from 0.degree. to 15.degree.C. Increasing quantities of ethylene in the
      polymer result in an increasing reduction in the glass transition
      temperature T.sub.g in relation to the vinyl ester homopolymer, so that,
      for example in the case of a polymer film obtained from a dispersions of a
      vinylacetate/ethylene polymer containing 50 % by weight of ethylene by
      evaporating off the water, the result is a glass transition temperature
      T.sub.g of approximately - 25.degree.C in contrast to a glass transition
      temperature T.sub.g of approximately + 30.degree.C for
      homopolyvinylacetate.
PAR  Conventional processes for producing polymer dispersions of this kind have
      generally been batch processes which can be regarded as laboratory
      processes, i.e. they are not suitable for working on an industrial scale.
      The principal disadvantages attending processes such as these are as
      follows:
PAR  1. Before each new batch is introduced, the reactor has to be rinsed and
      cleaned, at least with water, but generally with solvents and thereafter
      with water, and then some of the aqueous phase and monomers are introduced
      in a time-consuming operation.
PAR  2. With each batch, the quantity of ethylene required has to be introduced
      under pressure in the shortest possible time for economic reasons, which
      necessitates the use of high-output compressors.
PAR  3. Thereafter, the contents of the reactor have to be heated to the working
      temperature in a time-consuming operation.
PAR  4. On completion of polymerisation, the entire reactor, which is under
      elevated presure, has to be vented as quickly as possible, if necessary
      after preliminary cooling. This operation is accompanied by the
      accumulation of large quantities of ethylene which had been previously
      dissolved or absorbed under elevated pressure in the polymer dispersion
      formed so that, when the reactor is vented, the dispersion is foamed to
      several times its liquid volume on leaving the reactor. The generally
      stable foam formed has to be collected in large blow tanks where it is
      allowed to collapse and settle. The liquid residues left in the reactor
      after (1.) then have to be removed from the wall of the reactor because
      copolymer skins affecting, to a considerable extent the transfer of heat
      on the reactor wall would otherwise be formed following evaporation of the
      water.
PAR  5. In many cases, the shear forces which, in the event of rapid venting,
      seriously affect the latex through the small-diameter tubes and valves
      normally used in the construction of pressure reactors give rise to
      considerable coagulate formation, in addition to which more or less finely
      divided coagulate (specks) are formed when the foam bubbles which are
      formed during venting of the dispersion burst.
PAR  For example, it was proposed in U.S. Pat. No. 3,547,899 that dispersions of
      vinyl monomer/ethylene polymers be produced by a batch process using
      2-N-(meth)-acrylamido-2methyl propane sulphonic acid in the presence of
      catalysts which form free radicals a buffer system and, optionally,
      emulsifiers. A dispersion of a vinyl chloride/ethylene polymer produced in
      accordance with Example 4 of U.S. Pat. No. 3,547,899 has a total solids
      content of 24.1 % by weight. Dispersions with polymer contents as low as
      these, even if they are sufficiently stable, can only be used as pigment
      binders after they have been concentrated by evaporation or like processes
      to a total solids content of from 45 to 65 % by weight.
PAR  In addition, attempts to produce the vinyl ester/ethylene polymer
      dispersions with total solids contents of from 45 to 65 % by weight in
      batches using emulsifiers, buffer substances, catalysts which form free
      radicals and the sulphonic acids mentioned in U.S. Pat. Nos. 3,024,221,
      2,964,557 and 3,547,899, or the corresponding ammonium or alkali salts,
      have shown that this process, in addition to the disadvantages referred to
      above, is unsuitable for batch production for the following reasons:
PAR  1. The electrolyte-incompatible dispersions obtained show inadequate
      pigment compatibility.
PAR  2. The dispersions are not stable in storage and "cream up" when left
      standing. The reason for this is that the sulphonic acids or their salts
      used in batch production are not incorporated in the required manner into
      the water-insoluble vinyl ester/ethylene polymer formed, but instead a
      water-soluble polymer containing hydrophilic groups which acts as a
      creaming agent is formed under the reaction conditions.
PAR  3. Attempts to promote incorporation of the sulphonic acids or their salts
      corresponding to the general formula (1):
      ##EQU1##
      in which R is a hydrogen atom or methyl radical;
PA1  X represents an --O--, --NH-- or
      ##EQU2##
      group; Me is an alkali metal or ammonium radical and
PA1  Y is an alkylene radical,
PAL  into the water-insoluble vinyl ester/ethylene polymer formed through the
      absence of emulsifiers during batch production, have shown that, in
      addition to the disadvantages mentioned under (1) and (2), large
      quantities of coagulate are also formed.
PAR  Accordingly, attempts to produce dispersions of vinyl ester/ethylene
      polymers continuously using sulphonic acids of the aforementioned type or
      their salts had also been expected to result in the formation of
      dispersions which have inadequate stability in storage ("spontaneous
      creaming") and which, in addition, would not be suitable for use as
      pigment binders on account for their incompatibility with pigments.
PAR  However, it has surprisingly been found that vinyl ester/ethylene polymers,
      obtained by the continuous production of concentrated dispersions of vinyl
      ester/ethylene polymers with total solids contents of from 45 to 65 % by
      weight, show outstanding resistance to electrolytes and shear forces and
      are suitable for use as versatile pigment binders by virtue of their
      outstanding compatibility with pigments.
PAR  Accordingly, the invention relates to a process for the continuous
      production of polymer dispersions comprising ethylene, a vinyl ester and,
      optionally, other comonomers with total solids contents of from 45 to 65 %
      by weight, and to their use as pigment binders.
PAR  According to the invention, the polymer dispersions can be prepared by
      introducing ethylene, vinyl ester and an aqueous phase which, in addition
      to a catalyst, buffer and activator system, contains from 0.1 to 15 % by
      weight, based on the weight of water used, of a water-soluble sulphonic
      acid compound corresponding to general formula (1) in which
PAR  X represents an --O--, --NH-- or --N--alkyl group;
PAR  Y represents a linear or branched alkylene radical with from 2 to 10 carbon
      atoms; and
PAR  Me is an ammonium or alkali metal radical,
PAL  into a reaction system which is under an ethylene pressure of from 5 to 120
      atms. of ethylene. The ethylene pressure may be maintained by tempering at
      a reaction temperature suitable for carrying out the continuous
      polymerization reaction, and the aqueous polymer dispersion formed is
      preferably simultaneously removed from the system together with the
      unreacted dissolved or gaseous monomers. The ethylene and vinyl ester may
      be reacted together with another comonomer.
PAR  Some of the sulphonic acid compounds are known from U.S. Pat. Nos.
      3,547,899, 3,024,221 and 2,964,557 and can be produced by processes
      similar to those described in these U.S. Patent Specifications. They are
      preferably added in a quantity of from 0.5 to 5% by weight, based on the
      weight of the water used.
PAR  Alkyl of
      ##EQU3##
      groups represents linear and/or branched alkyl radicals with up to 6
      carbon atoms such as, for example, methyl, ethyl, propyl, isopropyl,
      butyl, isobutyl, pentyl, isopentyl, hexyl and isohexyl.
PAR  Ethylene, propylene, isopropylene, butylene, isobutylene, pentylene,
      isopentylene, hexylene, isohexylene, heptylene, isoheptylene, octylene,
      isooctylene, nonylene, isononylene, decylene and isodecylene are mentioned
      as linear or branched alkylene groups with from 2 to 10 carbon atoms.
PAR  It is preferred to use ammonium or alkali salts of 2-N-acrylamido-2-methyl
      propane sulphonic acid or corresponding salts of
      2-N-methacrylamido-2-methyl propane sulphonic acid.
PAR  The ratio by weight of vinyl ester to ethylene is preferably from 100:2 to
      100:250 and particularly from 100:10 to 100:110, and the ratio by weight
      of vinyl ester to aqueous phase is preferably from 3:1to 0.3:1,
      particularly from 2:1 to 0.45:1. It is possible in this way to obtain
      polymer dispersions with a total solids content of from 45 to 65 % by
      weight, preferably from 50 to 65 % by weight, the polymer containing from
      4 to 55 % by weight and preferably from 10 to 45 % by weight of
      polymerised ethylene, from 30 to 95.9 % by weight, preferably from 50 to
      89.5 % by weight, of polymerised vinyl ester and from 0.1 to 15 % by
      weight, preferably from 0.5 to 5 % by weight, of sulphonate corresponding
      to formula (1).
PAR  Vinyl acetate is preferably used as the vinyl ester in the process
      according to the invention, although it is also possible to use other
      vinyl esters with from 3 to 18 carbon atoms in the acid component as well,
      such as vinvyl propionate, vinyl laurate or vinyl stearate, or a mixture
      of different vinyl esters, without in any way affecting the stability
      level of the resulting dispersions which is characteristic of the process.
      It is also possible to use other monomers such as acrylic or methacrylic
      acid esters with from 1 to 8 carbon atoms in the alcohol component, or
      vinyl halides such as, for example, vinylchloride or vinylidene chloride,
      in quantities of up to 50 % by weight, based on the weight of the quantity
      of vinyl ester specified above, without any adverse effect upon the
      stability of the dispersions obtained by the process according to the
      invention.
PAR  It is also possible to use reactive crosslinking agents such as vinyl
      esters of polybasic acids, for example divinyl adipate or divinyl
      succinate; divinyl ethers; diallyl ethers; allyl esters of polybasic acids
      such as triallyl cyanurate, diallyl fumarate or diallyl maleate; or
      after-reactive crosslinking agents such as allyl glycidyl ether, glycidyl
      acrylate, glycidyl methacrylate, glycidyl vinyl ethers or like compounds;
      also N-methylol compounds such as N-methylol-(meth)-acrylamide and the
      corresponding alkyl ethers, in lesser quantities of up to 10 % by weight,
      based on the vinyl ester or mixture of vinyl esters used, in the
      continuous process according to the invention without any adverse effect
      upon the characteristic stability of the dispersions obtained by this
      process.
PAR  Catalyst systems suitable for carrying out the continuous polymerisation
      reaction according to the invention include various peroxide compounds
      which form free radicals such as, for example, hydrogen peroxide, organic
      peroxides such as t-butylhydroperoxide, persulphates such as ammonium,
      sodium or potassium persulphate, or percarbonates. It is also possible to
      use combined catalysts containing both a peroxide compound and a reducing
      agent in the process according to the invention. Combined catalyst systems
      of this kind are generally referred to as "redox systems".
PAR  In addition to the aforementioned peroxide compounds, it is also possible
      to use, for example, sodium sulphite, sodium bisulphite, sodium
      pyrosulphite, sodium formaldehyde sulphoxylate, zinc formaldehyde
      sulphoxylate or the sodium salt of formamidine sulphinic acid as reducing
      agents. Other catalysts such as, for example, water-soluble bisazo
      compounds which form free radicals, can also be used in accordance with
      the process of the invention.
PAR  The catalyst system preferably used for carrying out the process according
      to the invention is an ammonium or alkali persulphate, optionally in
      combination with a reducing agent such as, for example, sodium
      pyrosulphite or sodium formaldhyde sulphoxylate.
PAR  The catalyst is used in a quantity of from 0.05 to 2.0 % by weight and
      preferably in a quantity of from 0.1 to 1.0 % by weight, based on the
      weight of the water used. In cases where one of the aforementioned
      reducing agents is also employed, the reducing agent is used in quantities
      of from 10 to 100 %, based on the weight of the peroxide compound used.
PAR  The reaction temperature at which the process according to the invention is
      carried out is governed by the particular type of catalyst system used.
      Whereas in cases where peroxide compounds alone are used, the reaction is
      carried out at a temperature of from 50.degree. to 90.degree.C, the
      reaction temperature in cases where peroxide compounds and reducing agents
      are simultaneously used ("redox catayst system") is in the range of from
      0.degree. to 60.degree.C.
PAR  The buffer system employed is used to keep the pH value at the required
      level of from pH, 3.0 to 7.0 during the process according to the
      invention. It is possible for this purpose to use any alkali material such
      as, for example, mixtures of ammonium or alkali salts of primary or
      secondary phosphates, primary or neutral carbonates, borax or urea
      optionally in admixture with weak acids such as, for example, acetic acid
      or citric acid.
PAR  The buffer is used in such a quantity that the pH-value falls within the
      required range. The buffer is generally used in a quantity of from 0.1 to
      1.5% by weight based on the weight of the water used.
PAR  The emulsifiers suitable for preparing the emulsifier system used in the
      process according to the invention belong to the group of anionic
      emulsifiers. This group includes on the one hand the known alkali and
      ammonium salts of sulphonates and isethionates corresponding to the
      general formula
EQU  R.sub.1 --SO.sub.3 Me
PAL  and
EQU  R.sub.2 --(O--CH.sub.2 --CH.sub.2).sub.n --O--CH.sub.2 --CH.sub.2
      --SO.sub.3 Me
PAL  in which R.sub.1 and R.sub.2 is a linear or branched alkyl radical with
      from 10 to 18 carbon atoms, or a corresponding alkyl benzene radical, n is
      an integer from 0 to 10 and Me is an ammonium or alkali metal radical; on
      the other hand, it is also possible to use the known ammonium or alkali
      metal salts of alcohol, alkylphenol or alkylnaphthol polyoxethyl sulphates
      corresponding to the general formula
EQU  R.sub.3 --(OCH.sub.2 --CH.sub.2).sub.n --OSO.sub.3 Me
PAL  in which R.sub.3 is a radical derived from a linear or branched alkanol, a
      corresponding alkylphenol or a naphthol, n is an integer from 1 to 10 and
      Me again represents an ammonium or alkali metal radical.
PAR  It is also possible to use the ammonium or alkali salts of dialkyl esters
      of sulphosuccinic acid and mixtures of the aforementioned anionic
      emulsifiers for carrying out the process according to the invention
      without any adverse effect upon the stability of the continuously removed
      concentrated dispersions of the copolymers formed.
PAR  The total quantity in which the anionic emulsifier employed is used for
      carrying out the process according to the invention is from 0.3 to 3.0 %,
      based on the weight of the water used. Although it is possible to use a
      larger quantity of anionic emulsifier, the resistance to water of a
      polymer film obtained by drying from the dispersion according to the
      invention gradually deteriorates in this case without any change in the
      stability of the dispersion obtained. Although a non-ionic emulsifier can
      be safely used in carrying out the process according to the invention, the
      maximum quantity of emulsifier specified above should not be exceeded in
      that case either.
PAR  An individual autoclave or a cascade of any number of autoclaves,
      preferably from 2 to 6, may be used as the reaction system in the process
      according to the invention. Mixing is achieved by stirring or other
      suitable measurers, such as shaking or rolling. The ratio of reactor
      length to reactor diameter is generally from 2 : 1 to 20 : 1. In cases
      where a reaction system of the stirrer-type autoclave is used, the
      reaction volume of individual autoclaves or of all the autoclaves can be
      divided up into a number of individual compartments, preferably from 2 to
      6 compartments, by installing suitable partition plates.
PAR  In cases where several reactors are assembled into a cascade for carrying
      out the process according to the invention, the monomers and aqueous phase
      can be introduced both as a main stream into the first reactor and in the
      form of several branch streams into all, or some of the reactors used.
      However, it is preferred to apply the branch-stream principle in order to
      dissipate the heat of reaction uniformly.
PAR  The reaction system is kept at a reaction temperature of from 10.degree. to
      90.degree.C by tempering. The reaction pressure of from 5 to 120 atms. of
      ethylene applied in the process according to the invention does not affect
      the extraordinary stability of the dispersions obtained, but merely
      displaces the composition of the polymer.
PAR  The reaction pressure applied preferably amounts to from 15 to 60 atms. of
      ethylene, in which case the polymer formed contains from 10 to 45 % by
      weight of ethylene. For economic reasons, the average residence time in
      the continuous process according to the invention is generally selected in
      such a way that a polymerisation yield of from 85 to 99.5 %, based on
      vinyl ester used, is obtained, although the process can also be carried
      out with a vinyl ester yield of from 60 to 85 % without any disadvantages
      with respect to the stability of the dispersions obtained. An average
      residence time, given by
      ##EQU4##
      of from 3 to 12 hours, based on each of the autoclaves used, can be
      regarded as characteristic of the process according to the invention.
PAR  The ratio of total aqueous phase to vinyl ester phase is selected in such a
      way that the total solids content of the dispersion formed is from 45 to
      65 % by weight and preferably from 50 to 65 % by weight.
PAR  The quantity of ethylene required for carrying out the process according to
      the invention is such that, in addition to the ethylene required for the
      polymerization reaction, an excess of from 2 to 50 % by weight, preferably
      from 4 to 25 % by weight, based on the ethylene used, is left over. This
      ensures that the pressure settling in the reactor is caused by a certain
      excess of ethylene. In the process according to the invention, both the
      dispersion formed and also the unreacted, dissolved and gaseous monomers
      are removed through a suitable discharging system. In this respect,
      precautions should be taken to ensure that a filling level, given by
      ##EQU5##
      of from 50 to 99.9 % and preferably from 65 to 99.9 %, based on the
      particular autoclave volume, is maintained in each of the autoclaves used.
PAR  The average particle size of the polydisperse emulsion obtained can be
      influenced both by the quantity and by the type of emulsifier or
      emulsifiers used. Average particle sizes of from 100 to 450 mu can be
      regarded as characteristic of the process according to the invention. It
      is also characteristic of the invention that there is no displacement of
      the average particle size towards larger particle diameters during, for
      example, 300 average residence times.
PAR  In cases where it is desired to produce dispersions with average particle
      sizes of greater than 450 mu by the process according to the invention, it
      is necessary to use electrolytes, alcohols or protective colloids in the
      aqueous phase. In cases where protective colloids such as, for example,
      polyvinyl alcohol, methyl cellulose or hydroxyethyl cellulose, are used,
      the dispersion obtained undergoes an increase in viscosity, depending upon
      the molecular weight and quantity of the protective colloid used, to 50 -
      5000 cP (based on a dispersion with a solids content of 50 %) in relation
      to a dispersion obtained without a protective colloid, in which case the
      viscosity amounts is from 8 to 50 cP (based on a dispersion with a solids
      content of 50 %).
PAR  The dispersions obtained by the continuous process according to the
      invention have a total solids content of from 45 to 65 % by weight,
      preferably from 50 to 65 % by weight, are surprisingly stable in storage
      in contrast to dispersions prepared correspondingly by a batch process,
      and show no signs of creaming after storage for a period of 12 months.
PAR  This is explained by the fact that, surprisingly, the monomeric sulphonate
      used is incorporated into the polymer chain of the vinyl ester/ethylene
      polymer formed in the continuous process according to the invention, and
      no water-soluble polymers containing hydrophilic groups, which act as
      creaming agents, are formed.
PAR  Evaporation of the water from the dispersions obtained by the process
      according to the invention with glass transition temperatures of the
      copolymers T.sub.g of + 20.degree.C to 25.degree.C results in the
      formation of flexible polymer films which are distinguished by extremely
      high stability to light, resistance to water and resistance to hydrolysis.
PAR  The dispersions obtained can be used as pigment binders, for example in
      dispersions of the kind used to protect buildings and in coating
      compositions of the kind used, for example, for coating paper and carpet
      backings, because they combine a sufficiently low glass transition
      temperature with an ideal compatibility with the particular pigments and
      other additives used, in addition to which the copolymer adheres
      surprisingly firmly to the various pigments used.
PAR  The polymer films obtained following evaporation of the water from the
      dispersions obtained by the process according to the invention are
      characterized not only by the properties referred to above but also by
      their particularly high gloss level, which is entirely comparable with
      that of corresponding polymer films obtained after dissolving the isolated
      polymer in toluene. This is explained by the fact that the process
      according to the invention results in the formation of dispersions with
      relatively small average particle sizes which, in addition, show a
      polydispersity of particle diameter that is favourable for producing
      high-gloss polymer films, so that a particularly high packing density of
      the polymer and a correspondingly particularly uniformly coherent surface
      of the kind that would otherwise only be observed in the production of
      films from a solution, are obtained before the last traces of water are
      evaporated off.
PAR  The aforementioned disadvantages affecting batch processes do not arise
      because the reactor is only filled once in, for example, 1000 hours or
      longer, the reactor walls do not become coated during the aforementioned
      period in the process according to the invention, the ethylene is
      introduced continuously at a rate commensurate with that at which it is
      consumed, the reactor is always kept at the requisite reaction temperature
      and discharge takes place continuously throughout the entire production
      time.
PAR  The monomer units incorporated in the polymers are present in a
      substantially statistical distribution.
DETD
PAR  The continuous process according to the invention is illustrated in, but by
      no means limited to the following Examples.
PAC  EXAMPLE 1
PAR  The reaction system used comprised a single, temperable, stirrer-type
      stainless-steel autoclave equipped with a temperature-measuring facility,
      inlets for continuous introduction of the starting materials and an outlet
      for removing the polymer dispersion formed. More particularly, the
      following streams were continuously introduced, an internal temperature of
      75.degree.  .+-. 1.degree.C being maintained by tempering, whilst, on the
      one hand, a working pressure of 45 .+-. 1 atm. of ethylene and, on the
      other hand, a filling level in the reactor 95 to 99.9% was maintained by
      correspondingly actuating the discharging system which was connected to
      the outlet pipe of the apparatus: an average residence time of about 7.6
      hours was selected for carrying out the reaction:
PAR  Stream 1:
PA1  2440 g/h of the following aqueous solution:
PA1  36.0 g of the sodium salt of the sulphonic acid of a higher aliphatic
      hydrocarbon,
PA1  36.0 g of the sodium salt of 2-N-acrylamido-2-methyl propane sulphonic
      acid,
PA1  7.20 g of potassium peroxy disulphate,
PA1  4.80 g of sodium carbonate, and
PA1  2356 g of deionised water;
PAR  Stream 2: 2200 g/h of vinyl acetate;
PAR  Stream 3: 900 g/h of ethylene.
PAR  After the reaction conditions had been left to stabilise for 24 hours (3
      average residence times), 53,400 g of the following dispersion,
      characteristic of this Example, and 2030 g of exhaust gas consisting of
      81% by volume of ethylene and of 19% by volume of vinyl acetate were
      subsequently obtained every 10 hours without any signs of coagulate
      formation over a period of 800 hours:
PAC  Analytical data to the dispersion obtained:
     Total solids content:                                                     

                       55.4 .+-. 0.4% by weight                                

     pH-value:         5.35 .+-. 0.10                                          

     Vinyl acetate content (film):                                             

                       69.5 .+-. 0.5% by weight                                

     nitrogen (coagulate):                                                     

                       0.07 .+-. 0.01% by weight.sup.1                         

      .sup.1 After dilution of the dispersion with deionised water in a ratio b

      weight of 1 : 1, the copolymer was isolated by low temperature coagulatio

      (-78.degree.C) and the N-content was determined by elemental analysis    

      after careful washing (sulphate-free) with deionised water and drying at 

      30.degree.C/15 mm Hg.                                                    

PAR  Particle size: Determination of the average particle size at intervals of
      24 hours produced a value d of 210 .+-. 10 m.mu. over the total production
      time.
PAR  Nitrogen analysis of the polymer isolated by low-temperature coagulation
      with 0.14 % by weight of N shows that the monomeric sulphonate used is
      incorporated almost quantitatively into the water-insoluble vinyl
      acetate/ethylene polymer formed.
PAC  Characteristic stability data of the dispersion obtained:
PAC  Microcoagulate content
PAR  Testing of a polymer film produced with a 30 .mu. doctor showed that the
      dispersion obtained was completely free from microcoagulate particles
      (specks) both before and after drying of the film (magnified 10 times).
PAC  Electrolyte stability
PAR  The dispersion could be diluted as required with 10% CaCl.sub.2 solution
      and 10% Al.sub.2 (SO.sub.4).sub.3 solution without any signs of coagulate
      formation.
PAC  Shear-force stability
PAR  The dispersion did not show any signs of microcoagulate formation (specks)
      after stirring for 30 minutes with a Kalxon stirrer (14,000 r.p.m., 20 mm
      diameter).
PAC  Stability in storage
PAR  5 kg of the dispersion obtained were stored for 52 weeks in a cylindrical
      vessel in the form of a 30 cm tall column of liquid. Samples taken at
      4-week intervals at distances of 0.5, 5, 10, 15, 20, 25 and 29.5 cm from
      the upper liquid level did not show any change from the initial
      concentration throughout the entire period.
PAR  The present Example could also be carried out, without any changes in the
      characteristic stability data quoted, with alkali metal or ammonium salts
      of:
PAR  2-N-methacrylamido-2-methyl propane sulphonic acid,
PAR  2-N-(meth)-acrylamido ethane sulphonic acid,
PAR  2-(meth)-acryloyl ethane sulphonic acid,
PAR  3-(meth)-acryloyl propane sulphonic acid,
PAR  4-(meth)-acryloyl butene sulphonic acid etc.
PAL  in quantities of from 0.5 to 15 % by weight, based on the weight of the
      water used, and under working pressures of from 5 to 120 atms. of ethylene
      over average residence times of from 3 to 12 hours and with reactor
      filling levels of from 50 to 99.9 %, in such a way that the dispersions
      had total solids contents of from 45 to 65 % by weight.
PAC  Pigment-binder properties of the dispersion obtained
PAR  The following pigments were successively added while stirring with a
      turbine stirrer to a mixture of 1476 g of deionised water and 6 g of
      concentrated ammonia:
PAR  1333.4 g of china clay
PAR  500 g of blanc fixe
PAR  833 g of satin white dispersion (20 % by weight in water).
PAR  On completion of the addition, stirring was continued at high speed for a
      further 20 minutes in order to disperse the pigments completely. 690 g of
      a casein solution prepared as follows were then added with slow stirring:
PAR  134 g of casein were added while stirring at approximately 25.degree.C to a
      mixture of 536 g of deionised water and 20 g of concentrated ammonia. This
      was followed by heating to 70.degree.C, after which the mixture was
      stirred at this temperature for a period of 15 minutes. On completion of
      dissolution, the product was cooled to 25.degree.C.
PAR  The pigment paste thus obtained was left for 12 hours at 25.degree.C to
      settle and air.
PAR  137 g of the polymer dispersion prepared in accordance with this Example,
      adjusted beforehand to a total solids content of 50.0 % by weight by
      dilution with deionised water, were then added with slow stirring to 1250
      g of the pigment paste.
PAC  Pigment compatibility
PAR  To test the pigment compatibility of the dispersion, the change in the
      viscosity of the coating composition produced was measured at intervals of
      20 hours as the flowout time from a DIN-cup (4 mm orifice). No change in
      the initial flowout time of 13.5 .+-. 0.2 seconds was observed over a
      period of 40 hours, indicating high pigment compatibility of the
      dispersion obtained.
PAC  Pigment-binding capacity
PAR  In a paper coating machine, a wood-free sized and coated raw paper weighing
      60 g/m.sup.2 was coated with the coating composition obtained at machine
      speeds of from 10 to 250 m/min. and the coating was equalised with an air
      brush. The coated and equalised sheet of paper was then dried with hot air
      in a tunnel dryer (approximately 120.degree.C). The coating was applied to
      one side only in a weight of 20 g/m.sup.2 (air dry).
PAR  The paper obtained was then satinised under a contact pressure of 90
      kp/cm.sup.2 in an ultragloss calender. To test pigment-binding capacity,
      the coated paper thus produced, having first been conditioned for 24 hours
      at 65 % relative air humidity/20.degree.C, was testted in an IGT A 2
      printability tester using a 10 mm-wide pressure roller and a contact
      pressure of 35 kp/cm.sup.2, to determine the picking strength of the paper
      coating. With a picking oil consisting of
PAR  80 parts by weight of .sup.(R) NUSO 250 N (viscosity approximately 290P)
      and
PAR  20 parts by weight of .sup.(R) NUSO 500 N (viscosity approximately 500P),
PAL  a picking strength of 60 cm/second was measured, indicating an extremely
      high pigment-binding capacity of the dispersion obtained in accordance
      with this Example. .sup.(R) NUSO 250 N and .sup.(R) NUSO 500 N =
      commercial product of Messrs. Humble Oil & Refining Co. in June 1972.
PAC  EXAMPLE 2
PAR  Example 1 was repeated with the difference that the following streams:
PAR  Stream 1:
PA1  2440 g/h of the following aqueous solution
PA1  18 g of sodium lauryl sulphate,
PA1  108 g of the sodium salt of 2-N-methacrylamido-2-methyl propane sulphonic
      acid,
PA1  15 g of potassium peroxydisulphate,
PA1  15 g of borax and
PA1  2284 g of deionised water;
PAR  Stream 2: 2200 g/h of vinylacetate;
PAR  Stream 3: 450 g/h of ethylene,
PAL  were introduced, the working pressure amounting to 20 .+-. 1 atm. of
      ethylene and the average residence time to approximately 4.3 hours. 48,250
      g of the following dispersion and 2620 g of exhaust gas consisting of 71 %
      by volume of ethylene and 29 % by volume of vinylacetate, were obtained
      every 10 hours:
PAC  Analytical data of the dispersion obtained
TBL  Total solids content:                                                     

                      51.2 .+-. 0.5 % by weight                                

     pH-value:        5.50 .+-. 0.2                                            

     vinylacetate content (film):                                              

                      81.3 .+-. 0.5 % by weight                                

     nitrogen (coagulate):                                                     

                      0.24 .+-. 0.1 % by weight (cf. 1)                        

     particle size:    320 .+-. m.mu.                                          

PAR  The characteristic stability data of the dispersion obtained are entirely
      consistent with the data quoted in Example 1.
PAC  Pigment-binder properties of the dispersion obtained
PAR  A pigmented coating composition was prepared with the dispersion obtained
      in accordance with Example 2 by the same procedure as described in Example
      1.
PAC  Pigment compatibility
PAR  As in Example 1, the coating composition was tested for changes in
      viscosity at intervals of 20 hours. Once again, no change in the initial
      flowout time of 14.2 .+-. 0.2 seconds was observed over a period of 40
      hours, indicating a high pigment compatibility of the dispersion obtained
      in accordance with Example 2.
PAC  Pigment-binding capacity
PAR  The pigment-binding capacity of the dispersion obtained in this Example was
      determined in accordance with the procedure described in Example 1. A
      picking strength of 48 cm/second was measured, indicating a high
      pigment-binding capacity of the dispersion obtained in accordance with
      Example 2.
PAC  EXAMPLE 3
PAR  Example 1 was repeated with the difference that the reaction system used
      was in the form of a reactor cascade comprising two temperable
      stainless-steel stirrer-type autoclaves of the kind used in Example 1, the
      outlet of autoclave 1 being connected to the inlet of autoclave 2. During
      the reaction, the internal temperature in autoclave 1 was kept at
      70.degree. .+-. 1.degree.C and the internal temperature in autoclave 2 at
      75.degree. .+-. 1.degree.C, the discharge system connected to the outlet
      of autoclave 2 being actuated in such a way that, on the one hand, a
      working pressure of 45 .+-. 1 atm. of ethylene and, on the other hand,
      filling levels of from 95 to 99.9 % were maintained in the autoclaves. At
      the same time, a total average residence time of 15 hours was selected for
      carrying out the reaction. The following streams were introduced into the
      inlet of autoclave 1:
PAR  Stream 1:
PA1  2385 g/h of the following aqueous solution:
PA1  45 g of the sodium salt of the dihexylester of sulphosuccinic acid,
PA1  45 g of the potassium salt of 2-N-acrylamido-2-methyl propane sulphonic
      acid,
PA1  9.0 g of potassium peroxy disulphate,
PA1  6.0 g of sodium hydrogen carbonate,
PA1  2280 g of deionised water;
PAR  Stream 2:
PA1  1900 g/h of vinylacetate;
PAR  Stream 3:
PA1  1200 g/h of ethylene.
PAR  53,350 g of the following dispersion and 1,620 g of exhaust gas, consisting
      of 75 % by volume of ethylene and 25 % by volume of vinylacetate, were
      obtained every 10 hours.
PAC  Analytical data of the dispersion obtained:
TBL  Total solids content:                                                     

                         56.5 .+-. 0.2 % by weight                             

     pH-value:           6.20 .+-. 0.05                                        

     vinyl acetate content (film):                                             

                         59.0 .+-. 0.2                                         

     nitrogen (coagulate):                                                     

                         0.08 .+-. 0.01                                        

     particle size:       300 .+-. 20 m.mu.                                    

PAR  The characteristic stability data of the dispersion obtained were entirely
      consistent with the data quoted in Example 1.
PAR  In the present Example, up to 50 % by weight of the vinyl acetate used
      could be replaced by vinyl propionate, vinyl laurate, vinyl stearate or
      vinyl chloride without any adverse effect upon the characteristic
      stability data of the dispersions obtained.
PAC  Pigment binder properties of the dispersion obtained
PAR  A pigmented coating composition was prepared with the dispersion obtained
      in Example 3 in accordance with the procedure described in Example 1.
PAC  Pigment compatability
PAR  As in Example 1, the coating composition was tested every 20 hours for
      changes in viscosity. No change in the initial flowout time of 13.7 .+-.
      0.3 seconds was observed over a period of 40 hours, which again indicated
      a high level of pigment compatability in the dispersion obtained in
      accordance with the present Example.
PAC  Pigment binding capacity
PAR  The pigment binding capacity of the dispersion obtained in accordance with
      Example 3 was determined in accordance with the procedure described in
      Example 1. A picking strength of 57 cm/second was measured, again
      indicating an extremely high pigment binding capacity of the dispersion
      obtained in accordance with the present Example.
PAC  COMPARISON EXAMPLE 1
PAR  The following components were introduced into a temperable 40 liter
      capacity stirrer-type autoclave of stainless-steel equipped in the same
      way as in Example 1.
TBL  40    g of the sodium salt of the sulphonic acid of                       

            a higher aliphatic hydrocarbon,                                    

     23    g of the sodium salt of 2-N-acrylamido-2-methyl                     

            propane sulphonic acid,                                            

     20    g of potassium persulphate,                                         

     20    g of sodium carbonate,                                              

     25    g of glacial acetic acid, and                                       

     8800  g of deionised water.                                               

PAR  After the autoclave has been evacuated and vented with nitrogen 3 times, 35
      atms. of ethylene were introduced at 25.degree.C, followed by the addition
      of 1000 g of vinylacetate. After heating to 75.degree.C, the working
      pressure of 45 atms. of ethylene was adjusted and the contents of the
      autoclave were held for 30 minutes at 75.degree.C. The following streams
      were then introduced linearly over a period of 8.00 hours during which the
      reaction temperature was kept at 75.degree.C and the working pressure at
      44 .+-. 1 atm. of ethylene by the introduction under pressure of more
      ethylene.
PAR  Stream 1:
PA1  1036 g/h of the following aqueous phase:
PA1  200 g of the sodium salt of the sulphonic acid of a higher aliphatic
      hydrocarbon,
PA1  297 g of the sodium salt of 2-N-acrylamido-2-methyl propane sulphonic acid,
PA1  62 g of potassium peroxy disulphate,
PA1  29 g of sodium carbonate, and
PA1  7700 g of deionised water;
PAR  Stream 2:
PA1  1800 g/h of vinyl acetate.
PAR  On comletion of the addition, the contents of the autoclave were left for 1
      hour at 75.degree.C, subsequently cooled to 50.degree.C and restored to
      normal pressure over a period of 4 hours by letting off the excess
      ethylene. 35,800 g of the following dispersion were obtained together with
      800 g of coagulate:
PAC  Analytical data of the dispersion obtained:
TBL  Total solids content:                                                     

                         54.5      % by weight                                 

     pH-value:           5.40                                                  

     vinyl acetate content (film):                                             

                         69.3      % by weight                                 

     nitrogen (coagulate):                                                     

                         &lt;0.01     % by weight                                 

     particle size:      220       m.mu.                                       

PAR  For nitrogen analysis, 300 g of the dispersion were diluted with 300 g of
      deionised water and subjected to low temperature coagulation (-
      78.degree.C). The coagulate was washed free from sulphate with a total of
      5000 g of deionised water and was dried at 30.degree.C/15 mm Hg (yield
      153.5 g of coagulate, &lt;0.01 % of N).
PAR  Evaporation of the washing water, ultimately at 45.degree.C/0.01 mm Hg,
      left 10.03 g of a pale yellow viscous grease containing 1.61 % of N in
      which it was not possible to detect any double bonds by bromination or
      hydrogenation.
PAR  Analyses showed that the monomeric sulphonate used was polymerised almost
      quantitatively into water-soluble products and was not incorporated into
      the vinyl acetate/ethylene copolymer formed.
PAC  Characteristic stability data of the dispersion obtained
PAC  Microcoagulate content
PAR  Testing of a polymer film (magnified 10 times) prepared with a 30 .mu.
      doctor did not show any microcoagulate particles (specks) in the
      dispersion obtained.
PAC  Electrolyte stability
PAR  The addition of 0.4 cc of a 10 % CaCl.sub.2 solution or of 0.1 cc of a 10 %
      Al.sub.2 (SO.sub.4).sub.3 solution to 20 g of the dispersion produced
      coagulation.
PAC  Shear-force stability
PAR  14 % by weight of the polymer present in the dispersion were coagulated
      after stirring for 6 minutes with a Klaxon stirrer (14,000 r.p.m. diamter
      20 mm). the residue showing numerous specks.
PAC  Stability in storage
PAR  5 kg of the dispersion were stored for 12 weeks in the form of a 30 cm tall
      column of liquid in a cylindrical vessel. Samples taken at four-week
      intervals at distances of 0.5, 5, 10, 15, 20, 25 and 29.5 cm from the
      upper liquid level, had the following total solids concentrations shown in
      Table 1:
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Stability in storage                                                      

     Comparison Example 1                                                      

                     0 weeks                                                   

                           4 weeks                                             

                                 8 weeks                                       

                                       12 weeks                                

     __________________________________________________________________________

     Total solids content                                                      

     (% by weight) at a distance of                                            

      0.5    cm      54.5  22.8  12.7   6.8                                    

      5      cm      54.5  43.8  24.7  12.8                                    

     10      cm      54.5  63.0  67.8  69.1                                    

     15      cm      54.5  53.8  68.0  69.6                                    

     20      cm      54.5  64.1  68.0  69.7                                    

     25      cm      54.5  64.2  68.0  69.8                                    

     29.5    cm      54.5  64.3  68.2  69.8                                    

       from the upper liquid level                                             

     __________________________________________________________________________

PAC  Pigment binder properties of the dispersion obtained:
PAR  A pigmented coating composition was prepared with the dispersion obtained
      in accordance with Comparison Example 1 by the procedure described in
      Example 1.
PAC  Pigment compatibility
PAR  As in Example 1, the coating composition was tested at intervals of 20
      hours for changes in viscosity. The following results were obtained:
TBL  initial flowout time:                                                     

                         17.8 seconds                                          

     flowout time after 20 hours:                                              

                         completely thickened                                  

PAC  Pigment binding capacity
PAR  The pigment binding capacity of the dispersion obtained in accordance with
      Comparison Example 1 was determined by the procedure described in Example
      1. A picking strength of 33 cm/second was measured.
PAR  Both the totally inadequate pigment compatibility and also the excessively
      low pigment binding capacity for the dispersion obtained in accordance
      with Comparison Example 1 prevent it from being used as pigment binder. In
      addition, the instability in storage of the dispersion obtained in
      accordance with Comparison Example 1 makes it unsuitable for other
      technical applications.
PAC  COMPARISON EXAMPLE 2
PAR  Example 1 was repeated with the difference that the following streams were
      introduced:
PAR  Stream 1:
PA1  2404 g/h of the following aqueous solution:
PA1  36.0 g of the sodium salt of the sulphonic acid of a higher aliphatic
      hydrocarbon,
PA1  7.20 g of potassium peroxy disulphate,
PA1  4.80 g of sodium carbonate, and
PA1  2356 g of deionised water;
PAR  Stream 2:
PA1  2200 g/h of vinyl acetate; Stream 3:
PA1  900 g/h of ethylene.
PAR  The working pressure, reaction temperature, reactor filling level and
      average residence time were the same as in Example 1.
PAR  51,050 g of the following dispersion and 4000 g of exhaust gas consisting
      of 70 % by volume of ethylene and 30 % by volume of vinyl acetate were
      obtained every 10 hours:
PAC  Analytical data of the dispersion obtained:
TBL  Total solids content:                                                     

                         49.7 .+-. 0.8 % by weight                             

     pH-value:           5.40 .+-. 0.2                                         

     vinyl acetate content (film):                                             

                         69.2 .+-. 0.5 % by weight                             

PAC  Characteristic stability data of the dispersion obtained:
PAC  Microcoagulate content
PAR  Testing of a copolymer film prepared with a 30 .mu. doctor showed that the
      dispersion obtained contained an extremely large number of microcoagulate
      particles (specks) over the entire field of observation. Accordingly, it
      was not possible to determine the particle size.
PAC  Electrolyte stability
PAR  The addition of 0.1 cc of a 10 % CaCl.sub.2 solution or of 0.1 cc of a 10 %
      Al.sub.2 (SO.sub.4).sub.3 - solution to 20 g of the dispersion produced
      coagulation.
PAC  Shear-force stability
PAR  92 % of the copolymer present in the dispersion had coagulated after
      stirring for 35 seconds with a Klaxon stirrer (14,000 r.p.m., diameter 20
      mm).
PAC  Stability in storage
PAR  After 5 kg of the dispersion had been stored for four weeks in the form of
      a 30 cm tall column of liquid, 830 g of a slimy sludge, which could only
      be partly redispersed with water, had settled on the bottom of the vessel.
PAC  Pigment binder properties of the dispersion obtained:
PAC  Pigment compatibility
PAR  When the dispersion obtained in accordance with the present Example was
      added to a pigment-casein paste prepared in accordance with Example 1, a
      steady increase in the viscosity of the coating composition was observed
      parallel to the progressive addition of 137 g of the polymer dispersion.
      After 100 g of the dispersion had been added, the coating composition
      thickened completely into a mass which could no longer be stirred.
PAR  The pigment incompatibility observed made it impossible to use the
      dispersion obtained in accordance with this Example as a pigment binder,
      in addition to which the totally inadequate stability data of the
      dispersion obtained precluded its use in other technical applications.
CLMS
STM  We claim:
NUM  1.
PAR  1. The composition consisting essentially of a storage stable aqueous
      copolymer dispersion having a solids content of from 45 to 65% by weight
      and prepared by the process consisting essentially of continuously
      introducing ethylene, a vinyl ester selected from the group consisting of
      vinyl acetate, vinyl propionate, vinyl laurate, vinyl stearate and
      mixtures thereof and an aqueous phase in a ratio by weight of vinyl ester
      to ethylene of from 100:2 to 100:250 and a weight ratio of vinyl ester to
      aqueous phase of from 3:1 to 0.3:1, into a reaction zone maintained at a
      temperature of from 0.degree. to 90.degree.C. and under an ethylene
      pressure of from 5 to 120 atmospheres and at a pH of from 3 to 7 for an
      average residence time of from 3 to 12 hrs. and continuously removing said
      aqueous copolymer dispersion together with unreacted monomers from said
      reaction zone, said aqueous phase containing a catalytic amount of a free
      radical catalyst and from 0.3 to 3% by weight, based on the weight of
      water in said aqueous phase, of an anionic emulsifier and from 0.1 to 15%
      by weight, based on the weight of water in said aqueous phase, of a
      compound of the formula
      ##EQU6##
      wherein R is hydrogen or methyl, X is --O--, --NH-- or
      ##EQU7##
      having 1 to 6 carbon atoms, Y is ethylene having 2 to 10 carbon atoms and
      Me is an ammonium or alkali metal radical.
NUM  2.
PAR  2. The composition of claim 1 wherein said vinyl ester is vinyl acetate and
      an ammonium or alkali metal salt of 2-N-acrylamido-2-methyl propane
      sulfonic acid is the compound of said formula.
NUM  3.
PAR  3. The composition of claim 1 wherein said vinyl ester is vinyl acetate and
      an ammonium or alkali metal salt of 2-N-methacrylamido-2-methyl propane
      sulfonic acid is the compound of said formula.
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PAL  A novel macroamine polymer particularly useful as a flocculating agent,
      said polymer having a structural unit shown by the following formula:
      ##EQU1##
      wherein R represents an alkyl group containing 1 to 4 carbon atoms, x is a
      mol decimal fraction between about 0.65 and 0.95, and y is a mol decimal
      fraction between about 0.23 and 0.04. Said polymer can be obtained by
      reacting polyvinyl bromide with an N-monoalkylaniline having 1 to 4 carbon
      atoms in the alkyl group.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of two U.S. applications filed by the same
      inventors, Isao Shinohara and Juro Aoyagi, in Group Art Un. 140. Those
      applications, of which this is a continuation-in-part, are U.S. Pat.
      application Ser. No. 323,731 filed Jan. 18, 1973 and now abandoned, for
      Macroamine Polymers and Method of Producing Them, and U.S. patent
      application Ser. No. 345,122 filed Mar. 26, 1973 and now abandoned, for
      High Molecular Flocculating Agent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a novel water-soluble linear macroamine
      polymer and a method of preparing the same and its use as a flocculating
      or coagulating agent in clarifying, precipitating and decoloring water.
      More particularly, this polymer is one having at least about 65 mol
      percent amine content and not greater than about 23 mol percent polyene
      content, and a method of preparing the same. Further, it relates to a
      novel macroamine polymer in which amino groups are introduced to the
      polymer matrix by the reaction of one or more of certain
      N-monoalkylanilines with polyvinyl bromide.
PAR  A number of detailed researches have been made up to now with respect to
      reaction of polyvinyl chloride with a variety of compounds. However, the
      reactivity in these reactions is so small that it has been difficult to
      introduce amino groups to a satisfactory extent. For instance, when
      polyvinyl chloride is reacted with an amine, the degree of the
      introduction of the amine to the polymer matrix under ordinary reaction
      conditions reaches the level of only about 2.6 to 10%. See, for example,
      D. Hummel; "Plaste Und Kautschuk", Volume 9, No. 11, pages 532-5 (1962),
      East Germany. Further increase in the degree of introduction does not
      occur even by carrying out the reaction over longer periods of time and
      because the result is the promotion of the formation of polyenes by
      dehydrohalogenation rather than the introduction of the amine.
PAR  It has been known in the art that some inorganic-type and high
      molecular-type flocculating or coagulating agents are effective for use in
      waste water disposal.
PAR  The inorganic-type flocculating agent exhibits its activity mainly by
      lowering the electric charge of the surface of substance suspended in
      water to be disposed.
PAR  On the other hand, the high molecular-type flocculating agent exerts such
      functions, besides the above-mentioned function, as adsorption of
      suspended substance at the active site on the polymer, or by agglomeration
      due to cross-linking reaction, none of which can be attained upon the use
      of the inorganic flocculating agent alone. Therefore, it is clear that the
      high molecular flocculating agent has much more advantageous features than
      inorganictype one, in (a) its strong flocculating ability even with the
      use of less quantity and (b) its capability of forming large-sized floc.
PAR  As a result, the high mulecular flocculating agent can quicken the
      precipitating or floating speed as well as filter-ring or drying speed,
      etc., and serves for shortening the requisite time of disposal and for
      increasing the capacity of disposal while reducing the amounts of sludges
      and cakes formed, to thereby contribute to the rationalization of waste
      water disposing procedures.
PAR  In spite of such advantageous features which might be expected to be
      helpful for the rationalization of disposing procedures, conventional high
      mulecular flocculating agents are not yet satisfactory for use in waste
      water disposal. In case of disposing waste water containing suspended
      colloidal organic solids, for instance, it is generally noticed that a
      cationic polymer has remarkably excellent ability in clarifying activity,
      whereas satisfactory result has not always been obtained especially with
      respect to the ability of forming coarse or large-sized floc which is
      expected as one of inherent advantages accompanied by the use of a high
      mulecular-type flocculating agent.
PAR  This is not essentially attributable to the nature of a cationic polymer,
      but to the great difficulty in the production of such a cationic polymer
      having a polymerization degree sufficiently high to form coarse floc.
PAR  Certain anionic and nonionic type high molecular flocculating agents with
      high degree of polymerization are availble in the art, but they do not
      exhibit satisfactory effect unless they are used in combination with an
      inorganic-type floccuating agent.
PAR  The reason is due to the fact that anionic or nonionic type high mulecular
      flocculating agents behave as a floc-growing agent rather than exerting
      the function of flocculation by the neutralization of the electric charge
      of suspended colloidal substance.
PAR  Other than the polymer of the present invention, we know of no high
      molecular flocculating agent available in the art which provides
      clarifying, precipitating and decoloring functions at the same time, and
      is capable of exhibiting remarkably excellent effect as a single agent.
      The clarifying and decoloring properties of conventional high molecular
      flocculating agents were only derived subsidiarily by the result of the
      agglomeration and precipitation.
PAR  Accordingly, such a conventional-type high molecular flocculating agent has
      a drawback such that it is almost ineffective for the decoloration of a
      colored system occurring due to completely dissolved substance therein.
PAR  It is a general object of the present invention to provide a novel
      macroamine polymer which is water-soluble, has a high amine content and is
      useful as a flocculating or coagulating agent to remove certain impurities
      from water. Further objects of the present invention are to provide a
      method of preparing that macroamine polymer and of its use in clarifying,
      precipitating and decoloring activities with respect to water.
PAR  Other and further objects, features and advantages will be apparent from
      the following description of the invention given for the purpose of
      disclosure.
PAR  The present invention is based upon the creation of a certain linear
      macroamine polymer, the development of a method for producing the polymer,
      and the discovery that the polymer is particularly useful as a
      flocculating agent to assist in the removal of certain material from
      water. The polymer has a structural unit showing by the following formula:
      ##EQU2##
      wherein R represents an alkyl group containing 1 to 4 carbon atoms, x is a
      mol decimal fraction between about 0.65 and 0.95, and y is a mol decimal
      fraction between about 0.23 and 0.04. Preferably x is between about 0.80
      and 0.95 and y is between 0.23 and 0.04.
PAR  This linear macroamine polymer can be prepared by reacting polyvinyl
      bromide with an N-monoalkylaniline having 1 to 4 carbon atoms in the alkyl
      group.
PAR  The polyvinyl bromide to be used is not limited to any specific type and
      may be conveniently produced in accordance with conventional processes
      such as mass polymerization, emulsion polymerization, solution
      polymerization and photo polymerization. The polyvinyl bromide usually
      will have a molecular weight ranging from about 1,000 to 300,000, and
      preferably between about 10,000 and 150,000.
PAR  The preferred N-monoalkylaniline is N-methylaniline.
PAR  The macroamine polymer of the present invention may be prepared by mixing
      the polyvinyl bromide and the N-monoalkylaniline and stirring the
      reactants while heating under an atmosphere of an inert gas such as
      nitrogen or argon. The reaction of the polyvinyl bromide with the
      N-monoalkylaniline is usually carried out at temperatures ranging from
      80.degree. to 250.degree. C., preferably between about 120.degree. and
      180.degree. C., for a period of a few minutes up to 24 hours, preferably
      from 5 to 15 hours. The reaction proceeds well at atmospheric pressure
      although superatmospheric conditions may be used if desired.
PAR  The N-monoalkylaniline not only participates in the reaction as an
      aminating agent, but also serves as an excellent solvent for the polyvinyl
      bromide. The polyvinyl bromide dissolves in the N-monoalkylaniline
      promptly after it has been added, and the reaction takes place readily
      when the resulting mixture is heated.
PAR  If desired, the reaction can be carried out in the presence of polar
      solvents such as tetrahydrofuran, dioxane, dimethylformamide,
      diethylforamide and dimethyl sulfoxide.
PAR  The quantity of N-monoalkylaniline which should be used is more than the
      chemical equivalent to the polyvinyl bromide and preferably about 3 to 20
      times greater than that equivalent. The use of greater amounts of
      alkylaniline does not cause deterioration of the reaction, but is
      wasteful. On the other hand, the use of an alkylaniline below the chemical
      equivalent of the polyvinyl bromide is not desirable since it does not
      create sufficient amination of the polyvinyl bromide and requires a
      greater amount of solvent.
PAR  After the reaction of the polyvinyl bromide with the N-monoalkylaniline has
      been carried out to the desired extent, the resulting macroamine polymer
      can be separated from the unreacted alkylaniline in an appropriate manner.
      For instance, the polymer is separated from the remaining constituents by
      adding to the reaction products an inert material in which the polymer is
      insoluble, but in which the other materials are soluble. Examples of this
      material are ethyl acetate, isopropyl acetate, ethyl ether, petroleum
      ether, isopropanol, n-butanol, acetone, diethyl ketone and methyl ethyl
      ketone. This will result in a precipitation of the polymer which may be
      subsequently recovered by filtration. The precipitated polymer may be
      purified, if desired, by washing with alkali and thereafter rinsing with
      water and drying.
PAR  The macroamine polymer thus produced contains a large proportion of the
      alkylaniline. It has been found when the mol percent of the alkylaniline
      in the polymer reaches at least about 65%, that the macroamine polymer
      becomes water soluble. The macroamine polymer, when it is used as a
      flocculating agent, needs to be soluble in water so that it will easily
      dissolve in industrial waste water and other aqueous bodies upon its
      addition thereto and be able to combine with dissolved or suspended
      substances in the waste water to effect clarification, precipitation and
      decolorization, and finally settle them from the water.
PAR  If the macroamine polymer has less than about 65 mol percent alkylaniline,
      the polymer is insoluble in water and does not function satisfactorily as
      a flocculating agent. When the amount of alkylaniline is between about 80
      and 95 mol percent, the polymer exhibits excellent results in the
      clarifying, precipitating or decoloring activity.
PAR  The water-soluble macroamine polymer of the present invention reacts
      readily with metallic ions such as sodium, potassium, magnesium, calcium,
      aluminum, copper, silver, gold, zinc, cadmium, mercury, titanium, tin,
      lead, chromium, molybdenum, manganese, iron, cobalt, nickel, platinum,
      etc. and promptly forms a precipitate with them. Although we do not
      completely understand the mechanism of the reactions of this macroamine
      polymer with metallic ions, we believe that what occurs is that these
      cationic substances form chelates with the macroamine polymer.
PAR  Also, in an acidic solution, this macroamine polymer will react with some
      anionic substances and form precipitates. Here again, the exact nature of
      the precipitate or the reactions that occur is not known, but it is
      thought that the precipitates are salts, complexes or cross-linked
      products.
PAR  Since these salts, complexes, cross-linked products and chelates are
      insoluble in water, they precipitate as they form, and thereby remove
      suspended or dissolved substances from the water.
PAR  If desired, the polymer can be regenerated from the reaction product of the
      polymer with the cations by dissolving the reaction product in an acidic
      aqueous solution (pH between about 1 and 5), preferably having a pH
      between about 1 and 3.
PAR  The macroamine polymer of this invention has both a high molecular weight
      and a high content of the amino group, and as a result the polymer serves
      as a flocculating agent with even minor concentrations of cations. It,
      therefore, is particularly useful for the treatment of various types of
      waste water, drainage or other aqueous solutions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates a chart of infrared absorption spectrum of the
      macroamine polymer according to the present invention, wherein R is methyl
      group, and
PAR  FIG. 2 illustrates a chart of infrared absorption spectrum of the
      above-described polymer treated with alkali.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The macroamine polymer according to the present invention has the
      structural unit shown above. This is confirmed by the chart of infrared
      absorption spectrum and by elementary analysis. FIG. 1 illustrates a chart
      of infrared absorption spectrum of the macroamine polymer obtained by
      reacting polyvinyl bromide with N-methylaniline at a temperature of
      150.degree. C. for 8 hours. According to the spectrum, characteristic
      absorption based on .nu..sub.NH+  of tertiary amine is recognized at 2,700
      to 2,250 cm.sup.116 1, while the characteristic absorption is not
      recognized at the abovedescribed wave range according to FIG. 2 which is
      an infrared absorption spectrum of the polymer treated with ammonia. Two
      characteristic absorptions based on .nu. N--CH.sub.3 at 2,810 to 2,805
      cm.sup..sup.-1 and .nu. C--N of tertiary amine at 1,210 to 1,070
      cm.sup..sup.-1 are recognized respectively without regard to alkali
      treatment. And characteristic absorptions of polyene are also recognized
      at 1,600 cm.sup..sup.-1.
PAR  From a result of the infrared absorption spectrum, it is presumed that a
      reaction of polyvinyl bromide with N-monoalkylaniline proceeds as the
      following equation:
      ##EQU3##
      wherein R represents alkyl group containing 1 to 4 carbon atoms, n
      represents polymerization degree, m represents moles of
      N-monoalkylaniline, x is between about 0.65 and 0.95, and y is between
      about 0.23 and 0.04. Thus, between the elemental composition of the
      macroamine polymer shown by the above formula and x and y, there exists
      the following set of equations:
      ##EQU4##
      wherein formulas in the brackets represent atomic or molecular weight.
PAR  In the present invention, a proportion of introduced N-monoalkylaniline and
      a degree of double bond formation were determined respectively by the
      above equations using the quantities of nitrogen and carbon determined by
      elementary analysis. Furthermore, the degree of double bond formation was
      determined directly, and the results thus obtained were compared with the
      results calculated by the elementary analysis value. Both results
      corresponded. Hence, the degree of double bond formation obtained by
      calculating the elementary analysis value is thought to be proper.
PAR  The polymer of the present invention is especially useful for the disposal
      of various types of waste water or drainage, such as those drained from
      iron works, aluminum processing works, dyeing works, pulp and paper-making
      works, salt electrolyzing works and the like other industrial waste water;
      for the purification of city water, sewage, etc., and for the recovery of
      metals from catalysts, electrolytes, etc.
PAR  Following are several specific examples of the present invention.
PAC  EXAMPLE 1
PAR  A four-necked flask having a capacity of one liter fitted with a stirrer,
      thermometer, reflux condenser and nitrogen feed pipe was charged with
      200.0 grams N-methylaniline, and heated under an atmosphere of nitrogen.
      When the liquid temperature reached 150.degree. C., there was introduced
      10 grams of polyvinyl bromide (produced by emulsion polymerization
      process, having numerical average molecular weight, measured by viscosity
      method, of 134,000) to the flask, and the reaction was conducted under
      stirring at that temperature for 8 hours. After the completion of the
      reaction, an excess of ethyl acetate was added to thereby precipitate the
      polymer which was then separated by filtration. The polymer so obtained
      was washed with water and dried in vacuum at room temperature until the
      weight became constant.
PAR  The aminated polymer obtained in this way was analyzed by means of
      elementary analysis, halogen analysis and infrared absorption spectrum
      methods. The proportion of N-methylaniline introduced was 82.00% and the
      degree of double bond formation was 8.12%. The polymer so formed was found
      to be completely soluble in water. The chart of the infrared absorption
      spectrum is as FIG. 1.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated except that the reaction was
      carried out for a period of 5 hours. The proportion of the introduction of
      N-methylaniline in the water-soluble polymer so obtained was 70.12% and
      the degree of the formation of double bond was 22.21%.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 was repeated except that the reaction was
      carried out for a period of 12 hours. The introduction of N-methylaniline
      in the resulting water-soluble polymer was 91.00% and the degree of double
      bond formation was 5.12%.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 was repeated except that 100.0 grams of
      N-methylaniline was used instead of 200.0 grams of N-methylaniline. The
      introduction of N-methylaniline in the resulting water-soluble polymer was
      81.0% and the degree of double bond formation after the reaction was
      9.02%.
PAC  EXAMPLE 5
PAR  A four-necked flask same as that used in Example 1 was charged with 170.0
      grams of N-ethylaniline and heated under an atmosphere of nitrogen gas.
      When the temperature of the reaction liquid reached 150.degree. C., 10.0
      grams of polyvinyl bromide (having an average molecular weight of 134,000)
      was continuously added and the reaction carried out at that temperature
      for 10 hours.
PAR  After completion of the reaction, the reaction mixture was treated in a
      manner similar to that employed in Example 1. Analysis of the resulting
      water-soluble polymer showed an N-ethylaniline introduction of 75.00% and
      the degree of double bond formation to be 10.12%.
PAC  EXAMPLE 6
PAR  The procedure of Example 5 was repeated except 252.66 grams of
      N-isopropylaniline was used instead of N-ethylaniline. The introduction of
      N-isopropylaniline in the resulting watersoluble polymer was 73.15% and
      the degree of double bond formation was 15.03%.
PAC  EXAMPLE 7
PAR  The procedure of Exampple 5 was repeated except that 278.83 grams of
      N-n-butylaniline was used instead of N-ethylaniline. The introduction of
      N-n-butylaniline was 79.2% and the degree of double bond formation was
      21.8%.
PAC  EXAMPLE 8
PAR  To 300 ml. of aqueous bentonite suspension at the concentration of 100
      ppm., each high macroamine polymer obtained in Examples 1 to 3 and 5 was
      added in a given proportion. Each suspension was subjected to stirring at
      a rotation speed of 130 r.p.m. for the first 5 minutes, then at a rotation
      speed of 30 r.p.m. for a further 5 minutes. After the completion of
      stirring, each solution was allowed to stand still for 5 minutes and the
      supernatent liquid was carefully collected. The turbidity of the
      supernatent was determined with the use of a turbidmeter (or nephelometer)
      to measure remaining turbidity.
PAR  The results obtained are shown in Table 1.
TBL                Table 1.                                                    

     ______________________________________                                    

     Amount of Macroamine Polymer Added                                        

     (ppm)                                                                     

     0.5          1.0      2.0      4.0    8.0                                 

     Polymer of                                                                

             Remaining Turbidity in Degrees                                    

     ______________________________________                                    

     Example 1                                                                 

             0.6      0.3      0.2    0.2    0.2                               

     Example 2                                                                 

             22.8     18.4     15.1   8.4    5.3                               

     Example 3                                                                 

             0.3      0.2      0.1    0.1    0.1                               

     Example 5                                                                 

             2.5      1.6      0.9    0.7    0.6                               

     ______________________________________                                    

PAC  EXAMPLE 9
PAR  To 100 ml. of an aqueous solution containing 100 ppm. of a dyestuff
      (Amaranth), there was added 1% solutions of each of the macroamine polymer
      obtained in Examples 1, 2 and 3 with thorough stirring. The mixture was
      then stirred mildly so as to effect the growth of floc formed. The
      solution was filtered with the use of a No. 1 filter paper and the
      concentration of remaining dyestuff in the solution was measured by the
      use of a photoelectric colorimeter. The results obtained are given in
      Tables 2 and 3.
TBL                Table 2.                                                    

     ______________________________________                                    

            Amount of Macroamine Polymer Added                                 

            (ppm)                                                              

            300     350       400       500                                    

            Remaining Dye Concentration in ppm.                                

     ______________________________________                                    

     Polymer of                                                                

     Example 2                                                                 

              13.0      2.5       1.3     0.8                                  

     ______________________________________                                    

TBL                Table 3.                                                    

     ______________________________________                                    

            Amount of Macroamine Polymer Added                                 

            (ppm)                                                              

            100     120       150       180                                    

            Remaining Dye Concentration in ppm                                 

     ______________________________________                                    

     Polymer of                                                                

     Example 1                                                                 

              1.3       0.9       0.8     0.5                                  

     Polymer of                                                                

     Example 3                                                                 

              0.8       0.5       0.3     0.2                                  

     ______________________________________                                    

PAC  EXAMPLE 10
PAR  It is similar to Example 9, but the dyestuff was Yellow No. 1 (Tartrazine)
      and the only polymer used was the polymer of Example 1. The results are
      given in Table 4.
TBL                Table 4.                                                    

     ______________________________________                                    

     Amount of                                                                 

     High Molecular                                                            

                  100      120      150    180                                 

     Flocculating Agent                                                        

     Added (ppm)                                                               

     ______________________________________                                    

     Concentration of                                                          

     Remaining Dyestuff                                                        

     (ppm)        1.3      0.8      0.5    0.3                                 

     ______________________________________                                    

PAC  EXAMPLE 11
PAR  In the same manner as Example 9 except using an aqueous solution of
      dyestuff Blue No. 1 (Brilliant Blue) at the concentration of 100 ppm. and
      only the polymer produced in Example 1, the remaining dye concentration
      was measured. The results obtained are given in Table 5.
TBL                Table 5.                                                    

     ______________________________________                                    

     High Molecular                                                            

     Flocculating Agent                                                        

                  100      120      150    180                                 

     Added (ppm)                                                               

     ______________________________________                                    

     Concentration                                                             

     Pigment (ppm)                                                             

                  2.1      1.3      1.0    0.8                                 

     ______________________________________                                    

PAC  EXAMPLE 12
PAR  300 ml. of aqueous bentonite suspension with a concentration of 100 ppm.
      was placed in a settling tube, to which the polymers obtained in Examples
      1 to 3 and 5 were added respectively at predetermined proportions. The
      settling tube was turned upside down quickly twice and slowly eight times.
      The settling tube was then stood still and the speed of falling boundary
      layer (interfacial layer) between floc layer and aqueous layer was
      measured. Results obtained by measuring the settling speed of boundary
      surface of the region between 2 cm down the water level and 10 cm up the
      bottom are given in Table 6.
TBL                Table 6.                                                    

     ______________________________________                                    

              (settling speed: cm/min.)                                        

     Type of  Amount of High Molecular Flocculating                            

     High Mole-                                                                

              Agent Added (ppm)                                                

     cular Floc-                                                               

     culating                                                                  

     Agent Used                                                                

              0.25    0.35    0.5   1.25  2.5   5.0                            

     ______________________________________                                    

     Example 1                                                                 

              1.00    1.01    1.21  1.41  1.61  1.81                           

     Example 2                                                                 

              0.25    --      --    0.25  0.26  0.26                           

     Example 3                                                                 

              1.54    1.89    2.45  2.98  3.27  3.53                           

     Example 5                                                                 

              0.88    --      1.22  1.43  1.56  1.62                           

     ______________________________________                                    

PAR  It will be apparent from the above results that the polymer of the present
      invention exhibits excellent flocculating or coagulating properties.
PAR  From the foregoing discussions, examples and description of the invention,
      it is apparent that the objects set forth herein as well as others have
      been achieved. Those skilled in the art will recognize that the principles
      of this invention may be applied in several ways, only a few of which have
      been exemplified herein specifically. Accordingly, the invention is to be
      limited only by the spirit thereof and the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A water soluble linear macroamine polymer consisting essentially of a
      structural unit shown by the following formula:
      ##EQU5##
      wherein R represents alkyl group containing 1 to 4 carbon atoms, x is a
      mol decimal fraction between about 0.65 and 0.95, and y is a mol decimal
      fraction between about 0.23 and 0.04.
NUM  2.
PAR  2. A macroamine polymer according to claim 1 wherein x is between 0.80 and
      0.95.
NUM  3.
PAR  3. A macroamine polymer according to claim 1 wherein R is the methyl group.
NUM  4.
PAR  4. A macroamine polymer according to claim 1 wherein R is the ethyl group.
NUM  5.
PAR  5. A macroamine polymer according to claim 1 wherein R is the isopropyl
      group.
NUM  6.
PAR  6. A method of preparing a water-soluble linear macroamine polymer which
      comprises reacting polyvinyl bromide with N-monoalkylaniline having 1 to 4
      carbon atoms in the alkyl group at temperatures between about 80.degree.
      and 250.degree. C.
NUM  7.
PAR  7. A method according to claim 6 wherein the reaction occurs at
      temperatures between about 120.degree. and 180.degree. C.
NUM  8.
PAR  8. A method according to claim 6 wherein the equivalent ratio of the
      N-monoalkylaniline to polyvinyl bromide is between about 3 and 20.
NUM  9.
PAR  9. A method according to claim 8 wherein N-monoalkylaniline is
      N-methylaniline.
NUM  10.
PAR  10. A method according to claim 8 wherein N-monoalkylaniline is
      N-ethylaniline.
NUM  11.
PAR  11. A method according to claim 8 wherein N-monoalkylaniline is
      N-isopropylaniline.
NUM  12.
PAR  12. A method according to claim 8 wherein N-monoalkylaniline is
      N-n-butylaniline.
NUM  13.
PAR  13. An aqueous solution of the water-soluble linear macroamine polymer of
      claim 1.
PATN
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LREP
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ABST
PAL  Microscopy specimens are infused with and embedded in a low viscosity
      medium whose composition comprises: a low viscosity epoxy resin, a
      moderately low viscosity epoxy flexibilizer, an anhydride hardener, and an
      accelerator. The composition's viscosity is low enough to permit thorough
      infusion into a wide range of specimens, including endosperms with a high
      lipid content, tissues with hard, lignified cell walls, and highly
      vacuolated parenchymatous tissues of ripe fruits.
PARN
PAR  This application is a continuation of application Ser. No. 208,926, filed
      Dec. 16, 1971, and now abandoned, which was a continuation of application
      Ser. No. 2,386, filed Jan. 12, 1970, also now abandoned.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to embedding media for microscopy specimens
      and more particularly to a low viscosity embedding medium for numerous
      types of electron microscopy specimens.
PAR  In sectioning specimens for subsequent microscopic examination it is
      desirable to secure sections with the least amount of distortion or
      disruption of cell or tissue structures as they existed in the viable or
      original state. In order to preserve such structures it is the general
      practice to infuse the specimen before sectioning with a medium designed
      to firm up or reinforce such microstructures so that they will remain
      intact during the sectioning process and during subsequent handling while
      under examination.
PAR  Such embedding media range from the old paraffinic materials to more
      recently devised organic polymeric materials such as acrylics and epoxy
      compositions. Despite the improvement in composition of embedding media a
      continuing problem remains, i.e., complete infusion of the
      microstructures. For unless the embedding medium thoroughly penetrates
      into the minutest structure, distortion or disruption thereof will take
      place upon sectioning and subsequent handling.
PAR  Thorough infusion of the specimens is also complicated by the fact that
      while the medium must completely penetrate the specimen microstructures,
      it must also be resistant to fracturing upon sectioning, it must remain
      transparent to light or the electron beam, it must show no microstructure
      itself at the microscopy magnifications to be utilized, it must solidify
      or polymerize at temperatures low enough to prevent damage to the specimen
      structure or tissues, it must not damage the specimen microstructures upon
      polymerization, but it must solidify or polymerize to sufficient hardness
      to rigidly hold the specimen microstructures in position during sectioning
      and subsequent handling, and finally it must possess a reasonable "pot"
      life to permit infusion of a reasonable number of specimens or large
      specimen samples before solidification or polymerization takes place.
PAR  A new embedding medium has now been devised which fulfills all of the
      aforestated requirements as well as being of sufficiently low viscosity to
      thoroughly penetrate and infuse the minutest structures of a wide range of
      specimen tissues including problem materials such as the lipid storage
      endosperm of castor bean seeds and tomatoes, hard, lignified elements in
      vascular bundles of tomato leaves, as well as the soft, highly vacuolated,
      parenchymatous tissues of ripe tomato fruits.
PAR  Briefly the medium of the invention comprises low viscosity components
      comprising the following: a cycloaliphatic diepoxide, preferably vinyl
      cyclohexene dioxide; an epoxy resin flexibilizer, preferably diglycidyl
      ether of polypropylene glycol; an anhydride hardener, preferably nonenyl
      succinic anhydride; and an accelerator, preferably an alkyl alkanol amine
      such as dimethylamino-ethanol.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The embedding medium of the invention comprises a low viscosity epoxy resin
      composition including an epoxy resin selected from the cycloaliphatic
      diepoxides, more specifically vinyl cyclohexene dioxide. This
      cycloaliphatic diepoxide is a clear liquid with a molecular weight of
      140.18, an epoxide equivalent of 74-78 (grams of resin containing one gram
      equivalent of epoxide), and a specific gravity of 1.10 at 20.degree.C. It
      has a viscosity that is quite low for epoxy resins, that is 7.8
      centipoises at 25.degree.C.
PAR  The vinyl cyclohexene dioxide has the following chemical structure:
      ##SPC1##
PAR  A flexibilizer is added to the embedding medium composition in order to
      prevent undue hardness and brittleness of the specimen castings. The
      diglycidyl ether of polypropylene glycol epoxy resin is quite suitable as
      the flexibilizer. This resin has a molecular weight of about 380, a
      specific gravity of 1.14 at 25.degree. C. and has a moderately low
      viscosity of 30-60 centipoises at 25.degree. C.
PAR  It is considered as a flexible epoxy resin by virtue of its long aliphatic
      structure derived from the condensation of polypropylene glycol and
      epichlorohydrin. Its theoretical structure is:
      ##EQU1##
PAR  From the above formula it should be noted that the number of propylene
      glycol units per molecule of the diglycidyl ether may vary from as little
      as 2 to as high as 6. Such numbers are however understood to be the
      average of propylene glycol units since the flexibilizer normally contains
      a mixture of sUch noted molecules. Generally, however, n averages 4. But
      any such diglycidyl ether of polypropylene glycol having an average of
      propylene glycol units in the range of from 2 to 6 is satisfactory for use
      in the invention composition.
PAR  A hardener has been found necessary in the embedding composition. The
      branched alkenyl succinic anhydrides based on tripropylene are preferred.
      More specifically nonenyl succinic anhydride is particularly preferred
      since it is essentially water-white in color and the resultant castings
      are lower in color than those made with hardeners of other types.
PAR  Nonenyl succinic anhydride has a molecular weight of 224, a specific
      gravity of 1.01 and has a structural formula:
      ##EQU2##
PAR  The final component of the embedding medium is an accelerator. The alkyl
      alkanol amines are suitable for this purpose, with dimethylaminoethanol
      being preferred. Dimethylaminoethanol is a clear liquid with a viscosity
      of 3.32 centipoises at 25.degree.C. and a specific gravity of 0.89 at
      20.degree.C. It has the structure:
      ##EQU3##
      and is quite effective in inducing a rapid cure of the embedding
      composition at temperatures of 70.degree.C. and above, even when used in
      low concentrations of about 1.0 percent by weight of the total resin
      components.
PAR  For general infusion and embedding use, a composition of the above
      components has been found most useful:
TBL                     parts by weight                                        

     ______________________________________                                    

     Vinyl cyclohexene dioxide                                                 

                          10                                                   

     Diglycidyl ether of poly-                                                 

     propylene glycol     6                                                    

     Nonenyl succinic anhydride                                                

                          26                                                   

     Dimethylamino ethanol                                                     

                          0.4                                                  

     ______________________________________                                    

PAR  The above composition has a "pot" life of three to four days and has a
      viscosity of about 60 centipoises at 25.degree.C. immediately after mixing
      and a viscosity of 140 centipoises at 25.degree.C. 24 hours later.
PAR  The medium is simply prepared by weighing out suitable amounts of each of
      the components and then adding each of them in turn to a suitable
      container. The two epoxy components and the anhydride hardener are gently
      agitated upon addition. The mixture is further shaken briefly after
      addition of the alkyl alkanol amine accelerator, but this should be done
      so as to minimize the entrainment of air. A light vacuum may be applied to
      the composition to facilitate removal of any entrained air.
PAR  The completed composition may then be used immediately for infusing
      specimens. However the composition will remain fluid for several days if
      held at ambient room temperatures. Alternatively, the composition may be
      frozen solid in a deep freezer for an extended period of time. Upon
      thawing the composition can be used to infuse and embed specimens in the
      normal manner.
PAR  The composition of the invention may be modified to a considerable extent
      if it is desired to obtain harder or softer castings, effect a more rapid
      cure or polymerization, maintain a longer "pot" life, or infuse with a
      composition of lower viscosity than the composition set forth above. Thus
      reducing the diglycidyl ether of polypropylene glycol resin to but 4 parts
      by weight in the composition will yield a composition much harder when
      polymerized. If the same resin is increased to 8 parts by weight, a soft
      curing medium will result. The cure rate and "pot" life of the composition
      may also be modified by altering the relative amount of accelerator in the
      composition. Thus if the dimethylaminoethanol is increased to about 1.0
      part by weight in the standard composition as set forth above, the infused
      specimen will cure in approximately 3 hours at 70.degree.C. as opposed to
      a cure of approximately 8 hours at 70.degree.C for the standard
      composition. The "rapid" cure composition has a "pot" life of
      approximately 2 days as opposed to a 3-4 day "pot" life for the standard
      composition. Conversely, if the dimethylaminoethanol accelerator is
      reduced to about 0.2 parts by weight in the composition, the cure time
      rises to approximately 16 hours at 70.degree.C. while the "pot" life is
      extended to about 7 days.
PAR  Of course, it is apparent that variations in the composition of the
      embedding medium may be made from those specifically set forth above with
      a corresponding change in resultant hardness, cure time or "pot" life.
PAC  SPECIMEN PREPARATION
PAR  A specimen to be infused with and embedded in the composition of the
      invention is initially dehydrated with any of the commonly utilized
      dehydrating fluids such as acetone, dioxan, ethanol, hexylene glycol,
      isopropyl alcohol, propylene oxide or tertiary butyl alcohol. All of the
      above noted dehydrating fluids are completely miscible with the embedding
      medium.
PAR  In any event, the specimen is thoroughly dehydrated in the selected fluid
      by immersion therein for a length of time sufficient to insure thorough
      infusion and dehydration of the tissues. It is often advantageous to carry
      out several immersions in increasingly stronger concentrations of the
      dehydrating fluid. The final dehydration is carried out in a small amount
      of excess fluid.
PAR  Embedding medium is then added to the specimen in the dehydrating fluid in
      an amount about equal to the remaining dehydrating fluid. The fluid and
      medium with the specimen therein are swirled together thoroughly so as to
      thoroughly mix the liquid components and the entire mixture is permitted
      to stand for about 1/2 hour. Another equal quantity of embedding medium is
      then added to the previous mixture, is mixed, and then permitted to stand
      for an additional 1/2 hour.
PAR  The mixture of dehydrating fluid and embedding medium is then decanted from
      the specimen and a third amount of embedding medium is then added whereby
      the specimen is now in 100 percent embedding medium.
PAR  The specimen is permitted to stand in the embedding medium for a period of
      time regarded as sufficient to permit thorough infusion, at least for
      several hours or so. A second change of embedding fluid is made and
      further infusion is permitted to take place.
PAR  After thorough infusion is considered to have taken place the specimen in
      an excess amount of medium is polymerized at about 70.degree. C. for 8 or
      more hours. Upon polymerization, the medium and embedded specimen cure to
      a solid which may subsequently be handled and sectioned in the
      conventional manner.
PAR  Variations in dehydration, infusion, and embedding of the specimens will be
      readily apparent to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an embedding medium for infusing the cells of biological specimens,
      polymerizable to a hard, tough, transparent polymer without disruption of
      said cells, the improvement comprising employing in said medium about 10
      parts by weight of a polymerizable cycloaliphatic diepoxide having a
      viscosity of less than about 8 centipoise at 25.degree. C., about 4 to 8
      parts by weight of an epoxy resin flexibilizer product, derived from the
      condensation of a polypropylene glycol having a degree of polymerization
      of from about 2 to 6 with epichlorohydrin, and having a viscosity of less
      than about 60 centipoises at 25.degree. C., about 26 parts by weight of an
      anhydride hardener having a viscosity of less than about 120 centipoises
      at 25.degree. C., and about 0.2 to 1.0 parts by weight of an alkyl alkanol
      amine accelerator having a viscosity of less than about 4 centipoises at
      25.degree. C.
NUM  2.
PAR  2. The embedding medium of claim 1 wherein said diepoxide resin is vinyl
      cyclohexene dioxide.
NUM  3.
PAR  3. The embedding medium of claim 1 wherein the epoxy resin flexibilizer is
      diglycidyl ether of polypropylene glycol.
NUM  4.
PAR  4. The embedding medium of claim 1 wherein said anhydride hardener is an
      alkenyl succinic anhydride.
NUM  5.
PAR  5. The embedding medium of claim 4 wherein the alkenyl succinic anhydride
      is nonenyl succinic anhydride.
NUM  6.
PAR  6. The embedding medium of claim 1 wherein the alkyl alkanol amine
      accelerator is dimethylaminoethanol.
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ABST
PAL  A polychloroprene-base adhesive composition having a long retention time of
      tackiness without lowering of adhesive strength, which consists of:
PAL  (1) resinous material having a softening point of 145.degree.C or higher
      being obtained by polymerization of a cracked oil fraction; (2)
      polychloroprene; (3) additives such as metallic oxides and antioxidants;
      (4) conventional additive resins, if necessary; and (5) volatile organic
      solvent.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a polychloroprene-base adhesive. More
      particularly, the invention relates to a novel and improved
      polychloroprene-base adhesive which consists of: (1) resinous material
      having a softening point of 145.degree.C or higher which is obtained by
      polymerizing cracked oil fractions of crude petroleum or its distillation
      products; (2) polychloroprene; (3) known additives for polychloroprene
      such as metallic oxides and antioxidants; (4) known resins added to
      polychloroprene-base adhesive such as alkylphenol resin and
      coumarone-indene resin, if necessary; and (5) volatile organic solvents.
PAR  Generally speaking, the polychloroprene-base adhesives have good adhesive
      strength, and in addition, they have excellent weather resistance, aging
      resistance, alkali resistance and so forth. Furthermore, they can be
      applied to a wide variety of substrates to be adhered. So that, the
      polychloroprene-base adhesives are advantageous in use as compared with
      several natural rubber-base adhesives, vinyl acetate-base adhesives and
      methacrylic ester-base adhesives.
PAR  For this reason, the polychloroprene-base adhesives are widely employed in
      the manufacturing industries; however, in the practical use of the
      adhesives, the retention time of tackiness of the adhesive as used has a
      very important significance in the adhesion process. That is, when an
      adhesive having a long retention time of tackiness is used, the open time
      after the application of adhesive to the bonding step can be extended
      because, even when the articles are not joined together just after the
      application of the adhesive, the adhesive strength does not decrease. This
      fact is very advantageous not only in the convenience during the adhesion
      process but also in the elimination of the scattering of adhesive strength
      owing to the changes of open time.
PAR  With regard to the retention time of tackiness, the polychloroprene-base
      adhesives in the prior art have not been satisfactory for the industrial
      purposes. While, in order to extend this retention time of tackiness, it
      has been proposed to add thermoplastic resin such as coumarone-indene
      resin, terpenephenol resin glycol ester of hydrogenated wood rosin and
      petroleum resins having lower softening points into the
      polychloroprene-base adhesives, however, such addition is liable to cause
      the lowering adhesive strength by the decrease of cohesive force.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In view of the aforementioned facts, the principal object of the present
      invention is to propose a novel and improved polychloroprene-base adhesive
      composition.
PAR  Further object of the present invention is to propose such adhesive
      composition which is able to elimate the above-mentioned disadvantages.
PAR  Still further object of the present invention is to propose the
      polychloroprene-base adhesive composition, the tackiness of which can be
      largely extended without causing the lowering of cohesion, thereby
      providing large adhesive strength.
PAR  Pursuant to the above objects, the polychloroprene-base adhesive of the
      present invention consists of: (1) resinous material having a softening
      point of 145.degree.C or higher which is obtained by polymerizing cracked
      oil fraction obtainable, as by-products, in the production of ethylene,
      propylene, butene and butadiene from naphtha, kerosene, light oil or crude
      oil through catalytic cracking or thermal cracking such as steam cracking,
      vapor phase thermal cracking and sand cracking; (2) polychloroprene; (3)
      known additives for polychloroprene such as metallic oxides and
      antioxidants; (4) known resins for the polychloroprene-base adhesive such
      as alkylphenol resin, coumarone-indene resin, terpene-phenol resin and
      polyterpene resin, if necessary; and (5) volatile organic solvents.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other features of the invention will be more fully understood by
      referring to the following detailed description and examples with
      reference to the accompanying drawings, in which:
PAR  FIG. 1 and FIG. 2 are comparative diagrams of the adhesion properties of
      the adhesive compositions of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As disclosed in the above, the resinous material having a softening point
      of 145.degree.C or higher used in the present invention is prepared by
      polymerizing a cracked oil fraction which is obtained in the cracking of
      petroleum such as naphtha. More specifically, it may be industrially
      prepared by polymerizing a cracked oil fraction having a boiling point of
      140.degree. to 280.degree.C or such fraction which being enriched with
      indene fraction in the presence of Friedel-Crafts catalyst, and as far as
      we understand now, the resinous material which is prepared by this method
      is most suitable in the present invention.
PAR  Further, in the present invention, a resinous material having a softening
      point of 145.degree.C or higher which is prepared by thermally
      polymerizing a fraction of cyclopentadiene or its derivative such as
      dicyclopentadiene or a fraction which being enriched with such components,
      at a temperature of, for example, 250.degree. to 350.degree.C, can also be
      used. The softening point of the resinous material as used herein must not
      be lower than 145.degree.C, and when a resin having a lower softening
      point than said temperature is used, the composition having strong
      adhesion can not be obtained as shown by the following comparative
      example.
PAR  The term "polychloroprene" referred in the present invention means polymers
      of chloroprene, and as such polymers, the commercially available products
      such as Neoprene (trademark made by Showa Neoprene Co., Ltd., Japan),
      Denka Chloroprene (trademark made by The Electro Chemical Industrial Co.,
      Ltd., Japan) and Skyprene (trademark, made by Toyo Soda Manufacturing Co.,
      Ltd., Japan) can be used.
PAR  The aforementioned metallic oxides are, for example, zinc oxide and oxides
      of alkaline earth metals such as magnesium oxide and calcium oxide. The
      antioxidants or aging inhibitors as used may be those generally employed
      for the ordinary polychloroprene rubber such as
      2,6-di-tert-butyl-p-cresol, 2,2'-methylenebis(4-methyl-6-tert-butylphenol)
      and phenyl-.beta.-naphthylamine.
PAR  The aforementioned volatile organic solvents are, for example, aromatic
      hydrocarbons such as toluene and xylene, chlorinated aliphatic hydrocarbon
      such as carbon tetrachloride, ethyl acetate, n-hexane or a mixture of them
      which dissolve the ordinary polychloroprene.
PAR  The preparation of the above-mentioned novel composition of
      polychloroprene-base adhesive may be carried out according to the commonly
      known method, which is disclosed, for example, in "Plastics", 23, (12),
      107 - 120 (1972).
PAR  In the composition of the present invention, the compounding ratios of the
      above components are not especially restricted, while in general
      compositions, 1 to 70 parts by weight of component (1), 1 to 40 parts by
      weight of metallic oxide, 0 to 5 parts by weight of antioxidant, 0 to 70
      parts by weight of component (4) and 100 to 1,000 parts by weight of
      component (5) may be used against 100 parts by weight of component (2).
      And the above compounding ratios may be preferably 20 to 50 parts by
      weight of component (1), 5 to 20 parts by weight of metallic oxide 1 to 3
      parts by weight of antioxidant, 0 to 50 parts by weight of component (4)
      and 300 to 600 parts by weight of component (5) to 100 parts by weight of
      component (2).
PAR  In the following, the present invention will be further explained by
      Examples in which all parts and percentages are by weight unless otherwise
      indicated.
PAC  EXAMPLE 1
PAR  A cracked oil fraction (A) having a boiling range of 140.degree. to
      220.degree.C which was obtained in the steam cracking of naphtha, was
      mixed with indene in the amounts as indicated in the following Table 1 to
      obtain starting mixtures. These mixtures were polymerized under the
      conditions of said Table 1, and after the polymerization, the catalyst was
      removed by washing with caustic soda aqueous solution and further rinsed
      with water. Then, unreacted oil and lower polymer were removed from the
      polymerization products by distillation to obtain aromatic hydrocarbon
      resins N-1 and N-2. The properties of said resins are also shown in the
      following Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

         Starting  Catalyst                                                    

                         Polymeri-                                             

                                 Properties of                                 

     Resin                                                                     

         Material  BF.sub.3.Et.sub.2 O                                         

                         zation  Resin                                         

     Cracked             Temp.                                                 

                             Time                                              

                                 Soften-                                       

                                      Bromine                                  

     Oil (A)   Indene                                                          

                   as used                                                     

                         (.degree.C)                                           

                             (hr)                                              

                                 ing Pt.                                       

                                      Number                                   

     (%)       (%) (%)           (.degree.C)*1                                 

                                      *2                                       

     __________________________________________________________________________

     N-1 95    5   0.8   10  5   151  21                                       

     N-2 90    10  0.4   10  5   163  19                                       

     Comp.                                                                     

     Sample                                                                    

         100   0   0.8   10  5   121  24                                       

     __________________________________________________________________________

       *1Measured according to ring and ball method of Japanese Industrial     

      Standard (JIS) K-2531.                                                   

       *2Measured according to ASTM D-1158-57T.?                               

PAR  Then, in the next step, 100 parts of Denka Chloroprene A-90 (trademark made
      by The Electro Chemical Industrial Co., Ltd., Japan) 5 parts of zinc
      oxide, 4 parts of magnesium oxide, and 2 parts of antioxidant (trademark:
      Nocrac 200, made by Ouchi-Shinko Chemical Industrial Co., Ltd., Japan)
      were well kneaded by a mixing roll. In the meantime, each 45 parts of said
      resin N-1, resin N-2, Comparative Sample P having a softening point of
      121.degree.C as disclosed in Table 1, and a thermal reaction type
      alkylphenol resin (Trademark: Hitanol 2182, made by Hitachi Chemical Co.,
      Ltd., Japan) was mixed with 4 parts of magnesium oxide, 1 part of water
      and 450 parts of toluene at room temperature. And after 24 hours, each 111
      parts of said kneaded mixture was added to each of the latter mixtures and
      mixed well, thereby adhesive compositions were prepared. For comparison,
      an adhesive composition which does not contain any resinous material was
      also prepared.
PAR  The adhesive properties of thus obtained adhesive compositions were tested,
      the results of which are shown in the accompanying FIG. 1. It will be
      understood from this diagram that the polychloroprene-base adhesive
      compositions of the invention using the resins N-1 and N-2 have longer
      retention time of tackiness as well as larger adhesive strength after the
      long open time.
PAR  The adhesion tests were carried out as follows. In each test, two sheets of
      cotton canvas were applied with each adhesive three times every 1 hour,
      and left as they stand. The time from the third application to the joining
      of said two sheets was referred to as "open time" in this specification.
      After the open time, the two sheets were joined together, and after
      further 48 hours, the peel strength was measured according to ASTM
      D-903-49. The speed of peeling was 50 mm/min, and the operations from the
      application of adhesive to the measurement of peel strength were carried
      out in an air-conditioned room at 23 .+-. 1.degree.C
PAC  EXAMPLE 2
PAR  Five percent of indene and 0.8 % of boron trifluoride ethyl ether complex
      were added to the cracked oil fraction (A) as used in Example 1, and
      polymerized at 0.degree.C for 7 hours, thus obtaining an aromatic
      hydrocarbon resin (N-3) having a softening point of 158.degree.C and a
      bromine number of 20. Using the resin N-3, alkylphenol resin (Hitanol
      2181) and an equal mixture of said two resins, adhesive compositions were
      prepared in like manner as the foregoing Example 1. Then, the adhesion
      tests were carried out, the results of which are shown in FIG. 2.
PAR  It will be understood from the figure that the polychloroprene-base
      adhesive composition of the present invention has not only a longer
      retention time of tackiness but also a larger adhesive strength as
      compared with the ordinary compositions. Further, it is understood that
      the retention time of tackiness of the adhesive composition which
      containing both of the resin N-3 and alkylphenol resin was clearly
      improved as compared with the adhesive composition containing only the
      alkylphenol resin.
PAR  It should be emphasized, however, that the specific examples described
      herein are intended as merely illustrative and in no way restrictive of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A polychloroprene-base adhesive composition which consists of:
PA1  1. from 1 to 70 parts by weight of a resinous material containing indene
      and having a softening point of 145.degree.C. or higher which is obtained
      by polymerizing a cracked fraction produced as a by-product of thermal or
      catalytic cracking of crude petroleum or petroleum distillates;
PA1  2. 100 parts by weight of a polychloroprene;
PA1  3. from 1 to 40 parts by weight of a metallic oxide selected from the group
      consisting of zinc oxide and an alkaline earth metal oxide;
PA1  4. 0 to 5 parts by weight of an antioxidant;
PA1  5. 0 to 70 parts by weight of an alkylphenol resin, coumarone-indene resin,
      terpenephenol resin or polyterpene resin; and
PA1  6. A volatile organic solvent selected from the group consisting of an
      aromatic hydrocarbon, a chlorinated aliphatic hydrocarbon, a lower alkyl
      ester of acetic acid, a saturated aliphatic hydrocarbon and mixtures
      thereof.
NUM  2.
PAR  2. A polychloroprene-base adhesive composition as claimed in claim 1, in
      which said resinous material having a softening point of 145.degree.C or
      higher is prepared by polymerization of a cracked oil fraction having a
      boiling range of 140.degree. to 280.degree.C in the presence of
      Friedel-Crafts catalyst.
NUM  3.
PAR  3. A polychloroprene-base adhesive composition as claimed in claim 2, in
      which said cracked oil fraction is enriched with indene.
NUM  4.
PAR  4. A polychloroprene-base adhesive composition as claimed in claim 1, in
      which said resinous material having a softening point of 145.degree.C. or
      higher is prepared by thermally polymerizing a cracked oil fraction
      containing cyclopentadiene or derivative thereof, at a temperature of
      250.degree. to 350.degree.C.
NUM  5.
PAR  5. A polychloroprene-base adhesive composition of claim 1, in which 100
      parts by weight of polychloroprene is mixed with 20 to 50 parts by weight
      of said resinous material, 5 to 20 parts by weight of said metallic oxide,
      1 to 3 parts by weight of said antioxidant, 0 to 50 parts by weight of
      said resin (5) and 300 to 600 parts by weight of said volatile organic
      solvent.
NUM  6.
PAR  6. A polychloroprene-base adhesive composition of claim 1 wherein said
      metallic oxide is zinc oxide, calcium oxide or magnesium oxide.
NUM  7.
PAR  7. A polychloroprene-base adhesive composition of claim 1 wherein said
      antioxidant is 2,6di-tert-butyl-p-cresol,
      2,2'-methylenebis(4-methyl-6tert-butylphenol) or
      phenyl-.beta.-naphthylamine.
NUM  8.
PAR  8. A polychloroprene-base adhesive composition of claim 1 wherein said
      resinous material comprises a cracked oil fraction having a boiling range
      of from 140.degree.C. to 220.degree.C.
PATN
WKU  039337200
SRC  5
APN  4572769
APT  1
ART  142
APD  19740402
TTL  Polychloroprene type adhesive compositions
ISD  19760120
NCL  10
ECL  1
EXP  Seccuro; Carman J.
INVT
NAM  Iwai; Sakuya
CTY  Tokyo
CNT  JA
INVT
NAM  Hirose; Takao
CTY  Kamakura
CNT  JA
ASSG
NAM  Nippon Oil Company Ltd.
CTY  Tokyo
CNT  JA
COD  03
PRIR
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APN  48-39146
CLAS
OCL  260 312MR
XCL  260 336A
XCL  260 338UA
XCL  260 4234
XCL  260 459R
XCL  260 4595
XCL  260 784D
XCL  260829
XCL  260845
XCL  260888
XCL  260889
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EDF  2
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ICL  C08K  502
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ABST
PAL  Polychloroprene type adhesive compositions comprising (1) an acid-modified
      hydrocarbon resin, (2) polychloroprene, and (3) suitable additives such as
      metal oxides and anti-aging agents, together with, if desired, (4) known
      resins for polychloroprene type adhesives, such as alkylphenol resins and
      petroleum resins, and (5) a volatile organic solvent.
BSUM
PAR  This invention relates to a novel polychloroprene type adhesive
      composition. More particularly, it relates to a novel polychloroprene type
      adhesive composition comprising (1) a resin prepared by reacting a
      starting hydrocarbon resin-obtained by the polymerization of a cracked oil
      fraction that has itself been obtained by the pyrolysis, steam cracking,
      catalytic cracking or the like of petroleum - with an unsaturated
      polybasic acid or anhydride thereof, (2) polychloroprene and (3) additives
      such as a metal oxide and/or an anti-aging agent, which are usually added
      to polychloroprene, and, if desired, further comprising (4) supplemental
      resins such as an alkylphenol resin, cumarone-indene resin and petroleum
      resin, which may be usually incorporated in a polychloroprene type
      adhesive, and (5) a volatile organic solvent.
PAR  In general, polychloroprene type adhesives are excellent in adhesiveness,
      weather resistance, aging resistance, chemical resistance and the like,
      and they have heretofore been widely used for various purposes.
PAR  The conventional polychloroprene type adhesives exhibit excellent adhesive
      strength at ambient temperatures but, on the other hand, tend to
      considerably decrease in adhesiveness in summer or when used at high
      temperatures. Thus they present the problem of their exhibiting
      considerable to which they are necessarily exposed while in use. Thus they
      have such a problem as their considerable decrease in adhesiveness at high
      temperatures, that is unsatisfactory heat resistance. While it is already
      known that certain alkylphenol resins are effective as reinforcements to
      reduce the aforesaid drawbacks and that conventional polychloroprene type
      adhesives can be improved in heat resistance by the use of alkylphenol
      resins and derivatives thereof that are contained in the adhesives.
PAR  However, these alkylphenol resins are expensive and, therefore, new
      heat-resistant polychloroprene adhesives, in which relatively inexpensive
      component materials are used have been sought.
PAR  The primary object of this invention is therefore to provide a
      polychloroprene adhesive composition which retains satisfactory heat
      resistance properties and contains a resin quite different in properties
      from alkylphenol resins.
PAR  This object is attained by the preparation of a heat-resistant adhesive
      composition comprising (1) an acidmodified resin prepared by reacting an
      unsaturated polybasic acid or anhydride thereof with a starting
      hydrocarbon resin obtained by the polymerization of a cracked oil fraction
      that itself can be obtained as a by-product in the production of ethylene,
      propylene, butenes and butadiene by the so-called steam cracking,
      vapor-phase pyrolysis, sand cracking, catalytic pyrolysis or the like of
      such petroleum fractions or products such as naphtha, kerosene, light oil
      (gas oil), crude petroleum or the like, (2) polychloroprene and (3)
      conventional additives such as metal oxides and/or anti-aging agents,
      which are usually added to polychloroprene, together with, if desired, (4)
      supplemental resins such as alkylphenol resin, cumarone-indene resin,
      petroleum resin and terpene resin, which may be incorporated in
      polychloroprene type adhesives and (5) a volatile organic solvent.
PAR  The term "petroleum" used herein is intended to include naphtha, kerosene,
      gas oil, crude oil or the like.
PAR  The starting resin for the acid-modified resin (1) used as one of the
      component materials in this invention is obtained by the polymerization of
      a cracked oil fraction obtained by the pyrolysis of naphtha or the like,
      as mentioned above. Industrially, the polymerization is carried out by
      using, as a starting resin material, a fraction boiling at 140.degree. -
      280.degree.C, or such a fraction containing indene in an increased
      concentration obtained from said cracked oil fraction in the presence of a
      Friedel-Crafts type catalyst, and the resin thus obtained is the most
      preferred one of this invention. There may also be used such resins as are
      obtained by the polymerization of a fraction boiling at 20.degree. -
      140.degree.C separated from said cracked oil fraction or of a mixture of
      the former fraction with said fraction boiling at 140.degree. -
      280.degree.C. The starting resin so obtained, after having been melted by
      heating or dissolved in a hydrocarbon oil or other solvents, is then
      addition reacted with an unsaturated polybasic acid such as maleic acid,
      or an unsaturated dicarboxylic anhydride such as maleic anhydride. The
      amount of said unsaturated polybasic acid or anhydride thereof that is
      added is preferably in the range of 0.1 - 30 parts based on 100 parts by
      weight of said starting hydrocarbon resin. A mixture of such a hydrocarbon
      resin and polybasic acid or anhydride thereof is preferably reacted at
      120.degree. - 250.degree.C in the absence or presence of a catalyst such
      as a peroxide.
PAR  The typical unsaturated polybasic acids and anhydrides thereof which may be
      used in this invention include maleic, citraconic,
      endomethylenetetrahydrophthalic and tetrahydrophthalic acids and the
      anhydrides and halides thereof. These unsaturated dicarboxylic acids and
      the anhydrides thereof may be used singly or in any mixture.
PAR  The term "polychloroprene" used herein is defined as being a chloroprene
      polymer which may be a commercially available chloroprene polymer such as
      Neoprene (Trademark of Showa Neoprene Co., Ltd.), Denka Chloroprene
      (Trademark of Denki Kagaku Kogyo Co., Ltd.) or Skyprene (Trademark of Toyo
      Soda Kogyo Co., Ltd.).
PAR  The metal oxides which may be used include alkaline earth metal oxides such
      as magnesium oxide and calcium oxide, as well as zinc oxide.
PAR  The anti-aging agents which may be used include 2,6-ditertiary-butyl
      para-cresol, 2,2'-methylene bis(4-methyl-6-tertiary-butylphenol and
      phenyl-.beta.-naphthylamine, which are usually used in polychloroprene
      rubber.
PAR  The volatile organic solvents which may be used include aromatic
      hydrocarbons such as toluene and xylene; chlorinated aliphatic
      hydrocarbons such as carbon tetrachloride; aliphatic hydrocarbons such as
      n-hexane; ethyl acetate; and mixtures thereof. Such solvents are those
      conventionally used to dissolve polychloroprene therein.
PAR  The aforesaid novel polychloroprene type adhesive compositions of this
      invention may be prepared by any known process, for example, a process
      disclosed in "Plastics, 23 (12) 107-120 (1972)".
PAR  The proportions of the components contained in the adhesive compositions of
      this invention are not particularly limited; however, the adhesive
      compositions usually comprise, by weight, 1 - 100 parts of the component
      (1), 100 parts of the component (2), 1 - 40 parts of the metal oxide and 0
      - 5 parts of the anti-aging agent (3), 0 - 100 parts of the component (4)
      and 100 - 1000 parts of the component (5), and they preferably comprise 20
      - 60 parts of the component (1), 100 parts of the component (2), 5 - 20
      parts of the metal oxide and 1 - 3 parts of the anti-aging agent (3), 0 -
      60 parts of the component (4) and 300 - 600 parts of the component (5).
DETD
PAR  This invention will be detailed by reference to the following non-limiting
      examples wherein all parts are by weight unless otherwise specified.
PAC  EXAMPLE 1
PAR  A cracked oil fraction boiling at 140.degree. - 220.degree.C produced as a
      by-product by the steam cracking of naphtha, was polymerized at
      10.degree.C for 5 hours in the presence of a catalyst comprising boron
      trifluoride ethyl ether complex compound, after which the reaction mixture
      was combined or admixed with an aqueous solution of sodium hydroxide to
      decompose the catalyst, thereafter washed with water and then treated to
      distil off the unreacted oils and low polymers to obtain an aromatic
      hydrocarbon resin (I) having a softening point of 122.degree.C as
      determined from JIS (Japanese Industrial Standard) K2531. One hundred
      grams of the resin (I) were admixed with 10 g of maleic anhydride and the
      resulting mixture was reacted at 210.degree.C for 5 hours, thereby
      resulting in a maleicmodified aromatic hydrocarbon resin (I-M).
PAC  EXAMPLE 2
PAR  A cracked oil fraction boiling at 160.degree. - 225.degree.C produced as a
      by-product by the steam-cracking of naphtha, was treated in the same
      manner as in Example 1 to obtain an aromatic hydrocarbon resin (II) having
      a softening point of 157.degree.C. One hundred grams of the resin (II)
      were admixed with 6 g of maleic anhydride and the admixture reacted at
      230.degree.C for 9 hours, thereby resulting in a maleic-modified aromatic
      hydrocarbon resin (II-M).
PAC  EXAMPLE 3
PAR  A cracked oil fraction having a boiling point range of about 20.degree. -
      140.degree.C obtained as a by-product by the steam-cracking of naphtha,
      was subjected to polymerization at ambient temperatures in the presence of
      an aluminum trichloride catalyst, and the resulting reaction mixture was
      treated in the same manner as in Example 1 to obtain an aliphatic
      hydrocarbon resin (III) having a softening point of 100.degree.C. One
      hundred grams of the resin (III) were admixed with 7 g of maleic anhydride
      and the admixture reacted at 210.degree.C for 5 hours, thereby resulting
      in maleic-modified aliphatic hydrocarbon resin (III-M).
PAC  EXAMPLE 4
PAR  The adhesive compositions of this invention were prepared as follows.
PAR  One hundred parts of polychloroprene (supplied under the trademark of
      Denkachloroprene A-90 by Denki Kagaku Kogyo Co., Ltd.), 5 parts of zinc
      oxide, 4 parts of magnesium oxide and 2 parts of an anti-aging agent
      (supplied under the trademark of Nocrac 200 by Ohuchi Shinko Kagaku Co.,
      Ltd.) were kneaded together by the use of a mixing roll to form a kneaded
      composition.
PAR  Forty-five parts of each of the maleic-modified resins I-M, II-M and III-M
      obtained in Examples 1, 2 and 3, respectively, were mixed under thorough
      agitation with 4 parts of magnesium oxide and 1 part of water in 450 parts
      of toluene at room temperatures for 24 hours to form a mixture which was
      incorporated with 111 parts of said kneaded composition and then mixed
      together, thereby, resulting in a novel adhesive composition.
PAR  For comparison, the aforesaid procedure was followed except that the
      maleic-modified resin was substituted by each of the non-modified resins
      I, II and III obtained in Examples 1, 2 and 3, respectively, thereby to
      obtain a comparative adhesive composition. For further comparison, the
      aforesaid procedure was repeated with the exception that none of such
      resins as above was used, to obtain a comparative resin-free adhesive
      composition.
PAR  The adhesive compositions so obtained were tested for peel strength at room
      temperatures and at 60.degree.C. The results are shown in Table 1, from
      which it is seen that the novel adhesive compositions containing the
      maleic-modified resin (I-M, II-M or III-M) are excellent in peeling
      strength at high temperatures (60.degree.C).
TBL                Table 1                                                     

     ______________________________________                                    

               Properties  Peel strength                                       

                                        Kg/2.5 cm                              

     Adhesive                                                                  

     composition           23.degree.C  60.degree.C                            

     ______________________________________                                    

     Novel composition containing                                              

     I-M resin         13.2         3.3                                        

            "                                                                  

     II-M resin        13.4         3.1                                        

            "                                                                  

     III-M resin        8.0         3.1                                        

     Comparative composition                                                   

     containing         8.7         0.6                                        

     I resin                                                                   

            "                                                                  

     II resin          14.2         0.6                                        

             "                                                                 

     III resin          4.1         1.3                                        

     Comparative resin-free                                                    

     composition       13.6         0.9                                        

     (Resin-free)                                                              

     ______________________________________                                    

PAR  The test for peel strength was made as follows.
PAR  Two pieces of cotton canvas No. 10 are coated, three times at an interval
      of one hour, with the adhesive composition on their surfaces to be bonded
      to each other. Fifteen minutes after the completion of the last coating,
      the two pieces so coated were together compressed with their coated
      surfaces facing to each other by the use of a hand roller (10 Kg) to
      obtain a bonded mass. The thus-obtained bonded mass after allowed to stand
      in a thermostatic room at 23.degree.C for 48 hours, was tested for peel
      strength at 23.degree.C and 60.degree.C by peeling the pieces of the mass
      from each other at a peeling rate of 50 mm/min by the use of a tester for
      tensile strength. The peeling rate was measured according to ASTM D-903-49
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An adhesive composition comprising, by weight, (1) 1-100 parts of an
      acid-modified hydrocarbon resin selected from the group consisting of
      aliphatic hydrocarbon resins, aromatic hydrocarbon resins, and mixtures
      thereof, (2) 100 parts of polychloroprene, (3) 1-40 parts of a metal oxide
      and 0-5 parts of an anti-aging agent, (4) 0-100 parts of at least one
      supplemental resin, and (5) 100-1000 parts of a volatile organic solvent,
      the acid-modified resin (1) having been prepared by reacting 100 parts of
      a starting hydrocarbon resin having a softening point of about 100.degree.
      to about 157.degree.C, obtained by the polymerization of a cracked
      petroleum oil fraction selected from the group consisting of a fraction
      boiling at 20.degree.-140.degree.C, a fraction boiling at
      140.degree.-280.degree.C, and mixtures thereof, with 0.1-30 parts of an
      unsaturated polybasic acid material selected from the group consisting of
      unsaturated polybasic acids and anhydrides thereof.
NUM  2.
PAR  2. An adhesive composition according to claim 1, wherein the suppplemental
      resin is a member selected from the group consisting of alkylphenol
      resins, cumarone-indene resins, and petroleum resins.
NUM  3.
PAR  3. An adhesive composition according to claim 1, wherein the unsaturated
      polybasic acid material is at least one member selected from the group
      consisting of maleic, citraconic, endomethylenetetrahydrophthalic and
      tetrahydrophthalic acids, and anhydrides thereof.
NUM  4.
PAR  4. An adhesive composition according to claim 1, wherein the metal oxide is
      a member selected from the group consisting of magnesium, calcium and zinc
      oxides, and the anti-aging agent is a member selected from the group
      consisting of 2,6-ditertiary-butyl p-cresol, 2,2'-methylene
      bis(4-methyl-6-tertiary-butylphenol) and phenyl-.beta.-naphthylamine.
NUM  5.
PAR  5. An adhesive composition according to claim 1, wherein the volatile
      organic solvent is a member selected from the group consisting of toluene,
      xylene, carbon tetrachloride, ethyl acetate, n-hexane and mixtures
      thereof.
NUM  6.
PAR  6. An adhesive composition according to claim 1, comprising, by weight, (1)
      about 20-60 parts of said acid-modified hydrocarbon resin, (2) about 100
      parts of said polychloroprene, (3) 5-20 parts of the metal oxide and 1-3
      parts of the anti-aging agent, (4) 0-60 parts of the supplemental resin
      and (5) 300-600 parts of the volatile organic solvent.
NUM  7.
PAR  7. An adhesive composition according to claim 6, wherein the supplemental
      resin is a member selected from the group consisting of alkylphenol
      resins, cumarone-indene resins, and petroleum resins.
NUM  8.
PAR  8. An adhesive composition according to claim 6, wherein the unsaturated
      polybasic acid material is a member selected from the group consisting of
      maleic, citraconic, endomethylenetetrahydrophthalic and tetrahydrophthalic
      acids, and anhydrides thereof.
NUM  9.
PAR  9. An adhesive composition according to claim 6, wherein the metal oxide is
      a member selected from the group consisting of magnesium, calcium, and
      zinc oxides; and the anti-aging agent is a member selected from the group
      consisting of 2,6-ditertiary-butyl-p-cresol, 2,2'-methylene bis
      (4-methyl-6-tertiary-butylphenol) and phenyl-.beta.-naphthylamine.
NUM  10.
PAR  10. An adhesive composition according to claim 6, wherein the volatile
      organic solvent is a member selected from the group consisting of toluene,
      xylene, carbon tetrachloride, ethyl acetate, n-hexane, and mixtures
      thereof.
PATN
WKU  039337219
SRC  5
APN  4088042
APT  1
ART  142
APD  19731023
TTL  Flame retardant plasticized compositions
ISD  19760120
NCL  7
ECL  1
EXP  Lieberman; Allan
INVT
NAM  Wilson; Alfred P.
CTY  St. Charles
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UREF
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UREF
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ISD  19680600
NAM  Schmerling
OCL  106 15FP
LREP
FR2  Magidson; William H.
ABST
PAL  Resinous polymers of vinyl chloride plasticized with
      2,5-dibromoterephthalate esters.
BSUM
PAR  This invention relates to the plasticization of resinous polymers of vinyl
      chloride with 2,5-dibromoterephthalate esters.
PAR  It is generally accepted that unplasticized homopolymers of vinyl chloride
      are fire retardant. However, it is conventional to employ copolymers
      containing various comonomers, such as vinyl acetate, and/or various
      plasticizers to impart desirable properties to the polymer. Unfortunately,
      these modifications result in loss of fire retardancy.
PAR  The general object of this invention is to provide fire retardant
      plasticized resinous polymers of vinyl chloride. Other objects appear
      hereinafter.
PAR  I have now found that dialkyl esters of 2,5-dibromoterephthalic acid are
      excellent plasticizers for resinous polymers of vinyl chloride. These
      esters can be used in plasticizing concentrations without exudation from
      the resinous polymers of vinyl chloride. Accordingly, these esters are
      effective as plasticizers and do not reduce the fire retardancy of the
      resinous polymers of vinyl chloride. Further, the high bromine content of
      these plasticizers enhances the fire retardancy of these compositions.
PAR  For the purpose of this invention, the term "resinous polymer of vinyl
      chloride" includes homopolymers of vinyl chloride, copolymers of vinyl
      chloride and vinyl acetate, such as the conventional 95-5 vinyl
      chloride/vinyl acetate copolymers, partially hydrolyzed vinyl
      chloride/vinyl acetate copolymers, vinyl acetate/vinyl chloride/alpha,
      beta-ethylenically unsaturated-alpha, beta-dicarboxylic acid copolymers
      (such as the butyl half ester of maleic acid or dioctyl fumarate ester,
      etc.), etc., wherein at least 50 mol percent of the polymer constitutes
      vinyl chloride units.
PAR  The 2,5-dibromoterephthalate esters of this invention can be used in a
      concentration of from about 5 to 300 parts by weight per 100 parts by
      weight resinous polymer of vinyl chloride, i.e., in a plasticizing
      concentration. These plasticizers may be used as the sole plasticizers,
      two or more esters 0f 2,5-dibromoterephthalic acid may be employed
      together or alternatively, these esters may be used in conjunction with
      other conventional plasticizers such as dioctyl phthalate, trioctyl
      phosphate, epoxidized glyceride oils, etc.
PAR  The dialkyl esters of 2,5-dibromoterephthalic acid of this invention can
      contain from 4 to 24 carbon atoms in each alkyl group, preferably 6 to 13
      carbon atoms. The alkyl groups can be primary or secondary and the same or
      different. Suitable esters include di-n-butyl, 2,5-dibromoterepthalate,
      di-n-hexyl 2,5-dibromoterephthalate, di-n-octyl, 2,5-dibromoterephthalate,
      di(2-ethylhexyl) 2,5-dibromoterephthalate, di-(decyl)
      2,5-dibromoterephthalate, di-tridecyl 2,5-dibromoterephthalate, distearyl
      2,5-dibromoterephthalate, di-tetracosyl, 2,5-dibromoterephthalate, butyl,
      2-ethylhexyl 2,5-dibromoterephthalate, etc.
PAR  In general, the dioctyl and di-2-ethylhexyl esters are particularly
      preferred since they provide optimum plasticization and overall balance of
      desirable properties at the highest concentration of bromine per unit
      weight of plasticizer. Other things being equal, plasticizer efficiency
      and volatility are maximum when there are 4 carbon atoms in the alkyl
      groups, and drop off as the number of carbon atoms increases. The dioctyl
      esters (normal and 2-ethylhexyl) have the best balance of plasticizer
      properties. The low boiling points of the dibutyl and diamyl esters tend
      to reduce the fire retardancy of these esters, since these esters are
      volatilized below the ignition temperature of polyvinyl chloride.
PAR  The esters can be produced by reacting 2,5-dibromoterephthalic acid with at
      least 2 mols of the appropriate monohydric alcohol per mol of acid at from
      105.degree. to 225.degree. C. While esterification is relatively smooth at
      170.degree. C. or above in the absence of catalyst, the reaction can be
      speeded up or carried out at a lower temperature using a conventional
      esterification catalyst, such as paratoluenesulfonic acid, benzene
      sulfonic acid, sulfuric acid, etc. If desired, 2,5-dibromoterephthalolyl
      halide (chloride or bromide) can be reacted with monohydric alcohol at
      still lower temperatures.
PAR  The plasticized resinous polymers of vinyl chloride can be compounded with
      stabilizers, such as the organo tins, barium/cadmium soaps, polyhydric
      alcohols, etc.; lubricants, such as fatty acids; pigments, such as zinc
      oxide, antimony oxide, etc. and fabricated by conventional means into
      films, sheets, fibers, tubes, etc.
DETD
PAR  The following examples are merely illustrative.
PAC  EXAMPLE 1
PAR  Two hundred and fifty grams 2,5-dibromoterephthalic acid (.77 mols) was
      added to 125.8 grams butyl alcohol (1.69 mols) and 39 grams xylene in a
      2-liter, three-neck flask equipped with a heating mantel, stirrer,
      thermometer, nitrogen sparge tube and a reflux condenser equipped with a
      water trap. After the flask was heated to 50.degree. C., 5 grams
      paratoluenesulfonic acid was added. The solution was then heated to
      155.degree. C. for 7 hours to produce an ester having an acid number of
      less than 3. After the xylene was distilled off from the reaction vessel,
      the crude ester was filtered off, washed 3 times with 70.degree. C.
      distilled water. The ester was oven dried at 120.degree. C. to remove any
      residual water and xylene yielding a product melting at 55.degree. C.
PAR  Essentially the same technique was used to prepare the n-dioctyl ester and
      the di-2 ethylhexyl esters by using the same molar concentration of the
      appropriate alcohol in place of butyl alcohol.
PAC  EXAMPLE 2
PAR  Plasticized compositions were prepared by blending 100 parts by weight
      polyvinyl chloride (Geon 102 EP), 60 parts by weight plasticizer, 1.5
      parts by weight barium/cadmium soap stabilizer (Mark W S) and 0.4 parts by
      weight of stearic acid lubricant. The compositions were milled and formed
      into 10 mol sheets. The results are set forth below in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                  Parts By                                                     

                        Tensile                                                

                             100%                                              

                                 % Elon-                                       

     Plasticizer  Weight                                                       

                        Strength                                               

                             Modul.                                            

                                 gation                                        

                                      Flammability                             

     __________________________________________________________________________

     n-Dibutyl DBTA                                                            

                ) 10    2740 1008                                              

                                 437  Burns                                    

     Dioctyl Phthalate                                                         

                ) 50                                                           

     n-Dibutyl DBTA                                                            

                ) 20    NOT DETERMINED                                         

                                 --   Burns                                    

     Dioctyl Phthalate                                                         

                ) 40                                                           

     n-Dibutyl DBTA                                                            

                ) 30    2650 1075                                              

                                 415  Self-Extinguishing                       

     Dioctyl Phthalate                                                         

                ) 30                                                           

     n-Dioctyl DBTA                                                            

                ) 60    3420 2000                                              

                                 240  Self-Extinguishing                       

     D2EH DBTA  )  5    3093 1480                                              

                                 350  Self-Extinguishing                       

     Dioctyl Phthalate                                                         

                ) 55                                                           

     D2EH DBTA  ) 10    2960 1525                                              

                                 320  Self-Extinguishing                       

     Dioctyl Phthalate                                                         

                ) 50                                                           

     D2EH DBTA  ) 15    2750 1640                                              

                                 300  Self-Extinguishing                       

     Dioctyl Phthalate                                                         

                ) 45                                                           

     __________________________________________________________________________

PAR  In the above Table, DBTA stands for dibromoterephthalate and D2EH stands
      for di-2-ethylhexyl.
PAR  The above Table clearly illustrates that dibromoterephthalic acid esters
      are suitable plasticizers for resinous polymers of vinyl chloride and are
      efficient in reducing the flammability of plasticized polymers using
      plasticizers such as dioctyl phthalate.
PAR  Although this invention is primarily directed to fire retardant resinous
      polymers of vinyl chloride, the 2,5-dibromoterephthalate plasticizers can
      be employed as additives to impart fire retardant properties to various
      flammable polymers, particularly thermoplastic addition polymers. Suitable
      thermoplastic addition polymers include homopolymers, copolymers, block
      copolymers, etc., of olefins, such as ethylene, propylene, styrene, vinyl
      toluene; methyl methacrylate; ethyl acrylate; vinyl bromide;
      acrylonitrile; butadiene; vinyl acetate; etc. The 2,5-dibromoterephthalate
      esters can comprise from 5 to 300 parts by weight per 100 parts by weight
      flammable polymer. The concentration of 2,5-dibromoterephthalate should be
      adjusted to provide the desired degree of fire retardancy.
CLMS
STM  We claim:
NUM  1.
PAR  1. A composition comprising a resinous polymer of vinyl chloride, wherein
      at least 50 mol percent of the polymer contains vinyl chloride units, and
      a plasticizing concentration of a dialkyl 2,5-dibromoterephthalate ester
      containing from 4 to 24 carbon atoms in each alkyl group.
NUM  2.
PAR  2. The composition of claim 1, wherein said 2,5-dibromoterephthalate ester
      comprises a dialkyl ester containing from 6 to 13 carbon atoms in each
      alkyl groups.
NUM  3.
PAR  3. The composition of claim 2, wherein said resinous polymer of vinyl
      chloride is a homopolymer.
NUM  4.
PAR  4. The composition of claim 2 wherein said 2,5-dibromoterephthalate ester
      is present in a concentration of from about 5 to 300 parts by weight per
      100 parts by weight resinous polymer of vinyl chloride.
NUM  5.
PAR  5. The composition of claim 4, wherein said 2,5-dibromoterephthalate is an
      octyl ester.
NUM  6.
PAR  6. The composition of claim 5, wherein said octyl ester is a normal ester.
NUM  7.
PAR  7. The composition of claim 5 wherein said octyl ester is a di-(2 ethyl
      hexyl) ester.
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ABST
PAL  A method of making polyacetylene extrudate is described involving the
      extrusion of a mixture of a polyacetylene and an organic solvent. The
      resulting extrudate can be heat treated to form carbonaceous products. The
      polyacetylene extrudate experiences an increase in strength to weight
      ratio upon heating to elevated temperatures. It is convertible to the high
      strength graphitized state.
PARN
PAR  This is a division, of application Serial No. 352,923, filed April 20,
      1973, now U.S. 3852235 which in turn is a C.I.P. of my copending
      application, Ser. No. 86,280 filed Nov. 2, 1970, and now abandoned, and
      assigned to the same assignee as the present invention. All subject matter
      deleted from Ser. No. 86,280 is incorporated herein by reference.
BSUM
PAR  The present invention relates to a method for making polyacetylene
      extrudate and to products derived therefrom.
PAR  Temperature resistant, flexible textile materials are constantly being
      sought for industrial applications such as for making fabrics for gas and
      liquid filtration, drier felts, furnace felt liners, ironing aprons,
      laundry press clothes, hoses, laminates, protective clothing, etc. Prior
      to the present invention, a variety of fibers were employed for the
      aforementioned industrial applications including cotton, nylon, acrylics,
      polyesters, etc. Although many of these fibers possess high temperature
      properties, some such as cotton, acrylics, etc., do not retain high
      strength to weight ratio at temperatures above 350.degree.F. As a result,
      fibers are constantly being sought for applications requiring structural
      integrity at elevated temperatures over an extended period of time.
PAR  As taught by Hay U.S. Pat. No. 3,300,456 assigned to the same assignee as
      the present invention, polyacetylenes can be made by the oxidative
      coupling of diethynyl organo compounds. These polymers potentially
      represent an ideal material for the production of fibers as they can
      contain over 96% by weight of carbon. A serious obstacle in converting
      these materials to other than films is that they exhibit low solubility in
      organic solvents and can explosively decompose on heating. Those skilled
      in the art know that conventional solution spinning or melt techniques
      ordinarily employed to produce conventional polymeric organic fibers can
      not be resorted to when working with polyacetylenes. For example, in
      conventional solution spinning, polymeric solution of the order of 15 to
      30% solids having stable properties for several hours are often required.
      Polyacetylenes, however, even at concentration of as low as 5% are stable
      at best for only a few minutes. In order to maintain the polyacetylene in
      solution at even such low concentrations, a temperature of 100.degree.C or
      above must be employed. Direct melt extrusion is also out of the question,
      since before the polyacetylene can be melted, it will explode leaving
      behind a carbon residue. In particular instances where the preparation of
      fibers from solutions were attempted, the low solids concentration
      precluded exploratory opportunities for experimental evaluation of
      resulting materials.
PAR  A further problem with polyacetylenes resulting from organic solvent
      incompatibility is that low molecular weight polymer can result. Molecular
      weight build-up, for example, can be retarded by premature separation of
      insoluble polymer from the polymerization mixture. Those skilled in the
      art know that fibers prepared from solutions of low molecular weight
      polymer generally have limited utility.
PAR  The present invention is based on my discovery that contrary to the
      expectations of the art, polyacetylenes can be converted to a useful
      extrudate by the melt extrusion of a blend of a polyacetylene and an
      organic solvent. The polyacetylenes are rendered extrudable on
      conventional melt extrusion equipment into extrudates of integrity and
      strength. The resulting extrudate can thereafter be converted by a simple
      heat treatment to temperatures up to 1000.degree.C to produce precursor
      filaments from which high strength, high modulus graphite can be made. The
      aforesaid graphite precursor, if desired, also can be used on applications
      where reinforcing fibers of integrity are required. In addition, the
      polyacetylene extrudate having a diameter of from about 0.3 to 50 mils in
      the form of a filament, or in the form of a ribbon or sheet, having an
      aspect ratio of from 4 to 2000 based on the relation of W/T, where W is
      width and T is thickness can be fabricated into a variety of articles. The
      extrudate moreover experiences an increase in strength to weight ratio at
      temperatures up to as high as 3300.degree.C.
PAR  There is provided by the present invention, polyacetylene blends which are
      melt extrudable at temperatures of from 100.degree.C to 180.degree.C, and
      preferably 120.degree.C to 150.degree.C, comprising by weight (A) from 20
      to 50% by weight of polyacetylene having an intrinsic viscosity of 0.5 to
      1.5 in orthodichlorobenzene at 120.degree.C, and (B) from 80 to 50% of
      organic solvent where said blends can be in the form of a free flowing
      powder, a wet granulated mixture or paste.
PAR  In preparing the above melt extrudable polyacetylene blends, blending of a
      polyacetylene and the organic solvent, which hereinafter also can be
      referred to as organic plasticizer, is preferably conducted at room
      temperature. Caution must be exercised during the early part of the
      blending operation because dry polyacetylene powder is unstable and can
      decompose if ignited by a static spark or a source of heat greater than
      200.degree.C. The blending of the polyacetylene and the organic
      plasticizer can be conveniently conducted on a small scale using a mortar
      and pestle, if desired. Blending also can be achieved with a
      Patterson-Kelly V-blender, Henschel Mill, or other conventional blending
      equipment. Depending upon such factors as the choice of polyacetylene,
      organic plasticizer, or respective amounts thereof, the resulting blend
      can be in the form of a free flowing powder, wet granular mixture or
      paste. It also has been found that once the blend is made, it is quite
      stable at room temperature and does not retain the unstable
      characteristics of polyacetylenes. However, it may burn quietly if ignited
      by a flame source. Blending is preferably done immediately prior to melt
      extruding the polyacetylene to avoid excessive separation of plasticizer
      from polyacetylene.
PAR  Organic solvents or plasticizers, which can be employed in combination with
      the polyacetylene to produce melt extrudable blends in accordance with the
      practice of the invention, are any organic liquids which are inert to the
      polyacetylene, while functioning as a plasticizer during the extrusion. An
      organic solvent functions as a plasticizer within the meaning of the
      present invention as it facilitates the extrusion of the
      polyacetylene-plasticizer blend. Suitable plasticizers are, for example,
      para-dichlorobenzene, ortho-dichlorobenzene, nitrobenzene, halogenated
      aryl hydrocarbons, such as Aroclors having an average weight per cent of
      chlorine from about 12 to 75% based on total weight of halogen, carbon and
      hydrogen, etc.
PAR  In order to determine whether a polyacetylene can be satisfactorily
      extruded in accordance with the practice of the invention, a simple test
      can be employed with a Fisher-Johns Melting Point Apparatus. This device
      is shown in the Fisher Catalog 70 of the Fisher Scientific Company
      catalog, on page 40. The polyacetylene-organic plasticizer blend to be
      evaluated is placed between the two glass plates employed in the
      Fisher-Johns Melting Point Apparatus. The glass plates are then placed on
      a hot stage and heated to a temperature in the range between 100.degree.C
      to 150.degree.C while a pressure of from about 100 psi to 1000 psi is
      employed. If the sample between the two plates forms a clear melt, the
      mixture is extrudable. The extrusion of the blend can be achieved at the
      temperature at which the melt is formed. The formation of a clear, tough
      film upon cooling, generally indicates that the extrudate from the
      plasticized polyacetylene blend will have integrity and strength.
PAR  The polyacetylenes which can be employed in the practice of the invention
      to produce the melt extrudable blends are preferably selected from
PAR  a. copolymers of 88 to 92 mole per cent of metadiethynylbenzene (MDEB)
      units and 8 to 12 mole per cent of para-diethynylbenzene (PDEB) units,
PAR  b. terpolymers consisting essentially of
PA1  i. 85 to 92 mole per cent of MDEB units,
PA1  ii. 4 to 10 mole per cent of PDEB units,
PA1  iii. 2 to 6 mole per cent of bisphenol dipropargyl ether units, where the
      sum of (i), (ii) and (iii) units in (b) is 100 mole per cent,
PAR  c. terpolymers consisting essentially of
PA1  iv. 74 to 86 mole per cent of MDEB units
PA1  v. 4 to 9 mole per cent of PDEB units,
PA1  vi. 5 to 15 mole per cent of diethynylalkane units, where the sum of (iv),
      (v) and (vi) units in (c) in 100 mole per cent, and
PAR  d. tetrapolymer consisting essentially of about 5% by weight of acetylene
      units, and 95% by weight of (b) or (c), based on the total weight of
      tetrapolymers.
PAR  The polyacetylene useful in making the melt extrudable blends of the
      present invention can be made by reaction ethynylarylene compounds, such
      as mixtures of MDEB with PDEB in combination with compounds such as
      dipropargyl ethers of dihydric phenols, such as HOROH where R can be
      selected from divalent C.sub.(6-20) aromatic radicals, -RXR- where X is
      selected from
      ##EQU1##
      SO.sub.2, S, etc and R.sup.1 is hydrogen or monovalent C.sub.(1-10)
      hydrocarbon radicals; diethynyl C.sub.(2-8) alkanes, such as 1,4 diethynyl
      butane, 1,6-diethynyl hexane, etc, and optionally with acetylene. The
      oxidative coupling reaction disclosed in Hay U.S. Pat. No. 3,300,456,
      assigned to the same assignee as the present invention can be employed.
      There is employed in the oxidative coupling reaction, which will be shown
      more specifically in the examples set forth later, a basic cupric amine
      complex and oxygen. A mixture, for example, a dihydric phenol can be
      employed with a diethynyl arylene mixture consisting, for example, of MDEB
      and PDEB and employed in an oxygeneated solution with an oxidative
      coupling catalyst such as cuprous chloride,
      N,N,N',N'-tetramethylethylenediamine with an appropriate organic solvent
      such as dichlorobenzene and pyridine. Recovery of the polyacetylene can be
      achieved by the addition of the reaction mixture to methanol containing a
      trace of hydrochloric acid. The resulting polyacetylene can thereafter be
      washed by conventional means with a solvent such as methanol and dried.
      When employing dipropargyl ether units in the reaction mixture, there is
      produced "ether terpolymers" while "alkane terpolymers" can be made by
      using diethynyl alkane compounds, etc. These preferred polyacetylene
      terpolymers and tetrapolymers are more particularly described in copending
      application of Dwain M. White, Ser. No. 330,497, filed Feb. 8, 1973, and
      assigned to the same assignee as the present invention.
PAR  Extrusion of the polyacetylenes-organic plasticizer blend can be
      accomplished with devices commonly used for the melt extrusion of linear
      polymers, e.g., screw extruders, injection molding machines, etc. The only
      precaution that need be taken is that residence times in the extrusion
      device, i.e., the time entering the device at room temperature to the time
      exiting the device at melt temperature be selected to minimize gelation.
      It is preferred to extrude the polyacetylene over a period of about 5 to
      10 minutes or less.
PAR  In making extrudate suitable for the production of carbon fiber and
      graphite fiber, orifices of from 3 to 100 mils may be used in conjunction
      with the extrusion device. While the polyacetylene is being extruded, a
      suitable fiber tension can be imposed on the extrudate to "melt-draw" the
      fiber down to diameters less than that of the die orifice from which the
      filament is spun. In accordance with standard spinning techniques, the
      diameter of the resulting filament may be controlled by the rate of
      polymer delivery from the die and the speed of a take-up reel to which the
      filament is fed after it is solidified.
PAR  The solidification of the extrudate may be accomplished in various ways
      such as cooling to room temperature by either air, water or other heat
      transfer agents. The plasticizer also can be extracted by the use of a
      suitable solvent such as methanol. Upon cooling the extrudate, the product
      can be treated as a polyacetylene fiber of uniform diameter and sufficient
      strength and integrity for further handling and processing. Caution should
      be exercised in handling the fiber at this point, particularly if the
      plasticizer has been removed for the dry filament may be ignited by a
      spark or temperatures greater than 200.degree.C. The fiber can burn like a
      fuse if ignited even in an inert atmosphere or in vacuum.
PAR  It has been found that polyacetylene extrudate can be heat stabilized to
      produce a precursor of high strength, high modulus graphite fibers in a
      time period orders of magnitude faster than other known organic fibers.
      For example, a polyacetylene extrudate made according to the practice of
      the invention have a 1 mil diameter can be heat stabilized by exposure to
      temperatures up to 300.degree.C in a total time of less than 1 minute. In
      addition, the extrudate can be fed under tension directly through a
      heating zone at temperatures up to about 500.degree.C to simultaneously
      effect the removal of plasticizer and heat stabilization of the polymer.
      The heat stabilized extrudate can be subsequently converted to a high
      strength, high modulus graphite fiber having a tensile strength of 330,000
      psi and an elastic modulus of 56 .times. 10.sup.6 psi.
PAR  Heat stabilization of the extrudate can be achieved at temperatures up to
      about 1000.degree.C for a time sufficient to increase the modulus of
      elasticity of the extrudate to about 1 .times. 10.sup.6 psi. The
      polyacetylene extrudate, for example, can have an initial elastic modulus
      of from about 1000 psi to about 10,000 psi. The heat stabilized extrudate
      can have an elastic modulus of from about 1 .times. 10.sup.6 psi to about
      10 .times. 10.sup.6 psi. Stabilization of the extrudate is believed to
      relate to a control of the rearrangement of acetylenic radicals. Control
      is accomplished by either (1) low temperature (100.degree.-200.degree.C)
      heat treatment for long periods of time, (2) sequential treatments at
      increasing temperatures for shorter periods of time, or (3) flash exposure
      of extrudate to temperatures up to about 1000.degree.C. For example, heat
      stabilization of a 1 mil polyacetylene extrudate can be achieved by 16
      hours exposure at 160.degree.C or passage over a hot pin at 310.degree.C
      for about 0.5 seconds and then through ovens at 200.degree.C and
      300.degree.C for 20 seconds. These heat treatments can be conducted either
      in the presence or absence of oxygen, i.e., air, vacuum or in an inert gas
      atmosphere, such as argon or nitrogen.
PAR  When stabilized according to the present invention, a carbonaceous product
      can be made having a tensile strength of from about 30,000 to about
      100,000 psi, and an elastic modulus of from about 1 .times. 10.sup.6 to 10
      .times. 10.sup.6 psi. Because it can be carbonized at temperatures up to
      3300.degree.C, the extrudate can experience an increase in modulus without
      a decrease in tensile strength, when heated to temperatures up to about
      3300.degree.C. If carbonization of the extrudate is achieved without
      loading, a carbonaceous product can be made having a tensile strength of
      up to about 50,000 to 150,000 psi and an elastic modulus of up to about 10
      .times. 10.sup.6 psi.
PAR  There is also provided by the present invention a method for making
      carbonaceous products which comprise (1) extruding polyacetylene at a
      temperature in the range of up to about 180.degree.C, (2) exposing the
      extruded polyacetylene to a temperature of up to about 1000.degree.C to
      produce a carbonaceous product having a tensile strength of up to 15
      .times. 10.sup.4 psi and an elastic modulus greater than the extrudate of
      (1) and up to about 10 .times. 10.sup.6 psi.
PAR  As taught in copending application, Sliva, et al, (RD-6528), graphitization
      of the polyacetylene extrudate can be achieved by advancing the heat
      stabilized extrudate while under tension, to a temperature in the range of
      from 2000.degree.C to 3300.degree.C. A tension of from about 3000 psi to
      about 1 .times. 10.sup.5 psi, and preferably 10,000 psi to 15,000 psi can
      be employed. Depending on the temperature employed during graphitization,
      the residence time of the stabilized extrudate in the heating zone can
      vary from about 15 seconds or less, to 360 seconds or more. During the
      graphitization step, extrudate can be elongated up to 100% or more. As a
      result of the stress graphitization, a graphite filament or ribbon can be
      obtained which can have a tensile strength of 25,000 psi or more, a
      tensile modulus of 20 .times. 10.sup.6 psi or more, and a density of 1.5
      to 2.0 gm/cm.sup.3.
PAR  The polyacetylene extrudate can be woven to make B-stage carbon fabrics.
      The resulting woven product thereafter can be carbonized. The
      polyacetylene extrudate and products made therefrom in accordance with the
      subject invention, also can be utilized in combination with organic
      resins, such as epoxy, polyimides, etc. to produce structural composite
      materials.
PAR  In order that those skilled in the art will be better able to practice the
      invention, the following examples are given by way of illustration and not
      by way of limitation. All parts are by weight.
DETD
PAC  EXAMPLE 1
PAR  A polyacetylene copolymer is prepared utilizing a mixture of
      meta-diethynylbenzene (MDEB) and para-diethynylbenzene (PDEB).
      Copolymerization is achieved by oxidative coupling utilizing as a catalyst
      a mixture of cuprous chloride, N,N,N',N'-tetramethylethylenediamine and a
      solvent system of dichlorobenzene and pyridine. There is obtained a
      polyacetylene having about 88 mole per cent of MDEB units and about 12
      mole per cent of PDEB units (copolymer A). Another polyacetylene also is
      prepared having about 75  mole per cent of MDEB and 25 mole per cent of
      PDEB (copolymer B).
PAR  Solvent compatibility of copolymer A and B is determined by attempting to
      form a 2% solution of the respective polyacetylenes in
      ortho-dichlorobenzene at temperatures of about 110.degree.C. An initial
      mixture is respectively made at 2% copolymer solids in a small vial. The
      temperature of the vial is rapidly elevated by placing it in a large
      preheated bath. If the copolymer dissolves, it is allowed to cool slowly
      to determine the haze temperature, i.e., the temperature at which the
      copolymer first separates. It is found that polyacetylene A having 12 mole
      per cent of PDEB units and 88 mole per cent of MDEB units has a haze
      temperature of 45.degree.C; copolymer B remains partially insoluble even
      at temperatures as high as 150.degree.C.
PAR  A blend of copolymer A is prepared utilizing about two parts of
      ortho-dichlorobenzene per part of polymer. The blend is made by milling
      the polyacetylene with a mortar and pestle at ambient temperatures. The
      blend in the form of a free flowing granular mixture is charged to an
      extruder at 135.degree.C. After a few seconds, it is extruded through a 5
      mil orifice to produce an extrudate having a diameter of 2.8 mil and an
      elastic modulus of about 2000 psi.
PAR  The extrudate is drawn over a hot pin at 185.degree.C to a diameter of 1
      mil and collected at a rate of 55 feet per minute under atmospheric
      conditions.
PAR  The polyacetylene extrudate is then heat treated by passing the drawn
      filament over 10 inch long hot shoes at 260.degree.C, and then at
      360.degree.C, at a rate of about 6 feet per minute under atmospheric
      conditions. The resulting heat treated extrudate is found to have an
      elastic modulus of about 2.5 .times. 10.sup.6 psi.
PAC  EXAMPLE 2
PAR  A portion of the extrudate from Example 1 is cut to produce 20 fibers
      having an average length of 6 inches. Half of the extrudate are layed
      parallel to each other on a refractory surface as warp thread and the
      remaining fibers are wound back and forth across the warp thread as
      filling. The extrudate is then heated for 24 hours at 165.degree.C
      followed by 1000.degree.C oven treatment for 30 minutes. There is obtained
      an integral carbon fabric useful for reinforcing epoxy resin to produce a
      composite having valuable characteristics.
PAC  EXAMPLE 3
PAR  A copolymer of 2 parts MDEB and one part PDEB was prepared by the oxidative
      coupling as described by Example 1. A wet granular blend is prepared of 2
      parts of copolymer and 8 parts of ortho-dichlorobenzene. A small quantity
      of the blend was tested with the Fisher-Johns Melting Point Apparatus and
      found to go into a clear film between the two glass plates at
      160.degree.C. The remainder of the blend was then extruded from a
      piston-loaded, heated cylinder at 160.degree.C through a 10-mil die. The
      extrudate was cooled by dropping six feet through room temperature air to
      a tray. This coagulated the fiber sufficiently that it could subsequently
      be backwound and was found to have integrity and strength.
PAC  EXAMPLE 4
PAR  A terpolymer was made by employing dipropargyl ether of
      2,2-bis(4-hydroxyphenyl)propane (bisphenol-A) (BPA), MDEB and PDEB
      utilizing an oxidative coupling catalyst produced with cuprous chloride,
      N,N,N',N'-tetramethylethylenediamine, and a solvent system of pyridine and
      dichlorobenzene.
PAR  There was added a solution in about 25 parts of dichlorobenzene of 0.5 part
      of the dipropargyl ether of BPA, 4.1 parts of MDEB, and 0.4 part of PDEB
      to a mixture of 0.15 part of cuprous chloride, about 0.18 part of
      N,N,N',N'-tetramethylethylenediamine dissolved in an oxygenated solution
      of about 1.7 parts of pyridine and 75 parts of ortho-dichlorobenzene at
      60.degree.C. The temperature of the mixture rose to 88.5.degree.C while it
      was stirred after about 2 minutes. The mixture also became too thick to
      stir. After 10 minutes the mixture was allowed to cool to room
      temperature, and added to excess methanol containing a trace of
      hydrochloric acid. There was obtained a quantitative yield of product
      having an intrinsic viscosity of orthodichlorobenzene at 120.degree.C of
      0.77 dl/g. Based on method of preparation, the product was a polyacetylene
      terpolymer having about 4 mole per cent dipropargyl bisphenol-A ether
      units, 9 mole per cent of PDEB units and 87 mole per cent of MDEB units.
PAR  Compatibility of the terpolymer was determined by the above described haze
      test. It was found to be compatible since its haze temperature was about
      38.degree.C. It also was found that the terpolymer resulted in less than
      7% loss by weight of carbon values based on the theoretical weight per
      cent of carbon, when the terpolymer was subsequently graphitized in
      fibrous form.
PAR  A blend was prepared consisting of about 2 parts of ortho-dichlorobenzene
      and 1 part of the above terpolymer. The blend was heated to a plastic
      state at 125.degree.C and extruded through a 3 mil die hole. The extrudate
      was allowed to fall freely about 4 feet onto a paper substrate. The
      extrudate was found to have a diameter of about 21/2 to 3 mils and tensile
      modulus of about 2000 psi. The extrudate was drawn 450 per cent by passing
      it over a 0.25 inch diameter hot pin maintained at 125.degree.C and
      protected with a nitrogen atmosphere. The extrudate was collected at a
      rate of about 55' per minute. The extrudate was then passed over the hot
      pin at temperatures of 310.degree.C protected with nitrogen at a take-up
      rate of 2' per minute. The extrudate was further passed twice through a
      heating zone at 200.degree.C at a rate of 6' per minute under a load of 1
      gram. The filament was then passed twice through a 300.degree.C heating
      zone utilizing a nitrogen atmosphere at a rate of 6' per minute under a
      load of 1 gram. The resulting polyacetylene extrudate was 1.0 to 1.25 mils
      in diameter and had a tensile strength of 30,000 psi to 60,000 psi, and an
      elastic modulus of 2.5 .times. 10.sup.6 psi. Elemental analysis showed it
      contained about 88 per cent carbon.
PAR  The above extrudate was then loaded to a stress level of 4000 to 14,000 psi
      and then passed through an argon atmosphere at temperatures in the range
      of from about 2500.degree.C to 3000.degree.C in an induction furnace. A
      residence time of the extrudate in the heating zone while under stress in
      an argon atmosphere was about 6 minutes. There was obtained a carbon fiber
      having a tensile strength of 330 .times. 10.sup.3 psi and an elastic
      modulus of 56 .times. 10.sup.6. The density of the fiber was found to be
      about 2.0 grams per cubic centimeter.
PAC  EXAMPLE 5
PAR  A solution of 0.5 part of 1,7-octadiyne, 4.2 parts of MDEB and 0.3 part of
      PDEB in 25 parts of orthodichlorobenzene was added to a solution of 0.15
      part of cuprous chloride, about 0.23 part of
      N,N,N',N'-tetramethyl-1,2-ethylene diamine and about 1.7 parts of
      pyridine, in about 75 parts of ortho-dichlorobenzene, which was being
      oxygenated and stirred at 621/2.degree.C. The temperature of the mixture
      rose to about 88.degree.C within 2 minutes and then gradually dropped. The
      mixture was stirred for 60 minutes and then poured into about 500 parts of
      methanol containing a trace of hydrochloric acid. The product which
      precipitated was collected on a filter and washed with additional methanol
      and dried at 25.degree.C. There was obtained a 99% yield of product having
      an intrinsic viscosity of 0.50 dl/g at 120.degree.C. Based on method of
      preparation, the product was polyacetylene terpolymer composed essentially
      of 12 mole per cent of octadiynyl units, 82 mole per cent of MDEB units,
      and 6 mole per cent of PDEB units.
PAR  Several additional alkylene terpolymers were made following the same
      procedure to determine the optimum mole per cent ranges of ethynyl units
      for plasticizer compatibility was determined in ortho-dichlorobenzene
      using the haze test. It was found that optimum compatibility in
      orthodichlorobenzene was a terpolymer having 15 mole per cent of alkane
      diethynyl units, 76 mole per cent of MDEB units, and 8 mole per cent of
      PDEB units.
PAR  Free flowing powdery blends are prepared from the above terpolymers with
      ortho-dichlorobenzene using the procedure of Example 1. The blends are
      extruded and graphitized. High strength graphite is obtained useful for
      making composites.
PAC  EXAMPLE 6
PAR  There was added a solution of 4.23 parts of MDEB, 0.27 part of PDEB, 0.50
      part of the dipropargyl ether of BPA in ortho-dichlorobenzene to an
      oxygenated mixture of 0.15 part of cuprous chloride, 0.17 part of
      tetramethylethylenediamine, about 1.7 part of pyridine, and approximately
      60 parts of ortho-dichlorobenzene. Oxygenation of the mixture was achieved
      by bubbling oxygen into the solvent at a rate of about 0.5 cubic feet per
      hour, per mole of ethynyl compound. There was then bubbled into a mixture
      0.28 part of acetylene over a 2 minute period. The reaction temperature
      rose steadily from an initial bath temperature of about 61.degree.C to
      about 80.5.degree.C, and then gradually dropped. External heating was
      removed after about 6 minutes, after which time the oxygenation of the
      mixture was discontinued. The product began to precipitate upon cooling.
      The mixture was added to excess methanol acidified with hydrochloric acid
      to effect the precipitation of product. Recovery of the product was
      achieved by a standard extraction technique, followed by washing with
      methanol. Based on method of preparation, the product was a polyacetylene
      having about 95% by weight of diethynyl units consisting of 4 mole per
      cent of chemically combined dipropargyl bisphenol-A ether units, 9 mole
      per cent of PDEB units, 87 mole per cent of MDEB units, and about 5 per
      cent by weight of additional acetylene units based on the weight of
      polyacetylene. The product had an intrinsic viscosity of dichlorobenzene
      at 120.degree.C of 1.12 dl/g. It did not precipitate from a 2% solution in
      ortho-dichlorobenzene until cooled to 30.degree.C.
PAR  The above polyacetylene tetrapolymer is blended with nitrobenzene to
      produce a mixture having up to 50% by weight solvent. It is extruded
      through a 30 mil die at 135.degree.C. The resulting extrudate is used to
      make high strength graphite.
PAR  Although the above examples are limited to only a few of the very many
      polyacetylene blends, polyacetylene extrudate, heat stabilized
      polyacetylene extrudate, etc., and method for making such materials, it
      should be understood that a wide variety of polyacetylenes and organic
      plasticizers can be used as shown in the description preceding the
      examples.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States:
NUM  1.
PAR  1. Polyacetylene blends which are melt extrudable at temperatures of from
      100.degree.C to 180.degree.C, comprising by weight (A) from 20% to 50% by
      weight polyacetylene having an intrinsic viscosity of 0.5 to 1.5 in
      orthodichlorobenzene at 120.degree.C, and (B) from 80 to 50% of organic
      solvent selected from the class consisting of paradichlorobenzene,
      ortho-dichlorobenzene, nitrobenzene, and halogenated aryl hydrocarbons
      having an average weight percent of chlorine from about 12 to 75% based on
      the total weight of halogen, carbon and hydrogen where said blends can be
      in the form of a free flowing powder, a wet granulated mixture, or paste
      and where the polyacetylene is a terpolymer consisting essentially of
PA1  i. 74 to 86 mole percent of meta-diethynylbenzene units,
PA1  ii. 4 to 9 mole percent of para-diethynylbenzene units,
PA1  iii. 5 to 15 mole percent of diethynylalkane units, where the sum of (i),
      (ii) and (iii) units are 100 mole percent.
NUM  2.
PAR  2. Polyacetylene blends which are melt extrudable at temperatures of from
      100.degree.C to 180.degree.C, comprising by weight (A) from 20% to 50% by
      weight polyacetylene having an intrinsic viscosity of 0.5 to 1.5 in
      orthodichlorobenzene at 120.degree.C, and (B) from 80% to 50% of organic
      solvent selected from the class consisting of paradichlorobenzene,
      ortho-dichlorobenzene, nitrobenzene, and halogenated aryl hydrocarbons
      having an average weight percent of chlorine from about 12 to 75% based on
      the total weight of halogen, carbon and hydrogen where said blends can be
      in the form of a free flowing powder, a wet granulated mixture, or paste
      and where the polyacetylene is a tetrapolymer consisting essentially of
      about 5% by weight of acetylene units, and 95% by weight of a mixture of
      100 mole percent of chemically combined units in the proportion of from 85
      to 92 mole percent of meta-diethynylbenzene units 4 to 10 mole percent of
      paradiethynylbenzene units and 2 to 6 mole percent of bisphenol
      dipropargyl ether units.
NUM  3.
PAR  3. Polyacetylene blends which are melt extrudable at temperatures of from
      100.degree.C to 180.degree.C, comprising by weight (A) from 20% to 50% by
      weight polyacetylene having an intrinsic viscosity of 0.5 to 1.5 in
      orthodichlorobenzene at 120.degree.C, and (B) from 80% to 50% or organic
      solvent selected from the class consisting of paradichlorobenzene,
      ortho-dichlorobenzene, nitrobenzene, and halogenated aryl hydrocarbons
      having an average weight percent of chlorine from about 12 to 75% based on
      the total weight of halogen, carbon and hydrogen where said blends can be
      in the form of a free flowing powder, a wet granulated mixture, or paste
      and where the polyacetylene is a tetrapolymer consisting essentially of
      about 5% by weight of acetylene units, and 95% by weight of a mixture of
      100 mole percent of chemically combined diethynyl-organo units in the
      proportion of 74 to 86 mole percent of metadiethynylbenzene units, 4 to 9
      mole percent of paradiethynylbenzene units and 5 to 15 mole percent of
      diethynyl-alkane units.
NUM  4.
PAR  4. A blend in accordance with claim 1, where the organic solvent is
      ortho-dichlorobenzene.
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LREP
FRM  Burgess Ryan and Wayne
ABST
PAL  The invention relates to a solution for the production of rubber-like
      articles by dipping, said solution comprising an elastomer of the
      block-copolymer type extended with 5-100 percent by weight of an
      oil-extender, the oil-extended elastomer being dissolved in 200-1200
      percent by weight of a solvent mainly consisting of aliphatic
      hydrocarbons.
PAL  The invention further relates to the production of said articles from said
      solvents, and to the produced articles.
PARN
PAR  This application is a continuation of Applicant's co-pending application
      Ser. No. 376,583 filed July 5, 1973, and now abandoned.
BSUM
PAR  This invention relates to novel solutions for the production of rubber
      articles by dipping, and to the production of such solutions.
PAR  Dipped rubber articles, such as rubber gloves, teats, nipples, and toy
      balloons, have for many years been produced from solutions of natural
      rubber in petrol, or from natural latex or latexlike emulsions of natural
      rubber, as well as from vulcanizable synthetic rubber solutions and
      emulsions.
PAR  In order to obtain the desired properties as regards strength, elasticity,
      recovery from stretching etcetera, the dipped articles have had to be
      subjected to a subsequent vulcanisation process, i.e. a cross-linking
      process. Originally, a cold vulcanisation was carried out by treating the
      dipped articles with chlorinated sulphur, but this cold vulcanisation was
      given up long ago in favour of hot vulcanisation, the vulcanizing agents
      and accelerators wholly or partly being added to the rubber mixture before
      dissolving the latter.
PAR  Since the vulcanisation step adds substantially to the manufacturing costs,
      the present invention aims at providing solutions preferably in aliphatic
      or mainly aliphatic hydrocarbons for producing articles of the said kind
      by dipping, in which production no vulcanisation is necessary.
PAR  With this object in view, a solution for producing rubber articles by
      dipping according to the present invention comprises an elastomer of the
      synthetic block copolymer type, which is made sufficiently soluble in
      aliphatic hydrocarbons by extension with from 5 to 100 percent by weight
      of a suitable oil-extender, the said oil-extended elastomer being
      dissolved in 200 to 1200 percent by weight of a solvent consisting or
      mainly consisting of aliphatic hydrocarbons.
PAR  Generally, the solutions of the invention also contain antioxidants, and
      they may contain the usual adjuvants, including waxes for ozone
      protection, pigments, and fillers.
PAR  At present, the preferred elastomer is a block-copolymer of the
      styrene-butadiene type, although other synthetic block-polymer types may
      be suitable, for instance a block-copolymer of the styrene-isoprene type.
PAR  More particularly, the preferred elastomers are of the kind of
      block-copolymers known as thermoplastic rubbers, which do not need
      vulcanisation, but nevertheless behave almost as vulcanized elastomers,
      exhibiting high resilience and elongation, combined with a low set at
      normal temperatures.
PAR  The use of mainly aliphatic hydrocarbons, as for example petrol, is
      decisively advantageous both for economic reasons and because their
      vapours are of low toxicity. Moreover, solvents of this kind are generally
      used in rubber factories for dissolving natural rubber and the non-oil
      resistant synthetic rubbers, which means that no change of solvent would
      be necessary in processing the present elastomers alternating with the
      processing of natural rubber or the said synthetic rubbers.
PAR  The oil extenders of the kind used in the manufacture of natural or
      synthetic rubber articles are not all equally well suited for use in the
      present solutions. The most widely used extenders for rubber are petroleum
      oils containing predominantly aliphatic, naphthenic, and aromatic
      hydrocarbons, and of these the naphthenic and the aromatic types are
      particularly suitable for use in the present solutions, because they
      cooperate with the aliphatic hydrocarbon solvent in dissolving the
      thermoplastic rubber and thus provide suitable concentrations of the
      latter for the dipping process. The preferred type is naphthenic process
      oil, because it is light coloured and -- more important -- has a moderate
      effect only on the strength of the deposited film.
PAR  It has furthermore been found that the said naphthenic process oil
      extenders improve the visco-elastic properties of the solutions to a
      surprising degree and reduce the shrinkage of the articles when
      solidifying on the dipping moulds, as well as reducing the tension in the
      deposited film. Accordingly, stripping of the articles from the moulds is
      easy.
PAR  Particularly good results have been obtained by using 15 to 35 percent of
      the naphthenic oil extender, calculated upon the synthetic rubber weight,
      both as to the visco-elastic properties and as to the strength and ageing
      stability of the deposited film.
PAR  A disadvantage of the present solutions, as compared with solutions of
      natural rubber or of the synthetic rubbers hitherto used, is that the
      viscosity of the former has an increased sensitivity to temperature
      variations at normal temperatures. This disadvantage can be overcome by
      strictly controlling the temperature of the solutions during the dipping.
      Thus, if the variations in the temperature of the solutions during the
      dipping are kept within 1.degree.C, reasonably good results are obtained.
PAR  However, a manner of overcoming this disadvantage of increased temperature
      sensitivity has been found, which has proved surprisingly effective.
PAR  Thus, in a preferred embodiment of the present invention, the solutions
      also contain a small proportion of a dithiocarbamate, preferably
      zincdibutyldithiocarbamate, or an antioxydant, such as
      1,3,5-trimethyl-2,4,6-tris(3,5-di-tert-butyl-4-hydroxybenzyl)-benzene,
      being soluble in aliphatic hydrocarbon solvents, for example 0.1-3.0 parts
      by weight per 100 parts by weight of thermoplastic rubber.
PAR  The use of dithiocarbamates as strong vulcanisation accelerators and as
      anti-oxyidants is well known in the rubber industry, but to my best
      knowledge no one before has noticed their extraordinary effect in
      stabilizing the viscosity of synthetic rubber solutions.
PAR  Only very few vulcanisation accelerators are soluble in aliphatic
      hydrocarbon solvents, but two other strong accelerators soluble in petrol,
      namely benzothiazolyl-2-diethylsulfenamide and a condensation product of
      acroleines with aromatic bases, have been tried.
PAR  As these chemicals show very little, if any, stabilizing effect on the
      viscosity of the solutions, I believe that the stabilizing effect is
      specific for the first mentioned soluble accelerators/antioxidants in the
      present solution of thermoplastic elastomers.
PAR  A further reduction of the viscosity of the present solutions can be
      obtained by admixing pure anhydrous ethanol or a technical grade of
      anhydrous ethanol, preferably in an amount of 5 to 10 percent by weight as
      calculated upon the amount of synthetic rubber in the solutions.
DETD
PAR  An example of a solution according to the present invention is as follows:
TBL                        Parts by weight                                     

     ______________________________________                                    

     Thermoplastic styrene-butadiene                                           

     copolymer               100                                               

     Naphthenic process oil (rubber                                            

     process oil)             20                                               

     Zinc dibutyldithiocarbamate                                               

                             0.5                                               

     Extraction grade petrol (b.p. 100-130.degree.C)                           

                             850                                               

     ______________________________________                                    

PAR  The viscosity of this solution as determined by means of the Brookfield
      viscometer with rotor No. 3 at 22.degree.C .+-.1.degree.C is about 4000 cp
      .+-.500 cp, corresponding to the viscosity of a natural rubber solution,
      which is well suited for producing dipped articles of rubber.
PAR  The accompanying drawing illustrates the effect of the addition of extender
      and of dithiocarbamate at different ratios between the thermoplastic
      copolymer and the solvent in the solutions of the invention.
PAR  The curves marked A represent a ratio of 1 part of the copolymer to 7.5
      parts of solvent; that marked B represents a ratio of 1:8.5, and those
      marked C represent a ratio of 1:9.5, whereas that marked D represents a
      natural rubber solution in the ratio 1:8.5.
PAR  The fulldrawn curves represent solutions without added extender or
      dithiocarbamate. Curves drawn with broken lines represent solutions with
      added oil extender, and the dash-dotted curves represent solutions with
      admixed oil extender and dithiocarbamate.
PAR  It will be noted that addition of the oil extender and the dithiocarbamate
      both have a stabilizing effect on the viscosity as regards variations in
      temperature of the solutions.
PAR  Accordingly, the present invention also comprises a method of producing
      dipped articles from solutions of thermoplastic copolymers of the
      synthetic rubber type in aliphatic hydrocarbon solvents, in which a
      dipping solution is used, the sensitivity of which to temperature
      variations has been reduced by means of the addition of an oil extender
      and a vulcanisation accelerator, preferably zinc dibutyldithiocarbamate,
      and/or an anti-oxidant, preferably
      1,3,5-trimethyl-2,4,6-tris(3,5-ditert-butyl-4-hydroxybenzyl)-benzene,
      being soluble in aliphatic hydrocarbon solvents.
CLMS
STM  I claim:
NUM  1.
PAR  1. A solution for the production of rubber-like articles by dipping,
      comprising an elastomer of the block-copolymer type selected from the
      group consisting of styrene-butadiene copolymer and styrene-isoprene
      copolymer, chosen from the thermoplastic rubbers which do not need
      vulcanization, extended with 15 to 35% by weight of a naphthenic oil
      extender, the extended block-copolymer being dissolved in 200 to 1200% by
      weight of petrol, all of the percentages being per 100 parts of said
      elastomer, and a member selected from the group consisting of zinc
      dibutyl-dithiocarbamate and
      1,3,5-trimethyl-2,4,6-tris-(3,5-di-tert.-butyl-4-hydroxy-benzyl)-benzene
      at a ratio of about 0.1 to 3.0 parts by weight per 100 parts by weight of
      said elastomer.
NUM  2.
PAR  2. A solution according to claim 1 in which said blockcopolymer type is
      styrene-butadiene block-copolymer.
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OREF
PAL  Kirk-Othmer--Encyclopedia of Chem. Technology (2nd ed.) (Vol. 4),
      (Interscience) (N.Y.) (1964), p. 153.
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LREP
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ABST
PAL  This invention relates to compositions and methods of making compositions
      useful as sealants in food containers comprising a mixture of SBR polymer,
      resin, filler, and a solvent, which compositions without the solvent can
      be stabily stored and shipped in dry form. Also, charcoal can be admixed
      in situ to protect against taste and odor transfer to foods.
PARN
PAR  This is a continuation of application Ser. No. 99,529, filed Dec. 18, 1970,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  Various cans are conventionally formed of a cylindrical body portions with
      at least one separate end portion secured thereto to complete the can. It
      is necessary to seal the juncture between the can body and the can end
      with a sealant which must meet a number of demanding requirements. These
      requirements are particularly stringent with respect to cans employed as
      food containers. Compositions for sealing can ends have long been known.
      Originally, solid rubber gaskets were inserted in canning lids. These
      separate gaskets, although somewhat effective, were inconvenient from many
      viewpoints, including additional handling procedures and costs. Placing
      the gaskets within the lids was time consuming and did not permit
      high-speed formation of lids with a sealant.
PAR  Compositions were devised for formation of sealants directly on the canning
      lid. These compositions were deposited on the canning lids by various
      methods to provide high speed means of making can ends incorporating the
      sealing compound thereon.
PAR  Plastisol compositions are well known for such use as sealing compounds on
      can ends. However, plastisol compositions, as other compositions, display
      drawbacks and shortcomings including chemical reactivity with container
      contents, particularly where the composition imparts a taste or odor to
      food, poor pouring properties incompatible with high speed production, and
      instability of the composition resulting in short shelf life. Often such
      components were not resistent to heat degradation under conditions
      normally encountered during processing.
PAR  Other types of compositions utilized include emulsion systems. However,
      emulsion systems also experience one or more of the above problems,
      particularly instability in storage.
PAR  While emulsion systems are somewhat more stable in the presence of a
      solvent as opposted to the "dry" form, a dry composition is desirable for
      the shipping and storage accruing from the weight and bulk savings from
      such form. It is simple matter to blend the dry composition with the
      solvent at the time of use.
PAR  Summarily, the known sealants involve compromise between convenience,
      stability, taste inertness, chemical inertness in place, bulk and weight.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to compositions, and methods of preparing such
      compositions, for use as sealing compositions in can ends and to can ends
      containing these sealing compositions, particularly those compositions
      adapted for use in food containers. The compositions are quite stable in
      dry form for longer periods of storage time and impart substantially no
      odor or taste to foods. Compositions also have suitable viscosity for use
      in high speed application to can ends and require no curing or fluxing at
      elevated temperatures as do rubber or plasticol compositions.
PAR  Therefore it is an object of this invention to provide compositions for use
      as can end sealants which have excellent stability characteristics,
      particularly prior to solvent addition.
PAR  Another object of this invention is to provide a composition which imparts
      substantially no odor to taste to foods.
PAR  Yet another object is to provide a method wherein the components in dry
      form can be mill mixed and stored for long periods of time prior to
      dispersion of the dry components in a solvent.
PAR  A further object is to provide stable sealing compositions comprising a
      solvent system wherein the solvent is added after mill mixing the dry
      components such that the dry mix can be economically shipped free of the
      solvent.
PAR  A still further object of this invention is to provide a stable sealing
      composition wherein charcoal is added in situ to protect against taste and
      odor transfer to food.
PAR  Yet a further object of this invention is to provide a stable sealing
      compound which requires no curing, provides an excellent can end sealant,
      and imparts substantially no odor or taste to foods.
PAR  These and other objects will become readily apparent to one skilled in the
      art upon further consideration of the specifications and claims.
PAC  DETAILED DESCRIPTION
PAR  The compositions of this invention are produced by mill mixing the several
      dry components by milling and thereafter at a convenient time dispersing
      the dry mix in a solvent. The dry mixture thus obtained has a particularly
      high stability which permits storage or shipment for extended periods of
      time in the dry mixed form prior to dispersion in a solvent. Thus, the
      final cost of the dry mixed composition is less due to a lower storage and
      shipping costs.
PAR  In order to provide a composition for use as a sealant which imparts
      substantially no taste or odor to foods or other materials as well as a
      composition with excellent stability, particularly in the dry form, with
      very high resistance to heat degradation, along with good pouring and
      sealing properties requiring no curing in a solvent system, the component
      makeup of the composition is of necessity, quite specific.
PAR  The dry composition of the instant invention includes, as the necessary
      constituents, a styrene-butadiene rubber, a coumarone-indene type resin
      and a filler. A solvent may be added at a convenient time to produce the
      final composition ready for application to can ends.
PAR  Many polymers are well known as being useful in sealing compositions. The
      present compositions employ the use of emulsion-polymerized
      styrene-butadiene rubber, hereafter referred to as "SBR". SBR is of
      particular interest in providing good tack in the sealing compositions of
      this invention. Preferably, SBR should contain from about 20% to 25% bound
      styrene which allows the SBR to swell in solvent without dissolvency. More
      preferably, SBR having from about a 40 to 70 Mooney shear rate is used.
      From 80 to about 110 parts by weight SBR should be used in each
      composition, with preferably from about 80 to 100 parts by weight being
      included in the sealing compositions. The resin can be of the
      coumarone-indene type, having a melting point of from 100.degree. C to
      about 145.degree. C. and most preferably about 115.degree. C. Another
      resin of interest is a cyclic hydrocarbons type resin, such as
      polycyclopentadiene, most preferably 1, 3 cyclopentadiene having a melting
      point from 100.degree. C to about 145.degree. C, preferably 120.degree. C
      to about 135.degree. C. Both the coumarone-indene and cyclic hydrocarbon
      type resins should be utilized in the compositions in amounts from 50 to
      about 80 parts by weight, preferably from 50 to about 70 parts by weight.
      The SBR and coumarone-indene type resins should be provided in the sealant
      compositions in amounts such that the sum of their parts by weight does
      not exceed 160 parts by weight in the composition.
PAR  Several fillers work in these sealing compositions. However, silica and
      clay are particularly useful because of their particle size, distribution,
      and shape. Silica and clay also provide a reinforcing effect when used in
      conjunction with SBR. The silica and clay should have a particle size of
      about 10 microns to be most effective. Filler should be added to the
      compositions in amounts from about 45 to 75 parts by weight and preferably
      from about 60 to 75 parts by weight.
PAR  Charcoal is important as an absorbent of odors and tastes that may be
      imparted by various components of the sealing compositions. While charcoal
      is commonly utilized as an adsorbent material in a separate process, the
      instant use in situ must be distinguished. In view of the constituents of
      the compositions, it is more surprising that the charcoal is not masked
      and rendered ineffective, by adding the charcoal in situ with all of the
      components. Charcoal is used in the compositions in amounts from about 2
      to 5 parts by weight, preferably 5 parts by weight.
PAR  Zinc oxide and titanium dioxide are added as pigment for color and specific
      gravity control. Zinc oxide can be utilized in the compositions in amounts
      ranging from about 0 to 5 parts by weight, preferably from about 1 to 3
      parts by weight and titanium dioxide can be utilized in the compositions
      in amounts ranging from about 1 to 5 parts by weight, preferably from
      about 1 to 3 parts by weight.
PAR  A stereometrically hindered phenolic type antioxidant having a melting
      point in the range from 225.degree. C to about 270.degree. C is preferably
      included. The phenolic antioxidant of particular interest is 1, 3, 5,
      trimethyl 2, 4, 6, tris [3, 5 ditert - butyl - 4 hydroxy-benzyl] benzene.
      This antioxidant has a molecular weight of about 775.2 and a melting point
      of about 244.degree. C. It is very heat stable material allowing the
      sealing compound to withstand up to 400 hours of 212.degree. F heat aging
      without complete loss of tack and flexibility.
PAR  Any aromatic hydrocarbon contamination generally will impart serious taste
      and odor problems in a sealant. High Standards concerning taste and odor
      must be maintained. Therefore, hexane and cyclohexane are the solvents
      used in the sealing compounds. These solvents, particularly hexane, are
      selected on the basis of their purity.
PAR  The sealing compounds are prepared by thoroughly mill mixing all the dry
      components. Once mixed, the components are then dispersed in the hexane
      solvent. It is of particular note that the dry components are quite stable
      after being mill mixed and it is not necessary to add a solvent
      immediately to the mixture to maintain stability as with other
      compositions. This particular stability characteristic provides an
      advantage in allowing shipment of the mixed dry components free of solvent
      thereby permitting obvious savings. The dry components can at a convenient
      time be dispersed in solvent, most desirably, hexane, and used as a
      sealing composition. Thus, storage over extended periods of time prior to
      the addition of solvent without substantial loss of quality is possible.
DETD
PAR  The following exaples illustrate the excellent properties and advantages of
      the compositions of this invention. All components are in parts by weight
      unless otherwise noted.
PAC  EXAMPLE I
PAR  The following dry components are mill mixed:
PA1  100 parts SBR polymer having a Mooney shear rate of 40 to 50;
PA1  60 parts clay having a particle size of about 10 microns;
PA1  60 parts of a coumarone-indene type resin having a melting point of about
      115.degree. C;
PA1  5 parts charcoal;
PA1  1 part zinc oxide
PA1  1 part 1, 3, 5, trimethyl 2, 4, 6, tris [3, 4, ditertbutyl-4-byrdoxybenzyl]
      benzene.
PAR  The mixed dry components are dispersed in 421 parts hexane solvent. The
      liquid sealing composition is easily pourable and is applied to a can end
      under high-speed assembly line conditions whereupon sealing composition is
      poured on each can end and spun to the outside edge of the can end
      whereupon the solvent evaporates promptly. A can end with a sealant
      thereon is used to seal a container and the resulting container is used to
      store food products. The can end provides an excellent seal with
      substantially no odor or taste contamination. In addition, the sealant is
      heat resistant with good tack and flexibility.
PAC  EXAMPLE II
PAR  The following dry components are mill mixed:
PA1  80 parts SBR polymer having a Mooney shear rate of about 40-50;
PA1  75 parts clay having a particle size of about 10 microns;
PA1  80 parts of a coumarone-idene type resin having a melting point of about
      115.degree. C;
PA1  5 parts charcoal;
PA1  3 parts zinc oxide;
PA1  3 parts titanium dioxide; and
PA1  1 part 1, 3, 5 trimethyl 2, 4, 6, tris [3, 5 ditert -
      butyl-4-hydroxybenzyl] benzene.
PAR  The mixed components are dispersed in 401 parts hexane solvent. The sealing
      composition is applied to a can end used to seal food products in a
      container as shown in Example I, above. The sealing composition provides
      an excellent heat resistant sealant with substantially no odor or taste
      contamination.
PAC  EXAMPLE III
PAR  Mill mixing the dry components of Example II whereupon the mixed dry
      components are stored in the dry form for a period of approximately 400
      hours, after which hexane solvent is added in the amount given in Example
      II. The sealing composition is then applied to a can end by the method as
      explained in Example I. The sealing composition provides an excellent seal
      imparting substantially no odor or taste.
PAC  EXAMPLE IV
PAR  A standard extraction test was performed on Composition A, i.e., the
      composition of Example I compared to a standard commercially available can
      end sealant, Composition B comprising 45.5% polymer, 28.2% turpene resin,
      and 26.3% ash filler based on dry components dispersed in a solvent.
PAR  Both compositions were tested twice in a 24-hour period at 120.degree. F in
      water and in a 20% concentraction of ethyl alcohol.
PAR  In water, 5.3 parts per million or ppm of Composition A were extracted
      compared with 10.9 ppm of Composition B, and in the 20% concentration of
      ethyl alcohol 10.5 ppm of Composition A were extracted compared with 25.4
      ppm of Composition B.
PAR  Thus, it was shown that Composition A of this invention imparts
      substantially no odor or taste contamination, the contamination being
      measured by the ppm extracted by the above tests.
PAR  It is therefore clear from the foregoing that the sealing compositions of
      this invention provide economy in being stable in dry mixed form. In
      addition, when solvent is added, the sealing composition is one
      particularly suited for high-speed application to can ends, has good tack
      and flexibility, and good pourability with good heat resistant
      characteristics, which imparts substantially no odor or taste,
      particularly to foods sealed within the containers to which the can ends
      are applied.
PAR  As will be evident to those skilled in the art, various modifications of
      this invention can be made, or followed, in the light of the foregoing
      disclosure and discussion without departing from the spirit thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A can end sealant composition for food containers which imparts
      substantially no odor or taste to food packaged in said container
      consisting essentially of from 80 to 100 parts by weight of
      styrenebutadiene rubber with from about 20% to 25% bound styrene; from
      about 50 to 80 parts by weight of a resin selected from the group
      consisting of a coumarone-indene type resin and a polycyclopentadiene,
      said resin having a melting point from about 100.degree.C. to
      145.degree.C, the total amount of said styrene-butadiene rubber and said
      resin being not more than 160 parts by weight of said composition; from
      about 45-75 parts by weight of a filler having an average particle size of
      about 10 microns and being selected from the group consisting of silica
      and clay; and about 2 to 5 parts by weight of charcoal to protect against
      taste and odor transfer to food packaged in said container.
NUM  2.
PAR  2. The can end sealant composition of claim 1 which also includes about 400
      to 450 parts by weight of a solvent selected from the group consisting of
      hexane and cyclohexane.
NUM  3.
PAR  3. The can end sealant composition of claim 1 which also includes about 1
      to 3 parts by weight of a stereometrically hindered phenol type
      antioxidant.
NUM  4.
PAR  4. The can end sealant composition of claim 1 which also includes from
      about 1 to 5 parts by weight of titanium dioxide and a maximum of about 5
      parts by weight of zinc oxide.
NUM  5.
PAR  5. The can end sealant composition of claim 1 wherein said resin is
      coumarone-indene type resin having a melting point of about 115.degree.C.
NUM  6.
PAR  6. The can end sealant composition of claim 1 wherein said resin is
      1,3-polycyclopentadiene having a melting point of from about 120.degree.C
      to 135.degree.C.
NUM  7.
PAR  7. The can end sealant composition of claim 3 wherein said antioxidant is
      1,3,5-trimethyl-2,4,6-tris-[3,5-ditertbutyl-4-hydroxy benzyl] benzene.
NUM  8.
PAR  8. A can end for a food container, said can end having dispersed thereon a
      can end sealant composition which imparts substantially no odor or taste
      to food packaged in said container, said sealant composition consisting
      essentially of from 80 to 100 parts by weight of styrene-butadiene rubber
      with from about 20% to 25% bound styrene; from about 50 to 80 parts by
      weight of a resin selected from the group consisting of a coumarone-indene
      type resin and polycyclopentadiene, said resin having a melting point from
      about 100.degree.C. to 145.degree.C., the total amount of said
      styrene-butadiene rubber and said resin being not more than 160 parts by
      weight of said composition; from about 45-75 parts by weight of a filler
      having an average particle size of about 10 microns and being selected
      from the group consisting of silica and clay; and about 2 to 5 parts by
      weight of charcoal to protect against taste and odor transfer to food
      packaged in said container.
NUM  9.
PAR  9. The can end of claim 8 wherein said sealant composition also includes
      about 400 to 450 parts by weight of a solvent selected from the groups
      consisting of hexane and cyclohexane.
NUM  10.
PAR  10. The can end of claim 8 wherein said sealant composition also includes
      about 1 to 3 parts by weight of a stereometrically hindered phenol type
      antioxidant.
NUM  11.
PAR  11. The can end of claim 8 wherein said sealant composition also includes
      from about 1 to 5 parts by weight of titanium dioxide and a maximum of
      about 5 parts by weight of zinc oxide.
NUM  12.
PAR  12. The can end of claim 8 wherein said resin in said sealant composition
      is coumarone-indene type resin having a melting point of about
      115.degree.C.
NUM  13.
PAR  13. The can end of claim 8 wherein said resin in said sealant composition
      is 1,3-polycyclopentadiene having a melting point of from about
      120.degree.C to 135.degree.C.
NUM  14.
PAR  14. The can end of claim 10 wherein said antioxidant in said sealant
      composition is 1,3,5-trimethyl-2,4,6-tris-[3,5ditertbutyl-4-hydroxy
      benzyl] benzene.
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ABST
PAL  In accordance with a preferred embodiment of this invention, a
      polyether-type, isocyanate-terminated, polyurethane prepolymer is formed
      by (1) blending about one equivalent of diphenylmethane diisocyanate
      (hereinafter "MDI") and a mixture of from about 0.5 to about 0.55
      equivalent of a polyoxypropylene diol having a molecular weight (Mn)
      within the range of about 1,000 to about 2,000, from about 0.08 to about
      0.13 equivalent of a polyoxypropylene trio, having a molecular weight (Mn)
      in the range of from about 4,000 to about 4,500, and from about 10 to
      about 15 parts by weight of a hydrogenated terphenyl plasticizer per 100
      parts by weight of the mixture of MDI and the polyols, (2) initiating the
      polymerization reaction by adding from about 0.08 to about 0.12 parts by
      weight of a tin catalyst per about 250 parts by weight of MDI; the
      catalyst being initially dissolved in from about 10 to about 15 parts by
      weight of additional hydrogenated terphenyl plasticizer per about 100
      parts of the mixture of MDI and polyols. This process yields a thermally
      stable prepolymer, which is suitable for many applications, and the
      required reaction time may be as low as one minute. This represents a
      significant improvement over the prior art.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a novel process of forming an
      isocyanate-terminated, polyether-type, partially crosslinked, polyurethane
      prepolymer.
PAC  BACKGROUND OF THE INVENTION
PAR  In developing a method of producing polyurethane prepolymers, curable by
      atmospheric humidity, there are several important requirements which must
      be met if the new process is to be commercially feasible. First, a general
      preparatory method should have the flexibility of producing prepolymers
      with varying physical properties for various applications such as
      sealants, elastomers and foams. This flexibility is usually achieved by
      varying the molecular weights and weight ratios of the diols and triols.
      Second, it is preferable to form a prepolymer with a relatively high
      degree of conversion of isocyanate to urethane because this reduces the
      time required to cure the prepolymer. Third, for obvious economic reasons,
      the preparation should be fast and should not require expensive, special
      purpose equipment.
PAR  The prior art teaches several methods of forming moisture-curable,
      polyurethane prepolymers from diisocyanates, polyols and suitable
      catalysts. However, none of the techniques taught or suggested by the
      prior art meet all of the above goals.
PAR  In the past, developmental efforts have been directed at the problems of
      maintaining control of the polymerization reaction and of producing a
      uniform prepolymer. These problems were believed to be caused by the
      highly exothermic nature of the polymerization reaction and the positive
      temperature coefficient of the reaction rate constants. These factors
      indicate that the reaction may become autocatalytic.
PAR  Kinetically, the polymerization reaction is of the second order and,
      therefore, on a macroscale the rate of reaction is dependent on the degree
      of mixing. In addition, the polymerization is a very fast exothermic
      reaction and the contact between the reactants must be uniform throughout
      the batch to prevent the formation of undesirable gel particles. These are
      small beads which contain high molecular weight and/or a highly branched
      polymer and are formed when the stirring of the reacting mixture is not
      sufficient to maintain a uniform dispersion of the polymerizing reactive
      sites. If the highly branched polymer segments, having a multitude of
      reacting sites, are allowed to cluster and generate localized hot spots in
      which the rate of polymerization is very high, then they will develop into
      gel particles. The tendency to form gel particles is increased as the
      degree of molecular branching in the triol is increased, and can be
      significantly reduced by eliminating the triol. However, this causes a
      significant loss in the tensile strength and modulus of the cured
      prepolymer.
PAR  Prior to this invention, it was believed that the only reasonable approach
      to the problem created by the polymerization exotherm was to greatly
      reduce the rate of polymerization. In general, this was accomplished by
      either using a noncatalyzed prereaction step in which the isocyanate was
      slowly reacted with some of the polyol, usually the diol, or by omitting
      the triol completely, which would eliminate any crosslinking reactions.
PAR  The prior art teaches at least three specific techniques of managing this
      problem. First, there is a widely used two-step method; during the first
      step of this process the diisocyanate and a diol are mixed, without a
      catalyst, and reacted at about 180.degree. F. until the mixture is free of
      hydroxyl (OH) groups and contains about 3.5% of unreacted or free
      isocyanate (NCO) groups. This reaction takes about three to four hours
      and, therefore, is a severe bottleneck in any production application. The
      second step of this reaction is to add a branched triol and a tin-based
      catalyst to the above reaction product, and stir vigorously. The
      polymerization reaction is then continued at about 140.degree. F. until
      the free isocyanate (NCO) is reduced to about 1.3%; this step requires an
      additional 30 to 60 minutes. The prereaction serves to increase the
      viscosity of the subsequent polymerizing mixture and this physically slows
      the reaction by reducing the rate at which the reactive hydroxyl (OH) and
      isocyanate (NCO) functionality come into contact with each other.
PAR  In the second prior art approach, the problem is avoided by using only a
      linear diol and then stopping the catalyzed reaction at moderately low
      degrees of conversion, as indicated by the ratio of isocyanate (NCO) group
      to hydroxyl (OH) groups within the range of about 2:1 to about 4:1.
      Omitting the triol makes the prepolymer unsuitable for many applications,
      but this modification effectively controls the polymerization exotherm and
      reduces the required reaction time to about 30 minutes.
PAR  The third prior art technique of managing the problem is to form a
      prepolymer with a relatively low degree of conversion and then depend on
      the subsequent prepolymer curing reaction to complete the polymerization.
      In one specific method the ratio of isocyanate groups to hydroxyl group in
      the prepolymer is in the range of about 4:1 to about 10:1. The subsequent
      curing step is a time consuming process.
PAC  OBJECT OF THE INVENTION
PAR  It is an object of this invention to provide a method forming a partially
      crosslinked and externally plasticized, polyether-type, polyurethane
      prepolymer having an isocyanate to hydroxyl ratio in the range of 1.4:1 to
      1.5:1, a Brookfield viscosity at 25.degree. C. in the range of 8,000 to
      500,000 cp, and a molecular weight (Mn) in the range of 12,000 to 25,000,
      said method requiring a reaction time of less than three minutes.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with a preferred embodiment of this invention, about 250
      parts by weight of MDI, about 1,050 parts by weight of a linear
      polyoxypropylene diol, having a molecular weight (Mn) of about 2,000, and
      about 285 parts by weight of a polyoxypropylene triol, having a molecular
      weight (Mn) of about 4,100, are blended at about 45.degree. C. until they
      are dissolved. No significant polymerization occurs at this stage of the
      process. During this initial blending operation about 200 parts by weight
      of a compatible, nonreactive plasticizer is added; a preferred plasticizer
      is a mixture of hydrogenated terphenyl compounds marketed by Monsanto
      under the designation "HB-40".
PAR  Once the isocyanate and the polyol are dissolved, about 0.1 part of
      stannous octoate, which has been previously dispersed in about 200 parts
      by weight of additional plasticizer is then added to the solution and the
      stirring is continued. However, the extremely vigorous stirring required
      by the prior art methods to prevent gel formation is not necessary because
      the polyols and the MDI are already uniformly blended and the catalyst
      carrier quickly and uniformly disperses the catalyst throughout the
      mixture.
PAR  The catalyst initiates the polymerization reaction which is then continued
      until all available hydroxyl groups (OH) have been reacted and the free
      isocyanate content is reduced to a level of about 1.4% by weight based on
      the total composition; this represents a degree of conversion of up to
      80%. The Brookfield viscosity at 25.degree. C. for this prepolymer is
      about 36,000. Typically, this takes from about one to about three minutes
      (see FIGS. 1 and 2). Surprisingly, there are no problems caused by the
      exotherm, which in localized areas, could lead to gel formation or, which
      on a larger scale, could significantly raise the overall temperature of
      reacting mixture and lead to the undesirable products of the allophanate
      and biuret reactions. Heat is produced but it does not present the
      problems which were anticipated. This unexpected development allows the
      direct addition of a catalyst, dissolved in a suitable carrier, to the
      isocyanate-polyol solution.
PAR  To product a prepolymer preferable for sealant applications the diol should
      have a molecular weight (Mn) in the range of about 1,000 to about 2,000,
      the triols should have a molecular weight (Mn) within the range of about
      4,000 to about 4,500. Within this range of molecular weights and the
      relative amounts specified above for the polyol ingredients, there is no
      significant polymerization during the initial blending operation. In
      addition, the prepolymer, so prepared, has acceptable creep
      characteristics for vertical sealant applications, and the tensile
      strength and modulus of the resulting sealant is acceptable in
      applications such as automotive windshields.
PAR  The novel process described above offers the following advantages over the
      prior art techniques. First, the subject process can produce a prepolymer
      which has the improved tensile strength and sag characteristics required
      for sealant applications by using a mixture of diols and triols in the
      polymerization reaction. Second, the prepolymer produced by this process
      has a high degree of conversion from isocyanate to urethane and,
      therefore, requires a shorter cure time to acquire the desired polymer
      properties; this is a significant advantage in mass production operations.
      Third, this novel process does not require extreme agitation and can be
      carried out in conventional mixing apparatus having straight-walled
      reaction vessels and blade stirrers. Finally, the major advantage to this
      novel process is that a prepolymer having these advantages is formed in an
      extremely short reaction time of from about one to about three minutes
      when compared to other processes which require up to about four or five
      hours.
PAR  As stated above, a two-step process is often used for preparing
      polyurethane prepolymers. However, the first step of the two-step process
      in which the diol is prereacted with the isocyanate requires from three to
      four hours. This uncatalyzed prereacting step was believed necessary to
      prevent gel formation and achieved the desired physical properties. Even
      though the reaction time could have been greatly reduced by the use of a
      catalyst, one was not used in this prereacting step because it was feared
      that it would promote the formation of gel particles. This two-step
      process is a standard textbook method which is geared to the prior art's
      concern for the exotherm generated by a rapid polymerization reaction and
      to the efforts to slow this reaction to a controllable rate.
PAR  At first glance the second prior art process mentioned above appears to be
      very similar to the subject process in that the polyol and the isocyanate
      are directly mixed. However, a closer look at the limitations shows that
      this prior art method completely omits the triols which greatly contribute
      to the physical properties of the polymer prepared from the prepolymer. By
      using only a relatively high molecular weight linear diol, the problems of
      gelation are greatly reduced because the total number of reacting sites is
      greatly reduced in respect to the mass of the reactants. In addition, the
      omission of the triol prevents the formation of any crosslinks. Finally,
      this prior art technique provides a moderately low degree of
      polymerization and yields a prepolymer with a relatively high percent free
      isocyanate; in this respect the second and third prior art methods are
      very similar. Comparatively, the subject process is faster, requires lower
      reaction temperatures to yield stable partially crosslinked prepolymer
      with conversions of isocyanate to urethane as high as 80% or more.
PAR  These and other advantages of our invention will be more easily understood
      in view of a detailed description thereof to include specific examples.
DRWD
PAR  In this description, reference will be made to the drawings, in which:
PAR  FIG. 1 is a plot of the molecular weight (Mw) of an MDI based prepolymer as
      a function of the polymerization reaction time. The initial formulation
      and the final prepolymer data are also given, and
PAR  FIG. 2 is a plot of the molecular weight (Mw) of a TDI based prepolymer as
      a function of the polymerization reaction time; the initial formulation
      and the final prepolymer data are also given.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with our invention it is possible to form a thermally stable,
      polyether-type, isocyanate-terminated, polyurethane prepolymer within a
      period of from about one to about 3 minutes. The prepolymer so formed is
      partially crosslinked and has a high degree of conversion from isocyanate
      to urethane which minimizes the time required for it to cure and form a
      polyurethane resin; this prepolymer also typically contains a nonreactive
      external plasticizer, such as the aforementioned HB-40, or a phthalate
      (e.g., dioctylphthalate), a sebacate, a stearate, a chlorinated parafin,
      an adipate or a halogenated biphenyl.
PAR  The subject prepolymer may be characterized as (1) having a viscosity in
      the range of from about 8,000 to about 500,000 cp, preferably from 25,000
      to 50,000 cp, if plasticized with from about 10% to about 30% by weight
      based on the total composition of suitable plasticizer, (2) a molecular
      weight (Mw) in the range of from about 12,000 to about 25,000, preferably
      15,000 to 22,000, and (3) a free isocyanate content in the range of from
      about 0.5% to about 10% by weight based on the total composition including
      plasticizer preferably from 1.2% to 1.8%.
PAR  In accordance with this invention, about 1.0 equivalent (125 weight parts)
      of MDI is mixed with and dissolved in, at a temperature in the range of
      40.degree. C. to 100.degree. C., from about 0.37 to about 0.6 equivalent
      of a polyoxypropylene diol having a molecular weight (Mn) in the range of
      from about 200 to about 2,200 (1 equivalent equals the molecular weight
      (Mn) divided by 2 in weight parts), (2) from about 0.05 to about 0.27
      equivalent of a polyoxypropylene triol having a molecular weight (Mn) in
      the range of from about 700 to about 4,500 (1 equivalent equals the
      molecular weight (Mn) divided by 3 in weight parts), and (3) from 5% to
      15% by weight based on the total composition of a suitable plasticizer or
      solvent. There is no catalyst added in this initial blending step and
      there is surprisingly no significant degree of polymerization. Therefore,
      there is no need for elaborate mixing equipment or careful and lengthy
      ingredient-addition procedures.
PAR  Once the above ingredients are dissolved, from 0.05 to 0.4 weight part of a
      tin catalyst is dissolved in from 5% to 15% by weight based on the total
      composition of a suitable carrier, such as a plasticizer or an inert
      solvent, and this catalyst solution is blended into the
      polyol-diisocyanate solution. Since the catalyst is dispersed in a
      carrier, it may be quickly added to and dispersed throughout the solution.
      This step initiates the polymerization reaction and it is continued until
      all available hydroxyl groups (OH) are reacted and the prepolymer has a
      free isocyanate content in the suitable range of from about 0.5% to about
      10% by weight based on the total composition. Usually this takes less than
      about three minutes (see Examples 1 and 2) which represents a significant
      improvement over the prior art techniques requiring anywhere from about
      thirty minutes to about five hours or more.
PAR  In the practice of this invention, if the molecular weight (Mn) of the diol
      is much below about 700 or if the molecular weight (Mn) of the triol is
      much below about 1,500, there is a higher concentration of reactive (OH)
      groups and, therefore, a higher number of urethane-forming, exothermic
      polymerization reactions. Consequently, there is an observed prereaction
      prior to the addition of the catalyst and a greater overall exotherm which
      causes difficulty in controlling the temperature of the batch. If the
      molecular weight (Mn) of the diol is much greater than the specified
      2,200, or if the molecular weight (Mn) of the triol is much greater than
      the specified 4,500, then the ultimate polyurethane resin does not have
      the physical properties required for most applications, such as sealants
      and the like. Regarding the catalyst concentration, it has been learned
      that 0.05 weight part of a tin based urethane-polymerization catalyst per
      equivalent of the diisocyanate is about the minimum level which will
      provide the desired reaction times. Conversely, if this concentration
      exceeds 0.4, the reaction becomes difficult to control and upon aging at
      elevated temperatures, the prepolymer will thicken because of undesirable
      allophanate and biuret side reactions. This latter effect may be evident
      at concentrations as low as 0.2 with certain catalysts, especially
      stannous octoate.
PAR  The subject process may also be used to form a prepolymer from toluene
      diisocyanate (hereinafter "TDI") . In accordance with this embodiment 1.0
      equivalent of TDI is mixed with, and dissolved in, (1) from about 0.5 to
      0.55 equivalent of a polyoxypropylene diol having a molecular weight (Mn)
      in the range of from about 1,000 to 2,000, and (2) from about 0.08 to 0.13
      equivalent of a polyoxypropylene triol having a molecular weight (Mn) in
      the range of from about 1,500 to 4,100, and (3) from 5% to 15% by weight
      based on the total composition of a suitable nonreactive plasticizer, such
      as HB-40, or any high boiling, nonreactive and compatible plasticizer
      typically used in poly(vinyl chloride) resins, such as those described
      above.
PAR  Once the above ingredients are dissolved and as stirring is continued, from
      0.05 to 0.4 weight parts of stannous octoate, which has been previously
      dissolved in from 5% to 15% by weight based on the total composition of
      additional plasticizer, are added and the stirring continued. This
      initiates the polymerization reaction which continues until all available
      hydroxyl groups are reacted and the prepolymer has a Brookfield viscosity
      at 25.degree. C within the range of from 8,000 to 500,000, preferably from
      8,000 to 40,000, and a free isocyanate content in the suitable range of
      from about 1.0% to 10%, preferably from 1.2% to 1.8%, by weight based on
      the total composition and a molecular weight (Mw) in the range of from
      14,000 to 22,000. Typically, this is accomplished in from 1.5 to 2.5
      minutes which represents a significant improvement over the prior art
      techniques requiring anywhere from thirty minutes to about 5 hours or
      more. (See Example 3 and FIG. 2).
PAC  EXAMPLE 1
PAR  This example is included to describe the precise steps used in the
      preparation of the subject prepolymer and to illustrate the properties of
      that prepolymer, which in this case is a suitable material for use in
      polyurethane sealant applications.
PAR  The first step was to thoroughly blend at 45.degree. C. (1) 250 grams of
      MDI, (2) 1,050 grams of a polyoxypropylene diol having a molecular weight
      (Mn) of about 2,000, (3) 285 grams of apolyoxypropylene triol having a
      molecular weight (Mn) of about 4,100, and (4) 200 grams of a hydrogenated
      terphenyl plasticizer, HB-40. There was no observable chemical reaction
      during this blending operation and about three to about five minutes were
      required to achieve a uniform dispersion. Conventional mixing equipment
      consisting of a smooth-walled reaction vessel and a blade stirrer
      revolving about 200 rpm was used.
PAR  Once the polyols, the MDI and the plasticizer were dissolved, about 0.107
      grams by weight of stannous octoate, which had been dissolved in an
      additional 200 grams of a hydrogenated terphenyl plasticizer, HB-40, were
      added to the isocyanate-polyol mixture, and the stirring was continued.
      Samples were taken out at intervals of 1, 7.5, 15, 30 and 60 minutes,
      quenched in an excess of methanol and their molecular weights determined
      by gel permeation chromatography. This data was then plotted as a function
      of reaction time in FIG. 1 on curve A. This curve illustrates that the
      polymerization reaction is essentially complete within the first 2 and
      one-half minutes, which is many times shorter than any prior art technique
      for forming a similar prepolymer. The procedure was then repeated with the
      blending and reaction temperatures raised to 60.degree. C., 70.degree. C.
      and, finally, 100.degree. C., and the molecular weight curves for each of
      those reactions as a function of time are also plotted on FIG. 1. The
      isocyanate to hydroxyl equivalent ratio (NCO/OH) for this prepolymer was
      about 1.3. Similar results were obtained and the polymerization reactions
      were all complete within 2 and one-half minutes or less. The prepolymers
      made in this series all had a Brookfield viscosity at 25.degree. C. of
      33,000 and a free isocyanate content of 1.25% based on the total
      composition.
PAR  This group of curves shows the stability of the subject prepolymer even at
      elevated temperatures once all the available hydroxyl groups have been
      reacted. It is evident from FIG. 1 that no polymerization or
      depolymerization reactions occurred once the prepolymer was formed even at
      temperatures as high as 100.degree. C. This indicates relatively long
      shelf life, which is very desirable. This figure also illustrates the
      flexibility in reaction temperatures provided by this technique.
PAC  EXAMPLE 2
PAR  Using the methods described in Example 1, a series of MDI prepolymers were
      prepared at a reaction temperature of about 45.degree. C. Table I lists
      the composition, the degree of conversion, the free isocyanate content and
      the Brookfield viscosity at 25.degree. C. of these materials. In each
      formulation the average molecular weight (Mn) of the triol was about 4,100
      and that of the diol was 2,000 except in formulation 7 where the molecular
      weight (Mn) of the diol was 700.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                                                         Brookfield            

                                      Initial                                  

                                            Final        Viscosity             

     MDI     Diols.sup.*4                                                      

                   Triols.sup.*5                                               

                         Plasticizer                                           

                                Percent                                        

                                      Free NCO                                 

                                            Free NCO     at 25.degree. C.      

     (Grams) (Grams)                                                           

                   (Grams)                                                     

                         (Grams)                                               

                                Conversion                                     

                                      (%)   (%)   Catalyst.sup.*3              

                                                         (cps)                 

     __________________________________________________________________________

     1. 50.  195.8 72.8    80.4 66    4.1   1.4    T-9.sup.*1                  

                                                         40,800                

     2. 75.  315.4 86.6  120    66    4.1   1.4    T-1.sup.*2                  

                                                         36,800                

     3. 75.  317.6 79.4  120    66    4.1   1.4   T-9    28,800                

     4.  74.3                                                                  

             317.6 79.4  120     75.9 4.1   1.0   T-9    60,800                

     5.  62.6                                                                  

             317.6 79.4  120     81.8  3.56  0.56 T-9    180,000               

     6.  57.7                                                                  

             320.  80.   120    85     3.31  0.50 T-9    850,000               

     7. 144.8                                                                  

             317.2 79.3  120    80    7.0   1.4   T-9     1 .times. 10.sup.6   

     __________________________________________________________________________

      .sup.*1 - T-9 is stannous octoate.                                       

      .sup.*2 - T-1 is dibutyl tin diacetate.                                  

      .sup.*3 - Catalyst concentration is 0.0063%.                             

      .sup.*4 - (Mn) of diol is about 2,000 except no. 7 in which the diol Mn i

      700.                                                                     

      .sup.*5 - (Mn) of triol is about 4100.                                   

PAC  EXAMPLE 3
PAR  Using the methods described in Example 1 and blending all ingredients at
      room temperature, a series of prepolymers were formed from TDI. Table II
      lists the composition, degree of conversion, free isocyanate content, and
      the Brookfield viscosity at 25.degree. C. of these prepolymers. Stannous
      octoate was the catalyst used in each formulation. As shown in FIG. 2,
      this reaction is essentially completed within two and one-half minutes.
PAR  Using TDI, the physical properties of the prepolymer are within the
      suitable limits defined in this specification.
TBL                                    TABLE II                                

     __________________________________________________________________________

                 Polyoxypropylene                                              

                               Polyoxypropylene                                

          Plasticizer                                                          

                 Diol          Triol              Degree of                    

     TDI  HB-40                              % Free                            

                                                  Conversion                   

                                                        Brookfield             

     (Grams)                                                                   

          (Grams)                                                              

                 Mn = 1000                                                     

                        Mn = 2000                                              

                               Mn = 1500                                       

                                      Mn = 4100                                

                                             NCO  (%)   Viscosity              

     __________________________________________________________________________

     46.5 120    --      320.  --     80     1.0  73    20,000                 

     48.5 112    --     200    --     200    1.4  65    10,000                 

     54.4 114    --      333.0  66.6  --     1.1  76    56,000                 

     86.3 122     333.3 --      66.6  --     1.4  79    120,000                

     84.3 121    300    --     100            1.27                             

                                                  81    290,000                

     51.3 120           285    57     58     1.0  77    64,000                 

     __________________________________________________________________________

PAR  In accordance with a preferred practice of this invention, a polyurethane
      prepolymer, curable by atmospheric humidity, having a Brookfield viscosity
      at 25.degree. C. in the range of 25,000 to 50,000 cp. and a molecular
      weight (Mw) in the range of 15,000 to 25,000 and a free isocyanate content
      in the range of 1.2% to 1.8% by weight based upon the total composition is
      produced. The process comprises first blending MDI with both a linear
      polyoxypropylene diol having a molecular weight (Mn) of about 2,000 and a
      branched polyoxypropylene triol having a molecular weight (Mn) of about
      4,100.
PAR  More specifically, 250 parts by weight of the MDI are blended with from
      1,000 to 1,100 parts of the diol and from 220 to 350 parts of the triol.
      In addition, this initial solution also contains 190 to 210 parts by
      weight of a mixture of hydrogenated terphenyl compounds, HB-40. To this
      solution from 0.08 to 0.12 part by weight of tin catalyst, which has been
      initially dissolved in an additional 190 to 210 parts of the plasticizer,
      are then added to initiate the polymerization reaction. Stirring is
      continued and the reaction allowed to progress until all available
      hydroxyl groups (OH) are reacted and the desired free isocyanate content
      within the range of about 0.2% to about 1.8% is achieved. This typically
      requires from one to three minutes. The prepolymer prepared in this
      fashion is particularly suited for sealant applications because of its
      stability, creep properties and lack of gel particles.
PAR  A prepolymer may be prepared in accordance with the practice of this
      invention having (1) a free isocyanate content within the range of about
      0.5% to about 10% by weight, (2) an isocyanate to hydroxyl ratio in the
      range of about 1.15 to about 1.8, (3) a Brookfield viscosity at 25.degree.
      C. in the range of about 8,000 to about 500,000 cp., and (4) a molecular
      weight (Mw) n the range of about 10,000 to about 40,000. These prepolymers
      may be curable by atmospheric humidity, amines or other suitable curing
      agents to form useful sealants, elastomers and foams.
PAR  A suitable prepolymer may be prepared by mixing at a suitable temperature
      about 1 equivalent of MDI or TDI to include linear dimers, trimers and
      oligomers and from about 0.37 to about 0.6 equivalent of a
      polyoxypropylene diol having a molecular weight (Mn) in the range of about
      200 to about 2,500, and from about 0.05 to about 0.27 equivalent of a
      polyoxypropylene triol having a molecular weight (Mn) in the range of
      about 700 to about 4,500.
PAR  If MDI is used, the mixing temperature must be above 40.degree. C. as below
      that point MDI is a solid, and if the temperature exceeds 100.degree. C.
      for reactions involving either diisocyanate, undesirable biuret and
      allophanate reactions begin to occur. If the molecular weights of the
      polyols exceed the prescribed limits, the tensile strength and modulus of
      the cured polymer are significantly reduced; and if the molecular weights
      fall below the prescribed limits, the polymerization during this initial
      dissolution step becomes significant and the process loses its advantages.
PAR  To this initial blend, 5% to 15% by weight based on the total composition
      of a suitable plasticizer, which may be any nonreactive compatible
      plasticizer, may be added. Typically, materials which meet the above
      requirements and those which are effective plasticizers for poly(vinyl
      chloride) will be suitable in this application. Once a uniform dispersion
      is achieved and as the stirring continues, from about 0.05 to 0.4 weight
      part catalyst is added. Before the catalyst is added, it is dissolved in a
      suitable catalyst carrier, which may be a plasticizer or a nonreactive
      compatible solvent. The carrier should constitute from about 5% to about
      15% by weight of the total reactants. Examples of suitable catalysts
      include dibutyl tin dilaurate and dibutyl tin diacetate and the like.
PAR  The polymerization reaction continues until all available hydroxyl groups
      (OH) are reacted and the desired free isocyanate content, which suitably
      falls within the range of about 0.5% to about 10%, is achieved.
PAR  While our invention has been described in terms of certain specific
      embodiments, it will be appreciated that other forms thereof could readily
      be adapted by one skilled in the art. Therefore, the scope of our
      invention is not to be limited to the specific embodiments disclosed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved process of forming a partially crosslinked, plasticized,
      polyurethane moisture curable sealant prepolymer having an isocyanate to
      hydroxyl equivalent ratio in the range of about 1.4:1 to about 1.5:1, a
      free isocyanate content in the range of about 1.2% to about 1.8% by weight
      based on the total prepolymer composition, a Brookfield viscosity at
      25.degree. C. in the range of about 25,000 to about 100,000 cp., and a
      molecular weight (Mw) in the range of about 15,000 to about 25,000,
      comprising:
PA1  a. stirring together until uniformly blended at a temperature in the range
      of from about 40.degree. C. to about 100.degree. C.:
PA2  1. about 1 equivalent of a diisocyanate selected from the group consisting
      of toluene diisocyanate and diphenyl methane diisocyanate,
PA2  2.
NUM  2.
PAR  2.  about 0.50 to about 0.55 equivalent of a dihydroxy terminated
      polyoxypropylene, having a molecular weight (Mn) in the range of about
      1,000 to about 2,000,
PA2  3. about 0.08 to about 0.13 equivalent of a polypropylene ether triol,
      having a molecular weight (Mn) in the range of from about 1,500 to about
      4,500, and
PA2  4. about 5% to 15% by weight based on the total composition of a
      plasticizer that is miscible and compatible with said diisocyanate and
      said polyols, until a solution is achieved, and then as said solution is
      being stirred,
PA1  b. catalyzing the polymerization reaction of said diisocyanate and said
      polyols to form said prepolymer by mixing into said solution a solution
      comprising from about 0.08 to about 0.12 weight parts per each 250 weight
      parts of said diisocyanate of a tin-based urethane polymerization catalyst
      dissolved in about 5% to about 10% by weight based on the total
      composition of additional plasticizer, and
PA1  c. continuing to stir said reacting mixture for a period of minutes to
      maintain a relatively uniform distribution of reacting species until the
      free isocyanate content of said solution is within the range of from about
      1.2% to about 1.8% by weight based on the total composition, thereby
PAR   forming said prepolymer substantially free of gel particles. 2. An
      improved process of forming a partially crosslinked, plasticized,
      polyurethane moisture curable sealant prepolymer having an isocyanate to
      hydroxyl equivalent ratio in the range of about 1.4:1 to about 1.5:1, a
      free isocyanate content in the range of about 1.2% to about 1.8% by weight
      based on the total prepolymer composition, a Brookfield viscosity at
      25.degree. C. in the range of about 25,000 to about 50,000 cp., and a
      molecular weight (Mw) in the range of about 15,000 to about 25,000,
      comprising:
PA1  a. stirring together until uniformly blended at a temperature in the range
      of from about 40.degree. C. to about 100.degree. C.:
PA2  1. about 250 weight parts of diphenyl methane diisocyanate,
PA2  2. about 1,000 to about 1,100 weight parts of a dihydroxy terminated
      polyoxypropylene, having a molecular weight (Mn) in the range of about
      1,000 to about 2,000,
PA2  3. about 220 to about 350 weight parts of a polypropylene ether triol,
      having a molecular weight (Mn) in the range of from about 4,000 to about
      4,500, and
PA2  4. about 190 to about 210 parts of a hydrogenated terphenyl plasticizer
      until a solution is achieved, and then as said solution is being stirred,
PA1  b. catalyzing the polymerization reaction of said diisocyanate and said
      polyols to form said prepolymer by mixing into said solution a solution
      comprising from about 0.08 to about 0.12 weight parts of a tin urethane
      polymerization catalyst dissolved in about 190 to about 210 weight parts
      of a hydrogenated terphenyl plasticizer, and
PA1  c. continuing to stir said reacting mixture for a period of minutes to
      maintain a relatively uniform distribution of reacting species until the
      free isocyanate content of said solution is within the range of from about
      1.2% to about 1.8% by weight based on the total composition, thereby
      forming said sealant prepolymer substantially free of gel particles.
NUM  3.
PAR  3. An improved process of forming a partially crosslinked, externally
      plasticized, polyether-type polyurethane prepolymer which is substantially
      gel free having an isocyanate to hydroxyl equivalent ratio in the range of
      about 1.15 to about 1.8, a free isocyanate content in the range of about
      0.5% to about 10% by weight based on the total prepolymer composition, a
      viscosity in the range of about 15,000 to about 500,000 cp., and a
      molecular weight (Mw) in the range of about 10,000 to about 40,000, said
      prepolymer being curable by atmospheric humidity, comprising:
PA1  a. uniformly blending at a temperature within the range of from about
      40.degree. C. to about 100.degree. C.:
PA2  1. about 250 weight parts of diphenyl methane diisocyanate,
PA2  2. about 730 to about 1,200 weight parts of a dihydroxy terminated
      polyoxypropylene diol, having a molecular weight (Mn) in the range of
      about 200 to about 2,200,
PAR  3.  about 140 to about 730 weight parts of a polypropylene ether triol,
      having a molecular weight (Mn) in the range of from about 700 to about
      4,500, and
PA2  4. about 5% to about 15% by weight based on the total composition of a
      plasticizer which is miscible and compatible with said diisocyanate and
      said polyols until a solution is achieved, and then as said solution is
      being stirred,
PA1  b. catalyzing the polymerization reaction of said diisocyanate and said
      polyols to form said prepolymer by mixing into said dispersion a solution
      comprising from about 0.1 to about 0.4 weight parts of a tin catalyst and
      from about 5% to about 15% by weight based on the total composition weight
      parts of additional plasticizer, and
PA1  c. stirring said reacting mixture to maintain a relatively uniform
      distribution of reacting species until the free isocyanate content of said
      mixture is within the range of from about 0.5% to 10% by weight based on
      the total composition.
NUM  4.
PAR  4. An improved process of forming a partially crosslinked, plasticized,
      polyurethane moisture curable sealant prepolymer having an isocyanate to
      hydroxyl equivalent ratio in the range of about 1.4:1 to about 1.5:1, a
      free isocyanate content in the range of about 1.2% to about 1.8% by weight
      based on the total prepolymer composition, a Brookfield viscosity at
      25.degree. C. in the range of about 8,000 to about 40,000 cp., and a
      molecular weight (Mw) in the range of about 14,000 to about 22,000,
      comprising:
PA1  a. stirring together until uniformly blended at room temperature:
PAR  1.  about 250 weight parts of toluene diisocyanate,
PA2  2. about 1,000 to about 1,100 weight parts of a dihydroxy terminated
      polyoxypropylene, having a molecular weight (Mn) in the range of about
      1,000 to about 2,000,
PA2  3. about 220 to about 350 weight parts of a polypropylene ether triol,
      having a molecular weight (Mn) in the range of from about 4,000 to about
      4,500, and
PA2  4. about 190 to about 210 parts of a hydrogenated terphenyl plasticizer
      until a solution is achieved, and then as said solution is being stirred,
PA1  b. catalyzing the polymerization reaction of said toluene diisocyanate and
      said polyols to form said prepolymer by mixing into said solution a
      solution comprising from about 0.08 to about 0.12 weight parts of a
      tin-based, urethane-polymerization catalyst dissolved in about 190 to
      about 210 weight parts of a hydrogenated terphenyl plasticizer, and
PA1  c. continuing to stir said reacting mixture for a period of minutes to
      maintain a relatively uniform distribution of reacting species until the
      free isocyanate content of said solution is within the range of from about
      1.2% to about 1.8% by weight based on the total composition, thereby
      forming said sealant prepolymer substantially free of gel particles.
NUM  5.
PAR  5. An improved process of forming a partially crosslinked, plasticized,
      polyurethane moisture curable sealant prepolymer having an isocyanate to
      hydroxyl equivalent ratio in the range of about 1.15:1 to about 1.8:1, a
      free isocyanate content in the range of about 0.5% to about 10% by weight
      based on the total prepolymer composition, a Brookfield viscosity at
      25.degree. C. in the range of about 8,000 to about 500,000 cp., and a
      molecular weight (Mw) in the range of about 8,000 to about 40,000,
      comprising:
PA1  a. stirring together until uniformly blended at a temperature in the range
      of from about 40.degree. C. to about 80.degree. C.:
PA2  1. about 1.0 equivalent of toluene diisocyanate,
PA2  2. about 0.37 to about 0.6 equivalent of a dihydroxy terminated
      polyoxypropylene, having a molecular weight (Mn) in the range of about
      1,000 to about 2,000,
PA2  3. about 0.05 to about 0.27 equivalent of a polypropylene ether triol,
      having a molecular weight (Mn) in the range of from about 700 to about
      4,500, and
PA2  4. about 5% to about 15% by weight based on the total composition of a
      plasticizer which is miscible and compatible with said diisocyanate and
      said polyols until a solution is achieved, and then as said solution is
      being stirred,
PA1  b. catalyzing the polymerization reaction of said toluene diisocyanate and
      said polyols to form said prepolymer by mixing into said solution a
      solution comprising from about 0.05 to about 0.4 weight parts per 250
      weight parts of diisocyanate of a tin-based, urethane polymerization
      catalyst dissolved in about 5% to about 15% by weight based on the total
      composition parts of additional plasticizer, and
PA1  c. continuing to stir said reacting mixture for a period of minutes to
      maintain a relatively uniform distribution of reacting species until the
      free isocyanate content of said solution is within the range of from about
      0.5% to about 10% by weight based on the total composition, thereby
      forming said sealant prepolymer substantially free of gel particles.
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ABST
PAL  A heat vulcanizable silicone rubber composition comprising 5% to 94.75% by
      weight of an organopolysiloxane polymer, 5 to 75% by weight of an asbestos
      filler, and 0.25 to 10% by weight of an acrylic ester. The composition
      also includes a silica filler, a peroxide curing catalyst and a process
      aid. The preferred acrylic esters are methyl acrylate and
      trimethylolpropanetrimethacrylate.
PARN
PAR  This application is a continuation of application Ser. No. 134,438, filed
      Apr. 15, 1971 which is now issued U.S. Pat. No. 3,715,329.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to heat-curable polysiloxane compositions and, in
      particular, to heat curable polysiloxane compositions containing asbestos
      therein.
PAR  In prior developments, asbestos has been used as a filler in polysiloxane
      compositions which were then cured to produce a silicone elastomeric
      composition used for a variety of purposes. In these disclosures of the
      prior art, asbestos was not distinguished from other inorganic fillers
      such as calcium carbonate, and not shown to produce any new properties in
      the resulting composition, but only shown to add stiffness or hardness to
      the resulting product. However, as mentioned earlier, from the prior art
      it is seen that asbestos fibers, when used as a filler in polysiloxane
      compositions, produced on the whole inferior types of silicone rubber as
      compared to the silicone rubber prepared by the use of high reinforcing
      silica fillers. On the other hand, it was desired to use asbestos fibers
      as fillers in polysiloxane compositions if a polysiloxane rubber
      composition could be produced with high tensile strength, high tear
      strength, high stiffness, which compositions were still flexible and had
      desirable per cent of elongation, since asbestos is very cheap.
PAR  It was further desirable to obtain a polysiloxane elastomeric composition
      which had high heat resistance and a good service life at both high and
      low temperatures within the temperature range of minus 40.degree.F up to
      and above 400.degree.F. Thus, in automobiles it is desirable to have
      gaskets which will have high strength and remain flexible for long periods
      of times at temperatures as high as 400.degree.F. On the other hand, it is
      also desirable that gaskets which often act as seals do not become brittle
      at low temperatures such as -40.degree.F to which the mechanisms of the
      automobile may be exposed. It is also desirable in this respect that hoses
      formed from a polysiloxane composition have a high tensile strength and
      which retain their strength at high temperatures, as well as at very low
      temperatures.
PAR  Another use for elastomers which have high heat resistance, as well as
      remain flexible at low temperatures, is to cover electrical wires and
      electrical components. Since such electrical wires and electrical
      components are normally exposed to very high temperatures, as well as low
      temperatures, it is required that the material covering and protecting the
      wires does not degrade in strength or become brittle at high or low
      operating temperatures. It is also desired to have polysiloxane elastomers
      with high tensile strength and stiffness or hardness, high tear strength,
      good abrasion resistance, flexibility and the desired elongation so that
      such material could be used as a covering material. The present
      polysiloxane elastomeric compositions are sometimes lacking in
      sufficiently high tensile strength and hardness. To produce such
      polysiloxane elastomeric composition having the above properties which
      could be put to the uses mentioned above, it was suggested that different
      fillers be used or incorporated into the polysiloxane composition so that
      the resulting composition will have the desired properties. However, all
      approaches or uses of all fillers up to the present time have been found
      lacking in some respect or other. In other words, that is, although with
      the use of certain types of fillers, such as high reinforcing silica
      fillers in certain polysiloxane compositions, were superior in properties
      to other known polysiloxane compositions, these superior polysiloxane
      compositions were still not found to meet all the performance requirements
      or found not to have as high performance values as would be desired.
PAR  As mentioned previously, asbestos was considered for use as a filler in
      polysiloxane compositions. However, even with the use of asbestos as a
      filler, the elastomeric polysiloxane compositions that were obtained were
      found to have only low tensile strength, low tear resistance, as well as
      not to have a high hardness.
PAR  It is one object of the present invention to produce a heat-curable
      polysiloxane composition with high tensile strength and exceptionally high
      heat resistance at high temperatures.
PAR  It is another object of the present invention to produce a heat-curable
      polysiloxane composition which has good flexibility at low temperatures,
      as well as at high temperatures.
PAR  It is yet still another object of the present invention to produce a
      heat-curable polysiloxane composition having asbestos fibers therein, and
      having a high hardness value as well as the desired elongation.
PAR  It is yet another aim of the present invention to provide a process for
      producing a heat-curable polysiloxane composition which has a high tensile
      strength, exceptionally good heat resistance, the desired flexibility
      within a broad temperature range, a high hardness and the desired per cent
      of elongation.
PAR  These and other objects of the present invention are accomplished in
      accordance with the polysiloxane composition and the process for producing
      this polysiloxane composition set forth below.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a
      heat-vulcanizable silicone rubber composition comprising 15% to 94.75% by
      weight of an organopolysiloxane polymer having a viscosity of at least
      100,000 centipoise at 25.degree.C of the formula,
      ##EQU1##
      5% to 75% by weight of asbestos fiber and 0.25% to 10.0% by weight of an
      acrylic ester selected from the group consisting of
      ##EQU2##
      when E represents the radical.
      ##EQU3##
      R is a radical selected from the group consisting of monovalent
      hydrocarbon radicals, halogenated monovalent hydrocarbon radicals and
      cyanoalkyl radicals, R' is a radical selected from hydrogen and the same
      radical as R, R.sup.2 is a divalent hydrocarbon radical, a varies from
      1.95 to 2.01, inclusive, n is a whole number that varies from 2 to 4 and x
      varies from 1 to 10. There is also included in the above composition a
      peroxide curing catalyst which comprises 0.1 to 8.0% by weight of the
      composition. There may also be added to this composition 10 to 60% by
      weight of the organopolysiloxane of silica filler, as a reinforcing agent.
      However, this silica filler is not necessarily a part of the composition.
      Within the weight per cent of the organopolysiloxane shown above there may
      also be included 1 to 25% by weight of the organopolysiloxane of a process
      aid. Within the scope of the present invention there is the process of
      mixing the ingredients set forth above and heating the resulting mixture
      to a temperature in the range of 80.degree.C to 650.degree.C to cure it.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The radical R represents hydrocarbon radicals, such as aryl radicals and
      halogenated aryl radicals such as phenyl, chlorophenyl, xylyl, tolyl, etc;
      aralkyl radicals, such as phenylethyl, benzyl, etc; aliphatic,
      haloaliphatic and cycloaliphatic, such as alkyl, alkenyl, cycloalkyl,
      haloalkyl, including methyl, ethyl, propyl, chlorobutyl, cyclohexyl, etc;
      cyanoalkyl radicals, such as cyanoethyl, cyanopropyl, cyanobutyl, etc. The
      radicals represented by R' are selected from the same radicals as
      represented by R, or hydrogen. The radicals represented by R.sup.2 are
      alkylene and arylene radicals of 2 to 20 carbon atoms, such as methylene,
      ethylene, etc. Preferably, the radicals R and R' have 8 carbon atoms or
      less. Of the R radicals in formula (1), at least 50% of the R groups are
      alkyl radicals and preferably methyl radicals. In addition, at least 0.1%
      by weight of the R groups in formula (1) are vinyl or represent another
      unsaturated alkenyl radical. However, the vinyl radical is preferred to
      the other alkenyl radicals. Thus, in order to obtain the preferred
      elastomeric composition of the present case which has the exceptional
      physical properties desired, it is preferred that there be a minimum of at
      least 0.1% by weight of vinyl or other alkenyl radicals attached to the
      silicon atom. The concentration of the vinyl or other alkenyl radicals in
      formula (1) may vary within the range of 0.1 to 0.6% by weight of the
      polysiloxane polymer. The R radicals in the formulas of the acrylic esters
      as set forth above can be any of the groups specified above. However,
      preferably the radicals in the acrylic ester formulas is a lower alkyl
      having less than 8  carbon atoms and is preferably methyl. Besides the
      organopolysiloxane, there are two necessary ingredients in the composition
      of the present invention, that is, the asbestos fiber and the acrylic
      esters. The asbestos fibers are classified in six different categories in
      accordance with their basic formulas which six categories are given the
      name of tremolite, crystotile, crocidolite anthophyllite, amosite and
      actinolite. All of these types of asbestos fibers have been found to be
      useful in the composition of the present invention. The crystotile have
      been found to be superior in producing elastomeric compositions of high
      physical properties as compared to the other types of asbestos fiber. In
      particular, crystotile and crocidolite asbestos fiber produce elastomeric
      compositions of high tensile strength, while anthophyllite asbestos fibers
      produce an elastomeric composition with exceptionally high heat
      resistance. As a matter of fact, the tensile strength of elastomeric
      compositions prepared having an anthophyllite asbestos fiber therein
      actually improves upon heat aging. For further information as to asbestos,
      reference is made to the article on Asbestos by G. F. Jenkins appearing is
      Industrial Minerals and Rocks (Seeley W. Mudd Series), published by the
      American Institute of Mining, Metallurgical and Petroleum Engineers
      (1960). Within the general formulas of acrylic esters given above, the
      most preferred acrylic esters are:
      ##EQU4##
PAR  To produce acrylic esters, ethylene chlorohydrin is reacted with sodium
      cyanide at room temperature to produce ethylene cyanohydrin. The ethylene
      cyanohydrin is then reacted with methanol in the presence of 0.1 to 5% by
      weight of sulfuric acid at elevated temperatures in the range of
      50.degree. to 150.degree.C to produce methyl acrylate. The resulting
      methyl acrylate may then be rected with any saturated alcohol so that the
      organic group in the alcohol substitutes itself for the methyl group
      located on the carboxy group in the well known alcoholysis type of
      reaction.
PAR  In the case where R' is other than hydrogen, such as methyl, an organic
      compound of the formula,
      ##EQU5##
      is reacted with sodium cyanide at room temperature to produce the
      resulting cyanide product. This cyanide product is then reacted with
      methanol in the process of 0.1 to 5.0% by weight of H.sub.2 SO.sub.4 at
      room temperature to produce methylacrylate. If desired, this may be
      reacted with various alcohols of the formula,
EQU  R -- OH, HO -- R.sup.2 -- OH,
EQU  HO -- (C.sub.n H.sub.2n O).sub.x -- R.sup.2 -- OH,
      ##EQU6##
      The methyl acrylate is one of the preferred acrylic esters used in the
      present invention. However, it can also be used as an intermediate in
      producing other acrylic esters which come within the scope of the formulas
      set forth.
PAR  This methyl acrylate can be used to produce the other acrylic esters by
      alcoholysis. Thus, the methyl acrylate can be reacted with alcohols of the
      above formulas. If these alcohols are reacted with the methyl acrylate in
      a normal alcoholysis reaction and using the proper molar proportions of
      the alcohol versus the methyl acrylate, the methyl group will be
      substituted by the alcohol group.
PAR  The alcoholysis reaction involves mixing the two reactants in the proper
      molar proportions at elevated temperatures at a range of 50.degree. to
      100.degree.C with 0.1 to 2% by weight of acid catalyst and allowing the
      mixture to remain at the elevated temperature for a period of 1 to 5
      hours. During the reaction, the methanol that is formed is boiled off
      leaving the desired product. The catalyst which may be used is a strong
      acid, such as hydrochloric, sulfuric or nitric acids or, if desired,
      paratoluenesulfonic acid. In the alcohol formulas shown above, R and
      R.sup.2 are as defined previously.
PAR  A more detailed presentation of forming the acrylic esters of the present
      case is to be found in the publication "Acrylic Esters," by Reinhold
      Publishing Company, 1954. In a mixture of organopolysiloxane polymer of
      formula (1), asbestos fiber and acrylic ester, there is generally in the
      mixture of 15 to 94.75% by weight of the polysiloxane, and preferably 50
      to 94.75% by weight. In this mixture, there is 5 to 75% of asbestos
      filler, preferably the concentration of the asbestos fiber varies from 25
      to 60 per cent by weight of the mixture. As little as 5% asbestos fiber
      would have some effect on the resulting properties of the polysiloxane. At
      25% asbestos fiber in the polysiloxane mixture there is a substantial
      effect on the desired physical property of the resulting composition. When
      the concentration of the asbestos fiber exceeds 75% by weight, there is
      too much asbestos fiber relative to organopolysiloxane and, as a result,
      the composition has poor physical properties. Thus, a preferable
      concentration of 25 to 60% by weight of asbestos fiber provides an
      organopolysiloxane with the best physical properties. With respect to the
      acrylic esters, there may be as little as 0.25% by weight of one of the
      acrylic esters defined above in the polysiloxane composition and this
      amount of acrylic ester will produce some resulting benefit in the
      physical properties of the resulting cured silicone rubber. It should be
      understood that the less asbestos fiber there is in the polysiloxane
      composition, the less acrylic ester is needed. Further, when there is as
      much as 75% by weight of asbestos fiber in the composition, there may be
      as much as 10% by weight of acrylic ester, based on the weight of the
      resulting composition. If there is more than 10% by weight of acrylic
      ester in the composition, such an excess is not needed and does not
      produce any desirable results. Preferably, the amount of asbestos fiber is
      between 25 to 60% of the composition. The preferable concentration for the
      acrylic ester is 0.25 - 5% by weight.
PAR  There are also within the scope of formula (1) polydiorganosiloxanes which
      can be copolymers containing two or more different diorganosiloxane units
      therein and copolymers of dimethylsiloxane units and methylphenylsiloxane
      units; or copolymers of methylphenylsiloxane units, diphenylsiloxane
      units, dimethylsiloxane units and methylvinylsiloxane units, as well as
      copolymers of dimethylsiloxane units, methylvinylsiloxane units and
      diphenylsiloxane units.
PAR  Preparation of the diorganopolysiloxane of formula (1) which can contain
      both saturated and olefinically unsaturated hydrocarbon groups may be
      carried out by any of the procedures well known to those skilled in the
      art. Such polysiloxanes can be produced by following a procedure involving
      hydrolysis of one or more hydrocarbon-substituted dichlorosilanes in which
      the substituents consist of saturated hydrocarbon groups to produce a
      crude hydrolyzate containing a mixture of linear and cyclic polysiloxanes.
      Further, one or more hydrocarbon-substituted dichlorosilanes whose
      hydrocarbon substituents comprise one or more olefinically unsaturated
      hydrocarbon groups are hydrolyzed to produce a crude hydrolyzate
      containing a mixture of linear and cyclic polysiloxanes. The two crude
      hydrolyzates are depolymerized by being treated with KOH to form mixtures
      of low boiling, low molecular weight cyclic polymers and undesirable
      material such as the monofunctional and trifunctional chlorosilane
      starting material. The resulting compositions are fractionally distilled
      and there is collected two pure products containing the low boiling, low
      molecular weight cyclic polymers free of any significant amount of
      monofunctional and trifunctional groups.
PAR  In order to depolymerize the crude hydrolyzates, there is added to them a
      catalyst and the mixture is heated at a temperature above 150.degree.C to
      produce and recover by evaporation a product consisting of low molecular
      weight cyclic polysiloxanes comprising, for example, about 85 per cent of
      the tetramer and 15 per cent of the mixed trimer and pentamer. When the
      hydrocarbons on the silicon atom are methyl, materials resulting from the
      presence of monomethyltrichlorosilane in this initial product produced
      from dimethyldichlorosilane remain as residue in the distillation vessel
      or tower.
PAR  The distillate, consisting essentially of low molecular weight cyclic
      organo polymers, free of any significant amount of monofunctional and
      trifunctional groups, is collected in a vessel. The then dried cyclic
      siloxane contains less than 50 ppm of water. The cyclic dimethyl,
      methylvinyl and diphenyl cyclic siloxanes are prepared in the same way.
PAR  The pure cyclic siloxanes are added in the desired proportions in a
      reaction vessel so as to be subjected to an equilibration reaction to form
      the polysiloxanes of formula (1). Thus, about 1.5 - 17 mole per cent
      cyclic diphenylsiloxane can be added to 82 - 97.5 mole per cent dimethyl
      cyclic siloxanes. Then 0.1 - 1-0 mole per cent of methylvinyl cyclic
      siloxane may be mixed with the dimethyl and diphenyl cyclic siloxane or
      other desired proportions of the cyclic siloxanes may be used to produce
      the desired polymer. To the above mixture of pure cyclic siloxanes there
      is added a polymerization catalyst, such as KOH. The KOH breaks the ring
      of cyclic siloxanes to form a potassium silanolate which has the formula,
      ##EQU7##
      This compound, the potassium silanolate, thus can attack other cyclics to
      break the rings and increase the chain length of the siloxanes formed.
      There is further added to the reaction mixture an amount of one or more
      monofunctional compounds calculated to function as end-blockers for
      limiting the degree of polymerization and consequently the lengths and
      molecular weights of the linear polysiloxane chains, and for stabilizing
      the polymers. Usually, a small amount of monofunctional compounds are
      added to function as end-blockers so as to regulate the chain length of
      the polymers. Preferably, a compound is used as the chain-stopped groups
      having the formula,
      ##EQU8##
PAR  Other monofunctional compounds that may be employed satisfactorily for
      controlling polymer growth include, among others, hexamethyldisiloxane,
      tetramethyldiethoxydisiloxane, diethyltetraethoxydisiloxane and
      divinyltetraethoxydisiloxane.
PAR  The equilibration reaction is carried out from 2 to 4 hours until about 85
      percent of the cyclic diorganosiloxanes have been converted to polymers
      end-stopped with monofunctional groups. When the 85 percent conversion
      point has been reached, there are just as many polymers being converted to
      the cyclic siloxanes as there are cyclic siloxanes being converted to the
      polymer. At that time, there is added to the mixture a sufficient amount
      of an acid donor, such as phosphorus acid, that will neutralize the KOH
      catalyst so as to terminate the polymerization reaction. The cyclic
      diorganosiloxanes in the reaction mixture are then distilled off to leave
      the polydiorganosiloxane gum which is useful in the present invention.
PAR  Alternatively, the mixture of polydiorganosiloxane may be then further
      reacted with the cyclic siloxanes therein and then during compounding of
      the mixture with process aid and fillers on a doughmixer, the remaining
      cyclic siloxanes may be removed by a gas purge.
PAR  The polydiorganosiloxane is produced so that it preferably registers a
      penetration of 50 - 4,000 mm per minute on a standard penetrameter.
      Further, the polymer preferably has a molecular weight in the range of
      100,000 to 2,000,000 and a viscosity of 100,000 to 100,000,000 centipoise
      at 25.degree.C.
PAR  Hydrocarbon-substituted polysiloxanes whose pendant groups consist largely
      of groups other than methyl, such as ethyl or other saturated hydrocarbon
      groups and olefinically-unsaturated unsaturated hydrocarbon groups other
      than, or in addition to, vinyl groups can be produced by means of
      procedures similar to that described above or by means of procedures
      modified in accordance with the known characteristics of the various
      hydrocarbon groups to be included.
PAR  The polydiorganosiloxane gum employed is preferably produced under
      conditions so controlled as to avoid the incorporation therein of any
      significant amounts of trifunctional compounds, groups, or molecules to
      avoid crosslinking of linear polysiloxane chains through silicon and
      oxygen atoms and the incorporation therein of any significant amount of
      monofunctional compounds or radicals than those specifically provided to
      serve as end-blockers for limiting the degree of polymerization.
      Accordingly, the starting polydiorganosiloxane gum contains 2.0
      hydrocarbon groups per silicon atom. Deviations from a ratio of 2 to 1,
      for example, ratios of 1.95 to 2.01, will be insignificant for all
      practical purposes since it will attribute to the presence of other
      hydrocarbon groups whose total numbers will be insignificant as compared
      with the total number of hydrocarbon groups attached to silicon atoms of
      linear polysiloxane chains.
PAR  In producing the silicone rubber composition of the present invention,
      there is utilized any of the filler materials of the highly reinforcing
      types consisting of inorganic compounds or any suitble combination of such
      filler materials employed in the production of elastomers as is customary
      in the prior art. There is preferably employed finely divided silica base
      fillers of the highly reinforcing type which are characterized by a
      particle diameter of less than 500 millimicrons and by surface areas of
      greater than 50 square meters per gram. Inorganic filler materials of a
      composition other than those preferred can be employed alone or in
      combination with the preferred fillers with good results. Such filler
      materials as titanium dioxide, iron oxide, aluminum oxide, as well as the
      inorganic filler materials known as insert fillers which can include among
      others, diatomaceious earth, calcium carbonate and quartz can preferably
      be employed in combination with highly-reinforcing silica fillers to
      improve the tensile strength or the hardness of the elastomeric product.
      Other examples of suitable fillers are diatomaceous silica, aluminum
      silicate, zinc oxide, zirconium silicate, barium sulfate, zinc sulfide,
      aluminum silicate and finely divided silica having surface-bonded alkoxy
      groups.
PAR  There is preferably employed in the present compositions 10 - 100 percent
      by weight of said polysiloxane gum of the inorganic filler and preferably
      20 to 60 percent by weight.
PAR  There is also employed in the present composition 1 to 25 per cent and
      preferably 5 to 15 percent by weight based on the polydiorganosiloxane gum
      of a process aid for preventing the gum and the filler mixture from
      structuring prior to curing and after compounding. One example of such a
      process aid is a compound of the formula,
      ##EQU9##
      where R is a member selected from the class consisting of methyl and
      phenyl, X is a member selected from the class consisting of --OH,
      --NH.sub.2 or --OR', where R' is methyl or ethyl, n has a value of from 2
      to 4, inclusive, and b is a whole number equal to from 0 to 10, inclusive.
      Further details as to the properties, as well as the method of preparation
      of the compound of formula (3), are to be found in the disclosure of
      Martellock U.S. Pat. No. 3,464,945 which is herein incorporated by
      reference.
PAR  The process aid may also be a dihydrocarbon-substituted polysiloxane oil
      having a hydrocarbon substituent to silicon atom ratio of from 1.6 to 2.0
      and whose hydrocarbon substituents comprise at least one member selected
      from the class consisting of methyl, ethyl, vinyl, allyl, cyclohexenyl and
      phenyl groups, said polysiloxane oil comprising polysiloxane molecules
      containing an average of from one to two lower alkoxy groups bonded to
      each of the terminal silicon atoms where the alkoxy groups are selected
      from the class consisting of methoxy, ethoxy, propoxy and butoxy.
PAR  Preparation of the alkoxy-containing hydrocarbon-substituted polysiloxane
      oils that can be employed as a process aid in the present invention can be
      carried out by producing one or more types of cyclic
      dihydrocarbon-substituted polysiloxanes from one or more types of
      dihydrocarbon-substituted dichlorosilanes and dialkoxysilanes in
      accordance with the hydrolysis, depolymerization and fractional
      distillation procedures described in detail above with reference to the
      preparation of the gum of formula (1). Then one or more types of cyclic
      siloxanes so produced are mixed with predetermined amounts of a
      dihydrocarbon-substituted dialkoxysilane and the mixture is subjected to
      an equilibration treatment under controlled conditions to produce the
      desired alkoxy end-blocked hydrocarbon-substituted linear polysiloxane
      oil.
PAR  The alkoxy-containing hydrocarbon-substituted polysiloxane oils suitable
      for use in the present invention are relatively low molecular weight
      polysiloxane oils whose polymer chains have at least four and as much as
      35 and more dihydrocarbon siloxy units per molecule. The polysiloxane oils
      preferably have an average of at least one and not more than two alkoxy
      groups bonded to each of the terminal silicon atoms of the molecule. A
      more detailed disclosure of the alkoxy end-blocked polysiloxane process
      aids, as well as their method of preparation, is to be found in the
      disclosure of Fekete, U.S. Pat. No. 2,954,357 which is hereby incorporated
      into this specification by reference.
PAR  There may also be used as a process aid hydroxylated organosilanes which
      contain from one silicon-bonded hydroxyl per 70 silicon atoms to two
      silicon-bonded hydroxyls per silicon atom and contains from 1.9 to 2.1
      hydrocarbon radicals per silicon atom. The remaining valences of the
      silicon atom are satisfied by oxygen atoms. The hydroxylated materials
      include both monomers such as diphenylsilanediol and polymeric materials
      which contain two silicon-bonded OH groups in the molecule. In addition,
      the hydroxylated organosilane may be a mixture of hydroxyl-containing
      siloxanes and completely condensed siloxanes. Irrespective of the
      particular composition of the hydroxylated organosiloxane, it is necessary
      that there be present in said organosiloxane from one OH to 70 silicon
      atoms to two OH per silicon atom.
PAR  The hydroxylated siloxanes may be prepared by any suitable method, such as
      heating said siloxanes with steam under pressure at temperatures of about
      120.degree.C or hydrolyzing silanes of the formula R.sub.n SiX.sub.4-n
      where X is any hydrolyzable group such as Cl, OR, H, --OOR and R is a
      monovalent hydrocarrbon radical. The former method is preferred for the
      preparation of those hydroxylated materials in which the hydrocarbon
      radicals are alkyl, while the latter method is best for the siloxanes in
      which hydrocarbon radicals are monocyclicaryl hydrocarbon radicals.
      Further, detailed information as to the hydroxylated organosiloxanes which
      may be used as process aids is to be found in Konkle et al U.S. Pat. No.
      2,890,188, the disclosure of which is being incorporated into this
      application by reference.
PAR  Any of the above process aids may be used alone or mixtures thereof may be
      used in the above-defined concentrations. Further, other suitable process
      aids may also be used in the silicon rubber compositions of the present
      invention.
PAR  The curing of the silicone rubbber composition of the present invention can
      be effected by chemical vulcanizing agents or by high energy electron
      radiation. More often, chemical vulcanizing agents are employed for the
      curing operation and any of the conventional curing agents can be
      employed. The preferred curing agents are organic peroxides conventionally
      used to cure silicone elastomers. Especially suitable are the dimethyl
      peroxides which may have the structural formulas,
      ##EQU10##
      wherein R represents the same alkyl group throughout, or alkyl groups of
      two or more different types and n is zero or a larger integer.
PAR  Among the specific peroxide curing catalysts that are preferred are
      di-tertiary-butyl peroxide, tertiarybutyltriethylmethyl peroxide,
      tertiary-butyl-tertiary-butyltertiary-triphenyl peroxide and di-tertiary
      alkyl peroxide such as dicumyl peroxide. Other suitable peroxide catalysts
      which effect curing through saturated as well as unsaturated hydrocarbon
      groups on the silicon chain are aryl peroxides which include benzoyl
      peroxides, mixed alkyl-aryl peroxides which include tertiary-butyl
      perbenzoate, chloroalkyl peroxides such as 1,4-dichlorobenzoyl peroxide;
      2,4-dichlorobenzoyl peroxide, monochlorobenzoyl peroxide, benzoyl
      peroxide, etc. Generall, 0.1 - 8 per cent of said peroxide, by weight of
      the polydiorganosiloxane gum is used to cure the silicone rubber
      composition and preferably 0.5 - 3.0 per cent by weight.
PAR  It is found that the composition of the present case after it has been
      cured into a calendered sheet, can be spread to 30% of its longitudinal
      length before it breaks. However, it can be stretched to 50% of its
      transversal width before it breaks. Unexpectedly, the use of the
      anthophyllite asbestos fiber in the composition of the present invention
      produces unexpected results in this area. For instance, the use of the
      anthophyllite asbestos fiber in the composition of the present invention
      after the composition has been cured to the sheet, allows the calendered
      sheet to be stretched along its longitudinal direction to 50% elongation
      before it breaks. However, the same sheet can be stretched to 250%
      elongation in the transverse direction before it breaks. Thus, it can be
      seen that the use of asbestos fibers allow calendered and cured silicone
      elastomeric sheets to be stretched more in the transverse direction as
      compared to the longitudinal direction before the sheet is ruptured.
PAR  There also can be incorporated into the present silicone rubber
      composition, pigments such as titanium dioxide which may be incorporated
      into the composition at a concentration of 0.05 to 3% by weight of the
      organopolysiloxane. Titanium dioxide is incorporated as a pigment into the
      composition of the present case in order to make the cured silicone
      elastomeric sheets prepared therefrom impervious to light. There may also
      be incorporated heat stabilizers, such as iron oxides, carbon black, rare
      earth octoates, urethanes, etc.
PAR  There is preferred as a heat stabilizer to be incorporated into the
      composition 0.1 to 5% by weight of the organopolysiloxane of Fe.sub.2
      O.sub.3. In the practice of the invention, the present polysiloxane
      composition is produced by mixing the organopolysiloxane polymer, the
      silica or other types of filler and the process aid. As this mixture is
      formed, then the asbestos fiber, the acrylic ester of the present case and
      the peroxide curing catalyst are mixed into the composition. At this point
      there may be added the iron oxide or a pigment, such as the titanium
      dioxide. The order of addition of the latter ingredients is not critical,
      it is only important that the organopolysiloxane gum, the filler and the
      process aid be mixed together first before the other ingredients are
      added. The other ingredients, such as the peroxide curing catalysts and
      asbestos fiber and acrylic ester, as well as the titanium dioxide and iron
      compound, may then be added in whatever order is desired. The various
      ingredients in the mixture can be blended together by use of standard
      rubber mixing equipment, such as doughmixer, rubber mill, waring blender
      and the like. One procedure, for example, is to add the inorganic filler
      to the polymer gum while it is being milled, followed by the addition of
      the process aid and then adding the asbestos fiber, acrylic resin,
      peroxide curing catalyst and the other additional ingredients desired.
      Another procedure that can be employed is to doughmix the polymer and the
      inorganic filler, the process aid and the perioxide curing catalyst while
      it is being milled on the rubber mill and then adding the other
      ingredients thereafter. Those skilled in the art would know by the
      properties desired in the cure product and the applications to which the
      cured product is to be employed, and the nature and amount of the
      particular ingredients utilized, the manner of blending to produce the
      desired organopolysiloxane composition. To form the organopolysiloxane,
      the polymer, inorganic filler and process aid which is optional, are added
      in a doughmixer and after the mixture is complete, the mixture is taken
      and put on a mill. While it is on the mill there is added to the mixture
      the peroxide curing catalyst, the acrylic ester and the asbestos fiber in
      any desired order. The milled sheets are then cured in a manner well known
      in the art. The organopolysiloxane composition can be converted to the
      cured product by heating at temperatures in the range of 80.degree. to
      650.degree.C, depending upon the nature of the curing catalyst, duration
      of cure, amount and type of filler, etc., as well as the amount of the
      other ingredients. The direct conversion of the polysiloxane composition
      to the cured product can be effected as a result of the conditions
      normally utilized during conventional molding, extrusion and calendering
      operations. For example, depending upon the curing catalyst used, the
      temperature from 80.degree. to 300.degree.C can be employed for
      compression and transfer molding for either 30 minutes or more or 1 minute
      or less.
PAR  Hot air curing at the temperatures of from 100.degree. to 650.degree.C or
      steam vulcanization at temperatures from 110.degree. to 210.degree.C can
      be employed from periods from 5 to 10 minutes, or a matter of seconds. The
      sheets can be calendered or milled first and then press-cured at
      200.degree. - 400.degree.C for 30 seconds to 10 minutes or passed into an
      oven where they can be air heated to a desired temperature range of
      100.degree. to 300.degree.C.
DETD
PAR  In order that those skilled in the art will be able to understand the
      practice of the present invention, the following examples are given by way
      of illustration and not by way of limitation. All parts are by weight.
PAC  EXAMPLE 1
PAR  The high tensile strength, the high tear strength, excellent heat
      resistance of the compositions of the present case are especially good in
      the case where crysotile asbestos fibers are used in the composition of
      the present case, as illustrated by this example. There is mixed with 100
      parts of polysiloxane polymer having the formula,
      ##EQU11##
      15 parts of a process aid which is methoxy-stopped and having 12
      diphenyl-, dimethyl-, methylphenylsiloxy groups therein and 50 parts of
      silica filler to form Composition A. The above ingredients are mixed in a
      doughmixer. Afterwards samples of Composition A are placed on a mill and
      there is milled per 100 parts of Composition A various amounts of
      trimethylolpropenetrimethacrylate and dicumyl peroxide. The resulting
      mixtures are milled into sheets which are then press-cured at a
      temperature of 330.degree.F for 1 hour. After the curing period has
      passed, the cured rubbers are subjected to different physical tests to
      determine the physical properties. Different samples of the cured
      polysiloxane rubber sheets are then heat-aged for different periods of
      time and the different samples which are heat-aged for different periods
      of time are then tested to determine their physical properties.
      Furthermore, a different mixture of Composition A with the curing catalyst
      and a different amount of asbestos are prepared and evaluated. The results
      of these tests are given below in Table I.
TBL  ______________________________________                                    

     INGREDIENTS         Mixture   Mixture                                     

                         A         B                                           

     ______________________________________                                    

     Composition A       100       100                                         

     Crysotile Asbestos  50        100                                         

     Trimethylolpropanetrimethacrylate                                         

                         1.5       1.5                                         

     Dicumyl Peroxide    1.0       1.0                                         

     ______________________________________                                    

TBL                TABLE I                                                     

     ______________________________________                                    

     Initial, Cured 15 Minutes at 300.degree.F                                 

     Tensile Strength     1560       850                                       

     Elongation           40         40                                        

     Hardness             87         90                                        

     Tear Die B           200        95                                        

     Resilience, Bashore, %                                                    

                          40         25                                        

     Heat Aged, 18 Hours at 350.degree.F                                       

     Tensile Strength     1700       1250                                      

     Elongation           25         20                                        

     Hardness             90         90                                        

     Tear Die B           255        175                                       

     Heat Aged, 96 Hours at 350.degree.F                                       

     Tensile Strength     1830       --                                        

     Elongation           25         --                                        

     Hardness             90         --                                        

     Tear Die B           245        --                                        

     Heat Aged, 168 Hours at 350.degree.F                                      

     Tensile Strength     2260       --                                        

     Elongation           25         --                                        

     Hardness             90         --                                        

     Tear Die B           250        --                                        

     Heat Aged 96 Hours at 400.degree.F                                        

     Tensile Strength     950        --                                        

     Elongation           15         --                                        

     Hardness             90         --                                        

     Tear                 150        --                                        

     ______________________________________                                    

PAL  From these results, it is seen that Mixture A initially yields a
      composition with a higher tensile strength, as well as a higher per cent
      of elongation than Mixture B, thus it is desirable to have the present
      composition at 50 parts rather than 100 parts of crysotile asbestos fiber
      per 100 parts of Composition A. It is noted that with both Mixture A and
      Mixture B which are heat-aged at 350.degree.F for various periods of time,
      the tensile strength tends to increase as well as the tear strength and
      hardness. On the other hand, during the heat-aging the elongation
      decreases to some extent. Thus, it can be seen from the present results
      that the composition of the present case has excellent heat resistance at
      temperaures up to 350.degree. and 400.degree.F.
PAC  EXAMPLE 2
PAR  An organopolysiloxane, filler and process aid mixture was prepared with the
      same ingredients and at the same concentrations as Composition A in
      Example 1, which will be referred to herein as Composition A. Into 100
      parts of Composition A there was milled the following ingredients:
TBL  INGREDIENTS               Parts                                           

     ______________________________________                                    

     Composition A             100.0                                           

     Chrysotile Asbestos Fibers                                                

                               50.0                                            

     Fe.sub.2 O.sub.3 Masterbatch                                              

                               2.0                                             

     Methylacrylate            1.5                                             

     Dicumyl Peroxide          2.0                                             

     ______________________________________                                    

PAL  The mixture was milled into a sheet, was then heat cured at 350.degree.F
      for a period of 1 hour. After that, various samples were heat-aged for
      different periods of time. At the end of the heat-aging period, the sheets
      were then tested for the different physical properties to yield the
      results shown in Table II below
TBL                                    TABLE II                                

     __________________________________________________________________________

     Physical Properties at Various Heat                                       

     Aging Temperatures and Times                                              

     Physical Properties                                                       

                 1 Hour/350.degree.F                                           

                         24 Hours/300.degree.F                                 

                                  24 Hours/350.degree.F                        

                                           24 Hours/400.degree.F               

     __________________________________________________________________________

     Tensile Strength psi                                                      

                 1900    1920     1950     1880                                

     Elongation per cent                                                       

                 50      40       40       40                                  

     Durometer   86      86       87       88                                  

     Tear Resistance PPI                                                       

                 280     280      290      180                                 

                 168 Hrs/300.degree.F                                          

                         168 Hrs/350.degree.F                                  

                                  168 Hrs/400.degree.F                         

     Tensile Strength psi                                                      

                 1850    1350     840                                          

     Elongation per cent                                                       

                 40      40       40                                           

     Durometer   86      86       85                                           

     Tear Resistance PPI                                                       

                 185     185      150                                          

     __________________________________________________________________________

PAL  The silicone rubber elastomer composition has good physical properties
      sufficient for the uses enumerated above to which the composition of the
      present case may be put to such use as gaskets and radiator hoses and
      other such uses.
PAC  EXAMPLE 3
PAR  Although crysotile asbestos fibers were found to impart to the silicone
      rubber composition a higher initial tensile strength than other types of
      asbestos fibers, it was found that crocidolite asbestos fibers will yield
      polysiloxane compositions with better heat resistance. To illustrate the
      advantage of using crocidolite asbestos fibers in the polysiloxane
      composition of the present case, a mixture was prepared with such fibers
      and Composition A of Example 1 in the following amounts:
TBL  INGREDIENTS               Parts                                           

     ______________________________________                                    

     Composition A             100.0                                           

     Crocidolite Asbestos Fibers                                               

                               50.0                                            

     Trimethylolpropanetrimethacrylate                                         

                               1.5                                             

     Benzoyl Peroxide          2.0                                             

     ______________________________________                                    

PAL  After both the ingredients were milled together and cured into a sheet, the
      sheets were then placed in an oven and cured at 350.degree.F for 2 hours.
      Samples from the cured sheets were taken and heat-aged for various periods
      of times so as to determine the physical properties after heat-aging. The
      results are shown in Table III below.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Physical Properties On Heat-Aging                                         

     Physical Properties                                                       

                 Initial                                                       

                        24 Hrs/350.degree.F                                    

                                24 Hrs/400.degree.F                            

                                        24 Hrs/480.degree.F                    

                                                24 Hrs/600.degree.F            

     __________________________________________________________________________

     Tensile Strength                                                          

                 1200   1440    1000    1050    1040                           

     Elongation  50     40      40      40      25                             

     Durometer   84     86      86      86      88                             

     Flexibility Good   Good    Good    Good    Good                           

     Tear Strength, Die B                                                      

                 220    275     195     195     230                            

                 Initial                                                       

                        7 Days/350.degree.F                                    

                                7 Days/400.degree.F                            

                                        7 Days/480.degree.F                    

                                                7 Days/600.degree.F            

     Tensile Strength                                                          

                 --     1350    1000    1150    600                            

     Elongation  --     30      30      30      15                             

     Durometer   --     87      88      88      88                             

     Flexibility --     Good    Good    Good    Good                           

     Tear Strength, Die B                                                      

                 --     250     175     178     115                            

     __________________________________________________________________________

PAL  It is seen from Table III that the cured elastomeric composition has good
      heat resistance properties at a temperature range of 300.degree. to
      400.degree.F. It can be appreciated from the data given in Table III that
      the crocidolite asbestos fibers do not increase the initial tensile
      strength of the cured polysiloxane composition of the present case as high
      as when crysolite asbestos fibers are used. However, the tensile strength,
      as well as the per cent elongation and tear strength do not degrade as
      much during heat-aging at temperatures as high as 350.degree., to
      400.degree.F and even at the extreme temperatures of 600.degree.F when
      crocidolite asbestos fiber is used. Thus, it is indicated by the data
      obtained above that if the polysiloxane elastomeric composition is to be
      used at an excessively high temperature, that is at about 350.degree. or
      400.degree.F for long periods of time, then it would be highly
      advantageous to use crocidolite asbestos fibers in the composition of the
      present case. It is shown by the data that even after the silicone
      composition had been heat-aged for  7 days at 600.degree.F, it still had
      good physical properties and thus could still function for the use for
      which it is intended, such as high temperature gasket seals, cooling hoses
      or coverings for electric wires and components.
PAC  EXAMPLE 4
PAR  Anthophyllite asbestos fiber, as distinguished from the other types of
      asbestos fibers, has the unique property that upon heat-aging, the tensile
      strength of the cured elastomeric composition increases. To 100 parts of
      Composition A of Example there were added the following ingredients:
     INGREDIENTS               Parts                                           

     ______________________________________                                    

     Composition A             100                                             

     Anthophyllite Asbestos Fibers                                             

                               50                                              

     Methylacrylate            1.5                                             

     Dicumyl Peroxide          2.0                                             

     ______________________________________                                    

PAL  The resulting mixture of the above ingredients was milled on the mill and
      the sheet that was formed was then placed in the mold and press-cured for
      five minutes at 325.degree.F. The physical properties of the initial cured
      material, as well as of samples that were heat-aged is given in Table IV
      below.
TBL                TABLE IV                                                    

     ______________________________________                                    

                             24 Hrs/                                           

     Physical Properties                                                       

                   Initial   400.degree.F                                      

                                       1 Wk/400.degree.F                       

     ______________________________________                                    

     Tensile Strength psi                                                      

                   680       900       1070                                    

     Elongation per cent                                                       

                   260       180        60                                     

     Durometer      72        75        76                                     

     Tear Strength 150       160       148                                     

     Flexibility   Excellent Excellent Excellent                               

     ______________________________________                                    

PAL  As indicated from the results above, when anthophyllite asbestos fibers are
      used, the tensile strength upon heat-aging improves while the durometer
      remains substantially the same.
PAC  EXAMPLE 5
PAR  Using a polysiloxane, filler, and process aid blend prepared in accordance
      with Composition A of Example 1, there was prepared several samples of the
      composition to which samples, there were added various ingredients. After
      the samples were milled into sheets, the sheets were cured in a mold for 5
      minutes at 325.degree.F. The cured sheets were then tested to determine
      their physical properties which are given in Table V below.
TBL                                    TABLE V                                 

     __________________________________________________________________________

     Ingredient  Parts  Parts Parts  Parts Parts Parts                         

     __________________________________________________________________________

     Composition 100    100   100    100   100   100                           

     Crysotile   50     50    150    150   250   250                           

     Asbestos                                                                  

     Fiber                                                                     

     Trimethylol-                                                              

                 1.0    --    1.0    --    1.5   --                            

     propanetri-                                                               

     methylacrylate                                                            

     Dicumyl     1.0    1.0   1.0    1.0   1.0   1.0                           

     Peroxide                                                                  

     Physical Properties                                                       

     Tensile     1100   635   1050   Brittle                                   

                                           950   Brittle                       

     Strength                                                                  

     Elongation  40     180   25     Brittle                                   

                                           15    Brittle                       

     Hardness    88     76    87     Brittle                                   

                                           90    Brittle                       

     Tear        150    81    100    Brittle                                   

                                           100   Brittle                       

     __________________________________________________________________________

PAL  The results above amply show the advantageous increase in physical
      properties where the acrylic resin is used with the asbestos fiber to
      prepare a heat cured silicone rubber composition.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for forming a cured silicone rubber with exceptionally high
      tensile strength comprising mixing an organopolysiloxane polymer having a
      viscosity of at least 100,000 centipoise at 25.degree.C of the formula,
      ##EQU12##
      with an asbestos fiber, a peroxide curing catalyst and an acrylic ester
      selected from the group consisting of
      ##EQU13##
      where E represents the radical
      ##EQU14##
      where at least 50% by weight of the R radicals in Formula (1) are alkyl
      and at least 0.1% by weight of the R radicals in Formula (1) are alkenyl
      and the remaining R radicals in Formula (1) may be selected from the class
      consisting of aryl, aralkyl, cycloalkyl and cyanoalkyl, where the R
      radicals in the acrylic ester formulas are lower alkyl, where R' is
      selected from the class consisting of alkyl, aryl, alkenyl, cycloalkyl and
      hydrogen, R.sup.2 is a divalent hydrocarbon radical, a varies from 1.95 to
      2.01, inclusive, n is a whole number that varies from 2 to 4 and x varies
      from 1 to 10, and heating the resulting mixtuure to a temperature in the
      range of 80.degree. to 650.degree.C.
NUM  2.
PAR  2. The process of claim 1 wherein the organopolysiloxane constitutes 15 to
      94.75% of the mixture, the asbestos fiber constitutes 5 to 75% by weight
      of the mixture, the peroxide catalyst constitutes 0.1 to 8% by weight of
      the mixture and the acrylic ester constitutes 0.25 to 10.0% by weight of
      the mixture.
NUM  3.
PAR  3. The process of claim 1 wherein the asbestos fiber is selected from
      anthophyllite, crysotile and crocidolite.
NUM  4.
PAR  4. The process of claim 1 further including a silica filler which comprises
      10 to 60% by weight of the organopolysiloxane.
NUM  5.
PAR  5. The process of claim 4 wherein there is added to the organopolysiloxane
      a process aid which comprises 1 to 25% by weight of said
      organopolysiloxane.
NUM  6.
PAR  6. The process of claim 5 wherein the process aid is a
      dihydrocarbon-substituted polysiloxane oil having a hydrocarbon
      substituent to silicon ratio of from 1.6 to 2.0 and where said hydrocarbon
      substituents comprise at best one member selected from the class
      consisting of methyl, ethyl, vinyl, allyl, cyclohexenyl and phenyl groups,
      said polysiloxane oil comprising polysiloxane molecules containing an
      average of from one to two lower alkoxy groups bonded to each of the
      terminal silicon atoms.
NUM  7.
PAR  7. The process of claim 6 further including 0.1 to 2% by weight of the
      organopolysiloxane of Fe.sub.2 O.sub.3.
NUM  8.
PAR  8. The process of claim 1 wherein the acrylic ester is methylacrylate.
NUM  9.
PAR  9. The process of claim 1 wherein the acrylic ester is
      trimethylolpropanetrimethacrylate.
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PAL  A method is provided for producing polyurethane-based cores and moulds,
      using a mixture of particle-formed material such as sand, a bonding agent
      containing a polyisocyanate compund and a polyhydroxy compound and if
      necessary a solvent, after which the mixture is shaped to a desired form
      and hardened by means of a catalyst, wherein the polyhydroxyl compound
      consists of one or more aliphatic or aromatic polyethers, together with a
      hydroxyl compound for initiating the catalyzation, which hydroxy compound
      consists of an aromatic compound with at least two OH groups which
      directly, or via a methalene group, are linked to a carbon atom in the
      aromatic nucleus.
BSUM
PAR  The present invention relates to a method of producing polyurethane-based
      cores and moulds, according to the so-called "cold-box" procedure, and a
      bonding agent for carrying out the method.
PAR  When producing cores and moulds, the so-called "cold-box" method has become
      more and more widely used. This method, which is described in inter alia
      the Swedish laid-out publications Nos. 314.477 and 343.310 has the great
      advantage as compared with earlier methods that it does not require any
      heating of the moulding sand for hardening. The method is briefly based on
      the preparation of a mixture of particle-formed material, particularly
      sand, and a bonding agent, after which the mixture is given the form
      desired and, finally is, hardened by means of a catalyst. The bonding
      agents previously used according to these references have been based upon
      solutions of polyisocyanate compounds and phenolic resins, synthetic or
      native drying oils.
PAR  However, cores made with these known bonding agents have a number of
      drawbacks. The cores and moulds made by means of the known bonding agents
      cannot be adapted to the conditions prevailing during every special
      casting of metal. This has the consequence that many defects arise,
      resulting in expensive finishing operations or rejections of the castings.
      Thus, it may be mentioned that cores made according to the previously
      described methods are sensitive to thermal shocks, and thus are liable to
      cause cracking when casting metals. A characteristic defect when using
      phenolic resins is the formation of so-called "scabs". Further, the
      disintegration of the cores when casting light metal is not acceptable.
PAR  The procedure is based upon a polyaddition reaction between the NCO groups
      in the polyisocyanates and active hydrogens in the polyhydroxy compounds.
      The polyaddition reaction starts even in a neutral environment, and even
      at room temperature it is possible to reach a final stage of the hardening
      process.
PAR  In order to accelerate the hardening process, metallorganic compounds,
      metal salts or solutions thereof, or tertiary amines are generally used.
      By choosing an appropriate concentration of these catalysts, the
      processing time and the hardening time can be varied within fixed limits.
      For practical, efficient application of the procedure, however, this is
      not the ideal way of proceeding, since low concentrations of a catalyst
      will give a long hardening time. High concentrations of the catalyst will
      shorten the processing time available.
PAR  It has now been possible to eliminate these drawbacks of the methods
      previously used, to a great extent, by using the procedure according to
      the invention, which is mainly characterized in that the polyhydroxy
      compound consists of one or more aliphatic or aromatic polyethers,
      together with a hydroxy compound for initiating the catalyzation, which
      hydroxy compound consists of an aromatic compound with at least 2 OH
      groups, which directly or via a methylene group are linked to a carbon
      atom in the aromatic nucleus.
PAR  The invention also relates to a bonding agent for carrying out this method,
      and the bonding agent, which contains a polyisocyanate compound and a
      polyhydroxy compound and if necessary a solvent, is mainly characterized
      in that the polyhydroxy compound consists of one or more aliphatic or
      aromatic polyethers together with a hydroxy compound for initiating the
      catalyzation, which hydroxy compound consists of an aromatic compound with
      at least 2 OH groups, which are linked directly or via a methylene group
      to a carbon atom in the aromatic nucleus.
PAR  The invention makes it possible to manufacture cores and moulds continuosly
      in large series. The raw strength, i.e. the strength directly after the
      manufacture, is so high that there are no risks involved in handling the
      cores and moulds.
PAR  With an appropriate composition of the bonding agent, the cores and moulds
      obtained according to the invention can be used for casting of cast iron,
      steel and light metal.
PAR  The moulding sands made according to the invention are characterized by
      good thermal shock resistance and excellent disintegration after the
      casting of the metal. These favourable effects can be achieved only
      through the great variations of the composition of the bonding agent which
      are possible according to the invention. Thus, the relation between the
      aliphatic and aromatic components may be varied within wide limits. This
      is not possible with the bonding agent systems previously known and
      described.
PAR  The moulding sands are prepared by mixing dry foundry sand, e.g. quartz or
      olivine sand with a polyisocyanate compound. The polyisocyanate compound
      may be added with or without a solvent. An inert solvent is added in order
      to keep the viscosity of the mixture at an acceptable level. The mixing of
      the sand and polyisocyanate should appropriately take place in an
      atmosphere that is free from moisture, and at a temperature of
      20.degree.-25.degree.C. After careful mixing of the sand with
      polyisocyanate, the polyhydroxy compounds are added. Moulding sands made
      in this way usually have a processing time of several hours. The moulding
      sand is transported by means of compressed air or in a mechanical way to
      the core mould, in which it is compressed. Directly in connection with
      this, or simultaneously, the catalyst is added appropriately in the form
      of a gaseous tertiary amine. This gives a spontaneous hardening of the
      moulding sand, and the core may thereafter be removed directly from the
      mould. The strength of these cores is so great that no extra reinforcement
      is necessary. The cores and moulds may contain some solvent. This may be
      removed with compressed air. In certain cases the use of hot compressed
      air may be advantageous. In this way, any possible excess of tertiary
      amines is removed together with the solvent residue. The cores made in
      this way may be used directly for casting of metal. It will not be
      necessary to keep any stores of cores, which is a considerable economic
      advantage. For special metal casting, however, it is necessary to treat
      the surfaces of the cores and moulds with so-called "blacking agents".
      These are well-known compositions in foundries, and consist of graphite
      and/or metal oxides with organic or inorganic bonding agents.
PAR  However, the manufacture of the moulding sand may also be carried out in
      such a way that two separate mixtures of sand are prepared. One of these
      mixtures of sand then contains the polyhydroxy compound to which the
      catalyst has been added in the form of a tertiary amine or a metallorganic
      compound, while the other mixture contains sand and a polyisocyanate
      compound. Immediately before or simultaneously with the application in the
      moulds, the two moulding sands are mixed together, at a high velocity. The
      cores will then harden immediately. Thereafter the cores may be removed
      from the moulds, and a subsequent gasing operation is thereby eliminated.
      (See Examples 10, 11, 12).
PAR  According to the invention, the moulding sands substantially consist of
      sand to which has been added up to 20 per cent by weight of bonding agent,
      as calculated on the quantity of sand. However, the quantity of bonding
      agent should preferably be between 0.5 and 3.5 per cent by weight, as
      calculated on the quantity of sand.
PAR  When applying the method according to the present invention, uniform
      polyisocyanates or mixtures of these may be used. The polyisocyanates
      should have at least two --NCO groups, but polyisocyanates with up to six
      -NCO groups may be used. The polyisocyanates may have aliphatic,
      cyclo-aliphatic, araliphatic, aromatic or heterocyclic molecular
      structure. As examples of polyisocyanates to be used, the following may be
      mentioned:
PAR  2,4-toluene diisocyanate or 2,6-toluene diisocyanate or their isomeric
      mixtures, diphenyl methane-4,4-diisocyanate,
      diphenyl-dimethyl-methane-4,4-diisocyanate,
      tri-phenyl-4,4,4-triisocyanate, phenylene-diisocyanate-1,4,2,2-6,6-tetrame
     thyl-diphenyl-methane-4,4-diisocyanate, diphenyl-4,4-diisocyanate,
      diphenyl-ether-4,4-diisocyanate or their halogen substituted derivatives,
      2,6-diisopropylene-1,3-diisocyanate, m-xylene-diisocyanate,
      p-xylene-diisocyanate, tetra-methyl-p-xylene diisocyanate,
      dimertoluene-2,4-diisocyanate, hexane-1,6-diisocyanate,
      cyclo-hexane-1,4-diisocyanate,
      1,2,3,4,5,6-hexanhydro-diphenyl-methane-4,4-diisocyanate,
      naphthalene-1,5-diisocyanate.
PAR  Instead of these above-mentioned polyisocyanates, also a great number of
      addition products with --NCO end groups may be used. These addition
      products are prepared in such a way that a polyhydroxy compound is reacted
      with polyisocyanate in such a relation that at least two NCO-groups per
      molecule in excess are obtained. In certain cases, the excess of NCO
      groups may be six per molecule.
PAR  The polyhydroxy compounds that can be used for the manufacture of moulding
      sands for foundries according to the invention may be summarized in the
      expression polyethers. These polyethers may be of such a nature that they
      are built up on an aliphatic or an aromatic molecular structure. The
      number of OH groups per molecule which are available for the reaction with
      the polyisocyanates may vary from two to six. As examples of such
      compounds may be mentioned compounds which are made with aliphatic diols,
      triols, tetrols, pentols and hexols and aliphatic diamines as initiators.
      These aliphatic polyols and diamines should appropriately have straight
      chains containing 2-6 carbon atoms. Through the addition of ethylene
      oxide, propylene oxide and tetrahydrofuran respectively to the initiators,
      two to six function products are obtained, with molecular weights varying
      from 100 to 10,000.
PAR  Examples of such products are:
     Diols: Voranol P-2000 from Dow Chemicals, USA                             

            based upon propylene glycol and propylene oxide                    

     Triols:                                                                   

            Voranol CP-2700 from Dow Chemicals, USA                            

            Voranol CP-3000 from Dow Chemicals, USA                            

            Voranol CP-5000 from Dow Chemicals, USA                            

            based upon glycerol and propylene oxide                            

     Tetrols:                                                                  

            Pluracol PeP-450 from Wyandotte Chemicals, USA                     

            Pluracol PeP-650 from Wyandotte Chemicals, USA                     

            based upon pentaerythrite and ethylene oxide                       

     Tetrol on amine basis:                                                    

     Quadrol from Wyandotte Chemicals, USA                                     

     based upon ethylene diamine and ethylene oxide                            

     Hexols on sorbitol basis:                                                 

     Atlas-sorbitolether G-2410 from Atlas-Chemical                            

     Industries Inc. based upon sorbitol and                                   

     propylene oxide.                                                          

PAR  The polyethers described above are aliphatic compounds. However, for the
      preparation of moulding sands according to the invention, polyethers on an
      aromatic basis may also be advantageously used. The ring structure may be
      a C-5 or C-6 ring structure. Examples of such compounds are the reaction
      products between ethylene oxide, propylene oxide and tetrahydrofuran and
      dihydroxy-diphenyl-propane, dihydroxy-diphenyl-methane, dihydroxy-diphenyl
      or dihydroxy-hydantoin.
PAR  These aromatic polyethers may be comprised in the following general
      formulae:
      ##SPC1##
PAL  and
      ##EQU1##
      in which A designates a single bond
      ##EQU2##
      and x = 1 and R = H or methyl, or x = 3 and R = H,
PAL  and n = 1-5.
PAR  The molecular weight of these compounds is between 300 and 800. These
      polyhydroxy compounds described above react with polyisocyanates through
      polyaddition. However, the reaction velocity is not sufficient to give
      bonding agent compositions suitable for efficient, continuous manufacture
      of cores. A catalyzation according to ordinary methods is not possible. An
      essential point in the method according to the invention is therefore the
      addition of the hydroxy compounds initiating the catalyzation, which react
      very slowly with polyisocyanates, but spontaneously when they come into
      contact with gaseous or liquid tertiary amines. This group of compounds
      has an aromatic molecular sturcture. These compounds may also be built-up
      of one to six benzene rings, and the nuclei can then be linked directly to
      each other or separated through
      ##EQU3##
PAR  Moreover, these compounds must contain at least two OH groups per molecule.
      However, it is also possible to use compounds which contain two to six OH
      groups per molecule. An essential feature is that the OH groups must be
      linked directly or via a methylene group to a carbon atom in the nucleus.
PAR  Examples on such compounds are:
      ##SPC2##
PAR  The hydrogen atoms in the ring systems may be partly or wholly substituted
      with e.g. halogen atoms or ester groups. These abovementioned compounds do
      not only have a catalyzing effect, but because of the presence of active
      hydrogen, they also participate in the poly-addition reaction with the
      polyisocyanates.
PAR  In order to obtain a rapid hardening of the moulding sands at the contact
      with the gaseous tertiary amines, a certain relation between polyether and
      the catalyzing OH compound is necessary. According to the invention, the
      content of the catalyzing OH compound is to be between 5 and 50 per cent
      by weight, preferably between 10 and 35 per cent by weight as calculated
      on the polyether.
PAR  These polyhydroxy compounds which may be used according to the invention
      may be water-free or may contain a certain amount of water. In normal
      cases, the water content is &lt;0.1 per cent by weight, but polyethers with
      water contents of up to 10 per cent by weight as calculated on the amount
      of polyether may be used.
PAR  The polyhydroxy compounds which may be utilized according to the invention
      may be used free from solvent. In order to improve the solubility of the
      different components, and to keep the viscosity at an acceptable level, it
      is an advantage to use an addition of aliphatic, aromatic or
      cyclo-aliphatic and chlorinated hydrocarbons and/or esters. It is only the
      degree of toxicity of these solvents that determine their practical
      usefulness. Petroleum spirits and "Cellosolve acetate" (CH.sub.3
      --COO--C.sub.2 H.sub.4 --O--C.sub.2 H.sub.5) are examples of the most
      suitable types of solvents for the preparation of moulding sands for
      foundry purposes.
PAR  In order to obtain cores and moulds with acceptable mechanical properties,
      it is necessary to mix the polyisocyanates and the polyhydroxy compounds
      in a ratio which according to the invention should be
DETD
PAR  The invention will be further illustrated in the following, nonlimiting
      examples.
PAC  EXAMPLE 1
PAR  In this example, as well as in the other examples, for the polyisocyanate
      compound, a mixture of raw diphenyl-methane-4,4-diisocyanate and petroleum
      spirits in the weight proportions of 9:1 has been used. This mixture has
      an amino equivalent of 153 and a content of active hydrolyzable chlorine
      of 652 ppm. The viscosity at 25.degree.C according to Brookfield is 66 cP.
PAR  The polyhydroxy compound used is prepared by dissolving
      dihydroxydiphenyl-propane in Cellosolve acetate at 60.degree.C, and to
      this solution an aliphatic polyether based on glycerol is added. This
      polyether is sold by Dow Chemicals, USA under the trade name Voranol
      CP-4711. The mixture obtained has the composition (per cent by weight):
TBL  35.0 %  dihydroxy-diphenyl-propane                                        

     25.0 %  Cellosolve acetate                                                

     40.0 %  Voranol CP-4711                                                   

     100.0 %                                                                   

PAR  This mixture has the following analysis data:  OH number: 187;  Viscosity
      25.degree.C (Brookfield) 1030 cP.
PAR  On the basis of these two components, cores are prepared in the following
      way:
PAR  A. 200 grams of olivine sand are mixed with 5 grams of the polyisocyanate
      compound for two minutes. Thereafter 5 grams of the polyhydroxy compound
      are added, and the mixing is continued for 2 minutes more. The ratio of
      NCO/OH in this mixture is 2:03. The sand mixture thus obtained, which has
      an available processing time of 4-5 hours, is thereafter formed into AFS
      tensile-strength test samples of the standard type, using the standardized
      procedure. The test samples obtained are thereafter hardened through
      treatment with triethyl amine. At the triethyl amine treatment an air
      current is bubbled through liquid triethyl amine, and thereafter through
      the test samples at a temperature of 20.degree.-25.degree.C for a time of
      60 secs. The test sample hardened after being gased through with triethyl
      amine may be removed directly from the core box used, and its tensile
      strength is &gt;30 kg/cm.sup.2.
PAR  B. The above-mentioned example 1A is repeated, but using 3.7 grams of
      polyisocyanate compound and 5.0 grams of polyhydroxy compound, i.e. a
      NCO/OH ratio of 1.50. The test sample obtained has a tensile strength of
      approx. 20 kg/cm.sup.2.
PAR  C. The above-mentioned example 1A is repeated, but using 2.46 grams of
      polyisocyanate compound and 5.0 grams of polyhydroxy compound, i.e. a
      NCO/OH ratio of 1.0. The test sample obtained has a tensile strength of
      approx. 15 kg/cm.sup.2.
PAC  EXAMPLE 2
PAR  200 grams of olivine sand is mixed for 2 minutes with 5 grams of the
      polyisocyanate compound as used in Example 1. Thereafter 5 grams are added
      of a polyhydroxy compound consisting of
TBL  10    per cent by weight of                                               

                           Voranol CP-4711.sup.x)                              

     50    "               Voranol NC-1874.sup.x) (aromatic polyether based    

                           on                                                  

                           Bis-phenol-A)                                       

     20    "               dihydroxy-diphenyl propane                          

     20    "               Cellosolve acetate                                  

     100   "                                                                   

      .sup.x) sold by Dow Chemicals, USA.                                      

PAR  The sand mixtures obtained were formed into cores, and were hardened
      according to the procedure described in example 1.
PAR  The cores obtained have proved to be extremely appropriate for casting
      steel at temperatures of up to about 1650.degree.C. Cores may be made of
      the sand mixture used in sizes of from 100 grams up to 200 - 300 kg, and
      may be used for casting of very complicated steel details. The knockout
      procedure after the casting is two to three times faster with these cores
      than with cores obtained with conventional bonding agents.
PAC  EXAMPLES 3 - 4
PAR  Example 2 is repeated, but using other polyhydroxy compounds, viz.:
     a) a mixure of                                                            

     20      per cent by weight of                                             

                             Resorcin                                          

     55      "               Voranol CP-4711                                   

     25      "               Cellosolve acetate                                

     100     "                                                                 

     or                                                                        

     b) a mixture of                                                           

     15      per cent by weight of                                             

                             pyrogallol                                        

     60      "               Voranol                                           

     25      "               Cellosolve acetate                                

     100     "                                                                 

PAR  The cores obtained have properties that are quite equivalent to those of
      the cores prepared according to Example 2.
TBL  __________________________________________________________________________

     Example                                                                   

          Hydroxy compound for                                                 

                        Polyether Solvent                                      

          initiating catalyzation                                              

     __________________________________________________________________________

     No.  Type      %   Type  %   Type  %                                      

     __________________________________________________________________________

     5    Dihydroxy-diphenyl                                                   

                    35.0                                                       

                        Voranol-                                               

                              40.0                                             

                                  Cellosolve                                   

                                        25.0                                   

          propane       P-2000    acetate                                      

                        (diol)                                                 

     6    "         35.0                                                       

                        Voranol-                                               

                              40.0                                             

                                  "     25.0                                   

                        CP-3000                                                

                        (triol)                                                

     7    "         16.0                                                       

                        Pluracol                                               

                              20.0                                             

                                  "     64.0                                   

                        PeP-450                                                

                        (tetrol)                                               

     8    "         15.0                                                       

                        Pluracol                                               

                              30.0                                             

                                  "     55.0                                   

                        PeP-650                                                

                        (tetrol)                                               

     9    "         15.0                                                       

                        Sorbitol-                                              

                              23.0                                             

                                  "     62.0                                   

                        ether                                                  

                        G-2410                                                 

                        (hexol)                                                

     __________________________________________________________________________

PAR  When using the compositions mentioned in examples 5-  9, cores are obtained
      which are quite equivalent to the cores obtained according to Example 2.
PAC  EXAMPLE 10
PAR  This example describes another suitable procedure for preparing cores by
      using the compositions described according to the invention. Dry foundry
      sand is then used, which is mixed with 1.5 % by weight of the isocyanate
      component as prepared according to Example 1. This mixture is stored under
      a moisture-free atmosphere. Another quantity of sand is mixed with 1.5 %
      by weight of the following polyhydroxy composition:
     10.0 %  Voranol CP-4711                                                   

     50.0 %  Voranol NC-1874                                                   

     20.0 %  dihydroxy-diphenyl propane                                        

     19.0 %  Cellosolve acetate                                                

     1.0 %   triethyl amine                                                    

     100.0 %                                                                   

PAR  Also this mixture is stored under a moisture-free atmosphere. When properly
      stored, both of these sand mixtures have an unlimited storage stability.
      When manufacturing cores, the two sand compositions are mixed with a ratio
      of 1:1 under vigorous stirring, and applied rapidly by means of compressed
      air in the core box. The core is then hardened spontaneously, and may
      thereafter be removed from the core box.
PAC  EXAMPLE 11
PAR  The procedure according to Example 10 is repeated. However, the following
      polyhydroxy composition is used:
TBL  10.0%  Voranol CP-4711                                                    

     50.0%  Voranol NC-1874                                                    

     20.0%  dihydroxy-diphenyl propane                                         

     19.0%  Cellosolve acetate                                                 

     1.0%   organic tin compound(C.sub.4 H.sub.9).sub.2 --SN(O--CO.C.sub.10    

            H.sub.20 --CH.sub.3).sub.2                                         

     100.0%                                                                    

PAC  EXAMPLE 12
PAR  The procedure according to Example 10 is repeated. However, the following
      polyhydroxy composition is used:
TBL  10.0 %  Voranol CP-4711                                                   

     50.0 %  Voranol NC-1874                                                   

     20.0 %  dihydroxy-diphenyl propane                                        

     19.0 %  Cellosolve acetate                                                

     1.0 %   1.2-dimethyl-imidazole                                            

     100.0 %                                                                   

PAR  The cores prepared according to Examples 10, 11 and 12 have the same
      properties as those described in Examples 1 and 2. These Examples, show
      that the bonding agent composition fulfils its function regardless of the
      application procedure used when manufacturing the cores. Further, Examples
      10, 11 and 12 show that the choice of tertiary amine or metal-organic
      compound is of minor significance for the bonding agent.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method for producing "cold-box" polyurethane cores and molds which
      are useful for the casting of iron, steel or light metals, the improvement
      which comprises:
PA1  admixing sand with a bonding agent, wherein said bonding agent comprises
      the combination of a polyisocyanate with at least two and up to six
      isocyanate groups per molecule and a polyhydroxy compound, wherein said
      polyhydroxy compound consists of at least one aliphatic or aromatic
      polyether-polyol in combination with 5 - 50 percent by weight as
      calculated on the amount of polyether of an aromatic hydroxy compound for
      initiating the catalyzation, said hydroxy compound having at least 2
      OH-groups which directly or via one methylene group are linked to a carbon
      atom in the aromatic nucleus, said polyether-polyol consisting of one or
      more polyadducts of ethylene oxide, propylene oxide or tetrahydrofuran,
      respectively, to an aliphatic diamine or an aliphatic or aromatic polyol
      with 2 - 6 hydroxy groups per molecule, and wherein the ratio between the
      polyisocyanate compound and the polyhydroxy compound corresponds to an
      NCO/OH ratio of 0.8 - 3.0, said polyadducts having a molecular weight of
      approximately 100 - 10,000, afterwhich the mixture is given the form
      desired and is hardened by means of a polyurethane catalyst.
NUM  2.
PAR  2. Method according to claim 1 wherein said hydroxy compound catalyzation
      initiator consists of resorcinol, pyrogallol, dihydroxydiphenyl propane or
      p-xylene glycol.
NUM  3.
PAR  3. The method of claim 2 wherein said hydroxy compound initiator is
      dihydroxydiphenylpropane.
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ABST
PAL  A moulding composition is prepared by partially reacting a fluid mixture
      comprising
PA1  1. from 10% to 90% by weight of polyurethane precursors comprising at least
      one polyfunctional compound containing at least two isocyanate-reactive
      groups, at least one polyisocyanate, and at least one ethylenically
      unsaturated compound containing at least one group reactive with the
      polyfunctional compound and/or with the polyisocyanate, the ethylenically
      unsaturated compound being copolymerisable with the ethylenically
      unsaturated monomer in (2) and having a molecular weight of not greater
      than 750, and
PA1  2. from 90% to 10% by weight of polyester resin precursors comprising at
      least one ethylenically unsaturated polyester and at least one
      ethylenically unsaturated monomer copolymerisable therewith,
PAL  In the mixture of polyfunctional compound, the polyisocyanate and the
      ethylenically unsaturated compound being reacted with each other, the
      ethylenically unsaturated monomer being substantially uncopolymerised with
      the ethylenically unsaturated compound and with ethylenically unsaturated
      polyester.
BSUM
PAR  This invention relates to a moulding composition.
PAR  In our British Pat. Specifications Nos. 1,272,984 and 1,279,673, the
      disclosures of which are incorporated herein, we have described, inter
      alia, moulding compositions, especially moulding compositions which are in
      the form of a shaped article of simple profile, e.g. a sheet, and which
      are formed by partially reacting a mixture of the precursors of a
      polyurethane and the precursors of a polyester resin. The polyurethane
      precursors, which may be such that when reacted alone they may be capable
      of forming a cross-linked or a linear urethane, comprise a mixture of at
      least one polyfunctional compound containing at least two
      isocyanate-reactive groups and at least one polyisocyanate containing at
      least two isocyanate groups. The polyester resin precursors comprise at
      least one ethylenically unsaturated polyester and at least one
      ethylenically unsaturated monomer copolymerisable with the polyester. The
      mixture of polyurethane precursors and polyester resin precursors is
      partially reacted to such an extent as to produce a moulding composition,
      that is, a composition which is capable of being shaped, and in which the
      partial reaction has preferably been effected to such an extent that the
      moulding composition is non-tacky. Preferably, in forming the moulding
      composition the polyfunctional compound and the polyisocyanate are reacted
      with each other substantially to completion and with the ethylenically
      unsaturated polyester, and the polyester and the monomer copolymerisable
      therewith are substantially uncopolymerised. In use, the moulding
      composition is shaped and the copolymerisation of the polyester and the
      monomer is substantially completed to produce a rigid shaped article.
PAR  In the aforementioned specifications the polyurethane precursors which have
      been described do not contain ethylenic unsaturation. We have now found
      that where the polyurethane precursors contain ethylenic unsaturation
      which is copolymerisable with the monomer of the polyester resin
      precursors then the rigid shaped article which is produced from the
      moulding composition possesses, in general, a higher heat distortion
      temperature than the rigid shaped article produced from a moulding
      composition as described in the aforementioned specifications.
PAR  According to the present invention there is provided a moulding composition
      prepared by partially reacting a fluid mixture comprising
PA1  1. from 10% to 90% by weight of polyurethane precursors comprising at least
      one polyfunctional compound containing at least two isocyanate-reactive
      groups, at least one polyisocyanate, and at least one ethylenically
      unsaturated compound containing at least one group reactive with the
      polyfunctional compound and/or with the polyisocyanate, the ethylenically
      unsaturated compound being copolymerisable with the ethylenically
      unsaturated monomer in (2) and having a molecular weight of not greater
      than 750, and
PA1  2. from 90% to 10% by weight of polyester resin precursors comprising at
      least one ethylenically unsaturated polyester and at least one
      ethylenically unsaturated monomer copolymerisable therewith,
PAL  in the mixture the polyfunctional compound, the polyisocyanate and the
      ethylenically unsaturated compound being reacted with each other, the
      ethylenically unsaturated monomer being substantially uncopolymerised with
      the ethylenically unsaturated compound and with ethylenically unsaturated
      polyester.
PAR  In order to produce the moulding composition of the present invention the
      mixture of polyurethane precursors and polyester resin precursors should
      be partially reacted. Preferably, reaction is carried out to such an
      extent that the fluid mixture, which is generally a mobile liquid which is
      often sticky or tacky is converted into a non-tacky moulding composition
      and this conversion is suitably effected by reacting the polyfunctional
      compound, the polyisocyanate, and the ethylenically unsaturated compound
      in the polyurethane precursors with each other substantially to
      completion, and optionally with the ethylenically unsaturated polyester,
      where the polyester contains isocyanate-reactive groups, and ensuring that
      little if any copolymerisation of the ethylenically unsaturated monomer
      with the ethylenically unsaturated polyester or with the ethylenically
      unsaturated compound takes place.
PAR  In effecting the partial reaction it is essential to ensure that the
      ethylenically unsaturated compound in the polyurethane precursors reacts
      with the polyfunctional compound and/or with the polyisocyanate in the
      precursors. For this reason it is preferred that the ethylenically
      unsaturated compound contains at least one group readily reactive with the
      polyfunctional compound and/or with the polyisocyanate even at relatively
      low, e.g. ambient temperatures. Preferably, the ethylenically unsaturated
      compound contains at least one hydroxyl group as such compounds are
      readily reactive with the polyisocyanate. Of course, the ethylenically
      unsaturated compound may contain a group other than a hydroxyl group, for
      example, a carboxyl group, although in this case, as carboxyl groups are
      less reactive with polyisocyanates than are hydroxyl groups, forcing
      conditions, e.g. higher temperatures may have to be used to ensure
      reaction of the ethylenically unsaturated compound.
PAR  In effecting the partial reaction the ethylenically unsaturated polyester
      of the polyester resin precursors may optionally be reacted with the
      polyurethane precursors. For example, where the partial reaction is
      effected at or near ambient temperature and the polyester contains
      hydroxyl groups then these latter groups will generally react with the
      polyisocyanate. On the other hand, where the polyester contains carboxyl
      groups these groups will generally not react with the polyisocyanate at
      ambient temperature and if it is desired to react the polyester more
      forcing conditions, e.g. higher temperatures, may have to be used.
PAR  As reaction of the polyurethane precursors may generally be effected at
      relatively low temperatures, e.g. at temperatures from room temperature up
      to about 70.degree.C, and the copolymerisation may be effected at higher
      temperatures, control of the partial reaction is suitably effected by
      control of temperature. The reaction of the polyurethane precursors may be
      assisted by suitable catalysts, e.g. tertiary amines and metal salts, e.g.
      stannous octoate and dibutyl tin dilaurate, and if desired, the
      copolymerisation of the ethylenically unsaturated monomer with the
      ehtylenically unsaturated polyester and the ethylenically unsaturated
      compound may be retarded by including suitable inhibitors in the fluid
      composition. The moulding composition may itself be in the form of a
      shaped article of simple profile e.g. a sheet, which may be formed by
      effecting the partial reaction of the components of the fluid mixture in a
      suitably shaped mould or on a moving support surface, e.g. a conveyor
      belt.
PAR  The mixture may contain catalysts which aid the subsequent copolymerisation
      of the ethylenically unsaturated monomer with the ethylenically
      unsaturated polyester and the ethylenically unsaturated compound, for
      example, free radical generators, suitably in a concentration of 0.5% to
      5% by weight, e.g. peroxides, e.g. benzoyl peroxide, ditertiary butyl
      peroxide, cyclohexanone peroxide and tertiary butyl peroctoate, and
      visible light or ultraviolet sensitive photosensitisers. If desired, the
      mixture may also contain inhibitors for free-radical polymerisation in
      order to decrease or prevent premature copolymerisation between the
      ethylenically unsaturated monomer and the ethylenically unsaturated
      polyester and ethylenically unsaturated compound in the moulding
      composition. For this reason inhibitors are especially useful when the
      polyisocyanate, the polyfunctional compound and the ethylenically
      unsaturated compound are to be reacted at elevated temperature.
PAR  The moulding composition may be shaped or may be further shaped, as the
      case may be, for example, by causing the composition to conform to the
      contours of a mould, for example, by mechanical means, or pneumatically,
      or by a combination thereof. The moulding composition may be shaped, for
      example, by pressing between the co-operating parts of a mould, which may
      be heated if desired, or by draping over a mould. A suitable method of
      further shaping where the moulding composition is in the form of a sheet
      is vacuum forming in a mould. In order to aid shaping it may be desirable
      to heat the composition.
PAR  The thus shaped article may be removed from the mould and the
      copolymerisation of the ethylenically unsaturated monomer with the
      ethylenically unsaturated polyester and the ethylenically unsaturated
      compound completed, e.g. by heating in an oven, provided the article is
      able to retain its shape. Alternatively, and particularly if the thus
      further shaped article is not able to retain its shape unaided, the
      copolymerisation may be completed by further heating of the article while
      its shape is maintained by the mould in order to produce a rigid shaped
      article.
PAR  Polyfunctional compounds suitable for use as poly-urethane precursors are
      described in the aforementioned specifications. The polyfunctional
      compound contains at least two isocyanate-reactive groups, e.g. --OH,
      --COOH, or --NH.sub.2 groups, and preferably contains two to four such
      isocyanate-reactive groups. Hydroxyl groups are preferred as such groups
      are readily reactive with isocyanate groups thus facilitating the partial
      reaction to form the moulding composition of the present invention.
      Mixtures of two or more polyfunctional compounds may be used. Suitable
      polyfunctional compounds include, for example, polyols, e.g. polyether
      polyols and polyester polyols.
PAR  The polyisocyanate component of the polyurethane precursors comprises at
      least two isocyanate groups, and preferably two to four isocyanate groups.
      The polyisocyanate may be, for example, an aliphatic polyisocyanate, an
      aromatic polyisocyanate or a cycloaliphatic polyisocyanate, or may contain
      in the polyisocyanate at least two different types of isocyanate.
PAR  Suitable polyester resin precursors and proportions of ethylenically
      unsaturated polyester to ethylenically unsaturated monomer for use in such
      precursors are described in the aforementioned specifications. It is to be
      understood for the purposes of the present invention that where the
      composition from which the moulding composition is produced includes an
      ethylenically unsaturated monomer which contains at least one group
      reactive with the isocyanate or with the polyfunctional compound under the
      conditions used in preparing the moulding composition then that monomer is
      to be considered as forming, or forming part of, the ethylenically
      unsaturated compound of the polyurethane precursors and not as part of the
      polyester resin precursrs. In the polyester resin precursors the polyester
      may contain groups, e.g. --OH and/or --COOH groups which are reactive with
      the polyisocyanate.
PAR  The ethylenically unsaturated compound in the polyurethane precursors may
      be reactive with the polyisocyanate. For example, it may contain at least
      one --OH group. Thus, the ethylenically unsaturated compound may be a
      hydroxy alkyl acrylate or methacrylate of structure CH.sub.2
      =C(R.sub.1)--COO(CH.sub.2).sub.x --OH, where R.sub.1 is H or a methyl
      group and x is a whole number in the range, e.g. 2 to 10, or a derivative
      thereof in which the --CH.sub.2 -- group carries one or more hydrocarbyl,
      especially alkyl, substituent groups. On the other hand, the ethylenically
      unsaturated compound may be reactive with the polyfunctional compound. For
      example, where the polyfunctional compound contains --OH, --COOH or
      --NH.sub.2 groups, the ethylenically unsaturated compound may contain an
      isocyanate group. The ethylenically unsaturated compound may be reactive
      with both the polyfunctional compound and the polyisocyanate. For example,
      where the polyfunctional compound contains --OH or --NH.sub.2 groups the
      ethylenically unsaturated compound may be an ethylenically unsaturated
      carboxylic acid, e.g. acrylic, methacrylic, fumaric, or itaconic acids, or
      it may be a carboxylic acid anhydride, e.g. maleic or itaconic anhydrides.
PAR  In the polyurethane precursors the ethylenically unsaturated compound may
      be a reaction product of an ethylenically unsaturated material and the
      polyfunctional compound or the polyisocyanate provided, of course, that
      the reaction product possesses at least one group reactive with the
      polyisocyanate and/or the polyfunctional compound.
PAR  For example, where the polyfunctional compound is a polyol the
      ethylenically unsaturated compound may be a reaction product of the polyol
      and, for example, an ethylenically unsaturated acid or anhydride. However,
      the thus reacted polyol must contain at least one hydroxyl group.
PAR  Thus, where the polyfunctional compound is a diol then the ethylenically
      unsaturated material should be reacted with the diol in order to leave, on
      average, at least one free hydroxyl group in the reaction product.
      Similarly, where the polyfunctional compound is a triol then no more than
      two of the hydroxyl groups in the triol should on average be reacted with
      the ethylenically unsaturated material.
PAR  The ethylenically unsaturated compound may contain more than one group
      reactive with the polyfunctional compound and/or the polyisocyanate.
PAR  In the polyurethane precursors the ethylenically unsaturated compound may
      itself be, or form part of, the polyfunctional compound, that is, it may
      contain two or more isocyanate-reactive groups, or it may itself be, or
      form part of, the polyisocyanate, that is, it may contain two or more
      isocyanate groups. For example, the ethylenically unsaturated compound may
      be a polyol, e.g. a reaction product of a triol and an ethylenically
      unsaturated carboxylic acid in which one of the hydroxyl groups in the
      triol has been reacted with the acid. Alternatively the ethylenically
      unsaturated compound may be a polyisocyanate, e.g. a reaction product of a
      triisocyanate and an ethylenically unsaturated alcohol or carboxylic acid
      in which one of the isocyanate groups in the triisocyanate has been
      reacted with the acid.
PAR  It is preferred that the ethylenically unsaturated compound in the
      polyurethane precursors is present in a proportion such that the ratio of
      the number of equivalents of ethylenic unsaturation provided by the
      ethylenically unsaturated compound to the number of moles of polyurethane
      precursors is in the range of 0.1 to 0.6 and more preferably in the range
      of 0.2 to 0.5.
PAR  The molecular weight of the ethylenically unsaturated compound in the
      polyurethane precursors may suitably be not greater than 600 and is
      preferably not greater than 500.
PAR  In the fluid mixture from which the moulding composition is produced the
      proportion of isocyanate groups to groups reactive with isocyanate may be
      in the range 0.8:1 to 1.2:1, preferably 0.9:1 to 1.1:1. These ranges are
      especially suitable where the polyurethane precursors are such as to be
      capable of forming a linear polyurethane, that is, where the
      polyfunctional compound and the polyisocyanate are difunctional. However,
      the proportion of isocyanate groups to groups reactive with isocyanate
      groups may be outside these ranges. It is especially suitable that the
      proportion should be outside these ranges where the polyurethane
      precursors are such as to be capable of forming a cross-linked
      polyurethane, that is, in the case where at least one of the
      polyisocyanate and/or the polyfunctional compound has a functionality of
      greater than two. Especially in the latter case the proportions of
      isocyanate groups to isocyanate-reactive groups may be outside, and even
      substantially outside the aforementioned ranges.
PAR  The moulding composition is preferably produced from a fluid mixture
      comprising from 20% to 80% by weight of the precursors of a polyurethane
      and from 80% to 20% by weight of the precursors of a cured polyester
      resin, and more preferably from 30% to 70% by weight of the precursors of
      a polyurethane and from 70% to 30% by weight of the precursors of a cured
      polyester resin.
PAR  The moulding composition of our invention may include fibrous reinforcing
      material in order that the properties of rigid articles prepared from the
      moulding composition may have improved properties, and in particular,
      improved impact strength and flexural properties.
PAR  The amount of fibrous material to be incorporated in the moulding
      composition will depend on the desired improvement in the particular
      property of the shaped rigid article produced from the composition which
      is of interest. In general from 5% to 50% or even 70% of firbrous material
      by weight of the total weight of the moulding composition including the
      fibrous material will suffice. Where it is desirable to effect a
      substantial improvement in properties from 20% to 50% by weight of fibrous
      material is preferred.
PAR  The fibrous materials may be incorporated into the composition by means
      which will be apparent to those versed in the art of reinforced resins and
      should desirably be mixed with the fluid mixture comprising the mixture of
      precursors when little or no reaction of the precursors has taken place.
PAR  Suitable fibrous reinforcing materials include glass, asbestos and carbon
      fibres and fibres of organic polymeric material, e.g. nylon or
      poly(ethylene terephthalate).
PAR  Glass fibres may be in any suitable form, e.g. in the form of a mat,
      ribbons, tapes continuous fibres or chopped rovings. Where chopped rovings
      are used they are preferably of at least 1/4 inch in length.
PAR  The moulding composition may also include pigments and stabilisers e.g.
      antioxidants, antiozonants and ultraviolet stabilisers, and particulate
      reinforcing material, e.g. talc, mica, calcium carbonate, alumina and
      carbon black.
PAR  Where particulate reinforcing material is used it may suitably be used in a
      proportion of 5% to 50% or even 70% by weight, more preferably 20% to 50%
      by weight of the total weight of the moulding composition including the
      particulate material.
PAR  Suitable diols include, for example, alkylene glycols, e.g. ethylene
      glycol, propylene glycol, butylene glycol, neopentylene glycol and
      cyclohexane-1:3-diol; poly(alkylene glycols) e.g. diethylene glycol,
      triethylene glycol, dipropylene glycol; and higher molecular weight
      poly(alkylene glycols), e.g. poly(ethylene glycol) and poly(propylene
      glycol). The poly(alkylene glycols) should, of course, not be of such high
      molecular weight as to provide in the macromolecular chains of the
      resultant polymeric product units having a length greater than the defined
      maximum limit. Diols containing aromatic groups may also be used, e.g.
      diols having the structure
      ##SPC1##
PAL  where X is a direct linkage or a divalent group, e.g. --SO.sub.2 --, --O--
      or
      ##EQU1##
      where n is a whole number, preferably 1 to 4, and R.sub.1 and R.sub.2 are
      selected from hydrogen atoms and hydrocarbyl, especially alkyl groups.
PAR  A preferred diol having the structure I is
      2:2'-bis-(p-hydroxyphenyl)propane having the structure
      ##SPC2##
PAR  On account of the desirable properties of the polymeric products derived
      therefrom particularly preferred diols are oxyalkylated derivatives of the
      diols of structure I, that is diols having the structure:
      ##SPC3##
PAL  where R.sub.1 and R.sub.2 are selected from hydrogen atoms and hydrocarbyl
      groups preferably alkyl groups e.g. methyl.
PAR  The value of n + m preferably is such that the units in the resultant
      polymeric product derived from the diol provide an average of not more
      than 35 in-chain atoms in the macromolecular chains thereof.
PAR  A preferred diol having the structure III is an oxyalkylated derivative of
      2:2'-bis(p-hydroxyphenyl)propane, that is, a diol of structure III in
      which X is
      ##EQU2##
      and in which n + m is not greater than 8, preferably in the range 2 to 4.
      Particularly preferred is the oxypropylated derivative in which one of
      R.sub.1 and R.sub.2 is H and the other is CH.sub.3 and n + m is a whole
      number not greater than 8, preferably in the range 2 to 4. Suitably n and
      m are both whole numbers of 1 or 2.
PAR  If desired, one or both of the aromatic groups in the diol of structures I,
      II and III may be fully saturated.
PAR  Suitable diacids include, for example, succinic, adipic, gluaric and
      sebacic acids, isophthalic acid and terephthalic acid, or mixtures
      thereof.
PAR  As examples of the diisocyanate component of the polyurethane precursors
      there may be mentioned 4:4'-dicyclohexylmethane diisocyanate,
      hexamethylene diisocyanate, 2:4-toluene diisocyanate, 2:6-toluene
      diisocyanate or a mixture of said toluene diisocyanates.
PAR  Where polymeric products having high impact strength and good flexural
      properties are desired a preferred diisocyanate is one having the
      structure:
      ##SPC4##
PAL  where X is a divalent group. X may be for example, a group having the
      structure:
      ##EQU3##
      where n is a whole number preferably 1 to 3, and R.sub.1 and R.sub.2 are
      selected from hydrogen atoms and hydrocarbyl groups, for example, alkyl,
      e.g. methyl. A preferred diisocyanate is 4:4'-diphenylmethane
      diisocyanate.
PAR  The ethylenically unsaturated polyester may be derived for example, by
      esterification of an unsaturated dicarboxylic acid or mixture of such
      acids with a saturated glycol or mixture of such glycols, or by
      esterification of a saturated dicarboxylic acid or mixture of such acids
      with an unsaturated glycol or mixture of such glycols. If desired an
      unsaturated acid or acids may be used together with or in place of the
      saturated acid or acids, and an unsaturated glycol or glycols may be used
      together with or in place of the saturated glycol or glycols. An anhydride
      may be used in place of the corresponding dicarboxylic acid. Examples of
      unsaturated polyesters include, for example those formed by esterification
      of maleic, fumaric or itaconic acids, or mixtures thereof with each other
      and/or with saturated dicarboxylic acids with, for example, ethylene
      glycol, propylene glycol or butylene glycol, or mixtures thereof with each
      other and/or other dihydric alcohols. Unsaturated polyesters that may be
      mentioned in particular are condensates of isophthalic acid and fumaric
      acid with propylene glycol, condensates of maleic anhydride and phthalic
      anhydride with propylene glycol and optionally with ether diethylene
      glycol or adipic acid, and condensates of propylene glycol with fumaric
      acid or maleic acid and optionally also with phthalic anhydride.
PAR  Examples of suitable monomers copolymerisable with the ethylenically
      unsaturated groups in the polyester include vinyl monomers, for example,
      vinyl esters, aromatic vinyl compounds and vinyl nitriles. Suitable vinyl
      esters include, for example, vinyl acetate and esters of acrylic acid
      having the formula CH.sub.2 = CH -- COOR, where R is an alkyl, aryl,
      alkaryl, aralkyl or cycloalkyl group. For example, R may be an alkyl group
      having from 1 to 20, and preferably 1 to 10 carbon atoms. Particular vinyl
      esters which may be mentioned include for example, methyl acrylate, ethyl
      acrylate, n- and iso-propyl acrylates, and n-, iso- and tertiary-butyl
      acrylates.
PAR  Other suitable vinyl esters include, for example, esters of formula
      CH.sub.2 = C (R') COOR, where R' may be an alkyl, aryl, alkaryl, aralkyl
      or cycloalkyl group. In the ester of formula CH.sub.2 = C (R') COOR, R and
      R' may be the same or different. Particular vinyl esters which may be
      mentioned include, for example, methyl methacrylate, ethyl methacrylate,
      n- and iso-propyl methacrylate, and n-, iso and tertiary-butyl
      methacrylate.
PAR  Aromatic vinyl compounds which may be mentioned include for example,
      styrene and derivatives thereof, e.g. .alpha.-alkyl derivatives of
      styrene, e.g. .alpha.-methyl styrene, and vinyl toluene.
PAR  Suitable vinyl nitriles include, for example, acrylonitrile and derivatives
      thereof, e.g. methacrylonitrile.
PAR  Polyfunctional vinyl monomers, that is, monomers containing two or more
      vinyl groups are also suitable. Suitable monomers include, for example,
      glycol dimethacrylate, divinyl benzene and diallyl phthalate.
PAR  The proportion of monomer copolymerisable with the ethylenically
      unsaturated polyester to ethylenically unsaturated polyester in the cured
      polyester resin precursors may, for example, be in the range 30% to 90% by
      weight of at least one ethylenically unsaturated polyester to 70% to 10%
      by weight of at least one monomer copolymerisable therewith. More
      suitably, the said precursors comprise from 50% to 70% by weight of at
      least one ethylenically unsaturated polyester and from 50% to 30% by
      weight of at least one monomer copolymerisable therewith.
DETD
PAR  The invention is now illustrated by the folloiwng Examples in which all
      parts are expressed as parts by weight.
PAC  EXAMPLE 1
PAR  Equal parts by weight of propylene glycol and maleic anhydride were mixed
      in a vessel and heated at 70.degree.C for 2 hours and then allowed to
      stand at 50.degree.C for 5 days. The product was a clear viscous liquid
      which was shown by nuclear magnetic resonance spectroscopic examination to
      be free of unreacted maleic anhydride or maleic acid.
PAR  A resin mixture of the following components was made up in a vessel; 6.2
      parts of the propylene glycol/maleic anhydride adduct, 40.4 parts of an
      ethylenically unsaturated polyester having an acid value of 50.8 mg KOH
      g.sup.-.sup.1 and a hydroxyl value of 69.3 mg KOH g.sup.-.sup.1 and formed
      from fumaric acid, isophthalic acid and propylene glycol (fumaric
      acid:isophthalic acid molar ratio 3:1), 30.8 parts of styrene, 9.25 parts
      of oxypropylated bisphenol-A having a hydroxyl value of 333 mg KOH
      g.sup.-.sup.1, 13.35 parts of a polyisocyanate containing 4:4'-diphenyl
      methane diisocyanate and having an average isocyanate functionality of 2.7
      and an isocyanate value of 409 mg KOH g.sup.-.sup.1 (Suprasec DN, Imperial
      Chemical Industries Limited), 1 part of tertiary butyl peroctoate and 0.1
      part of hydroquinone (as a 33% by weight solution in triethylene glycol).
PAR  The resin mixture was blended with 100 parts of powdered calcium carbonate
      and formed into laminate with 50 parts of 25 mm chopped "E" glass fibres
      between polyethylene films. The resin containing calcium carbonate and
      glass fibre was allowed to stand at room temperature for 24 hours and the
      polyethylene films were then removed to leave a non-tacky, pliable,
      readily mouldable sheet.
PAR  The mouldable sheet was compression moulded at 135.degree.C for 15 minutes
      under an applied pressure of 150 lb.sq.in.sup.-.sup.1 to form a 1/8 inch
      thick rigid sheet.
PAR  The above procedure was repeated to form a 1/8 inch thick rigid sheet
      except that the calcium carbonate and glass fibre were omitted, that is,
      the sheet was formed from the resin mixture alone, and the heat distortion
      temperature of the sheet was measured using ASTM D648 at 264
      lb.sq.in.sup.-.sup.1. The heat distortion temperature was 104.degree.C.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was followed except that the polyester which was
      used had an acid value of 37.1 mg KOH g.sup.-.sup.1 and a hydroxyl value
      of 51.7 mg KOH g.sup.-.sup.1, and 9 parts of oxypropylated bisphenol-A,
      6.5 parts of propylene glycol/maleic anhydride adduct, 31.3 parts of
      styrene and 13 parts of polyisocyanate were used.
PAR  The resultant non-tacky, pliable, readily mouldable sheet was moulded and
      heated following the procedure described in Example 1 to produce a 1/8
      inch thick rigid sheet.
PAR  The above procedure was followed to form a 1/8 inch thick rigid sheet
      except that the calcium carbonate and glass fibre were omitted, that is,
      the rigid sheet was formed from the resin mixture alone. The heat
      distortion temperature of this rigid sheet was 100.degree.C.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 was followed except that 6.7 parts of
      oxypropylated bisphenol-A, 8.75 parts of propylene glycol/maleic anhydride
      adduct, 150 parts of powdered calcium carbonate, and 6 mm long glass fibre
      were used, and in place of the procedure as used in Example 1, the resin
      mixture was mixed with the calcium carbonate and glass fibre in a Z-blade
      mixer and the resultant mixture was cast between polyethylene sheets to
      form a pliable, non-tacky, readily mouldable sheet after standing at room
      temperature for 24 hours. The mouldable sheet was compression moulded
      following the procedure described in Example 1 to form a rigid sheet.
PAR  The above procedure was followed to form a 1/8 inch thick rigid sheet
      except that the calcium carbonate and glass fibre were omitted. The heat
      distortion temperature of this rigid sheet was 96.degree.C.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 was followed except that 32.6 parts of styrene
      and 9.4 parts of polyisocyanate were used, the oxypropylated bisphenol-A
      was omitted, and in place of the adduct of propylene glycol and maleic
      anhydride there was used 17.6 parts of an adduct prepared by reacting
      equimolar proportions of trimethylol propane of molecular weight 310 and
      maleic anhydride at 70.degree.C for 2 hours and at 50.degree.C for 5 days.
PAR  The resultant non-tacky, pliable, readily mouldable sheet was compression
      moulded following the procedure described in Example 1 to produce a rigid
      sheet.
PAR  The above procedure was followed to produce a 1/8 inch thick rigid sheet
      except that the calcium carbonate and glass fibre were omitted. The heat
      distortion temperature of this rigid sheet was 86.degree.C.
PAC  EXAMPLE 5
PAR  The procedure of Example 1 was followed except that 33.1 parts of styrene,
      10 parts of polyisocyanate and, in addition, 0.3 part of stannous octoate
      were used. Furthermore, the propylene glycol/maleic anhydride adduct used
      in Example 1 was replaced by 16.5 parts of an adduct formed by reacting
      oxypropylated glycerol of molecular weight 310 with maleic anhydride in a
      molar proportion of 2:3 at 70.degree.C for 2 hours and at 50.degree.C for
      5 days.
PAR  The resin was compounded with calcium carbonate and glass fibre fllowing
      the procedure described in Example 1 and allowed to stand between
      polyethylene sheets at room temperature for 3 days to produce a non-tacky,
      pliable, readily mouldable sheet. The sheet was then compression moulded
      at 135.degree.C for 15 minutes under an applied pressure of 150
      lb.sq.in.sup.-.sup.1 to produce a rigid 1/8 inch thick sheet.
PAR  The above procedure was followed to produce a 1/8 inch thick rigid sheet
      except that the calcium carbonate and glass fibre were omitted. The heat
      distortion temperature of this rigid sheet was 104.degree.C.
PAC  EXAMPLE 6
PAR  Following the procedure of Example 1 a 3 mm thick pliable, readily
      mouldable sheet was prepared from 40.4 parts of ethylenically unsaturated
      polyester as used in Example 1, 32.8 parts of styrene, 8.8 parts of
      polyisocyanate as used in Example 1, 1 part of tertiary butyl peroctoate,
      0.3 part of stannous octoate and 0.1 part of hydroquinone (as a 33% by
      weight solution in triethylene glycol), and 18 parts of an adduct formed
      by reacting equimolar amounts of trimethylol propane having a molecular
      weight of 310 and methyl nadic anhydride at 70.degree.C for 2 hours and
      50.degree.C for 5 days, the calcium carbonate and glass fibre as used in
      Example 1 being omitted.
PAR  The mouldable sheet was compression moulded following the procedure
      described in Example 1 to produce a rigid sheet having a heat distortion
      temperature of 102.degree.C. By way of comparison in three separate
      experiments the procedure of Example 1 was used to prepare pliable,
      readily mouldable sheets from the following resin mixtures in each of
      which the adduct of propylene glycol and maleic anhydride was omitted.
TBL  ______________________________________                                    

     Experiment         A        B        C                                    

     ______________________________________                                    

     Ethylenically unsaturated                                                 

                        43.4     43.4     40.4                                 

     polyester, parts                                                          

     Styrene, parts     26.6     26.6     29.6                                 

     Polyisocyanate, parts                                                     

                        12.5     18.8     12.5                                 

     Oxypropylated bisphenol-A,                                                

                        17.5     5.6      17.5                                 

     parts                                                                     

     Propylene glycol, parts                                                   

                        --       5.6      --                                   

     Tertiary butyl peroctoate,                                                

                        1        1        1                                    

     parts                                                                     

     Hydroquinone, parts                                                       

                        0.1      0.1      0.1                                  

     ______________________________________                                    

PAR  In each experiment the mouldable sheets were compression moulded to rigid
      sheets following the procedure described in Example 1. The heat distortion
      temperatures of the rigid sheets were, respectively, 78.degree.C,
      66.degree.C and 70.degree.C.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A moulding composition which is formed by partially reacting a fluid
      mixture comprising
PA1  a. from 10% to 90% by weight of polyurethane precursors comprising at least
      one polyfunctional compound containing at least two isocyanate-reactive
      groups, at least one polyisocyanate, and at least one ethylenically
      unsaturated compound containing at least one group reactive with the
      polyfunctional compound and/or with the polyisocyanate, the ethylenically
      unsaturated compound being copolymerisable with the ethylenically
      unsaturated monomer in (b) and having a molecluar weight of not greater
      than 750, and;
PA1  b. from 90% to 10% by weight of polyester resin precursors comprising at
      least one ethylenically unsaturated polyester and at least one
      ethylenically unsaturated monomer copolymerisable therewith, in the
      mixture
PAL  the polyfunctional compound, the polyisocyanate and the ethylenically
      unsaturated compound being reacted with each other, the ethylenically
      unsaturated monomer being substantially uncopolymerised with the
      ethylenically unsaturated compound and with ethylenically unsaturated
      polyester, wherein the ethylenically unsaturated compound of (a) is
      different from said ethylenically unsaturated monomer of said polyester
      precursor, in which the molar proportion of isocyanate groups in the
      diisocyanate to groups reactive with isocyanate groups in the
      polyfunctional compound plus ethylenically unsaturated polyester is in the
      range 0.8:1 to 1.2:1 and in which the amount of the ethylenically
      unsaturated compound in the polyurethane precursors is such that the
      number of equivalents of ethylenic unsaturation provided by the compound
      to the number of moles of polyurethane precursors is in the range 0.1 to
      0.6.
NUM  2.
PAR  2. A moulding composition as claimed in claim 1 which is formed from 20% to
      80% by weight of polyurethane precursors and 80% to 20% by weight of cured
      polyester resin precursors.
NUM  3.
PAR  3. A moulding composition as claimed in claim 1 which is formed from 30% to
      70% by weight or greater of polyurethane precursors and 70% to 30% by
      weight or less of cured polyester resin precursors.
NUM  4.
PAR  4. A moulding composition as claimed in claim 1 in which said molar
      proportion is in the range 0.9:1 to 1.1:1.
NUM  5.
PAR  5. A moulding composition as claimed in claim 1 in which in the
      polyurethane precursors the diisocyanate is 4:4'-diphenyl methane
      diisocyanate.
NUM  6.
PAR  6. A moulding composition as claimed in claim 1 in which in the
      polyurethane precursors the diisocyanate is dicyclohexyl methane
      diisocyanate, hexamethylene diisocyanate, 2:4-toluene diisocyanate or
      2:6-toluene diisocyanate, or a mixture of said toluene diisocyanates.
NUM  7.
PAR  7. A moulding composition as claimed in claim 1 in which in the
      polyurethane precursors the polyfunctional compound is a diol.
NUM  8.
PAR  8. A moulding composition as claimed in claim 7 in which the diol has the
      structure
      ##SPC5##
PAL  where R.sub.1 and R.sub.2 are selected from hydrogen atoms and hydrocarbyl
      groups and n and m are each whole numbers, n plus m being in the range 2
      to 4.
NUM  9.
PAR  9. A moulding compositoin as claimed in claim 8 in which one of R.sub.1 and
      R.sub.2 is H and the other is methyl.
NUM  10.
PAR  10. A moulding composition as claimed in claim 7 in which the diol is
      poly(ethylene glycol).
NUM  11.
PAR  11. A moulding composition as claimed in claim 1 in which in the
      polyurethane the polyfunctional compound is a saturated polyester.
NUM  12.
PAR  12. A moulding composition as claimed in claim 1 in which in the
      polyurethane precursors said ethylenically unsaturated compound contains
      at least one group reactive with the polyisocyanate.
NUM  13.
PAR  13. A moulding composition as claimed in claim 12 in which the
      ethylenically unsaturated compound in the polyurethane precursor contains
      at least one -OH group.
NUM  14.
PAR  14. A moulding composition as claimed in claim 13 in which the
      ethylenically unsaturated compound has the structure CH.sub.2
      =C(R.sub.1)--COO(CH.sub.2).sub.x --OH where R.sub.1 is hydrogen or methyl
      and x is a whole number in the range 2 to 10.
NUM  15.
PAR  15. A moulding composition as claimed in claim 1 in which the ethylenically
      unsaturated compound in the polyurethane precursors is the reaction
      product of an ethylenically unsaturated material and the polyfunctional
      compound, the reaction product containing at least one group reactive with
      the polyisocyanate.
NUM  16.
PAR  16. A moulding composition as claimed in claim 15 in which the
      ethylenically unsaturated compound is the reaction product of a polyol and
      an ethylenically unsaturated acid or anhydride.
NUM  17.
PAR  17. A moulding composition as claimed in claim 16 in which the
      ethylenically unsaturated compound is the reaction product of an alkylene
      glycol and maleic acid or maleic anhydride.
NUM  18.
PAR  18. A moulding composition as claimed in claim 17 wherein the alkylene
      glycol is propylene glycol.
NUM  19.
PAR  19. A moulding composition as claimed in claim 1 wherein the ethylenically
      unsaturated compound is itself or is part of the polyfunctional compound
      in the polyurethane precursors.
NUM  20.
PAR  20. A moulding composition as claimed in claim 1 in which the amount of the
      ethylenically unsaturated compound is such that the ratio is in the range
      0.2 to 0.5.
NUM  21.
PAR  21. A moulding composition as claimed in claim 1 in which the molecular
      weight of the ethylenically unsaturated compound is not greater than 600.
NUM  22.
PAR  22. A moulding composition as claimed in claim 21 wherein the molecular
      weight of the ethylenically unsaturated compound is not greater than 500.
NUM  23.
PAR  23. A moulding composition as claimed in claim 1 which contains fibre
      reinforcement.
NUM  24.
PAR  24. A process for the production of a shaped polymeric article which
      comprises polymerising a homogenous mixture of the precursors of a linear
      polyurethane and the precursors of a cured polyester resin according to
      claim 1 and shaping the mixture before the polymerisation has proceeded to
      the extent that the mixture is intractable.
NUM  25.
PAR  25. A process for the production of a shaped polymeric article which
      comprises reacting at least one difunctional compound, at least one
      diisocyanate, at least one ethylenically unsaturated compound which is
      reactive with the diisocyanate, and at least one ethylenically unsaturated
      polyester as in claim 1, forming a homogeneous mixture of the thus formed
      product and at least one monomer copolymerisable with the ethylenically
      unsaturated groups in the polyester and in the ethylenically unsaturated
      compound, causing or allowing the resultant mixture to react, and shaping
      the mixture before the reaction has proceeded to the extent that the
      mixture is intractable.
NUM  26.
PAR  26. A process for the production of a shaped polymeric article which
      comprises the steps of
PA1  a. performing a shaping operation on a moulding composition as claimed in
      claim 1, and
PA1  b. causing or allowing the thus shaped article to retain its shape while
      completing copolymerisation of the ethylenically unsaturated monomer with
      the ethylenically unsaturated groups in the polyester and in the
      ethylenically unsaturated compound.
NUM  27.
PAR  27. A process as claimed in claim 26 in which the moulding composition is
      in the form of a sheet.
NUM  28.
PAR  28. A process as claimed in claim 26 in which the moulding composition is
      in a particular form.
NUM  29.
PAR  29. The moulding composition of claim 1, wherein the ethylenically
      unsaturated monomer of (b) is styrene.
NUM  30.
PAR  30. The moulding composition of claim 1, wherein the reactive group of said
      ethylenically unsaturated compound of (a) is a --OH, isocyanate-, COOH--
      or carboxylic anhydride.
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ABST
PAL  The properties of organosilicon compositions based on
      .alpha.-.omega.-dihydroxy diorganopolysiloxanes, methyl polysiloxanes,
      fillers, amino organosilicon corss linking agents and optionally alkyl
      silicates or polysilicates, which are vulcanisable at ambient temperature
      or above, are improved by using a methylpolysiloxane in which the ratio of
      the R(CH.sub.3).sub.2 SiO.sub.0.5 units (R=C.sub.1 --C.sub.3 alkyl or
      vinyl) to SiO.sub.2 units is 0.4:1 to 1.2:1 and which contains 0.5 - 3.5%
      by weight OH groups bonded to Si and by using an amino organosilicon
      compound which is an aminoorganosilane of the general formula (i)
      (R"O).sub.3.sub.- p R'.sub.p Si[(CH.sub.2).sub.n O].sub.m (CH.sub.2).sub.t
      NHQ in which R' represents an alkyl group with 1 to 4 carbon atoms, a
      vinyl group or a phenyl group, R" represents a methyl, ethyl or
      methoxyethyl radical, Q represents a hydrogen atom or the radical
      --(CH.sub.2).sub.2 NH.sub.2, p and m represent 0 or 1, n represents 1, 2,
      3 or 4, and t represents 2 or 3, or an aminoorganopolysiloxane produced by
      reacting the aminoorganosilane (i) above, in which p is 0, with a
      hydroxylic methylpolysiloxane polymer (ii) containing at least 2% by
      weight of hydroxyl groups bonded to the silicon atoms, of viscosity 1 cPo
      at 25.degree.C to 1,000 cPo at 25.degree.C, of the average general formula
      (CH.sub.3).sub.a (HO).sub.b SiO.sub.(4.sup.-a.sup.-b)/2 in which a
      represents any number from 1.6 to 2.3 and b represents any number ranging
      from 0.1 to 1; the amounts of aminoorganosilane (i) and hydroxylic
      methylpolysiloxane polymer (ii) being such that there are 0.4 to 1.2 mols
      of (i) per gram-(hydroxyl group) (that is to say 17 g) of (ii). The new
      compositions have improved fluidity characteristics and pot life, and
      adhere easily to most surfaces without using a primer and can be used
      particularly to protect electronic connections.
BSUM
PAR  The present invention relates to organopolysiloxane compositions which
      vulcanise at ambient temperature and above to yield elastomers which
      adhere, without the aid of an adhesion primer, to the most diverse
      substrates, for example to metals, to plastics, to wood, to masonry, to
      ceramics, to glass and to woven and non-woven fibrous materials.
PAR  Over the last fifteen years, numerous patents have been published which
      relate to organopolysiloxane compositions which cure at ambient
      temperature and above as well as to the elastomers resulting therefrom.
      Amongst these compositions, some offer the advantage of adhering, after
      cross-linking to form elastomers, to diverse substrates; such compositions
      are mentioned in particular in French Pat. Nos. 2,074,144 and 2,076,539,
      Japanese application Nos. 7,014,196 and 7,111,272, Belgian Pat. No.
      774,830, U.S. Pat. No. 3,686,357, and German application No. 2,034,727.
PAR  However, these compositions possess certain disadvantages which restrict
      their use in important fields of application such as the coating of
      delicate electronic devices, the manufacture of moulds for the
      reproduction of patterns with a complicated surface, and the jointing of
      materials situated in a vertical position. These disadvantages are, for
      example:
PAR  A LACK OF FLUIDITY WHICH PREVENTS THE COMPOSITIONS FROM PENETRATING BETWEEN
      ALL SURFACE DETAILS OF THE ARTICLES TO BE PROTECTED OR TO BE REPRODUCED;
PAR  FLOW OF THE JOINTINGS PRODUCED IN A VERTICAL POSITION; AND
PAR  A POT LIFE WHICH IS TOO SHORT, THAT IS TO SAY A PREMATURE CROSSLINKING
      DURING THE APPLICATION OPERATIONS, WHICH LEADS TO A LOSS OF PRODUCTS OR TO
      POOR ADHESION TO THE SUBSTRATE TO BE PROTECTED OR TO BE JOINTED.
PAR  We have now found that it is possible to reduce or even overcome these
      disadvantages in compositions of this type.
PAR  The present invention provides an organopolysiloxane composition which
      vulcanises at ambient temperature and above and comprises the following
      ingredients: (parts are expressed by weight)
PAR  A. 100 parts of an .alpha.,.omega.-dihydroxydiorganopolysiloxane polymer,
      of viscosity 500 cPo at 25.degree.C to 1 million cPo at 25.degree.C, in
      which the organic radicals bonded to the silicon atoms, which may be the
      same or different, each is an alkyl radical with 1 to 3 carbon atoms, a
      halogenoalkyl radical with 3 or 4 carbon atoms, a vinyl radical, an aryl
      radical with 6 to 8 carbon atoms, a halogenoaryl radical with 6 or 7
      carbon atoms or a cyanoalkyl radical with 3 or 4  carbon atoms; at least
      60% of these organic radicals being methyl radicals;
PAR  B. 10 to 50 parts preferably 15-45 parts of a methylpolysiloxane resin
      consisting of units of the formulae R(CH.sub.3).sub.2 SiO.sub.0.5 and
      units of formula SiO.sub.2, wherein R represents an alkyl radical with 1
      to 3 carbon atoms or a vinyl radical, and the value of the ratio of the
      number of R(CH.sub.3).sub.2 SiO.sub.0.5 units to the number of SiO.sub.2
      units is 0.4:1 to 1.2:1, preferably 0.58:1 to 0.69:1, these polymers
      containing at least 0.5% but not more than 3.5% and preferably 1.1-2.2% by
      weight of hydroxyl groups bonded to the silicon atoms,
PAR  C. 10 to 70 parts of a filler;
PAR  D. 0.5 to 15 parts preferably 1-13 parts of an aminoorganosilicon compound
      which is an aminoorganosilane of the general formula
EQU  (i) (R"O).sub.3.sub.-p R'.sub.p Si[(CH.sub.2).sub.n O].sub.m
      (CH.sub.2).sub.t NHQ in which R' represents an alkyl group with 1 to 4
      carbon atoms, a vinyl group or a phenyl group, R" represents a methyl,
      ethyl or methoxyethyl radical, Q represents a hydrogen atom or the radical
      --(CH.sub.2).sub.2 NH.sub.2, p and m represent 0 or 1, n represents 1,2,3,
      or 4 and t represents 2 or 3, or an aminoorganopolysiloxane produced by
      reacting the aminoorganosilane (i) above, in which p is 0, with a
      hydroxylic methylpolysiloxane polymer (ii) containing at least 2% by
      weight of hydroxyl groups bonded to the silicon atoms, of viscosity 1 cPo
      at 25.degree.C to 1,000 cPo at 25.degree.C, of the average general formula
      (CH.sub.3).sub.a (HO).sub.b SiO.sub.(4.sub.-a.sub.-b)/2 in which a
      represents any number from 1.6 to 2.3 and b represents any number ranging
      from 0.1 to 1; the amounts of aminoorganosilane (i) and hydroxylic
      methylpolysiloxane polymer (ii) being such that there are 0.4 to 1.2 mols
      of (i) per gram-(hydroxyl group) (that is to say 17 g) of (ii); and,
PAR  E. 0 to 10 parts of an alkyl silicate and/or alkyl polysilicate in which
      the alkyl radical has 1 to 3 carbon atoms.
PAR  The .alpha.-.omega.-dihydroxydiorganopolysiloxane polymers A, used for the
      preparation of the compositions of the invention, have, as already
      mentioned, a viscosity of 500 to 1 million cPo at 25.degree.C, and
      preferably 800 to 500,000 cPo at 25.degree.C, and consist mainly of
      diorganosiloxy units, but the presence of other units such as
      monoorganosiloxy units, in the proportion of at most 2% by number, is not
      precluded.
PAR  Examples of organic radicals bonded to the silicon atoms of these polymers,
      include:
PAR  alkyl with 1 to 3 carbon atoms, such as methyl, ethyl and propyl radicals,
PAR  halogenoalkyl with 3 or 4 carbon atoms, such as 3,3,3-trifluoro-propyl and
      4,4,4-trifluoro-butyl radicals, aryl with 6 to 8 carbon atoms, such as
      phenyl, tolyl and xylyl radicals,
PAR  halogenoaryl with 6 to 7 carbon atoms, such as chlorophenyl,
      dichlorophenyl, trichlorophenyl, tetrachlorophenyl and
      trifluoromethylphenyl radicals, and
PAR  cyanoalkyl with 3 to 4 carbon atoms, such as beta-cyanoethyl and
      gamma-cyanopropyl radicals.
PAR  The methyl radicals represent at least 60%, and preferably 75%, of all
      these organic radicals.
PAR  Various techniques exist for the preparation of these polymers A, but those
      which have proved satisfactory in industry are generally used, for
      example, the polymerisation of diorganocyclopolysiloxanes by means of a
      catalytic amount of an alkaline or acid agent followed by treatment of the
      polymerised products with calculated amounts of water (French Pat. Nos.
      1,134,005 and 1,198,749); they can also be obtained from silicone
      manufacturers.
PAR  Conventional fillers C are employed to impart acceptable mechanical
      properties to the elastomers resulting from the curing of the compositions
      of the invention; the fillers are introduced, as stated above, at the rate
      of 10 to 70 parts, and preferably 20 to 60 parts, per 100 parts of
      polymers A and can be chosen from amongst: inorganic products, such as
      pyrogenic silica, precipitated silica, diatomaceous silica, ground quartz,
      aluminium silicates, mixed aluminium magnesium silicates, zirconium
      silicate, mica powder, calcium carbonate, glass powder and glass fibres,
      titanium oxides of the pyrogenic oxide and rutile type, barium zirconate,
      barium sulphate, barium metaborate, boron nitride, lithopone, iron oxides,
      zinc oxide, aluminium oxide, zirconium oxide, magnesium oxide, graphite,
      conducting or non-conducting lampblacks, asbestos and calcined clay, and
      organic products, such as phthalocyanins, cork powder, sawdust, synthetic
      fibres and synthetic polymers (polytetrafluoroethylene, polyethylene,
      polypropylene, polystyrene and poylvinyl chloride).
PAR  These fillers, and more especially the fillers of inorganic origin, can
      optionally be surface-modified by treatment with the organosilicon
      compounds usually employed for this purpose such as
      diorganocyclopolysiloxanes, hexaorganodisiloxanes, hexamethyldisilazane
      and diorganocyclopolysilazanes (French Pat. Nos. 1,136,884, 1,136,885 and
      1,236,505 and British Pat. No. 1,024,234). These fillers thus modified
      contain, in the majority of cases, 3 to 30% of their weight of
      organosilicon compounds.
PAR  In addition to the fillers, adjuvants can be introduced such as inorganic
      or organic pigments and organo-silicon polymers. The latter, which act as
      plasticisers, stabilisers, thixotropic agents or agents which facilitate
      the extrusion of the compositions, are used at the rate of at most 70
      parts, and preferably at most 60 parts, per 100 parts of polymers A.
      Examples of suitable organosilicon polymers include:
PAR  .alpha.,.omega.-bis-(triorganosiloxy)-diorganopolysiloxane polymers of
      viscosity at least 10 cPo at 25.degree.C, consisting mainly of
      diorganosiloxy units and of at most 1% of monoorganosiloxy units, the
      organic radicals bonded to the silicon atoms being chosen from amongst
      methyl, vinyl and phenyl radicals, at least 60% of these organic radicals
      being methyl radicals. The viscosity of these polymers can be as much as 2
      .times. 10.sup.6 to 10 .times. 10.sup.6 cPo at 25.degree.C, and they thus
      comprise oils with a fluid to viscous appearance and soft to hard gums.
      They are prepared in accordance with the usual techniques described more
      precisely in French Patents Nos. 978,058, 1,025,150 and 1,108,764;
PAR  liquid, branched methylpolysiloxane polymers, with 1.6 to 1.99 organic
      groups per silicon atom, consisting of units of the formulae
      (CH.sub.3).sub.3 SiO.sub.0.5, (CH.sub.3).sub.2 SiO and CH.sub.3
      SiO.sub.1.5 and containing 0.3 to 6% of hydroxyl groups. They can be
      produced by hydrolysis of the corresponding chlorosilanes, as shown in
      French Patent No. 1,408,662; and
PAR  diorganopolysiloxane oils blocked by hydroxyl and/or lower alkoxy groups,
      of low viscosity generally within the range of 2 to 2,000 cPo at
      25.degree.C, the organic radicals bonded to the silicon atoms being, as
      above, chosen from amongst methyl, vinyl and phenyl radicals, at least 40%
      of these organic radicals being methyl radicals; methoxy, ethoxy,
      isopropoxy, propoxy, butoxy, isobutoxy and tertiary butoxy groups may be
      mentioned as chain-blocking lower alkoxy groups. These oils are also
      prepared in accordance with the usual techniques described more precisely
      in French Patents Nos. 938,292, 1,014,674, 1,116,196, 1,278,281 and
      1,276,619.
PAR  The alkyl silicates and/or polysilicates E used, as mentioned above, at the
      rate of at most 10 parts, and preferably of at most 7 parts, per 100 parts
      of polymers A serve mainly to lower the viscosity of the compositions of
      the invention and, in certain cases, to facilitate their curing and their
      adhesion.
PAR  The alkyl silicates can be chosen from amongst methyl silicate, ethyl
      silicate, isopropyl silicate and n-propyl silicate, and the polysilicates
      can be chosen from amongst the products resulting from the partial
      hydrolysis of these silicates; they are polymers consisting of a high
      proportion of units of the formula (R.sup.4 O).sub.2 SiO and of a low
      proportion of units of the formula (R.sup.4 O).sub.3 SiO.sub.0.5, R.sup.4
      OSiO.sub.1,5 and SiO.sub.2, the symbol R.sup.4 representing methyl, ethyl,
      isopropyl or n-propyl radicals. Their silica content is usually taken as a
      basis for characterising them, and is measured by carrying out a
      determination on the product resulting from the complete hydrolysis of a
      sample.
PAR  The methods for their preparation are well known and appear in particular
      in the work "Chemistry and Technology of Silicones" by W. Noll, on pages
      648 to 659. In order that these polymers shall be compatible and/or shall
      react with the other ingredients employed for the preparation of the
      compositions of the invention, they must be able to dissolve in the usual
      hydrocarbon solvents such as toluene, xylene and methylcyclohexane, in the
      proportion of at least 50 parts of polymers per 100 parts of solvents.
PAR  The methylpolysiloxane resins B which, together with the aminoorganosilicon
      compounds D, characterise the invention are used at the rate of 10 to 50
      parts, and preferably 15 to 45 parts, per 100 parts of polymers A. They
      consist, as already indicated, of units of the formulae R(CH.sub.3).sub.2
      SiO.sub.0.5 and SiO.sub.2 ; methyl, ethyl, isopropyl and n-propyl radicals
      may be mentioned by way of illustration of alkyl radicals with 1 to 3
      carbon atoms represented by the symbol R. These resins are prepared easily
      from triorganohalogenosilanes and/or hexaorganodisiloxanes and sodium
      silicate in accordance with the process mentioned in French Patent No.
      1,046,736, or from alkyl silicates and triorganohalogenosilanes in
      accordance with the process mentioned in French Patent No. 1,134,005. The
      reaction is carried out in inert diluents and the resins thus prepared are
      stored in these diluents the latter are replaced solely or partially by
      other diluents which are also inert. Toluene, xylene, cyclohexane,
      methylcyclohexane and chlorobenzene may be mentioned as suitable diluents.
      The solutions obtained generally contain 30 to 75% by weight of resins.
PAR  As already mentioned, these resins contain 0.5 to 3.5% by weight of
      hydroxyl groups bonded to the silicon atoms; however, it is not always
      easy to obtain exactly the desired proportion of hydroxyl groups and this
      is more especially the case when a relatively low proportion is desired,
      for example about 0.8%-1.2%; thus, in this case, it is advantageous to
      treat methylpolysiloxane resins with a higher proportion of hydroxyl
      groups with compounds which provide R(CH.sub.3).sub.2 SiO.sub.0.5 units
      such as trimethylchlorosilane, dimethylchlorosilane,
      dimethylpropylchlorosilane, trimethylacetoxysilane,
      trimethylbenzoxysilane, hexamethyldisilazane and dimethylvinylsilylamine;
      the acid or the ammonia formed is then removed. Such a process is
      mentioned in particular in French Patent No. 1,526,681. By seeking a
      particular value for the proportion of hydroxyl groups, it is possible to
      impart to the compositions of the invention certain desired physical
      characteristics, for example, very great fluidity or, in contrast, the
      start of gelling; this value also determines the amount of
      aminoorganosilicon cross-linking agents D and silicate esters E used.
PAR  The aminoorganosilicon compounds D, the other ingredients which
      characterise the invention, and which are used at the rate of 0.5 to 15
      parts and preferably 1 to 13 parts, comprise, as already mentioned:
PAR  aminoorganosilanes of the general formula (R"O).sub.3.sub.-p R'.sub.p
      Si[CH.sub.2).sub.n O].sub.m (CH.sub.2).sub.t NHQ; methyl, ethyl, propyl,
      isopropyl, n-butyl and sec.-butyl radicals may be mentioned by way of
      alkyl radicals with 1 to 4 carbon atoms represented by the symbol R'.
PAR  More precisely, these aminoorganosilanes can correspond to the following
      formulae:
PAL  (CH.sub.3 O).sub.3 Si(CH.sub.2).sub.3 NH(CH.sub.2).sub.2 NH.sub.2 ;
      (CH.sub.3 OCH.sub.2 CH.sub.2 O).sub.3 Si(CH.sub.2).sub.3
      NH(CH.sub.2).sub.2 NH.sub.2 ; (C.sub.2 H.sub.5 O).sub.3 Si(CH.sub.2).sub.3
      NH.sub.2 ; (CH.sub.3 OCH.sub.2 CH.sub.2 O).sub.3 Si(CH.sub.2).sub.3
      NH.sub.2 ; (C.sub.2 H.sub.5 O).sub.3 Si(CH.sub.2).sub.3 O(CH.sub.2).sub.3
      NH.sub.2 ; (C.sub.2 H.sub.5 O).sub.2 C.sub.6 H.sub.5 Si(CH.sub.2).sub.3
      O(CH.sub.2).sub.3 NH.sub.2 ; (C.sub.2 H.sub.5 O).sub.3 SiCH.sub.2
      O(CH.sub.2).sub.2 NH.sub.2 ; (C.sub.2 H.sub.5 O).sub.3 Si(CH.sub.2).sub.3
      O(CH.sub.2).sub.2 NH.sub.2 ; and (C.sub.2 H.sub.5 O).sub.2 CH.sub.3
      Si(CH.sub.2).sub.3 NH.sub.2.
PAR  These silanes are well known and their preparation is described, for
      example, in French Patents Nos. 1,140,301, 1,217,009 and 1,365,095 and in
      the First Addition 92,367 to French Patent No. 1,474,784; and
      aminoorganopolysiloxanes resulting from the reaction of the
      aminooganosilanes (i) of the general formula (R"O).sub.3
      Si[(CH.sub.2).sub.n O].sub.m (CH.sub.2).sub.t NHQ
PAL  with hydroxylic methylpolysiloxanes (ii) used at the rate of 0.4 to 1.2
      mols of (i) per gram-(hydroxyl group) of (ii).
PAR  By way of example, those silanes corresponding to the above formulae in
      which 3 alkoxy or methoxyethoxy groups are bonded to the silicon atoms are
      suitable as silanes (i).
PAR  The hydroxylic polymers (ii), may be oils of the formula
      HO[Si(CH.sub.3).sub.2 O].sub.y H in which the symbol y  represents any
      number ranging from 2 to 22, or resins with a CH.sub.3 /Si ratio greater
      than or equal to 1.6, containing at least 2% by weight of hydroxyl groups,
      consisting of units chosen mainly from amongst those of the formulae
      (CH.sub.3).sub.3 SiO.sub.0.5, (CH.sub.3).sub.2 SiO and CH.sub.3
      SiO.sub.1.5. They are prepared in accordance with customary techniques
      (French Patent No. 1,077,220 ) by cohydrolysis of chlorosilanes or
      acetoxysilanes. Thus mixtures formed from suitable molar quantities of
      dimethyldichlorosilane, trimethylchlorosilane and methyltrichlorosilane or
      of dimethyldichlorosilane and methyltrichlorosilane or of
      methyltrichlorosilane and trimethylchlorosilane can be cohydrolysed, it
      being possible for the methylchlorosilanes to be replaced wholly or
      partially by methylacetoxysilanes.
PAR  The reagents (i) and (ii) are heated, preferably in a solvent medium, at a
      sufficiently high temperature and for a sufficient period of time to
      remove the expected amount of alkanol formed by the reaction:
      --Si(OR").sub.3 +HOSi.tbd..fwdarw.Si(OR").sub.2 OSi.tbd.+R"OH. This
      results in the formation of copolymers which possess simultaneously, in
      addition to methyl groups, methoxy, ethoxy or methoxyethoxy groups and
      aminoorganic groups. Such copolymers are mentioned, for example, in French
      Patents Nos. 1,381,590 and 1,385,693.
PAR  In order to prepare the compositions of the invention, it is recommended,
      in a first step, to heat the mixture formed from the
      .alpha.,.omega.-dihydroxydiorganopolysiloxane polymers A, the solutions of
      methylpolysiloxane resins B, the fillers C and optionally adjuvants in a
      suitable apparatus. This heating, which is advantageously carried out
      under a pressure below atmospheric pressure and at a temperature below
      200.degree.C, for a period of time ranging from 15 minutes to several
      hours, makes it possible to remove the solvents for the resins, the
      polymers of rather low molecular weight and the traces of water. It is not
      always necessary to heat the fillers C, particularly when they are very
      dry and homogeneous, with the polymers A and the resins B; they can be
      incorporated into the devolatilised mixture of the constituents A and B
      afterwards.
PAR  In a second step, the aminoorganosilicon compounds D and, where
      appropriate, the silicates and/or polysilicates E are then added; this
      addition does not require any special precautions and can be carried out
      in the atmosphere, given that the crosslinking reaction begins as soon as
      the constituents A, B and D are brought into contact; in order to
      facilitate this crosslinking, it is furthermore advisable to add to the
      compositions of the invention at most 0.1% of their weight of water.
PAR  Due to the simultaneous adjustment of the proportion of hydroxyl groups in
      the resins B and of the amounts of crosslinking agent D, the compositions
      can initially possess a whole range of viscosities and thicknesses. They
      can be very fluid with viscosities of the order of 10,000 cPo at
      25.degree.C and thus pour readily, or they can be partially gelled and do
      not pour, or they can have an intermediate physical state.
PAR  The time during which they can be employed or their pot life, that is to
      say the period of time during which the compositions are still plastic, is
      greater than 10 minutes and can, if necessary, be as much as several
      hours.
PAR  These compositions are generally non-sticky to the touch after a few hours
      at ambient temperature, but this period of time can be 30 minutes or even
      less by using methylpolysiloxane resins B with a high proportion of
      hydroxyl groups, for example of the order of 2%, optionally combined with
      silicates and/or polysilicates E. If the resins B have a low proportion of
      hydroxyl groups, the presence of metal or organometallic salts of
      carboxylic acids, used at the rate of at most 0.5% of the weight of the
      compositions of the invention, also makes it possible to achieve very
      short "non-sticky" time intervals. Amongst these salts, tin octoate, iron
      octoate, lead octoate, dibutyl-tin diacetate and dibutyl-tin dilaurate may
      be especially mentioned.
PAR  If the compositions are not to be used immediately, they are stored in 2
      parts: one containing the polymers A, the resins B, the fillers C and,
      where appropriate, the various adjuvants, and the other containing the
      crosslinking agents D and, where appropriate, the silicates E; according
      to a variant, the fillers C and the various adjuvants can be mixed wholly
      or partially with the crosslinking agents D and the silicates E. This
      packaging of the compositions in 2 parts is not necessarily a disadvantage
      compared with one-part compositions because the 2 parts can be mixed and
      then applied by means of machines equipped with metering pumps and mixing
      heads, such machines being already employed, inter alia, for dispensing
      composite mixtures [such as plastisols and foaming compositions based on
      polyurethanes] on conveyor belts.
PAR  The compositions of the invention can be employed in many fields, such as:
PAR  the gluing of the most diverse materials such as metals, wood, masonry,
      ceramics, plastics, glass, laminates of glass fabrics and organic resins,
      organic and synthetic rubbers, asbestos and woven or non-woven products
      based on inorganic, organic or synthetic fibres,
PAR  the manufacture of moulds for the reproduction of sculptured articles of
      complicated shape such as period furniture and the dashboards of motor
      vehicles,
PAR  the protection of electronic and electro-technical connections, and
      jointing for vehicle windscreens, double glazing and sanitary
      installations.
DETD
PAR  The following examples illustrate the invention (in the remainder of the
      text, the parts are expressed by weight):
PAC  EXAMPLE 1
PAR  A composition which can be cured at ambient temperature is prepared by
      mixing the following ingredients:
PAR  100 parts of an .alpha.,.omega.-dihydroxydimethylpolysiloxane oil of
      viscosity 3,000 cPo at 25.degree.C;
PAR  50 parts of a 60% strength by weight solution of a methylpolysiloxane resin
      in xylene.
PAR  This resin consists of (CH.sub.3).sub.3 SiO.sub.0.5 and SiO.sub.2 units
      distributed respectively in the numerical ratio 0.69/1; it contains 1.1%
      hydroxyl groups bonded to the silicon atoms and originates, as indicated
      below, from a resin which is similar but has a higher proportion of
      hydroxyl groups;
PAR  40 parts of a diatomaceous silica of average particle diameter 10 microns;
PAR  1.5 parts of a polyethyl silicate containing 40% by weight of silica;
PAR  1.9 parts of n-propyl silicate; and
PAR  1.7 parts of a polyaminoalkylsilane of the formula NH.sub.2
      (CH.sub.2).sub.2 NH(CH.sub.2).sub.3 Si(OCH.sub.3).sub.3.
PAR  The .alpha.,.omega.-dihydroxydimethylpolysiloxane oil, the solution of the
      methylpolysiloxane resin and the diatomaceous silica are first introduced
      into a suitable container equipped with a stirrer and a device for
      removing the volatile products.
PAR  The mixture resulting therefrom is heated and stirred under a pressure
      below atmospheric pressure, which stabilises at 25 mm Hg when the
      temperatures of the mixture reaches 110.degree.C. The mixture is then
      stirred for 1 hour at this temperature and pressure; all the volatile
      products, mainly xylene and traces of water, are removed and then the
      product is allowed to cool to ambient temperature in the presence of a
      gentle stream of dry nitrogen. The residual product pours readily and has
      a viscosity of approximately 20,000 cPo at 25.degree.C.
PAR  The liquid mixture consisting of the 3 remaining ingredients, namely the
      polyethyl silicate, the n-propyl silicate and the polyaminoalkylsilane, is
      then added thereto. The whole is stirred vigorously for 5 minutes.
PAR  A portion of the homogeneous composition obtained, the initial viscosity of
      which is of the order of 16,000 cPo. at 25.degree.C, is spread in air
      (temperature 25.degree.C and relative humidity 50%) on polyethylene plates
      which have been rendered non-stick by depositing a thin film of a
      mould-release agent. After 24 hours, the layers deposited, of thickness
      approximately 2 mm, have changed gradually into rubbery films. These films
      are detached and their mechanical properties, and more precisely the
      following properties, are measured at various stages of ageing in the
      atmosphere:
PAR  Shore hardness in accordance with ASTM Standard Specification D 676-59 T,
      and tensile strength in kg/cm.sup.2 and corresponding elongation in % in
      accordance with AFNOR Standard Specification T 46,002, the test pieces
      used for the measurements being of the dumb-bell H 3 type.
PAR  The results of the measurements are given in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     Age of   Shore     Tensile strength                                       

                                     Corresponding                             

     the film hardness  in kg/cm.sup.2                                         

                                     elongation in %                           

     ______________________________________                                    

     48 hours 26        14           285                                       

      7 days  32        18           260                                       

     30 days  35        21           250                                       

     60 days  35        22           250                                       

     ______________________________________                                    

PAR  Furthermore, the remaining portion of the composition is used to prepare
      test pieces with diverse materials, in accordance with ASA Standard
      Specification 116-1, 1960. These test pieces each consist of 2 plates of
      one and the same material, placed opposite one another, of square shape
      and of dimensions 50 .times. 50 mm, spaced 12.5 mm apart, joined
      longitudinally at their centre by the product to be examined which has the
      shape of a parallelepiped with a square base of dimensions 50 .times. 12.5
      .times. 12.5 mm; in the present case, the product to be examined is the
      elastomer resulting from the curing of the composition in air.
PAR  Using a tensometer, for the purpose of evaluating the adhesive force of the
      elastomer to these materials and following the instructions given in the
      abovementioned ASA standard specification, the tensile strength in
      kg/cm.sup.2 and the corresponding elongation in % of test pieces prepared
      15 days before and left exposed to the atmosphere for this period are then
      measured.
PAR  The results of the measurements are given in Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

                      Tensile Corresponding                                    

                      strength                                                 

                              elongation in                                    

                      in kg/cm.sup.2                                           

                              %                                                

     ______________________________________                                    

     Aluminium          5         105                                          

     Steel              6         130                                          

     Copper             5         120                                          

     Brass              5.5       110                                          

     Glass              7         140                                          

     Asbestos           8         130                                          

     Polyethylene terephthalate                                                

                        5         100                                          

     Laminate of glass fabric and                                              

                        7         150                                          

     phenolic resin                                                            

     Laminate of glass fabric and                                              

                        7         140                                          

     epoxy resin                                                               

     Polyethylene       5         110                                          

     Cold-vulcanised elastomer, pre-                                           

                        6         120                                          

     pared according to Ex. 2 of                                               

     French Patent 1,198,749                                                   

     Polyvinyl chloride 5         110                                          

     ______________________________________                                    

PAR  By way of comparison, a composition is prepared which is similar to that
      which has just been described except that the 50 parts of the solution of
      the methylpolysiloxane resin are dispensed with. This composition is
      spread, as indicated above, on polyethylene plates. The rubbery films
      formed are detached after 24 hours and their mechanical properties are
      measured; after exposure to the atmosphere for 7 days, the following
      results are found: Shore hardness 29, tensile strength in kg/cm.sup.2  12,
      and corresponding elongation in % 160. These values are those of an
      elastomer of very average quality.
PAR  The methylpolysiloxane resin containing 1.1% by weight of hydroxyl groups
      is prepared from a sililar resin formed from the same (CH.sub.3).sub.3
      SiO.sub.0.5 and SiO units, but distributed respectively in the numerical
      ratio of 0.61/1 and containing 2.2% by weight of hydroxyl groups.
PAR  The procedure below is followed:
PAR  2,330 parts of a 60% strength solution in xylene of the resin containing
      2.2% by weight of hydroxyl groups and 42 parts of trimethylchlorosilane
      are heated at 90.degree.C for 3 hours. The mixture is allowed to cool to
      about 60.degree.C and 14 parts of water and 14 parts of isopropanol are
      added; the mixture is heated to the reflux temperature and the water and
      hydrochloric acid formed are removed by entrainment by the xylene vapours.
      When the temperature of the mixture reaches 135.degree.C, it is allowed to
      cool to about 60.degree.C, 70 g of water are added and the mixture is
      again heated under reflux until the water and the residual hydrochloric
      acid have been completely removed.
PAC  EXAMPLE II
PAR  5 Compositions which can be cured at ambient temperature are used, each
      being prepared from the following ingredients:
PAR  100 parts of an .alpha.,.omega.-dihydroxydimethylpolysiloxane oil of
      viscosity 3,000 cPo at 25.degree.C,
PAR  50 parts of the 60% strength by weight solution in xylene of the
      methylpolysiloxaneresin, used in Example 1,
PAR  40 parts of diatomaceous silica of average particle diameter 10 microns,
PAR  0.5 part of polyethyl silicate containing 40% by weight of silica,
PAR  3 parts of n-propyl silicate and
PAR  x parts of an aminoorganosilicon compound.
PAR  The procedure used to prepare each composition is as described in Example
      I, and then a portion of each of the 5 compositions obtained, the initial
      viscosity of which ranges from 15,000 to 25,000 cPo at 25.degree.C, is
      spread in air on polyethylene plates which have been treated beforehand
      with a non-stick agent. The films cured on these supports are detached and
      left to stand exposed to the atmosphere for 8 days, and their properties
      are measured.
PAR  The results of these measurements are given in Table III below, in which
      the nature of the aminoorganosilicon compound used and the quantities
      introduced are also given:
TBL                                    TABLE III                               

     __________________________________________________________________________

     Aminoorganosilicon compound used                                          

                      Quantities                                               

                            Shore                                              

                                 Mechanical properties                         

                      introduced                                               

                            hardness                                           

                      (x parts)  Tensile                                       

                                        Corresponding                          

                                 strength in                                   

                                        elongation in                          

                                 kg/cm.sup.2                                   

                                        %                                      

     __________________________________________________________________________

     H.sub.2 NCH.sub.2 CH.sub.2 NH(CH.sub.2).sub.3 Si(OCH.sub.3).sub.3         

                      1.7   24   17     330                                    

     H.sub.2 N(CH.sub.2).sub.3 Si(OC.sub.2 H.sub.5).sub.3                      

                      1.7   20   12     380                                    

     H.sub.2 N(CH.sub.2).sub.3 SiCH.sub.3 (OC.sub.2 H.sub.5).sub.2             

                      1.6   20   13     310                                    

     H.sub.2 N(CH.sub.2).sub.3 O(CH.sub.2).sub.3 Si(OC.sub.2 H.sub.5).sub.3    

                      2.1   25   18     330                                    

     H.sub.2 N(CH.sub.2).sub.3 O(CH.sub.2).sub.3 SiC.sub.6 H.sub.5 (OC.sub.2   

     H.sub.5).sub.2   2.4   26   19     340                                    

     __________________________________________________________________________

PAR  The other remaining portion of each of the 5 compositions is spread in the
      form of a layer approximately 2 mm thick on copper and glass plates,
      previously degreased by means of trichloroethylene. It is found, after
      exposure to the atmosphere for a period of 48 hours, by simply scraping
      with the fingernail, that the elastomer formed adheres strongly to the
      copper and to the glass, and moreover the copper does not show any trace
      of corrosion.
PAC  EXAMPLE III
PAR  A composition is prepared by mixing the following ingredients:
PAR  100 parts of an .alpha.,.omega.-dihydroxydimethylpolysiloxane oil of
      viscosity 2,000 cPo at 25.degree.C,
PAR  40 parts of a 60% strength solution in xylene of a methylpolysiloxane
      resin. This resin consists of (CH.sub.3).sub.3 SiO.sub.0.5  and SiO.sub.2
      units distributed respectively in the numerical ratio 0.58/1, and contains
      1.2% by weight of hydroxyl groups bonded to the silicon atoms,
PAR  50 parts of calcium carbonate of average particle diameter 3.mu.,
PAR  1.8 parts of a polyethyl silicate containing 40% by weight of silica,
PAR  1 part of n-propyl silicate and
PAR  1.7 parts of a polyaminoalkylsilane of the formula NH.sub.2
      (CH.sub.2).sub.2 NH(CH.sub.2).sub.3 Si(OCH.sub.3).sub.3.
PAR  The mixture of the .alpha.,.omega.-dihydroxydimethylpolysiloxane oil and
      the solution of methylpolysiloxane resin is introduced into a rotary
      evaporator and the whole is heated gradually to 100.degree.C and under a
      pressure of less than 1 bar, so as to remove the volatile materials. When
      the temperature of 100.degree.C is reached, the pressure settles at about
      20 mm of mercury, and heating is continued at this temperature and at this
      pressure for 1 hour. The residual product obtained is then mixed at
      ambient temperature with calcium carbonate. After obtaining a homogeneous
      liquid of viscosity approximately 15,000 cPo at 25.degree.C, the other
      ingredients (polyethyl silicate, n-propyl silicate and
      polyaminoalkylsilane) are then added.
PAR  The procedure indicated in Example I is followed in order to measure the
      mechanical properties of the elastomers derived from the composition thus
      formed; the composition is spread in the atmosphere on polyethylene plates
      which have been rendered non-stick, and then, after 24 hours, the cured
      films are detached. After being left exposed to the atmosphere for 7 days,
      they have a Shore hardness of 29, a tensile strength of 27 kg/cm.sup.2
      and a corresponding elongation of 400%.
PAC  EXAMPLE IV
PAR  2 Compositions G1 and G2 which can be cured at ambient temperature are
      used, each being prepared from the following ingredients:
PAR  100 parts of an .alpha.,.omega.-dihydroxydimethylpolysiloxane oil of
      viscosity 5,000 cPo at 25.degree.C, 20 parts in the case of G1 and 30
      parts in the case of G2 of a 60% strength solution in methylcyclohexane of
      a methylpolysiloxane resin. This resin consists of (CH.sub.3).sub.3
      SiO.sub.0.5,
      ##EQU1##
      and SiO.sub.2 units distributed respectively in the  numerical ratio
      2.3/0.5/3.5, and contains 1.2% by weight of hydroxyl groups bonded to the
      silicon atoms,
PAR  40 parts of a diatomaceous silica of average particle diameter 3 microns,
PAR  2 part (only in the case of G2) of an
      .alpha.,.omega.-bis-(trimethylsiloxy)-dimethylpolysiloxane oil viscosity
      1,000 cPo at 25.degree.C and
PAR  1.7 parts of the polyaminoalkylsilane of the formula H.sub.2
      N(CH.sub.2).sub.2 NH(CH.sub.2).sub.3 Si(OCH.sub.3).sub.3.
PAR  Each of the compositions G1 and G2 is prepared in accordance with the
      process described in Example I; G1 has an initial viscosity of 15,000 cPo
      at 25.degree.C and G2 has an initial viscosity of 22,000 cPo at
      25.degree.C. Test pieces, the plates of which are steel or aluminium, are
      then manufactured with these 2 compositions and in accordance with ASA
      Standard Specification 116-1, 1960.
PAR  The tensile strength in kg/cm.sup.2 and the corresponding elongation in %
      of the test pieces prepared 15 days before and left exposed to the
      atmosphere for this entire period are measured in accordance with the
      abovementioned ASA standard specification. The results are given in Table
      IV.
TBL                TABLE IV                                                    

     ______________________________________                                    

     Elastomer Steel          Aluminium                                        

     derived   Tensile  Correspon-                                             

                                  Tensile                                      

                                         Correspon-                            

     from the  strength ding      strength                                     

                                         ding                                  

     composition                                                               

               in       elongation                                             

                                  in     elongation                            

               kg/cm.sup.2                                                     

                        in %      kg/cm.sup.2                                  

                                         in %                                  

     ______________________________________                                    

     G1        5.5      150       4.7    130                                   

     G2        3.1      300       3.1    270                                   

     ______________________________________                                    

PAC  EXAMPLE V
PAR  2 Compositions H1 and H2 which can be cured are used, each being prepared
      from the following ingredients: 100 parts of an
      .alpha.,.omega.-dihydroxydimethylpolysiloxane oil of viscosity 10,000 cPo
      at 25.degree.C,
PAR  50 parts of a 60% strength solution in xylene of a methylpolysiloxane
      resin; this resin consists of units of the formulae (CH.sub.3).sub.3
      SiO.sub.0.5 and SiO.sub.2, distributed respectively in the numerical ratio
      0.65/1, and contains 2.2% by weight of hydroxyl groups bonded to the
      silicon atoms,
PAR  40 parts of a diatomaceous silica of average particle diameter 10 microns,
PAR  2 parts in the case of Hi and 3.5 parts in the case of H2 of a polyethyl
      silicate containing 40% by weight of silica,
PAR  1.5 parts (only in the case of H1 ) of n-propyl silicate and
PAR  11 parts of a polysiloxane, the preparation of whichh is described below,
      carrying (CH.sub.2).sub.3 NH(CH.sub.2).sub.2 NH.sub.2 groups and methoxy
      groups attached to the silicon atoms.
PAR  The procedure mentioned in Example I is followed in order to prepare these
      compositions H1 and H2, the mixture consisting of the polyethyl silicate,
      the n-propyl silicate (only in the case of H1 ) and the polysiloxane with
      polyaminoalkyl and mexthoxy groups being added to the residual product
      resulting from the devolatilisation of the mixture comprising the
      diatomaceous silica, the .alpha.,.omega.-dihydroxydimethylpolysiloxane oil
      and the solution of resin. These compositions are plastic and partially
      gelled, and do not pour.
PAR  A portion of each of these compositions H1 and H2 is spread, by means of a
      spatula, in a layer of thickness approximately 2 mm, in air, of
      polyethylene plates covered with a non-stick agent. After 24 hours, the
      rubbery films formed are detached and their mechanical properties are
      measured in accordance with the process which is also given in Example I.
      The results of the measurements, carried out on films which are 8 days
      old, are given in Table 5 below:
TBL                TABLE V                                                     

     ______________________________________                                    

     Shore         Tensile     Corresponding                                   

     hardness      strength    elongation in                                   

                   in kg/cm.sup.2                                              

                               %                                               

     ______________________________________                                    

     H1     46         29          180                                         

     H2     57         29          140                                         

     ______________________________________                                    

PAR  The remaining portion of each of the compositions is spread in the form of
      a layer approximately 2 mm thick on glass, aluminium, steel and
      polyethylene plates, which have previously been degreased by means of
      trichloroethylene. It is found, after exposure to the atmosphere for a
      period of 48 hours, by simply scraping with the fingernail, that the
      elastomers formed adhere strongly to all these plates no matter what their
      nature may be.
PAR  In order to prepare the polysiloxane with polyaminoalkyl and methoxy
      groups, a solution comprising the following constituents is heated under
      reflux for 2 hours:
PAR  152 g of anhydrous cyclohexane,
PAR  450 g of the silane of the formula NH.sub.2 (CH.sub.2).sub.2
      NH(CH.sub.2).sub.3 Si(OCH.sub.3).sub.3  and
PAR  248 g of an .alpha.,.omega.-dihydroxydimethylpolysiloxane oil of viscosity
      50 cPo at 25.degree.C, containing 12% by weight of hydroxyl groups.
PAR  During refluxing, the methanol which forms is immediately entrained by
      azeotropic distillation. The cyclohexane is then removed by heating the
      mixture at about 70.degree.C under a pressure of less than 1 bar which
      stabilises at 20 mm of mercury when the bulk of the cyclohexane is
      removed. A liquid residual product of viscosity 40 cPo at 25.degree.C
      remains.
CLMS
STM  I claim:
NUM  1.
PAR  1. An organopolysiloxane composition vulcanisable at ambient temperature
      and above, comprising in parts by weight:
PA1  A. 100 parts of an .alpha.,.omega.-dihydroxydiorganopolysiloxane polymer,
      of viscosity 500 cPo at 25.degree.C to 1 million cPo at 25.degree.C, in
      which the organic radicals bonded to the silicon atoms, which may be the
      same or different, each is an alkyl radical with 1 to 3 carbon atoms, a
      hologenoalkyl radical with 3 or 4 carbon atoms, a vinyl radical, an aryl
      radical with 6 to 8 carbon atoms, a halogenoaryl radical with 6 or 7
      carbon atoms or a cyanoalkyl radical with 3 or 4 carbon atoms; at least
      60% of these organic radicals being methyl radicals;
PA1  B. 10 to 50 parts of a methylpolysiloxane resin consisting of units of the
      formulae R(CH.sub.3).sub.2 SiO.sub.0.5 and units of formula SiO.sub.2,
      wherein R represents an alkyl radical with 1 to 3 carbon atoms or a vinyl
      radical, and the value of the ratio of the number of R(CH.sub.3).sub.2
      SiO.sub.0.5 units to the number of SiO.sub.2 units is 0.4:1 to 1.2:1,
      these polymers containing at least 0.5% but not more than 3.5% by weight
      of hydroxyl groups bonded to the silicon atoms,
PA1  C. 10 to 70 parts of a filler;
PA1  D. 0.5 to 15 parts of an aminoorganosilicon compound which is an
      aminoorganosilane of the formula (i) (R"O).sub.3.sub.-p R'.sub.p
      Si[(CH.sub.2).sub.n O].sub.m (CH.sub.2).sub.t NHQ in which R' represents
      an alkyl group with 1 to 4 carbon atoms, a vinyl group or a phenyl group,
      R" represents a methyl, ethyl or methoxyethyl radical, Q represents a
      hydrogen atom or the radical --(CH.sub.2).sub.2 NH.sub.2, p and m
      represent 0 or 1, n represents 1, 2, 3 or 4, and t represents 2 or 3, or
      an aminoorganopolysiloxane produced by reacting the aminoorganosilane (i)
      above, in which p is 0, with a hydroxylic methylpolysiloxane polymer (ii)
      containing at least 2% by weight of hydroxyl groups bonded to the silicon
      atoms, or viscosity 1 cPo at 25.degree.C to 1,000 cPo at 25.degree.C, of
      the average general formula (CH.sub.3).sub. a (HO).sub.b
      SiO.sub.(4.sub.-a.sub.-b) in which a represents any number from 1.6 to 2.3
      and b represents any number ranging from 0.1 to 1; the amounts of
      aminoorganosilane (i) and hydroxylic methylpolysiloxane polymer (ii) being
      such that there are 0.4 and 1.2 mols of (i) per gram-(hydroxyl group)
      (that is to say 17g) of (ii); and, 0-10 parts of at least one compound
      selected from the group consisting of alkylsilicates and
      alkylpolysilicates in which the alkyl radical has 1-3 carbon atoms.
NUM  2.
PAR  2. A composition according to claim 1, wherein component B is one in which
      the value of the ratio of the number of (CH.sub.3).sub.3 SiO.sub.0.5 units
      to the number of SiO.sub.2 units is 0.58:1 to 0.69:1 and the resin
      contains 1.1 to 2.2% by weight of hydroxyl groups bonded to the silicon
      atoms.
NUM  3.
PAR  3. A composition according to claim 1 wherein component D is an
      aminoorganosilane of the formula:
PA1  H.sub.2 nch.sub.2 ch.sub.2 nh(ch.sub.2).sub.3 si(OCH.sub.3).sub.3 ; H.sub.2
      N(CH.sub.2).sub.3 Si(OC.sub.2 H.sub.5).sub.3 ;
PA1  H.sub.2 n(ch.sub.2).sub.3 siCH.sub.3 (OC.sub.2 H.sub.5).sub.2 ; H.sub.2
      N(CH.sub.2).sub.3 O(CH.sub.2).sub.3 Si(OC.sub.2 H.sub.5).sub.3 or
PA1  H.sub.2 n(ch.sub.2).sub.3 o(ch.sub.2).sub.3 siC.sub.6 H.sub.5 (CO.sub.2
      H.sub.5).sub.2.
NUM  4.
PAR  4. A composition according to claim 1 wherein component C is an inorganic
      filler or an organic filler or a mixture thereof.
NUM  5.
PAR  5. A process for the preparation of a composition as defined in claim 1
      which comprises, in a first step, heating a mixture of component A, a
      solution of component B and optionally component C for a time sufficient
      to remove solvents, low molecular weight polymers and water to form a
      devolatilised mixture, adding component C to the devolatilised mixture if
      it has not already been introduced in the first step, and, in a second
      step, adding component D and component E to the devolatilised mixture, the
      proportions of the components being such that a composition according to
      claim 1 is obtained.
NUM  6.
PAR  6. An elastomer obtained by curing at ambient temperature or above a
      composition according to claim 1.
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ABST
PAL  A thermally stable translucent polycarbonate composition comprising in
      admixture an aromatic carbonate polymer and a minor amount of a mixture of
      a poly(dimethylsiloxane) gum and divided silica.
BSUM
PAR  This invention is directed to a thermally stable translucent polycarbonate
      composition comprising, in admixture, an aromatic carbonate polymer and a
      minor amount of a mixture of a poly(dimethylsiloxane) gun and finely
      divided silica.
PAC  BACKGROUND OF THE INVENTION
PAR  Translucent polycarbonate resin may be manufactured for internally
      illuminated signs, protective light diffusers for fluorescent,
      incandescent or gaseous discharge lamps, translucent window lights, and
      the like.
PAR  It is known in the art that polycarbonate resins may be rendered
      translucent by the use of one or more inorganic additives such as titanium
      dioxide, zinc oxide, lead carbonate, lithopone, talc, etc., either alone
      or in combination. All of these inorganic salts produce translucent
      formulations which are deficient in one or more properties. At the high
      temperatures normally encountered during the manufacturing process, many
      of these inorganic light diffusers are chemically reactive and degrade the
      desirable physical and optical properties of the polycarbonate
      composition.
PAR  In making a tranlucent formulation, many variables are to be considered:
      e.g., the color of the light reflected from the surface of a molded part;
      the color and intensity of the light transmitted through the molded part;
      and in particular, the radial energy distribution of light transmitted
      through a molded part from a parallel beam of light. An ideally diffuse
      test piece, when illuminated by a narrow, parallel beam of light, will
      exhibit a spherical energy distribution on the side opposite the impinging
      beam, a property especially important when it is desired to obscure the
      light source and present a uniformly illuminated surface. The more this
      distribution departs from the spherical (that is, the greater the
      proportion of light propagated straight through the part in the same
      direction as the impinging beam), the less ideal is the test part as a
      diffuser.
PAR  This property of a light diffuser can be measured conveniently on a G.E.
      Recording Spectrophotometer by measuring the diffuse light (T.sub.d)
      transmitted through a sample, the portion which is transmitted undiffused
      in the same direction as the impinging beam being absorbed by a black
      velvet light trap placed in the external sample part, and comparing it
      with the total light (T.sub.t) transmitted through the sample. The ratio
      T.sub.d /T.sub.t is called the diffusivity, D, of the sample. The closer
      this ratio is to 1.0, the more closely the sample approaches an ideal
      diffuser.
PAR  In addition, the translucent composition must be thermally stable and
      easily processable.
PAC  DESCRIPTION OF THE INVENTION
PAR  It has been surprisingly discovered that a thermally stable translucent
      polycarbonate composition results by admixing a minor amount of a mixture
      of a poly(dimethylsiloxane) gum and finely divided silica. This
      composition possess at once a high diffusivity and transmissivity.
PAR  The poly(dimethylsiloxane) gum of the instant invention has a molecular
      weight of between 50,000 to about 500,000 grams/mole, preferably between
      200,000 and 300,000 grams/mole, and may contain minor amounts of phenyl
      and/or vinyl groups. This gum may be prepared by methods set forth in U.S.
      Pat. Nos. 2,445,794; 2,448,756; 2,484,595; and 3,314,424.
PAR  The silica of the instant invention has a high surface area in the range of
      50 - 380 cm.sup.2 /g, preferably 185 - 225 cm.sup.2 /g. It may be
      pretreated with silanes, or siloxanes, preferably,
      octamethylcyclotetrasiloxane to reduce its hydrophilicity and increase the
      ease with which it may be blended with the gum.
PAR  The ratio of the mixture of silica to poly(dimethylsiloxane) gum is not
      critical and can range from about 30 to about 120 parts of silica to 100
      parts of gum.
PAR  The amount of the mixture which can be used ranges from about 0.01 to about
      5.0 weight percent based on the weight of the polycarbonate composition.
PAR  The ingredients act in a synergistic fashion. Thus poly(dimethylsiloxane)
      gum by itself gives a composition which, while translucent, is thermally
      unstable and difficult or impossible to process. Silica, having a
      refractive index very close to polycarbonate resin, gives a formulation
      which is nearly transparent. But the poly(dimethylsiloxane) gum dispersed
      on the silica gives a thermally stable translucent formulation.
PAR  The dihydric phenols that can be employed are bisphenols such as
      bis(4-hydroxyphenyl) methane, 2,2-bis(4-hydroxyphenyl) propane
      (hereinafter referred to as bisphenol-A),
      2,2-bis(4-hydroxy-3-methylphenyl) propane, 4,4-bis(4-hydroxyphenyl),
      heptane, 2-2-bis(4-hydroxy-3,5-dichlorophenyl) propane,
      2,2-bis(4-hydroxy-3,5-dibromophenyl) propane, etc., dihydric phenol ethers
      such as bis(4-hydroxyphenyl) ether, bis(3-5-dichloro-4-hydroxyphenyl)
      ether, etc.; dihydroxydiphenyls such as p,p'-dihydroxydiphenyl),
      3,3'dichloro-4,4'-dihydroxydiphenyl, etc.; dihydroxyaryl sulfones such as
      bis(4-hydroxyphenyl) sulfone, bis(3,5-dimethyl-4-hydroxyphenyl) sulfone,
      etc., dihydroxy benzenes, resorcinol, hydroquinone, halo- and
      alkyl-substituted dihydroxy benzenes such as
      1,4-dihydroxy-2,5-dichlorobenzene, 1,4-dihydroxy-3-methylbenzene, etc.,
      and dihydroxy diphenyl sulfoxides such as bis(4-hydroxyphenyl) sulfoxides,
      bis(3,5-dibromo-4-hydroxyphenyl) sulfoxide, etc. A variety of additional
      dihydric phenols are also available to provide carbonate polymers and are
      disclosed in U.S. Pat. Nos. 2,999,835; 3,028,365 and 3,153,008. Also
      suitable for preparing the aromatic carbonate polymers are copolymers
      prepared from any of the above copolymerized with halogen-containing
      dihydric phenols such as 2,2-bis(3,5 -dichloro-4-hydroxyphenyl) propane,
      2,2-bis(3,5-dibromo-4-hydroxyphenyl) propane, etc. It is of course
      possible to employ two or more different dihydric phenols or a copolymer
      of a dihydric phenol with a glycol or with hydroxy or acid terminated
      polyester, or with a dibasic acid in the event a carbonate copolymer or
      interpolymer rather than a homopolymer is desired for use in the
      preparation of the aromatic carbonate polymers of this invention. Also
      employed in the practice of this invention may be blends of any of the
      above materials to provide the aromatic carbonate polymer.
PAR  The carbonate precursor may be either a carbonyl halide, a carbonate ester
      or a haloformate. The carbonyl halides which can be employed herein are
      carbonyl bromide, carbonyl chloride and mixtures thereof. Typical of the
      carbonate esters which may be employed herein are diphenyl carbonate,
      di-(halophenyl) carbonates such as di-(chlorophenyl) carbonate,
      di-(bromophenyl) carbonate, di-(trichlorophenyl) carbonate,
      di-(tribromophenyl) carbonate, etc., di-(alkylphenyl) carbonate such as
      di-(tolyl) carbonate, etc., di-(naphthyl) carbonate, di-(chloronaphthyl)
      carbonate, phenyl tolyl carbonate, chlorophenyl chloronaphthyl carbonate,
      etc., or mixtures thereof. The haloformates suitable for use herein
      include bis-haloformates of dihydric phenols (bischloroformates of
      hydroquinone, etc.) or glycols (bishaloformates of ethylene glycol,
      neopentyl glycol, polyethylene glycol, etc.). While other carbonate
      precursors will occur to those skilled in the art, carbonyl chloride also
      known as phosgene is preferred.
PAR  Also included are the polymeric materials of a dihydric phenol, a
      dicarboxylic acid and carbonic acid. These are disclosed in U.S. Pat. No.
      3,169,121 which is incorporated herein by reference.
PAR  The aromatic carbonate polymers of this invention are prepared by employing
      a molecular weight regulator, an acid acceptor and a catalyst. The
      molecular weight regulators which may be employed in carrying out the
      process of this invention include phenol, cyclohexanol, methanol,
      para-tertiarybutylphenol, parabromophenol, etc. Preferably phenol is
      employed as the molecular weight regulator.
PAR  A suitable acid acceptor may be either an organic or an inorganic acid
      acceptor. A suitable organic acid acceptor is a tertiary amine and
      includes such materials as pyridine, triethylamine, dimethylaniline,
      tributylamine, etc. The inorganic acid acceptor may be one which can be
      either a hydroxide, a carbonate, a bicarbonate, or a phosphate or an
      alkali or alkali earth metal.
PAR  Obviously other materials can also be employed with the aromatic carbonate
      polymer of this invention and include such materials as anti-static
      agents, colorants, mold release agents, thermal stabilizers, ultraviolet
      light stabilizers, reinforcing fillers and the like.
PAR  The composition of this invention is prepared by first dispersing the
      poly(dimethylsiloxane) gum on the silica. This synergistic blend is then
      admixed with the aromatic carbonate polymer.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The following examples are set forth to illustrate more clearly the
      principle and practice of this invention to those skilled in the art.
      Unless otherwise specified, where parts or percents are mentioned, they
      are parts or percents by weight.
PAC  EXAMPLE I
PAR  A mixture of 50 g of high-surface-area silica treated with
      octamethylcyclotetrasiloxane to reduce its hydrophilicity and 100g of
      poly(dimethysiloxane) gum (molecular weight .about. 200,000) were blended
      together in a high-shear mixer until a uniform blend of the consistency of
      flour was formed. One hundred parts of an aromatic polycarbonate, prepared
      by reacting 2,2-bis(4-hydroxyphenyl) propane (hereinafter referred to as
      bisphenol-A) and phosgene in the presence of an acid acceptor and a
      molecular weight regulator and having an intrinsic viscosity of 0.57 dl/g
      is mixed with 0.5 parts of the poly(dimethylsiloxane) gum/silica blend.
      The resulting mixture is then fed to an extruder, which extruder is
      operated at about 265.degree.C, and the extrudate is comminuted into
      pellets. The pellets are then molded into test specimens 2 in. by 3 in. by
      0.062 in., using conventional molding techniques. The optical properties
      of the test specimen were measured with a G.E. Recording Spectrophotometer
      as described above. The results are set forth in the Table.
PAC  EXAMPLE II
PAR  One hundred (100) parts of poly(bisphenol-A) carbonate as described in
      Example I are mixed with 0.33 parts of poly(dimethylsiloxane) gum
      (molecular weight .about. 200,000) in a high-shear blender. Extrusion of
      this mixture was extremely difficult, and molding of the extrudate
      resulted in a thermally unstable, mottled test specimen.
PAC  EXAMPLE III
PAR  Example II is repeated except that 0.17 parts of high-surface-area silica
      is used instead of the poly(dimethylsiloxane) gum. The mixture is
      processed into test specimens as in Example I. The optical properties,
      measured as in Example I, are set forth in the Table.
PAC  EXAMPLE IV
PAR  Example II is repeated except that 0.53 parts of titanium dioxide pigment
      is used in place of the poly(dimethylsiloxane) gum. The mixture is
      processed into test specimens as in Example I. The optical properties,
      measured as in Example I, are set forth in the Table.
PAC  EXAMPLE V
PAR  Example IV is repeated except that 0.09 parts of titanium dioxide pigment
      is used instead of 0.53 parts. The mixture is processed into test
      specimens as in Example I. The optical properties, as measured in Example
      I, are set forth in the Table.
TBL                TABLE                                                       

     ______________________________________                                    

     EXAMPLE      T.sub.d (%)                                                  

                           T.sub.t (%)                                         

                                    D (T.sub.d /T.sub.t)                       

     ______________________________________                                    

     I            63.77    69.27    0.921                                      

     III           7.97    86.22    0.092                                      

     IV           48.29    52.37    0.922                                      

     V            38.10    69.15    0.551                                      

     ______________________________________                                    

PAR  It is evident from the Examples that a mixture of poly(dimethylsiloxane)
      gum and an aromatic polycarbonate resin is very difficult to process and
      the resulting product is thermally unstable; that a mixture of silica and
      an aromatic polycarbonate resin is nearly transparent and has a very low
      diffusivity; but that a mixture comprised of poly(dimethylsiloxane) gum
      dispersed on high-surface-area silica and an aromatic polycarbonate resin
      is readily processed into translucent articles of good thermal stability
      which have a high total light transmission and also a high diffusivity.
PAR  It is also evident that the diffusivity of the mixture can be matched by
      using a suitable concentration of titanium dioxide pigment, but only at
      the expense of total light transmission; while the transmission can only
      be matched with a corresponding loss of diffusivity.
PAR  It will thus be seen that the objects set forth above among those made
      apparent from the preceding description are efficiently attained and since
      certain changes may be made in carrying out the above process and in the
      composition set forth without departing from the scope of this invention,
      it is intended that all matters contained in the above description shall
      be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thermally stable translucent polycarbonate composition comprising in
      admixture, an aromatic carbonate polymer and from 0.01 to about 5.0 weight
      percent based on the weight of the polycarbonate composition of a mixture
      of a poly(dimethylsiloxane) gum and finely divided silica having a surface
      area in the range of 50 to 380 cm.sup.2 /g; wherein the mixture of
      poly(dimethylsiloxane) gum and finely divided silica is present in a ratio
      of from about 30 to about 120 parts of the silica to 100 parts of the
      poly(dimethylsiloxane) gum.
NUM  2.
PAR  2. The composition of claim 1 wherein the aromatic carbonate polymer is the
      reaction product of 2,2-bis(4-hydroxyphenyl) propane.
NUM  3.
PAR  3. The composition of claim 1 wherein the poly(dimethylsiloxane) gum has a
      molecular weight of between 50,000 to about 500,000 grams/mole.
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ABST
PAL  A novel composite is disclosed which comprises a specific metal-compound
      additive as well as a plastic material and gypsum and/or calcium sulfite.
      The composite is improved in that it emits very little or substantially no
      toxic gas such as sulfur dioxide and hydrogen sulfide when it is burned
      and when the ash thereof is contacted with water.
BSUM
PAR  This invention relates to a novel composite comprising an additive selected
      from metal-compounds mentioned below as well as a plastic material and a
      filler material selected from gypsum, calcium sulfite and a mixture
      thereof. More particularly, the invention relates to a novel composite
      which has been improved in that as a result of the addition of said
      metal-compound, the emission of toxic gases such as sulfur dioxide and
      hydrogen sulfide is eliminated or reduced, which gases are generally
      emitted from such composites when the composites are burned and when ash
      of the composite obtained following combustion is contacted with water.
PAR  Recently, "air pollution" due to toxic gases such as sulfur dioxide which
      is generated in a large amount in conjunction with combustion of a very
      large volume of petroleum products has become a serious social problem
      from an ecological viewpoint, and many studies have been made to solve the
      problem. For example, the techniques to eliminate or reduce the production
      of sulfur dioxide, such as "desulfurization of heavy oil", "purification
      of effluent gases" and the like techniques have been developed in the art,
      and some of these techniques have already had many practical applications.
      The quantity of elemental sulfur as well as of sulfur-containing compounds
      such as sulfur dioxide which are recovered by such techniques as mentioned
      above has become considerably great and now it has become a serious
      problem to find a process by which such recovered materials can be used
      most effectively.
PAR  The present inventors previously studied a process for preparing a plastic
      composite containing gypsum and/or calcium sulfite as filler materials,
      and succeeded in providing a plastic composite of superior properties
      containing gypsum and/or calcium sulfite as filler material, thus
      contributing one useful practical application of materials recovered as
      mentioned above.
PAR  However, subsequent studies showed that, though said composite is superior
      in many of desired properties, it still has a disadvantageous point in
      that the composite generally emits a substantial amount of sulfur dioxide
      when it is burned, and also it emits hydrogen sulfide when the ash
      remaining after combustion of said composite is contacted with water.
PAR  Though the amounts of such gases are relatively small, since such gases are
      very harmful to the human body, it is important to eliminate such emission
      or to reduce it as much as possible. It was observed that such gases were
      produced irrespective of the types of plastics employed in said composite
      and irrespective of whether gypsum or calcium sulfite is used in the
      composite as a filler material. The elimination or reduction of such gases
      would be a considerable advance in the art.
PAR  Accordingly, one object of the present invention is to provide a novel
      composite comprising plastic and a filler such as gypsum and/or calcium
      sulfite, which will emit very little or substantially no sulfur dioxide
      when the composite is burned, and/or emits very little or substantially no
      hydrogen sulfide when ash of the composite obtained following combustion
      is contacted with water.
PAR  Another object of the present invention is to provide a process for
      preparing such a novel composite as mentioned above.
PAR  The above and the other objects of the present invention can be attained by
      incorporating a small amount of at least one metal-compound as a specific
      additive selected from the group consisting of oxides (including
      peroxides), hydroxides, carbonates and chlorides of specific metals as
      well as double salts of such metals in the composite comprising a plastic
      and a filler selected from gypsum, calcium sulfite and a mixture thereof.
PAR  The present inventors have made many studies, repeating a series of
      systematic experiments to find a method for eliminating or reducing the
      emission from the composite of said toxic gases, and have found that by
      incorporating a small amount of a specific metal-compound in the
      composite, it is possible to eliminate or reduce the emission of sulfur
      dioxide during combustion and/or the emission of hydrogen sulfide upon
      contact of ash of the composite with water.
PAR  In accordance with the present invention, by selecting the metal-compound
      to be used in the composite and controlling the amount thereof, the
      emission of said toxic gases can be eliminated or reduced.
PAR  Such effect of the present invention is ascribed to the fact that sulfur
      dioxide generated during combustion of the composite or hydrogen sulfide
      generated during contact of the ash of the composite with water readily
      react in said composite with said metal-compound incorporated therein as
      an additive and is changed into a stable compound which remains in the
      composite and as a result very little or substantially none of said gases
      is emitted into the air from the composite.
PAR  With the above in mind, the present inventors have made a study to find
      specific compounds which can be incorporated in the composite without
      impairing desired properties of such composite such as mechanical strength
      and which can react with sulfur dioxide produced by combustion of the
      composite or with hydrogen sulfide produced by the contact of the ash of
      said composite with water to produce stable compounds which can be settled
      in the composite instead of being emitted therefrom as toxic gases.
PAR  And we found that oxides, hydroxides, carbonates, chlorides and double
      salts of metals, especially of those metals which belong to either of
      Groups I, II, IV, V, VI, VII and VIII of the Periodic Table are effective
      for the purpose of eliminating or reducing the emission of both of said
      toxic gases.
PAR  We also found that almost all of the metal-compounds such as oxides
      (including peroxides), hydroxides, carbonates and chlorides as well as
      double salts, of the following metals are effective for eliminating or
      reducing the emission of hydrogen sulfide from the composite. That is, in
      the practice of the present invention, useful metal-compounds for
      preventing or decreasing the emission of hydrogen sulfide include oxides
      (including peroxides) of metals such as BaO, BaO.sub.2, CaO, CuO, Cu.sub.2
      O, MnO.sub.2, PbO, FeO, Fe.sub.2 O.sub.3, Ni.sub.2 O.sub.3, CoO,
      SeO.sub.2, TiO.sub.2 and the like; hydroxides of metals such as
      Ca(OH).sub.2, Bi(OH).sub.3 and the like; carbonates of metals such as
      CaCO.sub.3, MnCO.sub.3, CdCO.sub.3, ZnCO.sub.3, Na.sub.2 CO.sub.3 and the
      like; chlorides of metals such as ZnCl.sub.2, SnCl.sub.2.sup.. 2H.sub.2 O
      and the like; and double salts of metals such as 2PbCO.sub.3.sup..
      Pb(OH).sub.2 and the like; and mixtures thereof; BaO.sub.2, BaO, CaO,
      Cu.sub.2 O, CuO, FeO, CoO, Ca(OH).sub.2, Bi(OH).sub.3, CdCO.sub.3,
      CoCO.sub.3, MnCO.sub.3, NaCO.sub.3, CaCO.sub.3, SnCl.sub.2.sup.. 2H.sub.2
      O, 2PbCO.sub.3.sup.. Pb(OH).sub.2 and mixtures thereof being preferred;
      and BaO.sub.2, BaO, CaO, Cu.sub.2 O, Ca(OH).sub.2, CdCO.sub.3, CaCO.sub.3
      and mixtures thereof being most preferred.
PAR  In the practice of the present invention, useful compounds for preventing
      or decreasing the emission of sulfur dioxide resulting from combustion of
      said composite include the compounds such as oxides, hydroxides,
      carbonates, chlorides, double salts and the like compounds of such metals
      as calcium, barium, bismuth, copper, zinc, cadmium, cobalt, nickel and the
      like.
PAR  None of these metal compounds alone can always eliminate or reduce the
      emission of both of said toxic gases. But a combination of any two or more
      of said metal compounds may be advantageously incorporated in said
      composite. Accordingly, if one of said metal compounds is extremely
      effective for eliminating or reducing the emission of hydrogen sulfide but
      is not sufficiently effective for eliminating or reducing the emission of
      sulfur dioxide, a combination of said metal compound and other member
      selected from said metal compounds which is sufficiently effective for
      eliminating or reducing the emission of sulfur dioxide may be
      advantageously incorporated in said composite for eliminating or reducing
      the emission of both of said toxic gases.
PAR  Such additives of metal compounds can be effectively incorporated in either
      the composite comprising gypsum or the composite comprising calcium
      sulfite. But, since a smaller amount of said toxic gases is usually
      emitted from the former composite than from the latter composite, it is
      expected that the resulting composite will emit substantially no or at
      least a very small amount of said toxic gases, if the former composite is
      modified by incorporating said additives of metal compounds therein.
PAR  The rate of addition of said additives into said composite, which is
      expressed in terms of percentage of the weight of the additives of metal
      compounds to the total weight of said additives and the filler of gypsum
      and/or calcium sulfite, can be within the range of from about 0.5 to about
      60%, preferably from about 1 to about 40%.
PAR  Any of the conventional methods can be used for incorporating said additive
      in said filler material before preparing said composite by mixing said
      filler composition containing said additive with a plastic material. For
      example, powder of the filler material is admixed with powder of an
      additive, and the resulting mixture is admixed with a plastic material by
      any convenient mechanical means to give a composite having the desired
      composition.
PAR  It was observed that mechanical properties of said composite usually
      desired for such material were not substantially impaired by the addition
      of said metal compound.
PAR  Useful plastics which can be used in the practice of the present invention
      include thermoplastic resins such as polyvinyl chloride, polyvinyl
      acetate, polystyrene, ABS (acrylonitrile-butadiene-styrene) resin,
      polyethylene, polypropylene, nylon and the like as well as thermosetting
      resins such as phenol resin, melamine resin, urea resin, unsaturated
      polyester resin, epoxy resin and the like. Preferable plastics include
      polyethylene including low density polyethylene and high density
      polyethylene, polypropylene, unsaturated polyester and the like.
PAR  A suitable mixing ratio of said plastic and said filler composition
      containing said additive is from about 50 : 50 to about 2 : 98.
PAR  Suitable compounds which can be advantageously used as filler materials in
      the practice of the present invention include, for example, gypsum
      obtained as byproduct in the process for preparing phosphuric acid;
      calcium sulfite obtained as byproduct in the process of desulfurization of
      petroleum products, gypsum obtained as byproduct in the process of
      desulfurization of sulfur compounds, gypsum and calcium sulfite which are
      prepared from sulfur dioxide recovered from stack gases generated in
      various industries and the like. Other chemical products as well as
      naturally occurred gypsum can also be used advantageously.
PAR  These gypsum and calcium sulfites usually contain very small amount of
      impurities. The amount of impurities other than the compounds of calcium
      is especially low. For example, calcium phosphate constitutes the largest
      part of the impurities comprising calcium which are present in said gypsum
      as byproduct from the process of phosphuric acid; the remaining part is
      occupied by such other compounds as calcium oxide, calcium hydroxide,
      calcium carbonate and the like compounds of calcium and these constitute
      only around 0.1% at the greatest of the total weight of the gypsum. Also,
      the gypsum or calcium sulfite which is produced as byproduct in the
      processes of the petroleum industry usually possesses a high degree of
      purity and the content of impurities such as calcium oxide, calcium
      hydroxide, calcium carbonate and the like is at most about 0.1% by weight
      in total based on the total weight of said gypsum or calcium sufite.
PAR  It is believed that metal compounds such as calcium oxide, calcium
      hydroxide, calcium carbonate and the like which are originally present in
      the gypsum or calcium sulfite as impurities are also effective for
      eliminating or reducing the emission of said toxic gases. And so, when it
      is desired to control the content of metal compounds as additives to be 1%
      by weight based on the weight of the gypsum or calcium sulfite in the case
      of using the gypsum or calcium sulfite originally containing 0.1% by
      weight (based on the total weight of said gypsum or calcium sulfite) of
      such metal compounds as impurities, the 0.9% by weight of such metal
      compounds that is lacking must be added to the gypsum or calcium sulfite
      from an extraneous source.
PAR  The invention is further illustrated by the following examples of preferred
      embodiments thereof, although it will be understood that these examples
      are included merely for purposes of illustration and are not intended to
      limit the scope of the invention unless otherwise specifically indicated.
PAR  The composite of the present invention can be molded into any suitable
      shape and size before it is cured by any conventional means for curing
      plastic materials, such as using chemical reagents such as peroxides,
      azo-compounds, etc.; application of heat; irradiation by light as well as
      irradiation with ionizing radiation such as .alpha.-ray, .beta.-ray,
      .gamma.-ray, accelerated electron beam and the like.
DETD
PAC  EXAMPLES 1 - 30
PAR  Test pieces for combustion test were prepared by mixing 50 parts by weight
      of commercially available low density polyethylene (Sumikathen, available
      from Sumitomo Chemical Co., Ltd.) with 50 parts by weight of a filler
      composition comprising calcium sulfite and various additives of the types
      and in amounts recited in the following table, kneading the mixture thus
      obtained in the Brabender mixer operated at 160.degree.C for 15 minutes,
      and then molding the mixture into a sheet 1 mm thick at 160.degree.C with
      the pressure of 150 kg/cm.sup.2. Then, each sample was burned to check for
      the amount of sulfur dioxide which was emitted during combustion of the
      test piece and the amount of hydrogen sulfide which was emitted when the
      ash of the test piece was contacted with water. The amount of toxic gases
      emitted in the above test were determined as follows.
PAC  i. Sulfur dioxide
PAR  Each sample was burned in a stream of air at 500.degree.C, and the gas
      emitted during combustion was induced into the solution comprising
      potassium iodide and starch to be absorbed therein. Then the solution was
      titrated using a standard solution of potassium iodate to determine the
      amount of sulfur.
PAC  ii. Hydrogen sulfide
PAR  Each sample was burned in an air stream at 550.degree.C for 2 hours and
      then 2 g portion of the resulting ash was collected. Then 3 ml of water
      was poured on said 2 g of the ash and agitated for 10 seconds. The
      resulting suspension was allowed to stand for the following 40 minutes and
      the supernatant solution was collected to be separated by gas
      chromatography (using electron trapping type-detector). The amount of
      hydrogen sulfide emitted from the sample was determined by using hydrogen
      sulfide-detecting tube which was applied to said separated solution.
PAR  The results of the tests were as recited in the following Table 1.
PAC  Table 1
PAR  Toxic gases emitted upon burning of the composite comprising calcium
      sulfite and polyethylene and upon contacting the ash thereof with water.
TBL  ______________________________________                                    

                            Amount -of toxic*                                  

                            gases emitted                                      

                           Amount of**                                         

                                      SO.sub.2                                 

                                            H.sub.2 S                          

     Example No.                                                               

              Additive     additive (%)                                        

                                      (wt %)                                   

                                            (wt %)                             

     ______________________________________                                    

     1        None         --         0.47  0.026                              

     2        BaO.sub.2    2          0.36  0.023                              

     3        BaO.sub.2    40         0.01  0.007                              

     4        BaO          40         0.01  0.020                              

     5        CaO          2          0.24  0.009                              

     6        CaO          40         0.01  0.010                              

     7        Ca(OH).sub.2 8          0.06  0.010                              

     8        Cu.sub.2 O   2          0.28  0.005                              

     9        CuO          2          0.34  0.007                              

     10       CaO.sub.3    40         0.36  0.005                              

     11       MnO.sub.2    2          0.31  0.017                              

     12       2PbCO.sub.3.Pb(OH).sub.2                                         

                           2          0.44  0.007                              

     13       CdCO.sub.3   2          0.25  0.010                              

     14       FeO          40         0.31  0.010                              

     15       Fe.sub.2 O.sub.3                                                 

                           2          0.43  0.023                              

     16       ZnCl.sub.2   4          0.35  0.007                              

     17       SnCl.sub.2.2H.sub.2 O                                            

                           2          0.24  0.005                              

     18       Ni.sub.2 O.sub.3                                                 

                           2          0.26  0.010                              

     19       CoCO.sub.3   2          0.24  0.005                              

     20       CoO          2          0.41  0.007                              

     21       Bi(OH).sub.3 2          0.12  0.007                              

     22       SeO.sub.2    2          0.43  0.023                              

     23       CdCO.sub.3   2          0.33  0.010                              

              Na.sub.2 CO.sub.3                                                

                           4                                                   

     24       Ca(OH).sub.2 5          0.07  0.004                              

              ZnCO.sub.3   5                                                   

     25       BaO          2          0.28  0.021                              

              TiO.sub.2    2                                                   

     26       MnO.sub.2    2          0.26  0.007                              

              Ca(OH).sub.2 2                                                   

     27       PbO          2          0.20  0.007                              

              BaO.sub.2    2                                                   

     28       MnCO.sub.3   2          0.23  0.014                              

              Na.sub.2 CO.sub.3                                                

                           2                                                   

     29       CuO          2          0.24  0.004                              

              BaO          2          0.24  0.004                              

     30       CdCO.sub.3   2          0.10  0.005                              

              CaO          2                                                   

     ______________________________________                                    

       *The amount of gas emitted recited in the Table is in terms of percentag

      of the weight of elemental sulfur contained in the gas emitted to the    

      weight of the ash of each test piece remained after combustion thereof,  

      said weight of elemental sulfur being calculated from the amount of the  

      gas emitted which was determined according to the procedures as mentioned

      above.                                                                   

      **The amount of additive is shown in terms of percentage of the weight of

      said additive to the total weight of said additive and filler material   

      (calcium sulfite).                                                       

PAC  EXAMPLES 31 - 41
PAR  Test pieces for combustion test were prepared by mixing commercially
      available low density polyethylene (Sumikathen as mentioned in Examples 1
      - 30) and gypsum compositions containing various additives in the
      proportion of 1 : 1 by weight and the mixture was kneaded by Brabender
      mixer operated at 160.degree.C for 15 minutes, followed by molding the
      mixture into pieces of sheet 1 mm thick at 160.degree.C and 150
      kg/cm.sup.2. The quantity of toxic gases emitted from these test pieces
      was determined as described in the previous Examples 1 - 30. The results
      of the test were as recited in the following Table 2.
PAC  Table 2
PAR  Toxic gases emitted upon burning of the composite comprising gypsum and
      polyethylene and upon contacting the ash thereof with water.
TBL  ______________________________________                                    

                          Amount of toxic                                      

                          gases emitted                                        

     Example             Amount of  SO.sub.2                                   

                                           H.sub.2 S                           

     No.    Additive     additive (%)                                          

                                    (wt %) (wt %)                              

     ______________________________________                                    

     31     None         --         0.01   0.012                               

     32     CaO          2          &lt;0.01  0.003                               

     33     Ca(OH).sub.2 2          &lt;0.01  0.002                               

     34     PbO          1          &lt;0.01  0.002                               

     35     2PbCO.sub.3.Pb(OH).sub.2                                           

                         1          &lt;0.01  0.002                               

     36     Cu.sub.2 O   1          &lt;0.01  0.002                               

     37     CdCO.sub.3   1          &lt;0.01  0.003                               

     38     Ni.sub.2 O.sub.3                                                   

                         1          &lt;0.01  0.004                               

     39     CoCO.sub.3   1          &lt;0.01  0.004                               

     40     MnO.sub.2    1          &lt;0.01  0.003                               

     41     Bi(OH).sub.3 1          &lt;0.01  0.002                               

     ______________________________________                                    

PAC  EXAMPLE 42
PAR  Sample A was prepared by mixing 30 parts by weight of commercially
      available low density polyethylene (Sumikathen as mentioned in Examples 1
      - 30) and 70 parts by weight of calcium sulfite and kneading the resultant
      mixture in a Brabender mixer operated at 160.degree.C for 15 minutes
      followed by molding the mixture into a sheet 1 mm thick at 160.degree.C
      with the pressure of 150 kg/cm.sup.2. Then, sample B was prepared in the
      same manner as mentioned above except that the filler composition
      comprising 66 parts by weight of calcium sulfite and 4 parts by weight of
      calcium hydroxide as an additive was employed instead of 70 parts by
      weight of calcium sulfite. Then, with respect to said two samples, the
      amount of sulfur dioxide emitted during combustion and the amount of
      hydrogen sulfide emitted upon contact of the ash of the sample with water
      were measured in the same manner as mentioned in the previous Examples.
      The results were as recited in the following Table 3.
TBL                Table 3                                                     

     ______________________________________                                    

                           Amount of toxic                                     

                           gases emitted                                       

     Test                               SO.sub.2                               

                                             H.sub.2 S                         

     Piece Resin      Filler   Additive                                        

                                       (wt %)                                  

                                             (wt %)                            

     ______________________________________                                    

           low density                                                         

                      calcium                                                  

           polyethylene                                                        

                      sulfite  Ca(OH).sub.2                                    

     A     30%        70%              0.58  0.031                             

     B     30%        66%      4%      0.09  0.010                             

     ______________________________________                                    

PAC  EXAMPLE 43
PAR  Experiments similar to those in Example 42 were repeated in the same manner
      under the conditions as recited below and in the following Table 4.
      Commercially available high density polyethylene (Sholex, available from
      Showa Denko K.K.) was used instead of the low density polyethylene used in
      the previous example and Bi(OH).sub.3 used in said example.
PAR  Test piece C was prepared by mixing 50 parts by weight of said high density
      polyethylene and 50 parts by weight of filler material comprising calcium
      sulfite only. Test piece D was prepared in the same manner but using a
      mixture of calcium sulfite and Bi(OH).sub.3 instead of calcium sulfite
      only. The results were as recited in the following Table 4.
TBL                                    Table 4                                 

     __________________________________________________________________________

                                  Amount of toxic                              

                                  gases emitted                                

                                  SO.sub.2                                     

                                      H.sub.2 S                                

     Test Piece                                                                

            Resin   Filler  Additive                                           

                                  (wt %)                                       

                                      (wt %)                                   

     __________________________________________________________________________

            high density                                                       

                    calcium                                                    

            polyethylene                                                       

                    sulfite Bi(OH).sub.3                                       

            (% by weight)                                                      

                    (% by weight)                                              

     C      50      50      --    0.47                                         

                                      0.025                                    

     D      50      48      2%    0.11                                         

                                      0.007                                    

     __________________________________________________________________________

PAR  The result of the above table clearly shows that the emission of both
      sulfur dioxide and hydrogen sulfide can be remarkably reduced by the
      addition of a small amount of Bi(OH).sub.3.
PAC  EXAMPLE 44
PAR  Experiments similar to those mentioned in Example 43 above were repeated
      except that polypropylene was used, a kneading temperature of 190.degree.C
      was employed and some other experimental conditions were as recited in the
      following Table 5.
TBL                Table 5                                                     

     ______________________________________                                    

                           Amount of toxic                                     

                           gases emitted                                       

     Test                              SO.sub.2                                

                                             H.sub.2 S                         

     Piece Resin       Filler   Additive                                       

                                       (wt %)                                  

                                             (wt %)                            

     ______________________________________                                    

           polypropylene                                                       

                       calcium                                                 

                       sulfite  CaO                                            

     E     50%         50%      --     0.49  0.029                             

     F     50%         48%      2%     0.23  0.010                             

     ______________________________________                                    

PAC  EXAMPLE 45
PAR  Test piece G was prepared by mixing 60 parts by weight of commercially
      available unsaturated polyester and 40 parts by weight of calcium sulfite,
      and molding the resultant mixture into a sheet 1 mm thick followed by
      curing the molded material by irradiating it with an electron beam at a
      dose rate of 2 .times. 10.sup.5 rad/sec for a total dose of 10 M rad. Test
      piece H was prepared in the same manner as mentioned above except that the
      composition of the molded material was as recited in the following Table
      6. Then, both of said two test pieces were burned as in Example 1 and the
      amount of toxic gases emitted therefrom was determined as in Example 1.
      The results were as recited in the following Table 6.
TBL                Table 6                                                     

     ______________________________________                                    

                           Amount of toxic                                     

                           gases emitted                                       

     Test  Unsaturated                                                         

                      Calcium  Additive                                        

                                       SO.sub.2                                

                                             H.sub.2 S                         

     piece polyester  sulfite  Ca(OH).sub.2                                    

                                       (wt %)                                  

                                             (wt %)                            

     ______________________________________                                    

     G     60%        40%      --      0.37  0.021                             

     H     60%        38%      2%      0.08  0.009                             

     ______________________________________                                    

PAR  The above table clearly shows that the emission of sulfur dioxide and
      hydrogen sulfide can also be remarkably reduced by the addition of a
      specific metal compound according to the present invention, in the case of
      using a cured composite comprising unsaturated polyester and calcium
      sulfite.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composite comprising (1) from about 2 to about 50 parts by weight of a
      plastic material selected from the group consisting of thermoplastic
      resins and thermosetting resins, and (2) from about 50 to about 98 parts
      by weight of a filler composition comprising (i) gypsum and/or calcium
      sulfite and (ii) an additive of calcium hydroxide in an amount of from
      about 0.5 to about 60% by weight based on the total weight of said filler
      composition, characterized in that said composite is improved in that, due
      to the presence of said additive it emits very little or substantially no
      sulfur dioxide when it is burned, and also emits very little or
      substantially no hydrogen sulfide when the ash of said composite remaining
      after combustion thereof is contacted with water, in spite of the fact
      that like composites of the prior art usually emit toxic gases when burned
      or when their ash is contacted with water.
NUM  2.
PAR  2. The composite of claim 1 in which said plastic material is selected from
      the group consisting of polyethylene, polypropylene and unsaturated
      polyester.
NUM  3.
PAR  3. A process for preparing a composite comprising (1) a plastic material
      and (2) a filler composition comprising (i) gypsum and/or calcium sulfite
      and (ii) an additive of calcium hydroxide, said process comprising adding
      about 0.5 to about 60% of the total weight of said filler composition of
      said calcium hydroxide additive to a filler material comprising gypsum
      and/or calcium sulfite to make said filler composition, mixing from about
      2 to about 50 parts by weight of a plastic material with from about 50 to
      about 98 parts by weight of said filler composition, and then kneading the
      mixture thus obtained in a kneader at a temperature within the range of
      from about 80.degree.C to about 200.degree.C for a period of from about 1
      minute to about 30 minutes.
NUM  4.
PAR  4. The process of claim 3 in which said plastic material is selected from
      the group consisting of polyethylene, polypropylene and unsaturated
      polyester.
NUM  5.
PAR  5. A composite in accordance with claim 1, wherein said plastic material is
      a thermoplastic resin and said gypsum and/or calcium sulfite is calcium
      sulfite.
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ABST
PAL  A fluoroelastomer composition which has beneficial utility in the rapid
      manufacture of cured fluoroelastomer articles having good strength and
      resistance to compression set can be prepared by blending the following
      components: (A) an elastomeric copolymer of vinylidene fluoride and
      another fluorine-containing monomer, and (B) as a vulcanization agent, a
      carboxylic acid ester of 4,4'-sulfonylidiphenol (for example,
      4,4'-sulfonyldiphenol diacetate); and when making the cured articles, it
      is also preferred to add (C) a suitable metal compound such as a divalent
      metal oxide or hydroxide, and (D) a suitable accelerator, for example a
      certain type of quaternary phosphonium compound.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of U.S. patent application Ser. No. 294,794
      filed Sept. 28, 1972; U.S. Ser. No. 294,794 was a continuation-in-part of
      U.S. patent application Ser. No. 212,699 filed Dec. 27, 1971 both of these
      prior applications have been abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention concerns a useful fluoroelastomer composition and a process
      for curing a fluoroelastomer composition.
PAR  Fluoroelastomers are known to be useful in specialized areas, such as high
      temperature-resistant gaskets, seals, diaphragms, and tubing. Fabricated
      fluoroelastomer articles can withstand temperatures of about
      250.degree.-350.degree.C while retaining their good elasticity.
PAR  It is necessary for many applications, for example gaskets for
      high-temperature reactors, that the fluoroelastomer article be resilient
      and have low compression set. This is accomplished by curing the article;
      that is, by vulcanizing or cross-linking the elastomer.
PAR  The industries which manufacture and use fluoroelastomer compositions for
      the production of cured fluoroelastomer articles are in need of a new
      fluoroelastomer vulcanization process (and a fluoroelastomer composition
      for use therein) which makes it possible to combine satisfactory cure
      rates with good processing safety, good storage stability and reasonable
      cost of the unvulcanized formulations; and which yields vulcanized
      articles of good stress/strain properties and low compression set. There
      is also a need in many applications for such a process which enables one
      to produce cured articles which are relatively soft and rubbery as well as
      low in compression set. Furthermore, there is a need in various
      applications for a process which permits the use of economical
      formulations having a relatively high filler content in the manufacture of
      cured articles having low compression set and good stress/strain
      properties.
PAR  It is known that fluoroelastomers can be cured by using an aromatic
      hydroxylic compound as a vulcanization agent. One such compound is
      4,4'-sulfonyldiphenol. When using this compound, one can make cured
      fluoroelastomer articles having excellent physical properties (e.g.
      desirable stress/strain values and low compression set values). This
      compound is also relatively low in cost. However, the cure rates
      obtainable with 4,4'-sulfonyldiphenol have been considerably slower than
      one can obtain with such aromatic hydroxylic compounds as
      hexafluoroisopropylidene-bis (4-hydroxybenzene) which is relatively
      expensive. Therefore, in spite of its low cost, 4,4'-sulfonyldiphenol has
      had very little use by those who manufacture cured fluoroelastomer
      articles.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a fluoroelastomer composition comprising (A)
      an elastomeric copolymer of vinylidene fluoride and at least one other
      fluorine-containing monomer, and (B) as a vulcanization agent, a
      carboxylic acid ester of 4,4'-sulfonyldiphenol in which 25-100% of the
      equivalents of hydroxyl groups of said diphenol have been converted to
      carboxylic acid ester groups, said carboxylic acid being selected from the
      group: aliphatic and aromatic carboxylic acids having up to 26 carbon
      atoms.
PAR  The invention also provides a process which comprises providing a mixture
      comprised of components A and B as described in the preceding paragraph,
      and curing the resulting mixture; preferably a suitable metal compound and
      vulcanization accelerator are added to the mixture prior to the curing
      operation, as explained below.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  In reference to the component A vinylidene fluoride copolymer, the "other
      fluorine-containing monomer" is usually an ethylenically unsaturated
      monomer containing at least one fluorine atom substitutent on each
      double-bonded carbon atom. The copolymer is preferably composed of at
      least one of the following: copolymers of vinylidene fluoride and
      hexafluoropropylene or pentafluoropropylene; copolymers of vinylidene
      fluoride, tetrafluoroethylene and hexafluoropropylene or
      pentafluoropropylene; and copolymers of vinylidene fluoride, a
      perfluoroalkyl perfluorovinyl ether and hexafluoropropylene.
PAR  Copolymers of vinylidene fluoride and hexafluoropropylene are described in
      U.S. Pat. No. 3,051,677 issued to Rexford. Copolymers of vinylidene
      fluoride, tetrafluoroethylene and hexafluoropropylene are described in
      U.S. Pat. 2,968,649 issued to Pailthorp and Schroeder. Copolymers of
      vinylidene fluoride and pentafluoropropylene are described in U.S. Pat.
      No. 3,331,823 issued to Sianesi et al.; and copolymers of these two
      components with tetrafluoroethylene are described in U.S. Pat. No.
      3,335,106 issued to Sianesi et al. Copolymers of vinylidene fluoride, a
      perfluoroalkyl perfluorovinyl ether (having 1-5 carbon atoms in the alkyl
      group) and hexafluoropropylene are described in U.S. Pat. No. 3,235,537
      issued to Albin and Gallagher.
PAR  The component B vulcanization agent is a carboxylic acid ester of
      4,4'-sulfonyldiphenol as described above. One very useful type of compound
      in this class is an ester of said diphenol and a fatty acid containing
      2-18 carbon atoms; the use of a fatty acid containing 2-8 carbon atoms
      (acetic to octanoic) is especially preferred. Particularly preferred is
      the diacetate of 4,4'-sulfonyldiphenol.
PAR  In preparing component B, one skilled in the art will be able to select a
      suitable carboxylic acid from any of the known aliphatic and aromatic
      carboxylic acids having up to 26 carbon atoms. For example, he can use a
      fatty acid (aliphatic monocarboxylic acid) such as acetic, propionic,
      butyric, isovaleric, octanoic, stearic, oleic or linoleic acid or the
      like. Or he can use an aliphatic dicarboxylic acid such as malonic,
      glutaric or adipic acid or the like. Or he can use an aromatic acid such
      as benzoic acid or a lower alkyl (e.g. C.sub.1 -C.sub.4) substituted
      benzoic acid or the like. It is preferred to use an acid which is free of
      sulfonic acid groups or other reactive acidic substituents. The acid is
      preferably composed only of carbon and hydrogen atoms except for the
      carboxyl group.
PAR  Component B can be a full ester or a partial ester of
      4,4'-sulfonyldiphenol. When using a partial ester, one uses the product of
      reacting about 25-99% of the total number of equivalents of hydroxyl
      groups present in the diphenol with carboxyl groups to form ester groups.
PAR  In preparing component B, one skilled in the art will be able to use known
      methods for preparing ester compounds. For example, he can use the methods
      of making carboxylic acid esters shown in the "Kirk-Othmer Encyclopedia of
      Chemical Technology", Second Edition, Volume 8, pages 313-356,
      Interscience (1968). To illustrate further, he can prepare the diacetate
      by reacting acetic anhydride with the diphenol in the presence of a
      suitable solvent (e.g. acetic acid) at about through
      22.degree.-150.degree.C, heating the mixture until the reaction has been
      completed, and isolating the resulting ester. And he can prepare the
      octanoate or benzoate by reacting the acid chloride of the corresponding
      acid with the diphenol in the presence of a suitable solvent.
PAR  When component B is an ester of a polycarboxylic acid, it is preferred that
      substantially all the carboxylic groups be esterified. Free acid groups in
      any substantial amount tend to retard the cure. Thus, in preparing such an
      ester, it is advisable to use a sufficient excess of 4,4'-sulfonyldiphenol
      to esterify all of practically all of the acid groups; or one can prepare
      a mixed ester in which the carboxyl groups not esterified with the
      diphenol are esterified with a suitable lower alkyl alcohol, for example
      methanol or ethanol. An example of such a mixed ester is
      4,4'-sulfonyldiphenol bis [ethyl malonate].
PAR  The vulcanization agent used in the present composition can be considered
      as being a crosslinking agent for the vinylidene fluoride copolymer since
      it causes crosslinking of the copolymer when used with the component D
      accelerator.
PAR  It is possible to use a blend of component B and one or more compounds
      known to function as a vulcanization or cross-linking agent for the
      copolymer. For example, the novel composition can also contain as an
      additional vulcanization agent about 1-75 mol percent (based on the total
      mols of vulcanization agent present) of 4,4'-sulfonyldiphenol or another
      hydroxylic aromatic compound selected from the group: mono-, di-, tri-,
      and tetrahydroxybenzenes, naphthalenes, and anthracenes, and bisphenols of
      the formula
      ##SPC1##
PAL  wherein A is a difunctional aliphatic, cycloaliphatic, or aromatic radical
      of 1-13 carbon atoms, or a thio, oxy, carbonyl, sulfinyl, or sulfonyl
      radical; A is optionally substituted with at least one chlorine or
      fluorine atom; x is 0 or 1; n is 1 or 2; and any aromatic ring of the
      hydroxylic compound is optionally substituted with at least one atom of
      chlorine, fluorine or bromine, a --CHO group, or a carboxyl or acyl
      radical. One skilled in the art will be able to make good use of such
      vulcanization agent blends in the preparation of a series of compositions
      of this invention having certain desired predetermined cure rates.
PAR  The composition composed of components A and B is a useful article of
      commerce which (as in the case of a novel polymer) can be supplied to
      manufacturers of fabricated fluoroelastomer articles who wish to modify
      the material (e.g. with certain metal compounds and accelerators)
      according to the requirements of particular end products before they carry
      out the curing operation. Another useful approach is for the supplier of
      the fluoroelastomer composition to add one or both of the following
      components before the composition is delivered to the person who makes the
      cured articles: (Component C) a metal compound selected from the group
      consisting of divalent metal oxides, divalent metal hydroxides, and
      mixtures of such oxides or hydroxides with metal salts of weak acids;
      (Component D) a compound capable of functioning as a vulcanization
      accelerator in the presence of component B.
PAR  In the majority of applications, the curable composition used by the person
      who makes the cured articles preferably contains about 0.0005-0.05 mol of
      component B per 100 grams of component A, and also contains at least two
      equivalents of the component C metal compound per equivalent of Component
      B, and about 0.1-10 grams of the component D accelerator per 100 grams of
      component A. It is advisable to add at least enough of component C to
      neutralize the acid formed during the curing process. Especially preferred
      are compositions wherein the component B content is about 0.001-0.015 mol
      per 100 grams of component A, the component C content is about 1-15 grams
      per 100 grams of component A, and the component D content is about 0.2-2.0
      grams per 100 grams of component A.
PAR  Component C of the composition is a metal compound composed of a divalent
      metal oxide, such as magnesium oxide, zinc oxide, calcium oxide, or lead
      oxide, or a divalent metal hydroxide; or a mixture of the oxide and/or
      hydroxide with a metal salt of a weak acid; for example, a mixture
      containing about 1-70% by weight of the metal salt. It is known in the art
      that weak acids can be considered as those which have a first acid
      constant of less than 10.sup..sup.-2 (see "General Chemistry", third
      edition, by L. Pauling, pages 500-502, published in 1970 by W. H. Freeman
      Co. of San Francisco, California). Among the useful metal salts of weak
      acids are barium-, sodium-, potassium-, lead-, and calcium-/-stearate,
      -benzoate, -carbonate, -oxalate, and -phosphite. The amount of the metal
      compound added generally is about 1-15 parts by weight per 100 parts of
      fluoroelastomer, about 2-6 parts being preferred. The metal compound
      concentration to some extent affects the rate of cure, and below the
      preferred range the cure rate may sometimes be unduly decreased. Above the
      preferred range, the elastic properties of a cured fluoroelastomer are
      gradually impaired and it is, therefore, advantageous not to use too large
      amounts of the metal compound.
PAR  The metal compound serves a dual purpose. It absorbs certain gaseous and
      acidic materials which are evolved during vulcanization and can chemically
      attack and weaken the fluoroelastomer. It also provides a long term aging
      stability. When using a metal oxide, it can be compounded with a
      fluoroelastomer stock either free or as a metal oxide complex or chelate
      with organic complexing agents and ligands, such as cyclic polyethers,
      amines, phosphines, ketones, alcohols, phenols, or carboxylic acids.
PAR  One very useful type of component D accelerator is a compound of the
      formula
      ##EQU1##
      wherein P is selected from the group: phosphorous, arsenic, and antimony;
      R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are selected individually from the
      group: C.sub.1 -C.sub.20 alkyl, aryl, aralkyl, alkenyl, and the chlorine,
      fluorine, bromine, cyano, -OR and -COOR substituted analogs thereof, R
      being selected from the group: C.sub.1 -C.sub.20 alkyl, aryl, aralkyl, and
      alkenyl; and X is selected from the group: halide, sulfate, sulfite,
      carbonate, pentachlorothiophenolate, tetrafluoroborate,
      hexafluorosilicate, hexafluorophosphate, dimethyl phosphate and C.sub.1
      -C.sub.20 alkyl-, aryl-, aralkyl-, and alkenyl-/-carboxylate and
      -dicarboxylate; n is 1 or 2 and equal to the valence of the anion X. The
      preferred compound of this type is benzyl triphenyl phosphonium bromide or
      -chloride. It will be understood that the above formula represents that
      the number of negative and positive charges present in the accelerator
      molecule are equal; thus, when an anion is used which carries a plurality
      of negative charges, then the number of cations present is a plurality
      equal to the number of negative charges on the anion. This type of
      accelerator is described in greater detail in Pattison's Can. Pat. No.
      945,300, granted Apr. 9, 1974. This patent also describes in greater
      detail the hydroxylic aromatic compounds mentioned herein which can be
      used as vulcanization agents in combination with the component B ester.
PAR  Other useful component D accelerators include: methyltrioctylammonium
      chloride and other quaternary ammonium compounds such as those described
      by Patel et al., U.S. Pat. No. 3,655,727 and by Pattison in French Pat.
      No. 71-18215; triarylphosphoranes such as those described by De Brunner in
      U.S. Pat. No. 3,752,787; and guanidines and amidines such as those
      described by Bowman in U.S. Pat. No. 3,686,143.
PAR  Components B, C, and D can be mixed with the elastomeric copolymer by means
      of any mixing apparatus known to be useful for preparing rubber
      compositions; for example, a roller-type rubber mill or a Banbury mixer.
      Known fillers, pigments, pore-forming agents and other additives can also
      be blended with the composition.
PAR  The initial curing of the curable composition is preferably carried out by
      heating the composition for about 2-60 minutes at about
      120.degree.-205.degree.C.; conventional rubber-curing presses, molds,
      extruders, and the like provided with suitable heating and curing means
      can be used. Curing can be done at a lower temperature for a longer time
      (e.g. 100.degree.C. for 15 hours) or at a higher temperature for a very
      short period of time (e.g. a few degrees above 205.degree.C. for less than
      one minute). Also, if one wants a product having a maximum heat resistance
      and dimensional stability, it is preferred to carry out a post-curing
      operation wherein the article is heated in an oven or the like for an
      additional period of about 1-48 hours at about 204.degree.-260.degree.C.
      One skilled in the art will realize that the best curing time and
      temperature for a particular application will depend on such factors as
      the nature and proportion of ingredients and the properties needed in the
      final product.
PAR  The mixture of components A and B, and preferably also of components C and
      D, can be mixed with a solvent for component A to form a liquid
      composition useful in the preparation of adhesive layers, coatings, films,
      and the like. Among the preferred solvents are acetone, methylethyl
      ketone, ethyl acetate, amyl acetate, and tetrahydrofuran.
PAR  The composition of this invention is very useful for the manufacture of
      cured fluoroelastomer articles having low compression set. For example,
      the composition is useful for the manufacture of heat-resistant and
      resilient O-ring seals, shaft seals, gaskets, tubing and the like. In
      various embodiments of the invention, one does not have to obtain a very
      high state of cure in order to make a product having desirable low
      compression set values; this is quite unexpected. The invention can be
      employed to manufacture cured fluoroelastomer articles while achieving
      such desirable results as good storage stability of the composition
      (component C and fillers are preferably added a short time before use),
      good flow properties, rapid cure at temperatures well below the
      decomposition temperature of the copolymer, and cured products which are
      surprisingly soft and rubbery in addition to having good stress/strain
      properties, and low compression set. Also, worthwhile economic advantages
      can be realized when certain preferred embodiments of the present
      composition are compared with some of the best prior art fluoroelastomer
      compositions. For example:
PA1  1. when a relatively expensive vulcanization agent such as
      hexafluoroisopropylidene-bis(4-hydroxybenzene) of a high quality prior art
      composition is replaced with a relatively inexpensive vulcanization agent
      such as the diacetate of 4,4'-sulfonyldiphenol of the present invention;
      or
PA1  2. when a relatively high filler content is used in the present composition
      to make cured articles having low compression set and good stress/strain
      properties.
PAR  By using the present composition and process, one can over come the prior
      art problem discussed above regarding the slow cure rates obtained when
      using 4,4'-sulfonyldiphenol as the vulcanization agent for
      fluoroelastomers; moreover, one can still obtain cured products having
      excellent physical properties. The faster cure rates permit the use of
      shorter and more economical press-curing operations.
DETD
PAR  The following examples illustrate the invention; all amounts are by weight
      unless otherwise indicated.
PAC  EXAMPLE 1
PAR  A preferred fluoroelastomer composition of the present invention is
      prepared, cured and tested. The composition is prepared by blending the
      following on a 2-roll mill whose rolls are at about 25.degree.C: 100 parts
      of fluoroelastomer, 15 parts of Thermax MT carbon black, 10 parts of
      Austin black, 6 parts of calciumhydroxide, 3 parts of magnesium oxide, 0.5
      part of benzyl triphenyl phosphonium chloride, and 2.67 parts of a
      vulcanization agent composed of 4,4'-sulfonyldiphenol diacetate. The
      fluoroelastomer is a vinylidene fluoride/hexafluoropropylene 60:40
      copolymer whose Mooney Viscosity (ML-10 at 100.degree.C) is 60. Austin
      black is a finely pulverized bituminous coal of specific gravity 1.25,
      containing 77 percent carbon and 17 percent volatile components. It is
      commercially available from the Chemical Products Division of Slab Fork
      Coal Company, Slab Fork, West Virginia. The amount of vulcanization agent
      added is the amount needed to obtain a reasonably full state of cure. The
      number of moles of vulcanization agent used in each of the present
      examples is about equal.
PAR  Test results are shown in Table I. Samples of the freshly-prepared uncured
      compositions are used for measuring (a) curing characteristics with the
      oscillating disc cure meter according to ASTM Method D-2084 and (b) Mooney
      Scorch according to ASTM method D-1646-63. Under "curing characteristics",
      the table shows the time in minutes to reach 50 percent of full cure
      (t'50) and 90 percent of full cure (t'90).
PAR  In preparing the cured samples, the pellets are pressed-cured for 20
      minutes at 177.degree.C; the other samples are pressed-cured for only 15
      minutes at 177.degree.C. Press-curing is done at a total pressure of about
      40,000 pounds. The cured samples are post-cured in an oven containing
      circulating air in which the temperature reaches 260.degree.C in four
      hours and remains at 260.degree.C for 24 hours. The cured and heat-aged
      samples are prepared by subjecting the resulting cured samples to a
      temperature of 276.degree.C for 70 hours in an oven containing circulating
      air. The modulus, tensile and elongation values are obtained at room
      temperature by ASTM Method D-412-66. The hardness values indicate Shore
      hardness (Durometer A) as tested by ASTM Method D-676. Compression set
      values are obtained by ASTM Method D-395-61; the pellets have a thickness
      of 0.50 inch and a diameter of 0.75 inch, and the O-rings measure 1 inch
      by 0.139 inch.
PAR  The fluoroelastomer composition of Example 1 is very useful for the rapid
      manufacture of cured fluoroelastomer articles having excellent physical
      properties (as indicated in Table I); relatively short and economical
      press-curing cycles can be used to manufacture such articles. The Example
      1 composition can be used for the manufacture of heat-resistant and
      resilient O-rings, seals, gaskets, tubing and the like.
PAC  EXAMPLE 2
PAR  For purposes of comparison, a fluoroelastomer composition outside the
      present invention is prepared, cured and tested in the manner described in
      Example 1 except the 4,4'-sulfonyldiphenol diacetate vulcanization agent
      used in Example 1 is replaced with 2.0 parts of 4,4'-sulfonyldiphenol.
PAR  Test results are shown in Table I, where it can be seen that 22.5 minutes
      are required to reach 50 percent of full cure, compared with 4.5 minutes
      in Example 1; and 35.5 minutes to reach 90 percent of full cure, compared
      with 17 minutes in Example 1. Thus, a very worthwile improvement in curing
      rate is obtained in Example 1.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                    Example                                                    

                    1      2      3                                            

     Curing Characteristics at                                                 

     177.degree.C/350.degree.F, ASTM D-2084                                    

     M.sub.L, in./lb.                                                          

                    10.5   6.5    7.5                                          

     M.sub.H, in./lb.                                                          

                    59     85     68.5                                         

     t'50, min.     4.5    22.5   4.1                                          

     t'90, min.     17     35.5   16                                           

     Mooney Scorch-121.degree.C/250.degree.F                                   

     Minimum        37     39     30                                           

     Minutes to 2-point rise                                                   

                    --     &gt;30    --                                           

     Minutes to 5-point rise                                                   

                    16     --     7.5                                          

     Minutes to 10-point rise                                                  

                    22.5   --     9.25                                         

     Test Results                                                              

     Cured Samples                                                             

     Modulus-100%, psi                                                         

                    540    650    1020                                         

     Tensile strength, psi                                                     

                    1980   1820   1890                                         

     Elongation at break, %                                                    

                    270    210    180                                          

     Hardness       68     72     76                                           

     Compression Set                                                           

     pellets - 70 hrs./232.degree.C                                            

                    31     25     45                                           

     O-rings - 70 hrs./232.degree.C                                            

                    34     27     30                                           

     Cured/Heat-Aged Samples                                                   

     Modulus-100%, psi                                                         

                    620    500    1390                                         

     Tensile strength, psi                                                     

                    1600   1340   1770                                         

     Elongation at break, %                                                    

                    235    220    135                                          

     Hardness       72     72     80                                           

     __________________________________________________________________________

PAC  EXAMPLE 3
PAR  Another fluoroelastomer composition of this invention is prepared, cured
      and tested in the manner described in Example 1 except the
      4,4'-sulfonyldiphenol diacetate vulcanization used in Example 1 is
      replaced with 4.02 parts of 4,4'-sulfonyldiphenol dioctanoate.
PAR  Test results are shown in Table I, where it can be seen that the
      composition has a surprisingly fast cure rate and the cured samples have
      very good physical properties.
PAC  EXAMPLE 4
PAR  Another fluoroelastomer composition of this invention is prepared and
      cure-tested in the manner described in Example 1 except the
      4,4'-sulfonyldiphenol diacetate vulcanization agent used in Example 1 is
      replaced with 3.66 parts of 4,4'-sulfonyldiphenol dibenzoate; also, the
      carbon black content consists of 30 parts of Thermax MT carbon black.
PAR  Results of the curing test are shown in Table II where it can be seen that
      the composition has a desirably fast cure rate. Cured samples of the
      composition are found to have very good physical properties.
PAC  EXAMPLE 5
PAR  For purposes of comparison, a fluoroelastomer composition outside the
      present invention is prepared and cure-tested by repeating Example 4
      except the 4,4'-sulfonyldiphenol dibenzoate vulcanization agent is
      replaced with 2.0 parts of 4,4'-sulfonyldiphenol.
PAR  Results of the curing test are shown in Table II, where it can be seen that
      the Example 5 composition has a much slower cure rate than the Example 4
      composition.
TBL                TABLE II                                                    

     ______________________________________                                    

                      Example                                                  

                      4        5                                               

     Curing Characteristics at                                                 

     177.degree.C/350.degree.F, ASTM D-2084                                    

     M.sub.L, in./lb.   4.6        6.5                                         

     M.sub.H, in./lb.   61.2       88                                          

     t'50, min.         6.8        19.4                                        

     t'90, min.         20.8       30                                          

     ______________________________________                                    

CLMS
STM  I claim:
NUM  1.
PAR  1. A fluoroelastomer composition comprising (A) an elastomeric copolymer of
      vinylidene fluoride and at least one other fluorine-containing monomer,
      and (B) as a vulcanization agent, a carboxylic acid ester of
      4,4'-sulfonyldiphenol in which 25-100% of the equivalents of hydroxyl
      groups of said diphenol have been converted to carboxylic acid ester
      groups, said carboxylic acid being selected from the group: aliphatic and
      aromatic carboxylic acids having up to 26 carbon atoms.
NUM  2.
PAR  2. A composition according to claim 1 which also contains
PA1  (C) a metal compound selected from the group consisting of divalent metal
      oxides, divalent metal hydroxides, and mixtures of such oxides or
      hydroxides with metal salts of weak acids.
NUM  3.
PAR  3. A composition according to claim 1 which also contains
PA1  (D) a compound capable of functioning as a vulcanization accelerator in the
      presence of component B.
NUM  4.
PAR  4. A composition according to claim 1 which contains about 0.0005-0.05 mol
      of component B per 100 grams of component A, and also contains at least
      two equivalents of component C as defined in claim 2 per equivalent of
      component B, and about 0.1-10 grams of component D as defined in claim 3
      per 100 grams of component A.
NUM  5.
PAR  5. A composition according to claim 4 wherein the component B content is
      about 0.001-0.015 mol per 100 grams of component A, the component C
      content is about 1-15 grams per 100 grams of component A, and the
      component D content is about 0.2-2.0 grams per 100 grams of component A.
NUM  6.
PAR  6. A composition according to claim 4 wherein component A is a copolymer
      selected from the group: copolymers of vinylidene fluoride and
      hexafluoropropylene or pentafluoropropylene, copolymers of vinylidene
      fluoride, tetrafluoroethylene and hexafluoropropylene or
      pentafluoropropylene, and copolymers of vinylidene fluoride,
      hexafluoropropylene, and a perfluoroalkyl perfluorovinyl ether.
NUM  7.
PAR  7. A composition according to claim 6 wherein component B is an ester of
      4,4'-sulfonyldiphenol and a fatty acid containing 2-18 carbon atoms.
NUM  8.
PAR  8. A composition according to claim 7 wherein said fatty acid contains 2-8
      carbon atoms.
NUM  9.
PAR  9. A composition according to claim 7 wherein component B is the diacetate
      of 4,4'-sulfonyldiphenol.
NUM  10.
PAR  10. A composition according to claim 7 wherein component D is a compound of
      the formula
      ##EQU2##
      wherein P is selected from the group: phosphorous, arsenic, and antimony;
      R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are selected individually from the
      group: C.sub.1 -C.sub.20 alkyl, aryl, aralkyl, alkenyl, and the chlorine,
      fluorine, bromine, cyano, -OR and -COOR substituted analogs thereof, R
      being selected from the group: C.sub.1 -C.sub.20 alkyl, aryl, aralkyl, and
      alkenyl; X is selected from the group: halide, sulfate, sulfite,
      carbonate, pentachlorothiophenolate, tetrafluoroborate,
      hexafluorosilicate, hexafluorophosphate, dimethyl phosphate and C.sub.1
      -C.sub.20 alkyl-, aryl-, aralkyl-, and alkenyl-/-carboxylate and
      -dicarboxylate; and n is 1 or 2 and equal to the valence of the anion X.
NUM  11.
PAR  11. A composition according to claim 10 wherein component D is benzyl
      triphenyl phosphonium bromide or -chloride.
NUM  12.
PAR  12. A composition according to claim 3 which also contains as an additional
      vulcanization agent about 1-75 mol percent, based on the total mols of
      vulcanization agent present, of a hydroxylic aromatic compound selected
      from the group: mono-, di-, tri-, and tetrahydroxybenzenes, naphthalenes,
      and anthracenes, and bisphenols of the formula
      ##SPC2##
PAL  wherein A is a difunctional aliphatic, cycloaliphatic, or aromatic radical
      of 1-13 carbon atoms, or a thio, oxy, carbonyl, sulfinyl, or sulfonyl
      radical; A is optionally substituted with at least one chlorine or
      fluorine atom; x is 0 or 1; n is 1 or 2; and any aromatic ring of the
      hydroxylic compound is optionally substituted with at least one atom of
      chlorine, fluorine or bromine, a -CHO group, or a carboxyl or acyl
      radical.
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ABST
PAL  Halogen-containing resins, particularly polyvinyl chloride, are stabilized
      by the incorporation of a phosphite of the formula,
      ##EQU1##
      wherein one or two of groups R.sub.1, R.sub.2 or R.sub.3 has the formula,
      R(OC.sub.n H.sub.2n).sub.m --, in which R is an alkyl unsubstituted or
      substituted with at least one hydroxyl or chlorine, an alkenyl
      unsubstituted or substituted with at least one hydroxyl or chlorine, or an
      aralkyl, n has a value of from 1 to 4, and m has a value of from 1 to 8,
      and the remaining group R.sub.1, R.sub.2 and/or R.sub.3 is an alkyl
      unsubstituted or substituted with at least one hydroxyl or chlorine, an
      alkenyl unsubstituted or substituted with at least one hydroxyl or
      chlorine, an aralkyl or an unsubstituted aryl.
PARN
PAR  This application is a continuation-in-part of the copending application,
      Ser. No. 307,634, filed on Nov. 17, 1972 and now abandoned.
BSUM
PAR  This invention relates to the stabilization of halogen-containing resins,
      particularly a polyvinyl chloride.
PAR  When a halogen-containing resin is processed, it will be exposed to a high
      temperature and therefore there will occur decomposition,
      dehydrochlorination and discoloration. It is already known that various
      stabilizers and stabilizing assistants are added to prevent such
      deterioration, as is described, for example, in British Patent No.
      1,180,398.
PAR  It is also known to use these stabilizers and stabilizing assistants
      together to develop synergistic effects. Among such known stabilizing
      assistants are antioxidants, polyhydric alcohols and organic phosphites.
      However, these known stabilizers and stabilizing assistants are not fully
      satisfactory and are required to be improved. Further, the requirement for
      nontoxication is strong recently. In the case of nontoxic mixing without
      the use of Cd of Pb, there is no particularly satisfactory stabilizer
      today.
PAR  As a result of making hard investigations in view of these points, the
      present inventors have reached the present invention by finding that
      certain organic phosphites are very effective to this object.
PAR  Thus, the present invention is to provide a process for stabilizing a
      halogen-containing resin, which comprises incorporating from 0.01 to 10
      parts by weight per 100 parts by weight of the said resin of a phosphite
      having the formula (I),
      ##EQU2##
      wherein one or two of groups, R.sub.1, R.sub.2 or R.sub.3 has the formula,
      R(OC.sub.n H.sub.2n).sub.m --, in which R is an alkyl unsubstituted or
      substituted with at least one hydroxyl or chlorine, an alkenyl
      unsubstituted or substituted with at least one hydroxyl or chlorine, or an
      aralkyl, n has a value of from 1 to 4, and m has a value of from 1 to 8,
      and the remaining group R.sub.1, R.sub.2 and/or R.sub.3 is an alkyl
      unsubstituted or substituted with at least one hydroxyl or chlorine, an
      alkenyl unsubstituted or substituted with at least one hydroxyl or
      chlorine, an aralkyl or an unsubstituted aryl.
PAR  The phosphite of the present invention can be prepared by reacting a
      phosphite of the formula (II),
EQU  (R.sub.4 O).sub.3 P                                        (II)
PAL  wherein R.sub.4 is an aryl or the same as R, with an alcohol of the formula
      (III),
EQU  R(OC.sub.n H.sub.2n).sub.m OH                              (III)
PAL  wherein R, m and n are as defined above, in the presence of a basic
      catalyst.
PAR  In the present specification, the term "alkyl" is intended to mean an alkyl
      having 1 to 18 carbon atoms, the "aryl" is, for example, phenyl, tolyl,
      xylyl, tert.butylphenyl, octylphenyl, nonylphenyl, chlorophenyl,
      hydroxyphenyl, etc., the "aralkyl" is, for example, benzyl, phenethyl,
      etc. and the "alkenyl" is to mean an alkenyl having 2 to 24 carbon atoms,
      for example, oleyl, ricinoleyl, etc.
PAR  Examples of the alcohol are n-butoxyethanol, n-butoxydiethyleneoxyethanol,
      2-ethylhexyloxypropanol, nonyl-phenoxypropanol, lauryloxyethanol,
      oleyloxyethanol, ricinoleyloxyethanol, 2-benzyloxyethanol,
      butoxyethoxyethanol, etc.
PAR  The basic catalyst includes sodium hydroxide, potassium hydroxide, calcium
      hydroxide and lithium hydroxide.
PAR  In the present invention, favorable phosphites are represented by the
      formula,
      ##EQU3##
      wherein R and n are as defined above. The most favorable ones are
      2-(2-butoxyethoxy)ethyl diphenyl phosphite which is a novel compound,
      4-methoxybutyldiphenyl phosphite, 3-(2-ethylhexyloxy)propyldiphenyl
      phosphite, 2-benzyloxyethyldiphenyl phosphite and
      2-isopropylbenzyloxyethyldiphenyl phosphite.
PAR  The reaction between triphenyl phosphite and said alcohol is conducted in
      the presence of said basic catalyst at a temperature of 80.degree. to
      180.degree.C. The alcohol (R.sub.4 OH) by-produced may be removed during
      the reaction of after the completion of the reaction under a reduced
      pressure. The completion of the reaction can be confirmed by an amount of
      said phenol removed, and the reaction is usually conducted for 1 to 10
      hours. Several typical examples of these phosphites and their refractive
      indexes at 25.degree.C. and forms are shown in the following table.
PAR  However, the phosphites (I) of the present invention are not limited to
      these specific ones indicated in this table.
TBL                                    Table 1                                 

     __________________________________________________________________________

     No. Phosphite (I)   Refractive                                            

                                Form (25.degree.C.)                            

                         index                                                 

     __________________________________________________________________________

     1   2-(n-butoxy)ethyldiphe-                                               

                         1.5235 Colorless                                      

         nyl phosphite          transparent liquid                             

     2   4-methoxybutyldiphenyl                                                

                         1.5423 "                                              

         phosphite                                                             

     3   2-(n-butoxydiethylenoxy)-                                             

                         1.5102 "                                              

         ethyldiphenyl phosphite                                               

     4   3-(2-ethylhexyloxy)pro-                                               

                         1.5159 "                                              

         pyldiphenyl phosphite                                                 

     5   2-oleyloxyethyldiphenyl                                               

                         1.5342 Light yellow                                   

         phosphite              transparent liquid                             

     6   2-ricinoleyloxyethyl-                                                 

                         1.5716 "                                              

         diphenyl phosphite                                                    

     7   2-benzyloxyethyldi-                                                   

                         1.5005 "                                              

         phenyl phosphite                                                      

     8   Octyl di(2-butoxyethyl)-                                              

                         1.4805 Colorless                                      

         phosphite              transparent liquid                             

     9   2-(2-butoxyethoxy)ethyl-                                              

                         1.5110 "                                              

         diphenyl phosphite                                                    

     10  2-butoxyethyl p-chloro-                                               

                         1.5030 "                                              

         phenyloleyl phosphite                                                 

     11  2-isopropylbenzyloxy-                                                 

                         1.5000 "                                              

         ethyldiphenyl phosphite                                               

     __________________________________________________________________________

PAR  The phosphites (I) of the present invention can be used together with any
      other generally known stabilizers, stabilizing assistants, antioxidants
      and ultraviolet ray absorbents.
PAR  Examples of these known stabilizers are carboxylates, mercaptides and
      mercaptates of Cd, Ba, Zn, Ca, Pb, Sn and R.sub.2 Sn (R: alkyl).
PAR  Particularly, in the case of a nontoxic mixture used together with
      aliphatic acid salts of Ca--Zn, there will be given heat-resistance,
      transparency and coloring prevention much higher than in the case of using
      a known organic phosphite together with said salts. Further, in the case
      of using the stabilizer of this invention together with a Cd--Ba type
      stabilizer, particularly the weather-proofness of the resin will be
      greatly improved.
PAR  Examples of stabilizing assistants are epoxy compounds, other known organic
      phosphites and polyhydric alcohols.
PAR  Further, the phosphite (I) of the present invention serves also as a
      dropless agent which has the ability to prevent the formation of a water
      drop and drop flowing agent and also an antistatic agent. Particularly,
      even if this organic phosphite is used alone, it will be effective but, if
      it is used together with any other dropless agent or antistatic agent, it
      will develop a synergistically greater effect.
PAR  The organic phosphite of the present invention can also be used together
      with such additives for halogen-containing resins as, for example, a
      lubricant, filler and plasticizer.
PAR  The halogen-containing resin to be stabilized by the present invention may
      be polyvinyl chloride, a polymer blend of a polyvinyl chloride with any
      other blendable resin or a copolymer with vinyl chloride. The amount of
      the organic phosphite of the present invention to be added to a resin is
      0.01 to 10 parts by weight, preferably 0.05 to 5 parts by weight per 100
      parts by weight of the halogen-containing resin.
DETD
PAR  The present invention will be explained in more detail with reference to
      examples, which are only illustrative but not limitative. Parts are by
      weight.
PAC  EXAMPLE 1
PAR  248.2 g. (0.8 mol) of triphenyl phosphite and 131.2 g (0.81 mol) of
      2-butoxyethoxyethanol were put into a flask of 500 ml. and 0.1 g. of
      sodium hydroxide was added thereto to react at 140.degree.C. for 4 hours.
      The liberated phenol was distilled away by distillation under a reduced
      pressure (at 60.degree.C. under 5 mm.Hg). Then the residual solution was
      filtered to obtain colorless transparent 2-(2-butoxyethoxy)ethyl diphenyl
      phosphite (Compound 9) as a filtrate.
PA1  Refractory index:   1.5110 (at 25.degree.C.)
PA1  Specific gravity:   1.1910 (at 25.degree.C.)
PAR  Other phosphites can be also produced in the same manner.
PAC  EXAMPLE 2
PAR  100 parts of a polyvinyl chloride resin (SX-11 produced by Sumitomo
      Chemical Company, Limited), 50 parts of dioctyl phthalate, 0.5 part of
      cadmium stearate, 0.5 part of barium stearate and 0.5 part of each of
      organic phosphites shown in Table 2 were mixed together and the mixture
      was kneaded on two rolls at 165.degree.C. for 10 minutes to make a sheet.
      The thermostability of this sheet in a gear type deterioration tester, the
      press-test result (transparency and coloration) and weather resistance to
      the nature are shown in Table 2.
TBL                                    Table 2                                 

     __________________________________________________________________________

                          Thermostability                                      

                                    Press tests                                

                                              Weather resistance               

                          tests     (Note 1)                                   

     __________________________________________________________________________

     No.                                                                       

        Phosphite (Note 2)                                                     

                          Time in minutes                                      

                                    Trans-                                     

                                         Colora-                               

                                              Number of months                 

                          until it blackened                                   

                                    parency                                    

                                         tion until discolored                 

                          in a gear oven      by exposure to                   

                          at 180.degree.C.    nature                           

     __________________________________________________________________________

     1  Not added         25        2    3    4                                

     2  Triphenyl phosphite (control)                                          

                          35        1    2    6                                

     3  (2-ethylhexyl)di(phenyl)                                               

                          40        1    1    10                               

        phosphite (control)                                                    

     4  Present invention compound                                             

                      No. 1                                                    

                          50        1    1    14                               

     5  "             No. 9                                                    

                          55        1    1    14                               

     6  "             No. 3                                                    

                          50        1    1    14                               

     __________________________________________________________________________

      Notes:                                                                   

      (1) The results of the press tests were indicated by showing the grades  

      with the below mentioned numerals (here and hereinafter):                

      1: Very excellent                                                        

      2: Excellent                                                             

      3: Good                                                                  

      4:Rather bad                                                             

      5: Not good                                                              

      (2) The present invention compound numbers among the phosphites indicate 

      the phosphites of the corresponding numbers in the above mentioned Table 

      1.                                                                       

PAC  EXAMPLE 3
PAR  100 parts of a polyvinyl chloride resin (SX-11 produced by Sumitomo
      Chemical Company, Limited), 50 parts of dioctyl phthalate, 0.4 part of
      zinc stearate, 0.6 part of calcium stearate, 3 parts of epoxyated soybean
      oil and 1.0 part of each of organic phosphites in Table 3 were mixed
      together and the mixture was kneaded on two rolls at 165.degree.C. for 10
      minutes to make a sheet.
PAR  The thermostability of this sheet in a gear type deterioration tester and
      the results of press test (transparency and coloration) are shown in Table
      3.
TBL                Table 3                                                     

     ______________________________________                                    

                   Thermostability                                             

                              Press test                                       

     ______________________________________                                    

     No.  Phosphite      Time (minutes)                                        

                                      Trans-                                   

                                            Color-                             

                         until blackened                                       

                                      paren-                                   

                                            ation                              

                         in a gear oven                                        

                                      cy                                       

                         at 180.degree.C.                                      

     ______________________________________                                    

     1    Not added      20           3    3                                   

     2    triphenyl phosphite                                                  

                         35           2    3                                   

          (control)                                                            

     3    Tri(nonyl phenyl)                                                    

                         40           3    2                                   

          phosphite (control)                                                  

          2,4,6-trichloro-                                                     

          phenyl bis(dipro-                                                    

     4    pylene glycol) 25           3    3                                   

     phosphite (control,      (bleeding)                                       

          U.S.P. 3,333,026)                                                    

          Tetrakis p-nonyl-                                                    

          phenyl propylene                                                     

     5    glycol diphosphite                                                   

                         45           3     2                                  

          (control, British                                                    

          Pat. 1,180,398)                                                      

     6    Present invention                                                    

                         55           2     1                                  

          compound No. 2                                                       

     7    Present invention                                                    

                         60           2     1                                  

          compound No. 4                                                       

     8    Present invention                                                    

                         60           1     1                                  

          compound No. 7                                                       

     9    Present invention                                                    

                         60           2     1                                  

          compound No. 8                                                       

     10   Present invention                                                    

                         60           2     1                                  

          compound No. 9                                                       

     11   Present invention                                                    

                         60           1     1                                  

          compound No. 11                                                      

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  100 parts of a polyvinyl chloride resin (SX-11 produced by Sumitomo
      Chemical Company, Limited), 50 parts of dioctyl phthalate, 1.5 parts of
      KV-39A-5 (produced by Kyodo Chemical Company Ltd.) as a stabilizer, 0.4
      part of cadmium stearate, 0.2 part of barium stearate, 1.0 part of each of
      organic phosphites in Table 4, further 0.5 part of sorbitan distearate as
      a drop flowing agent and 0.5 part of sorbitan monopalmitate were mixed
      together and the mixture was kneaded on two rolls at 170.degree.C. for 10
      minutes to make a sheet.
PAR  The thermostability of this sheet in a gear type deterioration tester, the
      results of mealing test and the droplessness are shown in Table 4.
TBL                Table 4                                                     

     ______________________________________                                    

                 Thermostability                                               

                       Time in   Time in                                       

                       minutes   minutes                                       

                       until     until                                         

                       blackened stuck with                                    

     No.  Phosphite    in a gear rolls at                                      

                                         Dropless-                             

                       oven at   170.degree.C.                                 

                                         ness                                  

                       180.degree.C.                                           

     ______________________________________                                    

     1    Not added    50        45      Water drops                           

                                         deposited                             

          Triphenyl phos-                                                      

     2    phite        60        50      "                                     

          (control)                                                            

          Present inven-                 No water                              

     3    tion compound                                                        

                       75        65      drop depo-                            

          No. 6                          sited                                 

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  100 parts of a polyvinyl chloride resin (SX-7G produced by Sumitomo
      Chemical Company, Limited), 10 parts of MBS (Kaneace B-12 produced by
      Kanegafuchi Chemical Co.), 4 parts of epoxidized soybean oil, 0.5 part of
      stearic acid, 1.0 part of a stabilizer KH-300A-6 (produced by Kyodo
      Chemical Company, Ltd.), 0.3 part of calcium stearate as a stabilizer, 0.3
      part of zinc stearate and 0.5 part of each of organic phosphites in Table
      5 where mixed together and the mixture was kneaded on two rolls at
      180.degree.C. for 5 minutes to make a sheet.
PAR  The results of mealing test of this sheet at 185.degree.C. and the results
      of press test are shown in Table 5.
TBL                                    Table 5                                 

     __________________________________________________________________________

                        Thermostability     Press test                         

     __________________________________________________________________________

                        Colored degree                                         

                                  Time (minutes)                               

                        after mealed                                           

                                  until stuck with                             

     No. Phosphite      with two rolls                                         

                                  two rolls at                                 

                                            Transpa-                           

                                                  Colora-                      

                        at 180.degree.C. for                                   

                                  180.degree.C.                                

                                            rency tion                         

                        15 minutes                                             

     __________________________________________________________________________

     1   Not added      4         20        2     3                            

     2   Tri(nonylphenyl)phosphite                                             

                        2         26        2     2                            

         (control)                                                             

     3   Present invention                                                     

                        1         35        2     1                            

         compound No. 1                                                        

     4   Present invention                                                     

                        1         37        2     1                            

         compound No. 9                                                        

     5   Present invention                                                     

                        1         32        2     1                            

         compound No. 4                                                        

     6   Present invention                                                     

                        1         37        2     1                            

         compound No. 8                                                        

     __________________________________________________________________________

PAC  EXAMPLE 6
PAR  2.0 parts of each of organic phosphites in Table 6 were added to a paste
      sol consisting of 100 parts of a polyvinyl chloride resin (Sumilit PXNH
      produced by Sumitomo Chemical Company, Limited) and 60 parts of dioctyl
      phthalate and the heat-resistance and sol viscosity variation of the
      mixture were tested. The results are shown in Table 6.
PAR  As clear from this table, the phosphite of the present invention is very
      effective not only to the heat-resistance (discoloration prevention) but
      also to the prevention of the variation of the viscosity of the sol.
TBL                                    Table 6                                 

     __________________________________________________________________________

                     Heat-resistance (Note 1)                                  

                                     Sol viscosity                             

                                     variation (C.P.)                          

     __________________________________________________________________________

     No. Phosphite   Coloration                                                

                             Time (min.)                                       

                     occurred                                                  

                             until the                                         

                                     Just after                                

                                            After 7 days                       

                     (min.)  blackening                                        

                             occurred                                          

     __________________________________________________________________________

     1   None (control)                                                        

                     3       40      2,200  12,600                             

     2   Triphenyl phosphite                                                   

                     3       35      1,770  8,260                              

         (control)                                                             

     3   Present invention                                                     

                     16      70      1,620  3,880                              

         compound No. 9                                                        

     __________________________________________________________________________

      Note:                                                                    

      (1) The paste sol of the above mentioned mixture was well mixed with an  

      ink roll, was debubbled in a vacuum and was flowed on a glass plate and  

      its heat-resistance was tested in a gear oven at 180.degree.C.           

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition consisting essentially of a polyvinyl chloride containing
      resin composition, stabilized with a stabilizing amount of a phosphite
      selected from the group consisting of 2-(n-butoxy)-ethyldiphenyl
      phosphite, 4-methoxybutyldiphenyl phosphite,
      2-(n-butoxydiethylenoxy)ethyldiphenyl phosphite, 3-(2-ethyl-hexyloxy)
      propyldiphenyl phosphite, 2-oleyloxyethyldiphenyl phosphite,
      2-ricinoleyloxyethyldiphenyl phosphite, 2-benzyloxyethyldiphenyl
      phosphite, octyl di(2-butoxyethyl)phosphite,
      2-(2-butoxyethoxy)ethyldiphenyl phosphite, 2-butoxyethyl
      p-chlorophenyloleyl phosphite and 2-isopropylbenzyloxyethyldiphenyl
      phosphite.
NUM  2.
PAR  2. The composition according to claim 1, wherein the phosphite is
      2-(2-butoxyethoxy)ethyldiphenyl phosphite.
NUM  3.
PAR  3. The composition according to claim 1, wherein the phosphite is
      4-methoxybutyldiphenyl phosphite.
NUM  4.
PAR  4. The composition according to claim 1, wherein the phosphite is
      3-(2-ethylhexyloxy)propyldiphenyl phosphite.
NUM  5.
PAR  5. The composition according to claim 1, wherein the phosphite is
      2-benzyloxyethyldiphenyl phosphite.
NUM  6.
PAR  6. The composition according to claim 1, wherein the phosphite is
      2-isopropylbenzyloxyethyldiphenyl phosphite.
NUM  7.
PAR  7. The composition according to claim 1, wherein the phosphite is used in
      an amount of 0.01 to 10 parts by weight per 100 parts by weight of said
      halogen-containing resin.
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ABST
PAL  A flame retardant polycarbonate composition comprising in admixture an
      aromatic carbonate polymer and a flame retardant additive which may be the
      metal salts of either monomeric or polymeric aromatic sulfonic acids, or
      mixtures thereof.
BSUM
PAR  This invention is directed to a flame retardant polycarbonate composition
      and in particular an aromatic polycarbonate containing in admixture
      therewith a particular flame retardant additive which may be the metal
      salts of either monomeric or polymeric aromatic sulfonates, or mixtures
      thereof.
PAC  BACKGROUND OF THE INVENTION
PAR  With the increasing concern for safety, there is a positive move towards
      providing safe materials for public and household use. One particular area
      of need is that of providing flame resistant or flame retardant products
      for use by the ultimate consumer. As a result of this demand, many
      products are being required to meet certain flame retardant criteria both
      by local and federal government and the manufacturers of such products.
      One particular set of conditions employed as a measuring standard for
      flame retardancy is set forth in Underwriters Laboratories, Inc. Bulletin
      94. This Bulletin sets forth certain conditions by which materials are
      rated for self-extinguishing characteristics.
PAR  In the art, there are many known flame retardant additives which are
      employed by mixing with products to render such materials
      self-extinguishing or flame retardant. Such flame retardant additives have
      been known to be employed in amounts of 5 to 20 weight percent in order to
      be effective in extinguishing burning of those products which are
      combustible. It has also been found that such amounts can have a degrading
      effect upon the base product to be rendered flame retardant, resulting in
      the losses of valuable physical properties of the base product. This is
      particularly so when employing known flame retardant additives with the
      base product polycarbonate resins. Many of these known additives have a
      degrading effect upon the polymer.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  It has now been surprisingly discovered that an aromatic polycarbonate can
      be made flame retardant by incorporating with the aromatic polycarbonate
      minor amounts of certain additives, which additives are inert and do not
      degrade the aromatic polycarbonate. The particular additive employed
      herein is unique in that even very minor amounts render the aromatic
      polycarbonate flame retardant. The amount of the additive employed herein
      can vary, preferably, from 0.01 to about 10 weight percent based on the
      weight of the aromatic polycarbonate.
PAR  More specifically, the particular additive of this invention is the metal
      salt of either the monomeric or polymeric aromatic sulfonates or mixtures
      thereof. The metal salt employed in the practice of this invention is
      either the alkali metal or alkali earth metal salt and can include mixed
      metal salts. The metals of these groups are sodium, lithium, potassium,
      rubidium, cesium, beryllium, magnesium, calcium, strontium and barium.
PAR  In the practice of this invention, the types of aromatic sulfonates
      employed herein may be either the monomeric form of the polymeric form or
      mixtures thereof. When first considering the monomeric form, the metal
      salt of the substituted monomeric aromatic sulfonate can best be
      represented by the following formula:
EQU  [A].sub.0.sub.-1 [R].sub.0.sub.-2 [B]                      I.
PAL  wherein [A] and [B] can, in turn, be independently selected from the
      following formula:
EQU  (SO.sub.3 M).sub.y R'                                      II.
PAL  wherein M is a metal which may be selected from the periodic table of
      either an alkali metal or an alkali earth metal, R' is an aryl radical of
      1-4 aromatic rings, and y an integer of 0-10. It is to be understood,
      however, that in Formula I, there must be at least one (1) SO.sub.3 M
      radical.
PAR  In Formula I above, [R] is an organic radical of 1-20 carbon atoms and is
      either alkyl, aralkyl, alkenyl, aralkenyl, aryl, arylene, alkylene,
      aralkylene, alkenylene, aralkenylene, alkylidene, aralkylidene,
      alkenylidene or aralkenylidene. It should also be understood that [R] can
      contain halogen substitutents such as chlorine, bromine or fluorine.
PAR  As indicated above, Formula I, in its simplest form, can consist merely of
      [B] which in turn would be merely Formula II with y being equal to 1. This
      is where [A] and [R] would be zero. Thus, the simplest formula is as
      follows:
      ##SPC1##
PAL  and more specifically
      ##SPC2##
PAR  Actually, while there are many compounds that meet the requirements of
      Formula I and which offer excellent flame retardant characteristics to an
      aromatic polycarbonate, the preferred additive employed in the monomeric
      form is disodium naphthalene-2,6-disulfonate. This has the following
      formula:
      ##SPC3##
PAL  Mixtures of the metal salts of the monomeric aromatic sulfonic acids can be
      employed herein.
PAR  When the polymeric form of the aromatic sulfonate is employed in the
      practice of this invention, it can best be represented by the following
      formula:
EQU  [A].sub.m [R.sub.1 ].sub.m.sub.+n [B].sub.n                III.
PAL  wherein [A] and [B] are independently selected from the following formula:
EQU  (SO.sub.3 M).sub.y R'                                      IV.
PAL  wherein R', M, and y have the same meaning as recited previously. In
      addition, the same requirement for y is also applicable. However, it is
      also understood that [A] and [B] units can be randomly selected. In
      addition, [R.sub.1 ] is an organic radical of 1-20 carbon atoms and is
      either arylene, alkylene, aralkylene, alkenylene, aralkenylene,
      alkylidene, aralkylidene, alkenylidene and aralkenylidene. In the
      polymeric form, [R.sub.1 ] cannot be monovalent as in the case of the
      monomeric form of the additive employed herein and described by Formula I
      above. In Formula III, the sum of m and n must be at least 4 and can be as
      high as 4,000. As shown, the selection of m and n can be random or equal
      or one can be zero (0). In Formula III, R.sub.1 can also contain halogen
      substituents as previously recited for [R] of Formula I.
PAR  In the practice of this invention, it is to be understood that the
      polymeric structure can be either a homopolymer, a copolymer, a random
      copolymer, a block copolymer or a random-block copolymer, including
      mixtures thereof. In addition, the ratio of sulfonated aromatic rings to
      unsulfonated aromatic rings can vary from greater than 1 to 1 to as high
      as that which is necessary to render the polycarbonate flame retardant.
      This may be 1 to 100.
PAC  Preferred Embodiment of the Invention
PAR  In order to more fully and clearly illustrate the present invention, the
      following specific examples are presented. It is intended that the
      examples be considered as illustrative rather than limiting the invention
      disclosed and claimed herein. In the examples, all parts and percentages
      are on a weight basis unless otherwise specified.
PAC  EXAMPLE I
PAR  Ninety-nine parts of an aromatic polycarbonate, prepared from
      2,2-bis(4-hydroxyphenyl)propane and phosgene in the presence of an acid
      acceptor and a molecular weight regulator and having an intrinsic
      viscosity of about 0.57, is mixed with 1 part of a finely ground
      dehydrated additive listed in Table I by tumbling the ingredients together
      in a laboratory tumbler. The resulting mixture is then fed to an extruder
      which is operated at about 265.degree.C., and the extrudate is comminuted
      into pellets.
PAR  The pellets are then injection molded at about 315.degree.C. into test bars
      of about 5 by 1/2 by about 1/16-1/8 inch thick. The test bars (5 for each
      additive listed in the Table) are then evaluated in accordance with the
      test procedure of Underwriters' Laboratories, Inc., Bulletin UL-94, May,
      1971, Burning Test for Classifying Materials. In accordance with the test
      procedure, materials are classified as either SE-0, SE-I or SE-II. The
      results are based on five specimens. The criteria for SE rating per UL-94
      is briefly as follows:
PAR  "SE-0": Average flaming and/or glowing after removal of the igniting flame
      shall not exceed 5 seconds and none of the specimens shall drip flaming
      particles which ignite absorbent cotton.
PAR  "SE-I": Average flaming and/or glowing after removal of the igniting flame
      shall not exceed 25 seconds and the flowing does not travel vertically for
      more than one-eighth inch of the specimen after flaming ceases and glowing
      is incapable of igniting absorbent cotton.
PAR  "SE-II": Average flaming and/or glowing after removal of the igniting flame
      shall not exceed 25 seconds and the specimens drip flaming particles which
      ignite absorbent cotton.
PAL  In addition, a test bar which continues to burn for more than 25 seconds
      after removal of the igniting flame is classified, not by UL-94, but the
      standards of the instant invention, as "burns". Further, UL-94 requires
      that all test bars in each test group must meet the SE type rating to
      achieve the particular classification. Otherwise, the 5 bars receive the
      rating of the worst single bar. For example, if one bar is classified as
      SE-II and the other four are classified as SE-0, then the rating for all 5
      bars is SE-II.
PAR  The results of the different additives within the scope of the instant
      invention are as follows with a control being the aromatic polycarbonate
      as prepared above without the additive of the type set forth herein.
      ##EQU1##
PAC  Example II
PAR  This Example is set forth to demonstrate the effect of the flame retardant
      additives of this invention at the lower limit of 0.01 weight percent
      based on weight of the polymer composition.
PAR  In preparing the test bars for this Example, 99.99 parts of the
      polycarbonate of Example I are mixed with 0.01 weight percent of the
      additives listed in Table 2 employing the same mixing procedure. Test bars
      are then molded using the same molding conditions employed in Example I.
      The test bars are subjected to the same test procedure of Example I with
      the following results:
TBL                                    TABLE 2                                 

     __________________________________________________________________________

                         Flame Out Time                                        

                                  No. of Drips                                 

     Additive (0.01 weight percent)                                            

                         Seconds (Avg.)                                        

                                  Per Test Bar                                 

                                          Rating                               

                                              Remarks                          

     __________________________________________________________________________

     CONTROL             31.6     4+      Burns                                

     Sodium benzenesulfonate                                                   

                         8.2      3.6     SE-II                                

     Dipotassium ortho-benzenedisulfonate                                      

                         9.8      3.0     SE-II                                

     Disodium naphthalene-2,6-disulfonate                                      

                         7.6      3.2     SE-II                                

     Sodium salt of polystyrenesulfonic                                        

                         10.2     3.6     SE-II                                

     acid containing one sulfonate group                                       

     per 3 phenyl rings and a molecular                                        

     weight of about 26,000                                                    

     __________________________________________________________________________

PAC  Example III
PAR  This Example is set forth to show the effect of a known, commercially
      available flame retardant additive.
PAR  A. Example I is repeated except that in place of the additives employed
      therein, only 1 part 1,2,5,6,9,10-hexabromocyclododecane is used herein.
      The results obtained upon evaluating five (5) test bars are the same as
      obtained for the Control shown in Table 1 above.
PAR  B. Part A. above is repeated but using 5 weight percent of the above
      additive, namely 1,2,5,6,9,10-hexabromocyclododecane. The results obtained
      are the same as obtained in Part A. above.
PAR  C. Part A. above is repeated but using 10 weight percent of the above
      additive, namely 1,2,5,6,9,10-hexabromocyclododecane. At this level of
      additive, test bars are rated SE-II. However, the polycarbonate is badly
      degraded as evidenced by severe dark streaking of the molded test bars,
      which degradation does not occur with the additives of the instant
      invention.
PAC  EXAMPLE IV
PAR  Example III is repeated except that hexabromobiphenyl is employed herein.
      The results obtained are essentially the same as those of Example III.
PAC  Example V
PAR  Example III is repeated except that the additive employed herein is a
      combination of antimony oxide and a material which is a mixture of
      polychlorinated biphenyl (Aroclor by Monsanto Company). The proportion of
      the ingredients of the additive employed in this example is based on 3
      parts of chlorine per 1 part of antimony. The results obtained at 1 weight
      percent and 5 weight percent amounts are the same as in Example III.
PAR  However, at the higher amount, namely 10 weight percent, flame retardancy
      effect is noted but with, again, severe degradation of the polycarbonate,
      as evidenced by the substantial reduction in the intrinsic viscosity of
      the molded test bars. As molded, the intrinsic viscosity of the test bars
      with 1 weight percent of the above additive is about 0.50. The intrinsic
      viscosity of the molded test bars containing 10 weight percent of the
      flame retardant additive of this Example is 0.253. This shows the severe
      degradation of the polycarbonate when employing this type of well known
      flame retardant.
PAR  In the practice of this invention, aromatic carbonate polymers are rendered
      flame retardant by the addition of certain particular additives which are
      the metal salts of monomeric or polymeric aromatic sulfonic acids or
      mixtures thereof. The amount of the additives employed in the practice of
      this invention may vary from 0.01 to up to that amount which after further
      increasing does not materially increase the flame retardant properties of
      the polycarbonate. This is generally up to about 10 weight percent based
      on the weight of the aromatic carbonate polymer but may be higher. The
      amount of the additive to be employed can also be a function of the degree
      of flame retardancy desired.
PAR  It is not exactly understood how the additive of this invention functions
      or how such minor amounts can act as an effective flame retardant for the
      aromatic carbonate polymer. Analysis of the composition of this invention
      after being subjected to a fire temperature of about 600.degree.C. shows
      an unusually high percentage of remaining char. This leads one to
      hypothesize that the additive may act as a cross-linking agent when the
      aromatic carbonate polymer is subjected to fire temperatures. However, it
      is emphasized that this is only theory and should not be construed as
      actually occurring.
PAR  As indicated previously, the additive of the instant invention comprises
      the alkali or alkali earth metal salts of the monomeric or polymeric
      aromatic sulfonic acids and includes mixtures thereof. While a great
      number of such salts are set forth in the tables of the Examples of the
      instant invention, these are only a representative sample of the additives
      of this invention. The sodium, calcium, magnesium, potassium, strontium,
      lithium, barium, rubidium and cesium salts of other aromatic sulfonic
      acids can be employed in place of those of the Examples with the same
      effective flame retardancy being achieved. These other aromatic sulfonates
      are:
PAR  meta-benzenedisulfonic acid, disodium salt
PAR  para-benzenedisulfonic acid, dipotassium salt
PAR  1,3,5-benzenetrisulfonic acid, trisodium salt
PAR  biphenyl-4-sulfonic acid, calcium salt
PAR  naphthalene-1-sulfonic acid, barium salt
PAR  xylene sulfonate, sodium salt
PAR  naphthalene-2-sulfonic acid, strontium salt
PAR  naphthalene-2,7-disulfonic acid, disodium salt
PAR  naphthalene-1,4,7-trisulfonic acid, trisodium salt
PAR  anthracene-2,6-disulfonic acid, sodium-potassium salt
PAR  phenanthrene-1-sulfonic acid, magnesium salt
PAR  pyrene-1,3,6,8-tetrasulfonic acid, tetrasodium salt
PAR  diphenylmethane-4-sulfonic acid, calcium salt
PAR  1,1-diphenylethane-4,4'-disulfonic acid, disodium salt
PAR  2,2-dichloro-1,1-diphenylethylene-4',4"-disulfonic acid, disodium salt
PAR  triphenylmethane-4,4',4"-trisulfonic acid, trisodium salt
PAR  1,1,2,2-tetraphenylethane-4,4',4",4'"-tetrasulfonic acid, tetrapotassium
      salt
PAR  fluorenedisulfonic acid, dilithium salt
PAR  9,10-dihydroanthracene-2,7-disulfonic acid, disodium salt
PAR  sulfonated polybenzyl, polysodium salt
PAR  sulfonated polystyrene, polysodium salt
PAR  sulfonated polystyrene (crosslinked with divinylbenzene), polysodium salt
PAR  sulfonated polybiphenyl, polysodium-potassium salt
PAR  sulfonated poly[1,1-di(biphenyl)ethane], polysodium salt
PAR  In the practice of this invention, the additive is generally prepared by
      well known methods in the art. For example, one such well known method
      involves taking an aromatic hydrocarbon such as benzene and contacting it
      with either sulfuric acid, chlorosulfonic acid, fuming sulfonic acid or
      sulfur trioxide. These reactions can be carried out at room temperature or
      at elevated temperatures such as about 50.degree.C. The salt is then
      prepared by adding the proper alkaline reagent in sufficient amount to
      make the neutral salt. The salt is then recovered by precipitation or by
      distillation of the solvent.
PAR  In the practice of this invention, any of the aromatic polycarbonates can
      be employed herein. However, particularly useful are the aromatic
      polycarbonates prepared by reacting a dihydric phenol, such as
      bisphenol-A, (2,2'-bis(4 hydroxyphenyl) propane) with a carbonate
      precursor. Typical of some of the dihydric phenols that may be employed in
      the practice of this invention are bis(4-hydroxyphenyl)methane,
      2,2-bis(4-hydroxyphenyl) propane,
      2,2-bis(4-hydroxy-3-methylphenyl)propane, 4,4-bis(4-hydroxyphenyl)heptane,
      2,2-(3,5,3',5'-tetrachloro-4,4'-dihydroxydiphenyl)propane,
      2,2-(3,5,3',5'-tetrabromo-4,4'-dihydroxydiphenyl) propane,
      (3,3'-dichloro-4,4'-dihydroxydiphenyl)methane. Other dihydric phenols of
      the bisphenol type are also available and are disclosed in U.S. Pat. Nos.
      2,999,835, 3,028,365 and 3,334,154.
PAR  In addition, the reaction is carried out with the carbonate precursor in
      the presence of a molecular weight regulator, an acid acceptor and a
      catalyst. The preferred carbonate precursor generally employed in
      preparing carbonate polymers is carbonyl chloride. However, other
      carbonate precursors may be employed and this includes other carbonyl
      halides, carbonate esters or haloformates.
PAR  The acid acceptors, molecular weight regulators and catalysts employed in
      the process of preparing polycarbonates are well known in the art and may
      be any of those commonly used to prepare polycarbonates.
PAR  As indicated previously, the additive employed herein can consist of
      mixtures of the metal salts. These mixtures can be mixtures of the various
      metal salts of the monomeric aromatic sulfonic acid or mixtures of the
      various metal salts of the polymeric aromatic sulfonic acids or mixtures
      of the metal salts of the monomeric and the polymeric aromatic sulfonic
      acids. The mixtures have provided certain advantages such as SE-0 rating
      of 5 test bars and essentially zero number of drips per test bar.
PAR  It will thus be seen that the objects set forth above among those made
      apparent from the preceding description are efficiently attained and since
      certain changes may be made in carrying out the above process and in the
      composition set forth without departing from the scope of this invention,
      it is intended that all matters contained in the above description shall
      be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A flame retardant carbonate polymer composition comprising in admixture
      an aromatic carbonate polymer and a minor amount of a metal salt of a
      monomeric aromatic sulfonic acid or mixtures thereof, wherein said metal
      salts thereof are selected from the group consisting of the alkali metal
      salts and the alkali earth metal salts and mixtures thereof.
NUM  2.
PAR  2. The composition of claim 1 wherein the composition comprises in
      admixture 0.01 to about 10 weight percent of the metal salt of a monomeric
      aromatic sulfonic acid or mixtures thereof based on the weight of the
      aromatic carbonate polymer composition.
NUM  3.
PAR  3. The composition of claim 1 wherein the metal salt of the monomeric
      aromatic sulfonic acid has the following formula:
EQU  [A].sub.0.sub.-1 [R].sub.0.sub.-2 [B]
PAL  wherein R is selected from the group of organic radicals consisting of
      halogen substituted and unsubstituted alkyl, aralkyl, alkaryl, aralkenyl,
      alkylene, alkylidene, aralkylidene, alkenylidene and aralkenylidene
      radicals of 1-20 carbon atoms and wherein A and B are independently
      selected from the following formula:
EQU  (SO.sub.3 M).sub.y R'
PAL  wherein M is a metal selected from the group consisting of alkali metal and
      alkali earth metal, R' is an aryl radical of 1-4 aromatic rings and y is
      an integer of 0-10, provided that the sum of y must equal 1 and wherein
      when R is 0 and A is 1, the R' radicals of [A] and [B] are directly
      linked.
NUM  4.
PAR  4. The composition of claim 3 wherein R in the formula is
      trichloroethylidene and A in the formula is 1.
NUM  5.
PAR  5. The composition of claim 3 wherein R in the formula is
      trichloroethylidene and A and B are each as follows:
EQU  (SO.sub.3 Na).sub.1 C.sub.6 H.sub.4 --
NUM  6.
PAR  6. The composition of claim 3 wherein the metal salt is as follows:
      ##SPC4##
NUM  7.
PAR  7. The composition of claim 3 wherein the metal salt is calcium benzene
      sulfonate.
NUM  8.
PAR  8. The composition of claim 1 wherein the metal salt is sodium
      benzenesulfonate.
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PAL  4-Piperidone derivatives having the formulae
      ##SPC1##
PAL  Wherein R represents a phenyl or naphthyl group which may be substituted
      with nitro, lower alkyl, halogen, hydroxyl, lower alkyl hydroxy, hydroxy
      lower alkyl or formyl or a 5- or 6-membered heterocyclic group having as a
      hetero atom at least one of oxygen atom, sulfur atom and nitrogen atom and
      R.sub.1 represents hydrogen atom or an alkyl group of 1 to 4 carbon atoms.
      They are useful as stabilizers for various synthetic polymers against
      their photo- and thermal-deteriorations and the 4-piperidone derivatives
      (II) are prepared from the corresponding
      2,2,6,6-tetramethyl-4-oxopiperidine derivatives by reaction with an
      aldehyde and the 4-piperidone derivatives (I) are prepared from the
      4-piperidone derivatives (II) through dehydration.
PARN
PAR  This is a division of application Ser. No. 325,742, filed Jan. 22, 1973.
BSUM
PAR  This invention relates to new 4-piperidone derivatives, their preparation
      and their use as stabilizers.
PAR  More particularly, this invention is concerned with the 4-piperidone
      derivatives having the formulae
      ##SPC2##
PAL  Wherein R represents a phenyl or naphthyl group which may be substituted
      with nitro, lower alkyl, halogen, hydroxy, lower alkyl hydroxy, hydroxy
      lower alkyl or formyl or a 5- or 6-membered heterocyclic group having as a
      hetero atom at least one of oxygen atom, sulfur atom and nitrogen atom and
      R.sub.1 represents hydrogen atom or an alkyl group of 1 to 4 carbon atoms.
      It is further concerned with the process for the preparation of the
      4-piperidone derivatives (I) and (II) and also with the stabilization of
      synthetic polymers against photo- and thermal-deteriorations thereof by
      having incorporated therein, in a sufficient amount to prevent said
      deterioration, at least one of the 4-piperidone derivatives (I) and (II).
PAR  In the above formulae (I) and (II), the optional substituent in the phenyl
      or naphthyl moiety of R may be illustrated by nitro; lower alkyl,
      preferably of 1 to 4 carbon atoms, e.g., methyl, ethyl, n-propyl,
      isopropyl, n-butyl or tert.-butyl; halogen, e.g., chlorine, bromine,
      iodine, fluorine; hydroxy; lower alkyl hydroxy, e.g., methoxy or ethoxy;
      hydroxy lower alkyl, e.g., hydroxymethyl or hydroxyethyl; or formyl. The
      heterocyclic group as defined above may be illustrated by 2-furyl,
      2-thienyl, 3-pyrrolyl, 2-pyridyl or 4-pyridyl. These substituents may
      occupy any position of the phenyl or naphthyl moiety other than that
      linked to the carbon atom of the side chain.
PAR  The 4-piperidone derivatives having the above formula (I) as described
      herein are contemplated to include two types of steroisomers: Specifically
      speaking, they may include both the Z-isomers wherein the group R attached
      to the carbon atom in the side chain and the carbonyl group involved in
      the piperidine ring are on the same side of the double bond and the
      E-isomers wherein the group R and the carbonyl group are on the opposite
      side of the double bond.
PAR  The term "synthetic polymer" as used herein is intended to embrace
PA1  polyolefins including homopolymers of olefins such as low-density and
      high-density polyethylene, polypropylene, polystyrene, polybutadiene,
      polyisoprene and the like, and copolymers of olefins with other
      ethylenically unsaturated monomers such as ethylene-propylene copolymer,
      ethylene-butene copolymer, ethylene-vinyl acetate copolymer,
      styrene-butadiene copolymer, acrylonitrile-styrene-butadiene copolymer and
      the like;
PA1  polyvinyl chlorides and polyvinylidene chlorides including homopolymer of
      each of vinyl chloride and vinylidene chloride, vinyl chloride-vinylidene
      chloride copolymer and copolymers of each of vinyl chloride and vinylidene
      chloride with vinyl acetate or other ethylenically unsaturated monomers;
PA1  polyacetals such as polyoxymethylene and polyoxyethylene; polyesters such
      as polyethylene terephthalate; polyamides such as 6-nylon, 6,6-nylon and
      6,10-nylon; and polyurethanes.
PAR  Synthetic polymers have been widely utilized in the art, in view of their
      excellent properties, in various forms or shapes, for example, filament,
      fibre, yarn, film, sheet, other molded article, latex and foam. However,
      these polymers have some drawbacks such as poor light-and heat-stabilities
      and the like. Stated illustratively, polyolefins and polyurethane
      elastomers frequently tend to undergo severe deterioration when exposed to
      light such as sunlight or ultraviolet ray, and polyvinyl chloride and
      polyvinylidene chloride frequently tend to deteriorate and become colored
      by the action of light and heat together with elimination of hydrogen
      chloride therefrom. Polyamides are also frequently subjected to
      photo-deterioration. For the purpose of stabilizing these synthetic
      polymers against such deterioration, there have heretofore been proposed
      in the art a number of stabilizers; for example, for polyolefins,
      benzotriazole compounds and benzophenone compounds; for polyurethanes,
      phenol compounds and benzophenone compounds; and for polyvinyl chloride
      and polyvinylidene chloride, lead salts such as basic lead silicate and
      tribasic lead maleate, and organotin compounds such as dibutyltin laurate
      and dibutyltin maleate.
PAR  Although such prior stabilizers are known to be considerably satisfactory,
      there still remained some problems to be improved.
PAR  Thus, numerous attempts have been made in the art to find and develop new
      and more effective stabilizers.
PAR  As a result of our extensive studies, it has now been found that the new
      4-piperidone derivatives (I) and (II) of this invention can be
      satisfactorily prepared and exhibit a high stabilizing effect against
      photo- and thermal-deteriorations of the synthetic polymers.
PAR  It is, accordingly, an object of this invention to provide new and useful
      4-piperidone derivatives (I) and (II).
PAR  Another object is to provide a process for the preparation of the valuable
      4-piperidone derivatives (I) and (II).
PAR  Still another object is to provide synthetic polymer composition stabilized
      against the deterioration thereof by having incorporated therein, in a
      sufficient amount to prevent the deterioration, at least one of the
      4-piperidone derivatives (I) and (II).
PAR  Other objects of this invention will become apparent to those skilled in
      the art from the following description.
PAR  In one aspect of this invention, the 4-piperidone derivatives (I) and (II)
      are all new substances unknown in the art.
PAR  Representative of the 4-piperidone derivatives of the above formulae (I)
      and (II) are as follows:
     Compound                                                                  

     No.     Chemical Name                                                     

     ______________________________________                                    

     1       3-(.alpha.-hydroxybenzyl)-2,2,6,6-tetramethyl-                    

             4-oxopiperidine                                                   

     2       3-(.alpha.-hydroxy-m-nitrobenzyl)-2,2,6,6-                        

             tetramethyl-4-oxopiperidine                                       

     3       3-(.alpha.-hydroxyfurfuryl)-2,2,6,6-tetramethyl-                  

             4-oxopiperidine                                                   

     4       3-(.alpha.-hydroxy-p-methylbenzyl)-2,2,6,6-                       

             tetramethyl-4-oxopiperidine                                       

     5       3-(.alpha.-hydroxy-p-formylbenzyl)-2,2,6,6-                       

             tetramethyl-4-oxopiperidine                                       

     6       3-(.alpha.-hydroxy-.alpha.-naphthylmethyl)-2,2,6,6-               

             tetramethyl-4-oxopiperidine                                       

     7       3-(.alpha.-hydroxy-2-pyridylmethyl)-2,2,6,6-                      

             tetramethyl-4-oxopiperidine                                       

     8       3-(.alpha.-hydroxybenzyl)-1,2,2,6,6-pentamethyl-                  

             4-oxopiperidine                                                   

     9       3-Z-benzylidene-2,2,6,6-tetramethyl-4-                            

             oxopiperidine                                                     

     10      3-E-benzylidene-2,2,6,6-tetramethyl-4-                            

             oxopiperidine                                                     

     11      3-Z-furfurylidene-2,2,6,6-tetramethyl-4-                          

             oxopiperidine                                                     

     12      3-E-furfurylidene-2,2,6,6-tetramethyl-4-                          

             oxopiperidine 2                                                   

     13      2,2,6,6-tetramethyl-3-Z-(m-nitrobenzylidene)-                     

             4-oxopiperidine                                                   

     14      2,2,6,6-tetramethyl-3-Z-(p-methylbenzylidene)-                    

             4-oxopiperidine                                                   

     15      3-Z-(p-formylbenzylidene)-2,2,6,6-tetramethyl-                    

             4-oxopiperidine                                                   

     16      3-Z-(p-hydroxymethylbenzylidene)-2,2,6,6-                         

             tetramethyl-4-oxopiperidine                                       

     17      3-Z-benzylidene-1,2,2,6,6-pentamethyl-                            

             4-oxopiperidine                                                   

     ______________________________________                                    

PAR  The above-listed compounds are frequently and hereinbelow referred to as
      their compound Nos.
PAR  Of the 4-piperidone derivatives (I) and (II) of this invention, those
      derivatives designated by Compound Nos. 1, 3, 4, 9, 10, 11, 12 and 14 are
      particularly preferable in view of their stabilizing effects against
      photo- and thermal-deteriorations of synthetic polymers.
PAR  In another aspect of this invention, there is provided the process for the
      preparation of the 4-piperidone derivatives having the above formulae (I)
      and (II) as illustratively shown by the following reaction schema:
      ##SPC3##
PAR  In the above formulae, R and R.sub.1 are as defined above.
PAR  One step of the process of this invention for the preparation of the
      4-piperidone derivatives (II) comprises reacting the starting 4-piperidone
      derivative having the above formula (III) with the aldehyde having the
      above formula (IV).
PAR  In carrying out this step, it is preferable to conduct the reaction in the
      presence of a base catalyst or a carbanion-producing agent. Examples of
      the catalyst which may be employed are hydroxides, carbonates or alkoxides
      of alkali metal or alkaline earth metal, e.g., sodium hydroxide, potassium
      hydroxide, calcium hydroxide, barium hydroxide, sodium carbonate,
      potassium carbonate, calcium carbonate, barium carbonate, sodium
      methoxide, sodium ethoxide and the like, sodium hydroxide being
      preferable. Where the base catalyst is employed, it may be advantageously
      employed in the reaction in its aqueous solution form. The reaction
      temperature is not critical, but the reaction can be preferably effected
      at room temperature. The reaction period of time is not critical and may
      vary depending upon the reaction temperature and other factors, but the
      reaction is usually completed within about 1 to 15 hours. After completion
      of the reaction, the desired product (II) may be readily recovered and
      purified by a conventional method. For instance, the crystalline mass
      separated in situ is recovered by filtration and purified by washing with
      water followed by recrystallization from a suitable solvent such as
      benzene.
PAR  Alternatively, this step may be effected by reacting the starting
      4-piperidone derivative (III) with the aldehyde (IV) in the presence of a
      carbanion-producing agent, preferably in the presence of an organic
      solvent under an inert atmosphere. Examples of the carbanion-producing
      agent which may be employed are alkyl alkali metals, e.g., butyl lithium,
      alkali metal alkoxides, e.g., sodium methoxide or sodium ethoxide; alkali
      metal hydrides, e.g., sodium hydride; alkali metal amides, e.g., sodium
      amide; and the like. Examples of the organic solvent are alcohols, e.g.,
      methanol or ethanol, aromatic hydrocarbons, e.g., benzene, toluene or
      xylene and ethers, e.g., ether or terahydrofuran, preferably these
      solvents being anhydrous. As explained above, the reaction may be
      preferably conducted under an inert atmosphere such as gaseous nitrogen,
      helium or argon. The reaction temperature is not critical, but the
      reaction may be usually effected at a temperature of about
      0.degree.-80.degree.C. The reaction period of time is not critical, but
      the reaction is usually completed within about 1 to 10 hours. After
      completion of the reaction, the desired product (II) may be readily
      recovered and purified by a conventional method. For instance, the
      reaction mixture is poured into a dilute aqueous solution of hydrochloric
      acid cooled with ice, an acidic aqueous layer is separated and saturated
      with an alkali carbonate such as sodium carbonate or potassium carbonate.
      Extraction of the saturated aqueous layer with an organic solvent and
      concentration can give the desired product (II).
PAR  Another step of the process of this invention for the preparation of the
      4-piperidone derivatives (I) from the 4-piperidone derivatives (II)
      comprises subjecting the 4-piperidone derivatives (II) obtained from the
      abovementioned step to dehydration.
PAR  In carying out this step, the reaction may be readily effected by treating
      the 4-piperidone derivative (II) with a dehydrating agent. Examples of the
      dehydrating agent which may be employed are acid anhydrides, e.g., acetic
      anhydride or phosphoric anhydride and acid halides, e.g., acetyl chloride,
      benzoyl chloride or p-toluenesulfonyl chloride, acetic anhydride being
      preferable. The reaction may also be effected in the presence of an
      organic solvent such as aromatic hydrocarbons, e.g., benzene or toluene.
      The reaction temperature is not critical, but the reaction may be usually
      effected at room temperature or a reflux temperature of the organic
      solvent employed. The reaction period of time is not critical and may vary
      depending upon the reaction temperature and other factors, but the
      reaction is usually completed within about 5 to 15 hours. In some cases,
      it is preferable to externally cool the reaction system when the
      dehydrating agent is added thereto. After completion of the reaction, the
      desired product (I) may be readily recovered and purified by a
      conventional method. For instance, where an acid is formed in situ through
      dehydration, the reaction mixture is neutralized with a suitable base and
      then extracted with a suitable organic solvent. Then, the solvent is
      distilled off and the residue is recrystallized from a suitable organic
      solvent or distilled under reduced pressure to give the desired product
      (I).
PAR  In still another aspect of this invention, there is provided a synthetic
      polymer composition stabilized against photo- and thermal-deteriorations
      wherein there is incorporated, in a sufficient amount to prevent said
      deterioration, at least one compound selected from the 4-piperidone
      derivatives (I) and (II).
PAR  According to this invention, the 4-piperidone derivatives (I) and (II)
      employed as a stabilizer in the present invention may be readily
      incorporated into the synthetic polymers by any of the various standard
      procedures commonly utilized in the art. The stabilizer may be
      incorporated into the synthetic polymers at any desired stage prior to the
      manufacture of shaped articles therefrom. Thus, for example, the
      stabilizer in the form of a dry powder may be admixed with the synthetic
      polymer, or a suspension or emulsion of the stabilizer may be admixed with
      a solution, suspension or emulsion of the synthetic polymer.
PAR  The amount of the 4-piperidone derivatives (I) and (II) employed in the
      synthetic polymer in accordance with the present invention may be varied
      widely, depending upon the types, properties and particular uses of the
      synthetic polymer to be stabilized. In general, the 4-piperidone
      derivatives of the formulae (I) and (II) may be added in an amount ranging
      from 0.01 to 5.0% by weight, based on the amount of the synthetic polymer,
      but the practical range is varied depending upon the type of the synthetic
      polymer, that is 0.01 to 2.0% by weight, preferably 0.02 to 1.0% by weight
      for polyolefins, 0.01 to 1.0% by weight, preferably 0.02 to 0.5% by weight
      for polyvinyl chloride and plyvinylidene chloride, and 0.01 to 5.0% by
      weight, preferably 0.02 to 2.0% by weight for polyurethanes and
      polyamides.
PAR  The present stabilizer may be used alone or in combination with other known
      additives such as antioxidants, ultraviolet absorbers, fillers, pigments
      and the like. Examples of the antioxidants include the phenol type
      compounds, e.g., 2.6-di-tert.-butyl-p-cresol,
      4,4'-thiobis(6-tert.-butyl-3-methylphenol),
      2,2'-thiobis-(6-tert.-butyl-4-methylphenol),
      4,4'-bis(2,6-di-tert.-butylphenol), 4,4'-bis(2,6-diisopropyl phenol),
      2,4,6-triisopropyl phenol, 4,4'-butylidene bis(
      6-tert.-butyl-3-methylphenol),
      1,1,3-tris(5-tert.-butyl-4-hydroxy-2-methylphenyl)butane, tetrakis [.beta.
      -3,5-di-tert.-butyl-4-hydroxyphenyl)propionyloxymethyl]methane,
      2,4,6-tris(3,5-di-tert.-butyl-4-hydroxy benzyl)mesitylene; the
      thiodipropionate type compounds, e.g., dilauryl thiodipropionate; and the
      alkyl, aryl- or alkaryl-phosphites, e.g., triphenyl phosphite,
      tris-(p-nonyl)phenyl phosphite, diphenyl decyl phosphite. Examples of the
      ultraviolet absorbers include the benzotriazole type compounds, e.g.,
      2-(2'hydroxy-5'-methylphenyl)benzotriazole,
      2-(3',5'-di-tert.-butyl-2'-hydroxyphenyl)-5-chlorobenzotriazole; the
      salicylate type compounds, e.g., 4-tert.-butylphenyl salicylate; the
      benzophenone type compounds, e.g., 2-hydroxy-4-oxtoxybenzophenone; and
      2',4'-di-tert.-butylphenyl-3,5-di-tert.-butyl-4-hydroxybenzoate,
      methyl-.alpha.-cyano-.beta.-methyl-.beta.-(p-methoxyphenyl)acrylate and
      [2,2'-thiobis(4-tert.-octylphenolate)]-n-butylamine Ni (II).
PAR  If desired, two or more of the 4-piperidone derivatives (I) and (II) and
      may be satisfactorily utilized in this invention.
PAR  The other additives as depicted above may be usually employed together with
      the 4-piperidone derivatives of this invention at a ratio of 0.5 - 3 to 1.
PAR  In order that the invention may be better understood, the following
      Examples are given solely for the purpose of illustration of this
      invention. In the Examples, all parts are given by weight unless otherwise
      indicated and the compound number of the stabilizing compound as used
      hereinbelow is the same as illustratively shown above.
PAR  Examples 1 through 15 describe the preparation of the 4-piperidone
      derivatives of this invention.
PAR  Examples 16 through 20 describe the synthetic polymer compositions having
      incorporated therein the 4-piperidone derivatives and their stabilization
      effects.
DETD
PAC  EXAMPLE 1
PAC  3-(.alpha.-Hydroxybenzyl)-2,2,6,6-tetramethyl-4-oxo-piperidine
PAR  To a mixture of 102.5 g of triacetonamine monohydrate and 63g. of
      benzaldehyde in 100 ml. of water was added with stirring 12g. of an 10%
      aqueous solution of sodium hydroxide. After completion of the addition,
      the mixture was stirred at room temperature for additional 6 hours.
      Crystalline mass thus separated was recovered by filtration, washed with
      water and then with benzene and recrystallized from benzene to give the
      desired product as white crystals having a decomposition point of
      175.degree. - 176.degree.C.
PAR  Analysis for C.sub.16 H.sub.23 NO.sub.2 :  Calculated: C, 73.57%; H, 8.87%;
      N, 5.36%  Found: C, 73.37%; H, 8.93%; N, 5.38%
PAR  Mass spectrum: Calculated Molecular Weight 261, M.sup.+ 261
PAR  IR spectrum (Wujol mull): .nu..sub.OH 3050 cm.sup.-.sup.1,
      .nu..sub.C.sub.=O 1700 cm.sup..sup.-1.
PAR  According to the same procedure as shown in Example 1, the compounds of
      Examples 2 and 3 were prepared.
PAC  EXAMPLE 2
PAC  3-(.alpha.-Hydroxy-m-nitrobenzyl)-2,2,6,6-tetramethyl-4-oxopiperidine
PAR  White crystals having a decomposition point of 170.degree. - 171.degree.C.
PAR  Analysis for C.sub.14 H.sub.22 N.sub.2 O.sub.4 :  Calculated: C, 62.72%; H,
      7.24%; N, 9.14%  Found: C, 62.90%; H, 7.37%; N, 9.07%
PAR  Mass spectrum: Calculated Molecular Weight  306, M.sup.+ 306
PAR  IR spectrum (Nujol mull): .nu..sub.OH 2750 cm.sup.-.sup.1,
      .nu..sub.C.sub.=O 1700 cm.sup.-.sup.1.
PAC  EXAMPLE 3
PAC  3-(.alpha.-Hydroxyfurfuryl)-2,2,6,6-tetramethyl-4-oxopiperidine
PAR  Pale yellow crystals having a decomposition point of 144.degree. -
      145.degree.C.
PAR  Analysis for C.sub.14 H.sub.21 NO.sub.3 :  Calculated: C, 66.90%; H, 8.42%;
      N, 5.57% Found: C, 66.63%; H, 8.49%; N, 5.67%
PAR  Mass spectrum: Calculated Molecular Weight  251, M.sup.+ 251
PAR  IR spectrum (Nujol mull): .nu..sub.OH 2750 cm.sup.-.sup.1,
      .nu..sub.C.sub.=O 1700 cm.sup.-.sup.1.
PAC  EXAMPLE 4
PAC  3-(.alpha.-Hydroxy-p-methylbenzyl)-2,2,6,6-tetramethyl-4-oxopiperidine
PAR  To a mixture of 12g. of p-tolualdehyde, 15.5 g. of triacetone amine and 50
      ml. of anhydrous ether was added dropwise 42.6g. of butyl lithium (as a
      15% solution in n-hexane) at -50.degree. to -60.degree.C. under a nitrogen
      gas stream. After completion of the dropwise addition, the mixture was
      stirred at room temperature for 3 hours. Then, the reaction mixture was
      poured into 5% dilute hydrochloric acid with ice-cooling. The aqueous
      layer was separated and saturated with potassium carbonate. Then, the
      ether layer was separated and concentrated to yield crude crystalline
      mass. The mass was recrystallized from benzene to give the desired product
      as white crystals having a decomposition point of 160.degree. -
      161.degree.C.
PAR  Analysis for C.sub.17 H.sub.25 NO.sub.2 :  Calculated: C, 74.14%; H, 9.15%;
      N, 5.09%  Found: C, 74.34%; H, 9.18%; N, 5.27%
PAR  IR spectrum (Nujol mull): .nu..sub.OH 2750 cm.sup.-.sup.1,
      .nu..sub.C.sub.=O 1700 cm.sup.-.sup.1.
PAR  Mass spectrum: Calculated Molecular Weight 275, M.sup.+ 275
PAR  According to the same procedure as shown in Example 4, the compounds of
      Examples 5 through 7 were prepared.
PAC  EXAMPLE 5
PAC  3-(.alpha.-Hydroxy-p-formylbenzyl)-2,2,6,6-tetramethyl-4-oxopiperidine
PAR  White crystals having a decomposition point of 183.degree. - 184.degree.C.
PAR  Analysis for C.sub.17 H.sub.23 NO.sub.3 :  Calculated: C, 70.56%; H, 8.01%;
      N, 4.84%
PAR  Found: C, 70.80%; H, 8.03%; N, 4.72%
PAR  Mass spectrum: Calculated Molecular Weight 289, M.sup.+ 289
PAR  IR spectrum (Nujol mull): .nu..sub.OH 2750 cm.sup.-.sup.1,
      .nu..sub.C.sub.=O 1700 cm.sup.-.sup.1
PAR  NMR spectrum (heavy DMSO soln.) (.delta. value): 10.25 ppm (singlet, 1H,
      --CHO)
PAC  EXAMPLE 6
PAC  3-(.alpha.-Hydroxy-.alpha.-naphthylmethyl)-2,2,6,6-tetramethyl-4-oxopiperid
     ine
PAR  White crystals having a decomposition point of 174.degree. - 175.degree.C.
PAR  Analysis for C.sub.20 H.sub.25 NO.sub.2 :  Calculated: C, 77.13%; H, 8.09%;
      N, 4.50%  Found: C, 77.26%; H, 7.89%; N, 4.37%
PAR  Mass spectrum: Calculated Molecular Weight 311, M.sup.+ 311
PAR  IR spectrum (Nujol mull): .nu..sub.OH 2750 cm.sup.-.sup.1,
      .nu..sub.C.sub.=O 1700 cm.sup.-.sup.1.
PAC  EXAMPLE 7
PAC  3-(.alpha.-Hydroxy-2-pyridylmethyl)-2,2,6,6-tetramethyl-4-oxopiperidine
PAR  White crystals having a decomposition point of 134.degree. - 135.degree.C.
PAR  Analysis for C.sub.15 H.sub.22 N.sub.2 O.sub.2 :  Calculated: C, 68.67%; H,
      8.45%; N, 10.68%  Found: C, 68.52%; H, 8.63%; N, 10.56%
PAR  Mass spectrum: Calculated Molecular Weight 262, M.sup.+ 262
PAR  IR spectrum (Nujol mull): .nu..sub.OH 3100 cm.sup.-.sup.1,
      .nu..sub.C.sub.=O 1695 cm.sup.-.sup.1
PAR  Similarly, the following compound was prepared:
      3-(.alpha.-hydroxybenzyl)-1,2,2,6,6-pentamethyl-4-oxopiperidine, m.p.
      78.degree.-79.degree.C.
PAC  EXAMPLE 8
PAC  3-Z-Benzylidene-2,2,6,6-tetramethyl-4-oxopiperidine
PAR  To 80g. of 3-(.alpha.-hydroxybenzyl)-2,2,6,6-tetramethyl-4-oxopiperidine
      was added 62.4g. of acetic anhydride under ice-cooling and the resulting
      mixture was stirred at room temperature for 10 hours. Thereafter, the
      reaction mixture was neutralized by addition of potassium carbonate under
      ice-cooling and extracted with ether. The ether extract was dried and
      concentrated and the residue was recrystallized from n-hexane to give the
      3-Z-benzylidene derivative as white crystals melting at 72.degree. -
      73.degree.C. Yield: 46% upon the 3-(.alpha.-hydroxybenzyl)derivative.
PAR  Analysis for C.sub.16 H.sub.21 NO  Calculated: C, 78.97%; H, 8.70%; N,
      5.76%  Found: C, 78.69%; H, 8.73%; N, 5.70%
PAR  IR spectrum (Nujol mull): .nu..sub.C.sub.=O 1680 cm.sup.-.sup.1,
      .nu..sub.C.sub.=C 1635 cm.sup.-.sup.1
PAR  Mass spectrum: Calculated Molecular Weight 243.34, M.sup.+ 243
PAR  NMR spectru (CCl.sub.4 soln., value):  8.78 (--CH.sub.3, 6H, singlet), 8.60
      (--CH.sub.3, 6H, singlet),  7.56 (--CH.sub.2, 2H, singlet), 3.60 (.sub.H,
      1H),  2.79 (--C.sub.6 H.sub.5, 5H).
PAC  EXAMPLE 9
PAC  3-E-Benzylidene-2,2,6,6-tetramethyl-4-oxopiperidine
PAR  The mother liquor from the recrystallization procedure in the above Example
      8 was subjected to distillation under reduced pressure to give the
      3-E-benzylidene derivative as colorless liquids boiling at
      142.degree.-143.degree.C/3 mmHg.
PAR  Yield: 49.3% upon the 3-(.alpha.-hydroxybenzyl) derivative.
PAR  Analysis for C.sub.16 H.sub.21 NO :  Calculate: C, 78.97%; H, 8.70%; N,
      57.76%  Found: C, 78.80%; H, 8.85%; N, 5.81%
PAR  IR spectrum (liquid film): .nu..sub.C.sub.=O 1690 cm.sup.-.sup.1,
      .nu..sub.C.sub.=C 1620 cm.sup.-.sup.1.
PAR  Mass spectrum: Calculated Molecular Weight 243.34, M.sup.+ 243
PAR  NMR spectrum (CCl.sub.4 soln., .tau. value):
PAR  7.57 (--CH.sub.2 --, 2H, singlet), 2.78 (--C.sub.6 H.sub.5, 5H),
PAR  2.48 (.sub.H, 1H).
PAR  Where each methyl proton of the above two compounds is saturated according
      to a spin decoupling method (Nuclear Oberhouser Effect) of the NMR
      spectrum, the liquid product shows no increase in integrated intensity of
      =CH-- proton, whereas the crystalline product shows increase by 18 - 19%
      in integrated intensity and the =CH-- proton in the liquid product is
      shifted to a lower magnetic field. It becmes apparent from the foregoing
      that the crystalline product is the 3-Z-benzylidene derivative and the
      liquid product is the 3-E-benzylidene derivative.
PAR  According to the same procedures as shown in Examples 8 and 9, the
      compounds of Examples 10 to 15 were prepared.
PAC  EXAMPLE 10
PAC  3-Z-Furfurylidene-2,2,6,6-tetramethyl-4-oxopiperidine
PAR  Yellow crystals melting at 52.degree. - 53.degree.C.
PAR  Analysis for C.sub.14 H.sub.19 NO.sub.2 :  Calculated: C, 72.07%; H, 8.21%;
      N, 6.00%  Found : C, 71.78%; H, 8.20%; N, 5.92%
PAR  IR spectrum (Nujol mull): .nu..sub.C.sub.=O 1680 cm.sup.-.sup.1,
      .nu..sub.C.sub.=C 1588 cm.sup.-.sup.1
PAR  Mass spectrum: Calculated Molecular Weight 233.30, M.sup.+ 233
PAR  NMR spectrum (CCl.sub.4 soln., .tau. value): 7.59 (--CH.sub.2 --, 2H,
      singlet).
PAC  EXAMPLE 11
PAC  3-E-Furfurylidene-2,2,6,6-tetramethyl-4-oxopiperidine
PAR  Yellow liquid boiling at 137.degree.-140.degree. C/3 mmHg.
PAR  Analysis for C.sub.14 H.sub.19 NO.sub.2 :  Calculated: C, 72.07%; H, 8.21%;
      N, 6.00%  Found: C, 72.32%; H, 8.32%; N, 5.77%
PAR  Mass spectrum: Calculated Molecular Weight 233.30, M.sup.+ 233.
PAR  NMR spectrum (CCl.sub.4 soln., .tau. value): 7.62 (--CH.sub.2 --, 2H,
      singlet).
PAC  EXAMPLE 12
PAC  2,2,6,6-Tetramethyl-3-Z-(m-nitrobenzylidene)-4-oxopiperidine
PAR  Pale yellow crystals melting at 67.degree. - 68.degree.C.
PAR  Analysis for C.sub.16 H.sub.20 N.sub.2 O.sub.3 : Calculated: C, 66,64%; H,
      6.99%; N, 9.72% Found: C, 66.73%; H, 7.02%; N, 9.59%
PAR  IR spectrum (Nujol mull): .nu..sub.C.sub.=O 1695 cm.sup.-.sup.1,
      .nu..sub.C.sub.=C 1610 cm.sup.-.sup.1.
PAR  Mass spectrum: Calculated Molecular Weight 288.34, M.sup.+ 288.
PAR  NMR spectrum (CCl.sub.4 soln., .tau. value): 7.50 (--CH.sub.2 --, 2H
      singlet), 3.5 (=CH--, 1H, singlet).
PAC  EXAMPLE 13
PAC  2,2,6,6-Tetramethyl-3-Z-(p-methylbenzylidene)-4-oxopiperidine
PAR  White crystals melting at 78.degree. - 79.degree.C.
PAR  Analysis for C.sub.17 H.sub.23 NO :  Calculated: C, 79.33%; H, 9.01%; N,
      5.44%  Found: C, 79.09%; H, 9.10%; N, 5.64%
PAR  IR spectrum (Nujol mull): .nu..sub.C.sub.=O 1685 cm.sup.-.sup.1,
      .nu.C.sub.=C 1630 cm.sup.-.sup.1.
PAR  Mass spectrum: Calculated Molecular Weight 257.31, M.sup.+ 257
PAR  NMR spectrum (CCl.sub.4 soln., .tau. value): 7.70 (--C.sub.6 H.sub.4 --
      CH.sub.3, 3H), 7.57 (--CH.sub.2 --, 2H), 3.63 (=CH--, 1H).
PAC  EXAMPLE 14
PAC  3-Z-(p-formylbenzylidene)-2,2,6,6-tetramethyl-4-oxopiperidine
PAR  White crystals melting at 69.degree. - 70.degree.C.
PAR  Analysis for C.sub.17 H.sub.21 NO.sub.2 :  Calculated: C, 75.24%; H, 7.80%;
      N, 5.16%  Found: C, 74.95%; H, 7.87%; N, 5.14%
PAR  IR spectrum (Nujol mull): .nu..sub.C.sub.=O 1690 cm.sup.-.sup.1,
      .nu..sub.C.sub.=C 1630 cm.sup.-.sup.1.
PAR  Mass spectrum: Calculated Molecular Weight 271.35, M.sup.+ 271.
PAR  NMR spectrum (CCl.sub.4 soln., .tau. value): 7.52 (--CH.sub.2 --, 2H), 3.53
      (=CH--, 1H), 0.10 (--CHO, 1H).
PAC  EXAMPLE 15
PAC  3-Z-(p-hydroxymethylbenzylidene)-2,2,6,6-tetramethyl-4-oxopiperidine
PAR  White crystals melting at 152.degree.-153.degree.C.
PAR  Analysis for C.sub.17 H.sub.23 NO.sub.2 :  Calculated: C, 74.69%; H, 8.48%;
      N, 5.12%  Found: C, 74.92%; H, 8.55%; N, 4.98%
PAR  IR spectrum (Nujol mull): .nu..sub.OH 3200 cm.sup.-.sup.1,
      .nu..sub.C.sub.=O 1690 cm.sup.-.sup.1, .nu..sub.C.sub.=C 1640
      cm.sup.-.sup.1, .nu..sub.C.sub.-C 1060 cm.sup.-.sup.1.
PAR  Mass spectrum: Calculated Molecular Weight 273.36, M.sup.+ 273.
PAR  NMR spectrum (CDCl.sub.3 soln., .tau.value): 7.43 (--CH.sub.2 --, 2H), 3.90
      (-CH.sub.2 OH, 2H), 3.45 (=CH--, 1H).
PAR  Similarly, the following compound was prepared:
      3-Z-benzylidene-1,2,2,6,6-pentamethyl-4-oxopiperidine, m.p. 45.degree. -
      46.degree.C.
PAC  EXAMPLE 16
PAR  Into 100 parts of polypropylene ["Noblen JHH-G", trade name, after twice
      recrystallizations from monochlorobenzene, available from Mitsui Toatsu
      Chemicals Inc., Japan] was incorporated 0.25 part of each of the
      stabilizing compounds of this invention as indicated below. The resulting
      mixture was blended and molten. The molten mixture was molded into a sheet
      with a thickness of 0.5 mm. under heating and pressure by a conventional
      technique.
PAR  As a control for comparative purpose, polypropylene sheets were formed by
      repeating the same procedure as described above except that no stabilizing
      compounds of this invention were employed.
PAR  Thereafter, all of these sheets thus prepared were tested for the
      "brittleness time" (which means the time, expressed in terms of hour,
      required until the test sheet becomes brittle) under ultraviolet
      irradiation at 45.degree.C. by means of the fade-meter, "Standard
      Fade-Meter Type FA-1" manufactured and sold by Toyo Rika Instruments,
      Inc., Japan. Such an instrument is a modification of Atlas Fade-O-meter
      Type FDA-R (Atlas Electric Devices Co., U.S.A.) and meets the requirements
      prescribed in the item 3.8 of Japanese Industrial Standard "L 1044".
PAR  The results are set forth in the following Table I.
TBL                Table I.                                                    

     ______________________________________                                    

     Stabilizing compound Brittleness time                                     

     Compound No.         (hrs.)                                               

     ______________________________________                                    

     1                    320                                                  

     2                    360                                                  

     3                    560                                                  

     8                    240                                                  

     9                    460                                                  

     10                   320                                                  

     11                   380                                                  

     14                   480                                                  

     17                   280                                                  

     None                  60                                                  

     ______________________________________                                    

PAC  EXAMPLE 17
PAR  Into 100 parts of high-density polyethylene ["Hi-Zex", trade name,
      available from Mitsui Toatsu Chemicals Inc., Japan, employed after twice
      recrystallizations from toluol] were incorporated 0.25 part of each of the
      stabilizing compounds of this invention indicated below. The resulting
      mixture was made into a sheet by the same procedure as in the above
      Example 16.
PAR  The sheet thus formed was tested for the brittleness time by the same test
      method as in the above Example 16. The results are given in the following
      Table II.
TBL                Table II.                                                   

     ______________________________________                                    

     Stabilizing compound Brittleness time                                     

     Compound No.         (hrs.)                                               

     ______________________________________                                    

      9                   780                                                  

     10                   760                                                  

     11                   700                                                  

     13                   540                                                  

     14                   820                                                  

     15                   620                                                  

     16                   680                                                  

     None                 360                                                  

     ______________________________________                                    

PAC  EXAMPLE 18
PAR  Into 100 parts of 6-nylon ["CM 1011", trade name, available from Toray
      Industries Inc., Japan] was incorporated 0.25 part of each of the
      stabilizing compound of this invention as indicatedicated below. The
      resulting mixture was heated and melted and then molded into a film having
      a thickness of 0.1 mm. under pressure by a conventional compression
      molding machine. The film thus formed was aged under the following aging
      condition and thereafter subjected to a tensile test to determine the
      retentions of tensile strength and elongation by a standard method.
PAC  AGING TEST
PAR  Exposure to ultraviolet ray for 300 hours in the Fade Meter described in
      the above Example 1 at 45.degree.C.
PAR  The results are given in the following Table III.
TBL                TABLE III.                                                  

     ______________________________________                                    

     Stabilizing compound                                                      

                  Retention of Retention of                                    

     Compound No. elongation(%)                                                

                               tensile strength (%)                            

     ______________________________________                                    

      9           72           79                                              

     10           63           68                                              

     11           66           65                                              

     14           67           70                                              

     None         11           40                                              

     ______________________________________                                    

PAC  EXAMPLE 19
PAR  Into 100 parts of polyurethane prepared from polycaprolactone ["E-5080",
      trade name, available from The Nippon Elastollan Industries Ltd., Japan]
      was incorporated 0.5 part of each of the stabilizing compounds of this
      invention indicated below. The resulting mixture was heated and melted and
      then molded into a sheet having a thickness of about 0.5 mm. The sheet
      thus formed was subjected to the exposure to ultraviolet ray in the Fade
      Meter as specified in the above Example 16 at 45.degree.C. for 15 hours
      and then tested for the retentions of ultimate elongation and ultimate
      tensile strength as in the above Example 18.
PAR  The results are given in the following Table IV.
TBL                Table IV.                                                   

     ______________________________________                                    

     Stabilizing compound                                                      

                  Retention of Retention of                                    

     Compound No. elongation(%)                                                

                               tensile strength (%)                            

     ______________________________________                                    

      1           91           89                                              

      9           90           88                                              

     10           87           84                                              

     11           86           84                                              

     14           85           81                                              

     None         78           50                                              

     ______________________________________                                    

PAC  EXAMPLE 20.
PAR  Into 100 parts of polyvinyl chloride ["Geon 103EP", trade name, available
      from The Japanese Geon Co., Ltd., Japan] were incorporated 1.0 part of
      lead stearate, 0.5 part of dibasic lead phosphite, 0.5 part of cadmium
      stearate, 0.5 part of barium stearate and 0.2 part of each of the
      stabilizing compounds of this invention as indicated below. The resulting
      mixture was kneaded for 4 minutes on a kneading roll at 180.degree.C. and
      formed into a sheet with a thickness of about 0.5 mm.
PAR  The sheet thus formed was aged under the following aging condition to
      observe the discoloration of the sheet.
PAC  AGING TEST
PA1  1. exposure for 600 hours to the Fade Meter as described in the above
      Example 16.
PA1  2. Aging at 170.degree.C. for 90 minutes in the Geer's aging tester as
      prescribed in Japanese Industrial Standard JIS K 6301 entitled "Physical
      Testing Method for Vulcanized Rubber", Paragraph 6.5. The results are
      given in the following Table V.
TBL                Table V.                                                    

     ______________________________________                                    

     Stabilizing compound                                                      

     Compound No.   Fade meter  Geer's tester                                  

     ______________________________________                                    

      9             Yellow      Yellow                                         

     10             "           "                                              

     11             "           Pale yellow                                    

     13             "           "                                              

     14             "           Brown                                          

     15             "           "                                              

     None           Dark brown  Black                                          

     ______________________________________                                    

PAR  From the above results it can be seen that the 4-piperidone derivatives of
      this invention exhibit a high degree of stabilizing effect on synthetic
      polymers against deteriorations thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A synthetic polymer composition stabilized against photo- and
      thermal-deterioration wherein there is incorporated, in a sufficient
      amount to prevent said deterioration, a compound selected from the group
      consisting of the 4-piperidone derivatives having the formulae
      ##SPC4##
      ##SPC5##
PAL  wherein R represents a phenyl or naphthyl group which may be substituted
      with nitro, lower alkyl, halogen, hydroxy, lower alkyl hydroxy, hydroxy
      lower alkyl or formyl or a 5-- or 6-- membered heterocyclic group having
      as a hetero atom a member selected from the group consisting of oxygen,
      sulfur and nitrogen and R.sub.1 represents hydrogen atom or an alkyl group
      of 1 to 4 carbon atoms.
NUM  2.
PAR  2. The synthetic polymer composition according to claim 1 wherein said
      4-piperidone derivative is incorporated in an amount of 0.01 - 5.0% by
      weight, based upon the amount of the synthetic polymer.
NUM  3.
PAR  3. The synethic polymer composition according to claim 1 wherein said
      polymer is a polyolefin.
NUM  4.
PAR  4. The synthetic polymer composition according to claim 1 wherein said
      polymer is a polyvinyl chloride.
NUM  5.
PAR  5. The synthetic polymer composition according to claim 1 wherein said
      polymer is a polyurethane.
NUM  6.
PAR  6. The synthetic polymer composition according to claim 1 wherein said
      polymer is a polyamide.
NUM  7.
PAR  7. The synthetic polymer composition according to claim 1
PAL  wherein said 4-piperidone derivative is selected from
PA1  3-(.alpha.-hydroxybenzyl)-2,2,6,6-tetramethyl-4-oxopiperidine,
PA1  3-(.alpha.-hydroxyfurfuryl)-2,2,6,6-tetramethyl-4-oxopiperidine,
PA1  3-(.alpha.-hydroxy-p-methylbenzyl)-2,2,6,6-tetramethyl-4-oxopiperidine,
PA1  3-Z-benzylidene-2,2,6,6-tetramethyl-4-oxopiperidine,
PA1  3-E-benzylidene-2,2,6,6-tetramethyl-4-oxopiperidine,
PA1  3-Z-furfurylidene-2,2,6,6-tetramethyl-4-oxopiperidine,
PA1  3-E-furfurylidene-2,2,6,6-tetramethyl-4-oxopiperidine
PAL  and
PA1  2,2,6,6-tetramethyl-3-Z-(p-methylbenzylidene)-4-oxo-piperidine.
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ABST
PAL  A stabilized polyolefin composition having resistance against deterioration
      caused by contact with heavy metals such as copper which comprises 100
      weight parts of polyolefin and 0.001-5 weight parts of
      N-(salicyloylamino)imide is disclosed.
BSUM
PAR  This invention relates to a polyolefin composition having resistance
      against deterioration caused by contact with heavy metals.
PAR  Heretofore, such polyolefins as polyethylene, polypropylene, polybutene and
      the like have been employed in the form of several kinds of molded
      products manufactured by several kinds of molding processes in the wide
      field owing to their excellent physical or chemical characteristics.
      However, as is commonly known, if a polyolefin is employed with no
      additives, it will be deteriorated by heat, light or oxygen during
      processing or its use. In order to prevent its deterioration, several
      kinds of anti-oxidizing agents have been developed and employed.
PAR  Yet, in cases where polyolefins cannot be kept from contact with such heavy
      metals as copper, iron, nickel and the like, for instance, in cases of
      covering polyolefin over copper wire, plating polyolefin with heavy
      metals, coloring polyolefin by pigments containing heavy metals and the
      like, the use of the aforementioned general anti-oxidizing agents can
      hardly bring about resistance against deterioration caused by contact with
      heavy metals.
PAR  Further, if liquid amorphous polyolefin may possibly be touched with
      copper, for instance, if liquid amorphous polyolefin is employed as a
      insulating oil for cables, there is required resistance against
      deterioration caused by contact with copper. Yet, the mere use of the
      aforementioned general anti-oxidizing agents cannot meet the above
      requirement.
PAR  In view of the above, there has been broadly employed anti-deteriorating
      agents such as oxamide and oxanilide Japanese Patent Publn. No. 14484/62),
      N-salicylidene-N'-salicylhydrazide (Japanese Patent Publn. No. 12293/65),
      oxalo-bis(benzylidenehydrazide) U.S. Pat. No. 3,440,210) and the like
      which were provided for the purposes of imparting to polyolefins
      resistance against deterioration caused by contact with heavy metals. Yet,
      these agents cannot likewise be mentioned as agents satisfying the
      requirement of anti-deteriorating effect.
PAR  Therefore, an object of this invention is to provide a polyolefin
      composition having excellent resistance against deterioration caused by
      contact with heavy metals. Another object is to provide a stabilized
      polyolefin composition which can be employed especially for covering of
      copper wire. A further object of this invention is to provide a liquid
      amorphous polyolefin composition having excellent resistance against said
      deterioration. Other objects of this invention will be obvious from the
      contents of the specification hereinafter disclosed.
PAR  The present inventors studied for the purpose of providing polyolefin
      compositions having resistance against deterioration caused by contact
      with heavy metals, and have completed this invention based on the fact
      that the following compositions show excellent anti-deteriorating effect
      against deterioration caused by contact with heavy metals:
PAR  A polyolefin composition which comprises 100 weight parts of polyolefin and
      0.001 .about. 5 weight parts of a N-(salicyloylamino)-imide represented by
      the formula
      ##SPC1##
PAL  In which A represents a group
      ##SPC2##
PAL  in which R.sup.1 - R.sup.4 represent hydrogen atoms, halogen atoms, nitro
      groups, amino groups, carboxyl groups, hydroxyl groups, phenyl groups,
      phenylthio groups, or straight or branched alkyl, halogenated alkyl,
      alkoxyl, alkylthio, alkylamino or acylamino groups each having 1 to 5
      carbon atoms,
      ##SPC3##
PAL  and B represents a group
      ##SPC4##
PAL  in which Q represents an oxygen atom, a sulfur atom, a methylene group, a
      carbonyl group, a phenylene group, a phthaloyl group, an isophthaloyl
      group or a terephthaloyl group, and n is an integer of 0 or 1 or
      ##SPC5##
PAR  Polyolefins of the compositions according to this invention may be
      exemplified by homopolymers or copolymers of olefins such as ethylene,
      propylene, butene-1, isobutene, pentene-1, 4-methylpentene-1 and the like,
      copolymers of these olefins and an alkylester of an unsaturated carboxylic
      acid such as ethyl acrylate or a vinylester of saturated carboxylic acid
      such as vinyl acetate, mixtures of these polymers, liquid amorphous
      polypropylene and liquid amorphous polybutene.
PAR  The anti-deteriorating agent contained in the compositions of the present
      invention may be synthesized by reacting salicyloylhydrazine with a cyclic
      acid anhydride represented by the formula:
      ##SPC6##
PAL  or
      ##SPC7##
PAL  in which A and B are the same as defined above in the presence of a
      solvent. The solvent to be used in the reaction may preferably be a
      solvent capable of dissolving salicyloylhydrazine, a cyclic acid anhydride
      and N-(salicyloylamino)imide, and may be, for instance,
      N,N-dialkylacylamide such as N,N-dimethylformamide and
      N,N-dimethylacetamide, or an aliphatic acid such as formic acid and acetic
      acid, but is not limited to these examples.
PAR  The aforementioned salicyloylhydrazine and a cyclic acid anhydride may
      preferably be in the ratio of equivalent molar amounts in the synthesis of
      a N-(salicyloylamino)imide represented by the formula (1), and in the
      molar ratio of 2 : 1 (former : latter) in the synthesis of a
      N-(salicyloylamino)imide represented by the formula (2). However, the
      present reaction may proceed in the absence of these conditions.
PAR  The reaction temperature and the reaction period may vary depending on the
      kinds of cyclic acid anhydrides, solvents and the like. Any temperature
      below a boiling point of the solvent used may be adopted, and, in general,
      a temperature in the range of 20.degree. to 120.degree.C may be adopted.
      The reaction period may generally be between 10 minutes and 15 hours.
PAR  The resulting anti-deteriorating agent can easily be recovered, after
      completion of the reaction, by removing the solvent under reduced pressure
      from the reaction mixture and by washing the residue with an alcohol such
      as methanol and ethanol or by cooling the reaction mixture to room
      temperature, pouring this into a large amount of water and collecting the
      obtained solid by filtration.
PAR  The anti-deteriorating agents represented by the aforementioned formula (1)
      are concretely exemplified by:
PAR  N-(salicyloylamino)phthalimide, 3-chloro-N-(salicyloylamino)phthalimide,
      4-chloro-N-(salicycloylamino)phthalimide,
      3,6-dichloro-N-(salicyloylamino)phthalimide,
      4,5-dichloro-N-(salicyloylamino)phthalimide,
      3,4,5,6-tetrachloro-N-(salicyloylamino)phthalimide,
      3,6-dibromo-N-(salicyloylamino)phthalimide,
      3,4,5,6-tetrabromo-N-(salicyloylamino)phthalimide,
      3-iodo-N-(salicyloylamino)phthalimide, 4-iodo-N-(salicyloylamino)
      phthalimide, 4,5-diiodo-N-(salicyloylamino)phthalimide,
      3,4,5,6-tetraiodo-N-(salicyloylamino)phthalimide,
      3-fluoro-N-(salicyloylamino)phthalimide, 3,6-difluoro-N-(salicyloylamino)
      phthalimide, 3,4,5,6-tetrafluoro-N-(salicyloylamino)phthalimide,
      3-nitro-N-(salicyloylamino)phthalimide,
      4-nitro-N-(salicyloylamino)phthalimide,
      3-amino-N-(salicyloylamino)phthalimide,
      4-amino-N-(salicyloylamino)phthalimide,
      4-carboxy-N-(salicyloylamino)phthalimide,
      4-hydroxy-N-(salicyloylamino)phthalimide,
      3,6-dihydroxy-N-(salicyloylamino)phthalimide,
      3,6-dihydroxy-4-methyl-N-(salicyloylamino)phthalimide,
      3-hydroxy-4-methoxy-N-(salicyloylamino)phthalimide,
      3-hydroxy-5-methoxy-N-(salicyloylamino)phthalimide,
      3-hydroxy-4,6-dimethyl-N-(salicyloylamino)phthalimide,
      6-hydroxy-4-methoxy-3-methyl-N-(salicyloylamino)phthalimide,
      3-(phenylthio)-N-(salicyloylamino)phthalimide,
      3-methyl-5-(phenylthio)-N-(salicyloylamino)phthalimide,
      3-methyl-N-(salicyloylamino)phthalimide,
      4-methyl-N-(salicyloylamino)phthalimide,
      3,4-dimethyl-N-(salicyloylamino)phthalimide,
      3,6-dimethyl-N-(salicyloylamino)phthalimide,
      4,5-dimethyl-N-(salicyloylamino)phthalimide, 3-propyl-N-(salicyloylamino)
      phthalimide, 6-isobutyl-3,4-dimethyl-N-(salicyloylamino) phthalimide,
      3-methyl-6-(methylthio)-N-(salicyloylamino) phthalimide,
      5-(ethylthio)-3-methyl-N-(salicyloylamino) phthalimide,
      3-(ethylthio)-6-methyl-N-(salicyloylamino)-phthalimide,
      3-ethyl-6-(ethylthio)-N-(salicyloylamino)-phthalimide,
      4,6-dimethoxy-3-methyl-N-(salicyloylamino)-phthalimide,
      3-methoxy-4,6-dimethyl-N-(salicyloylamino)-phthalimide,
      4-isopropyl-3,5,6-trimethoxy-N-(salicyloylamino) phthalimide,
      3-(dibromomethyl)-N-(salicyloylamino)phthalimide,
      3-methoxy-N-(salicyloylamino)-phthalimide,
      4-methoxy-N-(salicyloylamino)phthalimide,
      3,4-dimethoxy-N-(salicyloylamino) phthalimide,
      3,6-dimethoxy-N-(salicyloylamino)phthalimide,
      4,5-dimethoxy-N-(salicyloylamino)phthalimide,
      3,5-dimethoxy-4-methyl-N-(salicyloylamino)phthalimide,
      3-(methylthio)-N-(salicyloylamino)phthalimide,
      3-(ethylthio)-N-(salicyloylamino) phthalimide,
      3-(propylthio)-N-(salicyloylamino)phthalimide,
      3-acetamido-N-(salicyloylamino)phthalimide,
      4-acetamido-N-(salicyloylamino)phthalimide,
      3-(dimethylamino)-N-(salicyloylamino)phthalimide,
      3-(isopropylamino)-N-(salicyloylamino)-phthalimide,
      N-(salicyloylamino)-1,8-naphthalimide, N-(salicyloylamino)-chlorendic
      imide, N-(salicyloylamino)-cis-4-cyclohexene- 1,2-dicarboxylimide and
      N-(salicyloylamino)-cyclohexane-1,2-dicarboxylimide.
PAR  The anti-deteriorating agents represented by the aforementioned formula (2)
      are concretely exemplified by:
PAR  4,4'-bis[N-(salicyloylamino)phthalimide],
      3,4'-bis[N-(salicyloylamino)phthalimide],
      4,4'-oxybis[N-(salicyloylamino)-phthalimide],
      3,3'-methylenebis[N-(salicyloylamino)phthalimide],
      4,4'-methylenebis[N-(salicyloylamino)phthalimide],
      4,4'-carbonylbis[N-(salicyloylamino)phthalimide],
      4,4'-(p-phenylene)-bis[N-(salicyloylamino)phthalimide],
      4,4'-isophthaloylbis[N-(salicyloylamino)phthalimide],
      4,4'-terephthaloylbis[N-(salicyloylamino)phthalimide] and
      N,N'-bis(salicyloylamino)-1,2,4,5-benzenetetracarboxyl-1,2,4,5-diimide.
PAR  In the compositions of the present invention, an amount of mixing or
      compounding of the anti-deteriorating agent is between 0.001 .about. 5
      weight parts, preferably 0.05 .about. 2 weight parts per 100 weight parts
      of polyolefin by weight. An amount of mixing or compounding less than the
      above-mentioned 0.001 weight part cannot show enough anti-deteriorating
      effect and an amount of mixing or compounding more than 5 weight parts
      cannot show any further anti-deteriorating effect.
PAR  Every process adequate for preparation of a homogeneous composition may be
      adopted to a process for mixing or compounding of the aforesaid
      anti-deteriorating agent into a polyolefin, for example, a process which
      comprises dissolving the antideteriorating agent in a low-boiling solvent,
      mixing the solution with a polyolefin and removing the solvent by
      evaporation; a process which comprises heating a polyolefin above its
      melting point and then mixing a the anti-deteriorating agent therewith; or
      a process which comprises mixing polyolefin with the anti-deteriorating
      agent by means of Bumbury's mixer or Henschel mixer.
PAR  Further, in accordance with the prior art, one or several kinds of
      antioxidants are incorporated into the compositions of the present
      invention. The antioxidant is employed in an amount of 0.001 .about. 5
      weight parts based on 100 weight parts of polyolefin and may be a phenolic
      antioxidant, for instance, 2,6-di-tert-butyl-p-cresol,
      2,6-di-tert-butylphenol, 4,4'-methylenebis(2,6-di-tert-butylphenol),
      4,4'-methylenebis(3-methyl-6-tert-butylphenol),
      4,4'-thiobis(2,6-di-tert-butylphenol),
      4,4'-thiobis(2-methyl-6-tert-butylphenol),
      4,4'-thiobis(3-methyl-6-tert-butylphenol),
      6-(4-hydroxy-3,5-di-tertbutylanilino)-2,4-bis(n-octylthio)-1,3,5-triazine,
      tetrakis-[methylene
      3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate]-methane, octadecyl
      3-(3,5-di-tert-butyl-4-hydroxyphenyl)-propionate,
      1,1,3-tris(2-methyl-4-hydroxy-5-tert-butylphenyl)-butane,
      2,2'-methylenebis(4-methyl-6-tert-butylphenol),
      4,4'-butylidenebis(3-methyl-6-tert-butylphenol),
      1,3,5-trimethyl-2,4,6-tris(3,5-di-tert-butyl-4-hydroxybenxyl)benzene and
      the like.
PAR  In addition, the anti-deteriorating agent used in the present invention may
      be employed together with known stabilizing agents, dispersing agents,
      plasticizers, fillers and/or the like. These known stabilizing agents may
      be exemplified by dialkyl 3,3'-thiodipropionate such as didodecyl
      3,3'-thiodipropionate and dioctadecyl 3,3'-thiodipropionate and organo
      phosphrus compounds such as trilauryl trithiophosphite, trilauryl
      phosphite and tris(nonylphenyl)-phosphite.
PAR  Synthesis examples of the anti-deteriorating agents contained in the
      composition of the present invention will be shown below.
      Salicyloylhydrazines employed in these syntheses examples were prepared by
      the following steps:
PAR  25 weight parts of methyl salicylate and 20 weight parts of hydrazine
      hydrated (85 %) were heated under reflux for 4 hours in the presence of
      100 weight parts of ethanol; after removal of the ethanol under reduced
      pressure, the residue was cooled; the precipitate thus obtained was
      collected by filtration and washed with distilled water; and the resulting
      residue was recrystallized from ethanol to yield the desired compound,
      m.p. 147.degree.C.
DETD
PAC  SYNTHESIS EXAMPLE 1
PAC  Synthesis of N-(salicyloylamino)phthalimide
PAR  In a flask equipped with a stirrer and a thermometer were placed 2.96 g of
      phthalic anhydride, 3.04 g of salicyloylhydrazine and 50 ml of
      N,N-dimethylformamide. The reaction was carried out with stirring for 3.5
      hours at a temperature kept at 83.degree.C. After completion of the
      reaction, the reaction mixture was cooled to room temperature and poured
      into 2 liters of water to precipitate a white solid. The solid was
      collected by filtration, washed with ethanol and dried under reduced
      pressure to yield 4.1 g of a white powder, m.p. 252.degree. -
      253.degree.C. The powder thus obtained was easily soluble in acetone at
      room temperature, hardly soluble in ethanol at room temperature, soluble
      in acetic acid, benzene and chloroform in hot states, and insoluble in
      ethyl ether, petroleum ether, n-hexane and carbon tetrachloride in hot
      states. This powder was identified as N-(salicyloylamino)phthalimide by
      the elemental analysis, IR spectrum (KBr tablet, the same hereinafter)
      (FIG. 1) and Mass spectrum (FIG. 2).
PAR  Found (%): C, 63.93; H, 3.55; N, 10.04. Calcd. for C.sub.15 H.sub.10
      N.sub.2 O.sub.4 (%): C, 63.82; H, 3.55; N, 9.93.
PAC  SYNTHESIS EXAMPLE 2
PAC  Synthesis of N-(salicyloylamino)-cyclohexane-1,2-dicarboxylimide
PAR  In a flask equipped with a stirrer and a thermometer were placed 3.04 g of
      hexahydrophthalic anhydride, 3.04 g of salicyloylhydrazine and 20 ml of
      N,N-dimethylformamide, and the reaction was performed with stirring for
      3.5 hours at a temperature kept at 84.degree. - 85.degree.C. After
      completion of the reaction, the reaction mixture was treated in the same
      manner as in Synthesis example 1 to give 5.2 g of a white powder, m.p.
      227.degree.C. The obtained powder was soluble in acetone at room
      temperature and hardly soluble in ethanol, acetic acid, benzene,
      chloroform, carbon tetrachloride and petroleum ether at room temperature.
      This powder was identified as
      N-(salicyloylamino)-cyclohexane-1,2-dicarboxylimide by the elemental
      analysis, IR spectrum (FIG. 3) and Mass spectrum (FIG. 4).
PAR  Found (%): C, 62.27; H, 5.65; N, 9.67. Calcd. for C.sub.15 H.sub.16 N.sub.2
      O.sub.4 (%): C, 62.50; H, 5.56; N, 9.72.
PAC  SYNTHESIS EXAMPLE 3
PAC  Synthesis of N-(salicyloylamino)-cis-4-cyclohexene-1,2-dicarboxylimide
PAR  The same reaction as in Synthesis example 1 except that 3.04 g of
      cis-4-cyclohexene-1,2-dicarboxylic anhydride, 3.04 g of
      salicyloylhydrazine and 20 ml of N,N-dimethylformamide were used and
      89.degree.C of the reaction temperature and 3 hours of the reaction period
      were employed was carried out. The reaction mixture was then treated in
      the same manner as in Synthesis example 1 to give 3 g of a white powder,
      m.p. 192.degree. - 192.5.degree.C. The powder thus obtained was soluble in
      acetone, ethanol, acetic acid, chloroform and benzene at room temperature
      and insoluble in petroleum ether, ligroin, n-hexane and carbon
      tetrachloride in hot states. Further, the powder was identified as
      N-(salicyloylamino)-cis-4-cyclohexene-1,2-dicarboxylimide by the elemental
      analysis, IR spectrum (FIG. 5) and Mass spectrum (FIG. 6).
PAR  Found (%): C, 62.18; H, 4.77; N, 9.79. Calcd. for C.sub.15 H.sub.14 N.sub.2
      O.sub.4 (%): C, 62.94; H, 4.90; N, 9.70.
PAC  SYNTHESIS EXAMPLE 4
PAC  Synthesis of 3,4,5,6-tetrachloro-N-(salicyloylamino) phthalimide
PAR  The same reaction as in Synthesis example 1 except that 2.86 g of
      tetrachlorophthalic anhydride, 1.52 g of salicyloylhydrazine and 10 ml of
      N,N-dimethylformamide were used and 85.degree.C of the reaction
      temperature and 3 hours and 45 minutes of the reaction period were
      employed was carried out. The reaction mixture was then treated in the
      same manner as in Synthesis example 1 to give 3.5 g of yellow crystals,
      m.p. 290.degree. - 293.degree.C. The crystals thus obtained were soluble
      in acetone at room temperature, soluble in acetic acid, chloroform and
      ethanol in hot states and hardly soluble in benzene and carbon
      tetrachloride. Further, the crystals were identified as
      3,4,5,6-tetrachloro-N-(salicyloylamino)phthalimide by the elemental
      analysis, IR spectrum (FIG. 7) and Mass spectrum (FIG. 8).
PAR  Found (%): C, 42.86; H, 1.60; N, 6.56; Cl, 32.62. Calcd. for C.sub.15
      H.sub.6 N.sub.2 Cl.sub.4 O.sub.4 (%): C, 42.86; H, 1.43; N, 6.67; Cl,
      33.81.
PAC  SYNTHESIS EXAMPLE 5
PAC  Synthesis of the N-(salicyloylamino)-4-carboxyphthalimide
PAR  The same reaction as in Synthesis example 1 except that 1.92 g of
      trimellitic anhydride, 1.52 g of salicyloylhydrazine and 10 ml of
      N,N-dimethylformamide were used was carried out. The reaction mixture was
      then treated in the same manner as in Synthesis example 1 to give 2.1 g of
      a white powder, m.p. 288.5.degree. - 290.degree.C. The powder thus
      obtained was soluble in ethanol, acetic acid and acetone in hot states,
      and insoluble in chloroform and carbon tetrachloride. The powder was
      identified as N-(salicyloylamino)-4-carboxyphthalimide by the elemental
      analysis, IR spectrum (FIG. 9) and Mass spectrum (FIG. 10).
PAR  Found (%): C, 58.33; H, 3.06; N, 8.65.
PAR  Calcd. for C.sub.16 H.sub.10 N.sub.2 O.sub.6 (%): C, 58.90; H, 3.07; N,
      8.59.
PAC  SYNTHESIS EXAMPLE 6
PAC  Synthesis of N-(salicyloylamino)-1,8-naphthalimide
PAR  The same reaction as in Synthesis example 1 except that 1.98 g of
      1,8-naphthalic anhydride, 1.52 g of salicyloylhydrazine and 20 ml of
      N,N-dimethylformamide were used and 81.degree. - 83.degree.C of the
      reaction temperature was employed was carried out. The reaction mixture
      was then treated in the same manner as in Synthesis example 1 to give 3 g
      of a yellow powder, m.p. 268.degree.C. The powder thus obtained was
      soluble in benzene at room temperature, soluble in chloroform, acetic acid
      and ethanol in hot states and insoluble in n-hexane and ethyl ether.
      Further, the powder was identified as
      N-(salicyloylamino)-1,8-naphthalimide by the elemental analysis, IR
      spectrum (FIG. 11) and Mass spectrum (FIG. 12).
PAR  Found (%): C, 68.02; H, 3.57; N, 8.05. Calcd. for C.sub.19 H.sub.12 N.sub.2
      O.sub.4 (%): C, 68.67; H, 3.61; N, 8.43.
PAC  SYNTHESIS EXAMPLE 7
PAC  Synthesis of N-(salicyloylamino)-chlorendic imide
PAR  The same reaction as in Synthesis example 1 except that 3.71 g of
      chlorendic anhydride
      (1,4,5,6,7,7-hexachloro-endo-5-norbornene-2,3-dicarboxylic anhydride),
      1.52 g of salicyloylhydrazine and 10 ml of N,N-dimethylformamide were used
      was carried out. The reaction mixture was then treated in the same manner
      as in Synthesis example 1 to give 1.5 g of an earth brown powder, m.p.
      317.degree.C. The powder thus obtained was soluble in chloroform, ethanol
      and acetone at room temperature, soluble in hot acetic acid and insoluble
      in benzene, carbon tetrachloride and ethyl ether. Further, the powder was
      identified as N-(slicyloylamino)-chlorendic imide by the elemental
      analysis, IR spectrum (FIG. 13) and Mass spectrum (FIG. 14).
PAR  Found (%): C, 37.80; H, 1.68; N, 5.42; Cl, 42.33. Calcd. for C.sub.16
      H.sub.8 N.sub.2 O.sub.4 Cl.sub.6 (%): C, 38.02; H, 1.58; N, 5.54; Cl,
      42.18.
PAC  SYNTHESIS EXAMPLE 8
PAC  Synthesis of
      N,N'-bis(salicyloylamino)-1,2,4,5-benzenetetracarboxyl-1,2,4,5-diimide
PAR  The same reaction as in Synthesis example 1 except that 2.0 g of
      pyromellitic anhydride, 3.0 g of salicyloylhydrazine and 50 ml of
      N,N-dimethylformamide were used was carried out. The reaction mixture was
      then treated in the same manner as in Synthesis example 1 to give 1.7 g of
      a white powder, m.p. 365.degree. - 366.degree.C. The powder thus obtained
      was hardly soluble in even ethanol, benzene, acetone, ethyl ether, carbon
      tetrachloride and chloroform in hot states. Further, the powder was
      identified as
      N,N'-bis(salicyloylamino)-1,2,4,5-benzenetetracarboxyl-1,2,4,5-diimide by
      the elemental analysis, IR spectrum (FIG. 15) and Mass spectrum (FIG. 16).
PAR  Found (%): C, 59.20; H, 2.83; N, 11.68. Calcd. for C.sub.24 H.sub.14
      N.sub.4 O.sub.8 (%): C, 59.26; H, 2.88; N, 11.52.
PAC  SYNTHESIS EXAMPLE 9
PAC  Synthesis of 4,4'-bis[N-(salicyloylamino)phthalimide]
PAR  The same reaction as in Synthesis example 1 except that 2.94 g of
      4,4'-di(phthalic anhydride) (or 3,4,3',4'-diphenyltetracarboxylic
      anhydride), 3.10 g of salicyloylhydrazine and 10 ml of
      N,N-dimethylformamide were used and 80.degree.C of the reaction
      temperature and 5 hours of the reaction period were employed was carried
      out. The reaction mixture was then treated in the same manner as in
      Synthesis example 1 to give 3.2 g of a white powder, m.p. 345.degree. -
      347.degree.C. The powder thus obtained was identified as
      4,4'-bis[N-(salicyloylamino)phthalimide] by the elemental analysis and IR
      spectrum (FIG. 17).
PAR  Found (%): C, 64.44; H, 3.44; N, 9.84. Calcd. for C.sub.30 H.sub.18 N.sub.4
      O.sub.8 (%): C, 64.06; H, 3.20; N, 9.96.
PAC  SYNTHESIS EXAMPLE 10
PAC  Synthesis of 3,4'-bis[N-(salicyloylamino)phthalimide]
PAR  The same reaction as in Synthesis example 1 except that 2.94 g of
      3,4'-di(phthalic anhydride), 3.10 g of salicyloylhydrazine and 10 ml of
      N,N-dimethylformamide were used and 90.degree.C of the reaction
      temperature and 7 hours of the reaction period were employed was carried
      out. The reaction mixture was then treated in the same manner as in
      Synthesis example 1 to give 4.5 g of a white powder, m.p. 217.degree.C.
      The powder thus obtained was soluble in acetone at room temperature,
      soluble in acetic acid and ethanol in hot states and insoluble in even
      benzene and chloroform in hot states. This powder was identified as
      3,4'-bis[N-(salicyloylamino)phthalimide] by the elemental analysis and IR
      spectrum (FIG. 18).
PAR  Found (%): C, 64.63; H, 3.76; N, 10.55. Calcd. for C.sub.30 H.sub.18
      N.sub.4 O.sub.8 (%): C, 64.06; H, 3.20; N, 9.96.
PAR  The following are examples and comparative examples. The term "part" means
      weight part and M.I. means Melt Flow Index which was determined in
      accordance with ASTMD 1238. The notations shown in Examples and
      comparative examples mean the following compounds.
PA1  A: n-(salicyloylamino)phthalimide
PA1  B: n-(salicyloylamino)-cyclohexane-1,2-dicarboxylimide
PA1  C: n-(salicyloylamino)-cis-4-cyclohexene-1,2-dicarboxylimide
PA1  D: 3,4,5,6-tetrachloro-N-(salicyloylamino)phthalimide
PA1  E: n-(salicyloylamino)-4-carboxylphthalimide
PA1  F: n-(salicyloylamino)-1,8-naphthalimide
PA1  G: n-(salicyloylamino)-chlorendic imide
PA1  H: n,n'-bis(salicyloylamino)-1,2,4,5-benzenetetracarboxyl1,2,4,5-diimide
PA1  I: 4,4'-bis[N-(salicyloylamino)phthalimide]
PA1  J: 3,4'-bis[N-(salicyloylamino)phthalimide]
PA1  a: oxamide
PA1  b: oxanilide
PA1  c: oxalobis(benzylidenehydrazide)
PA1  d: N-salicylidene-N'-salicyloylhydrazide
PA1  e: tetrakis-[methylene
      3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate]methane
PA1  f: 4,4'-thiobis(3-methyl-6-tert-butylphenol)
PA1  g: dioctadecyl-3,3'-thiodipropionic acid ester
PA1  h: trilauryltrithiophosphite
PA1  i: 1,3,5-trimethyl-2,4,6-tris(3,5-di-tert-butyl-4-hydroxybenzyl)benzene
PA1  j: 1,1,3-tris(2-methyl-4-hydroxy-5-tert-butylphenyl)-butane
PA1  k: octadecyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl)-propionate
PA1  l: didodecyl 3,3'-thiodipropionate
PA1  m: 2,6-di-tert-p-cresol
PAR  In the above, the compounds of e, f, i, j, k and m are phenolic
      antioxidants.
PAC  EXAMPLES 1 TO 10
PAR  1. Preparation of test piece
PAR  Into Brabender plastograph (available from Brabender Corporation, West
      Germany) adjusted to 60 r.p.m. of rotation speed and a temperature of
      140.degree.C were charged 100 parts of ethylene homopolymer with no
      additives (M.I. = 0.2) which had been prepared by a high pressure process.
      Two minutes later, 0.10 part of an antioxidant, tetrakis [methylene
      3-(3,5-di-tert-butyl-4-hydroxyphenyl)-propionate]methane, and 0.15 part of
      a compound (anti-deteriorating agent) set forth in Table 1 were added
      thereto. Another 2 minutes later, 0.10 part of copper stearate was added
      to the mixture, which was subsequently kneaded for 8 minutes. The mixture
      was then heated on a plate of 190.degree.C for 1 minute and pressed at a
      pressure of 300 kg/cm.sup.2 for 1 minute by means of a spacer to form a
      film having a thickness of 0.25 mm. A round film of 4 mm in its diameter
      was prepared by punching of the obtained film, and employed as a test
      piece.
PAR  2. Determination of anti-deteriorating effect
PAR  The period required for appearance of a peak showing generation of heat
      caused by oxidation was determined by means of Standard-Type Rapidly
      Fluctuating Differential Calorimeter (available from Rigaku Denki Kogyo
      Ltd., Japan). The calorimeter received a test piece in one sample dish and
      the other dish remained empty. After the atmosphere of the calorimeter was
      replaced with oxygen, the environmental temperature was elevated to
      195.degree.C in an instant (about 5 - 10 seconds) by means of inside
      heating system with flow of oxygen into the system at a rate of 180
      ml/min. Subsequently, the temperature was elevated to 200.degree.C for a
      period of about 30 seconds, and kept at 200.degree.C. The period from the
      time when the temperature reached 200.degree.C to the time when there
      appeared a peak showing generation of heat caused by oxidation of the test
      piece (minutes; induction period) was measured and adopted to estimate an
      anti-deteriorating effect.
PAR  The results obtained according to the above-mentioned process are shown in
      Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

     Example    Compound     Induction period                                  

                             (min.)                                            

     ______________________________________                                    

     1          A            59                                                

     2          B            65                                                

     3          C            58                                                

     4          D            48                                                

     5          E            29                                                

     6          F            52                                                

     7          G            42                                                

     8          H            33                                                

     9          I            35                                                

     10         J            30                                                

     ______________________________________                                    

PAC  COMPARATIVE EXAMPLES 1 TO 6
PAR  Test pieces were prepared by the method described in Example 1 except for
      using no anti-deteriorating agent and no copper stearate; using copper
      stearate only; or using publicly known stabilizers in the amount set forth
      in Table 2. Their effects were determined in the manner described in
      Example 1 and their results are shown in Table 2.
TBL                Table 2                                                     

     ______________________________________                                    

     Comparative                                                               

              Kind and amount                                                  

                           Amount of copper                                    

                                        Induction                              

     example  (part)       stearate (part)                                     

                                        period                                 

              of stabilizer             (min)                                  

     ______________________________________                                    

     1        --      --       --         39.0                                 

     2        --      --       0.10       0                                    

     3        a       0.15     do.        17.4                                 

     4        b       do.      do.        20.5                                 

     5        c       do.      do.        25.8                                 

     6        d       do.      do.        27.3                                 

     ______________________________________                                    

PAC  EXAMPLES 11 to 20
PAR  1. Preparation of test piece
PAR  Into the same Brabender plastograph as employed in Example 1 which was
      adjusted to 60 r.p.m. of rotation speed and a temperature of 200.degree.C
      were charged 100 parts of isotactic polypropylene with no additives (M.I.
      = 5). Two minutes later, 0.03 part of e, 0.10 part of g and 0.20 part of
      h, all of which were publicly known stabilizers and, in addition, 0.5 part
      of the anti-deteriorating agent disclosed by the present invention which
      is set forth in Table 3 were added thereto. Another 2  minutes later, 1.5
      parts of copper powder was added to the mixture, which was subsequently
      kneaded for 8 minutes. The mixture was then heated on a plate of
      200.degree.C for 1 minute and pressed at a pressure of 300 kg/cm.sup.2 for
      1 minute by means of a spacer to form a film having a thickness of 1.0 mm.
      The film thus obtained was employed as a test piece.
PAR  2. Determination of anti-deteriorating effect
PAR  The test piece was kept in Geer's oven (inside temperature: 150.degree.C),
      and a period (in hours) until the test piece turned yellow and
      deteriorated was measured and adopted as "Heat stable duration".
PAR  The results thus obtained are shown in Table 3.
TBL                Table 3                                                     

     ______________________________________                                    

     Example   Compound   Heat stable duration (hr)                            

     ______________________________________                                    

     11        A          145                                                  

     12        B          160                                                  

     13        C          140                                                  

     14        D          135                                                  

     15        E           65                                                  

     16        F          140                                                  

     17        G          130                                                  

     18        H          105                                                  

     19        I          120                                                  

     20        J           85                                                  

     ______________________________________                                    

PAC  COMPARATIVE EXAMPLE 7
PAR  A test piece was prepared in the same manner as in Example 11 except that
      the publicly known stabilizer d was employed in the amount of 0.5 part in
      place of the antideteriorating agent, A, disclosed by this invention. The
      test piece thus obtained was measured in its effect in the same manner as
      in Example 11 to show 40 hours of the heat stable duration.
PAC  EXAMPLES 21 - 32
PAR  Test pieces were prepared by the method described in Example 1 except for
      using anti-deteriorating agents and stabilizers (or antioxidants)
      described in Table 4 and also using copper stearate (0.18 part). Their
      effects were determined in the manner described in Example 1 and their
      results are shown in Table 4.
TBL                Table 4                                                     

     ______________________________________                                    

            Kind and amount (part)                                             

                            Kind and amount                                    

                                         Induction                             

     Example                                                                   

            of anti-deteriorating                                              

                            (part)       period                                

            agent           of stabilizer                                      

                                         (min)                                 

                            (antioxidant)                                      

     ______________________________________                                    

     21     A         0.10      e     0.20   55                                

                                g     0.50                                     

     22     A         0.20      e     0.10   43                                

                                g     0.50                                     

     23     C         0.10      e     0.20   62                                

                                g     0.50                                     

     24     C         0.20      e     0.10   48                                

                                g     0.50                                     

     25     H         0.10      e     0.20   45                                

                                g     0.50                                     

     26     H         0.20      e     0.10   40                                

                                g     0.50                                     

     27     A         0.10      f     0.20   60                                

                                i     0.30                                     

     28     A         0.20      f     0.20   60                                

                                i     0.20                                     

     29     A         0.30      f     0.20   37                                

                                i     0.10                                     

                                j     0.25                                     

     30     H         0.10      k     0.30   31                                

                                l     0.30                                     

                                j     0.25                                     

     31     H         0.20      k     0.20   34                                

                                l     0.30                                     

                                j     0.25                                     

     32     H         0.30      k     0.10   33                                

                                l     0.30                                     

     ______________________________________                                    

PAC  COMPARATIVE EXAMPLES 8 - 15
PAR  Test pieces were prepared by the method described in Example 1 except for
      using anti-deteriorating agents and stabilizers (or antioxidants)
      described in Table 5 and using copper stearate (0.18 weight part). Their
      effects were determined in the manner described in Example 1 and their
      results are shown in Table 5.
TBL                                    Table 5                                 

     __________________________________________________________________________

     Comparative                                                               

            Kind and amount (part)                                             

                        Kind and amount (part)                                 

                                    Induction                                  

     example                                                                   

            of anti-deteriorating                                              

                        of stabilizer                                          

                                    period                                     

            agent       (antioxidant)                                          

                                    (min)                                      

     __________________________________________________________________________

      8     C     0.10  e     0.20  29                                         

                        g     0.50                                             

      9     C     0.20  e     0.10  30                                         

                        g     0.50                                             

     10     C     0.10  f     0.20  35                                         

                        i     0.30                                             

     11     C     0.20  f     0.20  23                                         

                        i     0.20                                             

     12     C     0.30  f     0.20  26                                         

                        i     0.10                                             

                        j     0.25                                             

     13     C     0.10  k     0.30  20                                         

                        l     0.30                                             

                        j     0.25                                             

     14     C     0.20  k     0.20  22                                         

                        l     0.30                                             

                        j     0.25                                             

     15     C     0.30  k     0.20  14                                         

                        l     0.30                                             

     __________________________________________________________________________

PAC  EXAMPLES 33 - 36
PAR  1. Preparation of test piece
PAR  Into the same Brabender plasograph as employed in Example 1 which was
      adjusted to 60 r.p.m. of rotation speed and a temperature of 190.degree.C
      were charged 100 parts of isotactic polypropylene with no additives (M.I.
      = 5). Two minutes later, an anti-deteriorating agent and stabilizers (or
      antioxidants) were added thereto. Another 2 minutes later, 2.3 parts of
      copper powder were added to the mixture, which was subsequently kneaded
      for 8 minutes. The mixture was then heated on a plate of 200.degree.C for
      1 minute and pressed at a pressure of 300 kg/cm.sup.2 for 1 minute by
      means of a spacer to form a film having a thickness of 1.0 mm. The film
      was cut to give five pieces of 50 mm by 30 mm each.
PAR  2. Determination of anti-deteriorating effect
PAR  The five test pieces obtained above were kept in Geer's oven (inside
      temperature: 150.degree. .+-. 1.degree.C), and periods (in hours) until
      the test pieces turned yellow and deteriorated were measured and adopted
      as "Heat stable duration". The results thus obtained are shown in Table 6,
      in which "Heat stable duration" was indicated with reference to both a
      piece showing the shortest period and a piece showing the longest period.
TBL                                    Table 6                                 

     __________________________________________________________________________

          Kind and amount (part)                                               

                      Kind and amount (part)                                   

                                  Heat stable                                  

     Example                                                                   

          of anti-deteriorating                                                

                      of stabilizer (anti-                                     

                                  duration (hr)                                

          agent       oxidant)                                                 

     __________________________________________________________________________

                      g     0.05  588                                          

     33   H     0.10  i     0.40  .about.652                                   

                      m     0.15                                               

                      g     0.05  720                                          

     34   H     0.20  i     0.30  .about.795                                   

                      m     0.15                                               

                      g     0.05                                               

     35   H     0.30  i     0.20  600                                          

                      m     0.15  .about.648                                   

                      g     0.05  240                                          

     36   H     0.40  i     0.10  .about.260                                   

                      m     0.15                                               

     __________________________________________________________________________

PAC  COMPARATIVE EXAMPLES 16 - 19
PAR  Test pieces were prepared by the method described in Example 33 except for
      using anti-deteriorating agents described in Table 7. Their effects were
      determined in the manner described in Example 33, and their results are
      shown in Table 7.
TBL                                    Table 7                                 

     __________________________________________________________________________

     Comparative                                                               

            Kind and amount (part)                                             

                        Kind and amount (part)                                 

                                    Heat stable                                

     example                                                                   

            of anti-deteriorating                                              

                        of stabilizer (anti-                                   

                                    duration                                   

            agent       oxidant)    (hr)                                       

     __________________________________________________________________________

                        g     0.05  490                                        

     16     d     0.10  i     0.40  .about.525                                 

                        m     0.15                                             

                        g     0.05  493                                        

     17     d     0.20  i     0.30  .about.540                                 

                        m     0.15                                             

                        g     0.05  450                                        

     18     d     0.30  i     0.20  .about.494                                 

                        m     0.15                                             

                        g     0.05  168                                        

     19     d     0.40  i     0.10  .about.202                                 

                        m     0.15                                             

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A polyolefin composition which comprises 100 weight parts of a
      polyolefin selected from the class consisting of homopolymers and
      copolymers of ethylene, propylene, butene-1, isobutene, pentene-1 and
      4-methylpentene-1, copolymers of these olefins and ethyl acrylate,
      copolymers of these olefins and vinyl acetate, mixtures of these polymers,
      liquid amorphous polypropylene and liquid amorphous polybutene, and 0.001
      .about. 5 weight parts of N-(salicyloylamino)imide represented by the
      formula
      ##SPC8##
PAL  or
      ##SPC9##
PAL  in which A represents a group
      ##SPC10##
PAL  in which R.sub.1 - R.sub.4 represent hydrogen atoms, halogen atoms, nitro
      groups, amino groups, carboxyl groups, hydroxyl groups, phenyl groups,
      phenylthio groups, or straight or branched alkyl, halogenated alkyl,
      alkoxyl, alkylthio, alkylamino or acylamino groups each having 1 to 5
      carbon atoms,
      ##SPC11##
PAL  and B represents a group
      ##SPC12##
PAL  in which Q represents an oxygen atom, a sulfur atom, a methylene group, a
      carbonyl group, a phenylene group, a phthaloyl group, an isophthaloyl
      group or a terephthaloyl group, and n is an integer of 0 or 1 or
      ##SPC13##
NUM  2.
PAR  2. The polyolefin composition as claimed in claim 1, in which
      N-(salicyloylamino)imide is represented by the formula
      ##SPC14##
PAL  in which A is the same as defined in claim 1.
NUM  3.
PAR  3. The polyolefin composition as claimed in claim 1, in which
      N-(salicyloylamino)imide is represented by the formula
      ##SPC15##
PAL  in which B is the same as defined in claim 1.
NUM  4.
PAR  4. The polyolefin composition as claimed in claim 2, in which A of the
      formula of N-(salicyloylamino)imide represents a group
      ##SPC16##
PAL  in which R.sub.1 - R.sub.4 represent hydrogen atoms, halogen atoms, nitro
      groups, amino groups, carboxyl groups, hydroxyl groups, phenyl groups,
      phenylthio groups, or straight or branched alkyl, halogenated alkyl,
      alkoxyl, alkylthio, alkylamino or acylamino groups each having 1 to 5
      carbon atoms.
NUM  5.
PAR  5. The polyolefin composition as claimed in claim 2, in which A of the
      formula of N-(salicyloylamino)imide represents a group
      ##SPC17##
NUM  6.
PAR  6. The polyolefin composition as claimed in claim 2, in which A of the
      formula of N-(salicyloylamino)imide represents a group
      ##SPC18##
NUM  7.
PAR  7. The polyolefin composition as claimed in claim 2, in which A of the
      formula of N-(salicyloylamino)imide represents a group
      ##SPC19##
NUM  8.
PAR  8. The polyolefin composition as claimed in claim 2, in which A of the
      formula of N-(salicyloylamino)imide represents a group
      ##SPC20##
NUM  9.
PAR  9. The polyolefin composition as claimed in claim 4, in which all of
      R.sub.1 - R.sub.4 of the formula represent hydrogen atoms.
NUM  10.
PAR  10. The polyolefin composition as claimed in claim 4, in which all of
      R.sub.1 - R.sub.4 of the formula represent chlorine atoms.
NUM  11.
PAR  11. The polyolefin composition as claimed in claim 4, in which one of
      R.sub.1 - R.sub.4 of the formula represents a carboxyl group and the
      others represent hydrogen atoms.
NUM  12.
PAR  12. The polyolefin composition as claimed in claim 3, in which B of the
      formula of N-(salicyloylamino)imide represents a group
      ##SPC21##
NUM  13.
PAR  13. The polyolefin composition as claimed in claim 3, in which B of the
      formula of N-(salicyloylamino)imide represents a group
      ##SPC22##
NUM  14.
PAR  14. The polyolefin composition as claimed in claim 1 which comprises 100
      weight parts of polyolefin and 0.05 .about. 2 weight parts of the
      N-(salicyloylamino)imide.
NUM  15.
PAR  15. The polyolefin composition as claimed in claim 1, which further
      comprises not less than one kind of a phenolic antioxidant.
NUM  16.
PAR  16. The polyolefin composition as claimed in claim 15, in which the
      phenolic antioxidant is selected from the class consisting of
PA1  tetrakis-[methylene
      3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate]methane,
PA1  4,4'-thiobis(3-methyl-6-tert-butylphenol),
PA1  1,3,5-trimethyl-2,4,6-tris(3,5-di-tert-butyl-4-hydroxybenzyl)benzene,
PA1  1,1,3-tris(2-methyl-4-hydroxy-5-tert-butylphenyl)butane,
PA1  octadecyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate and
PA1  2,6-di-tert-p-cresol.
NUM  17.
PAR  17. The polyolefin composition as claimed in claim 1, which further
      comprises not less than one kind of additives which are selected from the
      class consisting of a known stabilizing agent, dispersing agent,
      plasticizer and filler.
NUM  18.
PAR  18. The polyolefin composition as claimed in claim 1, in which the
      polyolefin is selected from the class consisting of homopolymers and
      copolymers of olefins.
NUM  19.
PAR  19. The polyolefin composition as claimed in claim 1, in which the
      polyolefin is selected from the class consisting of an ethylene
      homopolymer, isotactic polypropylene and an ethylenevinyl acetate
      copolymer.
PATN
WKU  039337375
SRC  5
APN  4627911
APT  1
ART  141
APD  19740422
TTL  Polymer composition for bonding to copper
ISD  19760120
NCL  23
ECL  1
EXP  Hoke; V. P.
NDR  1
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INVT
NAM  Glander; Fritz
CTY  Isernhagen NB
CNT  DT
INVT
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ABST
PAL  A composition for bonding to copper comprised of copolymers and ionic
      copolymers of ethylene and an .alpha.,.beta.-monoethylenically unsaturated
      carboxylic acid having incorporated therein a copper deactivating amount
      of a copper stabilizer or deactivator. The composition has improved
      moisture-resistant bond strength on copper and laminates of copper and the
      composition may be employed as a protective sheathing for cables.
PARN
PAR  This is a division of application Ser. No. 171,198, filed Aug. 12, 1971,
      now issued as U.S. Pat. No. 3,806,358, granted on Apr. 23, 1974.
PAR  This invention relates to compositions for bonding to copper, laminates of
      copper and such compositions, and uses therefor.
PAR  The use of laminates formed from copper and a copolymer of ethylene and a
      monomer with a reactive carboxyl group have been proposed for many
      applications, including the shielding of telephone cables; e.g., as
      disclosed in U.S. Pat. No. 3,233,036. The use of such a copolymer was
      considered to be advantageous in that the copolymer was adhesively bonded
      to the copper thereby providing a laminate which resisted delamination.
PAR  In using such laminates, however, it was found that upon being exposed to
      moisture at elevated temperatures (around 70.degree.C. ), after short
      periods of time, the bond between such copolymers and the copper was
      destroyed resulting in delamination.
PAR  Accordingly, the principal object of the present invention is to provide an
      improved polymer composition for bonding to copper to thereby provide
      improved copper-polymer laminates for various applications.
PAR  The objects of this invention are broadly accomplished by providing a
      composition comprised of a copolymer or an ionic copolymer (ionomer)
      formed from ethylene and a monomer having a reactive carboxyl group
      (hereinafter sometimes referred to as the polymer) which has incorporated
      therein in addition to the usual antioxidant a copper stabilizing or
      deactivating amount of a copper stabilizing compound; i.e., the compound
      deactivates copper.
PAR  The copper stabilizer or deactivator is one which deactivates copper
      without preventing the formation of an effective bond between the selected
      copolymer or ionic copolymer, and is employed in an amount to deactivate
      the copper. Some copper deactivators or stabilizers have been found to
      decrease the absolute adhesive strength of the bond between the polymer
      and the copper, with an increase in the amount of stabilizer further
      decreasing the bond strength. The minimum desired peel strength for a
      copper-polymer laminate should be at least about 2 kp/cm.sup.2. and,
      accordingly, the copper deactivator is employed in an amount to deactivate
      the copper and provide such minimum peel strength. The term "copper
      deactivating amount " as used herein defines an amount of copper which
      provides both the required deactivation and minimum peel strength. In
      general the polymer contains from about 0.01 to about 2%, and preferably
      from about 0.05 to about 0.5%, all by weight, of the copper stabilizer or
      deactivator.
PAR  The copper deactivator may be incorporated into the polymer by any of the
      wide variety of methods and equipment known in the art for incorporating a
      stabilizer uniformly into a solid material, including mills, extruders,
      banbury mixers and the like. The deactivator could be added to the polymer
      as a solid or as a dispersion or solution in a suitable liquid. The
      details of uniformly dispersing the deactivator into the polymer forms no
      part of the present invention, and since such procedures are well known in
      the art, no detailed explanation is deemed necessary for a full
      understanding of the invention.
PAR  It is to be understood that the composition generally inludes in addition
      to the copper deactivator or stabilizer one or more of the usual
      antioxidants, inhibitors and/or stabilizers to inhibit and/or stabilize
      the polymer against the deleterious effects of oxygen, heat, aging and the
      like. The antioxident is present, as known in the art, in a concentration
      sufficient to inhibit oxidative attack of the polymer. The antioxidants
      are generally characterized by: a phenolic residue, divalent sulfur,
      aromatic amino residues, etc. As representative examples of such
      antioxidants, there may be mentioned: 4,4'- thiobis (3-methyl-6 -t-butyl
      phenol); 6,6'-di-t-butyl-4,4'-bi-o-cresol; 2,6-di-t-butyl-4-methyl phenol;
      phenyl-.beta.-naphthylamine; 5-N-pentadecyl resorcinol;
      4,4'-butylidenebis- (6-t-butyl-3-methyl phenol) and the like. Antioxidants
      are generally used in amounts from about 0.01 to 5%, by weight, based on
      the polymer, although higher and lower concentrations can be employed. The
      use of such antioxidants is well-known in the art and no further
      explanation is deemed necessary for a full understanding of the invention.
      It is also to be understood that the composition may also include other
      conventional components such as fillers, extenders, etc.
PAR  A laminate comprised of the polymer, including the copper stabilizer or
      deactivator and copper may be formed by the use of heat and pressure by
      any of the wide variety of procedures known in the art. Thus, for example,
      the polymer including the stabilizer and the usual antioxidant may be
      bonded to the copper by an extrusion technique. Similarly, the polymer
      having the copper deactivator incorporated therein may be formed into a
      sheet, as known in the art, and the sheet mill pressed to the copper to
      produce the desired laminate. It is of course understood that, as known in
      the art, the copper surfaces to which the polymer is to be bonded should
      be suitably cleaned and degreased. The particular method of producing a
      laminate of copper and the polymer, including the copper deactivator,
      forms no part of the present invention, and since such techniques are
      known in the art, no detailed explanation is deemed necessary for a full
      understanding of the invention.
PAC  Copolymers and Ionic Copolymers
PAR  The copolymers are formed from ethylene and an alpha-beta ethylenically
      unsaturated carboxylic acid, containing one or more carboxyl groups,
      preferably hydrocarbon carboxylic acids, and more preferably hydrocarbon
      monocarboxylic acids, in which the acid is present in an amount from about
      1% to about 3%, preferably from about 4% to about 8%, all by weight. The
      carboxylic acid group-containing monomer preferably has from 3 to 8 carbon
      atoms and examples of such monomers are acrylic acid, methacrylic acid,
      ethacrylic acid, itaconic acid, maleic acid, fumeric acid, monoesters of
      said dicarboxylic acids, such as methyl hydrogen maleate, methyl hydrogen
      fumerate, ethyl hydrogen fumarate and maleic anhydride. Although maleic
      anhydride is not a carboxylic acid in that it has no hydrogen attached to
      the carboxyl groups, it can be considered an acid for the purposes of the
      present invention because of its chemical reactivity being that of an
      acid. Similarly, other .alpha.,.beta.-monoethyl-enically unsaturated
      anhydrides of carboxylic acids may be employed. The preferred acid
      components are acrylic acid, methacrylic acid and ethacrylic acid.
PAR  The copolymer may be produced by the copolymerization of a mixture of the
      olefin and the carboxylic acid monomer, and such methods have been
      described in the literature. In a preferred process, a mixture of the two
      monomers is introduced into a polymerization environment maintained at
      high pressure, 50 to 3000  atmospheres, and elevated temperatures,
      150.degree. to 300.degree.C., together with a free radical polymerization
      initiator such as a peroxide. An inert solvent for the system, such as
      water or benzene, may be employed, or the polymerization may be
      substantially a bulk polymerization.
PAR  Copolymers of ethylene with carboxylic acids may also be prepared by
      copolymerization of the ethylene with an .alpha.,.beta.-ethylenically
      unsaturated carboxylic acid derivative which subsequently or during
      copolymerization is reacted either completely or in part to form the free
      acid. Thus, hydrolysis, saponification or pyrolysis may be employed to
      form an acid copolymer from an ester copolymer.
PAR  The copolymer need not be a two-component polymer, provided the ethylene
      content is at least about 70%, by weight. In general, a third component,
      if employed, is an alkyl ester of a carboxylic acid of the type
      hereinabove described with the alkyl group generally having from 1-20
      carbon atoms. The preferred esters are the methyl and ethyl esters of
      acrylic and methacrylic acid. Suitable copolymers are: ethylene/acrylic
      acid copolymers, ethylene/methacrylic acid copolymers, ethylene/itaconic
      acid copolymers, ethylene/methyl hydrogen maleate copolymers,
      ethylene/maleic acid copolymers, ethylene/acrylic acid/methyl methacrylate
      polymers, ethylene/methacrylic acid/ethyl acrylate copolymers,
      ethylene/itaconic acid/methyl methacrylate copolymers and the like.
PAR  It is also to be understood that the copolymer could be a graft copolymer
      prepared as known in the art; e.g., as described in U.S. Pat. No.
      2,987,501.
PAR  The ionic copolymers employed in the present invention are obtained by the
      reaction of one of the above described copolymers with an ionizable metal
      compound, These ionic copolymers are well known in the art and are
      described in detail in U.S. Pat. Nos. 3,355,319, 3,264,272, and 3,404,134,
      which are hereby incorporated by reference. As disclosed in these patents,
      the preferred ionic copolymers are formed from alkali metals.
PAR  The preferred polymers are copolymers of ethylene and acrylic acid with and
      without acrylic acid ester.
PAR  The copolymers and ionic copolymers which are employed in the present
      invention generally have a Melt Index from about 0.2 to about 25.0 when
      measured by ASTM method dl238, to provide the required processing
      properties. As representative examples of such copolymers and ionic
      copolymers which are commercially available, there may be mentioned: those
      sold under the following marks: Lupolen KR1285 (BASF), QX2373 (Dow
      Chemical), Surlyn A Type 1800 and Type 1602 (DuPont).
PAC  Copper Deactivators
PAR  The copper deactivator or stabilizer may be any one of the wide variety of
      copper deactivators or stabilizers which are known to deactivate copper.
      The copper stabilizer is preferably one which is known to have a copper
      deactivating effect when incorporated into polypropylene for such
      purposes, such deactivators generally being nitrogenous compounds. These
      known copper deactivators are generally characterized by one or more of
      the following functional groups: amide, amino, hydrazide, hydrazone,
      ureide, azide or mercapto.
PAR  Disalicylamides have been found to be effective copper stabilizers for the
      purposes of this invention and such [disalicylamides may be represented by
      the following] structure:
      ##SPC1##
PAL  wherein:
PA1  R and R' are radicals selected from the group consisting of alkyl, alkoxy,
      hydrogen and halogen and
PA1  R " is a radical selected from the group consisting of
      --X-and-X(NH--X).sub.n -- wherein X is a 2 to 6 carbon atom alkylene
      radical and n is a positive integer, particularly an integer from 1 to 12.
PAR  The most effective compounds for the purposes of the invention are those in
      which R and R' are hydrogen, halogen, C.sub.1 to C.sub.6 alkyl and C.sub.1
      to C.sub.6 alkoxy radicals.
PAR  These copper deactivators are described in detail in U.S. Pat. No.
      3,034,879, and the teaching of this patent with respect to the copper
      deactivators are hereby incorporated by reference.
PAR  Compounds having the following structural formula are also suitable copper
      deactivators:
      ##EQU1##
      in which A is a benzene or a homo- or heterocylic nucleus having a greater
      aromatic character than a benzene nucleus, e.g., a pyridine, a naphthalene
      or higher aromatic nucleus, the OH groups being ortho- to the --CH=N
      groups,
PA1  R is a straight chain, branched chain or cyclic aliphatic radical or an
      aromatic or heterocylic nucleus, in which the N atoms of the above general
      formula are preferably 1,2 or 1,3 with respect to each other, and
PA1  X, x' and X" indicate that A and R each have one or more substituents,
      these substituents are such that when X" does not include an NO.sub.2
      group both X and X' must ech include an NO.sub.2 group and when
      substituents other than NO.sub.2 are introduced in A or R they are such as
      not to detract seriously from the effects described above: substituents
      which satisfy this requirement are halogens. The preferred compounds of
      this type are
PA1  1,2-bis(3-nitro-2-hydroxybenzylidineamino) 4-nitrobenzene
PA1  1,2-bis(5-nitro-2-hydroxybenzylidineamino)4-chlorobenzene
PA1  1,2-bis(5-chloro-2-hydroxybenzylidineamino)4-nitrobenzene.
PAL  These copper deactivators are described in more detail in U.S. Pat. No.
      3,055,815 and the teachings of this patent with respect to the copper
      deactivators are hereby incorporated by references.
PAR  Compounds of the following structural formula are also suitable copper
      stabilizers or deactivators:
      ##SPC2##
PAL  wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6, R.sub.7 and
      R.sub.8 are each independently hydrogen, alkyl, especially lower alkyl,
      e.g., methyl, ethyl, propyl, butyl, pentyl, hexyl-, alkoxy-, especially
      lower alkoxy, e.g., methoxy, ethoxy, propoxy, butoxy, pentoxy, hexory, or
      a phenyl group.
PAL  The preferred compound is N-salicylidene-H'-salicylhydrazide. These copper
      deactivators or stabilizers are described more fully in U.S. Pat. No.
      3,100,696 and the teachings of this patent with respect to copper
      stabilizers are hereby incorporated by reference.
PAR  Hydrazones are also suitable copper stabilizers for the purposes of this
      invention. Thus, for example, the hydrazones represented by the following
      structural formula are suitable deactivators:
      ##EQU2##
      wherein Ar is selected from
      ##SPC3##
PAL  and radicals wherein one or more of the --CR.sup.4 =groups of the
      above-referred-to radical have been replaced by a corresponding number of
      --N=groups, Ar.sup.1 is selected from
      ##SPC4##
PAL  and radicals wherein one or more of the --CR.sup.4 =groups of the
      ##SPC5##
PAL  radical have been replaced by a corresponding number of --N=groups, further
      characterized in that at least one heterocyclic nitrogen atom and
      preferably less than three are present in the hydrazone compound. R.sup.4
      is selected from hydrocarbon radicals, hydroxy groups, halide atoms and
      hydrogen atoms. The hydrocarbon radicals include aliphatic, cycloaliphatic
      aromatic, aliphatic-aromtic, and may be saturated or unsaturated,
      preferably hydrocarbon radicals having up to 10 carbon atoms. Ar or
      Ar.sup.1 may also be condensed nuclei, such as naphthyl.
PAR  Examples of hydrazones of this formula are the following:
PA1  2-methyl-benzaldahyde 3-hydroxy-5-methylisonicotinoylhydrazone
PA1  2-chloro-4-methylbenzaldehyde 3-hydroxyisonicotinoylhydrazone;
PA1  2-ethy;-4-hydroxybanzaldehyde 4-hydroxynicotinoylhydrazone;
PA1  2-hydroxybenzaldehyde 3-hydroxyisonicotinoylhydrazone;
PA1  2,6-dihydroxy-4-chlorobenzaldehyde 3,5-dihydroxyisonicotinoxylhydrazone;
PA1  4-hydroxybenzaldehyde 3-hydroxyisonicotinoylhydrazone;
PA1  2,4-hydroxybenzaldehyde 3,5-di-tert-butyl-benzaldehyde
      2-tert-butyl-3-hydroxyisonicotinoylhydrazone;
PA1  2-hydroxybenzaldehyde 3-hydroxy-2-pyrazinecarboxyloylhydrazone;
PA1  4-chlorobenzaldehyde 3-hydroxynicotinoylhydrazone;
PA1  pyridine-4-carboxyaldehyde 2-hydroxyninotinoylhyrazone;
PA1  3-hydroxypyridine-4-carboxaldehyde 3-hydroxyisonicotinoylhydrazone;
PA1  3-hydroxypyridine-4-carboxaldehyde salicyloylhydrazone; and
PA1  3-hydroxy-5-methylpyridine-4-carboxaldehyde salicyloylhydrazone.
PAR  A preferred hydrazone is hydroxybenzaldehyde
      3-hydroxyisonicotinoylhydrazone of the formula
      ##SPC6##
PAR  These hydrazones are described in some detail in U.S. Pat. No. 3,296,188
      and the teachings of this patent with respect to hydrazones as copper
      stabilizers are hereby incorporated by reference.
PAR  Hydrazones represented by the following structural formula are also
      suitable deactivators.
      ##EQU3##
      wherein Ar.sup.1 represents
      ##SPC7##
PAL  wherein R.sup.4 is a member selected from hydrocarbon radicals, a hydroxy
      group, a halide atom and a hydrogen atom with the proviso that at least
      one R.sup.4 of the hydrazone is a hydroxy group and preferably attached to
      the ring in the ortho position, i.e.,
      ##SPC8##
PAL  The hydrocarbon radicals include aliphatic, cycloaliphatic, aromatic and
      aliphatic-aromatic radicals and may be saturated or unsaturated. Examples
      of suitable hydrocarbon radicals are those having up to 10 carbon atoms,
      such as methyl, ethyl, propyl, isopropyl, butyl, tert-butyl, norbornyl,
      isobornyl, cyclohexyl, vinyl, phenyl, benzyl, tolyl and the like. Ar and
      Ar.sup.1 may also be condensed nuclei such as naphthyl.
PAR  Representative hydrazones are the following: 2methylbenzaldehyde
      4-methylsalicyloylhydrazone 2-chloro-4-methylbenzaldehyde
      6-ethylsalicyloylhydrazone; 2-ethyl-4-hydroxybenzaldehyde
      6-ethylsalicyloylhydrazone; 2-hydroxy-4-butylbenzaldehyde
      4,5-dimethylsalicyloylhydrazone; 2,6-diethyl-4-chlorobenzaldehyde
      4-vinylsalicyloylhydrazone; 2-hydroxy-4,6-dimethylbenzaldehyde
      6-hydroxysalicyloylhydrazone; 3-hydroxybenzaldehyde silicyloylhydrazone;
      4-hydroxybenzaldehyde salicyloylhydrazone; 2-methyl-4-hydroxybenzaldehyde
      salicyloylhydrazone and the like.
PAR  The preferred hydrazone of this type is hydroxybenzaldehyde
      salicyloylhydrazone of the formula
      ##SPC9##
PAL  These hydrazones are described in more detail in U.S. Pat. No. 3,438,935,
      and the teachings of this patent with respect to these stabilizers are
      hereby incorporated by reference.
PAR  Hydrazones having the following structural formula are also suitable
      stabilizers:
      ##SPC10##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen or same or different hydrocarbon
      radicals which are substituted or unsubstituted alkyl, cycloalkyl, aryl,
      alkryl or aralkyl radicals and n is 1 or 2.
PAR  As representative hydrazone compounds which are encompassed by this
      formula, there are mentioned 2-hydroxyacetophenone hydrazone,
      2,4-dihydroxyacetophenone hydrazone, salicylaldehyde hydrazone,
      2-hydroxycaprophenone hydrazone, 2-hydroxydodecaphenons hydrazone,
      2,4-dihydroxybenzaldehyde hydrazone, and 2,4-dihydroxybutyrophenone
      hydrazone.
PAR  These hydrazone copper deactivators are described in U.S. Pat. No.
      3,407,173, and the teachings of this patent, with respect to such
      deactivators or stabilizers, are hereby incorporated by reference.
PAR  Azine compounds are also suitable copper stabilizers for the purposes of
      this invention. Azine compounds having the following structural formula
      are particularly suitable.
      ##SPC11##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are hydrogen or same or
      different hydrocarbon radicals which are substituted for unsubstituted
      alkyl, cycloalkyl, aryl, alkaryl or aralkyl radicals
PAR  As representative compounds, there may be mentioned
PA1  2,4-dihydroxyacetophenone azine, 2,4-dihydroxyoctaphenone azine,
PA1  2,4-dihydroxypropiophenone azine, 2,4-dihydroxybutyrophenone azine,
PA1  2,4-dihydroxycaprophenone azine and 2,4-dihydroxydodecanophenone azine.
PAR  Azine compounds useful as copper stabilizers are described in U.S. Pat. No.
      3,407,174, and the teachings of this patent, with respect to such
      stabilizers, are hereby incorporated by reference.
PAR  Hydrazide compounds are also suitable copper deactivators or stabilizers
      for the purposes of this invention. Hydrazide deactivators which are
      derivatives of the radical
      ##EQU4##
      are disclosed in U.S. Pat. No. 3,484,285, in particular benzhydrazide,
      isonicotinic acid hydrazide, p-nitrobenzhydrazide, m-nitrobenzhydrazide,
      salicyl hydrazide, maleic acid hydrazide, and oxalyl dihydrazide, and such
      hydrazides are suitable for the purposes of this invention. The teachings
      of U.S. Pat. No. 3,484,285, with respect to such copper stabilizers, are
      hereby incorporated by reference.
PAR  Oxalhydrazides having the following formula are suitable for the purposes
      of this invention:
      ##EQU5##
      where R is selected from the alkyl radicals having 1 to 16 carbon atoms,
      the mono-aryl radicals and the naphthene radicals having 5 to 12 carbon
      atoms. Representative hydrazides within this formula are: oxaldihydrazide,
      bis-cyclohexanoneoxaldihydrazide, tetramethyloxaldihydrazide,
      diphenyloxaldihydrazide, tetralauryloxaldihydrazide,
      dilauryloxaldihydrazide, dibutyloxaldihydrazide,
      dimethyldiphenyloxaldihydrazide, and biscycloheptanoneoxaldihydrazide.
      These oxaldihydrazide copper stabilizers are disclosed in U.S. Pat. No.
      3,117,104, and the teachings of this patent, with respect to copper
      deactivators, are hereby incorporated by reference.
PAR  Oxalyl dihydrazides having the following formula are also suitable for
      purposes of this invention:
      ##EQU6##
      wherein A and B are selected from the group consisting of: a. H.sub.2, and
PA1  b. benzyl type radicals having the following structure:
      ##SPC12##
PAL  wherein R is a monovalent radical selected from the group consisting of
      hydrogen, alkyl (1-20 carbon atoms, preferably lower alkyl, 1-4 carbon
      atoms), and alkoxyl (1-20 carbon atoms, preferably lower alkoxyl, 1-4
      carbon atoms), and X is selected from the group consisting of hydrogen and
      the halogens, and at most one of A and H is H.sub.2.
PAR  The preferred compounds are N,N'-dibenzal-(oxalyl dihydrazide) and N-benzal
      oxalyl dihydrazide, with the former being particularly preferred. These
      deactivators are described in U.S. Pat. No. 3,440,210, and the teachings
      of this patent, with respect to such stabilizers, are hereby incorporated
      by reference.
PAR  Hydrazides having the following structural formula are also suitable for
      the purposes of this invention:
      ##EQU7##
      in which each of R.sub.1 and R.sub.2 is hydrogen, alkyl, chloro, phenyl,
      or, taken together, benzo.
PAR  Particularly valuable compounds embraced by this formula include compounds
      of the formula:
      ##EQU8##
      in which each of n and m is an integer from 0 to 20. Thus included are
      compounds of the following three formulae:
      ##EQU9##
      Representative compounds are oxalo-bis-(salicylidenehydrazide),
      oxalo-bis-(2-hydroxy-5-octadecylbenzylidenehydrazide),
      oxalo-bis-(2-hydroxy-5-methylbenzylidenehydrazide),
      oxalo-bis-(2-hydroxy-5-t-butylbenzylidenehydrazide),
      oxalo-bis-(2-hydroxy-3,6-dimethylbenzylidenehydrazide),
      oxalo-bis-(2-hydroxy-5-t-amylbenzylidenehydrazide),
      oxalo-bis-((2-hydroxy-3,5-di-t-butylbenzylidenehydrazide),
      oxalo-bis-(hydroxy-5-phenylbenzylidenehydrazide),
      oxalo-bis-(2-hydroxy-5-chlorobenzylidenehydrazide) and
      oxalo-bis-(2-hydroxy-1-naphthylidenehydrazide).
PAR  These copper deactivators are described in more detail in U.S. Pat. No.
      3,357,944, and the teachings of this patent, with respect to such
      deactivators, are hereby incorporated by reference.
PAR  Oxamide and derivatives of oxamides which contain the radical
      ##EQU10##
      are also suitable copper stabilizers. The term derivatives includes
      polymers containing the noted radical. In particular, the derivatives
      having one of the following general formulae:
      ##EQU11##
      where R is either an ethylene or a keto group; and derivatives of oxamide
      having the general formula:
      ##EQU12##
      where R.sub.1 and R.sub.2 are cyclic radicals. R.sub.1 and R.sub.2 may be
      the same or different. They may be homocyclic, heterocyclic, aromatic or
      polycyclic and may have 4-6 carbon atoms in each cyclic ring. R, R.sub.1
      and R.sub.2 may be substituted or unsubstituted. The preferred components
      are N,N'-dephenyloxamide and polyhexamethylene oxamide. Representative
      examples of such oxamide compounds are given in U.S. Pat. No. 3,462,517,
      and the teachings of this patent, as related to oxamide copper
      stabilizers, are hereby incorporated by reference.
PAR  Other oxamide copper deactivators which are suitable for the purposes of
      this invention are those represented by the following structural formula:
      ##EQU13##
      wherein each R is a radical independently selected from the group
      consisting of O and S radicals.
PAR  Representative examples of such oxamide compounds are given in U.S. Pat.
      No. 3,160,680, and the teachings of this patent, as related to oxamide
      copper stabilizers, are hereby incorporated by reference.
PAR  Mercapto and thio hydrazides and/or ureides having the following structures
      are also suitable copper stabilizers:
      ##EQU14##
      X is selected from the group consisting of oxygen or sulfur. n is an
      integer of from 1 to 2.
PA1  R.sub.1 is a bivalent group selected from the group consisting of alkylene
      radicals containing from 1 to about 2 carbon atoms; alkylene radicals
      including an alkyl substituent having from 1 to about 12 carbon atoms,
      aryl having from 6 to about 10 carbon atoms, hydroxyl; and halogen groups,
      and arylene radicals containing from about 6 to about 10 carbon atoms; and
      such radicals including the substituents named above, nitro and alkoxy
      having from 1 to about 12 carbon atoms.
PA1  R.sub.2 is selected from the group consisting of hydrogen, alkyl having
      from 1 to about 12 carbon atoms, aryl having from 6 to about 10 carbon
      atoms, and alkaryl and aralkyl having from 7 to about 10 carbon atoms, and
      such radicals including any of the above substituents, and mercapto,
      ##EQU15##
      wherein Z is selected from the group consisting of hydrogen, hydroxyl and
      mercapto groups; and R' is selected from the group consisting of hydrogen
      and alkyl radicals having from 1 to about 4 carbon atoms, and X and
      R.sub.1 are as defined above; and
PA1  R.sub.3 is selected from the group consisting of hydrogen,
      ##EQU16##
      wherein Z, R.sub.1 and R' are as defined hereinbefore. In each of the
      above structures, the R's and X's in the same compound may be the same or
      different.
PAR  The halogen can be chlorine, bromine or iodine.
PAR  Where the R.sub.1 arylene group is linked to a sulfur atom and/or a
      ##EQU17##
      group, the sulfur atom and the
      ##EQU18##
      group are ortho to each other or to a substituent on the aromatic nucleus.
PAR  These copper deactivators, and representative examples thereof, are
      disclosed in more detail in U.S. Pat. No. 3,549,572, the teachings of
      which, as related to such deactivators, are hereby incorporated by
      reference.
PAR  Further suitable are amino-compounds which may be used are for instance
      amines of boiling point greater than about 200.degree.C., for example:
      mono-primary amines--n-nonylamine, decylamine, dodecylamine,
      hexadecylamine, octadecylamine, docosylamine, p-toluidine,
      2-amino-p-xylene, 4-amino-m-xylene, o-, m- and p-anisidines, o-, m- and
      p-phenetidines, o-, m- and p-chloro-anilines, o-, m- and p-bromoanilines,
      mesidine, 1-cumidine, 4-amino-3-bromotoluene, p-benzylaniline, methyl
      anthranilate, ethyl anthranilate, .alpha.-naphthylamine, ac- and
      artetrahydro-.alpha.-naphthylamine, .beta.-naphthylamine, ac- and
      artetrahydro-.beta.-naphthylamines, 4-aminodiphenyl, p-aminoacetophenone,
      p-amino-benzophenone, benzohydrylamine, m- and p-amino-benzophenone,
      benzohydrylamine, m- and p-amino triphenylmethanes; diprimary amines
      (which may also contain secondary amine or ether groups)--hexamethylene
      diamine, decamethylene diamine, dodecamethylene diamine, .gamma.,
      .gamma.'-diaminodipropyl ether, 1,6-di(-aminopropoxy) hexane, tri(ethylene
      glycol) diamine, tetra (ethylene glycol) diamine, diethylene triamine,
      triethylene tetramine, p-di(.beta.-amino-ethoxy) benzene,
      bis(p-aminobenzyl), 1,6-di(p-aminophenyl) hexane, 2,4'-diaminodiphenyl,
      p,p'-diaminodiphenyl methane, 2,2-bis(4-aminophenyl)propane,
      p,p'-di-aminomethyl phenyl ether, 1,2-di(4'-aminophenoxy) ethane, o-, m-
      and p-phenylene diamines, the various tolylene diamines e.g. 2,4- and
      2,6-tolylene diamines, the various diaminoxylenes for instance
      1,3-dimethyl-4,6-diaminobenzene, 1,2-dimethly-3,5-diaminobenzene,
      1-ethyl-2,4-diaminobenzene, 1-ethyl 3,5-diamino benzene,
      1-ethyl-2,6-diamino benzene,  1,4-di-(.beta.-aminoethoxy)cyclohexane,
      1,2-di(4'-aminocyclohexyl) ethane, 4,4'-diaminodicyclohexyl methane,
      1,6-di(4'-aminocyclohexyl) hexane, 2,4'-diamino dicyclohexyl,
      2,2-bis(4'-aminocyclohexyl) propane; mono- and di-secondary amines formed
      from any of the above by the replacement of one hydrogen of one or more
      primary amino groups by an aliphatic or arylaliphatic, e.g. alkyl,
      cycloalkyl, hydroxyalkyl, acyloxyalkyl or aralykl group may also be used;
      other secondary amines of boiling point at least 200.degree. C. for
      axample diethanolamine, decahydroquinoline, dicyclohexylamine or
      diisooctylamine may also be used. Although diarylamines do not fall within
      this disclosure, their amino-derivatives, e.g. p-aminodiphenylamine and
      p,p'-diaminodiphenylamine may be used.
PAR  These amino compounds are generally used in conjunction with a phenolic
      antioxidant and optionally also an organic sulfur compound. These copper
      deactivators are described in U.S. Pat. No. 3,181,971 which is hereby
      incorporated by reference.
PAR  Other suitable copper stabilizers are azimidobenzene and derivatives of
      azimidobenzene which include the radical:
      ##SPC13##
PAL  and the corresponding compounds having a six membered heterocyclic ring
      characterized by the phenotriazine structure:
      ##SPC14##
PAL  Representative compounds include azimidobenzene, 5-chloroazimidobenzene,
      5-methylazimidobenzene, 5-nitroazimidobenzene,
      5,6-di-methylazimidobenzene, 1,2-azimidonaphthaline and
      -azimidonaphthalene 4-hydroxy phenotriazine. Such copper stabilizers or
      deactivators are described in more detail in U.S. Pat. No. 3,367,907, the
      teachings of which, as related to these copper stabilizers or
      deactivators, are hereby incorporated by reference.
PAR  Other suitable copper stabilizers or deactivators include triazines,
      triazoles, including 3-amino-1,2,4-triazole, triazolines and tetrazoles as
      described by Hansen et al., Polymer Eng. and Science, vol. 5, October
      1965, pages 223-226; 2,3-dihydroxyquinoxaline, as described in U.S. Pat.
      No. 3,425,984; the various heterocyclic hydrazines and lactams, described
      in German Offenlegungsschrift No. 1,927,447, the teachings of which with
      re-spect to copper stabilizers being hereby incorporated by reference; the
      various heterocyclic amines and amides described in German
      Offenlegungsschrift No. 1,926,547, the teachings of which, as related to
      copper stabilizers or capacitors, being hereby incorporated by reference.
      It is also to be understood that in some cases two or more components or
      mixtures of known deactivators are employed to obtain the deactivating
      effect and the term copper stabilizer or deactivator includes such two or
      more components. Thus, for example, U.S. Pat. Nos. 3,560,434; 3,535,257,
      British Patent Specification Nos. 890,761 and 951,931 describe copper
      deactivators comprised of more than one component and the teachings of
      these patents are also incorporated by reference.
PAR  The preferred copper stabilizers or deactivators are: N,N'-diphenyloxamide,
      oxaldihydrazide, nitrobenzhydrazide, 3-amino-1,2,4-triazole,
      polyhexamethyleneoxamide and N-salicylidene-N'-salicyloyl hydrazine.
PAR  It is to be understood that the hereinabove copper stabilizers or
      deactivators ar representative examples of such stabilizers or
      deactivators are not to be considered limiting the overall scope of the
      invention
DRWD
PAR  The copper laminates of the present invention have a wide variety of uses
      and some of such uses will be described with reference to the accompanying
      drawings, wherein:
PAR  FIG. 1 is a simplified representation of a cable including a laminate of
      the present invention;
PAR  FIG. 2 is a simplfied representation of another cable including a laminate
      of the present invention;
PAR  FIG. 3 is a simplified representation of a transmission cable formed from a
      laminate of the present invention; and
PAR  FIG. 4 is a simplified representation of a pipe formed from a laminate of
      the present invention.
DETD
PAR  The laminates of the present invention can be used, as known in the art, as
      a water-tight cable sheathing for transmission cables. Referring to FIG.
      1, there is shown the transmission cable strands forming the cable core 10
      held together, as known in the art, by a winding 12 of paper, plastic or
      other suitable material. A water-tight cable sheathing of a preformed
      laminate of the present invention comprised of a copper band 14 having
      bonded to one or both of its surfaces a layer 12 of a copolymer or ionic
      copolymer, including a copper stabilizer or deactivator is wound above and
      around the winding 12. An outer plastic coating 15, such as polyethylene,
      surrounds the cable sheathing. The copper band 14 having the layer 13
      bonded thereto is longitudinally placed around the cable core with a small
      overlap and the plastic coating 15 is extruded thereon. The heat of
      extrusion is sufficient to bond together the laminate of the copper band
      14 and layer 13 at the overlap and to also establish a firm bond between
      the band 14 annd the sheathing 15.
PAR  The production of such cables is generally known in the art (e.g., U.S.
      Pat. Nos. 3,206,541; 3,233,036; and 3,459,877) and such teachings are
      especially applicable to the production of cables including a
      copper-polymer laminate of the present invention.
PAR  Referring to FIG. 2, there us illustrated an alternate method of providing
      a transmission cable having a watertight cable sheathing formed of a
      copper laminate of the present invention. In accordance with the
      embodiment of FIG. 2, the cable core 21 is surrounded by a suitable
      winding 22 and then by copper foil 23 placed lengthwise around the core.
      The edges of the copper foil 23 are bent upwards, welding and then folded,
      as shown. Alternatively, the band edges of the copper foil 23 could be
      welded. After providing the welded copper foil layer 23, a layer 24 of a
      copolymer or ionic copolymer, including a copper stabilizer or
      deactivator, of the present invention, is extruded over and bonded to the
      copper foil layer 23 to provide a water-tight sheathing. The outer plastic
      sheathing 25 is then formed as known in the art.
PAR  The laminates of the present invention can also be used to advantage to
      provide transmission cables with damping dependent on frequency. In
      accordance with the present invention, the massive inner core is replaced
      by a laminate of the present invention comprised of an inner member formed
      of a copolymer or ionic copolymer including a copper stabilizer of the
      present invention, and a copper foil outer member bonded to the inner
      member.
PAR  Referring to FIG. 3, there is shown a solid inner member 31 formed from a
      copolymer or ionic copolymer having incorporated therein a copper
      stabilizer, as hereinabove described, surrounded lengthwise by a thin
      copper band 32. The copper band is heated and forced under pressure over
      the inner member 31 to form an adhesive bond therebetween. The edges of
      the copper band 32 are, for example, welded along the longitudinal seam. A
      plastic coating 33, as known in the art, is extruded over the copper band
      32. Accordingly, the massive inner core has been replaced with a thin
      copper tube and through the skin effect, all of the energy transmitted is
      through the copper layer 32.
PAR  The laminates of the present invention may also be used for producing pipe
      for the transportation of various materials, including heated or
      refrigerated, liquid or gaseous media. Thus, as shown in FIG. 4, a pipe 41
      is comprised of a copper tube 42 having bonded to its exterior surface a
      layer 43 of a copolymer or ionic copolymer including a copper stabilizer,
      of the present invention. The copper tube 42 may be preformed and the
      layer 43 subsequently bonded thereto, for example, by an extrusion
      technique. Alternatively, copper sheets having one or both surfaces
      covered with the copolymer or ionic copolymer, including a copper
      deactivator, of the present invention bonded thereto may be formed with
      the edges thereof free of the polymer layer. The tube is then formed from
      the copper laminate, and the polymer free edges welded together.
PAR  It is also to be understood that the copolymer and/or ionic copolymer
      including a copper stabilizer or deactivator may be used for bonding
      together copper surfaces. Thus, for example, the composition may be used
      between an overlapping seam portion of a copper strip in which case the
      composition functions as an adhesive for providing an effective bond.
PAR  The invention is further illustrated by the following examples, but it is
      to be understood that the scope of the invention is not to be limited
      thereby.
PAC  EXAMPLE I
PAR  An ethylene-acrylic acid-copolymer further including acrylate units, sold
      under the Lupolen mark KR-1285 by BASF was uniformly mixed with the copper
      stabilizer N-salicylidene-N' salicyloyl hydrazide (CHEL-180) in amounts of
      0.2% and 0.5%, by weight. A layer 1.5 mm. thick was applied to a
      previously degreased sheet of copper with a thickness of 0.28 mm. by
      application of a pressure of about 200 atm. at 180.degree. F.
PAR  A similar sheet was also prepared from Lupolen KR-1285 without stabilizer.
PAR  The initial peel strength was about 9 kp./cm. and the initial peel strength
      of the 0.2% and 0.5% deactivated polymers were about 4 kp./cm. and 2
      kp./cm., respectively.
PAR  The strips were kept in distilled water at 70.degree. C. inside a drying
      cabinet.
PAR  The laminate strips without stabilizer exhibited a very dramatic decrease
      in adhesive strength which completely deteriorated after 13-15 days.
PAR  The laminate strips with stabilizer did not exhibit any notable decrease in
      peel strength over a period of 90 days.
PAC  EXAMPLES II-VI
PAR  In the following examples, a copper laminate is prepared, as in Example I,
      having a total thickness of 0.4 mm., with the thickness of the polymer
      layer being 0.04 mm. The resulting laminates are found to resist
      delamination.
TBL  __________________________________________________________________________

     Examples II-VI                                                            

                     Antioxidant                                               

                                Deactivator                                    

     Clear                                                                     

         Polymer     (0.5 wt. %)                                               

                                (0.4 wt. %)                                    

     __________________________________________________________________________

     II  Ethylene-acrylic                                                      

                     4,4'-thiobis (3-                                          

                                N,N-dephenyl                                   

         acid (QX2373 sold                                                     

                     methyl-6-t-butyl                                          

                                oxamide.                                       

         by Dow).    phenol).                                                  

     III "           "          oxalyl                                         

                                dihydrazide.                                   

     IV  "           "          nitrobenzhydra-                                

                                zide.                                          

      V  "           "          poly (hexamethyl-                              

                                ene oxamide.                                   

     VI  "           "          3-amino-1,2,4-                                 

                                triazole.                                      

     __________________________________________________________________________

PAC  EXAMPLES VII-XII
PAR  Copper laminates are prepared, as in Example I, using Surlyn 1800 (an
      ethylene-carboxylic acid ionomer containing zinc as the major cation and
      including an antioxidant) as the polymer and 0.4 wt. percent of the copper
      deactivators of Examples I-VI.
PAR  The laminates have a total thickness of 0.4 mm., with the thickness of the
      polymer layer being 0.04 mm. The resulting laminates are found to resist
      delamination.
PAR  The present invention is particularly advantageous in that the polymeric
      compositions may be effectively bonded to copper, and the resulting
      laminate, resists delamination even at those conditions at which
      delamination is to be expected. The results of this invention are
      particularly surprising in that the polymers of the composition are not
      known to be susceptible to degradation by copper, and accordingly, the
      resulting resistance to delamination, resulting from the use of copper
      stabilizers or deactivators, is completely unexpected.
PAR  The present invention is further advantageous in that the polymer
      composition can also function as an adhesive for bonding other plastics to
      copper.
PAR  Numerous modifications and variations of the present invention are possible
      and, therefore, within the scope of the appended claims the invention may
      be practiced other than as described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved composition for bonding to copper, comprising: a polymer
      selected from the group consisting of nonionic copolymers and ionic
      copolymers of ethylene and an .alpha.,.beta.-monoethylenically unsaturated
      hydrocarbon carboxylic acid, said polymer including a copper deactivating
      amount of a copper stabilizer.
NUM  2.
PAR  2. The composition of claim 1 wherein the polymer is a copolymer of an
      .alpha.,.beta.-monoethyenically unsaturated hydrocarbon carboxylic acid
      and ethylene.
NUM  3.
PAR  3. The composition of claim 2 wherein the carboxylic acid is a hydrocarbon
      monocarboxylic acid having from 3 to 8 carbon atoms, said carboxylic acid
      comprising from about 1% to about 30%, by weight, of the polymer.
NUM  4.
PAR  4. The composition of claim 3 wherein the carboxylic acid is acrylic acid.
NUM  5.
PAR  5. The composition of claim 3 wherein the carboxylic acid is methacrylic
      acid.
NUM  6.
PAR  6. The composition of claim 3 wherein the carboxylic acid is ethacrylic
      acid.
NUM  7.
PAR  7. The composition of claim 3 wherein the copper stabilizer is selected
      from the group consisting of N,N'-diphenyloxamide, oxaldihydrazide,
      nitrobenzhydrazide, 3-amino-1,2,4-triazole, polyhexamethyleneoxamide and
      N-salicylidene-N'-salicyloylhydrazine.
NUM  8.
PAR  8. The composition of claim 7 wherein the copper stabilizer is
      N,N'-diphenyloxamide.
NUM  9.
PAR  9. The composition of claim 8 wherein the carboxylic acid is acrylic acid.
NUM  10.
PAR  10. The composition of claim 7 wherein the copper stabilizer is
      oxaldihydrazide.
NUM  11.
PAR  11. The composition of claim 10 wherein the carboxylic acid is acrylic
      acid.
NUM  12.
PAR  12. The composition of claim 7 wherein the copper stabilizer is
      nitrobenzhydrazide.
NUM  13.
PAR  13. The composition of claim 12 wherein the carboxylic acid is acrylic
      acid.
NUM  14.
PAR  14. The composition of claim 7 wherein the copper stabilizer is
      3-amino-1,2,4-triazole.
NUM  15.
PAR  15. The composition of claim 14 wherein the carboxylic acid is acrylic
      acid.
NUM  16.
PAR  16. The composition of claim 7 wherein the copper stabilizer is
      polyhexamethyleneoxamide.
NUM  17.
PAR  17. The composition of claim 16 wherein the carboxylic acid is acrylic
      acid.
NUM  18.
PAR  18. The composition of claim 7 wherein the copper stabilizer is
      N-salicylidene-N'-salicyloyl hydrazine.
NUM  19.
PAR  19. The composition of claim 18 wherein the carboxylic acid is acrylic
      acid.
NUM  20.
PAR  20. The composition of claim 1 wherein the polymer is an ionic copolymer of
      an .alpha.,.beta.-monoethylenically unsaturated hydrocarbon carboxylic
      acid and ethylene.
NUM  21.
PAR  21. The composition of claim 20 wherein the carboxylic acis is a
      hydrocarbon monocarboxylic acid having from 3 to 8 carbon atoms, said
      carboxylic acid comprising from about 1% to about 30%, by weight, of the
      polymer.
NUM  22.
PAR  22. The composition of claim 21 wherein the copper stabilizer is selected
      from the group consisting of N,N'-diphenyloxamide, oxaldihydrazide,
      nitrobenzhydrazide, 3-amino-1,2,4-triazole, polyhexamethyleneoxamide and
      N-salicylidene-N'-salicyloyl hydrazine.
NUM  23.
PAR  23. The composition of claim 22 wherein the carboxylic acid is acrylic
      acid.
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ABST
PAL  The adduct of hexamethylphosphoramide and a cyclophosphonitrilic chloride,
     PNCl.sub.2).sub.n.sup.. [(CH.sub.3).sub.2 N].sub.3 PO, useful for enhancing
      the fire retardancy of epoxy resins and a method for enhancing the fire
      retardancy of epoxy resins through the combination therewith.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of application Ser. No. 436,779 filed Jan.
      25, 1974 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to epoxy resins containing a fire retardant additve
      as well as a method by which epoxy resins are rendered fire retardant.
      Epoxy resins are widely accepted as useful products for a variety of
      purposes because epoxies are so versatile. By versatile is meant that
      epoxies vary in molecular weight, viscosity, surface properties and curing
      properties. Some are high molecular weight, high melting solids while
      others are low molecular weight liquids. By selecting the proper curing
      agent they can be made to cure quickly and slowly, at room temperature or
      at elevated temperatures. Epoxy resins can be used where a soft flexible
      material is required or where a hard, tough material is required. Epoxies
      provide excellent electrical insulating properties as well as a high
      resistance to corrosive media. Perhaps, though, epoxy resins most well
      known property is that of adhesion.
PAR  Epoxy resins, however, like many resins are not by themselves resistant to
      fire. To render them fire retardant, additives must be blended with the
      epoxy. The desirability of rendering epoxy resins fire resistant is
      evident. It is especially important that epoxies be rendered resistant to
      fire when used as an insulating compound to embed electrical equipment.
      Epoxies are also used as adhesives in equipment that undergo great changes
      in temperature and pressure where fire is likely to occur. It is essential
      that the epoxy resin be fire retardant to reduce the likelihood of fire.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the invention to provide an epoxy
      composition that is fire retardant.
PAR  Another object of the invention is to provide an adduct that when added to
      an epoxy resin will enhance the fire retardancy of that epoxy resin.
PAR  Still another object of the invention is to provide a method of enhancing
      the fire retardancy of an epoxy resin.
PAR  And yet another object of the invention is to provide fire retardant
      additives for epoxy resins which give minimum interference with the
      properties of the resins.
PAR  These and other objects are achieved by the inclusion of the adduct of
      hexamethylphosphoramide and a cyclophosphonitrilic chloride in an epoxy
      resin.
PAC  DETAILED DESCRIPTION
PAR  By "fire retardancy" is meant that the resin is resistant to flame after
      the igniting flame has been removed. In other words, the fire retardant
      epoxy resin will not support combustion by itself. When in contact with an
      open flame, however, it may become charred.
PAR  The fire retardancy enhancing additives of this invention are best produced
      by admixing at room temperature for at least about 10 minutes but
      preferably for 20 minutes in a mole ratio of 1:1 hexamethylphosphoramide,
      [(CH.sub.3).sub.2 N].sub.3 PO, and a cyclophosphonitrilic. In order to
      facilitate the removal of the final product from the reaction vessel, an
      excess of hexamethylphosphoramide or an inert diluent such as benzene is
      used, thereby the product is in a slurry upon completion of the reaction.
      Preferably the cyclophosphonitrilic is either
      hexachlorocyclotriphosphonitrile, (PNCl.sub.2).sub.3 or
      octachlorocyclotetraphosphonitrile (PNCl.sub.2).sub.4 or a mixture of the
      two.
PAR  The above reaction produces an adduct of the reactants which is a complex
      of the two molecules. The formulas for the two preferred adducts is
      (PNCl.sub.2).sub.n.[(CH.sub.3).sub.2 N].sub.3 PO where n = 3 or 4.
PAR  The types of epoxy resins contemplated to be used are the epoxy resins
      produced by Shell Oil Company under the trademark EPON. Such resins are of
      two types. The first type is derived from the diglycidyl ether of
      Bisphenol-A and may be modified with monoepoxy diluents. These epoxies
      have the general formula
      ##SPC1##
PAL  and are reaction products of epichlorohydrin and bisphenol-A.
PAR  The second type of epoxy resin is derived from a multiglycidyl derivative
      of a novolac. An example of such a resin is one having the following
      formula
      ##SPC2##
PAL  reacting phenol and formaldehyde.
PAR  A listing of the EPON resins to which the adduct of the invention may be
      added may be found in Handbook of Epoxy Resins, Lee and Neville, 4-66,
      McGraw-Hill Book Company, 1967. The use herein of EPON resins is merely
      meant to be illustrative and not a limitation of the specific epoxy resin
      which may be utilized within the scope of the invention. It is understood
      that epoxy resins derived from the diglycidyl ether of bisphenol-A or a
      multiglycidyl derivative of a novolac can be used in the context of the
      present invention; even though not an EPON resin.
PAR  The epoxy resin may be cured with any known curing agent. Those proven to
      be useful as curing agents are those derived from the amines, primary,
      secondary and tertiary, as well as Lewis Acids and acid anhydrides. Table
      I is provided as an example of known curing agents for epoxy resins. While
      it is quite common to cure an epoxy resin at room temperature the curing
      step is hastened if the resin is heated above room temperature of
      70.degree.C. Table I lists preferred temperature range for each curing
      agent.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                               Concentration                                   

                                       Curing                                  

                               parts/hundred                                   

                                       temperature                             

     Curing Agent     Chemical Type                                            

                               parts of resin                                  

                                       .degree.F                               

     __________________________________________________________________________

     Diethylentriamine                                                         

                      Polyamine                                                

                               10-12    60-300                                 

     Triethylentetriamine                                                      

                      Polyamine                                                

                               11-13    60-300                                 

     Diethylaminopropylamine                                                   

                      Polyamine                                                

                               4-8      77-300                                 

     N-Amioethylpiperozine                                                     

                      Polyamine                                                

                               20-23    80-300                                 

     M-Phenylenediamine                                                        

                      Polyamine                                                

                               13-14   140-400                                 

     Methylene Dianiline                                                       

                      Polyamine                                                

                               28-30   140-400                                 

     Diaminodiphenyl Sulfone                                                   

                      Polyamine                                                

                               20-30   240-400                                 

     BF.sub.3 Monoethylamine                                                   

                      Lewis Acid                                               

                               2-4     240-400                                 

                      Amino Complex                                            

     Dodecenylsuccinic Anhydride                                               

                      Anhydride                                                

                               85-95   175-500                                 

     Phythalic Anhydride                                                       

                      Anhydride                                                

                               70-80   200-300                                 

     Hexalhydrophtalid Anhydride                                               

                      Anhydride                                                

                               75-85   200-400                                 

     Chlorendic Anhydride                                                      

                      Anhydride                                                

                               100-120 200-400                                 

     Trinellectic Anhydride                                                    

                      Anhydride                                                

                               30-40   210-400                                 

     Tetrahydrophydralic Anhydride                                             

                      Anhydride                                                

                               75-80   200-300                                 

     __________________________________________________________________________

PAR  Fire retardance according to the novel aspects of the invention may be
      achieved in two ways. The first is by mixing hexamethylphosphoramide, a
      cyclophosphonitrilic chloride, a curing agent and an epoxy resin and
      heating to cure the mixture. In the second, a stoichiometric amount of
      hexamethylphosphoramide may be reacted with the cyclophosphonitrilic
      chloride and then the adduct of such a reaction is added to the epoxy
      resin along with a curing agent. The mixture is then cured by heating. The
      latter method is preferred.
PAR  Generally it has been found that by mixing from 1 to 30% by weight of the
      adduct with the epoxy resin, the fire retardancy properties of the resin
      is enhanced. A preferred range is from 5 to 20% by weight of the adduct.
DETD
PAR  In order to more fully illustrate the advantages and new features of the
      invention the following examples are presented.
PAC  EXAMPLE I
PAR  Hexamethylphosphoramide, 1.0 g and hexachlorocyclotriphosphonitrile
      (PNCl.sub.2).sub.3, 0.7 g, and allyl glycidyl ether, 1.0 g, were mixed,
      then stirred into 7.0 g of a general purpose epoxy casting resin
      (Bisphenol-A, epichlorohydrin polymer), EPON 828. After complete mixing,
      methylene dianiline, 3.0 g, was added and this mixture was heated at
      90.degree.C for 1 hour. The oxygen index of this resin was substantially
      higher (0.31) than would be expected from a similar loading of the
      phosphonitrilic chloride to the epoxy alone.
PAC  EXAMPLE II
PAR  Hexamethylphosphoramide, 1.0 g, allyl glycidyl ether, 1.0 g, and
      hexachlorocyclotriphosphonitrile, 1.0 g, were mixed and heated to
      90.degree.C until a clear mixture was formed. After cooling to
      approximately 50.degree.C the mixture was added to EPON 828, 7.0 g, and
      methylene dianiline, 3.0 g. The resin was heated to 90.degree.C for 90
      minutes then at 120.degree.C for 2 hours. The oxygen index of this resin
      was greater than 0.30.
PAC  EXAMPLE III
PAR  A resin was prepared using the technique described in Example I except that
      the hexamethylphosphoramide was omitted. The oxygen index was 0.26.
PAC  EXAMPLE IV
PAR  A resin was prepared from an epoxy-Novolac type resin (Shell EPON 154),
      30.0 g, hexamethylphosphoramide, 3.0 g, hexachlorocyclotriphosphonitrile,
      3.0 g, pentaerythritol tetrakis mercaptopropionate, 9.0 g, and
      methylenedianiline, 3.0 g. This mixture was thoroughly stirred, then
      heated at 90.degree.C for 2 hours and at 125.degree.C for 4 hours. The
      cured resin had an oxygen index of 0.29.
PAC  EXAMPLE V
PAR  Hexachlorocyclotriphosphonitrile, 11 g, was stirred with
      hexamethylphosphoramide, 17.0 g, in a reaction vessel and their admixture
      caused an exotherm that heated the mixture to 40.degree.C. This adduct, a
      solid that melts at about 40.degree.C, was used with Shell EPON 154 or
      EPON 828 to produce resins with oxygen index values of 0.32 for the former
      and 0.34 for the latter.
PAC  EXAMPLE VI
PAR  A 6 inch .times. 6 inch plaque was prepared by saturating six layers of
      chopped glass mat with a resin consisting of 96 g of EPON 828, 12 g of
      hexamethylphosphoramide, 12 g of hexachlorocyclotriphosphonitrile, 12 g of
      allylglycidyl ether and 36 g of methylene dianiline. The composite was
      held at 50.degree.C for 1 hour, at 100.degree.C for 4 hours and
      150.degree.C for 18 hours. The cured laminate has an oxygen index of 0.34.
PAR  In the Examples the oxygen index was obtained by using the method disclosed
      under ASTM D 2863-70. By "oxygen index" is meant the minimum oxygen
      concentration, expressed in volume percent, in a mixture of oxygen and
      nitrogen that will just support combustion of a material under the
      conditions of the method. Accordingly, a material having a high oxygen
      index requires more oxygen to support combustion and is therefore, more
      fire retardant than one having a low oxygen index.
PAR  Examples I and II when compared to Example III illustrate that the adduct
      of hexamethylphosphoramide and hexachlorocyclotriphosphonitrile yields a
      resin more fire retardant than one containing only hexamethylphosphoramide
      as a fire retardant agent. Example V illustrates that it is preferable to
      react hexamethylphosphoramide and the hexachlorocyclotriphosphonitrile to
      form the adduct and then add that adduct to the epoxy rather than merely
      adding the reactants to the epoxy resin before they have reacted to form
      the adduct.
PAR  It is further to be noted that the oxygen index of the epoxy resins used in
      the examples is approximately 0.19. It is apparent then that the use of
      the adduct of the invention significantly increases the fire retardancy of
      the resin.
PAC  EXAMPLE VII
PAR  Hexamethylphosphoramide, 17.95 g and a mixture of hexa-and
      octa-chlorocyclotriphosphonitrile in a hexa-to-octa ratio of 4:1, 34.8 g
      in 150 ml of benzene were mixed for two hours at 80.degree.C, then heated
      at 150.degree.C at 0.1 mm Hg in order to eliminate all excess liquids. A
      viscous substance remained. This substance was added to EPON 828 and the
      epoxy cured. The oxygen index of this resin was 0.34.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by letters patent of the United
      States is:
NUM  1.
PAR  1. An epoxy resin having enhanced fire retardancy properties which
      comprises an epoxy resin and an additive selected from the class
      consisting of (PNCl.sub.2).sub.3.[(CH.sub.3).sub.2 N].sub.3 PO,
      (PNCl.sub.2).sub.3.[(CH.sub.3).sub.2 N].sub.3 PO, and mixtures thereof in
      a flame retardant amount.
NUM  2.
PAR  2. The epoxy resin of claim 1 wherein said compound constitutes from 1 to
      30 mole percent of the total weight.
NUM  3.
PAR  3. The epoxy resin of claim 1 wherein said compound constitutes from 5 to
      20 mole percent of the weight.
NUM  4.
PAR  4. A method for enhancing the fire retardancy characteristics of epoxy
      resins which comprise admixing an additive selected from the class
      consisting of (PNCl.sub.2).sub.3.[(CH.sub.3).sub.2 N].sub.3 PO,
      (PNCl.sub.2).sub.3.[(CH.sub.3).sub.2 N].sub.3 PO, and mixtures thereof in
      an amount from about 1 to about 30 mole percent of the combined weight
      with an uncured epoxy resin and curing said epoxy resin.
NUM  5.
PAR  5. The method of claim 4 wherein from 5 to 20 mole percent of said additive
      of claim 1 is added.
NUM  6.
PAR  6. A method for enhancing the fire retardancy characteristic of epoxy
      resins which comprises admixing in a 1:1 mole ratio
      hexamethylphosphoramide and a cyclophosphonitrilic chloride selected from
      the class consisting of hexachlorocyclotriphosphonitrile,
      octachlorocyclotetraphosphonitrile, and mixtures thereof with an uncured
      epoxy resin; and curing said epoxy resin.
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ABST
PAL  N-Isopropyl-N'-5-methyl-3-heptyl-p-phenylenediamine useful as an
      antiozonent for the preservation of diene rubber.
BSUM
PAR  This invention relates to the unsymmetrical dialkyl-p-phenylenediamine,
      N-isopropyl-N' -5-methyl-3-heptyl-p-phenylenediamine and to diene
      elastomers preserved therewith.
PAC  BACKGROUND OF THE INVENTION
PAR  Di(sec-alkyl)-p-phenylenediamines are powerful antioxidants and
      antiozonants for the preservation of diene rubber. Higher members of 7 or
      8 carbon alkyl groups having high antioxidant and antiozonant properties,
      acceptable low volatility and low skin burning effect are produced from
      ketones of 7 or 8 carbon atoms and have become widely accepted in the
      rubber industry. The high antidegradant activity, availability and economy
      of the raw materials recommend lower alkyl groups. However, the lower
      members of the series are volatile skin irritants with the result that not
      only are they rapidly lost from the rubber with resultant loss of
      preservative action but cause serious discomfort to workmen. Moreover,
      rubber preserved with the 6 carbon atom alkyl compound,
      N,N'-di(1,4-dimethylbutyl)-p-phenylenediamine, gives evidence of being a
      skin sensitizer. The ability of an agent to elicit a primary skin
      irritation is wholly different from that of producing skin sensitization.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, it has been found that
      N-isopropyl-N'-5-methyl-3-heptyl-p-phenylenediamine, obtainable from
      readily available raw materials, is a valuable antidegradant which
      presents little or no hazard to workmen coming in contact with rubber
      containing it.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  To a hydrogenator is charged in 90 parts by weight (0.5 molecular
      proportion) of N-isopropyl-p-nitroaniline, 250 parts by weight (1.9
      molecular proportions) of 5-methyl-3-heptanone, 6 parts by weight of
      acidic carbon co-catalyst (Summers U.S.. Pat. No. 3,414,616) and 10 parts
      by weight of 1% platinum on carbon catalyst. The charge is subjected to
      hydrogen for 30 minutes at 14.06-21.09 kg/sq cm hydrogen pressure at a
      temperature of 25.degree.-100.degree.C. Hydrogen pressure is then raised
      to 28.1 kg/sq cm and temperature to 120.degree.C and the reaction
      continued for 3 hours. The reaction mixture is cooled to 50.degree.C,
      removed from the hydrogenator, filtered, and volatile constituents removed
      by heating in vacuo to 185.degree.C at 3-4 mm mercury pressure. The
      residue is 23 parts by weight of
      N-isopropyl-N'-5-methyl-3-heptyl-p-phenylenediamine, a dark viscous
      liquid.
PAR  Rubber ozone resistance is illustrated by a method published by Decker and
      Wise, The Stress Relaxation Method for Measuring Ozone Cracking, Rubber
      World, April 1962, page 66. The equipment comprises an oven serving as an
      ozone cabinet filled with ozone generating equipment and racks for both
      static and dynamic testing. Static racks handle stocks at strains of 5,
      10, 20, 30 and 40%. The dynamic rack is a reciprocal mechanism which
      imparts a 25% strain to the rubber test piece on movement of a top plate
      which moves vertically with respect to a stationary bottom plate. The
      mechanism is driven at a rate of 90 cycles per minute by a gear mounted on
      the outside of the cabinet. The test pieces are 2-inch long T-50 (ASTM
      D599-55) specimens died from standard stress strain test sheets (ASTM
      D15-57T). They are mounted by placing the ends in radial slots milled into
      the edges of circular plates of the racks. The tab ends fit into
      circumferential grooves machined into the outer surfaces of the plates.
PAR  The stress relaxation method is based on the principle that the effective
      cross-sectional area of a small test piece of rubber is reduced by ozone
      cracking. The extent of cracking in a test piece is determined by
      measuring the forces required to extend the test piece 100% before and
      after exposure to ozone. The ozone concentration for the test is 25 parts
      ozone/100 million parts air. As the strip begins to crack, the number of
      stress supporting rubber chains decreases and the force required to extend
      the strip 100% is reduced. The ratio of this force to the original force
      is calculated at approximately 16-hour intervals of exposure to ozone. The
      graph of force vs. time is essentially a straight line and the time
      required for obtaining a predetermined percent of the original force is
      determined from the graph. The ability of the rubber to resist ozone
      attack is evaluated by comparison of these times to times for a suitable
      control to reach a corresponding percent of its original force. The
      percents of original moduli of the rubber test pieces are listed as
      percent retention in the Table infra and the times to reach 80% retentions
      are recorded. Longer times indicate better ozone resistance of the rubber
      stock. The intermittent test comprises 2-hour cycles during which the
      specimens are exposed dynamically 15% of the time and during the remainder
      of the time are exposed statically at 25% strain.
PAR  The test stock comprises a styrene-butadiene copolymer rubber formulation
      (SBR). It comprises the following, all parts being by weight:
     Oil extended SBR         137.5                                            

     Furnace carbon black (ISAF)                                               

                              65                                               

     Zinc oxide               3                                                

     Stearic acid             1                                                

     Aromatic type oil        1.5                                              

     Sulfur                   2                                                

     tert-butyl-2-benzothiazole-                                               

                              1.2                                              

       sulfenamide                                                             

     Antidegradant (where present)                                             

                              2.0                                              

PAR  Stock 1 is a control stock containing no antidegradant. Stock 2 contains as
      antidegradant N,N'-di(5-methyl-3-heptyl)-p-phenylenediamine and Stock 3
      contains as the antidegradant
      N-isopropyl-N'-5-methyl-3-heptyl-p-phenylenediamine. The stocks are cured
      in a press and determinations are made on the cured unaged samples and on
      cured samples aged in an oven for 24 hours at 100.degree.C.
TBL                TABLE I                                                     

     ______________________________________                                    

                           Stock                                               

                           1    2      3                                       

     ______________________________________                                    

     Unaged dynamic ozone resistance:                                          

      80% retention, hours   17     59     57                                  

     Unaged static ozone resistance:                                           

      80% retention, hours   14     69     &gt;192                                

     Unaged Intermittent ozone resistance:                                     

      80% retention, hours    6     48     64                                  

     Aged dynamic ozone resistance:                                            

      80% retention hours    22     32     27                                  

     Aged static ozone resistance:                                             

      80% retention, hours   18     26     23                                  

     Aged intermittent ozone resistance:                                       

      80% retention, hours   22     30     26                                  

     ______________________________________                                    

PAL  The improvement is unaged static ozone resistance of Stock 3 over Stock 2
      is especially significant because the dialkyl-p-phenylenediamine
      antidegradants are used primarily for short term static protection. They
      migrate to the rubber surface more quickly than the
      N-alkyl-N'-aryl-p-phenylenediamine antidegradants and provide excellent
      early protection to the rubber. Commercial use is generally in conjunction
      with a wax. Thus, a typical formulation for the sidewall of pneumatic
      tires suitable for practicing the invention comprises, all parts being by
      weight:
TBL  cis-4-Polybutadiene rubber                                                

                                30                                             

     Oil extended SBR           96                                             

     General purpose furnace black                                             

                                50                                             

     Zinc oxide                3                                               

     Stearic acid              1                                               

     Wax                       2-5                                             

     Sulfur                    2.2                                             

     N-tert-butyl-2-benzothiazole-                                             

                               1.2                                             

     sulfenamide                                                               

     N,N'-dialkyl-p-phenylenediamine                                           

                               2.0                                             

      antidegradant                                                            

PAR  Skin tests on typical rubber compositions of the invention show that they
      are comparable to control compositions preserved with p-phenylenediamine
      antiozonants known from long commercial experience to be safe to use.
      Illustrative of the properties of the new compositions of the invention is
      the safety to human skin observed from dermatitic tests on human volunteer
      subjects with rubber preserved with
      N-isopropyl-N'-5-methyl-3-heptyl-p-phenylenediamine according to a
      modified repeated insult patch test method designed to correlate with
      results conforming to commercial experience. Human subjects not previously
      exposed to the test materials are subjected to squares of the appropriate
      test material. After 24 hours the square is removed and sites examined for
      reaction. After a 24 hour rest period, the test materials are reapplied.
      After fifteen such applications, a two-week rest period is allowed after
      which final challenge application is made to the same sites. The test
      composition comprises, all parts being by weight:
TBL  Natural rubber            50                                              

     cis-4-Polybutadiene rubber                                                

                               30                                              

     Oil extended SBR (about 27% oil)                                          

                               27.5                                            

     High abrasion furnace black                                               

                               45                                              

     Processing oil            5                                               

     Zinc oxide                5                                               

     Stearic acid              1                                               

     Wax                       2                                               

     Sulfur                    2                                               

     N-cyclohexyl-2-benzothiazole-                                             

                               1                                               

      sulfenamide                                                              

     Antidegradant (where present)                                             

                               3                                               

PAL  Appropriate controls without antidegradant and with known
      p-phenylenediamine antidegradants of established safety are run at the
      same time. Results with
      N-isopropyl-N'-5-methyl-3-heptyl-p-phenylenediamine are comparable to the
      p-phenylenediamine controls.
PAR  In general, the antidegradants of this invention are valuable for the
      preservation of sulfur-vulcanizable diene rubbers. Those containing more
      than 50% diene hydrocarbon are preferred. The group of rubbers includes
      natural rubbers, styrene-butadiene copolymer rubber and the various
      stereospecific polymerized dienes, for example, cis-polybutadiene and
      cis-polyisoprene. The compositions are also useful in diene rubbers of low
      unsaturation such as butyl rubber and ethylene-propylene-diene terpolymer
      rubber (EPDM). The amount to use will vary depending upon the particular
      formulation and the purpose of the compounder but, in general, the amounts
      will fall within the range of 0.1 to 5% of the rubber content.
PAR  Stereospecific rubbers are normally obtained as cements and it is important
      to add antidegradant to the organic solvent composition immediately after
      polymerization has been completed because these rubbers deteriorate
      rapidly unless adequately protected immediately after polymerization. The
      new antidegradants are also suited for addition to latex, for example, to
      protect the rubber phase of SBR rubber.
PAR  Although the invention has been illustrated by typical examples, it is not
      limited thereto. Changes and modifications of the examples of the
      invention herein chosen for purposes of disclosure can be made which do
      not constitute departure from the spirit and scope of the invention.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Vulcanizable diene rubber having incorporated therein a stabilizing
      amount of N-isopropyl-N'-5-methyl-3-heptyl-p-phenylenediamine.
NUM  2.
PAR  2. Vulcanized diene rubber having incorporated therein a stabilizing amount
      of N-isopropyl-N'-5-methyl-3-heptyl-p-phenylenediamine.
NUM  3.
PAR  3. The composition of claim 2 wherein the rubber is styrene butadiene
      copolymer rubber.
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ABST
PAL  A polymeric composition containing more than 5% halogen can be improved in
      heat and light stability by the incorporation therein of small amounts of
      a novel stabilizer which is the metallic salt of the reaction product of
      an alpha-olefin with maleic anhydride.
PAL  The stabilizers of the invention can be used either alone or in combination
      with conventional stabilizers for halogen containing polymeric materials.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to stabilization of halogen containing
      polymers containing more than 5 weight percent halogen so as to provide
      improved heat and light stability therefor. Although not limited thereto,
      the present invention will be particularly described with respect to the
      stabilization of vinyl or similar polymers derived from vinyl chloride,
      vinyl chloride acetate, vinylidene chloride, chlorostyrene or
      chlorobutadiene. The present invention is also applicable to resins which
      are post-halogenated or which are copolymerized with chlorinated or
      halogenated unsaturated hydrocarbons or their compounds, such as
      chlorinated polyethylene or its homologs and polymers, or chlorinated
      butadiene or styrene and their homologs and polymers.
PAR  It is known that chlorine containing resins such as polyvinyl chloride in
      which more than 5 weight percent chlorine is contained in the resin tend
      to be unstable toward the action of heat and light. Decomposition of the
      resin takes place unless temperatures used during formation and
      fabrication are kept below the temperature at which color formation
      begins. Currently available metallic stabilizer systems generally suffer
      from one or more of the following disadvantages: They are toxic (tin,
      barium and cadmium containing compositions). Upon utilization of certain
      stabilizers poor clarity of the polyvinyl chloride results (calcium and
      zinc containing salts). Some stabilizers are characterized by high cost
      (tin, barium, cadmium and calcium containing compositions). With many
      stabilizers currently commercially available, relatively low levels of
      stability are obtained by their use and even where large amounts are
      incorporated into the polyvinyl chloride, the efficiency of such
      stabilizers leaves much to be desired.
PAR  It is well known that calcium and zinc carboxylic acid salts function as
      stabilizers for polyvinyl chloride. Dihydrocarbyltin aliphatic-substituted
      succinates are disclosed in U.S. Pat. No. 3,068,195 as useful to provide
      vinyl halide compositions which show improved resistance to light and
      heat.
PAR  The discoloration of polyvinyl chloride is thought to be due to the
      liberation of hydrogen chloride which catalyzes further decomposition of
      the resin. The addition of basic compounds to neutralize the hydrogen
      chloride to form inert compounds should theoretically retard such
      discoloration and darkening. It has been found that many basic compounds
      are unsatisfactory and other similar compounds do not give the desired
      results as indicated by substantial darkening of the resin upon exposure
      to heat.
PAR  For example, lead, cadmium, manganese and calcium salts of high molecular
      weight, fatty acids, such as oleic, lauric, and palmitic; lead and cadmium
      salts of lower molecular weight fatty acids, such as the acetates; organic
      and inorganic bases, such as hydroxylamine and hexamethylene tetramine;
      alcoholates of alkali earth metals, such as calcium 2-ethyl hexylate; and
      calcium and cadmium salts of hexoic acids, when both an alkyl group or an
      ethyl group and a phenyl group are directly attached to the alpha carbon
      atom, such as calcium phenylethylhexoate, cadmium phenylethylhexoate and
      lead phenylethylhexoate, will permit substantial yellowing or darkening.
      The same is also true of cadmium salts of hexoic acid where an ethyl group
      only is attached to the alpha carbon atom. In general lead and cadmium
      salts are unsatisfactory and the same is true of alkali metal salts.
      Calcium, strontium and barium salts of straight chain unbranched acids or
      where the branched acid has a phenyl or aryl group attached directly to
      the alpha carbon atoms are also not entirely satisfactory.
PAR  The same difficulty has also been experienced with organolead and tin
      compounds, such as propyl, butyl or phenyl lead and tin oxides or
      hydroxides; tetra-ethyl or tetra-butyl tin compounds; tetra-phenyl or
      propyl tri-phenyl lead and tin compounds; and dibutyl, tributyl and
      diphenyl tin acetates; oleates, laurates or stearates. Although these
      materials are useful in stabilizing halogen-containing vinyl resins,
      nevertheless incorporation of these materials does not prevent development
      of yellow color and eventual darkening or blackening of the resins, and
      furthermore use of these materials frequently results in development of a
      haze in heat pressed sheets.
PAR  With an adequate stabilizer incorporated into the polyvinyl chloride, an
      increased processing temperature can be utilized making possible high
      speed fabrication, including injection molding, extrusion, and blow
      molding of rigid polyvinyl chloride. The degradation noted upon the
      exposure of polyvinyl chloride to elevated processing temperatures appears
      to result from a thermal-oxidative dehydrochlorination. Stabilizers have
      been incorporated into the polymer in order to retard or delay the
      initiation of propagation of the dehydrochlorination as well as to
      scavenge or react with the evolved hydrogen chloride. As indicated above,
      the stabilizers commonly used in the past have not been entirely
      satisfactory, and therefore it is the objective of the present invention
      to provide a process for the stabilization of compositions of polyvinyl
      halide having improved heat and light stability.
PAR  It is known to react an alpha-olefin with maleic anhydride to obtain an
      alkyl succinic anhydride. Such compounds, while having such varying uses
      as curing agents for epoxy resins, rust inhibitors, de-emulsifying agents,
      fungicides, plasticizers and surfactants, etc., have not been suggested
      for use either alone or further reacted as described herein as stabilizers
      for halogen containing resinous materials to reduce the tendency of these
      resins to discolor upon exposure to heat and light.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises a halogenated polymeric resin having improved heat
      and light stability obtained by the incorporation therein of a stabilizer
      comprising the salt of multivalent or mixed metal salts of the reaction
      product or mixed reaction products of an alpha-olefin having preferably
      about 10 to about 20 carbon atoms and maleic anhydride or mono-substituted
      maleic anhydride, said reaction products being monomeric or polymeric of
      the formulas:
      ##EQU1##
      or mixtures thereof and wherein R is a hydrogen, alkyl, aralkyl, or
      alkylaryl radical or substituted derivative thereof which can be halogen
      substituted having 1 to 17 carbon atoms.
PAR  The invention is also directed to a process for stabilizing a
      halogen-containing polymeric resin and to new compositions of matter
      consisting of the stabilizer compositions.
PAC  DETAILED DESCRIPTION OF THE INVENTION AND OF THE PREFERRED EMBODIMENTS
PAR  A surprising discovery of the present invention is that a
      halogen-containing polymeric resin, such as polyvinyl chloride, can be
      stabilized by about 0.1% to about 10%, preferably about 0.5% to about 5%
      based upon said polymeric resin of the metal salts of the invention. It
      had been known to stabilize polyvinyl chloride resins against the action
      of heat and light by the use of metallic salts of monocarboxylic and
      dicarboxylic acids. These being monomeric compounds generally, it is
      surprising that the polymeric compounds of the invention function more
      effectively than the monomeric metallic salts of mono- and dicarboxylic
      acid previously used as stabilizers for polyvinyl chloride. It is also
      surprising that the allylic groups do not detract from the effectiveness
      of the stabilizer. Usually allylic groups set off free radical reactions
      that can degrade PVC. It appears that the allylic function, combined with
      the metal salts actually enhances stabilization in the stabilizers of the
      instant invention.
PAR  The stabilizers of the invention are prepared by converting the reaction
      product of an alpha-olefin with maleic anhydride or a mono-substituted
      maleic anhydride to the metal salt by hydrolysis or alcoholysis, followed
      by reaction with a base, as illustrated by the following generalized
      series of reactions:
      ##EQU2##
PAR  Salts useful in the practice of the invention can be obtained by reaction
      of the hydroxide of multivalent metals selected from the group consisting
      of calcium, zinc, cadmium, barium, and tin, with reaction products of an
      alpha-olefin with maleic anhydride or mono-substituted derivative thereof.
PAR  The reaction product of an alpha-olefin with maleic anhydride or
      mono-substituted maleic anhydride is a known composition which can be
      prepared by the addition of one mole of an olefin to 1 mole of maleic
      anhydride or substituted maleic anhydride. While an equimolar ratio of
      reactants is theoretically required, in order to maintain an effective
      addition reaction a molar excess of olefin is applied up to about 20 moles
      of olefin per mole of maleic anhydride. The reaction can be carried out by
      heating said reactants at a temperature above 160.degree.C to about
      300.degree.C, preferably at a temperature of about 185.degree.C to about
      225.degree.C over a period of time that can vary from about 0.1 to about
      48 hours, preferably from about 2 to about 8 hours. Any suitable pressure,
      preferably pressures sufficient to maintain the reactants in the liquid
      phase can be employed up to about 1,000 pounds per square inch gauge,
      preferably from about 10 to about 500 pounds per square inch gauge.
PAR  Any olefin having from about three to about 60 carbon atoms can be employed
      in the reaction with the maleic anhydride, although alpha-olefins having
      from about six to about 30 carbon atoms, preferably from about ten to
      about 20 carbon atoms can be employed. Examples of such olefins are
      propylene, butene-1, pentene-1, hexene-1, heptene-1, octene-1, nonene-1,
      decene-1, undecene-1, dodecene-1, tridecene-1, tetradecene-1,
      pentadecene-1, hexadecene-1, heptadecene-1, octadecene-1, nonadecene-1,
      eicosene-1, heneicosene-1, docosene-1, tricosene-1, tetracosene-1,
      pentacosene-1 hexacosene-1, heptacosene-1, octacosene-1, nonacosene-1,
      triacontene-1, hentriacontene-1, dotriacontene-1, tritriacontene-1,
      tetratriacontene-1, nonene-3, decene-4, 7-methyldecene-2,
      7-methyldecene-1, 6,9-diethylundecene-1, 5,7-dimethyldodecene-1,
      4,7,9-trimethyltridecene-1, 5-butyltetradecadiene-1,5,
      8-phenylpentadecene-1, 7-cyclohexylhexadecene-1, 11(alpha-cumyl)
      heptadecene-1, 6-butyloctadecadiene-1,11, 5-(2-norbornyl)nonadecene-1,
      6-ethyleiscosene-1, 8-t-butyltricosene-1, 7-phenyldocosene-1,
      4-methyloctene-1, 4-methylpentadecene-1, 5-methylpentadecene-1,
      8-methylpentadecene-1, 9-methylpentadecene-1, 10-phenyldecene-1,
      10-cyclohexyldecene-1, 10-cyclooctyldecene-1, 4,5,6,7-tetramethyloctene-1,
      4,6,7-trimethyldecene-1, 4,6,7-trimethyldodecene-1, 9-chlorononene-1,
      5-methoxydecene-1, 7,11-diphenylundecene-1, 11-dodecenal-1,
      8-ketotridecene-1, decene-2, 14-cyanopentadecene-1, 10-undecenoic acid,
      15-n-hexadecenoic acid, isooctyl 16-m-heptadecanoxadodecene-1,
      4,7-dimethyltridec-1-ene-9,10,11,12-tetracarboxylic dianhydride,
      4-butyltetradecadiene-1,5, 8-(p-chloromercuriphenyl)pentadecene-1,
      7-(4-nitrocyclohexyl) hexadecene-1, 11-(alpha-cumyl) heptadecene-1,
      6-(para-isopropylphenyl) decene-1, 5-(2-norbornyl) nonadecene-1,
      6-butyloctadecadiene-1,11,
      8-tertiarybutyl-12-(2,4-dichloromethyltetrahydrofuran)-tetradecene-1,
      7-phenyl-10(2-[6,6-dibromo-3-oxabicyclo (3.1.0)hexyl]) docosene-1,
      4-methyloctene-1, 4-methylpentadecatetranene-1,4,7,12,
      diethyl-14-pentadecenyl-succinate, 8-diazomethyl pentadecene-1,
      9-carboxymethyl pentadecene-1, 10-(2,3-diiodophenyl) decene-1,
      10-(,2,4-cyclohexadienyl) decene11,
      10-cyclopentyldecadiene-1,10,4,7-diketo-10-cyclooctyldecene-1,
      4,5,6,7-tetrachloromethyloctene-1, 4,6,7-trinitromethyldecene-1,
      4,6,7-triphenoxymethyl dodecene-1, tricontene-1, hexacontene-1, etc. The
      maleic anhydride used can be maleic anhydride itself or a monosubstituted
      maleic anhydride, such as citraconic anhydride, ethylmaleic anhydride,
      methoxymaleic anhydride, etc.
PAR  The reaction product at the end of the reaction period can be treated in
      any suitable manner such as by distillation to recover the individual
      components therefrom, or the crude mixture can be utilized in forming the
      metallic salt stabilizer of the invention. Thus, the reaction product can
      be distilled at a temperature of about 50.degree. to about 250.degree.C.
      and a pressure of about 10.sup..sup.-4 to about 15 pounds per square inch
      gauge to recover separately therefrom unreacted olefin, unreacted maleic
      anhydride, if present; and the desired alkenyl succinic anhydride.
PAR  The metallic salt of the alkenyl succinic anhydride can be obtained by
      hydrolysis or alcoholysis, followed by reaction with a base to obtain
      metal salts of the invention, essentially comprised of recurring units of
      the structure:
      ##EQU3##
      By varying the substituents represented by R previously defined, and R'
      which can be a monovalent metal ion or an alkyl, aralkyl, aryl, or
      alkylaryl having 1 to 17 carbon atoms, or substituted derivative thereof
      which can be halogen substituted having 1-17 carbon atoms and M represents
      a multivalent metal previously defined, it is possible to prepare
      stabilizer systems having a wide variety of properties so as to provide
      improved compatibility in polyvinyl chloride compounds, and to provide
      stabilizer properties in combination with plasticizer action or even to
      provide compounds which can function as lubricants for the polyvinyl
      chloride. The metal salt derivatives of the alkenyl succinic anhydride are
      relatively inexpensive in comparison to commercial stabilizer compositions
      since the main raw materials (alpha-olefins and maleic anhydride) are both
      inexpensive compounds. Compositions of the invention can be used in
      combination with chelating agents for their known effects.
DETD
PAR  The utility and advantages of the stabilizers of the invention as well as
      of the resin compositions stabilized therewith will further become
      apparent from the following examples which are included to illustrate the
      practice of the invention but not to limit the invention.
PAC  EXAMPLE 1
PAR  An adduct of maleic anhydride and octadecene-1 was prepared by first
      charging an autoclave with 303 grams (1.20 mols) of octadecene-1 and 117.6
      grams (1.20 mols) of maleic anhydride. The autoclave was then sealed and
      the air evacuated and then the autoclave was purged with nitrogen several
      times prior to heating under vacuum to 250.degree.C for 12 hours while
      stirring. Approximately 120 pounds per square inch pressure, gauge,
      developed. The autocalve was then cooled to room temperature and the
      contents were distilled in vacuum to give 235 grams (56% yield) of a waxy,
      white solid having a melting point of 63.degree. to 66.degree.C, which was
      identified by infrared, nuclear magnetic resonance and molecular weight
      analysis as having a structure consisting of the following:
      ##EQU4##
PAC  EXAMPLE 2
PAR  The calcium salt of the alkenyl succinic anhydride prepared in Example 1
      was formed by slurrying in hot water for approximately 4 hours calcium
      hydroxide, 0.148 grams (2.00 .times. 10.sup..sup.-3 mole) and 0.701 grams
      (2.00 .times. 10.sup..sup.-3 mole) of the alkenyl succinic anhydride of
      Example 1. The product was separated by filtration to give an 87% yield of
      white solid having a melting point of greater than 270.degree.C and having
      the following probable structure based upon infrared analysis.
      ##EQU5##
PAC  EXAMPLE 3
PAR  The zinc salt of the alkenyl succinic anhydride prepared in Example 1 was
      formed by essentially the same procedure as used to prepare the calcium
      salt except that calcium hydroxide was replaced by zinc carbonate, which
      was used in the same molar amount, namely, an equimolar amount based upon
      the alkenyl succinic anhydride. An 80% yield of a white zinc salt was
      obtained having the following probable structure based upon infrared
      analysis:
      ##EQU6##
PAC  EXAMPLE 4
PAR  Polyvinyl chloride films were stabilized using the stabilizer compositions
      of the invention by combining a powdered polyvinyl chloride resin with
      varying amounts of stabilizer as indicated in Table I below. The powdered
      resin plus the stabilizer was made into a film by heating the composition
      at 200.degree.C and 6,000 pounds per square inch, gauge, for 2 minutes.
      The preparation of such a film constitutes a quick and easy test for
      thermal stability since the color and general film condition can be
      recorded and compared with corresponding films having different
      compositions with respect to stabilizer content. Observation of color
      development in such heated and pressed films of polyvinyl chloride is a
      very sensitive method of screen testing for heat stability, as is well
      known. The results of the tests show as indicated in Table I below that
      the calcium salt of the alkenyl succinic anhydride when used in
      combination with polyvinyl chloride is superior to the use of an equal
      quantity of calcium stearate (a commercial stabilizer). The corresponding
      zinc salt can be used as a secondary stabilizer.
TBL                TABLE I                                                     

     ______________________________________                                    

     Heat Stabilization of Polyvinyl Chloride                                  

                           (200.degree.C/6000 psi/2 Mins.)                     

      Stabilizer                                                               

               Amount Used Film Color and Clarity                              

     ______________________________________                                    

     No Stabilizer                                                             

                 --        Red Orange - clear                                  

     Example 2  3 PHR      Pale Yellow - cloudy                                

     Example 3 0.10)       Slightly green - slightly                           

                 )PHR      cloudy                                              

     Example 2 2.75)       Yellow - cloudy                                     

     Calcium   3 PHR       Pale Orange - very                                  

     stearate              cloudy                                              

     ______________________________________                                    

PAL  In this specification, all parts and percentages are by weight, all
      pressures are gauge pressures, and all temperatures are in degrees
      centigrade unless otherwise specified.
PAR  While this invention has been described with reference to certain specific
      embodiments, it will be recognized by those skilled in the art that many
      variations are possible without departing from the scope and spirit of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A heat and light stable polymer composition comprising a vinyl polymer
      containing more than 5 weight percent halogen substituent and a
      stabilizing amount of a salt of a di- or trivalent metal selected from the
      group consisting of calcium, zinc, cadmium, barium, and tin, with the
      reaction product of an alpha-olefin of 3 to 60 carbon atoms and maleic
      anhydride or a mono-substituted maleic anhydride, wherein said reaction
      product is prepared from reaction of 1 to about 20 moles of said olefin
      per mole of said anhydride and the substituent of the substituted
      anhydride is alkyl or alkoxy.
NUM  2.
PAR  2. A heat and light stabilized composition comprising a vinyl halide resin
      and a stabilizing amount of a metal salt of a polymeric reaction product
      of an alpha-olefin and maleic anhydride, said metal salt having recurring
      units of the formula:
      ##EQU7##
      or a metal monomeric organic carboxylate salt represented by the formula:
      ##EQU8##
      or mixtures thereof wherein M represents a di- or tetravalent metal
      selected from the group consisting of calcium, zinc, cadmium, barium and
      tin; n is 1 or 2 in formulas (B) and (D) and 2 or 4 in formulas (A) and
      (C); R and R' are independently selected from the group consisting of
      hydrogen, aryl, alkyl, aralkyl, alkaryl and substituted derivatives
      thereof having 1 to 17 carbon atoms which can be halogenated.
NUM  3.
PAR  3. The heat and light stabilized resin composition of claim 2 comprising a
      vinyl halide resin and from about 0.1% to about 10% by weight of said
      resin of said metal salt.
NUM  4.
PAR  4. The heat and light stabilized resin composition of claim 2 comprising a
      vinyl halide resin and from about 0.1% to about 10% by weight of said
      resin of the calcium salt of the reaction product of octadecene-1 and
      maleic anhydride.
NUM  5.
PAR  5. The heat and light stabilized resin composition of claim 2 comprising a
      vinyl halide resin and from about 0.1% to about 10% by weight of said
      resin of the zinc salt of octadecene-1 and maleic anhydride.
PATN
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ABST
PAL  The heat stability imparted to vinyl polymers by a given concentration of
      certain sulfur-containing organotin compounds is not adversely affected
      with respect to either long term stability or delay in appearance of
      initial discoloration when a portion of the sulfur-containing organotin
      compound is replaced by certain less effective organotin stabilizers,
      including tetraorganotin compounds and diorganotin carboxylates.
PARN
PAC  BACKGROUND
PAR  This application is a continuation-in-part of application, Ser. No.
      290,994, filed Sept. 20, 1972 now abandoned which in turn is a
      continuation-in-part of application, Ser. No. 732,027, filed May 27, 1968
      and now abandoned,
BSUM
PAR  This invention relates to a method for improving the efficiency of certain
      sulfur-containing organotin compounds as stabilizers for polyvinyl
      chloride and to the resultant stabilized vinyl chloride polymer
      compositions.
PAR  As is well known to those skilled-in-the art, various halogen-containing
      organic polymers, particularly vinyl chloride homopolymers and copolymers,
      may degrade when heated over extended periods of time. The degradation is
      evidenced by a darkening of the resin, and by an increase in brittleness.
      These defects may render the resin unsuitable for many uses since the
      heat-induced discoloration produces an unsightly appearance, and the
      increased brittleness may cause premature mechanical failures. A wide
      variety of materials has heretobefore been employed to stabilize
      halogen-containing polymers. Many of these additives have achieved some
      measure of success in stabilizing halogen-containing resins against the
      degradative action of heat, but there are many applications in which a
      greater degree of heat stability is desired than has heretofore been
      readily attainable.
PAR  Many prior art stabilizing systems may not fully prevent the deterioration
      of resins or polymers including polyvinyl chloride during the period when
      the resins and stabilizer compositions are maintained on the hot mill on
      which they are blended. During this period, which is between 5 and 30
      minutes or longer, the various ingredients including any pigments,
      plasticizers, stabilizers and lubricants, are mixed with the resin and the
      mixture is subjected to the influence of heat and pressure to form a
      substantially homogeneous composition. During this period of severe
      heating (typically at 175.degree.C. or higher), the resin may discolor
      much more quickly than under normal processing or handling conditions.
      Thus, the product coming from the Banbury Mill-Blender or extruder may be
      darker than is desirable.
PAR  Sulfur-containing organotin compounds such as organotin mercaptides and
      derivatives of mercaptocarboxylic acids and ester such as
      di-n-butyltin-S,S' -bis(isooctyl mercaptoacetate) effectively stabilize
      vinyl chloride polymers for relatively long periods of time; however,
      these compounds are expensive, and considerably increase the cost of the
      stabilized resin composition. In addition, these compounds may impart an
      objectionable odor to the resin composition when employed at concentration
      levels sufficient to achieve the desired degree of heat stabilization. The
      odor is particularly noticeable when the compounds are heated as required
      during a milling or shaping operation.
PAR  It has now been found that the concentration of sulfur-containing organotin
      compound required to impart a given level of heat stability to polymers
      derived at least in part from vinyl chloride can be decreased by up to 50%
      or more by replacing a portion of the sulfur-containing organotin compound
      with organotin compounds which, when employed alone, are relatively poor
      heat stabilizers for vinyl chloride polymers. Many of these poor
      stabilizers are considerably less expensive than the more efficacious
      sulfur-containing organotin compounds. Surprisingly, it has been found
      that the addition of some relatively poor heat stabilizers to the
      organotin mercaptide or mercaptocarboxylate in some instances even delays
      the development of the initial discoloration when the polymer composition
      is exposed to elevated temperatures.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides two-component heat stabilizers for homopolymers of
      vinyl chloride and copolymers containing repeating units derived from
      vinyl chloride and at least one ethylenically unsaturated compound which
      is copolymerizable with vinyl chloride, said stabilizers consisting
      essentially of 1) a sulfur-containing organotin compound exhibiting a
      generic formula selected from the group consisting of:
      ##EQU1##
      R.sup.1 and R.sup.2 being individually selected from the group consisting
      of alkyl radicals containing between 1 and 20 carbon atoms, cycloalkyl,
      aryl, alkaryl, and aralkyl hydrocarbon radicals, R.sup.3 being a methylene
      or an ethylene radical and a representing the integer 1 or 2, and 2)
      between 20 and 80%, based on the weight of the total stabilizer of a
      second organotin compound exhibiting a generic formula selected from the
      group consisting of R.sub.2.sup.4 R.sub.2.sup.5 Sn, R.sub.3.sup.4 R.sup.5
      Sn, R.sub.b.sup.4 Sn(OCR.sup.5).sub.4-b,
      ##EQU2##
      and R.sub.b.sup.4 Sn(OCCH=CHCOR.sup.5).sub.4.sub.- b, wherein R.sup.4 and
      R.sup.5 are different when directly bonded to the same tin atom and are
      individually selected from the same group as R.sup.1 and R.sup.2 and b is
      an integer between 1 and 3, inclusive.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The improved organotin stabilizers of this invention can be incorporated
      into polymer compositions wherein the sole or major polymeric component is
      a homopolymer of vinyl chloride or a copolymer of vinyl chloride with one
      or more copolymerizable ethylenically unsaturated compounds. Suitable
      comonomers include acrylic and methacrylic acids and derivatives thereof,
      such as ethyl acrylate and acrylonitrile; vinyl monomers such as styrene
      and vinyl acetate; maleates such as maleic acid, maleic anhydride and
      maleate esters. For convenience, these materials will be referred to as
      vinyl chloride polymers.
PAR  Vinyl chloride polymers may be either "rigid" or "flexible". Rigid polymer
      formulations may include impact modifiers, pigments and/or fillers,
      lubricants, etc. in addition to the resin and stabilizer. Flexible polymer
      compositions include a plasticizer and optionally pigments and/or fillers,
      and lubricants in addition to the resin and stabilizer.
PAR  The first component of the organotin stabilizer compositions of this
      invention is a derivative of a mercaptan, mercapto acid or mercapto acid
      ester. The first component stabilizers are represented by the generic
      formulae
      ##EQU3##
      or the polymeric form
      ##EQU4##
PAR  In these compounds R.sup.1 and R.sup.2 represent hydrocarbon radicals
      individually selected from the group consisting of alkyl, cycloalkyl,
      aralkyl, aryl, alkaryl, including such radicals when inertly substituted.
      When R.sup.1 and R.sup.2 are alkyl, they may typically contain between 1
      and 20 carbon atoms in a linear or branched chain, including methyl,
      ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl,
      n-amyl, neopentyl, isoamyl, n-hexyl, isohexyl, heptyls, octyls, decyls,
      dodecyls, tetradecyl and octadecyl. Preferred alkyl radicals contain fewer
      than about 8 carbon atoms, i.e., octyls and lower. When R.sup.1 and
      R.sup.2 are cycloalkyl, they may typically be cyclopentyl, cyclohexyl,
      cycloheptyl, or cyclooctyl. When R.sup.1 and R.sup.2 are aralkyl, they may
      typically be benzyl, .beta.-phenylethyl, .gamma.-phenylpropyl or
      .beta.-phenylpropyl. When R.sup.1 and R.sup.2 are aryl, they may typically
      be phenyl or naphthyl. When R.sup.1 and R.sup.2 are alkaryl, they may
      typically be tolyl, xylyl, p-ethylphenyl or p-nonylphenyl. R.sup.1 and
      R.sup.2 may be inertly substituted in that they may bear non-reactive
      substituents such as alkyl, aryl, cycloalkyl, aralkyl, alkaryl, ether,
      etc. Typical substituted aryl radicals include anisyl and biphenyl.
      Inertly substituted aralkyl includes chlorobenzyl, p-phenylbenzyl and
      p-methylbenzyl. Inertly substituted alkaryl includes
      2,6-di-tert-butyl-4-methylphenyl. The subscript a represents the integer 1
      or 2 and R.sup.3 represents a methylene or ethylene radical.
PAR  When the sulfur-containing radical bonded to the tin atom is a mercapto
      acid residue, i.e.
      ##EQU5##
      the sulfur and oxygen atoms may be bonded to the same tin atom, thereby
      forming a cyclic structure. Alternatively, the compound can exist as a
      telomer or polymer wherein the sulfur and oxygen atoms are bonded to
      different tin atoms.
PAR  Preferred first component stabilizers include:
PA1  dibutyltin bis(lauryl mercaptide)
PA1  butyltin tris(lauryl mercaptide)
PA1  dibutyltin bis(octyl mercaptide)
PA1  dibutyltin bis(benzyl mercaptide)
PA1  diphenyltin bis(octyl mercaptide)
PA1  dibutyltin bis(xylyl mercaptide)
PA1  dibutyltin-S,O-mercaptoacetate(cyclic and polymeric forms)
PA1  octyltin tris(isooctyl mercaptoacetate)
PA1  dibutyltin bis(cyclohexyl mercaptide)
PA1  octyltin tris(decyl mercaptide)
PA1  dibutyltin bis(phenyl mercaptide)
PA1  dioctyltin bis(lauryl mercaptide)
PA1  dioctyltin bis(octyl mercaptide)
PA1  dioctyltin bis(benzyl mercaptide)
PA1  dioctyltin-.alpha., .alpha.'-dimercapto-p-xylene
PA1  dioctyltin bis(cyclohexyl mercaptide)
PA1  dicyclohexyltin bis(lauryl mercaptide)
PA1  dimethyltin bis(lauryl mercaptide)
PA1  dimethyltin bis(benzyl mercaptide)
PA1  dimethyltin bis(cyclohexyl mercaptide)
PA1  dimethyltin-.alpha.,.alpha.'-dimercapto-p-xylene
PA1  dibutyltin .beta.-mercapto propionate (including polymers thereof)
PA1  dioctyltin .beta.-mercaptopropionate (including polymers thereof)
PA1  dibutyltin bis(isooctyl mercaptoacetate)
PA1  dioctyltin bis(isooctyl mercaptoacetate)
PA1  dicyclohexyltin bis(isooctyl mercaptoacetate)
PA1  dimethyltin bis(isooctyl mercaptoacetate)
PA1  diphenyltin bis(isooctyl mercaptoacetate)
PA1  dibutyltin bis(lauryl mercaptoacetate)
PA1  dibutyltin bis(benzyl mercaptoacetate)
PA1  dibutyltin bis(cyclohexyl mercaptoacetate)
PAR  The second stabilizer, which constitutes between 20 and 80% by weight of
      the composition, exhibits a generic formula selected from
      ##EQU6##
      wherein R.sup.4 and R.sup.5 are different when directly bonded to the same
      tin atom and are individually selected from the same group as R.sup.1 and
      R.sup.2, and b is the integer 1, 2, or 3.
PAR  Preferred second stabilizers include:
PA1  triphenyl butyltin
PA1  dibutyl diphenyltin
PA1  dimethyl diphenyltin
PA1  dicyclohexyl diphenyltin
PA1  butyltin trioctanoate
PA1  diphenyltin dilaurate
PA1  bis(dibutyl lauryloxytin) -mercapto propionate
PA1  dibutyltin bis(isooctylmaleate)
PA1  bis(dibutyl decyloxytin) oxide
PAR  The first and second stabilizers are present in amounts of between 0.1 and
      10 parts by weight of 100 parts by weight of vinyl chloride polymer.
      Preferably the first stabilizer is used in the amount of 0.25 - 2 parts
      per 100 parts of polymer and the concentration of second stabilizer is
      between 0.2 and 2 parts.
PAR  The sulfur-containing organotin compound constitutes between 20 and 80% by
      weight of the total stabilizer, preferably between 33 and 67%.
PAR  The novel stabilized polymer compositions of this invention can be
      formulated by such techniques as milling, dry blending, Banbury blending,
      or any other commonly employed formulating techniques.
PAR  One of the formulating methods which is particularly convenient involves
      the formation of a stabilizer composition containing the first stabilizer,
      the second stabilizer, and auxiliary additives. This stabilizer
      composition is later added to, and thoroughly mixed with the vinyl
      chloride polymer.
PAR  Whatever formulating technique is employed, it is desirable to completely
      and uniformly disperse the first stabilizer and the second stabilizer
      throughout the vinyl chloride polymer composition.
PAR  Because of the unique properties of the present stabilizers, it is possible
      to effect stabilization with lower quantities of the more expensive
      sulfur-containing stabilizer, thereby obtaining a more efficient system on
      a cost performance basis.
PAR  The following examples demonstrate the novel features of this invention and
      the unexpected and outstanding results which can be attained by practice
      of this invention. All parts are parts by weight unless otherwise
      indicated.
PAR  In these examples, the rigid vinyl chloride polymer employed was that
      having a specific gravity of 1.40, a Shore Durometer "D" hardness of 80
      and an ultimate tensile strength of about 7,000 psi sold under the
      trademark Geon 103 EP (or equivalent).
PAR  The selected compositions were thoroughly blended by placing the polyvinyl
      chloride (PVC) on a two-roller differential speed mill which was
      oil-heated to a temperature of 175.degree.C. together with the noted
      quantity of first and second stabilizers. The mixture was milled for about
      5 minutes during which time a continuous band of the composition formed
      around one of the rollers. This band was cut and removed from the roller
      as a continuous sheet. Squares measuring 2.54 cm .times. 2.54 cm were cut
      from the sheet for heat stability testing.
PAR  The heat stability of the samples was evaluated by placing the samples in a
      circulating air oven regulated to maintain a temperature of 190.degree. or
      205.degree.C. Samples were removed from the oven at periodic intervals and
      the color of each sample rated according to the following scale:
PA1  7 -- clear, water white
PA1  6 -- off-white
PA1  5 -- slightest degree of yellowing
PA1  4 -- definite yellow color
PA1  3 -- deep yellow-brown color
PA1  2 -- deep brown color
PA1  1 -- dark brown to black color
PAR  The duration of the heating period (in minutes) following which the samples
      first exhibited a color value of 3 or less was recorded as the heat
      stability value. It will be understood that in some instances the period
      during which a value of 3 was present did not coincide with one of the
      times at which the sample was observed. In these instances the elapsed
      time at which any color darker than that corresponding to a rating of 3
      was first observed was recorded as the heat stability value.
PAR  The amounts of first and second stabilizers employed, the heat stability
      values and initial color ratings of the polymer samples evaluated are
      summarized in the following tables. All parts are by weight, based on 100
      parts of polyvinyl chloride. The color rating corresponding to the elapsed
      time recorded as the heat stability value (H.S.V.) appears in parentheses
      following the heat stability value.
DETD
PAC  EXAMPLE 1
PAR  This example demonstrates that the present non-sulfur-containing organotin
      compounds can replace up to 67% of a commercially successful organotin
      stabilizer, dibutyltin-S,S'-bis(isooctyl mercaptoacetate), referred to as
      Bu.sub.2 Sn(IOMA).sub.2. The heat stability values of the
      non-sulfur-containing stabilizers alone and initial color ratings (I.C.R)
      of the samples made prior to the heat stability test are recorded in the
      accompanying table, together with the temperature of the oven employed to
      evaluate the samples.
TBL  __________________________________________________________________________

     Bu.sub.2 Sn(IOMA).sub.2                                                   

             Second     Oven                                                   

                            H.S.V.                                             

      (parts)                                                                  

             Stabilizer Temp.                                                  

                            (color I.C.R.                                      

              (parts)   (.degree.C.)                                           

                            rating)                                            

     __________________________________________________________________________

     none    none       205 0      1                                           

     3.0     none       205 30(2)  6                                           

     0       dibutyl    205 10(3)  4                                           

             diphenyltin                                                       

             (3.0)                                                             

     1.0     dibutyl    205 30(3)  7                                           

             diphenyltin                                                       

             (2.0)                                                             

     2.0     dibutyl    205 rating after                                       

                                   7                                           

             diphenyltin    40 min.=4                                          

             (1.0)                                                             

     __________________________________________________________________________

     0       triphenyl                                                         

             octyltin(3.0)                                                     

                        205 10(3)  4                                           

     2.0     triphenyl  205 rating after                                       

                                   7                                           

             octyltin(1.0)  40 min.=4                                          

     __________________________________________________________________________

     2.0     none       190 75(3)  7                                           

     1.0     dibutyltin 190 75(3)  7                                           

             dilaurate(1.0)                                                    

     1.5     dibutyltin 190 rating after                                       

                                   7                                           

             dilaurate(1.5) 90 min.=3                                          

     0       dibutyltin 190 15(3)  4                                           

             dilaurate(2.0)                                                    

     __________________________________________________________________________

     3.0     none       205 30(2)  6                                           

     0       butyltin                                                          

             trioctanoate(2.0)                                                 

                        205 15(3)  4                                           

     1.0     butyltin                                                          

             trioctanoate(0.5)                                                 

                        205 75(3)  7                                           

     __________________________________________________________________________

     0       butyltin                                                          

             trilaurate(1.5)                                                   

                        190 0(3)   3                                           

     1.5     none       190 60(2)  6                                           

     1.0     butyltin                                                          

             trilaurate(0.5)                                                   

                        205 75(3)  7                                           

     __________________________________________________________________________

     0       bis(dibutyl                                                       

                        190 0(3)   3                                           

             lauryloxytin)                                                     

             oxide (2.0).sup.1                                                 

     1.0     same (0.5) 190 60(3)  7                                           

     __________________________________________________________________________

      .sup.1 Formulation included 0.1 part 2,6-di-t-butyl-p-cresol as an       

      antioxidant                                                              

PAR  The highest heat stability value that can be achieved with the foregoing
      second stabilizers in the absence of the sulfur-containing organotin
      compound is 15 minutes(color rating of 3) using 2 parts of butyltin
      trioctanoate per 100 parts of polyvinyl chloride. This value is one half
      that exhibited for a formulation containing 3 parts of the
      sulfur-containing stabilizer. It is therefore surprising that by replacing
      33% of the sulfur-containing compound with butyltin trioctanoate and
      decreasing the total stabilizer content to 1.5 parts, the heat stability
      of the resultant formulation is actually superior to that exhibited by 3.0
      parts of the sulfur-containing stabilizer.
PAC  EXAMPLE 2
PAR  This example demonstrates that heat stability is not maintained or
      increased when the present non-sulfur-containing organotin compounds are
      partially replaced by a symmetrical tetraorganotin compound. The
      sulfur-containing organotin compounds employed were
      dibutyltin-S,S'-bis(isooctyl mercaptoacetate), represented by Bu.sub.2
      Sn(IOMA).sub.2, and dibutyltin-S,O-.beta.-mercaptopropionate, represented
      by Bu.sub.2 SnMP. The second component of the stabilizer composition was
      tetrabutyltin (Bu.sub.4 Sn) or tetraphenyltin (Ph.sub.4 Sn) and the oven
      temperature was 205.degree.C.
TBL  ______________________________________                                    

     S-contg.     Second       H.S.V.     I.C.R.                               

     compound(parts)                                                           

                  Stabilizer(parts)                                            

                               (color rating)                                  

     ______________________________________                                    

     none         Bu.sub.4 Sn(3.0)                                             

                               10(3)      4                                    

     none         Ph.sub.4 Sn(3.0)                                             

                                0(3)      3                                    

     Bu.sub.2 Sn(IOMA).sub.2 (3)                                               

                  none         30(2)      6                                    

     Bu.sub.2 Sn(IOMA).sub.2 (1.5)                                             

                  Bu.sub.4 Sn(1.5)                                             

                               25(3)      7                                    

     Bu.sub.2 Sn(IOMA).sub.2 (1.5)                                             

                  Ph.sub.4 Sn(1.5)                                             

                               15(3)      7                                    

     ______________________________________                                    

PAR  Neither of the combinations using Bu.sub.2 Sn(IOMA).sub.2 achieved a heat
      stability value equivalent to that of the sulfur-containing stabilizer at
      a level of 3 parts by weight.
TBL  ______________________________________                                    

     S-contg.   Second        H.S.V.      I.C.R.                               

     compound(parts)                                                           

                Stabilizer(parts)                                              

                              (color rating)                                   

     ______________________________________                                    

     Bu.sub.2 SnMP(1.5)                                                        

                none          75(2)       7                                    

     Bu.sub.2 SnMP(1.0)                                                        

                Bu.sub.4 Sn(0.5)                                               

                              60(3)       7                                    

     ______________________________________                                    

PAR  From these data it is evident that symmetrical tetraorganotin compounds are
      not suitable partial replacements for sulfur-containing organotin
      stabilizers.
PAC  EXAMPLE 3
PAR  This example demonstrates that the present classes of non-sulfur-containing
      organotin compounds can partially replace a variety of known effective
      organotin stabilizers without reducing the resistance to heat induced
      discoloration imparted to polyvinyl chloride by the sulfur-containing
      stabilizer.
TBL  __________________________________________________________________________

     S-contg.   Second     Oven                                                

                                H.S.V.                                         

     stabilizer(parts)                                                         

                Stabilizer Temp.                                               

                               (color                                          

                                    I.C.R.                                     

                (parts)    (.degree.C.)                                        

                                rating)                                        

     __________________________________________________________________________

     Bu.sub.2 SnMP(1.5).sup.1                                                  

                none       205 75(2)                                           

                                    7                                          

     Bu.sub.2 SnMP(1.0)                                                        

                BuSn trioctan-                                                 

                           205 90(3)                                           

                                    7                                          

                oate (0.5)                                                     

     Bu.sub.2 SnMP(1.0)                                                        

                dibutyl diphenyl-                                              

                           205 75(2)                                           

                                    7                                          

                tin (0.5)                                                      

     Bu.sub.2 SnMP(1.0)                                                        

                bis(dibutyl                                                    

                           205 75(2)                                           

                                    7                                          

                lauryloxytin)                                                  

                oxide (0.5)                                                    

     Bu.sub.2 SnMP(1.3)                                                        

                dibutyltin                                                     

                dilaurate(0.2)                                                 

                           190 75(3)                                           

                                    7                                          

     Bu.sub.2 SnMP(1.5)                                                        

                none       190 75(3)                                           

                                    7                                          

     __________________________________________________________________________

     BuSn (IOMA).sub.3.sup.2 (3.0)                                             

                none       190 30(3+)                                          

                                    6                                          

     BuSn(IOMA).sub.3 (1.0)                                                    

                dibutyltin 190 45(3+)                                          

                                    7                                          

                dilaurate                                                      

                (2.0)                                                          

     __________________________________________________________________________

     Dibutyltin bis                                                            

                none       205 45(3)                                           

                                    5                                          

     (lauryl mer-                                                              

     captide)(1.5)                                                             

     same (1.0) dibutyl    205 45(3)                                           

                                    5                                          

                diphenyltin                                                    

                (0.5)                                                          

     same (1.0) bis(dibutyl                                                    

                           205 45(3)                                           

                                    6                                          

                lauryloxytin)                                                  

                oxide (0.5)                                                    

     same(1.0)  dibutyltin bis                                                 

                           205 60(1)                                           

                                    7                                          

                (cyclohexyl                                                    

                 maleate).sub.2 (0.5)                                          

     Dibutyltin bis                                                            

                Bu.sub.2 Sn bis                                                

                           190 60(3)                                           

                                    6+                                         

     (lauryl mercaptide)                                                       

                (isooctyl                                                      

     (0.75)      maleate)(1.75)                                                

     same (1.0) Tetrabutyltin                                                  

                           205 45(1)                                           

                                    5                                          

                (control)                                                      

     __________________________________________________________________________

      .sup.1 Refer to Ex. 2                                                    

      .sup.2 butyltin-S,S',S"-tris(isooctyl mercaptoacetate)                   

PAR  In contrast to the other non-sulfur containing organotin compounds,
      tetrabutyl tin is not a suitable replacement for dibutyltin-bis(lauryl
      mercaptide). This was also demonstrated in the previous Example 2.
TBL  ______________________________________                                    

     S-containing Second      Oven    H.S.V.                                   

     stabilizer(parts)                                                         

                  Stabilizer  Temp.   (color                                   

                                            I.C.R.                             

                  (parts)     (.degree.C.)                                     

                                      rating)                                  

     ______________________________________                                    

     Oct.sub.2 Sn(IOMA).sub.2.sup.3 (2.0)                                      

                  none        190     60(2) 7                                  

     same (1.5)   butyltin tri-                                                

                              205     60(3) 7                                  

                  octanoate(0.5)                                               

     same (1.5)   dioctyltin  190     60(3) 7                                  

                  dilaurate(0.5)                                               

     same (1.0)   same        190     60(3) 7                                  

     ______________________________________                                    

      .sup.3 dioctyltin-S,S'-bis(isooctyl mercaptoacetate)                     

PAC  EXAMPLE 4
PAR  This example demonstrates that the level of heat stability imparted to
      polyvinyl chloride resin by the present two-component stabilizers is not
      significantly improved by the presence of a conventional antioxidant,
      2,6-di-t-butyl-p-cresol.
TBL  ______________________________________                                    

     First     Second    Anti-    Oven  H.S.V.                                 

     Stabilizer                                                                

               Stabilizer                                                      

                         Oxidant  Temp. (color                                 

                                              I.C.R.                           

     (parts)   (parts)   (Parts)  (.degree.C.)                                 

                                        rating)                                

     ______________________________________                                    

     Bu.sub.2 Sn(IOMA).sub.2.sup.4                                             

               none      none     190   75(3) 7                                

     (2.0)                                                                     

     same (2.0)                                                                

               none      0.1      190   60(3) 7                                

     ______________________________________                                    

     same (1.0)                                                                

               BuSn tri- 0.1      190   75(2) 7                                

               laurate(0.5)                                                    

     none      same (1.5)                                                      

                         0.1      190    0(3) 3                                

     none      same (1.5)                                                      

                         none     190    0(3) 3                                

     ______________________________________                                    

     Bu.sub.2 Sn(IOMA).sub.2                                                   

               dibutyl   none     190   30(3) 7                                

     (1.5)     diphenyltin                                                     

               (0.3)                                                           

     same      same      0.2      190   30(3) 7                                

     ______________________________________                                    

      .sup.4 refer to Ex. 1                                                    

PAR  The heat stability values for some of the foregoing second stabilizers used
      alone are reported in Example 1.
PAR  The sulfur-containing stabilizer represented in the following table is
      dibutyltin-S,O-mercaptoacetate.
TBL  ______________________________________                                    

     S-contg.                                                                  

             Second         Oven    H.S.V.                                     

     Stabilizer                                                                

             Stabilizer     Temp.   (color I.C.R.                              

     (parts) (parts)        (.degree.C.)                                       

                                     rating)                                   

     ______________________________________                                    

     1.5     none           205     45(3)  7                                   

     1.0     dibutyl                                                           

             diphenyltin(0.5)                                                  

                            205     45(3)  7                                   

     1.0     bis(dibutyl    205     45(3)  7                                   

             lauryloxytin)                                                     

             oxide (0.5)                                                       

     1.0     dibutyltin     205     45(3)  7                                   

             dilaurate(0.5)                                                    

     1.0     dibutyltin bis 205     60(3)  7                                   

             (cyclohexyl                                                       

              maleate)(0.5)                                                    

     ______________________________________                                    

PAR  All of the foregoing data demonstrate that the heat stability imparted to
      vinyl chloride polymers is maintained or improved by partial placement of
      the present sulfur-containing stabilizers with certain
      non-sulfur-containing organotin compounds, despite the fact that the
      latter are relatively ineffective heat stabilizers for vinyl chloride
      polymers.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved two-component heat stabilizer for vinyl chloride polymers,
      said stabilizer consisting essentially of a sulfur-containing organotin
      compound and a non-sulfur-containing organotin compound, the weight ratio
      of the sulfur-containing compound to the non-sulfur-containing compound
      being between 4:1 and 1:4, respectively, wherein the sulfur-containing
      organotin compound exhibits a formula selected
      ##EQU7##
      and the non-sulfur-containing organotin compound exhibits a formula
      selected from the group consisting of R.sub.2.sup.4 R.sub.2.sup.5 Sn,
      R.sub.3.sup.4 R.sup.5 Sn and
      ##EQU8##
      wherein R.sup.1 and R.sup.2 are individually selected from the group
      consisting of alkyl radicals containing between 1 and 20 carbon atoms,
      cycloalkyl, aryl, alkaryl and aralkyl radicals, R.sup.3 is a methylene or
      ethylene radical, R.sup.4 and R.sup.5 are selected from the same group as
      R.sup.1, with the proviso that R.sup.4 and R.sup.5 are not identical when
      both are bonded directly to a tin atom and a represents the integer 1 or
      2.
NUM  2.
PAR  2. The improved two-component heat stabilizer of claim 1 wherein the
      non-sulfur-containing organotin compound is selected from the group
      consisting of tetraorganotin compounds of the general formulae
      R.sub.2.sup.4 R.sub.2.sup.5 Sn and R.sub.3.sup.4 R.sup.5 Sn wherein
      R.sup.4 is butyl or octyl and R.sup.5 is phenyl.
NUM  3.
PAR  3. The improved two-component heat stabilizer of claim 1 wherein the weight
      ratio of sulfur-containing organotin compound to non-sulfur-containing
      organotin compound is between 2:1 and 1:2 respectively.
NUM  4.
PAR  4. An improved heat stabilized vinyl chloride polymer composition wherein
      the polymer is selected from the group consisting of vinyl chloride
      homopolymers and copolymers of vinyl chloride with up to 50 mole percent,
      based on total monomers, of an ethylenically unsaturated monomer that is
      copolymerizable with vinyl chloride, said composition containing between
      0.2 and 20 parts per 100 parts by weight of vinyl chloride polymer, of a
      stabilizer consisting essentially of a sulfur-containing organotin
      compound and a non-sulfur containing organotin compound, the weight ratio
      of the sulfur-containing organotin compound to the non-sulfur-containing
      organotin compound being between 4:1 and 1:4, respectively, wherein the
      sulfur-containing organotin compound exhibits a formula selected from the
      group consisting of R.sub.a.sup.1 Sn(SR.sup.2).sub.4.sub.-a,
      ##EQU9##
      and the non-sulfur-containing organotin compound exhibits a formula
      selected from the group consisting of R.sub.2.sup.4 R.sub.2.sup.5 Sn,
      R.sub.3.sup.4 R.sup.5 Sn and
      ##EQU10##
      wherein R.sup.1 and R.sup.2 are individually selected from the group
      consisting of alkyl radicals containing between 1 and 20 carbon atoms,
      cycloalkyl, aryl, alkaryl and aralkyl radicals, R.sup.3 is a methylene or
      ethylene radical, R.sup.4 and R.sup.5 are selected from the same group as
      R.sup.1, with the proviso that R.sup.4 and R.sup.5 are not identical when
      both are bonded directly to a tin atom and a represents the integer 1 or
      2.
NUM  5.
PAR  5. The improved heat stabilized vinyl chloride polymer composition of claim
      4 wherein the non-sulfur-containing organotin compound is selected from
      the group consisting of tetraorganotin compounds of the general formulae
      R.sub.2.sup.4 R.sub.2.sup.5 Sn and R.sub.3.sup.4 R.sup.5 Sn wherein
      R.sup.4 is butyl or octyl and R.sup.5 is phenyl.
NUM  6.
PAR  6. The improved heat stabilized vinyl chloride polymer composition of claim
      4 wherein the weight ratio of sulfur-containing organotin compound to
      non-sulfur-containing organotin compound is between 2:1 and 1:2
      respectively, and the total stabilizer concentration is between 1.5 and 3
      parts by weight per 100 parts of vinyl chloride polymer.
PATN
WKU  039337421
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APT  1
ART  141
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      compositions
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INVT
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ABST
PAL  Smoke retardant vinyl chloride and vinylidene chloride polymer compositions
      are obtained by including therein a synergistic mixture of (A) at least
      one nickel compound selected from the group consisting of NiCO.sub.3 and
      nickel citrate and (B) at least one zinc compound selected from the group
      consisting of ZnO and ZnTiO.sub.3. Substantial smoke retardation is also
      obtained by including the above nickel compounds or zinc compounds
      individually in the vinyl chloride or vinylidene chloride polymer
      compositions, except for ZnO.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Vinyl chloride and vinylidene chloride polymers are known to be
      self-extinguishing and relatively more flame retardant than other polymers
      such as polyethylene, polypropylene and the like. However, a substantial
      amount of smoke may be produced upon exposure of vinyl chloride and
      vinylidene chloride polymers to a flame. Conventional flame retardants
      such as antimony oxide do not aid in smoke reduction.
PAR  The following art is related to the present invention. Salts and oxides of
      nickel or zinc are effective in amounts up to several percent as
      condensing agents for polyvinyl halides (U.S. Pat. No. 2,157,997). Zinc
      oxide can be used together with other materials to flameproof polyvinyl
      chloride (U.S. Pat. No. 2,610,920). Zinc oxide and zinc halides are known
      flame retardants in vinyl halide resins (U.S. Pat. No. 3,705,128).
      Anticorrosive vinyl chloride resins are obtained by compounding the resins
      with ZnO, ZnCO.sub.3 or certain other metallic compounds (Japan
      73-37,742). The stabilizing effect of ZnSO.sub.4, zinc oxide and other
      compounds on unplasticized polyvinyl chloride was evaluated in 6
      Kunstoffe-Plastics 165-168(1959) (53 Chem.Abs.23049f). The fact that an
      additive is a flame retardant does not necessarily mean that it will have
      good smoke retardant properties, as is well known to those skilled in the
      art. New smoke retardant vinyl chloride and vinylidene chloride polymer
      compositions are desired.
PAC  SUMMARY OF THE INVENTION
PAR  Smoke retardant vinyl chloride and vinylidene chloride polymer compositions
      are obtained by including therein a synergistic mixture of (A) at least
      one nickel compound selected from the group consisting of NiCO.sub.3 and
      nickel citrate and (B) at least one zinc compound selected from the group
      consisting of ZnO and ZnTiO.sub.3.
PAC  DETAILED DESCRIPTION
PAR  The present invention encompasses vinyl chloride and vinylidene chloride
      polymer compositions containing therein synergistic mixtures of (A) at
      least one nickel compound selected from the group consisting of NiCO.sub.3
      and nickel citrate and (B) at least one zinc compound selected from the
      group consisting of ZnO and ZnTiO.sub.3.
PAR  Vinyl chloride and vinylidene chloride polymers used in this invention
      include homopolymers, copolymers and blends of homopolymers and/or
      copolymers. The vinyl chloride and vinylidene chloride polymers may
      contain from 0 up to about 50% by weight of at least one other vinylidene
      monomer (i.e., a monomer containing at least one terminal CH.sub.2 = C&lt;
      group per molecule) copolymerized therewith, more preferably up to about
      20% by weight of such monomer. These monomers include 1-olefins having
      from 2 to 12 carbon atoms, more preferably from 2 to 8 carbon atoms, such
      as ethylene, propylene, 1-butene, isobutylene, 1-hexene,
      4-methyl-1-pentene and the like; dienes having from 4 to 10 carbon atoms
      including conjugated dienes as butadiene, isoprene, piperylene and the
      like; ethylidene norbornene and dicyclopentadiene; vinyl esters and allyl
      esters such as vinyl acetate, vinyl chloroacetate, vinyl propionate, vinyl
      laurate, allyl acetate and the like; vinyl aromatics such as styrene,
      .alpha.-methyl styrene, chlorostyrene, vinyl toluene, vinyl naphthalene
      and the like; vinyl and allyl ethers and ketones such as vinyl methyl
      ether, allyl methyl ether, vinyl isobutyl ether, vinyl n-butyl ether,
      vinyl chloroethyl ether, methyl vinyl ketone and the like; vinyl nitriles
      such as acrylonitrile, methacrylonitrile and the like; cyanoalkyl
      acrylates such as .alpha.-cyanomethyl acrylate, the .alpha.-, .beta.-, and
      .gamma.-cyanopropyl acrylates and the like; olefinically unsaturated
      carboxylic acids and esters thereof, including .alpha.,.beta.-olefinically
      unsaturated acids and esters thereof such as methyl acrylate, ethyl
      acrylate, chloropropyl acrylate, butyl acrylate, hexyl acrylate,
      2-ethylhexyl acrylate, dodecyl acrylate, octadecyl acrylate, cyclohexyl
      acrylate, phenyl acrylate, glycidyl acrylate, methoxyethyl acrylate,
      ethoxyethyl acrylate, hexylthioethyl acrylate, methyl methacrylate, ethyl
      methacrylate, butyl methacrylate, glycidyl methacrylate and the like, and
      including esters of maleic and fumaric acid and the like; amides of the
      .alpha.,.beta.-olefinically unsaturated carboxylic acids such as
      acrylamide and the like; divinyls, diacrylates and other polyfunctional
      monomers such as divinyl benzene, divinyl ether, diethylene glycol
      diacrylate, ethylene glycol dimethacrylate, methylene-bis-acrylamide,
      allyl pentaerythritol, and the like; bis(.beta.-haloalkyl) alkenyl
      phosphonates such as bis(.beta.-chloroethyl) vinyl phosphonate and the
      like; and the like.
PAR  More preferred monomers include 1-olefins having from 2 to 12 carbon atoms,
      more preferably from 2 to 8 carbon atoms, such as ethylene, propylene,
      1-butene, isobutylene, 1-hexene, 4-methyl-1-pentene and the like; vinyl
      esters and allyl esters such as vinyl acetate, vinyl chloroacetate, vinyl
      propionate, vinyl laurate, allyl acetate and the like; olefinically
      unsaturated carboxylic acids and esters thereof, including
      .alpha.,.beta.-olefinically unsaturated acids and esters thereof such as
      methyl acrylate, ethyl acrylate, chloropropyl acrylate, butyl acrylate,
      hexyl acrylate, 2-ethylhexyl acrylate, dodecyl acrylate, octadecyl
      acrylate, cyclohexyl acrylate, phenyl acrylate, glycidyl acrylate,
      methoxyethyl acrylate, ethoxyethyl acrylate, hexylthioacrylate, methyl
      methacrylate, ethyl methacrylate, butyl methacrylate, glycidyl
      methacrylate and the like, and including esters of maleic and fumaric acid
      and the like; and amides of .alpha.,.beta. -olefinically unsaturated
      carboxylic acids such as acrylamide and the like.
PAR  Supporting media such as Al.sub.2 O.sub.3, SiO.sub.2 and other
      substantially inert inorganic supporting materials known in the art may be
      used for the smoke retardant additives and in many cases are preferred,
      since additive surface area is greatly increased for smoke reduction
      purposes.
PAR  Not all nickel compound/zinc compound mixtures are synergistic, and it is
      difficult or impossible to predict synergism. Mixtures found to be
      nonsynergistic include NiO and ZnO, NiO and ZnS, NiSO.sub.4 and
      ZnMoO.sub.4, NiWO.sub.4 and Zn.sub.2 P.sub.2 O.sub.7, and NiWO.sub.4 and
      Zn.sub.2 SiO.sub.4. Other nonsynergistic combinations include nickel
      citrate and ZnSO.sub.4, nickel formate and ZnS, NiMoO.sub.4 and zinc
      ammonium sulfate, NiMoO.sub.4 and zinc formate, and NiSO.sub.4 and zinc
      oxalate. Thus, it was surprising and unexpected to find synergistic smoke
      reduction using the specific nickel compound/zinc compound mixtures of
      this invention.
PAR  The additive compounds used in this invention are polycrystalline or
      amorphous fine powders, preferably with an average particle size less than
      about 200 microns, more preferably from about 0.5 to about 150 microns.
      Polymer compositions containing the additives may have colors similar to,
      although somewhat lighter than, the additives themselves. The additive
      compounds are used in total amounts from about 0.01 to about 20 parts by
      weight per 100 parts by weight of polymer. Use of more than about 20 parts
      by weight of additive per 100 parts by weight of polymer probably will
      affect adversely other important physical properties, such as tensile
      strength and the like.
PAR  The vinyl chloride and vinylidene chloride polymers may be prepared by any
      method known to the art such as by emulsion, suspension, bulk or solution
      polymerization. The additive compounds may be mixed with the polymer
      emulsion, suspension, solution or bulk mass before monomer recovery and/or
      drying. More preferably the compounds may be mixed with dry granular or
      powdered vinyl halide polymers. The polymer and compound may be mixed
      thoroughly in granular or powder form in apparatus such as a Henschel
      mixer and the like. Alternatively, this step may be eliminated and the
      mixing done while the polymer mass is fluxed, fused and masticated to
      homogeneity under fairly intensive shear in or on a mixer apparatus having
      its metal surface in contact with the material. The fusion temperature and
      time will vary according to the polymer composition and level of additive
      compound but will generally be in the range of about 300.degree. to
      400.degree.F and 2 to 10 minutes.
PAR  Smoke retardancy may be measured using an NBS Smoke Chamber according to
      procedures described by Gross et al., "Method for Measuring Smoke from
      Burning Materials", Symposium on Fire Test Methods - Restraint and Smoke
      1966, ASTM STP 422, pp. 166-204. Maximum smoke density (D.sub.m) is a
      dimensionless number and has the advantage of representing a smoke density
      independent of chamber volume, specimen size or photometer path length,
      provided a consistent dimensional system is used. Maximum rate of smoke
      generation (R.sub.m) is defined in units of min.sup..sup.-1. Percent smoke
      reduction is calculated using this equation:
      ##EQU1##
      The term "D.sub.m /g" means maximum smoke density per gram of sample.
      D.sub.m and other aspects of the physical optics of light transmission
      through smoke are discussed fully in the above ASTM publication.
PAR  Smoke retardance may be measured quickly using the Goodrich Smoke-Char
      Test. Test samples may be prepared by dry blending polymer resin and smoke
      retardant additives. The blend is ground in a liquid N.sub.2 -cooled
      grinder to assure uniform dispersion of the smoke retardant additives in
      the resin. Small (about 0.3 g) samples of the polymer blend are pressed
      into pellets about one-fourth inch in diameter for testing. Alternatively,
      test samples may be prepared by blending resin, smoke retardant additives
      and lubricant(s) or processing aid(s) in a blender such as an Osterizer
      blender. The blend is milled, pressed into sheets, and cut into small
      (about 0.3 gram) samples for testing. The test samples are placed on a
      screen and burned for 60 seconds with a propane gas flame rising
      vertically from beneath the sample. Sample geometry at a constant weight
      has been found not to be significant for the small samples used in this
      test. A Bernz-O-Matic pencil flame burner head is used with gas pressure
      maintained at 40 psig. The sample is immersed totally and continuously in
      the flame. Smoke from the burning sample rises in a vertical chimney and
      passes through the light beam of a Model 407 Precision Wideband Photometer
      (Grace Electronics, Inc., Cleveland, Oh.) coupled with a photometer
      integrator. Smoke generation is measured as integrated area per gram of
      sample.
PAR  The vinyl chloride and vinylidene chloride polymer compositions of this
      invention may contain the usual compounding ingredients known to the art
      such as fillers, stabilizers, opacifiers, lubricants, processing aids,
      impact modifying resins, plasticizers, antioxidants and the like.
DETD
PAR  The following examples illustrate the present invention are fully.
PAC  EXAMPLES 1 - 2
PAR  The following recipe was used:
     MATERIAL                 PARTS                                            

     ______________________________________                                    

     Polyvinyl Chloride*      100.0                                            

     Additive (A)**           Variable                                         

     Additive (B)***          Variable                                         

     ______________________________________                                    

       *Homopolymer having an inherent viscosity of about 0.92 - 0.99; ASTM    

      classification GP-4-15443.                                               

       **Nickel compound selected from the group consisting of NiCO.sub.3 and  

      nickel citrate. The control sample contained no additive.                

      ***Zinc compound selected from the group consisting of ZnO and           

      ZnTiO.sub.3. The control sample contained no additive.                   

PAR  Each experimental sample was prepared by blending resins and additives in a
      liquid N.sub.2 -cooled grinder to assure uniform dispersion of the smoke
      retardant additives in the resin. Small (about 0.3 gram) samples of the
      polymer blend were pressed into pellets about one-fourth inch in diameter
      and tested using the Goodrich Smoke-Char Test described heretofore. Test
      results are given in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

          Additive (A)                                                         

                    Additive (B)                                               

                           Smoke Formation per                                 

     Example                                                                   

          (phr)     (phr)  Gram of Sample                                      

                                       Smoke Reduction (%)                     

     __________________________________________________________________________

     Control                                                                   

          None      None   67.4        --                                      

     1    NiCO.sub.3 (5)                                                       

                    --     45.9        31.9                                    

           --       ZnO (5)                                                    

                           79.8        18.4 increase                           

          NiCO.sub.3 (4)                                                       

                    ZnO (1)                                                    

                           28.0        58.5                                    

     2    Nickel citrate (5)                                                   

                    --     47.4        29.7                                    

          --        ZnTiO.sub.3 (5)                                            

                           61.1        9.3                                     

          Nickel citrate (4)                                                   

                    ZnTiO.sub.3 (1)                                            

                           42.3        37.2                                    

     __________________________________________________________________________

PAR  These results demonstrate that the defined additives substantially reduce
      smoke evolution during forced buring of rigid polyvinyl chloride in the
      Goodrich Smoke-Char Test. The results also demonstrate the smoke retardant
      effects of individual additives in the same test, except for ZnO. ZnO
      increases smoke production when used alone and exemplifies the
      unpredictability of the smoke retardation art.
PAR  The improved smoke retardant vinyl chloride and vinylidene chloride polymer
      compositions of this invention are useful wherever smoke resistance is
      desirable, such as in carpets, house siding, plastic components for
      airplane interiors, and the like. Of course, overall suitability for a
      particular use will depend upon other factors as well, such as comonomer
      type and level, compounding ingredient type and level, polymer particle
      size, etc.
CLMS
STM  I claim:
NUM  1.
PAR  1. A smoke retardant composition comprising a vinyl chloride or vinylidene
      chloride polymer together with (A) at least one nickel compound selected
      from the group consisting of NiCO.sub.3 and nickel citrate and (B) ZnO,
      said compounds (A) and (B) being present in a total amount from about 0.25
      to about 20 weight parts per 100 weight parts of polymer.
NUM  2.
PAR  2. A composition of claim 1 wherein said polymer contains copolymerized
      therewith up to about 50% by weight of at least one other vinylidene
      monomer containing at least one terminal CH.sub.2 = C&lt; group per molecule.
NUM  3.
PAR  3. A composition of claim 2 wherein said polymer contains copolymerized
      therewith up to about 20% by weight of said other vinylidene monomer.
NUM  4.
PAR  4. A composition of claim 3 wherein said other vinylidene monomer is
      selected from the group consisting of 1-olefins having from 2 to 12 carbon
      atoms, vinyl esters, .alpha.,.beta.-olefinically unsaturated carboxylic
      acids and esters thereof, amides of .alpha.,.beta.-olefinically
      unsaturated carboxylic acids, and esters of fumaric and maleic acid.
NUM  5.
PAR  5. A composition of claim 4 wherein said compound has an average particle
      size less than about 200 microns.
NUM  6.
PAR  6. A composition of claim 5 wherein said compound (A) is NiCO.sub.3 and
      said compound (B) is ZnO.
NUM  7.
PAR  7. A smoke retardant composition comprising a vinyl chloride or vinylidene
      chloride polymer together with (A) nickel citrate and (B) ZnTiO.sub.3,
      said compounds (A) and (B) being present in a total amount from about 0.25
      to about 20 parts per 100 weight parts of polymer.
NUM  8.
PAR  8. A composition of claim 7 wherein said polymer contains copolymerized
      therewith up to about 50% by weight of at least one other vinylidene
      monomer containing at least one terminal CH.sub.2 = C&lt; group per molecule.
NUM  9.
PAR  9. A composition of claim 8 wherein said polymer contains copolymerized
      therewith up to about 20% by weight of said other vinylidene monomer.
NUM  10.
PAR  10. A composition of claim 9 wherein said other vinylidene monomer is
      selected from the group consisting of 1-olefins having from 2 to 12 carbon
      atoms, vinyl esters, .alpha.,.beta.-olefinically unsaturated carboxylic
      acids and esters thereof, amides of .alpha.,.beta.-olefinically
      unsaturated carboxylic acids, and esters of fumaric and maleic acid.
NUM  11.
PAR  11. A composition of claim 10 wherein said compound has an average particle
      size less than about 200 microns.
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ABST
PAL  Organotin compounds with low tin content suitable as stabilizers for
      halogen containing resins e.g. polyvinyl chloride are of formula
      ##EQU1##
      where R.sub.1 and R.sub.2 are C.sub.1.sub.-20 alkyl, cycloalkyl or phenyl,
      Q.sub.1 is of formula --C(CH.sub.2 Z).sub.2 Q.sub.2, wherein Q.sub.2 is H,
      C.sub.1.sub.-6 alkyl or CH.sub.2 Z, and each Z is
      ##EQU2##
      or a pair of Z is
      ##EQU3##
      R.sub.3 is C.sub.1.sub.-20 alkyl, optionally substituted phenyl, or
      alkylphenyl or if two R.sub.3 groups are present in the molecule, they may
      constitute a single bond between the carbon atoms immediately adjacent to
      said R.sub.3 radicals, C.sub.1.sub.-20 alkylene C.sub.2.sub.-20 alkenylene
      or optionally substituted phenylene, R.sub.4 is C.sub.1.sub.-20 alkyl,
      optionally substituted phenyl (C.sub.1.sub.-6) alkyl or two groups R.sub.4
      are optionally phenyl substituted C.sub.1.sub.-20 alkylene or
      C.sub.2.sub.-20 alkenylene or C.sub.5.sub.-6 cycloalkylene R.sub.5 is
      C.sub.1.sub.-20 alkyl, optionally substituted phenyl or alkylphenyl or if
      two R.sub.5 groups are present, these may be bonded together to form a
      C.sub.1.sub.-20 alkylene radical or a substituted phenylene radical,
      R.sub.6 is a single bond, C.sub.1.sub.-20 alkylene, or C.sub.2.sub.-20
      alkeynylene, n alkenylene, 1-6 and Y is
      ##EQU4##
      or Y and OCOCH = CHOOCH.sub.2 Q.sub.1 are together (OCOCH =
      CHCOOCH.sub.2).sub.2 C(CH.sub.2 Z)Q.sub.2.
PARN
PAR  This is a division of application Ser. No. 359,177 filed May 10, 1973, now
      abandoned.
BSUM
PAR  The present invention relates to organotin compounds, processes for
      preparing them, and to their use as stabilisers for polymeric materials in
      particular halogenated resins such as polymers and copolymers of vinyl and
      vinylidene chloride.
PAR  The use of organotin compounds including derivatives of half esters of
      organotin maleates as stabilisers for halogenated resins has for many
      years been recognised as being highly effective. However, the compounds
      employed have normally been those having a comparatively high tin content
      and so, in view of the high cost of tin, are expensive relative to other
      available stabilisers. Thus, despite their high efficiency these compounds
      are still not so widely used as other less effective materials.
PAR  The compounds of the present invention are new derivatives of organotin
      half ester maleates which have a lower tin content than most conventional
      organotin compounds and so are potentially cheaper. The stabilising
      ability of some of them may match that of some of the conventional
      materials on an equal tin basis and so may be able to achieve the same
      degree of stabilisation for lower cost.
PAR  Accordingly, the present invention provides an organotin compound of the
      formula:
      ##EQU5##
      wherein each of R.sub.1 and R.sub.2, which are the same or different, is
      an alkyl group of 1 to 20 carbon atoms, a cycloalkyl or a phenyl group,
      E.g. a cyclohexyl group, Q.sub.1 is of formula:
      ##EQU6##
      wherein Q.sub.2 is hydrogen, an alkyl group of 1 to 6 carbon atoms, or
      CH.sub.2 Z.sub.3, wherein Z.sub.3 is as defined for Z.sub.1 or Z.sub.2
      below, and each of Z.sub.1 and Z.sub.2, which are the same or different,
      is of formula:
      ##EQU7##
      or a pair of radicals selected from among Z.sub.1, Z.sub.2 and Z.sub.3 may
      be bonded together to form a group of formula:
      ##EQU8##
      wherein R.sub.3 is an alkyl group of 1 to 20 carbon atoms, a substituted
      or unsubstituted phenyl group, or an alkylphenyl group, which is
      substituted or unsubstituted, or if two R.sub.3 groups are present on the
      same molecule, they may form a single bond between the carbon atoms
      immediately adjacent to each of the R.sub.3 radicals, an alkylene group of
      1 to 20 carbon atoms, an alkenylene group of 2 to 20 carbon atoms or a
      substituted or unsubstituted phenylene group.
PAR  R.sub.4 is an alkyl group of 1 to 20 carbon atoms or substituted or
      unsubstituted phenyl alkyl group with 1 to 6 carbon atoms in the alkyl
      group, or two groups R.sub.4 together are an alkylene group of 1 to 20
      carbon atoms, which is unsubstituted or substituted by at least one phenyl
      group, or an alkenylene group of 2 to 20 carbon atoms or a cycloalkylene
      group of 5 or 6 carbon atoms.
PAR  R.sub.5 is an alkyl group of 1 to 20 carbon atoms, a substituted or
      unsubstituted phenyl group or an alkylphenyl group, which is substituted
      or unsubstituted, or two groups R.sub.5 together are an alkylene group of
      1 to 20 carbon atoms.
PAR  R.sub.6 is a single bond, an alkylene group of 1 to 20 carbon atoms or an
      alkenylene group of 2 to 20 carbon atoms, or substituted or unsubstituted
      phenyl group. n is an integer of 1 to 6, and Y is of formula:
      ##EQU9##
      or Y and the group -- O CO CH = CH -- CO O CH.sub.2 Q.sub.1 together form
      a group of formula:
      ##EQU10##
PAR  Preferably Q.sub.1 is of formula:
      ##EQU11##
PAR  Examples of particular groups of compounds falling within the scope of the
      invention which we have found to be useful include:
      ##EQU12##
PAR  In preferred compounds of the invention, R.sub.1 and R.sub.2 are n-butyl or
      n-octyl groups, R.sub.3 is an alkyl group of 8-20 Carbon atoms, especially
      an n-undecyl group, or o-hydroxyphenyl group, R.sub.4 and R.sub.5 are
      alkyl groups of 8-20 carbon atoms, especially iso-octyl groups, R.sub.6 is
      a vinyl or ethylene group, R.sub.7 is hydrogen or a methyl group and n is
      2.
PAR  The present invention also provides a process for preparing an organotin
      compound containing a
      ##EQU13##
      which comprises in step (a) reacting an alcoholic component which is at
      least one of penta erythritol and a triol of formula (HO CH.sub.2).sub.3
      CR.sub.7, maleic acid (or a derivative thereof, preferably maleic
      anhydride) and one or more blocking agents, which are (i) of formula
      R.sub.3 COOH, of formula R.sub.6 (COOH).sub.2 and R.sub.5 OH or of formula
      HOOC R.sub.6 COOR.sub.5, of formula HOOC(CH.sub.2).sub.n SR.sub.4 or [HOOC
      (CH.sub.2).sub.n S].sub.2 CHR.sub.3, or HOOC(CH.sub.2).sub.2 SH followed
      by Hal R.sub.4, Hal.sub.2 CHR.sub.3 (Hal is a halogen) or R.sub.3 CHO when
      the number of moles of OH group in the alcoholic component is greater than
      the number of moles of maleic acid (or derivative thereof), and (ii) of
      formula R.sub.5 OH when the number of moles of alcoholic component is less
      than or less than half the number of moles maleic acid (or derivative
      thereof), the alcoholic component, blocking agent, maleic acid (or
      derivative) thereof being reacted in any order, to produce an intermediate
      containing 1 or 2
      ##EQU14##
      groups per mole, and in step (b) reacting the intermediate formed in step
      (a) with an organotin compound of formula R.sub.1 R.sub.2 SnO or R.sub.1
      R.sub.2 SnHal.sub.2.
PAR  In step (b) of the process, the organotin compound can be reacted with the
      intermediate from step (a) in the presence of at least one compound of
      formula HSR.sub.4, HOOCR.sub.6 COOR.sub.5 or HS (CH.sub.2).sub.n
      COOR.sub.5. In preferred processes, the alcoholic component is reached
      with a molar excess of maleic anhydride, and the reaction product produced
      is reacted with a blocking agent of formula R.sub.5 OH, or the alcoholic
      component is reacted with a compound of formula HOOCR.sub.6 COOR.sub.5 to
      form a reaction product containing 1 HOCH.sub.2 group per mole, and the
      reaction product is reacted with maleic anhydride.
PAR  Among the compounds which are particularly useful are those derived from
      pentaerythritol. These may be obtained by the reaction of a diorganotin
      oxide with a reaction product derived from pentaerythritol, maleic
      anhydride and a further reactant. The further reactant will normally be a
      fatty acid or other group (as described above in step (a) capable of
      reacting with the hydroxyl groups of pentaerythritol. It is of course also
      possible to employ a dicarboxylic acid to react with the pentaerythritol.
      Such acids include succinic and maleic acids. If such acids are employed
      the free carboxyl group will normally be esterified by a fatty alcohol.
PAR  It is also possible to employ 1,1,1-trimethylol ethane or a higher
      homologue thereof instead of pentaerythritol; in this case there are only
      three reactive hydroxyl groups and thus a lower proportion of maleic
      anhydride will normally be employed.
PAR  Normally, whatever the actual reactants employed, it will be desirable to
      have an acidic catalyst present such as p-toluene sulphonic acid,
      hydrochloric acid, or a metal chloride suitable as a Friedel Craft
      catalysts, such as zinc chloride. Often the reaction will be carried out
      in the presence of a solvent such as an aromatic hydrocarbon, e.g. a
      toluene, petrol, xylene, hexane or cyclohexane.
PAR  Compounds according to the invention find use as stabilizers for
      halogen-containing resins.
PAR  Accordingly, from a further aspect the present invention provides a
      composition which comprises a halogen-containing resin (as hereinafter
      defined) and as a stablizer therefor an organotin compound of the formula
      ##EQU15##
      where R, R.sub.1, n, Q.sub.1, and Y are as hereinbefore defined or one
      prepared by the process of the invention.
PAR  In the present specification, a halogen containing resin is defined as a
      polymer or copolymer of vinyl chloride or vinylidene chloride, a
      chlorinated vinyl chloride polymer or chlorinated polychlylene.
PAR  The organotin compounds will be present in compositions according to the
      invention in amounts so as to produce the desired stabilizing effect;
      often this will be 0.01-10%, preferably 0.2-5% especially 2 to 3% by
      weight based on the total amount of polymeric resin present.
PAR  It has also been found that by mixing 1 to 50% by weight (based on the
      weight of organotin compound of the invention) of a monoalkytin compound
      such as monobutyltin tris (iso-octyl thioglycollate) with the organotin
      compound, the stabilizing efficiency of the compound increases. Preferably
      5 - 25% based on total amount of organotin compound is used. Other
      additives which also improve the initial clarity of polymer during thermal
      tests with organotin compounds are:
PA1  a. Butyl epoxy stearate (B.E.S.)
PA1  b. Mono-octyltin tri (iso-octyl thioglycollate)
PA1  c. Dibutyltin sulphide and oxide
PA1  d. Dibutyltin cyclic mercapto acetate and/or Dibutyltin cyclic .beta.
      mercapto propionate. And/or Dioctyltin cyclic mercapto acetate and/or
      Dioctyltin cyclic .beta. mercapto propionate.
PAR  Optionally, but advantageously, compositions according to the invention
      also contained hindered phenols, that is those having at least one alkyl
      substituent in a position ortho to the hydroxyl group as auxiliary
      stabilizers. Such phenols which are of use in compositions of the present
      invention include butylated hydroxylanisole, 2,6-di-tert.-butylphenol,
      methylene bis-(2,4-di-tert.-butylphenol), methylene
      bis-(2,6-di-tert.-butylphenol), methylene
      bis-(2,6-di-tert.-butyl-3-methylphenol), 4,4'-butylidene
      bis-(6-tert.-butyl-3-methylphenol), methylene
      bis-(4-ethyl-6-tert.-butylphenol), methylene
      bis-(4-methyl-2,6-di-tert.-butylphenol). Particularly preferred, however,
      is 2,6-di-tert.-butyl-4-methyl-phenol. Such phenols may be present in an
      amount of up to 3%, preferably from 0.01 to 0.05% by weight of the resin
      and will normally be present at about 4-10% by weight, preferably 5-8 %,
      based on the total amount of organotin compounds used.
PAR  Esters of phosphorous and thiophosphorous acids may be employed in
      compositions according to the invention. Such compounds include
      halo-phosphites such as tris chloropropyl phosphite and polymeric
      phosphites such as those obtained from hydrogenated 4,4' isopropylidene
      diphenol. Preferred phosphites and thiophosphites, however, are monomers
      having no substituents in the organo-group and having no more than one
      sulphur atom. These include triaryl phosphites and trialkyl phosphites.
      Such compounds include, for example, triphenyl phosphite,
      trixylylphosphite, tri-(nonyl phenyl) phosphite and trioctyl phosphite.
      Diesters of phosphorous acid such as di-isopropyl phosphite, dibutyl
      phosphite and diphenyl phosphite are also of use. Particularly preferred,
      however, are the mixed alkyl aryl phosphites such as octyl diphenyl
      phosphite, isodecyl diphenyl phosphite and di-isodecyl phenyl phosphite.
      This particularly pronounced effect may also be obtained by employing a
      mixture of a triaryl phosphite and an alcohol in conjunction with the
      organotin compound. A particularly suitable mixture is that of triphenyl
      phosphite and isodecanol.
PAR  The stabilizer composition is also useful if it is employed in a polymer
      composition containing an epoxy compound, as may be desired for example in
      cases where a delay of initial colour change is desired. Epoxy compounds
      which may be employed in such compositions include butyl epoxy stearate,
      esters of epoxidised oleic acid and compounds of the formula
      ##SPC1##
PAR  Organotin formulations as described above, optionally including a hindered
      phenol, an alkylaryl phosphite or an epoxide, will often be used as the
      only stabilizer in a polymeric vinyl chloride or vinylidene chloride
      composition. However, if desired conventional thermal stabilizers may also
      be included. These may include, for example, metal soap stabiliziers, such
      as cadmium, barium or zinc salts of fatty acids, or lead salts such as
      lead carbonate or stearate or dibasic lead phosphate or phthalate, or
      tribasic lead sulphate or conventional organotin stabiliziers such as
      dibutyltin dilaurate or dibutyltin maleate or sulphur-containing compounds
      such as dibutyltin bisthioglycollates.
PAR  In the practice of the invention the stabilizer formulation may be mixed
      with the copolymer resin in the conventional manner, for example by
      milling with the resin on heated rols at 100.degree.-160.degree.C, e.g.
      about 150.degree.C, although higher temperatures may be used when
      convenient, or by being mixed with particles of the polymer and then
      melting and extruding the mixture or by adding the stabilizer to a liquid
      resin.
PAR  Resins which may be used in compositions according to the invention
      normally contain at least 40% by weight of chlorine. Usually it will be a
      polymer or copolymer of vinyl chloride or vinylidene chloride but
      post-halogenated polyvinyl chloride or post halogenated polyolefines, such
      as polyethylene, may be employed if desired. Suitable monomers, which may
      form such copolymers with vinyl chloride and vinylidene chloride, include
      for example acrylonitrile, vinyl acetate, methyl methacrylate, diesters of
      fumaric acid and maleic acid, ethylene, propylene and lauryl vinyl ether
      and these co-monomers may be present in an amount of up to 25% of the
      total weight of monomers copolymerised.
PAR  The organotin stabilizer formulation may be employed in either plasticised
      resin compositions, for example those plasticised with carboxylic ester
      plasticisers, e.g. di-2-ethylhexyl phthalate, dibutyl sebacate, and
      di-iso-octyl phthalate or with phosphate esters such as tri (alkyl phenyl)
      phosphates may be employed in rigid compositions. Such rigid compositions
      contain little or no plasticiser although for some applications up to
      about 10% by weight of plasticiser may be present. This is in contrast
      with plasticised compositions where the amount of plasticiser present is
      normally greater than 50% by weight of the polymeric material and is often
      greater than 100% on that basis.
PAR  In addition to the stabilizers, the compositions of the invention may also
      contain conventional additives, e.g. pigments, fillers, dyes and
      ultraviolet absorbing agents.
DETD
PAR  The process of the invention will be illustrated by the following examples:
PAC  EXAMPLE 1
      ##EQU16##
PAR  1,1,1 - Trimethylolethane (11.8g, ca 0.1M) and Lauric acid (40g, 0.2M) were
      refluxed in toluene (200ml) in presence of p-toluene sulphonic acid (ca
      0.5g) till the calculated amount of water had collected to give product H.
      ##EQU17##
      Maleic anhydride (9.8g, 0.1M) was added into the solution (containing
      product H) and the mixture further refluxed for two hours to give product
      J i.e.
      ##EQU18##
      Dibutyltin oxide (12.5 g., 0.05M) was also added into the above solution
      containing product J and the desired product was obtained.
TBL  ______________________________________                                    

     Analysis     Calculated                                                   

                            Found                                              

     ______________________________________                                    

                  Sn= 8.5%  Sn= 8.15%                                          

                  C =63.6%  C =64.87%                                          

                  H = 9.4%  H =10.0%                                           

     ______________________________________                                    

PAR  Its structure was also confirmed by I.R. analysis
PAC  EXAMPLE 2
      ##EQU19##
PAR  It was prepared by the same method as in Example 1 using the following
      quantities:
TBL  Step 1 (a) 1,1,1-Trimethylolethane                                        

                                  12g(0.1M)                                    

     (b)        Lauric acid       40g(0.2M)                                    

     Step 2 (c) Maleic anhydride  9.8g(0.1M)                                   

     Step 3 (d) Dioctyltin oxide  18g(0.05M)                                   

TBL  Analysis     Calculated                                                   

                            Found                                              

     ______________________________________                                    

                  C = 65.3% C = 65.94%                                         

                  H = 9.8%  H = 10.4%                                          

                  Sn=   7.8%                                                   

                            Sn=  7.45%                                         

     ______________________________________                                    

PAR  Its structure was also confirmed by I.R.
PAC  EXAMPLE 3
      ##EQU20##
PAR  1,1,1 - Trimethylolethane (12g, 0.1M) and Maleic anhydride (28.4g, 0.3M)
      were heated in toluene under reflux for 2 hours [(to give CH.sub.3
      --C--(CH.sub.2 OOCCH=CHCOOH).sub.3 ]  Iso-octyl alcohol (26g,0.2M) was
      also added into the solution, and the mixture further refluxed till the
      calculated amount of water had collected in Dean & Stark apparatus
      ##EQU21##
      After cooling the solution at room temperature dibutyltin oxide
      (12.5g,0.05M) was added into it and the mixture refluxed till the
      completion of reaction as in Exp. 1. The product is a light yellow liquid.
TBL  ______________________________________                                    

     Analysis     Calculated                                                   

                            Found                                              

     ______________________________________                                    

                  Sn= 7.9%  Sn= 9.2%                                           

                  C = 58.9% C = 58.3%                                          

                  H = 7.7%  H = 7.8%                                           

     ______________________________________                                    

PAR  Its structure was also confirmed by I.R. analysis.
PAC  EXAMPLE 4
      ##EQU22##
PAR  It was prepared by the same method and using the same quantities as in
      Experiment 3 (except using dioctyltin oxide (0.05M) instead of dibutyltin
      oxide)
PAC  EXAMPLE 5
PAR  The stabilizers of the present invention can be used with halogen
      containing vinyl and vinylidene resins in which the halogen is attached
      directly to the carbon atoms of the polymer chain. Preferably, the resin
      in vinyl halide resin, especially a vinyl chloride, resin.
PAR  The product of Example 1 of the present invention was tested for initial
      colour development against known stabilisers on an equal tin basis.
PAR  This example illustrates the stabilising effect of the compounds of the
      present invention in comparison with known stabilisers (ie Mellite 26 and
      Mellite 29) containing equal amount of tin in a rigid P.V.C. composition.
PAR  A series of rigid (non-plasticized) formulations was prepared having the
      following composition.
PA1  a. Corvic D55/09 . . . 100 parts
PA1  b. Laurex CS -- Marked T if added the amount present in parts per 100 parts
      of polymer are indicated inside the brackets. In many instances of the
      present invention Laurex CS has not been added to the polymer because many
      of the compounds tested are themselves acting as a lubricant during
      milling at about 155.degree.C,
PA1  c. The example in Table 1 has been tested in comparison with Mellite 29 and
      Mellite 26 containing equal amount of tin in definite amount of Corvic
      D55/09 (usually 300 gms.)
TBL  __________________________________________________________________________

                 Parts of  Gardner scale colour after                          

     Additive ( ) is wt. %                                                     

                 Compound  heating at 190.degree.C for given                   

                           time in minutes                                     

                           0 5   10  15                                        

     __________________________________________________________________________

     (a) Example 1                                                             

                 (a) 2 parts                                                   

                           0 2-3 5   &gt;9                                        

     (b) M29 + T (0.5)                                                         

                 (b) Tin.Equiv.                                                

                 to (a)    0 2-3 4   6-7                                       

     (c) M26 + T (0.5)                                                         

                 (c) Tin Equiv to                                              

                 (a)       0 2   3-4 6-7                                       

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. A stabilized polymer composition which comprises at least one resin
      containing at least 40% by weight of chlorine and selected from the group
      consisting of homopolymers of vinyl chloride and vinylidene chloride,
      post-chlorinated polyolefins and copolymers of vinyl chloride or
      vinylidene chloride with up to 25%, based on the weight of total monomers,
      of one or more copolymerizable monomers, and, as stabilizer therefor, 0.01
      - 10% by weight (based on the weight of the resin) of an organotin
      compound of the formula
      ##EQU23##
      wherein each R.sub.1 and R.sub.2, which are the same or different is an
      alkyl group of 1 to 20 carbon atoms, a cycloalkyl or a phenyl group,
      Q.sub.1 is of formula
      ##EQU24##
      wherein Q.sub.2 is hydrogen, an alkyl group of 1 to 6 carbon atoms, or
      CH.sub.2 Z.sub.3, wherein Z.sub.3 is as defined for Z.sub.1 or Z.sub.2
      below, and each of Z.sub.1 and Z.sub.2, which are the same or different,
      is of formula
      ##EQU25##
      or a pair of radicals selected from the group consisting of Z.sub.1,
      Z.sub.2 and Z.sub.3 forms a group of formula
      ##EQU26##
      wherein R.sub.3 is an alkyl group of 1 to 20 carbon atoms, a substituted
      or unsubstituted phenyl group or an alkyl phenyl group, which is
      substituted or unsubstituted, or two R.sub.3 groups form a single bond
      between two carbon atoms, an alkylene group of 1 to 20 carbon atoms, an
      alkenylene group of 2 to 20 carbon atoms or a substituted or unsubstituted
      phenyl group; R.sub.4 is an alkyl group of 1 to 20 carbon atoms, a
      substituted or unsubstituted phenyl alkyl group with 1 to 6 carbon atoms
      in the alkyl group, or two R.sub.4 groups are bonded together to form an
      alkylene group of 1 to 20 carbon atoms which is unsubstituted or
      substituted by at least one phenyl group, or an alkenylene group of 2 to
      20 carbon atoms or a cycloalkylene group of 5 or 6 carbon atoms, R.sub.5
      is an alkyl group of 1 to 20 carbon atoms, a substituted or unsubstituted
      phenyl group or an alkylphenyl group which is substituted or
      unsubstituted, or two R.sub.5 groups are bonded together to form an
      alkylene group of 1 to 20 carbon atoms, R.sub.6 is a single bond, an
      alkenylene group of 1 to 20 carbon atoms or an alkenylene group of 2 to 20
      carbon atoms, or a substituted or unsubstituted phenylene group, n is an
      integer of 1 to 6 and Y is of formula
      ##EQU27##
      or Y and the group -OCOCH=CH=COOCH.sub.2 Q.sub.1 together form a group of
      formula
      ##EQU28##
NUM  2.
PAR  2. A stabilized polymer composition according to claim 1 wherein Q.sub.1 is
      of the formula
      ##EQU29##
      , wherein R.sub.7 is hydrogen or an alkyl group of 1 to 6 carbon atoms.
NUM  3.
PAR  3. A composition according to claim 1 wherein Y is of formula
      ##EQU30##
NUM  4.
PAR  4. A composition according to claim 1 which comprises 1-50%, based on the
      weight of the organotin compound, of monobutyltin tris(isooctyl
      thioglycollate).
NUM  5.
PAR  5. A composition according to claim 1 which comprises 1-50%, based on the
      weight of the organotin compound, of at least one of di - (n-butyl)tin
      cyclic mercapto acetate, di - (n-octyl)tin cyclic mercapto acetate, di -
      (n-butyl)tin cyclic .beta. - mercapto propionate and di - (n-octyl)tin
      cyclic .beta. - mercapto propionate.
NUM  6.
PAR  6. A composition according to claim 1 which comprises 0.01 -3%, based on
      the weight of the resin, of at least one hindered phenol.
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ABST
PAL  An ester, which is a costabiliser of mono ordi organotin stabilisers for
      halogen containing resins, is of formula
      ##EQU1##
      wherein x and y are 1-6, R.sub.4 and R.sub.9 are alkyl, alkenyl,
      cycloalkyl or optionally substituted aromatic aralkyl or aralkenyl
      hydrocarbyl group, R.sub.3 and R.sub.5 are as R.sub.4 or R.sub.9 or is
      hydrogen or R.sub.3 and R.sub.5 form a cycloalkyl ring. The organotin
      stabilisers are carboxylates, mercapto carboxylates, carboxylate ester
      from diacids, sulphides, mercaptides or thiostannoic acids.
PARN
PAR  This is a divisional of application Ser. No. 442,874 filed Feb. 15, 1974.
BSUM
PAR  The present invention relates to compounds, which act as costabilizers for
      organotin compounds in the stabilization of Halogen containing polymers
      such as polyvinyl chloride.
PAR  In the complete specification of our Copending British Application No.
      55042/72 we have described organotin compounds of the general formula
      ##EQU2##
      wherein A 0 OR 1,
PA1  Each of x, x', y and y', which are the same or different, is an integer of
      1 - 6
PA1  Each of R.sub.1, R.sub.2, R.sub.6 and R.sub.7, which are the same or
      different is an alkyl group of 1 to 12 carbon atoms, a cycloalkyl group,
      an aromatic hydrocarbyl group or an aralkyl hydrocarbyl group,
PA1  Each of R.sub.4 and R.sub.9, which are the same or different, is as defined
      above for R.sub.1, R.sub.2, R.sub.6 and R.sub.7, or is an alkyl group of
      13-21 carbon atoms, an alkenyl group of 2 to 21 or an inertly substituted
      aromatic hydrocarbon group, each of R.sub.3, R.sub.5, R.sub.8 and
      R.sub.10, which are the same or different, is as defined above for R.sub.4
      and R.sub.9, or is hydrogen or at least one of the pairs R.sub.3 and
      R.sub.5 and R.sub.8 and R.sub.10, together with the carbon atom to which
      they are attached, forms a cycloalkyl ring,
PA1  And X is oxygen or sulphur.
PAL  These compounds are stabilizers for halogen containing resins.
PAR  We have now found that ester derivatives of the tin free part of the above
      stabilizers can act as costabilizers for organotin compounds.
PAR  The present invention provides esters of the general formula
      ##EQU3##
      wherein, each of R.sub.4 and R.sub.9, which are the same or different, is
      an alkyl group of 1 to 21 carbon atoms, an alkenyl group of 2-21 atoms,
      cycloalkyl group, aromatic hydrocarbyl group e.g. of 6 to 19 carbon atoms
      e.g. phenyl or aralkyl or aralkenyl hydrocarbyl group e.g. of 7 to 19
      carbon atoms such as benzyl, orstyryl or an inertly substituted derivative
      of the aromatic, aralkyl or aralkenyl hydrocarbyl group, wherein the
      substituent is preferably at least one group of formula --OH, --OR.sub.4,
      --SR.sub.4, --COOR.sub.4, --OOCR.sub.4 or --SSR.sub.4,
PAL  each of R.sub.3 and R.sub.5, which are the same or different, is as defined
      above for R.sub.4 and R.sub.9, or is hydrogen or R.sub.3 and R.sub.5
      together with the carbon atom to which they are attached forms a cyclo
      alkyl ring, preferably a cyclohexane ring, and each of x and y which are
      the same or different, is an integer of 1 - 6.
PAR  R.sub.9 is preferably an alkyl group of 4-18 carbon atoms e.g. 6-12 carbon
      atoms such as an iso n-octyl group, or cycloalkyl group of 5-8 carbon
      atoms e.g. cyclohexyl group. R.sub.5 is preferably hydrogen or alkyl of 1
      to 6 carbon atoms e.g. a methyl group. R.sub.4 is preferably an alkyl or
      alkenyl group of 10 to 19 carbon atoms, preferably a linear one e.g. of
      formula CH.sub.3 (CH.sub.2).sub.z --, where z is an integer of 9-18,
      preferably 10-17 and especially 16. R.sub.3 is preferably a phenyl, styryl
      or substituted phenyl (the substituents being for example alkyl of 1 to 6
      carbon atoms especially methyl, or alkoxy of 1 to 6 carbon atoms,
      especially methoxy or hydroxy) group, branched chain alkyl group of 3-10,
      e.g. 4-8 carbon atoms, preferably that in which the free valency is at the
      point of branching i.e. of formula --CH R.sub.11 R.sub.12, where R.sub.11
      and R.sub.12 are alkyl groups of 1 to 6 carbon atoms, especially ethyl and
      butyl, e.g. pent - 3 - yl and hept - 3 - yl groups or a straight chain
      alkyl group of 7 to 13 carbon atoms e.g. n-nonyl and n-undecyl group x and
      y are preferably 1 or 2. The groups C.sub.x H.sub.2x and C.sub.y H.sub.2y
      are preferably linear e.g. of formula (CH.sub.2).sub.x.
PAR  In preferred compounds, the group
      ##EQU4##
      represent groups of formula
      ##EQU5##
      ##SPC1##
PAR  Preferred compounds are those of formula
      ##EQU6##
      wherein each of R.sub.3 and R.sub.13, which are the same or different, is
      an alkyl group of 1 to 12 carbon atoms, a cycloalkyl group, an aryl or
      aralkyl group, R.sub.5 is hydrogen, an alkyl or aryl group, R.sub.9 is an
      alkyl group of 1 to 20 carbon atoms, a cycloalkyl group or an aryl or
      aralkyl group, z is an integer of 1 to 20 and x and y are integers of 1 to
      6. Preferably R.sub.13 is a methyl group, R.sub.5 is hydrogen or alkyl
      e.g. methyl group, R.sub.3 is a phenyl or styryl group, a substituted
      phenyl group, a branched chain alkyl group of 4-8 carbon atoms or a
      straight chain alkyl group of 7 to 13 carbon atoms, R.sub.9 is an alkyl or
      cycloalkyl group of 4 to 8 carbon atoms, x and y are 1 or 2 and z is
      10-16.
PAR  The present invention also provides a process for preparing the ester
      compounds, which comprises reacting substantially equimolar amounts of a
      glycerol ester of formula R.sub.4 COOCH.sub.2 OOCC.sub.y H.sub.2y SH with
      a carbonyl compound of formula R.sub.3 R.sub.5 CO and a mercapto ester of
      formula R.sub.9 OOCC.sub.x H.sub.2x SH. Alternatively, an acid of formula
      ##EQU7##
      can be reacted by known methods with a hydroxylic compound of formula
      R.sub.9 OH or a halide of formula R.sub.9 Hal (when R.sub.9 is an alkyl
      cycloalkyl or aralkyl group and Hal is chlorine, bromine or iodine), the
      reaction with the hydroxylic compound being preferably carried out in the
      presence of an acid catalyst, and the reaction with the halide being
      preferably carried out in the presence of a basic catalyst. The acid is
      preferably prepared by reacting substantially equimolar amounts of the
      glycerol ester with the carbonyl compound and a mercapto acid of formula
      HOOCC.sub.x H.sub.2x SH. Thus the ester compounds can be prepared by
      reacting substantially equimolar amounts of the glycerol ester with the
      carbonyl compound and a mercapto compound of formula R.sub.18 OOCC.sub.x
      H.sub.2x SH, where R.sub.18 is R.sub.9 or hydrogen, reacting the product
      with the hydroxylic compound or halide.
PAR  Preferably the glycerol ester is prepared in situ by reaction of
      substantially equimolar amounts of a compound of formula R.sub.4
      COOCH.sub.2 CHOHCH.sub.2 OH and a mercapto acid of formula HOOC C.sub.y
      H.sub.2y SH. The term "substantially equimolar amounts" means here not
      more than 30% molar excess of any reactant. The term "known methods" means
      methods heretofore used or described in the chemical literature.
PAR  Thus the compounds of the invention are generally prepared by the reaction
      of mono-ester of glycerol, such as glycerol mono-stearate, with a mercapto
      carboxylic acid such as thioglycollic acid or .beta.-mercaptopropionic
      acid and subsequently admixing this with an aldehyde or ketone such as 2 -
      ethyl butyraldehyde, dodecylaldehyde, anisaldehyde, cinnamaldehyde or
      methyl nonyl ketone, and a mercapto-carboxylic ester such as iso-octyl
      thioglycollate or iso-octyl .beta. - mercaptopropionate.
PAR  Frequently the reactions to form the ester compounds of the invention are
      carried out in the same solvent medium, which may be an aromatic
      hydrocarbon, e.g. benzene, toluene or xylene, an aliphatic hydrocarbon
      e.g. hexane or petroleum ether b.p. (80.degree. or a cyclo-aliphatic
      hydrocarbon e.g. cyclohexane). It is often desirable (except in the
      reaction of the halide) to have an acidic catalyst present in the
      reaction, e.g. p-toluene sulphonic acid, hydrochloric acid or a metal
      chloride suitable as a Friedel Crafts catalyst, such as zinc chloride.
PAR  The esters of the invention are costabilizers with organotin compounds for
      halogen containing resins. The present invention also provides stabilizer
      compositions comprising an ester of the invention and an organotin
      compound of formula
      ##EQU8##
      wherein R.sub.1 represents an alkyl group of 1-12 carbon atoms, preferably
      4-8 carbon atoms e.g. butyl or octyl, a cycloalkyl group preferably of 5-8
      carbon atoms e.g. a cyclohexyl group, an aromatic hydrocarbyl group e.g.
      of 6-19 carbon atoms e.g. phenyl or aralkyl hydrocarbyl group e.g. of 7-19
      carbon atoms such as benzyl, R.sub.14 is as defined for R.sub.1 or each of
      R.sub.14, R.sub.15 and R.sub.16, which are the same or different is of
      formula --OOCR.sub.4, --OOCR.sub.17 COOR.sub.9, --SC.sub.x H.sub.2x
      COOR.sub.9 or --SR.sub.4, or R.sub.15 and R.sub.16 together represent
      --S--, --OOCR.sub.17 COO--, --SC.sub.x H.sub.2x COO-- or R.sub.15 and
      R.sub.16 together represent --S-- and R.sub.14 represents --SH, wherein
      R.sub.4 is as defined above, preferably an alkyl group of 8-18 carbon
      atoms, especially 11 or 12 carbon atoms, x is as defined above, and is
      preferably 1 or 2, and R.sub.17 is an alkylene group e.g. of 1 to 10
      carbon atoms, an alkenylene group e.g. of 2 to 10 carbon atoms a
      cycloalkylene group e.g. of 5 to 7 carbon atoms such as cyclohexylene or
      an arylene group, preferably a divalent aromatic hydrocarbyl group e.g. of
      6 to 18 carbon atoms such as phenylene.
PAR  For example the organotin compound may be a mono or di organotin
      carboxylate of formula R.sub.1 (R.sub.14) Sn(OOCR.sub.4).sub.2 where
      R.sub.14 represents R.sub.1 or OOCR.sub.4, e.g. dibutyltin dilaurate or
      dioctyltin dilaurate. The organotin compound may be a mono or di organo
      carboxylate from a dicarboxylic acid or a half ester thereof, i.e. of
      formula R.sub.1 (R.sub.14)Sn(OOCR.sub.17 COOR.sub.9).sub.2 where R.sub.14
      represents R.sub.1 or --OOCR.sub.17 COOR.sub.9 or (R.sub.1).sub.2
      Sn(OOCR.sub.17 COO) e.g. where R.sub.17 is an alkylene group of 1 to 6
      carbon atoms e.g. 1,2 ethylene or an alkenylene group of 2-6 carbon atoms,
      preferably --CH = CH-- and where R.sub.9 is e.g. an iso octyl group;
      examples of these carboxylates are di butyltin -- and di octyltin --
      maleates, and di butyltin -- and di octyltin -- bis (iso octylmaleate),
      and the corresponding mono alkyltin tris compounds. The organotin compound
      may be a sulphide, a mercaptide or thio stannoic acid or thio stannoic
      acid ester, of formula R.sub.1 Sn (=S) SH, R.sub.1 Sn (=S) SR.sub.4,
      R.sub.1 (R.sub.14) Sn (SR.sub.4).sub.2 (R.sub.1).sub.2 SnS where R.sub.14
      represents R.sub.1 or SR.sub.4 , and R.sub.4 preferably represents an
      alkyl group of 8-18 carbon atoms e.g. of 12 carbon atoms; examples of such
      compounds are dibutyltin - sulphide and - bis (lauryl mercaptide), di
      octyltin - sulphide and - bis (lauryl mercaptide) and butyltin - and
      octyltin - thio stannoic acids and lauryl esters thereof.
PAR  Preferably the organotin compounds are mercapto carboxylate esters of
      formula R.sub.1 (R.sub.14) SN (--S (CH.sub.2).sub.x COOR.sub.9).sub.2
      wherein R.sub.14 represents R.sub.1 or --S (CH.sub.2).sub.x COOR.sub.9, or
      cyclic esters of formula (R.sub.1).sub.2 Sn (--S(CH.sub.2).sub.x COO--),
      wherein x is 1 or 2 and R.sub.9 is an alkyl group of 6 to 18, preferably
      6-12 carbon atoms, especially an iso octyl group; examples of such
      compounds are di butyltin - and di octyltin - bis (iso octyl thio
      glycollates), and di butyltin - and di octyltin - bis (iso octyl .beta. -
      mercaptopropionates), and the corresponding mono alkyltin tris
      mercaptocarboxylates, and butyl and octyl tin cyclic thioglycollates and
      .beta.-mercaptoproprionates.
PAR  The esters of the invention and organotin compounds are preferably present
      in the stabilizer compositions in a weight ratio of 0.1:1 to 1.5:1,
      preferably 0.2:1 to 1:1, especially 0.3:1 to 0.8:1.
PAR  The present invention also provides polymeric materials comprising a
      halogen containing resin and, as stabilizer therefor a stabilizer
      composition of the invention, usually in an amount of 0.1 to 10% by
      weight, preferably 1 to 8%, especially 1.1 to 6% (based on the weight of
      the resin). Typically the material contains 1-3% by weight of organotin
      compound and 0.1- 3% by weight of ester (based on the weight of the
      resin).
PAR  The resin normally contains at least 40% by weight of chlorine. Usually it
      will be a polymer or co-polymer of vinyl chloride or vinylidene chloride
      but post-halogenated polyvinyl chloride or post-halogenated polyolefines,
      such as polyethylene, e.g. post chlorinated compounds, may be employed if
      desired. Suitable monomers which may form such copolymers with vinyl
      chloride and vinylidene chloride include for example acrylonitrile, vinyl
      acetate, methyl methacrylate, diesters of fumaric acid and maleic acid,
      ethylene, propylene and lauryl vinyl ether and these co-monomers may be
      present in an amount of up to 25% of the total weight of monomers
      co-polymerised.
PAR  Optionally, but advantageously, compositions according to the invention
      also contain hindered phenols, that is those having at least one alkyl
      substituent in a position ortho to the hydroxyl group, as auxiliary
      stabilizers. Such phenols preferably have 1-8 carbon atoms in each alkyl
      group, which is especially a tertiary butyl group. Examples of such
      phenols include butylated hydroxy-anisole, 2,6-di-tert.-butylphenol,
      methylene bis(2,4-di-tert.-butylphenol), methylene
      bis-(2,6-di-tert.butylphenol), methylene
      bis-(2,6-di-tert.-butyl-3-methylphenol), 4,4'-butylidene
      bis-(6-tert.-butyl-3-methylphenol), methylene
      bis-(4-ethyl-6-tert.-butylphenol), methylene
      bis-(4-methyl-2,6-di-tert.-butylphenol). Particularly preferred, however,
      is 2,6-di-tert.-butyl-4-methyl-phenol.
PAR  Such phenols may be present in an amount of up to 3% preferably from 0.01
      to 0.5% by weight of the resin and will normally be present at about 4-10%
      by weight, preferably 5-8% based on the total amount or organotin
      compounds used.
PAR  Esters of phosphorous and thiophosphorous acid may be employed in
      compositions according to the invention. Such compounds include
      halophosphites such as tris chloropropyl phosphite and polymeric
      phosphites such as those from hydrogenated 4,4'-isopropylidene diphenol.
      Preferred phosphites and thiophosphites, however, are monomers having no
      substituents in the organo-group and having no more than one sulphur atom.
      These include triaryl phosphites and trialkyl phosphites. Such compounds
      include, for example, triphenyl phosphite, trixylyl phosphite, trinonyl
      phenyl phosphite and trioctyl phosphite. Diesters of phosphorous acid such
      as di-isopropyl phosphite, dibutyl phosphite and diphenyl phosphite are
      also of use. Particularly preferred, however, are the mixed alkyl aryl
      phosphites such as octyl diphenyl phosphite, isodecyl diphenyl phosphite
      and di-isodecyl phenyl phosphite. This particularly pronounced effect may
      also be obtained by employing a mixture of a triaryl phosphite and an
      alcohol in conjunction with the organotin compound. A particularly
      suitable mixture is that of triphenyl phosphite and isodecanol.
PAR  The stabilizer composition of the invention can also contain an epoxy
      compound, as may be desired for example in cases where a delay of initial
      colour change of the polymer is desired. Epoxy compounds which may be
      employed in such compositions include butyl epoxy stearate, esters of
      epoxidised oleic acid and compounds of the formula
      ##SPC2##
PAR  The stabilizer compositions as described above, optionally including a
      hindered phenol, an alkyl aryl phosphite or aryl phosphite or an epoxide,
      will often be used as the only stabilizer in a polymeric vinyl chloride or
      vinylidene chloride composition. However, if desired conventional thermal
      stabilizers may also be included. These may include, for example, metal
      soap stabilizers, such as cadmium, barium, or zinc salts of fatty acids,
      or lead salts such as lead carbonate or stearate or dibasic lead phosphite
      or phthalate, or tribasic lead sulphate.
PAR  In the practice of the invention the stabilizer composition may be mixed
      with the resin in the conventional manner for example by milling with the
      resin on heated rolls at 100.degree.-160.degree.C e.g. about 150.degree.C,
      although higher temperatures may be used when convenient, or by being
      mixed with particles of the polymer and then melting and extruding the
      mixture or by adding the stabilizer to a liquid resin.
PAR  The organotin stabilizer formulation may be employed in either plasticized
      resin compositions, for example those plasticized with carboxylic ester
      plasticizers e.g. di-2-ethylhexyl phthalate, dibutyl sebacate or diiso
      octyl phthalate or with phosphate esters such as tri(alkyl phenyl)
      phosphates or may be employed in rigid compositions. Such rigid
      compositions contain little or no plasticizers although for some
      applications up to about 10% by weight of plasticizer may be present. This
      is in contrast with plasticized compositions where the amount of
      plasticizers present is normally greater than 50% by weight of the
      polymeric material and is often greater than 100% on that basis; amounts
      of 30-150% are often used.
PAR  In addition to the stabilizers, the compositions of the invention may also
      contain conventional additives e.g. pigments, fillers, dyes and
      ultraviolet absorbing agents.
DETD
PAR  The invention is illustrated in the following Examples:
PAC  EXAMPLE 1
      ##EQU9##
PAR  Glycerol mono stearate (34.8g, 0.1M) and .beta. mercaptopropionic acid
      (10.6g, 0.1M) were refluxed in toluene (250 ml) in the presence of
      p-toluene sulphonic acid (0.2g) till the calculated amount of water had
      collected (to give C.sub.17 H.sub.35 COOCH.sub.2 --CH(OH)--CH.sub.2 OOC
      CH.sub.2 CH.sub.2 SH).
PAR  2 - ethyl butyraldehyde (10.0g, 0.1M) and iso - octyl .beta.
      -mercaptopropionate (21.8g, 0.1M) were also added into the above warm
      solution and the mixture refluxed until the calculated amount of water had
      collected again. The hot solution was then rapidly filtered under partial
      vacuum and finally the toluene was removed from the warm solution under
      reduced pressure.
PAR  The product is a white soft waxy solid at room temperature.
TBL  ______________________________________                                    

     Analysis                                                                  

              Calculated   Found                                               

     ______________________________________                                    

              S = 8.57%    S = 8.6%                                            

              H = 10.4%    H = 10.43%                                          

     ______________________________________                                    

PAL  Its structure was also confirmed by I.R. and N.M.R. analysis.
PAC  EXAMPLE 2
      ##SPC3##
PAL  This compound was prepared by the same method as in Example 1 using the
      following quantities:
TBL  Step (1)                                                                  

             (a)    Glycerol mono stearate                                     

                                         34.8 g                                

             (b)    .beta.-mercaptopropionic acid                              

                                         10.6 g                                

             (c)    p - toluene sulphonic acid                                 

                                         0.3  g                                

             (d)    Toluene              300  ml                               

     Step (2)                                                                  

             (e)    Anisaldehyde         13.6 g                                

             (f)    iso-octyl .beta.-mercaptopropionate acid                   

                                         21.8 g                                

PAL  The product is a slightly yellow soft waxy solid at room temperature. Its
      structure was confirmed by I.R. and N.M.R. analysis.
PAC  EXAMPLE 3
      ##EQU10##
PAR  This compound was prepared by the same method as in Example 1 using the
      following quantities:
TBL  Step (1)                                                                  

     (a)       Glycerol mono stearate                                          

                                 34.8    gms                                   

     (b)       Thioglycollic acid                                              

                                 9.2     gms                                   

     (c)       p-toluene sulphonic acid                                        

                                 0.2     gms                                   

     (d)       Toluene           300     ml                                    

     Step (2)                                                                  

     (e)       Dodecylaldehyde   18.4    gms                                   

     (f)       iso-octyl thioglycollate                                        

                                 20.4    gms                                   

PAR  The product is white soft waxy solid at room temperature.
TBL  ______________________________________                                    

     Analysis                                                                  

              Calculated   Found                                               

     ______________________________________                                    

              S = 7.2      S = 7.7                                             

              H = 10.0%    H = 10.8%                                           

     ______________________________________                                    

PAR  Its structure was confirmed by I.R. and N.M.R. analysis.
PAC  EXAMPLE 4
      ##SPC4##
PAR  Salicylaldehyde (10.2g, 0.1M), iso-octyl thioglycollate (20.4g, 0.1M) and
      thioglycollic acid (9.2g, 0.1M) were refluxed in toluene (250ml) in the
      presence of p-toluene sulphonic acid (0.2g) till the calculated amount of
      water had collected (to give
      ##SPC5##
PAR  Glycerol mono stearate (34.8g, 0.1M) was also added into the above warm
      solution and the mixture refluxed until the calculated amount of water had
      collected again. The hot solution was filtered as in Example 1 and finally
      the toluene was removed from the warm solution under reduced pressure.
PAR  The product is a soft slightly yellow waxy solid at room temperature.
TBL  ______________________________________                                    

     Analysis                                                                  

               Calculated Found                                                

     ______________________________________                                    

               S% = 8.6   S% = 8.1                                             

               H% = 9.2   H% = 9.73                                            

               C% = 64.9 Carbon                                                

                           % = 65.9                                            

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  The tin free compounds of Examples 1- 4 of the present invention were
      tested as costabilizers with known organotin stabilizers for initial
      colour development of polyvinyl chloride on heating in comparison with the
      same organotin stabilizers without the tin free compounds.
PAR  300g samples of Rigid PVC compositions were made up as follows:
PA1  a. Polyvinyl chloride sold under the trade name Corvic D55/09 . . . . 100
      parts
PA1  b. Lubricant mixture of cetyl alcohol and stearyl alcohol sold under the
      trade name Plastilube 30 . . . . 0.5 parts present if marked * in
      following Table
PAL  In many instances of the present invention the lubricant has not been added
      to the polymer because many of the compounds tested themselves act as a
      lubricant during milling at about 155.degree.C.
PA1  c. Organotin Stabilizer 1 to 2 parts as shown in the Table.
PAL  Stabilizer x in the Table is dibutyltin bis (iso-octyl thioglycollate and
      stabilizer y is dioctyltin bis (iso-octyl thioglycollate).
PA1  d. Tin-free compounds 0 - 1.5 parts as shown in the Table.
PAR  The following Table gives details of the various PVC compositions and the
      colour produced on heating them at 190.degree.C.
TBL                                    TABLE                                   

     __________________________________________________________________________

            Tin Free Compound                                                  

                          Stabilizer  Colour on Gardner Scale                  

            of   Parts by wt.                                                  

                             Parts by wt.                                      

                                      after heating at 190.degree.C            

            Example                                                            

                 per 100 parts                                                 

                             per 100 parts                                     

                                      for given time in mins.                  

     Example                                                                   

            No.  of Polymer                                                    

                          Name                                                 

                             of Polymer                                        

                                      0 3 5  6  71/2                           

                                                   9  10 121/2                 

     __________________________________________________________________________

     Comparative NIL      x   1.33*   0 --                                     

                                          1-2                                  

                                             -- -- -- 4-5                      

                                                         --                    

      6     1    0.26     x  1.33     0 --                                     

                                          0  -- -- -- 1-2                      

                                                         --                    

      7     1    0.53     x  1.33     0 --                                     

                                          0  -- -- -- 1-2                      

                                                         --                    

      8     1    0.80     x  1.33     0 --                                     

                                          0  -- -- -- 1-2                      

                                                         --                    

      9     1    1.00     x  1.33     0 --                                     

                                          0  -- -- -- 1  --                    

     10     1    1.33     x  1.33     0 --                                     

                                          0  -- -- -- 1+ --                    

     Comparative NIL      y   1.33*   2 --                                     

                                          3  -- 6  -- 6  7                     

     11     1    0.53     y  1.33     0 --                                     

                                          0  -- 1  -- 2  3                     

     12     1    0.80     y  1.33     0 --                                     

                                          0  -- 0-1                            

                                                   -- 2  3                     

     13     1    1.00     y  1.33     0 --                                     

                                          0  -- 1  -- 2  3                     

     Comparative NIL      x   1.33*   0 0 -- 3  -- 4-5                         

                                                      -- --                    

     14     2    0.53     x  1.33     0 0 -- 0  -- 3  -- --                    

     Comparative NIL      y   1.33*   3 3 -- 4-5                               

                                                -- -- -- --                    

     15     2    0.53     y  1.33     0 1 -- 2  -- -- -- --                    

     Comparative NIL      x   1.33*   0 --                                     

                                          2-3                                  

                                             -- 3-4                            

                                                   -- -- --                    

     16     3    0.53     x  1.33     0 --                                     

                                          0  -- 3  -- -- --                    

     Comparative NIL      y   1.33*   3 --                                     

                                          3-4                                  

                                             -- 4  -- -- --                    

     17     3    0.53     y  1.33     0 --                                     

                                          1  -- 3-4                            

                                                   -- -- --                    

     Comparative NIL      x  1.5*     0 0 -- 2  -- 4  -- --                    

     18     4    0.6      x  1.5      0 0 -- 0-1                               

                                                -- 2  -- --                    

     Comparative NIL      y  1.5*     2 2 -- 3+ -- 4-5                         

                                                      -- --                    

     19     4    0.6      y  1.5      0 0 -- 1- -- 2- -- --                    

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. An ester of the general formula
      ##EQU11##
      wherein, each of x and y, which are the same or different, is an integer
      of 1-6
PA1  each of R.sub.4 and R.sub.9, which are the same or different, is selected
      from the group consisting of alkyl groups of 1 to 21 carbon atoms, alkenyl
      groups of 2-21 carbon atoms, cycloalkyl groups, aromatic
      hydrocarbylgroups, aralkyl hydrocarbyl groups and aralkenyl hydrocarbyl
      groups, each of R.sub.3 and R.sub.5, which are the same or different, is
      as defined above for R.sub.4 and R.sub.9, or is hydrogen or R.sub.3 and
      R.sub.5, together with the carbon atom to which they are attached, forms a
      cycloalkyl ring.
NUM  2.
PAR  2. An ester according to claim 1 wherein each of x and y is 1 or 2.
NUM  3.
PAR  3. An ester according to claim 1 wherein R.sub.5 is hydrogen or an alkyl
      group of 1-6 carbon atoms.
NUM  4.
PAR  4. An ester according to claim 1 wherein R.sub.4 is an alkyl group of 10-19
      carbon atoms or an alkenyl group of 10-19 carbon atoms.
NUM  5.
PAR  5. An ester according to claim 4 wherein R.sub.4 is a group of formula
      --(CH.sub.2).sub.z -- CH.sub.3 wherein z is an integer of 10-16 carbon
      atoms.
NUM  6.
PAR  6. An ester according to claim 1 wherein R.sub.3 is selected from the group
      consisting of phenyl and styryl groups; substituted phenyl groups with at
      least one substituent, which is selected from the group consisting of
      alkyl groups of 1 to 6 carbon atoms, alkoxy groups of 1 to 6 carbon atoms
      and a hydroxy group; a branched chain alkyl group of 3-10 carbon atoms and
      a straight chain alkyl group of 7 to 13 carbon atoms.
NUM  7.
PAR  7. An ester according to claim 6 wherein the branched chain alkyl group for
      R.sub.3 is of formula -- CH(R.sub.11 )R.sub.12 wherein each of R.sub.11
      and R.sub.12, which are the same or different is an alkyl group of 1 to 6
      carbon atoms.
NUM  8.
PAR  8. An ester according to claim 6 wherein the group
      ##EQU12##
      represents a group of formula
      ##EQU13##
      ##SPC6##
NUM  9.
PAR  9. An ester according to claim 1 wherein R.sub.9 is an alkyl group of 4-18
      carbon atoms.
NUM  10.
PAR  10. An ester according to claim 1 of the general formula
      ##EQU14##
      wherein each of R.sub.3 and R.sub.13, which are the same or different, is
      selected from the group consisting of alkyl groups of 1 to 12 carbon
      atoms, cycloalkyl groups, aryl and aralkyl groups, R.sub.5 is selected
      from the group consisting of hydrogen, alkyl and aryl groups, R.sub.9 is
      selected from the group consisting of alkyl groups of 1 to 20 carbon
      atoms, cycloalkyl groups and aryl and aralkyl groups, z is an integer of 1
      to 20 and x and y are integers of 1 to 6.
NUM  11.
PAR  11. An ester according to claim 10 wherein the group
      ##EQU15##
      represents a group of formula -- CH(C.sub.2 H.sub.5).sub.2,
      ##EQU16##
      ##SPC7##
NUM  12.
PAR  12. An ester according to claim 1 of the formula
      ##EQU17##
NUM  13.
PAR  13. An ester according to claim 1 of the formula
      ##SPC8##
NUM  14.
PAR  14. An ester according to claim 1 of the formula
      ##EQU18##
NUM  15.
PAR  15. An ester according to claim 1 of the formula
      ##SPC9##
NUM  16.
PAR  16. A process for preparing an ester as claimed in claim 1 which comprises
      reacting substantially equimolar amounts of a glycerol ester of formula
      R.sub.4 COOCH.sub.2 CHOH CH.sub.2 OOCC.sub.y H.sub.2y SH with a carbonyl
      compound of formula R.sub.3 R.sub.5 CO and a mercapto ester of formula
      R.sub.9 OOCC.sub.x H.sub.2x SH, wherein R.sub.3, R.sub.4, R.sub.5,
      R.sub.9, x and y are as defined in claim 1.
NUM  17.
PAR  17. A process for preparing an ester as claimed in claim 1, which comprises
      reacting an acid of formula
      ##EQU19##
      with a reactant selected from the group consisting of hydroxylic compounds
      of formula R.sub.9 OH and halides of formula R.sub.9 Hal, wherein in the
      hydroxylic compound R.sub.9 is as defined in claim 1 and in the halide
      R.sub.9 is selected from the group consisting of alkyl groups of 1 to 21
      carbon atoms, cycloalkyl groups and aralkyl hydrocarbonyl groups and Hal
      is selected from the group consisting of chlorine, bromine and iodine
      atoms, and R.sub.3, R.sub.4, R.sub.5, x and y are as defined in claim 1.
NUM  18.
PAR  18. A process according to claim 17 wherein the acid is prepared by
      reacting substantially equimolar amounts of a glycerol ester of formula
      R.sub.4 COOCH.sub.2 CHOHCH.sub.2 OOCC.sub.y H.sub.2y SH with the carbonyl
      compound of formula R.sub.3 R.sub.5 CO and a mercapto acid of formula
      HOOCC.sub.x H.sub.2x SH.
NUM  19.
PAR  19. A process according to claim 16 wherein the glycerol ester is prepared
      in situ by reaction of substantially equimolar amounts of a compound of
      formula R.sub.4 COOCH.sub.2 CHOH CH.sub.2 OH and a mercapto acid of
      formula HOOC C.sub.y H.sub.2y SH.
NUM  20.
PAR  20. A process according to claim 18 wherein the glycerol ester is prepared
      in situ by reaction of substantially equimolar amounts of a compound of
      formula R.sub.4 COOCH.sub.2 CHOH CH.sub.2 OH and a mercapto acid of
      formula HOOC C.sub.y H.sub.2y SH.
NUM  21.
PAR  21. A polymeric material which comprises a halogen-containing resin and, as
      stabilizer therefor a composition consisting of 1) an ester of the general
      formula
      ##EQU20##
      wherein each of x and y, which are the same or different, is an integer of
      1-6, each of R.sub.4 and R.sub.9, which are the same or different, is
      selected from the group consisting of alkyl groups of 1 to 21 carbon
      atoms, alkenyl groups of 2-21 carbon atoms, cycloalkyl groups, aromatic
      hydrocarbyl groups, aralkyl hydrocarbyl groups and aralkenyl hydrocarbyl
      groups, each of R.sub.3 and R.sub.5, which are the same or different, is
      as defined above for R.sub.4 and R.sub.9 or is hydrogen or R.sub.3 and
      R.sub.5, together with the carbon atom to which they are attached, forms a
      cycloalkyl ring, and 2) an organotin compound of the formula
      ##EQU21##
      wherein R.sub.1 is selected from the group consisting of alkyl groups of 1
      to 12 carbon atoms, cycloalkyl groups, aromatic hydrocarbyl groups or
      aralkyl hydrocarbyl groups, R.sub.14 is as defined for R.sub.1 or each of
      R.sub.14, R.sub.15 and R.sub.16, which are the same or different, is
      selected from the group consisting of groups of formula --OOCR.sub.4,
      --OOCR.sub.17 COOR.sub.9, --SC.sub.x H.sub.2x COOR.sub.9 and --SR.sub.4,
      or R.sub.15 and R.sub.16 together is selected from the group consisting of
      groups of formula --S--, --OOCR.sub.17 COO--, and --SC.sub.x H.sub.2x
      COO--, or R.sub.15 and R.sub.16 together represent --S-- and R.sub.14
      represents --SH, wherein R.sub.4, R.sub.9 and x are as defined in claim 1
      and R.sub.17 represents a group selected from the group consisting of
      alkylene, alkenylene, cycloalkylene and arylene groups.
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PAL  Imide copolymers consisting essentially of at least
      ##SPC1##
     of recurring units of the formula
      ##SPC2##
PAL  Together with recurring units of the formula:
PAL  In which M represents an aliphatic, aromatic, carbocyclic or heterocyclic
      divalent radical and R represents a tetravalent aromatic radical are
      provided having special utility as adhesives for polyimide and
      polyimide-amide films.
BSUM
PAR  The present invention relates to imide copolymers possessing hydroxyl
      groups which are particularly suitable for glueing heat-resistant
      polyimide or polyimideamide films.
PAR  Many polyimides are currently known for a variety of industrial
      applications. Despite their remarkable heat-resistance, these polyimides
      are rarely used for glueing polyimide or polyimide-amide films either
      because the adhesive film does not provide sufficient adhesion or because
      the adhesive flows when the glued films are used at a high temperature. It
      has been found, furthermore, that coating a polyimide or polyimide-amide
      film with an adhesive solution imparts a degree of brittleness to the film
      resulting, in particular, in a lowering of the tensile strength. Thus
      adhesive films based on polyimides are rarely used for glueing polyimide
      or polyimide-amide films and adhesive films based on fluorinated polymers,
      such as those described in French Patent No. 1,485,152, are preferred for
      them. It is observed, however, that these films impart a slight tendency
      to flow when glued films are exposed to a high temperature.
PAR  Polyimide copolymers which contain imide units derived from
      phenylene-bis-(4-hydroxymethylene-phthalic) acids, combined with other
      imide units derived from an organic tetracid of an aromatic nature have
      now been found, according to the present invention. These copolymers make
      it possible to glue polyimide or polyimide-amide films without flow.
      Furthermore, their use does not lead to substantial changes in the
      mechanical properties of the polyimide or polyimide-amide films.
PAR  According to the present invention, there is provided an imide copolymer
      consisting essentially of at least 20% of imide units derived from
      phenylene-bis-(4-hydroxymethylene-phthalic) acids, these units having the
      formula:
      ##SPC3##
PAL  , together with other imide units of the formula;
      ##SPC4##
PAR  In these formulae, M represents an aliphatic, aromatic, carbocyclic or
      heterocyclic divalent radical and R represents an aromatic tetravalent
      radical.
PAR  The copolymers according to the invention which will be referred to as
      "copolyimides", can be statistical or sequential, the alternation or the
      repetition of the units being dependent upon the method of preparation (as
      discussed below).
PAR  The copolyimides according to this invention can be obtained by reacting a
      diprimary diamine of the formula (III)
EQU  NH.sub.2 -- M -- NH.sub.2                                  (III)
PAL  M being as defined above, simultaneously or separately with an imidisable
      derivative of a phenylene-bis-(4-hydroxymethylene-phthalic) acid of the
      formula (IV)
      ##SPC5##
PAL  and with an imidisable derivative of an aromatic tetracid possessing
      anhydrisable groups, of the formula (V)
      ##EQU1##
PAR  The reaction is suitably carried out in a polar solvent such as
      dimethylformamide, dimethylacetamide, N-methylpyrrolidone, pyridine or a
      higher homologue, phenol or a cresol. By an "imidisable derivative" of the
      acids as used herein is meant, in addition to the acids themselves, their
      anhydrides, diacid-diesters and tetraesters.
PAR  The derivatives of phenylene-bis-(4-hydroxymethylenephthalic) acids, which
      can be used in the form of their para-phenylene or metaphenylene isomers,
      are, for example, obtained by catalytic hydrogenation of the derivatives
      of the acids para- or meta-bis-(3,4-dicarboxybenzoyl)-benzene; these acids
      can be prepared as described in French Patent No. 1,565,700.
PAR  The aromatic tetracids of formula (V) are those in which R represents a
      tetravalent radical derived from a monocyclic aromatic hydrocarbon or from
      a polycyclic aromatic hydrocarbon, which may or may not be condensed, the
      aromatic rings being optionally bonded to one another by a valency bond or
      by an inert atom or group, such as an oxygen atom, a carbon atom, a
      carbonyl group or a SO.sub.2 group.
PAR  By way of illustration, the tetracids of formula (V) can be defined as
      those in which R has the following meaning:
      ##SPC6##
PAR  Amongst the tetracids of formula (V), meta- and
      para-bis-(3,4-dicarboxy-benzoyl)-benzene acids,
      diphenylmethanetetracarboxylic acids, benzophenone-tetracarboxylic acids
      and diphenyl ether-tetracarboxylic acids are preferably employed. In
      particular, copolyimides consisting of recurring units derived from
      phenylene-bis-(4-hydroxymethylene-phthalic) acids (unit I) and of
      recurring units derived from (3,4-dicarboxy-benzoyl)-benzene acids (units
      II) and in which the proportion of units (II) relative to all of the units
      is between 40 and 70%, are very suitable for glueing polyimide or
      polyimide-amide films.
PAR  The symbol M in the diamine of formula (III) can, for example, represent a
      linear or branched alkylene radical with less than 13 carbon atoms, a
      phenylene radical, a cyclohexylene radical,
      ##SPC7##
PAL  wherein n represents an integer from 1 to 3. The symbol M can also comprise
      several phenylene or cyclohexylene radicals bonded to one another by a
      simple valency bond or by an inert atom or group such as --O--, --S--, an
      alkylene group with 1 to 3 carbon atoms, --CO--, --SO.sub.2 --, --NR.sub.1
      --, --N=N--, --CONH--, --COO--, --P(O)R.sub.1 --, --CONH--X--NHCO--,
      ##SPC8##
PAL  wherein R.sub.1 represents a hydrogen atom, an alkyl radical with 1 to 4
      carbon atoms, a phenyl radical or a cyclohexyl radical and X represents an
      alkylene radical with less than 13 carbon atoms. The various phenylene or
      cyclohexylene radicals can be substituted by, for example, methyl groups.
PAR  For preference, diamines of formula (III) in which M represents a phenylene
      group, or 2 or 3 phenylene groups linked to one another by an inert atom
      or group such as O, S, SO.sub.2 or an alkylene group with 1 to 3 carbon
      atoms, are used.
PAR  Typical examples of diprimary diamines which may be used include
      4,4'-diamino-dicylohexylmethane, 1,4-diamino-cyclohexane,
      2,6-diamino-pyridine, metaphenylene-diamine, para-phenylene-diamine,
      4,4'-diaminodiphenylmethane, 2,2-bis-(4-amino-phenyl)-propane, benzidine,
      4,4'-diamino-phenyl ether, 4,4'-diamino-phenyl sulphide,
      4,4'-diamino-diphenyl-sulphone, bis-(4-aminophenyl)-methylphosphine oxide,
      bis-(4-amino-phenyl)-phenylphosphine oxide,
      N,N-bis-(4-amino-phenyl)-methylamine, 1,5-diamino-naphthalene,
      meta-xylylene-diamine, paraxylylene-diamine,
      1,1-bis-(para-aminophenyl)-phthalane, hexamethylene-diamine,
      6,6'-diamino-2,2'-dipyridyl, 4,4'-diamino-benzophenone,
      4,4'-diamino-azeobenzene, bis-(4-aminophenyl)-phenylmethane,
      1,1-bis-(4-amino-phenyl)-cyclohexane,
      1,1-bis-(4-amino-3-methyl-phenyl)-cyclohexane,
      2,5-bis-(m-aminophenyl)-1,3,4-oxadiazole,
      2,5,-bis-(p-aminophenyl)-1,3,4-oxadiazole,
      2,5-bis-(m-aminophenyl)-thiazolo(4,5-d)thiazole,
      5,5'-di-(m-aminophenyl)-2,2'-bis-(1,3,4-oxadiazolyl),
      4,4'-bis-(p-aminophenyl)-2,2'-dithiazole,
      m-bis-[(4-p-aminophenyl)-2-thiazolyl]-benzene,
      2,2'-bis-(m-aminophenyl)-5,5'-dibenzimidazole, 4,4'-diaminobenzanilide,
      phenyl 4,4'-diamino-benzoate,
      N,N'-bis-(4-amino-benzoyl)-p-phenylene-diamine,
      3,5-bis-(m-aminophenyl)-4-phenyl-1,2,4-triazole,
      N,N'-bis-(p-amino-benzoyl)-4,4'-diamino-diphenylmethane,
      bis-p-(4-amino-phenoxycarbonyl)benzene, bis-p-(4-amino-phenoxy)-benzene,
      3,5-diamino-1,2,4-triazole, 1,1-bis-(4-amino-phenyl)-1-phenyl-ethane and
      3,5-bis-(4-amino-phenyl)-pyridine.
PAR  The imidisation reaction which gives rise to copolyimides possessing
      recurring units of formula (I) and (II) is suitably carried out in a
      solvent medium, keeping the reagents at a temperature of between
      100.degree. and 400.degree.C until a homogeneous collodion of sufficient
      viscosity is obtained. The inherent viscosity is usually between 0.1 and 5
      dl/g, and preferably between 0.15 and 2 dl/g, (measured at a concentration
      of 0.5 g per 100 cm.sup.3 at 25.degree.C). If the reaction takes place
      with elimination of water, it is possible to add small amounts of benzene,
      toluene or cyclohexane, and thus to remove the water by azeotropic
      distillation.
PAR  The amounts of reagents used should correspond roughly to the
      stoichiometric requirements of the reaction. When it is desired to obtain
      a statistical copolymer, it is possible to introduce the derivatives of
      the acids of formulae (IV) and (V) simultaneously into the diamine diluted
      in the solvent. When it is desired to prepare a "block" copolymer, each
      tetracid or its derivative is introduced successively and alternately into
      the diamine, in solution, and the partial imidisation reaction is allowed
      to go to completion before any new tatracid is added. As mentioned above,
      the reaction is suitably carried out in a polar solvent; this is generally
      used in an amount such that the concentrations of the resulting collodions
      are between 5 and 50%, preferably between 10 and 20%.
PAR  By employing any of the usual techniques, the collodions can be used for
      producing films or filaments. These films and filaments possess excellent
      heat-resistant properties. The collodions can also be used directly for
      coating polyimide or polyimide-amide films thus producing a good quality
      adhesive film for these materials.
PAR  The polyimides or the polyimide-amides which can be glued by means of an
      adhesive film made from a collodion of a copolyimide of this invention are
      suitably derived from a diprimary diamine similar to the diamine of
      formula (III) and from trifunctional or tetrafunctional aliphatic,
      cycloaliphatic, aromatic or heterocyclic polyacids. These polyimides and
      polyimide-amides are described in, for example, French Patents Nos.
      1,256,203; 1,473,600; and 1,386,617 and in Netherlands Application No.
      68/10,941.
PAR  Suitable dianhydrides which give rise to polyimide films, include the
      dianhydrides of the following acids: pyromellitic acid,
      naphthalene-2,3,6,7-tetracarboxylic acid,
      perylene-3,4,9,10-tetracarboxylic acid, diphenyl-
      3,3',4,4'-tetracarboxylic acid, diphenylmethane-3,3',4,4'-tetracarboxylic
      acid, ethylene-tetracarboxylic acid, cyclopentadienyl-tetracarboxylic
      acid, 2,2-diphenylpropane-3,3',4,4'-tetracarboxylic acid,
      diphenyl-sulphone-3,3',4,4'-tetracarboxylic acid,
      cyclopentane-tetracarboxylic acid, benzophenone-3,4,3',4', tetracarboxylic
      acid, azoxybenzene-3,3',4,4'-tetracarboxylic acid,
      azobenzene-3,3',4,4'-tetracarboxylic acid and diphenyl
      ether-3,3',4,4'-tetracarboxylic acid.
PAR  Suitable dianhydrides of triacids which can be used include trimellitic
      anhydride and the anhydrides of the following acids:
      naphthalene-2,3,6-tricarboxylic acid, diphenyl-3,4,4'-tricarboxylic acid,
      naphthalene-1,2,5-tricarboxylic acid,
      diphenylsulphone-3,4,3'-tricarboxylic acid, diphenyl
      ether-3,4,4'-tricarboxylic acid, cyclopentadiene-1,2,4-tricarboxylic acid
      and benzophenone-3,4,4'-tricarboxylic acid.
PAR  The adhesive film can be deposited on one face or on both faces of the
      polyimide or polyimide-amide film, hereafter referred to as "support film
      S". The latter can have been stretched and its surface can optionally have
      been improved by electrical discharge. The dimensions of the support film
      are not critical. In general, films, the thickness of which is between 10
      and 200 microns, are used. If necessary, the films can be cleaned first,
      for example using trichloroethylene. The adhesive film is deposited in one
      or more stages, either by soaking, by spreading or by spraying the
      collodion. In general, the solvent with which the collodion containing the
      copolymer having recurring units (I) and (II) is produced, is not a
      solvent for the polyimide or polyimide-amide support. If, however, it is a
      solvent for the support it may be necessary to isolate the copolyimide of
      this invention from the collodion and then to redissolve it in a solvent
      which does not dissolve the support films. Suitable such solvents include
      dioxane, acetophenone, cyclohexane, cresol and tetrahydrofurane. However,
      if very concentrated collodions of the copolyimide are used, it is
      generally possible to employ a solvent which partially dissolves the
      support film, without detrimental effects.
PAR  The quantity of collodion employed is such that the amount of copolyimide
      deposited is generally between 5 and 30 g/m.sup.2 of surface area coated,
      preferably between 10 and 20 g/m.sup.2. If desired, the solvent can be
      partially or practically completely removed by simple heating in a
      ventilated or unventilated atmosphere, for example at a temperature of
      between 50.degree. and 150.degree.C, under reduced pressure or at
      atmospheric pressure.
PAR  The adhesive films of this invention can be used for many purposes; they
      are very especially suitable for glueing printed circuits in electronics
      and for wrapping electrical conductors. These films can also be employed
      for producing composite materials by successive glueing of several layers
      of film.
PAR  The adhesion of the films to various supports can generally be achieved at
      a temperature of between 150.degree. and 350.degree.C, under a pressure
      from 0.01 to 1 kg/cm.sup.2. The duration of the glueing, which can be
      carried out in a press or in a calender, can vary from, for example, a few
      seconds to 30 minutes. The assembled object can be reheated subsequently,
      especially if the glueing is carried out quickly.
DETD
PAR  The following Examples further illustrate the present invention, the
      adhesive strength is determined according to Standard Specification ASTM D
      1876-61-T (referred to as "peeling-test").
PAC  EXAMPLE 1
PAR  A statistical polyimide copolymer containing, in a 50/50 ratio, imide units
      of the formula:
      ##SPC9##
PAL  is prepared by introducing 2.135 g of
      para-bis-(3,4-dicarboxybenzoyl)-benzene anhydride, 2.416 g of
      p-phenylene-bis-(4-hydroxymethylene-phthalic) acid, 2.002 g of
      4,4'-diaminodiphenyl ether and 35.1 g of cresol into a flask. The
      resulting reaction mixture is heated for 1 hour at 150.degree.C, and,
      after cooling, a collodion is obtained which has the following
      characteristics:
PA1  concentration: 14.6%
PA1  inherent viscosity: 0.84 dl/g.
PAR  This collodion is spread on a glass plate and dried for 1 hour at
      120.degree.. The film thus obtained is then dried, under tension, for 30
      minutes at 300.degree.C; its tensile breaking strength is initially 11.0
      kg/mm.sup.2. It is still 9.7 kg/mm.sup.2 after 2,012 hours at
      250.degree.C.
PAC  EXAMPLE 2
PAR  A polyimide copolymer collodion, identical to that described in Example 1,
      is prepared and is used to brush-coat a 28 cm .times. 14 cm .times. 0.005
      cm polyamide-imide film, obtained by polycondensation of trimellitic
      anhydride and 4,4'-diisocyanato-diphenyl ether. The film is then dried for
      1 hour at 100.degree.C; the weight of the dry coating is 0.83 g,
      corresponding to 21 g/m.sup.2 (proportion of cresol in the residual
      coating approximately 18%). The film is then cut into two equal parts
      which are arranged so as to glue the coated face of the one to the coated
      face of the other. Glueing is carried out on a temperature controlled
      calender at 200.degree.C. Three passes are carried out between the
      rollers, the separation of which is reduced with successive passes. The
      glueings are then reheated for 24 hours at 200.degree.C.
PAR  The adhesive strength, which corresponds to the force necessary to break
      the film, is measured by the peeling-test: it is 0.67 kg/cm, measured at
      25.degree.C. After 2,000 hours at 250.degree.C this adhesive strength is
      still 0.10 kg/cm. In every case, it corresponds to breakage of the film.
PAC  EXAMPLE 3
PAR  A copolymer consisting of polyimide blocks, containing the same individual
      units as those of Example 1, is prepared by introducing 7.11 g of
      p-phenylene-bis-(4-hydroxymethylenephthalic) acid, 6.006 g of
      4,4'-diaminodiphenyl ether and 70.1 g of cresol into a flask. The reaction
      mixture is heated for 1 hour at 150.degree.C. After cooling, 6.94 g of
      para-bis-(3,4-dicarboxy-benzoyl)benzene acid and 31.3 g of cresol are
      introduced. The reaction mixture is heated again at 150.degree.C for 1
      hour 30 minutes. On cooling, a collodion with the following
      characteristics is then obtained:
PA1  concentration: 15%
PA1  inherent viscosity: 0.62 dl/g.
PAR  9 g of this collodion are used to brush-coat a 34 cm .times. 22 cm .times.
      0.005 cm polyamide-imide film, identical to that of Example 2 (surface
      area coated 14 .times. 34 cm). The film is then dried for 45 minutes at
      120.degree.C; the weight of the dry coating is 0.83 g, which represents
      17.4 g/m.sup.2 (proportion of cresol remaining in the coating; 12%). The
      glueing is carried out as in Example 2.
PAR  The adhesive strength is 0.43 kg/cm, measured at 25.degree.C, and 0.38
      kg/cm measured at 200.degree.C. After 1,061 hours at 250.degree.C, the
      adhesive strength is 0.09 kg/cm measured at 25.degree.C and 0.18 kg/cm
      measured at 200.degree.C; it always corresponds to breakage of the film
      and not to peeling.
PAC  EXAMPLE 4
PAR  A copolymer consisting of polyimide blocks, containing the same individual
      units as those of Example 1, the proportion of the imide units of formula
      (I) being 30% relative to the total number of units of formulae (I) and
      (II), is prepared by introducing 1.428 g of
      para-bis-(3,4-dicarboxy-.alpha.-hydroxy-benzyl)-benzene anhydride (0.003
      mol), 2.002 g of 4,4'-diamino-diphenyl ether (0.010 mol) and 19.3 g of
      m-cresol into a reactor. This mixture is heated to 150.degree.C and kept
      at 150.degree.C for 1 hour. After cooling the reaction mixture, 2.9897 g
      of para-bis-(3,4-dicarboxy-benzoyl)-benzene anhydride (0.007 mol) and
      14.45 g of m-cresol are added. The solution is heated again at
      150.degree.C for 1 hour.
PAR  The characteristics of the collodion are as follows:
PA1  concentration: 15%
PA1  inherent viscosity: 1.18 dl/g.
PAR  This collodion gives identical results to those of the preceding Examples
      for glueing polyamide-imide films.
PAC  EXAMPLE 5
PAR  A copolymer consisting of polyimide blocks, containing the two following
      recurring units:
      ##SPC10##
PAL  is prepared by introducing 9.490 g of
      p-phenylene-bis-(4-hydroxymethylene-phthalic)-acid, 8.008 g of
      4,4'-diaminodiphenyl ether and 99.3 g of cresol into a flask. The reaction
      mixture is heated for 40 minutes at 150.degree.C. After cooling, 6.516 g
      of benzophenone-3,3',4,4'-tetracarboxylic anhydride and 24.6 g of cresol
      are added. The mixture is heated again at 150.degree.C for 1 hour. On
      cooling, a collodion with the following characteristics is then obtained:
PA1  concentration: 15%
PA1  inherent viscosity: 0.88 dl/g.
PAR  8.6 g of this collodion are used to brush-coat a 34 cm .times. 22 cm
      .times. 0.005 cm polyamide-imide film (surface area coated 34 .times. 14
      cm). The film is then dried for 45 minutes at 120.degree.C; the weight of
      the dry coating is 0.63 g, which represents 13 g/m.sup.2 (proportion of
      cresol remaining in the coating: 9%). Glueing is carried out in Example 2.
PAR  The adhesive strength is 0.38 kg/cm measured at 25.degree.C and 0.45 kg/cm
      measured at 200.degree.C.
PAC  EXAMPLE 6
PAR  A copolymer consisting of polyimide blocks, containing the two following
      recurring units:
      ##SPC11##
PAL  is prepared by introducing 4.745 g of
      para-bis-(3,4-dicarboxy-.alpha.-hydroxy-benzyl)-benzene (0.01 mol), 4.004
      g of 4,4'-diamino-diphenyl ether (0.02 mol) and 45 g of cresol into a
      reactor. The mixture is heated to 150.degree.C and kept at 150.degree.C
      for 45 minutes. After cooling, 3.142 g of diphenyl
      ether-3,3',4,4'-tetracarboxylic anhydride (0.01 mol) and 16.3 g of cresol
      are added. This reaction mixture is kept at 150.degree.C for 1 hour. A
      limpid and viscous collodion with the following characteristics is
      obtained:
PA1  concentration: 15%
PA1  inherent viscosity; 1.22 dl/g.
PAR  Glueing is carried out according to the process described in Example 2. The
      adhesive strength is 0.34 kg/cm.
CLMS
STM  We claim:
NUM  1.
PAR  1. An adhesive imide copolymer consisting essentially of recurring units of
      the formula:
      ##SPC12##
PAL  and at least 20% of recurring units of the formula;
      ##SPC13##
PAL  in which M represents an aliphatic or aromatic divalent radical and R
      represents a tetravalent aromatic radical.
NUM  2.
PAR  2. A copolymer according to claim 1 in which the recurring units of formula
      (II) have the formula:
      ##SPC14##
NUM  3.
PAR  3. A copolymer according to claim 1 in which the recurring units of formula
      (II) have the formula:
      ##SPC15##
NUM  4.
PAR  4. A copolymer according to claim 1 in which the recurring units of formula
      (II) have the formula:
      ##SPC16##
NUM  5.
PAR  5. A copolymer according to claim 1 in which M represents a phenylene
      group, or two or three phenylene groups linked together by an --O--, --S--
      or --SO.sub.2 -- group, or an alkylene group with 1 to 3 carbon atoms.
NUM  6.
PAR  6. A copolymer according to claim 5 in which M represents a
      ##SPC17##
PAL  radical.
NUM  7.
PAR  7. An adhesive imide copolymer consisting essentially of:
PA1  40 to 70% of recurring units of the formula:
      ##SPC18##
PA1  and 60 to 30% of recurring units of the formula:
      ##SPC19##
PA1  in which M represents an aliphatic or aromatic divalent radical and R
      represents a tetravalent aromatic radical.
NUM  8.
PAR  8. Process for producing an adhesive imide copolymer as defined in claim 1
      which comprises reacting, at a temperature between about 100.degree. and
      400.degree.C., a diprimary diamine of the formula:
EQU  NH.sub.2 -- M -- NH.sub.2
PAL  in which M is as defined in claim 1, with a mixture of imidisable
      derivatives selected from acids, anhydrides, diacid-diesters and
      tetraesters, at least 20 mole % of which is a derivative of a
      phenylene-bis-(4-hydroxymethylenephthalic) acid of the formula:
      ##SPC20##
PAL  the remainder of the mixture being an imidisable derivative of an aromatic
      tetracid of the formula:
      ##EQU2##
      in which R is as defined in claim 1, either simultaneously or separately.
NUM  9.
PAR  9. Process according to claim 8, which is carried out in a solvent until
      the inherent viscosity is between about 0.15 and 2 dl/g (measured at a
      concentration of 0.5 g per 100 cm.sup.3 at 25.degree.C).
NUM  10.
PAR  10. An adhesive composition which comprises a solution of an imide
      copolymer as defined in claim 1.
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PAL  The polymer herein described comprises an anhydride-containing group
      represented by the structure:
      ##EQU1##
      wherein R is a residue of a dibasic acid selected from the group
      consisting of aliphatic dicarboxylic acids and aromatic dicarboxylic
      acids, and X is selected from the group consisting of hydrogen, halogen,
      lower alkoxy, lower alkyl and nitro. The polymers are essentially useful
      as photopolymerizable materials and as adhesives.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to novel polymer compositions and, more particularly,
      to polymers capable of photopolymerization. A number of various polymeric
      compositions can be readily polymerized under the influence of light rays
      of short wavelength to render cross-linked polymeric structures. Such
      cross-linked structures have a number of important applications. In
      photolithographic and photomechanical processes light-sensitive polymeric
      compositions are coated upon a suitable supporting surface, such as metal
      plates, and thereafter exposed to actinic light resulting in the
      formulation of new carbon to carbon bonding with the net result that upon
      further treatment with various solvent systems there is insolublization in
      the exposed areas and solublization of the coated polymer in the unexposed
      areas. Thus, the unexposed areas of the polymer coating can be removed by
      means of suitable solvents to leave in relief the exposed image
      configuration which has undergone cross-linking on the supporting surface.
PAR  Among the conventional polymeric compositions which can undergo
      photopolymerization are additional polymerizable, ethylenically
      unsaturated polymers including alkyds, polyvinyl alcohol acetals with
      lateral vinylidene groups, and polyvinyl alcohol acetals and/or ester with
      lateral polymerizable ethylene groups. In recent years, consideration has
      been given to various kinds and types of lateral groups. One highly
      reactive functional group which seemingly has inherent light sensitivity
      is the cinnamoyl.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide novel addition polymerizable,
      ethylenically unsaturated polymer compositions.
PAR  Another object is to provide such compositions which are capable of being
      converted via actinic light into tough solvent insoluble shaped articles.
PAR  A further object is to provide adhesive and adhesive-like compositions
      which can be readily cross-linked to form bonded or united structures.
PAR  A further object is to provide novel compositions which can be readily
      coated on supporting surfaces useful in making printing resist via
      photopolymerization of such compositions.
PAR  Still other objects will be apparent from the following description of the
      invention.
PAR  Briefly, the invention relates to novel polymer compositions comprising as
      an essential recurring unit an anhydride-containing group represented by
      the structure:
      ##EQU2##
      wherein R is a residue of a dibasic acid is selected from the group
      consisting of aliphatic dicarboxylic acids and aromatic dicarboxylic
      acids, and X is selected from the group consisting of hydrogen, halogen,
      lower alkoxy, lower alkyl and nitro.
PAR  In accordance with this invention, the novel polymers comprise at least 10
      mole percent of the recurring unit (I) of said polymer. Generally and more
      preferrably the polymer may comprise from 10 to 85 mole percent of said
      unit. The remaining recurring structural units are non-anhydride units,
      and include any polymeric units derived from polymerization of vinyl
      alcohols with other polymerizable materials. Illustrated of such
      structural units are:
      ##EQU3##
      wherein R is as previously stated and Y is a member selected from the
      group consisting of hydrogen, lower acyl, lower alkyl and lower hydrox
      alkyl, and Z is a member selected from the group consisting of cinnamoyl,
      halocinnamoyl, lower alkoxy cinnamoyl, lower acyl cinnamoyl, lower
      hydroxalkyl cinnamoyl, and nitro cinnamoyl. The term "lower" denotes eight
      or less carbon atoms.
PAR  Various compositions are therefore evident from the aforementioned
      compositional limitations to those skilled in the art. Thus, for example,
      the polymers herein may comprise from about 10 mole percent to about 50
      mole percent of the recurring unit having the structure (I) and from about
      50 mole percent to about 90 mole percent of the recurring unit having the
      structure (II). It will also be evident to those skilled in the art that
      minor amounts of other structural units may be incorporated into the
      polymers described herein. Thus, the polymer compositions may have in
      addition to the two aforementioned recurring units (I) and (II) the
      structural units (III) and (IV) incorporated therein. As an example such
      polymers may contain up to about 10 mole percent of the recurring unit
      having the structure (III) and up to about 10 mole percent of a recurring
      unit having the structure (IV).
PAR  The polymeric backbone of the polymers described herein includes any
      polymer having the structure:
      ##EQU4##
PAR  It will be understood that this backbone refers broadly to the polymers
      having a carbon main chain. Generally these polymers contain a plurality
      of polymerized or combined vinyl units containing oxygen intralinear to
      the carbon chain. These are generally designated as polyols or polyhydric
      alcohols. Representative of such polyols are cellulose, starches, dextran
      and poly (vinyl alcohol). As is well known polymers of vinyl alcohol are
      prepared by polymerizing a vinyl ester, e.g., vinyl acetate, vinyl
      chloracetate, vinyl propionate etc., followed by alcoholysis of the poly
      (vinyl ester).
PAR  Such polymers containing a plurality of hydroxyl units useful in this
      invention are those having at least an average molecular weight greater
      than 1000 but less than 200,000. The preferred average molecular weight is
      one between 2,500 and 100,000.
PAR  The divalent R group incorporated in the polymers of this invention to form
      a first lateral side chain function include the symmetrical and, in
      particular, the cyclic anhydrides formed from aliphatic or aromatic
      dicarboxylic acids which can be cyclize with formation of four-to-six
      membered rings. Representative of such cyclic anhydrides are succinic
      anhydride, glutaric anhydride, phthalic anhydride, citraconic anhydride,
      d-camphoric anhydride, pyrotataric anhydride, naphthalic anhydride,
      pyromellitic anhydride, trimellitic anhydride and .DELTA.4
      -tetrahydrophthalic anhydride.
PAR  The reaction of the cyclic anhydrides with the polyols under the conditions
      herein produce the monoester and free carboxlic acid groups which is
      thereafter reacted with the cinnamoyl-containing monomers to produce the
      anhydride-containing group (I). This group (I) in the absence of heat and
      light is seemingly stable due to, it is speculated, the conjugated
      arrangement of the whole lateral chain.
PAR  The cinnamoyl-containing monomers which can be readily incorporated or a
      terminal function of a lateral side chain in the polymers of this
      invention include: cinnamic acid, o-methylcinnamic acid, o-methoxycinnamic
      acid, o-chlorocinnamic acid, n-nitro-cinnamic and o-tolylcinnamic acid
      chlorides.
PAR  It has been found that the cinnamoylation is best accomplished at low
      temperatures, viz., 0.degree.C., 5.degree.C. Conventional techniques for
      forming, mixing and solution polymerization can be applied, the partial
      technique varying with the differences in the properties of the respective
      components.
PAR  A number of addition polymerization initiators may be chosen to effect the
      polymerization to actinic light, generally of wavelengths in the range of
      1800 to 7000 A., and should be present in an amount of 0.05 to about 5.0%
      by weight, based on the ethylenically unsaturated addition polymerizable
      monomer present in the entire composition. The initiators useful herein
      include 2 - benzoylmethylene - 1 - methyl -.beta.- naphthothiazoline;
      Michler's ketone; 1,2-benzanthraquinone and the like.
PAR  In order to prevent polymerization prior to use, there may be incorporated
      in the polymer compositions small additions, for example, 1 to 500 parts
      per million of the whole of a stabilizer which prevent addition
      polymerization, e.g., 2,6-di-terbutyl-p-cresol hydroquinone and
      tertiary-butyl catecol. Such polymerization inhibitors improve the storage
      stability of these compositions by preventing premature polymerization
      induced by accidental exposure to adventitious light.
PAR  The photopolymerizable copolymers are suitable for other purposes in
      addition to the printing uses described above, namely, for producing
      resist images for printing plates. Other suitable uses include the
      compositions herein described as adhesive compositions for bonding
      substrates, rapid cure coatings for plastic articles, additives for
      protective coatings, laminating resins, and polymeric materials useful in
      the preparation of printed circuits. In short, the compositions herein are
      useful for many purposes in which crosslinkable polymers are employed.
DETD
PAR  The following examples are illustrative and are included for a further
      understanding of the invention.
PAC  EXAMPLE 1
PAR  In a glass vessel 1 mole of poly(vinyl alcohol) having an average molecular
      weight of about 10,000 was slowly stirred for about 12 hours in 750 mls.,
      anhydrous pyridine at 80.degree.C. One mole of .DELTA.4-tetrahydrophthalic
      acid anhydride was dissolved in 850 mls., anhydrous pyridine and added to
      the vessel containing the poly(vinyl alcohol). The reaction mixture was
      heated at about 80.degree.C., under constant stirring for about 24 hours.
      Thereafter, the reaction mixture was cooled to 0.degree.c., and about 50
      ml., cinnamoyl chloride was added dropwise. After complete solution the
      reaction mixture was stirred at room temperature for 8 hours, filtered
      through cotton and the polymer thus-formed precipitated into approximately
      10 liters of cold distilled water. The collected polymer was thoroughly
      washed several times with distilled water and vacuum dried at room
      temperature. The polymer was thereafter dissolved in one percent aqueous
      ammonium hydroxide solution to obtain a weight-volume concentration of
      five percent. Thereafter, about 0.5 gms.,
      2-benzoylmethylene-1-.beta.-naphthothiazoline was added and thoroughly
      mixed therein. The polymer solution was thereafter treated in accordance
      with Examples 11 and 12.
PAC  EXAMPLE 2
PAR  In a glass vessel one mole of poly(vinyl alcohol) having an average
      molecular weight of about 10,000 was slowly stirred for about 12 hours in
      750 mls., anhydrous pyridine at 80.degree.C. One mole of
      .DELTA.4-tetrahydrophthalic acid anhydride was dissolved in 850 ml.,
      anhydrous pyridine and added to the vessel containing the poly(vinyl
      alcohol). The reaction mixture was heated at about 80.degree. C., under
      constant stirring for about 24 hours. Thereafter, the reaction mixture was
      cooled to 0.degree.C., and about 15 ml., o-methoxycinnamic chloride was
      added dropwise. After complete solution the reaction mixture was stirred
      at room temperature for 8 hours, filtered through cotton and the polymer
      thus-formed precipitated into approximately 10 liters of cold distilled
      water. The collected polymer was thoroughly washed several times with
      distilled water and vacuum dried at room temperature. The polymer was
      thereafter dissolved in one percent aqueous ammonium hydroxide solution to
      obtain a weight-volume concentration of 5 percent. Thereafter about 0.3
      gms., 1,2-benzanthraquinone was added and thoroughly mixed therein. The
      polymer solution was thereafter treated in accordance with Examples 11 and
      12.
PAC  EXAMPLE 3
PAR  In a glass vessel one mole of poly(vinyl alcohol) having an average
      molecular weight of about 10,000 was slowly stirred for about 12 hours in
      750 mls., anhydrous pyridine at 80.degree. C. One mole of
      .DELTA.4-tetrahydrophthalic acid anhydride was dissolved in 850 ml.,
      anhydrous pyridine and added to the vessel containing the poly(vinyl
      alcohol). The reaction mixture was heated at about 80.degree.C., under
      constant stirring for about 24 hours. Thereafter the reaction mixture was
      cooled to 0.degree.C., and about 100 ml., n-nitrocinnamic chloride was
      added dropwise. After complete solution the reaction mixture was stirred
      at room temperature for 8 hours, filtered through cotton and the polymer
      thus-formed precipitated into approximately 10 liters of cold distilled
      water. The collected polymer was thoroughly washed several times with
      distilled water and vacuum dried at room temperature. The polymer was
      thereafter dissolved in one percent aqueous ammonium hydroxide solution to
      obtain a weight-volume concentration of 5 percent. Thereafter, about 0.6
      gms., tetramethyldiaminobenzophenone was added and thoroughly mixed
      therein. The polymer solution was thereafter treated in accordance with
      Examples 11 and 12.
PAC  EXAMPLE 4
PAR  A solution of one mole of poly(vinyl alcohol) having an average molecular
      weight of 96,000 was slowly stirred for about 12 hours in 750 ml.,
      anhydrous pyridine at 80.degree. C. Into about 800 ml., anhydrous pyridine
      was added 0.8 mole of .DELTA.4 -tetrahydrophthalic acid anhydride. This
      mixture was added to the vessel containing the poly(vinyl alcohol). The
      reaction mixture was heated at 80.degree.C., and stirred for about 24
      hours. Analysis showed approximately 80% of the hydroxyl groups of
      poly(vinyl alcohol) were reacted with the acid anhydride, the remaining
      being free hydroxyl groups. The reaction mixture was thereafter cooled to
      0.degree. C., and about 50 mls., cinnamoyl chloride were added dropwise.
      After complete solution the reaction mixture was stirred at room
      temperature for about 8 hours, filtered through cotton and the polymer
      thus-formed, collected into approximately 10 liters of cold distilled
      water. The collected polymer thus-formed, was thoroughly washed several
      times with distilled water and vacuum dried at room temperature. The
      polymer was dissolved in Cellosolve (Union Carbide Corporation) to obtain
      a weight-volume concentration of 5%. Thereafter, about 0.5 gm., 1,
      2-benzanthraquinone was added to the polymer solution. The polymer
      solution was thereafter treated in accordance with Examples 11 and 12.
PAC  EXAMPLE 5
PAR  In a one liter glass vessel, one mole of poly(vinyl alcohol) was stirred
      for about 10 hrs., in 750 mls., anhydrous pyridine at 80.degree. C. One
      mole of succinic anhydride was dissolved in 825 mls., anhydrous pyridine
      and added to the vessel containing the poly(vinyl alcohol). The reaction
      mixture was heated at about 80.degree. C., under constant stirring for
      about 24 hours. Thereafter, the reaction mixture was cooled to 0.degree.
      C., and about 50 ml., cinnamoyl chloride was added dropwise. After
      complete solution the reaction mixture was stirred at room temperature for
      8 hours, filtered through cotton and the polymer thus-formed precipitated
      into approximately 10 liters of cold distilled water. The collected
      polymer was thoroughly washed several times with distilled water and
      vacuum dried at room temperature. The polymer was thereafter dissolved in
      one percent aqueous ammonium hydroxide solution to obtain a weight-volume
      concentration of five percent. Thereafter, about 0.5 gms.,
      2-benzoylmethylene-1-.beta.- naphthothiazoline was added and thoroughly
      mixed therein. The polymer solution was thereafter treated in accordance
      with Examples 11 and 12.
PAC  EXAMPLE 6
PAR  In a glass vessel one mole of poly(vinyl alcohol) was slowly stirred for
      about 12 hrs. in 750 mls., anhydrous pyridine at 80.degree. C. One mole of
      phthalic anhydride was dissolved in 825 mls., anhydrous pyridine and added
      to the vessel containing the poly(vinyl alcohol). The reaction mixture was
      heated at about 80.degree. C., under constant stirring for about 24 hours.
      Thereafter, the reaction mixture was cooled to 0.degree. C., and about 50
      ml., cinnamoyl chloride was added dropwise. After complete solution the
      reaction mixture was stirred at room temperature for 8 hours, filtered
      through cotton and the polymer thus-formed precipitated into approximately
      10 liters of cold distilled water. The collected polymer was thoroughly
      washed several times with distilled water and vacuum dried at room
      temperature. The polymer was thereafter dissolved in 1 percent aqueous
      ammonium hydroxide solution to obtain a weight-volume concentration of 5
      percent. Thereafter, about 0.5 gms., 4,4-bis(dimethylamino) benzophenone
      was added and thoroughly mixed therein. The polymer solution was
      thereafter treated in accordance with Examples 11 and 12.
PAC  EXAMPLE 7
PAR  In a 1 liter glass vessel one mole of hydroxyl ethyl cellulose having an
      average molecular weight of about 150,000 was slowly stirred for about 10
      hours in 675 mls., anhydrous pyridine at about 70.degree.C. One mole of
      .DELTA. 4-tetrahydrophtalic acid anhydride was dissolved in 850 ml.,
      anhydrous pyridine and added to the vessel containing the cellulose. The
      reaction mixture was heated at about 80.degree.C., under constant stirring
      for about 24 hours. Thereafter, the reaction mixture was cooled to
      0.degree.C., and about 50 ml., cinnamoyl chloride was added dropwise.
      After complete solution the reaction mixture was stirred at room
      temperature for 8 hours filtered through cotton and the polymer
      thus-formed precipitated into approximately 10 liters of cold distilled
      water. The collected polymers was thoroughly washed several times with
      distilled water and vacuum dried at room temperature. The polymer was
      thereafter dissolved in one percent aqueous ammonium hydroxide solution to
      obtain a weight-volume concentration of five percent. Thereafter, about
      0.5 gms., 2-benxoylmethylene-1-.beta.-naphthothiazoline was added and
      thoroughly mixed therein. The polymer solution was thereafter treated in
      accordance with Examples 11 and 12.
PAC  EXAMPLE 8
PAR  In a glass vessel about 1 mole of dextran having an average molecular
      weight of about 30,000 was slowly dissolved in 500 mls., anhydrous
      pyridine at 80.degree.C. One mole of .DELTA. 4-tetrahydrophthalic acid
      anhydride was dissolved in 850 ml., anhydrous pyridine and added to the
      vessel containing dextran. The reaction mixture was heated at about
      80.degree.C., under constant stirring for about 24 hours. Thereafter, the
      reaction mixture was cooled to 0.degree.C., and about 50 ml., cinnamoyl
      chloride was added dropwise. After complete solution the reaction mixture
      was stirred at room temperature for 8 hours, filtered through cotton and
      the polymer thus-formed precipitated into approximately 10 liters of cold
      distilled water. The collected polymers was thoroughly washed several
      times with distilled water and vacuum dried at room temperature. The
      polymer was thereafter dissolved in one percent aqueous ammonium hydroxide
      solution to obtain a weight-volume concentration of five percent.
      Thereafter, about 0.5 gms., 2-benzoylmethylene-1-.beta.-naphthothiazoline
      was added and thoroughly mixed therein. The polymer solution was
      thereafter treated in accordance with Examples 11 and 12.
PAC  EXAMPLE 9
PAR  In a 1 liter glass vessel 1 mole of arrow-root starch having an average
      molecular weight of 175,000 was slowly added and stirred for about 10 hrs.
      in 800 mls., anhydrous pyridine at 75.degree.C. One mole of .DELTA.
      4-tetrahydrophthalic acid anhydride was dissolved in 850 ml., anhydrous
      pyridine and added to the vessel containing the starch. The reaction
      mixture was heated at about 80.degree.C., under constant stirring for
      about 24 hours. Thereafter, the reaction mixture was cooled to
      0.degree.C., and about 50 ml., cinnamoyl chloride was added dropwise.
      After complete solution the reaction mixture was stirred at room
      temperature for 8 hours, filtered through cotton and the polymer
      thus-formed precipitated into approximately 10 liters of cold distilled
      water. The collected polymers was thoroughly washed several times with
      distilled water and vacuum dried at room temperature. The polymer was
      thereafter dissolved in one percent aqueous ammonium hydroxide solution to
      obtain a weight-volume concentration of five percent. Thereafter, about
      0.5 gms., 2-benzoylmethylene-1-.beta.-naphthothiazoline was added and
      thoroughly mixed therein. The polymer solution thereafter treated in
      accordance with Examples 11 and 12.
PAC  EXAMPLE 10
PAR  In a glass vessel 22 gms., poly(vinyl alcohol) was allowed to swell in
      about 150 mls., anhydrous pyridine for 2 hrs., at 90.degree. C., with
      constant stirring. At the same temperature 101 gms., .DELTA.
      4-tetrahydrophthalic anhydride was dissolved in 350 mls., anhydrous
      pyridine and added to the glass vessel containing the poly(vinyl alcohol).
      The mixture was heated and stirred for about 40 hours. The product was
      precipitated with about 6% aqueous acetic acid and washed twice with
      distilled water. The product was thereafter vacuum dried at 50.degree. C.,
      for 8 hours. The yield of product was approximately 70 gms. About 35 gms.,
      of the polymer product was dissolved in 350 mls., anhydrous pyridine with
      constant stirring at room temperature. After dissolution about 17 gms.,
      cinnamoyl chloride was added at 0.degree. C., and stirred for about 20
      hours. The resulting polymer was precipitated, washed and vacuum dried.
      The yield of polymer was about 30 gms. The polymer was thereafter
      dissolved in one percent aqueous ammonium hydroxide solution to obtain a
      weight-volume concentration of five percent. Thereafter about 0.5 gms.,
      2-benzoylmethylene-1-.beta.-naphtholthiazoline was added and thoroughly
      mixed therein. The polymer solution was thereafter treated in accordance
      with Examples 11 and 12.
PAC  EXAMPLE 11
PAR  The various polymer solutions obtained from Example 1 through 10 were
      separately coated onto four different metal plates having a fine grain and
      one plastic substrate: viz., (1) aluminum, (2) zinc, (3) magnesium, (4)
      copper and (5) a polyester film (Mylar, Trademark of E. I. duPont de
      Nemours and Co.). The coatings of the various solutions were allowed to
      thoroughly dry and then they were exposed to an ultraviolet light sourse
      under a graduated density step tablet to insolubilize the polymer coating
      in the areas of exposure. Thereafter, the unexposed polymer of the coating
      was removed from each plate by treatment with a dilute 0.5% ammonium
      hydroxide. All the substrates thus-treated contained an excellent visible
      image of the original step tablet.
PAC  EXAMPLE 12
PAR  The various polymer solutions prepared in accordance with Example 1 through
      10 were applied in the form of thin coatings to (1) a metallic substrate
      (2) a ceramic substrate (3) a wooden substrate and to a (4) paper
      substrate. The coatings were covered with an identical substrate material
      and pressed into intimate contact whereby any excess solution was removed.
      The substrates were maintained in contact under gentle pressure and placed
      in an oven at about 80.degree. C., for 5 hours. There was found excellent
      bonding between the two surfaces showing that the compositions herein give
      excellent adhesive characteristics.
PAR  Although the invention has been described in considerable detail with
      reference to certain preferred embodiments thereof, it will be understood
      that variations and modifications can be effected without departing from
      the spirit and scope of the invention as described herein before and in
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A polymer comprising as a recurring unit an anhydride-containing group
      represented by the structure:
      ##EQU5##
      wherein --CO--R--CO-- is a residue of a dibasic acid selected from the
      group consisting of aliphatic dicarboxylic acids and aromatic dicarboxylic
      acids, and X is selected from the group consisting of hydrogen, halogen,
      lower alkoxy, lower alkyl and nitro, the remaining recurring unit being
      non-anhydride unit selected from the group consisting of:
      ##EQU6##
      wherein --CO--R.sub.1 -- COOH is the residue of a dibasic acid selected
      from the group consisting of aliphatic dicarboxylic acids and aromatic
      dicarboxylic acids, Y is a member selected from the group consisting of
      hydrogen, lower acyl, lower alkyl and lower hydroxalkyl, and Z is a member
      selected from the group consisting of cinnamoyl, halocinnamoyl, lower
      alkoxy cinnamoyl, lower acyl cinnamoyl, lower hydroxalkyl cinnamoyl, and
      nitro cinnamoyl.
NUM  2.
PAR  2. A polymer as recited in accordance with claim 1 wherein the
      anhydride-containing group comprises at least about 10 mole percent of the
      recurring units of the polymer.
NUM  3.
PAR  3. A polymer as recited in accordance with claim 1 wherein the
      --CO--R--CO-- is a residue selected from the group consisting of
      tetrahydrophthalic, succinic, maleic, phthalic, glutaric, malonic,
      1,2-dimethylsuccinic, citraconic, naphthalic, pyrotartaric, camphoric,
      trimellitic, pyromellitic and hexahydrophthalic acids.
NUM  4.
PAR  4. A polymer containing as a major recurring unit an anhydride-containing
      unit represented by the general structure:
      ##EQU7##
      wherein --CO--R--CO-- is a residue of a dibasic acid selected from the
      group consisting of succinic, glutaric, phthalic, citraconic, camphoric,
      pyrotataric, napthalic, pyromellitic, trimellitic, malonic,
      1,2-dimethylsuccinic, hexahydrophthalic, maleic, pyrotartaric and .DELTA.
      4-tetrahydrophthalic, and X is selected from the group consisting of
      hydrogen, halogen, lower alkoxy, lower alkyl and nitro and as a minor
      recurring unit a non-anhydride unit derived from vinyl polymerization,
      said minor recurring unit being a member selected from the group
      consisting of:
      ##EQU8##
      wherein --CO--R.sub.1 --COOH is the residue of a dibasic acid selected
      from the group consisting of aliphatic dicarboxylic acids and aromatic
      dicarboxylic acids, Y is a member selected from the group consisting of
      hydrogen, lower acyl, lower alkyl and lower hydroxalkyl, and Z is a member
      selected from the group consisting of cinnamoyl, halocinnamoyl, lower
      alkoxy cinnamoyl, lower acyl cinnamoyl, lower hydroxalkyl cinnamoyl, and
      nitro cinnamoyl.
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ABST
PAL  Copolymers containing from 5 to 25 mole percent of anhydride, such as
      maleic anhydride, have improved, thermally induced reversible
      cross-linking characteristics when the crosslinking agent is selected from
      certain hydroxyl containing derivatives of bisphenol A.
PARN
PAC  REFERENCES
PAR  This application is a continuation-in-part of U.S. application Ser. No.
      672,981, filed on Oct. 5, l967 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to maleic anhydride copolymer compositions having
      improved thermally induced reversible cross-linking characteristics. More
      particularly the invention relates to copolymer compositions containing
      certain hydroxyl containing derivatives of 4,4'-isopropylidene diphenol
      (bisphenol A) as cross-linking agents.
PAR  The properties of many plastics are generally improved by cross-linking.
      Cross-linking may be readily accomplished by incorporating in a resin or
      polymer, a functional group such as hydroxyl, carboxyl, anhydride and the
      like which can be reacted to cross-link with a variety of di- or
      polyfunctional materials. However, such thermosetting products generally
      cannot be remelted and recast or reshaped into a hard cured article or
      product.
PAR  More recently it has been found that with polymers containing an anhydride
      group the cross-linking is thermally reversible. Such reversible
      cross-linking with styrene-maleic anhydride copolymers and the like is
      described in application Ser. No. 618,998 (now U.S. Pat. No. 3,678,016)
      filed Feb. 27, l967 by R. L. Zimmerman et al. as a continuation-in-part of
      application Ser. No. 342,812 filed on Feb. 5, l964 and now abandoned.
      Additionally, U.S. Pat. No. 3,299,184 discloses reversible cross-linking
      with certain anhydride containing polymers, although the patent points out
      maleic anhydride containing polymers are generally undesirable.
PAR  The utility of such compositions is dependent on the efficiency with which
      the cross-link bonds are formed, broken and reformed and particularly the
      efficiency over repetitive cycles of reversing the cross-links. Desirably
      this efficiency should be at the highest possible level to ensure
      reworkability and yet not sacrifice any of the properties of the cured
      cross-linked composition.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, this invention provides for crosslinked compositions having
      improved properties and high efficiency in reversing the cross-links. The
      invention utilizes polymeric compositions containing anhydride
      functionality and more particularly utilizes copolymers of maleic
      anhydride. The improved efficiency in reversing the cross-linked polymeric
      compositions relates to the utility of certain hydroxyl containing
      derivatives of 4,4'-isopropylidene diphenol (bisphenol A) as the
      cross-linking agent.
PAC  DESCRIPTION OF THE INVENTION
PAR  A variety of vinyl polymers and resins may be used provided they contain
      anhydride functional groups. Polymers include those such as described in
      U.S. Pat. No. 3,299,184 and those copolymers prepared from
      .alpha.,.beta.-unsaturated dicarboxylic acid anhydrides such as maleic
      anhydride, itaconic anhydride, citraconic anhydride and the like. The
      comonomers include many different polymerizable ethylenically unsaturated
      monomers such as vinyl aromatic monomers, olefinic monomers, vinyl ethers,
      vinyl acetate, vinyl halides, esters of acrylic or methacrylic acid and
      the like. Usually the copolymers are most readily available as copolymers
      of maleic anhydride with monomers such as styrene, alkylated or
      halogenated styrenes, .alpha.-methyl styrene and the like, or with the
      olefinic monomers such as ethylene, isobutylene, propylene and the like.
      Preferably the copolymer is a polymer of styrene and maleic anhydride.
PAR  The above polymers are readilyl prepared by standard polymerization methods
      both batch and continuous. A preferred method would utilize free radical
      generating catalysts to cause polymerization of the mixture of monomers.
      More important than the method by which the anhydride containing polymer
      is prepared is the anhydride content of the polymer. The polymer should
      contain from about 5 to about 25 mole percent of anhydride monomer with
      the balance consisting of any of the previously recited monomers or
      mixtures thereof.
PAR  The molecular weight of the anhydride containing polymer is important but
      less critical than the concentration of anhydride groups in the polymer.
      Generally, lower levels of cross-linking agent are required with higher
      molecular weight polymers, such as molecular weights of 100,000 or
      greater. However, lower molecular weights can be compensated for by
      increasing the level of cross-linking agent used.
PAR  The cross-linking agents preferred in this invention include the hydroxy
      alkyl diethers of 4,4'-isopropylidene diphenol (bisphenol A), hydrogenated
      bisphenol A and the corresponding hydroxy alkyl ethers of hydrogenated
      bisphenol A. By hydrogenated bisphenol A it is meant to include the
      compounds where one or both of the aromatic rings are completely
      hydrogenated. When only one ring is completely hydrogenated the compound
      may be referred to as half-hydrogenated bisphenol A, for example. The
      hydroxy alkyl ethers may be prepared in several different ways but are
      most readily prepared by reaction of an alkylene oxide with bisphenol A or
      hydrogenated bisphenol A. The preferred hydroxy alkyl ethers include the
      2-hydroxy alkyl ethers wherein the alkyl group contains from 2 to 4 carbon
      atoms.
PAR  The cross-linking agents may also be illustrated by the formulas
      ##EQU1##
      wherein R.sub.1 is a cyclohexylene radical and R.sub.2 may be the same as
      R.sub.1 or a phenylene radical, and
      ##EQU2##
      wherein R.sub.3 is an alkylene radical of 2 to 4 carbon atoms and R.sub.2
      is as previously defined. The various isomers of said bisphenol A are
      contemplated within the scope of the cross-linking agents.
PAR  Reversibly cross-linked resin compositions are prepared by admixing the
      anhydride containing polymer with the cross-linking agent in such
      proportions to provide from about 0.05 to 0.5 moles of hydroxyl per mole
      of anhydride. Heating the composition up to about 150.degree.C.
      cross-links the composition. Alternatively the composition may be heated
      to a temperature from about 175.degree. to 300.degree.C. wherein the
      composition is fluid and then cooled to form the cross-links. The
      cross-linked composition is hard, has good resistance to a range of
      solvents and to stress cracking and has a good range of other properties
      such as tensile, impact resistance, heat distortion, etc. Reversibility of
      cross-linking is accomplished by heating to a temperature from about
      175.degree. to 300.degree.C. wherein the resin composition is fluidized
      and may be refabricated and shaped by cooling to reform the cross-links.
PAR  Generally, the cross-linking does not require the aid of a catalyst, but it
      has been found that the rate of formation of cross-links can be increased
      by the addition of mono- and dialkyl phosphoric acid catalysts wherein the
      alkyl group contains from about 5 to about 18 carbon atoms. Suitable
      catalysts include di-(2-ethylhexyl)phosphoric acid, a monoalkyl phosphoric
      acid wherein the alkyl group is predominantly C.sub.17 and the like. The
      catalyst does not adversely affect the reversibililty of the cross-links
      upon heating. Generally from about 0.2 to about 2 percent by weight of the
      catalyst on the basis of resin solids is sufficient. The reversibility and
      the efficiency of reversibility is illustrated in the following
      nonlimiting examples.
DETD
PAC  EXAMPLE 1
PAR  A resin composition was formulated using a styrene-maleic anhydride polymer
      containing 15 percent maleic anhydride and having a viscosity of 4.5 cps
      (measured as a 10% by weight solution in methyl ethyl ketone at
      25.degree.C.) and a 2-hydroxyethyl diether of bisphenol A. The composition
      contained 0.15 moles of hydroxyl per mole of maleic anhydride and
      contained 0.25 percent by weight on the resin solids of
      di-(2-ethylhexyl)phosphoric acid as a catalyst.
PAR  Thermal cycling data was obtained by preparing a 10 .times. 10 .times. 0.04
      inch specimen. The specimen was heated to 177.degree.C. for 10 minutes and
      then quenched in an ice bath, then reheated for 10 minutes at
      288.degree.C. and quenched. This cycle was then repeated several times and
      after each quenching the gel content was determined. The % Gel was
      determined by placing a small (1 .times. 1 inch) weighed sample of the
      specimen in an 8 ounce bottle of toluene. After 24 hours any undissolved
      polymer was separated from the solvent, dried and weighed. The % Gel was
      calculated by dividing the dried weight by the initial weight and
      multiplying by 100. The % Gel is a measure of cross-linking, the higher
      the percentage the greater the number of cross-links. The results are
      recorded in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Thermal Cycling Data From Examples 1 and 2                                

     Bisphenol A                                                               

              Moles OH                                                         

                    % Gel                                                      

     Cross-linking                                                             

              per mole                                                         

                    Cycle 1   Cycle 2   Cycle 3   Heat      Tensile            

     Agent    Anhydride                                                        

                    177.degree.C.                                              

                         288.degree.C.                                         

                              177.degree.C.                                    

                                   288.degree.C.                               

                                        177.degree.C.                          

                                             288.degree.C.                     

                                                  Distortion                   

                                                        Impact                 

                                                            p.s.i              

     __________________________________________________________________________

     2-hydroxyethyl                                                            

              0.15  93   3    96   7    99   22   121.degree.C.                

                                                        0.29                   

                                                            4690               

     diether                                                                   

     2-hydroxypropyl                                                           

              0.5   82   18   92   18   88   14   121   0.28                   

                                                            3340               

     diether                                                                   

     Fully    0.2   92   5    88   5    96   3    127   0.25                   

                                                            3250               

     Hydrogenated                                                              

     __________________________________________________________________________

PAC  EXAMPLE 2
PAR  In a manner similar to that of Example 1, the 2-hydroxypropyl diether of
      bisphenol A and fully hydrogenated bisphenol A were evaluated as
      cross-linking agents for the polymer of Example 1. These results are
      recorded in Table I. Additionally, cured resin properties were determined
      and recorded in Table I. Similar results to those recorded were obtained
      with the half hydrogenated bisphenol A.
PAR  The data of Table I illustrate the efficiency of reversibility with the
      cross-linking agents of this invention and the properties of the
      cross-linked resin composition. For comparison 1,4-cyclohexane dimethanol
      (0.2 moles OH/mole anhydride) at the 177.degree.C. temperature had a
      consistently high % Gel but at the reversibility temperature of
      288.degree.C. the composition still contained from 90-75% Gel.
PAC  EXAMPLE 3
PAR  To illustrate how the amount of cross-linker varies with the molecular
      weight of the resin, a series of experiments were made with styrene-maleic
      anhydride copolymers of different viscosity (molecular weight), each
      containing about 15 percent maleic anhydride. The crosslinking agent was
      the 2-hydroxyethyl diether of bisphenol A and the level of agent required
      for equivalent gel vs. temperature behavior is shown in Table II. Two
      additional samples with a 10% maleic anhydride resin are included.
TBL                TABLE II                                                    

     ______________________________________                                    

      Polymer           Level of Cross-                                        

     Viscosity*  % MA       linker, wt. %                                      

     ______________________________________                                    

     4.5         10         4.7                                                

     4.5         15         3.5                                                

     7.4         10         2.0                                                

     8.0         15         1.5                                                

     ______________________________________                                    

      *10% by wt. solution in methyl ethyl ketone (25.degree.C.)               

PAC  EXAMPLE 4
PAR  An equilibrium curve of % Gel vs. temperature can be obtained using the
      tests of Example 1 to illustrate the cross-linking characteristics. With a
      styrene-maleic anhydride resin containing 15% maleic anhydride (4.5 cps
      viscosity) an equilibrium curve was run with the half-hydrogenated
      bisphenol A as a cross-linker, without a catalyst and in the proportions
      of 0.5 moles OH/mole of anhydride.
PAR  At a temperature of about 177.degree.C. (350.degree.F.) the resin
      composition contained about 86% gel and at a reversibility temperature of
      about 260.degree.C. (500.degree.F.) the composition contains less than 5%
      gels. This curve indicates the above composition has excellent
      cross-linking characteristics giving over 80% gel at the lower
      (cross-linking) temperature and becoming quite fluid at an elevated
      temperature.
PAR  Propylene glycol at a level of 0.2 moles of OH/mole of anhydride with the
      above resin and with 1.0% by weight of a catalyst shows good reversibility
      at about 280.degree.C. but only shows about 72% gel at about 177.degree.C.
      Further, the diol 2,2,4-trimethyl-1,3 pentanediol, shows good fluidity at
      about 280.degree.C. but only about 40% gel at 177.degree.C. at the level
      of 0.2 moles/mole of anhydride.
PAC  EXAMPLE 5
PAR  Similarly the level of cross-linker vs. anhydride content of the polymer
      was also evaluated using styrene-maleic anhydride copolymers of about the
      same molecular weight (approx. 5 cps). The same cross-linker was used as
      in Example 3.
TBL                TABLE III                                                   

     ______________________________________                                    

     Percent          Level of Cross-                                          

     Maleic Anhydride linker, wt. %                                            

     ______________________________________                                    

     3.0              couldn't cross-link                                      

     6.5              6.0                                                      

     10.5             4.7                                                      

     15.0             3.5                                                      

     25.0             2.0                                                      

     ______________________________________                                    

PAR  This invention provides for resin compositions which can be readily molded
      to produce articles having good physical properties and improved
      resistance to stress cracking and having good resistance to such solvents
      as acids, bases, alcohols, aldehydes, glycols, aliphatic hydrocarbons and
      amines and the like. The excellent reversible cross-linking
      characteristics of the resins also provides for ready refabrication
      similar to thermoplastics.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for thermally reversing cross-links in a cross-linked
      composition by heating to about 175.degree. to 300.degree.C. and then
      cooling to reform a cross-linked composition wherein said composition
      comprises an intimate mixture of a vinyl interpolymer having reactive
      anhydride groups and a polyfunctional cross-linking agent, the improvement
      which comprises employing a cross-linking agent selected from the group
      consisting of hydrogenated 4,4'-isopropylidene diphenol, hydroxyalkyl
      diethers of 4,4'-isopropylidene diphenol and hydroxyalkyl diethers of
      hydrogenated 4,4'-isopropylidene diphenol wherein said hydroxyalkyl ether
      group in each case contains from 2 to 4 carbon atoms, employing a vinyl
      copolymer having from about 5 to 25 mole percent of an unsaturated
      dicarboxylic acid anhydride and employing a catalytic amount of a
      monoalkyl or a dialkyl phosphoric acid wherein the alkyl group contains
      from about 5 to 18 carbon atoms; said cross-linking agent present in an
      amount to provide about 0.05 to 0.5 moles of hydroxyl per mole of
      anhydride.
NUM  2.
PAR  2. The process of claim 1 wherein said anhydride is maleic anhydride.
NUM  3.
PAR  3. The process of claim 1 wherein said vinyl copolymer is a copolymer of
      styrene and maleic anhydride.
NUM  4.
PAR  4. The process of claim 1 wherein the catalyst is
      di-(2-ethylhexyl)phosphoric acid.
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ABST
PAL  An adhesive composition which can be applied to various metals and be
      polymerized and cured upon exclusion from contact with air is disclosed,
      said composition comprising (1) an anaerobic mixture consisting of a
      compound represented by the formula
      ##EQU1##
      a solvent compound having in the molecule an acrylic or methacrylic group,
      (2) a small amount of benzosulfimide, (3) tetrahydroquinoline and (4) an
      organic peroxide.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an anaerobic adhesive composition which can bond
      various metals, said composition comprising an anaerobic mixture
      consisting of a polyvalent metal salt of a compound represented by the
      following general formula
      ##EQU2##
      wherein R.sub.1 is a hydrogen atom or methyl group, R.sub.2 is an
      aliphatic, alicyclic or aromatic polyhydric alcohol residue, and R.sub.3
      is an aliphatic, alicyclic
PA1  Or aromatic polybasic carboxylic acid residue, and a solvent compound
      having in the molecule an acrylic or methacrylic group, and incorporated
      therein, small amounts of benzosulfimide, tetrahydroquinoline and an
      organic peroxide.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  A number of so-called anaerobic adhesives which are polymerized and cured
      under exclusion from contact with air to exhibit a bonding activity have
      been known in the art. However, these known anaerobic adhesives have
      defects and shortcomings such as mentioned below.
PAR  In case a curing accelerator is not used in combination, the time required
      for completion of setting and bonding is extremely long. Further, if
      metals other than those of iron and copper types are bonded with use of
      conventional anaerobic adhesives, it generally takes a long time to
      complete setting and bonding and, in some cases, it is impossible to bond
      metals. Because of these defects, the application fields of these known
      anaerobic adhesives are much limited.
PAR  In conventional anaerobic adhesives, especially those of the polyether
      methacrylate type, it is known that tetrahydroquinoline is a strong
      bonding accelerator together with benzosulfimide acting as an auxiliary
      accelerator. When tetrahydroquinoline is employed, it is necessary to
      employ a particular stabilizer such as hydroquinone, 1,4-benzoquinone,
      hydroquinone monomethyl ether, 2,5-diphenyl-p-benzoquinone in an amount of
      about 50 to about 600 ppm in proportion to the amount of used
      tetrahydroquinoline, which results in operational troubles. Further,
      anaerobic adhesives formed by incorporation of these stabilizers are
      defective in that they are darkly colored or the bonding speed differs
      among lots.
PAC  DETAILED EXPLANATION OF THE INVENTION
PAR  The effects attained by the anaerobic adhesive composition of this
      invention are as follows:
PA1  A. The time required for setting is shorter than in the case of
      conventional known adhesive compositions.
PA1  B. The adhesive composition can bond not only metals of iron and copper
      types but also other various metals.
PA1  c. The stability is much higher than that of conventional adhesive
      compositions.
PA1  d. The compound of the general formula [1], which is used as one component,
      can be manufactured with ease from starting materials that can be prepared
      on an industrial scale at a low cost.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  This invention is to provide an anaerobic adhesive composition having a
      high bonding property.
PAR  More specifically, in accordance with this invention, there is provided an
      anaerobic adhesive composition which has a quick setting property and can
      bond tightly not only metals of copper and iron types but also other
      various metals, said composition comprising an anaerobic mixture
      containing a polyvalent metal salt of a compound represented by the
      following general formula [1]
      ##EQU3##
      and incorporated therein, small amounts of an organic peroxide as a curing
      catalyst, tetrahydroquinoline as a curing accelerator and stabilizer and
      benzosulfimide as a promoter.
PAR  It is quite surprising that in this invention tetrahydroquinoline has good
      activities not only as an accelerator but also as a stabilizer, through a
      compound of the general formula [1] is the polyester methacrylate type.
PAR  The reason why in the anaerobic adhesive composition of this invention
      tetrahydroquinoline acts effectively not only as an accelerator but also
      as a stabilizer has not completely been elucidated, but it is surmised
      that high synergetic effects can be attained by tetrahydroquinoline and
      the metal salt contained in the anaerobic mixture of this invention.
PAR  It is permissible to further incorporate a known stabilizer such as
      hydroquinone into the adhesive composition of this invention.
PAR  A metal salt of the compound of the general formula [1] acts effectively as
      a stabilizer when used in combination with tetrahydroquinoline in the
      anaerobic adhesive composition of this invention. Moreover, incorporation
      of this metal salt imparts to the resulting adhesive composition such
      properties that the composition can bond various metals and can bond even
      an oil coated surface tightly and promptly without use of a primer.
PAR  Compounds represented by the general formula [1] can easily be prepared
      from basic raw materials that are manufactured on an industrial scale at a
      low cost. More specifically, compounds of the general formula [1] where
      R.sub.1 is hydrogen are readily derived from acrylic acid, and those in
      which R.sub.1 is a methyl group are readily derived from methacrylic acid.
      In the above general formula [1] R.sub.2 stands for an aliphatic,
      alicyclic or aromatic polyhydric alcohol residue, and though the chain
      length of the residue R.sub.2 is not particularly critical, a residue of a
      relatively short chain length, such as ethylene, propylene and
      chloropropylene groups, is preferred. R.sub.3 is a residue of an
      aliphatic, alicyclic or aromatic polybasic carboxylic acid, and an
      aromatic dibasic acid residue is especially preferred as R.sub.3.
PAR  As specific examples of the compound represented by the general formula
      [1], there can be mentioned ethyleneglycol methacrylate phthalate,
      propyleneglycol methacrylate phthalate, ethyleneglycol methacrylate
      succinate, propyleneglycol methacrylate succinate, propyleneglycol
      methacrylate hexahydrophthalate, a partially esterified product of
      succinic acid anhydride with bis-phenol dihydroxyethyl ether
      monomethacrylate and a partially esterified product of phthalic anhydride
      with hydrogenated bis-phenol A monomethacrylate.
PAR  As regards the synthesis of these compounds, it is advantageous to subject
      a partial esterification reaction of a partial methacrylate of polyhydric
      alcohol with a polybasic carboxylic acid anhydride. Various method can be
      adopted for the synthesis of compounds of the general formula [1], and
      according to any method, they can be prepared with ease on an industrial
      scale at a low cost.
PAR  Polyvalent metal salts of these compounds represented by the general
      formula [1] can be prepared by various known methods. For example, they
      can be obtained by subjecting a compound of the general formula [1] and an
      oxide or hydroxide of a polyvalent metal to the neutralization reaction in
      the presence or absence of a solvent. Though an inert solvent such as
      benzene and toluene can be used as the solvent for this neutralization
      reaction, it is difficult to remove it after the reaction. So it is
      preferred that a compound containing a methacrylic or acrylic group is
      employed as the solvent, because it is included as one component in the
      adhesive composition and need not be particularly removed by distillation
      or the like after the reaction.
PAR  In this invention, a solvent compound having in the molecule an acrylic or
      methacrylic group is combined with the above-mentioned polyvalent metal
      salt of the compound of the general formula [1] to form an anaerobic
      mixture. The following compounds are used as the solvent compound:
PA1  a. Alkyl esters of methacrylic acid and acrylic acid.
PA1  b. Hydroxyalkyl esters of methacrylic acid and acrylic acid.
PA1  c. Methacrylates and acrylates of polyhydric alcohols.
PA1  d. Polyester methacrylates and polyester acrylates.
PA1  e. Compounds of the general formula [1] and adducts of compounds of the
      general formula [1] and epoxy compounds.
PA1  f. Epoxy methacrylates and epoxy acrylates.
PAR  As specific examples of the compound of the type (c), there can be
      mentioned ethyleneglycol dimethacrylate, polyethyleneglycol
      dimethacrylate, trimethylolpropane monomethacylate, trimethylolpropane
      trimethacrylate, and corresponding acrylates.
PAR  As specific examples of the compound of the type (d), there can be
      mentioned dimethacrylate bis-(ethyleneglycol) phthalate and diacrylate
      bis-(ethyleneglycol) phthalate.
PAR  As specific examples of the compound of the type (e), there can be
      mentioned an adduct of a monomethacryloyloxypropyl ester of phthalic or
      succinic acid and glycidyl methacrylate, and an adduct of a
      monomethacryloyloxypropyl ester of phthalic or succinic acid and propylene
      oxide.
PAR  As specific examples of the compound of the type (f), there can be
      mentioned an adduct of a diglycidyl ether of
      2,2-bis(4-hydroxyphenyl)propane and methacrylic or acrylic acid, e.g.,
      2,2-bis[4-(methacryloyloxy-2-hydroxypropoxy) phenyl]propane, and an adduct
      of diglycidyl phthalate and methacrylic or acrylic acid, e.g.,
      di-(methacryloyloxy-2-hydroxypropyl) phthalate.
PAR  A solvent compound such as mentioned above is generally employed in an
      amount of about 10 to 100 parts by weight per 100 parts by weight of the
      compound of the general formula [1]. A mixture of two or more of these
      solvent compounds can also be employed. Such properties as the viscosity
      and the bonding strength of the resulting adhesive composition can be
      varied within broad ranges by changing the kind and amount of the solvent
      compound to be used.
PAR  Various polyvalent metals can be used for formation of polyvalent metal
      salts of the compound of the general formula [1], but use of divalent
      metals such as calcium, magnesium and zinc is especially preferred. In
      view of the reactivity, the solubility and the like, it is preferred that
      metal oxides and hydroxides such as Ca(OH).sub.2, CaO, Mg(OH).sub.2, MgO,
      Zn(OH).sub.2 and the like be used for formation of the polyvalent metal
      salt of the compound of the general formula [1].
PAR  In this invention, benzosulfimide acting as an auxiliary bonding
      accelerator is used in an amount of about 0.01 to about 5% by weight,
      preferably 0.1 to 1.0% by weight, based on the anaerobic mixture. Although
      other amides and imides such as succinimide, phthalimide and formamide are
      effective as auxiliary accelerators, they are inferior to benzosulfimide
      with respect to the setting rate. If benzosulfimide is not at all
      incorporated, the bonding rate is extremely low and the resulting
      composition has no practical utility as an adhesive.
PAR  It is preferred that the amount of tetrahydroquinoline acting as an
      accelerator and stabilizer is 0.5 to 3 times, especially 1 to 2 times, the
      amount used of benzosulfimide i.e. 0.005 to 15% by weight of the mixture.
      It must be noted that when the amount of benzosulfimide is larger than the
      amount of tetrahydroquinoline, it sometimes happens that the storage
      stability of the resulting composition is degraded.
PAR  As the organic peroxide to be added as a curing agent, hydroperoxides such
      as tertiary butyl hydroperoxide, cumene hydroperoxide, di-isopropylbenzene
      hydroperoxide and p-menthane hydroperoxide are most effective, and ketone
      peroxides, dialkyl peroxides and peroxy esters can also be employed in
      some cases. A mixture of two or more of these organic peroxides can also
      be employed effectively. The organic peroxide is generally incorporated in
      an amount of about 0.1 to about 10% by weight based on the anaerobic
      mixture, but in some special cases the amount of the organic peroxide can
      be reduced below 0.1% by weight. However, if the organic peroxide is used
      in an amount exceeding 10% by weight, the excessive peroxide acts merely
      as a diluent and does more harm than good.
PAC  POSSIBILITY OF INDUSTRIAL APPLICATION OF THE INVENTION
PAR  The adhesive composition of this invention has the exceptional property
      that it is polymerized and cured upon exclusion from contact with air to
      exhibit a bonding activity.
PAR  Therefore, it can be applied to, for example, prevention of loosening of
      metallic bolts and nuts, fixation of shafts of bearings and motors and
      sealing of tube joints instead of mechanical fixing means.
PAR  Further, the adhesive composition of this invention can without use of
      primer, tightly and promptly bond materials that can hardly be bonded with
      conventional anaerobic adhesives, such as materials plated with such a
      metal as nickel, chromium and zinc, stainless steels, oil coated surfaces
      and the like.
PAR  In addition to the above-mentioned indispensable ingredients, the anaerobic
      adhesive composition of this invention may further comprise plasticizers
      such as di-n-butyl phthalate, dimethyl sebacate and tricresyl phosphate,
      thickners such as silica, alumina and organic soluble polymers, dyes, UV
      absorbers and the like.
DETD
PAR  This invention will now be illustrated more detailedly by reference to
      Examples, in which all of "parts" are on the weight basis.
PAC  EXAMPLE 1
PAC  Synthesis of Anaerobic Mixture [A]
PAR  A four-neck flask equipped with a stirrer, an air condenser and a
      thermometer was charged with 152 parts of 2-hydroxypropyl methacrylate, 40
      parts of succinic anhydride and 5 parts of triethylbenzyl ammonium
      chloride, and the mixture was heated and agitated at 90.degree.C. for 3
      hours. Then, 27 parts of glycidyl methacrylate was gradually added to the
      reaction mixture, and reaction was further continued at 90.degree.C. for 3
      hours to obtain a light-yellow, transparent, viscous liquid having an acid
      value of 68. This liquid product was incorporated with 30% by weight of
      2-hydroxypropyl methacrylate as the solvent compound and with magnesium
      oxide in an amount of 70% of the theoretical amount necessary for
      neutralization, and the mixture was reacted at 70.degree.C. for 4 hours to
      obtain a light-yellow, transparent, lowly viscous mixture of an anaerobic
      compound containing a magnesium salt thereof (hereinafter referred to as
      "anaerobic mixture [A]").
PAC  EXAMPLE 2
PAC  Synthesis of Anaerobic Mixture [B]
PAR  The light-yellow, transparent liquid of an acid value of 68 obtained in
      Example 1 was incorporated with 30% by weight of 2-hydroxypropyl
      methacrylate as the solvent compound and with calcium oxide as the
      neutralizer in an amount of 70% of the theoretical amount necessary for
      neutralization, and the mixture was reacted at 70.degree.C. for 3 hours to
      obtain a light-yellow, transparent, lowly viscous anaerobic mixture [B]
      containing a calcium salt.
PAC  EXAMPLE 3
PAC  Synthesis of Anaerobic Mixture [C]
PAR  A four-neck flask equipped with the same devices as used in Example 1 was
      charged with 156 parts of 2-hydroxypropyl methacrylate, 59 parts of
      phthalic anhydride and 5.5 parts of triethylbenzyl ammonium chloride, and
      the mixture was reacted at 90.degree.C. for 3 hours. Then, 21 parts of
      glycidyl methacrylate was gradually added to the reaction mixture, and
      reaction was carried out at 90.degree.C. for 3 hours to obtain a
      light-yellow, transparent, viscous liquid having an acid value of 67. The
      so obtained liquid was incorporated with 30% by weight of 2-hydroxypropyl
      methacrylate as the solvent compound and with zinc hydroxide in an amount
      of 70% of the theoretical amount necessary for neutralization, and the
      mixture was reacted at 70.degree.C. for 4 hours to obtain a light-yellow,
      transparent, lowly viscous anaerobic mixture [C] containing a zinc salt.
PAC  EXAMPLE 4
PAC  Synthesis of Anaerobic Mixture [D]
PAR  A four-neck flask equipped with the same devices as used in Example 1 was
      charged with 75 parts of 2-hydroxypropyl methacrylate, 31 parts of
      hexahydrophthalic anhydride and 2.8 parts of triethylbenzyl ammonium
      chloride, and the mixture was reacted at 90.degree.C. for 2 hours. Then,
      12 parts of glycidyl methacrylate was gradually added dropwise to the
      reaction mixture, and reaction was carried out at 90.degree.C. for 2 hours
      to obtain a light-yellow, transparent, viscous liquid having an acid value
      of 66. The so obtained liquid was incorporated with 30% by weight of
      2-hydroxypropyl methacrylate as the solvent compound and with zinc
      hydroxide in an amount of 70% of the theoretical amount necessary for
      neutralization, and the mixture was reacted at 80.degree.C. for 4 hours to
      obtain a light-yellow, transparent, lowly viscous anaerobic mixture [D]
      containing a zinc salt.
PAC  EXAMPLE 5
PAR  An anaerobic adhesive (a) was prepared from the components given below, and
      physical properties were determined to obtain results shown in Table 1.
PAR  It was found that the anaerobic adhesive composition (a) exhibited a good
      bonding property to a zinc plating which could hardly be bonded by any of
      commercially available products. Further, the anaerobic adhesive (a)
      showed a considerable quicksetting property in comparison with
      commercially available products.
TBL  Composition of Anaerobic Adhesive (a):                                    

     Anaerobic mixture [A] 30       parts                                      

     Anaerobic mixture [C] 10       parts                                      

     1,2,3,4-Tetrahydroquinoline                                               

                           0.4      part                                       

     Benzosulfimide        0.2      part                                       

     Cumene hydroperoxide  1.2      parts                                      

TBL                Table 1                                                     

     ______________________________________                                    

     Material Bonded                                                           

     Aluminum    Nickel Plating                                                

                               Chromium Plating                                

     ______________________________________                                    

     Setting                                                                   

            Fracture Setting  Fracture                                         

                                     Setting                                   

                                            Fracture                           

     Time   Torque   Time     Torque Time   Torque                             

     (min)  (Kg-cm)  (min)    (Kg-cm)                                          

                                     (min)  (Kg-cm)                            

            material                                                           

     20     fracture 40       460    20     470                                

     ______________________________________                                    

     Stainless Steel                                                           

                 Iron          Zinc                                            

     ______________________________________                                    

     Setting                                                                   

            Fracture Setting  Fracture                                         

                                     Setting                                   

                                            Fracture                           

     Time   Torque   Time     Torque Time   Torque                             

     (min)  (Kg-cm)  (min)    (Kg-cm)                                          

                                     (min)  (Kg-cm)                            

     100    200      10       400    120    270                                

     ______________________________________                                    

PAR  In the foregoing test, as articles to be bonded, there were employed
      three-eighths inch bolts and nuts of the same scale, and they were not
      subjected to the degreasing treatment. The setting time was determined by
      coating the adhesive to the bolt and nut at 23.degree.C., bonding them and
      measuring the time from the bonding point to the point when the bonded nut
      could not be moved by hands. The fracture torque was determined by bonding
      the bolt and nut in the same manner as above, allowing them to stand still
      at 23.degree.C. for 24 hours and measuring the strength at which the
      adhesive phase was first fractured by means of a torque wrench. In the
      subsequent Examples, the setting time and fracture torque were determined
      in the same manners as described above.
PAR  The gelation time of the anaerobic adhesive (a) of this invention was more
      than 100 minutes at 82.degree.C. and was more than 1 month at 50.degree.C.
      In conventional anaerobic adhesives, if the gelation time is more than 30
      minutes at 82.degree.C., it is construed that the adhesives are stable for
      more 6 months to 1 year at room temperature. In view of the foregoing, it
      will readily be understood that the anaerobic adhesive of this invention
      is very stable though it has a quick-setting property.
PAC  EXAMPLE 6
PAR  The following anaerobic adhesive (b) and (c) were prepared and their
      physical properties were determined according to the method described in
      Example 5 to obtain results shown in Table 2, from which it is seen that
      each of them had excellent properties.
TBL  Composition of Anaerobic Adhesive (b):                                    

     Anaerobic mixture [B] 30       parts                                      

     Anaerobic mixture [C] 10       parts                                      

     1,2,3,4-Tetrahydroquinoline                                               

                           0.4      part                                       

     Benzosulfimide        0.2      part                                       

     Cumene hydroperoxide  1.2      parts                                      

     Composition of Anaerobic Adhesive (c):                                    

     Anaerobic mixture [D] 40       parts                                      

     1,2,3,4-Tetrahydroquinoline                                               

                           0.4      part                                       

     Benzosulfimide        0.2      part                                       

     Cumene hydroperoxide  1.2      parts                                      

TBL                Table 2                                                     

     ______________________________________                                    

     Physical Properties                                                       

                    Anaerobic    Anaerobic                                     

                    Adhesive (b) Adhesive (c)                                  

     ______________________________________                                    

     Gelation time at 82.degree.C.                                             

                    more than 100                                              

                                 more than 100                                 

                    minutes      minutes                                       

     Gelation time at 50.degree.C.                                             

                    more than 1  more than 1                                   

                    month        month                                         

     Zinc-plated bolt and nut                                                  

      Setting time (min)                                                       

                    150          130                                           

      Fracture torque (Kg-cm)                                                  

                    230          280                                           

     Iron bolt and nut                                                         

      Setting time (min)                                                       

                    20           13                                            

      Fracture torque (Kg-cm)                                                  

                    410          320                                           

     ______________________________________                                    

PAC  EXAMPLE 7
PAR  In the composition of the anaerobic adhesive (a), the amount of
      1,2,3,4-tetrahydroquinoline was changed within a range of 0.5 to 1.5% by
      weight while using benzosulfimide in an amount of 0.5% by weight, and the
      stability to gelation was determined with respect to each of obtained
      anaerobic adhesives to obtain results shown in Table 3, from which it is
      seen that 1,2,3,4-tetrahydroquinoline has a good stabilizing activity to
      gelation. In this test, no change of the physical properties such as the
      setting time and the fracture torque was brought about by the change in
      the amount incorporated of 1,2,3,4-tetrahydroquinoline.
TBL                Table 3                                                     

     ______________________________________                                    

     Amount Added (% by weight) of                                             

                         Gelation Time (min)                                   

     1,2,3,4-Tetrahydroquinoline                                               

                         at 82.degree.C.                                       

     ______________________________________                                    

     0.5                 40                                                    

     0.7                 80                                                    

     1.0                 more than 100                                         

     1.25                more than 100                                         

     1.50                more than 100                                         

     ______________________________________                                    

PAC  REFERENTIAL EXAMPLE 1
PAR  In the composition of the anaerobic adhesive (a), instead of
      1,2,3,4-tetrahydroquinoline, other tertiary amines indicated in Table 4
      were employed, and the stability was determined with respect to each of
      the resulting adhesives to obtain results shown in Table 4, from which it
      is seen that 1,2,3,4-tetrahydroquinoline is most effective.
TBL                Table 4                                                     

     ______________________________________                                    

     Amine          Gelation Time                                              

                                 Gelation Time                                 

                    (min) at 82.degree.C.                                      

                                 (day) at 50.degree.C.                         

     ______________________________________                                    

     N,N-Dimethylaniline                                                       

                     0           0                                             

     Pyrrolidine    15           3                                             

     N,N-Dimethyl-p-toluidine                                                  

                     0           0                                             

     Anhydrous piperazine                                                      

                    10           3                                             

     Tri-n-butylamine                                                          

                    15           3                                             

     Quinoline      20           3                                             

     1,2,3,4-Tetrahydroquin-                                                   

                    more than    more than                                     

     oline          100          30                                            

     ______________________________________                                    

PAC  REFERENTIAL EXAMPLE 2
PAR  The anaerobic adhesive (a) was incorporated with 100 ppm of polymerization
      inhibitor indicated in Table 5, and the physical properties were
      determined to obtain results shown in Table 5, from which it is seen that
      incorporation of a polymerization inhibitor is quite unnecessary in the
      anaerobic adhesive composition of this invention.
TBL                Table 5                                                     

     ______________________________________                                    

     Polymerization                                                            

                  Setting Time (min)                                           

                                 Gelation Time                                 

     Inhibitor    in the Case of 3/8"                                          

                                 (min) at 82.degree.C.                         

                  iron bolts and nuts                                          

     ______________________________________                                    

     Hydroquinone 30             more than 100                                 

     1,4-Benzoquinone                                                          

                  30             more than 100                                 

     Hydroquinone mono-                                                        

                  10             more than 100                                 

     methyl ether                                                              

     N,N-di-.beta.-naphthyl-                                                   

     p-phenylene diamine                                                       

                  20             more than 100                                 

     not added    10             more than 100                                 

     ______________________________________                                    

PAC  REFERENTIAL EXAMPLE 3
PAR  An anaerobic compound indicated in Table 6, which was free of such a
      polyvalent metal salt as used in this invention, was incorporated with
      0.5% by weight of benzosulfimide, 1.0% by weight of
      1,2,3,4-tetrahydroquinoline and 3.0% by weight of cumene hydroperoxide,
      and the stability as the anaerobic adhesive was examined to obtain results
      shown in Table 6. As is seen from these results, in each case gelation was
      caused to occur at room temperature before it was tested at 82.degree.C.
      Thus, it will readily be understood that the polyvalent metal salt used in
      this invention has a very effective activity as a gelation stabilizer.
TBL                Table 6                                                     

     ______________________________________                                    

     Anaerobic Compound     Gelation Time (min)                                

                            at 82.degree.C.                                    

     ______________________________________                                    

     Ethyleneglycol dimethacrylate                                             

                            0                                                  

     Diethyleneglycol dimethacrylate                                           

                            0                                                  

     Polyethyleneglycol dimethacrylate                                         

                            0                                                  

     2-Hydroxyethyl methacrylate                                               

                            0                                                  

     2-Hydroxypropyl methacrylate                                              

                            0                                                  

     5% by weight of anaerobic compound                                        

     of this invention and 95% by weight                                       

                            more than 100                                      

     of polyethyleneglycol dimethacrylate                                      

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An anaerobic adhesive composition comprising an anaerobic mixture
      consisting of (a) at least one polyvalent metal salt of a carboxylate
      compound of the formula
      ##EQU4##
      wherein R.sub.1 is hydrogen or methyl, R.sub.2 is an aliphatic, alicyclic
      or aromatic polyhydric alcohol residue, and R.sub.3 is an aliphatic,
      alicyclic or aromatic polybasic carboxylic acid residue,
PAL  (b) a solvent compound having in its molecule an acrylic or methacrylic
      group, and (c) from 0.01 to 5%, by weight of the mixture, of
      benzosulfimide, from 0.1 to 10%, by weight of the mixture, of an organic
      peroxide and from .005 to 15%, by weight of the mixture, of a
      tetrahydroquinoline.
NUM  2.
PAR  2. An anaerobic adhesive composition according to claim 1 wherein the
      polyvalent metal is calcium, magnesium or zinc.
NUM  3.
PAR  3. An anaerobic adhesive composition according to claim 1 wherein the
      carboxylate compound is ethyleneglycol methacrylate, phthalate,
      propyleneglycol methacrylate phthalate, ethyleneglycol methacrylate
      succinate, propyleneglycol methacrylate succinate, propyleneglycol
      methacrylate hexahydrophthalate, a partially esterified product of a
      monomethacrylate of bis-phenol dihydroxyethyl ether and succinic
      anhydride, or a partially esterified product of a monomethacrylate of
      hydrogenated bis-phenol A and phthalic anhydride.
NUM  4.
PAR  4. An anaerobic adhesive composition according to claim 1 wherein the
      solvent compound is selected from the group consisting of (a) alkyl esters
      of methacrylic acid and acrylic acid, (b) hydroxyalkyl esters of
      methacrylic acid and acrylic acid, (c) methacrylates and acrylates of
      polyhydric alcohols, (d) polyester methacrylates and polyester acrylates,
      (e) said carboxylate compound and adducts of said carboxylate compound and
      epoxy compounds, and (f) epoxy methacrylates and epoxy acrylates.
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ABST
PAL  Polythioetherimides are provided and a method for making such materials.
      Aromatic bis(thioetheranhydride)s are reacted with organic diamine in the
      presence of organic solvent, or in the melt. The polythioetherimides are
      injection moldable thermoplastics which can be used to make high
      performance composites.
BSUM
PAR  The present invention relates to polythioetherimides which can be made
      under melt conditions, or in the presence of organic solvent, by effecting
      reaction between aromatic bis(thioetheranhydride) and organic diamine.
PAR  The polythioetherimides of the present invention consist essentially of the
      following chemically combined units,
      ##SPC1##
PAL  Where R is a divalent aromatic organic radical having from 6-30 carbon
      atoms and R.sup.1 is a divalent organic radical selected from the class
      consisting of (a) aromatic hydrocarbon radicals having from 6-20 carbon
      atoms and halogenated derivatives thereof, (b) alkylene radicals and
      cycloalkylene radicals having from 2-20 carbon atoms, C.sub.(2.sub.-8)
      alkylene terminated polydiorganosiloxane, and (c) divalent radicals
      included by the formula,
      ##SPC2##
PAL  Where Q is a member selected from the class consisting of divalent radicals
      of the formulas, --C.sub.y H.sub.2y --,
      ##EQU1##
      --O--, and --S--, and y is a whole number from 1 to 5 inclusive.
PAR  The polythioetherimides of formula I can be made by various methods. One
      procedure involves the reaction of an aromatic bis(thioetheranhydride) of
      the formula,
      ##SPC3##
PAL  With an organic diamine of the formula, in the melt,
EQU  III   NH.sub.2 R.sup.1 NH.sub.2
PAL  at temperatures of at least 100.degree.C., where R and R.sup.1 are as
      previously defined.
PAR  Another method which can be used to make the polythioetherimide is by the
      reaction of bis(thioetheranhydride) of formula II and organic diamine of
      formula III in the presence of a phenolic solvent at temperatures of from
      100.degree. to 250.degree.C. and preferably 130.degree. to 200.degree.C.
      Water of reaction is removed to facilitate polythioetherimide formation. A
      mixture of a low boiling and higher boiling solvent also can be used which
      serves as an azeotroping agent.
PAR  A further method which can be used to make the polythioetherimide is by a
      halo- or nitro- displacement route. A bis phthalimide of the formula,
      ##SPC4##
PAL  Can be reacted in the presence of a dipolar aprotic organic solvent with a
      dithiophenoxide salt of the formula,
EQU  V   M--S--R--S--M,
PAL  where R and R.sup.1 are as previously defined, M is an alkali metal such as
      sodium, and X is a radical selected from nitro, chloro, fluoro, bromo,
      etc.
PAR  The aromatic bis(thioetheranhydride)s of formula II, and methods for making
      are shown in my copending application Ser. No. 500,136 filed concurrently
      herewith. Included by these dianhydrides are, for example,
      ##SPC5##
PAL  Where R is as previously defined.
PAR  A method for making the aromatic bis(thioetheranhydride as shown in
      copending application Ser. No. 500,136) filed concurrently herewith and
      assigned to the same assignee as the present invention is by effecting
      reaction between an aromatic dithiol of the formula,
EQU  IX   HSRSH,
PAL  and a substituted anhydride of the formula,
      ##SPC6##
PAL  where R is as previously defined.
PAR  Another procedure which can be used to make the above shown
      thiodianhydrides is by effecting reaction in the presence of base between
      an aromatic dithiol of formula IX and a substituted phthalimide of the
      formula,
      ##SPC7##
PAL  to produce a bis phthalimide which thereafter can be hydrolyzed to the
      thiodianhydride, where R.sup.1 and X are as previously defined.
PAR  Alternatively a preformed basic salt of the aromatic dithiol of the formula
      IX can be reacted with phthalic acid derivatives of the formulas X-XI.
      Base hydrolysis of the aromatic thioether bis imide resulting from
      compounds of formula XI with the aromatic dithiol or preformed basic salt
      thereof, to the corresponding tetra acid salt, and tetra acid will produce
      the dianhydride of formula VI.
PAR  Included by the organic diamine of formula III are,
PA1  m-phenylenediamine;
PA1  p-phenylenediamine;
PA1  4,4'-diaminodiphenylpropane;
PA1  4,4'-diaminodiphenylmethane;
PA1  benzidine;
PA1  4,4'-diaminodiphenyl sulfide;
PA1  4,4'-diaminodiphenyl sulfone;
PA1  4,4'-diaminodiphenyl ether;
PA1  1,5-diaminonaphthalene;
PA1  3,3'-dimethylbenzidine;
PA1  3,3'-dimethoxybenzidine;
PA1  2,4-diaminotoluene; 2,6-diaminotoluene;
PA1  2,4-bis(.beta.-amino-t-butyl)toluene;
PA1  bis(p-.beta.-methyl-o-aminopentyl)benzene;
PA1  1,3-diamino-4-isopropylbenzene;
PA1  1,2-bis(3-aminopropoxy)ethane;
PA1  m-xylylenediamine;
PA1  p-xylylenediamine;
PA1  bis(4-aminocyclohexyl)methane;
PA1  decamethylenediamine;
PA1  3-methylheptamethylenediamine;
PA1  4,4-dimethylheptamethylenediamine;
PA1  2,11-dodecanediamine;
PA1  2,2-dimethylpropylenediamine;
PA1  octamethylenediamine;
PA1  3-methoxyhexamethylenediamine;
PA1  2,5-dimethylhexamethylenediamine;
PA1  2,5-dimethylheptamethylenediamine;
PA1  3-methylheptamethylenediamine;
PA1  5-methylnonamethylenediamine;
PA1  1,4-cyclohexanediamine;
PA1  1,12-octadecanediamine;
PA1  bis(3-aminopropyl)sulfide;
PA1  hexamethylenediamine;
PA1  heptamethylenediamine; 2,4-diaminotoluene;
PA1  nonamethylenediamine; 2,6-diaminotoluene;
PA1  bis-(3-aminopropyl)tetramethyldisiloxane, etc.
PAR  The polythioetherimides of formula I can be made by a melt polymerization
      procedure involving the aromatic bis(thioether anhydride) of formula II
      hereinafter referred to as "dianhydride" and organic diamine of formula
      III. An inert atmosphere such as nitrogen can be employed to form a
      homogeneous melt, and water as it is formed can be removed therefrom.
PAR  Temperature of the melt is maintained above the glass transition of the
      resulting polyetherimide but below about 300.degree.C. Preferably, a
      temperature in the range of from 200.degree. to 280.degree.C. can be used.
      Polymerization can be facilitated by purging the melt with an inert gas
      such as nitrogen. A reduced pressure also can be used to remove water.
      During polymerization constant agitation of the melt such as by stirring
      facilitates formulation of polyetherimide.
PAR  Substantially equal moles of dianhydride and organic diamine provides
      optimum results. Effective amounts are from 0.5 to 2.0 moles of organic
      diamine, per mole of dianhydride. Mono-functional organic amine such as
      aniline, or organic anhydrides such as phthalic anhydride provide
      molecular weight control. Low molecular weight polyetherimide can be
      employed to form copolymers. From 0.1 to 50 mole percent of comonomers
      based on the total moles of reactants can be employed.
PAR  Polythioetherimide having from 2 to 500 and preferably 10 to 50 average
      repeating units can be formed. These polymers can be blended with various
      fillers such as silica fillers, glass fibers, carbon whiskers, perlite,
      etc. The resulting filled compositions can have a proportion of from about
      1 parts to 70 parts of filler per hundred parts of polyetherimide. The
      blending of the filler with the polyetherimide can be achieved by adding
      the filler prior to forming the melt or directly to the melt. Stirring can
      be effected with a standard agitating means to facilitate blending the
      ingredients.
PAR  The polythioetherimides of the present invention can be used as an
      injection moldable plastics, as a wire coating formulation in an
      appropriate organic solvent to make insulated conductors etc.
PAR  In addition to melt polymerization, polythioetherimides of formula I also
      can be made by halo- or nitro- displacement, involving a bis halo or
      nitro-phthalimide of formula IV and a dithiophenoxide salt in the presence
      of a dipolar aprotic organic solvent. The dithiophenoxide salt can be
      preformed or prepared in situ by effecting reaction with an alkali metal
      hydroxide and a dithiolorganic compound such as
      2,2-bis(4-mercaptophenyl)propane, 4-chlorobenzenedithiol,
      4,4'-diphenyletherdithiol, 4,4'-diphenyldithiol, m-benzenedithiol, etc.
PAR  Reaction between the bis(phthalimide) of formula IV, and the
      dithiophenoxide salt can be carried out in the presence of a dipolar
      aprotic solvent. In addition, mixtures of dipolar aprotic solvents with
      inert organic solvents such as benzene, toluene, xylene and methylene
      chloride may be used. Included by the dipolar aprotic solvents are for
      example N,N-dimethylformamide, N,N-dimethylacetamide,
      N,N-diethylformamide, N,N-diethylacetamide, N,N-dimethylmethoxyacetamide,
      N-methylcaprolactam, dimethylsulfoxide, N-methyl-2-pyrrolidone,
      tetramethylurea, pyridine, dimethylsulfone, tetramethylenesulfone,
      N-methylformamide, and N-acetyl-2-pyrrolidone.
PAR  Reaction between the bis(phthalimide)s of formula IV and the
      dithiophenoxide salt is conducted under anhydrous conditions. A final
      polymerization mixture of the dipolar aprotic solvent can contain from
      10-20% by weight of polymer.
PAR  Reaction can occur of from 25.degree. to 150.degree.C., over a period of
      from 0.5 to 24 hours. One polymer can be recovered by precipitation in a
      non-solvent for the polymer such as methanol.
DETD
PAR  In order that those skilled in the art will be able to practice the present
      invention, the following examples are given by way of illustration and not
      by way of limitation. All parts are by weight.
PAC  EXAMPLE 1
PAR  A mixture of 2.71 parts of
      2,2-bis[4-(2,3-dicarboxythiophenoxy)phenyl]propane dianhydride and one
      part of methylene dianiline was heated at 300.degree.C. under a nitrogen
      atmosphere. After 30 minutes, a vacuum was applied and the heating
      continued for 1 hour. The mixture was allowed to cool and a product was
      isolated which was dissolved in chloroform. The solution was then filtered
      and the product was precipitated by pouring the filtrate into methanol.
      There was obtained a 2.5 parts of product having an intrinsic viscosity in
      meta cresol of 1.14 dl/g and a TGA (air) of 480.degree.C. The product was
      analyzed for C.sub.44 H.sub.30 N.sub.2 O.sub.4 S.sub.2 ; Theoretical C,
      73.9; H, 4.2; N, 3.9; Found: C, 73.3; H, 4.6; N, 3.9. Based on method of
      preparation in the aforesaid analysis, the product was a
      polythioetherimide consisting essentially of the following chemically
      combined units:
      ##SPC8##
PAR  The above product is found to be readily injection moldable and useful for
      making a variety of finished parts.
PAC  EXAMPLE 2
PAR  A mixture of 2.76 parts of the aromatic thioether dianhydride of Example 1
      and 1 part of oxydianiline was heated in accordance with the procedure of
      Example 1. A product was formed and recovered amounting to 2.52 parts. The
      intrinsic viscosity of the product in meta-cresol was 1.01 dl/g. The
      product was analyzed for C.sub.43 H.sub.28 N.sub.2 O.sub.5 S.sub.2 ;
      Theoretical, C, 72.0; H, 4.9; N, 3.9; Found: C, 71.8; H, 4.1; N, 4.0.
      Based on method of preparation and the aforementioned analysis, the
      product was a polythioetherimide consisting essentially of the following
      chemically combined units.
      ##SPC9##
PAC  EXAMPLE 3
PAR  A mixture of 4.62 parts of the aromatic thioether dianhydride of Example 1,
      and 1 part of hexamethylenediamine was heated at 200.degree.C. for 10
      minutes under a nitrogen atmosphere. The temperature was then raised to
      290.degree.C. and the mixture was heated for 30 minutes under nitrogen and
      30 minutes under vacuum. The melt was worked up as described in Example 1
      to give 3.14 parts of the product. The product had a TGA in air of
      440.degree.C. and an intrinsic viscosity in meta-cresol of 1.0 dl/g. The
      product was analyzed for C.sub.37 H.sub.32 N.sub.2 O.sub.4 S.sub.2 ;
      Theoretical: C, 70.2; H, 5.1; N, 4.4; Found: C, 69.2; H, 5.2; N, 4.1.
      Based on method of preparation and the aforementioned analysis the product
      was a polythiothioether imide consisting essentially of the following
      chemically combined units.
      ##SPC10##
PAC  EXAMPLE 4
PAR  A mixture of 1 part of meta-phenylenediamine, 5.1 parts of
      2,2-bis[4-(2,3-dicarboxythiophenoxy)phenyl] propane dianhydride, 25 parts
      of m-cresol and 10 parts of toluene was heated under a nitrogen atmosphere
      at reflux. Water was removed azeotropically from the reaction mixture.
      After 16 hours, the mixture was cooled to room temperature and added
      dropwise to a large excess of methanol. The resulting precipitate was
      collected by filtration and dried to give an excellent yield of a product
      having an intrinsic viscosity in meta cresol of 0.676 and a t.sub.g of
      247.degree.C. Based on the method of preparation, the product was a
      polythioetherimide consisting essentially of the following chemically
      combined units.
      ##SPC11##
PAC  EXAMPLE 5
PAR  Example 4 was repeated using 1 part of m-phenylene diamine and 5.12 parts
      of 2,2-bis[4-(3,4-dicarboxythiophenoxy)phenyl] propane dianhydride, 38
      parts of m-cresol and 20 parts of toluene. Upon workup, a material was
      collected which had an IV (m-cresol) = 0.12. Based on the method of
      preparation the product was a polythioetherimide consisting essentially of
      the following chemically combined units.
      ##SPC12##
PAC  EXAMPLE 6
PAR  A mixture of 1 part of m-phenylene diamine, 4.72 parts of
      4,4'-bis[3,4-dicarboxyphenylthio]biphenyl dianhydride, 25 parts of
      m-cresol, and 3 parts of toluene was treated as described in Example 4.
      There was obtained a product, IV (m-cresol) = 0.96; t.sub.g =
      233.degree.C. Based on the method of preparation, the product was a
      polythioetherimide consisting essentially of the following chemically
      combined units.
      ##SPC13##
PAC  EXAMPLE 7
PAR  A mixture of 1 part of m-phenylene diamine, 4.86 parts of
      4,4'-Bis(2,3-dicarboxyphenylthio) diphenylether dianhydride, 29 parts of
      m-cresol, and 6.5 parts of toluene was treated as described in Example 4.
      There was obtained a product with a t.sub.g 248.degree.C. Based on the
      method of preparation, the product was a polythioetherimide consisting
      essentially of the following chemically combined units:
      ##SPC14##
PAC  EXAMPLE 8
PAR  A mixture of 1 part of m-phenylenediamine, 4.33 parts of
      2,4-Bis[2,3-dicarboxyphenylthio] chlorobenzene Dianhydride, 26 parts of
      m-cresol and 6 parts of toluene was treated as described in Example 4.
      There was obtained a product; IV (m-cresol) = 0.17, t.sub.g =
      222.degree.C. Based on the method of preparation, the product was a
      polythioetherimide consisting essentially of the following chemically
      combined units:
      ##SPC15##
PAC  EXAMPLE 9
PAR  A mixture of 1 part of m-phenylenediamine, 4.85 parts of
      4,4'-Bis[3,4-dicarboxyphenylthio] Diphenylether Dianhydride, 26 parts of
      m-cresol, and 6.5 parts of toluene was treated as described in Example 4.
      There was obtained a product, IV (m-cresol) = 0.69, t.sub.g =
      217.degree.C. Based on the method of preparation, the product was a
      polythioetherimide consisting essentially of the following chemically
      combined units:
      ##SPC16##
PAC  EXAMPLE 10
PAR  A mixture of 1 part of hexamethylene diamine, 4.52 parts of
      4,4'-Bis(3,4-dicarboxyphenylthio) diphenylether dianhydride, 26 parts of
      m-cresol, and 6.5 parts of toluene was treated as described in Example 4.
      There was obtained a product, IV (m-cresol) = 0.50, t.sub.g =
      121.5.degree.C. Based on the method of preparation, the product was a
      polythioetherimide consisting essentially of the following chemically
      combined units:
      ##SPC17##
PAC  EXAMPLE 11
PAR  A mixture of one part of 4,4'-diphenyletherdithiol, 1.75 parts of the
      bisimide derived from 3-fluorophthalic anhydride and hexamethylene
      diamine, 8 parts of anhydrous dimethylformamide and 0.97 parts of
      triethylamine was stirred at 50.degree.C. for 2 hours under a nitrogen
      atmosphere. The mixture was cooled to room temperature and added to a
      large excess of methanol. The resulting solid was collected by filtration
      and dried. There was obtained a product; IV (m-cresol) = 0.63; t.sub.g =
      158.degree.C. Based on the method of preparation as well as its .sup.13 C
      NMR spectrum, the product was a polythioetherimide consisting essentially
      of the following chemically combined units:
      ##SPC18##
PAC  EXAMPLE 12
PAR  A mixture of 1.5 parts of 4,4'-diphenyletherdithiol, 3.390 parts of the
      bisimide derived from 3-chlorophthalic anhydride and oxydianiline, 14
      parts of anhydrous dimethylformamide and 1.46 parts of triethylamine was
      treated as described in Example 11. There was obtained a product; t.sub.g
      = 216.degree.C. Based on the method of preparation the product was a
      polythioetherimide consisting essentially of the following chemically
      combined units:
      ##SPC19##
PAR  Although the above examples are limited to only a few of the very many
      variables which can be used in the practice of the present invention, it
      should be understood that the present invention is directed to a much
      broader variety of polythioetherimides based in the use of aromatic
      bis(thioetheranhydride) or bis nitro or halophthalimide of formulas II and
      IV in combination with appropriate reagents respectively.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. Polythioetherimide consisting essentially of chemically combined units
      of the formula
      ##SPC20##
PAL  where R is a divalent aromatic organic radical having from 6-30 carbon
      atoms and R.sup.1 is a divalent organic radical selected from the class
      consisting of (a) aromatic hydrocarbon radicals having from 6-20 carbon
      atoms and halogenated derivatives thereof, (b) alkylene radicals and
      cycloalkylene radicals having from 2-20 carbon atoms, C.sub.(2.sub.-8)
      alkylene terminated polydiorganosiloxane, and (c) divalent radicals
      included by the formula,
      ##SPC21##
PAL  where Q is a member selected from the class consisting of divalent radicals
      of the formulas, --C.sub.y H.sub.2y --,
      ##EQU2##
      --O--, and --S--, and y is a whole number from 1 to 5 inclusive.
NUM  2.
PAR  2. Polythioetherimide in accordance with claim 1, consisting essentially of
      chemically combined units of the formula,
      ##SPC22##
NUM  3.
PAR  3. Polythioetherimides in accordance with claim 1, consisting essentially
      of chemically combined units of the formula,
      ##SPC23##
NUM  4.
PAR  4. Polythioetherimides in accordance with claim 1, consisting essentially
      of a mixture of units of
      ##SPC24##
NUM  5.
PAR  5. Polythioetherimide in accordance with claim 1, where R is
      ##SPC25##
NUM  6.
PAR  6. Polythioetherimide in accordance with claim 1, where R is
      ##SPC26##
NUM  7.
PAR  7. Polythioetherimide in accordance with claim 1, where R is
      ##SPC27##
NUM  8.
PAR  8. Polythioetherimide in accordance with claim 1, where R is
      ##SPC28##
NUM  9.
PAR  9. Polythioetherimide in accordance with claim 1, where R.sup.1 is
      ##SPC29##
NUM  10.
PAR  10. Polythioetherimide in accordance with claim 1, where R' is
      ##SPC30##
NUM  11.
PAR  11. Polythioetherimide in accordance with claim 1, where R' is
      ##SPC31##
NUM  12.
PAR  12. A process which comprises effecting the removal of water of reaction
      from the melt of a mixture by agitation, by stripping under reduced
      pressure, or by purging with an inert gas which mixture contains an
      essential ingredients
PA1  1. aromatic bis(thioetheranhydride) of the formula,
      ##SPC32##
PA1  2. organic diamine of the formula
EQU  NH.sub.2 R.sup.1 NH.sub.2
PA1  where R and R.sup.1 are as previously defined as in claim 1.
NUM  13.
PAR  13. A process which comprises
PA1  1. effecting reaction under anhydrous conditions at a temperature in the
      range of from 25.degree. to 150.degree.C between a bis nitrophthalimide of
      the formula
      ##SPC33##
PAL  in the presence of a dipolar aprotic organic solvent with a dithiophenoxide
      salt of the formula,
EQU  M--S--R--S--M,
PAL  where R and R.sup.1 are as previously defined as in claim 1, M is an alkali
      metal and X is a displaceable radical selected from the class consisting
      of nitro, chloro, fluoro and bromo.
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PAL  Organothiotin compounds with low tin content suitable as stabilizers for
      halogen containing resins e.g. polyvinyl chloride, are of formula R.sub.1
      R.sub.2 Sn(X) -- SC.sub.m H.sub.2m S -- (Y)SnR.sub.1 R.sub.2, where
      R.sub.1 and R.sub.2 are C.sub.1-20 alkyl, cycloalkyl or phenyl, m is 1-8,
      X and Y are of formula --OCOCH = CHCOOCH.sub.2 Q.sub.1,
      --S(CH.sub.2).sub.n COOCH.sub.2 Q.sub.1, or --OOC(CH.sub.2).sub.n S --
      CH.sub.3 S(CH.sub.2).sub.n COOR.sub.5 SR.sub.4, OCOCH = CHCOOR.sub.5 or
      S(CH.sub.2).sub.2 COOR.sub.5, where Q.sub.1 is --C(Q.sub.2)(CH.sub.2
      Z).sub.2, where Q.sub.2 is H, C.sub.1-6 alkyl or CH.sub.2 Z, Z is
      OOCR.sub.3 OOC(CH.sub.2).sub.n SR.sub.4, --OOCR.sub.6 COOR.sub.5 or a pair
      of Z is --OOC(CH.sub.2).sub.a S CHR.sub.3 S(CH.sub.2).sub.n COO--, R.sub.3
      is C.sub.1-20 alkyl optionally substituted phenyl or alkylphenyl or if two
      R.sub.3 groups are present in the molecule, they may constitute a single
      bond between the carbon atoms immediately adjacent to said R.sub.3
      radicals, C.sub.1-20 alkylene, C.sub.2-20 alkenylene or optionally
      substituted phenylene, R.sub.4 is C.sub.1-20 alkyl, optionally substituted
      C.sub.1-6 alkyl or two groups R.sub.4 are optionally substituted
      C.sub.1-20 alkylene, C.sub.2-20 alkenylene or C.sub.5-6 cycloalkylene,
      R.sub.5 is C.sub.1-20 alkyl, optionally substituted phenyl or alkylphenyl
      or if two R.sub.5 groups are present, these may be bonded together to form
      a C.sub.1-20 alkylene radical, R.sub.6 is a single bond, C.sub.1-20
      alkylene or C.sub.2-20 alkenylene, n and a are 1-6.
PARN
PAR  This is a divisional of application Ser. No. 359,176 filed May 10, 1973,
      now abandoned.
BSUM
PAR  The present invention relates to organotin compounds, processes for
      preparing them and to their use as stabilisers for polymeric materials in
      particular halogenated resins such as polymers and copolymers of vinyl and
      vinylidene chloride.
PAR  The use of organotin compounds containing sulphur as stabilisers for
      halogenated resins has for many years been recognised as being highly
      effective. However, the compounds employed have normally been those having
      a comparatively high tin content and so, in view of the high cost of tin,
      are expensive relative to other available stabilisers. Thus, despite their
      high efficiency these compounds are still not as widely used as other,
      less effective, materials.
PAR  The compounds of the present invention are sulphur-containing organotin
      compounds which have a lower tin content than most conventional
      sulphur-containing organotin compounds and so are potentially cheaper. The
      stabilising ability of some of them may match that of some of the
      conventional materials and so may be able to achieve the same degree of
      stabilisation (on an equal tin basis) for lower cost.
PAR  The present invention provides an organothiotin compounds of the formula
      ##EQU1##
      wherein each of R.sub.1 and R.sub.2, which are the same or different, is
      an alkyl group of 1-20 carbon atoms, a cycloalkyl or phenyl group m is an
      integer of 1-8, each of X and Y, which are the same or different is of
      formula
      ##EQU2##
      wherein Q.sub.1 is of formula
      ##EQU3##
PAR  and Q.sub.2 is hydrogen, an alkyl group of 1-6 carbon atoms or CH.sub.2
      Z.sub.3, in which Z.sub.3 is as defined for Z, or Z.sub.2 below, and each
      of Z.sub.1 and Z.sub.2, which are the same or different, is of formula,
      ##EQU4##
      or a pair of radicals selected from among Z.sub.1, Z.sub.2 and Z.sub.3 may
      be bonded together to form a group of formula
      ##EQU5##
      wherein R.sub.3 is an alkyl group of 1 to 20 carbon atoms, a substituted
      or unsubstituted phenyl group or an alkyl phenyl group, which is
      substituted or unsubstituted, or if two R.sub.3 groups are present on the
      same molecule, they may form a single bond between the carbon atoms
      immediately adjacent to each of the R.sub.3 radicals, an alkylene group of
      1 to 20 carbon atoms, an alkenylene group of 2 to 20 carbon atoms or a
      substituted or unsubstituted phenylene group.
PAR  R.sub.4 is an alkyl group of 1 to 20 carbon atoms or substituted or
      unsubstituted phenyl alkyl group with 1 to 6 carbon atoms in the alkyl
      group, or two groups R.sub.4 together are an alkylene group of 1 to 20
      carbon atoms which is unsubstituted or substituted by at least one phenyl
      group, or an alkenylene group of 2 to 20 carbon atoms or cycloalkylene
      group of 5 to 6 carbon atoms, R.sub.5 is an alkyl group of 1 to 20 carbon
      atoms, a substituted or unsubstituted phenyl group or an alkylphenyl
      group, which is substituted or unsubstituted, or two groups R.sub.5
      together are an alkylene group of 1 to 20 carbon atoms, R.sub.6 is a
      single bond, an alkylene group of 1 to 20 carbon atoms or an alkenylene
      group of 2 to 20 carbon atoms or a substituted or unsubstituted phenylene
      group, and each of a and n, which are the same or different, is an integer
      of 1 to 6.
PAR  Preferably only one of X and Y is of formula
      ##EQU6##
      When one of X and Y is of formula SR.sub.4, the group R.sub.4 is usually
      an alkyl group of 1 to 20 carbon atoms.
PAR  Preferably Q.sub.1 is of formula
      ##EQU7##
PAR  In preferred compounds of the invention, R.sub.1 and R.sub.2 are n-butyl or
      n-octyl groups, R.sub.3 is an alkyl group of 8-20 carbon atoms, preferably
      an n-undecyl group, or a hydroxyphenyl group, preferably an
      o-hydroxyphenyl, R.sub.4 is an alkyl group of 8-20 carbon atoms,
      preferably an n-dodecyl group, R.sub.5 is an alkyl group of 8-20 carbon
      atoms, preferably an iso-octyl or 2-ethylhexyl group, each of n and a
      which are the same or different, is 1 or 2, n being preferably 2 and a 1,
      the group C.sub.m H.sub.2m is linear (ie. of formula (CH.sub.2).sub.m) and
      m is especially 6.
PAR  Examples of particular compounds according to the present invention are:
      ##EQU8##
PAR  The compounds of the invention, having the structure given, are believed to
      be the products of the process of the invention which comprises reacting
      an organotin compound of the formula:
      ##EQU9##
      or R.sub.1 R.sub.2 Sn S with a compound of the formula HS (C.sub.m
      H.sub.2m) SH and at least one compound of formula HX and HY, wherein E is
      oxygen or sulphur, Hal is halogen and R.sub.1 R.sub.2, X, Y and m are as
      defined above. Preferably the organotin compound is of formula
      ##EQU10##
      and is usually prepared by reaction of a compound of formula R.sub.1
      R.sub.2 Sn XY with one of formula R.sub.1 R.sub.2 SnO.
PAR  Frequently all of the reactants will be mixed together and heated in a
      suitable solvent, such as an aromatic hydrocarbon e.g. toluene, or xylene,
      or other organic solvents such as hexane, petrol, or cyclohexane. Normally
      it will be desirable to have an acidic catalyst present such as p-toluene
      sulphonic acid, hydrochloric acid or metal chlorides suitable as Friedel
      Craft catalysts such as zinc chloride.
PAR  Compounds of the formula R.sub.1 R.sub.2 Sn X.sub.2, R.sub.1 R.sub.2
      SnY.sub.2 and R.sub.1 R.sub.2 Sn XY wherein at least one of X and Y is of
      formula
      ##EQU11##
      are described and claimed in our co-pending application Ser. No. 359,177
      filed May 10th 1973. They may be prepared by a process which comprises in
      step (a) reacting an alcoholic component which is at least one of
      pentaerythirtol and a triol of formula (HOCH.sub.2) .sub.3 CR.sub.7,
      maleic acid (or a derivative thereof) and one or more blocking agents,
      which are (i) of formula R.sub.3 COOH, or formula R.sub.6 (COOH).sub.2 and
      R.sub.5 --OH or of formula HOOC R.sub.6 COOR.sub.5, of formula HOOC
      (CH.sub.2).sub.n SR.sub.4 or [HOOC (CH.sub.2).sub.2 S] .sub.2 CHR.sub.3,
      or HOOC(CH.sub.2).sub.n SH followed by Hal R.sub.4, Hal.sub.2 CHR.sub.3
      (Hal is a halogen) or R.sub.3 CHO when the number of moles of OH group in
      the alcoholic component is greater than the number of moles of maleic acid
      (or derivative thereof), and (ii) of formula R.sub.5 OH when the number of
      moles of alcoholic component is less than or less than half of the number
      of moles of maleic acid (or derivative thereof), the alcoholic component,
      maleic acid (or derivative) thereof being reacted in any order, to produce
      an intermediate containing 1 or 2
      ##EQU12##
      groups per mole and in step (b) reacting the intermediate formed in step
      (a) with an organotin compound of formula R.sub.1 R.sub.2 SnO or R.sub.1
      R.sub.2 Sn Hal.sub.2.
PAR  Compounds of the formula R.sub.1 R.sub.2 Sn X.sub.2, R.sub.1 R.sub.2 Sn
      Y.sub.2 and R.sub.1 R.sub.2 Sn XY, wherein at least one of X and Y is of
      formula
      ##EQU13##
      may be prepared by a process which comprises in step (a) reacting an
      alcoholic component, which is at least one of pentaerythritol and triol of
      formula (HOCH.sub.2).sub.3 CR.sub.7, a mercapto acid of formula
      HS(CH.sub.2).sub.n COOH wherein n is an integer of 1 to 6, and one or more
      blocking agents, which are (i) of formula R.sub.3 COOH, of formula R.sub.6
      (COOH).sub.2 and R.sub.5 OH or of formula HOOCR.sub.6 COOR.sub.5 when the
      number of mole of OH group in the alcoholic component is greater than the
      number of moles of mercapto acid, and (ii) of formula R.sub.3 CHO, R CH
      Hal.sub.2 or R.sub.4 Hal (wherein Hal is halogen), when the number of
      moles of triol is less than the number of moles of mercapto acid and when
      the number of moles of pentaerythritol is less than or less than half of
      the number of moles of mercapto acid, the alcoholic component, mercapto
      acid and blocking agent being reacted in any order, to produce an
      intermediate containing only one SH group per mole, if the alcoholic
      component is derived from the triol, or 1 or 2 SH groups per mole, if the
      alcoholic component is derived from pentaerythritol, and in step (b),
      reacting the intermediate with an organotin compound which is of formula
      R.sub.1 R.sub.2 SnO or R.sub.1 R.sub.2 Sn Hal.sub.2 in an amount of not
      more than 1 mole of organotin compound per mole of group derived from the
      pentaerythritol or triol present in the intermediate.
PAR  Compounds according to the invention find use as stabilisers for
      halogen-containing resins.
PAR  Accordingly, from a further aspect the present invention provides a
      composition which comprises a halogen-containing resin (as hereinafter
      defined) and as a stabiliser therefore at least one compound of the
      formula
      ##EQU14##
      where R.sub.1, R.sub.2, X, Y and m are as hereinbefore defined, or one
      prepared by the process of the invention.
PAR  In the present specification, halogen-containing resins are defined as
      polymers or copolymers of vinyl chloride or vinylidene chloride,
      chlorinated vinyl chloride polymers or chlorinated polyethylene.
PAR  The organotin compounds will be present in compositions according to the
      invention in amounts so as to produce the desired stabilising effect;
      often this will be 0.01-10%, preferably 0.2 -5% especially 2 to 3% by
      weight based on the total amount of polymeric resin present.
PAR  We have also found that by admixing from 1 to 50% by weight (based on the
      weight of organotin compound of the invention) of a monobutyltin compound
      e.g. monobutyltin tri (isooctylthioglycollate) with the compounds of the
      invention, their stabilising efficiency may be enhanced. Other additives
      which may have a similar effect include monooctyltin tris (iso-octyl
      thioglycollate), di butyltin sulphide, dioctyltin sulphide, di-n-butyltin
      cyclic-mercapto acetate, di-n-butyltin cyclic .beta.-mercapto propionate
      (and their di-n-octyltin analogues).
PAR  Optionally, but advantageously, compositions according to the invention
      also contain at least one hindered phenol, (defined herein as ones having
      at least one alkyl substituent in a position ortho to the hydroxyl group)
      as auxilliary stabilisers. Such phenols which are of use in compositions
      of the present invention include butylated hydroxyanisole, 2,6-di-tert.
      -butylphenol, methylene bis (2,4-di-tert.-butylphenol), methylene
      bis-(2,6-di-tert.-butylphenol), methylene
      bis-(2,6-di-tert,-butyl-3-methylphenol), 4,4'-butylidene
      bis-(6-tert.-butyl-3-methylphenol), methylene bis- (4-ethyl-6-tert.
      butylphenol), and methylene bis-(4-methyl-2.6-di-tert.-butylphenol).
      Particularly preferred, however, is 2,6-di-tert. - butyl-4-methylphenol.
      Such phenols may be present in an amount of up to 3%, preferably from 0.01
      to 0.05% by weight of the resin and will normally be present at about
      4-10% by weight, preferably 5-8%, based on the total amount of organotin
      compounds used.
PAR  Esters of phosphorous and thiophosphorous acid may be employed in
      compositions according to the invention. Such compounds include
      halo-phosphites such as trischloropropyl phosphite and polymeric
      phosphites such as those derived from hydrogenated 4,4' -
      isopropylidenediphenol. Preferred phosphites and thiophosphites, however,
      are monomers having no substituents in the organo-group and having no more
      than one sulphur atom. These include triaryl phosphites and trialkyl
      phosphites. Such compounds include, for example, triphenyl phosphite,
      trixylylphosphite, tri(nonyl phenyl) phosphite and trioctyl phosphite.
      Diesters of phosphorous acid such as di-isopropyl phosphite, dibutyl
      phosphite and diphenyl phosphite are also of use. Particularly preferred,
      however, are the mixed alkyl aryl phosphites such as octyl diphenyl
      phosphite, isodecyl diphenyl phosphite and di-isodecyl phenyl phosphite.
      This particularly pronounced effect may also be obtained by employing a
      mixture of a triaryl phosphite and an alcohol in conjunction with the
      organotin compound. A particularly suitable mixture is that of triphenyl
      phosphite and isodecanol.
PAR  The stabiliser composition is also useful if it is employed in a polymer
      composition containing an epoxy compound, as may be desired for example in
      cases where a delay of initial colour change is desired. Epoxy compounds
      which may be employed in such compositions include butyl epoxy stearate,
      esters of epoxidised oleic acid and compounds of the formula.
      ##SPC1##
PAR  Organotin formulations as described above, optionally including a hindered
      phenol, an alkylaryl phosphite or aryl phosphate or an epoxide, will often
      be used as the only stabiliser in a polymeric vinyl chloride or vinylidene
      chloride composition. However, if desired conventional thermal stabilisers
      may also be included. These may include, for example, metal soap
      stabilisers, such as cadmium, barium or zinc salts of fatty acids, or lead
      salts such as lead carbonate or stearate or dibasic lead phosphate or
      phthalate, or tribasic lead sulphate or conventional organotin stabilisers
      such as dibutyltin dilaurate or dibutyltin maleate or sulphur-containing
      compounds such as dibutyltin bisthioglycollates.
PAR  In the practice of the invention the stabiliser formulation may be mixed
      with the copolymer resin in the conventional manner for example by milling
      with the resin on heated rolls at 100.degree. - 160.degree.C, eg about
      150.degree.C, although higher temperatures may be used when convenient, or
      by being mixed with particles of the polymer and then melting and
      extruding the mixture or by adding the stabiliser to a liquid resin.
PAR  Resins which may be used in compositions according to the invention
      normally contain at least 40% by weight of chlorine. Usually it will be a
      polymer or copolymer of vinyl chloride or vinylidene chloride but
      post-halogenated polyvinyl chloride or post-halogenated polyolefines, such
      as polyethylene, may be employed if desired. Suitable monomers, which may
      form such copolymers with vinyl chloride and vinylidene chloride, include
      for example acrylonitrile, vinyl acetate, methyl methacrylate, diesters of
      fumaric acid and maleic acid, ethylene, propylene and lauryl vinyl ether
      and these co-monomers may be present in an amount of up to 25% of the
      total weight of monomers copolymerised.
PAR  The organotin stabiliser formulation may be employed in either plasticised
      resin compositions, for example those plasticised with carboxylic ester
      plasticisers e.g. di-2-ethyl -hexyl phthalate, dibutyl sebacate and
      di-isooctyl phthalate or phosphate plasticiser e.g. (alkyl aryl)
      phosphates or may be employed in rigid compositions. Such rigid
      compositions contain little or no plasticiser although for some
      applications up to about 10% by weight of plasticiser may be present. This
      is in contrast with plasticised compositions where the amount of
      plasticiser present is normally at least 30% e.g. greater than 50% by
      weight of the polymeric material and is often greater than 100% on that
      basis eg. up to 150%.
PAR  In addition to the stabilizers, the compositions of the invention may also
      contain conventional additives, e.g. pigments, fillers, dyes and
      ultraviolet absorbing agents.
DETD
PAR  The process of the invention will be illustrated by the following examples.
PAC  EXAMPLE 1
      ##EQU15##
PAR  Salicylaldehyde (24.4g, 0.2M), 2 Ethyl hexyl thioglycollate (40.8g, 0.2M)
      and .beta.-mercaptopropionic acid (21.2g , 0.2M) were refluxed in toluene
      (150 ml) in presence of p-toluene sulphonic acid (ca 0.1g) till the
      calculated amount of water had collected
      ##EQU16##
      Dibutyltin oxide (24.9 g, 0.1M) was also added into the above warm
      solution and the mixture reluxed as above
      ##EQU17##
      After cooling the solution dibutyltin oxide (24.9g , 0.1M) was further
      added into the solution and the mixture refluxed until a clear solution
      was obtained. 1.6-Hexanedithiol (15.0g , 0.1M) was added dropwise by the
      help of a separating funnel into the above warm solution and the mixture
      refluxed until the reaction was complete (as in Example 1). The product is
      a light yellow liquid.
TBL  ______________________________________                                    

     Analysis                                                                  

                  Calculated       Found                                       

     ______________________________________                                    

                C = 51.7%      C = 52.65%                                      

                H =  7.4%      H =  7.72%                                      

                S = 13.3%      S = 13.6%                                       

     ______________________________________                                    

PAL  Its structure was confirmed by I.R. & N.M.R. analysis.
      ##EQU18##
      This compound was prepared by the same method as in Example 1 using the
      following quantities.
TBL  ______________________________________                                    

     Step (1)                                                                  

             (a)     Dodecylaldehyde      73.6g                                

             (b)     .beta.-mercaptopropionic aid                              

                                          42.4g                                

             (c)     Iso-octyl thioglycollate                                  

                                          81.6g                                

             (d)     p-Toluene sulphonic Aid                                   

                                          ca0.2g                               

             (e)     Toluene              200 ml                               

     Step (2)                                                                  

             (f)     Dibutyltin oxide     49.8g                                

     Step (3)                                                                  

             (g)     Dibutyltin oxide     49.8g                                

     Step (4)                                                                  

             (h)     1,6, Hexane dithiol  30g                                  

     ______________________________________                                    

PAR  The product is a light yellow liquid.
TBL  ______________________________________                                    

     Analysis                                                                  

                 Calculated        Found                                       

     ______________________________________                                    

               Sn = 15.18%     Sn = 15.4%                                      

                S = 12.28%      S = 12.3%                                      

                C = 55.26%      C = 55.23%                                     

                H =  9.08%      H =  9.27%                                     

     ______________________________________                                    

PAR  Its structure was also confirmed by I.R. & N.M.R.
      ##EQU19##
PAR  This compound was prepared by the same method as example 2 using the
      following starting materials
TBL  step (1) (a)      Oc.sub.2 SnX.sub.2 129.5g                               

              (b)      Oc.sub.2 SnO       36.07g                               

     step (2) (c)      1,6-Hexane dithiol 15g                                  

PAR  The product is a light yellow liquid.
PAR  The compound of formula Oc.sub.2 SnX.sub.2 was prepared using the same
      quantities of starting materials as in steps 1 and 2 of Example 2 and the
      same method for steps 1 and 2 but replacing dibutyltin oxide by dioctyltin
      oxide (72.14g).
      ##EQU20##
PAR  0.1 mole of HOOCCH = CHCOOC.sub.8 H.sub.17 0.1 mole of
      ##EQU21##
      and 0.1 mole of Bu.sub.2 SnO were refluxed in toluene till the completion
      of reaction as above. The product is a light yellow liquid.
TBL  ______________________________________                                    

     Analysis                                                                  

                  Calculated        Found                                      

     ______________________________________                                    

                Sn = 12.7%      Sn = 12.7%                                     

                 S = 6.8%        S =  7.5%                                     

                 C = 57.7%       C = 58.1%                                     

                 H =  9.0%       H =  8.79%                                    

     ______________________________________                                    

PAR  Its structure was also confirmed by I.R. and N.M.R.
PAR  0.1 mole of this product and 0.1 mole (ie. 24.9g) of dibutyltin oxide were
      refluxed in toluene until a clear solution was obtained. 0.1 mole (15g) of
      1,6 Hexane dithiol was also added into the above solution and mixture
      refluxed until the completion of reaction. The product is a light yellow
      liquid.
TBL  ______________________________________                                    

     Analysis                                                                  

                  Calculated        Found                                      

     ______________________________________                                    

                Sn = 18.0%      Sn = 17.5%                                     

                 S =  9.7%       S = 10.4%                                     

                 C = 53.8%       C = 53.6%                                     

                 H =  8.6%       H =  8.8%                                     

     ______________________________________                                    

PAR  Its structure was also confirmed by I.R. and N.M.R.
      ##EQU22##
      This compound was prepared by the same method as in Example 4 using the
      following quantities:
PAR  The product is a light yellow liquid.
TBL  ______________________________________                                    

     Analysis                                                                  

                  Calculated        Found                                      

     ______________________________________                                    

                Sn = 18.4%      Sn = 18.5%                                     

                 S = 12.4%       S = 12.3%                                     

                 C = 54.9%       C = 54.6%                                     

                 H =  9.3%       H =  9.5%                                     

     ______________________________________                                    

PAR  Its structure was also confirmed by I.R. and N.M.R. analysis.
PAR  The organotin compound used in step 1 (a) was prepared as follows:
      ##EQU23##
      and Bu.sub.2 Su O (0.1M) were refluxed in toluene (150 ml) until the
      reaction was complete. The product is a light yellow liquid.
TBL  ______________________________________                                    

     Analysis                                                                  

                 Calculated        Found                                       

     ______________________________________                                    

               Sn = 13.0%      Sn = 12.9%                                      

               S = 10.5%       S = 11.2                                        

               C = 59.4        C = 59.5                                        

               H =  9.9        H =  9.5                                        

     ______________________________________                                    

PAR  Its structure was also confirmed by I.R. and N.M.R.
      ##EQU24##
      where
      ##EQU25##
PAR  It was prepared by the same method as in Example 5 using the following
      quantities:
TBL  Step (1) (a)      (C.sub.8 H.sub.17).sub.2 SnX.sub.2                      

                                    37.7g (0.02M)                              

              (b)      (C.sub.8 H.sub.17).sub.2 SnO                            

                                    7.2g  (0.02M)                              

     Step (2) (c)      HS(CH.sub.2).sub.6 SH                                   

                                    3g    (0.02M)                              

PAR  The product is a white soft waxy solid at room temperature.
PAR  The compound of formula (C.sub.8 H.sub.17).sub.2 Sn X.sub.2 was prepared as
      follows.
PAR  Pentaerythritol (27.2g, 0.2M), Lauric acid (122.4g, 0.6M) and
      .beta.-mercaptopropionic acid (21.2g, 0.2M) were refluxed in toluene
      (200ml) with constant stirring in the presence of p-toluene sulphonic acid
      (0.7g) until the calculated amount of water had collected in a Dean &
      Stark apparatus. Toluene was removed from the hot solution under reduced
      pressure, and finally the intermediate product A (ieHSCH.sub.2 CH.sub.2
      COOCH.sub.2 --C--(CH.sub.2 OOCC.sub.11 H.sub.23).sub.3 rapidly filtered
      under vacuum. The product on keeping at room temperature becomes a soft
      waxy solid.
PAR  64g (0.08M) of Intermediate product A and 14.4 g (0.04M) of dioctyltin
      oxide were heated together with constant stirring (without any solvent)
      for about two hours. Water was removed from the hot liquid under reduced
      pressure and finally the hot liquid filtered under vacuum. A white soft
      waxy solid was obtained.
TBL  ______________________________________                                    

     Calculated           Found                                                

     ______________________________________                                    

     Sn = 6.3%            Sn = 6.2%                                            

     S = 3.4%             S = 3.7%                                             

     C = 66.3%            C = 67.2%                                            

     H = 10.4%            H = 10.38%                                           

     ______________________________________                                    

PAR  Its structure was also confirmed by I.R. & N.M.R. analysis.
TBL  ______________________________________                                    

     Analysis of bis tin compound                                              

     Calculated           Found                                                

     ______________________________________                                    

     Sn = 9.9%            Sn = 9.8%                                            

      S = 5.4%             S = 6.1%                                            

      C = 63.6%            C = 63.31%                                          

      H = 10.1%            H = 10.4%                                           

     ______________________________________                                    

PAR  Its structure was also confirmed by N.M.R. analysis.
      ##EQU26##
      where X =
      ##EQU27##
PAR  It was prepared by the same method as in Example 6 using the following
      quantities:
TBL  step (1)   (a) Bu.sub.2 SnX.sub.2                                         

                                     =0.1M                                     

                (b) Bu.sub.2 SnO     =0.1M                                     

     step (2)   (c) HS(CH.sub.2).sub.6 SH                                      

                                     =0.1M                                     

PAR  The product is a light yellow viscous liquid.
TBL  ______________________________________                                    

     Analysis                                                                  

                  Calculated        Found                                      

     ______________________________________                                    

                Sn = 12.7%      Sn = 12.9%                                     

                 S = 6.8%        S = 7.3%                                      

     ______________________________________                                    

PAR  The compound of formula Bu.sub.2 Sn X.sub.2 was prepared as follows:
PAR  Maleic anhydride (19.6g, 0.2M) and iso-octyl alcohol (26g, 0.2M) were
      heated under reflux in toluene (200ml) for two hours to give product F ie
      (HOOCCH = CHCOOC.sub.8 H.sub.17)
PAR  .beta.-mercaptopropionic acid (10.6g, 0:1M), 1,1,1 - Trimethylol ethane
      (11.8, 0.1M) and p-toluene sulphonic acid (0.5g) were added into the above
      solution (containing F) to give product G ie.
      ##EQU28##
PAR  Dibutyltin oxide (12.5g, 0.05M) was also added into the above solution
      (containing G) and the mixture refluxed to give the desired product.
      Toluene was removed from the solution as usual and a light yellow viscous
      liquid was obtained.
TBL  ______________________________________                                    

     Analysis:    Calculated        Found                                      

     ______________________________________                                    

                Sn = 7.9%       Sn = 8.29%                                     

                S = 4.4%        S = 4.67%                                      

                C = 58.1%       C = 57.6%                                      

                H = 8.0%        H = 7.99%                                      

     ______________________________________                                    

PAC  EXAMPLE 8
PAR  The stabilizers of the present invention can be used with halogen
      containing vinyl and vinylidene resins in which the halogen is attached
      directly to the carbon atoms of the polymer chain. Preferably, the resin
      is vinyl halide resin, especially a vinyl chloride, resin.
PAR  A number of compounds of the present invention were tested for initial
      colour development against known stabilisers on an equal tin basis and it
      was shown that they compared favourably (see Table 1).
PAR  The example illustrates the stabilising effect of the compounds of the
      present invention (with and without additives) in comparison with known
      stabilisers (ie Mellite - 31c) containing equal amount of tin in rigid
      P.V.C. composition.
PAR  A series of rigid (non-plasticized) formulation was prepared having
      following composition:
PAR  a. Corvic D55/9 100 parts.
PAR  b. Plasticube 30: Marked T if added znd the amount present in part per 100
      parts of polymer are indicated inside the brackets. In many instances of
      the present invention plastilube has not been added to the polymer due to
      the reason that many of the compounds tested are themselves acting as a
      lubricant during milling at about 155.degree.C
PAR  c. Stabilisers and additives
PAR  All examples in Table 1 have been tested (with and without additives)
      separately in comparison with mellite 31c containing equal amount of tin
      in definite amount of Corvic D55/9 (usually 300 gms).
TBL  ______________________________________                                    

     Symbols are as follows:                                                   

     ______________________________________                                    

     A        represent  B.E.S. (Butyl epoxy stearate)                         

     L        "          M31C (Mellite 31C)                                    

     B        "          BuSn(SCH.sub.2 COOC.sub.8 H.sub.17).sub.3             

     R        "          OcSn(SCH.sub.2 COOC.sub.8 H.sub.17).sub.3             

     I        "          Bu.sub.2 SnS                                          

                         S--CH.sub.2                                           

     G        "          Bu.sub.2 Sn.angle..angle.C--O                         

                         O                                                     

     T        "          Plastilube 30                                         

     ______________________________________                                    

TBL                                    Table 1                                 

     __________________________________________________________________________

                                Colour on Gardener                             

                                Scale after given time                         

        STABILISER PARTS OF STABILISERS                                        

                                in minutes at 190.degree.C                     

       ()denotes wt. %                                                         

                   PhD          0 5   10  15  20                               

     __________________________________________________________________________

     Product of Ex. 1 (95)                                                     

     +B(5)+T(0.5)  1.66         0 0   1   3                                    

     Product of Ex. 1 (95)                                                     

     + B(5)+A(20)+T(0.5)                                                       

                   equivalent to the above                                     

                                0 0   1   3                                    

     Product of Ex. 1 (95)                                                     

     +B(5)+L(20)+T(0.5)                                                        

                   "            0 0   0   3                                    

     Product of Ex. 1 (95)                                                     

     +B(5)+L(20)+A(20)+T(0.5)                                                  

                   "            0 0   0   2-3                                  

     Mellite 31C+T(0.5)                                                        

                   "            0 0   3   5                                    

     Product of Ex. 2 (95)                                                     

     +B(5)+T(0.5)  1.6          0 0   1   2                                    

     Product of Ex. 2 (90)                                                     

     +B(5)+I(5)+T(0.5)                                                         

                   equivalent to the above                                     

                                0 0    0-11                                    

                                          2                                    

     Product of Ex. 2 (95)                                                     

     B(5)+L(25)+T(0.5)                                                         

                   "            0 0   0   2                                    

     Product of Ex. 2 (95)                                                     

     +B(5)+A(15)+T(0.5)                                                        

                   "            0 0   1   2-3                                  

     Mellite 31C+T(0.5)                                                        

                   "            0 0   1   5                                    

     Thermallite 31+T(0.5)                                                     

                   2 Parts      0 0-1 4   6                                    

     Product of Ex. 4 (95)                                                     

     +B(5)         tin equivalent to above                                     

                                0 0   0-1 2                                    

     Mellite 31C+T(0.5)                                                        

                   "            0 0   1   3                                    

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. A stabilized polymer composition which comprises at least one resin
      containing at least 40% by weight of chlorine and selected from the group
      consisting of homopolymers of vinyl chloride and vinylidene chloride,
      postchlorinated polyolefins and copolymers of vinyl chloride or vinylidene
      chloride with up to 25%, based on the total weight of monomers, of other
      copolymerizable monomers, and as stabilizer therefor 0.01 - 10% by weight
      (based on the weight of the polymer) of an organothiotin compound of the
      formula
      ##EQU29##
      wherein each of R.sub.1 and R.sub.2, which are the same or different, is
      an alkyl group of 1-20 carbon atoms, a cycloalkyl or phenyl group; m is an
      integer of 1-8; each of X and Y, which are the same or different exhibits
      the formula
      ##EQU30##
      or
      ##EQU31##
      or
      ##EQU32##
      or
      ##EQU33##
      or and optionally not more than one of either X or Y may be SR.sub.4
      ##EQU34##
      wherein Q.sub.1 is of formula
      ##EQU35##
      and Q.sub.2 is hydrogen, an alkyl group of 1 to 6 carbon atoms or CH.sub.2
      Z.sub.3, in which Z.sub.3 is as defined for Z.sub.1 or Z.sub.2 below, and
      each of Z.sub.1 and Z.sub.2, which are the same or different, exhibits the
      formula
      ##EQU36##
      a pair of radicals selected from the group consisting of Z.sub.1, Z.sub.2
      and Z.sub.3 forms a group of formula
      ##EQU37##
      wherein R.sub.3 is an alkyl group of 1 to 20 carbon atoms, a substituted
      or unsubstituted phenyl group or an alkyl phenyl group, which is
      substituted or unsubstituted, or two R.sub.3 groups form a single bond
      between two carbon atoms, an alkylene group of 1 to 20 carbon atoms, an
      alkenylene group of 2 to 20 carbon atoms or a substituted or unsubstituted
      phenyl group; R.sub.4 is an alkyl group of 1 to 20 carbon atoms or a
      substituted or unsubstituted phenylalkyl group with 1 to 6 carbon atoms in
      the alkyl group, or two R.sub.4 groups are bonded together to form an
      alkylene group of 1 to 20 carbon atoms which is unsubstituted or
      substituted by at least one phenyl group, or an alkenylene group of 2 to
      20 carbon atoms or a cycloalkylene group of 5 or 6 carbon atoms; R.sub.5
      is an alkyl group of 1 to 20 carbon atoms, a substituted or unsubstituted
      phenyl group or an alkylphenyl group which is substituted or
      unsubstituted, or two R.sub.5 groups are bonded together to form an
      alkylene group of 1 to 20 carbon atoms; R.sub.6 is a single bond, an
      alkylene group of 1 to 20 carbon atoms or an alkenylene group of 2 to 20
      carbon atoms or a substituted or unsubstituted phenylene group and each of
      a and n, which are the same or different, is an integer of 1 to 6.
NUM  2.
PAR  2. A compound according to claim 1 wherein each of X and Y, which are the
      same or different, is of formula
      ##EQU38##
      or only one of X and Y is of formula -SR.sub.4 or
      ##EQU39##
      and the other is as defined above.
NUM  3.
PAR  3. A composition according to claim 1 wherein Q.sub.1 is of formula
     O                 O                                                       

     .parallel.        .parallel.                                              

     CH.sub.2 OCR.sub.3                                                        

                       CH.sub.2 OCR.sub.3                                      

     .vertline.        .vertline.                                              

     .vertline.O       .vertline.                                              

     .vertline..parallel.                                                      

                       .vertline.                                              

     --C--CH.sub.2 OCR.sub.3                                                   

                       --C--R.sub.7                                            

     .vertline.        .vertline.                                              

     .vertline.O       .vertline.O                                             

     .vertline..parallel.                                                      

                       .vertline..parallel.                                    

     CH.sub.2 OCR.sub.3                                                        

                       CH.sub.2 OCR.sub.3                                      

     .parallel.                                                                

     CH.sub.2 OCR.sub.3                                                        

                       R.sub.7                                                 

     .vertline.        .vertline.                                              

     .vertline.O       .vertline.O                                             

     .vertline..parallel.                                                      

                       .vertline..parallel.                                    

     --C--CH.sub.2 OC(CH.sub.2).sub.n --S                                      

                       --C--CH.sub.2 OC(CH.sub.2).sub.n --S                    

     .vertline.        .vertline.                                              

     .vertline.        .vertline.                                              

     .vertline..angle.CHR.sub.3                                                

                       .vertline..angle.CHR.sub.3                              

     .vertline.O       .vertline.O                                             

     .vertline..parallel.                                                      

                       .vertline..parallel.                                    

     CH.sub.2 OC(CH.sub.2).sub.n --S                                           

                       CH.sub.2 OC(CH.sub. 2).sub.n --S                        

     OO                OO                                                      

     .parallel..parallel.                                                      

                       .parallel..parallel.                                    

     CH.sub.2 OCCH=CHCOR.sub.5                                                 

                       CH.sub.2 OCCH=CHCOR.sub.5                               

     .vertline.        .vertline.                                              

     .vertline.OO      .vertline.                                              

     .vertline..parallel..parallel.                                            

                       .vertline.                                              

     --C--CH.sub.2 OCCH=CHCOR.sub.5 or                                         

                       --C--R.sub.7                                            

     .vertline.        .vertline.                                              

     .vertline.O O     .vertline.O O                                           

     .vertline..parallel..parallel.                                            

                       .vertline..parallel..parallel.                          

     CH.sub.2 OCCH=CHCOR.sub.5                                                 

                       CH.sub.2 OCCH=CHCOR.sub.5                               

PAL  wherein R.sub.7 is hydrogen or an alkyl group of 1 to 6 carbon atoms.
NUM  4.
PAR  4. A composition according to claim 2 which comprises 1-50% by weight
      (based on the weight of the organothiotin compound) of monobutyltin
      tri(isooctylthioglycollate).
NUM  5.
PAR  5. A composition according to claim 1 which comprises 1-50% by weight
      (based on the weight of organothiotin compound) of at least one of
      di(n-butyl) tin cyclic mercapto acetate, di(n-octyl)tin cyclic mercapto
      acetate, di(n-butyl)tin cyclic .beta. mercapto propionate and
      di(n-octyl)tin cyclic .beta. mercapto propionate.
NUM  6.
PAR  6. A composition according to claim 1 which comprises 0.01-3% by weight
      (based on the weight of the resin) of at least one hindered phenol.
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ABST
PAL  Olefinic aldehydes such as acrolein are produced by the oxidation of an
      olefin such as propylene in the presence of an antimony oxide-uranium
      oxide catalyst containing at least one of a number of specified promoter
      elements.
PARN
PAR  This is a continuation-in-part of our co-pending application Ser. No.
      638,639 filed May 15, 1967 now abandoned, which in turn is a
      continuation-in-part of our application Ser. No. 604,118 filed Dec. 23,
      1966 now U.S. Pat. No. 3,431,292, which in turn is a continuation-in-part
      of our application Ser. No. 311,657 filed Sept. 26, 1963 now U.S. Pat. No.
      3,328,315.
BSUM
PAR  This invention relates to promoted oxidation catalysts containing the
      elements of antimony and uranium and more particularly pertains to
      antimony-uranium catalysts containing minor amounts of an element or
      elements selected from Groups IA, IB, IIA, IIB, IIIB, IVA, IVB, VB, VIIB
      and VIII of the Periodic Table. The catalysts of the present invention are
      particularly useful in the oxidation of olefins, such as propylene and
      isobutylene, to oxygenated hydrocarbons, such as acrolein and
      methacrolein, respectively.
PAR  The base antimony-uranium oxide catalyst useful in the present invention is
      more fully described in U.S. Pat. No. 3,198,750. Attrition resistant
      catalysts of these types are described more completely in U.S. Pat. No.
      3,341,471. The base catalyst consists essentially of the oxides of uranium
      and antimony. The exact nature of the chemical compound or compounds which
      compose the catalyst of this invention is not known. The catalyst may be a
      mixture of antimony oxide or oxides and uranium oxide or oxides. It is
      also possible that the antimony and uranium are combined with the oxygen
      to form an antimonate or uranate. X-ray examination of the catalyst has
      indicated the presence of a structurally common phase of the antimony
      type, comprised of antimony oxide and some form of uranium oxide. For the
      purpose of the description of the invention, the base catalyst will simply
      be referred to as a mixture of antimony and uranium oxides, but this is
      not to be construed as meaning that the catalyst is composed either in
      whole or in part of these compounds.
PAR  The proportions of antimony and uranium in the base catalyst may vary
      widely. The Sb:U atomic ratio can range from about 1:50 to about 99:1.
      However, optimum activity appears to be obtained at Sb:U atomic ratios
      within the range from 1:1 to 25:1.
PAR  It is preferred that the catalyst of this invention be combined with from
      10 to 90% by weight of a silica support.
PAR  The antimony oxide and uranium oxide can be blended together, or can be
      formed separately and then blended or formed separately or together in
      situ. As starting materials for the antimony oxide component, for example,
      there can be used an antimony oxide, such as antimony trioxide, antimony
      tetroxide and antimony pentoxide, or mixtures thereof; or a hydrous
      antimony oxide, metaantimonic acid, orthoantimonic acid or pyroantimonic
      acid; or a hydrolyzable or decomposable antimony salt, such as antimony
      halide, for example, antimony trichloride, trifluoride or tribromide;
      antimony pentachloride and antimony pentafluoride, which is hydrolyzable
      in water to form the hydrous oxide. Antimony metal can be employed, the
      hydrous oxide being formed by oxidizing the metal with an oxidizing acid,
      such as nitric acid.
PAR  The uranium oxide component can be provided in the form of uranium oxide or
      by precipitation in situ from a soluble uranium salt such as the nitrate,
      acetate, or a halide such as the chloride. Uranium metal can be used as a
      starting material, and if antimony metal is also employed, the antimony
      can be converted to the oxide and uranium to the nitrate simultaneously by
      oxidation in hot nitric acid. A slurry of hydrous antimony oxide formed in
      situ from the metal in nitric acid also can be combined with a solution of
      a uranium salt such as uranium nitrate, which is then precipitated in situ
      as uranium oxide by the addition of ammonium hydroxide. The ammonium
      nitrate and any other soluble salts are removed by filtration of the
      resulting slurry or by thermal decomposition.
PAR  It will be apparent from the above that uranium tribromide, uranium
      tetrabromide, uranium trichloride, uranium tetrachloride, uranium
      pentachloride, uranium hexafluoride, uranium tetraiodide, uranyl nitrate,
      uranyl sulfate, uranyl chloride, uranyl bromide, uranium trioxide, and
      uranium peroxide can be employed as the source of the uranium oxide
      component.
PAR  The catalytic activity of the system is enhanced by heating at an elevated
      temperature. Preferably, the catalyst mixture is dried and heated at a
      temperature of from about 500.degree. to about 1150.degree.F, preferably
      at about 700.degree. to 900.degree.F, for from 2 to 24 hours. If activity
      then is not sufficient, the catalyst can be further heated at a
      temperature above about 1000.degree.F but below a temperature deleterious
      to the catalyst at which it is melted or decomposed, preferably from about
      1400.degree. to about 1900.degree.F, for from 1 to 48 hours, in the
      presence of air or oxygen. Usually this limit is not reached before
      2000.degree.F and in some cases this temperature can be exceeded.
PAR  In general, the higher the activation temperature, the less time required
      to effect activation. The sufficiency of activation at any given set of
      conditions is ascertained by a spot test of a sample of the material for
      catalytic activity. Activation is best carried out in an open chamber,
      permitting circulation of air or oxygen, so that any oxygen consumed can
      be replaced.
PAR  The antimony oxide-uranium oxide base catalyst composition useful in the
      invention can be defined by the following empirical formula:
PAC  Sb.sub.a U.sub.b O.sub.c
PAL  wherein `a` is 1 to 99, `b` is 50 to 1, and `c` is a number taken to
      satisfy the average valences of antimony and uranium in the oxidation
      states in which they exist in the catalyst as defined by the empirical
      formula above. Thus, the Sb valence may range from 3 to 5 and the U
      valence from 4 to 6.
PAC  OXIDATION OF OLEFINS TO OXYGENATED COMPOUNDS
PAR  The reactants used in the oxidation to oxygenated compounds are oxygen and
      an olefin having only three carbon atoms in a straight chain such as
      propylene or isobutylene or mixtures thereof.
PAR  The olefins may be in admixture with paraffinic hydrocarbons such as
      ethane, propane, butane and pentane, for example, a propylene-propane
      mixture may constitute the feed. This makes it possible to use ordinary
      refinery streams without special preparation.
PAR  The temperature at which this oxidation is conducted may vary considerably
      depending upon the catalyst, the particular olefin being oxidized and the
      correlated conditions of the rate of throughput or contact time and the
      ratio of olefin to oxygen. In general, when operating at pressures near
      atmospheric, i.e. -10 to 100 psig, temperatures in the range of
      500.degree. to 1100.degree.F may be advantageously employed. However, the
      process may be conducted at other pressures, and in the case where
      superatmospheric pressures, e.g. above 100 psig, are employed, somewhat
      lower temperatures are possible. In the case where this process is
      employed to convert propylene to acrolein, a temperature range of
      750.degree. to 950.degree.F has been found to be optimum at atmospheric
      pressure.
PAR  While pressures other than atmospheric may be employed, it is generally
      preferred to operate at or near atmospheric pressure, since the reaction
      proceeds well at such pressures and the use of expensive high pressure
      equipment is avoided.
PAR  The apparent contact time employed in the process is not critical and it
      may be selected from a broad operable range which may vary from 0.1 to 50
      seconds. The apparent contact time may be defined as the length of time in
      seconds which the unit volume of gas measured under the conditions of
      reaction is in contact with the apparent unit volume of the catalyst. It
      may be calculated, for example, from the apparent volume of the catalyst
      bed, the average temperature and pressure of the reactor, and the flow
      rates of the several components of the reaction mixture.
PAR  The optimum contact time will, of course, vary depending upon the olefin
      being treated, but in the case of propylene and isobutylene, the preferred
      apparent contact time is 0.15 to 15 seconds.
PAR  A molar ratio of oxygen to olefin between about 0.5:1 to 5:1 generally
      gives the most satisfactory results. For the conversion of propylene to
      acrolein, a preferred ratio of oxygen to olefin is from about 1:1 to about
      2:1. The oxygen used in the process may be derived from any source;
      however, air is the least expensive source of oxygen and is preferred for
      that reason.
PAR  We have also discovered that the addition of water to the reaction mixture
      has a marked beneficial influence on the course of the reaction in that it
      improves the conversion and the yields of the desired product. The manner
      in which water affects the reaction is not fully understood but the theory
      of this phenomenon is not deemed important in view of the experimental
      results we have obtained. Accordingly, we prefer to include water in the
      reaction mixture. Generally, a ratio of olefin to water in the reaction
      mixture of from 1:0.5 to 1:10 will give very satisfactory results, and a
      ratio of from 1:0.75 to 1:6 has been found to be optimum when converting
      propylene to acrolein. The water, of course, will be in the vapor phase
      during the reaction.
PAR  Inert diluents such as nitrogen and carbon dioxide may be present in the
      reaction mixture.
PAR  In general, any apparatus of the type suitable for carrying out oxidation
      reactions in the vapor phase may be employed in the execution of this
      process. The process may be conducted either continuously or
      intermittently. The catalyst bed may be a fixed bed employing a large
      particulate or pelleted catalyst or, in the alternative, a so-called
      "fluidized" bed of catalyst may be employed.
PAR  The reactor may be brought to the reaction temperature before or after the
      introduction of the reaction feed mixture. However, in a large scale
      operation, it is preferred to carry out the process in a continuous
      manner, and in such a system the recirculation of the unreacted olefin is
      contemplated.
PAR  The promoter element or elements may be added to the base catalyst in
      amounts ranging from 0.01 to about 20% by weight based on the weight of
      the promoted base catalyst. Combinations of two or more promoter elements
      is contemplated to be within the scope of the present invention. The
      promoters may be incorporated into the base catalyst by co-precipitation
      or impregnation. Promoter elements are conveniently added in the form of
      their nitrates or other salts. In any event, the promoter elements, like
      the antimony and uranium, probably exist in the final active catalyst in
      the form of their oxides.
PAR  Specific elements which are useful promoters in combination with the base
      catalysts are bismuth, indium, platinum, magnesium, silver, iron,
      zirconium, copper, thorium, zinc, cadmium, cobalt, nickel, rhenium,
      barium, lead, arsenic, tungsten, phosphorous, aluminum, cerium, calcium,
      antimony, cesium, iridium and palladium. Most preferred promoter elements
      are bismuth, platinum, magnesium, silver, iron, zirconium, copper,
      thorium, zinc, cobalt, nickel, lead, aresinc, tungsten, phosphorous,
      aluminum, calcium, antimony and cesium.
DETD
PAR  The process of the present invention is further illustrated in the
      following examples wherein the amounts of ingredients are expressed as
      parts by weight unless otherwise indicated.
PAC  EXAMPLE I
PAR  90 grams of antimony metal were completely oxidized in 360 mls. of
      concentrated nitric acid. 81.4 grams of UO.sub.2 (NO.sub.3).sub.2.6
      H.sub.2 O and 228 grams of duPont Ludox HS (30% by weight of SiO.sub.2 in
      water) were mixed into the acidic mixture. By addition of concentrated
      ammonium hydroxide the slurry was brought to a pH of 8. The precipitate
      was filtered and washed and then divided into four portions. At this point
      different promoter elements in different amounts ranging from about 1 to
      10% by weight based on the weight of the active base catalyst were
      incorporated into each of these fractions. To the wet filter cake was
      added a specified quantity of the promoter element nitrate, oxide,
      sulfate, or chloride dissolved in a minimum amount of water, and the
      mixture was then blended or mixed together to give a uniform distribution.
      Each catalyst was then dried at 120.degree.C and calcined at 800.degree.F.
      Finally, the catalyst was activated at a temperature above 1000.degree.F.
      This formulation produced a base catalyst of 70% by weight of USb.sub.4.6
      O.sub.11.8 and 30% by weight of silica.
PAR  126 grams of the above-described wet catalyst filter cake and 6.1 g.
      Bi(NO.sub.3).sub.3.5H.sub.2 O were mixed together. The promoted catalyst
      was dried at 120.degree.C and calcined at 800.degree.F for 24 hours. It
      was then heat-treated at 1800.degree.F for 8 hours. Dry weight of the
      promoted catalyst containing 6.36% by weight of bismuth in the active
      component was 59 grams.
PAR  2.7 grams of In.sub.2 (SO.sub.4).sub.3 were treated with concentrated
      NH.sub.4 OH and then the resulting material was filtered, washed and mixed
      with the wet catalyst filter cake described above. The promoted catalyst
      was dried at 120.degree.C, calcined at 800.degree.F for 24 hours and
      heat-treated at 1800.degree.F for 8 hours. Dry weight of the promoted
      catalyst was 59 grams and the promoted catalyst contained 2.89% by weight
      of In based on the active component.
PAR  0.9 gram of PtCl.sub.4 (in a 10% aqueous solution) was added to the wet
      catalyst filter cake. The promoted catalyst was dried at 120.degree.C,
      calcined at 800.degree.F for 24 hours and heat-treated at 1800.degree.F
      for 8 hours. Dry weight of the promoted catalyst was 52 grams. The
      promoted catalyst contained 1.42% by weight of Pt based on the active
      component of the catalyst.
PAC  EXAMPLE II
PAR  An attrition resistant catalyst was prepared as follows:
PAR  180 grams of antimony metal were completely oxidized in 720 mls. of
      concentrated HNO.sub.3. 162.8 grams of UO.sub.2 (NO.sub.3).sub.2.6H.sub.2
      O were added and the mixture was evaporated almost to dryness. 456.8 grams
      of duPont HS Ludox (a 30% by weight SiO.sub.2 dispersion in water) were
      added and the mixture was brought to a pH of 8.0 by the addition of
      NH.sub.4 OH. The catalyst was filtered and washed with 600 mls. of water
      in two separate portions. The catalyst was then dried at 120.degree.C,
      calcined at 800.degree.F for 24 hours and heat-treated at 1725.degree.F
      for 8 hours. 444 grams of the foregoing catalyst were mixed with 247 grams
      of Ludox and the resulting product was extruded. The extrudate was dried
      at 120.degree.C and then heat-treated at 1725.degree.F for 72 hours.
PAR  25 grams of the above-described catalyst in the size range which would pass
      a 35 mesh screen but be retained on an 80 mesh screen, were mixed with a
      solution of 1.13 grams of In.sub.2 SO.sub.4 in 10 mls. of water. This
      mixture was made basic with 5 mls. of 28% NH.sub.4 OH. It was then
      filtered and washed with 30 mls. of H.sub.2 O in three portions. The
      promoted catalyst was dried at 120.degree.C, calcined at 800.degree.F for
      2 hours and heat-treated at 1725.degree.F for 2 hours.
PAC  EXAMPLE III
PAR  Propylene:air mixtures were converted to acrolein using promoted catalysts
      prepared by the procedures given in Examples I and II. The reactor unit
      was made up of a feed induction system, a molten salt bath furnace,
      stainless steel microreactor containing 5 mls. of catalyst,
      microadsorption system and a vapor fractometer. In order to provide a
      steady feed stream and to maintain constant contact time, low pressure
      regulators (Moore Products Co., 0 to 50 inches of water) were used in
      connection with flow meters. The reactor was placed in the salt bath which
      was maintained at a constant temperature. Connections from the feed
      induction system to the reactor and from the reactor to the adsorption
      unit were made with silicone rubber seals.
PAR  All gases leaving the reactor were passed through a sintered glass tube
      into a half normal aqueous HCl solution. An internal standard was
      incorporated into the HCl solution by adding 5 mls. of methyl ethyl ketone
      per liter of solution. In order to insure a minimal loss of product, the
      HCl solution was kept at ice bath temperature.
PAR  Separation of the products was accomplished in a Perkin-Elmer Fractometer
      under the following conditions: Column: a 2-meter length of a quarter-inch
      stainless steel tubing, 35% polyethylene glycol on 30 or 60 mesh fire
      brick, 100.degree.C, 68 mls. of helium per minute carrier gas.
PAR  The catalyst column in the reactor was 5 mls., the contact time was 3
      seconds. The reaction temperature was 880.degree.F. In each case a 6
      minute pre-run was conducted followed by a 12 minute run in which product
      was collected. The molar feed ratio used of propylene to air was 1:10,
      respectively. The results are given in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     % Promoter       % Per Pass Conversion of                                 

     in Catalyst      Propylene to Acrolein                                    

     ______________________________________                                    

     2.50 Mg          57.9                                                     

     4.25 Ag          60.0                                                     

     Unpromoted       50.0                                                     

     3.51 Zn          61.4                                                     

     3.99 Ni          56.8                                                     

     3.83 Pb          55.0                                                     

     1.52 As          62.3                                                     

     1.55 W           58.4                                                     

     4.28 Co          54.8                                                     

     4.81 Fe          54.6                                                     

     4.08 Ba          54.4                                                     

     5.47 Cu          53.7                                                     

     ______________________________________                                    

PAC  EXAMPLE IV
PAR  The procedures outlined in Example III were used in the conversion of
      isobutylene to methacrolein. The reaction temperature was 770.degree.F,
      contact time was 3.6 seconds, the pre-run lasted 10 minutes and the run
      itself lasted 15 minutes. The molar feed ratio of isobutylene:air was
      1:10, respectively. The results are given in Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

     Promoter Weight %    % Per Pass Conversion of                             

     in Catalyst                                                               

              Promoter    Isobutylene to Methacrolein                          

     ______________________________________                                    

     Fe       0.56        60.6                                                 

     Cs       1.87        58.8                                                 

     Mg       0.49        58.2                                                 

     Zn       8.29        56.5                                                 

     Bi       2.87        52.9                                                 

     Pd       1.90        51.2                                                 

     Unpromoted                                                                

              --          47.0                                                 

     Mg + Cu  0.36 + 0.95 57.5                                                 

     Bi + Cu  3.14 + 0.95 53.8                                                 

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. The process for the manufacture of unsaturated aldehydes which comprises
      the step of contacting in the vapor phase, at a temperature in the range
      of 500.degree. to 1100.degree.F, a mixture of oxygen and an olefin
      selected from the group consisting of propylene and isobutylene, said
      mixture having a molar ratio of oxygen to olefin of from about 0.5:1 to
      about 5:1 with a promoted catalyst composition consisting essentially of a
      base catalyst, a support and a promoter component, said base catalyst
      consisting essentially of the oxides of antimony and uranium, the Sb:U
      atomic ratio being within the range of about 1:50 to 99:1, said support
      being silica and said promoter component consisting essentially of an
      oxide of at least one element selected from the group consisting of iron,
      magnesium, bismuth, copper, zinc, arsenic, and cesium.
NUM  2.
PAR  2. The process of claim 1 wherein the olefin is propylene.
NUM  3.
PAR  3. The process of claim 1 wherein the olefin is isobutylene.
NUM  4.
PAR  4. The process of claim 1 wherein the promoter component is an oxide of
      zinc.
NUM  5.
PAR  5. The process of claim 1 wherein the promoter component is an oxide of
      arsenic.
NUM  6.
PAR  6. The process of claim 1 wherein the promoter component is an oxide of
      cesium.
NUM  7.
PAR  7. The process of claim 1 wherein the promoter component is an oxide of
      magnesium.
NUM  8.
PAR  8. The process of claim 1 wherein the promoter component is an oxide of
      bismuth.
NUM  9.
PAR  9. The process of claim 1 wherein the promoter component is an oxide of
      iron.
NUM  10.
PAR  10. The process of claim 1 wherein the promoter component is the combined
      oxides of magnesium and copper.
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ABST
PAL  A method for carrying out reactions of the Friedel-Crafts types, such as
      alkylation, acylation, polymerization, sulfonylation and
      dehydrohalogenation. The reactions are catalyzed by arene-metal
      tricarbonyl complexes and when the reaction vessel contains aromatic
      substrates the catalyst may be generated in situ from a metallic
      hexacarbonyl. The arene-metal tricarbonyl catalyst is more selective than
      conventionally employed Friedel-Craft catalysts in that it yields
      generally para isomers with little of the ortho variety and very little if
      any of the meta variety when the aromatic substrate is reacted with
      organic halide. It is also possible to form the arene-metal tricarbonyl
      catalyst outside of the reaction vessel and then proceed by adding it to
      the vessel containing the substrate and the organic halide as is the case
      with dehydrohalogenation reactions wherein there are no aromatic rings
      available, the substrate in that instance being aliphatic.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a divisional application of U.S. Ser. No. 339,637, now
      U.S. Pat. No. 3,832,403, which is in turn a continuation-in-part
      application of U.S. Ser. No. 119,908, filed Mar. 1, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Substitution of halogens from organic compounds by other organic groups or
      the mere removal of halogens, without substitution, to form new organic
      compounds is well known by a variety of standard name reactions. The
      Friedel-Crafts type of reactions, usually carried out by the catalyst
      aluminum trichloride, are an example.
PAR  The reactivity of the arene-metal tricarbonyl complexes has also been
      examined and it is known that the tricarbonylchlorobenzenechromium complex
      will enter into a nucleophilic reaction with methyl alcohol to form the
      anisole complex. Further, electrophilic reactions are also facilitated
      such as Friedel-Crafts acetylation of the tricarbonyl-benzene chromium
      complex with acetyl chloride in the presence of aluminum trichloride. Both
      types of reaction yield a product which retains the arene-metal
      tricarbonyl complex.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a method for
      reacting organic halides in alkylations, acylations, polymerizations,
      sulfonylations and dehydrohalogenations.
PAR  It is another object of the present invention to provide a method for
      carrying out these reactions in the presence of an arene-metal tricarbonyl
      catalyst.
PAR  It is a further object of the present invention to employ a catalyst which
      is easier to use, with respect to storage and handling, in that the
      catalyst may be generated in solution within the reaction vessel or
      without the reaction vessel and subsequently added thereto.
PAR  It is yet another object of the present invention to employ a catalyst
      which promotes attack on the aromatic ring generally at the para position
      rather than at the ortho position and usually excludes attack at the meta
      position.
PAR  These and other objects of the invention, and the advantages thereof, will
      be apparent in view of the detailed disclosure of the invention as set
      forth below.
PAR  In general, it has now been found that an organic halide RX, and an
      arene-metal tricarbonyl represented by the general formula,
      ##SPC1##
PAL  Will react to form a carbonium ion R.sup.+.
PAR  It was further found that the highly reactive carbonium ion will release a
      hydrogen ion, or react in situ and in a repetitive process with the
      original organic halide or with other organic compounds present within the
      reaction vessel. Many different classes of products may be formed by
      predetermined selection of the appropriate organic reactants.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The catalyst may be prepared in advance of a catalysis reaction according
      to the reaction mechanism
      ##SPC2##
PAL  where R' is selected from the class consisting of electron donating and
      ring activating groups such as hydrogen, alkyl groups having from 1 to
      about 6 carbon atoms, alkoxide groups having from 1 to about 4 carbon
      atoms, aryl and aryloxide groups having from 6 to about 12 carbon atoms
      including alkyl substituents, amino and hydroxide. The metal, M, is
      selected from the group consisting of Cr, Mo, and W with molybdenum being
      preferred.
PAR  Representative alkyl groups include methyl, ethyl, isopropyl, t-butyl,
      pentyl, hexamethyl and the like. Representative alkoxide groups include
      methoxy, ethoxy, propoxy, butoxy, sec-butoxy and the like.
PAR  Representative aryl groups include phenyl, naphthyl and the phenyl ring
      with substituted alkyl groups such as methyl, ethyl, propyl, butyl,
      sec-butyl, pentyl, 2-pentyl, hexamethyl and the like. A representative
      aryloxide is diphenyl ether.
PAR  R' may further be selected from the class consisting of ring deactivating
      and electron withdrawing groups such as the halides, the haloalkyls, the
      alkylbenzoate esters, the aldehydes and sulfonyl halides, particularly
      sulfonyl chloride. Representative halides are fluoro, chloro and bromo,
      and representative alkylbenzoate esters are those having from 1 to 3
      carbon atoms such as methyl benzoate, ethyl benzoate, propyl benzoate and
      isopropyl benzoate. Representative aldehydes are those having from 1 to 4
      carbon toms. Representative haloalkyl groups include methyl bromide,
      methyl chloride and methyl fluoride.
PAR  In addition to the aforementioned mono-substituted phenyl compounds which
      may be utilized it is also possible to select poly-substituted phenyl
      compounds having up to five substituent groups. The generic formula for
      such a compound may be expressed as follows:
      ##SPC3##
PAL  wherein R' may be the same as any of the aforementioned R' groups including
      hydrogen. As will be obvious to one skilled in the art, a large number of
      the existing poly-substituted phenyl compounds can thus be used in
      accordance with the teaching of this pioneer invention. Since it would be
      impractical to provide an all inclusive listing, only some of the
      representative compounds according to formula F(3) will be set forth.
PAR  Representative compounds wherein one or more of the R' groups are other
      than hydrogen include anisole, chlorobenzene, benzyl chloride, benzyl
      fluoride, phenol, toluene, t-butyl benzene, o,m and p-dichlorobenzene,
      diphenyl ether, biphenyl, o,m and p-xylene, p-toluene sulfonyl chloride,
      methyl benzoate, ethyl benzoate, propyl benzoate, isopropyl benzoate,
      2,3-dimethoxyaniline, 2,4-dihydroxytoluene, 3,4-dimethoxytoluene,
      4-hydroxy3-methoxytoluene, 1,2,4,5-tetramethylbenzene,
      3,4,5-trihydroxytoluene and 1,3-dihydroxy-4,5,6-trimethylbenzene.
PAR  Selection of any specific aromatic compound will of course be dependent
      upon factors such as the product desired and the availability or existence
      of the compound. A person skilled in the art will generally know numerous
      existing compounds. Moreover, as to other compounds, any standard
      reference book, such as the CRC Handbook of Chemistry and Physics, could
      be consulted thus enabling the skilled artisan to obtain readily the names
      of other existing compounds.
PAR  Preparation of the catalyst according to F(2) is necessarily precedent to a
      catalysis reaction when phenyl radicals are neither present nor
      constituents of the reactants chosen to form the product compounds. Thus,
      in the case of dehydrohalogenation reactions, the catalyst will promote
      the formation of the olefin, but it must be prepared in advance as there
      are no aromatic rings available in the reaction vessel.
PAR  Thus, a utility of the present invention is that this catalyst may be
      generated during the catalysis reaction. Thus, when the metal hexacarbonyl
      and a substrate reactant having a phenyl radical constituent are brought
      together in a reaction vessel, the arene-metal tricarbonyl catalyst will
      be generated in situ. Upon the addition of the desired organic halide, the
      particular reaction, e.g., alkylation, acylation, polymerization,
      sulfonylation, will then proceed to form the desired products.
PAR  According to the method of the present invention, aromatic substrates are
      combined with organic halides, having the generic formula RX, in the
      reaction vessel. The catalyst removes the halogen forming a highly
      reactive carbonium ion on the organic moiety R. Subsequent attack by the
      carbonium ion upon the substrate molecule yields a product, resulting from
      the attachment of the organic radical R to the substrate, and a hydrogen
      ion. The hydrogen ion quickly removes the halogen with at least partial
      regeneration of the catalyst. In this manner alkylations, acylations,
      polymerizations and sulfonylations occur. Of course, the catalyst also
      promotes dehydrohalogenation. However, since there is no aromatic
      substrate the catalyst merely removes the halogen from the organic halide
      to yield an olefin.
PAR  The organic halide RX, wherein X is generally selected from bromine,
      chlorine and fluorine, will be chosen according to the desired reaction,
      e.g., alkyl, aryl or acyl halides for alkylation and acylation, sulfonyl
      halides for sulfonylation and polymerization and alkyl halides for
      dehydrohalogenation. The organo group, or R, may therefore be selected
      from the class consisting of alkyl radicals having from 1 to about 20
      carbon atoms and alkyl substituted phenyl radicals having from 7 to about
      12 carbon toms. Alkoxide radicals having from 1 to about 4 carbon atoms
      and aldehydes having from 1 to about 4 carbon atoms, and haloalkyl groups
      such as methyl bromide, methyl chloride and methyl fluoride may also be
      used the copolymerization reaction. Substituted phenyl and napthyl
      radicals are preferred to phenyl radicals for the alkylation and
      polymerization reactions utilizing an aromatic halide inasmuch as the
      catalyst removes, for instance, chlorine much more readily from benzyl
      chloride than from chlorobenzene.
PAR  Representative alkyl groups include methyl, ethyl, propyl, butyl, pentyl,
      hexyl, heptyl, octyl, nonyl, decyl isomers thereof and the like.
      Representative substituted phenyl radicals include tolyl, xylyl, methyl
      naphthyl and the like. Furthermore, when selecting the xylenes, dihalo
      compounds may be utilized as the catalyst can readily remove both halogens
      from their methyl partner. As before, the skilled artisan can refer to a
      reference handbook to ascertain the existing organic halides which he may
      desire to react.
PAR  Whether the catalyst is prepared within the reaction vessel by reacting
      molybdenum hexacarbonyl with the aromatic substrate, or it is separately
      prepared and added, the reactants are all placed within the reaction
      vessel. Generally, the reactants are soluble within the substrate;
      however, if such is not the case, the reaction may be carried out in
      heptane or any other saturated liquid hydrocarbon or any aryl such as
      benzene or substituted benzene. The reaction is preferably carried out in
      an inert atmosphere such as nitrogen. In order to generally initiate the
      reaction, the vessel is usually fitted with a reflux condenser and heated
      from ambient temperatures through a temperature range of a few degrees to
      approximately 135.degree.C, depending upon the type of reaction and the
      reactants. Reaction time is also dependent upon the latter factors and
      accordingly ranges from about one hour to about 36 hours or longer. During
      this time it is necessary to keep the reactants mixed which may be readily
      accomplished with a conventional magnetic stirrer or the like. Mechanisms
      for the various reactions are as follows:
PAR  An alkylation according to the present invention is thought to proceed
      according to the following reaction mechanism;
      ##SPC4##
PAL  where
PA1  R is an alkyl or alkyl substituted phenyl group as noted above
PA1  and R' is hydrogen, alkyl, alkoxide, sulfonyl chloride, hydroxide, aryl or
      aryl oxide as noted above
PA1  and M is a metal from the group, Cr, Mo and W,
PA1  and X is a halogen from the group of Br, Cl and F.
PAL  The catalyst is formed in the reaction vessel from part of the aromatic
      substrate reactant or it may be added in its active form whereby Step 1 is
      omitted. In Step 2, it proceeds to remove the halogen from the organic
      halide, RX, resulting in the formation of a highly reactive carbonium ion,
      R.sup.+, which subsequently attacks the remaining part of the aromatic
      substrate, as in Step 3, with concurrent release of a hydrogen ion. In
      Step 4, the hydrogen ion removes the halogen and the catalyst is
      regenerated.
PAR  An acylation according to the present invention is thought to proceed
      according to the following reaction mechanism;
      ##SPC5##
PAL  where
PA1  R is an alkyl or alkyl substituted phenyl group as noted above
PA1  and R' is hydrogen, alkyl, alkoxide or hydroxide, aryl or aryloxide as
      noted above
PA1  and M is a metal from the group Cr, Mo and W,
PA1  and X is a halogen from the group of Br, Cl and F.
PAL  The catalyst is again formed in Step 1, as described before or merely added
      directly to the reactants. In Step 2 it proceeds to remove the halogen
      from the organic acid halide resulting in the formation of a highly
      reactive acyl cation RC.sup.+=O, which subsequently attacks the aromatic
      substrate reactant, as in Step 3, with concurrent release of a hydrogen
      ion. In Step 4, the hydrogen ion removes the halogen and the catalyst is
      regenerated.
PAR  Two types of polymers may be produced according to the present invention. A
      branched structure may be formed by the polymerization of one monomeric
      substance or the combination of two monomers. A linear polymer may be
      produced by selecting an aryl substrate, A, having only two positions
      subject to carbonium ion attack and having ligands at each of the other
      positions relatively unsusceptible to carbonium ion attack. The organic
      halide selected, B, is a dihalo-compound such that carbonium ions may form
      at two ends of the molecule, thus forming a linear polymerization of the
      type AB.
PAR  Polymerization to form a branched polymer according to the present
      invention is thought to proceed according to the following reaction
      mechanism;
      ##EQU1##
      where R is an aryl radical as noted above
PA1  and R' is alkyl, alkoxide, or haloalkyl as noted above,
PA1  and M is a metal from the group Cr, Mo and W,
PA1  and X is a halogen from the group of Br, Cl and F. The organic halide has
      an aryl ring, and therefore will react with molybdenum hexacarbonyl as in
      Step 1, or if desired, the active form of the catalyst may be prepared
      separately and added to the monomeric halide R--R'--X as in Step 2 where
      the halogen is removed resulting in the formation of a highly reactive
      carbonium ion, R--R.sup.+', which subsequently attacks the organic halide
      as in Step 3, with concurrent release of a hydrogen ion. The catalyst is
      again regenerated as by Step 4.
PAR  The reaction generally proceeds with substantial conversion of the monomer
      of the dimer R--R'--R--R'--X; then loss of the halogen again results in a
      carbonium ion which combines in a repetitive process to produce a polymer
      having an average number molecular weight ranging from approximately 5,000
      to 30,000. Owing to the reactive sites of a phenyl ring, o, m, and p, to
      the ligand R', the polymer is highly branched.
PAR  Polymerization to form a linear copolymer according to the present
      invention is thought to proceed according to the following reaction
      mechanism:
      ##SPC6##
PAL  where
PA1  R' is alkyl, alkoxide, aryloxide, or hydroxide as noted above
PA1  and R is alkyl, alkoxide, aldehyde, sulfonyl or haloalkyl as noted above,
PA1  and M is a metal from the group Cr, Mo and W,
PA1  and X is a halogen from the group of Br, Cl and F.
PAR  Removal of both halides from the dihalo-compound produces two reactive
      carbonium ions which will combine with the available positions of the
      aromatic substrate compound in a repetitive process to form a linear
      copolymer of average number molecular weight ranging between 5,000 to
      30,000.
PAR  A sulfonylation according to the present invention is thought to proceed
      according to the following reaction mechanism:
      ##SPC7##
PAL  where
PA1  R is an alkyl or alkyl substituted phenyl group as noted above
PA1  and R' is hydrogen, alkyl, alkoxide, aryl, aryloxide or hydroxide as noted
      above
PA1  and M is a metal from the group Cr, Mo and W,
PA1  and X is a halogen from the group of Br, Cl and F.
PAL  The catalyst is again formed in Step 1, as described before or merely added
      directly to the reactants. In Step 2 it proceeds to remove the halogen
      from the sulfonyl halide, R--SO.sub.2 --X, resulting in the formation of a
      highly reactive sulfonium ion, R--S.sup.+O.sub.2, which subsequently
      attacks the aromatic substrate reactant as in Step 3, with concurrent
      release of a hydrogen ion. In Step 4, the hydrogen ion removes the halogen
      and the catalyst is regenerated.
PAR  A dehydrohalogenation according to the present invention is thought to
      proceed according to the following reaction mechanism:
      ##SPC8##
PAL  where
PA1  R is an alkyl group as noted above
PA1  and R' is hydrogen, alkyl, alkoxide, sulfonyl chloride, amino, aryl and
      aryloxide, halide, hydroxide and alkylbenzoate esters as noted above
PA1  and M is a metal from the group Cr, Mo and W,
PA1  and X is a halogen from the group of Br, Cl and F. In this reaction it is
      desirable to form the active catalyst apart from the reactants since
      M(CO).sub.6 will not combine with an alkyl halide and if an aryl halide is
      present some alkylation will occur. In Step 1, the catalyst removes the
      halogen from the alkyl halide, R-X, resulting in the formation of a highly
      reactive carbonium ion, R.sup.+. With subsequent loss of a hydrogen ion,
      as in Step 2, an alkene product is formed. In Step 3, the hydrogen ion
      removes the halogen and the catalyst is regenerated.
PAR  The invention will be more fully understood by reference to the following
      examples which describe the various types of reactions.
DETD
PAC  EXAMPLE I
PAR  An alkylation by an organic halide of an aryl compound is promoted by the
      combination of 12.2 gms. of phenol; 20 cc. of t-butyl chloride; and 50 mg.
      of molybdenum hexacarbonyl in 120 cc. of the solvent heptane. These
      reactants are placed in a suitable vessel and mixed as by a magnetic
      stirring apparatus. The vessel is fitted with a reflux condenser and is
      then heated, to approximately 98.degree.C. for 18 to 24 hours. At the end
      of this time period, the desired product is separated by suitable means
      well known to one skilled in the art.
PAC  EXAMPLE II
PAR  An acylation by an acid halide of an aryl compound is promoted by the
      combination of 125 cc. of anisole; 4 cc. of acetyl chloride and 25-50 mg.
      of molybdenum hexacarbonyl. These reactants are placed in a suitable
      vessel, and thoroughly mixed while refluxing at approximately
      100.degree.C. for 36 hours. At the end of this time period, the desired
      product is separated by suitable means.
PAC  EXAMPLE III
PAR  A polymerization of an organic halide to form a branched polymer is
      promoted by the combination of 100 gms. of benzyl chloride with 50 mg. of
      molybdenum hexacarbonyl. The compounds are placed in a suitable vessel,
      mixed and refluxed at approximately 100.degree.C. for 1 hour. At the end
      of this time period, the branched polymer is separated by suitable means.
PAC  EXAMPLE IV
PAR  A linear polymer may be formed by combining 7.3 gms. of a,a'
      dichloro-p-xylene; 5.4 gms. of durene, and 10 mg. of molybdenum
      hexacarbonyl in 100 cc. of the solvent, decalin. The reactants are placed
      in a suitable vessel, mixed and refluxed at approximately
      125.degree.-130.degree.C. for 3 hours. At the end of this time period the
      linear polymer is separated by suitable means.
PAC  EXAMPLE V
PAR  A sulfonylation of an aryl sulfonyl halide is promoted by combining 160 cc.
      of toluene, 3.8 gms. of p-tosyl chloride and 25 to 50 mg. of molybdenum
      hexacarbonyl in a suitable vessel. The reactants are then mixed and
      refluxed at approximately 110.degree.C. for 36 hours. At the end of this
      time period, the desired product is separated by suitable means.
PAC  EXAMPLE VI
PAR  A dehydrohalogenation of an organic halide is promoted by the combination
      of 100 cc. of t-butyl chloride with 200 mg. of toluene molybdenum
      tricarbonyl. The compounds are placed in a suitable vessel, mixed and
      refluxed at approximately 51.degree.C. for 4 hours. At the end of this
      time period the desired product is separated by suitable means.
PAR  The results of these and similar reactions have been set forth in Tables
      1-5 below. In Table 1, examples 1-10 represent alkylations. In Table 2,
      examples 1-6 represent acylations. In Table 3, example 1 represents
      formation of a linear polymer and examples 2- 3 represent formation of
      branched polymers and 4-5 represent branched or linear polymers. In Table
      4, examples 1-3 represent sulfonylations. In Table 5, example 1, a
      dehydrohalogenation reaction was attempted without the arene metal
      tricarbonyl catalyst and no reaction was evidenced. In example 2, the
      catalyst was present, being first prepared as in F(2) above, and the
      alkene, isobutylene, was quickly formed thereby. Although the product may
      be isolated, by continuing the reaction, the polymeric products which are
      known to occur when isobutyl cations attack isobutylene are prepared.
PAR  Thus, it can be seen that the disclosed invention carries out the objects
      of the invention set forth above. As will be apparent to those skilled in
      the art, many modifications can be made without departing from the spirit
      of the invention herein disclosed and described, the scope of the
      invention being limited solely by the scope of the attached claims.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Alkylation Reactions                                                      

     Aromatic  Organic    Added   Reaction                                     

     Substrate Halide     Catalyst                                             

                                  Conditions                                   

                                        Yield                                  

                                               Comments                        

     __________________________________________________________________________

     1.  Toluene                                                               

               t-butyl chloride                                                

                          Mo(CO).sub.6                                         

                                  Reflux                                       

                                        17.9 g                                 

                                             Exclusively para                  

         (100 ml)                                                              

               (12.6 g)   (0.20 g)                                             

                                   5 hr 88%  substitution                      

     2.  Toluene                                                               

               t-butyl chloride                                                

                          TolMo (CO).sub.3                                     

                                  Reflux                                       

                                        16.7 g                                 

         (100 ml)                                                              

               (12.6 g)   (0.20 g)                                             

                                   1 hr 81.8%                                  

     3.  Toluene                                                               

               Cyclohexyl Mo(CO).sub.6                                         

                                  Reflux                                       

                                        19.7 g                                 

         (160 ml)                                                              

               chloride (10 g)                                                 

                          (0.05 g)                                             

                                   6 hr 84.5%                                  

     4.  Toluene                                                               

               Benzyl     Mo(CO).sub.6                                         

                                  Reflux                                       

                                        16.4 g                                 

                                             100% alkylation, 10%              

         (200 ml)                                                              

               chloride (12.6 g)                                               

                          (0.03 g)                                             

                                  12 hr 90%  polymer, 90% totyl-               

                                             phenylmethane                     

     5.  Toluene                                                               

               n-propyl chloride                                               

                          TolMo (CO).sub.3                                     

                                  130.degree.                                  

                                         7.8 g                                 

                                             Carried out in glass-             

         (50 ml)                                                               

               (8.9 g)    (0.20 g)                                             

                                   6 hr 50.5%                                  

                                             lined Parr bomb, product          

                                             exclusively p-cymene              

     6.  t-butyl                                                               

               n-chloroheptane                                                 

                          Mo(CO).sub.6                                         

                                  140.degree.                                  

                                             Only secondary                    

         benzene                                                               

               (8.8 g)    (0.01 g)                                             

                                  24 hr      alkylates obtained                

         (55 ml)                                                               

     7.  Toluene                                                               

               Cyclohexyl TolMo(CO).sub.3                                      

                                  Reflux                                       

                                        12.8 g                                 

         (75 ml)                                                               

               fluoride (11.2 g)                                               

                          (0.1 g)  6 hr 67.3%                                  

     8.  Toluene                                                               

               Cyclohexyl TolMo(CO).sub.3                                      

                                  Reflux                                       

                                         6.7 g                                 

                                             Extensive catalyst                

         (80 ml)                                                               

               bromide (26.4 g)                                                

                          (0.1 g)  8 hr 23.4%                                  

                                             decomposition                     

     9.  Anisole                                                               

               t-butyl chloride                                                

                          Mo(CO).sub.6                                         

                                  135.degree.                                  

                                         9.5 g                                 

         (150 ml)                                                              

               (6.8 g)    0.03 g  24 hr 79%                                    

     10. Phenol                                                                

               t-butyl chloride                                                

                          Mo(CO).sub.6                                         

                                  Reflux                                       

                                        18.8 g                                 

                                             120 ml heptane solvent. -  (12.0  

                                             g) (0.01 g) 18 hr 96% 93%         

                                             p-t-butylphenol, 3%               

                                             2,6-di-t-butylphenol              

     __________________________________________________________________________

TBL                                    Table 2                                 

     __________________________________________________________________________

     Acylation Reactions                                                       

     Aromatic                                                                  

             Organic   Added  Reaction                                         

     Substrate                                                                 

             Halide    Catalyst                                                

                              Conditions                                       

                                    Yield    Comments                          

     __________________________________________________________________________

     1.                                                                        

       Toulene                                                                 

             Acetyl    Mo(CO).sub.6                                            

                              Reflux                                           

                                    1.2 g                                      

                                         Only p-methyl aceto-                  

       (100 ml)                                                                

             chloride (7.8 g)                                                  

                       (0.15 g)                                                

                              24 hr  9%  phenone isolated                      

     2.                                                                        

       Toulene                                                                 

             Propionyl Mo(CO).sub.6                                            

                              Reflux                                           

                                    1.85 g                                     

                                         Only para acylation                   

       (160 ml)                                                                

             chloride (6.35 g)                                                 

                       (0.05 g)                                                

                              24 hr 18%  obtained                              

     3.                                                                        

       Toluene                                                                 

             Benzoyl chloride                                                  

                       Mo(CO).sub.6 Reflux                                     

                                         2.5 g Only p-methyl                   

       (160 ml)                                                                

             (6.05 g)  (0.15 g)                                                

                              18 hr 29.7%                                      

                                         benzophenone isolated                 

     4.                                                                        

       Toluene                                                                 

             Benzoyl chloride                                                  

                       TolMo(CO).sub.3                                         

                              Reflux                                           

                                    5.65 g                                     

                                         Same product as 3                     

       (160 ml)                                                                

             (6.05 g)  (0.02 g)                                                

                              12 hr 67%                                        

     5.                                                                        

       Anisole                                                                 

             Acetyl chloride                                                   

                       Mo(CO).sub.6                                            

                              100.degree.                                      

                                    10.2 g                                     

                                         90% p-methoxyaceto-                   

       (125 ml)                                                                

             (7.8 g)   (0.02 g)                                                

                              36 hr 68%  phenone, 4% o-methoxy-                

                                         acetophenone                          

     6.                                                                        

       Anisole                                                                 

             Benzoyl chloride                                                  

                       TolMo(CO).sub.3                                         

                              100.degree.                                      

                                    7.4 g                                      

                                         Only p-methoxybenzo-                  

       (150 ml)                                                                

             (7.0 g)   (0.15 g)                                                

                              18 hr 70%  phenone isolated                      

     __________________________________________________________________________

TBL                                    Table 3                                 

     __________________________________________________________________________

     Polymerization Reactions                                                  

     Aromatic                                                                  

             Organic   Added Reaction                                          

     Substrate                                                                 

             Halide    Catalyst                                                

                             Conditions                                        

                                   Yield                                       

                                        Comments                               

     __________________________________________________________________________

     1.                                                                        

       Durene                                                                  

             p-xylylene-                                                       

                      Mo(CO).sub.6                                             

                             110.degree.                                       

                                   9.6 g                                       

                                        Copolymer nearly insoluble             

             dichloride                                                        

                      0.01 g 3 hr  (98%)                                       

                                        in common organic solvents             

     2.                                                                        

       Benzyl         Mo(CO).sub.6                                             

                             110.degree.                                       

                                   100%                                        

       chloride       (0.1 g)                                                  

                             1 hr                                              

       (neat)                                                                  

     3.                                                                        

       Benzyl         TolMo(CO).sub.3                                          

                             140.degree.                                       

                                   100%                                        

       fluoride                                                                

       (neat)                                                                  

     4.                                                                        

       Diphenyl                                                                

             Benzene-1,3-di-                                                   

                      Mo(CO).sub.6                                             

                             110.degree.                                       

                                   1.4 g                                       

                                        Tan-colored copolymer                  

       ether sulfonylchloride                                                  

                      (0.1 g)                                                  

                             3 hr  22%                                         

       (2.6 g)                                                                 

             (4.3 g)                                                           

     5.                                                                        

       Diphenyl                                                                

             Benzene-1,3-di-                                                   

                      TolMo(CO).sub.3                                          

                             110.degree.                                       

                                   2.1 g                                       

                                        Same as 4.                             

       ether sulfonylchloride                                                  

                      (0.1 g)                                                  

                             3 hr  32%                                         

       (2.6 g)                                                                 

             (4.3 g)                                                           

     __________________________________________________________________________

TBL                                    Table 4                                 

     __________________________________________________________________________

     Sulfonylation Reactions                                                   

     Aromatic                                                                  

             Organic Added  Reaction                                           

     Substrate                                                                 

             Halide  Catalyst                                                  

                            Conditions                                         

                                  Yield     Comments                           

     __________________________________________________________________________

     1.                                                                        

       Toluene                                                                 

             Tosyl chloride                                                    

                     Mo(CO).sub.6                                              

                            Reflux                                             

                                  2.1 g  Product is 4,4'-                      

       (160 ml)                                                                

             (3.8 g) (0.02 g)                                                  

                            36 hr 43%    ditolylsulfone                        

     2.                                                                        

       Anisole                                                                 

             Tosyl chloride                                                    

                     Mo(CO).sub.6                                              

                            135.degree.                                        

                                  1.15 g Product is 4-methyl-                  

       (160 ml)                                                                

             (3.8 g) (0.02 g)                                                  

                            24 hr 22%    4'-methoxydiphenyl-                   

                                         sulfone                               

     3.                                                                        

       Anisole                                                                 

             Tosyl chloride                                                    

                     TolMo(CO).sub.3                                           

                            115.degree.                                        

                                  1.3 g  Same as 2                             

       (160 ml)                                                                

             (3.8 g) (0.03 g)                                                  

                            18 hr 25%                                          

     __________________________________________________________________________

     Table 5                                                                   

     __________________________________________________________________________

     Dehydrohalogenation Reaction                                              

     Aromatic                                                                  

           Organic Added Reaction                                              

     Substrate                                                                 

           Halide  Catalyst                                                    

                         Conditions                                            

                                  Yield                                        

                                          Comments                             

     __________________________________________________________________________

     1. -- t-butyl chloride                                                    

                   Mo(CO).sub.6                                                

                         reflux, 20 hr.                                        

                                  none                                         

                                      no reaction, 96% Mo(CO).sub.6            

                                      recovered                                

     2. -- t-butyl chloride                                                    

                   Toluene-                                                    

                         reflux, 4 hr.                                         

                                  --  large amounts of HCl evolved,            

           (100 ml)                                                            

                   Mo(CO).sub.3       2 polymeric substances                   

                   (200 mg)           obtained                                 

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The copolymerization of an organic dihalide with an aromatic substrate
      to form a copolymer comprising the steps of: charging a reaction vessel
      with a metallic hexacarbonyl compound having the general formula
      M(CO).sub.6 wherein M is selected from the group consisting of Cr, Mo and
      W, adding aromatic substrate monomers having the general formula
      ##SPC9##
PAL  wherein R' is selected from the group consisting of alkyl groups having
      from 1 to about 6 carbon atoms, alkoxide groups having from 1 to about 4
      carbon atoms, and hydroxide, reacting said metallic hexacarbonyl compound
      with part of said aromatic substrate to yield an arene metal tricarbonyl
      catalyst having the general formula
      ##SPC10##
PAL  charging the reaction vessel with organic dihalide monomers having the
      general formula
      ##SPC11##
PAL  wherein R is selected from the group consisting of an alkylene group having
      from 1 to about 20 carbon atoms, alkoxide groups having from 1 to about 4
      carbon atoms, haloalkylene, aldehyde groups having from 1 to about 4
      carbon atoms and sulfonyl, and X is selected from the group consisting of
      bromine, chlorine and fluorine, heating said reaction vessel from ambient
      temperatures to a temperature sufficient to cause said catalyst to
      copolymerize said aromatic substrate monomers and said organic dihalide
      monomers by removing the dihalide from said organic dihalide monomers to
      form active organic monomers having carbonium ions which said active
      organic monomers initiate and continue the copolymerization to form the
      copolymer.
NUM  2.
PAR  2. The process as in claim 1, wherein said carbonium ion is formed in a
      temperature range from a few degrees above said ambient temperature to
      about 135.degree.C.
NUM  3.
PAR  3. The process as in claim 1, wherein said reaction is carried out in an
      inert atmosphere.
NUM  4.
PAR  4. The process as in claim 3, wherein said inert atmosphere is nitrogen.
NUM  5.
PAR  5. The process as in claim 1, wherein said reaction is carried out in a
      solvent selected from the group consisting of a saturated liquid
      hydrocarbon and liquid aryl compounds.
NUM  6.
PAR  6. The process as in claim 1, wherein said organic dihalides are selected
      from the group consisting of p-xylylenedichloride and
      benzene-1,3-disulfonylchloride.
NUM  7.
PAR  7. The process as in claim 1, wherein said aromatic substrate is
      tetramethylbenzene.
NUM  8.
PAR  8. The process as in claim 1, wherein R' may also be hydrogen and wherein
      said aromatic substrate is diphenyl ether.
NUM  9.
PAR  9. The process as in claim 1, wherein the metal of said arene metal
      tri-carbonyl catalyst is molybdenum and where the R' constituent of said
      catalyst is selected from the group consisting of phenyl and tolyl
      radicals.
NUM  10.
PAR  10. The copolymerization of an organic dihalide with an aromatic substrate
      in the presence of an arene metal tricarbonyl catalyst to form a copolymer
      comprising the steps of: charging a reaction vessel with an organic halide
      having the general formula
      ##SPC12##
PAL  wherein R is selected from the group consisting of an alkylene group having
      from 1 to about 20 carbon atoms, alkoxide groups having from 1 to about 4
      carbon atoms, haloalkylene, aldehyde groups having from 1 to about 4
      carbon atoms, and sulfonyl, and X is selected from the group consisting of
      bromine, chlorine and fluorine, adding an aromatic substrate having the
      general formula
      ##SPC13##
PAL  wherein R' is selected from the group consisting of alkyl groups having
      from 1 to about 6 carbon atoms, alkoxide groups having from 1 to about 4
      carbon atoms, aryloxide groups having from 6 to about 12 carbon atoms and
      hydroxide, adding an arene metal tricarbonyl catalyst having the general
      formula
      ##SPC14##
PAL  wherein R' is selected from the group consisting of hydrogen, alkyl groups
      having from 1 to about 6 carbon atoms, alkoxide groups having from 1 to
      about 4 carbon atoms, aryl and aryloxide groups having from 6 to 12 carbon
      atoms including alkyl substituents, amino, halide, alkyl benzoate esters
      having from 1 to 3 carbon atoms, sulfonyl chloride and hydroxide, and M is
      selected from the group consisting of Cr, MO and W, heating said reaction
      vessel from ambient temperatures to a temperature sufficient to cause said
      catalyst to polymerize said aromatic substrate monomers and said organic
      dihalide monomers by removing the dihalide from said organic dihalide
      monomers to form active organic monomers having a carbonium ion which said
      active organic monomers initiate and continue the copolymerization to form
      the copolymer.
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ABST
PAL  An alkenylaromatic polymer is provided derived from 50 to 100 mol % of at
      least one monomer of the general formula:
      ##SPC1##
PAL  In which R' represents a hydrogen atom or a methyl radical and R"
      represents a hydrogen atom or a methyl or ethyl radical, and 0 to 50 mol %
      of a non-aromatic ethylenically unsaturated monomer, optionally
      crosslinked by 0.1 to 30 mol %, relative to the monomer of formula (I), of
      a polyvinyl monomer, 0.01 to 1 .alpha.-ketoaldehyde group of the formula
EQU  -- CO -- CHO                                               (II)
PAL  being present per aromatic ring in the polymer. These polymers find
      particular utility in extracting sulphur and nitrogen-containing compounds
      from solutions containing them, especially urea from solutions resulting
      from the dialysis or ultrafiltration of human blood.
BSUM
PAR  The present invention relates to alkenylaromatic polymers containing
      .alpha.-ketoaldehydic functional groups.
PAR  According to the present invention there is provided an alkenylaromatic
      polymer derived from 50 to 100 mols per 100 mols of one or more monomers
      of the general formula:
      ##SPC2##
PAL  In which R' represents a hydrogen atom or a methyl radical and R"
      represents a hydrogen atom or a methyl or ethyl radical, and up to 50 mol
      per cent of a non-aromatic ethylenically unsaturated monomer, optionally
      crosslinked by 0.1 to 30 mol %, relative to the monomer of formula (I), of
      a polyvinyl monomer, and which contains 0.01 to 1 .alpha.-ketoaldehyde
      group of the formula:
      ##EQU1##
      per aromatic ring present in the polymer.
PAR  As examples of monomers of formula (I) there may be mentioned styrene,
      .alpha.-methylstyrene, m-vinyltoluene and m-ethylstyrene. Amongst the
      ethylenic monomers which can optionally be combined with the
      alkenylaromatic monomers there may be mentioned ethylene, propylene,
      butadiene and isoprene. Compounds such as m-divinylbenzene,
      p-divinylbenzene and mixtures thereof, diisopropenylbenzenes,
      vinyltoluenes, 1,3,5-trivinylbenzene, 1,2,4,-trivinylbenzene,
      divinylxylenes, allyl phthalate and triallyl cyanurate can be used as
      crosslinking monomers.
PAR  The present invention also provides a process for the preparation of the
      alkenylaromatic polymers which comprises reacting dimethylsulphoxide with
      an alkenylaromatic polymer derived from 50 to 100 mol % of one or more
      monomers of formula (I) and up to 50 mol % of a non-aromatic ethylenic
      monomer, optionally crosslinked by 0.1 to 30 mol %, relative to the
      monomer of formula (I), of a polyvinyl monomer, and containing 0.01 to 1
      haloacetyl group of the general formula:
      ##EQU2##
      in which X represents a halogen atom, especially chlorine or bromine, per
      aromatic ring present in the polymer.
PAR  The polymers and copolymers which may or may not be crosslinked and which
      contain .alpha.-ketoaldehyde groups will hereafter be referred to as
      "polyalkenylarylglyoxal", and the polymers and copolymers which contain
      halogenoacetyl groups used to prepare these will hereafter be denoted by
      "polyalkenylphenacyl halide".
PAR  The reaction conditions vary greatly depending on the nature of the
      polyalkenylphenacyl halide employed and, especially, on whether it is a
      polymer which is soluble or insoluble in the sulphoxide or in another
      organic solvent.
PAR  The temperature of the reaction can generally vary between 0.degree. and
      200.degree.C, preferably between 20.degree. and 150.degree.C. The amount
      of sulphoxide employed, expressed in mols of sulphoxide per halogenoacetyl
      group present in the starting polymer, can vary within wide limits. Thus
      an amount of sulphoxide close to the stoichiometric requirements of the
      reaction or a deficiency or an excess can be used; for example, it is
      possible to employ 0.1 to 2 mols of sulphoxide per halogenoacetyl group.
      In this case, the reaction is suitably carried out in a solvent for the
      polymer which is inert under the reaction conditions, when the polymer is
      soluble, or in an inert dispersing agent, preferably having a swelling
      action, when the polymer is insoluble, for example for polymers
      crosslinked by a polyvinyl monomer. For practical reasons, it is however
      preferable to use the sulphoxide as the reaction medium, since the
      halogenated polymers undergoing reaction are generally soluble in or
      swelled by, the sulphoxide. Under these conditions, the sulphoxide is used
      in great excess relative to the amount theoretically required. The degree
      of conversion of the halogenoacetyl groups present in the starting polymer
      can be controlled by the amount of sulphoxide employed and, where
      necessary, by the duration of the reaction which does, of course, vary
      depending on the nature of the starting product and on the temperature
      conditions. In this way, it is possible to introduce a varying number of
      .alpha.-ketoaldehyde groups in the final polymers. The optimum conditions
      for the reaction in each particular case can be determined easily by means
      of simple experiments.
PAR  When the reaction is carried out in the presence of an inert solvent or
      diluent, organic compounds which are liquid under the reaction conditions
      such as aliphatic hydrocarbons such as pentane and hexane, cycloaliphatic
      hydrocarbons such as cyclohexane, aromatic hydrocarbons such as benzene
      and toluene and ethers such as diethyl ether are suitable.
PAR  The polyalkenylphenacyl halides used as the starting material can be
      obtained by various known processes. They can, for example, be prepared by
      halogenation of an alkenylaromatic polymer containing 0.01 to 1 acetyl
      group per aromatic group, hereafter referred to as
      "polyalkenylacetophenone", by means of a halogen in the presence of a
      hydracid. The polyalkenylacetophenone can be dissolved or suspended in a
      suitable solvent such as a lower aliphatic carboxylic acid such as acetic
      acid or chlorinated solvent such as chloroform, containing the hydracid.
      Such a process has been described by W. O. KENYON et al., J. Polym. Sci.,
      32, 83-85 (1958) for brominated poly-p-vinylacetophenone and by R.
      BECKERBAUER et al., J. Polym. Sci., A-2, 823-834 (1964) for brominating a
      styrene/p-vinylacetophenone copolymer. The polyalkenylacetophenones, in
      their turn, can be obtained in known manner by polymerisation or
      copolymerisation of an alkenylacetophenone with at most 50 mol % of an
      ethylenic monomer. A portion of the alkenylacetophenone can also be
      replaced by an alkenylaromatic monomer of formula (I) such as styrene or
      .alpha.-methylstyrene and/or a polyvinyl monomer in the proportions
      indicated above. In every case, the amount of alkenylaromatic monomer
      should be calculated so that the number of acetyl groups relative to the
      number of aromatic groups remains within the range 0.01 to 1. The
      polyalkenylacetophenones can also be prepared in known manner by
      acetylation of a polymer, or a copolymer (optionally crosslinked) of at
      least 50 mol %, of one or more monomers of formula (I) and at most 50 mol
      % of a non-aromatic ethylenic monomer such as those already mentioned,
      using an acetylating agent such as acetic anhydride, ketene or an acetyl
      halide, for example the bromide or chloride, in the presence of the usual
      catalysts and solvents for Friedel-Crafts reactions, aluminium chloride is
      preferably used as the catalyst. Carbon disulphide, carbon tetrachloride,
      nitromethane, chloronitromethane, dichlorobenzene, monochlorobenzene or
      nitrobenzene may be mentioned as suitable solvents. The last solvent is
      especially suitable for acetylating crosslinked alkenylaromatic polymers,
      on which it has a swelling action. Acetylation of alkenylaromatic polymers
      and especially of polystyrene has been described by W. O. KENYON et al.,
      loc. cit.; R. BECKERBAUER et al., loc. cit.; J. A. BLANCHETTE et al., J.
      Org. Chem., 23 1117-22 (1958) and in U.S. Pat. Nos. 2,713,570 and
      2,962,485. When the alkenylaromatic polymer is insoluble in a solvent,
      acetylation can still be carried out in accordance with the processes
      described for example, in U.S. Pat. Nos. 3,299,025 and 3,304,294, in
      accordance with which a gaseous stream of the acetylating agent, and
      optionally of the catalyst, is passed through the polymer in powder form,
      optionally containing the catalyst.
PAR  In accordance with another process, the polyalkenylphenacyl halide are
      prepared by direct halogenoacetylation of an alkenylaromatic polymer as
      defined above, in known manner. Thus the chloroacetylation and
      bromoacetylation of polystyrene have been described by W. O. KENYON, loc.
      cit., and in U.S. Pat. No. 2,713,570.
PAR  With the non-crosslinked polymers, the molecular weight of the
      polyalkenylphenacyl halides, which determines that the final polymers, can
      vary within wide limits because it is not critical. Thus use can generally
      be made of polymers of average molecular weight between 1,000 and
      1,000,000.
PAR  When the oxidation reaction of the polyalkenylphenacyl halide is not
      carried out in solution, and especially when crosslinked polymers are
      involved, the polymer can be employed in various physical forms such as
      finely divided powders, cylindrical granules and balls. Whatever their
      form, the polymer particles can have been treated in known manner to
      increase their porosity and, consequently, the surface area of contact
      with the oxidising agent. Thus granules or balls of expanded polymer can
      be used.
PAR  Without limiting the invention in any way to a particular mechanism, it is
      believed that the reaction can be represented by the following equation:
      ##SPC3##
PAR  When the polyalkenylphenacyl halide contains less than 1 halogenoacetyl
      group per aromatic group, the remaining aryl groups can be unsubstituted
      or substituted wholly or partly by residual acetyl groups, depending on
      the process and the reaction conditions. Likewise, it is possible for the
      polyalkenylarylglyoxals obtained by oxidation to contain aromatic groups
      which are unsubstituted by acetyl or halogenoacetyl groups or which are
      substituted wholly or partly by acetyl and/or halogenoacetyl groups, in an
      amount of at most one of these groups per aromatic ring.
PAR  In short, depending on the process by which they are obtained, the
      polyalkenylphenacyl halides can consist wholly, in the case of the
      alkenylaromatic part, of units of the formula:
      ##SPC4##
PAL  or can contain units of the formulae:
      ##SPC5##
PAL  Depending on the process employed, the polyalkenylphenacyl halides can
      contain halogen atoms attached other than onto the ketone side chain, for
      example on the aromatic ring.
PAR  Likewise, the polyalkenylarylglyoxals can contain an alkenylaromatic part
      formed exclusively from units:
      ##SPC6##
      or, simultaneously, from units of formula (VII) and one or more of the
      units of formulae (IV), (V) and (VI). When the starting polymer is
      polystyrene, or a polymer in which the para-positions relative to the
      chain of the aromatic rings are free, the .alpha.-ketoaldehyde groups, and
      likewise the acetyl and halogenoacetyl groups, are principally in the
      para-position.
PAR  The polyalkenylarylglyoxals according to the present invention are of
      considerable value in extracting nitrogen-containing compounds such as
      urea and primary or secondary aromatic amines from solutions containing
      them in water or organic solvents, especially protic solvents such as
      alcohols. Consequently, the present invention also provides a process for
      extracting a dissolved nitrogen-containing organic compound which is urea
      or a primary or secondary for example aromatic amine, which comprises
      bringing the solution of the nitrogen-containing compound into contact
      with an alkenylaromatic polymer of the present invention.
PAR  Amongst the aromatic amines which can be extracted from their solutions,
      there may be mentioned especially aniline, toluylamine, chloroanilines and
      diphenylamine.
PAR  The process for extracting nitrogen-containing compounds is especially
      suitable for isolating such compounds from their aqueous solutions and, in
      particualar, for treating aqueous effluents containing urea or aromatic
      amines. More specifically, the present invention relates to the isolation
      of urea in aqueous solutions resulting from the treatment of blood in
      artificial kidneys.
PAR  It is known that the blood of patients with renal deficiencies is treated
      either by dialysis or by ultrafiltration in order to remove the waste
      materials which it contains, especially urea. When dialysis is carried
      out, the blood circulates in contact with one face of a semipermeable
      membrane, the other face of which is in contact with an aqueous solution
      of composition similar to that of blood, which sometimes contains glucose.
      Before entering the artificial kidney, the dialysis bath generally
      contains NaCl, MgCl.sub.2, CaCl.sub.2, KCl, CH.sub.3 --COONa and,
      optionally, glucose. On coming out of the dialyser, it contains waste
      materials originating from the blood, especially urea, which have diffused
      through the membrane because of the differences in concentration of these
      waste materials which exist between the blood and the dialysis bath. In
      order that these compounds are removed as effectively as possible, it is
      necessary for the concentration difference across the membrane to be kept
      as large as possible for each compound to be removed, and this implies
      either replacing the used dialysis bath by a new bath or treating the used
      bath in order to remove the waste materials completely or partially. A
      method which is used for lowering the concentration of the used bath
      consists of introducing it into a storage reservoir of 100 to 300 l of
      fresh solution in order to dilute it before it is re-used; this procedure
      rapidly leads, however to the use of large volumes of dialysis liquid. It
      has also been proposed to remove waste materials by treating the used bath
      with ion exchange resins or active charcoal, but the efficiency of these
      processes for isolating nitrogen-containing compounds, more particularly
      urea, has proved to be poor.
PAR  When blood is treated by ultrafiltration, an ultrafiltrate, which contains,
      in addition to the usual waste materials, water, salts and various low
      molecular weight solutes, is transferred across a membrane. After removing
      the waste materials, especially urea, by any suitable means, the resulting
      ultrafiltrate, the composition of which can be adjusted if necessary, is
      mixed with the treated blood and the blood thus reconstituted is
      re-injected into the body of the patient. In this case, the removal of
      urea and other waste materials from the ultrafiltrate also poses various
      technical problems which are difficult to solve.
PAR  The alkenylaromatic polymers with .alpha.-ketoaldehyde groups of the
      present invention make it possible to remove urea simply and effectively
      from dialysis baths or from ultrafiltrates resulting from the treatment of
      blood. In order to extract the dissolved nitrogen-containing compounds, it
      is sufficient to bring the solutions into contact with the polymers of the
      invention in any form such as, granules, balls, fibres or membranes. In
      order to ensure as effective an extraction as possible, it is desirable to
      have the polymer in a form which provides as large a surface area of
      contact as possible with the liquid to be treated; finely divided powers,
      expanded granules or bundles of porous and/or hollow fibres are especially
      suitable. In the case of aqueous solutions, the medium can be acid,
      neutral or basic, but it is preferable to carry out the reaction in a pH
      of between 7 and 12.
PAR  The alkenylaromatic polymers with ketoaldehyde groups are also very
      suitable for extracting organic compounds containing mercaptan groups from
      their aqueous or organic solutions. Such compounds include aliphatic,
      cycloaliphatic or aromatic thiols such as methylmercaptan, ethylmercaptan,
      n-propylmercaptan, i-propylmercaptan, n-pentylmercaptan, 3-pentanethiol,
      hexylmercaptan, 3-hexanethiol, dodecylmercaptan, n-pentadecanethiol,
      cyclopentylmercaptan, cyclohexylmercaptan, thiophenol, thiocresols,
      o-ethylthiophenol, propylthiophenols, and allylthiophenols, which
      optionally contain hydroxyl, nitro, amino or hydroxycarbonyl groups such
      as .beta.-mercaptoethanol, 3-hydroxy-propylmercaptan,
      .gamma.-hydroxybutylmercaptan, .beta.-aminoethylmercaptan,
      3-amino-2-propanethiol, 2-N-phenylamino-ethanethiol,
      ortho-aminothiophenol, thioglycollic acid, .alpha.-mercaptopropionic acid,
      .beta.-mercaptopropionic acid, .alpha.-mercaptoisobutyric acid,
      mercaptovaleric acids, .gamma.-mercaptocaproic acid and mercaptobenzoic
      acids such as thiosalicylic acid; and mercaptoaminoacids such as cysteine,
      homocysteine, .alpha.-mercapto-.gamma.-aminobutyric acid,
      .beta.-methylcysteine, .beta.-ethylcysteine,
      .alpha.-amino.gamma.-methyl-.gamma.-mercaptovaleric acid and
      .beta.,.beta.-dimethylcysteine. The alkenylaromatic polymers with
      ketoaldehyde groups are particularly suitable for extracting
      mercaptoaminoacids from their aqueous solutions; the reaction is
      preferably carried out on the hydrohalides, especially the hydrochloride.
PAR  The polymers of this invention can also be used for binding enzymes, either
      in order to extract the latter from their aqueous or organic solutions, or
      to enable them to be used in a supported form in enzymatic reactions.
PAR  The polymer can be brought into contact with the solution to be treated in
      various ways. For example, the polymer can be dispersed in the solution of
      the compound to be extracted and the whole can be stirred for the period
      of time necessary for removal of the said compound. The solution can also
      be passed through a column containing particles of polymers, or it can be
      forced through membranes comprising bundles of hollow fibres.
PAR  The residual groups other than the .alpha.-ketoaldehyde groups which may be
      present in the polymers of this invention by reason of the process by
      which the polymers were obtained, such as acetyl and haloacetyl groups, do
      not play any particular role in the process of removing the compounds to
      be extracted and can be considered to be inert.
DETD
PAR  The following Examples further illustrate the present invention.
PAC  EXAMPLE 1
PAR  1. Preparation of poly-p-vinylacetophenone.
PAR  500 cm.sup.3 of carbon disulphide, 134 g of aluminium chloride and 58.9 g
      of acetyl chloride are introduced into a 2 l three-neck flask equipped
      with a stirrer, a dropping funnel, a reflux condenser, a thermometer and a
      heating device and then a solution of 52 g of polystyrene (molecular
      weight 1,200) in 500 cm.sup.3 of carbon disulphide is introduced over the
      course of 10 minutes. The contents of the flask are then heated under
      reflux for 1 hour, after which half of the carbon disulphide is removed by
      distillation under reduced pressure. 500 cm.sup.3 of a normal aqueous
      solution of hydrochloric acid are then introduced in order to precipitate
      the polymer, and the remainder of the carbon disulphide is then removed by
      distillation in vacuo.
PAR  The polymer is filtered and washed three times by suspending it in 500
      cm.sup.3 of a normal aqueous solution of hydrochloric acid. It is then
      dissolved in 300 cm.sup.3 of acetone and then precipitated by introducing
      the solution obtained into 1,000 cm.sup.3 of a normal aqueous solution of
      hydrochloric acid. This operation is repeated, but carrying out the
      precipitation in water. The polymer is then washed with water until the
      chloride ions have disappeared and is then dried at 40.degree.C in vacuo
      for 24 hours. In this way, 65 g of a polymer which is soluble in acetone,
      acetic acid and acetic anhydride, and the infra-red spectrum of which
      corresponds to that of polyvinylacetophenone, are obtained. Its percentage
      composition is as follows: C = 82.23%, O = 10.36%; and H = 7.10% (theory
      for a compound containing 1 acetyl group per phenyl group: C = 82.16%, O =
      10.945%; and H = 6.895%). This product thus contains approximately 0.915
      acetyl group per phenyl ring.
PAR  2. Preparation of poly-p-vinylphenacyl bromide.
PAR  A solution of 7.3 g of the polyvinylacetophenone obtained above in 160
      cm.sup.3 of glacial acetic acid is introduced into a 500 cm.sup.3 flask
      equipped with a reflux condenser, a thermometer, a dropping funnel and a
      stirrer. The temperature of the contents of the flask is lowered to
      15.degree.C by immersing it in cold water and then 85.4 cm.sup.3 of a 22%
      by weight per volume solution of hydrobromic acid in acetic acid are added
      over the course of 10 minutes and, finally, 8 g of bromine are introduced
      over the course of 4 minutes. After stirring for 10 minutes, a precipitate
      is formed. Stirring is continued for 3 hours at 15.degree.C.
PAR  The polymer is filtered off, washed by suspending it in distilled water
      until the bromide ions have disappeared and then dried in vacuo at
      40.degree.C for 24 hours. In this way, 7.41 g of a product are obtained
      which has the following percentage composition: C = 55.12%, H = 4.35%, O =
      7.60% and Br = 32.97%, which is insoluble in the usual solvents and which
      swells in dimethylsulphoxide, dimethylacetamide and a 50% by volume
      mixture of acetone and dioxane. The infra-red spectrum of this polymer has
      absorption bands at 1,675 and 1,202 cm.sup.-.sup.1 characteristic of the
      phenacyl bromide group.
PAR  The filtrate resulting from the filtration of the insoluble polymer
      obtained above is introduced into 400 cm.sup.3 of distilled water in order
      to precipitate a polymer which is then filtered off and washed as
      described above. In this way, 3.02 g of a product are obtained which is
      insoluble in dimethylsulphoxide, dimethylformamide, acetic acid,
      1,2-dichloroethane and chlorobenzene, and the percentage composition of
      which is as follows: C = 49.96%, H = 4.04%, O = 7.13% and Br = 39.88%. Its
      infra-red spectrum has absorption bands at 1,675 and 1,202 cm.sup.-.sup.1
      characteristic of the phenacyl bromide group.
PAR  3. Oxidation of poly-p-vinylphenacyl bromide
PAR  0.5 g of soluble polyvinylphenacyl bromide obtained above, dissolved in 10
      cm.sup.3 of dimethylsulphoxide, is introduced into a 25 cm.sup.3 conical
      glass flask equipped with a magnetic stirrer and heated on a water bath
      kept at 37.degree.C. The solution is kept at 37.degree.C for 15 hours. The
      solution is then introduced into a mixture of 50 g of ice and 50 g of
      water in order to precipitate the polymer which is then filtered off and
      washed with water until the bromide ions have disappeared and then dried.
      In this way, 0.35 g of a product are obtained which is soluble in acetone,
      dimethylsulphoxide, dimethylformamide and dioxane and the percentage
      composition of which is as follows: C = 61.34%, H = 4.93%, O = 17.79% and
      Br = 15.94%. The infra-red spectrum of this polymer has an absorption band
      at 3,390 cm.sup.-.sup.1 characteristic of --C--OH groups which can be
      attributed to the hydrated form of the aldehyde group or to a --CH.sub.2
      --OH group in the .alpha.-position to the acetone group. A significant
      disappearance of the bands at 1,675 and 1,202 cm.sup.-.sup.1 corresponding
      to the phenacyl bromide group is also noted on the infra-red spectrum.
PAR  The presence of a --CO--CHO group in the product obtained is confirmed in
      the following way:
PAR  a. A sample of the polymer dissolved in dimethylsulphoxide is reacted with
      2,4-dinitro-phenylhydrazine dissolved in ethanol, in the presence of
      concentrated hydrochloric acid at 37.degree.C for 30 minutes. A
      precipitate is obtained which is washed and then dried to constant weight.
PAR  The ultraviolet spectrum of a solution in chloroform gives a maximum at
      25,700 cm.sup.-.sup.1 (with a shoulder in the visible at about 18,200
      cm.sup.-.sup.1). The visible spectrum of alkaline solutions in 1% sodium
      hydroxide shows a maximum at 18,900 cm.sup.-.sup.1 ; the colouration is
      stable for 2 hours. These characteristics are those of an osazone derived
      from a carbonyl bonded to a phenyl group of an aldehyde group in the
      .alpha.-position to this carbonyl.
PAR  b. The --CO--CHO groups are determined by converting the phenylglyoxal
      groups to mandelic acid groups by a known excess of sodium hydroxide [c.f.
      A KJAER, Acta Chem. Scand., 4, 892-900 (1950); and H. J. Fischer et al.,
      J. Am. Chem. Soc., 94, 1434 - 6 (1942)]. The sodium hydroxide which was
      not consumed is then determined by acidimetry in a back titration using
      hydrochloric acid. The following procedure is carried out:
PAR  100 mg of polymer, 3 cm.sup.3 of dimethylsulphoxide and 2.5 cm.sup.3 of a
      0.5 N sodium hydroxide solution are stirred for 15 minutes at ambient
      temperature and then 10 cm.sup.3 of distilled water are added and the
      sodium hydroxide which has not reacted is measured using 0.05 N HCl. No
      trace of bromide ions, which could result from the saponification of the
      residual bromine present in the polymer, is observed.
PAR  A direct determination using 0.1 N sodium hydroxide solution shows that the
      polymer does not contain any acid group and consequently that all the
      sodium hydroxide was used to convert the phenylglyoxal groups to mandelic
      acid groups in accordance with the equation:
      ##SPC7##
PAL  In this way, it is found that the polymer obtained contains 0.36 equivalent
      of a --CO--CHO group per 100 g, corresponding to 0.72 --CO--CHO group per
      phenyl group.
PAC  EXAMPLE 2
PAR  1. Preparation of poly-p-vinylacetophenone.
PAR  The procedure of Example 1 is followed, but starting from 85.28 g of a
      polystyrene of molecular weight 3,000. In this way, 106 g of polymer are
      obtained which is soluble in acetone, acetic acid and acetic anhydride and
      the percentage composition of which is as follows: C = 82.33%, H = 6.95%
      and O = 10.71%. The infra-red spectrum of this polymer corresponds to that
      of poly-p-vinylacetophenone.
PAR  The polymer obtained contains 0.934 acetyl group per phenyl ring.
PAR  2. Bromination of poly-p-vinylacetophenone.
PAR  The procedure of Example 1 is followed, starting from 36.5 g of the
      poly-p-vinylacetophenone obtained above. In this way, the following are
      obtained:
PAR  a. 50 g of a polymer which precipitates during the reaction and the
      percentage composition of which is as follows: C = 54.26%, H = 4.45%, O =
      7.82% and Br = 33.47% and the infra-red spectra of which show bands
      characteristic of p-vinylacetophenone and p-vinylphenacyl bromide units.
PAR  b. 2.5 g of a polymer reprecipitated from the reaction medium as in Example
      1.
PAR  3. Oxidation of poly-p-vinylphenacyl bromide.
PAR  The reaction is carried out as in Example 1, but at 50.degree.C, by
      introducing 22.5 g of the insoluble polymer obtained above and 500
      cm.sup.3 of dimethylsulphoxide. After 15 hours' reaction, a product is
      filtered off and washed with water until the bromide ions have disappeared
      and then dried. In this way, 19 g of a product are obtained which is
      insoluble in the usual organic solvents and the percentage composition of
      which is as follows: C = 65.86%, H = 5.56%, O = 17.66% and Br = 10.91%,
      and in which 0.36 equivalent of a phenylglyoxal group per 100 g of polymer
      are present, corresponding to 0.68 equivalent per phenyl ring (measured as
      in Example 1).
PAC  EXAMPLE 3
PAR  1. Preparation of a crosslinked poly-p-vinylacetophenone.
PAR  A crosslinked poly-p-vinylacetophenone is prepared by acetylating a
      copolymer obtained by polymerising 150 g of styrene and 1.5 g of
      p-divinylbenzene in water in the presence of 0.3 g of polyvinyl aclohol
      and 0.75 g of benzoyl peroxide, by carrying out the following procedure:
PAR  100 cm.sup.3 of nitrobenzene are introduced into a 250 cm.sup.3 flask
      equipped with a stirrer, a reflux condenser, a thermometer and an oil bath
      heating system and then 13.35 g of aluminium chloride are introduced with
      stirring; after the latter has dissolved, 5.89 g of acetyl chloride and
      5.20 g of a styrene/divinylbenzene copolymer are added. The temperature of
      the contents of the flask is raised to 55.degree. - 60.degree.C and these
      conditions are maintained for 17 hours. The reaction mixture is then
      cooled and the polymer is filtered off and then treated with 125 cm.sup.3
      of a normal solution of hydrochloric acid in methanol until the chloride
      ions have disappeared; it is then dried in vacuo at 40.degree.C.
PAR  In this way, 6.81 g of a product are obtained, the percentage composition
      of which is as follows: C = 83.70%, H = 6.99% and O = 9.30%. The infra-red
      spectrum of this polymer shows bands characteristic of p-vinylacetophenone
      units. This polymer contains 0.77 acetyl group per phenyl ring.
PAR  2. Preparation of a crosslinked poly-p-vinylphenacyl bromide.
PAR  The procedure of Example 1 is followed for brominating the non-crosslinked
      poly-p-vinylacetophenone, by introducing 1.46 g of the polymer obtained
      above. In this way, 2 g of an insoluble polymer are obtained, the
      percentage composition of which is as follows: C = 63.97%, H = 5.64%, O =
      7.91% and Br = 22.77%. The infra-red spectrum of the polymer shows
      absorption bands at 1,680 and 1,364 cm.sup.-.sup.1 and at 1,202
      cm.sup.-.sup.1 characteristic of p-vinylacetophenone and p-vinylphenacyl
      bromide units.
PAR  3. Preparation of a crosslinked polystyrylglyoxal.
PAR  1.5 g of the polymer obtained above are oxidised, in accordance with the
      procedure described in Example 1, by 50 g of dimethylsulphoxide at
      90.degree.C. In this way, 1.1 g of a product are obtained, the percentage
      composition of which is as follows: C = 75.39%, H = 6.19%, O = 15.79% and
      Br = 2.62%. The infra-red spectrum of this polymer indicates a significant
      disappearance of the p-vinylphenacyl bromide groups and the presence of
      -C-OH groups characterised by a band at 3,390 cm.sup.-.sup.1 which can be
      attributed to the hydrated form of the aldehyde group of the --CO--CHO
      group, this group being determined as in Example 1 by converting the
      phenylglyoxal radical into a mandelic acid radical by reacting it with
      sodium hydroxide for 2 hours 30 minutes. The polymer contains 0.187
      --CO--CHO group per 100 g, corresponding to 0.31 group per phenyl ring.
PAC  EXAMPLE 4
PAR  1. Preparation of a crosslinked poly-p-vinylphenacyl chloride.
PAR  1,500 cm.sup.3 of nitrobenzene are introduced into a 3 l flask equipped
      with a reflux condenser, a thermometer and an oil bath heating system and
      then 267 g of aluminium chloride are introduced in 3 portions, with
      stirring; after the latter has dissolved, 169.5 g of acetyl chloride and
      104 g of a crosslinked styrene/p-divinylbenzene copolymer, such as that
      obtained in the preceding Example, are added. The contents of the flask
      are heated to 50.degree.C. The reaction mixture is kept under these
      conditions for 3 hours and then cooled to ambient temperature and
      introduced into 1,500 cm.sup.3 of a normal solution of hydrochloric acid
      in acetone; the mixture is stirred for 2 hours and then the polymer is
      filtered off. It is then washed 4 times in 2 l of the same hydrochloric
      acid solution and then with acetone until the chloride ions have
      disappeared. After drying in vacuo at 40.degree.C for 24 hours, 165.5 g of
      a polymer are obtained, the percentage composition of which is as follows:
      C = 67.95%, H = 5.47%, O = 8.36% and Cl = 17.86%. The infra-red spectrum
      of this polymer shows absorption bands at 1,675 cm.sup.-.sup.1 and 1,212
      cm.sup.-.sup.1, characteristic of phenacyl chloride groups.
PAR  2. Preparation of crosslinked polystyreneglyoxal.
PAR  4.5 g of poly-p-vinylphenacyl chloride obtained above in 50 cm.sup.3 of
      dimethylsulphoxide are heated at 100.degree.C for 15 hours. The polymer is
      then treated as in Example 3. 4.20 g of a polymer of the following
      percentage composition are obtained. C = 74.87%, H = 5.75%, O = 17.56% and
      Cl = 1.81% and in which 0.26 -CO-CHO group per 100 g are detected by means
      of sodium hydroxide in accordance with the method described in Example 1.
      This polymer contains 0.43 ketoaldehyde group per phenyl ring.
PAC  EXAMPLE 5
PAR  25 mg of polystyrylglyoxal prepared in Example 1, 5 cm.sup.3 of an aqueous
      solution of urea of concentration 1 mol/1 and 5 cm.sup.3 of a solution
      containing 0.05 mol of monopotassium phosphate per litre, brought to pH 7
      by adding sodium hydroxide, are introduced into a 100 cm.sup.3 conical
      glass flask. The contents of the flask are then stirred for 15 hours at
      37.degree.C. The contents of the apparatus are cooled and the polymer is
      filtered off, washed 10 times in 20 cm.sup.3 of water and then dried in
      vacuo. A product is obtained in which 2.40% of nitrogen are measured by
      the Dumas method. 51.5 g of urea have thus been attached per kg of
      polymer.
PAC  EXAMPLE 6
PAR  The procedure of Example 5 is followed, but introducing 5 cm.sup.3 of a
      solution containing 0.05 mol/1 of sodium carbonate and bicarbonate. The pH
      of the solution is 10. Under these conditions the weight of urea attached
      is 61.5 g/kg of polymer.
PAC  EXAMPLES 7 to 10
PAR  The procedure of Example 5 is followed, using various polystyrylglyoxals,
      the characteristics of which and the method for producing them are given
      in the following table which also contains the results obtained:
TBL  POLYSTYRYLGLYOXAL                                                         

           No. of                                                              

           --CO--CHO           pH    NITROGEN                                  

                                             UREA                              

           equiva-             of the                                          

                                     MEASURED                                  

                                             ATTACHED                          

           lents/     Obtained urea  in % by in g/kg                           

           phenyl     in       solu- weight of                                 

                                             of                                

     EX.   ring       Example  tion  polymer polymer                           

     ______________________________________                                    

     7     0.72       2         7    1.46    31.3                              

     8     "          "        10    2.07    44.3                              

     9     0.68       3         7    0.80    17.15                             

     10    "          "        10    1.40    30                                

     ______________________________________                                    

PAC  EXAMPLES 11 to 15
PAR  The procedure of Example 5 is followed, using 200 mg of polymer and 30
      cm.sup.3 of an aqueous solution of urea of concentration 1 g/1.
PAR  The results obtained are given in the following table:
TBL  POLYSTYRYLGLYOXAL              NITROGEN                                   

                     Polymer        MEASURED                                   

                                          UREA                                 

                     prepared       % by  ATTACHED                             

         --COCHO equivalents/                                                  

                     according                                                 

                              Contact                                          

                                    weight/                                    

                                          g/kg of                              

     EX. phenyl ring to Example                                                

                           pH time  polymer                                    

                                          polymer                              

     __________________________________________________________________________

     11  0.72        2      7  2 hrs.                                          

                                    0.18  3.85                                 

                              30 mins.                                         

     12  "           "      7 15 hrs.                                          

                                    0.22  4.70                                 

     13  "           "     10  2 hrs.                                          

                                    0.40  8.25                                 

                              30 mins.                                         

     14  "           "     10 15 hrs.                                          

                                     0.885                                     

                                          18.5                                 

     15  0.68        3     10 15 hrs.                                          

                                    0.35  7.5                                  

     __________________________________________________________________________

PAC  EXAMPLE 16
PAR  The procedure of Example 5 is followed, introducing 0.5 g of
      polystyrylglyoxal prepared in Example 2, 10 cm.sup.3 of an aqueous
      solution containing 0.35 mol of aniline per litre and 10 cm.sup.3 of an
      aqueous solution containing 0.05 mol of monopotassium phosphate per litre,
      brought to pH 7 by adding sodium hydroxide, into the conical flask. The
      mixture is stirred for 15 hours at 37.degree.C and then the polymer is
      treated as in Example 5. 0.591 g of product is recovered, in which 2.16%
      by weight of nitrogen are measured, which corresponds to 140 g of aniline
      having been attached per kg of polymer.
PAC  EXAMPLE 17
PAR  0.325 g of a polymer prepared as in Example 1 and containing 0.004 -CO-CHO
      group per gram, followed by 20 cm.sup.3 of an M/10 aqueous solution of
      cysteine hydrochloride are introduced into the apparatus of Example 5. The
      residual acid is determined by acidimetry; after stirring for 15 hours, it
      is found that 2.7 milliequivalents of cysteine have been attached per gram
      of polymer (corresponding to 0.0009 mol of the 0.002 mol employed).
CLMS
STM  We claim:
NUM  1.
PAR  1. An alkenylaromatic polymer consisting essentially of:
PA1  a. 50-100% of recurring units of the formula:
      ##SPC8##
PAL  or recurring units of formula (VII) and recurring units selected from units
      of the formula:
      ##SPC9##
PAL  at least 0.01% of the recurring units being recurring units of formula
      (VII); and
PA1  b. 0-50% of recurring units of a non-aromatic ethylenically unsaturated
      monomer,
PA1  in which R' represents a hydrogen atom or a methyl radical, R" represents a
      hydrogen atom or a methyl or ethyl radical and X represents a halogen
      atom;
PAR  at least one of the aromatic rings in the recurring units of formulae
      (VII), (IV), (V), and (VI) optionally being substituted by halogen.
NUM  2.
PAR  2. A polymer according to claim 1 which is crosslinked by units of a
      polyvinyl monomer, said units being present in an amount from 0.1 to 30%
      based on the total number of units of formulae (VII), (IV), (V) and (VI).
NUM  3.
PAR  3. A polymer according to claim 1 in which R" represents a hydrogen atom.
NUM  4.
PAR  4. A polymer according to claim 1, in which the non-aromatic ethylenically
      unsaturated monomer is ethylene, propylene, butadiene or isoprene.
NUM  5.
PAR  5. A polymer according to claim 2, in which the polyvinyl monomer is
      m-divinylbenzene, p-divinylbenzene, diisopropenylbenzene, a
      divinyltoluene, 1,3,5,-trivinylbenzene, 1,2,4-trivinylbenzene or a
      divinylxylene.
NUM  6.
PAR  6. A polymer according to claim 2 in which R" represents a hydrogen atom.
NUM  7.
PAR  7. A polymer according to claim 5 in which the polyvinyl monomer is
      divinylbenzene and R' and R" both represent a hydrogen atom.
NUM  8.
PAR  8. Process for the preparation of an alkenylaromatic polymer as defined in
      claim 1, which comprises reacting dimethylsulphoxide with an
      alkenylaromatic polymer consisting essentially of:
PA1  a. 50-100% of recurring units of the formula:
      ##SPC10##
PAL  or recurring units of formula (IV) and recurring units selected from units
      of the formula:
      ##SPC11##
PA1  b. 0-50% of recurring units of a non-aromatic ethylenically unsaturated
      monomer.
NUM  9.
PAR  9. Process according to claim 8, in which the reaction is carried out at a
      temperature between 0.degree. and 200.degree.C.
NUM  10.
PAR  10. Process according to claim 9, in which the reaction is carried out at a
      temperature of between 20.degree. and 150.degree.C.
NUM  11.
PAR  11. Process according to claim 8, in which dimethylsulphoxide is used as
      the reaction medium.
NUM  12.
PAR  12. Process according to claim 8 in which the polymer is cross-linked by
      units of a polyvinyl monomer, said units being present in an amount from
      0.1 to 30% based on the total number of units of formulae (IV), (V) and
      (VI).
NUM  13.
PAR  13. Process according to claim 8 in which R" represents a hydrogen atom.
NUM  14.
PAR  14. Process according to claim 12 in which R" represents a hydrogen atom.
NUM  15.
PAR  15. Process according to claim 12 in which the polyvinyl monomer is
      divinylbenzene and R' and R" both represent a hydrogen atom.
NUM  16.
PAR  16. A polymer according to claim 2 consisting essentially of 100% of
      recurring units (a).
NUM  17.
PAR  17. A polymer according to claim 2 consisting essentially of 100% of
      recurring units (a) and X represents a bromine atom.
NUM  18.
PAR  18. Process according to claim 12 in which the polymer consists essentially
      of 100% of recurring units (a) and X represents a bromine atom.
PATN
WKU  039337545
SRC  5
APN  4914279
APT  1
ART  142
APD  19740724
TTL  Insoluble chloroprene polymer
ISD  19760120
NCL  20
ECL  1
EXA  Ziegler; J.
EXP  Tillman; Murray
INVT
NAM  Kitagawa; Chojiro
CTY  Tokyo
CNT  JA
INVT
NAM  Fukuoka; Ichiro
CTY  Tokyo
CNT  JA
INVT
NAM  Kadowaki; Takashi
CTY  Niigata
CNT  JA
INVT
NAM  Kimura; Shoji
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INVT
NAM  Nishimura; Takehiko
CTY  Tokyo
CNT  JA
INVT
NAM  Hanabusa; Kanehisa
CTY  Niigata
CNT  JA
ASSG
NAM  Denki Kagaku Kogyo Kabushiki Kaisha
CTY  Tokyo
CNT  JA
COD  03
RLAP
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APN  289915
APD  19720918
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XCL  260890
EDF  2
ICL  C08F 1526
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UREF
PNO  1967860
ISD  19340700
NAM  Carothers
OCL  260 92.3
UREF
PNO  2628210
ISD  19530200
NAM  Eichason et al.
OCL  260 86.3
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PNO  3300433
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NAM  Jennes et al.
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ABST
PAL  A toluene-insoluble gel polymer having a crosslinking density of at least
      2.4 .times. 10.sup.-.sup.6 obtained by polymerizing chloroprene or a
      mixture of chloroprene with a small amount of at least one copolymerizable
      monomer to a monomer conversion of at least 80 percent in the presence of
      a crosslinking agent selected from the group consisting of a compound
      represented by the following formula:
      ##EQU1##
      wherein n is integer of from 1 to 8,
      ##EQU2##
      wherein n is integer of from 2 to 4, divinylbenzene and diallyl phthalate
      and a process for the preparation thereof.
PARN
PAR  This is a division of application Ser. No. 289,915, filed Sept. 18, 1972,
      now U.S. Pat. No. 3,876,732, in turn a division of Ser. No. 753,705, now
      U.S. Pat. No. 3,714,296.
BSUM
PAR  Ordinary polychloroprene elastomers do not possess satisfactory
      processability characteristics especially for extrusion molding processes.
      Generally, it is not characterized by reduced die swell on extrusion
      through the rolls of the extrusion machines, by resistance to deformation,
      by smoothness of surface of extruded products, high velocity of extrusion
      and other factors as would be desirable. Accordingly, it is difficult to
      fabricate polychloroprene elastomers into shaped articles having
      complicated contours with any degree of precision by extrusion or by
      calendering. That is to say, that when manufacturing extruded products
      having a complicated figure and some resiliency, certain defects appear,
      namely, deformation, dimension changes, surface roughness, edge napping
      and the like.
PAR  It is an object of the present invention to provide a polychloroprene
      elastomer which is free from such defects and which is characterized by an
      improved processability, and excellent extrusion and molding properties.
      In more detail, the object of the present invention is to provide a
      polychloroprene elastomer which has excellent extrusion and molding
      properties as well as other improved processing properties such that it
      can be fabricated at a high extrusion rate into a smoothsurfaced extruded
      product which is free from any deformation or warp even though the product
      has a complicated cross-section.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises preparing a polychloroprene elastomer by
      blending a crosslinked toluene-insoluble gel-like polychloroprene
      (hereinafter referred to as the "gel polymer"), obtained by polymerizing
      chloroprene in the presence of a crosslinking agent, with a
      toluene-soluble sol-like polychloroprene (hereinafter referred to as "sol
      polymer"), obtained by ordinary polymerization procedures.
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The excellent extrusion qualities of the elastomer of the present invention
      are attributable to the intimate admixture of a crosslinked toluene
      insoluble gel polychloroprene with a toluene-soluble sol polychloroprene.
      Generally, it is necessary to blend the gel polymer and sol polymer in the
      weight ratio of from 20: 80 to 80: 20. Incorporation of the sol polymer in
      a proportion which exceeds the above range will result in an increased die
      swelling and deformation of the extruded product. On the other hand,
      incorporation in a lesser amount will result in unsatisfactory surface
      smoothness and a reduced flow property of the resulting elastomer and,
      consequently, a decreased extrusion rate.
PAR  The gel polymer suitably used in the practice of the present invention may
      be obtained by polymerizing chloroprene or a mixture of chloroprene with
      one or more comonomers in the presence of a bifunctional crosslinking
      agent such as glycol dimethacrylates of the formula
      ##EQU3##
      wherein n is an integer of from 1 to 8, or
      ##EQU4##
      wherein n is an integer of from 2 to 4. Examples of suitable crosslinking
      agents include ethylene glycol dimethacrylate (EDMA), trimethylene glycol
      dimethacrylate, tetramethylane glycol dimethacrylate (TDMA), diethylene
      glycol dimethacrylate (DEDMA), triethylene glycol dimethacrylate,
      tetraethylene glycol dimethacrylate (TEDMA) and the like; and
      divinylbenzene, divinyl ether, diallyl phthalate, divinylsulfone and the
      like. The excellent extrusion and molding properties of the elastomer of
      the present invention are obtainable by the use of a highly crosslinked
      gel polymer having a crosslinking density of at least 2.4 .times.
      10.sup.-.sup.6. If the density is less than 2.4 .times. 10.sup.-.sup.6,
      the die swelling on extrusion will increase, the extrusion rate will
      decrease, the surface smoothness of the extruded product will be lost and,
      thus, the material will be poorly extruded. The crosslinking density of
      gel polymer depends on the type and quantity of crosslinking agent used,
      the degree of monomer to polymer conversion and other factors, and,
      therefore, the desired value is obtainable by properly adjusting these
      factors.
PAR  The swelling index and crosslinking density of the crosslinked gel polymer
      are determined in the following manner: The weight Wa of a sample is
      weighed by means of a chemical balance and the sample is soaked in about
      100 cc of toluene contained in a stoppered 100 cc measuring flask. The
      container is allowed to stand in a thermostat controlled bath of
      30.degree.C. After reaching swelling equilibrium, the sample is removed
      from the toluene, lightly wiped with filter paper, and quickly weighed.
      The weight (WB) after swelling was noted and the swelling index (Q) was
      calculated by the equation
      ##EQU5##
      where P.sub.1 is the density (g/cc) of gel chloroprene, P.sub.2 is the
      density (g/cc) of toluene. The crosslinking density .gamma. is calculated
      from the value of swelling index by the P. J. Flory and A. M. Bueche's
      equation
      ##EQU6##
      where V.sub.1 is the volume fraction of solvent toluene, V.sub.2 is the
      volume fraction of polychloroprene in the swollen gel and .mu. is
      interaction coefficient between polychoroprene and solvent.
PAR  The sol polymer used in the present invention may be obtained by
      polymerizing chloroprene or a mixture of chloroprene with small amounts of
      one or more copolymerizable monomers in the presence of an aliphatic
      mercaptan such as n-dodecylmercaptan. The resulting polymer is
      substantially gel-free and has a Mooney viscosity (ML.sub.1.sub.+ 4) at
      100.degree.C. of at least 15.
PAR  In the present invention there may be used as a comonomer copolymerizable
      with chloroprene, e.g., styrene, vinyltoluene butadiene, isoprene
      2,3-dichlorobutadiene-1,3, methyl vinyl ketone, methyl acrylate, ethyl
      acrylate, methyl methacrylate, ethyl methacrylate, and acrylonitrile.
PAR  The gel polymer and sol polymer thus obtained are blended in the form of a
      latex in the proportion as mentioned above and the mixture is isolated by
      freeze coagulation or by similar conventional techniques or by drum drying
      to obtain a polychloroprene elastomer having a Mooney viscosity (ML.sub.1
      .sub.+ 4) at 100.degree.C. of 30 to 70, preferably of 40 to 60.
PAR  The chloroprene elastomer thus obtained is thixotropic namely, when the
      elastomer is directly dissolved in benzene only the sol component
      dissolves and the gel component remains undissolved, when the elastomer is
      dissolved in benzene after mastication on a roll it dissolves entirely
      providing a turbid benzene solution which insolubilizes again after a few
      hours when allowed to stand still at room temperature. The gel polymer by
      itself is not solubilized by mastication, and this is a peculiar property
      obtained by blending with a low molecular sol polymer. All gel polymers do
      not exhibit such property when blended with a sol polymer, for instance, a
      gel polymer prepared by treating a chloroprene rubber with a peroxide will
      not exhibit such property.
PAR  The greatest characteristic of the rubber obtained by blending a gel
      polymer with a sol polymer in accordance with the present invention is the
      thixotropic property as mentioned above. It seems that the excellent
      extrusion molding property is attributable to this peculiar property since
      the low molecular sol polymer acts as a plasticizer on extrusion and the
      thixotropic gel polymer acts to prevent deformation, shrinkage and
      swelling. As a result of the interaction of the two polymers, the
      elastomer of the present invention exhibits good flow properties and good
      processability on extrusion and provides a good extruded product having a
      reduced deformation and die swelling tendency.
PAR  The present invention will now be illustrated by the following example
      which is not intended to be limiting in any manner. All parts are by
      weight.
DRWD
PAC  EXAMPLE
PAR  A. Preparation of sol polymer:
PAR  A polymerization mixture of the following recipe was charged into a stirred
      jacketed polymerization vessel and gradually heated, with stirring, to
      40.degree.C. over a period of one hour. A mixed aqueous solution of 0.25%
      of potassium persulfate and 0.025% of sodium
      anthraquinone-.beta.-sulfonate was added to the mixture as a
      polymerization catalyst. Polymerization was continued to a predetermined
      conversion.
TBL  ______________________________________                                    

     Chloroprene           95-100(parts)                                       

     Other monomer         5-0                                                 

     Disproportionated rosin                                                   

                           4                                                   

     n-Dodecylmercaptan    0.3                                                 

     Formaldehyde-sodium naphthalene                                           

     sulfonate condensation product                                            

                           0.8                                                 

     Sodium hydroxide      0.8                                                 

     Water                 150                                                 

     ______________________________________                                    

PAR  The reaction was stopped by the addition of an emulsion containing 0.03% of
      phenothiazine and 0.03% of tert-butylcatechol. Unreacted chloroprene was
      then eliminated at 60.degree.C. under an absolute pressure of 180 mm. Hg.
      Thus, there was obtained a toluene-soluble polychloroprene latex.
PAR  B. Preparation of the gel polymer:
PAR  A polymerization mixture as follows was polymerized in a stirred, jacketed
      polymerization vessel to a predetermined conversion and post-treated in
      the similar manner as in the preparation of the sol polymer.
     ______________________________________                                    

     Chloroprene          98 - 100(parts)                                      

     Other monomer        2 - 0                                                

     Disproportionated rosin                                                   

                          3.5                                                  

     n-Dodecylmercaptan    0.2 - 0.35                                          

     Formaldehyde-sodium naphthalene                                           

     sulfonate condensation product                                            

                          0.8                                                  

     Sodium hydroxide     0.8                                                  

     Crosslinking agent   3 - 7                                                

     Water                150                                                  

     ______________________________________                                    

PAR  C. Blend of sol polymer and gel polymer:
PAR  The sol polymer latex and gel polymer latex thus obtained were mixed
      together in a latex state to a predetermined proportion, coagulated on the
      surface of a rotary drum through which was circulated a brine at a
      temperature of -20.degree. to -10.degree.C. The resulting film was washed
      with water and dried at 100.degree.C. to 150.degree.C. to obtain a blend.
      The polymer blend thus obtained was compounded in accordance with the
      following recipe.
     ______________________________________                                    

     Polymer blend          100(parts)                                         

     Phenyl-.alpha.-naphthylamine                                              

                            1.0                                                

     Magnesium oxide        4.0                                                

     Zinc oxide             5.0                                                

     2-Mercaptoimidazoline  0.35                                               

     ______________________________________                                    

PAR  The compound thus formed was extruded by means of a Koka-type flow tester
      and, thereby, the extrusion rate and the die swelling (ratio of the
      average outer diameter of the extruded product to the diameter of the
      extrusion die) were measured. The results were summarized in Table 1.
PAR  The test conditions by the Koka-type flow tester were as follows:
TBL  Die              1.0 mm .phi. .times. 1.0 mm                              

     Load             60 Kg/cm.sup.2                                           

     Temperature      100.degree.C.                                            

PAR  For comparison, a gel polymer of crosslinking density of 0.6 .times.
      10.sup.-.sup.6 was obtained in the same manner as in the specimen E-9 in
      the Table 1, except that polymerization was stopped at a conversion of 70%
      and was subjected to the same test. In this case, the extrusion rate was
      9.4 .times. 10.sup.-.sup.3 cc/sec., the die swelling was 2.05. The
      resulting surface smoothness was poor.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

                 E-1 2   3   4     5    6   7    8    E-9                      

                                                         10  11 12             

     __________________________________________________________________________

          Crosslinking                                                         

                 EDMA                                                          

                     EDMA                                                      

                         EDMA                                                  

                             EDMA  EDMA TDMA                                   

                                            DEDMA                              

                                                 TEDMA                         

                                                      DVB                      

                                                         DVB DVB               

                                                                DAP            

     Gel  Agent  3.0 5.0 7.0 4.0   4.5  5.0 4.0  5.0  5.0                      

                                                         5.0 5.0               

                                                                7.0            

          Monomer                                                              

                 CP  CP  CP  CP98  CP   CP  CP   CP   CP CP  CP CP             

          Composition        2,3 DCBD                                          

                             2                                                 

     Polymer                                                                   

          n-Dodecyl-                                                           

                 0.2 0.3 0.35                                                  

                             0.25  0.25 0.25                                   

                                            0.25 0.25 0.3                      

                                                         0.3 0.3               

                                                                0.3            

          mercaptan                                                            

          Conversion                                                           

                 90  98  97  93    90   91  95   93   80 90  95 80             

          Crosslinking                                                         

          density                                                              

          .times. 10.sup.6                                                     

                 10.7                                                          

                     25.0                                                      

                         31.3                                                  

                             13.5  14.6 17.2                                   

                                            30.4 22.7 2.4                      

                                                         8.2 22.0              

                                                                4.2            

          Monomer                                                              

                 CP  CP  CP  CP    CP 95                                       

                                        CP  CP   CP   CP CP  CP CP             

     Sol  Composition              St 5                                        

     Polymer                                                                   

          Mooney 25.5                                                          

                     22.5                                                      

                         20.0                                                  

                             24.5  23.0 23.0                                   

                                            21.0 23.0 23.0                     

                                                         22.5                  

                                                             24.5              

                                                                21.0           

          viscosity                                                            

          ML.sub.1.sub.+4                                                      

          (100.degree.C)                                                       

          Gel polymer/                                                         

                 54/46                                                         

                     52/48                                                     

                         51/49                                                 

                             54/46 53/47                                       

                                        54/46                                  

                                            52/48                              

                                                 54/46                         

                                                      50/50                    

                                                         50/50                 

                                                             50/50             

                                                                50/50          

          Sol polymer                                                          

          blend ratio                                                          

          Mooney 48.5                                                          

                     49.5                                                      

                         51.5                                                  

                             50.5  51.5 49.0                                   

                                            48.5 51.0 49.0                     

                                                         50.5                  

                                                             48.5              

                                                                51.0           

          viscosity of                                                         

          blend ML.sub.1.sub.+4                                                

          (100.degree.C)                                                       

          Extrusion                                                            

                 28.2                                                          

                     39.8                                                      

                         37.1                                                  

                             31.4  37.5 35.3                                   

                                            36.1 35.4 20.0                     

                                                         27.0                  

                                                             28.9              

                                                                24.5           

          rate                                                                 

          cc/sec.                                                              

     Com- (.times. 10.sup.3)                                                   

     pound                                                                     

          Die    1.27                                                          

                     1.07                                                      

                         1.05                                                  

                             1.20  1.26 1.13                                   

                                            1.12 1.18 1.60                     

                                                         1.35                  

                                                             1.10              

                                                                1.52           

          Swelling                                                             

          Surface                                                              

                 Exc.                                                          

                     Exc.                                                      

                         Exc.                                                  

                             Exc.  Exc. Exc.                                   

                                            Exc. Exc. good                     

                                                         Exc.                  

                                                             Exc.              

                                                                Exc.           

          Smoothness                                                           

     __________________________________________________________________________

     DVB:  Divinylbenzene                                                      

     DAP:  Diallyl phthalate                                                   

     EDMA: Ethylene glycol dimethacrylate                                      

     TDMA: Tetramethylene glycol dimethacrylate                                

     DEDMA:                                                                    

           Diethylene glycol dimethacrylate                                    

     TEDMA:                                                                    

           Tetraethylene glycol dimethacrylate                                 

     CP:   Chloroprene                                                         

     2.3DCBD:                                                                  

           2,3-dichlorobutadiene-1,3                                           

     St:   Styrene                                                             

PAR  As evident from the Table 1, polychloroprene elastomers prepared using a
      gel polymer having a density of crosslinking of at least 2.4 .times.
      10.sup.-.sup.6 are extrudable at high extrusion rates without difficulty.
      The extruded product is characterized by a smooth surface. The elastomer
      prepared using a gel polymer of a crosslinking density of 0.6 .times.
      10.sup.-.sup.6, which is outside the scope of the present invention, has
      poor extrusion characteristics.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A toluene-insoluble gel polymer having a crosslinking density of at
      least 2.4 .times. 10.sup.-.sup.6 obtained by polymerizing chloroprene or a
      mixture of chloroprene with a small amount of at least one copolymerizable
      monomer to a monomer conversion of at least 80 percent in the presence of
      a crosslinking agent selected from the group consisting of a compound
      represented by the following formula:
      ##EQU7##
      wherein n is integer of from 1 to 8,
      ##EQU8##
      wherein n is integer of from 2 to 4, divinylbenzene and diallyl phthalate.
NUM  2.
PAR  2. A toluene-insoluble gel polymer of claim 1, wherein the crosslinking
      agent is ethylene glycol dimethacrylate.
NUM  3.
PAR  3. A toluene-insoluble gel polymer of claim 1, wherein the crosslinking
      agent is trimethylene glycol dimethacrylate.
NUM  4.
PAR  4. A toluene-insoluble gel polymer of claim 1, wherein the crosslinking
      agent is tetramethylene glycol dimethacrylate.
NUM  5.
PAR  5. A toluene-insoluble gel polymer of claim 1, wherein the crosslinking
      agent is diethylene glycol dimethacrylate.
NUM  6.
PAR  6. A toluene-insoluble gel polymer of claim 1, wherein the crosslinking
      agent is triethylene glycol dimethacrylate.
NUM  7.
PAR  7. A toluene-insoluble gel polymer of claim 1, wherein the crosslinking
      agent is tetraethylene glycol dimethacrylate.
NUM  8.
PAR  8. A toluene-insoluble gel polymer of claim 1, wherein the monomer
      copolymerizable with chloroprene is a monomer selected from the group
      consisting of styrene, vinyltoluene, butadiene, isoprene,
      2,3-dichlorobutadiene-1,3, methyl vinyl ketone, methyl acrylate, ethyl
      acrylate, methyl methacrylate, ethyl methacrylate and acrylonitrile.
NUM  9.
PAR  9. A toluene-insoluble gel polymer of claim 1, wherein the monomer
      copolymerizable with chloroprene is styrene.
NUM  10.
PAR  10. A toluene-insuluble gel polymer of claim 1, wherein the monomer
      copolymerizable with chloroprene is 2,3-dichlorobutadiene-1,3.
NUM  11.
PAR  11. A process for preparing a toluene-insoluble gel polymer comprising
      polymerizing chloroprene or a mixture of chloroprene with a small amount
      of at least one copolymerizable monomer in the presence of a cross-linking
      agent selected from the group consisting of a compound represented by the
      following formula:
      ##EQU9##
      wherein n is integer of from 1 to 8,
      ##EQU10##
      wherein n is integer of from 2 to 4, divinylbenzene and diallylphthalate
      to a crosslinking density of at least 2.4 .times. 10.sup.-.sup.6 and a
      monomer conversion of at least 80 percent.
NUM  12.
PAR  12. A process of claim 11, wherein the crosslinking agent is ethylene
      glycol dimethacrylate.
NUM  13.
PAR  13. A process of claim 11, wherein the crosslinking agent is trimethylene
      glycol dimethacrylate.
NUM  14.
PAR  14. A process of claim 11, wherein the crosslinking agent is tetramethylene
      glycol dimethacrylate.
NUM  15.
PAR  15. A process to claim 11, wherein the crosslinking agent is diethylene
      glycol dimethacrylate.
NUM  16.
PAR  16. A process of claim 11, wherein the crosslinking agent is triethylene
      glycol dimethacrylate.
NUM  17.
PAR  17. A process of claim 11, wherein the crosslinking agent is tetraethylene
      glycol dimethacrylate.
NUM  18.
PAR  18. A process of claim 11, wherein the monomer copolymerizable with
      chloroprene is a monomer selected from the group consisting of styrene,
      vinyltoluene, butadiene, isoprene, 2,3-dichlorobutadiene-1,3, methyl vinyl
      ketone, methyl acrylate, ethyl acrylate, methyl methacrylate, ethyl
      methacrylate and acrylonitrile.
NUM  19.
PAR  19. A process of claim 11, wherein the monomer copolymerizable with
      chloroprene is styrene.
NUM  20.
PAR  20. A process of claim 11, wherein the monomer copolymerizable with
      chloroprene is 2,3-dichlorobutadiene-1,3.
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PAL  A thermosetting resin useful for attaching decorative paper facings to
      chipboard and like cellulosic panels is prepared by condensation of
      melamine with thiourea, formaldehyde, and a diol ether, up to one half by
      weight of the melamine being capable of being replaced by urea without
      seriously effecting the quality of the resin.
PARN
PAR  This is a continuation of application Ser. No. 387,444, filed Aug. 10, 1973
      Now Abandoned which in turn is a continuation of aplication Ser. No.
      130,458, filed Apr. 1, 1971, and now abandoned.
PAR  This invention relates to thermosetting synthetic resins, their
      preparation, and their use, and particularly to a resin of the
      melamine-formaldehyde type suitable for securing paper facings to panels
      of cellulosic material, particularly chipboard and like panels of
      agglomerated, particulate, cellulosic material.
PAR  It is known to provide chipboard panels with decorative paper facings by
      impregnating the facing paper with a thermosetting synthetic resin, and
      attaching the impregnated paper to faces of the panels at elevated
      temperature and pressure.
PAR  Such coated panels are being produced on an industrial scale, and
      melamine-formaldehyde resins are being used as adhesives. The panels with
      impregnated sheets of decorative paper superimposed on their major faces
      are set into hydraulic presses in separated multiple layers, and the resin
      is cured by compressing the stack of panels and separator plates and
      heating the compressed stack to the necessary elevated temperature. After
      the coated panels are practically completely cured, the temperature, as
      measured at the panel surfaces, is lowered to about 50.degree.C before the
      pressure is released, and the panels are removed from the press. Panels of
      inferior surface finish are obtained if the panels are not cooled in the
      press. The entire press cycle takes about l5 to 25 minutes including the
      periods required for heating and cooling the platens.
PAR  The known process does not permit more than 2 - 4 cycles to be performed
      per hour, and the production rate obtainable from the press is
      correspondingly limited. The amortization of the capital invested in the
      hydraulic equipment thus is a significant factor in determining the cost
      of the product.
PAR  An object of the invention is the provision of a similar coating method for
      essentially cellulosic panels which drastically reduces the dwell time in
      the press, and thereby eliminates the cost of the press equipment as a
      significant factor in the cost of the product.
PAR  A more specific object is the provision of a resin which permits the dwell
      time of the coated panels in the press to be reduced approximately by an
      order of magnitude, or to about one tenth of that required by conventional
      methods.
PAR  Yet another object is the provision of a method of making the resin.
PAR  With these and other objects in view, this invention, in one of its more
      specific aspects, resides in a method of making a thermosetting resin in
      which melamine, urea, thiourea, formaldehyde, and a diol ether of the
      formula HO--(CH.sub.2).sub.m --O--(CH.sub.2).sub.n --OH, wherein m and n
      are 2, 3, or 4, are reacted in an aqueous medium at pH 7.5 to 10 at a
      temperature of 80.degree. to 100.degree.C until the reaction solution so
      obtained is capable of being diluted with water at 20.degree.C to solids
      content of 10% to 50% before the diluted solution first becomes turbid.
PAR  The use of urea in the condensation mixture is optional, and the urea may
      replace between 0 and 50% of the weight of the melamine so that the urea
      weight may be up to 100% of the weight of the melamine. The amount of the
      thiourea should be between 0.005 and 0.5 mole, the amount of the
      formaldehyde between 1.4 and 4.0 moles, and the amount of the diol ether
      between 0.005 and 0.5 mole. These amounts are based on a combined weight
      of melamine and urea equal to the weight of one mole of melamine.
PAR  A solution of the resin so obtained is used for impregnating a sheet of
      paper which is then superimposed on a panel, whereupon the superimposed
      sheet and panel are subjected in a press to a temperature and pressure
      sufficient to cure the resin and to attach the sheet to the panel by means
      of the cured resin. The solvent of the resin solution is chosen to be
      volatile at the curing temperature. The panel having the sheet attached
      thereto is transferred from the press to an ambient atmosphere while still
      substantially at the curing temperature.
PAR  The dwell time in the press at the curing pressure and temperature need not
      normally exceed 120 seconds, yet, the finished panel has a surface finish
      which closely approximates that of the press platens. With polished
      platens, a smooth, glossy surface finish is readily achieved.
PAR  Best results are obtained with resins of the invention which are
      condensation products of 0.47 to 1.50 mole formaldehyde per combined mole
      equivalent of the NH.sub.2 groups in the melamine and the thiourea, or of
      0.43 - 1.13 mole formaldehyde per combined mole equivalent of the NH.sub.2
      groups in the melamine, thiourea, and urea, if the latter is part of the
      condensation mixture.
PAR  Contrary to general experience with other melamine-formaldehyde resins, the
      urea present does not significantly impair the mechanical and chemical
      properties of the resin as long as the weight of the urea does not exceed
      the melamine weight in the condensation mixture. The urea-bearing resins
      of the invention are stable in contact with boiling water or hot acid dye
      fleets.
PAR  It is important to control the pH of the aqueous condensation mixture. Best
      results are usually obtained at pH 8.4 - 9. At a pH lower than 7.5, the
      resin condenses too fast. At a pH higher than 10, the condensation
      reaction is very slow, and the resin formed is discolored.
PAR  The formaldehyde may be added to the reaction mixture either as such or in
      the form of its aqueous solution. At least a portion of the formaldehyde
      may also be combined with at least a portion of the thiourea to form a
      precondensate which then is mixed with the other reactants. The
      precondenste may be either a thiourea-formaldehyde condensate or a
      thioureamethylol methyl ether obtained by combining methanol with the
      formaldehyde and thiourea. The ratio of thiourea and formaldehyde in the
      precondensate may vary over a wide range, best results being usually
      obtained with 0.5 to 4 moles formaldehyde per mole of thiourea. Preferred
      precondensate compositions will be described hereinafter.
PAR  The resins most useful for the intended purpose contain melamine, thiourea,
      formaldehyde, and diol ether in a mole ratio of 1 : 0.05-0.2 : 1.8-2.5 :
      0.05-2, and may additionally contain 0.2 to 0.4 mole urea. Their aqueous
      solutions, as produced by condensation in an aqueous medium, should have a
      viscosity of 10 to 25 seconds, as measured with the German standard Ford
      cup having a nozzle orifice of 4 mm diameter, and all viscosities
      hereinbelow will be given in seconds with reference to such a cup. The
      preferred resin solution should have a specific gravity of 1.24 to 1.26 at
      20.degree.C and an index of refraction of 1.48 to 1.50 at the same
      temperature. For each mole of formaldehyde, there should preferably be a
      combined mole equivalent of 0.58 to 1.0 NH.sub.2 group in the several
      other reactants.
PAR  When used for adhesively securing paper facings to panels of other
      material, more specifically chipboard panels and other panels of
      agglomerated, particulate, cellulosic material, the resins permit the
      dwell time in the press at elevated temperature and pressure to be reduced
      to 45 to 120 seconds, and the coated panels to be removed from the press
      while still substantially at their curing temperature, without loss of
      surface finish. The coated panels have a gloss and freedom from pores and
      other depressions equal to or superior to the corresponding properties of
      panels produced in much longer dwell times with conventional resins.
PAR  The hydraulic equipment is thus utilized more economically, and the cost of
      thermal energy required per unit amount of coated panels is greatly
      reduced because none of the thermal energy is lost by cooling. The panels
      prepared according to the invention have greater mechanical strength than
      those prepared by conventional methods because the panel cores are exposed
      to high temperature only for a very short period as compared to the
      methods used heretofore for curing the thermosetting resin adhesive. For
      equal ultimate strength, the core panels of the invention may be lighter,
      and thus less costly than the core panels employed in conventional
      processes.
PAR  The resins of the invention, while eminently useful in the manufacture of
      paper faced panels, are also useful in laminating other layers of fibrous
      material to each other, for bonding particulate cellulosic matter under
      heat and pressure into panels and like shapes, and ultimately for
      preparing shaped objects by compression molding compositions which, in
      addition to the resins of the invention, may, but need not, contain
      fillers and similar ingredients.
DETD
PAR  The following Examples are further illustrative of this invention.
PAC  EXAMPLE 1
PAR  600 g Aqueous 30% formaldehyde solution (6 moles formaldehyde) were
      adjusted to pH 8.6 at 20.degree.C with aqueous sodium hydroxide solution.
      27 g (0.355 Mole) thiourea, 36 g (0.34 mole) diethyleneglycol, and 378 g
      (3 moles) melamine were stirred into the formaldehyde solution at ambient
      temperature. The mixture obtained was heated to 90.degree.C and held at
      that temperature until a sample of the resin solution so obtained became
      turbid when diluted with 1.5 volumes water at 20.degree.C. The bulk of the
      solution was then cooled quickly to ambient temperature (20.degree.C), and
      the cooled solution had a viscosity of 17.6 seconds, a specific gravity of
      1.250, and an index of refraction of 1.490. It contained 57 % resin
      solids.
PAR  Sheets of porous, pigmented decorative paper of high acellulose content
      were impregnated with the resin solution to which 0.05%
      formamidinesulfinic acid was added as a hardener immediately prior to
      application. The resin solution added approximately 130% to 145% to the
      weight of the paper after drying, and the resin composition contained 5.0
      to 5.5% (by weight) of material volatile at 160.degree.C.
PAR  Both faces of a chipboard panel were coated with the impregnated paper, and
      the coated panel was placed between the polished platens of a press
      preheated to 160.degree.C. The press was closed immediately, and a
      pressure of 20 kg/cm.sup.2 was applied to the coated panel within
      approximately ten seconds after insertion in the press. The press was
      opened two minutes later, and the hot panel was withdrawn and replaced by
      another, identically coated panel to start a new curing cycle.
PAR  The surface of the cured, coated panel was uniformly glossy, and it
      compared favorably in its smoothness and the absence of pores or other
      undesired depressions with a panel prepared with conventional resins at
      low pressure and cooled in the press. Its gloss was equal or superior to
      that of all but the very best conventionally prepared panels, and far
      superior to otherwise conventional panels which are removed from the press
      while hot.
PAC  Example 2
PAR  600 g (6 Moles) 30% formaldehyde solution, 62 g of a thiourea-formaldehyde
      precondensate, and 36 g (0.4 mole) diethyleneglycol (0.4 mole) were mixed
      at ambient temperature (20.degree.C). The precondensate was an aqueous 60%
      solution prepared from thiourea and formaldehyde in a mole ratio of 1:1
      and had a viscosity of 12 seconds, a specific gravity of 1.22, and an
      index of refraction of 1.494. The solution so obtained was adjusted to pH
      8.6 with aqueous sodium hydroxide solution, further mixed with 378 g (3
      moles) melamine, and heated to 90.degree.C.
PAR  This temperature was maintained until a sample cooled to 20.degree.C and
      diluted with 1.5 volumes of water showed the first turbidity. The bulk of
      the resin solution was then cooled as quickly as possible. It had a
      viscosity of 17.3 seconds, a specific gravity of 1.250 at 20.degree., and
      an index of refraction of 1.4858 at 20.degree.C.
PAR  The resin solution was mixed with 0.05% (by weight) formamidinesulfinic
      acid as a hardener and used for impregnating decorative paper of the type
      described in Example 1 so as to add 130 - 145% to the dried weight of the
      coated paper, including 5.0 - 5.5% material volatile at 160.degree.C and
      mainly consisting of residual water and traces of formaldehyde.
PAR  Chipboard panels were coated with the impregnated paper sheets on both
      major faces, inserted into the afore-described press at 160.degree.C and
      compressed between the press platens within 10 seconds after insertion
      with a pressure of 20 kg/cm.sup.2. The press was opened after 90 seconds,
      and the hot, cured panels were withdrawn. They were of the same quality as
      the panels prepared according to the method of Example 1.
PAC  Example 3
PAR  600 g (6 Moles) aqueous 30% formaldehyde solution, 80 g of a
      thioureamethylol methyl ether (0.3 mole thiourea), and 18 g (0.l7 mole)
      diethyleneglycol were mixed at 20.degree.C. The mixture was adjusted to pH
      8.6 with aqueous sodium hydroxide solution, and 378 g (3 moles) melamine
      were stirred into the adjusted solution.
PAR  The mixture was heated to 90.degree.C and kept at this temperature until a
      sample diluted with 1.5 volumes water showed the first turbidity. The bulk
      of the resin solution was then cooled quickly to 20.degree.C. It had a
      viscosity of 18.7 seconds, a specific gravity of 1.246, and an index of
      refraction of 1.495.
PAR  The thioureamethylol methyl ether was used as an aqueous 60% solution
      having a viscosity of 18.2 seconds, a specific gravity of 1.190, and an
      index of refraction of 1.525.
PAR  The resin solution was mixed with 0.05% formamidinesulfinic acid as a
      hardener and used for impregnating decorative paper in an amount to add
      130 - 145% to the weight of the paper after drying. Volatile content was
      5.0 to 5.5%, as determined by drying to equilibrium at 160.degree.C.
PAR  A chipboard panel whose faces were coated with respective sheets of the
      impregnated paper was cured 90 seconds at 20 kg/cm.sup.2 and 160.degree.C,
      as described above, and thereafter withdrawn hot from the press.
PAR  Its gloss was even better than that of the coated panels prepared by the
      procedures of Examples 1 and 2.
PAC  Example 4
PAR  555 g (5.55 Moles) aqueous 30% formaldehyde solution were adjusted to pH
      8.8 with aqueous sodium hydroxide solution and mixed with 350 g (2.78
      moles) melamine at ambient temperature. The mixture was heated to
      90.degree.C and held at that temperature until a drop of the resulting
      resin solution produced a turbid cloud when dropped into water. At this
      stage, 40 g of the thioureaformaldehyde precondensate described in Example
      2 and 40 g (0.38 mole) diethyleneglycol were added and heating was
      continued until a sample became turbid when mixed with 1.7 volumes water.
      50 g (0.835 Mole) urea were stirred into the resin solution which was then
      cooled quickly to 20.degree.C. Its viscosity was 16.3 seconds, its
      specific gravity 1.255, and its index of refraction 1.4859.
PAR  Paper was impregnated with the resin solution after addition of 0.05% (wt.)
      formamidinesulfinic acid to the latter. The amount of impregnating
      solution was sufficient to increase the dry weight of the paper by 130 -
      145%, the volatile content being 5.0 - 5.5%. The impregnated paper sheets
      were applied to both faces of a chipboard panel, and the coated panel was
      cured between highly polished metal sheets at 160.degree.C and 20
      kg/cm.sup.2 in 80 seconds.
PAR  The panel surfaces were smooth and almost as glossy as those prepared by
      the methods of Examples 1 and 2.
PAC  Example 5
PAR  600 g Aqueous 30% formaldehyde solution (6 moles formaldehyde), 62 g of the
      thiourea-formaldehyde precondensate described in Example 2, and 36 g
      dipropyleneglycol were mixed at ambient temperature. The solution so
      obtained was adjusted to pH 8.7 with aqueous sodium hydroxide solution and
      further mixed with 378 g (3 moles) melamine.
PAR  The resulting mixture was heated to 90.degree.C and kept at that
      temperature until a sample became turbid when mixed with two volumes of
      water. The resin solution then was cooled to 20.degree.C and had a
      viscosity of 17.2 seconds, a specific gravity of 1.249, and an index of
      refraction of 1.4877.
PAR  After having received a hardening addition of 0.05% formamidinesulfinic
      acid, the resin solution was used for inpregnating decorative paper to a
      dry pick-up of 130 to 145% including 5.0 - 5.5% volatile matter. A
      chipboard panel coated with the paper and cured in 90 seconds as described
      above showed good uniform gloss about equal to that produced in Examples 1
      and 2 after having been taken from the hot press.
PAR  Closely similar results were obtained, when the diethyleneglycol or
      dipropyleneglycol was replaced by other diol ethers having up to eight
      carbon atoms, such as dibutyleneglycol, di-isopropyleneglycol,
      diisobutyleneglycol, di-tert-butylglycol, ethylpropyl glycol ether,
      ethylbutylglycol ether, propylbutylglycol ether, and the like.
PAR  While the invention has been described with particular reference to
      specific embodiments, it is to be understood that it is not limited
      thereto, but is to be construed broadly and restricted solely by the scope
      of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A thermosetting resin composition capable of bonding paper to clipboard
      within two minutes at a temperature of 160.degree.C and a pressure of 20
      kg/cm.sup.2 when mixed with 0.05% formamidinesulfinic acid, the resulting
      bond between said paper and said clipboard being stable at said
      temperature at atmospheric pressure, said resin composition essentially
      consisting of a liquid condensation mixture obtained by heating melamine,
      formaldehyde, thiourea, and a diol ether at 80.degree. - 100.degree.C and
      pH 8.6 - 8.8 until the condensation mixture first becomes turbid at
      20.degree.C when diluted with water to a solids content of 10% - 50%, said
      diol ether being of the formula HO--(CH.sub.2).sub.m --O--(CH.sub.2).sub.m
      --OH, wherein m is 2 or 3, the amount of said thiourea being 0.08 to 0.12
      mole, the amount of said formaldehyde being 2 moles, and the amount of
      said diol ether being between 0.06 and 0.13 mole, said amounts being per
      mole of melamine.
NUM  2.
PAR  2. A resin composition as set forth in claim 1, further comprising 0.2 to
      0.4 mole urea per mole of said melamine.
NUM  3.
PAR  3. A resin composition as set forth in claim 1, the specific gravity of
      said composition being 1.24 to 1.26 at 20.degree.C, and the index of
      refraction thereof being 1.48 to 1.50 at 20.degree.C.
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PAL  Isocyanate polyaddition products which are cross-linked via allophanate,
      biuret, or uretdione imine groups are linearized by reacting them in the
      presence of polar solvents with low molecular weight polyisocyanates at
      temperatures between 90.degree. and 200.degree.C and then preferably
      reacting the linearized product with amino alkyl silane derivatives to
      prepare products which are easily cross-linked by atmospheric moisture to
      form soft highly elastic films.
PARN
PAR  This is a continuation of application Ser. No. 380421, filed July 18, 1973,
      and now abandoned.
BSUM
PAR  This invention relates to a process for the production of linear
      polyurethanes which preferably still contain NCO-groups and/or silylized
      urea and/or biuret groups from polyurethane elastomers or polyurethane
      foams which are cross-linked via biuret, allophanate or uretoneimine
      groups by means of new linearizing modification reactions in polar
      solvents.
PAR  Owing to the ever increasing quantity of polyurethane waste produced in the
      working up of polyurethane products, there is great interest in finding a
      technically simple process by which polyurethane waste (e.g. elastomer
      waste, foam, foam flakes, films, porous foils, threads, etc.) can be
      converted into products which can be used again in the production process.
PAR  Previously the only known process depended on the fact that high-molecular
      weight polyurethanes, when subjected to prolonged heating in polar
      solvents, undergo splitting of the urethane and/or ester bonds and are
      degraded rather unselectively into low-molecular weight products.
PAR  This invention provides a new process for working up cross-linked
      polyurethanes by the action of polyisocyanates. According to present day
      views about the reactivity of the Zerewitinoff active hydrogen atoms
      present in urethane and urea groups towards any polyisocyanates, it was
      expected that the degree of cross-linking of diisocyanate polyaddition
      products which have already been cross-linked but still contain numerous
      urethane or urea groups would be considerably increased by further
      treatment with polyisocyanates.
PAR  It has surprisingly been found, however, that any elastomers which contain
      urethane and/or urea groups and are cross-linked via allophanate and/or
      biuret groups or uretone imine groups, by numerous variations of the
      diisocyanate polyaddition process, do not undergo further cross-linking
      when subjected to the action of any difunctional or higher functional
      polyisocyanates in the presence of polar solvents but are directly
      converted in a smooth reaction into readily soluble, linearized
      macropolyisocyanates which, if desired, can easily be reacted with
      aminoalkyl alkoxysilane derivatives to yield polyaddition products with
      silyl-urea groups or biuret groups which can be cold hardened by moisture.
      Cellular foams obtained from bifunctional hydroxyl compounds and
      optionally modified polyisocyanates react in a completely analogous
      manner.
PAR  In both cases, linear, high-molecular weight polyurethanes which contain at
      least two NCO-groups (i.e. macro-polyisocyanates) are obtained in
      quantitative yields with selective removal of cross-linking allophanate or
      biuret segments.
PAR  This invention therefore relates to a process for the linearization of
      cross-linked diisocyanate polyaddition products, characterized in that the
      cross-linked high-molecular weight polyaddition products are reacted in
      the presence of polar solvents, with low-molecular weight polyisocyanates
      and optionally modified polyisocyanates at temperatures of between
      90.degree. and 200.degree.C., preferably 110.degree. to 140.degree.C.
PAR  The resulting soluble, uncross-linked macropolyisocyanates may, if desired,
      be further modified with aminoalkyl alkoxy-silanes.
PAR  As analytical investigations have shown, high quality macropolyisocyanates
      which have excellent film-forming properties and internal viscosities
      covering the entire technically interesting range for foils and coatings
      of 0.35 to 1.2 can be obtained by the process according to the invention
      of linearizing decomposition of cross-linked diisocyanate polyaddition
      products, in particular within the temperature range of 110.degree. -
      140.degree.C. By "internal viscosity" (inherent viscosity) is meant the
      coefficient
      ##EQU1##
      in which .eta..sub.rel is the relative viscosity of the solution of
      polymer in hexamethyl phosphoramide at 20.degree.C. and C is the
      concentration in g/100 ml of solvent.
PAR  This invention not only enables macropolyisocyanates with high-quality film
      properties to be produced but also provides the industry which produces
      various cross-linked polyurethanes with a process by which polyurethane
      waste such as elastomer waste, foam flakes and waste products of foils and
      elastomer threads can be refined to a high degree. It is particularly
      advantageous to subject the macropolyisocyanates obtained according to the
      invention to a further reaction with various aminoalkyl silane
      derivatives, preferably .alpha.-aminomethyl silane derivatives, if
      desired, in admixture with the monomeric polyisocyanates which are not
      built into the molecule in the linearization process according to the
      invention. The process therefore corresponds in principle to that
      described in U.S. Ser. Nos. 303,192 and 303,671. By means of the process,
      the NCO-groups of the macropolyisocyanates, which are not in themselves
      stable in storage, can be stabilized by introduction into the
      macromolecule of one or more silyl urea groups which are capable of
      cross-linking.
PAR  The process according to the invention is based on the finding that
      diisocyanate polyaddition products which have been cross-linked via
      allophanate, biuret or uretone imine groups are linearized in polar
      solvents in the presence of monomeric polyisocyanate, possibly by way of a
      primary biuret interchange or allophanate interchange by the monomeric
      diisocyanate. By linearization is meant in this context the elimination of
      the three-dimensional transverse cross links even though the linearized
      macropolyisocyanate may nevertheless still contain short chain allophanate
      or biuret branches.
PAR  The linearization reaction according to the invention theoretically
      proceeds in accordance with the following reaction scheme:
      ##EQU2##
      In the above scheme, X = O, N;
PA1  A = an allophanate segment,
PA1  B = a biuret segment,
PA1  R = the divalent radical of a low-molecular weight diisocyanate;
PA1     represents a polyester, polyether, polyester urethane, polyether
      urethane or polyester amide segment.
PAR  As represented in the reaction scheme, linearizing decomposition of any
      cross-linked diisocyanate polyaddition product results in compounds with
      terminal NCO groups as a result of the reaction with low-molecular weight
      polyisocyanates. The process according to the invention therefore leads to
      the formation of technically interesting very high molecular weight
      macropolyisocyanates. These macropolyisocyanates are advantageously
      subsequently reacted with aminoalkyl alkoxysilane derivatives to convert
      them into high-molecular weight polyaddition products containing silylized
      urea groups or silylized biuret groups which can be cross-linked in the
      cold by moisture with formation of siloxane bridges.
PAR  The principle of linearizing decomposition of cross-linked diisocyanate
      polyaddition products in the presence of low-molecular weight
      polyisocyanates is quite generally applicable, i.e. polyurethane
      elastomers, cellular substrates (foams or foam flakes), films, microporous
      foils, crosslinked elastomer threads with any segmental structure, i.e.
      those containing polyester, polyether, polycarbonate, polyamide,
      polythioether, polyacetal, polyurethane, polyurea or
      polyhydrazodicarbonamide segments, etc. as well as cross-linked
      polyurethane ionomers can be converted into macropolyisocyanates by this
      process.
PAR  The materials preferably used for the process are soft-elastic to
      hard-elastic granulated elastomers, cellular polyurethane foam flakes,
      porous, microporous or non-porous foils, disintegrated elastomer threads,
      etc. Diisocyanate polyaddition products which are cross-linked via
      allophanate or biuret groups and which have been prepared from linear
      .alpha.-.omega.-dihydroxy compounds or .alpha.,.omega.-diamino compounds,
      chain-lengthening agents such as water, bifunctional alcohols,
      bifunctional dicarboxylic acids, bifunctional diamines, hydrazines, amino
      alcohols, etc. and diisocyanates such as naphthylene-1,5-diisocyanate,
      4,4'-diisocyanatodiphenylmethane, tolylene-2,4-diisocyanate,
      tolylene-2,6-diisocyanate, mixtures of isomeric tolylene diisocyanates,
      hexamethylene diisocyanate,
      1-isocyanato-3,3,5-trimethyl-5-isocyanato-methylcyclohexane, m- and
      p-xylylene diisocyanate or 2,4,4-trimethyl-hexamethylene diisocyanate,
      etc. by known processes in an equivalent NCO/OH or NCO/NH.sub.2 or
      NCO(NH.sub.2 + OH) ratio of&gt;1, preferably 1.03 to 1.5 and especially 1.04
      - 1.20, are particularly preferred. Cross-linked diisocyanate polyaddition
      products of this kind have been described, for example in DRP No. 728,981,
      by O. Bayer in Angew. Chem. 60, 257 (1948) and E. Muller in Angew. Makr.
      Chemie 75-86 (1970), in DAS No. 1,226,071, DAS No. 1,131,033 and U.S. Pat.
      No. 3,399,167 and in Kunststoff-Handbuch, volume VII, Carl Hanser Verlag,
      Munich 1966, pages 35 et seq. 110, 440, 442, 445, 449, 475, 486, 518, 566,
      588 and 654.
PAR  Any monomeric and modified diisocyanates and polyisocyanates are suitable
      in principle for the linearizing decomposition according to the invention
      of cross-linked polyurethanes to produce macropolyisocyanates. The
      following polyisocyanates are preferred:
PAR  tetramethylene-1,4-diisocyanate; pentamethylene-1,5-diisocyanate;
      hexamethylene-1,6-diisocyanate;
      2,4,4-trimethyl-hexamethylene-1,6-diisocyanate;
      dodecamethylene-1,12-diisocyanate; 1,2-diisocyanatomethylcyclobutane;
      dicyclohexyl-4,4'-diisocyanate; dicyclohexyl-methane-4,4'-diisocyanate; p-
      and m-xylylene diisocyanate; lysine-methylester diisocyanate;
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethylcyclohexane;
      1-methyl-2,4-diisocyanato-cyclohexane and isomers thereof;
      tolylene-2,4-diisocyanate; tolylene-2,6-diisocyanate;
      4,4'-diisocyanatodiphenylmethane; 4,4'-diisocyanatodiphenylether;
      naphthylene-1,5-diisocyanate and NCO-telomers of the above mentioned
      diisocyanates of the kind described in French Pat. No. 1,593,137, in
      particular those of hexamethylene diisocyanate and
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethyl-cyclohexane with vinyl
      acetate, vinyl chloride, styrene, methyl acrylate, methyl methacrylate,
      and butyl acrylate. Diisocyanates which contain semicarbazide groups such
      as those mentioned in German Offenlegungsschrift no. 1,720,711 are also
      suitable, especially those obtained from 2 mols of hexamethylene
      diisocyanate or
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethyl-cyclohexane and 1 mol of
      N,N-dimethyl-hydrazine.
PAR  Other modified tri-, tetra- and higher functional polyisocyanates and their
      solutions in monomeric diisocyanates may be used in the same way for the
      reaction according to the invention, e.g. polyisocyanates which contain
      urethane, allophanate, biuret or carbodiimide groups or acylated
      isocyanurate or uretone imine groups.
PAR  The quantity of low-molecular weight polyisocyanate used for the
      preparation according to the invention of macropolyisocyanates by
      linearizing decomposition of high-molecular weight, cross-linked
      polyaddition products is not critical and may vary within the widest
      limits. The process according to the invention may be carried out with as
      little as 0.4% by weight of monomeric diisocyanate but also with up to
      600% by weight of monomeric diisocyanate (based on the polyaddition
      product). It is surprisingly preferable to use as little as 0.8 to 10% by
      weight of monomeric polyisocyanates, based on the polyaddition product
      which is to be linearized. In that case, the products obtained after
      completed reaction of the macropolyisocyanates and monomeric
      polyisocyanates with aminoalkyl alkoxysilane derivatives are valuable
      mixtures of polyaddition products which contain high proportions by weight
      of silylized urea or biuret groups, and low-molecular weight silyl ureas
      of the low-molecular weight polyisocyanates used for linearization.
PAR  Suitable solvents for the process according to the invention are highly
      polar organic liquids such as dimethyl formamide, dimethylacetamide,
      tetramethyl urea, dimethyl sulphoxide, N-methyl pyrrolidone, glycol
      carbonate, caprolactone and butylactone.
PAR  NCO-groups are not stable in macrodiisocyanates which have an average
      molecular weight of 20,000 to 80,000 because even in the course of short
      periods of storage in polar solvents, in particular in dimethylformamide,
      they readily react with traces of moisture or form amidines. Since the
      concentration of NCO-groups is extremely small in these macrodiisocyanates
      (theoretical values for an average molecular weight of 50,000 = 0.168 g.
      of NCO/100 g: in 20% solutions only 0.0336 g. of NCO/100 g. of solution),
      the reaction of the NCO-groups with excess impurities such as water is
      exclusively one of chain breaking resulting in amino end groups, i.e. no
      chain-lengthening via urea groups takes place. If these macrodiisocyanates
      are subjected to prolonged storage, therefore, they are converted into
      macromolecules which no longer contain any reactive groups capable of
      being cross-linked.
PAR  The reaction of the NCO-groups of the macropolyisocyanate in accordance
      with the following reaction scheme
      ##EQU3##
      leads to a new end group which is completely stable towards the impurities
      mentioned above since even large quantities of water at the most only lead
      to the following end groups:
      ##EQU4##
      in other words, end groups with silanol groupings which are also capable
      of undergoing further condensation with polysiloxane formation. An
      interesting variation of the process according to the invention consists
      in carrying out the reaction in such a manner that the macrodiisocyanates
      or their mixtures with low-molecular weight diisocyanates react
      statistically only unilaterally with the aminoalkyl silanes, leaving half
      the NCO-groups to react with impurities. Exceptionally stable modified
      diisocyanate polyaddition products which have extremely high storage
      stability in polar solvents are obtained in this way. These products are
      capable of undergoing further condensation reaction by way of siloxane
      bridges and can be converted into high molecular weight compounds with
      comb structures by controlled addition of H.sub.2 O, e.g. in accordance
      with the following reaction scheme:
      ##EQU5##
PAR  In this variation of the process, any alcohols R-OH may be added to the
      solutions after statistical unilateral reaction of the
      macropolyisocyanates with aminoalkyl silanes, polycondensates which have
      comb structures and are free from amino groups and contain inert urethane
      side groups as represented by the following idealized formula
      ##EQU6##
      being obtained. Polyaddition polycondensates which have such comb
      structures enable solutions with substantially reduced viscosities to be
      obtained, i.e. valuable low-viscosity solutions with increased
      concentrations of solids can be prepared.
PAR  Linearizing decomposition of cross-linked diisocyanate polyaddition
      products to produce macrodiisocyanates can easily be carried out even in
      the presence of large quantities by weight of very high molecular weight
      but still soluble diisocyanate polyaddition products, and again this can
      be achieved without cross-linking. This variation of the process enables a
      mixture of various macrodiisocyanates to be prepared, which may
      subsequently be converted into novel mixed condensate blocks by silyl
      modification and reaction with water.
PAR  Aminoalkyl silane derivatives of various constitutions which are
      monofunctional, bifunctional or trifunctional in the amine or alkoxy
      silane portion of the molecule are suitable for the preferred reaction of
      the macropolyisocyanates according to the invention. The preferred
      aminoalkyl silane derivatives to be used are the .alpha.-aminomethyl
      alkoxysilane derivatives of the following formulae mentioned in U.S.
      Serial Nos. 303,192 and 303,671:
      ##EQU7##
      or (III)
EQU  (RO--).sub.3-a Si(R').sub.a --CH.sub.2 --(CH.sub.2).sub.n --NH--R'"
PAL  wherein
PA1  R represents a C.sub.1 --C.sub.18 alkyl radical or C.sub.4 --C.sub.14
      cycloalkyl radical or a phenyl radical,
PA1  R' represents an optionally halogenated or cyano-substituted C.sub.1
      --C.sub.10 alkyl, C.sub.4 --C.sub.10 cycloalkyl or C.sub.6 --C.sub.10 aryl
      radical,
PA1  R" represents a hydrogen atom or a methyl or phenyl radical,
PA1  R'" represents a hydrogen atom or an optionally halogenated or
      cyanosubstituted C.sub.1 --C.sub.18 alkyl, C.sub.4 --C.sub.14 cycloalkyl
      or C.sub.6 --C.sub.14 aryl radical,
PA1  R.sup.iv represents a divalent aliphatic, cycloaliphatic, araliphatic or
      aromatic hydrocarbon radical containing 2 to 16 carbon atoms, and
PA1  R.sup.v represents hydrogen or
      ##EQU8##
      a = 0, 1 or 2 and n = 1--7.
PAR  The following .alpha.-aminomethyl alkoxysilanes of formula (I) which are
      monofunctional in the amine portion are particularly suitable examples for
      the reaction with macropolyisocyanates:
EQU  C.sub.6 H.sub.11 --NH--CH.sub.2 --Si(--OC.sub.2 H.sub.5).sub.3
      ##EQU9##
EQU  C.sub.6 H.sub.5 --CH.sub.2 --NH--CH.sub.2 --Si(--OC.sub.2 H.sub.5).sub.3
PAR  These .alpha.-aminomethyl silane derivatives may be prepared by the methods
      described in U.S. Pat. Nos. 3,673,233 and 3,676,478.
PAR  In general, they may be obtained, for example, by reacting amines of the
      formula R'"--NH.sub.2 with, for example, chloromethyltriethoxysilane;
      bromomethyl-triethoxysilane; methyl-chloromethyl diethoxysilane;
      dimethyl-chloromethyl-ethoxysilane; methyl-bromomethyldiethoxysilane or
      methyl-bromomethyl-di-n-propoxysilane.
PAR  The following .alpha.-aminomethyl alkoxysilanes of formula (II) which are
      bifunctional in the amine portion are examples of .alpha.-aminomethyl
      alkoxysilanes of this kind which are particularly suitable for the
      reaction with the macropolyisocyanates according to the invention:
EQU  H.sub.2 N--CH.sub.2 --CH.sub.2 --NH--CH.sub.2 --Si(--OC.sub.2
      H.sub.5).sub.3
      ##EQU10##
EQU  H.sub.2 N--CH.sub.2 --CH.sub.2 --NH--CH.sub.2 --Si(--OC.sub.4
      H.sub.9).sub.3
EQU  (C.sub.2 H.sub.5 O--).sub.3 Si--CH.sub.2 --NH--(CH.sub.2).sub.6
      --NH--CH.sub.2 --Si(--OC.sub.2 H.sub.5).sub.3
PAR  These silane derivatives may be prepared by the methods described in U.S.
      Pat. Nos. 3,673,233 and 3,676,478. For the reaction of the
      macropolyisocyanates according to the invention, these compounds which are
      bifunctional in the amine portion are always reacted in a two-fold to
      three-fold excess, based on the total quantity of NCO present in the
      solution, in order to prevent cross-linking reactions.
PAR  Aminoalkyl silane derivatives of formula (III), which are substantially
      less reactive with moisture than those of formulae (I) and (II), are also
      suitable for the reaction with the macroisocyanates according to the
      invention. The following are examples of preferred compounds of this kind:
EQU  H.sub.2 N(CH.sub.2).sub.3 --Si(--OC.sub.2 H.sub.5).sub.3
EQU  H.sub.2 N(CH.sub.2).sub.3 --Si(--OCH.sub.3).sub.3
      ##EQU11##
EQU  H.sub.2 N--(CH.sub.2).sub.4 --Si(--OCH.sub.3).sub.3
EQU  H.sub.2 N(CH.sub.2).sub.6 --Si(--OC.sub.2 H.sub.5).sub.3
PAR  Aminoalkyl silane derivatives of this kind are commercial products and are
      prepared according to known methods by reactions of addition of
      unsaturated amines or nitriles to silanes which are capable of addition,
      the reactions being carried out in the presence of platinum salts as
      catalysts.
PAR  The aminoalkyl silane derivatives are most suitably added to the
      macrodiisocyanate after linearization has been carried out, and in such
      quantities that both the macropolyisocyanate and the unbound monomeric
      polyisocyanate react to form the corresponding silyl ureas. For the
      production of coatings, lacquers, films, microporous foils, etc. from the
      products according to the invention, the dissolved low molecular weight
      ureas, biurets, allophanates or isocyanurates which are substituted with
      ethoxy silane groups constitute valuable chain-lengthening and
      cross-linking agents for the cross-linking reaction of the modified
      high-molecular weight and low-molecular weight polyisocyanates via
      siloxane segments which is effected by moisture.
PAR  The products of the process may be stabilized with alcohols and special
      solvents, acid additives, etc. as described in German Offenlegungsschrift
      2,151,893 and U.S. Ser. Nos. 303,192 and 303,671.
PAR  The preferred stabilizers are monofunctional alcohols such as isobutanol,
      isopropanol and tert. butanol. Tert. butanol and isopropanol are
      especially preferred. More acidic alcohols such as chloroethanol,
      trichloroethanol, p-chlorophenol and hexachloroisopropanol are also
      important as highly active additives. Minor quantities of bifunctional and
      polyfunctional secondary and tert. alcohols may also be included to act as
      stabilizing plasticizers. The additional stabilizing effect provided by
      the presence of organic carboxylic acids or of compounds which split off
      acids is very advantageous for the practical application of the products.
      The following acid, stabilizing additives which rapidly accelerate
      hardening by moisture are particularly preferred:
PAR  Acetic acid anhydride, acetic acid, formic acid, propionic acid, butyric
      acid, trichloroacetic acid, p-tolluene-sulphonic acid esters,
      dimethylcarbamic acid chloride, benzoyl chloride, N-phenyl-carbamic acid
      chloride, chloroacetaldehyde, chloral, pripionic acid anhydride, mixed
      anhydrides of lower carboxylic acids, cyclic anhydrides such as maleic
      acid anhydride, phthalic acid anhydride, tetrahydrophthalic acid
      anhydride, semiesters of cyclic acid anhydrides, e.g. those obtained from
      one mol of phthalic acid anhydride and one mol of methanol, butanol or
      isopropanol, or semiesters of these cyclic acid anhydrides with glycols,
      which semiesters contain both an OH group and a carboxyl group in their
      molecule, e.g. those obtained from one mol of maleic acid anhydride or
      hexahydrophthalic acid anhydride and one mol of glycol, 1,3-propylene
      glycol or butane-1,4-diol. The addition of small quantities of readily
      hydrolyzable esters such as boric acid esters, diethyl oxalate or ethyl
      orthoformate or reaction products of p-toluene-sulphonyl isocyanate with
      alcohols or amines or the addition of small quantities of
      p-toluene-sulphonyl isocyanate, acyl isocyanates such as benzoyl
      isocyanate or hydrochlorides of trimethylamine, triethylamine, etc. may
      also be advantageous. These compounds, which act both as stabilizers and
      as accelerators for the cross-linking process, are preferably added in
      quantities of 0.2 to 5% to the solutions of the products of the process in
      the preferred alcohol mixtures or solutions in stabilizing solvents such
      as chloroform, methylene chloride, perchloroethylene, trichloroethylene or
      dimethylformamide.
PAR  Known active or inactive fillers such as chalk, talcum, silica, silica gel,
      quartz powder, titanium dioxide, iron oxides, zirconium silicate, calcium
      sulphate, aluminium oxide, magnesium oxide, carbon black, graphite, sand
      and known finely disperse fillers based on silicon oxide may also be added
      to the preferably stabilized products according to the invention or their
      mixtures, but all these fillers may only be used in their anhydrous state.
PAR  The products according to the invention, especially in their stabilized
      form, and their solutions, are high-quality substances which are extremely
      readily cross-linked in the cold, i.e. without application of heat, by
      atmospheric moisture or by masked compounds which split off water, and
      they can be worked up into various end products such as elastic or hard
      cross-linked polymers with high chemical resistance and temperature
      resistance. They may be used, for example, for the production of highly
      elastic films, very lightfast and chemically resistant lacquers and
      coatings on any supports and for the production of rubbery elastic
      products, fibers and sealing compounds of any kind. They may also be used
      for embedding electrical elements, for insulating against cold or heat,
      for laminating various pigments, for elastically enveloping various
      water-soluble plant nutrient salts, as corrosion protective agents, for
      bonding metals, e.g. silver, aluminium and copper, as powerful adhesives
      which are free from cross-linking and impart water-repellency, as rapidly
      cross-linking surface-active compounds, as laminating and gumming agents
      for fibers and fleeces, as fleece binders and high-quality adhesives. etc.
      Many different synthetic resin segments can be cross-linked via siloxane
      bridges and combined with each other by using selected mixtures of
      different products of the process. The stabilized products according to
      the invention which can be activated on application can be used for
      impregnating any synthetic or natural fibers or threads or covering them
      with a non-sticky coating by new and economical methods so that they can
      be wound on rollers very quickly without sticking. This invention also
      provides the possibility of elegant methods of rapid immersion lacquering,
      immersion coating for the insulation of cables and the production of
      rapidly reacting cable sheaths for lacquering wires, using rapidly
      cross-linking substances with good adhesive properties and great bonding
      power. Another interesting possibility of application is the rapid and
      non-sticky enveloping of pigments which contain moisture.
PAR  The products according to the invention may also be mixed with known
      organopolysiloxanes which can be cross-linked, e.g. those which are
      prepared by the condensation of chlorosilanes and alkoxy silanes by
      cohydrolysis with water or by polymerization of cyclic organosiloxanes
      using alkaline or acid catalysts, which products are then cross-linked,
      e.g. with .alpha.,.omega.-dihydroxy-polydimethylsiloxanes. The products of
      the process are also eminently suitable for matrix reactions based on the
      principles of U.S. Application Ser. No. 017,349 and Offenlegungsschriften
      DOS 1 911 643, DOS 1 911 644 and DOS 1 911 645 and for impregnating foam
      resins in a manner analogous to U.S. Ser. No. 155,284.
PAR  Hardening, i.e. cross-linking of the products according to the invention
      and their mixtures can be achieved by moisture, moist air and gases or
      substances which split off water, such as hydrates of alcohols, pigments
      which contain water, chloral hydrate, aldehyde hydrates, inorganic
      compounds which contain water of crystallization, hydrates of amines and
      polyamines, etc. In this cross-linking reaction, which can be carried out
      in a controlled manner, various low-molecular weight aminoalkyl
      alkoxysilanes and monomeric silicon compounds may be used in addition to
      serve as chain-lengthening agents or low-molecular weight cross-linking
      agents, either to increase the degree of cross-linking of the products of
      the process or to achieve certain particular properties such as increased
      temperature resistance, reduced tendency to swelling or better bonding on
      metals, noble metals, alumimium, iron, zinc, glass supports or fabric
      supports. In the same way, various cross-linking agents known from the
      chemistry of dimethyl polysiloxanes, such as polyfunctional alkoxy silicon
      compounds, alkyl triacyloxysilanes and N-silyl-substituted carboxylic acid
      amides may also be used (see DOS 1 239 041). Catalysts such as dialkyl tin
      carboxylates, lead salts, tin- (II)-salts of organic carboxylic acids
      (e.g. tin-(II)-octoate), tert. amines and phosphines may be used. The
      proportion of these additional chain-lengthening and cross-linking agents
      used in the products according to the invention may be very high and may
      easily be up to 60% by weight, based on the products of the process. The
      following may also be added as less highly reactive chain-lengthening or
      cross-linking agents: vinyl trichlorosilane, vinyl triethoxysilane,
      vinyl-tris-(.beta.-methoxyethoxy)-silane, vinyl trimethoxysilane,
      .gamma.-methacryloxypropyltrimethoxysilane,
      .gamma.-aminopropyl-triethoxysilane, N,N-bis-(.beta.-hydroxyethyl)-
      .gamma.-aminopropyl-triethoxysilane,
      N-.beta.-aminoethyl.gamma.-aminopropyl-trimethoxysilane,
      .gamma.-glycidoxypropyltrimethoxysilane,
      .gamma.-mercaptopropyl-trimethoxysilane and
      .gamma.-chloropropyl-trimethoxysilane. Mixtures of less reactive monomers
      and highly reactive compounds according to the invention can thereby be
      obtained with adjustable reactivities and pot lives.
PAR  Since neither ethoxy silane derivatives nor acyloxy silane derivatives
      react with polyisocyanates, the compounds according to the invention may
      also be applied together with any polyisocyanates which can be hardened by
      atmospheric moisture, alloys of the compounds according to the invention
      with cross-linked polyureas being obtained.
PAR  The new compounds according to the invention and their mixtures enable
      synthetic resins which can be cross-linked in the cold by moisture to be
      obtained, e.g. firmly bonding, elastic, very lightfast coatings and
      lacquers on various metals and noble metals, e.g. by simple and rapid
      immersion lacquering of metal sheets, formed metal parts, etc., and they
      also enable elastic and abrasion-resistant semihard or hard synthetic
      resin lacquers to be produced.
PAR  The use of the substances according to the invention for finishing paper,
      textiles, and foam resins, in particular polyurethane foams, is also an
      important application. The controlled cross-linking reaction which can be
      achieved in products of the process which have been stabilized with
      alcohols and acid additives provides the possibility of particularly
      elegant methods of application. The activating effect of these acid
      additives advantageously only comes into play during and after application
      of the products of the process, i.e. during evaporation of the solvent
      mixtures which contain alcohols, as described below.
PAR  Whereas in closed containers the acid additives insure a constant viscosity
      of the products of the process, the controlled crosslinking reaction of
      the compounds according to the invention sets in as soon as the alcohol
      concentration in the film which is in the process of drying drops in the
      presence of atmospheric moisture. The crosslinking reaction of the
      products, which is controlled in the sense that it takes place at a
      desired point in time and leads to the formation of polysiloxane bridge
      members, e.g. in the presence of atmospheric moisture, can be so highly
      accelereated by the acid additives that it is completed within a few
      minutes in the cold.
PAR  the invention is further illustrated but is not intended to be limited by
      the following examples in which all parts and percentages are by weight
      unless otherwise specified.
DETD
PAC  EXAMPLE 1
PAR  In this example there is described the linearizing splitting of a
      cross-linked polyurethane elastomer to form a macropolyisocyanate and the
      conversion of the macropolyisocyanate to diisocyanate polyaddition
      products with silyl urea end groups.
PAR  The cross-linked polyurethane elastomer was prepared according to a known
      process (see E. Muller, Die Angewandte Makromolekulare Chemie page 79
      (1970): "Aufbau von Urethaneelastomeren hoher Hydrolysebestandigkeit") by
      reacting 1 mol of a polyester from adipic acid and ethylene glycol with
      OH-number 56, 3.2 mols of 4,4'-diphenylmethane diisocyanate and 2 mols of
      butane-1,4-diol (NCO/OH equivalent ratio = 1.066).
PAR  100 parts by weight of the cross-linked polyurethane in the form of a
      granulate are split up in the course of one hour in 400 parts by weight of
      anhydrous dimethylformamide and 11.1 parts by weight of
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethyl-cyclohexane at
      130.degree.C. to yield a completely clear and soluble macropolyisocyanate,
      only small quantities of the monomeric diisocyanate being used up in the
      process (less than 0.3 parts by weight). The solution is rapidly cooled to
      30.degree.C. and 27.5 parts by weight of C.sub.6 H.sub.11 --NH--CH.sub.2
      --Si(--OC.sub.2 H.sub.5).sub.3 are added with vigorous stirring.
PAR  A completely gel-free, approximately 25.7% solution of a mixture of about
      100.5 parts by weight of a high-molecular weight linearized polyurethane
      with silyl urea end groups and 36 parts by weight of
      ##EQU12##
      is obtained.
PAR  The solution has a viscosity of about 25 poises at 25.degree.C. When the
      solution is poured out on wood, sheet metal, textile, leather or synthetic
      resin supports, soft, highly elastic films, lacquers and coatings which
      have been cross-linked by atmospheric moisture by way of the siloxane
      groups are obtained; they have high abrasion resistance and folding
      strength and extremely high chemical resistance and are no longer soluble
      in hot dimethylformamide.
PAC  EXAMPLE 2
PAR  The procedure is the same as described in Example 1 but for the linearizing
      decomposition of the cross-linked polyurethane there are used the
      following polyisocyanates and modified polyisocyanates in succession:
PA1  a. 20 parts by weight of an isocyanate telomer prepared according to DOS
      1,720,747 from hexamethylene diisocyanate and vinyl acetate and containing
      40% by weight of grafted polyvinyl acetate. NCO-content of the solution:
      29%, hexamethylene diisocyanate content: 58% by weight.
PA1  b. 12 parts by weight of 4,4'-diisocyanatodicyclohexylmethane
PA1  c. 5 parts by weight of 4,4'-diisocyanatodiphenylmethane and 2.4 parts by
      weight of 1-isocyanato-3,3,5-trimethyl-5-isocyanatomethylcyclohexane
PA1  d. 7.4 parts by weight of 1-methylbenzene-2,4-diisocyanate and 3.5 parts by
      weight of 1-isocyanato-3,3,5-trimethyl-5-isocyanatocyclohexane.
PA1  e. 8.7 parts by weight of hexamethylene diisocyanate
PA1  f. 6.5 parts by weight of tolylene-2,4-diisocyanate
PA1  g. 4.7 parts by weight of triisocyanatohexyl-biuret
PA1  h. 8.4 parts by weight of a urethane triisocyanate obtained from 1 mol of
      trimethylol propane and 3 mols of hexamethylene diisocyanate
PA1  i. 7 parts by weight of a urethane triisocyanate obtained from 1 mol of
      trimethylol propane and 3 mols of tolylene diisocyanate isomers (ratio of
      2,4 isomer to 2,6 isomer = 80 : 20)
PA1  j. 15 parts by weight of a solution of 70% by weight of
      tolylene-2,4-diisocyanate and 30% by weight of trimerized
      tolylene-2,4-diisocyanate.
PAR  Although triisocyanates are used for the linearizing decomposition under
      g), h), i) and j), soluble, completely uncross-linked and very high
      molecular weight macropolyisocyanates are obtained in all cases. The clear
      polyisocyanate mixtures obtained are immediately reacted with an excess of
      ##EQU13##
      solutions which are highly reactive with moisture and have the following
      viscosities being obtained:
TBL  a)  2 200 cP      e)    1 900 cP    i)  3 200 cP                          

     b)  3 300 cP      f)    3 200 cP    j)  3 900 cP                          

     c)  1 100 cP      g)    4 900 cP                                          

     d)  1 900 cP      h)    3 850 cP                                          

PAC  EXAMPLE 3
PAR  The following cross-linked, highly elastic polyurethanes are used for the
      linearizing decomposition, the procedure being otherwise exactly the same
      as described in Example 1:
PA1  a. 100 parts by weight of a granulate of a cross-linked polyurethane from 1
      mol of polyethylene oxide (molecular weight 2000), 6.4 mols of
      diphenylmethane-4,4'-diisocyanate and 5.2 mols of butane-1,4-diol; NCO/OH
      equivalent ratio = 1.03
PA1  b. 100 parts by weight of a granulate of a cross-linked polyurethane from 1
      mol of polytetrahydrofurane(molecular weight 2000), 3.2 mols of
      4,4'-diisocyanatodiphenylmethane and 2 mols of butane-1,4-diol; NCO/OH
      equivalent ratio = 1.066.
PA1  c. 100 parts by weight of a granulate of a cross-linked elastomer prepared
      from a polyester from hexane-1,6-diol, neopentyl glycol and adipic acid
      (molecular weight 2000), 3.2 mols of diphenylmethane-4,4'-diisocyanate and
      2 mols of butane-1,4-diol; NCO/OH equivalent ratio = 1.066.
PA1  d. 100 parts by weight of a cross-linked elastomer from 1 mol of a
      caprolactone polyester (molecular weight 2000), 3.2 mols of
      diphenylmethane-4,4'-diisocyanate and 2 mols of butane-1,4-diol; NCO/OH
      equivalent ratio = 1.066.
PA1  e. 100 parts by weight of a granulate of a cross-linked elastomer from 1
      mol of hexane-1,6-diol polycarbonate (molecular weight 2000), 3.2 mols of
      diphenylmethane-4,4'-diisocyanate and 2 mols of butane-1,4-diol; NCO/OH
      equivalent ratio = 1.066.
PAR  The products obtained in all cases (a) to (e) are polyurethanes which are
      readily cross-linked via siloxane groups in the presence of moisture.
      Cross-linked films obtained in (b), (c), (d) and (e) are completely
      insoluble in boiling dimethylformamide and have excellent resistance to
      hydrolysis when in the form of coatings, wet strength coverings and
      microporous foils.
PAC  EXAMPLE 4
PAR  The following cross-linked polyurethanes and polyurethane ureas are used
      for linearizing decomposition, the procedure being otherwise exactly the
      same as described in Example 1.
PA1  a. 100 parts by weight of a cross-linked polyurethane from 1 mol of a
      polyester from adipic acid and ethylene glycol (molecular weight 2000),
      1.714 mols of naphthylene-1,5-diisocyanate and 0.444 mols of
      butane-1,4-diol; NCO/OH equivalent ratio = 1,186.
PA1  b. 100 parts by weight of a cross-linked, hard-elastic polyurethane
      obtained from 1 mol of a polyester of adipic acid and ethylene glycol
      (molecular weight 2000), 2.857 mols of naphthylene-1,5-diisocyanate and
      1.555 mols of butane-1,4-diol; NCO/OH equivalent ratio = 1.222.
PA1  c. 100 parts by weight of a cross-linked polyurethane from 1 mol of a
      polyester from adipic acid and ethylene glycol (molecular weight 2000),
      1.714 mols of tolylene-2,4-diisocyanate and 0.444 mols of
      3,3'-dichloro-4,4'-diaminodiphenylmethane;
      ##EQU14##
      d. 100 parts by weight of a cross-linked lightfast polyurethane polyurea
      obtained from 1 mol of a polyester of adipic acid and ethylene glycol
      (molecular weight 2000), 2 mols of
      1-isocyanato-3,3,5-trimethyl-5-isocyanato-methyl-cyclohexane and 0.92 mols
      of 1-amino-3,3,5-trimethyl-5-aminomethyl-cyclohexane;
      ##EQU15##
      e. 100 parts by weight of a cross-linked, lightfast
      polyurethane-polyhydrazodicarbonamide obtained from 1 mol of a polyester
      of adipic acid and ethylene glycol (molecular weight 2000), 2 mols of
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethyl-cyclohexane and 0.92 mols
      of hydrazine;
      ##EQU16##
      f. 100 parts by weight of a cross-linked, lightfast polyurethane polyurea
      obtained from 1 mol of a polyester of adipic acid and ethylene glycol
      (molecular weight 2000), 4 mols of
      1-isocyanato-3,3,5-trimethyl-5-isocyanato-methyl-cyclohexane and 2.6 mols
      of 1-amino-3,3,5-trimethyl-5-aminomethyl-cyclohexane;
      ##EQU17##
      g. 100 parts by weight of a cross-linked polyurethane obtained from 1 mol
      of a polyester of adipic acid and ethylene glycol (molecular weight 2000),
      3 mols of diphenylmethane-4,4'-diisocyanate, 0.2 mols of dimeric
      tolylene-2,4-diisocyanate and 2 mols of butane-1,4-diol; NCO/OH equivalent
      ratio = 1.066.
PAR  In all cases (a) to (g) a mixture of 400 parts by weight of anhydrous
      dimethylformamide and 11.1 parts by weight of
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethylcyclohexane is used for
      linearizing decomposition at 140.degree.C.
PAR  Clear solutions of macropolyisocyanates mixed with unchanged
      1-isocyanato-3,3,5-trimethyl-5-isocyanato-methylcyclohexane are obtained.
PAR  These solutions are subsequently reacted with an excess of the following
      aminoalkyl silane derivative at 30.degree.C:
PA1  a. 0.1 mol C.sub.6 H.sub.11 --NH--CH.sub.2 --Si(--OC.sub.2 H.sub.5).sub.3
      ##EQU18##
      c. 0.2 mols H.sub.2 N--CH.sub.2 --CH.sub.2 --NH--CH.sub.2 --Si(--OC.sub.2
      H.sub.5).sub.3
PA1  d. 0.2 mols H.sub.2 N--CH.sub.2 --CH.sub.2 --CH.sub.2 --Si(--OC.sub.2
      H.sub. 5).sub.3
PA1  e. 0.1 mol C.sub.6 H.sub.11 --NH--CH.sub.2 --Si(--OC.sub.4 H.sub.9).sub.3
      ##EQU19##
PAR  In all the reaction mixtures a) to g) there are obtained clear, gel-free
      polyaddition products which are reactive with moisture and which have the
      following viscosities in the form of 25% solutions:
PA1  a. 11 800 cP
PA1  b. 12 350 cP
PA1  c. 11 500 cP
PA1  d. 19 500 cP
PA1  e. 12 650 cP
PA1  f. 22 900 cP
PA1  g. 14 500 cP
PAC  EXAMPLE 5
PAR  244.4 parts by weight of an .alpha.,.omega.-diisocyanatoprepolymer obtained
      from 1 mol of a polyester of adipic acid and ethylene glycol (molecular
      weight 2000) and 2 mols of
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethylcyclohexane are first
      dissolved in 800 parts by weight of dimethylformamide and the solution is
      then reacted at room temperature with a solution of 16.5 parts by weight
      of 1-amino-3,3,5-trimethyl-5-aminomethylcyclohexane in 220 parts by weight
      of dimethylformamide to yield a high-molecular weight polyurethane
      polyurea (20% solution). This solution is diluted with 400 parts by weight
      of dimethylformamide. 100 parts by weight of the cross-linked granulate f)
      of example 4 are then introduced and 8.4 parts by weight of hexamethylene
      diisocyanate added. The temperature is raised to 150.degree.C. and a clear
      solution of macropolyisocyanates and monomeric hexamethylene diisocyanate
      is obtained after 1 hour. 25 parts by weight of C.sub.6 H.sub.11
      --NH--CH.sub.2 --Si(--OC.sub.2 H.sub.5).sub.3 are added with vigorous
      stirring. The resulting mixture, which is highly reactive with moisture is
      cross-linked to completely insoluble, lightfast films within 10 minutes in
      air.
PAR  This example shows that the linearizing decomposition of cross-linked
      diisocyanate polyaddition products to produce macropolyisocyanates can
      even be carried out in the presence of dissolved polyurethane polyurea
      which have a high urea group concentration without the reaction mixtures
      being cross-linked and gelled by the monomeric polyisocyanates.
PAC  EXAMPLE 6
PAR  This example illustrates that the process of linearization according to the
      invention can easily be applied to foam resins which are cross-linked via
      biuret groups and allophanate groups as well as to cross-linked
      microporous foils. The following reactants are used for linearizing
      decomposition:
PA1  a. 100 parts by weight of a cross-linked microporous foil from 1 mol of a
      polyester of adipic acid and ethylene glycol (molecular weight 20001.714
      mols of 4,4'-diisocyanatodiphenylmethane and 0.444 mols of
      tolylene-2,4-diamine;
      ##EQU20##
      b. 100 parts by weight of a cross-linked foam resin (foam flakes) obtained
      from 87 parts by weight of a linear propylene glycol polyether with an
      average molecular weight of 2000 (OH-number 56), 2.7 parts by weight of
      water, 1.0 part by weight of a polyether polysiloxane, 0.2 parts by weight
      of endoethylene piperazine, 0.2 parts by weight of a tin-(II) salt of
      2-ethyl caproic acid and 36.3 parts by weight of tolylene diisocyanate
      (80% 2,4-and 20% 2,6-isomer). Unit weight 37 kg/m.sup.3.
      ##EQU21##
PAR  Linearization is completed in the course of 1 hour at 145.degree.C. as in
      example 1. Clear solutions with a solids content of about 25% by weight
      are obtained from which cross-linked, optionally microporous foils, films
      and coatings with excellent strength can be produced. If the Si-monomer
      from example 1 is added in a quantity of 0.15 to 0.2 mols, mixtures which
      are stable in storage are obtained in which the unbound Si-monomers take
      over the function of chain-lengthening or cross-linking agents. The
      Si-content of the cross-linked end products can be greatly increased by
      this method and when this is done, their bond strength on glass and
      ceramic supports is significantly increased.
PAC  EXAMPLE 7
PAR  This example explains the possibility of using the products of the process
      in matrix reactions in accordance with the method described in Belgian
      Pat. No. 746,982. Thus, for example small quantities of moisture present
      in open-celled polyurethane foams are sufficient to effect rapid
      cross-linking of the products of the process and cause them to be arranged
      in an open-celled cross-linked form in the cellular spaces which have been
      newly formed or expanded by the swelling pressure.
PAR  A polyurethane foam block produced in accordance with example 1 of Belgian
      Pat. No. 769,002 and measuring 30 .times. 15 .times. 5 cm (=83.3 parts by
      weight) is saturated with 1000 parts by weight of the solution of
      polyurethanes with silylized urea groups prepared according to example 1
      of the present application, pressed out, again saturated and then only
      lightly stripped off to remove solution not adhering to it. This
      pretreated foam is then dried in a vacuum at 75.degree.C. 170 parts by
      weight of a highquality, completely non-sticky, very elastic foam is
      obtained in this way, which has a unit weight of about 76 kg/m.sup.3 and
      which compared with the starting material contains more than 100% by
      weight of cellular polyurethanes cross-linked via siloxane groups and
      which is greatly improved in its mechanical strength and elasticity.
PAR  80 parts by weight of high-bulk foam flakes, for example, may be
      impregnated in the same way and compressed in a mold so that by virtue of
      the high adhesive power of the products of the process the flakes will be
      converted by this compression into porous, rubber-like molded parts which
      will preserve their given shape after removal of the solvent.
PAC  EXAMPLE 8
PAR  This example explains the preparation of macropolyisocyanates by
      linearizing splitting of cross-linked diisocyanate polyaddition products
      and their statistical unilateral reaction with .alpha.-aminomethylsilane
      derivative. The modified products condense in the presence of traces of
      water in polar solvents, undergoing siloxane group formation and being
      converted into polymers with comb structures which have extremely high
      bonding power on glass fibers.
PAR  100 parts by weight of a cross-linked, lightfast polyurethane polyurea
      prepared by the casting process from 1 mol of a polyester of adipic acid
      and ethylene glycol (molecular weight 2000), 3.2 mols of
      1-isocyanato-3,3,5-trimethylcyclohexane and 2 mols of
      1-amino-3,3,5-trimethyl-5-aminomethylcyclohexane
      ##EQU22##
      are mixed with a solution of 225.7 parts by weight of an
      .alpha.,.omega.-diisocyanato-polyester-polyurethane-polyurea in 1196 parts
      by weight of dimethylformamide and left to swell at room temperature. This
      high molecular weight
      .alpha.,.omega.-diisocyanato-polyester-polyurethane-polyurea has an
      average molecular weight of about 10 350 and was prepared from 1 mol of a
      polyester of adipic acid, hexane-1,6-diol and neopentyl glycol (molecular
      weight 1680) and 2 mols of
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethyl-cyclohexane as
      chain-lengthening agent.
      ##EQU23##
PAR  The cross-linked granulate which has been left to swell at room temperature
      is split up into a macropolyisocyanate by leaving it for 11/2 hours at
      140.degree.C. in the presence of 11.1 parts by weight of
      1-isocyanato-3,3,5-trimethyl-5-isocyanato-methyl-cyclohexane. It is cooled
      to 30.degree.C. and a solution of 10 parts by weight of
      ##EQU24##
      dissolved in 200 parts by weight of isopropanol or tert. butanol is
      stirred in. The NCO-groups of the macrodiisocyanate mixture and the
      NCO-groups of the monomeric low-molecular weight diisocyanate are thereby
      statistically only reacted unilaterally:
      ##EQU25##
      The initial viscosity of the approximately 20 % by weight solution is 2500
      cP. Owing to the large excess of isopropanol, the remaining NCO-groups
      react to form unreactive urethane groups while the
      ##EQU26##
      -end groups of the macrosilyl ureas undergo condensation with a total of
      about 0.8 g. of H.sub.2 O present in the total quantity of solvent to form
      polysiloxanes with a "comb structure"
      ##EQU27##
      A viscosity of 55 000 centipoises is reached after 48 hours at room
      temperature. The mixture forms films which adhere exceptionally firmly on
      glass supports and glass fibers.
PAR  It is to be understood that any of the components and conditions mentioned
      as suitable herein can be substituted for its counterpart in the foregoing
      examples and that although the invention has been described in
      considerable detail in the foregoing, such detail is solely for the
      purpose of illustration. Variations can be made in the invention by those
      skilled in the art without departing from the spirit and scope of the
      invention except as is set forth in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of a synthetic resin capable of being
      cross-linked by moisture which comprises reacting, in a first step, a high
      molecular weight isocyanate polyaddition product cross-linked via
      allophanate, biuret or uretone imine groups in a polar solvent with a low
      molecular weight polyisocyanate at a temperature of 90.degree. to
      200.degree.C and then reacting the resulting linearized product with an
      amino alkyl silane selected from a group consisting of
      ##EQU28##
      or
      ##EQU29##
      or (III)
EQU  (RO).sub.3.sub.-a Si(R').sub.a --CH.sub.2 --(CH.sub.2).sub.n --NH-R'"
PAL  wherein
PA1  R represents a C.sub.1 -C.sub.18 alkyl or C.sub.4 -C.sub.14 cycloalkyl
      radical or a phenyl radical,
PA1  R' represents an optionally halogenated or cyanosubstituted C.sub.1
      -C.sub.10 alkyl, C.sub.4 -C.sub.10 cycloalkyl or C.sub.6 -C.sub.10 aryl
      radical,
PA1  R" represents a hydrogen atom or a methyl or phenyl radical,
PA1  R'" represents a hydrogen atom or an optionally halogenated or
      cyanosubstituted C.sub.1 -C.sub.18 alkyl, C.sub.4 -C.sub.14 cycloalkyl or
      C.sub.6 -C.sub.14 aryl radical,
PA1  R.sup.iv represents a divalent aliphatic, cycloaliphatic, araliphatic or
      aromatic hydrocarbon radical containing 2 to 16 carbon atoms,
PA1  R.sup.v represents hydrogen or
      ##EQU30##
      a = 0, 1 or 2 and n = 1-7, said polar solvent being selected from the
      group consisting of dimethyl formamide, dimethyl acetamide, tetramethyl
      urea, dimethyl sulphoxide, N-methyl pyrrolidone, glycol carbonate,
      caprolactone and butylactone.
NUM  2.
PAR  2. The process of claim 1 wherein said amino alkyl silane is C.sub.6
      H.sub.11 --NH--CH.sub.2 --Si(--OC.sub.2 H.sub.5).sub.3.
NUM  3.
PAR  3. The process of claim 1 wherein said amino alkyl silane is
      ##EQU31##
NUM  4.
PAR  4. The process of claim 1 wherein said isocyanate polyaddition product has
      a molecular weight of from about 20,000 to about 80,000.
NUM  5.
PAR  5. The process of claim 1 wherein said reaction is carried out at a
      temperature of from about 110.degree. to about 140.degree.C.
NUM  6.
PAR  6. The process of claim 1 wherein said reaction is carried out in the
      presence of polar solvent soluble high-molecular weight polyaddition
      products which are not cross-linked.
NUM  7.
PAR  7. The process of claim 1 wherein a quantity of aminoalkyl silane is used
      only sufficient to react with part of the NCO groups of said linearized
      product, water, monoamine, or alcohol impurities in the solvent reacting
      with the balance of said NCO groups.
NUM  8.
PAR  8. The process of claim 1 wherein said low-molecular weight polyisocyanate
      is tetramethylene diisocyanate, hexamethylene diisocyanate,
      1-isocyanato-3,3,5-trimethyl-5-isocyanatomethyl-cyclohexane, m- and
      p-xylylene diisocyanate, tolylene diisocyanate (2,4- and 2,6-),
      4,4'-diisocyanatodiphenylmethane and products thereof which are
      hydrogenated in the nucleus, naphthylene-1,5-diisocyanate or the
      modification products obtained by trimerization of the above-mentioned
      diisocyanates.
NUM  9.
PAR  9. The product of the process of claim 1.
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ABST
PAL  The invention pertains to a dicyclopentadiene modified thermosetting
      polyester polymer wherein dicyclopentadiene is preferentially esterified
      in the polymer chain. The dicyclopentadiene polyester polymer is mixed
      with an ethylenically unsaturated monomer to provide thermosetting
      polyester resin.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part of our earlier filed application
      Ser. No. 330,474 filed on Feb. 8, 1973, now being U.S. Pat. No. 3,883,612,
      issued May 13, 1975 and the same is included herein by reference.
BSUM
PAR  Unsaturated polyester polymers blended with vinyl monomers such as styrene
      are well-known molding resins that may be cured at room temperature or
      under heat and/or pressure to form thermoset plastic molded parts. Very
      often these molding resins include inert fillers, glass fibers, glass
      flakes, talcs, and the like for the purpose of obtaining improved impact
      strength, flexural strength and rigidity in the molded parts.
PAR  Dicyclopentadiene modified polyester polymers are known for a variety of
      uses including air drying coatings such as proposed in U.S. Pat. No.
      3,448,066 and coating and laminating resins as proposed in U.S. Pat. No.
      3,340,327. Prior art processes, however, are unsuitable due to the various
      reactivities of dicyclopentadiene wherein dicyclopentadiene can react
      differently depending on the reactants and the reaction temperature. At
      higher temperatures above about 320.degree.F (160.degree.C)
      dicyclopentadiene tends to depolymerize into cyclopentadiene and/or tends
      to react with unsaturated acids in a Diels-Alder reaction.
      Dicyclopentadiene further tends to both etherify and esterify by competing
      reactions at lower temperatures below about 310.degree.F (154.degree.C)
      which causes a polyester polymer to contain ether linkages as well as
      producing a polymer having characteristics that are difficult to reproduce
      on successive synthesis polymerizations even though the reactive
      components and reaction conditions are maintained consistent in successive
      syntheses.
PAR  It now has been found that these and other disadvantages in prior art
      methods of synthesizing dicyclopentadiene modified thermosetting polyester
      resins can be substantially eliminated by preferentially esterifying
      dicyclopentadiene under controlled processing conditions in accordance
      with this invention as well as provide a substantially improved
      dicyclopentadiene terminated polyester polymer. A particularly desirable
      use for dicyclopentadiene terminated polyester polymers is for compounding
      low-shrink molding compositions as disclosed in said copending application
      Ser. No. 330,474 filed Feb. 8, 1973 and incorporated herein by reference.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, a process for synthesizing a
      dicyclopentadiene-modified polyester resin is disclosed wherein the
      polyester resin is a dicyclopentadiene-terminated polyester polymer
      comprising dicyclopentadiene and glycol primarily esterified with
      unsaturated dibasic acids. The preferred process for synthesizing the
      dicyclopentadiene-terminated polyester polymer includes first producing an
      acid terminated prepolymer, and thereafter esterifying dicyclopentadiene
      with available carboxyl groups at temperatures less than 320.degree.F,
      whereby dicyclopentadiene will be preferentially tied to the polyester
      backbone by ester linkages.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring now to the resin composition of this invention, dicyclopentadiene
      terminated unsaturated polyester polymer (DCP-polyester) is mixed with
      ethylenically unsaturated monomer to produce a dicyclopentadiene-polyester
      resin.
PAR  The dicyclopentadiene-terminated polyester polymer preferably comprises a
      copolymer of glycol, unsaturated dicarboxylic acid, and about 0.1-0.4 mols
      of dicyclopentadiene per mole of unsaturated dicarboxylic acid. The
      dicyclopentadiene is preferentially esterified with carboxyl groups by
      prereacting excess molar equivalents of dicarboxylic acids with lesser
      molar equivalents of glycol to form an acid terminated partial polymer
      which is substantially free of free hydroxyl groups to avoid
      etherification of dicyclopentadiene with glycol hydroxyl groups. Thus
      dicyclopentadiene is reacted with an acid terminated glycol-dibasic acid
      partial polymer by esterifying the carboxyl groups to form a
      dicyclopentadiene-esterified polyester prepolymer. A particular
      environmental advantage of this process is that negligible
      dicyclopentadiene is lost to the atmosphere.
PAR  The preferred dicyclopentadiene-terminated polyester prepolymer is prepared
      by first charging into the reactor 2 molar equivalents of ethylenically
      unsaturated dicarboxylic acid per molar equivalent of glycol. The glycol
      and dicarboxylic acid mixture is then heated and reacted at esterification
      temperatures of about 300.degree.F to 400.degree.F until substantially all
      of the glycol is esterified by the excess molar equivalent of unsaturated
      dibasic acids. Completion of the glycol esterification can be measured by
      the acid number of the reactants becoming essentially constant, thus
      indicating no additional hydroxyl groups are available for esterification.
      Thereafter, dicyclopentadiene is added to the reactor and reacted with
      carboxyl groups on acid-terminated partial polymer at temperatures of less
      than 320.degree.F, and preferably at temperatures of about 290-
      310.degree.F. After the dicyclopentadiene is completely charged to the
      reactor, the reactant mixture is maintained at about 308.degree.F until
      the acid number of the reactants becomes essentially constant thus
      indicating that dicyclopentadiene is preferentially esterified with
      available carboxyl groups of the acid terminated partial polymer.
      Thereafter, the remainder of the glycol charge can be added to the reactor
      whereupon the reaction is continued at temperatures of about 390.degree.F
      to complete the formation of a dicyclopentadiene-terminated polyester
      polymer.
PAR  The glycols that can be used in synthesizing the
      dicyclopentadiene-terminated polyester polymer of this invention are
      conventional polyols and include, for example: ethylene glycol, propylene
      glycol, diethylene glycol, dipropylene glycol, butanediol, hexanediol,
      pentaerythritol, triethylene glycol, trimethylol propane, glycerol, or
      mixtures thereof. Preferably, the glycols used in this invention are
      propylene glycol and/or dipropylene glycol as the major glycol component.
PAR  The unsaturated dibasic acid components in the dicyclopentadiene-polyester
      are alpha, beta-unsaturated dicarboxylic acids or anhydrides and include,
      for example, maleic, fumaric, mesaconic, itaconic, citraconic, and the
      like or mixtures thereof. The anhydrides are preferred in the preparation
      of the dicyclopentadiene-esterified prepolymer. Saturated dibasic acids or
      anhydrides can be introduced into the dicyclopentadiene-polyester polymer
      to replace a portion of the unsaturated dicarboxylic acids. Conventional
      saturated dibasic acids include, for example, orthophthalic anhydride or
      acid, terephthalic acid, isophthalic acid, adipic acid, sebacic acid,
      succinic acid, and the like acids or anhydrides. Similarly, minor amounts
      of multifunctional acid such as trimellitic anhydride can be incorporated
      into the dicyclopentadiene-polyester backbone, on monocarboxylic acid such
      as benzoic acid.
PAR  Ethylenically unsaturated monomers copolymerizable with the ethylenic
      unsaturation in the polyester polymers are utilized to disperse or
      dissolve the dicyclopentadiene-terminated polyester polymer and form a
      dicyclopentadiene-polyester resin mixture. Such ethylenically unsaturated
      monomers are well known and include: styrene, methyl styrene,
      chlorostyrene, vinyl toluene, divinyl benzene, vinyl acetate, acrylic and
      methacrylic acid, lower alkyl esters of acrylic and methacrylic acid,
      diallyl phthalate and like unsaturated monomers or mixtures thereof. For
      reasons of efficiency and economy, the ethylenically unsaturated monomer
      preferred in forming the low profile molding resin of this invention is
      styrene. The dicyclopentadiene-terminated polyester polymer of this
      invention accommodates substantially increased amounts of unsaturated
      monomers in comparison to conventional polyester polymers and surprisingly
      improves the molded product and the molding process when increased amounts
      of monomer are used.
PAR  Catalysts and promoters often are incorporated in small amounts into
      thermosetting polyester resins containing ethylenically unsaturated
      monomer for curing or cross-linking the unsaturated polyester with the
      monomer. Such catalysts and promoters are well known and can be similarly
      utilized in this invention for curing the dicyclopentadiene-polyester
      polymer and monomer mixture. Typical catalysts, for example, include
      organic peroxides and peracids such as tertiary butyl perbenzoate,
      tertiary butyl peroctoate, benzoyl peroxide and the like. Examples of
      conventional promoters include cobalt octoate, cobalt napthenate, and
      amines such as diethylaniline. The amounts of catalysts and promoters
      ordinarily range between about 1% to 5% by weight of the resin and can be
      varied with the molding process and similarly varied with the level and
      types of inhibitors utilized, in a manner well known in the art.
PAR  Fibers, fillers and pigments normally added to polyester molding resin
      compositions can be likewise used in formulating the molding composition
      of this invention. Examples include: glass fibers, chopped fibers, chalk,
      kaolin, asbestos, kieselguhr, calcium carbonate, talc, ceramic spheres,
      and quartz. Examples of pigments include cadmium yellow, carbon black,
      iron oxide, titanium dioxide, etc., as well as organic pigments such as
      the phthaloorganamine blues and greens.
PAR  The following examples are provided to illustrate the preferred embodiments
      of this invention and are not intended to restrict the scope thereof. All
      parts are parts by weight, all percentages are expressed as weight
      percentages, and all temperatures are in degrees Fahrenheit, unless
      otherwise expressly specified.
PAC  EXAMPLE 1
PAR  A dicyclopentadiene-modified polyester polymer was synthesized from the
      following raw materials:
PA1  9.9 gram moles of propylene glycol (752 grams)
PA1  2.0 gram moles of dicyclopentadiene (264 grams)
PA1  10.0 gram moles of maleic anhydride (980 grams).
PAL  Polymer synthesis was carried out in an ordinary reaction vessel suitable
      for batch processing of polyesters and including an agitator, heating
      means, condenser, and inert gas flow.
PAR  FIRST STEP: Formation of an acid terminated partial copolymer of propylene
      glycol-maleic ester was made by charging 5.0 gram moles of propylene
      glycol and 10.0 moles of maleic anhydride together with 3% xylene (based
      on the charge) into the reaction vessel and by heating under inert gas to
      300.degree.F and holding at 300.degree.F for about 30 minutes until the
      acid number of the batch became constant. The acid number became constant
      at about 412 whereupon the second step commenced.
PAR  SECOND STEP: A prepolymer was prepared by adding the 2.0 moles of the
      dicyclopentadiene to the propylene-maleic partial copolymer at a reaction
      temperature of 308.degree.F. The 2.0 moles of dicyclopentadiene were mixed
      with 3% xylene and added to the reaction vessel at a steady and continuous
      rate for a time period of 30 minutes and the reaction then continued until
      the acid number of the batch leveled off at about 276.
PAR  THIRD STEP: A dicyclopentadiene-terminated polyester was prepared by
      charging the remaining 4.9 moles of propylene glycol to the foregoing
      prepolymer in the reaction vessel, together with 0.3 grams of
      hydroquinone. The batch temperature was gradually increased to about
      390.degree.F and further processed until an acid number of 30 was reached.
      A test sample of 7  parts resin mixed with 3 parts styrene yielded a
      viscosity of 3,600 centipoises at 77.degree.F. Xylene and water of
      reaction were stripped from the batch.
PAR  FOURTH STEP: The dicyclopentadiene-polyester polymer was then cooled to
      200.degree.F, 0.5 grams of hydroquinone was added to the polymer which was
      then diluted with styrene to yield a dicyclopentadiene-polyester resin
      containing a ratio of 70 weight parts of dicyclopentadiene-polyester
      polymer and 30 weight parts of styrene monomer. Thereafter, about 1 gram
      ionol (Shell Oil Co.), a butylated hydroxy toluene, was added and the
      resin was discharged to a holding tank.
PAC  EXAMPLE 2
PAR  The dicyclopentadiene-terminated polyester of Example 1 was tested and had
      the following physical characteristics indicated in Table 1. SPI
      measurements were made on resin samples containing 1.5% tertiary-butyl
      perbenzoate at 260.degree.F.
TBL                TABLE 1                                                     

     ______________________________________                                    

     Viscosity at 60% NVM   450 centipoises                                    

     Polymer Solids (Non-volatile material)                                    

                            60%                                                

     SPI gel time           7 minutes                                          

     SPI reaction time      61/2 - 91/2 minutes                                

     SPI peak exotherm      510.degree.F.                                      

     Acid Number            28                                                 

     Color                  4 G-H scale Brown                                  

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  A dicyclopentadiene-terminated polyester was synthesized similarly to
      Example 1 from the following components, except that dipropylene glycol
      was charged in the third step after the dicyclopentadiene was esterified
      with the acid terminated partial polymer in step 2:
PA1  0.5 moles of propylene glycol
PA1  1.0 moles of maleic anhydride
PA1  0.2 moles of dicyclopentadiene
PA1  0.5 moles of dipropylene glycol
PAL  The resulting polymer was dispersed in styrene monomer to provide 60% NVM
      or 60 parts polymer and 40 parts styrene by weight as indicated in Example
      1. Table 2 lists the characteristics of the resin.
TBL                TABLE 2                                                     

     ______________________________________                                    

     Viscosity at 60% NVM    360 centipoise                                    

                             (Brookfield)                                      

     Polymer Solids (Non-volatile material)                                    

                             60%                                               

     SPI gel time            1.7 minutes                                       

     SPI reaction time       2.5 reaction                                      

     SPI peak exotherm       545.degree.F.                                     

     Acid number             21                                                

     ______________________________________                                    

PAR  While the invention has been illustrated by the foregoing examples, it is
      understood that various modifications are contemplated and may be made
      within the scope of this invention, as defined in the following claims.
CLMS
STM  What is claimed:
NUM  1.
PAR  1. A method of synthesizing a thermosetting dicyclopentadiene terminated
      polyester from glycol, dicarboxylic acid, and dicyclopentadiene, said
      polyester suitable for mixing with sytrene to provide a thermosettable
      polyester resin, the improvement comprising:
PA1  reacting an excess molar equivalent of dicarboxylic acid with glycol to
      produce an acid terminated partial polymer having carboxyl groups;
PA1  reacting about 0.1-0.4 mols of dicyclopentadiene per mol of unsaturated
      dicarboxylic acid with said acid terminated partial polymer at
      temperatures between about 290.degree.- 310.degree.F. until substantially
      all of said dicyclopentadiene is esterified with said carboxyl groups.
NUM  2.
PAR  2. The process of claim 1 wherein the dicyclopentadiene reacts with said
      acid terminated partial polymer to form an acid terminated prepolymer, and
      additional glycol is reacted with said prepolymer to further esterify
      unreacted carboxyl groups.
NUM  3.
PAR  3. The process of claim 2 wherein about one-half the glycol requirements is
      first reacted with excess molar dicarboxylic acid, and the other one-half
      of the glycol requirements is reacted after the intermediate step of
      esterifying said dicyclopentadiene with said acid terminated partial
      polymer.
NUM  4.
PAR  4. A dicyclopentadiene terminated, thermosetting polyester wherein
      dicyclopentadiene is substantially esterified with carboxyl groups of the
      acid terminated partial polymer in accordance with the process set forth
      in claim 1.
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ABST
PAL  Novel iminoimidazolidinedione polymers containing imide groups (hereinafter
      PIPA-IM) are prepared from mixtures of dianhydrides, hydrogen cyanide and
      diisocyanates in an appropriate solvent and with an appropriate catalyst.
      The cyanide ion is an effective catalyst for all of the reactions
      involved. Hydrolysis of these polymers produces novel parabanic acid
      polymers containing imide groups (hereinafter PPA-IM).
BSUM
PAC    CROSS REFERENCES TO RELATED APPLICATIONS
PAR  There are no formally related applications owned by the same assignee, but
      there is a copending, commonly assigned application filed on the same day
      which covers the use of the cyanide ion as a catalyst for preparing
      imides.
PAC  PRIOR ART
PAR  The preparation of PIPA such as poly (4-imino-1, 3-imidazolidine-2, 4,
      diones), which are a unique family heterocyclic polymers is disclosed in
      U.S. Pat. No. 3,591,562, in the name of the present inventor. The use of
      cyanide ions as a catalyst for these heterocyclic polymers is disclosed in
      U.S. Pat. No. 3,635,905, also by the same inventor.
PAR  The formation of polyimides is an old and well documented art. Very
      roughly, these polymers are prepared by reacting either a diamine or a
      diisocyanate with a carboxylic dianhydride such as pyromellitic
      dianhydride. Typical preparations of such polyimides are set forth in U.S.
      Pat. Nos. 3,299,101; 3,376,260; 3,356,648, etc.
PAR  U.S. Pat. No. 3,705,874 discloses a technique for preparing polyhydantoin
      polymers which also contain imide-units and does not use cyanide ion.
PAC  SUMMARY OF THE INVENTION
PAR  PIPA-IM having unusual properties are prepared from mixtures of acid
      dianhydrides, diisocyanates, and hydrogen cyanide. PPA-IM are prepared by
      hydrolysis of PIPA-IM.
PAC  DESCRIPTION OF THE INVENTION WITH PREFERRED EMBODIMENTS
PAR  It has been found and forms the substance of this invention that mixtures
      of acid anhydrides, particularly dianhydrides, with polyisocyanates,
      particularly diisocyanates, and hydrogen cyanide in an appropriate
      solvent, particularly aprotic dipolar-solvents, will form polymers in
      which the following units will be distributed throughout the polymer
      chain.
      ##SPC1##
PAL  Where R is the organic moiety of the carboxylic dianhydride; R' is the
      organic moiety of the diisocyanate; X is NH or O.
PAR  The units above can be either randomly distributed throughout the polymer
      chain, or can be in appropriate blocks.
PAR  With suitable modification of procedure a great number of polymers can be
      prepared in a variety of ways and with a variety of distributions of the
      parabanic acid and the iminoimidazolidinedione units and the imide units.
PAR  Thus, for example, one may have random distribution of the imide groups.
PAR  One may have blocks of polyiminoimidazolidinedione or polyparabanic acid
      units, and blocks of polyimides.
PAR  When preparing blocks, one can first prepare polyimide precursors from a
      mixture of a diisocyanate and a dianhydride and then introduce HCN into
      the reaction solution of the isocyanate-terminated polyimides and
      diisocyanates. Any suitable catalyst for these reactions can be used,
      although cyanide ion is preferred.
PAR  Alternatively, one can first form an isocyanate-terminated
      polyiminoimidazolidinedione prepolymer and then subsequently add a
      tetracarboxylic acid dianhydride to a solution of prepolymer and excess
      diisocyanate. Cyanide ion is a preferred initiator to the reaction and to
      subsequently form polyiminoimidazolidinedione imides. Alternatively, other
      imide forming catalysts can be used in the second step.
PAR  Monoanhydrides and monoisocyanates can be added at an appropriate point as
      chain terminators to control the molecular weight of the
      polyiminoimidazolidinedione imide polymers. The same technique can be used
      to chain terminate conventionally prepared polyiminoimidazolidinedione and
      polyimide polymers. Unique type polymers terminated with a maleimide can
      also be obtained by using maleic anhydride as a chain terminator. These
      terminally unsaturated compounds have great utility as cross-linking
      agents, as co-curatives in elastomers, and as the major component in a
      thermosettable composition.
PAR  A wide variety of copolymers containing from 99 to 1, optionally 80 to 30,
      and alternatively, 40 to 60 mol percent iminoimidazolidinedione or
      derivatives thereof units and 1 to 99, optionally 30 to 80, and
      alternatively 60 to 40 mol percent imide units may be made.
PAR  It is preferred that the catalyst be cyanide ion. But other suitable
      catalysts such as tertiary amines may be used to form the the
      poly(iminoimidazolidinedione-imides). When tertiary amines are used,
      cross-linking may occur. Therefore, the proper selection of the catalyst
      and reaction conditions may determine whether cross-linked or linear
      polymers are formed. See U.S. Pat. No. 3,591,562 for a description of
      catalysts.
PAR  The cyanide ion is generally obtained from a solution of a cyanide salt and
      is preferably an alkali metal cyanide. Typical salts from which the
      cyanide ion may be obtained include NaCN, KCN, Cd(CN).sub.2, and
      Zn(CN).sub.2.
PAR  The particular salt or other compound from which the cyanide ion is derived
      is not critical. It is preferred that the cyanide salt that is utilized be
      soluble in the solvent to be used in the particular system. Many of the
      reactions in which PIPA-IM is formed will take place in dipolar aprotic
      solvents, especially when those reactions are designed to result in
      soluble polymers. The sodium cyanide is very soluble in
      hexamethylphosphormamide, dimethylsulfoxide, dimethylformamide,
      dimethylacetamide, N-methylpyrolidone. Potassium cyanide is especially
      soluble in dimethylsulfoxide and hexamethylphosphormamide.
PAR  In the event that solvents are to be used in which the particular cyanide
      salt is not particularly soluble, the problem can be ameliorated by
      dissolving the cyanide in a solvent in which it is particularly soluble
      and which is soluble in the reaction solvent. Then this particular
      concentrate of cyanide ion is mixed in with the reactant solution.
PAR  The cyanide ion is present in catalytic amounts sufficient to accomplish
      its purpose. An excess of catalytic agent can always be present, but it is
      clear that utilizing an excess of catalyst beyond that quantity necessary
      to promote the reaction as desired, is simply a waste of catalyst, and
      could be quite uneconomical, as well as presenting a problem of separating
      the catalyst salt from the resulting products.
PAR  Very generally, a suitable concentration of cyanide ion to use in the
      reaction would be about 10.sup.-.sup.4 to 10.sup.-.sup.1, preferably
      10.sup.-.sup.3 to 10.sup.-.sup.2, moles per liter.
PAR  For preparing polymers according to the invention one must have HCN and
      both polyisocyanates and polyanhydrides as reaction components. The
      polyisocyanate is preferably a diisocyanate and the polyanhydride is
      preferably a dianhydride, particularly an aromatic dianhydride, but
      multi-functional versions of both anhydrides and isocyanates can be used
      to additionally modify the properties.
PAR  Anhydrides corresponding to the following formula are suitable:
      ##SPC2##
PAL  in which formula R represents a 2y-valent aliphatic, aliphatic-aromatic, or
      aromatic radical and y represents an integer from 2 to 3, preferably, 2.
      When y = 1, the anhydride can be used as the chain terminator discussed
      above.
PAR  Anhydrides useable in the invention are derived, for example from
      pyromellitic acid; trimellitic acid; naphthalene-1, 4,5,8-,
      naphthalene-2,3,6,7-or naphthalene-1,2,5,6- tetracarboxylic acid; from
      diphenyl ether-3,3', 4,4', or diphenyl-3, 3',4,4'- or diphenyl
      ether-2,2',3,3'- or diphenyl-2,2',3,3'-tetracarboxylic acid; from
      2,2-bis-(3,4-dicarboxyphenyl)-propane; from
      bis-(3,4-dicarboxyphenyl)-sulphone; from perylene-3,4,9,10-tetracarboxylic
      acid or from ethylene tetracarboxylic acid.
PAR  The internal anhydrides of hydroxy-, mercapto- or amino-substituted
      o-phthalic acids; and of hydroxy-, mercapto- or amino-substituted
      naphthalene dicarboxylic acids whose carboxyl groups are in the o-position
      to one another, can also be used. Bis-adducts of maleic acid or maleic
      acid anhydride with styrene or substituted styrenes are also suitable for
      the purposes of the process according to the invention, as are
      phenylenebis-alkane-di-(carboxylic acid anhydrides), of the kind described
      in Belgian patent specification No. 613,374, bicyclo-tetracarboxylic acid
      dianhydrides of the kind described in U.S. patent specification No.
      3,037,966, and polyanhydrides obtained by chlorinating paraffins in the
      presence of, for example, maleic acid anhydride.
PAR  The compounds used as anhydride components may also be of a more or less
      polymeric nature, for example bis-trimellitic anhydride esters of the
      structural formula
      ##SPC3##
PAL  may also be used here. In this structural formula, R" represents a
      saturated or an unsaturated, aliphatic or cycloaliphatic bivalent radical
      in which aromatic, cycloaliphatic or heterocyclic ring systems and ether-,
      ester-, sulphide-, sulphoxide- or sulphone bridges may be incorporated,
      and which may optionally be substituted by chlorine, bromine or iodine
      atoms or by a nitro-, alkoxy- or mercapto group.
PAR  The following are examples of R":
      ##SPC4##
PAR  The isocyanates which can be used in the reaction are characterized by the
      formula
PA1  R'(nco).sub.x in which R' is a C.sup.4 to C.sup.60 hydrocarbon or
      substituted hydrocarbon constituent, i.e. aliphatic, alicyclic, aromatic,
      or combinations and mixtures thereof in which the functionally substituted
      derivatives thereof will not react with isocyanate groups. Preferably X is
      2, but can be 3 to 5. When used as a chain terminator X is 1. NCO can also
      be substituted by NCS.
PAR  The monoisocyanates, diisocyanates or polyiscyanates used in the invention
      are selected from a broad group having a large variety of organic
      moieties. The organic moieties of these isocyanates can be substituted
      with groups such as alkyl, aryl, halogens, sulfoxy, sulfonyl, alkoxy,
      aryloxy, oxo, ester, alkylthio, arylthio, nitro and the like which do not
      react with the isocyanate or anhydride group. Functional groups which have
      active hydrogen atoms (e.g. carboxylic acids, hydroxyl groups, amines,
      etc.) should not be present.
PAR  Each isocyanate may be characterized by its specific organic moiety. For
      example, those diisocyanates having an aliphatic hydrocarbon moiety are
      exemplified by tetramethylene diisocyanate; hexamethylene diisocyanate;
      dodecamethylene diisocyanate; 2,2,4-trimethylhexamethylene diisocyanate;
      and the like. Diisocyanates characterized by having aromatic hydrocarbon
      moieties are exemplified by m-phenylene diisocyanate; p-phenylene
      diisocyanate; biphenylene diisocyanate; 1, 5-naphthalene diisocyanate; and
      the like. A diisocyanate having an alicyclic hydrocarbon moiety is
      1,4-diisocyanato cyclohexane and
      3-isocyanato-methyl-3,5,5-trimethylcyclohexyl isocyanate.
PAR  The diisocyanates containing more than one type of hydrocarbon moiety are
      exemplified by toluene diisocyanate; durene diisocyanate;
      4,4'-diphenylmethane diisocyanate; 3, 3'dimethyl-4,4'-diphenylene
      diisocyanate; 4,4'-diphenylisopropylidene; p-xylylene diisocyanate;
      m-xylylene diisocyanate; 4, 4'-methylene bis(cyclohexyl isocyanate);
      4-(4-isocyanatocyclohexyl) phenylisocyanate; 4-isocyanatobenzyl
      isocyanate; and the like.
PAR  It is noted that in the foregoing examples the isocyanate groups in each of
      the diisocyanates may be attached to the same or different hydrocarbon
      portions of the organic moiety.
PAR  Further, diisocyanates which have organic moieties containing functional
      groups may also be used and are exemplified by 4,4'-diphenylsulfone
      diisocyanate; 4,4'-diphenylether diisocyanate; 3,3'-dimethoxy-4,
      4'-diphenylene diisocyanate; di(3-isocyanato-propyl)ether;
      tetrafluoro-p-phenylene diisocyanate; tetrafluoro-m-phenylene
      diisocyanate; 4,4'-diisocyanate-octafluorobiphenyl and the like. Mixtures
      of the diisocyanates may be used.
PAR  Diisocyanate, as used herein, is a general class of compounds meant to
      include those compounds which have polymeric organic moieties such as the
      prepolymer diisocyanates which are used in the field of urethane polymers.
      Further, specific diisocyanates which may be used in the present invention
      are found in patents, articles, or organic textbooks; a specific example
      being the paper "Mono and Polyisocyanates" by W. Sieflken, Annalen der
      Chemie, 562, 6-136 (1949), which is incorporated herein by reference.
PAR  Examples of suitable monoisocyanates are phenylisocyanates, or substituted
      phenyl isocyanates such as chloro, bromo, nitro, alkoxy carboxyl N-butyl
      isocyanate, octyl isocyanate, phenyl isocyanates. In general, aromatic
      isocyanates are more reactive than aliphatic isocyanates and therefore are
      usually preferred.
PAR  Any suitable solvent can be used in the reaction of the invention. Indeed
      mixtures of solvents can be utilized in which the resulting solution is
      such that the reactants themselves are soluble but the resulting products
      are insoluble. Thus the product precipitates out as it forms and is easy
      to separate from the solvent and starting materials.
PAR  Very generally, the preferred solvents are dipolar aprotic solvents.
PAR  These are defined as molecules with a substantial dipole moment arising
      from a charge separation within a group of two or three atoms. Aprotic
      molecules do not have a hydrogen capable of ionization or hydrogen
      bonding. Dipolar aprotic solvents solvate cations strongly. The negative
      end of the solvent dipole is the one which is strongly associated with the
      cations from the cyanide salt.
PAR  Therefore, anions such as cyanide ion are liberated from the influence of
      the cation and are therefore readily available to interact with polar
      groups such as NCO and anhydride groups. The decreased solvation of these
      anions in such solvents enhances their reactivity in ionic or ionically
      catalyzed reactions.
PAR  Generally speaking, typical aprotic dipolar solvents useful in this
      reaction are:
PA1  Dimethylsulfoxide
PA1  Tetrahydrothiophene dioxide (sulfolane)
PA1  Pyridine-1-oxide
PA1  Nitrobenzene
PA1  Acetonitrile
PA1  Benzonitrile
PA1  Dimethylformamide
PA1  Dimethylacetamide
PA1  1-Methyl-2-pyrrolidone
PA1  Acetone
PA1  Trimethylphosphine oxide
PA1  Hexamethylphosphoramide
PAR  The resulting plastics (or, in some instances, elastomers, if the
      particular hydrocarbon backbone is flexible enough) can be molded, cast in
      film, used as varnishes, and in general would be subject to a wide variety
      of uses.
PAR  They would be particularly suitable for stoving lacquers, in particular for
      wire lacquers (electrical insulating lacquers).
PAR  The plastics obtained in accordance with the invention are highly
      temperature resistant materials and can be used as the base for flexible
      circuit films.
PAR  Moreover, fibers can be produced from these plastics and laminates can be
      made from them by a pressure application to various cloths.
PAR  Solution casting can be utilized to make films and coatings. Powder can be
      caused to coalesce into continuous films by heat alone or by utilizing
      heat with solvents. The latter technique is described in detail in another
      patent application by the same inventor.
PAR  Very high quality fibers can be made from the polymers of the invention,
      particularly as the paraphenylene content of the aromatic portion of the
      molecule increases. Thus the likelihood of obtaining copolymers which are
      ordered and thus can be oriented to increase crystallinity can be improved
      by the presence of the polyimide groups.
PAR  In any event the polyimide portion should contain a preponderance of
      paraphenylene qroupings since these directionally tend to develop order.
      And order leads to improved tensile strength and long term heat aging at
      elevated temperatures.
PAR  The resulting high modulus fibers from the new polymers of the invention
      will be particularly useful for reinforcement of tires in the belt carcass
      and for composites which weight savings are extremely important, i.e.,
      aircraft applications.
PAR  The invention is further illustrated by the following examples:
DETD
PAC  EXAMPLE 1
PAC  Working Example
PAR  A solution of 0.062 g. of sodium cyanide in 7.8 ml. DMF (dimethylformamide)
      was added under anhydrous conditions to a solution of 156.7 g. of
      diphenylmethane diisocyanate and 20.3 g. of hydrogen cyanide in 1135 ml.
      of DMF.
PAR  The temperature increased from 27.degree. C. to 59.degree. C., and after 6
      minutes a solution of 40 g. of benzophenone tetracarboxylic dianhydride
      was added to the stirred solution. Then after stirring an additional two
      minutes 0.124 g. of sodium cyanide in 15.5 ml. DMF was added.
PAR  During the next 90 minutes the reaction temperature decreased to 34.degree.
      C. It was heated slowly to 113.degree. C.; vigorous evolution of carbon
      dioxide began at about 90.degree. C.
PAR  After heating 1 hour the solution of PIPA-IM was cooled to 60.degree. C.
      and an acid solution composed of 18 g. of 96 percent sulfuric acid, 54 g.
      of water, and 72 ml. DMF was added.
PAR  After stirring 30 minutes the viscous solution was centrifuged to remove
      the ammonium sulfate which formed during hydrolysis.
PAR  Part of the clear filtrate was cast into a clear yellow flexible film.
PAR  The rest of the clear filtrate was precipitated in water. The product was
      filtered, washed with water, and dried. The PPA-IM polymer had an inherent
      viscosity of 0.94 (0.5 g. polymer in 100 ml. DMF at 25.degree. C.)
PAC  EXAMPLE 2
PAC  Paper Example
PAR  To a clear solution of 16.6 g. of benzophenone tetracarboxylic dianhydride
      and 25.0 g. of diphenylmethane diisocyanate in 200 ml. DMF is added 0.25
      g. of sodium cyanide in 30 ml. DMF under anhydrous conditions. The
      temperature is increased to 75.degree. C. and kept there for 20 minutes.
      Then it is cooled to 30.degree. C., and 1.4 g. of hydrogen cyanide is
      added. The temperature increases to 42.degree. C.
PAR  After 30 minutes the viscous PIPA-IM polymer solution is stirred with a
      solution of 5 g. of 96 percent sulfuric acid, 18 g. water, and 24 ml. DMF
      for an additional 30 minutes.
PAR  The parabanic acid-imide copolymer is precipitated in water, washed with
      water, and dried.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. As a composition of matter a new class of polymers which are
      iminoimidazolidinedione polymers containing imide groups or their
      hydrolysis derivatives, which are parabanic acid polymers containing imide
      groups.
NUM  2.
PAR  2. The polymers of claim 1 which have at least one polyimide moiety and at
      least one polyparabanic acid moiety.
NUM  3.
PAR  3. The polymers of claim 1 which have at least one polyimide moiety and at
      least one iminoimidazolidinedione moiety.
NUM  4.
PAR  4. A polymer according to claim 1 which has at least one each of the units
      set forth below:
      ##SPC5##
NUM  5.
PAR  5. A polymer according to claim 4 which contains at least two units as set
      forth below:
      ##SPC6##
NUM  6.
PAR  6. The polymer of claim 1 wherein said dianhydride is derived from
      pyromelletic anhydride and the isocyanate derived portion is from a
      diphenylether diisocyanate.
NUM  7.
PAR  7. A method of preparing iminoimidazolidinedione polymers containing imide
      groups which comprises reacting in an appropriate solvent, a selected
      molar portion of dianhydrides, diisocyanates, and hydrogen cyanide in the
      presence of a catalyst.
NUM  8.
PAR  8. The method of preparing polymers containing imide groups and parabanic
      acid groups by hydrolyzing iminoimidazolidinedione polymers containing
      imide groups prepared by the process of claim 7.
NUM  9.
PAR  9. A method according to claim 7 in which the anhydride has the following
      formula
      ##SPC7##
PAL  in which formula R represents a 2y-valent aliphatic, aliphatic-aromatic, or
      aromatic radical and y represents an integer from 2 to 3 and which the
      isocyanate has the following formula
PA1  R' (nco).sub.x in which R' is a C.sub.4 to C.sub.60 hydrocarbon or
      substituted hydrocarbon constituent, selected from the group consisting of
      aliphatic, alicyclic, aromatic constituents, or combinations and mixtures
      thereof in which the functionally substituted derivatives thereof will not
      react with isocyanate groups and X is 2 to 5.
NUM  10.
PAR  10. A method according to claim 7 wherein said reaction takes place in the
      presence of a catalyst which is a cyanide ion.
NUM  11.
PAR  11. A process according to the above claim 10 in which said cyanide ion is
      derived from sodium cyanide.
NUM  12.
PAR  12. A process according to claim 7 above wherein the solvent utilized to
      carry out said reaction is an aprotic dipolar solvent.
NUM  13.
PAR  13. A process according to claim 9 in which the isocyanate (NCO) group is
      substituted by NCS.
NUM  14.
PAR  14. The process according to claim 7 in which a monoanhydride having a
      C.sub.4 to C.sub.60 hydrocarbon or substitute hydrocarbon constituent
      selected from aliphatic, alicyclic, aromatic constituents, or combinations
      and mixtures thereof, in which the functionally substituted derivatives
      thereof will not react with isocyanate groups, is used as a chain
      terminating agent.
PATN
WKU  039337596
SRC  5
APN  5351359
APT  1
ART  141
APD  19741220
TTL  Heat-activatable, storage-stable polyurethane powders
ISD  19760120
NCL  30
ECL  1
EXP  Welsh; M. J.
INVT
NAM  Hoeschele; Guenther Kurt
CTY  Wilmington
STA  DE
ASSG
NAM  E. I. Du Pont de Nemours & Company
CTY  Wilmington
STA  DE
COD  02
CLAS
OCL  260 775TB
XCL  260 775AA
XCL  260 75NT
XCL  260 75NE
EDF  2
ICL  C08G 1880
FSC  260
FSS  77.5 TB;75 NT;77.5 AA;75 NE
UREF
PNO  3236812
ISD  19660200
NAM  McElroy
OCL  260 75
UREF
PNO  3770703
ISD  19731100
NAM  Gruber et al.
OCL  260 77.5TB
UREF
PNO  3787525
ISD  19740100
NAM  McGarr
OCL  260859R
UREF
PNO  3846378
ISD  19741100
NAM  Greswold
OCL  260 77.5TB
UREF
PNO  3857818
ISD  19741200
NAM  Frizelle
OCL  260 77.5TB
ABST
PAL  A heat-activatable polyurethane powder is prepared which contains about
      stoichiometric amounts of both blocked --NCO groups and active
      hydrogen-containing groups, the distribution of which is determined by the
      order in which the reactants are brought together. Typically an emulsified
      polymeric glycol (which may be admixed with more or less low molecular
      weight diol) reacts with a limited excess of diisocyanate to produce a
      dispersion of beads of --NCO-terminated polyurethane prepolymer; these in
      turn are reacted first with enough phenol or other monofunctional blocking
      agent to tie up about half of the free --NCO groups and secondly with one
      mole of a diamine or other difunctional active hydrogen compound per
      equivalent of the other half of the --NCO groups. When the resulting
      powder is coated upon a substrate and heated, the blocked --NCO groups are
      regenerated and thereupon they react with the active hydrogens available,
      resulting in the formation of a high molecular weight polyurethane film.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It is known to prepare thermoplastic polyurethanes directly in the form of
      powders by reacting polyether or polyester glycols and low molecular
      weight diols with diisocyanates in an inert solvent in which one of the
      reactants is immiscible and is emulsified by a surface active agent. These
      powders are useful as powder coatings and fabric adhesives, for example,
      and avoid the problems associated with solvents, but have the disadvantage
      that their processing temperatures are close to the temperature at which
      urethanes degrade. Having already attained their ultimate molecular
      weight, which must be relatively high to provide good physical properties,
      these thermoplastic polyurethanes have high melt viscosities at the
      maximum temperatures at which they can be processed. In many instances
      this high melt viscosity prevents proper flow during fusion of the powder.
      Thus a need exists for a powdered polyurethane which exhibits lower melt
      viscosities at temperatures sufficiently below the point of polymer
      degradation to permit less critical control of time/temperature cycles
      during fusion and still provide good physical properties.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention is directed to polyurethane powders which are
      heat-activatable as well as thermoplastic, and are also storage-stable.
      More specifically the invention is directed to a storage-stable,
      heat-activatable polyurethane powder containing about stoichiometric
      amounts of blocked --NCO groups and free active hydrogen-containing
      groups. The invention also includes the preparation and direct recovery of
      these powders in the course of their synthesis and their subsequent
      heat-activation.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  These polyurethane powders comprise the reaction products of
PA1  A. One mole of a polymeric glycol having a molecular weight of 400-4,000,
PA1  B. X moles of a diol having a molecular weight less than 250 wherein X =
      0-20,
PA1  c. Y moles of an organic diisocyanate wherein Y = 1.03 (1 + X) to 1.60 (1 +
      X),
PA1  d. 0.03 (1 + X) to 0.60 (1 + X) moles of a monofunctional isocyanate
      blocking agent, and
PA1  E. Y - X - 1 moles of a difunctional active hydrogen compound,
PAL  This reaction product being further characterized in that it is obtained
      directly as a powder having an average particle size of about 200 microns
      or less, from an inert organic solvent in which at least one of the
      reactants of the group (a) and (b) is immiscible and is emulsified in said
      solvent by means of a surface active agent. The heat-activatable property
      is achieved by selecting the amounts of reactants (d) and (e) so that the
      polyurethane powder contains about stoichiometric amounts of blocked --NCO
      groups and active hydrogen-containing groups.
PAR  The heat-activatable polyurethane powders of this invention exhibit the
      same high level of physical properties as do thermoplastic polyurethanes,
      but are superior in their melt flow characteristics.
PAR  Physically, the compositions of this invention are finely-divided powders
      the particles of which are bead-like; chemically they are polyurethanes of
      limited molecular weight which contain approximately stoichiometric
      amounts of blocked isocyanate groups and active hydrogen-containing
      groups. When activated by heat, these blocked --NCO groups are regenerated
      in the amount required to consume the active hydrogen available, resulting
      in the formation of a high molecular weight polyurethane which cannot be
      readily remelted without risking degradation. Specifically, control of
      melt viscosity at fusion temperatures which are safe is accomplished in
      the present invention by controlling the molecular weight of the
      heat-activatable intermediates, which in turn is controlled by the
      proportions of the reactants used. The amounts of reactants must also be
      selected so that the polyurethane powder contains about stoichiometric
      amounts of blocked --NCO groups and active hydrogen-containing groups.
PAR  In the polyurethane powders of this invention the distribution of blocked
      --NCO groups and active hydrogen-containing groups within individual
      powder particles can be varied widely as long as the powder compositions
      taken as a whole contain about equivalent numbers of reactive end groups.
      In one embodiment the powder consists of two kinds of particles, one kind
      containing blocked --NCO groups; the other, active hydrogen-containing
      groups. In another embodiment the powder consists of only one type of
      particle which contains about stoichiometric amounts of both blocked --NCO
      groups and active hydrogen-containing groups. These differences in the
      distribution of reactive groups are effected by the order in which the
      reactants are brought together as will be discussed in more detail
      hereinafter.
PAR  The polymeric glycols used in this invention have molecular weights of
      about 400-4,000. Glycols having molecular weights of about 600-2,000 are
      preferred. Useful polymeric glycols include the C.sub.2 -C.sub.8
      poly(alkylene oxide) glycols such as poly(ethylene oxide) glycol,
      poly(1,2- and 1,3-propylene oxide) glycol, poly(tetramethylene oxide)
      glycol, poly(pentamethylene oxide) glycol, poly(hexamethylene oxide)
      glycol, poly(heptamethylene oxide) glycol, poly(octamethylene oxide)
      glycol, and poly(1,2-butylene oxide) glycol; also random or block
      copolymers of ethylene oxide and 1,2-propylene oxide, and polyformals
      prepared by reacting formaldehyde with diols as 1,4-butanediol or mixtures
      of diols such as a mixture of ethylene glycol and 1,4-butanediol.
PAR  In lieu of poly(alkylene oxide) glycols one may use polythioether glycols
      which can be considered as derivatives of poly(alkylene oxide) glycols in
      which some or all of the ether oxygens are replaced by sulfur atoms. Also
      useful are poly(alkylene-arylene oxide) glycols in which some of the
      alkylene oxide units of the poly(alkylene oxide) glycols are replaced by
      arylene oxide units.
PAR  Polyester glycols derived by esterification of one or more dicarboxylic
      acids such as succinic acid, adipic acid, suberic acid, phthalic acid and
      terephthalic acid with one or more diols such as ethylene glycol, 1,2- and
      1,3-propylene glycol, 1,4-butanediol, neopentyl glycol, 1,6-hexanediol and
      diethylene glycol are particularly useful polymeric glycols. Common
      representatives of these polyester glycols include poly(ethylene adipate),
      poly(ethylene/1,2-propylene adipate) and poly(1,4-butylene adipate).
      Polyester glycols derived from lactones and hydroxyacids are also useful
      as polymeric glycols. Particularly useful glycols of this class are the
      poly(.epsilon.-caprolactone) glycols.
PAR  Long chain hydrocarbon glycols such as polybutadiene or polyisoprene
      glycols, copolymers of these, and saturated glycols.
PAR  Preferred polymeric glycols are (1) the poly(alkylene oxide) glycols, of
      which poly(tetramethylene oxide) glycol is especially preferred and (2)
      polyester glycols, of which poly(butylene adipate) glycol and
      poly(epsilon-caprolactone) glycol are especially preferred.
PAR  Included among the low molecular weight (less than about 250) diols which
      can be used in preparing the instant composition are acyclic and alicyclic
      dihydroxy compounds. Representative of these are diols with 2-15 carbon
      atoms such as ethylene, propylene, isobutylene, tetramethylene,
      pentamethylene, 2,2-dimethyltrimethylene, hexamethylene and decamethylene
      glycols, diethylene glycol, dihydroxy cyclohexane, and cyclohexane
      dimethanol. Aliphatic diols containing 2-8 carbon atoms are preferred, and
      1,4-butanediol, ethylene glycol, neopentyl glycol, 1,6-hexanediol and
      diethylene glycol are especially preferred.
PAR  Aromatic, aliphatic, and cycloaliphatic diisocyanates can be used to
      prepare the compositions of the present invention, particularly the
      C.sub.8 -C.sub.25 aromatics, C.sub.2 -C.sub.18 aliphatics, and C.sub.5
      -C.sub.25 cycloaliphatics. Representative aromatic diisocyanates are
      2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate,
      4,4'-methylenebis(phenyl)isocyanate), 1,3-phenylene diisocyanate,
      1,5-naphtalene diisocyanate and mixtures thereof. Representative aliphatic
      diisocyanates are hexamethylene diisocyanate, xylylene diisocyanate,
      1,12-dodecane diisocyanate and lysine ethyl ester diisocyanate.
      Representative cycloaliphatic diisocyanates are
      4,4'-methylenebis(cyclyhexyl lisocyanate), 1,4-cyclohexylene diisocyanate,
      1-methyl-2-4-hydrogenation products thereof are also satisfactory
      polymeric cyclohexylene diisocyanate and isophorone diisocyanate.
      Preferred diisocyanates are 2,4-tolylene diisocyanate, which can contain
      up to about 50%, 2,6-tolylene diisocyanate, 4,4'-methylenebis(phenyl
      isocyanate), and 4,4'-methylenebis(cyclohexyl isocyanate). Aliphatic and
      cycloaliphatic diisocyanates are preferred when nondiscoloring
      compositions are required.
PAR  The difunctional active hydrogen compounds are preferably low molecular
      weight diols, diamines, and aminoalcohols. Of these, the diamines are
      preferred. Primary and secondary aliphatic, cycloaliphatic or aromatic
      diamines are useful in the present invention and include compounds such as
      ethylene diamine, hexamethylene diamine, piperazine, 1,3- or
      1,4-diaminocyclohexane, 4,4'-methylenebis(cyclohexyl amine),
      1-methyl-2,4-diaminocyclohexane, 2,4- and 2,6-tolylenediamine, 1,3- and
      1,4-phenylene diamine, methylene dianiline, 1,5-napththalene diamine,
      N,N'-dimethylethylene diamine, and 4,4'-methylenebis(N-methylaniline).
      Aliphatic and cycloaliphatic amines are preferred when nondiscoloring
      products are required. Preferred diamines include ethylene diamine,
      hexamethylene diamine, 4,4'-methylenebis(cyclohexyl amine) and
      1,3-phenylene diamine. As representative diols which can serve as the
      difunctional active hydrogen compound, any of the low molecular weight
      diols described hereinbefore may be used. Representative aminoalcohols
      include ethanolamine, N-ethylethanolamine, 2-hydroxypropylamine and
      4-aminocyclohexanol.
PAR  The difunctional active hydrogen compounds are used in the present
      invention to provide the heat-activatable compositions with terminal
      active hydrogen-containing groups. The difunctional active hydrogen
      compounds are used in amounts such that at least a portion of them react
      with only one isocyanate group, leaving the second active
      hydrogen-containing group available for reaction during heat-activation.
      In the case of the preferred difunctional active hydrogen compounds;
      namely, diamines, diols and aminoalcohols, the active hydrogen-containing
      groups are amino groups and/or hydroxyl groups. The amount of difunctional
      active hydrogen compound required is described hereinafter.
PAR  The use of monofunctional isocyanate blocking agents to convert free --NCO
      groups to thermally unstable adducts which on heating yield back free
      --NCO groups is well known in urethane chemistry. The monofunctional
      isocyanate blocking agents which can be used in the present invention
      include aromatic hydroxy compounds such as phenol, cresol and alpha- and
      beta-naphthol, oximes such as methyl ethyl ketoxime, acetoxime and
      cyclohexanoneoxime; enol forms of 1,3-dicarbonyl compounds such as acetyl
      acetone and ethyl acetoacetate, lactams such as .epsilon.-caprolactam and
      diaryl amines such as diphenyl amine and N-phenyl-alpha-naphthylamine.
      Preferred blocking agents include .epsilon.-caprolactam and methyl ethyl
      ketoxime.
PAR  The ratio of polymeric glycol to low molecular weight diol (if any is
      employed) for a given set of materials affects the hardness and related
      physical properties of the final product after heat-activation. The
      greater the molar ratio of low molecular weight diol to polymeric glycol,
      the harder the resulting product. Up to 20 moles of low molecular weight
      diol can be used per mole of polymeric glycol.
PAR  The molar ratio of diisocyanate to the sum of the moles of polymeric glycol
      and low molecular weight diol also affects ultimate physical properties
      and more importantly establishes the molecular weight of the intermediate
      --NCO-terminated polymer. If the excess of diisocyanate is too low, the
      molecular weight will be too high for proper flow to occur during
      processing. Such products have substantially the same disadvantages as the
      prior art polyurethane powders which have achieved their maximum molecular
      weight prior to fusion. On the other hand, if the excess of diisocyanate
      is too high, very low molecular weight products result. These are often
      difficult to prepare in powder form by the present process. In addition,
      they are less stable in storage and may actually be too fluid initially
      when heat-activated.
PAR  It has been found that at least 1.03 and not more than 1.60 moles of
      diisocyanate should be employed per mole of the total of moles of
      polymeric glycol and low molecular weight diol. A preferred range is 1.07
      to 1.40 moles of diisocyanate per total moles of dihydroxy compounds.
PAR  The moles of blocked isocyanate groups and free active hydrogen-containing
      groups should be about equal as previously stated. However, up to 20%
      excess of blocked isocyanate groups relative to the free active
      hydrogen-containing groups or 20% excess of free active
      hydrogen-containing groups relative to the blocked isocyanate groups can
      be present. On occasion it may be advantageous to incorporate a slight
      excess of blocked isocyanate groups which provide some crosslinking in the
      finished product after heat-activation. From about 0.05 to 1.1 moles,
      preferably 0.2 to 1.0 moles, of monofunctional blocking agent can be used
      per mole of excess diisocyanate remaining after reaction with the mixture
      of glycol and diol. By operating with these amounts of blocking agent, at
      least 45%, preferably 50% of the excess diisocyanate is available for
      reaction with the difunctional active hydrogen compound.
PAR  Preferably about 1.0 mole of difunctional active hydrogen compound is used
      per mole of excess diisocyanate remaining after the reaction with the
      mixture of glycol and diol, regardless of the quantity of blocking agent
      used within the range specified above. When less than 1.0 mole of
      monofunctional blocking agent is used per mole of excess diisocyanate, the
      difunctional active hydrogen compound is consumed by chain-extension as
      well as by end-group capping. The less blocking agent used, the greater
      the proportion of difunctional active hydrogen compound entering into
      chain extension. When amounts of blocking agent in excess of 1.0 mole per
      mole of excess diisocyanate are used, the quantity of difunctional active
      hydrogen compound used should be decreased accordingly. Conversely, if an
      amount of difunctional active hydrogen compound in excess of 1.0 mole per
      mole of excess diisocyanate is used, the amount of blocking agent should
      be reduced accordingly.
PAR  It should be noted that the same material can be employed, if desired, as
      the low molecular weight diol and the difunctional active hydrogen
      compound. As previously indicated, any of the low molecular weight diols
      described hereinbefore can be used as the difunctional active hydrogen
      compound.
PAR  Higher functionality can be introduced by replacing part of the
      diisocyanate, polymeric glycol, low molecular weight diol or difunctional
      active hydrogen compound with up to 10 mole %, based on the total
      diisocyanate used, of a chemically equivalent amount of reactants having a
      functionality greater than two. The products resulting from this
      modification are thermosetting as a result of the branching introduced.
PAR  The mechanical process steps which are used to produce the heat-activatable
      polyurethane powders of this invention involve emulsifying one or more of
      the reactants (usually a mixture of the glycol, diol and blocking agent)
      with the aid of a surfactant in an inert solvent in which at least one of
      said reactants is immiscible and adding a second reactant (usually the
      diisocyanate) which is miscible with or relatively soluble in the inert
      solvent. Finally the difunctional active hydrogen compound is reacted with
      the excess isocyanate still present. The product so produced is obtained
      directly as a fine powder, the particle size of which is largely
      determined by the size of the droplets present in the initial emulsion.
      This process produces particles each of which contains about equivalent
      amounts of blocked isocyanate groups and active hydrogen groups. Similar
      process steps are employed in preparing two-part powders.
PAR  Organic liquids for use as the continuous phase of the emulsion may be any
      liquid not reactive with the reactants, e.g., not reactive with --NCO or
      with active hydrogens, and in which at least one of the reactants and the
      reaction product are immiscible and insoluble.
PAR  It is ordinarily desired that such liquids be volatile for removal from the
      reaction product by evaporation at temperatures which will not harm the
      product and that the boiling point be above the desired reaction
      temperature. Liquids with lower boiling points may be used but may require
      the use of pressure vessels to allow operation at the desired temperature.
      Liquids which are high boiling or otherwise difficult to separate from the
      reaction product may be removed by washing or removing by solvent
      extraction with liquids which do not harm the reaction product and which
      are more readily removed. Organic liquids having a boiling point or
      boiling range, preferably between about 65.degree.C. and about
      200.degree.C. such as hydrocarbons, halogenated hydrocarbons, ethers . . .
      may be used. Hydrocarbon liquids, preferably aliphatic hydrocarbon
      liquids, such as petroleum fractions, have been found desirable because of
      their low cost, inertness to the reactants and ease and completeness of
      removal from the reaction product. Preferred solvents for the present
      invention are C.sub.6 -C.sub.10 saturated aliphatic hydrocarbons or
      mixtures thereof.
PAR  The surfactants employed in the present process are preferably nonionic
      polymeric materials having molecular weights in excess of 1,000
      characterized in that they contain nonpolar moieties such as hydrocarbon
      radicals and highly polar moieties such as amide, ester or carbonyl
      groups.
PAR  A preferred class of such surfactants are the products of simultaneous
      polymerization and alkylation with alpha-olefins of heterocyclic N-vinyl
      monomers. These may be prepared by treating (a) one mole of such monomer
      alone, or one mole of a mixture of two such monomers, or one mole of a
      mixture containing such monomer and a non-heterocyclic polymerizable,
      monoethylenically unsaturated monomer, with (b) 0.05 to 12 moles of an
      .alpha.-olefin, in a solution of an organic solvent common to the monomer
      or monomers and the .alpha.-olefin, in the presence of 0.025 to 0.30 mole
      of an organic peroxide catalyst per mole of .alpha.-olefin, at a
      temperature ranging from 80.degree. to 200.degree.C. for 3 to 60 hours.
      The resulting solution of alkylated polymer may be employed as such or, if
      desired, the organic solvent may be removed by vacuum distillation.
PAR  Especially preferred surfactants are the products of copolymerizing
      N-vinyl-2-pyrrolidone with an alpha-olefin having four to 20 carbon atoms
      to give copolymers having alkyl side chains of from two to 18 carbon
      atoms, the proportion of alkylated olefin being in the range of from about
      10% to about 80% with molecular weight of at least 1000 and preferably
      above 4,000, have been found to be particularly effective surfactants. The
      quantity of surfactant used will depend on a variety of factors including
      the physical properties of the reactants and of the inert liquid medium,
      the time required for the reaction, the efficiency of the emulsifying
      equipment, the size of reaction product particle desired, and so on. In
      general, from about 0.5% to about 10% of surfactant based on the total
      weight of reactants will be used.
PAR  The useful surfactants are by no means limited to the specific ones just
      described. An emulsion of fine droplets of an insoluble liquid reactant
      for the production of finely divided polyurethane particles can be
      prepared using a polymeric surfactant one part of which is solvated by the
      inert liquid reaction medium and the other part of which is associated
      with the reactant droplets. For example, in order to emulsify
      1,4-butanediol in heptane, one might choose as surfactant a copolymer made
      from two types of monomer, (a) one like vinyl pyrrolidone, N,N-dimethyl
      acrylamide, etc., which, if homopolymerized, would be highly compatible
      with 1,4-butanediol and (b) one like vinyl stearate, lauryl methacrylate,
      a long chain alpha-olefin, etc., which, if homopolymerized, would be
      highly compatible with heptane. Furthermore, the molecular weight of the
      copolymer and the mole ratio of its monomeric constituents would be such
      that it would be somewhat more solvated by the heptane than by the
      1,4-butanediol so that the heptane would be the external phase.
PAR  The quantity of surfactant used may range from about 0.5 to 10% by weight
      based on the total weight of reactants employed. Generally the surfactant
      will be used in amounts of 3-7% by weight based on the total weight of
      reactants.
PAR  Not only is the molar ratio of polar to nonpolar monomers important, but
      also the distribution of monomers in the copolymer, that is, whether the
      copolymer has a linear, graft or block structure. If the polar monomer
      contains a group such as nitrile, tertiary amine, lactam, etc., which can
      form strong dipole interactions with polar groups in the reactants or
      reaction product, a linear copolymer structure will often be adequate.
      However, if the polar monomer contains groups such as esters which will
      form only weak interactions with ester or ether groups in the reactants,
      then a graft or block structure is usually necessary so that by a
      multiplicity of such weak bonds, an adequate association can be brought
      about between the surfactant and the internal phase of the reaction
      mixture. Homopolymers composed of monomers having both polar and nonpolar
      moieties can also be used. N-vinyl-3-octadecyl pyrrolidone,
      N-vinyl-5-dodecyl-3-morpholinone, 1-hexadecylacrylonitrile, and
      N,N-dioctylaminoethyl methacrylate are examples of such monomers.
PAR  As previously indicated, the present invention contemplates
      heat-activatable polyurethane powder compositions ranging from those in
      which each particle contains about equivalent amounts of blocked
      isocyanate groups and active hydrogen-containing groups to those in which
      two types of particles (one containing blocked --NCO groups, the other
      active hydrogens) in chemically equivalent amounts are present. Systems
      which lie between these extremes are obviously possible but in general
      offer no advantage. The two extremes, called one- and two-part systems for
      convenience, in general provide equivalent products when heat-activated.
      Both the one- and two-part systems are stable during storage at room
      temperature over extended periods of time.
PAR  Preparation of compositions representative of the one-part system
      preferably is accomplished by emulsifying the polymeric glycol, the low
      molecular weight diol if any is used, and the monofunctional blocking
      agent with the aid of a surfactant in the inert organic liquid. In order
      to produce and emulsion, it is understood that the mixture of glycol, diol
      and blocking agent must be liquid under the conditions used. The required
      excess of diisocyanate is added and reaction is allowed to proceed
      substantially to completion. The reaction rate can be controlled by
      adjusting the temperature and/or by using urethane-forming catalysts.
      Optionally, the monofunctional blocking agent can be added separately
      following reaction of the diisocyanate with the glycol and diol. Finally,
      the reaction mixture is added to the difunctional active hydrogen compound
      and allowed to react. Optionally, the difunctional active hydrogen
      compound can be added to the reaction mass. Powdered product is isolated
      from the resulting dispersion by conventional means such as decantation,
      filtration or centrifugation. It is normally washed with the same solvent
      used during the reactions to remove residual surfactant and catalyst if
      present. The product is then dried at temperatures well below those
      required for heat-activation. In most cases this means drying at
      temperatures of less than 120.degree.C. and preferably below 80.degree.C.
PAR  Preparation of two-part systems involves carrying out the reaction between
      polymeric glycol (optionally plus diol) and diisocyanate as described for
      the one-part system. The resulting reaction product containing free --NCO
      groups is reacted with an equivalent amount of monofunctional blocking
      agent or two equivalents of difunctional active hydrogen compound to
      provide powders containing either blocked --NCO groups or active
      hydrogen-containing groups. In a preferred embodiment, the component
      containing the blocked isocyanate groups is prepared by adding the
      diisocyanate to an emulsion containing the blocking agent as well as the
      glycol and diol. A two-part system results when chemically equivalent
      amounts of the two types of powders are mixed uniformly. Obviously the
      initial NCO-terminated urethane used to prepare one part can differ from
      the initial NCO-terminated urethane used for the preparation of the second
      part if desired.
PAR  It has been found useful with some products to incorporate a finely-divided
      solid material such as talc, fumed silica or a pigment to improve the flow
      properties of the powdered product. Such additives generally improve
      filtration during product isolation and therefore are preferably added at
      any stage prior to filtration including addition along with the starting
      materials. They can of course be added to the dry powder. Other additives
      such as antioxidants, UV-absorbers, other stabilizers, flow promoters,
      etc., can be incorporated by the same techniques.
PAR  Bead-shaped particles having average sizes of about 200 microns to as low
      as about 10 microns can be produced by the procedures described
      hereinbefore. Particle size is largely controlled by the nature and amount
      of surfactant, intensity of agitation and of temperature employed during
      the reaction. For a given system and set of equipment, particle size is
      reduced when the amount of surfactant is increased and vice versa.
      Particles in this size range are well suited for a variety of
      powder-coating techniques such as fluidized bed, electrostatic spray,
      powder flow coating, and heat-fused coatings for flexible substrates. The
      powders are also useful as hot-melt adhesives. Typically the powder is
      applied to the desired surface in pigmented form and heated to its
      activating temperature, causing the blocked ends of the polyurethane to
      split off and regenerate the blocking agent, e.g. phenol, and the
      NCO-terminated polyurethane; the latter then reacts with the NH.sub.2
      -terminated or OH-terminated end of an adjacent molecule to form a high
      molecular weight polymer.
PAR  The powders of this invention can be activated at temperatures ranging from
      110.degree.C. to 230.degree.C. The preferred temperature for a given
      system in a given application largely depends on the melting point of the
      powder, the dissociation temperature of the blocked isocyanate groups, the
      reactivity of the active hydrogen-containing groups and the nature of the
      substrate. In most commercial applications temperatures of 140.degree.to
      210.degree.C. will be satisfactory. The preferred compositions of this
      invention yield rapid cures at 170.degree.to 200.degree.C. without
      significant decomposition. The temperatures stated refer to the actual
      temperature of the melt. Much higher temperatures may be required in air
      or other media in contact with the polymer to raise its temperature
      quickly.
PAR  The fusion conditions also depend on the melt flow properties of the
      particular powder to a large extent. As previously indicated prior art
      polyurethane powders are high molecular weight polymers which consequently
      exhibit high melt viscosities even at temperatures approaching their
      decomposition points. In contrast, the powders of the present invention
      offer a combination of low melt viscosity at safe processing temperature
      and a high level of physical properties by virture of their high molecular
      weights after curing. The instant powders exhibit melt viscosities
      generally 2- to 5-fold less than prior art polyurethanes having similar
      ultimate physical properties. It is obvious that the lower melt viscosity
      results in superior film formation and improved penetration of porous
      substrates.
PAC  EXAMPLES
PAR  The following ASTM methods were employed in determining the properties of
      the polymers prepared in the Examples which follow:
TBL  Modulus at 100% elongation, M.sub.100                                     

                                 D412*                                         

     Modulus at 200% elongation, M.sub.200                                     

                                 D412*                                         

     Modulus at 300% elongation, M.sub.300                                     

                                 D412*                                         

     Tensile at Break, T.sub.B   D412*                                         

     Elongation at Break, E.sub.B                                              

                                 D412*                                         

     Split Tear                  D470**                                        

     Melt Index                  D1238***                                      

      * Cross-head speed 2" (5.08 cm) per minute                               

      ** Modified by use of 1.5" .times. 3" (3.81 cm .times. 7.62 cm) sample   

      with 1.5" (3.81 cm) cut on the long axis of the sample. This configuratio

      prevents "necking down" at the point of tearing. Cross-head speed 50" (12

      cm) per minute.                                                          

      ***2160 g. load.                                                         

PAR  Particle Size of the powders prepared in the following examples was
      determined by a Coulter Counter.
PAR  Melting Points reported were determined in capillaries using an
      electrothermally heated melting point apparatus.
PAR  Surfactant A was a copolymer of 20 parts by weight N-vinyl-2-pyrrolidone
      and 80 parts by weight .alpha.-eicosene, average molecular weight about
      8600.
PAR  Surfactant B was a copolymer of 20 parts by weight N-vinyl-2-pyrrolidone
      and 80 parts by weight .alpha.-hexadecene, average molecular weight about
      7300.
PAR  Surfactant C was a copolymer of 50 parts by weight N-vinyl-2-pyrrolidone
      and 50 parts by weight .alpha.-hexadecene, average molecular weight 9500.
PAC  EXAMPLE 1 (Preparation of a two-part heat-activated powder composition)
PAC  Composition A (Polyurethane containing .epsilon.-caprolactam-capped
      isocyanate end groups)
PAR  To a solution of 6.5 g Surfactant A in 550 ml n-heptane, 63.0 g
      polytetramethylene ether glycol (number average molecular weight 975,
      0.064 mole), 32.0 g 1,4-butanediol (0.355 mole) and 7.8 g
      .epsilon.-caprolactam (0.069 mole) were added and emulsified by vigorous
      agitation at 70.degree.C. After addition of 5 ml of a 5% solution of
      dibutyltin dilaurate in heptane 119.0 g 4,4'-methylenebis (cyclohexyl
      isocyanate) containing about 20% trans, trans isomer (0.454 mole) was
      charged to the reaction mixture over a period of about 7 minutes. During
      the isocyanate addition, external cooling was applied to maintain the
      reaction temperature at 80.degree.-85.degree.C. After heating for three
      hours at 85.degree.C. the reaction was completed and the slurry of finely
      divided particles was allowed to settle out by standing at room
      temperature for 10 min. The supernatant liquid was decanted and the solids
      redispersed in 250 ml heptane. The reaction product was isolated by
      filtration, washed several times with heptane, and finally dried at
      60.degree.C.
PAR  The resulting powder was screened through a 35 mesh screen (13 meshes per
      lineal cm) and characterized as follows:
TBL  Average particle size, .mu.                                               

                                45                                             

     Melt index at 190.degree. C. (g/10 min.)                                  

                                253                                            

     Melting range, .degree.C.  154-159                                        

     Calc. .epsilon.-caprolactam content, %                                    

                                3.52                                           

PAC  Composition B (Polyurethane containing aliphatic amino end groups)
PAR  The general procedure given for the preparation of Composition A was
      essentially repeated except that the following starting materials were
      used:
TBL  550 ml n-heptane                                                          

     6.5 g Surfactant A                                                        

     97.5 g polytetramethylene ether glycol (0.1 mole)                         

     30.5 g 1,4-butanediol (0.35 mole)                                         

     131.0 g 4,4'-methylenebis(cyclohexyl isocyanate)                          

       (20% trans, trans isomer 0.5 mole)                                      

     5 ml 5% catalyst solution (as above)                                      

PAR  After addition of the diisocyanate the resulting slurry of finely divided
      solids was heated for 1 hour at 85.degree.C. The free isocyanate groups of
      the polyurethane were then capped with 1,6-hexamethylene diamine by
      pouring the slurry into a dispersion of 11.6 g 1,6-hexamethylene diamine
      (0.1 mole) in 150 ml heptane in the presence of 1.5 g Surfactant A with
      vigorous agitation at 50.degree.C. After stiring for 30 min. the reaction
      mixture was worked up as described above for Composition A.
PAR  The fine powder was screened through a 150 mesh screen (59 meshes per
      lineal cm) and characterized as follows:
TBL  Average particle size, .mu. 35                                            

     Melt index at 190.degree. C., g/10 min.                                   

                                 64                                            

     Melting range, .degree.C.   142-150                                       

     Amino nitrogen content, %   0.32                                          

PAR  A heat-activated polyurethane composition was prepared by dry-blending 100
      parts of Composition A and 134 parts of Composition B and rapidly curing
      by heating the mixture at 190.degree.C. for 5 minutes to form a high
      molecular weight polymer having a melt index of 8.3 g/10 min. In a
      specific embodiment at 25 mil (0.64 mm) film was prepared by compression
      molding of the powder mixture (A & B) for 5 minutes in a hydraulic press
      at a platen temperature of 190.degree.C., followed by rapid cooling. This
      film had the following properties:
TBL  M.sub.100, kg/cm.sup.2   190                                              

     M.sub.200, kg/cm.sup.2   315                                              

     M.sub.300, kg/cm.sup.2   534                                              

     T.sub.B, kg/cm.sup.2     583                                              

     E.sub.B, %               320                                              

     Split tear, kg/cm        120                                              

PAR  The dry-blended mixture of composition A and B was stable at room
      temperatures for at least 6 months.
PAR  To demonstrate the lower melt viscosity of the instant powder composition
      relative to the prior art, the flow characteristics were determined in a
      melt indexer. Four grams of the powder blend of this example was charged
      quickly to the indexer which was preheated to 190.degree.C. After 2
      minutes, the melt index was 28.5 g/10 min. which corresponds to a
      calculated melt viscosity of 4,150 poise. In this test, a prior art
      polyurethane powder, containing polytetramethylene ether glycol,
      butanediol-1,4 and 4,4'-methylenebis (cyclohexyl isocyanate) in the molar
      ration of 1.0:5.0:6.0 respectively, exhibited a melt index of 7.1 g/10
      min. which corresponded to a calculated melt viscosity of 16,750 poise.
      After 5 minutes in the indexer both polymers exhibited substantially the
      same melt index.
PAC  EXAMPLE 2
PAR  A. In this Example a one-part heat-activated powder composition based on
      the same principle as the two-part polyurethane system disclosed in
      Example 1 was prepared. The general procedure used for the preparation of
      the polyurethane powder compositions of Example 1 was essentially repeated
      except that the following starting materials were used:
TBL  1100 ml n-heptane                                                         

     23.5 g Surfactant A                                                       

     195 g polytetramethylene ether glycol (0.2 mole)                          

     36.0 g 1,4-butanediol (0.4 mole)                                          

     11.3 g .epsilon.-caprolactam (0.1 mole)                                   

     209.6 g 4,4'-methylenebis(cyclohexyl isocyanate)                          

         (20% trans, trans isomer, 0.8 mole)                                   

     10 ml 5% catalyst solution (as described in Example 1)                    

PAR  The diisocyanate was added last at 80.degree.-85.degree.C. to the
      dispersion of above starting materials over a period of about 10 minutes.
      After agitation at 85.degree.C. for one hour the resulting slurry of
      finely divided particles was cooled to 50.degree.C. and poured into a
      dispersion of 23.2 g 1,6-hexamethylene diamine (0.2 mole) in a mixture of
      1.5 g Surfactant A and 300 ml n-heptane, vigorously agitated at
      50.degree.C. The reaction was complete after agitating for 30 minutes at
      50.degree.C. The resulting reaction mixture was worked up according to the
      procedure given in Example 1.
PAR  The dried powder was screened through a 35 mesh screen (13 meshes per
      lineal cm) and characterized as follows:
TBL  Average particle size, .mu. 34                                            

     Melting range, .degree.C.    134-148                                      

     Amino nitrogen content, %   0.29                                          

     Melt index at 190.degree. C., g/10 min.                                   

                                 0.4                                           

PAR  Since the sample is chain-extended under the conditions of the melt index
      determination (190.degree.C./5 min.), the melt index is characteristic of
      the cured polymer.
PAR  A 25 mil (0.64 mm) film prepared by compression molding as described in
      Example 1 had the following properties:
TBL  M.sub.100, kg/cm.sup.2  123                                               

     M.sub.200, kg/cm.sup.2  193                                               

     M.sub.300, kg/cm.sup.2  330                                               

     T.sub.B, kg/cm.sup.2    503                                               

     E.sub.B, %              390                                               

     Split tear, kg/cm        62.5                                             

PAR  Similar properties were obtained on a 5 to 7 mil (0.13 to 0.18 mm) film
      prepared by spraying the powder electrostatically onto release paper and
      fusing in a 200.degree.C. oven for 3 minutes.
PAR  Prior to heat-activation, the powder was stable at room temperature for at
      least 6 months.
PAR  B. The procedure of part A was repeated with the exception that the amount
      of .epsilon.-caprolactum was increased to 22.6 grams (0.2 moles). The
      resulting powder had a melt index at 190.degree.C. of 9.8 g/10 minutes.
      The powder was formed into a 25 mil (0.64 mm) film by compression molding
      as described in Example 1. The film had the following properties:
TBL  M.sub.100, kg/cm.sup.2  139                                               

     M.sub.200, kg/cm.sup.2  190                                               

     M.sub.300, kg/cm.sup.2  243                                               

     T.sub.B, kg/cm.sup.2    281                                               

     E.sub.B, %              390                                               

     Split tear, kg/cm        64.3                                             

PAC  EXAMPLE 3
PAR  The procedure given in Example 2 was essentially repeated except that 8.72
      g 2-butanone oxime (0.1 mole) was used instead of 11.3 g
      .epsilon.-caprolactam as a capping agent.
PAR  A 25 mil (0.64 mm) film prepared under the same conditions as described in
      Example 1 had the following properties:
TBL  M.sub.100, kg/cm.sup.2  136                                               

     M.sub.200, kg/cm.sup.2  197                                               

     M.sub.300, kg/cm.sup.2  292                                               

     T.sub.B, kg/cm.sup.2    334                                               

     E.sub.B, %              350                                               

     Split tear, kg/cm        41.1                                             

PAC  EXAMPLE 4
PAR  A heat-activated polyurethane powder was prepared according to the
      procedure given in Example 2 from the following starting materials:
TBL  550 ml n-heptane                                                          

     6.5 g Surfactant A                                                        

     5.65 g .epsilon.-caprolactam (0.05 mole)                                  

     97.5 g polytetramethylene ether glycol (0.1 mole)                         

     17.55 g 1,4-butanediol (0.195 mole)                                       

     0.4 g trimethylolpropane (0.003 mole)                                     

     104.8 g 4,4'-methylenebis(cyclohexyl isocyanate)                          

         (20% trans, trans isomer, 0.4 mole)                                   

     5.0 ml 5% catalyst solution of Example 1                                  

PAR  The cappinng reaction was carried out by pouring the reaction mixture
      resulting from above starting materials into a dispersion of 11.6 g
      1,6-hexamethylene diamine (0.1 mole) in a mixture of 150 ml n-heptane and
      1.5 g Surfactant A.
PAR  The isolated polyurethane powder had a melting range of
      128.degree.-136.degree.C. and an amino nitrogen content of 0.35%.
PAR  The physical properties of a 25 mil (0.64 mm) film prepared according to
      the procedure in Example 1 was as follows:
TBL  M.sub.100, kg/cm.sup.2  137                                               

     M.sub.200, kg/cm.sup.2  204                                               

     M.sub.300, kg/cm.sup.2  302                                               

     T.sub.B, kg/cm.sup.2    323                                               

     E.sub.B, %              320                                               

     Split tear, kg/cm        51.8                                             

PAR  After aging for 2 weeks immersed in water at 100.degree.C. the following
      properties were measured:
TBL  M.sub.100, kg/cm.sup.2  134                                               

     M.sub.200, kg/cm.sup.2  190                                               

     T.sub.B, kg/cm.sup.2    225                                               

     E.sub.B, %              250                                               

PAC  EXAMPLE 5
PAR  The procedure given in Example 2 was essentially repeated except that the
      following starting materials were used:
TBL  550 ml n-heptane                                                          

     2.1 g Surfactant B                                                        

     4.9 g Surfactant C                                                        

     114.5 g polybutylene adipate glycol                                       

         (number average molecular weight 1145, 0.1 mole)                      

     18.0 g 1,4-butanediol (0.2 mole)                                          

     5.65 g .epsilon.-caprolactam (0.05 mole)                                  

     104.8 g 4,4'-methylenebis(cyclyhexyl isocyanate)                          

         (20% trans, trans isomer, 0.4 mole)                                   

     10 ml 5% catalyst solution of Example 1                                   

PAR  For the capping reaction a dispersion of 11.6 g 1,6-hexamethylene
      diamine(0.1 mole) in a mixture of 150 ml n-heptane and 1.5 g Surfactant A
      was used.
PAR  The isolated polyurethane powder had a melting range of
      131.degree.-142.degree.C. and an amino nitrogen content of 0.20%. The
      average particle size was 48 .mu..
PAR  A 25 mil (0.64 mm) compression molded film prepared according to the
      procedure of Example 1 had the following physical properties:
TBL  Melt index (190.degree. C.), g/10 min.                                    

                         14.5                                                  

     M.sub.100, kg/cm.sup.2                                                    

                         101                                                   

     M.sub.200, kg/cm.sup.2                                                    

                         151                                                   

     M.sub.300, kg/cm.sup.2                                                    

                         256                                                   

     T.sub.B, kg/cm.sup.2                                                      

                         387                                                   

     E.sub.B, %          420                                                   

     Split tear, kg/cm   112                                                   

PAC  EXAMPLE 6
PAR  A heat-activated polyurethane powder composition was prepared from the
      following starting materials according to the procedure given in Example
      2:
TBL  550 ml n-heptane                                                          

     12.0 g Surfactant B                                                       

     97.5 g polytetramethylene ether glycol (0.1 mole)                         

     27.0 g 1,4-butanediol (0.3 mole)                                          

     11.3 g .epsilon.-caprolactam (0.1 mole)                                   

     125.0 g 4,4'-methylenebis(phenyl isocyanate)(0.5 mole)                    

     5 ml 5% catalyst solution of Example 1                                    

PAR  The free isocyanate groups of the resulting finely divided polyurethane
      particles were capped with 1,4-butanediol by pouring the slurry into a
      dispersion of 9.0 g 1,4-butanediol (0.1 mole) in a mixture of 100 ml
      n-heptane and 1.0 g Surfactant B with vigorous agitation at 85.degree.C.
      After heating for 1 hour at 85.degree.C., the polyurethane powder was
      isolated as described hereinbefore.
PAR  A 25 mil (0.64 mm) film prepared by compression molding at 190.degree.C. as
      described in Example 1 had the following properties:
TBL  Melt index (190.degree. C.), g/10 min.                                    

                         0.48                                                  

     M.sub.100, kg/cm.sup.2                                                    

                         152                                                   

     M.sub.200, kg/cm.sup.2                                                    

                         162                                                   

     M.sub.300, kg/cm.sup.2                                                    

                         177                                                   

     T.sub.B, kg/cm.sup.2                                                      

                         190                                                   

     E.sub.B, %          360                                                   

     Split tear, kg/cm   19.6                                                  

CLMS
STM  I claim:
NUM  1.
PAR  1. In a process of forming a heat-activatable polyurethane powder
      characterized by low-melt viscosity upon initial melting, and in which
      powder the particles are essentially bead-like in form, the improvement
      wherein
PA1  1. the melt viscosity is achieved by preparing a reaction product of
PA2  a. one mole of a polymeric glycol having a molecular weight of 400-4,000,
PA2  b. X moles of a diol having a molecular weight of less than 250 wherein X
      equals 0-20,
PA2  c. Y moles of an organic diisocyanate wherein Y equals 1.03 (1 + X) to 1.60
      (1 + X),
PA2  d. 0.03 (1 + X) to 0.60 (1 + X) moles of a monofunctional isocyanate
      blocking agent, and
PA2  e. Y - X - 1 moles of a difunctional active hydrogen compound, wherein
PA1  2. the heat-activatable property is achieved by selecting the amounts of
      reactants (d) and (e) so that the polyurethane powder contains about
      stoichiometric amounts of blocked --NCO groups and active
      hydrogen-containing groups, and wherein
PA1  3. the size and shape of bead particle is achieved by initially emulsifying
      reactants (a) and (b) in an inert organic solvent with the aid of a
      surfactant, followed by converting said emulsion to a dispersion of finely
      divided polyurethane beads and recovering the latter.
NUM  2.
PAR  2. The process of claim 1 wherein said polymeric glycol is selected from
      the group consisting of a poly(alkylene oxide) glycol and a polyester
      glycol.
NUM  3.
PAR  3. The process of claim 2 wherein said polymeric glycol is
      poly(tetramethylene oxide) glycol.
NUM  4.
PAR  4. The process of claim 2 wherein said polymeric glycol is
      poly(.epsilon.-caprolactone) glycol.
NUM  5.
PAR  5. The process of claim 1 wherein said diol is an acyclic or alicyclic
      diol.
NUM  6.
PAR  6. The process of claim 5 wherein said diol is an aliphatic diol selected
      from the group consisting of 1,4-butanediol, ethylene glycol, neopentyl
      glycol, 1,6-hexanediol and diethylene glycol.
NUM  7.
PAR  7. The process of claim 1 wherein said diisocyanate is selected from the
      group consisting of an aromatic, an aliphatic, and a cycloaliphatic
      diisocyanate.
NUM  8.
PAR  8. The process of claim 7 wherein said diisocyanate is selected from the
      group consisting of 2,4-tolylene diisocyanate, optionally containing up to
      about 50% 2,6-tolylene diisocyanate, 4,4'-methylenebis(phenyl isocyanate),
      and 4,4'-methylenebis(cyclohexyl isocyanate).
NUM  9.
PAR  9. The process of claim 1 wherein said monofunctional blocking agent is an
      active hydrogen compound selected from the group consisting of an aromatic
      hydroxy compound, an oxime, an enol, a lactam, and a diaryl amine.
NUM  10.
PAR  10. The process of claim 9 wherein said blocking agent is either
      epsilon-caprolactam or methyl ethyl ketoxime.
NUM  11.
PAR  11. the process of claim 1 wherein said difunctional active hydrogen
      compound is selected from the group consisting of a low molecular weight
      diol, a diamine and an amino-alcohol.
NUM  12.
PAR  12. The process of claim 11 wherein said diamine is selected from the group
      consisting of ethylene diamine, hexamethylene diamine, 4,4'-methylenebis
      (cyclohexyl amine) and 1,3-phenylene diamine.
NUM  13.
PAR  13. The process of claim 1 wherein said inert organic liquid is a C.sub.6
      -C.sub.10 saturated aliphatic hydrocarbon.
NUM  14.
PAR  14. The process of claim 1 wherein said surfactant is a non-ionic polymer
      having a molecular weight in excess of 1,000 and containing both non-polar
      and highly polar moieties.
NUM  15.
PAR  15. The process of claim 14 wherein said surfactant is a copolymer of vinyl
      pyrrolidone with an .alpha.-olefin having 4-20 carbon atoms.
NUM  16.
PAR  16. A process for forming a heat-activatable polyurethane powder which
      comprises the steps of (1) emulsifying with the aid of a surfactant a
      polymeric glycol or a mixture thereof with a low molecular weight diol in
      an inert organic liquid, (2) contacting the emulsion with an organic
      diisocyanate, (3) allowing the diisocyanate to react with the polymeric
      glycol or the mixture thereof with said low molecular weight diol in the
      emulsion to form an NCO-terminated polyurethane dispersed in said inert
      liquid, (4) contacting the resulting dispersion with a monofunctional
      isocyanate blocking agent, (5) permitting the aforesaid monofunctional
      isocyanate blocking agent to react with not more than about half of the
      --NCO groups of the dispersed polyurethane to form a heat-activatable
      adduct, (6) contacting the resulting dispersion with a difunctional active
      hydrogen compound and then reacting a sufficient amount of the latter with
      the residual --NCO groups of said polyurethane to provide the polyurethane
      with free active hydrogen-containing groups, and (7) separating the
      dispersed polyurethane as a finely divided powder, the particles of said
      powder providing about stoichiometric amounts of blocked --NCO groups and
      of active hydrogen-containing groups, whereby when the powder is heated
      the --NCO groups which are blocked will be regenerated and react with said
      free active hydrogen-containing groups.
NUM  17.
PAR  17. A process for forming a heat-activatable polyurethane powder comprising
      the steps of (1) emulsifying with the aid of a surfactant a polymeric
      glycol, or a mixture thereof with a low molecular weight diol, and a
      monofunctional isocyanate blocking agent in an inert organic liquid, (2)
      contacting the resulting emulsion with an organic diisocyanate, (3)
      allowing the diisocyanate to react with the polymeric glycol or the
      mixture thereof with said diol, and with said monofunctional isocyanate
      blocking agent to form a dispersion of polyurethane in which some of the
      --NCO groups are still present, (4) contacting the resulting dispersion
      with a difunctional active hydrogen compound and then reacting a
      sufficient amount of the latter with the --NCO groups of the dispersed
      polyurethane to provide the polyurethane with free active
      hydrogen-containing groups, and (5) separating the dispersed polyurethane
      as a finely divided powder, the particles of said powder providing about
      stoichiometric amounts of blocked --NCO groups and of active
      hydrogen-containing groups, whereby when the powder is heated the --NCO
      groups which are blocked will be regenerated and react with said free
      active hydrogen-containing groups.
NUM  18.
PAR  18. The process of claim 17 in which said surfactant is a copolymer of
      N-vinyl-2-pyrrolidone and an .alpha.-olefin and has a molecular weight
      about about 4000, and the inert organic liquid is a saturated aliphatic
      hydrocarbon.
NUM  19.
PAR  19. The process of claim 17 in which said inert organic liquid is a liquid
      saturated aliphatic hydrocarbon and the surfactant is a member selected
      from the group consisting of (a) a copolymer of 20 parts by weight
      N-vinyl-2-pyrrolidone and 80 parts by weight .alpha.-eicosene having an
      average molecular weight of about 8600, (b) a copolymer of 20 parts by
      weight N-Vinyl-2-pyrrolindone and 80 parts by weight .alpha.-hexadecene,
      average molecular weight about 7300, and (c) a copolymer of 50 parts by
      weight N-vinyl-2-pyrrolidone and 50 parts by weight .alpha.-hexadecene,
      average molecular weight about 9500.
NUM  20.
PAR  20. In a process for forming a heat-activatable polyurethane powder
      composed of a mixture of two separate types of particles, one type having
      blocked --NCO groups and the other type having terminal active
      hydrogen-containing groups, so that the said mixture provides chemically
      equivalent amounts of each type, the improvement comprising forming the
      first type of particles by the steps of (1) emulsifying with the aid of a
      surfactant a polymeric glycol or a mixture thereof with low molecular
      weight diol in an inert organic liquid, (2) contacting the emulsion with
      an organic diisocyanate, (3) allowing the diisocyanate to react with the
      polymeric glycol or the mixture thereof with said low molecular weight
      diol in the emulsion to form an NCO-terminated polyurethane dispersed in
      said inert organic liquid, (4) contacting the resulting dispersion with
      monofunctional isocyanate blocking agent, (5) permitting the latter to
      react with essentially all of the --NCO groups of the dispersed
      polyurethane to form a heat-activatable adduct, and (6) separating the
      dispersed polyurethane as a finely divided powder characterized in that
      the powder is heated said adduct will dissociate and the --NCO groups will
      be regenerated.
NUM  21.
PAR  21. In a process for forming a heat-activatable polyurethane powder
      composed of a mixture of two separate types of particles, one type having
      blocked --NCO groups and the second type having active hydrogen-containing
      groups, so that the said mixture provides chemically equivalent amounts of
      each type, the improvement comprising forming the second type of particles
      by the steps of (1) emulsifying with the aid of a surfactant a polymeric
      glycol or a mixture thereof with a low molecular weight diol in an inert
      organic liquid, (2) contacting the emulsion with an organic diisocyanate,
      (3) allowing the diisocyanate to react with the polymeric glycol or the
      mixture thereof with said low molecular weight diol in the emulsion to
      form an NCO-terminated polyurethane dispersed in said organic liquid, (4)
      contacting the resulting dispersion with an excess of a difunctional
      active hydrogen compound to react the latter with the --NCO groups of the
      dispersed polyurethane to provide terminal active hydrogen-containing
      groups, and (5) separating the resulting product as a finely divided
      powder.
NUM  22.
PAR  22. In a process for forming a heat-activatable polyurethane powder
      composed of a mixture of two separate types of particles, one type having
      blocked --NCO groups, and the second having terminal active
      hydroxyl-containing groups, so that the said mixture provides chemically
      equivalent amounts of each type, the improvement comprising forming the
      first type of particles by the steps of
PA1  1. mixing a polymeric glycol, or a mixture thereof with a diol and a
      monofunctional isocyanate blocking agent in an inert organic liquid in
      which said polymeric glycol, or the mixture thereof with said diol is
      insoluble and forming an emulsion thereof with the aid of the surfactant,
PA1  2. contacting the resulting emulsion with an organic diisocyanate,
PA1  3. allowing the diisocyanate to react with the polymeric glycol, or the
      mixture thereof with said diol, and with said monofunctional isocyanate
      blocking agent to form a dispersion of polyurethane containing blocked
      --NCO groups and
PA1  4. separating the resulting product as a finely divided powder,
      characterized in that when the powder is heated some --NCO groups will be
      regenerated.
NUM  23.
PAR  23. A process of forming a heat-activatable polyurethane powder adapted for
      use in applying a flexible film to a substrate and characterized by
      low-melt viscosity upon initial melting and in which powder the particles
      are essentially bead-like in form, comprising
PA1  1. adding to a solution of non-ionic surfactant in n-heptane a mixture of
      poly(tetramethylene ether) glycol, 1,4-butane diol, and
      epsilon-caprolactam and agitating so as to form an emulsion of the glycol,
      diol, and the epsiloncaprolactam in the n-heptane,
PA1  2. adding to the resulting emulsion 4,4'-methylene bis(cyclohexyl
      isocyanate) with further agitation and in an amount which is in
      stoichiometric excess of that required to react with the components of the
      emulsion, initiating a reaction between said isocyanate and said emulsion
      components to form a dispersion of polyurethane beads having both terminal
      --NCO groups and --NCO groups which have reacted with said
      epsilon-caprolactam to form blocked --NCO groups,
PA1  3. contacting the aforesaid dispersion with 1,6-hexamethylenediamine with
      agitation and for a time and temperature sufficient to permit it to react
      with said terminal --NCO groups, and
PA1  4. recovering the resultant product as a finely divided powder which
      provides about equal amounts of terminal amino groups and blocked --NCO
      groups, said powder being in the form of beads which are adapted for use
      in powder coating processes.
NUM  24.
PAR  24. A heat-activatable polyurethane powder prepared by the process of claim
      1.
NUM  25.
PAR  25. A heat-activatable polyurethane powder prepared by the process of claim
      16.
NUM  26.
PAR  26. A heat-activatable polyurethane powder prepared by the process of claim
      17.
NUM  27.
PAR  27. A heat-activatable polyurethane powder prepared by the process of claim
      23.
NUM  28.
PAR  28. A polyurethane powder prepared by the process of claim 20.
NUM  29.
PAR  29. A polyurethane powder prepared by the process of claim 21.
NUM  30.
PAR  30. A polyurethane powder prepared by the process of claim 22.
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PAL  A low temperature curing polyurethane coating system is provided which
      enables the deposition of adherent corrosion resistant coatings having a
      desirable balance of hardness and flexibility by using a mixture of a
      solution copolymer of from 55-85% styrene with the balance of the
      copolymer consisting essentially of monoethylenically unsaturated hydroxy
      functional monomer, the copolymer being in solution in inert organic
      solvent, and an organic polyisocyanate. The polyisocyanate is kept
      separate from the copolymer solution until the desired liquid mixture is
      formed and used.
BSUM
PAR  The present invention relates to low temperature curing two-package
      polyurethane coatings adapted to deposit hard, flexible and corrosion
      resistant adherent films on steel surfaces. The invention includes the
      pretreatment of the steel to maximize adhesion.
PAR  It is known to provide two component coatings in which an organic
      polyisocyanate, on the one hand, is combined with an hydroxyl bearing
      resin, on the other hand. The mixture reacts at low temperature and can be
      applied before the reaction has proceeded to thicken the mixture
      excessively. The hydroxyl bearing resin is usually a polyester or
      polyether. The reaction produces a polyurethane, and it has the advantage
      that very little energy is required.
PAR  While these two component coating systems have many favorable attributes,
      they have not been well received by the appliance industry because
      adhesion to the steel substrate has been inadequate and the high corrosion
      resistance demanded by this industry has not been present. Corrosion
      resistance is used herein generically to embrace resistance to chemical
      attack which may be evidenced by inadequate resistance to detergents, salt
      spray, humidity, or staining.
PAR  As a result, and to provide coatings having the required resistance to
      chemical attack, the appliance industry has employed two coat systems,
      involving the application and separate baking at temperatures of at least
      about 300.degree.-350.degree.F. of a primer coat and a top coat. In the
      actual practice with which we are most familiar, the primer is baked 20
      minutes in a 425.degree.F. oven, and the topcoat is baked 20 minutes in an
      oven maintained at a temperature of from 350.degree.-400.degree.F.
      depending on the topcoat used. This requires separate coating lines, each
      having its own lengthy oven maintained at the high temperatures referred
      to.
PAR  Thus, the art has faced a dilemna. The properties needed have been
      available, but the cost has been high, and so has the curing energy
      requirement. On the other hand, the low energy curing one package
      polyurethane systems have not provided the needed properties.
PAR  The art has also been aware of the properties which normally flow from the
      selection of particular monomers. Thus, styrene has been avoided in
      thermosetting coatings which must be subjected to the elements, methyl
      methacrylate being chosen instead because of its superior properties, and
      this despite the fact that for many years styrene has been more available,
      and at lower cost. It is of interest to note that this availability and
      cost relationship do not prevail at the present time. Moreover, and
      regardless of which of these monomers is selected, the polymers made from
      them were unduly brittle unless a flexibilizing monomer was employed to
      provide an internal plasticizing action.
PAR  Curiously, in this invention, styrene is required to be used in large
      amount, and its replacement by methyl methacrylate or the presence of any
      significant amount of flexibilizing monomer in the copolymer function to
      degrade the high level of corrosion resistance which is essential.
PAR  In accordance with this invention, a solution copolymer is employed which
      contains from 55-85% of styrene, preferably from 65-80% of styrene, and
      the balance of the copolymer consists essentially of monoethylenically
      unsaturated hydroxy functional monomer. This copolymer, in organic solvent
      solution, constitutes one package of a two package system, the second
      package of which is an organic polyisocyanate.
PAR  It has been discovered that the use of these styrenebased hydroxy
      functional solution copolymers in the low temperature curing polyurethane
      two package systems described, unexpectedly yields excellent detergent,
      salt spray, and stain resistance. Moreover, the cure is rapid, and the
      cured product is hard and flexible, and has satisfactory impact resistance
      despite the very high level of hard and brittle styrene monomer, and the
      absence of any flexibilizing monomer. These well balanced properties in a
      low temperature curing system represent a significant advance in the art.
PAR  Replacement of styrene with methyl methacrylate causes a dramatic reduction
      in corrosion, detergent, salt spray, and stain resistance properties.
      Thus, the system which the art would think to be the better one, is
      unexpectedly markedly inferior and unsatisfactory for use on
      refrigerators, and laundry equipment.
PAR  The organic polyisocyanates are useful in this invention as a class, it
      being preferred to employ at least a stoichiometric proportion thereof,
      most preferably a 5-40% stoichiometric excess. Diisocyanates and
      polyisocyanates of higher functionality are fully useful, the latter being
      preferred. The conventional toluene diisocyanates will illustrate the most
      common useful material, but aliphatic polyisocyanates, such as
      hexamethylene diisocyanate, are preferred. Higher molecular weight
      polyisocyanates having an isocyanate functionality of at least 3 are
      particularly preferred, such as adducts of diisocyanates with polyhydric
      alcohols, such as trimethylol propane. Particularly preferred is the
      reaction product of three moles of hexamethylene diisocyanate with one
      mole of water, which is a triisocyanate having the formula:
      ##EQU1##
PAR  These polyisocyanates and also the solution copolymers are used in solvent
      solution, and this means that the solvent must be free of active hydrogen
      and free of water, as is well known.
PAR  Thus, the final mixture is a three component mix containing organic
      solvent, polyisocyanate, and solution copolymer. Other conventional
      materials may also be present, such as flow control agents, catalysts to
      speed the cure, pigments, fillers, soluble dyes, and the like, as is
      conventional.
PAR  Referring more particularly to the hydroxy functional copolymers which are
      used, these are solution copolymers which identifies copolymerization in
      organic solvent medium which produces an organic solvent soluble resin.
      The styrene component is critical as previously described. The hydroxy
      monomer is preferably an hydroxy alkyl acrylate, the alkyl group
      containing from 2-4 carbon atoms. Hydroxy ethyl acrylate is particularly
      preferred, and will be illustrated. It is noted in passing that the term
      hydroxyl is used in its conventional narrow connotation in which it
      identifies the alcoholic hydroxyl group, and no other group. Indeed, the
      hydroxyl group and the single ethylenic group are the only reactive groups
      contemplated in this monomer.
PAR  Other hydroxy monomers which may be used are simple adducts of an alkylene
      oxide containing 2-4 carbon atoms with an alpha, beta-monoethylenically
      unsaturated carboxylic acid. The oxides are illustrated by ethylene oxide,
      1,2-propylene oxide, and 1,2-butylene oxide. The acids are illustrated by
      acrylic acid, methacrylic acid, crotonic acid, itaconic acid, maleic acid,
      etc. Thus, hydroxy propyl methacrylate, hydroxy ethyl crotonate, and
      hydroxy butyl maleate (the mono- or bis-ester) will further illustrate the
      class of useful monomers.
PAR  The solution copolymerization is wholly conventional, being normally
      carried out at reflux in the selected solvent in the presence of a free
      radical polymerization catalyst, such as benzoyl peroxide, t-butyl
      perbenzoate, or azobisisobutyronitrile.
DETD
PAR  The invention is illustrated in the following examples.
PAC  Example 1
PAR  Charge 400 parts 2-ethoxy ethanol acetate and 400 parts xylol to reactor
      and heat to 130.degree.C. Premix 1070 parts styrene, 340 parts hydroxy
      ethyl acrylate, and 20 parts t-butyl perbenzoate and add to reactor over a
      3 hour period, while maintaining reactor at 130.degree.C. Hold 1 hour and
      add 4 parts t-butyl perbenzoate. Hold 2 hours and add 200 parts 2-ethoxy
      ethanol acetate and 200 parts xylol. The hydroxyl number of the product
      was 125.
PAR  The resin of Example 1 was evaluated in a pigmented low energy curing
      coating as follows:
TBL  Copolymer Solution Component (pigmented) - Parts by Weight                

     ______________________________________                                    

     14.47  Solution of Example 1                                              

     5.36   2-Ethoxy ethanol acetate                                           

     32.15  Titanium dioxide                                                   

            Grind pigment dispersion, then add:                                

     31.48  Solution of Example 1                                              

     13.98  Butyl acetate                                                      

     2.14   Dibutyl tin dilaurate catalyst                                     

            (1% solution in methyl ethyl ketone)                               

     0.43   Silicone solution flow and anticratering agent                     

            (optional - see Note 1)                                            

            Solids by Weight 57.4%                                             

            Weight per gallon 10.75                                            

     ______________________________________                                    

     Isocyanate Solution Component                                             

     Parts by Weight                                                           

     53.28  75% solution of adduct of 3 moles hexamethylene                    

            diisocyanate with one mole of water in a 1:1 weight                

            ratio mixture of 2-ethoxy ethanol acetate and                      

            xylol (see note 2)                                                 

     38.29  2-Ethoxy ethanol acetate                                           

     8.43   Toluene                                                            

     ______________________________________                                    

      Note 1--Dow Corning 230 fluid having a viscosity at 77.degree.F. of 1400 

      centistokes and an open cup flash point of 500.degree.F. may be used.    

      Note 2--Desmodur N-75, a product of Mobay Chemical Company may be used.  

      Percent solids by weight: 40.0%                                          

PAR  For application by electrostatic spray, the following ratio by volume of
      the separate components is used:
PA1  63.83 Copolymer Solution Component
PA1  9.41 Toluene (added to reduce viscosity for handling)
PA1  26.76 Isocyanate Solution Component
PAR  Upon admixture, the two components form a solution which thickens gradually
      with time, but an adequate working period is available for hand spray. For
      electrostatic spray, the components are mixed on the way to the spray
      head. The mixture at a viscosity of 22 seconds measured at 65.degree.F in
      a .degree.2 Zahn Cup is pumped at 400 cc per minute to an electrostatic
      disc applicator charged to 90 kilovolts and spinning at 3,600 revolutions
      per minute. Electrostatic spray was carried out on grounded steel panels
      moving at 35 feet per minute past the spray disc at a distance of 13
      inches. Atomization was excellent, and the deposited wet film showed no
      tendency to crater, bubble, or sag. The coated panels were baked briefly
      at low temperature (10 minutes in a 150.degree.F. oven). The final film
      had a very good appearance, and a thickness of 1.0 mil. The cured panels
      were aged for 168 hours at room temperature during which period the
      coatings hardened from an F pencil hardness to a 2 H hardness. The
      60.degree. gloss meter reading was 98 and the coatings were adequately
      flexible as indicated by passing the 1/8 inch conical mandrel test, and
      exhibiting a direct impact in excess of 40 inch pounds. The coatings were
      strongly adherent to the base, and satisfactorily abrasion resistant.
      Also, stain resistance and grease resistance were satisfactory.
PAR  Various panels were coated, and some of these provided superior properties,
      particularly in the areas of impact resistance and flexibility, on the
      other hand. Accordingly, and for most outstanding results in these
      categories, the steel should be prerinsed with a rinse solution containing
      trivalent chromium. It is only in this way that we have been able to pass
      240 hours detergent testing in 1.0% synthetic detergent, and 500 hours in
      5% salt spray.
PAR  In this invention, the steel substrate is cleaned with detergent and rinsed
      with water, and is then phosphated in conventional fashion with an aqueous
      solution of zinc or iron phosphate.* After rinsing with water, a chromate
      solution is applied. This solution is aqueous, and it contains trivalent
      chromium, either alone or together with hexavalent chromium. Parcolene 8
      supplied by the Parker Company of Detroit, Michigan, may be used.
FNT  *Bonderite 40 supplied by the said Parker Company.
PAR  To more precisely identify the new contribution which has been made, there
      is presented a Table I which summarizes the manner in which composition
      changes are related to physical properties and corrosion resistance. Only
      the styrene-hydroxyethyl acrylate copolymer passes the severe corrosion
      and flexibility tests of the appliance industry, when utilized in a single
      coat (no primer) finish.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                      Styrene                                                  

                            Acrylic                                            

                                  Styrene                                      

                                        Commerical                             

                      Polymer                                                  

                            Polymer                                            

                                  Acrylic                                      

                                        Polyester*                             

                                  Polymer                                      

     __________________________________________________________________________

     Styrene           76%         38%                                         

     Hydroxy Ethyl Acrylate                                                    

                       24%   25%   25%                                         

     Ethyl Acrylate                38%                                         

     Methyl Methacrylate     76%                                               

     Polyester (Hydroxy Functional)      100%                                  

     Humidity, 2000 hours                                                      

                      Pass  Fail  Fail  Fail                                   

     Detergent Resistance (hours)                                              

                      Pass 240                                                 

                            Fail 48                                            

                                  Fail 48                                      

                                        Fail 24                                

     5% Salt Spray Resistance                                                  

     (hours)          Pass 500                                                 

                            Fail 250                                           

                                  Fail 250                                     

                                        Fail 150                               

     Flexibility (1/4" Mandrel)                                                

                      Pass  Fail  Pass  Pass                                   

     Impact (inch/lbs.)                                                        

                      Pass 40                                                  

                            Fail 40                                            

                                  Pass 40                                      

                                        Pass 40                                

     __________________________________________________________________________

      *Mobay Chemical Company Polyester Desmophen-650                          

PAR  All of the above coatings were cured by baking 10 minutes at 150.degree.F.
      followed by 168 hours of ageing at room temperature.
PAR  It will thus be evident that the liquid mixtures formed in this invention
      can be cured without exceeding 250.degree.F., preferably without exceeding
      200.degree.F. Indeed, as little as 10 minutes in a 150.degree.F. oven is
      adequate when followed by room temperature ageing for at least a day. With
      care, simple storage at room temperature will supply an adequate cure,
      though some heating is helpful to speed the development of a solid surface
      which is easier to handle in storage.
PAR  The invention is defined in the claims which follow.
CLMS
STM  We claim:
NUM  1.
PAR  1. A low temperature curing polyurethane coating system comprising a liquid
      mixture of a solution copolymer of from 55-85% of styrene with the balance
      of the copolymer consisting essentially of monoethylenically unsaturated
      hydroxy functional monomer, said copolymer being in solution in inert
      water-free organic solvent, and an organic polyisocyanate in at least a
      stoichiometric proportion with respect to the hydroxy functionality in
      said copolymer.
NUM  2.
PAR  2. A coating system as recited in claim 1 in which said polyisocyanate is
      present in a stoichiometric excess of 5-40%.
NUM  3.
PAR  3. A coating system as recited in claim 2 in which said polyisocyanate is
      an aliphatic polyisocyanate having an isocyanate functionality of at least
      3.
NUM  4.
PAR  4. A coating system as recited in claim 3 in which said polyisocyanate is
      an adduct of an aliphatic diisocyanate with a polyhydric alcohol
      containing at least three hydroxy groups.
NUM  5.
PAR  5. A coating system as recited in claim 3 in which said polyisocyanate has
      the formula:
      ##EQU2##
NUM  6.
PAR  6. A coating system as recited in claim 1 in which said hydroxy functional
      monomer is an hydroxy alkyl acrylate, the alkyl group containing from 2-4
      carbon atoms.
NUM  7.
PAR  7. A coating system as recited in claim 6 in which said hydroxy functional
      monomer is hydroxy ethyl acrylate.
NUM  8.
PAR  8. A coating system as recited in claim 1 in which said styrene is present
      in an amount of from 65-80%, and the balance of said copolymer consists of
      adducts of an alkylene oxide containing 2-4 carbon atoms with an alpha,
      beta-monoethylenically unsaturated carboxylic acid.
NUM  9.
PAR  9. A low temperature curing polyurethane coating system comprising a
      mixture of a solution copolymer of from 65-80% of styrene with the balance
      of the copolymer consisting of monoethylenically unsaturated hydroxy
      functional monomer which is an adduct of an alkylene oxide containing 2 -
      4 carbon atoms with an alpha,beta-monoethylenically unsaturated carboxylic
      acid, said copolymer being in solution in inert water-free organic
      solvent, and an organic polyisocyanate which is an aliphatic
      polyisocyanate having an isocyanate functionality of at least 3, said
      polyisocyanate being present in a stoichiometric excess of 5-40% with
      respect to the hydroxy functionality in said copolymer.
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ABST
PAL  A carboxy-containing interpolymer in which some of the carboxy radicals are
      esterified and the remaining carboxy radicals are neutralized by reaction
      with a polyamino compound having one primary or secondary amino group is
      useful as an additive in lubricating compositions and fuels. The
      interpolymer is especially effective to impart desirable viscosity
      characteristics and anti-sludge properties to a lubricating oil.
PARN
PAR  This application is a continuation-in-part of copending applications Serial
      No. 125,380 and 125,401, both filed March 17, 1971 which, in turn are a
      division and a continuation of Serial No. 867,915 filed October 20, 1969,
      now abandoned. The latter is a continuation-in-part of application Serial
      No. 785,735, filed December 20, 1968, now abandoned Application Ser. No.
      125,380 is now abandoned and Ser. No. 125,401 issued as U.S. Pat. No.
      3,702,300 on Nov. 7, 1972.
BSUM
PAR  The invention relates to a nitrogen-containing mixed ester of a
      carboxy-containing interpolymer and to lubricating compositions and fuel
      compositions containing such interpolymer.
PAR  It is well known that lubricating compositions and fuel compositions
      preferably should have desirable viscosity properties and anti-sludge
      properties and that such properties can be imparted by incorporating in
      such compositions chemical additives such as polymeric substances and
      detergents having the requisite solubility therein. Although many
      substances have been found effective for these purposes, concerted efforts
      are constantly being made to find new additives which are more economical
      and are more effective than additives heretofore known in the art. In
      particular, a great deal of interest exists in multifunctional additives,
      i.e., additives which are capable of imparting more than one desirable
      property to lubricating compositions and fuel compositions.
PAR  One of the problems associated with a multifunctioning additive is the
      difficulty in achieving a proper balance of its various characteristics,
      so that each desirable property can fully manifest itself under actual
      service conditions and yet compliment other desirable properties. For
      example, it is well recognized that for a polymeric substance to function
      as a viscosity index improving additive, it must have a sufficient but
      only limited solubility in a lubricating oil at ordinary temperatures.
      That is, it must be sufficiently soluble so that it can be incorporated in
      the oil at the desired concentration and yet it must have only a limited
      solubility so as not to exert its full viscosity-modifying properties
      until the temperature is increased under service conditions. In the latter
      regard, the additive becomes solubilized to an increased extent as
      temperature increases, so that it exerts its thickening effect to an
      increased extent and thus prevents excessive thinning of the lubricating
      oil due to the temperature rise. The dual requirements of a limited
      solubility and a sufficient solubility are difficult conditions to meet.
PAR  The problem is further complicated, if a viscosity index improving additive
      is to have also other properties such as anti-wear and anti-sludge
      properties. One solution is to incorporate into the molecular structure of
      such additive certain polar groups which are capable of imparting
      detergent or dispersant properties. Yet the incorporation of such polar
      groups necessarily affects the balance of the limited but sufficient
      solubility characteristics.
PAR  It is thus an object of this invention to provide a novel polymeric
      composition.
PAR  Another object of this invention is to provide novel lubricating
      compositions and fuel compositions.
PAR  Another object of this invention is to provide a novel process for
      preparing nitrogen-containing esters of carboxy-containing interpolymers.
PAR  Another object of this invention is to provide novel nitrogen-containing
      esters of carboxy-containing interpolymers.
PAR  Another object of this invention is to provide viscosity index improving
      agents.
PAR  Another object of this invention is to provide antisludge agents.
PAR  These and other objects are attained in accordance with this invention by
      providing a nitrogen-containing mixed ester of a carboxy-containing
      interpolymer having a reduced specific viscosity of from about 0.05 to
      about 2, said ester being substantially free of titratable acidity and
      being characterized by the presence within its polymeric structure of at
      least one of each of three pendant polar groups: (A) a relatively high
      molecular weight carboxylic ester group having at least eight aliphatic
      carbon atoms in the ester radical, (B) a relatively low molecular weight
      carboxylic ester group having no more than seven aliphatic carbon atoms in
      the ester radical, and (C) a carbonyl-polyamino group derived from a
      polyamino compound having one primary or secondary amino group, wherein
      the molar ratio of (A):(B):(C) is (60-90):(10-30):(2-15).
PAR  An essential element of the present invention is that the ester is a mixed
      ester, i.e., one in which there is the combined presence of both a high
      molecular weight ester group and a low molecular weight ester group,
      particularly in the ratio as stated above. Such combined presence is
      critical to the viscosity properties of the mixed ester, both from the
      standpoint of its viscosity index improving characteristics and from the
      standpoint of its thickening effect upon lubricating compositions in which
      it is used as an additive.
PAR  In reference to the size of the ester groups, it is pointed out that an
      ester radical is represented by the formula
PAC  --C(O)(OR)
PAL  and that the number of carbon atoms in an ester radical is thus the
      combined total of the carbon atom of the carbonyl group and the carbon
      atoms of the ester group, i.e., the (OR) group.
PAR  Another essential element of the present invention is the presence of a
      polyamino group derived from a particular polyamino compound, i.e., one in
      which there is one primary or secondary amino group. Such polyamino group,
      when present in the mixed ester in the proportion as stated above, not
      only enhances the anti-sludge properties but also achieves the desired
      balance of the solubility characteristics in relation to the ester groups
      present therein.
PAR  Still another essential element of the present invention is the extent of
      esterification in relation to the extent of neutralization of the
      unesterified carboxy groups of the carboxy-containing interpolymer through
      the conversion thereof to carbonyl polyamino containing groups. For
      convenience, the relative proportions of the high molecular weight ester
      group to the low molecular weight ester group and to the carbonyl
      polyamino group are expressed in terms of molar ratios of
      (60-90):(10-30):(2-15), respectively. The preferred ratio is
      (70-80):(15-25):5. It should be noted that the linkage described as the
      carbonyl-polyamino group may be amide, imide, or amidine, and inasmuch as
      any such linkage is contemplated within the present invention, the term
      "carbonyl-polyamino" is thought to be a convenient, generic expression
      useful for the purpose of defining the inventive concept.
PAR  Still another important element of the present invention is the molecular
      weight of the carboxy-containing interpolymer. For convenience, the
      molecular weight is expressed in terms of the "reduced specific viscosity"
      of the interpolymer which is a widely recognized means of expressing the
      molecular size of a polymeric substance. As used herein, the reduced
      specific viscosity (abbreviated as RSV) is the value obtained in
      accordance with the formula
      ##EQU1##
      wherein the relative viscosity is determined by measuring, by means of a
      dilution viscometer, the viscosity of a solution of one gram of the
      interpolymer in 100 ml. of acetone and the viscosity of acetone at
      30.degree. .+-. 0.02.degree.C. For purpose of computation by the above
      formula, the concentration is adjusted to 0.4 gram of the interpolymer per
      100 ml. of acetone. A more detailed discussion of the reduced specific
      viscosity, also known as the specific viscosity, as well as its
      relationship to the average molecular weight of an interpolymer, appears
      in Paul J. Flory, Principles of Polymer Chemistry (1953 Edition) pages 308
      et seq.
PAR  While interpolymers having a reduced specific viscosity of from about 0.05
      to about 2 are contemplated in the present invention, the preferred
      interpolymers are those having a reduced specific viscosity of from about
      0.3 to about 1. In most instances, interpolymers having a reduced specific
      viscosity of from about 0.5 to about 1 are particularly useful.
PAR  From the standpoint of utility, as well as for commercial and economical
      reasons, nitrogen-containing mixed esters in which the high molecular
      weight ester group has from eight to 24 aliphatic carbon atoms, the low
      molecular weight ester group has from three to five carbon atoms and the
      carbonyl polyamino group is derived from a primary-aminoalkyl-substituted
      tertiary amine, particularly heterocyclic amine are preferred. Specific
      examples of the high molecular weight carboxylic ester group, i.e., the
      (OR) group of the ester radical (i.e., --C(O)(OR)) include heptyloxy,
      isooctyloxy, decyloxy, dodecyloxy, tridecyloxy, pentadecyloxy,
      octadecyloxy, eicosyloxy, tricosyloxy, tetracosyloxy, heptacosyloxy,
      triacontyloxy, hentriacontyloxy, tetracontyloxy, etc. Specific examples of
      low molecular weight groups include methyloxy, ethyloxy, n-propyloxy,
      iso-propyloxy, n-butyloxy, sec-butyloxy, iso-butyloxy, n-pentyloxy,
      neo-pentyloxy, n-hexyloxy, cyclohexyloxy, cyclopentyloxy,
      2-methyl-butyl-1-oxy, 2,3-dimethyl-butyl-1-oxy, etc. In most instances,
      alkoxy groups of suitable size comprise the preferred high and low
      molecular weight ester groups. Polar substituents may be present in such
      ester groups. Examples of polar substituents are chloro, bromo, ether,
      nitro, etc.
PAR  Examples of the carbonyl-polyamino group include those derived from
      polyamino compounds having one primary or secondary amino group and at
      least one mono-functional amino group such as tertiary-amino or
      heterocyclic amino group. Such compounds may thus be tertiary-amino
      substituted primary or secondary amines or other substituted primary or
      secondary amines in which the substituent is derived from pyrroles,
      pyrrolidones, caprolactams, oxazolidones, oxazoles, thiazoles, pyrazoles,
      pyrazolines, imidazoles, imidazolines, thiazines, oxazines, diazines,
      thiazines, oxycarbamyl, thiocarbamyl, uracils, hydantoins, thiohydantoins,
      guanidines, ureas, sulfonamides, phosphoramides, phenolthiazines,
      amidines, etc. Examples of such polyamino compounds include
      dimethylaminoethylamine, dibutylamino-ethylamine,
      3-dimethylamino-1-propylamine, 4-methylethylamino-1-butylamine,
      pyridyl-ethylamine, N-morpholino-ethylamine, tetrahydropyridyl-ethylamine,
      bis-(dimethylamino)propylamine, bis-(diethylamino)ethylamime,
      N,N-dimethyl-p-phenylene diamine, piperadyl-ethylamine, 1-aminoethyl
      pyrazole, 1-(methylamino)pyrazoline, 1-methyl-4-aminooctyl pyrazole,
      1-aminobutyl imidazole, 4-aminoethyl thiazole, 2-aminoethyl triazine,
      dimethylcarbamyl propylamine, N-methyl-N-aminopropyl acetamide,
      N-aminoethyl succinimide, N-methylamino maleimide,
      N-aminobutyl-alpha-chlorosuccinimide, 3-aminoethyl uracil, 2-aminoethyl
      pyridine, ortho-aminoethyl-N,N-dimethylbenzenesulfamide, N-aminoethyl
      phenothiazine, N-aminoethylacetamidine,
      1-aminophenyl-2-methyl-imidazoline, N-methyl-N-aminoethyl-S-ethyl-dithioca
     rbamate, etc. For the most part, the polyamino compound are those which
      contain only one primary-amino or secondary-amino group and, preferably at
      least one tertiary-amino group. The tertiary amino group is preferably a
      heterocyclic amino group. In some instances polyamino compounds may
      contain up to about six amino groups although, in most instances, they
      contain one primary-amino group and either one or two tertiary amino
      groups. The polyamino compounds may be aromatic or aliphatic amines and
      are preferably heterocyclic amines such as aminoalkyl-substituted
      morpholines, piperazines, pyridines, benzopyrroles, quinolines, pyrroles,
      etc. They are usually amines having from four to about 30 carbon atoms,
      preferably from four to about 12 carbon atoms. Polar substituents may
      likewise be present in the polyamines.
PAR  The carboxy-containing interpolymers include principally interpolymers of
      .alpha.,.beta.-unsaturated acids or anhydrides such as maleic anhydride or
      itaconic anhydride with olefins (aromatic or aliphatic) such as ethylene,
      propylene, styrene, or isobutene. The styrene-maleic anhydride
      interpolymers are especially useful. They are obtained by polymerizing
      equal molar amounts of styrene and maleic anhydride, with or without one
      or more additional interpolymerizable comonomers. In lieu of styrene, an
      aliphatic olefin may be used, such as ethylene, propylene, isobutene. In
      lieu of maleic anhydride, acrylic acid or methyacrylic acid or ester
      thereof may be used. Such interpolymers are known in the art and need not
      be described in detail here. Where an interpolymerizable comonomer is
      contemplated, it should be present in a relatively minor proportion, i.e.,
      less than about 0.3 mole, usually less than about 0.15 mole, per mole of
      either the olefin (e.g., styrene) or the .alpha.,.beta.-unsaturated acid
      or anhydride (e.g., maleic anhydride). For purpose of illustration, the
      interpolymerizable comonomers include the vinyl monomers such as vinyl
      acetate, acrylonitrile, methylacrylate, methylmethacrylate, acrylic acid,
      vinyl methyl ether, vinyl ethyl ether, vinyl chloride, isobutene or the
      like.
PAR  The nitrogen-containing mixed esters of the invention are most conveniently
      prepared by first esterifying the carboxy-containing interpolymer with a
      relatively high molecular weight alcohol and a relatively low molecular
      weight alcohol to convert at least about 50% and no more than about 98% of
      the carboxy radicals of the interpolymer to ester radicals and then
      neutralizing the remaining carboxy radicals with a polyamino compound such
      as described above. To incorporate the appropriate amounts of the two
      alcohol groups into the interpolymer, the ratio of the high molecular
      weight alcohol to the low molecular weight alcohol used in the process
      should be within the range of from about 2:1 to about 9:1 on a molar
      basis. In most instances the ratio is from about 2.5:1 to about 5:1. More
      than one high molecular weight alcohol or low molecular weight alcohol may
      be used in the process; so also may be used commercial alcohol mixtures
      such as the so-called Oxo-alcohols which comprise, for example, mixture of
      alcohols having from eight to about 24 carbon atoms. A particularly useful
      class of alcohols are the commercial alcohols or alcohol mixtures
      comprising octyl alcohol, decyl alcohol, dodecyl alcohol, tetradecyl
      alcohol, pentadecyl alcohol, eicosyl alcohol, and octadecyl alcohol. Other
      alcohols useful in the process are illustrated by those which, upon
      esterification, yield the ester groups exemplified above.
PAR  The extent of esterification, as indicated previously, may range from about
      50% to about 98% conversion of the carboxy radicals of the interpolymer to
      ester radicals. In a preferred embodiment, the degree of esterification
      ranges from about 75% to about 95%.
PAR  The esterification can be accomplished simply by heating the
      carboxy-containing interpolymer and the alcohol or alcohols under
      conditions typical for effecting esterification. Such conditions usually
      include, for example, a temperature of at least about 80.degree.C.,
      preferably from about 150.degree.C. to about 350.degree.C., provided that
      the temperature be below the decomposition point of the reaction mixture,
      and the removal of water of esterification as the reaction proceeds. Such
      conditions may optionally include the use of an excess of the alcohol
      reactant so as to facilitate esterification, the use of a solvent or
      diluent such as mineral oil, toluene, benzene, xylene or the like and an
      esterification catalyst such as toluene sulfonic acid, sulfuric acid,
      aluminum chloride, boron trifluoridetriethylamine, hydrochloric acid,
      ammonium sulfate, phosphoric acid, sodium methoxide or the like. These
      conditions and variations thereof are well known in the art.
PAR  A particularly desirable method of effecting esterification involves first
      reacting the carboxy-containing interpolymer with the relatively high
      molecular weight alcohol and then reacting the partially esterified
      interpolymer with the relatively low molecular weight alcohol. A variation
      of this technique involves initiating the esterification with the
      relatively high molecular weight alcohol and before such esterification is
      complete, the relatively low molecular weight alcohol is introduced into
      the reaction mass so as to achieve a mixed esterification. In either event
      it has been discovered that a two-step esterification process whereby the
      carboxy-containing interpolymer is first esterified with the relatively
      high molecular weight alcohol so as to convert from about 50% to about 75%
      of the carboxy radicals to ester radicals and then with the relatively low
      molecular weight alcohol to achieve the finally desired degree of
      esterification results in products which have unusually beneficial
      viscosity properties.
PAR  The esterified interpolymer is then treated with a polyamino compound in an
      amount so as to neutralize substantially all of the un-esterified carboxy
      radicals of the interpolymer. The neutralization is preferably carried out
      at a temperature of at least about 80.degree.C., often from about
      120.degree.C. to about 300.degree.C., provided that the temperature does
      not exceed the decomposition point of the reaction mass. In most instances
      the neutralization temperature is between about 150.degree.C. and
      250.degree.C. A slight excess of the stoichiometric amount of the
      polyamino compound is often desirable, so as to insure substantial
      completion of neutralization, i.e., no more than about 2% of the carboxy
      radicals initially present in the interpolymer remained unneutralized.
DETD
PAR  The following examples are illustrative of the preparation of the
      nitrogen-containing mixed esters of the present invention.
PAC  EXAMPLE 1
PAR  A styrene-maleic interpolymer is obtained by preparing a solution of
      styrene (16.3 parts by weight) and maleic anhydride (12.9 parts) in a
      benzene-toluene solution (270 parts; weight ratio of benzene:toluene being
      66.5:33.5) and contacting the solution at 86.degree.C. in nitrogen
      atmosphere for 8 hours with a catalyst solution prepared by dissolving 70%
      benzoyl peroxide (0.42 part) in a similar benzene-toluene mixture (2.7
      parts). The resulting product is a thick slurry of the interpolymer in the
      solvent mixture. To the slurry there is added mineral oil (141 parts)
      while the solvent mixture is being distilled off at 150.degree.C. and then
      at 150.degree.C/200 mm Hg. To 209 parts of the stripped mineral
      oil-interpolymer slurry (the interpolymer having a reduced specific
      viscosity of 0.72) there are added toluene (25.2 parts), n-butyl alcohol
      (4.8 parts), a commercial alcohol consisting essentially of primary
      alcohols having from 12 to 18 carbon atoms (56.6 parts) and a commercial
      alcohol consisting of primary alcohols having from eight to 10 carbon
      atoms (10 parts) and to the resulting mixture there is added 96% sulfuric
      acid (2.3 parts). The mixture is then heated at 150.degree.-160.degree.C.
      for 20 hours whereupon water is distilled off. An additional amount of
      sulfuric acid (0.18 part) together with an additional amount of n-butyl
      alcohol (3 parts) is added and the esterification is continued until 95%
      of the carboxy radicals of the polymer has been esterified. To the
      esterified interpolymer, there is then added aminopropyl morpholine (3.71
      parts; 10% in excess of the stoichiometric amount required to neutralize
      the remaining free carboxy radicals) and the resulting mixture is heated
      to 150.degree. -160.degree.C/10 mm Hg. to distill off toluene and any
      other volatile components. The stripped product is mixed with an
      additional amount of mineral oil (12 parts) and filtered. The filtrate is
      a mineral oil solution of the nitrogen-containing mixed ester having a
      nitrogen content of 0.16-0.17%.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 is followed except that the esterification is
      carried out in two steps, the first step being the esterification of the
      styrene-maleic interpolymer with the commercial alcohols having from eight
      to 18 carbon atoms and the second step being the further esterification of
      the interpolymer with n-butyl alcohol.
PAC  EXAMPLE 3
PAR  The procedure of Example 1 is followed except that the esterification is
      carried out by first esterifying the styrenemaleic interpolymer with the
      commercial alcohols having from eight to 18 carbon atoms until 70% of the
      carboxyl radicals of the interpolymer have been converted to ester
      radicals and thereupon continuing the esterification with any
      yet-unreacted commercial alcohols and n-butyl alcohol until 95% of the
      carboxyl radicals of the interpolymer have been converted to ester
      radicals.
PAC  EXAMPLE 4
PAR  The procedure of Example 1 is followed except that the interpolymer is
      prepared by polymerizing a solution consisting of styrene (416 parts),
      maleic anhydride (392 parts) in benzene (2153 parts) and toluene (5025
      parts) in the presence of benzoyl peroxide (1.2 parts) at
      65.degree.-106.degree.C. (The resulting interpolymer has a reduced
      specific viscosity of 0.45.)
PAC  EXAMPLE 5
PAR  The procedure of Example 1 is followed except that the styrene-maleic
      anhydride is obtained by polymerizing a mixture of styrene (416 parts),
      maleic anhydride (392 parts), benzene (6101 parts) and toluene (2310
      parts) in the presence of benzoyl peroxide (1.2 parts) at
      78.degree.-92.degree.C. (The resulting interpolymer has a reduced specific
      viscosity of 0.91).
PAC  EXAMPLE 6
PAR  The procedure of Example 1 is followed except that the styrene-maleic
      anhydride is prepared by the following procedure: Maleic anhydride (392
      parts) is dissolved in benzene (6870 parts). To this mixture there is
      added styrene (416 parts) at 76.degree.C whereupon benzoyl peroxide (1.2
      parts) is added. The polymerization mixture is maintained at
      80.degree.-82.degree.C for about 5 hours. (The resulting interpolymer has
      a reduced specific viscosity of 1.24.)
PAC  EXAMPLE 7
PAR  The procedure of Example 6 is followed except that acetone (1340 parts) is
      used in place of benzene as the polymerization solvent and that
      azobis-isobutyronitrile (0.3 part) is used in place of benzoyl peroxide as
      a polymerization catalyst.
PAC  EXAMPLE 8
PAR  The procedure of Example 1 is followed except that the styrene-maleic
      anhydride interpolymer is prepared as follows: To a solution of maleic
      anhydride (69 parts) in benzene (805 parts) at 50.degree.C there is added
      styrene (73 parts). The resulting mixture is heated to 83.degree.C
      whereupon benzoyl peroxide (0.19 part) is added and then maintained at
      80.degree. -85.degree.C. (The resulting interpolymer has a reduced
      specific viscosity of 1.64.)
PAC  EXAMPLE 9
PAR  The procedure of Example 1 is followed except that toluene sulfonic acid
      (3.5 parts) is used in place of sulfuric acid as the esterification
      catalyst.
PAC  EXAMPLE 10
PAR  The procedure of Example 1 is followed except that phosphoric acid (2.5
      parts) is used in place of sulfuric acid as the esterification catalyst.
PAC  EXAMPLE 11
PAR  The procedure of Example 1 is followed except that dodecyl alcohol (0.7
      mole per carboxy equivalent of the styrene-maleic anhydride interpolymer)
      is used in place of the alcohol mixtures having eight to 18 carbon atoms
      and isobutyl alcohol (0.2 mole per carboxy equivalent of the interpolymer)
      is used in place of n-butyl alcohol.
PAC  EXAMPLE 12
PAR  The procedure of Example 1 is followed except that eicosyl alcohol (0.8
      mole consumed per carboxy equivalent of interpolymer) is used in place of
      the commercial alcohols having from eight to 18 carbon atoms and n-pentyl
      alcohol (0.15 mole consumed per carboxy equivalent of the interpolymer) is
      used in place of the n-butyl alcohol.
PAC  EXAMPLE 13
PAR  The procedure of Example 1 is followed except that octyl alcohol (0.8 mole
      consumed per carboxy equivalent of the interpolymer) is used in place of
      the commercial alcohols having from eight to 18 carbon atoms, isopentyl
      alcohol (0.1 mole consumed per carboxy equivalent of the interpolymer) is
      used in place of the n-butyl alcohol, and N-aminoethyl and
      1-methyl-4-aminoethyl piperazine (0.1 mole consumed per carboxy equivalent
      of the interpolymer) is used in place of aminopropyl morpholine.
PAC  EXAMPLE 14
PAR  The procedure of Example 1 is followed except that dimethylamino-ethylamine
      is substituted for the aminopropyl morpholine used on a molar basis.
PAC  EXAMPLE 15
PAR  The procedure of Example 1 is followed except that dibutylamino-propylamine
      is substituted for the aminopropyl morpholine on a molar basis.
PAC  EXAMPLE 16
PAR  An interpolymer (0.86 carboxyl equivalent) of styrene and maleic anhydride
      (prepared from an equal molar mixture of styrene and maleic anhydride and
      having a reduced specific viscosity of 0.67-0.68) is mixed with mineral
      oil to form a slurry, and then esterified with a commercial alcohol
      mixture (0.77 mole; comprising primary alcohols having from eight to 18
      carbon atoms) at 150.degree.-160.degree.C. in the presence of a catalytic
      amount of sulfuric acid until about 70% of the carboxyl radicals are
      converted to ester radicals. The partially esterified interpolymer is then
      further esterified with n-butyl alcohol (0.31 mole) until 95% of the
      carboxyl radicals of the interpolymer are converted to the mixed ester
      radicals. The esterified interpolymer is then treated with aminopropyl
      morpholine (slight excess of the stoichiometric amount to neutralize the
      free carboxyl radicals of the interpolymer) at 150.degree.-160.degree.C.
      until the resulting product is substantially neutral (acid number of 1 to
      phenolphthalein indicator). The resulting product is mixed with mineral
      oil so as to form an oil solution containing 34% of the polymeric product.
PAC  EXAMPLE 17
PAR  The procedure of Example 1 is followed except that the aminopropyl
      morpholine used is replaced on a chemical equivalent basis with
      N-aminoethyl pyrrole.
PAC  EXAMPLE 18
PAR  The procedure of Example 1 is followed except that the aminopropyl
      morpholine used is replaced on a chemical equivalent basis with
      N-aminopropyl thiopyrrolidone.
PAC  EXAMPLE 19
PAR  The procedure of Example 1 is followed except that the aminopropyl
      morpholine used is replaced on a chemical equivalent basis with
      N-aminoethyl caprolactam.
PAC  EXAMPLE 20
PAR  The procedure of Example 1 is followed except that the aminopropyl
      morpholine used is replaced on a chemical equivalent basis with
      N-aminophenyl oxazolidone.
PAC  EXAMPLE 21
PAR  The procedure of Example 1 is followed except that the aminopropyl
      morpholine used is replaced on a chemical equivalent basis with
      4-aminoethyl thiazole.
PAC  EXAMPLE 22
PAR  The procedure of Example 1 is followed except that the aminopropyl
      morpholine used is replaced on a chemical equivalent basis with
      2-cyclohexyl triazine.
PAC  EXAMPLE 23
PAR  The procedure of Example 1 is followed except that the aminopropyl
      morpholine used is replaced on a chemical equivalent basis with
      1-aminoethyl-2-heptadecylimidazoline.
PAC  EXAMPLE 24
PAR  The procedure of Example 1 is followed except that the aminopropyl
      morpholine used is replaced on a chemical equivalent basis with
      N-aminooctyl succinamide.
PAC  EXAMPLE 25
PAR  The procedure of Example 1 is followed except that the aminopropyl
      morpholine used is replaced on a chemical equivalent basis with
      3-aminobutyl uracil.
PAC  EXAMPLE 26
PAR  The procedure of Example 1 is followed except that the aminopropyl
      morpholine used is replaced on a chemical equivalent basis with
      4-aminobutyl pyridine.
PAC  EXAMPLE 27
PAR  The procedure of Example 1 is followed except that the aminopropyl
      morpholine used is replaced on a chemical equivalent basis with
      N-aminomethyl phenolthiazine.
PAR  The nitrogen-containing mixed esters of this invention can be effectively
      employed in a variety of lubricating compositions based on diverse oils of
      lubricating viscosity such as a natural or synthetic lubricating oil, or
      suitable mixtures thereof. The lubricating compositions contemplated
      include principally crankcase lubricating oils for spark-ignited and
      compressionignited internal combustion engines including automobile and
      truck engines, two-cycle engine lubricants, aviation piston engines,
      marine and railroad diesel engines, and the like. However, automatic
      transmission fluids, trans-axle lubricants, gear lubricants, metal-working
      lubricants, hydraulic fluids, and other lubricating oil and grease
      compositions can benefit from the incorporation of the present additives.
PAR  Natural oils include animal oils and vegetable oils (e.g., castor oil, lard
      oil) as well as solvent-refined or acid-refined mineral lubricating oils
      of the paraffinic, naphthenic, or mixed paraffinic-naphthenic types. Oils
      of lubricating viscosity derived from coal or shale are also useful base
      oils. Synthetic lubricating oils include hydrocarbon oils and
      halosubstituted hydrocarbon oils such as polymerized and interpolymerized
      olefins (e.g., polybutylenes, polypropylenes, propylene-isobutylene
      copolymers, chlorinated polybutylenes, etc.); alkyl benzenes (e.g.,
      dodecylbenzenes, tetradecylbenzene, dinonylbenzenes,
      di-(2-ethylhexyl)benzenes, etc.); polyphenyls (e.g., biphenyls,
      terphenyls, etc.); and the like. Alkylene oxide polymers and interpolymers
      and derivatives thereof where the terminal hydroxyl groups have been
      modified by esterification, etherification, etc., constitute another class
      of known synthetic lubricating oils. These are exemplified by the oils
      prepared through polymerization of ethylene oxide or propylene oxide, the
      alkyl and aryl ethers of these polyoxyalkylene polymers (e.g.,
      methylpolyisopropylene glycol ether having an average molecular weight of
      1,000, diphenyl ether of polyethylene glycol having a molecular weight of
      500-1000, diethyl ether of polypropylene glycol having a molecular weight
      of 1000-1500, etc.) or mono- and polycarboxylic esters thereof, for
      example, the acetic acid esters, mixed C.sub.3 -C.sub.8 fatty acid esters,
      or the C.sub.13 Oxo acid diester of tetraethylene glycol. Another suitable
      class of synthetic lubricating oils comprises the esters of dicarboxylic
      acids (e.g., phthalic acid, succinic acid, maleic acid, azelaic acid,
      suberic acid, sebacic acid, furmaric acid, adipic acid, linoleic acid
      dimer, etc.) with a variety of alcohols (e.g., butyl alcohol, hexyl
      alcohol, dodecyl alcohol, 2-ethylhexyl alcohol, pentaerythritol, etc.).
      Specific examples of these esters include dibutyl adipate,
      di(2-ethylhexyl) sebacate, di-n-hexyl fumarate, dioctyl sebacate,
      diisooctyl azelate, diisodecyl azelate, dioctyl phthalate, didecyl
      phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of linoleic acid
      dimer, the complex ester formed by reacting one mole of sebacic acid with
      two moles of tetraethylene glycol and two moles of 2-ethyl-hexanoic acid,
      and the like. Silicon-based oils such as the polyalkyl-, polyaryl-,
      polyalkoxy-, or polyaryloxy-siloxane oils and silicate oils comprise
      another useful class of synthetic lubricants (e.g., tetraethyl-silicate,
      tetraisopropyl-silicate, tetra-(2-ethylhexyl)-silicate,
      tetra-(4-methyl-2-tetraethyl)-silicate,
      tetra-(p-tert-butylphenyl)-silicate,
      hexyl-(4-methyl-2-pentoxy)-disiloxane, poly(methyl)-siloxanes,
      poly-(methylphenyl)-siloxanes, etc.). Other synthetic lubricating oils
      include liquid esters of phosphorus-containing acids (e.g., tricresyl
      phosphate, trioctyl phosphate, diethyl ester of decane phosphonic acid,
      etc.), polymeric tetrahdyrofurans, and the like.
PAR  Of the various lubricants, crankcase lubricants and automobile transmission
      fluids are especially adapted to the improvement by the use of the
      additives of the present invention. In such uses, the concentration of the
      nitrogen-containing esters may be as low as 0.01%, although it more often
      is from 0.1% to 10% by weight of the finished lubricant. A higher
      concentration such as 15% or 20% may be employed.
PAR  As indicated previously, the nitrogen-containing esters are capable of
      imparting both anti-sludge properties and desirable viscosity properties
      to lubricants. In the former regard, the additives impart detergent or
      dispersant characteristics to the lubricant and thus help to keep the
      metal parts to be lubricated free from harmful deposits. In the latter
      regard, the additives increase the viscosity index of the lubricant and
      thus extend the versatility and lubricating qualities of the lubricant at
      both high and low service temperatures. The viscosity index properties are
      especially important to automatic transmission fluids, and so also are the
      thickening effects of viscosity index improving agents upon the lubricant
      base. One of the stringent requirements for automatic transmission fluids
      is the relatively narrow limits of viscosity values. For example, the
      so-called DEXRON specification for automatic transmission fluids has
      strict requirements in respect to low temperature viscosity
      characteristics and places a maximum viscosity of about 55,000 centipoises
      at -40.degree.F. Such requirements can be met by viscosity index improving
      agents which, although effective to increase the viscosity index of the
      lubricant, must nevertheless not cause excessive thickening of the
      lubricant base. A particularly unusual characteristic of the
      nitrogen-containing mixed esters of the present invention is that they not
      only have desirable viscosity index improving properties but also cause no
      excessive thickening of the lubricant base at the desired concentrations,
      especially at low temperatures. Tables I and II below illustrate such
      properties of the nitrogen-containing mixed esters of the present
      invention.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Viscosity Index Values                                                    

     Additive present in Test Lubricant                                        

                             Additive                                          

     (Mineral Lubricating Oil having a                                         

                             Concentration                                     

                                     Viscosity                                 

     Viscosity of 200-210 SUS at 100.degree.C)                                 

                             (% weight)                                        

                                     Index*                                    

     __________________________________________________________________________

     (A)                                                                       

        None                 --      95-98                                     

     (B)                                                                       

        The Ester of Example 1                                                 

                              1.75   137                                       

     (C)                                                                       

        Ester prepared by esterifying 92% of                                   

                             1.5     133                                       

        the carboxyl radicals of a styrene-                                    

        maleic anhydride (1:1 molar) inter-                                    

        polymer (RSV of 1.05) with a combin-                                   

        ation of 90 weight parts of a com-                                     

        mercial C.sub.12.sub.-14 alcohol mixture and                           

        10 weight parts of butyl carbitol,                                     

        then neutralizing with aminopropyl                                     

        morpholine.                                                            

     (D)                                                                       

        Ester prepared by esterifying 89.7%                                    

                             1.5     135                                       

        of the carboxyl radicals of the inter-                                 

        polymer of (C) above with a combina-                                   

        tion of 95 weight parts of a commer-                                   

        cial C.sub.12.sub.-14 alcohol mixture and 10                           

        weight parts of butyl cellosolve and                                   

        then neutralizing with aminopropyl                                     

        morpholine.                                                            

     __________________________________________________________________________

      *As determined in accordance with ASTM Procedure D-567                   

TBL                                    TABLE II                                

     __________________________________________________________________________

     Low Temperature Viscosity Values                                          

                             Brookfield Viscosity (cps)                        

                             40.degree.F                                       

     __________________________________________________________________________

     (A)                                                                       

        Base Oil A           &gt;100,000                                          

     (B)                                                                       

        Base Oil B           &gt;100,000                                          

     (C)                                                                       

        Base Oil C           &gt;100,000                                          

     (D)                                                                       

        Base Oil A + 1.15% by weight of the                                    

                             28,000                                            

        Ester of Example 16 (prepared by                                       

        first esterifying the interpolymer                                     

        with the C.sub.8.sub.-18 commercial alcohols                           

        to 70% esterification and then                                         

        further esterifying with mixed                                         

        C.sub.8.sub.-18 commercial alcohol and n-butyl                         

        alcohol to 95% esterification.                                         

     (E)                                                                       

        Base Oil A + 1.15% by weight of an                                     

                             30,200                                            

        ester prepared essentially as in                                       

        Example 16 except that the n-butyl                                     

        alcohol is present with the C.sub.8.sub.-18                            

        commercial alcohols at the beginning                                   

        of esterification                                                      

     (F)                                                                       

        Base Oil B + 1.15% by weight of                                        

                             35,000                                            

        the Ester of (D) above                                                 

     (G)                                                                       

        Base Oil B + 1.15% by weight of                                        

                             46,600                                            

        the Ester of (E) above                                                 

     (H)                                                                       

        Base Oil C + 1.15% by weight of                                        

                             49,700                                            

        the Ester of (D) above                                                 

     (I)                                                                       

        Base Oil C + 1.15% by weight of                                        

                             70,900                                            

        the Ester of (D) above                                                 

     __________________________________________________________________________

PAR  The anti-sludge properties of the esters of this invention are shown by the
      following test: A 350 cc lubricant sample consisting of a Mid-Continent,
      conventionally refined lubricating oil having a viscosity of about 200
      SUS/100.degree.F and containing 0.008% by weight of iron naphthenate as a
      promoter of oil degradation and 1.5% by weight of the additive to be
      tested is placed in a 2-inch .times. 15-inch borosilicate tube. A 13/8
      inch .times. 57/8 inch SAE 1020 steel panel is immersed in the oil. The
      sample is then heated at 300.degree.F for 96 hours while air is bubbled
      through the oil at a rate of 10 liters per hour. The oxidized sample is
      cooled, mixed with 0.5% by volume of water, homogenized, allowed to stand
      at room temperature for 24 hours and then filtered through 2 layers of
      filter paper. The precipitate is washed with naphtha and dried. The weight
      of the precipitate, adjusted to milligrams per 100 cc of oil tested, is
      taken as a measure of the effectiveness of the anti-sludge additive, i.e.,
      the greater the weight of the precipitate the less effective the additive.
      The results of this test are shown in Table III.
TBL                TABLE III                                                   

     ______________________________________                                    

     Anti-Sludge Test                                                          

     Additive Present in                                                       

                     Additive Concentration                                    

     The Lubricant              Sludge                                         

                     (% weight) (mg/100 ml of                                  

                                Test oil)                                      

     ______________________________________                                    

     None            --         753-863                                        

     The Ester of Example 16                                                   

                     1.5%       12                                             

     ______________________________________                                    

PAR  Frequently lubricants containing the nitrogen-containing mixed esters of
      the present invention can be further improved by the incorporation therein
      of other additives such as supplemental detergents, corrosion inhibiting
      agents, oxidation inhibiting agents, anti-foam agents, friction-improving
      agents, anti-rust agents, etc. Examples of such additives are
      ash-containing detergents exemplified by neutral and basic salts of alkali
      or alkaline earth metals with sulfonic acids, carboxylic acids or organic
      phosphorus acids characterized by at least one direct carbon-to-phosphorus
      linkage such as those prepared by the reaction of an olefin polymer (e.g.,
      polyisobutene having a molecular weight of 700-5000) with a phosphorus
      agent such as phosphorus pentasulfide, phosphorus trichloride, etc. The
      metal of such salts may be sodium, potassium, lithium, calcium, magnesium,
      strontium, barium or the like. The basic salts are preferably the
      carbonated metal complexes of the above-noted acids. They are exemplified
      by the carbonated alkaline earth metal complexes obtained by carbonating
      an acid or its neutral metal salt and an excess of a metal base such as
      barium oxide, lime, sodium hydroxide, potassium hydroxide, strontium
      hydroxide, magnesium, magnesium oxide, magnesium methoxide in the presence
      of a promoter such as phenol, alkylphenol, methanol, ethanol, or a higher
      alcohol or an amine. In lieu of an acid, an alkylphenol or a sulfurized
      alkylphenol can be converted to metal complexes by similar processes and
      such complexes are likewise contemplated for use in conjunction with the
      esters of the present invention.
PAR  Extreme pressure agents, corrosion inhibiting agents and oxidation
      inhibiting agents are illustrated by chlorinated hydrocarbons such as
      chlorinated wax; organic sulfides and polysulfides such as
      bis-(chlorobenzyl)disulfide, dibutyltetrasulfide, sulfurized sperm oil,
      sulfurized alkylphenol, phosphosulfurized terpene, dialkylphosphite,
      thiocarbamates, Group II metal phosphorodithioates, Group II metal salts
      of dialkarylphosphinodithioates.
PAR  Lubricating compositions containing esters of this invention may contain
      also ashless dispersants such as higher molecular weight
      hydrocarbon-substituted succinic derivatives of nitrogen compounds,
      particularly polyamines. A particularly effective class of ashless
      dispersants consists of the acylated nitrogen compounds disclosed in U.S.
      Pat. No. 3,272,746.
PAR  Automatic transmission fluids containing esters of the present invention
      often contain friction additives to improve the so-called slip-stick
      characteristics. Such additives are exemplified by fatty amines such as
      stearylamine and oleylamine, alkoxylated amines such as the reaction
      products of amines with ethyleneoxide or propyleneoxide and other
      derivatives of amines such as the reaction products of an alkoxylated
      amine with boric acid or boron oxide. Still other frictional additives are
      exemplified by sperm oil, sulfurized sperm oil, stearylamide methyloleate
      and other oily agents.
PAR  The above-illustrated additives may each be present in lubricating
      compositions at a concentration ranging from about 0.01% to about 20% by
      weight. In most instances, they each range from about 0.1% to about 10%.
      Some illustrative examples of lubricating compositions contemplated in the
      present invention are as follows (all percentages are by weight):
PA1  Example A: SAE 10W-30 mineral base oil containing 0.05% of the product of
      Example 1.
PA1  Example B: SAE 20 mineral lubricating oil containing 0.1% of the product of
      Example 16.
PA1  Example C: SAE 20W-30 mineral lubricating oil containing 2.5% of the
      product of Example 3 and 2% of calcium dicyclohexylphosphorodithioate.
PA1  Example D: ATF mineral base oil containing 4% of the product of Example 13,
      0.2% of the reaction product of an ethoxylated dodecylamine and boron
      oxide, 0.8% of sulfurized sperm oil, and 0.95% of a carbonated basic metal
      complex prepared by carbonating a mixture of sperm oil and excess barium
      hydroxide in the presence of butylphenol as the promoter.
PA1  Example E: SAE 10W-30 mineral lubricating oil containing 6% of the product
      of Example 12, 0.1% of phosphorus as zinc dioctylphosphorodithioate, 5% of
      a basic barium sulfonate prepared by carbonating a mixture of barium
      mahogany sulfonate and excess barium oxide in the presence of water and
      octylphenol as the promoter.
PA1  Example F: ATF mineral base oil containing 2.5% of the product of Example
      1, 2% of the reaction product of tetraethylene pentamine and
      polyisobutene(molecular weight of 1000)-substituted succinic anhydride, 2%
      of didecylphosphite and 3% of a basic metal complex prepared by
      carbonating polyisobutene(molecular weight of 300)-substituted salicylic
      acid and an excess of calcium hydroxide in the presence of methyl alcohol
      and acetic acid as the promoter.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An oil-soluble nitrogen-containing mixed ester of a carboxy-containing
      interpolymer having low-temperature viscosity improving properties and a
      reduced specific viscosity of from about 0.05 to about 2, said ester being
      substantially free of titratable acidity and being characterized by the
      presence within its polymeric structure of at least one of each of three
      pendant polar groups:
PA1  A. a relatively high molecular weight carboxylic ester group having at
      least eight aliphatic carbon atoms in the ester radical,
PA1  B. a relatively low molecular weight carboxylic ester group having no more
      than seven aliphatic carbon atoms  in the ester radical, and
PA1  C. a carbonyl-polyamino group derived from a polyamino compound having one
      primary or secondary amino group,
PAL  wherein the molar ratio of (A):(B):(C) is (60-90):(10-30):(2-15).
NUM  2.
PAR  2. The ester of claim 1 wherein the molar ratio of (A):(B):(C) is
      (70-80):(15-25):5.
NUM  3.
PAR  3. The ester of claim 1 wherein the carboxy-containing interpolymer has a
      reduced specific viscosity of from about 0.3 to about 1.
NUM  4.
PAR  4. The ester of claim 1 wherein the relatively high molecular weight
      carboxylic ester group of (A) has from eight to 24 aliphatic carbon atoms,
      the relatively low molecular weight carboxylic ester group of (B) has from
      three to five carbon atoms and the carbonyl-polyamino group of (C) is
      derived from a primary-aminoalkyl-substituted tertiary amine.
NUM  5.
PAR  5. The ester of claim 1 wherein the carboxy-containing interpolymer is a
      terpolymer of one molar proportion of styrene, one molar proportion of
      maleic anhydride, and less than about 0.3 molar proportion of a vinyl
      monomer.
NUM  6.
PAR  6. An oil-soluble nitrogen-containing mixed-ester of a carboxy-containing
      interpolymer wherein the carboxy-containing interpolymer has a reduced
      specific viscosity of from about 0.05 to about 2, the mixed ester has
      low-temperature viscosity improving properties, and is substantially free
      of titratable acidity; and the interpolymer is derived from at least two
      types of monomers, the one type being a low molecular weight aliphatic
      olefin or styrene, and the other type being an alpha, beta- unsaturated
      aliphatic acid, anhydride or ester thereof, said nitrogen-containing mixed
      ester being further characterized by having three types of pendant polar
      groups derived from the carboxy groups of the interpolymer; said pendant
      polar groups being
PA1  A. a relatively high molecular weight carboxylic ester group having at
      least eight aliphatic carbon atoms in the ester radical,
PA1  B. a relatively low molecular weight carboxylic ester group having no more
      than seven aliphatic carbon atoms in the ester radical, and
PA1  C. a carbonyl-polyamino group derived from a polyamino compound having one
      primary or secondary amino group;
PAL  wherein the molar of (A):(B):(C) is (60-90):(10-30):(2-15).
NUM  7.
PAR  7. A nitrogen-containing mixed ester according to claim 6 of a
      carboxy-containing interpolymer having a reduced specific viscosity of
      from about 0.05 to about 2, said interpolymer being derived from at least
      2 monomers, the one being ethylene, propylene, isobutene or styrene and
      the other being maleic acid or anhydride, itaconic acid or anhydride or
      acrylic acid or ester, said ester being substantially free of titratable
      acidity and being characterized by the presence within its polymeric
      structure of at least one of each of three pendant polar groups derived
      from the carboxy groups of said ester:
PA1  A. a relatively high molecular weight carboxylic ester group having at
      least eight aliphatic carbon atoms in the ester radical,
PA1  B. a relatively low molecular weight carboxylic ester group having no more
      than seven aliphatic carbon atoms in the ester radical,
PA1  C. a carbonyl-polyamino group derived from a polyamino compound having one
      primary or secondary amine group
PAL  wherein the molar ratio of (A):(B):(C) is (60-90):(10-30):(2-15).
NUM  8.
PAR  8. A nitrogen-containing mixed ester according to claim 7 wherein the molar
      ratio of (A):(B):(C) is (70-80):(15-25):(5).
NUM  9.
PAR  9. A nitrogen-containing mixed ester according to claim 7 wherein the
      interpolymer is a styrene-maleic anhydride interpolymer having a reduced
      specific viscosity of from about 0.3 to about 1.
NUM  10.
PAR  10. A nitrogen-containing mixed ester according to claim 7 wherein the
      relatively high molecular weight carboxylic ester group of (A) has from
      eight to 24 aliphatic carbon atoms, the relatively low molecular weight
      carboxylic acid group of (B) has from three to five carbon atoms and the
      carbonyl-polyamino group of (C) is derived from a
      primary-aminoalkyl-substituted tertiary amine.
NUM  11.
PAR  11. A nitrogen-containing mixed ester according to claim 7 wherein the
      carboxy-containing interpolymer is a terpolymer of one molar proportion of
      styrene, one molar proportion of maleic anhydride, and less than about 0.3
      molar proportion of a vinyl monomer.
NUM  12.
PAR  12. A nitrogen-containing mixed ester characterized by low-temperature
      viscosity improving properties prepared by the process comprising the
      steps:
PA1  1. Partially esterifying a styrene-maleic anhydride interpolymer having a
      reduced specific viscosity of from about 0.05 to about 2 with a mixture of
      a relatively high molecular weight alcohol having at least seven aliphatic
      carbon atoms and a relatively low molecular weight alcohol having no more
      than six aliphatic carbon atoms so as to convert from about 50% to about
      98% of the carboxy radicals of the interpolymer to ester radicals, the
      molar ratio of the relatively high molecular weight alcohol to the
      relatively low molecular weight alcohol being from about 2:1 to about 9:1,
      and
PA1  2. Substantially neutralizing the remaining carboxy radicals of said
      interpolymers with a polyamino compound having one primary or secondary
      amino group.
NUM  13.
PAR  13. A nitrogen-containing mixed ester according to claim 12 wherein the
      esterification of step (1) is carried out in a step-wise manner by
      esterifying the interpolymer first with the relatively high molecular
      weight alcohol and then with the relatively low molecular weight alcohol.
NUM  14.
PAR  14. A nitrogen-containing mixed ester according to claim 12 wherein the
      esterification step of (1) is carried out by first esterifying the
      interpolymer with the relatively high molecular weight alcohol so as to
      convert at least about 70% of the carboxy radicals of the interpolymer to
      ester radicals and then with the relatively low molecular weight alcohol
      so as to convert at least about 90% of the carboxy radicals of the
      interpolymer to ester radicals.
NUM  15.
PAR  15. A nitrogen-containing mixed ester according to claim 12 wherein said
      polyamino compound is N-aminoalkyl-substituted morpholine.
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PAL  Hot-melt adhesives for fibers consisting essentially of copolyamides
      obtained by polymerizing four monomer units, namely,
      .epsilon.-caprolactam, hexamethylenediammonium adipate,
      hexamethylenediammonium sebacate, and laurolactam in specific proportions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to hot-melt adhesives for fibers, and in particular
      relates to hot-melt adhesives made from specified copolyamides. Hot-melt
      adhesives are used for covering articles of various types, for instance.
      Such adhesives may be furthermore used as a binder layer for two different
      materials which have to be bonded together within only a short period of
      time. Especially, hot-melt adhesives are useful for bonding at least two
      different fabrics, allowing the usual sewing step to be omitted.
PAR  In general, the adhesion process is carried out in such a manner that the
      hot-melt adhesives are inserted in the form of a powder, emulsion, fiber,
      or film between the fabrics, and the resulting composite is heated to a
      temperature at which the hot-melt adhesives are melted, and pressed.
      Hot-melt adhesives for fibers are usually composed of synthetic polymers.
      Synthetic polymers composing hot-melt adhesives are required to have a
      relatively low melting point e.g. 100.degree.-130.degree.C. When the
      melting point of the synthetic polymer is too high, the step of heating
      and pressing in the adhesion process has to be carried out at a high
      temperature, and therefor the fabrics themselves tend to be deteriorated
      by heating. On the other hand, when the melting point of the synthetic
      polymer is too low, too much synthetic polymer is infiltrated into the
      interior of the fabrics during a step of heating and pressing which
      results in rendering the touch of the fabrics hard and making it difficult
      to obtain a high adhesive strength, because the infiltrated synthetic
      polymer does not function as an adhesive agent for the fabrics.
PAR  Furthermore, synthetic polymers composing hot-melt adhesives are required
      to have strong adhesive power.
PAR  Heretofore, thermoplastic polymers such as polyethylene,
      ethylene-vinyl-acetate copolymer, ethylene-ethylacrylate copolymer,
      polyvinylacetate, polyvinylbutyral, and polyamide have been used for
      hot-melt adhesives. In particular, copolyamides as described in U.S. Pat.
      No. 3,515,702 have been most preferably used. This patent teaches the use
      of hot-melt adhesives consisting essentially of a copolyamide of:
PA1  A. laurolactam and;
PA1  B. a co-condensible member selected from the group consisting of
      caprolactam, hexamethylene diamine adipate, hexamethylene diamine
      sebacate, and mixtures thereof;
PAL  In which copolyamide the weight percent of units derived from laurolactam
      is from 80 % to 20 % and the weight percent of units derived from the
      co-condensible member is from 20 % to 80 %.
PAR  However, according to the teachings of this patent, superior hot-melt
      adhesives consisting of copolyamides having a melting point within the
      range of 100.degree.-130.degree.C and having a strong adhesive power
      cannot be necessarily obtained.
PAR  Furthermore, hot-melt adhesives of this patent are very expensive because a
      high content of the more expensive laurolactam has to be used for
      obtaining the desired copolyamide.
PAR  Accordingly, the first object of present invention is to provide hot-melt
      adhesives consisting of copolyamides having a melting point within range
      of 100.degree.-130.degree.C, and having strong adhesive power, at a
      relatively low cost.
PAR  On the other hand, when conventional hot-melt adhesives of copolyamides are
      used for manufacturing clothing of thin cloth, such as summer wear, there
      is the serious disadvantage that the clothing has poor appearence because
      the light which penetrates through the thin cloth is reflected on the
      surface of the bonding layer consisting of the hot-melt adhesives.
PAR  Hot-melt adhesives are very frequently applied for making clothing for
      suits by bonding a core cloth and a right-side or outer cloth. In this
      case, conventional hot-melt adhesives cannot provide clothing for suits of
      good appearence because of the disadvantage mentioned above.
PAR  Heretofore, the step of adding conventional delustrants to hot-melt
      adhesives has been proposed for eliminating this disadvantage. This method
      is undesirable because it renders the adhesive power of the hot-melt
      adhesives poor.
PAR  Accordingly, the second object of present invention is to obtain hot-melt
      adhesives which make it possible to provide clothing for summer wear with
      good appearence. Other objects and advantages of present invention will
      become further apparent hereinafter.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that hot-melt adhesives for fibers consisting essentially
      of copolyamides having a melting point within the range of
      100.degree.-130.degree.C and having strong adhesive power are provided at
      relatively low cost by providing a specific copolyamide obtained by
      polymerizing four monomer units, namely, .epsilon.-caprolactam,
      hexamethylenediammonium adipate, hexamethylenediammonium sebacate, and
      laurolactam in the following proportions:
TBL  A.   (a)    .epsilon.-caprolactam: 30.about.75wt%                         

          (b)    hexamethylenediammonium adipate:                              

                                        5.about.40wt%                          

          and                                                                  

          (c)    hexamethylenediammonium sebacate:                             

                                        20.about.65wt%                         

          and                                                                  

     B.          laurolactam:           5.about.20wt%                          

PAL  wherein the total of (a), (b), and (c) is 100 wt% and the total of A and B
      is 100 wt%.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Copolyamides to be used in accordance with the present invention may be
      produced in manners known per se. Either mixture of .epsilon.-caprolactam,
      hexamethylenediamine, adipic acid, sebacic acid, and laurolactam or a
      mixture of .epsilon.-caprolactam, hexamethylenediammonium adipate,
      hexamethylenediammonium sebacate, and laurolactam may be subjected to
      polymerization.
PAR  Polymerization is usually carried out in the presence of a small amount of
      water as an initiator. Other catalysts, chain terminating agents and/or
      other additives may be used in accordance with the present invention.
PAR  Polymerization may be conducted either batch-wise or as a continuous step.
PAR  It is preferred to carry out the polymerization by heating a mixture of the
      monomers in an inert atmosphere to 250.degree.-300.degree.C under elevated
      pressure and holding the mixture at this temperature for a few hours,
      followed by holding the mixture at this tempereture at atomospheric
      pressure. The thus obtained copolyamides are shaped into films, fibers,
      and powders, or are mixed with a suitable solvent to form emulsions, and
      then the copolyamides are used as hot-melt adhesives.
PAR  The copolyamides used in the present invention have a melting point within
      the range from 100.degree.C to 130.degree.C. Therefore, the copolyamides
      of the present invention can be advantageously applied as hot-melt
      adhesives for fibers.
PAR  In the present invention, the melting point is defined to be a maximum peak
      temperature of melting measured by a differential scanning calorimeter
      (DSC-1B) manufactured by Perkin Elmer Company at 10.degree.C/min of
      increasing rate of temperature.
PAR  Furthermore, the copolyamides of the present invention are characterized in
      large amounts of amorphous structures, because they are composed of four
      monomer units, and they are crystallized at a low speed above their glass
      transition temperatures.
PAR  Accordingly, the adhesive power of the hot-melt adhesives of the present
      invention is not substantially changed during adhesion processing, and the
      clothing obtained by using these hot-melt adhesives has an excellent soft
      touch.
PAR  The copolyamides used in this invention contain a small amount of the
      laurolactam unit, and therefore the concentration of the amide groups of
      the copolyamides is relatively high. Accordingly, the hot-melt adhesives
      obtained from these copolyamides have improved adhesive power, especially
      when a steam press is used.
PAR  For obtaining more improved hot-melt adhesives in the present invention, it
      is preferred to use a copolyamide in the form of a powder on whose surface
      are adhered 0.01-0.5 wt%, based on the weight of the copolyamide, of an
      inorganic compound having a particle diameter of 0.001.mu.-50.mu. which
      can act as a nucleating agent for the polyamides, and 0.05-0.3 wt% based
      on the weight of the copolyamide of at least one compound selected from
      the group consisting of higher aliphatic amides and metal salts of higher
      aliphatic carboxylic acids.
PAR  As the inorganic compounds in the present invention, for example, talc,
      mica, calucium carbonate, magnesium oxide, silica, magnesium hydroxide,
      and calcium sulphate may be used. Talc is most preferably used.
PAR  The inorganic compounds are used in the amount of 0.01-0.5 wt%, preferably
      0.05-0.3 wt%, based on the weight of the copolyamide.
PAR  On the other hand, as the organic compounds in the present invention, the
      amides or metal salts of higher aliphatic carboxylic acids can be used.
      Methylene-bis-stearylamide and metal salt of stearyl acid are most
      preferable. As metals, for example, magnesium, lithium, and aluminum are
      used. These organic compounds are used in an amount of 0.05-0.3 wt%,
      preferably 0.05-0.1 wt%, based upon the weight of the copolyamides.
PAR  With regard to both inorganic substances and organic compounds, when the
      content is lower than the lower stated limit, the desired effect cannot be
      obtained, and when the content is higher than the upper stated limit, the
      desired effect levels off and the adhesive power and processability of the
      resulting hot-melt adhesives tends to go down.
PAR  The inorganic compounds and organic compounds may be adhered on the surface
      of copolyamide powder according to the conventional method by using the
      well-known conventional blender, for example, a Muller mixer.
PAR  Hot-melt adhesives obtained from copolyamide powders on whose surface the
      inorganic and organic compounds are adhered can provide clothing of good
      appearence. For example, when a thin fabric and a core fabric are bonded
      by using the hot-melt adhesives of the present invention, the resulting
      clothing has a excellent appearence without sparkling when exposed to
      light.
PAC  EXAMPLE 1
PAR  Mixtures of laurolactam, .epsilon.-caprolactam, hexamethylenediammonium
      adipate, and hexamethylene diammonium sebacate in the proportions
      described in Table 2 were polymerized in an autoclave according to the
      conditions described in Table 1. In each run, 0.01 mol of benzoic acid per
      mol of total monomer unit was added as a chain terminating agent.
TBL                Table 1                                                     

     ______________________________________                                    

     Period from start                                                         

                     temp. (.degree.C)                                         

                               Press (kg/cm.sup.2)                             

     (hrs)           (.degree.C)                                               

     ______________________________________                                    

     0 .about.1.5     25.fwdarw.235                                            

                                0.about.17.5                                   

     2.0.about.3.5   235.fwdarw.280                                            

                                17.5                                           

     3.5.about.5.5   280.fwdarw.283                                            

                                17.5.about.0                                   

     5.5.about.7.0   283.fwdarw.285                                            

                                0                                              

     ______________________________________                                    

PAL  The melting points, fluidities, and adhesive strengths of the resulting
      copolyamides were measured according to the following methods.
PA1  a. Melting point is defined to be the maximum peak temperature of melting
      measured by a differential scanning calorimeter (DSC-1B) manufactured by
      Perkin Elmer Company at 10.degree.C/min. of increasing rate of
      temperature.
PA1  b. Fluidity is intended to be represented by melting viscosity (poises)
      measured at 200.degree.C under 10 Kg/cm.sup.2 of load a using flow tester
      provided with nozzle of 0.5 mm .phi. .times. 1 mmL.
PA1  c. Adhesive strength;
PA2  The copolyamides were crushed into powders having a particle size of
      200-350.mu..
PA2  These powders were homogeneously placed between two mixed spun fabrics of
      polyethyleneterephthalate fiber and cotton at the rate of 100g/m.sup.2.
PA2  The resulting composite was hot-pressed at 140.degree.C under a pressure of
      350g/cm.sup.2 for bonding the two fabrics.
PA2  The strength (g/2cm width) necessary to separate the thus bonded fabrics at
      a speed of 10mm/min. was measured. Adhesive strength of the copolyamides
      is represented by this strength.
PAL  The results are described in Table 2.
TBL                                    Table 2                                 

     __________________________________________________________________________

           Proportions of monomers (parts                                      

                              Melting                                          

                                   Fluidity                                    

                                        Adhesive strength                      

     Run No.                                                                   

           by weight)         point                                            

     A         B    C    D    (.degree.C)                                      

                                   (poise)                                     

                                        (g/2cm width)                          

     __________________________________________________________________________

     1     15.0                                                                

               34.0 17.0 34.0 104  1800 950                                    

     2     15.0                                                                

               28.33                                                           

                    28.33                                                      

                         28.33                                                 

                              129  1700 1300                                   

     3     15.0                                                                

               34.64                                                           

                    15.73                                                      

                         34.64                                                 

                              115  1900 900                                    

     4     15.0                                                                

               38.25                                                           

                    8.5  38.25                                                 

                              112  1800 950                                    

     __________________________________________________________________________

PAL  In Table 2, A,B,C, and D have the following meanings;
PA1  A; laurolactam
PA1  B; .mu.-caprolactam
PA1  C; hexamethylenediammonium adipate
PA1  D; hexamethylenediammonium sebacate
PAR  As is apparent from Table 2, the copolyamides of the present invention have
      low melting points, high fluidities, and high adhesive strengths, and
      therefor they can be preferably used as hot-melt adhesives for fibers.
PAC  EXAMPLE 2
PAR  The same polymerizations were carried out as in Example 1, except changing
      the proportions of the four monomer units. And melting points, fluidities,
      and adhesive strengths of the resulting copolyamides were measured
      according to the same method as in Example 1. The results are shown in
      Table 3.
TBL                                    Table 3                                 

     __________________________________________________________________________

           Proportions of monomers (parts                                      

                             Melting                                           

                                  Fluidity                                     

                                       Adhesive strength                       

     Run No.                                                                   

           by weight)        point                                             

     A          B   C   D    (.degree.C)                                       

                                  (poise)                                      

                                       (g/2cm width)                           

     __________________________________________________________________________

     1     20.0                                                                

               36.0 8.0 36.0 102  1700 1200                                    

     2     17.5                                                                

               37.125                                                          

                     8.25                                                      

                         37.125                                                

                             106  1750 1200                                    

     3     15.0                                                                

               38.25                                                           

                    8.5 38.25                                                  

                             112  1800 950                                     

     4     10.0                                                                

               40.5 9.0 40.5 119  1800 950                                     

     5      7.0                                                                

               41.85                                                           

                    9.3 41.85                                                  

                             124  1900 900                                     

     6      5.0                                                                

               42.75                                                           

                    9.5 42.75                                                  

                             127  1900 900                                     

     7      1.0                                                                

               44.55                                                           

                    9.9 44.53                                                  

                             133  1950 800                                     

     __________________________________________________________________________

PAL  In Table 3, A,B,C, and D have the following meanings;
PA1  A; laurolactam
PA1  B; .epsilon.-caprolactam
PA1  C; hexamethylenediammonium
PA1  D; hexamethylenediammonium sebacate
PAR  As is apparent from Table 3, the copolyamides of the present invention have
      low melting points, high fluidities, and high adhesive strengths, and
      therefor they can be preferably used for as hot-melt adhesives for fibers.
PAC  EXAMPLE 3
PAR  The same polymerizations as in Example 1 were performed, except for
      changing the proportions of the four monomer units.
PAR  Melting points of the resulting copolyamides were measured according to the
      same method as in Example 1. The results are shown in Table 4.
TBL                                    Table 4                                 

     __________________________________________________________________________

     Proportions of monomers (parts by weight)                                 

                                 Melting point                                 

     Run No.                                                                   

           A     B     C     D   (.degree.C)                                   

     __________________________________________________________________________

     1     17.5  26.8  28.9  26.8                                              

                                 127                                           

     2     15.0  28.2  28.1  28.2                                              

                                 126                                           

     3     12.5  30.2  27.1  30.2                                              

                                 125                                           

     4     10.0  32.4  25.2  32.4                                              

                                 124                                           

     5      5.0  35.6  23.8  35.6                                              

                                 127                                           

     6     17.7  29.7  23.1  29.7                                              

                                 112                                           

     7     15.0  30.6  23.8  30.6                                              

                                 116                                           

     8     17.0  28.5  25.5  28.5                                              

                                 117                                           

     9     15.0  29.3  26.4  29.3                                              

                                 121                                           

     10    17.5  33.0  16.5  33.0                                              

                                 103                                           

     __________________________________________________________________________

PAL  In Table 4, A,B,C, and D have the following meanings;
PA1  A; laurolactam
PA1  B; .epsilon.-caprolactam
PA1  C; hexamethylenediammonium adipate
PA1  D; hexamethylenediammonium sebacate
PAR  As is apparent from Table 4, the copolyamides of the present invention have
      low melting points within the range from 100.degree.C to 130.degree.C in
      spite of the fact that they contain a small amount of laurolactam.
PAC  EXAMPLE 4
PAR  A mixture of 38.25 parts by weight of .epsilon.-caprolactam, 8.5 parts by
      weight of hexamethylenediammonium adipate, 38.25 parts by weight of
      hexamethylene diammonium sebacate, and 15 parts of laurolactam was
      polymerized according to the method described in Example 1.
PAR  The resulting copolyamide was formed into pellets, and they were crushed
      into powders after being cooled to -20.degree.C.
PAR  45% by weight of the powders had a particle size within the range from
      63.mu. to 177.mu., namely, from 80 mesh to 250 mesh.
PAR  100 parts by weight of the thus obtained powders were sufficiently mixed
      with both 0.3 part by weight of talc having a particle size of 0.01-2.mu.
      and 0.05 part by weight of lithium stearate in a Muller type mixer.
PAR  Thereafter, the resulting powders were dotted at a rate of 1.5 mg per
      single spot on a core cloth made from cotton using a copper sheet having
      four orifices of 1 mm.phi. per 1 cm.sup.2.
PAR  Many spots formed on the core cloth were heated to melt the surfaces of the
      spots, and thereafter, on the resulting core cloth, a thin right-side or
      outer cloth made from a mixed spun fabric of polyethyleneterephthalate
      fiber and hemp was placed.
PAR  The resulting composite was hot-pressed at 150.degree.C for 15 minutes. The
      thus-bonded cloth had an excellent appearence and never sparkled under
      exposure to sunshine.
PAC  EXAMPLE 5
PAR  A mixture of 33 parts by weight of .epsilon.-caprolactam, 16.5 parts by
      weight of hexamethylenediammonium adipate, 33 parts by weight of
      hexamethylenediammonium sebacate and 17.5 parts by weight of laurolactam
      was polymerized according to the same method as in Example 1. The
      resulting copolyamide was formed into pellets, and they were crushed into
      powders having a particle size of 80-20 mesh according to the same method
      as in Example 4. 100 parts by weight of the powders were mixed with 0.2
      part by weight of dyestuff "Sumitomo Black" (manufactured by Sumitomo
      Chemical Company Limited) in the small Henschel mixer. Thus, dark gray
      powders were obtained. To 100 parts by weight of these dark gray powders,
      1 part by weight of many kinds of inorganic compounds discribed in Table 5
      and 0.5 part by weight of magnesium stearate were added, and the resulting
      composition was completely mixed in a mortar.
PAR  Many kinds of powders thus obtained were dispersed on a cover glass used
      for a microscope to form a layer of about 1.5 mm width. Then the cover
      glass was put on a hot plate maintained at 180.degree.C and was heated for
      thirty minutes to melt the powders which were put on the cover glass.
PAR  After melting the powders, the cover glass was put on an asbestos cloth and
      the molten powders were slowly cooled and solidified. The reflexibility of
      the surface of the solidified powders was measured using Gloss Meter Type
      GM-3 (manufactured by Murakami Shikisai Research) at 60.degree. of
      measurement angle. Results are shown in Table 5.
PAR  For comparison, two runs were carried out, one with both nucleating agent
      and magnesium stearate not added, and the other with only magnesium
      stearate was added. These results are also shown in Table 5.
PAR  When this value of reflexibility is less than 40 %, preferably less than 20
      %, the powders can be excellent hot-melt adhesives, by which a bonded
      final product, for example, clothing, with good appearence can be
      obtained.
TBL                                    Table 5                                 

     __________________________________________________________________________

                              Reflexibility                                    

     Run No.                                                                   

           Inorganic Compound to be added                                      

                              A*   B**                                         

     __________________________________________________________________________

     1     none               --   89.0                                        

     2     none               68.1 --                                          

     3     talc               6.8  15.68                                       

     4     kaolin             61.2 73.30                                       

     5     mica               20.8 26.98                                       

     6     barium sulphate    62.5 69.9                                        

     7     calcium sulphate   39.4 47.0                                        

     8     calcium carbonate  34.8 41.9                                        

     9     silica             40.0 42.22                                       

     10    magnesium oxide    7.50 7.78                                        

     11    titanium oxide     82.0 86.0                                        

     12    aluminum borate    80.0 89.0                                        

     13    magnesium hydroxide                                                 

                              39.4 47.0                                        

     __________________________________________________________________________

      A* means that magnesium stearate was added and B** means that magnesium  

      stearate was not added.                                                  

PAR  It is apparent from Table 5, that talc, mica, calcium sulphate, calcium
      carbonate, silica, magnesium oxide, and magnesium hydroxide are preferable
      as inorganic compounds, namely, nucleating agents to be added in the
      present invention.
PAC  EXAMPLE 6
PAR  The same copolyamide powders as in Example 4 were prepared. 100 parts by
      weight of these powders were mixed with 0.3 part by weight of an inorganic
      compound described in Table 6 and 0.2 part by weight of dye stuff,
      Sumitomo Black (manufactured by Sumitomo Chemical Company Limited) for
      about 20 minutes in a Henschel mixer.
PAR  To the resulting gray powders, 0.5 part by weight of many kinds of organic
      compounds described in Table 6 were added, and the resulting compositions
      were mixed for 20 minutes in the Henschel mixer.
PAR  The thus obtained powders were dotted on a black core cloth made from wool
      by using a dot-coating machine.
PAR  The black core cloth was overlapped on a thin outer cloth of brown which
      was made from wool, and the resulting composite was hot-pressed to prepare
      a bonded cloth.
PAR  The appearence of the surface of the outer cloth was observed according to
      the following method.
PAR  Namely, the sample was put on the stage of a microscope in a dark room, and
      a spot light was applied at an angle of 70.degree..
PAR  The number of dots which sparkled was observed at a distance of 25mm from
      the sample.
PAR  The results are shown in Table 6.
PAR  The case when the value A is less than 1 and the value B is less than 20 is
      preferable.
TBL                                    Table 6                                 

     __________________________________________________________________________

                                Number of dots                                 

     Inorganic Compound                                                        

                      Organic Compound                                         

                                which sparkled                                 

     Run No.                                                                   

           to be added                                                         

                      to be added                                              

                                A*  B**                                        

     __________________________________________________________________________

     1     none       none      28  5                                          

     2     talc       methylene-bis-                                           

                                0   8                                          

                      stearylamide                                             

     3     talc       ethylene-bis-                                            

                                2   9                                          

                      stearylamide                                             

     4     talc       stearon   8   16                                         

     5     talc       lithium stearate                                         

                                2   15                                         

     6     talc       barium stearate                                          

                                0   18                                         

     7     talc       tin stearate                                             

                                1   6                                          

     8     talc       calcium stearate                                         

                                0   21                                         

     9     talc       magnesium stearate                                       

                                0   6                                          

     10    talc       aluminum stearate                                        

                                1   4                                          

     11    Magnesium  magnesium stearate                                       

                                0   14                                         

           hydroxide                                                           

     12    magnesium oxide                                                     

                      magnesium stearate                                       

                                1   7                                          

     13    titanium oxide                                                      

                      magnesium stearate                                       

                                21  12                                         

     __________________________________________________________________________

      In Table 6, A* shows the number of dots which sparkled strongly, and B** 

      shows the number of dots which sparkled weakly.                          

CLMS
STM  We claim:
NUM  1.
PAR  1. Hot-melt adhesives for fibers consisting essentially of a copolyamide
      prepared by copolymerizing the following four monomer:
PA1  A. more than 5 and less than 20% by weight on the basis of the total amount
      of monomers of laurolactam and
PA1  B. resulting portion of comonomers consisting essentially of
PA2  a. 30 to 75% by weight of .epsilon.-caprolactam
PA2  b. 5 to 40% by weight of hexamethylenediammonium adipate
PA2  c. 20 to 65% by weight of hexamethylenediammonium sebacate,
PAL  wherein the total of (a), (b), and (c) is 100% by weight.
NUM  2.
PAR  2. Hot-melt adhesives of claim 1 wherein the copolyamides are in the form
      of a powder and wherein on the powder surface (a) 0.01 - 0.5 wt% based on
      the weight of the copolyamide of an inorganic substance having a particle
      diameter of 0.001.mu. - 50.mu. comprising a nucleating agent for said
      polyamides and (b) 0.05 - 0.3 wt%, based on the weight of the copolyamide,
      of at least one compound selected from the group consisting of higher
      aliphatic amides and metal salts of higher aliphatic carboxylic acids.
NUM  3.
PAR  3. Hot-melt adhesives of claim 2 wherein said inorganic substances are
      selected from the group consisting of talc, mica, calcium carbonate,
      magnesium oxide, silica, magnesium hydroxide, and calcium sulphate.
NUM  4.
PAR  4. Hot-melt adhesives of claim 2 wherein the higher aliphatic carbonamides
      are alkylene-bis-carbonamides having 8 - 20 carbon atoms.
NUM  5.
PAR  5. Hot-melt adhesives for fibers of claim 2 wherein the metal salts of
      higher aliphatic carboxylic acids are the stearates of a metal belonging
      to group I or II of the Perodic Table.
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ABST
PAL  Polymerization of maleic anhydride and vinyl acetate is carried out in the
      presence of a stabilizing agent prepared by copolymerizing maleic
      anhydride and an alpha-olefin.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to the polymerization of maleic anhydride
      and vinyl acetate and more particularly concerns the problem of the
      product precipitating from solution causing severe plating and causing
      difficulty in agitating the mixture.
PAR  During copolymerization of maleic anhydride and vinyl acetate in solvents
      such as toluene or benzene, the copolymer plates out on the reactor
      surfaces such as the stirring blade or the walls of the reactor. The
      copolymer may also form balls of product which clog up the bottom of the
      reaction vessel. While conducting such polymerizations without stabilizers
      of the present invention, stirring rods have broken and vessels have been
      cracked due to the plated polymer and polymer balls. Accordingly, an
      object of the invention is to prevent severe plating or polymer balls from
      forming and hindering the reaction.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention a stabilizing agent is added to the
      polymerization which alleviates the problem of severe plating and polymer
      ball formation of the product.
PAR  The stabilizing agent is made from maleic anhydride and an alpha-olefin
      containing from four to 18 carbon atoms. From 0.5 to 6% of these
      stabilizing agents, based upon the weight of the maleic anhydride desired
      to be polymerized with vinyl acetate, is added to the polymerization to
      achieve the desired results.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  While this invention will be described in connection with several
      experiments, it will be understood that it is not intended to limit the
      invention to these procedures. On the contrary, it is intended to cover
      all alternatives, modifications and equivalents as may be included within
      the spirit and scope of the invention as defined by the appended claims.
PAR  Experiment 1: Copolymerization of maleic anhydride with vinyl acetate
      without stabilizing agent.
PAR  To a mixture of 98 gm maleic anhydride, 4.0 gm thioglycolic acid, 1.0 gm
      azobisisobutyronitrile and 433 gm toluene at a temperature of 60.degree.C
      and purged with nitrogen was added 43 gm of vinyl acetate and the nitrogen
      was stopped. Within five minutes the temperature rose to 78.degree.C and
      the copolymer had plated enough to require scraping of the thermometer
      probe. After 27 minutes with a temperature of 68.degree.C, the stirrer
      broke and the reaction was stopped.
PAR  Experiment 2: Copolymerization of maleic anhydride with vinyl acetate
      without stabilizing agent.
PAR  To a mixture of 98 gm maleic anhydride in 300 gm of toluene was added 1.0
      gm azobisisobutyronitrile and 4.0 gm thioglycolic acid in 133 gm toluene.
      The mixture was purged with nitrogen at a temperature of 60.degree.C. Over
      a period of 1 hour, 86 gm of vinyl acetate was added while the temperature
      was maintained at about 64.degree.-69.degree.C. The temperature was then
      maintained at about 66.degree.-70.degree.C while a thick viscous emulsion
      formed which was hard to stir and caused extensive plating on the reaction
      apparatus.
PAR  Experiment 3: Preparation of stabilizing agent.
PAR  To a mixture of maleic anhydride and excess hexene-1 in toluene was added a
      free radical initiator and the reaction was carried out to completion. The
      solvent and excess hexene-1 was vacuum stripped to leave a white powder in
      anhydride form. This stabilizing agent was protected from moisture prior
      to use in the copolymerization. Other stabilizing agents are similarly
      made by choosing different alpha-olefins such as butene-1, octadecene-1 or
      others with from 4 to 18 carbon atoms.
PAR  Experiment 4: Copolymerization of maleic anhydride with vinyl acetate
      including 2% of a stabilizing agent incorporating octadecene-1.
PAR  To a mixture of 98 gm maleic anhydride, 4 gm thioglycolic acid, 1 gm
      azobisisobutyronitrile, 2 gm stabilizing agent made from maleic anhydride
      and octadecene-1 prepared as in Experiment 3 and 433 gm toluene purged
      with nitrogen was added, 86 gm vinyl acetate over a period of 45 minutes,
      keeping the temperature at about 69.degree.-75.degree.C. A heavy
      suspension was obtained; however, it was easy to stir and no complications
      in stirring were encountered. The stabilizing agent was dissolved in 100
      ml of hot toluene to aid dissolution.
PAR  Experiment 5: Copolymerization of maleic anhydride with vinyl acetate
      including a 4% stabilizing agent incorporating octadecene-1.
PAR  This experiment was conducted similar to Experiment 4  except that instead
      of 2 gm of the stabilizing agent made from maleic anhydride and
      octadecene-1, 4 gm was used. The vinyl acetate was added over a period of
      40 minutes and the temperature maintained from about
      66.degree.-78.degree.C. The product consisted of a heavy suspension,
      easily stirrable with no balling or severe plating observed.
PAR  Experiment 6: Copolymerization of maleic anhydride with vinyl acetate
      including 1% of a stabilizer incorporating hexene-1.
PAR  To a mixture of 98 gm of maleic anhydride, 4 gm of thioglycolic acid, 1 gm
      of azobisisobutyronitrile, 1 gm stabilizing agent made from maleic
      anhydride and hexene-1 in accordance with Experiment 3, and 433 gm toluene
      purged with nitrogen was added 86 gm of vinyl acetate. The vinyl acetate
      was added over a period of 70 minutes while the temperature was maintained
      at about 67.degree.-71.degree.C. There was considerable plating but no
      trouble with stirring and a desirable product was obtained.
PAR  Experiment 7: Copolymerization of maleic anhydride with vinyl acetate
      including 2% stabilizing agent incorporating hexene-1.
PAR  The reaction was conducted similarly to that of Experiment 6 except for 2
      gm of the stabilizing agent made from maleic anhydride and hexene-1
      instead of 1 gm. No problems with stirring or plating occurred.
PAR  Experiment 8: Copolymerization of maleic anhydride with vinyl acetate
      including 4% of a stabilizing agent incorporating hexene-1.
PAR  This reaction was conducted similarly to Experiment 6 except for 4 gm of
      the stabilizing agent made from maleic anhydride and hexene-1 of 1 gm and
      the vinyl acetate was added over a period of 55 minutes. No problems with
      stirring or plating occurred.
PAR  Thus, it is apparent that there has been provided in accordance with the
      invention a method that fully satisfies the objects, aims and advantages
      set forth above. While the invention has been described in conjunction
      with the specific embodiments thereof it is evident that many
      alternatives, modifications and variations will be apparent to those
      skilled in the art in light of the foregoing description. Accordingly, it
      is intended to embrace all such alternatives, modifications and variations
      as fall within the spirit and broad scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of polymerizing maleic anhydride and vinyl acetate in a solvent
      selected from the group consisting of toluene and benzene comprising
      carrying the polymerization out in the presence of a stabilizing agent
      comprising a copolymer of maleic anhydride and an alpha-olefin containing
      from four to 18 carbon atoms, the amount of stabilizing agent being from
      0.5 to 6% by weight of maleic anhydride.
NUM  2.
PAR  2. A method as in claim 1 wherein the alpha-olefin contains from six to 18
      carbon atoms.
NUM  3.
PAR  3. A method as in claim 1 wherein the stabilizing agent consists of a
      copolymer of maleic anhydride and hexene-1.
NUM  4.
PAR  4. A method as in claim 1 wherein the stabilizing agent comprises a
      copolymer of maleic anhydride and octadecene-1.
NUM  5.
PAR  5. A method as in claim 1 wherein the stabilizing agent is present in am
      amount from 0.1 to 4.0% by weight of maleic anhydride.
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ABST
PAL  Polysulfone resins dissolved in organic solvents can be recovered from
      these solutions by dispersion into water followed by treatment of the
      dispersion with an aliphatic hydrocarbon.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention pertains to the coagulative recovery of polysulfone resins
      from solutions thereof and more particularly to the use of aliphatic
      hydrocarbon non-solvent to effect coagulation.
PAR  One of the modes of preparing high polymers is by the solution
      polymerization of the corresponding monomer or monomers. It is known that
      the recovery of normally solid organic polymers from solution can be
      accomplished by non-solvent coagulation, i.e., by treating the solution
      with an excess of a liquid which is a non-solvent for the polymer but
      which is miscible with the polymer solvent. Agitation is usually required
      to facilitate mixing and to encourage the formation of normally solid
      polymer particles which can be isolated from the liquid phase without
      complications such as the formation of emulsions.
PAR  Other methods that have been used for the recovery of normally solid
      polymers from solution include precipitation induced by cooling the
      solution or by concentration of the solution by partial evaporation of the
      solvent. Removal of the solvent can also be induced by stripping at
      reduced pressures and/or elevated temperatures, melt recovery and spray
      precipitation.
PAR  The use of mechanical devolatizers to dry off residual solvents from
      recovered polymers leads to some thermal and shear degradation of the
      polymers and is often plagued by mechanical failures, seal strains and the
      like. Unfortunately, polymers, such as, normally solid polyarylene
      polyether polysulfone thermoplastic resins which are among the most
      difficult to rid of residual solvents, are also among the worst offenders
      in causing failure of mechanical processing equipment.
PAR  All of the above-described techniques have serious drawbacks. Precipitation
      and stripping are both expensive and time consuming and are usually
      limited to laboratory scale operations whenever possible. Melt recovery is
      complicated by mechanical failure of the equipment, and by degradation of
      the polymer.
PAR  The use of mixed solvents is complicated by the difficulty of solvent
      removal from the polymer particles during drying of the precipitated
      resin. It is well known in the art that polymers in general, regardless of
      their chemical make-up, retain solvent to varying degrees when isolated by
      prior art methods due to various causes, as for example, adsorption and
      mechanical or physical entrapment. Entrapment of solvents occurs with
      polymer structures ranging from the highly porous to the non-porous.
PAR  The effects of solvent retention by polymers are notorious and are
      reflected not only in deficient physical and mechanical properties but
      also in fabrication difficulties and in longer range manifestations such
      as polymer degradation or instability which is particularly serious in
      articles fabricated from the polymers. Regardless of the method used, it
      is often desirable to limit the amount of residual solvent retained in the
      recovered polymer to less than about 0.1%. In the case of polyarylene
      polyether polysulfone thermoplastic resins, it is preferred that the
      recovered resin contain less than about 500 parts per million (ppm) of
      residual solvent or any other liquid.
PAR  As the glass transition temperature of the polymer increases, the ease of
      recovery from solution by devolatilization methods decreases. The
      polyarylene polyether polysulfone thermoplastic polymers are particularly
      susceptible to this problem.
PAR  Another factor which complicates any system of polymer recovery from
      solution is the porosity and pore structure of the solid polymer
      particles. It is essential that the solvent/non-solvent mixture left
      within the precipitated resin maintain access to the external solution via
      the pore structure and that the pore walls do not collapse while removing
      the binary solution of solvent and non-solvent, as, for instance, by a
      drying operation; otherwise, entrapment of residual liquids ensues.
PAR  It is therefore an object of this invention to provide a suitable method
      for recovering normally solid, polyarylene polyether polysulfone
      thermoplastic resins from their solutions.
PAR  It is another object to recover normally solid polyarylene polyether
      polysulfone thermoplastic resins at temperatures as close to ambient
      temperatures as possible.
PAR  It is yet another object of this invention to recover normally solid
      polyarylene polyether polysulfone thermoplastic resins without entraping
      the binary solution of solvent and non-solvent either during precipitation
      or by collapse of the pore walls during drying.
PAR  It is still another object of this invention to recover dry, normally solid
      polyarylene polyether polysulfone thermoplastic resins containing less
      than 500 ppm of residual liquids.
PAC  SUMMARY OF THE INVENTION
PAR  A satisfactory method meeting the above-described objects has been found
      for a coagulative recovery of normally solid polyarylene polyether
      polysulfone thermoplastic resin from a solution thereof which comprises:
PAR  A. dispersing a solution of about 5-40% by weight solids content of
      normally solid polyarylene polyether polysulfone thermoplastic resin
      dissolved in an organic solvent having a solubility parameter, .delta., of
      about 7 to about 11 with a fractional polarity of about 0.04 to 0.4 into a
      continuous carrier liquid phase as discrete droplets having a Sauter mean
      diameter of approximately 50-250 microns;
PAR  B. Contacting the dispersion of (A) with a nonpolar aliphatic hydrocarbon
      having five to about 10 carbon atoms and a solubility parameter, .delta.,
      of about 7 to about 8 in a turbulent shear field so that each discrete
      droplet of resin solution coalesces with and is surrounded by said
      aliphatic hydrocarbon;
PAR  C. Continuing agitation of the contacted dispersion until sufficient
      organic solvent has diffused out of the resin droplets and sufficient
      aliphatic hydrocarbon has diffused into the resin droplets whereby
      normally solid, porous, non-agglomerated polyarylene polyether polysulfone
      thermoplastic resin particles are obtained;
PAR  D. Isolating from the continuous carrier liquid phase, normally solid resin
      particles containing a mixture of organic solvent and aliphatic
      hydrocarbon;
PAR  E. Removing organic solvent and aliphatic hydrocarbon not trapped within
      the pores of the normally solid resin particles, from said resin
      particles;
PAR  F. Extracting residual organic solvent from the normally solid resin
      particles with an aliphatic hydrocarbon having five to 10 carbon atoms and
      a solubility parameter, .delta., of about 7 to about 8; and
PAR  G. Reducing the level of liquids in the extracted normally solid resin
      particles to less than 500 ppm.
PAR  The theory of solubility parameters and fractional polarities and a listing
      of values for various solvents can be found in the article of the J. Paint
      Technology, 43-57, January, 1966.
PAR  The fraction polarity, p, is equal to the fraction of total interactions
      which are due to dipole-dipole attractions, p + i + d = 1
PAR  where d = fraction of interactions due to dispersion effects;
PAR  where i = fraction of interactions due to induction effects.
PAR  The solubility parameter is a measure of the strength of the interactions
      in a material but does not contain information concerning the nature of
      these interactions. For characterizing materials from this standpoint it
      can be assumed that intermolecular interations are due solely to
      dispersion induction and dipole forces.
PAR  "Sauter mean diameter" is explained fully in "Atomization and Spray Drying"
      by W. R. Marshall, Jr. of the Chemical Engineering Progress Monograph
      Series, No. 2, Vol 50, pages 50-53, published by the American Institute of
      Chemical Engineers, NYC (1954).
PAR  Suitable aliphatic hydrocarbons falling within the scope of this invention
      include n-pentane, 2-methyl pentane, 3-methyl pentane, n-hexane, 2-methyl
      hexane, 3-methyl hexane, 2,2-dimethyl pentane, 2,3-dimethyl pentane,
      2,4-dimethyl pentane, 3,3-dimethyl pentane, 3-ethyl pentane,
      2,2,3-trimethyl butane, n-heptane, n-octane, 2,2,4-trimethyl pentane,
      n-nonane, n-decane, and commercially available mixtures of the foregoing
      and other related isomers.
PAR  The preferred aliphatic hydrocarbons include in particular n-hexane, hexane
      isomers, n-heptane, and heptane isomers, as well as C.sub.9 -C.sub.10
      aliphatic mixture having a boiling range of about 157.degree. to
      163.degree.C. sold as Soltrol 100 by Phillips Petroleum Corporation.
PAR  Preferred organic solvents include halogenated aromatic hydrocarbons such
      as chlorobenzene, o-dichlorobenzene, 1-chloronaphthalene, o-chlorophenol,
      and p-bromoanisole. Other organic solvents which can be used include
      aliphatic hydrocarbons, such as, 1,1,2,2-tetrachloroethane,
      1,1,2-trichloroethane, chloroform, .omega.,107'-dichloroethyl ether,
      1,4-dichlorobutane, 1,4-dichloro-2-butene, 1,4-dichloro-2-butyne,
      1,2-dichloroethane, cis-dichloroethylene, methylene chloride and
      epichlorohydrin, as well as p-cresol, methyl salicylate, anisole, diphenyl
      ether, diphenoxy methane, acetophenone, benzophenone, benzaldehyde,
      aniline, nitrobenzene, thiophene, and p-methoxyphenyl-2-ethanol.
PAR  The minimum weight ratio of aliphatic hydrocarbon nonsolvent to polymer
      solution is dictated by that amount of nonsolvent just sufficient to form
      discrete nonagglomerated polyarylene polyether polysulfone resin
      particles.
PAR  The polyarylene polyether polysulfone thermoplastic resins of this
      invention contain repeating units having the formula
EQU  --Ar--SO.sub.2 --
PAL  wherein Ar is a divalent aromatic radical containing at least one unit
      having the structure
      ##SPC1##
PAL  in which Y is oxygen, sulfur or the radical residuum of an aromatic diol,
      such as a 4,4'-bis(p-hydroxyphenyl) alkane. Exemplary polysulfones include
      those which have the following repeating units:
      ##SPC2##
PAL  copolymerized units of
      ##SPC3##
PAL  wherein Q is oxygen or sulfur, as well as any combination of these
      repeating units.
PAR  The degree of polymerization of these polysulfones is sufficiently high so
      as to afford normally solid thermoplastic resins.
PAR  These polysulfone resins can be prepared by a substantially equimolar
      one-step reaction of a double alkali metal salt of a dihydric phenol with
      a dihalobenzenenoid compound in the presence of specific liquid organic
      sulfoxide or sulfone solvents under substantially anhydrous conditions
      using a azeotroping solvent such as chlorobenzene.
PAR  The solids content of polymer solution to be coagulated has a critical
      upper limit of about 30-40 weight percent. If the solids content is higher
      than this level then one does not obtain an interconnecting pore structure
      within the structure of the particle and furthermore, one cannot achieve
      particle size resin in the 50-250 .mu. range. Resin particles above 250
      .mu. again do not afford the pore structure desired. The lower limit for
      the polymer solution solids content is not narrowly critical, but to be
      practical, one would not economically employ polymer solutions of less
      than about 10 weight percent.
PAR  The dispersion of the polymer solution in a continuous water phase can be
      accomplished by any high shear dispersing device known in the art, such
      as, an Oakes Mixer, a Netco Mixer, Premier Dispersator and the like.
PAR  The term high shear field is defined herein to mean the generation of large
      velocity gradients in the fluid phase by the movement of solid objects
      such as propellers or turbine blades at high speeds.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The instant invention is a low temperature polymer recovery technique which
      utilizes in part the virtual insolubility of the polymer in a suitable
      non-solvent. The non-solvent is an extracting agent which extracts the
      solvent from the dispersed polymer solution phase, leaving the polymer
      behind in the form of discrete particles. When the dispersed polymer
      solution droplets are contacted with non-solvent, coagulation of the
      polymer takes place within the droplets forming porous particles whose
      size is dictated by the size of the original polymer solution droplet.
      Although most of the organic solvent is thus removed from the polymer
      particle, some does remain within the pores of each particle which must be
      removed. This is done by first removing the particles saturated with the
      mixture of solvent and non-solvent from the continuous liquid phase and
      then removing the external layer of organic solvent and aliphatic
      hydrocarbon surrounding the particles. This can be effected by wet
      screening or any simple drying technique at ambient temperatures. Since
      there is still organic solvent trapped within the pores of the polymer
      particles it is necessary to extract the particles with fresh aliphatic
      hydrocarbon which simulates a counter-current operation of an extraction
      train. This operation can be carried out several times until the particles
      are free of trapped solvent. The aliphatic hydrocarbon together with
      extracted residual organic solvent can then be easily removed by any
      conventual drying technique. One preferable method is to contact the
      polymer particles directly with boiling water at 100.degree.C. Another
      preferable method consists of contacting the polymer particles with super
      heated steam in an oven, or a continuous dryer. These techniques then
      leave dry polymer particles free of both the original organic solvent and
      the added aliphatic hydrocarbons.
PAR  The choice of both organic solvents and aliphatic hydrocarbons is limited
      by several considerations. First of all, it has been found that the
      relative extraction efficiency of the aliphatic hydrocarbons for the
      organic solvents decreases as the molecular weight of the aliphatic
      hydrocarbon increases. Those aliphatic hydrocarbons containing about 10
      carbon atoms have been determined as the approximate upper limit. Since an
      increase in molecular weight in the aliphatic hydrocarbons decreases its
      volatility this also constitutes another variable determining the upper
      limit of the aliphatic hydrocarbon. At the lower limit, the aliphatic
      hydrocarbon must not be too volatile, otherwise, it would be too transient
      to function as described above for the extraction of the organic solvent.
      Another factor to be considered in the choice of a particular aliphatic
      hydrocarbon is the fact that as the molecular weight of the aliphatic
      hydrocarbon increases, larger concentrations of organic solvents within
      the polymer particle can be tolerated during the final drying operation
      without loss of polymer pore structure and severe particle agglomeration.
      Consequently fewer secondary extraction stages are necessary for the
      higher molecular weight aliphatic hydrocarbons before the final drying
      operation to complete removal of the organic solvent. Additionally as the
      volatility of the aliphatic hydrocarbon decreases, it is easier to
      condense and thus decreases the necessary heat transfer area of equipment
      designed for the recovery of the aliphatic hydrocarbon following its
      removal from the polymer particles. These operating and economic
      considerations have led to the conclusion that the much preferred
      aliphatic hydrocarbon is n-hexane or hexane isomers with n-heptane or
      heptane isomers as a second choice.
PAR  The first step in the recovery of polysulfone resin from solution involves
      the creation of an unstabilized dispersion of polysulfone resin solution
      in a carrier liquid used as the dispersing medium. Water is the most
      economical and available choice as the carrier liquid although the
      invention is not limited to water. The unstabilized dispersion is
      contacted in a second stage, maintained in a highly turbulent state in the
      presence of a third liquid which is a non-solvent for the polysulfone
      resin. This non-solvent may or may not be miscible with the carrier
      liquid. This contacting of the non-solvent and droplets of the polysulfone
      dispersion causes the polysulfone resin to be precipitated from solution
      in the form of discrete particles of uniform shape and size controlled by
      the size and shape of the original droplets created by the high shear
      device used for creating the unstabilized dispersion in the first stage.
      Conventional coagulation, carried out by contacting of the resin solution
      with non-solvent directly, that is, without prior dispersion in a carrier
      liquid, is often unsatisfactory because it is difficult to control the
      size and shape of the coagulated particles. It has been found that it is
      uneconomical to remove residual solvents from particles which are too
      large. In this respect, particles which have a large internal surface area
      can be dried with significantly greater ease than particles having little
      or no internal surface area. Forming uniformly shaped particles is
      significant with respect to the hydraulic and pneumatic transport and ease
      of drying in the process steps necessary to remove residual solvents from
      the resin particles. Furthermore, non-uniform particle shape often has a
      deleterious effect on the bulk density of coagulated resin. Other
      disadvantages of conventional coagulation are concerned with processing
      limitations which arise with respect to allowable resin concentrations in
      solution. Because it is often necessary to dilute the polymer solutions so
      that the viscosity falls in a range where conventional coagulation can be
      carried out, significantly larger quantities of non-solvent are required
      which is uneconomical with respect to the overall resin recovery process.
PAR  In the practice of this invention, many of the process limitations
      discussed above are avoided. A dispersion of the polysulfone resin
      solution in the dispersing medium is prepared without the aid of an
      emulsifying or stabilizing agent but by violent agitation or shearing of
      the polymer solution in any of several conventional types of dispersing
      devices including mills, homogenizers, high shear dispersing mixers,
      ultrasonic emulsators and the like. The choice of dispersing device is not
      critical but is dictated by the volume of resin solution to be dispersed,
      the droplet size of the resin solution, the droplet size distribution
      desired, temperature and concentration of the resin solution. The ultimate
      size of the normally solid resin particle obtained by this process is
      controlled by the droplet size of the resin solution created in the
      dispersing device. The volume fraction of the resin solution in the
      dispersing medium can be varied over a significant range, oftentimes up to
      volume fractions approaching the point of phase inversion. The
      concentration which is preferred is one which provides an economic
      compromise between the increased equipment size required for low disperse
      phase volume fractions and increased power costs and loss of drop size
      uniformity found with strongly coalescing systems of high disperse phase
      volume fractions. Generally, dispersed volume fractions between 0.05 and
      0.30 are optimal.
PAR  In the second step of this process the unstabilized dispersion is fed into
      a second mixing vessel in turbulent agitation where the polymer solution
      droplets are contacted with sufficient non-solvent to cause precipitation
      of the resin from solution. The level of non-solvent required is dictated
      by the thermodynamics of the polymer/solvent/non-solvent dispersing medium
      system and by the necessary restriction that the solvent concentration be
      reduced within the polymer particles to a level sufficient to bring the
      particle through the sticky stage quickly enough to avoid substantial
      agglomeration of the particles with one another and with the surfaces of
      the agitation equipment.
PAR  While a range of ratios of organic solvent to aliphatic hydrocarbon of
      about 1.25:1 to 0.25:1 can be used, it is preferred to use a range of
      about 1:1 to 0.4:1. The polymer particles can be separated from the
      external liquids in the system by any known mechanical separation process
      such as filtration, centrifugation or screening. The liquids retained in
      the pores and dissolved in the resin particles must also be removed.
      Although the remaining extraction steps necessary for the removal of these
      internal liquids are conventional in nature, the economic success of the
      remaining stages hinges on the character, that is, size, shape and
      internal structure of the resin particles prepared in the coagulation
      step. After mechanical separation of the resin particles from the external
      liquid, the resin may be washed with more non-solvent in either a batch or
      continuous fashion to reduce further the solvent level within the resin.
PAR  The non-solvent can be removed from the pores of the resin particle by any
      of several drying techniques including oven drying, extractive
      distillation with steam or vacuum oven drying. The advantages of
      extractive distillation with steam result from the fact that the
      non-solvent/water vapor can be condensed overhead and hence recovered. If
      steam extraction is used, any of several conventional drying techniques
      can be employed to remove the water from the resin including oven drying,
      fluid bed drying and spray drying.
PAR  It will be understood by those skilled in the art that no unusual or
      specifically designed equipment is necessary since the invention resides
      in the nature and sequence of the steps as outlined above and not on the
      means for carrying them out.
PAR  The invention is illustrated on a commercial scale in the schematic flow
      sheet outlined in the FIGURE for the recovery of polysulfone from a
      chlorobenzene solution. A polysulfone/chlorobenzene solution is pumped
      from storage 2 into a high shear dispersing device 4 containing water
      where the polymer solution is dispersed into droplets with a Sauter mean
      diameter in the range of 50-250 microns. The polymer solids content of the
      original solution and each dispersed droplet is about 15-25  percent by
      weight. The dispersion is then pumped from disperser 4 to a coagulator 6
      also equipped with an agitator; the dispersion enters the coagulator 6
      near the agitator where it is mixed in the high shear zone with a stream
      of n-hexane which enters from the top of coagulator 6, the amount of
      n-hexane being regulated to effect a weight ratio in coagulator 6 of
      approximately 1:1 chlorobenzene to n-hexane. The mixture from coagulator 6
      is then passed to decanter 8 where a slurry containing solid polysulfone
      and the mixture of chlorobenzene and n-hexane is separated by decantation
      from the water. The water is recirculated from this point back to
      disperser 4. The polymer slurry is led to a dewatering screen 10 where the
      mixture of chlorobenzene and n-hexane is separated from porous coagulated
      polysulfone. The mixture of chlorobenzene and n-hexane is pumped into a
      nozzle discharge centrifuge type liquid clarifier 12 where polysulfone
      fines are removed. The mixture of chlorobenzene and n-hexane is fed to
      another system where the two components are separated by distillation for
      re-use. The polysulfone particles isolated at the dewatering screen 10
      still contain considerable quantities of solvent both within the pores of
      the polymer and dissolved in the resin phase. The polysulfone particles
      are therefore led into an extractor 13 containing n-hexane and an
      agitator. Polysulfone is recovered from the extracting liquid by passing
      to the dewatering screen 14 and then extracted again in a second agitated
      extractor 16 also containing n-hexane. The mixture of n-hexane and
      polysulfone particles are then passed to a solid bowl centrifuge 18 where
      the solid polysulfone particles are recovered. The n-hexane is recycled
      through the extractor 13. The polysulfone particles are led to an indirect
      heat transfer dryer, such as, a Werner-Pfleiderer spiral dryer 20 where
      the particles are contacted with super heated steam at approximately 1
      atmosphere at 140.degree.C. The polysulfone particles are then led from
      the spiral dryer 20 to a cyclone separator 22. The final drying stage of
      the polysulfone particles is then effected in a fluidized bed drier 24
      where the volatiles content of the final dried polysulfone is decreased to
      a maximum of 500 parts of chlorobenzene and n-heptane per million parts of
      polysulfone. The polysulfone particles can then be removed from drier 24
      for storage.
PAR  Temperature and pressure are not critical during the dispersing and the
      contacting steps of the claimed method where ambient conditions are
      preferred for economic reasons. During the drying stages, temperatures
      normally used with the equipment employed are satisfactory.
PAR  The invention is further described in the Examples which follow. All parts
      and percentages are by weight unless otherwise specified.
PAC  EXAMPLE 1
PAC  COAGULATIVE RECOVERY OF POLYSULFONE FROM A CHLOROBENZENE SOLUTION
PAR  The normally solid polyarylene polyether polysulfone thermoplastic resin
      used in this Example is composed of repeating units having the structure
      shown below:
      ##SPC4##
PAL  where n = 10 to 500.
PAR  This resin can be prepared in the following manner.
PAR  A 1-liter stainless steel resin kettle, fitted with an inert gas sparge
      tube, thermocouple, mechanical stirrer, dropping funnel, and take-off to a
      six-plate (glass helix) fractionating column connected to a moisture trap
      and condenser, was charged 51.36 g. (0.225 mole) of bisphenol A,
      2,2-bis(4-hydroxyphenyl)propane, 115 g. of dimethyl sulfoxide, and 330 g.
      of chlorobenzene. The mixture was heated to 60.degree.-80.degree.C.,
      whereupon a clear solution was obtained. Air was displaced from the system
      by flushing with nitrogen or argon and 35.86 g. of a 50.2% solution of
      aqueous sodium hydroxide (0.450 mole) was added with stirring over a
      period of about 10 minutes. Two liquid phases then appear: one
      predominantly chlorobenzene, the other disodium salt of bisphenol A
      dissolved in aqueous dimethyl sulfoxide. The system was brought to reflux
      with inert gas sparging through the reaction mixture. Water was removed
      from the system as an azeotrope with chlorobenzene, the latter being
      returned to the system continuously. In so doing the temperature of the
      reaction mixture rose from about 120.degree.C. initially to about
      140.degree.C. at the conclusion of this step. When this temperature was
      reached, most of the water originally present had distilled and the
      disodium salt of bisphenol A appeared as a precipitate.
PAR  Excess azeotrope solvent was distilled from the system until the
      temperature of the flask contents reached 155.degree.-160.degree.C. At
      this point the salt precipitate redissolved with the formation of a very
      viscous solution. Only traces of water remained at this stage.
PAR  A 50% solution of 64.61 g. (0.225 mole) of 4,4'-dichlorodiphenyl sulfone in
      dry chlorobenzene maintained at a temperature of 110.degree.C. was added
      over a period of about 10 minutes to the reaction flask, the excess
      solvent being allowed to distill at a rate sufficient to hold the
      temperature of the flask contents at about 160.degree.C. When all of the
      sulfone had been added, polymerization was continued until the desired
      degree of polymerization was reached. A reduced viscosity as measured in
      chloroform solution (0.2 g./100 ml). at 25.degree.C. of about 1.0 or
      higher was reached in about 1 hour at 160.degree.C. after addition of all
      of the sulfone.
PAR  The temperature of the reaction mixture was not allowed to drop below about
      150.degree.C. until the polymerization reaction was well along, as
      sodium-terminated low polymer is very difficult to redissolve upon heating
      owing to the problem of solvent migration. Too high a temperature during
      addition of the sulfone and subsequent polymerization were avoided, since
      the polymerization is mildly exothermic and, extremely rapid above
      160.degree.C. to prevent excessive solvent decomposition, discoloration
      and/or gelation.
PAR  Upon addition of the sulfone, the reaction mixture became vividly colored,
      ranging from orange to yellow to deep green.
PAR  Polymerization was terminated by passing methyl chloride into the
      polymerizing mixture at a temperature of about 120.degree.-160.degree.C.
      over a period of 5 minutes. The color of the reaction mixture faded to a
      light amber, signalling the completion of the termination.
PAR  The viscous polymer solution was then cooled and diluted with a sufficient
      amount of chlorobenzene to afford a 20% by weight solution of polysulfone.
      The by-product sodium chloride was removed by filtration and the dimethyl
      sulfoxide was removed by aqueous extraction.
PAR  Polysulfone solution prepared as described above was treated as follows.
      Twenty pounds per hour of this 20% solution was introduced into a
      disperser similar to that in the FIGURE having a void of 0.4 cubic feet
      together with 146 pounds per hour of water. The disperser was operated to
      afford polymer solution droplets having a Sauter mean size of
      approximately 200 microns and was operated at a disperse phase hold up to
      12%. The dispersed phase polysulfone solution droplets were coagulated in
      the coagulator using n-hexane at a 1:1 ratio of chlorobenzene to n-hexane.
      The coagulated resin and associated organic liquids contained in each
      droplet were decanted from the water phase. The resin was wet screened to
      remove the external organic liquids from the polysulfone coagulated
      particles. The polysulfone was then contacted 2 times with fresh n-hexane
      at a 2.1:1 ratio of n-hexane to wet polysulfone. This simulated counter
      current operation of an extraction train. Following the last extraction
      step, the polysulfone resin was split into two fractions. One fraction was
      dried by contacting the resin directly with boiling water at 100.degree.C.
      The second fraction was dried by contacting the resin with superheated
      steam at 130.degree.-140.degree.C. in an oven. In the second case, much of
      the heat needed to vaporize the organic volatiles, viz., chlorobenzene and
      n-hexane was supplied by indirect heating from the walls of the oven.
      Samples were removed and analyzed for the volatiles content as a function
      of time using a gas phase chromatography technique. The results of the
      analysis are presented below.
TBL  ______________________________________                                    

     SATURATED STEAM    SUPERHEATED STEAM                                      

                     %                   %                                     

     Time   %        monochloro-                                               

                                %        monochloro-                           

     (min.) Hexane   benzene    Hexane   benzene                               

     ______________________________________                                    

     0      48.6     4.90       48.6     4.90                                  

     30     --       --         2.81     2.09                                  

     60     2.65     2.09       .012     .077                                  

     ______________________________________                                    

PAR  These results indicate a clear superiority of super heated steam scrubbing
      for removing the volatile components from the polysulfone particles.
PAC  CONTROL A
PAR  The superiority of the dispersed phase technique used in this invention was
      demonstrated by comparing this operation with a direct contacting of the
      polysulfone solution with n-hexane without the benefit of an aqueous
      carrier phase and predispersion step. Of the advantages afforded by this
      invention the first was a demonstration that a more uniformly sized and
      shaped polysulfone particle size distribution was obtained. A comparison
      of polysulfone resins coagulated under the direct mode showed under a
      three power magnifying glass that the particles were in the form of flakes
      which are more difficult to dry and more difficult to handle. In contrast
      the particles obtained as per the procedure of Example 1 showed uniformly
      shaped particles of a much finer size than in the case of direct
      contacting.
PAR  Secondly, the dispersion in water technique allows the polymer particle
      forming capability of the coagulator to be uncoupled from its solvent
      extraction objective. At low shear rates of dispersed mode operation, more
      uniformly shaped particles were formed. This obviates the need for very
      high speed and more difficult to maintain particle forming devices.
PAR  Thirdly, the use of the continuous water phase as in Example 1, prevents
      the build-up of coagulated resins on the walls and baffles of the
      coagulator at low non-solvent to polymer solution ratios.
      Solvent/non-solvent recycle back to the coagulator becomes necessary in
      the direct mode operation, (no water dispersion) unless higher
      non-solvent/polymer solution ratios are used.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was used with polysulfone polymer prepared as a
      15% solution in chlorobenzene and using Soltrol 100 (a tradename of
      Phillips Petroleum Corporation for a mixture of C.sub.9 -C.sub.10
      aliphatic hydrocarbons having a boiling range of
      157.degree.-163.degree.C.) as the coagulating non-solvent. The ratio of
      chlorobenzene to nonsolvent was 0.47:1 and the volume percent of polymer
      solution in the water phase was 6.4%. Using a continuous operation,
      polysulfone resin particles having a Sauter mean diameter of 100-200 .mu.
      microns were readily obtained.
PAR  Although the invention has been described in its preferred form as of a
      certain degree of particularity, it is understood that the present
      disclosure of the preferred forms has been made only by way of example and
      that numerous changes may be resorted to without departing from the spirit
      and the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Method for the coagulative recovery of normally solid polyarylene
      polyether polysulfone thermoplastic resin from a solution thereof which
      comprises:
PA1  A. dispersing a solution of about 5-40% by weight solids content of
      normally solid polyarylene polyether polysulfone thermoplastic resin
      dissolved in an organic solvent having a solubility parameter, .delta., of
      about 7 to about 11 with a fractional polarity of about 0.04 to 0.4 in a
      continuous carrier liquid phase as discrete droplets having a Sauter mean
      diameter of about 50 to about 250 microns.
PA1  B. contacting the dispersion of (A) with an aliphatic hydrocarbon having
      five to about 10 carbon atoms and a solubility parameter, .delta., of
      about 7 to about 8 in a turbulent shear field so that each discrete
      droplet of resin solution coalesces with and is surrounded by said
      aliphatic hydrocarbon;
PA1  C. continuing agitation of the contacted dispersion until sufficient
      organic solvent has diffused out of the resin droplets and sufficient
      aliphatic hydrocarbon has diffused into the resin droplets whereby
      normally solid, porous, non-agglomerated polyarylene polyether polysulfone
      thermoplastic particles are obtained;
PA1  D. isolating from the continuous carrier liquid phase normally solid resin
      particles containing a mixture of organic solvent and aliphatic
      hydrocarbon;
PA1  E. removing organic solvent and aliphatic hydrocarbon not trapped within
      the pores of the normally solid resin particles from said resin particles;
PA1  F. extracting residual organic solvent from the normally solid resin
      particles with an aliphatic hydrocarbon having five to 10 carbon atoms and
      a solubility parameter, .delta., of about 7 to about 8; and
PA1  G. reducing the level of liquids in the extracted normally solid resin
      particles to less than 500 ppm.
NUM  2.
PAR  2. Method claimed in claim 1 wherein the polyarylene polyether sulfone
      thermoplastic resin contains repeating units having the formula
EQU  Ar--SO.sub.2
PAL  wherein Ar is a divalent aromatic radical containing at least one unit
      having the structure
      ##SPC5##
PAL  in which Y is oxygen, sulfur or the radical residuum of an aromatic diol.
NUM  3.
PAR  3. Method claimed in claim 1 wherein Y is oxygen.
NUM  4.
PAR  4. Method claimed in claim 1 wherein Y is sulfur.
NUM  5.
PAR  5. Method claimed in claim 2 wherein Y is the radical residuum of an
      aromatic diol.
NUM  6.
PAR  6. Method claimed in claim 5 wherein the aromatic diol is a
      bis-p-hydroxyphenyl)alkane.
NUM  7.
PAR  7. Method claimed in claim 5 wherein the aromatic diol is a
      2,2'-bis(p-hydroxyphenyl) propane.
NUM  8.
PAR  8. Method claimed in claim 1 wherein the polyarylene polyether polysulfone
      has repeating units of the structure:
      ##SPC6##
NUM  9.
PAR  9. Method claimed in claim 1 wherein the organic solvent is chlorobenzene.
NUM  10.
PAR  10. Method claimed in claim 1 wherein the aliphatic hydrocarbon is
      n-hexane.
NUM  11.
PAR  11. Method claimed in claim 1 wherein the aliphatic hydrocarbon is a
      mixture of hexane isomers.
NUM  12.
PAR  12. Method claimed in claim 1 wherein the aliphatic hydrocarbon is
      n-heptane.
NUM  13.
PAR  13. Method claimed in claim 1 wherein the aliphatic hydrocarbon is a
      mixture of heptane isomers.
NUM  14.
PAR  14. Method claimed in claim 1 wherein the weight ratio of organic solvent
      to aliphatic hydrocarbon is in the range of 1.25:1 to 0.25:1.
NUM  15.
PAR  15. Method claimed in claim 1 wherein the volume fraction of the resin
      solution in the dispersing medium is between 0.05 and 0.30.
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ABST
PAL  Polymers containing units of the general formula:
      ##EQU1##
      in which X denotes --CH.sub.2 --, --CH.sub.2 --CH.sub.2 --,
      ##SPC1##
PAL  or divalent C.sub.3.sup.+10 cycloalkyl,
PA1  n denotes 0 or 1 and
PA1  R denotes H, C.sub.1.sup.+10 alkyl or aryl.
PAL  These polymers are used in the manufacture of crosslinkable coatings and
      for finishing papers and textiles.
BSUM
PAR  This application discloses and claims subject matter described in German
      patent application P 23 16 299.4, filed Mar. 31, 1973, which is
      incorporated herein by reference.
PAR  This invention relates to polymers containing units of the general formula:
      ##EQU2##
PAR  It is known that vinyl compounds containing no hydroxyl groups, such as
      ethylene, styrene and vinyl chloride, may be readily homopolymerized or
      copolymerized. Vinyl compounds containing hydroxyl groups, e.g. allyl
      alcohol or butene-1-ol-3, are virtually unpolymeriable to high molecular
      weight substances under the usual conditions of high-pressure
      polymerization. These compounds act as chain stoppers, for example in the
      free radical polymerization of ethylene, and polyethylene produced in the
      presence of such chain stoppers has a lower molecular weight than that
      obtained in the absence of such chain stoppers under similar
      polymerization conditions.
PAR  It is an object of the invention to provide polymers which contain a number
      of functional groups and are therefore capable of entering into further
      reactions.
PAR  This object is achieved in accordance with the present invention by
      polymers containing units of the general formula:
      ##EQU3##
      in which X denotes --CH.sub.2 --, --CH.sub.2 --CH.sub.2 --,
      ##SPC2##
PAL  or divalent C.sub.3-10 alkyl,
PA1  n denotes 0 or 1 and
PA1  R denotes H, C.sub.1-10 alkyl or aryl.
PAR  The thiol group-containing polymers are prepared by polymerizing a compound
      of the general formula:
      ##EQU4##
      in which X denotes --CH.sub.2 --, --CH.sub.2 --CH.sub.2 --,
      ##SPC3##
PAL  or divalent C.sub.3-10 cycloalkyl, n is 0 or 1 and R is H, C.sub.1-10 alkyl
      or aryl, is polymerized optionally together with other ethylenically
      unsaturated monomers, at temperatures of from 0.degree. to 150.degree.C in
      the presence of free-radical initiators. In the last-named general
      formula, R may also be substituted aryl.
PAR  The polymers of the invention contain hydroxyl groups and sulfur bridges.
      Such polymers are reactive on account of the said functional groups and
      may be modified by further reactions. It is surprising that ethylenically
      unsaturated monomers containing sulfur bridges and hydroxyl groups can be
      polymerized to substances of high molecular weight, because compounds
      containing sulfur and hydroxyl groups are known to act as polymerization
      inhibitors or chain stoppers.
PAR  Suitable ethylenically unsaturated thioglycols are for example
      ##EQU5##
      ##SPC4##
PAR  The above ethylenically unsaturated thioglycols are prepared by reacting
      ethylene oxides with thioglycol derivatives in a molar ratio of about 1 :
      1 and at temperatures of from 50.degree. to 100.degree.C. Usually, from
      0.1 to 1% by weight, based on the reactants, of a base such as caustic
      soda or triethylamine is added. The reaction is complete after about 30
      minutes to 10 hours. The product consists of an isomeric mixture which
      always contains more than 90% of the above compounds. The ethylenically
      unsaturated thioglycol compounds may be very easily prepared in a pure
      form. Separation of the isomers presents no difficulty. The reaction of
      the ethylenically unsaturated ethylene oxides with the mercapto
      derivatives may be carried out in the presence or absence of solvents such
      as aromatic hydrocarbons or ethers.
PAR  The relevant ethylenically unsaturated thioglycol derivatives may be
      polymerized with the aid of oxygen or free-radical initiators. Suitable
      initiators are for example hydrogen peroxide, organic hydroperoxides and
      peroxides, caproyl peroxide, lauroyl peroxide, t-butyl perbenzoate,
      dicumyl peroxide, p-methane hydroperoxide, cumene hydroperoxide, succinic
      peroxide and also aliphatic azo compounds capable of disintegrating into
      free radicals under the conditions of polymerization, for example
      2,2'-azo-bis-2,4-dimethylvaleronitrile, 2,2'-azodiisobutyronitrile and
      analogous azonitriles such as are listed in J. Hine, "Reaktivitaet und
      Mechanismum in der organischen Chemie," Verlag Georg Thieme, Stuttgart
      1960, page 412, and also conventional redox catalyst systems such as
      systems consisting of potassium or ammonium persulfate and ascorbic acid,
      sodium hydrosulfite or iron(II) salts.
PAR  Also suitable are chelates of transition metals known to be effective as
      free-radical initiators, particularly those in which the metal is present
      in an unusual valency, such as chelates of manganese(III), cobalt(III),
      copper(II) and cerium(IV). The complexing agents used are generally
      1,3-dicarbonyl compounds. As examples there may be mentioned
      manganese(III) acetylcarbonate and cobalt(III) acetoacetate.
PAR  The initiators are generally used in an amount of from 0.05 to 5% and
      preferably from 0.1 to 2.5% by weight of the weight of monomer. The most
      suitable initiator and the most suitable amount thereof may be readily
      determined by simple experiment.
PAR  The ethylenically unsaturated thioglycol derivatives may also be
      polymerized by the action of high energy radiation. Particularly suitable
      radiation consists of electron beams or cobalt 60 radiation.
PAR  Polymerization of the ethylenically unsaturated thiolglycol derivatives may
      be carried out in bulk or in the presence of solvents or diluents.
      Suitable solvents are for example alcohols such as methanol, ethanol,
      propanol, n-, iso- and t-butanols, ketones such as methyl ethyl ketone and
      methyl propyl ketone, ethers such as tetrahydrofuran and dioxane, and
      aliphatic, cycloaliphatic or aromatic hydrocarbons such as heptane,
      hexane, cyclohexane and benzene. Also suitable are formamide and dimethyl
      formamide. Water may be used as diluent. As in other polymerization
      systems, the polymers of the invention may be manufactured by the
      well-known suspension, solution and emulsion polymerization processes. It
      is possible to use auxiliaries if desired, for example buffer systems,
      dispersing agents and protective colloids. The polymerization temperature
      may be varied within wide limits, approximately from 0.degree. to
      150.degree.C and preferably from 50.degree. to 120.degree.C.
PAR  The monoethylenically unsaturated thioglycol derivatives may, if desired,
      be copolymerized with other monoethylenically or diethylenically
      unsaturated compounds. Examples of suitable monoethylenically and
      diethylenically unsaturated compounds are olefins having from two to six
      carbon atoms, for example ethylene, propylene, butene-1, butadiene-1,3,
      isoprene, 2,3-dimethyl butadiene-1,3, styrene and substituted styrenes
      such as .alpha.-methylstyrene, p-methylstyrene and p-chlorostyrene;
      acrylates and methacrylates derived from alcohols of from one to 18 and
      preferably from 1 to 8 carbon atoms, for example acrylates and
      methacrylates of methanol, ethanol, n-, iso- and t-butanols and
      2-ethylcyclohexanol; vinyl esters derived from carboxylic acids of from
      two to four carbon atoms, for example vinyl acetate and vinyl propionate;
      acrylamide and methacrylamide and the corresponding N-substituted amides
      such as N-methylol acrylamide, N-methylol methacrylamide and their ethers
      such as N-methylol acrylamide butyl ether, N-methylol methacrylamide
      methyl ether; acrylonitrile and methacrylonitrile; vinyl ethers such as
      methyl, ethyl and alkyl vinyl ethers having C.sub.3-6 alkyl radicals and
      also fumaric acid, maleic acid and itaconic acid and esters thereof,
      acrylic acid, methacrylic acid and maleic anhydride. Of the above
      compounds, two or more may be simultaneously copolymerized with the
      ethylenically unsaturated thioglycol derivatives. For example, a mixture
      of an ethylenically unsaturated thioglycol derivative, 2-ethylhexyl
      acrylate and acrylic acid may be copolymerized.
PAR  In the preparation of copolymers, the proportion of ethylenically
      unsaturated thioglycol derivative in the monomeric mixture may be varied
      within wide limits, for example from 99 to 0.1% and preferably from 20 to
      5% by weight. The comonomers are randomly distributed in the copolymer. In
      cases where the comonomer is ethylene, the copolymers may contain, for
      example, units of the formulae:
      ##EQU6##
      and
EQU  [--CH.sub.2 --CH.sub.2 --]
PAL  If, in addition to ethylene, an acrylate is also used as comonomer, the
      copolymers of the invention may be represented by the following formula:
      ##EQU7##
      in which A is [--CH.sub.2 --CH.sub.2 --]and B is
      ##EQU8##
PAR  The K values of the homopolymers and copolymers of the invention are
      between 20 and 110 [as determined by the method proposed by H. Fikentscher
      in Cellulosechemie, 13, 58 (1932) in 1% dimethyl formamide solution].
PAR  Particular attention should be paid to the copolymerization of
      ethylenically unsaturated thioglycol derivatives with ethylene. In this
      case, as in other cases in which very low-boiling monomers are used, it is
      necessary to carry out polymerization under elevated pressure.
      Copolymerization with ethylene is usually carried out under pressures of
      up to 3,000 atmospheres and preferably in the range 1,000 to 2,500
      atmospheres. Ethylene copolymerization may be carried out in the absence
      of a solvent. The ethylene copolymers contain from 5 to 99% by weight of
      ethylene and have a melt index (as determined by ASTM D 1238/65 T) of from
      0.1 to 100 and preferably from 0.2 to 20 g/10 min (190.degree.C/2.16 kg
      load).
PAR  Copolymerization may also be carried out in emulsion by adding the
      copolymerizable monomers to an aqueous soap emulsion containing an
      initiator, a buffer system and, if necessary, a protective colloid and
      effecting polymerization at elevated pressures, for example pressures of
      from 500 to 2,000 atmospheres. Copolymerization of the ethylenically
      unsaturated thioglycol derivatives with acrylates may be carried out in
      aromatic or aliphatic hydrocarbons acting as solvents.
PAR  The polymers of the invention may be used, for example, in the manufacture
      of shaped articles or as adhesives. It is also possible to use them in
      admixture with other plastics materials, for example with polyethylene,
      polypropylene and copolymers of ethylene and vinyl acetate. When polymers
      of the invention are added to polyethylene or polypropylene even in
      amounts as low as about 2% by weight, there is a substantial improvement
      in the dyeability of the latter polymers. The polymers of the invention
      have a relatively high refractive index and possess antistatic properties.
      Furthermore, since they have surface-active properties, they are also
      used, inter alia, for finishing paper and textiles. A particularly
      noteworthy application is the use of the polymers of the invention in the
      manufacture of crosslinkable coatings.
DETD
PAR  The invention is further described with reference to the following
      Examples, in which parts and percentages are by weight. The K values are
      determined by the above method proposed by H. Fikentscher.
PAC  EXAMPLE 1
PAR  To 100 parts of a compound of the formula:
      ##EQU9##
      there is added 0.1 part of azodiisobutyronitrile in a nitrogen atmosphere
      with the exclusion of oxygen. The components are mixed and heated at
      60.degree.C for 4 hours.
PAR  The homopolymer is precipitated by the addition of methanol and is then
      washed with methanol and dried. There are obtained 40.5 parts of a polymer
      having a K value of 63.5 (1% in dimethyl formamide), and having a glass
      temperature T.sub.G of -56.degree.C and a refractive index n.sub.D.sup.20
      of 1.5803.
PAC  EXAMPLES 2 to 10
PAR  Ethyl acrylate and
      ##EQU10##
      are mixed in various proportions as listed in Table I below, and 0.1% of
      azodiisubutyronitrile is added to each mixture which is heated for 2 hours
      at 70.degree.C. The copolymers are precipitated with methanol, washed with
      methanol and dried in a vacuum drying cabinet for 10 hours at
      60.degree.C/12 mm. The results obtained are listed in the following Table
      I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     No.                                                                       

        Ethyl                                                                  

             Vinyl Conversion                                                  

                         K Value                                               

                              Sulfur                                           

                                   % of thiogly-                               

        acrylate                                                               

             thioglycol            col in copoly-                              

        (parts)                                                                

             (parts)                                                           

                   (%)        (%)  mer (% w/w)                                 

     __________________________________________________________________________

     2  9.9  0.1   36    66.0 0.9  4.6                                         

     3  9.5  0.5   44.9  64.0 2.6  13.2                                        

     4  9.0  1.0   46.2  63.5 4.3  21.8                                        

     5  8.5  1.5   46.6  60.0 6.2  31.5                                        

     6  8.0  2.0   56.3  61.5 6.9  35.0                                        

     7  7.0  3.0   79.8  59.0 8.9  44.5                                        

     8  6.0  4.0   83.5  58.5 10.3 52.2                                        

     9  5.0  5.0   97.8  56.0 11.4 58.0                                        

     10 4.0  6.0   100   57.5 12.8 65.0                                        

     11 2.5  7.5   100   55.5 14.6 74.0                                        

     12 1.0  9.0   100   52.5 18.0 90.9                                        

     __________________________________________________________________________

PAC  EXAMPLE 13
PAR  30 parts of
      ##EQU11##
      are mixed, at room temperature, with 2 parts of sodium pyrophosphate, 1.5
      parts of potassium persulfate, 2 parts of the sodium salt of a sulfonated
      fatty alcohol of from 10 to 15 carbon atoms and 1,000 parts of water, in
      an autoclave. The autoclave is sealed and ethylene is pumped in to give an
      ethylene pressure within the autoclave of 285 atmospheres. The mixture is
      stirred thoroughly and heated for 8 hours at a temperature of 90.degree.C.
      The ethylene pressure is maintained constant throughout the reaction by
      replacing the polymerized amount of ethylene with fresh ethylene. After a
      reaction time of 8 hours, the solids content of the dispersion is 21%. The
      K value of the copolymer is 46 (determined on a 1% solution in
      decahydronaphthalene). The copolymer contains 10.3% of the ethylenically
      unsaturated thioglycol derivative.
PAC  EXAMPLE 14
PAR  Example 13 is repeated except that the ethylene is replaced by butadiene
      and the ethylenically unsaturated thioglycol derivative used is
      ##SPC5##
PAL  After a reaction time of 8 hours at a reaction temperature of 90.degree.C
      and a butadiene pressure of 6 atmospheres, there is obtained a dispersion
      having a solids content of 26.2%. The K value of the copolymer is 76. The
      copolymer contains 18.6% of the thioglycol derivative in polymeric form.
PAC  EXAMPLE 15
PAR  Example 9 is repeated except that the acrylate is replaced by
      acrylonitrile. There is obtained a conversion of 89% and the product has a
      K value of 66 and contains 54.1% of polymerized units of thioglycol, this
      being equivalent to a sulfur content of 16.8%.
CLMS
STM  We claim:
NUM  1.
PAR  1. Polymers containing units of the general formula:
      ##EQU12##
      in which X denotes --CH.sub.2 --, --CH.sub.2 --CH.sub.2 --,
      ##SPC6##
PAL  or divalent C.sub.3-10 cycloalkyl,
PA1  n is 0 or 1 and
PA1  R denotes H, C.sub.1-10 alkyl or aryl.
PATN
WKU  039337669
SRC  5
APN  4143302
APT  1
ART  144
APD  19731109
TTL  Manufacture of insoluble and only sparingly swellable
      poly-N-vinylpyrrolidone-2 or copolymers of N-vinylpyrrolidone with
      other N-vinyllactams
ISD  19760120
NCL  3
ECL  1
EXP  Levin; Stanford M.
INVT
NAM  Hofmann; Ernst
CTY  Ludwigshafen
CNT  DT
INVT
NAM  Herrle; Karl
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CNT  DT
COD  03
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OCL  260 803R
XCL  260 785UA
XCL  260 8072
XCL  260 861N
EDF  2
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ICL  C08F22610
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PNO  1,268,391
ISD  19580500
CNT  DT
FREF
PNO  2,059,484
ISD  19720600
CNT  DT
LREP
FRM  Johnston, Keil, Thompson & Shurtleff
ABST
PAL  Manufacture of insoluble poly-N-vinyl-pyrrolidone-2 or copolymers of
      N-vinylpyrrolidone-2 in the presence of a difunctional crosslinker by
      heating the reaction solution at temperatures above 80.degree.C and
      completing the reaction at the boiling temperature of water.
BSUM
PAR  This invention relates to a process for the manufacture of insoluble and
      only slightly swellable crosslinked polymers of N-vinylpyrrolidone-2 or
      copolymers of N-vinylpyrrolidone with other N-vinyllactams by heating the
      reactants at a temperature of at least 80.degree.C without the use of
      free-radical initiators or other catalysts.
PAR  It is well known that polymers of N-vinylpyrrolidone-2 are generally
      readily soluble in water and a large number of organic solvents. It is
      also known that insoluble and more or less swellable copolymers based on
      N-vinylpyrrolidone-2 may be manufactured by introducing difunctional vinyl
      or acrylic compounds having crosslinking action into the polymeric
      structure in conventional manner, e.g. divinyl esters of dicarboxylic
      acids such as succinic acid and adipic acid, diacrylates of polyhydric
      alcohols such as ethylene glycol and butanediol-1,4, vinyl acrylate and
      N,N' -divinylethylene urea. However, not even the use of relatively large
      amounts of difunctional components makes it possible to produce polymers
      showing only sparing swellability in water.
PAR  The swellability of such polymers may be determined by stirring a weighed
      quantity of polymer with an excess amount of water and allowing the
      mixture to stand for 24 hours, after which the polymer is filtered off and
      the weight of the gelatinous residue is determined. The swelling factor f
      may then be calculated from the following formula:
EQU  swellability f = weight of residue divided by initial weight of polymer
     Proportion of crosslinker in                                              

                            Swelling factor                                    

     polymer of N-vinylpyrrolidone-2                                           

     ______________________________________                                    

     10% of divinyl adipate 6.7                                                

     14% of divinyl adipate 6.5                                                

     20% of divinyl adipate 6.2                                                

     10% of butanediol-1,4-diacrylate                                          

                            18                                                 

      5% of vinyl acrylate  15                                                 

     10% of vinyl acrylate  8                                                  

     10% of N,N'-divinylethylene urea                                          

                            9                                                  

     ______________________________________                                    

PAR  When such polymers are manufactured, there is also produced a considerable
      proportion of soluble, i.e., uncrosslinked, polymer.
PAR  U.S. Pat. No. 2,938,017 discloses a method of producing insoluble
      polymerized products by heating N-vinylpyrrolidone-2 alone and without the
      addition of water in the presence of basic compounds such as alkali metal
      or alkaline earth metal oxides or hydroxides or alkoxides at 150.degree.C
      and at pressure of 100 mm of Hg, the temperature of the reacting mixture
      rising to about 200.degree.C. Although this produces only slightly
      swellable polymers, the latter show at least marked yellowing on account
      of the high temperature used during their manufacture. Furthermore, under
      these conditions the reaction is difficult to control.
PAR  German Published Application No. 1,268,391 describes a process for the
      manufacture of insoluble poly-N-vinylpyrrolidone-2, in which
      N-vinylpyrrolidone-2 is heated in the presence of water and catalysts such
      as alkali metal hydrides, alkali metal borohydrides and/or alkali metal or
      alkaline earth metal hydroxides or alcoholates in an autoclave under
      pressure at about 140.degree.C until polymerization is initiated,
      whereupon the mixture is cooled to about 80.degree.C and the reaction is
      completed at from 80.degree. to 100.degree.C.
PAR  Although this process also provides only slightly swellable polymers, it
      has the disadvantage that very high temperatures are necessary to initiate
      polymerization, this requiring the use of pressure vessels where water is
      included in the reaction mixture. Further drawbacks are the long irregular
      induction periods followed by a very vigorous reaction causing
      discoloration of the polymer.
PAR  Since insoluble and sparingly swellable polymerization products of
      N-vinylpyrrolidone-2 must show a high degree of purity when used as
      adsorbents, particularly for clarifying vegetable drinks such as beer,
      wine and fruit juices, it is desirable to find a way of allowing
      polymerization to proceed under mild conditions, both chemically and
      thermally, to avoid the production of decomposition products.
PAR  German Published Application No. 2,059,484 (see the corresponding U.S. Pat.
      No. 3,759,880) describes a process which comes very near to solving this
      problem. In this process monomeric N-vinylpyrrolidone is polymerized in
      aqueous solution in admixture with monomeric cyclic acid amides containing
      at least two ethylenically unsaturated groups of which at least one is
      attached to an amide nitrogen atom. The reaction is initiated in the
      presence of metals susceptible to attack by oxygen or in the presence of
      polymer seeds obtained from the monomers in the presence of such metals.
PAR  The said process involves a long induction period (about 2 to 3 hours)
      during which the temperature is raised from about 30.degree.C at the
      beginning to the boiling temperature of the mixture. The actual
      polymerization can only be completed at this latter temperature. The cited
      reference proposes the use of polymerization initiators such as peroxides
      for shortening the induction period.
PAR  It is an object of the present invention to produce the aforementioned
      products in the presence of said cyclic acid amides in a shorter time.
PAR  The process for the manufacture of insoluble and only sparingly swellable,
      crosslinked polymers of N-vinylpyrrolidone-2 or copolymers thereof with
      other N-vinyllactams by polymerization or copolymerization of monomeric
      N-vinylpyrrolidone optionally together with other N-vinyllactams in
      aqueous solution and in the presence of from 0.5 to 10% by weight, based
      on monomeric N-vinylpyrrolidone, of a cyclic acid amide containing at
      least two ethylenically unsaturated groups of which at least one is
      attached to an amide nitrogen atom, is characterized in that the
      polymerization reaction is initiated by heating the reaction solution at
      at least 80.degree.C and preferably at more than 90.degree.C and
      completing the reaction at the boiling temperature of water.
PAR  The possibility of carrying out the reaction in the manner proposed by the
      present invention is unexpected, since it was always assumed that the
      reaction could only be effected after initiation in the presence of
      metallic iron or similar metals or at least by the addition of peroxide
      catalysts. It is also surprising that the reaction produces high-grade
      polymer showing sparing swellability, although the reaction is immediately
      started at a temperature of more than 80.degree.C. Neither does the
      reaction started at this high temperature become uncontrollable, as one
      would have assumed.
PAR  Thus the fact that the reaction can be started at above 80.degree.C and
      completed at the boiling temperature of water to give the products stated
      overcomes a definite prejudice.
PAR  The starting compound for the process of the invention is a commercially
      pure N-vinylpyrrolidone, as stated in said German Published Application
      No. 2,059,484. Other starting compounds are the cited cyclic acid amides
      having two ethylenically unsaturated groups of which at least one vinyl
      group is attached to an amide nitrogen atom. Examples of these compounds
      (hereinafter referred to as "crosslinkers" for the sake of simplicity) are
      N,N'-divinylimidazolidone-2 (N,N'-divinylethylene urea),
      N,N'-divinylhexahydropyrimidinone-2 (N,N'-divinylpropylene urea) and
      N-vinyl-3-ethylidenepyrrolidone-2. The amount of said difunctional
      compound to be used may vary from 0.5 to 10% by weight, based on the
      N-vinylpyrrolidone-2 used. We prefer to use from 1 to 4% by weight of said
      crosslinkers.
PAR  Part of the N-vinylpyrrolidone may be replaced by other N-vinyllactams. For
      example, up to 50% and preferably from 10 to 30% of the
      N-vinylpyrrolidone-2 may be replaced by N-vinylcaprolactam. Copolymers
      made in this manner show no differences from normal insoluble
      poly-N-vinylpyrrolidone. In the case of copolymerization with other
      vinyllactams, the amount of crosslinker used is based on the sum of all
      vinyllactams.
PAR  Polymerization may be carried out in aqueous solution. The water used may
      be distilled water or fully demineralized water. The amount of water may
      be varied within wide limits, a convenient amount being from 400 to 1,500%
      by weight based on the total N-vinyllactams. However, the presence of
      water is not essential in the process of the invention, but it is
      convenient, since it assists the stirrability of the reactants and is thus
      advantageous in removing the heat of reaction.
PAR  The reaction of the reaction mixture in the form of an aqueous solution of
      the monomers to be polymerized and the crosslinker may be initiated by
      simply heating it to at least 80.degree.C, the reaction being completed at
      the temperature of boiling water, without any other additives (catalysts)
      being necessary.
PAR  Specifically, the process is carried out for example as follows:
PAR  Commercially pure monomeric N-vinypyrrolidone and crosslinker, optionally
      together with e.g. N-vinylcaprolactam, are made up to an aqueous solution
      conveniently having a concentration of from 6 to 20%. To avoid hydrolysis
      of the reactants it is convenient to adjust the pH of the reaction
      solution to weakly alkaline, e.g. to 9 to 10, by the addition of dilute
      caustic solution. The reaction may be carried out in any type of reaction
      vessel without this having any appreciable influence on the reaction
      product. The mixture is heated as rapidly as possible, which depends on
      the size of the batch, to at least 80.degree.C and preferably to above
      90.degree.C to initiate the reaction. The large amount of water avoids
      local overheating (hot spots). The reaction is complete after from 2 to
      2.5 hours.
PAR  The crosslinked polymers or copolymers produced in the process of the
      invention are insoluble in water, acids, bases and the usual organic
      solvents. They are only sparingly swellable in water. Their swelling
      factor is from 2.7 to 5. They are distinctly superior to copolymers of
      N-vinypyrrolidone with difunctional acrylic and vinyl compounds produced
      by conventional processes, as regards purity and swelling factor.
PAR  The crosslinked, sparingly swellable and insoluble polymers or copolymers
      produced in the process of the invention show no quality differences from
      the products obtained in the manner described in German Published
      Application No. 2,059,484. However, the simpler method of manufacture (no
      addition of catalyst) and the shorter induction period constitute an
      unexpected technical advance.
DETD
PAR  In the following Examples the parts are by weight.
PAC  EXAMPLE 1
PAR  In a stirred vessel of glass having a capacity of 1,000 parts by volume and
      equipped with thermometer and reflux condenser, a mixture of 100 parts of
      N-vinylpyrrolidone-2, 2 parts of N,N'-divinylimidazolidone-2 and 900 parts
      of distilled water is heated with vigorous stirring to the boil under
      reflux (100.degree.C). To avoid hydrolysis of the vinylpyrrolidone, the pH
      of the mixture is adjusted to 9-10 by adding dilute aqueous caustic soda.
PAR  After approximately 15 minutes the first white polymer seeds appear in the
      reaction solution and these then visibly grow to larger agglomerates.
      Vigorous stirring finally produces a white aqueous suspension of granular
      polymer particles.
PAR  The water which evaporates during the polymerization reaction is condensed
      in the reflux condenser and returned to the stirred vessel. The reaction
      is seen to slow down markedly about 35 minutes after the appearance of the
      first polymer seeds. To complete the reaction, the reaction mixture is
      maintained at the boil for a further 2 hours with stirring. The aqueous
      polymer suspension is cooled and then filtered or centrifuged. The
      resulting polymer is washed three times with distilled water to remove
      soluble portions and is then dried in a vacuum drying cabinet at
      80.degree.C. There are finally obtained 89.2 parts of a pure-white,
      granular to crumbly polymer which is sparingly swellable in water and
      completely insoluble in the usual organic solvents such as hydrocarbons,
      alcohols, esters, ethers, ketones, organic halogen compounds and organic
      nitrogen compounds. It is non-meltable and shows no decomposition on
      heating until a temperature of above 300.degree.C is reached.
PAC  EXAMPLE 2
PAR  Example 1 was repeated using 75 parts of N-vinylpyrrolidone, 1.5 parts of
      N,N'-divinylimidazolidone and 925 parts of water. The starting temperature
      was 100.degree.C and the time taken for the first seeds to appear was 20
      minutes. The yield of pure-white insoluble poly-N-vinylpyrrolidone was
      87.8 parts.
PAC  EXAMPLE 3
PAR  Example 1 was repeated using 100 parts of N-vinylpyrrolidone, 3 parts of
      N,N'-divinylimidazolidone and 900 parts of water. The starting temperature
      was 90.degree.C and the first seeds appeared after 35 minutes. The yield
      was 90 parts.
PAC  EXAMPLE 4
PAR  Example 1 was repeated using 100 parts of N-vinylpyrrolidone, 4 parts of
      N,N'divinylimidazolidone and 900 parts of water. The starting temperature
      was 100.degree.C and the first seeds appeared after 30 minutes. The yield
      was 90.4 parts.
PAC  EXAMPLE 5
PAR  Example 1 was repeated using 60 parts of N-vinylpyrrolidone, 15 parts of
      N-vinylcaprolactam, 1.5 parts of N,N'-divinylimidazolidone and 925 parts
      of water. The starting temperature was 100.degree.C and the first seeds
      appeared after 30 minutes. The yield was 88.9 parts.
PAC  EXAMPLE 6
PAR  Example 1 was repeated using 100 parts of N-vinylpyrrolidone, 3 parts of
      N,N'-divinylhexahydropyrimidone-2 and 900 parts of water. The starting
      temperature was 100.degree.C and the first seeds appeared after 25
      minutes. The yeild was 91 parts.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the manufacture of insoluble cross-linked and only
      sparingly swellable copolymers of N-vinylpyrrolidone-2 consisting
      essentially of: heating to at least 80.degree.C monomeric
      N-vinylpyrrolidone-2 in an aqueous solution containing from 0.5 to 10% by
      weight, based on monomeric N-vinylpyrrolidone-2, of a cyclic acid amide
      containing at least 2 ethylenically unsaturated groups of which at least
      one is attached to an amide nitrogen atom to initiate the polymerization
      reaction of said N-vinyl-pyrrolidone-2 and said cyclic acid amide and
      thereafter completing the reaction at the boiling temperature of water.
NUM  2.
PAR  2. A process as set forth in claim 1, wherein up to 50% of the
      N-vinylpyrrolidone-2 is replaced by N-vinylcaprolactam.
NUM  3.
PAR  3. A process as set forth in claim 1, wherein the cyclic acid amide used is
      a compound selected from the group consisting of
      N,N'-divinylimidazolidone, N,N'-divinylhexahydropyrimidinone-2 and
      N-vinyl-3-ethylidene-pyrrolidone-2.
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ABST
PAL  Disclosed herein are cyanoperfluoro(vinyl ethers), intermediate acid
      fluorides; a process for preparing the acid fluorides, and a process for
      preparing the vinyl ethers from acid fluoride and an alkali-metal
      carbonate. Also disclosed are copolymers incorporating units derived from
      the vinyl ethers as crosslinking constituents therein.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a division of copending application Ser. No. 262,590, filed June
      14, 1972, now U.S. Pat. No. 3,852,326.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to cyano- and fluorine-containing compounds, to a
      process therefor, and to copolymers containing units derived from
      cyanoperfluoro(vinyl ethers).
PAR  2. Description of the Prior Art
PAR  U.S. Pat. No. 3,546,186 describes copolymers of certain
      cyanoperfluoro(vinyl ethers) of the formula NC--(CF.sub.2).sub.n
      --O--CF=CF.sub.2, where n is 2 to 12.
PAC  SUMMARY OF THE INVENTION
PAR  The novel process of this invention comprises reacting
      ##EQU1##
PAR  In the process as outlined, M is an alkali metal, silver, copper (I),
      mercury(I) or tetra(lower alkyl) ammonium; M' is an alkali metal; and n is
      an integer from 0 to 4. The preferred vinyl ethers are those in which n is
      from 0 to 2.
PAR  Presented in the Table are the novel products of this invention.
TBL                                    TABLE                                   

     __________________________________________________________________________

     Acid Fluorides        Vinyl Ethers     Copolymers                         

     __________________________________________________________________________

     perfluoro(5-cyano-2-methyl-3-                                             

                        perfluoro(5-cyano-3-oxa-                               

                                         normally solid random                 

     oxahexanoyl)fluoride)                                                     

                        1-hexene)        copolymers of at least                

     [where n=o]        [where n=O]      one vinyl ether copoly-               

                                         merized with at least one             

     perfluoro(8-cyano-2,5-dimethyl-                                           

                        perfluoro(8-cyano-5-methyl-                            

                                         member of the group vinylidene        

     3,6-dioxanonanoyl) fluoride                                               

                        3,6-dioxa-1-nonene)                                    

                                         fluoride, tet-                        

     [where n=1]        [where n=1]      rafluoroethylene, chlorotri-          

                                         fluoroethylene, hexafluoro-           

     perfluoro(11-cyano-2,5,8-                                                 

                        perfluoro(11-cyano-5,8-                                

                                         propylene, 1,1,1,2,3-penta-           

     trimethyl-3,6,9-trioxadodecanoyl)                                         

                        dimethyl-3,6,9-trioxa-1-                               

                                         fluoropropylene, and CF.sub.2 =CF-    

     fluoride           dodecene)        O-R.sub.f, where R.sub.f is           

                                         perfluoro-                            

     [where n=2]        [where n=2]      alkyl of 1 to 3 carbons.              

     perfluoro(14-cyano-2,5,8,11-                                              

                        perfluoro(14-cyano-5,8,11-                             

     tetramethyl-3,6,9,12-tetraoxa-                                            

                        trimethyl-3,6,9,12-                                    

     pentadecanoyl) fluoride                                                   

                        tetraoxa-1-pentadecene)                                

     [where n=3]        [where n=3]                                            

     perfluoro(17-cyano-2,5,8,11,14-                                           

                        perfluoro(17-cyano-5,8,11,14-                          

     pentamethyl-3,6,9,12,15-penta-                                            

                        tetramethyl-3,6,9,12,15-penta-                         

     oxaoctadecanoyl) fluoride                                                 

                        oxa-1-octadecene)                                      

     [where n=4]        [where n=4]                                            

     __________________________________________________________________________

PAR  "Copolymer" is used herein in its usual generic sense to mean a polymer
      containing units derived from at least two monomers. Thus, the polymeric
      products of the invention can contain units derived from two, three or
      more monomers. Preferred classes of copolymers include terpolymers of the
      novel vinyl ethers with
PA1  a. vinylidene fluoride and hexafluoropropylene,
PA1  b. tetrafluoroethylene and CF.sub.2 =CF--O--R.sub.f
PAL  wherein R.sub.f is perfluoroalkyl of from 1-3 carbons. The most preferred
      copolymers are those in which the novel polymeric components described
      herein have values for n of 0 to 2.
PAR  Preferably, the polymers of the invention contain units derived from the
      cyanoperfluoro(vinyl ether) in the amount of about 0.5 to 10 mole percent.
      In terpolymers, the other comonomers are from 99.5 to 95 mole percent of
      the terpolymer, and are preferably present in roughly equal proportions,
      ranging relative to one another from 30/70 to 70/30, preferably about
      50/50 mole percent.
PAC  DETAILS OF THE INVENTION
PAR  The perfluoro(.alpha.-cyanopropionyl)fluoride reactant is made in
      accordance with the disclosure in the coassigned application entitled
      "Perfluoro(.alpha.-Cyanopropionyl) Fluoride And Its Preparation," filed
      June 14, 1972, in the name of David C. England, Ser. No. 262,591.
PAR  In summary, the perfluoro(.alpha.-cyanopropionyl) fluoride is made from
      carbonyl fluoride and perfluoroacrylonitrile at a ratio of at least one
      mole of carbonyl fluoride per mole of perfluoroacrylonitrile. The reaction
      is carried out in the presence of an alkali-metal-fluoride,
      silver-fluoride or copper(I)-fluoride catalyst. The reaction is conducted
      in an inert, aprotic solvent at a temperature from about -40.degree.C. to
      200.degree.C.
PAL  Making the Acid Fluorides
PAR  It should be understood that a product of this step in which n + 1 is
      relatively low can be reacted with hexafluoropropylene oxide under the
      conditions described below to give a product of the same formula but with
      a higher value of n + 1. Likewise, a mixture of compounds having different
      values of n + 1 can be reacted with hexafluoropropylene oxide under the
      same conditions to give a product (usually a mixture) having a higher
      value or values of n + 1.
PAR  Reactant ratios will usually be about that dictated by the stoichiometry of
      the desired reaction. Even when exact whole-number reactant ratios are
      used, a mixture of compounds having different values of n usually results.
      However, the desired product, which will always predominate, can be
      separated by distillation. The separation is easier for relatively lower
      values of n.
PAR  Examples of some operable tetra(lower alkyl) ammonium fluoride catalysts
      are tetramethylammonium fluoride, tetraethylammonium fluoride,
      tetraisopentylammonium fluoride, tetrahexylammonium fluoride,
      diethyldipropylammonium fluoride, and heptylhexylmethylpropylammonium
      fluoride. Lower alkyl is defined as alkyl of up to seven carbons. The
      preferred catalysts are the alkali-metal fluorides, particularly cesium
      fluoride because of the good conversions that it gives.
PAR  The amount of catalyst can vary widely and can be from about 0.001 to more
      than 1.0 equivalent per mole of acid fluoride. About 0.01 equivalent to
      0.1 equivalent is preferred.
PAR  Suitable solvents are the "glymes," CH.sub.3 (OCH.sub.2 CH.sub.2).sub.m
      OCH.sub.3, where m is an integer of at least 1. The compound in which m is
      1 is called glyme; in diglyme, m = 2, in triglyme, m = 3, in tetraglyme, m
      = 4, and so on. The amount of solvent can vary widely, but generally at
      least enough is used so that all the catalyst is dissolved in the
      solvent/acid fluoride mixture. In practice, from about 2 to 10 moles of
      solvent per equivalent of catalyst are used.
PAR  The operable temperature range is from about -30.degree.C. to 30.degree.C.
      The temperature for a given run will depend considerably on the amount of
      catalyst, particularly when the preferred catalyst, cesium fluoride, is
      used. With equivalent amounts of cesium fluoride, the reaction proceeds
      readily at about -30.degree.C. to 20.degree.C. With the preferred amounts
      of cesium fluoride, the preferred temperature range is about 10.degree. to
      20.degree.C.
PAR  The reaction is conveniently run in an open system with suitable condensing
      means for returning low-boiling materials to the mixture. Closed systems
      at autogenous pressures can be used but are less convenient. The higher
      pressures then involved require especially rapid mixing and efficient
      cooling. Reaction conditions are usually maintained for a period of from a
      few minutes to an hour after all the hexafluoropropylene oxide is added to
      insure complete reaction.
PAL  Making the Vinyl Ethers
PAR  The acid fluoride product is mixed with a preheated stream of an inert gas
      such as nitrogen, helium, or carbon dioxide, and the resulting gaseous
      mixture is passed through a finely divided alkali-metal carbonate solid in
      a fluidized-bed reactor at between about 200.degree.C. and 300.degree.C.
      The best conversions to the desired products are obtained between about
      255.degree.C. and 275.degree.C., and this temperature range is therefore
      preferred.
PAR  In the fluidized-bed reactor, the solid is fluidized by the gas stream and
      reacts with the acid fluoride components simultaneously. Elements of
      carbonyl fluoride are eliminated to produce at least one novel
      cyanoperfluoro(vinyl ether). The fluidized-bed technique for bringing
      about reactions of solids with gases is well known to those skilled in the
      art. See, for example, Fluidization Engineering by D. Kunii and O.
      Levenspiel (Wiley, 1969).
PAR  An amount of alkali-metal carbonate at least equivalent to the acid
      fluoride is used, and the rate of addition of the acid fluoride is such
      that all of it reacts before reaching the end of the fluidized bed. To
      help determine the rate of addition, the composition of the effluent gas
      can be monitored by gas chromatography or infrared analysis.
PAL  Copolymeric Products
PAR  The novel polymeric products heretofore described can be prepared by any of
      a number of known processes for making fluorine-containing copolymers. A
      preferred method, described in more detail in coassigned U.S. Pat. No.
      3,546,186, employs aqueous media and free-radical initiators at slightly
      elevated temperatures, say, 40.degree.C., and pressures in the order of
      120 p.s.i.g. Alternatively, bulk or solution processes can be used with
      appropriate free-radical catalysts. Those skilled in the art will be able
      to determine any modifications of polymerization conditions necessary to
      suit the particular monomers employed, without difficulty.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following Examples, illustrating the products and process of this
      invention, are given without any intention that the invention be limited
      thereto.
PAC  EXAMPLE 1
PAC  Perfluoro(5-cyano-2-methyl-3-oxahexanoyl) Fluoride [major fraction]
      ##EQU2##
PAR  To a flask containing 8.0 g of cesium fluoride and 30 ml of dry tetraglyme
      was added 158 g of perfluoro(.alpha.-cyanopropionyl) fluoride. A dry
      nitrogen atmosphere and stirring were maintained throughout the reaction.
      With the reaction temperature maintained at 12.degree.-20.degree.C., 149 g
      of hexafluoropropylene oxide (HFPO) was added at such a rate that a gentle
      reflux was maintained from a dry-ice condenser over the reaction. The
      mixture was stirred for 30 minutes at 25.degree.C. after the HFPO addition
      was complete. The volatiles were distilled under vacuum into a
      dry-ice-cooled flask, leaving the cesium fluoride and tetraglyme in the
      reaction flask. The collected volatiles were redistilled to give 262.5 g
      (86%) of perfluoro(5-cyano-2-methyl-3-oxahexanoyl) fluoride, B.R.
      73.degree.-79.degree.C. and 8.5 g (2.2%) of a 1:1 mixture of this product
      and perfluoro(8-cyano-2,5-dimethyl-3,6-dioxanonanoyl) fluoride, B.R.
      81.degree.-124.degree.C. The following analytical determinations were made
      on other samples prepared by essentially the foregoing method.
PAR  Anal. Calc'd. for C.sub.7 F.sub.11 NO.sub.2 : C, 24.79; F, 61.63; N, 4.13
      Found: C, 25.25; F, 63.82; N, 4.52; 25.03; 63.91; 24.81  Spectral data:
PAR  IR (gas): 2295, 1895, 1305, 1250, 1170, 1140
PA1  1115, and 980 cm.sup..sup.-1 .
PAR  FMR (neat): +26.3 (4 doublets, J = 5.5, 5.3Hz,
PA1  1F), -73.3 (multiplet, 1F), -75.0 (2 doublets, J = 9.5, 5.5Hz, 3F), -79.5
      (multiplet, 1F), -81.9 (4 doublets, J = 5.5, 3.0, 1.2 Hz, 3F), -130
      (multiplet, 1F), -139 ppm
PAC  EXAMPLE 2
PAC  Perfluoro(8-cyano-2,5-dimethyl-3,6-dioxanonanoyl) Fluoride [major fraction]
      ##EQU3##
PAR  The procedure was essentially that of Example 1, with some variation in
      times because of the different amounts of reactants and slight variations
      in temperature. From 2.5 g of cesium fluoride, 20 ml of tetraglyme, 46 g
      of perfluoro(.alpha.-cyanopropionyl) fluoride, and 90 g of
      hexafluoropropylene oxide, the following fractions were obtained in the
      redistillation step, and their compositions were determined by gas
      chromatography.
TBL                     CF.sub.3 --CF--CF.sub.2 OCF .sub.n.sub.+1 COF          

                        .vertline..vertline.                                   

     B.R., .degree.C.                                                          

                Gms.    CNCF.sub.3                                             

     ______________________________________                                    

     61-63       9.5    60% "HFPO dimer"; 40% n = )                            

     63-70      10.4    75% n = O, 25% n = 1                                   

     110-120    91.3    100% n = 1                                             

     120/760-400mm                                                             

                12.5    42% n = 1, 58% n = 2                                   

     ______________________________________                                    

PAR  The products and their yields were therefore as follows:
      Perfluoro(5-cyano-2-methyl-3-oxahexanoyl) fluoride (n = 0), 13%;
      perfluoro(8-cyano-2,5-dimethyl-3,6-dioxanonanoyl) fluoride (n = 1), 75%;
      and perfluoro(11-cyano-2,5,8-trimethyl-3,6,9-trioxadodecanoyl) fluoride (n
      = 2), 4%.
PAR  The infrared absorption spectrum of the major product (n = 1) was
      essentially superimposable on that of the major product of Example 1, with
      some differences in intensities and insignificant differences in
      frequencies.
PAR  The fluorine magnetic resonance of the major product was determined on a
      separate sample.
PAR  FMR (neat): +26.4 (multiplet, 1F), -75.0
PA1  (multiplet, 5F), -79.8 (multiplet, 3F), -82.4 (multiplet, 3F), -84.0
      (multiplet, 2F), -131 (multiplet, 1F), -145 (multiplet, 1F), -175 ppm
      (multiplet, 1F).
PAC  EXAMPLE 3
PAC  Perfluoro-11-cyano-2,5,8-trimethyl-3,6,9-trioxadodecanoyl Fluoride [major
      fraction]
      ##EQU4##
PAR  By essentially the procedure of Examples 1 and 2, 7 g of cesium fluoride,
      30 ml of tetraglyme, 11.5 g of perfluoro(.alpha.-cyanopropionyl) fluoride,
      68.5 g of perfluoro-(5-cyano-2-methyl-3-oxahexanoyl) fluoride, and 256 g
      of hexafluoropropylene oxide were reacted to give, in addition to the
      products of Examples 1 and 2, 24.1 g of
      perfluoro-11-cyano-2,5,8-trimethyl-3,6,9-trioxadodecanoyl fluoride, B.P.
      106.degree.C/100 mm. Spectral data:
PAR  IR (neat): 2295, 1890, 1310, 1250, 1170, 1140
PA1  1120, and 980 cm.sup..sup.-1
PAR  FMR (neat): +26.2 (multiplet, 1F), -75.3
PA1  (multiplet, 5F), -79.8 (multiplet, 9F), -83.9 (multiplet, 4F), -130.0
      (multiplet, 1F), -144.1 (multiplet, 2F), -174.3 ppm (sextet, J = 9.9 Hz,
      1F)
PAC  EXAMPLE 4
PAC  Perfluoro(8-cyano-5-methyl-3,6-dioxa-1-nonene) [major fraction]
      ##EQU5##
PAR  A bed (8 .times. 90 cm) of finely divided dry sodium carbonate held at
      250.degree.-270.degree.C. in a vertical glass tube was fluidized with a
      minimum flow of preheated (300.degree.C.) nitrogen from the bottom, and
      the exit gases passed out the top and through a series of three dry-ice
      cooled traps. Perfluoro(8-cyano-2,5-dimethyl-3,6-dioxanonanoyl) fluoride
      (215 g) was added at 0.59 ml/minute to the preheated nitrogen entering the
      bed. After all of the acid fluoride had been added, the traps were washed
      out with the aid of ethyl ether and the combined trap contents distilled
      to give 172 g (95%) of perfluoro(8-cyano-5-methyl-3,6-dioxa-1-nonene).
PAR  The following analytical data were obtained from separate sample prepared
      essentially as just described: B.P. 120.degree.-121.degree.C., and
PAR  Anal. Calc'd for C.sub.9 F.sub.15 NO.sub.2 : C, 24.62; F, 64.90; N, 3.19
      Found: C, 24.56; F, 64.94; N, 3.06; 24.68 Spectral data:
PAR  IR (neat): 2290, 1840, 1450-1100, 1060, 980,
PA1  810, 740, 700 cm.sup..sup.-1
PAR  FMR (neat); -75.5 (multiplet, 5F), -80
PA1  (multiplet, 3F), -84.5 (multiplet, 2F), -115 (2 doublets, J = 86, 66.5 Hz,
      F.sub.a), -122 (2 doublets J = 111, 86 Hz, F.sub.b), -136.5 (4 triplets, J
      = 111, 66.5 6.2 Hz, F.sub.c), -144 (multiplet, 1F), -174.5 ppm (sextet, J
      = 9.8 Hz, 1F)
      ##EQU6##
PAC  UTILITY
PAR  The products of this invention are useful for making crosslinked
      elastomers. Representative uses for such elastomers are as gaskets,
      chemical and thermal resistant lining for containers and coating or
      jacketing for hoses, cables and pipes.
PAR  As already stated, units derived from more than one of the novel vinyl
      ethers can be present in the copolymers of the invention. When two or more
      vinyl ethers are used as comonomers, they can be added to the
      copolymerization recipe as predetermined amounts of pure compounds or as
      an incompletely separated mixture of cyano(perfluoro vinyl ethers). A
      typical mixture of vinyl ethers is one such as is obtained by reacting the
      mixture of acid fluorides produced in Example 3 with an alkali-metal
      carbonate by the method of Example 4.
PAC  EXAMPLE 5
PAC  Terpolymer of tetrafluoroethylene, perfluoro(methyl vinyl ether), and
      perfluoro(8-cyano-5-methyl-3,6-dioxa-1-nonene)
PAR  A 400-ml stainless-steel shaker tube was charged with 100 ml of distilled
      water under nitrogen. The water was frozen by chilling the tube with solid
      carbon dioxide, and there were added to the tube under nitrogen 1.0 g of
      ammonium perfluorooctanoate, 0.80 g of ammonium persulfate, 0.20 g of
      sodium sulfite, 2.5 g of disodium monohydrogen phosphate heptahydrate, and
      3.0 g of perfluoro(8-cyano-5-methyl-3,6-dioxa-1-nonene). The tube was
      closed and evacuated while still cold, and there were added 36.0 g of
      perfluoro(methyl vinyl ether) and 17.0 g of tetrafluoroethylene. The tube
      and contents were heated at 50.degree.C. for 8 hours with shaking. The
      tube was cooled, volatile materials were allowed to evaporate, and the
      liquid latex was removed. It weighed 135 g.
PAR  The solid terpolymer was isolated by adding an equal volume of aqueous 3%
      magnesium chloride, filtering the solid that precipitated, washing it in a
      blender with 50% aqueous alcohol, washing with water, and drying. The
      infrared absorption spectrum indicated that the
      tetrafluoroethylene/perfluoro(methyl vinyl
      ether)/perfluoro(8-cyano-5-methyl-3,6-dioxa-1-nonene) terpolymer contained
      33.4 mole % units derived from perfluoro(methyl vinyl ether) and an
      estimated 0.7 mole % of units derived from the
      perfluoro(8-cyano-5-methyl-3,6-dioxa-1 -nonene).
PAL  Crosslinking
PAR  The terpolymer was combined with three corresponding products made in the
      same manner, and 95 grams of the mixed terpolymers was mixed with 5.7 g of
      tetraphenyltin on a two-roll rubber mill. Samples were molded under
      pressure at 177.degree.C. for different times and then heated in an oven
      for 24 hours at 204.degree.C. in air. Tensile testing by the method of
      ASTM D-412-66 gave the following results, which indicate that the product
      was crosslinked:
TBL  Press Cure Time (hrs.)                                                    

                       0.5      1       2    17                                

     ______________________________________                                    

     Stress at 100% elong.,                                                    

                       520     490     480   460                               

     M.sub.100 (psi)                                                           

     Stress at 200% elong.,                                                    

                      1370    1440    1275  1350                               

     M.sub.200 (psi)                                                           

     Stress at break, T.sub.B                                                  

                      2325    1900    2460  2380                               

      (psi)                                                                    

     Elongation at break, E.sub.B                                              

                       240     230     260   250                               

      (%)                                                                      

     Tensile set, T.S.                                                         

                       13      12      14    13                                

      (%)                                                                      

     ______________________________________                                    

PAR  The crosslinked terpolymer was found to be insoluble in fluorocarbon
      solvents. Uncured (uncrosslinked) terpolymer would dissolve in such
      fluorocarbon solvents.
PAR  Although the invention has been described and exemplified by way of
      specific embodiments, it is not intended that it be limited thereto. As
      will be apparent to those skilled in the art, numerous modifications and
      variations of these embodiments can be made without departing from the
      spirit of the invention or the scope of the following claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A copolymer of at least one cyanoperfluoro(vinyl ether) of the formula
      ##EQU7##
      where n is an integer from 0 to 4 and at least one member of the group
      vinylidene fluoride, tetrafluoroethylene, chlorotrifluoroethylene,
      hexafluoropropylene,
PAR  1. 1,1,2,3-pentafluoropropylene and
PA1  Cf.sub.2 =cf--o--r.sub.f, where R.sub.f is perfluoroalkyl of one to three
      carbons.
NUM  2.
PAR  2. A polymer according to claim 1, comprising a copolymer of vinylidene
      fluoride, hexafluoropropylene, and at least one cyanoperfluoro(vinyl
      ether).
NUM  3.
PAR  3. A polymer according to claim 1, comprising a copolymer of
      tetrafluoroethylene, CF.sub.2 =CF--O--R.sub.f, wherein R.sub.f is
      perfluoroalkyl of from one to three carbons, and at least one
      cyanoperfluoro(vinyl ether).
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ABST
PAL  A dihalocyclopropane functional multi-component copolymer is produced by
      reacting olefin bond units contained in the side chain or in the cyclic
      group in the main chain of a multi-component copolymer with dihalocarbene
      generated from halogenated hydrocarbon in the presence of a cation
      surfactant catalyst by using an alkali aqueous solution. The
      dihalocyclopropane functional multi-component copolymer has an excellent
      compatibility as a polymer to be blended with the general purpose rubber
      and as a halogenated rubber series industrial material.
BSUM
PAR  The present invention relates to a method of producing modified high
      polymers, wherein a high polymer having olefin bond units in the side
      chain or in the cyclic group in the main chain is modified by introducing
      dihalocyclopropane functional groups into said olefin bond units. More
      particularly, the present invention relates to a method of producing
      dihalocyclopropane functional multi-component copolymers having improved
      properties, which comprises reacting olefin bond units contained in the
      side chain or in the cyclic group in the main chain of a multi-component
      copolymer, which is prepared from at least two .alpha.,.beta.-unsaturated
      compounds and at least one non-conjugated diolefin compound (hereinafter
      this copolymer is abridged as multi-component copolymer), with
      dihalocarbene generated from halogenated hydrocarbon in the presence of a
      cation surfactant catalyst by using an alkali aqueous solution to
      introduce dihalocyclopropane functional groups into said side chain or
      said cyclic group.
PAR  Recent progress in the scientific technique demands to develop high
      polymers having pertinent properties to the use purpose, and high polymers
      having desired properties have been demanded in elastomers. As the method
      for developing novel high polymers by modifying well known high polymers,
      graft or block copolymerization, formation of derivatives by a chemical
      reaction, and polymer blending have been effected, but desired products
      have often been found it difficult to be obtained by these methods. For
      example, in the polymer blending method, there is a limitation in view of
      the compatibility of polymers to be blended, and the development of high
      polymers is hindered by this defect.
PAR  It has recently been found out that ethylene/propylene copolymer has
      rubbery elasticity, and further the property of said copolymer has been
      improved by adding non-conjugated diolefin compound to the copolymer as
      the third component to provide cross-linking reactivity to the copolymer.
      These ethylene/propylene/cyclopentadiene or 1,4-hexadiene multi-component
      copolymers not only have an excellent rubbery elasticity, but also have a
      high ozone resistance due to absence of olefin bond units in the main
      chain. However, these multi-component copolymers are still considerably
      inferior in cross-linking reactivity to general purpose rubbers, such as
      natural rubber, polyisoprene, polybutadiene and styrene/butadiene
      copolymer rubber, require vulcanization at high temperature for a long
      period of time, and are very poor in compatibility with the general
      purpose rubbers. Heretofore, in order to improve the serious drawbacks in
      these multi-component copolymers, for example, cross-linking reactivity,
      compatibility, tackiness and adhesivity, various processes have been
      attempted. For example, the following prior arts, wherein the properties
      of the multi-component copolymers are improved by utilizing the formation
      of derivatives by chemical reaction of olefin bond units present in the
      side chain or in the cyclic group in the main chain of the multi-component
      copolymers, have been disclosed.
PA1  Use of polyorganohydrosiloxane (Japanese Patent Application Publication No.
      13,525/67),
PA1  Graft-copolymerization of the copolymer with resin-formable monomer
      (Japanese Patent Application Publication No. 16,394/68),
PA1  Grafting of phosphorus-, sulfur- or arsenic series monofunctional acid
      (Japanese Patent Application Publication No. 32,423/69),
PA1  Formation of room temperature hardening rubber by means of silane compound
      (Japanese Patent Application Publication No. 11,819/70),
PA1  Introduction of carboxyl groups by the reaction of the copolymer with
      dibasic- or polybasic acid (Japanese Patent Application Publication No.
      20,305/68 and No. 13,591/70),
PA1  Reaction of the copolymer with hydrogenated resin and organic peroxide
      (Japanese Patent Application Publication No. 30,942/70),
PA1  Grafting of epoxy groups, hydroxy groups, or maleic acid groups (Japanese
      Patent Application Publication No. 26,305/68 and United States Patent No.
      3,448,174 specification),
PA1  Graft copolymerization of an ozonolysis product of the copolymer with
      polystyrene in the presence of styrene (Japanese Patent Application
      Publication No. 16,911/65), and
PA1  Production of high molecular weight polycarbonyl compounds by the oxidation
      with ozone (Japanese Patent Application Publication No. 16,910/65).
PAL  Particularly, as a prior art relating to the improvement of the
      compatibility of the multi-component copolymer concerning the present
      invention, a method, wherein olefin bond units in the multi-component
      copolymer are reacted with bromine to add two bromine atoms to one olefin
      bond unit in order to improve the compatibility of the copolymer with the
      general purpose rubber, has been known (U.S. Pat. No. 3,524,826
      specification). However, there is no prior art wherein the carbene
      reaction is applied to the multicomponent copolymer. Therefore, the
      dihalocyclopropane functional multi-component copolymer of the present
      invention is a novel modified high polymer which has never been known.
      Furthermore, it is a novel and surprising fact which has never been
      expected that the compatability of the multicomponent copolymer with the
      general purpose rubber having a high content of olefin bond units can be
      remarkably improved by such modification.
PAR  The inventors have already succeeded in the production of an aldehyde
      functional multi-component copolymer having aldehyde functional groups in
      the side chain or in the cyclic group in the main chain, which is
      characterized by subjecting olefin bond units of a multi-component
      copolymer to ozonolysis, and then reducing the resulting product with a
      trivalent phosphorus compound, and filed a patent application in U.S.A.
      The inventors further continued investigations for the production of
      modified multi-component copolymers and achieved the present invention.
      According to the method of the present invention, it has been able to
      obtain a modified multi-component copolymer having novel properties, which
      have never been obtained heretofore, from a well-known multi-component
      copolymer containing a non-conjugated diolefin compound as the third
      component by converting the olefin bond units into dihalocyclopropane
      functional groups regardless of the kind of the non-conjugated diolefin
      compound to be used. The modified multi-component copolymer of the present
      invention has novel properties due to the dihalocyclopropane functional
      groups. Accordingly, the modified copolymer is an excellent polymer for
      producing a blend polymer with the general purpose rubber and is a useful
      halogenated rubber series industrial material to be used as base material
      for elastomer, base material for oil extended elastomer, compounding
      ingredient or processing aid for other elastomers, base material of liquid
      rubber and resin, and adhesive.
PAR  The multi-component copolymers to be used in the present invention are
      produced from at least two .alpha.,.beta.-unsaturated compounds and at
      least one non-conjugated diolefin compound. The .alpha.,.beta.-unsaturated
      compounds are ones having two to eight carbon atoms, such as ethylene,
      propylene and the like. The non-conjugated diolefin compounds include (a)
      straight-chain aliphatic dienes, such as 1,4-hexadiene, 1,5-hexadiene,
      1,6-octadiene and the like; (b) branched chain aliphatic dienes, such as
      5-methyl-1,4-hexadiene, 3,7-dimethyl-1,6-octadiene,
      3,7-dimethyl-1,7-octadiene and the like; (c) monocyclic alicyclic dienes,
      such as 1,4-cyclohexadiene, 1,5-cyclooctadiene, 1,5-cyclododecadiene,
      4-vinylcyclohexene, 1-allyl-4-isopropylidenecyclohexane,
      3-allylcyclopentene, 4-allycyclohexene,
      1-isopropenyl-4-(4-butenyl)cyclohexane and the like; and (d) polycyclic
      alicyclic dienes, such as tetrahydroindene, methyltetrahydroindene,
      dicyclopentadiene, bicyclo-(2,2,1)-hepta-2,5-diene, alkenyl-, alkylidene-,
      cycloalkenyl- and cycloalkylidene-norbornene, such as
      5-methylenenorbornene, 5-ethylideneorbornene, 5-propenylnorbornene,
      5-isopropylidenenorbornene, 5-(4-cyclopentenyl)norbornene,
      5-cyclohexylidenenorbornene and the like. However, the non-conjugated
      diolefin compounds are not limited to these dienes.
PAR  A preferred multi-component copolymer to be used in the present invention
      is a terpolymer prepared from ethylene, propylene and a non-conjugated
      diolefin compound, and this terpolymer is usually called as EPDM. The
      multicomponent copolymer will be explained in more detail with reference
      to the EPDM, but the copolymer is not limited to the EPDM.
PAR  The composition ratio of monomers constituting the EPDM is not particularly
      limited, and 30 to 85 mol% of ethylene, 15 to 70 mol% of propylene and 1.0
      to 10 mol% of a non-conjugated diolefin compound are generally used.
      Further, the molecular weight of the EPDM is not particularly limited, and
      EPDM ranging from liquid EPDM to EPDM having a number average molecular
      weight of 350,000 is used depending upon the purpose. The preparation
      method of the EPDM is disclosed in various patent specifications, for
      example, in U.S. Pat. Nos. 2,933,480, 3,000,866 and 3,093,621
      specifications.
PAR  It is generally considered that one of the double bonds contained in the
      molecule of the non-conjugated diolefin compound, which is the third
      component constituting the EPDM, serves to form a terpolymer of the
      non-conjugated diolefin compound with ethylene and propylene, and another
      double bond remains in the side chain or in the cyclic group in the main
      chain and contributes to the unsaturation property and the cross-linking
      reactivity of the EPDM. The present invention relates to the conversion of
      the olefin bond remaining in the EPDM molecule into dihalocyclopropane
      bond by the reaction of the olefin bond with dihalocarbene.
PAR  There have been known a large number of reports concerning the scientific
      fundamental researches on the carbene reaction which can be utilized in
      the present invention. For example, W. Kirmse, "Carbene Chemistry"
      published by Academic Press, N.Y., 1964; J. Hine, "Divalent Carbon"
      published by Ronald Press, N.Y., 1964; "Chem. & Eng. News," June 16, page
      60 and June 30, page 50, 1969 (R.A. Moss, "Carbene Chemistry," Parts I and
      II); and S. Otsuka, "New Synthesis by Metal Complex," page 235, 1970 (J.
      Furukawa et al, "Carbenoid Reaction," Kagakuno Ryoiki, Special Number 89).
PAR  The carbene is a bivalent carbon compound, and typical examples of the
      carbene are carbene :CH.sub.2, dihalocarbene :CX.sub.2 (X is F, Cl, Br or
      I), carboalkoxycarbene
      ##EQU1##
      and the like. All these carbenes are unstable intermediates having a very
      high reactivity. The carbene reactions utilizing these carbenes include
      cyclopropane-forming reaction by addition of carbene to carbon-carbon
      double bond, insertion reaction of carbene between carbon-hydrogen bond,
      abstraction reaction of hydrogen from carbon-hydrogen bond, and the like.
      The carbene is classified into two groups in a narrow sense, i.e., carbene
      which is a bivalent carbon compound, and carbenoid in which the carbene is
      bonded to a metal. In general, the term "carbene" in a broad sense
      includes these two groups. The carbene in a narrow sense which is formed
      by decomposition of a diazo compound and a ketone derivative by light or
      heat involves two electron states of singlet state and triplet state.
      However, when it is taken into account to form cyclopropane derivatives by
      the addition of carbene to olefin, which is an important reaction in the
      synthetic chemistry, the singlet carbene is inserted between the
      carbon-hydrogen bond, and the triplet carbene shows a radical property and
      causes the abstraction reaction of hydrogen. Consequently, both of the
      singlet carbene and triplet carbene have poor stereo-selectivity, and such
      carbenes are not preferred. On the other hand, carbenoid adds to olefin
      setereospecifically and stereoselectively and hardly causes the insertion
      reaction between the carbon-hydrogen bond and further does not cause the
      abstraction reaction of hydrogen, and therefore carbenoid has a high
      useful merit. The present invention relates to the use of the carbenoid
      according to the above narrow definition for the addition to olefin bond
      units contained in the multi-component copolymer.
PAR  A method for synthesizing dichlorocyclopropane derivatives by the reaction
      of olefins with dichlorocarbene has been discovered by Doering in the year
      of 1954 [W. von E. Doering and A. K. Hoffman, JACS. Vol. 76, page 6162
      (1954)]. Later, various processes for synthesizing carbene have been
      developed. However, since carbene is easily hydrolyzed, all of these
      processes must be effected under absolutely anhydrous state. A large
      number of investigations, wherein a carbene-forming reaction under
      absolutely anhydrous state is utilized for improving properties of
      elastomer, such as conjugated diene polymer having a high content of
      olefin bond units, have been commonly known. For example, studies for
      introducing dichlorocyclopropane functional groups into the main chain by
      reacting dichlorocarbene with polyisoprene or polybutadiene have been
      disclosed by Pinazzi et al [Comp. Rend., Vol. 256, page 2390 (1963); Vol.
      258,  pages 2607 and 4982 (1964); Vol. 260, page 3393, (1965); Vol. C-263,
      page 859 (1966) and Vol. C-264, page 288 (1967)), and J. Lal et al (J.
      Polymer Sci., A-1, Vol. 4, page 1637 (1966)]. Studies for reacting
      carboalkoxycarbene as well as dichlorocarbene have been disclosed by I.S.
      Lishanskii et al [Vyskomol. Soyed, Vol. 8, No. 1, page 186(1966)].
      Furthermore, as a prior art having a relation to the present invention,
      wherein dihalocarbene reaction is applied to rubbery polymer, only British
      Pat. No. 1,010,125 has hitherto been known. In this British patent, olefin
      bond units remaining in a conjugated diene polymer are reacted with
      dihalocarbene under absolutely anhydrous state to introduce halogen bonds
      into the polymer and to give chlorinated rubber-like properties to the
      polymer, and the example describes only the use of cis-1,4-polyisoprene.
      In the method of the British patent, it is not clear whether a formation
      reaction of dihalocyclopropane functional group proceeds to modify the
      structure of the polymer or a chemical reaction wherein carbene is
      inserted between carbon-hydrogen bond to effect methylation is caused.
      However, in the claim, there is a description that the method can be also
      applied to polymers, such as polydiolefin, polyester, polyamide,
      polyurethane, polycarbonate and polyether.
PAR  The present invention is different from such conventional carbene-forming
      reaction, and relates to an application of a novel carbene addition
      reaction to the improvement of properties of multi-component copolymer.
      The basic idea of this novel carbene addition reaction has been firstly
      found out by M. Makosza and M. Wawrzyniewicz [Tetrahedron Letters, No. 53,
      page 4659 (1969)]. The inventors have further developed and applied this
      method to the improvement of properties of polymers, and achieved the
      present invention. Particularly, the present invention aims to improve the
      compatibility of a multi-component copolymer having a low-content of
      olefin bond units in the side chain or in the cyclic group in the main
      chain with the general purpose rubber and to improve other properties of
      the copolymer by applying the above described method to the copolymer.
PAR  Since the multi-component copolymer to be used in the present invention has
      a low content of olefin bond units, the carbene reaction for forming the
      dihalocyclopropane must be effected in a high reactivity and in a high
      yield. The inventors, as shown in the following Examples and Comparative
      Examples, have made experiments for introducing dichalocyclopropane
      functional groups into a multi-component copolymer by the conventional
      carbene reaction developed by Doering et al, which is carried out under
      absolutely anhydrous state, and by the novel carbene reaction found out by
      Makosza et al, which is carried out in an aqueous solution. As the result
      of the experiments, it has been found that in the conventional Doering
      method, the yield is low and the actual formation of the reaction product
      cannot be ascertained, while in the Makosza method, the addition reaction
      of dihalocarbene proceeds in a very high yield. Further, it has been found
      that the multi-component copolymer modified by the addition of
      dihalocarbene has a remarkably improved compatibility with the general
      purpose rubber as shown in microphotographs in FIGS. 3A and 3B. These are
      surprising facts which can never been anticipated from conventional
      knowledge. According to the present invention, dihalocyclopropane
      functional groups can be easily introduced into the multi-component
      copolymer in a moderate reaction condition and in a high yield. Therefore,
      the method of the present invention is remarkably excellent as a method
      for producing modified multi-component copolymers having a novel structure
      suitable for blending the copolymer with the general purpose rubber and
      for other use purposes.
PAR  The structure of the dihalocyclopropane functional multi-component
      copolymers produced by the method of the present invention will be
      explained with reference to EPDM used in the following Examples.
PA1  1. In the case when the third component is 1,4-hexadiene:
      ##EQU2##
      2. In the case when the third component is 5-ethylidene-2-norbornene:
      ##EQU3##
      3. In the case when the third component is dicyclopentadiene:
      ##EQU4##
PAR  In addition to the improvement of the compatibility with the general
      purpose rubber, the modified multi-component copolymer of the present
      invention will supposedly have an improved heat resistance, and resistance
      against ozonolysis, and further the copolymer can effect a cross-linking
      reaction by utilizing halogen in the dihalocyclopropane functional group.
PAR  In the present invention, the starting multicomponent copolymer selected
      depending upon the purpose is dissolved in a proper solvent. In the
      present invention, dihalocarbene is generated from halogenated
      hydrocarbon, and when dichlorocyclopropane functional group is to be
      introduced, chloroform is used as an essential component, and when
      dibromocyclopropane functional group is to be introduced, bromoform is
      used as an essential component. When the starting multi-component
      copolymer is soluble in these halogenated hydrocarbons, these halogenated
      hydrocarbons alone can be used as a solvent. While, when the starting
      multi-component copolymer is hardly soluble in these halogenated
      hydrocarbons alone, a mixed solvent composed of the halogenated
      hydrocarbon and at least one of compounds inert to the carbene reaction is
      used. As the compound to be used for the mixed solvent, mention may be
      made of aliphatic hydrocarbons, such as pentane, hexane, heptane and the
      like; aromatic hydrocarbons, such as benzene, toluene, mixed xylene and
      the like; halogenated hydrocarbons, such as carbon tetrachloride and the
      like; aliphatic or cyclic ethers, such as diethyl ether, tetrahydrofuran,
      dioxane and the like. However, these compounds are not limitative. Among
      these compounds, hexane, heptane, benzene and toluene are preferable to be
      used in the mixed solvent, and heptane and toluene are particularly
      preferable. The amount of the solvent to be used is optional. However, in
      general, when the amount is too small, a reaction product having unreacted
      olefin bond units is apt to be precipitated before the olefin bond units
      in the multicomponent copolymer are completely reacted with dihalocarbene,
      and accordingly it is preferred to use solvent in an amount as large as
      possible. In general, the concentration of the solution is preferably not
      higher than 10 g/l, and in particular preferably within the range of 1 to
      5 g/l.
PAR  The catalyst to be used in the present invention is cation surfactant
      catalyst, and includes tetraalkylammonium chloride, tetraalkylammonium
      bromide, trialkylbenzylammonium chloride, trialkylbenzylammonium bromide,
      alkylpyridinium chloride, alkylpyridinium bromide and the like. However,
      these compounds are not limitative. Among these compounds,
      triethylbenzylammonium chloride and triethybenzylammonium bromide are
      preferable. The addition amount of the catalyst can be selected optionally
      depending upon the purpose, but the amount is usually 1 to 50% by weight,
      preferably 1 to 5% by weight based on the multi-component copolymer.
PAR  The alkali aqueous solution to be used in the present invention is prepared
      from sodium hydroxide or potassium hydroxide. The concentration of the
      alkali aqueous solution is not particularly limited, and can be selected
      optionally depending upon the purpose. Since a sodium hydroxide aqueous
      solution used in the saponification of neutral fat and oil in the
      commercial production of hard soap is concentrated up to 50%, this 50%
      sodium hydroxide aqueous solution can be directly used in the present
      invention. The alkali aqueous solution is used in an optional amount, but
      is usually used in an amount of 1/10 - 1/50 (volume ratio calculated as
      50% alkali hydroxide aqueous solution) based on solution of the
      multi-component copolymer.
PAR  In the present invention, the addition order of the above described
      components is not particularly limited, but, in general, the following
      addition order is preferably used. That is, a cation surfactant catalyst
      is added to a solution of the multi-component copolymer while stirring,
      and then an alkali aqueous solution is gradually added thereto while
      continuing the stirring.
PAR  In the present invention, the reaction can be effected at an optional
      temperature. The reaction proceeds sufficiently at room temperature. The
      reaction time is selected within 1 to 24 hours depending upon the purpose.
      In general, when the reaction is effected at room temperature under
      stirring, all the olefin bond units are converted into dihalocyclopropane
      functional groups in 10 to 15 hours. After completion of the reaction, the
      solution layer containing the modified multi-component copolymer is washed
      thoroughly with a large amount of water, and then the modified
      multi-component copolymer is purified by an optionally selected
      conventional purification process.
DRWD
PAR  For a better understanding of the present invention, reference is taken to
      the accompanying drawings, wherein:
PAR  FIG. 1 represents an infrared absorption spectrum of EPDM Nordel 1070 used
      as a starting material in Example 1 of the present invention;
PAR  FIG. 2 represents an infrared absorption spectrum of dichlorocyclopropane
      functional EPDM Nordel 1070 produced in Example 1 of the present
      invention; and
PAR  FIGS. 3A to 3C represent photomicrographs showing a comparison of the
      dichlorocyclopropane functional EPDM Nordel 1070 produced in Example 1 of
      the present invention with the starting EPDM Nordel 1070 in the
      compatibility with the general purpose rubber. FIG. 3A represents
      photomicrographs showing compatabilities of the dichlorocyclopropane
      functional EPDM Nordel 1070 with general purpose rubbers of natural
      rubber, cis-1,4-polyisoprene, SBR and BR. FIG. 3B represents
      photomicrographs showing compatibilities of the starting EPDM Nordel 1070
      with the same general purpose rubbers as described above. FIG. 3C
      represents a photomicrographs showing compatibility of the
      dichlorocyclopropane functional EPDM Nordel 1070 with the starting EPDM
      Nordel 1070.
PAR  The following Examples are given in illustration of this invention and are
      not intended as limitations thereof.
PAC  EXAMPLES 1 TO 4
PAR  Each of the following three kinds of commercially available EPDM, i.e.,
      Nordel 1070 (trademark of ethylene/propylene/1,4-hexadiene copolymer made
      by Du Pont Inc., 1,4-hexadiene content is 1.7 mol%), Epsyn 55 (trademark
      of ethylene/propylene/ethylidenenorbornene made by Copolymer Inc.,
      ethylidenenorbornene content is 3.7 mol%) and Royalene 306 (trademark of
      ethylene/propylene/dicyclopentadiene copolymer made by Uniroyal Inc.,
      dicyclopentadiene content is 2.9 mol%), was dissolved in chloroform so as
      to prepare respectively an about 5% solution of the EPDM in chloroform.
      The EPDM was reprecipitated by adding acetone to the solution, and gel was
      filtered off by means of a wire gauze to obtain a purified EPDM. Gel
      content of Nordel 1070 was about 0.6% by weight, and that of Royalene 306
      was about 8% by weight. In the case of Epsyn 55, the wire gauze was
      clogged with gel, and it was impossible to determine accurate gel content.
PAR  Into a four neck separable flask of 5l capacity were charged 15 g of the
      thus purified EPDM and 3.5l of chloroform, and the resulting mixture was
      stirred for 1 day at room temperature to dissolve completely the EPDM in
      the chloroform. To this solution was added 4 g of triethylbenzylammonium
      chloride (hereinafter abridged as TEBA-Cl) and stirred thoroughly,
      followed by addition of 100 ml of a 50% sodium hydroxide aqueous solution,
      which had previously been prepared by adding 500 g of water to 500 g of
      sodium hydroxide, by means of a dropping funnel in about 1 hour while
      stirring the reaction solution. After completion of the addition, the
      reaction solution was stirred vigorously for about 10 hours at room
      temperature. During the addition, the reaction solution changed from
      colorless transparency to light yellow opaque, and 3 hours after stirring,
      the reaction solution changed to light brown, and a small amount of
      precipitate was separated out and deposited on the wall of the flask. When
      the reaction solution was left to stand for 24 hours after completion of
      the stirring, a lower concentrated sodium hydroxide aqueous solution layer
      and an upper viscous blackish brown chloroform layer were separated. The
      aqueous solution layer was separated and removed by means of a separating
      funnel, and the chloroform layer was washed with water thoroughly. Then, a
      large amount (600 ml) of n-hexane was added to the chloroform layer to
      precipitate an inorganic substance which was probably sodium chloride.
      After the inorganic substance was filtered off, the resulting crude
      polymer was reprecipitated and purified by using methanol in a
      conventional manner and then dried thoroughly under vacuum.
PAR  Further, the EPDM Nordel 1070 was treated in the same manner as described
      above, except that triethylbenzylammonium bromide (hereinafter abridged as
      TEBA-Br) was used as a catalyst instead of TEBA-Cl.
PAR  The following Table 1 shows the result of the above described experiments.
      FIG. 1 represents an infrared absorption spectrum of the EPDM Nordel 1070
      used as a starting material in Example 1, and FIG. 2 represents an
      infrared absorption spectrum of the polymer produced from the EPDM Nordel
      1070 by using TEBA-Cl as a catalyst in Example 1.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

                              Cl (% by weight)                                 

     Example                                                                   

          Starting                                                             

                  Catalyst                                                     

                        .sup.1) Yield                                          

                              .sup.2) Found                                    

                                    Calculated                                 

     No.   EPDM         (%)                                                    

     __________________________________________________________________________

     1    Nordel 1070                                                          

                  TEBA-Cl                                                      

                        78.1  3.53  3.26                                       

     2    Epsyn 55                                                             

                  TEBA-Cl                                                      

                        87.4  12.08 6.99                                       

     3    Royalene 306                                                         

                  TEBA-Cl                                                      

                        58.7  6.41  5.61                                       

     4    Nordel 1070                                                          

                  TEBA-Br                                                      

                        83.2  3.88  3.26                                       

     __________________________________________________________________________

      .sup.1) Yield is calculated based on the weight of the starting EPDM?    

      .sup.2) Measured by means of a Schoniger flask combustion method.        

PAR  As seen from the above Table 1, it has been confirmed that the method of
      the present invention using a cation surfactant catalyst together with an
      alkali aqueous solution can effect smoothly an addition reaction of
      dichlorocarbene in a high yield. The reason why all the found values of
      chlorine content are larger than the theoretical value is probably due to
      impurities, such as sodium chloride, remained in the resulting copolymer
      and to errors in the measurement. As shown in the following Comparative
      Examples 1 to 2, when the addition reactions of dichlorocarbene were
      effected by using EPDM Nordel 1070 in the conventional method under
      absolutely anhydrous state, and chlorine contents of the resulting
      polymers were analyzed in the same procedure as described above, the
      chlorine contents were found to be 1.86% by weight and 2.28% by weight as
      shown in Table 2. This shows that the method of the present invention is
      remarkably superior to the conventional method in the addition of
      dihalocarbene to olefin bond units contained in the multi-component
      copolymer.
PAR  Then, an infrared absorption spectrum of the modified polymer of the
      present invention and that of the modified polymer produced in the
      following Comparative Example, which were formed from EPDM Nordel 1070,
      were compared to obtain the following results. The infrared absorption
      spectrum of the polymer produced by a conventional method described in
      Comparative Example is somewhat decreased in the intensity of the
      absorption at 967 cm.sup..sup.-1 (refer to FIG. 1) assigned to the olefin
      bond in the starting EPDM Nordel 1070 but otherwise said spectrum is
      exactly same as that of the starting EPDM Nordel 1070. On the contrary, in
      the resulting polymer obtained in the method of the present invention
      described in Example 1, as seen from the infrared absorption spectrum
      (refer to FIG. 2), the absorption at 967 cm.sup..sup.-1 assigned to the
      olefin bond in the starting EPDM Nordel 1070 is completely diminished, and
      absorptions newly appear at 1,260, 1,080, 1,030, 795 and 755
      cm.sup..sup.-1. From the analysis of infrared absorption spectrum in a
      model experiment of an addition reaction of dichlorocarbene to
      1,7-octadiene and a literature [C. Pinazzi et al, Compt. Rend., Vol.
      C-263, page 859 (1966) and Vol. C-164, page 288 (1967)], it is clear that
      the absorptions at 1,080 and 1,030 cm.sup..sup.-1 are assigned to
      cyclopropane ring and the absorptions at 795 and 755 cm.sup..sup.-1 are
      assigned to gem-chlorine atoms in the cyclopropane ring. The above
      described infrared absorption spectrum analysis and chlorine content
      clearly indicate that in the method of the present invention dihalocarbene
      is added to an olefin bond unit in the multi-component copolymer to form a
      dihalocyclopropane functional group.
PAC  EXAMPLE 5
PAR  In this example, in order to clarify the characteristic property of the
      dihalocyclopropane functional multi-component copolymer produced by the
      method of the present invention, dichlorocyclopropane functional EPDM
      Nordel 1070 was compared with EPDM Nordel 1070 in the compatibility with
      the general purpose rubber. General purpose rubbers used in this
      comparison test of compatibility were natural rubber (NR-2200),
      cis-1,4-polyisoprene (Natsyn 2200), styrene-butadiene copolymer rubber
      (Solprene 1040), cis-1,4-polybutadiene (BROI) and EPDM Nordel 1070. The
      compatibility was examined in the following manner. Into 30 ml of
      chloroform were charged 0.4 g of dichlorocyclopropane functional EPDM
      Nordel 1070 and 0.1 g of a general purpose rubber, and the resulting
      mixture was stirred for about 1 day at room temperature to prepare a
      homogeneous solution. The resulting solution was dropped on a glass plate
      by means of a dropping pipet. The chloroform was evaporated into air to
      form a thin film of the polymer mixture, and then a microphotograph of the
      film was taken. The same procedure was further effected with respect to
      EPDM Nordel 1070.  FIGS. 3A and 3B represent microphotographs of the
      films, and shows comparison of dichlorocyclopropane functional EPDM Nordel
      1070 with EPDM Nordel 1070 in the compatibility with the above described
      general purpose rubbers. As seen from the microphotographs, the
      compatibility of EPDM with the general purpose rubber is remarkably
      improved by converting the EPDM into dichlorocyclopropane functional EPDM
      by the method of the present invention.
PAC  COMPARATIVE EXAMPLES 1 TO 2
PAR  An egg-plant type flask of 100 ml capacity equipped with a three way cock
      was thoroughly dried under nitrogen atmosphere. Then, in the flask, white
      powdery potassium tert-butoxide was synthesized from metallic potassium
      and tert-butyl alcohol in a conventional manner and then dispersed
      thoroughly in 100 ml of a solvent as shown in the following Table 2. Then,
      0.95 g of EPDM Nordel 1070 was added to the dispersion, and after the
      resulting mixture was left to stand for 24 hours at room temperature to
      form a solution, the flask was once cooled to 0.degree. to 10.degree.C and
      then 3 ml of purified chloroform was added to the solution while stirring.
      When 2 or 3 drops of chloroform was added thereto, the reaction solution
      caused gel formation and stirring by means of a stirrer became impossible,
      and therefore the flask was shaken vigorously by hand. When the
      predetermined amount of chloroform was added to the reaction solution, the
      viscosity of the reaction solution was again decreased and stirring was
      able to be effected by means of a stirrer. After the stirring was
      continued for about 6 hours, the reaction solution was left to stand at
      room temperature for one night. The precipitate was removed by means of a
      centrifuge, and the resulting polymer was purified by reprecipitation with
      a tert-butyl alcohol/toluene system and then dried.
PAR  The obtained result is shown in the following Table 2.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

                               Cl (% by weight)                                

     Comparative                                                               

     Example                                                                   

            Starting                                                           

                    Solvent                                                    

                         .sup.1) Yield                                         

                               .sup.2) Found                                   

                                     Calculated                                

     No.    EPDM         (%)                                                   

     __________________________________________________________________________

     1      Nordel 1070                                                        

                    toluene                                                    

                         77.6  2.28  3.26                                      

     2      Nordel 1070                                                        

                    hexane                                                     

                         63.8  1.86                                            

     __________________________________________________________________________

      .sup.1) Yield is calculated based on the weight of starting EPDM.        

      .sup.2) Measured by means of a Schoniger flask combustion method.        

PAR  The infrared absorption spectrum of the resulting polymer was somewhat
      decreased in the intensity of the absorption at 976 cm.sup..sup.-1
      assigned to the olefin bond, but otherwise any new absorption was not
      found and said spectrum was substantially consistent with the infrared
      absorption spectrum of the starting EPDM Nordel 1070.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dihalocyclopropane functional multi-component copolymer containing
      dihalocyclopropane functional groups in the side chain or in the cyclic
      group in the main chain, which is obtained by subjecting a multi-component
      copolymer prepared from at least two alpha olefins having 2-8 carbon atoms
      and at least one non-conjugated diolefin compound to the reaction with
      dihalocarbene generated from halogenated hydrocarbon in the presence of a
      cation surfactant catalyst selected from the group consisting of
      tetraalkylammonium chloride, tetraalkylammonium bromide,
      trialkylbenzylammonium chloride, trialkylbenzylammonium bromide,
      alkylpyridinium chloride and alkylpyridinium bromide by using an
      alkali-aqueous solution to introduce dihalocyclopropane functional groups
      into said said chain or said cyclic group.
NUM  2.
PAR  2. The product as claimed in claim 1, wherein said multi-component
      copolymer is EPDM composed of 30-85 mol% of ethylene, 15 to 70 mol% of
      propylene and 1.0-10 mol% of nonconjugated diolefin compound.
PATN
WKU  039337693
SRC  5
APN  5309174
APT  1
ART  144
APD  19741209
TTL  Sulfur vulcanizable interpolymers
ISD  19760120
NCL  8
ECL  1
EXA  Cervi; F. R.
EXP  Schofer; Joseph L.
NDR  1
NFG  2
INVT
NAM  Lal; Joginder
CTY  Akron
STA  OH
INVT
NAM  Sandstrom; Paul H.
CTY  Tallmadge
STA  OH
ASSG
NAM  The Goodyear Tire & Rubber Company
CTY  Akron
STA  OH
COD  02
CLAS
OCL  260 8078
XCL  260 943
XCL  260 80P
EDF  2
ICL  C08F  452
ICL  C08F 3620
ICL  C08F13620
ICL  C08F23620
FSC  260
FSS  94.3;80.78
UREF
PNO  3492281
ISD  19700100
NAM  Smith et al.
OCL  260 94.3
LREP
FR2  Brunner; F. W.
FR2  Clowney; J. Y.
ABST
PAL  A method of preparing sulfur vulcanizable unsaturated interpolymers of at
      least one terminally unsaturated monoolefin selected from the group
      consisting of 1-butene and .alpha.-olefins containing from five to 12
      carbon atoms with at leeast one nonconjugated diolefin selected from the
      group of 4- and 5-methyl-1,4-hexadienes in which 5-methyl-1,4-hexadiene is
      at least 15 mole percent and in which the terminally unsaturated
      monoolefin comprises from about 98 to about 70 mole percent of the total.
BSUM
PAR  This invention relates to both the preparation and composition of polymers
      and more particularly to the preparation and composition of interpolymers
      of olefins and nonconjugated diolefins. Many of these interpolymers are
      valuable as synthetic rubbers.
PAR  The prior art teaches the use of olefins and diolefins for
      interpolymerization in order to make useful sulfur curable interpolymers.
      The primary reason for use a diolefin for these interpolymers is to
      provide unsaturation for subsequent vulcanization. It has now been
      discovered that interpolymers of 5-methyl-1,4-hexadiene with certain
      monoolefins are novel in nature since they are not taught by the prior
      art. These interpolymers, formed in high conversion, not only possess high
      molecular weight, but also negligible gel. These interpolymers may be
      rubbery, leathery, or resinous in nature. However, rubbery polymers are
      preferred.
PAR  It is not essential to use 5-methyl-1,4-hexadiene as a diolefin of 100
      percent purity. However, it is important that this diolefin be free from
      other compounds which would interfere in the formation of high molecular
      weight, unsaturated interpolymers in high conversion.
PAR  One of the methods known to the art for synthesizing 5-methyl-1,4-hexadiene
      is by the codimerization of isoprene and ethylene. However, this method
      yields 4-methyl-1,4-hexadiene in addition to the 5-methyl-1,4-hexadiene.
      It was also unexpectedly discovered that 4-methyl-1,4-hexadiene cannot be
      used in place of 5-methyl-1,4-hexadiene to prepare high molecular weight
      interpolymers possessing the desired curability and vulcanizate
      properties.
PAR  It was also discovered that as long as 5-methyl-1,4-hexadiene is at least
      15 mole percent of the isomeric mixture, excellent physical and mechanical
      properties of vulcanizates of these interpolymers are maintained when they
      are prepared by employing judicious amounts of methyl-1,4-hexadienes. The
      present invention is directed to sulfur vulcanizable unsaturated
      interpolymers of at least one terminally unsaturated monoolefin, wherein
      the monoolefin is selected from the group consisting of 1-butene and/or a
      monoolefin having from five carbon atoms to about 12 carbon atoms with a
      nonconjugated diolefin which is a mixture of 4- and
      5-methyl-1,4-hexadienes, wherein said 5-methyl-1,4-hexadiene isomer is at
      least 15 mole percent of said 4- and 5-methyl-1,4-hexadiene mixture and
      said monoolefin comprises from about 98 to about 70 mole percent of the
      total monomers charged. Thus, the interpolymers of the present invention
      are prepared from about 2 to about 30 mole percent of charged diolefin and
      from about 98 to about 70 mole percent monoolefin.
PAR  Another embodiment of the present invention is sulfur vulcanizable
      unsaturated interpolymers of at least one terminally unsaturated
      monoolefin selected from the group consisting of 1-butene, 1-pentene,
      1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene, 1-undecene and
      1-dodecene, with a nonconjugated diolefin which is a mixture of 4- and
      5-methyl-1,4-hexadiene isomers wherein said 5-methyl-1,4-hexadiene isomer
      is at least 15 mole percent of said 4-and 5-methyl-1,4-hexadiene mixture
      and said terminally unsaturated monoolefin comprises from about 98 to
      about 70  mole percent of the total monomer charged.
PAR  Another embodiment of the present invention is the preparation of sulfur
      vulcanizable unsaturated interpolymers comprising reacting at least one
      terminally unsaturated monoolefin, wherein the monoolefin is selected from
      the group consisting of 1-butene and/or a monoolefin having from five
      carbon atoms to about 12 carbon atoms with a nonconjugated diolefin which
      is a mixture of 4- and 5-methyl-1,4-hexadiene isomers under polymerization
      conditions in the presence of a coordination catalyst prepared from an
      organometallic reducing agent and a transition metal salt, or mixtures
      thereof, wherein said 5-methyl-1,4-hexadiene isomers is at least 15 mole
      percent of said 4- and 5-methyl-1,4-hexadiene mixture and said terminally
      unsaturated monoolefin comprises from about 98 to about 70 mole percent of
      the total monomer charged.
PAR  The polymerization reactions of the present invention may be accomplished
      by the use of catalysts generally known as coordination catalysts.
      Representative of such catalyst systems is a mixture of an organometallic
      reducing agent with a transition metal salt, or mixtures thereof.
      Compounds of the transition heavy metals are those derived from metals of
      the B sub-groups of IV to VII or Group VIII of the Periodic Table. The
      organometallic reducing agents are selected from organometallic compounds,
      hydrides and free metals of Groups I to IV of the Periodic Table. The
      compounds of the transition metals are preferably halides, oxyhalides and
      alkoxides, the preferred metals being titanium and vanadium. The metals of
      the organometallic reducing agents are preferably lithium, magnesium,
      aluminum and tin and the organic portions are preferably hydrocarbon
      radicals containing 1-10 carbon atoms or aryl groups such as phenyl, tolyl
      or naphthyl. Preferably the organometallic compound is an aluminum
      compound, more preferably an alkyl aluminum halide. In these
      organometallic compounds, the valences of the metal may be partially
      satisfied by halogen or alkoxy, provided, of course, that at least one
      bond connects the metal with an organic radical. Mixtures of two or more
      compounds of the type described above may often be used to advantage.
      These catalysts are not the subject of the present application.
      Coordination catalysts have been reviewed in "Stereochemistry of
      Macromolecules," edited by A. D. Ketley and published by Marcel Dekker,
      Inc., New York (1967). The addition of a third component, consisting of an
      electron donor molecule, may be employed to the benefit of the above
      coordination catalysts. Examples of donor molecules include various
      amines, phosphines, ethers, sulfides, pyridines, and related compounds
      classified as electron donor molecules. Ordinarily, the transition metal
      salt is employed in an amount such as to provide about 0.0002 to 0.01,
      preferably about  0.0003 to 0.0004 mole of transition metal compound per
      mole of monomers being polymerized.
PAR  The organometallic compound is usually employed in an amount so as to
      provide an organometallic compound/transition metal compound molar ratio
      of about 0.5 to 15, preferably about 0.75 to five, most preferably about
      two.
PAR  The amount of catalyst by weight is from about 0.1 to about 10 phm (parts
      per hundred parts of monomer), the preferred range being about 0.5 to five
      phm.
PAR  The polymerizations can be conducted in an inert solvent. However, they may
      be conducted in bulk polymerization. By "inert solvent" is meant one that
      will not adversely affect the reaction rate or reaction product.
      Convenient solvents are aliphatic, aromatic or cycloaliphatic
      hydrocarbons. Representatives of such solvents are heptane, hexane,
      benzene, toluene, cyclopentane, cyclohexane and the like. Chlorinated
      hydrocarbons such as trichloroethylene, tetrachloroethylene and
      chlorobenzene may be used.
PAR  The polymerization reactions involved in this invention can be carried out
      over a wide range of temperatures. It is convenient to carry out the
      process at temperatures of -20.degree.C. to 100.degree.C., preferably
      0.degree.C. to 50.degree.C. The reactions may be carried out at
      atmospheric pressure or subatmospheric pressure or superatmospheric
      pressure.
DETD
PAC  EXPERIMENTAL
PAR  Unless otherwise specified, the following solutions and suspensions were
      used for carrying out the polymerization reaction.
PAR  Triethylaluminum-titanium tetrachloride-vanadium tetrachloride (Et.sub.3
      Al--TiCl.sub.4 --VCl.sub.4) three-component catalyst was preformed at
      about 90.degree.C. according to the general procedure of British Pat. No.
      886,371 and the resulting suspension used as a polymerization catalyst in
      heptane. The titanium and vanadium halides together constituted about 0.4
      molarity with the atomic ratio of titanium/vanadium (Ti/V) being one and
      the atomic ratio of aluminum/(titanium + vanadium) [Al/(Ti + V)] being
      about 0.4. For polymerization purposes, the preformed catalyst was
      modified with additional triethylaluminum (TEAL) so that the final ratio
      of Al/Ti was 2.5. Triethylaluminum-titanium tetrachloride catalyst was
      also preformed and used for polymerization according to the general
      procedure for the three-component catalyst.
PAR  Another type of catalyst system used for preparing unsaturated
      interpolymers consisted of .alpha.-titanium trichloride-triethylaluminum
      (.alpha.--TiCl.sub.3 --Et.sub.3 Al) or .alpha.-titanium
      trichloride-diethylaluminum chloride (.alpha.--TiCl.sub.3 --AlCl). The
      .alpha.-TiCl.sub.3 used contained 0.33 moles of aluminum trichloride per
      mole of .alpha.-TiCl.sub.3.
PAR  Unless stated otherwise, all polymerization reactions were conducted in a
      nitrogen atmosphere. The polymerization mixture was precipitated in excess
      methanol containing 0.2 percent phenyl beta-naphthylamine (PBNA)
      stabilizer, followed by drying under reduced pressure.
PAR  As employed in this specification, inherent viscosity is defined as the
      natural logarithm of the relative viscosity at 30.degree.C. divided by the
      polymer concentration of a 0.05 to 0.10 percent (w.v.) solution in toluene
      containing 0.1 percent stabilizer and expressed in units of deciliters per
      gram (dl./g.).
PAR  Percent insolubility of vulcanizates in toluene was determined at
      25.degree.C. after immersion in toluene for 72 hours by placing one gram
      of sample in 200 milliliters (ml.) of toluene. The toluene solvent was
      changed after 24, 48 and 72 hours. The swollen sample was weighed and
      subsequently dried under vacuum to determine the weight of insoluble gel.
      From the same measurement, swelling ratio, Q, of the gel fraction was
      calculated as the ratio of the weight of toluene in the swollen sample to
      the weight of the tolueneinsoluble gel. The percent insolubility and
      swelling ratio were corrected for the amount of filler present in a
      vulcanizate.
PAR  FIGS. 1 and 2 further illustrate the novelty of the instant invention.
PAR  FIG. 1 illustrates how the 4/5-methyl-1,4-hexadiene gives a higher inherent
      viscosity indicating a higher molecular weight polymer than those produced
      by trans-1,4-hexadiene or 1,7-octadiene.
PAR  FIG. 2 illustrates how the percent gel remains at a low level using the
      1,4-hexadienes even though the charged amount is increased. The
      1,7-octadiene makes more undesirable gel as more is charged.
PAR  The practice of this invention is illustrated by reference to the following
      examples which are intended to be representative rather than restrictive
      of its scope.
PAC  EXAMPLE I
PAR  Solutions containing 80 ml. of 1-hexene, indicated amount of diene, and 80
      ml of pentane were sparged with nitrogen in 8-ounce bottles. Next, the
      required amount of a 1.5 M. solution of Et.sub.3 Al in heptane was added,
      followed by the required amount of a preformed Et.sub.3 Al/VCl.sub.4
      /TiCl.sub.4 catalyst suspension in heptane [0.37 M.(Ti + V halides); Ti/V
      atomic ratio = 1; Al/(Ti + V) atomic ratio = 0.4]. The atomic ratio of
      aluminum to transition metals in the final catalyst was 2.5. The solutions
      were polymerized at room temperature (about 25.degree.C.) while being
      mechanically shaken. The resulting polymers were precipitated in excess
      methanol containing phenyl beta-naphthylamine as a stabilizer and dried
      under vacuum. The polymers, 100 parts (by weight) were separately mixed on
      a two-roll mill with five parts zinc oxide, one part tetramethylthiuram
      disulfide, 0.5 part 2-mercaptobenzothiazole, and two parts sulfur. These
      compounded samples were then press cured and swelling ratio, Q, and
      percent solubility determined from their gum vulcanizates. Inherent
      viscosities of the polymers and curability data on their gum vulcanizates
      are shown in Table 1. The curability data indicate that the vulcanizates
      of the interpolymers prepared with the 4/5-methyl-1,4-hexadienes or
      1,7-octadiene exhibit high crosslink density based on their low swelling
      ratio and low percent solubility data. The vulcanizates of interpolymers
      prepared with trans- or cis-1,4-hexadiene showed a significantly higher
      percent solubility. The polymers prepared with the other dienes were
      either not sulfur vulcanizable or produced vulcanizates of low crosslink
      density and high solubility even though the amount of diene charged was
      2.5-15 times that of 4/5-methyl-1,4-hexadiene. The inherent viscosity data
      indicate that the highest molecular weight interpolymers, which also
      exhibit good curability were obtained with the 4/5-methyl-1,4-hexadiene
      mixture.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Inherent Viscosity and Curability Data on Interpolymers                   

                     Mole Cata-                                                

                              Polymer,                                         

                                   Inherent                                    

                                         Cur-       %                          

                     %    lyst                                                 

                              % Con-                                           

                                   Viscosity                                   

                                         ing        Solu-                      

     Diene           Chgd.                                                     

                          phm.sup.(a)                                          

                              version                                          

                                   dl/g  Min/.degree.F.                        

                                               Q    bility                     

     __________________________________________________________________________

     4/5-Methyl-1,4-hexadiene.sup.(b)                                          

                     2    0.33                                                 

                              90   4.1   30/320                                

                                               4.8  2.7                        

     4/5-Methyl-1,4-hexadiene.sup.(b)                                          

                     5    0.33                                                 

                              66   4.5   30/320                                

                                               3.5  1.3                        

     Trans-1,4-hexadiene                                                       

                     2    0.33                                                 

                              91   2.1   30/320                                

                                               5.5  8.4                        

     Trans-1,4-hexadiene                                                       

                     5    0.56                                                 

                              77   2.1   30/320                                

                                               3.5  5.7                        

     Cis-1,4-hexadiene                                                         

                     2    0.33                                                 

                              65   2.2   30/320                                

                                               5.6  8.7                        

     Cis-1,4-hexadiene                                                         

                     5    0.56                                                 

                              56   1.4   30/320                                

                                               4.0  7.9                        

     1,7-octadiene   5    0.33                                                 

                              93   3.1   30/320                                

                                               4.1  2.1                        

     Isoprene        30   1.00                                                 

                              79   --    30/310                                

                                               7.9  65                         

     1,5-Hexadiene   10   0.47                                                 

                              98   2.0   30/310                                

                                               21.8 32                         

     3-Methyl-1,3-pentadiene                                                   

                     20   0.36                                                 

                              28   5.1   30/310                                

                                               --   No cure                    

     5-Ethylidene-2-Norbornene                                                 

                     10   0.80                                                 

                              52   4.7   30/310                                

                                               41.6 46                         

     Dicyclopentadiene                                                         

                     10   0.80                                                 

                              62   5.4   30/310                                

                                               --   No cure                    

     1,5-Cyclooctadiene                                                        

                     5    0.36                                                 

                              84   3.2   30/310                                

                                               --   No cure                    

     5-Vinyl Norbornene                                                        

                     10   0.80                                                 

                              40   4.2   30/310                                

                                               --   No cure                    

     4-Vinyl Cyclohexene                                                       

                     5    0.33                                                 

                              84   2.5   30/310                                

                                               --   No cure                    

     5-(3-Butenyl)-2-Norbornene                                                

                     10   1.60                                                 

                              63   3.8   30/310                                

                                               27.2 14                         

     __________________________________________________________________________

      .sup.(a) Phm refers to weight parts per 100 parts of monomer mixture.    

      .sup.(b) Mixture of 4-methyl-1,4 hexadiene and 5-methyl-1,4-hexadiene,   

      molar ratio 1.5/1.                                                       

PAC  EXAMPLE II
PAR  Solutions containing equal volumes of 1-hexene and pentane and 10 to 50
      mole percent charge of 1,7-octadiene, trans-1,4-hexadiene or
      4/5-methyl-1,4-hexadiene mixture (molar ratio 4-methyl/5-methyl isomers =
      1.5/1) were polymerized with an Et.sub.3 Al/VCl.sub.4 /TiCl.sub.4 catalyst
      as in Example I. In FIG. I, the inherent viscosities of the interpolymers
      are plotted as a function of the mole percent diene charged. The inherent
      viscosities of the interpolymers prepared with the
      4/5-methyl-1,4-hexadiene mixture were considerably higher than those of
      the other interpolymers at the equivalent level of diene charged. In FIG.
      2 the percent gel of the interpolymers of 1,7-octadiene were sharply
      increased from about 20 percent to 50 percent as the diene charged was
      increased from 10 to 30 mole percent, whereas gel contents of less than
      five percent were obtained for the interpolymers prepared with the
      trans-1,4-hexadiene of 4/5-methyl-1,4-hexadiene mixture.
PAC  EXAMPLE III
PAR  Several interpolymers of 1-hexene and the specified dienes were synthesized
      with the Et.sub.3 Al/VCl.sub.4 /TiCl.sub.4 catalysts according to the
      procedure of Example I. The Et.sub.2 AlCl/.alpha.-TiCl.sub.3 catalyst was
      prepared in situ by the addition of a 1.5 M. solution of Et.sub.2 AlCl in
      heptane followed by 1.0 M. .alpha.-TiCl.sub.3 (contains 0.33 M.
      AlCl.sub.3) suspension in heptane (molar ratio Et.sub.2 AlCl/TiCl.sub.3 =
      1.5). The resulting interpolymers were isolated as described in Example I.
      The copolymers were mixed with 50 phr. ISAF carbon black, 5 phr zinc oxide
      and 2 phr stearic acid in a Brabender. The black stocks, 157 parts, were
      compounded on a 2-roll mill with one phr tetramethylthiuram disulfide, 0.5
      phr 2-mercaptobenzothiazole, and two phr sulfur. The compounded stocks
      were then press cured into tensile sheets using the designated curing
      conditions. The stress-strain properties of these vulcanizates are shown
      in Table 2.
PAR  The interpolymers prepared from three and 10 mole percent of 1,7-octadiene
      with Catalyst B exhibit lower inherent viscosity, higher gel, and
      considerably lower tensile strength than the corresponding polymers
      prepared with the 4/5-methyl-1,4-hexadiene mixture (molar ratio of
      4-methyl to 5-methyl isomers was 1/5/1). The interpolymers prepared with a
      five mole percent charge of trans-1,4-hexadiene show sharply lower
      inherent viscosity and tensile strength as compared to the corresponding
      data from the interpolymers prepared from a three or 10 mole percent
      charge of the 4/5-methyl-1,4-hexadiene mixture (molar ratio of isomers =
      1.5/1). The data also indicate that for a 10 mole percent charge of
      4/5-methyl-1,4-hexadiene mixture the vulcanizate tensile strength falls
      below 2000 psi when the mole percent of 4-methyl-1,4-hexadiene in the
      diene mixture becomes greater than 85 percent. By "phr" as used herein is
      meant parts per hundred of rubber.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Stress-Strain Properties of Hexene/Diene Interpolymer Vulcanizates        

                                 Polymer           Tensile                     

                                                         Elonga-               

                                                               300%            

     Cata-.sup.(a)         Mole %                                              

                                 Inherent                                      

                                       %    Curing Strength,                   

                                                         tion                  

                                                               Modulus,        

     lyst Diene            Charged                                             

                                 Viscosity                                     

                                       Gel  Min/.degree.F.                     

                                                   psi   Break,%               

                                                               psi             

     __________________________________________________________________________

     A    4/5-Methyl-1,4-hexadiene.sup.(b)                                     

                           3     7.0   0    35/310 2590  520   1130            

     B    4/5-Methyl-1,4-hexadiene.sup.(b)                                     

                           3     5.3   1.6  35/310 2350  540   1100            

     A    4/5-Methyl-1,4-hexadiene.sup.(b)                                     

                           10    7.0   3.0  15/310 2420  395   1760            

     B    4/5-Methyl-1,4-hexadiene.sup.(b)                                     

                           10    4.3   0    15/310 2100  370   1690            

     B    4/5-Methyl-1,4-hexadiene.sup.(c)                                     

                           10    4.4   2.7  40/300 2130  420   1520            

     B    4/5-Methyl-1,4-hexadiene.sup.(d)                                     

                           10    4.3   4.9  40/300 1830  410   1270            

     B    1,7-Octadiene    3     4.4   3.6  35/310 1850  515   970             

     B    1,7-Octadiene    10    3.3   21.0 15/290 1510  415   1070            

     A    Trans-1,4-hexadiene                                                  

                           5     2.3   4.0  15/310 1620  490   800             

     B    Trans-1,4-hexadiene                                                  

                           5     2.2   0    15/310 1590  440   1200            

     __________________________________________________________________________

      .sup.(a) Catalyst A: Et.sub.2 AlCl/.alpha.-TiCl.sub.3, Al/Ti = 1.5.      

        Catalyst B: Et.sub.3 Al/VCl.sub.4 /TiCl.sub.4, Ti/V = 3, Al/(Ti + V) = 

      2.5.                                                                     

      .sup.(b) Molar ratio of 4-methyl to 5-methyl isomers was 1.5:1.          

      .sup.(c) Molar ratio of 4-methyl to 5-methyl isomers was 5.66:1.         

      .sup.(d) Molar ratio of 4-methyl to 5-methyl isomers was 9:1.            

PAC  EXAMPLE IV
PAR  Solutions containing equal volumes of 1-hexene and pentane and a three mole
      percent charge (based on total monomers) of 4-methyl-1,4-hexadiene (96%
      purity), 5-methyl-1,4-hexadiene (99% purity), or a
      4/5-methyl-1,4-hexadiene mixture were polymerized with an Et.sub.2
      AlCl/.alpha.TiCl.sub.3 catalyst and an Et.sub.3 Al/TiCl.sub.4 catalyst.
      The polymers were isolated according to the procedure of Example I and
      compounded with carbon black and curing ingredients of the recipe
      described in Example II. The vulcanizates of the interpolymers prepared
      with either the 5-methyl-1,4-hexadiene or the 4/5-methyl-1,4-hexadiene
      mixture exhibit markedly higher tensile strength and higher crosslink
      density (as measured by 300% modulus and swelling ratio, Q) then
      vulcanizates of the interpolymers prepared from the 4-methyl-1,4-hexadiene
      (Table 3).
TBL                                    Table 3                                 

     __________________________________________________________________________

     Stress-Strain and Sol-Gel Properties of Vulcanizates of Hexene/Diene      

     Interpolymers                                                             

                   Polymer    Cur-        Elonga-                              

                                               300%                            

          Methyl-1,4                                                           

                   Inherent                                                    

                         Conver-                                               

                              ing, Tensile                                     

                                          tion at                              

                                               Modu-    %                      

     Cata-.sup.(a)                                                             

          hexadiene                                                            

                   Viscosity                                                   

                         sion Min/ Strength,                                   

                                          Break,                               

                                               lus,     Solu-                  

     lyst isomer   dl/g  %    310.degree.F                                     

                                   psi    %    psi Q    bility                 

     __________________________________________________________________________

     A    4-methyl 7.4   75   35   545    1180 68  12.0 18                     

     B    4-methyl 4.5   75   35   700    1060 125 6.5  13                     

     A    5-methyl 6.7   76   15   2520   575  990 3.1  3.0                    

     B    5-methyl 4.0   74   20   2060   505  1030                            

                                                   2.4  2.9                    

     A    4/5-methyl.sup.(b)                                                   

                   8.4   53   35   2670   475  1070                            

                                                   3.5  2.7                    

     B    4/5-methyl.sup.(b)                                                   

                   4.5   56   35   2230   630  715 3.2  3.8                    

     __________________________________________________________________________

      .sup.(a) Catalyst A: Et.sub.2 AlCl/.alpha.-TiCl.sub.3, Al/Ti atomic ratio

      = 1.5                                                                    

        Catalyst B: Et.sub.3 Al/TiCl.sub.4, Al/Ti = 2.5                        

      .sup.(b) Molar ratio of 4-methyl to 5-methyl isomers was 1.5:1.          

PAC  EXAMPLE V
PAR  Heptane solutions containing 25 weight percent of 1-butene, 1-hexene, and
      indicated diene were polymerized with a Et.sub.2 AlCl/.alpha.-TiCl.sub.3
      catalyst (molar ratio Et.sub.2 AlCl/.alpha.-TiCl.sub.3 = 1.5). The
      polymers were isolated according to the procedure of Example I and
      compounded with carbon black and curing ingredients of the recipe
      described in Example II. The vulcanizate properties in Table 4 show the
      distinct superiority of the 5-methyl-1,4-hexadiene isomer and the mixture
      over that of the 4-methyl-1,4-hexadiene alone.
TBL                                    Table 4                                 

     __________________________________________________________________________

     Stress-Strain and Sol-Gel Properties of Vulcanizates of                   

     Butene/Hexene/Diene Interpolymers                                         

     (60/37/3 mole percent charge ratio)                                       

                         Curing Ten-                                           

                                    Elonga-                                    

                                         300%                                  

     Methyl-1,4-                                                               

              Polymer    Time   sile                                           

                                    tion at                                    

                                         Modu-   %                             

     hexadiene                                                                 

              Con- I.V..sup.(a)                                                

                         at 310.degree.F.                                      

                                Str.                                           

                                    Break,                                     

                                         lus,    Solu-                         

     isomer   version                                                          

                   dl/g  Min.   psi %    psi Q   bility                        

     __________________________________________________________________________

     4-Methyl 86   3.8   35     505 630  120 15.4                              

                                                 40                            

     5-Methyl 82   3.8   15     2630                                           

                                    460  1300                                  

                                             3.1 3.8                           

     4/5-Methyl.sup.(b)                                                        

              70   3.8   35     2670                                           

                                    560  860 3.4 3.0                           

     __________________________________________________________________________

      .sup.(b) Molar ratio of 4-methyl to 5-methyl isomers was 1.5:1.          

      .sup.(a) I.V = inherent viscosity.                                       

PAC  EXAMPLE VI
PAR  A solution of an equal volume of 1-pentene and pentane and a 3 mole percent
      charge (based on total monomers) of a 4/5-methyl-1,4-hexadiene mixture
      (1.5/1 molar ratio) was polymerized at 25.degree.C. with a Et.sub.3
      Al/VCl.sub.4 /TiCl.sub.4 catalyst as in Example I. The conversion to
      interpolymer (inherent viscosity = 5.7) was 75 percent in 72 hours. The
      interpolymer gave a glass transition temperature of -33.degree.C. and
      melting endotherms at 55.degree. and 82.degree.C. as measured by
      Differential Thermal Analysis (DTA) using a calorimetric attachment. The
      interpolymer was compounded with carbon black and curing ingredients as
      described in Example II. The vulcanizate obtained by curing for 20 minutes
      at 310.degree.F. had a tensile strength of 2540 psi at 440 percent
      elongation at break and a 300 percent modulus of 1746 psi.
PAC  EXAMPLE VII
PAR  A heptane solution containing 25 weight percent of an 80/15/5 mole percent
      charge ratio of 1-butene, 1-octene, and a 4/5-methyl-1,4-hexadiene mixture
      (1.5/1 molar ratio) was polymerized at 25.degree.C. with an Et.sub.2
      AlCl/.alpha.-TiCl.sub.3 catalyst (molar ratio Et.sub.2
      AlCl/.alpha.-TiCl.sub.3 = 1.5). The conversion to interpolymer (inherent
      viscosity = 4.1) was 67 percent in 48 hours. The interpolymer gave a glass
      transition temperature of -44.degree.C. and melting endotherms at
      50.degree. and 90.degree.C. as measured by DTA using a calorimetric
      attachment. The interpolymer was compounded with carbon black and curing
      ingredients as described in Example II. The vulcanizate obtained by curing
      for 20 minutes at 310.degree.F. had a tensile strength of 3270 psi at 470
      percent elongation at break and a 300 percent modulus of 1650 psi.
PAC  EXAMPLE VIII
PAR  A heptane solution containing 25 weight percent of an 85/15/5 mole percent
      charge ratio of 1-butene, 1-decene, and a 4/5-methyl-1,4-hexadiene mixture
      (1.5/1 molar ratio) was polymerized at 25.degree.C. with Et.sub.2
      AlCl/.alpha.-TiCl.sub.3 catalyst (molar ratio Et.sub.2
      AlCl/.alpha.-TiCl.sub.3 = 1.5). The conversion to interpolymer (inherent
      viscosity = 3.5) was 63 percent in 48 hours. The interpolymer gave a glass
      transition temperature of -45.degree.C. and melting endotherms at
      48.degree. and 85.degree.C. as measured by DTA using a calorimetric
      attachment. The interpolymer was compounded with carbon black and curing
      ingredients as described in Example II. The vulcanizate obtained by curing
      for 20 minutes at 310.degree.F. had a tensile strength of 3200 psi at 450
      percent elongation at break and a 300 percent modulus of 1815 psi.
PAC  EXAMPLE IX
PAR  A solution of an equal volume of 1-hexene and pentane and a three mole
      percent charge (based on total monomers) of a 4/5-methyl-1,4-hexadiene
      mixture (1.5/1 ratio) was polymerized at 25.degree.C. with an Et.sub.2
      AlCl/.alpha.-TiCl.sub.3 catalyst (0.15 phm) according to the procedure
      used in Example III. The resulting interpolymer (40 percent conversion in
      72 hours) was isolated as described in Example I. The interpolymer
      exhibited an intrinsic viscosity of 6.5 in benzene at 25.degree.C. and a
      number average molecular weight value of 902,000 (Membrane Osmometer,
      toluene, 37.degree.C.).
PAR  Thus, this invention is directed to sulfur vulcanizable unsaturated
      interpolymers prepared from at least one terminally unsaturated monoolefin
      selected from the group consisting of 1-butene and .alpha.-olefins
      containing from five to 12 carbon atoms with at least one nonconjugated
      diolefin selected from the group of 4- and 5-methyl-1,4-hexadiene in which
      5-methyl-1,4-hexadiene is at least 15 mole percent and in which the
      terminally unsaturated monoolefin comprises from about 98 to about 70 mole
      percent of the total monomer charged.
PAR  Another embodiment of the present invention is a process for preparing
      sulfur vulcanizable unsaturated interpolymers comprising reacting at least
      one terminally unsaturated monoolefin selected from the group consisting
      of 1-butene and .alpha.-olefins containing from five to 12 carbon atoms
      with at least one nonconjugated diolefin selected from the group of 4- and
      5-methyl-1,4-hexadienes in which 5-methyl-1,4-hexadiene is at least 15
      mole percent, under solution polymerization conditions in the presence of
      a coordination catalyst prepared from an organometallic reducing agent and
      a transition metal salt or mixtures thereof and in which the terminally
      unsaturated monoolefin comprises from about 98 to about 70 mole percent of
      the total monomer charged. The terminally unsaturated monoolefins need not
      be linear.
PAR  A particularly interesting embodiment of the present invention is the
      preparation of a sulfur vulcanizable unsaturated interpolymer from the
      terminally unsaturated monoolefin 1-hexene with the nonconjugated
      diolefins 4-and 5-methyl-1,4-hexadienes wherein said interpolymer has an
      intrinsic viscosity greater than 5.1 dl/gm in benzene at 25.degree.C.
PAR  While certain representative embodiments and details have been shown for
      the purpose of illustrating the invention, it will be apparent to those
      skilled in this art that various changes and modifications may be made
      therein without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Sulfur vulcanizable unsaturated interpolymers prepared from at least one
      terminally unsaturated monoolefin selected from the group consisting of
      1-butene and .alpha.-olefins containing from five to 12 carbon atoms with
      a nonconjugated diolefin wherein said nonconjugated diolefin is a mixture
      of 4- and 5-methyl-1,4-hexadienes in which said 5-methyl-1,4-hexadiene is
      at least 15 mole percent of said nonconjugated diolefin mixture and in
      which said terminally unsaturated monoolefin comprises from about 98 to
      about 70 mole percent of the total monomer charged.
NUM  2.
PAR  2. The interpolymers according to claim 1 in which the terminally
      unsaturated monoolefin is selected from the group consisting of 1-butene,
      1-pentene, 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene, 1-undecene
      and 1-dodecene.
NUM  3.
PAR  3. The interpolymers according to claim 1 in which the terminally
      unsaturated monoolefin is 1-hexene.
NUM  4.
PAR  4. The interpolymers according to claim 1 in which the nonconjugated
      diolefin is 5-methyl-1,4-hexadiene.
NUM  5.
PAR  5. The interpolymers according to claim 1 in which the terminally
      unsaturated monoolefin is 1-hexene and the nonconjugated diolefin is
      5-methyl-1,4-hexadiene.
NUM  6.
PAR  6. The interpolymers according to claim 1 wherein the terminally
      unsaturated monoolefin is selected from the group consisting of 1-butene,
      1-hexene, 1-octene and 1-decene and the nonconjugated diolefin is
      5-methyl-1,4-hexadiene.
NUM  7.
PAR  7. The interpolymers according to claim 1 wherein the terminally
      unsaturated monoolefin is 1-hexene and said interpolymer has an intrinsic
      viscosity greater than 5.1 in benzene at 25.degree.C.
NUM  8.
PAR  8. The interpolymer according to claim 1 wherein the terminally unsaturated
      monoolefin is 1-pentene.
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ABST
PAL  There is provided a method of preparing transition metal complex catalysts
      combined with organic high polymers.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  There have been proposed transition metal complex catalysts for use in the
      polymerization of alkene and alkyne. Such catalysts are, for example,
      complexes having the following formulas:
      ##EQU1##
      wherein .PHI. is phenyl group, R is an alkyl group of 1 to 3 carbon atoms
      or an aryl group such as phenyl, tolyl, xylyl or naphthyl, and X is Cl, Br
      or I.
PAR  Such complex catalysts may be prepared by the reaction of
      tetrakis(triphenylphosphine(nickel or .alpha.-dipyridyl(dialkyl)nickel
      with halogenated compound as follows:
      ##EQU2##
PAR  The complex catalysts having the formulas (I) and (II) are objectionable in
      that they are thermally decomposable. Accordingly, these catalysts cannot
      be recovered after they have been used as a catalyst in the
      polymerization, i.e. they are very difficult to use repeatedly.
PAR  It is, therefore, an object of the present invention to provide thermally
      stable catalysts for use in the polymerization of alkene and alkyne.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a method of preparing transition metal
      complex catalysts combined with organic high polymers. Said catalysts
      have, for example, the following structural formula:
      ##EQU3##
PAR  Nomenclatures and chemical formulas or structural formulas of the compounds
      used in this application are as follows:
PAR  Halogenated polystyrene
      ##EQU4##
PAR  Halogenated styrene-divinylbenzene copolymer
      ##EQU5##
PAR  Tetrakis(triphenylphosphine)nickel
PAR  Ni(P.PHI..sub.3).sub.4 .PHI.: C.sub.6 H.sub.5
PAR  Tetrakis(triphenylphosphine)palladium
PAR  Pd(P.PHI..sub.3).sub.4
PAR  Tetrakis(triphenylphosphine)platinum
PAR  Pt(P.PHI..sub.3).sub.4
PAR  Diethyl(dipyridyl)nickel
      ##EQU6##
PAR  Bis(triphenylphosphine)phenyl(bromo)nickel
      ##EQU7##
PAR  The catalysts of the present invention may be prepared in the following
      manner:
PA1  1. A halogenated high polymer is mixed with a transition metal complex in
      an organic solvent.
PA1  2. The mixture is vigorously agitated and then allowed to stand to produce
      precipitate. This precipitate is filtered and then washed with an organic
      solvent to obtain a transition metal complex catalyst combined with
      organic high polymer of the present invention.
PAR  Said halogenated high polymer includes halogenated polystyrene and
      halogenated styrene-divinylbenzene copolymer.
PAR  Said transition metal complex includes complexes of transition metals which
      are in the low oxidation state, such as
      tetrakis(triphenylphosphine)nickel, tetrakis(triphenylphosphine)palladium,
      tetrakis(triphenylphosphine)platinum and diethyl(dipyridyl)nickel.
PAR  As an organic solvent, benzene, toluene or n-hexane may preferably be used.
PAR  The catalysts thus prepared have advantages as follows:
PA1  1. They are thermally stable.
PA1  2. They aare insoluble in common organic solvents such as benzene, toluene,
      n-hexane, methylene chloride, chlorobenzene and the like.
PA1  3. They can easily be separated from liquid products and repeatedly used.
PA1  The invention is illustrated by the following examples.
DETD
PAC  EXAMPLE 1.
PAR  4.5 g of brominated polystyrene (average degree of polymerization 1,100,
      bromination in the para-position of phenyl rings of polystyrene 80 percent
      was dissolved in 150 ml of toluene, and to this solution was added a
      solution of tetrakis(triphenylphosphine)nickel (which has been prepared
      from bis(acetylacetonato)nickel 5g, triphenylphosphine 20 g and
      diethyl(monethoxy)aluminum 8ml) in 100 ml of toluene. After this mixture
      was vigorously agitated for about one hour, it was allowed to stand for
      about 12 hours to give brownish precipitate. Supernatant liquid was
      removed and precipitate was washed five times with n-hexane to obtain 6.5g
      of nickel complex catalyst combined with brominated polystyrene having the
      following structural formula:
      ##EQU8##
PAR  In this complex catalyst, nickel content was 0.495 mmol/g.
PAR  0.1g of the nickel complex catalyst prepared above was suspended in 10 ml
      of n-hexane and to this suspension was added 0.8 mmol of ethyl ether-boron
      trifluoride (1/1). Ethylene gas was introduced into the mixture at
      0.degree.C and then subjected to the reaction at a pressure of 1
      atmosphere. Ethylene gas was absorbed at a rate of 41.4 ml/min to produce
      selectively butene by dimerization of ethylene.
PAR  The nickel complex catalyst could easily be recovered by removing butene
      and n-hexane after the reaction. Dimerization of ethylene was carried out
      twice by using the recovered nickel complex catalyst under the same
      condition as above. In these dimerizations, ethylene was absorbed at a
      rate of 50.3 ml/min and 56.3 ml/min, respectively.
PAR  For the purpose of comparison, dimerization of ethylene was carried out by
      using a solution of bis(triphenylphosphine)phenyl(bromo)nickel (0.049
      mmol) in methylene chloride (10 ml) under the same condition as above. In
      this dimerization, ethylene was absorbed at a rate of 39.6 ml/min.
PAC  EXAMPLE 2
PAR  5.1g of nickel complex catalyst combined with iodinated polystyrene was
      obtained by repeating the same procedure as that of Example 1 except that
      4.5g of iodinated polystyrene (average degree of polymerization 1100,
      iodination 89 percent was used instead of 4.5g of brominated polystyrene.
      In this complex catalyst, nickel content was 0.304 mmol/g.
PAC  EXAMPLE 3
PAR  160mg of chlorinated polystyrene (average degree of polymerization 700,
      chlorination 100 percent and 140 mg of diethyl(dipyridyl)nickel were added
      to 40 ml of toluene and this mixture was agitated at 50.degree.C for 15
      hours to give reddish precipitate. The precipitate was filtered, washed
      with toluene and dried to obtain nickel complex catalyst of the following
      formula:
      ##EQU9##
PAR  This process was carried out in an atmosphere of nitrogen.
PAR  The nickel complex catalyst thus obtained can suitably be used as a
      catalyst for polymerization of methyl methacrylate or vinyl acetate and as
      a catalyst for oligomerization of alkene such as ethylene or propylene in
      the presence of diethylaluminium chloride.
PAC  EXAMPLE 4
PAR  3.0g of iodinated polystyrene (average degree of polymerization 1100,
      iodination 96 percent was dissolved in 100 ml of benzene and to this
      solution was added a solution of 7g of
      tetrakis(triphenylphosphine)palladium in 100 ml of benzene. After this
      mixture was vigorously agitated for about one hour, it was allowed to
      stand for about 12 hours to give light yellowish precipitate. After an
      supernatant liquid was removed and the precipitate was washed twice with
      benzene and once with n-hexane, the precipitate was dried under reduced
      pressure to obtain 3.5g of palladium complex catalyst combined with
      iodinated polystyrene. In this complex, palladium content was 0.45 mmol/g.
PAC  EXAMPLE 5
PAR  3.0g of iodinated polystyrene (average degree of polymerization 1100,
      iodination 96.4 percent) was dissolved in 150 ml of benzene and to this
      solution was added a solution of 5g of tetrakis(triphenylphospine)
      platinum in 100 ml of benzene. After this mixture was vigorously agitated
      at a temperature of 70.degree.C to 6 80.degree.C for about 6 hours, it was
      allowed to stand for about 12 hours to give pale yellowish precipitate.
      The precipitate was filtered and washed with benzene (thrice) and with
      n-hexane (twice), and then dried under reduced pressure to obtain 3.6g of
      platinum complex catalyst combined with iodinated polystyrene. This
      platinum complex catalyst is insoluble in common organic solvents and
      stable in the air.
PAC  EXAMPLE 6
PAR  0.5g of p-chlorostyrene-divinylbenzene copolymer was suspended in 100 ml of
      toluene and to this suspension was added 0.28g of
      diethyl(dipyridyl)nickel. This mixture was kept, with stirring, at a
      temperature of about 50.degree.C for 24 hours. After the mixture was
      allowed to stand, the supernatant liquid was removed and the precipitate
      was washed with toulene thrice to give 0.51g of nickel complex catalyst
      combined with styrene-divinylbenzene copolymer of the following formula:
      ##EQU10##
PAR  In this complex, nickel content was 0.21 mmol/g.
PAR  In the above Examples, triphenylphosphine (P.PHI..sub.3 .PHI.: phenyl
      group) was used. However, other tertiary phosphines may be used instead of
      triphenylphospine. Such tertiary phosphines are those of the following
      formulas:
PAR  P(C.sub.2 H.sub.5).sub.3, PC.sub.2 H.sub.5 (C.sub.6 H.sub.5).sub.2,
      PCl(C.sub.6 H.sub.5).sub.2, P(OC.sub.6 H.sub.5).sub.3, P(C.sub.2
      H.sub.5).sub.2 C.sub.6 H.sub.5.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for preparing transition metal complex catalysts combined with
      organic high polymers, comprising mixing a halogenated high polymer
      selected from the group consisting of chlorinated, brominated and
      iodinated polystyrene and chlorinated, brominated and iodinated
      styrene-divinylbenzene copolymer with a complex of transition metal
      selected from the group consisting of nickel, palladium and platinum in an
      organic solvent, said transition metal being in a low oxidation state.
NUM  2.
PAR  2. A method according to claim 1 said transition metal complex is one
      selected from the group consisting of tetrakis(triphenylphosphine)nickel,
      tetrakis(triphenylphosphine)palladium,
      tetrakis(triphenylphosphine)platinum and diethyl(dipyridyl)nickel.
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PAL  Polyvinyl chloride and polyvinyl chloride containing up to 20 percent of a
      comonomer can be obtained in the form of small particle size spherical
      glassy surface particles by a process of bulk polymerization of monomer or
      monomers comprising two stage polymerization wherein high shear agitation
      is used during the first stage and low shear agitation is used in the
      second stage. To obtain a reduction in particle size, the polymerization
      in the first stage is conducted in contact with at least one of (A) an
      additive comprising an organic or inorganic, inert, fine particle size
      material solid at least at reaction temperatures, and insoluble in said
      monomer or monomers used, and (B) a cationic, anionic, or non-ionic
      surface active agent. A portion of the polymerization in a second stage
      reaction is conducted at temperature and pressure sufficient to render the
      surface of the individual particles or agglomerates glassy and fused. The
      resulting polymers and copolymers produced have superior plastisol
      viscosity stability and fusion characteristics and excellent powder flow
      properties as compared to those of the prior art.
PARN
PAC  REFERENCE TO PRIOR APPLICATIONS
PAR  This is a continuation-in-part of copending application Ser. No. 379,886,
      filed July 16, 1973, now abandoned which is a continuation of application
      Ser. No. 172,546, filed August 17, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the preparation of homopolymers and copolymers of
      vinyl chloride having reduced grain size and reduced porosity which are
      resistant to the swelling effect at room temperature of primary
      plasticizers for high molecular weight polyvinyl chloride.
PAR  Such fine grain homopolymers and copolymers can be obtained in the 20
      micron to 50 micron average grain size by the process of the invention
      which have reduced susceptibility to solvation by primary plasticizers at
      ambient temperatures and are useful as extender resins in the preparation
      of plastisols and organosols. The polymers of the invention can be used in
      applications where previously bulk polymerized polymers were unsuited
      because of their excessive grain size and wide grain size distribution in
      addition to high plasticizer absorptivity at room temperature. Prior art
      bulk polymerization methods produce polymers having average grain sizes in
      the range of about 80 to about 150 microns. More costly suspension
      polymerization processes are utilized to produce fine grain size extender
      polymers having low primary plasticizer absorptivity.
PAR  2. Description of the Prior Art
PAR  Polyvinyl chloride is classically produced by bulk or mass polymerization
      methods which means polymerization or copolymerization in the absence of
      solvents and diluents. The polymer is produced in particulate form having
      irregular shape which may vary from minute specks to irregular
      non-globular masses. In British Pat. No. 1,047,489 and U.S. Pat. No.
      3,522,227, both of which are hereby incorporated by reference, there are
      described a method of polymerization in mass in two steps which produces
      an improvement in regularity of granular size and shape. The process is
      more controllable and the product more uniform than can be obtained by
      other methods of bulk polymerization. In this process, the monomer is
      polymerized in a first stage to about 7 to about 15 percent conversion,
      preferably about 8 to about 10 percent conversion in a reactor called a
      prepolymerizer in which provision is made for high speed, high shear
      agitation. At the end of the first stage of polymerization, the mass is
      transferred to a second reactor and further polymerized in this second
      stage reactor in which provision is made for slow speed agitation to an
      appropriate end point (70 to 85 percent conversion in many cases).
PAR  In copending U.S. application Ser. No. 169,838, filed Aug. 6, 1971, a
      process is described which relates to the production of homopolymers and
      copolymers of vinyl chloride by a two stage polymerization method which
      produces a further reduction in particle size by a method involving
      contacting the monomer or monomers in the first stage of polymerization
      with an organic or inorganic, inert, particulate material solid at least
      at reaction temperature, a surface active agent, or a combination thereof.
      Examples of such solid inert materials are silicon dioxide, a hydrophobic
      coated silicon dioxide, solid particles obtained by emulsion
      polymerization of vinyl chloride, calcium carbonate, and calcium stearate.
      The particle size of the polymer is substantially reduced over the product
      of the process disclosed in U.S. 3,522,227, but nevertheless, still
      retains a high degree of porosity to plasticizers at room temperature.
      Incorporation of substantial amounts of these polymer particles as an
      extender resin in a plastisol can result in a rapid rise in viscosity upon
      ageing the plastisol at room temperature.
PAR  The polymers produced by the method of this invention are characterized by
      having a small particle size as obtained by the method described in
      copending U.S. Ser. No. 169,838, but additionally have the characteristics
      of lower fusion temperature and remaining substantially unsolvated when
      placed in contact with primary type plasticizers for vinyl chloride resins
      at room temperature as judged by viscosity stability tests on plastisols
      containing the polymer particles of the invention.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a method of obtaining a small particle size
      homopolymer or copolymer of vinyl chloride having a fused, glassy shell on
      the particles or agglomerates by bulk polymerization using high speed,
      high shear agitation during a first stage in which about 3 to about 15
      percent of the monomer or monomers are converted and polymerization in a
      second stage using low speed, low shear agitation and increased heat and
      pressure for a portion of the remainder of the reaction. During the first
      stage polymerization, the monomer or monomers are contacted with at least
      one of a surface active agent or a small particle size organic or
      inorganic inert material both solid and insoluble in the monomer or
      monomers at reaction temperatures. In other words the invention is
      directed to a process for preparing vinyl chloride polymer or copolymer
      particles having a fused, glassy surface which comprises:
PA1  1. polymerizing a monomer or monomers in a first stage at a temperature of
      about 30 to about 80.degree.C and in contact with at least one of an
      additive selected from the group consisting of:
PA2  A. an inorganic or organic, inert, fine particle size material, solid at
      least at reaction temperature and insoluble in said monomer or monomers,
      said material having an average particle size in the range of about 0.001
      to about 50 microns and said material being present in the amount of 0.001
      to 5 percent based upon said monomer or monomers present in said first
      stage, and
PA2  B. a surface active agent in an amount of 0.01 to 5 percent by weight based
      upon the monomer or monomers present in said first stage during which the
      reaction mixture is subjected to high speed agitation until about 3
      percent to about 15 percent by weight of said monomer or monomers have
      been converted to polymer particles, and
PA1  2. continuing the preparation of polymer particles by polymerization in a
      second stage during which said reaction mixture is subjected to low speed
      agitation at a temperature of about 30 to about 80 degrees centigrade and
      completing the reaction by increasing the temperature of the reaction
      mixture to about 60 to about 95 degrees centigrade, the increase in
      temperature being in the range of about 10 to about 65 degrees centigrade,
      so that at least 10 to about 50 percent of monomer or monomers present in
      said second stage are polymerized to provide on the surface of the polymer
      particles a low molecular weight, glassy, fused coating of polymer. A
      reduction in particle size of the product can in this way be obtained as
      compared to products obtained by methods disclosed in U.S. Pat. No.
      3,522,227.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The method of the invention contemplates addition of increased heat and
      pressure in the second stage bulk polymerization of vinyl chloride
      polymers or copolymers at a point during the conversion of the monomer or
      monomers so that at least 10 to about 50 percent of monomer or monomers,
      preferably at least about 20 to about 30 percent of a total of about 85
      percent final monomer or monomers converted is polymerized to provide on
      the surface of the particles a low molecular weight, glassy, fused,
      coating of polymer which renders the particles less susceptible to
      solvation when in contact at room temperature with a primary plasticizer
      for polyvinyl chloride or polyvinyl chloride copolymers. The polymers also
      fuse at a low temperature. During the second stage of polymerization, the
      temperature of the reactor contents is raised from about 30 to about
      80.degree. centigrade to about 60.degree. to about 95.degree. centigrade
      and the pressure is raised from about 80 to about 120 pounds per square
      inch to about 135 to about 315  pounds per square inch in order to create
      on the surface of the individual polymer particle or agglomarate a fused,
      glassy shell which provides, upon subsequent compounding with a primary
      plasticizer for polyvinyl chloride to produce a plastisol, a composition
      having reduced absorptivity of plasticizer as indicated by improved
      viscosity stability under room temperature ageing conditions. The vinyl
      chloride homopolymer resins of this invention are characterized by having
      lower fusion temperature.
PAR  By the method of the invention, a small particle size polymer can be
      obtained. The size of the polymer particles is reduced over methods of the
      prior art by the incorporation of an additive to the first stage of the
      bulk polymerization process. Thus, there is incorporated with the monomer
      or monomers in a first stage polymerization reactor 0.001 percent to 5
      percent by weight, based on the monomer or monomers present in the first
      stage of the vinyl chloride polymerization of an additive to control
      polymer particle size having an average particle size in the range of
      about 0.001 to about 50 microns. A suitable additive is fumed silica sold
      by Degussa under the tradename "Aerosil". The silica can be treated with
      an agent to render it hydrophobic. Such a treating agent is
      dichlorodimethylsilane which is used to produce a fumed silica sold under
      the tradename "Aerosil R-972" by Degussa. The silica used preferably is a
      fumed silica having an average particle size below 10.sup..sup.-1 microns.
PAR  It is contemplated that both organic and inorganic solid particulate matter
      which is both insoluble in vinyl chloride monomer and solid at
      temperatures at least up to reaction temperatures can be used in
      conjunction with monomers disclosed in the invention in a bulk
      polymerization process to provide a reduction in particle size of the
      polymers produced. The average particle size of the solid, inert,
      particulate matter can be in the range of 0.001 micron to about 50 microns
      with an average particle size range of 0.01 micron to about 15 microns
      preferred. An example of an organic solid particulate material useful in
      the process of the invention is emulsion polymerized vinyl chloride having
      an average particle size of two microns. Examples of inorganic solid
      particulate materials other than fumed silica useful in the process of the
      invention are carbonates such as calcium, magnesium, zinc, cadmium, and
      barium carbonates, aluminum silicates, and talc. When large quantities of
      solid inert matter can be added to the monomer without adding excessively
      to the cost or detracting from the physical properties of the polymers
      obtained, it is possible to use organic or inorganic solid inert
      particulate matter having an average particle size range up to 50 microns.
      An operable amount of useful solid inert particulate matter may thus be
      obtained from materials having greater than the above preferred average
      particle size.
PAR  The surfactants, or surface active agents, used in combination with vinyl
      chloride monomer or monomers can be of the nonionic, cationic, or anionic
      type and present in the range of 0.01 percent to 5 percent by weight based
      upon the monomer or monomers present in the first stage polymerization.
PAR  The surface active agents are agents having structurally unsymetrical
      molecules containing both hydrophilic and hydrophobic moieties. The
      nonionics do not ionize but may acquire hydrophilic character from an
      oxygenated side chain, usually polyoxyethylene. The oil-soluble part of
      the molecule can be aliphatic or aromatic in nature. The cationics ionize
      so that the oil-soluble portion is positively charged. Principal examples
      are quaternary ammonium halides such as benzethonium chloride and
      cetalkonium chloride. The anionics form negatively charged ions contained
      in the oil-soluble portion of the molecule. The ionizable group is the
      hydrophilic portion. Examples are sodium salts of organic acids, such as
      stearic acid and sulfonates or sulfates such as alkylaryl sulfonates,
      i.e., sulfonates of dodecylbenzene and sulfates of straight chain primary
      alcohols either fatty alcohols or products of the Oxo process, i.e.,
      sodium lauryl sulfate. Examples of nonionic surfactants that have proven
      effective are octylphenoxy polyethoxyethanols sold under the tradename
      "Triton X-100" and "Triton X-35" by the Rohm and Haas Company,
      Philadelphia, Pennsylvania. Examples of anionic surfactants are as
      follows: calcium, zinc, magnesium, and nickel stearates. An example of an
      effective cationic surfactant is a quaternized amine sold under the
      tradename "Quaternary O" by the Ciba-Geigy Corporatioon.
PAR  It is thus an object of the present invention to provide a bulk
      polymerization process for the production of high molecular weight vinyl
      chloride polymers or copolymers having small particle size and an exterior
      shell on the individual particle or agglomerate characterized as being
      glassy and fused. This shell is believed to be composed of low molecular
      weight polyvinyl chloride which renders such particles of polyvinyl
      chloride polymer or copolymer more resistant to solvation at ambient
      temperature as compared to polymers and copolymers of the prior art.
PAR  It is another object of the present invention to provide high molecular
      weight vinyl chloride polymers or copolymers wherein the absorptivity of
      the polymer so produced is reduced as compared polymers and copolymers
      produced by a two stage polymerization process of the prior art. This
      object is achieved by increasing the temperature and pressure in the
      second stage of conversion of the monomer or monomers in a bulk
      polymerization process so as to polymerize a portion of the monomer or
      monomers in a fused, glassy shell around the already formed polymer
      particles.
PAR  All other conditions and measures of the method of the invention are those
      conventionally employed in the previously known methods for the bulk
      polymerization of vinyl chloride involving two stage polymerization as
      disclosed in British Pat. No. 1,047,489 and U.S. Pat. No. 3,522,227. In
      the following abbreviated description of the process, for the sake of
      simplicity, the initial stage of the polymerization or copolymerization
      will be referred to as first stage reaction and the vessel in which this
      initial stage of polymerization is carried out will be referred to as a
      "Prepolymerizer". The final or complementary stage of the polymerization
      will be called simply second stage reaction and the vessel in which it is
      carried out the "Polymerizer".
PAR  In the first stage reactor, the means chosen to agitate the monomer or
      monomers is of a type capable of providing high shear and is commonly
      referred to as a "radial turbine type" agitator. At the start of the first
      stage reaction, the vessel is charged with a monomer composition to which
      a catalyst has been added. Any polymerization catalyst generally used in
      bulk polymerization methods, that is organic peroxides such as dilauroyl
      peroxide and benzoyl peroxide, organic peroxydicarbonates such as
      di-2-ethylhexylperoxy-dicarbonate, isopropyl peroxydicarbonate, or other
      organic radical formers such as azo compounds in which both azo nitrogen
      atoms are connected with a tertiary carbon atom, the other valences of
      which are saturated by nitrile, carboxy, alkyl, cycloalkylene, alkyl, or
      alkyl-000 radicals, or radiation rich in energy, such as ultra violet
      light, can, of course, also be used to an extent which is usual for bulk
      polymerization processes. After addition of the vinyl chloride monomer to
      the first stage reactor, a small amount of monomer is vented in order to
      blow the air out of the first stage reactor vessel. The speed of the
      turbine type agitator generally lies between 500  and 2,000 revolutions
      per minute or a tip speed of about 2 to about 7 meters per second in the
      first stage reactor. A tip speed of about 0.5 to about 2 meters per second
      is used in the second stage reactor. These figures should not be regarded
      as limiting values. As soon as a conversion of at least about 3 to about
      15 percent of the monomer composition has been obtained in the first stage
      reactor, the contents of the vessel are transferred to a second stage
      polymerization vessel equipped to provide slow speed, low shear agitation
      so as to insure proper temperature control of the reaction medium during
      which a portion of the polymerization is conducted at increased
      temperature and pressure to render the surface of the polymer particles
      glassy, and fused. A final monomer conversion of about 85 percent is
      achieved.
PAR  The reaction temperature in both first and second stage reactors generally
      ranges between about 30.degree. centigrade to about 95.degree. centigrade,
      preferably about 30.degree. to about 75.degree. centigrade.
PAR  The reaction temperature during the part of the second stage reaction
      during which a portion of the monomer or monomers is polymerized on the
      surface of the particles in the form of a low molecular weight, glassy,
      fused, non-porous coating ranges from about 60.degree. centigrade to about
      95.degree. centigrade, preferably about 65.degree. to about 75.degree.
      centigrade.
PAR  The reaction pressure in the first stage reactor generally ranges between
      about 130 pounds per square inch to about 210 pounds per square inch,
      preferably about 150 to about 190 pounds per square inch. The reaction
      pressure in the second stage reactor generally ranges between about 80 to
      about 120 pounds per square inch, preferably between about 90 to about 105
      pounds per square inch. The reaction pressure during formation of the low
      molecular weight, fused, glassy coating on the surface of the particles in
      the second stage reactor, ranges from about 135 pounds per square inch to
      about 285 pounds per square inch, preferably between about 150 to about
      190 pounds per square inch.
PAR  Examples of monomers that can be copolymerized with vinyl chloride are
      vinylidene chloride and vinyl esters such as vinyl acetate. The proportion
      of vinyl chloride should amount to at least 80 percent by weight of the
      monomers employed.
PAR  The optical microscope and sieve analysis were used as a method of
      determining average particle size. A magnification of 155  times was used
      together with an eye piece having a scale graduated in microns to
      determine the average particle size directly in microns. A 325 mesh screen
      having openings of 44 microns was used.
PAR  The molecular weight of the polymers presently commercially produced by
      bulk polymerization ranges from about 40,000 to about 125,000 by the
      weight average method. The ASTM method 1243 method A (1 percent in
      cyclohexanone) was also used to determine molecular weight by relative
      viscosity. The polymers produced varied by this method between 1.6 and
      2.7.
PAR  In order to further illustrate this invention but without being limited
      thereto, the following examples are given. In this specification, all
      parts and percentages are by weight, all pressures are gauge pressures,
      and all temperatures are in degrees centigrade unless otherwise specified.
PAC  EXAMPLE 1 -- Method of copending application Ser. No. 169,838 filed Aug. 6,
      1971.
PAR  In a vertical-type first stage reactor of 21/2 gallon capacity and
      stainless steel construction, equipped with a radial turbine type agitator
      were added 5.2 grams of fumed silica treated with dichlorodimethyl silane,
      0.77 milliliters of a 29 percent solution of acetylcyclohexanesulfonyl
      peroxide in dimethyl phthalate sold under the tradename "Lupersol 228 P"
      by the Lucidol Division of the Penwalt Company and 2.5 milliliters of a 40
      percent solution of di-2, ethylhexyl peroxydicarbonate in mineral spirits
      sold under the tradename "Lupersol 223 M" by the Lucidol Division of the
      Penwalt Company. 13.0 pounds of vinyl chloride were added to the reactor
      at a temperature of 20.degree. centigrade and 1.5 pounds of the vinyl
      chloride monomer were vented to the atmosphere to remove air from the
      reactor. The mixture in the reactor was slowly raised in temperature while
      agitating using the radial turbine type agitator at a speed of 2,000
      revolutions per minute to a temperature of 67.degree. centigrade over a
      period of 1 hour and maintained at this temperature for a period of 15
      minutes at a reaction pressure of 167 pounds per square inch.
PAR  The mixture was then transferred to a 5 gallon stainless steel reaction
      vessel containing 3.9 milliliters of "Lupersol 228 P", 6.3 milliters of
      "Lupersol 223 M" and 7.5 pounds of vinyl chloride. 1.5 pounds of vinyl
      chloride were vented in order to clear the air from the reactor. The
      mixture was heated to 50.degree. centigrade and the pressure raised to 105
      pounds per square inch. These conditions were maintained over a period of
      5 hours. The monomer that has not reacted is blown off and collected in a
      condensing circuit incorporating a filter so as to separate any particles
      of polymer carried over. The final traces of residual monomer absorbed by
      the particles of polymer are eliminated by placing the polymerizer under
      vacuum twice in succession and changing over to a nitrogen atmosphere in
      between. All the polymer composition is then passed through screening
      equipment. In this way, a powdery polymer is obtained in a yield of 83
      percent by weight based upon the weight of the monomer available for
      polymerization. The polymer has an average particle size of 44 microns as
      indicated by the fact that 50 percent of the polymer particles pass
      through a 44 micron screen. The weight average molecular weight as
      determined by gel permeation chromotography was 99,200.
PAC  EXAMPLE 2
PAR  A bulk polymerized polyvinyl chloride homopolymer was made by the process
      of this invention using the same proportions of ingredients as in Example
      1, but during the last 30 minutes of reaction using an internal
      temperature of 73.degree.-75.degree. centigrade and a pressure not
      exceeding 175 pounds per square inch to provide a total reaction time of 5
      hours during the second stage polymerization. In this way a powdery
      polymer is obtained in a yield of 83 percent by weight based on the weight
      of the monomer available for polymerization. The polymer has an average
      particle size of 41 microns as determined by microscopic observation using
      a magnification of 155 power. Molecular weight as determined by gel
      permeation chromotography was 95,500.
PAC  EXAMPLE 3
PAR  Using the same proportions of ingredients and conditions as those described
      in Example 2 above, a bulk polymerized polyvinyl chloride homopolymer was
      made according to the process of this invention. The total reaction time
      in the second stage polymerization was 4 hours and 15 minutes at 97 pounds
      per square inch pressure and the jacket temperature in the second stage
      reactor is raised to 75.degree. centigrade until the pressure starts to
      drop off. The jacket temperature is then lowered to 45.degree. centigrade
      as soon as possible. The time involved was 23/4 hours for the final
      heating step. In this way, a powdery polymer is obtained in a yield of 80
      percent based upon the weight of the monomer available for polymerization.
      The polymer has an average particle size of 39 microns as determined by
      microscopic observation using a magnification of 155 power.
PAC  EXAMPLE 4
PAR  Using the resins prepared in Examples 1, 2 and 3 above, plastisols were
      made up using the following formulation. Seventy parts of an emulsion
      polymerized polyvinyl chloride homopolymer sold under the tradename "Geon
      121" by B. F. Goodrich Chemical Company, 30 parts of the bulk polymerized
      polyvinyl chloride resin produced in the Examples above, and 60 parts of
      dioctylphthalate. The plastisols were prepared in the usual manner by
      combining the ingredients, blending until uniform using high speed
      agitation and dearating to remove entrapped air. Viscosity was evaluated
      using a Brookfield viscometer with the plastisol being maintained at a
      temperature of 25.degree. centigrade .+-. 0.3 degrees centigrade. A No. 3
      spindle was used and viscosity was determined as shown in the following
      table after ageing the plastisol 2 hours and after 24 hours.
TBL                TABLE                                                       

     ______________________________________                                    

     Plastisols containing                                                     

     Extender Resin                                                            

                   Viscosity at 25 .+-. 0.3 C (cps) at 12                      

     prepared in:  RPM (Brookfield LV Viscometer)                              

     ______________________________________                                    

                   after 2 hours                                               

                                after 24 hours                                 

                   ageing       ageing                                         

     Example 1 (control)                                                       

                   5400         7100                                           

     Example 2     4000         5200                                           

     Example 3     3500         4900                                           

     ______________________________________                                    

PAR  As shown in the above table, the Extender Resin made in Example 1 shows a
      higher viscosity after 2 hours ageing and after 24 hours ageing than
      either of the plastisols made using the Extender resin prepared as
      described in Examples 2 and 3. The resin prepared in Example 1 is
      representative of the polymer of copending application Ser. No. (Case
      3013) filed Aug. 6, 1971 and only Examples 2 and 3 represent the novel
      product of the invention.
PAR  In addition to providing plastisols having lower viscosity, the
      compositions of the invention have substantially lower fusing temperature.
      The polymer of Example 1 (control) has a fusing temperature of 68.degree.
      centigrade as compared to the fusing temperature of 55.degree. centigrade
      for the polymer of Example 2 and 50.degree. centigrade for the polymer of
      Example 3.
PAC  EXAMPLE 5
PAR  An extender grade polyvinyl chloride copolymer resin was made following the
      procedure of Example 2 and using the proportions of Example 1 except that
      monomers used were as follows: first stage, 2.8 pounds of vinyl acetate
      and 11.7 pounds of vinyl chloride, second stage, 1.1 pounds of vinyl
      acetate and 6.4 pounds of vinyl chloride. A small particle size copolymer
      was obtained having reduced plasticizer absorption as compared to
      copolymers of the prior art.
PAC  EXAMPLE 6
PAR  An extender grade polyvinyl chloride resin was made using the processing
      equipment of Examplle 1 and proportions and procedures as follows: The
      first stage reactor was charged with 11.5 pounds of vinyl chloride, 0.77
      milliliters of "Lupersol 228 P", 2.5 milliliters of "Lupersol 223 M", and
      5 grams of calcium stearate (0.12 based upon monomer). 1.5 pounds of vinyl
      chloride was vented to remove air from the reactor. The mixture in the
      reactor was slowly raised in temperature while agitating using the
      agitator set to run at 2150 revolutions per minute. A temperature of
      66.5.degree. centigrade was reached after a period of one hour, and the
      mixture was maintained at this temperature for 15 minutes at a pressure of
      167 pounds per square inch.
PAR  The mixture was then transferred to the second stage reactor containing 3.9
      milliliters of "Lupersol 228 P", 6.3 milliliters of "Lupersol 223 M", and
      7.5 pounds of vinyl chloride. The agitator was then turned on and set to
      run at 63 revolutions per minute and after 3 minutes, 1.3 pounds of vinyl
      chloride was vented. The mixture was reacted at 105 pounds per square inch
      for 45 minutes and then the pressure was raised to 225 pounds per square
      inch over a 45 minute period after obtaining approximately 20 percent
      conversion of monomer. The pressure was then held at about 225 pounds per
      square inch for about 30 minutes. The reaction was continued at 105 pounds
      per square inch for 11/3 hours and polymer was recovered in 83 percent
      conversion having a 49 micron average particle size and a relative
      viscosity of 2.04. Brookfield viscosity (cps) of a plastisol prepared and
      tested as in Example 4 was 3,900 after 2 hours ageing and 7200 after 24
      hours ageing.
PAR  Various changes and modifications can be made in the method and
      compositions of this invention, certain preferred forms of which have been
      described herein, without departing from the spirit and scope of this
      invention; it being the intention that all matter contained in the above
      description shall be regarded as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing vinyl chloride polymer or copolymer particles
      having a fused, glassy surface which comprises:
PA1  1. polymerizing a monomer or monomers in a first stage at a temperature of
      about 30.degree. to about 80.degree.C and in contact with at least one of
      an additive selected from the group consisting of
PA2  A. an inorganic or organic, inert, fine particle size material, solid at
      least at reaction temperature and insoluble in said monomer or monomers,
      said material having an average particle size in the range of about 0.001
      to about 50 microns and said material being present in the amount of 0.001
      to 5 percent based upon said monomer or monomers present in said first
      stage, and
PA2  B. a surface active agent in an amount of 0.01 to 5 percent by weight based
      upon the monomer or monomers present in said first stage
PAL  during which the reaction mixture is subjected to high speed agitation
      until about 3 percent to about 15 percent by weight of said monomer or
      monomers have been converted to polymer particles, and
PA1  2. continuing the preparation of polymer particles by polymerization in a
      second stage during which said reaction mixture is subjected to low speed
      agitation at a temperature of about 30.degree. to about 80.degree.
      centigrade and completing the reaction by increasing the temperature of
      the reaction mixture to about 60.degree. to about 95.degree. centigrade,
      the increase in temperature being in the range of about 10.degree. to
      about 65.degree. centigrade, so that at least 10 to about 50 percent of
      monomer or monomers present in said second stage are polymerized to
      provide on the surface of the polymer particles a low molecular weight,
      glassy, fused coating of polymer.
NUM  2.
PAR  2. The process of claim 1 wherein at least 15 to about 35 percent of said
      monomer or monomers are polymerized in a portion of said second stage
      polymerization to provide said vinyl chloride polymer or copolymers having
      a fused, glassy surface.
NUM  3.
PAR  3. The process of claim 2 wherein said monomers comprise vinyl chloride
      present in the proportion of at least 80 percent by weight.
NUM  4.
PAR  4. The process of claim 1 wherein said monomer consists of vinyl chloride.
NUM  5.
PAR  5. The process of claim 2 wherein said monomers comprise a mixture of 85
      percent by weight vinyl chloride and 15 percent by weight of vinyl
      acetate.
NUM  6.
PAR  6. The product of the process of claim 1.
NUM  7.
PAR  7. The product of the process of claim 3.
NUM  8.
PAR  8. The product of the process of claim 5.
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ABST
PAL  Polyolefin compositions having excellent dielectric properties comprising
      an alkylpyrene having the following formula
      ##SPC1##
PAL  (wherein R represents an alkyl group containing from 1 to 4 carbon atoms,
      and x is an integer of from 1 to 4, and when x is an integer of 2 or
      greater, R may be different or the same) in an amount of at last 0.5 parts
      by weight per 100 parts by weight of a polyolefin.
BSUM
PAR  This invention relates to a novel dielectric composition, and more
      particularly to a dielectric polyolefin composition which retains
      excellent dielectric strength over a long period of time and is suitable
      for use as insulation in high voltage cables.
PAC  BACKGROUND OF THE INVENTION
PAR  Polyolefins have been used in a variety of applications as insulating
      materials and accordingly many studies have been conducted toward
      improving the electrical breakdown strength of polyolefins. For example
      U.S. Pat. Nos. 3,445,394 and 3,542,684 describe methods for improving
      electrical breakdown strength by adding various kinds of additives to the
      polyolefins. However, such methods have many disadvantages in that the
      additives used do not show good compatibility with polyolefins and that
      the resultant polyolefin compositions do not exhibit satisfactory
      properties as insulating materials e.g., processibility, thermal
      stability, voltage stability, resistance to treeing which is a
      characteristic generally viewed as an early stage of dielectric
      break-down. Accordingly, a need exists to provide a novel polyolefin
      composition which has excellent properties as an electrical insulating
      material and which is free from the above described disadvantages of the
      prior art.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a main object of the present invention to provide a
      polyolefin composition which has excellent dielectrical properties and
      which is particularly superior and stable in breakdown voltage strength.
PAR  The other objects and advantages, and features of the present invention
      will become clear from the following description.
PAR  According to the present invention, there is provided a polyolefin
      composition comprising as a voltage stabilizer an alkylpyrene having the
      following formula
      ##SPC2##
PAL  (wherein R represents an alkyl group containing from 1 to 4 carbon atoms
      and x is an integer of from 1 to 4, and when x is an integer of 2 or
      greater, R may be different or the same) in an amount of at least 0.5
      parts by weight of 100 parts by weight of a polyolefin. This polyolefin
      composition has excellent dielectrical properties as well as excellent
      processibility and resistance to weight loss which usually results from
      the bleeding out, sublimation or evaporation of composition components.
      Thus, the polyolefin composition of the present invention, when used in
      cables or other electrical components, offers an improve electric
      insulating property. The generation of voids in the molding stage is
      minimal. As an insulator, it resists treeing and offers improved long time
      voltage stability. Moreover, the alkylpyrene does not impede the gelation
      of the polyolefin during the stage in which cross-linking reaction of the
      polyolefin occurs.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a view schematically showing an instrument for determining
      treeing characteristic voltages of samples obtained from various kinds of
      polyolefin compositions of the present invention and prior art polyolefin
      compositions;
PAR  FIG. 2 is a graphical representation of changes in treeing characteristic
      voltage against lapses of time under drying conditions in hot air at
      80.degree.C, of samples tested as in FIG. 1;
PAR  FIG. 3 is a graphical representation of the relation between the weight and
      drying time of the samples tested as in FIG. 1 maintained in hot air
      between 80.degree.C; and
PAR  FIG. 4 is a graphical representation of the relation of the amount (parts
      by weight) of monopropylpyrene per 100 parts by weight of polyethylene,
      the treeing characteristic voltage and amount of bleeding.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The alkylpyrene voltage stabilizers of the present invention have the
      general formula
      ##SPC3##
PAL  wherein R represents an alkyl group containing from 1 to 4 carbon atoms and
      x is an integer of from 1 to 4, provided that when x is an integer of 2 or
      more, R may be different or the same. More particularly, the alkylpyrene
      has one to four alkyl groups selected from methyl, ethyl, propyl and
      butyl. These alkyl groups are bonded at in arbitrary positions in the
      pyrene nucleus. The alkylpyrene can be easily obtained by purifying after
      isolation from a polycyclic aromatic hydrocarbon-rich distillate such as
      coal tar, petroleum tar or the like, or by reacting, for alkylation,
      pyrene with a lower olefin having four or less carbon atoms in the
      presence of a Friedel-crafts catalyst such as aluminium chloride or the
      like, or a solid acid catalyst such as silica-alumina. Though the
      alkylpyrene has generally various isomers, purity is not required; a
      mixture containing one or more isomers may be employed. Furthermore, the
      voltage stabilizer of the present invention may be mixture of two or more
      alkylpyrene.
PAR  The reasons for employing an alkylpyrene containing alkyl groups having
      from 1 to 4 carbon atoms are as follows: (1) pyrene not substituted with
      an alkyl group is not sufficiently compatible with a polyolefin, e.g.,
      when a polyolefin composition using pyrene is prepared for use as an
      electrically insulating material, a bleeding occurs on the material to an
      excessive extent; and (2) alkylpyrenes, substituted with 5 or more alkyl
      groups (of 1 to 4 carbon atoms), as well as those substituted with an
      alkyl group containing five or more carbon atoms, when mixed with a
      polyolefin for use as an electrically insulating material, give a lower
      treeing characteristic voltage and undesirable voids are generated in the
      material in the course of molding. Accordingly, alkylpyrenes other than
      those previously specified are not suitable for the purpose of the
      invention.
PAR  According to the present invention the substituted alkylpyrene is used in
      an amount of at least 0.5, preferably 0.5 - 10, parts by weight per 100
      parts by weight of the polyolefin. If the amount of the alkylpyrene per
      100 parts by weight of a polyolefin is less than 0.5 parts by weight, the
      desired effect on voltage stability is reduced. On the other hand, if the
      amount is above 10 parts by weight, the resultant polyolefin composition
      may suffer from an undesirable increase of bleeding, and reduction in
      tensile strength and loss of dielectric characteristics. Suitable
      polyolefins for use in the present invention include, for example,
      polyethylene, polypropylene, polybutene, ethylene-propylene copolymer, and
      ethylene-vinyl acetate copolymer. Among these, polyethylene which has been
      used as an insulating material for high voltage cables is preferred. The
      polyolefin composition of the present invention can be processed into
      electric-insulating materials by conventional methods. For example, when
      applied as an insulating material for a high voltage cable, the polyolefin
      composition of the present invention is mixed with a peroxide such as
      dicumylperoxide, 1,3 - bis (t-butylperoxyisopropyl) benzene, and if
      necessary, an antioxidant and a filler may also be added to the
      composition.
DETD
PAC  EXAMPLE 1
PAR  The various voltage stabilizing additives listed in Table 1 were each
      separately mixed with 100 parts by weight of a polyethylene having a melt
      index of 1.2 in amounts as shown in Table 1. To each mixture was further
      added 2.5 parts by weight of dicumylperoxide as a cross-linking agent, and
      0.2 parts by weight of 2,2,4-trimethyl-1,2-hydroquionoline polymer as an
      antioxidant, and the resultant mixture was kneaded by means of hotrolls
      120.degree.C for 10 min.
PAR  For comparison, similar compositions incorporating no voltage stabilizing
      agent and conventional voltage stabilizing additives were prepared as
      shown in Table 1.
PAR  Then, each of the polyethylene compositions was molded into a suitable
      shape. The resultant moldings were subjected to measurements of treeing
      characteristic voltage (KV), gelled fraction (%), resistance to
      void-forming, thermal deterioration, and long time voltage stability, in
      accordance with the following testing methods.
PAR  1. Determination of treeing characteristic voltage:
PAR  Each of the polyolefin compositions was press-molded and cross-linked at a
      temperature of 180.degree.C for 20 min. under a pressure of 480
      kg/cm.sup.2 to obtain a plate 1 having a size of 2.5 .times. 1.2 .times.
      0.3 cm.sup.3 as shown in FIG. 1. Then, the cross-linking agent remaining
      in the plate 1 was removed by drying the plate 1 in a hot air stream at
      80.degree.C for 48 hours or 1000 hours. Then, a test sample was obtained
      by imbedding a needle electrode 2 in our end of plate 1 to a depth so that
      the distance between the imbedded tip of the needle electrode 2 and the
      opposite end of the plate 1 was about 1 cm, as shown in FIG. 1. A number
      of test samples were simultaneously prepared by forming the polyolefin
      composition into a sheet having a thickness of 3 mm and a size of several
      times as large as that of the plate 1 in the same manner as described
      above, heat-treating the sheet to remove the cross-linking agent
      component, imbedding a certain number of needle electrodes at a distance
      from each other into the sheet in the manner as mentioned above, and
      cutting the sheet into individual sample plates each having one needle
      electrode imbedded therein. The needle electrode 2 was anchored in the
      plate 1 by preheating the plate 1 at 120.degree.C for 20 min. and then
      imbedding the needle into the plate at 120.degree.C. In doing so, the
      resultant test sample showed no distortion. The needle electrode used in
      these tests had a tip end with a curvature of a radius of less than 5 .mu.
      and a tip angle of 30.degree.. Each test sample comprising a test plate 1
      and a test needle electrode 2 was allowed to stand for 5 days and was then
      placed in a vessel 3, which was provided with a plate electrode 4 and
      filled with a No. 2 insulating oil (Japanese Industrial Standards C 2320),
      placing the test plate on the electrode 4. Then, a voltage was applied
      between the needle electrode 2 and the plate electrode 4 separated by a
      distance of 1 cm until a "treeing" formation (fracture pattern) 5 in the
      plate portion adjacent to the tip end of the anchored needle electrode 2
      was observed. Six or eight test samples were subjected to the above single
      needle test while increasing the applied voltage. The voltage at which 50%
      of the six or eight test samples developed "treeing" was recorded as the
      treeing characteristic voltage.
PAR  2. Gelled fraction (%):
PAR  The degree of the cross-linkage can be determined on the basis of the
      gelled fraction. Accordingly, by determining the gelled fraction by the
      following procedure, the effect of the added voltage stabilizer on the
      degree of cross-linkage of the polyolefin can be determined.
PAR  Each of the polyolefin compositions was press-molded and cross-linked at
      180.degree.C for 20 min. under a pressure of 480 kg/cm.sup.2 to obtain a
      sheet having a thickness of about 1 mm. Then, the sheet was cut into 5
      .times. 5 cm.sup.2 plates. Each plate was immersed in xylene at
      110.degree.C for about 24 hours, while replacing every 8 hours the xylene
      with fresh xylene, to dissolve xylene-soluble components contained in the
      plate. The resultant plate was further immersed overnight in methanol to
      extract the xylene content from the plate and then dried in a hot air
      steam at 80.degree.C for 48 hours. The thus dried plate was weighed and
      the gelled fraction was calculated as follows:
      ##EQU1##
PAR  3. Resistance to Void-forming:
PAR  The void-forming tendency of the polyolefin compositions during molding was
      determined.
PAR  Each of the polyolefin compositions was press-molded using cellophane as a
      separating medium under controlled conditions designed to induce
      void-forming in the composition, i.e., at 160.degree.C for 30 min under 20
      kg/cm.sup.2. Then, the resultant molded sheet was cooled to 80.degree.C
      under the same pressure to observe the voids, if any. Test results are
      indicated in Table 1 in the following manner: a polyolefin composition
      producing visible voids having a size greater than 50 .mu. is indicated by
      a symbol "x", while a composition with no voids is indicated by a symbol
      "A".
PAR  4. Thermal deterioration:
PAR  Each of the polyolefin compositions was press-molded into a sheet having a
      thickness of about 1 mm in the same manner as in the gelled fraction
      testing method. The resultant sheet was cut into plates each having a size
      of 5 .times. 1.2 .times. 0.1 cm.sup.3, which were suspended in a hot air
      circulating oven at 150.degree.C to test for resistance to thermal
      deterioration. A plate which showed no deterioration over a period of 20
      days under these conditions is designated by the symbol "A", while any
      plate which deteriorated within 20 days is represented by a symbol "x".
PAR  5. Long term voltage stability:
PAR  Where the treeing characteristic voltage, as determined as under (1) above,
      for a sample was 9.5 KV or greater after drying 80.degree.C for 1000 hours
      the sample is represented by a symbol "A", a sample having a treeing
      characteristic voltage of greater than 7 KV and smaller than 9.5 KV by a
      symbol "B", and a sample having a treeing characteristic voltage of 6 to 7
      KV by a symbol "x".
PAR  Test results are shown in Table 1 below. It will be understood from the
      Table that the polyethylene compositions of the present invention are
      superior to those using conventional voltage stabilizing additives.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Additives Boiling                                                         

                     Amount Treeing Characteristic                             

                                         Gelled                                

                                              Resistance                       

                                                    Thermal                    

                                                          Long term            

               Point .degree.C                                                 

                     (parts by                                                 

                            voltage KV   Fraction                              

                                              to Void-                         

                                                    Deteriora-                 

                                                          voltage              

                     weight) per                                               

                            Dried at                                           

                                  Dried at                                     

                                         %    forming                          

                                                    tion  stability            

                     100 parts of                                              

                            80.degree.C for                                    

                                  80.degree.C for                              

                     Polyethylene                                              

                            48 hours                                           

                                  1000 hours                                   

     __________________________________________________________________________

     Monopropyl-                                                               

               410-430                                                         

                     1      11.5  11.0   92.5 A     A     A                    

     pyrene                                                                    

     "         "     2      12.3  11.5   92.0 A     A     A                    

     "         "     5      17.0  14.0   88.5 A     A     A                    

     Dipropyl- 450-480                                                         

                     2      12.0  11.6   90.8 A     A     A                    

     pyrene                                                                    

     Tripropyl-                                                                

               480-520                                                         

                     2      11.0  11.3   90.3 A     A     A                    

     pyrene                                                                    

     Methyl-   390-410                                                         

                     2      13.5  12.0   92.0 A     A     A                    

     pyrene                                                                    

     Ethyl-    400-420                                                         

                     2      13.0  11.0   92.3 A     A     A                    

     pyrene                                                                    

     Buthyl-   420-460                                                         

                     2      10.8  10.0   89.9 A     A     A                    

     pyrene                                                                    

     Alkylpyrene                                                               

               410-520                                                         

                     2      12.0  11.5   92.0 A     A     A                    

     mixture I *                                                               

     Alkylpyrene                                                               

               410-500                                                         

                     2      11.5  11.5   91.5 A     A     A                    

     mixture II **                                                             

     No additive                                                               

               --    --     6.3   6.2    92.0 A     X     X                    

     pyrene    393   1      12.5  6.0    90.6 A     A     X                    

     "         "     2      14.7  6.5    90.9 A     A     X                    

     "         "     5      20.0  10.0   87.3 A     A     B                    

     Fluorene  295   2      10.2  6.5    68.9 X     X     X                    

     Fluoranthrene                                                             

               382   2      13.5  6.0    92.1 A     X     X                    

     Phenylnaphthalene                                                         

               358   2      12.8  7.3    83.0 A     X     B                    

     Sundex 8125 ***                                                           

               --    2      7.9   6.0    83.2 X     A     X                    

     CD 101 ****                                                               

               --    2      8.4   7.0    83.0 X     A     X                    

     __________________________________________________________________________

     Note:                                                                     

          * Mixture I composed of 55 wt % of monopropylene, 30 wt % of         

            dipropylpyrene and 15 wt % of tripropylpyrene.                     

         ** Mixture II composed of 50 wt % of monopropylpyrene and 50 wt % of  

            monoethylpyrene.                                                   

         ***                                                                   

            Trade name of Sun Oil Company for an aromatic rubber solvent.      

         ****                                                                  

            Trade name of Standard Oil Company for an aromatic solvent.        

PAC  EXAMPLE 2
PAR  2 parts by weight of monopropylpyrene was added to 100 parts by weight of
      polyethylene having a melt index of 1.2, with which were mixed 2.5 parts
      by weight of dicumylperoxide employed as a cross-linking agent and 0.2
      parts by weight of 2,2,4-trimethyl-1,2-hydroquinoline polymer employed as
      an antioxidant. The resultant mixture was then kneaded by means of hot
      rolls at 120.degree.C for 10 min.
PAR  The above process was repeated but without the addition of voltage
      stabilizing additives and using 2 parts by weight each of conventional
      voltage stabilizing additives, i.e., pyrene and phenanthrene, instead of
      monopropylpyrene. The monopropylpyrene-containing composition,
      pyrene-containing composition, phenanthrene-containing composition and the
      composition without the additives were press-molded and cross-linked at a
      temperature of 180.degree.C for 20 min. under a pressure of 480
      kg/cm.sup.2 to obtain a plate having a size of 2.5 .times. 1.2 .times. 0.3
      cm.sup.3 for each composition. The plates were placed in a hot air stream
      at 80.degree.C to detect changes in treeing characteristic voltages with
      lapse of time. Test results are shown in FIG. 2 by way of graphs showing
      the relation between the drying time and treeing characteristic voltage
      where the plates are dried at 80.degree.C. In FIG. 2, the abscissa shows
      the drying time and the ordinate the treeing characteristic voltages of
      the samples. The FIG. 2, curve 6 represents the data for the test sample
      not containing an additive; curve 7 represents the test sample containing
      phenanthrene; curve 8 represents the test sample containing
      monopropylpyrene; and curve 9 represents the test sample containing
      pyrene. It will be apparent from FIG. 2 that the respective treeing
      characteristic voltages show high values at the initial stage of drying
      since unreacted cross-linking agent remains in the samples. The treeing
      characteristic voltage is reduced with evaporation of the cross-linking
      agent component after a lapse of time. It will be also apparent from the
      figure that since the compatibility of phenanthrene and pyrene with
      polyethylene is far lower than that of monopropylpyrene, the treeing
      characteristic voltage of the samples made of the phenanthrene-containing
      composition and the pyrene-containing composition are reduced to a degree
      as low as that of polyethylene composition containing no additive, within
      a drying time of 100 hours and of 1000 hours, respectively.
PAC  EXAMPLE 3
PAR  Test samples were prepared in the same manner as in Example 2. The test
      samples were placed in a hot air stream at 80.degree.C and changes in
      weight of the samples were observed over a predetermined period of time.
      Test results are shown in FIG. 3 by way of graphs showing the relation
      between the drying time and the weight of samples which are being dried at
      80.degree.C. On the abscissa the drying time and on the ordinate the
      sample weight (grams per unit surface area.) In FIG. 3, 10 indicates the
      loss weight caused by evaporation of the cross-linking agent from each of
      the samples; curve 11 represents the sample which contains no voltage
      stabilizing additives; curve 12 represents the monopropylpyrene-containing
      sample; curve 13 represents the pyrene-containing sample; and curve 14
      represents the phenanthrene-containing sample. As will be apparent from
      the figure, in the initial period of the drying, i.e., within the first 3
      hours, the weight of the samples is rapidly reduced because of evaporation
      of the cross-linking agent component from each sample. The weights of the
      phenanthrene-containing sample and the pyrene-containing sample were
      continuously reduced at a higher rate since both phenanthrene and pyrene
      have low affinity for polyethylene. On the other hand, the weight of
      monopropylpyrene-containing sample was reduced relatively slowly.
PAC  EXAMPLE 4
PAR  Monopropylpyrene was mixed in various amounts (parts by weight) with 100
      parts by weight of polyethylene. Each mixture was further mixed with 2.5
      parts by weight of dicumylperoxide and 0.2 parts by weight of
      2,2,4-trimethyl-1,2-hydroquinoline polymer, and was kneaded on hot rollers
      of 120.degree.C at 10 min. to obtain a polyethylene composition. Each of
      the compositions was molded into a plate in the same manner as in Example
      2. By using the plates as test samples, treeing characteristic voltages
      and amounts of bleeding were determined. Test results are shown in FIG. 4
      by way of graphs showing the relation between the amount (parts by weight)
      of monopropyl pyrene per 100 parts by weight of polyethylene, the treeing
      characteristic voltage and the amount of bleeding generated. On the
      abscissa is represented the amount (parts by weight) of monopropylpyrene
      per 100 parts by weight of polyethylene, while on the lefthand ordinate
      the treeing characteristic voltage of the samples and the righthand
      ordinate the amount of bleeding generated from the samples. The amount of
      bleeding is determined by subjecting each of the polyethylene
      compositions, which were used for preparing test plates, to cross-linking
      and press-molding to obtain a sheet having a thickness of 1 mm, drying the
      sheet at 80.degree.C in a hot air circulating oven for about 5 hours,
      placing the resultant sheet for 30 days in an atmosphere having a
      temperature of 25.degree.C and a relative humidity of 60%, and measuring
      the amount of matter bled on the surfaces of the samples. The bled amount
      is expressed by g/cm.sup.2. In FIG. 4, the solid line connecting symbols
      "O" represents the treeing characteristic voltage, while the dotted line
      connecting symbols ".DELTA." represents the bled amount. It will be
      apparent from FIG. 4 that though the treeing characteristic voltage
      increases with additional amounts of monopropylpyrene, the voltage becomes
      almost constant after the added amount reaches 10 parts by weight.
      Furthermore, when the added amount is increased beyond 10 parts by weight,
      the amount of bleeding sharply increases.
PAR  It should be noted that the above-mentioned tendencies remain unchanged
      even when alkylpyrene other than monopropylpyrene are used or when a
      polyolefin other than polyethylene, e.g., a ethylene-base vinyl acetate
      copolymer, is used together with an alkylpyrene. Thus, the amount of
      alkylpyrene per 100 parts by weight of polyolefin is preferred to be
      within a range of 0.5 to 10 parts by weight.
PAC  EXAMPLE 5
PAR  The various alkylpyrene shown in Table 2 were each separately mixed with
      100 parts by weight of polyethylene having a melt index of 1.2, in the
      amounts shown in the Table 2. Then, each of mixtures was kneaded by means
      of hot rolls at 120.degree.C for 10 min. and was press-molded at a
      temperature of 150.degree.C for 5 min. under a pressure of 480 kg/cm.sup.2
      to obtain a molded sample (non-cross-linked). For comparison, the above
      process was repeated with polyethylene alone and with polyethylene mixed
      with the conventional additives shown in Table 2.
PAR  The thus obtained test samples were subjected to measurements of treeing
      characteristic voltages and long term treeing stability in the same manner
      as in Example 1. Furthermore, the compatibility of the additives with
      polyethylene was determined by placing a pressed sheet having a thickness
      of 1 mm in a thermostatic chamber at 25.degree.C and 60% relative humidity
      for 30 days, wiping the bleeding from the surfaces of the sheet by means
      of benzene, returning the sheet to the chamber for 1 day, and measuring
      the weight of the test samples. Test samples which showed no or almost no
      weight losses are indicated by a symbol "A", and test samples which showed
      distinctive weight losses by a symbol "x".
PAR  Other tests to detect void generation, thermal deterioration and gelled
      fraction were not conducted since the non-cross-linked polyethylene used
      generally does not generate voids, and the determination of thermal
      deterioration and gelled fraction of the non-cross-linked polyethylene
      appeared meaningless.
PAR  Test results are shown in Table 2. It will be apparent from this Table that
      even the non-cross-linked polyethylene compositions of the present
      invention are far superior to those using known stabilizing additives.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Additives                                                                 

              Boiling                                                          

                    Amount (parts by                                           

                              Treeing Characteristic                           

                                           Long term Compatibility             

              Point weight) per 100                                            

                              Voltage KV   Voltage stability                   

              .degree.C                                                        

                    parts of poly-                                             

                              without                                          

                                    Dried at                                   

                    ethylene  drying                                           

                                    80.degree. C for                           

                                    1000 hours                                 

     __________________________________________________________________________

     Monopropyl-                                                               

              410-430                                                          

                    1         12.5  12.0   A         A                         

     pyrene                                                                    

     "        "     2         13.5  13.2   A         A                         

     "        "     5         18.4  17.0   A         A                         

     Dipropyl 450-480                                                          

                    2         12.8  12.0   A         A                         

     pyrene                                                                    

     Tripropyl-                                                                

              480-520                                                          

                    2         12.5  12.0   A         A                         

     pyrene                                                                    

     Methyl-  390-410                                                          

                    2         14.2  13.5   A         A                         

     pyrene                                                                    

     Ethyl-   400-420                                                          

                    2         14.0  13.3   A         A                         

     pyrene                                                                    

     Buthyl-  420-460                                                          

                    2         11.2  10.9   A         A                         

     pyrene                                                                    

     Alkylpyrene-                                                              

              410-520                                                          

                    2         13.2  12.5   A         A                         

     Mixture                                                                   

     I *                                                                       

     Alkylpyrene                                                               

              410-500                                                          

                    2         13.0  12.8   A         A                         

     Mixture                                                                   

     II *                                                                      

     No additive                                                               

              --    0         7.3   7.0    X         --                        

     Pyrene   393   1         19.0  6.3    X         X                         

     "        "     2         23.0  6.5    X         X                         

     "        "     5         greater                                          

                                    7.0    X         X                         

                              than 25                                          

     Fluorene 295   2         16.0  6.5    X         X                         

     Fluoranthene                                                              

              382   2         23.0  7.2    X         X                         

     Phenylnaphtha-                                                            

     lene     358   2         19.5  7.0    X         X                         

     Sundex 8125***                                                            

              --    2         8.0   6.5    X         X                         

     CD101****                                                                 

              --    2         8.5   7.3    X         A                         

     __________________________________________________________________________

      Note: Regarding *, **, ***, **** see Table 1.                            

PAC  EXAMPLE 6
PAR  A polyolefin composition of the present invention was formed into an
      insulator for a wire cable, of a conductive material (standed wire) having
      a sectional area of 1000 mm.sup.2. The conductive wire was covered with a
      2 mm thick inner semiconductive layer, a 20 mm thick insulator and a 1.5
      mm thick outer semiconductive layer, in the order mentioned. The inner
      semiconductive layer was obtained by mixing an electrically conductive
      carbon black-containing ethylene-vinyl acetate copolymer with
      dicumylperoxide and heating the mixture to produce a cross-linked
      composition having a specific volume resistivity of 1 .times. 10.sup.3
      .OMEGA.-cm. The insulator was made from a mixture of 2 parts by weight of
      dipropylpyrene used as a voltage stabilizer and 100 parts by weight of
      polyethylene, which was cross-linked in the same manner as in Example 1.
      The outer semiconductive layer had a composition similar to the inner
      semiconductive layer, and a specific volume resistivity of 1 .times.
      10.sup.2 .OMEGA.-cm.
PAR  The cable was prepared by simultaneously extruding the inner semiconductive
      layer, the insulator and the outer semiconductive layer at 120.degree.C,
      cross-linking the polyethylene with the extruded material by passing same
      through steam vapor at 200.degree.C, and drying the resultant cable to
      remove residual cross-linking agent.
PAR  The resultant cable had excellent electrical characteristics as shown in
      Table 3.
TBL                                    Table 3                                 

     __________________________________________________________________________

                 Cross-linked Polyethylene*                                    

                                Cross-linked                                   

                 without a voltage                                             

                                Polyethylene with                              

                 stabilizer     dipropylpyrene                                 

     __________________________________________________________________________

     Impulse breakdown                                                         

                 1350/first application                                        

                                1450/first appli-                              

     Voltage **KV               cation                                         

     A-C breakdown                                                             

                 430/18 min.    500/10 min.                                    

     voltage ***KV                                                             

     Treeing characteristic                                                    

                 6.5            13.0                                           

     voltage ****KV                                                            

     __________________________________________________________________________

     Note:                                                                     

         *  The expression "cross-linked polyethylene without a voltage        

            stabilizer" used refers to a cable which is made with a            

            cross-linked polyethylene not containing dipropylpyrene.           

         ** "Impulse breakdown voltage" is the breakdown voltage value         

            obtained by rendering the conductive layer of the cable negative   

            and applying an initial voltage of 750 KV. In the measurement, a   

            voltage of the same level is applied to the cable three times, and 

            thereafter raised by 50 KV after completion of measurement at one  

            voltage level. As shown in the Table 3, both of the sample cables  

            were broken down by the first application of the voltage           

            indicated.                                                         

         ***                                                                   

            "A-C breakdown voltage" was determined by applying an initial      

            voltage of 300 KV for 1 hour, raising the applying voltage (using  

            a 30 min. step rise test) in 10 KV increments at 30 min. intervals 

            until 390 KV, and (using a 1 hr. step rise test) in 10 KV          

            increments at 1 hr. intervals after first applying a voltage of    

            400 KV.                                                            

            The time indicated in Table 3 means the period of time required to 

            breakdown the cable by application of voltage.                     

         ****                                                                  

            "Treeing characteristic voltage" was determined by sampling a      

            sheet having a size of 10 .times. 25 .times. 3 mm.sup.3 from the   

            cable insulator and testing in the same manner as in Example 1.    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dielectric composition comprising a polyolefin and an alkylpyrene of
      the formula
      ##SPC4##
PAL  wherein R represents an alkyl group containing from 1 to 4 carbon atoms and
      x is an integer of 1 to 4, provided that when x is an integer of 2 or
      greater, R may be the same or different; said alkylpyrene being present in
      an amount of at least 0.5 parts by weight per 100 parts by weight of said
      polyolefin.
NUM  2.
PAR  2. The composition of claim 1, wherein said alkylpyrene is present in an
      amount of 0.5 to 10 parts by weight per 100 parts by weight of said
      polyolefin.
NUM  3.
PAR  3. The composition of claim 1, wherein said alkylpyrene is a mixture of
      isomers.
NUM  4.
PAR  4. The composition of claim 1, wherein said alkylpyrene is a mixture of
      alkylpyrenes.
NUM  5.
PAR  5. The composition of claim 1, wherein said polyolefin is selected from the
      group consisting of polyethylene, polypropylene, polybutene, and
      ethylene-propylene copolymers.
NUM  6.
PAR  6. The composition of claim 1, wherein said alkylpyrene is selected from
      the group consisting of methylpyrene, ethylpyrene, monopropylpyrene,
      dipropylpyrene, tripropylpyrene, butylpyrene and mixtures thereof.
NUM  7.
PAR  7. A dielectric composition comprising an ethylenevinylacetate copolymer
      and an aklylpyrene of the formula:
      ##SPC5##
PAL  wherein R represents an alkyl group containing from 1 to 4 carbon atoms and
      x is an integer of 1 to 4, provided that when x is an integer of 2 or
      greater, R may be the same or different; said alkylpyrene being present in
      an amount of at least 0.5 parts by weight per 100 parts by weight of said
      polyolefin.
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PAL  Journal of Polymer Science, 2, pp. 2235-2243, (1964).
ABST
PAL  Thermoplastic elastomeric copolymers of tetrafluoroethylene and propylene
      and terpolymers of tetrafluoroethylene, propylene and a cure site monomer
      are disclosed which have a substantially uniform composition, i.e., a
      substantially uniform molar ratio of monomeric units and a relatively high
      molar ratio of tetrafluoroethylene units to propylene units within the
      range 1.0:0.11 to 1.0:0.54. The combination of high molar ratio of
      tetrafluoroethylene/propylene units, substantially uniform composition and
      good elastomeric properties is achieved by using a hybrid batch/continuous
      process wherein a reactor is initially charged with a mixture of
      tetrafluoroethylene, propylene and, optionally, a cure site monomer having
      a TFE/propylene molar ratio substantially higher than that of the polymer
      to be produced, i.e., in the range 1.0:0.01 to 1.0:0.087. The
      polymerization reaction is then initiated and a mixture of the same
      monomers is fed to the reactor at such a rate and in such proportions as
      to maintain the molar ratio of the unreacted monomers substantially the
      same as that in the initial charge to the reactor.
PARN
PAR  This application is a continuation-in-part of copending application Ser.
      No. 260,795 filed June 8, 1972, now abandoned.
BSUM
PAR  The invention relates to a novel process for preparing thermoplastic
      elastomeric copolymers of tetrafluoroethylene and propylene, as well as
      terpolymers of tetrafluoroethylene, propylene and copolymerizable cure
      site monomers, having a relatively high molar ratio of tetrafluoroethylene
      to propylene and a substantially uniform composition. Because of the fact
      that the process of the invention produces polymers of relatively uniform
      composition, it is possible to produce thereby novel copolymers which
      exhibit elastomeric properties at higher molar ratios of
      tetrafluoroethylene to propylene units than has heretofore been possible.
PAR  During the past decade elastomers processible by thermoplastic techniques
      have become of increasing commercial significance. They are being used in
      market areas which require some of their rather unique properties combined
      with the improved economics resulting from the simplified high speed
      processing techniques characteristic of the plastics industry. These
      thermoplastic elastomers are useful in a variety of applications. The
      thermoplastic elastomers of the prior art generally achieved their
      physical and chemical properties through a so-called "hard" segment which
      can be characterized as a thermally labile physical crosslink which
      softens and flows under shear upon heating, yet recovers its structure
      upon cooling. Thus the hard segment is analogous to the chemical
      cross-link of the thermosetting rubbers. Examples of this type of
      thermoplastic elastomer are the styrene-isoprene or styrene-butadiene type
      of block copolymer. More recently, efforts to produce thermoplastic
      elastomers have concentrated on copolymers of tetrafluoroethylene and
      various unsaturated monomers to take advantage of the known heat and
      chemical resistance of tetrafluoroethylene.
PAR  Copolymers of tetrafluoroethylene with ethylenically unsaturated monomers
      are known, and are disclosed, for example, in U.S. Pat. No. 2,468,664 and
      British Pat. No. 594,249. The specific copolymers exemplified in these
      patents and the properties disclosed indicate that when about one-half or
      more of the units present are derived from tetrafluoroethylene, the
      resultant copolymers are tough, non-resilient, high melting plastics.
      These patents also teach that when the tetrafluoroethylene units do not
      predominate, the resulting copolymers are low melting thermoplastic
      resins. It has been reported in the Journal of Polymer Science, Vol. 2,
      pages 2235-2243 (1964) that a copolymer of tetrafluoroethylene and
      propylene wherein the units derived from tetrafluoroethylene predominate
      exhibits a "rubberlike" character. However, this publication does not
      specifically define rubberlike as applied to such copolymers to include
      thermoplastic elastomers. Moreover, as shown in FIG. 7 at page 2240 of the
      Journal of Polymer Science article, the copolymers of tetrafluoroethylene
      and propylene disclosed therein contain a maximum of about 60 mole percent
      of units derived from tetrafluoroethylene, whereas the
      tetrafluoroethylene-propylene copolymers of the present invention contain
      a minimum of 65 mole percent, desirably 65 to 90 mole percent, of units
      derived from tetrafluoroethylene. Hence, the copolymers of the present
      invention are outside of the scope of the disclosure in the Journal of
      Polymer Science article.
PAR  More recently, elastomers based on copolymers and terpolymers of
      tetrafluoroethylene and certain olefinic compounds have been disclosed and
      claimed in U.S. Pat. No. 3,467,635. This patent discloses that polymers of
      tetrafluoroethylene with such olefins as ethylene, propylene, butylene and
      isobutylene, as well as a cure site monomer, if desired are or may be
      converted to elastomers. More specifically, this patent teaches that
      polymers which are convertible to elastomers contain tetrafluoroethylene
      units and olefin units in a molar ratio of about 1:0.6 to 1:1.2. This
      indicates that the copolymers of tetrafluoroethylene and propylene contain
      a maximum of about 62.5 mole percent of units derived from
      tetrafluoroethylene. The above-cited patent further teaches that the molar
      ratio referred to above must be observed in order to obtain polymers of
      tetrafluoroethylene and olefins which exhibit elastomer characteristics
      and that polymers containing higher ratios of tetrafluoroethylene to
      olefin are not elastomeric.
PAR  It has now been surprisingly and unexpectedly discovered that by using the
      novel process of the present invention it is possible to prepare
      copolymers of tetrafluoroethylene and propylene, as well as terpolymers of
      tetrafluoroethylene, propylene and a cure site monomer, containing a
      minimum of about 65 mole percent tetrafluoroethylene units and which
      exhibit elastomeric characteristics when cured, and even in some cases, in
      the gum or uncured state. Thus the copolymers and terpolymers of the
      present invention are distinctly different from the copolymers and
      terpolymers of the prior art. Moreover, the elastomers of the prior art
      have been found to be deficient in several respects, e.g., elasticity,
      processability and/or chemical resistance. The thermoplastic elastomers of
      the present invention have been found to exhibit satisfactory elastic and
      processing characteristics, as well as good chemical and heat resistance.
      Thus, for example, they can be used in the manufacture of heat and solvent
      resistant flexible tubing and hose or wire coatings. The thermoplastic
      elastomers can also be used in the manufacture of gaskets, O-rings, and
      other seals, or for diaphragms or components of fluid-handling equipment
      such as pumps, compressors, hydraulic systems, dry-cleaning machinery and
      the like.
PAR  The term "elastomer" as used in the present specification and claims refers
      to a material which, when stretched to twice its length at room
      temperature, held for one minute and then released retracts to less than
      1.5 times its original length within one minute. This definition
      corresponds essentially to the definition of a rubber in ASTM Standards,
      Part 28 D1566 (1973). The amount by which the material fails to retract to
      its original length when subjected to this test is referred to below as
      "permanent set" and is expressed as a percentage of the original length.
PAR  Accordingly it is an object of the present invention to provide new
      thermoplastic elastomers having a high weight proportion of fluorine. It
      is another object of the invention to provide new thermoplastic elastomers
      based on copolymers of tetrafluoroethylene and propylene, and optionally
      cure site monomers, which contain high mole percentages of
      tetrafluoroethylene units, i.e., at least 65 mole percent
      tetrafluoroethylene units. It is a still further object of the invention
      to provide polymers having such a high content of tetrafluoroethylene
      units, which polymers are curable to elastomers having improved
      elasticity, processability and chemical resistance. It is a still further
      object of the invention to provide a novel process whereby such polymers
      can be prepared. Other objects of the invention will be apparent to those
      skilled in the art from the detailed description of a number of
      embodiments of the invention given below.
PAR  As conducive to a clearer understanding of the present invention, it may be
      pointed out that in the copolymerization of tetrafluoroethylene and
      propylene, as well as in the terpolymerization of tetrafluoroethylene,
      propylene and a cure site monomer, in most cases the monomers do not enter
      the copolymer in the same mole ratio as they are present in the monomer
      mixture. In this regard, the literature indicates that the best available
      values of the reactivity ratios for TFE and propylene are 0.01 and 0.1,
      respectively. These values indicate a high alternating tendency of the
      monomers, i.e., a polymer radical ending in a TFE unit will preferentially
      add a propylene monomer unit and conversely. Thus when a mixture
      containing a major amount (mole fraction) of TFE and a minor amount of
      propylene is polymerized, the copolymer will usually contain less TFE than
      the monomer mixture. For example, if a monomer mixture containing 60 mole
      percent of TFE and 40 mole percent of propylene is charged to the reactor,
      the average composition of the product may contain of the order of 55 mole
      percent of TFE units. As the TFE content of the monomer mixture charged to
      the reactor is increased, the difference between the TFE content of the
      feed and the TFE content of the product increases. Moreover, the TFE
      content of the initially formed copolymer is substantially below the
      average TFE content of the product formed at a conversion of say 10% to
      15%. Thus a batch polymerization of tetrafluoroethylene and propylene
      produces a product which is of non-uniform composition, i.e., the
      TFE/propylene ratio of the copolymer formed increases substantially during
      the course of the reaction. The non-uniform copolymers thus produced have
      inferior elastomeric properties.
PAR  A similar effect is obtained when a conventional continuous process is
      employed. The copolymer initially formed has a TFE unit content
      substantially below that of the TFE content of the feed mixture. As the
      reaction proceeds, the TFE concentration of the reaction mixture increases
      relative to the propylene concentration thereof and copolymer chains are
      produced having increased proportions of TFE units. The final product
      obtained in such a continuous process may have an average ratio of
      TFE/propylene units approaching or equal to the TFE/propylene ratio of the
      feed mixture, but the product will still have a non-uniform composition.
PAR  Applicant has found that copolymers of tetrafluoroethylene and propylene,
      as well as terpolymers of tetrafluoroethylene, propylene and cure site
      units, of substantially uniform composition, a high fluorine content and
      improved elastomeric properties can be obtained by using a novel hybrid
      batch/continuous process. In accordance with applicant's process a
      polymerization reactor is initially charged with a mixture of
      tetrafluoroethylene and propylene, which may or may not contain a cure
      site monomer, and wherein the ratio of TFE/propylene is of the order of
      1:0.01 to 1:0.087. The polymerization is then initiated and thereafter the
      reactor is fed, continuously or incrementally, with a monomer mixture
      having a TFE/propylene ratio within the range 1:0.11 to 1:0.54, preferably
      1:0.25 to 1:0.43 and substantially equal to the TFE/propylene ratio in the
      polymer initially formed in the reactor. The feed mixture is introduced
      into the reactor at such a rate as to maintain the pressure within the
      reactor substantially constant to cause the monomers within the reactor to
      be replenished at approximately the same rate as they are consumed within
      the reactor. As shown in the Examples given below, the polymers thus
      produced have a substantially uniform composition, a TFE/propylene molar
      ratio in the range 1.0:0.11 to 1.0:0.54 and improved elastomeric
      properties.
PAR  In the case of copolymers of tetrafluoroethylene and propylene, the
      copolymers contain from 65 to 90 mole percent TFE units. The preferred
      copolymers contain from 70 to 80 mole percent TFE units, since such
      copolymers provide a good balance of physical and chemical properties and
      processing characteristics. The thermoplastic copolymers are useful as
      such for some applications or, as indicated in some of the Examples given
      below, they may be cross-linked to yield products having improved
      elastomeric properties.
PAR  The terpolymers of the invention may contain 0 to 10 mole percent, based on
      the total amount of monomeric units, of cure site units and like the
      copolymers desirably have a TFE/propylene unit ratio of 1.0:0.11 to
      1.0:0.54. The preferred terpolymers have a TFE/propylene unit ratio of
      1.0:0.25 to 1.0:0.43.
PAR  Monomers which are copolymerizable with tetrafluoroethylene and propylene
      to provide cure site units are known in the art and in general one or more
      of any of these known cure site monomers can be used in preparing the
      polymers of the present invention which contain such cure site units. Such
      cure site units are disclosed, for example, in U.S. Pat. No. 3,467,635 and
      the patents cited therein. As is known in the art, the cure site units are
      commonly olefinically unsaturated organic compounds having functional
      groups such as carboxyl, halogen, epoxy or nonpolymerizable olefinic
      groups through which the polymer can be cured in known manner. Typical
      cure site monomers are chloroethylvinyl ether, divinyl carbitol, vinyl
      chloroacetate, allyl chloroacetate, allyl glycidyl ether, and
      chloroethylacrylate.
PAR  In accordance with a preferred embodiment of the present process, the
      polymers of the invention are prepared by an emulsion polymerization
      utilizing a redox initiator system. A suitable reactor, e.g., a
      horizontally or vertically stirred reactor or closed autoclave is charged
      with an inert liquid medium, buffer, emulsifier, catalyst and reducing
      agent. As described above, the reactor is then charged with a monomer
      mixture have a sufficiently high concentration of tetrafluoroethylene to
      produce an initial polymer with the desired TFE/propylene unit ratio. The
      proportions of monomers required to produce an initial polymer of a given
      desired composition can be determined by a preliminary test at a low
      conversion. The polymerization is carried out at a temperature of
      5.degree.C. to 120.degree.C., preferably 40.degree.C. to 80.degree.C., and
      at a pressure of 100 p.s.i.g. to 1000 p.s.i.g., preferably 250 to 350
      p.s.i.g.
PAR  The polymerization is initiated by introduction of a suitable initiator
      into the reactor. When polymerization has started as indicated by a small
      pressure drop, a monomer feed mixture, having a composition corresponding
      substantially to that of the polymer initially formed within the reactor,
      is fed to the reactor continuously or incrementally whenever a small
      pressure drop of say 10 to 15 p.s.i.g. occurs in the reactor. In this way
      the monomers within the reactor are replenished at approximately the same
      rate as that at which they are consumed, thereby maintaining an
      essentially constant monomer composition and pressure in the reactor and
      producing a polymer of uniform composition. The polymerization reaction is
      terminated by venting the unreacted monomers, and the copolymer product is
      discharged and isolated using known methods.
PAR  In the emulsion or suspension polymerization used to produce the polymers
      of the present invention, conventional free-radical initiators, such as,
      for example, peroxides, azo compounds, metal and ammonium persulfates,
      permanganates, or peroxydiphosphates may be used as initiators. When an
      azo compound is employed, a water-soluble azonitrile is suitable, such as,
      for example, 4-tert-butylazo-4-cyanovaleric acid. Water-soluble organic
      peroxides, e.g., disuccinic acid peroxides can also conveniently be
      employed. The preferred initiators in the practice of the present
      invention are the alkali metal and ammonium persulfates. Water, lower
      alkanols, e.g., tertiary butyl alcohol, and trichlorotrifluoroethane may
      be employed as inert media, the latter in conjunction with organic soluble
      initiators, such as azo-bis-isobutyronitrile, benzoyl peroxide or
      tert-butyl peroxypivalate and tert-butyl peroxide. Deionized, deoxygenated
      water is the preferred medium. Emulsifiers which can advantageously be
      employed are the fluorocarbon or chlorfluorocarbon carboxylic acids or
      sulfonic acids or their alkali metal or ammonium salts or alkali metal or
      ammonium aliphatic alcohol sulfates. A preferred emulsifier in the present
      invention is ammonium perfluoro-n-octanoate. A buffer such as an alkali
      metal or ammonium hydroxide, carbonate, or phosphate may be used. Reducing
      agents which may conveniently be employed are the alkali metal sulfites or
      bisulfites. A preferred reducing agent is sodium sulfite. Other
      ingredients may optionally be employed; such as, for example, a modifier
      or chain transfer agent, e.g., hydrogen, a hydrocarbon or hydrocarbon
      derivative, an aliphatic or aromatic mercaptan, a primary, secondary or
      tertiary alcohol or a halogenated aliphatic or aromatic compound, a
      thickener, suspending agent, or protective colloid, such as polyvinyl
      alcohol or a polymer or copolymer of acrylic acid or maleic anhydride or
      their alkali metal or ammonium salts.
PAR  In order to point out more fully the nature of the present invention, the
      following Examples are given to illustrate applicant's novel process for
      making the copolymers and terpolymers of the invention and the novel
      properties of the products thus obtained.
DETD
PAC  EXAMPLE 1
PAC  Terpolymer of tetrafluoroethylene, propylene and 2-chlorovinyl ethyl ether
      in a molar ratio of 1.0/0.4/0.03
PAR  A stirred stainless steel reactor of 86 liter capacity was charged with
      2860 g of tetrafluoroethylene, 96 g of propylene, 20.9 g of 2-chloroethyl
      vinyl ether, 64.5 liters of deionized water, 127.3 g of ammonium
      perfluorooctanoate, 193.9 g of anhydrous sodium carbonate, and 38.4 g of
      sodium sulfite. Thus the initial monomer ratio of tetrafluoroethylene
      (TFE), propylene (Pr), and 2-chloroethyl vinyl ether (CEVE), in mole
      percentages, was 92.0/7.4/0.6. Polymerization was initiated at
      65.degree.C. and 20 atm. gauge pressure by injecting a solution of 38.3 g
      of ammonium persulfate in 420 ml of water. The partial pressures of the
      gaseous monomers were maintained essentially constant by continuously
      feeding a mixture of TFE and propylene, 70.2/29.8 by mole, until a total
      of 12020 g of that gas mixture had been charged. During the same time
      period (12.8 hours), 387 g of CEVE was continuously pumped into the
      reactor at such a rate as to maintain the feed composition of TFE,
      propylene, and CEVE at 68.5/29.1/2.4 by mole. An additional 20 g of
      ammonium persulfate and 10 g of sodium sulfite (total) were charged, in
      four equal increments, as 5% aqueous solutions, over the reaction period.
      When the polymer content of the latex had reached 7.5%, another 129.3 g of
      ammonium perfluorooctanoate was added as a solution in 400 ml of water.
      Samples of latex were withdrawn periodically, and the composition of the
      isolated terpolymer was calculated from its carbon and chlorine analyses.
PAR  The results as set forth below showed excellent uniformity in the
      composition of the product, i.e., very narrow composition distribution.
TBL  ______________________________________                                    

     Sample No.     I        II       III                                      

     ______________________________________                                    

     Time, hrs.     2.7      9.1      12.8                                     

     % Solids       3.3      11.0     15.6                                     

     % C            33.26    33.32    33.26                                    

     % H            1.98     1.88     1.68                                     

     % Cl           1.04     1.01     0.89                                     

     Mol % TFE      69.7     69.6     69.8                                     

     Mol % Propylene                                                           

                    27.8     28.0     28.1                                     

     Mol % CEVE     2.5      2.4      2.1                                      

     ______________________________________                                    

PAR  It should also be noted that the polymer analyses were close to the monomer
      feed composition. In other words, although the composition of the
      terpolymer produced was quite different from the composition of monomer
      present in the reactor, both the monomer and polymer compositions were
      maintained essentially constant at all times by replenishing the monomers
      at the same rate and in the same molar ratio as they were consumed.
      Periodic monitoring of the gas phase composition by gas chromatography
      confirmed that the monomeric TFE content remained essentially constant at
      92-95 mol %. At the final solids content of 15.6%, the polymer yield was
      12350 g. The rubbery product was compounded with 20 p.h.r. (20 parts per
      hundred parts of rubber) of medium thermal carbon black (STERLING MT, G.L.
      Cabot, Inc.), 5 p.h.r. of dibasic lead phosphite (DYPHOS, NL Industries
      Inc.), 1 p.h.r. of stearic acid, and 1.3 p.h.r. of hexamethylenediamine
      carbamate (DIAK No. 1, E. I. du Pont de Nemours & Co.). Sheets were
      pressed out for 30 min. at 170.degree.C., compression plugs for  45 min.
      at 170.degree.C. This was followed by a stepwise postcure in an air oven 4
      hours at 200.degree.-400.degree.F. and then 24 hours at 400.degree.F.
      (204.degree.C.). Physical properties of the cured rubber were as follows:
      Shore A hardness 80, 100% modulus 1115 p.s.i., tensile at break 2655
      p.s.i., elongation 185 %, permanent set after 100% extension 19%,
      permanent set at break 24%, compression set 41% after 22 hours at
      400.degree.F. Solvent swell (volume increase after immersion for one week)
      was determined to be as follows: Methanol (ambient temperature), 0%;
      Methyl ethyl ketone (ambient temperature), 43%; Tetrachloroethylene
      (ambient temperature), 15%; SKYDROL 500 A (Isooctyl diphenyl phosphate, a
      fire resistant hydraulic fluid manufactured by Monsanto Chemical Co.;
      250.degree.F.), 15%; ASTM Oil No. 3 (250.degree.F.), 2%.
PAC  EXAMPLE 2
PAC  Terpolymer of tetrafluoroethylene, propylene and 2-chloroethyl vinyl ether
      in a molar ratio of 69.5/28.4/2.1
PAR  Another run was carried out substantially as in Example 1. The mole ratio
      of the gaseous monomers in the reactor, as monitored by gas
      chromatography, was maintained at a steady-state value of about 94.6/5.4
      with respect to tetrafluoroethylene and propylene. The feed mixture was
      maintained at a mole ratio of 69.2/28.3/2.5 with respect to TFE, propylene
      and 2-chloroethyl vinyl ether, and the average (cumulative) terpolymer
      composition was 69.5/28.4/2.1 by mole. Samples were taken periodically of
      the latex and of the gas phase. Analytical results were as follows:
TBL  Sample No.     I         II        III                                    

     ______________________________________                                    

     Time, hrs.     1.4       7.1       12.3                                   

     % Solids in Latex                                                         

                    1.9       9.5       14.0                                   

     Mol % TFE      68.8      68.7      69.5                                   

     Mol % Propylene                                                           

                    28.2      28.8      28.4                                   

     Mol % CEVE     3.0       2.5       2.1                                    

     Gas Samples                                                               

     Mol % TFE      94.58     94.67     94.62                                  

     Mol % Propylene                                                           

                    5.42      5.33      5.38                                   

     ______________________________________                                    

PAR  These data again demonstrate remarkable constancy of monomer and terpolymer
      compositions over the duration of the experiment, and thus assure
      excellent product uniformity.
PAC  EXAMPLE 3
PAR  Terpolymer of tetrafluoroethylene, propylene and 2-chloroethyl vinyl ether
      at a mole ratio of 1.0/0.466/0.042
PAR  A terpolymer containing 66.4 mol % TFE, 30.9 mol % propylene, and 2.8 mol %
      2-chloroethyl vinyl ether was prepared in a manner similar to that
      described in Example 1, except that the initial mole ratio of TFE,
      propylene and CEVE in the reactor was 90.9/8.6/0.5 and the subsequent feed
      ratio was 66.4/31.1/2.5. The reaction was carried out at a temperature of
      152.degree.F. and a pressure of about 330 p.s.i.g. for approximately
      twelve hours. Initiator solutions containing a total of 45.9 g of sodium
      sulfite and 53.3 g of ammonium persulfate were injected over that period.
      Samples of the latex were withdrawn periodically and analyzed until the
      final solids content of 15.4% had been reached. The results of the
      analyses were as follows:
TBL  Sample No.     I        II       III                                      

     ______________________________________                                    

     Time, hrs.     2.35     7.4      11.7                                     

     % Solids       2.25     9.0      15.4                                     

     Mol % TFE      67.8     65.6     66.4                                     

     Mol % Propylene                                                           

                    29.7     31.9     31.0                                     

     Mol % CEVE     2.5      2.5      2.6                                      

     ______________________________________                                    

PAR  The final product was compounded with 20 p.h.r. of STERLING MT, 5 p.h.r. of
      DYPHOS, 1 p.h.r. of stearic acid, and 1.3 p.h.r. of DIAK No. 1 and cured
      as in Example 1. Physical properties were as follows: Tensile strength,
      2200 p.s.i.; Elongation, 240%; 100% Modulus, 560 p.s.i.; Shore A hardness,
      73;  Permanent set after 100 % extension, 7 %; Compression set after 22
      hours at 400.degree.F., 26 %. Solvent swell (volume increase after
      immersion for one week) was determined to be as follows: Butyl acetate
      (ambient temperature), 83 %; Tetrachloroethylene (ambient temperature), 27
      %; SKYDROL 500 A (Isooctyl diphenyl phosphate, a fire resistant hydraulic
      fluid manufactured by Monsanto Chemical Co.; 300.degree.F.), 31 %; ASTM
      Oil No. 3 (300.degree.F.), 15 %.
PAC  EXAMPLE 4
PAC  Terpolymer of tetrafluoroethylene, propylene and 2-chloroethyl vinyl ether
      at a molar ratio of 1.0/0.43/0.03
PAR  A terpolymer containing 68.5 mol % TFE, 29.4 mol % propylene, and 2.1 mol %
      2-chloroethyl vinyl ether was prepared similarly as described in Example
      1, except that the initial mole ratio of TFE, propylene and CEVE in the
      reactor was 93.2/6.35/0.45 and the subsequent feed ratio was
      68.0/29.5/2.5. The reaction was carried out at a temperature of
      152.degree.F. and a pressure of about 290 p.s.i.g. for 14 hours. Iniator
      solutions containing a total of 48.4 g of sodium sulfite and 58.3 g of
      ammonium persulfate were injected over that period. Samples of the latex
      were withdrawn periodically and analyzed until the final solids content of
      15 % had been reached. The results of the analyses were as follows:
TBL  Sample No.     I        II       III                                      

     ______________________________________                                    

     Time, hrs.     2.4      7.3      14.0                                     

     % Solids       1.75     8.4      15.0                                     

     Mol % TFE      68.5     69.0     68.5                                     

     Mol % Propylene                                                           

                    29.7     28.9     29.4                                     

     Mol % CEVE     1.8      2.1      2.1                                      

     ______________________________________                                    

PAR  The final product was compounded with 20 p.h.r. of STERLING MT, 5 p.h.r. of
      DYPHOS, 1 p.h.r. of stearic acid, and 1.3 p.h.r. of DIAK No. 1 and cured
      as in Example 1. Physical properties were as follows: Tensile strength,
      2185 p.s.i.; Elongation, 220 %; 100% Modulus, 700 p.s.i.; Shore A
      hardness, 75; Compression set after 22 hours at 400.degree.F., 29 %;
      Permanent set after 100 % extension, 8 %. Solvent swell (volume increase
      after immersion for one week) was determined to be as follows: Butyl
      acetate (ambient temperature), 66 %; Tetrachloroethylene (ambient
      temperature), 21 %, SKYDROL 500 A (Isooctyl diphenyl phosphate, a fire
      resistant hydraulic fluid manufactured by Monsanto Chemical Co.;
      300.degree.F.), 26 %; ASTM Oil No. 3 (300.degree.F.), 13 %.
PAC  EXAMPLE 5
PAC  Terpolymer of tetrafluoroethylene, propylene and 2-chloroethyl vinyl ether
      at a molar ratio of 1.0/0.32/0.58
PAR  A terpolymer containing 72.7 mol % TFE, 23.1 mol % propylene, and 4.2 mol %
      2-chloroethyl vinyl ether was prepared in a manner similar to that
      described in Example 1, except that the initial mole ratio of TFE,
      propylene and CEVE in the reactor was 94.1/4.9/1.0 and the subsequent feed
      ratio was 69.5/25.5/5.0. The reaction was carried out at a temperature of
      151.degree.F. and a pressure of about 305-325 p.s.i.g. for 10.5 hours.
      Initiator solutions containing a total of 63.4 g of sodium sulfite and
      88.3 g of ammonium persulfate were injected over that period. Samples of
      the latex were withdrawn periodically and analyzed until the final solids
      content of 17 % had been reached. The results of the analyses were as
      follows:
TBL  Sample No.     I        II       III                                      

     ______________________________________                                    

     Time, hrs.     1.0      3.6      9.6                                      

     % Solids       3.8      9.6      17.0                                     

     Mol % TFE      74.2     74.8     72.5                                     

     Mol % Propylene                                                           

                    21.6     21.9     23.4                                     

     Mol % CEVE     4.2      3.3      4.1                                      

     ______________________________________                                    

PAR  The final product was compounded with 5 p.h.r. of DYPHOS and 1 p.h.r. of
      DIAK No. 1. Flexible sheets were pressed out at 350.degree.F. for 30
      minutes and postcured for 24 hours at up to 200.degree.C. (392.degree.F.).
      Physical properties were as follows: Tensile strength, 2110 p.s.i.;
      Elongation, 170 %; 100% Modulus, 1060 p.s.i.; Permanent set after 100 %
      extension, 9 %.
PAR  Solvent swell (volume increase after immersion for one week) was determined
      to be as follows: Ethyl acetate (ambient temperature), 73 %;
      Tetrachloroethylene (ambient temperature), 2 %; SKYDROL 500 A (Isooctyl
      diphenyl phosphate, a fire resistant hydraulic fluid manufactured by
      Monsanto Chemical Co.; 250.degree.F.), 19 %.
PAC  EXAMPLE 6
PAC  Copolymer of tetrafluoroethylene and propylene in a molar ratio of 76/24
PAR  A 20 liter horizontal autoclave was charged with 15 liters of deionized
      water, 75 grams of ammonium perfluorooctanoate, 75 grams of sodium
      hydroxide, and 3 g. of sodium sulfite. The reactor was evacuated, purged
      with nitrogen, and re-evacuated. Then 458 g. of tetrafluoroethylene and 8
      g. of propylene was charged, and the reactor was heated to 60.degree.C.
      Then a solution of 6 g. of ammonium persulfate in 100 ml. of water was
      injected. The polymerization was carried out at a pressure of 240-250
      p.s.i.g. An essentially constant pressure and monomer composition was
      maintained by feeding a mixture of TFE and propylene, 75/25 by mole,
      whenever a pressure drop of 10 p.s.i. had occurred. The monomer
      composition was monitored by gas chromatography, using a column packed
      with a styrene-divinyl benzene resin (PORAPAK Q). The rate of reaction was
      determined from the rate of pressure drop in the reactor and weight loss
      of the monomer reservoir. After 4.75 hrs., when 1,600 g. of the 75/25
      TFE/propylene gas mixture had been fed, the reaction was terminated by
      venting the unreacted monomer and discharging the polymer dispersion. The
      rubbery product was coagulated, washed and dried. The yield was 1,653 g.
      of copolymer, which was analyzed to contain 31.4% carbon and 1.5%
      hydrogen. Thus the product contained about 88% TFE by weight, or 76 mol %
      TFE. The material could be compounded on a rubber mill. Samples of the gum
      stock were pressed out into sheets at 175.degree.-250.degree.C. and 8,000
      lbs. pressure or extruded at 250.degree.-325.degree.C. through a screwtype
      extruder. Physical properties and resistance to solvents, fuels,
      lubricants, and hydraulic fluids of this Example and Examples 7 and 8 are
      shown in Table I below. A specimen immersed in 90% nitric acid for 4 weeks
      showed no signs of deterioration. The preparation was repeated, except
      that the pressure was 325-335 p.s.i.g. at 60.degree.C., and the reaction
      time was 4.5 hrs. The product (1,542 g. yield) was found to contain about
      75 mol % tetrafluoroethylene (i.e., 87% by weight) and 26 mol % propylene
      (13% by weight) from the following elemental analysis: Carbon, 31.90%;
      Hydrogen, 1.93%; Fluorine, 66.09%.
PAC  EXAMPLE 7
PAC  Copolymer of tetrafluoroethylene and propylene in a molar ratio of 69/31
PAR  Another copolymerization was carried out substantially as in Example 3,
      except that the initial monomer charge consisted of 456 g. TFE and 10 g.
      propylene, and 1,400 g. of a 65/35 mixture (by mole) of TFE and propylene
      was fed incrementally over a period of 6.75 hrs. at
      55.degree.-60.degree.C. and 270-280 p.s.i.g. The product was 1,527 g. of a
      rubbery copolymer containing about 69 mol % TFE. Properties of the product
      of this Example are compiled in Table I below.
PAC  EXAMPLE 8
PAC  Copolymer of tetrafluoroethylene and propylene in a molar ratio of 83/17
PAR  Another copolymerization was carried out substantially as in Example 6,
      except that the initial monomer charge consisted of approximately 466 g.
      TFE and 4 g propylene, and 1,600 g. of an 80/20 mixture (by mole) of TFE
      and propylene was fed incrementally over a period of 4.8 hours at
      60.degree.-65.degree.C. and 300-310 p.s.i.g. The product was 1,511 g. of a
      tough rubbery copolymer containing about 83 mole % TFE. Properties are
      given in Table I below.
TBL                Table I                                                     

     ______________________________________                                    

     "Gum Stock Properties of TFE-Propylene Copolymers (Uncured)"              

     Example No.       6        7        8                                     

     ______________________________________                                    

     TFE Content, mole %                                                       

                        76       69       83                                   

     Tensile Strength, psi.                                                    

                       1590     860      2030                                  

     Elongation, %      360     490       230                                  

     100% Modulus, psi  650     150      1275                                  

     Duro (Shore A)     91       63       92                                   

     Solvent Swell (Volume Increase)                                           

     ______________________________________                                    

     Acetone      (7 days, 77.degree.F.)                                       

                                24     35    9                                 

     Toluene      (7 days, 77.degree.F.)                                       

                                14     14    0                                 

     ESSO EXTRA   (7 days, 77.degree.F.)                                       

                                13     12    0                                 

     Tetrachloroethylene                                                       

                  (7 days, 77.degree.F.)                                       

                                11     22    -2                                

     Butyl Acetate                                                             

                  (7 days, 77.degree.F.)                                       

                                24     60    3                                 

     Styrene      (7 days, 77.degree.F.)                                       

                                --      6    --                                

     ASTM Oil No. 3                                                            

                  (7 days, 300.degree.F.)                                      

                                --     -16   --                                

     SKYDROL 500A (7 days, 300.degree.F.)                                      

                                 0     -17   --                                

      (Isooctyl diphenyl                                                       

      phosphate)                                                               

     ______________________________________                                    

PAR  By comparison, an uncured 51/49 TFE/propylene copolymer had the following
      physical properties (gum stock):
TBL  Tensile Strength, psi    430                                              

     Elongation, %            670                                              

     Duro (Shore A)            53                                              

     100% Modulus, psi        140                                              

PAR  Copolymers containing about 50 mol % of propylene swelled approximately
      50-60% in toluene or high-octane fuel (ESSO EXTRA) and over 70% in
      tetrachloroethylene within 24 hours. Some specimens disintegrated
      completely on prolonged immersion in solvents, particularly acetone or
      ethyl acetate. All 50/50 copolymers were completely soluble in a mixture
      of acetone and CCl.sub.2 FCClF.sub.2 (50/50 b.v.), whereas most of the
      polymers of higher TFE content could not be dissolved.
PAC  EXAMPLES 9 TO 11
PAC  Copolymers of tetrafluoroethylene and propylene in molar ratios of 69/31,
      76/24, 83/17
PAR  These Examples illustrate the heat resistance of the copolymers of the
      present invention. In these Examples, samples of TFE/propylene copolymers
      containing 69, 76 and 83 mole percent TFE, respectively, were prepared in
      accordance with the procedure described in Example 6 and aged at
      400.degree.F. for a period of up to 6 months to determine the effect of
      heat aging on the physical properties of the copolymers. Test results are
      shown in Table II.
TBL                                    Table II                                

     __________________________________________________________________________

     Example No.  9    10   11   9    10   11   9    10                        

     __________________________________________________________________________

     TFE/C.sub.3 H.sub.6 *Copolymer                                            

     Composition (mole %)                                                      

                  69/31                                                        

                       76/24                                                   

                            83/17                                              

                                 69/31                                         

                                      76/24                                    

                                           83/17                               

                                                69/31                          

                                                     76/24                     

     Test Conditions                                                           

                  Unaged Originals                                             

                                 Aged 4 Weeks at 400.degree.F.                 

                                                Aged 6 Months at               

                                                400.degree.F.                  

     Physical Properties**                                                     

     Tensile, psi 850  1600 1950 1030 --   1350 575  1570                      

     Modulus, 100%                                                             

                  150   650 1835  92  --   1335 100   340                      

     Modulus, 300%                                                             

                  305  1330 --   --   --   --   135   750                      

     Elongation, %                                                             

                  490   360  115  625 --    100 645   495                      

     Durometer, Shore A                                                        

                   63   91   94   55  --    93   49   83                       

     % Permanent Set                                                           

     at Break     --   --   --    30  --    38   43  --                        

     __________________________________________________________________________

      *Uncured Copolymers                                                      

      **Physical Property Values are based on an average of at least 3         

      specimens.                                                               

      The data above indicate that the copolymers of the present invention     

      maintain their physical properties relatively well under severe heat agin

      conditions.                                                              

PAC  EXAMPLES 12-13
PAC  Copolymers of tetrafluoroethylene and propylene in molar ratios of 69/31
      and 76/24
PAR  These Examples illustrate the electrical properties of the thermoplastic
      elastomers of the present invention. In these Examples, copolymers of
      TFE/propylene containing 69 mole % and 76 mole % of tetrafluoroethylene,
      respectively, prepared as indicated in Examples 6 and 7, were tested for
      electrical properties. Test results were as follows:
TBL  Example No.         12         13                                         

     ______________________________________                                    

     Copolymer TFE/Propylene                                                   

     (Mole % ratio)      69/31      76/24                                      

     Dissipation Factor (1 mc)                                                 

                         0.0346     0.0367                                     

     Dielectric Constant (1 mc)                                                

                         2.25       2.44                                       

     Arc Resistance, Seconds                                                   

                         82.6       124                                        

     Dielectric Strength (volts/mil)                                           

                         243        280                                        

     Volume Resistivity (ohm-cm)                                               

                         1.6 .times. 10.sup.14                                 

                                    2.9 .times. 10.sup.14                      

     Surface Resistivity (ohm)                                                 

                         1.6 .times. 10.sup.14                                 

                                    1.6 .times. 10.sup.14                      

     ______________________________________                                    

PAR  The above data indicate that the copolymers of the present invention
      exhibit satisfactory electrical properties.
PAC  EXAMPLE 14
PAC  Copolymer of tetrafluoroethylene and propylene in a molar ratio of 76/24
PAR  A stirred stainless steel reactor of 86 liter capacity was charged to 75 %
      of its volume with deionized water (64.5 l) containing about 0.5 p.p.h. of
      technical grade ammonium perfluorooctanoate (3M Brand Fluorochemical
      Surfactant FC-126, Minnesota Mining & Mfg. Co.; 319 g) and 0.5 p.p.h. of
      sodium hydroxide (319 g). The reactor was sealed, flushed with nitrogen,
      evacuated, and then pressurized with a gas mixture containing 99.0 mol %
      of tetrafluoroethylene and 1.0 mol % of propylene, to approximately 300
      p.s.i.g. at 145.degree.F. Polymerization was initiated by injecting 31.4 g
      of ammonium persulfate and 31.1 g of sodium sulfite as separate,
      approximately 6 % aqueous solutions. As the polymerization proceeded, the
      pressure in the reactor was maintained essentially constant by
      continuously feeding a gas mixture containing 76 mol % TFE and 24 mol %
      propylene until the polymer solids content of the latex was about 22 %.
      The feed composition of 76/24 by mole was chosen so as to replenish each
      of the monomers in the reactor at approximately the same rate and in the
      same mole ratio as they were being consumed, since separate experiments
      had established that the 99/1 monomer mixture originally charged would
      produce a copolymer with an initial composition of about 76/24. The
      product was isolated by coagulation of the latex, filtering, washing and
      drying. Analysis indicated a copolymer composition of 76.5 mol % TFE and
      23.5 mol % propylene. The thermoplastic, rubbery material appeared to be
      highly homogeneous.
PAR  This material was blended with another batch of material made in a similar
      run and the blend was molded to produce practically colorless,
      transparent, flexible sheets by subjecting it to a pressure of 700 p.s.i.
      at 325.degree.F. for 15 minutes. Some specimens from these sheets were
      tested in the original form; i.e., not crosslinked. The remainder of the
      sheets were exposed to gamma-radiation from a cobalt-60 source for 7.5
      hours, at an average dose rate of about 2.2 megarads per hour, at ambient
      temperature, in a nitrogen atmosphere. Properties before and after
      irradiation are tabulated below.
PAR  The irradiated polymer showed significantly improved modulus retention,
      dimensional stability, elastic recovery, and compression-set resistance at
      elevated temperatures (up to about 400.degree.F.). It also offered greatly
      improved resistance to stress cracking in hot oil; e.g., ASTM Oil No. 3 at
      250.degree.F.
TBL                    Original                                                

                              Irradiated                                       

     ______________________________________                                    

     Tensile strength, p.s.i.                                                  

                         2400     2470                                         

     Elongation, %       395      275                                          

     Hardness, Shore A    95       97                                          

     100% Modulus, p.s.i.                                                      

                         890      1045                                         

     200% Modulus, p.s.i.                                                      

                         1125     1450                                         

     300% Modulus, p.s.i.                                                      

                         1675     --                                           

     Permanent set after 100%                                                  

                          43       48                                          

     extension, %                                                              

     Permanent set after break, %                                              

                         310      180                                          

     Compression set after 22 hrs.                                             

                          87       27                                          

     at 250.degree.F.                                                          

     Solvent Swell                                                             

     (Volume increase after one week                                           

     at room temperature, %)                                                   

     Butyl Acetate       8        9                                            

     Toluene             4        2                                            

     Tetrachloroethylene 4        1                                            

     Properties after heat aging in air for one week at 450.degree.F.          

     ______________________________________                                    

     Tensile strength, p.s.i.                                                  

                         2790     2280                                         

     Elongation, %       425      285                                          

     100% Modulus, p.s.i.                                                      

                         760      995                                          

     200% Modulus, p.s.i.                                                      

                         925      1350                                         

     300% Modulus, p.s.i.                                                      

                         1405     --                                           

     Permanent set after break, %                                              

                         400      200                                          

     ______________________________________                                    

PAC  EXAMPLE 15
PAC  Copolymer of tetrafluoroethylene and propylene in a molar ratio of
      1.0/0.397
PAR  A copolymer containing 71.6 mol % TFE and 28.4 mol % propylene was prepared
      in a manner similar to that described in Example 11, except that a mixture
      of TFE and propylene, about 70/30 by mole, was continuously fed to a
      reactor which had initially been charged with TFE and propylene in a mole
      ratio of slightly under 99/1. The copolymer was pressed into sheets, which
      were then exposed to gamma-radiation from a cobalt-60 source at dosages of
      5 and 17 megarads, respectively. Properties were as follows:
TBL                Original                                                    

                          Irradiated                                           

                                    Irradiated                                 

                          (5 Mr)    (17 Mr)                                    

     ______________________________________                                    

     Tensile strength, p.s.i.                                                  

                     1355     1820      2005                                   

     Elongation, %   440      400       280                                    

     Hardness, Shore A                                                         

                      86       87        88                                    

     100% Modulus, p.s.i.                                                      

                     370      390       540                                    

     200% Modulus, p.s.i.                                                      

                     475      540       900                                    

     300% Modulus, p.s.i.                                                      

                     725      890       --                                     

     400% Modulus, p.s.i.                                                      

                     1200     1820      --                                     

     Permanent set*, %                                                         

                      12       13       7                                      

     ______________________________________                                    

      *After 100% extension, measured within one minute after release          

PAC  EXAMPLE 16
PAC  Terpolymer of tetrafluoroethylene, propylene and diethylene glycol divinyl
      ether at a molar ratio of 1.0/0.41/0.044
PAR  A 20 liter reactor was charged with 420 g of tetrafluoroethylene, 4.0 g of
      propylene, and 45 g of diethylene glycol divinyl ether, representing an
      initial monomer mole ratio of 91.7/2.1/6.2, in an emulsion system
      containing 30 g of ammonium perfluorooctanoate and 45 g of sodium
      carbonate in 15 l of deionized water. The reactor was heated to
      60.degree.C. and 7.5 g of sodium sulfite and 15 g of ammonium persulfate
      were injected, as separate solutions, in 50 ml of water each. As the
      polymerization progressed, 1700 g of a gas mixture containing about 1400 g
      of tetrafluoroethylene and 300 g of propylene was fed continuously over a
      3.5-hour period, and two more increments of 45 g each of diethylene glycol
      divinyl ether were added during that time. The overall mole ratio of the
      monomers charged was 69.0/27.8/3.2. Coagulation of the latex yielded 1815
      g of polymer. Analysis of the product was consistent with an approximate
      composition of 69 mol % TFE, 28 mol % propylene, and 3 mol % of diethylene
      glycol divinyl ether; calc. 34.50 % C, 2.46 % H, 61.36 % F, and 1.68 % O;
      found 34.46 % C, 2.15% H, and 60.10 % F. A tough, flexible, partially
      crosslinked sheet was prepared by subjecting the material to hydraulic
      pressure for 30 minutes at 100.degree.C. The Shore A hardness was 97, the
      tensile strength 1145 p.s.i., the elongation 90 %, and the permanent set
      at break 32 %.
PAC  EXAMPLE 17
PAC  Copolymerization of tetrafluoroethylene, propylene and diethylene glycol
      divinyl ether at a monomer mole ratio of 92/5/3
PAR  A terpolymer was prepared in a manner similar to that described in Example
      16, except that the initial composition of the monomer mixture in the
      reactor was 92 mol % TFE, 5 mol % propylene and 3 mol % diethylene glycol
      divinyl ether and a gaseous mixture of 68 mol % TFE and 32 mol % propylene
      was fed continuously. Analysis indicated that the copolymer contained
      approximately 69 mol % TFE (33.85 % C, 2.80 % H, and 64.12 % F). The
      rubbery polymer was milled with 30 p.h.r. of medium thermal carbon black,
      2 p.h.r. of m-phenylene dimaleimide, and 4 p.h.r. of 45 %
      2,5-di(tert-butylperoxy)hexane, press-cured for 30 minutes at
      180.degree.-185.degree.C., and postcured stepwise for 6 hours at
      50.degree.C. to 204.degree.C. followed by 24 hours at 204.degree.C. The
      cured elastomer had the following physical properties: Tensile strength,
      1560 p.s.i.; Elongation, 200 %; 100 % Modulus, 1180 p.s.i., Shore A
      hardness, 81; Permanent set at break, 4 %; Compression set after 22 hours
      at 300.degree.F. 65 %. Solvent swell (volume increase after one week at
      room temperature) was found to be as follows: Acetone, 23 %; Toluene, 14
      %; High-octane gasoline (EXXON EXTRA), 5 %; Tetrachloroethylene, 8 %;
      Butyl acetate, 26 %.
PAC  EXAMPLE 18
PAC  Terpolymer of tetrafluoroethylene, propylene and vinyl chloroacetate
PAR  A 20 liter autoclave was charged with 528 g of tetrafluoroethylene, 4.75 g
      of propylene and 20 g of vinyl chloroacetate in an emulsion system
      containing 15 l of deionized water, 30 g of ammonium perfluorooctanoate,
      and 30 g of tribasic sodium phosphate dodecahydrate. The initial monomer
      ratio in the reactor was 95.0/2.0/3.0 by mole. Polymerization was
      initiated at 60.degree.C. and 300 p.s.i.g. by injecting 9 g of sodium
      sulfite and 18 g of ammonium persulfate in 100 ml of water each. As the
      reaction proceeded, the pressure was maintained at 300 p.s.i.g. by
      continuously feeding a mixture of TFE and propylene, 71/29 by mole. When
      300 g of that mixture had been fed, another 12 g of vinyl chloroacetate
      was added, followed by continuous feed of another 300 g of the
      TFE/propylene mixture. Then the unreacted gaseous monomers were
      discharged, and 646 g of polymer was isolated by coagulation of the latex.
      Analysis showed the product to contain 77.3 mol % TFE, 22.5 mol %
      propylene, and 0.2 mol % vinyl chloroacetate. The tough rubbery polymer
      was compounded and cured with  1.3 p.h.r. of hexamethylenediamine
      carbamate and 5 p.h.r. of dibasic lead phosphite. The tensile strength was
      1170 p.s.i., the elongation at break, 345 %, and the Shore A hardness, 90.
PAC  EXAMPLE 19
PAC  Copolymer of tetrafluoroethylene and propylene in a molar ratio of 1.0/0.26
PAR  A copolymer containing 79.1 mol % of tetrafluoroethylene and 20.9 mol % of
      propylene was prepared substantially as described in Example 14, except
      that after the initial monomer charge of 99.0 mol % of TFE and 1.0 mol %
      propylene a mixture of about 77 mol % TFE and 23 mol % propylene was used
      for the continuous feed. The polymerization was carried out at a
      temperature of 142.degree.-148.degree.F. and a pressure of about 305-315
      p.s.i.g. At the end of nine hours, a dispersion containing 15.6 % polymer
      was obtained. The isolated product was pressed into flexible sheets having
      a tensile strength of 2620 p.s.i., an elongation at break of 400 %, a
      Shore A hardness of 89, a 100% modulus of 530 p.s.i., and a permanent set
      value after 100 % extension of 40 %.
PAC  EXAMPLE 20
PAC  Copolymer of tetrafluoroethylene and propylene at a molar ratio of
      1.0/0.325
PAR  A 20 liter autoclave was charged with 15 l of deionized water, 75 g of
      ammonium perfluorooctanoate, 75 g of sodium hydroxide, and 3 g of sodium
      sulfite. The reactor was sealed, purged with nitrogen, and evacuated. It
      was then pressurized to 40 p.s.i.g. at ambient temperature with a mixture
      of TFE and propylene, 73/27 by mole. 400 g of pure, inhibitor-free TFE was
      then added to bring the TFE/propylene mole ratio in the reactor to about
      95.5/4.5 and the reactor heated to about 60.degree.C. Polymerization was
      initiated by injecting a solution of 6 g ammonium persulfate in 100 ml of
      water. As the reaction proceeded, a mixture of TFE and propylene, 73/27 by
      mole, was fed in a semi-continuous manner so as to maintain the reaction
      pressure at 310- 325 p.s.i.g.. During a period of 4.8 hours, 1600 g of
      that gas mixture was charged. After releasing the pressure, the latex was
      discharged and coagulated, yielding 1396 g of a copolymer containing about
      75.5 mol % TFE and 24.5 mol % propylene (elemental analysis: 31.37 % C,
      1.65 % H, and 64.63 % F). Flexible sheets pressed from this product had
      the following properties: Tensile strength, 1820 p.s.i.; Elongation, 410
      %, Shore A hardness, 86; 100% Modulus, 460 p.s.i.; Permanent set after 100
      % extension, 24 %. Solvent swell (volume increase after immersion for one
      week): Acetone 17 %; Butyl acetate, 21 %; Tetrachloroethylene, 8 %;
      High-octane gasoline (EXXON EXTRA), 8 %; Toluene, 8 %.
PAR  From the foregoing discussion and Examples it should be evident that
      applicant has disclosed a novel process for making a novel group of
      thermoplastic elastomeric polymer which, because of their relatively high
      fluorine content exhibit improved solvent resistance, and because of their
      more nearly uniform composition in terms of TFE/propylene molar ratio
      exhibit improved elastomeric properties. It is, of course, to be
      understood that the foregoing Examples are intended to be illustrative
      only and that numerous changes in the ingredients, proportions and
      conditions disclosed can be made without departing from the spirit of the
      invention as defined in the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for copolymerizing tetrafluoroethylene and propylene in an
      emulsion polymerization reaction mixture in a reactor at a temperature of
      5.degree. to 120.degree.C. and at a pressure of 100 to 1,000 p.s.i.g., the
      improvement which consists in initially charging said reactor with an
      emulsion polymerization reaction mixture consisting essentially of
      tetrafluoroethylene and propylene in a molar ratio of 1.0:0.01 to
      1.0:0.087, adding an initiator to said mixture to cause said
      tetrafluoroethylene and propylene to form an initial copolymer having a
      molar ratio of tetrafluoroethylene units to propylene units of at least
      1.0:0.54 and thereafter continually feeding to said reactor a monomer
      mixture having a molar ratio of tetrafluoroethylene to propylene that is
      substantially the same as the ratio of tetrafluoroethylene units to
      propylene units in the initially formed copolymer within the reactor and
      at a feed rate to maintain the reactor pressure substantially constant to
      cause the monomers within the reactor to be replenished at approximately
      the same rate as they are consumed in the polymerization reactor and
      thereby produce a copolymer having a molar ratio of tetrafluoroethylene
      units to propylene units of from 1.0:0.11 to 1.0:0.54.
NUM  2.
PAR  2. In a process for preparing a terpolymer of tetrafluoroethylene,
      propylene and a cure site monomer in an emulsion polymerization reaction
      mixture in a reactor at a temperature of 5.degree. to 120.degree.C. and a
      pressure of 100 to 1,000 p.s.i.g., the improvement which consists in
      initially charging said reactor with an emulsion polymerization reaction
      mixture consisting essentially of tetrafluoroethylene and propylene in a
      molar ratio of 1.0:0.01 to 1.0:0.087 and up to 10 mole percent of a cure
      site monomer, adding an initiator to said mixture to cause said
      tetrafluoroethylene, propylene and cure site monomer to form an initial
      terpolymer having a molar ratio of tetrafluoroethylene units to propylene
      units of at least 1.0:0.54, thereafter continually feeding to said reactor
      a monomer mixture of tetrafluoroethylene, propylene and cure site units in
      a molar ratio that is substantially the same as the ratio of
      tetrafluoroethylene units, propylene units and cure site units in the
      initially formed copolymer within the reactor and at a feed rate to
      maintain the reactor pressure substantially constant to cause the monomers
      within the reactor to be replenished at approximately the same rate as
      they are consumed in the polymerization reaction and thereby produce a
      copolymer having a molar ratio of tetrafluoroethylene units to propylene
      units of from 1.0:0.11 to 1.0:0.54.
NUM  3.
PAR  3. An elastomer consisting essentially of a copolymer of
      tetrafluoroethylene and propylene having a molar ratio of
      tetrafluoroethylene units to propylene units of from 1.0 : 0.11 to 1.0 :
      0.54 and made by the process of claim 1.
NUM  4.
PAR  4. An elastomer consisting essentially of a terpolymer of
      tetrafluoroethylene, propylene and a cure sits monomer having a molar
      ratio of tetrafluoroethylene units to propylene units of from 1.0 : 0.11
      to 1.0 : 0.54 and made by the process of claim 2.
NUM  5.
PAR  5. The process as claimed in claim 1 wherein the reaction temperature is
      from 40.degree.C. to 80.degree.C.
NUM  6.
PAR  6. The process as claimed in claim 2 wherein the reaction temperature is
      from 40.degree.C. to 80.degree.C.
NUM  7.
PAR  7. The process as claimed in claim 1 wherein the reaction pressure is from
      250 to 350 p.s.i.g.
NUM  8.
PAR  8. The process as claimed in claim 2 wherein the reaction pressure is from
      250 to 350 p.s.i.g.
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ABST
PAL  Modified copolymers of vinyl aromatic compounds or diene hydrocarbons with
      diisopropenylbenzene. They contain at least 0.2% of polymerized units of a
      group of the general formula
PAL  The copolymers are intermediates in the manufacture of block copolymers and
      graft copolymers suitable for use as impact-resistant plastics or
      polymeric antistatic agents.
BSUM
PAR  This application discloses and claims subject matter described in German
      patent application No. P 23 17 602.5, filed Apr. 7, 1973, which is
      incorporated herein by reference.
PAR  This invention relates to modified copolymers of vinyl aromatic compounds
      or diene hydrocarbons with diisopropenylbenzene.
PAR  German Published Application No. 1,219,682 discloses copolymers of vinyl
      monomers with p-diisopropenylbenzene and processes for the manufacture
      thereof by polymerization with the aid of organolithium compounds. It is
      an object of the present invention to modify such copolymers in such a
      manner that intermediates for the manufacture of valuable block copolymers
      and graft copolymers are obtained.
PAR  The present invention relates to modified copolymers consisting of from 99
      to 50% by weight of a vinyl aromatic compound or diene hydrocarbon and
      from 1 to 50% by weight of diisopropenylbenzene, preferably
      p-diisopropenylbenzene, which copolymers contain at least 0.2% by weight
      of a group of the general formula
      ##SPC1##
PAL  Where R is alkyl, aryl or cycloalkyl of up to 36 carbon atoms.
PAR  If the starting material used is not pure p-diisopropenylbenzene but a
      mixture of isomers, the copolymers obtained will also contain
      ##EQU1##
      groups attached in the m-position as well as a small amount of said groups
      attached in the o-position.
PAR  The copolymers of vinyl aromatics or idene hydrocarbons and the
      diisopropenylbenzene are prepared by polymerization in organic solvents
      using organometallic compounds as initiators. In this process, only one of
      the isopropenyl groups of the diisopropenylbenzene reacts, the other
      isopropenyl group forming a substituent on the polymer chain. Particularly
      suitable vinyl aromatic compounds are styrene and derivatives thereof such
      as .alpha.-methylstyrene or nuclear substituted styrenes. Suitable diene
      hydrocarbons are butadiene and isoprene. It is possible, of course, to use
      a mixture of said monomers. The structure of the copolymers formed largely
      depends on the type of initiator, the solvent and the polymerization
      temperature used. Using monofunctional initiators, e.g. butyl lithium or
      cumyl potassium, the polymers obtained have one living chain end, whereas
      the use of difunctional initiators such as tetrameric
      .alpha.-methylstyrene dipotassium, lithium naphthalene or sodium
      naphthalene leads to polymers having two living chain ends. Copolymers in
      which the diisopropenylbenzene groups are randomly distributed are
      obtained either by continuously feeding the monomers to a stirred vessel,
      in which thorough mixing of the components is achieved, or by using
      non-polar solvents such as hexane, benzene or toluene and relatively high
      polymerization temperatures. If polymerization is carried out at low
      temperatures in polar solvents such as tetrahydrofuran, anisol or dioxane,
      the copolymers obtained are preferentially block copolymers having gradual
      transitions between the blocks. Block copolymers having sudden transitions
      may be obtained by adding the monomers in stages, for example by first
      adding butadiene and then adding the diisopropylbenzene when the butadiene
      has been polymerized. The effect of the temperature on the structure of
      the copolymers may be explained as follows: At elevated temperatures, for
      example temperatures above 30.degree.C and especially above the ceiling
      temperature of diisopropenylbenzene, which is about 60.degree.C, the vinyl
      aromatic monomer or diene hydrocarbon monomer polymerize first, so that
      small amounts of diisopropenylbenzene units are randomly distributed in
      the chain, the relative number thereof increasing as the concentration of
      vinyl aromatic compound or diene hydrocarbon decreases. When these
      monomers are virtually completely consumed, no diisopropenylbenzene chain
      can form, since at high temperatures a bond which has been formed between
      two or more diisopropenylbenzene molecules immediately depolymerizes. Such
      depolymerization is avoided when low temperatures, preferably temperatures
      below 10.degree.C, are used, and in this case a block of
      diisopropenylbenzene can form. When difunctional initiators are used,
      p-diisopropenylbenzene blocks form at each end. The molecular weight of
      the copolymers preferably ranges from 10,000 to 500,000.
PAR  The present modification of the copolymers is effected by reacting the
      unchanged second isopropenyl substituent with an organometallic compound
      to form polymers containing carbanions. As a rule, the same substances may
      be used for such metalization as are described as initiators for the
      manufacture of the copolymers. This reaction is also carried out in
      organic solvents with the exclusion of water, acids and oxygen. The
      temperature is preferably between -100.degree.C and +80.degree.C. Such
      modification may be carried out immediately after copolymerization and it
      is not necessary to stop the living chains. However, the copolymers may,
      if desired, be separated from the solvent and dried and then redissolved
      for the purpose of carrying out said modification.
PAR  The modified copolymes are polyanions. Suitable gegenions are alkali
      metals, particularly lithium, sodium and potassium. The modified
      copolymers are intermediates in the manufacture of valuable block
      copolymers and graft copolymers.
PAR  For example, vinyl monomers such as styrene, methyl methacrylate or
      butadiene may be anionically grafted to the modified copolymers, the point
      of attachment being at the metallized isopropenyl units in the chain. If a
      random copolymer is used, the products are genuine graft copolymers. If a
      block copolymer is used, the product is a block copolymer in which the
      monomers are grafted to the p-diisopropenylbenzene block. The latter graft
      copolymers may be used for example in the manufacture of rubber-modified
      vinyl polymers by solution polymerization. Ethylene oxide or propylene
      oxide may be grafted to the modified copolymers when the gegenion is
      sodium or, preferably, potassium. Such graft copolymers may be used as
      polymeric antistatic agents.
PAR  Another reaction which may be carried out with the modified copolymers is
      the reaction with polar low molecular weight compounds such as carbon
      dioxide, carbon disulfide, disubstituted chloroamines or ethylene oxide
      followed by hydrolysis. In this way, carboxyl groups or alcohol groups may
      be introduced into the polymer molecule, which groups are then capable of
      entering into further reactions.
PAR  If modification has been carried out using a deficiency of organometallic
      compound in relation to the amount of p-diisopropenylbenzene units in the
      copolymer, some double bonds will remain in the polymer molecule, at which
      double bonds free radical reactions, for example free radical graft
      polymerizations, may take place.
DETD
PAC  EXAMPLE 1
PAR  a. 2,500 ml of toluene distilled over lithium butyl are placed in a vessel
      and cooled to 0.degree.C. A mixture of 325 g of butadiene and 20 g of
      p-diisopropenylbenzene is added. The reaction solution is heated to
      50.degree.C and initiated with 30 ml of a 1.5% lithium butyl solution in
      hexane. The solution has a pale yellow color indicating that mainly
      butadiene is being polymerized. After 3 hours at 50.degree.C, the color
      changes to red, this indicating that incompletely consumed
      p-diisopropenylbenzene is reacting. On account of the low ceiling
      temperature, however, no polymerization occurs. Conversion is 98% and the
      molecular weight of the polymer is found to be 82,000 by viscosity
      measurements. In this polymer, the reactive isopropenyl groups are
      randomly distributed in the polymer chain. In the infra-red spectrum they
      are seen to be situated beside the double bonds of the polybutadiene.
PAR  b.sub.1. Half of the living polymer solution is mixed at room temperature
      with 50 ml of 1.5% lithium butyl solution in dimethoxy ethane. The red
      polymer solution now becomes dark red. The modified copolymer of the
      invention is now formed. A small portion of the polymer solution is
      withdrawn and precipitated with methanol. The molecular weight has risen
      only slightly. The infra-red spectrum shows isopropenyl groups but the
      amount thereof has decreased.
PAR  c.sub.1. The polymer solution (b.sub.1) is cooled to -40.degree.C. 130 g of
      methyl methacrylate, previously dried by distillation over calcium
      hydride, are added. The reaction proceeds with considerable evolution of
      heat. The temperature rises to about -10.degree.C despite cooling. After 1
      hour, the reaction is stopped with methanol and precipitation is carried
      in excess methanol. The conversion is 100%. The composition of the product
      is 44% by wiehgt of methyl methacrylate, 52% by weight of butadiene and 4%
      by weight of p-diisopropenylbenzene. The molecular weight has risen to
      about 200,000. The product obtained is a graft copolymer consisting of a
      polybutadiene skeleton with polymethyl methacrylate side chains grafted
      thereto.
PAR  b.sub.2. The other half of the polymer solution (a) is dried in a high
      vacuum and dissolved in 1,000 ml of tetrahydrofuran at room temperature.
      Impurities are titrated out with lithium butyl and the solution is then
      mixed with 50 ml of 1.5% lithium butyl in hexane. The polymer solution
      becomes dark red.
PAR  c.sub.2. To this solution there are added 5 ml of ethylene oxide and the
      mixture is stirred at room temperature for 1 hour. The red color
      disappears after the addition of the ethylene oxide. The polymer is
      precipitated with methanol to which some glacial acetic acid has been
      added. The product obtained is a polybutadiene having --CH.sub.2
      --CH.sub.2 --OH groups randomly distributed along the polymer chain. In
      addition, reactive isopropenyl groups are still present.
PAC  EXAMPLE 2
PAR  a. 2,000 ml of tetrahydrofuran which has been distilled over
      .alpha.-methylstyrene dipotassium are placed in a vessel and cooled to
      0.degree.c. 50 ml of a 1.5% lithium butyl solution in hexane are added and
      325 g of butadiene are slowly added and polymerized. The butadiene
      polymerization is complete after a few minutes. A small portion of the
      solution is withdrawn and the molecular weight is determined by viscosity
      measurements and found to be 47,000. To the living polymer solution there
      are added 20 g of p-diisopropenylbenzene and the mixture is maintained at
      0.degree.C for 1 hour. Conversion is 100%. The copolymer is completely
      soluble, this indicating that no crosslinking has taken place. The
      isopropenyl groups form a block at the end of the chain.
PAR  b.sub.1. Half of the polymer solution is mixed at 0.degree.C with slightly
      impure tetrahydrofuran until decolorization just takes place so that the
      chains are completely stopped. 50 ml of 1.5% lithium butyl solution in
      hexane are then added and the solution immediately turns back to red.
PAR  c.sub.1. The polymer solution is cooled to -40.degree.C and 130 g of methyl
      methacrylate are added. The temperature rises to about -10.degree.C. The
      polymerization is stopped after 1 hour at low temperature with
      methanol/acetic acid, and the polymer is precipitated with methanol.
      Conversion is 100%. The copolymer contains 52% by weight of butadiene, 4%
      by weight of p-diisopropenylbenzene and 44% by weight of methyl
      methacrylate grafted to the chain end in a stellate arrangement. The
      molecular weight is about 100,000, i.e. it has approximately doubled.
PAR  b.sub.2. The other half of the polymer solution is precipitated with
      methanol, dried, dissolved in 100 ml of toluene and heated to 60.degree.C.
      30 ml of 1.5% lithium butyl solution in hexane are added and the solution
      slowly turns red. It is stirred for 1 hour at 60.degree.C.
PAR  c.sub.2. Pure dry carbon dioxide is passed into this solution until the red
      color disappears. The polymer is precipitated with methanol to which some
      glacial acetic acid has been added. The polymer contains --COOH groups and
      isopropenyl groups.
PAC  EXAMPLE 3
PAR  a. 2,000 ml of tetrahydrofuran are placed in a vessel and 325 g of
      butadiene together with 50 g of p-diisopropenylbenzene are added and the
      mixture is cooled to -10.degree.C. Polymerization is initiated by the
      addition of 30 ml of a 1.5% solution of lithium butyl in hexane. The
      temperature rises to 30.degree.C at the commencement of polymerization,
      the yellow color indicating the preferential butadiene polymerization, but
      after a few minutes the color changes to red. Stirring is continued for 1
      hour at 0.degree.C. Conversion is 100%. The molecular weight is approx.
      95,000. This copolymer is a 2-block copolymer having gradual transitions.
      The reactive isopropenyl groups are irregularly distributed along the
      polymer chain and are concentrated at the chain end.
PAR  b. The living polymer solution is directly mixed with another 50 ml of 1.5%
      lithium butyl solution, and as a result the red color strongly increases
      in intensity.
PAR  c. The solution is then cooled to about - 30.degree.C and 250 g of methyl
      methacrylate (distilled over CaH.sub.2) are added with rapid stirring. The
      graft copolymerization of the methyl methacrylate proceeds to 100%
      conversion with a strong heat effect. The molecular weight of the product
      is about 200,000 as determined by viscosity measurements. The graft
      copolymer consists of 45% by weight of butadiene, 50% by weight of methyl
      methacrylate and 5% by weight of diisopropenylbenzene. The butadiene units
      are mainly attached in the 1,2-positions and the copolymer still contains
      free isopropenyl groups. These groupings are highly reactive for
      free-radical grafting.
PAC  EXAMPLE 4
PAR  a. 2,000 ml of toluene are placed in a vessel and 300 g of styrene together
      with 50 g of p-diisopropenylbenzene are added. Polymerization is commenced
      at 30.degree.C by the addition of 30 ml of a 1.5% solution of lithium
      butyl in hexane. Polymerization is complete after 1 hour. Conversion is
      97%. The diisopropenylbenzene is randomly distributed in the polymer chain
      and the polymer is completely soluble. Its molecular weight is about
      85,000. According to infrared measurements it contains about 5.5% of
      isopropenyl double bonds.
PAR  b.sub.1. Half of the polymer solution is mixed with slightly impure toluene
      to stop the chains. 60 ml of lithium butyl (1.5% solution in anisol) are
      then added and the mixture is heated to 50.degree.C. The solution turns
      red. It is stirred for 1 hour at 50.degree.C.
PAR  c.sub.1. The solution is mixed with 200 g of butadiene and heated to
      50.degree.c. Polymerization is complete after 2 hours. The product is a
      graft copolymer of polystyrene with polybutadiene side chains. Conversion
      is 100%. The product is composed of 39% by weight of styrene, 55% by
      weight of butadiene and 6% by weight of diisopropenylbenzene. The
      butadiene has been incorporated to an extent of 15% in the 1,2-vinyl
      positions, 55% in the trans-1,4-positions and 30% in the
      cis-1,4-positions. The molecular weight is 200,000.
PAR  b.sub.2. The other half of the polymer solution is precipitated and the
      polymer thus obtained is vacuum dried and dissolved in 1,000 ml of
      tetrahydrofuran, and this solution is mixed with 20 ml of a 0.5M solution
      of potassium naphthalene in tetrahydrofuran at room temperature. The color
      immediately changes from dark green to red.
PAR  c.sub.2. To the living polymer solution having potassium as gegenion there
      are added 200 g of ehtylene oxide (distilled over lithium butyl), and the
      solution is heated to 40.degree.C. A conversion of 100% is obtained after
      4 hours. The product is a graft copolymer of polystyrene and polyethylene
      oxide. It is composed of 39% by weight of styrene, 55% by weight of
      ethylene oxide and 6% by weight of diisopropenylbenzene units. The
      molecular weight is approx. 150,000.
CLMS
STM  We claim:
NUM  1.
PAR  1. Modified copolymers of from 99 to 50% by weight of a vinyl aromatic
      compound or diene hydrocarbon and from 1 to 50% by weight of
      diisopropenylbenzene and having a content of at least 0.2% by weight of a
      group of the general formula:
      ##SPC2##
PAL  in which R is alkyl, aryl or cycloalkyl of up to 36 carbon atoms, said
      copolymers having been modified by reaction with organo-alkali metal
      compounds.
NUM  2.
PAR  2. Modified copolymers as claimed in claim 1 which are copolymers of
      styrene and p-diisopropenylbenzene.
NUM  3.
PAR  3. Modified copolymers as claimed in claim 1 which are copolymers of
      butadiene and p-diisopropenylbenzene.
NUM  4.
PAR  4. Modified copolymers as claimed in claim 1, in which R in the general
      formula is n-butyl.
NUM  5.
PAR  5. A process for the manufacture of modified copolymers as claimed in claim
      1, wherein
PA1  a. vinyl aromatics or diene hydrocarbons are copolymerized with from 1 to
      50% by weight of diisopropenylbenzene in organic solvents with the aid of
      organometallic initiators and
PA1  b. the resulting copolymer is metallized with organometallic compounds in
      organic solvents.
NUM  6.
PAR  6. A process for the manufacture of modified copolymers as claimed in claim
      5, wherein styrene and p-diisopropenylbenzene are copolymerized.
NUM  7.
PAR  7. A process for the manufacture of modified copolymers as claimed in claim
      5, wherein butadiene and p-diisopropenylbenzene are copolymerized.
NUM  8.
PAR  8. A process for the manufacture of modified copolymers as claimed in claim
      5, wherein metallization is carried out with n-butyl lithium as the
      organo-alkali metal compound.
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ABST
PAL  2-[(1-Cyano-1-methylethyl)azo]-2-methylpropionamide is provided as a unique
      compound for catalyzing the polymerization of ethylenically unsaturated
      compounds.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a divisional of my copending application Ser. No.
      357,524, filed May 7, 1973.
BSUM
PAR  Organic and inorganic peroxygen compounds, such as peroxides,
      hydroperoxides, peresters, persulfates, hydrogen peroxide etc. are widely
      employed as free-radical initiators in polymerizations of ethylenically
      unsaturated compounds. However, peroxygen initiators have shortcomings
      which limit their usefulness; they often oxidize polymers or leave
      oxygenated residues which cause discoloration on aging and light
      sensitivity; they alter the color of dyestuffs; many are shock sensitive
      and unpredictable in behavior; they can cause undesirable chain-branching.
PAR  On the other hand, azo initiators such as the azonitriles disclosed in U.S.
      Pat. No. 2,471,959 and compounds derived from them do not have the
      undesirable characteristics ascribed to peroxides and are highly useful in
      vinyl polymerizations. Azo initiators which are both soluble and insoluble
      in water find utility. However, most water soluble azo compounds are acids
      and their salts as disclosed, for example, in U.S. Pat. No. 2,520,338 and
      amidine salts as disclosed, for example, in U.S. Pat. No. 2,599,300 and
      the like. Such compounds can introduce functional groups into polymers
      which reduce thermal stability as well as detract from physical,
      electrical and mechanical properties. However, water insoluble azo
      compounds frequently do not have desirable free-radical initiation
      properties in aqueous polymerization systems of the emulsion and
      dispersion types. Induction times, that is, the time it takes to initiate
      the polymerization of the ethylenically unsaturated compound using water
      insoluble azo compounds may be much longer than the induction times
      involved when water soluble azo initiators are used.
PAC  SUMMARY OF THE INVENTION
PAR  As a new compound this invention provides
      2-[(1-cyano-1-methylethyl)azo]-2-methylpropionamide which has the
      structure
      ##EQU1##
      When employed in catalytic quantities, that is, any quantity effective to
      initiate the polymerization reaction, the unique compound of this
      invention functions as an excellent catalyst for the polymerization of
      ethylenically unsaturated compounds. Indeed, as little as 0.01% by weight
      based on the weight of the monomers easily and effectively initiates the
      polymerization of any desired ethylenically unsaturated monomers.
      Generally from about 0.01 to about 2% by weight based upon the weight of
      the monomers is employed, preferably 0.05 to 0.5% by weight.
PAR  The unique compound of this invention is new, effective, water soluble,
      neutral, inexpensive and easy to prepare from readily available starting
      materials. Aqueous solution as well as dispersion or emulsion
      polymerization of ethylenically unsaturated compounds can be carried out
      with induction or initiation times as short as a few minutes when the
      azomonoamide of this invention is used as opposed to the 1 to 12 hours or
      more which are frequently required before initiation begins using
      insoluble azonitriles.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The unique azomonoamide compound of this invention is readily prepared by
      the hydrogen peroxide-promoted basic hydrolysis of
      .alpha.,.alpha.'-azobisisobutyronitrile which is readily available under
      the tradename Vazo 64. The .alpha. ,.alpha.'-azodiisobutyronitrile is
      reacted in solution at a maximum concentration of about 20% by weight of
      the nitrile preferably from 8 to 12% at temperatures of from about
      25.degree. to about 50.degree.C. with hydrogen peroxide in the presence of
      a base to yield 2-[(1-cyano-1 -methylethyl)azo]-2-methylpropionamide.
      Because the starting compound is insoluble in water, the reaction is
      generally carried out in an alcohol or acetone solution or in a mixture of
      from about 2:1 alcohol or acetone to water up to 100% of acetone or
      alcohol and preferably 100% alcohol is employed. Any suitable water
      miscible alcohol may be employed in the preparation such as, for example,
      methanol, ethanol, n-propanol, isopropanol, tert-butyl alcohol and the
      like but preferably methanol is used.
PAR  Any suitable base may be used to prepare the azomonoamide of this invention
      including for example, any alkali metal hydroxide such as sodium,
      potassium, lithium and the like hydroxides, ammonium hydroxide and so on.
      The amount of 100% base which is used on a molar basis ranges from about
      0.1 mol per mol of the dinitrile to 1 mol per mol of dinitrile and
      concentrations even greater than 1 mol per mol of dinitrile, if desired.
      Preferably, however, from about 0.3 to about 0.7 mol of base per mol of
      the dinitrile is employed. Since the rate of the reaction depends on the
      concentration of the base one can choose any desired concentration of base
      which will give the desired speed of reaction. It should be noted,
      however, that a low yield of the monoamide could be obtained if a very
      strongly basic solution is used. Preferably, about a 50% solution of the
      base in water is employed.
PAR  The amount of 100% hydrogen peroxide which is used on a molar basis varies
      from, about 1.0 to about 2.5 mols per mol of the dinitrile, preferably
      1.75 to 2.20 mols per mol of dinitrile. While less than 1 mol of hydrogen
      peroxide per mol of the dinitrile can be used, the product thus achieved
      would contain quantities of unreacted dinitrile, the amounts of which
      would depend on the degree of the deficiency in the amount of the peroxide
      employed. On the other hand, more than 2.5 mols of hydrogen peroxide per
      mol of the dinitrile can be used but increasing amounts of the peroxide
      would result in increasing amounts of undesired diamide in the reaction
      product.
PAR  The hydrogen peroxide to be used should generally be an aqueous solution
      containing a minimum of about 3% by weight of hydrogen peroxide.
      Concentrations of 50% by weight and even higher may be employed although
      it is preferred to use solutions containing from about 30% to about 50% by
      weight.
PAR  In carrying out the preparation of the azomonoamide, a solution of the
      diamide is prepared and the base is added, generally with rapid stirring.
      The hydrogen peroxide is then introduced and the reaction is allowed to
      continue until the evolution of oxygen ceases. Preferential conversion of
      only one of the cyano groups to the amide group occurs to give the
      monoamide in favorable proportion to the completely reacted diamide. The
      resulting azomonoamide is recovered as a precipitate from the reaction
      mixture and has a half life in solution at 80.degree.C. of about 10 hours.
PAR  If desired, the azomonoamide can be purified by any suitable method.
      Preferably, the final mixture is treated with methylene chloride to
      dissolve the monoamide and the dinitrile while the diamide remains
      undissolved. The methylene chloride is then evaporated from the mixture of
      the dinitrile and the azomonoamide, which mixture is then stirred into
      warm or hot water, preferably about 10 grams of mixture per 100 grams of
      water at a temperature of 60.degree.C. is used. The dinitrile, which is
      insoluble in water is then filtered off and the water is cooled to
      0.degree.C. to crystallize out the monoamide.
PAR  The azomonoamide of this invention is water soluble, neutral and extremely
      effective as a free radical initiator. By contrast when the corresponding
      azodiamide compound is used, the polymerization must be carried out at
      higher temperatures and the diamide has been found not to possess good
      free radical initiating properties. In addition, the corresponding diamide
      decomposes on storage to yield a material which appears physically
      unchanged but which has a completely different set of properties from that
      of the original diamide.
PAR  The unique compound of this invention is an excellent initiator of the
      polymerization of any desired ethylenically unsaturated compounds such as
      the polymerizable vinyl and vinylidene compounds including, vinyl
      monomers, for example, butadiene, isoprene, the esters of acrylic,
      methacrylic and other .alpha.-substituted acrylic acids including esters
      of .alpha.-cyanoacrylic acid, acrylonitrile, methacrylonitrile and other
      .alpha.-substituted acrylonitriles, vinyl esters, vinyl chloride,
      vinylidene chloride and any of the ethylenically unsaturated monomers
      listed in U.S. Pat. No. 3,225,119 issued to William P. Baker, Jr. on Dec.
      21, 1965.
PAR  Since the unique initiator of this invention is water soluble, the
      polymerization of the ethylenically unsaturated compound may be carried
      out in an aqueous solution as well as in a dispersion or emulsion. In
      addition to water, various solvents may be employed for the polymerization
      such as, for example, methanol, ethanol, acetone, methylene chloride,
      chloroform, dioxane, tetrahydrofurane, the dimethyl ether of ethylene
      glycol, dimethylformamide, dimethylacetamide or any of those disclosed in
      British Patent No. 1,096,889.
PAR  Any suitable reaction conditions may be observed in carrying out the
      polymerization of the ethylenically unsaturated monomers using the unique
      initiator of this invention. For example, temperatures as low as
      25.degree.C. and as high as 160.degree.C. may be employed in carrying out
      the polymerization, preferably 60.degree. to about 100.degree.C. The
      optimum temperature for a particular monomer will depend upon its desired
      reactivity. The polymerization may be carried out at atmospheric pressure,
      under a vacuum or at pressures above atmospheric pressure. In some
      instances an inert atmosphere such as nitrogen, argon and the like may be
      used to advantage.
PAR  The invention is further illustrated but is not intended to be limited by
      the following examples in which all parts and percentages are by weight
      unless otherwise specified.
DETD
PAC  EXAMPLE 1
PAR  Twenty-five parts of .alpha.,.alpha.'-azobisisobutyronitrile (0.152 mol)
      are dissolved in 225 parts of absolute methanol and 8.5 parts of a 50%
      solution of sodium hydroxide in water are added with stirring. To the
      rapidly stirred solution are added 22.5 parts of a 50% solution of
      hydrogen peroxide in water (0.33 mol) in about 5 minutes. Oxygen is
      evolved during the reaction and the temperature increases to 45.degree.C.
      A clear yellow solution is obtained. The reaction is essentially complete
      about 5 minutes after the hydrogen peroxide addition is complete, at which
      point the evolution of oxygen ceases. Stirring is continued for 15 minutes
      longer. Liquid is removed by blowing air across the surface of the
      reaction mixture until no more precipitation of solid occurs. The air
      dried solid is extracted with methylene chloride to dissolve unreacted
      .alpha.,.alpha.'-azobisisobutyronitrile and the monoamide
      2-[(1-cyano-1-methylethyl)azo]-2-methylpropionamide leaving
      .alpha.,.alpha.'-azobisisobutyramide. The methylene chloride is evaporated
      and the residue is treated with warm water (50.degree.C.) to dissolve the
      monoamide, leaving the insoluble dinitrile behind as a precipitate. The
      solution is cooled to 0.degree.C. to precipitate the monoamide. A 50%
      yield of monoamide is obtained, 13.7 g.
PAR  Elemental analysis of the product gave an average of carbon, hydrogen and
      nitrogen of 52.75, 7.80 and 30.55, respectively, against theoretical
      values of 52.8, 7.7 and 30.8, respectively, for the empirical formula
      C.sub.8 H.sub.14 N.sub.4 O. A molecular weight determination in dioxane
      yielded 180 against a theoretical 182. The monoamide structure was
      verified by nuclear magnetic resonance and infrared spectra studies. The
      half life of the product in water at 80.degree.C. was determined as 11.2
      hours via measurement of the decrease in UV absorption with time.
PAC  EXAMPLE 2
PAR  The preparation of Example 1 is repeated except that 25 parts of the
      hydrogen peroxide are employed. As a result, 16.4 g. or a 60% yield of
      monoamide is obtained.
PAR  The half life of the product in dimethylformamide at 80.degree.C. was
      measured using ultraviolet absorption: t.sub.1/2 = 1n 2/k = 11.2 hours.
PAC  EXAMPLE 3
PAR  A mixture of 100 parts of distilled water, 1 part of ammonium lauryl
      sulfate and 50 parts of vinyl acetate was prepared and purged with
      nitrogen in a 500 ml flask containing a stirrer, a nitrogen inlet and a
      condenser. The flask was immersed in a steam bath. About 2.5 ml of a 1.8%
      aqueous solution (0.045 g.) of the product of Example 2 were added. The
      temperature of the reaction mixture was raised quickly to between
      70.degree. and 80.degree.C. and stirred. After about 20 minutes the
      reaction mixture becomes cloudy. The reaction appears to be complete in
      about 1 hour but the reaction mixture is maintained at about 75.degree.C.
      with stirring for a further 30 minutes. An opalescent blue emulsion is
      obtained which is vacuum treated to remove any trace of monomer. The
      emulsion is coagulated in a salt solution and the polymer is removed by
      filtration, washed with water and air dried. A yield of 85% of polyvinyl
      acetate having an inherent viscosity of 1.2 as determined in a chloroform
      solution (0.5%, 30.degree.C.) is obtained.
PAC  EXAMPLE 4
PAR  The apparatus of Example 3 is flushed with nitrogen, 120 ml of water are
      introduced to the flask and the system is purged with nitrogen. About 0.1
      part of the azoamide of Example 2 is dissolved in the water after which 2
      parts of sodium lauryl sulfate and 80 parts of acrylonitrile are added.
      The system is again purged with nitrogen and the reaction mixture is
      heated to from about 65.degree. to about 70.degree.C. The mixture becomes
      milky after only a few minutes. Polymerization is allowed to proceed for 4
      hours at 65.degree. to 70.degree.C. and a stable milky dispersion is
      obtained. The emulsion is coagulated in a salt solution and the polymer is
      removed by filtration, washed with water and air dried. A yield of 90% of
      polyacrylonitrile having an inherent viscosity of 8.5 as determined in
      dimethylformamide solution (0.5%, 30.degree.C.) is obtained.
PAR  Although the invention has been described in considerable detail in the
      foregoing, it is to be understood that such detail is solely for the
      purposes of illustration and that variations may be by one skilled in the
      art without departing from the spirit and scope of the invention except as
      set forth in the claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the emulsion polymerization of ethylenically unsaturated
      compounds selected from butadiene, isoprene, esters of acrylic acid and
      methacrylic acid, acrylonitrile, methacrylontirile, vinyl acetate, vinyl
      chloride, vinylidene chloride, styrene and alpha methyl styrene which
      comprises initiating the polymerization of the ethylenically unsaturated
      compound across the ethylenically unsaturated double bond in an aqueous
      solution with at least 0.01% by weight of
      ##EQU2##
      based on the weight of the ethylenically unsaturated compound.
NUM  2.
PAR  2. The method of claim 1 wherein from about 0.01 to 2% by weight of the
      initiator based on the weight of the ethylenically unsaturated compound
      initiates the polymerization.
NUM  3.
PAR  3. The method of claim 2 wherein 0.05 to 0.5% by weight of the initiator
      based on the weight of the ethylenically unsaturated compound initiates
      the polymerization.
NUM  4.
PAR  4. The method of claim 1 wherein the ethylenically unsaturated compound is
      a polymerizable vinyl or vinylidene compound.
NUM  5.
PAR  5. The method of claim 1 wherein the ethylenically unsaturated compound is
      vinyl acetate.
NUM  6.
PAR  6. The method of claim 1 wherein the ethylenically unsaturated compound is
      polymerized at from 25.degree.C. to 160.degree.C.
NUM  7.
PAR  7. The method of cliam 6 wherein the ethylenically unsaturated compound is
      polymerized at from 60.degree.C. to 100.degree.C.
NUM  8.
PAR  8. The method of claim 6 wherein the ethylenically unsaturated compound is
      polymerized in an inert atmosphere.
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ABST
PAL  A process for preparing polymers and copolymers containing vinyl chloride
      by bulk polymerization which includes feeding to a reaction zone of a
      vessel maintained at polymerization temperature (t.sub.1) a solution (A)
      comprising monomeric material to be polymerized and at least one
      polymerization initiator, solution (A) being prepared continuously
      immediately before being fed to the reaction zone by mixing a constituent
      (B) comprising at least 50% of the monomeric material at a temperature
      (t.sub.2) which is within 10.degree.C of t.sub.1, and a solution (C) of
      the initiator of initiators in an organic solvent which would include the
      remainder, if any, of the monomeric material, and in which, when the
      polymerization reaction is carried out in a two stage polymerization
      including a first pre-polymerization and a subsequent polymerization, the
      pre-polymerization reaction is carried out under a high stage of agitation
      while the polymerization step is carried out at a lower stage of
      agitation.
BSUM
PAR  The present invention relates to improvements in the preparation in bulk of
      polymers and copolymers based on vinyl chloride and also to the resulting
      polymers and copolymers.
PAR  Hitherto polymerization in bulk of monomeric compositions based on vinyl
      chloride has been effected by introducing the entire amount of the
      polymerization initiator or initiators, with the monomeric material, into
      the reactor.
PAR  This technique has several disadvantages among which may be mentioned:
PAR  The necessity to cool the reactor before introduction of the polymerization
      initiators.
PAR  Risk of decomposition of the polymerization initiators can result either in
      the presence of crust, which is still warm due to insufficient cleaning or
      to an undesired re-heating of the jacket of the reactor.
PAR  The requirement for a heating step in order to bring the reaction medium,
      contained in the reactor, to the temperature for polymerication. This has
      the following results:
PAR  Lengthening of the duration of the polymerization operation, which
      increases as the size of the reactor increases;
PAR  Initiation of polymerization at a temperature which increases during the
      heating stage, which has a bad effect on the homogeneity of the polymer
      obtained;
PAR  Formation of crust on the warm wall of the reactor;
PAR  The necessity to resort to the use of polymerization initiators having a
      high rate of decomposition to facilitate heating of the reaction medium,
      which generally entails formation of crust and undesirable fine particles
      of polymer.
PAR  It is an object of this invention to provide a process which does not have
      the disadvantages mentioned above.
PAR  According to one aspect of the present invention, there is provided a
      process for preparing polymers and copolymers containing vinyl chloride by
      bulk polymerization, which comprises feeding to a reaction zone of a
      vessel maintained at the temperature (t.sub.1) required for polymerization
      a solution (A) comprising monomeric material to be polymerized and at
      least one polymerization initiator, solution (A) being prepared
      continuously immediately before being fed to the reaction zone by mixing a
      constituent (B) comprising at least 50% of the monomeric material at a
      temperature (t.sub.2), close to t.sub.1, and a solution (C) of the
      initiator or initiators in an organic solvent comprising the remainder, of
      any, of the monomeric material.
PAR  It has been surprisingly found that it is possible to prepare the solution
      A continuously outside the reaction zone without encountering premature
      polymerization of the monomeric composition, by operating in such a manner
      that the time of contact between the constituent B and the solution C of
      the initiator or initiators for polymerization and the arrival of the
      solution A in the reaction zone is small. This time should not exceed a
      maximum value which is smaller, other things being equal, as the
      temperature t.sub.2 and the rate of decomposition of the polymerization
      initiator at the temperature t.sub.2 are higher. It does not generally
      exceed 20 seconds, preferably not exceeding 10 seconds.
PAR  Preferably, the entire amount of the monomeric composition used is raised
      to temperature t.sub.2.
PAR  In order most efficiently to carry out the process of the invention, the
      difference between the temperatures t.sub.1 and t.sub.2 should not exceed
      20.degree.C and preferably 10.degree.C.
PAR  Heating of the fraction B of the monomeric composition to the temperature
      t.sub.2 may be effected by any conventional means and consequently under
      conditions of heat exchange which are superior to those normally used
      (circulation of a heat exchange fluid in a jacket surrounding the
      reactor). It is possible, for example, to pass said monomeric composition
      through a tubular exchanger in which steam is condensed. This method is
      more advantageous as the size of the reactor is increased.
PAR  Mixing of a constituent B and the solution C may be effected by any known
      means, allowing such a mixture to be made very rapidly, preferably by
      means of a static mixer feeding the reactor.
PAR  There may be used any polymerization initiator suitable for the preparation
      in bulk of polymers and copolymers based on vinyl chloride, for example
      azo compounds such as azodiisobutyronitrile, peroxides such as lauroyl
      peroxide, acetylcyclohexanesulfonyl peroxide, the peroxydicarbonates such
      as isopropyl peroxydicarbonate, and ethyl peroxydicarbonate.
PAR  Because of the risk of explosion during their manipulation, the
      polymerization initiators should be used in the solid state or in
      solutions in an organic solvent. Organic solvents which may be used
      include butyl phthalate, octyl adipate, petroleum ether, hexane,
      trifluorotrichlorethane, and monofluorotrichloromethane.
PAR  In the case where all the polymerization initiators used are in the solid
      state, solution C is generally prepared by dissolution of the initiators
      in the complementary fraction of a monomeric composition (i.e. the
      fraction not used in constituent B).
PAR  In the case where at least one of the polymerization initiators used is
      present in solution in an organic solvent, the solution C is generally
      prepared by mixing said solutions, in which there are dissolved the
      polymerization initiators which are present in the solid state. In such
      instance, it is not generally necessary to use any of the monomeric
      composition for preparation of the solution C so that it is the entire
      monomeric composition which is previously heated to temperature t.sub.2.
      Concentration of the polymerization initiators in the solution C,
      expressed as active oxygen equivalent, is preferably from 0.5% to 7%,
      advantageously 0.7% to 4% by weight. It is, however, possible to use part
      of the monomeric composition for preparation of the solution C and then it
      is only a portion B of the monomeric composition which is previously
      heated to temperature t.sub.2.
PAR  It has been found that, using the process of the invention, the initial
      conditions of polymerization are accurately reproducible and a high degree
      of regularity occurs in the polymerization operation and in the polymers
      that are formed. The formation of crust on the walls of the reactor is
      reduced to a minimum owing to the reduced duration during which, after the
      start of the introduction of the solution A into the reaction zone, the
      maintenance of the reaction zone at the temperature of polymerization is
      effected by heating.
PAR  The process of the invention may be applied to various procedures for bulk
      polymerization of monomeric compositions based on vinyl chloride. It may
      be applied to single stage methods using constant speed agitation, such as
      described in French Patents Nos. 1,257,780 and 1,360,251.
PAR  It is also applicable to each of the stages used in the two-stage
      techniques described in French Patents Nos. 1,357,736, 1,382,072,
      1,436,744, 1,450,464, 1,574,734 and 1,605,157.  These techniques involve
      carrying out the operations of polymerization or copolymerization while
      using an agitation speed which is as high as possible during a first
      stage, until the degree of polymerization of the monomeric composition of
      the order of 7% to 15% and preferably 8% to 12%, then reducing the
      agitation speed, is a second stage of the reaction to a speed as low as
      possible, which however, remains sufficient to insure good heat exchange
      in the reaction medium until the end of the reaction. In these techniques,
      the two stages, the first effected under high agitation and the second
      under low agitation, are carried out either in a single autoclave or in
      different autoclaves, the said two stages, then referred to as
      prepolymerization and final polymerization, taking place in appropriate
      apparatus known as prepolymerizers and polymerizers. The second stage may
      be carried out in a reaction medium formed entirely by the monomer/polymer
      composition from the prepolymerization or by said monomer/polymer
      composition and a complementary monomer composition based on vinyl
      chloride, identical to or different from that used in the first stage and
      by one or more polymerization initiators.
PAR  When the present invention is applied to the technique of polymerization in
      two stages, the two stages taking place respectively in a prepolymerizer
      and in one or more polymerizers, and the final polymerization operation is
      carried out on a reaction medium formed by the monomer/polymer composition
      from the first stage, plus a monomeric complementary composition based on
      vinyl chloride and one or more initiators for polymerization, it is
      advantageous to introduce said monomer/polymer composition in the
      polymerizer or polymerizers before or at the same time as the solution A.
      There is thus avoided the risk of formation of a parasite population of
      polymer particles which are sometimes formed in the techniques which have
      hitherto been used, according to which transfer of the monomer/polymer
      composition into the polymerizers takes place after introduction of the
      initiator or initiators for polymerization and the complementary monomer
      composition based on vinyl chloride, and the polymerization initiators are
      in contact for a long time with the monomer composition, which may be
      insufficiently cooled or contain traces of a decomposition accelerator for
      the polymerization initiator. Also, advantageously, the final
      polymerization may start in a reaction medium in which perfect homogeneity
      is obtained without the aid of a polymerizer agitator which, being adapted
      to agitate the reaction medium when the latter has reached a state close
      to the pulverulent state, that is to say in the case of polymerization of
      vinyl chloride when at least 20% of the material is polymerized, is not
      suitable for adequate treatment of the mixture constituted by the
      monomer/polymer composition, the complementary monomer composition, and by
      the polymerization initiator or initiators.
PAR  The following examples are given by way of illustration, but not by way of
      limitation, of the several embodiments of the process of this invention,
      together with comparative examples:
PAR  The polymers obtained are characterized by AFNOR viscosity indices
      determined according to the Standard NFT 51013.
DETD
PAC  EXAMPLE 1
PAR  This example is given for comparison.
PAR  Into a horizontal autoclave of 500 liters capacity, provided with a jacket
      maintained at 14.degree.C by circulation of cold water, and a frame
      stirrer rotating at 30 revolutions per minute, there are introduced:
PAR  2.6 g of active oxygen in the form of 295 g of a solution in petroleum
      ether of ethyl peroxydicarbonate, titrated at 0.87% by weight of active
      oxygen;
PAR  2.6 g of active oxygen in the form of 67 g of lauroyl peroxide;
PAR  220 kg of vinyl chloride monomer.
PAR  The autoclave is purged by degassing 20 kg of vinyl chloride.
PAR  By circulation of warm water in the jacket of the autoclave, the
      temperature of the reaction medium is raised to 69.degree.C which
      corresponds to a gauge pressure of 11.5 bars in the autoclave. The
      duration of heating is 40 minutes.
PAR  After 5.5 hours of polymerization at 69.degree.C and degassing to remove
      vinyl chloride which has not reacted, there is recovered with a yield of
      80% a pulverulent polymer having a viscosity index of 80.
PAC  EXAMPLE 2
PAR  The same autoclave is used as in Example 1.
PAR  Into the autoclave, with the agitator rotating at 30 revolutions per minute
      and with the jacket maintained at 69.degree.C by circulation of warm
      water, there is introduced a solution which is prepared continuously
      immediately before introduction into the reaction zone, in a static mixer,
      feeding into the autoclave by mixing of:
PAR  220 kg of vinyl chloride monomer previously heated to 70.degree.C by
      passage through a tubular heat exchanger in which steam is condensed, and
PAR  5.2 g of active oxygen in the form of a solution obtained by dissolving 67
      g of lauroyl peroxide in the solution of ethyl peroxydicarbonate of which
      the titre is indicated in Example 1.
PAR  At the end of charging, the autoclave is purged by degassing 20 kg of vinyl
      chloride at a reaction medium temperature of 69.degree.C, corresponding to
      a gauge pressure of 11.5 bars in the autoclave.
PAR  After 5.5 hours of polymerization at 69.degree.C and degassing of vinyl
      chloride which has not reacted there is obtained with a yield of 80% a
      pulverulent polymer of viscosity index AFNOR 80.
PAR  There is observed, compared with Example 1, a gain of time of 40 minutes in
      the polymerization operation.
PAR  It is also noted that the presence of crust on the wall of the autoclave is
      considerably less than in Example 1.
PAC  EXAMPLE 3
PAR  This example is given by way of comparison.
PAR  The same apparatus is used as in Example 1.
PAR  In the autoclave of which the jacket is maintained at 14.degree.C by
      circulation of cold water and in which the agitator rotates at 30
      revolutions per minute there are introduced:
PAR  0.4 g of active oxygen in the form of 20 g of a solution in butyl phthalate
      of acetylcyclohexanesulphonyl peroxide titrated at 2% by weight of active
      oxygen;
PAR  1.2 g of active oxygen in the form of 60 g of a solution in butyl phthalate
      of ethyl peroxydicarbonate, titrated at 2% by weight of active oxygen;
PAR  220 kg of vinyl chloride monomer.
PAR  The autoclave is pursed by degassing of 20 kg of vinyl chloride.
PAR  By circulation of warm water in the jacket of the autoclave, the
      temperature of the reaction medium is raised to 69.degree.C, which
      corresponds to a gauge pressure of 11.5 bars in the autoclave. The
      duration of heating is 40 minutes.
PAR  After 45 minutes of polymerization there are introduced in the autoclave:
PAR  1.6 g of active oxygen, in the form of 80 g of the ethyl peroxydicarbonate
      solution of which the titre is indicated above;
PAR  2 g of active oxygen in the form of 51 g of lauroyl peroxide.
PAR  After 6.5 hours of polymerization at 69.degree.C and degassing of the vinyl
      chloride which has not reacted, there is recovered with a yield of 80% a
      pulverulent polymer of viscosity index 80.
PAC  EXAMPLE 4
PAR  There is used the same autoclave as in Example 3.
PAR  Into the autoclave, with the agitator rotating at 30 revolutions per minute
      and with the jacket maintained at 69.degree.C by circulation of warm
      water, there is introduced a solution which is prepared continuously
      immediately before its arrival in the reaction zone, in a static mixer
      feeding the autoclave by mixing of:
PAR  220 kg of vinyl chloride monomer previously heated to 70.degree.C by
      passage through a tubular heat exchanger in which steam is condensed;
PAR  1.6 g of active oxygen in the form of the solution obtained by mixing 20 g
      of the acetylcyclohexanesulphonyl peroxide solution and 60 g of the ethyl
      peroxydicarbonate solutions of which the titres are indicated in Example
      3.
PAR  At the end of charging, the autoclave is purged by degassing 20 kg of vinyl
      chloride; the temperature of the reaction medium is 69.degree.C which
      corresponds to a gauge pressure of 11.5 bars in the autoclave.
PAR  After 45 minutes of polymerization, there are introduced into the
      autoclave:
PAR  1.6 g of active oxygen in the form of 80 g of the solution of
      ethylperoxydicarbonate of which the titre is indicated in Example 3.
PAR  2 g of active oxygen in the form of 51 g of lauroyl peroxide.
PAR  After 6.5 hours of polymerization at 69.degree.C and degassing of vinyl
      chloride which has not reacted, there is obtained with a yield of 80% a
      pulverulent polymer of viscosity index 80.
PAR  There is observed, compared with Example 3, a gain of time of 40 minutes in
      the polymerization operation.
PAR  It is further noticed that the presence of crust on the wall of the
      autoclave is considerably reduced compared with the process of Example 3.
PAC  EXAMPLE 5
PAR  This example is given as a comparative example.
PAR  There is used the same apparatus as in Example 1.
PAR  Into the autoclave, of which the jacket is maintained at 14.degree.C by
      circulation of cold water and having an agitator turning at 100
      revolutions per minute, there is introduced:
PAR  6 g of active oxygen in the form of 154 g of lauroyl peroxide;
PAR  220 kg of vinyl chloride monomer.
PAR  The autoclave is purged by degassing of 20 kg of vinyl chloride.
PAR  By circulation of warm water in the jacket of the autoclave, the
      temperature of the reaction medium is raised to 69.degree.C, corresponding
      to a gauge of pressure of 11.5 bars in the autoclave. The duration of
      heating is 40 minutes.
PAR  After 1 hour of polymerization the speed of rotation of the agitator is
      adjusted to 30 revolutions per minute.
PAR  After 6.5 hours of polymerization at 69.degree.C and degassing of vinyl
      chloride which has not reacted, there is recovered with a yield of 80% of
      pulverulent polymer of viscosity index 80.
PAC  EXAMPLE 6
PAR  There is used the same autoclave as in Example 5.
PAR  Into the autoclave, with the agitator turning at 100 revolutions per minute
      and of which the jacket is maintained at 69.degree.C by circulation of
      warm water, there is introduced a solution prepared continuously
      immediately before its arrival in the reaction zone, in a static mixer
      feeding the autoclave by mixing of:
PAR  220 kg of vinyl chloride monomer previously heated to 70.degree.C by
      passage through a tubular exchanger in which steam is condensed;
PAR  6 g of active oxygen in the form of 850 g of a solution in petroleum ether
      of lauroyl peroxide having a titre of 0.7% by weight of active oxygen.
PAR  At the end of charging, the autoclave is purged by degassing of 20 kg of
      vinyl chloride; the temperature of the reaction medium is 69.degree.C
      corresponding to a gauge pressure of 11.5 bars in the autoclave.
PAR  After 1 hour of polymerization, the speed of rotation of the agitator is
      adjusted to 30 revolutions per minute.
PAR  After 6.5 hours of polymerization at 69.degree.C and degassing of vinyl
      chloride which has not reacted, there is recovered with a yield of 80% of
      pulverulent polymer of viscosity index 80.
PAR  There is observed, compared with Example 5, a gain of time of 40 minutes in
      the polymerization operation.
PAR  It is also noted that the presence of crust on the walls of the autoclave
      is considerably less than used in the conditions of Example 5.
PAC  EXAMPLE 7
PAR  There is given below by way of comparison, an example of an embodiment of
      bulk polymerization of vinyl chloride using the two stages of
      prepolymerization and final polymerization carried out respectively in a
      prepolymerizer and in a polymerizer.
PAR  In a stainless steel prepolymerizer of 3.3 m.sup.3 capacity provided with a
      jacket, maintained at 14.degree.C by circulation of cold water, and a
      turbine agitator of 610 mm diameter rotating at 190 revolutions per
      minute, there is introduced:
PAR  3 g of active oxygen in the form of 150 g of a solution in butyl phthalate
      of acetyl cyclohexanesulphonyl peroxide titrated at 2% by weight of active
      oxygen;
PAR  17 g of active oxygen in the form of 850 g of a solution in butyl phthalate
      of ethyl peroxydicarbonate titrated at 2% by weight of active oxygen;
PAR  2300 kg of vinyl chloride monomer.
PAR  The prepolymerizer is purged by degassing of 200 kg of vinyl chloride.
PAR  By circulation of warm water in the jacket of the prepolymerizer, the
      temperature of the reaction medium is increased to 69.degree.C which
      corresponds to a gauge pressure of 11.5 bars in the prepolymerizer. The
      duration of heating is 45 minutes.
PAR  After 35 minutes of prepolymerization at 69.degree.C, the conversion
      percentage (polymerization degree) being in the region of 12%, the
      monomer/polymer composition obtained is transferred into a vertical
      stainless steel polymerizer of 8 m.sup.3 capacity, provided with a jacket,
      maintained at 14.degree.C by circulation of cold water, and a screw
      agitator rotating at 30 revolutions per minute in which there is
      previously introduced:
PAR  30 g of active oxygen in the form of 1500 g of a solution of
      acetylcyclohexanesulphonyl peroxide as used in the prepolymerization;
PAR  50 g of active oxygen in the form of 2500 g of the solution of ethyl
      peroxydicarbonate as used for the prepolymerization;
PAR  2700 kg of vinyl chloride monomer, and the polymerizer is purged by
      degassing of 200 kg of vinyl chloride.
PAR  By circulation of warm water in the jacket of the polymerizer, the
      temperature of the reaction medium is increased to 54.degree.C, which
      corresponds to a gauge pressure of 8 bars in the polymerizer. The duration
      of heating is 50 minutes.
PAR  After 5 hours of polymerization at 54.degree.C and degassing of vinyl
      chloride which has not reacted, there is recovered with a yield of 80% of
      a pulverulent polymer of viscosity index 106.
PAR  A considerable amount of crust is observed on the wall of the
      prepolymerizer which renders necessary its cleaning before carrying out
      another prepolymerization operation.
PAC  EXAMPLE 8
PAR  The same prepolymerizer and polymerizer as in Example 7 are used.
PAR  In the prepolymerizer with the agitator turning at 190 revolutions per
      minute and the jacket maintained at 69.degree.C by circulation of warm
      water, there is introduced a solution which is continuously prepared
      immediately before its arrival in the reaction zone, in the static mixer
      feeding the prepolymerizer by mixing of:
PAR  2300 kg of vinyl chloride monomer previously heated to 70.degree.C by
      passage through a tubular heat exchanger in which steam is condensed;
PAR  20 g of active oxygen in the form of a solution obtained by mixing 150 g of
      the solution of acetylcyclohexanesulphonyl peroxide and 850 g of the
      solution of ethyl peroxydicarbonate of which the titres are indicated in
      Example 7.
PAR  At the end of charging, the prepolymerizer is purged by degassing 200 kg of
      vinyl chloride and the temperature of the reaction medium is 69.degree.C
      which corresponds to a gauge pressure of 11.5 bars in the prepolymerizer.
PAR  After 35 minutes of prepolymerization at 69.degree.C, the conversion
      percentage being about 12%, the monomer/polymer composition obtained is
      transferred to the polymerizer with the agitator turning at 30 revolutions
      per minute and the jacket is maintained at 55.degree.C by circulation of
      warm water, and there is introduced simultaneously in the polymerizer a
      solution prepared continuously immediately before its arrival in the
      reaction zone, in a static mixer feeding polymerizer by mixing of:
PAR  2700 kg of vinyl chloride monomer, previously heated to a temperature of
      60.degree.C, by passage through a tubular heat exchanger in which water
      vapor is condensed;
PAR  80 g of active oxygen in the form of a solution obtained by mixing 1500 g
      of a solution of acetylcyclohexanesulphonyl peroxide and 2500 g of the
      solution of ethyl peroxydicarbonate of which the titres are indicated in
      Example 7.
PAR  At the end of charging, the polymerizer is purged by degassing of 200 kg of
      vinyl chloride and the temperature of the reaction medium is 54.degree.C
      which corresponds to a gauge pressure of 8 bars in the polymerizer.
PAR  After 5 hours of polymerization at 54.degree.C and degassing of vinyl
      chloride which has not reacted, there is recovered with a yield of 80% a
      pulverulent polymer of viscosity index 106.
PAR  There is observed, compared with Example 7, a gain in time of 45 minutes in
      the prepolymerization operation and of 50 minutes in the final
      polymerization.
PAR  It is also noted that the presence of crusts in the wall of the
      prepolymerizer is considerably less than under the conditions of Example
      7, which allows several operations of prepolymerization to be carried out
      without cleaning.
PAC  EXAMPLE 9
PAR  The same apparatus is used as in Example 8.
PAR  In the prepolymerizer with the agitator rotating at 190 revolutions per
      minute and the jacket maintained at 69.degree.C by circulation of warm
      water, there is introduced a solution prepared continuously immediately
      before arrival at the reaction zone, in a static mixer feeding the
      prepolymerizer by mixing of:
PAR  2185 kg of vinyl chloride monomer previously heated to 70.degree.C by
      passage through a tubular heat exchanger in which steam is condensed;
PAR  20 g of active oxygen in the form of a solution obtained by mixing of 115
      kg of vinyl chloride monomer, 150 g of acetylcyclohexanesulphonyl peroxide
      solution and 850 g of ethyl peroxydicarbonate solution, of which the
      titres are indicated in Example 7.
PAR  At the end of the charging, the prepolymerizer is purged by degassing of
      200 kg of vinyl chloride and the temperature of the reaction medium is
      69.degree.C, which corresponds to a gauge pressure of 11.5 bars in the
      prepolymerizer.
PAR  After 35 minutes of prepolymerization at 69.degree.C, the polymerization
      degree being about 12%, the polymer/monomer composition is transferred to
      the polymerizer with the agitator rotating at 30 revolutions per minute
      and the jacket is maintained at 55.degree.C by circulation of warm water
      and, there is introduced simultaneously into the polymerizer a solution
      prepared continuously immediately before its arrival in the reaction zone,
      in a static mixer feeding the polymerizer by mixing of:
PAR  2565 kg of vinyl chloride monomer previously heated to 60.degree.C by
      passage through the tubular heat exchanger in which steam is condensed;
PAR  80 g of active oxygen in the form of a solution obtained by mixing 135 kg
      of vinyl chloride monomer, 1500 g of acetylchclohexanesulphonyl peroxide
      solution and 2500 g of ethyl peroxydicarbonate solution, the titres of
      which are given in Example 7.
PAR  At the end of charging of the polymerizer, the polymerizer is purged by
      degassing 200 kg of vinyl chloride and the temperature of the reaction
      medium is 54.degree.C, which corresponds to a gauge pressure of 8 bars in
      the polymerizer.
PAR  After 5 hours of polymerization at 54.degree.C and degassing of vinyl
      chloride which has not reacted, there is obtained with a yield of 80% a
      pulverulent polymer of viscosity index 106.
PAR  There is observed, compared with Example 7, a gain of time of 45 minutes in
      the operation of prepolymerization and of 50 minutes in the polymerization
      operation.
PAR  So far as the presence of crust on the wall of the prepolymerizer is
      concerned, the comments made in Example 8 apply.
PAC  EXAMPLE 10
PAR  The same apparatus as in Example 8 is used.
PAR  Into the prepolymerizer, of which the agitator rotates at 190 revolutions
      per minute and of which the jacket is maintained at 69.degree.C by
      circulation of hot water, there is introduced a solution prepared
      continuously immediately before its arrival in the reaction zone, in a
      static mixer feeding the prepolymerizer by mixing of:
PAR  1955 kg of vinyl chloride monomer previously heated to a temperature of
      70.degree.C by passage through a tubular heat exchanger in which water
      vapor is condensed;
PAR  20 g of active oxygen in the form of a solution obtained by mixing 345 kg
      of vinyl chloride monomer, 150 g of acetylcyclohexanesulphonyl peroxide
      and 850 g of the solution of ethyl peroxydicarbonate, solutions of which
      the titres are indicated in Example 7.
PAR  At the end of charging, the prepolymerizer is purged by degassing of 200 kg
      of vinyl chloride. The temperature of the reaction mixture is 69.degree.C
      which corresponds to a gauge pressure of 11.5 bars in the prepolymerizer.
PAR  After 35 minutes of prepolymerization at 69.degree.C, the polymerization
      degree being about 12%, the monomer/polymer composition is transferred to
      the polymerizer in which the agitator turns at 30 revolutions per minute
      and of which the jacket is maintained at 55.degree.C by circulation of
      warm water, and there is introduced simultaneously in the polymerizer a
      solution prepared continuously immediately before its arrival in the
      reaction zone, in the static mixer feeding the polymerizer by mixing of:
PAR  2295 kg of vinyl chloride monomer previously heated to 60.degree.C by
      passage through a tubular exchanger in which steam is condensed;
PAR  80 g of active oxygen in the form of solution obtained by mixing 405 kg of
      vinyl chloride monomer, 1500 g of acetylcyclohexanesulphonyl peroxide
      solution and 2500 g of ethyl peroxydicarbonate solution, having the titres
      given in Example 7.
PAR  At the end of charging, the polymerizer is purged by degassing of 200 kg of
      vinyl chloride at a temperature of the reaction medium of 54.degree.C
      which corresponds to a gauge pressure of 8 bars in the polymerizer.
PAR  After 5 hours of polymerization at 54.degree.C and degassing of vinyl
      chloride which has not reacted, there is recovered with a yield of 80% a
      pulverulent polymer of viscosity index 106.
PAR  There is observed, in comparison with Example 7, a gain in time of 45
      minutes in the prepolymerization operation and of 50 minutes in the
      polymerization operation.
PAR  On the subect of the presence of crust on the wall of the prepolymerizer,
      the same remarks apply as made in Example 8.
PAC  EXAMPLE 11
PAR  There is given below by way of comparison, an example of copolymerization
      in bulk of vinyl chloride and vinyl acetate in two stages of
      prepolymerization and polymerization carried out respectively in a
      prepolymerizer and a polymerizer.
PAR  In a stainless steel prepolymerizer of 200 liters capacity, provided with a
      jacket maintained at 14.degree.C by circulation of cold water and a
      turbine agitator rotating at 400 revolutions per minute, there is
      introduced:
PAR  0.26 g of active oxygen in the form of 13 g of a solution in butyl
      phthalate of acetylcyclohexanesulphonyl peroxide having a titre of 2% by
      weight of active oxyge;
PAR  0.78 g of active oxygen in the form of 39 g of a solution in butyl
      phthalate of ethyl peroxydicarbonate having a titre of 2% by weight of
      active oxygen;
PAR  135 kg of vinyl chloride monomer.
PAR  The prepolymerizer is purged by degassing of 10 kg of vinyl chloride. There
      is also introduced 5 kg of vinyl acetate.
PAR  By circulation of hot water in the jacket of the prepolymerizer, the
      temperature of the reaction medium is raised to 69.degree.C, which
      corresponds to a pressure of 11.3 bars in the prepolymerizer. The duration
      at heating is 45 minutes.
PAR  After 40 minutes of prepolymerization at 69.degree.C, the polymerization
      degree is about 12%. The monomer/polymer composition is transferred into a
      horizontal stainless steel polymerizer of 500 liters capacity, provided
      with a jacket maintained at 14.degree.C by circulation of cold water and a
      frame agitator turning at 30 revolutions per minute, previously purged by
      degassing of 20 kg of vinyl chloride and in which is introduced:
PAR  1.6 g active oxygen in the form of 80 g of the solution of
      acetylcyclohexanesulphonyl peroxide used for the prepolymerization;
PAR  3 g of active oxygen in the form of 150 g of the solution of ethyl
      peroxydicarbonate used in the prepolymerization;
PAR  67.3 kg of vinyl chloride;
PAR  2.7 kg of vinyl acetate.
PAR  By circulation of hot water in the jacket of the polymerizer, the
      temperature of the reaction medium is brought to 55.degree.C, which
      corresponds to a gauge pressure of 8.1 bars in the polymerizer. The
      duration of heating is 40 minutes.
PAR  After 6 hours of copolymerization at 55.degree.C and degassing of the
      monomer composition which has not reacted, there is recovered with a yield
      of 81% a pulverulent copolymer of vinyl chloride and vinyl acetate,
      composed of 98% by weight of vinyl chloride and 2% by weight of vinyl
      acetate, having an index of viscosity of 97.
PAR  There is observed a considerable amount of crust on the wall of the
      prepolymerizer which makes necessary its cleaning before carrying out
      another prepolymerization operation.
PAC  EXAMPLE 12
PAR  The same prepolymerizer and polymerizer are used as in Example 11.
PAR  In the prepolymerizer, previously purged by degassing of 10 kg of vinyl
      chloride, in which the agitator rotates at 400 revolutions per minute and
      in which the jacket is maintained at 69.degree.C by circulation of hot
      water, there is introduced a solution prepared continuously immediately
      before its arrival in the reaction zone, in a static mixer feeding the
      prepolymerization by mixing of:
PAR  A monomeric composition consisting of 125 kg of vinyl chloride and 5 kg of
      vinyl acetate, previously heated to 70.degree.C by passage through a
      tubular heat exchanger in which water vapor is condensed;
PAR  1.04 g of active oxygen in the form of a solution obtained by mixing 13 g
      of the solution of acetylcyclohexanesulphonyl peroxide and 39 g of the
      solution of ethyl peroxydicarbonate of which the titres are indicated in
      Example 11.
PAR  At the end of charging, the temperature of the reaction medium is
      69.degree.C, which corresponds to a gauge pressure of 11.3 bars in the
      prepolymerizer.
PAR  After 35 minutes of prepolymerization at 69.degree.C, the polymerization
      degree being about 12%, the monomer/polymer composition is transferred
      into the polymerizer previously purged by degassing of 20 kg vinyl
      chloride of which the agitator rotates at 30 revolutions per minute and of
      which the jacket is maintained at 57.degree.C by circulation of hot water;
      then there is introduced in the polymerizer a solution prepared
      continuously immediately before its arrival in the reaction zone, in a
      static mixer feeding the polymerizer by mixing:
PAR  A monomeric composition consisting of 67.3 kg of vinyl chloride and 2.7 kg
      of vinyl acetate, previously heated to 60.degree.C by passage through a
      tubular heat exchanger in which water vapor is condensed;
PAR  4.6 g of active oxygen in the form of a solution obtained by mixing 80 g of
      the solution of acetylcyclohexanesulphonyl peroxide and 150 g of the
      solution of ethyl peroxydicarbonate of which the titres are mentioned in
      Example 11.
PAR  At the end of charging, the temperature of the reaction medium is
      55.degree.C, which corresponds to a gauge pressure of 8.1 bars in the
      polymerizer.
PAR  After 6 hours of copolymerization at 55.degree.C and degassing of the
      monomeric composition which has not reacted, there is recovered, with a
      yield of 81%, a pulverulent copolymer of vinyl chloride and vinyl acetate
      consisting of 98% by weight of vinyl chloride and 2% by weight of vinyl
      acetate having a viscosity index of 97.
PAR  There is observed, in comparison with Example 11, a gain of time of 45
      minutes in the prepolymerization operation and of 40 minutes in the final
      polymerization operation.
PAR  It is observed that the presence of crust on the wall of the prepolymerizer
      is much less than that obtained using the conditions of Example 11 and
      this allows several prepolymerization operations to be carried out without
      intermediate cleaning.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for preparing polymers and copolymers of vinyl chloride by
      bulk polymerization, which comprises feeding to a reaction zone of a
      vessel maintained at the polymerization temperature (t.sub.1) a solution
      (A) comprising monomeric material to be polymerized and at least one
      polymerization initiator, solution (A) being prepared by preheating at
      least 50% of the monomeric material in the absence of catalyst to a
      temperature (t.sub.2) within 20.degree.C of the temperature (t.sub.1) and
      immediately prior to being fed to the reaction zone, mixing the preheated
      constituent (B) and a solution (C) of the initiator or initiators in an
      organic solvent including the remainder, if any, of the monomeric
      material.
NUM  2.
PAR  2. A process according to claim 1 in which the elapsed time between contact
      between the constituent B and the solution C and the arrival of the
      solution A in the reaction zone is not more than 20 seconds.
NUM  3.
PAR  3. A process according to claim 2, in which said time is not more than 10
      seconds.
NUM  4.
PAR  4. A process according to claim 1 in which the difference between the
      temperature (t.sub.1) and (t.sub.2) is not more than 10.degree.C.
NUM  5.
PAR  5. A process according to claim 1, in which the concentration of
      polymerization initiator in solution C expressed as active oxygen
      equivalent is within the range of 0.5% to 7% by weight.
NUM  6.
PAR  6. A process according to claim 1, in which said concentration is from 0.7%
      to 4% by weight.
NUM  7.
PAR  7. A process according to claim 1, in which monomeric material is first
      prepolymerized to a polymerization degree of from 7% to 15% under
      agitation at a high speed, transferring the monomer/polymer mixture so
      obtained to one or more polymerizer vessels in which final polymerization
      is carried out under agitation at a lower speed, solution (A) being added
      to the polymerizer vessel after or at the same time as the monomer/polymer
      mixture.
NUM  8.
PAR  8. A process according to claim 7, in which the monomeric material is
      prepolymerized to a polymerization degree from 8% to 12% to obtain said
      monomer/polymer mixture.
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ABST
PAL  A method for the preparation of polyalkenamer which comprises in an
      polymerization with ring opening of the alicyclic unsaturated compound in
      the presence of a catalyst comprising three components:
PAL  A. a compound of a transition metal of Groups IV-VIII of the Periodic
      System;
PAL  B. a compound of a metal of Groups I-VI of the Periodic System; and
PAL  C. quinone or its halogen derivative or an acid halide of sulfur-containing
      acid having the general formula R.sub.k SO.sub.n Q.sub.t wherein R is
      halogen, aryl, alkyl, nitro- or amino-group; S can be sulfur; O represents
      oxygen; Q stands for halogen; k = 0-1; n = 1-2; t = 1-2; The
      aforespecified component c makes the catalyst more active.
BSUM
PAR  This invention relates to methods for the preparation of polyalkenamers
      which may find wide application in the synthetic rubber industry.
      Vulcanizates of the said polyalkenamers have good physical characteristics
      and elasticity and also good resistance to frost.
PAR  There is known a method of preparing polyalkenamers by polymerization with
      ring opening of alicyclic unsaturated compounds in the presence of a
      catalytic system comprising a .tau.-allylic complex of a transition metal
      of Groups IV-VIII of the Periodic System having the general formula:
EQU  .vertline. A.sub.n M.sub.1 X.sub.p L.sub.k .vertline..sub.m
PAL  Wherein:
PA1  M.sub.1 is a metal of Groups IV-VIII of the Periodic System,
PA1  X can be halogen, acetate, hydroxyl, alkoxyl, cyanide, cyclopentadienyl,
      acetylacetonate, alkyl- and arylsulfonate group.
PA1  L represents carbonyl, cyclopentadienyl, cyclooctadiene, benzene,
      cycloheptatriene, cyclododecatriene, trihalogenphosphine,
      triphenylphosphine and triphenylphosphite,
PA1  A designates a .tau.-allylic ligand of the general formula
      ##EQU1##
      WHEREIN R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.5, are hydrogen,
      halogen, alkyl, cycloalkyl and aryl having from 1 to 10 carbon atoms:
PA2  n=0-4; p=0-3; k=0-6; m=1-2; q=1-9;
PAL  Taken in combination with compounds of metals of Groups I-VI of the
      Periodic System of the general formula
EQU  .vertline. M.sub.3 U.sub.d Z.sub.e .vertline..sub.g . P.sub.f
PAL  Wherein:
PA1  M.sub.3 is a metal of Groups I-VI of the Periodic System,
PA1  U -can be hydrogen, halogen and alkoxy-group,
PA1  Z represents halogen, aliphatic and aromatic substituent having from 1 to
      18 carbon atoms;
PA1  P stands for ether or amine;
PA2  d=0-4; e=0-4; g=1-2; f=0-2
PA1  (U.S. Pat. No. 3,660,369).
PAR  A method also is known for the preparation of polyalkenamers which uses a
      catalyst consisting of the salt of molybdenum or tungsten having the
      general formula
EQU  .vertline. M.sub.2 R.sub.a X.sub.b .vertline. . Y.sub.c
PAL  wherein:
PA1  M.sub.2 is molybdenum, tungsten;
PA1  R can be halogen, aliphatic and aromatic substituent having from 1 to 10
      carbon atoms;
PA1  X represents halogen, acyl- alkoxy-, aryloxy- and acetylacetonate group;
PA1  Y stands for ether or amine;
PA2  a=0-6; b=0-6; c=0-3;
PA1  a+b=a valence of M.sub.2 metal.
PAL  taken in combination with an organic compound or hydride of a metal of
      Groups II-III of the Periodic System in the presence of an activator which
      can be an oxygen-containing compound having O--O or O--H bond (U.S. Pat.
      No. 3,449,310).
PAR  The disadvantage of the known methods is the relatively low activity of the
      catalysts used.
PAR  It is the principal object of the present invention to provide a method
      ensuring a considerable gain in the rate of polymerization and the
      increased yield of polyalkenamers.
PAR  This and others objects are attained by the method which in accordance with
      the present invention consists in the polymerization with ring opening of
      alicyclic unsaturated compounds having from 4 to 5 and from 7 to 12 carbon
      atoms and from 1 to 4 double bonds in a ring in the presence of a catalyst
      comprising
PA1  a. a transition metal compound of the general formula
EQU  .vertline. A.sub.n M.sub.1 X.sub.p L.sub.k .vertline..sub.m
PAL  wherein:
PA1  M.sub.1 is a transition metal of Groups IV-VIII of the Periodic System;
PA1  X is a ligand selected from the group consisting of halogen, acetate,
      hydroxyl, alkoxyl, cyanide, cyclopentadienyl, acetylacetonate, alkyl- or
      arylsulfonate group;
PA1  L represents a ligand selected from the group consisting of carbonyl,
      cyclopentadienyl, cyclooctadiene, benzene, cycloheptatriene,
      cyclododecatriene, trihalogenphosphine, triphenylphosphine,
      triphenylphosphite;
PA1  A stands for a ligand of the general formula
      ##EQU2##
      wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.5 are hydrogen, halogen,
      alkyl, cycloalkyl, aryl having from 1 to 10 carbon atoms;
PA2  n=0-4; p=0-3; k=0-6; m=1-2; q=1-9;
PAL  or transition metal compounds of the general formula
EQU  .vertline. M.sub.2 R.sub.a X.sub.b .vertline. .Y.sub.c
PAL  wherein:
PA1  M.sub.2 is molybdenum or tungsten;
PA1  R is halogen, aliphatic and aromatic ligand having from 1 to 10 carbon
      atoms;
PA1  X represents halogen, acyl-, alkoxy-, aryloxy-, and acetylacetonate group;
PA1  Y stands for ether or tertiary amine;
PA2  a=0-6; b=0-6; c=0-3;
PA2  a+b=a valence of M.sub.2 metal; b. a metal compound having the general
      formula
EQU  .vertline.M.sub.3 U.sub.d Z.sub.e .vertline..sub.g .P.sub.f
PAL  wherein:
PA1  M.sub.3 is a metal of Groups I-VI of the Periodic System;
PA1  U is hydrogen, halogen, alkoxy-group;
PA1  Z represents halogen, aliphatic or aromatic radical having from 1 to 18
      carbon atoms;
PA1  P stands for ether or amine;
PA2  d=0-4; e=0-4; g=1-2; f=0-2;
PA2  d+e=a valence of M.sub.3 metal;
PA1  c. an activator selected from ortho-benzoquinone, para-benzoquinone,
      naphthaquinone, anthraquinone, phenanthrenequinone, their fluoro-,
      chloro-, promo-, iodo-derivatives or an acid halide of sulfur-containing
      acid having the general formula
EQU  R.sub.k SO.sub.n Q.sub.t
PAL  wherein:
PA1  R is halogen, aryl-, alkyl-, nitro- and amino-group;
PA1  S can be sulfur;
PA1  O represents oxygen;
PA1  Q stands for halogen;
PA2  k=0-1; n=1-2; t=1-2.
PAR  Substituents in the ring of an alicyclic compound may be alkyl-, aryl-,
      aralcyl-, alkaryl-, acyl-, alkoxy-group having from 1 to 10 carbon atoms
      and also halogen atoms. The ring of an alicyclic compound may have one or
      more such groups or atoms.
PAR  Polymerization may be carried out in an inert solvent such as aliphatic,
      alicyclic, aromatic hydrocarbon, their halogenated derivative or ether for
      0,1 up to 10 hrs at a temperature of from -50.degree. to +80.degree.C.
PAR  The molar ratio of the monomer and the transition metal compound may be
      from 100 to 20,000.
PAR  The molar ratio of the catalyst components a:b:c may be
      1:.vertline.0.1-50.vertline. :.vertline.0.1- 10.vertline..
PAR  The proposed method for the preparation of polyalkenamers is realized in
      the following manner.
PAR  Polymerization is carried out as a continuous or batch process in reactors
      of conventional type which are usually used e.g. for the polymerization of
      butadiene or isoprene. The aforespecified components may be introduced in
      a solution simultaneously or one after another. The resultant polymer may
      be isolated from a solution by any conventional method, e.g. by
      precipitation with ethanol.
PAR  The above-identified catalytic systems used in the polymerization according
      to the proposed method are characterized by increased activity as compared
      to known catalysts.
PAR  The employment of quinones, their halogen derivatives and acid halides of
      sulfur-containing acid as an activator increases in the rate of
      polymerization and also the conversion of monomers.
PAR  The aforespecified activators are readily available commercial products. In
      use in the proposed method such activators provide reproducible results.
PAR  For a better understanding of the present invention the proposed method
      will now be described by way of illustration in the following examples.
DETD
PAC  EXAMPLE 1
PAR  Into a 100-ml., round-bottomed, three-necked flask are placed under argon
      45 ml. of toluene, 10g of cyclopentene, 15.times.10.sup..sup.-5 mole of
      WCl.sub.6 in 4 ml. of toluene, 15.times.10.sup..sup.-5 mole of
      para-benzoquinone in 2 ml. of toluene, and 6.times.10.sup..sup.-4 mole of
      ethylaluminium dichloride. The polymerization is carried out at a
      temperature of 0.degree.C for a period of 2 hours. The polymer is obtained
      in a yield of 6.5 g. (65% of the theoretical amount). The polymer contains
      the theoretical number of double bonds; its intrinsic viscosity
      .vertline..eta. .vertline.=3.5 dl./g. (in benzene, at 25.degree.C).
PAC  EXAMPLE 2
PAR  The polymerization is carried out as described in Example 1, except that
      tungsten oxytetrachloride/diisobutylaluminium chloride/tetrachloroquinone
      in the molar ratio of 1/1/0.25 is used as the catalyst system. Cyclooctene
      is used as the monomer.
PAR  After 1 hour, the polymer is obtained in a yield of 93% of the theoretical
      amount; its intrinsic viscosity .vertline..eta. .vertline.=2.05 dl./g. (in
      benzene, at 25.degree.C).
PAC  EXAMPLE 3
PAR  The polymerization is carried out as described in Example 1, except that
      hexaphenoxytungsten/tetraethyltin/tetrafluoroquinone (the molar ratio
      1/2/0.5) in a chlorobenzene solution is used as the catalyst system.
      Cyclobutene is used as the monomer.
PAR  After 5 minutes, the polymer is obtained in a yield of 100% of the
      theoretical amount; its intrinsic viscosity .vertline..eta. .vertline.=3.2
      dl./g. (in benzene, at 25.degree.C).
PAC  EXAMPLE 4
PAR  The polymerization is carried out as described in Example 1, except that
      chloroethoxytungsten pentachloride/diethylzinc/benzoquinone in a benzene
      solution is used as the catalyst system. As a monomer, cis,
      trans-cyclodecadiene -1,5 is used.
PAR  After 4 hours the polymer is obtained in a yield of 72% of the theoretical
      amount; its intrinsic viscosity .vertline..eta. .vertline.=1.65 dl./g. (in
      benzene, at 25.degree.C).
PAC  EXAMPLE 5
PAR  The polymerization is carried out as described in Example 1, except that
      dioxo(acetylacetonate)molybdenum/diethylaluminium
      chloride/1.4-naphtaquinone in a cyclohexane solution is used as the
      catalyst system. As a monomer 3-phenylcyclooctene is used.
PAR  After 8 hours the polymer is obtained in a yield of 47% of the theoretical
      amount; its intrinsic viscosity .vertline..eta. .vertline.=1.25 dl./g. (in
      benzene, at 25.degree.C).
PAC  EXAMPLE 6
PAR  The polymerization is carried out as described in Example 1, except that
      MoOCl.sub.3.dipyridyl/HAlCl.sub.2.trimethylamine/dibromoquinone (the molar
      ratio 1/4/1) in a heptane solution is used as the catalyst system. As a
      monomer 1-methylcyclooctadiene-1,5 is used.
PAR  After 3 hours the polymer is obtained 1, a yield of (the of the theoretical
      amount; its intrinsic viscosity .vertline..eta. .vertline.=2.2 dl./g. (in
      benzene, at 25.degree.C).
PAC  EXAMPLE 7
PAR  The polymerization is carried out as described in Example 1, except that
      tungsten hexachloride/butyllithium/chloranil (the molar ratio 1/3/4) in a
      toluene solution is used as the catalyst system.
PAR  The catalyst complex is prepared in the presence of the monomer, cis,
      trans, trans-cyclododecatriene-1,5,9. After 2 hours the polymer is
      obtained in a yield of 78% of the theoretical amount; its intrinsic
      viscosity .vertline..eta. .vertline.=1.57 dl./g. (in benzene, at
      25.degree.C).
PAC  EXAMPLE 8
PAR  Into a 50-l., stainless steel autoclave fitted with a stirrer and a jacket
      are fed 30l. of benzine, 6l. of cyclopentene, 13.5.times.10.sup..sup.-3
      mole of tungsten hexachloride, 13.5.times.10.sup..sup.-3 mole of
      para-benzoquinone, and 54.times.10.sup..sup.-3 mole of ethylaluminium
      dichloride. The polymerization is carried out at a temperature of
      -5.degree.C for a period of 3 hours.
PAR  The polymer is obtained in a yield of 70%. The intrinsic viscosity of the
      polymer .vertline..eta. .vertline.=3 dl./g. (in benzene, at 25.degree.C);
      its glass transition temperature T.sub.g = -102.degree.C.
PAC  EXAMPLE 9
PAR  Into a 100-ml., round-bottomed, three-necked flask are placed under argon
      45ml. of toluene and 10g. of cyclopentene, 15.times.10.sup..sup.-5 mole of
      tungsten hexachloride in 4 ml. of toluene, 15.times.10.sup..sup.-5 mole of
      benzenesulfochloride in 2 ml. of toluene and 6.times.10.sup..sup.-4 mole
      of ethylaluminium dichloride in 2 ml. of toluene. The polymerization is
      carried out at a temperature of 0.degree.C for a period of 0.2 hour. The
      polymer is obtained in a yield of 6g. (60% of the theoretical amount).
PAR  The polymer contains the theoretical amount of double bonds. The intrinsic
      viscosity of the polymer .vertline..eta. .vertline.=2.43 dl./g. (in
      benzene, at 25.degree.C).
PAC  EXAMPLE 10
PAR  The polymerization is carried out as described in Example 1, except that
      tungstenoxytetrachloride/diisobutylaluminium
      chloride/benzenesulfinylchloride in the molar ratio of 1/1/0.25 is used as
      the catalyst system. As a monomer cyclooctene is used. After 1 hour the
      polymer is obtained in a yield of 85% of the theoretical amount; its
      intrinsic viscosity .vertline..eta. .vertline.=1.9 dl./g. (in benzene, at
      25.degree.C).
PAC  EXAMPLE 11
PAR  The polymerization is carried out as described in Example 1, except that
      tris(phenoxy)molybdenum chloride/H.sub.2 AlI.diethyl ether/thionyl
      chloride (the molar ratio 1/2/1) in a heptane solution is used as the
      catalyst system. As a monomer cyclobutene is used.
PAR  After 0.5 hour the polymer is obtained in a yield of 92% of the theoretical
      amount; its intrinsic viscosity .vertline..eta. .vertline.=2.85 dl./g. (in
      benzene, at 25.degree.C).
PAC  EXAMPLE 12
PAR  The polymerization is carried out as described in Example 1,  except that
      tungsten hexafluoride/tetraethyltin/sulfuryl chloride (the molar ratio
      1/2/0.25) in a chlorobenzene solution is used as the catalyst system. As a
      monomer cis, trans-cyclodecadiene-1,5 is used.
PAR  After 5 hours the polymer is obtained in a yield of 65% of the theoretical
      amount; its intrinsic viscosity .vertline..eta. .vertline.=1.95 dl./g. (in
      benzene, at 25.degree.C).
PAC  EXAMPLE 13
PAR  The polymerization is carried out as described in Example 1, except that
      chloroethoxytungsten pentachloride/butyllithium/parabromobenzene
      sulfochloride (the molar ratio 1/2/0.5) in a benzene solution is used as
      the catalyst system. As a monomer 3-phenylcyclooctene is used.
PAR  After 10 hours the polymer is obtained in a yield of 52% of the theoretical
      amount; its intrinsic viscosity .vertline..eta. .vertline.=1.07 dl./g. (in
      benzene, at 25.degree.C).
PAC  EXAMPLE 14
PAR  The polymerization is carried out as described in Example 1, except that
      the combination dioxoacetylacetonate
      molybdenum/triethylaluminium/p-aminobenzenesulfochloride (the molar ratio
      1/1/1) in a toluene solution is used as the catalyst system. As a monomer
      1-methylcyclooctadiene-1,5 is used.
PAR  After 1.5 hour the polymer is obtained in a yield of 25% of the theoretical
      amount; its intrinsic viscosity .vertline..eta. .vertline.=1.7 dl./g. (in
      benzene, at 25.degree.C).
PAC  EXAMPLE 15
PAR  The polymerization is carried out as described in Example 1, except that
      tungsten hexachloride/diethylaluminium chloride/m-xylene-4-sulfochloride
      (the molar ratio 1/3/1) in a chlorobenzene solution is used as the
      catalyst system. As a monomer cis, trans, trans-cyclododecatriene-1,5,9 is
      used.
PAR  After 5 hours the polymer is obtained in a yield of 65% of the theoretical
      amount; its intrinsic viscosity .vertline..eta. .vertline.=2.05 dl./g. (in
      benzene, at 25.degree.C).
PAC  EXAMPLE 16
PAR  The polymerization is carried out as described in Example 1, except that
      cyclohexenesulfochloride is used as the activator. After 0.5 hour the
      polymer is obtained in a yield of 58% of the theoretical amount; its
      intrinsic viscosity .vertline..eta. .vertline.=2.20 dl./g. (in benzene, at
      25.degree.C).
PAC  EXAMPLE 17
PAR  The polymerization is carried out as described in Example 1, except that
      propanesulfochloride is used as the activator.
PAR  After 1 hour the polymer is obtained in a yield of 62% of the theoretical
      amount; its intrinsic viscosity .vertline..eta. .vertline.=2.02 dl./g. (in
      benzene, at 25.degree.C).
PAC  EXAMPLE 18
PA1  a. Into a 100-ml., round-bottomed, three-necked flask are placed 65 ml. of
      benzene, 0.15.times.10.sup..sup.-3 mole of tetra (.tau. -pentenyl)tungsten
      in 2 ml. of benzene, 0.15.times.10.sup..sup.-3 mole of benzoquinone in 2
      ml. of benzene, 0.30.times.10.sup..sup.-3 mole of aluminium bromide in 1
      ml. of benzene, and 10g. (15.times.10.sup..sup.-2 mole) of cyclopentene.
PAR  The polymerization is carried out at temperature of 0.degree.C for a period
      of 1 hour. The polymer is obtained in a yield of 8.5g. (85% of the
      theoretical amount). The polymer contains the theoretical amount of double
      bonds.
PAR  The intrinsic viscosity of the polymer .vertline..eta. .vertline.=2.5
      dl./g. (in benzene, at 25.degree.C).
PA1  b. The polymerization of cyclopentene is carried out in the absence of the
      activator. Into a reaction flask are placed 0.375.times.10.sup..sup.-3
      mole of tetra-(.tau. -crotyl)tungsten, 0.75.times.10.sup..sup.-3 mole of
      aluminium bromide, 7.7 g. (11.times.10.sup..sup.-2 mole) of cyclopentene.
      After a period of 5 hours at a temperature of 30.degree.C the polymer is
      obtained in a yield of 90% (the check run).
PAC  EXAMPLE 19
PAR  The polymerization is carried out as described in Example 1, except that
      tetra(.tau. -allyl)zirconium/dichloroquinone/tungsten hexachloride in the
      molar ratio of 1/1/4 is used as the catalyst system.
PAR  After 1.5 hour the polymer is obtained in a yield of 73% of the theoretical
      amount; its intrinsic viscosity .vertline..eta. .vertline.=1.78 dl./g. (in
      benzene, at 25.degree.C).
PAC  EXAMPLE 20
PAR  The polymerization is carried out as described in Example 18, except that
      tetra(.tau. -methallyl)tungsten/tetraiodoquinone/diethylethoxyaluminium
      (the molar ratio 1/1.5/4) in a toluene solution is used as the catalyst
      system. As a monomer cis-cyclooctene is used. After 1 hour the polymer is
      obtained in a yield of 92% of the theoretical amount. Its intrinsic
      viscosity .vertline..eta. .vertline.=3.0 dl./g. (in benzene, at
      25.degree.C).
PAC  EXAMPLE 21
PAR  The polymerization is carried out as described in Example 18, except that
      cyclopentadienylcobalt dicarbonyl/1,4-naphtaquinone/tungsten hexafluoride
      (the molar ratio 1/1/2) in a heptane solution is used as the catalyst
      system. After 0.5 hour the polymer is obtained in a yield of 95% of the
      theoretical amount; its intrinsic viscosity .vertline..eta. .vertline.=4.2
      dl./g. (in benzene, at 25.degree.C).
PAC  EXAMPLE 22
PAR  The polymerization is carried out as described in Example 18, except that
      cyclopentadienyltantalum tetracarbonyl/triethylaluminium/chloranil (the
      molar ratio 1/0.5/4) in a toluene solution is used as the catalyst system.
      As a monomer 1-methylcyclooctadiene-1,5 is used. After 5,5 hours the
      polymer is obtained in a yield of 40% of the theoretical amount; its
      intrinsic viscosity .vertline..eta. .vertline.=1,47 dl./g. (in benzene, at
      25.degree.C).
PAC  EXAMPLE 23
PAR  The polymerization is carried out as described in Example 18, except that
      Re.sub.2 (CO).sub.10 /o-benzoquinone/tetraphenyltin (the molar ratio
      1/1/3) in a benzene solution is used as the catalyst system. As a monomer
      cis, trans, trans-cyclododecatriene-1,5,9 is used. After 5 hours the
      polymer is obtained in a yield of 56% of the theoretical amount; its
      intrinsic viscosity .vertline..eta. .vertline.=1,27 dl./g. (in benzene, at
      25.degree.C).
PAC  EXAMPLE 24
PAR  The polymerization is carried out as described in Example 18, except that
      bis(.tau. -allyl)nickel/phenyltungsten pentachloride/2,5-dibromoquinone
      (the molar ratio 1/4/1,5) in a cyclohexane solution is used as the
      catalyst system. As a monomer 3-phenylcyclooctene is used. After 4 hours
      the polymer is obtained in a yield of 51% of the theoretical amount; its
      intrinsic viscosity .vertline..eta. .vertline.=1,38 dl./g. (in benzene, at
      25.degree.C).
PAC  EXAMPLE 25
PAR  The polymerization is carried out as described in Example 18, except that
      tris(.tau. -crotyl)tungsten chloride/benzoquinone/a complex of chloralan
      with trimethylamine (the molar ratio 1/1/2) in a chlorobenzene solution is
      used as the catalyst system. As a monomer cis, trans-cyclodecadiene-1,5 is
      used. After 6 hours the polymer is obtained in a yield of 73% of the
      theoretical amount; its intrinsic viscosity .vertline..eta.
      .vertline.=1,85 dl./g. (in benzene, at 25.degree.C).
PAC  EXAMPLE 26
PA1  a. Into a 100-ml., round-bottomed, three-necked flask are placed 65 ml. of
      benzene, 0.15.times.10.sup..sup.-3 mole of tetra (.tau. -
      methallyl)tungsten in 2 ml. of benzene, 0.15.times.10.sup..sup.-3 mole of
      thionyl chloride in 2 ml. of benzene, 0.6.times.10.sup..sup.-3 mole of
      aluminium bromide in 1 ml. of benzene and 1og. (15.times.10.sup..sup.-2
      mole) of cyclopentene. The polymerization is carried out at a temperature
      of 0.degree.C for a period of 0.5 hour. The polymer is obtained in a yield
      of 8.7 g (87% of the theoretical amount). The polymer contains the
      theoretical amount of double bonds; its intrinsic viscosity
      .vertline..eta. .vertline.=2,3 dl./g. (in benzene, at 25.degree.C).
PA1  b. The polymerization of cyclopentene is carried out in the absence of the
      activator, the monomer to .tau.-complex ratio being 300/1. After a period
      of 5 hours at a temperature of 30.degree.C the polymer is obtained in a
      yield of 90% (the check run).
PAC  EXAMPLE 27
PAR  The polymerization is carried out as described in Example 26, except that
      tetra(.tau. -allyl)zirconium/benzenesulfochloride/tungsten hexachloride in
      the ratio of 1/1/4 is used as the catalyst system. After 0.2 hour the
      polymer is obtained in a yield of 75% of the theoretical amount; its
      intrinsic viscosity .vertline..eta..vertline.=1,80 dl./g. (in benzene, at
      25.degree.C).
PAC  EXAMPLE 28
PAR  The polymerization is carried out as described in Example 26, except that
      tetra (.tau. -pentenyl)tungsten/benzenesulfinyl chloride/diethylethoxy
      aluminium (the molar ratio:1/1,5/4) in a toluene solution is used as the
      catalyst system. As a monomer cis-cylooctene is used. After 1 hour the
      polymer is obtained in a yield of 90% of the theoretical amount; its
      intrinsic viscosity .vertline..eta. .vertline.=3,o dl./g. (in benzene, at
      25.degree.C).
PAC  EXAMPLE 29
PAR  The polymerization is carried out as described in Example 26, except that
      cyclopentadienylcobalt dicarbonyl/sulfuryl chloride/tungsten hexafluoride
      (the molar ratio 1/1/2) in a heptane solution is used as the catalyst
      system. As a monomer cyclobutene is used. After 0.5 hour the polymer is
      obtained in a yield of 95% of the theoretical amount; its intrinsic
      viscosity .vertline..eta. .vertline.=4.5 dl./g. (in benzene, at
      25.degree.C).
PAC  EXAMPLE 30
PAR  The polymerization is carried out as described in Example 26, except that
      cyclopentadienyltantalum
      tetracarbonyl/parabromobenzenesulfochloride/ethylaluminium dichloride (the
      molar ratio 1/1.5/4) in a chlorobenzene solution is used as the catalyst
      system. As a monomer cyclooctadiene-1,5 is used. After 1.5 hour the
      polymer is obtained in a yield of 73% of the theoretical amount; its
      intrinsic viscosity .vertline..eta..vertline.=1.85 dl./g. (in benzene, at
      25.degree.C).
PAC  EXAMPLE 31
PAR  The polymerization is carried out as described in Example 26, except that
      dirhenium decacarbonyl/para-aminobenzenesulfochloride/phenyltungsten
      pentachloride (the molar ratio 1/0.5/2) in a toluene solution is used as
      the catalyst system. As a monomer cyclopentene is used. After 2 hours the
      polymer is obtained in a yield of 50% of the theoretical amount; its
      intrinsic viscosity .vertline..eta..vertline.=1.75 dl./g. (in benzene, at
      25.degree.C).
PAC  EXAMPLE 32
PAR  The polymerization is carried out as described in Example 26, except that
      tris(.tau. -allyl)tungsten chloride/thionyl chloride /a complex of
      chloralan with trimethylamine (the molar ratio 1/1/4) in a cyclohexane
      solution is used as the catalyst system. As a monomer cis, trans,
      trans-cyclododecatriene-1,5,9 is used. After 1 hour the polymer is
      obtained in a yield of 80% of the theoretical amount; its intrinsic
      viscosity .vertline..eta..vertline.=1,2 dl./g. (in benzene, at
      25.degree.C).
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for the preparation of a polyalkenamer by homopolymerization
      comprising subjecting an alicyclic unsaturated compound having from 4 to 5
      and 7 to 12 carbon atoms and from 1 to 4 double bonds in the ring to
      polymerization with ring opening in the presence of a catalyst consisting
      of three components: a) a compound selected from the group of a transition
      metal compound comprising .tau.-complexes of transition metals having the
      general formula
EQU  .vertline. A.sub.n M.sub.1 X.sub.p L.sub.k .vertline..sub.m
PAL  wherein:
PA1  M.sub.1 is a transition metal selected from groups IV-VIII of the Periodic
      System;
PA1  X is a ligand selected from the group consisting of halogen, acetate,
      alkoxyl, cyanide, cyclopentadienyl, acetylacetonate, alkyl- and
      arylsulfonate group;
PA1  L represents a ligand selected from the group consisting of carbonyl,
      cyclopentadienyl, cyclooctadiene, benzene, cycloheptatriene,
      cyclododecatriene, trihalogenphosphine, triphenylphosphine,
      triphenylphosphite;
PA1  A stands for a ligand selected from .tau.-allylic ligands having the
      general formula
      ##EQU3##
      wherein: R.sup.1,R.sup.2,R.sup.3,R.sup.4,R.sup.5 are ligands selected from
      the group consisting of hydrogen, halogen, alkyl, cyanoalkyl and aryl
      having from 1 to 10 carbon atoms;
PA2  n=0-4; p=0-3; k=0-6; m=1-2; q=1-9;
PAL  and transition metal compounds of the general formula
EQU  .vertline.M.sub.2 R.sub.a X.sub.b .vertline. Y.sub.c
PAL  wherein:
PA1  M.sub.2 is molybdenum or tungsten;
PA1  R is a ligand selected from a group consisting of halogen, aliphatic and
      aromatic substituent having from 1 to 10 carbon atoms;
PA1  X represents a ligand selected from a group consisting of halogen, acyl,
      alkoxy-, aryloxy- and acetylacetonate groups;
PA1  Y stands for a ligand selected from the group comprising ether and amine;
PA2  a=0-6; b=0-6; c=0-3;
PA2  a + b = a valence of M.sub.2 metal;
PA1  b. a compound of a metal selected from Groups I-VI of the Periodic System
      having the general formula .vertline.M.sub.3 U.sub.d Z.sub.e
      .vertline..sub.g P.sub.f
PA1  wherein:
PA1  M.sub.3 is a metal selected from Groups I-VI of the Periodic System;
PA1  U is a ligand selected from the group consisting of hydrogen, halogen and
      alkoxy-group;
PA1  Z represents a ligand selected from the group consisting of halogen,
      aliphatic and aromatic ligands having from 1 to 18 carbon atoms;
PA1  P stands for a ligand selected from the group comprising ether and amine;
PA2  d = 0-4; e = 0-4; g = 1-2; f = 0-2; and
PA1  c. an activator selected from the group consisting of quinones, halogenated
      quinones and an acid halide of sulfur-containing acid having the general
      formula
EQU  .vertline.R.sub.k SO.sub.n Q.sub.t .vertline.
PA1  wherein:
PA1  R is a ligand selected from the group consisting of halogen, alkyl, aryl,
      nitro- and amino-group;
PA1  Q is a ligand selected from the group of halogens;
PA1  S represents sulfur;
PA1  O stands for oxygen;
PA2  k = 0-1; n = 1-2; t = 1-2; wherein the molar ratio of the catalyst
      components a:b:c is 1:0.1-50:0.1-10, and the molar ratio of the monomer to
      the transition metal compound is within the limits 100-20,000:1.
NUM  2.
PAR  2. A method according to claim 1 wherein the polymerization process is
      carried out in an inert solvent selected from the group consisting of
      hydrocarbons, halogenated hydrocarbons and ethers.
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ABST
PAL  Ring opening polymerisation of cyclooctadiene-(1,5) (COD) optionally in an
      inert organic solvent on a catalyst of
PA1  A. a tungsten salt,
PA1  B. a halogenated alcohol in which the halogen and OH group are attached to
      adjacent carbon atoms, and/or an epoxide and/or a halogenated phenol, and
PA1  C. an organo aluminium compound and/or an aluminium halide.
BSUM
PAR  This invention relates to a process for the ring opening polymerisation of
      cyclooctadiene-(1,5) (COD), wherein cyclooctadiene-(1,5) (COD) is
      contacted with a catalyst of
PA1  A. a tungsten salt,
PA1  B. a halogenated alcohol in which the halogen and OH group are attached to
      adjacent carbon atoms, and/or an epoxide and/or a halogenated phenol, and
PA1  C. an organo aluminium compound and/or an aluminium halide.
PAR  The process can be carried out in an inert organic solvent. With the
      process according to the invention, in particular with the catalyst
      indicated above, COD is polymerised under ring opening to yield
      unsaturated polyoctadienamers in which 20 to 85 percent of the double
      bonds are in the trans-configuration depending on the choice of aluminium
      component (component c) of the catalyst system. It is therefore possible
      to manufacture polyoctadienamers having a high cis-double bond content or
      a high trans-double bond content or any intermediate cis-trans double bond
      content ratio in one polymerisation plant, simply by changing the
      catalyst. In this way the properties of the polymer manufactured can be
      adjusted to order.
PAR  Thus, for example, a catalyst system of WCl.sub.6, HOCH.sub.2 --CH.sub.2 Cl
      and AlBr.sub.3 in a molar ratio of 1 : 2 : 20.degree. at 20.degree.C
      yields 80 % or more conversion to polyoctadienamers within short reaction
      times (about 10 minutes). The polymers obtained contain 75 to 80 % of
      cis-double bonds and they are practically free from gel and 1,2-linkages.
      The same polymerisation carried out with a catalyst of WCl.sub.6,
      HOCH.sub.2 --CH.sub.2 Cl and (C.sub.2 H.sub.5).sub.3 Al.sub.2 Cl.sub.3 in
      a molar ratio of 1 : 2 : 3, yields 90 percent conversion in one hour and
      the polyoctadienamers contain about 80 percent of trans-double bonds.
PAR  The following are examples of suitable catalyst components:
PA1  A. tungsten salts, in particular tungsten halides and oxyhalides such as
      WCl.sub.6, WCl.sub.5, WBr.sub.5 and WOCl.sub.4
PA1  B. halogenated alcohols of the general formula
      ##EQU1##
       in which X represents chlorine, bromine or iodine; R.sub.1 and R.sub.2,
      may be the same or different and represent hydrogen or an alkyl, aryl or
      alkylaryl group; R.sub.3 and R.sub.4 may be the same or different and
      represent chlorine, bromine or iodine, hydrogen or an alkyl, aryl or
      alkylaryl group; and R.sub.1 and R.sub.2 together with the carbon atoms to
      which they are attached may form a 5-membered or larger hydrocarbon ring;
PA1   epoxides of the general formula
      ##EQU2##
       in which R.sub.5 is hydrogen, alkyl, aryl or alkylaryl, R.sub.6 is
      hydrogen, alkyl, chloroalkyl (chloromethyl), bromoalkyl (bromomethyl),
      iodoalkyl (iodomethyl), aryl and arylalkyl, halophenols of the formula
      ##SPC1##
PA1   in which X denotes chlorine, bromine or iodine, R denotes alkyl, aryl or a
      condensed aromatic group and n = 1 to 4;
PA1  c. aluminium trialkyls, e.g. Al(CH.sub.3).sub.3, Al(C.sub.2 H.sub.5).sub.3
      or Al(iso-C.sub.4 H.sub.9).sub.3 ; aluminium alkoxyalkyls, e.g. Al(C.sub.2
      H.sub.5).sub.2 (OC.sub.2 H.sub.5), aluminium trihalides, e.g. AlCl.sub.3
      or AlBr.sub.3.
PAR  The etherates of the various aluminium compounds may also be used.
PAR  Suitable alkyl groups are in particular those which contain 1 to 6 carbon
      atoms; aryl groups are preferably those with 6-10 carbon atoms (such as
      phenyl, tolyl, naphthyl); alkylaryl groups are preferably combinations of
      the aforesaid alkyl and aryl groups.
PAR  As general rule, the tungsten compound is used in amounts of 0.05 to 10
      mmol, preferably 0.1-2 mmol per 100 g of monomer. The catalyst preferably
      contains 1 to 6 mol and preferably 1 to 3 mol of compound (b) and 0.5 to
      30 mol, preferably 0.8-20 mol of aluminium compound (c) per mol of
      tungsten in the tungsten compound.
PAR  Suitable solvents for the process are aliphatic hydrocarbons, e.g. pentane,
      hexane, isooctane or methylene chloride; cycloaliphatic hydrocarbons such
      as cyclopentane or cyclohexane; and aromatic compounds such as benzene,
      toluene or chlorobenzene; 5-50 percent solutions of cyclooctadiene-(1,5)
      in the above mentioned solvents are suitable. Concentrations of 10 to 30
      percent are preferred.
PAR  The process is generally carried out by adding the catalyst components
      successively to a solution of cyclooctadiene in a suitable solvent at
      -60.degree. to +60.degree.C, preferably -20.degree. to +.degree.C, where
      upon polymerisation proceeds. It is not necessary to preform the catalyst.
      Polymerisation is preferably carried out with exclusion of air and
      moisture, e.g. under an inert gas atmosphere (nitrogen, argon). The
      sequence in which the catalyst components are added is not critical but
      the sequence a), b), c) is preferred. The usual activators such as
      BF.sub.3 or its etherates or iodine or ether may be added. Particular
      modifications of the process will be indicated below.
PAR  In a continuous polymerisation it is advantageous to prereact the tungsten
      salt (tungsten hexachloride) with catalyst constituent (b) (the
      halogenated alcohol or halogenated phenol) in a small amount of the
      solvent used in the polymerisation, to form a concentrated "tungsten
      solution." This "tungsten solution" and subsequently or simultaneously the
      aluminium compound (c) are then continuously fed into a stream of monomer
      solution. Polymerisation starts as soon as the organo aluminium compound
      is added.
PAR  The polymerisation temperature is -60.degree. to 60.degree.C and is
      preferably -20 to 30.degree.C; the polymerisation time is usually 1 to 5
      hours. Conversions of cyclooctadiene-(1,5) to polyoctadienamer of 60 to 90
      percent or more are obtained in this way.
PAR  When the required degree of conversion has been achieved, polymerisation
      can be stopped, e.g. by the addition of alcohols, carboxylic acids and/or
      amines. The stabilisers and anti-ageing additives commonly used for
      rubbers may be added in quantities of 0.2 to 3 percent, e.g.
      phenyl-.beta.-naphthylamine, 2,6-di-tert.-butyl-4-methylphenol or
      2,2'-dihydroxy-3,3'-di-tert.-butyl-5,5'-dimethyl-diphenylmethane.
PAR  The polymer can be isolated by precipitation with an alcohol, e.g.
      methanol, ethanol or isopropanol. On a technical scale, it is preferred to
      recover the polymer by introducing its solution into hot water. Unreacted
      monomer and an azeotropic mixture of solvent and water then distil off.
      The polymer is obtained as a crumbly suspension in water. It is separated
      from the water and dried in a drying chamber, on a band drier, or in a
      drying screw extruder.
PAR  The polymers obtained according to the invention are rubber-like products
      in which the trans-double bond content may vary between 20 and 85 percent.
      They can be cross-linked with the usual vulcanisation systems and
      processed in rubber processing machines.
DETD
PAR  In all Examples dry apparatus and solutions are employed. The reactions are
      carried out under an inert gas atmosphere, for example nitrogen.
PAC  EXAMPLE 1
PAR  200 ml of toluene and 30 ml of cyclooctadiene-(1,5) are introduced into a
      three-necked glass flask equipped with stirrer and internal thermometer. 1
      ml of a 0.05 molar solution of the reaction product of WCl.sub.6 and
      2-chloroethanol (molar ratio 1 : 2) is then added and the reaction mixture
      is activated with 1 mmol of AlBr.sub.3 (concentrated solution in
      chlorobenzene). Polymerisation starts at once. The temperature is kept at
      20.degree.C by external cooling. 79.2% conversion is obtained after 10
      minutes. Polymerisation is then terminated by the addition of 3 ml of a
      10% solution of tri-n-butylamine in toluene and the polymer is
      precipitated with a litre of ethanol after the addition of 0.3 g of
      2,2'-dihydroxy-3,3'-di-tert.-butyl-5,5'-dimethyl-diphenylmethane. The
      polymer is dried to constant weight at 50.degree.C under vacuum.
PAR  Double bond content 99.2 percent of the theory (determined by titration
      with ICl).
PAR  cis-Double bond content: 81.8 percent (IR spectroscopy). Quantity of
      1,2-polybutadiene units present: 0% [.eta.] 25.degree.C, toluene: 3.4.
PAC  EXAMPLE 2
PAR  The same procedure as in Example 1 was employed but 20 mg of butene-(1)
      were added to the monomer mixture and polymerisation was carried out for
      30 minutes at 20.degree.C.
PAR  cis-Double bond content: 80.4%; no 1,2-units; [.eta.] 25.degree.C, toluene:
      1.6.
PAC  EXAMPLE 3
PAR  The same procedure as in Example 2 was employed but using 150 ml of
      methylene chloride as solvent. The yield was 42.8 percent after 10 minutes
      at 20.degree.C. cis-Double bond content: 77.7%: no 1,2-units; [.eta.]
      25.degree.C, toluene: 1.3.
PAC  EXAMPLE 4
PAR  The procedure was the same as in Example 2 but 1 mmol of diphenylether was
      added before AlBr.sub.3.
PAR  Yield: 34% cis-Double bond content: 81.4%. No 1,2-units. [.eta.]
      25.degree.C, toluene: 1.5.
PAC  EXAMPLE 5
PAR  Employing the procedure described in Example 1, a mixture of 80 ml of
      toluene and 20 ml of COD was introduced into the reaction vessel and 0.2
      mmol of a reaction product of WCl.sub.6 with 2-chloroethanol (molar ratio
      1 : 1.8) and 0.6 mmol of (C.sub.2 H.sub.5).sub.2 AlCl were added at
      -15.degree.C. Polymerisation was carried out for 4 hours at -15.degree.C
      and the product was worked up as described in Example 1.
PAR  Yield: 72.7%. cis-Double bond content: 57.3%. 0.2% of 1,2-units. [.eta.]
      25.degree.C, toluene: 0.8.
PAC  EXAMPLE 6
PAR  The procedure described in Example 5 was employed but 0.1 mmol of I.sub.2
      and 0.3 mmol of (C.sub.2 H.sub.5).sub.2 AlCl were added to the reaction
      mixture after the tungsten compound and polymerisation was carried out for
      3 hours at -15.degree.C.
PAR  Yield: 77%. cis-Double bond content: 73.6%. 0.4% of 1,2-units. [.eta.]
      25.degree.C, toluene: 0.7.
PAC  Example 7
PAR  The procedure described in Example 5 was employed but 0.1 mmol of I.sub.2
      and 0.6 mmol of (C.sub.2 H.sub.5)AlCl.sub.2 were added to the reaction
      mixture after the tungsten compound and polymerisation was carried out for
      3 hours at .+-.0.degree.C.
PAR  Yield: 73.3%. cis-Double bond content: 63.3% No 1,2-units. [.eta.]
      25.degree.C, toluene: 1.6.
PAC  EXAMPLE 8
PAR  The same procedure as in Example 5 was employed but 0.2 mmol of I.sub.2 and
      0.2 mmol of (C.sub.2 H.sub.5).sub.3 Al.sub.2 Cl.sub.3 were added after the
      tungsten compound and polymerisation was carried out for one hour at
      .+-.0.degree.C
PAR  Yield: 81.8%. trans-Double bond content: 70.7%. No 1,2-units [.eta.]
      25.degree.C, toluene: 1.0.
PAC  Example 9
PAR  Example 8 was repeated but the solvent used was cyclohexane and
      polymerisation was carried out for 2 hours at 0.degree.C.
PAR  Yield: 84.2% trans-Double bond content: 82.8%. No 1,2-units [.eta.]
      25.degree.C, toluene: 1.38.
PAC  EXAMPLE 10
PAR  The procedure was the same as employed in Example 5 but 200 ppm (based on
      cyclooctadiene) of butene-(1) were added to the monomer. The catalyst
      consisted of 0.1 mmol of WCl.sub.6, 0.2 mmol of ClCH.sub.2 --CH.sub.2 OH
      and 0.4 mmol of (C.sub.2 H.sub.5).sub.3 Al.sub.2 Cl.sub.3. Polymerisation
      was carried out for 30 minutes at 20.degree.C.
PAR  Yield: 83 %. trans-Double bond content 79%. No 1,2-units. [.eta.]
      25.degree.C, toluene: 2.0.
PAC  EXAMPLE 11
PAR  Example 10 was repeated but using (C.sub.2 H.sub.5).sub.3 Al.sub.2 Cl.sub.3
      mixed with diphenylether in proportions of 1 : 2. Polymerisation was
      carried out for 2 hours at 20.degree.C.
PAR  Yield: 92%. trans-Double bond content 78%. No 1,2-units [.eta.]
      25.degree.C, toluene: 2.2.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for producing polyoctadienamers having 20 to 85 percent of the
      double bonds in the transconfiguration which comprises polymerizing
      cyclooctadiene-(1,5) in the presence of a catalyst comprising:
PA1  a. a tungsten salt;
PA1  b. at least one member selected from the group consisting of
PA2  i. a halo alcohol of the formula
      ##EQU3##
       wherein X is chlorine, bromine or iodine;
PA3  R.sub.1 and R.sub.2, when taken separately, are the same or different and
      are each selected from the group consisting of hydrogen, alkyl having 1 to
      6 carbon atoms, aryl having 6 to 10 carbon atoms and alkaryl having 1 to 6
      carbon atoms in the alkyl moiety and 6 to 10 carbon atoms in the aryl
      moiety;
PA3  R.sub.3 and R.sub.4 may be the same or different and are each selected from
      the group consisting of chlorine, bromine, iodine, hydrogen, alkyl having
      1 to 6 carbon atoms, aryl having 6 to 10 carbon atoms and alkaryl having 1
      to 6 carbon atoms in the alkyl moiety and having 6 to 10 carbon atoms in
      the aryl moiety, and R.sub.1 and R.sub.2, when taken together with the
      carbon atoms to which they are attached, form a hydrocarbon ring
      containing at least 5 carbon atoms;
PA2  ii. an epoxide of the formula
      ##EQU4##
       wherein R.sub.5 is hydrogen, alkyl having 1 to 6 carbon atoms, aryl
      having 6 to 10 carbon atoms or alkaryl having 1 to 6 carbon atoms in the
      alkyl moiety and having 6 to 10 carbon atoms in the aryl moiety; and
PA3  R.sub.6 is hydrogen, alkyl, chloroaklyl, bromoalkyl or iodoalkyl, each
      having 1 to 6 carbon atoms in the alkyl moiety, aryl having 6 to 10 carbon
      atoms or aralkyl having 6 to 10 carbon atoms in the aryl moiety and having
      1 to 6 carbon atoms in the alkyl moiety; and
PA2  iii. a halo phenol of the formula
      ##SPC2##
PA2   wherein X is aforesaid, R is alkyl having 1 to 6 carbon atoms, aryl having
      6 to 10 carbon atoms or a condensed aromatic group, and n is an integer of
      from 1 to 4;
PA1  c. an aluminum organic compound, an aluminum halide or a mixture thereof,
PAL  said catalyst containing 0.05 to 10 mmol of tungsten per 100 gm of
      cyclooctadiene-(1,5), 1 to 6 mols of (b) per mol of tungsten and 0.05 to
      30 mol of (c) per mol of tungsten.
NUM  2.
PAR  2. The process of claim 1 wherein said cyclooctadiene-(1,5) is polymerized
      in an inert organic solvent.
NUM  3.
PAR  3. The process of claim 1 wherein (a) is WCl.sub.6, WCl.sub.5, WBr.sub.5 or
      WOCl.sub.4.
NUM  4.
PAR  4. The process of claim 1 wherein (b) is 2-chloroethanol.
NUM  5.
PAR  5. The process of claim 1 wherein (c) is aluminum trialkyl, aluminum
      alkoxyalkyl or aluminum trihalide.
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ABST
PAL  An antistatic polymer blend comprising a synthetic polymer and an
      antistatically effective amount of a compound of the formula:
      ##EQU1##
      wherein R is alkyl of 4 to 18 carbon atoms unsubstituted or substituted by
      halo or aryl.
BSUM
PAR  The present invention relates to anti-static synthetic polymers.
PAR  Synthetic polymers are essentially electrical insulators or non-conductors.
      This non-conductivity permits large charges of static electricity to build
      up on the surfaces of the polymers, attracting dust and other contaminants
      and making processing difficult either by attraction to other objects or
      by discharge of the built-up charge on handling.
PAR  It is an object of this invention to provide a synthetic polymer containing
      an antistat in or on the polymer to prevent buildup of surface static
      charge.
PAR  Synthetic polymers have been previously provided with antistats, but there
      have been only a limited number of such materials due to the stringent
      requirements of a successful antistat. These requirements include:
PA0  1. the antistat should be capable of being uniformly distributed throughout
      the polymer;
PA0  2. the antistat must withstand processing (e.g. extrusion) temperatures
      normally encountered in working with the polymer;
PA0  3. the antistat must not change the important properties of the polymer;
PA0  4. the antistat should not make the polymer surface tacky; and
PA0  5. the cost of the antistat, at the effective amount to be used, must be
      economically justified.
PAR  To satisfy these requirements, the antistat is normally used in small
      amounts, e.g. 1 percent by weight, based on the polymer, or less, both for
      economy's sake as well as to minimize any sacrifice of polymer properties
      caused by the antistat.
PAR  The present invention provides an antistatic polymer blend comprising a
      synthetic polymer and an antistatically effective amount of a compound of
      the formula:
      ##EQU2##
      wherein R is alkyl of 4 to 18 carbon atoms unsubstituted or substituted by
      halo or aryl.
PAR  The term alkyl of 4 to 18 carbon atoms denotes a univalent saturated
      branched or straight hydrocarbon chain containing from 4 to 18 carbon
      atoms. Representative of such alkyl groups are thus butyl, isobutyl,
      sec.butyl, tert.butyl, pentyl, isopentyl, neopentyl, tert.pentyl, hexyl,
      isohexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl,
      tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, and the like.
PAR  The term halogen includes the substituents fluoro, chloro, bromo and iodo.
      Chloro and bromo are preferred.
PAR  The term "aryl" denotes a univalent aromatic hydrocarbon of from 6 to 30
      carbon atoms and one or two rings as, for example, phenyl, phenyl
      substituted by one or more lower alkyl, biphenyl, biphenyl substituted by
      one or more lower alkyl, naphthyl, naphthyl substituted by one or more
      lower alkyl, and the like, the term "lower alkyl" denoting alkyl of 1 to 6
      carbon atoms.
PAR  It is preferred that R is alkyl of 4 to 12 carbon atoms, most preferably 8
      to 12 carbon atoms.
PAR  Representative compounds of formula (I) useful in this invention are:
PA0  1. methyl-butyl-bis(2-hydroxyethyl)ammonium paratoluene sulfonate,
PA0  2. methyl-isopentyl-bis(2-hydroxyethyl)ammonium paratoluene sulfonate,
PA0  3. methyl-(4-chlorobutyl)-bis(2-hydroxyethyl)ammonium paratoluene
      sulfonate,
PA0  4. methyl-(4-phenylbutyl)-bis(2-hydroxyethyl)ammonium paratoluene
      sulfonate,
PA0  5. methyl-hexyl-bis(2-hydroxyethyl)ammonium paratoluene sulfonate,
PA0  6. methyl-octyl-bis(2-hydroxyethyl)ammonium paratoluene sulfonate,
PA0  7. methyl-decyl-bis(2-hydroxyethyl)ammonium paratoluene sulfonate,
PA0  8. methyl-dodecyl-bis(2-hydroxyethyl)ammonium paratoluene sulfonate,
PA0  9. methyl-tetradecyl-bis(2-hydroxyethyl)ammonium paratoluene sulfonate,
PA0  10. methyl-octadecyl-bis(2-hydroxyethyl)ammonium paratoluene sulfonate.
PAR  The synthetic polymer used in the polymer blend of the present invention
      may be any thermoplastic or thermosetting polymer, including, but not
      limited to, polystyrene, polyester, polyamide, polycarbonate, polyolefin,
      polyacetal, phenolformaldehyde resin, polyvinyl chloride, ABS,
      polyurethane, preferably polystyrene.
PAR  The antistat of formula (I) is effective in an amount of from 0.1 to 2
      percent, and preferably is used in an amount of 0.2 to 1 percent, by
      weight, based on the weight of the polymer. The antistat of formula (I) is
      stable at processing temperatures, e.g. it is stable at 200.degree.C for
      at least 10 minutes, as shown by no weight loss, no fuming and no
      darkening. It is liquid above 100.degree.C, which can aid in blending with
      the polymer.
PAR  The antistat is incorporated in or on the polymer, preferably in the
      polymer. When incorporated in the polymer, the antistat will "bloom" on
      the surface to provide an antistatic coating. This will be more permanent
      than an externally applied coating, since the externally applied coating
      can be easily removed by wear, wiping, handling, movement in transit,
      etc., whereas with the internally incorporated antistat if the conductive
      surface layer should be wiped or worn off in handling or processing, a new
      layer will bloom to the surface.
PAR  To apply the antistat externally, it is dissolved in water, lower alkanol
      or other solvent and sprayed on the surface of the polymer to deposit the
      desired amount of antistat.
PAR  In the case of the internally incorporated antistat, generally a
      masterbatch of polymer and antistat is formed, using a Banbury or other
      mill machine, to provide a blend containing about 5 to 15 percent, by
      weight, of the antistat, preferably 10 percent by weight, based on the
      polymer. The masterbatch is then added to the polymer in the extrusion or
      molding stage, or by milling, to provide the desired antistatically
      effective amount of antistat stated above.
PAR  The compound of formula (I) may be readily prepared by reacting
      approximately equimolar amounts of the amine (II) and para-toluenemethyl
      sulfonate (III), in the presence of a solvent, e.g. water, at a
      temperature of about 60.degree. to about 80.degree.C, as follows:
      ##EQU3##
      where R is as defined above. The reaction ensues immediately and results
      in virtually stoichiometric yield. If the solvent is water, in an amount
      of 5 percent, by weight, or less, based on the compound of formula (I),
      the reaction mass can be recovered as such without the need for isolation
      of the quaternary salt (I) from the solvent, since this small amount of
      water is not harmful to the polymer. While a slush at room temperature,
      the watercontaining reaction product becomes a clear liquid at higher
      temperatures, such as 30.degree.C and higher.
PAR  The amine (II) can readily be formed by heating an amine RNH.sub.2, where R
      is as defined above, with ethylene oxide in slight excess of 2 mols
      ethylene oxide per mol of RNH.sub.2 at a temperature of at least
      150.degree.C, preferably 150.degree.-190.degree.C, such as 170.degree.C.
      It has been shown that this results in essentially quantitative yield of
      tertiary amine (II).
DETD
PAR  The following Examples illustrate the present invention.
PAC  EXAMPLE 1
PAR  A flask was charged with 220g. bis-(2-hydroxyethyl)-octylamine and 21g.
      H.sub.2 O and heated to 70.degree.C. 186g. paratoluene methyl sulfonate
      were added and the reaction ensued immediately. The product was
      methyl-octyl-bis(2-hydroxyethyl)ammonium paratoluene sulfonate in the form
      of a slush or mush at room temperature, but a clear liquid at 30.degree.C
      and higher.
PAC  EXAMPLE 2
PAR  The product of Example 1 and methyl-dodecyl-bis(2-hydroxyethyl)-ammonium
      paratoluene sulfonate were incorporated at 0.5, 1.0, and 1.5%, by weight
      concentration, into Dow Chemical Company's 5215 medium impact polystyrene
      and injection molded into five-inch square plaques at 50 mil thickness.
      Three plaques were made for each antistat at each concentration, plus
      three plaques without any antistat as a control.
PAR  All of the plaques were charged by rubbing with 100 percent virgin wool
      using a pressure of about 1/2 psi and a speed of about 5 inches per
      second. Rubbing was done in units of ten times, always in the same
      direction. The relative humidity and the temperature were maintained at 43
      percent and 75.degree.F, respectively. The static charges were measured
      using a single leaf electroscope which was calibrated for voltage versus
      leaf deflection, using a 10,000 volt power supply, and the results are
      reported as the arithmetic average of each set of three plaques at each
      concentration and the control. FIGS. 1 and 2 show the results obtained by
      using methyl-octyl-bis(2-hydroxyethyl)-ammonium paratoluene sulfonate and
      methyl-dodecyl-bis(2-hydroxyethyl)-ammonium paratoluene sulfonate,
      respectively.
PAR  While certainly a static charge of 0 volts is considered to be perfect, a
      value of 500 volts is acceptable. For example, disposable plastic sheets
      used in surgical operating rooms must not accumulate a static charge
      greater than 500 volts. A limitation on static charge for most consumer
      products has not yet been determined.
PAR  Although similar to the "ash-tray" test, the test procedure employed above
      is more stringent in that the environmental conditions are controlled and
      the static charge is quantitatively measured.
PAC  EXAMPLE 3
PAR  An aqueous solution containing 2 percent, by weight, of the product of
      Example 1 is sprayed on a 50-mil polystyrene sheet and air dried to
      provide an antistatic layer containing 2 percent, by weight, of the
      antistat, based on the weight of the polymer. The coated polymer prevents
      buildup of static charge.
PAC  EXAMPLE 4
PAR  To demonstrate the good surface characteristics of the polymer blend of the
      invention, a blend of polystyrene and
      methyloctyl-bis(2-hydroxyethyl)ammonium paratoluene sulfonate was prepared
      in the manner of Example 2, but at a concentration of 25 percent, by
      weight. The antistat bloomed on the surface but did not become tacky, even
      after being exposed to the air for five days.
PAR  This is indeed a highly surprising result, since
      methyloctyl-bis(2-hydroxyethyl)ammonium paratoluene sulfonate is highly
      deliquescent and virtually forms a liquid upon exposure to air in a short
      period of time, and yet when the material "blooms" on the surface of the
      polymer, no such deliquescence is observed, even when the overly large
      amount of 25 percent, by weight, is used.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A synthetic polymer having incorporated therewith an antistatically
      effective amount of a compound of the formula:
      ##EQU4##
      wherein R is alkyl of 4 to 18 carbon atoms unsubstituted or substituted by
      halogen or aryl.
NUM  2.
PAR  2. The synthetic polymer according to claim 1, wherein the compound is on
      the surface of the polymer.
NUM  3.
PAR  3. The synthetic polymer according to claim 1, wherein the compound is
      distributed throughout the polymer.
NUM  4.
PAR  4. The synthetic polymer according to claim 1, wherein the amount of said
      compound is from about 0.1 to about 2 percent, by weight, based on the
      weight of the polymer.
NUM  5.
PAR  5. The synthetic polymer according to claim 1, wherein the amount of said
      compound is from about 0.2 to about 1 percent, by weight, based on the
      weight of the polymer.
NUM  6.
PAR  6. The synthetic polymer according to claim 1, wherein R is alkyl of 4 to
      18 carbon atoms.
NUM  7.
PAR  7. The synthetic polymer according to claim 1, wherein R is alkyl of 8 to
      12 carbon atoms.
NUM  8.
PAR  8. The synthetic polymer according to claim 1, wherein said compound is
      methyl-octyl-bis(2-hydroxyethyl)-ammonium paratoluene sulfonate.
NUM  9.
PAR  9. The synthetic polymer according to claim 1, wherein said compound is
      methyl-dodecyl-bis(2-hydroxyethyl)-ammonium paratoluene sulfonate.
NUM  10.
PAR  10. The synthetic polymer according to claim 1, wherein said synthetic
      polymer is polystyrene.
NUM  11.
PAR  11. A masterbatch of a synthetic polymer having incorporated therein from 5
      to 15 percent, by weight, based on the weight of the polymer, of a
      compound of the formula:
      ##EQU5##
      wherein R is alkyl of 4 to 18 carbon atoms unsubstituted or substituted by
      halogen or aryl.
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ABST
PAL  Disclosed herein are high solids content liquid polycarboxylic acid soaps
      made from long chain fatty acids and fatty oils by reaction with a
      maleinizing agent. This addition reaction is performed at a temperature
      between 180.degree.C. and 300.degree.C. preferably 190.degree.C. and
      220.degree.C., between fatty acids and fatty oils from soya oil, tallow,
      corn oil, linseed oil, sunflower oil, tung oil, and tall oil fatty acids
      with maleyl compounds such as maleic anhydride. These addition reaction
      products when converted to soaps, such as potassium, sodium and ammonium,
      have a solubility uniquely above that noted before. The invention also
      includes mixtures of blends of the polycarboxylic acids with fatty acids
      and oils.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to high solids polycarboxylic acid soap
      compositions. More particularly, this invention relates to soap
      compositions having increased carboxyl content thereby having an increased
      soap solubility or solids content. These high solids soaps are the
      addition reaction of unsaturated, conjugated and unconjugated fatty acids
      and a maleyl compound.
PAR  2. The Prior Art
PAR  Two considerations which are important to fatty acid soap users are the
      saponifying agent used for the soap and the level of solids obtainable in
      maintaining a fluid soap. It seems in the majority of cases these two are
      related, for of the common saponifying agents, potassium and sodium the
      potassium soap is much more soluble. Therefore, when relatively high
      solids soaps are desired, the potassium soap is the standard for fatty
      acids. In most cases the sodium soap would serve just as well and be
      cheaper to produce, but since it is much less soluble and tends to
      crystallize, it is normally avoided. For example, using potassium soaps,
      the highest solids soaps that are still fluid at room temperature for
      several short and long chain fatty acid soaps are as follows:
TBL  Caprylic (C.sub.8)       45%                                              

     Capric (C.sub.10)        40%                                              

     Lauric (C.sub.12)        35%                                              

     Coconut (Mixture of                                                       

     C.sub.10, C.sub.12, C.sub.14)                                             

                              36%                                              

     Tallow (C.sub.18)        17%                                              

     Oleic (C.sub.18)         20%                                              

     Dimer Acid (C.sub.36)    23%                                              

PAL  As is obvious, the shorter chain soaps are more soluble and fluid than
      oleic-type fatty acid. The same trend is apparent with the sodium soaps of
      the various acids except the solubilities are lower.
PAR  The high solid soaps are made as adducts of the Diels-Alder reaction, using
      maleyl compounds as the dienophiles or by an addition reaction. The
      literature is therefore full of patents extolling the benefits and utility
      derived from the reaction of maleic anhydride with rosin, with rosin-fatty
      acid mixtures, fatty acids, and with many naturally occurring oils;
      however, none specifically teach increased solubility of soaps. In this
      regard, U.S. Pat. No. 3,639,650 to L. O. Cummings discloses adducts of
      unsaturated, unconjugated fatty oil, such as glyceride, and a maleyl
      compound reacted at a temperature between 300.degree.F. (149.degree.C.)
      and 350.degree.F. (177.degree.C.) in the presence of sulfur dioxide to
      reduce color for use in coatings. In The Journal of the American Oil
      Chemists' Society, (Volume 34, page 136 (1957)), Danzig et al. teach in an
      article entitled "Reactions of Conjugated Fatty Acids, V. Preparation and
      Properties of Diels-Alder Adducts and Their Esters from Trans,
      Trans-Conjugated Fatty Acids Derived From Soybean Oil" using iodine to
      convert linoleic portions of soybean fatty acids to the trans, trans
      conjugated form to prepare cyclic adducts.
PAR  It has been found that high solid polycarboxylic acid soaps may be made to
      substantially lessen the problem of gelation and extend crystallization of
      fatty acid soaps to before unknown high solids content without a
      conversion catalyst. It is therefore the general object of this invention
      to provide polycarboxylic acid soap compositions that are water soluble at
      high soap solids content. Another object is to provide a polycarboxylic
      acid soap using a variety of neutralizing agents and still retaining high
      water solubility. Still another object of this invention is to provide a
      process for making the high solids content polycarboxylic acid soaps from
      a variety of fatty acid and fatty oils. An even further object of this
      invention is to provide maleyl modified fatty acids and oils having a
      saponification number from 200 to 400 and lower viscosity at a given
      solids level than the unmodified fatty acid or oil.
PAR  Other objects, features and advantages of this invention will become
      apparent from the following detailed description.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed to high solids content liquid soaps made from
      long chain fatty acids and fatty oils by reaction with a maleinizing
      agent. Further the invention includes blends of the polycarboxylic acid
      soaps and the soaps of fatty acids or fatty oils. The high solids
      polycarboxylic acid soaps are the potassium, sodium or ammonium soaps of
      the addition reaction of a fatty acids, such as tall oil fatty acid, soya
      fatty acid, corn, cottonseed and tallow fatty acid, or a fatty oil, such
      as soya oil, corn oil, linseed oil, cottonseed oil, sunflower oil and tung
      oil with a maleyl compound such as maleic anhydride. The fatty acid or
      fatty oil and maleyl compound are heated from between 180.degree.C. and
      300.degree.C., preferably 190.degree.C. to 200.degree.C. for from 30
      minutes to six hours to effect the reaction. The blends of polycarboxylic
      acid soaps and soaps of fatty acids or oils ranges from 90  to 10 percent
      to 10 - 90 percent by solids weight.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The essence of this invention is the discovery that polycarboxylic acids
      made from fatty acids containing some unsaturated isomers when converted
      into their potassium soaps provide not only the advantages of conventional
      soaps, but also provide the additional advantage of increased water
      solubility, a notable freedom from liquid crystal formation and lower
      viscosity than the unmodified compound. The process includes heating an
      admixture of such reactants at a temperature between 180.degree.C. and
      300.degree.C., preferably 190.degree.C. to 220.degree.C. for at least 30
      minutes to six hours to obtain a saponification number between 200 and
      500, preferably 210 to 250.
PAR  The fatty oils useful in the present invention include safflower oil, soya
      oil, sunflower oil, cotton seed oil, linseed oil, corn oil, and tung oil.
      Equally as useful are tall oil fatty acids, soya fatty acids and tallow
      fatty acids, as well as, other long chain fatty acids from any source
      containing even a minor fraction of unsaturated acids. The term long chain
      fatty acid used herein include any such acid having at least 10 carbon
      atoms in the chain and suitably from 10 to 26 carbon atoms. A description
      of the composition of individual fatty acids present in some fatty acids
      and fatty oils is shown in Table I.
PAR  The maleyl compound is preferably maleic anhydride. Other maleyl compounds
      are useful herein, such as maleic acid which changes to maleic anhydride
      when heated to about 130.degree.C. since maleic anhydride is readily
      available and is relatively inexpensive, the invention will be described
      with reference to this compound. The starting mixture may incorporate a
      stoichiometric amount of the anhydride with respect to the amount the
      fatty oil or fatty acid to be reacted, but more or less can be employed if
      desired. Evidence indicates that substantially less than the
      stoichiometric amount of maleic anhydride give adequate increases in
      solubility. In general, there is admixed from about 10  to about 35
      percent by weight, based on the total weight of two reactants, of the
      maleyl compound, expressed as maleic anhydride though a range of 1  to 40
      percent is practical.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     GLC ANALYSES OF FATTY ACIDS AND OILS                                      

                  Chain           Soya Tallow              Coconut             

     Individual   Length                                                       

                       Double                                                  

                           Tall Oil                                            

                                  Fatty                                        

                                       Fatty                                   

                                            Corn Linseed                       

                                                      Tung Fatty               

     Fatty Acid   Carbons                                                      

                       Bonds                                                   

                           Fatty Acid                                          

                                  Acid Acid Oil  Oil  Oil  Acid                

     __________________________________________________________________________

     C.sub.6.sub.-10                                                           

                  10   0   --     --   --   --   --   --   13.0                

     Lauric       12   0   --     T    0.6  --   --   --   49.5                

     Myristic     14   0   --     1.2  3.5  --   --   --   19.5                

     Myristoleic  14   1   --     --   0.8  0.5  --   --   --                  

     Palmitic     16   0   2.8    10.8 26.3 12.4 6.0  4.0  8.5                 

     Palmitoleic  16   1   0.8    2.1  4.9  0.7  --   --   --                  

     Stearic      18   0   2.1    0.6  17.5 1.8  3.5  1.0  2.0                 

     Oleic        18   1   46.3   33.3 40.2 24.7 20.0 8.5  6.0                 

     Linoleic     18   2   40.1   50.2 3.6  59.0 14.5 3.5  1.5                 

     Linolenic    18   3   --     --   --   --   56.0 3.0  --                  

     Elaeostearic 18   3   --     --   --   --   --   80.0 --                  

     Other        --   --  7.9    1.8  2.6  0.9  --   --   --                  

     __________________________________________________________________________

     % Unsaturated Acids   87.2   85.6 49.5 84.9 90.5 95.0 7.5                 

     Average Carbon Chain                                                      

     Length of Fatty Acids 18.0   17.8 17.3 17.8 17.9 17.3 12.9                

     __________________________________________________________________________

                                                           1                   

PAR  In general, no catalyst is needed to perform this addition reaction as the
      maleyl compounds easily undergo reaction with the double bonds within the
      stated temperature range. Maleic anhydride, in addition to forming ring
      adduct with conjugated fatty acids, forms an addition reaction with any
      single double bond. This results in the addition of a branch with at least
      two carboxyls. Linoleic acid can thus add two moles of maleic anhydride
      either through a combination of Diels-Alder reaction plus addition
      reaction if it is in the conjugated form or through the addition of two
      moles of maleic by the addition reaction if it is non-conjugated. Oleic
      acid, which cannot react with acrylic acid in the Diels-Alder reaction
      could be di-carboxylated with maleic anhydride by way of the addition
      reaction. Linoleic and oleic acid could in this way become penta and
      tri-carboxylic acids respectively. Linoleic could add three moles of
      maleic and theoretically yields a septacarboxylic acid.
PAR  Maleic anhydride reaction products of various commercially important fatty
      acid mixtures and oils were used as starting materials. Conventional
      C.sub.18 fatty acids have limited solubility even as potassium soaps.
      Further, only a 1.5 percent solids difference exists at 100 centipoise
      between tallow fatty acid and soya soaps. The viscosity of all increase
      drastically on further increases in colids accompanied by the formation of
      liquid crystals. If high solids soap solutions are required, it is now
      necessary to use the more expensive shorter chain acids, such as coconut
      fatty acids. These coconut fatty aicd soaps reach 100 centipoise viscosity
      at 37.5 % potassium soap solids versus 20.6 % for tallow and tall oil
      fatty acid and 19.0 % for soya fatty acid soap. Increases in solubility
      are obtained from polycarboxylation of tall oils fatty acids with maleic
      anhydride, as for example, the potassium soaps are soluble at 45 percent
      solids having a viscosity below 140 centipoise at 25.degree.C.
PAR  Similar beneficial results were obtained when a spectrum of commercially
      vailable fatty acids and oils are maleinized in a similar manner. As shown
      in Example 2, all except corn oil give potassium soap solubilities in
      excess of 44 percent at 100 centipoise viscosity. Maleic treatment of
      linseed oil gives the highes soap solubility (52 percent at 100 centipoise
      and this oil was not treated at the maximum theoretical reactivity level).
      Tallow fatty acids, which have little polyunsaturated acid, give a
      remarkably soluble product. Soaps with solubility properties identical to
      coconut soaps are made by either blending tallow fatty acid into the
      modified tallow fatty acids or by proper choice of the level of maleic
      modification. The commercially important 75/25: tallow/coconut blend is
      thus simulated in potassium soap solubility by either reacting tallow
      fatty acids with 4.1 parts maleic anhydride per 100 of fatty acids or by a
      81.9/18.1 blend of tallow fatty acids and modified tallow fatty acid.
      Apparently, for maximum soap solubility, a mixture of Diels-Alder and
      addition products give optimum results. An infinite variety of products
      can thus be made by proper choice of fatty acid or fatty oil to be
      modified, the level of modification with maleyl compound, and choice of
      fatty acid used for blending. The blending of polycarboxylic acid soaps
      and unmodified fatty acids may be practically accomplished at a ratio of
      90  to 10 percent by weight polycarboxylic acid to 10  to 90 percent by
      weight unmodified fatty acid.
PAR  One particularly interesting and useful aspect of these maleinized products
      is that they exhibit the solubility characteristics of much shorter chain
      fatty acids, especially in admixtures. Factors which reduce the viscosity
      and liquid crystal formation tendency of conventional monocarboxylic fatty
      acid soaps are: (1) reduction in average chain length; (2) increase in
      polydispersity of chain length or unsaturation; (3) increase in hydration
      conferred by proper choice of alkali; (4) introduction of shape factors
      such as rings or side chains; and (5) increase in polarity and hydration
      with additional carboxyls. If soaps of two different monocarboxylic fatty
      acids of similar chain length and unsaturation are mixed, one expects and
      does get linear blending with respect to viscosity. Thus a tall oil
      potassium soap and a soya potassium soap, both at 100 centipoise viscosity
      would yield 100 centipoise viscosity mixtures at any blend ratio. Where a
      small difference exists, such as when tallow (C.sub.average =  17.3, 50 %
      saturated, mild dispersion of molecular weight) is mixed with soya
      (C.sub.average =  17.8, 15% saturated, small dispersion of molecular
      weight), we would expect a little nonlinearity. Where the difference is
      great, such as with coconut (C.sub.average = 12.9, very wide dispersion)
      and tallow potassium soap blends, considerable nonlinearity is found.
      Blends of maleic anhydride modified tallow and tallow soaps, and of
      maleinized soya and soya soaps show even greater nonlinearity than
      coco/tallow. A 40/60 soap solids ratio of maleinized soya soap and soya
      soap, each initially at 100 centipoise viscosity, yields a 5 centipoise
      solution. The striking thing here is that the overall chain length is
      unchanged. A measure of polydispersity by shape factors and more polarity
      has been introduced. This increased polydispersity can be accomplished
      much more economically using maleic modification of fatty acids than by
      using coco fatty acids and the emollency problems associated with short
      chain soaps can thus be avoided. The tendency to form liquid crystals is
      sharply reduced when a maleinized soap is present in a soap admixture.
PAR  It is apparent that the higher percentage solubility of high saponification
      number soaps is being inflated by the high inorganic content of the soap.
      This serves to obscure the true comparative solubilities of the organic
      fractions. Thus two soaps with different saponification numbers might show
      different soap solubilities when actually the concentration of organic
      material dissolved is the same. This could be important in uses in which
      the actual amount of fatty acids present is the critical factor. To
      clarify this, a plot of saponification numbers versus the fatty acid
      content of potassium soaps at the same soap viscosity was contended. Forty
      centipoises was chosen as a point of comparison to avoid the "break" noted
      in a number of soap solubility curves. It should be noted however, that
      considerably higher fatty acid content soaps can be prepared without loss
      in utility especially with the modified varieties.
PAR  There are apparently two families of solubility curves. Each increase
      rapidly in fatty acid solubility from the normal 15 to 17 percent as the
      saponification number rises to about 210 to 250. Afater this point, the
      rate of solubility increase is very slow with increasing saponification
      number and appears to approach asymptotically a limiting solubility which
      depends on the method of obtaining the increased saponification number.
      The polycarboxylic acid soaps of this invention have saponification
      numbers between 200 and 500, preferably 210 to 250. With coconut fatty
      acid blends (C = 12.9), the method is by reducing the average chain length
      and reaches 28.5 percent. When maleic modification is used, a distinct
      further increase in fatty acid solubility was obtained to more than twice
      the solubility of a monocarboxylic C.sub.18 acids. These materials
      approached 35-36 percent solubility which surprisingly appears to be
      independent of the fatty acid blend maleinized. The difference can only be
      attributed to the shape factor contributed by the side chains introduced
      by the maleic addition reaction.
PAR  The advantages of this invention include among others, distinct
      improvements in fatty acid potassium soap solubility, lower viscosity,
      freedom from liquid crystal gels and modified fatty acid economically
      obtained after reaction of fatty acids with maleic anhydride when compared
      to intermixes of fatty acids and short chain fatty acids. At higher levels
      of modification the source of starting fatty acid made surprisingly little
      difference. A maleic modified fatty acid would be the material of choice
      when high solid soaps are desired.
PAR  The following examples are illustrative of the practice of this invention.
PAC  EXAMPLE 1
PAR  The maleinization procedure normally used during this work was as follows:
      Based on the fatty acid analysis of the oil or acid by GLC and the
      immediate objective the number of moles of maleic anhydride per mole
      monounsaturated and diunsaturated fatty acids was selected for that
      particular cook. This was varied considerably during the series depending
      on whether a theoretically full reaction was desired, or a certain
      fraction of full reaction, or whether a specific saponification number was
      desired. The grams of maleic per 100 grams oil or fatty acid was then
      calculated for that specific run. The maleic anhydride levels shown
      throughout this disclosure are on this "parts per 100 oil or acid" basis.
PAR  The cook ingredients are charged to give an 800 gram cook weight and heated
      electrically to 190.degree. or 200.degree.C. depending on the observed
      rate of exotherm and bubbling in the pot. The cook time was started at
      this point. This temperature was held for about 30 minutes until
      ebullition had diminished and then further heated to 220.degree.C. This
      temperature was held for either two or four hours depending on the maleic
      anhydride charge and the extent of reaction desired.
PAR  Samples were drawn at one hour intervals for GLC analysis of the remaining
      fatty acids. In these, the sum of the saturated acids was used as an
      internal standard and the degree of fatty acid reaction calculated from
      this.
PAR  After the selected cook time had expired, the residual maleic anhydride was
      removed by steam sparging if the charge was a fatty aicd. If it was an oil
      (the glyceride), the reaction product was saponified with NaOH,
      reacidified, washed and dried under vacuum.
PAR  Several cooks with tall oil fatty acids and maleic anhydride were made, see
      Table 2. In the first, 51.5 parts maleic/100 of tall oil fatty acid was
      added. This is equivalent to 100 percent of the amount which could
      theoretically react assuming one mole reacting with the mono-unsaturated
      fatty acids and two moles reacting with the di-unsaturated acids. After
      cooking 3.5 hours at 225.degree.C. and steam sparging, the saponification
      number was found to be 429 -- well below the theoretical value of 512.
PAR  The results of viscosity and solubility for the modified fatty acids and
      oil are shown in Table 3. With regard to the maleic modified tall oil
      fatty acids no evidence of liquid crystal formation was noted although
      soap viscosities were rising rapidly at soap solids above about 43
      percent. The rapid rise in viscosity began at 25 centipoises soap
      viscosity. Still, the viscosity was only 100 centipose at 49.6 percent
      solids (Cook No. 1) and higher solids solutions could have been prepared.
PAR  To illustrate the advantages of blending the modified fatty acids with its
      unmodified fatty acid a 50/50 mixture of tall oil fatty polycarboxylic
      acid from Cook No. 1 (in Table 2) was mixed with an unmodified tall oil
      fatty acid. As the results show in Table 3 the saponification number was
      reduced to 312. The solubility of the 50/50 mixture at 100 centipoise
      viscosity was only reduced to 47 percent; compared to 49.6 percent for
      Cook No. 1 and 20.6 percent for tall oil fatty acid soap alone at the same
      viscosity.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

     CHARGE PROPORTIONS AND COOK CONDITIONS USED IN PREPARATION OF MALEINIZED  

     FATTY ACIDS AND OILS                                                      

                          Maleic Anhydride   Cook Conditions                   

                    Fatty                                     Cook             

     Cook           Acid  Parts/100                                            

                                Percent of                                     

                                      Theoretical                              

                                             To Reach         Sap.             

     No.                                                                       

        Fatty Acid or Oil                                                      

                    Sap. No.                                                   

                          of Oil                                               

                                Theory                                         

                                      Sap. No.                                 

                                             .degree.C                         

                                                   Min.                        

                                                      .degree.C                

                                                          Min.                 

                                                              No.              

     __________________________________________________________________________

        Maleic Anhydride                                                       

                    1129  --    --    1144   --    -- --  --   --              

     1  Tall Oil Fatty Acid                                                    

                    195   51.48 100   512    200   22 225 210 429              

     2  Tall Oil Fatty Acid                                                    

                    195   16.60 31.6  328    200    7 220 130 242              

     3  Tall Oil Fatty Acid                                                    

                    195   8.30  15.8  267    205   16 220 105 240              

     4 A                                                                       

        Tallow Fatty Acid                                                      

                    204   18.14 100   346    220   60 --  --  319              

      B                                               230 180 311              

      C                                      Sparged                           

                                                   230                         

                                                      210 301                  

     5 A                                                                       

        Tallow Fatty Acid                                                      

                    204   4.16  22.9  241    200   60  0   0  240              

      B                                               220  60 238              

      C                                               220 120 236              

      D                                      Sparged                           

                                                   220                         

                                                      150 238                  

     6 A                                                                       

        Soya Fatty Acid                                                        

                    201   47.5  100   500    200   30 220  60 429              

      B                                               220 180 410              

      C                                               220 270 391              

     7 A                                                                       

        Soya Fatty Acid                                                        

                    201   32.5  68.5  429    200   30 220 150 354              

      B                                      Sparged                           

                                                   220                         

                                                      180 348                  

     8 A                                                                       

        Corn Oil    --    47.83 100   491    200   30 220 180 400              

      B                                      Sparged                           

                                                   220                         

                                                      210 342                  

     9  Linseed Oil --    54.07 74.1  536    200   60 220 150 394              

     10 Tung Oil    --    61.08 68.6  563    190   25 200 100 354              

     __________________________________________________________________________

PAC  EXAMPLE 2
PAR  There are certain situations in which maleic modification of the naturally
      occurring fatty oil is preferable. Where a modified tallow fatty acid
      potassium soap is to be used and glycerine present would not interfere
      with the utility, or would be beneficial, it might be preferred to react
      maleic anhydride with tallow and saponify the glyceride afterward to yield
      the soap to be used. Similarly, where the fatty acids from an oil such as
      linseed or tung are so reactive and easily oxidized, maleinization of the
      oil may be the most practical way to get the modified product. After
      maleinization, the modified fatty acids should be much more stable to
      oxidation and heat polymerization. If necessary, the modified fatty acids
      could safely be recovered after maleic reaction, saponification and
      reacidification or alternatively by hydrolysis splitting.
PAR  The oils chosen for this demonstration from the large number of
      commercially available oils were corn oil, tung oil and linseed oil. The
      fatty acid composition of the oil was assumed to be that shown in Table 1.
      The corn oil analysis was actually run by GLC analysis of the recovered
      fatty acids. Because of the unstable nature of the linseed and tung oil
      acids, recorded fatty acid compositions were used. The maleic anhydride
      levels and cook schedules used are shown in Table 2, Cook Nos. 8-10. The
      polycarboxylic acids from each were recovered from the modified oil by
      saponification, reacidification and washing to remove the glycerine
      present. The oils were then dried under vacuum.
PAR  The potassium soaps of the recovered polycarboxylic acids showed excellent
      high solubility characteristics as shown in Table 3. The maleic anhydride
      treated linseed oil gave the highest potassium soap solubility noted to
      date (51 percent at 100 centipoise). Moreover, it was not treated with the
      maleic at the maximum theoretical reactivity level. Only two moles of
      maleic anhydride per mole of linolenic were added; whereas three moles
      should theoretically react.
PAC  EXAMPLE 3
PAR  Soya fatty acid was maleinized in two cooks at different maleic anhydride
      levels. Cook No. 7 in Table 2, made with 32.5 parts maleic/100 parts fatty
      acids, had a sap number of 347 after steam stripping. The solubility of
      this cook was evaluated as potassium soap alone and in admixture with
      unmodified soya soap to determine the effect that lower maleization levels
      or dilution with soya fatty acids would have on the viscosity of the soap.
      The viscosity/solids results shown in Table 3 indicate that remarkably
      little solubility was lost when 50% soya soap was blended with a soap from
      Cook No. 7.
TBL                                    TABLE 3                                 

     __________________________________________________________________________

     POTASSIUM SOAP AND FATTY ACID SOLUBILITY RESUME AT 40 AND 100 CPS.        

     VISCOSITY FOR THE VARIOUS OILS, FATTY ACIDS AND BLENDS EVALUATED          

     Soap Blend Components     A/B Soap                                        

                                     Fatty Acid                                

                                            Solubility, Weight %               

     Modified    A         B   Weight                                          

                                     Blend   40 cps.     100 cps.              

     Fatty Acid or Oil                                                         

                % Maleic                                                       

                     Cook No.  Ratio Sap. No.                                  

                                            % Soap                             

                                                % Fatty Acid                   

                                                        % Soap                 

                                                            % Fatty            

     __________________________________________________________________________

                                                            Acid               

     Tall Oil   51.5 1     tall                                                

                               100/0 429    45.5                               

                                                35.2    49.6                   

                                                            39.1               

     Fatty Acid            oil 50/50 312    42.2                               

                                                34.8    46.8                   

                                                            38.6               

                           fatty                                               

                               0/100 195    19.4                               

                                                17.1    20.6                   

                                                            18.2               

                16.6 2     acid                                                

                               100/0 242    39.8                               

                                                34.2    43.6                   

                                                            37.4               

                8.3  3         100/0 240.1  39.6                               

                                                34.0    44.3                   

                                                            38.1               

                               50/50 217.6  36.1                               

                                                31.5    40.2                   

                                                            35.0               

                18.1  4 C  Tallow                                              

                               100/0 300.6  41.8                               

                                                34.7    44.9                   

                                                            37.3               

     Tallow Fatty          Fatty                                               

                               25/75 227.9  33.0                               

                                                28.6    37.0                   

                                                            32.0               

     Acid                  Acid                                                

                               13/87 216.4  25.7                               

                                                22.4    29.0                   

                                                            25.3               

                               0/100 203.7  19.3                               

                                                17.0    20.5                   

                                                            18.0               

                4.16  5 B      100/0 237.5  30.1                               

                                                25.9    34.3                   

                                                            29.5               

     Soya       47.5  6 C  Soya                                                

                               100/0 390.8  41.0                               

                                                32.4    45.1                   

                                                            35.6               

     Fatty Acid 32.5  7 B  Fatty                                               

                               100/0 347.6  43.0                               

                                                34.8    46.6                   

                                                            37.7               

                           Acid                                                

                               50/50  --    46.7                               

                                                --      42.0                   

                                                            --                 

                               10/90 215.8  21.9                               

                                                19.1    29.6                   

                                                            25.8               

     Corn Oil   47.8 8         100   342.5  36.6                               

                                                29.7    39.7                   

                                                            32.2               

     Linseed Oil                                                               

                54.1 9         100   394.3  46.1                               

                                                36.4    51.9                   

                                                            40.2               

     Tung Oil   61.1 10        100   354.4  44.7                               

                                                36.0    50.2                   

                                                            40.5               

     __________________________________________________________________________

PAC  EXAMPLE 4
PAR  Tallow fatty acids are much more highly saturated than either soya or tall
      oil fatty acids. Only about 3 % is diunsaturated linoleic with the rest
      about evenly divided between saturated acids and monounsaturated acids.
      The Diels-Alder addition of maleic anhydride would be practically
      non-existent and, because of the low potential for reactivity, would not
      be a logical choice for maleic reaction. Amazingly, tallow fatty acids
      responded well to maleinizing and very high potassium soap solubilities
      resulted. The tallow fatty acid used contained 47.5 % saturated fatty
      acids, 49.2 % monounsaturated and only 3.3 % linoleic as shown in Table 1.
      Two cooks, Cooks 4-5 in Table 2, were made, one with 18.1 parts maleic and
      the other with 4.2 parts maleic per 100 parts of fatty acid. These gave 45
       and 34 percent soap solubility at 100 centipoise, respectively, compared
      to 20.5 % for the untreated tallow fatty acids.
PAR  In one series designed to demonstrate an area of utility of the modified
      tallow fatty acids, it was decided to duplicate the potassium soap
      solubility of coco soap and commercially important coco/tallow blends with
      maleinized tallow/tallow blends. A GLC analysis of Ivory soap fatty acids
      indicated that it approached the 75/25 tallow/coco ratio. The potassium
      soap solubility of coconut fatty acids was duplicated by a 75 tallow/25
      Cook No. 4 ratio.
PAR  From the foregoing illustrations it becomes obvious that, if potassium soap
      solubility is the primary requirement of a product which now requires coco
      fatty acids, this same solubility can be obtained by combination of an
      almost infinite variety of fatty acids, maleic or acrylic modification
      levels, or blends of modified or unmodified fatty acids. If the saturated
      character of the coco acids iss also important, very cheap tallow fatty
      acids can be modified with maleic anhydride cheaply and approach these
      characteristics in most respects.
PAR  While the invention has been described and illustrated herein by references
      to various specific materials, procedures and examples, it is understood
      that the invention is not restricted to the particular materials,
      combinations of materials, and procedures selected for that purpose.
      Numerous variations of such details can be employed, as will be
      appreciated by those skilled in the art.
CLMS
STM  Having thus described the invention, what is claimed is;
NUM  1.
PAR  1. A soap composition consisting essentially of,
PA1  a. from 10 to 90 percent by weight of a polycarboxylic acid soap consisting
      of a fatty acid or oil from the group consisting essentially of soya fatty
      acid, tall oil fatty acid, cotton seed fatty acid, tallow fatty acid, corn
      oil, tung oil and linseed oil modified by reacting with a maleyl compound
      from the group consisting essentially of maleic anhydride and maleic acid
      at a temperature between 180.degree.C. and 300.degree.C. for between 30
      minutes and 6 hours and neutralized with a member of the group consisting
      essentially of potassium, sodium and ammonium, and
PA1  b. 10 to 90 percent by weight of a soap from the group consisting
      essentially of tall oil fatty acid, oleic acid, tallow, coconut fatty
      acids and soya fatty acid.
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PAL  A process for the preparation of .alpha.-L-aspartyl-L-phenylalanine alkyl
      esters wherein L-phenylalanine is reacted with N-protected-L-aspartic
      anhydride, the resulting product is treated to yield
      .alpha.-L-aspartyl-L-phenylalanine which is esterified with an alkanol to
      yield an .alpha.-L-aspartyl-L-phenylalanine alkyl ester which is
      recovered.
PAL  Novel precursors for .alpha.-L-aspartyl-L-phenylalanine alkyl esters are
      prepared in the process of this invention.
BSUM
PAR  This invention relates to a process for the preparation of
      .alpha.-L-aspartyl-L-phenylalanine alkyl esters.
      .alpha.-L-aspartyl-L-phenylalanine alkyl esters, particularly the methyl
      ester, are well known for their usefulness as sweetening agents.
PAR  .alpha.-L-aspartyl-L-phenylalanine alkyl esters have been produced by a
      chemical synthesis route that heretofore involved the use of
      L-phenylalanine alkyl esters as reactants. These methods of production of
      .alpha.-L-aspartyl-L-phenylalanine alkyl esters have been found to be
      excessively complicated and expensive resulting in high production costs.
PAR  It is the primary object of this invention to provide a novel synthetic
      process for the preparation of .alpha.-L-aspartyl-L-phenylalanine alkyl
      esters.
PAR  It is a still further object of this invention to provide novel precursor
      compounds for the preparation of .alpha.-L-aspartyl-L-phenylalanine alkyl
      esters.
PAR  Further objects, aspects and advantages of this invention will be apparent
      from the description which follows.
PAR  According to the present invention, there is provided a process for
      preparing .alpha.-L-aspartyl-L-phenylalanine alkyl esters which comprises
      reacting N-protected-L-aspartic anhydride with L-phenylalanine to form
      N-protected- .alpha.-L-aspartyl-L-phenylalanine, removing the protecting
      group from the N-protected-.alpha.-L-aspartyl-L-phenylalanine to form
      .alpha.-L-aspartyl-L-phenylalanine and esterifying the
      .alpha.-L-aspartyl-L-phenylalanine with an alkanol to form an
      .alpha.-L-aspartyl-L-phenylalanine alkyl ester which is recovered. Novel
      compounds which are useful in the process of the present invention are the
      N-protected- .alpha.-L-aspartyl-L-phenylalanines.
PAR  Synthesis of .alpha.-L-aspartyl-L-phenylalanine alkyl esters, according to
      this invention, can proceed in the following general sequence of
      reactions:
      ##EQU1##
PAR  In the above equations X represents an amino protecting group and R
      represents a lower alkyl having from 1 to 3 carbon atoms.
PAR  As shown in equation 1) the starting reactants are an
      N-protected-L-aspartic anhydride and L-phenylalanine which are reacted to
      form N-protected- .alpha.-L-aspartyl-L-phenylalanine. The amino protecting
      group can be any of those known to persons skilled in the art as
      exemplified by formyl, acetyl, benzoyl, substituted and unsubstituted
      carbobenzoxy, t-butoxycarbonyl and the hydrohalide salt. Particularly
      preferred is N-formyl-L-aspartic anhydride which can be prepared, for
      instance, as shown in French Pat. No. 2,040,473 wherein
      N-formyl-L-aspartic acid is treated with acetic anhydride in an organic
      solvent at 0.degree.-60.degree.C.
PAR  The L-phenylalanine is readily available by known synthetic and/or
      fermentation processes and is usually employed in amounts of from 2.0 to
      0.5 moles per mole of N-protected-L-aspartic anhydride, preferably about
      1,0 mole of L-phenylalanine per mole of N-protected-L-aspartic anhydride.
      Any solvent can be used, provided that the reactants are soluble in, and
      do not unduly react with, the solvent. Examples of suitable solvents are
      ethyl acetate, methyl propionate, tetrahydrofuran, dioxane, ether,
      chloroform, toluene and acetic acid. Glacial acetic acid is particularly
      preferred.
PAR  Although the reaction proceeds smoothly at room temperature, the reaction
      rate can be increased by heating the reaction mixture. However, if the
      reaction temperature is too high secondary reactions, such as
      racemization, tend to occur. Therefore, the reaction is preferably carried
      out at a temperature of below about 80.degree.C., preferably at a
      temperature of below about 60.degree.C.
PAR  The reaction mass obtained from the reaction illustrated in equation 1)
      will contain the desired product
      ##EQU2##
      (hereinafter referred to as the ".alpha.-form") and an undesired
      by-product
      ##EQU3##
      (hereinafter referred to as the ".beta.-form").
PAR  Surprisingly, the .alpha.-form and .beta.-form reaction products are
      usually formed in a ratio of from about 4 parts .alpha.-form to about 1
      part .beta.-form when the reaction is carried out in glacial acetic acid
      at a reaction temperature of from about 20.degree.C. to about 60.degree.C.
      It has been found that relatively pure .alpha.-form can then be recovered
      from the reaction mass by crystallization. This is a particularly
      advantageous feature of the instant invention. The .alpha.-form thus
      recovered can be further subjected to the second step of the instant
      invention. The .beta.-form, which remains in the resulting mother liquor
      solution can be subjected to further treatment, such as hydrolysis, to
      recover L-aspartic acid and L-phenylalanine for recycle to earlier stages.
PAR  Alternatively, the reaction mass containing both reaction products can be
      carried forward in the next reaction sequence.
PAR  The resulting N-protected- .alpha.-L-aspartyl-L-phenylalanine is then
      treated (equation 2) to remove the protecting group to obtain
      .alpha.-L-aspartyl-L-phenylalanine. Any method suitable for removing
      protecting groups from amines is appropriate. Examples of such methods are
      catalytic hydrogenation and treatment with mineral acids or bases. It is
      preferred to remove the protecting group, particularly the formyl group,
      by acid hydrolysis. This hydrolysis can be carried out in, for instance, a
      dilute aqueous hydrochloric acid solution. The conversion to
      .alpha.-L-aspartyl-L-phenylalanine is surprisingly very high, i.e., on the
      order of 95% or higher based on the N-protected-
      .alpha.-L-aspartyl-l-phenylalanine so treated. Another medium for such
      treatment is an acetic acid-hydrochloric acid aqueous solution.
PAR  .alpha.-L-aspartyl-L-phenylalanine can then be recovered by precipitation
      and liquid/solid separation. Such precipitation can, for instance, be
      produced by pH adjustment when the protecting group has been removed in an
      acid solution. The major undesired by-product remaining in the mother
      liquor is .beta.-L-aspartyl-L-phenylalanine, if its precursor is carried
      forward as suggested above, which can be treated, such as by hydrolysis,
      to recover L-aspartic acid and L-phenylalanine for recycle to earlier
      stages.
PAR  As illustrated in equation 3), .alpha.-L-aspartyl-L-phenylalanine is then
      subjected to esterification with an alkanol to form an
      .alpha.-L-aspartyl-L-phenylalanine alkyl ester.
PAR  The solvent utilized in this reaction can be any suitable organic solvent
      provided that the reactants are soluble in such solvent and do not
      interfere with the desired reaction. Examples of suitable solvents are the
      alkanol, tetrahydrofuran, methylene chloride, chloroform and benzene. The
      alkanol is particularly preferred. It is preferred that the reaction be
      carried out with as little water present as possible.
PAR  It is preferred that this esterification reaction be carried out in an
      acidic media. For instance, the reaction can be carried out in alkanol
      which contains from about 1 to about 10 moles of hydrogen chloride per
      mole of .alpha.-L-aspartyl-L-phenylalanine, preferably from about 1.05 to
      about 2.0 moles of hydrogen chloride per mole of
      .alpha.-L-aspantyl-L-phenylalanine. It is readily apparent to one skilled
      in the art that the esterification reaction may, in fact, be between an
      acid salt of the .alpha.-L-aspartyl-L-phenylalanine and the alkanol but
      for convenience this reaction will be referred to herein as being between
      .alpha.-L-aspartyl-L-phenylalanine and the alkanol.
PAR  The temperatures utilized should be from about -20.degree.C. up to about
      the boiling point of the reaction mass with from about 20.degree.C. to
      40.degree.C. being particularly preferred when using methanol.
PAR  In general the molar ratio of alkanol to .alpha.-L-aspartyl-L-phenylalanine
      utilized should be from about 0.5 to about 50, preferably 1.0 to 10.
PAR  Inherent in this esterification reaction is the formation of the following
      undesired by-products:
      ##EQU4##
      (hereinafter referred to as the "diester") and
      ##EQU5##
      (hereinafter referred to as the "aspartyl ester").
PAR  In addition to these two undesired by-products, the reaction mass will also
      contain unreacted .alpha.-L-aspartyl-L-phenylalanine. Reactions leading to
      the desired product and by-products are all equilibrium reactions. It has
      been discovered that the reactions provide a large formation of
      .alpha.-L-aspartyl-L-phenylalanine alkyl ester by carrying out the
      esterification for purposes of illustration, in methanol in the presence
      of in excess of one mole of hydrogen chloride per mole of
      .alpha.-L-aspartyl-L-phenylalanine normally about 1.1 moles of hydrogen
      chloride per mole of .alpha.-L-aspartyl-L-phenylalanine. At about room
      temperature as much as about 40 to 45 percent of the
      .alpha.-L-aspartyl-L-phenylalanine is converted to
      .alpha.-L-aspartyl-L-phenylalanine methyl ester.
PAR  The .alpha.-L-aspartyl-L-phenylalanine alkyl ester can then be recovered.
      For instance, by subjecting the resulting reaction mass to partial
      neutralization to precipitate unreacted .alpha.-L-aspartyl-L-phenylalanine
      which can then be recovered by solid/liquid separation procedures. The
      remaining solution can then be treated, as by distillation to remove
      unreacted alkanol. The residual reaction mass can then be treated to
      recover the desired product. For instance, by treatment with a
      hydrochloric acid solution causing the precipitation of the hydrochloride
      salt of .alpha.-L-aspartyl-L-phenylalanine alkyl ester. The hydrochloride
      salt can then be recovered and converted to the desired product.
PAR  It has surprisingly been found that the hydrochloride salt of
      .alpha.-L-aspartyl-L-phenylalanine alkyl ester is significantly less
      soluble when compared to the other above-named compounds and can therefore
      be easily separated and recovered by solid/liquid separation in that form.
      Essentially all of the other compounds remain in the mother liquor and can
      be hydrolyzed to .alpha.-L-aspartyl-L-phenylalanine which can be recovered
      and/or recycled to the esterification reaction.
DETD
PAR  The following examples are given to illustrate the instant invention in
      detail. It is to be understood that the specific details given in the
      examples are not to be construed as limiting the scope of the invention.
PAR  The materials and procedures utilized in the thin layer chromatography
      (TLC) analyses in the examples are as follows:
PAL  A. plate
PA1  Silica Gel F on glass plate supplied by Brinkman Instrument Inc., Westbury,
      N. Y. 11590.
PAL  B. solvent systems
TBL  1.    chloroform      64%       (by volume)                               

           methanol        30%       "                                         

           acetic acid     2%        "                                         

           distilled water 4%        "                                         

     2.    n-propanol      70%       "                                         

           distilled water 10%       "                                         

           methanol        10%       .vertline.                                

           formic acid     10%       "                                         

PAL  C. detection Spray Solutions
PA1  1. 0.3 g. of ninhydrin dissolved in a mixture of 100 ml. of n-butanol and 3
      ml. of glacial acetic acid.
PA1  2. 1 g. of potassium iodide and 1 g. of soluble starch dissolved in 100 ml.
      of distilled water.
PAL  D. procedures
PA1  After spotting and development in the appropriate solvent system the plate
      was air dried for 30 min.
PA1  Ninhydrin spray -- The plate was sprayed and held in a 100.degree.C. oven
      for 15 min.
PA1  Starch-iodide spray -- The place was placed in a chamber saturated with
      t-butyl hypochlorite vapor for 15 minutes, air dried for 30 minutes then
      sprayed with freshly prepared starch-iodide solution.
PAC  EXAMPLE 1
PAC  N-Formyl-.alpha.-L-Aspartyl-L-Phenylalanine
PAR  Into a suitable reaction vessel at 45.degree.-50.degree.C., 34.6 g. (0.21
      mole) of L-phenylalanine is added in about 45 minutes to a mixture of 30
      g. (0.21 mole) of N-formyl-L-aspartic anhydride and 300 g. of glacial
      acetic acid. The resulting mixture is held for an additional 30 minutes,
      then cooled to 25.degree.C. The resulting crystalline product is collected
      by filtration and washed with 50 g. of glacial acetic acid. The yield of
      N-formyl-.alpha.-L-aspartyl-L-phenylalanine is 40.5 g., m.p.
      180.degree.-182.degree.C. TLC analysis of this product indicates no
      detectable .beta.-form contamination.
PAC  EXAMPLE 2
PAR  To a suitable reaction vessel is added 288 g. (2.82 mole) of acetic
      anhydride to 428 g. of 97% formic acid over a period of about 45 minutes
      at 25.degree.C., and held for an additional 45 minutes. 147 g. (1.1 mole)
      of L-aspartic acid is charged to the reaction vessel. The resulting
      solution is stirred for about 3.5 hours at 25.degree.C. Any excess formic
      acid is removed by fractional distillation. Sufficient glacial acetic acid
      is added so as to have a total of 972 g. of acetic acid present. At
      50.degree.C. 174 g. (1.05 mole) of L-phenylalanine is added with a screw
      feeder in 45 minutes. The resulting mass is held at 50.degree.C. for 30
      minutes, then allowed to cool to 25.degree.C. The crystalline
      N-formyl-.alpha.-L-aspartyl-L-phenylalanine is collected on a centrifuge
      and washed with 200 cc. of glacial acetic acid. Final dry weight of the
      product is 178 g., m.p. 182.degree. -184.degree.C. Thin layer
      chromatography indicated substantially pure
      N-formyl-.alpha.-L-aspartyl-L-phenylalanine with no detectable .beta.-form
      present.
PAC  EXAMPLE 3
PAC  .alpha.-L-Aspartyl-L-Phenylalanine
PAR  A mixture of 100 g. (0.322 mole) of
      N-formyl-.alpha.-L-aspartyl-L-phenylalanine and 59.7 g. of 37% HCl (0.607
      mole) in 392 cc. of water is heated at 60.degree.C. for 4-5 hours. The
      resulting solution is partially neutralized with 32.6 g. (0.41 mole) of
      50% NaOH, then cooled to 20.degree.-25.degree.C. The solid product formed
      was collected and washed with 50 cc. of cold water (5.degree.C.). The
      amount of .alpha.-L-aspartyl-L-phenylalanine recovered, first crop, is
      32.7 g.
PAR  The combined mother liquor and water wash from the first crop is further
      neutralized at 60.degree.C. with 17.6 g. (0.22 mole) of 50% NaOH. Cooling
      the reaction mass to 25.degree.C., and collecting the solid formed and
      washing with 50 cc. of cold water yields another 45 g. of
      .alpha.-L-aspartyl-L-phenylalanine. Total yield of
      .alpha.-L-aspartyl-L-phenylalanine is 77.7 g., [.alpha.].sub.D.sup.20 +
      30.2.degree., C=0.7, 75% aqueous acetic acid.
PAC  EXAMPLE 4
PAC  .alpha.-L-Aspartyl-L-Phenylalanine
PAR  To 441 g. of 97% formic acid in a 2 liter flask, equipped with stirrer, was
      added dropwise over 95 minutes 286 g. (2.8 mole) of acetic anhydride.
      After addition was complete, the solution was stirred 45 minutes at
      ambient temperature. To this solution was added 147 g. (1.1 mole) of
      L-aspartic acid in one portion and stirring was continued at ambient
      temperature for 3.5 hours. Excess formic acid was removed by fractional
      distillation at 30 to 60 mm. of vacuum. Acetic acid (244 g.) was added to
      the pot residue so as to have a total of 379 g. of acetic acid present.
PAR  To this solution of N-formyl-L-aspartic anhydride, at 50.degree.C., was
      added portionwise over 1 hour 174 g. (1.05 mole) of L-phenylalanine. The
      reaction mass was stirred at 50.degree.C. for 1.5 hour.
PAR  The resulting reaction mass, containing both the .alpha. and .beta.-form,
      was treated with 875 ml. of water and 195 g. of 37% hydrochloric acid and
      heated for 4 hours at 60`C. The product was precipitated from the
      foregoing hydrolysis solution by addition of 235.6 g. of 50% sodium
      hydroxide solution. The solids were separated by centrifugation and washed
      with 150 ml. of water. The cake was dried to yield 146.4 g. of product
      which was shown by thin layer chromatography to be
      .alpha.-L-aspartyl-L-phenylalanine with a purity greater than 95%;
      [.alpha. .sub.D.sup.20 + 27.7, C=0.9, 75% aqueous acetic acid.
PAC  EXAMPLE 5
PAC  .alpha.-L-Aspartyl-L-Phenylalanine
PAR  To a 50.degree.C. slurry of 6.0 g. (0.042 mole) of N-formyl-L-aspartic
      anhydride in 15.1 g. of acetic acid was added portionwise over 45 minutes,
      6.92 g. (0.042 mole) of L-phenylalanine. After addition was complete the
      mixture was stirred 30 minutes.
PAR  This reaction mass, containing both .alpha. and .beta.-forms, was treated
      with 35 ml. of water and 7.8 g. of 37% hydrochloric acid and stirred 4
      hours at 60.degree.C. The product was precipitated from the hydrolysis
      solution by addition of 8.1 g. of 50% sodium hydroxide solution. The
      solids were separated by filtration and washed with 5 ml. of water. The
      cake was dried to yield 7.1 g. of product which was shown by thin layer
      chromatography to be .alpha.-L-aspartyl-L-phenylalanine
      [.alpha.].sub.D.sup.20 + 29.5, C=.8, 75% aqueous acetic acid.
PAC  EXAMPLE 6
PAR  0.825 g. (5 mmole) of L-phenylalanine was dissolved in 20 ml. of water
      containing 0.5 g. (5 mmole) of triethylamine and the resulting solution
      was cooled in an icebath. 0.83 g. (5.5 mmole) of L-aspartic anhydride
      hydrochloride was added to the cooled, stirred solution over a period of
      five minutes. The anhydride dissolved instantly. The solution was stirred
      at 5.degree.C. for two hours, then allowed to warm to ambient temperatures
      with stirring.
PAR  Analysis of the reaction mixture by thin layer chromatography indicated
      that the mixture contained approximately 20%
      .alpha.-L-aspartyl-L-phenylalanine.
PAC  EXAMPLE 7
PAR  A solution of 46 mg. (0.16 mmole) of .alpha.-L-aspartyl-L-phenylalanine, 35
      mg. (0.18 mmole) of p-toluene sulfonic acid monohydrate and 0.5 ml. of
      anhydrous methanol was maintained at reflux temperature (64.7.degree.C.)
      for 1.5 hours. The resulting yields, based on the initial charge of
      .alpha.-L-aspartyl-L-phenylalanine, are as follows (by TLC):
     Product                %                                                  

     ______________________________________                                    

     .alpha.-L-aspartyl-L-phenylalanine                                        

     methyl ester           35-40                                              

     .alpha.-L-aspartyl-L-phenylalanine                                        

     (unreacted)            15-20                                              

     Aspartyl ester         15-20                                              

     Diester                10-15                                              

     ______________________________________                                    

PAC  EXAMPLE 8
PAR  A solution of 46 mg. (0.16 mmole) of .alpha.-L-aspartyl-L-phenylalanine,
      1.1 ml. of 0.37 N H.sub.2 SO.sub.4 --CH.sub.3 OH solution (contains 0.2
      mmole of H.sub.2 SO.sub.4) and 4 ml. of anhydrous methanol was maintained
      at reflux (64.7.degree.C.) for 1.5 hours. The resulting yields, based on
      the initial charge of .alpha.-L-aspartyl-L-phenylalanine, are as follows
      (by TLC):
TBL  Product                %                                                  

     ______________________________________                                    

     .alpha.-L-aspartyl-L-phenylalanine                                        

     methyl ester           15-20                                              

     .alpha.-L-aspartyl-L-phenylalanine                                        

     (unreacted)            35                                                 

     Aspartyl ester         10                                                 

     Diester                trace                                              

     ______________________________________                                    

PAC  EXAMPLE 9
PAR  A solution of 46 mg. (0.16 mmole) of .alpha.-L-aspartyl-L-phenylalanine,
      0.43 mmole of pyrophosphoric acid and 5 ml. of anhydrous methanol was
      maintained at reflux (64.7.degree.C.) for 3 hours. The resulting yields,
      based on the initial charge of .alpha.-L-aspartyl-L-phenylalanine, are as
      follows (by TLC):
TBL  Product                %                                                  

     ______________________________________                                    

     .alpha.-L-aspartyl-L-phenylalanine                                        

     methyl ester           20-25                                              

     .alpha.-L-aspartyl-L-phenylalanine                                        

     (unreacted)            35                                                 

     Aspartyl ester         20-25                                              

     Diester                 5-10                                              

     ______________________________________                                    

PAC  EXAMPLE 10
PAC  .alpha.-L-Aspartyl-L-Phenylalanine Methyl Ester
PAR  A solution of 1.86 g. of .alpha.-L-aspartyl-L-phenylalanine, 2.9 ml. of 2.6
      N hydrochloric acid in methanol and 7.2 ml. of methanol was stirred at
      30.degree.C. for 2 hours. The resulting yields, based on the initial
      charge of .alpha.-L-aspartyl-L-phenylalanine, are as follows (by TLC):
TBL  Product                %                                                  

     ______________________________________                                    

     .alpha.-L-aspartyl-L-phenylalanine                                        

     methyl ester           40-45                                              

     .alpha.-L-aspartyl-L-phenylalanine                                        

     (unreacted)            20-25                                              

     Aspartyl ester         15-20                                              

     Diester                15-20                                              

     ______________________________________                                    

PAC  EXAMPLE 11
PAR  Into a suitable reaction vessel, equipped with thermometer, stirrer and
      condenser charge 111.5 g. (0.4 mole) of
      .alpha.-L-aspartyl-L-phenylalanine. Add 500 ml. of CH.sub.3 OH and 132.5
      ml. of 3.42 N HCl in methanol. Stir and heat to 30.degree.C. for 2 hours.
      Cool to 25.degree.C. and add 9.5 ml. (0.12 mole) of 50% NaOH over 15
      minutes. Stir in an icebath for 1 hour and filter unreacted
      .alpha.-L-aspartyl-L-phenylalanine. Wash the
      .alpha.-L-aspartyl-L-phenylalanine cake with two 50 ml. portions of ice
      cold methanol. Dry the cake in a vacuum oven. 25 g. of
      .alpha.-L-aspartyl-L-phenylalanine (ca 90% pure) are recovered.
PAR  575 ml. of methanol is removed from the filtrate by distillation. 225 ml.
      of water and 41.5 ml. of 37% HCl (0.49 mole) is then added followed by
      stirring for 2 hours at 0.degree.-5.degree.C. Filter the solid
      hydrochloride salt of .alpha.-L-aspartyl-L-phenylalanine methyl ester and
      redissolve in 610 ml. of 50.degree.C. water. With 17.45 g. (0.22 mole) of
      50% NaOH adjust the pH of the resulting solution to 4-4.5 and stir for 2
      hours at 5.degree.C. Filter the .alpha.-L-aspartyl-L-phenylalanine methyl
      ester and wash with five 30 ml. portions of 0.degree.-5.degree.C. water.
      Dry the .alpha.-L-aspartyl-L-phenylalanine methyl ester in vacuum oven.
      The yield is 33.65 g. with a greater than 98% purity (by TLC).
PAC  EXAMPLE 12
PAC  .alpha.-L-Aspartyl-L-Phenylalanine Methyl Ester
PAR  A solution of 22.3 g. of .alpha.-L-aspartyl-L-phenylalanine, 24.3 ml. of
      3.76 N hydrochloric acid in methanol and 25 ml. of methanol was stirred at
      30.degree.C. for 1.5 hours. After the esterification reaction was
      completed, 2.85 g. of 50% sodium hydroxide solution was added dropwise
      over a 12 min. period to precipitate the unreacted
      .alpha.-L-aspartyl-L-phenylalanine. The reaction mass was stirred 45
      minutes at ambient temperature. The crystalline
      .alpha.-L-aspartyl-L-phenylalanine was removed by filtration. The
      .alpha.-L-aspartyl-L-phenylalanine cake was washed with two 10 ml.
      portions of methanol and dried to yield 6.5 g. of
      .alpha.-L-aspartyl-L-phenylalanine (ca 90% pure by TLC).
PAR  The filtrate and washings were returned to the reaction vessel and the
      methanol was removed by vacuum distillation. To the residue after
      distillation was added 45 ml. of water and 8.3 ml. of 37% hydrochloric
      acid. The reaction mass was stirred at 0.degree.-5.degree.C. for 1.5
      hours, and the solid hydrochloride salt of
      .alpha.-L-aspartyl-L-phenylalanine methyl ester was recovered by
      filtration.
PAR  The recovered cake was dissolved in 120 ml. of 50.degree.C. water and the
      pH of the resulting solution was adjusted to 4.5 by addition of 3.2 g. of
      50% sodium hydroxide solution. The resulting mass was stirred for 1.5
      hours at 0.degree.-5.degree.C. and the precipitated
      .alpha.-L-aspartyl-L-phenylalanine methyl ester was recovered by
      filtration. The recovered cake was washed with five 6 ml. portions of
      0.degree.-5.degree.C. water and then dried to yield 6.7 g. of
      .alpha.-L-aspartyl-L-phenylalanine methyl ester having a purity of greater
      than 98% (by TLC).
PAR  While the illustrative embodiments of the invention have been described
      hereinbefore with particularity it will be understood that various other
      modifications will be apparent to and can be readily made by those skilled
      in the art without departing from the scope and spirit of the invention.
      Accordingly, it is not intended that the scope of the claims appended
      hereto be limited to the examples and descriptions set forth herein but
      rather that the claims be construed as encompassing all the features of
      patentable novelty which reside in the present invention including all
      features which would be treated as equivalents thereof by those skilled in
      the arts to which the invention pertains.
CLMS
STM  The embodiments of this invention in which an exclusive property or
      privelege is claimed are defined as follows:
NUM  1.
PAR  1. A process comprising reacting an N-protected-L-aspartic anhydride with
      L-phenylalanine to form N-protected-.alpha.-L-aspartyl-L-phenylalanine
      wherein the N-protecting group is selected from the group consisting of
      formyl, acetyl, benzoyl, substituted and unsubstituted carbobenzoxy,
      t-butoxycarbonyl and the hydrohalide salts, removing the protecting group
      from the N-protected-.alpha.-L-aspartyl-L-phenylalanine to form
      .alpha.-L-aspartyl-L-phenylalanine and esterifying the
      .alpha.-L-aspartyl-L-phenylalanine with an alkanol having from 1 to 3
      carbon atoms to form the corresponding .alpha.-L-aspartyl-L-phenylalanine
      alkyl ester which is recovered.
NUM  2.
PAR  2. A process according to claim 1 wherein the N-protected-L-aspartic
      anhydride is N-formly-L-aspartic anhydride.
NUM  3.
PAR  3. A process according to claim 2 wherein the N-formyl-L-aspartic anhydride
      is reacted with L-phenylalanine in the presence of glacial acetic acid.
NUM  4.
PAR  4. A process according to claim 2 wherein the formyl group is removed from
      N-formyl-.alpha.-L-aspartyl-L-phenylalanine by hydrolysis.
NUM  5.
PAR  5. A process according to claim 4 wherein the hydrolysis is carried out by
      treating the N-formyl-.alpha.-L-aspartyl-L-phenylalanine with an aqueous
      solution of hydrogen chloride.
NUM  6.
PAR  6. A process according to claim 1 wherein the esterification is conducted
      in the presence of hydrogen chloride.
NUM  7.
PAR  7. A process according to claim 1 wherein the
      .alpha.-L-aspartyl-L-phenylalanine alkyl ester is recovered in the form of
      an acid salt.
NUM  8.
PAR  8. A process according to claim 7 wherein the acid salt is hydrochloride
      salt.
NUM  9.
PAR  9. A process according to claim 1 wherein the alkanol is methanol.
NUM  10.
PAR  10. A process according to claim 9 wherein the esterification is conducted
      in the presence of hydrogen chloride.
NUM  11.
PAR  11. A process according to claim 10 wherein the
      .alpha.-L-aspartyl-L-phenylalanine methyl ester is removed in the form of
      a hydrochloride salt.
NUM  12.
PAR  12. A process comprising reacting N-formyl-aspartic anhydride with
      l-phenylalanine in glacial acetic acid to form
      N-formyl-.alpha.-L-aspartyl-L-phenylalanine, removing the formyl group
      from N-formyl-.alpha.-L-aspartyl-L-phenylalanine by hydrolysis with an
      aqueous solution of hydrogen chloride and esterifying the resulting
      .alpha.-L-aspartyl-L-phenylalanine with methanol in the presence of
      hydrogen chloride to form .alpha.-L-aspartyl-L-phenylalanine methyl ester
      and recovering the .alpha.-L-asparatyl-L-phenylalanine methyl ester.
NUM  13.
PAR  13. N-protected- .alpha.-L-aspartyl-L-phenylalanine.
NUM  14.
PAR  14. N-formyl-.alpha.-L-aspartyl-L-phenylalanine.
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PAL  (N-Acetyl)-Pro-D-Phe-Trp-Ser-Tyr-D-Ala-Leu-Arg-Pro-NHEt, is described as
      well as its synthesis by solid phase techniques and novel intermediates
      formed by such synthesis. The novel non-apeptide exhibits and
      anti-ovulatory activity in mammals.
BSUM
PAR  This invention relates to the novel nonapeptide
      (N-Acetyl)-Pro-D-Phe-Trp-Ser-Tyr-D-Ala-Leu-Arg-Pro-NHEt, its process of
      manufacture and novel intermediates formed in such synthesis.
PAR  The luteinizing hormone releasing factor (hereafter called LRF) is the
      decapeptide,
      L-(5-oxoprolyl)-L-histidyl-L-tryptophyl-L-seryl-L-tyrosyl-glycyl-L-leucyl-
     L-arginyl-L-prolylglycineamide. This decapeptide is secreted by the
      hypothalamus and carried to the adenohypophysis where it stimulates the
      release of the luteinizing hormone and the follicle stimulating hormone.
      Coy et al., Biochemistry, 13, No. 2. pp 323-26 (1974) describe
      [des-Gly.sup.10 ]-LRF ethylamide, [des-His.sup.2,-des-Gly.sup.10 ]-LRF
      ethylamide and [des-Trp.sup.3 -des-Gly.sup.10 ]-LRF ethylamide. In
      copending application Ser. No. 402,958 filed Oct. 3, 1973, now U.S. Pat.
      No. 3,855,199, there is described [D-Phe.sup.2 -D-Ala.sup.6 ]-LRF as
      having anti-ovulatory activity.
PAR  The present invention concerns itself with structural modifications of LRF
      which exhibit anti-ovulatory activity.
PAR  The novel peptides of the present invention are represented by the
      compounds of the formula:
EQU  (N-Acetyl)-Pro-D-Phe-Trp-Ser-Tyr-D-Ala-Leu-Arg-Pro-NHEt    I
PAL  and its non-toxic salts. All chiral amino acid residues identified in
      formula I supra, and the other formulas hereinafter are of the natural or
      L-configuration unless specified otherwise. The symbol "Et" means ethyl.
PAR  Also contemplated within the scope of the present invention are
      intermediates of the formula
EQU  R-Pro-D-Phe-Trp-Ser(R.sup.3)-Tyr(R.sup.2)-D-Ala-Leu-Arg(N.sup.G
      -R.sup.1)-Pro-R.sup.4                                     II
PAL  wherein:
PAR  R is selected from the class consisting of hydrogen, acetyl and an
      .alpha.-amino protecting group. The .alpha.-amino protecting group
      contemplated by R are those known to be useful in the art in the step-wise
      synthesis of polypeptides. Among the classes of .alpha.-amino protecting
      groups covered by R are (1) acyl type protecting groups illustrated by the
      following: formyl, trifluoroacetyl, toluenesulfonyl (tosyl),
      nitrophenylsulfenyl, etc.; (2) aromatic urethan type protecting groups
      illustrated by benzyloxycarbonyl and substituted benzyloxycarbonyl such as
      p-chlorobenzyloxycarbonyl, p-nitrobenzyloxycarbonyl,
      p-bromobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl; (3) aliphatic
      urethan protecting groups illustrated by tert-butyloxycarbonyl,
      diisopropylmethoxycarbonyl, isopropyloxycarbonyl, allyloxycarbonyl; (4)
      cycloalkyl urethan type protecting groups illustrated by
      cyclopentyloxycarbonyl, adamantyloxycarbonyl, cyclohexyloxycarbonyl; and
      d-isobornyloxycarbonyl; (5) thio urethan type protecting groups such as
      phenylthiocarbonyl; (6) alkyl type protecting groups as illustrated by
      triphenylmethyl (trityl), benzyl; (7) trialkylsilane groups such as
      trimethylsilane. The preferred .alpha.-amino protecting group defined by R
      are selected from the class consisting of benzyloxycarbonyl,
      tert-butyloxycarbonyl, tert-amyloxycarbonyl and d-isobornyloxycarbonyl;
PAR  N.sup.G means the side chain nitrogen atoms of arginine;
PAR  R.sup.1 is a protecting group for the N.sup..delta., N.sup..omega. and
      N.sup..omega..sup.' nitrogen atoms of arginine selected from the class
      consisting of nitro, tosyl, benzyloxycarbonyl, and adamantyloxycarbonyl;
      or R.sup.1 is hydrogen which means there are no protecting groups on the
      side chain nitrogen atoms of arginine. Where the protecting group is nitro
      or tosyl, the protection is on either one of the N.sup..omega.,
      N.sup..omega..sup.' nitrogens and in the case of benzyloxycarbonyl, or
      adamantyloxycarbonyl, the protection is on the N.sup..delta. nitrogen and
      either one of the N.sup..omega., N.sup..omega..sup.' nitrogen atoms. The
      preferred protecting group defined by R.sup.1 is tosyl;
PAR  R.sup.2 is a protecting group for the phenolic hydroxyl group of tyrosine
      selected from the group consisting of tetrahydropyranyl, tert-butyl,
      trityl, benzyl, 2,6-dichlorobenzyl, benzyloxycarbonyl and
      4-bromobenzyloxycarbonyl. The preferred protecting group is
      2,6-dichlorobenzyl or benzyl; R.sup.2 is hydrogen which means there is no
      protecting group on the phenolic hydroxy function;
PAR  R.sup.3 is a protecting group for the alcoholic hydroxyl group of serine
      and is selected from the group consisting of acetyl, benzyl,
      tetrahydropyranyl, tert-butyl, trityl, benzyl, 2,6-dichlorobenzyl or
      R.sup.3 is hydrogen which means there is no protecting group on the
      alcoholic oxygen atom. Preferably R.sup.3 is benzyl;
PAR  R.sup.4 is selected from the group consisting of OH, N.sub.3, NHNH.sub.2,
      O-(lower)alkyl in which (lower)alkyl is C.sub.1 through C.sub.6 (e.g.
      methyl, ethyl, pentyl, isopropyl, hexyl, etc.), O-benzyl and an anchoring
      bond used in solid phase peptide synthesis linked to a solid polystyrene
      resin support represented by the formula:
      ##EQU1##
PAR  The polystyrene resin support is preferably a copolymer of styrene with
      about 1 to 2% divinyl benzene as a cross linking agent which causes the
      polystyrene polymer to be completely insoluble in most organic solvents.
      The polystyrene polymer is composed of long alkyl chains bearing a phenyl
      ring on every second carbon and the terminal amino acid residue (Pro) is
      joined through a covalent carbon to nitrogen or oxygen bond to these
      phenyl rings. The alkyl chains are cross linked at approximately every
      fiftieth carbon by p-substituted phenyl residues derived from divinyl
      benzene.
PAR  In selecting a particular side chain protecting group to be used in the
      synthesis of the peptides of formula (I), the following rules should be
      followed: (a) the protecting group must be stable to the reagent and under
      the reaction conditions selected for removing the .alpha.-amino protecting
      group at each step of the synthesis, (b) the protecting group must retain
      its protecting properties, (i.e. not be split off under coupling
      conditions), and (c) the side chain protecting group must be removable
      upon the completion of the synthesis containing the desired amino acid
      sequence under reaction conditions that will not alter the peptide chain.
PAR  Illustrative of pharmaceutically acceptable, non-toxic salts of formula I
      are hydrochloride, hydrobromide, sulfate, phosphate, maleate, acetate,
      citrate, benzoate, succinate, malate, ascorbate, and the like.
PAR  The nonapeptides of formulas (I) and (II) are prepared using solid phase
      synthesis. The synthesis is commenced from the C-terminal end of the
      peptide using an .alpha.-amino protected resin. Such a starting material
      can be prepared by attaching an .alpha.-amino protected proline to a
      chloromethylated resin or a hydroxymethyl resin, the former being
      preferred. The preparation of the hydroxymethyl resin is described by
      Bodanszky et al., Chem. Ind. (London) 38, 1597-98 (1966). A
      chloromethylated resin is commercially available from Bio Rad Laboratories
      Richmond, California and the preparation of such a resin is described by
      Stewart et al., "Solid Phase Peptide Synthesis" (Freeman & Co. San
      Francisco 1969), Chapter 1, pp 1-6.
PAR  The .alpha.-amino protected proline is coupled to the chloromethylated
      resin according to the procedure of Gisin, Helv. 56, p 1476 (1973).
      Following the coupling of the .alpha.-amino protected proline to the resin
      support, the .alpha.-amino protecting group is removed such as by using
      trifluoroacetic acid in dichloromethane, trifluoroacetic acid alone or HCl
      in dioxane. The deprotection is carried out at a temperature between about
      0.degree.C and room temperature. Other standard cleaving reagents and
      conditions for removal of specific .alpha.-amino protecting groups may be
      used as described in Schroder & Lubke, "The Peptides," 1 72-75 (Academic
      Press 1965). After removal of the .alpha.-amino protecting group the
      remaining .alpha.-amino protected amino acids are coupled step-wise in the
      desired order to obtain a compound of formula (I). However, as an
      alternate to adding each amino acid separately to the reaction, some of
      them may be coupled prior to addition to the solid phase reactor. Each
      protected amino acid or amino acid sequence, is introduced into the solid
      phase reactor in about a four-fold excess and the coupling is carried out
      in a medium of dimethylformamide: dichloromethane (1:1) or
      dimethylformamide or dichloromethane alone. In cases where incomplete
      coupling occurs the coupling procedure is repeated before removal of the
      .alpha.-amino protecting group, prior to the coupling of the next amino
      acid to the solid phase reactor. The success of the coupling reaction at
      each stage of the synthesis is monitored by the ninhydrin reaction as
      described by E. Kaiser et al., Analyt. Biochem, 34, 595 (1970).
PAR  After the desired amino acid sequence has been synthesized, the compound of
      formula I is preferably obtained by first acetylating with acetic
      anhydride to obtain
      (N-acetyl-Pro-D-Phe-Trp-Ser(R.sup.3)-Tyr(R.sup.2)-D-Ala-Leu-Arg(N.sup.G
      -R.sup.1)-Pro-solid polystyrene resin support (IV) after which the
      protected peptide is removed from the resin by ammonalysis by treatment
      with ethylamine to obtain
      (N-acetyl)-Pro-D-Phe-Trp-Ser(R.sup.3)-Tyr(R.sup.2)-D-Ala-Leu-Arg(N.sup.G
      -R.sup.1)-Pro-NHEt (V) after which the side chain protecting groups are
      cleaved by treatment of the nonapeptide of formula IV with hydrogen
      fluoride or other known prior art cleaving reagents to obtain a compound
      of formula I. Another route for obtaining the compound of formula I is to
      treat the acetylated and protected nonapeptide of formula IV with
      hydrazine in dimethylformamide to obtain
      N(acetyl)-Pro-D-Phe-Trp-Ser(R.sup.3)-Tyr(R.sup.2)-D-Ala-Leu-Arg(N.sup.G
      -R.sup.1)-Pro-NHNH.sub.2 (VI) which is converted to the corresponding
      azide by reaction with a reagent that will yield nitrous acid in situ.
      Suitable reagents for this purpose include a lower alkyl nitrite (e.g.
      isoamyl nitrite, tert-butyl nitrite) in the presence of a strong acid such
      as hydrochloride. This azide is then reacted with ethylamine to obtain a
      compound of formula V. Another alternate route for obtaining a compound of
      formula I is to simply cleave the acetylated protected nonapeptide of
      formula IV with hydrogen fluoride to obtain
      (N-acetyl-Pro-D-Phe-Trp-Ser-Tyr-D-Ala-Leu-Arg-Pro-OH (VII) after which
      this compound can be converted to a compound of formula I by activating
      the carboxyl group and then reacting the activated group with ethylamine.
      As an alternative to forming the free acid VII, a lower alkyl ester or
      benzyl ester can be formed such as by cleaving the peptide from the resin
      by methanolysis or by other means. A further alternative to obtaining the
      compound of formula I is to first obtain
      H-Pro-D-Phe-Trp-Ser-Tyr-D-Ala-Leu-Arg-Pro-NHEt and then acetylate with
      p-nitrobenzyl acetate. It should be apparent that the acetylation can be
      carried out either prior to or after removal of the protecting groups.
DETD
PAR  The following examples are illustrative of the preparation of the compounds
      of formulas I and II.
PAC  EXAMPLE 1
PAC  Preparation of tert-butoxycarbonylproline resin [method of Gisin, Helv,
      Chim. Acta, 56, 1476 (1973)]
PAR  tert-Butoxycarbonylproline (5.8 g., 27 mmoles) in an ethanol (35 ml.)-water
      (15 ml.) mixture is treated with concentrated aqueous cesium hydrogen
      carbonate solution until the pH of the solution reaches 7. The reaction
      mixture is stripped and dried by repeated stripping using ethanol,
      ethanol-benzene, benzent (three times). The foam residue is dried over
      phosphorus pentoxide, in vacuo at room temperature overnight.
PAR  The total product in dimethylformamide (275 ml.) is stirred overnight at
      50.degree., under nitrogen, with Bio-Beads S.X. 1 Resin (chloromethylated
      capacity 0.89/meq./g.). The filtered resin is washed thoroughly with
      dimethylformamide (twice), dimethylformamide-10% water (twice),
      dimethylformamide (twice), methanol (twice), chloroform (thrice) and dried
      over P.sub.2 O.sub.5. Amino acid analysis indicates a substitution on the
      resin of 0.64 meq./g.
PAR  In a similar experiment using chloromethylated resin with a capacity of
      0.69 meq./g. a substitution of 0.5 meq./g. is obtained.
PAC  EXAMPLE 2
PAC  N-Acetyl-L-propyl-D-phenylalanyl-L-tryptophyl-O-benzyl-L-seryl-O,
      2,6-dichlorobenzyl-L-tyrosyl-D-alanyl-L-leucyl-N.sup.g
      -tosyl-L-arginyl-L-prolyl acyl resin ester
PAR  t-Boc-prolyl acyl resin ester (20 g.) obtained in Example 1 in a Merrifield
      vessel is treated to the following wash cycle (a) methylene
      chloride-trifluoroacetic acid prewash (5 minutes), (b) methylene
      chloride-trifluoroacetic acid (2 .times. 15 minutes), (c) methylene
      chloride (twice), (d) dimethylformamide, (3) dimethylformamide -- 12.5%
      triethylamine (2 .times. 10 minutes), (f) dimethylformamide, (g) methylene
      chloride (twice), (h) methanol (twice), (i) methylene chloride (thrice),
      allowing a contact time of at least 3 minutes each if not indicated
      otherwise.
PAR  The resin so prepared is gently shaken with t-Boc-N.sup.g -tosyl arginine
      (25 meq.) in 1:1 methylene chloride-dimethylformamide during 5 minutes
      followed by the addition of 1M dicyclohexylcarbodiimide (25 ml., 25 meq.)
      in two portions 30 minutes apart. Shaking is continued during 18 hours.
      The peptide resin is washed successively with (j) methanol, (k) methylene
      chloride, (l) methanol (twice), (m) methylene chloride (twice). Normally
      to test for completeness of reaction, the peptide-resin is subjected to a
      ninhydrin test following the procedure of E. Kaiser et al., Analytical
      Biochemistry 34, 595 (1970). Proline, however, is anomalous giving a weak
      color reaction in the above test so that coupling is repeated using 8.3
      mmoles t-Boc-N.sup.g -tosyl-arginine and 8.3 mmoles DCC.
PAR  The following amino acid residues are introduced sequentially onto a washed
      (steps (j)-(m), deprotected and neutralized, steps (a)-(i)) peptide resin,
      t-Boc-L-leucine hydrate (25 meq.), t-Boc-D-alanine (25 meq.),
      t-Boc-0-2,6-dichlorobenzyl-L-tyrosine (25 meq.), t-Boc-0-benzyl-L-serine
      (25 meq.), t-Boc-L-tryptophan (25 meq.). All couplings are mediated using
      25 meq. 1M dicyclohexylcarbodiimide in methylene chloride as described for
      the addition of t-Boc-N.sup.g -tosyl-arginine except for the case of
      t-Boc-L-leucine, the DCC reagent being added first to reduce the
      possibility of peptide loss via diketo piperazine formation, cf. B. F.
      Gisin & R. B. Merrifield, J. Amer. Chem. Soc., 94, 3102 (1972). At this
      point, the washed and dried resin weighs 30 g. The synthesis is continued
      with 3.5 g. peptide-resin, t-Boc-L-proline (5 meq.) and 5 meq. 1M
      dicyclohexylcarbodiimide in methylene chloride as described above but
      modified by the addition of 5% (volume) of ethane-dithiol to deprotection
      steps (a) and (b) for this and in the terminal acylation sequence. The
      washed peptide-resin is deprotected and neutralized steps (a)-(i), washed
      with dimethylformamide and acetylated by shaking with acetic anhydride (5
      ml.) and triethylamine (7.6 ml.) in dimethylformamide during 3 hours. The
      resin is washed with dimethylformamide (thrice), CH.sub.2 Clhd 2, methanol
      (thrice), CH.sub.2 Cl.sub.2 (thrice) and dried to give the above-titled
      product.
PAC  EXAMPLE 3
PAC  N-Acetyl-L-prolyl-D-phenylalanyl-L-tryptophyl-O-benzyl-L-seryl-O,2,6-dichlo
     robenzyl-L-tyrosyl-D-alanyl-L-leucyl-N.sup.g
      -tosyl-L-arginyl-N-ethyl-L-prolinamide
PAR  Protected peptide-resin (ca. 3.7 g.) from Example 2 and ethylamine (120
      ml.) are stirred overnight in a glass pressure bottle, Ethylamine is
      removed under reduced pressure and the residue is washed with methanol,
      dimethylformamide (four times), methanol and methylene chloride. The
      combined filtrates are evaporated in vacuo below 35.degree.C to give,
      after reprecipitation from methanol solution with ether, the above-titled
      compound (0.9 g.).
PAC  EXAMPLE 4
PAC  N-Acetyl-L-prolyl-D-phenylalanyl-L-tryptophyl-L-seryl-L-tyrosyl-D-alanyl-L-
     leucyl-L-arginyl-N-ethyl-L-prolinamide
PAR  The product of Example 3 (0.9 g.) is treated in vacuo with anhydrous liquid
      hydrogen fluoride (60 ml.) and anisole (15 ml.) for 1 hour at 0.degree.C.
      Hydrogen fluoride is removed under reduced pressure and the residue
      distributed between ether and 10% aqueous acetic acid, both layers are
      backwashed with the other solvent and the combined aqueous extracts
      lyophilized to afford the crude above-titled compound.
PAR  The total product is applied to a column (100 .times. 2 1/2 cm.) of
      Sephadex G-15 fine previously equilibrated with aqueous acetic acid (33
      1/3%). Peptide material is located by Ehrlich spot test and UV analysis at
      280 m.mu.. One major fraction (dropmeter setting 200 drops/tube), tubes
      28-40 (600 mg.), are obtained. The product is rechromatographed on a
      partition column of Sephadex G-25 fine, (prepared by equilibration with
      lower phase and then upper phase of the system, n-butanol:acetic
      acid:water, 4:1:5). Elution with upper phase affords a fraction located as
      above in tubes (dropmeter setting 240 drops/tube) 43-55 (250 mg.).
PAR  The following R.sub.f 's are obtained in 2 different solvent systems by
      thin layer chromatography on silica: n-butanol:acetic acid:water (4:1:5,
      upper phase), 0.55; n-butanol:pyridine:acetic acid:water (5:5:1:3) 0.77;
      n-butanol:ethyl acetate:acetic acid: water (1:1:1:1) .36.
      [.alpha.].sub.D.sup.25 = -41.8 (c, 1.038, 1% HOAc).
PAR  Amino acid analysis of the peptide hydrolyzed in 6N HCl containing 4%
      thioglycollic acid for 20 hours at 110.degree.C in a closed system under
      nitrogen gave: Ser (.98); Pro (2.0); Ala (1.0); Leu (.99); Tyr (.93); Phe
      (.98); Trp (.83); Arg (-not significant due to overlap with EtNH.sub.2
      peak).
PAR  The compounds of formula I possess anti-ovulatory activity and hence are
      potentially useful in inhibiting fertility in female mammals. In tests
      conducted with female rats (225 to 250 grams body weight) complete
      ovulation inhibition was achieved in 80% of the rats tested at a dose of
      about 12 mg/kg. The test was conducted with mature Sprague-Dawley rats,
      normally cycling, unanesthetized, proestrous rats. On the afternoon of
      proestrous, each rat in the test group received six subcutaneous
      injections of the acetate salt of formula I in corn oil, each injection
      being given a half hour following the previous injection. The rats are
      sacrificed the next morning and the number of animals ovulating and the
      number of ova shed are recorded following the procedure described by E. S.
      France, Neuroendocrinology 6, pp 77-89 (1970). The absence of or a
      significant decrease in the number of ova is the criterion for an
      anti-ovulation effect. At a dose of 1 mg per injection inhibition of
      ovulation was achieved in 80% of the rats tested. In contrast the
      nonapeptide p-Glu-D-Phe-Trp-Ser-Tyr-D-Ala-Leu-Arg-Pro-NHEt was found to be
      devoid of antiovulatory activity in the foregoing test.
PAR  The compounds of formula I can be administered to mammals intravenously,
      subcutaneously, intramuscularly or orally for fertility inhibition and
      control. The effective dosage will vary with the form of administration
      and the particular species of mammal to be treated. A typical dosage is a
      physiological saline solution containing a compound of formula I
      administered in a dose range of between about 20 to 30 mg/kg of body
      weight. Oral administration may be in either solid or liquid form.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from the group consisting of
      (N-Acetyl)-L-Pro-D-Phe-L-Trp-L-Ser-L-Tyr-D-Ala-L-leu-L-Arg-L-Pro-NHEt and
      its non-toxic salts.
NUM  2.
PAR  2. A compound selected from the group consisting of
      R-L-Pro-D-Phe-L-Trp-L-Ser(R.sup.3)-L-Tyr(R.sup.2)-D-Ala-L-Leu-L-Arg(N.sup.
     G -R.sup.1)-L-Pro-R.sup.4 and their salts; wherein:
PA1  R is selected from the class consisting of hydrogen, acetyl and an
      .alpha.-amino protecting group;
PA1  R.sup.1 is selected from the class consisting of hydrogen and a protecting
      group for the N.sup..delta., N.sup..omega. and N.sup..omega..sup.'
      nitrogen atoms of arginine selected from nitro, tosyl, benzyloxycarbonyl
      and adamantyloxycarbonyl;
PA1  R.sup.2 is selected from the class consisting of hydrogen and a protecting
      group for the phenolic hydroxyl group of tyrosine selected from
      tetrahydropyranyl, tert-butyl, trityl, benzyl, 2,6-dichlorobenzyl,
      benzyloxycarbonyl and 4-bromobenzyloxycarbonyl;
PA1  R.sup.3 is selected from the class consisting of hydrogen and a protecting
      group for the alcoholic hydroxyl group of serine selected from the group
      acetyl, benzoyl, tetrahydropyranyl, tert-butyl, trityl, benzyl and
      2,6-dichlorobenzyl; and
PA1  R.sup.4 is selected from the group consisting of Oh, NHNH.sub.2, N.sub.3,
      O-(lower)alkyl, 0-benzyl and an anchoring bond used in solid phase peptide
      synthesis linked to a solid resin support represented by
      ##EQU2##
      wherein said polystyrene is cross linked through the phenyl group on each
      second carbon atom of the alkyl chain of said polystyrene.
NUM  3.
PAR  3. A compound according to claim 2 wherein R.sup.4 is represented by said
      solid polystyrene support.
NUM  4.
PAR  4. A compound according to claim 3 wherein R is acetyl.
NUM  5.
PAR  5. A compound according to claim 4 wherein R.sup.1 is tosyl, R.sup.2 is
      2,6-dichlorobenzyl and R.sup.3 is benzyl.
NUM  6.
PAR  6. A compound according to claim 2 wherein R is hydrogen, each of R.sup.1,
      R.sup.2 and R.sup.3 is a protecting group and R.sup.4 is represented by
      said solid polystyrene resin.
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PAL  Amino acids having masked amino groups react with amino acids having masked
      carboxyl groups to form peptide derivatives in good yields if the reaction
      medium contains an isonitrile. Isonitriles also are effective in causing
      condensation of amino acids having masked amino groups with compounds
      having active hydroxyl groups to the corresponding amino acid esters. The
      yields of the first-mentioned reaction are enhanced if the reaction
      mixture additionally contains one of the compounds having active hydroxyl
      groups. Both the peptide derivatives and the amino acid esters of the
      compounds having active hydroxyl groups are useful for peptide synthesis.
PARN
PAR  This application is a division of the copending application Ser. No.
      317,921, filed Dec. 26, 1972, and now U.S. Pat. No. 3,872,099.
BSUM
PAR  This invention relates to peptide synthesis, and particularly to the
      production of active esters of amino acids and oligopeptides suitable for
      N-acylation of other amino acids or peptides and for the formation or
      extension of a peptide chain resulting from the acylation.
PAR  Such active esters were prepared heretofore from amino acids and
      oligopeptides by condensation in the presence of an N,N'-disubstituted
      carbodiimide. The latter forms substantial amounts of urea derivatives
      which are not readily removed from the desired product and are reconverted
      to the carbodiimide derivative only with much difficulty when they can be
      isolated from the reaction mixture.
PAR  It has now been found that isonitriles generally are as effective as the
      known carbodiimide derivatives in promoting the condensation of amino
      acids and oligopeptides to active esters, that the yields of the desired
      products are better, and that any by-products which may be formed are
      readily separated from the desired active ester.
PAR  The invention provides a method in which an amino acid having a masked
      amino group and an available carboxyl group, hereinafter also referred to
      as an N-protected amino acid, is contacted with at least one member of the
      group consisting of a compound having an active hydroxyl group and an
      amino acid having a masked carboxyl group and an available amino group,
      hereinafter also referred to as a carboxyl-protected amino acid, in a
      liquid reaction system in the presence of an isonitrile until a peptide or
      an ester of an amino acid derivative active for peptide synthesis is
      formed, whereupon the last-mentioned peptide or ester is recovered.
PAR  The term "amino acid," as employed in this specification and the appended
      claims, embraces oligopeptides having the free and available amino and
      carboxyl groups of an amino acid unless specifically stated otherwise, and
      constituted by more than one amino acid unit connected by peptide linkage.
PAR  The starting materials having protected amino or carboxyl groups may be
      derived in a conventional manner from any amino acid or oligopeptide, and
      the many masking groups in common usage in peptide chemistry may be
      employed in preparing starting materials for the reaction of the
      invention. Suitable masking groups for amino groups thus include, but are
      not limited to, carbobenzoxy, tert-butyloxycarbonyl, phthalyl, formyl,
      tosyl, and o-nitrophenylsulfenyl. The carboxyl groups may be masked by
      conversion to esters, amides, or salts. The lower alkyl esters, such as
      the methyl, ethyl, tert-butyl esters, and benzyl esters are preferred
      because of their convenient accessibility and generally relatively low
      cost, but the potassium and sodium salts and amides also may be employed.
PAR  If the amino acids and peptides employed as starting materials have
      secondary, reactive, functional groups, it is often desirable to mask them
      also to avoid the formation of byproducts. Such secondary functional
      groups are present, for example, in basic amino acids having more than one
      amino group, such as lysine and arginine, acidic amino acids having more
      than one carboxyl group such as aspartic and glutamic acid, amino acids
      having mercapto groups such as cysteine, and the peptides containing units
      of such polyfunctional amino acids.
PAR  The compounds having active hydroxyl groups that may be combined with
      N-protected amino acids in the presence of an isonitrile to form esters
      are a broad class, and many have been enumerated in a recent paper (J.
      Synthetic Organic Chemistry, Japan, 29 [1971]27). The compounds listed in
      the paper are useful in this invention without exception. They include
      p-nitrophenol, chlorinated phenols including the tri- and
      tetrachlorophenols, N-hydroxysuccinimide, N-hydroxybenzotriazole,
      8-hydroxyquinoline, and N-hydroxypiperidine.
PAR  The mole ratio of the reactants in the method of this invention is not
      critical. They usually react in equimolar amounts, and any excess present
      may remain unchanged. It is normally most economical to prpeare the
      reaction mixture from equimolar amounts of the amino acid having a masked
      amino group and the amino acid having a masked carboxyl group and/or the
      compound having an active hydroxyl group. In the reaction of an
      N-protected amino acid with a carboxy-protected amino acid, better yields
      are achieved when the former is employed in slight molar excess.
PAR  The NC group is the active moiety in the isonitriles employed as condensing
      agents, and any isonitrile free from obviously interfering functional
      groups is suitable. Alkyl, alkenyl, aryl, and aralkyl isonitriles are
      preferred. They may have functional substituents which do not interfere
      with the desired reaction, such as halogen, nitro, or ester groups.
      Conveniently available condensation agents of the invention thus include
      isopropyl isonitrile, n-butyl isonitrile, tert-butyl isonitrile, phenyl
      isonitrile, and benzyl isonitrile, also allyl isonitrile. They should be
      present in an amount of at least one mole per mole of the amino acid
      having a masked amino group to be fully effective, and incomplete
      conversion of the principal reactants occurs in the presence of a smaller
      amount of condensing agent. An excess of the isonitrile over the minimum
      amount is not normally harmful though wasteful if it exceeds 100 percent.
PAR  The reaction is carried out in a liquid medium, and the mixture of
      reactants and of the isonitrile may constitute such a medium, an excess of
      the isonitrile providing improved liquidity. The reaction also takes place
      in aqueous solution, but it is preferably carried out in a suitable amount
      of inert organic solvent such as methylene chloride, chloroform, ethylene
      dichloride, ethyl ether, tetrahydrofuran, dioxane, ethyl acetate,
      acetonitrile, or dimethylformamide.
PAR  The sequence in which the ingredients of the reaction mixture are combined
      is not critical. In the reaction of an N-protected amino acid with a
      carboxyl-protected amino acid, better yields are achieved when the
      carboxyl-protected amino acid is added last, or even in several spaced
      batches while the reaction proceeds.
PAR  The reaction occurs over the wide range of temperatures in which the
      reaction system is liquid, and the time required to achieve a desired
      conversion rate is normally inversely proportional to the temperature. The
      reaction rates below about 10.degree.C are extremely sluggish, and
      decomposition may occur at temperatures above about 80.degree.C. However,
      neither limit is absolute in the sense that none of the desired products
      could be formed below 10.degree. or above 80.degree.C. If optically active
      starting materials are to be converted to optically active end products,
      thermal racemization is to be avoided in a well known manner by keeping
      the reaction temperature below 70.degree.C. A reaction temperature of
      about 40.degree. to 60.degree.C usually offers the best combination of
      adequate reaction rate and minimal decomposition and racemization. The
      reaction time for optimum yield may vary between a few hours and 100
      hours, depending on the nature of the reactants and other process
      variables. The esters of N-protected amino acids with compounds having
      active hydroxyl groups are generally formed quicker than the peptides with
      carboxyl-protected amino acids.
PAR  For reasons not yet fully elucidated, the reaction between an N-protected
      amino acid and a carboxyl-protected amino acid to the corresponding
      peptide in the presence of an isonitrile condensing agent proceeds at
      higher yield if one of the afore-mentioned compounds having an active
      hydroxyl group is simultaneously present in the reaction mixture, and
      significant amounts of esters of the N-protected amino acid with the
      compound having an active hydroxyl group are not found in the ultimate
      reaction mixture.
PAR  The same peptide can be formed, of course, by first reacting the
      N-protected amino acid with the compound having an active hydroxyl group
      to produce the expected ester, then isolating the ester, and reacting the
      same with the carboxyl-protected amino acid. It appears plausible that the
      ester of the N-protected amino acid with the compound having an active
      hydroxyl group is formed first as an intermediate which thereafter reacts
      with the carboxyl-protected amino acid. Some support for this assumption
      is found in the fact that, contrary to the direct direction between the
      N-protected and carboxyl-protected amino acids in the presence of an
      isonitrile, the yield is not effected by the timing in the addition of the
      carboxyl-protected amino acid. The latter may be present in its entirety
      at the beginning of the reaction. Equimolecular amounts of the N-protected
      and carboxyl-protected amino acids may be employed.
PAR  During the formation of an ester from a compound having an active hydroxyl
      compound and an N-protected amino acid in the presence of an isonitrile,
      N-substituted formamides are formed as by-products. Similar by-products
      are also formed in the absence of the compounds having active hydroxyl
      groups, and are readily removed from the reaction mixture prior to
      recovery of the desired peptide derivative. The formamide derivatives
      resulting from the use of n-propyl, i-propyl, or tert-butyl isonitrile are
      very volatile in a vacuum and may be distilled off, leaving a pure
      reaction product. Dehydrating agents, such as phosgene and phosphorus
      oxychloride again convert the N-substituted formamides to the isonitriles
      for return to the process.
DETD
PAR  The following examples are further illustrative of the invention. The
      compounds formed were identified by their elementary analysis, as listed
      below, and their structure verified by infrared and nuclear magnetic
      resonance spectra.
PAC  EXAMPLE 1
PAR  A solution of 6.0 g (20 millimole) N-carbobenzoxy-L-phenylalanine and 2.1 g
      (30 millimole) isopropyl isonitrile (isopropyl isocyanide,
      2-isocyanopropane, or isopropylcarbylamine) in 40 ml methylene chloride
      was refluxed at 45.degree.-50.degree.C. A solution of 2.06 g (20
      millimole) glycine ethyl ester in 40 ml methylene chloride was divided
      into three equal portions which were added to the refluxing material after
      3, 16, and 21 hours respectively. Refluxing was continued for six hours
      after the last addition.
PAR  The reaction mixture was stripped of solvent, N-isopropylformamide, and
      unreacted isopropyl isonitrile by vacuum distillation, and the residue was
      dissolved in 150 ml ethyl acetate. The solution was washed sequentially
      with 1-N hydrochloric acid, 4% sodium bicarbonate solution, and water,
      dried with desiccated sodium sulfate, and evaporated to dryness. The
      residue was crystallized from ethyl acetate and petroleum ether, and 4.7 g
      N-carbobenzoxy-L-phenylalanyl-glycine ethyl ester was obtained (61 percent
      yield).
PAR  When recrystallized from ethyl acetate and petroleum ether, it melted at
      105.degree.-107.degree.C and had a specific rotation of
      [.alpha.].sub.D.sup.25 = - 17.1.degree. (C = 2.1, in ethanol).
PAR  Calculated for C.sub.21 H.sub.24 O.sub.5 N.sub.2 : 65.61% C; 6.29% H; 7.29%
      N. Found: 65.88% C; 6.46% H; 7.23% N.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated, using different isonitriles in
      partly different solvents at partly different temperatures for partly
      different reaction periods. The molar amounts of the several reactants and
      the volumes of solvents remained unchanged. The modified conditions and
      the yields of N-carbobenzoxy-L-phenylalanyl-glycine ethyl ester are
      indicated below.
PAR  N-Propyl isonitrile in methylene chloride for 70 hours at
      20.degree.-25.degree.C produced a yield of 67 percent.
PAR  Phenyl isonitrile in chloroform at 40.degree.C for 28 hours gave a yield of
      64 percent.
PAR  Benzyl isonitrile in dioxane at 50.degree.-60.degree.C gave a 51 percent
      yield in 20 hours.
PAR  Ethoxycarbonylmethyl isonitrile in acetonitrile produced a yield of 63
      percent in 40 hours at 20.degree.-25.degree.C.
PAC  EXAMPLE 3
PAR  A solution of 12 g (48 mM) N-carbobenzoxy-L-proline in 30 ml chloroform was
      mixed with a solution of 7.3 g (40 mM) L-leucine methyl ester
      hydrochloride in 50 ml chloroform neutralized with 4 g (40 mM)
      triethylamine. 3.3 g (48 mM) n-Propyl isonitrile was added to the mixture
      which was then held at 40.degree.-50.degree.C for 45 hours.
PAR  The reaction mixture was eveporated in a vacuum, and the residue was taken
      up in 300 ml ethyl acetate. Undissolved triethylamine hydrochloride was
      filtered off, and the filtrate was washed sequentially with dilute
      hydrochloric acid, sodium bicarbonate solution, and water, and dried over
      desiccated sodium sulfate as in Example 1. Upon evaporation of the solvent
      and crystallization of the residue from ethyl acetate and petroleum ether,
      9.1 g N-carbobenzoxy-L-prolyl-L-leucine methyl ester was obtained (61
      percent yield, based on the L-leucine methyl ester hydrochloride). When
      recrystallized from ethyl acetate and petroleum ether, the compound melted
      at 73.5.degree.-75.5.degree.C and had a specific rotation of
      [.alpha.].sub.D.sup.25 = - 68.degree. (C = 1.5, in ethanol).
PAR  Calculated for C.sub.20 H.sub.28 O.sub.5 N.sub.2 : 63.81% C; 7.50% H; 7.44%
      N. Found: 63.70% C; 7.35% H; 7.49% N.
PAC  EXAMPLE 4
PAR  A solution of 3.9 g (20 mM) N-formyl-L-phenylalanine, 2.5 g (24 mM) glycine
      ethyl ester, and 1.7 g (20 mM) tert-butyl isonitrile in 30 ml dioxane was
      heated at 40.degree.-50.degree.C for 28 hours. It was then evaporated to
      dryness, and the residue was dissolved in 300 ml methylene chloride. The
      solution was washed as in the preceding examples, dried, and evaporated.
      The residue was crystallized from carbon tetrachloride and petroleum ether
      to produce 3.1 g N-formyl-L-phenylalanyl-glycine ethyl ester (48 percent
      yield based on the glycine ethyl ester).
PAR  When recrystallized from the same solvents, the compound melted at
      126.5.degree.-129.5.degree.C and had a specific rotation of
      [.alpha.].sub.D.sup.25 =  4.0.degree. (C = 2.1, in ethanol).
PAR  Calculated for C.sub.14 H.sub.18 O.sub.4 N.sub.2 : 60.42% C; 6.52% H;
      10.07% N. Found: 60.28% C, 6.60% H; 10.13% N.
PAC  EXAMPLE 5
PAR  20 Millimole N.sup..alpha., N.sup..epsilon.-dicarbobenzoxy-L-lysine and 30
      mM isopropyl isonitrile was dissolved in 20 ml methylene chloride, and the
      mixture was kept at ambient temperature of about 20.degree. C. A solution
      of 20 millimole glycine ethyl ester in enough ethylene chloride to make 20
      ml was divided into three equal portions which were added to the first
      solution when the latter was 4, 21, and 28 hours old respectively. The
      reaction mixture thereafter was left to stand for another 20 hours.
PAR  It was then evaporated to dryness in a vaccum, the residue was taken up in
      150 ml ethyl acetate, and the ethyl acetate solution was washed, dried,
      and evaporated as above. The residue was crystallized from ethyl acetate
      and petroleum ether, and N.sup..alpha.,
      N.sup..epsilon.-dicarbobenzoxy-L-lysyl-glycine ethyl ester was obtained in
      a yield of 72 percent.
PAR  Equivalent amounts of N-protected amino acids were reacted with
      carboxyl-protected amino acids or peptides in the same manner to produce
      N-protected peptide esters with the yields indicated below:
PAR  N-Carbobenzoxy-L-aspartic acid .beta. -benzyl ester and L-phenylalanine
      methyl ester produced
      N-carbobenzoxy-.beta.-benzyl-L-aspartyl-L-phenylalanine methyl ester (58
      percent yield).
PAR  N-Carbobenzoxy-L-alanine and L-phenylalanine methyl ester gave
      N-carbobenzoxy-L-alanyl-L-phenylalanine methyl ester (70 percent yield).
PAR  N-Carbobenzoxy-glycine Carbobenzoxy-glycine and L-phenylalanyl-glycine
      ethyl ester were converted to N-carbobenzoxy-glycyl-L-phenylalanyl-glycine
      ethyl ester (68 percent yield).
PAC  EXAMPLE 6
PAR  A solution of 4.18 g (20 mM) N-carbobenzoxy-glycine, 2.3 g (20 mM)
      N-hydroxysuccinimide, and 2.0 g (30 mM) isopropyl isonitrile in 70 ml
      ethyl acetate was heated at 65.degree.C for 30 hours, whereupon the
      solvent was evaporated, and the residue was triturated with ether until a
      powder of N-carbobenzoxy-glycine N-hydroxysuccinimide ester was formed.
      The powder was separated from a mother liquor and washed with petroleum
      ether. The mother liquor and washings were combined and cooled whereby
      more of the same compound was precipitated in crystalline form and
      filtered off. The total yield was 4.95 g (81 percent). When recrystallized
      from methylene chloride and petroleum ether, the compound melted at
      110.degree.-112.degree.C.
PAR  Calculated for C.sub.14 H.sub.14 O.sub.6 H.sub.2 : 55.01% C; 4.66% H; 8.80%
      N. Found: 54.90% C; 4.61% H; 9.15% N.
PAR  N-hydroxysuccinimide formed the expected esters with equivalent amounts of
      other N-carbobenzoxyamino acids in the presence of 1.5 mole isonitrile
      under partly modified conditions in good yields.
PAR  The ester with N-carbobenzoxy-L-proline was obtained in the presence of
      N-propyl isonitrile in methylene chloride at 40.degree.C in 42 hours in a
      yield of 41%, melted at 95.degree.-87.degree.C and had a specific rotation
      of [.alpha.].sub.D.sup.25 = - 55.degree. (C = 2, in dioxane).
PAR  The ester with N-carbobenzoxy-L-valine was formed in chloroform with
      tert-butyl isonitrile at 70.degree.C in 20 hours (55 percent yield),
      melted at 114.degree.-115.degree.C, and had a specific rotation of
      -24.8.degree. (C = 2, in dioxane).
PAR  The N-carbobenzoxy-L-phenylalanine ester formed in the presence of
      benzylisonitrile in ethyl acetate at 70.degree.C in 30 hours at 73 percent
      yield. M.P. 135.degree.-137.degree.C. [.alpha.].sub.D.sup.25 = - 17.1 (C =
      2, in dioxane).
PAC  EXAMPLE 7
PAR  A solution of 6.0 g (20 mM) N-carbobenzoxy-L-phenylalanine, 3.3 g (24 mM)
      p-nitrophenol, and 1.6 g (24 mM) isopropyl isonitrile in 50 ml ethyl
      acetate was held at 60.degree.C for 40 hours, and then evaporated. The
      residue was dissolved in ethanol, and the solution stored in a
      refrigerator until crystals formed. The crystals were filtered out, washed
      with petroleum ether, and dried. 4.5 g N-Carbobenzoxy-L-phenylalanine
      p-nitrophenyl ester was obtained (53 percent yield). M.P.
      125.5.degree.-127.degree.C. [.alpha.].sub.D.sup.25 = - 8.0.degree. (C =
      2.2, in chloroform).
PAR  Calculated for C.sub.23 H.sub.20 N.sub.2 O.sub.6 : 65.70% C; 4.80% H; 6.66%
      N. Found: 65.89% C; 4.83% H; 6.82% N.
PAR  p-Nitrophenol esters of other N-protected amino acids or peptides were
      formed in an analogous manner using partly different reaction conditions.
PAR  Thus, N-carbobenzoxy-S-benzyl-L-cysteine in ethyl acetate at 65.degree.C
      gave the expected ester after 24 hours in a yield of 63 percent.
PAR  N-Tert-butyloxycarbonyl-L-alanine in methylene chloride was reacted at
      40.degree.C for 30 hours for a 52 percent yield of the nitrophenol ester.
PAR  Similarly, N-formyl-L-phenylalanine was esterified in dioxane at
      70.degree.C for 28 hours (48 percent yield).
PAR  The ester of N-carbobenzoxy-L-phenylalanyl-glycine was obtained in a yield
      of 56 percent after 24 hours in ethyl acetate at 65.degree.C.
PAC  EXAMPLE 8
PAR  A solution of 5.02 g (20 mM) N-carbobenzoxy-L-valine, 5.61 g (20 mM)
      pentachlorophenol, and 2.0 g (30 mM) n-propyl isonitrile in 70 ml ethyl
      acetate was heated at 65.degree.C for 24 hours. It was then stored in a
      refrigerator to precipitate crystals which were filtered out. A second
      crystal crop was obtained from the filtrate upon partial evaporation and
      recrystallized from petroleum ether and ethyl acetate. The combined yield
      of N-carbobenzoxy-L-valine pentachlorophenyl ester was 8.05 g (81
      percent). It was reduced by recrystallizing from methanol to 6.8 g (68
      percent). M.P. 142.5.degree.-143.5.degree.C. [.alpha.].sub.D.sup.25 = -
      20.2.degree. (C = 0.49, in chloroform).
PAR  Calculated for C.sub.19 H.sub.16 O.sub.4 NCl.sub.5 : 45.67% C; 3.23% H;
      2.80% N; 35.48% Cl. Found: 45.77% C; 3.26% H; 2.68% N; 35.76% Cl.
PAR  Other esters of pentachlorophenol were produced in an analogous manner. The
      ester of N-carbobenzoxy-L-phenylalanine was formed in the presence of
      isopropyl isonitrile in ethyl acetate at room temperature in 51 hours in a
      yield of 75 percent, and melted at 153.degree.-156.degree.C.
      [.alpha.].sub.D.sup.25 = -52.6.degree. (C = 1, DMF [dimethylformamide]).
      The same ester, when prepared at 65.degree.C in DMF in 24 hours, was
      obtained in a yield of 86 percent and melted at 154.degree.-157.degree.C.
      [.alpha.].sub.D.sup.25 = - 52.0.degree. (C = 1, in DMF).
PAR  The ester of N.sup..alpha.,N.sup..epsilon. -dicarbobenzoxy-L-lysine was
      formed in the presence of n-propyl isonitrile in ethyl acetate at
      65.degree.C in 24 hours in a yield of 90 percent. M.P.
      154.degree.-156.degree.C. [.alpha.].sub.D.sup.25 = - 7.8.degree. (C = 0.8,
      in chloroform).
PAR  The N-carbobenzoxy-L-serine ester was obtained in the presence of
      tert-butyl isonitrile in a mixture of ethyl acetate and DMF at 50.degree.C
      in 28 hours at 43 percent yield. M.P. 183.degree.-186.degree.C.
      [.alpha.].sub.D.sup.25 = - 23.3.degree. (C = 1, in DMF).
PAC  EXAMPLE 9
PAR  A solution of 6.0 (20 mM) N-carbobenzoxy-L-phenylalanine, 5.3 g (20 mM)
      pentachlorophenol, and 2.0 g (30 mM) is isopropyl isonitrile in 40 ml
      chloroform was mixed with a solution of 2.8 g (20 mM) glycine ethyl ester
      hydrochloride and 2.02 g (20 mM) triethylamine in 30 ml chloroform. The
      mixture was heated at 50.degree.C for 24 hours and evaporated. The residue
      was taken up in 150 ml ethyl acetate. The solution was washed sequentially
      with 100 ml water, 120 ml 1-N hydrochloric acid, four times 120 ml 5%
      sodium bicarbonate solution, and again with 100 ml water, then dried with
      desiccated sodium sulfate and evaporated. When the residue was
      crystallized from ethyl acetate and petroleum ether, 6.3 g
      N-carbobenzoxy-L-phenylalanyl-glycine ethyl ester was obtained (82 percent
      yield). Recrystallizing from ethyl acetate and petroleum ether reduced the
      yield to 5.4 g (70%). M.P. 107.degree.-108.5.degree.C. [
      .alpha.].sub.D.sup.25 = - 17.1.degree. (C = 2, in ethanol).
PAR  Calculated for C.sub.21 H.sub.24 O.sub.5 N.sub.2 : 65.61% C; 6.29% H; 7.29%
      N. Found: 65.84% C; 6.41% H; 7.04% N.
PAC  EXAMPLE 10
PAR  Other peptide derivatives were produced by the method of Example 9 in the
      presence of isopropyl isonitrile and a compound having an active hydroxyl
      group from amino acids or oligopeptides in the molar proportions indicated
      in the above Example.
PAR  N-Carbobenzoxy-L-alanine was thus reacted with L-phenylalanine methyl ester
      in the presence of N-hydroxysuccinimide in ethyl acetate as the solvent
      medium at 45.degree.C for 40 hours, and the expected peptide derivative
      was recovered in a yield of 65 percent.
PAR  N-Carbobenzoxy-S-benzyl-L-cysteine and glycine ethyl ether were reacted in
      chloroform at 60.degree.C for 24 hours in the presence of p-nitrophenol
      with a yield of 81 percent.
PAR  N-Carbobenzoxy-glycine and L-phenylalanyl-glycine ethyl ester reacted with
      each other at room temperature in the presence of pentachlorophenol to
      give a yield of 73 percent in 48 hours.
PAR  The Examples do not exhaust the combinations and permutations of compounds
      and radicals which may be arrived at from these teachings in an obvious
      manner, and homologs and analogs may be substituted for the reactants and
      other ingredients specifically referred to above.
PAR  Acyl groups of organic acids other than formic, phthalic benzenesulfonic
      acid and its substitution products may be employed as masking agents
      replacing hydrogen in the amino groups of the N-protected amino acids,
      other amino acids may be employed, and the radicals protecting the
      carboxyl groups of the carboxylprotected amino acids may be other than the
      alkyl and benzyl radicals exemplified, although the latter, when replacing
      hydrogen in carboxyl, directly lead to active esters suitable for peptide
      synthesis, while the alkali metal salts and amides need to be converted to
      the esters in a second step. The choice of suitable isonitriles of the
      formula R-NC is limited only by the presence of functional groups R
      predictably interfering with the desired reaction, and of insignificant
      number when compared with the obviously operative isonitriles. The alkyls
      having 3 or 4 carbon atoms, benzyl, ethoxycarbonylmethyl, and phenyl have
      been chosen for R in the above formula for the sake of illustration only.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing a peptide which comprises contacting a first
      compound having an amino group masked by a masking group conventional in
      peptide chemistry and an available carboxyl group with a second compound
      having a carboxyl group masked by a masking group conventional in peptide
      chemistry and an available amino group in a liquid reaction medium
      including an amount of an isonitrile effective for causing formation of a
      peptide by condensation of the available amino and carboxyl groups of said
      first and second compounds, said compounds being members of the group
      consisting of amino acids and oligopeptides, and being contacted until
      said peptide is formed as a reaction product.
NUM  2.
PAR  2. A method as set forth in claim 1, wherein the masking group masking the
      amino group of said first compound is carboalkoxy having up to five carbon
      atoms or carbobenzoxy.
NUM  3.
PAR  3. A method as set forth in claim 2, wherein the carboxyl group of said
      second compound is masked as an alkyl ester having up to four carbon atoms
      in said alkyl, as an alkali metal salt, or as an amide.
NUM  4.
PAR  4. A method as set forth in claim 1, one of said compounds being a
      dipeptide constituted by two amino acid units.
NUM  5.
PAR  5. A method as set forth in claim 1, said reaction medium having a
      temperature of 10.degree. to 80.degree.C, said second compounds being
      contacted with said first compound in an approximately equimolecular
      amount, and said amount of said isonitrile being at least equimolecular to
      the amount of said first compound.
NUM  6.
PAR  6. A method as set forth in claim 5, said isonitrile being of the formula
      R-NC, wherein R is alkyl having 3 or 4 carbon atoms, allyl, benzyl,
      phenyl, or ethoxycarbonylmethyl.
NUM  7.
PAR  7. A method as set forth in claim 6, said amino group of said first
      compound being masked by a member of the group consisting of carbobenzoxy,
      tert-butyloxycarbonyl, phthalyl, formyl, tosyl, p-nitrobenzyloxycarbonyl,
      p-methoxybenzyloxycarbonyl, tert-amyloxycarbonyl, trityl, trimethylsilyl,
      benzenesulfonyl, and o-nitrophenylsulfonyl.
NUM  8.
PAR  8. A method as set forth in claim 7, wherein the carboxyl group of said
      second compound is masked as an alkyl ester having up to four carbon atoms
      in said alkyl or as a benzyl ester.
NUM  9.
PAR  9. A method as set forth in claim 8, said compound being selected from the
      group consisting of arginine, alanine, aspartic acid, cysteine, glycine,
      glutamic acid, lysine, phenylalanine, phenylalanyglycine, proline, serine,
      and valine.
NUM  10.
PAR  10. A method as set forth in claim 1, which further comprises recovering
      said reaction product.
NUM  11.
PAR  11. A method as set forth in claim 1, wherein said first and second
      compounds are contacted in said medium in the presence of a third compound
      having an active hydroxyl group, said third compound being a member of the
      group consisting of nitrophenol, trichlorophenol, tetrachlorophenol,
      pentachlorophenol, 8-hydroxyquinoline, and the N-hydroxy derivatives of
      succinimide, benzotriazole, and piperidine, the amount of said third
      compound being sufficient to increase the yield of said peptide over the
      yield of said peptide obtained in the absence of said third compound.
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ABST
PAL  The tridecapeptide
      H-Ala-Gly-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Cys-OH, its oxidized
      form and intermediates obtained in such synthesis are described. This
      tridecapeptide inhibits the secretion of the hormone somatotropin (growth
      hormone).
BSUM
PAR  This invention relates to novel tridecapeptides and intermediates obtained
      in their synthesis by the solid phase method of peptide synthesis.
PAR  Somatostatin (also known as somatotropin release inhibiting factor or SRIF)
      is the tetradecapeptide
      ##EQU1##
PAR  This tetradecapeptide has only recently been identified by isolation from
      extracts of ovine hypothalamic tissues and found to inhibit the secretion
      of the hormone somatotropin which is commonly referred to as the growth
      hormone (GH); See Brazeau et al., Science, 179 pp 77-79 (January 1973).
      The linear form of this tetradecapeptide,
      H-Ala-Gly-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys-OH, has also
      been reported by Brazeau et al., supra, to have been synthesized by solid
      phase methodology and found to have the same biological activity as the
      somatostatin obtained from a natural source. In copending application Ser.
      No. 430,441 filed Jan. 3, 1974, now U.S. Pat. No. 3,882,098, the
      undecapeptide Des-Ala.sup.1 -Gly.sup.2 -Asn.sup.5 -SRIF and its oxidized
      form are described and in copending application Ser. No. 457,038 filed
      Apr. 1, 1974, the dodecapeptide Des-Ala.sup.1 -Gly.sup.2 -SRIF and its
      oxidized form are described.
PAR  The novel tridecapeptides of the present invention are analogs of
      somatostatin and the linear counterpart of somatostatin in which the amino
      acid in the thirteen position of somatostatin has been omitted.
PAR  The tridecapeptide of the present invention which inhibits the secretion of
      the hormone somatotropin is represented by the formula:
      ##EQU2##
      AND THE NON-TOXIC ACID ADDITION SALTS THEREOF. Illustrative of acid
      addition salts are hydrochloride, hydrobromide, sulfate, phosphate,
      maleate, acetate, citrate, benzoate, succinate, malate, ascorbate and the
      like.
PAR  The nomenclature used to depict the peptides follows that described by
      Schroder & Lubke, "The Peptides," 1 pp viii-xxix (Academic Press 1965).
      All chiral amino acid residues identified in formulas I and II, supra, and
      the other formulas hereinafter are of the natural or L-configuration
      unless specified otherwise.
PAR  The present invention also relates to novel tridecapeptides intermediates
      of the formulas:
PAR  H-Ala-Gly-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Cys-OH
PAC  (II-linear form)
PAL  And
      R-Ala-Gly-Cys(R.sup.1)-Lys(R.sup.6)-Asn-Phe-Phe-Trp-Lys(R.sup.2)-Thr(R.sup
     .3)-Phe-Thr(R.sup.4)-Cys(R.sup.5)-X
PAC  (III)
PAL  wherein:
PAR  R is either hydrogen or an .alpha.-amino protecting group. The
      .alpha.-amino protecting groups contemplated by R are those known to be
      useful in the art in the step-wise synthesis of polypeptides. Among the
      classes of .alpha.-amino protecting groups covered by R are (1) acyl type
      protecting groups illustrated by the following: formyl, trifluoroacetyl,
      phthalyl, toluenesulfonyl (tosyl), benzenesulfonyl, nitrophenylsulfenyl,
      tritylsulfenyl, o-nitrophenoxyacetyl, chloroacetyl, acetyl,
      .gamma.-chlorobutyryl, etc.; (2) aromatic urethan type protecting groups
      illustrated by benzyloxycarbonyl and substituted benzyloxycarbonyl such as
      p-chlorobenzyloxycarbonyl, p-nitrobenzyloxycarbonyl,
      p-bromobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl; (3) aliphatic
      urethan protecting groups illustrated by tert-butyloxycarbonyl,
      diisopropylmethoxycarbonyl, isopropyloxycarbonyl, ethoxycarbonyl,
      allyloxycarbonyl; (4) cycloalkyl urethan type protecting groups
      illustrated by cyclopentyloxycarbonyl, adamantyloxycarbonyl,
      cyclohexyloxycarbonyl; (5) thio urethan type protecting groups such as
      phenylthiocarbonyl; (6) alkyl type protecting groups as illustrated by
      triphenylmethyl (trityl), benzyl; (7) trialkylsilane groups such as
      trimethylsilane. The preferred .alpha.-amino protecting group defined by R
      is tert-butyloxycarbonyl;
PAR  R.sup.1 and R.sup.5 are a protecting group for the sulfhydryl group on the
      cysteinyl amino acid residue in the tridecapeptide. Illustrative of
      R.sup.1 and R.sup.5 is a group selected from the class consisting of
      benzyl; substituted benzyl wherein the substituent is at least one of
      methyl, methoxy, nitro (e.g. p-methylbenzyl, p-nitrobenzyl,
      2,4,6-trimethylbenzyl, etc); carboxymethyl; trityl, benzyloxycarbonyl,
      benzhydryl, p-methoxybenzyloxycarbonyl, benzylthiomethyl, ethylcarbamyl,
      thioethyl, tetrahydropyranyl, acetamidomethyl, benzoyl, s-sulfonate salt,
      etc.
PAR  R.sup.2 and R.sup.6 are a protecting group for the side chain amino
      substituent of lysine or R.sup.2 and/or R.sup.6 is hydrogen which means
      there is no protecting group on the side chain amino substituent.
      Illustrative of suitable side chain amino protecting groups are
      benzyloxycarbonyl, substituted benzyloxycarbonyl, tosyl,
      t-amyloxycarbonyl, t-butyloxycarbonyl, diisopropylmethyloxycarbonyl, etc.
      The substituent on benzyloxycarbonyl may be halo (e.g. chloro, bromo,
      fluoro) or nitro (e.g. 2-chlorobenzyloxycarbonyl,
      p-nitrobenzyloxycarbonyl, 3,4-dichlorobenzyloxycarbonyl. The selection of
      such a side chain amino protecting group is not critical except that it
      must be one which is not removed during cleavage of the .alpha.-amino
      protecting group during the synthesis until the peptide of the desired
      amino acid sequence is obtained. Hence, the .alpha.-amino protecting and
      side chain amino protecting group should not be the same;
PAR  R.sup.3 and R.sup.4 are protecting groups for the alcoholic hydroxyl group
      of threonine and is selected from the class consisting of acetyl, benzoyl,
      tert-butyl, trityl, benzyl, 2,6 dichlorobenzyl and benzyloxycarbonyl. The
      preferred protecting group is benzyl; or R.sup.3, and/or R.sup.4 is
      hydrogen which means there is no protecting group on the alcoholic
      hydroxyl function.
PAR  X is selected from the class consisting of OH, OCH.sub.3 and an anchoring
      bond used in solid phase synthesis linked to a solid resin support
      represented by the formula
      ##EQU3##
      The polystyrene resin support is preferably a copolymer of styrene with
      about 1 to 2% divinyl benzene as a cross linking agent which causes the
      polystyrene polymer to be completely insoluble in certain organic
      solvents. The polystyrene polymer is composed of long alkyl chains bearing
      a phenyl ring on every second carbon and the terminal amino acid residue
      (Cys) is joined through a covalent carbon to carbon bond to these phenyl
      rings. The alkyl chains are cross linked at approximately every fiftieth
      carbon by p-diethylphenyl residues derived from divinyl benzene.
PAR  In selecting a particular R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.5 and
      R.sup.6 side chain protecting group to be used in the synthesis of the
      peptides of formula (III), the following rules should be followed: (a) the
      protecting group must be stable to the reagent and under the reaction
      conditions selected for removing the .alpha.-amino protecting group at
      each step of the synthesis, (b) the protecting group must retain its
      protecting properties (i.e. not be split off under coupling conditions),
      and (c) the side chain protecting group must be removable upon the
      completion of the synthesis containing the desired amino acid sequence
      under reaction conditions that will not alter the peptide chain.
PAR  The tridecapeptide peptide of formula (I) is prepared using solid phase
      synthesis. The synthesis is commenced from the C-terminal end of the
      peptide using an .alpha.-amino protected resin. Such a starting material
      can be prepared by attaching an .alpha.-amino protected cysteine to a
      chloromethylated resin or a hydroxymethyl resin. The preparation of the
      hydroxymethyl resin is described by Bodanszky et al., Chem. Ind. (London)
      33, 1597-98 (1966). A chloromethylated resin is commercially available
      from Bio Rad Laboratories Richmond, California and the preparation of such
      a resin is described by Stewart et al., "Solid Phase Peptide Synthesis"
      (Freeman & Co., San Francisco 1969), Chapter 1, pp 1-6. The .alpha.-amino
      and sulfhydryl protected cysteine is coupled to the chloromethylated resin
      according to the procedure of Gisin, Helv. 56 p 1476 (1973). Following the
      coupling of the .alpha.-amino and sulfhydryl protected cysteine to the
      resin support, the .alpha.-amino protecting group is removed such as by
      using trifluoroacetic acid in methylene chloride, trifluoroacetic acid
      alone or HCl in dioxane. The deprotection is carried out at a temperature
      between about 0.degree.C and room temperature. Other standard cleaving
      reagents and conditions for removal of specific .alpha.-amino protecting
      groups may be used as described in Schroder & Lubke, supra, 1 pp. 72-75.
      After removal of the .alpha.-amino protecting group the remaining
      .alpha.-amino protected amino acids are coupled step-wise in the desired
      order to obtain a compound of formula (II) or as an alternate to adding
      each amino acid separately to the synthesis, some of them may be coupled
      prior to addition to the solid phase reactor. The selection of an
      appropriate coupling reagent is within the skill of the art. A
      particularly suitable coupling reagent is N,N.sup.1 -diisopropyl
      carbodiimide. As previously indicated, the activating reagents used in the
      aforedescribed synthesis are those well known in the peptide art.
      Illustrative of these are (1) carbodiimides (e.g. N,N.sup.1
      -dicyclohexycarbodiimide, N-ethyl N.sup.1 -(.gamma.-dimethylamino propyl
      carbodiimide); (2) cyanamides (e.g. N,N-dibenzylcyanamide; (3)
      ketenimines; (4) isoxazolium salts (e.g. N-ethyl-5-phenyl
      isoxazolium-3.sup.1 -sulfonate; (5) monocyclic nitrogen containing
      heterocyclic amides of aromatic character containing one through four
      nitrogens in the ring such as imidazolides, pyrazolides,
      1,2,4-triazolides. Specific heterocyclic amides that are useful include
      N,N.sup.1 -carbonyl diimidazole, N,N.sup.1 -carbonyl-di-1,2,4-triazole;
      (6) alkoxylated acetylene (e.g. ethoxyacetylene); (7) reagents which form
      a mixed anhydride with the carboxyl moiety of the amino acid (e.g.
      ethylchloroformate, isobutylchloroformate) and (8) nitrogencontaining
      heterocyclic compounds having a hydroxy group on one ring nitrogen (e.g.
      N-hydroxyphthalimide, N-hydroxysuccinimide, 1-hydroxybenzotriazole). Other
      activating reagents and their use in peptide coupling are described by
      Schroder & Lubke supra, in Chapter III and by Kapoor, J. Pharm. Sci., 59,
      pp 1-27, (1970).
PAR  Each protected amino acid or amino acid sequence is introduced into the
      solid phase reactor in about a four-fold excess and the coupling is
      carried out in a medium of dimethylformamide: methylene chloride (1:1) or
      in dimethylformamide or methylene chloride alone. In cases where
      incomplete coupling occurred the coupling procedure is repeated before
      removal of the .alpha.-amino protecting group, prior to the coupling of
      the next amino acid to the solid phase reactor. The success of the
      coupling reaction at each stage of the synthesis is monitored by the
      ninhydrin reaction as described by E. Kaiser et al., Analyt. Biochem, 34,
      595 (1970).
PAR  After the desired amino acid sequence of formula III has been synthesized,
      the peptide is removed from the resin support by treatment with a reagent
      such as liquid hydrogen fluoride which not only cleaves the peptide from
      the resin but also cleaves all remaining side chain protecting groups
      R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.5 and R.sup.6 and the
      .alpha.-amino protecting group R on alanyl to obtain a compound of formula
      II. As an alternate route, the tridecapeptide linked to the resin support
      may be separated from the resin by methanolysis after which the recovered
      C-terminal methyl ester is converted to the acid by hydrolysis. Any side
      chain protecting group may then be cleaved as previously described or by
      other procedures such as catalytic reduction (e.g. Pd on BaSO.sub.4) using
      conditions which will keep the Trp moiety intact. When using hydrogen
      fluoride for cleaving, anisole is included in the reaction vessel to
      prevent the oxidation of labile amino acid (e.g. tryptophan). The
      tridecapeptide of formula II is converted to the tridecapeptide of formula
      I by air oxidation, preferably by surface oxidation as described in
      Example  2 herein.
PAR  The solid phase synthesis procedure discussed supra is well known in the
      art and has been essentially described by Merrifield J. Am. Chem. Soc.,
      85, p 2149 (1964).
DETD
PAR  The following examples are illustrative of the preparation of the compounds
      of formulas I through III.
PAC  EXAMPLE 1
PAC  t-Butyloxycarbonyl-L-alanylglycyl-S-p-methoxybenzyl-L-cysteinyl-N.sup..delt
     a.-2-chlorobenzyloxycarbonyl-L-lysyl-L-asparaginyl-L-phenylalanyl-L-phenyla
     lanyl-L-tryptophyl-N.sup..delta.-2-chlorobenzyloxycarbonyl-L-lysyl-O-benzyl
     -L-threonyl-L-phenylalanyl-O-benzyl-L-threonyl-S-3,4-dimethylbenzyl-L-cyste
     inyl; hydroxy methylated polystyrene resin
PAR  A solution of the cesium salt of t-Boc-S-3,4-dimethylbenzyl-L-cysteine (25
      m moles) in dimethylformamide is stirred with chloromethylated polystyrene
      resin (30 g) at 50.degree.C in a pressure bottle for 16 hours. The resin
      is filtered and washed with dimethylformamide, 10% water in
      dimethylformamide, ethanol and dimethylformamide (1:1), dimethylformamide,
      methylene chloride, and methanol. The resin, after drying in vacuo over
      potassium hydroxide, is found to be substituted to the extent of 0.40 m
      moles of cysteine per gram of resin.
PAR  Five grams of this resin is transferred to a solid phase reaction vessel
      and using the following sequence of deprotection, neutralization, and
      coupling steps the above titled compound is prepared:
PAL  Deprotection
PAR  a. 2 treatments for twenty minutes each with 30% trifluoroacetic acid in
      methylene chloride containing 0.5% dithioerythritol; b) methylene chloride
      wash; c) dimethylformamide wash.
PAL  Neutralization
PAR  a. 2 treatments for three minutes each with 15% triethylamine in
      dimethylformamide; b) dimethylformamide wash (2 times); c) methylene
      chloride wash (5 times).
PAL  coupling
PAR  A 10% excess of diisopropylcarbodiimide is used for each coupling which is
      effected two times for a total of 20 hours before initiating the next
      deprotection, neutralization, and coupling cycle. All couplings are
      carried out at ambient temperature in 3:1 methylene chloride and
      dimethylformamide. The only exception is t-Boc-L-asparagine which is
      coupled via its trichlorophenyl ester for a total of 3 days in 1:1
      dimethylformamide and dimethylacetamide.
PAR  The following amino acid residues are introduced consecutively:
      t-Boc-O-benzyl-L-threonine (3 m moles), t-Boc-L-phenylalanine (3 m moles),
      t-Boc-O-benzyl-L-threonine (3 m moles), t-Boc-N-.sup..sup..delta.
      -(2-chlorocarbobenzoxy)-L-lysine (3m moles), t-Boc-L-tryptophan (3 m
      moles), t-Boc-L-phenylalanine (3 m moles), t-Boc-L-phenylalanine (3 m
      moles), t-Boc-L-asparagine trichlorophenyl ester (6 m moles),
      t-Boc-N.sup..sup..delta. -(2-chlorobenzyloxycarbonyl)-L-lysine (3 m
      moles), t-Boc-S-methoxybenzyl-L-cysteine (3 m moles), and
      t-Boc-L-alanylglycine (3 m moles).
PAR  The washed resin is dried in vacuo overnight.
PAC  EXAMPLE 2
PAC  L-Alanylglycyl-L-cysteinyl-L-lysyl-L-asparaginyl-L-phenylalanyl-L-phenylala
     nyl-L-
      tryptophyl-L-lysyl-L-threonyl-L-phenylalanyl-L-threonyl-L-cysteine-(3 -13
      cyclic)disulfide
PAR  The above described preparation obtained in Example 1 is treated in vacuo
      with liquid anhydrous hydrogen fluoride (50 ml) and anisole (10 ml) at
      ambient temperature for 45 minutes. The hydrogen fluoride is removed as
      quickly as possible under reduced pressure, and the residue is washed with
      ether, this residue being the compound of formula II. The remaining
      residue is extracted with 1 N acetic acid (flushed with nitrogen), the
      combined extracts are diluted with water flushed with nitrogen, to 4500 ml
      and the pH adjusted to 7.8 with dilute NH.sub.4 OH. After standing in the
      open air for 48 hours the solution is lyophilized to a powder (2.84 g)
      which is the above-titled compound.
PAC  EXAMPLE 3
PAC  Purification and characterization of
      L-alanylglycyl-L-cysteinyl-L-lysyl-L-asparaginyl-L-phenylalanyl-L-phenylal
     anyl-L-tryptophyl-L-lysyl-L-threonyl-L-phenylalanyl-L-threonyl-L-cysteine-(
     3-13 cyclic) disulfide
PAR  The above crude product from Example 2 is purified as follows:
PAR  2.84 g of this product is 5 ml of the upper phase of n-butanol: water:
      acetic acid (4:5:1) is applied to the top of a column (2.9 cm in diameter
      and 150 cm in height) with a bed of Sephadex G-25 medium previously
      equilibrated with first the lower phase of that system and then the upper
      phase. The column is eluted with the upper phase and fractions of 4 ml
      each are taken. Analysis of the column effluent is carried out by use of
      the Folin-Lowry color reaction on every third fraction. Seven main peptide
      containing fractions are obtained: A) 65-110 (220 mg), B) 111-145 (208
      mg), C) 146-165 (102 mg), D) 166-180 (170 mg), E) 181-200 (338 mg), F)
      201-215 (159 mg), G) 216-250 (126 mg). Fraction E is shown by thin layer
      chromatography systems BWA (4:1:1) (n-butanol: water: acetic acid) on
      cellulose and BWAP (4:2:1:1) (n-butanol water: acetic acid: pyridine) in
      silica gel to be nearly homogenous. Fraction E is applied in 2 ml of 1 N
      acetic acid to the top of a column (2.9 cm in diameter and 150 cm in
      height) with a bed of Sephadex G-25 fine previously equilibrated with 1 N
      acetic acid and eluted with that solvent. Fractions of 3 ml each are taken
      and the effluent is monitored as described before. Three main peptide
      containing fractions are obtained: A) 169-183 (64 mg), B) 184-190 (116
      mg), C) 191-197 (62 mg). Fraction B is homogenous by the thin layer
      chromatography systems described previously (BWAP 4:2:1:1 on silica gel
      R.sub.f 0.42 and BWA 4:1:1 on cellulose R.sub.f 0.48). Thin layer
      chromatograms are visualized by chlorine peptide reagent.
      [.alpha.].sub.D.sup.25 = -35.3 (c - 0.99, 1% AcOH).
PAR  After hydrolysis of the peptide in methanesulfonic acid for 18 hours at
      120.degree.C in an evacuated sealed tube, the following values for the
      amino acid residues are obtained: Ala 1.00, Gly 1.00, Cys 1.59, Lys 1.88,
      Asp 0.99, Phe 3.05, Trp (present, but not quantitated), Thr 1.76. The
      growth hormone activity of the compound of Example 3 was determined by
      injecting rats weighing about 200-250 g first with nembutal
      intraperitoneally at a dose of 50 mg/kg then after 5 minutes injecting the
      rats subcutaneously with a solution of the compound of Example 3 in saline
      at a dose of 800 .mu.g per rat. Blood samples are taken 15 minutes after
      injection with the compound of Example 3 and the growth hormone level
      determined by radioimmunoassay. The average growth hormone level in the
      control rats (7 animals) was found to be 159 .+-. 16 ng/ml whereas the
      growth hormone level in the rats (8 animals) given the compound of Example
      3 was found to be 49 .+-. 7 ng/ml.
PAR  The compounds of formula I described herein may be administered to warm
      blooded mammals, including humans, either intravenously, subcutaneously,
      intramuscularly or orally to inhibit the release of growth hormone where
      the host being treated requires therapeutic treatment for excess secretion
      of somatotropin which is associated with conditions such as juvenile
      diabetes and acromegaly. The contemplated dose range for oral
      administration in tablet or capsule form to large mammals is about 0.015
      mg to about 7 mg/kg of body weight per day while the dose range for
      intravenous injection in an aqueous solution is about 0.14 .mu.g to about
      0.15 mg/kg of body weight per day. When administered subcutaneously or
      intramuscularly a dose range of about 1.5 .mu.g to about 7 mg/kg of body
      weight per day is contemplated. Obviously, the required dosage will vary
      with the particular condition being treated, the severity of the condition
      and the duration of treatment.
PAR  If the active ingredient is administered in tablet form the tablet may
      contain: a binder such as gum tragacanth, corn starch, gelatin, an
      excipient such as dicalcium phosphate; a disintegrating agent such as corn
      starch, alginic acid, etc.; a lubricant agent such as sucrose, lactose,
      wintergreen, etc. Suitable liquid carriers for intravenous administration
      include isotonic saline, phosphate buffer solutions, etc.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tridecapeptide selected from those of the formula
      ##EQU4##
      and the non-toxic acid addition salts thereof, said amino acid residues in
      said tridecapeptide having an asymmetric .alpha.-carbon atom being of the
      L-configuration.
NUM  2.
PAR  2. A peptide according to claim 1 which is:
      L-alanylglycyl-L-cysteinyl-L-lysyl-L-asparaginyl-L-phenylalanyl-L-phenylal
     anyl-L-tryptophyl-L-lysyl-L-threonyl-L-phenylalanyl-L-threonyl-L-cysteine
      and a non-toxic acid addition salt thereof.
NUM  3.
PAR  3. A peptide according to claim 1 which is:
      L-alanylglycyl-L-cysteinyl-L-lysyl-L-asparaginyl-L-phenylalanyl-L-phenylal
     anyl-L-tryptrophyl-L-lysyl-L-threonyl-L-phenylalanyl-L-threonyl-L-cysteine
      (cyclic 1, 13 disulfide) and a non-toxic acid addition salt thereof.
NUM  4.
PAR  4. A tridecapeptide of the formula:
EQU  R-Ala-Gly-Cys(R.sup.1)-Lys(R.sup.6)-Asn-Phe-Phe-Trp-Lys(R.sup.2)-Thr(R.sup.
     3)-Phe-Thr(R.sup.4)-Cys(R.sup.5)-X
PAL  wherein:
PA1  R is selected from the group consisting of hydrogen and an .alpha.-amino
      protecting group;
PA1  R.sup.1 and R.sup.5 are protecting groups for the sulfhydryl group on the
      cysteinyl amino acid residue selected from the group consisting of benzyl,
      trityl, benzyloxycarbonyl, benzhydryl, tetrahydropyranyl, acetamidomethyl,
      benzoyl, benzylthiomethyl, ethylcarbamyl, thioethyl,
      p-methoxybenzyloxycarbonyl, s-sulfonate salt and substituted benzyl
      wherein said substituent is selected from the group consisting of methyl,
      methoxy and nitro;
PA1  R.sup.2 and R.sup.6 are selected from the group consisting of hydrogen and
      a protecting group for the side chain amino substituent of the lysine
      residue selected from benzyloxycarbonyl, tosyl,
      diisopropylmethyloxycarbonyl, t-amyloxycarbonyl, t-butyloxycarbonyl and
      substituted benzyloxycarbonyl wherein said substituent is selected from
      halo and nitro;
PA1  R.sup.3 and R.sup.4 are selected from the group consisting of hydrogen and
      a protecting group for the alcoholic hydroxyl group of the threonine
      residue selected from acetyl, benzoyl, tert-butyl, trityl, benzyl,
      2,6-dichlorobenzyl and benzyloxycarbonyl;
PA1  X is selected from the class consisting of hydroxy, methoxy and
      ##EQU5##
      wherein said polystyrene is cross linked through the phenyl group on each
      second carbon atom of the alkyl chain of said polystyrene.
NUM  5.
PAR  5. A compound according to claim 4 wherein R is tert-butyloxycarbonyl.
NUM  6.
PAR  6. A compound according to claim 5 wherein: R.sup.1 is pmethoxybenzyl;
      R.sup.2 and R.sup.6 are 2-chlorobenzyloxycarbonyl; R.sup.3 and R.sup.4 are
      each benzyl and R.sup.5 is 3,4-dimethylbenzyl.
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ABST
PAL  A mixed metal complex compound that contains for every atom of a trivalent
      metal one molecule of an azo or azomethine compound which contains a
      complex-forming group in the ortho, ortho'-positions to the azo or
      azomethine bridge, and one molecule of an azo or azomethine compound
      acting as trifunctional ligand which contains a complex-forming group in
      the ortho-position to the azo or azomethine bridge and contains two
      non-ionisable co-ordination positions. These mixed metal complexes dye
      nitrogenous fibers such as wool in level shades which are stable to acids
      and alkalis and have good fastness to light, rubbing, perspiration and
      water.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This is a continuation-in-part application of our copending application
      Ser. No. 377,841 filed July 9, 1973, and now abandoned, which in turn is a
      continuation of our application Ser. No. 63,034, filed Aug. 11, 1970, and
      now abandoned.
BSUM
PAR  The present invention provides mixed metal complex compounds which contain
      for every atom of a trivalent metal one molecule of an azo or azomethine
      compound which contains a complex-forming group in the ortho, ortho'
      -positions to the azo or azomethine bridge, and one molecule of an azo or
      azomethine compound which acts as trifunctional ligand and contains a
      complex-forming group in ortho-position to the azo or azomethine bridge
      and which contains two non-ionisable co-ordination positions.
PAR  Suitable trivalent complex-forming metals are iron, cobalt and especially
      chromium.
PAR  The said azo or azomethine compounds which contain complex-forming groups
      in ortho, ortho'-position to the azo or azomethine bridge may be known
      compounds, for example ortho,ortho'-dihydroxyazobenzene,
      ortho-hydroxy-ortho'-amino-benzeneazonaphthalene-(1) and others, for
      example those mentioned below. In this context complex-forming groups are
      ionisable groups, for example the hydroxyl, carboxyl and amino groups, or
      groups convertible into ionisable groups, for example alkoxy groups.
PAR  Azo or azomethine compounds capable of reacting as trifunctional ligands
      which contain a complex-forming group in ortho-position to the azo or
      azomethine bridge and contain two non-ionisable co-ordination positions
      are azo or azomethine compounds that contain a hetero atom separated from
      the azo or azomethine bridge by two carbon atoms, whereby said hetero atom
      is able to activate a co-ordinative bond to the central atom of the
      complex owing to the presence of a free electron pair. The most important
      compounds of this kind that may be mentioned are azo and azomethine
      compounds that contain in the diazo component a heterocyclically bound
      tertiary nitrogen atom separated from the azo or azomethine bridge by two
      carbon atoms, for example 5-aminoacridine and especially 8-aminoquinoline.
      Further suitable azo or azomethine compounds are those which contain a
      carbonyloxygen atom separated from the azo or azomethine bridge by two
      carbon atoms. Such azo compounds are those in which the diazo component is
      a 4-amino-pyrazolone-(5), for example 4-amino-antipyrine.
PAR  Further suitable trifunctional ligands are azomethineazo or disazomethine
      and especially disazo compounds, for example a disazo compound in which
      the middle component is an 8-aminoquinoline.
PAR  In contrast to known mixed metal complex azo compounds, for example of the
      constitution.
      ##SPC1##
PAL  in which, owing to the incomplete compensation charge between the central
      atom and the four ion bonds and the two co-ordinative bonds, the complex
      molecule carries a charge which in this case is negative (anionic
      complex), the central atom in the compounds according to this invention,
      for example of the constitution
      ##SPC2##
PAL  is saturated by three ion bonds and three co-ordinative bonds
      electrochemically and co-ordinatively so that no positive or negative
      charge stemming from the complex formation exists.
PAR  The neutral mixed complexes described above containing an uncharged central
      atom can, of course, be made anionic by introduction of suitable acidic
      groups, for example a sulphonic acid or carboxyl group, or cationic by
      means of basic groups, for example a quaternated amino group, but this
      does not change the electro-neutral state of the central atom.
PAR  The azo or azomethine compounds containing a hetero atom separated from the
      azo or azomethine group by two carbon atoms which can act as a
      non-ionisable co-ordination position, form with the metal atom the stable
      arrangement of a 5-membered and a 6-membered ring.
PAR  The compounds according to this invention may be manufactured by reacting
      in a molecular ratio of 1 : 1 a 1:1-metal complex compound of an azo or
      azomethine compound which contains a complex-forming group in ortho,
      ortho'-positions to the azo or azomethine bridge, with an azo or
      azomethine compound acting as trifunctional ligand which contains a
      complex-forming group in ortho-position to the azo or azomethine bridge
      and contains two non-ionisable co-ordination positions.
PAR  The reaction may be carried out in the usual manner, depending on the
      solubility of the components in various solvents, for example water,
      ethanole, formamide, a glycol ether, pyridine or the like, if desired at
      an elevated temperature, and gives uniform mixed complexes in good yield.
PAR  Alternatively, the mixed metal complex compounds according to this
      invention may be prepared by reacting a 1:1-metal complex of an azo or
      azomethine compound acting as a trifunctional ligand which contains a
      complex-forming group in ortho-position to the azo or azomethine bridge
      and contains two non-ionisable co-ordination positions, with a metal-free
      azo or azomethine compound which contains a complex-forming group in
      ortho,ortho'-positions to the azo or azomethine bridge. This alternative
      also proceeds smoothly as a rule and provides uniform products. The
      last-mentioned process is especially recommended when the compound acting
      as trifunctional ligand contains acetoacetic acid anilide or barbituric
      acid as coupling component. The method described is also preferred when
      ortho-carboxy-ortho'-hydroxyazo or -azomethine compounds are used as azo
      or azomethine compounds containing complex-forming groups in
      ortho,ortho'-positions to the azo or azomethine bridge or when
      corresponding compounds containing orthoaminonaphthaline components are
      used. In the last-mentioned cases the process referred to above is
      difficult and gives but poor yields. Instead of reacting a 1:1-metal
      complex compound as described above with a suitable second component in a
      molecular ratio of 1 : 1, the unmetallised azo or azomethine compounds
      used as starting materials may be reacted in a solvent mixture in a
      molecular ratio of 1 : 1 within a metal donor (the so-called mixed
      metallisation). The cobalt mixed complex compounds according to this
      invention are as a rule accessible only by this method.
PAR  The azo compounds containing complex-forming groups in
      ortho,ortho'-position to the azo bridge used as starting materials
      correspond to the formula
      ##EQU1##
      wherein Z and Z" are each independently hydroxy, carboxy, amino or methoxy
      and D.sub.1 is the residue of a diazo component of the benzene or
      naphthalene series and A.sub.1 is the residue of a coupling component,
      preferably belonging to the phenol, naphthol, acylacetic acid amide,
      dihydroxyquinoline, barbituric acid, 5-pyrazolone or naphthylamine series.
      The said azo dyestuffs may be further substituted, for example by chlorine
      or bromine atoms, hydroxy, nitro, cyano, lower alkyl (preferably methyl),
      lower alkoxy (preferably methoxy), loer alkyl-sulphonyl (for example
      methylsulphonyl or ethylsulphonyl), sulphonic acid, carboxylic acid,
      sulphonamide and substituted sulphonamide, for example N-lower
      alkyl-sulphonamide and N-lower hydroxyalkyl-sulphonamide, for example
      N-methylsulphonamide, N,N-diethylsulphonamide,
      N-(.beta.-hydroxyethyl)-sulphonamide and
      N,N-di-(.beta.-hydroxyethyl)-sulphonamide, substituted or unsubstituted
      phenylazo or naphthylazo and non-reactive acylamino for example
      formylamino, acetylamino, benzoylamino, benzene-sulphonamide,
      para-toluenesulphonylamino, methanesulphonylamino, carbomethoxyamino,
      carboethoxyamino, dimethylamino-sulphonylamino or carbo-isopropoxyamino
      groups.
PAR  Useful amines of the formula
      ##EQU2##
      are those wherein D is phenyl or naphthyl optionally substituted by
      chloro; bromo; lower alkyl; aryl; lower alkoxy; aryloxy; nitro; sulfo;
      sulfonamido and substituted sulfonamido; lower alkylsulfonyl; hydroxy-,
      chloro-, cyano-, or alkoxy-alkylsulfonyl; arylsulfonyl, arylazo; lower
      alkanoyl, benzoyl and acylamino.
PAR  In this specification, the term "lower" designates radicals containing from
      1 to 5 carbon atoms. "Aryl" designates naphthyl and especially phenyl,
      optionally substituted by chloro, bromo, nitro, sulfo, carboxy, lower
      alkyl and lower alkoxy and substituted sulfonamido means sulfonamido
      substituted by lower alkyl, lower hydroxyalkyl, lower alkoxyalkyl, lower
      cyanoalkyl, aralkyl, C.sub.5 -C.sub.9 -cycloalkyl or aryl. The term
      "acylamino" stands for amino substituted by lower alkanoyl, lower
      alkoxycarbonyl, lower alkylsulfonyl, aroyl, arylsulfonyl or fibre-reactive
      acyl radicals, such as chloro-, bromo- or sulfatosubstituted lower
      alkanoyl or alkylsulfonyl, lower alkenoyl optionally substituted by chloro
      or bromo, chloro- or bromo-substituted triazinyl and pyrimidyl,
      2,6-dichloro-pyrimidine-5-carbonyl, 2,3-dichlorochinoxaline-7-carbonyl-,
      1,4-dichlorophthalazine-7-carbonyl. Examples of suitable acylamino groups
      are: acetylamino, propionylamino, ethoxycarbonyl-amino,
      methylsulfonylamino, benzoylamino, chloro-, nitro- or methylbenzoylamino,
      phthaloylamino, phenylsulfonylamino, chloro-, nitro- or
      methylphenylsulfonylamino, chloroacetylamino,
      .alpha.,.beta.-dibromopropionylamino, .beta.-sulfatoethylsulfonylamino,
      acryloylamino, .alpha.-bromoacryloylamino, 2,4-dichlorotriazinylamino,
      2-chloro-4-methoxytriazinylamino, 2-chloro-4-isopropoxytriazinylamino,
      2,4,5-trichloropyrimidylamino etc.
PAR  As examples of primary amines suitable for use as diazo components in the
      manufacture of such azo dyestuffs the following may be mentioned:
      2-Aminophenol, 4- or 5-nitro-2-aminophenol, 4- or 5-chloro-2-aminophenol,
      4,5-dichloro-2-aminophenol, 4-chloro-5-nitro-2-aminophenol,
      2-aminophenol-4- or -5-sulphonic acid, tri-chloroaminophenol,
      4-chloro-2-aminophenol-6-sulphonic acid,
      6-chloro-2-aminophenol-4-sulphonic acid, 4-nitro-2-aminophenol-6-sulphonic
      acid, 6-nitro-2-aminophenol-4-sulphonic acid,
      2-aminophenol-4,6-disulphonic acid, 4,6-dinitro-2-aminophenol,
      6-acetylamino-2-aminophenol-4-sulphonic acid,
      4-acetylamino-2-aminophenol-6-sulphonic acid, 4-methyl-2-aminophenol,
      4-methoxy-2-aminophenol, 2-aminophenol-4-sulphonamide,
      2-amino-phenol-4-sulphone-N-.beta.-hydroxyethylamide,
      2-aminophenol-4-sulphone-N-methylamide, 2-aminophenol-5-sulphonamide,
      4-chloro-2-aminophenol-5- or -6-sulphonamide,
      2-aminophenol-4-sulphone-N,N-dimethylamide,
      2-aminophenol-4-methylsulphone, 2-aminophenol-4-ethylsulphone,
      6-acetylamino-4-nitro-2-aminophenol,
      2-aminophenol-4,.beta.-hydroxyethylsulphone, anthranilic acid,
      2-amino-3-naphthoic acid, 4- or 5-chloroanthranilic acid, 4- or
      5-nitroanthranilic acid, 4- or 5-acetylaminoanthranilic acid, 4- or
      5-sulphoanthranilic acid, anthranilic acid-4-sulphonamide, anthranilic
      acid-4- or 5-hydroxyethylsulphone, anthranilic acid- 4- or
      5-ethylsulphone, 4-chloro-2-aminophenol-5-sulphonic acid-N-methylamide, 4-
      or 5-benzoylaminoanthranilic acid, 2-anisidine, 4- or
      5-chloro-2-anisidine, 4- or 5-nitro-2-anisidine, 2-anisidine-4- or
      -5-sulphonic acid, 2-methoxy-5-methylaniline, 2,5-dimethoxyaniline,
      2-anisidine-4- or 5-.beta.-hydroxyethylsulphone,
      2-amino-1-naphthol-4,8-disulphonic acid, 1-amino-2-naphthol-4-sulphonic
      acid,  1-amino-2-naphthol-4-sulphonamide,
      6-nitro--amino-2-naphthol-4-sulphonic acid,
      6-acetylamino-1-amino-2-naphthol-4-sulphonic acid,
      4-(2',5'-disulphophenylazo)-2-methoxy-5-methylaniline,
      4-(2',5'-di-sulphophenylazo)-2,5-dimethoxyaniline,
      4-(2',5'-disulphophenylazo)-2-methoxy-1-naphthylamino-6-sulphonic acid,
      4-(1',5'-disulphonaphth-2'-ylazo)-2,5-dimethoxyaniline, 4-(2'-, 3'- or
      4'-sulphophenylazo)- 2-methoxyaniline, dianisidine,
      benzidine-3,3'-dicarboxylic acid, 4-(2'-, 3'- or
      4'-sulphophenyl-azo)-2-methoxy- 5-methylaniline, 4-(2'-, 3'- or
      4'-sulphophenyl-azo)-2,5-dimethoxyaniline, 4-(2' ,5'- or
      3',5'-disulphophenylazo)-2-methoxyaniline,
      4-(3',5'-disulphophenylazo)-2-methoxy-5-methylaniline,
      4-(3',5'-disulphophenylazo)-2,5-dimethoxy-aniline, 4-(2'-carboxy-4'-or
      -5'-sulphophenylazo)-2-methoxy-aniline, 4-(2'-carboxy-4'- or
      -5'-sulphophenylazo)-2,5-di-methoxyaniline, 4-(2'-carboxy-4'- or
      -5'-sulphophenylazo)-2-methoxy-5-methylaniline,
      4-(6',8'-disulphonaph-2'-ylazo)-2-methoxyaniline,
      4-(6',8'-disulphonaphth-2'-ylazo)-2-methoxy-aniline,
      4-(6',8'-disulphonaphth-2'-ylazo)-2-methoxy-5-methoxy-aniline and
      4-(6',8'-disulphonaphth-2'-ylazo)-2,5-dimethoxy-aniline.
PAR  Useful coupling components are: phenole and phenole substituted by lower
      alkyl, acylamino, sulfo, amino, hydroxy, lower alkanoyl, especially
      acetyl, and arylazo, naphthole and naphthole substituted by sulfo,
      hydroxy, acylamino, sulfonamido, substituted sulfonamido, amino,
      phenylamino and phenylamino substituted in the phenyl nucleus by sulfo or
      amino, naphthylamines, such as 2-aminonaphthaline, 6-bromo-, 6-methoxy- or
      6-methyl-2-aminonaphthaline, 2-aminonaphthaline-6-sulfonic acid,
      6-hydroxypyridones substituted in position 1 by lower alkyl; lower
      hydroxy-, amino- or alkoxyalkyl, such as .beta.-hydroxyethyl,
      .beta.-aminoethyl, .gamma.-isopropoxypropyl or by amino or substituted
      amino, such as lower dialkylamino and substituted in position 3 by cyano
      or carbonamido and in position 4 by lower alkyl, primerily methyl,
      5-pyrazolones substituted in position 1 by phenyl or naphthyl optionally
      substituted in their turn by chloro, lower alkyl, lower alkoxy, amino,
      nitro, sulfonamido, substituted sulfonamido and lower alkylsulfonyl or
      hydroxy-, chloro-, alkoxy- or cyanoalkylsulfonyl, acetoacetanilide and
      benzoylacetanilide optionally substituted in the anilide nucleus by lower
      alkyl, lower alkoxy, sulfo, lower alkylsulfonyl or lower hydroxy-,
      chloro-, alkoxy or cyanoalkylsulfonyl, sulfonamido, substituted
      sulfonamido, chloro and amino.
PAR  As examples of coupling components the following may be mentioned: Phenols,
      for example para-cresol, 3,4-dimethyl-phenol, 2,4-dimethylphenol, 2- or
      3-acetylamino-4-methylphenol, 4-tert.butylphenol,
      2-hydroxy-5,6,7,8-tetrahydronaphthalene, 2-hydroxy-3-sulphonic
      acid-5,6,7,8-dihydroxyacetophenone, 2-carboethoxyamino-4-methylphenol,
      resorcinol, meta-aminophenol, 2,4-dihydroxyacetonnphenone,
      2,4-dihydroxyazobenzene, 2,4-di-hydroxyazobenzene-2'- or -4'-sulphonic
      acid, 2,4-dihydroxy-azobenzene-2',5'-disulphonic acid,
      2,4-dihydroxy-4'-nitroazobenzene,
      2,2',4-trihydroxyazobenzene-3',5'-disulphonic acid, 2,4-dihydroxy-4'- or
      -5'-(acetylamino)-azobenzene-2'-sulphonic acid and
      4-(2',4'-dihydroxyphenylazo)-4'-nitrostilbene-2,2'-disulphonic acid;
      naphthols, for example 2-naphthol, 1,3- or 1,5-dihydroxynaphthalene,
      2-naphthol-6-sulphonic acid, 1,8-dihydroxynaphthalene-3,6-disulphonic
      acid, 1,3-dihydroxynaphthalene-5-, -6- or -7-sulphonic acid,
      1,3-dihydroxynaphthalene-5,7-disulphonic acid, 2-naphthol-6-sulphonamide,
      2-naphthol-6-.beta.-hydroxyethylsulphone, 1-amino-7-naphthol,
      1-acetylamino-7-naphthol, 1-propionylamino-7-naphthol,
      1-carbomethoxyamino-7-naphthol, 1-carboethoxyamino- 7-naphthol,
      1-carbopropoxyamino-7-naphthol, 1-dimethylamino-sulphonylamino-7-naphthol,
      2-amino-5-naphthol-7-sulphonic acid, 2-amino-5-naphthol-1,7-disulphonic
      acid, 1-amino-4-napthol, 2-amino-6-naphthol, 2-acetylamino-
      5-naphthol-7-sulphonic acid, 2-benzoylamino-5-naphthol-7-sulphonic acid,
      2-phenylamino-5-naphthol-7-sulphonic acid,
      2-(3'-sulphoanilino)-5-naphthol-7-sulphonic acid,
      2-amino-8-naphthol-6-sulphonic acid, 2-amino-6-naphthol-8-sulphonic acid,
      2-acetylamino- 8-naphthol-6-sulphonic acid, 2-(3'- or
      4'-amino-benzoylamino)-5-naphthol-7-sulphonic acid, 2-(3'- or
      4'-amino-benzoylamino)-8-naphthol-6-sulphonic acid, 1-(3'- or
      4'-amino-benzoylamino)-8-naphthol-3,6-disulphonic acid, 2-(3'- or
      4'-aminoanilino)-5-naphthol-7-sulphonic acid, 2-(3'- or
      4'-aminoanilino)-8-naphthol-6-sulphonic acid, 1-(3'- or 4'-aminoanilino)-8
      naphthol-3,6-disulphonic acid, 2-(3'-amino- 4'-sulphoanilino)-
      5-naphthol-7-sulphonic acid, 2-phenylamino-8-naphthol-3,6-disulphonic
      acid, 2-(4'-amino-3'-sulphoanilino)-5-naphthol-7-sulphonic acid,
      2-(4'-amino-3'-sulphoanilino)-8-naphthol-6-sulphonic acid,
      1-amino-8-naphthol- 3,6-, -2,4- or -4,6-disulphonic acid,
      1-amino-8-naphthol-4-sulphonic acid, 1-phenylamino-8-naphthol-4-sulphonic
      acid, 1-amino-5-naphthol-7-sulphonic acid, 1-acetylamino-8-naphthol-3,6-
      or -4,6-disulphonic acid, 1-benzoylamino-8-naphthol-3,6- or
      -4,6-disulphonic acid, 1-phenylamino-8-naphthol-3,6- or -4,6-disulphonic
      acid, 1-naphthol-4-sulphonic acid, 1-naphthol-4,6-disulphonic acid,
      2-naphthol-6,8 -disulphonic acid, 1-naphthol-5-sulphonic acid,
      2-naphthol-3,6-disulphonic acid, 2-naphthol-3,6,8-trisulphonic acid,
      2-amino-8-naphthol-3,6-disulphonic acid, 6-acetyl-2-naphthol,
      4-acetyl-2-naphthol, 4-acetyl-2-naphthol, 4-methoxy-1-napthol,
      4-acetyl-1-naphthol, 1-naphthol-3-, -4- or -5 -sulphonamide,
      2-naphthol-3-, -4-, -5-, -6-, -7- or -8-sulphonamide,
      5,8-dichloro-1-naphthol, 2-methyl-amino-5-naphthol-7-sulphonic acid,
      2-methylamino-8-naphthol- 6-sulphonic acid
      1-butylamino-8-naphthol-3,6-disulphonic acid,
      1-naphthol-3,6,8-trisulphonic acid,
      6-.beta.-hydroxyethylsulphonyl-2-naphthol-3-sulphonic acid,
      1-naphthol-3,6- or -3,8-disulphonic acid,
      2-(4'-nitrophenylazo)-1-amino-8-naphthol-3,6- or -3,8 -disulphonic acid,
      2-(4'-nitrophenylazo)-1-amino-8-naphthol-3,6-disulphonic acid,
      2-(2'-sulphophenylazo)-1-amino-8-naphthol-3,6-disulphonic acid, 1,4
      -dichloro-8 -naphthol, 1-naphthol-8-sulphonic acid, 2-(2'
      ,5'-disulphophenylazo)-1-amino-8-naphthol-3,6-disulphonic acid and
      2-naphthol-7- or -8-sulphonic acid; heterocylic coupling components for
      example barbituric acid, 2,6-dihydroxy-3-cyano-4-methylpyridine and
      2,4-dihydroxy-quinoline; 5-pyrazolones for example 3-methyl-5-pyrazolone,
      1,3-dimethyl-5-pyrazolone, 5-pyrazolone-3-carboxylic acid and its amides,
      preferably 1-aryl-5-pyrazolones for example
      1-phenyl-3-methyl-5-pyrazolone, 1-(2'-, 3'- or
      4'-methylphenyl)-3-methyl-5-pyrazolone, 1-(2'-, 3'- or
      4'-sulphophenyl)-3-methyl-5-pyrazolone, 1-[3'- or
      4'-(.beta.-hydroxyethylsulphonyl)-phenyl]-3-methyl-5-pyrazolone,
      1-phenyl-3-carboxy-5-pyrazolone, 1-(3'- or
      4'-aminophenyl)-3-methyl-5-pyrazolone,
      1-(2'-methoxyphenyl)-3-methyl-5-pyrazolone, 1-(2'-, 3'- or
      4'-chlorophenyl)-3-methyl-5-pyrazolone, 1-(3'- or
      4'-aminophenyl)-3-carboxy-5-pyrazolone,
      1-(3'-amino-4'-sulphophenyl)-3-(carboxy- or methyl)-5-pyrazolone,
      1-(4'-amino-3'-sulphophenyl)-3-carboxy- or methyl)-5-pyrazolone, 1-(2'-,
      3'- or 4'-nitrophenyl)-3-methyl-5-pyrazolone, 1-(2',5'- or
      3',4'-dichlorophenyl)-3-methyl- 5-pyrazolone, 1-(2'-, 3'- or
      4'-sulphamylphenyl)-3-methyl-5- pyrazolone, 1-(2'-, 3'- or
      4'-methylsulphonylphenyl)-3-methyl-5-pyrazolone,
      1-phenyl-5-pyrazolone-3-carboxylic acid cresidide,
      1-phenyl-5-pyrazolone-3-carboxylic acid-2'-toluidide,
      1-phenyl-5-pyrazolone- 3-carboxyanilide, 1,3-diphenyl-5-pyrazolone,
      1-(2'-, 3'- or 4'-N-methylsulphamylphenyl)-3-methyl-5-pyrazolone,
      1-(6'chloro-3'-methyl-4'-sulphophenyl)-3-methyl-5-pyrazolone,
      1-(2',5'-dichloro-4'-sulphophenyl)-3-methyl-5-pyrazolone,
      1-(2'-methyl-5'-sulphophenyl)-3-methyl-5-pyrazolone,
      1-(4'-chloro-2'-sulphophenyl)-3-methyl-5-pyrazolone,
      1-(6'-chloro-4'sulpho-2'-methylphenyl)-3-carboethoxy-5-pyrazolone,
      1-(2',5'-disulphophenyl)-3-methyl-5-pyrazolone,
      1-(4'-sulphophenyl)-3-carboxy-5-pyrazolone, 1-(2'-, 3'- or
      4'-carboxyphenyl)-3-methyl-5-pyrazolone,
      1-(6'-chloro-4'-sulpho-2'-methylphenyl)-3-methyl-5-pyrazolone, and
      3-carboxy-5-pyrazolone; acetacetic acid amides, preferably acetoacetic
      acid anilides and benzoyl-acetic acid anilides, for example
      acetoacetanilide, acetoacet-4-(.beta. -hydroxyethylsulphonyl)-anilide,
      acetoacet-ortho-anisidide, acetoacet-ortho-toluidide,
      acetoacet-ortho-chloroanilide, acetoacetanilide-3- or 4-sulphonic acid,
      acetoacet-3- or 4-aminoanilide, acetoacet-m-xylidide, acetoacetanilide-2-
      or 3- or 4-carboxylic acid, benzoylacetanilide, benzoylacetanilide-3- or
      4-sulphonic acid, benzoylacet-3- or 4-aminoanilide and
      acetoacetanilide-4-sulphonamide; naphthylamines, for example
      2-naphthylamine, 1-naphthylamine, 1-naphthylamine-4-sulphonic acid,
      2-methylaminonaphthalene, 2-aminonaphthalene-6-sulphonamide,
      2-amino-8-naphthol-6-sulphonic acid, 2-methylamino-8-naphthol-6-sulphonic
      acid and 2-phenylamino-8-naphthol-6-sulphonic acid,
      2-phenylaminonaphthalene, 2-(3'-chlorophenyl)-aminonaphthalene,
      2-aminonaphthalene-6-sulphonic acid and 2-aminonaphthalene-6-sulphonic
      acid -N-methylamide.
PAR  The azo compounds acting as trifunctional ligands, which contain a
      complex-forming group in ortho-position to the azo bridge and contain two
      non-ionisable co-ordination postions, may be manufactured in known manner
      by coupling a diazotised primary amine containing a hetero atom which is
      separated from the amino group preferably by two carbon atoms, with a
      coupling component capable of coupling in vicinal position to a hydroxyl
      or amino group. Suitable diazotisable primary amines are:
      8-Aminoquinoline, 5-chloro-8-aminoquinoline, 2-methyl-8-aminoquinoline,
      5,7-dibromo-8-aminoquinoline, 8-aminoquinoline-5-sulphonic acid,
      5-acetylamino-8-aminoquinoline, 8-amino-5-(4'-sulphophenylazo)-quinoline,
      1-phenyl-2,3-dimethyl-4-amino-pyrazolone-(5), 5-aminoacridine,
      2aminoacetophenone and 2-aminobenzophenone.
PAR  The preferred amines are those of the formula
      ##SPC3##
PAL  wherein U is hydrogen, sulfo, chloro, bromo, nitro acylamino or arylazo.
      The term arylazo encompasses phenylazo groups, wherein the phenyl nucleus
      is optionally substituted by chloro, bromo, nitro, sulfo, carboxy, lower
      alkyl and lower alkoxy and acylamino.
PAR  The coupling component of the formula A.sub.2 -Z" capable of coupling in
      vicinal position to a hydroxyl or amino group may be one of the usual
      phenols, naphthols, anilines, naphthylamines or ketomethylenes or the like
      mentioned above in describing the azo compounds containing complex-forming
      groups in ortho, ortho'-positions.
PAR  The azomethine compounds suitable for use as starting materials which
      contain complex-forming groups in ortho, ortho'-positions to the
      azomethine group, or the azomethine compounds acting as trifunctional
      ligands which contain a complex-forming group in ortho-position to the
      azomethine bridge and contain two non-ionisable co-ordination positions,
      can be manufactured in known manner by reacting primary amines, for
      example those mentioned above as diazo components, with appropriate
      aldehydes of the formula OCH--A.sub.2 --Z". Such aldehydes are preferably
      those of the formula
      ##SPC4##
PAL  wherein the ring b can be further substituted for halogen, especially
      chlorine or by nitro or lower alkyl, for example salicylaldehyde or
      o-hydroxynaphthaldehyde.
PAR  When the mixed metal complex compounds according to this invention, or the
      azo or azomethine compounds used as starting materials, contain acylatable
      amino groups not in ortho-position to the azo or azomethine bridge, that
      is to say those which do not participate in the complex formation, these
      amino groups can be condensed with acylating reagents that contain
      fibre-reactive substituents.
PAR  Fibre-reactive substituents are reactive groupings capable of reacting with
      the hydroxyl groups of cellulose or with the carbamide groups of
      polyamides with formation of a covalent bond, for example aliphatic and
      especially heterocyclic groupings. Examples of fibre-reactive groups are:
      Acryl, .alpha.-halogenoacryl, .beta.-chloro- or .beta.-bromopropionyl,
      .alpha.,.beta.-dichloro- or dibromopropionyl, .beta.-sulphatopropionyl,
      halogeno-crotonyl, chlorobenzthiazole, dichloroquinoxaline-CO-,
      di-chloroquinazoline-CO groups and the like, and particularly
      halogenopyrimidyl and methanesulphonylpyrimidyl groups.
PAR  Specially valuable are those compounds which contain a triazine grouping as
      fibre-reactive substituent, especially a grouping of the formula
      ##EQU3##
      in which Z.sub.1 represents a chlorine atom or an alkyl or phenyl group,
      an --NH.sub.2 group or the residue of an alcohol, phenol, mercaptan or
      amine, for example an aliphatic or aromatic amine.
PAR  The acylation may be carried out in known manner, for example in an aqueous
      medium with addition of an acid acceptor, for example sodium hydroxide or
      carbonate.
PAR  The azo and azomethine compounds according to this invention may also be
      obtained, especially in the case of the cobalt complexes, by metallising a
      mixture of the azo or azomethine compound with a metal donor, particularly
      a cobalt donor, whereupon the reaction takes place practically
      immediately. When an alkoxy group is present in vicinal position to the
      azo group, it is converted during the metallisation in the usual manner
      (intermediately) into a hydroxyl group (the so-called dealkylating
      metallisation). In the case of the chromium complexes it is advantageous
      first to manufacture the 1:1-chromium complex of the azo or azomethine
      compound and then to react it with the trifunctional ligand.
PAR  In carrying out the manufacturing process of this invention it is generally
      advantageous to use the metallising reagent, the azo or azomethine
      compound and the trifunctional ligand in quantities that correspond
      approximately to the stoichiometric proportions required for the
      composition of the final product. Furthermore, it is generally
      advantageous to carry out the metallisation in a weakly acidic to alkaline
      medium. Preferred cobalt donors are simple cobalt salts, for example
      cobalt sulphate, or if desired freshly precipitated cobalt hydroxide. With
      these simple cobalt salts the treatment according to the invention may
      also be carried out in a weakly acidic medium.
PAR  The conversion of the complex chromium or cobalt compounds is
      advantageously carried out with heating under atmospheric or
      superatmospheric pressure, for example at the boiling temperature of the
      reaction mixture, if required or desired in the presence of suitable
      additives, for example in the presence of salts of organic acids, bases,
      organic solvents (for example glycol monomethyl ether, ethanol or
      n-butanol) or further reagents that favour the complex formation.
PAR  The 1:1-complexes used as preferred starting materials in the manufacture
      of the chromium complexes according to this invention can be manufactured
      by known methods, for example by reacting the metallisable azo or
      azomethine compound free from complex-forming metal in an organic medium
      (for example in a water-miscible medium for example pyridine, glycol
      monomethyl ether, formamide, dioxane or the like) or in an aqueous acidic
      medium with an excess of a salt of trivalent chromium, for example
      chromium acetate, chromium formate, chromium chloride, chromium sulphate
      or chromium fluoride, at the boil or preferably at a temperature above
      110.degree.C. The following reaction of the 1:1-chromium complex with the
      trifunctional ligand according to this invention may be carried out in an
      organic medium or preferably in an aqueous, weakly acidic, neutral or
      alkaline medium, under atmospheric or superatmospheric pressure, at room
      temperature or with heating, for example at a temperature in the range of
      from 50.degree. to 120.degree.C. In general it is also advantageous in
      this case to use for the reaction approximately stoichiometric proportions
      of the metalliferous 1:1-complex and the trifunctional ligand.
PAR  The metalliferous, especially chromiferous and cobaltiferous azo and
      azomethine compounds accessible by the present process and its variants
      are new; they are surprisingly stable and are suitable for dyeing or
      printing a wide variety of materials, especially for dyeing materials of
      animal origin for example silk, leather and especially wook, and also for
      dyeing or printing synthetic fibres of polyamides or polyurethanes,
      polyacrylonitrile fibres and the like.
PAR  In the absence of an anionic charge, that is to say when no sulphonic acid
      groups or the like are present, the solubility in water of the mixed metal
      complex compounds according to the invention is considerably lowered.
      Instead, they are much more soluble in organic solvents. In the absence of
      solvatisible substituents, for example a sulphonamide or nitro group, the
      solubility in organic solvents is only moderate.
PAR  The mixed complexes containing one or more sulphonic acid groups are
      especially valuable as dyestuffs for wool, silk, leather and especially
      polyamides. The mixed complexes containing sulphonamide groups are
      suitable for use as lacquer dyestuffs for spin-dyeing polyamides. When the
      mixed complexes containing a fibre-reactive group contain two or more
      sulphonic acid groups, they may be used as reactive dyestuffs in the usual
      manner. When sulphonic acid groups are completely absent, the dyestuffs
      are reactive disperse dyestuffs.
PAR  Mixed complexes according to this invention which carry a cationic charge
      are especially suitable for use as dyestuffs for polyacrylonitrile fibres.
PAR  The dyeings obtained with the new mixed complexes provide all shades from
      yellow through brown, olive, grey and green to black, which as a rule are
      well covered.
PAR  The new dyestuffs may be used for dyeing nitrogenous fibres for example
      wool, for example in an acetic acid or a neutral bath; when only slightly
      water-soluble dyestuffs are used a suitable dispersing agent is added.
      When readily water-soluble complexes are used that is to say those which
      contain in the azo dyestuff two or more sulphonic acid groups, it is
      advantageous to dye with addition of the assistants conventionally used in
      dyeing.
PAR  Furthermore, nitrogenous fibres, especially wool, can be advantageously
      dyed with the dyestuffs prepared by the present process by treating the
      fibres continuously, for example in a padder, with an aqueous preparation
      which contains a wool dyestuff and an assistant which is capable of
      forming with water, .+-. additives a system consisting of two liquid
      phases with a mixture gap, the ratio between water (or water+additives)
      and the assistant being within the mixture gap or near it, said mixture
      gap occurring even with a relatively low content of assistant and within a
      wide region of the mixture gap the phase containing more assistant making
      up a substantial share, whereupon the material treated with the aqueous
      preparation is subjected to a heat treatment.
PAR  The dyeings and prints obtained with the new dyestuffs are as a rule
      distinguished by their levelness, stability towards acids and alkalines,
      good fastness to light and rubbing and very good fastness to perspiration
      and water. As a rule they hardly change their appearance in artificial
      light and some of them have very interesting and valuable shades.
PAR  Unless otherwise indicated, parts and percentages in the following Examples
      are by weight. The relationship between parts by weight and parts by
      volume is the same as that between the gram and the cubic centimetre.
DETD
PAC  EXAMPLE 1
PAR  3.89 Parts of the azo dyestuff obtained from diazotised
      1-hydroxy-2-amino-5-nitrobenzene and 1-hydroxynaphthalene-4-sulphonic acid
      in the form of the 1:1-chromium complex and 2.48 parts of the azomethine
      obtained from 8-aminoquinoline and salicylaldehyde together with 2 parts
      of sodium hydrogencarbonate, in a mixture of 100 parts by volume of water
      and 50 parts by volume of ethanol are heated to 80.degree. to 85.degree.C
      with stirring. The resulting dark-green mixed complex settles out (partly)
      in the form of a crystalline precipitate. As soon as neither of the two
      starting components can be identified in the reaction mixture, the
      1:2-mixed complex of the azo dyestuffs of the formulae
      ##SPC5##
PAL  is completely separated by adding sodium chloride, filtered, washed with
      dilute sodium chloride solution and dried at 70.degree.C under vacuum.
      After having been ground, the dyestuff forms a dark powder soluble in hot
      water and dyes wool, polyamide fibres or natural silk from a weakly acidic
      bath full, bluish dark-green shades having good general fastness
      properties, especially good fastness to light.
PAC  EXAMPLE 2
PAR  4,19 Parts of the 1:1-chromium complex azo dyestuff obtained from
      diazotised 1-hydroxy-2-amino-4-nitrobenzene-6-sulphonic acid and
      1-phenyl-3-methyl-pyrazol-5-one are reacted as described in Example 1 with
      the azomethine obtained from 8-aminoquinoline and salicylaldehyde.
PAR  The resulting uniform mixed complex of the azo dyestuffs of the formula
      ##SPC6##
PAL  dyes wool and polyamide fibres from a bath containing ammonium sulphate
      very fast scarlet shades.
PAC  EXAMPLE 3
PAR  3.79 Parts of the azo dyestuff obtained from diazotised
      1-hydroxy-2-amino-4-chlorobenzene and 2-hydroxynaphthalene-6-sulphonic
      acid in the form of the 1:1-chromium complex and 3.79 parts of the azo
      dyestuff prepared in known manner from diazotised 8-aminoquinoline and
      1-hydroxynaphthalene-4-sulphonic acid are dissolved in 200 parts by volume
      of water with addition of 2 parts of sodium carbonate. The reaction
      mixture is then heated to the boil and stirred under reflux until the two
      parent dyestuffs can no longer be identified. The resulting mixed complex
      of the azo dyestuffs of the formulae
      ##SPC7##
PAL  is precipitated from the reaction solution with sodium chloride, filtered,
      washed with dilute sodium chloride solution and dried under vacuum. After
      having been ground, the dyestuff forms a dark powder which gives a
      grey-blue solution in water. It dyes wool or polyamide fibres from a
      weakly acidic bath full, blue-black shades having very good properties of
      fastness.
PAC  EXAMPLE 4
PAR  3.89 of the azo dyestuff obtained from diazotised
      1-hydroxy-2-amino-5-nitrobenzene and 1-hydroxynaphthalene-4-sulphonic acid
      in the form of the 1:1-chromium complex and 3.29 parts of the azo dyestuff
      obtained from diazotised 8-aminoquinoline and
      1-phenyl-3-methylpyrazol-5-one are stirred into 100 parts of formamide, 2
      parts of anhydrous sodium acetate are then added and the reaction is
      stirred at 100 to 105.degree.C until the reaction is complete. The mixed
      complex of the azo dyestuffs of the formulae
      ##SPC8##
PAL  which precipitates on dilution of the reaction mixture with sodium chloride
      solution is filtered, washed with dilute sodium chloride solution and
      dried. The new dyestuff is soluble in alcohol, acetone, pyridine and
      dimethylformamide forming a dark-green solution but only traces of it are
      water-soluble. By means of a fine, aqueous suspension prepared in the
      usual manner polyamide fibres can be dyed deep fast olive-grey tints.
PAC  EXAMPLE 5
PAR  3.43 Parts of the dyestuff obtained from diazotised
      1-hydroxy-2-aminobenzene-4-sulphonamide and 2-hydroxynaphthalene in the
      form of the 1:1-chromium complex, and 3.43 parts of the azo dyestuff
      obtained from diazotised 2-methyl-8-amino-quinoline and
      1-phenyl-3-methylpyrazol-5-one as well as 2 parts of anhydrous sodium
      acetate are stirred into 100 parts of dimethylformamide. After having
      stirred the reaction mixture for 3 hours at 120.degree. to 125.degree.C,
      the parent dyestuffs can no longer be identified. Working up as described
      in Example 4 provides an olive-brown mixed complex dyestuff which is
      readily soluble in acetone, ethyl acetate and isopropanol and can be used
      for colouring nitro lacquers greenish brown tints having very good
      fastness to light.
PAC  EXAMPLE 6
PAR  3.88 Parts of the azo dyestuff obtained from diazotised
      1-hydroxy-2-amino-5-nitrobenzene and 2-aminonaphthalene-6-sulphonic acid
      in the form of the 1:1-chromium complex and 4.38 parts of the azo dyestuff
      prepared in known manner from diazotised
      1-phenyl-2,3-dimethyl-4-aminopyrazol-5-one and
      2-hydroxynaphthalene-6-sulphonic acid together with 2 parts of sodium
      hydrogen carbonate in 200 parts by volume of water are heated at the boil
      until the two parent dyestuffs can no longer be identified in the reaction
      mixture. The resulting mixed complex of the azo dyestuffs of the formulae
      ##SPC9##
PAL  is isolated as indicated in Example 3; it dyes wool or polyamide fibres
      full, fast corinth shades.
PAC  EXAMPLE 7
PAR  25.9 Parts of the dyestuff obtained by alkaline coupling of
      1-hydroxy-8-aminonaphthalene-3,6-disulphonic acid with diazotised
      1-hydroxy-2-amino-4-chloro-5-nitrobenzene in the form of the 1:1-chromium
      complex are reacted according to Example 6 with 20.5 parts of the azo
      dyestuff obtained from diazotised 8-aminoquinoline-5-sulphonic acid and
      1-phenyl-3-methylpyrazol-5-one to form the uniform mixed complex. The
      resulting reaction solution is cooled to a temperature between 0.degree.
      and 3.degree.C and adjusted to a neutral reaction with dilute hydrochloric
      acid. While cooling in an ice bath a solution of 14 parts of
      .alpha.,.beta.-dibromopropionyl chloride in 50 parts of volume of acetone
      is then stirred in dropwise, while at the same time adding dilute sodium
      hydroxide solution to maintain the pH value between 6 and 7. When
      diazotisable amino groups can no longer be identified in the deep green,
      clear reaction solution, the mixed complex is precipitated with sodium
      chloride, filtered, washed with sodium chloride solution and dried at
      60.degree.C under vacuum.
PAR  The resulting mixed complex of the azo dyestuffs of the formulae
      ##SPC10##
PAL  is a readily water-soluble dark green powder and dyes wool from an acetic
      acid bath in the presence of a condensation product of higher fatty amines
      with ethylene oxide fast olive shades.
PAC  EXAMPLE 8
PAR  15 Parts of the azo dyestuff obtained by coupling diazotised
      8-aminoquinoline with 2-hydroxynaphthalene and 15 parts of
      chromium-III-chlorine hexahydrate are introduced into 500 parts by volume
      of glycol monomethyl ether. The suspension is then raised to the boil
      while being stirred and stirred under reflux until the dyestuff has been
      completely converted into the 1:1-chromium complex.
PAR  The clear, dark-green solution is mixed at 100 to 105.degree.C with 6 parts
      of anhydrous sodium acetate and 20.1 parts of the azo dyestuff prepared
      from diazotised 1-carboxy-2-aminobenzene-4-sulphonic acid and
      1-phenyl-3-methylpyrazol-5-one; 100 parts by volume of formamide are then
      poured into the mixture which is stirred at 100.degree. to 105.degree.C to
      complete the reaction to provide the mixed complex of the azo dyestuffs of
      the formulae
      ##SPC11##
PAL  The precipitate formed when the reaction batch is diluted with sodium
      chloride solution is filtered, washed with dilute sodium chloride solution
      and dried in the usual manner. The new dyestuff dissolves in hot water to
      give an olive-brown solution. On wool or polyamide fibres it produces fast
      yellowish brown dyeings.
PAR  When the 1:1-chromium complex compounds of the azo compounds shown in
      column I of the following table are reacted as described in Examples 1 to
      8 with the metal-free azo or azomethine compounds of column II, further
      chromium mixed complex dyestuffs are obtained which dye wool or polyamide
      fibres the shades shown in column III.
      ##SPC12##
      ##SPC13##
      ##SPC14##
      ##SPC15##
      ##SPC16##
      ##SPC17##
      ##SPC18##
      ##SPC19##
      ##SPC20##
      ##SPC21##
      ##SPC22##
      ##SPC23##
      ##SPC24##
      ##SPC25##
PAC  EXAMPLE 9
PAR  4.53 Parts of the azo dyestuff obtained from diazotised
      1-hydroxy-2-amino-4-nitrobenzene-6-sulphonic acid and
      1-4'-chlorophenyl-3-methylpyrazol-5-one, as well as 3.79 parts of the azo
      dyestuff obtained from diazotised 8-aminoquinoline and
      1-hydroxynaphthalene-4-sulphonic acid and 2 parts of anhydrous sodium
      carbonate are dissolved with stirring at 70.degree.C in 200 parts by
      volume of water. Then 25 parts by volume of a 3.1% aqueous solution of
      sodium disalicylatochromate-III are added and the reaction solution is
      stirred under reflux until metal-free azo dyestuff can no longer be
      identified. The reaction mixture contains mainly the mixed complex of the
      azo dyestuffs of the formulae
      ##SPC26##
PAR  Working up according to Example 3 provides a slightly water-soluble
      dyestuff which dyes wool and polyamide fibres from a weakly acidic bath
      full, very fast dark brown tints.
PAC  EXAMPLE 10
PAR  A solution of the two dyestuffs prepared as described in Example 9 is mixed
      at 80.degree.C with a solution of 3 parts of crystalline cobalt sulphate
      and 1.5 parts of tartaric acid in 20 parts by volume of water. The dark
      brown solution is stirred on for 1 hour at 80.degree. to 85.degree.C and
      then clarified by filtration. The filtrate is evaporated to dryness under
      vacuum and the residue ground.
PAR  The new dyestuff is a mixture of the symmetrical 1:2-cobalt complex of the
      two parent dyestuffs and the mixed complex of the azo dyestuffs of the
      formulae
      ##SPC27##
PAL  Wool is dyed from an acetic acid bath in the presence of a condensation
      product of oleylamine with ethylene oxide full, yellowish brown tints
      having good fastness properties.
PAC  EXAMPLE 11
PAR  3.88 Parts of the azo dyestuff obtained from diazotised
      1-hydroxy-2-amino-5-nitrobenzene and 2-aminonaphthalene-6-sulphonic acid,
      as well as 4.78 parts of the azo dyestuff obtained from diazotised
      8-aminoquinoline and
      1-(2',5'-dichloro-4-sulphophenyl)-3-methylpyrazol-5-one and 2 parts of
      anhydrous sodium carbonate are dissolved at 80.degree.C in 200 parts by
      volume of water.
PAR  The dyestuff mixture obtained by subsequent cobaltisation and working up as
      described in Example 10 contains, inter alia, the mixed complex of the azo
      dyestuffs of the formulae
      ##SPC28##
PAL  with which wool can be dyed by the process described in Example 10 full,
      dark-green tints.
PAC  EXAMPLE 12
PAR  3.89 Parts of the azo dyestuff obtained from diazotised
      1-hydroxy-2-amino-5-nitrobenzene and 1-hydroxynaphthalene-4-sulphonic acid
      in the form of the 1:1-chromium complex, as well as 4.25 parts of the azo
      dyestuff obtained by alkaline coupling of diazotised
      8-aminoquinoline-5-sulphonic acid with 2,3-dihydroxy-5-bromopyridine, and
      2 parts of sodium bicarbonate in 100 parts by volume of water are stirred
      at 90.degree. to 95.degree.C until the two parent dyestuffs can no longer
      be identified. The resulting uniform mixed complex of the azo dyestuffs of
      the formulae
      ##SPC29##
PAL  is precipitated from the clear reaction solution by adding sodium chloride,
      filtered, washed with dilute sodium chloride solution and dried at
      70.degree.C under vacuum. The new dyestuff gives a greenish blue aqueous
      solution and dyes wool, natural silk and polyamide fibres from a weakly
      acidic bath full, fast greenish blue tints.
PAC  EXAMPLE 13
PAR  3.88 Parts of the azo dyestuff obtained from diazotised
      1-hydroxy-2-amino-5-nitrobenzene and 2-aminonaphthalene-6-sulphonic acid
      in the form of the 1:1-chromium complex and 3.00 parts of the azo dyestuff
      obtained by alkaline coupling of diazotised 8-aminoquinoline with
      2,3-dihydroxy-5-chloro-pyridine are reacted as described in Example 12 to
      produce the uniform mixed complex of the azo dyestuffs of the formulae
      ##SPC30##
PAL  The dyestuff is precipitated from the reaction solution by adding sodium
      chloride, filtered, washed with dilute sodium chloride solution and dried
      at 70.degree.C. under vacuum. Polyamide fibres can be dyed with the new
      dyestuff from a neutral to weakly acidic bath full, fast bluish green
      tints.
PAC  EXAMPLE 14
PAR  4.62 Parts of the azo dyestuff obtained from diazotised 8-aminoquinoline
      and 2-aminonaphthalene-6-.gamma.-N,N-dimethylamino-n-propylsulphonamide in
      the form of the 1:1-chromium complex in 120 parts by volume of
      dimethylformamide are reacted with 4.72 parts of the dyestuff obtained
      from diazotised 1-hydroxy-2-amino-5-nitrobenzene and
      2-aminonaphthalene-6-.gamma.-N,N-dimethylamino-n-propylsulphonamide at
      100.degree.C to 105.degree.C with stirring to produce the uniform greyish
      mixed complex.
PAR  After the reaction solution has cooled to 50.degree.C, 2 parts by volume of
      dimethyl sulphate are added and the whole is stirred at 50.degree.C until
      all tertiary amino groups of the mixed complex have been quaternated. The
      reaction mixture is then diluted with dilute sodium chloride solution and
      the precipitated mixed complex is filtered, washed with dilute sodium
      chloride solution and dried at 70.degree.C under vacuum. The new dyestuff
      forms a grey-brown solution in hot water and dyes polyacrylonitrile fibres
      from an aqueous bath neutral grey tints.
PAC  Instruction for dyeing knitting wool:
PAR  100 parts of knitting wool are immersed in a dyebath containing in 3000
      parts of water, 5 parts of ammonium sulphate and 1 part of the dyestuff
      described at the end of Example 1. The bath is heated to the boil within
      half an hour and the wool is dyed for another hour at the boil, rinsed and
      dried. A level, green dyeing is obtained.
PAC  Instruction for dyeing woollen fabrics:
PAR  100 parts of a woollen fabric are immersed at 50.degree. to 60.degree.C in
      a dyebath consisting of 3000 parts of water, 5 parts of 40% acetic acid,
      10 parts of sodium sulphate, 2 parts of the ethylene oxide adduct prepared
      as described below and 1 part of the dyestuff mentioned in Example 1. The
      bath is raised to the boil within half an hour, the fabric is dyed at the
      boil for another hour, rinsed and dried. A level, dark-green dyeing is
      obtained.
PAR  The above-mentioned ethylene oxide adduct is prepared in the following
      manner:
PAC  Manufacturing the ethylene oxide adduct:
PAR  100 Parts of commercial oleylamine are mixed with 1 part of finely
      dispersed sodium, heated to 140.degree.C and ethylene oxide injected at
      135.degree.  - 140.degree.C. When the ethylene oxide is being absorbed
      rapidly, the reaction temperature is lowered to 120.degree. - 125.degree.C
      and the injection of ethylene oxide is continued until 113 parts thereof
      have been absorbed. The reaction product obtained in this manner gives a
      practically clear aqueous solution.
CLMS
STM  We claim:
NUM  1.
PAR  1. A chromium complex containing one molecule of each of the following
      formula:
      ##EQU4##
      and
      ##SPC31##
PA1  D.sub.1 is phenyl or naphthyl, or phenyl or naphthyl substituted by chloro,
      bromo, lower alkyl, aryl, lower alkoxy, aryloxy, nitro, sulfo,
      sulfonamido, sulfonamido substituted by lower alkyl, lower hydroxyalkyl,
      lower alkoxyalkyl, lower cyanoalkyl, aralkyl, C.sub.5 -C.sub.9 -cycloalkyl
      or aryl, lower alkoxyalkylsulfonyl lower hydroxy-, chloro-, cyano-, or
      alkoxyalkylsulfonyl, arylsulfonyl, arylazo, lower alkanoyl, benzoyl and
      acylamino, wherein "lower" means "containing 1 to 5 carbon atoms", "aryl"
      designates naphthyl or phenyl, or phenyl or naphthyl substituted by
      chloro, bromo, nitro, sulfo, carboxy, lower alkyl, lower alkoxy and
      acylamino and "acylamino" means --NH.sub.2 substituted by lower alkanoyl,
      lower alkoxycarbonyl, lower alkylsulfonyl, benzoyl, chloro-, nitro- or
      methylbenzoyl, phenylsulfonyl, chloro-, nitro- or methylphenyl-sulfonyl or
      chloro, bromo- or sulfatosubstituted lower alkanoyl or alkylsulfonyl,
      lower alkenoyl or lower alkenoyl substituted by chloro or bromo, chloro-
      or bromo-substituted triazinyl and pyrimidyl,
      2,6-dichloropyrimidine-5-carbonyl, 2,3-dichlorochinoxaline-7-carbonyl-,
      1,4-dichlorophthalazine-7-carbonyl;
PA1  A.sub.1 and A.sub.2 are each independently phenyl or phenyl substituted by
      lower alkyl, acetylamino, propionylamino, ethoxycarbonylamino,
      methylsulfonylamino, benzoylamino, chloro-, nitro- or methyl-benzoylamino,
      benzoylamino, phthaloylamino, phenylsulfonylamino, chloro-, nitro- or
      methylphenylsulfonylamino, chloroacetylamino,
      .alpha.,.beta.-dibromopropionylamino, .beta.-sulfatoethylsulfonylamino,
      acryloylamino, .alpha.-bromoacryloylamino, 2,4-dichlorotriazinylamino,
      2-chloro-4-methoxytriazinylamino, 2-chloro-4-isopropoxytriazinylamino,
      2,4,5-trichloropyrimidylamino, sulfo, --NH.sub.2, hydroxy, lower alkanoyl
      and arylazo, naphthyl or naphthyl substituted by sulfo, hydroxy,
      acylamino, sulfonamido, --NH.sub.2, phenylamino and sulfo- or --NH.sub.2
      -substituted anilino, or 3-methyl-pyrazolyl bound to the azo group in
      position 4, carrying the OH-group in position 5 and substituted in
      position 1 by phenyl or naphthyl or phenyl or naphthyl substituted by
      chloro, lower alkyl, lower alkoxy, --NH.sub.2, nitro, sulfonamido,
      sulfonamido substituted by lower alkyl, lower hydroxyalkyl, lower
      alkoxyalkyl, lower cyanoalkyl, aralkyl, C.sub.5 -C.sub.9 -cycloalkyl or
      aryl and lower alkyl-lower hydroxyalkyl-, lower chloroalkyl-, lower
      alkoxy-alkyl- or lower cyanoalkylsulfonyl, or the residue of
      acetoacetanilide or acetoacetanilide substituted in the anilide nucleus by
      lower alkyl, lower alkoxy, sulfo, lower alkyl-, lower hydroxyalkyl-, lower
      alkoxyalkyl- or lower cyanoalkylsulfonyl, sulfonamido, substituted
      sulfonamido, chloro or --NH.sub.2, wherein "lower", "aryl" and "acylamino"
      are defined as above; and
PA1  U is hydrogen, sulfo, chloro, bromo, nitro, acylamino or arylazo, the
      meanings of the latter terms being the same as defined above.
NUM  2.
PAR  2. A chromium complex according to claim 1 containing one molecule of each
      of the formula
      ##SPC32##
PAL  and
      ##EQU5##
      wherein D.sub.1 ' is phenyl or phenyl substituted by chloro, bromo, lower
      alkyl, aryl, lower alkoxy, aryloxy, nitro, sulfo, sulfonamido, sulfonamido
      substituted by lower alkyl, lower hydroxy-alkyl, lower alkoxyalkyl, lower
      cyanoalkyl, aralkyl, C.sub.5 -C.sub.9 -cycloalkyl or aryl, lower alkyl
      sulfonyl, lower hydroxy-, chloro-, cyano- or alkoxyalkylsulfonyl,
      arylsulfonyl, arylazo, lower alkanoyl, benzoyl and acylamino and
PA1  A.sub.1 ' and A.sub.2 ' are each independently phenyl or phenyl substituted
      by lower alkyl, acylamino, sulfo, --NH.sub.2, hydroxy, lower alkanoyl and
      arylazo, naphthyl or naphthyl substituted by sulfo, hydroxy, acylamino,
      sulfonamido, --NH.sub.2, phenylamino and sulfo- or --NH.sub.2 -substituted
      phenylamino or the pyrazole residue bound to the azo group in position 4,
      carrying the OH-group in position 5 and substituted in position 1 by
      phenyl or naphthyl unsubstituted or substituted by chloro, lower alkyl,
      lower alkoxy, --NH.sub.2, nitro, sulfonamido, sulfonamido substituted by
      lower alkyl, lower hydroxyalkyl, lower alkoxyalkyl, lower cyanoalkyl,
      aralkyl, C.sub.5 -C.sub.9 -cycloalkyl or aryl and lower alkylsulfonyl or
      hydroxy-, chloro-, alkoxy or cyanoalkylsulfonyl, wherein "lower", "aryl"
      and "acylamino" as defined in claim 1.
NUM  3.
PAR  3. The complex compound as claimed in claim 1, which contains one molecule
      of each of the compounds of the formulae
      ##SPC33##
PAL  bound in complex union to one chromium atom.
NUM  4.
PAR  4. The complex compound as claimed in claim 1 which contains one molecule
      of each of the compounds of the formulae
      ##SPC34##
PAL  bound in complex union to one chromium atom.
NUM  5.
PAR  5. The complex compound as claimed in claim 1 which contains one molecule
      of each of the azo compounds of the formulae
      ##SPC35##
PAL  bound in complex union to one chromium atom.
NUM  6.
PAR  6. The complex compound as claimed in claim 1 which contains one molecule
      of each of the azo compounds of the formulae
      ##SPC36##
PAL  bound in complex union to one chromium atom.
NUM  7.
PAR  7. The complex compound as claimed in claim 1 which contains one molecule
      of each of the azo compounds of the formulae
      ##SPC37##
PAL  bound in complex unit to one chromium atom.
NUM  8.
PAR  8. The complex compound as claimed in claim 1 which contains one molecule
      of each of the azo compounds of the formulae
      ##SPC38##
PAL  bound in complex union to one chromium atom.
NUM  9.
PAR  9. The complex compound as claimed in claim 1 which contains one molecule
      of each of the compounds of the formulae
      ##SPC39##
PAL  bound in complex union to one chromium atom.
NUM  10.
PAR  10. The complex compound as claimed in claim 1 which contains one molecule
      of each of the azo compounds of the formulae
      ##SPC40##
PAL  bound in complex union to one chromium atom.
NUM  11.
PAR  11. The complex compound as claimed in claim 1 which contains one molecule
      of each of the azo compounds of the formulae
      ##SPC41##
PAL  bound in complex union to one chromium atom.
NUM  12.
PAR  12. The complex compound as claimed in claim 1 which contains one molecule
      of each of the azo compounds of the formulae
      ##SPC42##
PAL  bound in complex union to one chromium atom.
NUM  13.
PAR  13. The complex compound as claimed in claim 1 which contains one molecule
      of each of the azo compounds of the formulae
      ##SPC43##
PAL  bound in complex union to one chromium atom.
NUM  14.
PAR  14. The complex compound as claimed in claim 1 which contains one molecule
      of each of the azo compounds of the formulae
      ##SPC44##
PAL  bound in complex union to one chromium atom.
NUM  15.
PAR  15. The complex compound as claimed in claim 1 which contains one molecule
      of each of the azo compounds of the formulae
      ##SPC45##
PAL  bound in complex union to one chromium atom.
NUM  16.
PAR  16. The complex compound as claimed in claim 1 which contains one molecule
      of each of the compounds of the formulae
      ##SPC46##
PAL  bound in complex union to one chromium atom.
NUM  17.
PAR  17. The complex compound as claimed in claim 1 which contains one molecule
      of each of the compounds of the formulae
      ##SPC47##
PAL  bound in complex union to one chromium atom.
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ABST
PAL  An azo dyestuff that contains at least one residue of a styryl dyestuff.
      The dyestuffs dye synthetic fibers in bright colours the dyestuffs are of
      the formula
      ##EQU1##
      wherein D is a heterocyclic diazo component, B is a coupling component, A
      is a para-phenylene and R.sub.1 and R.sub.2 are alkyl that may be
      substituted.
PARN
PAR  This application is a Division of copending prior application Ser. No.
      56,954, filed On July 21, 1970 and now U.S. Pat. No. 3,717,625, issued
      Feb. 20, 1973.
BSUM
PAR  This invention relates to azo dyestuffs that contain at least one residue
      of a styryl dyestuff, and especially those dyestuffs that do not contain
      sulphonic acid groups.
PAR  The new dyestuffs may be obtained, for example, when a coupling component
      that contains a residue of the formula --CO--CH.sub.2 --CN
PA1  a. is condensed with a para-aminobenzaldehyde that may be N,N-dialkylated
      and
PA1  B. coupled with a diazonium compound of a diazo component, the operations
      being carried out in any desired sequence.
PAR  The dyestuffs of the invention may be, for example, azo dyestuffs of the
      formula
      ##EQU2##
      IN WHICH X represents a sulphone, carboxylic acid ester or carboxylic acid
      amide residue, n = 1 or 2, the residues R.sub.1 and R.sub.2 are alkyl
      residues that may be substituted, and R.sub.1 may form a tetramethylene
      chain bound in ortho-position with the residue A, A represents a
      para-phenylene residue that may be substituted and F represents the
      residue of an azo dyestuff that is free from sulphonic acid groups.
PAR  Dyestuffs that may be specially mentioned are those of the formula
      ##EQU3##
      in which D represents the residue of a diazo component, B represents the
      residue of a coupling component and X, A, R.sub.1 and R.sub.2 have the
      meanings given above, and especially the dyestuffs of the formula
      ##SPC1##
PAL  In which c, d and d' each represents a hydrogen or a chlorine atom, a lower
      alkyl group or a lower alkoxy group or a phenyl, phenoxy or phenylthio
      group, c' is the same as c, d or d' or represents a bromine atom, a
      trifluoromethyl group or an acylamino group, R.sub.1 ' represents an
      optionally substituted alkyl residue that may form a tetramethylene chain
      bound to the benzene residue in ortho-position, R.sub.2 ' represents an
      optionally substituted alkylene residue that may be interrupted by hetero
      atoms and R.sub.1, R.sub.2, X and D have the meanings given above. The
      dyestuffs may be further represented by
      ##SPC2##
PAL  Wherein X is phenylene--SO.sub.2 --, --OCO--, --N(CH.sub.2 C.sub.6
      H.sub.5)-- or -N(C.sub.1 --C.sub.2 -alkyl)---CO--, c, d and d' each is
      hydrogen, chlorine, C.sub.1 -C.sub.2 -alkyl, C.sub.1 -C.sub.2 -alkoxy,
      phenyl, phenoxy or phenylthio, c' is the same as c, d or d' or is bromine,
      trifluoromethyl, C.sub.1 -.sub.10 -hydrocarbylcarbonylamino, C.sub.1-6
      -hydrocarbylsulfonylamino, C.sub.1-8 -hydrocarbyloxycarbonylamino or
      C.sub.1-8 -hydrocarbylaminocarbonylamino, each of said hydrocarbyl
      moieties being aryl or saturated acyclic hydrocarbyl, R is hydrogen or
      C.sub.1-2 -alkyl, R.sub.1, R.sub.2, R'.sub.1 and R'.sub.2 each are,
      independently, unsubstituted C.sub.1 -C.sub.5 -alkyl residue that may form
      a trimethylene chain bound to the benzene residue in ortho-position, or
      C.sub.1 -C.sub.5 -alkyl optionally interrupted by oxygen and substituted
      by chlorine, fluorine, hydroxy of C.sub.1 -C.sub.5 -alkyl, C.sub.1
      -C.sub.5 -alkoxy, C.sub.1 -C.sub.5 -alkylcarbonyloxy, cyano, bromine,
      phenyl, phenoxy, phenylmercapto, dichlorophenylmercapto,
      methoxycarbonyl-thienyl-2-carbonyloxy, trifluoromethyl, benzoyloxy-,
      methoxycarbonyl-benzoyloxy, methoxybenzoyloxy, C.sub.1 -C.sub.5
      -alkylaminocarbonyloxy, phenylaminocarbonyloxy, C.sub.1 -C.sub.5
      -alkylaminocarbonylamino, C.sub.1 -C.sub.5 -alkyloxycarbonyloxy or C.sub.1
      -C.sub.5 -alkoxycarbonyl, m and n are each 0 or 1, only one of said m and
      n being zero at any one time and D is a diazo component of the
      heterocyclic series.
PAR  Also valuable are the dyestuffs of the formula
      ##SPC3##
PAL  which are obtainable by condensation of a cyanoacetic acid amide of the
      formula
      ##SPC4##
PAL  with a para-aminobenzaldehyde of the formula
      ##SPC5##
PAL  in which D, R.sub.1, R.sub.2, c, d and d' have the meanings given above,
      R.sub.1 " and R.sub.2 " have the same meanings as R.sub.1 and R.sub.2 and
      R represents a lower alkyl residue, especially a methyl or ethyl group, or
      is preferably a hydrogen atom. The residues c, d and d' each represents a
      hydrogen or chlorine atom, a lower alkyl or alkoxy residue, for example, a
      methyl, ethyl, methoxy or ethoxy residue, or a phenylthio or phenoxy
      residue.
PAR  The residue c' can have the same meaning as c and also stand for a bromine
      atom, a trifluoromethyl group and an acylamino group that may be
      alkylated, preferably methylated, at the nitrogen atom and in which the
      acyl residue is the residue of a lower carboxylic acid, for example, a
      formyl, acetyl, propionyl, butyryl or benzoyl residue, the residue of an
      organic monosulphonic acid, for example, a methane-, ethane- or
      para-toluenemonosulphonic acid residue, or the residue of a carbonic acid
      monoester or monamide, for example, a methoxycarbonyl, phenoxycarbonyl,
      aminocarbonyl or butylaminocarbonyl residue.
PAR  The groups R.sub.1, R.sub.2 and R.sub.1 ' can be identical or different and
      can each represent a hydrogen atom, an alkyl or substituted alkyl group,
      for example, a halogenated alkyl group, for example, a .beta.-chloroethyl,
      .beta.,.beta.,.beta.-trifluoroethyl, .beta.,.gamma.-dichloropropyl,
      benzyl, .beta.-phenylethyl or .beta.-cyanoethyl group; an alkoxyalkyl
      group, for example a .beta.-ethoxyethyl or .delta.-methoxybutyl group; a
      hydroxyalkyl group, for example, a .beta.-hydroxyethyl or
      .beta.,.gamma.-dihydroxypropyl group; a carbalkoxy group, for example, a
      .beta.-carbo-(methoxy-, ethoxy- or propoxy)-ethyl group (in which the
      terminal alkyl group in .omega.'-position can carry a cyano, carbalkoxy,
      acyloxy or alkoxy group) or a .beta.- or .gamma.-carbo(methoxy- or
      ethoxy)-propyl group; an acylaminoalkyl group; for example, a
      .beta.-(acetyl- or formyl)-aminoethyl group; an acyloxyalkyl group, for
      example, a .beta.-acetyloxyethyl or .beta.,.gamma.-diacetoxypropyl group;
      a .beta.-alkylsulphonylalkyl group, for example, a
      .beta.-methanesulphonylethyl ethyl or .beta.-ethanesulphonylethyl group;
      an alkyl- or arylcarbamoyloxyalkyl group, for example, a
      .beta.-methylcarbamyloxyethyl group; an alkyloxycarbonyloxyalkyl group,
      for example, a .beta.-(methoxy-, ethoxy- or
      isopropyloxy)-carbonyloxyethyl, .gamma.-acetamidopropyl, .beta.-(.beta.'
      -acetylethoxycarbonyl)-ethyl, .beta.-[.beta.'-(cyano-, hydroxy-, methoxy-
      or acetoxy)-ethoxycarbonyl]-ethyl, cyanoalkoxyalkyl, .beta.-carboxyethyl,
      .beta.-acetylethyl, .beta.-diethylaminoethyl, .beta.-cyanoacetoxyethyl,
      .beta.-benzoyloxyethyl or .beta.-(para-alkoxy- or phenoxybenzoyloxy)-ethyl
      group. The groups R.sub.1  and R.sub.2 generally contain not more than 8,
      preferably not more than 5, carbon atoms. The residue c is preferably in
      ortho-position to the vinylidene group.
PAR  Specially preferred are those styryl dyestuffs that contain an alkyl
      substituent in ortho-position to the vinylidene group on the phenylene
      ring.
PAR  The following are given as examples of alkylene residues R.sub.2 ' (the
      terminal amino group of the azo dyestuff is included to indicate the
      position):
      ##EQU4##
PAR  The residue X is, for example, a group corresponding to one of the
      following formulae (the group -C(CN)= is included to indicate the
      position):
PA1  --O--CO--C(CN)=
PA1  --nh--co--c(cn)=
PA1  --n(ch.sub.3)--co--c(cn)=
PA1  --n(ch.sub.2 c.sub.5 h.sub.6)--c(cn)=
PA1  --n--(alkyl)--CO--C(CN)--
      ##SPC6##
PAR  The introduction of the residue X may be effected by condensation, for
      example, by transesterification of a styryl dyestuff ester with a coupling
      component that contains a .beta.-hydroxyethyl group attached to the
      nitrogen atom.
PAR  The diazo residue D is derived primarily from monocyclic or bicyclic amines
      of the formula
EQU  D-NH.sub.2,
PAL  for example, any diazotizable amines that are free from substituents
      imparting solubility in water, but especially amines that contain a
      heterocyclic 5-membered ring having 2 or 3 hetero atoms, especially a
      nitrogen and one or two sulphur, oxygen or nitrogen atoms, and
      aminobenzenes, especially negatively substituted aminobenzenes,
      particularly those of the formula
      ##SPC7##
PAL  in which a represents a hydrogen or a halogen atom or an alkyl, alkoxy,
      nitro, cyano, carbalkoxy or alkylsulphone group, b represents a hydrogen
      or a halogen atom or an alkyl, cyano or trifluoromethyl group, e
      represents a nitro, cyano, carbalkoxy or alkylsulphonyl group or a halogen
      atom and f represents a hydrogen or halogen atom or carbalkoxy or a
      carboxylic acid amide group.
PAR  The following are given as examples: 2-aminothiazole,
      2-amino-5-nitrothiazole, 2-amino-5-methylsulphonylthiazole,
      2-amino-5-cyanothiazole, 2-amino-4-methyl-5-nitrothiazole,
      2-amino-4-methylthiazole, 2-amino-4-phenylthiazole,
      2-amino-4-(4'-chloro)-phenylthiazole, 2-amino-4-(4'-nitro)-phenylthiazole,
      3-aminopyridine, 3-aminoquinoline, 3-aminopyrazole,
      3-amino-1-phenylpyrazole, 3-aminoindazole, 3-amino-1,2,4-triazole,
      5-(methyl-, ethyl-, phenyl- or benzyl)-1,2,4-triazole,
      3-amino-1-(4'-methoxyphenyl)-pyrazole, 2-aminobenzthiazole,
      2-amino-6-methylbenzthiazole, 2-amino-6-methoxybenzthiazole,
      2-amino-6-chlorobenzthiazole, 2-amino-6-cyanobenzthiazole,
      2-amino-6-thiocyanobenzthiazole, 2-amino-6-nitrobenzthiazole,
      2-amino-6-carboethoxybenzthiazole, 2-amino-(4- or
      6)-methylsulphonylbenzthiazole, 2-amino-1,3,4-thiadiazole,
      2-amino-1,3,5-thiadiazole, 2-amino-4-phenyl- or
      -4-methyl-1,3,5-thiadiazole, 2-amino-5-phenyl-1,3,4-thiadiazole,
      2-amino-3-nitro-5-methylsulphonylthiophene,
      2-amino-3,5-bis(methylsulphonyl)-thiophene, 5-amino-3-methylisothiazole,
      2-amino-4-cyanopyrazole, 2-(4'-nitrophenyl)-3-amino-4-cyanopyrazole, 3- or
      4-aminophthalimide, aminobenzene,
      1-amino-2-trifluoromethyl-4-chlorobenzene,
      1-amino-2-cyano-4-chlorobenzene, 1-amino-2-carbomethoxy-4-chlorobenzene,
      1-amino-2-carbomethoxy-4-nitrobenzene, 1-amino-2-chloro-4-cyanobenzene,
      1-amino-2-chloro-4-nitrobenzene, 1-amino-2-bromo-4-nitrobenzene,
      1-amino-2-chloro-4-carbethoxybenzene,
      1-amino-2-chloro-4-methylsulphonylbenzene,
      1-amino-2-methylsulphonyl-4-chlorobenzene,
      1-amino-2,4-dinitro-6-methylsulphonylbenzene,
      1-amino-2,4-dinitro-6-(2'-hydroxyethylsulphonyl)benzene,
      1-amino-2,4-dinitro-6-(2'-chloroethylsulphonyl)benzene,
      1-amino-2-methylsulphonyl-4-nitrobenzene,
      1-amino-2-methylsulphinyl-4-nitrobenzene, 1-amino-2,4-dinitrobenzene,
      1-amino-2,4-dicyanobenzene, 1-amino-2-cyano-4-methylsulphonylbenzene,
      1-amino-2,6-dichloro-4-cyanobenzene, 1-amino-2,6-dichloro-4-nitrobenzene,
      1-amino-2,4-dicyano-6-chlorobenzene, 4-aminobenzoic acid cyclohexyl ester,
      1-amino-2,4-dinitro-6-chlorobenzene and especially
      1-amino-2-cyano-4-nitrobenzene, also 1-amino-benzene-2-, -3- or
      -4-sulphonic acid amides, for example, N-methyl- or N,N-dimethyl- or
      -diethyl amide,
      N,.gamma.-isopropyloxypropyl-2-aminonaphthalene-6-sulphonic acid amide,
      N,.gamma.-isopropyloxypropyl-1-aminobenzene-2-, -3- or -4-sulphonic acid
      amide, N-isopropyl-1-aminobenzene-2-, -3- or -4-sulphonic acid amide,
      N,.gamma.-methoxypropyl-1-aminobenzene-2-, -3- or -4-sulphonic acid amide,
      N,N-bis(.beta.-hydroxyethyl)-1-aminobenzene-2-, -3- or -4-sulphonic acid
      amide, 1-amino-4-chlorobenzene-2-sulphonic acid amide and the
      N-substituted derivatives thereof, 2-, 3- or 4-aminophenylsulphamate,
      2-amino-4-, -5- or -6-methylphenylsulphamate,
      2-amino-5-methoxyphenylsulphamate, 3-amino-6-chlorophenylsulphamate,
      3-amino-2,6-dichlorophenylsulphamate, 4-amino-2- or
      -3-methoxyphenylsulphamate, N,N-dimethyl-2-aminophenylsulphamate,
      N,N-di-n-butyl-2-aminophenylsulphamate,
      N,N-dimethyl-2-amino-4-chlorophenylsulphamate,
      N,n-propyl-3-aminophenylsulphamate,
      N,N-di-n-butyl-3-aminophenylsulphamate, O(3-aminophenyl)-N-morpholine-N-su
     lphonate, O(3-aminophenyl)-N-piperidine-sulphonate,
      N-cyclohexyl-O-(3-aminophenyl)sulphamate,
      N(N-methylaniline)-O-(3-aminophenyl)sulphonate,
      N,N-diethyl-3-amino-6-methylphenyl-sulphamate,
      N-ethyleneimine-O-(4-aminophenyl)-sulphonate,
      N,N-dimethyl-4-aminophenylsulphamate,
      O-(n-propyl)-O-(3-aminophenyl)sulphonate,
      O,.beta.-chloroethyl-O-(2-aminophenyl)sulphonate,
      O-benzyl-O-(3-aminophenyl)sulphonate,
      O-ethyl-O-(4-amino-2,6-dimethylphenyl)sulphonate, 4-aminoazobenzene,
      3,2'-dimethyl-4-aminoazobenzene, 2-methyl-5-methoxy-aminoazobenzene,
      4-amino-2-nitroazobenzene, 2,5-dimethoxy-4-aminoazobenzene,
      4'-methoxy-4-aminoazobenzene, 2-methyl-4'-methoxy-4-aminoazobenzene,
      3,6,4'-trimethoxy-4-aminoazobenzene, 4'-chloro-4-aminoazobenzene, 2'- or
      3'-chloro-4-aminoazobenzene, 3-nitro-4-amino-2',4'-dichloroazobenzene and
      4-aminoazobenzene-4'-sulphonic acid amide.
PAR  Instead of the above-mentioned diazo components free from ionic groups
      imparting solubility in water, those containing fibre-reactive groups may
      also be used, for example, s-triazinyl residues carrying 1 or 2 chlorine
      or bromine atoms on the triazine ring, pyrimidyl residues carrying 1 or 2
      chlorine atoms or 1 or 2 arylsulphonyl or alkanesulphonyl groups on the
      pyrimidine ring, mono- or
      bis-(.gamma.-halogeno-.beta.-hydroxypropyl)-amino groups,
      .beta.-halogenoethylsulphamyl residues, .beta.-halogenoethoxy groups,
      .beta.-halogenoethylmercapto groups, 2-chlorobenzthiazolyl-6-azo groups,
      2-chlorobenzthiazolyl-6-amino groups,
      .gamma.-halogen-.beta.-hydroxypropylsulphamyl residues, chloroacetylamino
      groups, .alpha.,.beta.-dibromopropionyl groups, vinylsulphonyl groups and
      2,3-epoxypropyl groups.
PAR  The following are examples of suitable fibrereactive diazo components:
      N,.beta.-chloroethyl-3-chloro-4-aminobenzene sulphamide (hydrochloride),
      N,.beta.-chloroethyl-4-aminobenzene sulphamide (hydrochloride),
      3-bromo-4-amino-.omega.-chloroacetophenone,
      N,.gamma.-chloro-.beta.-hydroxypropyl-4-aminobenzene sulphamide,
      N,.beta.-chloroethyl-1-amino-4-naphthylsulphonamide,
      N,.beta.-chloroethyl-1-amino-3,5-dichlorobenzenesulphamide and
      4-(.gamma.-chloro-.beta.-hydroxypropoxy)-aniline.
PAR  The diazotization of the above-mentioned diazo components can be effected,
      for example, with a mineral acid and sodium nitrite or, for example, with
      a solution of nitrosylsulphuric acid in concentrated sulphuric acid,
      depending on the position of the amino group concerned.
PAR  Coupling can be carried out in known manner, for example, in a neutral to
      acid medium, if necessary, in the presence of sodium acetate or a similar
      buffer that influences the rate of coupling, or a catalyst, for example,
      dimethylformamide or pyridine, or the salts thereof.
PAR  The dyestuffs can also be manufactured by reacting two dyestuff molecules
      (A) and (B) of the formulae
      ##SPC8##
PAL  in which D, B, R.sub.1, R.sub.2 ', d and c have the meanings given above,
      X' = --CN, --SO.sub.2 -aryl, --COHN.sub.2 or --CO--O-alkyl, Z' = --OH,
      --NH.sub.2, -SH or --NH-alkyl and Z" = a reactive halogen atom,
      --O-CO--Cl, --O--CO-alkylene--O--COCL or --O--CO-alkylene-CO--Cl.
PAR  In this manner the dyestuffs of the formula
      ##SPC9##
PAL  are obtained, in which Z represents a divalent organic residue or an oxygen
      atom or an --NH-- group, preferably, a residue of the formula
      -O-CO-alkylene-CO-O or --O--CO--O--.
PAR  Those representatives of the above-mentioned heterocyclic diazo components
      that contain a quaternatable nitrogen atom can also be coupled by
      oxidation in the N-alkylated form as hydrazones or as azosulphones (cf.
      Angewandte Chemie, Volume 70, 215 [1958]; Volume 74, 818 [1962]; Volume
      80, 343 [1968]).
PAR  Those representatives of the new dyestuffs that contain a quaternated amino
      group can also be obtained by quaternating the corresponding dyestuffs
      that contain a non-quaternated amino group by treating with alkylating
      agents.
PAR  Examples of suitable alkylating or quaternating agents are as follows:
      esters of strong mineral acids or organic sulphonic acids, for example,
      dimethyl sulphate, diethyl sulphate, alkyl halides, for example, methyl
      chloride, methyl bromide or methyl iodide, aralkyl halides, for example,
      benzyl chloride, esters of low-molecular alkane sulphonic acids, for
      example, methyl esters of methane-, ethane- or butane-sulphonic acid, and
      esters of benzene-sulphonic acids that can contain additional
      substituents, for example, methyl-, ethyl- propyl- or butyl-esters of
      benzene sulphonic acid, of 2- or 4-methylbenzene sulphonic acid,
      4-chlorobenzene sulphonic acid or 3- or 4-nitrobenzene sulphonic acid.
PAR  It is expedient to effect alkylation by heating in an inert organic
      solvent, for example, a hydrocarbon, for example, benzene, toluene or
      xylene, a halogenated hydrocarbon, for example, carbon tetrachloride,
      tetrachloroethane, chlorobenzene or ortho-dichlorobenzene, or a
      nitrohydrocarbon, for example, nitromethane, nitrobenzene or a
      nitronaphthalene. Acid anhydrides, acid amides or nitriles, for example,
      acetic anhydride, dimethylformamide or acetonitrile or also dimethyl
      sulphoxide can also be used as solvents in the alkylation process. Instead
      of a solvent, a large excess of alkylating agent may also be used. In this
      case, care must be taken to ensure that the mixture is not unduly heated,
      since the reaction is strongly exothermic. It is nevertheless necessary in
      most cases, especially in the presence of organic solvents, to heat the
      reaction mixture externally in order to initiate the reaction. In special
      cases, the alkylation can also be carried out in an aqueous medium or with
      the use of an alcohol, if necessary, in the presence of a small amount of
      potassium iodide.
PAR  Should it be necessary, purification of the dyestuff salts is
      advantageously effected by dissolution in water, any unreacted starting
      dyestuff being removed by filtration in the form of insoluble residue. The
      dyestuff can be reprecipitated from the aqueous solution by the addition
      of a water-soluble salt, for example, sodium chloride.
PAR  The non-quaternated dyestuffs are generally insoluble in water.
PAR  The new dyestuffs, mixtures thereof, and mixtures of the new dyestuffs with
      other azo dyestuffs are eminently suitable for dyeing and printing
      leather, wool and silk and especially synthetic fibres, for example,
      acrylic or acrylonitrile fibres, polyacrylonitrile fibres and copolymers
      of acrylonitrile and other vinyl compounds, for example, acrylic esters,
      acylamides, vinylpyridine, vinyl chloride or vinylidene chloride,
      copolymers of dicyanoethylene and vinyl acetate, and of acrylonitrile
      block-copolymers, polyurethane fibres, polyolefins, for example, basified,
      nickel-modified or unmodified polypropylene, cellulose triacetate and
      secondary acetate fibres and especially polyamide fibres, for example,
      nylon 6, nylon 6.6 or nylon 12, and also fibres made from aromatic
      polyesters, for example, terephthalic acid and ethylene glycol or
      1,4-dimethylcyclohexane, and copolymers of terephthalic and isophthalic
      acid and ethylene glycol.
PAR  For dyeing in an aqueous liquor, the water-insoluble dyestuffs are
      advantageously used in a finely divided form and dyeing is carried out in
      the presence of a dispersing agent, for example, sulphite cellulose waste
      liquor, or a synthetic detergent, or a combination of different wetting
      and dispersing agents. Prior to dyeing, it is generally advantageous to
      convert the dyestuff into a dyeing preparation that contains a dispersing
      agent and the dyestuff in a form such that a fine dispersion is obtained
      when the preparation is diluted with water. Such dyestuff preparations may
      be obtained in known manner, for example, by grinding the dyestuff in the
      dry or wet state in the presence or absence of a dispersing agent.
PAR  To obtain stronger dyeings on polyethylene terephthalate fibres it is
      generally advantageous to add a swelling agent to the dyebath, or more
      especially to carry out the dyeing process under superatmospheric pressure
      at a temperature above 100.degree.C, for example, at 120.degree.C.
      Suitable swelling agents are aromatic carboxylic acids, for example,
      benzoic acid and salicyclic acid; phenols, for example, ortho- or
      para-hydroxydiphenyl; aromatic halogen compounds, for example,
      ortho-dichlorobenzene or diphenyl.
PAR  For thermofixation of the dyestuff, the padded polyester fabric is heated
      to a temperature above 100.degree.C, for example, to a temperature between
      180 and 210.degree.C, advantageously after drying, for example, in a
      current of warm air.
PAR  The dyeings obtained in accordance with the present process can be
      subjected to an after-treatment, for example, by heating with an aqueous
      solution of a non-ionic detergent.
PAR  The dyestuffs may also be applied by printing processes. In this method of
      application a printing paste is used that contains, for example, the
      finely dispersed dyestuff and the usual printing adjuvants, for example,
      wetting and thickening agents.
PAR  Furthermore, dyeing can also be carried out in a dyebath containing an
      organic solvent, for example, a mixture of perchloroethylene and
      dimethylformamide.
PAR  The above-mentioned processes yield strong dyeings and prints possessing
      good properties of fastness.
PAR  The new water-insoluble dyestuffs can also be used in the spin-coloration
      of polyamides, polyesters and polyolefins. The polymer to be coloured is
      advantageously in the form of a powder, grains or chips, in the form of a
      spinning solution or in the molten state when mixed with the dyestuff, the
      latter being either in the dry state or in the form of a dispersion or
      solution in a solvent that may be volatile. The dyestuff is homogeneously
      dispersed in the polymer solution or melt and the mixture is then
      processed into fibres, yarns, monofilaments, films, and so forth, in known
      manner by casting, compression moulding or extrusion.
DETD
PAR  The following Examples illustrate the invention, the parts and percentages
      being by weight, unless otherwise stated.
PAC  EXAMPLE 1
PAR  47.5 Parts of N-.beta.-cyanoethyl-N-.beta.-hydroxyethylaniline and 42.6
      parts of cyanoacetic acid are refluxed for 16 hours with 100 parts of
      benzene in a water separator during which 4.3 parts of water,
      corresponding to a yield of 95 %, are separated. The residue is diluted
      with benzene and the excess of cyanoacetic acid is washed out with water
      in a separating funnel. The benzene phase is dried and evaporated. 58
      Grams (90 % of the theoretical yield) of the cyanoacetic ester remain
      behind in the form of a yellowish, thick oil corresponding to the formula
      ##SPC10##
PAR  30 Parts of 3-chloro-N,N-bis-.beta.-acetoxyethylaniline are introduced into
      31 parts by volume of dimethylformamide. 10.6 Parts by volume of
      POCl.sub.3 are added dropwise at 15 to 20.degree.C, the batch is stirred
      for 30 minutes at 15.degree. to 20.degree.C, then for 11/2 hours at
      90.degree.C, discharged hot into a solution of 48 parts by volume of NaOH
      (conc.) in 500 parts of water, and the batch is rendered neutral. The
      yellowish product that precipitates is isolated and washed with water.
      After drying, 31 parts (94 % of the theoretical yield) of the aldehyde of
      the formula
      ##SPC11##
PAL  are obtained.
PAR  6.6 Parts of this aldehyde are condensed with 5.2 parts of the amine of the
      formula given above in 30 parts by volume of dioxane with the addition of
      catalytic amounts of piperidine. The batch is refluxed for 4 hours while
      stirring, the dioxane is removed by distillation and the coupling
      component is obtained in the form of an orange-red oil; it corresponds to
      the formula
      ##SPC12##
PAR  1.8 Parts of 2-chloro-4-nitroaniline are diazotized in the usual manner
      with 1N nitrosylsulphuric acid, and the product is discharged at 0.degree.
      to 10.degree. into 140 parts by volume of a 6:1 mixture of acetic acid and
      propionic acid. A solution of 5.7 parts of the coupling component of the
      above formula in 70 parts by volume of the acid mixture specified above is
      added dropwise to the solution of 0.degree. to 10.degree.C, the batch is
      stirred for one hour at 0.degree. to 10.degree.C, 100 parts of water are
      slowly added dropwise at that temperature, the batch is stirred overnight
      at 0.degree. to 10.degree.C, the precipitate that forms is isolated by
      powerful vacuum filtration and washed with water until the washings run
      neutral. The residue is dried and 5 parts (67 % of the theoretical yield)
      of the styryl-azo dyestuff of the formula
      ##SPC13##
PAL  are obtained. It dyes polyester fibres an orange shade possessing excellent
      fastness to light and the maximum degree of fastness to sublimation.
PAR  The following Table 1 lists components from which further styrylazo
      dyestuffs may be obtained by condensing the cyanoacetic ester specified
      above with an aldehyde listed in Column I in the manner described and
      coupling with a diazonium compound of a diazo component listed in Column
      II. The shade that the styryl-azo dyestuff so obtained yields on polyester
      is indicated in Column III.
      ##SPC14##
PAR  The following Table 2 lists components from which further dyestuffs can be
      obtained by condensing the aldehyde of the formula
      ##SPC15##
PAL  with a compound listed in Column I and then coupling with a diazo compound
      of an amine listed in Column II. The shade obtained on polyester is listed
      in Column III.
      ##SPC16##
PAC  EXAMPLE 2
PAR  2.3 Parts of para-amino-.omega.-(N-chlorotrimethylamino)-acetophenone are
      dissolved in 50 parts of N hydrochloric acid, the solution is cooled to
      0.degree.C and diazotized with 4N sodium nitrite solution. The diazo
      solution is added dropwise to a solution of 4.3 parts of the coupling
      component described in Example 1 dissolved in 70 parts by volume of
      acetone. The batch is stirred for some time, the dyestuff is salted out
      with sodium chloride, isolated by filtration and dried in vacuo. A product
      of the formula
      ##SPC17##
PAL  is obtained with dyes polyacrylonitrile fibres a yellow shade.
PAC  EXAMPLE 3
PAR  7 Parts of dyestuff No. 17 listed in Table 1 are heated to about
      80.degree.C in 70 parts of the dimethylformamide, and 2 parts of dimethyl
      sulphate are added. The batch is stirred at the same temperature until the
      dyestuff is fully quaternated. The product so obtained is precipitated by
      the addition of ethyl acetate, isolated, and dried in vacuo. A dyestuff of
      the formula
      ##SPC18##
PAL  is obtained that dyes polyacrylonitrile fibres a bluish green shade.
PAR  The dyestuffs listed below are obtained in an analogous manner and dye
      polyacrylonitrile fibres the shades indicated:-
      ##SPC19##
CLMS
STM  We claim:
NUM  1.
PAR  1. A dyestuff of the formula
      ##SPC20##
PAL  wherein
PA1  X is - phenylene -- SO.sub.2 --, [--OCO--N(CH.sub.2 C.sub.6 H.sub.5)--CO-]
      --OCO--, --N(CH.sub.2 C.sub.6 H.sub.5)-- or -N(C.sub.1 -C.sub.2
      -alkyl)--OC--;
PA1  c, d and d' each is hydrogen, chlorine, C.sub.1 -C.sub.2 alkyl, C.sub.1
      -C.sub.2 alkoxy, phenyl, phenoxy or phenylthio;
PA1  c' is the same as c, d or d' or is bromine, trifluoromethyl [C.sub.1-10
      -hydrocarbylcarbonylamino, C.sub.1 -C.sub.6 hydrocarbylsulfonylamino,
      C.sub.1 -C.sub.8 -hydrocarbyloxycarbonylamino or C.sub.1 -C.sub.8
      -hydrocarbylaminocarbonylamino,] acylamino- or N-methyl-acylamino wherein
      acyl represents formyl, acetyl, propionyl, butyryl, benzoyl,
      methylsulfonyl, ethylsulfonyl, p-tolylsulfonyl, methoxycarbonyl,
      phenoxycarbonyl, aminocarbonyl or butylaminocarbonyl
PA1  R is hydrogen or C.sub.1 -C.sub.2 alkyl,
PA1  R.sub.1, r.sub.2, r'.sub.1 and R'.sub.2 each are, independently C.sub.1
      -C.sub.5 -alkyl or C.sub.2 -C.sub.5 oxaalkyl and C.sub.1 -C.sub.5 -alkyl
      or C.sub.2 -C.sub.5 oxaalkyl substituted by chlorine, fluorine, hydroxy,
      C.sub.1 -C.sub.5 alkylcarbonyloxy cyano, bromine, phenyl, phenoxy,
      phenylmercapto, dichlorophenylmercapto,
      methoxycarbonyl-thienyl-2-carbonyloxy, benzoyloxy,
      methoxycarbonyl-benzoyloxy, methoxy-benzoyloxy, C.sub.1 -C.sub.5
      -alkylaminocarbonyloxy, phenylaminocarbonyloxy, C.sub.1 -C.sub.5
      -alkylaminocarbonylamino, C.sub.1 -C.sub.5 -alkoxycarbonyloxy or C.sub.1
      -C.sub.5 -alkoxycarbonyl,
PA1  m and n are each 0 or 1, not only of said m and n being zero at any one
      time, and with the proviso that when m is 1, R.degree..sub.2 represents
      C.sub.2 -C.sub.4 alkylene or C.sub.2 -C.sub.4, oxaalkylene, said alkylene
      and oxaalkylene being unsubstituted or substituted by chloro, and
PA1  D is selected from the group consisting or thiazolyl, thiadiazolyl,
      benzthiazolyl, isothiazolyl, pyrazolyl, indazolyl, pyridyl, quinolyl,
      benzisothiazolyl and triazolyl which is unsubstituted or substituted with
      one to three substituents selected from the group consisting of cyano
      lower alkyl, lower alkoxy, chloro, thiocyano, nitro, carbethoxy,
      methylsulphonyl, benzyl, phenyl, methoxyphenyl, chlorophenyl and
      pyridyl-(2); and the N-methyl chloride or N-methyl methylsulfate
      quaternary salt thereof.
NUM  2.
PAR  2. A dyestuff of claim 1 of the formula
      ##SPC21##
NUM  3.
PAR  3. A dyestuff of claim 2 wherein D is
      ##SPC22##
NUM  4.
PAR  4. The dyestuff of claim 3 wherein R.sub.1 is benzyl and R.sub.2 is
      acetoxyethyl.
NUM  5.
PAR  5. The dyestuff of claim 3 wherein R.sub.1 is ethyl and R.sub.2 is
      5-methoxycarbonyl-thienyl-2-carbonyloxy.
NUM  6.
PAR  6. The dyestuff of claim 3 wherein R.sub.1 is ethylaminocarbonyloxyethyl
      and R.sub.2 is ethyl.
NUM  7.
PAR  7. The dyestuff of claim 2 wherein D is
      ##SPC23##
PAL  and R.sub.1 and R.sub.2 are acetoxyethyl.
NUM  8.
PAR  8. The dyestuff of claim 1 of the formula
      ##SPC24##
NUM  9.
PAR  9. The dyestuff of claim 1 of the formula
      ##SPC25##
NUM  10.
PAR  10. The dyestuff of claim 1 of the formula
      ##SPC26##
NUM  11.
PAR  11. The dyestuff of claim 1 of the formula
      ##SPC27##
NUM  12.
PAR  12. The dyestuff of claim 1 of the formula
      ##SPC28##
NUM  13.
PAR  13. The dyestuff of claim 1 of the formula
      ##SPC29##
NUM  14.
PAR  14. A dyestuff according to claim 1 of the formula
      ##SPC30##
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ABST
PAL  Azo dyes of the formula
      ##SPC1##
PAL  Where
PA1  X stands for the radical of a coupling component of the aminobenzene,
      hydroxybenzene, aminonaphthalene, hydroxynaphthalene or heterocyclic
      series or one with a coupling methylene group,
PA1  A.sub.n .sup.- for an anion equivalent to K.sub.n .sup.+,
PA1  n for 1 to 6,
PA1  K.sup.+ for the group
      ##EQU1##
      and where the aromatic rings B and/or D may be further substituted. The
      dyes are useful for dyeing and printing paper (e.g., dyeing in the stock).
      The dyed paper is fast to light and wet treatments and has good fastness
      to bleaching, water, alcohol and light.
PARN
PAR  This application is a continuation of application Ser. No. 790,903, filed
      Jan. 10, 1969, and now abandoned.
BSUM
PAR  This invention relates to a process for the dyeing and printing of paper,
      using for this purpose azo dyes of the formula
      ##EQU2##
      where X stands for the radical of a coupling component of the
      aminobenzene, hydroxybenzene, aminonaphthalene, hydroxynaphthalene or
      heterocyclic series or one with a coupling methylene group,
PA1  A.sub.n .sup.- for an anion equivalent to K.sub.n .sup.+,
PA1  N for 1 to 6,
PA1  K.sup.+ for the group
      ##EQU3##
      and where the aromatic rings B and/or D may be further substituted.
PAR  In formulae (II) and (III)
PA1  R.sub.1 stands for an alkyl or cycloalkyl radical which may be substituted,
      or jointly with R.sub.2 and the adjacent N atom for a heterocycle,
PA1  R.sub.2 for an alkyl or cycloalkyl radical which may be substituted, or
      jointly with R.sub.1 and the adjacent N atom for a heterocycle,
PA1  R.sub.3 and R.sub.4 stand for hydrogen atoms or identical or different
      alkyl or cycloalkyl radicals which may be substituted or identical or
      different acyl radicals,
PA1  R.sub.5 stands for a hydrogen atom or an alkyl, aryl or cycloalkyl radical
      which may be substituted,
PA1  R.sub.6 for a hydrogen atom or an alkyl, aryl or cycloalkyl radical which
      may be substituted,
PA1  R.sub.7 for a hydrogen atom or an alkyl or cycloalkyl radical, which may be
      substituted, and
PA1  R.sub.1 together with R.sub.3 and/or R.sub.2 together with R.sub.4,
      together with the N atoms adjacent to the substituents, and
PA1  R.sub.5 and R.sub.6 or
PA1  R.sub.5, r.sub.6 and R.sub.7 together with the adjacent N atoms may form
      heterocycles.
PAR  This invention relates further to azo dyes of the formula
      ##EQU4##
      where X stands for the radical of a coupling component of the
      aminobenzene, hydroxybenzene, aminonaphthalene, hydroxynaphthalene or
      heterocyclic series or one with a coupling methylene group,
PA1  A.sub.n .sup.- for an anion equivalent to (K'.sub.1 .sup.+).sub.n,
PA1  n for 1 to 6,
PA1  K'.sub.1 .sup.+ for the group
      ##EQU5##
      and where the aromatic rings B and/or D may be further substituted.
PAR  In formulae (II) and (V)
PA1  R.sub.1 stands for an alkyl or cycloalkyl radical, which may be
      substituted, or jointly with R.sub.2 and the adjacent N atom for a
      heterocycle,
PA1  R.sub.2 for an alkyl or cycloalkyl radical which may be substituted, or
      jointly with R.sub.1 and the adjacent N atom for a heterocycle,
PA1  R.sub.3 and R.sub.4 stand for hydrogen atoms or identical or different
      alkyl or cycloalkyl radicals, which may be substituted or identical or
      different acyl radicals,
PA1  R.sub.8, r.sub.9 and R.sub.10 stand for alkyl or cycloalkyl radicals, which
      may be substituted,
PA1  and where R.sub.1 together with R.sub.3 and/or R.sub.2 together with
      R.sub.4 and the N atoms adjacent to these substituents,
PA1  and R.sub.8 and R.sub.9 or
PA1  R.sub.8, r.sub.9 and R.sub.10 together with the adjacent N atom may form
      heterocycles.
PAR  This invention relates further to azo dyes of the formula
      ##EQU6##
      where X represents the radical of a coupling component of the
      aminobenzene, hydroxybenzene, aminonaphthalene, hydroxynaphthalene or
      heterocyclic series or one with a coupling methylene group,
PA1  n 1 to 6,
PAL  and R.sub.11 and R.sub.12 each represents a hydrogen atom or an alkyl, aryl
      or cycloalkyl radical which may be substituted,
PAL  and where the aromatic rings B and/or D may be further substituted,
PAL  and the radicals R.sub.11 and R.sub.12, jointly with the adjacent N atom,
      may form a saturated or partially saturated heterocycle.
PAR  The dyes of formula (IV) can be produced, for example, by reacting one mole
      of a compound of the formula
      ##EQU7##
      where A represents a radical convertible into an anion, with n moles of
      the compound of the formula
      ##EQU8##
PAR  The dyes of formula (VI) can be produced, for example, by reacting 1 mole
      of a compound of the formula
      ##EQU9##
      where A.sub.1 represents the acid radical of an ester, with n moles of a
      compound of formula
      ##EQU10##
PAR  Particularly good dyes are of the formula
      ##EQU11##
      where m represents 1 to 3
PA1  and A.sub.m .sup.- an anion equivalent to K'.sub.1m .sup.+.
PAR  The dyes of formula (XII) can be produced, for example, by coupling the
      diazo compound of an amine of the formula
      ##EQU12##
      with a coupling component of the formula
PAC  H -- X                                                     (XIV).
PAR  Equally good dyes are those of the formula
      ##EQU13##
      where X.sub.1 stands for the radical of a coupling component of the
      aminobenzene, hydroxybenzene, heterocyclic, aminonaphthalene or
      hydroxynaphthalene series, or one with a coupling methylene group,
PA1  Y for the direct linkage or a divalent bridge member,
PA1  p for 0 to 3
PAL  and A.sup.- for an anion.
PAR  The dyes of formula (XV) can be produced, for example, by coupling the
      diazo compound of an amine of the formula
      ##EQU14##
      with a coupling component of the formula
PAC  H -- X.sub.1 -- Y -- K'.sub.1 A.sup.-                      (XVI).
PAR  Similarly good dyes correspond to the formula
      ##EQU15##
      where m represents 1 to 3.
PAR  The dyes of formula (XVII) are produced by coupling the diazo component of
      an amine of the formula
      ##EQU16##
      with a coupling component of the formula
PAC  H -- X                                                     (XIV).
PAL  equally good dyes correspond to the formula
      ##EQU17##
      The dyes of formula (XIX) can be obtained by coupling a diazo component of
      an amine of formula (XVIII) with a coupling component of the formula
      ##EQU18##
      Compounds of formula (VII) can be obtained by reacting 1 mole of a
      compound of the formula
      ##EQU19##
      with n moles of halomethane. Compounds of the formula
      ##EQU20##
      can be obtained by reacting 1 mole of a compound of the formula   with n
      moles of halomethane.
PAR  In the compounds of formulae (I), (IV), (XII), (XIII), (XIIIa) and (XV) the
      anion A.sup.- can be exchanged for other anions, e.g. with the aid of an
      ion exchanger or by reaction with salts or acids, if required in more than
      one stage, e.g. via the hydroxide.
PAR  Particularly good dyes are obtained when the radicals R.sub.3 and R.sub.4
      stand for hydrogen atoms or when the radicals R.sub.1 and R.sub.2 and
      R.sub.5 to R.sub.7 or R.sub.8 to R.sub.10 each represents a lower alkyl
      radical, containing e.g. 1 to 3 carbon atoms, which may be substituted or
      when R.sub.11 represents a preferably lower alkyl radical, containing e.g.
      1 to 3 carbon atoms, which may be substituted and R.sub.12 hydrogen or
      when the radicals R.sub.11 and R.sub.12 represent preferably lower alkyl
      radicals, containing e.g. 1 to 3 carbon atoms, which may be substituted.
      Halogen represents preferably chlorine or bromine.
PAR  When R.sub.3 and R.sub.4 do not stand for hydrogen atoms or acyl radicals
      and R.sub.5, R.sub.6, R.sub.11 and R.sub.12 do not stand for hydrogen
      atoms or aryl radicals and R.sub.7 does not stand for a hydrogen atom, the
      radicals R.sub.1 to R.sub.12 represent unsubstituted or substituted
      methyl, ethyl, propyl, butyl, cycloalkyl, e.g. cyclohexyl, or benzyl
      radicals. If these radicals are substituted they contain in particular a
      hydroxyl group, a halogen atom or a cyano group.
PAR  The radicals R.sub.5, R.sub.6, R.sub.11 and R.sub.12 may alternatively
      stand for an aryl radical which may be substituted, such as phenyl,
      naphthyl or tetrahydronaphthyl radical. Examples of substituents for the
      aryl radicals are alkyl, alkoxy, halogen, cyano, nitro, hydroxyl and
      substituted or unsubstituted amino groups.
PAR  The radicals R.sub.1 and R.sub.2 and R.sub.11 and R.sub.12, together with
      the adjacent N atom, may form a heterocycle, for example a saturated or
      partly saturated heterocycle, e.g. a pyrrolidine, piperazine, morpholine,
      pyridine or piperidine ring.
PAR  The radical R.sub.1 together with R.sub.3 and/or the radical R.sub.2
      together with R.sub.4 and the N atoms adjacent to these substituents may
      form a saturated or unsaturated, preferably five- or six-membered
      heterocycle, for example a pyrazolidine, pyridazine or pyrazoline ring,
      e.g. a trimethylenepyrazolidine or tetramethylenepyrazolidine ring.
PAR  The acyl radicals R.sub.3 and R.sub.4 are preferably of formula R.sub.20
      --SO.sub.2 -- or R.sub.21 --CO--, where R.sub.20 stands for an aromatic or
      saturated or unsaturated aliphatic or cycloaliphatic radical and R.sub.21
      for hydrogen or R.sub.20. The two acyl radicals may form a ring with the
      adjacent N atom. R.sub.20 or R.sub.21 may represent, e.g. formyl, acetyl,
      propionyl, butyroyl, acryloyl, cyanoacetyl, benzoyl, methylsulphonyl,
      substituted or unsubstituted phenylsulphonyl.
PAR  The radicals R.sub.5 and R.sub.6 and R.sub.8 and R.sub.9, together with the
      adjacent N atom, may form a heterocycle, for example a pyrrolidine,
      piperidine, morpholine, aziridine or piperazine ring. The radicals
      R.sub.5, R.sub.6 and R.sub.7 or R.sub.8, R.sub.9 and R.sub.10, together
      with the adjacent N atom, may form a heterocycle, e.g. a group of the
      formula
      ##EQU21##
      or may stand for a pyridine ring.
PAR  The rings B and/or D may be further substituted, preferably by
      non-water-solubilizing substituents. They contain preferably lower alkyl
      or alkoxy groups, containing e.g. 1 to 3 carbon atoms, or hydroxyaryl or
      alkoxyaryl groups.
PAR  The dyes of formulae (I), (IV), (VI), (XII), (XV), (XVII) and (XIX) may
      contain further a sulpho, carboxy, sulfamoyl, carbamoyl, alkylsulfonyl or
      arylsulfonyl group.
PAR  The anion A.sup.- may be an organic or inorganic ion, e.g. a halogen ion
      such as that of chloride, bromide or iodide, the ion of methylsulphate,
      sulphate, disulphate, perchlorate, phosphotungstate, phosphotungstic
      molybdate, benzenesulphonate, naphthalenesulphonate,
      4-chlorobenzenesulphonate, oxalate, maleinate, acetate, propionate,
      methanesulphonate, chloroacetate or benzoate, or a complex anion such as
      that of zinc chloride double salts.
PAR  The coupling components and/or aromatic rings B and/or D in the compounds
      of formulae (I), (IV), (XII) and (XV) may bear, besides a group -K.sup.+
      or -K.sub.1 .sup.+, other cationic groups different from the aforenamed,
      e.g. ammonium, hydrazinium or cycloimmonium groups. The coupling
      components include, for example, those of the aromatic series, e.g. the
      benzene and naphthalene series, which bear one substituent capable of
      coupling, e.g. aminobenzenes, hydroxybenzenes, aminonaphthalenes and
      hydroxynaphthalenes; further, coupling components of the heterocyclic
      series such as the pyrazolone, quinoline, hydroxyquinoline and
      tetrahydroquinoline series, the aminopyrazole, indole and carbazole
      series, e.g. 1-phenyl-3-methyl-pyrazolone-5 and its derivatives, and
      compounds having a coupling methylene group, e.g. acylacetic acid alkyl
      and aryl amides, e.g. acetoacetylaminoalkyl amides and
      acetoacetylaminophenyl amides.
PAR  Examples of suitable components are 1-hydroxy-4-methylbenzene,
      1,3-dihydroxybenzene, 2-hydroxynaphthalene,
      1-hydroxy-4-methoxynaphthalene, 2-hydroxy-8-acetylamino- and
      8-methylsulphonylaminonaphthalene, 1-hydroxy-6- and -7-amino-,
      -methylamino-, -phenylamino-, -(4'-methoxyphenylamino)-,
      -(2',4',6'-trimethylphenylamino)-naphthalene, aromatic compounds with one
      primary or secondary amino group such as aminobenzene and its derivative,
      1,3-diaminobenzene, 1-aminonaphthalene, 2-amino-, 2-phenylamino- or
      2-methylamino-5-hydroxynaphthalene; acetoacetylaminobenzenes,
      1-acetoacetylamino-2-ethylhexane, 1-acetoacetylaminobutane, barbituric
      acid, 1-(3'-chlorophenyl)-3-methyl-5-pyrazolone,
      1-(3'-cyanophenyl)-3-methyl-5-pyrazolone.
PAR  The preferred substituents in these compounds are non-water-solubilizing
      substituents such as those which occur in known dyes of acetate and
      polyester fibres. Special suitable substituents are halogen such as
      chlorine, bromine and fluorine, nitrile, nitro, alkyl, alkoxy,
      trihaloalkyl, alkylsulphonyl, sulphonamide, e.g. mono- and
      di-alkylsulphonamide, carbalkoxy (alkexycarbonyl), carboxylic acid amide
      and hydroxyl groups and arylazo groups such as azophenyl, azodiphenyl and
      azonaphthyl groups.
PAR  These compounds may however contain water-solubilizing substituents, e.g.
      sulphonic acid, sulphonic acid amide, carboxylic acid or carboxylic acid
      amide groups.
PAR  Y stands for the direct linkage or a divalent bridge member, which may be
      attached through a carbon atom to K.sup.+ or K.sub.1 .sup.+. The divalent
      bridge member may be an unsubstituted or substituted, straight or branched
      alkylene radical which may bear 1 to 12 or preferably 1 to 4 carbon atoms
      and may be interrupted by heteroatoms or groups of hetero atoms. It may
      alternatively stand for an unsubstituted or substituted arylene radical,
      e.g. a phenylene radical, or for an alkylene-phenylene or
      phenylene-alkylene radical.
PAR  Examples of hetero atoms and groups of hetero atoms are
      ##EQU22##
      --O--, --S--,
      ##EQU23##
      or
      ##EQU24##
      where R represents a hydrogen atom or an unsubstituted or substituted
      hydrocarbon radical, e.g. an alkyl radical.
PAR  Y may be, for example, --(CH.sub.2).sub.p --, where p represents a number
      from 1 to 6,
      ##EQU25##
      --NH--CO--CH.sub.2 --, --NH--CO--C.sub.2 H.sub.4 --, --O--CH.sub.2 --,
      --O--C.sub.3 H.sub.6 --, --CO--CH.sub.2 --, --O--C.sub.2 H.sub.4 --,
      --CO--NH--CH.sub.2 --, --CO--NH--C.sub.3 H.sub.6 --, --SO.sub.2 --C.sub.2
      H.sub.4 --,
      ##EQU26##
      --NH--CH.sub.2 --CHOH--CH.sub.2 --,
      ##EQU27##
      --CH.sub.2 --CHOH--CH.sub.2 --, --CH.sub.2 --NH--CO--CH.sub.2 --,
      --CH.sub.2 --CO--NH--CH.sub.2 --, etc.
PAR  The alkyl and alkoxy radicals usually contain 1 to 12 or 1 to 6 or
      preferably 1 to 4 carbon atoms. They may be straight or branched and may
      be substituted, e.g. by the hydroxyl or cyano group or by halogen atoms.
PAR  The reaction of a compound of formula (VII) or a compound of the formula
      ##EQU28##
      with a compound of formula (VIII) or (IX) to form a compound of formula
      (IV) or (XII) respectively is conducted preferably in water and at
      temperatures of -10.degree.C to +100.degree.C, advantageously at
      20.degree. to 50.degree.C.
PAR  The reaction can be carried out in an organic solvent with or without the
      addition of water or in the absence of solvent at temperatures of
      -10.degree. to 180.degree.C, advantageously at 20.degree. to 120.degree.C.
PAR  Under the same conditions a compound of formula (X) or of the formula
      ##EQU29##
      can be reacted with a compound of formula (XI) to give a compound of
      formula (VI) or (XVII) respectively.
PAR  The coupling reaction is effected by the known methods. The radicals A
      convertible into an anion and the acid radicals A.sub.1 of esters are
      preferably those of hydrohalic acids; A or A.sub.1 stands preferably for
      Cl or Br; further radicals A and A.sub.1 are, for example, those of
      sulphuric acid, a sulphonic acid or of hydrogen sulphide.
PAR  The dye of the formula
      ##EQU30##
      is known from British Pat. 576,270 for the dyeing of cellulosic fibres,
      whilst the dye of the formula
      ##EQU31##
      in known from French Pat. 1,495,232 and Belgian Patent 633,447 for the
      dyeing of paper.
PAR  It was surprising that the dyes of formulae (I), (IV) and (VI), can be
      discharged better with chlorine when dyed on paper are useful for dyeing
      and printing paper. Paper can be dyed by the normal methods. The dyeings
      on paper are fast to light and wet treatments and have good fastness to
      bleaching, water, alcohol and light. Mixture of two or more of the new
      dyes or mixtures of them and other cationic dyes can be employed
      advantageously. The dyes of this application are well-soluble in water and
      have good pH stability and good built-up power.
PAR  In the following Examples the parts and percentages are by weight and the
      temperatures in degrees centigrade.
DETD
PAC  EXAMPLE 1
PAR  24 Parts of 2-(4'-aminophenyl)-6-methylbenzothiazole are diazotized in
      hydrochloric acid solution with 7 parts of sodium nitrite. The diazonium
      salt solution is coupled with 15 parts of 2-hydroxynaphthalene in acetic
      acid solution. A red dye is formed which is dissolved in a mixture of 100
      parts of chclorsulphonic acid and 35 parts of sulphuric acid, and to this
      solution 20 parts of paraformaldehyde are added. The solution is stirred
      in 300 parts of water and 100 parts of 40% aqueous trimethylamine solution
      for 10 hours at 40.degree.. A water soluble red dye is obtained.
PAC  EXAMPLE 2
PAR  a. 24 Parts of 2-(4'-aminophenyl)-6-methylbenzothiazole and 20 parts of
      paraformaldehyde are entered into a mixture of 100 parts of
      chlorosulphonic acid and 35 parts of sulphuric acid. The mixture is
      stirred for 10 hours at 60.degree.. The chloromethylated product is
      obtained.
PAR  b. 29 Parts of the chloromethylated
      2-(4'-aminophenyl)-6-methylbenzothiazole are dissolved in 300 parts of
      water and 50 parts of a 40% aqueous trimethylamine solution. The solution
      is stirred for 4 hours at 40.degree., on which the corresponding
      trimethylammonium compound is obtained which is readily soluble in water.
PAR  c. This compound is diazotized with 7.2 parts of sodium nitrite in
      hydrochloric acid solution and coupled with 22 parts of acetoacetic acid
      anisidide in acetic acid solution. A greenish yellow dye is obtained.
PAC  EXAMPLE 3
PAR  The diazonium compound according to step b) of Example 2 is coupled with 18
      parts of 1-phenyl-3-methylpyrazolone-5 in acetic acid solution to give an
      orange-yellow dye.
PAC  EXAMPLE 4
PAR  A dye identical with that of Example 1 is obtained when the diazonium
      compound of Example 2b) is coupled with 15 parts of 2-hydroxynaphthalene.
PAC  EXAMPLE 5
PAR  The chloromethylated compound obtained in Example 2 (a) is reacted with an
      aqueous solution of asymmetrical dimethylhydrazine for the formation of
      the corresponding dimethylhydrazinium compound.
PAR  The diazo compound of the dimethylhydrazinium compound thus obtained is
      coupled with 2-hydroxynaphthalene to give a red dye similar to that of
      Example 1.
PAC  DYEING EXAMPLE A
PAR  0.2 Parts of the dye of Example 1 or 6 are dissolved in water or in a
      mixture of water and acetic acid and the solution is stirred into paper
      stock consisting of 70 parts of chemically bleached sulphite cellulose and
      30 parts of chemically bleached birch cellulose. After 10 minutes the
      stock is fabricated into absorbent paper which is dyed in a wet-fast red
      shade.
PAC  DYEING EXAMPLE B
PAR  100 Parts of chemically bleached sulphite cellulose are refined in a
      beater, during which operation 2 parts of rosin size and shortly
      afterwards 0.5 parts of an aqueous or aqueous-acetic acid solution of the
      dye of Example 1 or 6 are added. After 10 minutes 3 parts of aluminum
      sulphate are added and after a further 10 minutes the stock is converted
      into paper. The paper is dyed in a bright red shade of medium depth which
      is light- and wet-fast.
PAC  EXAMPLE 6
PAR  24 Parts of 2-(4'-aminophenyl)-6-methylbenzothiazole are diazotized in
      hydrochloric acid solution with 7 parts of sodium nitrite. The diazonium
      salt solution is coupled with 15 parts of 2-hydroxynaphthalene in acetic
      acid solution. A red dye is obtained.
PAR  The dye is dissolved in a mixture of 100 parts of chlorosulphonic acid and
      35 parts of sulphuric acid and the solution mixed with 20 parts of
      paraformaldehyde. After stirring for 12 hours at 60.degree. the
      chloromethylated dye is obtained. The dye is dissolved in a solution of
      240 parts of 40% aqueous dimethylamine solution and 10 parts of sodium
      carbonate in 200 parts of water, with subsequent stirring at 40.degree.
      for 5 hours. The product is a red dye which is soluble in a mixture of
      water and acetic acid.
PAC  EXAMPLE 7
PAR  The following procedure yields the same dye as that of Example 6. 24 Parts
      of 2-(4'-aminophenyl)-6-methylbenzothiazole and 20 parts of
      paraformaldehyde are entered into a mixture of 100 parts of
      chlorosulphonic acid and 35 parts of sulphuric acid. The mixture is
      stirred for 10 hours at 60.degree., on which the chloromethylated product
      is obtained.
PAR  The chloromethylated product is dissolved in a solution of 240 parts of a
      40% aqueous dimethylamine solution and 10 parts of sodium carbonate in 300
      parts of water and the resulting solution stirred for 5 hours at
      40.degree.. The corresponding dimethylamine compound is formed.
PAR  The dimethylamine compound is diazotized with sodium nitrite in
      hydrochloric acid solution and coupled with 2-hydroxynaphthalene in acetic
      acid solution.
PAC  EXAMPLE 8
PAR  24 Parts of 2-(4'-aminophenyl)-6-methylbenzothiazole are diazotized with 7
      parts of sodium nitrite in hydrochloric acid solution and coupled with
      34.3 parts of acetoacetic
      acid-2-methoxy-5-trimethylammonium-methylene-anilide in acetic acid
      solution. A water soluble dye of the formula
      ##EQU32##
      is obtained, which dyes paper in greenish yellow shades. The coupling
      component can be produced by the known method. Ortho-nitroanisole is
      chloromethylated and quaternated with trimethylamine, the nitro group is
      reduced by the Bechamp reaction and diketene is added.
PAC  EXAMPLE 9
PAR  24 Parts of 2-(4'-aminophenyl)-6-methylbenzothiazole are diazotized with 7
      parts of sodium nitrite in hydrochloric acid solution and coupled with 41
      parts of para-(beta-N-ethyl-N-phenylaminoethoxy)-phenyl-trimethylammonium
      chloride in acetic acid solution. A water soluble dye of the formula
      ##EQU33##
      is obtained, which dyes paper in orange-yellow shades.
PAC  EXAMPLE 10
PAR  24 Parts of 2-(4'-aminophenyl)-6-methylbenzothiazole are diazotized in
      hydrochloric acid solution with 7 parts of sodium nitrite and coupled with
      29 parts of acetoacetic acid-2-methoxy-5-dimethylaminomethylanilide in
      acetic acid solution. A dye is formed which has the formula
      ##EQU34##
      and dyes paper in greenish yellow shades.
PAR  The coupling component is prepared by the known method. Ortho-nitroanisole
      is chloromethylated and the chloromethyl group reacted with dimethylamine,
      the nitro group is reduced by the Bechamp reaction and diketene added.
PAC  EXAMPLE 11
PAR  24 Parts of 2-(4'-aminophenyl)-6-methylbenzothiazole are diazotized in
      hydrochloric acid solution with 7 parts of sodium nitrite and coupled with
      38 parts of para-(.beta.-N-ethyl-M-phenylaminoethoxy)-phenyl-dimethylamine
      to yield a dye of the formula
      ##EQU35##
      which gives dyeings of orange-yellow shade on paper.
PAR  Table I sets forth the structural composition of further dyes which can be
      produced and/or dyed in accordance with the present process. These dyes
      are of the formula:
      ##SPC2##
PAL  where B.sub.1 to B.sub.6 have the meanings given them in Table I. The anion
      A.sup.- may be any one of those named in the description of the process.
      The symbol K.sup.+ may stand for any one of the radicals K.sub.1 to
      K.sub.27 listed in Table A below. These groupings may be exchanged in any
      given dye for another of the stated groupings. The grouping --CH.sub.2
      --K.sup.+ may occur once or twice or preferably one and a half times in
      the dehydrotoluidine radical shown in square brackets; this grouping
      occupies preferably the 7 and/or 2' position.
TBL                Table A                                                     

     ______________________________________                                    

     K.sup.+ may stand for any one of the radicals K.sub.1 to K.sub.27 which   

     represent the following groupings:                                        

     K.sub.1                                                                   

            represents                                                         

                      --N(CH.sub.3).sub.3                                      

                                        .sup.+                                 

     K.sub.2                                                                   

            "         --N(C.sub.2 H.sub.5).sub.3                               

                                        .sup.+                                 

                      CH                .sup.+                                 

                      .vertline.                                               

     K.sub.3                                                                   

            "         --N(C.sub.2 H.sub.5).sub.2                               

                      C.sub.2 H.sub.5   .sup.+                                 

                      .vertline.                                               

     K.sub.4                                                                   

            "         --N(CH.sub.3).sub.2                                      

     K.sub.5                                                                   

            "         --N(Ch.sub.2 H.sub.4 OH).sub.3                           

                                        .sup.+                                 

                      CH.sub.3          .sup.+                                 

                      .vertline.                                               

     K.sub.6                                                                   

            "         --N(C.sub.2 H.sub.4 OH).sub.2                            

                      CH.sub.3          .sup.+                                 

                      .vertline.                                               

     K.sub.7                                                                   

            "         --N--CH.sub.2 OH                                         

                      .vertline.                                               

                      C.sub.2 H.sub.5                                          

                      C.sub.2 H.sub.4 --CONH.sub.2                             

                                        .sup.+                                 

                      .vertline.                                               

     K.sub.8                                                                   

            "         --N(CH.sub.3).sub.2                                      

                      (CH.sub.3).sub.2  .sup.+                                 

                      .vertline.                                               

     K.sub.9                                                                   

            "         --N(C.sub.2 H.sub.4 OH)                                  

     K.sub.10                                                                  

            "                           .sup.+                                 

     K.sub.11                                                                  

            "                           .sup.+                                 

                      .vertline.                                               

                      CH.sub.3                                                 

     K.sub.12                                                                  

            "                           .sup.+                                 

                      .vertline.                                               

                      CH.sub.3                                                 

     K.sub.13                                                                  

            "                           .sup.+                                 

                      .vertline.                                               

                      CH.sub.3                                                 

     K.sub.14                                                                  

            "                           .sup.+                                 

                      .vertline.                                               

                      C.sub.2 H.sub.4 --CONH.sub.2                             

     K.sub.15                                                                  

            "                           .sup.+                                 

                      .vertline.                                               

                      C.sub.2 H.sub.4 --CONH.sub.2                             

     K.sub.16                                                                  

            "                           .sup.+                                 

                      .vertline.                                               

                      C.sub.2 H.sub.4 --CONH.sub.2                             

                      CH.sub.3          .sup.+                                 

                      .vertline.                                               

     K.sub.17                                                                  

            "                                                                  

     K.sub.18                                                                  

            "                           .sup.+                                 

     K.sub.19                                                                  

            "         --N(CH.sub.3).sub.2                                      

                                        .sup.+                                 

                      .vertline.                                               

                      NH.sub.2                                                 

     K.sub.20                                                                  

            "         --N(C.sub.2 H.sub.5).sub.2                               

                                        .sup.+                                 

                      .vertline.                                               

                      NH.sub.2                                                 

     K.sub.21                                                                  

            "         --N(C.sub.2 H.sub.4 OH).sub.2                            

                                        .sup.+                                 

                      .vertline.                                               

                      NH.sub.2                                                 

     K.sub.22                                                                  

            "                           .sup.+                                 

                      .vertline.                                               

                      NH                                                       

     K.sub.23                                                                  

            "                           .sup.+                                 

                      .vertline.                                               

                      NH.sub.2                                                 

     K.sub.24                                                                  

            "                           .sup.+                                 

                      .vertline.                                               

                      NH.sub.2                                                 

     K.sub.25                                                                  

            "         --N(C.sub.2 H.sub.4 --CONH.sub.2).sub.2                  

                                        .sup.+                                 

                      .vertline.                                               

                      NH.sub.2                                                 

     K.sub.26                                                                  

            "         --N(C.sub.2 H.sub.4 ON).sub.2                            

                                        .sup.+                                 

                      .vertline.                                               

                      NH.sub.2                                                 

                      CH                                                       

                      CH.sub.2 .angle.CH.sub.2                                 

                                        .sup.+                                 

                      .vertline..vertline.                                     

     K.sub.27                                                                  

            "         --NN                                                     

                      .vertline..vertline.                                     

                      CH.sub. 2 .angle.CH.sub.2                                

                      CH.sub.2                                                 

     ______________________________________                                    

TBL                                    Table I                                 

     __________________________________________________________________________

                                                                Shade          

                                                                of             

     Ex.                                                        dyeing         

     No.                                                                       

        K   B.sub.1                                                            

               B.sub.2                                                         

                   B.sub.3                                                     

                       B.sub.4        B.sub.5           B.sub.6 on             

                                                                paper          

     __________________________________________________________________________

     12 K.sub.2                                                                

            H  CH.sub.3                                                        

                   H   H              H                 OH      red            

     13 K.sub.3                                                                

            H  do. H   H              H                 OH      do.            

     14 K.sub.4                                                                

            H  do. H   H              H                 OH      do.            

     15 K.sub.5                                                                

            H  do. H   H              H                 OH      do.            

     16 K.sub.6                                                                

            H  do. H   H              H                 OH      do.            

     17 K.sub.7                                                                

            H  do. H   H              H                 OH      do.            

     18 K.sub.8                                                                

            H  do. H   H              H                 OH      do.            

     19 K.sub.9                                                                

            H  do. H   H              H                 OH      do.            

     20 K.sub.10                                                               

            H  do. H   H              H                 OH      do.            

     21 K.sub.11                                                               

            H  do. H   H              H                 OH      do.            

     22 K.sub.12                                                               

            H  do. H   H              H                 OH      do.            

     23 K.sub.13                                                               

            H  do. H   H              H                 OH      do.            

     24 K.sub.14                                                               

            H  do. H   H              H                 OH      do.            

     25 K.sub.15                                                               

            H  do. H   H              H                 OH      do.            

     26 K.sub.16                                                               

            H  do. H   H              H                 OH      do.            

     27 K.sub.17                                                               

            H  do. H   H              H                 OH      do.            

     28 K.sub.18                                                               

            H  do. H   H              H                 OH      do.            

     29 K.sub.19                                                               

            H  do. H   H              H                 OH      do.            

     30 K.sub.20                                                               

            H  do. H   H              H                 OH      do.            

     31 K.sub.21                                                               

            H  do. H   H              H                 OH      do.            

     32 K.sub.22                                                               

            H  do. H   H              H                 OH      do.            

     33 K.sub.23                                                               

            H  do. H   H              H                 OH      do.            

     34 K.sub.24                                                               

            H  do. H   H              H                 OH      do.            

     35 K.sub.25                                                               

            H  CH.sub.3                                                        

                   H   H              H                 OH      do.            

     36 K.sub.26                                                               

            H  do. H   H              H                 OH      do.            

     37 K.sub.27                                                               

            H  do. H   H              H                 OH      do.            

     38 K.sub.1 -K.sub.27                                                      

            H  do. H   H              --CO--CH.sub.3    OH      do.            

     39 do. H  do. H   H              --CO--NH----CO--C.sub.2 H.sub.4 --K.sub.1

                                      1                 OH      do.            

     40 do. H  do. H   H              --CO--NH--C.sub.2 H.sub.5                

                                                        OH      do.            

     41 do. H  do. H   OH             H                 H       do.            

     42 do. H  do. H   OH             --CO--C.sub.2 H.sub.4 --K.sub.1          

                                                        H       do.            

                       CH.sub.3                                                

                       .vertline.                                              

     43 do. H  do. H   --SO.sub.2 --NH=CH--C.sub.3 H.sub.6 --K.sub.1           

                                      H                 OH      do.            

     44 do. H  do. H   H              --CO--NH'C.sub.2 H.sub.4 --K.sub.1       

                                                        OH      do.            

     45 do. H  do. H   H              --CO--NH--CH.sub.2 --CH--CH.sub.2        

                                      --K.sub.1         OH      do.            

                                      .vertline.                               

                                      CH                                       

     46 do. H  do. H   --NH--C.sub.2 H.sub.4 --OH                              

                                      H                 H       do.            

     47 do. H  do. H   --N(CH.sub.3).sub.2                                     

                                      H                 OH      do.            

     48 do. H  do. H   do.            H                 --NH.sub.2             

                                                                do.            

     49 do. H  do. H   do.            H                 --NH--C.sub.2 H.sub.4  

                                                        --OH    do.            

     50 do. H  do. H   do.            H                 --NH--CH.sub.3         

                                                                do.            

     51 do. H  do. H   do.            H                 --NH--C.sub.6 H.sub.5  

                                                                do.            

     52 do. H  do. H   Br             H                 --NH.sub.2             

                                                                do.            

     53 do. H  do. H   Cl             H                 --NH.sub.2             

                                                                do.            

     54 do. H  do. H   CH.sub.3       H                 --NH.sub.2             

                                                                do.            

     55 do. H  do. CH.sub.3                                                    

                       H              H                 --NH.sub.2             

                                                                do.            

     56 do. H  CH.sub.3                                                        

                   OCH.sub.3                                                   

                       H              H                 --NH.sub.2             

                                                                do.            

     57 do. H  do. H   --OCH.sub.3    H                 --NH.sub.2             

                                                                do.            

     58 do. H  do. H   --NH--C.sub.2 H.sub.4 --K.sub.1                         

                                      H                 H       do.            

     59 do. H  do. H   --O--CO--CH.sub.2 --K.sub.1                             

                                      H                 H       do.            

                       C.sub.2 H.sub.5                                         

     60 do. H  do. H   --N.angle.     H                 H       do.            

                       CH.sub.2 --CH--CH.sub.2 --K                             

                       .vertline.                                              

                       OH                                                      

     61 do. H  do. H   --SO.sub.2 --N(CH.sub.3).sub.2                          

                                      H                 H       do.            

     62 do. H  do. H   H              --COOC.sub.2 H.sub.4 --K.sub.1           

                                                        OH      do.            

     63 do. H  do. H   H              --COOCH.sub.3     OH      do.            

     64 do. CH.sub.3                                                           

               do. H   H              H                 OH      do.            

     65 do. do.                                                                

               do. H   H              --CO--CH.sub.3    OH      do.            

     66 do. do.                                                                

               do. H   H              --CO--NH----CO--C.sub.2 H.sub.4 --K.sub.1

                                      4                 OH      do.            

     67 do. do.                                                                

               do. H   H              --CO--NH--C.sub.6 H.sub.5                

                                                        OH      do.            

     68 do. do.                                                                

               do. H   OH             H                 H       do.            

     69 do. do.                                                                

               do. H   OH             --CO--C.sub.2 H.sub.4 --K.sub.1          

                                                        H       do.            

                       CH.sub.3                                                

                       .vertline.                                              

     70 do. do.                                                                

               do. H   --SO.sub.2 --NH--CH--C.sub.3 H.sub.6 --K.sub.1          

                                      H                 OH      do.            

     71 do. do.                                                                

               do. H   --NH--C.sub.2 H.sub.4 --OH                              

                                      H                 H       do.            

     72 do. do.                                                                

               do. H   H              --CO--NH--C.sub.2 H.sub.4 --K.sub.1      

                                                        OH      do.            

                                      OH                                       

                                      .vertline.                               

     73 do. do.                                                                

               do. H   H              --CO--NH--CH.sub.2 --CH--CH.sub.2        

                                      --K.sub.1         OH      do.            

     74 do. do.                                                                

               do. H   --N(CH.sub.3).sub.2                                     

                                      H                 H       do.            

     75 do. do.                                                                

               do. H   --N(CH.sub.3).sub. 2                                    

                                      H                 --NH.sub.2             

                                                                do.            

     76 do. do.                                                                

               do. H   do.            H                 --NH--C.sub.2 H.sub.4  

                                                        --OH    do.            

     77 do. do.                                                                

               do. H   do.            H                 --NH--CH.sub.3         

                                                                do.            

     78 do. do.                                                                

               do. H   do.            H                 --NH--C.sub.6 H.sub.5  

                                                                do.            

     79 do. do.                                                                

               do. H   Br             H                 --NH.sub.2             

                                                                do.            

     80 do. do.                                                                

               do. H   Cl             H                 --NH.sub.2             

                                                                do.            

     81 do. do.                                                                

               do. H   CH.sub.3       H                 --NH.sub.2             

                                                                do.            

     82 do. do.                                                                

               do. CH.sub.3                                                    

                       H              H                 --NH.sub.2             

                                                                do.            

     83 do. do.                                                                

               do. OCH.sub.3                                                   

                       H              H                 --NH.sub.2             

                                                                do.            

     84 do. do.                                                                

               do. H   --OCH.sub.3    H --NH.sub.2      do.                    

     85 do. do.                                                                

               do. H   --NH--C.sub.2 H.sub.4 --K.sub.1                         

                                      H                 H       do.            

     86 do. do.                                                                

               do. H   --O--CO--CH.sub.2 --K.sub.1                             

                                      H                 H       do.            

                       CH.sub.2 --CH--CH.sub.2 --K.sub.1                       

                        .vertline.                                             

     87 do. do.                                                                

               do. H   --N.angle.OH   H                 H       do.            

                       C.sub.2 H.sub.5                                         

     88 do. do.                                                                

               do. H   --SO.sub.2 --N(CH.sub.3).sub.2                          

                                      H                 H       do.            

     89 do. do.                                                                

               do. H   H              --COOC.sub.2 H.sub.4 --K.sub.1           

                                                        OH      do.            

     90 do. do.                                                                

               do. H   H              --COOCH.sub.3     OH      do.            

     91 do. H  H   H   H              H                 OH      do.            

     92 do. H  H   H   H              --CO--CH.sub.3    OH      do.            

     93 do. H  H   H   H              --CO--NH----CO--C.sub.2 H.sub.4 --K.sub.1

                                      .                 OH      do.            

     94 do. H  H   H   H              --CO--NH--C.sub.6 H.sub.5                

                                                        OH      do.            

     95 do. H  H   H   OH             H                 H       do.            

     96 do. H  H   H   OH             --CO--C.sub.2 H.sub.4 --K.sub.1          

                                                        H       do.            

                       CH.sub.3                                                

                       .vertline.                                              

     97 do. H  H   H   --SO.sub.2 --NH--CH--C.sub.3 H.sub.6 --K.sub.1          

                                      H                 OH      do.            

     98 do. H  H   H   --NH--C.sub.2 H.sub.4 --OH                              

                                      H                 H       do.            

     99 do. H  H   H   H              --CO--NH--C.sub.2 H.sub.4 --K.sub.1      

                                                        OH      do.            

     100                                                                       

        do. H  H   H   H              --O--CO--NH--CH.sub.2 --CH--CH.sub.2     

                                      --K.sub.1         OH      do.            

                                      .vertline.                               

                                      OH                                       

     101                                                                       

        do. H  H   H   --N(CH.sub.3).sub.2                                     

                                      H                 H       do.            

     102                                                                       

        do. H  H   H   do.            H                 --NH.sub.2             

                                                                do.            

     103                                                                       

        do. H  H   H   do.            H                 --NH--C.sub.2 H.sub.4  

                                                        --OH    do.            

     104                                                                       

        do. H  H   H   do.            H                 --NH--CH.sub.3         

                                                                do.            

     105                                                                       

        do. H  H   H   do.            H                 --NH--C.sub.6 H.sub.5  

                                                                do.            

     106                                                                       

        do. H  H   H   Br             H                 --NH.sub.2             

                                                                do.            

     107                                                                       

        do. H  H   H   Cl             H                 --NH.sub.2             

                                                                do.            

     108                                                                       

        do. H  H   H   CH.sub.3       H                 --NH.sub.2             

                                                                do.            

     109                                                                       

        do. H  H   CH.sub.3                                                    

                       H              H                 --NH.sub.2             

                                                                do.            

     110                                                                       

        do. H  H   OCH.sub.3                                                   

                       H              H                 --NH.sub.2             

                                                                do.            

     111                                                                       

        do. H  H   H   --OCH.sub.3    H                 --NH.sub.2             

                                                                do.            

     112                                                                       

        do. H  H   H   --NH--C.sub.2 H.sub.4 --K.sub.1                         

                                      H                 H       do.            

     113                                                                       

        do. H  H   H   --O--CO--CH.sub.2 --K.sub.1                             

                                      H                 H       do.            

                       CH.sub.2 --CH--CH.sub.2 --K.sub.1                       

                       .vertline.     H                 H       do.            

     114                                                                       

        do. H  H   H   --N.angle.OH                                            

                       C.sub.2 H.sub.5                                         

     115                                                                       

        do. H  H   H   --SO.sub.2 --N(CH.sub.3).sub.2                          

                                      H                 H       do.            

     116                                                                       

        do. H  H   H   H              --COO--C.sub.2 H.sub.4 --K.sub.1         

                                                        OH      do.            

     117                                                                       

        do. H  H   H   H              --COOCH.sub.3     OH      do.            

     118                                                                       

        do. H  OC.sub.2 H.sub.5                                                

                   H   H              H                 OH      do.            

     119                                                                       

        do. H  do. H   H              --CO--CH.sub.3    OH      do.            

     120                                                                       

        do. H  do. H   H              --CO--NH----CO--C.sub.2 H.sub.4 --K.sub.1

                                                        OH      do.            

     121                                                                       

        do. H  do. H   H              --CO--NH--C.sub.6 H.sub.5                

                                                        OH      do.            

     122                                                                       

        do. H  do. H   OH             H                 H       do.            

     123                                                                       

        do. H  do. H   OH             --CO--C.sub.2 H.sub.4 --K.sub.1          

                                                        H       do.            

                       CH.sub.3                                                

                       .vertline.                                              

     124                                                                       

        do. H  do. H   --SO.sub.2 --NH--CH--C.sub.3 H.sub.6 --K.sub.1          

                                      H                 OH      do.            

     125                                                                       

        do. H  do. H   --NH--C.sub.2 H.sub.4 --OH                              

                                      H                 H       do.            

     126                                                                       

        do. H  do. H   H              --CO--NH--C.sub.2 H.sub.4 --K.sub.1      

                                                        OH      do.            

                                      OH                                       

                                      .vertline.                               

     127                                                                       

        do. H  do. H   H              --CO--NH--CH.sub.2 --CH--CH.sub.2        

                                      --K.sub.1         OH      do.            

     128                                                                       

        do. H  do. H   --N(CH.sub.3).sub.2                                     

                                      H                 H       do.            

     129                                                                       

        do. H  do. H   do.            H                 --NH.sub.2             

                                                                do.            

     130                                                                       

        do. H  do. H   do.            H                 --NH--C.sub.2 H.sub.4  

                                                        --OH    do.            

     131                                                                       

        do. H  do. H   do.            H                 --NH--CH.sub.3         

                                                                do.            

     132                                                                       

        do. H  do. H   do.            H                 --NH--C.sub.6 H.sub.5  

                                                                do.            

     133                                                                       

        do. H  do. H   Br             H                 --NH.sub.2             

                                                                do.            

     134                                                                       

        do. H  do. H   Cl             H                 --NH.sub.2             

                                                                do.            

     135                                                                       

        do. H  do. H   CH.sub.3       H                 --NH.sub.2             

                                                                do.            

     136                                                                       

        do. H  do. CH.sub.3                                                    

                       H              H                 -- NH.sub.2            

                                                                do.            

     137                                                                       

        do. H  do. OCH.sub.3                                                   

                       H              H                 --NH.sub.2             

                                                                do.            

     138                                                                       

        do. H  do. H   --OCH.sub.3    H                 --NH.sub.2             

                                                                do.            

     139                                                                       

        do. H  do. H   --NH--C.sub.2 H.sub.4 --K.sub.1                         

                                      H                 H       do.            

     140                                                                       

        do. H  do. H   --O--CO--CH.sub.2 --K.sub.1                             

                                      H                 H       do.            

                       CH.sub.2 --CH--CH.sub.2 --K.sub.1                       

                       .vertline.                                              

     141                                                                       

        do. H  do. H   --N.angle.OH   H                 H       do.            

                       C.sub.2 H.sub.5                                         

     142                                                                       

        do. H  do. H   --SO.sub.2 --N(CH.sub.3).sub.2                          

                                      H                 H       do.            

     143                                                                       

        do. H  do. H   H              --COO--C.sub.2 H.sub.4 --K.sub.1         

                                                        OH      do.            

     144                                                                       

        do. H  do. H   H              --COOCH.sub.3     OH      do.            

     __________________________________________________________________________

PAR  Table II gives the structural composition of further dyes which can be
      produced and/or dyed in accordance with the present process. These dyes
      are of the formula
      ##SPC3##
PAL  where B.sub.1 to B.sub.6 have the meanings given them in Table II. The
      anion A.sup.- may be any one of those named in the description of the
      process. The Symbol K may represent any one of the radicals K.sub.1 to
      K.sub.27 listed in Table A; these groupings may be exchanged in any given
      dye for another of the stated groupings.
TBL                                    Table II                                

     __________________________________________________________________________

                                                      Shade of                 

     Ex. B.sub.1                                                               

            B.sub.2                                                            

                B.sub.3                                                        

                  B.sub.4       B.sub.5           B.sub.6                      

                                                      dyeing on                

     No.                                              Paper                    

     __________________________________________________________________________

     145 H  CH.sub.3                                                           

                H H             --CO--NH----CO--C.sub.2 H.sub.4 --K.sub.1      

                                                  OH  red                      

     146 H  CH.sub.3                                                           

                H OH            --CO--C.sub.2 H.sub.4 --K.sub.1                

                                                  H   do.                      

                  CH.sub.3                                                     

                  .vertline.                                                   

     147 H  CH.sub.3                                                           

                H --SO.sub.2 --NH--CH--C.sub.3 H.sub.6 --K.sub.1               

                                H                 OH  do.                      

     148 H  CH.sub.3                                                           

                H H             --CO--NH--C.sub.2 H.sub.4 --K.sub.1            

                                                  OH  do.                      

                                OH                                             

                                .vertline.                                     

     149 H  CH.sub.3                                                           

                H H             --CO--NH--CH.sub.2 --CH--CH.sub.2 --K.sub.1    

                                                  OH  do.                      

     150 H  CH.sub.3                                                           

                H NH--C.sub.2 H.sub.4 --K.sub.1                                

                                H                 H   do.                      

     151 H  CH.sub.3                                                           

                H --O--CO--CH.sub.2 --K.sub.1                                  

                                H                 H   do.                      

                  OH                                                           

                  .vertline.                                                   

                  CH.sub.2 --CH--CH.sub.2 --K.sub.1                            

     152 H  CH.sub.3                                                           

                H --N.angle.    H                 H   do.                      

                  C.sub.2 H.sub.5                                              

     153 H  CH.sub.3                                                           

                H H             --COOC.sub.2 H.sub.4 --K.sub.1                 

                                                  OH  do.                      

     154 CH.sub.3                                                              

            CH.sub.3                                                           

                H H             --CO--NH----CO--C.sub.2 H.sub.4 --K.sub.1      

                                                  OH  do.                      

     155 CH.sub.3                                                              

            CH.sub.3                                                           

                H OH            --CO--C.sub.2 H.sub.4 --K.sub.1                

                                                  H   do.                      

                  OH.sub.3                                                     

                  .vertline.                                                   

     156 CH.sub.3                                                              

            CH.sub.3                                                           

                H --SO.sub.2 --NH--CH--C.sub.3 H.sub.6 --K.sub.1               

                                H                 OH  do.                      

     157 CH.sub.3                                                              

            CH.sub.3                                                           

                H H             --CO--NH--C.sub.2 H.sub.4 --K.sub.1            

                                                  OH  do.                      

                                OH                                             

                                .vertline.                                     

     158 CH.sub.3                                                              

            CH.sub.3                                                           

                H H             --CO--NH--CH.sub.2 --CH--CH.sub.2 --K.sub.1    

                                                  OH  do.                      

     159 CH.sub.3                                                              

            CH.sub.3                                                           

                H --NH--C.sub.2 H.sub. 4 --K.sub.1                             

                                H                 H   do.                      

     160 CH.sub.3                                                              

            CH.sub.3                                                           

                H --O--CO--CH.sub.2 --K.sub.1                                  

                                H                 H   do.                      

                  OH                                                           

                  .vertline.                                                   

                  CH.sub.2 --CH--CH.sub.2 --K.sub.1                            

     161 CH.sub.3                                                              

            CH.sub.3                                                           

                H --N.angle.    H                 H   do.                      

                  C.sub.2 H.sub.5                                              

     162 CH.sub.3                                                              

            CH.sub.3                                                           

                H H             --COOC.sub.2 H.sub.4 --K.sub.1                 

                                                  OH  do.                      

     163 H  H   H H             --CO--NH----CO--C.sub.2 H.sub.4 --K.sub.1      

                                                  OH  do.                      

     164 H  OC.sub.2 H.sub.5                                                   

                H H             do.               OH  do.                      

     165 H  H   H OH            --CO--C.sub.2 H.sub.4 --K.sub.1                

                                                  H   do.                      

     166 H  OC.sub.2 H.sub.5                                                   

                H OH            do.               H   do.                      

                  OH.sub.3                                                     

                  .vertline.                                                   

     167 H  H   H --SO.sub.2 --NH--CH--C.sub.3 H.sub.6 --K.sub.1               

                                H                 OH  do.                      

     168 H  OC.sub.2 H.sub.5                                                   

                H do.           H                 OH  do.                      

     169 H  H   H H             --CO--NH-- C.sub.2 H.sub.4 --K.sub.1           

                                                  OH  do.                      

     170 H  OC.sub.2 H.sub.5                                                   

                H H             do.               OH  do.                      

                                OH                                             

                                .vertline.                                     

     171 H  H   H H             --CO--NH--CH.sub.2 --CH--CH.sub.2 --K.sub.1    

                                                  OH  do.                      

     172 H  OC.sub.2 H.sub.5                                                   

                H H             do.               OH  do.                      

     173 H  H   H --NH--C.sub.2 H.sub.4 --K.sub.1                              

                                H                 H   do.                      

     174 H  OC.sub.2 H.sub.5                                                   

                H do.           H                 H   do.                      

     175 H  H   H --O--CO--CH.sub.2 --K.sub.1                                  

                                H                 H   do.                      

     176 H  OC.sub.2 H.sub.5                                                   

                H do.           H                 H   do.                      

                  OH                                                           

                  .vertline.                                                   

                  CH.sub.2 --CH--CH.sub.2 --K.sub.1                            

     177 H  H   H --N.angle.    H                 H   do.                      

                  C.sub.2 H.sub.5                                              

     178 H  OC.sub.2 H.sub.5                                                   

                H do.           H                 H   do.                      

     __________________________________________________________________________

PAR  Table III lists the structural composition of further dyes which may be
      produced and/or dyed in accordance with the present process. These dyes
      are of the formula
      ##EQU36##
      where B.sub.1, B.sub.2, B.sub.7, B.sub.8 and B.sub.9 have the meanings
      them in Table III. The anion A.sup.- may be any one of those named in the
      specification, K.sup.+ may be any one of the radicals K.sub.1 to K.sub.27
      listed in Table A; these groupings may be exchanged in any given dye for
      another of the stated groupings. The grouping --CH.sub.2 --K .sup.+ may
      occur once or twice or preferably one and a half times in the
      dehydrotoluidine radical given inside the square brackets; this grouping
      is preferably in the 7 and/or 2' position.
TBL                                    Table III                               

     __________________________________________________________________________

                                           Shade of                            

     Ex.                                                                       

        K   B.sub.1                                                            

               B.sub.2                                                         

                   B.sub.7                                                     

                       B.sub.8        B.sub.9                                  

                                           dyeing on                           

     No.                                   Paper                               

     __________________________________________________________________________

     179                                                                       

        K.sub.1 -K.sub.27                                                      

            H  CH.sub.3                                                        

                   OH                 CH.sub.3                                 

                                           orange                              

     180                                                                       

        do. H  CH.sub.3                                                        

                   NH.sub.2           H    do.                                 

     181                                                                       

        do. H  CH.sub.3                                                        

                   NH.sub.2           CH.sub.3                                 

                                           do.                                 

     182                                                                       

        do. H  CH.sub.3                                                        

                   OH  --CH.sub.2 --CH.sub.2 --K.sub.1                         

                                           do.                                 

     183                                                                       

        do. H  CH.sub.3                                                        

                   OH  H              CH.sub.3                                 

                                           do.                                 

     184                                                                       

        do. H  CH.sub.3                                                        

                   OH                 CH.sub.3                                 

                                           do.                                 

                       .vertline.                                              

                       NH--CO--C.sub.2 H.sub.4 --K.sub.1                       

     185                                                                       

        do. H  CH.sub.3                                                        

                   OH  --OCH.sub.3    CH.sub.3                                 

                                           do.                                 

     186                                                                       

        do. H  CH.sub.3                                                        

                   OH  --CH.sub.2 --K.sub.1                                    

                                      CH.sub.3                                 

                                           do.                                 

     187                                                                       

        do. CH.sub.3                                                           

               CH.sub.3                                                        

                   OH                 CH.sub.3                                 

                                           do.                                 

     188                                                                       

        do. CH.sub.3                                                           

               CH.sub.3                                                        

                   NH.sub.2           H    do.                                 

     189                                                                       

        do. CH.sub.3                                                           

               CH.sub.3                                                        

                   NH.sub.2           CH.sub.3                                 

                                           do.                                 

     190                                                                       

        do. CH.sub.3                                                           

               CH.sub.3                                                        

                   OH  --CH.sub.2 --CH.sub.2 --K.sub.1                         

                                           do.                                 

     191                                                                       

        do. CH.sub.3                                                           

               CH.sub.3                                                        

                   OH  H              CH.sub.3                                 

                                           do.                                 

     192                                                                       

        do. CH.sub.3                                                           

               CH.sub.3                                                        

                   OH                 CH.sub.3                                 

                                           do.                                 

                       .vertline.                                              

                       NH--CO--C.sub.2 H.sub.4 --K.sub.1                       

     193                                                                       

        do. CH.sub.3                                                           

               CH.sub.3                                                        

                   OH  --OCH.sub.3    CH.sub.3                                 

                                           do.                                 

     194                                                                       

        do. CH.sub.3                                                           

               CH.sub.3                                                        

                   OH  --CH.sub.2 --K.sub.1                                    

                                      CH.sub.3                                 

                                           do.                                 

     195                                                                       

        do. H  H   OH                 CH.sub.3                                 

                                           do.                                 

     196                                                                       

        do. H  H   NH.sub.2           H    do.                                 

     197                                                                       

        do. H  H   NH.sub.2           CH.sub.3                                 

                                           do.                                 

     198                                                                       

        do. H  H   OH  --CH.sub.2 --CH.sub.2 --K.sub.1                         

                                           do.                                 

     199                                                                       

        do. H  H   OH  H              CH.sub.3                                 

                                           do.                                 

     200                                                                       

        do. H  H   OH                 CH.sub.3                                 

                                           do.                                 

                       .vertline.                                              

                       NH--CO--C.sub.2 H.sub.4 --K.sub.1                       

     201                                                                       

        do. H  H   OH  --OCH.sub.3    CH.sub.3                                 

                                           do.                                 

     202                                                                       

        do. H  H   OH  --CH.sub.2 --K.sub.1                                    

                                      CH.sub.3                                 

                                           do.                                 

     203                                                                       

        do. H  OC.sub.2 H.sub.5                                                

                   OH                 CH.sub.3                                 

                                           do.                                 

     204                                                                       

        do. H  OC.sub.2 H.sub.5                                                

                   NH.sub.2           H    do.                                 

     205                                                                       

        do. H  OC.sub.2 H.sub.5                                                

                   NH.sub.2           CH.sub.3                                 

                                           do.                                 

     206                                                                       

        do. H  OC.sub.2 H.sub.5                                                

                   OH  --CH.sub.2 --CH.sub.2 --K.sub.1                         

                                           do.                                 

     207                                                                       

        do. H  OC.sub.2 H.sub.5                                                

                   OH  H              CH.sub.3                                 

                                           do.                                 

     208                                                                       

        do. H  OC.sub.2 H.sub.5                                                

                   OH                 CH.sub.3                                 

                                           do.                                 

                       .vertline.                                              

                       NH--CO--C.sub.2 H.sub.4 --K.sub.1                       

     209                                                                       

        do. H  OC.sub.2 H.sub.5                                                

                   OH  --OCH.sub.3    CH.sub.3                                 

                                           do.                                 

     210                                                                       

        do. H  OC.sub.2 H.sub.5                                                

                   OH   --CH.sub.2 --K.sub.1                                   

                                      CH.sub.3                                 

                                           do.                                 

     __________________________________________________________________________

PAR  Table IV sets forth the structural composition of further dyes which can be
      produced and/or dyed in accordance with the present process. These dyes
      are of the formula
      ##EQU37##
      where B.sub.1, B.sub.2 and B.sub.7, B.sub.8 and B.sub.9 have the meanings
      given them in Table IV.
PAR  The anion A.sup.- may be any one of those named in the specification. K may
      stand for any of the radicals K.sub.1 to K.sub.27 listed in Table A. These
      groupings may be exchanged in any given dye for another of the stated
      groupings.
TBL                                    Table IV                                

     __________________________________________________________________________

     Ex.                               Shade of                                

     No.                                                                       

        B.sub.1                                                                

           B.sub.2                                                             

               B.sub.7                                                         

                  B.sub.8          B.sub.9                                     

                                       dyeing on                               

                                       Paper                                   

     __________________________________________________________________________

     211                                                                       

        H  CH.sub.3                                                            

               OH --CH.sub.2 --CH.sub.2 --K.sub.1                              

                                       orange                                  

     212                                                                       

        CH.sub.3                                                               

           CH.sub.3                                                            

               OH do.              do. do.                                     

     213                                                                       

        H  H   OH do.              do. do.                                     

     214                                                                       

        H  OC.sub.2 H.sub.5                                                    

               OH do.              do. do.                                     

     215                                                                       

        H  CH.sub.3                                                            

               OH                  CH.sub.3                                    

                                       do.                                     

                  .vertline.                                                   

                  NH--CO--C.sub.2 H.sub.4 --K.sub.1                            

     216                                                                       

        CH.sub.3                                                               

           CH.sub.3                                                            

               OH do.              do. do.                                     

     217                                                                       

        H  H   OH do.              do. do.                                     

     218                                                                       

        H  OC.sub.2 H.sub.5                                                    

               OH do.              do. do.                                     

     219                                                                       

        H  CH.sub.3                                                            

               OH --CH.sub.2 --K.sub.1                                         

                                   CH.sub.3                                    

                                       do.                                     

     220                                                                       

        CH.sub.3                                                               

           CH.sub.3                                                            

               OH do.              do. do.                                     

     221                                                                       

        H  H   OH do.              do. do.                                     

     222                                                                       

        H  OC.sub.2 H.sub.5                                                    

               OH do.              do. do.                                     

     __________________________________________________________________________

PAR  Table V shows the structural composition of further dyes which can be
      produced and/or dyed in accordance with the present process. These dyes
      are of the formula
      ##EQU38##
      where B.sub.1, B.sub.2 and X have the meanings given them in Table. The
      anion A.sup.- may be any one of those named in the specification. K.sup.+
      may stand for any of the radicals K.sub.1 to K.sub.27 listed in Table A.
      These groupings may be exchanged in any given dye for another of the
      stated groupings. The grouping --CH.sub.2 --K.sup.+ may occur once or
      twice or preferably one and a half times in the dehydrotoluidine radical
      given in square brackets; this grouping occupies preferably the 7 and/or
      2' position.
TBL                Table V                                                     

     ______________________________________                                    

                               X = radical of                                  

                                            Shade of                           

     Ex.  K       B.sub.1                                                      

                         B.sub.2                                               

                               coupling compo-                                 

                                            dyeing on                          

     No.                       nent         paper                              

     ______________________________________                                    

     223  K.sub.1 -K.sub.27                                                    

                  H      CH.sub.3                                              

                               --OH         yellow                             

     224  do.     H      H     do.          do.                                

     225  do.     CH.sub.3                                                     

                         CH.sub.3                                              

                               do.          do.                                

     226  do.     H      OC.sub.2 H.sub.5                                      

                               do.          do.                                

     227  do.     H      CH.sub.3                                              

                               HO----CH.sub.3                                  

                                            do.                                

     228  do.     H      H     do.          do.                                

     229  do.     CH.sub.3                                                     

                         CH.sub.3                                              

                               do.          do.                                

     230  do.     H      OC.sub.2 H.sub.5                                      

                               do.          do.                                

     231  do.     H      CH.sub.3                                              

                               HO--         do.                                

                               .vertline.                                      

                               CH.sub.3                                        

     232  do.     H      H     do.          do.                                

     233  do.     CH.sub.3                                                     

                         CH.sub.3                                              

                               do.          do.                                

     234  do.     H      OC.sub.2 H.sub.5                                      

                               do.          do.                                

                               CH.sub.3                                        

                               .vertline.                                      

     235  do.     H      CH.sub.3                                              

                               HO--         do.                                

     236  do.     H      H     do.          do.                                

     237  do.     CH.sub.3                                                     

                         CH.sub. 3                                             

                               do.          do.                                

     238  do.     H      OC.sub.2 H.sub.5                                      

                               do.          do.                                

                               CH                                              

                               .vertline.                                      

     239  do.     H      CH.sub.3                                              

                               HO--         orange                             

     240  do.     CH.sub.3                                                     

                         CH.sub.3                                              

                               do.          do.                                

     241  do.     H      H     do.          do.                                

     242  do.     H      OC.sub.2 H.sub.5                                      

                               do.          do.                                

                               CH                                              

                               .vertline.                                      

     243  do.     H      H     HO--         do.                                

     244  do.     H      H     do.          do.                                

     245  do.     CH.sub.3                                                     

                         CH.sub.3                                              

                               do.          do.                                

     246  do.     H      OC.sub.2 H.sub.5                                      

                               do.          do.                                

                               OH                                              

                               .vertline.                                      

     247  do.     H      CH.sub.3                                              

                               HO----CH.sub.2 OH                               

                                            do.                                

                               .vertline.                                      

     248  do.     H      H     do.          do.                                

     249  do.     CH.sub.3                                                     

                         CH.sub.3                                              

                               do.          do.                                

     OH                                                                        

     .vertline.                                                                

     250  do.     H      OC.sub.2 H.sub.5                                      

                               HO----CH.sub.2 OH                               

                                            do.                                

                               OH                                              

                               .vertline.                                      

     251  do.     H      CH.sub.3                                              

                               HO----Cl     do.                                

     252  do.     H      H     do.          do.                                

     253  do.     CH.sub. 3                                                    

                         CH.sub.3                                              

                               do.          do.                                

     254  do.     H      OC.sub.2 H.sub.5                                      

                               do.          do.                                

     255  do.     H      CH.sub.3                                              

                               H.sub.2 N--  do.                                

     256  do.     H      H     do.          do.                                

     257  do.     CH.sub.3                                                     

                         CH.sub.3                                              

                               do.          do.                                

     258  do.     H      OC.sub.2 H.sub.5                                      

                               do.          do.                                

                               OH                                              

                               .vertline.                                      

     259  do.     H      CH.sub.3                                              

                               H.sub.2 N--  do.                                

     260  do.     H      H     do.          do.                                

     261  do.     CH.sub.3                                                     

                         CH.sub.3                                              

                               do.          do.                                

     262  do.     H      OC.sub.2 H.sub.5                                      

                               do.          do.                                

                               CH.sub.3                                        

     263  do.     H      H     .vertline.-                                     

                               H.sub.2 N--  yellow                             

     264  do.     H      H     do.          do.                                

     265  do.     CH.sub.3                                                     

                         CH.sub.3                                              

                               do.          do.                                

     266  do.     H      OC.sub.2 H.sub.5                                      

                               do.          do.                                

                               CH.sub.3                                        

                               .vertline.                                      

     267  do.     H      CH.sub.3                                              

                               H.sub.2 N--  do.                                

                               .vertline.                                      

                               OCH.sub.3                                       

     268  do.     H      H     do.          do.                                

     269  do.     CH.sub.3                                                     

                         CH.sub.3                                              

                               do.          do.                                

     270  do.     H      OC.sub.2 H.sub.5                                      

                               do.          do.                                

                                            NH.sub.2                           

                               51                                              

     271  do.     H      CH.sub.3                                              

                               H.sub.2 N--  red.                               

     272  do.     H      H     do.          do.                                

     273  do.     CH.sub.3                                                     

                         CH.sub.3                                              

                               do.          do.                                

     274  do.     H      OC.sub.2 H.sub.5                                      

                               do.          do.                                

                               NH.sub.2                                        

                               .vertline.                                      

     275  do.     H      CH.sub.3                                              

                               H.sub.2 N----C1                                 

                                            do.                                

     276  do.     H      H     do.          do.                                

     277  do.     CH.sub.3                                                     

                         CH.sub.3                                              

                               do.          do.                                

     278  do.     H      OC.sub.2 H.sub.5                                      

                               do.          do.                                

                               NH.sub.2                                        

                               .vertline.                                      

     279  do.     H      CH.sub.3                                              

                               H.sub.2 N----CH.sub.3                           

                                            do.                                

     280  do.     H      H     do.          do.                                

     281  do.     CH.sub.3                                                     

                         CH.sub.3                                              

                               do.          do.                                

     282  do.     H      OC.sub.2 H.sub.5                                      

                               do.          do.                                

                               CH.sub.3                                        

                               .vertline.                                      

     283  do.     H      CH.sub.3                                              

                               H.sub.2 N--  yellow                             

     284  do.     H      H     do.          do.                                

     285  do.     H      OC.sub.2 H.sub.5                                      

                               do.          do.                                

     286  do.     CH.sub.3                                                     

                         CH.sub.3                                              

                               do.          do.                                

     287  do.     H      CH.sub.3           red-orange                         

                               .vertline.                                      

                               OH                                              

     288  do.     H      H     do.          do.                                

     289  do.     CH.sub.3                                                     

                         CH.sub.3                                              

                               do.          do.                                

     290  do.     H      OC.sub.2 H.sub.5                                      

                               do.          do.                                

     ______________________________________                                    

PAR  Table VI sets forth the structural composition of further dyes which can be
      produced and/or dyed in accordance with the present process. These dyes
      are of the formula
      ##EQU39##
      where B.sub.1, B.sub.2, B.sub.11, B.sub.12, B.sub.13, B.sub.14 and
      B.sub.15 have the meanings given them in Table VI.
PAR  The anion A.sup.- may be any one of those named in the specification.
      K.sup.+ may stand for any one of the radicals K.sub.1 to K.sub.27 listed
      in Table A. These groupings may be exchanged in any given dye for one of
      the other stated groupings. The grouping --CH.sub.2 --K.sup.+ may occur
      once or twice or preferably one and a half times in the dehydrotoluidine
      radical shown in square brackets; this grouping stands preferably in the 7
      and/or 2' position.
TBL                                    Table VI                                

     __________________________________________________________________________

     Exam-                                                                     

         K    B.sub.1                                                          

                  B.sub.2                                                      

                       B.sub.11                                                

                            B.sub.12 B.sub.13                                  

                                         B.sub.14                              

                                               B.sub.15                        

                                                   Shade of                    

     ple                                           dyeing on                   

     No.                                           Paper                       

     __________________________________________________________________________

     291 K.sub.1                                                               

              H   CH.sub.3                                                     

                       OCH.sub.3                                               

                            H        H   --CH.sub.2 --K.sub.1                  

                                               H   yellow                      

     292-                                                                      

         K.sub.2 -K.sub.27                                                     

              H   CH.sub.3                                                     

                       do.  H        H   --CH.sub.2 --K.sub.1                  

                                               H   do.                         

     318                                                                       

     319 K.sub.1 -K.sub.27                                                     

              H   CH.sub.3                                                     

                       H    H        H   H     H   do.                         

     320 do.  H   do.  OCH.sub.3                                               

                            H        H   OCH.sub.3                             

                                               H   do.                         

     321 do.  H   do.  do.  H        Cl  OCH.sub.3                             

                                               H   do.                         

     322 do.  H   do.  H    H        Cl  H     H   do.                         

     323 do.  H   do.  OCH.sub.3                                               

                            --CH.sub.2 --K.sub.1                               

                                     H   --CH.sub.2 --K.sub.1                  

                                               H   do.                         

     324 do.  H   do.  H    --NH--CO--CH.sub.2 --K.sub.1                       

                                     H   H     H   do.                         

     325 do.  H   do.  CH.sub.3                                                

                            H        H   H     H   do.                         

     326 do.  H   do.  CH.sub.3                                                

                            H        H   --CH.sub.2 --K.sub.1                  

                                               H   do.                         

     327 do.  H   H    OCH.sub.3                                               

                            H        H   --CH.sub.2 --K.sub.1                  

                                               H   do.                         

     328 do.  H   H    H    H        H   H     H   do.                         

     329 do.  H   H    OCH.sub.3                                               

                            H        H   OCH.sub.3                             

                                               H   do.                         

     330 do.  H   H    OCH.sub.3                                               

                            H        Cl  do.   H   do.                         

     331 do.  H   H    H    H        Cl  H     H   do.                         

     332 do.  H   H    OCH.sub.3                                               

                            --CH.sub.2 --K.sub.1                               

                                     H   --CH.sub.2 --K.sub.1                  

                                               H   do.                         

     333 do.  H   H    H    --NH--CO--CH.sub.2 --K.sub.1                       

                                     H   H     H   do.                         

     334 do.  H   H    CH.sub.3                                                

                            H        H   H     H   do.                         

     335 do.  H   H    CH.sub.3                                                

                            H        H   --CH.sub.2 --K.sub.1                  

                                               H   do.                         

     336 do.  CH.sub.3                                                         

                  CH.sub.3                                                     

                       CH.sub.3                                                

                            H        H   do.   H   do.                         

     337 do.  do. do.  do.  H        H   do.   H   do.                         

     338 do.  do. do.  H    H        H   H     H   do.                         

     339 do.  do. do.  OCH.sub.3                                               

                            H        H   OCH.sub.3                             

                                               H   do.                         

     340 do.  do. do.  do.  H        Cl  do.   H   do.                         

     341 do.  do. do.  H    H        Cl  H     H   do.                         

     342 do.  do. do.  OCH.sub.3                                               

                            --CH.sub.2 --K.sub.1                               

                                     H   --CH.sub.2 --K.sub.1                  

                                               H   do.                         

     343 do.  do. do.  H    --NH--CO--CH.sub.2 --K.sub.1                       

                                     H   H     H   do.                         

     344 do.  do. do.  CH.sub.3                                                

                            H        H   H     H   do.                         

     345 do.  do. do.  do.  H        H   --CH.sub.2 --K.sub.1                  

                                               H   do.                         

     346 do.  H   O.sub.2 CH.sub.5                                             

                       CH.sub.3                                                

                            H        H   CH.sub.2 --K.sub.1                    

                                               H   do.                         

     347 do.  H   do.  do.  H        H   do.   H   do.                         

     348 do.  H   do.  H    H        H   H     H   do.                         

     349 do.  H   do.  OCH.sub.3                                               

                            H        H   OCH.sub.3                             

                                               H   do.                         

     350 do.  H   do.  do.  H        Cl  do.   H   do.                         

     351 do.  H   do.  H    H        Cl  H     H   do.                         

     352 do.  H   do.  OCH.sub.3                                               

                            CH.sub.2 --K.sub.1                                 

                                     H   CH.sub.2 --K.sub.1                    

                                               H   do.                         

     353 do.  H   do.  H    --NH--CO--CH.sub.2 --K.sub.1                       

                                     H   H     H   do.                         

     354 do.  H   do.  CH.sub.3                                                

                            H        H   H     H   do.                         

     355 do.  H   do.  do.  H        H   CH.sub.2 --K.sub.1                    

                                               H   do.                         

     __________________________________________________________________________

PAR  Table VII gives the structural composition of further dyes which can be
      produced and/or dyed in accordance with the present process. These dyes
      are of the formula
      ##EQU40##
      where B.sub.1, B.sub.2, B.sub.11, B.sub.12, B.sub.13, B.sub.14 and
      B.sub.15 have the meanings assigned to them in Table VII. The anion
      A.sup.- may be any one of those named in the specification. For the symbol
      K the notes on Table I and II apply.
TBL                                    Table VII                               

     __________________________________________________________________________

     Exam-                                                                     

         B.sub.1                                                               

             B.sub.2                                                           

                  B.sub.11                                                     

                      B.sub.12 B.sub.13                                        

                                   B.sub.14                                    

                                         B.sub.15                              

                                             Shade of                          

      ple                                    dyeing on                         

      No.                                     Paper                            

     __________________________________________________________________________

     356 H   CH.sub.3                                                          

                  CH.sub.3                                                     

                      CH.sub.2 --K.sub.1                                       

                               CH.sub.3                                        

                                   CH.sub.2 --K.sub.1                          

                                         CH.sub.3                              

                                             yellow                            

     357 H   do.  do. CH.sub.2 --K.sub.2                                       

                               do. CH.sub.2 --K.sub.2                          

                                         do. do.                               

     358 H   do.  do. CH.sub.2 --K.sub.3                                       

                               do. CH.sub.2 --K.sub.3                          

                                         do. do.                               

     359 H   do.  do. CH.sub.2 --K.sub.10                                      

                               do. CH.sub.2 --K.sub.10                         

                                         do. do.                               

     360 H   do.  do. CH.sub.2 --K.sub.12                                      

                               do. CH.sub.2 --K.sub.12                         

                                         do. do.                               

     361 H   do.  do. CH.sub.2 --K.sub.19                                      

                               do. CH.sub.2 --K.sub.19                         

                                         do. do.                               

     362 H   do.  do. CH.sub.2 --K.sub.22                                      

                               do. CH.sub.2 --K.sub.22                         

                                         do. do.                               

     363 H   H    do. --CH.sub.2 --K.sub.1                                     

                               do. CH.sub.2 --K.sub.1                          

                                         do. do.                               

     364 CH.sub.3                                                              

             CH.sub.3                                                          

                  do. do.      do. do.   do. do.                               

     365 H   OC.sub.2 H.sub.5                                                  

                  do. do.      do. do.   do. do.                               

     366 H   CH.sub.3                                                          

                  OCH.sub.3                                                    

                      CH.sub.2 --K.sub.1                                       

                               H   CH.sub.2 --K.sub.1                          

                                         H   do.                               

     367 H   H    do. do.      H   do.   H   do.                               

     368 CH.sub.3                                                              

             CH.sub.3                                                          

                  do. do.      H   do.   H   do.                               

     369 H   OC.sub.2 H.sub.5                                                  

                  do. do.      H   do.   H   do.                               

     370 H   CH.sub.3                                                          

                  H   --NH--CO--CH.sub.2 --K.sub.1                             

                               H   H     H   do.                               

     371 H   H    H   do.      H   H     H   do.                               

     372 CH.sub.3                                                              

             CH.sub.3                                                          

                  H   do.      H   H     H   do.                               

     373 H   OC.sub.2 H.sub.5                                                  

                  H   do.      H   H     H   do.                               

     374 H   CH.sub.3                                                          

                  CH.sub.3                                                     

                      H        H   --CH.sub.2 --K.sub.1                        

                                         H   do.                               

     375 H   H    do. H        H   do.   H   do.                               

     376 CH.sub.3                                                              

             CH.sub.3                                                          

                  do. H        H   do.   H   do.                               

     377 H   OC.sub.2 H.sub.5                                                  

                  do. H        H   do.   H   do.                               

     __________________________________________________________________________

PAR  Table VIII gives the structural composition of further dyes which can be
      produced and/or dyed in accordance with the present process. These dyes
      are of the formula
      ##EQU41##
      where B.sub.1 B.sub.2 and B.sub.16 have the meanings given them in Table
      VIII. The anion A.sup.- may be any one of those named in the
      specification. For the symbol K.sup.+ the notes on Table I apply. The
      grouping --CH.sub.2 --K.sup.+ may occur once or twice or preferably one
      and a half times in the dehydrotoluidine radical shown in square brackets;
      this grouping occupies preferably the 7 and/or 2' position.
TBL                                    Table VIII                              

     __________________________________________________________________________

     Example                                                                   

          K    B.sub.1                                                         

                   B.sub.2                                                     

                        B.sub.16   Shade of                                    

      No.                          dyeing on                                   

                                    Paper                                      

     __________________________________________________________________________

     378  K.sub.1 -K.sub.27                                                    

               H   CH.sub.3                                                    

                        --OCH.sub.3                                            

                                   yellow                                      

     379  do.  H   CH.sub.3                                                    

                        --OC.sub.4 H.sub.9                                     

                                   do.                                         

     380  do.  H   do.  --NH--CH.sub.3                                         

                                   do.                                         

     381  do.  H   do.  --NH--C.sub.4 H.sub.9                                  

                                   do.                                         

     382  do.  H   CH.sub.3                                                    

                        --NH--C.sub.2 H.sub.4 --K.sub.1                        

                                   do.                                         

     383  do.  H   do.  --NH.sub.2 do.                                         

     384  do.  H   do.  --O--C.sub.2 H.sub.4 --K.sub.1                         

                                   do.                                         

     385  do.  H   CH.sub.3                                                    

                        --O--      do.                                         

     386  do.  H   CH.sub.3                                                    

                        --O----CH.sub.3                                        

                                   do.                                         

     387  do.  H   CH.sub.3                                                    

                        --O----OCH.sub.3                                       

                                   do.                                         

                        .vertline.                                             

                        CH.sub.3                                               

     388  do.  H   CH.sub.3                                                    

                        --O----OCH.sub.3                                       

                                   do.                                         

                        .vertline.                                             

                        CH.sub.2 --K.sub.1                                     

     389  do.  H   H    --OCH.sub.3                                            

                                   do.                                         

     390  do.  CH.sub.3                                                        

                   CH.sub.3                                                    

                        do.        do.                                         

     391  do.  H   OC.sub.2 H.sub.5                                            

                        do.        do.                                         

     392  do.  H   H    OC.sub.4 H.sub.9                                       

                                   do.                                         

     393  do.  CH.sub.3                                                        

                   CH.sub.3                                                    

                        do.        do.                                         

     394  do.  H   OC.sub.2 H.sub.5                                            

                        do.        do.                                         

     395  do.  H   H    --NH--CH.sub.3                                         

                                   do.                                         

     396  do.  CH.sub.3                                                        

                   CH.sub.3                                                    

                        do.        do.                                         

     397  do.  H   OC.sub.2 H.sub.5                                            

                        do.        do.                                         

     398  do.  H   H    --NH--C.sub.4 H.sub.9                                  

                                   do.                                         

     399  do.  CH.sub.3                                                        

                   CH.sub.3                                                    

                        do.        do.                                         

     400  do.  H   OC.sub.2 H.sub.5                                            

                        do.        do.                                         

     401  do.  H   H    --NH--C.sub.2 H.sub.4 --K.sub.1                        

                                   do.                                         

     402  do.  CH.sub.3                                                        

                   CH.sub.3                                                    

                        do.        do.                                         

     403  K.sub.1 -K.sub.27                                                    

               H   OC.sub.2 H.sub.5                                            

                        --NH--C.sub.2 H.sub.4 --K.sub.1                        

                                   yellow                                      

     404  do.  H   H    --NH.sub.2 do.                                         

     405  do.  CH.sub.3                                                        

                   CH.sub.3                                                    

                        do.        do.                                         

     406  do.  H   OC.sub.2 H.sub.5                                            

                        do.        do.                                         

     407  do.  H   H    --O--C.sub.2 H.sub.4 --K.sub.1                         

                                   do.                                         

     408  do.  CH.sub.3                                                        

                   CH.sub.3                                                    

                        do.        do.                                         

     409  do.  H   OC.sub.2 H.sub.5                                            

                        do.        do.                                         

     410  do.  H   H    --O--      do.                                         

     411  do.  CH.sub.3                                                        

                   CH.sub.3                                                    

                        do.        do.                                         

     412  do.  H   OC.sub.2 H.sub.5                                            

                        do.        do.                                         

     413  do.  H   H    --O----CH.sub.3                                        

                                   do.                                         

     414  do.  CH.sub.3                                                        

                   CH.sub.3                                                    

                        do.        do.                                         

     415  do.  H   OC.sub.2 H.sub.5                                            

                        do.        do.                                         

     416  do.  H   H    --O----OCH.sub.3                                       

                                   do.                                         

                        .vertline.                                             

                        CH.sub.3                                               

     417  do.  CH.sub.3                                                        

                   CH.sub.3                                                    

                        do.        do.                                         

     418  do.  H   OC.sub.2 H.sub.5                                            

                        do.        do.                                         

     419  do.  H   H    --O----OCH do.                                         

                        .vertline.-   CH.sub.2 --K.sub.1                       

     420  do.  CH.sub.3                                                        

                   CH.sub.3                                                    

                        do.        do.                                         

     421  do.  H   OC.sub.2 H.sub.5                                            

                        do.        do.                                         

     __________________________________________________________________________

PAR  Table IX lists the structural composition of further dyes which can be
      produced and/or dyed in accordance with the present process. These dyes
      are of the formula
      ##EQU42##
      where B.sub.1, B.sub.2 and B.sub.16 have the meanings given them in Table
      IX. The anion A.sup.- may be any one of those named in the specification.
TBL                Table IX                                                    

     ______________________________________                                    

     Example                                                                   

            B.sub.1 B.sub.2  B.sub.16     Shade                                

     No.                                  of dyeing                            

                                          on Paper                             

     ______________________________________                                    

     422    H       CH.sub.3 --NH--C.sub.2 H.sub.4 --K.sub.1                   

                                          yellow                               

     423    H       CH.sub.3 --O--C.sub.2 H.sub.4 --K.sub.1                    

                                          do.                                  

     424    H       CH.sub.3 --O----OCH.sub.3                                  

                                          do.                                  

                             .vertline.                                        

                             CH.sub.2 --K.sub.1                                

     425    H       H        --NH--C.sub.2 H.sub.4 --K.sub.1                   

                                          do.                                  

     426    CH.sub.3                                                           

                    CH.sub.3 do.          do.                                  

     427    H       OC.sub.2 H.sub.5                                           

                             do.          do.                                  

     428    H       H        --O--C.sub.2 H.sub.4 --K.sub.1                    

                                          do.                                  

     429    CH.sub.3                                                           

                    CH.sub.3 do.          do.                                  

     430    H       OC.sub.2 H.sub.5                                           

                             do.          do.                                  

     431    H       H        --O----O--CH.sub.3                                

                                          do.                                  

                             .vertline.                                        

                             CH.sub.2 --K.sub.1                                

     432    CH.sub.3                                                           

                    CH.sub.3 do.          do.                                  

     433    H       OC.sub.2 H.sub.5                                           

                             do.          do.                                  

     ______________________________________                                    

PAR  Table X sets forth the structural composition of further dyes which can be
      produced and/or dyed in accordance with the present process. These dyes
      are of the formula
      ##SPC4##
PAL  where B.sub.1, B.sub.2 and B.sub.20 to B.sub.23 have the meanings given
      them in Table X. F may be any one of the radicals F.sub.1 to F.sub.13
      listed in Table B. These groupings may be exchanged in any given dye for
      another of the stated groupings. The grouping --CH.sub.2 --F may occur
      once or twice or preferably one and a half times in the dehydrotoluidine
      radical shown in square brackets; this grouping is preferably in the 7
      and/or 2' position.
TBL                Table B                                                     

     ______________________________________                                    

     F may stand for F.sub.1 to F.sub.13 which represent the following         

     groupings                                                                 

                            CH.sub.3                                           

     F.sub.1  represent     --N.angle.                                         

                            CH.sub.3                                           

     F.sub.2  "             --N(C.sub.2 H.sub.5).sub.2                         

                            CH.sub.3                                           

                            .vertline.                                         

     F.sub.3  represent     --N--C.sub.2 H.sub.5                               

                            CH.sub.3                                           

                            .vertline.                                         

     F.sub.4  "             --N                                                

                            .vertline.                                         

     F.sub.5  "             --NH.sub.2                                         

     F.sub.6  "             --NH--CH.sub.3                                     

     F.sub.7  "             --NH--C.sub.3 H.sub.7                              

                            CH.sub.2 --CH.sub.2                                

     F.sub.8  "             --N.angle..angle.O                                 

                            CH.sub.2 --CH.sub.2                                

                            CH.sub.2 --CH.sub.2                                

     F.sub.9  "             --N.angle..vertline.                               

                            CH.sub.2 --CH.sub.2                                

                            CH.sub.2 --CH.sub.3                                

     F.sub.10 "             --N.angle..angle.CH.sub.2                          

                            CH.sub.2 --CH.sub.2                                

                            CH.sub.2 --                                        

     F.sub.11 "             --N.angle.                                         

                            CH.sub.3                                           

                            CH.sub.3                                           

     F.sub.12 "             --N.angle.                                         

                            C.sub.2 H.sub.4 OH                                 

                            C.sub.2 H.sub.4 --OH                               

     F.sub.13 "             --N.angle.                                         

                            C.sub.2 H.sub.4 --OH                               

     ______________________________________                                    

TBL                                    TABLE X                                 

     __________________________________________________________________________

     Ex.                                                                       

        F   B.sub.1                                                            

               B.sub.2                                                         

                   B.sub.20                                                    

                       B.sub.21      B.sub.22         B.sub.23                 

                                                              Shade            

     No.                                                      of dyeing        

                                                              on               

     __________________________________________________________________________

                                                              Paper            

     434                                                                       

        F.sub.1 -F.sub.13                                                      

            H  CH.sub.3                                                        

                   H   H             H                OH      red              

     435                                                                       

        do. H  CH.sub.3                                                        

                   H   H             --CO--CH.sub.3   OH      do.              

     436                                                                       

        do. H  CH.sub.3                                                        

                   H   H             --CO--NH----CO--C.sub.2 H.sub.4 --F.sub.1 

                                                      OH      do.              

     437                                                                       

        do. H  CH.sub.3                                                        

                   H   H             --CO--NH--C.sub.6 H.sub.5                 

                                                      OH      do.              

     438                                                                       

        do. H  CH.sub.3                                                        

                   H   OH            H                H       do.              

     439                                                                       

        do. H  CH.sub.3                                                        

                   H   OH            --CO--C.sub.2 H.sub.4 --F.sub.1           

                                                      H       do.              

                       CH.sub.3                                                

                       .vertline.                                              

     440                                                                       

        do. H  CH.sub.3                                                        

                   H   --SO.sub.2 --NH--CH--C.sub.3 H.sub.6 --F.sub.1          

                                     H                OH      do.              

     441                                                                       

        do. H  CH.sub.3                                                        

                   H   H             --CO--NH-- C.sub.2 H.sub.4 --F.sub.1      

                                                      OH      do.              

                                     OH                                        

                                     .vertline.                                

     442                                                                       

        do. H  CH.sub.3                                                        

                   H   H             --CO--NH--CH.sub.2 --CH--CH.sub.2         

                                     --F.sub.1        OH      do.              

     443                                                                       

        do. H  CH.sub.3                                                        

                   H   --NH--C.sub.2 H.sub.4 --OH                              

                                     H                H       do.              

     444                                                                       

        do. H  CH.sub.3                                                        

                   H   --N(CH.sub.3).sub.2                                     

                                     H                H       do.              

     445                                                                       

        do. H  CH.sub.3                                                        

                   H   do.           H                NH.sub.2                 

                                                              do.              

     446                                                                       

        do. H  CH.sub.3                                                        

                   H   do.           H                --NH--C.sub.2 H.sub.4    

                                                      --OH    do.              

     447                                                                       

        do. H  CH.sub.3                                                        

                   H   --N(CH.sub.3).sub.2                                     

                                     H                --NH--CH.sub.3           

                                                              do.              

     448                                                                       

        do. H  CH.sub.3                                                        

                   H   do.           H                --NH--C.sub.6 H.sub.5    

                                                              do.              

     449                                                                       

        do. H  CH.sub.3                                                        

                   H   Br            H                --NH.sub.2               

                                                              do.              

     450                                                                       

        do. H  CH.sub.3                                                        

                   H   Cl            H                --NH.sub.2               

                                                              do.              

     451                                                                       

        do. H  CH.sub.3                                                        

                   H   CH.sub.3      H                 NH.sub.2                

                                                              do.              

     452                                                                       

        do. H  CH.sub.3                                                        

                   CH.sub.3                                                    

                       H             H                --NH.sub.2               

                                                              do.              

     453                                                                       

        do. H  CH.sub.3                                                        

                   OCH.sub.3                                                   

                       H             H                --NH.sub.2               

                                                              do.              

     454                                                                       

        do. H  CH.sub.3                                                        

                   H   OCH.sub.3     H                 NH.sub.2                

                                                              do.              

     455                                                                       

        do. H  CH.sub.3                                                        

                   H   --NH--C.sub.2 H.sub.4 --F.sub.1                         

                                     H                H       do.              

     456                                                                       

        do. H  CH.sub.3                                                        

                   H   --O--CO--CH.sub.2 --F.sub.1                             

                                     H                H       do.              

                       CH.sub.2 --CH--CH.sub.2 --F.sub.1                       

                       .vertline.                                              

     457                                                                       

        do. H  CH.sub.3                                                        

                   H   --N.angle.OH  H                H       do.              

                       C.sub.2 H.sub.5                                         

     458                                                                       

        do. H  CH.sub.3                                                        

                   H   --SO.sub.2 --N(CH.sub.3).sub.2                          

                                     H                H       do.              

     459                                                                       

        do. H  CH.sub.3                                                        

                   H   H             --COOC.sub.2 H.sub.4 --F.sub.1            

                                                      OH      do.              

     460                                                                       

        do. H  CH.sub.3                                                        

                   H   H             --COOCH.sub.3    OH      do.              

     461                                                                       

        do. CH.sub.3                                                           

               CH.sub.3                                                        

                   H   H             H                OH      do.              

     462                                                                       

        do. CH.sub.3                                                           

               CH.sub.3                                                        

                   H   H             --CO--CH.sub.3   OH      do.              

     463                                                                       

        do. CH.sub.3                                                           

               CH.sub.3                                                        

                   H   H             --CO--NH----CO--C.sub.2 H.sub.4 --F.sub.1 

                                                      OH      do.              

     464                                                                       

        do. CH.sub.3                                                           

               CH.sub.3                                                        

                   H   H             -- CO--NH--C.sub.6 H.sub.5                

                                                      OH      do.              

     465                                                                       

        do. CH.sub.3                                                           

               CH.sub.3                                                        

                   H   OH            H                H       do.              

     466                                                                       

        do. CH.sub.3                                                           

               CH.sub.3                                                        

                   H   OH            --CO--C.sub.2 H.sub.4 --F.sub.1           

                                                      H       do.              

                       CH.sub.3                                                

                       .vertline.                                              

     467                                                                       

        do. CH.sub.3                                                           

               CH.sub.3                                                        

                   H   --SO.sub.2 --NH--CH--C.sub.3 H.sub.6 --F.sub.1          

                                     H                OH      do.              

     468                                                                       

        do. CH.sub.3                                                           

               CH.sub.3                                                        

                   H   H             --CO--NH--C.sub.2 H.sub.4 --F.sub.1       

                                                      OH      do.              

                                     OH                                        

                                     .vertline.                                

     469                                                                       

        do. CH.sub.3                                                           

               CH.sub.3                                                        

                   H   H             --CO--NH--CH.sub.2 --CH--CH.sub.2         

                                     --F.sub.1        OH      do.              

     470                                                                       

        do. CH.sub.3                                                           

               CH.sub.3                                                        

                   H   --NH--C.sub.2 H.sub.4 --OH                              

                                     H                H       do.              

     471                                                                       

        do. CH.sub.3                                                           

               CH.sub.3                                                        

                   H   --N(CH.sub.3).sub.2                                     

                                     H                H       do.              

     472                                                                       

        do. CH.sub.3                                                           

               CH.sub.3                                                        

                   H   do.           H                NH.sub.2                 

                                                              do.              

     473                                                                       

        do. CH.sub.3                                                           

               CH.sub.3                                                        

                   H   do.           H                --NH--C.sub.2 H.sub.4    

                                                      --OH    do.              

     474                                                                       

        do. CH.sub.3                                                           

               CH.sub.3                                                        

                   H   --N(CH.sub.3).sub.2                                     

                                     H                --NH--CH.sub.3           

                                                              do.              

     475                                                                       

        do. do.                                                                

               do. H   do.           H                --NH--C.sub.6 H.sub.5    

                                                              do.              

     476                                                                       

        do. do.                                                                

               do. H   Br            H                --NH.sub.2               

                                                              do.              

     477                                                                       

        do. do.                                                                

               do. H   Cl            H                --NH.sub.2               

                                                              do.              

     478                                                                       

        do. do.                                                                

               do. H   CH.sub.3      H                --NH.sub.2               

                                                              do.              

     479                                                                       

        do. do.                                                                

               do. CH.sub.3                                                    

                       H             H                --NH.sub.2               

                                                              do.              

     480                                                                       

        do. do.                                                                

               do. OCH.sub.3                                                   

                       H             H                --NH.sub.2               

                                                              do.              

     481                                                                       

        do. do.                                                                

               do. H   OCH.sub.3     H                --NH.sub.2               

                                                              do.              

     482                                                                       

        do. do.                                                                

               do. H   --NH--C.sub.2 H.sub.4 --F.sub.1                         

                                     H                H       do.              

     483                                                                       

        do. do.                                                                

               do. H   --O--CO--CH.sub.2 --F.sub.1                             

                                     H                H       do.              

                       CH.sub.2 --CH--CH.sub.2 --F.sub.1                       

                       .vertline.                                              

     484                                                                       

        do. do.                                                                

               do. H   --.angle.OH   H                H       do.              

                       C.sub.2 H.sub.5                                         

     485                                                                       

        do. do.                                                                

               do. H   --SO.sub.2 --N(CH.sub.3).sub.2                          

                                     H                H       do.              

     486                                                                       

        do. do.                                                                

               do. H   H             --COOC.sub.2 H.sub.4 --F.sub.1            

                                                      OH      do.              

     487                                                                       

        do. do.                                                                

               do. H   H             --COOCH.sub.3    OH      do.              

     488                                                                       

        do. H  H   H   H             H                OH      do.              

     489                                                                       

        do. H  H   H   H             --CO--CH.sub.3   OH      do.              

     490                                                                       

        do. H  H   H   H             --CO--NH--CO--C.sub.2 H.sub.4 --F.sub.1   

                                                      OH      do.              

     491                                                                       

        do. H  H   H   H             --CO--NH--C.sub.6 H.sub.5                 

                                                      OH      do.              

     492                                                                       

        do. H  H   H   OH            H                H       do.              

     493                                                                       

        do. H  H   H   OH            --CO--C.sub.2 H.sub.4 --F.sub.1           

                                                      H       do.              

                       CH.sub.3                                                

                       .vertline.                                              

     494                                                                       

        do. H  H   H   --SO.sub.2 --NH--CH--C.sub.3 H.sub.6 --F.sub.1          

                                     H                OH      do.              

     495                                                                       

        do. H  H   H   H             --CO--NH--C.sub.2 H.sub.4 --F.sub.1       

                                                      OH      do.              

                                     OH                                        

                                     .vertline.                                

     496                                                                       

        do. H  H   H   H             --CO--NH--CH.sub.2 --CH--CH.sub.2         

                                     --F.sub.1        OH      do.              

     497                                                                       

        do. H  H   H   --NH--C.sub.2 H.sub.4 OH                                

                                     H                H       do.              

     498                                                                       

        do. H  H   H   --N(CH.sub.3).sub.2                                     

                                     H                H       do.              

     499                                                                       

        do. H  H   H   do.           H                --NH--C.sub.2 H.sub.4    

                                                      --OH    do.              

     500                                                                       

        do. H  H   H   do.           H                --NH--C.sub.2 H.sub.4    

                                                      --OH    do.              

     501                                                                       

        do. H  H   H   do.           H                --NH--OH.sub.3           

                                                              do.              

     502                                                                       

        do. H  H   H   do.           H                --NH--C.sub.6 H.sub.5    

                                                              do.              

     503                                                                       

        do. H  H   H   Br            H                --NH--C.sub.6 H.sub.5    

                                                              do.              

     504                                                                       

        do. H  H   H   Cl            H                --NH.sub.2               

                                                              do.              

     505                                                                       

        do. H  H   H   CH.sub.3      H                --NH.sub.2               

                                                              do.              

     506                                                                       

        do. H  H   CH.sub.3                                                    

                       H             H                --NH.sub.2               

                                                              do.              

     507                                                                       

        do. H  H   OCH.sub.3                                                   

                       H             H                --NH.sub.2               

                                                              do.              

     508                                                                       

        do. H  H   H   OCH.sub.3     H                --NH.sub.2               

                                                              do.              

     509                                                                       

        do. H  H   H   --NH--C.sub.2 H.sub.4 --F.sub.1                         

                                     H                H       do.              

     510                                                                       

        do. H  H   H   --O--CO--CH.sub.2 --F.sub.1                             

                                     H                H       do.              

                       CH.sub.2 --OH--CH.sub. 2 --F.sub.1                      

                       .vertline.                                              

     511                                                                       

        do. H  H   H   --N.angle.OH  H                H       do.              

                       C.sub.2 H.sub.5                                         

     512                                                                       

        do. H  H   H   --SO.sub.2 --N(CH.sub.3).sub.2                          

                                     H                H       do.              

     513                                                                       

        do. H  H   H   H             --COOC.sub.2 H.sub.4 --F.sub.1            

                                                      OH      do.              

     514                                                                       

        do. H  H   H   H             --COOCH.sub.3    OH      do.              

     515                                                                       

        do. H  OC.sub.2 H.sub.5                                                

                   H   H             H                OH      do.              

     516                                                                       

        do. H  do. H   H             --CO--CH.sub.3   OH      do.              

     517                                                                       

        do. H  do. H   H             --CO--NH----CO--C.sub.2 H.sub.4 --F.sub.1 

                                                      OH      do.              

     518                                                                       

        do. H  do. H   H             --CO--NH--C.sub.6 H.sub.5                 

                                                      OH      do.              

     519                                                                       

        do. H  do. H   OH            H                H       do.              

     520                                                                       

        do. H  do. H   OH            --CO--C.sub.2 H.sub.4 --F.sub.1           

                                                      H       do.              

                       OH                                                      

                       .vertline.                                              

     521                                                                       

        do. H  do. H   --SO.sub.2 --NH--CH--C.sub.3 H.sub.6 --F.sub.1          

                                     H                OH      do.              

     522                                                                       

        do. H  do. H   H             --CO--NH--C.sub.2 H.sub.4 --F.sub.1       

                                                      OH      do.              

                                     OH                                        

                                     .vertline.                                

     523                                                                       

        do. H  do. H   H             --CO--NH--CH.sub.2 --CH--CH.sub.2         

                                     --F.sub.1        OH      do.              

     524                                                                       

        do. H  do. H   --NH--C.sub.2 H.sub.4 OH                                

                                     H                H       do.              

     525                                                                       

        do. H  do. H   --N(CH.sub.3).sub.2                                     

                                     H                H       do.              

     526                                                                       

        do. H  do. H   do.           H                NH.sub.2                 

                                                              do.              

     527                                                                       

        do. H  do. H   do.           H                --NH--C.sub.2 H.sub.4    

                                                      --OH    do.              

     528                                                                       

        do. H  do. H   do.           H                --NH--CH.sub.3           

                                                              do.              

     529                                                                       

        do. H  do. H   do.           H                --NH--C.sub.6 H.sub.5    

                                                              do.              

     530                                                                       

        do. H  do. H   Br            H                --NH.sub.2               

                                                              do.              

     531                                                                       

        do. H  do. H   Cl            H                --NH.sub.2               

                                                              do.              

     532                                                                       

        do. H  do. H   CH.sub.3      H                --NH.sub.2               

                                                              do.              

     533                                                                       

        do. H  do. CH.sub.3                                                    

                       H             H                --NH.sub.2               

                                                              do.              

     534                                                                       

        do. H  do. OCH.sub.3                                                   

                       H             H                --NH.sub.2               

                                                              do.              

     535                                                                       

        do. H  do. H   OCH.sub.3     H                --NH.sub.                

                                                              do.              

     536                                                                       

        do. H  do. H   --NH--C.sub.2 H.sub.4 --F.sub.1                         

                                     H                H       do.              

     537                                                                       

        do. H  do. H   --O--CO--CH.sub.2 --F.sub.1                             

                                     H                H       do.              

     538                                                                       

        do. H  do. H   CH.sub.2 --CH--CH.sub.2 --F.sub.1                       

                                     H                H       do.              

                       .vertline.                                              

                       --N.angle.OH                                            

                       C.sub.2 H.sub.5                                         

     539                                                                       

        do. H  do. H   --SO.sub.2 N(CH.sub.3).sub.2                            

                                     H                H       do.              

     540                                                                       

        do. H  do. H   H             --COOC.sub.2 H.sub.4 --F.sub.1            

                                                      OH      do.              

     541                                                                       

        do. H  do. H   H             --COOCH.sub.3    OH      do.              

     __________________________________________________________________________

PAR  Table XI sets forth the structural composition of further dyes which can be
      produced and/or dyed in accordance with the present process. These dyes
      are of the formula
      ##SPC5##
PAL  where B.sub.1, B.sub.2 and B.sub.20 to B.sub.23 have the meanings given
      them in Table XI. F may stand for any one of the radicals F.sub.1 to
      F.sub.23 in Table B. These groupings may be exchanged in any given dye for
      one of the other stated groupings.
TBL                                    TABLE XI                                

     __________________________________________________________________________

     Exam-                                                                     

         B.sub.1                                                               

              B.sub.2                                                          

                   B.sub.20                                                    

                       B.sub.21      B.sub.22         B.sub.23                 

                                                          Shade of dyeing      

     ple                                                  on Paper             

     No.                                                                       

     __________________________________________________________________________

     542 H    CH.sub.3                                                         

                   H   H             --CO--NH----CO--C.sub.2 H.sub.4 --F.sub.1 

                                                      OH  red                  

     543 H    H    H   H             do.              OH  do.                  

     544 CH.sub.3                                                              

              CH.sub.3                                                         

                   H   H             do.              OH  do.                  

     545 H    OC.sub.2 H.sub.5                                                 

                   H   H             do.              OH  do.                  

     546 H    CH.sub.3                                                         

                   H   --NH--C.sub.2 H.sub.4 --F.sub.1                         

                                     H                H   do.                  

     547 H    H    H   do.           H                H   do.                  

     548 CH.sub.3                                                              

              CH.sub.3                                                         

                   H   do.           H                H   do.                  

     549 H    OC.sub.2 H.sub.5                                                 

                   H   do.           H                H   do.                  

     550 H    CH.sub.3                                                         

                   H   OH            --CO--C.sub.2 H.sub.4 --F.sub.1           

                                                      H   do.                  

                       CH.sub.3                                                

                       .vertline.                                              

     551 CH.sub.3                                                              

              CH.sub.3                                                         

                   H   --SO.sub.2 --NH--CH--C.sub.3 H.sub.6 --F.sub.1          

                                     H                OH  do.                  

     552 H    CH.sub.3                                                         

                   H   H             --CO--NH--C.sub.2 H.sub.4 --F.sub.1       

                                                      OH  do.                  

     553 H    H    H   --O--CO--CH.sub.2 --F.sub.1                             

                                     H                H   red                  

                       CH.sub.2 --CH--CH.sub.2 --F.sub.1                       

                       .vertline.                                              

     554 H    CH.sub.3                                                         

                   H   --N.angle.OH  H                H   do.                  

                       C.sub.2 H.sub.5                                         

     554 H    OC.sub.2 H.sub.5                                                 

                   H   H             COOC.sub.2 H.sub.4 --F.sub.1              

                                                      OH  do.                  

     __________________________________________________________________________

PAR  Table XII sets forth the structural composition of further dyes which can
      be produced and/or dyed in accordance with the present process. These dyes
      are of the formula
      ##EQU43##
      where B.sub.1, B.sub.2 and B.sub.24 to B.sub.26 have the meanings given
      them in Table XII. For F and the group --CH.sub.2 --F the notes on Table X
      apply.
TBL                                    TABLE XII                               

     __________________________________________________________________________

     Exam-                                                                     

     ple F     B.sub.1                                                         

                   B.sub.2                                                     

                        B.sub.24                                               

                             B.sub.25       B.sub.26                           

                                                 Shade of dyeing               

     No                                          on Paper                      

     __________________________________________________________________________

     555-                                                                      

     568 F.sub.1 --F.sub.13                                                    

               H   CH.sub.3                                                    

                        OH                  CH.sub.3                           

                                                 orange                        

     569 do.   H   H    OH   do.            do.  do.                           

     570 do.   CH.sub.3                                                        

                   CH.sub.3                                                    

                        OH   do.            do.  do.                           

     571 do.   H   OC.sub.2 H.sub.5                                            

                        OH   do.            do.  do.                           

     572 do.   H   CH.sub.3                                                    

                        --NH.sub.2                                             

                             do.            do.  do.                           

     573 do.   H   CH.sub.3                                                    

                        CH   --CH.sub.2 --CH.sub.2 --F.sub.1                   

                                                 do.                           

     574 do.   H   CH.sub.3                                                    

                        OH   --CH.sub.2 --F.sub.1                              

                                            CH.sub.3                           

                                                 do.                           

     575 do.   CH.sub.3                                                        

                   CH.sub.2                                                    

                        OH   --OCH.sub.3    do.  do.                           

     576 do.   H   CH.sub.3                                                    

                        OH   --NH--CO--C.sub.2 H.sub.4 --F.sub.1               

     577 do.   H   CH.sub.3                                                    

                        NH.sub.2            CH.sub.3                           

                                                 do.                           

     __________________________________________________________________________

PAR  Table XIII gives the structural composition of further dyes which can be
      produced and/or dyed in accordance with the present process. These dyes
      are of the formula
      ##EQU44##
      where B.sub.1, B.sub.2 and B.sub.24 to B.sub.26 have the meanings given
      them in Table XIII. For F the notes on Table XI apply.
TBL                                    TABLE XIII                              

     __________________________________________________________________________

     Example                                                                   

          B.sub.1                                                              

              B.sub.2                                                          

                    B.sub.24                                                   

                         B.sub.25        B.sub.26                              

                                             Shade of dyeing                   

     No                                      on Paper                          

     __________________________________________________________________________

     578  H   CH.sub.3                                                         

                    OH   --CH.sub.2 --CH.sub.2 --F.sub.1                       

                                             orange                            

     579  H   OC.sub.2 H.sub.5                                                 

                    OH   do.             do. do.                               

     580  CH.sub.3                                                             

              CH.sub.3                                                         

                    OH   do.             do. do.                               

     581  H   H     OH   do.             do. do.                               

     582  H   CH.sub.3                                                         

                    OH   --CH.sub.2 --F.sub.1                                  

                                         CH.sub.3                              

                                             do.                               

     583  CH.sub.3                                                             

              CH.sub.3                                                         

                    OH   do.             do. do.                               

     584  H   H     OH   do.             do. do.                               

     585  H   OC.sub.2 H.sub.5                                                 

                    OH   do.             do. do.                               

     586  H   CH.sub.3                                                         

                    OH   --NH--CO--C.sub.2 H.sub.4 --F.sub.1                   

                                         do. do.                               

     587  H   H     OH   do.             do. do.                               

     __________________________________________________________________________

PAR  Table XIV sets forth the structural composition of further dyes which can
      be produced and/or dyed in accordance with the present process. These dyes
      are of the formula
      ##EQU45##
      where B.sub.1, B.sub.2 and X have the meanings given them in the Table.
      For F and the group --CH.sub.2 --F the notes on Table X apply.
TBL                                    TABLE XIV                               

     __________________________________________________________________________

     Examp.                                                                    

         F     B.sub.1                                                         

                   B.sub.2                                                     

                         X              Shade of dyeing                        

     No                                 on Paper                               

     __________________________________________________________________________

     588 F.sub.1 -F.sub.13                                                     

               H   CH.sub.3                                                    

                         --OH           yellow                                 

     589 do.   CH.sub.3                                                        

                   CH.sub.3                                                    

                         do.            do.                                    

     590 do.   H   OC.sub.2 H.sub.5                                            

                         do.            do.                                    

     591 do.   H   H     do.            do.                                    

     592 do.   H   CH.sub.3                                                    

                         HO----CH.sub.3 do.                                    

     593 do.   H   CH.sub.3                                                    

                         HO--           do.                                    

                         .vertline.                                            

                         CH.sub.3 CH.sub.3                                     

                         .vertline.                                            

     594 do.   H   CH.sub.3                                                    

                         HO--OH         do.                                    

                         .vertline.                                            

     595 do.   H   CH.sub.3                                                    

                         OH HO--        orange                                 

                         .vertline.                                            

     596 do.   H   CH.sub.3                                                    

                         HO--OH         do.                                    

                         .vertline.                                            

     597 do.   H   CH.sub.3                                                    

                         OH HO----CH.sub.2 OH                                  

                                        do. -       .vertline.                 

     598 do.   H   CH.sub.3                                                    

                         HO---- Cl      do.                                    

     599 do.   H   CH.sub.3                                                    

                         H.sub.2 N--    yellow                                 

                         OH                                                    

                         .vertline.                                            

     600 do.   H   CH.sub.3                                                    

                         H.sub.2 N--    orange                                 

                         CH.sub.3                                              

                         .vertline.                                            

     601 do.   H   CH.sub.3                                                    

                         H.sub.2 N--    yellow                                 

                         CH.sub.3                                              

                         .vertline.                                            

     602 do.   H   CH.sub.3                                                    

                         H.sub.2 N--    do.                                    

                         .vertline.                                            

                         OCH.sub.3                                             

                         NH.sub.2                                              

                         .vertline.                                            

     603 do.   H   CH.sub.3                                                    

                         H.sub.2 N--    red                                    

                         NH                                                    

                         .vertline.                                            

     604 do.   H   CH.sub.3                                                    

                         H.sub.2 N----Cl                                       

                                        do.                                    

                         NH.sub.2                                              

                         .vertline.                                            

     605 do.   H   CH.sub.3                                                    

                         H.sub.2 N----CH.sub.3                                 

                                        do.                                    

                         CH.sub.3                                              

                         .vertline.                                            

     606 do.   H   CH.sub.3                                                    

                         H.sub.2 N--    do.                                    

     607 do.   H   CH.sub.3             red-orange                             

                         .vertline.                                            

                         OH                                                    

     __________________________________________________________________________

PAR  Table XV sets forth the structural composition of further dyes which can be
      produced and/or dyed in accordance with the present process. These dyes
      are of the formula
      ##EQU46##
      where B.sub.1, B.sub.2 and B.sub.27 to B.sub.31 have the meanings given
      them in the Table. For F and the group --CH.sub.2 --F the notes on Table X
      apply.
TBL                                    TABLE XV                                

     __________________________________________________________________________

     Exam-                                                                     

         F     B.sub.1                                                         

                   B.sub.2                                                     

                        B.sub.27                                               

                             B.sub.28   B.sub.29                               

                                            B.sub.30                           

                                                   B.sub.31                    

                                                       Shade of dyeing         

     ple                                               on Paper                

     No                                                                        

     __________________________________________________________________________

     608 F.sub.1                                                               

               H   CH.sub.3                                                    

                        OCH.sub.3                                              

                             H          H   --CH.sub.2 --F                     

                                                   H   yellow                  

     609-                                                                      

     622 F.sub.2 -F.sub.13                                                     

               H   do.  do.  H          H   do.    H   do.                     

     623 F.sub.1 -F.sub.13                                                     

               H   H    do.  H          H   do.    H   do.                     

     624 do.   CH.sub.3                                                        

                   CH.sub.3                                                    

                        do.  H          H   do.    H   do.                     

     625 do.   H   OC.sub.2 H.sub.5                                            

                        do.  H          H   do.    H   do.                     

     626 do.   H   CH.sub.3                                                    

                        H    H          H   H      H   do.                     

     627 do.   H   CH.sub.3                                                    

                        OCH.sub.3                                              

                             H          H   OCH.sub.3                          

                                                   H   do.                     

     628 do.   H   CH.sub.3                                                    

                        OCH.sub.3                                              

                             H          Cl  OCH.sub.3                          

                                                   H   do.                     

     629 do.   H   CH.sub.3                                                    

                        H    H          Cl  H      H   do.                     

     630 do.   H   CH.sub.3                                                    

                        OCH.sub.3                                              

                             --CH.sub.2 --F.sub.1                              

                                        H   --CH.sub.2 -- F.sub.1              

                                                   H   do.                     

     631 do.   H   CH.sub.3                                                    

                        H    --NH--CO--CH.sub.2 --F.sub.1                      

                                        H   H      H   do.                     

     632 do.   H   CH.sub.3                                                    

                        CH.sub.3                                               

                             H          H   H      H   do.                     

     633 do.   H   CH.sub.3                                                    

                        CH.sub.3                                               

                             H          H   --CH.sub.2 --F.sub.1               

                                                   H   do.                     

     634 do.   H   H    H    --NH--CO--CH.sub.2 --F.sub.1                      

                                        H   H      H   do.                     

     __________________________________________________________________________

PAR  Table XVI gives the structural composition of further dyes which can be
      produced and/or dyed in accordance with the present process. These dyes
      are of the formula
      ##EQU47##
      where B.sub.1, B.sub.2 and B.sub.27 to B.sub.31 have the meanings given
      them in the Table. For F the notes on Table XI apply.
TBL                                    TABLE XVI                               

     __________________________________________________________________________

     Exam-                                                                     

         B.sub.1                                                               

             B.sub.2                                                           

                  B.sub.27                                                     

                       B.sub.28    B.sub.29                                    

                                       B.sub.30                                

                                              B.sub.31                         

                                                  Shade of dyeing              

     ple                                          on paper                     

     No                                                                        

     __________________________________________________________________________

     635 H   CH.sub.3                                                          

                  CH.sub.3                                                     

                       CH.sub.2 --F.sub.1                                      

                                   CH.sub.3                                    

                                       CH.sub.2 --F.sub.1                      

                                              CH.sub.3                         

                                                  yellow                       

     636 H   H    CH.sub.3                                                     

                       do.         do. do.    do. do.                          

     637 CH.sub.3                                                              

             CH.sub.3                                                          

                  do.  do.         do. do.    do. do.                          

     638 H   OC.sub.2 H.sub.5                                                  

                  do.  do.         do. do.    do. do.                          

     639 H   CH.sub.3                                                          

                  OCH.sub.3                                                    

                       H           H   --CH.sub.2 --F.sub.1                    

                                              H   do.                          

     640 H   CH.sub.3                                                          

                  OCH.sub.3                                                    

                       CH.sub.2 --F.sub.1                                      

                                   H   --CH.sub.2 --F.sub.1                    

                                              H   do.                          

     641 H   CH.sub.3                                                          

                  H    --NH--CO--CH.sub.2 --F.sub.1                            

                                   H   H      H   do.                          

     642 H   CH.sub.3                                                          

                  CH.sub.3                                                     

                       H           H   CH.sub.2 --F.sub.1                      

                                              H   do.                          

     __________________________________________________________________________

PAR  Table XVII gives the structural composition of further dyes which can be
      produced and/or dyed in accordance with the present process. These dyes
      are of the formula
      ##EQU48##
      where B.sub.1, B.sub.2 and B.sub.32 have the meanings given them in Table
      XVII. For F and the group --CH.sub.2 --F the notes on Table X apply.
TBL                TABLE XVII                                                  

     ______________________________________                                    

                           19                 Shade                            

                                              of                               

     Ex   F        B.sub.1 B.sub.2                                             

                                  B.sub.32    dyeing                           

     No.                                      on                               

                                              Paper                            

     ______________________________________                                    

     643  F.sub.1 -F.sub.13                                                    

                   H       CH.sub.3                                            

                                  --OCH.sub.3 yellow                           

     644  do.      H       CH.sub.3                                            

                                  OC.sub.4 H.sub.9                             

                                              do.                              

     645  do.      H       CH.sub.3                                            

                                  --NH--CH.sub.3                               

                                              do.                              

     646  do.      H       CH.sub.3                                            

                                  --NH--C.sub.2 H.sub.4 --F.sub.1              

                                              do.                              

     647  do.      H       CH.sub.3                                            

                                  --NH--C.sub.2 H.sub. 4 --F.sub.1             

                                              do.                              

     648  do.      H       CH.sub.3                                            

                                  --NH.sub.2  do.                              

     649  do.      H       CH.sub.3                                            

                                  --O--C.sub.2 H.sub.4 --F.sub.1               

                                              do.                              

     650  do.      H       CH.sub.3                                            

                                  --O--       do.                              

     651  do.      H       CH.sub.3                                            

                                  --O----CH.sub.3                              

                                              do.                              

     652  do.      H       CH.sub.3                                            

                                  --O----O--CH.sub.3                           

                                              do.                              

                                  CH.sub.3                                     

     653  do.      H       CH.sub.3                                            

                                  --O----OCH.sub.3                             

                                              do.                              

                                  .vertline.                                   

                                  CH.sub.2 --F.sub.1                           

     654  do.      H       H      --OCH.sub.3 do.                              

     655  do.      CH.sub.3                                                    

                           CH.sub.3                                            

                                  do.         do.                              

     656  do.      H       OC.sub.2 H.sub.5                                    

                                  do.         do.                              

     ______________________________________                                    

PAR  Table XVIII sets forth the structural composition of further dyes which can
      be produced and/or dyed in accordance with the present process. These are
      of the formula
      ##EQU49##
      where B.sub.1, B.sub.2 and B.sub.32 have the meanings given them in Table
      XVIII. For F the notes on Table XI apply.
TBL                TABLE XVIII                                                 

     ______________________________________                                    

     Ex.  B.sub.1                                                              

                 B.sub.2 B.sub.32      Shade of dyeing                         

     No.                               on Paper                                

     ______________________________________                                    

     657  H      CH.sub.3                                                      

                         --NH--C.sub.2 H.sub.4 -- F.sub.1                      

                                       yellow                                  

     658  H      H       do.           do.                                     

     659  CH.sub.3                                                             

                 CH.sub.3                                                      

                         do.           do.                                     

     660  H      OC.sub.2 H.sub.5                                              

                         do.           do.                                     

     661  H      CH.sub.3                                                      

                         --O--C.sub.2 H.sub.4 -- F.sub.1                       

                                       do.                                     

     662  H      CH.sub.3                                                      

                         --O----OCH.sub.3                                      

                         .vertline.-     CH.sub.2 --F.sub.1                    

     663  H      H       do            do.                                     

     664  CH.sub.3                                                             

                 CH.sub.3                                                      

                         do            do.                                     

     ______________________________________                                    

PAR  The following dyes can be produced and dyed in accordance with the process
      of the present invention. They correspond to the formulae
      ##EQU50##
PAR  Formulae of representative dyes of the foregoing Examples are as follows:
      ##SPC6##
CLMS
STM  Having thus disclosed the invention, what I claim is:
NUM  1.
PAR  1. A dye of the formula
      ##SPC7##
PAL  wherein
PA1  B.sub.2 is hydrogen or methyl,
PA1  M is
      ##EQU51##
      or
      ##EQU52##
      wherein each of R.sub.8 and R.sub.9 is independently methyl, ethyl or
      2-hydroxyethyl,
PA1  R.sub.10 is methyl, ethyl, 2-hydroxyethyl or 2-carbamoylethyl,
PA1  each of R.sub.11 and R.sub.12 is independently hydrogen, methyl, ethyl or
      2-hydroxyethyl, and
PA1  A.sup.- is an anion,
PA1  X is
      ##SPC8##
PA1  wherein B.sub.27 is hydrogen, methyl or methoxy, and m is 1 to 3.
NUM  2.
PAR  2. A dye according to claim 1
PA1  wherein m is 1 to 2, inclusive.
NUM  3.
PAR  3. A dye according to claim 2
PA1  wherein each --CH.sub.2 --M is attached to a 2'- or 7-position of the
      benzothiazolylphenyl group.
NUM  4.
PAR  4. A dye according to claim 2 having the formula
      ##SPC9##
PAL  wherein
PA1  B.sub.2 is hydrogen or methyl,
PA1  R.sub.11 is hydrogen, methyl, ethyl or 2-hydroxyethyl,
PA1  R.sub.12 is hydrogen, methyl, ethyl or 2-hydroxyethyl,
PA1  X is
      ##SPC10##
PAL  wherein
PA1  B.sub.27 is hydrogen, methyl or methoxy, and
PA1  q is 1 to 2.
NUM  5.
PAR  5. A dye according to claim 4
PA1  wherein each
      ##EQU53##
      is attached to a 2' or 7-position of the benzothiazolylphenyl group.
NUM  6.
PAR  6. A dye according to claim 2 having the formula
      ##SPC11##
PAL  wherein
PA1  B.sub.2 is hydrogen or methyl,
PA1  each of R.sub.8 and R.sub.9 is independently methyl, ethyl or
      2-hydroxyethyl,
PA1  R.sub.10 is methyl, ethyl, 2-hydroxyethyl or 2-carbamoylethyl,
PA1  X is
      ##SPC12##
PAL  wherein B.sub.27 is hydrogen, methyl or methoxy,
PA1  q is 1 to 2, and
PA1  A.sup.- is an anion.
NUM  7.
PAR  7. A dye according to claim 6
PA1  wherein each
      ##EQU54##
      is attached to a 2'- or 7-position
PAR  of the benzothiazolylphenyl group.
NUM  8.
PAR  8. A dye according to claim 6 having the formula
      ##SPC13##
PAL  wherein X is
      ##SPC14##
NUM  9.
PAR  9. A dye according to claim 8
PA1  wherein each
      ##EQU55##
      is attached to a 2' or 7-position of the benzothiazolylphenyl group.
NUM  10.
PAR  10. A dye according to claim 8 having the formula
      ##SPC15##
NUM  11.
PAR  11. A dye according to claim 8 having the formula
      ##EQU56##
NUM  12.
PAR  12. A dye according to claim 8 having the formula
      ##SPC16##
NUM  13.
PAR  13. The dye according to claim 1 having the formula
      ##SPC17##
NUM  14.
PAR  14. A dye according to claim 1 having the formula
      ##SPC18##
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ABST
PAL  A process for producing a heteropolysaccharide by a bacterial fermentation
      procedure in which a new species of bacteria is incubated in a
      fermentation medium which contains a carbon source, preferably a
      hydrolyzed starch, a source of magnesium ions, a source of phosphorous, a
      source of nitrogen and water with the incubation taking place at a
      temperature of about 28.degree. to about 35.degree.C. The
      heteropolysaccharide produced by the above fermentation process. A
      thickened aqueous media containing an effective quantity of the
      heteropolysaccharide to thicken the media.
PARN
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 197,941, filed Nov. 11, 1971, now abandoned.
BSUM
PAR  It is known that heteropolysaccharides can be produced by certain
      microorganisms. Some of such heteropolysaccharides function as hydrophilic
      colloids and because of their viscosity properties and rheology have been
      used as thickening agents for aqueous systems. One known method of
      obtaining such heteropolysaccharides is by fermentation of an appropriate
      nutrient medium with certain Xanthomonas organisms. Cf. U.S. Pat. Nos.
      3,020,207, 3,256,271.
PAR  As with other fields of technology, research has continued with the
      objective of discovering new heteropolysaccharides having useful
      properties as thickening, suspending and/or stabilizing agents. It is an
      object of this invention to provide a new heteropolysaccharide having
      these desirable properties. It is another object to provide a method for
      making this new compound. A still further object is provision of
      formulations containing our new heteropolysaccharide as a thickening or
      suspending or stabilizing agent. Other objects of the invention will
      become evident from the ensuing description of this invention.
PAR  The present invention pertains to a novel heteropolysaccharide which is
      produced by the action of a bacteria on a selected carbon source. Further,
      the invention pertains to a novel process for producing a
      heteropolysaccharide by bacterial fermentation of a selected carbon source
      under controlled conditions. The heteropolysaccharide of this invention is
      a high molecular weight polysaccharide containing primarily carbohydrate
      residues and a minor amount of protein. It is sometimes referred to as a
      "gum" but it is believed that the heteropolysaccharide terminology is more
      accurate and precise. In the following description of our invention, it
      will sometimes be referred to as Heteropolysaccharide 10.
PAR  This novel compound may be prepared by fermentation of a suitable nutrient
      medium with a hitherto undescribed organism which has been named Erwinia
      tahitica. A restricted deposit of this organism employed in making our
      heteropolysaccharide was made with the American Type Culture Collection on
      August 11, 1971 under Accession No. ATCC 21711. Under the conditions of
      deposit, the culture will be freely available to the public upon issuance
      of a United States patent on the present invention, and is to be released
      to any person authorized by the Commissioner of Patents to receive it
      under Rule 14 of the Patent Office Rules of Practice.
PAR  The bacterium employed in our process is a novel bacterium that was
      isolated from a Tahitian soil sample. Thirty grams of the soil sample were
      added to 300 ml. of sterile San Diego tap water to form a mixture which
      was placed on a reciprocating shaker. After mixing in this fashion for
      approximately 60 minutes, a loopful of the soil solution was streaked onto
      YM agar plates. The YM (Yeast Malt) agar was formed by adding to 1,000 ml.
      of distilled water 41 gms. of a mixture containing 3 parts by weight of a
      yeast extract, 3 parts by weight of a malt extract, 5 parts by weight of a
      peptone and 10 parts by weight of dextrose (mixture supplied by Difco
      Laboratories, Inc., Detroit, Michigan) together with 20 parts by weight of
      agar. The YM agar plates were incubated at 30.degree.C. for 48 hours.
      After incubation, the plates were examined and the slimy colonies were
      transferred to fresh YM agar plates. After further incubation for 48 hours
      at 30.degree.C., the cultures were purified by subculturing onto YM agar
      plates. The purified cultures were finally transferred onto YM slants. The
      cultures may be maintained in the lyophilized state.
PAR  An air-dried film of a 24-hour old culture grown in E-1 medium was stained
      by the method of Gram (Manual of Microbiological Methods, Society of
      American Bacteriologists, McGraw Hill, New York, New York, 1957, page 16),
      and was found to be gram negative. The E-1 medium contained 5 gms of
      potassium acid phosphate, 0.1 gm of magnesium sulfate, 0.9 gms of ammonium
      nitrate, 0.5 gms of Promosoy 100 (an enzymatic digest of soybean meal sold
      by Central Soya Comemurgy Division), 30 gms of hydrolyzed starch and 1
      liter of tap water. The hydrolyzed starch was obtained by heating Pearl
      starch (Staley Manufacturing Company) at a concentration of 30% by weight
      in water with an .alpha.-amylase enzyme (Tenase, supplied by Miles
      Laboratory) at a weight ration of about 45 to 700 parts of starch for each
      part of the .alpha.-amylase enzyme. After addition of the .alpha.-amylase
      enzyme, the solution was incubated at 60.degree.C. for 2 hours, then
      placed in a boiling-water bath for 30 minutes or autoclaved for 15 minutes
      at 15 psi at a temperature of 120.degree.C. The pH of the E-1 medium was
      about 7.6 to 7.8.
PAR  The cells of the bacteria are non-motile, non-sporeforming rods having a
      size range of 0.75 - 1.0 by 1.0 - 2.0 microns. The organism usually occurs
      as single cells and only rarely forms chains. The bacterium is heavily
      encapsulated and also produces a large amount of extracellular slime in
      the E-1 medium, as described previously.
PAR  The bacteria were observed by electron microscopic observation at a
      magnification of about 161,000 times. In observing the bacteria under the
      electron microscope, it was observed by three different methods, i.e.,
      phosphotungstic acid negative staining, uranyl acetate negative staining
      and platinum-carbon shadowing. These methods are described in "Techniques
      for Electron Microscopy," Second Edition, edited by D. H. Kay, Blackwell
      Scientific Publications, Oxford, England (1965). As observed, the bacteria
      did not possess flagella.
PAR  The colonial morphology of the bacteria was observed by growing the
      bacteria in three different media. On a nutrient agar plate, the organism
      forms circular, convex, entire, smooth, opaque white-to-cream colored
      colonies. The colonial morphology on YM agar is the same as on the
      nutrient agar plate, but more copious growth is usually evident. On
      Levine's EMB agar, the bacteria formed heavily mucoid colonies. On a
      nutrient agar slant, the growth is heavy, moderately viscid, creamy and
      filiform. The organism exhibits a large amount of sub-surface growth in
      Nutrient Broth with a heavy flocculent sediment. There was no surface
      growth. The organism did not grow at a temperature of 4.degree.C. on YM
      agar after two weeks of incubation, but grew very well in this medium at
      room temperature (22.degree.-24.degree.C.). The organism also grows well
      at 30.degree.C. and at 35.degree.C. on YM agar but will not grow at a
      temperature of 55.degree.C. The optimum growth temperature appears to be
      about 28.degree. to about 35.degree.C. and the thermal death point of the
      bacteria is about 55.degree.  to 60.degree.C.
PAR  The Nutrient Broth contained 0.3% by weight of beef extract and 0.5% by
      weight of peptone in distilled water. The nutrient agar was composed of
      Nutrient Broth in admixture with about 1.5% by weight of agar.
PAR  The bacteria were also grown in litmus milk using the procedure described
      at page 40 of "Laboratory Methods in Microbiology," by W. F. Harrigan and
      M. E. McCance, Academic Press, New York, New York, (1966). The bacteria
      produced an acid reaction in litmus milk after 24 hours, and formation of
      an acid curd with peptonization and reduction of the litmus were observed
      after 96 hours.
PAR  The optimum pH conditions for growth of the bacteria were determined in E-1
      medium, as described previously. It is found that the optimum pH for
      growth of the bacteria was about 7.0 .+-.0.5.
PAR  Antibiotic sensitivity tests were run on the bacteria using a paper disc
      method. In this procedure, paper discs, having a diameter of 5 or 6
      millimeters were cut from filter paper and autoclaved to kill any
      organisms thereon. The autoclaved filter paper was then soaked in a dilute
      aqueous solution of the antibiotic under test and the impregnated paper
      disc was placed on the center of a lawn of bacteria in a petri dish and
      incubated under aerobic conditions for 30 hours at 30.degree.C. The lawn
      of bacteria was prepared by first heating YM agar growth medium, as
      defined previously, to about 100.degree.C. on a water bath to melt it. The
      liquified agar was then cooled to 45.degree.C. and poured into a sterile
      petri dish. The agar was then solidified by cooling to room temperature.
      After solidification, one-tenth milliliter of a suspension of the bacteria
      was smeared evenly across the surface with a sterile glass rod. There was
      obtained, on incubation, a hazy, homogeneous-appearing bacterial growth.
      The term "lawn" refers to such a preparation which contains a very high
      bacterial count.
PAR  After incubation of the solidified agar at 30.degree.C. for about 24 hours
      in the petri dish in contact with the impregnated disc, as described
      above, the bacterial growth was observed. If the bacteria were sensitive
      to the antibiotic, there was a clear area around the periphery of the disc
      which was free from bacteria. The determination of antibiotic sensitivity
      by the above method is described in the literature at pages 206-212 of
      "Diagnostic Bacteriology" by I. G. Schaub et al., 5th Ed., The C. V. Mosby
      Co., St. Louis, Missouri.
PAR  When tested in the above manner, it was found that the bacteria were
      resistant to penicillin at a disc concentration of 0.5 units of penicillin
      and resistant to novobiocin at a dsic concentration of 2.5 micrograms. The
      bacteria were found to be sensitive to streptomycin at a disc
      concentration of 1.5 micrograms, sensitive to neomycin at a disc
      concentration of 1.5 micrograms and sensitive to polymyxin-B at a disc
      concentration of 1.3 micrograms. In further tests, the biochemical
      characteristics of the bacteria were determined. The bacteria tested
      negative to the Methyl Red test procedure described at page 60 of the
      Harrigan and McCance text, supra. The bacteria gave a positive catalase
      test, a positive urease test, a negative oxidase test, a weakly positive
      amylase test, and a positive cellulase test. The catalase, urease, oxidase
      and amylase tests are set forth, respectively, at pages 65, 56, 65 and 58
      of the Harrigan and McCance text, supra. The bacteria also gave a positive
      arginase test after five days at aerobic conditions according to the
      method of M. J. Thornley "Journal of Applied Bacteriology,"  Vol. 23, page
      37 (1960). The bacteria gave a negative indole formation test, a negative
      gelatin liquefaction test, a positive hydrogen sulfide formation test, a
      positive citrate utilization test and a positive acetylmethyl carbinol
      formation test. The indole formation, gelatin liquefaction, nitrate
      reduction, hydrogen sulfide formation, citrate utilization and
      acetylmethyl carbinol formation tests are set forth, respectively, at
      pages 53, 51 and 53, 56 and 57, 55 and 56, 203 and 60 of the Harrigan and
      McCance text, supra.
PAR  The bacterium was found to be fermentative when tested by the Hugh Liefson
      Glucose test as described at page 59 of the Harrigan and McCance text,
      supra. The bacteria tested positive in malonate broth according to the
      procedure described at pages 227-228 of the publication entitled "A guide
      to the Identification of the Genera of Bacteria" by F. B. D. Skerman,
      Williams and Wilkins Company, Baltimore, (1967). Lysine decarboxylase and
      cytochrome oxidase activity were determined using Patho Tec test papers
      from General Diagnostics Division of Warner-Chilcott Laboratories. The
      bacteria tested positive to lysine decarboxylase and negative to
      cytochrome oxidase.
PAR  The organism was tested to determine its tolerance to salt. It grew within
      24 hours in nutrient broth containing 5% by weight of sodium chloride when
      incubated under aerobic conditions at 30.degree.C. When incubated under
      the same conditions in nutrient broth containing 7% by weight of sodium
      chloride, the organism grew within 48 to 72 hours.
PAR  The cellulase test which was employed is not a standard test and will,
      therefore, be described in detail. In performing the test, a citrate
      buffer solution having a pH of about 6.5 was made up which contained 1.75%
      by weight of hydroxyethyl cellulose. To this was added a 1.75% by weight
      aqueous solution of a heteropolysaccharide gum as produced by the bacteria
      employed in the practice of the present invention. The gum solution and
      the hydroxyethyl cellulose solutions were mixed in the ratio of 3 parts by
      weight of the hydroxyethyl cellulose solution to 1 part by weight of the
      gum solution. The mixed solutions were then incubated at 43.3.degree.C. in
      a tightly sealed jar for at least 4 days. The presence of the cellulase
      enzyme will result in the degradation of the hydroxyethyl cellulose,
      thereby reducing the viscosity of the mixed solutions. By noting that
      there was, in fact, a decrease in the viscosity of the mixed solutions in
      excess of about 5%, it was determined that the cellulase enzyme was
      present and was produced by the bacteria employed in the present
      invention. In performing the test, a preservative containing
      1-(3-chloroallyl)-3,5,7-triaza-1-azoniaadamantane chloride (Dowicil 100
      supplied by the Dow Chemical Company) was added at 0.2% by weight to kill
      any bacteria in the solutions so that the only agent present which could
      cause degradation of the cellulose was the cellulase enzyme.
PAR  Jars which contained only the substrate hydroxyethyl cellulose solution
      were subjected to the same conditions as the mixed solutions to furnish
      test controls.
PAR  In a further series of experiments, the bacteria were grown in various
      basal media containing a carbohydrate source. The growth of the bacteria
      was observed to determine whether the bacteria caused fermentation with
      production of acid and gas, caused fermentation with production of acid
      only, or caused no fermentation. In conducting these experiments, the
      basal medium described by D. W. Dye, "New Zealand Journal of Science,"
      Vol. 5, pages 393-416 (1962), was first sterilized by autoclaving. A
      carbohydrate solution was then made up and was sterilized by filtration
      through a Seitz Filter Pad in which the holes passing through the filter
      pad are approximately 1/50th micron in diameter. No living bacteria is
      sufficiently small to permit its passage through the above-described Seitz
      Filter pad. Thus filtration in this manner is a convenient way to
      sterilize an aqueous media without the use of heat.
PAR  The sterilized carbohydrate solution was then added to a heat sterilized
      basal medium as described by Dye in a sufficient amount to give a total
      carbohydrate concentration of 0.5% by weight. The pH of the basal medium
      was about 7 and contained a few drops of Brom-Cresol Purple, which was
      used as the pH indicator. Following this, the liquid growth medium was
      inoculated with bacteria, the test tube was closed, and the organism was
      incubated at a temperature of 30.degree.C. The results of these tests are
      shown in the following Table.
TBL                TABLE                                                       

     ______________________________________                                    

     Fermentation with                                                         

                  Fermentation with                                            

     production of acid                                                        

                  production of acid                                           

     and gas      only          Not Fermented                                  

     ______________________________________                                    

     D-Arabinose  Dextrin        Adonitol                                      

     D-Cellobiose                Dulcitol                                      

     D-Fructose                  Inulin                                        

     D-Galactose                 Sodium                                        

                                 Alginate                                      

     D-Glucose                   Starch                                        

      Inositol                                                                 

     D-Lactose                                                                 

     D-Maltose                                                                 

      Mannitol                                                                 

     D-Mannose                                                                 

     D-Raffinose                                                               

     L-Rhamnose                                                                

     D-Ribose                                                                  

      Salicin                                                                  

     D-Sucrose                                                                 

     D-Trehalose                                                               

     D-Xylose                                                                  

     ______________________________________                                    

PAR  As shown in the above Table, the bacteria were able to utilize a wide
      variety of carbohydrates for growth. The pH indicator, Brom-Cresol Purple,
      gives a yellow coloration at an acid pH of less than 5.2. In the above
      tests, control tests were carried out under the same conditions with the
      same media without the presence of the bacteria. The control test showed
      no change in the pH during incubation; thus, indicating that the resultant
      pH change was caused by the bacteria.
PAR  When the organism was grown in E-1 medium containing glucose, a yellowish
      pigmentation was noted. A procedure for the extraction of carotinoid
      pigments was followed and the results indicated that the yellowish pigment
      is not carotinoid. The clear supernatant medium remaining after removal of
      the cells was yellow which indicated that the yellow pigment produced by
      the organism is water soluble.
PAR  On the basis of the above tests, it has been attempted to identify the
      bacteria in terms of morphological characteristics and physiological
      properties, as compared with those of known organisms recorded in the
      "Bergey's Manual of Determinative Bacteriology," reprint of 7th Edition,
      Williams and Wilkins Company, Baltimore, Maryland (1959). On the basis of
      the accumulated information, the organism is believed to belong to the
      family "Enterobacteriaceae". This conclusion is based on the fact that the
      organism is a gram negative, non-sporeforming, straight rod which produces
      acid and gas from glucose. The fact that the organism ferments lactose
      within 48 hours and does not produce the pigment prodigiosin limits it to
      two tribes: Escherichieae and Erwinieae. The ability of the organism to
      produce hydrogen sulfide as well as an acid curd in litmus milk with
      peptonization and reduction of the litmus, indicates that the organism
      does not belong to the tribe Eschericheieae.
PAR  These facts indicate that Erwinieae is the closest taxonomical group to the
      organism. The basic characteristics of the organism agree well with those
      of Erwinieae. This tribe contains only one genus, that being Erwinia. The
      full characteristics of the organism do not match those of any known
      species of Erwinia as described in "Bergey's Manual of Determinative
      Bacteriology". The presence of a non-carotenoid pigment and the lack of
      mobility are outstanding examples. Thus, it is believed that the organism
      is a new species of Erwinia and it is, therefore, referred to by the new
      name of Erwinia tahitica.
PAR  Other groups of bacteria which somewhat resemble the organism utilized in
      the present invention are Pseudomonas, Aeromonas, Azotomonas, Aerobacter
      and Klebsiella. Pseudomonas was ruled out on the basis that it does not
      form gas in the presence of carbohydrates. Aeromonas was eliminated
      because it does not ferment lactose. Azotomonas was ruled out because it
      is able to fix nitrogen while the organism of the present invention does
      not have this property. Aerobacter was eliminated because of the
      differences between it and the present organism in regard to pigmentation,
      litmus milk reactions and gelatin liquefaction. Klebsiella was eliminated
      because of differences between it and the present organism in regard to
      pigmentation, litmus milk reactions and the production of hydrogen
      sulfide.
PAR  The properties of our Erwinia tahitica bacteria are for convenience
      summarized below:
PAC  Morphology
PA1  a. Cells--Gram negative, non-motile, non-spore forming rods having a size
      range of 0.75 -1.0 .times. 1.0 -2.0 microns. Bacteria is encapsulated and
      produces a large amount of extracellular slime. Bacteria does not possess
      flagella and usually occurs as single cells and only rarely forms chains.
PA1  b. Colony--Nutrient agar plate: Forms circular, convex, entire, smooth,
      opaque, white-to-cream-colored colonies.
PA2  Ym agar--Same characteristics as observed on nutrient agar plate but
      copious growth is usually evident.
PA2  Levine's EMB Agar--The bacteria have a heavy mucoid colony type.
PAC  Growth Characteristics
PA1  a. Nutrient agar slant--heavy, moderately viscid, creamy and filiform.
PA1  b. Nutrient broth--Exhibits a large amount of subsurface growth with a
      heavy flocculent sediment. There is no surface growth.
PA1  c. Litmus milk--Produced acid reaction after 24 hours and formation of acid
      curd with peptonization and reduction of the litmus after 96 hours.
PA1  d. Growth Temperature--Optimum growth temperature of about 28.degree. to
      about 35.degree.C. and thermal death point of about
      55.degree.-60.degree.C.
PA1  e. Growth pH--Optimum pH is 7.0 .+-.0.5.
PAC  Salt Tolerance
PA1  Organism will grow under aerobic conditions at 30.degree.C. in nutrient
      broth containing 5% by weight of NaCl within 24 hours incubation and
      containing 7% by weight of NaCl within 48 to 72 hours of incubation.
PAC  Antibiotic Sensitivity
TBL         Penicillin  Resistant                                              

            Novobiocin  Resistant                                              

            Streptomycin                                                       

                        Sensitive                                              

            Polymyxin-B Sensitive                                              

            Neomycin    Sensitive                                              

PAC  Biochemical Characteristics
TBL  Methyl Red       Negative                                                 

     Catalase         Positive                                                 

     Urease           Positive                                                 

     Oxidase          Negative                                                 

     Amylase          Weakly Positive                                          

     Cellulase        Positive                                                 

     Arginase         Positive                                                 

     Indole Formation Negative                                                 

     Hydrogen Sulfide                                                          

      formation       Positive                                                 

     Citrate utilization                                                       

                      Positive                                                 

     Acetylmethyl carbinol                                                     

      formation       Positive                                                 

     Gelatin Liquefaction                                                      

                      Negative                                                 

     Hugh Liefson Glucose                                                      

      test            Fermentative                                             

     Malonate broth   Positive                                                 

     Lysine decarboxylase                                                      

                      Positive                                                 

     Cytochrome oxidase                                                        

                      Negative                                                 

PAR  In practicing our invention, a suitable nutient fermentation medium is
      inoculated with a heteropolysaccharide producing strain of Erwinia
      tahitica and permitted to incubate at a temperature of about 33.degree. to
      about 37.degree.C., preferably about 35.degree.C., for a period of about
      45 to about 60 hours. The bacteria are quite fastidious in their
      nutritional characteristics in that they require a fairly specific carbon
      source in order to produce massive amounts of the heteropolysaccharide.
      The carbon source required by the bacteria in order to produce the
      polysaccharide is an oligosaccharide containing from about 3 to about 10
      monomer units at a concentration of about 1 to about 5% by weight, and
      preferably about 2 to 4% by weight.
PAR  A further ingredient which is present in the fermentation medium is a
      source of magnesium ions. The magnesium salt content of the fermentation
      medium may range from about 0.005 to about 0.02% by weight. Suitable
      sources of magnesium ions include water soluble magnesium salts, such as
      magnesium sulfate heptahydrate, magnesium acetate, magnesium chloride,
      magnesium nitrate and magnesium acid phosphate which may be deliberately
      added or present as an impurity in the carbon source or the water used.
PAR  The pH of the fermentation medium is important to suitable growth of the
      bacteria. We have found that the optimum pH for production of
      Heteropolysaccharide-10 is in the range of about 6.0 to 7.5, and
      preferably about 6.0 to 6.5. Control of the pH can generally be obtained
      by the use of a buffer compound such as dipotassium acid phosphate at a
      concentration from about 0.4 to about 0.6% by weight of the fermentation
      medium. Any of the various sodium and potassium salts of phosphoric acid
      may be used as buffer, e.g. KH.sub.2 PO.sub.4, K.sub.2 HPO.sub.4, K.sub.3
      PO.sub.4, NaH.sub.2 PO.sub.4, Na.sub.2 HPO.sub.4, or Na.sub.3 PO.sub.4.
      When the pH is adjusted to about 7, there will be present about equal
      amounts of mono- and dibasic phosphates.
PAR  Conversely, the pH can be controlled through conventional means by using a
      pH meter coupled with a source of a suitable base, e.g. an alkali metal
      hydroxide, such as a solution of potassium or sodium hydroxide. As the pH
      is lowered due to the production of acids during the fermentation
      reaction, small quantities of the potassium or sodium hydroxide solution
      may be automatically added by the pH controller to keep the pH within the
      desired range. For best results it is desired that some dipotassium acid
      phosphate be present because of its buffer action, but the amount can be
      less, i.e., 0.05 -0.15% by weight, when an alkali metal hydroxide is also
      used. In a system where pH is controlled by alkali addition, the preferred
      range is 6.0-6.5. If it rises above 6.5, an acid such as sulfuric acid may
      be added to reduce it to the desired range.
PAR  Generally, the bacterial fermentation process of our invention does not
      require the addition of alkali to control the pH during the fermentation.
      The pH of the fermentation beer drops to about 6.0 which generally occurs
      after 10 to 20 hours of fermentation, then increases to about 6.5-6.8, and
      generally remains at this level for the balance of the fermentation. If
      the pH drops after about 30-50 hours, potassium hydroxide or another
      suitable base, such as sodium hydroxide, may be added to maintain the pH
      at at least about 6.5.
PAR  At least a trace quantity of phosphorus, generally in the form of a soluble
      potassium salt, is also present in the fermentation medium. Larger
      quantities of phosphorus, such as about 0.65% by weight (calculated as
      dipotassium-acid-phosphate) of the fermentation medium, can, however, also
      be used.
PAR  In order to obtain a rapid fermentation, we have found that it is essential
      to have a sufficient quantity of oxygen available for the growing Erwinia
      tahitica culture. If either too much or too little oxygen is available,
      the production of Heteropolysaccharide 10 by the bacterial culture is
      slowed down. Our process requires that sufficient oxygen be made available
      for the bacteria. The oxygen requirements can be defined in terms of a
      sulfite oxidation value, which is a measure of the rate of oxygen uptake
      in the fermentor under the agitation and aeration conditions employed. It
      is, however, preferred to describe this aspect of the process in terms of
      dissolved oxygen, and in this regard it is important that a dissolved
      oxygen level of 5-10% be maintained at least during the first 20-40 hours
      of the fermentation. Thus, the liquid medium should contain 5-10% of the
      amount of oxygen that can be dissolved in the medium, when the oxygen is
      added as air.
PAR  A source of nitrogen is also present in the fermentation medium. The
      nitrogen source may be organic in nature as, for example, soy protein; an
      enzymatic digest of soybean meal such as soy Peptone, Type-T; Promosoy
      100; a pancreatic hydrolysate of casein, such as N-Z amine Type A; an
      enzymatic digest of proteins, such as Ferm Amine Type IV, or distillers
      solubles, such as Stimuflav. Soy protein is sold by Nutritional
      Biochemical Corp., cleveland, Ohio; Promosoy 100 is sold by Central Soya
      Chemurgy Division; Stimuflav is marketed by Hiram Walker & Sons, Inc., and
      the other materials are sold by Sheffield Chemical, Norwich, New York.
      When utilizing an organic nitrogen source in the fermentation medium, an
      amount ranging between about 0.01 and 0.07% by weight of the fermentation
      medium is satisfactory.
PAR  Also, if desired, an inorganic nitrogen source, such as ammonium nitrate,
      ammonium chloride, ammonium sulfate, ammonium citrate or ammonium acetate
      may be present in the fermentation medium. The amount of such a salt which
      may be employed can range from about 0.02 to about 0.15% by weight and
      preferably from about 0.045 to about 0.1% by weight of the fermentation
      medium.
PAR  As described previously, the Erwinia tahitica bacteria are quite selective
      in their utilization of carbon sources with regard to the preparation of
      Heteropolysaccharide-10. The carbon source which we have found most
      suitable, and which is preferred in practicing the process aspect of our
      invention is starch that has been hydrolyzed with an .alpha.-amylase
      enzyme followed by heating at an elevated temperature. The type of starch
      used is not critical. Representative examples of starches that may be
      employed are corn starch--which is preferred, wheat starch, rice starch,
      potato starch and tapioca starch. Also acceptable are the commercial corn
      syrups which are starch hydrolysates.
PAR  Starch hydrolysates may be defined in terms of Dextrose Equivalent which is
      determined by the formula:
      ##EQU1##
      where the reducing sugar activity is determined as described by Lane and
      Eynon, Chemistry and Industry, p. 23 (1923) using the Soxhlet modification
      of Fehling's solution.
PAR  We prefer that the hydrolyzed starch used as a carbon source for producing
      Heteropolysaccharide-10 via the growth of Erwinia tahitica have a Dextrose
      Equivalent of about 20-30, and preferably about 22-27. With commercial
      corn syrups, such as American Maize Lodex, the preferred Dextrose
      Equivalent is close to 30, and may be as high as about 35.
PAR  The starch hydrolysates used in our invention are readily prepared by
      methods known to those skilled in this art. For instance, a 30% aqueous
      corn starch solution containing 1.25 - 2.0% by weight of an -amylase
      enzyme based on weight of starch (Tenase, Miles Laboratories) gave a
      starch hydrolysate having a Dextrose Equivalent of 19-20 when the
      temperature of the solution was raised from room temperature to
      100.degree.C. over a period of 5-15 minutes.
PAR  If the starch fractions in the hydrolysate were uniform in molecular
      weight, the degree of polymerization would be about 3-10 momomer units. In
      a typical preparation, a 30% aqueous corn starch solution containing 3.3%
      by weight of the starch of Tenase -amylase enzyme was incubated at
      60.degree.C. for 2 hours and then boiled for 30 minutes. It had a Dextrose
      Equivalent of 20.
PAR  On completion of the fermentation, the desired Heteropolysaccharide-10 may
      be recovered by treatment of the fermentation beer with a miscible solvent
      which is a poor solvent for the heteropolysaccharide and does not react
      with it. In this way the heteropolysaccharide is precipitated from
      solution. The quantity of solvent employed generally ranges from about 2
      to about 3 volumes per volume of fermentation beer. Among the various
      solvents which may be employed are acetone and lower alkanols such as
      methanol, ethanol, isopropanol, n-butanol, sec-butanol, tertiary butanol,
      isobutanol, and n-amyl alcohol. Isopropanol is preferred. Precipitation of
      the desired heteropolysaccharide is facilitated when the fermentation beer
      is first heated to a temperature of about 70.degree. to about 90.degree.C.
      for a short time, e.g. about 5 to 10 minutes, and then cooled to about
      30.degree.C. or lower before addition of the solvent. Thus, this is a
      preferred method of precipitating the heteropolysaccharide from the
      fermentation beer. The solid is recovered by separating it from the
      liquid, as by filtering or straining, and then drying at elevated
      temperature.
PAR  Heteropolysaccharide-10, produced according to the process of the present
      invention, is a high molecular weight product containing about 97%
      carbohydrate and 3% protein. It has an acetyl content of about 4.5%. The
      protein portion is represented by approximately 6 ninhydrin stained
      compounds. The carbohydrate portion of the heteropolysaccharide consists
      of about 19% of uronic acid, about 39% glucose, about 29% galactose and
      about 13% fucose. The approximate molar ratio of the glucose, galactose,
      uronic acid and fucose is 3:2:1.5:1 , respectively.
      Heteropolysaccharide-10 has a specific rotation of [.alpha.].sub.D =
      +106.degree. (c 0.25, water). It is essentially insoluble in dimethyl
      sulfoxide. It is only slightly soluble in acetone and lower alkanols.
PAR  The acetyl content of 4.5% is determined by treating a 0.1% aqueous
      solution in an oxygen-free atmosphere with a known volume of 0.01 N
      potassium hydroxide containing 1% (W/V) potassium chloride at room
      temperature. Aliquots are removed at elapsed time intervals and the acetyl
      content determined by back-titration with 0.01N sulfuric acid.
PAR  The composition of the carbohydrate portion of Heteropolysaccharide-10 is
      determined by dissolving 0.5 grams of the product in 100 ml. of water. 100
      Ml. of 4N sulfuric acid is added to the resulting solution, and the
      mixture refluxed for 12 hours. The resulting solution is cooled and
      brought to pH 5-6 with barium carbonate. The resulting precipitate of
      barium sulfate is separated by filtration and barium ions removed from the
      filtrate using a cation exchange resin on the hydrogen cycle. After
      removal of the resin, the solution is concentrated to a syrup under
      reduced pressure at 35.degree.C., and the sugars are tentatively
      identified by vapor chromatography.
PAR  60 Mg. of the above hydrolysate syrup is dissolved in 10 ml. of water and
      the sugar is reduced by treating with 150 mg. of sodium borohydride for 12
      hours. After decomposition of excess sodium borohydride by treatment with
      Amberlite IR-120 on the hydrogen cycle, the residual boric acid is removed
      by co-distilling several times with methanol. The resulting alditols are
      acetylated by treating with 5 ml. of acetic anhydride in 5 ml. of pyridine
      for 12 hours. Water is then added to the reaction mixture which is then
      concentrated to a small volume and co-distilled several times with
      chloroform. The resulting residue is dissolved in chloroform and gas
      liquid chromatography performed with a Hewlett-Packard Model 5750
      chromatograph using 3% by weight of ECNSS-M on 80/100 Gas Chrome Q at
      185.degree.C. The sugars are identified by comparison with authentic
      standards and the proportions of alditol acetates determined directly from
      the peak areas on the gas chromatogram by integration.
PAR  The various components of the heteropolysaccharide were also characterized
      by the use of paper chromatography. The carbohydrate components were
      identified using descending paper chromatography on Whatman filter paper
      No. 4 using as solvents a butanol-acetic acid-water mixture (having a
      volume ratio of 6:1.5:2.5), a butanol-pyridine-water mixture (having a
      volume ratio of 4:4:2) and an isopropanol-pyridine-water mixture at a
      volume ratio of the components of 6:2:2. The chromatograms were stained
      using the aniline reagent as described at page 152 of "Chromatographic and
      Electrophoretic Techniques" by I. Smith, William Heinemann Medical Books,
      Ltd., and Interscience Publishers, Inc., New York, New York (1960). The
      other components in the heteropolysaccharide were characterized by using
      the butanol-acetic acid-water solvent mixture followed by staining of the
      chromatograms using the Bromocresol Green reagent and the ninhydrin
      reagent as described at pages 279, 95 and 96 of "Chromatographic and
      Electrophoretic Techniques," supra.
PAR  On the basis of the above determination, the major carbohydrate portion of
      the heteropolysaccharide is composed of glucose and galactose. A spot
      which migrated with an Rg value of 11-12 in the n-butanol-pyridine-water
      solvent system using the descending techniques was identified as a uronic
      acid by its staining characteristics with the napthoresorcinol reagent.
      Another compound which had an Rf value of 69-73 in the butanol-acetic
      acid-water solvent by the ascending technique stained yellow with the
      bromocresol green stain and was ninhydrin negative. This compound is
      suspected to be an organic acid.
PAR  In typical chromatogram of the ninhydrin positive compounds, the lower four
      ninhydrin compounds stained blue or basic with the bromocresol green stain
      indicating that they are basic aminoacids. Two basic amino acids (lysine
      and arginine) were cochromatographed with the heteropolysaccharide
      hydrolysate and show migration patterns similar to two of the ninhydrin
      positive compounds in the hydrolysate.
PAR  The uronic acid content of the heteropolysaccharide was determined by
      decarboxylation with 19% hydrochloric acid. The liberated carbon dioxide
      was trapped in standard sodium hydroxide and determined by back-titration.
      From these results the uronic acid content was calculated. The uronic acid
      content of the heteropolysaccharide was also assayed by dissolving 2 grams
      of the purified material in 400 milliliters of distilled water. This
      solution was then stirred for 2 hours with 25 milliliters (packed volume)
      of H+ - charged Amberlite 120 ion exchange resin. The resin was then
      removed by centrifugation and the solution was dialyzed overnight against
      distilled water and then for 3 hours against double distilled water. The
      volume of the heteropolysaccharide solution was then condensed to 420
      milliliters using a Buchler Flash Evaporator. A 100 milliliter aliquot was
      titrated with 0.0492 Normal sodium hydroxide. The amount of uronic acid
      present in the heteropolysaccharide is then calculated through the use of
      a titration curve.
PAR  An infrared spectrum of the Heteropolysaccharide-10 was made on a dried
      thin film of the material using a Perkin-Elmer Model 337 Grating Infrared
      Spectrophotometer. The heteropolysaccharide evidenced two peaks at
      frequencies of 1720 and 1610 cm.sup..sup.-1 which indicate the presence of
      acetate and carboxylic groups, respectively. The peak at 1610
      cm.sup..sup.-1  confirms the presence of a uronic acid. The product also
      shows a peak at 1400 cm.sup..sup.-1 indicating the presence of peptide
      bonds.
PAR  Heteropolysaccharide-10 is compatible with cationic dyes such as Methylene
      Blue-chloride and Alcian Blue (i.e., the cationic dye did not precipitate
      the heteropolysaccharide from solution).
PAR  The bacteria employed in the process of the invention are capable of
      producing a cellulase enzyme which is present in the fermentation medium
      along with the desired heteropolysaccharide. In many use applications for
      the heteropolysaccharide, it would be undesirable to have present the
      cellulase enzyme. If, for example, the heteropolysaccharide were employed
      in a medium which contained a cellulosic thickener, such as hydroxyethyl
      cellulose, the cellulase enzyme would degrade the hydroxyethyl cellulose.
      It was found that the cellulase enzyme present in the fermentation beer
      can be destroyed by heating the beer at a temperature of about 170 to
      about 180.degree.F. or higher for approximately 10 minutes. This provides
      a preferred form of the heteropolysaccharide for use in applications where
      cellulosic thickeners are present.
PAR  As will be seen from certain of the following examples,
      Heteropolysaccharide-10 imparts viscosity to an aqueous medium when
      dissolved in water in low concentration. Because of this, its sensitivity
      to shear, its pseudoplasticity, its stability with salts, and because of
      its overall rheology, Heteropolysaccharide-10 is useful as a thickening,
      suspending and stabilizing agent in aqueous systems. More specifically, it
      is useful as an additive to textile printing pastes or in formulating low
      drift aqueous herbicidal compositions. It is also of value as a thickening
      or suspending agent in salad dressings, in forming thickened puddings, and
      as a thickener in adhesive compositions.
PAR  Heteropolysaccharide-10 is of particular value as an additive in aqueous
      paints because of its ability to improve the flow and leveling of such
      paints, and because of its pseudoplasticity. The paint may, of course,
      contain other ingredients in addition to the pigment, binders and colors,
      such as extenders, preservatives, dispersants, wetting agents, freeze-thaw
      stabilizers and the like, all of which are well-known to those skilled in
      the art, as are the methods used in preparing the
      heteropolysaccharide-containing paint.
PAR  Heteropolysaccharide-10 is also useful as a fluid loss control agent in
      drilling muds, completion fluids and similar aqueous media from which
      fluid losses to subterranean strata have to be controlled. In water
      flooding compositions, it is used as a thickening agent to impart
      sufficient viscosity to the aqueous medium so that the crude oil may be
      effectively displaced from the reservoir. In drilling muds and in
      water-flooding operations there will normally be present other materials
      such as weighting agents and metal salts.
PAR  In all of these applications, the heteropolysaccharide is added in low
      concentration, i.e., from about 0.3% - 3.0% by weight, using mixing and
      formulating techniques well known to those skilled in the particular art.
      The viscosity of the composition may be varied as desired by adjusting the
      amount of Heteropolysaccharide-10 employed.
PAR  The following examples are given for the purpose of illustrating aspects of
      our invention, but are not to be construed as limiting.
DETD
PAC  EXAMPLE 1
PAR  A series of experiments were conducted to determine the effect of using
      various carbon sources in the bacterial fermentation on the yield of
      Heteropolysaccharide-10. The seed for the experiments was obtained by
      growing Erwinia tahitica ATCC 21711 for 24 hours in E-1 medium containing
      3% by weight of hydrolyzed starch as the carbon source. The seed was then
      transferred aseptically to sterilized shake flasks containing 90
      milliliters of basal E-1 medium and 10 milliliters of a 30% by weight
      aqueous solution of the carbon source under test. The quantity of the seed
      inoculum was 1% by weight of the total weight of the medium. After
      inoculation of the flasks, the mixture was incubated under aerobic
      conditions at 30.degree.C. on a rotary shaker having a controllable speed
      range of 160 to 400 rpm. The results of these tests are set forth in the
      following Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     Carbon Source                                                             

                  Ferm. Time Final   Final Beer                                

      (3%)        (hrs.)     pH      Viscosity (cps)                           

     ______________________________________                                    

     Glucose      43 hrs.    3.45    5                                         

     Hydrolyzed Starch                                                         

                  72 hrs.    7.00    4,600                                     

     Sucrose      72 hrs.    4.40    50                                        

     Dextrin-1    72 hrs.    7.50    0                                         

     Maltose      72 hrs.    6.70    50                                        

     ______________________________________                                    

PAR  As shown in the above Table, the results of the fermentation vary greatly
      depending upon the carbon source which was employed. The use of hydrolyzed
      starch as the carbon source produced a satisfactory yield (1.61%) of the
      heteropolysaccharide as evidenced by the high viscosity of the
      fermentation beer. However, the use of glucose or dextrin-1 as the carbon
      source produced essentially no heteropolysaccharide.
PAC  EXAMPLE II
PAR  In a further series of experiments which were conducted under the same
      conditions as set forth in Example I, various mixed carbon sources were
      employed to determine their effect on the production of the
      Heteropolysaccharide-10 by the Erwinia tahitica bacterium. The results of
      these tests are set forth in the following Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

                             Final Beer   Yield                                

     Carbon Source Final pH  Viscosity (cps)                                   

                                          %                                    

     ______________________________________                                    

     2% Starch 1% Sucrose                                                      

                   5.5       4,700        1.85                                 

     2% Starch 1% Glucose                                                      

                   7.3       25           1.60                                 

     2.5% Starch 0.5%                                                          

                   6.5       2,800        1.81                                 

     Glucose                                                                   

     3% Starch     5.25      5,200        1.50                                 

     ______________________________________                                    

PAR  As illustrated in the above Table, the use of hydrolyzed starch in
      combination with sucrose proved to be a satisfactory carbon source for the
      fermentation. However, the presence of glucose in the fermentation medium
      was found to have an inhibiting effect upon the ability of the bacteria to
      produce the heteropolysaccharide. In the above tests, the incubation time
      at 35.degree.C. was 72 hours.
PAC  EXAMPLE III
PAR  In still further experiments, conducted in the same manner as described in
      Example II, various other mixed carbon sources were employed to determine
      their efficiency in the production of the desired heteropolysaccharide.
      The results of these experiments are set forth in the following Table.
TBL                TABLE III                                                   

     ______________________________________                                    

                         Final   Final Beer                                    

     Carbon Source       pH      Viscosity (cps)                               

     ______________________________________                                    

     1.5% Starch                                                               

                1.5% Sucrose 6.8     3,350                                     

     1.5% Dextrin-1                                                            

                1.5% Sucrose 6.5      600                                      

     1.5% Maltose                                                              

                1.5% Sucrose 6.8     2,650                                     

     1.5% Maltose                                                              

                1.5% Dextrin-1                                                 

                             6.5     2,150                                     

     3% Starch               7.0     4,600                                     

     ______________________________________                                    

PAR  As illustrated, the Erwinia tahitica in these experiments was able to
      utilize various mixed carbon sources in the production of the
      heteropolysaccharide. In all cases, however, the most efficient carbon
      source was hydrolyzed starch which had been previously treated with an
      .alpha.-amylase enzyme followed by treatment at high temperature in the
      manner described previously.
PAC  EXAMPLE IV
PAR  The effect of various carbon sources on the fermentation with Erwinia
      tahitica ATCC 21711 were studied in sterilized one gallon fermentors. The
      fermentors contained 2.5 liters of E-l medium and 200 milliliters of a
      24-hour seed grown in a basal E-1 medium and 300 milliliters of the carbon
      source -- all being added aseptically. During the fermentation, the
      temperature was maintained at 30.degree.C., and the fermentation mixture
      was continuously aerated and agitated. The fermentation time in the
      one-gallon fermentor was 48 hours and the results of the fermentation are
      shown in the following Table.
TBL                TABLE IV                                                    

     ______________________________________                                    

                         Final   Final Beer                                    

     Carbon Source       pH      Viscosity (cps)                               

     ______________________________________                                    

     3% Starch           6.0     5,700                                         

     2.75% Starch 0.25% Dextrin-2                                              

                         5.9     5,900                                         

     2.50% Starch 0.50% Dextrin-2                                              

                         6.0     5,800                                         

     1.5% Starch  1.5%   Dextrin-2                                             

                         6.2     3,250                                         

     2.75% Dextrin-2 0.25% Glucose                                             

                         6.7      500                                          

     2.90% Dextrin-2 0.10% Glucose                                             

                         6.9      700                                          

     ______________________________________                                    

PAR  As shown in the above Table, the use of a mixture of hydrolyzed starch with
      Dextrin-2 as the carbon source provided satisfactory fermentations as
      indicated by the final viscosities of the fermentation beer. However, the
      use of Dextrin-2 with glucose as the carbon source was found to be
      unsatisfactory as was indicated by the low viscosity of the fermentation
      beer.
PAC  EXAMPLE V
PAR  In a further series of experiments with Erwinia tahitica ATCC 21711
      conducted in the same manner as set forth in Example I, fermentations were
      carried out in shake flasks at 30.degree.C. for 80 hours. The seed for the
      experiments was obtained by growing the bacteria for 24 hours in E-1
      medium containing 3% by weight of hydrolyzed starch as the carbon source.
      The quantity of the seed inoculum was 1% by weight of the total weight of
      the fermentation medium. The carbon source employed in each of the
      experiments was varied to determine the effect of the degree of starch
      hydrolysis on the fermentation. The individual carbon sources were
      prepared by heating Pearl starch (Staley Manufacturing Company) at a
      concentration of 30% by weight in water with varying quantities of an
      .alpha.-amylase enzyme, (Tenase, supplied by Miles Laboratories). After
      addition of the .alpha.-amylase enzyme, the starch solution was incubated
      at 60.degree.C. for 2 hours and then placed in a boiling water bath for 30
      minutes or autoclaved for 15 minutes at 15 psi at a temperature of
      120.degree.C. The weight percent of the .alpha.-amylase enzyme used in the
      hydrolysis of the starch carbon source is set forth in the following
      Table, together with the final pH and the final viscosity of the
      fermentation medium.
TBL                TABLE V                                                     

     ______________________________________                                    

     Percent Tenase/Starch      Final Beer                                     

     (w/w .times. 100)                                                         

                     Final pH   Viscosity (cps)                                

     ______________________________________                                    

     0.22            7.3        Close   0                                      

                     7.3        to      0                                      

     0.56            7.0        1,325                                          

                     6.9        1,275                                          

     1.11            6.9        2,000                                          

                     6.85       2,200                                          

     2.22            6.8        3,600                                          

                     6.75       3,300                                          

     ______________________________________                                    

PAR  As demonstrated by the above data, when the starch was insufficiently
      hydrolyzed, the fermentation was unsatisfactory and essentially no product
      was obtained. As the degree of hydrolysis of the starch used as a carbon
      source was increased, there was obtained a corresponding increase in the
      efficiency of the fermentation and in the yield of the desired
      heteropolysaccharide.
PAR  The viscosities set forth in Examples I-V were obtained by the use of a
      Brookfield Viscometer at 60 rpm and a temperature of 25.degree.C. using a
      No. 4 spindle.
PAC  EXAMPLE VI
PAR  This fermentation was carried out in a 5-liter fermentor. Erwinia tahitica
      ATCC 21711 seed was prepared in another 5-liter fermentor containing E-1
      medium and 3% by weight of hydrolyzed starch as the carbon source. This
      seed was used at 48 hours growth to inoculate (6.7% inoculum size) a
      5-liter fermentor containing a final volume of 3 liters of E-1 medium with
      3% by weight of hydrolyzed starch (Dextrose Equivalent 22.5) as the carbon
      source. The aeration rate was one liter per minute. The agitation rate was
      set at a tip speed of 260 feed per minute and increased to a maximum of
      780 feed per minute as necessary to ensure adequate mixing during the
      fermentation. The fermentation temperature was 30.degree.C. By 64 hours
      the viscosity of the fermentation beer was 8900 cps. with a pH of 6.2. At
      this time the beer was treated with isopropanol at a ratio of about 4-5
      parts alcohol to one part beer. The beer was added to the alcohol to one
      part beer. The beer was added to he alcohol as the alcohol was being
      agitated vigorously with a Lightnin' mixer. The resulting precipitate of
      Heteropolysaccharide-10 was recovered by straining it from the
      fermentation liquor. It was pressed to remove excess fluid, and dried at
      about 100.degree.c. for 12 hours. Substantially pure heteropolysaccharide
      is obtained as a pale cream-colored powder, (yield 1.85%) This
      heteropolysaccharide had a 1% reconstituted viscosity of 1700 cps, and is
      soluble in hot and cold water.
PAR  Although the product so obtained is highly pure, it is further purified, if
      desired, by dissolving in water and re-precipitating with isopropanol. It
      is recovered and dried as described previously.
PAR  The viscosities were measured at 25.degree.C. using a Brookfield Viscometer
      at 60 rpm and a No. 4 spindle.
PAR  Heteropolysaccharide-10 is quite sensitive to shear. To determine the
      effects of shear, 1% by weight aqueous solutions of heteropolysaccharide
      were made up in distilled water. The shear rate was then varied from 0.84
      to 8.4 reciprocal seconds, and the viscosity of the solution was measured
      using a Brookfield Synchro-Lectric Viscometer, Model LVF, using a No. 4
      spindle at 60 rpm at a temperature of 25.degree.C. The results of these
      tests are set forth in the following table.
TBL                TABLE VI                                                    

     ______________________________________                                    

     Shear Rate (sec.sup..sup.-1)                                              

                        Viscosity (cps)                                        

     ______________________________________                                    

     8.4                1800                                                   

     4.2                2650                                                   

     1.7                4000                                                   

      0.84              6500                                                   

     ______________________________________                                    

PAR  As shown by the above data, the viscosity of the test solutions were
      greatly increased as the shear rate was reduced. A reduction in the sheer
      rate from 8.4 to 0.84 sec.sup..sup.-1 produced a viscosity increase from
      1800 to 6500 cps.
PAR  In further tests, various solutions were made up by the addition of the
      milled Heteropolysaccharide-10 to 100 milliliters of distilled water. The
      heteropolysaccharide was then mixed into the distilled water with a
      Lightin' mixer and the test samples were allowed to sit undisturbed for 15
      minutes before their viscosity was measured. The viscosities were measured
      using a Brookfield Synchro-Lectric Viscometer, Model LVF, using a No. 4
      spindle at 60 rpm and a temperature of 25.degree.C. The results of these
      tests are set forth in the following Table:
TBL                TABLE VII                                                   

     ______________________________________                                    

     Concentration of     Viscosity                                            

     Heteropolysaccharide (wt%)                                                

                          (cps)                                                

     ______________________________________                                    

     0.2                    0                                                  

     0.4                   25                                                  

     0.6                   750                                                 

     0.8                  1350                                                 

     1.0                  1950                                                 

     1.2                  3150                                                 

     1.4                  4650                                                 

     1.6                  5900                                                 

     1.8                  7350                                                 

     ______________________________________                                    

PAR  As illustrated by the above data, small incremental increases in the
      concentration of the heteropolysaccharide produced relatively large
      incremental increases in viscosity. When the data in Table VII is plotted
      in the form of a viscosity - concentration curve (with viscosities as
      ordinates and concentrations as abscissas), the slope of the curve is
      relatively steep as compared with the viscosity concentration curves of
      other thickeners. This demonstrates the superiority of the
      Heteropolysaccaride-10 as compared in general with other thickeners.
PAR  In further tests, aqueous solutions of our heteropolysaccharide were made
      up and their viscosities were measured at various temperatures. It was
      found that there was a viscosity loss as the temperature was increased and
      that the rate of viscosity loss was approximately 25 cps per .degree.C.
      This thermal viscosity change was temperature reversible up to a
      temperature of about 92.degree.C. maintained for about 15 minutes. Thus,
      when these conditions were not exceeded, there was a correspoinding
      viscosity gain of approximately 25 cps per .degree.C. as the temperature
      of the solution was decreased.
PAR  In further experiments, tests were carried out to determine the rapidity of
      viscosity recovery in an aqueous solution containing the
      heteropolysaccharide which had previously been subjected to shear forces.
      A 1% aqueous solution of the heteropolysaccharide was made up in distilled
      water and subjected to shear by mixing for 1 hour with a Lightnin' mixer.
      Following this, the solution was permitted to stand and the viscosity was
      measured at 20, 40 , 60 and 120 minutes after the shear forces had been
      removed. The viscosity measurements were made with a Brookfield
      Synchro-Lectric Viscometer, Model LVF, at 60 rpm and 25.degree.C. These
      results are shown in the following Table:
TBL                TABLE VIII                                                  

     ______________________________________                                    

     Recovery of Viscosity Lost Due To Shear                                   

     Time After Shear                                                          

                   Viscosity   Percent Increase                                

     (Minutes)     (cps)       in Viscosity                                    

     ______________________________________                                    

     20            1550        --                                              

     40            1700         9                                              

     60            1850        19                                              

     120           1900        23                                              

     ______________________________________                                    

PAR  As shown in the above Table, the viscosity of the solution built up
      gradually following the removal of the shear forces. However, the
      viscosity build-up was time dependent and did not occur instantaneously.
      The viscosity build-up was essentially complete after one hour since the
      viscosity had then almost returned to its original value.
PAR  In further tests which were conducted with the heteropolysaccharide, its
      stability was observed under varying pH conditions. The viscosity of
      aqueous solutions of the heteropolysaccharide was quite stable within a pH
      range of about 5 to about 10. At an acid pH of less than about 5, there
      was a drop in the viscosity of the solution which was, however, at least
      partially recoverable on the addition of base to increase the pH of the
      solution to about 5 or higher. At an alkaline pH in excess of about 10,
      there was a loss in the viscosity of the aqueous solution containing the
      heteropolysaccharide. This loss was a permanent one which could not be
      recovered by the addition of acid to lower the pH within the range of
      about 5 to about 10.
PAR  The stability of the heteropolysaccharide with respect to various salts was
      also studied. The salts included sodium chloride, potassium chloride,
      ammonium sulfate, zinc sulfate, calcium chloride, magnesium sulfate,
      aluminum nitrate, chromium nitrate and Na.sub.4 B.sub.4 O.sub.7 . 10
      H.sub.2 O. In general, the viscosity of an aqueous solution containing the
      heteropolysaccharide is decreased by the addition of salts. The viscosity
      loss resulting from the addition of the salts occurs on the addition of a
      relatively small amount of the salt, such as 0.1 to 0.2%. On the addition
      of a further quantity of salt, there is, in general, no further decrease
      in the viscosity of the aqueous solution.
PAR  The rheological properties of Heteropolysaccharide-10 are summarized in the
      following Table IX.
TBL                TABLE IX                                                    

     ______________________________________                                    

     1% by weight viscosity                                                    

                          1,400 cps                                            

     2% by weight viscosity                                                    

                          7,800 cps                                            

     Yield Point          6.6 dynes/cm..sup.2                                  

     Shear Stress         132 dynes/cm..sup.2                                  

     2% by weight Haake viscosity                                              

                          156,000 cps                                          

     Thixotropy           1.08                                                 

     Pseudoplasticity                                                          

      Low degree (LDP)    80                                                   

      High degree (HDP)   172                                                  

     ______________________________________                                    

PAR  In the above Table, the 1% and 2% viscosities were measured on a Brookfield
      Synchro-Lectric Viscometer Model LVF at 60 rpm with the No. 3 and No. 4
      spindles, respectively. The remaining rheological data was obtained using
      a Haake Rotovisco-Dual 50/500 employing a model MV 1 cup and bob.
PAR  The shear stress is determined at 8.45 sec.sup..sup.-1. The shear stress
      (dynes cm.sup..sup.-2) is calculated by multiplying the reading obtained
      at 8.45 sec.sup..sup.-1 by 3.4. The yield point is determined by the
      following procedure: After obtaining a steady reading at 8.45
      sec.sup..sup.-1, the gear is disengaged and the reading 60 seconds later
      is recorded. This reading times 3.4 is the yield point in dynes
      cm.sup..sup.-2.
PAR  The thixotrophy was obtained by measuring the shear stress at 8.45
      sec.sup..sup.-1, then shearing the gum at 1370 sec.sup..sup.-1 followed by
      measuring the shear stress again at 8.45 sec.sup..sup.-1. The thixotrophy
      is then calculated as the ratio of the unsheared and sheared readings,
      respectively.
PAR  Pseudoplasticity is the log log slope of shear rate versus shear stress.
      The LDP is calculated using the formula
      ##EQU2##
      where A is the shear stress at 0.0845 sec.sup..sup.-1 and B is the shear
      stress at 8.45 sec.sup..sup.-1. The 2.000 is the log of the ratio of shear
      rates. The HDP is calculated by the formula
      ##EQU3##
      where B is the shear stress at 8.45 sec.sup..sup.-1, C is the shear stress
      at 1370 sec.sup..sup.-1 and 2.210 is the log of the ratio of the two shear
      rates. The 2% Haake viscosity is taken using the MVI cup and bob and
      recording the reading at 0.0326 sec.sup..sup.-1. This viscosity (cps) is
      calculated by multiplying the reading times 11,632.
PAR  The compatibility of Heteropolysaccharide-10 with cationic dyes such as
      Methylene Blue-chloride was determined by preparing 100 grams of a
      distilled water solution containing 0.5 percent of the
      heteropolysaccharide. Aliquots of powdered methylene blue chloride were
      then added to the test solution and stirred in, after which the viscosity
      was measured at 25.degree.C. using a Brookfield SynchroLectric Viscometer,
      Model LVF, with a No. 3 spindle at 60 rpm. The results of these
      experiments are shown in the following Table.
TBL                TABLE X                                                     

     ______________________________________                                    

     mg. Methylene                                                             

     Blue added        Viscosity                                               

     (accumulative)    cps                                                     

     ______________________________________                                    

     0                 430                                                     

     35                300                                                     

     60                250                                                     

     85                225                                                     

     100               200                                                     

     150               100                                                     

     175                0                                                      

     ______________________________________                                    

PAR  As demonstrated by the above data, the progressive addition of methylene
      blue chloride to the test solution caused a decrease in its viscosity. By
      progressively increasing the concentration of methylene blue chloride, the
      viscosity was decreased until it reached a viscosity of essentially 0 cps.
      The heteropolysaccharide was, however, compatible with the methylene blue
      chloride at all the concentration levels used in the experiments and was
      not precipitated by the methylene blue chloride.
PAR  Experiments were also conducted to determine the effect of pH on the
      viscosity of a solution containing methylene blue chloride and the
      heteropolysaccharide of our invention. In these experiments, volumes of
      glacial acetic acid were added to 100 ml. of a 0.5% by weight aqueous
      solution of the heteropolysaccharide which contained one gram of methylene
      blue chloride. The results of these experiments are shown in Table XI.
TBL                TABLE XI                                                    

     ______________________________________                                    

     Volume Acid               Viscosity                                       

     Added (ml.)   pH          (cps)                                           

     ______________________________________                                    

     1.1           3.35        0                                               

     1.3           3.20        0                                               

     1.4           3.20        0                                               

     1.45          3.20        25                                              

     1.50          3.15        45                                              

     1.55          3.15        55                                              

     1.60          3.12        60                                              

     1.70          3.10        80                                              

     1.80          3.10        80                                              

     2.00          3.00        85                                              

     2.20          3.00        90                                              

     2.50          3.00        100                                             

     3.00          2.95        100                                             

     ______________________________________                                    

PAR  As demonstrated by the above data, the viscosity of the test solution was
      restored to its normal viscosity (absent the methylene blue chloride) by
      the addition of the glacial acetic acid. At glacial acetic acid levels of
      less than 1.4 ml. there was no increase in the viscosity of the system.
      However, as the level of glacial acetic acid was increased to levels of
      1.5 ml. and higher, there was an increase in viscosity. The viscosity
      continued to increase as the acid level was increased up to a total of 2.5
      ml. When the level of glacial acetic acid was increased to more than 2.5
      ml., no further increase in viscosity was observed.
PAR  In further experiments, a 1% by weight solution of the heteropolysaccharide
      containing 1% by weight of methylene blue chloride was treated by the slow
      addition of glacial acetic acid. It was found that the solution had
      essentially no viscosity until the pH reached a level of about 3.4-3.5. At
      lower pH levels the solution gained in viscosity.
PAR  When a small amount of sodium hydroxide was added, the viscosity decreased
      to essentially zero. This procedure could be repeated several times by
      first adding acid, then a base, etc., to produce increases and decreases
      in viscosity. When the pH of the solution was increased to about 4.4-4.6,
      this also produced an increase in the viscosity of the solution to
      essentially its original levels (as it would be without the presence of
      methylene blue chloride) and this viscosity change then became pH
      irreversible.
PAR  The above results indicated that the electrolyte concentration (e.g., the
      concentration of sodium acetate in the above experiments) is another
      important factor in determining the viscosity of a solution of the
      heteropolysaccharide in the presence of methylene blue chloride.
PAR  Experiments were conducted to determine the relationship between
      electrolyte concentration and pH on the viscosity of an aqueous solution
      of the Heteropolysaccharide-10 in the presence of methylene blue chloride.
      In these experiments, a 0.5% by weight solution of the
      heteropolysaccharide in distilled water was prepared.
PAR  Seven hundred ml. portions of the heteropolysaccharide solution were then
      adjusted to pHs of approximately 7.5, 6.0, 4.5, 3.9 and 3.1. These
      solutions were then divided into 100 ml. samples and NaCl was added (in
      the form of a 30% by weight NaCl solution) to provide NaCl concentrations
      of 0, 0.5, 0.10, 0.15, 0.20 and 0.30% by weight. The test solutions were
      mixed and to each sample was added 200 mg. of methylene blue chloride. The
      viscosity in centipoises of each sample was then measured using a
      Brookfield SynchroLectric Viscometer, Model LVF, at 60 rpm and
      25.degree.C. using a No. 3 spindle. The data from these experiments are
      shown in the following Table XII.
TBL                                    TABLE XII                               

     __________________________________________________________________________

     Approximate pH of                                                         

     Heteropolysaccharide Solutions                                            

     (% by wt)                                                                 

           7.5     6.0      4.5      3.9      3.1                              

     NaCl                                                                      

     Conc. pH  Vis.                                                            

                   pH   Vis.                                                   

                            pH   Vis.                                          

                                     pH   Vis.                                 

                                              pH  Vis.                         

     __________________________________________________________________________

     0     7.4 0   5.75 0   4.2  0   3.75 25  3.1 110                          

     0.05  7.4 40  5.9  30  4.4  80  3.7  75  3.1 115                          

     0.10  7.5 130 6.0  110 4.4  130 3.9  125 3.1 115                          

     0.15  7.5 180 6.0  175 4.4  160 3.95 140 3.2 115                          

     0.20  7.5 190 6.0  185 4.35 170 3.95 150 3.2 115                          

     0.30  7.5 190 5.95 180 4.4  170 3.95 150 3.1 110                          

     __________________________________________________________________________

PAR  As demonstrated by the above data, the loss in viscosity of the test
      solution resulting from the presence of methylene blue chloride could be
      regained merely by increasing the electrolyte concentration without
      altering the pH.
PAR  The relationship between the nature of the electrolyte and its
      concentration were studied in determining the functioning of the
      electrolyte in restoring the viscosity of a test solution containing
      Heteropolysaccharide-10 together with methylene blue chloride. In these
      experiments, a 0.5% by weight solution of the heteropolysaccharide was
      made up in distilled water. Two hundred milligrams of methylene blue
      chloride were added to 100 grams of the above solution and mixed by
      stirring until the viscosity of the solution had decreased to 5 cps. or
      less when measured with the No. 2 spindle at 60 R.P.M. on a Brookfield
      SynchroLectric Model LVF Viscometer. Following this, varying amounts of a
      sodium salt were added to aliquots of the heteropolysaccahride-methylene
      blue chloride solution. Varying amounts of a magnesium salt were also
      added to aliquots of the heteropolysaccharide-methylene blue chloride
      solution to determine the relative effect of the magnesium and sodium ion
      concentrations of the viscosity of the solution. After addition of salt to
      the solution, its viscosity was again measured with a Brookfield
      Synchro-Lectric Model LVF Viscometer. The results of these experiments are
      shown in the following Table in which the cation molarity is shown in
      column 1, while the resulting viscosity of the solution in centipoises is
      shown in column 2 for the addition of sodium ions and in column 3 for the
      addition of magnesium ions.
TBL                TABLE XIII                                                  

     ______________________________________                                    

     Concentration of Viscosity (cps)                                          

     Cation (Molar)   Na.sup.+    Mg.sup.+                                     

     ______________________________________                                    

     0.004            2.5         10                                           

     0.008            8           50                                           

     0.012            19          73                                           

     0.016            45          85                                           

     0.020            65          92                                           

     0.024            80          --                                           

     0.026            85          --                                           

     ______________________________________                                    

PAR  As shown in the above table, divalent cations, e.g., magnesium, are
      considerably more effective than monovalent cations, e.g., sodium, in
      restoring the viscosity of a solution of heteropolysaccharide which
      contains methylene blue chloride. Both of the salts were added as
      concentrated solutions, i.e., a 4.35 Molar solution of NaCl and a 4.12
      Molar solution of MgCl.sub.2. 6H.sub.2 O.
PAR  Further experiments were performed to determine the effect of various
      anions on the viscosity of a solution of our heteropolysaccharide which
      contained methylene blue chloride. A test solution was made up in the
      manner previously described with regard to Table XIII by adding 200 mg. of
      methylene blue chloride to 100 gms. of a 0.5 percent by weight solution of
      heteropolysaccharide in distilled water. To aliquots of the test solution
      were added MgCl.sub.2 . 6H.sub.2 O, MgSO.sub.4. 7H.sub.2 O and
      Mg(NO.sub.3).sub.2. 6H.sub.2 O. The salts were added as crystals to the
      test solution and were mixed in by stirring. The results of these
      experiments are shown in the following Table XIV in which the molarity of
      the anion in the test solution is shown in column 1 and the resulting
      viscosity of the test solution is shown in columns 2-4 for the anions
      CL.sup.-, NO.sub.3 .sup.- and SO.sub.4 .sup.-.sup.-. The viscosities were
      measured at about 25.degree.C. and 60 R.P.M. using a Brookfield
      Synchro-Lectric Model LVF Viscometer.
TBL                TABLE XIV                                                   

     ______________________________________                                    

     Anion    Viscosity (cps)                                                  

     Molarity Cl          NO.sub.3 .sup.-                                      

                                      SO.sub.4 .sup.=                          

     ______________________________________                                    

     0.004    12          13          32                                       

     0.008    17.5        17.5        87.5                                     

     0.012    31          25          98                                       

     0.016    52.5        42.5        107.5                                    

     0.020    58          62          --                                       

     0.030    69          77          --                                       

     ______________________________________                                    

PAR  As demonstrated by the above data, the polyvalent anions, e.g., sulfate,
      are more effective than the monovalent anions such as chloride or nitrate
      in restoring the viscosity of the test solution. Thus, at the same molar
      concentration, the sulfate ion is more than twice as effective as the
      chloride or nitrate ion in terms of the resulting viscosity of the test
      solution in centipoises.
PAR  Still further experiments were conducted in which the combined presence of
      the cations and anions in a test solution were evaluated in terms of their
      effect in restoring the viscosity of a solution of our
      heteropolysaccharide containing methylene blue chloride. As in the
      experiments reported in Table XIV, methylene blue chloride was added to a
      0.5 percent solution of heteropolysaccharide in distilled water to reduce
      its viscosity to 5 cps or less when measured with a Brookfield
      Synchro-Lectric Model LVF Viscometer. To aliquots of the test solution
      were added MgCl.sub.2. 6H.sub.2 O or MgSO.sub.4. 7H.sub.2 O in crystal
      form followed by mixing of the salts by stirring. Following this, the
      viscosities were measured with a Brookfield Synchro-Lectric Model LVF
      Viscometer. The data from these experiments is reported in Table XV in
      which the ionic strength (.mu.) is shown in column 1 and the viscosity in
      centipoises is shown in column 2 for MgCl.sub.2. 6H.sub.2 O and in column
      3 for MgSO.sub.4. 7H.sub.2 O. The ionic strength (.mu.) is determined from
      the formula: .mu. = .epsilon.mz.sup.2 in which m is equal to the molarity
      of each ion in the salt and z is equal to the valence of each ion of the
      salt. The ionic strength is thus equal to the summation of the mz.sup.2
      values for each ion in the salt.
TBL                TABLE XV                                                    

     ______________________________________                                    

                Viscosity (cps)                                                

     (ionic strength)                                                          

                  MgCl.sub.2.6H.sub.2 O                                        

                                MgSO.sub.4.7H.sub.2 O                          

     ______________________________________                                    

     0.008        13            16                                             

     0.016        33            33                                             

     0.024        65            65                                             

     0.032        80            95                                             

     0.040        85            108                                            

     0.048        90             117.5                                         

     0.056        93            123                                            

     ______________________________________                                    

PAR  From an analysis of the above data, it can be seen that there is a
      correlation between the ionic strength of the added salt and the resulting
      viscosity. Compare, for example, the results of Table XV with those of
      TAble XIV. The anions , Cl.sup.- and SO.sub.4 .sup.-.sup.-, in Table XIV
      were added in the form of MgCl.sub.2. 6H.sub.2 O and MgSO.sub.4. 7H.sub.2
      O salts -- the same salts as added in Table XV. By expressing the results
      in terms of ionic strength (.mu.) in Table XV, a correlation (though not
      100% exact) is observed between the salts MgCl.sub.2. 6H.sub.2 O and
      MgSO.sub.4. 7H.sub.2 O in restoring the viscosity of the test solution.
      However, when the data are expressed merely in terms of the anion
      concentration, as in Table XIV, no correlation is evident between the
      Cl.sup.- and SO.sub.4 .sup.-.sup.- ions -- except that the SO.sub.4
      .sup.-.sup.- ion is much more effective at the same molarity.
PAR  The compatibility of Heteropolysaccharide-10 with cationic materials such
      as Methylene Blue chloride makes it useful as a thickener in applications
      which utilize cationic materials. Thus, for example, it may be used as a
      print paste thickener for textile printing.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Heteropolysaccharide-10, said heteropolysaccharide containing about 3%
      by weight of protein and about 97% by weight carbohydrate, the
      carbohydrate portion of which contains about 19% by weight of a uronic
      acid, about 39% by weight of glucose, about 29% by weight of galactose,
      and about 13% by weight of fucose, said heteropolysaccharide being
      compatible with Methylene Blue chloride dye, being substantially insoluble
      in dimethylsulfoxide and soluble in water, having an acetyl content of
      about 4.5%, and a specific rotation of [.alpha.].sub.D = + 106.degree. (c
      0.25, H.sub.2 O).
PATN
WKU  039337898
SRC  5
APN  3380572
APT  1
ART  124
APD  19730305
TTL  Extraction of sterolins from plant material
ISD  19760120
NCL  5
ECL  1
EXA  Owens; Cary
EXP  Gotts; Lewis
INVT
NAM  Pegel; Karl Heinrich
CTY  Durban
CNT  ZA
ASSG
NAM  Liebenberg; Roelof Wilke
CTY  Johannesburg
CNT  ZA
COD  05
PRIR
CNT  ZA
APD  19720317
APN  72/1855
CLAS
OCL  2602105
XCL  424182
EDF  2
ICL  C07J  900
FSC  260
FSS  210.5
UREF
PNO  2534260
ISD  19490600
NAM  Gisvold
OCL  260210.5
OREF
PAL  Osol, A. et al., United States Dispensatory-24 Ed.; 1947, p. 1607.
LREP
FRM  Young & Thompson
ABST
PAL  A method of obtaining a sterolin-rich product useful in the treatment of
      geriatric complaints such as benign hypertrophy of the prostate,
      comprising pulping a plant product containing sterolin, boiling the pulp
      in water, filtering the material thus obtained, and concentrating the
      filtrate to dryness, preferably at least in part by spray drying.
BSUM
PAR  THIS invention relates to a method of:
PA1  1. stabilising and/or
PA1  2. extracting sterolins from plant material (sterolins are phytosterol
      glycosides) including naturally occuring sterolin esters.
PAR  It has surprisingly been found that sterolins are an essential and useful
      food requirement and that these compounds are useful, if not essential, in
      the treatment of geriatric complaints and of so-called "civilisation" and
      old age diseases such as hypertrophy of the prostate gland, cholesterosis,
      arthritis, gout and the like. Thus unexpected therapeutic effects are
      obtained by oral administration of preparations or products containing
      such sterolins.
PAR  These sterolins are found in virtually all plants. They have been
      identified in applies (1), potatoes (2,3), carrots, onions, radish,
      lettuce (4), tobacco (5), cotton (6), peanuts (7), citrus fruit (8),
      spinach (9), beans (9) and others (11 - 15) and many more, but their
      therapeutic value or their importance as essential food constituent has up
      to the time of this invention never been recognised before (11, 16 - 20)
      although reports on their biological activity had appeared in the
      scientific literature (19, 21 - 23).
PAR  The products of this invention may be utilised as such as food products or
      therapeutic agents, or they may be used as additives or constituents of
      food products or pharmaceutical preparations. Since the beneficial value
      of these sterolin-enriched products depends on their sterolin content,
      this content determines the daily amount of product required by the
      consumer or patient (human or animal). Sterolins themselves are non-toxic
      when taken orally and it has been observed by the inventor that they are
      of little beneficial or therapeutic value when taken in pure crystalline
      form. It has been found that a daily dose of 0.01 mg. .beta.-sitosteryl
      .beta.-D-glucoside content (the most common natural phytosterolin) is
      adequate as a therapeutic measure. Overdoses of sterolins are harmless.
      Sterolin-enriched food products, food additives, pharmaceutical products
      or additives to pharmaceutical products should therefore aim at a
      preferred daily sterolin availability of 0.01 - 0.10 mg.
PAR  Sterolins obtained from any type of plant are better known as
      phytosterolins. These compounds are the glycosides, usually the glucoside
      of plant - or phytosterols. The most ubiquitous and abundant of these
      plant sterols is .beta.-sitosterol (12, 24 - 27) usually accompanied by
      lesser amounts of campesterol and stigmasterol (24, 25, 26b) and very
      often small quantities of cholesterol (24, 25). The most abundant
      phytosterol and therefore phytosterolin in a plant or even a plant genus
      or family is not necessarily .beta.-sitosterol and its glycosides (9, 12,
      25, 27). Many other closely related phytosterols are known and they are
      all assumed and have been found to occur as the corresponding sterolins or
      esters thereof (1-3, 8, 9, 28-30). Occurrences (12, 15, 24, 25, 27, 31,
      32) and descriptions (12, 15, 24, 25, 27, 31, 32, 33) of these plant
      sterols have been well documented.
PAR  It is an object of the present invention to provide a simple and efficient
      method of preserving, extracting or concentrating sterolins present in
      plant material, or alternatively, of preparing plant products in such a
      way that the natural sterolins are preserved from degradation or
      destruction.
PAR  Any sterolin preservation, extraction, enrichment or concentration process
      must first aim at the total destruction of all the glycosidic enzymes
      present in the plant material concerned. Glycosidic enzymes are relatively
      robust compounds that may be isolated by employing organic solvents
      (ethanol) as precipitating agent; only high temperatures (60.degree. and
      higher) will permanently denature them. Thus temporary deactivation or
      denaturation through freeze-drying or organic solvent addition will not
      prevent a glycosidic enzyme from regaining its mode of action once the
      deactivating environment has been removed. Only after the glycosidic
      enzymes have been permanently denatured (destroyed) can the plant material
      be further processed for sterolin extraction, enrichment or concentration
      through its (the plant material) comminution followed by an aqueous
      boiling procedure. The preferred boiling period of the denatured aqueous
      plant pulp is from 30 minutes to 2 hours at either normal or elevated
      pressures.
DETD
PAR  According to the invention, a method is provided for the preservation,
      concentration and/or extraction of sterolins from plants containing them
      by:
PA1  a. deactivating the sterolin-specific degradative enzymes systems by
      heating the plant material (either as such or as pulps, shreds, slices,
      peels etc. obtained from plant parts).
PA1  b. the further processing of enzyme deactivated plant material to obtain
      sterolin rich concentrates or extracts by means of an aqueous boiling
      procedure.
PAR  This heating process may be applied to any plant material that is to be
      stored or further processed (e.g. pulping, juice extraction, drying,
      freezing and the like). It is important that this preserving process be
      applied at the earliest possible opportunity in any plant product
      manufacture, be it a food preserving, a sterolin extraction or a
      concentration procedure.
PAR  Applications of sterolin stabilisation in plant products are:
PA1  1. Heating of fresh plant material to deactivate sterolin specific
      degradative enzymes before processing commences to provide a final edible
      product.
PA1  2. Heating of plant products immediately after the first processing stages
      necessitating for example slicing, mincing, crushing, shredding, pulping,
      juice separation, etc. before further processing continues to provide
      final edible products.
PAR  The heating processes used for sterolin stabilization and, if required,
      sterolin mobilization may reach a final temperature of 60.degree. -
      200.degree.C throughout the plant material whose enzymes have to be
      deactivated. The period of heating may range from seconds to hours since
      sterolins are relatively stable to heat under neutral conditions.
      Preferred heating times are 30 minutes to 1 hour when boiling commences if
      the final product is a sterolin enriched plant extract or concentrate, or
      15 - 60 seconds at 75.degree. .+-. 5.degree.C when an enzyme destroying
      pasteurisation process for the preservation of sterolins is used. It will
      be appreciated that various forms of heating can be employed other than
      boiling such as, for example, steam heating or dry heating.
PAR  The plant material or product may consist of any finally edible
      non-poisonous or non-toxic plant product such as fruit of all types,
      leaves, stalks, roots and tubers etc. and even waste products such as
      peels, fruit pips, leaf waste etc.
PAR  Typical procedures according to the invention are as follows:
PA1  a. Plant material is heated immediately after comminution before further
      processing.
PA1  b. Plant material is heated before any plant cell damaging processes
      commence.
PAR  A useful and reliable test of sterolin activity is the therapeutic effect
      of sterolins on patients with benign hypertrophy of the prostate. This has
      been described in the U.K. Pat. Application No. 1 298 047.
PAC  EXTRACTION PROCEDURES
PAR  A comparison of various methods of extraction employed and the resultant
      sterolin concentration in a final sterolin enriched product gives a very
      good indication of the effectiveness of these different methods. In
      addition, the beneficial results of such enriched products when
      administered (in capsules and the like) to patients suffering from benign
      hypertrophy of the prostate gland indicates their therapeutic value and
      effectiveness.
PAR  Comparison of concentration of sterolins in extracts made from Hypoxis
      rooperi corms. The average quantity of sterolin contents calculated as
      Beta-sitosteryl B-D-glucoside obtained over a number of experiments, is
      expressed as mg. per 100 gram of spray-dried powder.
PAL  mg/100g.
PAL  Method 1(a):
PAR  The juice of 3 kilo washed Hypoxis corms was extracted by using a domestic
      juice extractor working on a centrifugal principle. The obtained juice
      filtered through finely woven cloth was refrigerated for 3 days and then
      spraydried.
PAL  0,035mg/100g.
PAL  Method 1(b):
PAR  The juice of 3 kilo washed Hypoxis corms was extracted by using a domestic
      juice extractor working on a centrifugal principle. The extracted juice
      was immediately poured into one liter of boiling water and the mixture
      boiled for 30 minutes. The mixture was then filtered through finely woven
      cloth and the filtrate refrigerated for 3 days before spraydrying it.
PAL  0,81 mg/100g.
PAL  Conclusion:
PA1  i. The difference in the concentration of the sterolin in both methods is
      attributed to the fact that the immediate boiling of the extracted juice
      stopped sterolin degradation by enzyme action.
PA1  ii. The boiling process extracted more of the sterolin from the fine fibres
      remaining in the extracted juice before they were removed by filtration in
      Method 1(b).
PAL  Method 2(a):
PAR  3 Kilo of fresh, washed Hypoxis corms were finely pulped and mixed with 6
      liters of water at room temperature and left standing for 11 hours at room
      temperature before refrigeration was commenced. The mixture was then
      stored for 3 days in the cold before it was filtered and spraydried.
PAL  0,31 mg/100g.
PAL  Method 2(b):
PAR  3 Kilo of fresh, washed Hypoxis corms were finely pulped and mixed with 6
      liters of water at room temperature and immediately refrigerated and
      stored for 3 days under refrigeration before being filtered and the
      filtrate spraydried.
PAL  5,75 mg/100g.
PAL  Method 2(c):
PAR  3 Kilo of fresh, washed Hypoxis corms were finely pulped and mixed with 6
      liters of boiling water; boiling was continued for one hour. Thereafter
      the mixture was filtered and the filtrate refrigerated for 3 days before
      spraydrying.
PAL  8,92 mg/100g.
PAL  Conclusion:
PAR  It seems obvious that the very much increased concentration of the sterolin
      obtained in Methods 2(b) and 2(c) is due to the prevention of degradation
      of the sterolin through enzyme action as it must occur in Method 2(a) at
      room temperature for some time before refrigeration was started. The
      difference between 2(b) and 2(c) can be ascribed to:
PA1  i. partial sterolin degradation through enzyme action in Method 2(b);
PA1  ii. better and more complete extraction of the sterolin through continued
      aqueous boiling after pulping in Method 2(c).
PAL  Method 3(a):
PAR  3 Kilo of fresh, washed Hypoxis corms were finely pulped and mixed with 2.7
      liters of absolute ethanol. The mixture was vigorously stirred for one
      hour, then filtered and the filtrate spraydried.
PAL  No measurable sterolin
PAL  Method 3(b):
PAR  3 Kilo of fresh, washed Hypoxis corms were finely pulped and mixed with 6
      liters of a 60% ethanol-water mixture. The diluted pulp was vigorously
      stirred for one hour, filtered and the filtrate spraydried.
PAL  No measurable sterolin
PAL  Method 3(c):
PAR  3 Kilo of fresh, washed Hypoxis corms were finely pulped and mixed with 6
      liters of a 60% alcohol-water mixture. The diluted pulp was refrigerated
      for 3 days, then filtered and the filtrate spray-dried.
PAL  0,23 mg/100g.
PAL  Conclusion:
PAR  The results of both Methods 3(a) and 3(b) indicate that a short period of
      extraction with either pure ethanol or an ethanol-water mixture does not
      extract or mobilise any sterolin and that a spray-drying procedure made no
      difference.
PAR  The higher concentration of sterolin recovered through a longer period of
      extraction under refrigerated conditions indicates that time plays a role
      in extraction with an ethanol-water mixture, but a comparison of Method
      3(c) with Method 2(b) indicates that ethanol considerably reduces the
      amount of sterolin extracted over the same period, viz. 0,23 mg. compared
      to 5,75 mg. sterolin/100 g of final product.
PAL  Method 4(a):
PAR  3Kilo of fresh, washed Hypoxis rooperi corms were placed in a closed
      container in a pressure cooker containing one liter of water. This was
      brought to boil at a pressure of 20 lbs. per square inch. Boiling was
      continued for 30 minutes. The autoclaved corms were then pulped through a
      homogeniser with continuous addition of a total of 6 liters of water. No
      further boiling was applied after this stage and the aqueous pulp was
      filtered. The spray-dried filtrate was essentially a water soluble
      carbohydrate rich powder.
PAL  Traces only
PAL  Method 4(b):
PAR  3 Kilo of Hypoxis rooperi corms were placed in a closed container in a
      pressure cooker containing one liter of water. This was brought to boil at
      a pressure of 20 lbs. per sq. inch. Boiling was continued for 30 minutes.
      The autoclaved corms were then pulped through a homogeniser with
      continuous addition of a total of 6 liters of water. The resulting pulp
      and water mixture was boiled for one hour after which it was strained and
      the filtrate sprayed-dried. The resulting light brown sterolin rich powder
      consisted essentially of soluble carbohydrates (sucrose, glucose, fructose
      and starches) and sterolins.
PAL  9,01 mg/100g.
PAL  Conclusion:
PAR  No efficient extraction of sterolin was achieved in Method 4 (a) although
      enzyme action had been eliminated by the high temperature used. The result
      of the additional boiling procedure in Method 4(b) after the pulp had been
      mixed with water indicates the necessity for this final hot (boiling)
      extraction procedure.
PAL  Therapeutic Effect A:
PAR  The products obtained from extraction methods 1(a), 1(b), 2(a), 3(a), 3(b),
      3(c), and 4(a) showed no therapeutic effect when used on patients with
      benign hypertrophy of the prostate. The dosage used was 3 capsules per
      day, one after each major meal. Each capsule containing 100 mg. of the
      spray-dried powder, and the combined daily dose of sterolin was less than
      0.01 mg. of sterolin in all cases.
PAL  Therapeutic Effect B:
PAR  The spray-dried powder obtained from extraction methods 2(b), 2(c) and 4(b)
      was used for the treatment of patients with symptoms of benign hypertrophy
      of the prostate. After two weeks' medication all the patients reported a
      subjective improvement of their symptoms. An examination after 4 weeks'
      treatment revealed that the volume of retained urine had decreased for all
      patients. On further prolonged treatment (3 months) a reduction in size of
      the swollen prostate gland was found.
PAL  Dosage:
PAR  3 capsules of the extract per day, one after each major meal. Each capsule
      contained 100 mg. of the extract with 0,005 mg. to 0,009 mg. of sterolin
      content (calculated as Beta-sitosteryl Beta-D-glucoside). This provided a
      daily effective dose of 0,015 mg. to 0,027 mg. of sterolin.
PAL  Method 5:
PAR  Beta Vulgaris L., subsp. varietas conditiva (the garden beetroot) roots
      treated and processed as in extraction method 4(b) provided a dark red
      powder with a sterolin content averaging 0,015% calculated as B sitosteryl
      B-D-glucoside.
PAL  Therapeutic effect:
PAR  Patients with symptoms of benign hypertrophy of the prostate were treated
      with the Beta vulgaris extract. The subjective and objective improvements
      of all patients were similar to those described under Therapeutic Effect
      B.
PAL  Dosage:
PAR  3 capsules of extract per day one after each major meal. Each capsule
      contained 50 mg. of extract with an average of ,0075 mg. of sterolin
      content. This provided a daily average dose of 0,0225 mg. of sterolin.
PAL  Method 6:
PAR  Potato peels are homogenised and the pulp directly introduced into boiling
      water and heating or boiling is continued for 30-60 minutes to effect
      sterolin extraction. The broth is filtered, the filtrate concentrated by
      boiling and the concentrate is finally spray-dried to yield a
      sterolin-rich extract.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a method for manufacturing a sterolin-rich product consisting
      essentially of the steps of, comminuting a plant material containing
      sterolins, and deactivating the sterolin-specific degradative enzymes
      systems by heating the material at a stage not later than immediately
      following comminution to a temperatuare of at least 60.degree.C.: the
      improvement comprising extracting the sterolins from the comminuted
      material in aqueous solution by boiling the comminuted material in water
      for a continuous period of at least thirty minutes, separating the extract
      solution from the comminuted material, and concentrating the extract
      solution.
NUM  2.
PAR  2. The method of claim 1 in which the heating step is performed immediately
      following comminution, the temperature of the material being raised
      rapidly to a level at least of the order of 60.degree.C.
NUM  3.
PAR  3. The method of claim 1 in which the heating and extraction steps
      coincide, the comminuted material being added to boiling water immediately
      following comminution.
NUM  4.
PAR  4. The method of claim 1, in which the product is a powder, the
      concentration step comprising concentrating the extract solution to
      dryness.
NUM  5.
PAR  5. The method of claim 4 in which the extract solution is spray-dried.
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ABST
PAL  Phosphoric acid esters of xylostasin, an intermediate for the synthesis of
      antibiotic deoxy-xylostasin or the like, are obtained by contacting
      xylostasin with cells or cell materials of microorganism belonging to the
      genus Escherichia or Pseudomonas which is resistant to xylostasin, in the
      presence of a phosphate donor.
BSUM
PAR  This invention relates to phosphorylxylostasin and more particularly
      3'-and/or 5"-phosphoric acid esters of xylostasin and a process for
      production thereof.
PAR  Xylostasin is an antibiotic which possesses a broad antibacterial spectrum
      (Belgium Pat. No. 800257). Like other aminoglycoside antibiotics, however,
      xylostasin is not exempted from the emergence of resistant microorganisms.
      The present inventors conducted extensive research to obtain an antibiotic
      active against such resistant strains of microorganisms, and found that
PA0  1. New 3' and/or 5" phosphoric acid esters of xylostasin are useful
      synthetic intermediates which can be converted to various xylostasin
      derivatives active against said resistant strains;
PA0  2. The phosphorylation of xylostasin at the 3'-position and/or 5"-position
      is effected by contacting xylostasin with cells or cell materials of
      certain microorganisms belonging to the genus Escherichia or Pseudomonas
      in the presence of a phosphate donor; and
PA0  3. Such microorganisms are those resistant to xylostasin without exception.
PAR  These findings were followed by further studies which have culminated in
      this invention. Thus, the main object of this invention is to provide
      phosphoric acid esters of xylostasin at the 3'-position and/or
      5"-position, useful as an intermediate for the synthesis of xylostasin
      derivatives, e.g., deoxy-xylostasin.
PAR  Another object is to provide a process for the production of the
      phosphorylated xylostasin.
PAR  A further object of this invention will become apparent from the following
      descriptions.
PAR  These objects are realized by contacting xylostasin with cells or cell
      materials of a microorganism belonging to the genus Escherichia or
      Pseudomonas which is resistant to xylostasin, in the presence of a
      phosphate donor.
PAR  Xylostasin is an antibiotic of the formula
      ##SPC1##
PAL  Which can be obtained by cultivating a xylostasin-producing strain of a
      microorganisms of the genus Bacillus (Belgian Pat. No. 800257 and
      Reference Example 1 (B)) or by treating butirosin A with an alkali
      (Reference Example 1 (A)) to mention a few production methods.
PAR  In the phosphorylation of xylostasin, the hydroxyl groups in the 3'- and/or
      5"-positions are specifically phosphorylated according to the characters
      of the microorganism to be employed. The microorganism to be employed in
      the practice of this invention is a bacterium which (1) belongs to the
      genus Escherichia or the genus Pseudomonas, and (2) is resistant to at
      least 100 .mu.g. and generally 800 .mu.g. of xylostasin per ml. medium. As
      examples, there may be mentioned Escherichia coli No. R11(FERM-P No. 2123,
      IFO 13560, ATCC 21990) and Pseudomonas aeruginosa No. R34R (FERM-P No.
      2124, IFO 13561, ATCC 31040 ). The numbers in the parentheses with
      indications FERM-P, IFO and ATCC are the accession numbers at Fermentation
      Research Institute (FERM), the Agency of Industrial Science and
      Technology, Chiba, Japan; Institute for Fermentation, Osaka (IFO), Japan;
      and American Type Culture Collection (ATCC), Maryland, U.S.A.,
      respectively.
PAR  Escherichia coli No. R11 is isolated from rat viscera, and its
      microbiological characteristics are as follows; Gram negative rod, motile,
      peritrichous flagella; acid and gas formed from glucose; methyl red test
      positive; Voges-Proskauer test positive, citrate not utilized; and indole
      formed.
PAR  Pseudomonas aeruginosa No. R34R has been isolated from a soil sample, and
      its microbiological characteristics are as follows; Gram negative rod,
      motile, polar flagella; catalase positive; oxidase positive; Hugh-Leifson
      test oxidative, acid produced from glucose; Litmus milk alkaline reaction;
      citrate utilized; indole not produced; and grows at 42.degree.C.
PAR  These characteristics of Escherichia coli No. R11 and of Pseudomonas
      aeruginosa No. R34R are principally identical with those of the type
      strains of Escherichia coli and of Pseudomonas aeruginosa, respectively,
      as described in the Seventh Edition (1957) of Bergey's Manual of
      Determinative Bacteriology, except the present strains are resistant to
      xylostasin.
PAR  The process of this invention is carried out by contacting xylostasin with
      the cells or cell materials of the above-mentioned microorganisms. Such
      cells are obtained by propagating microorganisms in a medium containing as
      carbon sources, any one or more of glucose, sucrose, soluble starch, etc.,
      and as nitrogen sources, any one or more of meat extract, yeast extract,
      cornsteep liquor, etc.; any of organic or inorganic nitrogen-containing
      materials such as amino acids, ammonium nitrate, ammonium chloride, etc.;
      and any of such inorganic materials as magnesium chloride, sodium
      chloride, etc. The cultivation is performed by the stationary cultural
      method or by the aerobic stirring cultural method. The incubation
      temperature is between 20.degree.C and 45.degree.C and preferably, between
      20.degree.C and 37.degree.C; the pH range is from 6 to 9 and, preferably,
      from 6.8 to 7.8 and the cultivation time is 2 to 72 hours and, preferably,
      6 to 24 hours.
PAR  The cells thus propagated in the culture broth are employed as such or as
      phosphotransferase-active cell materials or disrupted cells after
      processing.
PAR  The said disrupted cells or cell materials are obtainable by subjecting a
      culture broth as obtained in the above manner to any such physical or
      chemical treatments as, for example, filtration, centrifugation,
      ultrasonication, treatment by disintegrator, alumina grinding treatment
      with a bacteriolytic enzyme, treatment or extract with a surfactant or an
      organic solvent, etc.
PAR  The phosphorylation of xylostasin in the presence of a phosphate donor is
      conducted in a proper solvent (e.g., water), and in case a cell-containing
      aqueous cultured broth is employed, the broth itself serves as the
      solvent. The suitable concentration range of xylostasin in the
      phosphorylation system is from about 0.01 to about 100 mg. per milliliter
      and the amount of cells is from about 1 to about 50 mg. per milliliter on
      the basis of the weight equivalent to wet intact cells. The amount of a
      phosphate donor in the system is usually from about 0.1 to about 10 mol.,
      preferably from about 0.8 to about 4 mol. relative to one mole xylostasin.
      The phosphorylation is carried out at a temperature from about 15.degree.C
      to 80.degree.C and, preferably, from 20.degree.C to 60.degree.C and most
      desirably, from 30.degree.C to 40.degree.C; at a pH range from about 4 to
      11 and, preferably, 6 to 10. The reaction period is 10 minutes to 48 hours
      and, preferably, 1 to 48 hours. The above-mentioned phosphate donor
      includes, among others, nucleoside polyphosphate compounds such as
      adenosine triphosphate, adenosine diphosphate, etc., deoxynucleoside
      polyphosphate compounds such as deoxyadenosine triphosphate,
      deoxyadenosine diphosphate, etc., phosphoenolpyruvic acid, etc. If
      desired, it is permissible to add a reaction promotor, enzyme stabilizer,
      etc., to the reaction system. The reaction promotor includes, for example,
      potassium chloride, sodium chloride, ammonium chloride, lithium chloride,
      2-mercaptoethanol, dithiothreitol, cysteine, etc. The enzyme stabilizer
      includes, for example, mannitol, sorbitol, glycerin, ammonium sulfate,
      sucrose, etc. Further, if desired, the reaction can be caused to proceed
      more advantageously by adding a metallic salt such as magnesium chloride,
      magnesium sulfate, magnesium acetate, manganese chloride, copper acetate,
      cobalt chloride, zinc chloride or the like.
PAR  After the reaction has been completed, the objective compound can be
      recovered by procedures which are known per se such as column
      chromatography on, for example, ion exchange resins, ion exchange
      celluloses, activated carbon, etc., or, after conversion to various salts
      such as Reinecke's salt, by solvent extraction, solvent precipitation,
      etc.
PAR  The xylostasin phosphate ester thus obtained can be converted to a compound
      corresponding to the xylostasin phosphate ester whose phosphoric ester
      residue has been replaced by halogen, i.e. a halogenodeoxy-xylostasin, by
      first permitting a silylating agent (e.g. hexamethylenedisilazane) or an
      acylating agent (e.g. acetic anhydride) to act upon the ester to protect
      its hydroxyl and amino groups and then subjecting the same compound to a
      halogenation reaction. The halogenation product can then be subjected to
      an unmasking reaction (a reaction leading to the removal of protective
      groups) and a reduction reaction to obtain deoxy-xylostasin.
      Halogenodeoxy-xylostasin and deoxy-xylostasin which can thus be obtained
      are prominently inhibitory to gram-positive, gram-negative and acid-fast
      bacteria and, also, to those gram-positive, gram-negative and acid-fast
      strains of bacteria which are resistant to aminoglycoside antibiotics,
      thus being useful as, for example, anti-Pseudomonas agents, dysentery
      remedies and anti-Staphylococcal agents. Each of these compounds can be
      administered, either as it is or along with a pharmacologically acceptable
      inert vehicle, in such dosage forms as parenteral injections at the normal
      daily dosage level of 50 to 200 mg. for adult humans. Thus, the xylostasin
      phosphate esters obtainable according to this invention are of use as
      synthetic intermediates which can be converted to useful compounds like
      the above-mentioned compounds.
DETD
PAC  Reference Example 1 (Preparation of xylostasin)
PAR  A. In 250 ml. of a 0.5 N aqueous solution of barium hydroxide is dissolved
      5.0 g. of butirosin A and the solution is boiled on reflux for 2 hours.
      After cooling, the solution is neutralized with IN sulfuric acid and the
      precipitated barium sulfate is removed by centrifugation. The supernatant
      is run onto a column (2.2 cm .times. 35 cm) of a cation exchange resin
      [Amberlite CG-50(NH.sub.4.sup.+ -form)] and, after washing with water,
      elution is carried out with 0.2N aqueous ammonia, whereupon xylostasin
      emerges in 700 ml. to 1,100 ml. fractions. The eluate is concentrated to
      dryness under reduced pressure. The described procedure yields 3.8 g.
      white powders of xylostasin.
PAR  Elemental analysis: C, 44.23; H, 7.53; N, 12.10 %. Calcd. (for C.sub.17
      H.sub.34 N.sub.4 O.sub.10): C, 44.93; H, 7.54; N, 12.33 %.
      [.alpha.].sub.D.sup.21 +  34.degree.(c=1, H.sub.2 O).
PAR  B. Bacillus Y-399, a xylostasin-producing strain [FERM-P-1479, IFO 13321,
      ATCC 21932]  as grown on a glycerin-bouillon-agar slant is used to
      inoculate a fluid medium (pH 7.2) containing 3 % of polypeptone, 1% of
      meat extract and 0.5 % of sodium chloride and the inoculated medium is
      incubated under shaking at 28.degree.C for 40 hours to prepare a seed
      culture. This seed culture is inoculated, at the inoculation rate of 10 %,
      into a 50-liter tank containing 30 l. of fermentation medium (pH 7.5)
      comprising 1 % of glucose, 1 % of polypeptone, 0.7 % of meat extract and
      0.5 % of magnesium chloride, and cultivation is carried out at
      28.degree.C, 100 % aeration and 200 r.p.m. for 66 hours.
PAR  The resultant culture broth is adjusted to pH 1-2 by the addition of a
      saturated aqueous solution of oxalic acid and filtered with the addition
      of 300 g. of Hyflo-Super-Cel(Johns-Manville Products) as a filter aid. The
      resultant filtrate is adjusted to pH 7 and run onto a column packed with 2
      liters of a cation exchange resin [Amberlite IRC-50(NH.sub.4
      .sup.+-form)], whereupon the active compound is adsorbed on the ion
      exchange resin. The resin is washed with water and, then, elution is
      carried out with 5 % aqueous ammonia. The active fraction (2.5 l. ) of the
      eluate is further run onto a column packed with 600 ml. of chromatographic
      activated carbon to absorb the active material.
PAR  After the column is rinsed with water, the active material is eluted with
      0.3N hydrochloric acid and the active fractions are pooled. The eluate
      thus obtained is neutralized by running through Amberlite (Rohm and Haas
      Co.) IR 45 (OH.sup.--form) column and concentrated under reduced pressure.
      The concentrate is lyophilized.
PAR  The described procedure yields 5.6 g. of a crude xylostasin-containing
      product (xylostasin content: 30 %, approx.).
PAC  REFERENCE EXAMPLE 2 (Conversion of phosphoryl xylostasin to end product
      3'-deoxy-xylostasin)
PAR  In a sealed tube, 1,000 mg. of xylostasin-3'-phosphate .sup.. 2H.sub.2 O,
      700 mg. of triphenylphosphine, 9 ml. of trimethylsilyl chloride, 4 ml. of
      hexamethyldisilazane and 7.5 ml. of pyridine are heated at 110.degree.C
      for 43.5 hours.
PAR  Under cooling with ice, the reaction mixture is added to 200 ml. of
      methanol, and the mixture is concentrated to dryness under reduced
      pressure. Following the addition of 200 ml. of distilled water, the
      precipitate is recovered by filtration. The recovered precipitate is
      dissolved in 100 ml. of ethyl acetate and washed with water. The water
      layer is partially concentrated under reduced pressure and the partial
      concentrate is pooled with the filtrate previously obtained. The solution
      is further run onto a column packed with 185 ml. of a cation exchange
      resin [Amberlite IRC-50(NH.sub.4.sup.+-form)] and, after washing with
      water, elution is carried out with 1,000 ml of 1N NH.sub.4 OH. The eluate
      is concentrated under reduced pressure to about 100ml. and the concentrate
      is adsorbed on 275 ml. of Amberlite CG-50 (NH.sub.4.sup.+ -form). After
      the resin is washed with water, fractional elution is carried out by the
      linear gradient method using 1,000 ml. of distilled water and 1,000 ml. of
      0.3N NH.sub.4 OH. The eluate is concentrated under reduced pressure and
      lyophilized. The described procedure yields 505 mg. of 3'-chloro-
      3'-deoxy-xylostasin .sup.. 2H.sub.2 O.
PAR  Optical rotation [.alpha.].sub.D.sup.24 =+29.7.degree. (H.sub.2 O, c=0.6)
PAR  Elemental analysis (for C.sub.17 H.sub.33 N.sub.4 O.sub.9 Cl. 2H.sub.2 O):
      Calcd. C, 40.12; H, 7.33; N, 11.01; Cl, 6.97. Found C, 40.08; H, 7.29; N,
      10.73; Cl, 6.55.
PAR  Thin-layer chromatography, Rf:0.41; xylostasin 0.23 (Developer solvent
      system= a 5:3 mixture of the upper layer of CHCl.sub.3 :MeOH:aqueous
      ammonia:H.sub.2 O = 4:3:2:1 and MeOH).
PAR  In 20 ml. of H.sub.2 O is dissolved 200 mg. of
      3'-chloro-3'-deoxy-xylostasin, and with the addition of 2.5 ml. of Raney
      nickel and 0.3 ml. of triethylamine, the solution is swirled in a current
      of hydrogen gas at atmospheric temperature and pressure. After 6 hours,
      the catalyst is filtered off. Then, the catalyst is washed well with 150
      ml. of 1N NH.sub.4 OH and the washings are pooled with the solution
      previously obtained. The solution is concentrated to about 20 ml.
PAR  The insolubles that have separated out are removed by filtration and the
      filtrate is run onto a column packed with 30 ml. of a cation exchange
      resin [Amberlite CG-50 (NH.sub.4 .sup.+-form)]. After the resin is washed
      with water, purification elution is carried out with 0.1-0.5N NH.sub.4
      OH(gradient method).
PAR  The described procedure yields 152 mg. of 3'-deoxy-xylostasin.
PAR  Elemental analysis (for C.sub.17 H.sub.34 N.sub.4 O.sub.9 : 3H.sub.2 O):
      Calcd. C, 41.54; H, 8.18; N, 11.37. Found C, 41.23; H, 7.95; N, 11.08.
PAR  Optical rotation [.alpha.].sub.D.sup.24 =+28.0.degree.(c=0.61, H.sub.2 O).
PAR  Thin-layer chromatography, Rf: 0.26; xylostasin:0.23(A 5:3 mixture of the
      upper layer of CHCl.sub.3 -MeOH-aqueous ammonia-H.sub.2 O=4:3:2:1 and MeOH
      is used as developer solvent). In the following examples the relationship
      between part(s) by weight and part(s) by volume is the same as that
      between gram(s) and milliliter(s).
PAC  EXAMPLE 1
PAR  Escherichia coli No.R11, a xylostasin-resistant strain is inoculated into
      200 parts by volume of a medium (pH 7.4) comprising 0.3% of glucose, 0.5 %
      of sodium chloride, 1 % of meat extract and 1 % of polypeptone, and the
      inoculated medium is incubated at 37.degree.C for 16 hours. The culture is
      further used to inoculate 1,800 parts by volume of a medium of the same
      composition as above, and cultivation is continued at 37.degree.C for 20
      hours. The resultant broth is centrifuged to collect the cells, whereby
      8.8 parts by weight of cells are obtained on a wet basis.
PAR  These cells are suspended in 35.2 parts by volume of 0.05 M phosphate
      buffer (pH 7.0) and disrupted by ultrasonication (by means of Kaijyo Denki
      K.K. Model 4280, 2 amperes, 5 minutes) to obtain a crude enzyme solution.
      To 35 parts by volume of this crude enzyme solution (protein content:13.3
      mg./ml.) are added 5 parts by weight of xylostasin, 50 parts by volume of
      0.5 M phosphate buffer (pH 7.0), 50 parts by volume of a 0.1 M aqueous
      solution of magnesium chloride and 100 parts by volume of a 0.1 M aqueous
      solution of adenosine triphosphate (adjusted to pH 7.0) to make a total of
      500 parts by volume and the reaction is allowed to take place at
      37.degree.C for 20 hours.
PAR  Then, the reaction is terminated by heating at 80.degree.C for 5 minutes
      and the resultant precipitate is removed.
PAR  Microbiological assay of this reaction for unreacted xylostasin reveals
      that the reaction has progressed more than 99 %.
PAR  The solution is run onto a column of alkali-equilibrated activated carbon
      (500 parts by volume) and after the column is washed with water, elution
      is carried out with 0.1N hydrochloric acid. The xylostasin phosphate ester
      fractions are pooled and further passed over Amberlite IR 40(OH.sup.-
      form, 1000 parts by volume), an anion exchange resin, to remove the
      chloride ion and, then, concentrated under reduced pressure.
PAR  The concentrate is passed over Amberlite CG 50 (NH.sub.4 .sup.+-form, 200
      parts by volume), a cation exchange resin, and after the resin is washed
      with water, elution is carried out with 0.3N aqueous ammonia. The
      xylostasin phosphate ester fractions are pooled and concentrated under
      reduced pressure. The insolubles formed during concentration are removed
      and the concentrate is lyophilized, whereupon 4.36 parts by weight of a
      white powder is obtained.
PAR  Chemical analysis shows that this produce is xylostasin-3'-phosphate.sup..
      H.sub.2 O, the pure yield being 63.6 %.
PAR  Elemental analysis, for C.sub.17 H.sub.35 N.sub.4 O.sub.13 P.sup.. H.sub.2
      O Calcd. C, 36.96; H. 6.75; N, 10.14; P, 5.61 Found C, 37.52; H, 6.73; N,
      9.78; P, 5.41 .
PAR  [.alpha.].sub.D.sup.24 =+40.0.degree.(c=0.60, H.sub.2 O).
PAR  IR.nu..sub.max.sup.KBr cm.sup.-.sup.1 : 968
PAC  EXAMPLE 2
PAR  Pseudomonas aeruginosa No. R34R, a xylostasin-resistant strain is
      inoculated into 800 parts by volume of a medium (pH 7.2) comprising 0.5 %
      of polypeptone, 0.3 % of meat extract and 0.5 % of yeast extract and grown
      at 37.degree.C for 16 hours. The resultant culture is transferred to 7.2
      liters of a medium of the same composition as above and the inoculated
      medium is incubated at 37.degree.C for 2 hours. The resultant culture
      broth is centrifuged to harvest the cells. The procedure yields 17.6 parts
      by weight of cells on a wet basis.
PAR  The cells are suspended in 100 parts by volume of 0.5M tris-HCl buffer
      (pH8.0) and, then, 100 parts by volume of a 1M aqueous solution of
      potassium chloride, 200 parts by volume of a 0.1M aqueous solution
      (adjusted to pH 8.0) of adenosine diphosphate, 100 parts by volume of a
      0.1M aqueous solution of 2-mercaptoethanol, 100 parts by volume of a 1M
      aqueous solution of magnesium chloride and 1 part by weight of xylostasin
      are added. The mixture is made up to a total of 1000 parts by volume and
      gently stirred to react at 37.degree.C for 20 hours. After the reaction
      the mixture is centrifuged to remove the cells and the supernatant is
      taken. Microbiological assay of this supernatant for unreacted xylostasin
      shows that the reaction has progressed at least 99 %.
PAR  The solution is then passed over Amberlite IRC-50 (NH.sub.4 .sup.+-form,
      200 parts by volume), a cation exchange resin, and after the resin is
      washed with water, elution is performed with 0.5N aqueous ammonia. The
      xylostasin phosphate ester fractions are pooled and concentrated and the
      concentrate is further passed over CM-Sephadex (Pharmacia) C25(NH.sub.4
      .sup.+-form, 500 parts by volume), a cation exchanger. After washing with
      water, elution is carried out with 0.03N aqueous ammonia.
PAR  The xylostasin phosphate ester fractions are pooled, concentrated and
      lyophilized to obtain 1.07 parts by weight of a white powder.
PAR  Chemical analysis reveals that the product is xylostasin 5"-phosphate.sup..
      H.sub.2 O, the pure yield being 78 %.
PAR  Elemental analysis, for C.sub.17 H.sub.35 N.sub.4 O.sub.13 P.sup.. H.sub.2
      O: Calcd. C, 36.96; H, 6.75; N, 10.14; P, 5.61. Found C, 36.93; H, 6.59;
      N, 10.06; P, 5.02.
PAR  [.alpha. ].sub.D.sup.24 =+35.1.degree.(c=0.62, H.sub.2 O).
PAR  IR.nu..sub.max.sup.KBr cm.sup.-.sup.1 = 965
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound selected from the group consisting of compounds of the
      formula
      ##SPC2##
PAL  wherein R.sup.1 and R.sup.2, independently of each other, represent
      hydrogen or phosphono, with the proviso that R.sup.1 and R.sup.2 are not
      both hydrogen.
NUM  2.
PAR  2. The compound according to claim 1, wherein R.sup.1 represents phosphono
      and R.sup.2 represents hydrogen.
NUM  3.
PAR  3. The compound according to claim 1, wherein R.sup.1 represents hydrogen
      and R.sup.2 represents phosphono.
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PAL  Process for degrading the glycoside neriifolin and its acetate to the
      cardenolide digitoxigenin. Novel intermediates are also described.
BSUM
PAR  The present invention is directed to a process for obtaining digitoxigenin
      from the monoglycosides heriifolin and 2'-acetylneriifolin and to certain
      novel intermediates obtained thereby.
PAR  Digitoxigenin is a typical and widely distributed cardenolide aglycone
      which possesses much of the cardiac activity of the glycosides from which
      it is derived.
PAR  It is known that thevetin and other related glycosides such as neriifolin
      contained in the seeds of Thevetia neriifolia Juss (Apocinaceae) are
      derivatives of the 5.beta.,14.beta.-cardenolide digitoxigenin [see for
      example H. Helfenberger and T. Reichstein, Helv. Chim. Acta 31, p. 1470
      and p. 2097 (1948) and M. Frerejacque, Compt. rend. 221, p. 645 (1945),
      Compt. rend. 225, p. 695 (1947) and Compt. rend. 242, 2395 (1956)] .
      However, this aglycone was never actually isolated by degradation of the
      glycosides, whose chemical structures were proved by indirect evidence.
      Thus, the first attempts made by Helfenberger and Reichstein (Helv. Chem.
      Acta 31, 1470 (1948) to cleave neriifolin to the aglycone by acid
      treatment afforded only an small amount of ".beta." -anhydro
      digitoxigenin, recovering most of the starting glycoside. These authors
      described later [H. Chem. Acta 31, 2097 (1948)], the oxidation of
      neriifolin with chromium trioxide in acetic acid followed by successive
      acid and alkaline treatments and a second CrO.sub.3 oxidation, obtaining
      digitoxigenone in very low yields; they also degraded neriifolin to
      3.beta.-acetoxy etiocholanic acid methyl ester, however they were unable
      to obtain digitoxigenin in pure form.
PAR  Other species of Thevetia, e.g. Thevetia Thevetoides (H.B.K.) Schum:
      contain thevetin and 2'-acetyl-thevetin.
PAR  Thevetin is a triglycoside in which digitoxigenin is linked to a
      2,4-dihydroxy-3-methoxy-5-methyl sugar, thevetose, and through this, to
      two glucose units. Enzymatic hydrolysis of thevetin and 2'-acetylthevetin
      by means of the enzymes contained in the same seeds affords the
      .alpha.-L-monoglycosides neriifolin and 2'-acetylneriifolin represented by
      the formula:
      ##SPC1##
PAL  Wherein R is hydrogen or acetyl.
PAR  The cleavage of the thevetose unit in these compounds, to yield the
      cardenolide digitoxigenin has been unsuccessful up to date either by
      enzymatic or chemical means.
PAR  In accordance with the present invention we have discovered a method for
      degrading the monoglycosides neriifolin and its acetate, either the
      individual compounds or as a mixture of glycosides, to digitoxigenin in
      surprisingly high yields.
PAR  This method can be illustrated by the following sequence of reactions:
      ##SPC2##
PAL  Wherein Ac is acetyl.
PAR  In practicing the process illustrated above, neriifolin (I-A) is oxidized
      with chromium trioxide, using particularly chromium trioxide-dipyridine
      complex, to produce the 4'-keto derivative of neriifolin of formula II.
      This reaction is effected under anhydrous conditions using from 4 to 10
      molar equivalents of the reagent per molar equivalent of starting
      compound, preferably about 6 molar equivalents, in methylene chloride
      solution, or using a methylene chloridepyridine mixture as solvent, at a
      temperature comprised between -5.degree.C to room temperature for a period
      of time of the order of about 15 to 45 minutes. The reagent can be
      prepared in situ or previously prepared. The crude product can be purified
      by chromatographic techniques, to yield pure compound II, however, this is
      not necessary.
PAR  Upon reaction of the crude oxidation product, containing the 4' -keto
      derivative of neriifolin (II) with acetic anhydride in pyridine solution
      in a conventional manner, there is obtained the .alpha.,.beta.
      -unsaturated ketone of formula III. The conditions used for this
      dehydration reaction are not critical, thus the reaction can be conducted
      at temperatures comprised between 0.degree.C to reflux, for a period of
      time of between 2 to 20 hours. In the preferred embodiments, the reaction
      is conducted at about room temperature or under slight heating (about
      40.degree.C) for about 3 to 16 hours.
PAR  The crude .alpha.,.beta. -unsaturated ketone (III) is then treated with
      dilute sulfuric acid in methanol solution, using particularly an about
      0.05N aqueous methanolic sulfuric acid solution, at reflux temperature for
      a period of time of about 30-35 minutes to yield digitoxigenin (IV) in
      yields of the order of 40-50 percent. Longer reaction times diminish the
      yields of digitoxigenin.
PAR  When 2'-acetylneriifolin (I-B) is oxidized with chromium
      trioxide-dipyridine, complex, as described hereinbefore in detail with
      regard to the oxidation of free neriifolin, there is obtained the
      .alpha.,.beta. -unsaturated ketone III in a straightforward manner, which
      upon hydrolysis with sulfuric acid in aqueous methanol affords
      digitoxigenin (IV) in about 65-70 percent yield.
PAR  Alternatively, the above-described process can be carried out starting from
      a mixture of neriifolin and 2'-acetylneriifolin. Thus, a mixture of I-A
      and I-B is oxidized with chromium trioxide-dipyridine complex to a mixture
      which contains compounds of formulas II and III, dehydrated with acetic
      anhydride in pyridine and hydrolyzed with aqueous methanolic sulfuric acid
      to digitoxigenin. In this case the yields of digitoxigenin depend on the
      proportion in which neriifolin and its acetate are present in the mixture
      used as starting material. However, better yields are obtained when using
      the pure individual glycosides.
PAR  In a further aspect, and in spite of the discouraging results obtained by
      Helfenberger and Reichstein (vide supra) we found that when neriifolin
      (I-A) is oxidized with an excess of chromium trioxide in acetic acid for a
      prolonged period of time, of the order of 20 to 30 hours followed by
      treatment with sulfuric acid in aqueous methanol, as previously described,
      there is obtained digitoxigenin (IV) in  about 22-32 percent yield.
PAR  The glycosides neriifolin and its acetate used as starting materials have
      been obtained from the seeds of Thevetia thevetoides (H.B.K.) Schum:.
      Typically, the glycosides are isolated as follows:
PAR  The powder obtained after peeling, grinding and defatting the seeds, which
      contains thevetin and 2'-acetylthevetin, is subjected to hydrolytic
      cleavage by the action of the enzymes present within this material,
      incubating its aqueous suspension at 37.degree.-40.degree.C, optionally in
      the presence of a small amount of toluene, for a prolonged period of time,
      i.e., for about 6 days. The insoluble material is eliminated and the
      glycosides are isolated from the solution by extraction with chloroform
      and chloroform-methanol, and purified by crystallization to obtain the
      pure neriifolin in about 4 percent yield and 2'-acetylneriifolin in about
      1-1.5 percent yield. When the organic extracts are evaporated to dryness
      there is obtained a mixture of neriifolin and its acetate about 70 percent
      pure, as demonstrated by thin layer chromatographic analysis.
PAR  It is obvious that other plant sources of these glycosides can also be
      practical.
DETD
PAR  The following Examples illustrate the invention but are not intended to
      limit its scope.
PAC  PREPARATION
PAR  Three kilograms of peeled, finely grounded seeds of Thevetia thevetoides
      (H.B.K.) Schum: is defatted with 9 l. of hexane. The solid residue (1.058
      kg) is suspended 8 l. of water and 60 ml. of toluene, and the resulting
      mixture is incubated at 37.degree.-40.degree.C for 6 days. The insoluble
      material is separated by filtration through Celite, diatomaceous earth,
      and washed with approximately 10 l. of methanol. The combined filtrates
      are concentrated to one-third its original volume and extracted several
      times with chloroform. The extracts are washed with water and the combined
      aqueous phases reextracted with chloroform-methanol (9:1). The combined
      organic extracts are dried over sodium sulfate and evaporated to dryness
      under reduced pressure. Crystallization of the residue from methanol-water
      affords 25 g. of neriifolin, m.p. 209.degree.-214.degree.C;
      [.alpha.].sub.D -49.degree.(MeOH) .lambda.max 218 nm (.epsilon.17,300).
      The mother liquors are chromatographed on silica gel to yield 9 g. of
      2'-acetylneriifolin which is further purified by crystallization from
      methanol-water, m.p. 218.degree.-220.degree.C; [.alpha.].sub.D -
      91.degree.(CHCl.sub.3); .lambda.max 218 nm (.epsilon.23,050). These
      compounds are identical to authentic samples of neriifolin and
      2'-acetylneriifolin, respectively.
PAR  The above procedure is repeated starting from 430 g. of seeds, omitting the
      final separation of the monoglycosides by crystallization, thus obtaining
      12.95 g. of the mixture of neriifolin and its acetate as a yellow foam.
PAC  EXAMPLE 1
PAR  To a mixture of 30 g. of anhydrous pyridine and 75 ml. of anhydrous
      methylene chloride (distilled over phosphorous pentoxide) are added 3 g.
      of chromium trioxide, stirring the reaction mixture at room temperature
      for 15 minutes. The chromium trioxide-dipyridine complex thus obtained is
      then cooled to about -10.degree.to -5.degree.C and a solution of 3 g. of
      2'-acetylneriifolin is added, stirring the reaction mixture for 15 minutes
      at the same temperature. The insoluble material is separated by filtration
      through Celite, diatomaceous earth, washing the solids with chloroform.
      The combined organic filtrates are evaporated to dryness under reduced
      pressure at low temperature, the solid residue is then dissolved in
      methylene chloride and filtered through a silica gel column (60 g.) to
      eliminate the chromium salts. After evaporation of the solvent there are
      obtained 840mg. of the crude 2'-deoxy-2'-dehydro-4'-keto derivative of
      neriifolin of the formula:
      ##SPC3##
PAL  which can be further purified by crystallization from methanol-water,[m.p.
      119.degree.-123.degree.C; [.alpha.].sub.D -51.46.degree.(CHCl.sub.3);
      .lambda.max 218 nm (.epsilon.15,000); ir 3540, 3460, 1780, 1740, 1640 cm
      .sup.-.sup.1 ; 100 Mc nmr: 0.87 (18-H), 0.94 (19 -H), 1.37 (d. J7 Hz,
      5'-Me); 2.75 (m,17.alpha.-H), 3.63 (CH.sub.3 O), 4.03 (3.alpha.-H), 4.58
      (m, J7Hz, 5'-H), 4.75 (dd, J, 18 Hz, J.sub.2 2Hz, 21-H), 5.00 (dd, J, 18
      Hz, J.sub.2 2Hz, 21-H), 5.41 (d, J 4 Hz, 1'-H), 5.68 (d, J 4Hz, 2'H), 5.85
      ppm (22-H); MS 514 (M.sup.+), (M--C.sub.7 H.sub.9 O.sub.3), 339
      (M--C.sub.7 H.sub.9 O.sub.3-- H.sub.2 O), 141 (M-357) ].
PAR  To a solution of 420 mg. of the foregoing intermediate in 25 ml. of
      methanol are added 20 ml. of 0.1N sulfuric acid, and the reaction mixture
      is heated at reflux temperature for 30 minutes, cooled and concentrated
      under reduced pressure at about 25.degree.C until precipitation. It is
      then diluted with ice-water, and the solid material filtered off, washed
      with water, sodium bicarbonate solution and water, and air dried, thus
      obtaining 116 mg. of crude digitoxigenin, m.p. 218.degree.-223.degree.C,
      which can be further purified by recrystallized from methanol-water to
      yield the pure compound, [m.p. 244-6.degree.C; [.alpha.].sub.D
      +19.3.degree.(CHCl.sub.3); .lambda.max 218 nm (.epsilon.14,130); ir 3520,
      3450, 1780, 1730, 1625 cm .sup.-.sup.1 ; nmr 0.85 (18-H), 0.93 (19 -H),
      2.70 (m 17.alpha.-H), 4.07 (3.alpha.-H), 4.67 (dd J, 18 Hz, J.sub.2 2 Hz,
      21-H), 5.00 (dd J, 18 Hz, J.sub.2 2 Hz, 21-H)], 5.78 ppm (22-H), identical
      to an authentic sample of digitoxigenin.
PAC  EXAMPLE 2
PAR  To a mixture of 60 g. of anhydrous pyridine and 75 ml. of anhydrous
      methylene chloride are added 6 g. of chromium trioxide, and the resulting
      mixture is stirred at room temperature for 15 minutes, it is cooled to
      -10.degree.to -5.degree.C and a solution of 3 g. of 2'-acetylneriifolin in
      30 ml. of methylene chloride is added, stirring the reaction mixture at
      the same temperature for 15 minutes and thereafter at 10.degree.C for 30
      minutes further. The solid material is separated by filtration and the
      filtrate evaporated to dryness under vacuo at low temperature. The residue
      is dissolved in methylene  chloride, filtered through 60 g. of silica gel,
      and the organic solution evaporated to dryness under vacuo. The residue is
      dissolved in 175 ml. of methanol, 150 ml. of 0.1N sulfuric acid is added
      and the mixture is refluxed for 30 minutes, cooled, concentrated to a
      small volume under reduced pressure at low temperature, until a
      precipitate is formed, diluted with ice-water and the solid material
      filtered off, thus obtaining 1.29 g. of crude digitoxigenin.
      Recystallization from acetone-ether affords the pure cardenolide, [m.p.
      246.degree.-249.degree.C; [.alpha.].sub.D +22.degree.(MeOH); .lambda.max
      217 nm (.epsilon.15,500)], identical to an authentic sample.
PAC  EXAMPLE 3
PAR  To a suspension of 11.5 g. of Celite, diatomaceous earth, (dried at
      125.degree.C for 20 hours) in 250 ml. of anhydrous methylene chloride,
      cooled to -5.degree.to 0.degree.C is added 5.83 g. of chromium
      trioxide-dipyridine complex [J. C. Collins et al., Tetrahedron Letters
      30,3363- 3366 (1968)]. To the stirred mixture are added 1.5 g. of
      neriifolin dissolved in 80 ml. of methylene chloride, and the resulting
      mixture is stirred at said temperature for 15 minutes, 11.5 g. of sodium
      bisulfate hydrate are added and the reaction mixture stirred for 10
      additional minutes. The solid material is separated by filtration and
      washed with methylene chloride. The combined filtrates are evaporated to
      dryness under reduced pressure, at low temperature to yield a crude
      material containing the 4'-keto derivative of neriifolin, which can be
      purified by thin layer chromatography using ethyl acetate-hexane (70:30)
      as eluant, thus obtaining the pure compound represented by the formula:
      ##SPC4##
PAL  which is further purified by crystallization from methanol-water. This
      compound has the following constants: m.p. 163.degree.-166.degree.C;
      [.alpha.].sub.D - 84.degree.(MeOH); .lambda.max 216 nm (.epsilon.13,500);
      ir 3400, 1780, 1740, 1620 cm .sup.-.sup.1 100 MC nmr: 0.88 (18-H), 0.97
      (19-H), 3.60 (CH.sub.3 O--),
      ##EQU1##
      4.74 (dd J, 18 Hz, J.sub.2 2Hz, 21-H), 4.99 (dd J, 18 Hz, J.sub.2 2Hz,
      21-H), 5.84 ppm (22-H); Calcd. for C.sub.30 H.sub.44 O.sub.8 : C, 67.64;
      H, 8.33. Found: C, 66.86; H, 8.43; MS 533 (M.sup.++H), 357 (M-C.sub.7
      H.sub.11 O.sub.4 --H.sub.2 O).
PAC  EXAMPLE 4
PAR  A solution of 500 mg. of the crude material containing the 4'-keto
      derivative of neriifolin, in 15 ml. of pyridine is treated with 5 ml. of
      acetic anhydride and the reaction mixture is allowed to stand at room
      temperature for 3 hours, poured into ice-water containing 150 mg. of
      sodium acetate and extracted several times with chloroform. The combined
      organic extracts are washed with water, dried over sodium sulfate and
      evaporated to dryness. The residue is purified by t.l.c. to afford the
      pure 2'-deoxy-2'-dehydro-4'-keto derivative of neriifolin, m.p.
      119.degree.-123.degree.C, identical to the compound obtained in Example 1.
PAC  EXAMPLE 5
PAR  To a suspension of 46 g. of Celite (diatomaceous earth), dried for 20 hours
      at 125.degree.C. in 100 ml. of anhydrous methylene chloride cooled to
      -5.degree.to 0.degree.C is added 36 g. of chromium trioxide-dipyridine
      complex. A solution of 6 g. of neriifolin in 320 ml. of methylene chloride
      containing 5% pyridine is added and the reaction mixture is stirred for 25
      minutes at room temperature. It is then filtered through silica gel and
      the filtrate is stirred with 30 g. of sodium bisulfate hydrate for 20
      minutes, the solid is separated by filtration and the filtrate is
      evaporated to dryness under vacuo. The residue is submitted to thin layer
      chromatography using ethyl acetane-hexane (70:30) as eluant, to obtain 3.3
      g. of a crude material containing the 4'-keto derivative of neriifolin and
      1.8 g. of recovered neriifolin.
PAR  To a solution of 3.3 g. of the crude material containing the 4'-keto
      derivative of neriifolin in 33 ml. of anhydrous pyridine is added 9.5 ml.
      of acetic anhydride and the reaction mixture is heated at 40.degree.C for
      16 hours. It is then poured into ice-water, 5 g. of sodium acetate are
      added and then most of the solvent eliminated under vacuo. The residue is
      extracted with methylene chloride, and the organic extract washed with
      water, 0.1N sulfuric acid and water to neutrality, dried over magnesium
      sulfate and evaporated to dryness, to give 3.26 g. of the crude
      2'-deoxy-2'-dehydro-4'-keto derivative of neriifolin, which is dissolved
      in 190 ml. of methanol, 155 ml. of 0.1N sulfuric acid is added and the
      reaction mixture is refluxed for 30 minutes and then concentrated  under
      vacuo to a small volume. The solid which forms is extracted with methylene
      chloride, and the combined organic extracts washed with water, sodium
      carbonate solution and water to neutrality, dried over magnesium sulfate
      and evaporated to dryness under vacuo. The residue is purified by
      chromatography on silica gel plates using ethyl acetate-hexane (70:30) as
      gradient, to obtain 1.3 g. of digitoxigenin, which can be further purified
      by crystallization from methanol-water.
PAC  EXAMPLE 6
PAR  To a suspension of 23 g. of dried Celite, diatomaceous earth in 500 ml. of
      anhydrous methylene chloride are added 15 g. of chromium
      trioxide-dipyridine complex, the mixture is stirred for 10 minutes and
      thereafter a solution of 2.5 g. of a crude mixture of neriifolin and
      2'-acetylneriifolin (containing about 55% of neriifolin and 15% of its
      acetate) is added. The reaction mixture is stirred for 15 minutes at room
      temperature; the insoluble material is separated by filtration and washed
      with ethyl acetate. The combined organic extracts are filtered through a
      column of silica gel (50 g.) washing the column with ethyl acetate, and
      the combined eluates are evaporated to dryness, to yield 2.3 g. of a crude
      product containing the 4'-keto and 2'-deoxy-2'-dehydro-4'-keto derivatives
      of neriifolin. The crude reaction product is dissolved in 25 ml. of
      pyridine, 6.7 ml. of acetic anhydride are added and the mixture is heated
      at 40.degree.C for 2 hours, poured into ice water and extracted with ethyl
      acetate. The organic extract is washed with 6N hydrochloric acid solution
      and water to neutrality, dried over magnesium sulfate and evaporated to
      dryness under vacuo. The residue (2.2 g.) is dissolved in 235 ml. of a
      0.05N solution of sulfuric acid in methanol-water (1:1), refluxing the
      reaction mixture for 30 minutes. It is then cooled, neutralized with
      sodium bicarbonate solution, concentrated to half volume under vacuo and
      extracted with methylene chloride. The organic extract is washed with
      water, dried over magnesium sulfate and evaporated to dryness under vacuo.
      Purification of the residue by chromatography on silica gel, using ethyl
      acetatehexane (70:30) as eluant affords 498 mg. of digitoxigenin.
PAC  EXAMPLE 7
PAR  To a stirred solution of 2.4 g. of neriifolin in 30 ml. of glacial acetic
      acid is added dropwise a solution of 2.88 g. of chromium trioxide in 175
      ml. of glacial acetic acid, and the reaction mixture is stirred for 22
      hours at room temperature. It is then poured into ice-water and extracted
      with chloroform. The organic extracts are washed with saturated sodium
      bisulfite solution and water to neutrality, dried over sodium sulfate and
      evaporated to dryness under vacuo, at low temperature. The crude residue
      (1.89g.) is dissolved in 120 ml. of methanol, 91 ml. of 0.1N sulfuric acid
      are added and the reaction mixture is refluxed for 30 minutes, cooled and
      concentrated under vacuo to a small volume. The formed precipitate is
      separated by filtration and purified by thin layer chromatography using
      hexane-ethyl acetate (70:30) as eluant, thus obtaining 520 mg. of pure
      digitoxigenin m.p. 240.degree.-243.degree.C, identical to an authentical
      sample.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for obtaining digitoxigenin which consists essentially of
      hydrolyzing a compound of the formula:
      ##SPC5##
PAL  with dilute sulfuric acid in methanol solution and separating the
      digitoxigenin thus obtained.
NUM  2.
PAR  2. The process of claim 1 in which there is used a 0.05N solution of
      sulfuric acid in aqueous methanol (1:1), conducting the reaction at reflux
      temperature for about 30 minutes.
NUM  3.
PAR  3. The process of claim 1 including the previous steps of oxidizing
      neriifolin with chromium trioxidedipyridine complex and dehydrating the
      oxidation product with acetic anhydride in pyridine.
NUM  4.
PAR  4. The process of claim 3 in which there are used about 6 molar equivalents
      of chromium trioxide-dipyridine complex per molar equivalent of
      neriifolin.
NUM  5.
PAR  5. The process of claim 1 including the previous step of oxidizing
      2'-acetyl neriifolin with chromium trioxide-dipyridine complex.
NUM  6.
PAR  6. The process of claim 5 in which there are used about 6 molar equivalents
      of chromium trioxide-dipyridine complex per molar equivalent of
      2'-acetylneriifolin.
NUM  7.
PAR  7. The process of claim 1 including the previous steps of oxidizing a
      mixture of neriifolin and 2'-acetylneriifolin with chromium
      trioxide-dipyridine complex, and dehydrating the oxidation product with
      acetic anhydride in pyridine.
NUM  8.
PAR  8. A compound of the formula:
      ##SPC6##
NUM  9.
PAR  9. A compound of the formula:
      ##SPC7##
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ABST
PAL  A filtering apparatus comprises a plurality of plate and frame sections
      arranged adjacent each other in alternating sequence with a layer of
      filter media retained between each pair. Both plate and frame sections
      have peripheral members with openings which provide access to the inner
      space formed within the members. Peripheral conduit means on each frame
      section serve to distribute the liquid to be filtered in a way that does
      not disturb the filter media or any collected dirt on it as the liquid
      flows through the filter media and into the inner space of each plate
      member where it accumulates and passed out through an outlet conduit.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This is a continuation-in-part of application Ser. No. 282,070, filed Aug.
      21, 1972 now U.S. Pat. No. 3,850,812.
BSUM
PAR  This invention relates to liquid filtering apparatus, and more particularly
      it relates to an improved high capacity fine filtering apparatus.
PAR  In the field of filtration, so-called plate and frame filters have long
      been used for applications where large volumes of fluid must be
      accommodated. Essentially, the plate and frame sections are arranged in an
      alternating order with some form of filter media retained between them.
      The fluid to be filtered is then introduced in a parallel distribution to
      areas on one side of the filter media. When the fluid is forced through
      the media to areas on the other side of the media it is directed through
      outlets also connected in parallel to a conduit. Heretofore, both the
      plate and frame sections of such filtration apparatus were constructed as
      machined metal castings. These sections were relatively heavy, intricate
      in shape and design and consequently expensive to produce. Moreover, this
      construction resulted in a filter apparatus which was usually quite heavy,
      making it difficult to install and requiring considerable power to open
      and close the plate and frame sections.
PAR  Another disadvantage of the aforesaid prior art plate and frame sections
      was that when assembled in their operating position the inflow of fluid to
      be filtered was at one point in the receiving chamber on one side of each
      frame section. This often caused an inflow turbulence that disturbed and
      adversely affected the filter media, thereby reducing filtering
      efficiency.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, a filtering apparatus is provided
      comprising a series of plate and frame sections having a novel
      construction and mounted together in a parallel, alternating arrangement.
      These sections are supported on a suitable base structure and connected to
      a controllable mechanism which can separate the members to facilitate the
      installation and removal of filter media and then compress and hold the
      sections together as the filtering process takes place. Each plate and
      frame section is comprised of a continuous peripheral member of formed and
      end welded metal plate portions and is provided with an external access
      fitting. Each frame section additionally comprises a U-shaped channel
      fixed interiorly to the continuous member and forming a peripheral cavity
      on at least three sides thereof. On the inner edge of this peripheral
      channel are a series of spaced apart internal openings through which fluid
      can pass. Thus, when liquid to be filtered is supplied to the frame
      sections it fills the peripheral channels and is then forced through the
      series of internal openings in relatively small streams into the space
      surrounded by the peripheral member.
PAR  To the opposite sides of the plate sections are fixed a pair of rigid metal
      grating plates. Each grating plate has a face portion containing spaced
      apart openings and parallel serrated grooves between the openings. Plural
      evenly spaced apart reinforcing rib portions extend inwardly from the face
      portion so that the grating plate can withstand considerable internal
      pressure without substantial bending. Covering the rigid grating plates on
      the face side thereof which is adjacent a frame section is a screen member
      which may be a continuous perforated plate having about one half of its
      surface area open. Thus, with a layer of filter media installed over the
      screen member a fluid path is provided into the space within the
      peripheral member of each frame section, through the filter media, through
      the screen, through the openings of the grating plate and into the central
      space of a plate section where it then passes into the outlet conduit.
PAR  Accordingly, it is a general object of the present invention to provide an
      improved filtering apparatus that overcomes the aforesaid problems and
      disadvantages and provides both a high capacity with a fine filtering
      capability.
PAR  Another object of the present invention is to provide an improved filtering
      apparatus of the so-called plate and frame type that is particularly well
      adapted for ease and economy of construction.
PAR  Another object of the present invention is to provide an improved filtering
      apparatus that does not require any intricate, heavy and expensive
      castings for the plate and frame sections.
PAR  Another object of the present invention is to provide an improved filtering
      apparatus wherein each plate and frame section includes a continuous
      peripheral member with an externally accessible opening, so that series of
      plate and frame sections can be readily connected in parallel to fluid
      input and outflow conduits.
PAR  Another object of the present invention is to provide a filtering apparatus
      of the plate and frame type wherein liquid to be filtered is supplied to a
      peripheral cavity of each frame member and then to the area adjacent the
      filter media with little or no turbulence, thereby avoiding any
      appreciable disturbance of the media and increasing filtering efficiency.
PAR  Yet another object of the present invention is to provide a filtering
      apparatus of the plate and frame type that is easy to clean, maintain and
      change filter media without the need for special tools and highly skilled
      labor.
DRWD
PAR  Other objects, advantages and features of my invention will become apparent
      from the following detailed description of one embodiment that is
      presented with the accompanying drawing:
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a view in side elevation of a filter embodying the principles of
      the present invention;
PAR  FIG. 2 is a view in end elevation of the filter of FIG. 1;
PAR  FIG. 3 is a top view of the filter of FIG. 1;
PAR  FIG. 4 is a view in front elevation of a frame section for the filter of
      FIG. 1 wherein arrows depict diagrammatically the direction of fluid flow;
PAR  FIG. 5 is a view in side elevation of the frame section of FIG. 4;
PAR  FIG. 6 is a view in section taken along line 6--6 of FIG. 4;
PAR  FIG. 7 is a view in section taken along line 7--7 of FIG. 4;
PAR  FIG. 8 is a front view in elevation showing the peripheral member portion
      of a plate section for the filter apparatus of FIG. 1;
PAR  FIG. 9 is a side view in elevation of the plate section of FIG. 8;
PAR  FIG. 10 is a view in section taken along line 10--10 of FIG. 8;
PAR  FIG. 11 is a fragmentary view in elevation showing the face of the grating
      plate portion of a plate section for the filter apparatus of FIG. 1;
PAR  FIG. 12 is a fragmentary top plan view in section of the adjacent plate and
      frame filter sections for the filter apparatus of FIG. 1; and
PAR  FIG. 13 is a fragmentary view in perspective showing the liquid path
      through adjacent plate and frame filter sections according to the present
      invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  With reference to the drawing, FIGS. 1-3 show a plate and frame filter 20
      embodying the principles of the present invention and particularly
      adaptable for removing particulate matter and other deleterious material
      from liquids in various industrial and manufacturing operations. In
      general, it comprises a number of plate and frame sections 22 and 24 which
      in the embodiment shown, are mounted in an upright position in an
      alternating order between fixed and movable platens 26 and 28 which serve
      to hold them tightly together when the filter is in operation and to
      separate them a predetermined amount when the filter is to be cleaned and
      new filter media supplied. The plate and frame sections are supported on a
      pair of spaced apart, horizontal frame members 30, which are connected at
      opposite ends by a pair of cross members 32 and 34. Fixed to the cross
      member 32 at one end of the filter is one platen 26 which is also
      supported on its lower side by a short upright support member 36 that
      extends upwardly from the floor. At the other end of the filter are a pair
      of vertical frame members 38 that are fastened to the cross member 34 at
      their upper ends and to another cross member 40 at their lower ends.
      Mounted at the center of the cross member 34 is a jacking mechanism 42
      which controls the horizontal positioning of the movable platen 28 and
      thus the separation and closing of the plate and frame sections 22 and 24.
      Any suitable jacking mechanism may be used which produces the desired
      linear movement. A convenient arrangement, as shown in FIGS. 1 and 3,
      comprises a motor 44 connected to a gear drive 46 whose output drives a
      linearly movable jack screw 48. The latter is connected by means of a
      plate 50 to the movable platen 28.
PAR  The fixed and movable platens are each connected to one plate section 22,
      which is connected to a frame section 24 so that all of the plate and
      frame sections are connected together in an alternating stacked
      arrangement.
PAR  The construction of both the plate 22 and frame 24 sections represents a
      significant departure from the prior art that provides new and
      advantageous results. In general, both plate and frame sections have
      peripheral members which may be of metal plate portions joined at each
      corner as by welding so as to form continuous members. In addition, the
      frame sections 24 have U-shaped channels fixed interiorly to three side
      portions of the peripheral members, thereby providing a distribution of
      fluid that increases filtering efficiency as shown by arrows in FIG. 4.
      Within each peripheral member a space is formed that collects fluid before
      it is filtered in each frame section and collects filtered fluid within
      each plate section.
PAR  As shown in the embodiment of FIGS. 4, 5, 6 and 7 each frame section 24 is
      comprised of a series of top and bottom end portions 52 and side portions
      54, all formed of flat metal plate members that are connected together at
      their ends, as by welding, to form a continuous peripheral member. The
      metal plate used for this peripheral member preferably has a square or
      rectangular cross section and is formed from some strong, durable metal,
      such as steel. On the inner surfaces of these connected portions is joined
      a U-shaped channel 55 defining a continuous conduit which extends along
      the top and bottom end portions 52 and one interconnecting side portion
      54. The channel may be secured to the adjacent portions by welding. In the
      channel 55 are a series of spaced apart holes 56 and fixed at one lower
      corner is a horizontally extending inlet fitting or nipple 58. A
      horizontal cross bracing member 60 may be connected to the side sections
      54 to provide internal strength. Fixed to and extending outwardly from
      opposite side sections of each frame member 24 are upper and lower pairs
      of connecting lugs 62, each with a pair of holes 64. Located between each
      upper and lower pair of such lugs is another outwardly extending guide
      member 66 having a notched out shoulder 68. These guide members on
      opposite sides of the frame section 24 rest on the horizontal frame
      support members 30 and thereby support the section in the upright
      position.
PAR  Referring now to FIGS. 8, 9 and 10, each plate section 22 of my filter 20
      is also comprised of upper and lower end portions 70 connected at their
      ends to parallel, spaced apart side portions 72 to form a peripheral
      member. All such peripheral portions are of metal plate material cut into
      strips having preferably a square or rectangular cross section as with the
      frame sections 24. As shown in FIG. 8 the side portions 72 may be
      interconnected by a series of spaced apart horizontal members 74 of metal
      plate material which are mounted parallel to the side portions 72 and
      peripendicular to the end portions 70 as shown in FIG. 10. The horizontal
      members provide internal strengthening and may serve to secure the filter
      media support members described hereinafter. Each plate section 22 is also
      provided with outwardly extending pairs of connecting lugs 62 and guide
      members 66 all having the same shape, size and location of those similar
      members on each frame section. An outlet fitting or nipple 78 is provided
      near a lower end of one of the side portions 72 of each plate section.
      When the plate and frame sections are arranged in alternating order on the
      filter support structure, the guide members rest with their shoulders 68
      on the support members 30 and the sections are connected by bolts 80 that
      extend through the holes 64 of the lugs 62. The bolts are long enough to
      permit a predetermined amount of separation between plate and frame
      sections when the jacking mechanism is actuated to separate the platens.
PAR  Now, fixed within a chamber 81 formed by the connected peripheral portions
      of each plate section 22 are a pair of media support grating plates 82.
      Each plate 82 has a face portion 83 characterized by spaced apart openings
      84 and parallel vertical serrated grooves 85 extending thereover except
      for the openings 84. Plural parallel spaced apart ribs 86 extend inwardly
      from the face portion and vertically for the length of each grating plate
      82. A double flanged lip 87 is formed along the length of each reinforcing
      rib 86 at the inner end thereof. The grating plates 82 are preferably made
      of a strong rigid material such as a structural aluminum alloy, and they
      may be fabricated by well known extrusion and punching processes. In
      practice, I have found that Ariston Aluminum Plank Grating Model No PR
      extruded from Aluminum Alloy 6063T6, and made by Associated Ironworkers,
      South San Francisco, Calif. functions well as the grating plate 82 of the
      plate section 22. The overall dimensions of each grating plate 82 is such
      that the edges thereof fit adjacently within an inner edge portion of each
      end and side portion forming the peripheral member. The plates 82 may be
      secured to the internal support members 74 by suitable fastener means,
      such as bolts and nuts and washers 88 which engage the adjacent lips 87
      and bind them to the members 74 as shown in FIG. 12. On the outer surface
      83 of each support plate are a series of holes 84 that are spaced apart
      and aligned vertically and horizontally along lines at alternate levels as
      shown in FIG. 11. Covering the face of each of the support plates 82 in
      the present embodiment is a screen member 90 which may be comprised of a
      sheet of material having a multiplicity of evenly spaced apart holes 92
      such that about half of the area of the screen is open. In combination
      with the screen 90, the serrated grooves 85 in the face of the support
      plate 82 form a series of vertical, parallel fluid passages, adapted to
      conduct fluid to the openings 84 in the support plate. Thus, fluid passing
      through the filter media can flow through the screen member 90 and through
      adjacent openings 84, or through the screen and down the grooves 85 and
      then through openings 84, as the case may be, and thence into the chamber
      81.
PAR  A sealing groove 96 is formed in opposite sides of the end and side
      portions 70 and 72 of each plate section. Each groove 96 extends
      completely around each plate section and provides a continuous sealing air
      passage between adjacent plate and frame sections. Air pressure supplied
      to these air passages assures that no fluid will leak out between plates
      and frame sections during the filtering operation.
PAR  The operation of the filtering apparatus 20 according to the present
      invention can be well understood by reference to FIGS. 1-3 and also to
      FIG. 13. With the plate and frame sections extended apart, sheets of
      filter media 104 are placed between them so that each such sheet is
      extended across and is adjacent to a screen member 90. When filtering of a
      fluid is to commence, the plate and frame sections are moved together in
      an accordian-like manner by actuation of the motor 44 which turns the jack
      screw 48 and moves the movable platen 28 toward the fixed platen 26. When
      the plate and frame sections are pressed tightly together the continuous
      groove portions 96 form a fluid tight seal between each pair of adjacent
      sections. Now, the liquid to be filtered is admitted through a valve 106
      in a conduit 108 having a series of flexible hoses 110 connected in
      parallel to a series of inlet fittings 58 for the frame sections 28 of the
      filter. In FIG. 13, the path of the liquid as it flows through one set of
      plate and frame sections is shown. As the liquid enters the inlet fitting
      58 it commences to fill the peripheral cavity of the frame section 22
      formed by the U-shaped channel 55 and adjacent peripheral members 52 and
      54 to which it is interiorly joined. As this cavity fills, the liquid
      flows through the openings 56 into the space 112 formed within the
      peripheral portions and between layers of filter media 104.
PAR  The pressure of the incoming liquid forces it through the sheet media which
      filters out any suspended particles or deleterious material. Clean liquid
      thus passes through the filter media, through the screen member 90, into
      the grooves 85, and through the openings 84 into the chamber 81 surrounded
      by the peripheral members 70 and 72 of the plate section 26. As the
      chamber fills clean liquid flows out of the outlet fitting 78 of the plate
      section into an outlet conduit 114 via a flexible hose 110.
PAR  Thus, it is seen that the filtering apparatus provides a relatively large
      amount of filtering area with an efficient flow path for the liquid
      through the media. The apparatus can readily utilize various types of
      media for filtering a wide variety of liquids and the media can be quickly
      removed and replaced when required. Since the incoming liquid is initially
      supplied to the peripheral cavity of the frame member and then forced
      through a large number of the openings which are small, the incoming flow
      of liquid into the chamber adjacent the filter media is not concentrated
      in a large stream and consequently cannot disturb the filter media or any
      collected dirt on it. This is an important factor that increases filtering
      efficiency in the filter apparatus 20 and allows operation at relatively
      high liquid pressure levels and flow rates.
PAR  The construction of the plate and frame sections as described can be
      accomplished using conventional metal fabrication techniques. Thus, the
      use of peripheral portions of cut metal plate and U-shaped channels to
      form peripheral cavities for the frame sections, while unique in structure
      and function, also provides an overall cost advantage over the heavy,
      complicated cast sections heretofore used in plate and frame filters.
PAR  To those skilled in the art to which this invention relates, many changes
      in construction and widely differing embodiments and applications of the
      invention will suggest themselves without departing from the spirit and
      scope of the invention. The disclosures and the description herein are
      purely illustrative and are not intended to be in any sense limiting.
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid filtering apparatus comprising:
PA1  a plurality of plate and frame sections arranged in an alternating
      sequence;
PA1  means for supporting said sections in a generally upright vertical
      position;
PA1  linking means for connecting said sections together while allowing them to
      be separated a predetermined amount to facilitate the insertion of filter
      media between adjacent plate and frame sections;
PA1  controllable actuator means for pressing said sections together when
      filtering is being accomplished and for separating the sections when
      filter media is being changed;
PA1  an inlet conduit for supplying liquid to be filtered and means for
      connecting it in parallel to said frame sections;
PA1  an outlet conduit for removing filtered liquid connected in parallel to
      said plate sections;
PA1  all of said plate and said frame sections having peripheral members
      surrounding a central space, said members being formed by solid structure
      having a generally rectangular cross-section and connected together at
      their ends in a rectangular frame-like configuration;
PA1  base means in each plate section for supporting a layer of filter media;
PA1  all of said frame sections having hollow peripheral cavities within said
      central space with openings spaced along the inner surfaces of said
      cavities communicating with said central space;
PA1  said hollow peripheral cavities of said frame sections being formed by
      channel structure having a generally U-shaped cross-section joined at the
      open end thereof to the interior surfaces of said peripheral members and
      extending along substantially three sides of said peripheral members;
PA1  said inlet conduit communicating with a fluid conduit defined by the
      interior of said frame section channel structure in combination with the
      interior surfaces said peripheral members enclosed thereby;
PA1  said outlet conduit communicating with the central space defined by said
      plate section peripheral member.
NUM  2.
PAR  2. The liquid filtering apparatus of claim 1 and including screen means
      within said peripheral member and covering each base means and having not
      less than substantially fifty percent open area.
NUM  3.
PAR  3. The liquid filtering apparatus of claim 2 wherein said base means for
      supporting a layer of filter media comprises a pair of rigid grating
      plates fixed at opposite sides of each said plate section to substantially
      enclose said central space in each said central space in each said plate
      section, each said plate having a face portion having spaced apart
      openings and a series of longitudinal grooves which comprise the passages
      through said base means whereby filtered liquid may pass from said filter
      media into said central space in each plate section.
NUM  4.
PAR  4. The liquid filtering apparatus of claim 3 wherein each grating plate is
      of extruded aluminum and has spaced apart longitudinal reinforcing ribs
      extending inwardly from said face portion.
NUM  5.
PAR  5. The liquid filtering apparatus of claim 1 including a sealing groove in
      the sidewalls of the peripheral member of each said plate section and
      surrounding said base means and said screen means, and adapted to provide
      a passage for air used to maintain a peripheral seal between said plate
      and frame sections.
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PAL  Novel derivatives of 3H-1,5-benzodiazepine and of their salts of addition
      with acids, including their quaternary ammonium salts, having the general
      formula:
      ##EQU1##
      are provided. Such compounds are effective therapeutically against a large
      spectrum of gram positive bacteria and APR8 influenza virus. The invention
      also provides a novel method of preparing compounds having the formula:
      ##EQU2##
      wherein R and R' are the same as above, by reacting orthophenylenediamine
      with a benzoyldithioacetic acid having the formula:
      ##EQU3##
      wherein R and R' are as defined above.
BSUM
PAR  This invention relates generally to therapeutically active derivatives of
      3H-1,5-benzodiazepine and more particularly to compounds of the following
      formula and to the acid salts and quaternary ammonium salts of such
      compounds:
      ##EQU4##
      wherein: R represents hydrogen, halogen, methoxy, phenylthio or alkylthio
      group having a straight or branched chain, which may contain 1 to 12
      carbon atoms;
PA1  R.sup.1 represents hydrogen, halogen, methyl, phenyl, phenoxy or alkylthio
      group having a straight or branched chain, which may contain 1 to 12
      carbon atoms, cyclohexylthio, benzylthio or phenylthio;
PA1  R.sup.2 represents di-lower alkyl-amino group, or a substituted or
      unsubstituted penta- or hexa-atomic saturated cyclic amino group which,
      besides the nitrogen atom, by which it is bound to X, may also contain
      another hetero-atom;
PA1  X represents a straight or branched alkylene chain containing 2 or 3 carbon
      atoms.
PAR  It is therefore an object of this invention to provide compounds of Formula
      I. Another object of the invention is to provide a novel method of making
      compounds of formula III' and of formula III hereinafter set forth.
PAR  The products of formula I have a considerable antibacterial activity
      against a large spectrum of gram positive bacterial, and an anti-virus
      activity against the APR8 influenza virus and are useful for therapeutic
      purposes. Particularly preferred compounds are
      2,beta,N-diethylaminoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepine
      iodomethylate and
      2,beta,N-diethylamineoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepine
      methyl nitrate.
PAR  According to the invention, the compounds having the formula I are prepared
      by successive steps which are shown in the following diagram:
PAR  The starting products for this synthesis are the benzoyldithioacetic acids
      having the formula
      ##EQU5##
      which may also exist in the tautomer form of
      1-phenyl-3,3-dimercapto-2-propene-1-ones having the formula
      ##EQU6##
      wherein R and R.sup.1 are as defined above. Some of these products are
      already known (C. Kelber - Ber. 43, 2 (1910); G. Kelber et al Ber. 45, 137
      (1912); A. Thuillier et al - Bull. Soc. Chim. Fr. 1398 (1959)).
PAR  The compounds having the formulas II and II' can be prepared by reacting
      the corresponding acetophenone with carbon disulfide in the presence of
      sodium ter. amylate.
PAR  According to the invention the compound having the formula III is obtained
      by heating benzoyldithioacetic acid having the formula II and
      o-phenylenediamine in a polar or nonpolar solvent, for example, dioxane,
      ethyl alcohol, benzene, toluene, xylene or even water with elimination of
      water and hydrogen sulfide:
      ##EQU7##
PAR  These products may also exist in the tautomer form III', for example, in
      the presence of NaH and in such case they may supply alkylthioderivatives:
      ##EQU8##
PAR  The foregoing process for preparing the compounds having the formula III is
      new and provided by the invention. It is known indeed that the
      benzodiazepinthiones are obtained by treating the corresponding
      benzodiazepinones with phosphorus pentasulfide.
PAR  For the introduction of the dialkylaminoalkyl group --X--R.sup.2, the
      compounds having the formula III, are mixed with an equimolecular quantity
      of sodium hydride and then are treated with the corresponding
      dialkylaminoalkylhalide having the formula Hal-X-R.sup.2, wherein X and
      R.sup.2 are as defined above with respect to formula I and Hal represents
      a halogen such as chlorine, bromine in a solvent such as ethyl ether,
      benzene, toluene, etc., and the mixture is heated between 40.degree.C and
      130.degree.C for a period ranging from 5 to 20 hours. After elimination of
      sodium halide by filtration, the solvent and the possible excess of
      aminoalkyl halide are removed by distillation under reduced pressure, and
      the products having the formula I are obtained as a free base. In most
      cases they are obtained as an oily residue which can be purified by
      crystallization (generally petroleum ether or ligroine).
PAR  Conventional methods are used to prepare the salts of addition with the
      acids and to prepare the quanternary ammonium salts; in particular, the
      latter compounds can be obtained by treating the compounds of formula I
      with alkyl or aralkyl halide in acetone, isopropanol or ethanol at room
      temperature for a period of time ranging from 15 to 96 hours until
      complete precipitation.
PAR  The quaternary ammonium salts may also be obtained starting from the
      ammonium halides obtained as said hereinabove.
PAR  One method consists in effecting a double exchange between the methyl
      ammonium iodide and a soluble silver salt, for example, silver nitrate, so
      as to obtain in this way the corresponding methyl nitrate.
PAR  Another method consists in passing a methylammonium halide solution through
      a column of anionic exchanger resin (OH.sup.-), to free the quaternary
      ammonium hydroxide, and in neutralizing the latter with the theoretical
      quantity of acid.
PAR  The preparation of compounds having formula I may be represented by the
      following:
      ##EQU9##
PAR  The preparation of the quaternary ammonium salts may be represented as
      follows:
      ##SPC1##
PAR  The preparation of the intermediate compounds having the formula II or II'
      and III or III' is illustrated by the following examples.
DETD
PAC  EXAMPLE 1
PAC  4-phenoxy-benzoyldithioacetic acid (Formula II wherein R = H and R.sup.1 =
      C.sub.6 H.sub.5 O-)
PAR  A solution of 5.30 g of 4-acetyldiphenylether and of 1.90 g of carbon
      disulfide in 6 ml of benzene is added dropwise in 2.5 hours at 15.degree.C
      to 50 ml of a molar benzene solution of sodium ter-amylate. The reaction
      mixture is then kept at 15.degree.C for 30 min. and poured into icy water.
      The mixture is separated and the benzene layer is removed. The aqueous
      solution is washed twice with ethyl ether which is then removed. The
      solution is cooled, and acidified with cold diluted H.sub.2 SO.sub.4. The
      precipitate is filtered, washed with water, and dried in a desiccator over
      NaOH - P.sub.2 O.sub.5. Yield, 6.15 g; m.p. 78.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.15 H.sub.12 O.sub.2 S.sub.2                            

                     C      H       S                                          

     ______________________________________                                    

                 calc. %                                                       

                       62.50    4.20    21.73                                  

                found. %                                                       

                       62.15    4.11    22.20                                  

     ______________________________________                                    

PAC  EXAMPLE 2
PAC  4-phenylthio-benzoyldithioacetic acid (Formula II wherein R = H and R.sup.1
      = C.sub.6 H.sub.5 S-)
PAR  A solution of 5.7 g of 4-acetyl-diphenylsulfide in 6 ml of benzene and 1.90
      g of carbon disulfide is added dropwise in 2.5 hours to 50 ml of a molar
      benzene solution of sodium ter. amylate cooled to 15.degree.C and the
      reaction is further carried out as in Example 1. Yield 7.15 g, m.p.
      90.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.15 H.sub.12 OS.sub.3                                   

                     C      H       S                                          

     ______________________________________                                    

                 calc. %                                                       

                       59.21    3.98    31.50                                  

                found. %                                                       

                       58.89    4.22    31.52                                  

     ______________________________________                                    

PAC  EXAMPLE 3
PAC  4-phenyl-1.3-dihydro-2H-1.5-benzodiazepine-2-thione (Formula III wherein R
      and R.sup.1 = H)
PAR  A mixture of 1.08 g of o-phenylendiamine, 10 ml of xylene and 1.96 g of
      benzoyldithioacetic acid (Thuillier et al - Bull. Soc. Chim. Fr. 1938
      (1959) is refluxed for 1 hour under a stream of nitrogen. The reaction may
      also be carried out in water, alcohol or dioxane. After cooling, the
      precipitate is filtered, washed with ethyl ether, and crystallized from
      ethyl acetate. Yield 2 g, m.p. 228.degree.-230.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.15 H.sub.12 N.sub.2 S                                  

                 C      H       N        S                                     

     ______________________________________                                    

             calc. %                                                           

                   71.41    4.80    11.11  12.69                               

            found. %                                                           

                   71.44    5.24    11.14  13.00                               

     ______________________________________                                    

PAC  EXAMPLE 4
PAC  4,p-chlorophynyl-1,3-dihydro-2H-1,5-benzodiazepine-2-thione
PAL  (Formula III wherein R = H and R.sup.1 = p-Cl)
PAR  A mixture of 1.08 g of o-phenylendiamine, 40 ml toluene and 2.14 g of
      4-chorophenyl-benzoyldithioacetic acid (Thuillier et al. - Bull. Soc.
      Chim. Fr. 1398 (1959) ) is refluxed for 1 hour under a stream of nitrogen.
      After cooling, the precipitate is filtered, washed with ethyl ether, and
      crystallized from ethyl acetate. Yield 2.1 g, m. p.
      243.degree.-245.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.15 H.sub.11 ClN.sub.2 S.sub.2                          

                 C      H       N       S                                      

     ______________________________________                                    

             calc. %                                                           

                   62.84    3.86    9.77  11.16                                

            found. %                                                           

                   62.92    4.16    9.72  11.28                                

     ______________________________________                                    

PAC  EXAMPLE 5
PAC  4,p-diphenylyl-1,3-dihydro-2H-1,5-benzodiazepine-2-thione
PAL  (Formula III wherein R = H and R.sup.1 = p-C.sub. 6 H.sub.5)
PAR  A mixture of 1.08 g of o-phenylendiamine, 40 ml of toluene and 2.72 g of
      4-phenyl-benzoyldithioacetic acid (Thuillier et al. - Bull. Soc. Chim. Fr.
      1398 (1959) ) is refluxed for 1 hour under a stream of nitrogen. After
      cooling, the precipitate is filtered, washed with ethyl ether, and
      crystallized from ethyl acetate. Yield 2.4 g, m. p.
      229.degree.-230.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.21 H.sub.16 N.sub.2 S                                  

                 C      H       N       S                                      

     ______________________________________                                    

             calc. %                                                           

                   76.81    4.91    8.53  9.75                                 

            found. %                                                           

                   76.65    4.86    8.78  9.86                                 

     ______________________________________                                    

PAC  EXAMPLE 6
PAC  4,p-phenoxyphenyl-1,3-dihydro-2H-1,5-benzodiazepine-2-thione
PAL  (Formula III wherein R = H and R.sup.1 =  C.sub.6 H.sub.5 O)
PAR  A mixture of 1.44 g of 4-phenoxy-benzoyldithioacetic acid, 0.54 g of
      o-phenylediamine and 20 ml of xylene is refluxed for 1.5 hours under a
      stream of nitrogen. Then the mixture is cooled and the resulting
      crystalline precipitate is filtered and re-crystallized from ethyl
      acetate. Yield 0.86 g, m. p. 225.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.21 H.sub.16 N.sub.2 OS                                 

                 C      H       N       S                                      

     ______________________________________                                    

             calc. %                                                           

                   73.24    4.68    8.14  9.29                                 

            found. %                                                           

                   73.27    4.74    8.02  9.45                                 

     ______________________________________                                    

PAC  EXAMPLE 7
PAC  4,p-phenylthiophenyl-1,3-dihydro-2H-1,5-benzodiazepine-2-thione
PAL  (Formula III wherein R = H and R.sup.1 =  C.sub.6 H.sub.5 S)
PAR  A mixture of 1.08 g of o-phenylendiamine, 20 ml of toluene and 3.04 g of
      4-phenylthio-benzoyldithioacetic acid is refluxed for 1 hour. After
      cooling, the mixture is filtered, the precipitate is washed with ethyl
      ether, and crystallized from ethyl acetate. Yield 1.8 g, m. p.
      229.degree.-230.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.21 H.sub.16 N.sub.2 S.sub.2                            

                 C      H       N       S                                      

     ______________________________________                                    

             calc. %                                                           

                   69.99    4.48    7.77  17.76                                

            found. %                                                           

                   69.85    4.68    7.53  17.51                                

     ______________________________________                                    

PAR  The preparation of the compounds having the formula I by the process
      according to the invention is illustrated by the following examples.
PAC  EXAMPLE 8
PAC  2,gamma,N(N'-methyl)piperazinopropylthio-4-phenyl-3H-1,5-benzodiazephine.2H
     Cl
PAL  (Formula I wherein R and R.sup.1 = H;
      ##EQU10##
      and X = -CH.sub.2 -CH.sub.2 -CH.sub.2 -)
PAR  A mixture of 10.08 g of
      4-phenyl-1,3-dihydro-2H-1,5-benzodiazepine-2-thione, 2 g of 50 percent
      sodium hydride in oil and 800 ml of benzene is refluxed for 30 minutes. A
      solution of 10.4 g of gamma, N'-methyl-N-piperazinopropyl chloride in 20
      ml of benzene is then added dropwise in 5 minutes. The mixture is refluxed
      for 10 hours. Then the mixture is cooled and filtered. The filtrate is
      evaporated to dryness in vacuo at 20.degree.-30.degree.C. The obtained oil
      is treated with boiling petroleum ether to separate the insoluble product.
      After filtration the filtrate is evaporated to dryness. The residue is
      washed with water until the gamma,N'-methyl-N-piperazinopropyl chloride
      disappears (TLC). The oil is then dissolved in isopropanol and neutralized
      with HCl in isopropanol to obtain the dihydrochloride. The crystals are
      filtered and recrystallized from isopropanol. Yield 7.6 g, m. p.
      228.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.23 H.sub.28 N.sub.4 S.2HCl                             

                 C      H       N        S                                     

     ______________________________________                                    

             calc. %                                                           

                   59.34    6.49    12.04  6.87                                

            found. %                                                           

                   59.04    6.73    11.63  7.23                                

     ______________________________________                                    

PAC  EXAMPLE 9
PAC  2,gamma,N'-methyl-N-piperazine-n-propylthio-4-phenyl-3H-1,5-benzodiazepine
      monoiodomethylate
PAL  (Formula I wherein R and R.sup.1 = H;
      ##EQU11##
      and X = -CH.sub.2 CH.sub.2 CH.sub.2 -)
PAR  1.42 g of methyl iodide are added to a solution cooled to 0.degree.C of
      3.92 g of 2,
      gamma,N'-methyl-N-piperazino-n-propylthio-4-phenyl-3H-1,5-benzodiazepine
      in 25 ml of acetone. The mixture is kept at 0.degree.C for 24 hours.
PAR  Separated crystals are filtered and recrystallized from methanol. After
      filtration of 0.25 g of the bis-iodomethylate which is crystallized, the
      monoiodomethylate is obtained by concentration of the solution to a small
      volume. Yield 3.47 g, m. p. 167.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.24 H.sub.31 IN.sub.4 S                                 

      calc. %  53.93    5.84    10.48  23.75  5.98                             

     found. %  54.36    5.71    10.24  23.62  6.24                             

     ______________________________________                                    

PAC  EXAMPLE 10
PAC  2, gamma,N'-methyl-N-piperazinpropylthio-4-phenyl-3H-1,5-benzodiazepine
      bis-iodomethylate
PAL  (Formula I wherein R and R.sup.1 = H;
      ##EQU12##
      and X = -CH.sub.2 CH.sub.2 CH.sub.2 -)
PAR  6.39 g of methyl iodide are added to a solution of 5.88 g of
      2,gamma-N'-methyl-N-piperazinopropylthio-4-phenyl-3H-1,5-benzodiazepine in
      60 ml of acetone. The mixture is kept at 20.degree.-30.degree.C for 40
      hours. It is observed that the product crystallizes. The crystals are
      filtered and recrystallized from methanol.
PAR  Yield 7.3 g, m. p. 226.degree.C
TBL  ______________________________________                                    

     Analysis for C.sub.25 H.sub.31 I.sub.2 N.sub.4 S                          

             C      H       N        J      S                                  

     ______________________________________                                    

     calc. %   44.39    5.06    8.28   37.52  4.73                             

     found %   44.66    5.36    8.34   38.12  5.06                             

     ______________________________________                                    

PAC  EXAMPLE 11
PAC  2,gamma,N-dimethylaminopropylthio-4-phenyl-3H-1,5-benzodiazepine.HCl
PAL  (Formula I wherein R and R.sup.1 = H; R.sup.2 = N(CH.sub.3).sub.2 and X =
      -CH.sub.2 -CH.sub.2 -CH.sub.2 -)
PAR  A mixture of 5.04 g of 4-phenyl-1,3-dihydro-2H-1,5-benzodiazepine-2-thione,
      1 g of 50 percent sodium hydride in oil and 400 ml of anhydrous ethyl
      ether is refluxed for 30 minutes, then a solution of 3.63 g of
      gamma,N-dimethylaminopropyl chloride in 10 ml of anhydrous ethyl ether is
      added dropwise in 5 minutes.
PAR  The mixture is refluxed for 10 hours. After cooling the precipitate is
      filtered. The filtrate is evaporated to dryness, the residue is dissolved
      in petroleum ether and the insoluble fraction is separated by filtration.
PAR  The solvent is evaporated in vacuo and the residue is heated to
      50.degree./0.1 mm Hg until the excess of gamma,N-dimethylaminopropyl
      chloride is removed.
PAR  The oil is then dissolved in isopropanol and neutralized with HCl in
      isopropanol.
PAR  By cooling the hydrochloride crystallizes with one molecule of isopropyl
      alcohol. The crystals are recrystallized from isopropyl alcohol.
PAR  Yield 5.1 g, m. p. 80.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.20 H.sub.23 N.sub.3 S.HCl.C.sub.3 H.sub.8 O            

             C      H       N       S     C.sub.3 H.sub.7 O                    

     ______________________________________                                    

      calc. %  63.65    7.43    9.68  7.37  13.61                              

     found. %  63.68    7.42    9.60  7.71  13.42                              

     ______________________________________                                    

PAC  EXAMPLE 12
PAC  2,gamma,N-dimethylaminopropylthio-4-phenyl-3H-1,5-benzo-diazepine
      iodomethylate
PAL  (Formula I wherein R and R.sup.1 =H; R.sup.2 = N(CH.sub.3).sub.2 and X =
      -CH.sub.2 -CH.sub.2 -CH.sub.2 -)
PAR  2.13 g of methyl iodide are added to a solution of 3.37 g of
      2,gamma,N-dimethylaminopropylthio-4-phenyl-3H-1,5-benzodiazepine in 20 ml
      of acetone and the mixture is kept at 20.degree.-30.degree. for 60 hours.
      The crystals are filtered and recrystallized from isopropyl alcohol.
TBL  ______________________________________                                    

     Analysis for C.sub.21 H.sub.26 N.sub.3 SI                                 

             C      H       N        S     I                                   

     ______________________________________                                    

     calc. %   52.61    5.34    8.76   6.67  26.47                             

     found %   52.89    5.69    8.67   6.85  25.94                             

     ______________________________________                                    

PAC  EXAMPLE 13
PAC  2,gamma,N-pyrrolidinopropylthio-4,p-chlorophenyl-3H-1,5-benzodiazepine.sup.
     . HCl
PAL  (Formula I wherein R = H; R.sup.1 = p-Cl;
PAC  R.sup.2 = N
PAL  and X = -CH.sub.2 -CH.sub.2 -CH.sub.2 -)
PAR  One gram of 50 percent sodium hydride in oil is added to 5.72 g of
      4,p-chlorophenyl-1,3-dihydro-2H-1,5-benzodiazepine-2-thione in 400 ml of
      anhydrous benzene and refluxed for 30 minutes. The obtained sodium salt is
      refluxed for 10 hours with 4.42 g of 1,N-pyrrolidino-3-chloropropane in 15
      ml of benzene. After filtration the solvent is evaporated. The excess of
      1,N-pyrrolidino-3-chloropropane is removed by distillation at
      60.degree./0.2 mm Hg in a stream of nitrogen. The residue is crystallized
      from petroleum ether. Yield 5.6 g, m. p. 73-74.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.22 H.sub.24 N.sub.3 ClS                                

             C      H       N        Cl     S                                  

     ______________________________________                                    

      calc. %  66.40    6.08    10.56  8.91   8.06                             

     found. %  66.61    6.17    10.42  9.24   8.00                             

     ______________________________________                                    

PAR  The hydrochloride is prepared by neutralizing with HCl in isopropanol an
      isopropanol solution of the base and was crystallized from isopropanol.
      Yield 4.35 g, m. p. 193-194.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.22 H.sub.24 N.sub.3 ClS.HCl                            

             C      H       N        Cl     S                                  

     ______________________________________                                    

      calc. %  60.97    5.81    9.69   16.38  7.41                             

     found. %  60.92    5.48    9.68   16.57  7.24                             

     ______________________________________                                    

PAC  EXAMPLE 14
PAC  2,gamma,N-pyrrolidinopropylthio-4,p-chlorophenyl-3H-1.5-benzodiazepine
      iodomethylate
PAL  (Formula I wherein R = H; R.sup.1 = p-Cl;
PAC  R.sup.2 = N
PAL  and X = -CH.sub.2 -CH.sub.2 -CH.sub.2 -)
PAR  0.213 g of methyl iodide are added to a solution of 0.397 g of
      2,gamma-N-pyrrolidinopropylthio-4,p-chlorophenyl-3H-1.5-benzodiazepine in
      20 ml of isopropanol. After 15 hours at room temperature the product
      crystallizes. After cooling the crystals are filtered and crystallized
      from ethanol. Yield 0.425 g, m. p. 156-157.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.23 H.sub.27 N.sub.3 SClI                               

             C      H       H        I      S                                  

     ______________________________________                                    

     calc. %   51.16    5.04    7.78   23.51  5.94                             

     found %   51.05    4.70    7.56   23.35  6.26                             

     ______________________________________                                    

PAC  EXAMPLE 15
      2,beta,N-pyrrolidinoethylthio-4,p-chlorophenyl-3H-1,5-benzodiazepine
PAL  (Formula I wherein R = H; R.sup.1 = p-Cl;
PAC  R.sup.2 = N
PAL  and X = -CH.sub.2 -CH.sub.2 -).
PAR  2.5 g of a 50 percent oily suspension of sodium hydride is added to a
      solution of 8.6 g of
      4,p-chlorophenyl-1,3-dihydro-2H-1,5-benzodiazepine-2-thione in 600 ml of
      anhydrous benzene and refluxed for 30 minutes. The obtained sodium salt is
      refluxed for 10 hours with 6 g of 1,N-pyrrolidino-2-chloroethane. The
      mixture is filtered and the solvent is evaporated. After heating for 2
      hours at 60.degree.C/0.2 mm Hg under a stream of nitrogen to remove the
      1,N-pyrrolidino-2-chloroethane, the residue is crystallized from petroleum
      ether. Yield 8.39 g, m. p. 76.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.21 H.sub.22 N.sub.3 ClS                                

             C      H       N        Cl     S                                  

     ______________________________________                                    

     calc. %   65.70    5.77    10.95  9.24   8.35                             

     found %   65.92    5.51    10.79  9.65   8.19                             

     ______________________________________                                    

PAR  The hydrochloride is prepared by acidifying the base in an isopropanol
      solution and it is crystallized from isopropanol; m. p. 224.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.21 H.sub.22 N.sub.3 SCl.HCl                            

             C      H       N        Cl     S                                  

     ______________________________________                                    

     calc. %   60.00    5.51    9.99   17.26  7.63                             

     found %   59.75    5.70    9.72   17.42  7.52                             

     ______________________________________                                    

PAC  EXAMPLE 16
PAC  2,.beta.,N-pyrrolidinoethylthio-4,p-chlorophenyl-3H-1,5-benzodiazepine
      iodomethylate
PAL  (Formula I wherein R = H; R.sup.1 = p-Cl;
PAC  R.sup.2 = N
PAL  and X = -CH.sub.2 -CH.sub.2 -)
PAR  0.213 g of methyl iodide are added to a solution of 0.383 g of
      2,beta,N-pyrrolidinoethylthio-4,p-chlorophenyl-3H-1, 5-benzodiazepine in
      20 ml of isopropanol. After about 15 hours at room temperature, an oil is
      separated; the solvent is decanted and a part of the product is
      crystallized therefrom. The oily residue is treated with isopropanol up to
      solidification.
PAR  After cooling and filtering the products are collected together and are
      crystallized from ethanol. Yield 0.6 g; m. p. 190-191.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.22 H.sub.25 N.sub.3 SClI                               

             C      H       N       I       S                                  

     ______________________________________                                    

     calc. %   50.24    4.79    7.99  24.13   6.09                             

     found %   49.99    4.49    7.78  24.15   6.41                             

     ______________________________________                                    

PAC  EXAMPLE 17
PAC  2,beta,N-diethylaminoethylthio-4,p-chlorophenyl-3H-1,5-benzodiazepine.sup..
      HCl
PAL  (Formula I wherein R = H; R.sup.1 = p-Cl; R.sup.2 = N(C.sub.2
      H.sub.5).sub.2 and X=-CH.sub.2 -CH.sub.2 -)
PAR  A mixture of 2.52 g of
      4,p-chlorophenyl-1,3-dihydro-2H-1,5-benzodiazepine-2-thione, 0.50 g of 50
      percent sodium hydride in oil and 200 ml of benzene is refluxed for 30
      minutes, then a solution of 2.02 g of beta-diethylaminoethylchloride in 7
      ml of benzene is added dropwise over 5 minutes.
PAR  The mixture is refluxed for 10 hours. After cooling the sodium chloride is
      filtered off. The filtrate is evaporated in vacuo at 30.degree.C. The oily
      residue is dissolved in petroleum ether and a small insoluble amount of
      product is filtered. (0.400 g of starting product m. p. 235.degree.C.) The
      solution is evaporated to dryness in vacuo. The residue is heated to
      50.degree. in vacuo to remove the excess of
      beta-diethylaminoethyl-chloride. The oily residue is then dissolved in
      isopropanol and acidifying with HCl in isopropanol. The product is
      crystallized by addition of anhydrous ethyl ether to the solution. Yield
      3.08 g, m. p. 159.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.21 H.sub.24 ClN.sub.3 S.HCl                            

             C      H       N       S                                          

     ______________________________________                                    

     calc. %   59.71    5.96    9.94  7.57                                     

     found %   59.73    5.94    9.81  7.32                                     

     ______________________________________                                    

PAC  EXAMPLE 18
PAC  2,beta,N-diethylaminoethylthio-4,p-chlorophenyl-3H-1,5-benzodiazepine
      iodomethylate.
PAL  (Formula I wherein R = H; R.sup.1 = p-Cl; R.sup.2 = N(C.sub.2
      H.sub.5).sub.2 and X = -CH.sub.2 -CH.sub.2 -)
PAR  2.13 g of methyl iodide are added to a solution of 3.85 g of
      2,beta,N-diethylaminoethylthio-4,p-chlorophenyl-3H-1,5-benzodiazepine in
      35 ml of acetone. The mixture is kept at 20.degree.-30.degree. for 60
      hours, then is cooled, filtered and crystallized from acetone. Yield 4.5
      g, m. p. 182.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.22 H.sub.27 N.sub.3 ClIS                               

             C      H       N       S      I                                   

     ______________________________________                                    

     calc. %   50.05    5.15    7.96  6.06   24.04                             

     found %   50.38    5.20    8.11  6.44   24.03                             

     ______________________________________                                    

PAC  EXAMPLE 19
PAC  2,gamma,N-diethylaminopropylthio-4,p-chlorophenyl-3H-1,5-benzodiazepine.sup
     .. HCl
PAL  (Formula I wherein R = H; R.sup.1 = p-Cl; R.sup.2 = N(C.sub.2
      H.sub.5).sub.2 and X = -CH.sub.2 -CH.sub.2 -CH.sub.2 -)
PAR  8.6 g of 4,p-chlorophenyl-1,3-dihydro-2H-1,5-benzodiazepine-2-thione in 600
      ml of anhydrous benzene are refluxed for 30 minutes with 1.5 g of sodium
      hydride in a 50 percent oily suspension. To the mixture 6.2 g of
      1-diethylamino-3-chloropropane is added and refluxed for 10 hours. The
      mixture is filtered, the solvent is evaporated and the residue is heated
      for 2 hours at 60.degree.C/0.2 mm Hg in a stream of nitrogen to remove the
      excess of 1-diethylamino-3-chloropropane. The residue is dissolved in
      petroleum ether and filtered with charcoal; the solvent is evaporated and
      the residue is dissolved in isopropanol and neutralized with HCl in
      isopropanol. The hydrochloride is filtered and crystallized from ethyl
      acetate. Yield 8.0 g, m. p. 159-160.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.22 H.sub.26 N.sub.3 ClS.HCl                            

             C      H       N       Cl      S                                  

     ______________________________________                                    

     calc. %   60.55    6.24    9.63  16.35   7.53                             

     found %   60.33    6.41    9.63  16.10   7.09                             

     ______________________________________                                    

PAC  EXAMPLE 20
PAC  2,gamma,N-diethylaminopropylthio-4,p-chlorophenyl-3H-1,5-benzodiazepine
      iodomethylate
PAL  (Formula I wherein R = H; R.sup.1 = p-Cl; R.sup.2 = N(C.sub.2
      H.sub.5).sub.2 and X = -CH.sub.2 -CH.sub.2 -CH.sub.2 -)
PAR  0.213 g of methyl iodide are added to 0.399 g of
      2,gamma,N-diethylamiopropylthio-4,p-chlorophenyl-3H-1,5-benzodiazepine in
      10 ml of ethanol. The mixture is kept for 4 days at room temperature.
      After cooling the precipitate is collected and crystallized twice from
      ethanol. Yield 0.26 g, m. p. 162.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.23 H.sub.29 N.sub.3 SClI                               

             C      H       N       I       S                                  

     ______________________________________                                    

     calc. %   50.97    5.39    7.75  23.42   5.91                             

     found %   51.13    5.31    7.63  23.58   6.27                             

     ______________________________________                                    

PAC  EXAMPLE 21
PAC  2,beta,N-diethylaminothylthio-4,m-chlorophenyl-3H-1,5-benzodiazepine.sup..
      HCl
PAL  (Formula I wherein R = H; R.sup.1 = m-Cl; R.sup.2 = N(C.sub.2
      H.sub.5).sub.2 and X = -CH.sub.2 -CH.sub.2 -)
PAR  One gram of sodium hydride in a 50 percent oily suspension is added to a
      solution of 5.74 g of
      4,m-chlorophenyl-1,3-dihydro-2H-1,-5-benzodiazepine-2-thione (prepared in
      a similar way as
      4,p-chlorophenyl-1,3-dihydro-2H-1,5-benzodiazepine-2-thione, Example 4) in
      400 ml of benzene. To the suspension of sodium salt, obtained by refluxing
      for 30 minutes, 4.05 g of diethylaminochloroethane is added and refluxed
      for 10 hours. After filtering, the solvent is evaporated. The residue is
      heated for 2 hours at 60.degree.C/0.2 mm Hg in a stream of nitrogen to
      remove the excess of diethylaminochloroethane. The residual oil is
      dissolved in petroleum ether and filtered with charcoal; the solvent is
      evaporated and the residue is treated with isopropyl alcohol and acidified
      with HCl in isopropanol. After one night at room temperature, the
      hydrochloride crystallizes. After cooling, the crystals are filtered and
      crystallized from ethyl acetate.
PAR  Yield 5.61 g, m. p. 149.degree.-150.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.21 H.sub.24 N.sub.3 SCl.HCl                            

             C      H       N       Cl      S                                  

     ______________________________________                                    

     calc. %   59.71    5.97    9.95  16.78   7.59                             

     found %   60.04    5.73    9.98  16.73   7.66                             

     ______________________________________                                    

PAC  EXAMPLE 22
PAC  2,beta,N-diethylaminoethylthio-4,m-chlorophenyl-3H-1,5-benzodiazepine
      iodomethylate
PAL  (Formula I wherein R = H; R.sup.1 = m-Cl; R.sup.2 = N(C.sub.2
      H.sub.5).sub.2 and X = -CH.sub.2 CH.sub.2 -)
PAR  0.213 g of methyl iodide are added at 20.degree.C to a solution of 0.385 g
      of 2,beta,N-diethylaminoethylthio-4,m-chlorophenyl-3H-1,5-benzodiazepine
      in 4 ml of acetone. After 48 hours at 20.degree.C, the mixture is cooled
      and filtered.
PAR  Yield 0.357 g; m. p. 177.degree.-178.degree.C. The product is crystallized
      from ethanol.
TBL  ______________________________________                                    

     Analysis for C.sub.22 H.sub.27 N.sub.3 SCl.I                              

             C      H       N       S      I                                   

     ______________________________________                                    

     calc. %   50.06    5.15    7.96  6.07   24.04                             

     found %   49.90    4.88    7.78  6.34   23.88                             

     ______________________________________                                    

PAC  EXAMPLE 23
PAC  2,beta,N-diethylaminoethylthio-4,o-chlorophenyl-3H-1,5-benzodiazepine.sup..
      HCl
PAL  (Formula I wherein R = H; R.sup.1 = o-Cl; R.sup.2 = N(C.sub.2
      H.sub.5).sub.2 and X = -CH.sub.2 CH.sub.2 -)
PAR  1 g of 50 percent sodium hydride in oil is added to a mixture of 5.74 g of
      4,o-chlorophenyl-1,3-dihydro-2H-1,5-benzodiazepine-2-thione (prepared in a
      similar way as
      4,p-chlorophenyl-1,3-dihydro-2H-1,5-benzodiazepine-2-thione, Example 4) in
      400 ml of anhydrous benzene. After refluxing for one hour, a solution of
      4.05 g of beta-diethylaminoethylchloride in 15 ml of benzene is added to
      the mixture and refluxed for 10 hours.
PAR  After filtering, the solvent is evaporated and the excess of
      beta-diethylaminoethylchloride is removed by heating for 2 hours at
      60.degree.C/0.05 mm Hg in a stream of nitrogen.
PAR  The residue is dissolved in petroleum ether, treated with charcoal and
      filtered. The solvent is evaporated and the residue is treated with
      isopropanol and weakly acidified with HCl in isopropanol. The
      hydrochloride is filtered and crystallized from isopropanol. Yield 5.2 g,
      m. p. 175.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.21 H.sub.24 N.sub.3 SCl.HCl                            

             C      H       N       Cl     S                                   

     ______________________________________                                    

     calc. %   59.71    5.97    9.95  16.79  7.59                              

     found %   60.00    5.83    9.84  16.51  7.87                              

     ______________________________________                                    

PAC  EXAMPLE 24
PAC  2,.beta.,N-diethylaminoethylthio-4,o-chlorophenyl-3H-1,5-benzodiazepine
      iodomethylate
PAL  (Formula I wherein R = H; R.sup.1 = o-Cl; R.sup.2 = N(C.sub.2
      H.sub.5).sub.2 and X = -CH.sub.2 CH.sub.2 -)
PAR  0.213 g of methyl iodide are added at room temperature to a solution of
      0.385 g of
      2,beta,N-diethylaminoethylthio-4,-o-chlorophenyl-3H-1.5-benzodiazepine in
      20 ml of isopropanol. After 15 hours at 20.degree., the product
      crystallizes. It is filtered and re-crystallized from ethanol.
PAR  Yield 0.35 g, m. p. 192.degree.-193.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.22 H.sub.27 N.sub.3 SCl.I                              

             C      H       N       S      I                                   

     ______________________________________                                    

     calc. %   50.06    5.15    7.96  6.07   24.04                             

     found %   49.99    5.40    7.74  6.42   24.27                             

     ______________________________________                                    

PAC  EXAMPLE 25
PAC  2,beta-N-diethylaminoethylthio-4,p-diphenylyl-3H-1,5-benzodiazepine.HCl
PAL  (Formula I wherein R = H; R.sup.1 = p-C.sub.6 H.sub.5 ; R.sup.2 = N(C.sub.2
      H.sub.5).sub.2 and X = -CH.sub.2 CH.sub.2 -)
PAR  A mixture of 3.28 g of
      4,p-diphenylyl-1,3-dihydro-2H-1,5-benzodiazepine-2-thione, 0.50 g of 50
      percent sodium hydride in oil and 200 ml of benzene are refluxed for 30
      minutes, then a solution of 2.02 g of beta-diethylaminoethyl chloride in 7
      ml of benzene is added dropwise over 5 minutes. The mixture is refluxed
      for 10 hours. Then the mixture is cooled and the sodium chloride is
      filtered off. The filtrate is evaporated to dryness in vacuo at
      20.degree.-30.degree.C. The oily residue is dissolved in petroleum ether
      and the insoluble product is filtered off. (1.1 g of starting product m.
      p. 232.degree.C).
PAR  The filtrate is evaporated to dryness in vacuo at 20.degree.-30.degree.C.
      The residue is heated to 50.degree. in vacuo (0.01 mm Hg) to remove the
      excess of beta-diethylaminoethyl chloride. This treatment is continued
      until the beta-diethylaminoethyl chloride disappears (TLC). The oil is
      then dissolved in isopropanol and weakly acidified with HCl in
      isopropanol.
PAR  The product crystallizes by addition of anhydrous ethyl ether to the
      solution.
PAR  Yield 2.8 g, m. p. 168.degree.-169.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.27 H.sub.29 N.sub.3 S.HCl                              

             C      H       N       S                                          

     ______________________________________                                    

     calc. %   69.88    6.51    9.05  6.89                                     

     found %   69.36    6.66    9.19  7.10                                     

     ______________________________________                                    

PAC  EXAMPLE 26
PAC  2,beta,N-diethylaminoethylthio-4-diphenylyl-3H-1,5-benzodiazepine
      iodomethylate
PAL  (Formula I wherein R = H; R.sup.1 = p-C.sub.6 H.sub.5 ; R.sup.2 = N(C.sub.2
      H.sub.5).sub.2 and X = -CH.sub.2 CH.sub.2 -)
PAR  2.13 g of methyl iodide is added to a solution of 4.27 g of
      2,beta,N-diethylaminoethylthio-4-diphenylyl-3H-1,5-benzodiazepine in 60 ml
      of acetone. The mixture is kept at 20.degree.-30.degree. for 60 hours.
PAR  The crystals are filtered and recrystallized from methanol. Yield 4.75 g,
      m. p. 203.degree.-204.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.28 H.sub.32 N.sub.3 IS                                 

             C      H       N       I      S                                   

     ______________________________________                                    

     calc. %   59.04    5.66    7.37  22.28  5.61                              

     found %   58.84    5.66    6.90  22.05  5.62                              

     ______________________________________                                    

PAC  EXAMPLE 27
PAC  2,beta,N-diethylaminoethylthio-4,p-phenoxyphenyl-3H-1,5-benzodiazepine.HCl
PAL  (Formula I wherein R = H; R.sup.1 = p-C.sub.6 H.sub.5 O; R.sup.2 =
      N(C.sub.2 H.sub.5).sub.2 and X = -CH.sub.2 CH.sub.2 -)
PAR  A mixture of 3.44 g of
      4,p-phenoxyphenyl-1,3-dihydro-2H-1,5-benzodiazepine-2-thione, 0.50 g of 50
      percent sodium hydride in oil and 200 ml of benzene is refluxed for 30
      minutes, then a solution a 2.02 g of beta-diethylaminoethyl chloride in 7
      ml of benzene is added dropwise in 5 minutes.
PAR  The mixture is refluxed for 10 hours. The mixture is then cooled and the
      sodium chloride is filtered off. The filtrate is evaporated to dryness in
      vacuo at 20.degree.-30.degree.C. The oily residue is dissolved in
      petroleum ether and the solution is filtered with charcoal.
PAR  The solvent is evaporated in vacuo and the residue is heated to 50.degree.
      at 0.01 mm Hg to remove the excess of .beta.-diethylaminoethyl chloride.
      This treatment is continued until the betadiethylaminoethyl chloride
      disappears (TLC). The oil is then dissolved in isopropanol and weakly
      acidified with HCl in isopropanol. The product crystallizes by addition of
      anhydrous ethyl ether to the solution and the crystals are collected.
      Yield 9.15 g, m. p. 149.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.27 H.sub.29 N.sub.3 OS.HCl                             

             C      H       N       S                                          

     ______________________________________                                    

     calc. %   67.55    6.30    8.75  6.66                                     

     found %   67.85    5.87    9.05  6.33                                     

     ______________________________________                                    

PAC  EXAMPLE 28
PAC  2,beta,N-diethylaminoethylthio-4,p-phenoxyphenyl-3H-1,5-benzodiazepine
      iodomethylate
PAL  (Formula I wherein R = H; R.sup.1 = p-C.sub.6 H.sub.5 O; R.sup.2 =
      N(C.sub.2 H.sub.5).sub.2 and X = -CH.sub.2 CH.sub.2 -)
PAR  2.13 g of methyl iodide are added to a solution of 4.43 g of
      2,beta,N-diethylaminoethylthio-4,p-phenoxyphenyl-3H-1,5-benzodiazepine in
      40 ml of acetone. The mixture is kept at 20.degree.-30.degree. for 60
      hours. The crystals are filtered and recrystallized from ethanol.
PAR  Yield 4.5 g, m. p. 180.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.28 H.sub.32 N.sub.3 OS.I                               

             C      H       N       I      S                                   

     ______________________________________                                    

     calc. %   57.43    5.48    7.17  21.68  5.46                              

     found %   57.15    5.50    7.37  22.38  5.64                              

     ______________________________________                                    

PAC  EXAMPLE 29
PAC  2,beta-N-diethylaminoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepine.H
     Ol
PAL  (Formula I wherein R = H; R.sup.1 = p-C.sub.6 H.sub.5 S-;R.sup.2 =
      N(C.sub.2 H.sub.5).sub.2 and X = -CH.sub.2 CH.sub.2 -)
PAR  A mixture of 3.6 g of 4,p-phenylthiophenyl-
      1,3-dihydro-2H-1,5-benzodiazepine-2-thione, 0.50 g of 50 percent sodium
      hydride in oil and 200 ml of benzene is refluxed for 30 minutes, then a
      solution of 2.02 g of beta-diethylaminoethyl chloride in 5 ml of benzene
      are added dropwise over 5 minutes.
PAR  The mixture is refluxed for 10 hours. The mixture is then cooled and
      filtered to separate the sodium chloride. The filtrate is evaporated to
      dryness in vacuo. The oily residue is dissolved in petroleum ether and the
      solution is filtered with charcoal. The solvent is evaporated in vacuo.
      The oily residue is heated to 50.degree. in vacuo (0.01 mm Hg) to remove
      the excess of beta-diethylaminoethyl chloride. This treatment is continued
      until the beta-diethylaminoethyl chloride disappears (TLC). The oil is
      then dissolved in isopropanol and weakly acidified with HCl in propanol.
      The product crystallizes by addition of anhydrous ethyl ether to the
      solution. The crystals are filtered and recrystallized from ethyl acetate.
      Yield 3.65 g, m. p. 150.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.27 H.sub.29 N.sub.3 S.sub.2.HCl                        

             C      H       N       S                                          

     ______________________________________                                    

     calc. %   65.36    6.09    8.47  12.90                                    

     found %   65.18    6.40    8.52  12.85                                    

     ______________________________________                                    

PAC  EXAMPLE 30
PAC  2,beta,N-diethylaminoethylthio-4,p-phenylthio-phenyl-3H-1,5-benzodiazepine
      iodomethylate
PAL  (Formula I wherein R = H; R.sup.1 = p-C.sub.6 H.sub.5 S-; R.sup.2 =
      N(C.sub.2 H.sub.5).sub.2 and X = -CH.sub.2 -CH.sub.2 -)
PAR  2.55 g of methyl iodide are added to a solution of 5.93 g of
      2,beta,N-diethylaminoethylthio-4-p-phenylthiophenyl-3H-1,5-benzodiazepine
      in 100 ml of isopropanol. The mixture is kept at 20.degree.-30.degree. for
      60 hours. The crystals are then filtered. Yield 6.2 g, m. p. 161.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.28 H.sub.32 N.sub.3 S.sub.2.I                          

             C      H       N       I      S                                   

     ______________________________________                                    

     calc. %   55.90    5.36    6.98  21.10  10.64                             

     found %   55.72    5.29    7.11  21.27  10.73                             

     ______________________________________                                    

PAC  EXAMPLE 31
PAC  2,beta,N-diethylaminoethylthio-4,p-phenylthio-phenyl-3H-1,5-benzodiazepine
      bromobenzylate
PAL  (Formula I wherein R = H; R.sup.1 - p-C.sub.6 H.sub.5 S-; R.sup.2 =
      N(C.sub.2 H.sub.5).sub.2 and X = -CH.sub.2 -CH.sub.2 -)
PAR  0.427 g of benzyl bromide is added to a solution of 0.918 g of 2,
      beta,N-diethylaminoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepine in
      20 ml of isopropanol and the mixture is kept at 20.degree.-25.degree. for
      4 days. It is then filtered and crystallized from isopropanol. Yield 0.8
      g, m. p. 134.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.34 H.sub.36 N.sub.3 S.sub.2 Br                         

             C      H       N       S                                          

     ______________________________________                                    

     calc. %   64.74    5.75    6.66  10.17                                    

     found %   64.71    5.94    6.77  10.21                                    

     ______________________________________                                    

PAC  EXAMPLE 32
PAC  2,beta,N-diethylaminoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepine
      methyl nitrate
PAL  (Formula I wherein R = H; R.sup.1 = p-C.sub.6 H.sub.5 S-; R.sup.2 =
      N(C.sub.2 H.sub.5).sub.2 and X = -CH.sub.2 CH.sub.2 -)
PAR  a. A solution of 0.601 g of
      2,beta,N-diethylaminoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepine
      iodomethylate in 6 ml of methanol is added at 25.degree.C to a solution of
      0.16 g of silver nitrate in 8.5 ml of methanol.
PAR  The precipitated silver iodide is filtered, methanol is evaporated, the
      residue is treated with ethyl acetate, the white solid precipitate is
      collected and crystallized from isopropanol. Yield 0.46 g, m. p.
      149.degree.C.
PAR  b. A 0.5 N NaOH solution is passed through a column of 10 ml of Amberlite
      IRA 400 resin, until the collected solution shows the same normality as
      the solution poured into the column. The column is then washed till the
      washing waters are neutral. Then, a solution of 1.2 g of
      2,beta,N-diethylaminoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepine
      iodomethylate in 80 ml of ethanol and 20 ml of water is passed in 3 hours
      and the eluate is collected in a flask cooled with ice. A sample of the
      collected solution containing the
      2,beta,N-methyldiethylammoniumethylthio-4,
      p-phenylthiophenyl-3H-1,5-benzodiazepine hydroxide is titrated with 0.01 N
      HCl : 85 percent of the theoretical yield is found.
PAR  The remaining solution is then neutralized with the theoretical quantity of
      nitric acid, evaporated to dryness and the oily residue is treated with
      ethyl acetate. A white product is obtained which is crystallized from
      isopropanol: theoretical yield calculated on
      2,beta,N-methyldiethylammoniumethylthio-4,p-phenylthiophenyl-
      3H-1,5-benzodiazepine hydroxide. m p. 148.degree.-149.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.28 H.sub.32 N.sub.4 S.sub.2 O.sub.3                    

             C      H       N                                                  

     ______________________________________                                    

     calc. %   62.66    6.01    10.44                                          

     found %   62.39    5.74    10.30                                          

     ______________________________________                                    

PAC  EXAMPLE 33
PAC  2,beta-methyldiethylammoniumethylthio-4,p-phenylthiophenyl-3H-1,5-benzodiaz
     epine tartrate hydrated
PAL  (Formula I wherein R = H; R.sup.1 = p-C.sub.6 H.sub.5 S-; R.sup.2 =
      N(C.sub.2 H.sub.5).sub.2 and X = -CH.sub.2 CH.sub.2 -)
PAR  A 0.5 N NaOH solution is passed through a column of 10 ml of Amberlite IRA
      400 resin until the collected solution shows the same normality as the
      solution poured into the column. The column is then washed till the
      washing waters are neutral. Then, a solution of 1.2 g of
      2,beta-diethylaminoethylthio-4,p-phenyl-thiophenyl-3H-1,5-benzodiazepine
      iodomethylate in 80 ml of ethanol and 20 ml of water is passed in about 3
      hours and the eluate is collected in a flask cooled with ice. A sample of
      the collected solution, containing the
      2,beta,methyldiethylammoniumethylthio-4,p-phenylthiophenyl-3H-1,5-benzodia
     zepine hydroxide is titrated with 0.01 N HCl : 85 percent of the
      theoretical yield is found. The theoretical quantity of d,1-tartaric acid
      is then added to the eluate and the solution is kept at
      20.degree.-30.degree.C for 24 hours. It is then evaporated to dryness and
      the residue is crystallized from isopropanol. Yield 0.820 g, m. p.
      58-62.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.28 H.sub.32 N.sub.3 S.sub.2.C.sub. 4 H.sub.5 O.sub.6.H.

     sub. 2 O                                                                  

             C      H       N       S                                          

     ______________________________________                                    

     calc. %   59.88    6.11    6.53   9.94                                    

     found %   60.09    5.92    6.47  10.12                                    

     ______________________________________                                    

PAC  EXAMPLE 34
PAC  2,beta,N(N'-methyl)piperazinoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodia
     zepine citrate
PAL  (Formula I wherein R = H; R.sup.1 = p-C.sub.6 H.sub.5 S-;
      ##EQU13##
      and X = -CH.sub.2 CH.sub.2 -)
PAR  A solution of 3.6 g of
      4,p-phenylthiophenyl-1,3-dihydro-2H-1,5-benzodiazepine-2-thione in 200 ml
      of anhydrous benzene is refluxed for 30 minutes with 0.5 g of a 50 percent
      oily suspension of sodium hydride. A solution of 2.47 g of
      2(N'-methyl)-N-piperazino-1-chloroethane in 8 ml of anhydrous benzene is
      then added dropwise in 10 minutes and the mixture is refluxed for 10
      hours. After filtration, the solvent is evaporated and the residual oil is
      crystallized from petroleum ether. Yield 3.5 g of
      2,beta,N-(N'-methyl)piperazinoethylthio-4,p-phenylthiophenyl-3H-1,5-benzod
     iazepine m. p. 85.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.28 H.sub.30 N.sub.4 S.sub.2                            

             C      H       N        S                                         

     ______________________________________                                    

     calc. %   69.12    6.22    11.51  13.18                                   

     found %   68.90    6.51    11.46  13.03                                   

     ______________________________________                                    

PAR  To a solution of 4.86 g, of
      2,beta,N-(N'-methyl)piperazinoethylthio-4,p-phenylthiophenyl-3H-1,5-benzod
     iazepine in 80 ml of isopropanol 1.92 g of citric acid are added and the
      mixture is heated until a solution is obtained. The citrate is
      crystallized by cooling and is then recrystallized from ethanol. Yield 5.5
      g, m. p. 174.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.28 H.sub.30 N.sub.4 S.sub.2.C.sub. 6 H.sub.8 O.sub.7   

             C      H       N                                                  

     ______________________________________                                    

     calc. %   60.16    5.66    8.25                                           

     found %   59.96    5.88    8.69                                           

     ______________________________________                                    

PAC  EXAMPLE 35
PAC  2,beta,N(N'-methyl)piperazinoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodia
     zepine monoiodomethylate
PAL  (Formula I wherein R = H; R.sup.1 = p-C.sub.6 H.sub.5 S-;
      ##EQU14##
      and X = -CH.sub.2 CH.sub.2 -)
PAR  0.14 g of methyl iodide are added at room temperature to a solution of
      0.486 g of
      2,beta,N(N'-methyl)piperazinoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodi
     azepine in 15 ml of isopropanol. After keeping for 4 days at room
      temperature, the mixture is filtered. Yield 0.58 g, m. p. 185.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.29 H.sub.33 N.sub.4 S.sub.2 J                          

             C      H       N       I      S                                   

     ______________________________________                                    

     calc. %   55.41    5.29    8.91  20.19  10.20                             

     found %   55.15    5.53    8.64  19.97   9.92                             

     ______________________________________                                    

PAC  EXAMPLE 36
PAC  2,beta,N(N'-methyl)piperazinoethylthio-4-p-phenylthiophenyl-3H-1,5-benzodia
     zepine bis-iodomethylate
PAL  (Formula I wherein R = H; R.sup.1 = p-C.sub.6 H.sub.5 S-;
      ##EQU15##
      and X = -CH.sub.2 CH.sub.2 -)
PAR  0.426 g of methyliodide is added at room temperature to a solution of 0.486
      g of
      2,beta,N(N'-methyl)piperazinoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodi
     azepine in 15 ml of acetone. After keeping for 4 days at room temperature,
      the mixture is cooled, filtered and crystallized from aqueous ethanol.
      Yield 0.5 g; m. p. 177.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.30 H.sub.36 N.sub.4 S.sub.2 I.sub.2                    

             C      H       N       I      S                                   

     ______________________________________                                    

     calc. %   46.76    4.71    7.27  32.94  8.32                              

     found %   46.86    4.85    7.09  33.10  8.32                              

     ______________________________________                                    

PAC  EXAMPLE 37
PAC  2,gamma,pyrrolidinopropylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepine.HC
PAL  (Formula I wherein R = H; R.sup.1 = C.sub.6 H.sub.5 S-;
PAC  R.sup.2 = N
PAL  and X = -CH.sub.2 CH.sub.2 CH.sub.2 -)
PAR  1 g of 50 percent oily suspension of sodium hydride is added to 7.2 g of
      4,p-phenylthiophenyl-1,3-dihydro-2H-1,5-benzodiazepine-2-thione in 400 ml
      of anhydrous benzene and refluxed for 30 minutes. 4.42 g of
      1,N-pyrrolidino-3-chloropropane in 15 ml of benzene is then added to the
      mixture and refluxed for 10 hours. It is filtered and the solvent is
      evaporated. The residue is heated for 2 hours at 60.degree.C/0.2 mm Hg in
      a stream of nitrogen to remove the traces of
      1,N-pyrrolidino-3-chloropropane. The oily residue is dissolved in
      petroleum ether and filtered with charcoal; the solvent is evaporated
      again and the residue is treated with isopropanol, and slightly acidified
      with HCl in isopropyl alcohol. The hydrochloride is separated by addition
      of ethyl ether and is crystallized from isopropanol. Yield 5.6 g; m. p.
      176.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.28 H.sub.29 N.sub.3 S.sub.2.HCl                        

             C      H       N       Cl    S                                    

     ______________________________________                                    

     calc. %   66.19    5.95    8.27  6.98  12.61                              

     found %   65.92    6.00    8.15  7.33  12.51                              

     ______________________________________                                    

PAC  EXAMPLE 38
PAC  2,gamma,N-pyrrolidinopropylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepine
      iodomethylate
PAL  (Formula I wherein R = H; R.sup.1 = p-C.sub.6 H.sub.5 S-;
PAC  R.sup.2 = N
PAL  and X = -CH.sub.2 CH.sub.2 CH.sub.2 -)
PAR  0.213 g of methyl iodide is added to 0.471 g of
      2,gamma,N-pyrrolidinopropylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepine
      in 10 ml of isopropanol and the mixture is kept for 15 hours at room
      temperature. At the end, an oil separates and the product crystallizes
      from the decanted solvent. The oil treated with isopropanol solidifies and
      is filtered. The combined products are crystallized from ethanol. Yield
      0.32 g; m. p. 190-191.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.29 H.sub.32 N.sub.3 S.sub.2 I                          

             C      H       N       S      I                                   

     ______________________________________                                    

     calc. %   56.76    5.25    6.85  10.45  20.68                             

     found %   56.90    5.14    6.72  10.25  20.43                             

     ______________________________________                                    

PAC  EXAMPLE 39
PAC  2,gamma,N-diethylaminopropylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepine
      citrate
PAL  (Formula I wherein R = H; R.sup.1 = p-C.sub.6 H.sub.5 S-; R.sup.2 =
      N(C.sub.2 H.sub.5).sub.2 and X = -CH.sub.2 CH.sub.2 CH.sub.2 -)
PAR  0.5 g of a 50 percent sodium hydride suspension in oil are added to a
      solution of 3.6 g of
      4,p-phenylthiophenyl-1,3-dihydro-2H-1,5-benzodiazepine-2-thione in 200 ml
      of benzene, and refluxed for 30 minutes. The mixture is refluxed with 2.02
      g of 1-chloro-3-diethylaminopropane for 10 hours. The solvent is
      evaporated, and the residue is heated for 2 hours at 65.degree.C/0.2 mm
      Hg. The residue is purified again by countercurrent repartition using
      n-butanol-water. The separation is controlled by TLC on silica gel using
      as a solvent butanol saturated with water and acetic acid and revealing
      the spots with K iodobismuthate. The fractions containing the pure product
      are evaporated in vacuo. To solution of this residue in 120 ml of
      isopropanol, 1.92 g of citric acid is added and refluxed for 10 minutes.
      After cooling, an oil is separated which is crystallized from ethyl
      acetate. A further quantity of product is separated from isopropanol
      solution by further cooling, crystallized from ethyl acetate and combined
      to the first portion. Total yield 4.3 g, m. p. 114.degree.-115.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.28 H.sub.31 N.sub.3 S.sub.2.C.sub. 6 H.sub.8 O.sub.7   

             C      H       N       S                                          

     ______________________________________                                    

     calc. %   61.33    5.90    6.31  9.63                                     

     found %   61.05    5.55    6.27  9.78                                     

     ______________________________________                                    

PAC  EXAMPLE 40
PAC  2,gamma,N-diethylaminopropylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepine
      iodomethylate
PAL  (Formula I wherein R = H; R.sup.1 = p-C.sub.6 H.sub.5 S-; R.sup.2 =
      N(C.sub.2 H.sub.5).sub.2 and X = -CH.sub.2 CH.sub.2 CH.sub.2 -)
PAR  A solution of 2.4 g of
      2,gamma,N-diethylaminopropylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepin
     e in 80 ml of acetone and 1.06 g of methyl iodide is kept four days at
      2.degree.-25.degree.C. After cooling, the mixture is filtered. Yield 2.15
      g, m. p. 174.degree.C. The substance crystallizes from anhydrous ethanol.
TBL  ______________________________________                                    

     Analysis for C.sub.29 H.sub.34 N.sub.3 S.sub.2 I                          

             C      H       N       S      I                                   

     ______________________________________                                    

     calc. %   56.58    5.57    6.83  10.42  20.62                             

     found %   56.73    5.95    6.80  10.65  20.89                             

     ______________________________________                                    

PAC  EXAMPLE 41
PAC  2,gamma,N-dimethylaminopropylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepin
     e.HCl
PAL  (Formula I wherein R = H; R.sup.1 = p-C.sub.6 H.sub.5 S-; R.sup.2 =
      N(CH.sub.3).sub.2 and X = -CH.sub.2 CH.sub.2 CH.sub.2 -)
PAR  A solution of 3.6 g of
      4,p-phenylthiophenyl-1,3-dihydro-2H-1,5-benzodiazepine-2-thione in 200 ml
      of anhydrous benzene is refluxed for 30 minutes with 0.5 g of a 50 percent
      sodium hydride oily suspension. A solution of 1.824 g of
      gamma-dimethylaminopropyl chloride in 7 ml of benzene is then added and
      the mixture is refluxed for 10 hours. The hot solution is filtered, the
      solvent is evaporated and the residual oil is heated for 2 hours at
      65.degree.C/0.2 mm Hg to remove the excess of gamma-dimethylaminopropyl
      chloride. The residue is extracted with petroleum ether, removing the less
      soluble product. The solvent is evaporated, the residue is treated with
      isopropyl alcohol and the solution slightly acidified with HCl in
      isopropanol. The hydrochloride is separated by addition of ethyl ether and
      crystallized from isopropanol. Yield 2.75 g, m. p.
      111.degree.-112.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.26 H.sub.27 N.sub.3 S.sub.2.HCl                        

             C      H       N       Cl    S                                    

     ______________________________________                                    

     calc. %   64.77    5.85    8.72  7.35  13.30                              

     found %   64.43    6.11    8.56  7.43  13.11                              

     ______________________________________                                    

PAC  EXAMPLE 42
PAC  2,gamma,N-dimethylaminopropylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepin
     e iodomethylate
PAL  (Formula I wherein R = H; R.sup.1 = p-C.sub.6 H.sub.5 S-; R.sup.2 =
      N(CH.sub.3).sub.2 and X = -CH.sub.2 CH.sub.2 CH.sub.2 -)
PAR  A solution of 2.34 g of
      2,gamma,N-dimethylaminopropylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepi
     ne in 20 ml of acetone and 1.06 g of methyl iodide is kept for 4 days at
      20.degree.-25.degree.C. The mixture is cooled, the separated crystals are
      filtered and recrystallized from ethanol. Yield 2.59 g, m. p.
      200.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.27 H.sub.30 N.sub.3 S.sub.2 I                          

             C      H       N       S      I                                   

     ______________________________________                                    

     calc. %   55.19    5.15    7.15  10.91  21.60                             

     found %   54.81    5.33    6.93  10.74  22.00                             

     ______________________________________                                    

PAC  EXAMPLE 43
PAC  2,beta,N-pyrrolidinoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepine
PAL  (Formula I wherein R = H; R.sup.1 =- p-C.sub.6 H.sub.5 S-;
PAC  R.sup.2 = N
PAL  and X = -CH.sub.2 CH.sub.2 -)
PAR  0.5 g of a 50 percent sodium hydride oily suspension is added to a solution
      of 3.6 g of
      4,p-phenylthiophenyl-1,3-dihydro-2H-1,5-benzodiazepine-2-thione in 200 ml
      of anhydrous benzene and refluxed for 30 minutes. To this mixture, a
      solution of 2 g of beta-pyrrolidinoethyl chloride in 7 ml of benzene is
      added, refluxed for 10 hours and filtered. The solvent is evaporated and
      the excess of beta-pyrrolidinoethyl chloride is removed by heating for 2
      hours at 60.degree.C/1 mm Hg. The residual oil is crystallized from
      petroleum ether and filtered. Yield 3.4 g, m. p. 82.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.27 H.sub.27 N.sub.3 S.sub.2                            

             C      H       N                                                  

     ______________________________________                                    

     calc. %   70.86    5.95    9.18                                           

     found %   70.56    6.04    9.31                                           

     ______________________________________                                    

PAC  EXAMPLE 44
PAC  2, beta,N-pyrrolidinoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepine
      iodomethylate
PAL  (Formula I wherein R = H; R.sup.1 = p-C.sub.6 H.sub.5 S-;
PAC  R.sup.2 = N
PAL  and X = -CH.sub.2 CH.sub.2 -)
PAR  A solution of 2.3 g of
      2,beta,N-pyrrolidinoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepine
      in 12 ml of acetone and 1.06 g of methyl iodide is kept for four days at
      20.degree.-25.degree.C. After cooling, the mixture is filtered and
      crystallized from 95 percent ethanol. Yield 2.2 g, m. p. 191.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.28 H.sub.30 N.sub.3 S.sub.2 I                          

             C      H       N       S      I                                   

     ______________________________________                                    

     calc. %   56.08    5.04    7.01  10.70  21.17                             

     found %   56.15    5.15    6.76  10.47  21.49                             

     ______________________________________                                    

PAC  EXAMPLE 45
PAC  2,beta,N-dimethylaminoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepine
      citrate
PAL  (Formula I wherein R = H; R.sup.1 = P-C.sub.6 H.sub.5 S-; R.sup.2 =
      N(CH.sub.3).sub.2 and X = -CH.sub.2 CH.sub.2 -)
PAR  0.5 g of a 50 percent sodium hydride oily suspension are added to a
      solution of 3.6 g of
      4,p-phenylthiophenyl-1,3-dihydro-2H-1,5-bensodiazepine-2-thione in 200 ml
      of anhydrous benzene and refluxed for 30 minutes. A solution of 1.61 g of
      beta-dimethyl-aminoethyl chloride in 7 ml of benzene is added, the mixture
      is refluxed for 10 hours and filtered. The solvent is evaporated, and the
      excess of beta-dimethylaminoethyl chloride is removed by heating for 2
      hours at 65.degree.C/0.2 mm Hg. The residual oil is extracted with cold
      petroleum ether, removing the less soluble product. The solvent is
      evaporated and to a solution of the residue in 240 ml of hot isopropanol,
      1.92 g of citric acid are added. After one night at room temperature, the
      mixture is cooled and filtered and then crystallized from isopropanol.
      Yield 3.66 g, m. p. 78.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.25 H.sub.25 N.sub.3 S.sub.2.C.sub. 6 H.sub.8 O.sub.7   

             C      H       N       S                                          

     ______________________________________                                    

     calc. %   59.69    5.33    6.74  10.38                                    

     found %   59.63    5.63    6.46  10.09                                    

     ______________________________________                                    

PAC  EXAMPLE 46
PAC  2,beta,N-dimethylaminoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepine
      iodomethylate
PAL  (Formula I wherein R = H; R.sup.1 = p-C.sub.6 H.sub.5 S; R.sup.2 =
      N(CH.sub.3).sub.2 and X = -CH.sub.2 CH.sub.2 -)
PAR  1.06 g of methyl iodide is added to a solution of 2.16 g of
      2,beta,N-dimethylaminoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepine
      in 80 ml of isopropanol and kept for 4 days at 20.degree.-25.degree.C.
      After cooling, the mixture is filtered. Yield 2.3 g, m. p. 200.degree.C.
      The substance crystallizes from ethanol.
TBL  ______________________________________                                    

     Analysis for C.sub.26 H.sub.28 N.sub.3 S.sub.2 I                          

             C      H       N       S      I                                   

     ______________________________________                                    

     calc. %   54.45    4.92    7.33  11.18  22.13                             

     found %   54.34    5.06    7.31  11.31  22.48                             

     ______________________________________                                    

PAC  EXAMPLE 47
PAC  2,beta,N-piperidinoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepine
PAL  (Formula I wherein R = H; R.sup.1 = p-C.sub.6 H.sub.5 S-;
PAC  R.sup.2 = N
PAL  and X = -CH.sub.2 CH.sub.2 -)
PAR  A solution of 3.6 g of
      4,p-phenylthiophenyl-1,3-dihydro-2H-1,5-benzodiazepine-2-thione in 200 ml
      of anhydrous benzene and 0.5 g of a 50 percent sodium hydride oily
      suspension is refluxed for 30 minutes. To this mixture a solution of 2.015
      g of beta,N-piperidinoethylchloride in 7 ml of benzene is added, refluxed
      for 10 hours and filtered. The solvent is evaporated and the residual oil
      is heated for 2 hours at 65.degree.C/0.2 mm Hg to remove the excess of
      beta,N-piperidinoethyl chloride. The residue is crystallized from
      ligroine. Yield 3.4 g, m. p. 78.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.28 H.sub.29 N.sub.3 S.sub.2                            

             C      H       N       S                                          

     ______________________________________                                    

     calc. %   71.29    6.20    8.91  13.60                                    

     found %   71.45    6.34    8.91  13.80                                    

     ______________________________________                                    

PAR  The hydrochloride is prepared by slightly acidifying with HCl an
      isopropanol solution of the base. The substance crystallizes from
      isopropyl alcohol; m. p. 144.degree.-145.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.28 H.sub.29 N.sub.3 S.sub.2.HCl.H.sub. 2 O             

     C           H       N       Cl    S      H.sub.2 O                        

     ______________________________________                                    

     calc. %                                                                   

            63.92    6.13    7.99  6.74  12.19  3.42                           

     found %                                                                   

            64.09    6.60    7.76  6.74  11.98  3.33                           

     ______________________________________                                    

PAC  EXAMPLE 48
PAC  2,beta,N-piperidinoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepine
      iodomethylate
PAL  (Formula I wherein R = H; R.sup.1 = p-C.sub.6 H.sub.5 S-;
PAC  R.sup.2 = N
PAL  and X = -CH.sub.2 CH.sub.2 -)
PAR  3.5 g of methyl iodide are added to a solution of 1.97 g of
      2,beta-N-piperidinoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepine in
      64 ml of acetone and the solution is kept for 4 days at
      20.degree.-25.degree.C. After cooling, the mixture is filtered.
PAR  Yield 1.9 g, m. p. 180.degree.C. The substance crystallizes from ethanol.
TBL  ______________________________________                                    

     Analysis for C.sub.29 H.sub.32 N.sub.3 S.sub.2 I                          

             C      H       N       S      I                                   

     ______________________________________                                    

     calc. %   56.71    5.25    6.84  10.44  20.66                             

     found %   56.82    5.51    6.78  10.14  21.02                             

     ______________________________________                                    

PAC  EXAMPLE 49
PAC  2,beta,N-morpholinoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepine.HCl
PAL  (Formula I wherein R = H; R.sup.1 = p-C.sub.6 H.sub.5 S-;
      ##EQU16##
      and X = -CH.sub.2 CH.sub.2 -)
PAR  A solution of 3.6 g of
      4,p-phenylthiophenyl-1,3-dihydro-2H-1,5-benzodiazepine -2-thione in 200 ml
      of anhydrous ether and 0.5 g of sodium hydride is refluxed for 30 minutes.
      A solution of 2.245 g of beta,N-morpholinoethyl chloride in 7 ml of ethyl
      ether is added and refluxed for 10 hours. The hot solution is filtered,
      and the solvent is evaporated, and the traces of beta,N-morpholinoethyl
      chloride are removed by heating for 2 hours at 65.degree.C/0.2 mm Hg. The
      residue is dissolved in 160 ml isopropanol and slightly acidified with HCl
      in isopropanol. The precipitate is crystallized from isopropyl alcohol.
      Yield 3.7 g, m. p. 215.degree.C.
TBL  ______________________________________                                    

     Analysis for C.sub.27 H.sub.27 N.sub.3 OS.sub.2.HCl                       

             C      H       N       Cl     S                                   

     ______________________________________                                    

     calc. %   63.57    5.53    8.23  6.95   12.57                             

     found %   63.77    5.77    8.26  7.30   12.24                             

     ______________________________________                                    

PAC  EXAMPLE 50
PAC  2,beta,N-morpholinoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepine
      iodomethylate
PAL  (Formula I wherein R = H; R.sup.1 = p-C.sub.6 H.sub.5 S-:
      ##EQU17##
      and X = -CH.sub.2 CH.sub.2 -)
PAR  A solution of 2.36 g of
      2,beta,N-morpholino-ethylthio-4,-p-phenylthiophenyl-3H-1,5-benzodiazepine
      in 120 ml of acetone and 1.06 g of methyl iodide is kept at
      20.degree.-25.degree.C for four days. After cooling, the mixture is
      filtered.
PAR  Yield 2.52 g, m. p. 173.degree.C. The substance crystallizes from ethanol.
TBL  ______________________________________                                    

     Analysis for C.sub.28 H.sub.30 N.sub.3 S.sub.2 OI                         

             C      H       N       S      I                                   

     ______________________________________                                    

     calc. %   54.63    4.91    6.83  10.42  20.62                             

     found %   54.48    5.08    6.44  10.38  21.07                             

     ______________________________________                                    

PAC  EXAMPLE 51
PAC  2(alpha-methyl-beta-diethylamino)ethylthio-4,p-phenylthiophenyl-3H-1,5-benz
     odiazepine citrate
PAL  (Formula I wherein R = H; R.sup.1 = p-C.sub.6 H.sub.5 S-; R.sup.2 =
      N(C.sub.2 H.sub.5).sub.2 and
      ##EQU18##
PAR  1 g of NaH in a 50 percent oily suspension is added to a solution of 7.2 g
      of 4,p-phenylthiophenyl-1,3-dihydro-2H-1,5-benzodiazepine-2-thione in 400
      ml of anhydrous benzene and refluxed for 30 minutes. To the mixture 4.5 g
      of 1-diethylamino-2-chloropropane is added, refluxed for 10 hours and
      filtered. The solvent is evaporated and the residue is heated for 2 hours
      at 60.degree.C/0.2 mm Hg in a stream of nitrogen to remove the traces of
      1-diethylamino-2-chloropropane. The residue is dissolved in petroleum
      ether and filtered with charcoal; the solvent is evaporated, the residue
      is dissolved in hot isopropanol and 3.84 g of citric acid are added to the
      solution. After one night at room temperature, an oil is separated, the
      liquid is decanted, evaporated to dryness, and crystallized from ethyl
      acetate. The oil is dissolved and crystallized from ethyl acetate. The
      products are collected together and recrystallized from ethyl acetate.
      Yield 7 g, m. p. 138.degree. C.
TBL  ______________________________________                                    

     Analysis for C.sub.28 H.sub.31 N.sub.3 S.sub.2.C.sub. 6 H.sub.8 O.sub.7   

             C      H       N       S                                          

     ______________________________________                                    

     calc. %   61.33    5.90    6.31  9.48                                     

     found %   61.01    5.99    6.19  9.69                                     

     ______________________________________                                    

PAR  The chemical and physical data of other products having the general formula
      I and of their salts of addition with the acids, inclusive of the
      quaternary ammonium salts, prepared by the methods according to the
      invention, are reported in Table I. The chemical and physical data of the
      intermediate products having the formulae II and III, respectively, are
      reported in Tables II and III.
      ##SPC2##
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Compound                               Crystallization                    

                                                      Melting point            

     No.  R     R.sup.1     R.sup.2 X       solvent   .degree.C                

     __________________________________________________________________________

     52   H     H           N(CH.sub.3).sub.2                                  

                                    CH.sub.2 CH.sub.2                          

                                            methyl alcohol  182                

     53   "     "           N(C.sub.2 H.sub.5).sub.2                           

                                    "       isopropyl alcohol                  

                                                            152                

     54   "     "           "       "       ethyl alcohol   180                

     55   "     "           "       CH.sub.2 CH.sub.2 CH.sub.2                 

                                            ethyl alcohol-ethyl                

                                                            85her              

     56   "     "           "       "       dimethyl ketone 158                

     57   "     "           N       CH.sub.2 CH.sub.2                          

                                            isopropyl alcohol-ethyl            

                                                            192-193            

     58   "     "           "       "       dimethyl ketone 177-178            

     59   "     "           N       "       isopropyl alcohol-ethyl            

                                                            181er              

     60   H     H           N       CH.sub.2 CH.sub.2                          

                                            isopropyl alcohol                  

                                                            186                

     61   "     "           N       "       isopropyl alcohol-ethyl            

                                                            208er              

     62   "     "           "       "       methyl alcohol  177                

     63   "     "           NN--CH.sub.3                                       

                                    "         "  "          172                

     64   "     "           "       "       methyl alcohol-ethyl               

                                                            121-122            

     65   "     "           "       "       methyl alcohol  170                

     66   "     4--CH.sub.3 N(C.sub.2 H.sub.5).sub.2                           

                                    "       petroleum ether 59-60              

     67   "     "           "       "       ethyl acetate   157                

     68   "     "           "       "       ethyl alcohol   183                

     69   "     4--CH.sub.3 O                                                  

                            "       "       isopropyl alcohol-ethyl            

                                                            167er              

     70   "     "           "       ethyl alcohol                              

                                            183                                

     71   H     4--Br       N(C.sub.2 H.sub.5).sub.2                           

                                    CH.sub.2 CH.sub.2                          

                                            ethyl acetate   154                

     72   "     "           "       "       ethyl alcohol   185                

     73   "     4--CH.sub.3 S                                                  

                            "       "       ethyl acetate   164                

     74   "     "           "       "       methyl alcohol  195                

     75   "     4--C.sub.2 H.sub.5 S                                           

                            "       "       ethyl acetate   113                

     76   "     "           "       "       ethyl alcohol   192                

     77   "     4--nC.sub.3 H.sub.7 S                                          

                            "       "       ethyl acetate   136                

     78   "     "           "       "       ethyl alcohol   186                

     79   "     4--iC.sub.3 H.sub.7 S                                          

                            "       "       ethyl acetate   116                

     80   "     "           "       "       ethyl alcohol   199-200            

     81   "     4--nC.sub.4 H.sub.9 S                                          

                            "       "       isopropyl alcohol                  

                                                            42                 

     82   "     "           "       "       ethyl alcohol   177                

     83   "     4--CH.sub.3 --CHCH.sub.2 CH.sub.2 S                            

                            "       "       ethyl acetate   100                

          .vertline.                                                           

          CH.sub.3                                                             

     84   H     4--CH.sub.3 --CHCH.sub.2 CH.sub.2 S                            

                            N(C.sub.2 H.sub.5).sub.2                           

                                    CH.sub.2 CH.sub.2                          

                                            ethyl alcohol   172                

                .vertline.                                                     

                CH.sub.3                                                       

     85   "     4--nC.sub.12 H.sub.25 S                                        

                            "       "       ethyl alcohol   117                

     86   "     "           "       "       ethyl alcohol   142                

     87   2--CH.sub.3 O                                                        

                4--CH.sub.3 O                                                  

                            "       "       petroleum ether 81-82              

     88   "     "           "       "       ethyl alcohol   167                

     89   2--Cl 4-- Cl      "       "       ethyl alcohol   188                

     90   "     "           "       "       ethyl alcohol   176                

     91   3--Cl "           "       "       ethyl acetate   169                

     92   3--Cl "           "       "       ethyl alcohol   186                

     93   H     2--C.sub.6 H.sub.5 S                                           

                            "       "       isopropyl alcohol                  

                                                            183                

     94   "     "           "       "       ethyl alcohol   197                

     95   "     4--S        "       "       ethyl alcohol   172                

     96   "     "           "       "       ethyl alcohol   188                

     97   "     4--C.sub.6 H.sub.5 CH.sub.2 S                                  

                            "       "       isopropyl alcohol                  

                                                            141                

     __________________________________________________________________________

     Compound                                Crystallization                   

     No.         X       R.sub.1   R.sub.1                                     

                                       R.sub.2                                 

                                              solvent   M.P.                   

     __________________________________________________________________________

      98        CH.sub.2 CH.sub.2                                              

                        4 Cl       H  N(C.sub.2 H.sub.5).sub.2                 

                                             isopropyl alcohol                 

                                                        168                    

      99        CH.sub.2 CH.sub.2 CH.sub.2                                     

                        4 Cl       H  N(C.sub.2 H.sub.5).sub.2                 

                                             isopropyl alcohol                 

                                                        139-140                

     100        CH.sub.2 CH.sub.2                                              

                        3 Cl       H  N(C.sub.2 H.sub.5).sub.2                 

                                             isopropyl alcohol                 

                                                        142                    

     101        CH.sub.2 CH.sub.2                                              

                        2 Cl       H  N(C.sub.2 H.sub.5).sub.2                 

                                             isopropyl alcohol                 

                                                        170                    

     102        CH.sub.2 CH.sub.2                                              

                        4--        H  N(C.sub.2 H.sub.5).sub.2                 

                                             isopropyl alcohol                 

                                                        189                    

     103        CH.sub.2 CH.sub.2                                              

                        4O         H  N(C.sub.2 H.sub.5).sub.2                 

                                             isopropyl alcohol                 

                                                        159                    

     104        CH.sub.2 CH.sub.2 CH.sub.2                                     

                        4S         H  N      isopropyl alcohol                 

                                                        173-174                

     105        CH.sub.2 CH.sub.2 CH.sub.2                                     

                        4S         H  N(C.sub.2 H.sub.5).sub.2                 

                                             isopropyl alcohol                 

                                                        149-150                

     106        CH.sub.2 CH.sub.2 CH.sub.2                                     

                        4S         H  N(CH.sub.3).sub.2                        

                                             isopropyl alcohol                 

                                                        172                    

     107        CH.sub.2 CH.sub.2                                              

                        4S         H  N      isopropyl alcohol                 

                                                        170                    

     108        CH.sub.2 CH.sub.2                                              

                        4S         H  N(CH.sub.3).sub.2                        

                                             isopropyl alcohol                 

                                                        173                    

     109        CH.sub.2 CH.sub.2                                              

                        4S         H  N      isopropyl alcohol                 

                                                        166                    

     110        CH.sub.2 CH.sub.2                                              

                        4S         H  NO     isopropyl alcohol                 

                                                        149                    

     111        CH.sub.2 CH.sub.2                                              

                          H        H  N      isopropyl alcohol                 

                                                        145                    

     112        CH.sub.2 CH.sub.2                                              

                          H        H  NO     ethyl alcohol                     

                                                        172-173                

     113        CH.sub.2 CH.sub.2                                              

                        4,methylthio                                           

                                   H  N(C.sub.2 H.sub.5).sub.2                 

                                             isopropyl alcohol                 

                                                        172                    

     114        CH.sub.2 CH.sub.2                                              

                        4,--N--butylthio                                       

                                   H  N(C.sub.2 H.sub.5).sub.2                 

                                             isopropyl alcohol                 

                                                        158                    

     115        CH.sub.2 CH.sub.2                                              

                        4,N propylthio                                         

                                   H  N(C.sub.2 H.sub.5).sub.2                 

                                             isopropyl alcohol                 

                                                        157                    

     116        CH.sub.2 CH.sub.2                                              

                          4--Br    H  N(C.sub.2 H.sub.5).sub.2                 

                                             isopropyl alcohol                 

                                                        163                    

     117        CH.sub.2 CH.sub.2                                              

                        4,ethylthio                                            

                                   H  N(C.sub.2 H.sub.5).sub.2                 

                                             isopropyl alcohol                 

                                                        157                    

     118        CH.sub.2 CH.sub.2                                              

                        4,isopropylthio                                        

                                   H  N(C.sub.2 H.sub.5).sub.2                 

                                             isopropyl alcohol                 

                                                        174                    

     __________________________________________________________________________

                     Calculated              Found                             

     Compound                         I                       I                

     No.   Formula   C   H  N    S    (+ Cl) C   H  N    S    (+ Cl)           

                                      (++H.sub.2 O)           (++H.sub.2       

     __________________________________________________________________________

                                                              O)               

     52   C.sub.19 H.sub.21 N.sub.3 S.CH.sub. 3 I                              

                     51.61                                                     

                         5.19                                                  

                            9.03 6.89 27.25  51.93                             

                                                 4.91                          

                                                    9.40 6.93 27.64            

     53   C.sub.21 H.sub.25 N.sub.3 S.HCl                                      

                     HCl 65.01                                                 

                            6.75 10.83                                         

                                      8.24       64.96                         

                                                    7.01 10.76                 

                                                              8.42             

     54   C.sub.21 H.sub.25 N.sub.3 S.CH.sub. 3 I                              

                     53.54                                                     

                         5.72                                                  

                            8.39 6.48 25.72  53.58                             

                                                 5.68                          

                                                    8.43 6.52 25.80            

     55   C.sub.22 H.sub.27 N.sub.3 S.HCl.HCl.H.sub.. 2O                       

                     62.91                                                     

                         7.20                                                  

                            10.00                                              

                                 7.62 4.28++ 62.48                             

                                                 6.90                          

                                                    10.30                      

                                                         7.70 4.30++           

     56 C.sub.22 H.sub.27 N.sub.3 S.CH.sub. 3 I                                

          54.43      5.95                                                      

                         8.28                                                  

                            6.30 25.01                                         

                                      54.22  6.02                              

                                                 8.19                          

                                                    6.61 24.95                 

     57   C.sub.21 H.sub.23 N.sub.3 S.HCl                                      

                     65.35                                                     

                         6.26                                                  

                            10.89                                              

                                 8.29        65.15                             

                                                 6.61                          

                                                    11.09                      

                                                         8.44                  

     58   C.sub.21 H.sub.23 N.sub.3 S.CH.sub. 3 I                              

                     53.76                                                     

                         5.33                                                  

                            8.55 6.51 25.83  53.82                             

                                                 5.67                          

                                                    8.47 6.57 25.62            

     59   C.sub.22 H.sub.25 N.sub.3 S.sup.. HCl                                

                     66.08                                                     

                         6.55                                                  

                            10.51                                              

                                 8.00        66.19                             

                                                 6.87                          

                                                    10.72                      

                                                         8.08                  

     60   C.sub.22 H.sub.25 N.sub.3 S.sup.. CH.sub.3 I                         

                     54.65                                                     

                         5.58                                                  

                            8.31 6.31 25.11  54.27                             

                                                 5.71                          

                                                    8.21 6.18 25.62            

     61   C.sub.21 H.sub.23 N.sub. 3 OS.HCl                                    

                     62.75                                                     

                         6.01                                                  

                            10.46                                              

                                 7.96        62.59                             

                                                 6.06                          

                                                    10.67                      

                                                         8.29                  

     62   C.sub.21 H.sub.32 N.sub.3 OS.CH.sub. 3 I                             

                     52.07                                                     

                         5.16                                                  

                            8.28 6.30 25.01  51.79                             

                                                 5.08                          

                                                    8.10 6.73 25.11            

     63   C.sub.22 H.sub.26 N.sub.4 S.HCl                                      

                     58.53                                                     

                         6.25                                                  

                            12.41                                              

                                 7.08        58.18                             

                                                 6.40                          

                                                    12.37                      

                                                         7.24                  

     64   C.sub.22 H.sub.26 N.sub.4 S.sup.. CH.sub.3 I                         

                     53.07                                                     

                         5.61                                                  

                            10.77                                              

                                 6.14 24.39  52.73                             

                                                 5.58                          

                                                    10.49                      

                                                         6.29 23.95            

     65   C.sub.22 H.sub.26 N.sub.4 S.2CH.sub. 3 I                             

                     43.51                                                     

                         4.87                                                  

                            8.45 4.83 38.42  43.65                             

                                                 5.19                          

                                                    8.54 5.15 38.33            

     66   C.sub.22 H.sub.27 N.sub.3 S                                          

                     72.30                                                     

                         7.18    8.76        72.47                             

                                                 7.45    8.86                  

     67   C.sub.2 H.sub.27 N.sub.3 S.HCl                                       

                     65.74                                                     

                         7.02                                                  

                            10.45                                              

                                 7.96 8.82+  66.19                             

                                                 7.17                          

                                                    10.58     8.85+            

     68   C.sub.22 H.sub.27 N.sub.3 S.CH.sub. 3 I                              

                     54.43                                                     

                         6.06                                                  

                            8.28 6.30 25.01  54.45                             

                                                 5.74                          

                                                    8.22 6.41 25.61            

     69   C.sub.22 H.sub.27 N.sub.3 OS.HCl                                     

                     63.21                                                     

                         6.75                                                  

                            10.05                                              

                                 7.65        62.87                             

                                                 6.81                          

                                                    9.95 7.64                  

     70   C.sub.22 H.sub.27 N.sub.3 OS.CH.sub. 3 I                             

                     52.77                                                     

                         5.77                                                  

                            8.02 6.11 24.25  52.58                             

                                                 5.39                          

                                                    7.97 6.24 24.36            

     71   C.sub.21 H.sub.24 BrN.sub.3 S.HCl                                    

                     54.03                                                     

                         5.40                                                  

                            9.00 6.87 7.59+  54.05                             

                                                 5.20                          

                                                    9.28 7.18 7.92+            

     72   C.sub.21 H.sub.24 BrN.sub.3 S.CH.sub. 3 I                            

                     46.17                                                     

                         4.75                                                  

                            7.34 5.60        46.18                             

                                                 4.49                          

                                                    7.57 5.53                  

     73   C.sub.22 H.sub.27 N.sub.3 S.sub.2.HCl                                

                     60.88                                                     

                         6.50                                                  

                            9.68 14.77                                         

                                      8.17+  61.02                             

                                                 6.75                          

                                                    9.63 14.68                 

                                                              8.33+            

     74   C.sub.22 H.sub.27 N.sub.2 S.sub.2.CH.sub. 3 I                        

                     51.20                                                     

                         5.60                                                  

                            7.79 11.89                                         

                                      23.52  51.08                             

                                                 5.33                          

                                                    8.15 11.93                 

                                                              23.57            

     75   C.sub.22 H.sub.29 N.sub.3 S.sub.2.CH.sub.6 H.sub.8 O.sub.            

                     57.70                                                     

                         6.18                                                  

                            6.96 10.62       57.76                             

                                                 6.40                          

                                                    6.64 10.72                 

     76   C.sub.23 H.sub.29 N.sub.3 S.sub.2.CH.sub. 3 I                        

                     52.07                                                     

                         5.83                                                  

                            7.59 11.58                                         

                                      22.92  52.04                             

                                                 5.82                          

                                                    7.78 11.44                 

                                                              23.08            

     77   C.sub.24 H.sub.31 N.sub.3 S.sub.2.HCl                                

                     62.28                                                     

                         6.98                                                  

                            9.09 13.88                                         

                                      7.67+  62.50                             

                                                 6.92                          

                                                    9.32 13.91                 

                                                              7.99+            

     78   C.sub.24 H.sub.31 N.sub.3 S.sub.2.CH.sub. 3 I                        

                     52.90                                                     

                         6.04                                                  

                            7.40 11.30                                         

                                      22.36  52.55                             

                                                 5.82                          

                                                    7.61 11.56                 

                                                              22.62            

     79   C.sub.24 H.sub.31 N.sub.3 S.sub.2.C.sub. 6 H.sub.8 O.sub.7           

                     58.32                                                     

                         6.36                                                  

                            6.80 10.38       58.08                             

                                                 6.46                          

                                                    6.51 10.06                 

     80   C.sub.24 N.sub.31 N.sub.3 S.sub.2.CH.sub. 3 I                        

                     52.90                                                     

                         6.04                                                  

                            7.40 11.30                                         

                                      22.36  52.48                             

                                                 5.96                          

                                                    7.11 11.59                 

                                                              22.89            

     81   C.sub.25 H.sub.33 N.sub.3 S.sub.2                                    

                     68.29                                                     

                         7.56                                                  

                            9.56 14.58       68.47                             

                                                 7.95                          

                                                    9.38 14.60                 

     82   C.sub.25 H.sub.33 N.sub.3 S.sub.2.CH.sub. 3 I                        

                     53.70                                                     

                         6.24                                                  

                            7.22 11.03                                         

                                      21.82  53.92                             

                                                 6.42                          

                                                    6.91 11.34                 

                                                              22.02            

     83   C.sub.26 H.sub.25 N.sub.3 S.sub.2.C.sub.6 H.sub.8 O.sub.             

                     59.52                                                     

                         6.71                                                  

                            6.51 9.93        59.45                             

                                                 6.26                          

                                                    6.29 9.88                  

     84   C.sub.26 H.sub.35 N.sub.3 S.sub.2.CH.sub. 3 I                        

                     54.43                                                     

                         6.43                                                  

                            7.05 10.86                                         

                                      21.30  54.21                             

                                                 6.46                          

                                                    6.90 10.70                 

                                                              21.54            

     85   C.sub.33 H.sub.49 N.sub.3 S.sub.2.C.sub.6 H.sub.8 O.sub.             

                     62.96                                                     

                         7.72                                                  

                            5.65 8.62        62.56                             

                                                 8.06                          

                                                    5.67 8.98                  

     86   C.sub.33 H.sub.49 N.sub.3 S.sub.2.CH.sub.3 I                         

                     58.86                                                     

                         7.55                                                  

                            6.06 9.24 18.29  58.73                             

                                                 7.44                          

                                                    6.00 9.54 18.36            

     87   C.sub.23 H.sub.29 N.sub.3 O.sub.2 S                                  

                     67.12                                                     

                         7.12                                                  

                            10.21                                              

                                 7.79        67.40                             

                                                 7.39                          

                                                    10.23                      

                                                         7.95                  

     88   C.sub.23 H.sub.29 N.sub.3 O.sub.2 S.CH.sub. 3 I                      

                     52.08                                                     

                         5.83                                                  

                            7.59 5.79 22.93  52.22                             

                                                 5.84                          

                                                    7.34 5.96 23.19            

     89   C.sub.21 H.sub.23 Cl.sub.2 N.sub.3 S.HCl                             

                     55.21                                                     

                         5.29                                                  

                            9.20 7.02 23.28+ 54.82                             

                                                 5.13                          

                                                    9.00 7.31 22.94+           

     90   C.sub.21 H.sub.23 Cl.sub.2 N.sub.3 S.CH.sub. 3 I                     

                     46.99                                                     

                         4.66                                                  

                            7.47 5.70 22.57  46.74                             

                                                 4.48                          

                                                    7.25 5.87 22.36            

     91   C.sub.21 H.sub.23 Cl.sub.2 N.sub.3 S.HCl                             

                     55.21                                                     

                         5.29                                                  

                            9.20 7.02 23.28+ 54.96                             

                                                 4.85                          

                                                    9.10 7.17 23.19+           

     92   C.sub.21 H.sub.23 Cl.sub.2 N.sub.3 S.CH.sub. 3 I                     

                     46.99                                                     

                         4.66                                                  

                            7.47 5.70 22.57  46.70                             

                                                 4.60                          

                                                    7.17 6.09 22.80            

     93   C.sub.27 H.sub.29 N.sub.3 S.sub.2.HCl                                

                     66.36                                                     

                         6.09                                                  

                            8.47 12.92                                         

                                      7.15+  65.16                             

                                                 5.72                          

                                                    8.30 13.02                 

                                                              7.39             

     94   C.sub.27 H.sub.29 N.sub.3 S.sub.2.CH.sub. 3 J                        

                     55.90                                                     

                         5.34                                                  

                            6.98 10.66                                         

                                      21.09  56.00                             

                                                 5.24                          

                                                    6.82 10.54                 

                                                              20.90            

     95   C.sub.27 H.sub.35 N.sub.3 S.sub.2.HCl                                

                     64.58                                                     

                         7.23                                                  

                            8.37 12.77                                         

                                      7.06+  64.34                             

                                                 7.21                          

                                                    8.07 12.53                 

                                                              7.19+            

     96   C.sub.27 N.sub.35 N.sub.3 S.sub.2.CH.sub. 3 J                        

                     55.35                                                     

                         6.30                                                  

                            6.92 10.55                                         

                                      20.88  55.40                             

                                                 6.34                          

                                                    6.76 10.43                 

                                                              21.25            

     97   C.sub.28 H.sub.31 N.sub.3 S.sub.2.HCl                                

                     65.92                                                     

                         6.32                                                  

                            8.24 12.57                                         

                                      6.95+  65.74                             

                                                 6.31                          

                                                    7.92 12.52                 

                                                              7.17+            

     __________________________________________________________________________

                            Calculated       Found                             

     Compound                                                                  

     No.           Formula  C     H    N     C     H    N                      

     __________________________________________________________________________

     11 98        C.sub.22 H.sub.27 C1n.sub.4 O.sub.3 S                        

                            57.07 5.88 12.10 56.93 5.82 12.00                  

      99          C.sub.23 H.sub.29 C1N.sub.4 O.sub.3 S                        

                            57.91 6.13 11.74 57.84 6.39 11.56                  

     100          C.sub.22 H.sub.27 C1N.sub.4 O.sub.3 S                        

                            57.07 5.88 12.10 56.81 5.59 11.97                  

     101          C.sub.22 H.sub.27 C1N.sub.4 O.sub.3 S                        

                            57.07 5.88 12.10 56.86 5.91 11.93                  

     102          C.sub.28 H.sub.32 N.sub.4 O.sub.3 S                          

                            66.64 6.39 11.10 66.48 6.60 11.09                  

     103          C.sub.28 H.sub.32 N.sub.4 O.sub.4 S                          

                            64.60 6.19 10.86 64.32 6.45 10.65                  

     104          C.sub.29 H.sub.32 N.sub.4 O.sub.3 S.sub.2                    

                            63.48 5.88 10.21 63.24 5.92 10.07                  

     105          C.sub.29 H.sub.34 N.sub.4 O.sub.3 S.sub.2                    

                            63.25 6.23 10.17 63.31 6.23 9.90                   

     106          C.sub.27 H.sub.30 N.sub.4 O.sub.3 S.sub.2                    

                            62.05 5.78 10.82 61.88 6.22 10.60                  

     107          C.sub.28 H.sub.30 N.sub.4 O.sub.3 S.sub.2                    

                            62.90 5.65 10.82 62.70 5.35 10.72                  

     108          C.sub.26 H.sub.28 N.sub.4 O.sub.3 S.sub.2                    

                            61.39 5.55 11.01 61.25 5.75 10.88                  

     109          C.sub.29 H.sub.32 N.sub.4 O.sub.3 S.sub.2                    

                            63.48 5.88 10.21 63.52 6.02 10.29                  

     110          C.sub.28 H.sub.30 N.sub.4 O.sub.4 S.sub.2                    

                            61.07 5.49 10.17 61.06 5.58 10.16                  

     111          C.sub.22 H.sub.26 N.sub.4 O.sub.3 S                          

                            61.96 6.14 13.14 61.95 6.40 12.97                  

     112          C.sub.22 H.sub.26 N.sub.4 O.sub.4 S                          

                            59.71 5.92 12.66 59.67 5.70 12.49                  

     113          C.sub.23 H.sub.30 N.sub.4 O.sub.3 S.sub.2                    

                            58.20 6.37 11.80 58.24 6.77 11.75                  

     114          C.sub.26 H.sub.36 N.sub.4 O.sub.3 S.sub.2                    

                            60.43 7.02 10.84 60.09 6.94 10.78                  

     115          C.sub.25 H.sub.34 N.sub.4 O.sub.3 S.sub.2                    

                            59.73 6.81 11.14 59.53 6.77 11.37                  

     116          C.sub.22 H.sub.27 BrN.sub.4 O.sub.3 S                        

                            52.07 5.36 11.04 51.81 5.20 11.17                  

     117          C.sub.24 H.sub.32 N.sub.4 O.sub.3 S.sub.2                    

                            58.99 6.60 11.46 58.97 6.46 11.69                  

     118          C.sub.25 H.sub.34 N.sub.4 O.sub.3 S.sub.2                    

                            59.73 6.81 11.14 59.20 6.69 10.60                  

     __________________________________________________________________________

TBL                                    TABLE II                                

     __________________________________________________________________________

                         S                    SH                               

                         --COCH.sub.2 C.angle.                                 

                                  .fwdarw.    --CO--CH=C.angle.                

                         SH                   SH                               

     R      R.sup.1  Cryst.  Melt. P.                                          

                                   Formula                                     

                                          Calculated   Found                   

                     Solvent .degree.C    C   H  N S   C   H  N S              

     __________________________________________________________________________

     H    3--Cl     ethyl ether                                                

                             78-80 C.sub.9 H.sub.7 ClOS.sub.2                  

                                          46.85                                

                                              3.05 27.74                       

                                                       46.56                   

                                                           2.81 27.44          

     H    2--CH.sub.3 O                                                        

                    ethyl ether                                                

                             146   C.sub.10 H.sub.10 O.sub.2 S.sub.2           

                                          53.10                                

                                              4.46 28.28                       

                                                       53.30                   

                                                           4.18 28.47          

     H    3--CH.sub.3 O                                                        

                    ethyl ether                                                

                             89-90 C.sub.10 H.sub.10 O.sub.2 S.sub.2           

                                          53.10                                

                                              4.46 28.28                       

                                                       52.93                   

                                                           4.11 28.16          

     H    4--CH.sub.3 S                                                        

                    ethyl ether                                                

                             94    C.sub.10 H.sub.10 OS.sub.3                  

                                          49.55                                

                                              4.16 39.69                       

                                                       49.35                   

                                                           3.87 39.50          

     H    4--C.sub.2 H.sub.5 S                                                 

                    ethyl ether                                                

                             115   C.sub.11 H.sub.12 OS.sub.3                  

                                          51.53                                

                                              4.72 37.52                       

                                                       51.18                   

                                                           4.37 37.26          

     H    4--n--C.sub.3 H.sub.7 S                                              

                    ethyl ether                                                

                             92    C.sub.12 H.sub.14 OS.sub.3                  

                                          53.29                                

                                              5.22 35.57                       

                                                       53.55                   

                                                           5.00 35.73          

     H    4--i--C.sub.3 H.sub.7 S                                              

                    ethyl ether                                                

                             102   C.sub.12 H.sub.14 OS.sub.3                  

                                          53.29                                

                                              5.22 35.57                       

                                                       53.50                   

                                                           5.12 35.32          

     H    4--n--C.sub.4 H.sub.9 S                                              

                    ethyl ether                                                

                             96    C.sub.13 H.sub.16 OS.sub.3                  

                                          54.89                                

                                              5.67 33.82                       

                                                       54.99                   

                                                           5.29 33.74          

     H    4--i--C.sub.5 H.sub.11 S                                             

                    petroleum ether                                            

                             91    C.sub.14 H.sub.18 OS.sub.3                  

                                          56.34                                

                                              6.08 32.23                       

                                                       56.73                   

                                                           6.06 32.53          

     H    4--n--C.sub.12 H.sub.25 S                                            

                    ethyl ether                                                

                             59    C.sub.21 H.sub.32 OS.sub.3                  

                                          63.57                                

                                              8.14 24.24                       

                                                       63.55                   

                                                           8.04 24.20          

     H    4         ethyl ether                                                

                             92-93 C.sub.15 H.sub.18 OS.sub.3                  

                                          58.06                                

                                              5.85 30.93                       

                                                       57.82                   

                                                           6.08 30.48          

          S                                                                    

     2--Cl                                                                     

          4--Cl     ethyl ether                                                

                             81-82 C.sub.9 H.sub.6 Cl.sub.2 OS.sub.2           

                                          40.77                                

                                              2.28 24.18                       

                                                       40.72                   

                                                           2.25 24.33          

     3--Cl                                                                     

          4--Cl     ethyl ether                                                

                             98-99 C.sub.9 H.sub.6 Cl.sub.2 OS.sub.2           

                                          40.77                                

                                              2.28 24.18                       

                                                       40.53                   

                                                           2.35 23.88          

     2--CH.sub.3 O                                                             

          4--CH.sub.3 O                                                        

                    ethyl ether                                                

                             133   C.sub.11 H.sub.12 O.sub.3 S.sub.2           

                                          51.56                                

                                              4.72 24.98                       

                                                       51.32                   

                                                           4.56 24.76          

     __________________________________________________________________________

TBL                                    TABLE III                               

     __________________________________________________________________________

                                HS                                             

                                N--C.angle.                                    

                                .angle.CH.sub.2                                

                                N=C                                            

                      Cryst.   Melt. P.     Calculated                         

     R     R.sup.1    Solvent  .degree.C                                       

                                     Formula                                   

                                            C    H   N    S    CH.sub.3        

     __________________________________________________________________________

                                                               O               

     H    2--CH.sub.3 benzene  186   C.sub.16 H.sub.14 N.sub.2 S               

                                            72.16                              

                                                 5.30                          

                                                     10.52                     

                                                          12.02                

     H    3--CH.sub.3 ethyl acetate                                            

                               204   C.sub.16 H.sub.14 N.sub.2 S               

                                            72.16                              

                                                 5.30                          

                                                     10.52                     

                                                          12.02                

     H    4--CH.sub.3 ethyl acetate                                            

                               243-245                                         

                                     C.sub.16 H.sub.14 N.sub.2 S               

                                            72.16                              

                                                 5.30                          

                                                     10.52                     

                                                          12.02                

     H    2--Cl       95% ethyl alcohol                                        

                               199   C.sub.15 H.sub.11 ClN.sub.2 S             

                                            62.82                              

                                                 3.86                          

                                                     9.77 11.16                

     H    3--Cl       ethyl acetate                                            

                               224-225                                         

                                     C.sub.15 H.sub.11 ClN.sub.2 S             

                                            62.82                              

                                                 3.86                          

                                                     9.77 11.16                

     H    2--CH.sub.3 O                                                        

                      methyl alcohol                                           

                               195   C.sub.16 H.sub.14 N.sub.2 OS              

                                            68.07                              

                                                 5.00                          

                                                     9.92 11.32                

                                                               10.99           

     H    3--CH.sub.3 O                                                        

                      ethyl acetate                                            

                               191   C.sub.16 H.sub.14 N.sub.2                 

                                            68.07                              

                                                 5.00                          

                                                     9.92 11.32                

                                                               10.99           

     H    4--CH.sub.3 O                                                        

                      ethyl acetate                                            

                               233 dec                                         

                                     C.sub.16 H.sub.14 N.sub.2 OS.sub.2        

                                            68.07                              

                                                 5.00                          

                                                     9.92 11.32                

                                                               10.99           

     H    4--CH.sub.3 S                                                        

                      ethyl acetate                                            

                               214   C.sub.16 H.sub.14 N.sub.2 S               

                                            64.42                              

                                                 4.73                          

                                                     9.39 21.46                

     H    4--C.sub.2 H.sub.5 S                                                 

                      ethyl acetate                                            

                               206   C.sub.17 H.sub.16 N.sub.2 S.sub.2         

                                            65.37                              

                                                 5.16                          

                                                     8.97 20.49                

     H    4--n--C.sub.3 H.sub.7 S                                              

                      isopropyl alcohol                                        

                               196   C.sub.18 H.sub.18 N.sub.2 S.sub.2         

                                            66.24                              

                                                 5.56                          

                                                     8.58 19.61                

     H    4--i--C.sub.3 H.sub.7 S                                              

                      ethyl acetate                                            

                               201   C.sub.18 H.sub.18 N.sub.2 S.sub.2         

                                            66.24                              

                                                 5.56                          

                                                     8.58 19.61                

     H    4--n--C.sub.4 H.sub.9 S                                              

                      ethyl acetate                                            

                               184   C.sub.19 H.sub.20 N.sub.2 S.sub.2         

                                            67.04                              

                                                 5.92                          

                                                     8.23 18.80                

     H    4--i--C.sub.5 H.sub.11 S                                             

                      ethyl acetate                                            

                               171   C.sub.20 H.sub.22 N.sub.2 S.sub.2         

                                            67.78                              

                                                 6.26                          

                                                     7.91 18.06                

     H    4--n--C.sub.12 H.sub.25 S                                            

                      ethyl acetate                                            

                               163   C.sub.27 H.sub.36 N.sub.2 S.sub.2         

                                            71.63                              

                                                 8.01                          

                                                     6.19 14.26                

     H    4--Br       ethyl acetate                                            

                               238   C.sub.15 H.sub.11 BrN.sub.2 S             

                                            54.40                              

                                                 3.27                          

                                                     8.46 9.68                 

     2--CH.sub.3                                                               

          4--CH.sub.3 O                                                        

                      Benzene- 179   C.sub.17 H.sub.16 N.sub.2 O.sub.2         

                                            65.36                              

                                                 5.16                          

                                                     8.97 10.30                

                       petroleum ether                                         

     2--Cl                                                                     

          4--Cl       ethyl alcohol                                            

                               176   C.sub.15 H.sub.10 Cl.sub.2 N.sub.2        

                                            56.09                              

                                                 3.14                          

                                                     8.72  9.98                

                                                               22.07+          

     3--Cl                                                                     

          4--Cl       ethyl acetate                                            

                               228-229                                         

                                     C.sub.15 H.sub.10 Cl.sub.2 N.sub.2        

                                            56.09                              

                                                 3.14                          

                                                     8.72  9.98                

                                                               22.07+          

     H    4--CH.sub.2 S                                                        

                      ethyl acetate                                            

                               197   C.sub.22 H.sub.18 N.sub.2 S.sub.2         

                                            70.55                              

                                                 4.84                          

                                                     7.48 17.12                

     H    4--S        ethyl acetate                                            

                               189-190                                         

                                     C.sub.21 H.sub.22 N.sub.2 S.sub.2         

                                            68.81                              

                                                 6.05                          

                                                     7.68 17.49                

     H    2--C.sub.6 H.sub.5 S                                                 

                      ethyl acetate                                            

                               214   C.sub.21 H.sub.16 N.sub.2 S.sub.2         

                                            69.99                              

                                                 4.48                          

                                                     7.77 17.76                

                                            Found                              

                                            C    H   N    S    CH.sub.3        

     __________________________________________________________________________

                                                               O               

     H    2--CH.sub.3 benzene  186   C.sub.16 H.sub.14 N.sub.2 S               

                                            72.65                              

                                                 5.42                          

                                                     10.64                     

                                                          11.68                

     H    3--CH.sub.3 ethyl acetate                                            

                               204   C.sub.16 H.sub.14 N.sub.2 S               

                                            72.08                              

                                                 5.34                          

                                                     10.28                     

                                                          12.15                

     H    4--CH.sub.3 ethyl acetate                                            

                               243-245                                         

                                     C.sub.16 H.sub.14 N.sub.2 S               

                                            71.56                              

                                                 5.26                          

                                                     10.38                     

                                                          12.30                

     H    2--Cl       95% ethyl alcohol                                        

                               199   C.sub.15 H.sub.11 ClN.sub.2 S             

                                            62.78                              

                                                 3.86                          

                                                     9.73 11.15                

     H    3--Cl       ethyl acetate                                            

                               224-225                                         

                                     C.sub.15 H.sub.11 ClN.sub.2 S             

                                            63.06                              

                                                 3.83                          

                                                     9.68 11.16                

     H    2--CH.sub.3 O                                                        

                      methyl alcohol                                           

                               195   C.sub.16 H.sub.14 N.sub.2 OS              

                                            67.80                              

                                                 5.02                          

                                                     9.85 11.67                

                                                               11.01           

     H    3--CH.sub.3 O                                                        

                      ethyl acetate                                            

                               191   C.sub.16 H.sub.14 N.sub.2 OS              

                                            68.15                              

                                                 4.77                          

                                                     9.90 11.41                

                                                               10.62           

     H    4--CH.sub.3 O                                                        

                      ethyl acetate                                            

                               233 dec                                         

                                     C.sub.16 H.sub.14 N.sub.2 OS.sub.2        

                                            67.97                              

                                                 4.85                          

                                                     10.13                     

                                                          11.38                

     H    4--CH.sub.3 S                                                        

                      ethyl acetate                                            

                               214   C.sub.16 H.sub.14 N.sub.2 S               

                                            64.78                              

                                                 4.40                          

                                                     9.47 21.36                

     H    4--C.sub.2 H.sub.5 S                                                 

                      ethyl acetate                                            

                               206   C.sub.17 H.sub.16 N.sub.2 S.sub.2         

                                            65.41                              

                                                 5.15                          

                                                     8.89 20.35                

     H    4--n--C.sub.3 H.sub.7 S                                              

                      isopropyl alcohol                                        

                               196   C.sub.18 H.sub.18 N.sub.2 S.sub.2         

                                            66.30                              

                                                 5.42                          

                                                     8.45 19.36                

     H    4--i--C.sub.3 H.sub.7 S                                              

                      ethyl acetate                                            

                               201   C.sub.18 H.sub.18 N.sub.2 S.sub.2         

                                            65.86                              

                                                 5.24                          

                                                     8.30 19.70                

     H    4--n--C.sub.4 H.sub.9 S                                              

                      ethyl acetate                                            

                               184   C.sub.19 H.sub.20 N.sub.2 S.sub.2         

                                            67.17                              

                                                 5.93                          

                                                     8.09 18.91                

     H    4--i--C.sub.5 H.sub.11 S                                             

                      ethyl acetate                                            

                               171   C.sub.20 H.sub.22 N.sub.2 S.sub.2         

                                            67.62                              

                                                 6.18                          

                                                     7.99 18.03                

     H    4--n--C.sub.12 H.sub.25 S                                            

                      ethyl acetate                                            

                               163   C.sub.27 H.sub.36 N.sub.2 S.sub.2         

                                            71.99                              

                                                 7.94                          

                                                     6.31 14.22                

     H    4--Br       ethyl acetate                                            

                               238   C.sub.15 H.sub.11 BrN.sub.2 S             

                                            54.61                              

                                                 3.08                          

                                                     8.53 9.98                 

     2--CH.sub.3 O                                                             

          4--CH.sub.3 O                                                        

                      Benzene- 179   C.sub.17 H.sub.16 N.sub.2 O.sub.2         

                                            65.64                              

                                                 4.86                          

                                                     9.03 10.42                

                       petroleum ether                                         

     2--Cl                                                                     

          4--Cl       ethyl alcohol                                            

                               176   C.sub.15 H.sub.10 Cl.sub.2 N.sub.2        

                                            55.87                              

                                                 3.62                          

                                                     8.59 10.27                

                                                               22.39           

     3--Cl                                                                     

          4--Cl       ethyl acetate                                            

                               228-229                                         

                                     C.sub.15 H.sub.10 Cl.sub.2 N.sub.2        

                                            55.89                              

                                                 2.91                          

                                                     8.83 10.00                

                                                               21.95           

     H    4--CH.sub.2 S                                                        

                      ethyl acetate                                            

                               197   C.sub.22 H.sub.18 N.sub.2 S.sub.2         

                                            70.75                              

                                                 4.82                          

                                                     7.18 17.36                

     H    4-- S       ethyl acetate                                            

                               189-190                                         

                                     C.sub.21 H.sub.22 N.sub.2 S.sub.2         

                                            69.11                              

                                                 6.21                          

                                                     7.68 17.28                

     H    2--C.sub.6 H.sub.5 S                                                 

                      ethyl acetate                                            

                               214   C.sub.21 H.sub.16 N.sub.2 S.sub.2         

                                            69.74                              

                                                 4.22                          

                                                     7.71 17.57                

     __________________________________________________________________________

PAC  ANTIBACTERIAL ACTIVITY
PA1  The antibacterial activity of some of the 3H-1,5-benzodiazepines having the
      general formula I was tested on the following microorganisms:
PA1  Escherichia coli 100, Bacillus subtilis ATCC 9466, Micrococcus pyogenes
      SG-511, grown in Difco nutritive gelatin; Streptococcus pyogenes A 88
      grown in Difco "Brain heart infusion agar" gelatin with 5 percent
      difibrinated Guinea pig blood.
PA1  The results were read after 18 hours incubation at 35.degree.-37.degree.C.
PA1  The minimum inibitory concentrations ( .mu.g/ml ) of the tested compounds
      are reported in table IV.
PAC  ANTIVIRAL ACTIVITY
PAC  Maximal tolerated dose (MTD) in the embryonated egg
PA1  The compounds were dissolved in a saline solution buffered at a pH of 7.2
      containing 500 I.U. of Penicillin G and 0.5 mg of Streptomycin/ml.
      Descending doses of each compound dissolved in 0.1 ml were inoculated into
      the allantoic sac.  Each dose was injected in 3 embryonated 9-day old
      eggs. The highest dose which did not provoke mortality within 3 days was
      defined as "MTD."
PAC  ANTIVIRAL METHOD
PA1  Embryonated 9-day-old leghorn hen eggs and influenza A virus (allantoic
      fluid containing 10.sup.8 - 10.sup.9 EID .sub.50 (median egg-infecting
      dose) of egg-adapted PR8 strain) were used.
PAC  VIRUCIDAL TEST
PA1  For each dose, 0.5 MTD dissolved in 10 ml of buffered saline solution was
      added to 10.sup.2, 10.sup.3 or 10.sup.4 EID.sub.95 and the three solutions
      were kept in water bath at 37.degree.C for 1 hour. Then, the allantoic
      sacs of 5 eggs (for each dose) were inoculated with 0.1 ml of one of the
      incubated solutions.
PAC  EVALUATION OF THE ACTIVITY
PA1  The eggs were stored at 35.degree.C for 48 hours, then at 4.degree.C for 10
      hours and finally tested for the presence of hemoagglutinin.
PAC  RESULTS TABLE IV
PA1  The numbers in the MTD column represent the maximal tolerated doses, while
      those in the APR8 column represent the differences between the logarithms
      of EID.sub.95 (eggs infecting dose) of controls and the logarithms of
      EID.sub.95 of treated eggs.
TBL  __________________________________________________________________________

              Antibacterial activity Antiviral                                 

                                     activity                                  

                   B.sub-                                                      

                         M.pyo-                                                

                               S.pyo-                                          

                                     MTD                                       

     No.                                                                       

        Salt  B. coli                                                          

                   tilis genes genes /coli/eggs                                

                                           APR8                                

     __________________________________________________________________________

      9 CH.sub.3 I                                                             

              --   160   160   80                                              

     12 CH.sub.3 I                                                             

              80   160   --    80                                              

     13 HCl   80   40    40    40                                              

     14 CH.sub.3 I                                                             

              40   40    20    40                                              

     15 HCl   80   20    40    40                                              

     16 CH.sub.3 I                                                             

              40   40    20    40                                              

     17 HCl    80x 20    40    20x                                             

     18 CH.sub.3 I                                                             

               20x 20    40    10x                                             

     19 HCl   80   40    40    40                                              

     20 CH.sub.3 I                                                             

              80   80    20    40                                              

     21 HCl   80   20    40    40                                              

     22 CH.sub.3 I                                                             

              40   80    20    40                                              

     24 CH.sub.3 I                                                             

              --   --    80    --                                              

     25 HCl   --   --     5x    5x                                             

     26 CH.sub.3 I                                                             

              --   --     5x    5x                                             

     27 HCl   80   10     5x    5x                                             

     28 CH.sub.3 I                                                             

               40x --     5x    5x   0.3   1                                   

     29 HCl   80   --      5x   5x                                             

     30 CH.sub.3 I                                                             

              2.5x 10    1.25x 1.25x 0.3   1                                   

     31 PhCH.sub.2 Br                                                          

              2.5x 10     0.625x                                               

                                0.625x                                         

                                     0.3   &gt;3                                  

     34 citrato                                                                

              --   40    2.5x  2.5x  20    &gt;3                                  

     35 CH.sub.3 I                                                             

              --   10    1.25x  5x   0.15  2                                   

     36 2CH.sub.3 I                                                            

              160  80     5x    5x                                             

     37 HCl   --   5      5     5                                              

     38 CH.sub.3 I                                                             

              160  10    2.5   10    2.5   3                                   

     39 citrato                                                                

              --   10     5x    5x   0.3   3                                   

     40 CH.sub.3 I                                                             

               5x  5     1.25x  5x   0.015 1                                   

     41 HCl   --   10     5x   1.25x 1.25  &gt;3                                  

     42 CH.sub.3 I                                                             

              80   40    1.25x 1.25x 0.15  3                                   

     43 HCl   --   1.25   5x   1.25x                                           

     44 CH.sub.3 I                                                             

              160  40    1.25x 1.25x 0.6   2                                   

     45 citrato                                                                

              --   20     5x    5x                                             

     46 CH.sub.3 I                                                             

              160  20     5x   1.25x 0.3   2                                   

     48 CH.sub.3 I                                                             

              80   10    1.25x 1.25x 0.6   &gt;4                                  

     50 CH.sub.3 I                                                             

              160  10     5x   1.25x 0.15  2                                   

     53 HCl   80   80    80    --                                              

     57 HCl   --   160   80    80                                              

     58 CH.sub.3 I                                                             

              --   --          --    5     1                                   

     59 HCl   160  80    80    --                                              

     62 CH.sub.3 I                                                             

              --   --    --    --    5     1                                   

     63 2HCl  --   --    --    --    5     1                                   

     66 HCl   --   40    --    80    0.6   1                                   

     69 HCl   --   --    --    80                                              

     74 CH.sub.3 I                                                             

              40   10    20    10                                              

     82 CH.sub.3 I                                                             

              10   2.5   2.5   2.5   1                                         

     77 HCl   --   5     10     5                                              

     78 CH.sub.3 I                                                             

              10   1.25  1.25  1.25                                            

     71 HCl   80   10    20    10                                              

     72 CH.sub.3 I                                                             

              20   20    10    20                                              

     76 CH.sub.3 I                                                             

              20   10    10    10                                              

     80 CH.sub.3 I                                                             

              40   5      5     5                                              

     32 CH.sub.3 NO.sub.3                                                      

              2.5x 10    1.25x 1.25x 0.3   1                                   

     __________________________________________________________________________

      x in a liquid medium                                                     

PAR  In the local treatment of inflammatory and infectious diseases of the
      oropharynx such as tonsillitis, pharyngitis, stomatitis, alveolitis,
      pharyngitis secondary to rhinitis, the symptomatic treatment of influenza
      and treatment of pre- and post-operative conditions of the oropharynx such
      as tonsillectomy or tooth extraction and the like, oral administration as
      tablets, drops, spray, lozenges, etc. of 1-2 mg. every two to three hours
      is generally recommended. In long-standing cases oral administration of
      such an amount may be every half hour.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound having the following formula
      ##EQU19##
      wherein R represents hydrogen, halogen, methoxy, phenylthio or alkythio
      group containing 1 to 12 carbon atoms;
PA1  R.sup.1 represents hydrogen, halogen, methyl, phenyl, phenoxy, alkylthio
      group containing 1 to 12 carbon atoms, cyclohexylthio, benzylthio or
      phenylthio;
PA1  R.sup.2 represents a dimethylamino or diethylamino group, a morpholino,
      piperidino pyrrolidino or 4-methylpiperazino group; and
PA1  X represents an alkylene chain containing 2 or 3 carbon atoms; a salt of
      addition of said compound with hydrochloric acid, citric acid or tartaric
      acid, and a quaternary ammonium salt of said compound formed by reaction
      with a methyl halide, benzyl halide or methyl nitrate.
NUM  2.
PAR  2. Methylnitrates of 2-aminoalkylthio-3H-1,5-benzodiazepines according to
      claim 1 having the formula
      ##EQU20##
      wherein R, R.sup.1, R.sup.2 and X have the same meanings as in claim 1.
NUM  3.
PAR  3. 2,beta,N-diethylaminoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepin
     e methyl nitrate having the formula
      ##EQU21##
NUM  4.
PAR  4. 2,beta,N-diethylaminoethylthio-4,p-phenylthiophenyl-3H-1,5-benzodiazepin
     e
      iodomethylate having the formula
      ##EQU22##
NUM  5.
PAR  5. The method of preparing the compound of claim 1 which comprises
      condensing in a solvent therefor at a temperature between 40.degree. and
      130.degree.C. for a period ranging from 5 to 20 hours an alkaline salt of
      a compound having the formula
      ##EQU23##
      with a compound having the formula Hal-X-R.sup.2, wherein Hal is a halogen
      atom and R, R.sup.1, R.sup.2 and X are as defined in claim 1.
NUM  6.
PAR  6. The method of preparing an acid addition salt which comprises reacting
      the product of the method of claim 5 with hydrochloric acid, citric acid
      or tartaric acid.
NUM  7.
PAR  7. The method of preparing a quaternary ammonium salt which comprises
      reacting the product of the method of claim 5 with an methyl halide,
      benzyl halide or methyl nitrate.
NUM  8.
PAR  8. The quaternary ammonium salt of claim 1 wherein the quaterization agent
      is methyl iodide, methyl nitrate or benzylbromide.
NUM  9.
PAR  9. The method of claim 5 wherein the solvent is ethyl ether, benzene or
      toluene.
NUM  10.
PAR  10. A method of preparing
      2-(N-substituted)aminoalkylthio-3H-1,5-benzodiazepine methyl nitrate
      having the formula of claim 2 which comprises reacting in methanol at
      rooom temperature a 2-(N-substituted)aminoalkylthio-3H-1,5-benzodiazepine
      methyl ammonium iodide with silver nitrate, and removing the resulting
      precipitated silver iodide while the filtered methanolic solution is
      evaporated to dryness, to produce methylnitrate.
NUM  11.
PAR  11. A method of preparing
      2(N-substituted)aminoalkylthio-3H-1,5-benzodiazepine methyl nitrate having
      the formula of claim 2, which comprises passing at room temperature for a
      period ranging from 1 to 4 hours a solution of
      2-aminoalkylthio-3H-1,5-benzodiazepine methyl ammonium halide in 80%
      methanol through a column of anion exchange resin in OH form and
      neutralizing the resulting quaternary ammonium hydroxide methanolic
      solution with the theoretical quantity of nitric acid, thereafter
      evaporating the neutralized solution to dryness, yielding the desired
      methyl nitrate.
NUM  12.
PAR  12. An acid addition salt encompassed by claim 1.
NUM  13.
PAR  13. A quaternary ammonium salt encompassed by claim 1.
NUM  14.
PAR  14. 2,beta,N-dialkylaminoalkylene thio-4-phenyl-3H-1,5-benzodiazepine
      methyl nitrate, wherein dialkyl is dimethyl or diethyl and alkylene has 2
      or 3 carbon atoms.
NUM  15.
PAR  15. 2, beta, n-dialkyl aminoalkylene thio-4-phenyl-3H-1,5-benzodiazepine
      iodomethylate wherein dialkyl is dimethyl or diethyl and alkylene has 2 or
      3 carbon atoms.
PATN
WKU  039337944
SRC  5
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ART  122
APD  19730910
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ABST
PAL  Novel 6-substituted 4H-imidazo[1,2-a][1,4]benzodiazepines, the intermediate
      5-substituted-2-(2-alkynylamino)-3H-1,4-benzodiazepines, pharmacologically
      acceptable acid addition salts thereof, and processes for their
      production. The compounds of this invention and the pharmacologically
      acceptable acid addition salts thereof are central nervous system
      depressants. They are useful as sedatives, hypnotics, tranquilizers,
      muscle relaxants and anticonvulsants, and also as feed additives for
      increasing growth rate and feed efficiency of livestock and poultry, milk
      production in the mammalian species and egg production in avian species.
PARN
PAR  This is a division of application Ser. No. 169091, filed Aug. 4, 1971, now
      abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The novel 6-substituted 4H-imidazo[1,2-a][1,4]benzodiazepines of this
      invention are illustratively represented by generic formulae, I, II and
      III, and the novel intermediate
      5-substituted-2-(2-alkynylamino)-3H-1,4-benzodiazepines by generic formula
      IV as follows:
      ##SPC1##
PAL  Wherein R is selected from the group consisting of hydrogen, methyl, ethyl
      and propyl; R.sub.1 and R.sub.6 are each selected from the group
      consisting of hydrogen and alkyl of 1 to 3 carbon atoms, inclusive;
      R.sub.2 is selected from the group consisting of hydrogen, alkyl of 1 to 3
      carbon atoms, inclusive, hydroxy, acetoxy and propionoxy; R.sub.3 and
      R.sub.4 are each selected from the group consisting of hydrogen, alkyl of
      1 to 3 carbon atoms, inclusive, halogen, nitro, cyano, amino,
      trifluoromethyl, alkoxy, alkylthio, alkylsulfinyl, alkylsulfonyl,
      alkanoylamino and dialkylamino in which the carbon chain moieties are of 1
      to 3 carbon atoms, inclusive; R.sub.5 is selected from the group
      consisting of pyridyl, 2-pyrimidyl, furyl, pyrryl, thienyl, alkyl of 1 to
      3 carbon atoms, inclusive, alkenyl of 2 to 3 carbon atoms, inclusive,
      cycloalkyl of 5 to 7 carbon atoms, inclusive, cycloalkenyl of 5 to 7
      carbon atoms, inclusive, and a phenyl radical of the formula
      ##SPC2##
PAL  In which R.sub.8 and R.sub.9 each have the same meanings as given above for
      R.sub.3 and R.sub.4 ; and R.sub.7 is selected from the group consisting of
      hydrogen, methyl and ethyl.
PAR  In this application the term alkyl is exemplified by methyl, ethyl, propyl
      and isopropyl. The term halogen is exemplified by fluoro, chloro, and
      bromo. The term alkoxy is exemplified by methoxy, ethoxy, propoxy and
      isopropoxy. The term alkylthio is exemplified by methylthio, ethylthio,
      propylthio and isopropylthio. The term alkylsulfinyl is exemplified by
      methylsulfinyl, ethylsulfinyl, propylsulfinyl and isopropylsulfinyl. The
      term alkylsulfonyl is exemplified by methylsulfonyl, ethylsulfonyl,
      propylsulfonyl and isopropylsulfonyl. The term alkanoylamino is
      exemplified by formylamino, acetylamino, propionylamino and
      isopropionylamino. The term dialkylamino is exemplified by dimethylamino,
      diethylamino, methylethylamino, methylpropylamino, ethylpropylamino,
      dipropylamino, diisopropylamino and the like. The term alkenyl is
      exemplified by vinyl, 1-propenyl, allyl and isopropenyl. The term
      cycloalkyl is exemplified by cyclopentyl, cyclohexyl and cycloheptyl. The
      term cycloalkenyl is exemplified by 1-cyclopentenyl, 1-cyclohexenyl,
      1-cycloheptenyl, 2-cyclopentenyl, 2-cyclohexenyl, 2-cycloheptenyl
      4-cycloheptenyl.
PAR  The novel 6-substituted 4H-imidazo[1,2-a][1,4]benzodiazepines of formulae
      I, II and III, above, and the intermediate 5-substituted
      (2-(2-alkynylamino)-3H-1,4-benzodiazepines of formula IV exist in either
      the non-protonated (free base) form or in the protonated (acid addition
      salt) form, depending on the pH of the environment. They form stable
      protonates, i.e., pharmacologically acceptable acid addition salts, on
      acidification of the free base with suitable pharmacologically acceptable
      acids, for example, hydrochloric, hydrobromic, sulfuric, phosphoric,
      nitric, acetic, propionic, palmitic, benzoic, salicylic, hexynoic,
      phenylbutyric, naphthoic, glycolic, succinic, nicotinic, tartaric, maleic,
      malic, pamoic, methanesulfonic, cyclohexanesulfonic, citric, and lactic
      acids, and the like. Conversely, the free bases of the novel compounds of
      formulae I, II, III and IV can be obtained from a salt, (e.g., from the
      hydrochloride or sulfate salt) by neutralization with a base such as
      sodium hydroxide, extracting with an immiscible solvent, for example
      chloroform, drying the extract, for example with anhydrous sodium sulfate,
      and removing the solvent by evaporation.
PAR  The novel compounds of formulae I, II and III and the pharmacologically
      acceptable acid addition salts thereof have sedative, hypnotic,
      anticonvulsant, tranquilizing and muscle relaxant effects in mammals and
      birds, and as feed additives for increasing the growth rate and feed
      efficiency of livestock and poultry, milk production during lactation in
      the mammalian species and egg production in the avian species.
PAR  Sedative effects of the compounds of this invention are shown by the
      following tests in mice:
PA1  Chimney test: [Med. Exp. 4, 145 (1961)]: The test determines the ability of
      mice to back up and out of a vertical glass cylinder within 30 seconds. At
      the effective dosage, 50% of the mice failed doing it.
PA1  Dish test: Mice in Petri dishes (10 cm. diameter, 5 cm. high, partially
      embedded in wood shavings), climb out in a very short time, when not
      treated. Mice remaining in the dish for more than 3 minutes indicates
      tranquilization. ED.sub.50 equals the dose of test compound at which 50%
      of the mice remain in the dish.
PA1  Pedestal test: The untreated mouse leaves a standard pedestal in less than
      a minute to climb back to the floor of the standard mouse box.
      Tranquilized mice will stay on the pedestal for more than 1 minutes.
PA1  Nicotine antagonism test: Mice in a group of 6 are injected with the text
      compound. Thirty minutes later the mice including control (untreated) mice
      are injected with nicotine salicylate (2 mg./kg.). The control mice show
      over-stimulation, i.e., (1) running convulsions followed by (2) tonic
      extensor filts; followed by (3) death.
PA1  Antagonism to strychnine (as sulfate): The test consists in orally
      administering into groups of 6 mice the test compound, and 30 minutes
      later 3 mg./kg. strychnine sulfate intraperitoneally. The survivors after
      4 hours reflect the activity of the compound as a muscle relaxant and
      antispasmodic. A dosage of 3 mg./kg. of strychnine sulfate is routinely
      fatal to all the control mice.
PAL  The following compounds typical of this invention have (by intraperitoneal
      injection) ED.sub.50 as shown in the table below.
TBL                 ED.sub.50 (in mg./kg.)                                     

     COMPOUND       Ch   D    P    Ni   Str                                    

     __________________________________________________________________________

     8-chloro-1-methyl-6-                                                      

     phenyl-4H-imidazo[1,2-a]-                                                 

     [1,4]benzodiazepine                                                       

                    25.0 5.0  28.0 1.8  79.0                                   

     8-chloro-6-(2-chloro-                                                     

     phenyl)-1-methyl-4H-                                                      

     imidazo[1,2-a][1,4]benzo-                                                 

     diazepine      0.5  0.23 0.4  0.13 1.8                                    

     8-chloro-6-phenyl-4H-                                                     

     imidazo[1,2-a][1,4]benzo-                                                 

     diazepine 1-carboxaldehyde                                                

                    4.0  0.8  2.8  0.36 11.0                                   

     __________________________________________________________________________

     Ch = chimney test                                                         

     D  = dish test                                                            

     P  = pedestal test                                                        

     Ni = nicotine antagonism (3) test                                         

     Str                                                                       

        = strychnine antagonism                                                

PAR  The pharmaceutical forms contemplated by this invention include
      pharmaceutical compositions suited for oral, parenteral and rectal use,
      e.g., tablets, powder packets, chachets, dragees, capsules, solutions,
      suspensions, sterile injectable forms, suppositories, bougies, and the
      like. Suitable diluents or carriers such as carbohydrates (lactose,
      proteins, lipids, calcium phosphate, cornstarch, stearic acid,
      methylcellulose and the like can be used as carriers or for coating
      purposes. Oil, e.g., coconut oil, sesame oil, safflower oil, cottonseed
      oil, peanut oil can be used for preparing solutions or suspensions of the
      active drug. Sweetening, coloring, and flavoring agents can be added.
PAR  For mammals and birds, food premixes, with starch, oatmeal, dried fishmeat,
      fishmeal, flour and the like can be prepared. These are then incorporated
      into an animal feed.
PAR  As feed additives the compounds of formulae I, II and III can be used in
      dosages of 0.003 mg. to 50 mg./animal/day in a feed to increase growth,
      feed consumption and feed efficiency in livestock and poultry, milk
      production in the mammalian species and egg production in avian species.
PAR  As transquilizers the compounds of Formulae I, II and III can be used in
      dosages of 0.01 mg. to 20.0 mg./kg. in oral or injectable preparations as
      described above, to alleviate tension and anxiety in mammals, or birds,
      such as e.g., occurs when animals are traveling.
PAR  The novel compounds of this invention and processes for their production
      are illustratively represented by the following sequence of formulae:
      ##SPC3##
PAL  wherein R, R.sub.1, R.sub.3, R.sub.4, R.sub.5, R.sub.6 and R.sub.7 have the
      meanings previously given and R.sub.10 is selected from the group
      consisting of methyl and ethyl.
PAR  The compounds of formula 1a, 1b and 1c are combined above to form the
      compounds of generic formula 1.
PAR  The starting materials of formula V are prepared by heating a known
      corresponding compound of the formula:
      ##SPC4##
PAL  wherein R.sub.3, R.sub.4, R.sub.5 and R.sub.6 have the same meanings as
      previously given, with phosphorus pertasulfide in a solvent such as
      pyridine, benzene, toluene or xylene at between about 80.degree. to about
      140.degree. C. for between about 30 minutes to about 6 hours in accordance
      with the procedure disclosed by Archer et al., J. Org. Chem. 29, 231
      (1964) and U.S. Pat. No. 3,422,091. The preparation of compounds of
      Formula VI are described in U.S. Pat. Nos. 3,100,770; 3,179,656;
      3,268,586; 3,338,886; 3,466,328; 3,422,091 and 3,573,282; Belgian Pat.
      Nos. 619,101 and 662,240; French Pat. Nos. 1,391,752 and 1,455,048;
      Netherlands Pat. Nos. 65/07637; and 69/08966; J. Pharm. Sci. 53, 264; and
      Earley et al., J. Med. Chem. 11, 774 (1968).
PAR  The process of this invention comprises the following steps:
PAR  1. A 1,3-dihydro-2H-1,4-benzodiazepine-2-thione (V) in a solvent such as
      benzene, tetrahydrofuran, dioxane, ethylene-glycol dimethylether and the
      like, is reacted with the appropriate 2-alkynylamine of the formula:
      ##EQU1##
      wherein R.sub.1 and R.sub.7 have the meanings previously given to obtain
      the corresponding 2-(2-alkynylamino)-3H-1,4-benzodiazepine (IV). The
      following are examples of 2-alkynylamines which can be used.
PA0  2-propynylamine (propargyl amine),
PA0  1-methyl-2-propynylamine,
PA0  1-ethyl-2-propynylamine,
PA0  1-propyl-2-propynylamine,
PA0  1-isopropyl-2-propynylamine,
PA0  2-butynylamine,
PA0  1-methyl-2-butynylamine,
PA0  1-ethyl-2-butynylamine,
PA0  1-propyl-2-butynylamine,
PA0  1-isopropynyl-2-butynylamine,
PA0  2-pentynylamine,
PA0  1-methyl-2-pentynylamine,
PA0  1-ethyl-2-pentynylamine,
PA0  1-propyl-2-pentynylamine, and
PA0  1-isopropyl-2-pentynylamine.
PAL  The reaction is preferably carried out within a temperature range of from
      about 25.degree. C. to about 50.degree. C. for a period of from about 2 to
      10 hours. The product IV thus obtained is recovered from the reaction
      mixture by conventional methods, for example the solvent is removed by
      distillation and the residue thus obtained is crystallized from a suitable
      solvent such as, an alkanol, e.g., methanol, ethanol, propanol,
      isopropanol and the like, methylene chloride, ethyl acetate, mixtures
      thereof and the like to obtain the desired compound IV.
PAR  2. The 2-(2-alkynylamino)-3H-1,4-benzodiazepines (IV) thus obtained are
      treated with a mercuric salt in the presence of an aqueous mineral acid
      solution, at a temperature within the range of from about 10.degree. C. to
      about 50.degree. C. for a period of from about 1 to 24 hours to obtain the
      corresponding 4H-imidazo[1,2-a][1,4]benzodiazepines of formula 1a, wherein
      R is methyl, ethyl or propyl. Mineral acids which can be used are, for
      example, phosphoric, hydrochloric and sulfuric acids. Mercuric salts which
      can be used are for example mercuric sulfate, mercuric chloride, mercuric
      phosphate, mercuric fluoride, mercuric acetate and the like. Wherever
      possible it is desirable to use an acid or a salt having the same anion,
      of these sulfuric acid and mercuric sulfate are preferred. In carrying out
      the reaction, it is advantageous to use about a 50% aqueous solution of
      sulfuric acid. The compounds of formula Ta a thus obtained are recovered
      from the reaction mixture and purified by conventional methods, for
      example by chromatography on silica gel and crystallization from a
      suitable organic solvent such as benzene, toluene, chloroform, methylene
      chloride, ethyl acetate, hexanes, mixtures thereof and the like.
PAR  3. The 2-(2-propynylamino)-3H-1,4-benzodiazepines of formula IV, i.e.,
      those compounds where R.sub.7 is hydrogen are converted to the
      corresponding 4H-imidazo[1,2-a][1,4]benzodiazepine 1-carboxaldehydes of
      formula II, by treating the selected compound IV with mercuric acetate in
      an aqueous acetic acid-formic acid medium at a temperature within the
      range of from about 20.degree. C. to about 50.degree. C. for a period of
      from about 1 to 10 hours. The compounds of formula II are recovered from
      the reaction mixture and purified by conventional methods, for example
      chromatography and crystallization as described in Step 2, above.
PAR  4. The 1-carboxaldehydes of formula II are converted to the corresponding
      compounds of formula Ia, wherein R is hydrogen by treating the selected
      compound II in a suitable organic solvent such as benzene, toluene,
      tetrahydrofuran, methylene chloride and the like, with
      tris(triphenylphosphine) rhodium chloride at reflux temperature for a
      period of from about 1 to 12 hours. The product (Ia) thus obtained is
      recovered and purified by conventional methods, for example in the manner
      described in Step 2, above.
PAR  5. The 5-oxides of formula III are obtained by reacting a compound of
      formula Ia with a peracid, such as peracetic acid, perphthalic acid,
      perbenzoic acid, m-chloroperbenzoic acid and the like, in a suitable
      organic solvent such as a lower alkanol, e.g., methanol ethanol, propanol,
      isopropanol and butanol; chloroform, methylene chloride and the like at a
      temperature within the range of from about 0.degree. C. to about
      25.degree. C. for a period of from about 6 to 48 hours. The 5-oxides are
      recovered from the reaction medium and purified by conventional methods
      such as chromatography and/or crystallization.
PAR  6. The 5-oxides of formula III thus obtained, wherein R.sub.6 is hydrogen,
      are then converted to the corresponding 4-acetates and propionates by
      reacting the selected 5-oxide with acetic anhydride or propionic anhydride
      or with a mixture of the anhydride and the corresponding acid at a
      temperature of from about 100.degree. C. to about 140.degree. C. for a
      period of from about 10 minutes to about 1 hour. The 4-acetate or
      4-propionate thus obtained, is recovered from the reaction mixture and
      purified by conventional methods such as chromatography and/or
      crystallization from a suitable solvent as described in Step 2, above.
PAR  7. The 4-acetates and 4-propionates of formula Ib are hydrolyzed to the
      corresponding free alcohols of formula Ic in accordance with methods known
      in the art, for example the selected acylate (1b) is treated with a dilute
      aqueous solution of an alkali metal hydroxide, e.g., sodium or potassium
      hydroxide, at low temperature preferably within the range of about
      -10.degree. C. to about +10.degree. C. for a period of from about 1  to 5
      hours. The free alcohol Ic, thus obtained, is recovered from the reaction
      medium and purified by conventional methods such as chromatography and/or
      crystallization. For example in the manner described in Step 2, above.
DETD
PAR  The following Preparations and Examples are illustrative of the products
      and processes of the present invention but are not to be construed as
      limiting.
PAC  PREPARATION 1
PAC  1,3-Dihydro-7-chloro-5-(2,6-difluorophenyl)-2H-1,4-benzodiazepin-2-one (VI)
PAC  A. 2-Acetamido-5-chloro-2',6'-difluorobenzophenone
PAR  To a solution of 114 g. (1.0 mole) of m-difluorobenzene in 800 ml. of dry
      tetrahydrofuran cooled to -50.degree. C. and maintained under a nitrogen
      atmosphere is added, with stirring, 320 ml. of an n-heptane solution of
      n-butyl lithium containing 1.0 mole of the latter. The addition is carried
      out during 50 minutes and is followed by stirring 2 hours more at
      -50.degree. C. The cold solution is then added with stirring during 50
      minutes to a solution of 187.8 g. (0.97 mole) of
      6-chloro-2-methyl-4H-3,1-benzoxazin-4-one [J. Am. Chem. Soc. 70, 2423
      (1948)] in 1400 ml. of benzene and 1000 ml. of tetrahydrofuran at
      25.degree. C. The mixture is stirred under a nitrogen atmosphere for 20
      hours, at which time 1000 ml. of 2N hydrochloric acid is added. The
      aqueous layer is separated and discarded. The organic layer is filtered to
      remove suspended solid material and the filtrate is washed with cold,
      dilute aqueous sodium hydroxide solution. Three layers are present, a
      light colored aqueous phase, a dark brown aqueous phase, and an organic
      phase. The organic phase, after being dried with anhydrous sodium sulfate,
      is concentrated to give 101 g. of a semi-solid which is then extracted
      with 2100 ml. of hot Skellysolve B hexanes. Evaporation of the extract
      gives 39.9 g. of crude product, m.p. 106.degree.-116.degree. C.
      Recrystallization of this material from Skellysolve B gives purified
      2-acetamido-5-chloro-2',6'-difluorobenzophenone, m.p.
      118.degree.-120.degree. c.
PAR  Anal. Calcd. for C.sub.15 H.sub.10 ClF.sub.2 NO.sub.2 : C, 58.17; H, 3.25;
      Cl, 11.45; P, 12.27; N, 4.52. Found: C, 58.11; H, 3.38; Cl, 11.53; P,
      12.24; N, 4.20.
PAC  B. 2-Amino-5-chloro-2', 6'-difluorobenzophenone
PAR  A suspension of 4.2 g. (0.014 mole) of
      2-acetamido-5-chloro-2',6'-difluorobenzophenone in 350 ml. of concentrated
      hydrochloric acid and 350 ml. of water is heated on a steam bath with
      stirring and in a nitrogen atmosphere until complete solution results. The
      solution is cooled and made basic with 50% aqueous sodium hydroxide
      solution. The resulting solid is removed by extraction with methylene
      chloride. The extract is dried with anhydrous sodium sulfate and
      evaporated to dryness. The residue thus obtained is recrystallized from
      cyclohexane to give 2.4 g. of 2-amino-5-chloro-2',6'-difluorobenzophenone,
      m.p. 103.degree.-105.degree. C.
PAR  Anal. Calcd. for C.sub.13 H.sub.10 ClF.sub.2 NO: C, 58.33; H, 3.01; Cl,
      13.24; F, 14.20; N, 5.23.   Found: C, 58.33; H, 3.29; Cl, 13.31; F, 14.87;
      N, 5.14.
PAC  C. 2-(2-Bromoacetamido)-5-chloro-2',6'-difluorobenzophenone
PAR  To a solution of 2.7 g. (0.01 mole) of
      2-amino-5-chloro-2',6'-difluorobenzophenone
PAR  To a solution of 2.7 g. (0.01 mole) of
      2-amino-5-chloro-2',6'-difluoro-benzophenone in 100 ml. of benzene,
      through which a rapid stream of nitrogen is passed, is added 3.03 g.
      (0.015 mole) of bromoacetyl bromide. A precipitate is formed soon after
      the addition is complete. The benzene is removed by evaporation and the
      solid residue thus obtained is recrystallized from cyclohexane to yield
      3.4 g. of 2-(2-bromoacetamido)-5-chloro-2',6'-difluorobenzophenone, m.p.
      146.degree.-147.5.degree. c.
PAR  Anal. Calcd. for C.sub.15 H.sub.9 BrClF.sub.2 NO.sub.2 : C, 46.36; H, 2.33;
      Br, 20.56; Cl, 9.12; F, 9.78; N, 3.60.   Found: C, 46.46; H, 2.48; Br,
      20.68; Cl, 9.21; F, 9.49; N, 3.82.
PAC  D. 2-(2-Aminoacetamido)-5-chloro-2',6'-difluorobenzophenone
PAR  Liquid ammonia (350 ml.) is added to a solution of 26 g. (0.067 mole) of
      2-(2-bromoacetamido)-5-chloro-2',6'-difluorobenzophenone in 350 ml. of
      methylene chloride. The solution is stirred under reflux for 5 hours and
      is then stirred for about 16 hours while excess ammonia is evaporated. The
      methylene chloride solution is filtered to remove solid material and the
      filtrate is then evaporated to dryness. The residue thus obtained is
      recrystallized from 2 l. of cyclohexane to give 19.4 g. of
      2-(2-aminoacetamido)-5-chloro-2',6'-difluorobenzophenone, m.p.
      133.degree.-135.degree. C.
PAR  Anal. Calcd. for C.sub.15 H.sub.11 ClF.sub.2 N.sub.2 O.sub.2 : C, 55.48; H,
      3.42; Cl, 10.92; F, 11.70; N, 8.63.   Found: C, 56.69; H, 3.99; Cl, 11.19;
      F, 11.06; N, 8.34.
PAC  E. 1,3-Dihydro-7-chloro-5-(2,6-difluorophenyl)-2H-1,4-benzodiazepin-2-one
PAR  A solution of 21.0 g. (0.065 mole) of
      2-(2-aminoacetamino)-5-chloro-2',6'-difluorobenzophenone in 300 ml. of
      pyridine is heated under reflux in a nitrogen atmosphere for 18 hours. The
      pyridine is removed by evaporation. The residue after being washed with
      Skellysolve B hexanes is recrystallized, first from ethyl
      acetate-Skellysolve B hexanes and then from ethyl acetate. There is thus
      obtained a first crop (11.7 g.; m.p. 248.degree.-249.degree. C.) and a
      second crop (2.3 g.; m.p. 244.degree.-246.degree. C.) of
      1,3-dehydro-7-chloro-5-(2,6-difluorophenyl)-2H-1,4-benzodiazepin-2-one
      (VI).
PAR  Anal. Calcd. for C.sub.15 H.sub.9 ClF.sub.2 N.sub.2 O: C, 58.74; H, 2.96;
      Cl, 11.56; F, 12.39; N, 9.14.   Found: C, 58.89; H, 2.78; Cl, 11.39; F,
      11.72; N, 8.95.
PAR  This material contains 1.9% ethyl acetate of solvation. Recrystallization
      of the solvated material from ethanol provides unsolvated
      1,3-dihydro-7-chloro-5-(2,6-difluorophenyl)2H-1,4-benzodiazepin-2-one.
PAC  PREPARATION 2
PAC  1,3-Dihydro-7-chloro-5-(2,6-difluorophenyl)-2H-1,4-benzodiazepine-2-thione
      (V)
PAR  A solution of 7.65 g. (0.025 mole) of
      1,3-dihydro-7-chloro-5-(2,6-difluorophenyl)-2H-1,4-benzodiazepin-2-one in
      500 ml. of pyridine is treated with 5.55 g. (0.025 mole) of phosphorus
      pentasulfide and heated under reflux in a nitrogen atmosphere for two
      hours. The pyridine (350 ml.) is removed in vacuo and the thus-produced
      residue is poured onto crushed ice. The aqueous phase is extracted with
      methylene chloride and then discarded. The extract is washed successively
      with three 200-ml. portions of water and 100 ml. of brine, and dried over
      anhydrous sodium sulfate. Removal of the solvent gives 7.0 g. of solid
      which is recrystallized from ethanol-water, to give in 2 crops, 6.8 g. of
      crude material which, after recrystallization from ethanolwater, gives
      pure 1,3-dihydro-7-chloro-5-(2,6-difluorophenyl)-2H-1,4-benzodiazepine-2-t
     hione, m.p. 222.5.degree.-224.degree. C.
PAR  Anal. Calcd. for C.sub.15 H.sub.9 ClF.sub.2 N.sub.2 S: C, 55.82; H, 2.81;
      Cl, 10.98; F, 11.77; N, 8.68; S, 9.93.  Found: C, 56.13; H, 2.68; Cl,
      11.13; F, 11.69; N, 8.40; S, 9.84.
PAC  PREPARATION 3
PAC  1,3-Dihydro-7-(trifluoromethyl)-5-phenyl-2H-1,4-benzodiazepine-2-thione (V)
PAR  A stirred mixture of
      1,3-dihydro-7-trifluoromethyl-5-phenyl-2H-1,4-benzodiazepin-2-one (89.7
      g.; 0.294 mole), dry pyridine (2300 ml.) and phosphorus pentasulfide (72.4
      g.; 0.323 mole) is refluxed under nitrogen for 30 minutes, cooled and
      concentrated in vacuo. A suspension of the residue in ice water is
      extracted with methylene chloride. The extract is dried over anhydrous
      potassium carbonate and concentrated. The residue thus obtained is
      crystallized from methylene chloride-ethanol to give 43.2 g., m.p.
      228.5.degree.-229.degree. C. (dec.) and 17.8 g., m.p.
      229.degree.-230.degree. C. (dec.) (64.5%) of
      1,3-dihydro-7-(trifluoromethyl)-5-phenyl-2H-1,4-benzodiazepine-2-thione;
      an analytical sample prepared by recrystallization from methylene
      chloride-ethanol has a melting point of 223.5.degree. C. (dec.).
PAR  Anal. Calcd. for C.sub.16 H.sub.11 F.sub.3 N.sub.2 S: C, 60.00; H, 3.46; F,
      17.79; N, 8.75; S, 10.01.   Found: C, 59.85; H, 3.73; F, 17.83; N, 8.42;
      S, 10.26.
PAC  PREPARATION 4
PAC  7-Chloro-1,3-dihydro-3-methyl-5-phenyl-2H1,4-benzodiazepine-2-thione (V)
PAR  A stirred mixture of
      7-chloro-1,3-dihydro-3-methyl-5-phenyl-2H-1,4-benzodiazepin-2-one (0.294
      mole), dry pyridine (2300 ml.) and phosphorus pentasulfide (72.4 g.; 0.323
      mole) is reflexed under nitrogen for 30 minutes, cooled and concentrated
      in vacuo. A suspension of the residue in ice water is extracted with
      methylene chloride. The extract is dried over anhydrous potassium
      carbonate and concentrated. The residue thus obtained is crystallized from
      methylene chlorideethanol to give
      7-chloro-1,3-dihydro-3-methyl-5-phenyl-2H-1,4-benzodiazepine-2-thione.
PAC  PREPARATION 5
PAC  1,3-Dihydro-7-chloro-5-(2-chlorophenyl)-2H-1,4-benzodiazepine-2-thione (V)
PAR  A solution of (0.025 mole) of
      1,3-dihydro-7-chloro-5-(2-chlorophenyl)-2H-1,4-benzodiazepin-2-one in
      about 500 ml. of pyridine is treated with 5.55 g. (0.025 mole) of
      phosphorus pentasulfide and heated under reflux in a nitrogen atmosphere
      for 2 hours. The pyridine is removed in vacuo and the thus-produced
      residue is poured onto crushed ice. The aqueous phase is extracted with
      methylene chloride and then discarded. The extract is washed successively
      with three 200-ml. portions of water and 100 ml. of brine, and dried over
      anhydrous sodium sulfate. Removal of the solvent gives a solid which is
      recrystallized from ethanol-water, to give crude material which, after
      recrystallization from ethanolwater, gives pure
      1,3-dihydro-7-chloro-5-(2-chlorophenyl)-2H-1,4-benzodiazepine-2-thione,
      melting point 251.degree.-253.degree. C.
PAC  PREPARATION 6
PAC  7-bromo-1,3-dihydro-5-(2-pyridyl)-2H-1,4-benzodiazepine-2-thione (V)
PAR  A stirred solution of 6.53 g. of
      7-bromo-1,3-dihydro-5-(2-pyridyl)-2H-1,4-benzodiazepin-2-one (prepared as
      in J. Pharm. Sci. 53, 264) in 400 ml. of dry pyridine is heated in an oil
      bath, under nitrogen, with 5.05 g. of phosphorus pentasulfide at between
      about 110.degree. to 120.degree. C. for about 1 hour, cooled and
      concentrated under vacuum. Pyridine remaining in the residue is removed by
      the successive addition of xylene and toluene with vacuum concentration
      after each addition of solvent. The dark brown solid residue is triturated
      with a mixture of aqueous sodium carbonate solution and chloroform and the
      resulting finely divided tan solid is collected by filtration, washed with
      water, dissolved in a mixture of chloroform and ethanol, decolorized with
      activated carbon and crystallized to yield 3.39 g. of product melting at
      249.degree. C. (with decomposition) and 0.559 g. melting at 243.degree. C.
      (with decomposition). The analytical sample is crystallized from ethanol
      to give pure
      7-bromo-1,3-dihydro-5-(2-pyridyl)-2H-1,4-benzodiazepine-2-thione, with a
      melting point of 245.degree. to 246.degree. C. (with decomposition) and
      ultraviolet (ethanol) end absorption, .mu.max 219 mu (.epsilon.=24,100).
PAR  Anal. Calcd. for C.sub.14 H.sub.10 BrN.sub.3 S: C, 50.61; H, 3.03; Br,
      24.06; N, 12.65; S, 9.65.   Found: C, 49.82; H, 3.31; Br, 24.31; N, 12.60;
      S, 9.59.
PAC  PREPARATION 7
PAC  7-Chloro-1,3-dihydro-5-methyl-2H-1,4-benzodiazepine-2-thione (V)
PAR  To a hot solution of 1 g. (5 mm. les) of
      7-chloro-1,3-dihydro-5-methyl-2H-1,4-benzodiazepin-2-one (prepared as in
      French Pat. No. 1,391,752) in 150 ml. of xylene, 1.1 g. (5 mmoles) of
      phosphorus pentasulfide is added. The mixture is heated under reflux in a
      nitrogen atmosphere for about 4 hours. The reaction mixture is cooled and
      filtered, with the filtrate containing only a small amount of material.
      The filtered solid is treated with hot water and filtered again. The
      filtrate is treated with 20% sodium hydroxide to give a pH of 6 to 8 and
      the white solid removed by extraction with ethyl acetate to give 129 ml.
      of crude product. The initial solid is again treated with water, the
      aqueous phase made base with sodium bicarbonate and then extracted with
      hot ethyl acetate to give 1 g. of brown solid. This material plus the 129
      mg. of crude product are chromatographed on 130 g. of silica gel (silicic
      acid) using 50% ethyl acetate: 50% cyclohexane as eluting solvent. The
      product taken from the column is recrystallized from ethyl acetate to give
      455 mg. of 7-chloro-1,3-dihydro-5-methyl-2H-1,4-benzodiazepine-2-thione
      (V), having a melting point of 205.degree. to 206.degree. C. (with
      decomposition). A previously prepared sample of the product,
      7-chloro-1,3-dihydro-5-methyl-2H-1,4-benzodiazepine-2-thione, melts at
      201.degree. to 203.degree. C. and gives the analysis that follows.
PAR  Anal. Calcd. for C.sub.10 H.sub.9 ClN.sub.2 S: C, 53.45; H, 4.04; N, 12.47;
      Cl, 15.78; S, 14.27. Found: C, 53.29; H, 3.87; N, 12.16; Cl, 15.88; S,
      14.67.
PAC  EXAMPLE 1
PAC  7-chloro-5-phenyl-2-(2-propynylamino)-3H-1,4-benzodiazepine (IV)
PAR  A mixture of 8.3 g. of
      7-chloro-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepine-2-thione (V), 8.3 g.
      of propargyl amine (2-propynylamine) and 130 ml. of dry THF is stirred,
      under nitrogen, at ambient temperature for about 5 hours and then
      concentrated in vacuo. The residue thus obtained is crystallized from
      methanol to give 7.9 g. of
      7-chloro-5-phenyl-2-(2-propynylamino)-3H-1,4-benzodiazepine, m.p.
      201.5.degree.-202.degree. C., an analytical sample prepared by
      recrystallization from methanol melts at 203.5.degree.-205.degree. C.
PAR  Anal. Calcd. for C.sub.18 H.sub.14 ClN.sub.3 : C, 70.24; H, 4.58; Cl,
      11.52; N, 13.65. Found: C, 69.90; H, 4.56; Cl, 11.57; N, 13.35.
PAC  EXAMPLE 2
PAC  7-chloro-5-(2-chlorophenyl-2-(2-propynylamino)-3H-1,4-benzodiazepine (IV)
PAR  A mixture of 15.0 g. (0.0467 mole) of
      7-chloro-5-(2-chlorophenyl)-1,3-dihydro-2H-1,4-benzodiazepine-2-thione
      (V), 15.0 g. (0.272 mole) of propargyl amine and 180 ml. of
      tetrahydrofuran is stirred, under nitrogen for about 4 hours and
      concentrated in vacuo. This residue thus obtained is dissolved in methanol
      decolorized with activated charcoal and crystallized to give 7.53 g. of
      7-chloro-5-(2-chlorophenyl)-2-(2-propynyiamino)-3H-1,4-benzodiazepine,
      m.p. 165.degree.-166.5.degree. C. and 2.65 g. of additional product, m.p.
      164.degree.-165.5.degree. C.
PAR  Anal. Calcd. for C.sub.18 H.sub.13 Cl.sub.2 N.sub.3 : C, 63.17; H, 3.83;
      Cl, 20.72; N, 12.28. Found: C, 63.06; H, 3.72; Cl, 20.87; N, 12.33.
PAC  EXAMPLE 3
PAC  7-chloro-5-(2,6-difluorophenyl)-2-(2-butynylamino)-3H-1,4-benzodiazepine
      (IV)
PAR  A mixture of 10.0 g. of
      7-chloro-1,3-dihydro-5-(2,6-difluorophenyl)-2H-1,4-benzodiazepine-2-thione
      (V), 10.0 g. of 2-butynylamine, and 150 ml. of dry tetrahydrofuran is
      stirred under nitrogen at ambient temperature for about 5 hours and then
      concentrated in vacuo. The residue thus obtained is recrystallized from
      methanol to give
      7-chloro-5-(2,6-difluorophenyl)-2-(2-butynylamino)-3H-1,4-benzodiazepine.
PAC  EXAMPLE 4
PAC  7-trifluoromethyl-5-phenyl-2-(2-pentynylamino)-3H-1,4-benzodiazepine (IV)
PAR  A mixture of 10.0 g. of
      1,3-dihydro-7-(trifluoromethyl)-5-phenyl-2H-1,4-benzodiazepine-2-thione
      (V), 10.0 g. of 2-pentynylamine, and 150 ml. of dry tetrahydrofuran is
      stirred under nitrogen at ambient temperature for about 5 hours and then
      concentrated in vacuo. The residue thus obtained is recrystallized from
      methanol to give
      7-trifluoromethyl-5-phenyl-2-(2-pentynylamino)-3H-1,4-benzodiazepine.
PAC  EXAMPLE 5
PAC  7-bromo-5-(2-pyridyl)-2-(2-propynylamino)-3H-1,4-benzodiazepine (IV)
PAR  A mixture of 10.0 g. of
      7-bromo-1,3-dihydro-5-(2-pyridyl)-2H-1,4-benzodiazepine-2-thione (V), 10.0
      g. of propargyl amine, and 150 ml. of dry tetrahydrofuran is stirred under
      nitrogen at ambient temperature for about 5 hours and then concentrated in
      vacuo. The residue thus obtained is recrystallized from methanol to give
      7-bromo-5-(2-pyridyl)-2-(2-propynylamino)-3H-1,4-benzodiazepine.
PAC  EXAMPLE 6
PAC  7-chloro-5-methyl-2-[(1-methyl-2-pentynyl)amino]-3H-1,4-benzodiazepine (IV)
PAR  A mixture of 10.0 g. of
      7-chloro-1,3-dihydro-5-methyl-2H-1,4-benzodiazepine-2-thione (V), 10.0 g.
      of 1-methyl-2-pentynylamine, and 150 ml. of dry tetrahydrofuran is stirred
      under nitrogen at ambient temperature for about 5 hours and then
      concentrated in vacuo. The residue thus obtained is recrystallized from
      methanol to give
      7-chloro-5-methyl-2-[(1-methyl-2-pentynyl)amino]-3H-1,4-benzodiazepine.
PAC  EXAMPLE 7
PAC  7-chloro-3-methyl-5-phenyl-2-[(1-methyl-2-propynyl)amino]-3H-1,4-benzodiaze
     pine (IV)
PAR  A mixture of 10.0 g. of
      7-chloro-1,3-dihydro-3-methyl-5-phenyl-2H-1,4-benzodiazepine-2-thione (V),
      10.0 g. of 1-methyl-2-propynylamine, and 150 ml. of dry tetrahydrofuran is
      stirred under nitrogen at ambient temperature for about 5 hours and then
      concentrated in vacuo. The residue thus obtained is recrystallized from
      methanol to give
      7-chloro-3-methyl-5-phenyl-2-[(1-methyl-2-propynyl)amino]-3H-1,4-benzodiaz
     epine.
PAC  EXAMPLE 8
PAC  7-chloro-5-(2-chlorophenyl)-2-[(1-methyl-2-propynyl)amino]-3H-1,4-benzodiaz
     epine (IV)
PAR  A mixture of 10.0 g. of
      7-chloro-5-(2-chlorophenyl)-1,3-dihydro-2H-1,4-benzodiazepine-2thione (V),
      10.0 g. of 1-methyl-2-propynylamine, and 150 ml. of dry tetrahydrofuran is
      stirred under nitrogen at ambient temperature for about 5 hours and then
      concentrated in vacuo. The residue thus obtained is recrystallized from
      methanol to give
      7-chloro-5-(2-chlorophenyl)-2-[(1-methyl-2-propynyl)amino]-3H-1,4-benzodia
     zepine.
PAR  In the manner given in Example 1-8, above, other
      1,3-dihydro-2H-1,4-benzodiazepine-2-thiones of formula V, can be condensed
      with the appropriate 2-alkynylamine of formula VII, to obtain the other
      2-(2-alkynylamino)-3H-1,4-benzodiazepines of formula IV. For example, the
      following 1,3-dihydro-2H-1,4-benzodiazepine-2-thiones:
PA0  7-bromo-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepine-2-thione;
PA0  7-fluoro-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepine-2-thione;
PA0  7-nitro-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepine-2-thione;
PA0  7-trifluoromethyl-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepine-2-thione;
PA0  7-cyano-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepine-2-thione;
PA0  7-methylthio-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepine-2-thione;
PA0  7-bromo-1,3-dihydro-5-(2-chlorophenyl)-2H-1,4-benzodiazepine-2-thione;
PA0  7-fluoro-1,3-dihydro-5-(2-chlorophenyl)-2H-1,4-benzodiazepine-2-thione;
PA0  7-nitro-1,3-dihydro-5-(2-chlorophenyl)-2H-1,4-benzodiazepine-2-thione;
PA0  7-trifluoromethyl-1,3-dihydro-5-(2-chlorophenyl)-2H-1,4-benzodiazepine-2-th
     ione;
PA0  7-cyano-1,3-dihydro-5-(2-chlorophenyl)-2H-1,4-benzodiazepine-2-thione;
PA0  7-methylthio-1,3-dihydro-5-(2-chlorophenyl)-2H-1,4-benzodiazepine-2-thione;
PA0  7-chloro-1,3-dihydro-5-(2-fluorophenyl)-2H-1,4-benzodiazepine-2-thione;
PA0  7-bromo-1,3-dihydro-5-(2-fluorophenyl)-2H-1,4-benzodiazepine-2-thione;
PA0  7-fluoro-1,3-dihydro-5-(2-fluorophenyl)-2H-1,4-benzodiazepine-2-thione;
PA0  7-nitro-1,3-dihydro-5-(2-fluorophenyl)-2H-1,4-benzodiazepine-2-thione;
PA0  7-trifluoromethyl-1,3-dihydro-5-(2-fluorophenyl)-2H-1,4-benzodiazepine-2-th
     ione;
PA0  7-cyano-1,3-dihydro-5-(2-fluorophenyl)-2H-1,4-benzodiazepine-2-thione;
PA0  7-methylthio-1,3-dihydro-5-(2-fluorophenyl)-2H-1,4-benzodiazepine-2-thione;
PA0  7-chloro-1,3-dihydro-5-(2-pyrimidyl)-2H-1,4-benzodiazepine-2-thione;
PA0  7-bromo-1,3-dihydro-5-(2-furyl)-2H-1,4-benzodiazepine-2-thione;
PA0  7-fluoro-1,3-dihydro-5-(2-pyrryl)-2H-1,4-benzodiazepine-2-thione;
PA0  7-nitro-1,3-dihydro-5-(2-thienyl)-2H-1,4-benzodiazepine-2-thione;
PA0  7-trifluoromethyl-1,3-dihydro-5-cyclohexyl-2H-1,4- benzodiazepine-2-thione;
PA0  7-cyano-1,3-dihydro-5-(1-cyclohexenyl)-2H-1,4-benzodiazepine-2-thione;
PA0  7-methylthio-1,3-dihydro-5-methyl-2H-1,4-benzodiazepine-2-thione; and the
      like; can be reacted with 2-propynylamine (propargyl amine) to obtain:
PA0  7-bromo-5-phenyl-2-(2-propynylamino)-3H-1,4-benzodiazepine;
PA0  7-fluoro-5-phenyl-2-(2-propynylamino)-3H-1,4-benzodiazepine;
PA0  7-nitro-5-phenyl-2-(2-propynylamino)-3H-1,4-benzodiazepine;
PA0  7-trifluoromethyl-5-phenyl-2-(2-propynylamino)-3H-1,4-benzodiazepine;
PA0  7-cyano-5-phenyl-2-(2-propynylamino)-3H-1,4-benzodiazepine;
PA0  7-methylthio-5-phenyl-2-(2-propynylamino)-3H-1,4-benzodiazepine;
PA0  7-bromo-5-(2-chlorophenyl)-2-(2-propynylamino)-3H-1,4-benzodiazepine;
PA0  7-fluoro-5-(2-chlorophenyl)-2-(2-propynylamino)-3H-1,4-benzodiazepine;
PA0  7-nitro-5-(2-chlorophenyl)-2-(2-propynylamino)-3H-1,4-benzodiazepine;
PA0  7-trifluoromethyl-5-(2-chlorophenyl)-2-(2-propynylamino)-3H-1,4-benzodiazep
     ine;
PA0  7-cyano-5-(2-chlorophenyl)-2-(2-propynylamino)-3H-1,4-benzodiazepine;
PA0  7-methylthio-5-(2-chlorophenyl)-2-(2-propynylamino)-3H-1,4-benzodiazepine;
PA0  7-chloro-5-(2-fluorophenyl)-2-(2-propynylamino)-3H-1,4-benzodiazepine;
PA0  7-bromo-5-(2-fluorophenyl)-2-(2-propynylamino)-3H-1,4-benzodiazepine;
PA0  7-fluoro-5-(2-fluorophenyl)-2-(2-propynylamino)-3H-1,4-benzodiazepine;
PA0  7-nitro-5-(2-fluorophenyl)-2-(2-propynylamino)-3H-1,4-benzodiazepine;
PA0  7-trifluoromethyl-5-(2-fluorophenyl)-2-(2-propynylamino)-3H-1,4-benzodiazep
     ine;
PA0  7-cyano-5-(2-fluoromethyl)-2-(2-propynylamino)-3H-1,4-benzodiazepine;
PA0  7-methylthio-5-(2-fluorophenyl)-2-(2-propynylamino)-3H-1,4-benzodiazepine;
PA0  7-chloro-5-(2-pyrimidyl)-2-(2-propynylamino)-3H-1,4-benzodiazepine;
PA0  7-bromo-5-(2-furyl)-2-(2-propynylamino)-3H-1,4-benzodiazepine;
PA0  7-fluoro-5-(2-pyrryl)-2-(2-propynylamino)-3H-1,4-benzodiazepine;
PA0  7-nitro-5-(2-thienyl)-2-(2-propynylamino)-3H-1,4-benzodiazepine;
PA0  7-trifluoromethyl-5-cyclohexyl-2-(2-propynylamino)-3H-1,4-benzodiazepine;
PA0  7-cyano-5-(1-cyclohexenyl)-2-(2-propynylamino)-3H-1,4-benzodiazepine;
PA0  7-methylthio-5-methyl-2-(2-propynylamino)-3H-1,4-benzodiazepine;
      respectively, and the like.
PAR  In the same manner the 2-thiones named above can be reacted with
      1-methyl-2-propynylamine to obtain:
PA0  7-bromo-5-phenyl-2-[(1-methyl-2-propynyl)amino]-3H-1,4-benzodiazepine;
PA0  7-fluoro-5-phenyl-2-[(1-methyl-2-propynyl)amino]-3H-1,4-benzodiazepine;
PA0  7-nitro-5-phenyl-2-[(1-methyl-2-propynyl)amino]-3H-1,4-benzodiazepine;
PA0  7-trifluoromethyl-5-phenyl-2-[(1-methyl-2-propynyl]-3H-1,4-benzodiazepine;
PA0  7-cyano-5-phenyl-2-[(1-methyl-2-propynyl)amino]-3H-1,4-benzodiazepine;
PA0  7-methylthio-5-phenyl-2-[(1-methyl-2-propynyl)amino]-3H-1,4-benzodiazepine;
PA0  7-bromo-5-(2-chlorophenyl)-2-[(1-methyl-2-propynyl)amino]-3H-1,4-benzodiaze
     pine;
PA0  7-fluoro-5-(2-chlorophenyl)-2-[(1-methyl-2-propynyl)amino]-3H-1,4-benzodiaz
     epine;
PA0  7-nitro-5-(2-chlorophenyl)-2-[(1-methyl-2-propynyl)amino]-3H-1,4-benzodiaze
     pine;
PA0  7-trifluoromethyl-5-(2-chlorophenyl)-2-[(1-methyl-2-propynyl)amino]-3H-1,4-
     benzodiazepine;
PA0  7-cyano-5-(2-chlorophenyl-2-[(1-methyl-2-propynyl)-amino]-3H-1,4-benzodiaze
     pine;
PA0  7-methylthio-5-(2-chlorophenyl)-2-[(1-methyl-2-propynyl)amino]-3H-1,4-benzo
     diazepine;
PA0  7-chloro-5-(2-fluorophenyl)-2-[(1-methyl-2-propynyl)-amino]-3H-1,4-benzodia
     zepine;
PA0  7-bromo-5-(2-fluorophenyl)-2-[(1-methyl-2-propynyl)-amino]-3H-1,4-benzodiaz
     epine;
PA0  7-fluoro-5-(2-fluorophenyl)-2-[(1-methyl-2-propynyl)-amino]-3H-1,4-benzodia
     zepine;
PA0  7-nitro-5-(2-fluorophenyl)-2-[(1-methyl-2-propynyl)-amino]-3H-1,4-benzodiaz
     epine;
PA0  7-trifluoromethyl-5-(2-fluorophenyl)-2-[(1-methyl-2-propynyl)amino]-3H-1,4-
     benzodiazepine;
PA0  7-cyano-5-(2-fluorophenyl)-2-[(1-methyl-2-propynyl)-amino]-3H-1,4-benzodiaz
     epine;
PA0  7-methylthio-5-(2-fluorophenyl)-2-[(1-methyl-2-propynyl)amino]-3H-1,4-benzo
     diazepine;
PA0  7-chloro-5-(2-pyrimidyl)-2-[(1-methyl-2-propynyl)-amino-3H-1,4-benzodiazepi
     ne;
PA0  7-bromo-5-(2-furyl)-2-[(1-methyl-2-propynyl)amino]-3H-1,4-benzodiazepine;
PA0  7-fluoro-5-(2-pyrryl)-2-[(1-methyl-2-propynyl)amino]-3H-1,4-benzodiazepine;
PA0  7-nitro-5-(2-thienyl)-2-[(1-methyl-2-propynyl)amino]-3H-1,4-benzodiazepine;
PA0  7-trifluoromethyl-5-cyclohexyl-2-[(1-methyl-2-propynyl)amino]-3H-1,4-benzod
     iazepine;
PA0  7-cyano-5-(1-cyclohexenyl)-2-[(1-methyl-2-propynyl)-amino]-3H-1,4-benzodiaz
     epine;
PA0  7-methylthio-5-methyl-2-[(1-methyl-2-propynyl)amino]-3H-1,4-benzodiazepine;
      and the like.
PAR  Similarly the other 2-alkynylamines, hereinbefore listed, can likewise be
      used to obtain the corresponding 2-alkynylamino-3H-1,4-benzodiazepines.
PAC  EXAMPLE 9
PAC  8-chloro-1-methyl-6-phenyl-4H-imidazo[1,2-a]-[1,4]benzodiazepine(Ia)
PAR  To a 29.5 ml. of ice cold 50% (weight) sulfuric acid is added successively
      with stirring 9.1 g. (0.0295 mole) of
      7-chloro-5-phenyl-2-(2-propynylamino)-3H-1,4-benzodiazepine (IV) and 0.388
      g. of mercuric sulfate. The resulting mixture is stirred at ambient
      temperature for about 18 hours; poured into ice-water, neutralized with
      sodium hydroxide and extracted with chloroform. The extract thus obtained,
      is dried over potassium carbonate and concentrated in vacuo. The residue
      thus obtained, is chromatographed on 450 g. of silica gel with chloroform
      containing 1% methanol. The product thus obtained is crystallized from
      ethyl acetate-Skellysolve B hexanes to give 4.93 g. of
      8-chloro-1-methyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine, an
      analytical sample of which melted at 192.degree.-193.degree. C.;
      .lambda.max 222 m.mu. (.epsilon.=37,300), 255 (inflection, 13,100),
      .lambda.max 310 m.mu. (.epsilon.=1,280).
PAR  Anal. Calcd. for C.sub.18 H.sub.14 ClN.sub.3 : C, 70.24; H, 4.58; Cl,
      11.52; N, 13.65. Found: C, 70.15; H, 4.59; Cl, 11.55; N, 13.80.
PAC  EXAMPLE 10
PAC  8-chloro-6-(2-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      (Ia)
PAR  To 10 ml. of ice cold 50% (weight) sulfuric acid is added successively with
      stirring under nitrogen, 3.42 g. (0.01 mole) of
      7-chloro-5-(2-chlorophenyl)-2-(2-propynylamino)-3H-1,4-benzodiazepine (IV)
      and 0.132 g. of mercuric sulfate. The mixture is stirred at ambient
      temperature for about 18 hours and then poured into ice-water. The
      resulting mixture is made alkaline with 15% aqueous sodium hydroxide
      solution and extracted with chloroform. The chloroform extract is dried
      over potassium carbonate and concentrated in vacuo and the residue thus
      obtained is crystallized from ethyl acetate-Skellysolve B hexanes to give
      0.95 g. of 8-chloro-6-(2-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]
      benzodiazepine; an analytical sample of which melted at 148.degree. to
      149.degree. C.
PAR  Anal. Calcd. for C.sub.18 H.sub.13 Cl.sub.2 N.sub.3 : C, 63.17; H, 3.83;
      Cl, 20.72; N, 12.28. Found: C, 62.85; H, 3.83; Cl, 20.81; N, 12.38.
PAC  EXAMPLE 11
PAC  8-chloro-6-(2,6-difluorophenyl)-1-ethyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e (la)
PAR  To 10 ml. of ice cold 50% (wt) sulfuric acid is added successively with
      stirring under nitrogen 0.01 mole of
      7-chloro-5-(2,6-difluorophenyl)-2-(2-butynylamino)-3H-1,4-benzodiazepine
      (IV) and 0.132 g. of mercuric sulfate. The resulting mixture is stirred
      for about 18 hours, poured into ice water, neutralized with 15% aqueous
      sodium hydroxide solution and extracted with chloroform. The extract thus
      obtained is dried over potassium carbonate and concentrated in vacuo. The
      residue thus obtained is chromatographed on silica gel with chloroform
      containing 1% methanol. The eluates containing the desired product are
      combined, concentrated in vacuo and crystallized from ethyl
      acetate-hexanes to give
      8-chloro-6-(2,6-difluorophenyl)-1-ethyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne.
PAC  EXAMPLE 12
PAC  8-trifluoromethyl-6-phenyl-1-propyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      (la)
PAR  To 10 ml. of ice cold 50% (wt) sulfuric acid is added successively with
      stirring under nitrogen 0.01 mole of
      7-trifluoro-methyl-5-phenyl-2-(2-pentynylamino)-3H-1,4-benzodiazepine (IV)
      and 0.132 g. of mercuric sulfate. The resulting mixture is stirred for
      about 18 hours, poured into ice water, neutralized with 15% aqueous sodium
      hydroxide solution and extracted with chloroform. The extract thus
      obtained is dried over potassium carbonate and concentrated in vacuo. The
      residue thus obtained is chromatographed on silica gel with chloroform
      containing 1% methanol. The eluates containing the desired product are
      combined, concentrated in vacuo and crystallized from ethyl
      acetate-hexanes to give
      8-trifluoromethyl-6-phenyl-1-propyl-4H-imidazo[1,2-a][1,4]benzodiazepine.
PAC  EXAMPLE 13
PAC  8-bromo-1-methyl-6-(2-pyridyl)-4H-imidazo[1,2-a][1,4]benzodiazepine (la)
PAR  To 10 ml. of ice cold 50% (wt) sulfuric acid is added successively with
      stirring under nitrogen 0.01 mole of
      7-bromo-5-(2-pyridyl)-2-(2-propynylamino)-3H-1,4-benzodiazepine (IV) and
      0.132 g. of mercuric sulfate. The resulting mixture is stirred for about
      18 hours, poured into ice water, neutralized with 15% aqueous sodium
      hydroxide solution and extracted with chloroform. The extract thus
      obtained is dried over potassium carbonate and concentrated in vacuo. The
      residue thus obtained is chromatographed on silica gel with chloroform
      containing 1% methanol. The eluates containing the desired product are
      combined, concentrated in vacuo and crystallized from ethyl
      acetate-hexanes to give
      8-bromo-1-methyl-6-(2-pyridyl)-4H-imidazo[1,2-a][1,4]benzodiazepine.
PAC  EXAMPLE 14
PAC  8-chloro-2,6-dimethyl-1-propyl-4H-imidazo[1,2-a][1,4]benzodiazepine (la)
PAR  To 10 ml. of ice cold 50% (wt) sulfuric acid is added successively with
      stirring under nitrogen 0.01 mole of
      7-chloro-5-methyl-2-[(1-methyl-2-pentynyl)amino]-3H-1,4-benzodiazepine
      (IV) and 0.132 g. of mercuric sulfate. The resulting mixture is stirred
      for about 18 hours, poured into ice water, neutralized with 15% aqueous
      sodium hydroxide solution and extracted with chloroform. The extract thus
      obtained is dried over potassium carbonate and concentrated in vacuo. The
      residue thus obtained is chromatographed on silica gel with chloroform
      containing 1% methanol. The eluates containing the desired product are
      combined, concentrated in vacuo and crystallized from ethyl acetatehexanes
      to give
      8-chloro-2,6-dimethyl-1-propyl-4H-imidazo[1,2-a][1,4]benzodiazepine.
PAC  EXAMPLE 15
PAC  8-chloro-1,2,4-trimethyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine (la)
PAR  To 10 ml. of ice cold 50% (wt) sulfuric acid is added successively with
      stirring under nitrogen 0.01 mole of
      7-chloro-3-methyl-5-phenyl-2-[(1-methyl-2-propynyl)-amino]-3H-1,4-benzodia
     zepine (IV) and 0.132 g. of mercuric sulfate. The resulting mixture is
      stirred for about 18 hours, poured into ice water, neutralized with 15%
      aqueous sodium hydroxide solution and extracted with chloroform. The
      extract thus obtained is dried over potassium carbonate and concentrated
      in vacuo. The residue thus obtained is chromatographed on silica gel with
      chloroform containing 1% methanol. The eluates containing the desired
      product are combined, concentrated in vacuo and crystallized from ethyl
      acetate-hexanes to give
      8-chloro-1,2,4-trimethyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine.
PAC  EXAMPLE 16
PAC  8-chloro-1,2-dimethyl-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne (la)
PAR  To 10 ml. of ice cold 50% (wt) sulfuric acid is added successively with
      stirring under nitrogen 0.01 mole of
      7-chloro-5-(2-chlorophenyl)-2-[(1-methyl-2-propynyl)amino]-3H-1,4-benzodia
     zepine (IV) and 0.132 g. of mercuric sulfate. The resulting mixture is
      stirred for about 18 hours, poured into ice water, neutralized with 15%
      aqueous sodium hydroxide solution and extracted with chloroform. The
      extract thus obtained is dried over potassium carbonate and concentrated
      in vacuo. The residue thus obtained is chromatographed on silica gel with
      chloroform containing 1% methanol. The eluates containing the desired
      product are combined, concentrated in vacuo and crystallized from ethyl
      acetate-hexanes to give
      8-chloro-1,2-dimethyl-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazep
     ine.
PAR  In the manner given in Examples 9-16, above, other
      2-(2-alkynylamino)-3H-1,4-benzodiazepines of formula IV, for example those
      prepared and listed in Example 8, above, can be subjected to ring closure
      to obtain the corresponding 1-alkyl-4H-imidazo[1,2-a][1,4]benzodiazepines
      of formula la, respectively, such as:
PA0  8-bromo-6-phenyl-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-fluoro-6-phenyl-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-nitro-6-phenyl-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-trifluoromethyl-6-phenyl-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-cyano-6-phenyl-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-methylthio-6-phenyl-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-bromo-6-(2-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-fluoro-6-(2-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-nitro-6-(2-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-trifluoromethyl-6-(2-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine;
PA0  8-cyano-6-(2-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-methylthio-6-(2-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4-benzodiazepi
     ne;
PA0  8-chloro-6-(2-fluorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-bromo-6-(2-fluorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-fluoro-6-(2-fluorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-nitro-6-(2-fluorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-trifluoromethyl-6-(2-fluorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine;
PA0  8-cyano-6-(2-fluorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-methylthio-6-(2-fluorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne;
PA0  8-chloro-6-(2-pyrimidyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-bromo-6-(2-furyl)-1-methyl-4H-imidazo[1,2-a][1,4]-benzodiazepine;
PA0  8-fluoro-6-(2-pyrryl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-nitro-6-(2-thienyl)-1-methyl-4H-imidazo[1,2-a][1,4benzodiazepine;
PA0  8-trifluoromethyl-6-cyclohexyl-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e;
PA0  8-cyano-6-(1-cyclohexenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-methylthio-1,6-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-bromo-6-phenyl-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-fluoro-6-phenyl-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8nitro-6-phenyl-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-trifluoromethyl-6-phenyl-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e;
PA0  8-cyano-6-phenyl-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-methylthio-6-phenyl-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-bromo-6-(2-chlorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e;
PA0  8-fluoro-6-(2-chlorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne;
PA0  8-nitro-6-(2-chlorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e;
PA0  8-trifluoromethyl-6-(2-chlorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]ben
     zodiazepine;
PA0  8-cyano-6-(2-chlorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e;
PA0  8-methylthio-6-(2-chlorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodia
     zepine;
PA0  8-chloro-6-(2-fluorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne;
PA0  8-bromo-6-(2-fluorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e;
PA0  8-fluoro-6-(2-fluorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne;
PA0  8-nitro-6-(2-fluorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e;
PA0  8-trifluoromethyl-6-(2-fluorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]ben
     zodiazepine;
PA0  8-cyano-6-(2-fluorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e;
PA0  8-methylthio-6-(2-fluorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodia
     zepine;
PA0  8-chloro-6-(2-pyrimidyl)-1,2-dimethyl-4H-imidazo[1,2-a]-[1,4]benzodiazepine
PA0  8-bromo-6-(2-furyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-fluoro-6-(2-pyrryl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-nitro-6-(2-thienyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-trifluoromethyl-6-cyclohexyl-1,2-dimethyl-
      4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-cyano-6-(1-cyclohexenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e;
PA0  8-methylthio-1,2,6-trimethyl-4H-imidazo[1,2-a][1,4]-benzodiazepine; and the
      like.
PAC  EXAMPLE 17
PAC  8-chloro-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxaldehyde
      (II)
PAR  A stirred solution of 6.0 g. (0.0194 mole) of
      2-chloro-5-phenyl-2-(2-propynylamino)-3H-1,4-benzodiazepine (IV) in 20 ml.
      of acetic acid, 20 ml. of 88% formic acid and 1.5 ml. of water is treated
      at ambient temperature, dropwise, with 156 ml. of 5% aqueous solution of
      mercuric acetate. During the addition the temperature of the reaction
      mixture rises at aobut 35.degree. C. The mixture is stirred at ambient
      temperature for about 3 hours and poured into ice water. This mixture is
      then extracted with chloroform. The extract thus obtained is washed with
      water and concentrated in vacuo. The residue is suspended in hot ethyl
      acetate and filtered. The filtrate is concentrated and chromatographed on
      360 g. of silica gel with 50% ethyl acetate-Skellysolve B hexanes to give
      960 mg. of
      8-chloro-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxyldehyde as
      an amorphous solid.
PAR  Anal. Calcd. for C.sub.18 H.sub.12 ClN.sub.3 O: C, 67.19; H, 3.76; Cl,
      11.02; N, 13.06. Found: C, 66.21; H, 4.03; Cl, 10.59; N, 11.59.
PAC  EXAMPLE 18
PAC  8-chloro-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxal
     dehyde (II)
PAR  A stirred solution of 0.02 mole of
      7-chloro-5-(2-chlorophenyl)-2-(2-propynylamino)-3H-1,4-benzodiazepine
      (IV), 20 ml. of acetic acid, 20 ml. of 88% formic acid and 1.5 ml. of
      water at ambient temperature is treated, dropwise, with 160 ml. of a 5%
      aqueous solution of mercuric acetate. The mixture is then stirred at room
      temperature for about 3 hours, poured into ice water and then extracted
      with chloroform. The extract thus obtained is washed with water and then
      concentrated in vacuo. The residue thus obtained is suspended in hot ethyl
      acetate and filtered. The filtrate is concentrated and chromatographed on
      silica gel with 50% ethyl acetate-hexanes to give
      8-chloro-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxa
     ldehyde.
PAC  EXAMPLE 19
PAC  8-bromo-6-(2-pyridyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxaldehyde
      (II)
PAR  A stirred solution of 0.02 mole of
      7-bromo-5-(2-pyridyl)-2-(2-propynylamino)-3H-1,4benzodiazepine (IV), 20
      ml. of acetic acid, 20 ml. of 88% formic acid and 1.5 ml. of water at
      ambient temperature is treated, dropwise, with 160 ml. of a 5% aqueous
      solution of mercuric acetate. The mixture is then stirred at room
      temperature for about 3 hours, poured into ice water and then extracted
      with chloroform. The extract thus obtained is washed with water and then
      concentrated in vacuo. The residue thus obtained is suspended in hot ethyl
      acetate and filtered. The filtrate is concentrated and chromatographed on
      silica gel with 50% ethyl acetatehexanes to give
      8-bromo-6-(2-pyridyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxaldehyd
     e.
PAC  EXAMPLE 20
PAC  8-chloro-6-phenyl-2,4-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carbo
     xaldehyde (II)
PAR  A stirred solution of 0.02 mole of
      7-chloro-3-methyl-5-phenyl-2-[(1-methyl-2-propynyl)amino]-3H-1,4benzodiaze
     pine (IV), 20 ml. of acetic acid, 20 ml. of 88% formic acid and 1.5 ml of
      water at ambient temperature is treated, dropwise, with 160 ml. of a 5%
      aqueous solution of mercuric acetate. The mixture is then stirred at room
      temperature for about 3  hours, poured into ice water and then extracted
      with chloroform. The extract thus obtained is washed with water and then
      concentrated in vacuo. The residue thus obtained is suspended in hot ethyl
      acetate and filtered. The filtrate is concentrated and chromatographed on
      silica gel with 50% ethyl acetate-hexanes to give
      8-chloro-6-phenyl-2,4-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carb
     oxaldehyde.
PAC  EXAMPLE 21
PAC  8-chloro-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1
     -carboxaldehyde (II)
PAR  A stirred solution of 0.02 mole of
      7-chloro-5-(2-chlorophenyl)-2-[(1-methyl-2-propynyl)amino]-3H-1,4benzodiaz
     epine (IV), 20 ml. of acetic acid, 20 ml. of 88% formic acid and 1.5 ml. of
      water at ambient temperature is treated, dropwise, with 160 ml. of a 5%
      aqueous solution of mercuric acetate. The mixture is then stirred at room
      temperature for about 3 hours, poured into ice water and then extracted
      with chloroform. The extract thus obtained is washed with water and then
      concentrated in vacuo. The residue thus obtained is suspended in hot ethyl
      acetate and filtered. The filtrate is concentrated and chromatographed on
      silica gel with 50% ethyl acetate-hexanes to give
      8-chloro-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-
     1-carboxaldehyde.
PAR  In the manner given in Examples 17-21, above, other 2-(2-propynylamino) and
      (1-alkyl-2-propynylamino)-3H-1,4benzodiazepines of formula (IV), for
      example those prepared and listed in Example 8, above, can be subjected to
      ring closure to obtain the corresponding
      4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxaldehydes of formula (II),
      respectively, such as
PA0  8-bromo-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxaldehyde;
PA0  8-fluoro-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxaldehyde;
PA0  9-nitro-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxaldehyde;
PA0  8-trifluoromethyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxald
     ehyde;
PA0  8-cyano-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxaldehyde;
PA0  8-methylthio-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxaldehyde
     ;
PA0  8-bromo-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxald
     ehyde;
PA0  8-fluoro-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxal
     dehyde;
PA0  8-nitro-6-(2-chlorophenyl)-4
      H-imidazo[1,2-a][1,4]benzediazepine-1-carboxaldehyde;
PA0  8-trifluoromethyl-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-1
     -carboxaldehyde;
PA0  8-cyano-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxald
     ehyde;
PA0  8-methylthio-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carb
     oxaldehyde;
PA0  8-chloro-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxal
     dehyde;
PA0  8-bromo-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxald
     ehyde;
PA0  8-fluoro-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxal
     dehyde;
PA0  8-nitro-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxald
     ehyde;
PA0  8-trifluoromethyl-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-1
     -carboxaldehyde;
PA0  8-cyano-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxald
     ehyde;
PA0  8-methylthio-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4benzodiazepine-1-carbo
     xaldehyde;
PA0  8-chloro-6-(2-pyrimidyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxaldeh
     yde;
PA0  8-bromo-6-(2-furyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxaldehyde;
PA0  8-fluoro-6-(2-pyrryl)-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxaldehyde
     ;
PA0  8-nitro-6-(2-thienyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxaldehyde
     ;
PA0  8-trifluoromethyl-6-cyclohexyl-4H-imidazo[1,2-a]1,4]benzodiazepine-1-carbox
     aldehyde;
PA0  8-cyano-6-(1-cyclohexenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxald
     ehyde;
PA0  8-methylthio-6-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxaldehyde
     ;
PA0  8-bromo-6-phenyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxalde
     hyde;
PA0  8-fluoro-6-phenyl-2-methyl-4H-imidazo[1,2-a][1,4-benzodiazepine-1-carboxald
     ehyde;
PA0  8-nitro-6-phenyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxalde
     hyde;
PA0  8-trifluoromethyl-6-phenyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-
     carboxaldehyde;
PA0  8-cyano-6-phenyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxalde
     hyde;
PA0  8-methylthio-6-phenyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carbo
     xaldehyde;
PA0  8-bromo-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-
     carboxaldehyde;
PA0  8-fluoro-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1
     -carboxaldehyde;
PA0  8-nitro-6-(2-chlorphenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-c
     arboxaldehyde;
PA0  8-trifluoromethyl-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine-1-carboxaldehyde;
PA0  8-cyano-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-
     carboxaldehyde;
PA0  8-methylthio-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne-1-carboxaldehyde;
PA0  8-chloro-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodizepine-1-
     carboxaldehyde;
PA0  8-bromo-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-
     carboxaldehyde;
PA0  8-fluoro-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine11
     -carboxaldehyde;
PA0  8-nitro-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-
     carboxaldehyde;
PA0  8-trifluoromethyl-6-(2-fluorophenyl)-2-methy-4H-imidazo[1,2-a][1,4]benzodia
     zepine-1-carboxaldehyde;
PA0  8-cyano-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-
     carboxaldehyde
PA0  8-methylthio-6-(2-flurophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e-1-carboxaldehyde;
PA0  8-chloro-6-(2-pyrimidyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-ca
     rboxaldehyde;
PA0  8-bromo-6-(2-furyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxa
     ldehyde;
PA0  8-fluoro-6-(2-pyrryl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carbo
     xaldehyde;
PA0  8-nitro-6-(2-thienyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carbo
     xaldehyde;
PA0  8-trifluoromethyl-6-cyclohexyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e-1-carboxaldehyde;
PA0  8-cyano-6-(1-cyclohexenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-
     carboxaldehyde;
PA0  8-methylthio-2,6-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxalde
     hyde; and the like.
PAC  EXAMPLE 22
PAC  8-chloro-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine (la)
PAR  A mixture of 1.0 g. of
      8-chloro-6-phenyl-4H-imidazo-[1,2-a][1,4]benzodiazepine-1-carboxaldehyde
      (ll) and 0.1 g. of tris(triphenylphosphine)rhodium chloride in 50 ml. of
      benzene is refluxed for about 6 hours. The mixture is then allowed to cool
      and filtered to remove the catalyst. The filtrate thus obtained in
      concentrated in vacuo to give
      8-chloro-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine, which is further
      purified by chromatography on silica gel and/or crystallization, m.p.
      146.degree.-148.degree. C.
PAR  Anal. Calcd. for C.sub.17 H.sub.12 ClN.sub.3 : C, 69.50; H, 4.12; Cl,
      12.07; N, 14.31. Found: C, 69.32; H, 4.04; Cl, 12.08; N, 14.51.
PAC  EXAMPLE 23
PAC  8-chloro-6-(2-chlorophenyl)-4H-imidazo[1,2-a]-[1,4]benzodiazepine (la)
PAR  A mixture of 1.0 g. of
      8-chloro-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxa
     ldehyde (II) and 0.1 g. of tris(triphenylphosphine)rhodium chloride in 50
      ml. of benzene is refluxed for about 6 hours. The mixture is then allowed
      to cool and filtered to remove the catalyst. The fitrate thus obtained is
      concentrated in vacuo to give
      8-chloro-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine, which is
      further purified by chromatography on silica gel and/or crystallization,
      m.p. 179.degree.-180.degree. C.
PAR  Anal. Calc. for C.sub.17 H.sub.11 Cl.sub.2 N.sub.3 : C, 62.21; H, 3.38; Cl,
      21.60; N, 12.81. Found: c, 61.98; H, 3.27; Cl, 21.72; N, 13.08.
PAC  EXAMPLE 24
PAC  8-chloro-6-(2-pyridyl)-4-imidazo[1,2-a][1,4]benzodiazepine (Ia)
PAR  A mixture of 1.0 of
      8-chloro-6-(2-pyridyl)-4-H-imidazo-[1,2-a][1,4]benzodiazepine-1-carboxalde
     hyde (II) and 0.1 g. of tris(triphenylphosphine)rhodium chloride in 50 ml.
      of benzene is refluxed for about 6 hours. The mixture is then allowed to
      cool and filtered to remove the catalyst. The filtrate thus obtained is
      concentrated in vacuo to give
      8-chloro-6-(2-pyridyl)-4H-imidazo[1,2-a][1,4]benzodiazepine, which is
      further purified by chromatography on silica gel and/or crystallization.
PAC  EXAMPLE 25
PAC  8-chloro-6-phenyl-2,4-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine (Ia)
PAR  A mixture of 1.0 g. of
      8-chloro-6-phenyl-2,4-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine-1-carb
     oxaldehyde (II) and 0.1 g. of tris(triphenylphosphine)rhodium chloride in
      50 ml. of benzene is refluxed for about 6 hours. The mixture is then
      allowed to cool and filtered to remove the catalyst. The filtrate thus
      obtained is concentrated in vacuo to give
      8-chloro-6-phenyl-2,4-dimethyl-4H-imidazo[1,2-a][1,4-benzodiazepine, which
      is further purified by chromatography and/or crystallization.
PAC  EXAMPLE 26
PAC  8-chloro-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      (Ia)
PAR  A mixture of 1.0 g. of
      8-chloro-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-
     1-carboxaldehyde (II) and 0.1 g. of tris(triphenylphosphine)rhodium
      chloride in 50 ml. of benzene is refluxed for about 6 hours. The mixture
      is then allowed to cool and filtered to remove the catalyst. The filtrate
      thus obtained is concentrated in vacuo to give
      8-chloro-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine,
      which is further purified by chromatography on silica gel and/or
      crystallization.
PAR  In the manner given in Examples 22-26, above, other
      4H-imidazo[1,2-a][1,4]benzodiazepine-1-carboxaldehydes of formula II, for
      example those prepared and listed in Example 21, above, can be treated
      with tris(triphenylphosphine(rhodium chloride to obtain the corresponding
      compounds (Ia) which are unsubstituted at the 1-position, such as:
PA0  8-bromo-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-fluoro-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-nitro-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-trifluoromethyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-cyano-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-methylthio-6-phenyl-4H-imidazo[1,2-a][1,4-benzodiazepine;
PA0  8-bromo-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-fluoro-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-nitro-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-trifluoromethyl-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4benzodiazepine;
PA0  8-cyano-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-methylthio6-(2chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-chloro-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-bromo-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-fluoro-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-nitro-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-trifluoromethyl-6-(2-fluorophenyl-4H-imidazo[1,2-a]-[1,4]benzodiazepine;
PA0  8-cyano-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-methylthio-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-chloro-6-(2-pyrimidyl)-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-bromo-6-(2-furyl)-4H-imidazo[1,2-a][1,4]benzodiazepine
PA0  8-fluoro-6-(2-pyrryl)-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-nitro-6-(2-thienyl)-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-trifluoromethyl-6-cyclohexyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-cyano-6-(1-cyclohexenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-methylthio-6-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-bromo-6-phenyl-2-methyl-4H-imidazo[1,2a][1,4]benzodiazepine;
PA0  8-fluoro-6-phenyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-nitro-6-phenyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-trifluoromethyl-6-phenyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-cyano-6-phenyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-methylthio-6-phenyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-bromo-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-fluoro-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-nitro-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-trifluoromethyl-6-(2-chlorophenyl)-2-methyl-4H-imidazo-[1,2-a][1,4]benzod
     iazepine;
PA0  8-cyano-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine.
PA0  8-methylthio-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne;
PA0  8-chloro-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-bromo-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-fluoro-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-nitro-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-trifluoromethyl-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine;
PA0  8-cyano-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-methylthio-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne;
PA0  8-chloro-6(2-pyrimidyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  b8-bromo-6-(2-furyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-fluoro-6-(2-pyrryl)-2methyl-4H-imidazo[1,2-a][1,4]-benzodiazepine;
PA0  8-nitro-6-(2-thienyl)-2-methyl-4H-imidazo[1,2-a][1,4]-benzodiazepine;
PA0  8-trifluoromethyl-6-cyclohexeyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne;
PA0  8-cyano-6-(1-cyclohexenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-methylthio-2,6-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine; and the
      like.
PAC  EXAMPLE 27
PAC  8-chloro-1-methyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepin-5-oxide
      (III)
PAR  A stirred solution of 1.0 g. of
      8-chloro-1-methyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine (Ia) in
      absolute ethanol in an ice bath is treated with 1.0 g. of
      m-chloroperbenzoic acid. The mixture is allowed to stand in the ice bath
      for about 8 hous and at room temperature at about 24.degree. C. for
      approximately 18 hours. It is then concentrated in vacuo, the residue thus
      obtained is suspended in aqueous, cold, dilute potassium carbonate
      solution and extracted with methylene chloride. The extract is washed with
      water, dried and concentrated in vacuo. The residue thus obtained is
      chromatographed on 100 g. of silica gel to give
      8-chloro-1-methyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide.
PAC  EXAMPLE 28
PAC  8-chloro-6-(2-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5
     -oxide (III)
PAR  A stirred mixture is 1.0 g. of
      8-chloro-6-(2-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      (Ia) in absolute ethanol in an ice bath is treated with 1.0 g. of
      m-chloroperbenzoic acid. The mixture is allowed to stand in the ice bath
      for about 8 hours at room temperature at about 24.degree. C. for
      approximately 18 hours. It is then concentrated in vacuo, the residue thus
      obtained is suspended in aqueous, cold, dilute potassium carbonate
      solution and extracted with methylene chloride. The extract is washed with
      water, dried and concentrated in vacuo. The residue thus obtained is
      chromatographed on 100 g. of silica gel to give
      8-chloro-6-(2-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-
     5-oxide
PAR  In the same manner following the procedure of Examples 27 and 28, above,
      the other 4H-imidazo[1,2-a][1,4]benzodiazepines of formula 1a, for
      example, those prepared in Examples 11-16 and 22 through 25, above, can
      likewise be converted to the corresponding 5-oxides (III). The following
      are representative:
PA1  8-chloro-6-(2,6-difluorophenyl)-1-ethyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e to obtain
      8-chloro-6-(2,6-difluorophenyl)-1-ethyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne-5-oxide;
PA1  8-trifluoromethyl-6-phenyl-1-propyl-4H-imidazo[1,2-a][1,4]benzodiazepine to
      obtain
      8-trifluoromethyl-6-phenyl-1-propyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5
     -oxide;
PA1  8-bromo-1-methyl-6-(2-pyridyl)-4H-imidazo[1,2-a][1,4]benzodiazepine to
      obtain
      8-bromo-1-methyl-6-(2-pyridyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5oxide
     ;
PA1  8-chloro-2,6-dimethyl-1-propyl-4H-imidazo[1,2-a][1,4]benzodiazepine to
      obtain
      8-chloro-2,6-dimethyl-1-propyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxid
     e;
PA1  8-chloro-1,2,4-trimethyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine to
      obtain
      8-chloro-1,2,4-trimethyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-o
     xide;
PA1  8-chloro-1,2-dimethyl-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne to obtain
      8-chloro-1,2-dimethyl-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazep
     ine-5-oxide;
PA1  8-chloro-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine to obtain
      8-chloro-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA1  8-chloro-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine to obtain
      8-chloro-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA1  8-chloro-6-(2-pyridyl)-4H-imidazo[1,2-a][1,4]benzodiazepine to obtain
      8-chloro-6-(2-pyridyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA1  8-chloro-2,4-dimethyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine to
      obtain
      8-chloro-2,4-dimethyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxid
     e; and
PA1  8-chloro-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      to obtain
      8-chloro-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      to obtain
      8-chloro-6-(2-chlorophenyl)-2methyl-[4H-imidazo[1,2-a][1,4]benzodiazepine-
     5-oxide. -methyl-[4H-imidazo[1,2,-a]
PAR  Similarly, following the procedure of Examples 27 and 28, the other
      compounds of formula Ia can likewise be converted to the corresponding
      5-oxides (III), for example the compounds listed in Examples 16 and 26,
      above, give:
PA0  8-bromo-6-phenyl-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-fluoro-6-phenyl-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-nitro-6-phenyl-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-trifluoromethyl-6-phenyl-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-
     oxide;
PA0  8-cyano-6-phenyl-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-methylthio-6-phenyl-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide
     ;
PA0  8-bromo-6-(2-chlorophenyl)-1-methyl-4H-imidazp[1,2-a][1,4]benzodiazepine-5-
     oxide;
PA0  8-fluoro-6-(2-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5
     -oxide;
PA0  8-nitro-6-(2-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-
     oxide;
PA0  8-trifluoromethyl-6-(2-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine-5-oxide;
PA0  8-cyano-6-(2-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-
     oxide;
PA0  8-methylthio-6-(2-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne-5-oxide;
PA0  8-chloro-6-(2-fluorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5
     -oxide;
PA0  8-bromo-6-(2-fluorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-
     oxide;
PA0  8-fluoro-6-(2-fluorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5
     -oxide;
PA0  8-nitro-6-(2-fluorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-
     oxide;
PA0  8-trifluoromethyl-6-(2-fluorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine-5-oxide;
PA0  8-cyano-6-(2-fluorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-
     oxide;
PA0  8-methylthio-6-(2-fluorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne-5-oxide;
PA0  8-chloro-6-(2-pyrimidyl)-1-methyl-4-H-imidazo[1,2-a][1,4]benzodiazepine-5-o
     xide;
PA0  8-bromo-6-(2-furyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-fluoro-6-(2-pyrryl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide
     ;
PA0  8-nitro-6-(2-thienyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide
     ;
PA0  8-trifluoromethyl-6-cyclohexyl-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e-5-oxide;
PA0  8-cyano-6-(1-cyclohexenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-
     oxide;
PA0  8-methylthio-1,6-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-bromo-6-phenyl-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-fluoro-6-phenyl-1,2-dimethyl-4-H-imidazo[1,2-a][1,4]benzodiazepine-5-oxid
     e;
PA0  8-nitro-6-phenyl-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-trifluoromethyl-6-phenyl-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e-5-oxide;
PA0  8-cyano-6-phenyl-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-methylthio-6-phenyl-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-o
     xide;
PA0  8-bromo-6-(2-chlorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e-5-oxide;
PA0  8-fluoro-6-(2-chlorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne-5-oxide;
PA0  8-nitro-6-(2-chlorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e-5-oxide;
PA0  8-trifluoromethyl-6-(2-chlorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]ben
     zodiazepine-5-oxide;
PA0  8-cyano-6-(2-chlorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e-5-oxide;
PA0  8-methylthio-6-(2-chlorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodia
     zepine-5-oxide;
PA0  8-chloro-6-(2-fluorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne-5-oxide;
PA0  8-bromo-6-(2-fluorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e-5-oxide;
PA0  8-fluoro-6-(2-fluorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne-5-oxide;
PA0  8-nitro-6-(2-fluorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e-5-oxide;
PA0  8-trifluoromethyl-6-(2-fluorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]ben
     zodiazepine-5-oxide;
PA0  8-cyano-6-(2-fluorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e-5-oxide;
PA0  8-methylthio-6-(2-fluorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodia
     zepine-5-oxide;
PA0  8-chloro-6-(2-pyrimidyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine-
     5-oxide;
PA0  8-bromo-6-(2-furyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxi
     de;
PA0  8-fluoro-6-(2-pyrryl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-o
     xide;
PA0  8-nitro-6-(2-thienyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-o
     xide;
PA0  8-trifluoromethyl-6-cyclohexyl-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiaz
     epine-5-oxide;
PA0  8-cyano-6-(1-cyclohexenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e-5-oxide;
PA0  8-methylthio-6-methyl-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-o
     xide;
PA0  8-bromo-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-fluoro-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-nitro-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-trifluoromethyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-cyano-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-methylthio-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-bromo-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-fluoro-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8l -nitro-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-trifluoromethyl-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5
     -oxide;
PA0  8-cyano-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-methylthio-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxid
     e;
PA0  8-chloro-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-bromo-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-fluoro-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-nitro-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-trifluoromethyl-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5
     -oxide;
PA0  8-cyano-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-methylthio-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxid
     e;
PA0  8-chloro-6-(2-pyrimidyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-bromo-6-(2-furyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-fluoro-6-(2-pyrryl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-nitro-6-(2-thienyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-trifluoromethyl-6-cyclohexyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide
     ;
PA0  8-cyano-6-(1-cyclohexenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-methylthio-6-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-bromo-6-phenyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-fluoro-6-phenyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-nitro-6-phenyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-trifluoromethyl-6-phenyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-
     oxide;
PA0  8-cyano-6-phenyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-methylthio-6-phenyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide
     ;
PA0  8-bromo-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-
     oxide;
PA0  8-fluoro-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5
     -oxide;
PA0  8-nitro-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-
     oxide;
PA0  8-trifluoromethyl-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine-5-oxide;
PA0  8-cyano-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-
     oxide;
PA0  8-methylthio-6-(2-chlorophenyl)-2-methyl-4H-imidazo-[1,2-a][1,4]benzodiazep
     ine-5-oxide;
PA0  8-chloro-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5
     -oxide;
PA0  8-bromo-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a]-[1,4]benzodiazepine-5
     -oxide;
PA0  8-fluoro-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5
     -oxide;
PA0  8-nitro-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-
     oxide;
PA0  8-trifluoromethyl-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine-5-oxide;
PA0  8-cyano-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-
     oxide;
PA0  8-methylthio-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne-5-oxide;
PA0  8-chloro-6-(2-pyrimidyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-ox
     ide;
PA0  8-bromo-6-(2-furyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide;
PA0  8-fluoro-6-(2-pyrryl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide
     ;
PA0  8-nitro-6-(2-thienyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide
     ;
PA0  8-trifluoromethyl-6-cyclohexyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e-5-oxide;
PA0  8-cyano-6-(1-cyclohexenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-
     oxide; and
PA0  8-methylthio-2,6-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide,
      respectively.
PAC  EXAMPLE 29
PAC  8-chloro-4-hydroxy-1-methyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate (1b)
PAR  A stirred mixture of 1.0 g of
      8-chloro-1-methyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide
      (III), 5 ml. of acetic anhydride and 3 ml. of acetic acid is warmed on the
      steam bath, under nitrogen, for 30 minutes and concentrated in vacuo. The
      residue is suspended in water, neutralized with sodium carbonate and
      extracted with methylene chloride. The extract is dried, concentrated and
      chromatographed on silica gel eluting with ethyl acetate to yield
      8-chloro-4-hydroxy-1-methyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate.
PAC  EXAMPLE 30
PAC  8-chloro-6-(2-chlorophenyl)-4-hydroxy-1-methyl-4H-imidazo[1,2-a][1,4]benzod
     iazepine acetate (1b)
PAR  A stirred mixture of 1.0 g. of
      8-chloro-6-(2-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-
     5-oxide (III), 5 ml. of acetic anhydride and 3 ml. of acetic acid is warmed
      on the steam bath, under nitrogen, for 30 minutes and concentrated in
      vacuo. The residue is suspended in water, neutralized with sodium
      carbonate and extracted with methylene chloride. The extract is dried,
      concentrated and chromatographed on silica gel eluting with ethyl acetate
      to yield
      8-chloro-6-(2-chlorophenyl)-4-hydroxy-1-methyl-4H-imidazo[1,2-a][1,4]benzo
     diazepine acetate.
PAR  In the same manner, following the procedure of Examples 29 and 30, above,
      the other 4H-imidazo[1,2-a]8 1,4]benzodiazepine-5-oxides of formula III
      can likewise be converted to the 4-acyloxy derivatives giving the
      corresponding compounds of formula 1b. The following are representative:
PA0  8-chloro-6-(2,6-difluorophenyl)-1-ethyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e-5-oxide to obtain
      8-chloro-4-hydroxy-6-(2,6-difluorophenyl)-1-ethyl-4H-imidazo[1,2-a][1,4]be
     nzodiazepine acetate;
PA0  8-trifluoromethyl-6-phenyl-1-propyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-
     oxide to obtain
      8-trifluoromethyl-4-hydroxy-6-phenyl-1-propyl-4H-imidazo[1,2-a][1,4]benzod
     iazepine acetate;
PA0  8-bromo-1-methyl-6-(2-pyridyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide
      to obtain
      8-bromo-4-hydroxy-1-methyl-6-(2-pyridyl)-4H-imidazo[1,2-a][1,4]benzodiazep
     ine acetate;
PA0  8-chloro-2,6-dimethyl-1-propyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide
      to obtain
      8-chloro-2,6-dimethyl-4-hydroxy-1-propyl-4-H-imidazo[1,2-a][1,4]benzodiaze
     pine acetate;
PA0  8-chloro-1,2,4-trimethyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-ox
     ide to obtain
      8-chloro-4-hydroxy-1,2,4-trimethyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodia
     zepine acetate;
PA0  8-chloro-1,2-dimethyl-6-(2-chlorophenyl)-4H-imidazo-[1,2-a][1,4]benzodiazep
     ine-5-oxide to obtain
      8-chloro-4-hydroxy-1,2-dimethyl-6-(2-chlorophenyl)-4H-imidazo[1,2-a]-[1,4]
     benzodiazepine acetate;
PA0  8-chloro-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide to obtain
      8-chloro-4-hydroxy-6-phenyl-4H-imidazo-[1,2-a][1,4]benzodiazepine acetate;
PA0  8-chloro-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide to
      obtain
      8-chloro-4-hydroxy-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-chloro-6-(2-pyridyl)-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide to
      obtain
      8-chloro-4-hydroxy-6-(2-pyridyl)-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-chloro-2,4-dimethyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5-oxide
      to obtain
      8-chloro-2,4-dimethyl-4-hydroxy-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazep
     ine acetate; and
PA0  8-chloro-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine-5
     -oxide to obtain
      8-chloro-6-(2-chlorophenyl)-4-hydroxy-2-methyl-4H-imidazo[1,2-a][1,4]benzo
     diazepine acetate.
PAR  Similarly, following the procedure of Examples 29 and 30, the other
      5-oxides of formula III can likewsie be converted to the corresponding
      4-acetates, for example the compounds listed in Example 28, above, give:
PA0  8-bromo-4-hydroxy-6-phenyl-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-fluoro-4-hydroxy-6-phenyl-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-nitro-4-hydroxy-6-phenyl-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-trifluoromethyl-4-hydroxy-6-phenyl-1-methyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine acetate;
PA0  8-cyano-4-hydroxy-6-phenyl-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-methylthio-4-hydroxy-6-phenyl-1-methyl-4H-imidazo-[1,2-a][1,4]benzodiazep
     ine acetate;
PA0  8-bromo-4-hydroxy-6-(2-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine acetate;
PA0  8-fluoro-4-hydroxy-6-(2-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzod
     iazepine acetate;
PA0  8-nitro-4-hydroxy-6-(2-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine acetate;
PA0  8-trifluoromethyl-4-hydroxy-6-(2-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1
     ,4]benzodiazepine acetate;
PA0  8-cyano-4-hydroxy-6-(2-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine acetate;
PA0  8-methylthio-4-hydroxy-6-(2-chlorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]be
     nzodiazepine acetate;
PA0  8-chloro-4-hydroxy-6-(2-fluorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzod
     iazepine acetate;
PA0  8-bromo-4-hydroxy-6-(2-fluorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine acetate;
PA0  8-fluoro-4-hydroxy-6-(2-fluorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzod
     iazepine acetate;
PA0  8-nitro-4-hydroxy-6-(2-fluorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine acetate;
PA0  8-trifluoromethyl-4-hydroxy-6-(2-fluorophenyl)-1-methyl-4H-imidazo[1,2-a][1
     ,4]benzodiazepine acetate;
PA0  8-cyano-4-hydroxy-6-(2-fluorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine acetate;
PA0  8-methylthio-4-hydroxy-6-(2-fluorophenyl)-1-methyl-4H-imidazo[1,2-a][1,4]be
     nzodiazepine acetate;
PA0  8-chloro-4-hydroxy-6-(2-pyrimidyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiaz
     epine acetate;
PA0  8-bromo-4-hydroxy-6-(2-furyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-fluoro-4-hydroxy-6-(2-pyrryl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne acetate;
PA0  8-nitro-4-hydroxy-6-(2-thienyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne acetate;
PA0  8-trifluoromethyl-4-hydroxy-6-cyclohexyl-1-methyl-4H-imidazo[1,2-a][1,4]ben
     zodiazepine acetate;
PA0  8-cyano-4-hydroxy-6-(1-cyclohexenyl)-1-methyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine acetate;
PA0  8-methylthio-4-hydroxy-1,6-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-bromo-4-hydroxy-6-phenyl-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e acetate;
PA0  8-fluoro-4-hydroxy-6-phenyl-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne acetate;
PA0  8-nitro-4-hydroxy-6-phenyl-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e acetate;
PA0  8-trifluoromethyl-4-hydroxy-6-phenyl-1,2-dimethyl-4H-imidazo[1,2-a][1,4]ben
     zodiazepine acetate;
PA0  8-cyano-4-hydroxy-6-phenyl-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepin
     e acetate;
PA0  8-methylthio-4-hydroxy-6-phenyl-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodia
     zepine acetate;
PA0  8-bromo-4-hydroxy-6-(2-chlorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]ben
     zodiazepine acetate;
PA0  8-fluoro-4-hydroxy-6-(2-chlorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]be
     nzodiazepine acetate;
PA0  8-nitro-4-hydroxy-6-(2-chlorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]ben
     zodiazepine acetate;
PA0  8-trifluoromethyl-4-hydroxy-6-(2-chlorophenyl)-1,2-dimethyl-4H-imidazo[1,2-
     a][1,4]benzodiazepine acetate;
PA0  8-cyano-4-hydroxy-6-(2-chlorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]ben
     zodiazepine acetate;
PA0  8-methylthio-4-hydroxy-6-(2-chlorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,
     4]benzodiazepine acetate;
PA0  8-chloro-4-hydroxy-6-(2-fluorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]be
     nzodiazepine acetate;
PA0  8-bromo-4-hydroxy-6-(2-fluorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]ben
     zodiazepine acetate;
PA0  8-fluoro-4-hydroxy-6-(2-fluorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]be
     nzodiazepine acetate;
PA0  8-nitro-4-hydroxy-6-(2-fluorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]ben
     zodiazepine acetate;
PA0  8-trifluoromethyl-4-hydroxy-6-(2-fluorophenyl)-1,2-dimethyl-4H-imidazo[1,2-
     a][1,4]benzodiazepine acetate;
PA0  8-cyano-4-hydroxy-6-(2-fluorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]ben
     zodiazepine acetate;
PA0  8-methylthio-4-hydroxy-6-(2-fluorophenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,
     4]benzodiazepine acetate;
PA0  8-chloro-4-hydroxy-6-(2-pyrimidyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzo
     diazepine acetate;
PA0  8-bromo-4-hydroxy-6-(2-furyl)-1,2-dimethyl-4H-imidazo-[1,2-a][1,4]benzodiaz
     epine acetate;
PA0  8-fluoro-4-hydroxy-6-(2-pyrryl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodia
     zepine acetate;
PA0  8-nitro-4-hydroxy-6-(2-thienyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]benzodia
     zepine acetate;
PA0  8-trifluoromethyl-4-hydroxy-6-cyclohexyl-1,2-dimethyl-4H-imidazo[1,2-a][1,4
     ]benzodiazepine acetate;
PA0  8-cyano-4-hydroxy-6-(1-cyclohexenyl)-1,2-dimethyl-4H-imidazo[1,2-a][1,4]ben
     zodiazepine acetate;
PA0  8-methylthio-4-hydroxy-1,2,6-trimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-bromo-4-hydroxy-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine acetate;
PA0  8-fluoro-4-hydroxy-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine acetate;
PA0  8-nitro-4-hydroxy-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine acetate;
PA0  8-trifluoromethyl-4-hydroxy-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-cyano-4-hydroxy-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine acetate;
PA0  8-methylthio-4-hydroxy-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-bromo-4-hydroxy-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-fluoro-4-hydroxy-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-nitro-4-hydroxy-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-trifluoromethyl-4-hydroxy-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzod
     iazepine acetate;
PA0  8-cyano-4-hydroxy-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-methylthio-4-hydroxy-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazep
     ine acetate;
PA0  8-chloro-4-hydroxy-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-bromo-4-hydroxy-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-fluoro-4-hydroxy-6-(2-fluorophenyl)-2H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-nitro-4-hydroxy-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-trifluoromethyl-4-hydroxy-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzod
     iazepine acetate;
PA0  8-cyano-4-hydroxy-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-methylthio-4-hydroxy-6-(2-fluorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazep
     ine acetate;
PA0  8-chloro-4-hydroxy-6-(2-pyrimidyl)-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-bromo-4-hydroxy-6-(2-furyl)-4H-imidazo[1,2-a][1,4]benzodiazepine acetate;
PA0  8-fluoro-4-hydroxy-6-(2-pyrryl)-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-nitro-4-hydroxy-6-(2-thienyl)-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-trifluoromethyl-4-hydroxy-6-cyclohexyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne acetate;
PA0  8-cyano-4-hydroxy-6-(1-cyclohexenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-methylthio-4-hydroxy-6-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-bromo-4-hydroxy-6-phenyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-fluoro-4-hydroxy-6-phenyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-nitro-4-hydroxy-6-phenyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-trifluoromethyl-4-hydroxy-6-phenyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine acetate;
PA0  8-cyano-4-hydroxy-6-phenyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-methylthio-4-hydroxy-6-phenyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne acetate;
PA0  8-bromo-4-hydroxy-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine acetate;
PA0  8-fluoro-4-hydroxy-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzod
     iazepine acetate;
PA0  8-nitro-4-hydroxy-6-(2-chlorophenyl-2-methyl-4H-imidazo[1,2-a][1,4]benzodia
     zepine acetate;
PA0  8-trifluoromethyl-4-hydroxy-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1
     ,4]benzodiazepine acetate;
PA0  8-cyano-4-hydroxy-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine acetate;
PA0  8-methylthio-4-hydroxy-6-(2-chlorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]be
     nzodiazepine acetate;
PA0  8-chloro-4-hydroxy-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzod
     iazepine acetate;
PA0  8-bromo-4-hydroxy-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine acetate;
PA0  8-fluoro-4-hydroxy-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzod
     iazepine acetate;
PA0  8-nitro-4-hydroxy-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine acetate;
PA0  8-trifluoromethyl-4-hydroxy-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1
     ,4]benzodiazepine acetate;
PA0  8-cyano-4-hydroxy-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine acetate;
PA0  8-methylthio-4-hydroxy-6-(2-fluorophenyl)-2-methyl-4H-imidazo[1,2-a][1,4]be
     nzodiazepine acetate;
PA0  8-chloro-4-hydroxy-6-(2-pyrimidyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiaz
     epine acetate;
PA0  8-bromo-4-hydroxy-6-(2-furyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate;
PA0  8-fluoro-4-hydroxy-6-(2-pyrryl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne acetate;
PA0  8-nitro-4-hydroxy-6-(2-thienyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne acetate;
PA0  8-trifluoromethyl-4-hydroxy-6-cyclohexyl-2-methyl-4H-imidazo[1,2-a][1,4]ben
     zodiazepine acetate;
PA0  8-cyano-4-hydroxy-6-(1-cyclohexenyl)-2-methyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine acetate; and
PA0  8-methylthio-4-hydroxy-2,6-dimethyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate; respectively.
PAR  Following the procedures of Examples 29 and 20, above, but substituting
      propionic anhydride and propionic acid in place of acetic anhydride and
      acetic acid gives the corresponding propionates of formula 1b, for example
      the propionates corresponding to the acetates listed.
PAC  EXAMPLE 31
PAC  8-chloro-4-hydroxy-1-methyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      (1c)
PAR  A stirred suspension of 294 mg. of
      8-chloro-4-hydroxy-1-methyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate (1b) in 25 ml. of absolute ethanol under nitrogen is stirred for
      about 3 hours at room temperature (about 25.degree. C.) with 2.2 ml. of
      0.5N aqueous sodium hydroxide, poured into water and extracted with
      methylene chloride. The extract was dried and concentrated and the residue
      chromatographed on silica gel, eluting with ethyl acetate to yield
      8-chloro-4-hydroxy-1-methyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine.
PAR  In the same manner following the procedure of Example 31, above, other
      acetates of formula 1b can likewise be hydrolyzed to obtain the
      corresponding free alcohols of formula 1c. The following are
      representative.
PA0  8-chloro-6-(2-chlorophenyl)-4-hydroxy-1-methyl-4H-imidazo[1,2-a][1,4]benzod
     iazepine acetate to obtain
      8-chloro-6-(2-chlorophenyl)-4-hydroxy-1-methyl-4H-imidazo[1,2-a][1,4]benzo
     diazepine;
PA0  8-chloro-4-hydroxy-6-(2,6-difluorophenyl)-1-ethyl-4H-imidazo[1,2-a][1,4]ben
     zodiazepine acetate to obtain
      8-chloro-4-hydroxy-6-(2,6-difluorophenyl)-1-ethyl-4H-imidazo[1,2-a][1,4]be
     nzodiazepine;
PA0  8-trifluoromethyl-4-hydroxy-6-phenyl-1-propyl-4H-imidazo[1,2-a][1,4]benzodi
     azepine acetate to obtain
      8-trifluoromethyl-4-hydroxy-6-phenyl-1-propyl-4H-imidazo[1,2-a][1,4]benzod
     iazepine;
PA0  8-bromo-4-hydroxy-1-methyl-6-(2-pyridyl)-4H-imidazo-[1,2-a][1,4]benzodiazep
     ine acetate to obtain
      8-bromo-4-hydroxy-1-methyl-6-(2-pyridyl)-4H-imidazo[1,2-a][1,4]benzodiazep
     ine;
PA0  8-chloro-2,6-dimethyl-4-hydroxy-1-propyl-4H-imidazo-[1,2-a][1,4]benzodiazep
     ine acetate to obtain
      8-chloro-2,6-dimethyl-4-hydroxy-1-propyl-4H-imidazo[1,2-a][1,4]benzodiazep
     ine;
      8-chloro-4-hydroxy-1,2,4-trimethyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodia
     zepine acetate to obtain
      8-chloro-4-hydroxy-1,2,4-trimethyl-6-phenyl-4H-imidazo[1,2-a][1,4]benzodia
     zepine;
PA0  8-chloro-4-hydroxy-1,2-dimethyl-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]be
     nzodiazepine acetate to obtain
      8-chloro-4-hydroxy-1,2-dimethyl-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]b
     enzodiazepine;
PA0  8-chloro-4-hydroxy-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine acetate to
      obtain 8-chloro-4-hydroxy-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-chloro-4-hydroxy-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate to obtain
      8-chloro-4-hydroxy-6-(2-chlorophenyl)-4H-imidazo[1,2-a][1,4]benzodiazepine
     ;
PA0  8-chloro-4-hydroxy-6-(2-pyridyl)-4H-imidazo[1,2-a][1,4]benzodiazepine
      acetate to obtain
      8-chloro-4-hydroxy-6-(2-pyridyl)-4H-imidazo[1,2-a][1,4]benzodiazepine;
PA0  8-chloro-2,4-dimethyl-4-hydroxy-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazepi
     ne acetate to obtain
      8-chloro-2,4-dimethyl-4-hydroxy-6-phenyl-4H-imidazo[1,2-a][1,4]benzodiazep
     ine; and
PA0  8-chloro-6-(2-chlorophenyl)-4-hydroxy-2-methyl-4H-imidazo[1,2-a][1,4]benzod
     iazepine acetate to obtain
      8-chloro-6-(2-chlorophenyl)-4-hydroxy-2-methyl-4H-imidazo[1,2-a][1,4]benzo
     diazepine.
PAR  Similarly, following the procedure of Example 31, the other acetates of
      formula 1b can likewise be hydrolyzed to obtain the corresponding free
      alcohols of formula 1c. For example the acetates listed in Example 30,
      above.
PAR  Similarly, following the procedure of Example 31, the corresponding
      propionate esters of formula 1b can likewise be hydrolyzed to obtain the
      corresponding free alcohols of formula 1c.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC5##
PAL  wherein R.sub.1 and R.sub.6 are each selected from the group consisting of
      hydrogen and alkyl of 1 to 3 carbon atoms, inclusive; R.sub.3 and R.sub.4
      are each selected from the group consisting of hydrogen, halogen, nitro,
      trifluoromethyl, alkylthio in which the carbon chain moieties are of 1 to
      3 carbon atoms, inclusive; R.sub.5 is selected from the group consisting
      of pyridyl and a phenyl radical of the formula
      ##SPC6##
PAL  in which R.sub.8 and R.sub.9 each have the same meaning as given above for
      R.sub.3 and R.sub.4 ; and R.sub.7 is selected from the group consisting of
      hydrogen, methyl and ethyl.
NUM  2.
PAR  2. 7-chloro-6-phenyl-2-(2-propynylamino)-3H-1,4-benzodiazepine, the
      compound of claim 1, wherein R.sub.1, R.sub.4, R.sub.6 and R.sub.7 are
      each hydrogen; R.sub.3 is 7-chloro; and R.sub.5 is phenyl.
NUM  3.
PAR  3. 7-chloro-5-(2-chlorophenyl)-2-(2-propynylamino)-3H-1,4-benzodiazepine,
      the compound of claim 1, wherein R.sub.1, R.sub.4, R.sub.6 and R.sub.7 are
      each hydrogen, R.sub.3 is 7-chloro; and R.sub.5 is 2-chlorophenyl.
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PAL  6-(.alpha.-3-Acyl-unreidoacetamido)-penicillanic acids and pharmaceutically
      acceptable non-toxic salts thereof in which the hydrogen atom of the
      nitrogen atom present in the 3-position is substituted, are effective
      against Gram-positive and Gram-negative infections, particularly
      Klebsiella aerobacter infections.
PARN
PAC  CROSS-REFERENCE
PAR  This is a divisional of our copending applications Ser. Nos. 145,809 and
      145,877 filed May 21, 1971, now abandoned.
BSUM
PAR  The present invention relates to new penicillins which are useful as
      anti-bacterial agents for humans, poultry and animals, and foodstuff
      additives in animal fodder. They are particularly useful in the treatment
      of illnesses due to infection by Gram-positive and Gram-negative bacteria,
      and especially by Klebsiella bacteria such as Klebsiella aerobacter.
PAR  Anti-bacterial agents, such as ampicillin (U.S. Pat. No. 2,985,648) have
      proved very effective in the therapy of infections by Gram-positive and
      Gram-negative bacteria. However, they are not capable of effectively
      combating Klebsiella infections. Carbenicillin (United States Patent Nos.
      3,142,673 and 3,282,926) is only effective in man in the case of
      infections by Klebsiella bacteria if it is administered in continuing high
      doses, such as are only achieved by infusion.
PAR  6-(.alpha.-3-Acylureidoacetamido)-penicillanic acids are described in
      Netherlands Patents 69,01646 and 69,08909 and in United States Patent Nos.
      3,479,339, 3,483,188 and 3,481,922 and German Offenlegungsschrift
      1,959,920 but all 3-acylureido acetamidopenicillanic acids described and
      claimed in these Patents possess, in contrast to those of the present
      invention, a hydrogen atom on the nitrogen atom present in the 3-position
      in the acylureido group. The presence of this hydrogen atom and the
      absence of another substituent at this position of the acylureido group in
      part necessarily results from the different way of synthesizing these
      penicillins.
PAR  More particularly, the present invention is concerned with penicillins of
      the formula:
      ##EQU1##
      or a pharmaceutically acceptable non-toxic salt thereof WHEREIN
PA1  A is a group of the formula:
      ##EQU2##
      wherein X is hydrogen, alkyl, preferably lower alkyl, alkenyl, preferably
      lower alkenyl, cycloalkyl or cycloalkenyl with up to 10 carbon atoms,
      arylvinyl, especially phenylvinyl, mono-, di-, or tri-halo(lower alkyl),
      (lower alkyl)amino, di(loweralkyl)amino, monoarylamino, aryl especially
      phenyl (lower alkyl)amino, aryloxy especially phenoxy, alkoxy or aralkoxy
      with up to 8 carbon atoms, cycloalkoxy with up to 7 carbon atoms, or a
      group of the formula:
EQU  (lower alkyl)--O--V--                                      (5);
EQU  (lower alkyl)--S--V--                                      (6);
EQU  N.tbd.C--V--                                               (7);
EQU  (lower alkyl)--O--CO--V--                                  (8); di(lower
      alkyl)amino--CO--V--                                      (9);
      ##SPC1##
      ##SPC2##
PAL  wherein
PA1  V is a bivalent organic radical with 1 to 3 carbon atoms;
PA1  n is 0, 1 or 2;
PA1  R.sub.1, r.sub.2 and R.sub.3 are the same or different and are each
      hydrogen, chlorine, bromine, iodine, fluorine, nitro, cyano, di(lower
      alkyl)amino, di(lower alkyl)-aminocarbonyl, lower alkanoylamino, lower
      alkoxycarbonyl, lower alkanoyloxy, lower alkyl, lower alkoxy, sulphamyl or
      trifluoromethyl;
PA1  Y is alkyl, especially lower alkyl, alkenyl, especially lower alkenyl such
      as vinyl and propenyl, cycloalkyl or cycloalkenyl with up to 10 carbon
      atoms, mono-, di-, or tri-halo(lower alkyl), aryl especially phenyl, a
      heterocyclic group, or aralkyl with up to 8 carbon atoms; .rarw.Z-- is a
      divalent group of the formula:
EQU  .rarw.(CH.sub.2).sub.m                                     ( 21);
      ##EQU3##
EQU  .rarw.O(CH.sub.2).sub.m-1                                  ( 23);
EQU  .rarw.S(CH.sub.2).sub.m-1                                  ( 24);
      ##SPC3##
EQU  .rarw.(CH = CH).sub.2                                      ( 27); wherein
PA1  m is 3, 4 or 5 and the arrow .rarw. means that the two free valencies of
      the group Z are not arbitrarily joined to the N and C atoms of the group
      ##EQU4##
      but are oriented as indicated by the arrow; Q is a divalent group, and in
      particular a group of the formula:
      ##EQU5##
      ##SPC4##
      E is oxygen or sulphur;
PA1  G is hydrogen or lower alkyl;
PA1  R.sub.1 and R.sub.2 are as above defined;
PA1  the arrow in the divalent group .rarw.Q-- means that the two free valencies
      of the group Q are not arbitrarily joined to the two nitrogen atoms of the
      group
      ##EQU6##
      but are oriented as indicated by the arrow: M is a group of the formula:
      ##EQU7##
      wherein E and G are as above defined; B is a group of the formula:
      ##SPC5##
PA1  wherein
PA1  R.sub.4, r.sub.5 and R.sub.6 are the same or different, and are each
      hydrogen, halogen, lower alkyl, lower alkoxy, lower alkylthio, lower
      alkylthionyl, lower alkylsulphonyl, nitro, di(lower alkyl)amino, lower
      alkanoylamino, hydroxy, or lower alkanoyloxy and which, as regards the
      chirality center C, can have either of the two possible R-- and S--
      stereomeric configurations.
PAR  The invention covers not only pure R-- and S--stereo-isomers, but also
      mixtures of these isomers in any proportions.
PAR  The salts to which the invention more particularly relates are the
      non-toxic pharmaceutically tolerated salts, which include salts of the
      acid carboxyl group.
PAR  The above mentioned pharmaceutically acceptable non-toxic tolerated salts
      include salts of the acid carboxyl group, such as sodium, potassium,
      magnesium, calcium, aluminium and ammonium salts, and non-toxic
      substituted ammonium salts with amines such as di- and tri-lower
      alkylamines, procaine, dibenzylamine, N,N'-dibenzylethylenediamine,
      N-benzyl-.beta.-phenylethylamine, N-methylmorpholine and
      N-ethylmorpholine, 1-ephenamine, dehydroabietylamine,
      N,N'-bis-dehydroabietylethylenediamine, N-lower alkylpiperidine and other
      amines which have been used for forming salts of penicillins.
PAR  The term "lower alkyl" is to be understood, in the present invention, as
      meansing both a straight-chain and a branched alkyl group with up to 6
      carbon atoms. In conjunction with other groups, such as in "di-lower
      alkylamino", the term "-lower alkyl-" only relates to the alkyl part of
      the particular group.
PAR  The phrase "the compound of the present invention" includes the
      pharmaceutically acceptable non-toxic salts of the penicillins of the
      present invention.
PAR  According to one embodiment of the present invention A is:
      ##EQU8##
PAR  These steroisomers in which the chirality center C is in the
      R-configuration, i.e. D(-)--, are preferred.
PAR  According to another embodiment of the present invention:
PA1  B is a p-methylthiophenyl, p-methylphenyl, p-methoxyphenyl, p-chlorophenyl
      or thienyl-(2).
PAR  According to another embodiment of the present invention:
      ##EQU9##
      wherein E is oxygen or sulphur;
      ##EQU10##
      B is thienyl, phenyl or phenyl substituted by lower alkyl, mono- or
      di-halogen, lower alkoxy, lower alkylthio, hydroxy or methylcarbonylamino;
      and
PA1  C can have either of the two possible R- and S- stereoisomeric
      configurations or it can be a mixture of such diastereomers.
PAR  According to another embodiment of the present invention:
PA1  B is thienyl, phenyl, tolyl, chlorophenyl, dichlorophenyl, difluorophenyl,
      methoxyphenyl, methylthiophenyl, hydroxyphenyl or
      methylcarbonylaminophenyl.
PAR  According to another embodiment of the present invention:
PA1  E is oxygen.
PAR  According to another embodiment of the present invention:
PA1  Q is (CH.sub.2).sub.2 ; and
PA1  b is phenyl, tolyl, chlorophenyl, dichlorophenyl, difluorophenyl,
      methoxyphenyl, methylthiophenyl, hydroxyphenyl or
      methylcarbonylaminophenyl.
PAR  According to another embodiment of the present invention:
PA1  C has the D(-)-- configuration.
PAR  According to another embodiment of the present invention:
PA1  C has the L(+)-- configuration.
PAR  The preferred salt is the sodium salt and particularly preferred sodium
      salts are those wherein C has the D(-)-- configuration.
PAR  The invention further provides a process for the preparation of the above
      penicillins and salts in which 6-aminopenicillanic acid (52) or a compound
      of the formula (53) or (54):
      ##EQU11##
      in which R.sub.7, R.sub.8 and R.sub.9 are the same or different alkyl
      having up to 6 carbon atoms;
PAL  is reacted at a temperature of -30.degree. to +50.degree.C with a
      carboxylic acid of the formula:
      ##EQU12##
      modified at the carboxyl group, wherein A, B and C are as above defined.
PAR  This reaction is, when 6-aminopenicillanic acid is used, carried out in an
      anhydrous or aqueous solvent, in the presence of a base. If a compound of
      the formula (53) or (54) is used, the reaction is carried out in an
      anhydrous solvent, free of hydroxyl groups, with or without the addition
      of a base.
PAR  The carboxyl group of the carboxylic acids of the formula (55) may be
      modified by either
PA1  i. reacting such a carboxylic acid with about one molar equivalent of a
      compound of the formula (56), (50), (51), or (52):
      ##EQU13##
      wherein R.sub.9 is as above defined;
PA1  R.sub.10 is the same as R.sub.9 and in addition may be phenyl;
PA1  R.sub.11 is a divalent organic radical (CH.sub.2).sub.4, (CH.sub.2).sub.5
      or (CH.sub.2).sub.2 O (CH.sub.2).sub.2 ; and
PA1  W is halogen;
PAL  in an anhydrous, inert organic solvent in the presence of about one molar
      equivalent of a base at a temperature of about -60.degree.C to
      +30.degree.C; or
PA1  ii. by converting a carboxylic acid of the formula (55) into the
      corresponding carboxylic acid derivative of the formula (60):
      ##EQU14##
      wherein A, B and C are as above defined and each U is --CN or --COO--
      lower alkyl.
PAR  The carboxylic acid derivatives of the formula (60) may be prepared by
      reacting a compound of the formula (61):
      ##EQU15##
      wherein U is as above defined,
PAL  in an anhydrous, inert organic solvent, in the presence of at least one
      molar equivalent of a tertiary organic base, at a temperature of from
      -25.degree.C to +25.degree.C, with one molar equivalent of thionyl
      chloride, to obtain an intermediate product, with one molar equivalent of
      base hydrochloride being formed. The intermediate product is then reacted,
      without isolation and in the presence of a further molar equivalent of a
      base, with a molar equivalent of the carboxylic acid of the formula (55)
      at a temperature of about -25.degree.C to +25.degree.C, to give the
      modified carboxylic acid of the formula (60).
PAR  In carrying out the process of the invention using 6-amino-penicillanic
      acid, the modified carboxylic acid of formula (55), preferably in the form
      of a solution in an anhydrous, inert organic solvent, is brought together
      with a solution of 6-aminopenicillanic acid in water or in an aqueous or
      anhydrous organic solvent, in the presence of a base. Suitable solvents
      for the carboxylic acids modified at the carboxyl group are, for example,
      acetone, tetrahydrofurane, dioxane, dimethylformamide, dimethylsulphoxide
      and hexamethylphosphoric acid triamide for an aqueous reaction medium, and
      preferably methylene chloride and chloroform for an anhydrous reaction
      medium.
PAR  The 6-aminopenicillanic acid is preferably employed in the reaction
      according to the invention as a solution of its salt with a base, in water
      or in a mixture of water and a water-miscible solvent, or in an anhydrous
      organic solvent. Suitable solvents for the 6-aminopenicillanic acid or its
      salt, apart from water, are preferably acetone, tetrahydrofurane, dioxane,
      acetonitrile, dimethylformamide, dimethylsulphoxide, hexamethylphosphoric
      acid triamide and isopropanol for an aqueous reaction medium and, in
      addition to the solvents mentioned, preferably methylene chloride and
      chloroform for an anhydrous reaction medium. In order to convert the
      6-aminopenicillanic acid into the salt of a base, the salt being dissolved
      in a solvent, inorganic bases such as sodium carbonate, sodium hydroxide,
      sodium bicarbonate, the corresponding potassium and calcium compounds,
      magnesium oxide or magnesium carbonate or buffer mixtures can for example
      be used as bases suitable for the purpose in the case of an aqueous or
      water-containing reaction mixture, whilst triethylamine, pyridine,
      diethylamine, N-ethylpiperidine or N-ethylmorpholine can preferably be
      used in the case of an anhydrous reaction medium.
PAR  The reaction, according to the invention, of the carboxylic acids of the
      formula (55), modified at the carboxyl group, with the silylated
      6-aminopenicillanic acids of the formulae (53) and (54) is carried out in
      inert organic solvents which are free of hydroxyl groups, for example in
      carbon tetrachloride, methylene chloride, chloroform, tetrahydrofurane,
      benzene, diethyl ether and toluene.
PAR  The reaction, according to the invention, of the carboxylic acids of the
      formula (55), in the form which is modified at the carboxyl group, with
      the 6-aminopenicillanic acid, in an aqueous or water-containing medium,
      can be carried out at a pH of, preferably, 6.5 to 8.0, or also at a pH of
      about 3.
PAR  As in the case of most chemical reactions, higher or lower temperatures
      than those indicated in the Examples can be used. However, if the values
      indicated in the Examples are substantially exceeded, side-reactions will
      occur to an increasing extent, and these reduce the yield or
      disadvantageously affect the purity of the products. On the other hand,
      excessively lowered reaction temperatures reduce the speed of reaction so
      much that reductions in yield can occur. Reaction temperatures of
      -20.degree.C to +30.degree.C are therefore preferred in the reaction
      according to the invention, of the carboxylic acids of the formula (55),
      modified at the carboxyl group, with the 6-aminopenicillanic acid or the
      silylated 6-aminopenicillanic acids of the formulae (53) and (54). Only in
      cases where the carboxylic acids modified at the carboxyl group are
      insufficiently stable, or there is the danger that racemisation may occur
      at an optically active centre located near the carboxyl group, can it be
      advisable preferably to carry out the process at reaction temperatures
      below -20.degree.. In the reaction, according to the invention, of the
      carboxylic acids of the formula (55), modified at the carboxyl group, with
      the 6-aminopenicillanic acid or the compounds of the formulae (53) and
      (54), the reactants can be reacted in equimolar amounts. It may however be
      advisable to use one of the two reactants in excess in order to facilitate
      the purification of the desired penicillin, or its preparation in a pure
      form, and to increase the yield. Thus it is, for example, possible to
      employ the 6-aminopenicillanic acid or the compounds of the formulae (53)
      and (54) in an excess of 0.1 to about 0.4 mol equivalent and thereby to
      achieve better utilisation of the carboxylic acids of the general formula
      (55). When working up the reaction mixture and isolating the penicillin,
      6-aminopenicillanic acid which may be present can be easily removed
      because of its good solubility in aqueous mineral acids. Any carboxylic
      acid [see formula (55)] which may be present can, on the other hand, only
      be separated with much greater difficulty from the penicillin formed.
PAR  The amount of bases added in the reaction, according to the invention, of
      the carboxylic acids of the formula (55), modified at the carboxyl group,
      with 6-aminopenicillanic acid or the compounds of the formulae (53) and
      (54) is for example determined by the desired maintenance of a particular
      pH. Where a pH measurement and adjustment is not carried out, or is not
      possible or sensible because of the absence of sufficient amounts of water
      in the diluent, about 0.5 to 2.0 mol equivalents of base are added in the
      case where the compounds of the formula (53) or (54) are used, and about
      1.5 to 2.5 mol equivalents of base are added in the case where
      6-aminopenicillanic acid and an anhydrous reaction medium are used.
PAR  The working up of the reaction batches for the manufacture of the
      penicillins according to the invention, and of their salts, in all cases
      takes place in the manner generally known for penicillins.
PAR  The carboxylic acids of the formula (55) can be modified at the carboxyl
      group, according to the invention, by reacting them with about one molar
      equivalent of a compound of one of the formulae (56), (57), (58) or (59)
      in an anhydrous, inert organic solvent in the presence of about one molar
      equivalent of a base, preferably a tertiary organic base, at a temperature
      of about -60.degree.C to +30 C, preferably -30.degree.C to +5.degree.C,
      most preferably -20.degree.C to +5.degree.C. The forms of the carboxylic
      acids, modified at the carboxyl group, which are thereby produced are
      preferably not isolated, but used, together with the solvent in which they
      are present, for the reaction with the 6-aminopenicillanic acid or the
      compounds of the formulae (53) or (54). If the reaction mixture for the
      reaction with the aminopenicillanic acid contains water, organic solvents
      which are miscible with water, for example acetone, tetrahydrofurane,
      dioxane, dimethylformamide, dimethylsulphoxide or hexamethylphosphoric
      acid triamide, are preferentially used as solvents for the reaction of the
      carboxylic acids (55) with the compounds (56), (57), (58) or (59). If the
      reaction mixture for the reaction with 6-aminopenicillanic acid does not
      contain any water, or if the reaction mixture for the reaction with
      compounds of the formulae (53) or (54) is concerned, solvents such as,
      preferably, methylene chloride or chloroform are also used, in addition to
      the solvents mentioned.
PAR  According to the invention it is also possible to modify the carboxylic
      acids of formula (55) at the carboxyl group by conversion into the
      derivatives of the formula:
      ##EQU16##
      wherein A, B, C and U are as above defined.
PAR  This is expediently done by first converting a compound of the formula
      (61):
      ##EQU17##
      wherein U is as above defined,
PAL  in an anhydrous, inert organic solvent, for example acetone,
      tetrahydrofurane, methylene chloride, dioxane, chloroform or
      dimethylformamide, in the presence of at least, and preferably, one mol
      equivalent of a tertiary base, preferably triethylamine, at temperatures
      of about -25.degree.C to +25.degree.C, preferably -10.degree.C, into an
      intermediate product by means of 1 mol equivalent of thionyl chloride,
      with 1 mol equivalent of base hydrochloride being formed. This
      intermediate product, the constitution of which is unknown, is not
      isolated, but is reacted in the presence of a further molar equivalent of
      an organic base, also preferably triethylamine, with one molar equivalent
      of the carboxylic acid of formula (55) at a temperature of about
      -25.degree.C to +25.degree.C, preferably -10.degree.C to +10.degree.C.
      After the base hydrochloride has been removed by filtration, the
      appropriate compound of the formula (60) can be isolated by evaporating
      off the solvent and can optionally be purified by recrystallisation from
      inert solvents or, if the substance is not crystalline, by brief washing
      of a solution, for example in ether or benzene, with an aqueous
      bicarbonate solution at as low a temperature as possible.
PAR  The 6-aminopenicillanic acid used as starting material in the process of
      the invention can be obtained by known methods, for instance by fission of
      penicillin-G, either by microbiological or by chemical means (compare
      Netherlands Pat. No. 67/13809).
PAR  The carboxylic acids of formula (55) can be obtained from the amino-acids
      of the formula:
      ##EQU18##
      wherein B is as above defined,
PAL  by reaction with a compound of the formula:
EQU  A -- CO -- W                                               (63)
PAL  wherein
PA1  A and W are as above defined.
PAR  The compound of the formula (63) in which W is halogen, can be obtained by
      processes described in German Offenlegungsschrift No. 1,793,287, in German
      Pat. No. 1,259,871, in U.S. Pat. Nos. 3,275,618 and 3,337,621, and in
      Japanese Pat. No. 434,247. Furthermore, some of the compounds of formula
      (63) in which W is halogen can be obtained from the corresponding amide by
      metallization at the amide nitrogen atom with methyl, lithium, followed by
      reaction with phosgene.
PAR  The compounds of formula (63) in which W is halogen and A is
      ##EQU19##
PAR  can be obtained from the cyclic ureas of formula:
      ##EQU20##
      wherein Q is as above defined, and phosgene.
PAL  The reaction is illustrated in the examples.
PAR  The production of the reagents of the formulae (56), (57) and (59) is
      described in the literature [see J. Med. Chem. 9, (1966), p980; Ber. 96,
      (1963) p2681; Tetrahedron 17, (1962), p114]. The reagent of formula (58)
      can be obtained from N,N'dimethylethylene diamine after converting it into
      the N,N'-bis-trimethylsilyl compound, reacting this with phosgene to give
      the corresponding cyclic urea, and reacting the latter with phosgene.
PAR  The penicillins according to the invention can also be obtained from the
      carboxylic acids of the formula (55) and 6-aminopenicillanic acid, or the
      silylated 6-aminopenicillanic acids [see formulae (53) and (54)] by the
      known methods of peptide chemistry (see E. Schroeder & K. Lubke, "The
      Peptides", Methods of Peptide Synthesis, Vol. I, pages 76--128). This
      method of production is however inferior to that of the present invention.
PAR  On attempting to obtain some of the penicillins according to the invention
      via the acid chlorides, prepared in the usual manner from the acids
      (formula (55)) and thionyl chloride, and 6-aminopenicillanic acid, we
      obtained a mixture of several penicillins amongst which the desired
      penicillin, identified by a preparation via a different, unambiguous route
      from ampicillin and the corresponding acid chloride A--CO--Cl; compare
      formula (55) was either not present at all or only present in very small
      amounts. This was deduced from a comparison of the "in vitro" bacterial
      spectra and of the thin layer chromatogram. In an experiment to obtain the
      penicillins according to the invention via the mixed anhydrides, prepared
      in the usual manner from the acids by means of chloroformic acid ethyl
      ester, and aminopenicillanic acid, it was only possible to isolate
      ethoxycarbonylpenicillin in a yield of 20%.
PAR  The penicillins of the present invention can also be produced by reacting a
      compound of the formula:
      ##EQU21##
      wherein B and C are as above defined, or a condensation product of such a
      compound with a carbonyl compound, preferably acetone [U.S. Pat. No.
      3,198,804] , the said condensation product being of the formula:
      ##EQU22##
      wherein B and C are as above defined,
PA1  (in the preferred case when the carbonyl compound is acetone, G is methyl)
PAL  or a compound of the formula:
      ##EQU23##
      wherein B is as above defined; and
PA1  R.sub.4, r.sub.5 and R.sub.6 are alkyl with up to 6 carbon atoms, at a
      temperature of -20.degree.C to +50.degree.C with a compound of the
      formula:
      ##EQU24##
      wherein X, Y, Z, E and Q are as above defined; and
PA1  W is halogen or an azide group;
PAL  in a solvent and in the presence of a base when a compound of formula (62)
      or (63) is used, and in an anhydrous solvent free of hydroxyl groups with
      or without the presence of a base when a compound of formula (64) or (65)
      is used.
PAR  If a compound of the formulae (62) or (63) is used as the starting material
      for the synthesis of a penicillin according to the invention, and is
      reacted with a compound of the formulae (66), (67) or (68), the reactions
      can for example be carried out in a mixture of water and one or more
      organic solvents miscible with water, such as acetone, tetrahydrofurane,
      dioxane, acetonitrile, dimethylformamide, dimethylsulphoxide or
      isopropanol. At the same time, the pH of the reaction mixture is for
      example kept between 6.5 and 8.0 by adding a base or by the use of a
      buffer solution. The reaction according to the invention can however also
      be carried out in a different pH range, for example between 4.5 and 9.0 or
      at pH 2.0-3.0. It is furthermore possible to carry out the reaction in a
      solvent immiscible with water, for example chloroform or methylene
      chloride, with the addition of, preferably, triethylamine, diethylamine or
      N-ethylpiperidine. Furthermore, the reaction can be carried out in a
      mixture of water and a solvent which is immiscible with water such as, for
      example, ether, chloroform, methylene chloride, carbon disulphide,
      isobutyl methyl ketone, acetic acid ethyl ester or benzene, in which case
      it is desirable to stir the mixture vigorously and to maintain the pH
      value between 4.5 and 9.0 or, for example, 2.0 and 3.0, by adding bases or
      by the use of a buffer solution.
PAR  If a compound of the formula (64) or (65) is used as the starting material
      for the synthesis, and this substance is reacted with a compound of the
      formula (66), (67) or (68), the process must be carried out in a solvent
      which is anhydrous and free of hydroxyl groups. Such solvents are for
      example methylene chloride, chloroform, benzene, tetrahydrofurane, acetone
      and dimethylformamide. In this case, the addition of a base is not
      necessary, but in individual cases the yield and purity of the products
      can be improved thereby. Admittedly, the converse effect is also possible.
      The base which is optionally added must either be a tertiary amine, such
      as pyridine or triethylamine, or a secondary amine which is difficult to
      acylate as a result of steric hindrance, such as dicyclohexylamine. The
      number of usable bases is hence almost unlimited.
PAR  As in most chemical reactions, higher or lower temperatures than those
      indicated in the Examples can be used. If, however, the values given in
      the Examples are significantly exceeded, side-reactions, which reduce the
      yield or unfavourably influence the purity of the products, will
      increasingly occur. On the other hand, excessively lowered reaction
      temperatures so greatly reduce the reaction speed that reductions in yield
      can occur. Reaction temperatures in the range of -20.degree.C to
      +50.degree.C are therefore preferred, and a temperature of about
      0.degree.C to +20.degree.C is particularly preferred.
PAR  The reactants can be reacted with one another in equimolar amounts. It can
      however be desirable to use one of the two reactants in excess, in order
      to facilitate the purification, or preparation in a pure form, of the
      desired penicillin, and to increase the yield. For example, the compounds
      of the formulae (62) or (63) can be employed in an excess of 0.1 to 0.3
      mol equivalents, and less decomposition of the reactants of the formulae
      (66), (67) or (68) in the aqueous solvent mixture can thereby be achieved.
      The excess of the reactants of the formulae (62) or (63) can be easily
      removed when working up the reaction mixture, because of their good
      solubility in aqueous mineral acid. On the other hand, however, the
      reactants of the formulae (66), (67) and (68) can also advantageously be
      employed in an excess of, for example, 0.1 to 1.0 mol equivalents. As a
      result of this, the reactants, for example of the formulae (62) or (63),
      are better utilized, and the decomposition of the reactants of the
      formulae (66), (67) or (68) which takes place as a sidereaction in aqueous
      solvents, is compensated. Since the compounds of the formulae (66), (67)
      or (68) which are added in excess rapidly change, in water, into neutral
      amides, ureas or thioureas which can easily be removed, the purity of the
      penicillins is thereby hardly impaired.
PAR  The amount of the base added is determined inter alia by the desired
      maintenance of a particular pH. Where a pH measurement and adjustment is
      not carried out, or is impossible or pointless because of the absence of
      sufficient amounts of water in the diluent, 2 mol equivalents of base are
      preferably added in the case where a compound of the formulae (62) or (63)
      is used and either no base at all or, preferably 1 mol equivalent of base
      is added in the case where a compound of the formulae (64) or (65) is
      used.
PAR  The working up of the reaction batches for the manufacture of the
      penicillins according to the invention, and of their salts, can be
      throughout carried out in the manner generally known for penicillins.
PAR  The compounds of the formula (62) used as the starting material in the
      present invention can, as regards the configuration at the asymmetrical
      center in the side chain (: C), be in the D(-)--= R-form or L(+)--=
      S-form. They are described in German patent specification No. 1,156,078,
      in U.S. Pat. Nos. 3,342,677, 3,157,640, 2,985,648 and 3,140,282, in South
      African Pat. No. 68/0290 and (an anhydrous form) in U.S. Pat. No.
      3,144,445. All crystal forms and configurations of the compounds of the
      formula (62) are suitable for use as the starting material for the
      reaction according to the invention. The compounds of the formulae (63),
      (64) or (65) used as the starting material in the present invention, can,
      as regards the configuration at the asymmetrical center in the side chain
      (: C), also occur in the D(-)--= R-form or L(+)--= S-form. The
      configuration of the asymmetrical centers of the 6-aminopenicillanic acid
      nucleus in the compounds of the formulae (62), (63), (64 ) and (65) should
      be identical with the corresponding asymmetrical centers of the
      6-aminopenicillanic acid, which has, for example, been obtained from
      penicillin-G by fermentative processes.
PAR  The production of the compounds of the formulae (64) and (65), used as the
      starting material, is described in Netherlands Pat. No. 68/18057.
PAR  The compounds of the formulae (66) and (67) used as starting materials in
      the above process can be produced if W is halogen, according to processes
      which are described in German Offenlegungsschrift No. 1,793,287, in German
      Pat. No. 1,259,871, in U.S. Nos. 3,275,618 and 3,337,621, and in Japanese
      Pat. No. 434,247.
PAR  Furthermore compounds of the formulae (66) and (67) have been prepared, if
      W is halogen, from the corresponding amides after metallization with
      methyl-lithium and subsequent reaction with phosgene. Such preparations
      are described in more detail in the examples.
PAR  The production of the compounds of the formula (68), to be used as the
      starting material, -- where W is halogen -- is illustrated in Examples No.
      144B and 147 B/C. It can also be carried out in the same manner as
      described in the examples.
PAR  The sales of the penicillines of the present invention can be obtained in a
      manner per se known, for example by reacting the free acid with a suitable
      base.
PAR  The chemotherapeutic activity of the new penicillins was tested in vivo and
      in vitro. The in vitro inhibition values (MIC = minimum inhibition
      concentration (see Tables 1 and 2) were determined in a liquid medium in
      the test tube series dilution test, with readings being taken after 24
      hours' incubation at 37.degree.C. The MIC is indicated by the non-turbid
      test tube in the dilution series. A complete medium of the following
      composition was used as the nutrient medium:
TBL  Lab Lemco (OXOID) 10          g                                           

     Peptone (DIFCO)   10          g                                           

     NaCl              3           g                                           

     D-(+)-Dextrose (MERCK)                                                    

                       10          g                                           

     Buffer pH 7.4     1000        ml.                                         

PAR  The spectrum of action encompasses both Gram-negative and Gram-positive
      bacteria. The particular advantage of the penicillins according to the
      invention is that they are effective both in vitro (see Tables 1 and 2)
      and in animal experiments against ampicillin-resistant and
      carbenicillin-resistant Klebsiella bacteria and against
      ampicillin-resistant Proteus bacteria. Furthermore, ampicillin-resistant
      varieties of Pseudomonas are attacked in vitro and in vivo. The
      concentrations required for destruction of the bacteria are reached in the
      serum after parenteral administration.
PAR  The effect, which is generally excellent, is achieved both on a single
      administration and on repeated administration. The penicillins according
      to the invention are stable to acid. Some of the new penicillins are very
      well tolerated, which is made particularly clear through the extremely
      high dose which in these cases is tolerated, without complication, on
      intravenous administration into the vein of the tail.
TBL                                    Table 2                                 

     __________________________________________________________________________

     (MIC in units/ml)                                                         

     Bacterial strains                                                         

     Peni-                                                                     

        E. Coli                 Proteus. vulg.                                 

     cillin                                                                    

     No.*                                                                      

        14    A 261 C 165 183/58                                               

                                1017  3400                                     

     __________________________________________________________________________

     1  25    &gt;400  100   100   400   200                                      

     2  3.1   400   12.5  12.5  100   25                                       

     4  0.8-4 100-500                                                          

                    4-20  4-20  4-20  4-20                                     

     5        100-500                                                          

                    4-20              20-100                                   

     7  100-500                                                                

              &gt;500  100-500                                                    

                          100-500                                              

                                .about.500                                     

                                      100-500                                  

     8  &gt;500  &gt;500  &gt;500  &gt;500  &gt;500  &gt;500                                     

     9  20-100                                                                 

              &gt;500  100-500                                                    

                          100-500                                              

                                &gt;500  &gt;500                                     

     10 B                                                                      

        12.5  &gt;400  50    50    200   200                                      

     11 C                                                                      

        6.3   &gt;400  50    12.5  100   100                                      

     12 6.3   &gt;400  50    12.5  100   100                                      

     14 4-20  &gt;500  20-100                                                     

                          20-100                                               

                                100-500                                        

                                      .about.100                               

     15 20-100                                                                 

              &gt;500  100-500                                                    

                          100-500                                              

                                &gt;500  &gt;500                                     

     17 4-20  &gt;500  20-100                                                     

                          20-100                                               

                                &gt;500  100-500                                  

     18 4-20  &gt;500  20-100                                                     

                          20-100                                               

                                100-500                                        

                                      100-500                                  

     20       &gt;500  20-100            100-500                                  

     21       &gt;500  20-100            20-100                                   

     22       &gt;500  4-20              4-20                                     

     23       &gt;500  100-500           &gt;500                                     

     24 6.3   &gt;400  25    25    100   50                                       

     27 100   &gt;400  200   200   &gt;400  &gt;400                                     

     28 100   &gt;400  200   400   &gt;100  &gt;400                                     

     29 3.1   &gt;400  6.3   3.1   12.5  12.5                                     

     30 4-20  &gt;500  20-100                                                     

                          20-100                                               

                                100-500                                        

                                      100-500                                  

     31 20-100                                                                 

              &gt;500  100-500                                                    

                          20-100                                               

                                100-500                                        

                                      100-500                                  

     32 approx. 20                                                             

              &gt;500  20-100                                                     

                          20-100                                               

                                approx. 100                                    

                                      100-500                                  

     33       100-500                                                          

                    4-20        4-20                                           

     35 approx. 4                                                              

              100-500                                                          

                    20-100                                                     

                          4-20  20-100                                         

                                      20-100                                   

     36       &gt;500  100-500     &gt;500                                           

     37 &lt;0.8  &gt;500  0.8-4 0.8-4 4-20  4-20                                     

     38 0.8-4 &gt;500  4-20  4-20  20-100                                         

                                      20-100                                   

     44 6.25  400   25    25    50    25                                       

     45 6,25  &gt;400  25    6,25  100   100                                      

     46 6,25  &gt;400  50    12,5  25    50                                       

     47 3,12  &gt;400  25    6,25  50    100                                      

     48 A                                                                      

        3,12  &gt;400  12,5  6,25  25    50                                       

     51 3,12  400   12,5  12,5  25    25                                       

     52 3,12  &gt;400  12,5  6,25  --    --                                       

     53 3,12  400   6,25  12,5  6,25  12,5                                     

     54 6,25  &gt;400  25    6,25  200   100                                      

     55 6,25  &gt;400  25    12,5  100   100                                      

     Peni-                                                                     

        Klebsiella  Psdm. aerug.                                               

                                Staph. aureus                                  

                                           Streptoc.                           

     cillin                                faec.                               

     No.*                                                                      

        K 10  63    Bonn  Walter                                               

                                1777 E                                         

                                      133  ATCC 9790                           

     __________________________________________________________________________

     1  50    50    400   200         1.6  200                                 

     2  50    50    100   100         .about.0.8                               

                                           200                                 

     4  20-100                                                                 

              20-100                                                           

                    20-100                                                     

                          20-100      &lt;0.8 100-500                             

     5        20-100      20-100      &lt;0.8 100-500                             

     7  &gt;500  &gt;500  100-500                                                    

                          &gt;500  100-500                                        

                                      0.8-4                                    

                                           100-500                             

     8  &gt;500  &gt;500  &gt;500  &gt;500  100-500                                        

                                      4-20 &gt;500                                

     9  &gt;500  &gt;500  &gt;500  &gt;500        0.8-4                                    

                                           .about.500                          

     10 B                                                                      

        50    50    200   200   400   1.6  100                                 

     11 C                                                                      

        50    100   400   200   400   1.6  200                                 

     12 50    100   400   200   400   1.6  200                                 

     14 20-100                                                                 

              20-100                                                           

                    100-500                                                    

                          100-500     0,8-4                                    

                                           100-500                             

     15 &gt;500  &gt;500  &gt;500  &gt;500        0.8-4                                    

                                           &gt;500                                

     17 20-100                                                                 

              20-100                                                           

                    100-500                                                    

                          100-500     &lt;0.8 20-100                              

     18 20-100                                                                 

              20-100                                                           

                    100-500                                                    

                          100-500     0.8-4                                    

                                           .about.100                          

     20       20-100      100-500     &lt;0.8 20-100                              

     21       20-100      100-500     &lt;0.8 100-500                             

     22       20-100      20-100      &lt;0.8 .about.20                           

     23       &gt;500        &gt;500        0.8-4                                    

                                           100-500                             

     24 50    100   100   100         .about.1.6                               

                                           200                                 

     27 &gt;400  &gt;400  &gt;400  &gt;400  &gt;400  6.3  &gt;400                                

     28 &gt;400  &gt;400  &gt;400  &gt;400  &gt;400  12.5 &gt;400                                

     29 200   100   25    50    200   &lt;0.8 100                                 

     30 100-500                                                                

              100-500                                                          

                    100-500                                                    

                          100-500     0.8-4                                    

                                           20-100                              

     31 100-500                                                                

              100-500                                                          

                    approx. 500                                                

                          100-500     0.8-4                                    

                                           &gt;500                                

     32 100-500                                                                

              approx. 100                                                      

                    100-500                                                    

                          100-500     approx.                                  

                                           100-500                             

                                      0.8                                      

     33       4-20        4-20        &lt;0.8 20-100                              

     35 20-100                                                                 

              20-100                                                           

                    4-20  approx. 20  &lt;0.8 20-100                              

     36       &gt;500        &gt;500        4-20 100-500                             

     37 20-100                                                                 

              4-20  4-20  4-20        &lt;0.8 20-100                              

     38 20-100                                                                 

              20-100                                                           

                    20-100                                                     

                          20-100      &lt;0.8 100-500                             

     44 50    50    50    50          1.6  100                                 

     45 100   100   25    12,5  400   &lt;0,78                                    

                                           50                                  

     46 100   50    25    25    200   1,56 50                                  

     47 100   50    12,5  12,5  200   &lt;0,78                                    

                                           50                                  

     48 A                                                                      

        100   50    25    12,5  200   &lt;0,78                                    

                                           25                                  

     51 100   50    12,5  12.5  400   &lt;0,78                                    

                                           25                                  

     52 100   --    12,5  12,5  200   &lt;0,78                                    

                                           --                                  

     53 50    25    6,25  12,5  200   &lt;0,78                                    

                                           12,5                                

     54 100   100   12,5  25    200   &lt;0,78                                    

                                           50                                  

     55 100   100   12,5  25    200   &lt;0,78                                    

                                           50                                  

     __________________________________________________________________________

      *The numbers in this column are the numbers of the Examples in which the 

      penicillin and its production are described.                             

TBL                                    Table 2                                 

     __________________________________________________________________________

     MIC in units/ml                                                           

     Bacterial Strains                                                         

     Penicillin                                                                

           E. coli             Prot. vulg.                                     

      No.  14   A 261                                                          

                     C 165                                                     

                          183/58                                               

                               1017 3400                                       

     __________________________________________________________________________

     Ampicillin                                                                

           .about.0.8                                                          

                &gt;400 6.25 200  400  &gt;400                                       

     59    1.56 &gt;400 6.25 3.12 6.25 12.5                                       

     60    6.25 &gt;400 25   12.5 25   50                                         

     61    3.12 &gt;400 6.25 6.25 25   25                                         

     62    1.56 400  6.25 3.12 6.25 6.25                                       

     63    0.78 400  1.56 &gt;0.78                                                

                               1.56 3.12                                       

     64    3.12 &gt;400 25   25   25   100                                        

     65    0.78 400  3.12 1.56 3.12 6.25                                       

     66    3.12 &gt;400 12.5 50   50   100                                        

     67    1.56 400  6.25 1.56 6.25 6.25                                       

     68    3.12 &gt;400 12.5 6.25 12.5 25                                         

     69    1.56 400  6.25 3.12 12.5 25                                         

     70    3.12 200  6.25 3.12 12.5 12.5                                       

     71    &gt;400 &gt;400 &gt;400 &gt;400 &gt;400 &gt;400                                       

     72    6.25 400  25   12.5 50   200                                        

     73    3.12 200-400                                                        

                     6.25 1.56 6.25 12.5                                       

     74    100  &gt;400 &gt;400 &gt;400 &gt;400 &gt;400                                       

     75    &lt;0.8 100&lt;500                                                        

                     0.8&lt; 4                                                    

                          0.8&lt;4                                                

                               4&lt;20 0.8&lt;4                                      

     76    0.84 100&lt;500                                                        

                     4&lt;20 .about.4                                             

                               4&lt;20 20&lt;100                                     

     83    3.12 400  6.25 6.25 25   6.25                                       

     86    12.5 &gt;400 25   50   50   50                                         

     87    4&lt;20 100&lt;500                                                        

                     20&lt;100                                                    

                          20&lt;100                                               

                               20&lt;100                                          

                                    20&lt;100                                     

     88    1.56 400  6.25 3.12 12.5 6.25                                       

     89    1.56 400  6.25 1.56 3.12 12.5                                       

     90    6.25 400  12.5 12.5 12.5 25                                         

     91         100&lt;500                                                        

                     0.8&lt;4     0.8&lt;4                                           

     92 B       &gt;500 4&lt;20      20&lt;100                                          

     93 B       &gt;500 4&lt;20      20&lt;100                                          

     94    12.5 &gt;400 50   100  100  50                                         

     96    6.25 &gt;400 12.5 25   50   50                                         

     97    6.25 &gt;400 25   6.25 25   25                                         

     98    3.12 &gt;400 6.25 6.25 12.5 25                                         

     99 B       &gt;500 20-100    approx.                                         

                               500                                             

     101 B      &gt;500 20-100    100-500                                         

     102        &gt;500 4&lt;20      4&lt;20                                            

     103        &gt;500 4-20      100-500                                         

     105 B      &gt;500 4-20      &gt;500                                            

     107   &lt;0.8 20&lt;100                                                         

                     &lt;0.8 &lt;0.8 0.8-4                                           

                                    0.8-4                                      

     108        &gt;500 4-20      20-100                                          

     109        &gt;500 4-20      20-100                                          

     110   0.8-4                                                               

                100-500                                                        

                     4-20 4-20 4-20 4-20                                       

     111   &lt;0.8 20-100                                                         

                     0.8-4                                                     

                          &lt;0.8 0.8-4                                           

                                    0.8-4                                      

     112   &lt;0.8 20-100                                                         

                     0.8-4                                                     

                          &lt;0.8 0.8-4                                           

                                    0.8-4                                      

     113             0.8-4     4-20                                            

     114             4-20      20-100                                          

     115             20-100    20-100                                          

     116             4-20      4-20                                            

     117   &lt;0.78                                                               

                50   1.56 1.56 3.12 3.12                                       

     118   12.5 &gt;400 50   200  100  200                                        

     119   25   &gt;400 200  400  &gt;400 &gt;400                                       

     121   6    &gt;400 50   100  100  200                                        

     122   12.5 &gt;400 50   200  100  400                                        

     123   3.12 &gt;400 25   12.5 50   100                                        

     124   3.12 &gt;400 12.5 25   50   50                                         

     125   3.12 &gt;400 25   50   50   100                                        

     126   12.5 &gt;400 50   50   100  100                                        

     127   0.78 50   3.12 1.56 3.12 6.25                                       

     128   0.78 50   1.56 &gt;0.78                                                

                               1.56 6.25                                       

     129   0.78 50   1.56 1.56 3.12 6.25                                       

     130   12.5 &gt;400 100  100  200  400                                        

     131   0.8  20-100                                                         

                     &lt;0.8 &lt;0.8 0.8- 4                                          

                                    0.8-4                                      

     132   0.8  &gt;400 0.8-4                                                     

                          &lt;0.8 4-20 0.8-4                                      

     134   3.1  &lt;400 25   25   12.5 50                                         

     135   12.5 400  50   25   25   100                                        

     138   6.25 200  25   12.5 25   100                                        

     140   0.8  50   3.1  1.6  3.1  6.25                                       

     141   0.8  50   3.1  1.6  3.1  3.1                                        

     142   0.8  50   3.1  1.6  3.1  12.5                                       

     143   12.5 &lt;400 50   50   200  400                                        

     144   1.56 400  6.25 50   12   25                                         

     147A  12.5 &lt;400 50   100  50   200                                        

     Penicillin      Pseudomonas                                               

                               Staph     Strep.                                

           Klebsiella                                                          

                     aerug.    aureus    faec.                                 

      No.  K 10 63   Bonn Walter                                               

                               1777B                                           

                                    133  ATCC                                  

                                         9790                                  

     __________________________________________________________________________

     Ampicillin                                                                

           100-200                                                             

                100-200                                                        

                     200  200  200  &lt;1.0 12.5                                  

     59    25   50   12.5 25   100  &lt;0.78                                      

                                         100                                   

     60    100  50   25   50   50   &lt;0.78                                      

                                         100                                   

     61    100  50   12.5 25   200  &lt;0.78                                      

                                         50                                    

     62    100  100  12.5 25   400  &lt;0.78                                      

                                         100                                   

     63    50   50   6.25 12.5 200  &lt;0.78                                      

                                         50                                    

     64    100  100  25   50   50   1.56 100                                   

     65    12.5 12.5 12.5 12.5 50   &lt;0.78                                      

                                         50                                    

     66    50   50   6.25 12.5 50   &lt;0.78                                      

                                         25                                    

     67    100  100  25   50   400  &lt;0.78                                      

                                         100                                   

     68    50   25   12.5 12.5 50   &lt;0.78                                      

                                         50                                    

     69    50   25   12.5 100       &lt;0.78                                      

                                         100                                   

     70    25   12.5 12.5 100       &lt;0.78                                      

                                         100                                   

     71    &gt;400 &gt;400 &gt;400 400       200  &gt;400                                  

     72    100  50   50   400       &lt;0.78                                      

                                         100                                   

     73    25-50                                                               

                12.5-25                                                        

                     12.5 .about.50 0.78 50-100                                

     74    &gt;400 &gt;400 &gt;400      25   &gt;100                                       

     75    20&lt;100                                                              

                4&lt;20 4&lt;20 4&lt;20      0.8  20&lt;100                                

     76    20&lt;100                                                              

                20&lt;100                                                         

                     4&lt;20 20&lt;100    &lt;0.8 20&lt;100                                

     83    25   50   50   100       &lt;0.78                                      

                                         100                                   

     86    100  50   25   50        &lt;0.78                                      

                                         100                                   

     87    20&lt;100                                                              

                20&lt;100                                                         

                     4&lt;20 20&lt;100    &lt;0.8 20&lt;100                                

     88    50   25   25   50        &lt;0.78                                      

                                         50                                    

     89    25   12.5 25   50        &lt;0.78                                      

                                         100                                   

     90    50   25   25   50   50        100                                   

     91         4&lt;20      4&lt;20      &lt;0.8 20&lt;100                                

     92 B       20&lt;100    20&lt;100    &lt;0.8 20&lt;100                                

     93 B       20&lt;100    20&lt;100    &lt;0.8 20&lt;100                                

     94    200  200  100  100       3.12 200                                   

     96    200  200  25   25   400  1.56 25                                    

     97    400  50   25   50                                                   

     98    400  400  12.5 25   200  &lt;0.78                                      

                                         100                                   

     99 B       &gt;500      100-500   &lt;0.8 100-                                  

                                         500                                   

     101 B      100-500   100-500   &lt;0.8 approx.                               

                                         20                                    

     102        20&lt;100    4&lt;20      &lt;0.8 4&lt;20                                  

     103   100-      100-           &lt;0.8 20-100                                

           500       500                                                       

     105 B      100-500   &gt;500      &lt;0.8 20-100                                

     107   .about.4                                                            

                4-20 0.8-4                                                     

                          0.8-4                                                

                               20-100                                          

                                    &lt;0.8 4-20                                  

     108        100-500                                                        

                     0.8-4                                                     

                          20-100    &lt;0.8 .about.20                             

     109        100-500   50-100    0.8  4-20                                  

     110   4-20 4-20 20-  20-100                                               

                               20-100                                          

                                    0.8  4-20                                  

                     100                                                       

     111   4-20 4-20 4-20 4-20 4-20 0.8  4-20                                  

     112   4-20 4- 20                                                          

                     4-20 4-20 20-100                                          

                                    0.8  4-20                                  

     113        100-500   4-20 100-500                                         

                                    0.8                                        

     114        100-500   4-20 100-500                                         

                                    0.8                                        

     115        100-500   20-100                                               

                               100-500                                         

                                    0.8                                        

     116        20-100    approx.                                              

                               100-500                                         

                                    0.8                                        

                          20                                                   

     117   6.25 12.5 12.5 12.5 12.5 0.8  50                                    

     118   100  200  200  200  100  1.6  50                                    

     119   400  &gt;400 &gt;400 &gt;400 200  1.6  100                                   

     121   25   100  100  100  100  &lt;0.8 100                                   

     122   50   100  200  400  400  1.6  100                                   

     123   50   100  50   100  25   &lt;0.3 200                                   

     124   50   50   50   100  25   &lt;0.78                                      

                                         200                                   

     125   200  100  50   100  50   3.12 200                                   

     126   100  200  100  200  100  1.56 200                                   

     127   12.5 12.5 12.5 25   12.5 &lt;0.78                                      

                                         25                                    

     128   6.25 6.25 6.25 12.5 12.5 &lt;0.78                                      

                                         50                                    

     129   6.25 6.25 6.25 12.5 6.25 &lt;0.78                                      

                                         50                                    

     130   25   50   200  200       &lt;0.8 50                                    

     131   0.8-4                                                               

                4-20 0.8-4                                                     

                          0.8-4                                                

                               20-100                                          

                                    &lt;0.8 4-20                                  

     132   4-20 20-100                                                         

                     4-20 4-20 20-100                                          

                                    &lt;0.8 4-20                                  

     134   50   200  100  50   200  3.1  100                                   

     135   100  400  400  100  100  &lt;0.8 200                                   

     138   50   50   25   100  12.5 &lt;0.8 50                                    

     140   12.5 25   12.5 12.5      &lt;0.8 12.5                                  

     141   6.25 12.5 12.5 6.25                                                 

     142   12.5 25   25   12.5      &lt;0.8 25                                    

     143   50   100  200  200       &lt;0.8 100                                   

     144   50   50   6.25 12.5 200  &lt;0.8 25                                    

     147A  200  100  25   200  100  &lt;0.8 50                                    

     __________________________________________________________________________

PAR  The activity spectrum includes both Gram-negative and Gram-positive
      bacteria. The particular advantage of the penicillins according to the
      invention is that they are effective both in vitro (Tables 1 and 2) and in
      animal experiments (Table 3) against ampicillin-resistant and
      carbenicillin-resistant Klebsiella bacteria and against
      ampicillin-resistant Proteus bacteria. Furthermore, they act on
      ampicillin-resistant Pseudomonas varieties in vitro and in vivo. The
      concentrations required for destroying the bacteria are reached in the
      serum after parenteral administration (Table 4). Table 5 shows the
      decrease in the number of ampicillin-resistant Proteus bacteria present in
      the blood after intraperitoneal infection and subcutaneous administration
      of 50,000 units/kg of penicillin. The excellent effect of some of the new
      penicillins against Gram-positive bacteria is shown in Table 3. The
      excellent effect is achieved both on a single administration and also on
      multiple administration. The resorption of the new penicillins often takes
      place very rapidly after subcutaneous administration (Table 4), and the
      peak values are often reached within 10 minutes. Elimination is equally
      rapid in both these cases. The substances according to the invention are
      stable to acid; as examples, penicillins No. 59, No. 66 and No. 83 may be
      quoted, which remain microbiologically active at pH 1 for over 1 hour.
      Table 6 shows that the new penicillins are excellently tolerated, which is
      shown particularly clearly by the extremely high dose which is tolerated
      without complications on intravenous administration into the vein of the
      tail. Penicillin No. 66 may here be very particularly quoted as an
      example.
PAR  The experiments on animals (see Table 3) were carried out with white mice
      of the CF1 strain. The infection took place intraperitoneally with the
      particular bacterium indicated.
TBL                                    Table 3                                 

     __________________________________________________________________________

     Number of surviving mice in % after intraperitoneal infection and         

     subcutaneous therapy,                                                     

     30 minutes and 90 minutes after infection                                 

     Peni-                                                                     

     cillin                                                                    

         Dose:                                                                 

     No:-                                                                      

         2 .times. 3000 units/mouse                                            

                     2 .times. 200 units/mouse                                 

                                 4 .times. 3000 units/mouse                    

                                            2 .times. 3000 units/mouse         

                                                        2 .times. 3000         

                                                        units/mouse            

         E.coli C 165                                                          

                     Staph. aureus 133                                         

                                 Psdm. aerug. Walter                           

                                            Klebsiella 63                      

                                                        Proteus vulg. 17       

         (Ampicillin-                                                          

                     (Ampicillin-                                              

                                 (Ampicillin-                                  

                                            (Ampicillin- and                   

                                                        (Ampicillin-           

          sensitive)  sensitive)  resistant)                                   

                                            Carbenicillin-                     

                                                        resistant)             

                                            resistant)                         

     1      2  3  5  1  2  3  5  1 2  3  5  1  2  3  5  1  2  3  5             

     day    days                                                               

               days                                                            

                  days                                                         

                     day                                                       

                        days                                                   

                           days                                                

                              days                                             

                                 day                                           

                                   days                                        

                                      days                                     

                                         days                                  

                                            day                                

                                               days                            

                                                  days                         

                                                     days                      

                                                        day                    

                                                           days                

                                                              days             

                                                              days             

     __________________________________________________________________________

     59  70 60 60 60 90 70 70 70             100                               

                                                90                             

                                                  30    100                    

                                                           100                 

                                                              100              

                                                                 100           

     90  100                                                                   

            90 90 90                        90 70  0 100                       

                                                        80 80     80           

     62  80 70                              100                                

                                               100                             

                                                  40    70 50     50           

                                                           50                  

     63  80 60 60 60                        100                                

                                               100                             

                                                  30    80 70     70           

                                                           70                  

     65  90 60 60 60 90 80 70 70            100                                

                                               100                             

                                                  10    100                    

                                                           100    100          

                                                           100                 

     73  70 50 40 40 80 70 50 40 50                                            

                                   30 10    100                                

                                               80  0    100                    

                                                           100    100          

     66  100                                                                   

            60 50 50 100                                                       

                        90 70 70 30         90 90  0    100                    

                                                           100    100          

                                                           100                 

     67  80 50 40 40             50         100                                

                                               80 10    100                    

                                                           100    100          

                                                           90                  

     83  90 60 60 60 80 70 70 70 70                                            

                                   20       100                                

                                               100                             

                                                  60    100                    

                                                           100    100          

                                                           100                 

     94  50 30 30 30                        80 30       100                    

                                                           100    100          

                                                           100                 

     75  90 80 80 80                        100                                

                                               100                             

                                                  100                          

                                                     20 60 10                  

     Ampi-                                                                     

     cillin                                                                    

         100                                                                   

            100                                                                

               100                                                             

                  100                                                          

                     100                                                       

                        100                                                    

                           100                                                 

                              100            0  0  0  0  0  0      0           

     Carb-                                                                     

     eni-                                    0  0  0  0 100                    

                                                           100    100          

                                                           100                 

     cillin                                                                    

     __________________________________________________________________________

PAC  Continuation of Table 3
PAR  Number of surviving mice in % (after intraperitoneal infection and
      subcutaneous therapy) after the indicated number of days.
TBL  __________________________________________________________________________

     Bacterial Strains                                                         

                Penicillin                                                     

                        Dose*.sup.)                                            

                            1st 2nd 3rd 5th day                                

     __________________________________________________________________________

     E. coli C 165                                                             

                No.:-144                                                       

                        A   80  80  80  80                                     

     E. coli C 165                                                             

                Carbenicillin                                                  

                        A   70  50  50  50                                     

     Prot.vulg. 1017 I                                                         

                No:-144 A   70  50  50  50                                     

                Carbenicillin A                                                

                        50  50  50  50                                         

                Ampicillin                                                     

                        A   0   0   0   0                                      

                No:-147 B   100 100 100 100                                    

     Klebsiella 63                                                             

                No:-144 B   70  30  0                                          

                Carbenicillin                                                  

                        B   0                                                  

                Ampicillin                                                     

                        B   0                                                  

                Cephalothin                                                    

                        B   0                                                  

                No:- 147                                                       

                        C   100 100 40  10                                     

     Pseudm.aer.                                                               

                No:- 144                                                       

                        D   100 20  20  20                                     

     Walter                                                                    

                Carbenicillin                                                  

                        D   80  20  20  20                                     

                Ampicillin                                                     

                        D   0                                                  

                Cephalothin                                                    

                        D   0                                                  

     Pseudomon.                                                                

     aer. F 41  No:-144 E   100                                                

                Carbenicillin E                                                

                        0                                                      

     Pseudomon.                                                                

     aer. F 41  No:-144 F   100                                                

                Carbenicillin                                                  

                        F   20                                                 

     Pseudomon.                                                                

     aer. F 41  No:- 144                                                       

                        G   100                                                

                Carbenicillin                                                  

                        G   70                                                 

     Pseudomon.                                                                

     aer. F 41  No:- 144                                                       

                        H   100                                                

                Carbenicillin                                                  

                        H   70                                                 

     Klebsiella 63                                                             

                No:- 144                                                       

                        A   30                                                 

                Carbenicillin                                                  

                        A   0                                                  

     Klebsiella 63                                                             

                No:- 144                                                       

                        B   100                                                

                Carbenicillin                                                  

                        B   0                                                  

     Klebsiella 63                                                             

                No:-144 C   100                                                

                Carbenicillin                                                  

                        C   0                                                  

     __________________________________________________________________________

      *.sup.) Dose A = 37,500 units/kg, 30 and 90 minutes after                

      Dose B = 75,000 units/kg, 30 and 90 minutes after                        

      Dose C = 150,000 units/kg, 30 and 90 minutes after infection             

      Dose D = 150,000 units/kg, 0.5, 2, 4 and 6 hours after                   

      Dose E = 50,000 units/kg, 30 minutes before and 2, 4 and 6 hours after   

      infection                                                                

      Dose F = 75,000 units/kg, 30 minutes before and 2, 4 and 6 hours after   

      infection                                                                

      Dose G = 150,000 units/kg, 30 minutes before and 2, 4 and 6 hours after  

      infection                                                                

      Dose H = 200,000 units/kg, 30 minutes before and 2, 4 and 6 hours after  

      infection.                                                               

PAC  Table 4
PAR  Serum level after subcutaneous ("s.c.") administration to white mice, in
      units/ml of serum, measured from the microbiological activity against
      Proteus vulgaris 1017 (ampicillin-resistant).
TBL  __________________________________________________________________________

     Peni-                                                                     

         Dose  Concentration in the serum; number of minutes                   

     cillin                                                                    

         (s.c.)                                                                

               after administration of the dose                                

     No:-      10 mins.                                                        

                     15 mins.                                                  

                           20 mins.                                            

                                 30 mins.                                      

                                       60 mins.                                

     __________________________________________________________________________

     59  150.000     25 units    20 units                                      

                                       &lt;2 units                                

         units                                                                 

     64   50.000                                                               

               50 units    10 units                                            

         units                                                                 

     64  150.000     42 Units    26 units                                      

                                       &lt;10 units                               

         units                                                                 

     __________________________________________________________________________

PAC  Table 5
PAR  Reduction in number of bacteria/ml of blood after subcutaneous
      administration of Penicillin No. 83. Infection took place
      intraperitoneally with Proteus vulgaris 1017, 8 .times. 10.sup.5 /mouse;
      ampicillin-resistant.
TBL  __________________________________________________________________________

                  Number of bacteria after infection, measured after           

                  infection:                                                   

                  30 mins.                                                     

                        60 mins.                                               

                              90 mins.                                         

                                    120 mins.                                  

                                           150 mins.                           

                                                  180 mins.                    

     __________________________________________________________________________

     Control      3 .times. 10.sup.4                                           

                        2 .times. 10.sup.4                                     

                              2 .times. 10.sup.4                               

                                    --     7 .times. 10.sup.4                  

                                                  5 .times. 10.sup.4           

     Administration of:                                                        

     1 .times. 50,000 units/kg                                                 

     subcutaneously,                                                           

                  9 .times. 10.sup.3                                           

                        7 .times. 10.sup.3                                     

                              2 .times. 10.sup.3                               

                                    1 .times. 10.sup.3                         

                                           3 .times. 10.sup.3                  

                                                  8 .times. 10.sup.3           

     30 minutes after                                                          

     infection                                                                 

      Administration of:                                                       

     1 .times. 50,000 units/kg                                                 

                              approx.                                          

     subcutaneously, after                                                     

     30 minutes, and a                                                         

                  2 .times. 10.sup.4                                           

                        8 .times. 10.sup.3                                     

                              5 .times. 10.sup.3                               

                                    2 .times. 10.sup.2                         

                                           &lt;10.sup.1                           

                                                  &lt;10.sup.1                    

     further 50,000 units/                                                     

     kg after 90 minutes.                                                      

     __________________________________________________________________________

PAR  The Table shows that a dose of 50,000 units/kg, administered
      subcutaneously, already drastically reduces the number of bacteria in the
      blood; aditionally, it shows that the double subcutaneous administration
      of 50,000 units/kg causes elimination of the bacteria.
TBL                Table 6                                                     

     ______________________________________                                    

                Acute toxicity (LD.sub.50) in white mice after                 

     Penicillin intravenous injection into the vein of the                     

     No.        tail, in mg/kg                                                 

     ______________________________________                                    

     66         &gt;4000                                                          

     60         1500                                                           

     86         &gt;3000                                                          

     83         &gt;1200                                                          

     94         4000                                                           

     75         1500                                                           

     Carbenicillin                                                             

                2700                                                           

     Dicycloxacillin                                                           

                 900                                                           

     ______________________________________                                    

PAR  The comparison shows that the new penicillins are clearly superior to the
      commercially available products of dicycloxacillin and carbenicillin on
      intravenous injection of a single dose.
PAR  The invention further relates to the pharmaceutical use of the new
      penicillins and their pharmaceutically acceptable salts.
PAR  Accordingly, the present invention provides an antibiotic pharmaceutical
      composition containing as an active ingredient at least one of the
      penicillins of the formula (1), or a pharmaceutically acceptable non-toxic
      salt thereof in combination with a pharmaceutically acceptable solid or
      liquid diluent or carrier as hereinafter defined.
PAR  In the present specification the expression "pharmaceutically acceptable
      diluent or carrier" means a non-toxic substance that when mixed with the
      active ingredient or ingredients renders it suitable for administration.
      The expression preferably excludes water and low-molecular weight organic
      solvents commonly used in chemical synthesis, except in the presence of
      other pharmaceutically necessary ingredients such as salts in correct
      quantities to render the composition isotonic, buffers, sufactants,
      coloring and flavoring agents, and preservatives. Examples of suitable
      liquid diluents and carriers are vegatable oils, polyols, buffered aqueous
      solution, isotonic saline aqueous solutions, syrups and lotion bases.
      Examples of suitable solid diluents and carriers are starches, cellulose
      and its derivatives, sugars, stearates and stearic acid, talc, certain
      types of alumina, and ointment bases. Examples of pharmaceutical
      compositions according to the invention are ointments, pastes, creams,
      sprays, lotions, aqueous suspensions, elixirs, syrups, drops, granules and
      powders, either free-flowing or compressed into tablets.
PAR  The penicillins and pharmaceutically acceptable salts of the present
      invention may be administered perorally.
PAR  One group of preferred pharmaceutical compositions of the invention are
      therefore those adapted for oral administration. The diluents and carriers
      used are preferably therefore those that adapt the active ingredient or
      ingredients for oral administration. Examples of such diluents and
      carriers are solid vehicles, excipients and lubricants such as glucose,
      lactose and sucrose, corn and potato starch, sodium carboxymethyl
      cellulose, ethyl cellulose and cellulose acetate, powdered gum tragacanth,
      gelatin, alginic acid, agar, stearic acid, sodium calcium and magnesium
      stearates, sodium lauryl sulphate, polyvinylpyrrollidone, sodium citrate,
      calcium carbonate, dicalcium phosphate, and certain types of alumina.
PAR  The pharmaceutical compositions of the invention may also contain other
      non-toxic adjuvants and modifiers such as dyes, surfactants, perfumes,
      flavouring agents, preservatives and biocides.
PAR  The compounds of the present invention may also be administered
      parenterally for example by intramuscular, subcutaneous or intravenous
      injection, or, if necessary, as a continuous drip infusion. A group of
      preferred pharmaceutical compositions of the invention are therefore those
      adapted for parenteral injection. The diluents and carriers used are
      therefore preferably those that adapt the active ingredient for parenteral
      administration. Examples of such diluents and carriers are solvents and
      suspending diluents such as water and water-miscible organic solvents, in
      particular sesame oil, groundnut oil, aqueous propylene glycol, and
      N,N'-dimethyl formamide. A preferred example of a pharmaceutical
      composition of the invention adapted for parenteral administration is a
      sterile isotonic saline aqueous solution of the active ingredient, which
      may be buffered with a pharmaceutically aceptable buffer. The solution may
      be rendered isotonic in any known manner, for example by the incorporation
      of sodium chlroide and/or glucose. Such solutions can be administered as a
      single dose or as a continuous drip infusion, or divided into a series of
      doses.
PAR  In oral and parenteral administration a dose of 25,000 to 1,000,000 units
      per kg. body weight is appropriate.
PAR  The present invention also provides antibiotic medicaments in dosige unit
      form as hereinafter defined comprising as an active ingredient at least
      one penicillin of formula (1), or a pharmaceutically acceptable non-toxic
      salt thereof, either alone or on combination with a pharmaceutically
      acceptable solid or liquid diluent or carrier. In this case the diluent or
      carrier is preferably as defined above but can also be water or another
      common solvent.
PAR  The expression "medicament in dosage unit form" as used in the present
      specification means a medicament in the form of discrete portions each
      containing a unit dose or a multiple or sub-multiple of a unit dose of the
      active ingredient(s); for example, one, two, three or four unit doses or a
      half, a third or a quarter of a unit dose. A "unit dose" is the amount of
      the active ingreadient(s) to be administered on one occasion and will
      usually be a daily dose, or for example a half, a third, or a quarter of a
      daily dose depending on whether the medicament is to be administered once
      or, for example, twice, three times, or four times a day.
PAR  The discrete portions constituting the medicament in dosage unit form can
      include a protective envelope. The active ingredient can be undiluted and
      contained in such an envelope, or can be mixed with a pharmaceutically
      acceptable solid or liquid diluent or carrier as defined above. Such
      portions can for example be in monolithic coherent form, such as tablets,
      lozenges, pills, suppositories, or dragees; in wrapped or concealed form,
      the active ingredients being within a protective envelope, such as wrapped
      powders, cachets, sachets, capsules, or ampoules; or in the form of a
      sterile solution suitable for parenteral injection, such as ampoules of
      buffered, isotonic, sterile, pyrogen-free aqueous solution; or in any
      other form known in the art.
PAR  As stated above, oral administration is one preferred form of
      administration for the penicillins of formula (1) and their
      pharmaceutically acceptable non-toxic salts. Preferred medicaments in
      dosage unit form according to the invention are therefore adapted for oral
      administration, such as tablets, pills, dragees, capsules, and cachets, as
      well as wrapped powders containing the active ingredient in powdered form
      with a powdered diluent or carrier for suspension in water before being
      taken.
PAR  As stated above, another preferred mode of administration for the
      penicillins and their pharmaceutically acceptable non-toxic salts is
      parenteral administration. Preferred medicaments in dosage unit form
      according to the invention are therefore those adapted for parenteral
      injection, such as ampoules containing a measured quantity of a sterile
      isotonic saline injectable aqueous solution of the new active ingredient,
      which may be buffered with a pharmaceutically acceptable buffer. A
      particularly preferred medicament in dosage unit form according to the
      invention is dry ampoules each containing a unit dose or a muliple or
      sub-multiple of a unit dose of one of the new penicillins and
      pharmaceutically acceptable salts according to the invention. Such
      ampoules may be used at the place and time of administration for making up
      parenterally injectable solutions.
PAR  The preferred unit dose for parenteral and peroral administration of the
      medicaments of the invention is 1,250,000 - 90,000,000 units per person of
      active ingredient.
PAR  The following non-limitative examples more particularly illustrate the
      present invention.
PAR  The .alpha.-aminobenzylpenicillin (ampicillin) used in the examples
      contained about 14% of water, but anhydrous .alpha.-aminobenzylpenicillin
      [compare U.S. Pat. No. 3,144,445] can be used equally well.
PAR  Unless expressly stated otherwise, "ampicillin" denotes the
      .alpha.-aminobenzylpenicillin having the D(-)-- = R-configuration in the
      side chain.
DETD
PAR  The .beta.-lactam content of the penicillins was determined iodometrically
      in the following Examples. All substances described here showed an IR
      spectrum corresponding to their structure. The NMR spectra of the
      penicillins were recorded in CD.sub.3 OD solution; the signals indicated
      in the Examples correspond to the .tau. -scale; they agree with the
      particular structure.
PAR  The figures quoted in the Examples for the effectiveness against certain
      bacteria (units/ml) are minimum inhibitory concentrations in the test tube
      series dilution test after 24 hours' incubation.
PAR  In the case of the data: "Effectiveness in Animal Experiments", "A" denotes
      that the particular penicillin is more effective than ampicillin when used
      subcutaneously in mice against Proteus vulgaris 1017, and "B" denotes that
      it is more effective than ampicillin and carbenicillin against Klebsiella
      aerobacter 63.
PAC  EXAMPLE 1
PAC  Sodium D(-)-.alpha.-(3-acetyl-3-allyl ureido)-benzylpenicillin
PAR  5.5 parts by weight of
      D(-)-.alpha.-(3-acetyl-3-allyl-ureido)-.alpha.-phenylacetic acid were
      dissolved in 50 parts by volume of dichloromethane, with exclusion of
      moisture, and 2.0 parts by weight of triethylamine were added while
      cooling. The mixture was now cooled to between -5.degree. and
      -10.degree.C, and 3.6  parts by weight of tetramethylchloroformamidinium
      chloride were added as several portions over the course of a few minutes.
      Thereafter, the mixture was stirred for 30 minutes at this temperature and
      any insoluble matter was filtered off without the solution rising to above
      0.degree.C. The filtrate was cooled to 31 10.degree.C and added all at
      once to a solution of 4.1 parts by weight of 6-aminopenicillanic acid and
      3.4 parts by weight of triethylamine in 50 parts by volume of
      dichloromethane, cooled to -10.degree.C. [The aminopenicillanic acid was
      stirred for 1.5 hours at room temperature with the triethylamine and 2
      parts by weight of molecular sieve (Zeolite VS 10-2) which had been ground
      in a mortar; thereafter, the mixture was filtered while excluding
      moisture, and the filtrate was employed for the reaction]. The combined
      solutions were left to stand for one hour at 0.degree.C and subsequently
      poured into 100 parts by volume of water. The pH value was adjusted to
      6.5, the dichloromethane phase was separated off, and the aqueous phase
      was covered with 200 parts by volume of a 1:1 mixture of ethyl acetate and
      ether. Sufficient 2 N hydrochloric acid was added, while stirring
      vigorously and cooling with ice, to obtain a pH value of 2.0 in the
      aqueous layer. The organic phase was separated off, washed with 2 .times.
      40 parts by volume of water and dried for two hours over MgSO.sub.4 in a
      refrigerator. 20 parts by volume of a 1 M solution of sodium
      2-ethylhexanoate in ether containing methanol were now added, the mixture
      was largely concentrated in vacuo at 0.degree.C, the residue was taken up
      in just sufficient methanol, and the sodium salt of the penicillin was
      precipitated by adding excess ether whilst shaking vigorously.
PAR  Yield: 67%. .beta.-Lactam content: 81%.
PAR  Calculated: C, 51.4; H, 5.3; N, 10.9; S, 6.2; Found: C, 51.5; H, 6.0; N,
      10.3; S, 5.5.
PAR  According to the IR spectrum and thin layer chromatogram, the product was
      identical with a comparison sample prepared from ampicillin and
      N-acetyl-N-allylcarbamic acid chloride.
PAC  EXAMPLE 2
PAC  Sodium
      D(-)-.alpha.-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-benzylpenicillin
PAR  A solution was prepared, as described in Example 1, from 6.25 parts by
      weight of
      D(-)-.alpha.-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-phenylacetic acid
      and 3.6 parts by weight of tetramethylchloroformamidinium chloride, and
      was kept for 1.5 hours at -5.degree. to -10.degree.C. Thereafter it was
      combined with a solution of 4.1 parts by weight of 6-aminopenicillanic
      acid and 3.5 parts by weight of triethylamine in dichloromethane, which
      was stored for one hour at room temperature. Thereafter the mixture was
      worked up as described in Example 1.
PAR  Yield: 62%. .beta.-Lactam content: 84%.
PAR  Calculated: C, 48.0; H, 5.1; CL, 6.4; N, 10.2; S, 5.8; Found: C, 48.1; H,
      5.2; CL, 5.8; N, 9.9; S, 6.4.
PAR  NMR signals at .tau.=2.3 --2.9 (5 H), 4.45 (1 H), 4.55 (2 H), 5.8 (1 H),
      6.4 (2 H), 6.75 (3 H), 7.3 (2 H), 7.9 (2H) and 8.5 ppm (6 H).
PAC  EXAMPLE 3
PAR  If, in the procedure of Example 2, the
      D(-)-.alpha.-(3-.gamma.-chlorobutyryl-3-methylureido)-phenylacetic acid
      used there is replaced by 0.02 mol of:
PA1  D(-)-.alpha.- (3-.beta.-chloropropionyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.- (3-.gamma.-trifluorobutyryl-3-methyl-ureido)-phenylacetic
      acid,
PA1  D(-)-.alpha.- (3-.gamma.-trichlorobutyryl-3-methyl-ureido)-phenylacetic
      acid,
PA1  D(-)-.alpha.-(3-.gamma.-trichlorobutyryl-3-.beta.-chloroethyl-ureido)-pheny
     lacetic acid,
PA1  D(-)-.alpha.-(3-cinnamoyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-[1,2,5,6,-tetrahydrobenzoyl]-3-methyl-ureido)-phenylacetic
      acid or
PA1  D(-)-.alpha.-(3-hexahydrobenzoyl-3-methyl-ureido)-phenylacetic acid,
PAR  the following penicillins are obtained in the form of their sodium salts:
PA1  D(-)-.alpha.-(3-.beta.-chloropropionyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-.gamma.-trifluorobutyryl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-.gamma.-trichlorobutyryl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-.gamma.-trichlorobutyryl-3-.beta.-chloroethyl-ureido)-benzy
     lpenicillin,
PA1  D(-)-.alpha.-(3-cinnamoyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[1,2,5,6-tetrahydrobenzoyl]-3-methyl-ureido)-benzylpenicill
     in
PA1  or D(-)-.alpha.- (3-hexahydrobenzoyl-3-methyl-ureido)-benzylpenicillin.
PAC  EXAMPLE 4
PAC  Sodium D,L-.alpha.-(3-benzoyl-3-methyl-ureido)-p-methylbenzylpenicillin
PAR  This penicillin was prepared, as described in Examples 1 and 2, from 5.5
      parts by weight of D,L-.alpha.-(3-benzoyl-3-methyl-ureido)-p-tolyl-acetic
      acid, 3 parts by weight of tetramethyl-chloroformamidinium chloride and
      4.35 parts by weight of 6-aminopenicillanic acid.
PAR  Yield: 59%. .beta.-Lactam content: 84%.
PAR  Calculated: C, 54.5; H, 5.3; N, 9.7; S, 7.9; Found: C, 54.9; H, 5.9; N,
      9.5; S, (5.6).
PAR  NMR signals at .tau. = 2.5 (5 H), 2.5-3.0 (4 H), 4.3-4.65 (3.0 H), 5.8 (1
      H), 6.9 (3 H), 7.7 (3 H) and 8.2-8.5 ppm (6 H).
PAR  Effectiveness in Animal Experiments: A and B.
PAC  EXAMPLE 5
PAC  Sodium
      D,L-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-(2-thienyl)-methylpenicillin
PAR  This penicillin was prepared, in the manner described in Examples 1 and 2,
      from 5.9 parts by weight of
      D,L-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-(2-thienyl)-acetic acid, 3.5
      parts by weight of tetramethylchloroformamidinium chloride and 4.06 parts
      by weight of 6-aminopenicillanic acid.
PAR  Yield: 64%. .beta.-Lactam content: 95.5%.
PAR  NMR signals at .tau. = 2.5-3.2 (3 H), 4.1 (1 H), 4.4 (2 H), 5.8 (1 H), 6.3
      (2 H), 6.7 (3 H), 7.2 (2 H), 7.9 (2 H) and 8.4 ppm (6 H).
PAR  Effectiveness in Animal Experiments: B.
PAC  EXAMPLE 6
PAR  If, in the procedure of Example 1, the
      D(-)-.alpha.-(3-acetyl-3-allyl-ureido)-phenylacetic acid used there is
      replaced by: 0.02 mol of:
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-p-tolylacetic acid,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-p-chlorophenylacetic acid,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-p-methylsulphenylphenylacetic acid,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-p-methoxyphenylacetic acid,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-o-chlorophenylacetic acid,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-m-iodo-phenylacetic acid,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dichloro-phenylacetic acid,
PA1  60 -(3-acetyl-3-methyl-ureido)-2,6-dimethoxy-phenylacetic acid,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-2,4-dibromo-phenylacetic acid,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-m-methyl-phenylacetic acid,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dimethyl-phenylacetic acid,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-2-chloro-6-fluoro-phenylacetic acid
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-2-thienyl-acetic acid,
PA1  or .alpha.-(3-acetyl-3-methyl-ureido-(3-thienyl-acetic acid,
PAL  the sodium salts of the following penicillins are obtained:
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-p-methylbenzylpenicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-p-chloro-benzylpenicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-p-methylsulphenyl-benzylpenicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-p-methoxybenzyl-penicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-o-chlorobenzylpenicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-m-iodobenzylpenicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dichlorobenzylpenicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dimethoxybenzylpenicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-2,4-dibromobenzylpenicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-m-methylbenzylpenicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dimethyl-benzylpenicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-2-chloro-6-fluoro-benzylpenicillin,
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-.alpha. -2-thienylmethylpenicillin or
PA1  .alpha.-(3-acetyl-3-methyl-ureido)-.alpha.-3-thienylmethylpenicillin.
PAC  EXAMPLE 7
PAC  Sodium
      D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-2,6-dichlorobenzylpenicil
     lin
PAR  1.35 parts by weight of tetramethylchloroformamidinium chloride were
      dissolved in 15 parts by volume of dichloromethane and cooled to
      0.degree.C while excluding moisture. 2.4 parts by weight of
      D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-2,6-dichlorophenylacetic
      acid, in a little methylene chloride, were added to this solution. A
      solution of 1.04 parts by volume of triethylamine in 5 parts by volume of
      dichloromethane was now added dropwise at -5.degree.C over the course of
      30 minutes. After a further 40 minutes at -5.degree.C, the mixture was
      combined with a solution of the triethylamine salt from 2.22 parts by
      weight of 6-aminopenicillanic acid and 1.6 parts by volume of
      triethylamine in 25 parts by volume of dichloromethane, cooled to
      -20.degree.C. The mixture was now stirred for 30 minutes at 0.degree.C,
      with a further 0.4 part by volume of triethylamine being added after 15
      minutes. Thereafter, the mixture was stirred for a further 30 minutes at
      room temperature and poured into water, the aqueous layer was separated
      off at pH 6.5, and the sodium salt of the penicillin was isolated as
      described in Example 1.
PAR  Yield: 28%. .beta.-Lactam content: 94%.
PAR  NMR signals at .tau.=2.6 (2.1 H), 2.7 (0.9 H), 3.4 (0.7 H), 3.8 (0.3 H),
      4.35-4.50 (2 H), 5.8 (1 H), 6.15 (3 H), 6.8 (2.1 H), 6.85 (0.9 H) and 8.45
      ppm (6 H).
PAC  EXAMPLE 8
PAC  Sodium
      L(+)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-2,6-dichlorobenzylpenicil
     lin
PAR  This penicillin was prepared, in the manner described in Example 7, from
      3.1 parts by weight of
      L(+)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-2,6-dichlorophenylacetic
      acid, 1.74 parts by weight of tetramethylchloroformamidinium chloride and
      2.87 parts by weight of 6-aminopenicillanic acid.
PAR  Yield: 47% .beta.-Lactam content: 92%
PAR  NMR signals at.tau.=2.6 (1.8 H), 2.7 (1.2 H), 3.35 (0.6 H) 3.8 (0.4 H), 4.4
      (2 H), 5.75 (1 H), 6.15 (3 H), 6.8 (1.8 H), 6.85 (1.2 H), and 8.4 ppm (6
      H).
PAC  EXAMPLE 9
PAC  Sodium D,
      L-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-2,6-dichlorobenzylpenicillin
PAR  A solution of 5.0 parts by weight of
      D,L-.alpha.-(3-methoxycarbonyl-3-methylureido)-2,6-dichlorophenylacetic
      acid in 10 parts by volume of acetone was added dropwise, at 0.degree.C,
      to a suspension of 3.0 parts by weight of finely ground
      tetramethylchloroformamidinium chloride in 20 parts by volume of dry
      acetone. After 5 minutes, the mixture was cooled to -5.degree.C and 2.1
      parts by volume of triethylamine in 10 parts by volume of acetone were
      added dropwise, slowly and uniformly, over the course of 30 minutes whilst
      excluding moisture. The mixture was kept at 0.degree.C for 1 hour, while
      stirring, and thereafter the precipitate was filtered off without the
      solution rising to above 0.degree.C. The filtrate was now added, in
      several portions, to a solution of 3.23 parts by weight of
      6-aminopencillanic acid in 25 parts by volume of 80% strength aqueous
      tetrahydrofurane (sufficient 2 N NaOH being added for solution just to
      occur [pH 8.2]), at 0.degree.C, while keeping the pH value at between 7.5
      and 8.0 by adding 2 N NaOH. The mixture was allowed to come to room
      temperature while stirring, where it was stirred until no further addition
      of sodium hydroxide solution was necessary for maintaining the pH value of
      7.5 to 8.0 (1 to 2 hours). Thereafter, the pH value was lowered to 6.5
      with a little dilute hydrochloric acid, 20 parts by volume of water were
      added, and the tetrahydrofurane was evaporated off in vacuo at room
      temperature. The aqueous solution which remained was extracted once with
      25 parts by volume of ether and covered with 50 parts by volume of a 1:1
      mixture of ethyl acetate and ether. The solution was acidified to pH 2.0
      with dilute hydrochloric acid while cooling with ice, and the organic
      phase was separated off. The latter was twice washed with 10 parts by
      volume of water at a time, dried over MgSO.sub.4 for 4 hours at
      0.degree.C, and filtered. The sodium salt of the penicillin was
      precipitated by adding 15 parts by volume of a 1 molar solution of sodium
      2-ethyl-hexanoate in ether containing methanol. The solvent was almost
      completely distilled from the mixture in vacuo at 0.degree.C, the residue
      was taken up in the minimum possible amount of methanol, and the product
      was precipitated by adding ether. After standing for 1 hour at 0.degree.C,
      it was filtered off, washed with ether containing methanol and
      subsequently dried for several days over P.sub.2 O.sub.5 in a vacuum
      desiccator.
PAR  Yield: 71% .beta.-Lactam content: 68%.
PAR  Calculated: C,41.3; H,4.2; Cl,12.2; N,9.6; S,5.5; Found: C,41.1; H,5.0;
      Cl,14.0; N,9.0; S,4.9.
PAR  NMR signals at .tau.= 2.5 (1.95 H), 2.6 (1.05 H), 3.35 and 3.40 (0.65 H),
      3.8 (0.35 H), 4.45 (2 H), 5.8 (1 H), 6.2 (3 H), 6.75 (1.95 H), 6.8 (1.05
      H) and 8.4 ppm (6 H).
PAC  EXAMPLE 10
PAC  A. D(-)-.alpha.-(3-Methoxycarbonyl-3-methyl-ureido)-phenylacetic acid
PAR  15.1 parts by weight of D(-)-C-phenylglycine were stirred for 15 minutes
      with 20:2 parts by weight of triethylamine in 180 parts by volume of a 3:1
      mixture of dimethylsulphoxide and water. 15.2 parts by weight of
      N-methoxy-carbonyl-N-methyl-carbamic acid chloride in 30 parts by volume
      of dry acetone were now added dropwise within 30 minutes in such a way
      that the temperature did not exceed 20.degree.C. The mixture was stirred
      for a further 2 hours, 200 parts by volume of water were then added and
      the whole was acidified to pH 2 with dilute hydrochloric acid. Thereafter
      the mxiture was extracted three times with 120 parts by volume of ethyl
      acetate at a time, and the organic phase was washed with 50 parts by
      volume of water and dried over MgSO.sub.4. After filtration, the solvent
      was distilled off in vacuo, the remnants of dimethylsulphoxide were
      stripped off at 80.degree.C and 0.1 mm Hg. The glassy oil, which was left
      in 73% yield, was pure methoxycarbonyl-methyl-ureidophenylacetic acid,
      according to the NMR spectrum.
PAR  Calculated: C,54.0; H,5.3; N,10.5; Found: C,54.9; H,5.6; N,9.6.
PAR  NMR signals at .tau. = 0.4 (1 H), 2.4-2.8 (5 H), 4.65 (1 H), 6.2 (3 H) and
      6.9 ppm (b 3 H).
PAC  B. Sodium D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido-benzylpenicillin
PAR  This penicillin was prepared as described in Example 7, from 5.3 parts by
      weight of D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-phenylacetic
      acid, 3.4 parts by weight of tetramethyl chloroformamidinium chloride and
      4.0 parts by weight of 6-amino-penicillanic acid.
PAR  Yield: 63% .beta.-Lactam content: 69%.
PAR  NMR signals at .tau.=2.3-2.9 (5 H), 4.45 (1 H), 4.5 and 4.55 (2 H), 5.8 (1
      H), 6.2 (3 H), 6.85 (3 H) and 8.45 ppm (6 H).
PAR  The Table which follows compares the anti-bacterial action of this product
      (A) with that of the penicillin (B) prepared from ampicillin and
      N-methoxycarbonyl-N-methyl-carbamic acid chloride, and with the product
      (C) which was prepared according to the instructions of Example 27:
TBL  Type of Bacterium                                                         

                      Effectiveness [units /ml]                                

     ______________________________________                                    

                      (A)       (B)      (C)                                   

     Escherichia coli 14                                                       

                      12.5      6.25     100                                   

     Escherichia coli 183/58                                                   

                      50        25       200                                   

     Pseudomonas aerug. Bonn                                                   

                      50        25       400                                   

     Pseudomonas aerug. Walter                                                 

                      50        25       400                                   

     Klebsiella K 10  200       200      400                                   

     Klebsiella 63    200       200      400                                   

     Staphylococcus aureus 133                                                 

                      1.56      1.56     6.25                                  

     ______________________________________                                    

PAC  EXAMPLE 11
PAC  A. D(-)-.alpha.-(3-Isopropoxycarbonyl-3-methyl-ureido)-phenylacetic acid
PAR  15.1 parts by weight of D(-)-C-phenylglycine were dissolved in 250 parts by
      volume of 50% strength aqueous dioxane by adding sufficient dilute sodium
      hydroxide solution. Thereafter the pH value was lowered to 7.8 with 2 N
      HCl, whereupon a part of the phenyglycine precipitated in a finely divided
      form. The mixture was cooled to 0.degree.C and 18.0 parts by weight of
      N-isopropoxycarbonyl-N-methylcarbamic acid chloride in 30 parts by volume
      of anhydrous dioxane were added dropwise over the course of 30 minutes,
      the pH value of 7.5-8.0 being maintained by simultaneous addition of 2 N
      sodium hydroxide solution. The mixture was subsequently stirred at room
      temperature until no further addition of alkali was necessary for keeping
      the pH constant. 300 parts by volume of water were now added and the
      solution was extracted once with 150 parts by volume of ether. Thereafter
      it was acidified to pH = 2 with 2 N NCl, and the oil which precipitated
      was taken up in several portions of ethyl acetate.
PAR  The combined organic solutions were washed once with 100 parts by volume of
      water and were dried for some hours over MgSO.sub.4. After filtration,
      they were evaporated, and the oily residue was freed of dioxane at
      60.degree.-80.degree.C and 0.1 mm Hg. The glassy product was obtained in
      48% yield. It was completely pure, according to the NMR spectrum and the
      thin layer chromatogram.
PAR  Calculated: C,57.1; H,6.1; N,9.5; Found: C,56.9; H,5.7; N,9.8.
PAL  Nmr signals at .tau.= 0.3 (1 H), +0.4 (1 H), 2.3-2.8 (5 H), 4.6 (1 H), 5.0
      (1 H), 6.9 (3 H) and 8.75 ppm (6 H).
PAR  B. The following .alpha.-ureido-arylacetic acids were prepared as described
      in Example 11A:
PA1  1. d(-)-.alpha.-(3-acetyl-3-allyl-ureido)-phenylacetic acid from 8.1 parts
      by weight of N-acetyl-N-allylcarbamic acid chloride and 7.5 parts by
      weight of D(-)-C-phenylglycine.
PAR  Yield: 100%.
PAR  Calculated: C,60.8; H,5.9; N,10.1; Found: C,60.3; H,6.1; N,9.8.
PAR  NMR signals at .tau.= 0.0 (1 H), 2.6 (5 H), 3.75-4.5 (1 H), 4.6 (1 H),
      4.7-5.15 (2 H), 5.5-5.9 (2 H) and 7.7 ppm (3 H).
PA1  2. d(-)-.alpha.-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-phenylacetic acid
      from 9.9 parts by weight of N-.gamma.-chlorobutyryl-N-methylcarbamic acid
      chloride and 7.5 parts by weight of D(-)-C-phenyl-glycine.
PAR  Yield: 99%.
PAR  Calculated: C,53.8; H,5.5; CL,11.3; N,9.0; Found: C,53.9; H,5.8; CL,10.8;
      N,9.4.
PAR  NMR signals at .tau.= 0.1 (1 H), 2.6 (5 H), 4.6 (1 H), 6.3 (2 H), 6.8 (3
      H), 7.2 (2 H) and 7.9 ppm (2 H).
PA1  3. d,l-.alpha.-(3-benzoyl-3-methyl-ureido)-4-tolylacetic acid from 3.2
      parts by weight of N-benzoyl-N-methylcarbamic acid chloride and 3.8 parts
      by weight of D,L-C-(4-tolyl)-glycine.
PAR  Yield: 90%.
PAR  NMR signals at .tau.= 2.5 (5 H), 2.6 (2 H), 2.8 (2 H), 4.5 (1 H), 6.85 (3
      H) and 7.7 ppm (3 H).
PA1  4. d(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-2,6-dichloro
      phenylacetic acid from 1.75 parts by weight of N-acetyl-N-methyl-carbamic
      acid chloride and 3.31 parts by weight of
      D(-)-C-(2,6-dichlorophenyl)-glycine hydrobromide. We assume that the acid,
      which can be obtained from 2,6-dichlorobenzyldehyde via the hydantoin in a
      manner which is in itself known, and which after acylation of the amino
      group and splitting of the racemate with optically active bases, followed
      by removal of the acylating group, is obtained in a laevo-rotatory and a
      dextro-rotatory form, belongs, by analogy to the known conditions in the
      case of C-phenylglycine, to the D-series in the laevo-rotatory form, and
      to the L-series in the dextro-rotary form.
PAR  Yield: 90%. Melting point = 149.degree.C, [.alpha.].sub.D = 28.1.degree..
PAR  NMR signals at .tau.= 0.2 (1 H), 2.5 (3 H), 3.6 (1 H), 6.2 (3 H) and 6.9
      ppm (3 H).
PA1  5.
      l(+)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-2,6-dichlorophenylacetic
     acid from 1.6 parts by weight of N-methoxycarbonyl-N-methylcarbamic acid
      chloride and 3.01 parts by weight of L(+)-C-(2,6-dichlorophenyl)-glycerine
      hydrobromide.
PAR  Yield: 100% [.alpha.].sub.D = + 29.3.degree.
PAR  NMR signals as indicated in Example 9.B.4.
PA1  6. d,l-.alpha.-(3,methoxycarbonyl-3-methyl-ureido)-2,6-dichlorophenylacetic
      acid from 3.03 parts by weight of N-methoxycarbonyl-N-methyl-carbamic acid
      chloride and 4.4 parts by weight of D,L-C-(2,6-dichlorophenyl)-glycine.
PAR  Yield: 78%. Melting point = 216.degree.C.
PAR  NMR signals as indicated in Example 9.B.4.
PA1  7. d(-)-.alpha.-(3-n-Butoxycarbonyl-3-methyl-ureido)-phenylacetic acid from
      9.7 parts by weight of N-n-butoxycarbonyl-N-methylcarbamic acid chloride
      and 7.1 parts by weight of D-C-phenylglycine.
PAR  Yield: 100%.
PAR  Calculated: C,58.4; H,6.5; N,9.1; Found: C,58.6; H,6.9; N,9.5.
PAR  NMR signals at .tau.= 0.5 (1 H), 2.6 (5 H), 4.65 (1 H), 5.8 (2 H), 6.9 (3
      H), 8.0-9.0 (4 H) and 9.05 ppm (3 H).
PA1  8. d,l-.alpha.-(3-benzoyl-3-allyl-ureido)-4-methoxyphenyl-glycine from 4.5
      parts by weight of N-benzoyl-N-allyl-carbamic acid chloride and 3.6 parts
      by weight of D,L-C-(4-methoxyphenyl)-glycine.
PAR  Yield: 70%
PAR  NMR signals at .tau.= 0.6 (1 H), 2.5 (5 H), 2.5 (5 H), 2.7 (2 H), 3.0 (2
      H), 3.8-4.5 (1 H), 4.6-5.2 (3 H), 5.6-5.8 (2 H) and 6.2 ppm (3 H).
PA1  9. d(-)-.alpha.-(3-acetyl-3-benzyl-ureido)-phenylacetic acid from 8.5 parts
      by weight of N-acetyl-N-benzyl-carbamic acid chloride and 6.0 parts by
      weight of D(-)-C-phenylglycine.
PAR  Yield: 92%. Melting point = 183.degree.-185.degree.C.
PAR  Calculated: C,66.3; H,5.6; N,8.6; Found: C,66.3; H,5.7; N,8.6.
PAL  Nmr signals at .tau.= -0.1 (1 H), 2.6 (5 H), 2.7 (5 H), 4.55 (1 H), 5.0 (2
      H) and 7.8 ppm (3 H).
PA1  10. d,l-.alpha.-(3-benzoyl-3-allyl-ureido)-2,6-dichlorophenylacetic acid
      from 4.5 parts by weight of N-benzoyl-N-allyl-carbamic acid chloride and
      4.4 parts by weight of D,L-C-(2,6-dichlorophenyl)-glycine.
PAR  Yield: 97%.
PAR  Calculated: C,56.0; H,4.0;
PAC  17.4; N,6.9; Found: C,55.6; H,4.4; Cl,16.0; N,6.5.
PAR  NMR signals at .tau.= 0 (1 H), 2.3-2.65 (8 H), and 3.6 (1 H), 3.9-4.5 (1
      H), 4.8-5.3 (2 H) and 5.6-5.9 ppm (2 H).
PA1  11. d,l-.alpha.-(3-acetyl-3-allyl-ureido)-2-thienylacetic acid from 3.2
      parts by eight of N-acetyl-N-allylcarbamic acid chloride and 2.9 parts by
      weight of D,L-C-(2-theinyl)-glycine.
PAR  Yield: 99%.
PAR  NMR signals at .tau.= 2.5-3.1 (3 H), 3.7-4.4 (1 H), 4.3 (1 H), 4.6-5.1 (2
      H), 5.5-5.7 (2 H) and 7.7 ppm (3 H).
PA1  12.
      d,l-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)-2,6-dichloro-phenyla
     cetic acid from 3.3 parts by weight of
      N-dimethylamino-carbonyl-N-methyl-carbamic acid chloride and 4.4 parts by
      weight of D,L-C-(2,6-dichlorophenyl)-glycine.
PAR  Yield: 86%. Melting point = 205.degree.C.
PAR  NMR signals at .tau.= 1.6 (1 H), 2.5 (3 H), 3.7 (1 H), 7.0 (3 H) and 7.1
      ppm (6 H).
PA1  13. d,l-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-4-methoxyphenylacetic
      acid from 3.0 parts by weight of N-methoxycarbonyl-N-methylcarbamic acid
      chloride and 3.6 parts by weight of D,L-C-(4-methoxyphenyl)-glycine.
PAR  Yield: 87%.
PAR  NMR signals at .tau.= 2.6 (2 H), 3.05 (2 H), 4.6 (1 H), 6.2 (6 H) and 6.8
      ppm (3 H).
PA1  14.
      d,l-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)-4-methoxyphenylaceti
     c acid from 3.3 parts by weight of N-dimethylaminocarbonyl-N-methylcarbamic
      acid chloride and 3.6 parts by weight of D,L-C(4-methoxyphenyl)-glycine.
PAR  Yield: 100%.
PAR  NMR signals at .tau.= 2.0 (1 H), 2.6 (2 H), 3.05 (2 H), 4.6 (1 H), 6.2 (3
      H), 6.95 (3 H) and 7.1 ppm (6 H).
PAR  15. D,L-.alpha.-(3-Methoxycarbonyl-3-methyl-ureido)-2-thienylacetic acid
      from 3.0 parts by weight of N-methoxycarbonyl-N-methylcarbamic acid
      hydrochloride and 2.9 parts by weight of D,L-C-(2-thienyl)-glycine.
PAR  Yield: 100%. .tau.= 0.4 (1 H), 2.5-3.1 (3 H), 4.25 (1 H), 6.2 (3 H) and 6.8
      ppm (3 H).
PA1  16. d,l-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)-phenylacetic acid
      from 3.3 parts by weight of N-dimethylaminocarbonyl-3-methyl-carbamic acid
      chloride and 2.9 parts by weight of D,L-C-(2-thienyl)-glycine.
PAR  Yield: 84%.
PAR  NMR signals at .tau.= 1.9 (1 H), 2.5-3.1 (3 H), 4.3 (1 H), 6.9 (3 H) and
      7.1 ppm (6 H)
PA1  17. d,l-.alpha.-(3-benzoyl-3-allyl-ureido)-.alpha.-2-thienylacetic acid
      from 4.5 parts by weight of N-benzoyl-N-allyl-carbamic acid chloride and
      2.9 parts by weight of D,L-C-(2-thienyl)-glycine.
PAR  Yield: 96%.
PAR  NMR signals at .tau.= 2.5 (5 H), 2.5-3.1 (3 H), 3.8-4.5 (2 H), 4.8-5.3 (2
      H) and 5.5-5.8 ppm (2 H).
PA1  18. d,l-.alpha.-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-2-thienylacetic
      acid from 4.0 parts by weight of N-.gamma.-chlorobutyryl-N-methylcarbamic
      acid chloride and 2.9 parts by weight of D,L-.alpha.-(2-thienyl)-glycine.
PAR  Yield: 99%.
PAR  NMR signals at .tau.= 2.5-3.1 (3 H), 4.2 (1 H), 6.35 (2 H), 6.7 (3 H), 7.2
      (2 H) and 7.9 ppm (2 H).
PA1  19. d,l-.alpha.-(3-[2-furoyl]-3-methyl-ureido-2-thienylacetic acid from 5.6
      parts by weight of N-(2-furoyl)-N-methyl-carbamic acid chloride and 4.7
      parts by weight of D,L-C-(2-thienyl)-glycine.
PAR  Yield: 100%.
PA1  20. D(-)-.alpha.-(3-allyloxycarbonyl-3-methyl-ureido)-phenylacetic acid
      from 15.8 parts by weight of N-allyloxycarbonyl-N-methylcarbamic acid
      chloride and 15.1 parts by weight of D-C phenylglycine.
PAR  Yield: 88%.
PAR  NMR signals at .tau.= -1.8 (1 H), +0.4 (1 H), 2.6 (5 H), 3.74-4.3 (1 H),
      4.4-4.9 (3 H), 5.3 (2 H), and 6.85 ppm (3 H).
PA1  21. d(-)-.alpha.-(3-[3-nitro-4-methylbenzoyl]-3-methyl-ureido)-phenylacetic
      acid from 8.0 parts by weight of
      N-(3-nitro-4-methylbenzoyl)-N-methyl-carbamic acid chloride and 4.7 parts
      by weight of D(-)-C-phenylglycine.
PAR  Yield: 46%.
PAR  NMR signals at .tau.= 1.6-2.8 (8 H), 4.6 (1 H), 6.8 (3 H) and 7.4 ppm (3
      H).
PA1  22. d(-)-.alpha.-(3-[4-methylbenzoyl]-3-methyl-ureido)-phenylacetic acid
      from 13 parts by weight of N-p-methylbenzoyl-N-methylcarbamic acid
      chloride and 9.2 parts by weight of D(-)-C-phenylglycine.
PAR  Yield: 85%.
PAR  NMR signals at .tau.= 0.2 (1 H), 2.4-2.9 (9 H), 6.65 (1 H), 6.9 (3 H), and
      7.6 ppm (3 H).
PA1  23. d,l-.alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dichlorophenylacetic acid
      from 7.2 parts by weight of N-benzoyl-N-methylcarbamic acid chloride and
      8.0 parts by weight of D,L-C(2,6-dichlorophenyl)-glycine.
PAR  Yield: 100%. Melting point = 200.degree.C.
PAR  NMR signals at .tau.= -0.4 (1 H), 2.2-2.7 (8 H), 3.5 (1 H) and 6.9 (3 H).
PA1  24. d,l-.alpha.-(3-benzoyl-3-methyl-ureido)-b
      4-methylsulphenyl-phenylacetic acid from 10.0 parts by weight of
      N-benzoyl-N-methylcarbamic acid chloride and 10.0 parts by weight of
      D,L-C-(4-methylsulphenylphenyl)-glycine.
PAR  Yield: 73%.
PAR  NMR signals at .tau.= 0.2 (1 H), 2.3-2.8 (9 H), 4.65 (1 H), 6.9 (3 H) and
      7.5 ppm (3 H).
PA1  25.
      d,l-.alpha.-(3-ethoxycarbonyl-3-methyl-ureido)-4-methylsulphenyl-phenylace
     tic acid from 16.8 parts by weight of N-ethoxycarbonyl-N-methyl-carbamic
      acid chloride and 20.0 parts by weight of
      C,L-C-(4-methylsulphenylphenyl)-glycine.
PAR  Yield: 85% Melting point = 12.degree.-122.degree.C.
PAR  NMR signals at .tau.= 0.4 (1 H), 2.4-2.9 (4 H), 4.65 (1 H), 5.75 (2 H),
      6.85 (3 H) and 7.55 ppm (3 H).
PA1  26.
      d,l-.alpha.-(3-.beta.-chloropropionyl-3-methyl-ureido)-(1,2,5,6-tetrahydro
     phenylacetic acid from 18.4 parts by weight of
      N-.beta.-chloropropionyl-N-methylcarbamic acid chloride and 15.5 parts by
      weight of D,L-C-(1,2,5,6-tetrahydrophenyl)-glycine.
PAR  Yield: 73%.
PAR  NMR signals at .tau.= 0.6 (1 H), 4.3 (2 H), 5.7 (1 H), 6.2 (2 H), 6.8 (2 H)
      and 7.7-8.8 ppm (7 H).
PA1  27. d(-)-.alpha.-(3-[2-thenoyl]-3-methyl-ureido)-phenylacetic acid from 9.0
      parts by weight of N-(2-thenoyl)-N-methyl-carbamic acid chloride and 6.6
      parts by weight of D-C-phenylglycine.
PAR  Yield: 50%.
PA1  28.
      D(-)-.alpha.-(3,5-Dimethyl-isoxazol-4-oyll-3-methyl-ureido)-phenylacetic a
     cid from 8.5 parts by weight of
      N-(3,5-dimethylisoxazol-4-oyl)-N-methylcarbamic acid chloride and 5.9
      parts by weight of D-C-phenylglycine.
PAR  Yield: 32%.
PA1  C. sodium
      D(-)-.alpha.-(3-isopropoxycarbonyl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was manufactured as described in Example 9 from 5.9 parts
      by weight of
      D(-)-.alpha.-(3-isopropoxycarbonyl-3-methyl-ureido)-phenylacetic acid, 3.7
      parts by weight of tetramethylchloroformamidinium chloride and 4.0 parts
      by weight of 6-aminopenicillanic acid.
PAR  Yield: 45%. .beta.-Lactam content: 86%
PAR  Calculated: C,48.8; H,5.6; N,10.4; S,5.9; C,48.7; H,5.9; N,10.8; S,5.8.
PAR  NMR signals as .tau.= 2.3-2.8 (5 H), 4.4 (1 H), 4.55 (2 H), 5.0 (1 H), 5.8
      (1 H), 6.85 (3 H), 8.5 (6 H), and 8.7 ppm (6 H).
PAR  The Table which follows compares the anti-bacterial action of this product
      (A) with the penicillin (B) prepared from ampicillin and
      N-i-propoxycarbonyl-N-methylcarbamic acid chloride and with the product
      (C) which was obtained from
      D(-)-.alpha.-(3-i-propoxycarbonyl-3-methylureido)-phenylacetic acid
      according to the procedure described in Example 28:
TBL  Type of Bacterium                                                         

                     Effectiveness [units/ml]                                  

                   (A)     (B)     (C)                                         

     ______________________________________                                    

     Escherichia coli 14                                                       

                     6.25      6.25    100                                     

     Escherichia coli C 165                                                    

                     50        25      200                                     

     Escherichia coli 183/58                                                   

                     12.5      6.25    400                                     

     Pseudomonas aer. Bonn.                                                    

                     50        25      &gt;400                                    

     Pseudomonas aer. Walter                                                   

                     100       50      &gt;400                                    

     ______________________________________                                    

PAC  EXAMPLE 12
PAC  Sodium D(-)-.alpha.-(3-n-butoxycarbonyl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared in the manner described in Example 9 from 5.6
      parts by weight of
      D(-)-.alpha.-(3-n-butoxycarbonyl-3-methyl-ureido)-phenylacetic acid, 3.3
      parts by weight of tetramethyl-chloroformamidinium chloride and 3.6 parts
      by weight of 6-aminopenicillanic aicd. The ureidoacetic acid was stirred
      with the tetramethylchloroformamidinium chloride in acetone at -5.degree.C
      for only 20 minutes.
PAR  Yield: 38%. .beta.-Lactam content: 61%.
PAR  Calculated: C,48.1; H,6.0; N,9.7; S,5.6; Found: C,48.4; H,5.5; N,9.4;
      S,5.5.
PAL  Nmr signals at .tau.= 2.3-2.8 (5 H), 4.45 (1 H), 4.55 (2 H), 5.8 (3 H),
      6.85 (3 H) and 8.1-8.9 ppm (13 H).
PAC  EXAMPLE 13
PAR  If, in the procedure of Example 10, the
      D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-phenylacetic acid used
      there is replaced by 0.018 mol of:
PA1  D(-)-.alpha.-(3-ethoxycarbonyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-propyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-i-propyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-n-butyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-allyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-cyclohexyl-ureido)-phenylacetic
      acid,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-phenyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-[1-pyrrolidylcarbonyl]-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-[1-piperidylcarbonyl]-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-diethylaminocarbonyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-ethylaminocarbonyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-methylaminocarbonyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-phenylaminocarbonyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-[4-morpholinyl]-carbonyl-3-methyl-ureido)-phenylacetic
      acid,
PA1  D(-)-.alpha.-(3-[1-pyrrolidylcarbonyl]-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-[1-piperidylcarbonyl]-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-diethylaminocarbonyl-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-ethylaminocarbonyl-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-methylaminocarbonyl-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-phenylaminocarbonyl-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-[4-morpholinyl]-carbonyl-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-[1-pyrrolidyl]-carbonyl-3-n-propyl-ureido)-phenylacetic
      acid,
PA1  D(-)-.alpha.-(3-[1-piperidyl]-carbonyl-3-i-propyl-ureido)-phenylacetic
      acid,
PA1  D(-)-.alpha.-(3-diethylaminocarbonyl)-3-n-butyl-ureido)-phenylacetic acid
      or
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl)-3-cyclohexyl-ureido-phenylacetic
      acid, the sodium salts of the following penicillins are obtained:
PA1  D(-)-.alpha.-(3-ethoxycarbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-i-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-n-butyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-allyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-cyclohexyl-ureido)-benzylpenicillin
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-phenyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[1-pyrrolidylcarbonyl]-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[1-piperidylcarbonyl]-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-diethylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-ethylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-methylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-phenylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[4-morpholinyl]-carbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[1-pyrrolidylcarbonyl]-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[1-piperidylcarbonyl]-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-diethylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-ethylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-methylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-phenylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[4-morpholinyl]-carbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[1-pyrrolidyl]-carbonyl-3-n-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[1-piperidyl]-carbonyl-3-i-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-diethylaminocarbonyl)-3-n-butyl-ureido)-benzylpenicillin,
      or
PA1  D(-)-.alpha.-(3-diethylaminocarbonyl-3-cyclohexyl-ureido)-benzylpenicillin.
PAC  EXAMPLE 14
PAC  Sodium D,L-.alpha.-(3-benzoyl-3-allyl-ureido)-4-methoxybenzylpenicillin
PAR  This penicillin was prepared in the manner described in Example 9, from 4.4
      parts by weight of
      D,L-.alpha.-(3-benzoyl-3-allyl-ureido)-4-methoxyphenylacetic acid, 2.26
      parts by weight of tetramethylchloroformamidinium chloride and 2.6 parts
      by weight of 6-aminopenicillanic acid.
PAR  Yield: 51%. .beta.-Lactam content: 65%.
PAR  Calculated: C, 55.4; H, 5.2; N, 9.2; S, 5.3; Found: C, 55.4; H, 4.8; N,
      8.1; S, 4.5.
PAR  NMR signals at .tau. = 2.6 (5 H), 2.7 (2 H), 3.2 (2 H), 3.9-4.5 (1 H), 4.55
      (3 H), 4.7-5.2 (2 H), 5.6-5.9 (3 H), 6.25 (3 H) and 8.4 ppm (6 H).
PAC  EXAMPLE 15
PAC  Sodium D,L-.alpha.-(3-benzoyl-3-allyl-ureido)-2,6-dichlorobenzylpenicillin
PAR  This penicillin was prepared in the manner described in Example 9 from 7.2
      parts by weight of
      D,L-.alpha.-(3-benzoyl-3-allyl-ureido)-2,6-dichlorophenylacetic acid, 4.05
      parts by weight of tetramethylchloroformamidinium chloride and 3.86 parts
      by weight of 6-aminopenicillanic acid.
PAR  Yield: 46%. .beta.-Lactam content: 83%.
PAR  Calculated: C, 49.5; H, 4.3; Cl, 10.8; N, 8.6; S, 4.9; Found: 49.9; H, 5.1;
      Cl, 11.3; N, 8.2; S, 4.4.
PAR  NMR signals at .tau. = 2.4-2.9 (8 H), 3.4 (1 H), 3.8-4.4 (1 H), 4.4-4.6 (2
      H), 4.8-5.2 (2 H), 5.5-5.8 (2 H), 5.85 (1 H) and 8.5 ppm (6 H).
PAC  EXAMPLE 16
PAR  If, in the procedure of Example 4, the
      D,L-.alpha.-(3-benzoyl-3-methyl-ureido)-p-tolyl-acetic acid used there is
      replaced by 0.015 mol of:
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-4-chlorophenylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-4-methoxyphenylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2-chlorophenylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-3-iodophenylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dimethoxyphenylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,4-dibromophenylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-3-thienylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-m-tolylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dimethylphenylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2-chloro-6-fluorophenylacetic
      acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2-thienylacetic acid,
PA1  L(+)-.alpha.-(3-benzoyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-[3-nitro-4-methoxyphenyl]-3-methyl-ureido)-phenylacetic
      acid,
PA1  D(-)-.alpha.-(3-p-chlorobenzoyl-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-o-bromobenzoyl-3-n-propyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-methoxybenzoyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-p-methoxycarbonylaminobenzoyl-3-methyl-ureido)-phenylacetic
      acid,
PA1  D(-)-.alpha.-(3-p-methylsulphenylbenzoyl-3-methyl-ureido)-phenylacetic
      acid,
PA1  D(-)-.alpha.-(3-[2-chloro-5-methoxybenzoyl]-3-n-butyl-ureido)-phenylacetic
      acid,
PA1  D(-)-.alpha.-(3-p-nitrobenzoyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-[2-chloro-4-ethylsulphenylbenzoyl]-3-methyl-ureido)-phenyla
     cetic acid,
PA1  D(-)-.alpha.-(3-m-cyanobenzoyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-[3,5-dimethylbenzoyl]-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-allyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-m-iodobenzoyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-benzoyl-3-phenyl-ureido)-phenylacetic acid or
PA1  D(-)-.alpha.-(3-naphthoyl(1)-3-methyl-ureido)-phenylacetic acid,
PAR  the sodium salts of the following penicillins are obtained:
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-4-chlorobenzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-4-methoxybenzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2-chloro-benzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-3-iodo-benzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dimethoxy-benzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,4-dibromo-benzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-3-thienylmethylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-3-methylbenzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dimethylbenzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2-chloro-6-fluorobenzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2-thienylmethylpenicillin,
PA1  L(+)-.alpha.-(3-benzoyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[3-nitro-4-methoxyphenyl]-3-methyl-ureido)-benzylpenicillin
PA1  D(-)-.alpha.-(3-p-methoxybenzoyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-p-methoxycarbonylaminobenzoyl-3-methyl-ureido)-benzylpenici
     llin,
PA1  D(-)-.alpha.-(3-p-chlorobenzoyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-o-bromobenzoyl-3-n-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[2-chloro-5-methoxybenzoyl]-3-n-butyl-ureido)-benzylpenicil
     lin,
PA1  D(-)-.alpha.-(3-p-methylsulphenylbenzoyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-p-nitrobenzoyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[2-chloro-4-ethylsulphenyl-benzoyl]-3-methyl-ureido)-benzyl
     penicillin,
PA1  D(-)-.alpha.-(3-m-cyano-benzoyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[3,5-dimethyl-benzoyl]-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-allyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-m-iodobenzoyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-benzoyl-3-phenyl-ureido)-benzylpenicillin or
PA1  D-(-)-.alpha.-(3-naphthyl(1)-3-methyl-ureido)-benzylpenicillin.
PAC  EXAMPLE 17
PAC  Sodium D,L-.alpha.-(3-acetyl-3-allyl-ureido)-2-thienylmethylpenicillin
PAR  This penicillin was prepared in the manner described in Example 9 from 5.0
      parts by weight of D,L-.alpha.-(3-acetyl-3-allyl-ureido)-2-thienyl-acetic
      acid, 3.6 parts by weight of tetramethylchloroformamidinium chloride and
      3.9 parts by weight of 6-aminopenicillanic acid.
PAR  Yield: 53%. .beta.-Lactam content: 72%.
PAR  Calculated: C, 46.2; H, 4.9; N, 10.8; S, 12.3; Found: C, 46.6; H, 5.3; N,
      10.4; S, 12.3.
PAL  Nmr signals at .tau. = 2.5-3.2 (3 H), 3.8-4.4 (1 H), 4.2 (1 H), 4.5 (2 H),
      4.6-5.0 (2 H), 5.5-5.7 (2 H), 5.8 (1 H), 7.7 (3 H) and 8.4 ppm (6 H).
PAC  EXAMPLE 18
PAC  Sodium
      D,L-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-4-methoxy-benzylpenicillin
PAR  3.04 parts by weight of tetramethylchloroformamidinium chloride in 20 parts
      by volume of dry dichloromethane were initially taken at 0.degree.C, and a
      solution of 4.8 parts by weight of
      D,L-.alpha.-(3-methoxycarbonyl-3-methylureido)-4-methoxyphenylacetic acid
      in 10 parts by volume of methylene chloride was added. 2.24 parts by
      volume of triethylamine in 10 parts by volume of methylene chloride were
      now added dropwise over the course of 30 minutes at 0.degree.C, with
      exclusion of moisture. Thereafter the mixture was stirred for 20 minutes
      at +5.degree.C, insoluble matter was filtered off without the solution
      rising to above 5.degree.C, and the filtrate was cooled to -20.degree.C. A
      solution of 5.0 parts by weight of 6-aminopenicillanic acid and 3.5 parts
      by volume of triethylamine in 20 parts by volume of methylene chloride,
      prepared as described in Example 1, and also cooled to -20.degree.C, was
      added thereto. The mixture was stirred for  30 minutes at 0.degree.C and
      subsequently for a further 30 minutes at room temperature, and was finally
      poured into 150 parts by volume of ice water and adjusted to a pH value of
      6.5 with 2 N sodium hydroxide solution. After separating off the organic
      layer and adding 150 parts by volume of a 1:1 mixture of ethyl acetate and
      ether, the mixture was worked up as described in Example 1 and the sodium
      salt of the penicillin was isolated.
PAR  Yield: 54%. .beta.-Lactam content: 75%.
PAR  NMR signals at .tau. = 2.6 (2 H), 3.1 (2 H), 4.3-4.9 (3 H), 5.8 (1 H), 6.2
      (6 H), 6.85 (3 H) and 8.5 ppm (6 H).
PAR  Effectiveness in Animal Experiments: B.
PAC  EXAMPLE 19
PAC  Sodium
      D,L-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)-4-methoxybenzylpenic
     illin
PAR  This penicillin was prepared as described in Example 18, from 6.0 parts by
      weight of
      D,L-.alpha.-(3-dimethyl-aminocarbonyl-3-methyl-ureido)-4-methoxyphenylacet
     ic acid, 3.8 parts by weight of tetramethylchloroformamidinium chloride and
      6.2 parts by weight of 6-aminopenicillanic acid.
PAR  Yield: 23%. .beta.-Lactam content: 59%.
PAR  NMR signals at .tau. = 2.65 (2 H), 3.1 (2 H), 4.4-4.8 (3 H), 5.65 (1 H),
      6.2 (3 H), 6.9 (3 H), 7.05 (6 H), and 8.4 ppm (6 H).
PAC  EXAMPLE 20
PAC  Sodium D,L-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-2
      -thienylmethylpenicillin
PAR  This penicillin was prepared as described in Example 18, from 4.5 parts by
      weight of D,L-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-thienylacetic
      acid, 3.2 parts by weight of tetramethylchloroformamidinium chloride and
      5.2 parts by weight of 6-aminopenicillanic acid.
PAR  Yield: 62%. .beta.-Lactam content: 84%.
PAR  NMR signals at .tau. = 2.5-3.2 (3 H), 4.2 (1 H), 4.5 (2 H), 5.8 (1 H), 6.2
      (3 H), 6.8 (3 H) and 8.4 ppm (6 H).
PAR  Effectiveness in animal experiments: A
PAC  EXAMPLE 21
PAC  Sodium D,L-.alpha.-(3-benzoyl-3-allyl-ureido)-2-thienylmethylpenicillin
PAR  This penicillin was prepared as described in Example 18, from 6.0 parts by
      weight of D,L-.alpha.-(3-benzoyl-3-allyl-ureido)-2-thienylacetic acid, 3.4
      parts by weight of tetramethylchloroformamidinium chloride and 5.5 parts
      by weight of 6-aminopenicillanic acid.
PAR  Yield: 45%.  .beta.-Lactam content: 77%.
PAR  NMR signals at .tau. = 2.5 (5 H), 2.5-3.1 (3 H), 3.7-4.4 (2 H), 4.5 (2 H),
      4.7-5.2 (2 H), 5.5-5.9 (3 H) and 8.4 ppm (6 H).
PAR  Effectiveness in Animal Experiments: B.
PAC  EXAMPLE 22
PAC  Sodium D,L-.alpha.-(3-[2-furoyl]-3-methyl-ureido)-2-thienylmethylpenicillin
PAR  This penicillin was prepared as described in Example 18, from 11.6 parts by
      weight of D,L-.alpha.-(3-[2-furoyl]-3-methyl-ureido)-2-thienylacetic acid,
      6.5 parts by weight of tetramethylchloroform-amidinium chloride and 3.2
      parts by weight of 6-aminopenicillanic acid.
PAR  Yield: 39%.  .beta.-Lactam content: 88%.
PAR  NMR signals at .tau. = 2.2 (1 H), 2.5-3.1 (4 H), 3.35 (1 H), 4.1 (1 H),
      4.45 (2 H), 5.8 (1 H), 6.55 (3 H), and 8.4 ppm (6 H).
PAR  Effectiveness in animal experiments: A and B
PAC  EXAMPLE 23
PAC  Sodium
      D,L-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)-2-thienylmethylpenic
     illin
PAR  A suspension of 3.9 parts by weight of tetramethylchloroformamidinium
      chloride in 30 parts by volume of dry acetone was treated with a solution
      of D,L-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)-2-thienylacetic
      acid in 10 parts by volume of acetone over the course of 5 minutes at
      -20.degree.C, and subsequently 2.1 parts by volume of triethylamine in 5
      parts by volume of acetone were added dropwise over the course of 30
      minutes. After the mixture had been stirred for a further hour at
      -20.degree.C, it was filtered in such a way that the temperature of the
      solution did not rise above -10.degree.C. It was again cooled to
      -20.degree.C and combined with a vigorously stirred solution of 3.9 parts
      by weight of 6-aminopenicillanic acid in 50 ml of 60% strength aqueous
      tetrahydrofurane (solution took place after adding sufficient 2 N NaOH to
      establish a pH value of 8.2), cooled to -5.degree.C. A pH range of 7.5 -
      8.0 was maintained by adding 2 N sodium hydroxide solution. After 15
      minutes, the mixture was allowed to come to room temperature and stirring
      was continued until no further change in the pH value was observable. The
      subsequent working-up of the reaction mixture and the isolation of the
      penicillin was carried out in the manner indicated in Example 9.
PAR  Yield: 43%.  .beta.-Lactam content: 54%.
PAR  NMR signals at .tau. = 2.5-3.2 (3 H), 4.5 (3 H), 5.8 (1 H), 6.9 (3 H), 7.05
      (6 H), and 8.4 ppm (6 H).
PAC  EXAMPLE 24
PAC  Sodium
      D(-)-.alpha.-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-benzylpenicillin
PAR  5.1 parts by weight of
      D(-)-.alpha.-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-phenylacetic acid
      and 3.0 parts by weight of tetramethylchloro-formamidinium chloride were
      reacted in methylene chloride as described in Example 18. The resulting
      solution was combined with a solution of 6.5 parts by weight of
      N-tri-methylsilyl-6-aminopenicillanic acid trimethylsilyl ester in 33
      parts by volume of dry methylene chloride at 0.degree.C. 1.3 parts by
      weight of pyridine were added and the mixture was stirred, while excluding
      moisture, for one hour at 0.degree.C and subsequently for 2.5 hours at
      room temperature. It was now poured into 120 parts by volume of ice water,
      a pH value of 7 - 8 was established and the methylene chloride was
      stripped off in vacuo. The aqueous phase was shaken with 50 parts by
      volume of ether, which was then discarded, whilst the aqueous phase was
      freed of solid constituents by filtration. It was now covered with 200
      parts by volume of a 1 : 1 mixture of ether and ethyl acetate, cooled to
      0.degree.C and acidified to pH = 2 with 2 N hydrochloric acid, while
      stirring vigorously. The organic solution was separated off, twice washed
      with 50 parts by volume of water at a time, dried over MgSO.sub.4 and
      filtered, and the sodium salt of the penicillin was precipitated by adding
      15 ml of a 1 M solution of sodium 2-ethylhexanoate in ether containing
      methanol. The entire mixture was concentrated almost to dryness at
      0.degree.C, rapidly dissolved in as little methanol as possible, and
      precipitated by adding excess ether. Non-crystalline solid substance.
PAR  Yield: 29%.  .beta.-Lactam content: 49%.
PAR  Position of the NMR signals as indicated in Example 2.
PAR  The crude product still contained
      D-.alpha.-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-phenylacetic acid
      which was removable by fractional extraction of the aqueous penicillin
      salt solution at pH values of 5.5 - 6.5.
PAC  EXAMPLE 25
PAR  If, in the procedure of Example 1, the
      D(-)-.alpha.-(3-acetyl-3-allyl-ureido)-phenylacetic acid used there is
      replaced by 0.02 mol of:
PA1  D(-)-.alpha.-(3-acetyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl-3-vinyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl-3-n-propyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl-3-propenyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl-3-i-propyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl-3-n-butyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl -3-.beta.-methoxyethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl-3-.beta.-dimethylaminoethyl-ureido)-phenylacetic
      acid,
PA1  D(-)-.alpha.-(3-acetyl-3-cyclohexyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl-3-cyclobutyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl-3-benzyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-formyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-formyl-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-formyl-3-propyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-formyl-3-i-propyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl-3-t-butyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-formyl-3-n-butyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-formyl-3-allyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-formyl-3-benzyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-formyl-3-phenyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-formyl-3-cyclopropyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-formyl-3-cyclobutyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-formyl-3-cyclopentyl-ureido)-phenylacetic acid or
PA1  D(-)-.alpha.-(3-formyl-3-cyclohexyl-ureido)-phenylacetic acid,
PAR  the following penicillins are obtained in the form of their sodium salts:
PA1  D(-)-.alpha.-(3-acetyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3-vinyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3-n-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3-prop-l-enyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3-i-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3-n-butyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3-t-butyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3-.beta.-methoxyethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3-.beta.-dimethylaminoethyl-ureido)-benzylpenicillin
PA1  D(-)-.alpha.-(3-acetyl-3-cyclohexyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3-cyclobutyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3-benzyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-formyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-formyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-formyl-3-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-formyl-3-i-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-formyl-3-n-butyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-formyl-allyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-formyl-3-benzyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-formyl-3-phenyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-formyl-3-cyclopropyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-formyl-3-cyclobutyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-formyl-3-cyclopentyl-ureido)-benzylpenicillin,
PA1  or D(-)-.alpha.-(3-formyl-3-cyclohexyl-ureido)-benzylpenicillin.
PAC  EXAMPLE 26
PAR  If, in the procedure of Example 1, the
      D(-)-.alpha.-(3-acetyl-3-allyl-ureido)-phenylacetic acid used there is
      replaced by 0.02 mol of:
PA1  D(-)-.alpha.-(3-methoxyacetyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-propionyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-methylsulphenylacetyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-propionyl-3-ethyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-propionyl-3-vinyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-n-butyryl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-methoxycarbonyl-acetyl-3-methyl-ureido)-phenylactic acid,
PA1  D(-)-.alpha.-(3-i-butyryl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acryloyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-pivaloyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-cyanomethyl-acetyl-3-methyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-acetyl-3-phenyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(3-propionyl-3-phenyl-ureido)-phenylacetic acid,
PA1  D(-)-.alpha.-(hexahydroazepin-2-on-1-yl-carbonylamino)-phenylacetic acid
PA1  or D(-)-.alpha.-(pyrrolid-2-on-1-yl-carbonylamino)-phenylacetic acid,
PAR  the following penicillins are obtained:
PA1  D(-)-.alpha.-(3-methoxyacetyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-propionyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-methylsulphenylacetyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-propionyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-propionyl-3-vinyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-n-butyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-methoxycarbonylacetyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-i-butyryl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acryloyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-pivaloyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-cyanomethyl-acetyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-acetyl-3-phenyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-propionyl-3-phenyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(hexahydroazepin-2-on-1-yl-carbonylamino)-benzylpenicillin or
PA1  D(-)-.alpha.-(pyrrolid-2-on-1-yl-carbonylamino)-benzylpenicillin.
PAC  EXAMPLE 27
PAC  Attempt to prepare sodium
      D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-benzylpenicillin
PAR  5.2 parts by weight of
      D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-phenylacetic acid were
      suspended in a mixture of 10 parts by weight of benzene, 5 parts by weight
      of thionyl chloride and 0.05 part by weight of dimethylformamide and the
      mixture was subsequently carefully warmed, whilst stirring with a magnetic
      stirrer. The mixture was kept at about 60.degree.C until the evolution of
      gas had ceased, and subsequently thionyl chloride and benzene were removed
      in a waterpump vacuum, finally at 0.1 mm Hg and 50.degree.C. The product
      which remained showed strong bands in the IR spectrum at 1805, 1725 and
      1175 cm.sup.-.sup.1.
PAR  Yield: 5.5 parts by weight.
PAR  Calculated as D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-phenylacetic
      acid chloride:
PAR  Calculated: C 50.55 H 4.56 Cl 12.47 N 9.84 Found: C 47.57 H 4.29 Cl 11.6 N
      9.68
PAR  5 parts by weight of the product thus obtained, dissolved in 10 parts by
      volume of dry tetrahydrofurane, were added dropwise, while stirring, to an
      ice-cooled solution of 3.8 parts by weight of 6-aminopenicillanic acid in
      50 parts by volume of 80% strength aqueous tetrahydrofurane (addition of
      sufficient 2 N sodium hydroxide solution for solution to occur at pH 8.2).
      In the course thereof, the pH value was kept at between 7 and 8 by
      simultaneous addition of further 2 N sodium hydroxide solution.
      Thereafter, the mixture was further stirred for 30 minutes at 0.degree.C
      and then stirred at room temperature until no further addition of sodium
      hydroxide solution was necessary for maintaining a pH value of 7 - 8.
PAR  100 parts by volume of water were now added, the tetrahydrofurane was
      removed at 0.degree.C in vacuo, and the aqueous solution which remained
      was extracted with 50 parts by volume of ether to remove neutral
      constituents. It was then covered with 150 parts by volume of a 1 : 1
      mixture of ether and ethyl acetate and thereafter acidified with dilute
      hydrochloric acid to pH = 2.0, while cooling with ice and stirring.
PAR  The organic phase was separated off, washed with 50 parts by volume of
      water and dried over MgSO.sub.4.
PAR  Thereafter, 17 parts by volume of a 1 M solution of sodium 2-ethylhexanoate
      in ether containing methanol were added, the mixture was evaporated almost
      to dryness in vacuo, and the residue was dissolved in the minimum amount
      of methanol. On adding excess ether, a colorless, non-crystalline product
      precipitated, which, after decanting the supernatant solution, was
      digested with ether, filtered off and dried over P.sub.2 O.sub.5 in a
      vacuum desiccator.
PAR  Yield: 6 parts by weight. .beta.-Lactam content: 88%.
PAR  Calculated as methoxycarbonyl-methyl-ureido- benzylpenicillin: C, 49.3; H,
      4.7; Cl, ---; N, 11.5; S, 6.6; Found: C, 47.5; H, 6.0; Cl, 0.1; N, 9.9; S,
      7.0.
PAR  The thin layer chromatogram of the product (silica gel, 10 : 3 : 1 mixture
      of n-butanol, n-pentane and glacial acetic acid, running time 1.5 hours)
      showed spots at Rf values of 0.045, 0.11 - 0.3 and 0.56. Authentic
      D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-benzylpenicillin,
      manufactured either according to the method of Example 8 or by acylation
      of ampicillin with N-methoxycarbonyl-N-methyl-carbamic acid chloride,
      showed an Rf value of 0.45 under the same conditions. An electrophorogram
      developed with Bacillus subtilis showed the presence of several
      antibiotically active substances, of which, however, none agreed with the
      authentic material. Finally, the NMR spectrum permitted the presence of
      major amounts of the desired methoxycarbonyl-methylureido-benzylpenicillin
      to be ruled out; rather, it confirmed the assumption of a mixture of
      several different substances.
PAR  As regards the anti-bacterial effectiveness of this product, see the Table
      accompanying Example 8.
PAC  EXAMPLE 28
PAR  In the reaction of
      D(-)-.alpha.-(3-i-propoxycarbonyl-3-methyl-ureido)-phenylacetic acid and
      of D(-)-.alpha.-(3-n-butoxycarbonyl-3-methyl-ureido)-phenylacetic acid
      with thionyl chloride and subsequently with 6-aminopenicillanic acid in
      the manner described in Example 11 C, products were in each case again
      obtained which proved to be mixtures of several antibiotically active
      substances, but of which none was identical with the authentic
      D(-)-.alpha.-(3-i-propoxycarbonyl-3-methyl-ureido)-benzylpenicillin or
      D(-)-.alpha.-(3-n-butoxycarbonyl-3-methyl-ureido)-benzylpenicillin
      manufactured according to the instruction of Examples 9C and 10. The Rf
      values of thin layer chromatograms developed on silica gel with a 9 : 3 :
      1 mixture of n-butanol, pentane and glacial acetic acid were 0.080 and
      0.35, and 0.078, 0.46 and 0.75, respectively.
PAR  Under the same conditions, the authentic products showed Rf values of 0.56
      and 0.64 respectively.
PAC  Products from the reaction of
      D(-)-.alpha.-(3-i-propoxycarbonyl-3-methyl-ureido)-phenylacetic acid
PAR  For anti-bacterial effectiveness, see the Table accompanying Example 9C.
PAC  Products from the reaction of
      D(-)-.alpha.-(3-n-butoxycarbonyl-3-methyl-ureido)-phenylacetic acids
PAR  The Table which follows compares the anti-bacterial action of this product
      (A) with the penicillins (B) prepared from ampicillin and
      N-n-butoxycarbonyl-N-methyl-carbamic acid chloride:
TBL  Type of Bacterium Effectiveness                                           

                                   [units/ml]                                  

                       (A)         (B)                                         

     ______________________________________                                    

     Escherichia coli 14                                                       

                       100         3.12                                        

     Escherichia coli C 165                                                    

                       200         6.25                                        

     Escherichia coli 183/58                                                   

                       400         6.25                                        

     Proteus 3400      &gt;400        25                                          

     Proteus 1017      &gt;400        12.5                                        

     Pseudomonas aerus. Bonn.                                                  

                       &gt;400        12.5                                        

     Pseudomonas aerus. Walter                                                 

                       &gt;400        25                                          

     Staphylococcus aur. 133                                                   

                       12.5        &lt;0.78                                       

     ______________________________________                                    

PAC  EXAMPLE 29
PAC  Sodium
      D(-)-.alpha.-(3-cyclohexyloxycarbonyl-3-methyl-ureido)-benzylpenicillin
PAR  4.5 parts by weight of 6-aminopenicillanic acid were suspended in 60 parts
      by volume of 50% strength aqueous tetrahydrofurane, the amount of
      triethylamine just sufficient to dissolve the aminopenicillanic acid was
      added, the resulting solution, which had a pH of 8.0 (glass electrode) was
      cooled to 0.degree.C, and a solution of 8.0 parts by weight of
      O-[D(-)-.alpha.-(3-cyclohexylcarbonyl-3-methylureido)-phenylacetyl]-C-cyan
     o-C-ethoxy-carbonyl-formaldehydeoxime in 25 parts by volume of
      tetrahydrofurane was added dropwise, while keeping the pH of the solution
      at 7.5 by appropriate addition of triethylamine. Thereafter the mixture
      was stirred for 90 minutes at 22.degree.C, 100 parts by volume of water
      were added, the solution was adjusted to pH 6.5, the tetrahydrofurane was
      largely removed in vacuo in a rotary evaporator, and the remaining aqueous
      solution was covered with a 1 : 1 mixture of ether and ethyl acetate,
      stirred, cooled to 0.degree. - 5.degree.C and acidified to pH 1.5 with 2 N
      hydrochloric acid.
PAR  The organic phase was then separated off, washed with water and dried over
      sodium sulphate in a refrigerator, and the sodium salt of the penicillin
      was precipitated by means of a 1 M solution of sodium 2-ethylhexanoate in
      ether containing methanol. The supernatant solution was decanted from the
      initially oily precipitate, and the latter was converted into a colourless
      powder by trituration with dry ether. .beta.-Lactam content: 82%.
PAR  NMR signals at .tau. = 2.4-3.0 (5 H), 4.3-4.7 (3 H), 5.2 (1 H), 5.8 (1 H),
      6.8 (3 H) and 7.9-9.0 ppm (16 H).
PAR  The biological activity of this penicillin (A) and of the penicillin (B)
      prepared from ampicillin and N-cyclohexyloxycarbonyl-N-methyl-carbamic
      acid cloride were identical within the limit of error, as is shown by the
      Table below. Minimum inhibitory concentration in units/ml:
TBL                   A        B                                               

     ______________________________________                                    

     E. coli 14         3.12       1.56                                        

     E. coli A 261      400        400                                         

     E. coli C 165      6.25       6.25                                        

     E. coli 183/58     3.12       1.56                                        

     Proteus 3400       12.5       6.25                                        

     Proteus 1017       12.5       6.25                                        

     Pseudomonas aerug. Bonn                                                   

                        25         25                                          

     Pseudomonas aerug. Walter                                                 

                        50         50                                          

     Klebsiella K 10    200        100                                         

     Klebsiella 63      100        100                                         

     Staphylococcus aureus 1777 E                                              

                        200        400                                         

     Staphylococcus aureus 133                                                 

                        &lt;0.7       &lt;0.7                                        

     Enterococcus ATCC 9790                                                    

                        100        100                                         

     ______________________________________                                    

PAC  EXAMPLE 30
PAC  Sodium D(-)-.alpha.- (3-allyloxycarbonyl-3-methy-ureido)-benzylpenicillin
PAR  7.1 parts by weight of 6-aminopenicillanic acid were dissolved in a mixture
      of 120 parts by volume of methylene chloride and 10 parts by volume of
      triethylamine, 12.4 parts by weight of
      O-D(-)-.alpha.-(3-allyloxycarbonyl-3-methylureido)-phenylacetyl-C-cyano-C-
     ethoxycarbonyl-formaldehydeoxime were added, the solution was left to stand
      for 24 hours in a refrigerator, diluted with 150 parts by volume of
      methylene chloride and exhaustively extracted by shaking with sodium
      bicarbonate solution, the combined bicarbonate extracts were covered with
      a 1 : 1 mixture of ether and ethyl acetate, the pH of the aqueous phase
      was adjusted to 5.0 with 2 N hydrochloric acid, while stirring, the
      organic phase was separated off, the aqueous phase was covered with fresh
      ether-ethyl acetate mixture, the aqueous phase was then acidified to pH
      1.5 with 2 N hydrochloric acid, while stirring and cooling with ice, the
      organic phase was separated off, and the sodium salt of the penicillin was
      precipitated and isolated in the manner described in Example 29.
PAR  Yield: 30%. .beta.-Lactam content: 74%.
PAR  Calculated: C, 49.7; H, 5.2; N, 10.5; S, 6.1; Found: C, 49.9; H, 6.1; N,
      10.4; S, 5.6.
PAR  NMR signals at .tau. = 2.4-2.8 (5 H), 3.7-4.3 (1 H), 4.4-4.9 (5 H), 5.1-5.4
      (2 H), 5.8 (1 H), 6.8 (3 H) and 8.45 ppm (6 H).
PAR  The biological effectiveness of this penicillin (A) and of the penicillin
      (B) prepared from ampicillin and N-allyloxy-carbonyl-N-methyl-carbamic
      acid chloride were identical within the limit of error, as is shown by the
      Table below. Minimum inhibitory concentration in units/ml:
TBL                 A          B                                               

     ______________________________________                                    

     E. coli 14        0.8 - 4     3.12                                        

     E. coli A 261    100 - 500    &lt;400                                        

     E. coli C 165    4 - 20       12.5                                        

     E. coli 183/58   4 - 20       6.25                                        

     Proteus 3400     20 - 100     25                                          

     Proteus 1017     20 - 100     12.5                                        

     Pseudomonas aerug. Bonn                                                   

                      4 - 20       12.5                                        

     Pseudomonas aerug. Walter                                                 

                      20 - 100     12.5                                        

     Klebsiella K 10  20 - 100     50                                          

     Klebsiella 63    20 - 100     25                                          

     Staphylococcus aureus 133                                                 

                      0.8 - 4      0.78                                        

     Enterococcus ATCC 9790                                                    

                      20 - 100     50                                          

     ______________________________________                                    

PAC  EXAMPLE 31
PAC  Sodium .alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dichlorobenzylpenicillin
PAR  This penicillin was prepared in the manner described in Example 30 from
      2.82 parts by weight of 6-aminopenicillanic acid, 6.0 parts by weight of
      O[.alpha.-(3-benzoyl-3-methylureido)-2,6-dichlorophenylacetyl]-C-cyano-C-e
     thoxycarbonyl-formaldehydeoxime, 50 parts by volume of methylene chloride
      and 4 parts by volume of triethylamine.
PAR  Yield: 40%. .beta.-Lactam content: 80%.
PAR  Calculated: C, 47.4; H, 4.3; N, 8.8; S, 5.0; Found: C, 47.1; H, 4.7; N,
      8.9; S, 5.4.
PAR  NMR signals at .tau. = 2.4-2.9 (8 H), 3.3 (0.6 H), 3.8 (0.4 H), 4.45 (2 H),
      5.8 (1 H), 6.8 (0.6 H). 6.85 (0.4 H) and 8.45 ppm (6 H).
PAC  EXAMPLE 32
PAC  Sodium .alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dichlorobenzylpenicillin
PAR  5.6 parts by weight of
      .alpha.-(3-benzoyl-3-methylureido)-2,6-dichlorophenylacetic acid were
      dissolved in a mixture of 70 parts by volume of dry acetone and 2.5 parts
      by volume of triethylamine at -5.degree.C to -10.degree.C, 2.9 parts by
      weight of 1-methyl-2-chloro-pyrrolinium chloride were added, the mixture
      was stirred for 45 minutes, the precipitate thereby formed (triethylamine
      hydrochloride) was filtered off, the filtrate was combined with a solution
      of 4.3 parts by weight of 6-aminopenicillanic acid in water which was
      prepared with the aid of triethylamine, had a pH of 7.5 and was cooled to
      -10.degree.C, the mixture was subsequently stirred for 2 hours at
      -5.degree.C, and the pH was at the same time kept at 7.5 by appropriate
      addition of triethylamine. The mixture was then diluted with 130 parts by
      volume of water, the pH was adjusted to 6.5 by means of 2 N hydrochloric
      acid, the acetone was stripped off in vacuo, the solution which remained
      was adjusted to pH 7.5 and extracted by shaking with a 1 : 1 mixture of
      ether and ethyl acetate, the aqueous phase was separated off covered with
      fresh organic phase, and acidified to pH 1.5 with 2 N hydrochloric acid,
      while stirring and cooling in ice, the organic phase was separated off,
      washed with water and dried for 2 hours in a refrigerator over sodium
      sulphate, and the sodium salt of the penicillin was precipitated and
      isolated in the manner described in Example 27.
PAR  Yield: 33%. .beta.-Lactam content: 78%.
PAR  NMR signals at .tau. = 2.4-2.75 (8 H), 3.3 (0.7 H), 3.7 (0.3 H), 4.4 (2 H),
      5.75 (1 H), 6.8 (3 H) and 8.45 ppm (6 H).
PAL  Effectiveness in animal experiments: A and B
PAC  EXAMPLE 33
PAC  Sodium .alpha.-(3-benzoyl-3-methyl-ureido)-4-methylthiobenzylpenicillin
PAR  This penicillin was prepared, as described in Example 32, from 6.0 parts by
      weight of .alpha.-(3-benzoyl-3-methylureido)-4-methylthiophenylacetic
      acid, dissolved in 70 parts by volume of acetone and 2.35 parts by volume
      of triethylamine, after reaction with 2.7 parts by weight of
      1-methyl-2-chloropyrrolinium chloride, by combination with a solution of
      6-aminopenicillanic acid in water, of pH 7.5, prepared by addition of
      triethylamine.
PAR  Yield: 45%. .beta.-Lactam content: 72%.
PAR  NMR signals at .tau. = 2.4-2.9 (9 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.9
      (3 H), 7.6 (3 H) and 8.45 ppm (6 H).
PAR  Effectiveness in animal experiments: A and B
PAC  EXAMPLE 34
PAC  Sodium
      .alpha.-(3-ethoxycarbonyl-3-methyl-ureido)-4-methylthiobenzylpenicillin
PAR  This penicillin was prepared in the manner described in Example 32 from 6.0
      parts by weight of
      .alpha.-(3-ethoxycarbonyl-3-methylureido)-4-methylthiophenylacetic acid,
      80 parts by volume of acetone, 2.6 parts by volume of triethylamine and
      3.0 parts by weight of 1-methyl-2-chloropyrrolinium chloride, by
      combination with a solution of 4.4 parts by weight of 6-aminopenicillanic
      acid in 70 parts by volume of 50% strength aqueous acetone, prepared by
      addition of triethylamine.
PAR  Yield: 44%. .beta.-Lactam content: 78%.
PAR  NMR signals at .tau. = 2.6 (2 H), 2.75 (2 H), 4.5 (1 H), 4.55 (2 H),
      5.5-5.9 (3 H), 6.85 (3 H), 7.55 (3 H), 8.4 (6 H) and 8.6 ppm (3 H).
PAC  EXAMPLE 35
PAC  Sodium
      .alpha.-(3-ethoxycarbonyl-3-methyl-ureido)-4-methylthiobenzylpenicillin
PAR  To prepare this penicillin, 6.0 parts by weight of
      .alpha.-(3-ethoxycarbonyl-3-methylureido)-4-methylthiophenylacetic acid
      were dissolved in 80 parts by volume of acetone, with the addition of 2.6
      parts by volume of triethylamine, 3.0 parts by weight of
      1-methyl-2-chloro-pyrrolinium chloride were added at -5.degree.C to
      -10.degree.C, the mixture was stirred for 45 minutes at the same
      temperature, a solution of 4.4 parts by weight of 6-aminopenicillanic acid
      in a mixture of 70 parts by volume of 50% strength aqueous acetone and
      triethylamine, which had a pH of 7.5, was added, the mixture was
      subsequently stirred for 2 hours at -5.degree.C and diluted with 150 parts
      by volume of water, and the reaction mixture was worked up as in Example
      32, to isolate the sodium salt of the penicillin.
PAR  Yield: 44%. .beta.-Lactam content: 78%.
PAR  Calculated: C, 46.7; H, 5.2; N, 9.9; S, 11.3; Found: C, 47.0; H, 5.6; N,
      9.4; S, 10.8.
PAR  NMR signals as indicated in Example 34. The spectra of both substances are
      identical.
PAR  Effectiveness in animal experiments: A
PAC  EXAMPLE 36
PAC  Sodium
      .alpha.-(3-.beta.-chloropropionyl-3-methyl-ureido)-cyclohex-3-enylmethylpe
     nicillin
PAR  This penicillin was prepared in the manner described in Example 32, from
      5.3 parts by weight of
      .alpha.-(3-.beta.-chloropropionyl-3-methylureido)-cyclohex-3-enyl-acetic
      acid, after reaction with 3.0 parts by weight of
      1-methyl-2-chloro-pyrrolinium chloride in the presence of 2.6 parts by
      volume of triethylamine, by reaction with 4.4 parts by weight of
      6-aminopenicillanic acid which had been dissolved in 50% strength aqueous
      acetone, at pH 7.5, by means of triethylamine.
PAR  Yield: 44%. .beta.-Lactam content: 78%.
PAR  NMR signals at .tau. = 4.3 (2 H), 4.5 (2 H), 5.8 (1 H), 6.2 (2 H), 6.65 (3
      H), 6.8 (2 H) and 7.7 - 8.8 ppm (13 H).
PAC  EXAMPLE 37
PAC  Sodium D(-)-.alpha.-[3-(2-thenoyl)-3-methyl-ureido)benzylpenicillin
PAR  To prepare this penicillin, 3.9 parts by weight of
      D(-)-.alpha.-[3-(2-thenoyl)-3-methyl-ureido]-phenylacetic acid were
      dissolved in 55 parts by volume of acetone with the addition of 2.0 parts
      by volume of triethylamine, 2.3 parts by weight of
      1-methyl-2-chloropyrrolinium chloride were added at -5.degree.C to
      -10.degree.C, the mixture was stirred for 45 minutes at the same
      temperature, a solution of 3.1 parts by weight of 6-aminopenicillanic acid
      in a mixture of 60 parts by volume of 90% strength aqueous acetone and
      triethylamine, which had a pH of 7.5, was added, and the mixture was
      stirred for 2 hours at -5.degree.C and worked up -- as described in
      Example 32 -- to isolate the sodium salt of the penicillin.
PAR  Yield: 56%. .beta.-Lactam content: 64%.
PAR  NMR signals at .tau. = 2.1-3.0 (8 H), 4.35-4.8 (3 H), 5.8 (1 H), 6.55 (3 H)
      and 8.45 ppm (6 H).
PAC  EXAMPLE 38
PAC  Sodium
      D(-)-.alpha.-[3-(3,5-dimethylisoxazoloyl-4)-3-methyl-ureido]benzylpenicill
     in
PAR  To prepare this penicillin, 3.9 parts by weight of
      D-.alpha.-[3-(3,5-dimethylisoxazoloyl-4)-3-methyl-ureido]-phenylacetic
      acid were dissolved in 60 parts by volume of methylene chloride with the
      addition of 2.0 parts by volume of triethylamine, the solution was cooled
      at -10.degree.C, 2.2 parts by weight of 1-methyl-2-chloropyrrolinium
      chloride were added, and the mixture was left to stand for 90 minutes at
      -10.degree. to -35.degree.C (solution A).
PAR  Separately, 3.1 parts by weight of 6-aminopenicillanic acid were suspended
      in 60 parts by volume of methylene chloride, 3.4 parts by volume of
      triethylamine were added, and the mixture was stirred for 4 hours at
      22.degree.C (solution B). Solution B was then cooled to between 0.degree.
      and -5.degree.C, and solution A was added in several portions, over the
      course of 30 minutes, while stirring and continuing to cool.
PAR  Thereafter the mixture was stirred for a further hour at 0.degree. to
      5.degree.C, the solvent was stripped off in vacuo, the residue was taken
      up in water and a 1 : 1 mixture of ether and ethyl acetate, the pH was
      adjusted to 7.5 while stirring, the organic phase was separated off, the
      aqueous phase was covered with fresh ether-ethyl acetate mixture, the pH
      was brought to 1.5 by means of 2 N hydrochloric acid, while stirring and
      cooling with ice, the organic phase was separated off, washed with water
      and dried over magnesium sulphate for 2 hours in a refrigerator, and the
      penicillin was isolated as the sodium salt, as described in Example 32.
PAR  Yield: 50% .beta.-Lactam content: 80%.
PAR  Calculated: C, 50.7; H, 5.0; N, 12.3; S, 5.6; Found: C, 51.1; H, 5.4; N,
      11.6; S, 5.8.
PAR  NMR signals at .tau. = 2.35-2.9 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.8
      (3 H), 7.6 (3 H), 7.75 (3 H) and 8.45 ppm (6 H).
PAC  EXAMPLE 39
PAR  If, in the procedure of Example 37, the
      D(-)-.alpha.-[3-(2-thenoyl)-3-methylureido]-phenylacetic acid used there
      is replaced by 0.012 mol of:
PA1  D(-)-.alpha.-[3-(2-furoyl)-3-methyl-ureido] -phenylacetic acid,
PA1  D(-)-.alpha.-[3-(2-furoyl)-3-ethyl-ureido] -phenyl-acetic acid,
PA1  D(-)-.alpha.-[3-(2-furoyl)-3-n-propyl-ureido]-phenylacetic acid,
PA1  D(-)-.alpha.-[3-(2-furoyl-3-phenyl-ureido]-phenylacetic acid,
PA1  D(-)-.alpha.-[3-(2,5-dimethylfuroyl-3-)-3-methyl-ureido]-phenylacetic acid,
PA1  D(-)-.alpha.-[3-(5-bromofuroyl-3-)-3-methyl-ureido] -phenylacetic acid,
PA1  D(-)-.alpha.-[3-(5-methoxymethylfuroyl-2-)-3-methyl-ureido]-phenylacetic
      acid,
PA1  D(-)-.alpha.-[3-(3,5-dimethylisothiazol-3-yl)-carbonyl)-3-methyl-ureido]phe
     nylacetic acid,
PA1  D(-)-.alpha.-[3-(isoxazol-4-yl)-carbonyl-3-methyl-ureido] -phenylacetic
      acid,
PA1  D(-)-.alpha.-[3-(isoxazol-3-yl)-carbonyl-3-methyl-ureido]-phenylacetic
      acid,
PA1  D(-)-.alpha.-[3-(3-methylthiodiazol(1,2,5)-4-yl)-carbonyl-3-methyl-ureido]-
     phenylacetic acid or
PA1  D(-)-.alpha.-[3-(4-methylthiadiazol(1,2,3)-5-yl)-carbonyl-3-methyl-ureido]-
     phenylacetic acid
PAR  the sodium salts of the following penicillins are obtained:
PA1  D(-)-.alpha.-[3-(2-furoyl)-3-methyl-ureido]-benzylpenicillin,
PA1  D(-)-.alpha.-[3-(2-furoyl)-3-ethyl-ureido]-benzylpenicillin,
PA1  D(-)-.alpha.-[3-n-propyl-ureido]-benzylpenicillin,
PA1  D(-)-.alpha.-[3-(2-furoyl)-3-phenyl-ureido]-benzylpenicillin,
PA1  D(-)-.alpha.-[3-(2,5-dimethylfuroyl-3)-3-methyl-ureido]-benzylpenicillin,
PA1  D(-)-.alpha.-[3-(5-bromofuroyl-3)-3-methyl-ureido]-benzylpenicillin,
PA1  D(-)-.alpha.-[3-(5-methoxymethylfuroyl-2)-3-methyl-ureido]-benzylpenicillin
PA1  D(-)-.alpha.-[3-(3,5-dimethylisothiazol-3-yl)-carbonyl-3-methyl-ureido]-ben
     zylpenicillin,
PA1  D(-)-.alpha.-[3-(isoxazol-4-yl)-carbonyl-3-methyl-ureido]-benzylpenicillin,
PA1  D(-)-.alpha.-[3-isoxazol-3-yl)-carbonyl-3-methyl-ureido]-benzylpenicillin,
PA1  D(-)-.alpha.-[3-(3-methylthiodiazol(1,2,5)-4-yl)-carbonyl-3-methyl-ureido]-
     benzylpenicillin or
PA1  D(-)-.alpha.-[3-(4-methylthiodiazol(1,2,3)-5-yl)-carbonyl-3-methyl-ureido]-
     benzylpenicillin.
PAC  EXAMPLE 40
PAC  A. D(-)-.alpha.-(3-Cyclohexyloxycarbonyl-3-methyl-ureido)-phenyl-acetic
      acid
PAR  13.5 parts by weight of bis-(trimethylsilyl)-C-phenyl-glycine were
      dissolved in 100 parts by volume of dry carbon tetrachloride, a solution
      of 10.0 parts by weight of N-cyclohexyloxycarbonyl-N-methyl-carbamic acid
      chloride in 30 parts by volume of carbon tetrachloride was slowly added
      dropwise at 0.degree.C while excluding moisture, and the mixture was left
      to stand overnight in a refrigerator. Thereafter it was washed 3 times
      with 50 parts by volume of water at a time, and the organic phase was
      evaporated to dryness in vacuo.
PAR  Yield of oily product: 95%.
PAR  NMR signals at .tau. = 0.5 (1 H), 2.5 (5 H), 4.6 (1 H), 5.2 (1 H), 6.8 (3
      H) and 7.9-8.9 ppm (10 H).
PAC  B. O-[D(-)-.alpha.-(3-Cyclohexyloxycarbonyl-3-methyl-ureido)-phenyl
      acetyl]-C-cyano-C-ethoxycarbonyl-formaldehydeoxime
PAR  2.92 parts by weight of C-cyano-C-ethoxycarbonyl-formaldehydeoxime were
      dissolved in 50 parts by volume of tetrahydrofurane, 2.9 parts by volume
      of triethylamine were added, the mixture was cooled to -10.degree.C, 1.5
      parts by volume of thionyl chloride were then slowly added dropwise while
      stirring and continuing to cool, and the mixture was subsequently stirred
      for 15 minutes at -10.degree.C. A solution, cooled to 0.degree.C, of 6.88
      parts by weight of
      D(-)-.alpha.-(3-cyclohexyloxycarbonyl-3-methyl-ureido)-phenylacetic acid
      in a mixture of 50 parts by volume of tetrahydrofurane and 2.9 parts by
      volume of triethylamine was then added dropwise over the course of approx.
      45 minutes while continuing to cool, and the reaction mixture was
      subsequently stirred for a further hour at 0.degree.C. The triethylamine
      hydrochloride which had separated out was then filtered off, the filtrate
      was evaporated in vacuo from a bath at 15.degree. - 20.degree.C, using a
      rotary evaporator, the residue was dissolved in methylene chloride, the
      solution was cooled to  0.degree.C and once shaken rapidly with ice water,
      and the organic phase was subsequently dried at 0.degree.C over sodium
      sulphate, filtered, and evaporated in vacuo by means of a rotary
      evaporator, from a bath at 20.degree.C, and finally from a bath at
      40.degree.C. A colourless, varnish-like substance is obtained.
PAR  Yield: 98%. Specific rotation: [.alpha.].sub.589 -8.1.degree. (54.2 mg;
      methanol). The substance showed an IR spectrum corresponding to its
      structure.
PAR  NMR signals at .tau. = 0.5 (1 H), 2.6 (5 H), 4.3 (1 H), 5.25 (1 H), 5.7 (2
      H), 6.8 (3 H) and 8.0-9.0 ppm (13 H).
PAC  EXAMPLE 41
PAC  O-[D(-)-.alpha.-(3-Allyloxycarbonyl-3-methyl-ureido)-phenylacetyl]-C-cyano-
     C-ethoxycarbonyl-formaldehydeoxime
PAR  This substrate was prepared in the manner described in Example 40, from
      5.86 parts by weight of C-cyano-C-ethoxy-carbonyl-formaldehydeoxime, 100
      parts by volume of tetrahydrofurane, 57 parts by volume of triethylamine,
      3.0 parts by volume of thionyl chloride and a mixture of 12.0 parts by
      weight of D(-)-.alpha.-(3-allyloxycarbonyl-3-methyl-ureido)-phenylacetic
      acid, 100 parts by volume of tetrahydrofurane and 5.7 parts by volume of
      triethylamine. A colorless, varnish-like substance is obtained.
PAR  Yield: over 80%. Specific rotation: [.alpha.].sub.589 -19.8.degree. (50.6
      mg; methanol). The substance showed an IR spectrum corresponding to its
      structure.
PAR  NMR signals at .tau. = 0.4 (1 H), 2.6 (5 H), 3.7-4.2 (1 H), 4.3 (1 H),
      4.5-4.9 (2 H), 5.3 (2 H), 5.65 (2 H), 6.8 (3 H) and 8.65 ppm (3 H).
PAC  EXAMPLE 42
PAC  O-[D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dichlorophenylacetyl]-C-cya
     no-C-ethoxycarbonyl-formaldehydeoxime
PAR  This substance was prepared in the manner described in Example 40, from
      2.85 parts by weight of C-cyano-C-ethoxy-carbonyl-formaldehydeoxime, 50
      parts by volume of tetrahydrofurane, 2.8 parts by volume of triethylamine,
      1.45 parts by volume of thionyl chloride and a mixture of 7.6 parts by
      weight of
      D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dichlorophenylacetic acid, 50
      parts by volume of tetrahydrofurane and 2.8 parts by volume of
      triethylamine. A colorless, varnish-like substance was obtained.
PAR  Yield: over 80%.  The IR spectrum of the substance showed the bands
      corresponding to its structure.
PAR  NMR signals at .tau. = 0.5 (1 H), 2.45 (5 H), 3.55 (1 H), 5.65 (2 H), 6.9
      (3 H) and 8.7 (3 H).
PAC  EXAMPLE 43
PAC  Sodium
      .alpha.-(pyrrolid-2-on-1-yl-carbonylamino)-.alpha.-p-tolyl-methylpenicilli
PAR  This penicillin was prepared in the manner described in Example 1, from
      14.5 parts by weight of
      .alpha.-pyrrolid-2-on-1-yl-carbonylamino)-.alpha.-p-tolylacetic acid, 10.2
      parts by weight of tetramethyl-chloroformamidinium chloride and 15 parts
      by weight of 6-amino-penicillanic acid.
PAR  Yield: 29% .beta.-Lactam content; 67%
PAR  NMR signals at .tau. = 2.5 - 3.05 (4 H), 4.5 (3 H), 5.8 (1 H), 6.1 - 6.4 (2
      H), 7.4 (2 H), 7.7 (3 H), 8.0 (2 H) and 8.3 - 8.6 ppm (6 H).
PAC  EXAMPLE 44
PAC  Sodium
      .alpha.-(3-o-fluorobenzoyl-3-methyl-ureido)-.alpha.-p-tolyl-methylpenicill
     in
PAR  This penicillin was prepared in the manner indicated in Example 2, from 9
      parts by weight of N-o-fluorobenzoyl-N-methyl-ureido-N-p-tolylacetic acid,
      4.95 parts by weight of tetramethyl-chloroformamidinium chloride and 8.5
      parts by weight of 6-amino-penicillanic acid.
PAR  Yield: 59% .beta.-Lactam content: 87%
PAR  Calculated: C, 53.7; H, 4.8; N, 9.7; S, 5.5; Found C, 53.4; H,(6.0); N,
      9.7; S 5.9.
PAR  NMR signals at .tau. = 2.3 - 3.1 (8 H), 4.5 (3 H), 5.8 (1 H), 6.3 (3 H),
      7.7 (3 H) and 8.2 - 8.5 ppm (6 H).
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 45
PAC  Sodium
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methyl-benzylpenicillin
PAR  3.76 parts by weight of tetramethylchloroformamidinium chloride were
      suspended in 15 parts by volume of dry acetone and stirred for 10 minutes
      with exclusion of moisture. The product was filtered off, again with
      exclusion of moisture, and the reagent was suspended in 40 parts by volume
      of methylene chloride and cooled to 0.degree.C. 5.53 parts by weight of
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methylphenylacetic acid
      in a little methylene chloride were now added and a solution of 2.0 parts
      by weight of triethylamine in 20 parts by volume of methylene chloride was
      added dropwise to the mixture over the course of 30 minutes, while
      stirring and excluding moisture. The mixture was stirred for a further 20
      minutes at +5.degree.C and then cooled to -20.degree.C and treated, all at
      once, with a solution of the triethylamine salt of 6-aminopenicillanic
      acid in methylene chloride, also cooled to -20.degree.C. (This solution
      had been prepared by stirring 5.8 parts by weight of 6 -amino-penicillanic
      acid, 3.4 parts by weight of triethylamine and 8 parts by weight of
      anhydrous sodium sulphate in 40 parts by volume of methylene chloride for
      2 hours, and subsequent filtering). The mixture was left to reach
      0.degree.C while stirring, was treated with a further 0.9 part by weight
      of triethylamine after a short time, and was further stirred for 30
      minutes at 0.degree.C and 30 minutes at room temperature. It was now
      poured into ice water, the pH value was adjusted to 5.5 and the methylene
      chloride was stripped off in vacuo. The residue was twice extracted with
      ether and the ether was eluted with a little water. The combined aqueous
      solutions were covered with a layer of ethyl acetate and adjusted to a pH
      value of 1.5 with dilute hydrochloric acid while stirring and cooling with
      ice. The ethyl acetate phase was separated off, the water was again
      extracted with ethyl acetate, and the combined extracts were washed with
      water. They were dried for about one hour at 0.degree.C over MgSO.sub.4,
      filtered and treated with 20 parts by volume of a 1 molar solution of
      sodium 2-ethylhexanoate in ether containing methanol, and the mixture was
      evaporated in vacuo at room temperature until it acquired an oily
      consistency. It was now dissolved in the requisite amount of methanol and
      this solution was added dropwise to 500 parts by volume of a mixture of
      about 500 parts by volume of absolute ether and 50 parts by volume of
      methanol, while stirring vigorously. The product which precipitated was
      filtered off after standing for a short time, suspended in dry ether and
      again filtered off. It was dried in vacuo over P.sub.2 O.sub.5 for about 2
      days.
PAR  Yield: 70%. .beta.-Lactam content: 86%. NMR signals, see Table 2, page 96;
      IR bands at 3280, 1760, 1712, 1655, 1600, 1520, 1270 and 765
      cm.sup.-.sup.1 (in Nujol suspension).
PAC  EXAMPLE 46
PAC  Sodium
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methyl-benzylpenicillin
PAR  2.8 parts by weight of
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methylphenylacetic acid
      were reacted, in the manner described in Example 45, with 1.7 parts by
      weight of 1-methyl-2-chloro-.DELTA. 1-pyrrolinium chloride instead of
      tetramethyl-chloroformamidinium chloride, and subsequently with 2.6 parts
      by weight of 6-aminopenicillanic acid in the form of its triethylamine
      salt, to give the sodium salt of
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methylbenzylpenicillin.
PAR  Yield: 54% .beta.-Lactam content: 39%. NMR signals, see Table 2, page 96.
      The position of the IR bands agrees with that of the penicillin of Example
      45.
PAC  EXAMPLE 47
PAC  Sodium
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-chlorobenzylpenicillin
PAR  This penicillin was manufactured in the manner described in Example 1, from
      5.95 parts by weight of
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-chlorophenylacetic
      acid, 3.76 parts by weight of tetramethylchloroformamidinium chloride and
      5.8 parts by weight of 6-aminopenicillanic acid.
PAR  Yield: 59%. .beta.-Lactam content: 86%. NMR signals, see Table 2, page 97.
      IR bands at 3300, 1775, 1727, 1667, 1608, 1540, 1287 and 780
      cm.sup.-.sup.1.
PAC  EXAMPLE 48 A
PAC  Sodium
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-chlorobenzylpenicillin
PAR  3.6 parts by weight of
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-chlorophenylacetic acid
      were reacted in the manner described in Example 1 with 2.22 parts by
      weight of 1,3-dimethyl-2-chloro-.DELTA.-1-imidazolinium chloride and
      subsequently with 3.02 parts by weight of 6-aminopenicillanic acid to give
      the sodium salt of
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-chlorobenzylpenicillin.
PAR  Yield: 65%. .beta.-lactam content: 72% NMR signals, see Table 2, page 97.
      The IR spectrum in Nujol is identical with that of the penicillin of
      Example 47.
PAC  EXAMPLE 48 B
PAC  .alpha.-[(Imidazolidin-2-on-1-yl)-carbonylamino]-p-methylphenylacetic acid
PAR  16.5 parts by weight of .alpha.-(4-methylphenyl)-glycine were dissolved in
      200 parts by volume of 50% strength aqueous dioxane, with the addition of
      sufficient 2 N sodium hydroxide solution. Thereafter the mixture was
      adjusted back to a pH value of 7-8 with 5 N hydrochloric acid, whereupon
      the aminoacid separated out partially as a fine precipitate. A solution of
      11.8 parts by weight of 1 -chlorocarbonyl-imidazolidin-2-one in 50 parts
      by volume of warm acetone was now added dropwise, while stirring and
      cooling by means of an ice bath. The pH was at the same time maintained at
      between 7 and 8 by appropriate addition of 2 N sodium hydroxide solution.
      After completion of the addition, the mixture was stirred for a further 15
      minutes at room temperature until the pH value remained constant.
      Unreacted aminoacid (6 parts by weight) was filtered off, and the filtrate
      was evaporated to half its volume in vacuo and extracted once with 100
      parts by volume of ether. The aqueous phase was adjusted to a pH of 1-2
      with 2 N hydrochloric acid and the oil which precipitated was taken up in
      ethyl acetate by extraction with 2 .times. 100 parts by volume. The
      combined ethyl acetate extracts were washed with 50 parts by volume of
      water, dried over MgSO.sub.4 and subsequently evaporated to dryness. A
      glassy foam was obtained, which through trituration with petroleum ether
      was converted into a finely granular, non-crystalline powder.
PAR  Yield: 48%. NMR signals, see Table 2, page 97.
PAC  EXAMPLE 48 C
PAR  The following .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-phenylacetic
      acid was produced as described in Example 48 B:
PAR  .alpha.-[(Imidazolidin-2-on-1-yl)-carbonylamino]-p-chlorophenylacetic acid
      from 18.6 parts by weight of .alpha.-(4-chlorophenyl)-glycine and 11.8
      parts by weight of 1-chlorocarbonylimidazolidin-2-one. Recovered unreacted
      .alpha.-(4-chlorophenyl)-glycine: 6 parts by weight.
PAR  Yield of product moist with ether: 33 parts by weight.
PAR  The substance was recrystallised from ethyl acetate/petroleum ether.
TBL  ______________________________________                                    

     1st fraction, yield:                                                      

                    35%       relative to converted                            

                              starting                                         

     2nd fraction, yield:                                                      

                    15%       material.                                        

     ______________________________________                                    

PAR  Melting point = 115.degree.-120.degree.C. NMR signals, see Table 2, page
      97.
PAC  EXAMPLE 48 D
PAC  1-Chlorocarbonyl-imidazolidin-2-one
PAR  4 parts by weight of phosgene in 10 parts by volume of absolute
      tetrahydrofurane were added dropwise, over the course of 15 minutes, to a
      vigorously stirred solution of 3.5 parts by weight of imidazolidone-(2)
      [manufactured according to Fischer and Koch, Ann. 232, page 224 (1886)]
      in 50 parts by volume of absolute tetrahydrofurane. Thereafter the
      reaction mixture was stirred for 3 hours at 10.degree.C and a stream of
      dry air was then passed through it to blow out the hydrochloric acid
      produced, and residues of phosgene. It was now evaporated to dryness in
      vacuo on a rotary evaporator, and the solid residue was dried over
      concentrated sulphuric acid at about 12 mm Hg.
PAR  Yield: 93%. Melting point = 150.degree.C after recrystallisation from
      acetone-pentane.
PAR  Calculated: C, 32.3; H, 3.4; N, 18.8; Cl, 23.9; Found: C, 32.3; H,(4.5); N,
      18.7; Cl, 23.9.
PAR  NMR signals at .tau. = 5.7 to 6.1 (2 H) and 6.3 to 6.7 (2 H),
      (acetone-d.sub.6 as the solvent), symmetrical A.sub.2 B.sub.2 -system. IR
      bands at 3230, 1790, 1700, 1270 and 1150 cm.sup.-.sup.1.
PAC  EXAMPLE 48 E
PAR  If, in the procedure of Example 45, the
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methylphenylacetic acid
      used therein is replaced by 0.02 mol of one of the following:
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-thienyl(2)-acetic acid,
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-thienyl(3)-acetic acid,
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-hydroxyphenylacetic
      acid,
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-m-hydroxyphenyl-acetic
      acid,
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o-chlorophenylacetic acid,
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-di-fluorphenylacetic
      acid,
PA1  .alpha.[(imidazolidin-2-on-1-yl)-carbonyl-amino]-o,o'-chlorofluorophenylace
     tic acid or
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-acetylaminophenylacetic
      acid,
PAR  the following penicillins are obtained in the form of their sodium salts:
PA1  .alpha.-[(imidazolidin-2-on-1yl)-carbonylamino]-thienyl(2)-methylpenicillin
PA1  .alpha.[-(imidazolidin-2-on-1yl)-carbonylamino]-thienyl(3)-methylpenicillin
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-hydroxybenzylpenicillin,
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-m-hydroxybenzylpenicillin,
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-e-chlorobenzylpenicillin,
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]o,o'-difluorobenzylpenicill
     in,
PA1  .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-chlorofluorobenzylpen
     icillin or
PA1  .alpha.-[(imidazolidin-2-on-1yl)-carbonylamino]-p-acetylaminobenzylpenicill
     in.
PAC  EXAMPLE 49
PAC  D(-)-.alpha.-[(Imidazolidin-2-on-1-yl)-carbonylamino]-phenylacetic acid
PAR  9.7 parts by weight of D(-)-C-phenylglycine were suspended in 150 parts by
      volume of 50% strength aqueous dioxane and sufficient 40% strength aqueous
      sodium hydroxide solution was added dropwise at room temperature, while
      stirring, for the phenylglycine to have just dissolved. Approximately 15%
      strength hydrochloric acid was then added to this solution, while
      stirring, until the pH of the solution had reached 7.5 - 8.0. The fine
      suspension of the phenylglycine which is present at that stage was cooled
      to about -5.degree.C, 10.6 parts by weight of finely powdered
      imidazolidin-2-on-1-yl-carbonyl chloride were gradually introduced at this
      temperature, while stirring, and at the same time the pH was kept at 7.5 -
      8.0 by appropriate addition of approximately 5 N sodium hydroxide
      solution. The phenylglycine hereupon dissolved, apart from a small amount
      of residue. The mixture was stirred for a further 60 minutes at
      +5.degree.C, during which time a little sodium hydroxide solution still
      had to be added occasionally in the first 15 minutes only, to maintain the
      desired pH. Small amounts of insoluble matter were then filtered off. The
      filtrate was largely freed of dioxane by means of a rotary evaporator,
      covered with a layer of ethyl acetate, acidified with 2 N hydrochloric
      acid to pH 1.5 - 2.0 and thoroughly stirred, and the organic phase was
      then separated off, twice washed with water, dried over magnesium sulphate
      and completely evaporated in a rotary evaporator. The residue, a colorless
      clear foam, was dried for two days over P.sub.4 O.sub.10 in a desiccator
      with an open tap, connected to an oil pump.
PAR  Yield: 7.9 parts by weight. In the IR spectrum (solvent:
      dimethylsulphoxide), the substance shows two double bands in the region
      left open by the solvent, namely at 1720 and 1670, and at 1525 and 1480
      cm.sup.-.sup.1, respectively. NMR signals, see Table 2, page 97.
PAC  EXAMPLE 50
PAC  .alpha.-[(Imidazolidin-2-on-1-yl)-carbonylamino]-4-methylthiophenylacetic
      acid:
PAR  a. .alpha.-Amino-4-methylthiophenylacetic acid
PAR  This aminoacid was obtained according to the usual procedure: starting from
      4-methylthiobenzaldehyde, via the cyanohydrin and .alpha.-aminonitrile,
      and its saponification with boiling 20% strength hydrochloric acid.
      Melting point &gt;260.degree. on the Kofler bench.
PAR  The IR spectrum (Nujol) shows a single band in the carbonyl region at 1740
      cm.sup.-.sup.1 and a broad absorption between 1570 and 1670
      cm.sup.-.sup.1, with a main peak at 1590 cm.sup.-.sup.1.
PAR  The NMR spectrum (NaOD/D.sub.2 O) shows signals at .tau. = 2.5-2.8 (4 H)
      (AB-system), at 5.6 (1 H) and at 7.6 ppm (3 H).
PAR  b.
      .alpha.-[(Imidazolidin-2-on-1-yl)-carbonylamino]-4-methylthiophenylacetic
     acid
PAR  This compound was manufactured from 13 parts by weight of the aminoacid
      described above and 10 parts by weight of imidazolidin-2-on-1-yl-carbonyl
      chloride, in the manner described in Example 5.
PAR  Yield: 6.7 parts by weight of a yellowish hard foam. In the IR spectrum
      (solvent: dimethylsulphoxide) the substance shows two double bands in the
      range left open by the solvent, namely at 1710 and 1660, and at 1520 and
      1480 cm.sup.-.sup.1. NMR signals, see Table 2, page 97.
PAC  EXAMPLE 51
PAC  Sodium
      D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-benzylpenicillin
PAR  3.8 parts by weight of
      D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-phenylacetic acid
      were dissolved in 65 parts by volume of dichloromethane, 2.7 parts by
      weight of 1-methyl-2-chloro-.DELTA.1-pyrrolinium chloride were added, and
      after cooling to -10.degree.C 2.0 parts by volume of triethylamine were
      added gradually. This reaction mixture was then stirred for 1 hour at
      -5.degree.C (mixture A). 4.0 parts by weight of 6-aminopenicillanic acid
      in 80 parts by volume of dichloromethane were treated with 4.4 parts by
      volume of triethylamine and 4.0 parts by weight of anhydrous sodium
      sulphate and then stirred for two hours at room temperature. After
      filtration, the solution was cooled to -20.degree.C and combined with the
      mixture A. The reaction mixture was left to reach 0.degree.C of its own
      accord, and was then stirred for a further hour at 0.degree.C. The solvent
      was now removed in a rotary evaporator, the residue was dissolved in
      water, and the solution was covered with a layer of ethyl acetate and
      acidified with dilute hydrochloric acid at 0.degree. to 5.degree.C, while
      stirring, until pH 1.5 was reached. The organic phase was then separated
      off, washed with water, dried over magnesium sulphate while cooling, and
      filtered, and after dilution with an equal amount of ether the sodium salt
      of the penicillin was precipitated from the filtrate by adding a solution
      of sodium 2-ethylcaproate dissolved in ether containing methanol.
PAR  Yield: 1.3 parts by weight. .beta.-Lactam content: 34%. IR band at 1775
      cm.sup.-.sup.1. NRM signals, see Table 2, page 98.
PAC  EXAMPLE 52
PAC  D(-)-.alpha.-[(Imidazolidin-2-on-1-yl)-carbonylamino]-benzylpenicillin
      (free acid and sodium salt)
PAR  Mixture A was prepared in a corresponding manner to Example 51, from 3.8
      parts by weight of
      D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-phenylacetic acid,
      65 parts by volume of dichloromethane, 3.0 parts by weight of
      1,3-dimethyl-2-chloro-.DELTA.1-imidazolinium chloride and 2.0 parts by
      volume of triethylamine, and reacted with the dried solution prepared from
      4.0 parts by weight of 6-aminopenicillanic acid, 80 parts by volume of
      dichloromethane, 4.4 parts by volume of triethylamine and 4.0 parts by
      weight of Na.sub.2 SO.sub.4. After removing the solvent and distributing
      the reaction product between an aqueous phase of pH 1.5 and ethyl acetate,
      a precipitate which is neither soluble in the acid aqueous phase nor in
      the organic phase was formed and this was filtered off, washed with water
      and dried. This product was the free acid of the desired penicillin. Yield
      1.5 parts by weight. The ethyl acetate phase which was above the acid
      aqueous phase was separated off, washed with water, dried over magnesium
      sulphate and diluted with ether, and the sodium salt of the penicillin was
      precipitated.
PAR  Yield: 1.9 parts by weight. .beta.-Lactam content (free acid): 92%.
      .beta.-Lactam content (sodium salt): 89%.
PAR  The two penicillins show an IR spectrum which corresponds to their
      structure. NMR signals, see Table 2, page 98.
PAC  EXAMPLE 53
PAC  D(-)-.alpha.-[(Imidazolidin-2-on-1-yl)-carbonylamino]-benzylpenicillin
      (free acid and sodium salt)
PAR  The penicillin was prepared in a manner corresponding to Example 52, from
      3.8 parts by weight of
      D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-phenylacetic acid,
      50 parts by volume of dichloromethane, 1.2 parts by weight of
      tetramethylchloroformamidinium chloride and 1.0 part by volume of
      triethylamine, constituting mixture A, and 2.0 parts by weight of
      6-aminopenicillanic acid in 50 parts by volume of dichloromethane and 2.2
      parts by volume of triethylamine as well as 2.0 parts by weight of sodium
      sulphate. 0.2 part by weight of penicillin was obtained as the free acid
      and 1.9 parts by weight as the sodium salt.
PAR  .beta.-Lactam content (free acid): 90%. .beta.-Lactam content (sodium
      salt): 25%. The free acid showed an IR spectrum corresponding to its
      structure.
PAC  EXAMPLE 54
PAC  Sodium
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-4-methylthiobenzylpenicil
     lin
PAR  This penicillin was prepared in a manner corresponding to Example 51, from
      4.5 parts by weight of
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-4-methylthio-phenylacetic
      acid, 80 parts by volume of dichloromethane, 2.7 parts by weight of
      1-methyl-2-chloro-.DELTA.1-pyrrolinium chloride and 2.0 parts by volume of
      triethylamine, constituting mixture A, and 4.0 parts by weight of
      6-aminopenicillanic acid, 80 parts by volume of dichloromethane, 4.4 parts
      by volume of triethylamine and 4.0 parts by weight of sodium sulphate.
PAR  Yield: 4.2 parts by weight of sodium salt. .beta.-Lactam content: 36%. NMR
      signals, see Table 2, page 98.
PAC  EXAMPLE 55
PAC  Sodium
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-4-methylthiobenzylpenicil
     lin
PAR  This penicillin was obtained in a manner based on Example 51, from 1.9
      parts by weight of
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-4-methylthio-phenylacetic
      acid, 40 parts by volume of dichloromethane, 1.2 parts by weight of
      tetramethylchloroformamidinium chloride and 0.98 part by volume of
      triethylamine constituting mixture A, and 1.73 parts by weight of
      6-aminopenicillanic acid, 40 parts by volume of dichloromethane, 1.9 parts
      by volume of triethylamine and 1.5 parts by weight of sodium sulphate
      constituting mixture B.
PAR  Yield: 2.0 parts by weight of sodium salt. .beta.-Lactam content: 61%. The
      penicillin showed an IR spectrum corresponding to its structure. NMR
      signals, see Table 2, page 98.
PAC  EXAMPLE 56
PAC  1,3-Dimethyl-2-chloro-.DELTA.1-imidazolinium chloride
PAR  N,N'-Dimethyl-N,N'-bis-trimethylsilyl-ethylenediamine
PAR  A mixture of 176 parts by weight of N,N'-dimethyl-ethylenediamine, 1000
      parts by volume of benzene and 552 parts by volume of triethylamine were
      stirred at room temperature and at the same time 434 parts by weight of
      trimethylchlorosilane, diluted with 500 parts by volume of benzene, were
      added dropwise over the course of 3 hours. The mixture was stirred for a
      further 3.5 hours and left to stand overnight, and the precipitate present
      was filtered off and washed with benzene. The combined filtrates were
      concentrated in a rotary evaporator and the residue was distilled in
      vacuo.
PAR  Yield: 364 parts by weight. Boiling point .sub.0.15 =
      55.degree.-60.degree.C. The NMR spectrum (CCl.sub.4 as the solvent) showed
      signals at -160 (4 H) and -148 Hz (6 H), with the signal of the
      trimethylsilyl radicals (9 H) being at O Hz.
PAR  Analysis: Calculated: C, 51.7; H, 12.1; N, 12.1; Found: C, 51.1; H, 11.9 N
      12.1
PAR  b. N,N'-Dimethylimidazolidone-(2)
PAR  A solution of 363 parts by weight of
      N,N'-dimethyl-N,N'-bis-trimethylsilyl-ethylenediamine in 440 parts by
      volume of dichloromethane, and a solution of 170 parts by weight of
      phosgene in 700 parts by volume of dichloromethane, were simultaneously
      and separately added dropwise, over the course of 4.5 hours, to 800 parts
      by volume of dichloromethane at room temperature, while stirring. The
      reaction mixture was then left to stand overnight, the unreacted phosgene
      was flushed out with dry air, the solvent was removed in a rotary
      evaporator and the residue was distilled in vacuo. Yield 119 parts by
      weight. Boiling point .sub.10-10.5 mm Hg = 95.degree.-95.5.degree.C.
PAR  c. 1,3-Dimethyl-2-chloro-.DELTA.-1-imidazolinium chloride
PAR  A solution of 150 parts by weight of 1,3-dimethyl-imidazolidone-(2) in 200
      parts by volume of toluene was added to a solution of 156 parts by weight
      of phosgene in 330 parts by volume of toluene, and the mixture was left to
      stand overnight at room temperature. The product which had then
      crystallised out was filtered off, washed with carbon tetrachloride and
      dried over P.sub.4 O.sub.10 in a desiccator.
PAR  Yield: 177 parts by weight. Melting point: about 95.degree.-100.degree.C
      (Kofler bench). The product is crystalline and very hygroscopic. The NMR
      spectrum (solvent: chloroform shows signals at .tau. = 5.6 (4 H) and 6.65
      ppm (6 H).
PAC  EXAMPLE 57
PAR  If, in the procedure of Example 45, the
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methylphenylacetic acid
      used therein is replaced by 0.02 mol of
PA1  D(-)-.alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-phenylacetic
      acid,
PA1  .alpha.-[(1,3-diazacylohexan-2-on-1-yl)-carbonylamino]-p-methylphenylacetic
      acid,
PA1  .alpha.-[(1,3-diazayclohexan-2-on-1-yl)-carbonylamino]-p-chlorophenylacetic
      acid,
PA1  .alpha.[(1,3-diazacylohexan-2-on-1-yl)-carbonylamino]-p-methylthiophenylace
     tic acid,
PA1  .alpha.-[(diazacyclohexan-2-on-1-yl)-carbonylamino]-p-hydroxyphenylacetic
      acid,
PA1  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-thienyl(2)-acetic
      acid,
PA1  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-thienyl(3)-acetic
      acid,
PA1  D(-)-.alpha.-[(benzimidazolon-1-yl)-carbonylamino]-phenylacetic acid,
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-methylphenylacetic acid,
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-chlorophenylacetic acid,
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-methylthio-phenylacetic
      acid,
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-hydroxy-phenylacetic acid,
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-thienyl(2)-acetic acid,
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-thienyl(3)-acetic acid,
PA1  D(-)-.alpha.-[(5-methyl-imidazolidin-2-on-1-yl)-carbonylamino]-phenylacetic
      acid,
      .alpha.-[(4-methylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylphenylace
     tic acid,
PA1  .alpha.-[(5-methylimidazolidin-2-on-1-yl,
      -carbonylamino]-p-chlorophenylacetic acid,
PA1  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylthiophenyl
     acetic acid,
PA1  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-p-hydroxyphenylace
     tic acid,
PA1  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-thienyl(2)-acetic
      acid,
PA1  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-thienyl(3)-acetic
      acid,
PA1  D(-)-.alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-phenylace
     tic acid,
PA1  .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylphenyl
     acetic acid,
PA1  .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-p-chlorophenyl
     acetic acid,
PA1  .alpha.-[(4,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylthioph
     enylacetic acid,
PA1  .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-p-hydroxypheny
     lacetic acid,
PA1  .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-thienyl
      (2)-acetic acid or
PA1  .alpha.-[(4,4-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-thienyl
      (3)-acetic acid,
PAR  the following penicillins are obtained in the form of their sodium salts
PA1  D(-)-.alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-benzylpenicill
     in,
PA1  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-p-methylbenzylpenic
     illin,
PA1  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-p-chlorobenzylpenic
     illin,
PA1  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-p-methylthio-benzyl
     penicillin,
PA1  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-p-hydroxybenzylpeni
     cillin,
PA1  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-.alpha.-thienyl(2)-
     methylpenicillin,
PA1  .alpha.-[(1,3-diazacyclohexan-2-on-1-yl)-carbonylamino]-.alpha.-thienyl(3)-
     methylpenicillin,
PA1  D(-)-.alpha.-[(benzimidazolon-1-yl)-carbonylamino]-benzylpenicillin,
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-methyl-benzylpenicillin,
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-chlorobenzylpenicillin,
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-methylthio-benzylpenicillin
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-p-hydroxy-benzylpenicillin,
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-.alpha.-thienyl(2)-methylpeni
     cillin,
PA1  .alpha.-[(benzimidazolon-1-yl)-carbonylamino]-.alpha.-thienyl(3)-methylpeni
     cillin,
PA1  D(-)-.alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-benzylpenicil
     lin,
PA1  .alpha.-[(4-methylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylbenzylpeni
     cillin,
PA1  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-p-chlorobenzylpeni
     cillin,
PA1  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylthio-benzy
     lpenicillin,
PA1  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-p-hydroxy-benzylpe
     nicillin,
PA1  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-.alpha.-thienyl(2)
     -methylpenicillin,
PA1  .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-.alpha.-thienyl(3)
     -methylpenicillin,
PA1  D(-)-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-benzylpenicillin,
PA1  .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylbenzyl
     penicillin,
PA1  .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-chlorobenzylpe
     nicillin,
PA1  .alpha.-[(4,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-p-methylthio-b
     enzylpenicillin,
PA1  .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-p-hydroxybenzy
     lpenicillin,
PA1  .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-.alpha.-thieny
     l(2)-methylpenicillin or
PA1  .alpha.-[(4,4-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-.alpha.-thieny
     l(3)-methylpenicillin.
PAC  EXAMPLE 58
PAR  If, in the procedure of Example 45, the
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methylphenylacetic acid
      used therein is replaced by 0.02 mol of:
PA1  D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methoxyphenyl
      acetic acid,
PA1  L(+)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methoxyphenyl
      acetic acid,
PA1  D,l-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methoxyphenylacetic
      acid,
PA1  D(-)-.alpha.-[imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-dichlorophenylace
     tic acid,
PA1  L(+)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-dichlorophenylac
     etic acid or
PA1  D,l-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-dichlorophenylace
     tic acid,
PAR  the following penicillins are obtained in the form of their sodium salts:
PA1  D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methoxy-benzylpenic
     illin,
PA1  L(+)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methoxy-benzylpenic
     illin,
PA1  D,l-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-methoxy-benzylpenici
     llin,
PA1  D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-dichlorobenzylpe
     nicillin,
PA1  L(+)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-dichlorobenzylpe
     nicillin or
PA1  D,l-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-o,o'-dichlorobenzylpen
     icillin.
PAR  Table 7 NMR data or some penicillins of the formula (1).
PAR  Position of the signals is indicated in the .tau.-scale [ppm]. Solvent:
      CD.sub.3 OD.
TBL  __________________________________________________________________________

     Example                                                                   

           NMR signals at Impurities visible in                                

           [intensity of the signals,                                          

                          the spectrum.                                        

           deducting the signals of                                            

           the intermediate acid]                                              

     __________________________________________________________________________

     45    2.4-3.0 (4 H), 4.3-4.6                                              

                          15% by weight of .alpha.-                            

           (3 H) 5.8 (1 H), 5.9-6.4                                            

                          (imidazolidin-2-on-1-yl-                             

           (2 H), 6.4-6.9 (2 H), 7.7                                           

                          carbonylamino)-p-methyl-                             

           (3 H) and 8.4 (6 H)                                                 

                          phenylacetic acid                                    

     46    as Example 45  60% by weight of .alpha.-                            

                          (imidazolidin-2-on-1-yl-                             

                          carbonylamino)-p-methyl-                             

                          phenylacetic acid                                    

     47    2.6 (4 H), 4.3-4.6 (3 H),                                           

                          10% by weight of .alpha.-                            

           5.8 (1 H), 5.9-6.8 (4 H)                                            

                          (imidazolidin-2-on-1-                                

           and 8.3-8.6 (6 H)                                                   

                          yl-carbonylamino)-p--  chloro-phenylacetic           

                          acid                                                 

     48A   as Example 47  25% by weight of .alpha.-                            

                          (imidazolidin-2-on-1--  yl-carbonylamino)-p-         

                          chloro-phenylacetic                                  

                          acid                                                 

     48B   0.9 (1 H), 2.6 (2 H),                                               

     acetone-                                                                  

           2.8 (3 H), 4.5 (1 H),                                               

     d.sub.6 as the                                                            

           6.2 (2 H), 6.6 (2 H),                                               

                          --                                                   

     solvent                                                                   

           and 7.7 (3 H)                                                       

     48C   0.9 (1 H), 2.55 (4 H),                                              

     acetone-                                                                  

           4.5 (1 H), 6.2 (2 H),                                               

                          --                                                   

     d.sub. 6 as the                                                           

           and 6.5 (2 H)                                                       

     solvent                                                                   

     49    2.4-2.75 (5 H), 4.45-4.6                                            

           (1 H), 6.0-6.85 (4 H)                                               

                          --                                                   

     50    2.55-2.8 (4 H), 4.55-4.7                                            

           (1 H), 5.95-6.8 (4 H),                                              

                          --                                                   

           7.55 (3 H)                                                          

     51    2.35-2.75, 4.35-4.55, 5.75                                          

                          58% by weight of D-                                  

           5.95-6.85, 8.3-8.55                                                 

                          .alpha.-(imidazolidin-2-                             

                          on-1-yl-carbonyl-                                    

                          amino)-phenyl-acetic                                 

                          acid                                                 

     52    (free acid) 2.4-2.7 (5 H),                                          

           4.3-4.6 (3 H), 5.55 (1 H),                                          

           5.9-6.7 (4 H), 8.25-8.5                                             

           (6 H) (Na salt) 2.45-2.75                                           

                          --                                                   

           (5 H), 4.3-4.6 (3 H), 5.8                                           

           (1 H), 5.95-6.75 (4 H),                                             

           8.3-8.6 (6 H)                                                       

     54    2.45-2.9, 4.35-4.6, 5.8,                                            

                          60% by weight of                                     

           5.9-6.85, 7.6, 8.3-8.55                                             

                          .alpha.-(imidazolidin-2-                             

                          on-1-yl-carbonyl-                                    

                          amino)-p-methyl-                                     

                          thio-phenylacetic                                    

                          acid                                                 

     55    2.4-2.9, 4.35-4.65, 5.8                                             

                          40% by weight of                                     

           5.95-6.8, 7.6, 8.3-8.6                                              

                          .alpha.-(imidazolidin-2-                             

                          on-1-yl-carbonyl-                                    

                          amino)-p-methylthio-                                 

                          phenylacetic acid                                    

     __________________________________________________________________________

PAC  EXAMPLE 59
PAC  Sodium D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-benzylpenicillin
PAR  D(-)-.alpha.-Aminobenzylpenicillin (ampicillin) 15 parts by weight) was
      suspended in 80% strength aqueous tetrahydrofurane (150 parts by volume)
      and sufficient triethylamine (approx. 7.5 parts by volume) was added
      dropwise at 20.degree.C, while stirring, that a clear solution was just
      produced and the pH value was between 7.5 and 8.2 (glass electrode). The
      mixture was now cooled to 0.degree.C and a solution of
      N-benzoyl-N-methylcarbamic acid chloride (6.5 parts by weight) in absolute
      tetrahydrofurane (25 parts by volume) was added dropwise over the course
      of 30 minutes, while cooling with ice, the pH value being kept between 7.5
      and 8.0 through simultaneous addition of triethylamine. The mixture was
      stirred for 30 minutes at 0.degree.C and subsequently further stirred at
      room temperature until addition of triethylamine was no longer necessary
      for maintaining the pH value of 7.5. Water (150 parts by volume) was now
      added and the pH value was adjusted to 6.5 with a little dilute surphuric
      acid, after which the tetrahydrofurane was largely removed in a rotary
      evaporator at room temperature. The aqueous solution which remained was
      extracted once by shaking with ether, subsequently covered with a 1:1
      mixture of ethyl acetate and ether (400 parts by volume) and treated with
      sufficient dilute sulphuric acid, while stirring and cooling with ice, to
      establish a pH value of 1 - 2. The organic phase was separated off, twice
      washed with water (60 parts by volume at a time) and dried at 0.degree.C
      over MgSO.sub.4 for about 1 hour, and after filtering, the solution of the
      penicillin was treated with about 50 parts by volume of a 1 molar solution
      of sodium 2-ethyl hexanoate in ether containing methanol. The mixture was
      left to stand at 0.degree.C for some hours, the solvent was subsequently
      decanted, and the residue was triturated with ether and filtered off.
      After drying over P.sub.2 O.sub.5 in a vacuum desiccator, the sodium salt
      of the penicillin was obtained in the form of a non-crystalline solid.
PAR  Yield: 14.7 parts by weight (83%). .beta.-Lactam content: 87%.
PAR  Calculated: C, 55.4; H, 4.8; N, 10.3; S, 5.9;  Found: C, 56.2; H,(7.0); N,
      9.7; S, 5.9.
PAR  NMR signals at .tau.= 2.4 (10 H), 4.2 (1 H), 4.4 (2 H), 5.7 (1 H), 6.8 (3
      H) and 8.5 ppm (6 H).
PAR  Effectiveness against E. coli 14: 1.56 units/ml (6.25 units/ml).sup.x)
PAR  Effectiveness against Proteus 3400: 12.5 units/ml (50 units/ml).sup.x)
PAR  Effectiveness against Pseudomonas aerug. Bonn: 12.5 units/ml (25
      units/ml).sup.x)
PAR  The figures given in brackets give, for comparison, the particular
      effectiveness of the corresponding penicillin which carries hydrogen in
      the 3-position in the side chain (that is to say, which is not a subject
      of the present invention; compare Netherlands Pat. No. 69/08909 published
      December 16, 1969), that is to say sodium
      D(-)-.alpha.-(3-benzoylureido)-benzylpenicillin.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 60
PAC  Sodium D(-)-.alpha.-(3-benzoyl-3-ethyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared in the manner described in Example 59, from 15
      parts by weight of ampicillin and 7.0 parts by weight of
      N-benzoyl-ethylcarbamic acid chloride.
PAR  Yield: (crude product); 79% .beta.-Lactam content: 91%
PAR  Calculated: C, 53.8; H, 5.4; N, 9.6; S, 5.6; Found: C, 53.0; H, 5.0; N,
      9.9; S, 5.7.
PAR  NMR signals at .tau.= 2.5 (5 H), 2.6 (5 H), 4.5 (3 H), 5.8 (1 H), 6.2 (2
      H), 8.4 (6 H) and 8.8 ppm (3 H).
PAR  Effectiveness against E. coli 14: 6.25 units/ml.
PAR  Effectiveness against Pseudomonas Aerug. Bonn: 25 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 61
PAC  Sodium D(-)-.alpha.-(3-ethoxycarbonyl-3-methyl-ureido)-benzylpenicillin
PAR  If 18 parts by weight of ampicillin were reacted with 6.6 parts by weight
      of N-ethoxycarbonyl-N-methylcarbamic acid chloride in the manner described
      in Example 59, the penicillin was obtained in the form of its Na salt, in
      72% yield.
PAR  .beta.-Lactam content: 94%
PAR  Calculated: C, 49.3; H, 5.1; N, 11.0; S, 6.3; Found: C, 48.9; H, 5.4; N,
      10.8; S, 6.2.
PAR  NMR signals at .tau.= 2.6 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (3 H), 6.8 (3
      H), 8.5 (6 H) and 8.7 ppm (3 H).
PAR  Effectiveness against E. coli 14: 3.12 units/ml.
PAR  Effectiveness against Pseudomonas Aerug. Bonn: 12.5 units/ml
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 62
PAC  Sodium D(-)-.alpha.-(3-hexahydrobenzoyl-3-methyl-ureido-benzylpenicillin
PAR  On reacting 15 parts by weight of ampicillin with 6.7 parts by weight of
      N-hexahydrobenzoyl-N-methylcarbamic acid chloride in accordance with the
      instruction of Example 59, the sodium salt of the penicillin was obtained
      in 60% yield.
PAR  .beta.-Lactam content: 89%.
PAR  Calculated: C, 53.5; H, 6.0; N, 10.0; S, 5.8; Found: C, 51.9; H, 6.2; N,
      9.6; S, 5.8.
PAR  NMR signals at .tau.= 2.6 (5 H), 4.5 (1 H), 4.55 (2 H), 5.8 (1 H), 6.7 (3
      H), 7.3 (1 H), 8.0-9.0 (10 H) and 8.5 ppm (6 H).
PAR  Effectiveness against Proteus 3400: 6.25 units/ml.
PAR  Effectiveness against Pseudomonas Aerug. Bonn: 12 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 63
PAC  Sodium D(-)-.alpha.-(3-cinnamoyl-3-methyl-ureido)-benzylpenicillin
PAR  The sodium salt of the penicillin was prepared from 15 parts by weight of
      ampicillin and 7.4 parts by weight of N-cinnamoyl-N-methylcarbamic acid
      chbride, as in Example 59.
PAR  Yield: 72% .beta.-Lactam content: 90%
PAR  Calculated: C, 55.9; H, 5.1; N, 9.6; S, 5.5; Found: C, 54.8; H, 5.6; N,
      9.4; S, 5.4.
PAR  NMR signals at .tau.= 2.0-3.0 (12 H), 4.4 (1 H), 4.5 (1 H), 5.8 (1 H), 6.7
      (3 H), 8.4 (3 H) and 8.5 ppm (3 H).
PAR  Effectiveness against E. coli 14: &lt;0.78 units/ml.
PAR  Effectiveness against Proteus 1017: 1.56 units/ml.
PAR  Effectiveness against Pseudomonas Aerug. Bonn: 6.25 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 64
PAC  Sodium
      D(-)-.alpha.-(3-.beta.-chloropropionyl-3-methyl-ureido)-benzylpenicillin
PAR  19.7 parts by weight of ampicillin were reacted with 7.0 parts by weight of
      N-.beta.-chloropropionyl-N-methylcarbamic acid chloride in accordance with
      Example 59.
PAR  Yield: 80%  .beta.-Lactam content: 94%
PAR  Calculated: C, 47.8; H, 4.8; Cl, 6.7; N, 10.6; S, 6.1; Found: C, 48.4; H,
      5.5; Cl, 6.0; N, 10.5; S, 6.5.
PAR  NMR signals at .tau.= 2.6 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.2 (2
      H), 6.8 (3 H), 6.9 (2 H) and 8.5 ppm (6 H)
PAR  Effectiveness against E. coli 14: 3.12 units/ml.
PAR  Effectiveness against Proteus 1017: 25 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 65
PAC  Sodium
      D(-)-.alpha.-(3-(1,2,5,6)-tetrahydrobenzoyl-3-methyl-ureido)-benzylpenicil
     lin
PAR  This penicillin was prepared in the manner described in Example 59, from
      15.8 parts by weight of ampicillin and 7.0 parts by weight of
      N-1,2,5,6-tetrahydrobenzoyl-N-methyl-carbamic acid chloride.
PAR  Yield: 55% .beta.-Lactam content: 85% (according to the IR spectrum)
PAR  Calculated: C, 55.2; H, 5.6; N, 10.3; S, 5.9; Found: C, 54.5; H, 6.3; N,
      10.2; S, 5.9.
PAR  NMR signals at .tau.= 2.3-2.8 (5 H), 4.2-4.6 (5 H), 5.8 (1 H) 6.7 (3 H),
      7.1 (1 H) and 7.6-8.8 ppm (12 H).
PAR  Effectiveness against E. coli 14: &lt;0.78 units/ml.
PAR  Effectiveness against Proteus 1017: 3.12 units/ml.
PAR  Effectiveness against Pseudomonas Aerug. Bonn: 12.5 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 66A
PAC  Sodium D(-)-.alpha.-(3-acetyl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared in the manner described in Example 59, from 20
      parts by weight of ampicillin and 6.0 parts by weight of
      N-acetyl-N-methyl-carbamic acid chloride.
PAR  Yield: 100% .beta.-Lactam content: 86%
PAR  Calculated: C, 49.2; H, 5.1; N, 11.5; S, 6.5; Found: C, 49.2; H,(7.0); N,
      10.4; S, 6.5.
PAR  NMR signals at .tau.= 2.6 (5 H), 4.45 (1 H), 4.55 (2 H), 5.8 (1 H), 6.75 (3
      H), 7.7 (3 H) and 8.5 ppm (6 H).
PAR  Effectiveness against E. coli 14: 3.12 units/ml.
PAR  Effectiveness against Pseudomonas Aerug. Bonn: 6.25 units/ml.
PAR  Effectiveness against Klebsiella K 10: 50 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 66B
PAC  Crystalline sodium D(-)-.alpha.-(3-acetyl-3-methyl-ureido)-benzylpenicillin
PAR  The process of preparing sodium
      D(-)-.alpha.-(3-acetyl-3-methyl-ureido)-benzylpenicillin, following
      Example 59, yields an amorphous product, as is shown by an X-ray
      diffraction picture. If this substance (3.8 parts by weight) is dissolved
      in ethanol(15 parts by volume) at room temperature (duration of the
      solution process approximately 15 to 20 minutes), acetic acid ethyl ester
      (60 parts by volume) is subsequently added, and the clear colorless
      solution is left to stand at room temperature, very fine hair-like
      crystals (bundles of needles), which are recognizable as such with the
      naked eye, begin to separate out after 1 to 2 hours, if crystal seeds are
      not yet present. After some hours the crystals are filtered off, washed
      with acetic acid ethyl ester and dried thoroughly in a chamber wherein
      drying is effected by circulating air at 60.degree.C.
PAR  Yield: 3.0 parts by weight. .beta.-Lactam content: 92% Melting point: about
      212.degree.C (corrected, decomposition) (Kofler bench)
PAR  NMR signals at .tau. = 2.5 (5 H), 4.4 (1 H), 4.55 (2 H), 5.8 (1 H), 6.7 (3
      H), 7.7 (3 H) and 8.5 ppm (6 H)
PAR  Calculated: (1.9% H.sub.2 O content C, 50.1; H, 5.0; N, 11.7; S, 6.7; taken
      into account) Found: C, 50.1; H, 5.8; N, 10.8; S, 7.0.
PAR  The IR spectra of the amorphous and crystalline penicillin salt are
      depicted in FIGS. 1 and 2.
PAR  It is however also possible to suspend the amorphous penicillin salt in
      acetic acid ethyl ester and then to add about 20% of ethanol while
      stirring. In that case, also, a clear solution is produced, from which the
      crystalline penicillin salt separates out.
PAR  It is furthermore also possible to use other solvent mixtures, for example
      ethanol/dioxane. If the amorphous salt is dissolved in acetone or warm
      (approx. 50.degree.C) isopropanol and left to stand, the salt again
      separates out in a crystalline form.
PAC  EXAMPLE 67
PAC  Sodium
      D(-)-.alpha.-(3-cyclohexyloxycarbonyl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was obtained from 20 parts by weight of ampicillin and 12
      parts by weight of N-cyclohexyloxycarbonyl-N-methylcarbamic acid chloride,
      in the manner described in Example 59.
PAR  Yield: 49%; .beta.-Lactam content: 94%. Calculated: C, 53.2; H, 5.7; N,
      9.9; S, 5.7. Found: C, 53.1; H, 6.5; N, 9.7; S, 5.5.
PAR  NMR signals at .tau. = 2.6 (5 H), 4.4 (1 H), 4.5 (2 H), 5.2 (1 H), 5.8 (1
      H), 6.0 (3 H) and 7.9-8.9 (16 H).
PAR  Effectiveness against E. coli 14: 15.6 units/ml.
PAR  Effectiveness against Proteus 3400: 6.25 units/ml.
PAR  Effectiveness against Pseudonomas Aerug. Bonn: 25 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 68
PAC  Sodium D(-)-.alpha.-(3-allyloxycarbonyl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 19.2 parts by weight of ampicillin and
      7.5 parts by weight of N-allyloxycarbonyl-N-methyl-carbamic acid chloride
      in the manner described in Example 59.
PAR  Yield: 79%; .beta.-Lactam content: 90%.
PAR  Calculated: C, 50.9; H, 5.0; N, 10.7; S, 6.2; Found: C, (53.8); H, 5.8; N,
      10.7; S, 6.2.
PAR  NMR signals at .tau. = 2.6 (5 H), 3.7-4.3 (1 H), 4.4 (1 H), 4.4-4.9 (4 H),
      5.2 (2 H), 5.8 (1 H), 6.8 (3 H) and 8.4 ppm (6 H).
PAR  Effectiveness against Pseudomonas Aerug. Bonn: 12.5 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 69
PAC  Sodium
      D(-)-.alpha.-(3-.gamma.-trifluorobutyryl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was obtained in the manner described in Example 59, on
      reacting 16.7 parts by weight of ampicillin with 8.0 parts by weight of
      N-.gamma.-trifluorobutyryl-N-methylcarbamic acid chloride.
PAR  Yield: 80%; .beta.-Lactam content: 91%.
PAR  Calculated: C, 47.1; H, 4.5; N, 9.9; S, 5.7; Found: C, 46.6; H, 4.9; N,
      9.6; S, 5.8.
PAR  NMR signals at .tau. = 2.6 (5 H), 4.4 (1 H), 4.55 (2 H), 5.8 (1 H), 6.9-7.8
      (4 H) and 8.5 ppm (6 H).
PAR  Effectiveness against E. coli 14: 1.56 units/ml.
PAR  Effectiveness against Proteus 1017: 12.5 units/ml.
PAR  Effectiveness against Pseudomonas Aerug. Bonn: 12.5 units/ml.
PAR  Effectiveness against Klebsiella 63: 12.5 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 70
PAC  Sodium
      D(-)-.alpha.-(3-[m-nitro-p-methyl]-benzoyl-3-methyl-ureido)-benzylpenicill
     in
PAR  This penicillin was obtained in the manner described in Example 59, on
      reacting 15 parts by weight of ampicillin with 8.5 parts by weight of
      N-m-nitro-p-methylbenzoyl-N-methylcarbamic acid chloride.
PAR  Yield: 64%; .beta.-Lactam content: 88%.
PAR  Calculated: C, 50.7; H, 4.7; N, 11.3; S, 5.2; Found: C, 50.6; H, 5.7; N,
      11.2; S, 5.0.
PAR  NMR signals at .tau. = 1.9 (1 H), 2.2-2.4 (1 H), 2.4-2.8 (6 H), 4.4 (1 H),
      4.5 (2 H), 5.8 (1 H), 6.8 (3 H), 7.4 (3 H) and 8.5 ppm (6 H).
PAR  Effectiveness against Pseudomonas aerug. Bonn: 12.5 units/ml.
PAR  Effectiveness against Klebsiella 63: 12.5 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 71
PAC  Sodium D (-)-.alpha.-(3-stearinoyl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 15 parts by weight of ampicillin and 11.9
      parts by weight of N-stearinoyl-N-methyl-carbamic acid chloride in the
      manner described in Example 59.
PAR  Yield: 80%; .beta.-Lactam content: 80%.
PAR  Calculated: C, 61.4; H, 8.0; N, 8.0; S, 4.5; Found: C, 61.0; H, 8.4; N,
      7.5; S, 4.3.
PAR  NMR signals at .tau. = 2.6 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.8 (3
      H), 7.4 (2 H) and 8.3-9.3 ppm (39 H).
PAC  EXAMPLE 72
PAC  Sodium
      D(-)-.alpha.-(3-.gamma.-trichlorobutyryl-3-.beta.-chloroethyl-ureido)benzy
     lpenicillin
PAR  This penicillin was prepared from 15 parts by weight of ampicillin and 10.4
      parts by weight of N-.gamma.-trichlorobutyryl-N.beta.-chloroethyl-carbamic
      acid chloride in the manner described in Example 59.
PAR  Yield: 56%; .beta.-Lactam content: 91%.
PAR  Calculated: C, 41.9; H, 4.0; Cl, 21.5; N, 8.5; S, 4.8; C, 43.2; H, 5.1; Cl,
      20.0; N, 8.5; S, 4.7.
PAR  NMR signals at .tau. = 2.3-2.8 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H),
      5.8-7.2 (8H) and 8.5 ppm (6 H).
PAR  Effectiveness against E. coli 14: 6.25 units/ml.
PAR  Effectiveness against Klebsiella 63: 50 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 73
PAC  Sodium D(-)-.alpha.-(3-p-methylbenzoyl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 18 parts by weight of ampicillin and 11
      parts by weight of N-p-methylbenzoyl-N-methyl-carbamic acid chloride in
      the manner described in Example 58.
PAR  Yield: 79%; .beta.-Lactam content: 89%.
PAR  Calculated: C, 55.4; H, 5.2; N, 9.9; S, 5.7; Found: C, 54.6; H, 6.7; N,
      9.9; S, 5.8.
PAR  NMR signals at .tau. = 2.3-2.9 (9 H), 4.35 (1 H), 4.5 (2 H), 5.8 (1 H),
      6.85 (3 H), 7.65 (3 H) and 8.45 (6 H).
PAR  Effectiveness against E. coli: 312 units/ml.
PAR  Effectiveness against Proteus 1017: 6.25 units/ml.
PAR  Effectiveness against Klebsiella 63: 12.5-25 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 74
PAC  Sodium D(-)-.alpha.-(3-acetyl-3-hexadecyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 15 parts by weight of ampicillin and 11.4
      parts by weight of N-acetyl-N-hexadecylcarbamic acid chloride in the
      manner described in Example 59.
PAR  Yield: 56% .beta.-Lactam content: 76%
PAR  Calculated: C, 60.7; H, 7.9; N, 8.1; S, 4.6; Found: C, 60.3; H, 8.0; N,
      7.6; S, 4.9.
PAR  NMR signals at .tau. = 2.6 (5 H), 4.4 (1 H), 4.55 (2 H), 5.8 (1 H), 6.3 (2
      H), 7.7 (3 H), 8.45 (6 H), 8.7 (28 H), and 9.1 ppm (3 H).
PAC  EXAMPLE 75
PAC  Sodium D(-)-.alpha.-(3-thenoyl)-(2)-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was obtained in 81% yield on reacting 18.1 parts by weight
      of ampicillin with 8.2 parts by weight of N-2-thenoyl-N-methyl-carbamic
      acid chloride. (See Example 59).
PAR  .beta.-Lactam content: 92%
PAR  Calculated: C, 50.8; H, 4.4; N, 10.3; S, 11.8; Found: C, 51.7; H, 6.1; N,
      9.9; S, 11.9.
PAR  NMR signals at .tau. =2.1-3.0 (8H), 4.4 (1H), 4.5 (1 H), 4.6 (1 H), 5.8 (1
      H), 6.6 (3 H) and 8.5 ppm (6 H).
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 76
PAC  Sodium
      D(-)-.alpha.-[3,5-dimethylisoxazol-4-yl]-carbonyl-3-methyl-ureido)-benzylp
     enicillin
PAR  This penicillin was prepared from 18.1 parts by weight of ampicillin and
      8.7 parts by weight of
      N-4-(3,5-dimethyl)-isoxazolyl-carbonyl-N-methyl-carbamic acid chloride.
      (See Example 59).
PAR  Yield: 70% .beta.-Lactam content: 85%
PAR  Calculated: C, 51.7; H, 4.9; N, 12.5; S, 5.7; Found: C, 50.6; H, 6.2; N,
      11.1; S, 5.5;
PAR  NMR signals at .tau. = 2.6 (5 H), 4.4 (1 H), 4.5 (1 H), 4.6 (1 H), 5.8 (1
      H, 6.8 (3 H), 7.6 (3 H), 7.75 (3 H), 8.4 (3 H) and 8.5 ppm (3 H).
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 77
PAR  If, in the procedure of Examples 59 and 64, the
      D-.alpha.-amino-amino-benzylpenicillin used there is replaced by 0.04 mol
      of:
PA1  .alpha.-amino-p-methylbenzylpenicillin,
PA1  .alpha.-amino-p-chlorobenzylpenicillin,
PA1  .alpha.-amino-p-methylthiobenzylpenicillin,
PA1  .alpha.-amino-p-methoxybenzylpenicillin,
PA1  .alpha.-amino-o-chlorobenzylpenicillin,
PA1  .alpha.-amino-m-iodobenzylpenicillin,
PA1  .alpha.-amino-2,6-dichlorobenzylpenicillin,
PA1  .alpha.-amino-2,6-dimethoxybenzylpenicillin,
PA1  .alpha.-amino-2,4-dibromobenzylpenicillin,
PA1  .alpha.-amino-m-methylbenzylpenicillin,
PA1  .alpha.-amino-2,6-dimethylbenzylpenicillin,
PA1  .alpha.-amino-2-chloro-6-fluorobenzylpenicillin,
PA1  .alpha.-amino-.alpha.-2-thienylmethylpenicillin or
PA1  .alpha.-amino-.alpha.-3-thienylmethylpenicillin;
PAR  the following penicillins are obtained:
PA1  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-p-methylbenzylpenicillin,
PA1  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-p-chlorobenzylpenicillin,
PA1  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-p-methylthiobenzylpenicillin,
PA1  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-p-methoxybenzylpenicillin,
PA1  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-o-chlorobenzylpenicillin,
PA1  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-m-iodobenzylpenicillin,
PA1  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dichlorobenzylpenicillin,
PA1  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dimethoxybenzylpenicillin,
PA1  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-2,4-dibromobenzylpenicillin,
PA1  sodium
      .alpha.-(3-benzoyl-3-methyl-ureido)-.alpha.-3-thienylmethylpenicillin,
PA1  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-m-methylbenzylpenicillin,
PA1  sodium .alpha.-(3-benzoyl-3-methyl-ureido)-2,6-dimethylbenzylpenicillin,
PA1  sodium
      .alpha.-(3-benzoyl-3-methyl-ureido)-2-chloro-6-fluorobenzylpenicillin,
PA1  sodium
      .alpha.-(3-benzoyl-3-methyl-ureido)-.alpha.-2-thienylmethylpenicillin,
PA1  sodium .alpha.-(3-acetyl-3-methyl-ureido)-p-methylbenzylpenicillin,
PA1  sodium .alpha.-(3-acetyl-3-methyl-ureido)-p-chlorobenzylpenicillin,
PA1  sodium .alpha.-(3-acetyl-3-methyl-ureido)-p-methylthiobenzylpenicillin,
PA1  sodium .alpha.-(3-acetyl-3-methyl-ureido)-p-methoxybenzylpenicillin,
PA1  sodium .alpha.-(3-acetyl-3-methyl-ureido)-o-chlorobenzylpenicillin,
PA1  sodium .alpha.-(3-acetyl-3-methyl-ureido)-m-iodobenzylpenicillin,
PA1  sodium .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dichlorobenzylpenicillin,
PA1  sodium .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dimethoxybenzylpenicillin,
PA1  sodium .alpha.-(3-acetyl-3-methyl-ureido)-2,4-dibromobenzylpenicillin,
PA1  sodium .alpha.-(3-acetyl-3-methyl-ureido)-m-methylbenzylpenicillin,
PA1  sodium .alpha.-(3-acetyl-3-methyl-ureido)-2,6-dimethylbenzylpenicillin,
PA1  sodium
      .alpha.-(3-acetyl-3-methyl-ureido)-2-chloro-6-fluorobenzylpenicillin,
PA1  sodium .alpha.-(3-acetyl-3-methyl-ureido)-.alpha.-2-thienylmethylpenicillin
      or
PA1  sodium
      .alpha.-(3-acetyl-3-methyl-ureido)-.alpha.-3-thienylmethylpenicillin.
PAC  EXAMPLE 78
PAR  If, in the procedure of Example 59, the N-benzoyl-N-methylcarbamic acid
      chloride used there is replaced by 0.035 mol of:
PA1  N-acetyl-N-ethyl-carbamic acid chloride,
PA1  N-acetyl-N-vinyl-carbamic acid chloride,
PA1  N-acetyl-N-n-propyl-carbamic acid chloride,
PA1  N-acetyl-N-propenyl-carbamic acid chloride,
PA1  N-acetyl-N-i-propyl-carbamic acid chloride,
PA1  N-acetyl-N-n-butyl-carbamic acid chloride,
PA1  N-acetyl-N-t-butyl-carbamic acid chloride,
PA1  N-acetyl-N-.beta.-methoxyethyl-carbamic acid chloride,
PA1  N-acetyl-N-.beta.-dimethylaminoethyl-carbamic acid chloride,
PA1  N-acetyl-N-cyclohexyl-carbamic acid chloride,
PA1  N-acetyl-N-cyclobutyl-carbamic acid chloride,
PA1  N-methoxyacetyl-N-methyl-carbamic acid chloride,
PA1  N-propionyl-N-methyl-carbamic acid chloride,
PA1  N-methyl-sulphenylacetyl-N-methyl-carbamic acid chloride,
PA1  N-propionyl-N-ethyl-carbamic acid chloride,
PA1  N-propionyl-N-vinyl-carbamic acid chloride,
PA1  N-n-butyryl-N-methyl-carbamic acid chloride,
PA1  N-methoxycarbonyl-acetyl-N-methyl-carbamic acid chloride,
PA1  N-i-butyryl-N-methyl-carbamic acid chloride,
PA1  N-acryloyl-N-methyl-carbamic acid chloride,
PA1  N-pivaloyl-N-methyl-carbamic acid chloride,
PA1  N-cyanomethyl-acetyl-N-methyl-carbamic acid chloride,
PA1  N-acetyl-N-phenyl-carbamic acid chloride or
PA1  N-propionyl-N-phenyl-carbamic acid chloride;
PAR  the following penicillins are obtained:
PA1  sodium D(-)-.alpha.-(3-acetyl-3-ethyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-acetyl-3-vinyl-ureido)-benzylpenicilin,
PA1  sodium D(-)-.alpha.-(3-acetyl-3-n-propyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-acetyl-3-propenyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-acetyl-3-i-propyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-acetyl-3-n-butyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-acetyl-3-t-butyl-ureido)-benzylpenicillin,
PA1  sodium
      D(-)-.alpha.-(3-acetyl-3-.beta.-methoxyethyl-ureido)-benzylpenicillin,
PA1  sodium
      D(-)-.alpha.-(3-acetyl-3-.beta.-dimethyl-aminoethyl-ureido)-benzylpenicill
     in,
PA1  sodium D(-)-.alpha.-(3-acetyl-3-cyclohexyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-acetyl-3-cyclobutyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-methoxyacetyl-3-methyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-propionyl-3-methyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-methylthio-acetyl-3-methyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-propionyl-3-ethyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-propionyl-3-vinyl-ureido)-benzylpenicillin,
PA1  sodium D(=)-.alpha.-(3-n-butyryl-3-methyl-ureido)-benzylpenicillin,
PA1  sodium
      D(-)-.alpha.-(3-methoxycarbonyl-acetyl-3-methyl-ureido)-benzylpenicillin,
PA1  sodium D(-(-.alpha.-(3-i-butyryl-3-methyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-acryloyl-3-methyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-pivaloyl-3-methyl-ureido)-benzylpenicillin,
PA1  sodium
      D(-)-.alpha.-(3-cyano-methyl-acetyl-3-methyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-acetyl-3-phenyl-ureido)-benzylpenicillin or
PA1  sodium D(-)-.alpha.-(3-propionyl-3-phenyl-ureido)-benzylpenicillin.
PAC  EXAMPLE 79
PAC  Sodium D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-benzylpenicillin
PAR  A solution of 10.6 parts by weight of bis-trimethylsilylampicillin in 50
      parts by volume of dry methylene chloride was cooled to -10.degree.C with
      exclusion of moisture, and treated with a solution of 3.8 parts by weight
      of N-benzoyl-N-methyl-carbamic acid chloride in 20 parts by volume of
      absolute methylene chloride, cooled to 0.degree.C. The mixture was left to
      stand in a refrigerator for 6 hours, the solvent was then stripped off in
      a rotary evaporator at room temperature, the residue was taken up in 100
      parts by volume of a 1:1 mixture of ether and ethyl acetate, and the
      solution was exhaustively extracted with 2N sodium bicarbonate solution.
      The aqueous phase was treated with fresh ether-ethyl acetate mixture and
      acidified with 2 N HCl to pH = 1.5-2.0 (glass electrode), while cooling
      with ice; the organic phase was separated off, again washed with water and
      subsequently dried over Na.sub.2 SO.sub.4 at 0.degree.C, and the sodium
      salt of the penicillin was precipitated, and isolated, in the manner
      described in Example 59.
PAR  Yield: 56%; .beta.-Lactam content: 74%.
PAR  Calculated: C, 54.1; H, 5.0; N, 10.1; S, 5.8; Found: C, 54.0; H, 5.6; N,
      9.5; S, 5.7.
PAR  The IR and NMR spectra are identical with those of the penicillin from
      Example 1.
PAC  EXAMPLE 80
PAC  Sodium D(-)-.alpha.-(3-benzoyl-3-methyl-ureido)-benzylpenicillin
PAR  15 parts by weight of ampicillin were suspended in 150 parts by volume of
      80% strength aqueous tetrahydrofurane and sufficient dilute HCl was
      subsequently added, whilst cooling to -5.degree.C, to establish a pH value
      of 2.5 and partially to dissolve the ampicillin. A solution of 6.5 parts
      by weight of N-benzoyl-N-methyl-carbamic acid chloride in 25 parts by
      weight of absolute tetrahydrofurane was now added dropwise over the course
      of 30 minutes, at -5.degree. to 0.degree.C, while keeping the pH value at
      2.5-3.0 simultaneous addition of triethylamine. The mixture was stirred
      for a further 20 minutes until the pH value remained constant at about 3.0
      even without the addition of triethylamine. A pH value of 6.5-7.0 was now
      established by means of triethylamine, 150 parts by volume of water are
      added, and the tetrahydrofurane was evaporated off in a rotary evaporator
      at room temperature. The aqueous solution was once extracted with 100
      parts by volume of ether, then covered with  200 parts by volume of a 1:1
      mixture of ether and ethyl acetate, and brought to pH = 1.5-2.0 by adding
      2 N hydrochloric acid whilst cooling with ice, and the penicillin was
      removed from the water by repeated extraction with ether-ethyl acetate
      mixture. The combined organic phases were twice washed with 100 parts by
      volume of water at a time and dried over MgSO.sub.4, and the sodium salt
      of the penicillin was subsequently precipitated and isolated in the manner
      described in Example 59.
PAR  Yield: 60% .beta.-Lactam content: 93.3%.
PAR  Calculated: C, 54.9; H, 4.9; N, 10.2; S, 5.8; Found: C, 54.7; H, 5.4; N,
      10.1; S, 5.9.
PAR  The product agrees with that of Example 1 in respect of its IR and NMR
      spectra.
PAC  EXAMPLE 81
PAC  Sodium
      D(-)-.alpha.-(3-.gamma.-trichlorobutyryl-3-.beta.-chloroethyl-ureido)-benz
     ylpenicillin
PAR  A mixture of 8.0 parts by weight of ampicillin, 100 parts by volume of
      methylene chloride and 5.5 parts by volume of triethylamine was stirred
      for 2 hours at room temperature, and then stirred vigorously, for a
      further 15 minutes, with anhydrouus sodium sulphate and filtered. The
      mixture was cooled to 0.degree.C and a solution of 6.3 parts by weight of
      N-.gamma.-trichlorobutyryl-N-.beta.-chloroethyl-carbamic acid chloride in
      30 parts by volume of dry methylene chloride was added dropwise over the
      course of 20 minutes, while excluding moisture. Thereafter the mixture was
      stirred for a further 90 minutes at 0.degree.C and then concentrated to
      dryness in a rotary evaporator, in vacuo. The residue was taken up in
      water, the pH value was adjusted to 7-8 with 2 N NaOH, and the mixture was
      extracted once with ether. Thereafter working up took place as in Example
      59 under acid conditions, and the sodium salt of the penicillin was
      precipitated and isolated.
PAR  Yield: 49% .beta.-Lactam content: 81%
PAR  The product agrees with that of Example 14 as regards its IR and NMR
      spectrum.
PAC  EXAMPLE 82
PAC  Calcium L(+)-.alpha.-(3-benzoyl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared as described in Example 59, but instead of the
      D-.alpha.-aminobenzylpenicillin used in Example 59, 0.35 part by weight of
      L-.alpha.-amino-benzylpenicillin was reacted with 0.15 part by weight of
      N-benzoyl-N-methyl-carbamic acid chloride. The penicillin was isolated as
      the calcium salt.
PAR  Yield: 5% .beta.-Lactam content: 75%
PAR  NMR signals at .tau. = 2.4-2.8 (10 H), 4.35-4.65 (3 H), 5.8 (1 H), 6.85 (3
      H) and 8.4 ppm (6 H).
PAC  EXAMPLE 83
PAC  Sodium D(-)-.alpha.-(3
      -[4-methoxy-3-nitrobenzoyl]-3-methyl-ureido)-benzylpenicillin
PAR  Sufficient 2 N NaOH was added to a suspension of 17.5 parts by weight of
      ampicillin in 250 parts by volume of 80% strength aqueous
      tetrahydrofurane, at 0.degree.C, for solution just to occur. A solution of
      13.6 parts by weight of N-(4-methoxy-3-nitrobenzoyl)-carbamic acid
      chloride in 30 parts by volume of absolute tetrahydrofurane was now added
      dropwise over the course of 30 minutes, and the pH value was
      simultaneously kept between 7.5 and 8.0 by adding 2 N sodium hydroxide
      solution. The mixture was stirred for a further 30 minutes at 0.degree.C
      and sufficiently long (.about.60 minutes) at room temperature for the pH
      value to remain at 7-8 even without addition of sodium hydroxide solution.
      The tetrahydrofurane was now removed in a rotary evaporator, at room
      temperature, 100 parts by volume of water were added and the mixture was
      extracted with 100 parts by volume of ether. The aqueous phase was covered
      with 200 parts by volume of a 1:1 mixture of ether and ethyl acetate after
      which it was acidified to pH = 2 with dilute hydrochloric acid, while
      stirring and cooling with ice, and was then extracted twice with 100 parts
      by volume, at a time, of ether-ethyl acetate mixture. The combined organic
      phases were washed with 2 .times. 50 parts by volume of water and dried
      over anhydrous MgSO.sub.4, the drying agent was filtered off, and the
      filtrate was treated with 50 parts by volume of a molar solution of sodium
      2-ethylhexanoate in ether containing methanol. Thereafter, the solvent was
      almost completely removed in vacuo at room temperature, the residue was
      taken up in methanol, and the sodium salt of the penicillin was
      precipitated by adding ether. After standing for 30 minutes at 0.degree.C,
      the supernatant solvent was decanted, and the residue was suspended in
      ether, filtered and dried over P.sub.2 O.sub.5 in a vacuum desiccator.
PAR  Yield: 88% .beta.-Lactam content: 72%
PAR  Calculated: C, 51.3; H, 4.3; N, 11.5; S, 5.3; Found: C, 51.5; H, 5.7; N,
      10.7; S, 5.1.
PAR  NMR signals at .tau. = 1.9 (1 H), 2.2 (1 H), 2.6 (5 H), 2.7 (1 H), 4.4 (1
      H), 4.5 (2 H), 5.8 (1 H), 6.0 (3 H), 6.7 (3 H) and 8.45 ppm (6 H).
PAR  Effectiveness against E. coli 14: 3.12 units/ml.
PAR  Effectiveness against Proteus 3400: 6.25 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 84
PAR  If, in the procedure of Example 83, the ampicillin used there is replaced
      by 0.05 mol of:
PA1  .alpha.-amino-p-methylbenzylpenicillin,
PA1  .alpha.-amino-p-chlorobenzylpenicillin,
PA1  .alpha.-amino-p-methoxybenzylpenicillin,
PA1  .alpha.-amino-p-methylsulphenylbenzylpenicillin,
PA1  .alpha.-amino-o-chlorobenzylpenicillin,
PA1  .alpha.-amino-m-iodobenzylpenicillin or
PA1  .alpha.-amino-m-methylbenzylpenicillin;
PAR  the following penicillins are obtained:
PA1  sodium
      .alpha.-(3-[3-nitro-4-methoxybenzoyl]-3-methyl-ureido)-p-methylbenzylpenic
     illin,
PA1  sodium
      a-(3-[3-nitro-4-methoxybenzoyl]-3-methyl-ureido)-p-chlorobenzylpenicillin,
PA1  sodium
      a-(3-[3-nitro-4-methoxybenzoyl]-3-methyl-ureido)-p-methoxybenzylpenicillin
PA1  sodium
      .alpha.-(3-[3-nitro-4-methoxybenzoyl]-3-methyl-ureido)-p-methylthiobenzylp
     enicillin,
PA1  sodium
      .alpha.-(3-[3-nitro-4-methoxybenzoyl]-3-methyl-ureido)-o-chlorobenzylpenic
     illin,
PA1  sodium
      .alpha.-(3-[3-nitro-4-methoxybenzoyl]-3-methyl-ureido)-m-iodobenzylpenicil
     lin or
PA1  sodium
      .alpha.-(3-[3-nitro-4-methoxybenzoyl]-3-methyl-ureido)-m-methylbenzylpenic
     illin.
PAC  EXAMPLE 85
PAR  If, in the procedure according to Example 83, the
      N-(3-nitro-4-methoxybenzoyl)-N-methyl-carbamic acid chloride used there is
      replaced by 0.05 mol of:
PA1  N-(p-methoxybenzoyl)-N-methyl-carbamic acid chloride,
PA1  N-(p-methoxycarbonylaminobenzoyl)-N-methyl-carbamic acid chloride,
PA1  N-(p-chlorobenzoyl)-N-ethyl-carbamic acid chloride,
PA1  N-(o-bromobenzoyl)-N-(n-propyl)-carbamic acid chloride,
      N-(p-ethoxybenzoyl)-N-(i-propyl)-carbamic acid chloride,
PA1  N-(m-chlorobenzoyl)-N-allyl-carbamic acid chloride,
PA1  N-(2-chloro-5-methoxy-benzoyl)-N-(n-butyl)-carbamic acid chloride,
PA1  N-(p-methylthiobenzoyl)-N-methyl-carbamic acid chloride,
PA1  N-(p-nitrobenzoyl)-N-methyl-carbamic acid chloride,
PA1  N-(2,4-dichlorobenzoyl)-N-methyl-carbamic acid chloride,
PA1  N-(2-chloro-4-methoxybenzoyl)-N-methyl-carbamic acid chloride,
PA1  N-(2-chloro-4-ethylthiobenzoyl)-N-methyl-carbamic acid chloride,
PA1  N-(3-chloro-4-methoxybenzoyl)-N-methyl-carbamic acid chloride,
PA1  N-(m-cyanobenzoyl)-N-methyl-carbamic acid chloride,
PA1  N-(3,5-dimethylbenzoyl)-N-methyl-carbamic acid chloride,
PA1  N-(m-iodobenzoyl)-N-methyl-carbamic acid chloride or
PA1  N-(1-naphthoyl)-N-methyl-carbamic acid chloride;
PAR  the sodium salts of the following penicillins are obtained:
PA1  D(-)-.alpha.-(3-p-methoxybenzoyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-p-methoxycarbonylaminobenzoyl)-3-methyl-ureido)-benzylpenic
     illin,
PA1  D(-)-.alpha.-(3-p-chlorobenzoyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-o-bromobenzoyl-3-n-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-p-ethoxybenzoyl-3-i-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-m-chlorobenzoyl-3-allyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[2-chloro-5-methoxybenzoyl]3-n-butyl-ureido)-benzylpencilli
     n,
PA1  D(-)-.alpha.-(3-p-methylthiobenzoyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-p-nitrobenzoyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[2,4-dichlorobenzoyl]-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[2-chloro-4-methoxybenzoyl]-3-methyl-ureido)-benzylpenicill
     in,
PA1  D(-)-.alpha.-(3-[2-chloro-4-ethylthiobenzoyl]-3-methyl-ureido)-benzylpenici
     llin,
PA1  D(-)-.alpha.-(3-[3-chloro-4-methoxybenzoyl]-3-methyl-ureido)-benzylpenicill
     in,
PA1  D(-)-.alpha.-(3-m-cyanobenzoyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3,5-dimethylbenzoyl]-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-m-iodobenzoyl-3-methyl-ureido)-benzylpenicillin or
PA1  D(-)-.alpha.-(3-[i-naphthoyl]-3-methyl-ureido)-benzylpenicillin.
PAC  EXAMPLE 86
PAC  Sodium D(-)-.alpha.-(3-acetyl-3-allyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared in the manner described in Example 83, by
      reacting 17.5 parts by weight of ampicillin with 8.1 parts by weight of
      N-acetyl-N-allyl-carbamic acid chloride.
PAR  Yield: 81% .beta.-Lactam content: 82%.
PAR  Calculated: C, 51.2; H, 5.3; N, 10.8; S, 6.2; Found: C, 51.9; H,(6.9); N,
      10.5; S, 6.4.
PAR  NMR signals at .tau. = 2.4-2.8 (5 H), 4.5-5.2 (6 H), 5.6 (2 H), 5.85 (1 H),
      7.7 (3 H) and 8.5 ppm (6 H).
PAR  Effectiveness against E. coli 14: 12.5 units /ml.
PAR  Effectiveness against Pseudomonas Aerug. Bonn: 25 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 87
PAC  Sodium D(-)-.alpha.-(3-acetyl-3-allyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 17.5 parts by weight of ampicillin and
      10.6 parts by weight of N-acetyl-N-benzyl carbamic acid chloride, in the
      manner described in Example 83.
PAR  Yield: 85%; .beta.-Lactam content: 70%.
PAR  Calculated: C, 54.4; H, 5.3; N, 9.77; S, 5.7; Found: C, 54.4; H, 5.7; N,
      9.77; S, 5.6.
PAR  NMR signals at .tau. = 2.3-3.0 (10 H), 4.4 (1 H), 4.5 (2 H), 5.0 (2 H), 5.8
      (1 H), 7.8 (3 H) and 8.5 ppm (6 H).
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 88
PAC  Sodium
      D(-)-.alpha.-(3-.gamma.-chlorobutyryl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 17.5 parts by weight of ampicillin and
      9.9 parts by weight of N-.gamma.-chlorobutyryl-N-methylcarbamic acid
      chloride, in the manner described in Example 83.
PAR  Yield: 91%; .beta.-Lactam content: 67%.
PAR  Calculated: C, 49.6; H, 4.9; Cl, 6.6; N, 10.5; S, 6.0; Found: C, 49.8; H,
      6.1; Cl, 6.1; N, 10.3; S, 6.5. NMR signals at .tau. = 2.3-2.9 (5 H), 4.5
      (1 H), 4.55 (2 H), 5.8 (1 H), 6.4 (2 H), 6.75 (3 H), 7.3 (2 H), 7.9 (2 H)
      and 8.5 ppm (6 H).
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 89
PAC  Sodium
      D(-)-.alpha.-(3-.gamma.-trichlorobutyryl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 17.5 parts by weight of ampicillin and
      13.4 parts by weight of N-.gamma.-trichlorobutyryl-N-methyl-carbamic acid
      chloride, in the manner described in Example 83.
PAR  Yield: 77%; .beta.-Lactam content: 66.5%.
PAR  Calculated: C, 43.9; H, 4.0; Cl, 17.7; N, 9.3; S, 5.3; Found: C, 44.5; H,
      5.6; Cl, 15.4; N, 8.2; S, 5.3;
PAR  NMR signals at .tau. = 2.3-2.8 (5H), 4.4 (1 H), 4.55 (2 H), 5.8 (1 H), 6.7
      (4 H), 6.9 (3 H) and 8.45 ppm (6 H).
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 90
PAC  Sodium D(-)-.alpha.-(3-benzoyl-3-allyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 17.5 parts by weight of ampicillin and
      11.2 parts by weight of N-benzoyl-N-allyllcarbamic acid chloride, in the
      manner described in Example 83.
PAR  Yield: 75%; .beta.-Lactam content: 90%.
PAR  Calculated: C, 56.0; H, 4.8; N, 10.9; S, 5.7; Found: C, 56.1; H, 5.6; N,
      9.7; S, 5.8.
PAR  NMR signals at .tau. = 2.5 (5 H), 2.6 (5 H), 4.3-5.0 (6 H), 5.65 (2 H), 5.8
      (1 H), 8.5 (6 H).
PAR  Effectiveness against E. coli 14: 6.25 units/ml.
PAR  Effectiveness against Proteus 1017: 12.5 units/ml.
PAR  Effectiveness against Klebsiella 63: 25 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  Example 91
PAC  Sodium D(-)-.alpha.-(3-[2-furoyl]-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 35 parts by weight of ampicillin and 15
      parts by weight of N-2-furoyl-N-methylcarbamic acid chloride, in the
      manner described in Example 83.
PAR  Yield: 83%; .beta.-Lactam content: 85%.
PAR  Calculated: C, 52.7; H, 4.4; N, 10.7; S, 6.1; Found: C, 52.8; H, 5.4; N,
      9.8; S, 6.1.
PAR  NMR signals at .tau. = 2.3 (1 H), 2.3-2.9 (6 H), 3.4 (1 H), 4.3 (1 H), 4.5
      (2 H), 5.7 (1 H), 6.6 (3 H) and 8.5 ppm (6 H).
PAC  EXAMPLE 92
PAC  A. N-2-Furoyl-N-n-propyl-carbamic acid chloride
PAR  This substance can be prepared according to the data in the literature, but
      especially according to the following process:
PAR  A solution of 7.6 parts by weight of 2-furanecarboxylic
      acid-N-n-propylamide in a 2:1 mixture of ether and tetrahydrofurane (150
      parts by volume), which had shortly before been distilled from
      LiAlH.sub.4, was saturated with dry nitrogen and cooled to -30.degree.C.
      28.3 parts by volume of a 1.765 M solution of CH.sub.3 Li in ether was
      added dropwise thereto under a nitrogen atmosphere over the course of 30
      minutes, while excluding moisture and stirring vigorously. The mixture was
      stirred for a further 15 minutes at -30.degree.C. The resulting suspension
      was added from a cooled dropping funnel, so that it did not rise above
      -10.degree.C, to a mixture, at -10.degree.C, of 50 parts by volume of
      phosgene and 50 parts by volume of absolute tetrahydrofurane, over the
      course of one hour. The mixture was allowed to come to room temperature
      after 15 minutes and stirred for a further 30 minutes, and the excess
      phosgene and the solvents were then stripped off in vacuo. The LiCl, which
      very largely remained undissolved, could substantially be separated off by
      suspending in benzene. The residue which remained after distilling off the
      benzene could be employed directly for the preparation of the penicillin.
      It could however also be distilled at 105.degree.-112.degree.C and 0.7 mm
      Hg. Yield 64%. In addition to the desired N-furoyl-N-propyl-carbamic acid
      chloride, the product also contained a further component, which however
      proved not to interfere in the subsequent preparation of the penicillin.
PAC  B. Sodium D(-)-.alpha.-(3-[2-furoyl]-3-n-propyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 10.5 parts by weight of ampicillin and
      6.5 parts by weight of distilled N-2-furoyl-N-n-propylcarbamic acid
      chloride, in the manner described in Example 83.
PAR  Yield: 30%; .beta.-Lactam content: 90%.
PAR  NMR signals at .tau. = 2.35 (1 H), 2.6 (5 H), 2.8 (1 H), 3.4 (1 H), 4.4 (1
      H), 4.5 (2 H), 5.8 (1 H), 6.2 (2 H), 8.1-8.9 (1 H), 8.5 (6 H) and 9.1 ppm
      (3 H).
PAC  EXAMPLE 93
PAC  A. N-2-Furoyl-N-ethyl-carbamic acid chloride
PAR  This substance was prepared from 7.0 parts by weight of 2-furanecarboxylic
      acid-N-ethylamide, CH.sub.3 Li and phosgene, in the manner described in
      Example 92-A.
PAR  Boiling point 1.5 = 92.degree. - 95.degree.C. Yield: 80% (crude product).
PAR  The substance contains a second component, which however proved not to
      interfere in the preparation of the penicillin.
PAC  B. Sodium D(-)-.alpha.-(3-[2-furoyl]-3-ethyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 12 parts by weight of ampicillin and 7
      parts by weight of N-2-furoyl-N-ethyl-carbamic acid chloride, in the
      manner described in Example 83.
PAR  Yield: 29%;
PAR  .beta.-Lactam content: 89%.
PAR  Calculated: C,52.8; H,4.6; N,10.7;
PAR  Found: C,52.6; H,(6.2); N,9.7.
PAR  NMR signals at .tau. = 2.3 (1 H), 2.6 (5H), 2.75 (1 H), 3.4 (1 H), 4.35 (1
      H), 4.5 (2 H), 5.8 (1 H), 6.05 (2 H), 8.45 (6 H) and 8.7 ppm (3 H).
PAC  EXAMPLE 94
PAC  Sodium
      D(-)-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 17.5 parts by weight of ampicillin and
      7.8 parts by weight of N-dimethylamino-carbonyl-N-methyl-carbamic acid
      chloride, in the manner described in Example 83.
PAR  Yield: 74%;
PAR  .beta.-Lactam content: 82%.
PAR  Calculated: C,49.6; H,5.4; N,13.8; S,6.3;
PAR  Found: C,49.9; H,6.4; ,13.1; S,6.0.
PAR  NMR signals at .tau. = 2.6 (5 H), 4.5 (3 H), 5.8 (1 H), 6.95 (3 H), 7.05 (6
      H) and 8.45 ppm (6 H).
PAR  Effectiveness in animal experiments: A and B.
PAC  Example 95
PAR  If the N-dimethylaminocarbonyl-N-methyl-carbamic acid chloride used in
      Example 94 is replaced by:
PA1  3-dimethylaminocarbonyl-3-ethyl-carbamic acid chloride,
PA1  3-dimethylaminocarbonyl-3-propyl-carbamic acid chloride,
PA1  3-dimethylaminocarbonyl-3-i-propyl-carbamic acid chloride,
PA1  3-dimethylaminocarbonyl-3-n-butyl-carbamic acid chloride,
PA1  3-dimethylaminocarbonyl-3-allyl-carbamic acid chloride,
PA1  3-dimethylaminocarbonyl-3-cyclohexyl-carbamic acid chloride,
PA1  3-dimethylaminocarbonyl-3-phenyl-carbamic acid chloride,
PA1  N-(1-pyrrolidylcarbonyl)-N-methyl-carbamic acid chloride,
PA1  N-(1-piperidylcarbonyl)-N-methyl-carbamic acid chloride,
PA1  N-diethylaminocarbonyl-N-methyl-carbamic acid chloride,
      N-ethylaminocarbonyl-N-methyl-carbamic acid chloride,
PA1  N-methylaminocarbonyl-N-methyl-carbamic acid chloride,
PA1  N-phenylaminocarbonyl-N-methyl-carbamic acid chloride,
PA1  N-(4-morpholinyl-carbonyl)-N-methyl-carbamic acid chloride,
      N-(1-pyrrolidyl-carbonyl)-N-ethyl-carbamic acid chloride,
PA1  N-(1-piperidylcarbonyl)-N-ethyl-carbamic acid chloride,
PA1  N-diethylaminocarbonyl-N-ethyl-carbamic acid chloride,
PA1  N-ethylaminocarbonyl-N-ethyl-carbamic acid chloride,
PA1  N-methylaminocarbonyl-N-ethyl-carbamic acid chloride,
PA1  N-phenylaminocarbonyl-N-ethyl-carbamic acid chloride,
PA1  N-(4-morpholinylcarbonyl)-N-ethyl-carbamic acid chloride,
PA1  N-(1-pyrrolidylcarbonyl)-N-n-propyl-carbamic acid chloride,
PA1  N-(1-piperidylcarbonyl)-N-i-propyl-carbamic acid chloride,
PA1  N-diethylaminocarbonyl-N-n-butyl-carbamic acid chloride or
PA1  N-dimethylaminocarbonyl-N-cyclohexyl-carbamic acid chloride,
PAR  the following penicillins are obtained in the form of their sodium salts:
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimetylaminocarbonyl-3-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-i-propyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-n-butyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-allyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-cyclohexyl-ureido)-benzylpenicillin
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-phenyl-ureido)-benzylpenicillin.
PA1  D(-)-.alpha.-(3-[1-pyrrolidyl]-carbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[1-piperidyl]-carbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-diethylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-ethylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-methylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-phenylaminocarbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[4-morpholinyl]-carbonyl-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[1-pyrrolidyl]-carbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[1-piperidyl]-carbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-diethylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-ethylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-methylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-phenylaminocarbonyl-3-ethyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[4-morpholinyl]-carbonyl-3-ethyl-ureido)-benzylpenicillin.
PA1  D(-)-.alpha.-(3-[1-pyrrolidyl]-carbonyl-3-n-propyl-ureido)-benzylpencillin,
PA1  D(-)-.alpha.-(3-[1-piperidyl]-carbonyl-3-i-propyl-ureido)-benzylpencillin,
PA1  D(-)-.alpha.-(3-diethylaminocarbonyl-3-n-butyl-ureido)-benzylpenicillin or
PA1  D(-)-.alpha.-(3-dimethylaminocarbonyl-3-cyclohexyl-ureido)-benzylpenicillin
PAC  EXAMPLE 96
PAC  Sodium D(-)-.alpha.-(3-methoxycarbonyl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 24.5 parts by weight of ampicillin and
      10.2 parts by weight of N-methoxycarbonyl-N-methylcarbamic acid chloride,
      in the manner described in Example 83.
PAR  Yield: 84%;
PAR  .beta.-Lactam content: 84%.
PAR  Calculated: C,47.6; H,5.0; N,11.1; S,6.4;
PAR  Found: C, 48.4; H,5,5; N,10.6; S,5.8.
PAR  NMR signals at .tau. = 2.3-2.9 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.2
      (3 H), 6.8 (3 H) and 8.45 ppm (6 H).
PAR  Effectiveness against E. coli 14: 6.25 units/ml.
PAR  Effectiveness against Pseudomonas aerug. Bonn: 25 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  Example 97
PAC  Sodium D(-)-.alpha.-(3-i-propoxycarbonyl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 24.4 parts by weight of ampicillin and
      12.2 parts by weight of N-i-propoxycarbonyl-N-methyl-carbamic acid
      chloride, in the manner described in Example 83.
PAR  Yield: 72%;
PAR  .beta.-Lactam content: 88%.
PAR  Calculated: C,51.3; H,5.3; l N,10.9; S,6.2;
PAR  Found: C,51.6; H,5.5; N,10.6; S,6.1.
PAR  NMR signals at .tau. = 2.3-2.8 (5 H), 4.4 (1 H), 4.5 (2 H), 5.0 (1 H), 5.8
      (1 H), 6.85 (3 H), 8.5 (6 H) and 8.7 ppm (6 H).
PAR  Effectiveness against E. coli 14: 6.25 units/ml.
PAR  Effectiveness against Proteus 3400: 25 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 98
PAC  Sodium D(-)-.alpha.-(3-n-butoxycarbonyl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 24.5 parts by weight of ampicillin and
      13.6 parts by weight of N-n-butoxycarbonyl-N-methyl-carbamic acid
      chloride, in the manner described in Example 83.
PAR  Yield: 63%;
PAR  .beta.-Lactam content: 78%.
PAR  Calculated: C,52.2; H,5.5; N,10.6; S,6.0;
PAR  Found: C,52.2; H,5.5; N,10.7; S,6.0.
PAR  NMR signals at .tau. = 2.3-2.8 (5 H), 4.45 (1 H), 4.55 (2 H), 5.8 (3 H),
      6.85 (3 H) and 8.1-9.3 ppm (13 H).
PAR  Effectiveness against E. coli 14: 3.12 units/ml.
PAR  Effectiveness against Proteus 1017: 12.5 units/ml.
PAR  Effectiveness against Pseudomonas aerug. Bonn: 12.5 units/ml.
PAR  Effective in animal experiments: A and B.
PAC  EXAMPLE 99
PAC  A. N-Benzoyl-N-phenyl-carbamic acid chloride
PAR  This substance was obtained from 19.7 parts by weight of benzoylanilide by
      reaction with CH.sub.3 Li and phosgene, in the manner described in Example
      92-A. Instead of distilling, the product was recrystallised from
      benzene-petroleum ether.
PAR  Yield: 90%. Melting point 64.degree.-66.degree.C.
PAC  B. Sodium D(-)-.alpha.-(3-benzoyl-3-phenyl-ureido)-benzylpenicillin
PAR  The triethylamine salt was prepared from 11.5 parts by weight of ampicillin
      in methylene chloride, as described in Example 81. Instead of anhydrous
      sodium sulphate, 4 parts by weight of powdered Zeolite VS 10 - 2 molecular
      sieve, added from the start, were used. Reaction with 7.8 parts by weight
      of N-benzoyl-N-phenylcarbamic acid chloride, as described in Example 81,
      though with the addition of a further 2.0 parts by weight of triethylamine
      to the reaction solution, yielded this penicillin.
PAR  Yield: 72%;
PAR  .beta.-Lactam content: 88%.
PAR  Calculated: C,57.9; H,4.8; N,9.0; S,5.4;
PAR  Found: C,57.7; H,5.4; N,9.0; S,6.3.
PAR  NMR signals at .tau. = 2.4-2.9 (15 H), 4.35 (1 H). 4.5 (2H), 5.8 (1 H), 8.4
      and 8.5 ppm (6 H).
PAR  Effectiveness in animal experiments: B.
PAC  EXAMPLE 100
PAC  D(-)-.alpha.-(3-[3-Nitro-4-methoxy-benzoyl]-3-methyl-ureido)-benzylpenicill
     in
PAR  This penicillin was prepared from 7.0 parts by weight ampicillin and 5.5
      parts by weight of N-(3-nitro-4-methoxy-benzoyl)-N-methylcarbamic acid
      chloride, in the manner described in Examples 81 and 99-B.
PAR  Yield: 77%;
PAR  .beta.-Lactam content: 89%.
PAR  Calculated: C,48.5; H,4.7; N,10.9; S,5.0;
PAR  Found: C,48.4; H,5.4; N,10.8; S,5.4.
PAR  The substance agrees with that of Example 83 as regards its IR and NMR
      spectrum.
PAC  Example 101
PAC  A. 1-Chlorocarbonyl-hexahydroazepin-2-one
PAR  The substance was prepared from 6.8 parts by weight of
      .epsilon.-caprolactam and CH.sub.3 Li and phosgene, in the manner
      described in Example 92-A.
PAR  Boiling point.sub.0.2 = 80.degree.-85.degree.C. Yield: 37% of pure
      material.
PAC  B. Sodium
      D(-)-.alpha.-(hexahydroazepin-2-on-1-yl-carbonyl-amino)-benzylpenicillin
PAR  This penicillin was prepared from 8.1 parts by weight of ampicillin and 4
      parts by weight of 1-chlorocarbonylhexahydroazepin-2-one, in the manner
      described in Examples 81 and 99-B.
PAR  Yield: 40%;
PAR  .beta.-Lactam content: 90%.
PAR  NMR signals at .tau. = 2.6 (5 H), 4.3-4.6 (3 H), 5.8 (1 H), 6.2-6.6 (2 H),
      7.5-8.0 (2 H) and 8.0- 8.9 ppm (12 H).
PAC  EXAMPLE 102
PAC  Sodium D(-)-.alpha.-(pyrrolid-2-on-1-yl-carbonylamino)-benzylpenicillin
PAR  This substance was prepared from 35 parts by weight of ampicillin and 15
      parts by weight of 1-chlorocarbonylpyrrolidone, in the manner described in
      Example 83.
PAR  Yield: 83%;
PAR  .beta.-Lactam content: 70%.
PAR  NMR signals at .tau. = 2.6 (5 H), 4.4 (1 H), 4.55 (2 H), 5.8 (1 H), 6.25 (2
      H), 7.4 (2 H), 8.0 (2 H) and 8.5 ppm (6 H).
PAC  EXAMPLE 103
PAC  Sodium D(-)-.alpha.-(3-formyl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 35 parts by weight of ampicillin and 12.2
      parts by weight of N-formyl-N-methylcarbamic acid chloride, in the manner
      described in Examples 81 and 99-B.
PAR  Yield: 25%;
PAR  .beta.-Lactam content: 83%.
PAC  EXAMPLE 104
PAR  If the N-formyl-N-methylcarbamic acid chloride used in Example 103 is
      replaced by:
PA1  N-formyl-N-ethylcarbamic acid chloride,
PA1  N-formyl-N-propylcarbamic acid chloride,
PA1  N-formyl-N-i-propylcarbamic acid chloride,
PA1  N-formyl-N-n-butylcarbamic acid chloride,
PA1  N-formyl-N-allylcarbamic acid chloride,
PA1  N-formyl-N-benzylcarbamic acid chloride,
PA1  N-formyl-N-phenylcarbamic acid chloride,
PA1  N-formyl-N-cyclopropylcarbamic acid chloride,
PA1  N-formyl-N-cyclobutylcarbamic acid chloride,
PA1  N-formyl-N-cyclopentylcarbamic acid chloride or
PA1  N-formyl-cyclohexylcarbamic acid chloride;
PAR  the following penicillins are obtained in the form of their sodium salts:
PA1  sodium D(-)-.alpha.-(3-formyl-3-ethyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-formyl-3-propyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-formyl-3-i-propyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-formyl-3-n-butyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-formyl-3-allyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-formyl-3-benzyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-formyl-3-phenyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-formyl-3-cyclopropyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-formyl-3-cyclobutyl-ureido)-benzylpenicillin,
PA1  sodium D(-)-.alpha.-(3-formyl-3-cyclopentyl-ureido)-benzylpenicillin and
PA1  sodium D(-)-.alpha.-(3-formyl-3-cyclohexyl-ureido)-benzylpenicillin.
PAC  EXAMPLE 105
PAC  A. N-2-Furoyl-N-phenylcarbamic acid chloride
PAR  The substance was prepared from 9.4 parts by weight of 2-furoylanilide by
      reaction with CH.sub.3 Li and phosgene, in the manner described in Example
      101-A.
PAR  Crude yield: 95%.
PAR  The product was reacted, without further purification, to give the
      penicillin of Example 104-B.
PAC  B. Sodium D(-)-.alpha.-(3-[2-furoyl]-3-phenyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 16.2 parts by weight of ampicillin and
      11.5 parts by weight of N-2-furoyl-N-phenylcarbamic acid chloride, in the
      manner described in Example 83.
PAR  Yield: 50%;
PAR  .beta.-Lactam content: 91%.
PAR  NMR signals at .tau. = 2.4 (1 H), 2.5 (11 H), 3.7 (1 H), 4.3-4.7 (3 H), 5.8
      (1 H) and 8.45 ppm (6 H).
PAC  EXAMPLE 106
PAR  If, instead of the N-2-furoyl-N-phenylcarbamic acid chloride used in
      Example 105, 0.03 mol of:
PA1  N-(2,5-dimethyl-fur-3-oyl)-N-methylcarbamic acid chloride,
PA1  N-(5-bromo-fur-3-oyl)-N-methylcarbamic acid chloride,
      N-(5-methoxymethylfur-2-oyl)-N-methylcarbamic acid chloride or
PA1  N-3,5-(dimethylisothiazol-3-yl-carbonyl)-N-methylcarbamic acid chloride
PAR  are reacted with ampicillin, the sodium salts of the following penicillins
      are obtained:
PA1  D(-)-.alpha.-(3-[2,5-dimethyl-furoyl-(3)]-3-methyl-ureido-benzyl
      penicillin,
PA1  D(-)-.alpha.-(3-[5-bromo-furoyl-(3)[-3-methyl-ureido)-benzylpenicillin,
PA1  D(-)-.alpha.-(3-[5-methoxymethyl-furoyl-(2)]-3-methyl-ureido)-benzylpenicil
     lin or
PA1  D(-)-.alpha.-(3-[3,5-dimethylisothiazole-3-yl-carbonyl]-3-methylureido)-ben
     zylpenicillin.
PAC  EXAMPLE 107
PAC  Sodium D(-)-.alpha.-(3-o-chlorobenzoyl-3-methyl-ureido-benzylpenicillin
PAR  16.2 parts by weight of N-o-chlorobenzoyl-N-methylcarbamic acid chloride
      and 5 parts by weight of triethylamine were added at -10.degree.C to a
      solution of the triethylamine salt of 28 parts by weight of ampicillin in
      300 parts by volume of methylene chloride, the mixture was stirred, with
      exclusion of moisture, for 30 minutes at this temperature, and
      subsequently for a further 2 hours at 0.degree.C, and was then poured into
      ice water, and the pH was adjusted to 6.5. Thereafter, the organic phase
      was separated off, and the aqueous phase was covered with ether/ethyl
      acetate mixture and adjusted to pH = 1.5-2.0 with dilute hydrochloric
      acid, while cooling with ice. After having separated off the organic phase
      and again having extracted the water with ether/ethyl acetate mixture, the
      combined organic solutions were dried over MgSO.sub.4 and filtered, and
      about 70 parts by volume of a 1 molar solution of sodium 2-ethylhexanoate
      in ether containing methanol were added to the filtrate. The mixture was
      evaporated almost to dryness in vacuo, the residue was dissolved in
      methanol, and the product was precipitated as a non-crystalline, white
      solid substance by adding ether.
PAR  Yield: 26%; .beta.-Lactam content: 81%.
PAR  Calculated: C, 51.3; H,4.5; Cl,6.1; N,9.6;
PAR  Found: C,51.4; H,5.9; Cl,5.6; N,9.0.
PAR  NMR signals at .tau. = 2.3-2.8 (9 H), 4.3 (1 H), 4.5 (2 H), 5.8 (1 H), 6.95
      (3 H) and 8.5 ppm (6 H).
PAR  Effectiveness in animal experiments: A and B
PAR  Effectiveness in animal experiments against Pseudomonas aerug.
PAR  Walter: better than carbenicillin.
PAC  EXAMPLE 108
PAC  Sodium
      D(-)-.alpha.-(3-[3-nitro-4-methoxy-benzoyl]-3-ethyl-ureido)-benzylpenicill
     in
PAR  This penicillin was prepared from 14.8 parts by weight of ampicillin and
      12.2 parts by weight of N-(3-nitro-4-methoxybenzoyl)-N-ethyl-carbamic acid
      chloride, as described in Example 107.
PAR  Yield: 24%;
PAR  .beta.-Lactam content: 86%.
PAR  Calculated: C,49.2; H,4.9; N,10.6; S,4.9;
PAR  Found: C,49.2; H,5.3; N,10.1; S,5.5.
PAR  NMR signals at .tau. = 2.0 (1 H), 2.3 (1 H), 2.4-2.9 (6H), 4.5 (3 H), 5.9
      (1 H), 6.1 (3 H), 6.2 (2 H), 8.3-9.0 ppm (9 H).
PAR  Effectiveness in animal experiments: A and B
PAC  Example 109
PAC  Sodium
      D(-)-.alpha.-(3-[3-nitro-4-methoxybenzoyl]-3-n-propylureido)-benzylpenicil
     lin
PAR  This penicillin was prepared from 21 parts by weight of ampicillin and 18
      parts by weight of N-(3-nitro-4-methoxybenzoyl)-N-n-propyl-carbamic acid
      chloride, in the manner described in Example 107.
PAR  Yield: 16%.
PAR  .beta.-Lactam content: 90%
PAR  NMR signals at .tau. = 2.0 (1 H), 2.3 (1 H), 2.5-3.0 (6 H), 4.45 (1 H),
      4.55 (2 H), 5.8 (1 H), 6.05 (3 H), 6.1--6.6 (2 H) and 8.45-9.1 ppm (11 H).
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 110
PAC  Sodium
      D(-)-.alpha.-(3-methylaminocarbonyl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 30 parts by weight of ampicillin and 10.5
      parts by weight of N-methylaminocarbonyl-N-methyl-carbamic acid chloride,
      in the manner described in Example 107.
PAR  Yield: 92%;  .beta.-Lactam content: 93%.
PAR  Calculated: C,48.6; H,5.1; N,14.1; S,6.5;   Found: C,49.0; H,6.3; N,12.6;
      S,6.9.
PAR  NMR signals at .tau. = 2.6 (5 H), 4.45 (1 H), 4.5 (2 H), 5.8 (1 H), 6.8 (3
      H), 7.2 (3 H) and 8.4 ppm (6 H).
PAR  Effectiveness in animal experiments: B.
PAC  EXAMPLE 111
PAC  Sodium
      D(-)-.alpha.-(3-[2,5-dichlorobenzoyl]-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 28 parts by weight of ampicillin and 18.7
      parts by weight of N-(2,5-dichlorobenzoyl)-N-methylcarbamic acid chloride,
      in the manner described in Example 107.
PAR  Yield: 32%  .beta.-Lactam content: 85%
PAR  Calculated: C,47.6; H,4.2; Cl,11.1; N,8.8; Found: C,48.0; H,(6.0); Cl,9.7;
      N,8.6.
PAR  NMR signals at .tau. = 2.3-2.8 (8 H), 4.35 (1 H), 4.5 (2 H), 5.8 (1 H), 6.9
      (3 H), 8.4 (3 H) and 8.5 ppm (3 H).
PAC  Example 112
PAC  Sodium D(-)-.alpha.-(3-p-chlorobenzoyl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 28 parts by weight of ampicillin and 16
      parts by weight of N-p-chlorobenzoyl-N-methylcarbamic acid chloride, in
      the manner described in EXample 107.
PAR  Yield: 16%;  .beta.-Lactam content: 82%.
PAR  Calculated: C,51.3; H,4.5; Cl,6.1; N,9.5; S,5.5;   Found: C,51.9; H,5.6;
      Cl,5.4; N,9.1; S,5.5.
PAR  NMR signals at .tau. = 2.3-2.8 (9 H), 4.35 (1 H), 4.5 (2 H), 5.8 (1 H),
      6.95 (3 H), 8.4 (3 H) and 8.5 ppm (3 H).
PAR  Effectiveness in animal experiments: B.
PAC  EXAMPLE 113.
PAC  Sodium D(-)-.alpha.-(3-propionyl-3-methyl-ureido)-benzylpenicillin
PAR  6.0 parts by weight of N-propionyl-N-methyl-carbamic acid chloride in 25
      parts by volume of absolute tetrahydrofurane were added dropwise, at
      0.degree.C, to a solution of 18 parts by weight of ampicillin in 180 parts
      by volume of 80% strength aqueous tetrahydrofurane (pH = 8.2 adjusted with
      triethylamine), while keeping the pH at 7-8 by adding triethylamine.
      Thereafter the mixture was further stirred at 0.degree.C until no more
      triethylamine had to be added to maintain the pH at 7 (about 15 minutes).
      Water was now added, the tetrahydrofurane was stripped off in vacuo, the
      residue was extracted once with ether/ethyl acetate mixture, and the
      aqueous phase was covered with fresh ether/ethyl acetate mixture.
      Thereafter a pH of 1.5-2.0 was established by adding dilute hydrochloric
      acid at 0.degree.C, whereupon the mixture was worked up as in Example 107,
      and the penicillin was precipitated as the sodium salt.
PAR  Yield: 85%;  .beta.-Lactam content: 91%.
PAR  Calculated: C,51.1; H,5.3; N,11.3; S,6.5;   Found: C,51.2; H,6.4; N,11.1;
      S,7.5.
PAR  NMR signasl at .tau. = 2.3-2.8 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.8
      (1 H), 7.4 (2 H), 8.4 (3 H), 8.5 (3 H) and 8.8 ppm (3 H).
PAR  Effectiveness in animal experiments: B.
PAC  EXAMPLE 114
PAC  Sodium D(-)-.alpha.-(3-acetyl-3-ethyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 18 parts by weight of ampicillin and 6
      parts by weight of N-acetyl-N-ethyl-carbamic acid cloride in the manner
      described in Example 113.
PAR  Yield: 62%;  .beta.-Lactam content: 89%.
PAR  Calculated: C,50.6; H,5.4; N,11.2; S,6.5;   Found: C,50.7; H,6.3 N,10.8;
      S,6.9.
PAR  NMR signals at .tau. = 2.4-2.8 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.25
      (2 H), 7.7 (3 H), 8.45 (6 H) and 8.8 ppm (3 H).
PAR  Effectiveness in animal experiments: B.
PAC  EXAMPLE 115
PAC  Sodium D(-)-.alpha.-(3-acetyl-3-n-propyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 28 parts by weight of ampicillin and 10
      parts by weight of N-acetyl-N-n-propylcarbamic acid chloride, in the
      manner described in Example 113.
PAR  Yield: 67%;  .beta.-Lactam content: 89.
PAR  Calculated: C,53.0; H,5.4; N,11.2; S,6.4;   Found: C,52.5; H,(6.6); N,10.5;
      S,6.4.
PAR  NMR signals at .tau. = 2.3-2.8 (5 H), 4.4 (1 H), 4.5 (2 H), 5.8 (1 H), 6.3
      (2 H), 7.65 (3 H), 8.2-8.7 (8 H), and 9.1 ppm (3 H).
PAC  Example 116
PAC  Sodium D(-)-.alpha.-(3-i-butyryl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 28 parts by weight of ampicillin and 10
      parts by weight of N-i-butyryl-N-methylcarbamic acid chloride, in the
      manner described in Example 113.
PAR  Yield: 33%;  .beta.-Lactam content: 91%.
PAR  Calculated: C,51.1; H,5.6; N,10.8;   Found: C,50.8; H,6.4; N,10.9.
PAR  NMR signals at .tau. = 2.4-2.8 (5 H), 4.45 (1 H), 4.55 (2 H), 5.85 (1 H),
      6.7 (3 H), 7.1 (1 H), 8.5 (6 H) and 8.9 ppm (6 H).
PAR  Effectiveness in animal experiments: B.
PAC  Example 117
PAC  Sodium D(-)-.alpha.-(3-m-chlorobenzoyl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 19.7 parts by weight of ampicillin and 10
      parts by weight of N-m-chlorobenzoyl-N-methyl-carbamic acid chloride, in
      the manner described in Example 113.
PAR  Yield: 62%;  .beta.-Lactam content: 86%.
PAR  Calculated: C,51.5; H,4.4; Cl,6.1; N,9.6; S,5.6;   Found: C,52.1; H(6.0);
      Cl,5.6; N,9.4; S,5.5.
PAR  NMR signals at .tau. = 2.4-2.8 (9 H), 4.35 (1 H), 4.5 (2 H), 5.8 (1 H),
      6.85 (3 H), and 8.45 ppm (6 H).
PAC  EXAMPLE 118
PAC  Sodium .alpha.-(3-acetyl-3-methyl-ureido)-4-methylbennzylpenicillin
PAR  This penicillin was prepared from 2.1 parts by weight of
      .alpha.-amino-4-methyl-benzylpenicillin and 1.2 parts by weight of
      N-acetyl-N-methyl-carbamic acid chloride, in the manner described in
      Example 113.
PAR  Yield: 45%;  .beta.-Lactam content: (determined by IR spectroscopy): 75%.
PAR  NMR signals at .tau. = 2.65 (2 H), 2.8 (2 H), 4.4-4.6 (3 H), 5.8 (1 H),
      6.75 (3 H), 7.7 (6 H) and 8.25 to 8.55 ppm (6 H).
PAC  EXAMPLE 119
PAC  Sodium
      R,S-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)-4-methylbenzylpenici
     llin
PAR  This penicillin was prepared from 1.8 parts by weight of
      R,S-.alpha.-amino-4-methyl-benzylpenicillin and 1.6 parts by weight of
      N-dimethylaminocarbonyl-N-methyl-carbamic acid chloride, as described in
      Example 83.
PAR  Yield: 39%;  .beta.-Lactam content: (determined by IR spectroscopy): 65%.
PAR  NMR signals at .tau. = 2.5-2.9 (4 H), 4.4-4.7 (3 H), 5.8 (1 H), 6.9 (3 H),
      7.05 (6 H), 7.7 (3 H) and 8.4 ppm (6 H).
PAC  Example 120
PAC  Sodium
      R,S-.alpha.-(3-dimethylaminocarbonyl-3-methyl-ureido)-4-chlorobenzylpenici
     llin
PAR  This penicillin was prepared from 2.7 parts by weight of
      R,S-.alpha.-amino-4-chloro-benzylpenicillin and 2.0 parts by weight of
      N-dimethylaminocarbonyl-N-methyl-carbamic acid chloride, as described in
      Example 113.
PAR  Yield: 43%;  .beta.-Lactam content: (determined by IR spectroscopy):
      55-60%.
PAR  NMR signals at .tau. = 2.6 (4 H), 4.5 (3 H), 5.7 (1 H), 6.95 (3 H), 7.05 (6
      H) and 8.3 to 8.5 ppm (6 H).
PAC  EXAMPLE 121
PAC  Sodium R,S-.alpha.-(3-acetyl-3-methyl-ureido)-4-chlorobenzylpenicillin
PAR  This penicillin was prepared from 1.8 parts by weight of
      D,L-.alpha.-amino-4-chloro-benzylpenicillin and 1.0 part by weight of
      N-acetyl-N-methyl-carbamic acid chloride, as described in Example 113.
PAR  Yield: 80%; .beta.-Lactam content: (determined by IR spectroscopy): 55-60%.
PAR  NMR signals at .tau. = 2.4-2.8 (4 H), 4.3-4.6 (3 H), 5.8 (1 H), 6.7 (3 H),
      7.65 (3 H) and 8.3-8.5 ppm (6 H).
PAC  EXAMPLE 122
PAC  Sodium
      D,L-.alpha.-(3-acetyl-3-methyl-ureido)-.alpha.-thienyl(2)-methylpenicillin
PAR  This penicillin was prepared from 3.5 parts by weight of
      D,L-.alpha.-amino-.alpha.-thienyl(2)-methyl-penicillin and 1.7 parts by
      weight of N-acetyl-N-methyl-carbamic acid chloride, as described in
      Example 113.
PAR  Yield: 42%;  .beta.-Lactam content: (determined by IR spectroscopy): 80%.
PAR  NMR signals at .tau. = 2.5-3.2 (3 H), 4.1-4.6 (3 H), 5.8 (1 H), 6.8 (3 H),
      7.7 (3 H) and 8.3-8.6 ppm (6 H).
PAC  EXAMPLE 123
PAC  Sodium
      D(-)-.alpha.-(3-[1-piperidyl]-carbonyl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 30 parts by weight of ampicillin and 13.5
      parts by weight of N-(1-piperidylcarbonyl)-N-methyl-carbamic acid
      chloride, in the manner described in Example 59.
PAR  Yield (crude product): 66%;  .beta.-Lactam content: 97%.
PAR  Calculated: C, 53.4; H, 5.6; N, 12.9; S, 5.9;   Found: C, 53.1; H, 6.5; N,
      12.3; S, 6.3.
PAR  NMR signals at .tau. = 2.6 (5 H), 4.5 (3 H), 5.8 (1 H), 6.6 (4 H), 6.9 (3
      H) and 8.4 ppm (12 H).
PAR  Effectiveness against E. coli 14: 3.12 units/ml.
PAR  Effectiveness against Klebsiella K 10: 50 units/ml.
PAC  EXAMPLE 124
PAC  Sodium
      D(-)-.alpha.-(3-[1-pyrrolidyl]-carbonyl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 30 parts by weight of ampicillin and 12.6
      parts by weight of N-(1-pyrrolidylcarbonyl)-N-methylcarbamic acid
      chloride, in the manner described in Example 59.
PAR  Yield (crude product): 72%;  .beta.-Lactam content: 96%.
PAR  Calculated: N, 13.3; S, 6.1;   Found: N, 13.2; S, 6.1.
PAR  NMR signals at .tau. = 2.6 (5 H), 4.5 (3 H), 5.8 (1 H), 6.5-6.8 (4 H), 6.9
      (3 H), 8.0-8.3 (4 H) and 8.5 ppm (6 H).
PAR  Effectiveness against E. coli 14: 3.12 units/ml.
PAR  Effectiveness against Proteus 3400: 50 units/ml.
PAR  Effectiveness in animal experiments: A.
PAC  EXAMPLE 125
PAC  Sodium
      D(-)-.alpha.-(3-[4-morpholinyl]-carbonyl-3-methyl-uredo)-benzylpenicillin
PAR  This penicillin was prepared from 30 parts by weight of ampicillin and 13.6
      parts by weight of N-(4-morpholinyl-carbonyl)-N-methyl-carbamic acid
      chloride, in the manner described in Example 59.
PAR  Yield (crude product): 80%;  .beta.-Lactam content: 93%.
PAR  Calculated: N, 12.9; S,5.9;   Found: N, 11.8; S, 5.9.
PAR  NMR signals at .tau. = 2.6 (5 H), 4.5 (3 H), 5.9 (1 H), 6.3-6.8 (8 H), 6.9
      (3 H) and 8.5 ppm (6 H).
PAR  Effectiveness against Proteus 1017: 50 units/ml.
PAR  Effectiveness in animal experiments: A.
PAC  EXAMPLE 126
PAC  Sodium
      D(-)-.alpha.-(3-diethylaminocarbonyl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 30 parts by weight of ampicillin and 12.7
      parts by weight of N-diethylaminocarbonyl-N-methyl-carbamic acid chloride,
      in the manner described in Example 59.
PAR  Yield (crude product): 46%;  .beta.-Lactam content: 97%.
PAR  Calculated: N,13.3; S, 6.1;   Found: N, 12.9; S, 6.0.
PAR  NMR signals at .tau. = 2.6 (5 H), 4.5 (3 H), 5.8 (1 H), 6.5-7.0 (7 H), 8.4
      (6 H) and 8.7-9.0 ppm (6 H).
PAR  Effectiveness against E. coli 14: 12.5 units/ml.
PAC  EXAMPLE 127
PAC  Sodium
      D(-)-.alpha.-(3-[2-nitro-4-chlorobenzoyl]-3-methyl-ureido)-benzylpenicilli
     n
PAR  This penicillin was prepared from 21 parts by weight of ampicillin and 12.8
      parts by weight of N-(2-nitro-4-chlorobenzoyl)-N-methyl-carbamic acid
      chloride, in the manner described in Example 59.
PAR  Yield (crude product): 81%;  .beta.-Lactam content: 95%.
PAR  Calculated: N, 11.4; S, 5.2;   Found: N, 10.6; S, 5.1.
PAR  NNR signals at .tau. = 1.7 (1 H), 2.1-2.5 (2 H), 2.6 (5 H), 4.3-4.6 (3 H),
      5.8 (1 H), 6.9 (3 H) and 8.4 ppm (6 H).
PAR  Effectiveness against Proteus 1017: 3.12 units/ml.
PAR  Effectiveness against Pseudomonas aerug. Bonn: 12.5 units/ml.
PAR  Effectivenss against Klebsiella K 10: 12.5 units/ml.
PAR  Effectivenss in animal experiments: A and B.
PAC  EXAMPLE 128
PAC  Sodium D(-)-.alpha.-(3-[2-bromoobenzoyl]-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 30 parts by weight of ampicillin and 18.3
      parts by weight of N-(2-bromobenzoyl)-N-methyl-carbamic acid chloride, in
      the manner described in  Example 59.
PAR  Yield (crude product): 64%;  .beta.-Lactam content: 95%.
PAR  NMR signals at .tau. = 2.2-2.7 (9 H), 4.3-4.6 (3 H), 5.8 (1 H), 7.0 (3 H)
      and 8.4 ppm (6 H).
PAR  Effectiveness against Proteus 1017: 1.56 units/ml.
PAR  Effectiveness against Pseudomonas aerug Bonn: 6.25 units/ml
PAR  Effectivenss in animal experiments: A and B.
PAC  EXAMPLE 129
PAC  Sodium D(-)-.alpha.-(3-[2-methylbenzoyl]-3-methyl-ureido)-benzylpencillin
PAR  This penicillin was prepared from 30 parts by weight of ampicillin and 14.4
      parts by weight of N-(2-methylbenzoyl)-N-methyl-carbamic acid chloride, in
      the manner described in Example 59.
PAR  Yield (crude product): 66%  .beta.-Lactam content: 93%
PAR  NMR signals at .tau. = 2.4-2.8 (9 H), 4.3-4.6 (3 H), 5.8 (1 H), 7.0 (3 H),
      7.7 (3 H) and 8.5 ppm (6 H).
PAR  Effectiveness against Proteus 1017: 3.12 units/ml.
PAR  Effectiveness against Pseudomonas aerug. Bonn: 6.25 units/ml.
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 130
PAC  Sodium D(-)-.alpha.-(3-acetyl-3-phenyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 10 parts by weight of
      N-acetyl-N-phenylcarbamic acid chloride and 19 parts by weight of
      ampicillin, in the manner described in Example 113.
PAR  Yield: 86%;  .beta. -Lactam content: 85%.
PAR  Calculated: C, 53.1; H, 5.0; N, 9.9; S, 5.7;   Found: C, 53.6; H, 5,5; N,
      9.8; S,5.7.
PAR  NMR signals at .tau. = 2.4-2.8 (10 H), 4.4 (1 H), 4.55 (2 H), 5.8 (1 H),
      8.1 (3 H), 8.4 (3 H) and 8.5 ppm (3 H).
PAR  Effectiveness in animal experiments: B.
PAC  EXAMPLE 131
PAC  Sodium D(-)-.alpha.-(3-m-nitrocinnamoyl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 18.9 parts by weight of
      N-(m-nitrocinnamoyl)-N-methyl-carbamic acid chloride and 28 parts by
      weight of ampicillin, in the manner described in Example 113.
PAR  Yield: 78%;  .beta.-Lactam content: 88%.
PAR  Calculated: C, 47.9; H, 5.4; N, 10.2; S, 4.8;   Found: C, 47.5; H, 5.0; N,
      10.4; S, 5.4.
PAR  NMR signals at .tau. = 1.6 (1 H), 1.7-2.9 (8 H), 4.4 (1 H), 4.5 (2 H), 5.8
      (1 H), 6.6 (3 H) and 8.5 ppm (6 H).
PAR  Effectiveness in animal experiments: A and B
PAC  EXAMPLE 132
PAC  Sodium
      D)-)-.alpha.-(3-[4-nitrophenacetyl]-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 16.3 parts by weight of
      N-p-nitrophenacetyl-N-methylcarbamic acid chloride and 28 parts by weight
      of ampicillin, in the manner described in Example 113.
PAR  Yield: 92%  .beta.-Lactam content: 84%
PAR  Calculated: C, 51.1; H, 4.6; N, 11.5; S, 5.3;   Found: C, 51.3; H, 5.4; N,
      11.2; S, 5.7;
PAR  NMR signals at .tau. = 1.8 (2 H), 2.5 (2 H), 2.6 (5 H), 4.4 (1 H), 4.55 (2
      H), 5.8 (1 H), 5.85 (2 H), 6.7 (3 H), 8.4 (3 H), and 8.5 ppm (3 H).
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 133
PAC  D(-)-.alpha.-(1-Imidazolidin-2-on-1-yl carbonylamino)-benzylpenicillin
PAR  This penicillin was prepared from 5.4 parts by weight of
      N-chlorocarbonyl-imidazolidin-2-one and 12.7 parts by weight of ampicillin
      in the manner described in Example 59. After acidification, the product
      was obtained as the free penicillin acid, which is sparingly soluble in
      ethyl acetate and which was filtered off, washed with water and dried over
      P.sub.2 O.sub.5 in vacuo.
PAR  Yield: 72%;  .beta.-Lactam content: 93%.
PAR  Calculated: C, 50.1; H, 5.0; N, 14.6; S, 6.7; Found: C, 50.1; H, 5.6; N,
      13.8; S, 6.8.
PAR  NMR signals at .tau. = 0.9 (2 H), 2.35 (1 H), 2.6 (5 H), 4.25 (1 H), 4.55
      (2 H), 5.7 (1 H), 6.0-7.0 (4 H), 8.4 (3 H) and 8.55 ppm (3 H);
PAR  Solvent: DMSO-D.sub.6.
PAC  EXAMPLE 134
PAC  Sodium D(-)-.alpha.-(1-piperidin-2-on-1-yl-carbonylamino)-benzylpenicillin
PAR  This penicillin was prepared from 9 parts by weight of
      1-chlorocarbonyl-2-chloro-1,4,5,6-tetrahydropyridine and 21 parts by
      weight of ampicillin in the manner described in Example 113.
PAR  Yield: 85%;  .beta.-Lactam content: 89%.
PAR  NMR signals at .tau. = 2.4-2.8 (5 H), 4.4 (1 H), 4.45 (1 H), 4.55 (1 H),
      5.8 (1 H), 6.15-6.5 (2 H), 7.6-8.0 (2 H) and 8.0-8.6 ppm (10 H).
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 135
PAC  Sodium
      .alpha.-(3-o-chlorobenzoyl-3-methyl-ureido)-.alpha.-thienyl(2)-methylpenic
     illin
PAR  This penicillin was prepared from 1.9 parts by weight of
      N-o-chlorobenzoyl-N-methylcarbamic acid chloride and 1.5 parts by weight
      of .alpha.-amino-.alpha.-thienyl(2)-methylpenicillin in the manner
      described in Example 113.
PAR  Yield: 35%;  .beta.-Lactam content: 55-60% (estimated from the IR
      spectrum).
PAR  NMR signals at .tau. = 2.4-3.1 (7 H), 4.3-4.5 (3 H), 5.8 (1 H), 6.9 (3 H)
      and 8.2-8.6 ppm (6 H).
PAR  Effectiveness in animal experiments: B.
PAC  EXAMPLE 136
PAC  Sodium
      D(-)-.alpha.-(3-methyl-1,3-diazacyclohexan-2-on-1-yl-carbonyl-amino)-benzy
     lpenicillin
PAR  This penicillin was prepared from 12.4 parts by weight of
      1-chloro-carbonyl-2-oxo-3-methyl-1,3-diazacyclohexane and 17.5 parts by
      weight of ampicillin, in the manner described in Example 113.
PAR  Yield: 46%;  .beta.-Lactam content: 90%.
PAR  Calculated: C, 50.1; H, 5.3; N, 13.3; S, 6.1; Found: C, 50.4; H, 6.2; N,
      13.1; S, 6.4.
PAR  NMR signals at .tau. = 2.3-2.8 (5 H), 4.3-4.6 (3 H), 5.8 (1 H), 6.25 (2 H),
      6.4-6.8 (2 H), 7.0 (3 H), 8.0 (2 H), 8.4 (3 H) and 8.5 ppm (3 H).
PAC  EXAMPLE 137
PAC  Sodium D(-)-.alpha.-(3-o-fluorobenzoyl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 9.05 parts by weight of
      N-o-fluorobenzoyl-N-methyl-carbamic acid chloride and 17.5 parts by weight
      of ampicillin, in the manner described in Example 113.
PAR  Yield: 88%;  .beta.-Lactam content: 92%.
PAR  Calculated: C, 54.6; H, 4.4; N, 10.2; S, 5.8; Found: C, 54.2; H, (5.6); N,
      10.1; S, 5.8.
PAR  NMR signals at .tau. = 2.4-2.9 (9 H), 4.35 (1 H), 4.5 (2 H), 5.8 (1 H), 6.8
      (3 H) and 8.5 ppm (6 H).
PAC  EXAMPLE 138
PAC  Sodium D(-)-.alpha.-(3-o-chlorobenzoyl-3-ethyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 10.7 parts by weight of
      N-o-chlorobenzoyl-N-ethyl-carbamic acid chloride and 17.5 parts by weight
      of ampicillin, in the manner described in Example 113
PAR  Yield: 90%;  .beta.-Lactam content: 93%.
PAR  Calculated: C, 52.5; H, 4.6; Cl, 6.0; N, 9.4; S, 5.4; Found: C, 52.3; H,
      5.4; Cl, 5.6; N, 9.2; S, 5.4.
PAR  NMR signals at .tau. = 2.3-2.8 (9 H), 4.35 (1 H), 4.5 (2 H), 5.8 (1 H), 6.4
      (2 H), 8.4 (3 H), 8.5 (3 H) and 9.0 ppm (3 H).
PAC  EXAMPLE 139
PAC  Sodium D(-)-.alpha.-(3-o-chlorobenzoyl-3-n-propyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 11.0 parts by weight of
      N-o-chlorobenzoyl-N-n-propyl-carbamic acid chloride and 17.5 parts by
      weight of ampicillin, in the manner described in Example 113.
PAR  Yield: 82%;  .beta.-Lactam content: 92%.
PAR  Calculated: C, 53.3; Cl, 5.8; N, 9.2; H, 4.8; S, 5.3; Found: C, 53.7; Cl,
      5.4; N, 9.2; H, (6.2); S, 5.6.
PAR  NMR signals at .tau. = 2.3-2.8 (9 H), 4.4 (1 H), 4.5 (2 H),  5.8 (1 H),
      6.3-6.7 (2 H), 8.2-8.7 (2 H), 8.4 (3 H), 8.5 (3 H) and 9.3 ppm (3 H).
PAC  EXAMPLE 140
PAC  Sodium D(-)-.alpha.-(3-o-nitrobenzoyl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 12.1 parts by weight of
      N-o-nitrobenzoyl-N-methyl-carbamic acid chloride and 21 parts by weight of
      ampicillin, in the manner described in Example 113.
PAR  Yield: 94%;  .beta.-Lactam content: 92%.
PAR  Calculated: C, 51.1; H, 4.3; N, 11.9; S, 5.5; Found: C, 50.9; H, 5.3; N,
      11.1; S, 5.6.
PAR  NMR signals at .tau. = 1.75 (1 H), 2.05-2.8 (8 H), 4.35 (1 H), 4.5 (2 H),
      5.8 (1 H), 6.95 (3 H), 8.4 (3 H) and 8.5 (3 H).
PAR  Effectiveness in animal experiments: B.
PAC  EXAMPLE 141
PAC  Sodium
      D(-)-.alpha.-(3,o,o'-dichlorobenzoyl-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 13.3 parts by weight of
      N-o,o'-dichlorobenzoyl-N-methyl-carbamic acid chloride and 21 parts by
      weight of ampicillin, in the manner described in Example 113.
PAR  Yield: 91%;  .beta.-Lactam content: 91%.
PAR  Calculated: C, 48.6; H, 4.0; Cl, 11.5; N, 9.1; S, 5.2; Found: C, 48.9; H,
      4.5; Cl, 11.1; N, 8.9; S, 5.3.
PAR  NMR signals at .tau. = 2.3-2.8 (8 H), 4.3 (1 H), 4.5 (2 H), 5.75 (1 H), 6.9
      (3 H), 8.4 (3 H) and 8.5 ppm (3 H).
PAR  Effectiveness in animal experiments: B.
PAC  EXAMPLE 142
PAC  Sodium
      D(-)-.alpha.-(3-[2,4-dichlorobenzoyl]-3-methyl-ureido)-benzylpenicillin
PAR  This penicillin was prepared from 13.3 parts by weight of
      N-(2,4-dichlorobenzoyl)-N-methyl-carbamic acid chloride and 21 parts by
      weight of ampicillin, in the manner described in Example 113.
PAR  Yield: 84%;  .beta.-Lactam content: 92%.
PAR  Calculated: C, 48.6; H, 4.0; Cl, 11.5; N, 9.1; S, 5.2; Found: C, 48.7; H,
      4.6; Cl, 10.9; N, 9.0; S, 5.8.
PAR  NMR signals at .tau. = 2.4 (1 H), 2.4-2.8 (7 H), 4.35 (1 H), 4.5 (2 H), 5.8
      (1 H), 6.9 (3 H), 8.4 (3 H) and 8.5 ppm (3 H).
PAR  Effectiveness in animal experiments: A and B.
PAC  EXAMPLE 143
PAC  Sodium D(-)-.alpha.-(3-propionyl-3 -phenyl-ureido)-benzylpencillin
PAR  This penicillin was prepared from 15.5 parts by weight of
      N-propionyl-N-phenyl-carbamic acid chloride and 27.5 parts by weight of
      ampicillin, in the manner described in Example 113.
PAR  Yield: 78%;  .beta.-Lactam content: 87%.
PAR  Calculated: C, 55.3; H, 5.1; N, 9.9; S, 5.7; Found: C, 55.1; H, 5.1; N,
      9.8; S, 6.0.
PAR  NMR signals at .tau. = 2.3-3.0 (10 H), 4.4 (1 H), 4.5 (2 H), 5.75 (1 H),
      7.9 (2 H), 8.4 (3 H), 8.5 (3 H) and 9.0 ppm (3 H).
PAR  Effectiveness in animal experiments: B.
PAC  EXAMPLE 144
PAC  A. D(-)-.alpha.-(Imidazolidin-2-on-1-yl-carbonylamino)-benzylpenicillin
PAR  14 parts by weight of D-.alpha.-aminobenzylpenicillin (ampicillin) were
      suspended in 80% strength aqueous tetrahydrofurane (130 parts by volume)
      and sufficient triethylamine (approx. 6.5 parts by volume) was added
      dropwise, while stirring, at 20.degree.C, that a clear solution was just
      produced and the pH value was between 7.5 and 8.2 (glass electrode). The
      mixture was now cooled to 0.degree.C and a solution of 5.4 parts by weight
      of N-chlorocarbonyl-imidazolidin-2-one in 25 parts by volume of absolute
      tetrahydrofurane was added dropwise over the course of 30 minutes, while
      cooling with ice and stirring vigorously, the pH value being kept between
      7.5 and 8.0 by simultaneous addition of triethylamine. The mixture was
      further stirred for 30 minutes at 0.degree.C and subsequently at room
      temperature until no further addition of triethylamine was necessary to
      maintain the pH value of 7.5. 130 parts by volume of water were now added
      and the tetrahydrofurane was largely removed in a rotary evaporator at
      room temperature. The aqueous solution which remained was once extracted
      by shaking with ether, covered with 300 parts by volume of ethyl acetate,
      cooled to 0.degree.C and treated with sufficient dilute hydrochloric acid,
      while stirring and cooling with ice, to establish a pH value of 1.5 to
      2.0. The organic phase was separated off, the aqueous suspension was again
      extracted with about 300 parts by volume of ethyl acetate, and the organic
      extracts were combined.
PAR  The penicillin, which is rather sparingly soluble in ethyl acetate and
      which was suspended in the aqueous phase, was filtered off, carefully
      washed with ice water until free of acid, and dried in vacuo at about 1 mm
      Hg over P.sub.2 O.sub.5. The substance is crystalline; long needles are
      visible under the microscope.
PAR  Yield: 71%; .beta.-Lactam content: 93%.
PAR  Calculated: C, 50.1; H, 5.0; N, 14.6; S, 6.7; Found: C, 50.1; H, 5.6; N,
      13.8; S, 6.8.
PAR  NMR signals (dimethylsulphoxide-d.sub.6 as the solvent) at .tau. = 0.9 (2
      H), 2.35 (1 H), 2.6 (5 H), 4.25 (1 H), 4.55 (2 H), 5.7 (1 H), 6.0-7.0 (4
      H), 8.4 (3 H) and 8.55 ppm (3 H).
PAR  IR bands at 3380, 3230, 1784, 1728, 1687, 1639, 1520, 1375, 1219 and 735
      cm.sup.-.sup.1.
PAR  According to separation in a paper chromatogram and subsequent development
      with B. subtilis, the product only contains one antibiotically active
      component.
PAR  A further 0.45 part by weight (2.6% of theory) of the penicillin, in the
      form of its sodium salt, could be isolated from the ethyl acetate extract
      after addition of about 2 parts by volume of a 1 molar solution of sodium
      2-ethyl-hexanoate in ether containing methanol.
PAR  The free acid of the penicillin can be easily converted into the
      chemotherapeutically usable salts by conventional processes. (See Example
      150A).
PAC  B. 1-Chlorocarbonyl-imidazolidione(2)
PAR  4 parts by weight of phosgene in 10 parts by volume of absolute
      tetrahydrofurane were added dropwise, over the course of 15 minutes, to a
      vigorously stirred solution of 3.5 parts by weight of imidazolidone(2)
      [manufactured according to Fischer and Koch, Ann, 232, page 224 (1886)] in
      50 parts by volume of absolute tetrahydrofurane. Thereafter the reaction
      mixture was stirred for 3 hours at 10.degree.C and a stream of dry air was
      then passed through it, in order to blow out the hydrochloric acid formed,
      and remnants of phosgene. The mixture was now evaporated to dryness on a
      rotary evaporator in vacuo, and the solid residue was dried over
      concentrated sulphuric acid and at about 12 mm Hg.
PAR  Yield: 93%. Melting point = 150.degree.C after recrystallisation from
      acetone-pentane.
PAR  Calculated: C, 32.3; H, 3.4; N, 18.8; Cl, 23.9; Found: C, 32.3; H, (4.5);
      N, 18.7; Cl, 23.9.
PAR  NMR signals at .tau. = 5.7 to 6.1 (2 H) and 6.3 to 6.7 (2 H),
      (acetone-d.sub.6 as the solvent), symmetrical A.sub.2 B.sub.2 -system.
PAR  IR bands at 3230, 1790, 1700, 1270 and 1150 cm.sup.-.sup.1.
PAC  EXAMPLE 145
PAR  If, in the procedure of Example 144, the D-.alpha.-aminobenzylpenicillin
      used therein is replaced by:
PA1  0.04 mol of .alpha.-amino-p-methylbenzylpenicillin,
PA1  .alpha.-amino-p-chlorobenzylpenicillin,
PA1  .alpha.-amino-p-methylthiobenzylpenicillin,
PA1  .alpha.-amino-.alpha.-(2)thienylmethylpenicillin or
PA1  .alpha.-amino-.alpha.-(3)thienylmethylpenicillin,
PAR  the following penicillins are obtained:
PA1  .alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-p-methylbenzylpenicillin,
PA1  .alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-p-chlorobenzylpenicillin,
PA1  .alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-p-methylthiobenzylpenicillin
PA1  .alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-.alpha.-(2)-thienylmethylpen
     icillin or
PA1  .alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-.alpha.-(3)thienylmethylpeni
     cillin.
PAC  EXAMPLE 146
PAR  If, in the procedure of Example 144, the 1-chlorocarbonylimidazolidone used
      therein is replaced by 0.035 mol of:
PA1  1-chlorocarbonyl-1,3-diazacyclohexan-2-one,
PA1  1-chlorocarbonyl-1,3-diazacycloheptan-2-one,
PA1  1-chlorocarbonyl-5-methyl-imidazolidone(2),
PA1  1-chlorocarbonyl-4-methyl-imidazolidone(2),
PAR  1-chlorocarbonyl-5,5-dimethyl-imidazolidone(2),
PA1  1-chlorocarbonyl-4,4-dimethyl-imidazolidone(2),
PA1  1-chlorocarbonyl-4,5-cis-dimethyl-imidazolidone(2),
PA1  1-chlorocarbonyl-4,5-trans-dimethyl-imidazolidone,
PA1  1-chlorocarbonyl-benzimidazolone,
PA1  1-chlorocarbonyl-6-methyl-benzimidazolone,
PA1  1-chlorocarbonyl-5-methyl-benzimidazolone,
PA1  1-chlorocarbonyl-4-methyl-benzimidazolone,
PA1  1-chlorocarbonyl-7-methylbenzimidazolone,
PA1  1-chlorocarbonyl-5-nitrobenzimidazolone,
PA1  1-chlorocarbonyl-6-nitrobenzimidazolone,
PA1  1-chlorocarbonyl-hexahydrobenzimidazolone(2),
PA1  1-chlorocarbonyl-6-aza-benzimidazolone,
PA1  1-chlorocarbonyl-5-aza-benzimidazolone,
PA1  1-chlorocarbonyl-5-carbethoxy-benzimidazolone,
PA1  1-chlorocarbonyl-6-carbethoxy-benzimidazolone or
PA1  2-chlorocarbonyl-2,4-diazabicyclo[3,2,2]-nonan-3-one,
PAR  the following penicillins are obtained:
PA1  D(-)-.alpha.-(1,3-diazacyclohexan-2-on-1-yl-carbonylamino)-benzylpenicillin
PA1  D(-)-.alpha.-(1,3-diazacycloheptan-2-on-1-yl-carbonylamino)-benzylpenicilli
     n,
PA1  D(-)-.alpha.-(5-methyl-imidazolidin-2-on-1-yl-carbonylamino)-benzylpenicill
     in,
PA1  D(-)-.alpha.-(4-methylimidazolidin-2-on-1-yl-carbonylamino)-benzylpenicilli
     n,
PA1  D(-)-.alpha.-(5,5-dimethylimidazolidin-2-on-1-yl-carbonylamino)-benzylpenic
     illin,
PA1  D(-)-.alpha.-(4,4-dimethylimidazolidin-2-on-1-yl-carbonylamino)-benzylpenic
     illin,
PA1  D(-)-.alpha.-(4,5-cis-dimethylimidazolidin-2-on-1-yl-carbonylamino)-benzylp
     enicillin,
PA1  D(-)-.alpha.-(4,5-trans-dimethylimidazolidin-2-on-1-yl-carbonylamino)-benzy
     lpenicillin,
PA1  D(-)-.alpha.-(benzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicillin,
PA1  D(-)-.alpha.-(6-methylbenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicil
     lin,
PA1  D(-)-.alpha.-(5-methylbenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicil
     lin,
PA1  D(-)-.alpha.-(4-methylbenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicil
     lin,
PA1  D(-)-.alpha.-(7-methylbenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicil
     lin,
PA1  D(-)-.alpha.-(5-nitrobenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicill
     in,
PA1  D(-)-.alpha.-(6-nitrobenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicill
     in,
PA1  D(-)-.alpha.-(hexahydrobenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenici
     llin,
PA1  D(-)-.alpha.-(6-azabenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicillin
PA1  D(-)-.alpha.-(5-azabenzimidazolin-2-on-1-yl-carbonylamino)-benzylpenicillin
PA1  D(-)-.alpha.-(5-carbethoxybenzimidazolin-2-on-1-yl-carbonylamino)-benzylpen
     icillin,
PA1  D(-)-.alpha.-(6-carbethoxybenzimidazolin-2-on-1-yl-carbonylamino)-benzylpen
     icillin,
PA1  D(-)-.alpha.-(2,4-diazabicyclo[3,2,2]nonan-3-on-2-yl-carbonylamino)-benzylp
     enicillin.
PAC  EXAMPLE 147
PAC  A. Sodium
      D(-)-.alpha.-(imidazolidine-2-thion-1-yl-carbonylamino-benzylpenicillin
PAR  8.5 parts by weight of 1-chlorocarbonyl-imidazolidine 2-thione were reacted
      with 17.5 parts by weight of D(-)-.alpha.-aminobenzylpencillin in 170
      parts by volume of 80% strength aqueous tetrahydrofurane, at 0.degree.C
      and pH 7.5 to 8.0 (glass electrode), whilst stirring. Triethylamine were
      added gradually to maintain the ph value. The mixture was further stirred
      at room temperature until no further addition of triethylamine was
      necessary to maintain the pH at 7.5. Thereafter, 150 parts by volume of
      water were added, a pH of 6.5 was established by means of a little dilute
      hydrochloric acid, and the tetrahydrofurane was stripped off in a rotary
      evaporator at room temperature. The mixture was now extracted once with
      ether, the aqueous phase was covered with 300 parts by volume of ethyl
      acetate, the whole was cooled to 0.degree.C, and dilute hydrochloric acid
      was introduced, while stirring and cooling with ice, until a pH value of
      1.5 to 2.0 was reached. The organic phase was separated off, the aqueous
      solution was again extracted with 300 parts by volume of ethyl acetate,
      and the organic solutions were combined and subsequently dried with
      MgSO.sub.4. On adding about 40 parts by volume of a 1 molar solution of
      sodium 2-ethylhexanoate in ether containing methanol, the sodium salt of
      the penicillin precipitated. The bulk of the ethyl acetate was stripped
      from the suspension in vacuo, and the residue was dissolved in methanol
      and added dropwise to a mixture of 300 parts by volume of ether and 30
      parts by volume of methanol. The ether/methanol mixture was decanted from
      the precipitated product after it had stood for a short time, and the
      product was again repeatedly worked with ether, filtered off and dried
      over P.sub.2 O.sub.5 in a vacuum desiccator.
PAR  Effectiveness against Psdm. aerug. Bonn: 25 units/ml.
PAR  Effectiveness against Proteus 3400: 50 units/ml.
PAR  Yield: 40%; .beta.-Lactam content: 90% (estimated on the basis of the
      .beta.-lactam band of the IR spectrum).
PAR  NMR signals (methanol-d.sub.4 as the solvent) at .tau. = 2.3 to 2.8 (5 H),
      4.4 (1 H), 4.55 (2 H), 5.85 (1 H), 6.0 to 6.5 (4 H), 8.4 (3 H) and 8.5 ppm
      (3 H).
PAR  IR bands at 3320, 1760, 1720, 1665, 1602, 1520, 1365, and 1255
      cm.sup..sup.-1.
PAC  B. 1-Trimethylsilyl-imidazolidine-2-thione
PAR  30.6 parts by weight of imidazolidine-2-thione were boiled overnight with
      54.4 parts by weight of trimethylchlorosilane and 51.5 parts by weight of
      triethylamine in absolute tetrahydrofurane. The warm suspension was freed
      of the precipitated triethylamine hydrochloride by filtration, and the
      filtrate was evaporated and dried in a vacuum desiccator.
PAR  Melting point: approx. 130.degree.C;
PAR  Yield: 97%.
PAR  Calculated: N, 14.4; S, 16.5; Found: N, 13.8; S, 16.9.
PAR  Strong Si-C stretching vibration in the IR spectrum at 850 cm.sup..sup.-1.
PAC  C. 1-Chlorocarbonyl-imidazolidine-2-thione
PAR  50 parts by weight of 1-trimethylsilyl-imidazolidine-2-thione in 150 parts
      by volume of methylene chloride were treated with 35 parts by weight of
      phosgene in 50 parts by volume of methylene chloride over the course of 2
      hours at 0.degree.C. The mixture was stirred for 24 hours at 0.degree.C,
      the methylene chloride was subsequently stripped off, and the residue was
      dried in a high vacuum. Semi-solid mass, incompletely soluble in acetone.
PAR  Crude yield: 97%; IR bands at 1830, 1590 and 1240 cm.sup..sup.-1.
PAC  EXAMPLE 148
PAR  If, following the procedures desired in Example 147A 17.5 parts by weight
      of ampicillin are reacted with 0.05 mol of:
PA1  1-chlorocarbonyl-1,3-diazacyclohexane-2-thione,
PA1  1-chlorocarbonyl-4-methylimidazolidine-2-thione,
PA1  1-chlorocarbonyl-5-methylimidazolidine-2-thione,
PA1  1-chlorocarbonyl-4,4-dimethylimidazolidine-2-thione,
PA1  1-chlorocarbonyl-5,5-dimethylimidazolidine-2-thione or
PA1  1-chlorocarbonyl-4,5-dimethylimidazolidine-2-thione,
PAR  the following penicillins are obtained in the form of their sodium salt:
PA1  D(-)-.alpha.-(1,3-diazacyclohexane-2-thion-1-yl-carbonylamino)-benzylpenici
     llin,
PA1  D(-)-.alpha.-(4-methylimidazolidine-2-thion-1-yl-carbonylamino)-benzylpenic
     illin,
PA1  D(-)-.alpha.-(5
      -methylimidazolidine-2-thion-1-yl-carbonylamino)-benzylpenicillin,
PA1  D(-)-.alpha.-(4,4-dimethylimidazolidine-2-thion-1-yl-carbonylamino)-benzylp
     enicillin,
PA1  D(-)-.alpha.-(5,5-dimethylimidazolidine-2-thion-1-yl-carbonylamino)-benzylp
     enicillin or
PA1  D(-)-.alpha.-(4,5-dimethylimidazolidine-2-thion-1-yl-carbonylamino)-benzylp
     enicillin.
PAC  EXAMPLE 149
PAR  If, in the procedure of Example 147-A the D-.alpha.-amino-benzylpenicillin
      used there is replaced by 0.05 mol of
PA1  .alpha.-amino-p-methylbenzylpenicillin,
PA1  .alpha.-amono-p-chlorobenzylpenicillin,
PA1  .alpha.-amino-p-methylthiobenzylpenicillin,
PA1  .alpha.-amino-.alpha.-(2)-thienylmethylpenicillin or
PA1  .alpha.-amino-.alpha.-(3)-thienylmethylpenicillin,
PAR  the following penicillins are obtained in the form of their sodium salts:
PA1  .alpha.-(imidazolidine-2-thion-1-yl-carbonylamino)-p-methylbenzylpenicillin
PA1  .alpha.-(imidazolidine-2-thion-1-yl-carbonylamino)-p-chlorobenzylpenicillin
PA1  .alpha.-(imidazolidine-2-thion-1-yl-carbonylamino)-p-methylthiobenzylpenici
     llin,
PA1  .alpha.-(imidazolidine-2-thion-1-yl-carbonylamino)-.alpha.-(2)thienylmethyl
     penicillin or
PA1  .alpha.-(imidazolidine-2-thion-1-yl-carbonylamino)-.alpha.-(3)thienylmethyl
     penicillin.
PAC  EXAMPLE 150
PAC  A. Sodium
      D(-)-.alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-benzylpenicillin
PAR  5.5 parts by weight of
      D(-)-.alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-benzylpenicillin,
      which was obtained, moist with water, according to the instructions of
      Example 144, were dissolved in 13 parts by volume of dimethylacetamide
      while cooling with ice, and subsequently treated with 10 parts by volume
      of a 1 molar solution of sodium 2-ethylhexanoate in ether containing
      methanol. The resulting clear solution was added dropwise over the course
      of a few minutes to a mixture, cooled to -20.degree.C, of 200 parts by
      volume of ether and 20 parts by volume of methanol, whereupon the sodium
      salt of the penicillin separated out as a finely granular precipitate,
      which was filtered off and thoroughly washed with anhydrous ether.
PAR  Yield: 81% relative to 1-chlorocarbonyl-imidazolidin-2-one employed;
      .beta.-Lactam content: 90% (determined on the basis of the intensity of
      the .beta.-lactam carbonyl band of the IR spectrum).
PAR  IR bands at 3290, 1770, 1715, 1647, 1538 and 1276 cm.sup..sup.-1. (IR
      spectrum in Nujol).
PAC  B. Crystalline sodium
      D(-)-.alpha.-(imidazolidin-2-on-1-yl-carbonyl-amino)-benzylpenicillin
PAR  0.4 part by weight of the product from Example 92A was dissolved in 0.5
      part by volume of water to give a clear solution. 1.3 parts by volume of
      ethanol were added and the mixture slowly diluted with 3.0 parts by volume
      of ethyl acetate, while shaking. 0.2 part by weight of sodium
      D(-)-.alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-benzylpenicillin
      crystallised overnight from the initially clear solution, in the form of
      bundles of fine needles.
PAR  Decomposition range: 200.degree. - 220.degree.C. IR bands at 3370, 3325,
      1775, 1728, 1688, 1640 and 1275 cm.sup..sup.-1. FIGS. 3, 4 and 5 show, for
      comparison purposes, the IR spectra of
      D(-)-.alpha.-(imidazolidin-2-on-1-yl-carbonylamino)-benzylpenicillin as
      the free acid and as the amorphous and crystalline sodium salt.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A penicillin of the formula:
      ##EQU25##
      or a pharmaceutically acceptable non-toxic salt thereof wherein
      ##EQU26##
      wherein E is oxygen or sulphur;
      ##EQU27##
      B is thienyl, phenyl or phenyl substituted by lower alkyl, mono- or
      di-halogen, lower alkoxy, lower alkylthio, hydroxy or methylcarbonylamino;
      and
PA1  C can have either of the two possible R- and S- stereoisomeric
      configurations or it can be a mixture of such diastereomers.
NUM  2.
PAR  2. A penicillin or a pharmaceutically acceptable non-toxic salt thereof
      according to claim 1 wherein
PA1  B is thienyl, phenyl, tolyl, chlorophenyl, dichlorophenyl, difluorophenyl,
      methoxyphenyl, methylthiophenyl, hydroxyphenyl or
      methylcarbonylaminophenyl.
NUM  3.
PAR  3. A penicillin or a pharmaceutically acceptable non-toxic salt thereof
      according to claim 2 wherein E is oxygen.
NUM  4.
PAR  4. A penicillin or a pharmaceutically acceptable non-toxic salt thereof
      according to claim 3 wherein
PA1  Q is (CH.sub.2).sub.2 ; and
PA1  B is phenyl, tolyl, chlorophenyl, dichlorophenyl, difluorophenyl,
      methoxyphenyl, methylthiophenyl, hydroxyphenyl or
      methylcarbonylaminophenyl.
NUM  5.
PAR  5. A penicillin or a pharmaceutically acceptable non-toxic salt thereof
      according to claim 2 wherein C has the D(-)-- configuration.
NUM  6.
PAR  6. A penicillin or a pharmaceutically acceptable non-toxic salt thereof
      according to claim 1 wherein C has the L(+)-- configuration.
NUM  7.
PAR  7. A penicillin according to claim 2 in the form of the sodium salt.
NUM  8.
PAR  8. The compound according to claim 1 which is
      D,L-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-4-methylbenzylpenicil
     lin or the sodium salt thereof.
NUM  9.
PAR  9. The compound according to claim 1 which is
      D,L-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-p-chlorobenzylpenicil
     lin or the sodium salt thereof.
NUM  10.
PAR  10. The compound according to claim 1 which is
      D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-benzylpenicillin or
      the sodium salt thereof.
NUM  11.
PAR  11. The compound according to claim 1 which is
      D,L-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-4-methylthiobenzylpen
     icillin or the sodium salt thereof.
NUM  12.
PAR  12. The compound according to claim 1 which is
      D(-)-.alpha.-[(imidazolidine-2-thion-1-yl)-carbonylamino]-benzylpenicillin
      or the sodium salt thereof.
NUM  13.
PAR  13. The compound according to claim 1 which is
      D,L-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-2,6-dichlorobenzylpen
     icillin or the sodium salt thereof.
NUM  14.
PAR  14. The compound according to claim 1 which is
      D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-2,6-dichlorobenzylpe
     nicillin or the sodium salt thereof.
NUM  15.
PAR  15. The compound according to claim 1 which is
      L(+)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-2,6-dichlorobenzylpe
     nicillin or the sodium salt thereof.
NUM  16.
PAR  16. The compound according to claim 1 which is
      D,L-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-4-methoxybenzylpenici
     llin or the sodium salt thereof.
NUM  17.
PAR  17. The compound according to claim 1 which is
      D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-4-methoxybenzylpenic
     illin or the sodium salt thereof.
NUM  18.
PAR  18. The compound according to claim 1 which is
      L(+)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-4-methoxybenzylpenic
     illin or the sodium salt thereof.
NUM  19.
PAR  19. The compound according to claim 1 which is
      .alpha.-[imidazolidin-2-on-1-yl)-carbonylamino]-4-hydroxybenzylpenicillin
      or the sodium salt thereof.
NUM  20.
PAR  20. The compound according to claim 1 which is
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-3-hydroxybenzylpenicillin
      or the sodium salt thereof.
NUM  21.
PAR  21. The compound according to claim 1 which is
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-2-chlorobenzylpenicillin
      or the sodium salt thereof.
NUM  22.
PAR  22. The compound according to claim 1 which is
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-2,6-difluorobenzylpenicil
     lin or the sodium salt thereof.
NUM  23.
PAR  23. The compound according to claim 1 which is
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-2-chloro-6-fluorobenzylpe
     nicillin or the sodium salt thereof.
NUM  24.
PAR  24. The compound according to claim 1 which is
      .alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-4-acetylaminobenzylpenici
     llin or the sodium salt thereof.
NUM  25.
PAR  25. The compound according to claim 1 which is
      .alpha.-[(4-methylimidazolidin-2-on-1-yl)-carbonylamino]-4-methylbenzylpen
     icillin or the sodium salt thereof.
NUM  26.
PAR  26. The compound according to claim 1 which is
      .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-4-chlorobenzylpen
     icillin or the sodium salt thereof.
NUM  27.
PAR  27. The compound according to claim 1 which is
      .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-4-methylthiobenzy
     lpenicillin or the sodium salt thereof.
NUM  28.
PAR  28. The compound according to claim 1 which is
      .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-4-hydroxybenzylpe
     nicillin or the sodium salt thereof.
NUM  29.
PAR  29. The compound according to claim 1 which is
      .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-.alpha.-thienyl(2
     )-methylpenicillin or the sodium salt thereof.
NUM  30.
PAR  30. The compound according to claim 1 which is
      .alpha.-[(5-methylimidazolidin-2-on-1-yl)-carbonylamino]-.alpha.-thienyl(3
     )-methylpenicillin or the sodium salt thereof.
NUM  31.
PAR  31. The compound according to claim 1 which is
      D(-)-.alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-benzylpe
     nicillin or the sodium salt thereof.
NUM  32.
PAR  32. The compound according to claim 1 which is
      .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-4-methylbenzy
     lpenicillin or the sodium salt thereof.
NUM  33.
PAR  33. The compound according to claim 1 which is
      .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-4-chlorobenzy
     lpenicillin or the sodium salt thereof.
NUM  34.
PAR  34. The compound according to claim 1 which is
      .alpha.-[(4,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-4-methylthiob
     enzylpenicillin or the sodium salt thereof.
NUM  35.
PAR  35. The compound according to claim 1 which is
      .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-4-hydroxybenz
     ylpenicillin or the sodium salt thereof.
NUM  36.
PAR  36. The compound according to claim 1 which is
      .alpha.-[(5,5-dimethylimidazolidin-2-on-1-yl)-carbonylamino]-.alpha.-thien
     yl (2)-methylpenicillin or the sodium salt thereof.
NUM  37.
PAR  37. The compound according to claim 1 which is crystalline
      D(-)-.alpha.-[(imidazolidin-2-on-1-yl)-carbonylamino]-benzylpenicillin or
      the sodium salt thereof.
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ABST
PAL  A new anhydrous form of ampicillin is described. The new form is stable and
      relatively highly soluble, and may be prepared by heating ampicillin
      trihydrate rapidly to a temperature of above about 100.degree.C, for
      example by contact with a hot water-immiscible liquid.
BSUM
PAR  This invention relates to penicillins and particularly to a new form of
      ampicillin, otherwise known as D-(-)-.alpha. -aminobenzylpenicillin,
      D-6-(2-amino-2-phenylacetamido) penicillanic acid,
      6-[D-(-)-.alpha.-aminophenylacetamido] penicillanic acid, or
      6.beta.-(2-amino-2-phenylacetamido)-2, 2-dimethylpenam-3-carboxylic acid.
PAR  Ampicillin is a valuable antibacterial agent and is known to exist in
      several forms. An important form, commercially, is a hydrated form, the
      trihydrate hereinafter referred to in this specification as the
      .alpha.-form, but an anhydrous form has been described in British Patent
      Specification 1,003,868. The ampicillin anhydrate is referred to in that
      specification as ampicillin B and will be referred to herein as the
      .gamma.-form of ampicillin.
PAR  A further form of ampicillin has been described in British Patent
      Specification 1160102. This form is stated in said specification to be an
      anhydrate, and although its precise nature is both uncertain and variable
      it is believed to be a mixture of two or more different forms of
      ampicillin.
PAR  We have now surprisingly found a novel and distinct anhydrous form of
      ampicillin, which will be referred to herein as the .delta.-form.
PAR  The new .delta.-form of ampicillin is a pure or substantially pure
      anhydrous form and has substantial and unexpected properties compared with
      previous described forms. Thus it has good stability characteristics in
      that it is only very slightly hygroscopic, and is also relatively highly
      soluble in water. The new form is for example more soluble in water at
      ambient temperature than either the .gamma.-form referred to above or the
      .alpha.-form (i.e. ampicillin trihydrate).
PAR  The .delta.-form of ampicillin is characterised by its infrared spectrum,
      and by its X-ray characteristics. In its infrared spectrum there are two
      distinctive peaks at approximately 3287 and 3420 cm.sup..sup.-1. These two
      peaks are of medium strength, as determined on a Nujol mull of the
      .delta.-form of ampicillin using a Perkin-Elmer Model 521 Infrared
      Spectrophotometer using KBr plates for the mulls. The two peaks are sharp
      and separate, in that there is between them a region of minimal absorbance
      similar to the background level. The .gamma.-form of ampicillin in
      contrast shows by the same method a single strong distinctive peak in this
      area of the spectrum (i.e. between about 3200 cm.sup..sup.-1 and 3450
      cm.sup..sup.-1) at approximately 3335 cm.sup..sup.-1.
DETD
PAR  FIG. 1 (A&B) of the accompanying drawings shows the full infrared spectrum
      of the .delta.-form of ampicillin as obtained by the above method. A list
      of the frequencies at which peaks are observed is set out according to
      convention in the following Table:
TBL                Table I                                                     

     ______________________________________                                    

     Infra-red peaks (cm.sup.-.sup.1)                                          

     of Nujol Mulls of .delta.-form Ampicillin                                 

     ______________________________________                                    

     518        w            1236         m                                    

     528        w.sh.        1256         m                                    

     573        vw           1320         m                                    

     606        vw           1339         s                                    

     646        vw           1368         m                                    

     663        vw           1377         m *                                  

     699        s            1399         s                                    

     746        m            1458         s *                                  

     760        m            1518         vs                                   

     888        vw           1550         s.sh.                                

     924        vw           1705         s                                    

     975        vw           1766         vs                                   

     1006       vw           2600         m                                    

     1020       w            3287         m                                    

     1076       w            3420         m                                    

     1096       m                                                              

     1127       m                                                              

     1157       m                                                              

     1194       w                                                              

     1206       vw                                                             

     ______________________________________                                    

      * These peaks include absorption due to Nujol at 1376 and 1458.          

       s = strong                                                              

       m = medium                                                              

       w = weak                                                                

       v = very  sh = shoulder                                                 

PAR  For comparison, the infrared spectrum of the .gamma.-form of ampicillin
      (obtained according to the above method) is shown in FIG. 2 (A&B) of the
      accompanying drawings; also a list of frequencies at which peaks appear is
      given in the following Table:
TBL                Table II                                                    

     ______________________________________                                    

     Infra-red peaks (cm.sup.-.sup.1) of Nujol Mulls of .gamma.-form           

     ______________________________________                                    

     Ampicillin                                                                

     493         m           1179          m                                   

     520         w           1187          m                                   

     587         w           1218          m                                   

     595         w           1236          m                                   

     645         s           1258          m                                   

     669         m           1278          m                                   

     692         m           1309          vs                                  

     730         m           1349          m                                   

     752         m           1365          s                                   

     778         w           1381          vs *                                

     801         vw          1392          vs                                  

     846         vw          1458          vs *                                

     873         w           1499          vs                                  

     991         vw          1525          vs                                  

     1006        vw          1582          s                                   

     1025        w           1640          s                                   

     1076        m           1692          vs                                  

     1125        m           1772          vs                                  

     1147        m           2625          m                                   

     1157        m           3335          vs                                  

     ______________________________________                                    

      s = strong                                                               

      m = medium                                                               

      w = weak                                                                 

      v = very                                                                 

      *These peaks include absorption due to Nujol at 1376 and 1458.           

PAR  It will be seen that the characteristic peaks of the .delta.-form at 3287
      cm.sup..sup.-1 and 3420 cm.sup..sup.-1 do not appear in the spectrum of
      the .gamma.-form.
PAR  It will also be appreciated from a comparison of Tables I and II that the
      infra red spectrum of the .delta.-form has many characteristic features
      other than the two peaks appearing at 3287 cm.sup..sup.-1 and 3420
      cm.sup..sup.-1. Thus for example the .delta.-form also shows certain
      characteristic features in the carbonyl region of the spectrum (about 1400
      cm.sup..sup.-1 to 1800 cm.sup..sup.-1), particularly in that the peak at
      about 1640 cm.sup..sup.-1 present in the spectrum of the .gamma.-form is
      absent in the spectrum of the .delta.-form, and the strong or very strong
      peaks shown at 1499, l525 and 1582 cm.sup..sup.-1 in the spectrum of the
      .gamma.-form are replaced in the spectrum of the .delta.-form by a very
      strong peak at 1518 cm.sup..sup.-1 having a shoulder at 1550
      cm.sup..sup.-1. Again, the spectrum of the .delta.-form shows many
      distinct differences in the detailed "fingerprint" region of the spectrum
      from about 600  cm.sup..sup.-1 to 1200 cm.sup..sup.-1, particularly as
      regards the presence of sharp peaks at 699, 760, 888 and 1096
      cm.sup..sup.-1. The latter peaks do not appear in the spectrum of the
      .gamma.-form, which itself shows sharp peaks at for example 730, 801, and
      846 cm.sup..sup.-1 which do not appear in the spectrum of the
      .delta.-form.
PAR  X-Ray powder photographs show that the .delta.-form of ampicillin exhibits
      characteristic d-spacings and intensities. X-Ray powder data for the
      .delta.-form is set out in Table III below. The photographs on which the
      data are based were taken with a Philips Debye-Scherrer camera (114.6 mm.
      diameter, Straumanis mounting) using copper K.alpha. (nickel filtered)
      radiation, .lambda.=1.5418A.
TBL                Table III                                                   

     ______________________________________                                    

     X-Ray Powder Data of .delta.-form Ampicillin                              

     d(A)        I            d(A)         I                                   

     ______________________________________                                    

     13.76       vvs          3.35         s                                   

     10.88       m            3.21         vw                                  

     7.99        w            3.09         m                                   

     6.68        s            3.02         vw                                  

     6.05        vw           2.95         w                                   

     5.74        vs           2.84         vw                                  

     5.46        vs           2.74         m                                   

     5.23        m            2.70         m                                   

     4.82        s            2.60         m                                   

     4.59        w            2.52         m                                   

     4.51        s            2.42         vvw                                 

     4.39        vw           2.35         vvw                                 

     4.10        m            2.30         w                                   

     4.02        vw           2.18         m                                   

     3.62        m            2.13         vvw                                 

     3.50        w            1.99         w                                   

                              1.92         w                                   

     ______________________________________                                    

      v = very                                                                 

      s = strong                                                               

      m = medium                                                               

      w = weak                                                                 

      I = intensity                                                            

PAR  Tables IV and V below list for comparative purposes the d-spacings and line
      intensities obtained by the same technique for the .gamma.-form and
      ampicillin trihydrate (described by us as .alpha.-form of ampicillin).
      These date again illustrate the distinct nature of the .delta.-form.
TBL                Table IV                                                    

     ______________________________________                                    

     X-Ray Powder Data of .gamma.-form Ampicillin                              

     d(A)        I            d(A)         I                                   

     ______________________________________                                    

     11.16       s            3.12         vw                                  

     6.51        vvw          3.07         w                                   

     6.13        vw           2.98         m                                   

     5.96        vw           2.90         w                                   

     5.60        w            2.80         w                                   

     5.35        vvs          2.74         w                                   

     5.13        vw           2.65         vw                                  

     4.50        vvw          2.61         w                                   

     4.35        m            2.56         vvw                                 

     4.27        w            2.49         vw                                  

     4.09        s            2.43         vvw                                 

     3.94        m            2.38         vvw                                 

     3.86        s            2.29         w                                   

     3.74        vvw          2.25         w                                   

     3.62        vvw          2.18         w                                   

     3.53        m            2.11         vw                                  

     3.41        w            2.05         vw                                  

     3.34        w            2.02         vvw                                 

     3.23        vvw          1.95         vw                                  

     ______________________________________                                    

TBL                Table V                                                     

     ______________________________________                                    

     X-Ray Powder Data for .alpha.-form Ampicillin                             

     d(A)        I            d(A)         I                                   

     ______________________________________                                    

     12.19       w            2.97         vw                                  

     7.80        vvw          2.91         vw                                  

     7.20        s            2.80         m                                   

     5.84        vs           2.73         w                                   

     5.45        m            2.69         w                                   

     5.11        m            2.57         m                                   

     4.88        s            2.51         m                                   

     4.54        m            2.39         w                                   

     4.43        m            2.26         m                                   

     4.24        vvw          2.20         w                                   

     4.07        w            2.14         m                                   

     3.99        m            2.10         w                                   

     3.83        vw           2.03         m                                   

     3.74        s            1.95         m                                   

     3.59        vvw          1.92         vvw                                 

     3.46        s            1.87         vvw                                 

     3.29        s            1.84         w                                   

     3.23        vvw          1.80         vw                                  

     3.15        vvw          1.78         vw                                  

     3.06        s                                                             

     ______________________________________                                    

PAR  In Tables IV and V the abbreviations have the same meaning as in Table III.
PAR  The .delta.-form of ampicillin can be regarded as an anhydrate in that it
      is crystallographically substantially free of water. It thus generally
      contains only up to about 2% by weight of water, and samples we have
      prepared were usually found to contain about 1%.
PAR  In tests we have carried out we have found it possible to prepare the
      .delta.-form in a high state of purity, i.e. containing not more than 3%
      by weight of other forms of ampicillin. For practical purposes the
      .delta.-form is thus substantially pure.
PAR  It will be appreciated from the above that the invention is concerned with
      the .delta.-form of ampicillin, and does not include within its scope
      mixtures or compositions containing both the .delta.-form and significant
      (i.e. more than about 10% by weight) amounts of other anhydrous forms of
      ampicillin, such as the .gamma.-form referred to above. That is, insofar
      as the invention does include within its scope mixtures or compositions
      comprising the new .delta.-form, these should be free of significant
      amounts of other anhydrous forms of ampicillin. However the invention
      comprises .delta.-ampicillin in combination with material other than other
      forms of ampicillin, such as pharmaceutical carriers, excipients,
      medicaments other than ampicillin and the like.
PAR  As in the case of the other forms of ampicillin, the .delta.-form of the
      invention has useful antibacterial activity and is of particular interest
      on account of its stability and solubility characteristics hereinbefore
      referred to. The invention thus also includes pharmaceutical (including
      veterinary) compositions comprising the .delta.-form of ampicillin
      together with a pharmaceutical carrier or excipient. The invention further
      includes a method of treating bacterial infections comprising
      administering to a subject the .delta.-form of ampicillin as hereinbefore
      defined.
PAR  The .delta.-form of ampicillin of the invention may be formulated for
      administration by the same methods as for the other forms of ampicillin.
PAR  The new form of ampicillin may for example be prepared by rapidly heating
      ampicillin trihydrate to a temperature of above about 100.degree.C, e.g.
      to above 110.degree.C and preferably 120.degree.C - 130.degree.C or
      140.degree.C. The heat can conveniently be applied by contacting
      ampicillin trihydrate with a relatively large volume of a suitably hot
      liquid.
PAR  The volume of hot liquid to be used in relation to the amount of ampicillin
      trihydrate will depend on factors such as its thermal conductivity and
      temperature and the time it is left in contact with the trihydrate.
      Suitable amounts of liquid can be determined by routine preliminary
      experiment. We have in general found it convenient to use at least 10 mls,
      preferably about 50 mls, of the liquid per gram of ampicillin.
PAR  The liquid must of course be one which boils at or above the temperature to
      which it is desired to heat the ampicillin trihydrate, and chemically
      inert to ampicillin.
PAR  The liquid should be water immiscible, that is for example a liquid in
      which water is soluble in an amount of not more than about 0.03% w/v. It
      should of course be a liquid in which ampicillin is insoluble or only very
      slightly soluble or only dissolves slowly (in relation to the time the
      ampicillin is in contact with the liquid). We have found that many such
      liquids are suitable for this purpose, particularly liquid hydrocarbons
      (which expression includes substituted hydrocarbons, substituted for
      example by halogen atoms). It will be appreciated that the precise
      chemical nature of the liquid is immaterial provided that it is inert to
      ampicillin and water immiscible as referred to above. Examples of suitable
      liquids are decalin, n-decane, dec-1-ene, bromobenzene, m-dichlorobenzene,
      t-butylbenzene 1-bromohexane, bromocyclohexane, n-octane, and xylene. We
      prefer to use decalin as the liquid.
PAR  We have found that the liquids just mentioned may be used at any suitable
      temperature, and in some cases up to their boiling points, but as
      indicated above temperatures of 120.degree.C - 130.degree.C or
      140.degree.C are generally quite satisfactory.
PAR  The time for which the ampicillin trihydrate is kept in contact with the
      hot liquid need only be very short. With the liquids mentioned above we
      have found that a contact time of 5 seconds may be sufficient, although
      longer (e.g. up to 30 minutes) may be used. The contact time is of course
      desirably kept to a minimum to avoid damage to the .beta.-lactam ring. The
      contact may be effected in any suitable manner. For example, we have found
      it convenient to place the trihydrate on a filter (e.g. a sintered funnel)
      and then to introduce the hot liquid onto the filter. The liquid can then
      merely be allowed to drain off through the filter or can be drawn through
      it (e.g. by vacuum) at the end of the contact period.
PAR  The new form of ampicillin may also be prepared by effecting the rapid
      heating of the .alpha.-form on its own in a sealed container, as for
      example in a differential scanning calorimeter at rates of for example
      64.degree.C/minute or above. As with the method described above, the
      necessary rate of heating required to produce the desired form can be
      readily determined by simple experiment.
PAR  As is commonly found in cases of polymorphism the preparation of the
      desired form can be adversely affected by the presence of trace quantities
      of impurities, and such impurities should if necessary be first removed.
      The trihydrate used in the production of the .delta.-form is thus
      preferably freshly prepared or regenerated, for example by reprecipitation
      or recrystallisation. This may for example be effected by dissolving
      ampicillin trihydrate in an acid (e.g. a mineral acid such as hydrochloric
      acid) or a base (e.g. an inorganic base such as sodium hydroxide or an
      organic base such as triethylamine) and thereafter adjusting the pH to
      about 5 to re-precipitate the trihydrate. Similarly, the trihydrate may be
      dissolved in acid and base then added to give an alkaline pH prior to
      adjusting the pH to 5 with acid.
PAR  While we do not wish to be limited by theoretical considerations, the
      experiments we have carried out in connection with the methods described
      above for the preparation of the new form of ampicillin have led us to
      believe that the new form is the thermodynamically stable anhydrate above
      a transition point of 105.degree..+-. ca. 5.degree.C. The practical
      conditions for obtaining the .delta.-form are not, we believe, dictated
      solely by thermodynamic considerations and thus for example we believe
      that it is necessary to heat the starting material sufficiently rapidly to
      avoid the formation of the .gamma.-form of ampicillin which is not itself
      readily converted into the desired .delta.-form. Our experiments have also
      led us to believe that the transition from the .alpha.-form into the
      .delta.-form should take place in contact with water vapour at not less
      than the partial pressure that would be in equilibrium with the
      .alpha.-form at the temperature in question. Thus we believe the effect of
      heating the .alpha.-form in a water immiscible liquid or in a sealed
      container is to ensure that the ampicillin is heated in contact with water
      vapour; in the case of the liquids we believe that the water vapour is
      entrapped around the ampicillin. At the temperatures in question this
      equilibrium partial pressure in the reaction zone will not be more than
      the saturated steam pressure and at temperature of for example about
      110.degree.C it will probably not be significantly different from the
      saturated pressure; thus the conversion may conveniently be effected in
      contact with water vapour saturated at the temperature in question, i.e.
      at a partial pressure of at least 6 p.s.i. (gauge) and preferably at about
      14 p.s.i. (gauge). It will therefore be appreciated that the method of the
      invention may be said to comprise heating the .alpha.-form of ampicillin
      to a temperature of above about 100.degree.C in the presence of water
      vapour in a reaction zone saturated at that temperature whereby the new
      form of ampicillin is formed. Our experiments have also led us to believe
      that other heat transfer techniques may be used to provide conditions
      necessary for the formation of the .delta.-form, as for example by
      suspending the .alpha.-form in a finely divided state in a stream of hot
      gas saturated with water vapour, e.g. by using a fluidised bed of the
      .alpha.-form and a suitably hot stream of saturated steam, such as at
      120.degree.C and a water vapour pressure of 14 p.s.i. The gas stream may
      optionally be diluted with an inert gaseous diluent such as nitrogen.
PAR  The following examples illustrate the preparation of the .delta.-form of
      ampicillin.
PAC  EXAMPLE 1
PAR  Ampicillin trihydrate (5.0g) was dissolved in 0.1M HCl (50 ml). The pH was
      adjusted to pH 1 (conc. HCl), the solution filtered, the pH adjusted to pH
      6.6 by addition of triethylamine and then back to 5.0 by addition of
      concentrated hydrochloric acid. After refrigeration for 30 minutes the
      mixture was filtered, washed with cold water and air dried at 35.degree.
      for 16 hours, to give 3.9 g of regenerated ampicillin trihydrate
      ([.alpha.].sub.D + 255.degree. c 0.282 H.sub.2 O).
PAR  Ampicillin prepared in this way (5 g) was placed in a 3 inch sintered-glass
      filter funnel. Decalin (250 ml) was heated to 120.degree. and poured into
      the funnel. The mixture was stirred with a spatula for 10 seconds and the
      vacuum then applied. Filtration took 5 seconds. The product was washed
      with ethyl acetate and diethyl ether and dried at 55.degree. under vacuum.
      Yield 4.3 g (99% theory) white powder (Colour measured in a Lovibond
      Tintometer using 10% w/v solution in 1.0 N ammonia in a 2 cm cell:0.2Y,
      0.2R).
PAR  The i.r. spectrum of the product was identical to that shown in the
      accompanying drawing and showed that the product contained not less than
      97% of the .delta.-form.
PAC  EXAMPLE 2
PAR  The preparation described in Example 1 was repeated with decalin and a
      number of other liquids at 140.degree.C, using 0.5g of the regenerated
      trihydrate and 25 ml of the liquid at a contact time of 10 seconds. The
      results are summarized in the following Table.
TBL                Table VI                                                    

     ______________________________________                                    

     Liquid              % .delta.-form produced                               

     ______________________________________                                    

     decalin             &gt;97                                                   

     n-decane            &gt;97                                                   

     dec-1-ene           &gt;97                                                   

     1-bromohexane       &gt;97                                                   

     bromocyclohexane    &gt;97                                                   

     n-octane            &gt;97 (120.degree. C)                                   

     xylene               95                                                   

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  Example 1 was repeated using freshly prepared ampicillin trihydrate instead
      of the regenerated material. 6-Aminopenicillanic acid (21.6 g) in
      methylene chloride (225 ml), triethylamine (28 ml) and dimethylaniline
      (13.9 ml) were stirred for 15 minutes at room temperature and then cooled
      to 10.degree.C. Dimethyldichlorosilane (12 ml) was added over 10 minutes
      (temperature 10.degree.-15.degree.), refluxed for 1 hour then cooled to
      10.degree.C and dimethylaniline 1.9 HCl (1.05 g in 5 ml CH.sub.2 Cl.sub.2)
      was added. The mixture was cooled to 5.degree.C and phenylglycylchloride
      hydrochloride (21.9 g 94% pure) was added in one portion and stirred at
      5.degree.C for 31/2 hours. Cold water was added (250 ml) and stirred for
      10 minutes then filtered through Clarcel F10 (diatomaceous filter-aid).
      The layers were separated and the pale yellow organic layer was washed
      with water (30 ml). The total aqueous layer was cooled at 10.degree.C and
      methyl isobutyl ketone (50 ml) added. The pH was raised from 1 to 2.5 at
      10.degree.C with 10M NaOH (.about. 3 ml) and stirred for 10 minutes when
      crystallisation occurred. The pH was then slowly brought to 5.1 over 30
      minutes by dropwise addition of 10M NaOH. The mixture was kept at
      4.degree.C overnight and the product removed by filtration, washed with
      ice-cold water (100 ml), methyl isobutyl ketone (2 .times. 100 ml) and
      dried in an air oven at 37.degree.C.
PAR  Yield of ampicillin trihydrate = 82%. The trihydrate was converted into
      .delta.-form ampicillin as in Example 1, and also gave a product
      containing not less than 97% .delta.-form.
PAC  EXAMPLE 4
PAR  Finely ground regenerated .alpha.-ampicillin (2.7 mg) was encapsulated in a
      hermetically sealed volatile sample pan (Perkin-Elmer).
PAR  The sample was run on a Perkin-Elmer differential scanning calorimeter,
      model DSC 1B, from a starting temperature of 330.degree.K(57.degree.C) to
      410.degree.K (137.degree.C) at a scan speed of 64.degree./min. on range 8
      and with a chart speed of 120 mm/min. An endothermic transition was
      observed at 383.degree.K (110.degree.C). After the run an infrared
      spectrum on the sample showed it to be &gt; 97% .delta.-form ampicillin.
CLMS
STM  We claim:
NUM  1.
PAR  1. An anhydrate of ampicillin having an infrared spectrum substantially as
      characterised in FIG. 1 of the accompanying drawings.
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PAL  6-[.alpha.-(.omega.-GUANIDINOALKANOYLAMIDO)ACYLAMIDO]PENICILLANIC ACIDS,
      THE NON-TOXIC SALTS AND ESTERS THEREOF ARE USEFUL AS ANTIBACTERIAL AGENTS,
      THERAPEUTIC AGENTS IN ANIMALS, INCLUDING MAN, OF PARTICULAR VALUE AGAINST
      GRAM-NEGATIVE BACTERIA, AND AS ANIMAL FEED NUTRITIONAL SUPPLEMENTS.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a division of application Ser. No. 228,344 filed Feb.
      22, 1972 and now U.S. Pat. No. 3,870,709.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to novel antibacterial agents; namely, (substituted
      acyl)derivatives of .alpha.-aminoacyl penicillins. More particularly, it
      is directed to
      6[.alpha.-(.omega.-guanidinoalkanoylamido)acylamido]penicillanic acids,
      the non-toxic salts and esters thereof, which are especially useful in the
      treatment of gram-negative infections and, particularly, Pseudomonas
      infections.
PAR  2. Description of the Prior Art
PAR  A large number of 6-[(.alpha.-aminoacylamido)penicillanic acids wherein the
      acyl moiety is alkanoyl or substituted alkanoyl wherein the substituent is
      an aryl, cycloalkyl or heterocyclic group are disclosed in U.S. Pats.
      2,985,648; 3,007,920; 3,192,198; 3,485,819; 3,342,677; 3,538,083;
      3,553,201; British Patents 873,049; 903,785; 991,586, 1,033,257 and
      1,189,990. Further, 6-[.alpha.-substituted amino)acylamido]penicillanic
      acids are described in U.S. Patents 3,198,788; 3,248,387; 3,308,023;
      3,320,240; 3,325,477; 3,340,252; 3,381,001; 3,433,784; 3,518,253; British
      patents 891,977; 894,457; 985,688; 1,048,907; 1,051,675; 1,057,697;
      1,064,893; 1,066,107; 1,125,339; 1,180,745; 1,210,472; Belgian Patent
      593,295 and Japanese Patent 7,116,994. Additionally, 6-(.alpha.-ureido
      acylamido)penicillanic acids are disclosed in U.S. Pat. 3,352,851 and
      German Patent 2,054,772; 6-(.alpha.-guanidinoacylamido)penicillanic acids
      in U.S. Pats. 3,454,557 and 3,406,185; and a variety of
      p-quanidinoaroyl-,p-quanidinomethylaroyl-and
      p-guanidinoarylalkanoylamidopenicillanic acids are disclosed in U.S. Pat.
      3,453,265. British Patent 1,061,335 discloses
      6-(D-.alpha.-hydrazinocarbonylamino-.alpha.-phenylacetamido)penicillanic
      acid, and British Patent 1,053,818 describes esters of
      6-(.alpha.-oxalamidoacylamido)penicillanic acids.
PAR  A wide variety of 6-[.alpha.-(3-substituted ureido)acylamido]penicillanic
      acids and 6-[.alpha.-(3-substituted thioureido) acylando-]penicillanic
      acids are reported in the recent literature. U.S. Patents 3,479,339;
      3,481,922; Netherlands Patents 69,01646; 69,08909; and Japanese Patent
      7,112,732 describe such compounds wherein the 3-substituent is a carbamoyl
      group; the compounds being referred to as
      6-[.alpha.-(3-allophanamido)acylamido]penicillanic acids. U.S. Pat.
      3,579,501 discloses 6-[.alpha.-(3-guanylureido)acylamido]penicillanic
      acids; that is, such compounds wherein the 3-substituent is a guanyl
      moiety.
PAR  The above described products are active as antibacterial agents against a
      variety of gram-positive and gram-negative bacteria. However, while they
      are active in vitro and in vivo via the intraperitoneal route of
      administration, they are inactive or, at best, poorly active in vivo via
      the oral route of administration. Additionally, their pharmaco-kinetics,
      as evidenced by levels of the compound in the blood, are poor.
PAC  SUMMARY OF THE INVENTION
PAR  There has now been found a novel series of antibacterial agents; namely,
      6-[.alpha.-(.omega.-guanidinoalkanoylamido)acylamido]penicillanic acids of
      the formula
      ##EQU1##
      and the pharmaceutically acceptable acid addition salts thereof wherein R
      is selected from the group consisting of hydrogen and acyloxy lower alkyl
      wherein acyloxy is selected from the group consisting of lower
      alkanoyloxy, benzoyloxy and substituted benzoyloxy wherein the
      substitutent is selected from the group consisting of chloro, bromo,
      fluoro, lower alkyl, lower alkoxy and trifluoromethyl;
PAR  R.sub.1 is selected from the group consisting of hydrogen, alkyl of 1 to 14
      carbon atoms, cycloalkyl of 3 to 6 carbon atoms, 1,4-cyclohexadienyl,
      naphthyl, benzyl phenethyl, indolylmethyl, furyl, thienyl,
      .omega.-ethylthio(lower alkyl and
      ##SPC1##
PAL  wherein Y is selected from the group consisting of hydrogen, nitro,
      di(lower alkyl)amino, lower alkanoylamino, lower alkyl, lower alkoxy,
      hydroxy, sulfamyl, chloro, bromo, fluoro, iodo and trifluoromethyl;
PAR  R.sub.2 is selected from the group consisting of hydrogen and lower alkyl;
PAR  R.sub.1 and R.sub.2 when taken together with the carbon atom to which they
      are attached are cycloalkylidene of 3 to 10 carbon atoms;
PAR  each of R.sub.3, R.sub.4, R.sub.5 and R.sub.6 is selected from the group
      consisting of hydrogen, lower alkyl, benzyl and phenyl;
PAR  R.sub.4 and R.sub.5 when taken together with the guanyl moiety to which
      they are attached form a 5- or 6-membered heterocyclic ring selected from
      the group consisting of 2-imidazolyl, 2-(2-imidazolinyl),
      2-(1,4,5,6-tetrahydropyrimidinyl) and 2-pyrimidinyl;
PAR  X is selected from the group consisting of alkylene having from 1 to 7
      carbon atoms, phenylene cycloalkylene having from 3 to 9 carbon atoms,
      propenylene whose --CH.sub.2 group is bound to the adjacent nitrogen
      vinylenephenylene, methylene oxyphenylene and phenylenemethylene, each of
      whose phenylene group is bound to the adjacent nitrogen;
PAR  X and N--R.sub.3 when taken together form a 5- or 6-membered heterocyclic
      ring selected from the group consisting of pyrrolidyl and piperidyl;
PAR  X and R.sub.5 when taken together with the guanidino moiety to which they
      are attached form a 5- or 6-membered heterocyclic ring selected from the
      group consisting of 2-amino-2-imidazolinyl and
      2-amino-2-(1,4,5,6-tetrahydropyrimidinyl);
PAR  R.sub.3 and R.sub.4 when taken together with the guanidino moiety to which
      they are attached form a 5- or 6-membered heterocyclic ring selected from
      the group consisting of 2-imidazolino and
      2-(1,4,5,6-tetrahydropyrimidino); and
PAR  R.sub.3 and R.sub.5 when taken together with the guanidino moiety to which
      they are attached form a 5- or 6-membered heterocyclic ring selected from
      the group consisting of imidazolidino and hexahydropyrimidino.
PAR  Included among the pharmaceutically acceptable acid addition salts of this
      invention are inorganic and organic acid addition salts. Typical salts
      include hydrochloride, hydrobromide, hydroiodide, sulfate, phosphate,
      acetate, citrate, benzoate, maleate, succinate, malate, fumarate,
      ascorbate, glycolate, tartrate, oxalate and mandelate.
PAR  Also included within the scope of this invention are the optically active
      isomeric forms and mixtures thereof which arise by virtue of the
      asymmetric .alpha.-carbon atom of the acyl side chain. These are the D-
      and the L-diastereoiosmers and the DL-form which is a mixture of the two
      optically active isomers. The D-form of these compounds is the preferred
      form because of its greater activity relative to that of the L- or the
      DL-forms.
PAR  Other isomers of the herein described compounds in addition to those
      arising from the asymmetric .alpha.-carbon of the acyl side chain are, of
      course, possible because of the presence of asymmetric carbon atoms in the
      6-aminopenicillanic acid nucleus.
PAR  The novel antibacterial products of this invention are of value as
      additives to materials such as fuels and cutting oils which are subject to
      bacterial deterioration and are useful in soaps and shampoos and in
      topical compositions for treatment of wounds. They are also remarkably
      effective in treating a number of infections caused by susceptible
      gram-negative and gram-positive bacteria in poultry and animals, including
      man.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The novel and valuable compounds of this invention are prepared by reacting
      an appropriate 6-[(.alpha.-amino-substituted)acylamido]penicillanic acid,
      or a suitable ester thereof, of the formula
      ##EQU2##
      with a reactive functional derivative of the carboxy group of an
      appropriate guanidino substituted acid of the formula
      ##EQU3##
      wherein the variables X, R and R.sub.1 - R.sub.6 are as defined above, and
      Z is hydroxy or a halo group.
PAR  Alternatively, compounds of formula I, especially those wherein X is
      alkylene, can be prepared by reacting a compound of formula III-A
      ##EQU4##
      with an appropriate S-alkylisothiourea of formula III-B
      ##EQU5##
      according to standard procedures.
PAR  The terms "lower alkyl, lower alkoxy and lower alkanoyloxy" as used herein
      are intended to include those alkyl, alkoxy and alkanoyloxy groups having
      from one to four carbon atoms.
PAR  Suitable esters of the formula II reactants are those wherein R is acyloxy
      lower alkyl as defined above and those wherein R is a group which can
      readily be removed as, for example, by catalytic hydrogenation (benzyl,
      cyanomethyl, phenacyl, allyl and diphenylmethyl).
PAR  Suitable reactive functional derivatives of acids of formula III are the
      acid chlorides or bromides (Z = Cl, Br). The acid reactant can be reacted
      with a "condensing" agent such as a carbodiimide, an alkoxyacetylene,
      N,N'-carbonyldiimidazole, N,N'-carbonylditriazole and
      hexahalocyclotriphosphatriazines to give a reactive intermediate which is
      coupled to the 6-[(.alpha.-amino substituted)acylamido]penicillanic acid.
      Additionally, the appropriate acid azide or an active ester or thio ester
      of the formula III reactant with, for example, N-hydroxyphthalimide,
      N-hydroxysuccinimide, a phenol or thiophenol can be used as acylating
      agent.
PAR  The preferred acylation processes of this invention comprise the reaction
      of the appropriate 6-[(.alpha.-amino substituted)acylamido]penicillanic
      acid compound (formula II) with the acid chloride of an acid of formula
      III, or with the acid form of a formula III reactant in the presence of a
      carbodiimide for reasons of convenience, availability of reactants and
      overall yield of product.
PAR  The 6-[(.alpha.-amino substituted)acylamido]penicillanic acid reactant can
      be used in a variety of forms. It can, for example, be used as the free
      acid or as an alkali metal or amine salt thereof. The use of a salt form
      of the penicillanic acid reactant is frequently of advantage since the
      solubility can be manipulated by judicious choice of the salt to permit
      the use of aqueous or non-aqueous systems. Alkali metal salts are valuable
      for use in aqueous systems. In non-aqueous systems, an amine salt such as
      a tertiary lower alkylamine salt, e.g., triethylamine, or an N-alkyl
      piperidine salt is generally used. Alternatively, an ester of the
      6-[(.alpha.-amino substituted)acylamido]penicillanic acid is used,
      especially in non-aqueous systems. In those instances wherein the final
      product (formula I) is desired in the form of an ester (R is other than
      hydrogen), it is obvious and practical to use that ester form of the
      penicillanic acid reactant.
PAR  The acylation process is conducted in a reaction-inert solvent system which
      can be aqueous or non-aqueous. Aqueous or non-aqueous solvent systems can
      be used when a carbodiimide is the condensing agent. When using a
      carbodiimide in an aqueous system, the pH is desirably adjusted to the
      range of about 5 to about 8, and preferably to about 6 to 7. In a typical
      procedure, the formula III reactant and carbodiimide are mixed in
      equimolar proportions in a suitable solvent (tetrahydrofuran, dioxan) and
      a water-water-miscible organic solvent solution (water plus dioxan or
      tetrahydrofuran) containing the 6-[.alpha.-amino
      substituted)acylamido]penicillanic acid is added at room temperature and
      the mixture stirred for several hours until reaction is complete.
      Temperatures of from about -5.degree. to 30.degree. C. are generally used.
      In most instances, an excess up to about 10% of the condensing agent is
      used. The penicillin product is recovered by methods known to the art.
PAR  Acylation with an acid halide (formula III) can also be conducted in
      aqueous or non-aqueous solvent systems. In aqueous systems, the reaction
      is generally carried out at a pH of from about 6 to about 9 and a
      temperature of from about 0.degree. C. to about 50.degree. C. It can also
      be preformed in unstable emulsions of water and a water-immiscible organic
      solvent such as methyl isobutyl ketone and lower alkyl acetates over the
      pH range of from about 2 to about 4.
PAR  In addition to the above purely chemical technique of acylation, a
      sonochemical technique; that is, the application of vibrations of
      ultrasonic frequency (35,000 to 90,000 cycles per second), as described in
      U.S. Pat. 3,079,314, issued Feb. 26, 1963, can also be used to achieve
      acylation of the 6-[(.alpha.-amino substituted)acylamido]penicillanic
      acid, especially acylation with an acid halide. Acylation under such
      conditions is rapid and permissive of a wide range of reaction media,
      aqueous and nonaqueous alike, homogeneous and non-homogeneous, including
      emulsified systems.
PAR  The esters of this invention, compounds of formula I wherein R is
      acyloxy(lower alkyl), can be prepared by reacting an alkali metal salt
      (sodium, potassium, lithium) of a compound of formula I wherein R is
      hydrogen and NR.sub.5 R.sub.6 is NHNO.sub.2 with the appropriate
      acyloxy(lower alkyl) halide (chloride or bromide). The reaction is
      normally conducted in a reaction-inert solvent such as tetrahydrofuran,
      dimethylformamide, dimethylsulfoxide or hexamethylphosphoramide. In
      practice, the halide is added, usually dropwise, to a solution or
      suspension of an alkali metal salt of the nitroguanidino compound. At
      least one equivalent of the halide reactant is added but, in certain
      cases, it may be advantageous to employ as much as a 50 percent excess.
      The reaction is carried out at temperatures of from 0.degree. to
      50.degree.C. and preferably from 20.degree. to 30.degree. C. Reaction time
      will vary according to the temperature employed and the reactivity of the
      appropriate starting materials. Normally, the reaction period will range
      from one to twenty hours. The nitroguanidino ester derivative thus
      produced is then catalytically hydrogenated to the corresponding guanidino
      ester of formula I. The nitroguanidino derivative of I (R=H, NR.sub.5
      R.sub.6 =NHNO.sub.2) is prepared by acylating the appropriate
      .alpha.-aminoacylpenicillin with the appropriate nitroguanidino carboxylic
      acid by method described herein.
PAR  Alternatively, and preferably, the acyloxy(lower alkyl) esters of formula I
      compounds are prepared by the above described acylation procedures but
      using the appropriate acyloxy(lower alkyl) ester of the appropriate
      6-[(.alpha.-amino substituted)acylamido]penicillanic acid in place of the
      non-esterified 6-[(.alpha.-amino substituted)acylamido]penicillanic acid.
      The acyloxy(lower alkyl) esters of the 6-[(.alpha.-amino
      substituted)acylamido]penicillanic acids are prepared according to methods
      described in Belgian 721,515 and by Daehne et al., J. Med. Chem. 13,
      607-612 (1970).
PAR  The acyloxy(lower alkyl) halides are synthesized from the corresponding
      acid chlorides and aldehydes or ketones in accordance with the general
      procedures of Ulich et al., J. Am. Chem. Soc. 43, 660 (1921) and Euranto
      et al., Acta. Chem. Scand. 20, 1273 (1966). The formation of esters from
      acid salts and alkyl halides is well documented in the chemical literature
      (Zook and Wagner, "Synthetic Organic Chemistry," John Wiley and Sons,
      Inc., New York, 1956, p. 484).
PAR  The 6-[(.alpha.-amino substituted)acylamido]penicillanic acid reactants are
      described in the art cited above.
PAR  Many of the guanidino substituted carboxylic acid reactants of the formula
      HOOC--X--NR.sub.3 --C(=NR.sub.4) -NR.sub.5 R.sub.6 are described in the
      literature. Particular reference is made to U.S. Pats. 3,257,411;
      3,406,185 and 3,479,401 which describe such acids wherein X is phenylene,
      methylenephenylene, alkylene and cyclohexylene (see formula II). Those
      guanidino substituted acid reactants which are not known in the art are
      prepared from the corresponding amino substituted carboxylic acids by
      reacting the amino acid with S-methylisothionitrourea. The intermediate
      nitroguanidinocarboxylic acid is then catalytically hydrogenated to the
      desired guanidino substituted carboxylic acid.
PAR  An alternative and favored method for preparing guanidino-substituted
      carboxylic acid comprises reaction of the appropriate amino substituted
      carboxylic acid with benzoylcyanamid followed by hydrolysis of the benzoyl
      guanidino substituted reaction product.
PAR  A further method for preparing the guanidino-substituted carboxylic acids
      involves reaction of the appropriate amino substituted carboxylic acid
      with O-methylisourea, S-methylisothiourea or appropriate substituted
      isothiourea in alkaline solution.
PAR  Still another method for preparing compounds of formula I comprises
      acylating 6-aminopenicillanic acid or an appropriate ester thereof with a
      reactive functional derivative of an acid of formula IV according to the
      above described procedures
      ##EQU6##
      wherein X, R.sub.1 -R.sub.6 and Z are as defined above. This method is not
      generally favored because the reactants are less readily available than
      are those of formula III. They can, of course, be prepared by methods
      known to those skilled in the art.
PAR  Examples illustrating the preparation of compounds within the scope of this
      invention are given below. In the formulae accompanying the examples,
      "-APA-" represents the moiety
      ##EQU7##
PAR  The guanidino moiety of the acyl side chain, for convenience, employs the
      following numbering system
      ##EQU8##
      Tautomeric forms of the guanidino moiety wherein at least one of R.sub.3,
      R.sub.4, R.sub.5 and R.sub.6 is other than hydrogen are also embraced
      within this invention.
PAR  The novel penicillins described herein exhibit in vitro activity against a
      wide variety of both gram-positive and gram-negative bacteria, including
      indole-positive Proteus. Their useful activity can readily be demonstrated
      by in vitro tests against various organisms in a brain-heart infusion
      medium by the usual two-fold serial dilution technique. The in vitro
      activity of the herein-described compounds renders them useful for topical
      application in the form of ointments, creams and the like, or for
      sterilization purposes, e.g., sick room utensils.
PAR  The in vitro spectra of a number of
      6-[.alpha.-(.omega.-guanidinoalkanoylamido)acylamido]penicillanic acids of
      this invention against certain gram-negative bacteria are presented in
      Table I below. D-.alpha.-aminobenzylpenicillin and
      6-[D-2-phenyl-2-(3-guanylureido)acetamido]penicillanic acid are included
      for the purpose of comparison. The compounds of Table I have the formula
TBL                                    TABLE I.                                

     __________________________________________________________________________

                  CH-- CO-- APA-- R                                            

                  .vertline.                                                   

                  NH                                                           

                  .vertline.                                                   

                  0=C--Z                                                       

     In Vitro Spectra of Guanidino-Substituted Acyl Derivatives of             

     .alpha.-Aminobenzylpenicillin Against Certain Gram-negative organisms     

     (MIC'S)                                                                   

                                                Serr-                          

                                   Proteus      atia                           

                                   vul-                                        

                                       rett-                                   

                                          mira-                                

                                             mira-                             

                                                mar-                           

                      E.coli                                                   

                          Pseudo.aeruginosa                                    

                                   garis                                       

                                       geri                                    

                                          bilis                                

                                             bilis                             

                                                cesens                         

     Z                266 104                                                  

                             173                                               

                                490                                            

                                   A059                                        

                                       B006                                    

                                          C015                                 

                                             C020                              

                                                A001                           

                                                    R*                         

     __________________________________________________________________________

     CH.sub.2 NH--C(NH)NH.sub.2                                                

                      1.56                                                     

                          1.56                                                 

                             1.56                                              

                                1.56                                           

                                   1.56                                        

                                       12.5                                    

                                          1.56                                 

                                             1.56                              

                                                6.25                           

                                                    H                          

     CH.sub.2 N(CH.sub.3)--C(NH)NH.sub.2                                       

                      6.25                                                     

                          50 12.5                                              

                                3.12                                           

                                   6.25                                        

                                        100                                    

                                          6.25                                 

                                             6.25                              

                                                3.12                           

                                                    H                          

     CH.sub.2 CH.sub.2 NH--C(NH)NH.sub.2                                       

                      3.12                                                     

                          6.25                                                 

                             3.12                                              

                                3.12                                           

                                   3.12                                        

                                       50 0.78                                 

                                             12.5                              

                                                6.25                           

                                                    H                          

     CH.sub.2 NH--.angle.                                                      

                      12.5                                                     

                          6.25                                                 

                             3.12                                              

                                3.12                                           

                                   3.12                                        

                                         100                                   

                                          3.12                                 

                                             6.25                              

                                                25  H                          

     NH                                                                        

                      3.12                                                     

                          0.78                                                 

                             0.78                                              

                                0.78                                           

                                   6.25                                        

                                       25 3.12                                 

                                             12.5                              

                                                3.12                           

                                                    H                          

                      3.12                                                     

                          1.56                                                 

                             1.56                                              

                                0.78                                           

                                   3.12                                        

                                       12.5                                    

                                          6.25                                 

                                             25 12.5                           

                                                    H                          

                      6.25                                                     

                          3.12                                                 

                             1.56                                              

                                6.25                                           

                                   50  50 6.25                                 

                                             25 12.5                           

                                                    H                          

                      6.25                                                     

                          6.25                                                 

                             3.12                                              

                                1.56                                           

                                   12.5                                        

                                       -- 12.5                                 

                                             -- 25  H                          

                      6.25                                                     

                          12.5                                                 

                             6.25                                              

                                1.56                                           

                                   6.25                                        

                                       -- 3.12                                 

                                             -- 6.25                           

                                                    H                          

     CH.sub.2 --NH--C(NH)NHCH.sub.3                                            

                      1.56                                                     

                          1.56                                                 

                             3.12                                              

                                0.78                                           

                                   3.12                                        

                                       -- 1.56                                 

                                             -- 3.12                           

                                                    H                          

     CH.sub.2 --N--C(NH)--NHCH.sub.2 CH.sub.2                                  

                      6.25                                                     

                          12.5                                                 

                             12.5                                              

                                3.12                                           

                                   6.25                                        

                                       -- 3.12                                 

                                             -- 12.5                           

                                                    H                          

     --NH--C(NH)NH.sub.2                                                       

                      3.1  2.5                                                 

                              1.5                                              

                                1.5                                            

                                   1.56                                        

                                       -- 0.78                                 

                                             -- 6.25                           

                                                    H                          

     CH.sub.2 NH--C(NH)NH.sub.2                                                

                      25  -- -- 0.78                                           

                                   --  -- 50 -- --  POM                        

     CH.sub.2 N(CH.sub.3)--C(NH)NH.sub.2                                       

                      12.5                                                     

                          -- -- 3.12                                           

                                   --  -- 12.5                                 

                                             -- --  POM                        

     CH.sub.2 CH.sub.2 NH--C(NH)NH.sub.2                                       

                      6.25                                                     

                          -- -- 6.25                                           

                                   --  -- 0.39                                 

                                             -- --  POM                        

     Ampicillin       3.1  200                                                 

                              200                                              

                                0.78                                           

                                    6  -- 1.5                                  

                                             --  200                           

                                                    H                          

     __________________________________________________________________________

      *POM = hydrochloride salt of pivaloyloxymethyl ester.                    

PAR  Additionally, the compounds of this invention are active versus
      gram-positive and gram-negative bacteria in vivo via the parenteral route
      of administration in animals, including man. Their in vivo activity in
      animals, including man, by the oral route of adminstration is more limited
      as regards susceptible organisms. Nevertheless, oral in vivo activity
      against Escherichia col. and Staphylococcus aureus is a common property of
      many compounds of this invention. Table II below presents the comparative
      in vivo spectra of several compounds within the scope of this invention
      against D-.alpha.-aminobenzylpenicillin (Ampicillin). Table III presents
      comparative PD.sub.50 values of
      6-]D-2-phenyl-2-(guanidinoacetamido)acetamido]penicillanic acid [A],
      6-[D-2-phenyl-2-(3-guanylureido)acetamido]penicillanic acid [B] and
      D-.alpha.-aminobenzylpenicillin versus E. coli, S. aureus and Pseudomonas
      aeruginosa.
PAR  The compounds of TAble II have the formula:
TBL                Table II.                                                   

     ______________________________________                                    

                 CH--CO--APA--R                                                

                 .vertline.                                                    

                 NH                                                            

                 .vertline.                                                    

                 O= C-- Z                                                      

     In Vivo Spectrum of Guanidino-Substituted Acyl Derivatives of             

     .alpha.-Aminobenzylpenicillin Versus Escherichia coli 266. % Protection   

     at 50 mg./kg. in Mice Via Subcutaneous Route                              

                          R=H       R=POM*                                     

                          %         %                                          

     Z                    Protection                                           

                                    Protection                                 

     ______________________________________                                    

     CH.sub.2 NH--C(NH)NH.sub.2                                                

                          100       90                                         

     CH.sub.2 N(CH.sub.3)--C(NH)NH.sub.2                                       

                          60        70                                         

     CH.sub.2 CH.sub.2 NH--C(NH)NH.sub.2                                       

                          70        100                                        

     CH.sub.2 --NH--.angle.                                                    

                          90                                                   

     NH                                                                        

                          10                                                   

                          60                                                   

                          50                                                   

                          20                                                   

                          80                                                   

     CH.sub.2 NH--C(NH)--NHCH.sub.3                                            

                          100                                                  

     CH.sub.2 --N--C(NH)--NHCH.sub.2 CH.sub.2                                  

                          100                                                  

     --NH--C(NH)NH.sub.2  100                                                  

     Ampicillin           100                                                  

     ______________________________________                                    

      *POM = hydrochloride salt of pivaloyloxymethyl ester.                    

TBL                                    TABLE III.                              

     __________________________________________________________________________

     Comparative PD.sub.50 Values (mg./kg.) of Compounds A, B                  

     and D-.alpha.-Aminobenyzlpenicillin Versus Acute Systemic                 

     Infections in Mice                                                        

     __________________________________________________________________________

                   Compound                                                    

                                 D-.alpha.-amino-                              

      Organism                                                                 

             Route A      B      benzylpenicillin                              

     __________________________________________________________________________

     E. coli                                                                   

            subcutaneous                                                       

                    6      15 .+-. 6.5                                         

                                 27 .+-. 9                                     

     E. coli                                                                   

            oral   50     &gt;200   25 .+-. 13                                    

     S. aureus                                                                 

            subcutaneous                                                       

                    13 .+-. 3.9                                                

                           18 .+-. 9.8                                         

                                 0.67 .+-. 0.4                                 

     S. aureus                                                                 

            oral   68     &gt;100   2.5 .+-. 0.7                                  

     P. aeruginosa                                                             

            subcutaneous                                                       

                   41 .+-. 13                                                  

                          41 .+-. 13                                           

                                 &gt;200                                          

     P. aeruginosa                                                             

            oral   &gt;200   &gt;200   &gt;200                                          

     __________________________________________________________________________

PAR  The dual in vivo activity of
      6-[D-2-phenyl-2-(guanidinoacetamido)acetamido]penicillanic acid [A] is in
      surprising contrast to the in vivo activity of the structurally related
      prior art compound 6-[D-2-phenyl-2-(3-guanylueido)acetamido]penicillanic
      acid [B] which lacksoral activity against E. coli and S, aureus. Futher,
      compounds A and B are active against Pseudomonas aeruginosa whereas
      D-.alpha.-aminobenzylpenicillin is inactive.
PAR  The acute systemic infections in mice were produced by the intraperitoneal
      inoculation of standardized cultures suspended in 5% hog gastric mucin.
      Treatment with the drugs was initiated 0.5 hours after inoculation of the
      infecting organism. A second dose was administered four hours later. The
      PD.sub.50 values were calculated after a hold period of four days.
PAR  Many of the compounds of this invention possess interesting and
      advantageous pharmacokinetic properties not found in structurally related
      penicillanic acid derivatives. For example,
      6-[D-2-phenyl-2-(guanidinoacetamido)acetamido]penicillanic acid is shown
      by parenteral pharmacokinetic studies in dogs to be clearly superior to
      the structurally related compound
      6-[D-2-phenyl-2-(3-guanylureido)acetamido]penicillanic acid in terms of
      blood levels of drug and in total urinary recovery of drug (Tables IV and
      V).
TBL                                    Table IV.                               

     __________________________________________________________________________

     Comparative Average Serum Levels of 6-[D-2-Phenyl-2-(Guanidino-           

     acetamido)Acetamido]Penicillanic [A] and 6-[D-2-Phenyl-2-(3-              

     Guanylureido)Acetamido]Penicillanic Acid [B] in Dogs for a                

     Single Intramuscular Dose of 25 mg./kg.                                   

     __________________________________________________________________________

     Com-         Serum Levels (mcg./ml.) at Indicated Hours                   

     pound                                                                     

          No. of Dogs                                                          

                  0 0.5  1    2    3  4 6                                      

     __________________________________________________________________________

     A    4       0 30.4 26.2 10.3 2.1                                         

                                      0 0                                      

     B    4       0 3.5  3.6  0.8  0  0 0                                      

     __________________________________________________________________________

PAR  Serum samples from a dog administered a single intramuscular dose of 50
      mcg./kg. of [A] gave serum concentrations of 78 and 48 mcg./ml. at one and
      two hours post administration.
TBL                                    TABLE V.                                

     __________________________________________________________________________

     Comparative Average Urine Levels of 6-[D-2-Phenyl-2-(Guanidino-           

     acetamido]Acetamido]Penicillanic Acid [A] and 6-[D-2-Phenyl-2-            

     (3-Guanylureido)Acetamido]Penicillanic Acid [B] in Dogs Given             

     a single Intramuscular Dose of 25 mg./kg.                                 

     __________________________________________________________________________

     Com- % of Dose                                                            

                Concentrations in Urine (mcg./ml.) at Indicated Hours          

     pound                                                                     

          Recovered                                                            

                0 0.5 1   2   3   4   5                                        

     __________________________________________________________________________

     A    35.4  0  366                                                         

                      710 1016                                                 

                              554 219 130                                      

     B     9.5  0 26.8                                                         

                      165  205                                                 

                              203 142 102                                      

     __________________________________________________________________________

PAR  The oral and parenteral dosage levels for the herein described compounds
      are, in general, on the order of from about 25-200 mg./kg. of body weight
      per day and from about 10-100 mg./kg. of body weight per day,
      respectively. For topical application, the dosage level is on the order of
      from about 10-200 mg./kg./day.
PAR  When used for the purposes described herein, the valuable products of this
      invention can be used alone or in admixture with other antibiotics or in
      combination with a pharmaceutical carrier selected on the basis of the
      chosen route of administration and standard pharmaceutical practic. For
      example, they may be administered orally in the form of tablets containing
      such excipients as starch, milk sugar, certain types of clay, etc., or in
      capsules alone or in admixture with the same or equivalent excipients.
      They may also be administered orally in the form of elixirs or oral
      suspensions which may contain flavoring or coloring agents, or be injected
      parenterally, that is, for example, intramuscularly or subcutaneously. For
      parenteral administration they are best used in the form of a sterile
      solution or suspension which may be either aqueous such as water, isotonic
      saline, isotonic dextrose, Ringer's solution, or non-aqueous such as fatty
      oils of vegetable origin (cotton seed, peanut oil, corn, sesame) and other
      non-aqueous vehicles which will not interfere with the therapeutic
      efficiency of the preparation and are non-toxic in the volume or
      proportion used (glycerol, propylene glycol, sorbitol). Additionally,
      compositions suitable for extemporaneous preparation of solutions prior to
      administration may advantageously be made. Such compositions may include
      liquid diluents, for example, propylene glycol, diethyl carbonate,
      glycerol, sorbitol, etc.; buffering agents, as well as local anesthetics
      and inorganic salts to afford desirable pharmacological properties.
PAR  Many of the penicillin ester compounds of this invention exhibit improved
      absorption on oral administration over that produced by the corresponding
      free acid or alkali metal salt forms. They, therefore, represent
      convenient and effective dosage forms of the novel penicillins of formula
      I above.
PAR  Further, many of the esters, especially the acyloxy(lower alkyl) esters
      described herein, although inactive or of relatively low activity against
      gram-negative organisms per se are, when administered orally to animals,
      including man, metabolized to the parent acid which has a wide spectrum of
      activity against gram-positive and gram-negative bacteria. They thus serve
      as sources of the parent compounds since they are biologically converted
      in vivo to said compounds. The rate of metabolic conversion of such esters
      to the parent acid occurs at such a rate as to provide an effective and
      prolonged concentration of the parent acid in the animal body. In effect,
      such esters act as depot sources for the parent acid. Especially useful in
      this respect are the acyloxy(lower alkyl) esters such as the
      benzoyloxymethyl-, acetoxymethyl-, acetoxyethyl-, pivaloyloxymethyl- and
      .alpha.-ethylbutyryloxymethyl esters.
PAR  Compounds of formula I in which X is X' wherein X' is, or contains, a
      substituted phenylene group wherein the substituent is at least one of
      lower alkyl, lower alkoxy, chloro, bromo, fluoro, trifluoromethyl or
      di(lower alkyl)-amino; and those wherein X represents pyrrolyl; as well as
      those compounds of formula I wherein at least one of R.sub.3, R.sub.4,
      R.sub.5 or R.sub.6 is alkenyl of from two to six carbon atoms are also
      effective antibacterial agents in the same manner as are the products
      embraced by formula I above. Such products are prepared by the methods
      described herein using as acylating agents the appropriate .alpha.-amino
      substituted acylamidopenicillanic acid of formula II and the appropriate
      guanidino substituted acid derivative of formula III wherein the X and
      R.sub.3 - R.sub.6 variables are as disclosed above.
PAR  Additionally, analogous derivatives of 7-aminocephalosporanic acid,
      desacetoxy 7-aminocephalosporanic acid, desacetyl 7-aminocephalosporanic
      acid and tertiary amine derivatives of 7-aminocephalosporanic acid wherein
      the 3-acetoxy group is displaced by a tertiary amine function as
      antibacterial agents against both gram-positive and gram-negative
      bacteria. Such derivatives are used in substantially the same manner as
      are the
      6-[.alpha.-(.andgate.-guanidinoalkanoylamido)acylamido]penicillanic acid
      derivatives described herein. They are prepared by acylation of the
      appropriate 7-[(.alpha.-amino-substituted)acylamido]-cephalosporanic acid
      compounds of formula V below with a reactive functional derivative of an
      appropriate guanidino substituted acid of formula III according to methods
      described herein.
      ##EQU9##
      In formula V, R.sub.1 is as defined above and A is selected from the group
      consisting of hydrogen, hydroxy, acetoxy and tertiary amino.
      Representative of the tertiary amino groups which displace the acetoxy
      moiety are pyridine, imidazole, benzimidazole, pyrimidine and substituted
      derivatives of these amines and tri(alkyl)amines (especially those wherein
      the alkyl group contains from one to six carbon atoms). Additionally,
      other amines and other nucleophiles such as sulfur compounds (e.g.,
      thiourea, xanthates, dithiocarbamates, mercaptoimidazole, alkyl and aryl
      mercaptans), and carbon nucleophiles (e.g., indole, N-methyl-indole,
      resorcinol) also displace the 3-acetoxy group to afford compounds of
      formula V wherein A represents the nucleophilic agent to afford effective
      broad-spectrum antibacterial agents. Compounds of formula V, or methods
      for their preparation, are described in the literature; U.S. Pat.
      3,560,489; U.S. Pat. 3,575,969; French Pat. 2,032,408; J. Antibiot. Ser. A
      19 (6), 243-9 (1966); Cocket et al., J. Chem. Soc., 5015-5031 (1969).
PAR  Products of formula V can also, of course, be prepared by acylation of
      7-aminocephalosporanic acid or related derivatives thereof (desacetoxy,
      desacetyl, tertiary amine betaine) with an acid of formula IV. However,
      availability of starting materials renders the above described methods the
      preferred routes.
PAR  The 6-[.alpha.-(.andgate.-guanidinoalkanoylamido)acylamido]penicillanic
      acids of formula I and the analogous derivatives of 7-aminocephalosporanic
      acid, its desacetyl-, desacetoxy- and tertiary amine derivatives, wherein
      R.sub.3 and R.sub.4 when taken together with the guanidine moiety to which
      they are attached form an imidazolo group, and those wherein one or more
      of the nitrogen atoms of the guanidino moiety is substituted with lower
      alkyl, phenyl or benzyl, are also active antibacterial agents. Such
      compounds, useful for the same purpose and in the same manner as compounds
      of formula I, are prepared from appropriate reactants by methods described
      herein.
PAR  The necessary reactants,
      ##EQU10##
      are prepared by reacting 2-aminoimidazole with the ethyl ester of the
      appropriate bromo acid BR--X--COOC.sub.2 H.sub.5 in a 1 to 1 molar ratio
      in ethanol at the reflux temperature. The product is recovered by
      concentration of the reaction mixture followed by trituration of the
      residue with acetone. The product is then hydrolyzed with hydrochloric
      acid.
DETD
PAC  EXAMPLE I
PAC  6-[D-2-Phenyl-2-(Guanidinoacetamido)Acetamido]Penicillanic Acid
      ##EQU11##
PAR  To a stirred suspension of the triethylamine salt of
      D-.alpha.-aminobenzylpenicillin (1.35 g., 3 mM) in dry
      N,N-dimethylformamide (12 ml.) at room temperature under a nitrogen
      atmosphere was added triethylamine (0.42 ml., 3 mM). The mixture was
      cooled to 0.degree. C., guanidinoacetyl chloride hydrochloride (0.510 g.,
      3 mM) added and stirring continued for 30 minutes. The cooling bath was
      removed and the temperature allowed to reach room temperature. Thin layer
      chromatography in sodium acetate (7 ml. of 0.2M)-acetone (30 ml.) showed
      an estimated 40% of unreacted D-.alpha.-aminobenzylpenicillin still
      present. The mixture was cooled to 0.degree. C. and triethylamine (0.21
      ml., 1.5 mM) and guanidinoacetyl chloride hydrochloride (0.255 g., 1.5 mM)
      added. Stirring and cooling at 0.degree. C. continued for 15 minutes,
      followed by 30 minutes at room temperature.
PAR  The reaction mixture was filtered and the filtrate poured into diethyl
      ether (300 ml.). The light pink solid which precipitated is collected by
      filtration and dried in vacuo (2.3 g.). The crude product is suspended in
      methylene chloride (100 ml.), triethylamine (2.5 ml.) added and the
      mixture stirred for one-half hour at room temperature, and then filtered
      to give the title product (0.987 g.; 67% yield).
PAC  Guanidinoacetyl Chloride Hydrochloride
PAR  The hydrochloride salt of guanidinoacetyl chloride was prepared by stirring
      a suspension of guanidinoacetic acid hydrochloride (1.53 g., 0.01M),
      methylene chloride (50 ml.) and phosphorous pentachloride (2.08 g., 0.01M)
      at room temperature under a nitrogen atmosphere overnight. The product, a
      white solid, was collected by filtration under nitrogen (0.893 g., 47.2%
      yield).
PAC  EXAMPLE II
PAC  6-[D-2-Phenyl-2-(Guanidinoacetamido)Acetamido]Penicillanic Acid,
      Pivaloyloxymethyl Ester, Hydrochloride
      ##EQU12##
PAR  Triethylamine (0.42 ml., 3 mM) was added to a solution of
      D-.alpha.-aminobenzylpenicillin, pivaloyloxymethyl ester, hydrochloride
      (750 mg., 1.5 mM) in dry methylene chloride (12 ml.) under nitrogen and
      the mixture stirred and cooled to 0.degree. C. Guanidinoacetyl chloride
      hydrochloride (202 mg., 1.8 mM) was added and the mixture stirred at
      0.degree. C. for 15 minutes, followed by 30 minutes at room temperature.
      The reaction mixture was again cooled to 0.degree. C., guanidinoacetyl
      chloride hydrochloride (202 mg., 1.8 mM) added and the mixture then
      stirred at room temperature for one hour. It was again cooled to 0.degree.
      C., guanidinoacetyl chloride hydrochloride (85 mg., 0.48 mM) added, the
      cooling bath removed, and the temperature allowed to rise to room
      temperature. After stirring for one-half hour, it was evaporated in vacuo
      and the residue (1.65 g.) triturated with ethyl acetate (100 ml.). The
      solid was filtered off, the filtrate washed with saturated sodium chloride
      solution, dried and evaporated in vacuo to give the product (490 mg., 55%
      yield).
PAR  Repetition of this procedure but replacing D-.alpha.-aminobenzylpenicillin,
      pivaloyloxymethyl ester, hydrochloride with equimolar amounts of the
      appropriate acyloxyalkyl ester produces compounds of the formula
      ##EQU13##
      wherein R is --CH.sub.2 --O--CO--CH(C.sub.2 H.sub.5).sub.2
PA1  --ch.sub.2 --o---aminobenzylpenicillin, C.sub.3 H.sub.7
PA1  --ch(ch.sub.3)--o--co--ch.sub.3
PA1  --ch.sub.2 --o--co--c.sub.6 h.sub.5
PA1  --ch.sub.2 --o--co--(4-clC.sub.6 H.sub.4)
PA1  --ch.sub.2 --o--co--(2-ch.sub.3 c.sub.6 h.sub.4)
PA1  --ch(c.sub.2 h.sub.5)--o--co--c.sub.6 h.sub.5
PA1  --ch.sub.2 --o--co--[4-(n-C.sub.4 H.sub.9)C.sub.6 H.sub.4 ]
PA1  --ch.sub.2 --o--co--(3-brC.sub.6 H.sub.4)
PA1  --ch.sub.2 --o--co--(2-cf.sub.3 c.sub.6 h.sub.4)
PA1  --ch.sub.2 --o--co--(2-ch.sub.3 oc.sub.6 h.sub.4)
PA1  --ch.sub.2 --o--co--(3-fc.sub.6 h.sub.4)
PAC  example iii
PAC  6-[d-2-phenyl-2-(2-Guanidinopropionamido)Acetamido]Penicillanic Acid,
      Pivaloyloxymethyl Ester, Hydrochloride
      ##EQU14##
PAR  Triethylamine (0.42 ml., 3 mM) was added to a solution of
      D-.alpha.-aminobenzylpenicillin, pivaloyloxymethyl ester, hydrochloride
      (1.5 g., 3 mM) in dry N,N-dimethylformamide (9 ml.) at room temperature
      followed by dicyclohexylcarbodiimide (618 mg., 3 mM) and N-amidinoalanine
      hydrochloride (500 mg., 3 mM). The thick reaction mixture was stirred for
      one hour at room temperature after which the dicyclohexylcarbodiimide and
      N-amidinoalanine additions were repeated and stirring continued for an
      additional hour. The reaction mixture was filtered and the filtrate poured
      into diethyl ether (1 liter). The product precipitated and was collected
      by filtration and air dried. Yield = 2.4 g. of light yellow powder.
PAR  It was purified by dissolution in ethyl acetate and thorough washing of the
      solution with saturated aqueous sodium chloride. After drying with
      anhydrous sodium sulfate the ethyl acetate was removed under reduced
      pressure to give 1.5 g. of product.
PAC  N-Amidinoalanine Hydrochloride
PAR  N-amidinoalanine (3 g.) was suspended in diethyl ether (50 ml.) and excess
      hydrogen chloride gas bubbled in over a 15-minute period. The product was
      collected as a white gum by decantation of the diethyl ether.
PAC  EXAMPLE IV
PAC  6-[D-2-Phenyl-2-(Guanidinopropionamido)Acetamido]Penicillanic Acid
      ##EQU15##
PAR  A mixture of D-.alpha.-aminobenzylpenicillin, triethylamine salt, (1.35 g.,
      3 mM) and triethylamine (0.42 ml., 3 mM) in dry N,N-dimethylformamide (17
      ml.) was stirred under a nitrogen atmosphere and cooled to 0.degree. C.
      Guanidinopropionyl chloride hydrochloride (745 mg., 3 mM) was added and
      the reaction mixture stirred for one-half hour at 0.degree. C., followed
      by one hour at room temperature. The mixture was cooled to 0.degree. C.
      and triethylamine (0.14 ml., 1 mM) and guanidinopropionyl chloride
      hydrochloride (186 mg., 1 mM) added. Stirring at 0.degree. C. was
      continued for one-half hour followed by one hour at room temperature. The
      mixture was then filtered and the clear filtrate poured into diethyl ether
      (300 ml.). The light pink precipitate which formed was collected by
      filtration and dried in vacuo (1.6 g.). The dried solid was suspended in
      methylene chloride (125 ml.), triethylamine (2 ml.) added and the mixture
      stirred for one hour at room temperature. The light pink product was
      filtered off, washed with methylene chloride and dried in vacuo (1.1 g.,
      80% yield).
PAC  Guanidinopropionyl Chloride Hydrochloride
PAR  Guanidinopropionic acid was converted to the title compound according to
      the procedure given in Example I for making guanidinoacetyl chloride
      hydrochloride. The guanidinopropionic acid hydrochloride reactant was
      prepared from guanidinopropionic acid by bubbling hydrogen chloride gas
      into a suspension of the acid in diethyl ether. The white crystalline
      product was collected by filtration.
PAC  EXAMPLE V
PAC  6-[D-2-Phenyl-2-(Guanidinopropionamido)Acetamido]Penicillanic Acid,
      Pivaloyloxymethyl Ester, Hydrochloride
      ##EQU16##
PAR  A solution of D-.alpha.-aminobenzylpenicillin, pivaloyloxymethyl ester,
      hydrochloride (1.5 g., 3 mM) in dry methylene chloride (45 ml.) was
      treated with triethylamine (0.42 ml., 3 mM), stirred and cooled to
      0.degree. C. Guanidinopropionyl chloride hydrochloride (560 mg., 3 mM) was
      added and the reaction mixture stirred at 0.degree. C. for one hour.
      Triethylamine (0.14 ml., 1 mM) and guanidinopropionyl chloride
      hydrochloride (186 mg., 1 mM) were added and the mixture stirred at
      0.degree. C. for one hour. The addition of one millimole of each of
      triethylamine and acid chloride was repeated, followed by an additional
      hour of stirring at 0.degree. C. One-half millimole of each of
      triethylamine (0.07 ml.) and acid chloride (93 mg.) were then added, and
      stirring continued at 0.degree. C. for one hour. The reaction mixture was
      filtered and the filtrate evaporated under reduced pressure to give a
      white gummy residue. The residue was triturated with ethyl acetate (200
      ml.), filtered and the filtrate washed with saturated aqueous sodium
      chloride (3 .times. 20 ml.), dried (Na.sub.2 SO.sub.4) and evaporated
      under reduced pressure to give the title product as a white powder (1.1
      g., 63.5% yield).
PAC  EXAMPLE VI
PAC  6-[D-2-Phenyl-2-(4-Guanidinobutyramido)Acetamido]Penicillanic Acid,
      Pivaloyloxymethyl Ester, Hydrochloride
      ##EQU17##
PAR  Triethylamine (0.28 ml., 2 mM) was added to a solution of the hydrochloride
      salt of D-.alpha.-aminobenzylpenicillin, pivaloyloxymethyl ester (1.0 g.,
      2 mM) in dry N,N-dimethylformamide (6 ml.) under a nitrogen atmosphere at
      room temperature. Dicyclohexylcarbodiimide (412 mg., 2 mM) was then added,
      the mixture stirred for three minutes, and 4-guanidinobutyric acid
      hydrochloride (362 mg., 2 mM) added. The thick reaction mixture was
      stirred at room temperature for 2.5 hours, at the end of which one
      equivalent of each of dicyclohexylcarbodiimide (412 mg., 2 mM) and
      4-guanidinobutyric acid hydrochloride (362 mg., 2 mM) was added. Stirring
      was continued for an additional four hours after which the mixture was
      filtered and the filtrate poured into diethyl ether (300 ml.). The ether
      was decanted from the pale yellow solid which was then stirred for one
      more hour in a fresh volume of diethyl ether (300 ml.). The solid was
      collected and dried (1.16 g.).
PAR  The dried solid was stirred in methylene chloride (50 ml.) at room
      temperature for one-half hour, the suspension filtered and the filtrate
      evaporated to give 1.1 g. of product (88%).
PAC  EXAMPLE VII
PAC  6-{D-2-Phenyl-2-[(1-Methylguanidino)Acetamido]Acetamido}-Penicillanic Acid
      ##EQU18##
PAR  To a mixture of D-.alpha.-aminobenzylpenicillin, triethylamine salt, (1.35
      g., 3 mM) and triethylamine (0.42 ml., 3 mM) in dry N,N-dimethylformamide
      (17 ml.) at 0.degree. C. under an atmosphere of nitrogen was added
      (1-methylguanidino)acetyl chloride hydrochloride (600 mg., 3.2 mM) and the
      reaction mixture stirred at 0.degree. C. for 15 minutes, followed by 1.5
      hours at room temperature. The mixture was re-cooled to 0.degree. C., an
      additional quantity of (1-methylguanidino)acetyl chloride hydrochloride
      (300 mg., 1.6 mM) added and stirring continued at 0.degree. C. for 15
      minutes followed by 1.5 hours at room temperature. The reaction mixture
      was again cooled to 0.degree. C. and 1.6 mM of each of triethylamine (0.22
      ml.) and (1-methylguanidino)acetyl chloride hydrochloride (300 mg.) was
      added. Stirring was continued at 0.degree. C. for 15 minutes, followed by
      two hours at room temperature. The mixture was filtered and the filtrate
      slowly poured into diethyl ether (300 ml.) to precipitate a pink powder
      (1.6 g.). The powder was collected by filtration, dried and triturated in
      methylene chloride (125 ml.). Triethylamine (2 ml.) was added and the
      slurry stirred at room temperature for one hour and filtered. The filter
      cake is washed with methylene chloride and dried. Yield = 830 mg. (60%).
PAC  (1-Methylguanidino)Acetyl Chloride Hydrochloride
PAR  Creatine (5 g.) was suspended in diethyl ether (150 ml.) and hydrogen
      chloride gas bubbled in for one hour. The temperature was held at room
      temperature by external cooling. The precipitate was filtered off and air
      dried.
PAR  Creatine hydrochloride (1.85 g., 0.01 mole) in methylene chloride (50 ml.)
      was treated with phosphorous pentachloride (2.06 g., 0.01 mole) at room
      temperature. The mixture was stirred overnight at room temperature and the
      acid chloride product filtered off, washed with methylene chloride and
      dried.
PAC  EXAMPLE VIII
PAC  6-{D-2-Phenyl-2-[(1-Methylguanidino)Acetamido]Acetamido}Penicillanic Acid,
      Pivaloyloxymethyl Ester, Hydrochloride
      ##EQU19##
PAR  To a stirred solution of D-.alpha.-aminobenzylpenicillin, pivaloyloxymethyl
      ester, hydrochloride (1.5 g., 3 mM) in dry methylene chloride (50 ml.) was
      added triethylamine (0.42 ml., 3 mM). The mixture was cooled to 0.degree.
      C., (1-methylguanidino)acetyl chloride hydrochloride (560 mg., 3 mM) added
      and stirring continued at 0.degree. C. for 15 minutes, followed by one
      hour at room temperature. The reaction mixture was cooled to 0.degree. C.
      and 3 millimoles of each of triethylamine and acid chloride added. The
      mixture was stirred at room temperature for one hour, re-cooled to
      0.degree. C. and acid chloride (280 mg., 1.5 mM) added. It was stirred for
      one hour at room temperature, again cooled to 0.degree. C. and additional
      acid chloride (140 mg., 0.75 mM) added. The mixture was warmed to room
      temperature and stirred for 45 minutes. It was filtered, the filter cake
      washed with methylene chloride, and the combined filtrate and wash
      solutions evaporated under reduced pressure. The residue was triturated
      with ethyl acetate (125 ml.) and the solid filtered off. The filtrate was
      washed with saturated salt solution (3 .times. 20 ml.), dried (Na.sub.2
      SO.sub.4) and evaporated in vacuo to give 1.16 g. of product (67%).
PAC  EXAMPLE IX
PAC  6-{D-2-Phenyl-2-[(3-Methylguanidino)Acetamido]Acetamido}penicillanic Acid,
      Pivaloyloxymethyl Ester, Hydrochloride
      ##EQU20##
PAR  The procedure of Example VI was repeated but using
      (3-methylguanidino)acetic acid hydrochloride in place of
      4-guanidinobutyric acid hydrochloride.
PAR  Thus, from 3 millimoles of pivaloyloxymethyl ester of
      D-.alpha.-aminobenzylpenicillin hydrochloride, 3-millimoles of
      triethylamine and 6 millimoles of each of dicyclohexyl carbodiimide and
      (3-methylguanidino)acetic acid hydrochloride in 40 ml. of dry
      N,N-dimethylformamide, an almost quantitative yield of product was
      obtained.
PAC  2-Methylguanidino Acetic Acid
PAR  N,N-dimethylisothiourea hydroiodide (9.5 g., 0.041 mole) was added
      portionwise to a stirred solution of glycine (4.45 g., 0.0595 mole) in
      concentrated ammonium hydroxide (40 ml.) at room temperature. The reaction
      was stirred overnight and the product recovered by filtration as white
      crystals: 3.0 g., m.p. 230.degree. C. (dec.).
PAR  Repetition of this procedure but replacing the (2-methylquanidino)acetic
      acid hydrochloride used therein with an equimolar amount of:
PA1  (3-phenylguanidino)acetic acid
PA1  (3-n-butylguanidino)acetic acid
PA1  (1-ethylguanidino)acetic acid
PA1  3-guanidinobutyric acid
PA1  2-guanidinobutyric acid
PA1  3-guanidinopropionic acid
PA1  (2,3-dimethylguanidino)acetic acid
PA1  2-guandidinopropionic acid
PA1  5-guanidinovaleric acid
PA1  3-guandidino-2-methylpropionic acid
PA1  2-(.beta.-carboxyethylamino)-2-imidazoline
      2-[(carboxymethyl)methylamino]-2-imidazoline
PA1  2-(.alpha.-carboxypropylamino)-2-imidazoline
PA1  2-(carboxymethylamino)-2-(1,4,5,6-tetrahydropyrimidine)
PA1  2-(.epsilon. -carboxypentylamino)-2-imidazoline
PAL  affords the following penicillanic acid pivaloyloxymethyl ester
      hydrochlorides. For convenience, only the 6-position substituents are
      listed:
PA1  6-{D-2-phenyl-2-[(3-phenylguanidino)acetamido]acetamido}
PA1  6-{D-2-phenyl-2-[(3-n-butylgaunidino)acetamido]acetamido}
PA1  6-{D-2-phenyl-2-[(1-ethylgaunidino)acetamido]acetamido}
      6-[D-2-(3guanidinobutyramido)acetamido]
PA1  6-[D-2-phenyl-2-(2-guanidinobutyramido)acetamido]
PA1  6-[D-2-phenyl-2-(3-guanidinopropionamido)acetamido]
PA1  6-{D-2-phenyl-2-[(2,3-dimethylguanidino)acetamido]acetamido}
PA1  6-[D-2-phenyl-2-(2-guanidinopropionamido)acetamido]
PA1  6-[D-2-phenyl-2-(5-guanidinovalerylamido)acetamido]
PA1  6-[D-2-phenyl-2-(3-guanidino-2-methylpropionamido)acetamido]
PA1  6-{D-2-[3-(2-imidazolinylamino)propionamido]acetamido}
PA1  6-{D-2-phenyl-2-[(2-imidazolinyl)methylamindoacetamido]acetamido}
PA1  6-{D-2-phenyl-2-[2-(2-imidazolinylamino)butyramido]acetamido}
PA1  6-{D-2-phenyl-2-[(1,4,5,6-tetrahydro-2-pyrimidinyl)aminoacetamido]acetamido
PA1  6-{D-2-phenyl-2-[6-(2-imidazolinyl)aminohexanoylamido]acetamido}
PAC  EXAMPLE X
PAC  6-[D-2-Phenyl-2-(2-Imidazolinylaminoacetamido)Acetamido]Penicillanic Acid
      ##EQU21##
PAR  The procedure of Example VII was repeated but using
      N-(2-imidazolinyl)glycyl chloride hydrochloride in place of
      (1-methylguanidino)acetyl chloride as reactant.
PAR  Thus, D-.alpha. -aminobenzylpenicillin triethylamine salt (1.35 g., 3mM),
      triethylamine (0.77 ml., 5.5 mM) and N-(2-mid chloride hydrochloride (1.08
      g., 5.5 mM) in dry N,N-dimethylformamide (15 ml.) gave 915 mg. (64.5%) of
      product.
PAR  The acid chloride and triethylamine were added in three portions as in
      Example VII but at the rate of 3.0, 1.5 and 1.0 millimoles per addition.
PAC  N-(2-Imidazolinyl)Glycyl Chloride Hydrochloride
PAR  This reactant was prepared from N-(2-imidazolinyl)glycine hydrochloride
      according to the procedure in Example VII for preparing
      (1-methylguanidino)acetyl chloride hydrochloride.
PAR  Repetition of this procedure but using the appropriate
      .alpha.-aminoacylpenicillin and the appropriate cyclic guanidino acid of
      the formula
      ##EQU22##
      wherein R.sub.4 and R.sub.5 together with the guanyl residue to which they
      are attached represent 2-imidazolyl, 2-(2-imidazolinyl),
      2-(1,4,5,6-tetrahydropyrimidinyl) and 2-pyrimidinyl, provides the
      following compounds:
TBL         R.sub.2                                                            

            .vertline.                                                         

            R.sub.1 --C--CO--APA--R                                            

            .vertline.                                                         

            NH                                                                 

            NR.sub.4                                                           

            .vertline.                                                         

            O=C--X--NH--C.angle.                                               

            NHR.sub.5                                                          

     R.sub.1     R.sub.2 X      R         --C(NR.sub.4)--NHR.sub.5 *           

     __________________________________________________________________________

     C.sub.6 H.sub.5                                                           

                 H     CH.sub.2 H         2--Im                                

     C.sub.6 H.sub.5                                                           

                 H     CH.sub.2 H         THP                                  

     C.sub.6 H.sub.5                                                           

                 H     CH.sub.2 H         PYR                                  

     C.sub.6 H.sub.5                                                           

                 H     CHC.sub.2 H.sub.5                                       

                                H         Im                                   

     C.sub.6 H.sub.5                                                           

                 H     (CH.sub.2).sub.5                                        

                                CH.sub.2 OCOCH.sub.3                           

                                          THP                                  

     C.sub.7 H.sub.7                                                           

                 H     (CH.sub.2).sub.2                                        

                                H         PYR                                  

     3--BrC.sub.6 H.sub.4                                                      

                 H     1,3--C.sub.6 H.sub.4                                    

                                H         PYR                                  

     4--IC.sub.6 H.sub.4                                                       

                 H     1,4--C.sub.6 H.sub.4                                    

                                H         2--Im                                

     C.sub.6 H.sub.5                                                           

                 H     1,4--CH.sub.2 OC.sub.6 H.sub.4                          

                                H         2--Im                                

     2--NO.sub.2 --C.sub.6 H.sub.4                                             

                 H     1,4--CH=CHC.sub.6 H.sub.4                               

                                H         Im                                   

     4--CF.sub.3 C.sub.6 H.sub.4                                               

                 H     (CH.sub.2).sub.4                                        

                                H         PYR                                  

     2--(CH.sub. 3).sub.2 NHC.sub.6 H.sub.4                                    

                 H     (CH.sub.2).sub.2                                        

                                H         THP                                  

     4--H.sub.2 NSO.sub.2 C.sub.6 H.sub.4                                      

                 H     CH=CH--CH.sub.2                                         

                                CH.sub.2 OCOC.sub.2 H.sub.5                    

                                          THP                                  

     4--t--C.sub.4 H.sub.9 C.sub.6 H.sub.4                                     

                 H     1,4--C.sub.6 H.sub.10                                   

                                H         Im                                   

     2,3,6--(CH.sub.3).sub.3 C.sub.6 H.sub.2                                   

                 H     CHCH.sub.3                                              

                                CH(CH.sub.3)OCOC.sub.2 H.sub.5                 

                                          THP                                  

     C.sub.6 H.sub.11                                                          

                 H     CH.sub.2 H         Im                                   

     C.sub.3 H.sub.5                                                           

                 H     1,4--C.sub.6 H.sub.4                                    

                                H         THP                                  

     H           H     CH.sub.2 H         2--Im                                

     H           H     1,4--C.sub.6 H.sub.4                                    

                                H         THP                                  

     C.sub.2 H.sub.5                                                           

                 CH.sub.3                                                      

                       (CH.sub.2).sub.5                                        

                                H         2--Im                                

     C.sub.5 H.sub.11                                                          

                 H     CH.sub.2 H         PYR                                  

     1-naphthyl  H     CH.sub.2 H         Im                                   

     3-thienyl   H     CH.sub.2 CH.sub.2 OCOC.sub.2 H.sub.5                    

                                          Im                                   

     3-thienyl   H     CH.sub.2 H         THP                                  

     2-thienyl   H     1,3--C.sub.6 H.sub.4                                    

                                H         PYR                                  

     2-furyl     H     (CH.sub.2).sub.3                                        

                                H         2--Im                                

     3-indolymethyl                                                            

                 H     CH.sub.2 H         THP                                  

     CH.sub.3 S(CH.sub.2).sub.6                                                

                 H     (CH.sub.2).sub.3                                        

                                H         PYR                                  

     C.sub.2 H.sub.5                                                           

                 C.sub.2 H.sub.5                                               

                       (CH.sub.2 ).sub.7                                       

                                H         Im                                   

                 --(CH.sub.2).sub.2 --                                         

                       CH.sub.2 H         Im                                   

                 --(CH.sub.2).sub.5 --                                         

                       CH.sub.2 H         THP                                  

                 --(CH.sub.2).sub.8 --                                         

                       (CH.sub.2).sub.2                                        

                                H         PYR                                  

                 --(CH.sub.2).sub.5                                            

                       1,4--C.sub.6 H.sub.4                                    

                                CH.sub.2 OCOC(CH.sub.3).sub.3                  

                                          Im                                   

     C.sub.6 H.sub.5                                                           

                 CH.sub.3                                                      

                       CH.sub.2 H         2--Im                                

     C.sub.6 H.sub.5                                                           

                 C.sub.2 H.sub.5                                               

                       CH=CH--CH.sub.2                                         

                                H         PYR                                  

     3-thienyl   H     CH=CH--CH.sub.2                                         

                                H         Im                                   

     3-thienyl   H     1,4--CH=CHC.sub.6 H.sub.4                               

                                H         Im                                   

     3-thienyl   H     1,4--CH.sub.2 C.sub.6 H.sub.4                           

                                H         THP                                  

     3-indolylmethyl                                                           

                 H     1,3--CH.sub.2 C.sub.6 H.sub.4                           

                                H         THP                                  

     C.sub.6 H.sub.5 CH.sub.2 CH.sub.2                                         

                 H     1,4--CH.sub.2 OC.sub.6 H.sub.4                          

                                H         THP                                  

     4--HOC.sub.6 H.sub.4                                                      

                 H     CH.sub.2 H         Im                                   

     4--HOC.sub.6 H.sub.4                                                      

                 H     CH.sub.2 H         THP                                  

     4--HOC.sub.6 H.sub.4                                                      

                 H     1,4--C.sub.6 H.sub.4                                    

                                H         Im                                   

     4--HOC.sub.6 H.sub.4                                                      

                 H     1,4--CH.sub.2 C.sub.6 H.sub.4                           

                                H         Im                                   

     3--HOC.sub.6 H.sub.4                                                      

                 H     CHCH.sub.3                                              

                                H         THP                                  

     2--HOC.sub.6 H.sub.4                                                      

                 H     1,4--C.sub.6 H.sub.10                                   

                                H         2--Im                                

     4--HOC.sub.6 H.sub.4                                                      

                 H     CH.sub.2 H         PYR                                  

     4--ClC.sub.6 H.sub.4                                                      

                 H     CH.sub.2 H         PYR                                  

     3--FC.sub.6 H.sub.4                                                       

                 H     CH.sub.2 CH.sub.2                                       

                                H         Im                                   

     1,4--cyclohexadienyl                                                      

                 H     CH.sub.2 H         Im                                   

     1,4--cyclohexadienyl                                                      

                 H     1,4--CH.sub.2 C.sub.6 H.sub.4                           

                                H         Im                                   

     1,4--Cyclohexadienyl                                                      

                 H     1,4--C.sub.6 H.sub.4                                    

                                H         THP                                  

     1,4--cyclohexadienyl                                                      

                 H     1,4--C.sub.6 H.sub.10                                   

                                H         PYR                                  

     __________________________________________________________________________

      For those compounds wherein R is an ester group, the work-up of procedure

      V is used.                                                               

      * Im = 2-imidazolyl                                                      

      2-Im = 2-(2-imidazolinyl)                                                

      THP = 2-(1,4,5,6-tetrahydropyrimidinyl)                                  

      PYR = 2-pyrimidinyl                                                      

PAC  EXAMPLE XI
PAC  6-[D-2-Phenyl-2-(4-Guanidinobenzamido)Acetamido]Penicillanic Acid
      ##SPC2##
PAR  4-Guanidinobenzoyl chloride hydrochloride (585 mg., 2.5 mM) was added to a
      stirred mixture of D-.alpha.-aminobenzylpenicillin trihydrate (1.15 g.,
      2.85 mM) and triethylamine (0.35 ml., 2.5 mM) in dry N,N-dimethylformamide
      (10 ml.) at 0.degree. C. and under an atmosphere of nitrogen. The reaction
      mixture was allowed to warm to room temperature by removing the cooling
      bath. Stirring was continued at room temperature for three hours. The
      mixture was filtered, the filtrate poured into diethyl ether (800 ml.) and
      the resulting precipitate collected by filtration and dried (2.0 g.). The
      crude product was suspended in methylene chloride (75 ml.), triethylamine
      (2 ml.) added, and the mixture stirred for one hour. The product was
      filtered off, washed with methylene chloride and dried, 1.07 g. (84.5%
      yield).
PAC  4-Guanidinobenzoyl Chloride Hydrochloride
PAR  A suspension of 4-guanidinobenzoic acid (1 6.) in water (25 ml.) was
      adjusted to pH 1.0 with 6N hydrochloric acid and then warmed to 50.degree.
      C. The clear solution which resulted was cooled and the white crystalline
      hydrochloride salt of 4-guanidinobenzoic acid filtered off, washed
      thoroughly with diethyl ether and dried: 500 mg.; m.p. 270.degree. C.
PAR  A mixture of the hydrochloride salt thus prepared (1.2 g.) and thionyl
      chloride (50 ml.) was refluxed for 10.5 hours (care being taken to exclude
      moisture) and then allowed to stand overnight at room temperature. The
      title product was recovered as a white powder by evaporation of the excess
      thionyl chloride.
PAR  In accordance with the above acylation procedure, the 4-guanidinobenzoyl
      chloride hydrochloride is replaced by an equimolar amount of the acid
      chloride hydrochlorides of the following acids:
PA1  2-phenyl-4-guanidinobenzoic acid
PA1  2-phenyl-4-guanidinomethylbenzoic acid
PA1  4-guanidinomethylphenylacetic acid
PA1  .alpha.-guanidino-octanoic acid
PA1  .alpha.-guanidino-.beta.-phenylpropionic acid
PA1  1-guanyl-4-piperidinocarboxylic acid
PAL  to give the penicillanic acids listed below. Only the 6-position
      substituents are given for convenience:
PA1  6-[D-2-phenyl-2-(2-phenyl-4-guanidinobenzamido)acetamido]
PA1  6-[D-2-phenyl-2-(2-phenyl-4-guanidinomethylbenzamido)acetamido]
PA1  6-[D-2-phenyl-2-(4-guanidinomethylphenylacetamido)acetamido]
PA1  6-[D-2-phenyl-2(.alpha.-guanidino-octanoylamido)acetamido]
PA1  6-[D-2-phenyl-2-(.alpha.-guanidino-.beta.-phenylpropionamido)acetamido]
PA1  6-[D-2-phenyl-2-(1-guanyl-4-piperidylcarboxamido)acetamido]
PAC  EXAMPLE XII
PAC  6-[D-2-Phenyl-2-(3-Guanidinobenzamido)Acetamido]Penicillanic Acid
      ##SPC3##
PAR  To a stirred mixture of D-.alpha.-aminobenzylpenicillin trihydrate (810
      mg., 2 mM) and triethylamine (0.56 ml., 4 mM) in dry N,N-dimethylformamide
      (15 ml.) cooled to -30.degree. C. was added a solution of
      3-guanidinobenzoyl chloride hydrochloride (560 mg., 2.4 mM) in dry
      N,N-dimethylformamide (5 ml.) over a five-minute period. The cooling bath
      was removed and the temperature allowed to rise to room temperature. The
      mixture was stirred for forty minutes and then worked up according to the
      method of Example XI. Yield = 974 mg. (95%) as a white powder.
PAC  3-Guanidinobenzoyl Chloride Hydrochloride
PAR  A mixture of benzoylcyanamid (1.62 g.), m-aminobenzoic acid (1.37 g.) and
      ethanol (5 ml.) was heated to 100.degree. C., the ethanol being allowed to
      evaporate off. When most of the ethanol had distilled off, additional
      ethanol (10 ml.) was added and heating continued until about one-third
      volume remained. The mixture was then cooled, filtered and the solid
      product washed first with ethanol, then with ether, and dried (2.4 g.).
PAR  The 3-(3-benzoylguanidino)benzoic acid (1.4 g.) thus prepared was refluxed
      in 1N sodium hydroxide (16 ml.) for one hour. The reaction mixture was
      cooled, adjusted to pH 6 and the resulting precipitate filtered off. It
      was washed successively with water, acetone and ether, and dried (0.558 g.
      of 3-guanidinobenzoic acid).
PAR  A mixture of thionyl chloride (5 ml.) and 3-guanidinobenzoic acid was
      refluxed for 40 minutes and then evaporated to dryness in vacuo to give
      the acid chloride.
PAC  EXAMPLE XIII
PAC  6-D-2-Phenyl-2-(4-Guanidinocyclohexylcarboxamido)Acetamido Penicillanic
      Acid Hydrochloride
      ##SPC4##
PAR  Triethylamine (0.38 ml., 2.66 mM) was added to a stirred suspension of
      D-.alpha.-aminobenzylpenicillin trihydrate (0.536 g., 1.33 mM) in dry
      N,N-dimethylformamide (5 ml.). The mixture was cooled to 0.degree. C. and
      the acid chloride of 4-guanidinocyclohexylcarboxylic acid hydrochloride
      (0.319 g., 1.33 mM) added. The mixture was warmed to room temperature over
      a three-hour period. Methylene chloride (65 ml.) was added and the
      resulting yellow precipitate filtered off, washed with diethylether and
      dried (0.664 g.). The solid was suspended in methylene chloride (20 ml.),
      triethylamine (1 ml.) added and the mixture stirred for one hour. The
      suspension was filtered and the product dried in vacuo (0.461 g., 53%
      yield).
PAC  Acid Chloride of 4-Guanidinocyclohexylcarboxylic Acid Hydrochloride
PAR  A mixture of 4-aminocyclohexylcarboxylic acid (5.26 g., 0.037 M),
      concentrated ammonium hydroxide (24 mls.) and 2-methyl-2-thiopseudourea
      sulfate (6.7 g., 0.024 M) was stirred at room temperature for 21 hours.
      The mixture was cooled in an ice bath and the product,
      4-guanidinocyclohexylcarboxylic acid, filtered off, triturated with
      acetone and dried (0.407 g.).
PAR  It was converted to the hydrochloride salt by bubbling hydrogen chloride
      gas through a suspension of the guanidino acid in ether (40 ml.) for 15
      minutes. The salt was filtered off and converted to the acid chloride
      hydrochloride according to the procedure given in Example XI.
PAC  EXAMPLE XIV
PAC  6-{D-2-Phenyl-2-[(4-Guanidinophenyl)Acetamido]Acetamido}Penicillanic Acid
      ##SPC5##
PAR  The procedure of Example XII was repeated but using 4-guanidinophenyl
      acetyl chloride -Guandinocinnomoylamido]as acylating agent in place of
      3-guanidinobenzoyl chloride hydrochloride and an initial temperature of
      -70.degree. C. rather than -30.degree. C. Yield = 2.65 g. (78.5%) of
      product as a white powder from D-.alpha.-aminobenzylpenicillin trihydrate
      (2.62 g., 6.45 mM), triethylamine (1.8 ml., 12.9 mM) and acid chloride
      (1.6 g., 6.45 mM) in dry N,N-dimethylformamide (35 ml.).
PAC  EXAMPLE XV
PAC  6-{D-2-Phenyl-2-[(4-Guanidinocinnamoylamido]Acetamido}Penicillanic Acid
      ##SPC6##
PAR  To a solution of D- .alpha.-aminobenzylpenicillin trihydrate (0.921 g.,
      2.28 mM) and triethylamine (0.64 ml., 4.56 mM) in dry
      N,N-dimethylformamide (23 ml.) at 0.degree. C. was added a solution of
      4-guandidinocinnamoyl chloride hydrochloride (0.593 g., 2.28 mM) in dry
      N,N-dimethylformamide (5 ml.). The mixture was stirred at 0.degree. C. for
      five minutes and the temperature then allowed to rise to room temperature.
      Stirring was continued for one-half hour after which the mixture was
      filtered and the filtrate poured into diethyl ether (800 ml.). The
      precipitate was collected and dried (1.58 g.). It was suspended in
      methylene chloride (30 ml.), triethylamine (0.5 ml.) added and the mixture
      stirred for one hour. The product was collected by filtration of the
      slurry, washed with methylene chloride and dried. 1.111 g. (90.7% yield).
PAR  The 4-guanidinocinnamoyl chloride hydrochloride was prepared from
      4-aminocinnamic acid according to the procedure of Example XII for
      preparing 3-guanidinobenzoyl chloride hydrochloride.
PAC  EXAMPLE XVI
PAC  6-[D-2-Phenyl-2-(4-Guanidinocyclohexylcarboxamido)Acetamido]Penicillanic
      Acid
      ##SPC7##
PAR  To a solution of 4-guanidinocyclohexane carboxylic acid (370 mg., 2mM) in
      N,N-dimethylformamide (10 ml.) was added dicyclohexylcarbodiimide (454
      mg., 2.2 mM) in N,N-dimethylformamide (5 ml.) followed by a solution of
      D-.alpha.-aminobenzylpenicillin trihydrate (810 mg., 2 mM) in
      water-N,N-dimethylformamide (12 ml. of 1:1) containing sufficient sodium
      bicarbonate to give a pH of 7.0. The mixture was stirred for two hours at
      room temperature and then filtered to remove dicyclohexylurea. The
      filtrate was poured into acetone (2 liters) with stirring and the product
      recovered by filtration and dried.
PAR  Repetition of this procedure but replacing 4-guanidinocyclohexane
      carboxylic acid by an equivalent amount of:
PA1  2-guanidinopalmitic acid
PA1  2-(-(-guanidinophenoxy)butyric acid
PA1  4-guanidinophenoxyacetic acid
PA1  4-guanidinomethylphenoxyacetic acid
PA1  2-(4-guanidinomethylphenoxy)propionic acid
PA1  2-(4-guanidinomethylphenoxy)propionic acid
PA1  4-(1-methylguanidino)crotonic acid
PA1  2-guanidinocyclohexane carboxylic acid
PA1  4-guanidinocrotonic acid
PA1  4-(3-n-butylguanidino)crotonic acid
PA1  3-guanidinocyclohexane carboxylic acid
PA1  2-guanidinocyclopentane carboxylic acid
PA1  3-guanidinocyclopentane carboxylic acid
PA1  3-guanidinocyclobutane carboxylic acid
PA1  1-amidino-2-pyrrolidine carboxylic acid
PA1  2-imino-4-imidazolidine carboxylic acid
PA1  1-guanidinocyclobutane carboxylic acid
PA1  1-guanidino-2-methylcyclobutane carboxylic acid
PA1  1-guanidinocyclopentane carboxylic acid
PA1  1-guanidinocyclopropane carboxylic acid
PA1  1-guanidinocyclohexane carboxylic acid
PA1  1-guanidino-3-fluorocyclohexane carboxylic acid
PA1  1-guanidion-2-propoxycyclohexane carboxylic acid
PA1  1-guanidino-3-nitrocyclohexane carboxylic acid
PA1  1-guanidinocycloheptane carboxylic acid
PA1  1-guanidino-2-ethylcycloheptane carboxylic acid
PA1  1-guanidinocyclo-octane carboxylic acid
PAL  respectively, afford the corresponding penicillanic acid derivatives.
PAC  EXAMPLE XVII
PAR  Following the procedures of Examples, I, II, VII, IX, XI and XVI, the
      penicillanic acids listed below are prepared from appropriate
      6-(.alpha.-aminoacylamido)penicillanic acids [R.sub.1 R.sub.2
      C(NH.sub.2)-CO-APA-R] and guanidino-substituted acids or acid halides
      thereof [Z-CO-X-N(R.sub.3)-C(=NR.sub.4)-NR.sub.5 R.sub.6 ]:
      ##EQU23##
TBL                                                            Proc.           

     R.sub.1       R.sub.2                                                     

                       R.sub.3                                                 

                            R.sub.4                                            

                                R.sub.5                                        

                                     R.sub.6                                   

                                          R           X        Ex.             

     __________________________________________________________________________

     C.sub.6 H.sub.5                                                           

                   CH.sub.3                                                    

                       H    C.sub.2 H.sub.5                                    

                                H    CH.sub.3                                  

                                          H           CH.sub.2 I               

     C.sub.6 H.sub.5                                                           

                   CH.sub.3                                                    

                       H    C.sub.6 H.sub.5                                    

                                H    n--C.sub.4 H.sub.9                        

                                          H           CH.sub.2 I               

     C.sub.6 H.sub.5                                                           

                   H   H    C.sub.7 H.sub.7                                    

                                C.sub.2 H.sub.5                                

                                     H    H           CH.sub.2 I               

     H             H   H    H   H    H    H           CH.sub.2 I               

     H             H   H    H   H    H    CH.sub.2 OCOCH(C.sub.2 H.sub.5).sub.2

                                          1           CH.sub.2 II              

     H             H   H    CH.sub.3                                           

                                CH.sub.3                                       

                                     CH.sub.3                                  

                                          H           1,4--C.sub.6 H.sub.4     

                                                               I               

     i--C.sub.3 H.sub.7                                                        

                   H   H    H   H    H    CH(CH.sub.3)OCOC.sub.2 H.sub.5       

                                                      CH.sub.2 II              

     n--C.sub.4 H.sub.9                                                        

                   H   H    H   H    CH.sub.3                                  

                                          CH.sub.2 OCO(4--CF.sub.3 C.sub.6     

                                          H.sub.4)    CHCH.sub.3               

                                                               II              

     n--C.sub.6 H.sub.13                                                       

                   H   H    CH.sub.3                                           

                                H    H    H           CH.sub.2 I               

     C.sub.7 H.sub.7                                                           

                   H   H    H   H    H    H           CH.sub.2 I               

     1-naphthyl    H   H    H   H    H    H           (CH.sub.2).sub.2         

                                                               XI              

     1-naphthyl    H   CH.sub.3                                                

                            H   H    H    CH.sub.2 OCOC.sub.6 H.sub.5          

                                                      1,4--CH.sub.2 OC.sub.6   

                                                      H.sub.4  II              

     2-furyl       H   H    H   H    H    H           CH.sub.2 I               

     2-thienyl     H   H    H   H    CH.sub.3                                  

                                          H           CH.sub.2 I               

     2-thienyl     H   H    C.sub.6 H.sub.5                                    

                                H    CH.sub.3                                  

                                          CH.sub.2 OCOC(CH.sub.3).sub.3        

                                                      1,4--C.sub.6 H.sub.10    

                                                               II              

     3-thienyl     H   H    H   H    H    H           CH.sub.2 XI              

     3-thienyl     H   H    CH.sub.3                                           

                                H    C.sub.7 H.sub.7                           

                                          H           (CH.sub.2).sub.4         

                                                               XI              

     3-thienyl     H   H    H   CH.sub.3                                       

                                     CH(CH.sub.3)OCOCH.sub.3                   

                                          1,4--C.sub.6 H.sub.4                 

                                                      II                       

     3-indolylmethyl                                                           

                   H   H    H   H    H    H           CH.sub.2 I               

     CH.sub.3 S(CH.sub.2).sub.3                                                

                   H   H    H   n--C.sub.4 H.sub.9                             

                                     H    H           CH.sub.2 CH=CH           

                                                               I               

     CH.sub.3 S(CH.sub.2).sub.6                                                

                   H   H    H   H    H    H           1,4--CH.sub.2 C.sub.6    

                                                      H.sub.4  I               

     C.sub.2 H.sub.5 S(CH.sub.2).sub.2                                         

                   H   H    H   H    C.sub.2 H.sub.5                           

                                          H           1,4--CH.sub.2 OC.sub.6   

                                                      H.sub.4  I               

     4--ClC.sub.6 H.sub.4                                                      

                   H   H    H   H    H    H           CH.sub.2 --CH=CH         

                                                               I               

     C.sub. 7 H.sub.7                                                          

                   H   H    CH.sub.3                                           

                                CH.sub.3                                       

                                     H    H           (CH.sub.2).sub.2         

                                                               I               

     C.sub.7 H.sub.7                                                           

                   H   H    C.sub.2 H.sub.5                                    

                                CH.sub.3                                       

                                     H    H           CH.sub.2 I               

     C.sub.6 H.sub.5 CH.sub.2 CH.sub.2                                         

                   H   H    H   H    CH.sub.3                                  

                                          H           CH.sub.2 I               

     C.sub.6 H.sub.5 CH.sub.2 CH.sub.2                                         

                   H   H    CH.sub.3                                           

                                H    H    H           1,4--C.sub.6 H.sub.4     

                                                      CH.sub.2 VII             

     C.sub.6 H.sub.5                                                           

                   H   CH.sub.3                                                

                            H   H    H    H           CHCH.sub.3               

                                                               VII             

     C.sub.6 H.sub.11                                                          

                   H   CH.sub.3                                                

                            H   H    H    H           CH.sub.2 VII             

     2--ClC.sub.6 H.sub.4                                                      

                   H   H    H   H    C.sub.2 H.sub.5                           

                                          H           CH.sub.2 I               

     2--ClC.sub.6 H.sub.4                                                      

                   H   H    H   H    H    H           (CH.sub.2).sub.3         

                                                               I               

     3--ClC.sub.6 H.sub.4                                                      

                   H   H    H   CH.sub.3                                       

                                     H    H           1,4--C.sub.6 H.sub.4     

                                                               I               

     4--ClC.sub.6 H.sub.4                                                      

                   H   H    H   H    H    H           1,3--C.sub.6 H.sub.4     

                                                               I               

     4--ClC.sub.6 H.sub.4                                                      

                   H   H    H   H    H    CH.sub.2 OCOC(CH.sub.3).sub.3        

                                                      CH.sub.2 II              

     4--ClC.sub.6 H.sub.4                                                      

                   H   H    H   H    H    H           CHC.sub.6 H.sub.13       

                                                               I               

     3--IC.sub.6 H.sub.4                                                       

                   H   H    H   H    H    H           CHC.sub.2 H.sub.5        

                                                               I               

     4--IC.sub.6 H.sub.4                                                       

                   H   CH.sub.3                                                

                            H   CH.sub.3                                       

                                     H    H           1,4--C.sub.6 H.sub.10    

                                                               I               

     3--CH.sub.3 C.sub.6 H.sub.4                                               

                   H   H    H   CH.sub.3                                       

                                     CH.sub.3                                  

                                          H           (CH.sub.2).sub.4         

                                                               XI              

     2--CH.sub.3 OC.sub.6 H.sub.4                                              

                   H   H    H   H    H    H           (CH.sub.2).sub.6         

                                                               XI              

     4--HOC.sub.6 H.sub.4                                                      

                   H   H    H   H    H    H           CH.sub.2 XI              

     4--HOC.sub.6 H.sub.4                                                      

                   H   H    H   H    H    CH.sub.2 OCOC.sub.6 H.sub.5          

                                                      CHCH.sub.3               

                                                               II              

     4--t--C.sub.4 H.sub.9 C.sub.6 H.sub.4                                     

                   H   H    H   CH.sub.3                                       

                                     C.sub.2 H.sub.5                           

                                          CH.sub.2 OCOCH.sub.3                 

                                                      1,4--C.sub.6 H.sub.4     

                                                      CH.sub.2 II              

     4--H.sub.2 NSO.sub.2 C.sub.6 H.sub.4                                      

                   H   H    H   H    H    CH(CH.sub.3)OCOCH.sub.3              

                                                      (CH.sub.2).sub.3         

                                                               II              

     3--FC.sub.6 H.sub.4                                                       

                   H   H    CH.sub.3                                           

                                CH.sub.3                                       

                                     H    CH.sub.2 OCO(4--ClC.sub.6 H.sub.4)   

                                                      CH.sub.2 II              

     2--NO.sub.2 C.sub.6 H.sub.4                                               

                   H   H    CH.sub.3                                           

                                C.sub.2 H.sub.5                                

                                     H    H           CH.sub.2 I               

     2--NO.sub.2 C.sub.6 H.sub.4                                               

                   H   H    H   H    H    CH.sub.2 OCO(2-- CH.sub.3 C.sub.6    

                                          H.sub.4)    (CH.sub.2).sub.4         

                                                               II              

     4--CF.sub.3 C.sub.6 H.sub.4                                               

                   H   H    H   H    n--C.sub.4 H.sub.9                        

                                          CH.sub.2 OCOCH(C.sub.2 H.sub.5).sub.2

                                          .           1,4--CH=CHC.sub.6        

                                                      H.sub.4  II              

     2--CH.sub.3 CONHC.sub.6 H.sub.4                                           

                   H   CH.sub.3                                                

                            H   H    n--C.sub.3 H.sub.7                        

                                          CH.sub.2 OCOCH(CH.sub.3).sub.2       

                                                      CH.sub.2 II              

     4--(C.sub.2 H.sub.5).sub.2 NC.sub.6 H.sub.4                               

                   H   CH.sub.3                                                

                            H   CH.sub.3                                       

                                     C.sub.2 H.sub.5                           

                                          H           CH.sub.2 I               

     4--CH.sub.3 OC.sub.6 H.sub.4                                              

                   H   CH.sub.3                                                

                            CH.sub.3                                           

                                CH.sub.3                                       

                                     H    H           (CH.sub.2).sub.2         

                                                               I               

     2--(CH.sub.3).sub.2 NC.sub.6 H.sub.4                                      

                   H   H    H   H    H    H           CH.sub.2 I               

     2--(CH.sub.3).sub.2 NC.sub.6 H.sub.4                                      

                   H   H    H   H    i--C.sub.3 H.sub.7                        

                                          CH.sub.2 OCOC.sub.2 H.sub.5          

                                                      1,4--CH=CHC.sub.6        

                                                      H.sub.4  II              

     4--n--C.sub.4 H.sub.9 OC.sub.6 H.sub.4                                    

                   H   H    H   H    H    H           1,3--C.sub.6 H.sub.10    

                                                               I               

     4--n--C.sub.4 H.sub.9 OC.sub.6 H.sub.4                                    

                   H   H    C.sub.2 H.sub.5                                    

                                H    C.sub.2 H.sub.5                           

                                          CH(CH.sub.3)OCOCH.sub.3              

                                                      1,3--C.sub.6 H.sub.10    

                                                               II              

     C.sub.6 H.sub.5                                                           

                   CH.sub.3                                                    

                       H    H   H    H    H           CH.sub.2 I               

     C.sub.6 H.sub.5                                                           

                   CH.sub.3                                                    

                       H    H   H    H    H           1,4--C.sub.6 H.sub.4     

                                                               I               

     C.sub.6 H.sub.5                                                           

                   CH.sub.3                                                    

                       H    C.sub.7 H.sub.7                                    

                                H    CH.sub.3                                  

                                          H           CH.sub.2 I               

     C.sub.6 H.sub.5                                                           

                   CH.sub.3                                                    

                       H    C.sub.6 H.sub.5                                    

                                H    CH.sub.3                                  

                                          H           CH.sub.2 I               

     --CH.sub.2 --CH.sub.2 --                                                  

                       H    H   H    H    H           CH.sub.2 I               

     --CH.sub.2 --CH.sub.2 --                                                  

                       H    H   H    H    H           1,4--CH=CHC.sub.6        

                                                      H.sub.4  I               

     --CH.sub.2 --CH.sub.2 --CH.sub.2 --                                       

                       H    H   H    H    H           1,3--C.sub.6 H.sub.4     

                                                               I               

     --CH.sub.2 --CH.sub.2 --CH.sub.2 --                                       

                       H    H   H    H    CH.sub.2 OCOC.sub.2 H.sub.5          

                                                      1,4--C.sub.6 H.sub.10    

                                                               II              

     --(CH.sub.2).sub.5 --                                                     

                       H    H   CH.sub.3                                       

                                     H    H           (CH.sub.2).sub.4         

                                                               I               

     --(CH.sub.2).sub.5 --                                                     

                       H    H   H    H    CH.sub.2 OCOC(CH.sub.3).sub.3        

                                                      1,4--CH.sub.2 OC.sub.6   

                                                      H.sub.4  II              

     --(CH.sub.2).sub.8 --                                                     

                       H    H   H    H    H           CHCH.sub.3               

                                                               I               

     --(CH.sub.2).sub.5 --                                                     

                       H    H   i--C.sub.4 H.sub.9                             

                                     H    H           1,4--C.sub.6 H.sub.4     

                                                      CH.sub.2 I               

     --(CH.sub.2).sub.5 --                                                     

                       H    C.sub.6 H.sub.5                                    

                                H    CH.sub.3                                  

                                          H           CH.sub.2 I               

     --(CH.sub.2).sub.5 --                                                     

                       H    H   H    H    H           1,3--C.sub.6 H.sub.4     

                                                               I               

     CH.sub.3      CH.sub.3                                                    

                       H    H   H    H    H           1,4--C.sub.6 H.sub.10    

                                                               I               

     C.sub.2 H.sub.5                                                           

                   CH.sub.3                                                    

                       H    H   H    H    H           CH.sub.2 --CH=CH--       

                                                               XI              

     C.sub.6 H.sub.11                                                          

                   CH.sub.3                                                    

                       H    H   H    H    H           --CH.sub.2 --CH=CH--     

                                                               XI              

     C.sub.2 H.sub.5                                                           

                   C.sub.2 H.sub.5                                             

                       H    H   CH.sub.3                                       

                                     H    H           (CH.sub.2).sub.7         

                                                               XI              

     C.sub.6 H.sub.5                                                           

                   CH.sub.3                                                    

                       H    H   H    C.sub.6 H.sub.5                           

                                          H           1,2--C.sub.6 H.sub.10    

                                                               XVI             

     4--CH.sub.3 C.sub. 6 H.sub.4                                              

                   H   H    H   H    H    H           1,1--C.sub.3 H.sub.4     

                                                               XVI             

     H             H   H    H   H    H    H           1,3--C.sub.4 H.sub.6     

                                                               XVI             

     CH.sub.3      CH.sub.3                                                    

                       H    CH.sub.3                                           

                                CH.sub.3                                       

                                     CH.sub.3                                  

                                          H           1,2--C.sub.5 H.sub.8     

                                                               XVI             

     n--C.sub.6 H.sub.13                                                       

                   H   H    H   H    n--C.sub.3 H.sub.7                        

                                          H           1,3--C.sub.6 H.sub.10    

                                                               XVI             

     n--C.sub.6 H.sub.13                                                       

                   H   H    H   H    n--C.sub.3 H.sub.7                        

                                          CH.sub.2 OCOCH.sub.3                 

                                                      1,3--C.sub.6 H.sub.10    

                                                               II              

     C.sub.6 H.sub.11                                                          

                   H   H    H   H    H    H           CH.sub.2 I               

     C.sub.6 H.sub.11                                                          

                   H   H    H   H    C.sub.6 H.sub.5                           

                                          H           1,4--C.sub.6 H.sub.4     

                                                               I               

     C.sub.6 H.sub.11                                                          

                   H   H    CH.sub.3                                           

                                H    H    H           (CH.sub.2).sub.3         

                                                               I               

     C.sub.6 H.sub.11                                                          

                   H   H    CH.sub.3                                           

                                H    C.sub.7 H.sub.7                           

                                          CH(CH.sub.3)OCOC.sub.2 H.sub.5       

                                                      CH.sub.2 II              

     C.sub.3 H.sub.5                                                           

                   CH.sub.3                                                    

                       H    H   H    H    H           CH.sub.2 I               

     C.sub.3 H.sub.5                                                           

                   CH.sub.3                                                    

                       H    H   H    CH.sub.3                                  

                                          CH.sub.2 OCOCH(C.sub.2 H.sub.5).sub.2

                                                      CH.sub.2 II              

     C.sub.3 H.sub.5                                                           

                   CH.sub.3                                                    

                       H    H   H    H    H           1,4--C.sub.6 H.sub.10    

                                                               I               

     C.sub.6 H.sub.5                                                           

                   H   H    H   H    H    H           1,1--C.sub.3 H.sub.4     

                                                               I               

     H             H   H    H   H    n--C.sub.4 H.sub.9                        

                                          CH.sub.2 OCOCH(CH.sub.3).sub.2       

                                                      1,1--C.sub.3 H.sub.4     

                                                               II              

     C.sub.6 H.sub.5                                                           

                   CH.sub.3                                                    

                       H    H   H    H    H           1,1--C.sub.4 H.sub.6     

                                                               I               

     4--CH.sub.3 C.sub.6 H.sub.4                                               

                   H   H    H   H    H    H           1,2--C.sub.6 H.sub.10    

                                                               I               

     C.sub.6 H.sub.5                                                           

                   H   H    H   H    H    H           1,3--C.sub.6 H.sub.10    

                                                               I               

     2--ClC.sub.6 H.sub.4                                                      

                   H   H    CH.sub.3                                           

                                H    H    H           1,1--C.sub.7 H.sub.12    

                                                               I               

     C.sub.2 H.sub.5                                                           

                   CH.sub.3                                                    

                       H    H   CH.sub.3                                       

                                     CH.sub.3                                  

                                          H           1,1--C.sub.8 H.sub.14    

                                                               I               

     3--HOC.sub.6 H.sub.4                                                      

                   H   H    H   H    H    H           CH.sub.2 I               

     3--HOC.sub.6 H.sub.4                                                      

                   H   H    H   H    CH.sub.3                                  

                                          CH.sub.2 OCOC.sub.2 H.sub.5          

                                                      (CH.sub.2).sub.2         

                                                               II              

     2--HOC.sub.6 H.sub.4                                                      

                   H   H    H   H    H    H           CH.sub.2 I               

     1,4-cyclohexadienyl                                                       

                   H   H    H   H    H    H           CH.sub.2 I               

     2,6--(CH.sub.3).sub.2 --4--(PrO)C.sub.6 H.sub.2                           

                   H   H    H   H    H    H           1,4--C.sub.6 H.sub.4     

                                                      CH.sub.2 --              

                                                               I *             

     2,4--(C.sub.2 H.sub.5 O).sub.2 --5--PrC.sub.6 H.sub.2                     

                   H   H    H   H    H    CH(CH.sub.3)OCOCH.sub.3              

                                                      (CH.sub.2).sub.3         

                                                               II *            

     C.sub.6 H.sub.5                                                           

                   H   CH.sub.3                                                

                            H   H    H    H           1,4--C.sub.6 H.sub.4     

                                                               VII             

     C.sub.6 H.sub.11                                                          

                   H   CH.sub.3                                                

                            H   H    H    H           1,4--C.sub.6 H.sub.10    

                                                               VII             

     C.sub.6 H.sub.5                                                           

                   CH.sub.3                                                    

                       CH.sub.3                                                

                            H   H    H    H           CH.sub.2 VII             

     3-thienyl     H   CH.sub.3                                                

                            H   H    H    H           (CH.sub.2).sub.3         

                                                               VII             

     3-thienyl     H   CH.sub.3                                                

                            H   H    H    H           CH.sub.2 VII             

     2-thienyl     H   CH.sub.3                                                

                            H   H    H    CH.sub.2 OCOC(CH.sub.3).sub.3        

                                                      CH.sub.2 II              

     4--ClC.sub.6 H.sub.4                                                      

                   H   CH.sub.3                                                

                            H   H    H    H           CH.sub.2 VII             

     C.sub.2 H.sub.5                                                           

                   CH.sub.3                                                    

                       CH.sub.3                                                

                            H   H    H    H           CH.sub.2 VII             

     C.sub.6 H.sub.5                                                           

                   H   n--C.sub.3 H.sub.7                                      

                            H   H    H    H           CH.sub.2 VII             

     2--CH.sub.3 OC.sub.6 H.sub.4                                              

                   H   n--C.sub.4 H.sub.9                                      

                            H   H    H    H           CH.sub.2 VII             

     C.sub.6 H.sub.5                                                           

                   H   C.sub.6 H.sub.5                                         

                            H   H    H    H           CH.sub.2 VII             

     1-naphthyl    H   C.sub.6 H.sub.5                                         

                            H   H    H    H           CH.sub.2 VII             

     C.sub.6 H.sub.5                                                           

                   H   CH.sub.3                                                

                            H   CH.sub.3                                       

                                     H    H           CH.sub.2 I               

     3-thienyl     H   CH.sub.3                                                

                            H   CH.sub.3                                       

                                     H    H           CH.sub.2 I               

     -- (CH.sub.2).sub.6 --                                                    

                       CH.sub.3                                                

                            H   CH.sub.3                                       

                                     H    H           CH.sub.2 I               

     C.sub.6 H.sub.5                                                           

                   H   CH.sub.3                                                

                            H   C.sub.6 H.sub.5                                

                                     H    H           CH.sub.2 I               

     3-thienyl     H   CH.sub.3                                                

                            H   C.sub.6 H.sub.5                                

                                     H    H           CH.sub.2 I               

     H             H   CH.sub.3                                                

                            H   CH.sub.3                                       

                                     H    H           CH.sub.2 I               

     C.sub.2 H.sub.5                                                           

                   CH.sub.3                                                    

                       CH.sub.3                                                

                            H   C.sub.6 H.sub.5                                

                                     H    H           CH.sub.2 I               

     1,4-cyclohexadienyl                                                       

                   H   H    H   H    CH.sub.3                                  

                                          H           1,4--C.sub.6 H.sub.4     

                                                               I               

     1,4-cyclohexadienyl                                                       

                   H   H    H   H    H    CH.sub.2 OCOCH.sub.3                 

                                                      CH.sub.2 II              

     __________________________________________________________________________

      * Pr = n--C.sub.3 H.sub.7                                                

PAC  EXAMPLE XVIII
PAR  When in Example XI, the D-.alpha.-aminobenzylpenicillin trihydrate is
      replaced by equimolar amounts of the following
      .alpha.-aminoacylpenicillins:
PA1  aminomethyl-
PA1  .alpha.-aminoheptyl-
PA1  .alpha.-aminopentyl-
PA1  .alpha.-aminoisobutyl-
PA1  .alpha.-amino-o-chlorobenzyl-
PA1  .alpha.-amino-m-chlorobenzyl-
PA1  .alpha.-amino-p-chlorobenzyl-
PA1  .alpha.-amino-1,4-cyclohexadienylmethyl-
PA1  .alpha.-amino-4-hydroxybenzyl-1470 (
PA1  .alpha.-amino-4-iodobenzyl-
PA1  .alpha.-amino-3-fluorobenzyl-
PA1  .alpha.-amino-p-methoxybenzyl-
PA1  .alpha.-amino-2-nitrobenzyl-
PA1  .alpha.-amino-4-t-butylbenzyl-
PA1  .alpha.-amino-3-methylbenzyl-
PA1  .alpha.-amino-4-sulfamylbenzyl-
PA1  .alpha.-amino-1-naphthylmethyl-
PA1  .alpha.-amino-.beta.-phenethyl-
PA1  .alpha.-amino-2-furylmethyl-
PA1  .alpha.-amino-2-thienylmethyl-
PA1  .alpha.-amino-3-thienylmethyl-
PA1  .alpha.-amino-3-indolylmethyl-
PA1  .alpha.-amino-.gamma.-methylthiopropyl-
PA1  .alpha.-amino-.gamma.-ethylthiopropyl-
PA1  .alpha.-aminocyclohexylmethyl-
PA1  .alpha.-aminocyclopentylmethyl-
PA1  .alpha.-amino-p-trifluorobenzyl-
PA1  .alpha.-amino-2-acetamidobenzyl-
PA1  1-aminocyclooctyl-
PA1  1-aminocyclohexyl-
PA1  1-aminocyclobutyl-
PA1  1-aminocyclopropyl-
PA1  1-aminocyclononyl-
PA1  .alpha.-amino-3-hydroxybenzyl
PA1  .alpha.-amino-4-diethylaminobenzyl
PA1  .alpha.-amino-3-bromobenzyl
PA1  .alpha.-amino-.alpha.-methylbenzyl
PAL  respectively, the corresponding
      [guanidinoalkanoylamidoacylamido]penicillanic acids are produced.
PAC  EXAMPLE XIX
PAC  6-{D-2-Phenyl-2-[2-(2-Amino-4-Imidazolinylcarboxamido)
      ]Acetamido}-Penicillanic Acid
      ##EQU24##
PAR  The hydrochloride salt of the acid chloride of
      2-amino-2-imidazoline-4-carboxylic acid (450 mg., 2.5 mM was reacted with
      D-.alpha.-aminobenzylpenicillin trihydrate (1.15 g., 2.85 mM) according to
      the procedure of Example XI to give the title product.
PAR  The acid chloride of 2-amino-2-imidazoline-4-carboxylic acid was prepared
      from the hydrochloride salt by treatment with thionyl chloride according
      to the method of Example XI.
PAR  Repetition of this procedure but using
      2-amino-2-(1,4,5,6-tetrahydropyrimidine)-5-carboxylic acid hydrochloride
      in place of 2-amino-2-imidazoline-4-carboxylic acid hydrochloride affords
      6-{D-2-Phenyl-2-[2-(2-amino-5-(1,4,5,6-tetrahydropyrimidinylcarboxamido)]a
     cetamido}penicillanic acid.
PAR  Repetition of this procedure but replacing D-.alpha.-aminobenzylpenicillin
      trihydrate by the .alpha.-aminoacylpenicillins listed in Example XVIII
      produces the corresponding penicillins.
PAC  EXAMPLE XX
PAC  6-[D-2-Phenyl-2-(1-Guanyl-4-Piperidylcarboxamido)-Acetamido]Penicillanic
      Acid
      ##SPC8##
PAR  The procedure of Example XII was repeated but using
      D-.alpha.-aminobenzylpenicillin trihydrate (3.22 g., 8 mM) in
      N,N-dimethylformamide (30 ml.), triethylamine (224 ml., 1.6 mM, and the
      acid chloride of 1-guanyl-4-piperidinecarboxylic acid hydrochloride (2.26
      g., 10 mM) in N,N-dimethylformamide (10 ml.). The product was obtained as
      a light pink powder, 3.4 g., (84%).
PAC  1-Guanyl-4-Piperidinecarboxylic Acid Chloride
PAR  4-Piperidinecarboxylic acid (6.45 g., 0.05 mole) was dissolved in
      concentrated ammonium hydroxide (40 ml.) and S-methylisothiourea (6.95 g.,
      0.05 mole) added. The resulting solution was stirred thoroughly and then
      allowed to stand overnight at room temperature. The product, which
      precipitated, was filtered off, washed with ethanol and dried; 4.41 g.
      (52.4% yield).
PAR  The acid chloride was prepared by stirring a mixture of equimolar amounts
      of the N-guanyl substituted acid and phosphorous pentachloride in
      methylene chloride overnight at room temperature under an atmosphere of
      nitrogen. The methylene chloride was decanted from the oil which was
      washed twice with methylene chloride and then dried in vacuo to a white
      gum.
PAR  Repetition of this procedure but replacing D-.alpha.-aminobenzylpenicillin
      trihydrate by an equivalent amount of
PA1  D-.alpha.-amino-3-methylbenzylpenicillin
PA1  D-.alpha.-amino-4-chlorobenzylpenicillin
PA1  D-.alpha.-amino-1,4-cyclohexadienylmethylpenicillin
PA1  D-.alpha.-amino-3-bromobenzylpenicillin
PA1  D-.alpha.-amino-4-sulfamylbenzylpenicillin
PA1  D-.alpha.-amino-4-diethylaminobenzylpenicillin
PA1  d-.alpha.-amino-4-trifluoromethylbenzylpenicillin
PA1  D-.alpha.-amino-2-acetamidobenzylpenicillin
PA1  aminomethylpenicillin
PA1  .alpha.-aminoheptylpenicillin
PA1  .alpha.-aminocyclohexylmethylpenicillin
PA1  .alpha.-amino-2-thienylmethylpenicillin
PA1  .alpha.-amino-3-thienylmethylpenicillin
PA1  .alpha.-amino-2-furylmethylpenicillin
PA1  .alpha.-amino-.beta.-(3-indolyl)ethylpenicillin
PA1  .alpha.-amino-.beta.-phenethylpenicillin
PA1  .alpha.-amino-.gamma.-phenylpropylpenicillin
PA1  .alpha.-amino-1-naphthylmethylpenicillin
PA1  .alpha.-amino-.alpha.-methylbenzylpenicillin
PA1  .alpha.-amino-sec-butylpenicillin
PA1  .alpha.-amino-ethylthioethylpenicillin
PA1  .alpha.-amino-.omega.-ethylthiopentylpenicillin
PA1  1-amino-1-cyclohexylpenicillin
PA1  1-amino-1-cyclobutylpenicillin
PA1  .alpha.-amino-4-hydroxybenzylpenicillin
PA1  .alpha.-amino-3-hydroxybenzylpenicillin
PA1  D-.alpha.-aminobenzylpenicillin, pivaloyloxymethyl ester
PA1  .alpha.-amino-3-thienylmethylpenicillin, acetoxymethyl ester
PA1  .alpha.-aminocyclohexylmethylpenicillin, 1-acetoxyethyl ester
PA1  .alpha.-amino-.alpha.-methylbenzylpenicillin, butyryloxymethyl ester
PA1  D-.alpha.-amino-4-sulfamylbenzylpenicillin, benzoyloxymethyl ester
PAL  respectively, affords the corresponding penicillanic acid derivatives.
PAC  EXAMPLE XXI
PAC  6-[D-2-Phenyl-2-(1-Guanyl-2-Pyrrolidylcarboxamido)Acetamido]Penicillanic
      Acid
      ##SPC9##
PAR  A suspension of dicyclohexylcarbodiimide (1.57 g., 7.7 mM),
      N-hydroxysuccinimide (0.875 g., 7.7 mM), 1-guanylproline (1.5 g., 7.7 mM)
      and N,N-dimethylformamide (50 ml.) was stirred for two hours at room
      temperature. The triethylamine salt of D-.alpha.-aminobenzylpenicillin
      (3.36 g., 7.7 mM) was added, the mixture stirred at room temperature for
      2.5 hours, and then filtered. The filtrate was added to ether (1000 ml.),
      the mixture stirred, and the ether decanted from the gummy product.
      Methylene chloride (250 ml.) and triethylamine (2 ml.) were added to the
      gummy product, the mixture stirred for one-half hour, and the solid which
      formed recovered by filtration and dried over phosphorous pentoxide (1.9
      g.).
PAR  By means of this procedure but using the appropriate
      .alpha.-aminoacylpenicillin and the appropriate 1-guanyl pyrrolidine
      carboxylic acid, the compounds listed below wherein R=H are prepared.
      Those compounds wherein R is an acyloxyalkyl group are prepared by the
      procedure of Example VI from the appropriate penicillin acyloxyalkyl
      ester.
      ##SPC10##
TBL  R.sub.1     R.sub.2                                                       

                       R.sub.4                                                 

                           R.sub.5                                             

                               R.sub.6                                         

                                      R      Isomer                            

     __________________________________________________________________________

     C.sub.6 H.sub.5                                                           

                 H     H   H   H   H         3                                 

     C.sub.6 H.sub.5                                                           

                 H     H   CH.sub.3                                            

                               H   CH.sub.2 OCOCH(C.sub.2 H.sub.5).sub.2       

                                             2                                 

     C.sub.6 H.sub.5                                                           

                 H     H   CH.sub.3                                            

                               H   CH.sub.2 OCOCH(C.sub.2 H.sub.5).sub.2       

                                             3                                 

     C.sub.6 H.sub.5                                                           

                 H     C.sub.6 H.sub.5                                         

                           H   C.sub.2 H.sub.5                                 

                                   H         2                                 

     C.sub.6 H.sub.5                                                           

                 H     CH.sub.3                                                

                           H   C.sub.6 H.sub.5                                 

                                   H         2                                 

     3--ClC.sub.6 H.sub.4                                                      

                 H     H   H   H   H         2                                 

     4--CF.sub.3 C.sub.6 H.sub.4                                               

                 H     C.sub.6 H.sub.5                                         

                           CH.sub.3                                            

                               H   H         2                                 

     2--CH.sub.3 CONHC.sub.6 H.sub.4                                           

                 H     H   H   C.sub.6 H.sub.5                                 

                                   H         3                                 

     2--NO.sub.2 C.sub.6 H.sub.4                                               

                 H     H   H   H   CH(CH.sub.3)OCOC.sub.2 H.sub.5              

                                             2                                 

     4--BrC.sub.6 H.sub.4                                                      

                 H     H   H   C.sub.6 H.sub.5                                 

                                   H         3                                 

     4--HOC.sub.6 H.sub.4                                                      

                 H     H   H   H   H         3                                 

     4--HOC.sub.6 H.sub.4                                                      

                 H     H   CH.sub.3                                            

                               H   CH.sub.2 OCOC(CH.sub.3).sub.3               

                                             2                                 

     4--(C.sub.2 H.sub.5).sub.2 NC.sub.6 H.sub.4                               

                 H     H   CH.sub.3                                            

                               CH.sub.3                                        

                                   H         2                                 

     C.sub.7 H.sub.7                                                           

                 H     H   H   H   H         2                                 

     C.sub.6 H.sub.5 CH.sub.2 CH.sub.2                                         

                 H     H   H   H   H         3                                 

     4--(H.sub.2 NSO.sub.2)C.sub.6 H.sub.4                                     

                 H     H   H   H   H         3                                 

     C.sub.5 H.sub.9                                                           

                 H     H   C.sub.2 H.sub.5                                     

                               H   H         2                                 

     C.sub.5 H.sub.9                                                           

                 H     H   C.sub.2 H.sub.5                                     

                               H   CH.sub.2 OCO(4--ClC.sub.6 H.sub.4)          

                                             2                                 

                 --(CH.sub.2).sub.3 --                                         

                       H   H   H   H         2                                 

                 --(CH.sub.2).sub.5 --                                         

                       H   H   H   H         3                                 

                 --(CH.sub.2).sub.8 --                                         

                       H   H   H   H         2                                 

     3-thienyl   H     H   H   H   H         2                                 

     3-thienyl   H     H   CH.sub.3                                            

                               CH.sub.3                                        

                                   H         2                                 

     2-thienyl   H     H   H   H   CH(CH.sub.3)OCOCH.sub.3                     

                                             3                                 

     2-furyl     H     H   H   H   CH(CH.sub.3)OCOCH.sub.3                     

                                             3                                 

     3-indolylmethyl                                                           

                 H     CH.sub.3                                                

                           H   C.sub.6 H.sub.5                                 

                                   H         2                                 

     1-naphthyl  H     CH.sub.3                                                

                           H   CH.sub.3                                        

                                   H         2                                 

     C.sub.2 H.sub.5 SCH.sub.2 CH.sub.2                                        

                 H     H   H   H   CH.sub.2 OCOC.sub.3 H.sub.                  

                                             2                                 

     H           H     H   H   H   H         2                                 

     H           H     H   H   H   CH.sub.2 OCOCH(C.sub.2 H.sub.5).sub.2       

                                             2                                 

     CH.sub.3    CH.sub.3                                                      

                       H   H   H   H         3                                 

     C.sub.2 H.sub.5                                                           

                 CH.sub.3                                                      

                       CH.sub.3                                                

                           H   CH.sub.3                                        

                                   H         3                                 

     C.sub.6 H.sub.5                                                           

                 CH.sub.3                                                      

                       H   H   H   H         2                                 

     C.sub.3 H.sub.5                                                           

                 CH.sub.3                                                      

                       H   H   H   H         2                                 

     4--CH.sub.3 OC.sub.6 H.sub.4                                              

                 CH.sub.3                                                      

                       CH.sub.3                                                

                           H   C.sub.7 H.sub.7                                 

                                   H         2                                 

     C.sub.6 H.sub.11                                                          

                 CH.sub.3                                                      

                       C.sub.7 H.sub.7                                         

                           C.sub.2 H.sub.5                                     

                               H   H         3                                 

     C.sub.6 H.sub.11                                                          

                 H     H   H   H   H         2                                 

     C.sub.6 H.sub.13                                                          

                 H     H   H   H   H         2                                 

     1,4--cyclohexadienyl                                                      

                 H     H   H   H   H         2                                 

     1,4--cyclohexadienyl                                                      

                 H     H   H   H   H         3                                 

     2--HOC.sub.6 H.sub.4                                                      

                 H     H   H   CH.sub.3                                        

                                   H         2                                 

     __________________________________________________________________________

PAC  EXAMPLE XXII
PAC  6-[D-2-Phenyl-2-(3-Methylguanidino)Acetamido Acetamido]Penicillanic Acid
      ##EQU25##
PAR  Repetition of the procedure of Example I but using 3-methylguanidinoacetyl
      chloride hydrochloride as acylating agent in place of
      .alpha.-guanidinophenylacetyl chloride afforded the title product. Thus,
      using 2.65 mM of each of D-.alpha.-aminobenzylpenicillin and
      3-methylguanidinoacetyl chloride hydrochloride, 5.3 mM of triethylamine
      and 25 ml. of dimethylformamide, 755 mg. (62% yield) of product was
      obtained.
PAC  EXAMPLE XXIII
PAC  6-[D-2-Phenyl-2-(1-Guanyl-3-Piperidylcarboxamido)-Acetamido]Penicillanic
      Acid
      ##SPC11##
PAR  Following the procedure of Example I but using 1-guanyl-3-piperidine
      carboxylic acid hydrochloride as acylating agent in place of
      .alpha.-guanidinophenylacetyl chloride provides 482 mg. (48% yield) of the
      title product.
PAR  The above-named acylating agent is prepared from 3-piperidine carboxylic
      acid according to the procedure of Example XX for making
      1-guanyl-4-piperidine carboxylic acid. Utilization of 2-piperidine
      carboxylic acid in place of the 4-isomer provides 1-guanyl-2-piperidine
      carboxylic acid.
PAR  The following penicillanic acid derivatives are prepared in like manner
      from appropriate reactants
      ##SPC12##
TBL  R.sub.1     R.sub.2                                                       

                       R.sub.4                                                 

                           R.sub.5                                             

                               R.sub.6                                         

                                      R     Isomer                             

     __________________________________________________________________________

     C.sub.7 H.sub.7                                                           

                 H     H   H   H   H        2                                  

     C.sub.6 H.sub.5                                                           

                 H     H   CH.sub.3                                            

                               H   H        4                                  

     C.sub.6 H.sub.5                                                           

                 H     H   CH.sub.3                                            

                               CH.sub.3                                        

                                   H        4                                  

     C.sub.6 H.sub.5                                                           

                 H     C.sub.6 H.sub.5                                         

                           C.sub.2 H.sub.5                                     

                               H   H        4                                  

     4--CF.sub.3 C.sub.6 H.sub.4                                               

                 H     CH.sub.3                                                

                           C.sub.2 H.sub.5                                     

                               H   CH(CH.sub.3)OCOC.sub.2 H.sub.5              

                                            3                                  

     4--CH.sub.3 OC.sub.6 H.sub.4                                              

                 H     CH.sub.3                                                

                           CH.sub.3                                            

                               H   H        3                                  

     4--HOC.sub.6 H.sub.4                                                      

                 H     H   H   H   H        3                                  

     4--HOC.sub.6 H.sub.4                                                      

                 H     H   H   H   H        4                                  

     4--NO.sub.2 C.sub.6 H.sub.4                                               

                 H     H   H   H   H        3                                  

     4--H.sub.2 NSO.sub.2 C.sub.6 H.sub.4                                      

                 H     H   CH.sub.3                                            

                               H   H        4                                  

     3--BrC.sub.6 H.sub.4                                                      

                 H     H   H   H   CH(CH.sub.3)OCOCH.sub.3                     

                                            4                                  

     3-thienyl   H     H   H   H   H        3                                  

     2-thienyl   H     H   H   H   H        3                                  

     indolylmethyl                                                             

                 H     H   H   H   H        3                                  

     2-furyl     H     CH.sub.3                                                

                           CH.sub.3                                            

                               H   H        2                                  

     C.sub.6 H.sub.11                                                          

                 H     H   H   H   H        3                                  

     H           H     H   H   H   H        3                                  

     CH.sub.3    H     H   H   H   H        4                                  

     i--C.sub.3 H.sub.7                                                        

                 H     H   H   H   H        3                                  

     C.sub.6 H.sub.13                                                          

                 H     H   H   H   H        3                                  

                 --(CH.sub.2).sub.5 --                                         

                       H   H   H   H        3                                  

                 --(CH.sub.2).sub.5 --                                         

                       H   H   H   CH.sub.2 OOC(CH.sub.3).sub.3                

                                            3                                  

                 --(CH.sub.2).sub.2 --                                         

                       H   H   H   H        3                                  

                 --(CH.sub.2).sub.9 --                                         

                       H   H   H   H        3                                  

     C.sub.2 H.sub.5                                                           

                 CH.sub.3                                                      

                       H   H   H   H        4                                  

     C.sub.6 H.sub.5                                                           

                 CH.sub.3                                                      

                       H   CH.sub.3                                            

                               H   H        3                                  

     1-naphthyl  H     H   H   H   H        2                                  

     CH.sub.3    CH.sub.3                                                      

                       C.sub.6 H.sub.5                                         

                           H   CH.sub.3                                        

                                   H        3                                  

     C.sub.2 H.sub.5 S(CH.sub.2).sub.2                                         

                 H     H   H   H   CH.sub.2 OCOC.sub.6 H.sub.5                 

                                            3                                  

     1,4--cyclohexadienyl                                                      

                 H     H   H   H   H        4                                  

     4--(C.sub.2 H.sub.5).sub.2 NC.sub.6 H.sub.4                               

                 H     H   H   CH.sub.3                                        

                                   H        4                                  

     4--ClC.sub.6 H.sub.4                                                      

                 H     H   CH.sub.3                                            

                               H   H        3                                  

     1,4--cyclohexadineyl                                                      

                 H     H   H   H   CH(CH.sub.3)OCOCH.sub.3                     

                                            4                                  

     __________________________________________________________________________

PAR  The esters listed above are prepared from appropriate reactants by the
      procedure of Example VI.
PAC  EXAMPLE XXIV
PAC  6-{D-2-Phenyl-2-[1-(2-Iminoimidazolidino)]Acetamido}-Penicillanic Acid
      ##EQU26##
PAR  To a stirred solution of triethylamine (2.79 ml., 0.02 M) in dry
      N,N-dimethylformamide (100 ml.) was added d-.alpha.-aminobenzylpenicillin
      trihydrate (4.03 g., 0.01 M). When solution was complete, the reaction
      mixture was cooled to 0.degree.C. and the acid chloride of
      1-carboxymethyl-2-iminoimidazolidine hydrochloride (1.97 g., 0.01 M)
      added. The mixture was stirred at 0.degree. C. for ten minutes followed by
      1.5 hours at room temperature. It was then filtered and the filtrate
      poured into diethyl ether (2 liters). The solid which precipitated was
      filtered off under an atmosphere of nitrogen and then taken up in
      methylene chloride (250 ml.). Triethylamine (2.79 ml.) was added, the
      mixture stirred for one-half hour and then filtered under a nitrogen
      atmosphere. The product was dried in vacuo (2.4 g., 50.6% yield).
PAR  The acid chloride reactant was prepared from
      1-carboxymethyl-2-iminoimidazolidine by the procedure of Example VII.
PAR  In like manner, the following compounds are prepared from the appropriate
      .alpha.-aminoacylpenicillin and the appropriate imidazolidine and
      hexahydropyrimidine reactants
      ##EQU27##
     R.sub.1     R.sub.2      X         R      p                               

     __________________________________________________________________________

     C.sub.6 H.sub.5                                                           

                 H        CH.sub.2  H          3                               

     C.sub.6 H.sub.5                                                           

                 H        CH.sub.2  CH.sub.2 OCOC(CH.sub.3).sub.3              

                                               2                               

     C.sub.6 H.sub.5                                                           

                 H        (CH.sub.2).sub.5                                     

                                    H          3                               

     4--BrC.sub.6 H.sub.4                                                      

                 H        CH.sub.2  H          2                               

     4--HOC.sub.6 H.sub.4                                                      

                 H        CH.sub.2  H          3                               

     4--HOC.sub.6 H.sub.4                                                      

                 H        CH.sub.2 CH.sub.2                                    

                                    H          2                               

     3-thienyl   H        CH.sub.2  H          2                               

     3-thienyl   H        1,4--CH.sub.2 C.sub.6 H.sub.4                        

                                    H          2                               

     2-thienyl   H        CH.sub.2  H          2                               

     2-furyl     H        CH.sub.2  CH.sub.2 OCOCH.sub.3                       

                                               3                               

     4--(CH.sub.3).sub.2 NC.sub.6 H.sub.4                                      

                 H        (CH.sub.2).sub.5                                     

                                    H          3                               

     C.sub.6 H.sub.5                                                           

                 H        (CH.sub.2).sub.5                                     

                                    H          2                               

     C.sub.6 H.sub.5                                                           

                 H        (CH.sub.2).sub.7                                     

                                    H          2                               

     C.sub.6 H.sub.11                                                          

                 H        (CH.sub.2).sub.3                                     

                                    H          3                               

     C.sub.6 H.sub.11                                                          

                 H        1,4--C.sub.6 H.sub.4                                 

                                    H          2                               

     C.sub.4 H.sub.7                                                           

                 H        1,4--C.sub.6 H.sub.10                                

                                    H          2                               

     C.sub.6 H.sub.5                                                           

                 H        1,4--CH=CHC.sub.6 H.sub.4                            

                                    H          2                               

     4--ClC.sub.6 H.sub.4                                                      

                 H        1,4--C.sub.6 H.sub.10                                

                                    H          3                               

     4--(C.sub.2 H.sub.5 O)C.sub.6 H.sub.4                                     

                 H        1,3--C.sub.6 H.sub.4                                 

                                    H          3                               

     C.sub.6 H.sub.5                                                           

                 H        1,4--CH.sub.2 C.sub.6 H.sub.4                        

                                    H          3                               

     4--CH.sub.3 C.sub.6 H.sub.4                                               

                 H        1,4--CH.sub.2 C.sub.6 H.sub.4                        

                                    H          3                               

     C.sub.6 H.sub.5                                                           

                 H        CH=CH--CH.sub.2                                      

                                    H          2                               

     1,4--cyclohexadienyl                                                      

                 H        1,4--CH=CHC.sub.6 H.sub.4                            

                                    H          2                               

     C.sub.6 H.sub.5                                                           

                 H        1,4--CH.sub.2 OC.sub.6 H.sub.4                       

                                    CH(CH.sub.3)OCOCH.sub.3                    

                                               3                               

                 --CH.sub.2 CH.sub.2 CH.sub.2 --                               

                          CH.sub.2  H          3                               

                 --(CH.sub.2).sub.5 --                                         

                          CHCH.sub.3                                           

                                    H          3                               

                 --(CH.sub.2).sub.8 --                                         

                          CH.sub.2 CH.sub.2                                    

                                    H          3                               

     H           H        CH.sub.2  CH(CH.sub.3)OCOC.sub.2 H.sub.5             

                                               2                               

     H           H        1,4--C.sub.6 H.sub.4                                 

                                    H          3                               

     CH.sub.3    H        CH.sub.2 CH.sub.2                                    

                                    H          3                               

     C.sub.2 H.sub.5                                                           

                 CH.sub.3 1,3--C.sub.6 H.sub.4                                 

                                    H          2                               

     C.sub.6 H.sub.13                                                          

                 H        CH=CH--CH.sub.2                                      

                                    CH.sub.2 OCOC.sub.6 H.sub.5                

                                               3                               

     C.sub.2 H.sub.5 SCH.sub.2 CH.sub.2                                        

                 H        CH.sub.2  H          2                               

     3--indolylmethyl                                                          

                 H        CH.sub.2  H          3                               

     C.sub.7 H.sub.7                                                           

                 H        (CH.sub.2).sub.7                                     

                                    H          3                               

     C.sub.6 H.sub.5                                                           

                 CH.sub.3 CH.sub.2  H          2                               

     1,4--cyclohexadienyl                                                      

                 H        CH.sub.2  H          2                               

     1,4--cyclohexadienyl                                                      

                 H        CH.sub.2  H          3                               

     1--naphthyl H        CHCH.sub.3                                           

                                    H          3                               

     C.sub.6 H.sub.5                                                           

                 C.sub.2 H.sub.5                                               

                          CH.sub.2  H          3                               

     4--H.sub.2 NSO.sub.2 C.sub.6 H.sub.4                                      

                 H        CH.sub.2  CH.sub.2 OCO(4--ClC.sub.6 H.sub.4)         

                                               2                               

     3-thienyl   H        1,4--CH=CH--C.sub.6 H.sub.4                          

                                    H          3                               

     3-thienyl   H        1,3--CH=CH--C.sub.6 H.sub.4                          

                                    H          3                               

     3-thienyl   H        1,2--CH=CH--C.sub.6 H.sub.4                          

                                    H          3                               

     3--NO.sub.2 C.sub.6 H.sub.4                                               

                 H        1,2--CH=CH--C.sub.6 H.sub.4                          

                                    H          2                               

     4--HOC.sub.6 H.sub.4                                                      

                 H        1,3--CH=CH--C.sub.6 H.sub.4                          

                                    H          2                               

     C.sub.6 H.sub.5                                                           

                 H        1,4--CH.sub.2 OC.sub.6 H.sub.4                       

                                    H          2                               

     __________________________________________________________________________

PAR  The above listed esters are prepared from the appropriate acyloxyalkyl
      penicillin esters by the procedure of Example VI.
PAC  EXAMPLE XXV
PAC  6-{D-2-Phenyl-2-[2-(2-Amino-4-Imidazolinylcarboxamido)]Acetamido}Penicillan
     ic Acid, Pivaloyloxymethyl Ester, Hydrochloride
PAR  2-Amino-2-imidazoline-4-carboxylic acid hydrochloride (3 mM) is reacted
      with D-.alpha.-aminobenzylpinicillin, pivaloyloxymethyl ester,
      hydrochloride according to the procedure of Example III to produce the
      title compound.
PAR  In like manner, the following compounds are prepared from appropriate
      acyloxyalkylpenicillin esters and 2-amino-2-imidazoline-4-carboxylic acid
      and 2-amino-2-(1,4,5,6-tetrahydropyrimidine)carboxylic acid
      hydrochlorides.
TBL  ______________________________________                                    

             R.sub.2                                                           

             .vertline.                                                        

             R.sub.1 --CH--CO--APA--R                                          

             .vertline.                                                        

             NH                                                                

             (CH.sub.2).sub.n                                                  

             .vertline.                                                        

             O=C                                                               

             .vertline..vertline.                                              

             HNNH                                                              

             NH.sub.2                                                          

     R.sub.1      R.sub.2      R            n                                  

     ______________________________________                                    

     C.sub.6 H.sub.5                                                           

                  H         CH.sub.2 OCOCH.sub.3                               

                                            1                                  

     C.sub.6 H.sub.5                                                           

                  CH.sub.3  CH(CH.sub.3)OCOCH.sub.3                            

                                            0                                  

     4--ClC.sub.6 H.sub.4                                                      

                  H         CH.sub.2 OCOC.sub.6 H.sub.5                        

                                            0                                  

     4--BrC.sub.6 H.sub.4                                                      

                  H         CH.sub.2 OCO--(3--CF.sub.3 C.sub.6 H.sub.4)        

     3--C.sub.2 H.sub.5 C.sub.6 H.sub.4                                        

                  H         CH.sub.2 OCO--n--C.sub.4 H.sub.9                   

                                            0                                  

     4--t--C.sub.4 H.sub.9 C.sub.6 H.sub.4                                     

                  H         CH(CH.sub.3)OCOC.sub.2 H.sub.5                     

                                            0                                  

     3--NO.sub.2 C.sub.6 H.sub.4                                               

                  H         CH.sub.2 OCOCH(C.sub.2 H.sub.5).sub.2              

                                            1                                  

     3--CF.sub.3 C.sub.6 H.sub.4                                               

                  H         CH.sub.2 OCOC.sub.2 H.sub.5                        

                                            0                                  

     4--HOC.sub.6 H.sub.4                                                      

                  H         CH.sub.2 OCOC(CH.sub.3).sub.3                      

                                            1                                  

     2--HOC.sub.6 H.sub.4                                                      

                  H         CH.sub. 2 OCOCH.sub.3                              

                                            1                                  

     4--(CH.sub.3).sub.2 NC.sub.6 H.sub.4                                      

                  H         CH(CH.sub.3)OCOCH.sub.3                            

                                            1                                  

     2--CH.sub.3 OC.sub.6 H.sub.4                                              

                  H         CH.sub.2 OCO--(4--FC.sub.6 H.sub.4)                

                                            1                                  

     3--IC.sub.6 H.sub.4                                                       

                  H         CH.sub.2 OCO--i--C.sub.3 H.sub.7                   

                                            0                                  

     1,4--cyclohexadienyl                                                      

                  H         CH.sub.2 OCOC(CH.sub.3).sub.3                      

                                            0                                  

     1,4--cyclohexadienyl                                                      

                  H         CH(CH.sub.3)OCOCH.sub.3                            

                                            1                                  

     H            H         CH.sub.2 OCO-(4-CH.sub.3 OC.sub.6 H.sub.4)         

                                            0                                  

     CH.sub.3     C.sub.2 H.sub.5                                              

                            CH.sub.2 OCOC.sub.2 H.sub.5                        

                                            1                                  

     C.sub.6 H.sub.13                                                          

                  H         CH.sub.2 OCO--(4--ClC.sub.6 H.sub.4)               

                                            1                                  

     C.sub.7 H.sub.7                                                           

                  H         CH.sub.2 OCO--(3--BrC.sub.6 H.sub.4)               

                                            0                                  

     C.sub.6 H.sub.5 CH.sub.2 CH.sub.2                                         

                  H         CH.sub.2 OCO-(3-CH.sub.3 C.sub.6 H.sub.4)          

                                            1                                  

     2-thienyl    H         CH.sub.2 OCOCH(CH.sub.3).sub.2                     

                                            0                                  

     3-thienyl    H         CH.sub.2 OCOCH(C.sub.2 H.sub.5).sub.2              

                                            0                                  

     2-furyl      H         CH.sub.2 OCOC.sub.2 H.sub.5                        

                                            1                                  

     3-indolylmethyl                                                           

                  H         CH(CH.sub.3)OCOC.sub.2 H.sub.5                     

                                            1                                  

     C.sub.2 H.sub.5 SCH.sub.2 CH.sub.2                                        

                  H         CH.sub.2 OCOCH.sub.3                               

                                            0                                  

     C.sub.6 H.sub.11                                                          

                  H         CH.sub.2 OCOC(CH.sub.3).sub.3                      

                                            0                                  

                  --(CH.sub.2).sub.3 --                                        

                            CH.sub.2 OCOCH(CH.sub.3).sub.2                     

                                            0                                  

                  --(CH.sub.2).sub.5 --                                        

                            CH.sub.2 OCOCH.sub.3                               

                                            0                                  

     ______________________________________                                    

PAC  EXAMPLE XXVI
PAC  6-{D-2-Phenyl-2-[(3-Allylguanidino)Acetamido]Acetamido}Penicillanic Acid
      -Allylguandino)Acetyl
      ##EQU28##
PAR  T D-.alpha.-aminobenzylpenicillin, triethylamine salt (7.02 g., 15.6 mM)
      and triethylamine (1.09 ml., 7.8 mM) in dry N,N-dimethylformamide (24 ml.)
      at 0.degree. C. was added (3-allylguanidino)acetyl chloride hydrochloride
      (1.645 g., 7.8 mM). The mixture was stirred at 0.degree. C. for four hours
      and then at room temperature for 15 minutes. The reaction mixture was
      filtered and the filtrate added dropwise with stirring to diethyl ether
      (1.5 liters). Stirring was continued for an additional one-half hour and
      then the granular precipitate filtered off. It was then stirred in
      methylene chloride (1.5 liters) containing treithylamine (100 mls.) for 45
      minutes. The solid was filtered off and this step repeated two more times
      to give 578 mg. (14.1%) of product.
PAC  (3Allylguanidino)Acetyl Chloride Hydrochloride
PAR  A solution of allylthiourea (23.2 g., 0.2 m), methyl iodide (3.3 g., 0.3 M)
      and absolute methanol (100 ml.) was refluxed for two hours and then
      evaporated in vacuo to an amber glass which crystallized when scratched
      with a glass rod. The solid was pulverized and triturated with diethyl
      ether (500 ml.) to give S-methylallylisothiourea as a white, granular
      solid (50 g.).
PAR  A mixture of S-methylallylisothiourea (20.64 g., 0.08 M), glycine (6.0 g.,
      0.08 M), sodium hydroxide (3.20 g., 0.08 M) and water (80 ml.) was stirred
      at room temperature for 10 days and then evaporated in vacuo to a glassy
      residue. The residue was pulverized and washed thoroughly with acetone (10
      .times. 100 ml.). The solid was dried, taken up in water (40 ml.) and
      refrigerated for four days. The crystals were filtered off, dissolved in
      water (25 ml.) and 0.1N HCl (71 ml.) added. The solution was freeze-dried
      and the gummy residue dried over phosphorus pentoxide. It was suspended in
      dry methylene chloride (100 ml.), phosphorous pentachloride (8.33 g., 0.04
      M) added and the suspension stirred at room temperature for 2 hours. The
      product was filtered off, washed with carbon tetrachloride and dried
      (1.645 g., 7.8 mM).
PAC  EXAMPLE XXVII
PA0  A. acid Addition Salts (Formula I, R=H)
PAR  Compounds of formula I wherein R=H are converted to acid addition salts by
      treating them in aqueous medium with an equivalent amount of the
      appropriate acid at 0.degree. - 10.degree. C. The mixture is thoroughly
      stirred for 0.25-1.0 hour and then freeze-dried to afford the salt. In
      this manner, hydrochloride, hydrobromide, phosphate, citrate, ascorbate,
      lactate, malate, fumarate, maleate, tartrate, oxalate, glycolate and
      sulfate are prepared.
PA0  B. acid Addition Salts of Esters (Formula I, R=acyloxy lower alkyl)
PAR  The esters of formula I compounds produced by methods described herein are
      obtained as their hydrochloride salts. Other acid addition salt are
      produced by passing an aqueous solution of the appropriate ester
      hydrochloride of formula I through a column of Amberlite IRA-400 (a
      strongly basic anion exchange resin containing trimethylammonium ion
      groups, available from Rohm & Haas Co.) operating in the cycle
      corresponding to the desired salt, e.g., sulfate. A large excess of the
      resin is used and the product is recovered from the eluate by
      freeze-drying.
PAR  In this manner, the sulfate, citrate, phosphate, oxalate, benzoate
      hydrobromide, fumarate and tartrate salts are prepared.
PAR  Infrared and proton nuclear magnetic resonance spectra of several compounds
      of this invention having the formula below are listed in Table VI
TBL                                    TABLE VI                                

     __________________________________________________________________________

               CH--CO--NH--APA--R                                              

               .vertline.                                                      

               NH                                                              

               .vertline.                                                      

               0=C--Z                                                          

                               Ir (in KBr; major.sup.(4)                       

                                            NMR (ppm; in DMSO.sup.(5)          

     Z                  R.sup.(1)                                              

                               peaks in .mu.                                   

                                            at 60 Mc                           

     __________________________________________________________________________

     CH.sub.2 NH--C(NH)NH.sub.2                                                

                        H     2.9-3.7 (b), 5.65,                               

                                           1.48 (6H,d), 3.68 (1H,              

                              6.0 (b), 6.5 (b), 6.9,                           

                                           s),3.92 (2H,s), 5.38(2H             

                              7.2, 7.6, 8.1, 8.4,                              

                                           c),5.75(1H,c),7.35(5H,c)            

                              8.9 (w), 9.15 (w)                                

                                           7.85 (2H,c), 8.6 (4H,c)             

     CH.sub.2 NH--C(NH)NH.sub.2                                                

                              2.9-3.3 (b), 3.45,                               

                                           1.15 (9H,s), 1.48 (6H,              

                        .sup.(2) POM.sup.(3)                                   

                              5.62 (s), 5.68, 6.0                              

                                           d), 4.2 (2H,s), 4.4                 

                              (b), 6.6, 6.9, 7.2,                              

                                           (1H,s), 5.45 (2H,c),                

                              7.3, 7.7, 8.5 (b),                               

                                           5.74 (3H,c), 7.4 (9H,c)             

                              9.0, 10.2    7.95 (2H,c)                         

     CH(CH.sub.3)NH--C(NH)NH.sub.2                                             

                              3.1 (b), 3.4 (b), 5.6,                           

                                           1.14 (9H,s), 1.45 (6H,              

                        .sup.(3) POM                                           

                              5.7, 5.85, 6.0 (b),                              

                                           d), 1.5 (3H,d), 4.16                

                              6.5, 6.9, 7.2, 7.3,                              

                                           (1H,q), 4.4 (1H,s),                 

                              7.7, 7.8, 8.35, 8.65,                            

                                           5.45 (2H,c), 5.8 (3H,               

                              9.0, 9.75 (w), 10.2                              

                                           c), 7.42 (7H,c), 7.98               

                                           (2H,c), 8.6 (2H,c)                  

     CH.sub.2 CH.sub.2 NH--C(NH)NH.sub.2                                       

                        H     2.9-3.7 (b), 5.65,                               

                                           1.5 (6H,d), 2.54 (2H,c),            

                              6.0 (b), 6.5, 6.85,                              

                                           3.94 (1H,s), 5.38 (2H,              

                              7.2, 7.6, 8.1, 8.4,                              

                                           c), 5.75 (1H,c), 7.35               

                              8.9 (w), 9.8 (w)                                 

                                           (5H,c), 7.72 (2H,c),                

                                           8.7 (4H,c), 3.22 (2H,c)             

     CH.sub.2 CH.sub.2 NH--C(NH)NH.sub.2                                       

                              2.9-3.3 (b), 3.4, 5.62                           

                                           1.15 (9H,s), 1.48 (6H,              

                        .sup.(2) POM.sup.(3)                                   

                              (s), 5.68, 6.0 (b),                              

                                           d), 2.65 (2H,c), 3.5                

                              6.25, 6.6, 6.9, 7.2,                             

                                           (2H,c), 4.42 (1H,s),                

                              8.4, 9.0, 10.2                                   

                                           5.42 (2H,c), 5.75 (3H,              

                                           c), 7.35 (9H,c), 8.2                

                                           (2H,c)                              

     (CH.sub.2).sub.3 NH--C(NH)NH.sub.2                                        

                              2.9-3.4 (b), 3.4, 5.62                           

                        POM.sup.(2)                                            

                              (s), 5.68, 6.0 (b),                              

                              6.6, 6.9, 7.2, 8.5,                              

                              9.1, 10.2                                        

     CH.sub.2 N(CH.sub.3)--C(NH)NH.sub.2                                       

                        H     2.9-3.5 (b), 5.65, 6.0,                          

                                           1.48 (6H,d), 2.9 (3H,s)             

                              6.25, 6.7, 6.85, 7.0,                            

                                           3.65 (1H,s), 3.92 (2H,              

                              7.2, 7.5, 8.0, 8.9,                              

                                           s), 5.38 (2H,c), 5.76               

                              9.75 (w)     (1H,c), 7.36 (5H,c),                

                                           8.3 (2H,c), 9.0 (3H,c)              

     CH.sub.2 N(CH.sub.3)--C(NH)NH.sub.2                                       

                              2.9-3.3 (b), 3.4,                                

                                           1.15 (9H,s), 1.46 (6H,              

                        .sup.(2) POM.sup.(3)                                   

                              5.62 (s), 5.68, 6.0                              

                                           d), 2.95 (3H,s), 4.2                

                              (b), 6.15, 6.6, 7.15,                            

                                           (2H,c), 4.4 (1H,s),                 

                              8.4, 8.7, 9.1, 10.2                              

                                           5.45 (2H,c), 5.74 (3H,              

                                           c), 7.0-7.75 (7H,c),                

                                           8.2 (3H,c)                          

     CH.sub.2 NH--C(NH)NHCH.sub.3                                              

                              3.1 (b), 3.4 (b), 5.6,                           

                                           1.14 (9H,s), 1.45 (6H,              

                        .sup.(3) POM                                           

                              5.7, 6.0 (b), 6.55,                              

                                           d), 2.8 (3H,s), 4.1 (2H,            

                              6.9, 7.15, 7.3, 7.7,                             

                                           s), 4.38 (1H,s), 5.45               

                              7.8, 8.1, 8.3, 8.65,                             

                                           (2H,c), 5.75 (3H,c),                

                              9.0, 9.75, 10.25                                 

                                           7.36 (5H,c), 7.58 (4H,c)            

                        H     3.1 (b), 3.4 (b),                                

                                           1.48 (6H,d), 3.6 (4H,               

     CH.sub.2 NH--.angle.     5.65, 6.0, 6.25, 6.5,                            

                                           c), 3.7 (1H,s), 3.92                

                              7.0, 7.2, 7.75, 8.6,                             

                                           (2H,s), 5.42 (2H,c),                

     NH                       8.85 (w), 9.25 (w)                               

                                           5.75 (1H,s), 7.38 (5H,              

                                           c), 7.7 (2H,c), 8.8                 

                                           (2H,c)                              

                        H     2.9-3.7 (b), 5.65,                               

                                           1.48 (6H,d), 3.98 (1H,              

                              6.0-6.5 (b), 6.7, 7.25,                          

                                           s), 5.46 (2H,c), 5.96               

                              7.6, 8.0, 8.9 (w),                               

                                           (1H,c), 7.38 (7H,c),                

                              9.25 (w), 9.9 (w),                               

                                           8.0 (4H,c), 8.6 (4H,c)              

                        H     2.9-3.5 (b), 5.65,                               

                                           1.48 (6H,d), 4.05 (1H,              

                              6.0 (b), 6.3, 6.6,                               

                                           s), 5.48 (2H,c), 5.96               

                              6.85, 7.2, 7.6, 8.0,                             

                                           (1H,c), 7.2-8.3 (15H,               

                              8.2, 8.65, 8.9, 9.15,                            

                                           c)                                  

                              9.4 (w), 9.75 (w)                                

                        H     2.9-3.5 (b), 5.65, 6.1                           

                                           1.45 (d) and 0.98-2.2(c)            

                              (b), 6.55, 6.9, 7.2,                             

                                           (15H), 2.8 (1H,c),                  

                              7.6, 8.0, 8.25, 8.7,                             

                                           3.96 (1H,s), 5.35 (2H,              

                              8.9, 9.25 (w), 9.8 (w)                           

                                           c), 5.75 (1H,c), 7.38               

                                           (5H,c), 7.7 (2H,c),                 

                                           8.6 (4H,c)                          

                        H     2.9-3.7 (b), 5.65,                               

                                           1.48 (6H,d), 3.6 (2H,               

                              6.0 (b), 6.6, 6.9,                               

                                           s), 3.94 (1H,s), 5.36               

                              7.2, 7.6, 8.0, 8.4 (w),                          

                                           (2H,c), 5.72 (1H,c),                

                              8.6 (w), 8.9 (w),                                

                                           7.28 (9H,c), 8.0 (2H,               

                              9.7 (w)      c), 8.8 (4H,c)                      

                        H     2.9-3.7 (b), 5.65,                               

                                           1.45 (6H,d), 3.98 (1H,              

                              6.1 (b), 6.3 (b),                                

                                           s), 5.4 (2H,c), 5.8 (1H,            

                              6.6, 6.85, 7.2, 7.6,                             

                                           c), 6.55-7.82 (13H,c),              

                              8.0, 8.3, 8.6 (w),                               

                                           8.8 (4H,c)                          

                              9.0 (w), 9.4 (w),                                

                              9.8 (w)                                          

                              2.9-3.7 (b), 5.6, 6.0,                           

                                           1.45 (d) and 1.2-1.95 (c            

                        H     6.2, 6.6, 6.9, 7.15,                             

                                           (10H), 2.3-3.2 (5H,                 

                              7.6, 8.2, 8.6 (w),                               

                                           c), 3.94 (1H,s), 5.37               

                              8.9 (w), 9.2 (w), 9.3                            

                                           (2H,c), 5.72 (1H,s),                

                              (w), 9.75 (w)                                    

                                           7.38 (5H,c), 8.35 (5H,              

                                           c)                                  

     --CHCH.sub.2 CH.sub.2 CH.sub.2 N--C(NH)NH.sub.2                           

                        H     2.9-3.7 (b), 5.65, 6.0                           

                                           1.45 (6H,d), 1.6-2.34               

                              (b), 6.5 (b), 6.9, 7.2,                          

                                           (4H,c), 3.45 (2H,c),                

                              7.6, 7.75, 7.95, 8.05,                           

                                           3.92 (1H,s), 4.6 (1H,               

                              8.65, 8.85, 9.15, 9.5                            

                                           c), 5.35 (2H,c), 5.75               

                              (w), 10.0 (w)                                    

                                           (1H,s), 7.35 (5H,c),                

                                           7.55 (5H,c)                         

     CH.sub.2 NH--C(NH)NHCH.sub.3                                              

                        H     2.9-3.5 (b), 5.65, 6.0                           

                                           1.48 (6H,d), 2.75 (3H,              

                              (b), 6.5, 6.85, 7.2,                             

                                           s), 3.92 (3H,s), 5.38               

                              7.55, 8.1, 8.7 (w),                              

                                           (2H,c), 5.76 (1H,c),                

                              8.9 (w), 9.25 (w)                                

                                           7.35 (5H,c), 7.88 (2H,              

                                           c), 8.72 (3H,c)                     

     CH.sub.2 --N--CH.sub.2 CH.sub.2 --N-- C=NH                                

                        H     2.9-3.6 (b), 5.6, 5.9,                           

                                           1.45 (6H,d), 3.5 (4H,               

                              6.2, 6.55, 6.85 (w),                             

                                           s), 3.9 (2H,s), 4.1                 

                              7.2, 7.65, 8.0, 8.6                              

                                           (1H,s), 5.38 (2H,c),                

                              (w), 8.85 (w), 9.1                               

                                           5.75 (1H,c), 7.35 (5H,              

                              (w), 9.4 (w), 9.8                                

                                           c), 7.9 (2H,c), 8.6                 

                              (w), 10.6 (w)                                    

                                           (2H,c)                              

                        H     2.9-3.5 (b), 5.6, 6.0,                           

                                           1.45 (10H,d,c), 2.0-                

                              6.15, 6.55, 6.85,                                

                                           3.9 (5H,c), 3.94 (1H,               

                              7.15, 7.55, 8.2 (w),                             

                                           s), 5.4 (2H,c), 5.75                

                              8.9 (w), 9.25 (w)                                

                                           (1H,c), 7.38 (5H,c),                

                                           8.15 (5H,c)                         

     __________________________________________________________________________

      .sup.(1) POM = hydrochloride salt of pivaloyloxymethyl ester.            

      .sup.(2) IR in methylene chloride solution.                              

      .sup.(3) NMR in CDCl.sub.3 ; tetramethylsilane used as internal reference

      .sup.(4) w = weak, s = shoulder, b = broad                               

      .sup.(5) d= doublet; s= singlet; c= complex; q= quartet.                 

      DMSO = dimethyl sulfoxide; tetramethylsilane used as internal reference. 

PAC  PREPARATION A
PAC  General Procedure for .alpha.-Aminoacylpenicillin Acyloxyalkyl Esters
PAR  The procedure of Daehne et al., J. Med. Chem. 13, 612 (1970) is employed to
      prepare the title compounds. The procedure comprises acylating the
      appropriate acyloxyalkyl 6-aminopenicillanate with the appropriate amino
      acid chloride hydrochloride in a solvent such as methylene chloride in the
      presence of an acid acceptor (NaHCO.sub.3). The ester, amino acid chloride
      hydrochloride and NaHCO.sub.3 are reacted in a molar proportion of about
      1.25:1.0:2.5 at 0.degree. - 10.degree. C. for 2 - 3 hours. The mixture is
      filtered through diatomaceous earth, isopropanol added to the filtrate
      which is then concentrated in vacuo. Concentration is continued until the
      product separates. Isopropanol and ether are added to the mixture to
      complete precipitation of the product.
PAC  PREPARATION B
PAC  General Procedure for Making Guanidines
PA0  1. From S-alkylisothioureas
PAR  a. A solution of the appropriate amino acid reactant (HOOC--X--NHR.sub.3)
      in concentrated ammonium hydroxide (5-10 moles per mole of amino acid) is
      treated portionwise with the appropriate S-alkylisothiourea (R.sub.4
      N=C(--SR')NR.sub.5 R.sub.6) (one equivalent) at room temperature. The
      mixture is allowed to stand overnight and then filtered to provide the
      product which is washed with water and dried. Ethanol is added if
      necessary to bring about precipitation of the product.
PAR  b. When X is an aryl moiety, the amino acid is used as its sodium salt in
      water as solvent. The reaction is conducted at 80.degree. C. for 15 - 20
      hours and then cooled. The product is recovered according to (a) above.
PAR  The guanidino substituted acids listed below are thus prepared from
      appropriate reactants via method (1):
TBL          R.sub.3 NR.sub.4                                                  

             .vertline..parallel.                                              

             HOOC--X--N--C--NR.sub.5 R.sub.6                                   

     X           R.sub.3  R.sub.4   R.sub.5                                    

                                           R.sub.6                             

     ______________________________________                                    

     CH.sub.2    H        CH.sub.3  CH.sub.3                                   

                                           H                                   

     1,4--CH.sub.2 --O--C.sub.6 H.sub.4                                        

                 H        H         n--C.sub.4 H.sub.9                         

                                           H                                   

     1,4--CH=CHC.sub.6 H.sub.4                                                 

                 H        H         H      n--C.sub.4 H.sub.9                  

     1,4--C.sub.6 H.sub.4 CH.sub.2                                             

                 H        H         CH.sub.3                                   

                                           C.sub.2 H.sub.5                     

     CH.sub.3 CH H        H         H      CH.sub.3                            

     CH=CH--CH.sub.2                                                           

                 H        H         H      H                                   

     C.sub.2 H.sub.5 CH                                                        

                 H        H         H      H                                   

     (CH.sub.2).sub.6                                                          

                 H        H         H      H                                   

     1,1--C.sub.4 H.sub.6                                                      

                 H        H         H      H                                   

     1,1--C.sub.3 H.sub.4                                                      

                 H        H         H      H                                   

     CH.sub.2    CH.sub.3 H         H      H                                   

     1,4--C.sub.6 H.sub.10                                                     

                 H        H         H      H                                   

     1,3--C.sub.6 H.sub.10                                                     

                 H        H         H      H                                   

     1,2--C.sub.6 H.sub.10                                                     

                 H        H         H      H                                   

     ______________________________________                                    

PAL  This method is also used for compounds wherein X is alkylene at 25.degree.
      or 80.degree. C.
TBL  ______________________________________                                    

     X          R.sub.3  R.sub.4  R.sub.5 R.sub.6                              

     ______________________________________                                    

     1,4--CH=CHC.sub.6 H.sub.4                                                 

                H        H        H       i--C.sub.3 H.sub.7                   

     1,3--C.sub.6 H.sub.10                                                     

                H        C.sub.2 H.sub.5                                       

                                  H       C.sub.2 H.sub.5                      

     CH.sub.2   H        C.sub.7 H.sub.7                                       

                                  H       CH.sub.3                             

     1,4--CH.sub.2 C.sub.6 H.sub.4                                             

                H        H        i--C.sub.4 H.sub.9                           

                                          H                                    

     CH.sub.2   H        C.sub.2 H.sub.5                                       

                                  H       CH.sub.3                             

     CH.sub.2   H        C.sub.6 H.sub.5                                       

                                  H       n--C.sub.4 H.sub.9                   

     CH.sub.2   H        C.sub.7 H.sub.7                                       

                                  C.sub.2 H.sub.5                              

                                          H                                    

     1,4--C.sub.6 H.sub.4                                                      

                H        CH.sub.3 CH.sub.3                                     

                                          CH.sub.3                             

     1,4--C.sub.6 H.sub.10                                                     

                H        C.sub.6 H.sub.5                                       

                                  H       CH.sub.3                             

     (CH.sub.2).sub.4                                                          

                H        CH.sub.3 H       C.sub.7 H.sub.7                      

     CH.sub.2 --CH=CH                                                          

                H        H        n--C.sub.4 H.sub.9                           

                                          H                                    

     (CH.sub.2).sub.3                                                          

                H        H        H       H                                    

     (CH.sub.2).sub.2                                                          

                H        CH.sub.3 CH.sub.3                                     

                                          C.sub.6 H.sub.5                      

     1,4--C.sub.6 H.sub.4 CH.sub.2                                             

                H        CH.sub.3 H       H                                    

     CH.sub.2   H        H        H       C.sub. 2 H.sub.5                     

     1,4--C.sub.6 H.sub.4                                                      

                H        H        CH.sub.3                                     

                                          H                                    

     1,4--C.sub.6 H.sub.10                                                     

                CH.sub.3 H        CH.sub.3                                     

                                          H                                    

     (CH.sub.2).sub.4                                                          

                H        H        CH.sub.3                                     

                                          CH.sub.3                             

     CH.sub.2   H        H        H       n--C.sub.4 H.sub.9                   

     CHCH.sub.3 H        H        H       n--C.sub.3 H.sub.7                   

     CH.sub.2   CH.sub.3 H        H       n--C.sub.3 H.sub.7                   

     CH.sub.2   CH.sub.3 H        CH.sub.3                                     

                                          C.sub.2 H.sub.5                      

     (CH.sub.2).sub.2                                                          

                CH.sub.3 CH.sub.3 CH.sub.3                                     

                                          H                                    

     (CH.sub.2).sub.4                                                          

                H        H        H       H                                    

     (CH.sub.2).sub.4                                                          

                H        H        CH.sub.3                                     

                                          H                                    

     (CH.sub.2).sub.7                                                          

                H        H        CH.sub.3                                     

                                          H                                    

     1,2--C.sub.6 H.sub.10                                                     

                H        H        H       C.sub.6 H.sub.5                      

     1,2--C.sub.5 H.sub.8                                                      

                H        CH.sub.3 CH.sub.3                                     

                                          CH.sub.3                             

     1,3--C.sub.6 H.sub.10                                                     

                H        H        H       n--C.sub.3 H.sub.7                   

     1,4--C.sub.6 H.sub.4                                                      

                H        H        H       C.sub.6 H.sub.5                      

     (CH.sub.2).sub.3                                                          

                H        CH.sub.3 H       H                                    

     CH.sub.2   H        CH.sub.3 H       C.sub.7 H.sub.7                      

     1,1--C.sub.3 H.sub.4                                                      

                H        H        H       n--C.sub.4 H.sub.9                   

     1,1--C.sub.7 H.sub.12                                                     

                H        CH.sub.3 H       H                                    

     1,1--C.sub.8 H.sub.14                                                     

                H        H        CH.sub.3                                     

                                          CH.sub.3                             

     (CH.sub.2).sub.2                                                          

                H        H        H       CH.sub.3                             

     CH.sub.2   H        C.sub.6 H.sub.5                                       

                                  H       CH.sub.3                             

     1,4--C.sub.6 H.sub.4                                                      

                H        CH.sub.3 H       C.sub.7 H.sub.7                      

     C.sub.6 H.sub.13 CH                                                       

                H        H        H       H                                    

     CH.sub.2   H        CH.sub.3 H       H                                    

     1,4--CH.sub.2 OC.sub.6 H.sub.4                                            

                CH.sub.3 H        H       H                                    

     CH.sub.2   H        H        H       CH.sub.3                             

     CHCH.sub.3 CH.sub.3 H        H       H                                    

     CH.sub.2   H        CH.sub.3 C.sub.2 H.sub.5                              

                                          H                                    

     CHCH.sub.3 H        H        H       H                                    

     1,4--C.sub.6 H.sub.4                                                      

                CH.sub.3 H        H       H                                    

     1,4--C.sub.6 H.sub.10                                                     

                CH.sub.3 H        H       H                                    

     (CH.sub.2).sub.3                                                          

                CH       H        H       H                                    

     CH.sub.2   n--C.sub.3 H.sub.7                                             

                         H        H       H                                    

     CH.sub.2   n--C.sub.4 H.sub.9                                             

                         H        H       H                                    

     CH.sub.2   C.sub.6 H.sub.5                                                

                         H        H       H                                    

     CH.sub.2   CH.sub.3 H        CH.sub.3                                     

                                          H                                    

     CH.sub.2   CH.sub.3 H        C.sub.6 H.sub.5                              

                                          H                                    

     ______________________________________                                    

PA0  2. from Benzoylcyanamid
PAR  A mixture of equimolar quantities of the appropriate amino acid and benzoyl
      cyanamide in ethanol (approximately 50 ml. per mole of amino acid) is
      evaporated to near dryness on a steam bath. The process is repeated but
      the mixture is taken to dryness. The residue is refluxed in a slight
      excess of 1N aqueous sodium hydroxide for one hour, and then cooled,
      decolorized with activated charcoal, and acidified to about pH 6. The
      product is filtered, washed with water and dried.
PAR  The following guanidino substituted acids are thus prepared from
      appropriate reactants:
TBL          NH                                                                

             .parallel.                                                        

             HOOC--X--NH--C--NH.sub.2                                          

                   X                                                           

     ______________________________________                                    

               1,4--CH=CH--C.sub.6 H.sub.4                                     

               1,3--CH=CH--C.sub.6 H.sub.4                                     

               1,4--CH.sub.2 OC.sub.6 H.sub.4                                  

               1,4--CH.sub.2 C.sub.6 H.sub.4                                   

               1,4--C.sub.6 H.sub.4                                            

               1,3--C.sub.6 H.sub.4                                            

     ______________________________________                                    

PAC  PREPARATION C
PAC  2-Iminoimidazolidines and 2-Iminohexahydropyrimidines
PAR  Reactants having the formula
      ##EQU29##
      wherein X and p have the values listed below are prepared as described by
      Rowley et al., J. Am. Chem. Soc. 93, 5542-51 (1971).
PAR  The procedure comprises adding cyanogen bromide (5.3 g., 50 mM) dissolved
      in methanol (7.5 ml.) dropwise over a 3-hour period at room temperature to
      an aqueous solution of the sodium salt of the appropriate amino acid
      HOOC--X--NH(CH.sub.2).sub.p --NH.sub.2 (5 mM in 10 ml. of water). The
      reaction mixture is allowed to stand for 20-30 minutes following
      completion of addition and the product recovered by filtration. It is
      washed with cold water and dried.
PAR  The following compounds are thus prepared:
TBL              X        p                                                    

     ______________________________________                                    

              CH.sub.2 CH.sub.2                                                

                          2                                                    

              CHCH.sub.3  3                                                    

              CH.sub.2 CH.sub.2                                                

                          3                                                    

              (CH.sub.2).sub.5                                                 

                          2                                                    

              (CH.sub.2).sub.5                                                 

                          3                                                    

              1,4--C.sub.6 H.sub.4                                             

                          2                                                    

              1,4--C.sub.6 H.sub.4                                             

                          3                                                    

              1,2--C.sub.6 H.sub.10                                            

                          2                                                    

              1,2--C.sub.6 H.sub.10                                            

                          3                                                    

              1,3--C.sub.6 H.sub.10                                            

                          2                                                    

              1,3--C.sub.6 H.sub.10                                            

                          3                                                    

              1,4--C.sub.6 H.sub.10                                            

                          2                                                    

              1,4--C.sub.6 H.sub.10                                            

                          3                                                    

              1,4--C.sub.6 H.sub.4 CH.sub.2                                    

                          2                                                    

              1,4--C.sub.6 H.sub.4 CH.sub.2                                    

                          3                                                    

              1,4--CH=CH--C.sub.6 H.sub.4                                      

                          2                                                    

              1,4--CH=CH--C.sub.6 H.sub.4                                      

                          3                                                    

              1,3--CH=CH--C.sub.6 H.sub.4                                      

                          2                                                    

              1,3--CH=CH--C.sub.6 H.sub.4                                      

                          3                                                    

              1,2--CH=CH--C.sub.6 H.sub.4                                      

                          2                                                    

              1,2--CH=CH--C.sub.6 H.sub.4                                      

                          3                                                    

              1,3--C.sub.6 H.sub.4                                             

                          2                                                    

              1,3--C.sub.6 H.sub.4                                             

                          3                                                    

              CH=CH--CH.sub.2                                                  

                          2                                                    

              1,4--CH.sub.2 OC.sub.6 H.sub.4                                   

                          2                                                    

              1,4--CH.sub.2 OC.sub.6 H.sub.4                                   

                          3                                                    

              (CH.sub.2).sub.7                                                 

                          3                                                    

              (CH.sub.2).sub.3                                                 

                          3                                                    

              CH=CH--CH.sub.2                                                  

                          3                                                    

     ______________________________________                                    

PAR  The amino acid reactants required in this preparation are prepared by
      reacting the appropriate compound of formula HOOC--X--NH.sub.2 with
      2-chloroethylamine or 3-chloropropylamine in the presence of potassium
      iodide (10% by weight based on the chloroalkylamine) as accelerator.
PAC  PREPARATION D
PAC  1-Guanyl Pyrrolidylcarboxylic Acid Derivatives
PAR  Reactants of the formula
      ##SPC13##
PAL  are prepared by treating a solution of 2-(or 3-) pyrrolidine carboxylic
      acid in an equimolar amount of 4N sodium hydroxide solution at room
      temperature dropwise over a five-hour period with an equimolar amount of
      the appropriate S-alkylthiouronium iodide dissolved in the minimum volume
      of water. The reaction mixture is allowed to stand overnight and then
      filtered to recover the product. It is purified by dissolution in the
      minimum amount of ethanol followed by addition of a large excess of
      acetone containing 10% (v/v) of 95% ethanol. The purified product is
      filtered off and dried.
PAR  The following compounds are thus prepared:
TBL  R.sub.4     R.sub.5 R.sub.6 Isomer                                        

     ______________________________________                                    

     H           H       H       3                                             

     H           CH.sub.3                                                      

                         H       2                                             

     H           CH.sub.3                                                      

                         H       3                                             

     C.sub.6 H.sub.5                                                           

                 H       C.sub.2 H.sub.5                                       

                                 2                                             

     CH.sub.3    H       C.sub.6 H.sub.5                                       

                                 2                                             

     C.sub.6 H.sub.5                                                           

                 CH.sub.3                                                      

                         H       2                                             

     H           H       C.sub.6 H.sub.5                                       

                                 3                                             

     C.sub.7 H.sub.7                                                           

                 C.sub.2 H.sub.5                                               

                         H       3                                             

     CH.sub.3    H       CH.sub.3                                              

                                 2                                             

     H           CH.sub.3                                                      

                         CH.sub.3                                              

                                 2                                             

     H           C.sub.2 H.sub.5                                               

                         H       2                                             

     CH.sub.3    H       C.sub.7 H.sub.7                                       

                                 2                                             

     CH.sub.3    CH.sub.3                                                      

                         CH.sub.3                                              

                                 2                                             

     CH.sub.3    H       CH.sub.3                                              

                                 3                                             

     ______________________________________                                    

PAC  PREPARATION E
PAR  Reactants of the formula
      ##SPC14##
PAL  are prepared from the appropriate 2-, 3- or 4-piperidine carboxylic acid by
      the procedure of Preparation B-(1).
PAC  PREPARATION F
PAC  2-Imidazolinyl- and 2-(1,4,5,6-Tetrahydropyrimidinyl) Substituted Amino
      Acids
PAR  To a solution of the appropriate amino acid (0.01 M) in aqueous sodium
      hydroxide (2.50 ml. of 4N) plus sufficient water to provide a clear
      solution is added 2-methylthioimidazolinium iodide or
      2-methylthio-2-(1,4,5,6-tetrahydropyrimidinium) iodide in the minimum
      amount of water over a five-hour period at room temperature. The reaction
      mixture is allowed to stand overnight at room temperature. The product is
      isolated by addition of acetone. It is filtered off and stirred in a large
      volume of acetone containing 10% (v/v) of 95% ethanol to remove sodium
      iodide. The acetone-ethanol solution is filtered to give the product.
PAR  The following compounds are thus prepared
     HOOC--X--NH--.angle.(CH.sub.2).sub.p                                      

     N                                                                         

                 X*     p                                                      

     ______________________________________                                    

              CH.sub.2  3                                                      

              (CH.sub.2).sub.5                                                 

                        3                                                      

              1,4--C.sub.6 H.sub.4                                             

                        2                                                      

              1,4--CH.sub.2 OC.sub.6 H.sub.4                                   

                        2                                                      

              (CH.sub.2).sub.2                                                 

                        3                                                      

              CH=CH--CH.sub.2                                                  

                        3                                                      

              CHCH.sub.3                                                       

                        3                                                      

              1,4--C.sub.6 H.sub.4                                             

                        3                                                      

              (CH.sub.2).sub.5                                                 

                        2                                                      

              (CH.sub.2).sub.3                                                 

                        2                                                      

              1,4--CH.sub.2 C.sub.6 H.sub.4                                    

                        3                                                      

              1,3--CH.sub.2 C.sub.6 H.sub.4                                    

                        3                                                      

              1,4--CH.sub.2 OC.sub.6 H.sub.4                                   

                        3                                                      

     ______________________________________                                    

      *When X is an aryl group the reaction is carried out at 80.degree. C.    

      overnight rather than at room temperature.                               

PAC  PREPARATION G
PAR  Reactants of the formula
      ##EQU30##
      wherein X is as defined above and R.sub.4 and R.sub.5 when taken together
      with the guanyl moiety to which they are attached form an imidazolyl or
      2-pyrimidinyl group are prepared by the following general procedure:
PAR  The appropriate amino acid of formula HOOC -- X -- NH.sub.2 (0.01 M) and
      2-chloropyrimidine or 2-chloroimidazole (0.01 M) are reacted in
      N,N-dimethylformamide (100 ml.) in the presence of triethylamine (0.01 M)
      as acid acceptor at a temperature of about 80.degree. - 100.degree. C. for
      2-3 hours. The reaction mixture is cooled and then filtered and the
      filtrate evaporated to give the desired product which is used as is.
PAR  The compounds listed below are thus prepared. (Im - 2-imidazolyl; PYR =
      2-pyrimidinyl)
TBL           X        C(NR.sub.4)--NHR.sub.5                                  

     ______________________________________                                    

     CH.sub.2          PYR                                                     

     CHC.sub.2 H.sub.5 Im                                                      

     (CH.sub.2).sub.2  PYR                                                     

     1,3--C.sub.6 H.sub.4                                                      

                       PYR                                                     

     1,4--CH=CH--C.sub.6 H.sub.4                                               

                       Im                                                      

     (CH.sub.2).sub.4  PYR                                                     

     1,4--C.sub.6 H.sub.10                                                     

                       Im                                                      

     1,3--C.sub.6 H.sub.4                                                      

                       PYR                                                     

     (CH.sub.2).sub.3  PYR                                                     

     (CH.sub.2).sub.7  Im                                                      

     1,4--C.sub.6 H.sub.4                                                      

                       Im                                                      

     CH=CH--CH.sub.2   PYR                                                     

     CH=CH--CH.sub.2   Im                                                      

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##EQU31##
      and the pharmaceutically acceptable acid addition salts thereof wherein R
      is selected from the group consisting of hydrogen and acyloxy lower alkyl
      wherein acyloxy is selected from the group consisting of lower
      alkanoyloxy, benzoyloxy and substituted benzoyloxy wherein the substituent
      is selected from the group consisting of chloro, bromo, fluoro, lower
      alkyl, lower alkoxy and trifluoromethyl;
PA1  R.sub.1 is selected from the group consisting of hydrogen, alkyl of from 1
      to 14 carbon atoms, cycloalkyl of from 3 to 6 carbon atoms,
      1,4-cyclohexadienyl, naphthyl, benzyl, phenethyl, furyl, thienyl, and
      ##SPC15##
PA1  wherein Y is selected from the group consisting of hydrogen, nitro,
      di(lower alkyl)amino, lower alkanoylamino, lower alkyl, lower alkoxy,
      hydroxy, sulfamyl, chloro, bromo, fluoro, iodo, and trifluoromethyl;
PA1  R.sub.2 is selected from the group consisting of hydrogen and lower alkyl;
PA1  R.sub.1 and R.sub.2 when taken together with the carbon atom to which they
      are attached are cycloalkylidene of 3 to 10 carbon atoms;
PA1  each of R.sub.3 and R.sub.6 is selected from the group consisting of
      hydrogen, lower alkyl, benzyl, and phenyl;
PA1  R.sub.4 and R.sub.5 when taken together with the quanyl moiety to which
      they are attached form a 5-membered heterocyclic ring selected from the
      group consisting of 2-imidazolyl, and 2-(2-imidazolinyl) and
PA1  X is selected from the group consisting of alkylene having from 1 to 7
      carbon atoms, phenylene, cycloalkylene having from 3 to 9 carbon atoms,
      propenylene whose --CH.sub.2 group is bound to the adjacent nitrogen;
      vinylenephenylene, methylene oxyphenylene and phenylenemethylene, each of
      whose phenylene group is bound to the adjacent nitrogen.
NUM  2.
PAR  2. A compound according to claim 1 wherein R.sub.1 is
      ##SPC16##
PAL  each of R.sub.2, R.sub.3, R.sub.6 and R is hydrogen; R.sub.4 and R.sub.5
      together with the guanyl moiety to which they are attached are
      2-(2-imidazolinyl) and X is alkylene.
NUM  3.
PAR  3. A compound according to claim 1 wherein R.sub.1 is
      ##SPC17##
PAL  each of R.sub.2, R.sub.3, R.sub.6 and R is hydrogen; R.sub.4 and R.sub.5
      together with the guanyl moiety to which they are attached are
      2-imidazolyl and X is alkylene.
NUM  4.
PAR  4. A compound according to claim 1 wherein R.sub.1 is 3-thienyl each of
      R.sub.2, R.sub.3, R.sub.6 and R is hydrogen and X is methylene.
NUM  5.
PAR  5. The compound according to claim 2 wherein R.sub.1 is phenyl and X is
      methylene.
NUM  6.
PAR  6. The compound according to claim 2 wherein R.sub.1 is phenyl and X is
      ethylene.
NUM  7.
PAR  7. The compound according to claim 3 wherein R.sub.1 is 4-hydroxyphenyl and
      X is methylene.
PATN
WKU  039337987
SRC  5
APN  5008425
APT  1
ART  125
APD  19740827
TTL  Novel bis-pyrazolone oxonol dyes
ISD  19760120
NCL  4
ECL  1
EXA  Robinson; D. W.
EXP  Meyers; Albert T.
NDR  2
NFG  2
INVT
NAM  Curtis; Harris L.
CTY  Needham
STA  MA
INVT
NAM  Foley; James W.
CTY  Andover
STA  MA
ASSG
NAM  Polaroid Corporation
CTY  Cambridge
STA  MA
COD  02
CLAS
OCL  2602399
XCL  260240
XCL  2602402
EDF  2
ICL  C07D23142
ICL  C07D23300
ICL  C07D23500
ICL  C07D26116
FSC  260
FSS  239.9;240;310;240.2
FSC   96
FSS  84 R;84 A
UREF
PNO  2621125
ISD  19521200
NAM  Dormael et al.
OCL   95  8
UREF
PNO  2944901
ISD  19600700
NAM  Carroll
OCL   96102
UREF
PNO  3502474
ISD  19700300
NAM  Tsuda et al.
OCL   96 84
UREF
PNO  3795519
ISD  19740300
NAM  Mlyazake et al.
OCL   96 84A
LREP
FR2  Kiely; Philip G.
ABST
PAL  Novel, water-insoluble bis-pyrazolone oxonol dyes are provided wherein each
      pyrazolone nucleus carries an alkyl sulfonamidophenyl moiety on the
      1-position nitrogen atom and an electron-withdrawing substituent on the
      3-position carbon atom.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to chemistry and, in particular, to novel
      bis-pyrazolone oxonol compounds useful as antihalation dyes in
      photographic products and processes.
PAR  2. Description of the Prior Art
PAR  Photographic light-sensitive elements are often provided with antihalation
      layers for the purpose of absorbing harmful reflected, scattered and/or
      diffused light which can adversely effect the quality of image
      reproduction. Such layers typically contain organic dyes possessing the
      desired spectral absorption properties distributed at a convenient
      coverage in a suitable polymeric hydrophilic colloid matrix. Since these
      dyes often have a deleterious effect on the light-sensitive layers used in
      the photosensitive element, it is important that these dyes be immobile
      and do not diffuse to the adjacent layers. Further, it is also generally
      necessary, particularly in films adapted for image reproduction by
      projection, that these dyes be rapidly and completely discharged or
      decolored (bleached) during the photographic processing steps to enable
      unhindered viewing of the developed image.
PAR  Although several pyrazolone dyes and, particularly bis-pyrazolone oxonol
      dyes, have previously been proposed as antihalation dyes in photographic
      products and processes (see, for example, U.S. Pat. Nos. 2,621,125;
      3,502,474; and 3,795,519), none have satisfactorily met all of the desired
      requirements; in particular, they either bleach too slowly and/or are
      mobile in gelatin matrices.
PAR  A class of bis-pyrazolone oxonol dyes has now been found which does not
      possess the above-mentioned deficiencies of the prior art and which dyes
      are particularly suited as antihalation dyes in photographic products and
      processes.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with this invention, novel bis-pyrazolone oxonol dyes are
      provided wherein each of the two pyrazolone nuclei carry an alkyl
      sulfonamidophenyl moiety on the 1-position nitrogen atom and an
      electron-withdrawing substituent on the 3-position carbon atom. The dyes
      of the present invention are substantially water-insoluble and less mobile
      in gelatin matrices than dyes of similar structure without said alkyl
      sulfonamidophenyl moiety. In preferred embodiments, the dyes of the
      present invention are superior to known antihalation dyes in that they are
      relatively innocuous to photographic silver halide emulsions, form stable
      dispersions in gelatin and bleach rapidly in alkaline processing
      compositions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1 and 2 are graphic representations of the spectral absorption curves
      for gelatin dispersions of two antihalation dyes of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The novel bis-pyrazolone oxonol dyes of the present invention may be
      represented by the following general formula:
      ##EQU1##
      wherein X and X' are the same and represent an electron-withdrawing
      substituent, e.g., ester, amide, cyano, etc.; Y and Y' are the same and
      represent an alkyl sulfonamidophenyl moiety, e.g.,
      p-n-pentylsulfonamidophenyl, p-n-hexylsulfonamidophenyl, etc.; M is
      hydrogen or a cation, e.g., an inorganic cation such as an alkali metal
      ion (i.e., Na.sup.-, K.sup.-, etc.) or an organic onium ion such as
      pyridinium; and n is 0, 1 or 2.
PAR  All formulae set forth herein, including the appended claims, are intended
      to be only illustrative of one form of the actual structure of the
      depicted compound. The "oxonol" grouping contained within the structural
      formulae of the compounds of the present invention is believed to undergo
      tautomeric (ketol-enol) rearrangements and, therefore, may actually exist
      in a variety of structures, the extremes of which may be represented, for
      example, by the formulae:
      ##EQU2##
      It is to be understood, therefore, that all such formulae contained in
      this specification and the appended claims represent the depicted
      structure and any tautomeric equivalent thereof.
PAR  Bis-pyrazolone oxonol dyes of the prior art generally exhibit relatively
      high water solubility. In contrast to these prior art dyes, the alkyl
      sulfonamido groups of the N-phenyl substituents of each pyrazolone nucleus
      render the dyes of this invention substantially water-insoluble and,
      therefore, immobile (i.e., nondiffusible) in the hydrophilic colloid in
      which they are incorporated to form an antihalation layer in a
      photographic element.
PAR  The alkyl sulfonamidophenyl groups depicted as Y and Y' in Formula I may
      each be represented by the formula:
      ##SPC1##
PAL  wherein R is an alkyl group. The alkyl portion R of the alkyl
      sulfonamidophenyl group should be of sufficient size to provide the
      desired immobilizing effect, yet not so large as to adversely effect the
      dye's ability to form a fine dispersion that is stable in the hydrophilic
      colloid. Alkyl groups having from 3 to 8 carbon atoms are contemplated as
      being suitable for providing the R moiety, and straight chain alkyl groups
      containing 5 carbon atoms in the chain, i.e., n-pentyl groups, have been
      found to be particularly useful. The phenyl nucleus may also include
      substituents other than the alkyl sulfonamido group such as, for example,
      halogen, alkyl, alkoxy, etc. Also, as indicated in Formula III, the alkyl
      sulfonamido group may be in various positions on the phenyl nucleus, i.e.,
      in ortho-, para- or meta-position.
PAR  X and X' in Formula I represent electron-withdrawing substituents on the
      3-position carbon atom of each pyrazolone nucleus. The term
      "electron-withdrawing substituent" is herein intended to designate those
      substituents known in the dye art as "electronegative" or
      "electron-attracting" groups. Such electrophilic groups have been found to
      contribute to the fast bleaching properties of the present dyes, when said
      dyes are contacted with an alkaline photographic processing composition.
      As examples of electrophilic substituents contemplated by X and X',
      mention may be made of any of the electronegative substituents
      conventionally used in the dye art, e.g., cyano, nitro, sulfonyl, etc.,
      and particularly those electronegative substituents containing carbonyl
      groups such as esters and amides.
PAR  Dyes of Formula I wherein X and X' represent ester groups, particularly
      2-alkoxy or 2-hydroxy ethoxy carbonyl groups, have been found to provide
      especially desirable antihalation dyes in accordance with the present
      invention. Such ester groups may be represented by the formula:
      ##EQU3##
      wherein Z is hydrogen, hydroxy or lower alkoxy, e.g., methoxy, ethoxy,
      etc., and m is the integer 2 or 3. The value of m above, i.e., the length
      of the alkylene chain in the ester substituent, has a marked effect on the
      water solubility of the resultant dye compound. As the value of m
      increases, the water solubility and, therefore, the mobility of the dye in
      a hydrophilic colloid layer decreases. For example, prior art dyes
      analogous to those of Formula I with the 1-N-phenyl substituents but
      without the alkyl sulfonamido substituent on each phenyl nucleus and
      having m values of 1 or 2 are quite water-soluble and mobile in gelatin,
      whereas those dyes in which m is 5 are water-insoluble and immobile.
PAR  However, it has been found that the rate at which the dye bleaches to a
      decolored state when treated with an alkaline photographic processing
      composition also decreases as m increases. Since, in preferred
      photographic applications, antihalation dyes are required to bleach out
      rapidly during the processing steps, the length of the alkylene chain must
      necessarily be kept short, for example, an ethylene chain (m=2) is
      preferable. In the prior art, this requirement of a short alkylene chain
      in ester substituents has led to dyes with unacceptably high mobility. The
      superior immobilizing properties of the alkyl sulfonamidophenyl groups in
      the dyes of the present invention, however, allow for the utilization of
      the desirable lower alkyl ester substituents as well as other more
      rapid-bleaching (and water-solubilizing) substituents in the
      bis-pyrazolone oxonol dye structure without sacrificing the desired
      immobility. Particularly rapid-bleaching but immobile dyes of Formula I
      are provided when Z in Formula IV is hydroxy (--OH) or lower alkoxy
      (--OCH.sub.3, --OC.sub.2 H.sub.5, etc.). It should be noted that the
      selection of Z may also affect the light absorption characteristics of the
      dye when dispersed in gelatin. For example, comparing the absorption
      curves for Dyes A and C in FIGS. 1 and 2, it can be seen that Dye C with Z
      as --OH absorbs more green light than corresponding Dye A with Z as --H.
PAR  The value of n in Formula I, i.e., the length of the methine linkage
      between pyrazolone nuclei, may also determine the light-absorbing or color
      properties of the resultant dye. In general, pentamethine dyes of Formula
      I (i.e., n=2) are blue-cyan, trimethine dyes of Formula I (i.e., n=1) are
      magenta and monomethine dyes of Formula I (i.e., n=0) are yellow.
      Pentamethine bis-pyrazolone oxonol dyes of Formula I are the most
      preferred for use as antihalation dyes in the photographic products and
      processes described hereinafter.
PAR  The superior immobilizing effect of the alkyl sulfonamido groups on the
      1-N-phenyl nuclei of the present dyes will be further illustrated by the
      following example:
PAC  EXAMPLE I
PAR  Bis-1,5-[3-(2-methoxyethoxy)carbonyl-1-(p-N-n-pentylsulfonamidophenyl)-2-py
     razolin-5-one]pentamethine oxonol (i.e., Dye B in Example II hereinafter)
      and
      bis-1,5-[3-(2-methoxyethoxy)carbonyl-1-phenyl-2-pyrazolin-5-one]pentamethi
     ne oxonol, an identical dye without the n-pentylsulfonamido groups
      (hereinafter designated B') were each dispersed in gelatin. Similarly,
      bis-1,5-[3-(2-hydroxyethoxy)carbonyl-1-(p-N-n-pentylsulfonamidophenyl)-2-p
     yrazolin-5-one]pentamethine oxonol (i.e., Dye C in Example II hereinafter)
      and bis-1,5-[3-(2-hydroxyethoxy)
      carbonyl-1-phenyl-2-pyrazolin-5-one]pentamethine oxonol, an identical dye
      without the n-pentylsulfonamido groups (designated C') were also dispersed
      in gelatin.
PAR  The dispersions were cubed and washed in distilled water for about 1.3
      hours. The optical density of the filtered wash water was measured and the
      values used to compare the relative mobilities of the dyes in gelatin.
      Table 1 below summarizes the results:
TBL                TABLE 1                                                     

     ______________________________________                                    

                      Optical Density of                                       

            Dye       Wash Water at 600 m.mu.                                  

     ______________________________________                                    

            B         0.01                                                     

            B'        1.63                                                     

            C         0.02                                                     

            C'        2.00                                                     

     ______________________________________                                    

PAR  It can be clearly seen from the densities in Table 1 that the dyes without
      the immobilizing n-pentylsulfonamido groups on each 1-N-phenyl nucleus
      were readily washed out of the gelatin dispersion into the wash water
      whereas the dyes with the n-pentylsulfonamido groups of this invention
      were retained in the dispersion with a relatively insignificant amount
      appearing in the wash water.
PAR  When treated with an alkaline solution, such as a photographic developing
      composition, the water-solubility of the dyes of Formula I substantially
      increases, most likely due to the ionization of the alkyl sulfonamido
      group (--SO.sub.2 N.sup.-R). Hence, the dyes of the present invention
      become more mobile in the hydrophilic colloid of the antihalation layer
      and may be dissolved out of the hydrophilic colloid layer during the
      photographic processing step subsequent to exposure of the film unit. In
      addition, this increased solubility is accompanied by a more rapid
      bleaching of the dye when the processing solution contains sodium sulfite
      (Na.sub.2 SO.sub.3) and sodium hydroxide (NaOH) as the principal bleaching
      agents.
PAR  Dyes of the present invention may be obtained from corresponding pyrazolone
      compounds according to general procedures known in the art, for example,
      as outlined in British Pat. Nos. 506,385 and 646,125 and U.S. Pat. No.
      3,502,474. Such procedures typically comprise a condensation reaction
      between 2 mols of the appropriate pyrazolone compound having an active
      methylene group in the pyrazolone ring and 1 mol of glutacondialdehyde
      dianil in a solvent, such as an alcohol or dimethyl sulfoxide, in the
      presence of a condensing agent such as triethylamine, pyridine, etc. The
      1-(p-N-alkylsulfonamidophenyl)-substituted pyrazolone intermediates
      employed in the hereindescribed syntheses may also be prepared in a known
      manner, such as by reacting a diethyl acetyl succinate with an appropriate
      diazonium compound according to known procedures in the art, for example,
      as disclosed in British Pat. No. 585,780.
PAR  The following nonlimiting examples will serve to illustrate the preparation
      of dyes within the scope of this invention:
PAC  EXAMPLE II
PAC  DYE A
      ##SPC2##
PAR  Bis-1,5-[3-carbethoxy-1-(p-N-n-pentylsulfonamidophenyl)-2-pyrazolin-5-one]-
     pentamethine oxonol
PAR  The above dye was prepared according to the following procedure:
PAR  153 grams (0.4 mols) of
      3-carbethoxy-1-(p-N-n-pentylsulfonamidophenyl)-2-pyrazolin-5-one, 51.5
      grams (0.2 mols) of glutaconaldehyde dianil hydrochloride, and 72 grams
      (0.7 mols) of triethylamine were dissolved in 400 ml. of dry DMSO. The
      reaction mixture was stirred at room temperature for 2 hours and then
      precipitated into 6 liters of ice water containing 720 ml. of concentrated
      HCl. The brown precipitate was isolated by vacuum filtration and was
      washed with water until the washings were neutral. The solid Dye A was
      then dried under vacuum.
PAR  To form the preferred sodium salt form of Dye A, 150 grams of the dry Dye A
      was stirred with 600 grams of sodium bicarbonate in 2 liters of 2B ethanol
      for about 1 hour. The entire mixture was filtered; the residual sodium
      bicarbonate was washed with acetone to dissolve the small amount of
      product which crystallized from the ethanol solution. The dye was
      crystallized from 750 ml. of 2,2,2-trifluoroethanol to give 55 grams of
      crystals.
PAR  The very crystalline sodium salt product gave a melting point of
      220.degree. C. and an elemental analysis as follows:
TBL  % of Element                                                              

                                             Na (by                            

     C          H       N       O      S     diff.)                            

     ______________________________________                                    

     Found 55.11    5.75    9.86  18.93  7.52  2.83                            

     Theory                                                                    

           55.24    5.71    9.95  18.93  7.59  2.78                            

     ______________________________________                                    

PAR  The pyrazolone starting compound employed in the above synthesis was
      prepared as follows:
PAR  59 grams (0.24 mols) of N'-n-pentylsulfanilamide was suspended in a
      solution containing 200 ml. of water and 60 ml. of concentrated HCl. The
      solution was cooled to 5.degree. C. and was stirred mechanically. To this
      solution was added dropwise an aqueous solution of 16.9 grams (0.24 mols)
      sodium nitrite. Stirring was continued for an additional 15 minutes; this
      solution was then added portionwise to a stirred, cold solution of 52
      grams (0.24 mols) of diethylacetylsuccinate and 400 ml. of pyridine. The
      resulting solution was allowed to come to room temperature and was then
      heated on a steam bath overnight (a brown oil precipitated soon after
      heating was begun). The mixture was concentrated under vacuum to an oil.
      The oil was added to 4 liters of 5% aqueous HCl; a tan solid formed. The
      solid was collected, washed with distilled water, and dried. This material
      was used without further purification and NMR analysis indicated the
      product to be about 80% pure.
PAR  Dye B shown below was also prepared following essentially the same
      procedure employed in the preparation of Dye A with 3-(2-methoxy
      ethoxy)carbonyl-1-(p-N-n-pentylsulfonamidophenyl)-2-pyrazolin-5-one as the
      pyrazolone starting compound:
PAC  DYE B
      ##SPC3##
PAR  Bis-1,5-[3-(2-methoxy
      ethoxy)carbonyl-1-(p-N-n-pentylsulfonamidophenyl)-2-pyrazolin-5-one]-penta
     methine oxonol
PAR  The Dye B product gave a melting point of about 200.degree. C. Following a
      similar procedure with 3-(2-hydroxy
      ethoxy)carbonyl-1-(p-N-n-pentylsulfonamidophenyl)-2-pyrazolin-5-one as the
      pyrazolone starting compound, a Dye C product, having a melting point of
      about 180.degree. C., was also prepared:
PAC  DYE C
      ##SPC4##
PAR  Bis-1,5-[3-(2-hydroxy
      ethoxy)carbonyl-1-(p-N-n-pentylsulfonamidophenyl)-2-pyrazolin-5-one]-penta
     methine oxonol
PAR  Dyes of the present invention may also be prepared via transesterification
      (ester interchange) reactions employing as a catalyst a porous absorbent
      such as a zeolitic material which has the properties of a molecular sieve.
      (See, for example, U.S. Pat. No. 3,328,439). Accordingly, the following
      nonlimiting example illustrates the preparation of Dye B from Dye A by
      such a procedure:
PAC  EXAMPLE III
PAR  12 grams of Dye A was suspended in 240 ml. of 2-methoxyethanol with 48
      grams of a molecular sieve material (a sodium cation aluminosilicate
      marketed under the designation M-514, Type 4A by Davison Division, W. R.
      Grace Co.). The reaction mixture was stirred for one hour at 85.degree. C.
      and then the molecular sieve material was slowly filtered off. The
      2-methoxyethanol was evaporated off to form an oil which was
      recrystallized from trifluoroethanol. The purified product gave the
      following representative elemental analysis:
TBL  % of Element                                                              

     C              H         N         S                                      

     ______________________________________                                    

     Found   54.29      5.67      9.27    7.07                                 

     Theory  54.10      5.61      9.21    6.84                                 

     ______________________________________                                    

PAR  Following essentially the same molecular sieve transesterification
      procedure as set forth immediately above, Dye C was also prepared from Dye
      A by using ethylene glycol instead of 2-methxoyethanol.
PAR  As previously indicated, the employment of antihalation dyes and layers in
      photographic elements is well established in the art and the dyes of this
      invention are contemplated as being useful wherever prior art dyes have
      been used for this purpose. Typically, antihalation dyes of this invention
      may be disposed in a separate hydrophilic colloid layer of the film unit,
      usually intermediate a photosensitive silver halide emulsion layer and the
      film base support. The selected dye or mixture of dyes may be dispersed as
      a solution or in particulate form in a coating solution containing, for
      example, gelatin as the hydrophilic colloid binder and the resultant
      coating solution may be subsequently applied to a support.
PAR  Illustrative film units in which the dyes of the present invention are
      advantageously employed are described, for example, in the copending
      application of Edwin H. Land, Ser. No. 383,261, filed July 27, 1973. Said
      film units comprise, in the order in which incident light passes
      therethrough, at least an additive multicolor screen, a photosensitive
      silver halide emulsion layer and an antihalation layer in which the
      present dyes may be incorporated, and are adapted to form a multicolor
      projection image by silver diffusion transfer techniques.
PAR  As described in detail in said application, exposure of the silver halide
      layer is accomplished through the screen which possesses optical filter
      elements selectively transmitting to the underlying photosensitive silver
      halide layer predetermined portions of the electromagnetic radiation
      incident thereon, e.g., red, green and blue light. Photographic processing
      of the thus-exposed silver halide layer with an alkaline processing
      composition results in the diffusion transfer and deposit of silver in a
      superposed image-receiving layer of the film unit as a function of the
      degree of exposure of silver halide behind each filter element. The
      resultant silver image in the image-receiving layer may then serve to
      modulate the quantity of light passing through the filter elements in the
      reverse direction during projection through a transparent support.
PAR  In preferred film units of the above-described type, the image-receiving
      layer is intermediate the silver halide layer and the multicolor screen
      and remains in position as part of an integral film unit before, during
      and after the formation of the image. The antihalation layer is disposed
      next adjacent the photosensitive layer on the side opposite the screen and
      serves to prevent the reflection or back-scattering of incident light
      which has passed through the thin photosensitive layer. The
      light-absorbing properties of the novel antihalation dyes of this
      invention, when incorporated in such antihalation layers, effectively
      eliminate the exposure of silver halide grains in the photosensitive layer
      other than those within the intended path of incident radiation, thereby
      providing improved color separation and rendition in the final image. As
      previously mentioned, FIGS. 1 and 2 graphically show the absorption
      properties of gelatin dispersions of representative dyes of the present
      invention, i.e., Dyes A and C, respectively.
PAR  The dyes of the present invention are preferably dispersed in a processing
      composition permeable layer to serve their light-absorbing function during
      exposure of the film unit, and are then discharged and/or bleached to a
      substantially nonabsorbing form when the processing composition is applied
      and permeates the layers of the film unit prior to the viewing of the
      developed image. As set forth in the aforementioned application, other
      arrangements and methods are also available for dissociating the
      antihalation layer from the film unit subsequent to photoexposure, for
      example, by stripping the layer from the film unit, and additional layers
      may be optionally included in the film units such as, for example,
      separate layers retaining processing reagents, barrier layers, protective
      layers, support layers and the like.
PAR  Since certain changes may be made in the hereindescribed subject matter
      without departing from the scope of the invention herein involved, it is
      intended that all matter contained in the above description and examples
      be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##EQU4##
      wherein X and X' are the same and each represents an ester group of the
      formula:
      ##EQU5##
      wherein Z is hydrogen, hydroxy or lower alkoxy and m is the integer 2 or
      3; Y and Y' are the same and represent an alkyl sulfonamidophenyl group of
      the formula:
      ##SPC5##
      wherein R is an alkyl group having from 3 to 8 carbon atoms, the
      --SO.sub.2 NHR group being in ortho-, para- or meta-position on the phenyl
      nucleus; M is hydrogen, Na.sup.+, K.sup.+ or pyridinium; and n is 0, 1 or
      2.
NUM  2.
PAR  2.
      ##SPC6##
NUM  3.
PAR  3.
      ##SPC7##
NUM  4.
PAR  4.
      ##SPC8##
PATN
WKU  039337995
SRC  5
APN  1622617
APT  1
ART  124
APD  19710713
TTL  11.beta.-Halo-9,12-unsubstituted-C.sub.19 -steroids
ISD  19760120
NCL  8
ECL  1
EXP  Roberts; Elbert L.
INVT
NAM  Phillipps; Gordon Hanley
CTY  Greenford
CNT  EN
ASSG
NAM  Glaxo Laboratories Limited
CTY  Greenford
CNT  EN
COD  03
RLAP
COD  71
APN  795065
APD  19690129
PSC  03
CLAS
OCL  26023955R
XCL  2602395
XCL  26023955C
XCL  2603973
XCL  2603974S
XCL  2603975
EDF  2
ICL  C07J 1700
FSC  260
FSS  397.45;397.3
UREF
PNO  3609171
ISD  19710900
NAM  Laurent
OCL  260397.45
UREF
PNO  3636011
ISD  19720100
NAM  Phillipps et al.
OCL  260397.3
UREF
PNO  3665021
ISD  19720500
NAM  Elks et al.
OCL  260397.45
UREF
PNO  3726864
ISD  19730400
NAM  Phillipps et al.
OCL  260239.55
UREF
PNO  3767685
ISD  19731000
NAM  Van Ulict
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ABST
PAL  11.beta.-Halo-9.alpha.,12-unsubstituted-C.sub.19 -steroids having hormonal
      activity and a process for preparing same by reacting the corresponding
      11.alpha.-hydroxy steroid with a compound of the formula
      ##EQU1##
      where R.sup.1 and R.sup.2 are alkyl groups having 1-8 carbon atoms or
      aralkyl or aryl groups or, together with the nitrogen atom to which they
      are attached, comprise a heterocyclic radical;
PAL  R.sup.3 and R.sup.4 are chlorine, bromine or fluorince atoms or a fluorine
      atom together with a chlorine or bromine atom and R.sup.5 is hydrogen or
      R.sup.4 and R.sup.5 together represent a carbon-carbon bond;
PAL  R.sup.6 is a chlorine, bromine or fluorine atom and
PAL  R.sup.7 is a chlorine, bromine or fluorine atom or a trifluoromethyl group,
      the reaction being effected in the presence of chloride or bromide ions
      when neither R.sup.3 nor R.sup.4 is chlorine or bromine.
PARN
PAR  This is a continuation of application Ser. No. 795,065 filed Jan. 29, 1969,
      now abandoned.
BSUM
PAR  This invention relates to novel steroids possessing hormonal activity.
PAR  In the copending U.S. patent application of Joseph Elks et al Ser. No.
      656,665, filed July 28, 1967 and abandoned in favor of a
      continuation-in-part application Ser. No. 701,064, filed Jan. 29, 1968,
      which was in turn abandoned in favor of a continuation-in-part application
      Ser. No. 846,975, filed Aug. 1, 1969, there is described and claimed
      9.alpha.-unsubstituted-11.beta.-chloro-19-nor-steroids as new compounds
      having useful hormonal properties, for example progestational or anabolic
      activity. Copending U.S. patent application of Joseph Elks et al Ser. No.
      795,064, filed of even date herewith describes the corresponding
      11.beta.-bromo-steroids.
PAR  We have now found that such hormonal activity is exhibited by
      9.alpha.,12-unsubstituted-C.sub.19 -steroids carrying at the
      11.beta.-position a halogen atom having an atomic weight between 30 and
      85, that is 9.alpha.,12-unsubstituted 11.beta.-bromo and
      11.beta.-chloro-steroids having a 19-carbon atom, for example steroids
      possessing the angular methyl group present in the androstanes and
      pregnanes, in contrast to the 19-nor steroids having no 19-carbon atom.
      This is a new class of compounds which, surprisingly, can be prepared by
      the principal chlorination or bromination method described in our said
      copending applications in spite of steric hindrance from the substituent
      in the 10-position.
PAR  The new steroids according to the invention may carry various ring
      substituents, for example in the 17-position a hydroxyl group, a protected
      hydroxyl group, an oxo group, or a protected oxo group, or an aliphatic,
      araliphatic, acyl or acyloxyacyl group in the presence or absence of a
      hydroxyl or protected hydroxyl group; in the 16-position a methyl,
      methylene or methoxy group; in the 6-position a chlorine or fluorine atom
      or a methyl group; in the 3-position an oxo, protected oxo, hydroxyl or
      protected hydroxyl group. The carbon atoms in the 16- and 17- positions
      may carry an epoxide or methylene group or form part of a
      1'-pyrazolino-(4',3':16.alpha.,17.alpha.) or
      2'-pyrazolino-(4',5':16.alpha.,17.alpha.)-grouping. The steroids may
      possess double bonds; for example, the A-ring may possess double bonds in
      the 1,2-position and/or the 4,5-position. The B-ring may also be
      unsaturated, for example with a double bond in the 5,6- or 6,7-position.
      The D-ring may also possess a double bond in the 16,17-position.
PAR  The terms `protected hydroxyl` or `protected oxo` groups include such
      groups as acyloxy, alkoxy, ketal or enol ether groups which groups may be
      converted subsequently to oxo or hydroxyl groups or, alternatively may be
      allowed to remain unchanged in the final product.
PAR  Where acyloxy groups are present as protected hydroxyl groups, these may be
      substituted or unsubstituted aliphatic, cycloaliphatic, araliphatic or
      aryl acyloxy groups, for example acetoxy, valeryloxy, propionyloxy,
      hexahydrobenzoyloxy, .beta.-phenylpropionyloxy, benzoyloxy or
      isobutyryloxy groups.
PAR  Other protected hydroxyl groups include ethers, e.g. alkoxy groups having
      1-5 carbon atoms, or aralkoxy or aryloxy groups, especially arylmethoxy
      groups such as benzyloxy groups. Protected oxo groups include ketal
      groups, e.g. ethylene dioxy groups and enol ether groups such as enol
      methyl ether groups.
PAR  The aliphatic groups which may be present in the 17-position preferably
      contain 1-9 carbon atoms and may, for example, be substituted and/or
      contain unsaturation. Substituents which may be present include for
      example, halogen atoms (e.g. chlorine) or hydroxy or acyloxy groups.
      Useful aliphatic substituents thus include methyl, ethyl, propyl, vinyl,
      2-methyl-prop-2-enyl, 1-methyl-prop-2-enyl, but-2-enyl, allyl, ethynyl or
      chloroethynyl groups.
PAR  All the steroids according to the present invention possessing a 4,5-double
      bond show progestational activity.
PAR  Particularly useful steroids according to the invention include steroids
      having a 3-oxo-group and a 4,5-double bond or double bonds in both 4,5-
      and 6,7-positions or a 3-acyloxy or 3-ether group and double bonds in the
      3,4- and 5,6-positions. This type of compound in general possesses
      progestational and antioestrogenic activity with or without antiandrogenic
      activity. A 6-methyl or 6-chloro substituent often enhances such activity.
PAR  Compounds of this type include, for example,
      11.beta.-chloropregn-4-ene,-3,20-dione,
      17.alpha.-acetoxy-11.beta.-chloro-pregn-4-ene-3,20-dione and
      17.alpha.-acetoxy-11.beta.-chloro-6-methylpregn-4,6-diene-3,20-dione.
PAR  Another particularly useful group of compounds according to the invention
      are those possessing a 3-oxo group and double bonds in the 1,2- and
      4,5-positions, and especially such 1,4-dienes possessing a 17- and/or
      21-ester grouping or a 17,21-ortho ester or ketonide grouping. The
      compounds of this type possess in addition to some progestational activity
      valuable topical anti-inflammatory activity which is in general greater
      than that of the corresponding 11-unsubstituted compounds. The ratio of
      topical to undesired systemic activity is good and has been found to
      exceed that of 6.alpha.-fluorotriamcinolone acetonide for the compounds
      which have been tested. A 16-methyl or 16-methylene group is found to
      enhance such activity.
PAR  The ester groupings which may advantageously be present at the 21- and/or
      17- positions include acyloxy groupings, for example, aliphatic acyloxy
      groups such as acetoxy, propionyl-oxy, butyryloxy, isobutyryloxy or
      valeryloxy groups which may carry substituents such as carboxyl groups,
      and araliphatic and aromatic acyloxy groupings. Other ester groups include
      phosphate ester groups which generally impart a degree of water solubility
      to the product.
PAR  The 17,21-ortho ester groupings may, for example, be lower alkyl
      ortho-lower aliphatic acyl groups. 17,21-Ketonides include, for example,
      acetonides, methylethyl-ketonides etc. Particularly interesting
      antiinflammatory compounds include
      11.beta.-chloro-21-hydroxy-17.alpha.-propionyloxy-16.beta.-methylpregna-1,
     4-diene-3,20-dione,
      11.beta.-chloro-21-acetoxy-17-propionyloxy-16.beta.-methyl-pregna-1,4-dien
     e-3,20-dione and
      11.beta.-chloro-17,21-dipropionyloxy-16.beta.-methylpregna-1,4-diene-3,20-
     dione.
PAR  The new compounds according to the invention may be prepared in any
      convenient way. According to a further feature of the invention we provide
      a process for the preparation of 9.alpha.,12-unsubstituted-C.sub.19
      -steroids carrying at the 11.beta. position a halogen atom having an
      atomic weight between 30 and 85, in which a corresponding
      9.alpha.,12-unsubstituted-11.alpha.-hydroxy-C.sub.19 -steroid is reacted
      with a compound of the general formula
      ##EQU2##
      where R.sup.1 and R.sup.2, which may be the same or different, are alkyl
      groups having 1-8 carbon atoms or aralkyl or aryl groups or, together with
      the nitrogen atom to which they are attached, comprise a heterocyclic
      radical which may, if desired, contain further hetero-atoms,
PAR  R.sup.3 and R.sup.4 both being chlorine, bromine or fluorine atoms or a
      fluorine atom together with a chlorine or bromine atom and R.sup.5 is
      hydrogen or R.sup.4 and R.sup.5 together represent a carbon-carbon bond;
PAR  R.sup.6 is a chlorine, bromine or fluorine atom and
PAR  R.sup.7 is a chlorine, bromine of fluorine atom or a trifluoromethyl group,
      the reaction being effected in the presence of chloride or bromide ions
      when neither R.sup.3 nor R.sup.4 is chlorine or bromine.
PAR  Where R.sup.3 and/or R.sup.4 are chlorine or bromine, the compound of
      formula I acts directly as a chlorinating agent or brominating agent but
      where neither R.sup.3 nor R.sup.4 is chlorine or bromine, it is necessary
      to carry out the reaction in the presence of chloride or bromide ions.
      While it is not wished to be bound by theoretical considerations it is
      believed that the reagent of formula I reacts with the 11.alpha.-hydroxy
      group to form an intermediate ether with liberation of HR.sup.3 or
      HR.sup.4, whereupon the resultant nucleophilic ions R.sup.3.sup.- or
      R.sup.4.sup.- attack the ether grouping to split off the residue of the
      reagent I and introduce halogen at the 11-position. The chloride and
      bromide ions are more strongly nucleophilic than the fluoride ion so that
      even when neither R.sup.3 nor R.sup.4 is chlorine or bromine, reaction in
      the presence of chloride or bromide ions results in the introduction of
      chlorine or bromine at the 11-position.
PAR  The reaction according to the invention is particularly useful because no
      methods have previously been described for the preparation of
      12-unsubstituted 11.beta.-chloro or bromo-C.sub.19 -steroids with a
      9.alpha.-hydroxy atom and the method previously proposed for production of
      the analogous 11.beta.-fluoro-steroids in the C.sub.19 series having a
      9.alpha.-hydrogen atom tends to give the 9,11-unsaturated product.
PAR  The source of chloride or bromide ions in the variation of the reaction in
      which neither R.sup.3 nor R.sup.4 is chlorine or bromine is preferably a
      salt soluble in organic solvents but the cationic portion should be inert
      to the reagent of formula I for example, the cation of a tertiary or
      quaternary nitrogen base, e.g. triethylamine, trimethylamine, pyridine,
      collidine, or tetrabutylammonium hydroxide. In general, however, the
      preferred source of chloride or bromide ions is lithium chloride or
      bromide.
PAR  The reagents of formula I in which neither R.sup.3 nor R.sup.4 is chlorine
      or bromine include N-(2-chloro-1,1,2-trifluoroethyl) diethylamine,
      N-(1,1,2,2-tetrafluoroethyl)diethylamine,
      N-(2-chloro-1,1,2-trifluoroethyl)-dimethylamine,
      N-(2-chloro-1,1,2-trifluoroethyl)dipropylamine,
      N-(2-chloro-1,1,2-trifluoroethyl)diisobutylamine,
      N-(2-chloro-1,1,2-trifluoroethyl)dioctylamine,
      N-(2-chloro-1,1,2-trifluoro-ethyl)methylethylamine,
      N-(2,2-dichloro-1,1-difluoroethyl) diethylamine,
      N-(1,1,2,3,3,3-hexafluoropropyl)diethylamine and
      N-(1,1,2,2-tetrafluoroethyl)diisopropylamine. The reagent of choice is
      N-(2-chloro-1,1,2-trifluoroethyl)-diethylamine.
PAR  Reagents of formula I in which one or both of R.sup.3 and R.sup.4 are
      chlorine include, in particular, N,N-diethyl-trichloro-vinylamine.
PAR  The reaction is preferably effected in an inert solvent that is any solvent
      which does not react with the reagent of formula I. Such solvents
      comprise, for example, aromatic and aliphatic hydrocarbons, halogenated
      hydrocarbons, esters, ketones, nitriles, ethers and tertiary alcohols.
      Examples of such solvents are benzene, toluene, chlorobenzene, methylene
      chloride, pentane, hexane, cyclohexane, ethyl acetate, butyl acetate,
      acetonitrile, acetone, methyl ethyl ketone, tetrahydrofuran, diethyl
      ether, diethylene glycol dimethyl ether, t-butyl alcohol, t-amyl alcohol
      and the like. Since the starting materials are frequently only slightly
      soluble in non-polar solvents, a polar solvent such as tetrahydrofuran is
      preferred.
PAR  Unless further chlorine or bromine substituents are required, reactive
      hydroxyl groups initially present in the steroid should be protected, for
      example by esterification, etherification etc.
PAR  Particularly preferred starting compounds are the
      11.alpha.-hydroxy-3-oxo-.DELTA..sup.4 -C.sub.19 -steroids.
PAR  The 9.alpha.-unsubstituted-11.alpha.-hydroxy-C.sub.19 -steroids may be
      prepared in any convenient way. Thus, for example, the 11.alpha.-hydroxy
      group may be introduced into a C.sub.19 -steroid having no 11-substituent
      by microbiological methods e.g. using organisms such as Aspergillus
      ochraceus and Rhizopus nigricans.
PAR  The foregoing reaction to introduce the 11.beta.-chlorine or bromine atom
      may be carried out on an 11.alpha.-hydroxy steroid which possesses the
      various substituents intended in the final product or such substituents
      may be introduced in subsequent reaction stages. Applications Ser. No.
      656,665 and 795,064, mentioned earlier, describe the introduction of an
      11.beta.-chlorine or bromine atom into 3-oxo-.DELTA..sup.4 -19-nor
      steroids and a series of subsequent reactions which allow other groupings
      in the A, B and D rings to be introduced, for example 3-enol ether
      groupings, 3-oxo-.DELTA..sup.4,6 -groupings, 17.alpha.-acyloxy groupings
      or 17.alpha.-hydrocarbon-17.beta.-hydroxy groupings, e.g.
      17.alpha.-ethynyl or alkyl groupings. Methods are also described for the
      introduction of 16-methyl, 16-methylene, 16-methoxy, .DELTA..sup.16,
      16,17-epoxy, and 16,17-methylene,1'-pyrazolino(4',3':16.alpha.,17.alpha.)-
      and 2'-pyrazolino-(4',5':16.alpha.,17.alpha.) groupings.
PAR  For the preparation of 17-esters and also 17,21-diesters, ortho esters and
      ketonides in the pregnane series, one can react an
      11.alpha.-hydroxy-steroid having the required ester groupings with the
      reagent of formula I. Alternatively, one can take advantage of the fact
      that the tertiary alcohol grouping in 17.alpha.-hydroxy steroids does not
      enter into this reaction so that an 11.alpha.-17.alpha.-dihydroxy pregnane
      will react to give an 11.beta.-chloro17.alpha.-hydroxy pregnane which can
      subsequently be reacted with an esterifying agent. Where a 17,21-diester
      is required, however, the 21-ester grouping is preferably present
      initially. The 17-hydroxy group can be subsequently esterified, for
      example, by reaction with such esterifying reagents as acyl halides or
      anhydrides, e.g. acetic, propionic or benzoic anhydride or chloride. If a
      3-oxo or 3-oxo-.DELTA..sup.4 -grouping is present, the corresponding enol
      or dienol ester may be formed that is a 3-acyloxy-.DELTA..sup.2 or
      .DELTA..sup.3 -grouping or a 3-acyloxy-.DELTA..sup.3,5 -grouping. The
      resulting steroid can readily be hydrolysed, however, to regenerate the
      3-oxo-grouping without removing the 17-acyloxy group, e.g. using
      methanolic alkali. One useful reagent for acetylation is isopropenyl
      acetate with an acid catalyst.
PAR  It is also possible to acylate a 17.alpha.-hydroxy steroid without
      affecting a 3-oxo-.DELTA..sup.4 -grouping by using as acylating agent
      trifluoroacetic anhydride and the appropriate acid, for example a lower
      aliphatic acid such as acetic or propionic acid.
PAR  A particularly useful route to 17-acyloxy-21-hydroxy steroids is to react a
      17,21-diol with a tri-lower alkyl ortho ester of the appropriate
      carboxylic acid, preferably in the presence of an acid catalyst, to form
      the corresponding orthoester. This ortho-ester may then be hydrolysed, for
      example under acid conditions e.g. using a dilute mineral acid, to yield
      the desired 17-acyloxy-21-hydroxy steroid. The 17,21-ortho esters are
      themselves, of course, useful anti-inflammatory compounds. This route
      avoids difficulties in esterifying the 17-hydroxy group in the presence of
      the 3-oxo-.DELTA..sup.4 -system and 17,21-diesters can be produced from a
      17-hydroxy-21-ester produced initially by the halogenation process by
      first hydrolysing the 21-acyloxy group forming a 17,21-orto-ester,
      hydrolysing the latter and esterifying the 21-hydroxy group.
PAR  17,21-Ketonides can be prepared by reaction of the corresponding 17,21-diol
      with the appropriate ketone in the presence of an acid catalyst, for
      example a Lewis acid such as boron trifluoride.
PAR  According to a still further feature of the invention we provide
      pharmaceutical compositions comprising one or more of the steroids
      according to the invention together with a pharmaceutical carrier or
      excipient and/or one or more further active compounds. Compounds having
      progestational activity can advantageously be formulated with one or more
      oestrogens.
PAR  The compositions according to the invention are intended for administration
      to both humans and animals. The term "pharmaceutical" as used herein to
      describe compositions and carriers means therefore that these are of use
      in both human and veterinary medicine.
PAR  Steroids possessing topical anti-inflammatory activity may be formulated
      into preparations suitable for topical application in conventional manner
      with the aid of one or more carriers or excipients. Examples of various
      types of preparation include ointments, lotions, creams, powders,
      aerosols, sprays, drops, suppositories and retention enemas, and chewable
      and suckable tablets or pellets (e.g. for the treatment of aphthous
      ulcers). Ointments and creams may, for example be formulated with an
      aqueous or oily base with the addition of suitable thickening and/or
      gelling agents. Such bases may thus, for example, include water and/or an
      oil such as liquid paraffin or a vegetable oil such as arachis oil or
      castor oil. Thickening agents which may be used according to the nature of
      the base include soft paraffin, alluminium stearate, cetostearyl alcohol,
      polyethylene glycols, wool-fat, hydrogenated lanolin, beeswax etc.
PAR  Lotions may be formulated with an aqueous or oily base and will in general
      also include one or more of the following namely, emulsifying agents,
      dispersing agents, suspending agents, thickening agents, colouring agents,
      perfumes and the like.
PAR  Powders may be formed with the aid of any suitable powder base e.g. talc,
      lactose, starch etc. Drops may be formulated with an aqueous base also
      comprising one or more dispersing agents, suspending agents, solubilising
      agents etc.
PAR  Spray compositions may for example be formulated as aerosols with the use
      of a suitable propellant, e.g. dichlorodifluoromethane or
      trichlorofluoromethane.
PAR  The proportion of active steroid in the topical compositions according to
      the invention depends on the precise type of formulation to be prepared
      but will generally be within the range of from 0.0001% to 5% by weight.
      Generally however for most types of preparations advantageously the
      proportion used will be within the range of from 0.001 - 0.5% and
      preferably 0.01 to 0.25%.
PAR  For internal anti-inflammatory action, the anti-inflammatory compounds may
      be administered in oral, rectal vaginal or parenteral formulations.
PAR  Steroids possessing progestational or other hormonal activity may be
      formulated into compositions for oral, vaginal, rectal or parenteral
      administration. Such compositions are preferably in the form of dosage
      units. They may be formulated for daily oral administration in such forms
      as tablets, capsules, sachets etc., either for taking directly or with a
      draught. Suppositories for rectal or vaginal absorption may also be
      employed. Injection preparations may be formulated, preferably for more
      prolonged action, while implantation pellets may be formulated having the
      advantage of requiring very infrequent administration.
PAR  Conventional pharmaceutical excipients for solid preparations may for
      instance include sugar alcohols, sugars, starch, magnesium stearate,
      gelatine, polyethylene glycols and suitable colouring agents. Tablets may
      be coated for protection, colour distinction or elegance by conventional
      methods such as film coating or sugar or pearl coating. Suppositories may
      be prepared, using conventional bases such as glyco-gelatine, cocoabutter,
      or water-dispersible bases with a melting point above body temperature,
      such as polyglycols.
PAR  For injection purposes, preparations for intramuscular or subcutaneous
      administration may be prepared in conventional sterile oily, aqueous or
      emulsion bases, in solution and/or suspension. Vehicles preferably include
      physiologically acceptable vegetable oils, e.g. arachis oil, fractionated
      coconut oil; oily esters, e.g. isopropyl myristate; nonaqueous solvents,
      e.g. propylene glycol; aqueous vehicles such as sterile water or
      physiological saline; together with suitable formulatory agents such as
      suspending agents, e.g. aluminium stearate for oily materials,
      carboxymethyl cellulose for aqueous preparations; physiologically
      acceptable emulsifying agents, e.g. "Tween" 81, buffering agents for pH
      control, anti-oxidants, stabilising and solubilising agents. The
      injections may be formulated for immediate use, or as a dry powder for
      re-constitution before use with a separate vehicle. Unit injections
      required for prolonged action, e.g. 1 month's duration, would naturally
      contain an increased quantity of active material.
PAR  Each dosage unit for daily administration to humans preferably contains
      0.05 to 5.0 mg. active material according to the invention, advantageously
      0.2 to 2.0 mg.
PAR  Implantation pellets would in general contain a much higher dosage to cover
      prolonged activity for preferably several months. Implants may be prepared
      aseptically from sterile material, by fusion or heavy compression,
      preferably without the addition of other substances.
PAR  For veterinary use in particular, long acting vaginal inserts such as
      tampons and pessaries may be prepared in a conventional manner. The dosage
      required for animal treatment will of course, vary according to the size
      of the animal.
PAR  The compositions according to the invention may also include one or more
      preservatives or bacteriostatic agents e.g. methyl hydroxy benzoate,
      propyl hydroxy benzoate, chlorocresol or benzalkonium chlorides. The
      compositions according to the invention may also contain other active
      ingredients such as antimicrobial agents, particularly antibiotics, such
      as neomycin.
DETD
PAR  The following Examples are given by way of illustration only, all
      temperatures are in degrees centrigrade:-
PAC  EXAMPLE 1
PAC  11.beta.-Chloropregn-4-ene-3,20-dione
PAR  A mixture of 11.alpha.-hydroxy progesterone (6 g., 0.018 mole), anhydrous
      lithium chloride (6 g., 0.14 mole),
      N-(2-Chloro-1,1,2-trifluoroethyl)diethylamine (6 ml., 0.036 mole) and dry
      tetrahydrofuran (120 ml.) was stirred at -20.degree. for 5 hr. and then
      room temperature for 16 hr. The reaction mixture was partitioned between
      methylene chloride and water. Evaporation of the organic layer and
      chromatography of the residue on magnesium silicate afforded, after
      recrystallisation from acetone/petroleum ether (b.p.
      60.degree.-80.degree.), 11.beta.-chloropregn-4 -ene-3,20-dione (0.26 g.,
      4%), m.p. 185.degree.-188.degree. [.alpha.].sub.D + 252.degree. (c 1.0
      CHCl.sub.3), .lambda..sub.max. (EtOH) 238 nm. (.epsilon. 17,150).
PAC  EXAMPLE 2
PAC  11.beta.-Chloro-17.alpha.-hydroxypregn-4-ene-3,20-dione
PAR  A mixture of 11.alpha.,17.alpha.-dihydroxyprogesterone (9.26 g., 0.027
      mole), anhydrous lithium chloride (9.25 g., 0.22 mole),
      N-(2-chloro-1,1,2-trifluoroethyl)diethylamine (9.26 ml., 0.056 mole) and
      dry tetrahydrofuran (270 ml.) was stirred at 0.degree. for 2 hr. The
      reaction mixture was poured into ice/water (2 l.) and the precipitate was
      then filtered off. Chromatography of the product on magnesium silicate,
      afforded, after recrystallisation from acetone,
      11.beta.-chloro-17.alpha.-hydroxypregn4-ene-3,20-dione (6%), m.p.
      193.degree.-196.degree., [.alpha.].sub.D + 149.degree. (c. 0.75,
      CHCl.sub.3), .lambda..sub.max. (EtOH) 238 nm. (.epsilon. 16,400).
PAC  EXAMPLE 3
PAC  17.alpha.-Acetoxy-11.beta.-chloropregn-4-ene-3,20-dione
PAR  11.beta.-Chloro-17.alpha.-hydroxypregn-4-ene-3,20-dione (0.365 g. 0.001
      mole) in refluxing dry benzene (20 ml.) was treated under a stream of dry
      nitrogen with isopropenyl acetate (3 ml, 0.027 mole) and
      toluene-p-sulphonic acid (0.02 g.). The solution was slowly distilled for
      5 hrs; benzene/isopropenyl acetate (10:1) being added to maintain constant
      volume. Pyridine (0.3 ml.) was added and the reaction mixture was then
      partitioned between benzene and water. Evaporation of the organic layer
      afforded 11.beta.-chloro-3,17.alpha.-diacetoxypregna-3,5-dien-20-one
      (0.449 g.) which was then dissolved in tetrahydrofuran (40 ml.) and
      treated with methanolic potassium hydroxide (11.8 ml of 0.085 N; 1 mole
      equiv.). After 5 mins. at room temperature the solution was partitioned
      between ether and water. Evaporation of the organic layer and preparative
      thin-layer chromatography of the residue afforded, after recrystallisation
      from acetone/petroleum ether (b.p. 60.degree.-80.degree.),
      17.alpha.-acetoxy-11.beta.-chloropregn-4-ene-3,20-dione (0.14 g., 35%),
      m.p. 170.degree.-173.degree. (decomp.) [.alpha.].sub.D + 104.degree. (c
      0.5, CHCl.sub.3), .lambda..sub.max. (EtOH) 238 nm. (.epsilon. 13,600).
PAC  EXAMPLE 4
PAC  21-Acetoxy-11.beta.-chloro-17.alpha.-hydroxy-16.beta.-methylpregn-1,4-diene
     -3,20-dione
PAR  21-Acetoxy-11.alpha.,17.alpha.-dihydroxy-16.beta.-methylpregna-1,4-diene-3,
     20-dione (2.5 g., 6 mmole), lithium chloride (2.5 g.) and
      N-(2-chloro-1,1,2-trifluoroethyl) diethylamine (2.5 ml.) in dry
      tetrahydrofuran (55 ml.) was stirred at 0.degree. for 21/2 hr. The
      reaction mixture was then poured into water (500 ml.) and the solid (2.62
      g.) was collected by filtration.
PAR  A portion of the crude product (1.34 g.) was purified by preparative layer
      chromatography and crystallisation from acetone/petroleum ether (b.p.
      60.degree.-80.degree.) to give
      21-acetoxy-11.beta.-chloro-17.alpha.-hydroxy-16.beta.-methylpregna-1,4-die
     ne-3,20-dione. (0.27 g., 20%), m.p. 194.degree. (decomp.), [.alpha.].sub.D
      + 168.degree. (c 0.8 CHCl.sub.3), .lambda..sub.max. (EtOH) 241 nm
      (.epsilon. 15300).
PAC  EXAMPLE 5
PAC  11.beta.-Chloro-17,21-dihydroxy-16.beta.-methylpregna-1,4-diene-3,20-dione
PAR  A solution of
      21-acetoxy-11.beta.-chloro-17-hydroxy-16.beta.-methylpregna-1,4-diene-3,20
     -dione (100 mg.) in methanol (7 ml.) was treated with 60% aqueous
      perchloric acid (0.2 ml.) at room temperature. After 24 hours sodium
      acetate (100 mg.) was added and about half of the solvent was evaporated
      in vacuo. Purification of the remaining solution by preparative thin layer
      chromatography and crystallisation from methanol afforded
      11.beta.-chloro-17,21-dihyroxy-16.beta.-methylpregna-1,4-diene-3,20-dione
      as needles, m.p. 202.degree.-204.degree. decomp (Kofler).
PAC  EXAMPLE 6
PAC  11.beta.-Chloro-17,21-(1'-ethoxy-1'-ethylmethylenedioxy)-16.beta.-methyl-pr
     egna-1,4-diene-3,20-dione.
PAR  A solution of
      11.beta.-chloro-17,21-dihydroxy-16.beta.-methyl-pregna1,4-diene-3,20-dione
      (47 mg.) in dioxan (2 ml.) was treated with ethyl orthopropionate (0.05
      ml.) and toluene p-sulphonic acid (5 mg.) at room temperature. After 30
      minutes a little sodium bicarbonate was added and the mixture was then
      diluted with dilute sodium bicarbonate solution. The precipitated oily
      material was extracted with ethyl acetate, washed with water and the
      solvent removed in vacuo to afford
      11.beta.-chloro-17,21-(1'-ethoxy-1'-ethylmethylenedioxy)-16.beta.-methylpr
     egna-1,4-diene-3,20-dione which showed R.sub.F 0.8 on thin layer
      chromatography on silica in chloroform - acetone (3:1).
PAC  EXAMPLE 7
PAC  11.beta.-Chloro-21-hydroxy117-propionyloxy-16.beta.-methylpregna-1,4-diene-
     3,20-dionee.
PAR  The above 17,21-ethyl orthopropionate in acetone (2 ml.) was treated with
      0.08 N sulphuric acid (0.4 ml.) and the mixture was kept at room
      temperature for 20 minutes. The clear solution was diluted with water and
      extracted with ethyl acetate to give the crude 17-ester as an oil.
      Crystallisation from ether afforded
      11.beta.-chloro-21-hydroxy-16.beta.-methyl-17-propionyloxypregna-1,4-diene
     -3,20-dione as needles, m.p. 164.degree.-165.degree. (Kofler),
      .nu..sub.max. (in bromoform) 3440, 1720, 1655 and 886 cm..sup.-.sup.1.
PAC  EXAMPLE 8
PAC  21-Acetoxy-11.beta.-chloro-16.beta.-methyl-17-propionyloxypregna-1,4-diene-
     3,20-dione
PAR  A solution of
      11.beta.-chloro-21-hydroxy-16.beta.-methyl-17-propionyloxypregna-1,4-diene
     -3,20-dione (75 mg) in pyridine (1 ml) was treated with acetic anhydride
      (0.2 ml) at room temperature. After 3 hours water (0.4 ml) was added and
      the solution was poured into dilute by hydrochloric acid. The precipitated
      solid was removed by filtration and after drying was recrystallized from
      methanol to give the title compound, m.p. 212.degree.-213.degree.(K),
      [.alpha.].sub.D + 101.1.degree. (c 0.6 chloroform). .lambda..sub.max 239
      nm (.epsilon. 16,280) (Found: C, 65.7; H, 7.0; Cl, 6.8. C.sub.27 H.sub.35
      ClO.sub.6 requires C, 66.0; H, 7.2, Cl, 7.2%).
PAC  EXAMPLE 9
PAC  11.beta.-Chloro-16.beta.-methyl-17,21-dipropionyloxypregna-1,4-diene-3,20-d
     ione
PAR  A solution of
      11.beta.-chloro-21-hydroxy-16.beta.-methyl-17-propionyloxypregna-1,4-diene
     -3,20-dione(75 mg) in pyridine (1 ml) was cooled to 0.degree. and treated
      with stirring with propionyl chloride (0.04 ml). After 90 minutes a little
      water was added and the solution poured into dilute hydrochloric acid. The
      precipitated solid was removed by filtration and recrystallized from
      methanol to give the title compound, m.p. 220.degree.-222.degree. (K),
      [.alpha.].sub.D + 105.degree. (c 0.6, chloroform) .lambda..sub.max 240nm
      (.epsilon. 15,060) (Found C, 65.9; H, 7.2; Cl, 6.7. C.sub.28 H.sub.37
      ClO.sub.6 requires C, 65.7; H, 7.55; Cl, 7.0%).
PAC  EXAMPLE 10
PAC  21-Butyryloxy-11.beta.-chloro-16.beta.-methyl-17-propionyloxypregna-1,4-die
     ne-3,20-dione
PAR  A solution of
      11.beta.-chloro-21-hydroxy-16.beta.-methyl-17-propionyloxypregna-1,4-diene
     -3,20-dione (75 mg.) in pyridine (1 ml) at room temperature was treated
      with butyric anhydride (0.3 ml.). After four hours a little water was
      added and the solution poured into dilute hydrochloric acid. Filtration of
      the precipitated solid and crystallization from methanol afforded the
      title compound, m.p. 228.degree.-229.degree. (K), [.alpha.].sub.D +
      104.4.degree. (c 0.6 chloroform) .lambda..sub.max 239 nm (.epsilon.
      16,160) (Found: C, 67.1; H, 7.6; Cl, 6.4. C.sub.29 H.sub.39 Cl O.sub.6
      requires C, 67.1; H, 7.55; Cl, 6.85%).
PAC  EXAMPLE 11
PAC  11.beta.-Chloro-21-hydroxy-17-isobutyryloxy-16.beta.-methylpregna-1,4-diene
     3,20-dione
PAR  A solution of
      11.beta.-chloro-17,21-dihydroxy-16.beta.-methylpregna-1,4-diene-3,20-dione
      (214 mg.) in dioxan (7 ml.) was treated with trimethyl orthoisobutyrate
      (0.22 ml.) and toluene p-sulphonic acid (23 mg.) at room temperature.
      After 45 minutes a little sodium bicarbonate was added and the mixture was
      then poured into a dilute solution of sodium bicarbonate. The oily product
      was extracted into ethyl acetate and washed with water. Evaporation of the
      organic solent gave an oil which was dissolved in acetone (10 ml.) and
      treated with 0.08 N-sulphuric acid (2.4 ml.). After keeping at room
      temperature for 30 minutes, the solution was diluted with water and the
      precipitated oil was extracted with ethyl acetate and washed with water.
      Evaporation of the organic solvent afforded the crude product which, on
      crystallization from ether-petroleum ether, gave the title compound, m.p.
      163.degree.-164.degree. (K), [.alpha.].sub.D + 108.5 (c 0.6 chloroform)
      .lambda..sub.max 240 nm (.epsilon. 15,460) (Found: C, 67.7; H, 7.7; Cl,
      7.4. C.sub.26 H.sub.35 Cl O.sub.5 requires C, 67.45; H, 7.6; Cl, 7.65%).
PAC  EXAMPLE 12
PAC  21-Acetoxy-11.beta.-chloro-17-isobutyryloxy-16.beta.-methylpregna-1,4-diene
     -3,20-dione
PAR  Acetic anhydride (0.22 ml.) was added to a solution of
      11.beta.-chloro-21-hydroxy-17-isobutyryloxy-16.beta.-methylpregna-1,4-dien
     e-3,20 dione (71 mg.) in pyridine (1 ml.) at room temperature. After 3.5
      hours, a little water was added and the solution was poured into dilute
      hydrochloric acid. Filtration of the precipitated solid and
      crystallization from methanol afforded the title compound, m.p.
      204.degree.-205.degree. (K), [.alpha.].sub.D + 95.2 (c 0.6 chloroform)
      .lambda..sub.max 240 nm (.epsilon. 15,450) (Found: C, 67.05; H, 7.4; Cl,
      7.05, C.sub.28 H.sub.37 Cl O.sub.6 requires C, 66.6; H, 7.4; Cl, 7.0%).
PAC  EXAMPLE 13
PAC  11.beta.-Chloro-17.beta.-isobutyryloxy-16.beta.-methyl-21-propionyloxy-preg
     na-1,4-diene-3,20-dione
PAR  Propionyl chloride (0.03 ml.) was added to a stirred solution of
      11.beta.-chloro-21-hydroxy-17-isobutyryloxy-16.beta.-methylpregna-1,4-dien
     e-3,20-dione (70 mg.) in pyridine (1 ml.) at 0.degree.. A little water was
      added after one hour and the solution diluted with dilute hydrochloric
      acid. The precipitate was collected by filtration and recrystallized from
      methanol to yield the title compound, m.p. 192.degree.-194.degree. (K)
      [.alpha.].sub.D + 101.5.degree. (c 0.62 chloroform) .lambda..sub.max 240
      nm (.epsilon. 15,460) (Found: C, 66.8; H, 7.5; Cl, 6.8. C.sub.29 H.sub.39
      Cl O.sub.6 requires C, 67.1; H, 7.6; Cl, 6.8%).
PAC  EXAMPLE 14
PAC  17-Acetoxy-11.beta.-chloro-21-hydroxy-16.beta.-methylpregna-1,4-diene-3,20-
     dione
PAR  Prepared by the method described in Example 11, but using triethyl
      orthoacetate in place of trimethyl orthoisobutyrate. The crude product was
      crystallized from acetone-petroleum ether to afford the title compound,
      m.p. 188.degree.-190.degree. (K), [.alpha.].sub.D + 121.2.degree. (c 0.6
      chloroform) .lambda..sub.max 240 nm (.epsilon. 15,280) (Found: C, 65.7; H,
      7.1; Cl, 8.1. C.sub.24 H.sub.31 Cl O.sub.5 requires C, 66.3; H, 7.2; Cl,
      8.15%).
PAC  EXAMPLE 15
PAC  17-Acetoxy-11.beta.-chloro-16.beta.-methyl-21-propionyloxypregna-1,4-diene-
     3,20-dione
PAR  A solution of
      17-acetoxy-11.beta.-chloro-21-hydroxy-16.beta.-methylpregna-1,4-diene-3,20
     -dione (67 mg.) in pyridine (1 ml.) at 0.degree. was treated with propionyl
      chloride (0.03 ml.). After one hour, a little water was added and the
      solution was diluted with dilute hydrochloric acid. The precipitated solid
      was collected and recrystallized from methanol to give the title compound,
      m.p. 213.degree.-215.degree. (K), [.alpha.].sub.D + 108.4.degree. (c 0.6,
      chloroform) .lambda..sub.max 240 nm (.epsilon. 15,760) (Found: C, 65.9; H,
      7.2. C.sub.27 H.sub.35 Cl O.sub.6 requires C, 66.0; H, 7.2).
PAC  EXAMPLE 16
PAC  17-Acetoxy-11.beta.-chloro-21-isobutyryloxy-16.beta.-methylpregna-1,4-diene
     -3,20-dione
PAR  A solution of
      17-acetoxy-11.beta.-chloro-21-hydroxy-16.beta.-methylpregna-1,4-diene-3,20
     -dione (70 mg.) in pyridine (1 ml) was treated with isobutyric anhydride
      (0.3 ml.) at room temperature. After 3 hours, a little water was added and
      the solution was then diluted with dilute hydrochloric acid. The solid was
      collected and recrystallized from methanol to give the title compound,
      m.p. 193.degree.-194.degree. (K), [.alpha.].sub.D + 104.3.degree. (c 0.6
      chloroform) .lambda..sub.max 240 nm (.epsilon. 16,020) (Found: C, 66.55;
      H, 7.3; Cl, 7.0. C.sub.28 H.sub.37 Cl O.sub.6 requires C, 66.6; H, 7.4;
      Cl, 7.0%).
PAC  EXAMPLE 17
PAC  11.alpha.,17.alpha.-Dihydroxy-6-methylpregna-4,6-diene-3,20-dione
PAR  17.alpha.-Hydroxy-6-methylpregna-4,6-diene-3,20-dione (80 mg.) dissolved in
      dimethyl sulphoxide (8 ml.) was added to a 24 hr. growth of Aspergillus
      Ochraceus NRRL 405 suspended in water (320 ml.) in a 2L Shake flask. After
      72 hrs. at 28.degree. on a rotary shaker the mycelium was filtered off and
      the filtrate was extracted with ethyl acetate and evaporated to give a gum
      (100 mg.). This was subjected to preparative layer chromatography using
      silica gel and chloroform/ethanol 9:1; crystallization from methyl acetate
      gave 11.alpha.,17.alpha.-dihydroxy-6-methylpregna-4,6-diene-3,20-dione (25
      mg.) m.p. 210.degree.-213.degree., .lambda..sub.max (in EtOH) 290 nm.
PAC  EXAMPLE 18
PAC  11.beta.-Chloro-17.alpha.-hydroxy-6-methylpregna-4,6-diene-3,20-dione
PAR  11.alpha.,17.alpha.-Dihydroxy-6-methylpregna-4,6-diene-3,20-dione (0.35 g.)
      in stirred, dry tetrahydrofuran (6 ml.) was treated at room temperature
      with anhydrous lithium chloride (0.35 g.) and
      N-(2-chloro-1,1,2-trifluoroethyl)diethylamine (0.35 ml.). After 1 hr. the
      reaction mixture was partitioned between water and methylene chloride. The
      organic layer was evaporated and the residue was purified by preparative
      layer chromatography to yield the title compound as a foam (0.156g., 43%).
      Trituration with methyl acetate gave crystals, m.p.
      179.degree.-182.degree. (dec.) .lambda..sub.max. (in EtOH) 286.5 nm
      (.epsilon. 22,300).
PAC  EXAMPLE 19
PAC  17.alpha.-Acetoxy-11.beta.-chloro-6-methylpregna-4,6-diene-3,20-dione
PAR  11.beta.-Chloro-17.alpha.-hydroxy-6-methylpregna-4,6-diene-3,20-dione
      (0.148 g.) in glacial acetic acid (2 ml.) was treated with trifluoroacetic
      anhydride (0.4 ml.). After 2 hrs. at 80.degree., the reaction mixture was
      partitioned between water and methylene chloride. The organic layer was
      evaporated and the residue was partially purified by preparative layer
      chromatography to give the crude acetate (0.113 g., 69%) .lambda..sub.max
      (in EtOH) 286 nm (E.sub.1cm.sup.1% 580).
PAR  The following Examples illustrate pharmaceutical compositions according to
      the invention (all % values are by weight):
PAR  A. Oral Tablets (for intermittent administration)
TBL  (a)  17.alpha.-acetoxy-11.beta.-chloro-6-methylpregna-                    

          4,6-diene-3,20-dione     2.0     mg                                  

     (b)  Ethynyl oestradiol       0.1     mg                                  

          Starch (60 mesh B.S.)    10.5    mg                                  

          Lactose (60 mesh B.S.)   66.6    mg                                  

          Magnesium stearate (100 mesh B.S.)                                   

                                   0.8     mg                                  

                                   80.0    mg                                  

PAR  Ball mill (a) and (b) separately with very small quantities of lactose, mix
      together and dilute with 5 successive portions of lactose, milling between
      each. Triturate with the starch and blend in the remaining lactose to form
      a homogeneous powder. Granulate with 50% ethanol in water and pass through
      a No. 12 mesh B.S. sieve. Dry the granules to constant weight and pass
      through a No. 20 mesh B.S. sieve and blend in the magnesium stearate prior
      to compression at 80 mg. per tablet on 7/32 inch punches, preferably
      engraved punches for identification of the tablets. Pressure is adjusted
      so that the tablets disintegrate within 10 mins. The tablets may be film
      coated for colour distinction.
PAR  B. Ointment
TBL  11.beta.-Chloro-17,21-dihydroxy-16.beta.-methylpregna-                    

     1,4-diene-3,20-dione 17-propionate 21-acetate                             

                                 0.125%                                        

     Liquid paraffin B.P.        10.0%                                         

     White soft paraffin to     100%                                           

PAR  Ball mill the steroid with a little of the liquid paraffin until the
      particle size is reduced to a maximum of 5.mu. and preferably mainly below
      2.mu.. Dilute the paste and rinse out the mill with the remaining liquid
      paraffin, mix and add the suspension to the melted white soft paraffin at
      50.degree.C. Stir until cold to give a homogeneous ointment.
PAR  C. Cream (water-miscible)
TBL  11.beta.-Chloro-17,21-dihydroxy-16.beta.-methylpregna-                    

     1,4-diene-3,20-dione 17-propionate 21-acetate                             

                                 0.1%                                          

     Beeswax                     15.0%                                         

     Cetostearyl alcohol         7.0%                                          

     Cetomacrogol 1000 B.P.O.    3.0%                                          

     Liquid paraffin             5.0%                                          

     Chlorocresol                0.1%                                          

     Distilled water to          100 %                                         

PAR  Ball mill the steroid with a little liquid paraffin as described in Example
      B. that the available water to 100.degree.C, add the chlorocresol, stir to
      dissolve and cool to 65.degree.C. Melt together the beeswax, cetostearyl
      alcohol and cetomacrogol and maintain at 65.degree.C. Add the steroid
      suspension using remaining liquid paraffin for rinsing. Add the steroid
      oily phase at 60.degree.C to the chlorocresol aqueous phase at 65.degree.C
      and stir rapidly while the emulsion cools over the gelling point
      (40.degree.-45.degree.C). Continue to stir at slow speed until the cream
      sets.
CLMS
STM  I claim:
NUM  1.
PAR  1. 9.alpha.,12-unsubstituted C.sub.19 -steroid of the androstane or
      pregnane series of the formula:
      ##SPC1##
PAL  wherein X represents a chlorine or bromine atom, R.sup.8 represents a
      member selected from the group consisting of an acetyl group; a
      hydroxyacetyl group; a hydroxyacetyl group esterified by a group selected
      from an aliphatic acyl, group having 1-9 carbon atoms in said aliphatic
      group, a benzoyl group, a phosphate group; and a saturated or unsaturated
      aliphatic hydrocarbon group which is unsubstituted or substituted by a
      chlorine atom;
PA1  R.sup.9 represents a hydrogen atom, a hydroxy group or an aliphatic acyloxy
      group having 1-9 carbon atoms in the aliphatic portion, a cycloaliphatic
      acyloxy group having up to 7 carbon atoms in the cycloaliphatic portion, a
      benzoyloxy group;
PA1  or R.sup.8 and R.sup.9 together represent a grouping of the formula:
      ##SPC2##
PAL  wherein R.sup.13 represents a member selected from the group consisting of
      an alkyl group with 1-5 carbon atoms and an alkoxy group with 1-5 carbon
      atoms and R.sup.14 represents an alkyl group with 1-5 carbon atoms or a
      hydrogen atom;
PA1  R.sup.10 represents a member selected from the group consisting of a methyl
      group, a methylene group and a hydrogen atom;
PA1  R.sup.11 represents a member selected from a hydrogen atom, a chlorine
      atom, a fluorine atom and a methyl group and;
PA1  R.sup.12 represents an oxo group, and wherein the additional double bonds
      may be present at positions selected from the 1,2-position and the
      6,7-position and, dienol ethers or esters thereof.
NUM  2.
PAR  2. A steroid as claimed in claim 1 in which the acyloxy groups are acetoxy,
      valeryloxy, propionyloxy, hexahydrobenzoyloxy, .beta.-phenyl propionyloxy,
      benzoyloxy or isobutyryloxy or butyryloxy groups.
NUM  3.
PAR  3. A steroid as claimed in claim 1 in which the aliphatic groups are
      methyl, ethyl, propyl, vinyl, 2-methylprop-2-enyl, 1-methylprop-2-enyl,
      but-2-enyl, allyl, ethynyl or chloroethynyl groups.
NUM  4.
PAR  4. The compound of claim 1 which is 11.beta.-chloropregn-4-ene-3,20-dione.
NUM  5.
PAR  5. The compound of claim 1 which is
      17.alpha.-acetoxy-11.beta.-chloropregn-4-ene-3,20-dione.
NUM  6.
PAR  6. The compound of claim 1 which is
      11.beta.-chloro-21-hydroxy-17.alpha.-propionyloxy-16.beta.-methylpregna-1,
     4-diene-3,20-dione.
NUM  7.
PAR  7. The compound of claim 1 which is
      11.beta.-chloro-21-acetoxy-17-propionyloxy-16.beta.-methyl-pregna-1,4-dien
     e-3,20-dione.
NUM  8.
PAR  8. The compound of claim 1 which is
      11.beta.-chloro-17,21-dipropionyloxy-16.beta.-methylpregna-1,4-diene-3,20-
     dione.
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ABST
PAL  The present invention is concerned with new derivatives of
      3-formylrifamycin SV. More particularly the invention relates to
      O-substituted oximes of 3-formylrifamycin SV of formula I.
      ##SPC1##
PAL  wherein R is selected from the group consisting of alkyl of at least 2
      carbon atoms, alkenyl, alkynyl, cycloalkyl, alkoxyalkyl, cycloalkoxyalkyl,
      hydroxyalkyl, carboxyalkyl, carboalkoxyalkyl, carbamylalkyl, cyanoalkyl,
      nitroalkyl, aryloxyalkyl, aralkoxyalkyl, heterocycloxyalkyl, aminoalkyl,
      mono- and di-lower alkylaminoalkyl, substituted benzyl, mono- or poly-aryl
      substituted C.sub.2 -C.sub.8 alkyl and lower alkyl substituted with mono-
      or polynuclear heterocyclic rings containing at least one 1 to 3
      heteroatom selected from oxygen, nitrogen and sulfur, with the exclusion
      of morpholine; R.sub.1 is H or CH.sub.3 CO; and the derivatives of the
      same oximes hydrogenated in at least one of the positions 16, 17; 18, 19;
      and 28, 29. These compounds have antimicrobial activity.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This is a continuation of application Ser. No. 256,297, filed May 24, 1972,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is concerned with O-substituted oxime derivatives of
      3-formylrifamycin SV.
PAR  The oxime of 3-formylrifamycin SV and its O-methyl and O-morpholinoethyl
      derivatives are described in U.S. Pat. No. 3,342,810. These compounds
      although possessing a good antibacterial activity have practically no
      effect against bacteria which had become resistant to the other
      rifamycins, namely the most known and therapeutically useful
      3-(4-methyl-1-piperazinyl-iminomethyl)-rifamycin SV (rifampicin).
PAR  It is well known by those who are expert in the antibiotic field that when
      a microorganism strain becomes resistant to a particular antibiotic drug,
      it is rather difficult to find another compound of the same antibiotic
      family which is capable to inhibit the growth of said resistant mutant. In
      some instances it is quite difficult to find compounds which are active
      against such a resistant strain even among the other different species of
      antibiotics.
PAR  We have surprisingly found that by substituting the hydrogen atom of the
      oximino group of 3-formylrifamycin SV oxime by an alkyl radical with at
      least 2 carbon atoms or some other suitable radical very promising
      compounds may be obtained which are able to exhibit at low concentrations
      the growth of strains resistant to the other rifamycins.
PAR  In particular, compounds of the invention display a good inhibiting effect
      against the rifampicin resistant Staphylococcus aureus strains. In
      representative experiments in vitro with the compounds of Examples 6, 8,
      13, 16, 21, 23 and 25, the growth of a Staphylococcus aureus Tour strain,
      resistant to rifampicin, was inhibited by concentrations ranging from 1 to
      5 .mu.g/ml.
PAR  This particular activity is moreover coupled with a good general effect
      against the other microorganisms which are usually sensitive to the
      rifamycins.
PAR  The invention compounds are generally very active also against the usual
      Gram positive and Gram negative bacteria. In particular they show a
      remarkable activity against Staphylococcus aureus, Streptococcus faecalis,
      Streptococcus hemolyticus and Diplococcus pneumoniae strains. In these
      cases the minimum inhibiting concentration ranges from about 0.001 to
      about 0.5 .mu.g/mg.
PAR  Another very important feature of the invention is the activity of certain
      of the compounds in inhibiting the activity of DNA polymerases.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to O-substituted oximes of 3-formylrifamycin SV of
      formula I
      ##SPC2##
PAL  wherein R is selected from the group consisting of alkyl of at least 2
      carbon atoms, alkenyl, alkynyl, cycloalkyl, alkoxyalkyl, cycloalkoxyalkyl,
      hydroxyalkyl, carboxyalkyl, carboalkoxyalkyl, carbamylalkyl, cyanoalkyl,
      nitroalkyl, aryloxyalkyl, aralkoxy-alkyl, heterocycloxyalkyl, aminoalkyl,
      mono- and di-lower alkyl-aminoalkyl, substituted benzyl, mono- or
      poly-aryl substituted C.sub.2 -C.sub.8 alkyl and lower alkyl substituted
      with mono- or polynuclear heterocyclic rings containing at least one 1 to
      3 heteroatom selected from oxygen, nitrogen and sulfur, with the exclusion
      of morpholine; R.sub.1 is H or CH.sub.3 CO; and the derivatives of the
      same oximes hydrogenated in at least one of the positions 16, 17; 18, 19;
      and 28, 29.
PAR  Ordinarily the alkyl, alkenyl and alkynyl groups at a maximum will contain
      about 20 carbon atoms. Preferably, they will contain from about 4 to about
      12 carbon atoms. These groups can be straight or branched. Further, the
      alkenyl groups can contain one or a plurality of double bonds and the
      alkynyl groups can contain one or a plurality of triple bonds.
PAR  The aryl and aralkyl groups are represented by aromatic groups containing 1
      to 3 carbocyclic rings and can be unsubstituted or have one or more
      substituent groups positioned on the ring including, for example, lower
      alkyl of 1-4 carbon atoms, halogen, amino, mono- and dialkylamino,
      halo-lower alkyl, sulfo, fluorosulfonyl, sulfamido, cyano, carboxy,
      hydroxy, carbalkoxy, nitro and the like. The cycloalkyl groups ordinarily
      will contain from about 3 to about 18 carbon atoms.
PAR  Heterocyclic moieties for use in the present invention include the mono- or
      polynuclear heterocyclic ring groups containing at least one heteroatom
      selected from oxygen, nitrogen or sulfur. Morpholine is excluded when the
      heterocyclic is a substituent of a lower alkyl group.
PAR  A method for preparing the compounds of the invention consists in treating
      3-formyltrifamycin SV or its 25-desacetyl and/or derivatives hydrogenated
      in at least one of the positions 16, 17; 18, 19; and 28, 29 in an organic
      solvent with a stoichiometric amount of an O-substituted hydroxylamine of
      the formula NH.sub.2 -O-R where R has the foregoing significance. After
      standing at room temperature for a period of time varying from 20 minutes
      to some hours, the crude compound is recovered by concentrating or
      evaporating the solvent. The purification of these derivatives does not
      represent a particular problem for those skilled in the organic field and
      is generally effected by crystallizing from a suitable solvent which for
      instance may be selected from lower alkanols or benzene.
PAR  The new compounds are colored solids soluble in the common organic solvent
      such as benzene, ethyl acetate, chloroform, dioxane, tetrahydrofuran and
      the like.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  General method of preparation of the oximes is the addition to a
      tetrahydrofuran solution of 0.01 mole of 3-formyl-rifamycin SV or its
      25-desacetyl or derivatives hydrogenated in at least one of the positions
      16, 17, 18, 19, 28 and 29 of 0.01 mole of a preselected O-substituted
      hydroxylamine of the formula NH.sub.2 -O-R which is added at room
      temperature under stirring. After agitation for a period of time varying
      from 20 minutes to 3 hours a drop of the solution is tested by thin layer
      chromatography on silicagel to determine the disappearance of the staring
      compound and the formation of the desired rifamycin derivative end
      product. After complete disappearance of the carbonyl compound, the
      solution is concentrated to dryness and the crude compound recovered and
      purified by crystallizing from a solvent.
PAR  Table 1 presents the chemical-physical data of some representative
      O-substituted oximes of 3-formylrifamycin SV compounds of Formula I
      prepared by this technique wherein R is as set forth hereinabove. Unless
      stated otherwise, the depicted derivatives are to the 3-formylrifamycin SV
      compounds. The starting compound for preparing in Table 1 hydrogenated
      derivatives of the rifamycins of Formula I, e.g., 16, 17; 18, 19; and 28,
      29 hexahydro-3-formylrifamycin SV, is obtained in the following way:
PAR  Twenty grams of rifamycin S suspended in 600 ml. of dry ethanol are
      hydrogenated in a Parr bomb with 2 g of PtO.sub.2 and the catalyst for 3
      hours at room temperature under a hydrogen pressure of about 5
      atmospheres. After filtering off the catalyst the solution is evaporated
      to dryness and the crude product dissolved in tetrahydrofuran is
      maintained under stirring with 18 g. of MnO.sub.2 at room temperature. The
      inorganic precipitate is filtered off and after concentration of the
      filtrate to a small volume the mixture is taken up with ethyl acetate (300
      ml) and washed with water. The organic layer is dried over Na.sub.2
      SO.sub.4 and after evaporation gives 8 g. of hexahydrorifamycin S. M.p.
      158.degree.-160.degree.C (from methanol). This product is then converted
      to the corresponding 3-formyl derivative by following the same method
      described in Example 5 of British Pat. No. 1,219,360. The crude product
      may be purified by column chromatography of its chloroform solution
      through silicagel and by eluting with chloroform containing one percent of
      methanol. The compound recovered by evaporation of the chromatographed
      solution is 16, 17; 18, 19; 28, 29 hexahydro-3-formylrifamycin SV melting
      at 126.degree.-131.degree.C.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Example  R            Crystalli-                                          

                                   Yield                                       

                                      M.p. .degree.C                           

                                            Analysis     Significative U.V.    

     No.                   zation  %        C    H   N   and visible bands     

                           Solvent          (calc. found)                      

                                                         .mu.max               

                                                                E.sub.1        

                                                                cm.sup.1%      

     __________________________________________________________________________

      1   C.sub.2 H.sub.5  ethyl ace-                                          

                                   62 214-215                                  

                                            62.48                              

                                                 6.82                          

                                                     3.64                      

                                                         470    182.8          

                           tate/            61.55                              

                                                 7.14                          

                                                     3.36                      

                                                         325    283.6          

                           ligroin                                             

      2   C.sub.3 H.sub.7  methanol                                            

                                   86 181-183                                  

                                            62.90                              

                                                 6.95                          

                                                     3.57                      

                                                         468    191.2          

                                            63.19                              

                                                 6.90                          

                                                     3.51                      

                                                         326    299.2          

      3   i--C.sub.3 H.sub.7                                                   

                           methanol                                            

                                   86 229-231                                  

                                            62.90                              

                                                 6.95                          

                                                     3.57                      

                                                         468    177.9          

                                            62.58                              

                                                 7.12                          

                                                     3.70                      

                                                         327    279.9          

      4   C.sub.4 H.sub.9  methanol                                            

                                   74 220-222                                  

                                            63.30                              

                                                 7.08                          

                                                     3.51                      

                                                         468    176.9          

                                            63.45                              

                                                 7.11                          

                                                     3.67                      

                                                         326    281.8          

      5   C.sub.5 H.sub.11 methanol                                            

                                   93 200-202                                  

                                            63.68                              

                                                 7.20                          

                                                     3.45                      

                                                         468    173.2          

                                            63.62                              

                                                 7.23                          

                                                     3.75                      

                                                         325    274.7          

      6   C.sub.8 H.sub.17 methanol                                            

                                   80 188-190                                  

                                            64.76                              

                                                 7.56                          

                                                     3.28                      

                                                         475    142.6          

                                            65.03                              

                                                 7.69                          

                                                     3.47                      

                                                         329    234.6          

      7   C.sub.12 H.sub.25                                                    

                           acetone/H.sub.2 O                                   

                                   46  95-104                                  

                                            66.06                              

                                                 7.98                          

                                                     3.08                      

                                                         480    138.3          

                                            65.57                              

                                                 8.09                          

                                                     3.25                      

                                                         330    223.5          

      8   C.sub.9 H.sub.19 methanol                                            

                                   70 177-181                                  

                                            65.11                              

                                                 7.67                          

                                                     3.23                      

                                                         480    156.0          

                                            65.18                              

                                                 7.78                          

                                                     3.35                      

                                                         330    250.0          

      9   CH.sub.2 CH.sub.2 OH                                                 

                           ethyl   60 200-204                                  

                                            61.21                              

                                                 6.67                          

                                                     3.56                      

                                                         470    183.0          

                           acetate          60.42                              

                                                 6.98                          

                                                     3.90                      

                                                         325    279.0          

     10   CH(COOH)CH(CH.sub.3).sub.2                                           

                           benzene 79 165-168                                  

                                            61.40                              

                                                 6.71                          

                                                     3.33                      

                                                         470    173.5          

                                            62.39                              

                                                 6.67                          

                                                     3.60                      

                                                         325    273.8          

     11   CH(COOH)CH.sub.2 CH(CH.sub.3).sub.2                                  

                           carbon  30 168-171                                  

                                            61.81                              

                                                 6.84                          

                                                     3.28                      

                                                         470    157.0          

                           tetra-           60.61                              

                                                 6.81                          

                                                     3.19                      

                                                         325    259.0          

                           chloride                                            

     12   CH(COOH)CH.sub.2 C.sub.6 H.sub.5                                     

                           carbon  63 145-150                                  

                                            63.50                              

                                                 6.36                          

                                                     3.15                      

                                                         470    158.0          

                           tetra-           62.90                              

                                                 6.25                          

                                                     3.08                      

                                                         325    245.0          

                           chloride                                            

     13   CH.sub.2 CH.sub.2 C.sub.6 H.sub.5                                    

                           ethyl   63 130-134                                  

                                            65.38                              

                                                 6.68                          

                                                     3.31                      

                                                         472    163.6          

                           acetate          65.50                              

                                                 6.67                          

                                                     3.70                      

                                                         328    257.3          

     14   CH.sub.2 CH.sub.2 CH.sub.2 C.sub.6 H.sub.5                           

                           methanol                                            

                                   84 160-161                                  

                                            65.71                              

                                                 6.80                          

                                                     3.26                      

                                                         472    160.3          

                                            65.60                              

                                                 6.70                          

                                                     3.50                      

                                                         328    256.5          

     15   CH.sub.2 C.sub.6 H.sub.4 Br--p                                       

                           methanol                                            

                                   68 156-158                                  

                                            59.40                              

                                                 5.87                          

                                                     3.08                      

                                                         475    145.1          

                                            58.19                              

                                                 5.68                          

                                                     3.25                      

                                                         328    240.6          

     16   CH(C.sub.6 H.sub.5).sub.2                                            

                           methanol                                            

                                   67 145-150                                  

                                            67.53                              

                                                 6.44                          

                                                     3.08                      

                                                         480    133.4          

                                            67.25                              

                                                 6.43                          

                                                     3.15                      

                                                         330    231.2          

     17                    ethanol 39 162-168                                  

                                            63.07                              

                                                 7.10                          

                                                     5.02                      

                                                         472    167.0          

                                            61.72                              

                                                 7.35                          

                                                     4.67                      

                                                         327    250.0          

     18                    ethanol 52 &gt;170  63.43                              

                                                 7.21                          

                                                     4.93                      

                                                         470    162.0          

                                            63.06                              

                                                 7.26                          

                                                     5.00                      

                                                         325    247.0          

     19                    acetone 6  187-188                                  

                                            62.34                              

                                                 7.21                          

                                                     6.46                      

                                                         470    158.0          

                                            62.11                              

                                                 7.39                          

                                                     6.25                      

                                                         325    251.0          

     20   (CH.sub.2).sub.9 CH.sub.3                                            

                           light   64  97-101                                  

                                            65.43                              

                                                 7.78                          

                                                     3.18                      

                                                         480    137.5          

                           petroleum        65.41                              

                                                 7.82                          

                                                     3.29                      

                                                         330    224.0          

     21   (CH.sub.2).sub.6 CH.sub.3                                            

                           ethyl   40 134-140                                  

                                            64.42                              

                                                 7.45                          

                                                     3.34                      

                                                         475    152.5          

                           acetate/         64.72                              

                                                 7.41                          

                                                     3.10                      

                                                         328    244.5          

                           light                                               

                           petroleum                                           

     22   (CH.sub.2).sub.7 CH.sub.3                                            

                           methanol                                            

                                   85 118-125                                  

                                            65.16                              

                                                 7.71                          

                                                     3.45                      

                                                         473    158.7          

          25-desacetyl der.                 64.40                              

                                                 7.83                          

                                                     3.30                      

                                                         327    255.5          

     23   (CH.sub.2).sub.5 CH.sub.3                                            

                           ethyl   85 137-140                                  

                                            64.06                              

                                                 7.33                          

                                                     3.39                      

                                                         470    167.8          

                           acetate/         63.66                              

                                                 7.42                          

                                                     3.10                      

                                                         327    258.6          

                           light                                               

                           petroleum                                           

     24   (CH.sub.2).sub.10 CH.sub.3                                           

                           ligroin 85 170-173                                  

                                            65.75                              

                                                 7.88                          

                                                     3.13                      

                                                         475    140.1          

                                            65.72                              

                                                 7.94                          

                                                     3.02                      

                                                         330    219.9          

     25   CH(C.sub.3 H.sub.7).sub.2                                            

                           methanol                                            

                                   80 167-171                                  

                                            64.42                              

                                                 7.45                          

                                                     3.34                      

                                                         470    151.0          

                                            64.35                              

                                                 7.47                          

                                                     3.48                      

                                                         326    235.0          

     26   (CH.sub.2).sub.3 --CH=CH.sub.2                                       

                           methanol                                            

                                   85 174-175                                  

                                            64.22                              

                                                 7.10                          

                                                     3.40                      

                                                         470    176.2          

                                            63.80                              

                                                 7.12                          

                                                     3.20                      

                                                         327    275.2          

     27   (CH.sub.2).sub.7 CH.sub.3                                            

                           ligroin 50 85-92 64.31                              

                                                 8.21                          

                                                     3.26                      

                                                         477    125.5          

          16,17,18,19',28,29-               64.00                              

                                                 8.19                          

                                                     3.43                      

                                                         330    209.6          

          hexahydro der.                                                       

     28   CH.sub.2 --C=CH.sub.2                                                

                           methanol                                            

                                   80 163-165                                  

                                            63.84                              

                                                 6.98                          

                                                     3.46                      

                                                         472    183.6          

          .vertline.                        63.05                              

                                                 7.02                          

                                                     3.69                      

                                                         327    280.9          

          C.sub.2 H.sub.5                                                      

     29   CH.sub.2 --CH=CH--CH.sub.3                                           

                           methanol                                            

                                   90 185-188                                  

                                            63.46                              

                                                 6.84                          

                                                     3.52                      

                                                         470    181.1          

                                            62.67                              

                                                 6.81                          

                                                     3.45                      

                                                         327    278.4          

     30   CH.sub.2 --CH=CH.sub.2                                               

                           methanol                                            

                                   95 170-173                                  

                                            63.39                              

                                                 6.74                          

                                                     3.09                      

                                                         471    184.6          

                                            61.92                              

                                                 6.69                          

                                                     3.52                      

                                                         327    285.4          

     31   CH.sub.2 --C.tbd.CH                                                  

                           methanol                                            

                                   97 192-194                                  

                                            63.22                              

                                                 6.47                          

                                                     3.60                      

                                                         473    167.0          

                                            62.60                              

                                                 6.70                          

                                                     3.55                      

                                                         326    268.5          

          CH.sub.3 CH.sub.3                                                    

          .vertline. .vertline.                                                

     32   CH.sub.2 --CH=C--CH.sub.2 --CH.sub.2 --CH=C                          

                           methanol                                            

                                   85 138-140                                  

                                            65.73                              

                                                 7.36                          

                                                     3.19                      

                                                         480    149.8          

          .vertline.                        65.35                              

                                                 7.45                          

                                                     3.13                      

                                                         330    242.7          

          CH.sub.3                                                             

     33                    methanol                                            

                                   90 235-237                                  

                                            64.21                              

                                                 7.10                          

                                                     3.40                      

                                                         470    179.0          

                                            63.74                              

                                                 7.29                          

                                                     3.68                      

                                                         328    283.5          

          CH.sub.3 CH.sub.3                                                    

          .vertline. .vertline.                                                

     34   CH.sub.2 (CH=C--CH.sub.2 --CH.sub.2).sub.2 --CH=C                    

                           ligroin 97 150-153                                  

                                            67.35                              

                                                 7.68                          

                                                     2.96                      

                                                         480    141.8          

          .vertline.                        67.06                              

                                                 7.81                          

                                                     3.01                      

                                                         330    234.5          

          CH.sub.3                                                             

     35   CH.sub.2 --CH.sub.2 --O--C.sub.6 H.sub.5                             

                           methanol                                            

                                   95 137-140                                  

                                            64.17                              

                                                 6.56                          

                                                     3.25                      

                                                         470    156.8          

                                            64.09                              

                                                 6.57                          

                                                     3.30                      

                                                         326    245.2          

     36   CH.sub.2 --CH.sub.2 --O--CH.sub.3                                    

                           methanol                                            

                                   95 237-239                                  

                                            61.64                              

                                                 6.81                          

                                                     3.51                      

                                                         472    147.8          

                                            61.09                              

                                                 6.79                          

                                                     3.18                      

                                                         327    273.3          

     37   CH.sub.2 --CH.sub.2 --O--C.sub.2 H.sub.5                             

                           methanol                                            

                                   90 225-227                                  

                                            62.05                              

                                                 6.94                          

                                                     3.45                      

                                                         474    162.0          

                                            61.29                              

                                                 6.79                          

                                                     3.48                      

                                                         327    274.8          

     38   CH.sub.2 --CH.sub.2 --O--C.sub.4 H.sub.9                             

                           methanol                                            

                                   20 175-177                                  

                                            61.75                              

                                                 7.40                          

                                                     3.43                      

                                                         470    173.1          

                                            62.84                              

                                                 7.25                          

                                                     3.50                      

                                                         325    264.9          

     39                    methanol                                            

                                   90 103-105                                  

                                            60.06                              

                                                 5.87                          

                                                     3.11                      

                                                         476    138.0          

                                            58.98                              

                                                 5.79                          

                                                     3.20                      

                                                         330    226.0          

                                            Cl 7.88 : 7.94                     

          CH(CH.sub.2).sub.4 --CH.sub.3                                        

     40   .vertline.       methanol/                                           

                                   90 100-110                                  

                                            64.77                              

                                                 7.56                          

                                                     3.28                      

                                                         475    149.5          

          C.sub.2 H.sub.5  water      dec.  64.61                              

                                                 7.80                          

                                                     3.38                      

                                                         328    206.8          

          CH--C.sub.4 H.sub.9                                                  

     41   .vertline.       methanol/                                           

                                   95 102 dec.                                 

                                            64.77                              

                                                 7.56                          

                                                     3.28                      

                                                         475    148.0          

          C.sub.3 H.sub.7  water            64.08                              

                                                 7.66                          

                                                     3.22                      

                                                         328    245.4          

          CH--C.sub.4 H.sub.9                                                  

     42   .vertline.       methanol/                                           

                                   70 195 dec.                                 

                                            64.42                              

                                                 7.45                          

                                                     3.34                      

                                                         472    167.2          

          C.sub.2 H.sub.5  water            64.47                              

                                                 7.59                          

                                                     3.45                      

                                                         327    270.4          

          CH--C.sub.5 H.sub.11                                                 

     43   .vertline.       methanol                                            

                                   90 133-136                                  

                                            64.42                              

                                                 7.45                          

                                                     3.34                      

                                                         475    165.6          

          CH.sub.3                          63.70                              

                                                 7.43                          

                                                     3.25                      

                                                         328    266.7          

     __________________________________________________________________________

PAR  Similarly, oximes of 3-formylrifamycin SV, 25-desacetyl-3-formylrifamycin
      SV and their derivatives hydrogenated in at least one of the positions 16,
      17, 18, 19, 28 and 29 are prepared by condensation with a corresponding
      O-substituted hydroxylamine R-ONH.sub.2 in which R is, for example,
TBL  4-hydroxybutyl        6-hydroxyhexyl                                      

     8-hydroxyoctyl        2-methyl-2-penten-3-yl                              

     2-octen-4-yl          2-heptyn-1-yl                                       

     triphenylmethyl       tri-cyclohexylmethyl                                

     tri-cyclopentylmethyl 3-dibutylaminopropyl                                

     cyclopentyl           cycloheptyl                                         

     2-propoxyethyl        2-isopropoxyethyl                                   

     2-benzyloxyethyl      3-methoxypropyl                                     

     3-ethoxypropyl        3-propoxypropyl                                     

     3-butoxypropyl        3-benzyloxypropyl                                   

     4-methoxybutyl        4-ethoxybutyl                                       

     4-propoxybutyl        4-iso-propoxybutyl                                  

     4-butoxybutyl         4-iso-butoxybutyl                                   

     4-phenoxybutyl        4-benzyloxybutyl                                    

     6-phenoxyhexyl        2-methylaminoethyl                                  

     2-dimethylaminoethyl  2-ethylaminoethyl                                   

     2-diethylaminoethyl   2-dipropylaminoethyl                                

     2-dibutylaminoethyl   3-methylaminopropyl                                 

     3-dimethylaminopropyl 3-ethylaminopropyl                                  

     3-diethylaminopropyl  3-dipropylaminopropyl                               

     3-dibutylaminopropyl  4-dimethylaminobutyl                                

     4-diethylaminobutyl   4-dipropylaminobutyl                                

     4-dibutylaminobutyl   2-methylphenylaminoethyl                            

     2-ethylphenylaminoethyl                                                   

                           2-(2-methoxyethoxy)-ethyl                           

     2-(2-ethoxyethoxy)-ethyl                                                  

                           2-(2-butoxyethoxy)-ethyl                            

     3-methoxybutyl        8-phenoxyoctyl                                      

     10-phenoxydecyl       3-(4-hydroxyphenyl)-propyl                          

     2-(4-hydroxyphenoxy)-ethyl                                                

                           3-carboxy-3-phenylpropyl                            

     4-carboxybenzyl       2-carboxybenzyl                                     

     2,3,6-trichlorobenzyl 4-carboxyphenethyl                                  

     3-(4-carboxyphenyl)-propyl                                                

                           4-(4-carboxyphenoxy)-butyl                          

     2-(3,4-dichlorophenoxy)-ethyl                                             

     2-(2,6-dichlorophenoxy)-ethyl                                             

     3-(4-carboxyphenoxy)-propyl                                               

     3-(4-carboxymethoxyphenyl)-propyl                                         

     2-(2,6-dimethoxy-4-carboxyphenyl)-propyl                                  

     carboisobutoxymethyl  1-carboisobutoxyethyl                               

     .alpha.-carbethoxybenzyl                                                  

                           3-(3-nitro-4-hydroxyphenyl)-propyl                  

     3-(1-piperidino)-propyl                                                   

                           3-(2-thienyl)-propyl                                

     4-(2-furyl)-butyl     2-(3-isoxazolyl)-ethyl                              

     4-pyridylmethyl       bis-(4-pyridyl)methyl                               

     3-(4-pyridyl)-propyl  3-(8-quinolinoxy)-propyl                            

     3-(4-dimethylaminophenoxy)-propyl                                         

     5,6-dibromohexyl                                                          

PAR  In addition to the activities against microorganisms set forth hereinbefore
      certain of the compounds of the present invention have been found to be
      effective in inhibiting activity of DNA polymerases which are
      characteristics of human leukemic blood lymphoblasts and against typical
      nucleotidyl transferases (polymerases) of virus not utilized by the normal
      cell. It is known from studies on representative members of virus groups
      that they either carry or induce into the host cells polymerases as an
      essential part of their replication. Thus, there are viruses such as
      picorna viruses or polio viruses which induce RNA-dependent DNA-polymerase
      while other groups such as leukemia-sarcoma viruses carry a RNA-dependent
      DNA-polymerase. The presence and the very important role of the
      RNA-dependent DNA-polymerase reverse transcriptase in oncogenic RNA
      viruses has been discovered by D. Baltimore, Nature, 226, 1209 (1970) and
      by H. M. Temin et al., Nature, 226, 1211 (1970). Recent discovery of
      RNA-dependent DNA-polymerase enzyme in RNA tumor viruses of animal species
      has been confirmed also by other authors as it results for instance from
      the papers hereinbelow listed:
PAR  Green et al., Mechanism of carcinogenesis by RNA tumor viruses. I. An
      RNA-dependent DNA-polymerase in murine sarcoma viruses. Proc. Nat. Acad.
      Sci. USA 67, 385-393, 1970.
PAR  Spiegelman et al., Characterization of the products of RNA directed
      DNA-polymerase in oncogenic RNA viruses, Nature, London, 227, 563, 1970.
PAR  Hatanaka et al., DNA polymerase activity associated with RNA tumor viruses,
      Proc. Nat. Acd. Sci. USA, 67, 143, 1970.
PAR  Scolnick et al., DNA synthesis by RNA containing tumor viruses. Proc. Nat.
      Acad. Sci., USA, 67, 1034, 1970.
PAR  RNA virus implication in some tumors has been supported also by other
      facts: reverse transcriptase has been found to be present in particles
      from human milk obtained from women with a familiar history of breast
      cancer and from imbred population. (Scholn et al., Nature, 231, 97, 1971).
      Priori et al., (Nature, New Biology, 232, 16, 1971) isolated a virus named
      ESP-1 containing reverse transcriptase from cells from the pleural fluid
      of a child with lymphoma and have successfully grown it in tissue
      cultures. The presence in human breast cancer of RNA homologous to mouse
      mammary tumor virus RNA has been demonstrated through molecular
      hybridation experiments by R. Axel et al., (Nature, 235, 32, 1972).
PAR  At present there are no very effective drugs for treating viral diseases
      since viruses and cells have common metabolic requirements and pathway.
      The most promising approach to viral chemotherapy clearly is the design of
      suitable chemicals which combine specifically with viral or virus
      transformed cells polymerase but not with host cell polymerases
      controlling the expression of genetic information of viruses. Specific
      inhibitors of the viral or virus transformed cells enzymes and, in
      particular inhibitors of polymerases of RNA tumor viruses may have an
      important role in proving drugs for leukemia and other cancer therapy.
PAR  The inhibiting activity of the invention compounds has been tested on RNA
      dependent DNA polymerase of murine sarcoma virus (endogenous) and DNA
      dependent DNA polymerase activity of purified enzymes. The inhibition was
      tested according to the methods described by C. Gurgo et al., Nature, New
      Biology, 229, 111, 1971.
PAR  The effect of different concentrations of drugs on polymerase activity was
      determined by following 3H-dTTP (tritiated thymine deoxyriboside
      triphosphate) incorporation into the insoluble fraction. A typical example
      of the experimental procedures is the following: Isolation of virus and
      purification of viral polymerase
PAR  Virus was isolated and purified from murine sarcoma virus (Moloney isolate)
      transformed rat cells (78Al cells) and murine sarcoma virus (Harvey
      isolate) transformed mouse cells (MEH cells) as previously described
      (Green et al., Proc. Nat. Acad. Sci. USA 67. 385-393, 1970, Rokutanda et
      al., Nature, 227, 1026-1028, 1970). The virion polymerase was purified
      20-40 fold by incubation of purified virus with 0.5% NP-40 (nonidet P-40)
      in 0.1 M NaCl, 0.01 M Tris buffer (pH 7.6), 0.001 M EDTA for 5 minutes at
      room temperature and zonal centrifugration in 15-30% sucrose gradients in
      10 mM (millimoles) sodium phosphate buffer (pH 7.4), 2.5 mM MgCl.sub.2, 10
      mM dithiothreitol, and 5% glycerol for 24 hours at 38.000 rpm in a Spinco
      SW41 rotor. The peak fractions of enzyme activity (13-17) of twenty-two
      fractions collected, were pooled, and stored at -70.degree.C in 30%
      glycerol. DNA polymerase assay
PAR  Enzyme incubation was performed for 1 hour at 37.degree.C in 100 .mu.l of
      reaction mixture containing 40 mM Tris buffer (pH 8.0), 5mM
      dithiothreitol, 30 mM NaCl, 2.5 mM MgCl.sub.2, 0.1 mM daTP, dGTP, dCTP,
      and 10 .mu.Ci of .sup.3 H-dTTP (12-18 Ci/mmole) as described by Green et
      al., in Proc. Nat. Acad. Sci. US 67, 385-393, 1970. The reaction was
      terminated by the addition of 150 .mu. l of 1N perchloric acid. Calf
      thymus DNA (100 .mu.g) were added as carrier; the radioactive DNA product
      was processed as described in the two papers mentioned above.
PAR  Endogenous RNA dependent DNA polymerase activity was measured after the
      addition of 0.01% PN-40 to purified virus at the time of assay. The DNA
      polymerase activity of purified viral polymerase was measured with 2 .mu.g
      of poly d(A-T) as template and no NP-40. Test for inhibition by rifamycin
      derivatives
PAR  Rifamycin derivatives were dissolved in dimethylsulfoxide (DMSO) at a
      concentration of 5 mg/ml and stored at 4.degree.C. Inhibition of the
      endogenous RNA dependent DNA polymerase activity was tested by adding 2
      .mu. l of derivative appropriately diluted in DMSO or 2 .mu. l of DMSO
      (control) to the assay mixture prior to addition to disrupted virus which
      contained 15 to 30 .mu.g of viral protein. Enzyme incubation was performed
      for 60 minutes at 37.degree.C. Inhibition of purified enzyme was tested by
      pre-incubation of 2 .mu.l of derivative of DMSO with 30 .mu.l of enzyme (1
      to 2 .mu.g protein) for 10 minutes at 37.degree.C; then 70 .mu. l of
      substrate mixture were added and the mixture further incubated and
      processed as described above.
PAR  In representative tests the invention compounds described in Examples 4, 5,
      6, 13, 14 and 16 at a concentration of 2-100 .mu.g/ml or less reduced the
      incorporation of .sup.3 H-dTTP to less than 10 percent than found in the
      control tests clearly demonstrating inhibition of mechanism of
      carcinogenesis by RNA tumor viruses according to the most recent
      biochemical points of view.
PAR  The inhibiting effect of reverse transcriptase has been confirmed also by
      test on polymerase from murine leukemia virus. Murine leukemia virus RNA
      polymerase was prepared from TRITON X 100 disrupted virions as described
      by Gallo et al., Nature, New Biology, 232, 141 (1971). Virus of both
      Rauscher and Moloney types were previously purified by banding in the 1.16
      g/ml region of a sucrose density gradient after initial low speed
      centrifugation to remove cellular debris and cushioning on 60% sucrose
      through 20% sucrose. Final concentration of virus preparation was at
      10.sup.11 particles/ml. As template endogenous 70S RNA was used.
      Concentrations of 50 .mu.g/ml or less were found to be effective in
      inhibiting the enzyme.
PAR  For instance, inhibitions of about 50 percent were obtained with
      concentrations of only about 10-25 .mu.g/ml of representative compounds 5,
      6 and 14.
PAR  Similar results were found by using tumor cell polymerases of human origin.
      In this case the inhibiting activity was studied also on normal cells
      polymerases to characterize a selective effect. Representative rifamycin
      derivatives of formula I have been evaluated for their effects on two
      purified DNA polymerase isolated from (I) human normal (PHA stimulated)
      blood lymphocytes (2) a lymphoblast cell line (derived from a normal
      donor) and (3) human leukemic blood lymphoblast. Synthetic and/or native
      templates were used.
PAR  A typical example of the experimental procedure is the following:
PAC  Human Blood Lymphoblasts
PAR  Leukemic lymphoblasts were isolated from the peripheral blood of patients
      with acute lymphocytic leukemia (ALL) by leukophoresis. The cells were
      washed and erythrocytes removed by hypotonic lysis. Normal lymphocytes
      were obtained from the peripheral blood from healthy donors after removal
      of granulocytes by nylon column chromatography. They were stimulated with
      phytohemagglutinin (PHA) for 72 hours as described before (Gallo et al.,
      Nature, 228, 927, 1970; Gallo et al. Science, 165, 400, 1968) in order to
      maximize DNA polymerase activity.
PAR  However, because of the logistic problems in obtaining sufficient amounts
      of these cells, a human "normal" tissue culture cell line (1788) was used
      to supply less purified DNA polymerases for some of the initial survey
      studies. Compounds of interest were then studied in more detail with the
      more purified enzymes from the normal and leukemic blood lymphocytes.
      These tissue culture cells were obtained from Associated Biomedic System,
      Inc.
PAC  DNA Polymerase Preparations
PAR  Cellular DNA polymerase were extracted and purified from normal blood (PHA
      stimulated) lymphocytes, and leukemic blood lymphocytes and 1788 lymphoid
      cells by homogenization in hypotonic buffer followed by Triton X 100
      and/or high salt extraction of the extraylsosomal pellet. After
      differential centrifugation cellular extracts were further purified by
      DEAE cellulose, phosphocellulose, and Sephadex G 200 column
      chromatography. DNA polymerase Assays
PAR  DNA polymerase assays were carried out in a final volume of 100 .mu. l. The
      assay mixture contained Tris-HCl buffer, pH 8.3, 50 mM; MgAc, 6.0 mM;
      dithiothretiol, 8.0 mM; NaCl, 60 mM. Adjustment of pH was carried out
      after addition of inhibitors which were previously dissolved in dimethyl
      sulfoxide (DMSO). The final concentration of DMSO was 0.5% and all control
      samples included this amount of DMSO. An enzyme concentration that
      catalyzes an incorporation of approximately 1.0 pmole/hr was used in the
      assay. The enzyme was in most cases preincubated for 5 minutes with the
      inhibitor. The reaction was then initiated by the addition of template
      either synthetic DNA (poly d(AT) Miles Lab.) and DNA.RNA hybrid (oligo
      dT.poly rA), at 5 .mu.g/ml or native templates; activated salmon sperm DNA
      at 50 .mu.g/ml, and endogenous 70S viral RNA; 10 .mu.Ci of (.sup.3
      H-methyl)TTP (New England Nuclear, 18.6 mCi/.mu.mole, lyophilized and
      redissolved in 0.01 M HCl just prior to usage) and dATP (8 .times.
      10.sup..sup.-5 M, with synthetic template) or all three deoxynucleoside
      triphosphates (8 .times. 10.sup..sup.-5 M with RNA or DNA templated
      reactions). In some experiments, there was no preincubation of enzyme with
      inhibitor.
PAR  In these cases reactions were initiated by adding enzyme to the complete
      reaction mixture which included the inhibitor. Samples were withdrawn at
      the start of incubation and after 30 minutes and terminated by the
      addition of 2 ml. of 0.08 M sodium pyrophosphate, and precipitated in
      12.5% cold trichloroacetic acid (TCA) with yeast RNA (400 .mu.g) as
      carrier. The products were collected on Millipore filter, washed
      extensively with 5% TCA and 1 ml. of DMSO-ethanol-0.1 M NaCl mixture
      (0.5:70;29.5), dried and counted in 2 ml. of BBS.sub.3 (Beckman) and 10
      ml. of liquifluor (New England Nuclear) in a Packard liquid scintillation
      counter.
PAR  In representative experiments concentrations varying from 5 to 10 .mu.g/ml
      of compounds of Examples 5, 6 and 14 were found to provoke a 50%
      inhibition of leukemic polymerase with a synthetic DNA template. Reactions
      templated by a synthetic RNA template (poly rA.rU) were even more
      susceptible.
PAR  Representative experiments carried out with native template on normal and
      tumor cels polymerase showed a higher susceptibility of the tumor enzymes
      to the tested compounds.
PAR  Other biological characteristics dislayed by the new rifamycin derivatives
      include inhibition of focus formation on mouse, rat and human cells by the
      Moloney and Kirsten strain of murine sarcoma virus; selective inhibition
      of virus production by already transformed mouse and human cells;
      detection of revertant cells using the murine sarcoma virus transformed
      non-producer mouse and rat cell systems. The hydrazone compounds of the
      present invention have moreover confirmed their selective toxicity for
      virus transformed cells of mouse, rat and human origin when tested for
      colony forming ability.
PAR  In studies to determine the effect of the compounds in inhibiting focus
      formation by Moloney sarcoma virus on BALB/-3T3 cultures the following
      procedure is employed.
PAR  BALB/3T3 cell cultures are grown in 250 ml. plastic flasks in growth medium
      consisting of Eagle's minimal essential medium with 10% fetal bovine
      serum. Cell counts are made with a Coulter counter after suspending the
      cells with trypsin-EDTA and diluting in growth medium. Moloney murine
      sarcoma virus, as a tumor homogenate is employed. It is passaged four
      times in a Swiss-derived high passage mouse embryo cell line and assayed
      for focus-forming units in BALB/3T3 cells. In conducting the studies, a
      modificatiion of the method described by Hartley and Rowe, Proc. Nat.
      Acad. Sci. 55, 780, 1966 is used. In the present work, flasks are seeded
      with from 1-2 .times. 10.sup.6 cells in 25 ml. of growth medium and
      incubated at 37.degree.C for 24 hours. Following the removal of fluids,
      virus at a predetermined number of focus forming units is introduced into
      0.5 ml. of growth medium and allowed to adsorb on the monolayer of cells
      for 90 minutes at 37.degree.C. Following this adsorption period, a
      predetermined quantity, usually as a dose rate of from about 5 to 10
      .mu.g/ml of a rifamycin compound (previously dissolved in
      dimethylsulfoxide at a concentration of 1 mg/ml) and carried in 25 ml. of
      growth medium, is added and the cultures returned to the incubator. As a
      control, dimethylsulfoxide alone in the growth medium is added to a
      separate culture. After three days inoculation, the cultures are
      fluid-changed and foci of transformed cells counted at day seven.
PAR  In this same method, vesicular stomatitis virus, New Jersey serotype is
      studied. Methods used to grow and assay this virus have been described by
      Hackett et al., Virology, 31, 114 (1967).
PAR  These properties indicate that these compounds possess an effective
      inhibitory activity on virus induced tumors in animals.
CLMS
STM  We claim:
NUM  1.
PAR  1. O-Substituted oximes of 3-formylrifamycin SV having the formula
      ##SPC3##
PAL  wherein R is selected from the group consisting of 4 to 12 carbon atom
      alkyl, 4 to 12 carbon atom alkenyl, propynyl, 2-heptyn-1-yl, cyclohexyl,
      cycloheptyl, 2-methoxyethyl, 2-ethoxyethyl, 2-propoxyethyl,
      2-isopropoxyethyl, 2-butoxy-ethyl, 3-methoxypropyl, 3-ethoxypropyl,
      3-propoxypropyl, 3-butoxypropyl, 3-methoxybutyl, 4-methoxybutyl,
      4-ethoxy-butyl, 4-propoxybutyl, 4-isopropoxybutyl, 2-hydroxyethyl,
      4-hydroxy-butyl, 6-hydroxyhexyl, 8-hdyroxyoctyl, 1-carboxyisobutyl,
      1-carboxyisopentyl, carboisobutoxymethyl, 1-carboisobutoxyethyl,
      2-phenoxy-ethyl, 4-phenoxybutyl, 6-phenoxyhexyl, 8-phenoxyoctyl,
      10-phenoxydecyl, 2-(4-hydroxyphenoxy)ethyl, 2-(3,4-dichlorophenoxy)ethyl,
      2-(2,6-dichlorophenoxy)ethyl, 3-(4-carboxyphenoxy)propyl,
      3-(4-dimethylaminophenoxy)propyl, 4-(4-carboxyphenoxy)butyl,
      2-benzyloxyethyl, 3-benzyloxypropyl, 4-benzyloxybutyl,
      3-(8-quinolinoxy)propyl, 2-methylaminoethyl, 2-ethylaminoethyl,
      3-methylaminopropyl, 3-ethylaminopropyl, 2-dimethylaminoethyl,
      2-diethylaminoethyl, 2-dipropylaminoethyl, 2-dibutylaminoethyl,
      3-dimethylaminopropyl, 3-diethylaminopropyl, 3-dipropylaminopropyl,
      3-dibutylaminopropyl, 4-dimethylaminobutyl, 4-diethylaminobutyl,
      4-dipropylaminobutyl, 4-dibutylaminobutyl, 4-bromobenzyl,
      2,3,6-trichlorobenzyl, .alpha.-carbethoxybenzyl, 2-carboxybenzyl,
      .alpha.-phenylbenzyl, .alpha.,.alpha.-(diphenyl)benzyl, 4-carboxybenzyl,
      2,4-dichlorobenzyl, 2-phenethyl, 3-phenylpropyl,
      3-(3-nitro-4-hydroxyphenyl)propyl, 4-carboxyphenethyl,
      3-(4-carboxymethoxyphenyl)propyl,
      2-(2,6-dimethoxy-4-carboxy-phenyl)propyl, 3-carboxy-3-phenylpropyl,
      4-carboxyphenethyl, .alpha.-carboxyphenethyl, 2-pyrrolidinylethyl,
      2-piperidinylethyl, 2-(4-methylpiperazine-1-yl)ethyl,
      3-(1-piperidino)propyl, 4-(2-furyl)butyl, 4-pyridylmethyl,
      3-(4-pyridyl)propyl, 3-(2-thienyl)propyl, 2-(3-isoxazolyl)ethyl,
      bis-(4-pyridyl)methyl; R.sub.1 is H or CH.sub.3 CO; and derivatives of the
      same oximes hydrogenated in the positions 16, 17; 18, 19; 28, 29.
NUM  2.
PAR  2. O-Substituted oximes of 3-formylrifamycin SV as defined in claim 1
      wherein R is 4 to 12 carbon atom alkyl.
NUM  3.
PAR  3. O-Substituted oximes of 3-formylrifamycin SV as defined in claim 1
      wherein R is mono- or poly-aryl substituted C.sub.2 to C.sub.8 alkyl of
      the group consisting of 2-phenethyl, 3-phenylpropyl,
      3-(3-nitro-4-hydroxyphenyl)-propyl, 4-carboxyphenethyl,
      3-(4-carboxymethoxyphenyl)-propyl,
      2-(2,6-dimethoxy-4-carboxyphenyl)propyl, 4-carboxyphenethyl and
      3-carboxy-3-phenylpropyl.
NUM  4.
PAR  4. O-Substituted oximes of 3-formylrifamycin SV as defined in claim 3
      wherein R is
      ##SPC4##
PAL  or
      ##SPC5##
NUM  5.
PAR  5. O-Substituted oximes of 3-formylrifamycin SV as defined in claim 1
      wherein R is substituted benzyl of the group consisting of 4-bromobenzyl,
      2,3,6-trichlorobenzyl, .alpha.-carbethoxybenzyl, 3-carboxybenzyl,
      .alpha.-phenylbenzyl, .alpha.,.alpha.-(diphenyl)benzyl, 4-carboxybenzyl
      and 2,4-dichlorobenzyl.
NUM  6.
PAR  6. O-Substituted oximes of 3-formylrifamycin SV as defined in claim 5
      wherein R is
      ##SPC6##
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ABST
PAL  A process for preparing rifamycin S from rifamycin O. Rifamycin O is
      dissolved in a mixture of an organic solvent and an alcohol at room
      temperature. The rifamycin O is then hydrolyzed with a mineral acid and
      the thus obtained rifamycin S is purified by crystallization.
BSUM
PAR  This invention relates to a process for preparing rifamycin S by hydrolysis
      of rifamycin O.
PAR  It is known that rifamycin S is a substance of the rifamycin class
      constituting an intermediate for preparing highly active derivatives
      (antibiotics) and used in the pharmaceutical field, such as rifampicin and
      rifamycin SV. Heretofore, for the preparation of rifamycin S use was made
      of the method as disclosed in the British Pat. Specification No. 924,472,
      according to which rifamycin S is obtained from rifamycin O by removal of
      a glycol group through hydrolysis and the thus formed rifamycin S is then
      isolated by a suitable treatment.
PAR  According to the method disclosed in the mentioned patent, the hydrolysis
      is carried out in homogenous phase in a mixture comprising water, mineral
      acids and a water miscible solvent, such as methanol or acetone.
PAR  The described process exhibits serious disadvantages. Thus, under the
      conditions described in the patent mentioned, owing to poor solubility of
      rifamycin O in mixtures comprising water miscible solvents, the reaction
      can be carried out only at low concentrations. Additionally, due to phase
      homogeinity, both the amount of acid and the hydrolysis temperature are
      critical since the rifamycins degrade when in contact with the strong
      acids in the presence of water miscible solvents. This is illustrated in
      the British patent when the hydrolysis is carried out either at pH 3 at
      room temperature (in which case the reaction time is 4 days), or the
      hydrolysis is carried out with an amount of acid which is about 25 times
      by weight greater than the antibiotic (and in this case low temperatures
      are required to restrict degradation and the reaction time is reduced to
      about 8 hours).
PAR  It is the primary object of the present invention to provide a process for
      preparing rifamycin S which can be carried out by hydrolizing rifamycin O
      at high concentrations while using greatly reduced amounts of reaction
      acid.
PAR  It is another object of the invention to provide a process for preparing
      rifamycin S in a very easy manner and in very short times.
PAR  These and other objects are achieved by a process wherein rifamycin O at a
      concentration higher than 60,000.gamma. /ml is dissolved in a mixture of a
      water immiscible chlorinated organic solvent and a water miscible alcohol
      at a temperature in the range of about 0.degree.-30.degree.C, adding a
      strong mineral acid in a ratio of about 1/10-1.5/1 by weight relative to
      the amount of treated rifamycin O, hydrolyzing the rifamycin O in
      heterogeneous phase and while thoroughly stirring the reaction mass for a
      time ranging from about 40 minutes to about 3.5 hours. The reaction mass
      is washed at least once with aqueous media and then vacuum concentrated to
      dryness, the solid product obtained being then taken up with a water
      miscible alcohol and finally cooled to crystallize rifamycin S.
PAR  It is important to note that the use of a water immiscible solvent along
      with an alcohol affords a high solubility for rifamycin O, whereby the
      process can be carried out at high concentrations of this rifamycin.
      Moreover, the presence of the water immiscible solvent causes hydrolysis
      to occur in a heterogeneous phase which, while requiring a thorough
      stirring of the liquid media, has the advantage of a negligible antibiotic
      degradation.
PAR  The invention can be more clearly understood with reference to the
      following examples which are illustrative and not limitative of the
      invention.
DETD
PAC  EXAMPLE 1
PAR  45 Grams of rifamycin O were dissolved in a mixture of CH.sub.2 Cl.sub.2 :
      methanol (ratio 1:1) at a concentration of 70,000.gamma. /ml and at
      18.degree.C. 42 grams of concentrated HCl were then slowly added in 30
      minutes, still at a constant temperature of 18.degree.C.
PAR  Stirring was maintained for 1 hour 20 minutes, as required for hydrolysis
      to occur.
PAR  The organic solution was then washed for 3 times with 30 ml portions of
      aqeous media, the first of which comprised a saturated solution of sodium
      bicarbonate. This organic phase was then vacuum concentrated to dryness.
      The mass was taken up with 45 ml isopropyl alcohol and cooled thus
      precipitating rifamycin S which was collected by filtering and then vacuum
      dried. 36 g rifamycin S having a spectrophotometric titer of 98% were
      obtained.
PAC  EXAMPLE 2
PAR  50 Grams of rifamycin O were dissolved in a mixture of 3:1 CHCl.sub.3
      -ethanol at a concentration of 80,000.gamma. /ml and at a temperature of
      10.degree.C.
PAR  Still at 10.degree.C, 20 grams of concentrated H.sub.3 PO.sub.4 were then
      slowly added in 30 minutes. Stirring was continued for 31/4  hours as
      required for hydrolysis completion. The organic phase was washed 3 times,
      with 350 ml portions of with aqueous media and then vacuum concentrated to
      dryness. The mass was taken up with 50 ml of isopropanol and cooled, thus
      precipitating 41 grams of rifamycin S having a spectrophotometric titer of
      97.9%.
PAC  EXAMPLE 3
PAR  45 Grams of rifamycin O were dissolved in a mixture of 1:1 ClCH.sub.2
      CH.sub.2 Cl-propanol at a concentration of 65,000.gamma. /ml and at a
      temperature of 20.degree.C. 47 grams of concentrated HCl were slowly added
      in 30 minutes, with the temperature maintained always at a constant level.
PAR  Stirring was continued for 11/4  hours, as required for hydrolysis
      completion. The organic phase was washed 3 times with 300 ml portions of
      water, the first wash being sligthly basic due to the presence of sodium
      bicarbonate, and then vacuum concentrated to dryness.
PAR  The product was taken up with 50 ml of absolute ethanol and cooled, thus
      precipitating 35 grams of rifamycin S spectrophometric titer of 98%.
PAC  EXAMPLE 4
PAR  45 Grams rifamycin O were dissolved in a mixture of 4:1  CHCl.sub.3
      -methanol at a concentration of 90,000.gamma. /ml and at a temperature of
      30.degree.C.
PAR  15 Grams of 98% H.sub.2 SO.sub.4 were slowly added dropwise and the product
      completely hydrolized in 45 minutes.
PAR  The organic phase was portionally washed with water, vacuum concentrated to
      dryness, taken up with absolute ethanol and cooled, thus precipitating 25
      grams of rifamycin S having a spectrophotometric titer of 98%.
PAC  EXAMPLE 5
PAR  45 Grams of rifamycin O were dissolved in a mixture of 1:1.5 CCl.sub.4
      -propanol at a concentration of 85,000.gamma. /ml and at a temperature of
      30.degree.C.
PAR  A mixture of 1:1 H.sub.2 SO.sub.4 --H.sub.2 O was slowly added dropwise in
      an amount of 50 grams of and the reaction now was stirred for 3 hours.
PAR  Upon hydrolysis completion, the organic phase was portionally washed with
      water, vacuum concentrated, taken up with absolute ethanol and cooled,
      thus precipitating 29 grams of rifamycin S having a spectrophotometric
      titer of 97%.
PAR  By the process according to the present invention, such as shown in the
      above disclosed examples, a hydrolysis of rifamycin O is provided having
      the following advantages over the prior art processes:
PA1  a. High concentration of the antibiotic can be reacted, thus using
      equipment of a much reduced size and far lower amounts of solvent can be
      used in comparison to the prior art;
PA1  b. An amount of acid related to the antibiotic of about 1/100 that of the
      prior art reactions can be used;
PA1  c. Rifamycin stability is achieved during hydrolysis and hence almost
      quantitative recoveries of product are obtained, no particular caution
      having to be observed in the course of reaction, unlike the case of the
      prior art; and
PA1  d. Substantially lower reaction times than those occuring with the prior
      art processes, and temperatures ranging from 0.degree.C to 30.degree.C can
      be used.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for preparing a rifamycin S comprising the steps of dissolving
      rifamycin O at a concentration higher than 60,000.gamma. /ml in a mixture
      of a water immiscible chlorinated organic solvent and a water miscible
      alcohol at a temperature in the range of about 0.degree.-30.degree.C and
      which mixture forms a heterogeneous phase, adding a strong mineral acid in
      a ratio of about 1:10-1.5:1 by weight to the amount of treated rifamycin O
      to the mixture then hydrolyzing said rifamycin O in said heterogeneous
      phase while thoroughly stirring the reaction mass for a time in the range
      of about 40 minutes to about 3.5 hours and at a temperature in the above
      range, washing the reaction mass with water and then vacuum concentrating
      the reaction mass to dryness, the solid obtained then being taken up with
      a water miscible alcohol, and finally cooling to crystallize rifamycin S.
NUM  2.
PAR  2. A process as set forth in claim 1 wherein the temperature at which the
      hydrolysis of the rifamycin O is carried out is in the range of about
      18.degree.-20.degree.C.
NUM  3.
PAR  3. A process as set forth in claim 1 wherein the strong mineral acid is
      added in a same amount by weight as the rifamycin O being treated in the
      process.
NUM  4.
PAR  4. A process as set forth in claim 1 wherein the reaction mass is washed
      with slightly basic water.
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ABST
PAL  New 2-amino-5-sulphamoylbenzoic acid amide of the general formula
      ##SPC1##
PAL  Wherein R.sub.1 denotes lower alkyl, R.sub.2 denotes hydrogen, halogen,
      trifluoromethyl, lower alkyl or lower alkoxy, R.sub.3 denotes hydrogen,
      hydroxyl or lower alkyl, R.sub.4 denotes acyl and alk denotes lower
      1,2-alkylene or 1,3-alkylene or a therapeutically acceptable acid addition
      salt thereof are usefull as mild analgesics with an anti-inflammatory
      component of action.
BSUM
PAR  The invention relates to new 2-amino-5-sulphamoylbenzoic acid amides of the
      general formula
      ##SPC2##
PAL  Wherein R.sub.1 denotes lower alkyl, R.sub.2 denotes hydrogen, halogen,
      trifluoromethyl, lower alkyl or lower alkoxy, R.sub.3 denotes hydrogen,
      hydroxyl or lower alkyl, R.sub.4 denotes acyl and alk denotes lower
      1,2-alkylene or 1,3-alkylene, and processes for their manufacture.
PAR  The radicals R.sub.1 and alk can in each case be identical or different.
PAR  Lower alkyl R.sub.1, R.sub.2 and R.sub.3 contains in particular 1 to 7 C
      atoms, above all 1 to 4 C atoms, and is therefore in particular heptyl,
      hexyl or pentyl, which can be straight-chain or branched and linked in any
      position, or, above all, n-butyl, sec.-butyl, tert.-butyl, isobutyl,
      isopropyl or n-propyl or especially ethyl or methyl.
PAR  Halogen R.sub.2 is in particular fluorine, bromine or above all chlorine.
PAR  Lower alkoxy R.sub.2 contains in particular 1 to 7 C atoms, above all 1 to
      4 C atoms, and is therefore in particular heptyloxy, hexyloxy or pentoxy,
      which can be straight chain or branched and linked in any position, or
      above all n-butoxy, sec.-butoxy, tert.-butoxy, isobutoxy, isopropoxy or
      n-propoxy ethoxy or methoxy.
PAR  Acyl R.sub.4 is in particular acyl of the formula --COR or --COOR wherein R
      denotes lower alkyl, lower alkenyl or aryl-lower alkyl.
PAR  Lower alkyl R contains in particular 1 to 7 C atoms, above all 1 to 4 C
      atoms, and is above all one of the lower alkyl groups mentioned for
      R.sub.1, R.sub.2 and R.sub.3.
PAR  Lower alkenyl R contains in particular 2 to 4 C atoms, above all 3 or 4 C
      atoms, and is especially allyl or methallyl.
PAR  Aryl-lower alkyl R is in particular phenyl-lower alkyl with 1 to 4 C atoms
      in the alkyl part, which is optionally substituted in the phenyl part by
      lower alkyl, lower alkoxy, halogen, trifluoromethyl and/or nitro, above
      all benzyl or phenylethyl which are optionally substituted as indicated.
PAR  The radicals alk can be straight-chain or branched and can contain, where
      appropriate, 1 to 7 C atoms, particularly 1 to 4 C atoms, in the side
      chain. 3-Methylbutylene-1,3 and isobutylene-1,3 and above all
      isobutylene-1,2, butylene-2,3 and particularly propylene-1,3 and
      especially butylene-1,2, propylene-1,2 and ethylene should be mentioned as
      examples.
PAR  The new 2-amino-5-sulphamoylbenzoic acid amides possess valuable
      pharmacological properties. Thus they exhibit, in particular, a distict
      anti-inflammatory action, as can be shown, for example, in the
      turpentine-pleuritis test on rats on peroral adminsitration of a dose of
      10 to 300 mg/kg in each case, and above all a distinct antinociceptive
      (analgesic) action, as can be shown, for example, in the acetic acid
      writhing test on mice on peroral administration of a dose of 100 to 300
      mg/kg in each case. They are also distinguished by a comparatively low
      toxicity, as can be shown, for example, on peroral administration to rats.
      The new 2-amino-5-sulphamoylbenzoic acid amides therefore are usefull as
      mild analgesics with an anti-inflammatory component of action.
PAR  The invention relates above all to those 2-amino-5-sulphamoylbenzoic acid
      amides of the formula I wherein R.sub.1 denotes identical lower alkyl
      groups with 1 to 4 C atoms, such as methyl or ethyl, R.sub.2 denotes
      hydrogen, lower alkyl or lower alkoxy with up to 4 carbon atoms, or
      halogen up to atomic number 17, such as fluorine or chlorine, R.sub.3
      denotes hydrogen, hydroxyl or lower alkyl with 1 to 4 C atoms, such as
      isopropyl, n-propyl or above all ethyl or methyl, R.sub.4 denotes a group
      of the formula --COOR' or --COR' wherein R' denotes lower alkyl with 1 to
      4 C atoms, such as isobutyl, n-butyl, isopropyl, n-propyl, ethyl or
      methyl, lower alkenyl with 3 or 4 C atoms, such as allyl or methallyl, or
      phenyl, benzyl or phenylethyl which is optionally monosubstituted or
      disubstituted in the phenyl part by lower alkyl or lower alkoxy with 1 to
      4 C atoms in each case, such as methyl or methoxy, halogen up to atomic
      number 17, such as chlorine, or nitro, and alk denotes 1,2-alkylene with
      2-4 C atoms, such as butylene-2,3 or above all butylene-1,2, propylene-1,2
      or ethylene.
PAR  However, the invention relates particularly to those
      5-sulphamoylanthranilic acid amides of the formula I wherein R.sub.1 is
      methyl, R.sub.2 is chlorine, methoxy, methyl or above all hydrogen,
      R.sub.3 is hydrogen or lower alkyl with 1 to 4 C atoms, such as ethyl or
      methyl, R.sub.4 denotes a group of the formula --COOR' or --COR' wherein
      R' is lower alkyl with 1 to 4 C atoms, such as isobutyl, n-butyl,
      isopropyl, n-propyl, ethyl or methyl, lower alkenyl with 3 or 4 C atoms,
      such as allyl or methallyl, or phenyl, benzyl or phenylethyl which is
      optionally monosubstituted or disubstituted in the phenyl part by lower
      alkyl or lower alkoxy with 1 to 4 C atoms in each case, such as methyl or
      methoxy, halogen up to atomic number 17, such as chlorine, or nitro, and
      alk denotes 1,2-alkylene with 2 to 4 C atoms, such as butylene-2,3,
      butylene-1,2, propylene-1,2 or above all ethylene.
PAR  The invention relates very particularly, however, to those of the
      abovementioned 5-sulphamoylanthranilic acid amides of the formula I
      wherein R.sub.1 is methyl, R.sub.2 is hydrogen, R.sub.3 is hydrogen, ethyl
      or methyl, R.sub.4 is a group of the formula --COOR" or --COR" wherein R"
      denotes lower alkyl with 1 to 4 C atoms, allyl, phenyl or benzyl which is
      optionally nitrated, for example in the p-position, and alk is
      propylene-1,2 or above all ethylene.
PAR  The invention relates especially, however, to those of the abovementioned
      5-sulphamoylanthranilic acid amides of the formula I wherein R.sub.1 is
      methyl, R.sub.2 is hydrogen, R.sub.3 is hydrogen or ethyl, R.sub.4 is a
      group of the formula --COOR" wherein R" denotes lower alkyl with 1 to 4 C
      atoms, allyl or benzyl which is optionally nitrated, especially in the
      p-position, and alk is ethylene, wherein
      1-[5-(dimethylsulphamoyl)-anthraniloyl]-4-ethoxycarbonylpiperazine in
      particular should be singled out.
PAR  The new 2-amino-5-sulphamoylbenzoic acid amides can be obtained by
      processes which are in themselves known.
PAR  Thus, for example, it is possible to prepare 2-amino-5-sulphamoylbenzoic
      acid amides of the formula I wherein R.sub.3 is hydrogen or hydroxy, by
      reducing the nitro group in a 2-nitro-5-sulphamoylbenzoic acid amide of
      the formula II
      ##SPC3##
PAL  wherein R.sub.1, R.sub.2, R.sub.4 and alk have the indicated meanings.
PAR  The reduction of the nitro group can be carried out in a manner which is in
      itself known and particularly in a manner which is described for analogous
      reactions, such as by means of nascent hydrogen, produced, for example, by
      the action of a strong acid, such as a hydrogen halide acid, above all
      hydrochloric acid, or sulphuric acid or a lower aliphatic carboxylic acid,
      such as acetic acid, on base metals, such as iron, zinc, magnesium or
      aluminium, or by means of a suitable light metal hydride, such as lithium
      borohydride or above all sulphurised sodium borohydride, or by means of
      hydrogen in the presence of a suitable hydrogenation catalyst, such as
      palladium on charcoal, platinum oxide or Raney nickel or Rupe nickel, in a
      solvent which is inert under the conditions of hydrogenation, if necessary
      at elevated pressure and/or elevated temperature.
PAR  In the course thereof, depending on the reaction conditions, the nitro
      group can be reduced either to the hydroxylamino group or through to the
      primary amino group. Thus 2-hydroxylamino-5-sulphamoylbenzoic acid amides
      are predominantly obtained in the reduction with nascent hydrogen in
      neutral or weakly acid solution and in the reaction with hydrogen at room
      temperature and normal pressure in the presence of 10% strength
      palladium/charcoal, breaking off the hydrogenation after 2 equivalents of
      hydrogen have been taken up. In contrast, 5-sulphamoylanthranilic acid
      amides are obtained under drastic conditions, for example with nascent
      hydrogen in mineral acid solution or with hydrogen at elevated pressure
      and/or elevated temperature or, above all, when using Rupe nickel as the
      catalyst.
PAR  However, it is also possible to prepare the new 2-amino-5-sulphamoylbenzoic
      acid amides by reacting a 5-sulphamoylisatoic acid anhydride of the
      formula IIIa
      ##SPC4##
PAL  wherein R.sub.1 and R.sub.2 have the indicated meanings and R.sub.3'
      denotes hydrogen or lower alkyl, with an amine of the formula IV
      ##EQU1##
      wherein alk and R.sub.4 have the indicated meanings to yield an optionally
      N-lower alkylated 5-sulphamoylanthranilic acid amide.
PAR  The reaction with the amine of the formula IV can be carried out in a
      manner which is in itself known, if necessary in the presence of a solvent
      and/or a condensation agent, especially a basic condensation agent, and
      advantageously at an elevated temperature.
PAR  In resulting 2-amino-5-sulphamoylbenzoic acid amides, substituents can be
      introduced, modified and split off within the scope of the definition of
      the end products.
PAR  Thus it is possible, for example, to introduce halogen R.sub.2 in the
      customary manner into resulting 2-amino-5-sulphamoylbenzoic acid amides in
      which R.sub.2 is hydrogen, for example by reaction with chlorine or
      bromine, preferably in the presence of a catalyst, such a iron-(III)
      chloride, or by means of N-chlorosuccinimide. On the other hand, halogen
      R.sub.2 can be replaced by hydrogen R.sub.2 in the customary manner, for
      example with hydrogen in the presence of a catalyst, such as palladium,
      platinum oxide or Raney nickel, or by the action of a trialkyltin hydride,
      such as triethyltin hydride. It is also possible to introduce
      trifluoromethyl R.sub.2 in the customary manner, for example by reaction
      with trifluoroiodomethane in the presence of metals such as copper powder.
      In addition, it is possible to introduce lower alkyl R.sub.2 in the
      customary manner, for example by reaction with a lower alkyl halide,
      advantageously in the presence of a catalyst, such as a metal halide, for
      example aluminum chloride or aluminium bromide.
PAR  It is also possible to introduce lower alkyl groups R.sub.3 in the
      customary manner into resulting 5-sulphamoylanthranilic acid amides of the
      formula I wherein R.sub.3 is hydrogen, for example by reaction with a
      customary alkylating agent, such as a reactive ester of an alcohol of the
      formula R.sub.3 --OH, for example with an organic sulphonic acid, such as
      benzenesulphonic acid, p-bromobenzenesulphonic acid, toluenesulphonic acid
      or methanesulphonic acid, or with an inorganic sulphonic acid, such as
      fluorosulphonic acid, or with a strong inorganic acid, such as
      hydrochloric acid, hydrobromic acid or hydriodic acid or sulphuric acid,
      or by reaction with a corresponding onium salt, for example a tri-lower
      alkyl oxonium tetrafluoroborate or a di-lower alkyl iodonium iodide.
PAR  The reactions with reactive esters are preferably carried out in the
      presence of an acid-binding agent, such as a tertiary organic base, for
      example ethyldiisopropylamine, pyridine or quinoline, or an inorganic
      base, such as an alkali metal hydroxide or an alkaline earth metal
      hydroxide or an alkali metal carbonate, for example sodium hydroxide,
      potassium hydroxide or calcium hydroxide or potassium carbonate or sodium
      carbonate. The alkylation procedures described above are preferably
      carried out in an inert organic solvent, such as a hydrocarbon, for
      example benzene, toluene or xylene, or, in the case of the reaction with
      reactive esters for example, in an ether, such as diethyl ether,
      tetrahydrofurane or dioxane, or, in the case of the reaction with onium
      salts, in a chlorinated or nitrated hydrocarbon, for example methylene
      chloride, tetrachloromethane, nitrobenzene or nitromethane.
PAR  The alkylation can, however, also be carried out by reaction with a
      corresponding oxo compound, for example with a corresponding aldehyde or
      ketone, under reducing conditions, for example in the presence of hydrogen
      and appropriately in the presence of a hydrogenation catalyst, such as a
      palladium, platinum or nickel catalyst, for example palladium on charcoal
      or calcium carbonate, or platinum oxide or Raney nickel, under normal or,
      preferably, elevated pressure, or in the presence of a hydrogen donor,
      such as a di-light metal hydride, for example lithium aluminium hydride,
      sodium cyanoborohydride or sodium borohydride, in each case advantageously
      in a solvent which is inert under the conditions of the reduction. For
      example, it is particuarly advantageous to introduce a methyl group by
      heating the compound to be methylated with a mixture of formaldehyde and
      formic acid, for example for 1 to 24 hours at temperature between approx.
      60.degree.and 120.degree.C, preferably at the reflux temperature of the
      reaction mixture. The formaldehyde can also be employed in the form of a
      formaldehyde donor, for example as paraformaldehyde or as an aqueous
      solution. In a preferred embodiment, for example, paraformaldehyde in  90%
      strength formic acid or approximately 30% strength aqueous formalin
      solution/80% strength formic acid is used.
PAR  Resulting 2-hydroxylamino-5-sulphamoylbenzoic acids can also be reduced in
      the customary manner to give the corresponding 5-sulphamoylanthranilic
      acid amides, for example by the action of sufficiently strong reducing
      agents, for example by means of nascent hydrogen, produced, for example,
      by the action of a strong acid, such as a hydrogen halide acid, above all
      hydrochloric acid, sulphuric acid or a lower aliphatic carboxylic acid,
      such as acetic acid, on base metals, such as iron, zinc, magnesium or
      aluminium, or by means of a suitable light metal hydride, such as lithium
      borohydride or above all sulphurised sodium borohydride, or by means of
      hydrogen in the presence of a suitable hydrogenation catalyst, for example
      Rupe nickel or Raney nickel or platinum oxide, preferably at elevated
      pressure.
PAR  In the abovementioned reductions, care must be taken where appropriate that
      other reducible groups are not attacked. Care must thus be taken,
      especially in the reduction with Raney nickel and hydrogen, that halogen
      atoms which may be present, linked to aromatic rings, are not replaced by
      hydrogen. Where appropriate, the absorption of hydrogen should be followed
      volumetrically and the hydrogenation should be discontinued after the
      absorption of the calculated quantity. Moreover, in all reductions,
      particularly with complex hydrides, consideration must be given to the
      5-(di-lower alkyl sulphamoyl)-group and to the acyl group R.sub.4.
PAR  The reactions mentioned can optionally be carried out simultaneously or
      successively and in any desired sequence.
PAR  The reactions mentioned are carried out in the customary manner in the
      presence or absence of diluents, condensation agents and/or catalytic
      agents, at reduced, normal or elevated temperature and, where appropriate,
      in a closed vessel.
PAR  Depending on the process conditions and the starting materials, the end
      products are obtained in the free form or in the form of their acid
      addition salts, which are also included in the invention. Thus it is
      possible to obtain, for example, basic, neutral or mixed salts and, where
      approprate, also hemihydrates, monohydrates, sesquihydrates or
      polyhydrates thereof. The acid addition salts of the new compounds can be
      converted into the free compound in a manner which is in itself known, for
      example with basic agents such as alkalis or ion exchangers. On the other
      hand, the resulting free bases can form salts with organic or inorganic
      acids. In the preparation of acid addition salts, particular use is made
      of those acids which are suitable for the formation of therapeutically
      usable salts. The following examples may be mentioned of such acids:
      hydrogen halide acids, sulphuric acids, phosphoric acids, nitric acid,
      fumaric acid, aliphatic, alicyclic, aromatic or heterocyclic carboxylic or
      sulphonic acids, such as formic acid, acetic acid, propionic acid,
      succinic acid, glycollic acid, lactic acid, malic acid, tartaric acid,
      citric acid, ascorbic acid, maleic acid or pyruvic acid, benzoic acid,
      anthranilic acid, p-hydroxybenzoic acid, salicylic acid or embonic acid,
      methanesulphonic acid, ethanesulphonic acid, hydroxyethanesulphonic acid,
      ethylenesulphonic acid, halogenobenzenesulphonic acid, toluenesulphonic
      acid, cyclohexylaminesulphonic acid or sulphanilic acid.
PAR  These or other salts of the new compounds, such as, for example, the
      picrates, can also be used for the purification of the resulting free
      bases, by converting the free bases into salts, isolating the latter and
      once more liberating the bases from the salts. Owing to the close
      relationships between the new compounds in the free form and in the form
      of their salts, in the preceding and following text the free compounds are
      also to be understood, where appropriate as the corresponding salts with
      regard to general sense and intended use.
PAR  The invention also relates to those embodiments of the process in which a
      compound obtained at any stage of the process as an intermediate product
      is used as a starting material and the missing process steps are carried
      out, or the process is discontinued at any stage, or a starting material
      is formed under the reaction conditions, or a reaction component is
      present in a given case in the form of its salts.
PAR  Depending on the choice of starting materials and procedures, the new
      compounds can be in the form of optical antipodes or racemates or even as
      mixtures of isomers (mixtures of racemates) provided that they contain at
      least two asymmetric carbon atoms.
PAR  Resulting mixtures of isomers (mixtures of racemates) can be separated, by
      virtue of the physico-chemical differences of the constituents, into the
      two stereoisomeric (diastereomeric) pure racemates in a known manner, for
      example by chromatography and/or fractional crystallisation.
PAR  Resulting racemates can be split up into the diastereomers by known
      methods, for example by recrystallisation from an optically active
      solvent, with the aid of microorganisms, or by reaction with an optically
      active acid which forms salts with the racemic compound and by separating
      the salts obtained in this manner, for example by virtue of their
      different solubilities, and the antipodes can be liberated from the
      diastereomers by the action of suitable agents. Particularly customary
      optically active acids are, for example, the D- and L-forms of tartaric
      acid, di-o-toluyltartaric acid, malic acid, mandelic acid,
      camphorsulphonic acid or quinic acid. It is advantageous to isolate the
      more active of the two antipodes.
PAR  It is advantageous to use, for carrying out the reactions according to the
      invention, those starting materials which give the groups of end products
      which were particularly mentioned initially and which give, in particular,
      the end products which have been specially described or singled out.
PAR  The starting materials are known or can be obtained, if they are new, by
      methods which are in themselves known.
PAR  Thus theo-nitrobenzoic acid amides of the formula II which have been
      mentioned as starting materials can be prepared, for example, by first
      reacting a 5-(halogenosulphonyl)-2-nitrobenzoic acid with a di-lower
      alkylamine of the formula (R.sub.1).sub.2 NH and then with a halogenating
      agent, such as a halide of phosphorous acid or sulphurous acid or of
      sulphuric or phosphoric acid, for example thionyl chloride, and either
      condensing the resulting 5-(di-lower alkyl sulphamoyl)-2-nitrobenzoyl
      halide directly with an amine of the formula IV to give an o-nitrobenxoic
      acid amide of the formula II in the customary manner, for example as
      described for the reaction of an amine of the formula IV with a functional
      derivative of a compound of the formula III, or first reacting the
      resulting 5-(di-lower alkyl sulphamoyl)-2-nitrobenzoyl halide with an
      amine of the formula
      ##EQU2##
      wherein Z represents a lower alkyl radical, above all methyl, and allowing
      the resulting intermediate product to react further with a compound of the
      formula VIII, as described for the reaction of compounds of the formulae
      VII and VIII.
PAR  The isatoic acid anhydrides of the formula IIIa, mentioned as starting
      materials, can be prepared, for example, by reacting a
      5-sulphamoylanthranilic acid with a difunctional derivative of carbonic
      acid, for example with a dihalide, diester or, in particular, an
      ester-halide thereof, for example with chloroformic acid ethyl ester.
PAR  The starting materials of the formula V wherein R.sub.3 is hydrogen, can be
      prepared, for example, by condensing a corresponding
      5-sulphamoylanthranilic acid with a functional derivative of acetic acid,
      for example with acetic anhydride, and either reacting the resulting
      6-sulphamoyl-2-methyl-4H-3,1-benzoxazin-4-one directly with an amine of
      the formula IV in the customary manner, for example as described above for
      the reaction with a functional derivative of an aminobenzoic compound of
      the formula III, or first reacting the resulting
      6-sulphamoyl-2-methyl-4H-3,1-benzoxazin-4-one with an amine of the formula
      ##EQU3##
      wherein Z is lower alkyl, such as methyl, and allowing the intermediate
      product obtained in the latter case to react further with a compound of
      the formula VIII in the customary manner, for example in the manner
      described for the reaction of compounds of the formulae VII and VIII.
PAR  The starting materials of the formulae VI and VII can be prepared by
      reacting, as described for the reaction with amines of the formula IV, a
      functional derivative of a compound of the formula III with an amine of
      the formula
      ##EQU4##
      or with an amine of the formula
      ##EQU5##
      wherein Z is lower alkyl, such as methyl, or by reducing the nitro group
      in a corresponding 5-sulphamoyl-2-nitrobenzoic acid amide, for example as
      described for the reduction of compounds of the formula II, and, if
      necessary, subsequently forming a lower alkyl derivative, for example as
      described, of a compound of the formula VI which may be obtained and in
      which R.sub.3 is hydrogen.
PAR  The new compounds can be used as medicines, for example in the form of
      pharmaceutical preparations in which they or their salts are present,
      mixed with a pharmaceutical organic or inorganic, solid or liquid
      excipient which is suitable, for example, for enternal or parenteral
      administration. Possible substances for making up the latter are those
      which do not react with the new compounds, such as, for example, water,
      gelatine, lactose, starch, magnesium stearate, talc, vegetable oils,
      benzyl alcohols, gum, polyalkylene glycols, white petroleum jelly,
      cholesterol or other known medicinal excipients. The pharmaceutical
      preparations can be, for example, in the form of tablets, dragees,
      capsules, suppositories, ointments or creme or in liquid form as solutions
      (for example as an elixir or syrup), suspensions or emulsions. If
      appropriate, they are sterilised and/or contain auxiliary substances, such
      as preservatives, stabilisers, wetting or emulsifying agents, salts for
      modifying the osmotic pressure or buffers. They can also contain other
      therapeutically valuable substances. The preparations, which can also be
      used in veterinary medicine, are obtained according to customary methods.
      The recommended daily dose per os for a warm-blooded animal weighing about
      75 kg is about 15-350 mg.
PAR  The following examples illustrate the invention without limiting it,
      however.
DETD
PAC  EXAMPLE 1
PAR  13.5 g of 5-(dimethylsulphamoyl)-isatoic acid anhydride and 70 ml of
      absolute dioxane are gently warmed. As soon as the reaction mixture has
      reached 40.degree.C, a solution of 8.3 g of N-methoxycarbonylpiperazine is
      added dropwise and the mixture is then heated further, an evolution of
      carbon dioxide setting in at about 70.degree.C. The mixture is heated
      under reflux for a further hour and allowed to cool somewhat, insoluble
      matter is filtered off and the filtrate is concentrated under reduced
      pressure. The colourless crystals which are precipitated are filtered off
      with suction and recrystallised from 350 ml of methanol. 13.1 g of
      1-[5-dimethylsulphamoyl)-anthraniloyl]-4-ethoxycarbonyl-piperazine,
      melting point 202.degree.-204.degree.C, are thus obtained.
PAC  EXAMPLE 2
PAR  1-[5-(Dimethylsulphamoyl)-anthraniloyl]-4-propoxycarbonyl-piperazine,
      melting point 174.degree.-176.degree.C (from isopropanol/diethyl ether),
      is obtained by reacting 5-(dimethylsulphamoyl)-isatoic acid anhydride with
      N-propoxycarbonylpiperazine in a manner analogous to that described in
      Example 1.
PAC  EXAMPLE 3
PAR  1-[5-Dimethylsulphamoyl)-anthraniloyl]-4-isobutoxycarbonyl-piperazine,
      melting point 164.degree.-166.degree.C (from toluene), is obtained by
      reacting 5-(dimethylsulphamoyl)-isotoic acid anhydride with
      N-isobutoxycarbonylpiperazine in a manner analogous to that described in
      Example 1.
PAC  EXAMPLE 4
PAR  1-[5-(Dimethylsulphamoyl)-anthraniloyl]-4-butoxycarbonyl-piperazine,
      melting point 175.degree.-177.degree.C (from toluene/isopropanol), is
      obtained by reacting 5-(dimethylsulphamoyl)-isatoic acid anhydride with
      N-butoxycarbonylpiperazine in a manner analogous to that described in
      Example 1.
PAC  EXAMPLE 5
PAR  1-[5-(Dimethylaminosulphamoyl)-anthraniloyl]-4-methoxycarbonyl-piperazine,
      melting point 169.degree.-171.degree.C (from methanol), is obtained by
      reacting 5-(dimethylsulphamoyl)-isatoic acid anhydride with
      N-methoxycarbonylpiperazine in a manner analogous to that described in
      Example 1.
PAC  EXAMPLE 6
PAR  8.1 g of 5-(dimethylsulphamoyl)-isatoic acid anhydride are warmed to
      60.degree.-70.degree.C in 80 ml of dioxane. A suspension of 8 g of
      N-(p-nitrobenzyloxycarbonyl)-piperazine in 80 ml of dioxane is then added
      and the reaction mixture is heated, evolution of carbon dioxide setting in
      at about 90.degree.C. The reaction mixture is heated for a further hour
      under reflux, allowed to cool somewhat and filtered while lukewarm and the
      filtrate is evaporated to dryness under reduced pressure. The residual oil
      is boiled up with 70 ml of methanol, whereupon crystallisation takes
      place. The crystals formed are filtered off with suction and are
      recrystallised from 250 ml of methanol.
      1-[5-(Dimethylsulphamoyl)-anthraniloyl]-4-(p-nitro)-benzyloxycarbonyl-pipe
     razine, melting point 196.degree.-198.degree.C, is thus obtained.
PAR  The N-(p-nitrobenzyloxycarbonyl)-piperazine used as starting material can
      be prepared in the following manner:
PAR  32.5 G of N-benzylpiperazine are dissolved in 350 ml of chloroform and 22.2
      g of triethylamine and a solution of 43.2 g of chloroformic acid isobornyl
      ester is added dropwise with stirring; the temperature of the reaction
      mixture meanwhile must be between 20.degree. and 30.degree.C. The mixture
      is then stirred for a further 6 hours under reflux and for 8 hours at room
      temperature and is washed until neutral with 2 N NaOH and the organic
      phase is separated off, dried over sodium sulphate and evaporated under
      reduced pressure. The residual oil is distilled, pure
      1-benzyl-2-isobornyloxycarbonyl-piperazine passing over at bp.sub.1.8 =
      220.degree.C.
PAR  43.4 G of 1-benzyl-4-isobornyloxycarbonyl-piperazine are dissolved in 400
      ml of ethanol and are hydrogenated at room temperature and normal pressure
      with the addition of 2.5 g of palladium-charcoal (5% strength) until the
      absorption of hydrogen is complete. The catalyst is removed by filtration
      and the solution is evaporated under reduced pressure,
      N-isobornyloxycarbonyl-piperazine being obtained in the form of a viscous
      oil which can be used without further purification for the following
      reaction.
PAR  10.0 g of crude N-isobronyloxycarbonyl-piperazine are dissolved in 100 ml
      of chloroform and 42.2 g of triethylamine and a solution of 8.1 g of
      chloroformic acid p-nitrobenzyl ester is added dropwise at 20.degree. to
      30.degree.C. The mixture is stirred for a further hour at room temperature
      and for 6 hours under reflux and, after cooling, is washed twice with
      water, and the organic phase is separated off and dried over sodium
      sulphate and the solvent is evaporated under reduced pressure,
      1-isobornyloxycarbonyl-4-(p-nitrobenzyloxycarbonyl)-piperazine being
      obtained in the form of a pale yellow oil which can be used without
      further purification for the following reaction.
PAR  46 g of crude
      1-isobornyloxycarbonyl-4-(p-nitrobenzyloxycarbonyl)-piperazine are
      suspended in 140 ml of acetic acid, warmed until a clear solution is
      formed and allowed to cool to room temperature, when 54 ml of a 30 to 50%
      strength solution of hydrobromic acid in acetic acid is added and the
      reaction mixture is at once evaporated under reduced pressure. The
      crystals obtained are washed four times with diethyl ether and are taken
      up in a mixture of 50 ml of concentrated sodium hydroxide solution
      (so-called oil-lye) and 20 ml of 2 N sodium hydroxide solution. The
      suspension is extracted with three times 200 ml of chloroform and the
      organic phase is separated off and dried over sodium sulphate and the
      solvent is evaporated under reduced pressure. The residue is sticky
      crystals of N-(p-nitrobenzyloxycarbonyl)-piperazine, which can be used
      without further purification for the reaction which follows or can be
      converted into the hydrochloride, melting point 218.degree.-221.degree.C,
      by dissolving in ethyl acetate/ethanol (1:1) and adding a solution of
      hydrochloric acid in ethyl acetate.
PAC  EXAMPLE 7
PAR  1-[5-(Dimethylsulphamoyl)-anthraniloyl]-4-benzyloxycarbonyl-piperazine,
      melting point 156.degree.-161.degree.C (chromatographed on silica gel and
      recrystallised from methanol), can be obtained in a manner analogous to
      that described in Example 6, starting from
      N-isobornyloxycarbonyl-piperazine and chloroformic acid benzyl ester by
      way of 1-benzyloxycarbonyl-4-isobornyloxycarbonyl-piperazine (melting
      point of hydrochloride = 128.degree.-130.degree.C (from isopropanol)) and
      N-benzyloxycarbonylpiperazine by reaction with
      5-(dimethylsulphamoyl)-isatoic acid anhydride.
PAC  EXAMPLE 8
PAR  1-[5-(Dimethylsulphamoyl)-anthraniloyl]-4-allyloxycarbonyl-piperazine,
      melting point 190.degree.-192.degree.C (from chloroform/ethanol) can also
      be obtained in a manner analogous to that described in Example 6, starting
      from N-isobornyloxycarbonylpiperazine and chloroformic acid allyl ester by
      way of 1-allyloxycarbonyl-4-isobornyloxycarbonyl-piperazine and
      N-allyloxycarbonyl-piperazine by reaction with
      5-(dimethylsulphamoyl)-isatoic acid anhydride.
PAC  EXAMPLE 9
PAR  35.0 G of the hydrochloride of
      1-[5-(dimethylsulphamoyl)-anthraniloyl]-piperazine are shaken with an
      excess of 5 N sodium hydroxide solution and 300 ml of chloroform until
      everything has gone into solution. The organic phase is separated off,
      dried over sodium sulphate and evaporated to dryness under reduced
      pressure. The resulting 1-[5-(dimethylsulphamoyl)-anthraniloyl]-piperazine
      is dissolved in 200 ml of absolute chloroform and 14.0 g of
      diisopropylethyl-amine are added, followed by the dropwise addition of a
      solution of 11.0 g of chloroformic acid ethyl ester in 50 ml of absolute
      chloroform. The mixture is stirred overnight at room temperature and
      washed thoroughly with water and the organic phase is dried over sodium
      sulphate and evaporated under reduced pressure and the residue is
      recrystallised from methanol to give
      1-[5-dimethylsulphamoyl)-anthraniloyl]4-ethoxycarbonyl-piperazine, melting
      point 202.degree.-204.degree.C.
PAR  The 1-[5-(dimethylsulphamoyl)-anthraniloyl]-piperazine used as starting
      material, or its hydrochloride, can be prepared in the following manner:
PAR  27.0 G of 5-(dimethylsulphamoyl)-isatoic acid anhydride and 18.0 g of
      N-benzylpiperazine are dissolved in 120 ml of toluene and are heated under
      reflux for 1 hour. After cooling to room temperature, ethanolic
      hydrochloric acid is added until a weakly acid reaction is produced and
      the reation mixture is concentrated under reduced pressure. This gives the
      crystalline hydrochloride of
      1-[5-(dimethylsulphamoyl)-anthraniloyl]-4-benzyl-piperazine, melting point
      162.degree.C (decomposition).
PAR  40.0 G of the hydrochloride of
      1-[5-dimethylsulphamoyl)-anthraniloyl]-4-benzyl-piperazine are dissolved
      in 320 ml of methanol and, after the addition of 5 g of 5% strength
      palladium-charcoal, are hydrogenated at 15.degree.-25.degree.C and normal
      pressure until the absorption hydrogen is complete. The catalyst is
      filtered off and the solution is evaporated under reduced pressure to give
      the crystalline hydrochloride of
      1-[5-(dimethylsulphamoyl)-anthranyloyl]-piperazine, melting point
      271.degree.-272.degree.C.
PAC  EXAMPLE 10
PAR  1-[5-(Dimethylsulphamoyl)-anthraniloyl]-4-propoxycarbonyl-piperazine,
      melting point 174.degree.-176.degree.C (from isopropanol/ether), can also
      be prepared in a manner analogous to that described in Example 9, starting
      from 1-[5-(dimethylsulphamoyl)-anthraniloyl]-piperazine or its
      hydrochloride by reaction with chloroformic acid propyl ester.
PAC  EXAMPLE 11
PAR  1-[5-(Dimethylsulphamoyl)-anthraniloyl]-4-isopropoxycarbonyl-piperazine,
      melting point 164.degree.-166.degree.C (from toluene), can also be
      prepared in a manner analogous to that described in Example 9, starting
      from 1-[5-(dimethylsulphamoyl)-anthraniloyl]-piperazine or its
      hydrochloride by reaction with chloroformic acid isopropyl ester.
PAC  EXAMPLE 12
PAR  1-[5-(Dimethylsulphamoyl)-anthraniloyl]-4-butoxycarbonylpiperazine, melting
      point 175.degree.-177.degree.C (from toluene/isopropanol), can also be
      prepared in a manner analogous to that described in Example 9, starting
      from 1-[5-(dimethylsulphamoyl)-anthraniloyl)]-piperazine or its
      hydrochloride by reaction with chloroformic acid butyl ester.
PAC  EXAMPLE 13
PAR  1-[5-(Dimethylsulphamoyl)-anthraniloyl]4-methoxycarbonyl-piperazine,
      melting point 169.degree.-171.degree.C (from methanol), can also be
      prepared in a manner analogous to that described in Example 9, starting
      from 1-[5-(dimethylsulphamoyl)-anthraniloyl]-piperazine or its
      hydrochloride by reaction with chloroformic acid methyl ester.
PAC  EXAMPLE 14
PAR  1-[5-(Dimethylsulphamoyl)-anthraniloyl-4-(p-nitro)benzyloxycarbonyl-piperaz
     ine, melting point 196.degree.-198.degree.C (from methanol), can also be
      prepared in a manner analogous to that described in Example 9, starting
      from 1-[5-(dimethylsulphamoyl)-anthraniloyl]-piperazine or its
      hydrochloride by reaction with chloroformic acid p-nitro-benzyl ester.
PAC  EXAMPLE 15
PAR  1-[5-(Dimethylsulphamoyl)-anthraniloyl]-4-benzyloxycarbonyl-piperazine,
      melting point 156.degree.-161.degree.C (from methanol), can also be
      prepared in a manner analogous to that described in Example 9, starting
      from 1-[5-(dimethylsulphamoyl)-anthraniloyl]-piperazine or its
      hydrochloride by reaction with chloroformic acid benzyl ester.
PAC  EXAMPLE 16
PAR  1-[5-(Dimethylsulphamoyl)-anthraniloyl]-4-allyloxycarbonyl-piperazine,
      melting point 190.degree.-192.degree.C (from chloroform/ethanol), can also
      be prepared in a manner analogous to that described in Example 9, starting
      from 1-[5-(dimethylsulphamoyl)-anthraniloyl]-piperazine or its
      hydrochloride by reaction with chloroformic acid allyl ester.
PAC  EXAMPLE 17
PAR  14 G of 1-[5-(dimethylsulphamoyl)-anthraniloyl]-4-ethoxycarbonyl-piperazine
      and 6.3 g of triethyl oxonium tetrafluoroborate are dissolved in 250 ml of
      absolute chloroform and are heated under reflux overnight. After cooling,
      ammonia is added and the mixture is shaken thoroughly. The organic phase
      is separated off, washed with water, dried over sodium sulphate and
      evaporated to dryness under reduced pressure. The residue is
      chromatographed on aluminium oxide (neutral, grade I activity) and the
      resulting crystals are recrystallised from ethanol. This gives
      1-[5-(dimethylsulphamoyl)-N-ethyl-anthraniloyl]-4-ethoxycarbonyl-piperazin
     e, melting point 167.degree.-168.degree.C.
PAC  EXAMPLE 18
PAR  The following compounds can also be prepared in a manner analogous to that
      of Examples 1, 6, 20 and 9:
      1-[5-(Dimethylsulphamoyl)-anthraniloyl]-4-acetylpiperazine, melting point
      201.degree.-202.degree.C,
      1-[5-(dimethylsulphamoyl)-anthraniloyl]4-propionylpiperazine, melting
      point 161.degree.-163.degree.C and
      1-[5-(dimethylsulphamoyl)-anthraniloyl]4-benzoylpiperazine, melting point
      207.degree.-209.degree.C.
PAC  EXAMPLE 19
PAR  A charge is made up of 5g of the hydrochloride of
      1-[5-(dimethylsulphamoyl)-anthraniloyl]-piperazine (prepared as described
      in Example 9), 4.1 g of diisopropylethylamine and 80 ml of chloroform. A
      solution of 2.2 g of phenylacetyl chloride in 20 ml of chloroform is then
      added dropwise. Stirring of the clear solution is continued overnight. The
      reaction solution is then diluted with chloroform and is washed once with
      150 ml of icecold 2 N hydrochloric acid and once with the same quantity of
      water. The chloroform solution is dried over sodium sulphate and
      evaporated under reduced pressure. The crude product is recrystallised
      twice from isopropanol. This gives
      1-[5-(dimethylsulphamoyl)-anthraniloyl]4-phenylacetyl-piperazine, melting
      point 174.degree.-176.degree.C.
PAC  EXAMPLE 20
PAR  0.4 G of
      1-[5-(dimethylsulphamoyl)-2-nitrobenzoyl]-4-ethoxycarbonyl-piperazine is
      dissolved in 30 ml of ethanol and is hydrogenated in the presence of 50 mg
      of palladiumcharcoal until the absorption of hydrogen is complete. The
      ethanol solution is filtered from the catalyst and evaporated in vacuo and
      the residue is recrystallised from methanol. This gives
      1-[5-(dimethylsulphamoyl)-anthraniloyl]-4-ethoxycarbonyl-piperazine,
      melting point 202.degree.-204.degree.C.
PAR  The 1-[5-dimethylsulphamoyl)-2-nitrobenzoyl]-4-ethoxycarbonyl-piperazine
      used as the starting material can be prepared in the following manner:
PAR  7.1 G of 1-[5-(dimethylsulphamoyl)-2-nitrobenzoyl]-4-methylpiperazine are
      dissolved in 500 ml of chloroform and heated. 1.08 g of chloroformic acid
      ethyl ester are added dropwise to this boiling solution and the mixture is
      heated under reflux, further additions of 1.08 g of chloroformic acid
      ethyl ester being made each time after 4.5, 22 and 29 hours. After 45
      hours, the suspension is filtered while hot and the filtrate is evaporated
      to dryness. The residue is dissolved in methylene chloride and purified by
      chromatography on a 40-fold quantity of silica gel.
      1-[5-(Dimethylsulphamoyl)-2-nitrobenzoyl]-4-ethoxycarbonyl-piperazine,
      melting point 139.degree.-143.degree.C, is eluted by means of methylene
      chloride. The product can be used further without additional purification.
PAC  EXAMPLE 21
PAR  3.4 G of
      1-[5-(dimethylsulphamoyl)-2-acetamidobenzoyl]-4-ethoxycarbonylpiperazine
      are dissolved in 100 ml of ethanol and 6 ml of 15% strength sodium
      hydroxide solution are added. The solution is allowed to stand for 2-3
      days at 20.degree.C and the methanol is then evaporated off over the
      course of 2 hours in a slight vacuum at a bath temperature of approx.
      60.degree.C. The residual aqueous solution is diluted with a little water
      and extracted by shaking with methylene chloride. The combined organic
      extracts are dried over sodium sulphate and evaporated to dryness in
      vacuo. An oil is obtained which rapidly solidifies. This oil is dissolved
      in a mixture of equal parts of methylene chloride and acetone and is
      filtered through a 10-fold quantity of silica gel. The filtrate is
      evaporated and the residue is recrystallised from methanol. This gives
      1-[5-(dimethylsulphamoyl)-anthranoyl]-4-ethoxycarbonyl-piperazine, melting
      point 202.degree.- 203.degree.C.
PAR  The starting material can be prepared as follows: A solution of 7.9 g of
      N-ethoxycarbonylpiperazine in 80 ml of dioxane is slowly added dropwise,
      with stirring, to a boiling solution of 13 g of
      anhydro-(n-acetyl-5-dimethylsulphamoyl)-anthranilic acid in 100 ml of
      dioxane, and the solution is heated to the boil for a further 10 hours.
      The reaction mixture is evaporated and the crude
      1-[5-(dimethylsulphamoyl)-2-acetoamido-benzoyl]-4-ethoxycarbonylpiperazine
     , melting point 245.degree.-248.degree.C, is used direct for further
      reaction.
PAC  EXAMPLE 22
PAR  Tablets containing 250 mg of active substance can be prepared, for example,
      in the following composition:
     Composition per tablet                                                    

     ______________________________________                                    

     1-[5-(Dimethylsulphamoyl)-anthraniloyl]-                                  

     4-ethoxycarbonyl-piperazine hydrochloride                                 

                              250.0 mg                                         

     Mannitol                 60.0 mg                                          

     Wheat starch             91.0 mg                                          

     Gelatine                 4.0 mg                                           

     Talc                     13.0 mg                                          

     Magnesium stearate       2.0 mg                                           

                              420.0 mg                                         

     ______________________________________                                    

PAC  PREPARATION
PAR  The 1-[5-(dimethylsulphamoyl)-anthraniloyl]-4-ethoxycarbonyl-piperazine
      hydrochloride is mixed with the mannitol and a part of the wheat starch
      and the mixture is forced through a sieve. The gelatine is dissolved in a
      5-fold quantity of water on the water bath and the powder mixture is
      kneaded with the solution until a plastic composition has been formed.
      This composition is forced through a sieve of approx. 3 mm mesh width and
      dried and the dried granules are once more forced through a sieve. The
      remaining wheat starch, talc and magnesium stearate are then mixed in. The
      resulting mixture is pressed into tablets of 420 mg (with a breaking
      groove).
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A 2-amino-5-sulphamoylbenzoic acid amide of the general formula
      ##SPC5##
PAL  wherein R.sub.1 denotes identical lower alkyl groups with 1 to 4 C atoms,
      R.sub.2 denotes hydrogen, lower alkyl or lower alkoxy with up to 4 C atoms
      or halogen up to atomic number 17, R.sub.3 denotes hydrogen, hydroxyl or
      lower alkyl with 1 to 4 C atoms, R.sub.4 denotes a group of the formula
      --COOR' or --COR' wherein R' denotes lower alkyl with 1 to 4 C atoms,
      lower alkenyl with 3 or 4 C atoms or phenyl, benzyl or phenylethyl which
      are optionally monosubstituted or disubstituted in the phenyl part by
      lower alkyl or lower alkoxy with 1 to 4 C atoms in each case, halogen up
      to atomic number 17 or nitro, and alk denotes 1,2-alkylene with 2-4 C
NUM  2.
PAR  2. The compound of claim 1 of the general formula I wherein R.sub.1 is
      methyl, R.sub.2 is hydrogen, R.sub.3 is hydrogen, ethyl or methyl, R.sub.4
      is a group of the formula --COOR' or --COR' wherein R' denotes lower alkyl
      with 1 to 4 C atoms, allyl, phenyl or benzyl which is optionally nitrated,
NUM  3.
PAR  3. The compound of claim 1 of the general formula I wherein R.sub.1 is
      methyl, R.sub.2 is hydrogen, R.sub.3 is hydrogen or ethyl, R.sub.4 is a
      group of the formula --COOR' wherein R' denotes lower alkyl with 1 to 4 C
      atoms, allyl or benzyl which is optionally nitrated in the p-position, and
NUM  4.
PAR  4. The compound of claim 1 being
      1-[5-(Dimethylsulphamoyl)-anthraniloyl]-4-ethoxycarbonyl-piperazine or a
NUM  5.
PAR  5. The compound of claim 1 being
      1-[5-(Dimethylsulphamoyl-anthraniloyl]-4-propoxycarbonyl-piperazine or a
NUM  6.
PAR  6. The compound of claim 1 being
      1-[5-(Dimethylsulphamoyl)-anthraniloyl]-4-isobutoxycarbonyl-piperazine or
NUM  7.
PAR  7. The compound of claim 1 being
      1-[5-(Dimethylsulphamoyl)-anthraniloyl]-4-butoxycarbonyl-piperazine or a
NUM  8.
PAR  8. The compound of claim 1 being
      1-[5-(Dimethylaminosulphamoyl)-anthraniloyl]-4-methoxycarbonyl-piperazine
NUM  9.
PAR  9. The compound of claim 1 being
      1-[5-(Dimethylsulphamoyl)-anthraniloyl]-4-(p-nitro)-benzyloxycarbonyl-pipe
NUM  10.
PAR  10. The compound of claim 1 being
      1-[5-(Dimethylsulphamoyl)-anthraniloyl]-4-benzyloxycarbonyl-piperazine or
NUM  11.
PAR  11. The compound of claim 1 being
      1-[5-(Dimethylsulphamoyl)-anthraniloyl]-4-allyloxycarbonyl-piperazine or a
NUM  12.
PAR  12. The compound of claim 1 being
      1-[5-(Dimethylsulphamoyl)-N-ethyl-anthraniloyl]-4-ethoxycarbomyl-piperazin
NUM  13.
PAR  13. The compound of claim 1 being
      1-[5-(Dimethylsulphamoyl)-anthraniloyl]-4-acetyl-piperazine or a
NUM  14.
PAR  14. The compound of claim 1 being
      1-[5-(Dimethylsulphamoyl)-anthraniloyl]-4-propionylpiperazine or a
NUM  15.
PAR  15. The compound of claim 1 being
      1-[5-(Dimethylsulphamoyl)-anthraniloyl]-4-phenyl-acetyl piperazine or a
NUM  16.
PAR  16. The compound of claim 1 being
      1-[5-(Dimethylsulphamoyl)-anthraniloyl]-4-benzoylpiperazine or a
      therapeutically acceptable acid addition salt thereof.
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ABST
PAL  The invention relates to compounds of the formula:
      ##EQU1##
       wherein Ar is a substituted or unsubstituted aryl group, --N(R.sub.1
      R.sub.2) is a generic primary or secondary amine, X is O or a functional
      derivative of the C = O group, and R.sub.3 is a generic hydrocarbyl
      radical. These compounds are endowed with anti-bacterial, anti-mitotic and
      anti-mycotic activity.
BSUM
PAR  The present invention relates to a series of compounds of the general
      formula (I):
      ##EQU2##
      and their pharmaceutically acceptable salts with organic and inorganic
      acids, wherein (1) Ar represents an aryl group which may or may not be
      substituted with one or more halogen atoms, polyhalogenated alkyl groups,
      nitro groups, sulphonamide groups or hydroxyl, alkoxy, or methylenedioxy
      groups, (2)
      ##EQU3##
      represents the residue of a secondary amino group (such as methyl amino,
      ethyl amino, propyl amino, isopropyl amino, benzyl amino and phenethyl
      amino) or of a tertiary amino group (such as dimethyl amino, diethyl
      amino, diethanol amino and dibenzyl amino) or the residue of a
      heterocyclic amine (such as morpholine, pyrrolidine, piperidine or a
      4,4-di-substituted piperidine, N-methyl piperazine,
      N-hydroxy-ethyl-piperazine, N-phenyl piperazine or N-o-methoxy-phenyl
      piperazine), (3) X represents an atom of oxygen or a functional derivative
      of a carbonyl group, such as the NOH, N--NH.sub.2, N--NH--CO--NH.sub.2,
      ##EQU4##
      ##SPC1##
      (4) R.sub.3 represents a lower alkyl radical (such as methyl, ethyl or
      isopropyl), an aralkyl radical (such as benzyl or phenethyl), an aryl
      alkenyl radical (such as cinnamyl or furyl-vinyl), or an aryl radical
      (such as phenyl, tolyl, xylyl, chloro-phenyl, nitro-phenyl,
      hydroxy-phenyl, carboxy-phenyl, naphtyl, furyl, nitro-furyl, thienyl,
      pyrryl, pyridyl, imidazolyl and nitro-imidazolyl).
PAR  The invention also relates to processes for the preparation of compounds of
      the general formula (I). When X represents an atom of oxygen, they can be
      obtained by causing compounds of the general formula (II),
      ##EQU5##
      to react with the aldehydes of the general formula R.sub.3 --CHO, in which
      R.sub.3 has the meaning given above, in the presence of basic catalysts,
      (such as hydrates of alkaline or alkaline-earth metals, metallic
      alcoholates, primary or secondary amines, or salts of organic acids) or
      acids (such as hydrohalic acids, sulphuric acid, phosphoric acid, acetic
      acid or acetic anhydride) in polar solvents (such as alcohol,
      hydro-alcoholic mixture, or acetic acid) or non-polar solvents (such as
      benzene or toluene) at a temperature ranging from -10.degree.C. to the
      boiling point of the solvents.
PAR  The compounds having the general formula (II),
      ##EQU6##
      are obtained from the corresponding products of the formula Ar--CH.sub.2
      --CO--CH.sub.3 by Mannich condensation with formaldehyde and the
      respective amines
      ##EQU7##
PAR  When X represents the functional derivative of the carbonyl group, the
      products are obtained by the reaction of the ketones of formula (I) where
      X is oxygen, viz:
      ##EQU8##
      respectively, with, for example, hydroxyl amines, hydrazine, phenyl
      hydrazine, dinitro-phenyl hydrazine, semi-carbazide, thio-semi-carbazide
      or amino-guanidine by the methods usually described in literature for
      obtaining the said derivatives.
PAR  The products of the general formula (I), (the racemic products, the
      optically active forms and the geometrical isomers) are characterized by
      considerable anti-bacterial activity against gram-positive or
      gram-negative micro-organisms and by advantageous anti-mycotic activity
      over a wide range.
PAR  Their anti-mitotic activity is likewise considerable.
PAR  They can be administered orally, by injection or topically, by suitable
      pharmaceutical formulation, in a solid or liquid state or in the form of
      suspensions (for example, they can be provided in compressed form or as
      capsules, phials, syrups, suppositories, pomades and the like).
PAR  The following table summarizes some of the microbiological characteristics
      of various compounds described in the present application, the code
      numbers of which compounds have the meanings shown against them:
PA1  Lr 389: 1-pyrrolidine-2,5-diphenyl-4-pentene-3-one chlorohydrate.
PA1  Lr 399: 1-dimethyl-amine-2,5-diphenyl-4-pentene-3-one maleate.
PA1  Lr 417: 1-pyrrolidine-2-phenyl-5-(2-furyl)-4-pentene-3-one maleate.
PA1  Lr 418: 1-pyrrolidine-2-phenyl-5-styryl-4-pentene-3-one maleate.
PA1  Lr 480: 1-pyrrolidine-2-phenyl-5-(2-thienyl)-4-pentene-3-one maleate.
PA1  Lr 494: 1-pyrrolidine-2-phenyl-5-(.alpha.-naphthyl)-4-pentene-3-one
      chlorohydrate.
TBL  Anti-microbic activity of a series of di B-amino ketones                  

                               Minimum Inhibiting Concentration In mcg/ml:     

                               .beta.-amino-ketones                            

     Micro-organisms           LR 389                                          

                                    LR 399                                     

                                         LR 417                                

                                              LR 418                           

                                                   LR 480                      

                                                        LR 494                 

     __________________________________________________________________________

     Gram+                                                                     

          Staphylococcus aureus var. Oxford                                    

                               3.0  3.0  3.0  3.0  3.0  3.0                    

          Staphylococcus aureus ATCC 6538 P                                    

                               1.5  1.5  1.5  1.5  3.0  1.5                    

          Staphylococcus aureus 66/70 *                                        

                               3.0  3.0  3.0  3.0  3.0  3.0                    

          Staphylococcus aureus 60/1 *                                         

                               --   --   3.0  3.0  3.0  1.5                    

          Staphylococcus aureus Tour 3 B                                       

                               3.0  3.0  3.0  3.0  3.0  3.0                    

          Staphylococus aureus Tour 10 B                                       

                               1.5  1.5  3.0  1.5  1.5  1.5                    

          Straptococcus pyogenes A                                             

                               6.0  6.0  6.0  3.0  6.0  1.5                    

          Straptococcus pyogenes A/203                                         

                               1.5  1.5  1.5  1.5  3.0  1.5                    

          Bacillus subtilis ATCC 6633                                          

                               3.0  3.0  6.0  3.0  3.0  3.0                    

          Sarcina lutea ATCC 9341                                              

                               --   --   --   3.0  6.0  3.0                    

     Gram -                                                                    

          Escherichia coli 95  12   12   12   &gt;64  48   &gt;64                    

          Escherichia coli 100 12   12   12   &gt;64  48   &gt;64                    

          Escherichia coli 26/1                                                

                               &gt;64  &gt;64  &gt;64  &gt;64  &gt;64  &gt;64                    

          Escherichia coli K 12-10798                                          

                               --   --   &gt;64  &gt;64  &gt;64  &gt;64                    

          Escherichia coli K 69-1714                                           

                               &gt;64  &gt;64  &gt;64  &gt;64  &gt;64  &gt;64                    

          Proteus vulgaris     &gt;64  &gt;64  &gt;64  &gt;64  &gt;64  &gt;64                    

          Pseudomonas aeruginosa PG 72                                         

                               &gt;64  &gt;64  &gt;64  &gt;64  &gt;64  &gt;64                    

     Mycetes                                                                   

          Candida albicans 966 P                                               

                               48   12   48   &gt;64  &gt;64  &gt;64                    

          Aspergillus fumigatus ATCC 6285                                      

                               12   12   48   &gt;64  48   &gt;64                    

          Trichophyton mentagrophites ATCC 8757                                

                                6    3    6   12    6    6                     

          Microsporum lanosum  --   --   --   48    6   12                     

          Penicillium chrysogenum istisan 152                                  

                                3    3   12   &gt;64  12   &gt;64                    

          Penicillium notatum N 97                                             

                               12   12   24   &gt;64  24   &gt;64                    

     __________________________________________________________________________

      * productive penicillinase                                               

PAR  The invention is illustrate, but not limited, by the following examples.
PAR  The melting points are not corrected. The identity of the substances and
      their purity have been determined by elementary analyses of the C, H, N
      (and halogens, where present), infra-red spectra, N.M.R. and U.V.
DETD
PAC  EXAMPLE 1
PAC  1-pyrrolidine-2,5-diphenyl-4-pentene-3-one chlorohydrate.
PAR  To a solution, agitated and cooled to 5.degree.-10.degree. C. of 12 gr. of
      soda in tablets, 30 gr. of
      1-pyrrolidine-2-phenyl-butanone-(3)-chlorohydrate, in 120 cc of water and
      160 cc of ethanol, 12.6 gr. of benzaldehyde is added all at once.
PAR  The mixture is kept agitated for 4 hours and diluted with 50 cc of water,
      the yellow solid present then being filtered. The solid, washed with water
      and dried with a vacuum on P.sub.2 O.sub.5 for a few hours, is dissolved
      in alcohol and converted into chlorohydrate with alcoholic HCl.
PAR  Melting point = 155.degree. C. (from alcohol).
PAR  The 1-pyrrolidine-2-phenyl-butanone-(3)-chlorohydrate is prepared as
      follows: to 7.1 gr. of pyrrolidine in 30 cc of alcohol, concentrated HCl
      is added while cooling until an acid pH is obtained. To the solution thus
      obtained are added 13.4 gr. of phenyl acetone and 4.5 gr. of
      paraformaldehyde and refluxed for 5 hours. After cooling the solvent is
      removed under reduced pressure. The residue crystallizes by the addition
      of acetone.
PAR  Melting point = 167.degree. C. (from alcohol).
PAC  EXAMPLE 2
PAC  1-dimethyl-amino-2,5-diphenyl-4-pentene-3-one maleate.
PAR  To a solution, agitated and cooled to 5.degree.-10.degree. C. of 5.26 gr.
      of soda in tablets, 12 gr. of
      1-dimethyl-amino-2-phenyl-butanone-(3)-chlorohydrate, in 50 cc of water
      and 70 cc of ethanol there is added 5.6 gr. of benzaldehyde all at the
      same time.
PAR  The mixture is kept agitated for 6 hours and diluted with 30 cc of water,
      the yellow solid being filtered off and washed several times with water.
PAR  The solid is dried in a vacuum on P.sub.2 O.sub.5 for 4 hours and then
      converted into the corresponding maleate.
PAR  Melting point = 101.degree. C. (from alcohol).
PAR  The 1-dimethyl-amino-2-phenyl-butanone-(3)-chlorohydrate is prepared as
      follows: to 4.5 gr. of dimethyl amine in 30 cc of alcohol, concentrated
      HCl is added while cooling until an acid pH is obtained. To the solution
      thus obtained, 13.4 gr. of phenyl acetone and 4.5 gr. of paraformaldehyde
      are added, and refluxed for 5 hours. After cooling the solvent is removed
      under reduced pressure. The residue crystallizes by the addition of
      acetone.
PAR  Melting point = 151.degree. C. (from alcohol).
PAC  EXAMPLE 3
PAC  1-pyrrolidine-2-phenyl-5-(.alpha.-naphthyl)-4-pentene-3-one-chlorohydrate.
PAR  A solution of 10 gr. of 1-pyrrolidine-2-phenyl-butanone-(3) and 6.1 gr. of
      .alpha.-naphthaldehyde in 20 cc of acetic acid and 20 cc of acetic
      anhydride is refluxed for 4 hours.
PAR  The mixture is cooled and the solvent removed under reduced pressure. The
      residue is recovered with diluted HCl and extracted with diethyl ether.
      The separated aqueous phase is rendered alkaline with diluted soda in the
      cold and extracted with diethyl ether.
PAR  The organic phase, after washing several times with water and drying with
      Na.sub.2 SO.sub.4 and finally evaporated to dryness, is converted into the
      corresponding chlorohydrate.
PAR  Melting point = 172.degree. C. (from alcohol).
PAC  EXAMPLE 4
PAC  1-pyrrolidine-2-phenyl-5-styryl-4-pentene-3-one maleate.
PAR  To a solution, agitated and cooled to 5.degree.-10.degree. C. of 2 gr. of
      soda in tablets, 5 gr. of
      1-pyrrolidine-2-phenyl-butanone-(3)-chlorohydrate in 20 cc of water and 30
      cc of ethanol, there is added 2.65 gr. of cinnamic aldehyde all at the
      same time.
PAR  The mixture is kept agitated and cooled for 3 hours and then diluted with
      20 cc of water the yellow solid present being filtered. The product is
      washed with water and dried in a vacuum over P.sub.2 O.sub.5 for a few
      hours and then converted into the corresponding maleate.
PAR  Melting point = 118.degree. C. (from alcohol).
PAC  EXAMPLE 5
PAC  1-pyrrolidine-2-phenyl-5-(2-thienyl)-4-pentene-3-one maleate.
PAR  To a solution, agitated and cooled to 5.degree.-10.degree. C. of 1.97 gr.
      of soda in tablets, 5 gr. of
      1-pyrrolidine-2-phenyl-butanone-(3)-chlorohydrate in 19 cc of water and 26
      cc of ethanol, there is added 2.2 gr. of 2-thio-phenaldehyde all at the
      same time.
PAR  The mixture is kept agitated and cooled for 2 hours and the solid present
      is then filtered.
PAR  The product is washed several times with water and dried in a vacuum over
      P.sub.2 O.sub.5, and finally converted into the corresponding maleate.
PAR  Melting point = 103-6.degree. C. (from alcohol-ether).
PAC  EXAMPLE 6
PAC  1-pyrrolidine-2-phenyl-5-(2-furyl)-4-pentene-3-one maleate.
PAR  A solution of 15 gr. of 1-pyrrolidine-2-phenyl-butanone-(3), 2.2 gr. of
      2-furane-aldehyde in 31 cc of H.sub.3 PO.sub.4 at 65%, is kept stirred at
      60.degree. C. for 10 hours and then cooled.
PAR  The solution is then whipped with 200 cc of diethyl ether.
PAR  The separated aqueous phase is rendered alkaline in the cold, with soda at
      20%, and then extracted with diethyl ether. The combined etheric extracts
      are washed with water until neutral, then dried on Na.sub.2 SO.sub.4,
      filtered and evaporated to dryness at reduced pressure and at ambient
      temperature.
PAR  The residue is converted into the corresponding maleate.
PAR  Melting point = 112.degree. C. (from alcohol).
PAC  EXAMPLE 7
PAC  1-pyrrolidine-2,5-diphenyl-4-pentene-3-one, oxime, chlorohydrate.
PAR  A solution of 3.7 gr. of 1-pyrrolidine-2,5-diphenyl-4-pentene-3-one
      chlorohydrate, 1.1 gr. of hydroxylamine chlorohydrate and 3 drops of
      concentrated hydrochloric acid in 50 cc of alcohol, is refluxed for 30
      hours.
PAR  The solvent is then removed in a vacuum, after which the residual oil is
      recovered with acetone and filtered.
PAR  Melting point = 205.degree. C. (from alcohol).
PAC  EXAMPLE 8
PAC  1-pyrrolidine-2,5-diphenyl-4-pentene-3-one, phenyl hydrazone,
      chlorohydrate.
PAR  A solution of 15 gr. of 1-pyrrolidine-2,5-diphenyl-4-pentene-3-one
      chlorohydrate, 5.2 gr. of phenyl hydrazine, and five drops of concentrated
      hydrochloric acid in 200 cc of alcohol, is refluxed for 27 hours and then
      filtered with animal charcoal.
PAR  The solvent is removed in a vacuum and the residue recrystallized.
PAR  Melting point = 190.degree. C. (from alcohol).
PAR  As is apparent from the foregoing specification, the present invention is
      susceptible of being embodied with various alterations and modifications
      which may differ particularly from those that have been described in the
      preceeding specification and description. For this reason, it is to be
      fully understood that all of the foregoing is intended to be merely
      illustrative and is not to be construed or interpreted as being
      restrictive or otherwise limiting of the present invention, excepting as
      it is set forth and defined in the hereto-appendant claims.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. 5-substituted 1-amino-2-aryl-4-pentene-3-ones and the pharmaceutically
      acceptable salts thereof of the general formula (I):
      ##EQU9##
      wherein: Ar represents an aryl radical which may be substituted with at
      least one member selected from the group consisting of halogen atoms,
      polyhalogenated alkyl radicals, nitro radicals, sulphonamide radicals,
      hydroxyl radicals, alkoxy radicals, methylene-dioxy radicals and mixtures
      thereof;
      ##EQU10##
      represents an amino radical selected from the group consisting of methyl
      amino, ethyl amino, propyl amino, isopropyl amino, benzyl amino, phenethyl
      amino, dimethyl amino, diethyl amino, diethanol amino, dibenzyl amino,
      morpholine, pyrrolidine, piperidine, 4,4-disubstituted piperidine,
      N-methyl piperazine, N-hydroxy ethyl piperazine, N-phenyl piperazine, and
      N-o-methoxy-phenyl piperazine;
PA1  X represents a member selected from the group consisting of an oxygen atom
      and a functional derivative of a carbonyl radical, selected from the group
      consisting of NOH, N--NH.sub.2, N--NH--CO--NH.sub.2,
      ##EQU11##
      ##SPC2##
PA1  R.sub.3 represents a radical selected from the group consisting of methyl,
      ethyl, isopropyl, benzyl, phenethyl, cinnamyl, furyl-vinyl, phenyl, tolyl,
      xylyl, chloro-phenyl, nitro-phenyl, hydroxyphenyl, carboxy-phenyl,
      naphthyl, furyl, nitro-furyl, thienyl, pyrryl, pyridyl, imidazolyl and
      nitroimidazolyl.
NUM  2.
PAR  2. A 5-substituted 1-amino-2-aryl-4-pentene-3-one as defined in claim 1
      wherein said compound comprises a
      1-pyrrolidine-2,5-diphenyl-4-pentene-3-one and the pharmaceutically
      acceptable salts thereof with organic and inorganic acids.
NUM  3.
PAR  3. A 5-substituted 1-amino-2-aryl-4-pentene-3-one as defined in claim 1
      wherein said compound comprises a
      1-dimethyl-amino-2,5-diphenyl-4-pentene-3-one and is pharmaceutically
      acceptable salts.
NUM  4.
PAR  4. A 5-substituted 1-amino-2-aryl-4-pentene-3-one as defined in claim 1
      wherein said compound comprises a
      1-pyrrolidine-2-phenyl-5-(.dbd.-naphthyl)-4-pentene-3-one and its
      pharmaceutically acceptable salts with organic and inorganic acids.
NUM  5.
PAR  5. A 5-substituted 1-amino-2-aryl-4-pentene-3-one as defined in claim 1
      wherein said compound comprises a
      1-pyrrolidine-2-phenyl-5-styryl-4-pentene-3-one and its pharmaceutically
      acceptable salts with organic and inorganic acids.
NUM  6.
PAR  6. A 5-substituted 1-amino-2-aryl-4-pentene-3-one as defined in claim 1
      wherein said compound comprises a
      1-pyrrolidine-2-phenyl-5-(2-thienyl)-4-pentene-3-one and its
      pharmaceutically acceptable salts with organic and inorganic acids.
NUM  7.
PAR  7. A 5-substituted 1-amino-2-aryl-4-pentene-3-one as defined in claim 1
      wherein said compound comprises a
      1-pyrrolidine-2-phenyl-5-(2-furyl)-4-pentene-3-one and its
      pharmaceutically acceptable salts with organic and inorganic acids.
NUM  8.
PAR  8. A 5-substituted 1-amino-2-aryl-4-pentene-3-one as defined in claim 1
      wherein said compound comprises a
      1-pyrrolidine-2,5-diphenyl-4-pentene-3-one oxime and its pharmaceutically
      acceptable salts with organic and inorganic acids.
NUM  9.
PAR  9. A 5-substituted 1-amino-2-aryl-4-pentene-3-one as defined in claim 1
      wherein said compound comprises a
      1-pyrrolidine-2,5-diphenyl-4-pentene-3-one phenyl hydrazone and its
      pharmaceutically acceptable salts with organic and inorgnic acids.
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ABST
PAL  The present invention concerns novel compounds of the formula:
      ##EQU1##
      wherein R.sub.2 to R.sub.9 have various significances including e.g.
      alkyl, X and Y include O and S and s, v, w and z are 0 or whole numbers,
      Ar.sub.1 is
      ##SPC1##
PAL  And R.sub.1 is cycloalkyl or
      ##SPC2##
PAL  The compounds possess insecticidal properties.
PARN
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 207,633, filed Dec. 13, 1971, now U.S. Pat. No. 3,829,442.
BSUM
PAR  The present invention relates to ethers and thioethers and more
      specifically to aromatic ethers and thioethers.
PAR  The present invention provides compounds of formula I,
      ##EQU2##
      wherein Ar.sub.1 is
      ##SPC3##
PAL  Wherein
PA1  W is alkyl of 1 to 5 carbon atoms, fluorine, chlorine or bromine,
PA1  Z is alkyl of 1 to 5 carbon atoms, alkenyl of 2 to 12 carbon atoms, alkoxy
      of 1 to 5 carbon atoms, alkenyloxy of 2 to 12 carbon atoms, formyl, alkyl
      carbonyl of 2 to 6 carbon atoms, alkoxy carbonyl of 2 to 6 carbon atoms,
      mono- or di- alkyl substituted carbamoyl each alkyl substituent being of 1
      to 5 carbon atoms, alkoxy methylene of 2 to 6 carbon atoms, alkylthio of 1
      to 5 carbon atoms, fluorine, chlorine, bromine, cyano or nitro,
PA1  R.sub.10 and R.sub.11, which may be the same or different, are each
      hydrogen or alkyl of 1 to 5 carbon atoms,
PA1  n and p, which may be the same or different, are each 1 or 2,
PA1  q is 0 or 1,
PA1  m is 0, 1, 2, 3 or 4,
PA1  R.sub.1 is alkyl of 1 to 11 carbon atoms, non-cyclic hydrocarbon of up to
      11 carbon atoms having one or two double bonds or one triple bond,
      cycloalkyl of 4 to 7 carbon atoms, alkyl substituted cycloalkyl of 4 to 7
      ring carbon atoms the alkyl substituent having 1 to 5 carbon atoms,
      cycloalkenyl of 4 to 7 carbon atoms, alkyl substituted cycloalkenyl of 4
      to 7 ring carbon atoms the alkyl substituent having 1 to 5 carbon atoms,
      phenyl, Ar.sub.2 which has the same definition as Ar.sub.1 above wherein
      Ar.sub.1 and Ar.sub.2 may be the same or different,
PA1  R.sub.2, r.sub.3, r.sub.4, r.sub.5, r.sub.6, r.sub.7, r.sub.8 and R.sub.9,
      which may be the same or different, are each hydrogen, alkyl of 1 to 5
      carbon atoms or alkenyl of 2 to 6 carbon atoms,
PA1  Y is oxygen or sulphur
PA1  X is oxygen, sulphur, --OCH.sub.2 -- or --SCH.sub.2 --,
PA1  s, v and w, which may be the same or different, are each 0, or 1 and
PA1  z is 1, 2 or 3.
PAR  It is to be understood that the terms alkyl, alkenyl, alkoxy and non-cyclic
      hydrocarbon cover both straight and branched chain configurations thereof.
PAR  The present invention also provides a process for the production of a
      compound of formula I, which comprises
PAR  a. reacting a compound of formula II,
      ##EQU3##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6, R.sub.7,
      R.sub.8, R.sub.9, Y, s, v, w and z are as defined above and
PA1  Hal is chlorine or bromine,
PAL  with a compound of formula III,
PA1  Mx--ar.sub.1                                               III
PAL  wherein
PA1  Ar.sub.1 and X are as defined above and
PA1  M is hydrogen, potassium or sodium,
PAL  with the proviso that when M is hydrogen, the reaction is effected in the
      presence of an acid binding agent,
PAR  b. reacting a compound of formula IV,
      ##EQU4##
      wherein R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6, R.sub.7, R.sub.8,
      R.sub.9, X, Ar.sub.1, v and w are as defined in relation to formula I,
PA1  Hal is chlorine or bromine and
PA1  z is 1,
PA2  with the proviso that v + w is 0 or 2 or when v + w is 1, R.sub.6, and
      R.sub.7, or R.sub.8 and R.sub.9 are other than hydrogen, with an
      alcoholate or thioalcoholate of formula V,
PA1  R.sub.1 (ch.sub.2).sub.s YMe                               V
PAL  wherein
PA1  R.sub.1, y and s are as defined in relation to formula I, and
PA1  Me is sodium or potassium,
PAL  to produce a compound of formula Ia i.e. a compound of formula I wherein z
      is 1, v + w is 0 or 2, or when v + w is 1, R.sub.o and R.sub.7, or R.sub.8
      and R.sub.9 are other than hydrogen
PAR  c. condensing a compound of formula VIa,
      ##EQU5##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6, R.sub.7,
      R.sub.8, R.sub.9, Y, s, v, w and z are as defined in relation to formula
      I,
PAL  with a compound of formula IIIa
PA1  Ar.sub.1 OH                                                IIIa
PAL  wherein Ar.sub.1 is as defined in relation to formula I, in the presence of
      dicyclohexylcarbodiimide as condensation agent, to produce a compound of
      formula Ib, i.e. a compound of formula I wherein X is oxygen,
PAL  or
PAR  d. reacting a compound of formula VIa or VIb,
      ##EQU6##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6, R.sub.7,
      R.sub.8, R.sub.9, Y, s, v, w and z  are as defined in relation to formula
      I,
PAL  or an alkali alcoholate or thioalcoholate thereof respectively with a
      compound of formula VII,
PA1  Hal--CH.sub.2 -Ar.sub.1                                    VII
PAL  wherein
PA1  Ar.sub.1 is as defined in relation to formula I and
PA1  Hal is chlorine or bromine,
PAL  with the proviso that when a compound of formula VIa or VIb is reacted in
      the free alcohol or thiolalcohol form thereof respectively, the reaction
      is effected in the presence of an acid-binding agent, to produce a
      compound of formula Ic i.e. a compound of formula I wherein X is
      --OCH.sub.2 -- or --SCH.sub.2 --.
PAR  The production of compounds of formula I in accordance with process (a) may
      be effected as follows viz.
PAR  A compound of formula III is conveniently reacted in a solvent, for
      example, a hydrocarbon such as benzene, an ether such as dioxane,
      1,2-dimethoxyethane, diethyleneglycol-dimethyl ether, an alcohol such as
      ethanol, tert.butanol, a ketone such as acetone, a nitrile such as
      acetonitrile, an acid amide such as dimethylformamide, or in an
      appropriate solvent mixture, in the presence of an acid binding agent, for
      example, sodium hydroxide, potassium hydroxide, sodium carbonate,
      potassium carbonate, potassium-tert.butoxide, at a temperature between
      preferably 0.degree. and about 100.degree.C with a compound of formula II.
      Potassium iodide may, conveniently be added in catalytic amounts to the
      reaction mixture as catalyst.
PAR  When z of formula I is 2, reaction conditions which may cause a
      .beta.-elimination, e.g. the use of sodium or potassium hydroxide, in e.g.
      dimethylformamide as solvent, are avoided.
PAR  Working up of the reaction product is effected in the usual manner.
PAR  The production of compounds of formula Ia in accordance with process (b)
      may be effected as follows viz.
PAR  A compound of formula IV is reacted, conveniently in an appropriate
      reaction medium, for example an ether such as dioxane,
      1,2-dimethoxyethane, diethyleneglycol-dimethyl ether, a hydrocarbon such
      as benzene, or provided that Y in formula V signifies oxygen, in an
      alcohol of formula R.sub.1 (CH.sub.2).sub.s OH wherein R.sub.1 and s
      correspond to those of formula V, or provided that Y in formula V
      signifies sulphur, in a mercaptan of formula R.sub.1 (CH.sub.2).sub.s SH
      wherein R.sub.1 and s correspond to those of formula V, preferably at a
      temperature between room temperature and about 100.degree. C, over a
      period, e.g. 3 to 15 hours, with a compound of formula V. Working up of
      the reaction product is effected in the usual manner.
PAR  The production of compounds of formula Ib in accordance with process (c)
      may be effected as follows viz.
PAR  A compound of formula VIa or VIb is reacted, conveniently in an appropriate
      solvent, for example a hydrocarbon such as benzene, an ether such as
      1,2-dimethoxyethane, an alcohol such as ethanol or tert.butanol, a ketone
      such as acetone, a nitrile such as acetonitrile, an acid amide such as
      dimethyl formamide, or in an appropriate solvent mixture, in the presence
      of an acid binding agent, for example sodium hydroxide and potassium
      hydroxide, at a temperature between 20.degree. and 100.degree.C with a
      compound of formula VII. Working up of the reaction product is effect in
      conventional manner.
PAR  When the compounds of formula VIa and VIb are reacted in the form of an
      alkali alcoholate or thioalcoholate, the reaction may be effected in the
      absence of an acid binding agent. The reaction may be effected in an
      appropriate solvent, such as benzene, tert.butanol, 1,2-dimethoxyethane,
      dimethylformamide. Working up is effected in the usual manner.
PAR  The compounds of formula I are generally colourless oils or crystalline and
      may be characterized in the usual manner.
PAR  The compounds of formula II employed as starting material in the production
      of compounds of formula I in accordance with process a) above, may be
      produced by a process as follows viz.
PAR  a'. Reacting a compound of formula VIII,
      ##EQU7##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6, R.sub.7,
      R.sub.8, R.sub.9, Y, s, v, and w are as defined in relation to formula I,
PAL  with a halide transmitter e.g. hydrobromic acid, thionyl halides or a
      suitable phosphorous halide in the presence of an acid binding agent to
      obtain a compound of formula IIa, i.e. a compound of formula II, wherein z
      is 1.
PAR  b'. Reacting a compound of formula XI,
      ##EQU8##
      wherein R.sub.1, R.sub.4, R.sub.5 and s are as defined in relation to
      formula I,
PAL  with a compound of formula XII,
      ##EQU9##
      wherein R.sub.2, R.sub.3, R.sub.6 and R.sub.7 are as defined in relation
      to formula I,
PAL  if required, in the presence of an appropriate catalyst, such as anhydrous
      zinc chloride, to produce a compound of formula IIb i.e. a compound of
      formula II wherein Y is oxygen, Hal is chlorine, z and v are 1 and w is 0.
PAR  c'. Reacting a compound of formula VIa, wherein z is 3, with an appropriate
      halide transmitter e.g. hydrobromic acid, a thionylhalide or a suitable
      phosphorous halide in the presence of an acid binding agent, to produce a
      compound of formula IIc i.e. a compound of formula II, wherein z is 3.
PAR  d'. Reacting a compound of formula XIIIa,
      ##EQU10##
      wherein R.sub.2, R.sub.3 are as defined in relation to formula I,
PA1  Hal is chlorine or bromine,
PA1  each of R.sub.4, R.sub.5, R.sub.6, R.sub.7, R.sub.8 and R.sub.9 is
      hydrogen, and each of v and w is 0 or 1,
PAL  with a compound of formula V, to produce a compound of formula IId i.e. a
      compound of formula II, wherein R.sub.4 and R.sub.5 is hydrogen, and each
      of v and w is 0.
PAR  e'. Reacting a compound of formula XIV,
      ##EQU11##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6, R.sub.7,
      R.sub.8, R.sub.9, Y, s, v and w are as defined in relation to formula I,
PAL  with concentrated hydrochloric or hydrobromic acid, preferably of 48% by
      weight concentration, to produce a compound of formula IIe i.e. a compound
      of formula II, wherein z is 2 and Hal is chlorine or bromine.
PAR  The production of compounds of formula IIa in accordance with process (a')
      may be effected as follows viz.
PAR  The reaction temperature and solvent depend on the halide transmitter
      employed. Thus, with 48% by weight hydrogen bromide or hydrochloric acid
      no solvent is required and the reaction temperature may be between
      -20.degree. and 0.degree.C. With thionylhalides, a suitable solvent is
      ether and a suitable reaction temperature is room temperature. With
      phosphorous halides, e.g. phosphorous tribromide, pyridine may be employed
      as solvent which also serves as acid binding agent and a suitable reaction
      temperature is between -20.degree. and 0.degree.C.
PAR  The purification of the resulting compound of formula IIa may, if desired
      be omitted, and the compound may be employed directly in the production of
      compounds of formula I in accordance with process (a) above.
PAR  The compounds of formula VIII employed as starting material in process (a')
      above may, for example, be produced by reacting a compound of formula IX,
      ##EQU12##
      wherein R.sub.1, R.sub.2, R.sub.4, R.sub.5, R.sub.6, R.sub.7, R.sub.8,
      R.sub.9, Y, s, v, and w are as defined in relation to formula I,
PAL  with a compound of formula X,
      ##EQU13##
      wherein R.sub.3 is as defined above and
PA1  Mt is --MgCl, --MgBr or Li in organometalic bond,
PAL  in an appropriate solvent, such as tetrahydrofuran, and subsequent
      hydrolysis of the resulting magnesium or lithium compound in the usual
      manner.
PAR  The compounds of formulae IX and X employed in the production of compounds
      of formula VIII above are known or may be produced in accordance with
      known methods.
PAR  The production of compounds of formula IIb in accordance with process (b')
      may be effected as follows viz.
PAR  The reaction may be effected with or without a solvent. An example of a
      suitable solvent is ether. The reaction temperature may vary between
      0.degree. and 30.degree.C.
PAR  The starting compounds of formula XI and XII employed in process (b') above
      are either known or may be produced in accordance with known methods.
PAR  The production of compounds of formula IIc in accordance with process (c')
      above may be effected as follows viz.
PAR  The reaction conditions will vary with the actual halide transmitter
      employed. Thus, with 48% by weight hydrogen bromide no solvent is required
      and a suitable reaction temperature is between -20.degree. and 0.degree.C.
      With thionylhalides a suitable solvent is ether or benzene and a suitable
      reaction temperature is between -10.degree. and 25.degree.C. With
      phosphorous halides e.g. phosphorous tribromide, a suitable solvent and
      acid binding agent is pyridine the reaction temperature varying between
      -20.degree.C and room temperature.
PAR  The starting compounds of formula VIa, wherein z is 3 employed in process
      (c') and also in process (c) above for the production of some of the
      compound of formula Ib and in process (d) above for the production of some
      of the compounds of formula Ic, may be produced by sodium bromohydride
      reduction of a compound of formula XVI,
      ##EQU14##
      wherein R.sub.1, R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6, R.sub.7,
      R.sub.8, R.sub.9, Y, s, v and w are as defined in relation to formula I,
      and
PA1  z is 3,
PAL  in manner known per se.
PAR  The compounds of formula XVI, may, for example, be obtained by reacting the
      compounds of formula VIII with alkyl vinyl ethers in the presence of
      mercury-II-acetate at an elevated temperature, preferably for a period of
      e.g. 4 days, and subsequent transposition by short heating to
      160.degree.-190.degree.C, preferably over 1 to 2 hours.
PAR  The production of compounds of formula IId in accordance with process (d')
      may be effected as follows viz. The compounds of formulae V and XIIIa are
      dissolved in a suitable solvent e.g. an alcohol of formula R.sub.1
      (CH.sub.2).sub.s OH or thioalcohol of formula R.sub.1 (CH.sub.2).sub.s SH
      wherein R.sub.1 and s correspond to those of formula V, an acid amide e.g.
      dimethyl formamide, or a sulphoxide e.g. dimethyl sulphoxide and the
      reaction is effected at a temperature of between 0.degree. and
      100.degree.C preferably between 20.degree. and 30.degree.C.
PAR  The starting compounds of formula XIIIa employed in process (d') above are
      either known or may be produced in accordance with known methods.
PAR  The production of compounds of formula IIe in accordance with process (e')
      may be effected as follows:
PAR  The compound of formula XIV and either 48% by weight hydrogen bromide or
      concentrated hydrochloric acid are reacted at a temperature of about
      0.degree.C. A solvent is not required.
PAR  The compounds of formula XIV employed as starting material in process (e')
      above may be produced by reacting a compound of formula IX with a Grignard
      compound of formula XV,
      ##EQU15##
      wherein R.sub.3 is as defined in relation to formula I, and subsequent
      hydrolysis of the magnesium compound.
PAR  The compounds of formula III employed as a starting material in process (a)
      above for the production of compounds of formula I, are known.
PAR  The compounds of formula IV, employed as a starting material in process (b)
      above for the production of compounds of formula Ia may be produced by
      reacting a compound of formula XIII,
      ##EQU16##
      wherein R.sub.2, R.sub.3, R.sub.4, R.sub.5, R.sub.6, R.sub.7, R.sub.8,
      R.sub.9, v and w are as defined in relation to formula I and
PA1  Hal is chlorine or bromine,
PAL  with a compound of formula III, with the proviso that when M of formula III
      is hydrogen, the reaction is effected in the presence of an acid binding
      agent.
PAR  The compounds of formula V employed as a starting material in process (b)
      above for the production of compounds of formula Ia are known or may be
      produced in accordance with known methods.
PAR  The compounds of formula VIa employed as a starting material in process (b)
      and (d) above for the production of compounds Ib and Ic respectively, when
      z is 3 has already been described. The production of compounds of formula
      VIa when z is 1 or 3 may be effected by reacting a compound of formula II,
      wherein z is 1 or 3, with aqueous alkali e.g. potassium hydroxide in
      manner known per se
PAR  The compounds of formula VIa when z is 2 may be effected by reacting a
      compound of formula II wherein z is 2 with potassium acetate, preferably
      in glacial acetic acid under reflux and hydrolysing the resulting acetate
      with methanolic potassium hydroxide.
PAR  The compound of formula VIb employed as a starting material in process (d)
      above for the production of some of the compounds of formula Ic, wherein z
      is 1 or 3 may be produced as follows viz.
PAR  Reacting a compound of formula II, wherein z is 1 or 3 with thiourea or
      ammonium dithiocarbamate in water at about 100.degree.C and subsequent
      alkaline hydrolysis of the resulting compound with e.g. 5N potassium
      hydroxide.
PAR  The compounds of formula VIb, wherein z is 2 may, for example, be produced
      by reacting a compound of formula II, wherein z is 2 with an alkali
      thioacetate e.g. potassium thioacetate, in e.g. dimethyl sulphoxide or
      acetonitrile, as solvent followed by alkaline hydrolysis e.g. with
      methanolic potassium hydroxide.
PAR  The compounds of formula I are useful because they exhibit an inhibiting
      effect on the development of the insects.
PA1  Dysdercus Fasciatus (Egyptain cotton worm)
PA1  Prodenia - littura (cotton stainer)
PA1  Tenebrio - molitor (flour beetle)
PA1  and
PA1  Tetranychus urticae (red spider)
PAL  from one development stage thereof to the next, to result either in death
      or reduced oviposition or inhibition of copulation as indicated by the
      following tests viz.
PAC  Test 1: Insecticidal effect on Dysdercus fasciatus larvae (Egyptian cotton
      worm)
PAR  Filter paper is impregnated with a solution of a compound of formula I. A
      box made from polystyrene (200 .times. 100 .times. 85 mm) is coated with
      the filter paper treated in this way. A folded filter paper which is also
      impregnated and covered with about 30 Dysdercus larvae of the 4th larval
      stage is placed into this box. Pounded cotton seeds as food and a
      drinking-vessel are placed into it. The number of adults which have
      developed normally after 14 to 15 days is determined.
PAC  Test 2: Effect on the development of Prodenia-littura larvae (cotton
      stainer) into adults
PAR  Filter paper is impregnated with a solution of a compound of formula I.
      Partitions, having a size of 3.5 .times. 5.5 cm, of a plastic box are
      coated with the filter paper treated in this way. One Prodenia caterpillar
      in the third to fourth larval stage is placed into each partition and a
      piece of artificial medium is given as food. The insects are kept at
      25.degree.. The number of the adults which have developed normally after
      21 days is determined.
PAC  Test 3: Effect on the development of Tenebrio-molitor chrysales (flour
      beetle) into adults
PAR  A compound of formula I is used at a concentration of 1% by weight in
      acetonic solution. 2.mu.l of the resulting solution, corresponding to 20
      micrograms of compound, are applied on the abdominal side of the last
      three segments of young chrysales (not older than 18 hours) by means of a
      1-microlitre bulb pipette. 10 chrysales are used for each test. The
      treated chrysales are kept at 28.degree. in plastic cups. The adults which
      have developed normally are counted after 10 to 12 days.
PAC  Test 4: Contact effect in Tetranychus urticae (red spider)
PAR  One day before treatment 10 adult females of Tetranychus urticae are placed
      by means of a pencil between two rings (diameter: 3 cm) of caterpillar
      lime which are applied to a leaf of a cotton plant. The cotton leaves are
      sprayed to run off by means of a sprayer with a liquor containing 0.1 % by
      weight of a compound of formula I. After drying, the plants are kept at
      room temperature and in light. The dead and live insects are counted 6
      days after the treatment. The relation between the treated and one
      untreated population shows the effect.
PAR  From LD.sub.50 oral or dermal determinations on the male rat, a low
      toxicity of the compounds of formula I towards warm blooded animals is
      indicated.
PAR  For the abovementioned use, the amount applied to a locus to be treated
      e.g. a plant culture, will of course vary depending on the compound
      employed, the mode of application, ambient conditions, and the insects to
      be combated. However, in general satisfactory results are obtained when a
      compound of formula I is applied to the locus in an amount between 1 and
      10 kg/hectare, the application being repeated as required.
PAR  The compounds may be applied to the locus with conventional applicator
      equipment and by conventional methods e.g. strewing, spraying and dusting.
PAR  Compositions may be produced in conventional manner and may comprise a
      compound of formula I in admixture with insecticidal carriers e.g. talc,
      diatomaceous earth, bentonite and pumice, insecticidal diluents e.g. water
      or appropriate organic solvents such as alcohols, petroleum and tar
      distillates and/or insecticidal adjuvants e.g. emulsifying agents, solvent
      aids such as mineral oils and wetting and adhesive agents such as
      cellulose derivatives.
PAR  Concentrate forms of the compositions may generally contain between 2 and
      90%, preferably between 5 and 50% by weight, of a compound of formula I.
PAR  Application forms of the composition may generally contain between 0.01 and
      0.1%, by weight of a compound of formula I.
PAR  Preferred compounds of formula I are as follows:
PAL  5-(5-tert,butoxy-3-methyl-2-pentenyloxy)-1,3-benzodioxol,
PAL  5-(5-isopropylthio-3-methyl-2-pentenyloxy)-1,3-benzodionol,
PAL  4-(3-ethyl-5-sec.butoxy-2-pentenyloxy)-benzoic methyl ester,
PAL  4'-(3-ethyl-5-sec.butoxy-2-pentenyloxy)-acetophenone,
PAL  5-(5-cyclopentyloxy-3-methyl-2-pentenyloxy)-1,3-benzodioxol,
PAL  5-[3-methyl-5-(2-pentyloxy)-2-pentenyloxy]-1,3-benzodioxol,
PAL  5-[(5-isopropoxy-3-methyl-2-pentenyloxy)-methyl]-1,3-benzodioxol,
PAL  5-(5-isopropoxy-3-methyl-2-pentenyloxy)-1,3-benzodioxol,
PAL  4-(5-isopropoxy-3-methyl-2-pentenylthio)-chlorobenzene,
PAL  4-(5-isopropoxy-3-methyl-2-pentenyloxy)-thioanisole,
PAL  4-(5-isopropoxy-3-methyl-2-pentenyloxy)-ethylbenzene,
PAL  5-(5-ethoxy-3-methyl-2-pentenyloxy)-1,3-benzodioxoal,
PAL  4-(6-ethoxy-3-methyl-2-hexenyloxy)-benzoic acid methyl ester,
PAL  4'-(6-ethoxy-3-methyl-2-hexenyloxy)-acetophenone,
PAL  5-(4-isobutoxy-2-methyl-2-butenyloxy)-1,3-benzodioxol,
PAL  5-(6-isopropoxy-4-methyl-3-hexenyloxy)-1,3-benzodioxol,
DETD
PAR  The following Examples illustrate the production of the compounds of
      formula I, but in no way limit the invention. The temperatures are
      indicated in degrees Centigrade. Where concentration is indicated as a %,
      this % by weight.
PAC  EXAMPLE 1: 2-(3-Ethyl-5-sec.butoxy-2-pentenyloxy)-benzaldehyde (according
      to process a)
PAR  9.3 g (0.05 mol) of 3-ethyl-5-sec.butoxy-1-penten-3-ol are added dropwise
      at 5.degree. in the course of 15 minutes and while stirring to 20 cc of
      48% hydrobromic acid. After stirring the mixture vigorously at 5.degree.
      to 10.degree. for half an hour it is extracted with ether, the ether
      extract is extracted with 10% soda solution and subsequently with
      saturated solution of sodium chloride, is dried with potassium carbonate
      and concentrated by evaporation. The resulting
      1-bromo-3-ethyl-5-sec.butoxy-2-pentene is added without purification to
      6.1 g (0.05 mol) of salicylic aldehyde and 2.8 g (0.05 mol) of potassium
      hydroxide in 80 cc of 1,2-dimethoxy ethane. The mixture is stirred at
      20.degree.-25.degree. for 24 hours, is subsequently filtered and
      concentrated by evaporation at reduced pressure. The residue is taken up
      in ether, extracted with icy cold 10% sodium hydroxide solution and
      subsequently with saturated salt solution, is dried with sodium sulphate
      and evaporated.
PAR  The obtained 2-(3-ethyl-5-sec.butoxy-2-pentenyloxy)-benzaldehyde may be
      purified by chromatography on silica gel with hexane/ethyl acetate 1 : 1
      as eluant. n.sub.D.sup.20 : 1.5090.
PAR  Analysis: C.sub.18 H.sub.26 O.sub.3. Molecular weight: 290.4. Calc. C 74.4
      %; H 9.0 %; Found C 74.1 %; H 9.2 %.
PAR  In analogous manner as described in Example 1 but using the starting
      compounds of formula VIII, indicated in the following Table, the following
      components of general formula I are obtained.
TBL                                                        Starting com-       

                                                  Analysis %                   

                                                           pound of for-       

                                                  Calc.    mula VIII           

     Example                   Empirical                                       

                                       Molecular                               

                                             n.sub.D.sup.20                    

                                                  Found    produced in         

                               formula weight     C  H  S  example             

     __________________________________________________________________________

                                                           No.                 

      2   2-(3-Ethyl-5-isopropoxy-2-                                           

                               C.sub.17 H.sub.24 O.sub.3                       

                                       276.4 1.5194                            

                                                  73.9                         

                                                     8.8   64                  

          pentenyloxy)benzaldehyde                73.5                         

                                                     9.1                       

      3   4-(3-Ethyl-5-isopropoxy-2-                                           

                               C.sub.17 H.sub.24 O.sub.3                       

                                       276.4 1.5290                            

                                                  73.9                         

                                                     8.8   64                  

          pentenyloxy)benzaldehyde                74.3                         

                                                     8.8                       

      4   5-(3-Ethyl-5-sec.butoxy-2-                                           

                               C.sub.18 H.sub.26 O.sub.4                       

                                       306.4 1.5104                            

                                                  70.6                         

                                                     8.6   66                  

          pentenyloxy)-1,3-benzodioxol            70.1                         

                                                     8.1                       

      5   5-(3-Ethyl-5-isopropoxy-2-                                           

                               C.sub.17 H.sub.24 O.sub.4                       

                                       292.4 1.5128                            

                                                  69.8                         

                                                     8.3   64                  

          pentenyloxy)-1,3-benzodioxol            69.0                         

                                                     8.7                       

      6   5-(5-tert.Butoxy-3-methyl-2-                                         

                               C.sub.17 H.sub.24 O.sub.4                       

                                       292.4 1.5124                            

                                                  69.8                         

                                                     8.3   67                  

          pentenyloxy)-1,3-benzodioxol            69.3                         

                                                     8.0                       

      7   5-(5-Isopropylthio-3-methyl-2-                                       

                               C.sub.16 H.sub.22 O.sub.3 S                     

                                       294.4 1.5481                            

                                                  65.4                         

                                                     7.5                       

                                                        10.9                   

                                                           68                  

          pentenyloxy)-1,3-benzodioxol            65.8                         

                                                     7.8                       

                                                        11.0                   

      8   5-(5-Cyclohexyloxy-3-methyl-2-                                       

                               C.sub.19 H.sub.26 O.sub.4                       

                                       318.4 1.5310                            

                                                  71.7                         

                                                     8.2   70                  

          pentenyloxy)-1,3-benzodioxol            71.9                         

                                                     8.4                       

      9   4-(3-Ethyl-5-sec.butoxy-2-penten-                                    

                               C.sub.19 H.sub.28 O.sub.4                       

                                       320.4 1.5114                            

                                                  71.2                         

                                                     8.8   66                  

          yloxy)benzoic methyl ester              71.5                         

                                                     8.9                       

     10   4-(3-Ethyl-5-isopropoxy-2-pen-                                       

                               C.sub.18 H.sub.26 O.sub.4                       

                                       306.4 1.5153                            

                                                  70.6                         

                                                     8.6   64                  

          tenyloxy)benzoic methyl ester           70.7                         

                                                     8.9                       

     11   4-(5-tert.Butoxy-3-methyl-2-pen-                                     

                               C.sub.18 H.sub.26 O.sub.4                       

                                       306.4 1.5143                            

                                                  70.6                         

                                                     8.6   67                  

          tenyloxy)benzoic methyl ester           70.9                         

                                                     8.9                       

     12   4-(5-Isopropylthio-3-methyl-2-pen-                                   

                               C.sub.17 H.sub.24 O.sub.3 S                     

                                       308.4 1.5461                            

                                                  66.2                         

                                                     7.8                       

                                                        10.4                   

                                                           68                  

          tenyloxy)benzoic methyl ester           66.1                         

                                                     8.1                       

                                                        10.5                   

     13   4'-(3-Ethyl-5-sec.butoxy-2-                                          

                               C.sub.19 H.sub.28 O.sub.3                       

                                       304.4 1.5214                            

                                                  75.0                         

                                                     9.3   66                  

          pentenyloxy)acetophenone                75.0                         

                                                     9.4                       

     14   4-(5-Cyclohexyloxy-3-methyl-2-pen-                                   

                               C.sub.20 H.sub.28 O.sub.4                       

                                       332.4 1.5299                            

                                                  72.3                         

                                                     8.5   70                  

          tenyloxy)-benzoicacid-methylester       72.7                         

                                                     8.8                       

     15   4'-(3-ethyl-5-sec.butoxy-                                            

                               C.sub.21 H.sub.32 O.sub.3                       

                                       332.5 1.5154                            

                                                  75.9                         

                                                     9.7   66                  

          2-pentenyloxy)-butyrophenone            76.4                         

                                                     9.8                       

     16   4-(3-ethyl-5-sec.butoxy-2-pentenyl-                                  

                               C.sub.21 H.sub.32 O.sub.4                       

                                       348.5 1.5037                            

                                                  72.4                         

                                                     9.3   66                  

          oxy)-benzoicacid-isopropylester         72.6                         

                                                     9.5                       

     17   5-(5-Cyclopentyloxy-3-methyl-2-                                      

                               C.sub.18 H.sub.24 O.sub.4                       

                                       304.4 1.5301                            

                                                  71.0                         

                                                     7.9   71                  

          pentenyloxy)-1,3-benzodioxol            71.3                         

                                                     8.1                       

     18   5-[3-Methyl-5-(3-pentyloxy)-2-                                       

                               C.sub.18 H.sub.26 O.sub.4                       

                                       306.4 1.5118                            

                                                  70.6                         

                                                     8.6   73                  

          pentenyloxy]-1,3-benzodioxol            70.9                         

                                                     8.6                       

     19   5-[3-Methyl-5-(2-pentyloxy)-2-                                       

                               C.sub.18 H.sub.26 O.sub.4                       

                                       306.4 1.5080                            

                                                  70.6                         

                                                     8.6   72                  

          pentenyloxy]-1,3-benzodioxol            70.5                         

                                                     8.9                       

     20   5-(5-ethoxy-3-methyl-2-penten-                                       

                               C.sub.15 H.sub.20 O.sub.4                       

                                       264.3 1.5240                            

                                                  68.2                         

                                                     7.6   75                  

          yloxy)-1,3-benzodioxol                  68.3                         

                                                     7.5                       

     21   5-(5-n.Butoxy-3-methyl-2-penten-                                     

                               C.sub.17 H.sub.24 O.sub.4                       

                                       292.4 1.5142                            

                                                  69.8                         

                                                     8.3   74                  

          yloxy)-1,3-benzodioxol                  69.1                         

                                                     8.3                       

     22   5-[3-Methyl-5-(6-methyl-5-hepten-2-yl-                               

                               C.sub.21 H.sub.30 O.sub.4                       

                                       346.5 1.5160                            

                                                  72.8                         

                                                     8.7   77                  

          oxy)-2-pentenyloxy]-1,3-benzodioxol     73.0                         

                                                     9.0                       

     23   4'-(5-ethoxy-3,5-dimethyl-2-                                         

                               C.sub.18 H.sub.26 O.sub.3                       

                                       290.4 1.5263                            

                                                  74.4                         

                                                     9.0   76                  

          hexenyloxy)-acetophenone                74.4                         

                                                     8.9                       

     __________________________________________________________________________

PAC  EXAMPLE 24: 5-(5-Isopropoxy-3-methyl-2-pentenyloxy)-1,3-benzodioxol
      (according to process a)
PAR  1.7 g (0.03 mol) of pulverised potassium hydroxide are added to a solution
      of 4.1 g (0.03 mol) of 3,4-methylendioxy-phenol and 6.2 g (0.035 mol) of
      1-chloro-5-isopropoxy-3-methyl-2-pentene in 100 cc of 1,2-dimethoxyethane.
      The mixture is stirred at 60.degree. for a period of 18 hours, is
      subsequently filtered and evaporated at reduced pressure. The residue is
      dissolved in ether, washed with 5% solution of sodium hydroxide and
      subsequently with saturated salt solution, dried with sodium sulphate and
      evaporated.
PAR  The remaining 5-(5-isopropoxy-3-methyl-2-pentenyloxy)-1,3-benzodioxol is
      purifed by chromatography on silica gel with hexane/ethyl acetate 9 : 1. A
      chromatographically uniform and colourless oil is obtained which according
      to gas-chromatogramme and NMR-spectrum consists of a mixture of 30% of the
      2-cis and 70% of the 2-trans compound. n.sub.D.sup.20 = 1.5167.
PAR  Analysis: C.sub.16 H.sub.22 O.sub.4. Molecular weight: 278.3. Calc. C 69.0
      %; H 7.9 %; Found C 68.5 %; H 7.9 %.
PAR  In analogous manner as described in Example 24, but using the starting
      compounds of formula III indicated in the following Table, the following
      compounds of general formula I are obtained:
     Ex.                Empirical                                              

                              Molecu-   Analysis %           Starting com-     

                        formula                                                

                              lar  n.sub.D.sup.20                              

                                        Calc.                pound of for-     

                              weight    Found                mula III          

                                        C   H   Br Cl  N  S                    

     __________________________________________________________________________

     25 2-(5-Isopropoxy-3-                                                     

        methyl-2-pentenylthio)-                                                

                        C.sub.17 H.sub.24 O.sub.3 S                            

                              308.4                                            

                                   1.5492                                      

                                        66.2                                   

                                            7.8 -- --  -- 10.4                 

                                                             2-Mercapto-       

        benzoicacid-methylester         66.9                                   

                                            7.9 -- --  -- 10.4                 

                                                             benzoic-          

                                                             acid              

                                                             methylester       

     26 3-(5-Isopropoxy-3-methyl-                                              

                        C.sub.15 H.sub.21 BrO.sub.2                            

                              313.2                                            

                                   1.5138                                      

                                        57.5                                   

                                            6.8 25.5                           

                                                   --  -- -- 3-Bromo-          

        2-pentenyloxy)-bromobenzol      58.1                                   

                                            7.0 25.1                           

                                                   --  -- -- phenol            

     27 4-(5-Isopropoxy-3-methyl-                                              

                        C.sub.15 H.sub.21 ClOS                                 

                              284.8                                            

                                   1.5332                                      

                                        63.3                                   

                                            7.4 -- 12.4                        

                                                       -- 11.3                 

                                                             4-Chloro-         

        2-pentenylthio)-chlorobenzol    63.1                                   

                                            7.6 -- 13.0                        

                                                       -- 10.6                 

                                                             phenol            

     28 4-(5-Isopropoxy-3-methyl-                                              

                        C.sub.16 H.sub.24 O.sub.3                              

                              264.4                                            

                                   1.5050                                      

                                        72.7                                   

                                            9.2 -- --  -- -- 4-Methoxy-        

        2-pentenyloxy)-anisole          72.3                                   

                                            9.5 -- --  -- -- phenol            

     29 4-(5-Isopropoxy-3-methyl-                                              

                        C.sub.16 H.sub.24 O.sub.2 S                            

                              280.4                                            

                                   1.5329                                      

                                        68.5                                   

                                            8.6 -- --  -- 11.4                 

                                                             4-(Methyl-        

        2-pentenyloxy)-thioanisole      68.0                                   

                                            8.6 -- --  -- 10.9                 

                                                             thio)-phenol      

     30 4-(5-Isopropoxy-3-methyl-2-                                            

                        C.sub.17 H.sub.26 O.sub.2                              

                              262.4                                            

                                   1.4992                                      

                                        77.8                                   

                                            10.0                               

                                                -- --  -- -- 4-entyl-          

        pentenyloxy)-ethylbenzol        77.5                                   

                                            10.7                               

                                                -- --  -- -- phenol            

     31 4-(5-Isopropoxy-3-methyl-2-                                            

                        C.sub.15 H.sub.21 NO.sub.4                             

                              279.3                                            

                                   1.5335                                      

                                        64.5                                   

                                            7.6 -- --  5.0                     

                                                          -- 4-Nitro-          

        pentenyloxy)-nitrobenzol        64.4                                   

                                            7.7 -- --  4.8                     

                                                          -- phenol            

     32 4-(5-Isopropoxy-3-methyl-2-     59.4                                   

                                            6.6 -- 23.4                        

                                                       -- -- 2,4-Dichloro-     

        pentenyloxy)-1,3-dichloro-                                             

                        C.sub.15 H.sub.20 Cl.sub.2 O.sub.2                     

                              303.2                                            

                                   1.5244                                      

                                        59.4                                   

                                            6.6 -- 23.6                        

                                                       -- -- phenol            

        benzol                                                                 

     __________________________________________________________________________

PAC  EXAMPLE 33: 5-(6-Ethoxy-3-methyl-2-hexenyloxy)-1,3-benzodioxol (according
      to process a)
PAR  2.21 g (0.01 mol) of 6-ethoxy-1-bromo-3-methyl-2-hexene are added at
      5.degree. and while stirring to 1.38 g (0.01 mol) of
      3,4-methylendioxyphenol and 0.56 g (0.01 mol) of potassium hydroxide in 50
      cc of 1,2-dimethoxyethane. After stirring at 5.degree. for 2 hours the
      mixture is stirred at 20.degree.-25.degree. during the course of 60 hours,
      is subsequently filtered and the filtrate is evaporated at reduced
      pressure. The residue is taken up in ether, is washed with water, dried
      with sodium sulphate, and the ether is distilled off. After chromatography
      of the residue on silica gel with hexane/ethyl acetate 9 : 1,
      5-(6-ethoxy-3-methyl-2-hexenyloxy)-1,3-benzodioxol is obtained as
      colourless oil. n.sub.D.sup.20 = 1.5192.
PAR  Analysis: C.sub.16 H.sub.22 O.sub.4. Molecular weight: 278.3. Calc. C 69.0
      %; H 8.0 %; Found C 68.9 %; H 8.1 %.
PAR  In analogous manner as described in Example 33, but using 4-hydroxy-benzoic
      acid-methyl ester in the place of 3,4-methylendioxyphenol, the following
      compound of general formula I is produced:
PAC  EXAMPLE 34: 4-(6-Ethoxy-3-methyl-2-hexenyloxy)-benzoic methyl ester
PAR  n.sub.D.sup.20 = 1.5202
PAR  Analysis: C.sub.17 H.sub.24 O.sub.4. Molecular weight: 292.4. Calc. C 69.8
      %; H 8.3 %; Found C 69.5 %; H 8.2 %.
PAR  In analogous manner as described in Example 33, but using
      p-hydroxy-acetophenone in the place of 3,4-methylendioxy-phenol, the
      following compound of general formula i is produced:
PAC  EXAMPLE 35: 4'-(6-Ethoxy-3-methyl-2-hexenyloxy)-acetophenone
PAR  n.sub.D.sup.20 = 1.5266
PAR  Analysis: C.sub.17 H.sub.24 O.sub.3. Molecular weight: 276.4. Calc. C 73.9
      %; H 8.8 %; Found C 73.5 %; H 8.8 %.
PAC  EXAMPLE 36: 5-(4-Isobutoxy-2-methyl-2-butenyloxy)-1,3-benzodioxol
      (according to process a)
PAR  2.21 g (0.01 mol) of 1-bromo-4-isobutoxy-2-methyl-2-butene are added at
      0.degree. during the course of 5 minutes to 1.38 g (0.01 mol) of
      3,4-methylendioxy-phenol and 0.56 g (0.01 mol) of potassium hydroxide in
      40 cc of 1,2-dimethoxyethane. After stirring the reaction mixture at room
      temperature for 24 hours it is filtered and the solvent is distilled off
      at reduced pressure. The residue is dissolved in ether, washed with
      saturated salt solution, dried with sodium sulphate and evaporated. The
      residue is purified by chromatography on silica gel with hexane/ethyl
      acetate 9 : 1. 5-(4-isopropoxy-2-methyl-2-butenyloxy)-1,3-benzodioxol is
      obtained as colourless oil. n.sub.D.sup.20 = 1.5150.
PAR  Analysis: C.sub.16 H.sub.22 O.sub.4. Molecular weight: 278.3. Calc. C 69.0
      %; H 8.0 %; Found C 69.0 %; H 8.3 %.
PAC  EXAMPLE 37: 5-(6-Isopropoxy-4-methyl-3-hexenyloxy)-1,3-benzodioxol
      (according to process a)
PAR  2.35 g (0.017 mol) of potassium carbonate and 50 mg of potassium iodide are
      added to a solution of 4.0 g (0.017 mol) of
      1-bromo-6-isopropoxy-4-methyl-3-hexene and 2.35 g (0.017 mol) of
      3,4-methylendioxy-phenol in 120 cc of acetone. The suspension is boiled
      under reflux during the course of 20 hours, is then filtered and liberated
      from acetone in a vacuum. The residue is taken up in ether, washed with
      water and saturated salt solution, dried over sodium sulphate and
      evaporated. The residue is chromatographed on silica gel with hexane/ethyl
      acetate 9 : 1. Thus the cis/trans isomeric mixture of the
      5-(6-isopropoxy-4-methyl methyl-3-hexenyloxy)-1,3-benzodioxol is obtained
      as colourless oil. n.sub.D.sup.20 = 1.5111.
PAR  Analysis: C.sub.17 H.sub.24 O.sub.4. Molecular weight: 292.4. Calc. C 69.8
      %; H 8.3 %; O 21.9 %; Found C 68.9 %; H 8.5 % O 22.7 %.
PAC  EXAMPLE 38: 4'-(5-Isopropoxy-2-pentenyloxy)-acetophenone (according to
      process a)
PAR  3.4 g (0.06 mol) of pulverised potassium hydroxide are added to a solution
      of 8.2 g (0.06 mol) of p-hydroxy-acetophenone and 14.6 g (0.09 mol) of
      1-chloro-5-isopropoxy-2-pentene in 100 cc of 1,2-dimethoxyethane. The
      mixture is stirred at 60.degree. during the course of 24 hours and is
      subsequently filterd. The filtrate is evaporated at reduced pressure, the
      residue is taken up in ether, and the ether solution is washed with
      saturated salt solution. The organic phase is dried with sodium sulphate
      and evaporated. The residue is chromatographed with hexane/ethyl acetate 4
      : 1 on silica gel and then the 4'-(5-isopropoxy-2pentenyloxy)-acetophenone
      is obtained as colourless oil. n.sub.D.sup.20 = 1.5240.
PAR  Analysis: C.sub.16 H.sub.22 O.sub.3. Molecular weight: 262.3. Calc. C 73.3
      %; H 8.5 %; O 18.3 %; Found C 73.3 %; H 8.6 %; O 18.2 %.
PAR  In analogous manner as described in Example 38, but using
      3,4-methylendioxy-phenol in the place of p-hydroxy-acetophenone, the
      following compound of general formula I is produced:
PAC  EXAMPLE 39: 5-(5-Isopropoxy-2-pentenyloxy)-1,3-benzodioxol
PAR  n.sub.D.sup.20 = 1.5157
PAR  Analysis: C.sub.15 H.sub.20 O.sub.4. Molecular weight: 264.3. Calc. C 68.2
      %; H 7.6 %; O 24.2 %; Found C 68.4 %; H 8.0 %; O 24.1 %.
PAC  EXAMPLE 40: 4-[(5-Isopropoxy-2-pentenylthio)-methyl]-chlorobenzol
      (according to process a)
PAR  8.1 g (0.05 mol) of 1-chloro-5-isopropoxy-2-pentene are added dropwise at
      20-25.degree. during the course of 10 minutes and while stirring to a
      solution of 7.9 g (0.05 mol) of 4-chloro-benzylmercaptan and 5.6 g (0.05
      mol) of potassium tert.butoxide in 150 cc of tert.butanol. The solution
      which is rendered turbid during the addition is stirred at 60.degree.
      during the course of 1 hour and is then cooled and filtered. The solvent
      is distilled off at reduced pressure, the residue is dissolved in ether
      and the ether solution is washed with saturated salt solution. The ether
      phase is dried with sodium sulphate and then the ether is distilled off
      and the residue is chromatographed on silica gel with chloroform. The
      4-[(5-isopropoxy-2-pentenylthio)-methyl]-chlorobenzol is obtained as
      colourless oil having a B.P. of 110.degree.-112.degree./5.10.sup.-.sup.4
      mm. n.sub.D.sup.20 = 1.5391.
PAR  Analysis: C.sub.15 H.sub.21 ClOS. Molecular weight: 284.8. Calc. C 63.3 %;
      H 7.4 %; Cl 12.4 %; S 11.3 %; Found C 63.2 %; H 7.4 %; Cl 12.7 %; S 11.5
      %.
PAC  EXAMPLE 41:
      5-[(5-Isopropoxy-3-methyl-2-pentenyloxy)-methyl]-1,3-benzodioxol (accordin
     g to process a)
PAR  15.8 g (0.1 mol) of 5-isopropoxy-3-methyl-1-penten-3-ol are added dropwise
      at 5.degree. during the course of 15 minutes and while stirring to 40 cc
      of 48% hydrobromic acid. After 30 minutes at 0.degree.-5.degree. the
      mixture is extraced with ether, the ether extract is extracted with 10%
      soda solution and subsequently with saturated salt solution, is dried with
      sodium sulphate and evaporated.
PAR  The obtained 1-bromo-5-isopropoxy-3-methyl-2-pentene (19.0 g) is added to
      17.4 g (0.1 mol) of sodium salt of 3,4-methylendioxy-benzylalcohol in 150
      cc of dimethylformamide and the mixture is stirred at 60.degree. for 5
      hours. The reaction mixture is poured on 300 cc of water and extracted
      with ether. The ether solution is washed with water, dried with sodium
      sulphate and evaporated. The residue is chromatographed on silica gel with
      hexane/ethyl acetate 9 : 1. A mixture of cis and
      trans-5-[(5-isopropoxy-3-methyl-2-pentenyloxy)-methyl]-1,3-benzodioxol is
      obtained as colourless oil. n.sub.D.sup.20 = 1.5088.
PAR  Analysis: C.sub.17 H.sub.24 O.sub.4. Molecular weight: 292.4. Calc. C 69.8
      %; H 8.3 %; Found C 69.4 %; H 8.2 %.
PAR  In analogous manner as described in Example 41, but using
      5-ethoxy-3,5-dimethyl-1-hexen-3-ol in the place of
      5-isopropoxy-3-methyl-1-penten-3-ol, the following compound of general
      formula I is produced.
PAC  EXAMPLE 42: 5-[(5-Ethoxy-3,5-dimethyl-2-hexenyloxy)-methyl]-1,3-benzodioxol
PAR  n.sub.D.sup.20 = 1.5038
PAR  Analysis: C.sub.18 H.sub.26 O.sub.4. Molecular weight: 306.4. Calc. C 70.6
      %; H 8.6 %; Found C 70.6 %; H 9.2 %.
PAC  EXAMPLE 43:
      5-[(5-Isopropoxy-3-methyl-2-pentenyloxy)-methyl]-1,3-benzodioxol (accordin
     g to process a)
PAR  8.0 g (0.2 mol) of sodium hydroxide are added to a solution of 30.4 g (0.2
      mol) of 3,4-methylendioxy-benzylalcohol in 300 cc of benzene. The mixture
      is heated while stirring vigorously and kept at reflux temperature whereby
      the water condensing in a refrigerator is separated by means of a water
      separator. After 24 hours 35.3 g (0.2 mol) of
      1-chloro-5-isopropoxy-3-methyl-2-pentene are added dropwise during the
      course of 1 hour and the mixture is stirred under reflux for a further 16
      hours.
PAR  The reaction mixture is cooled and then washed with saturated salt
      solution, the benzene solution is dried with sodium sulphate, is dried and
      evaporated. The residue is fractionated at 10.sup.-.sup.4 mm whereby the
      cis/trans mixture of
      5-[(5-isopropoxy-3-methyl-2-pentenyloxy)-methyl]-1,3-benzodioxol distils
      at 126.degree.-136.degree..
PAR  The product is identical with the compound produced in accordance with
      Example 41.
PAC  EXAMPLE 44: 5-(4-Isobutoxy-3-methyl-2-butenyloxy)-1,3-benzodioxol
      (according to process b)
PAR  1.6 g (0.0165 mol) of sodium-isobutylate in 75 cc of isobutanol are added
      dropwise at 70.degree. during the course of 15 minutes to 4.3 g (0.015
      mol) of 5-(4-bromo-3-methyl-2-butenyloxy)-1,3-benzodioxol which is
      dissolved in 130 cc of isobutanol. After 3 hours at this temperature the
      reaction mixture is filtered, the solvent is distilled off at reduced
      pressure and the residue is dissolved in ether. The ether solution is
      washed with saturated salt solution, is dried with sodium sulphate and
      evaporated. The residue is chromatographed on silica gel with chloroform.
      5-(4-isobutoxy-3-methyl-2-butenyloxy)-1,3-benzodioxol is obtained as
      colourless oil. n.sub.D.sup.20 = 1.5158.
PAR  Analysis: C.sub.16 H.sub.22 O.sub.4. Molecular weight: 278.3. Calc. C 69.0
      %; H 8.0 %; O 23.0 %; Found C 68.3 %; H 7.8 % O 23.5 %.
PAR  In analogous manner as described in Example 44, but using n.butanol as
      solvent and sodium-n. butylate in the place of sodium-isobutylate, the
      following compound of general formula I is produced:
PAC  EXAMPLE 45: 5-(4-n.Butoxy-3-methyl-2-butonyloxy)-1,3-benzodioxol
      n.sub.D.sup.20 = 1.5168
PAR  Analysis: C.sub.16 H.sub.22 O.sub.4. Molecular weight: 278.3. Calc. C 69.0
      %; H 8.0 %; O 23.0 %; Found C 68.6 %; H 8.2 %; O 22.8 %.
PAR  In analogous manner as described in Example 44, but using
      4'-(4-bromo-3-methyl-2-butenyloxy)-acetophenone in the place of
      5-(4-bromo-3-methyl-2-butenyloxy)-1,3-benzodioxol, the following compound
      of general formula I is produced:
PAC  EXAMPLE 46; 4'-(4-Isobutoxy-3-methyl-2-butenyloxy)-acetophenone
      n.sub.D.sup.20 = 1.5282
PAR  Analysis: C.sub.17 H.sub.24 O.sub.3. Molecular weight: 276.4. Calc. C 73.8
      %; H 8.7 %; O 17.3 %; Found C 73.4 %; H 9.1 %; O 18.1 %.
PAR  In analogous manner as described in Example 46, but using the sodium salt
      of the allyl alcohol and allyl alcohol as solvent, the following compound
      of general formulal I is produced.
PAC  EXAMPLE 47: 4'-(4-Allyloxy-3-methyl-2-butenyloxy)-acetophenone
      n.sub.D.sup.20 = 1.5448
PAR  Analysis: C.sub.16 H.sub.20 O.sub.3. Molecular weight: 260.3. Calc. C 73.8
      %; H 7.7 %; O 18.4 %; Found C 73.2 %; H 7.8 %; O 19.1 %.
PAR  In analogous manner as described in Example 44, but using
      5-[(4-bromo-3-methyl-2-butenyloxy)-methyl]-1,3-benzodioxol in the place of
      5-(4-bromo-3-methyl-2-butenyloxy)-1,3-benzodioxol, the following compound
      of general formula I is produced.
PAC  EXAMPLE 48: 5-[(4-Isobutoxy-3-methyl-2-butenyloxy)-methyl]-1,3-benzodioxol
PAR  n.sub.D.sup.20 = 1.5102
PAR  Analysis: c.sub.17 H.sub.24 O.sub.4. Molecular weight: 292.4. Calc. C 69.8
      %; H 8.3 %; Found C 69.4 %; H 8.1 %.
PAC  EXAMPLE 49: 4'-(4-Benzylthio-3-methyl-2-butenyloxy)-acetophenone (according
      to process b)
PAR  14.15 g (0.05 mol) of 4'-(4-bromo-3-methyl-2-butenyloxy)-acetophenone are
      added at 10.degree.-15.degree. during the course of 1 hour to 7.3 g (0.05
      mol) of sodium salt of benzylmercaptan which is dissolved in 120 cc of
      dimethylformamide. The mixture is stirred at 20.degree.-25.degree. for 20
      hours, is subsequently filtered and the filtrate is evaporated at reduced
      pressure. The residue is dissolved in ether, is extracted with saturated
      salt solution and the ether solution is evaporated. The remaining
      yellowish oil is chromatographed on silica gel with hexane/ethyl acetate 2
      : 1. After recrystallization from ether/hexane the
      4'-(4-benzylthio-3-methyl-2-butenyloxy)-acetophenone is obtained as
      colourless crystals. M.P. 75.degree.-76.5.degree..
PAR  Analysis: C.sub.20 H.sub.22 O.sub.2 S. Molecular weight: 326.5. Calc. C
      73.6 %; H 6.8 %; S 9.8 %; Found C 73.3 %; H 6.7 %; S 9.7 %.
PAC  EXAMPLE 50: 5-(4-Isobutylthio-3-methyl-2-butenyloxy)-1,3-benzodioxol
      (according to process b)
PAR  A solution of 4.3 g (0.015 mol) of
      5-(4-bromo-3-methyl-2-butenyloxy)-1,3-benzodioxol in 50 cc of benzene is
      added at 25.degree. to 1.7 g (0.015 mol) of sodium-isobutylthio alcoholate
      in 30 cc of benzene The mixture is kept at reflux temperature for 13
      hours, is subsequently filtered, washed with saturated salt solution and
      evaporated. The remaining yellow oil is chromatographed with hexane/ethyl
      acetate 7 : 1 on silica gel, whereby colourless
      5-(4-isobutylthio-3-methyl-2-butenyloxy)-1,3-benzodioxol is obtained.
      n.sub.D.sup.20 = 1.5463.
PAR  Analysis: C.sub.16 H.sub.22 O.sub.3 S. Molecular weight: 294.4. Calc. C
      65.3 %; H 7.5 %; S 10.9 %; Found C 65.1 %; H 7.6 %; S 10.6 %.
PAR  In analogous manner as described in Example 50 the following compound of
      general formula I is produced, whereby in the place of
      5-(4-bromo-3-methyl-2-butenyloxy)-1,3-benzodioxol
      4-(4-bromo-3-methyl-2-butenyloxy)-benzoic methyl ester is used.
PAC  EXAMPLE 51: 4-(4-Isobutylthio-3-methyl-2-butenyloxy)-benzoic methyl ester
PAR  n.sub.D.sup.20 = 1.5428
PAR  Analysis: C.sub.17 H.sub.24 O.sub.3 S. Molecular weight: 308.4. Calc. C
      66.2 %; H 7.8 %; S 10.4 %; Found C 65.2 %; H 7.8 %; S 9.8 %.
PAC  EXAMPLE 52: 4-(4-Isobutoxy-3-methyl-2-butenyloxy)-benzoic methyl ester
      (according to process b)
PAR  A solution of 6.0 g (0.02 mol) of 4-(4-bromo-3-methyl-2-butenyloxy)-benzoic
      methyl ester and 2.9 g (0.03 mol) of sodium-isobutylate in 130 g of
      isobutanol is stirred at 70.degree. for 6 hours. After this period the
      reaction mixture is filtered, the filtrate is evaporated at reduced
      pressure. The residue is dissolved in ether, the ether solution is washed
      with saturated salt solution, dried with sodium sulphate and evaporated.
      The residue (6.5 g) is dissolved in 50 cc of absolute methanol, 0.54 g
      (0.01) mol of sodium methylate is added and the mixture is boiled under
      reflux for 2 hours. After this period 40 cc of methanol are distilled off.
      The remaining residue is dissolved in 100 cc of ether, the ether solution
      is extracted twice with 100 cc amounts of saturated salt solution and
      dried with sodium sulphate. The ether is distilled off and the resulting
      4-(4-isobutoxy-3-methyl-2-butenyloxy)-benzoic methyl ester is purified by
      chromatography on silica gel with hexane/ethyl acetate 20 : 1.
      n.sub.D.sup.20 = 1.5151.
PAR  Analysis: C.sub.17 H.sub.24 O.sub.4. Molecular weight: 292.4. Calc. C 69.8
      %; H 8.3 %; O 21.9 %; Found C 70.0 %; H 8.4 %; O 22.1 %.
PAC  EXAMPLE 53 : 5-(4-Isobutoxy-2-butenyloxy)-1,3-benzodioxol (according to
      process b)
PAR  1.9 g (0.02 mol) of sodium-isobutylate in 30 cc of isobutanol are added
      dropwise at 50.degree. during the course of 2 hours to a solution of 5.4 g
      (0.02 mol) of 5-(4-bromo-2-butenyloxy)-1,3-benzodioxol in 100 cc of
      isobutanol. After stirring the reaction mixture at 50.degree. for 6 hours
      it is filtered and the solvent of the filtrate is distilled off at reduced
      pressure. The remaining oil is dissolved in ether, the ether solution is
      extracted with water, dried with sodium sulphate and evaporated. The
      residue is chromatographed with hexane/ethyl acetate 12 : 1 on silica gel,
      whereby the 5-(4-isobutoxy-2-butenyloxy)-1,3-benzodioxol is obtained as
      colourless oil. n.sub.D.sup.20 = 1.5102.
PAR  Analysis: C.sub.15 H.sub.20 O.sub.4. Molecular weight: 264.3. Calc. C 68.2
      %; H 7.6 %; Found C 67.4 %; H 7.5 %.
PAR  The following compound is produced in manner analogous to that described in
      Example 53, but using 4'-(4-bromo-2-butenyloxy)-acetophenone in the place
      of 5-(4-bromo-2-butenyloxy)-1,3-benzodioxol.
PAC  EXAMPLE 54: 4'-(4-Isobutoxy-2-butenyloxy)-acetophenone n.sub.D.sup.20 =
      1.5262
PAR  Analysis: C.sub.16 H.sub.22 O.sub.3. Molecular weight: 262.3. Calc. C 73.3
      %; H 8.5 %; Found C 73.5 %; H 8.6 %.
PAR  In manner analogous to that described in Example 53 the following compound
      is produced, whereby 5-[(4-bromo-2-butenyloxy)-methyl]-1,3-benzodioxol is
      used in the place of 5-(4-bromo-2-butenyloxy)-1,3-benzodioxol:
PAC  EXAMPLE 55: 5-[(4-Isobutoxy-2-butenyloxy)-methyl]-1,3-benzodoioxol
      n.sub.D.sup.20 = 1.5110
PAR  Analysis: C.sub.16 H.sub.22 O.sub.4. Molecular weight: 278.3. Calc. C 69.0
      %; H 8.0 %; Found C 68.7 %; H 7.9 %.
PAC  EXAMPLE 56: 5-(7-Isopropoxy-5-methyl-4-heptenyloxy)-1,3-benzodioxol
      (according to process c)
PAR  A mixture of 2.5 g (0.013 mol) of 7-isopropoxy-5-methyl-4-cis,
      trans-heptanol, 1.25 g (0.009 mol) of 3,4-methylendioxy-phenol, and 2.22 g
      (0.011 mol) of dicyclohexyl carbodiimide are stirred at 100.degree. for 18
      hours. After cooling the residue is chromatographed with hexane/ethyl
      acetate 99 : 1 on silica gel. A cis,trans mixture of
      5-(7-isopropoxy-5-methyl-4-heptenyloxy)-1,3-benzodioxol is obtained.
      n.sub.D.sup.20 = 1.5017.
PAR  Analysis: C.sub.18 H.sub.26 O.sub.4. Molecular weight: 306.4. Calc. C 70.6
      %; H 8.6 %; Found C 70.8 %; H 8.8 %.
PAC  EXAMPLE 57: 5-(5-Isopropoxy-2-pentenyloxy)-1,3-benzodioxol (according to
      process c)
PAR  A mixture of 7.2 g (0.05 mol) of 5-isopropoxy-2-penten-1-ol, 6.9 g (0.05
      mol) of 3,4-methylendioxy-phenol, and 10.3 g (0.05 mol) of
      dicyclohexyl-carbodiimide is stirred at 105.degree. for 16 hours. After
      cooling 50 cc of ether are added, the mixture is filtered and the filtrate
      is evaporated. The residue is chromatographed on silica gel with
      hexane/ethyl acetate 9 : 1 and
      5-(5-isopropoxy-2-pentenyloxy)-1,3-benzodioxol is obtained as colourless
      oil which is identical with the product produced in accordance with
      Example 39.
PAC  EXAMPLE 58: 4-[(5-Isopropoxy-2-pentenylthio)-methyl]-chlorobenzol
      (according to process d)
PAR  A solution of 8.0 g (0.05 mol) of 5-isopropoxy-2-penten-1-thiol and 2 g
      (0.05 mol) of sodium hydroxide in 30 cc of ethanol are added dropwise at
      50.degree. during the course of 45 minutes to a solution of 8.05 g (0.05
      mol) of p-chloro-benzylchloride in 25 cc of ethanol, the temperature not
      exceeding 55.degree.. After the addition is complete the mixture is heated
      to 60.degree. during 10 minutes. The reaction mixture is filtered, the
      ethanol is distilled off and the residue is chromatographed on silica gel
      with chloroform, whereby
      4-[(5-isopropoxy-2-pentenylthio)-methyl]-chlorobenzol is obtained which is
      identical with the compound produced in accordance with Example 40.
PAC  EXAMPLE 59:
      5-[(5-Isopropoxy-3-methyl-2-pentenyloxy)-methyl]-1,3-benzodioxol (accordin
     g to process d)
PAR  3.16 g (0.02 mol) of 5-isopropoxy-3-methyl-2-penten-1-ol are added at room
      temperature to a solution of 1.36 g (0.02 mol) of sodium ethylate in 30 cc
      of ethanol. The solvent is distilled off at reduced pressure and the
      residue which is dried well at room temperature is dissolved in 30 cc of
      dimethylsulphoxide. 4.3 g (0.02 mol) of 3,4-methylendioxy-benzylbromide
      (produced according to P. Karrer et al., Helv. chim. Acta 6, 905 [ 1923])
      which are dissolved in 20 cc of dimethylsulphoxide are added dropwise at
      0.degree. to this solution. The mixture is stirred at room temperature for
      2 hours and subsequently at 60.degree. for 18 hours.
PAR  The reaction mixture is poured on 200 cc of water, is extracted with ether
      and the ether extract is washed with saturated salt solution. After the
      drying of the ether extract with sodium sulphate and distillation of the
      solvent the residue is chromatographed on silica gel with hexane/ethyl
      acetate 9 : 1. The resulting cis/trans isomeric mixture of
      5-[(5-isopropoxy-3-methyl-2-pentenyloxy)-methyl]-1,3-benzodioxol is
      identical with the isomeric mixture produced in accordance with Example
      41.
PAC  EXAMPLE 60: 1,4-Bis(1,3-benzodioxol-5-yloxy)-2-methyl-2-butene
PAR  3.2 g (0.02 mol) of sodium salt of 3,4-methylendioxyphenol are suspended in
      60 cc of 1,2-dimethoxyethane and cooled to 0.degree.-5.degree.. 2.28 g
      (0.01 mol) of 1,4-dibromo-2-methyl-2-butene, dissolved in 20 cc of
      1,2-dimethoxyethane are added while stirring. The mixture is stirred at
      20.degree.-25.degree. during the course of 20 hours and at 50.degree.
      during the course of 5 hours; it is subsequently filtered and the filtrate
      is evaporated. The residue is taken up in ether, extracted with saturated
      salt solution, the ether phase is dried with sodium sulphate and
      evaporated. The obtained viscous oil is purified by chromatography on
      silica gel with hexane/ethyl acetate 5 : 1 and subsequently by
      crystallization from ethyl acetate/hexane. M.P. 73.5.degree.-74.degree..
PAR  Analysis: C.sub.19 H.sub.18 O.sub.6. Molecular weight: 342.3. Calc. C 66.7
      %; H 5.3 %; Found C 66.7 %; H 5.6 %.
PAR  In analogous manner as described in Example 60, but using sodium salt of
      4-hydroxy-benzoic methyl ester in the place of the sodium salt of
      3,4-methylenedioxy-phenol, the following compound is produced.
PAC  EXAMPLE 61: 4,4'-(2-Methyl-2-buten-1,4-ylendioxy)-bis(benzoic methyl ester)
      M.P. 134.degree.-135.degree.
PAR  Analysis: C.sub.21 H.sub.22 O.sub.6. Molecular weight: 370.4. Calc. C 68.1
      %; H 6.0 %; O 25.9 %; Found C 68.6 %; H 6.2 %; O 25.5 %.
PAR  In analogous manner as described in Example 60, but using the sodium salt
      of 3,4-methylenedioxy-benzylalcohol in the place of the sodium salt of
      3,4-methylendioxy-phenol, the following compound is produced.
PAC  EXAMPLE 62: 1,4-Bis(piperonyloxy)-2-methyl-2-butene n.sub.D.sup.20 = 1.5537
PAR  Analysis: C.sub.21 H.sub.22 O.sub.6. Molecular weight: 370.4. Calc. C 68.1
      %; H 6.0 %; Found C 68.0 %; H 6.5 %.
PAR  The alcohols of general formula VIII required for the production of the
      compounds of formula I without isolation of the compounds of general
      formula II may be produced in accordance with the following Example:
PAC  EXAMPLE 63: 5-Isopropoxy-3-methyl-1-penten-3-ol
PAR  12 g (0.5 mol) of magnesium cuttings are covered with a layer of 60 cc of
      absolute tetrahydrofurane in an atmosphere of nitrogen in a flask equipped
      with a stirrer and a reflux condenser cooled with ice, and are heated to
      40.degree.-45.degree.. 5 cc of a solution of 53.5 g (0.5 mol) of vinyl
      bromide in 100 cc of absolute tetrahydrofurane are added dropwise by means
      of a dropping funnel, whereupon an exothermic reaction sets in. The
      remaining vinyl bromide solution is added dropwise at such a rate that the
      reaction mixture maintains a temperature of 45.degree. to 50.degree.
      (approximately 1 to 1 1/2 hours). Then the mixture is stirred at
      50.degree. for 1 hour and subsequently cooled to 0 .degree.. 52 g (0.4
      mol) of 4-isopropoxy-2-butanone in 100 cc of absolute tetrahydrofurane are
      added dropwise during the course of 45 minutes and while stirring
      vigorously; the reaction mixture is subsequently stirred at room
      temperature during the course of 16 hours. After this period 250 cc of a
      20% ammonium chloride solution are added during the course of 15 minutes
      to the reaction mixture which is cooled to 5.degree.-10.degree.. The
      mixture is stirred for 15 minutes and extracted with ether. The ether
      extract is washed with water in a separatory funnel, is dried with sodium
      sulphate and evaporated. The residue is fractionated at 13 mm pressure,
      whereby the 5-isopropoxy-3-methyl-1-penten-3-ol distils at 72- 73.degree..
      n.sub.D.sup.20 : 1.4297.
PAR  Analysis: C.sub.9 H.sub.18 O.sub.2. Molecular weight: 158.2. Calc. C 68.3
      %; H 11.5 %; Found C 68.1 %; H 11.4 %.
TBL                        Molecu-           Analysis %   Starting             

     Ex.             Empirical                                                 

                           lar  B.P./mm n.sub.D.sup.20                         

                                             Calc.        compound of          

                     formula                                                   

                           weight            Found        formula IX           

                                             C   H    S                        

     __________________________________________________________________________

        3-ethyl-5-isopro-                    69.7                              

                                                 11.7 --  1-Isopropoxy-        

     64 poxy-1-penten-3-ol                                                     

                     C.sub.10 H.sub.20 O.sub.2                                 

                           172.3                                               

                                81-84.degree./12                               

                                        1.4346                                 

                                             69.4                              

                                                 11.5 --  3-pentanone          

        5-sec.Butoxy-3-me-                   69.7                              

                                                 11.7 --  4-sec.Butoxy-        

     65 thyl-1-penten-3-ol                                                     

                     C.sub.10 H.sub.20 O.sub.2                                 

                           172.3                                               

                                87-91.degree./15                               

                                        1.4352                                 

                                             69.6                              

                                                 11.6 --  2-butanone           

        3-ethyl-5-sec.buto-                  70.9                              

                                                 11.9 --  1-sec.Butoxy-        

     66 xy-1-penten-3-ol                                                       

                     C.sub.11 H.sub.22 O.sub.2                                 

                           186.3                                               

                                113-15.degree./30                              

                                        1.4380                                 

                                             71.2                              

                                                 11.8 --  3-pentanone          

        5-tert.Butoxy-3-me-                  69.7                              

                                                 11.7 --  4-tert.Butoxy-       

     67 thyl-1-penten-3-ol                                                     

                     C.sub.10 H.sub.20 O.sub.2                                 

                           172.3                                               

                                78-81.degree./12                               

                                        1.4316                                 

                                             69.2                              

                                                 11.4 --  2-butanone           

        5-Isopropylthio-3-                   62.0                              

                                                 10.4 18.4                     

                                                          4-Isopropylthio-     

     68 methyl-1-penten-3-ol                                                   

                     C.sub.9 H.sub.18 OS                                       

                           174.3                                               

                                79-80.degree./1.2                              

                                        1.4813                                 

                                             61.5                              

                                                 10.4 18.9                     

                                                          2-butanone           

        5-sec.Butylthio-3-                   63.8                              

                                                 10.7 17.0                     

                                                          4-sec.Butylthio-     

     69 methyl-1-penten-3-ol                                                   

                     C.sub.10 H.sub.20 OS                                      

                           188.3                                               

                                86-89.degree./0.85                             

                                        1.4844                                 

                                             63.3                              

                                                 10.5 17.4                     

                                                          2-butanone           

        5-Cyclohexyloxy-3-                   72.7                              

                                                 11.2 --  4-Cyclohexyloxy-     

     70 methyl-1-penten-3-ol                                                   

                     C.sub.12 H.sub.22 O.sub.2                                 

                           198.3                                               

                                87-90.degree./0.6                              

                                        1.4669                                 

                                             72.8                              

                                                 11.6 --  2-butanone           

        5-Cyclopentyloxy-3-                  71.7                              

                                                 10.9 --  4-Cyclopentyloxy-    

     71 methyl-1-penten-3-ol                                                   

                     C.sub.11 H.sub.20 O.sub.2                                 

                           184.3                                               

                                76-79.degree./1.2                              

                                        1.4612                                 

                                             71.6                              

                                                 11.0 --  2-butanone           

        3-Methyl-5-(2-pentyl-                70.9                              

                                                 11.9 --  4-(2-Pentyloxy)-     

     72 oxy)-1-penten-3-ol                                                     

                     C.sub.11 H.sub.22 O.sub.2                                 

                           186.3                                               

                                64-67.degree./1.0                              

                                        1.4358                                 

                                             70.4                              

                                                 12.2 --  2-butanone           

        3-Methyl-5-(3-pentyl-                70.9                              

                                                 11.9 --  4-(3-Pentyloxy)-     

     73 oxy)-1-penten-3-ol                                                     

                     C.sub.11 H.sub.22 O.sub.2                                 

                           186.3                                               

                                66-69.degree./1.0                              

                                        1.4377                                 

                                             70.3                              

                                                 11.8 --  2-butanone           

        5-n.Butoxy-3-methyl-                 69.7                              

                                                 11.7 --  4-n.Butoxy-2-        

     74 1-penten-3-ol                                                          

                     C.sub.10 H.sub.20 O.sub.2                                 

                           172.3                                               

                                115-19.degree./33                              

                                        1.4370                                 

                                             69.3                              

                                                 11.5 --  butanone             

        5-ethoxy-3-methyl                    66.6                              

                                                 11.2 --  4-ethoxy-2-          

     75 1-penten-3-ol                                                          

                     C.sub.8 H.sub.16 O.sub.2                                  

                           144.2                                               

                                90-92.degree./46                               

                                        1.4325                                 

                                             66.9                              

                                                 11.0 --  butanone             

        5-ethoxy-3,5-dimo-                   69.7                              

                                                 11.7 --  4-ethoxy-4-methyl    

     76 thyl-1-hexen-3-ol                                                      

                     C.sub.10 H.sub.20 O.sub.2                                 

                           172.3                                               

                                87-89.degree./16                               

                                        1.4383                                 

                                             69.3                              

                                                 11.6 --  2-pentanone *)       

        3-Methyl-5-(6-Methyl-                74.3                              

                                                 11.6 --  4-(6-Methyl-5-hep-   

     77 5-hepten-2-yloxy)-1-                                                   

                     C.sub.14 H.sub.26 O.sub.2                                 

                           226.4        1.4627                                 

                                             74.0                              

                                                 11.5 --  ten-2-yloxy)-2-      

        penten-3-ol                                       butanone             

     __________________________________________________________________________

      *) produced in accordance with A.Hoffman, J. Amer. chem. Soc. 49, 532    

      [1927].                                                                  

PAR  The compounds of general formula II may be produced in accordance with the
      following Example:
PAC  EXAMPLE 78: 6-Ethoxy-1-bromo-3-methyl-2-hexene
PAR  3.9 g (0.03 mol) of 5-ethoxy-2-pentanone (produced in accordance with A. H.
      Tracy et al. J. Org. Chem. 6, 68 [1941]) in 10 cc of tetrahydrofurane are
      added dropwise at 0.degree. during the course of 30 minutes and while
      stirring to the Grignard reagent, produced from 0.96 g (0.04 mol) of
      magnesium and 4.3 g (0.04 mol) of vinyl bromide in 20 cc of
      tetrahydrofurane. After stirring at 20.degree.-25.degree. for 15 hours the
      mixture is cooled to 5.degree.-10.degree.; 25 cc of 20% ammonium chloride
      solution are added and after 10 minutes it is extracted with ether. The
      ether extract is washed with saturated salt solution, dried with sodium
      sulphate and evaporated. The residue which is uniform in accordance with
      gas-chromatography (4.5 g of 6-ethoxy-3-methyl-1-hexen-3-ol) is added at
      0.degree. during the course of 5 minutes to 12 cc of 48% hydrobromic acid.
      The mixture is stirred at 0.degree.-5.degree. during the course of 30
      minutes and then the ether is extracted, the ether solution is washed with
      saturated salt solution, dried with sodium sulphate and evaporated. The
      resulting 6-ethoxy-1-bromo-3-methyl-2-hexene is used without purification.
PAC  EXAMPLE 79: 1-Bromo-4-isobutoxy-2-methyl-2-butene
PAR  6.8 g (0.03 mol) of 1,4-dibromo-2-methyl-2-butene are dissolved in 15 cc of
      isobutanol and 2.9 g (0.03 mol) of sodium isobutylate in 50 cc of
      isobutanol are added at 0.degree.. After stirring at 0.degree. for 2 hours
      the mixture is stirred at 20.degree.-25.degree. for 16 hours. The mixture
      is filtered and the filtrate is evaporated at reduced pressure. The
      residue is dissolved in ether, washed with saturated salt solution and
      dried with sodium sulphate. The ether is evaporated and the residue is
      distilled at 13 mm. The product has a B.P. of 128.degree.-138.degree./13
      mm.
PAR  Analysis: C.sub.9 H.sub.17 BrO. Molecular weight: 221.1. Cacl. C 48.9 %; H
      7.7 %; Br 36.1 %; Found C 49.0 %; H 7.8 %; Br 35.6 %.
PAR  The compounds of general formula II via formula XIV may be produced in
      accordance with the following Example:
PAC  EXAMPLE 80: 1-Bromo-6-isopropoxy-4-methyl-3-hexene
PAR  A solution of 46 g (0.35 mol) of 4-isopropoxy-2-butanone in 100 cc of
      absolute tetrahydrofurane is added dropwise at 5.degree. during the course
      of 10 minutes in an atmosphere of nitrogen and while stirring to the
      Grignard reagent (according to E. Renk et al., J. Amer.chem. Soc. 83, 1987
      [1961]) produced from 9.06 g (0.38 mol) of magnesium and 42.8 g (0.35 mol)
      of cyclopropyl bromide in 460 cc of absolute tetrahydrofurane. After
      stirring the reaction mixture at room temperature for 20 hours saturated
      ammonium chloride solution and ice are added and the mixture is extracted
      with ether. The ether extract is washed with saturated salt solution,
      dried over sodium sulphate and evaporated. The resulting
      2-cyclopropyl-4-isopropoxy-2-butanol, having a B.P. of
      75.degree.-77.degree./12 mm, may be worked up without purification.
PAR  19 cc of 48% hydrobromic acid are added dropwise at 0.degree. during the
      course of 15 minutes and while stirring to 27.7 g of crude product. The
      mixture is stirred at 0.degree.-5.degree. during the course of 30 minutes
      and subsequently extracted with ether. The ether extract is washed with
      water, saturated sodium bicarbonate, and saturated salt solution, dried
      over sodium sulphate and evaporated. The residue (20.2 g) is
      chromatographed with hexane/ethyl acetate 98 : 2 and 95 : 5 on 1 kg of
      silica gel. A chromatographically uniform cis/trans isomeric mixture of
      1-bromo-6-isopropoxy-4-methyl-3-hexene is thus obtained. n.sub.D.sup.20 =
      1.4721
PAR  Analysis: C.sub.10 H.sub.19 BrO. Molecular weight: 235.2. Calc. C 51.1 %; H
      8.1 %; Br 34.0 %; O 6.8 %; Found C 50.8 %; H 8.0 %; Br 34.2 %; O 7.0 %.
PAR  The compounds of formula IX required for the production of the compounds of
      formulae VIII and XIV may, for example, be produced in accordance with the
      following Example:
PAC  EXAMPLE 81: 4-Isopropoxy-2-butanone
PAR  0.3 g of concentrated sulphuric acid are added to 7.2 g (0.12 mol) of
      isopropanol. A mixture of 21 g (0.3 mol) of vinyl methyl ketone and 36 g
      (0.6 mol) of isopropanol is added dropwise at room temperature during the
      course of 1 hour and while stirring, the temperature not exceeding
      30.degree.. After 24 hours 1.6 g of potassium carbonate and 2 drops of
      water are added at room temperature, the mixture is stirred vigorously for
      2 hours and filtered; the clear filtrate which now reacts neutrally is
      fractionated at 36 mm. The excess of isopropanol distils and then the
      4-isopropoxy-2-butanone at 73.degree.-76.degree./36 mm.
PAR  Analysis: C.sub.7 H.sub.14 O.sub.2. Molecular weight: 130.2. Calc. C 64.6
      %; H 10.8 %; Found C 64.1 %; H 10.8 %.
PAR  In analogous manner as described in Example 81, but using
      6-methyl-5-hepten-2-ol in the place of isopropanol, the following compound
      is used.
PAC  EXAMPLE 82: 4-(6-Methyl-5-hepten-2-yloxy)-2-butanone
PAR  B.P. 82--85.degree./1.0 mm n.sub.D.sup.20 = 1.4462
PAR  Analysis: C.sub.12 H.sub.22 O.sub.2. Molecular weight: 198.3 Calc. C 72.7
      %; H 11.2 %; Found C 71.8 %; H 11.1 %.
PAR  The compounds of general formula II, wherein Y signifies oxygen and Hal
      signifies chlorine, may, for example, be produced as follows:
PAC  EXAMPLE 83: 1-Chloro-5-isopropoxy-3-methyl-2-pentene
PAR  32.4 g of chloromethyl-isopropylether are added dropwise at 0.degree.
      during the course of 40 minutes and while stirring to 20.4 g (0.3 mol) of
      isoprene and 0.3 g of zinc chloride. The mixture is then stirred at room
      temperature for 24 hours. The reaction mixture is taken up in ether, is
      washed with water and subsequently with sodium bicarbonate solution and
      again with water. The ether phase is dried with sodium sulphate, the ether
      is distilled off and the residue is distilled at 12 mm, whereby
      1-chloro-5-isopropoxy-3-methyl-2-pentene is obtained as colourless oil.
      B.P. 86.degree.-92.degree./12 mm, n.sub.D.sup.20 = 1.4553.
PAR  Analysis: C.sub.9 H.sub.17 ClO. Molecular weight: 176.7. Calc. C 61.2 %; H
      9.7 %; Cl 20.1 %; Found C 61.3 %; H 9.6 %; Cl 20.3 %.
PAC  EXAMPLE 84: 1-Chloro-5-isopropoxy-2-pentene
PAR  13 g (0.24 mol) of butadiene are introduced at 10.degree.-15.degree. during
      the course of 1 1/2 hours and while stirring into a suspension of 0.8 g of
      newly melted zinc chloride in 21.7 g (0.2 mol) of
      chloromethyl-isopropylether. The mixture which has now turned yellow is
      stirred at 10.degree. for 1 hour. After this period 20 cc of 10% sodium
      carbonate solution are added dropwise, 100 cc of benzene are added and the
      aqueous phase is separated in a separatory funnel. The benzene solution is
      washed with 10% sodium carbonate solution and subsequently with water, is
      dried with magnesium sulphate and evaporated at reduced pressure. The
      residue is distilled at 90 mm. B.P. of 1-chloro-5-isopropoxy-2-pentene:
      110.degree.-112.degree./90 mm. n.sub.D.sup.20 = 1.4408.
PAR  Analysis: C.sub.8 H.sub.15 ClO. Molecular weight: 162.7. Calc. C 59.1 %; H
      9.3 %; Cl 21.8 %; Found C 59.2 %; H 9.3 %; Cl 21.1 %.
PAR  The compounds of general formula IV may be produced in accordance with the
      following Example:
PAC  EXAMPLE 85: 5-(4-Bromo-3-methyl-2-butenyloxy)-1,3-benzodioxol
PAR  25.1 g (0.11 mol) of 1,4-dibromo-2-methyl-2-butene are dissolved in 120 cc
      of 1,2-dimethoxyethane and cooled to -20.degree.. 16.0 g (0.1 mol) of
      sodium salt of the 3,4-methylendioxy-phenol in 170 cc of
      1,2-dimethoxyethane are added during the course of 15 minutes to this
      solution. After stirring at 0.degree. for 1 hour and at 20.degree. for 15
      minutes the solvent is distilled off in a vacuum. The residue is dissolved
      in ether, is washed with saturated salt solution and dried with sodium
      sulphate. The ether is evaporated and an oily residue remains which is
      purified by chromatography on silica gel with hexane/ethyl acetate 9 : 1.
PAR  Analysis: C.sub.12 H.sub.13 BrO.sub.3. Molecular weight: 285.1. Calc. C
      50.5 %; H 4.6 %; Br 28.0 %; O 16.8 %; Found C 50.4 %; H 4.5 %; Br 28.3 %;
      O 17.0 %.
PAR  In analogous manner as described in Example 85, but using the sodium salt
      of p-hydroxy-acetophenone in the place of the sodium salt of
      3,4-methylendioxy-phenol, the following compound of general formula IV is
      produced:
PAC  EXAMPLE 86: 4'-(4-Bromo-3-methyl-2-butenyloxy)-acetophenone
PAR  Analysis: C.sub.13 H.sub.15 BrO.sub.2. Molecular weight: 283.2. Calc. C
      55.1 %; H 5.3 %; Br 28.2 %; Found C 54.7 %; H 5.3 %; Br 28.5 %.
PAR  In analogous manner as described in Example 85, but using the sodium salt
      of the 4-hydroxy-benzoic methyl ester in the place of the sodium salt of
      3,4-methylenedioxy-phenol, the following compound is produced.
PAC  EXAMPLE 87: 4-(4-Bromo-3-methyl-2-butenyloxy)-benzoic methyl ester M.P.
      50.degree.-52.degree.
PAR  Analysis: C.sub.13 H.sub.15 BrO.sub.3. Molecular weight: 299.2. Calc. C
      52.2 %; H 5.1 %; Br 26.7 %; Found C 52.3 %; H 5.1 %; Br 26.4 %.
PAC  EXAMPLE 88: 5-[(4-Bromo-3-methyl-2-butenyloxy)-methyl]-1,3-benzodioxol
PAR  8.7 g (0.05 mol) of sodium salt of the 3,4-methylendioxybenzylalcohol are
      added at 0.degree. during the course of 15 minutes and while stirring to
      12.5 g (0.055 mol) of 1,4-dibromo-2-methyl-2-butene which is dissolved in
      100 cc of 1,2-dimethoxyethane. The mixture is stirred at
      20.degree.-25.degree. for 16 hours and at 50.degree. for 15 minutes. The
      solvent is then distilled off at reduced pressure and 100 cc amounts of
      water and ether are added to the residue. The aqueous phase is separated
      in a separatory funnel, the ether phase is extracted with saturated salt
      solution, is dried with sodium sulphate and evaporated. The residue is
      chromatographed on silica gel with hexane/ethyl acetate 9 : 1, whereby the
      5-[(4-bromo-3-methyl-2-butenyloxy)-methyl]-1,3-benzodioxol is obtained as
      uniform colourless oil.
PAR  Analysis: C.sub.13 H.sub.15 BrO.sub.3. Molecular weight: 299.2. Calc. C
      52.2 %; H 5.1 %; Br 26.7 %; Found C 51.8 %; H 5.0 %; Br 27.6 %.
PAC  EXAMPLE 89: 5-(4-Bromo-2-butenyloxy)-1,3-benzodioxol
PAR  6.4 g (0.04 mol) of sodium salt of 3,4-methylendioxyphenol are added at
      -20.degree. to a solution of 8.6 g (0.04 mol) of 1,4-dibromo-2-butene in
      100 cc of 1,2-dimethoxyethane. The mixture is stirred at 0.degree. for 3
      hours and subsequently at room temperature for 1 hour. The solvent is
      distilled off at reduced pressure and the residue is taken up in ether.
      The ether solution is extracted with saturated salt solution, is dried
      with sodium sulphate and evaporated. The residue is purified by
      chromatography on silica gel with hexane/ethyl acetate 9 : 1. The
      5-(4-bromo-2-butenyloxy)-1,3-benzodioxol is obtained as colourless oil.
PAR  Analysis: C.sub.11 H.sub.11 BrO.sub.3. Molecular weight: 271.1. Calc. C
      48.7 %; H 4.1 %; Br 29.5 %; Found C 48.6 %; H 4.2 %; Br 29.9 %.
PAR  In analogous manner as described in Example 89, but using the sodium salt
      of p-hydroxy-acetophenone in the place of the sodium salt of
      3,4-methylendioxy-phenol, the following compound is produced:
PAC  EXAMPLE 90: 4'-(4-Bromo-2-butenyloxy)-acetophenone
PAR  Analysis: C.sub. 12 H.sub.13 BrO.sub.2. Molecular weight: 269.1. Calc. C
      53.6 %; H 4.9 %; Br 29.7 %; Found C 53.9 %; H 5.1 %; Br 30.7 %.
PAC  EXAMPLE 91: 5-[(4-Bromo-2-butenyloxy)-methyl]-1,3-benzodioxol
PAR  11.8 g (0.055 mol) of 1,4-dibromo-2-butene and 8.7 g (0.05 mol) of sodium
      salt of 3,4-methylendioxy-benzylalcohol are covered with a layer of 100 cc
      of 1,2-dimethoxyethane. The mixture is stirred at 20.degree.-25.degree.
      for 16 hours and at 50.degree. for 15 minutes. The solvent is subsequently
      distilled off at reduced pressure, the residue is taken up in ether and
      the ether solution is extracted with water. The organic phase is dried
      with sodium sulphate and the ether is then distilled off and the residue
      is chromatographed on silica gel with hexane/ethyl acetate 9 : 1. The
      chromatographically uniform
      5-[(4-bromo-2-butenyloxy)-methyl]-1,3-benzodioxol is obtained as slightly
      yellow oil.
PAR  Analysis: C.sub.12 H.sub.13 BrO.sub.3. Molecular weight: 285.1. Calc. C
      50.5 %; H 4.6 %; Br 28.0 %; Found C 50.4 %; H 4.7 %; Br 27.5 %.
PAR  The compounds of general formula VI may be produced in accordance with the
      following example:
PAC  EXAMPLE 92: 7-Isopropoxy-5-methyl-4-heptenol
PAR  A solution of 3.68 g (0.02 mol) of
      7-isopropoxy-5-methyl-4-cis,trans-heptenal in 6.5 cc of ethanol is added
      dropwise at 0.degree.-5.degree. during the course of 10 minutes and while
      stirring to a mixture of 0.76 g (0.02 mol) of sodium borohydride, 40 cc of
      water, 4 drops of 2N sodium hydroxide, and 40 cc of ethanol. After
      stirring for 2 hours at room temperature 60 cc of water are added to the
      reaction mixture which is concentrated by evaporation in a vacuum and
      extracted with ether after saturation with common salt. The ether extract
      is washed with water and saturated salt solution, dried over sodium
      sulphate and evaporated. The residue is chromatographed with hexane/ethyl
      acetate 9 : 1 on 180 g of silica gel, whereby pure
      7-isopropoxy-5-methyl-4-cis,trans-heptenol is obtained.
PAR  Analysis: C.sub.11 H.sub.22 O.sub.2. Molecular weight: 186.3. Calc. C 70.9
      %; H 11.9 %; Found C 70.9 %; H 11.9 %.
PAR  The compounds of general formula XVI are produced in accordance with the
      following example:
PAC  EXAMPLE 93: 7-Isopropoxy-5-methyl-4-heptenal
PAR  15.8 g (0.1 mol) of 5-isopropoxy-3-methyl-1-penten-3-ol (produced in
      accordance with Example 63) and 20.0 g of mercury acetate are kept in 180
      cc of ethylvinyl ether at reflux temperature during the course of 4 days.
      0.9 cc of glacial acetic acid is added at 20.degree. to the solution which
      has rendered turbid. 150 cc of 5% potassium carbonate solution are added
      after 3 hours and the mixture is extracted with hexane. The hexane extract
      is evaporated and the residue is heated to 165.degree.-168.degree. during
      11/2  hours in an atmosphere of nitrogen and without further purification;
      the residue is subsequently distilled at reduced pressure. B.P. of
      7-isopropoxy-5-methyl-4-heptenal: 70.degree.-73.degree./0.8 mm.
      n.sub.D.sup.20 = 1.4476
PAR  Analysis: C.sub.11 H.sub.20 O.sub.2. Molecular weight: 184.3. Calc. C 71.7
      %; H 10.9 %; Found C 71.7 %; H 10.8 %.
PAC  EXAMPLE 94: 5-Isopropoxy-2-penten-1-ol
PAR  8.13 g (0.05 mol) of 1-chloro-5-isopropoxy-2-pentene are added to a
      solution of 6.5 g of sodium carbonate in 60 cc of water and the mixture is
      heated to 95.degree.-98.degree. during 18 hours. After cooling the organic
      parts are extracted with benzene, the benzene extract is washed with
      saturated salt solution and dried with sodium sulphate. The solvent is
      distilled off and then it is distilled at reduced pressure. According to
      gas-chromatography pure 5-isopropoxy-2-penten-1-ol distils at
      102.degree.-104.degree./15 mm. n.sub.D.sup.20 = 1.4363.
PAR  Analysis: C.sub.8 H.sub.16 O.sub.2. Molecular weight: 144.2. Calc. C 66.6
      %; H 11.2 %; O 22.2 %; Found C 66.4 %; H 11.0 %; O 22.6 %.
PAR  In analogous manner as described in Example 94 the following compound is
      produced.
PAC  EXAMPLE 95: 5-Isopropoxy-3-methyl-2-penten-1-ol
PAR  n.sub.D.sup.20 = 1.4519 B.P. 115- 118.degree./15 mm
PAR  Analysis: C.sub.9 H.sub.18 O.sub.2. Molecular weight: 158.2. Calc. C 68.3
      %; H 11.5 %; O 20.2 %; Found C 67.2 %; H 11.3 %; O 19.3 %.
PAC  EXAMPLE 96: 5-Isopropoxy-2-penten-1-thiol
PAR  A mixture of 8.1 g (0.05 mol) of 1-chloro-5-isopropoxy-2-pentene, 3.8 g
      (0.05 mol) of thiourea, and 5 cc of water are heated to 98.degree. during
      the course of 35 minutes and stirred at this temperature for 30 minutes.
      The homogeneous reaction mixture is cooled to 60.degree. and 10 cc (0.05
      mol) of 5N caustic soda solution are added dropwise at this temperature.
      The mixture which again has rendered heterogeneous is heated to
      100.degree. with stirring, is cooled after 5 minutes and poured on water.
      The reaction mixture is extracted with ether, the ether extract is washed
      with saturated salt solution, is dried with sodium sulphate and the ether
      is evaporated. The residue is fractionated at 16 mm, whereby the
      5-isopropoxy-2-penten-1-thiol is obtained as malodorous oil which is
      uniform according to gas-chromatograpy; it has a B.P. of
      87.degree.-89.degree./16 mm. n.sub.D.sup.20 = 1.4696.
PAR  Analysis: C.sub.8 H.sub.16 SO. Molecular weight: 160.3. Calc. C 60.0 %; H
      10.1 %; S 20.0 %; O 10.0 %; Found C 60.1 %; H 10.1 %; S 18.7 %; O 10.9 %.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##EQU17##
      wherein Z is alkyl of 1 to 5 carbon atoms, alkenyl of 2 to 12 carbon
      atoms, alkoxy of 1 to 5 carbon atoms, alkenyloxy of 2 to 12 carbon atoms,
      formyl, alkyl carbonyl of 2 to 6 carbon atoms, alkoxy carbonyl of 2 to 6
      carbon atoms, mono- or di-alkyl substituted carbamoyl in which each alkyl
      is of 1 to 5 carbon atoms, alkoxy methylene of 2 to 6 carbon atoms,
      alkylthio of 1 to 5 carbon atoms, fluorine, chlorine, bromine, cyano or
      nitro,
PA1  q is 0 or 1,
PA1  R.sub.1 is cycloalkyl or cycloalkenyl of 4 to 7 carbon atoms, unsubstituted
      or substituted by alkyl of 1 to 5 carbon atoms or
      ##SPC4##
PA1  R.sub.2, r.sub.3, r.sub.4, r.sub.5, r.sub.6, r.sub.7, r.sub.8 and R.sub.9,
      which may be the same or different, are each hydrogen, alkyl of 1 to 5
      carbon atoms or alkenyl of 2 to 6 carbon atoms,
PA1  Y is oxygen or sulfur,
PA1  X is oxygen, sulfur, --OCH.sub.2 -- or --SCH.sub.2 --,
PA1  s, v and w, which may be the same or different, are each 0 or 1, and
PA1  z is 1, 2 or 3.
NUM  2.
PAR  2. A compound of claim 1 of the formula:
      ##EQU18##
      wherein R.sub.1 is cycloalkyl of 4 to 7 carbon atoms or
      ##SPC5##
PAL  and
PA1  R.sub.2, r.sub.3, r.sub.4, r.sub.5, r.sub.6, r.sub.7, r.sub.8 and R.sub.9,
      which may be the same or different, are each hydrogen or alkyl of 1 to 5
      carbon atoms.
NUM  3.
PAR  3. A compound of claim 2, wherein Y is oxygen and X is oxygen or
      --OCH.sub.2 --.
NUM  4.
PAR  4. A compound of claim 3, wherein R.sub.4, R.sub.5, R.sub.6, R.sub.7,
      R.sub.8 and R.sub.9, are each hydrogen and R.sub.2 and R.sub.3 are each
      hydrogen or alkyl of 1 to 5 carbon atoms.
NUM  5.
PAR  5. A compound of claim 4, wherein R.sub.1 is cycloalkyl of 4 to 7 carbon
      atoms.
NUM  6.
PAR  6. The compound of claim 5, which is
      5-(5-cyclohexyloxy-3-methyl-2-pentenyloxy)-1,3-benzodioxol.
NUM  7.
PAR  7. The compound of claim 5, which is
      5-(5-cyclopentyloxy-3-methyl-2-pentenyloxy)-1,3-benzodioxol.
NUM  8.
PAR  8. A compound of claim 4, wherein R.sub.1 is a radical Ar.sub.1.
NUM  9.
PAR  9. The compound of claim 8, which is
      1,4-bis(1,3-benzodioxol-5-yloxy)-2-methyl-2-butene.
NUM  10.
PAR  10. The compound of claim 8, which is
      1,4-bis(piperonyloxy)-2-methyl-2-butene.
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ABST
PAL  S (IV)-benzo-1,2,4-thiadiazines having the structure
      ##SPC1##
PAL  Are disclosed. These compounds and their acid addition salts have been
      found to have anti-hypertensive and spasmolytic properties.
BSUM
PAR  This application claims priority of German Pat. Application No: P 23 21
      786.9 filed Apr. 30, 1973.
PAR  This invention relates to S (IV)-benzo-1,2,4-thiadiazines of the general
      formula (I)
      ##SPC2##
PAL  in which R.sup.1 is hydrogen, lower alkyl or hydroxy lower alkyl; R.sup.2
      is lower alkyl, hydroxy lower alkyl, methoxy alkyl, or cycloalkyl; or
      R.sup.1 and R.sup.2 , together with the nitrogen form a pyrrolidino,
      piperidino, hexamethylenimino or morpholino radical; R.sup.3 is hydrogen,
      halogen, lower alkyl, nitro, or amino; and R.sup.4 is hydrogen, halogen,
      lower alkyl, methoxy, or lower dialkylamino, as well as their
      physiologically tolerable acid addition salts. Lower alkyl means 1 to 4
      carbon atoms; cycloalkyl means cyclopentyl or cylohexyl.
PAR  The new compounds of the present invention have valuable pharmacological
      properties. They show anti-hypertensive and spasmolytic effects as well as
      a depressing effect on the central nervous system. In mice, for example,
      they inhibit motor activity, prolong sleep induced by pentobarbital, and
      are anti-convulsive.
PAR  The substances can be used in their pure form, but it is preferred to use
      their acid addition salts which are easily crystallized. These compounds
      or their salts can be mixed with pharmacologically compatible substances
      such as vehicles and/or diluents of the usual kind. Hence, solutions for
      injection purposes and pharmaceutical preparations to be given orally,
      such as dragees, pills or tablets are within the scope of this invention.
PAR  The compounds of the general formula I can be produced by reacting
      2-chloroacetamido-diphenyl sulfoxides of formula II
      ##SPC3##
PAL  in which R.sup.3 and R.sup.4 have the above-stated meaning, with hydrazoic
      acid or its metal salts and a concentrated mineral acid, such as sulfuric.
      Preferably the reaction is conducted at a temperature of about 40.degree.
      to 50.degree. C. Simultaneous cyclization to the
      3-chloromethyl-1,2,4-benzothia(IV)-diazine-1-oxides of formula III
      ##SPC4##
PAL  occurs. Subsequent reaction with a primary or secondary amine IV
      ##EQU1##
      in which R.sup.1 and R.sup.2 have the above-stated meaning produces the
      compounds of general formula I. It has been found preferable to conduct
      this reaction at about 20.degree. to 30.degree. C.
PAR  The reaction of the compounds III with the amines IV to the substances of
      the invention is advantageously carried out in methanol with addition of
      dimethyl formamide at room temperature. The reaction times depend
      primarily on the amine used; they vary between a few hours and several
      days. The isolated oily bases are then dissolved in ethanol, and after
      addition of ethanolic hydrochloric acid, are converted into the well
      crystallizing dihydrochlorides - usually with inclusion of water of
      crystallization or alcohol.
PAR  Production of products of the general formula I in which R.sup.3 is amino
      can be effected by reduction of the corresponding nitro compound with
      hydrogen and Raney nickel or palladium on charcoal catalyst.
PAR  The compounds of formula II are prepared by reacting
      2-chloroacetamidodiphenyl sulfides with H.sub.2 O.sub.2 in glacial acetic
      acid. The resultant sulfoxide is then precipitated by adding the reaction
      mixture to ice water.
PAR  The subsequent ring-closing reaction to the compounds of formula III is
      carried out preferably with sodium azide in a sulfuric acid-chloroform
      mixture at 40.degree.-50.degree.C. However hydrazoic acid and its other
      metal salts are also useable.
PAR  The present invention is further explained in the following Examples:
DETD
PAC  EXAMPLE 1
PAC  7-Chloro-3-di-(n-propyl)aminomethyl-1-phenyl-benzo-1,2,4-thiadiazine-1
      oxide
PAR  a. 5-Chloro-2-chloracetamido-diphenyl sulfoxide
PAR  93.6 g (0.3 mole) 5-chloro-2-chloracetamido-diphenyl sulfide, dissolved in
      2 liters glacial acetic acid, are reacted drop by drop with 0.45 mole
      H.sub.2 O.sub.2 (30%) at room temperature. The reaction solution is
      stirred for 18 hours at 25.degree. and then dropped into ice water. The
      resulting sulfoxide is slightly contaminated with sulfone precipitates,
      but is used, after drying, without purification for the synthesis of the
      benzothiadiazine.
PAR  Melting point after recrystallization from ethanol:130.degree.-32.degree..
PAR  b. 7-Chloro-3-chloromethyl-1-phenyl-benzo-1,2,4-thiadiazine-1-oxide
PAR  84.0g (0.256 mole) 5-chloro-2-chloracetamido-diphenyl sulfoxide are
      dissolved in 1 liter CHCl.sub.3, mixed with 650 cc concentrated sulfuric
      acid, and heated to 40.degree. while stirring. To this mixture 33.3 g
      (0.512 mole)NaN.sub.3 is added incrementally such that the temperature
      does not exceed 50.degree.. After completion of the addition, heating is
      continued for another 4 hours at 40.degree.-50.degree.. The product is
      left standing overnight, and the sulfuric acid phase is poured into 5
      liters of ice water. The precipitating oil is extracted with CHCl.sub.3.
      The CHCl.sub.3 phase is dried with MgSO.sub.4, concentrated, and
      recrystallized from ethanol. M.p. 128.degree.-129.degree.C.
PAR  c.
      7-chloro-3-di-(n-propyl)aminomethyl-1-phenyl-benzo-1,2,4-thiadiazine-1-oxi
     de
PAR  5g 7-chloro-3-chloromethyl-1-phenyl-benzo-1,2,4-thiadiazine-1-oxide and 20
      g di-n-propylamine are dissolved in 80 ml methanol and left standing for
      12 hours at room temperature. Thereafter the solution is evaporated and
      the residue distributed between chloroform and water. The chloroform phase
      is extracted with water several times, dried, evaporated, and the base
      (oil) dissolved in ethanol. After addition of ethanolic hydrochloric acid,
      the dihydrochloride precipitates. M.p. 192.degree.-195.degree. (decompn.).
PAC  EXAMPLE 2
PAC  3-Di-(n-propyl)-aminomethyl-1-(4'-aminophenyl)-benzo-1,2,4-thiadiazine-1-ox
     ide
PAR  2.5 g of
      3-di-(n-propyl)-aminomethyl-1-(4'-nitrophenyl)-benzo-1,2,4-thiadiazine-1-o
     xide (Example 17) are dissolved in 50 ml ethanol/water (1:1) and reduced
      under mild conditions with Pd/C. The catalyst is filtered off and the
      solvent drawn off under vacuum. The syrupy residue is dissolved in
      ehtanolic hydrochloric acid and concentrated. One obtains a highly
      hygroscopic substance. It is the dihydrochloride + 2H.sub.2 O having a
      melting point starting at 120.degree.C (decompn.).
PAR  Analogously to Example 1, the following compounds are synthesized:
TBL                                 Melting point of the                       

     Example                                                                   

            R.sup.1                                                            

                   R.sup.2                                                     

                          R.sup.3                                              

                               R.sup.4                                         

                                    dihydrochloride                            

     No.                            C.degree.(decompn.)                        

     __________________________________________________________________________

      3     --(CH.sub.2).sub.5 --                                              

                          H    7--Cl                                           

                                    205-10                                     

      4     C.sub.2 H.sub.5                                                    

                   C.sub.2 H.sub.5                                             

                          H    7--Cl                                           

                                    208-11                                     

                                          (1/2H.sub.2 O)                       

      5     --CH.sub.2 CH.sub.2 O--                                            

                   CH.sub.2 CH.sub.2 --                                        

                          H    7--Cl                                           

                                    190-5 (1/2H.sub.2 O)                       

      6     --(CH.sub.2).sub.4 --                                              

                          H    7--Cl                                           

                                    204-6 (1/2H.sub.2 O)                       

      7     H      CH.sub.2 CH.sub.2 OH                                        

                          H    7--Cl                                           

                                    182-5 (1/2C.sub.2 H.sub.5 OH)              

      8     CH.sub.3                                                           

                   CH.sub.3                                                    

                          H    7--Cl                                           

                                    210-5 (1/2H.sub.2 O)                       

      9     H      CH.sub.2 CH.sub.2 OCH.sub.3                                 

                          H    7-- Cl                                          

                                    140-5 (1/2C.sub.2 H.sub.5 OH)              

     10     CH.sub.3                                                           

                   CH.sub.2 CH.sub.2 OH                                        

                          H    7--Cl                                           

                                    170-5                                      

     11     --(CH.sub.2).sub.6 --                                              

                          H    7--Cl                                           

                                    125-30                                     

                                          (1/2H.sub.2 O)                       

     12     CH.sub.2 CH.sub.2 OH                                               

                   CH.sub.2 CH.sub.2 OH                                        

                          H    7--Cl                                           

                                    180-5                                      

     13     H      C.sub.2 H.sub.5                                             

                          H    7--Cl                                           

                                    145-50                                     

                                          (C.sub.2 H.sub.5 OH)                 

     14     CH.sub.3                                                           

                   CH.sub.2 CH.sub.2 OCH.sub.3                                 

                          H    7--Cl                                           

                                    180-85                                     

                                          (1/2C.sub.2 H.sub.5 OH)              

     15     CH.sub.2 CH.sub.2 CH.sub.3                                         

                   CH.sub.2 CH.sub.2 CH.sub.3                                  

                          H    6--CH.sub.3                                     

                                    184-86                                     

     16     H      CH.sub.2 CH.sub.2 OH                                        

                          H    6--CH.sub.3                                     

                                    158-60                                     

                                          (C.sub.2 H.sub.5 OH)                 

     17     CH.sub.2 CH.sub.2 CH.sub.3                                         

                   CH.sub.2 CH.sub.2 CH.sub.3                                  

                          4'--NO.sub.2                                         

                               H    164-5 (1/2H.sub.2 O)                       

     18     CH.sub.2 CH.sub.2 CH.sub.3                                         

                   CH.sub.2 CH.sub.2 CH.sub.3                                  

                          H    H     198-200                                   

                                          (1/2H.sub.2 O)                       

     19     H      CH.sub.2 CH.sub.2 OH                                        

                          H    H    178-80                                     

     20     CH.sub.2 CH.sub.2 CH.sub.3                                         

                   CH.sub.2 CH.sub.2 CH.sub.3                                  

                          4'--Cl                                               

                               H    214-15                                     

                                          (1/2H.sub.2 O)                       

     21     H      CH.sub.2 CH.sub.2 OH                                        

                          4'--Cl                                               

                               H    190                                        

     22     CH.sub.2 CH.sub.2 CH.sub.3                                         

                   CH.sub.2 CH.sub.2 CH.sub.3                                  

                          4'--Cl                                               

                               7--Cl                                           

                                    165-71                                     

                                          (H.sub.2 O)                          

     23     CH.sub.2 CH.sub.2 CH.sub.3                                         

                   CH.sub.2 CH.sub.2 CH.sub.3                                  

                          3'--CH.sub.3                                         

                               7--Cl                                           

                                     175-180                                   

                                          (0,25 C.sub.2 H.sub.5 OH)            

     24     CH.sub.2 CH.sub.2 CH.sub.3                                         

                   CH.sub.2 CH.sub.2 CH.sub.3                                  

                          4'--Cl                                               

                               8--Cl                                           

                                    186-89                                     

     25     CH.sub.2 CH.sub.2 CH.sub.3                                         

                   CH.sub.2 CH.sub.2 CH.sub.3                                  

                          4'--Cl                                               

                               7--CH.sub.3                                     

                                     210-215                                   

     __________________________________________________________________________

TBL                Table 1                                                     

     ______________________________________                                    

     Central depressing effects in mice (ED.sub.50 in mg/kg p.o.)              

              Decrease of                                                      

     Example  spontaneous Increase in net.sup.(3)                              

     No.      mobility.sup.(1)                                                 

                          Sleeping.sup.(2)                                     

     ______________________________________                                    

     1        98          22          38                                       

     2        &gt;250          8,0                                                

     3        84          34          34                                       

     4        78          46          28                                       

     5        &gt;250        46          92                                       

     6        70          38          68                                       

     7        23          15          126                                      

     8        96          16          46                                       

     9        &gt;250        58          32                                       

     13       240         25          42                                       

     14       &gt;250        28          46                                       

     15       76            8,5       &gt;500                                     

     18       186           3,1       134                                      

     19       &gt;250          2,0       &gt;500                                     

     20       31            2,0       &gt;250                                     

     21       46            9,0                                                

     22       28          16                                                   

     24       16          20          115                                      

     25       31          &gt;250        21                                       

     ______________________________________                                    

      (1) Method described in R.A. Turner, Screening Methods in Pharmacology,  

      N.Y. 1965, p. 77.                                                        

      (2) Prolongation of pentobarbital sleep, R.A. Turner, Screening Methods i

      Pharmacology, N.Y. 1965, p. 90.                                          

      (3) Minimum Electroshock Threshold, test arrangement according to Brown, 

      Schiffmann, Swinyard and Goodman; J.Pharmacol. Exptl. Ther. 107, 273     

      (1953).                                                                  

TBL                Table 2                                                     

     ______________________________________                                    

     Spasmolytic effect on guinea pig small intestine (1)                      

     in vitro against:                                                         

     Example Acetylcholine                                                     

                         Barium chloride                                       

                                      Histamine                                

     No.     (0.1 .gamma./ml)                                                  

                         (200 .gamma./ml)                                      

                                      (0.1 .gamma./ml)                         

             ED.sub.50 (.gamma./ml)                                            

                         ED.sub.50 (.gamma./ml)                                

                                      ED.sub.50 (.gamma./ml)                   

     ______________________________________                                    

      3      0,9         1,7          0,006                                    

     15      2,7         2,2          0,96                                     

     18      4,0         1,2                                                   

     20      2,6          0,051       0,019                                    

     22      2,2          0,72        0,027                                    

     23      1,1         0,9          0,08                                     

     24      2,2          0,72        0,04                                     

     25       0,69       0,69         0,003                                    

     ______________________________________                                    

      (1) R. Magnus, Pflugers Arch. ges. Physiol. 102, 123 (1904)              

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An S (IV)-benzo-1,2,4-thiadiazine compound of the formula (I)
      ##SPC5##
PAL  in which R.sup.1 is hydrogen, lower alkyl or hydroxy lower alkyl; R.sup.2
      is lower alkyl, lower hydroxy alkyl, methoxy lower alkyl, cyclopentyl or
      cyclohexyl; or R.sup.1 and R.sup.2 together with the nitrogen to which
      they are attached form a pyrrolidino, piperidino, hexamethylenimino or
      morpholino radical, R.sup.3 is hydrogen, halogen, lower alkyl, nitro or
      amino; and R.sup.4 is hydrogen, halogen, lower alkyl, methoxy or
      diloweralkylamino; and physiologically acceptable acid addition salts of
      said compound.
NUM  2.
PAR  2. The compound of claim 1 in which R.sup.3 is hydrogen, R.sup.4 is
      7-chloro, and R.sup.1 and R.sup.2 together form a heterocyclic ring with
      the nitrogen atom to which they are attached and contain 4- 6 carbon
      atoms.
NUM  3.
PAR  3. The compound of claim 1 in which R.sup.3 is hydrogen, R.sup.4 is
      7-chloro and R.sup.1 and R.sup.2 are both lower alkyl.
NUM  4.
PAR  4. The compound of claim 1 in which R.sup.1 is hydrogen, lower alkyl, or
      lower alkanol, and R.sup.2 is lower alkyl, lower alkanol, or methoxy lower
      alkyl, R.sup.3 is hydrogen and R.sup.4 is 7-chloro.
NUM  5.
PAR  5. The compound of claim 1 in which R.sup.3 is 4'-chloro or 3'methyl,
      R.sup.4 is hydrogen, 7- or 8- chloro or 7-methyl, and R.sup.1 and R.sup.2
      are each n-propyl.
NUM  6.
PAR  6. The compound of claim 1 in which R.sup.4 is 6-methyl, R.sup.3 is
      hydrogen, R.sup.1 is hydrogen or lower alkyl and R.sup.2 is loweralkyl or
      lower hydroxy alkyl.
NUM  7.
PAR  7. The compound of claim 1 in which R.sup.4 is hydrogen, R.sup.3 is
      hydrogen 4'-chloro, 4'-amino, or 4-nitro, and R.sup.1 is hydrogen, lower
      alkyl or lower hydroxy alkyl, and R.sup.2 is lower alkyl or lower hydroxy
      alkyl.
NUM  8.
PAR  8. The compound of claim 1 wherein R.sup.2 is lower alkyl, lower hydroxy
      alkyl, methoxy ethyl or cycloalkyl; and R.sup.4 is hydrogen, halogen,
      lower alkyl or methoxy.
NUM  9.
PAR  9. A process for the preparation of the compound of claim 1 which comprises
      reacting a 2-chloro-acetamido-diphenyl sulfoxide having the structure (II)
      ##SPC6##
PAL  with hydrazoic acid or an alkali metal azide in the presence of a
      concentrated mineral acid to form a 3-chloromethyl-1,2,4-benzothia (IV)
      diazine-1-oxide intermediate having the structure (III)
      ##SPC7##
PAL  and reacting the intermediate with an amine having the structure
      ##EQU2##
      to form a reaction product.
NUM  10.
PAR  10. The process of claim 9 in which compound II is reacted at a temperature
      of 40.degree. to 50.degree.C., the mineral acid is concentrated sulfuric,
      the azide salt is sodium azide, and compound III is reacted at a
      temperature of about 20.degree. to 30.degree.C.
NUM  11.
PAR  11. The process of claim 9 in which R.sup.3 is a nitro group in compound
      III and the reaction product is further subjected to reductive
      hydrogenation to produce compound I in which R.sup.3 is an amine group.
NUM  12.
PAR  12. The process of claim 9 in which R.sup.3 is a nitro group in compound
      III and the reaction product is further subjected to reductive
      hydrogenation to produce compound I in which R.sup.3 is an amine group.
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ABST
PAL  7-Acylamino-2-(substituted ethyl)-3-(substituted
      alkyl)-3-cephem-4-carboxylic acids and esters are prepared via carbanion
      addition to 2-methylene-3-cephem sulfoxides to provide antibiotic
      cephalosporin Michael adducts.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the chemical modifications of cephalosporin antibiotics, another type of
      substitution at carbon atom C-2 of the 3-cephem moiety was discovered when
      a cephalosporin was reacted under Mannich conditions to give a product
      which did not contain the usual .beta.-substituted amino group of the
      normal Mannich reaction products. The identification of a methylene group
      at C-2 indicated that the expected amino group had been eliminated under
      reaction conditions. The cephalosporin exocyclic methylene at C-2 was
      found to undergo certain addition reactions. Bromine and thiols were added
      under mild conditions. However, amines or alcohols did not add to the
      double bond under the conditions studied.
PAR  It has been found that certain carbanions will undergo a Michael type
      addition with 2-methylene-3-cephem sulfoxides to provide novel
      cephalosporin Michael adducts which have antibiotic properties.
PAR  It is an object of this invention to provide antibiotic
      7-acylamino-2-(substituted ethyl)-3-cephem-4-carboxylic acids which are
      prepared with the 2-methylene cephalosporins available by the method of
      Wright, et al., J. Med. Chem., 14, 420 (1971).
PAR  In the chemical modification of cephalosporins, it is often desirable to
      cleave the 7-carboxamido group to obtain a free amino group in the
      7-position. One method of cleaving an amido group to obtain the free amine
      is that described by Lander, J. Chem. Soc., 83, 320 (1903). In accordance
      with Lander's method the amide is treated with a halogenating agent to
      convert the amido group to an imino halide and the imino halide is treated
      with an alcohol to obtain the imimo ether which is then hydrolyzed to the
      free amine. The application of this method to the cleavage of
      cephalosporin C to 7-aminocephalosporanic acid (7-ACA) is disclosed in
      Canadian Pat. No. 770,125 and British Pat. No. 1,041,985.
PAR  Cleavage of the carboxamido group of the 7-acylamino-2-(substituted ethyl)
      cephalosporins of this invention provides the 7-amino-2-(substituted
      ethyl)-3-cephem compounds described herein. Such a cephalosporin Michael
      adduct "nucleus" is useful for generating further
      7-acylamino-2-(substituted ethyl) cephalosporins of this invention.
PAC  SUMMARY OF THE INVENTION
PAR  The compounds provided by this invention are represented by the following
      formula,
      ##SPC1##
PAL   wherein the term "acyl" represents a wide variety of known side chains of
      the cephalosporin antibiotics such as phenylacetyl, phenylmercaptoacetyl,
      phenylglycyl, mandelyl, and the like; R.sub.1 represents hydrogen, an
      alkali or alkaline earth metal cation or an anhydride- or ester-forming
      moiety and preferably one which is easily removed so as to provide the
      carboxylic acid form of the desired antibiotic; R.sub.2 represents
      hydrogen, C.sub.2 -C.sub.5 alkanoyloxy, or C.sub.1 -C.sub.4 alkoxy, X and
      Y independently represent hydrogen, acetyl, benzoyl, carboethoxy,
      carbomethoxy, cyano, nitro or 2,2,2-trichlorocarboethoxy, with the
      limitation that when one of X or Y is hydrogen, the other is cyano or
      nitro. The symbol q is 0 to 1 indicating the sulfide or sulfoxide state of
      the sulfur atom in the dihydrothiazine ring. As used herein the term
      "cephalosporin," refers to those compounds having the 3-cephem ring
      structure and includes 3-methyl-3-cephem compounds (the deacetoxy
      cephalosporanic acids), the 3-acetoxymethyl-3-cephem compounds (the
      cephalosporanic acids), and 3-(alkoxymethyl)-3-cephem derivatives.
PAR  The term "Michael adduct" or "cephalosporin Michael adduct" refers to the
      2-(substituted ethyl)-3-cephem compounds obtained by reacting a
      2-methylene-3-cephem sulfoxide with a methylene carbanion of the formula,
      --CHXY, via a Michael type addition to the C-2 exomethylene double bond,
      and to the products derived therefrom The compounds of the invention
      exhibit the usual infrared absorption exhibited by the unsubstituted
      cephalosporanic acids. In addition the cephalosporin Michael adducts
      exhibit the proton magnetic resonance spectra (NMR) characteristic of the
      methylene adduct.
PAR  The cephalosporin Michael adducts, the 2-(substituted methylene)-3-cephem
      compounds, provided by this invention inhibit the growth of gram-positive
      pathogenic organisms.
PAC  DETAILED DESCRIPTION
PAR  The cephalosporin Michael adducts of the present invention are represented
      by Formula I
      ##SPC2##
PA1  wherein R is hydrogen, C.sub.1 -C.sub.8 alkanoyl, benzoyl, or a group
      represented by the formula:
      ##EQU1##
      wherein P is 2-thienyl, 3-thienyl, 2-furyl, 3-furyl,  phenyl or phenyl
      substituted by amino,  protected amino, halogen, hydroxy, protected
      hydroxy, C.sub.1 -C.sub.4 lower alkyl, or C.sub.1 -C.sub.4 lower alkoxy;
PA1  a is hydrogen or C.sub.1 -C.sub.3 alkyl;
PA1  b is hydrogen, C.sub.1 -C.sub.3 alkyl, amino, protected amino, hydroxy, or
      protected hydroxy;
PA1  m is 0 or an integer from 1 to 3;
PA1  n is 0 or 1;
PA1  subject to the limitation that when n is 1, P is phenyl or substituted
      phenyl and b is hydrogen or C.sub.1 -C.sub.3 alkyl;
PA1  R.sub.1 is hydrogen, a carboxylic acid protecting group, or an alkali metal
      or alkaline earth metal cation;
PA1  R.sub.2 is hydrogen, C.sub.2 -C.sub.5 alkanoyloxy, or C.sub.1 -C.sub.4
      alkoxy;
PA1  q is 0 or 1; and
PA1  X and Y are independently hydrogen, acetyl, benzoyl, carboethoxy,
      carbomethoxy, cyano, nitro or 2,2,2-trichlorocarboethoxy;
PAL  subject to the limitations that when one of X and Y is hydrogen, the other
      is cyano or nitro.
PAR  As used herein, the term "C.sub.1 -C.sub.8 alkanoyl" refers to formyl,
      acetyl, propionyl, butyryl, pivaloyl, hexanoyl,  heptanoyl and like groups
      represented by the formula
      ##EQU2##
      where R.sub.4 is hydrogen or a straight or branched chain alkyl group
      having from 1 to 7 carbon atoms.
PAR  Representative of the 7-acyl group R, when R is
      ##EQU3##
      are phenylacetyl, phenoxyacetyl, 2-thienylacetyl, 3-thienylacetyl,
      2-furylacetyl, 3-furylacetyl, 4-methylphenylacetyl,
      4-methoxy-3-ethoxyphenylacetyl, phenylglycyl, .beta.-phenylpropionyl,
      .alpha.-methylphenylacetyl, .alpha., .alpha.-dimethylphenylacetyl,
      .alpha.-hydroxyphenylacetyl, .alpha.-n-propylphenylacetyl,
      3-hydroxyphenylacetyl, 4-hydroxyphenylacetyl, 3-hydroxyphenylglycyl,
      4-hydroxyphenylglycyl, 4-t-butylphenoxyacetyl, 3-phenoxypropionyl,
      4-chlorophenoxyacetyl, 4-phenylbutyryl, 4-phenoxybutyryl, 5-phenylvaleryl,
      5-phenoxyvaleryl, 3-bromophenoxyacetyl, .alpha.-aminothienylacetyl, and
      like 7-acyl groups.
PAR  With reference to phenyl substituents, such substituent groups can occupy
      any available position on the benzene ring. Phenyl substituted by amino
      refers to phenyl substituted by one or more amino or protected amino
      substituents. Exemplary of such amino or protected amino-substituted
      groups are 3-aminophenyl, 4-aminophenyl, 2-benzyloxycarbonylaminophenyl,
      3-formylaminophenyl, 4-t-butyloxycarbonylaminephenyl and the like.
      Preferred substituents are the 3-aminophenyl and 4-aminophenyl. Phenyl
      substituted by C.sub.1 -C.sub.4 lower alkyl refers to phenyl substituted
      by one or more methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl,
      isobutyl and t-butyl substituents. Exemplary of such lower alkyl
      substituted groups are 4-t-butylphenyl, 3,4-dimethylphenyl, 4-ethylphenyl,
      4-isopropylphenyl, 2-methylphenyl and the like. Preferred substituents are
      the 3-methylphenyl, 4-methylphenyl and 3,4-dimethylphenyl. Phenyl
      substituted by C.sub.1 -C.sub.4 lower alkoxy refers to phenyl substituted
      by one or more butoxy, ethoxy, methoxy, and propoxy substituents.
      Exemplary of such C.sub.1 -C.sub.4 lower alkoxy substituted groups are
      4-t-butoxyphenyl, 3-ethoxyphenyl, 2-methoxyphenyl, 3-isopropoxyphenyl,
      3-methoxy-4-ethoxyphenyl, 3,4-dimethoxyphenyl and the like. Preferred
      substituents are the 3-methoxyphenyl, 4-methoxyphenyl and
      3,4-dimethoxyphenyl. Halophenyl refers to phenyl substituted by one or
      more bromo, chloro or fluoro substituents. Exemplary of such halogen
      substituted groups are 2-bromophenyl, 3-chlorophenyl, 4-fluorophenyl and
      3,4-dichlorophenyl and the like. Preferred substituents are the
      3-chlorophenyl, 4-chlorophenyl and 3,4-dichlorophenyl. Phenyl substituted
      by hydroxy refers to phenyl substituted by one or more hydroxy or
      protected hydroxy substituents. Exemplary of such hydroxy or protected
      hydroxy-substituted groups are 3-hydroxyphenyl, 4-hydroxyphenyl,
      3,4-dihydroxyphenyl, 4-t-butyloxycarbonyloxyphenyl, 2-formyloxyphenyl,
      3,4-bis(benzyloxy)phenyl, 3-benzhydryloxyphenyl and the like. Preferred
      substituents are the 3-hydroxyphenyl, 4-hydroxyphenyl and
      3,4-dihydroxyphenyl.
PAR  In the following description, amino, carboxy and hydroxy protecting groups
      are not exhaustively defined. The function of such groups is to protect
      the reactive functional groups during the preparation and then be easily
      removed without disrupting the remainder of the molecule. Many such
      protecting groups are well known in the art, and the use of other groups,
      not specifically listed, will be recognized as suitable.
PAR  With reference to R.sub.1 in the above formula, a "carboxylic acid
      protecting group" refers to the organic ester or anhydride forming
      radicals which are commonly employed in the protection of the carboxylic
      acid function of the penicillin and cephalosporin antibiotics and more
      generally for the protection of the carboxylic acid function of amino
      acids and peptides. Such protecting groups are those which are stable
      under the conditions of the reaction but are susceptible to cleavage under
      acid or base hydrolytic or hydrogenolytic conditions. The specific
      carboxylic acid protecting groups employed are not material to the present
      invention so long as the foregoing criteria of stability under the
      reaction conditions and ease of cleavage are fulfilled. Many such groups,
      other than those specifically exemplified herein are well known to those
      skilled in the art. R.sub.1, therefore, can be an ester-forming group
      which protects the reactive carboxyl group during the various chemical
      operations employed. Exemplary of such ester forming groups are t-butyl,
      benzyl, benzhydryl, 3,5-dimethoxybenzyl, p-methoxybenzyl,
      4-methoxybenzhydryl, p-nitrobenzyl, phenacyl, p-bromophenacyl,
      2,2,2-trichloroethyl, tetrahydropyranyl and the like. R.sub.1 can also be
      the acyl radical derived from an acid and affording protection of the
      carboxyl group by anhydride formation. Thus, R.sub.1 can be the acyl
      radical
      ##EQU4##
      wherein R.sub.5 is C.sub.1 -C.sub.8 alkyl; halo C.sub.1 -C.sub.8 alkyl; or
      --Y--(CH.sub.2).sub.n -- wherein Y is oxygen, sulfur, or methylene; and n
      is an integer from 0 to 3. The resulting anhydride is a mixed anhydride
      comprising the carboxyl group of the cephalosporin and the acyl radical
      from the acid R.sub.5 COOH. Examples of suitable mixed anhydrides include
      those derived from acetic acid, chloroacetic acid, propionic acid, valeric
      acid, phenylacetic acid, phenoxyacetic acid, and benzoic acid. The acetic
      and propionic mixed anhydrides are preferred because of their ease of
      preparation. Other mixed anhydrides not specifically named are equivalent
      and will perform the same blocking function as those named. When R.sub.1
      is an alkali or alkaline earth metal cation such cations as the lithium,
      sodium, potassium and calcium cations are representative.
PAR  The term "protected amino" as used herein refers to a primary amino group
      substituted by an amide or enamine forming radical which is commonly
      employed in the protection of the amino function of the penicillin and
      cephalosporin antibiotics and more generally for the protection of the
      amino function of amino acids and peptides. Such amino protecting or
      blocking groups are those which are stable under the conditions of the
      reaction but are susceptible to cleavage ("deblocking") under acid
      hydrolytic or hydrogenolytic conditions. The specific amino protecting
      group employed is not material so long as the foregoing criteria of
      stability under the reaction conditions and ease of cleavage are
      fulfilled. Many such groups, other than those specifically exemplified
      herein are well known to those in the art. Exemplary of such amide and
      enamine forming radicals are t-butyloxycarbonyl, benzyloxycarbonyl,
      substituted benzyloxycarbonyl, 2,2,2-trichloroethyloxycarbonyl,
      adamantyloxycarbonyl, trifluoroacetyl, chloroacetyl, ethyl acetoacetate,
      pentane-1,3-dione, phthaloyl, formyl and the like. It may be necessary to
      protect the reactive amino substituents on both the phenyl moiety and on
      the .alpha.-carbon atom on the 7-acyl moiety represented by b in Formula I
      and it will be recognized by those familiar with the art that the choice
      of amino protecting group may be dependent upon the type of amino group
      encountered.
PAR  The term "protected hydroxy" refers to a hydroxyl group substituted by an
      ether or ester forming radical which is commonly employed in the
      protection of the reactive hydroxyl function in the antibiotic and peptide
      arts. Such hydroxy protecting or blocking groups are those which are
      stable under the reaction conditions but are susceptible to cleavage
      ("deblocking") under acid or base hydrolytic or hydrogenolytic conditions.
      The specific hydroxyl protecting group employed is not material so long as
      the foregoing criteria of stability and ease of cleavage are fulfilled.
      Exemplary of such hydroxyl ether and ester-forming radicals are benzyl,
      benzhydryl, t-butyloxycarbonyl, benzyloxycarbonyl,
      2,2,2-trichloroethoxycarbonyl, formyl, ethylvinyl and the like.
PAR  Protection of co-existing amino and hydroxyl groups is possible with the
      same or different "blocking groups." Also, selective removal or
      "deblocking" is possible under certain conditions and is well within the
      skill of those versed in the art.
PAR  The compounds of the present invention are prepared by reacting a
      2-methylene-3-cephem sulfoxide represented by Formula II with a molar
      equivalent of a methylene carbanion, --CHXY, generated in an inert solvent
      from an active methylene component of the formula, XCH.sub.2 Y, in the
      presence of a base. The substituent groups R' and R'.sub.1 have the same
      meaning as R and R.sub.1 respectively, other than hydrogen. Hereinafter R'
      and R'.sub.1 include the respective definitions of R and R.sub.1, R' and
      R'.sub.1 being other than hydrogen.
      ##SPC3##
PAL  The active methylene components which are suitable for the Michael addition
      are acetonitrile, acetylacetone(2,4-pentanedione), acetoacetic esters,
      benzoylacetone, benzoylacetic esters, cyanoacetic esters, cyanoacetone,
      cyanoacetophenone, dibenzoylmethane(1,3-diphenyl-1,3-propanedione),
      malonic esters, malononitrile, nitromethane and the like.
PAR  Bases strong enough to generate a methylene carbanion such as n-butyl
      lithium, lithium diisopropylamide, sodium hydride, sodium hydroxide,
      sodium methoxide, benzyltrimethylammonium hydroxide and the like are
      employed.
PAR  This invention also concerns the process for preparing the compounds of
      Formula I, wherein R and R.sub.1 are other than hydrogen and q is 1, which
      comprises reacting in a substantially anhydrous inert solvent at a
      temperature between -40.degree.C. and 20.degree.C., a compound of the
      Formula II with a carbanion of the formula, --CHXY, generated from an
      active methylene component of the formula, XCH.sub.2 Y, in the presence of
      a base, wherein X and Y are defined hereinabove.
PAR  Solvents which may be employed in the present invention are any commonly
      used reaction solvents which are unreactive with the starting materials
      and products and are preferably those which do not undergo carbanionic
      reactions. In general, any solvent in which the starting material is at
      least partially soluble at the addition temperature and which is
      unreactive with the reaction mixture constituents can be employed.
      Exemplary of the solvents which are employed are dimethylacetamide (DMAC),
      dimethylformamide (DMF), dichloroethane, tetrahydrofuran, dioxane and
      other ethers, for example, the dimethylether of ethyleneglycol.
PAR  The 2-methylene-3-cephem sulfoxides of the Formula II, the starting
      materials for the present invention, are prepared according to known
      reactions. The compounds of Formula II are prepared by treating a
      cephalosporin ester sulfoxide with aqueous formaldehyde and a variety of
      amine salts under Mannich conditions to form the expected Mannich product
      as an intermediate. The Mannich reaction product is unstable under the
      reaction conditions and loses the amine to give a methylene compound of
      the Formula II. The methods and procedures for the Mannich reaction are
      described by Wright, et al., J. Med. Chem. 14, 420 (1971).
PAR  A compound represented by Formula I, wherein q is 1, is prepared by
      reacting a 2-methylene-3-cephem sulfoxide represented by the Formula II
      with a methylene carbanion of the formula, --CHXY, in an anhydrous inert
      solvent via addition of the carbonion across the methylene double bond.
      Generally, the carbanion is generated in situ for convenience and is
      preferably employed in excess. The reaction may be carried out
      conveniently at or about 0.degree.C.; however, the addition occurs at a
      temperature of from about -40.degree.C. to about 20.degree.C.
PAR  Preferably between 1.0 and 1.1 moles of carbanion per mole of
      2-methylene-3-cephem sulfoxide is generated in situ with the use of a base
      such as sodium hydride on a suitable active methylene component in an
      inert solvent. the active methylene component has the formula, XCH.sub.2
      Y, wherein X and Y are independently hydrogen, acetyl, benzoyl,
      carboethoxy, carbomethoxy, cyano, nitro or 2,2,2-trichlorocarboethoxy and
      when one of X and Y is hydrogen, the other is cyano or nitro. Preferably
      dimethylformamide is employed as a solvent for the addition of starting
      materials and the amount thereof is not critical.
PAR  In a preferred embodiment of this invention, a solution of
      2,2,2-trichloroethyl
      3-methyl-2-methylene-7-phenoxyacetamido-3-cephem-4-carboxylate sulfoxide
      in DMF is added dropwise under nitrogen, to a DMF solution of the
      carbanion generated from dimethyl malonate and sodium hydride. The
      reaction is continued for about an hour at 0.degree.C. under nitrogen. The
      reaction mixture is decomposed with dilute hydrochloric acid solution. The
      reaction mixture is taken up in ethyl acetate, washed, dried and
      evaporated to dryness. The residue is chromatographed to yield
      2,2,2-trichloroethyl
      2-(2,2-dimethoxycarbonylethyl)-3-methyl-7-phenoxyacetamido-3-cephem-4-carb
     oxylate sulfoxide.
PAR  In another embodiment of the present invention, a solution of
      2,2,2-trichloroethyl 3-acetoxymethyl-2-methylene-7-[2-(2-thienyl)
      acetamido]-3-cephem-4-carboxylate sulfoxide in DMF is added dropwise under
      nitrogen, to a DMF solution of the carbanion generated from dimethyl
      malonate and sodium hydride. The reaction is continued for about an hour
      at 0.degree.C. under nitrogen. The reaction mixture is decomposed with
      sodium chloride solution. The reaction mixture is taken up in ethyl
      acetate, washed, dried and evaporated to dryness. The residue is
      chromatographed to yield 2,2,2-trichloroethyl
      3-acetoxymethyl-2-(2,2-dimethoxycarbonylethyl)-
      7-[(2-thienyl)acetamido]3-cephem-4-carboxylate sulfoxide.
PAR  In a further embodiment of the instant invention, a solution of
      2,2,2-trichloroethyl 3-acetoxymethyl-2-methylene-7-[(2-thienyl)
      acetamido]-3-cephem-4-carboxylate sulfoxide in DMF is added dropwise under
      nitrogen, to a DMF solution of the carbanion generated from ethyl
      acetoacetate and sodium hydride. The reaction is continued for about an
      hour at 0.degree.C. under nitrogen. The reaction mixture is decomposed
      with sodium chloride solution. The reaction mixture is taken up in ethyl
      acetate, washed, dried and evaporated to dryness. The residue is
      chromatographed to yield 2,2,2-trichloroethyl
      3-acetoxymethyl-2-(2-acetyl-2-ethoxycarbonylethyl)-7-[(2-thienyl)
      acetamido]-3-cephem-4-carboxylate sulfoxide.
PAR  In another embodiment of the present invention, the 7-amino-2-(substituted
      ethyl) cephalosporins of Formula I, wherein R and R.sub.1 are hydrogen,
      are prepared from a compound represented by Formula I, wherein R is an
      acyl group and 9 is o, by cleavage of the 7-carboxamido group. The
      7-carboxamido group is cleaved by blocking the carboxyl of the
      2-(substituted ethyl) cephalosporin acid by conversion to a mixed
      anhydride as described by Chauvette et al., J. Antibiot., 248 (1972),
      treating the blocked cephalosporin with a halogenating agent to convert
      the amido group to an imino halide, treating the imino halide with an
      alcohol to obtain an imino ether, and hydrolyzing the imino ether to give
      a free 7-amino group with concomitant removal of the blocking group.
PAR  The 2-(substituted ethyl)-3-cephem compounds provided by this invention are
      converted to 2-(substituted ethyl)-3-cephem 4-carboxylic acids according
      to methods well known to those skilled in the art. The 2-(substituted
      ethyl)-3-cephem sulfoxide esters represented by Formula I, wherein q is 1,
      are reduced via a trivalent phosphorus compound as described in U.S. Pat.
      No. 3,641,014 for example. The reduction products, the 2-(substituted
      ethyl)-3-cephem-4-carboxylic esters, are converted to the corresponding
      2-(substituted ethyl)-3-cephem-4-carboxylic acids by cleavage of the ester
      groups, for example, with zinc dust in acetic acid as described by
      Woodward et al., J. Amer. Chem. Soc. 88, 852 (1966) or with
      trifluoroacetic acid in anisole or by hydrogenolysis with palladium on
      carbon to provide the compounds of Formula I, wherein R.sub.1 is hydrogen
      and q is 0.
PAR  The following reaction scheme illustrates the procedures employed in this
      invention and illustrates further the usefulness of the invention for
      converting 2-methylene cephalosporins into cephalosporin Michael adducts
      via the intermediates described.
      ##SPC4##
PAR  The instant Michael adduct cephalosporin acids inhibit the growth of
      gram-positive organisms at concentrations as low as 1 milligram per
      milliliter in the standard agar dilution test as measured by zone
      inhibition against Staphylococcus aureus (SA), Bacillus subtilis (X12),
      Sarcina lutea (X186) and Mycobacterium avium (X85). Typical of the
      gram-positive activities of such 2-(substituted
      ethyl)-3-cephem-4-carboxylic acids expressed as organism/Zone inhibition
      (diameter, mm) are the following:
      2-(2,2-dimethoxylcarbonylethyl)-3-methyl-7-phenoxyacetamido-3-cephem-4-car
     boxylic acid, SA/19, X12/23 and X186/13;
      3-acetoxymethyl-2-[2,2-dimethoxycarbonylethyl]-7-[2-(2-thienyl)acetamido]-
     3-cephem-4-carboxylic acid, SA/28, X12/28, X85/19 and X186/28;
      3-acetoxymethyl-2-(2-acetyl-2-ethoxycarbonylethyl)-7-[2-(2-thienyl)acetami
     do]-3-cephem-4-carboxylic acid, SA/30, X12/31, X85/21 and X186/29.
PAR  The 3-cephem-4-carboxylic acid Michael adducts are useful in combatting
      gram-positive microbial infections in warm-blooded animals. When
      administered parenterally at a non-toxic dose between about 50 and 500
      mg./kg. of body weight, the compounds of the invention are effective in
      controlling bacterial infections in warm-blooded mammals. The compounds
      can be administered as a single dose or as multiple daily doses, dependent
      upon such conditions as the general health of the host and the type and
      severity of the infection. A compound of the invention can be administered
      as a single daily dose which regimen may be continued until the desired
      therapeutic result is achieved. Alternatively, a treatment employing
      multiple doses, for example, 3 or 4 doses administered daily, may be used
      with a particular host.
PAR  Illustrative of the 2(substituted methylene)-3-cephem carboxylic acids and
      esters which are provided by this invention are the following:
PA1  benzyl 2-(2,2-diacetylethyl)-3-methyl-7-acetamido-3-cephem-4-carboxylate
      sulfoxide
PA1  benzhydryl
      2-(2-acetyl-2-benzoylethyl)-3-methoxymethyl-7-pivalamido-3-cephem-4-carbox
     ylate sulfoxide
PA1  t-butyl
      7-formamide-2-(2-acetyl-2-methoxycarbonylethyl)-3-valeryloxymethyl-3-cephe
     m-4-carboxylate sulfoxide
PA1  3,5-dimethoxybenzyl
      7-acetamido-2-(2-acetyl-2-ethoxycarbonylethyl)-3-isopropoxymethyl-4-cephem
      carboxylate sulfoxide p-nitrobenzyl
      3-acetoxymethyl-7-[(3-hydroxyphenyl)acetamido]-2-[2-acetyl-2(2,2,2-trichlo
     roethoxycarbonyl)ethyl]-3-cephem-4-carboxylate sulfoxide
PA1  2,2,2-trichloroethyl
      3-butoxymethyl-7-[(4-methoxyphenyl)acetonitrile]-2-(2-acetyl-2-cyanoethyl)
     -3-cephem-4-carboxylate sulfoxide
PA1  benzyl
      3-methyl-2-(2,2-dibenzoylethyl)-7-[(4-methylphenyl)acetamido]-3-cephem-4-c
     arboxylate sulfoxide
PA1  benzhydryl
      3-isopropoxymethyl-2-(2-benzoyl-2-methoxylcarbonylethyl)-7-(.alpha.-methyl
     phenylacetamido)-3-cephem-4-carboxylate
PA1  t-butyl
      7-(.alpha.,.alpha.-dimethylphenylacetamido)-3-ethoxymethyl-2-(2-benzoyl-2-
     ethoxycarbonylethyl)-3-cephem-4-carboxylate
PA1  3,5-dimethoxybenzyl
      3-acetoxymethyl-7-[(.alpha.-n-propyl)phenylacetamido]-2-[2-benzoyl-2(2,2,2
     -trichloroethoxycarbonyl)ethyl]-3-cephem-4-carboxylate
PA1  p-nitrobenzyl
      2-(2-benzoyl-2-cyanoethyl)-7-(4-phenylbutyramido)-3-propionyloxymethyl-3-c
     ephem-4-carboxylate
PA1  2,2,2-trichloroethyl
      3-butyryloxymethyl-2-(2,2-dimethoxycarbonylethyl)-7-(5-phenylvaleramido)-3
     -cephem-4-carboxylate
PA1  3-acetoxymethyl-7-phenoxyacetamido-2-(2-ethoxycarbonyl-2-methoxycarbonyleth
     yl)-3-cephem-4-carboxylic acid
PA1  3-methyl-7-(5-phenoxyvaleramido)-2-[2-methoxycarbonyl-2-(2,2,2-trichloroeth
     oxycarbonyl)ethyl]-3-cephem-4-carboxylic acid
PA1  7-(4-chlorophenoxy)acetamido-3-methyl-2-(2-cyano-2-methoxycarbonylethyl)-3-
     cephem-4-carboxylic acid
PA1  3-methoxymethyl-2-(2,2-diethoxycarbonylethyl)-7-[(2-thienyl)acetamido]-3-ce
     phem-4-carboxylic acid lithium salt
PA1  7-[.alpha.-amino-(2-thienyl)acetamido]-3-methyl-2-[2-ethoxylcarbonyl-2-(2,2
     ,2-trichloroethoxycarbonyl)ethyl]-3-cephem-4-carboxylic acid
PA1  7-glycylamido-2-(2-cyano-2-methoxycarbonylethyl)-3-propoxymethyl-3-cephem-4
     -carboxylic acid
PA1  7-(2-furyl)acetamido-3-methyl-2-(2,2-dicyanoethyl)-3-cephem-4-carboxylic
      acid potassium salt
PA1  3-acetoxymethyl-7-(N-benzoyloxycarbonylglycylamido)-2-[2-cyano-2-(2,2,2-tri
     chloroethoxycarbonyl)ethyl]-3-cephem-4-carboxylic acid sodium salt
PA1  7-(N-t-butyloxycarbonylglycylamido)-3-isopropoxymethyl-2-[2,2-bis(2,2,2-tri
     chloroethoxycarbonyl)ethyl]-3-cephem-4-carboxylic acid
PA1  2,2,2-trichloroethyl
      3-acetoxymethyl-2-(2-nitroethyl)-7-phenoxypropionamido-3-cephem-4-carboxyl
     ate sulfoxide
PA1  p-nitrobenzyl 2-(2-cyanoethyl)-3-methyl-7-[
      (2-thienyl)-acetamido]-4-carboxylic acid
PA1  2,2,2-trichloroethyl
      3-acetoxymethyl-2-(2-acetyl-2-methoxycarbonylethyl)-7-(N-2,2,2-trichloroet
     hoxycarbonylglycylamido)-3-cephem-4-carboxylate
PA1  7-(O-benzylmandelamido)-2-(2-cyanoethyl)-3-methyl-3-cephem-4-carboxylic
      acid
PA1  2,2,2-trichloroethyl
      7-(O-formylmandelamido)-3-methyl-2-(2,2-diacetylethyl)-3-cephem-4-carboxyl
     ate
PA1  acetic
      3-acetoxymethyl-2-(2,2-dimethoxycarbonylethyl)-7-phenoxyacetamido-3-cephem
     -4-carboxylic anhydride
PA1  propionic
      3-methyl-7-[(2-thienyl)acetamido]-2-[2,2-bis(2,2,2-trichloroethoxycarbonyl
     )ethyl-3-cephem-4-carboxylic anhydride
PAR  The cephalosporin acids of this invention readily form salts such as the
      lithium, sodium and potassium salts by reaction of the free antibiotic
      acid in a suitable solvent with an alkali metal carbonate or bicarbonate.
      The alkaline earth salts such as calcium and barium are prepared in
      similar manner.
PAR  The compounds of the invention, represented by the Formula I, which are
      esters or which contain a protected hydroxy or a protected amino function
      do not possess antibiotic activity to any appreciable degree. However, by
      removal of the hydroxy and amino function protecting groups, by employing
      well known methods and procedures, the antibiotic compounds of the
      invention are obtained where in the Formula I, R.sub.1 is hydrogen and a
      free amino or free hydroxy group is present.
PAR  In the following illustrative examples, infrared absorption spectrum and
      nuclear magnetic resonance spectrum are abbreviated IR and NMR
      respectively. Only the significant IR absorption attributable to the
      carbonyl function of the beta-lactam ring is given. Likewise, the
      pertinent peaks observed in the NMR spectra are listed. The nuclear
      magnetic resonance spectra were obtained on a Varian Associated T-60
      Spectrometer with tetramethylsilane as the reference standard. The
      chemical shifts are expressed in .delta. values in parts per million (ppm)
      and coupling constants (J) are expressed as Hz in cycles per second (cps).
PAR  The following standard abbreviations are employed for the observed peaks in
      the NMR spectra: d (doublet), m (multiplet), p (proton) and s (singlet).
DETD
PAC  I. Preparation of Cephalosporin Michael Adducts
PAC  EXAMPLE 1
PAC  Preparation of 2,2,2-trichloroethyl
      7-acetamido-2-(2,2-dimethoxycarbonylethyl)-3-methyl-3-cephem-4-carboxylate
      sulfoxide
PAR  One equivalent of sodium hydride, 0.153 g. (3.18 millimole), as a 50
      percent mineral oil dispersion, was added under nitrogen to 0.420 g. (3.18
      millimole) of dimethylmalonate in 50 ml. of DMF cooled to -40.degree.C. in
      an acetone dry-ice bath. The reaction mixture was stirred for about 10
      minutes to form the methylene carbanion while the reaction temperature was
      allowed to warm to about 5.degree.C. Trichloroethyl
      7-acetamido-2-methylene-3-methyl-4-carboxylate sulfoxide 1.248 g. (3.0
      millimole), in 50 ml. of DMF was added dropwise to the cold
      (-40.degree.C.) reaction mixture. The reaction was continued for 30
      minutes at -30.degree. to -15.degree.C. during which time the reaction
      mixture became brown. Five milliliters of 1N hydrochloric acid was added
      dropwise to the reaction which was allowed to warm to 0.degree.C. and the
      brown color of the reaction changed to light yellow. The reaction mixture
      was taken up into ethyl acetate. The ethyl acetate phase was washed
      successively thrice with dilute sodium chloride solution, twice with water
      and saturated sodium chloride solution. The ethyl acetate solution was
      dried (Na.sub.2 SO.sub.4) and evaporated in vacuo to a residue which was
      chromatographed on silica gel. The residue was chromatographed using ethyl
      acetate-benzene gradient to yield 1.69 g. of trichloroethyl
      7-acetamido-2-(2,2-dimethoxycarbonylethyl)-3-methyl-3-cephem-4-carboxylate
      sulfoxide which was characterized by physical data.
PAR  Mass spectrum, 528 (m/e). The NMR in deuterochloroform showed bands at 2.14
      (CH.sub.3 CON, s, 3p); 2.34 (3--CH.sub.3, s, 3p); 1.3-2.9 (2-methylene, m,
      2p); 3.5-4.0 (2-methyne + adduct methyne, m, 2p); 3.84 (CH.sub.3 CO.sub.2,
      s, 3p); 3.88 (CH.sub.3 CO.sub.2, s, 3p); 4.7 (H-6, d, J=4.0 Hz, 1p); 4.98
      (Cl.sub.3 CCH.sub.2 CO.sub.2, AB, 2p); 6.11 H-7, q, J=4.0, 9.0 Hz, 1p);
      7.01 .delta. (-NH, d, J=9.0, 1p).
PAC  EXAMPLE 2
PAC  Preparation of 2,2,2-trichloroethyl
      3-methyl-2-(2,2-dicyanoethyl)-7-phenoxyacetamido-3-cephem-4-carboxylate
      sulfoxide
PAR  Malononitrile, 140.5 mg. (2.12 millimole), was dissolved in 25 ml. of DMF
      under nitrogen with stirring and the solution was cooled to -10.degree.C.
      One equivalent, 101 mg. (2.12 millimole) of sodium hydride as a 50 percent
      mineral oil dispersion was added in one lot and the reaction was continued
      at 0.degree.C for about 10 minutes to permit carbanion formation. The
      reaction mixture was cooled to -30.degree.C. and 1016 mg. (2.00 millimole)
      of 2,2,2-trichloroethyl
      3-methyl-2-methylene-7-phenoxyacetamido-3-cephem-4-carboxylate sulfoxide
      in 20 ml. of DMF was added dropwise. The reaction was continued at about
      -20.degree.C. for 30 minutes while the color of the reaction changed to
      brown. Five milliliters of 1N hydrochloric acid was added dropwise while
      the temperature rose to 0.degree.C. and the color of the reaction changed
      to light yellow. The reaction mixture was taken up in ethyl acetate. The
      ethyl acetate solution was washed successively thrice with water, dilute
      hydrochloric acid and sodium chloride solution and finally with sodium
      chloride solution. The ethyl acetate was dried (Na.sub.2 SO.sub.4) and
      evaporated in vacuo to a residue. The residue was chromatographed on
      silica gel using benzene and benzene-ethyl acetate as gradient to yield
      919 mg. of 2,2,2-trichloroethyl
      3-methyl-2-(2,2-dicyanoethyl)7-phenoxyacetamido-3-cephem-4-carboxylate
      sulfoxide and 300 mg. of a mixture containing product and starting
      material. The malononitrile adduct product was characterized by physical
      data.
PAR  The NMR in deuterochloroform showed bands at 1.9-2.5 (adduct methylene, m,
      2p); 2.30 (3--CH.sub.3, s, 3p); 3.8 (2-methyne, m, 1p); 4.2-4.5 (adduct
      methyne, m, 1p); 4.60 (PhOCH.sub.2, s, 2p); 4.80 (H-6, d, J=4.0 Hz, 1p);
      5.06 (CCL.sub.3 CH.sub.2 CO.sub.2, s, 2p); 6.18 (H-7, q, J=4.0, 10.0 Hz,
      1p); 7.8 .delta. (NH, d, J=10.0 Hz, 1p).
PAC  EXAMPLE 3
PAC  Preparation of 2,2,2-trichloroethyl
      3-acetoxymethyl-2-(2-cyano-2-ethoxycarbonylethyl)-7-[2-(2-thienyl)acetamid
     ol]-3-cephem-4-carboxylate sulfoxide
PAR  One hundred twenty milligrams (1.06 millimole) of ethyl cyanoacetate was
      dissolved in 10 ml. of DMF under nitrogen with stirring and the solution
      was cooled to -10.degree.C. Fifty-one milligrams (1.06 millimole) of
      sodium hydride, as a 50 percent mineral oil dispersion, was added in one
      lot to the cold reaction mixture. The reaction was continued at
      0.degree.C. for about 5 minutes to permit carbanion formation. The
      reaction was cooled to -10.degree.C. and 556 mg. (1.00 millimole) of
      2,2,2-trichloroethyl
      3-acetoxymethyl-2-methylene-7-[2-(2-thienyl)acetamido]-3-cephem-4-carboxyl
     ate sulfoxide in 8 ml. of DMF was added dropwise. The reaction was
      continued for about 1 hour at 0.degree.C. while the color of the reaction
      became brown. After cooling to -10.degree.C., 2 milliliters of saturated
      sodium chloride was added. The reaction mixture was taken up in ethyl
      acetate and washed successively with water until the washings were clear
      and finally with sodium chloride solution. The ethyl acetate was dried
      (Na.sub.2 SO.sub.4) and evaporated in vacuo to a residue. The residue was
      chromatographed using benzene and benzene-ethyl acetate (1:1) gradient to
      give 248 mg. of 2,2,2-trichloroethyl
      3-acetoxy-2-(2-cyano-2-ethoxycarbonylethyl)-7-[2-(2-thienyl)acetamido]-3-c
     ephem-4-carboxylate sulfoxide which was characterized by physical data.
PAR  IR (CHCl.sub.3): 1810 cm.sup.-.sup.1 (.beta.-lactam) The NMR in
      deuterochloroform showed bands at 1.1-1.5 (ester CH.sub.3, m (mixture),
      3p); 2.0-2.2 (s(broad), 4p); 3.7-5.2 (m(broad), 11p); 6.15 .delta. (H-7,
      q, J=4.0, 10.0 Hz. 1p). The NMR shows a mixture of isomers at C-2 by the
      mixture of the signals for the ethyl ester (1.1-1.5 .delta.).
PAC  EXAMPLE 4
PAC  Preparation of 2,2,2-trichloroethyl
      3-acetoxymethyl-2-(2,2-dicyanoethyl)-7-[2-(2-thienyl)acetamido]-3-cephem-4
     -carboxylate sulfoxide
PAR  Seventy milligrams (1.06 millimole) of malononitrile, 51 mg. (1.06
      millimole) of sodium hydride (50 percent mineral oil dispersion) and 556
      mg. (1.00 millimole) of 2,2,2-trichloroethyl
      3-acetoxymethyl-2-methylene-7-[2-(2-thienyl)acetamido]-3-cephem-4-carboxyl
     ate sulfoxide were reacted by the method of Example 3 to yield 182 mg. of
      amorphous 2,2,2-trichloroethyl
      3-acetoxymethyl-2-(2,2-dicyanoethyl)-7-[2-(2-thienyl)acetamido]-3-cephem
      -4-carboxylate sulfoxide after chromatography. The NMR of the product in
      deuterochloroform supports the structure of the product.
PAC  EXAMPLE 5
PAC  Preparation of 2,2,2-trichloroethyl
      2-[2,2-bis(2,2,2-trichloroethoxycarbonyl)ethyl]-3-methyl-7-phenoxyacetamid
     o-3-cephem-4-carboxylate sulfoxide
PAR  (A) Bis-(2,2,2-trichloroethyl) malonate.
PAR  One equivalent of malonic acid, 62.44 g. (0.6 mole), and 179.3 g (1.2 mole)
      of 2,2,2-trichloroethanol were dissolved in 1 liter of benzene and 8 ml.
      of concentrated sulfuric acid was added. The reaction mixture was refluxed
      for 21 hours using a Dean-Stark trap to collect the azeotrope distillate.
      The reaction mixture was evaporated in vacuo and the residue was taken up
      in ethyl acetate. The ethyl acetate phase was washed successively thrice
      with sodium bicarbonate solution, dilute sodium chloride solution and
      saturated sodium chloride solution, and dried (Na.sub.2 SO.sub.4). The
      ethyl acetate was evaporated in vacuo to a residual oil. The oil was
      distilled and the fraction, bp 132.degree.-142.degree./0.9 mm, was
      collected to yield 192 g. of bis-(2,2,2-trichloroethyl)malonate which
      crystallized upon standing.
PAR  (B) 2,2,2-Trichloroethyl
      2[2,2-bis-(2,2,2-trichloroethoxycarbonyl)ethyl]-3-methyl-7-phenoxyacetamid
     o-3-cephem-4-carboxylate sulfoxide.
PAR  Bis-(2,2,2-trichloroethyl) malonate, 24.2 g. (66 millimole), was dissolved
      in 600 ml. of DMF under nitrogen and the reaction mixture was cooled to
      -5.degree.C. One equivalent of sodium hydride, 3.20 g. (66 millimole), as
      a 50 percent mineral oil dispersion, was added and allowed to react with
      stirring for one half hour to form the anion. The reaction was cooled to
      -60.degree.C. and 30.46 g. (60 millimole) of 2,2,2-trichloroethyl
      3-methyl-2-methylene-7-phenoxyacetamido-3-cephem-  4-carboxylate sulfoxide
      dissolved in 500 ml. of DMF was added dropwise to the cold reaction
      mixture. The reaction was continued for one half hour at about
      -30.degree.C. The reaction mixture was cooled to -10.degree.C. and 100 ml.
      of 1N hydrochloric acid was added dropwise resulting in a color change
      from brown to yellow. The reaction mixture was taken up in ethyl acetate
      and washed with dilute hydrochloric acid 4 times. The ethyl acetate phase
      was then washed with water and saturated sodium chloride solution and was
      dried (Na.sub.2 SO.sub.4). The ethyl acetate was evaporated in vacuo to a
      broth residue. The residue was chromatographed on silica gel using
      benzene-ethyl acetate (1:1) as eluent to yield 50.4 g. of
      2,2,2-trichloroethyl
      2-[2,2-bis(2,2,2-trichloroethoxycarbonyl)ethyl]-3-methyl-7-phenoxyacetamid
     o-3-cephem-4-carboxylate sulfoxide which was characterized by physical
      data.
PAR  The NMR in deuterochloroform showed bands at 1.5-3.1 (adduct methylene, m,
      2p); 2.27 (3.CH.sub.3, s, 3p); 3.5-4.2 (2-methyne + adduct methyne, m,
      2p); 4.56 (PhOCH.sub.2, s, 2p); 4.70 (H-6, d, J=4.0 Hz, 1p); 4.85, 4.90
      (two CCl.sub.3 CH.sub.2 CO.sub.2, two s, 4p); 5.00 (4-CCl.sub.3 CH.sub.2
      CO.sub.2, s, 2p); 6.20 (H-7, q, J=4.0, 10.0 Hz, 1p); 7.90 .delta. (NH, d,
      J=10.0 Hz, 1p).
PAC  EXAMPLE 6
PAC  Preparation of 2,2,2-trichloroethyl
      3-methyl-2-(2-nitroethyl)-7-phenoxyacetamido-3-cephem-4-carboxylate
      sulfoxide
PAR  Two millimoles, 1016 mg., of 2,2,2-trichloroethyl
      3-methyl-2-methylene-7-phenoxyacetamido-3-cephem-4-carboxylate sulfoxide
      was dissolved in 30 ml. of nitromethane under nitrogen. The solution was
      cooled to about -50.degree.C. with stirring and one equivalent, 96 mg.
      (2.0 millimole), of sodium hydride as a 50 percent mineral oil dispersion
      was added in one lot. A vigorous reaction occurred. The reaction was
      continued for 30 minutes at about 5.degree.C. The reaction mixture was
      decomposed with 10 ml. of 1N hydrochloric acid by dropwise addition. The
      color of the reaction changed from brown to light yellow. The reaction
      mixture was taken up in ethyl acetate. The ethyl acetate solution was
      washed thrice with dilute hydrochloric acid. The ethyl acetate solution
      was finally washed with saturated sodium chloride solution and dried
      (Na.sub.2 SO.sub.4). The ethyl acetate was evaporated in vacuo to a
      residue. The residue was chromatographed on silica gel using benzene and
      benzene-ethyl acetate (1:1) gradient to yield 824 mg. of product. The
      product was crystallized from acetone-dichloromethane-hexane to give
      2,2,2-trichloroethyl
      3-methyl-2-(2-nitroethyl)-7-phenoxyacetamido-3-cephem-4-carboxylate
      sulfoxide, mp about 181.degree.-182.degree.C., colorless needles. The
      yield of product was reduced from 70 percent to about 20 percent when DMF
      was used as solvent.
PAR  Analysis: C.sub.20 H.sub.20 Cl.sub.3 N.sub.3 O.sub.8 S MW 568.83. Calc: C,
      42.23; H, 3.54; N, 7.39. Found: C, 42.44; H, 3.52; N, 7.63.
PAR  The NMR in deuterochloroform showed bands at 1.7-2.5 (NO.sub.2 CH.sub.2
      CH.sub.2, m, 2p); 2.1 (3--CH.sub.3, s, 3p); 3.6 (2-methyne, m, 1p);
      4.4-4.6 (NO.sub.2 CH.sub.2 CH.sub.2, m, 2p); 4.50 (PhOCH.sub.2,s, 2p);
      4.60 (H-6, d, J=4.0 Hz); 4.86 (CCl.sub.3 Ch.sub.2 CO.sub.2, s, 2p); 6.05
      (H-7, q, J=4.0, 11.0 Hz, 1p); 7.89 .delta. (NH, d, J=11.0 Hz).
PAR  The NMR in deuterodimethylsulfoxide showed bands at 1.7-1.9 (NO.sub.2
      CH.sub.2 CH.sub.2, m, 2p); 2.2 (3--CH.sub.3, s, 3p); 3.95 (2-methyne, m,
      1p); 4.6-4.9 (NO.sub.2 CH.sub.2 CH.sub.2, m, 2p); 4.66 (PhOCH.sub.2, s,
      2p); 5.10 (Cl.sub.3 CH.sub.2 CO, s, 2p); 5.12 (H-6, d, J=4.0 Hz, 1p); 6.05
      (H-7, q, J=4.0, 10.0 Hz, 1p); 8.10 .delta. (NH, d, J=10.0 Hz, 1p).
PAC  (II) Preparation of 3-cephem-4-carboxylic acid Michael adducts
PAC  EXAMPLE 7
PAC  Preparation of 2,2,2-trichloroethyl
      2-(2,2-dimethoxycarbonylethyl)-3-methyl-7-phenoxyacetamido-3-cephem-4-carb
     oxylate sulfoxide
PAR  One equivalent, 8.40 g. (63.6 millimole), of dimethyl malonate was
      dissolved in 600 ml. of DMF under nitrogen and the mixture was cooled to
      -40.degree.C. Sodium hydride, 3.08 g. (63.6 millimole), as a 50 percent
      mineral oil dispersion, was added with stirring and the reaction was
      continued for about 30 minutes at 0.degree.C. to allow carbanion
      formation. The reaction mixture was again cooled (-50.degree.C.) and
      trichloroethyl
      3-methyl-2-methylene-7-phenoxyacetamido-3-cephem-4-carboxylate sulfoxide,
      30.468 g. (6.0 millimole), in 500 ml. of DMF was added dropwise. The
      reaction was continued for 30 minutes in the cold (-30.degree.C.). The
      reaction mixture was allowed to warm up to about -5.degree.C. and 100 ml.
      of 1N hydrochloric acid was added dropwise causing a color change from
      brown to light yellow. After the temperature reached 0.degree.C., the
      reaction mixture was taken up in ethyl acetate. The ethyl acetate phase
      was washed successively thrice with dilute hydrochloric acid and then with
      saturated sodium chloride solution. The ethyl acetate solution was dried
      (Na.sub.2 SO.sub.4) and evaporated in vacuo to a residue. The residue was
      chromatographed on silica gel using benzene-ethyl acetate gradient to
      yield 35.7 g. of trichloroethyl
      2-(2,2-dimethoxycarbonylethyl)-3-methyl-7-phenoxyacetamido-3-cephem-4-carb
     oxylate sulfoxide which was characterized by physical data.
PAR  Mass spectrum showed a peak at 622 (m/e), m-16. IR (CHCl.sub.3): 1805
      (.beta.-lactam) and 1055 cm.sup.-.sup.1 (sulfoxide). NMR in
      deuterochloroform showed bands at 1.5-1.9, 2.18-2.70 (methylene adduct, m,
      2p); 2.27 (3--CH.sub.3, s, 3p); 3.5-3.7 (2-methyne + adduct methyne, m,
      2p); 3.80 (CH.sub.3 CO.sub.2, s, 3p); 3.91 (CH.sub.3 CO.sub.2, s, 3p);
      4.58 (PhOCH.sub.2, s, 2); 4.68 (H-6, d, J=5.0 Hz, 1p); 4.89, 5.03
      (Cl.sub.3 CCH.sub.2, AB, J=12.0 Hz, 2p); 6.23 (H-7, q, J=5.0, 10.0 Hz,
      1p); 7.91 .delta. (NH, d, J=10.0 Hz, 1p).
PAC  EXAMPLE 8
PAC  Preparation of 2,2,2-trichloroethyl
      2-(2,2-dimethoxycarbonylethyl)-3-methyl-7-phenoxyacetamido-3-cephem-4-carb
     oxylate
PAR  Four hundred and forty-nine milligrams (0.702 millimole) of trichloroethyl
      2-(dimethyl
      methylenemalonate)-3-methyl-7-phenoxyacetamido-3-cephem-4-carboxylate
      sulfoxide was dissolved in 15 ml. of DMF and the solution was cooled
      (5.degree.C.). Phosphorous trichloride, 0.615 ml., was added to the cold
      reaction mixture which was stirred for 1 hour while the mixture was
      allowed to come to room temperature. The reaction mixture was taken up in
      ethyl acetate. The ethyl acetate solution was washed successively thrice
      with water and saturated sodium chloride solution. The ethyl acetate
      solution was dried (Na.sub.2 SO.sub.4) and evaporated in vacuo to an oily
      residue. The oil was chromatographed on silica gel using benzene-ethyl
      acetate gradient to yield 345 mg. of 2,2,2-trichloro
      2-(2,2-dimethoxycarbonylethyl)-3-methyl-7-phenoxyacetamido-3-cephem-4-carb
     oxylate which was characterized by physical data.
PAR  IR (CHCl.sub.3): 1790 (.beta.-lactam).
PAR  NMR in deuterochloroform showed bands at 1.7-2.9 (methylene adduct, m, 2p);
      2.25 (3--CH.sub.3, s, 3p); 3.2-3.9 (2 methyne + adduct methyne, m, 2p);
      3.77 (2 CH.sub.3 CO.sub.2, two s, 6p); 4.56 (PhOCH.sub.2, s, 2p); 4.91
      (H-6, d, J=5.0 Hz, 1p); 5.0 (CCl.sub.3 Ch.sub.2 CO.sub.2, AB, 2p); 5.92
      .delta. (H-7, q, J=5.0, 9.0 Hz, 1p).
PAC  EXAMPLE 9
PAC  2-(2,2-Dimethoxycarbonylethyl)-3-methyl-7-phenoxyacetamido-3-cephem-4-carbo
     xylic acid
PAR  The reaction solvent was prepared by mixing 30 ml. of DMF and 5 ml. of
      acetic acid. Three hundred and forty-five milligrams of trichloroethyl
      2-(dimethyl
      methylenemalonate)-3-methyl-7-phenoxyacetamido-3-cephem-4-carboxylate was
      dissolved in 20 ml. of the DMF-acetic acid solvent and the reaction
      mixture was cooled to 5.degree.C. Zinc dust, 345 mg., was added to the
      cold reaction mixture and the reaction was stirred for 1 hour. The zinc
      dust was filtered using ethyl acetate as a wash solvent. The filtrate was
      twice extracted with sodium bicarbonate solution. The basic aqueous phase
      was layered with ethyl acetate and acidified with 1N hydrochloric acid.
      The acid product was extracted into the ethyl acetate. The ethyl acetate
      phase was washed with saturated sodium chloride solution and dried
      (Na.sub.2 SO.sub.4). The ethyl acetate was evaporated in vacuo to yield
      194 mg. of
      2-(2,2-dimethoxycarbonylethyl)-3-methyl-7-phenoxyacetamido-3-cephem-4-carb
     oxylic acid which was characterized by physical data.
PAR  NMR in deuterochloroform showed bands at 2.2 (3--CH.sub.3, s, 3p); 3.4
      (2-methyne + adduct methyne, m, 2p); 3.9 (two CH.sub.3 CO.sub.2, 6p); 4.5
      (PhOCH.sub.2, s, 2p); 5.0 (H-6, d, 1p); 5.9 .delta. (H-7, q, 1p).
PAC  EXAMPLE 10
PAC  Preparation of 2,2,2-trichloroethyl
      3-acetoxymethyl-2-(2,2-dimethoxycarbonylethyl)-7-[2-(2-thienyl)acetamido]-
     3-cephem-4-carboxylate sulfoxide
PAR  One hundred forty milligrams (1.06 millimole) of dimethyl malonate was
      dissolved in 10 ml. of DMF under nitrogen and cooled to about
      -10.degree.C. with stirring. One equivalent, 51 milligrams (1.06
      millimole), of sodium hydride, as a 50 percent mineral oil dispersion was
      added in one lot to the cold reaction mixture. The reaction was continued
      for about 10 minutes at 0.degree.C. to permit carbanion formation. The
      reaction mixture was cooled to about -10.degree.C. and 556 mg. (1.0
      millimole) of 2,2,2-trichloroethyl
      3-acetoxy-2-methylene-7-[2-(2-thienyl)acetamido]-3-cephem-4-carboxylate
      sulfoxide in 10 ml. of DMF was added dropwise. The reaction was continued
      for about 1 hour at 5.degree.C. and the color of the mixture changed to
      brown. Three milliliters of saturated sodium chloride was added dropwise
      to the cold (-10.degree.C.) reaction mixture. The reaction mixture was
      taken up in ethyl acetate. The ethyl acetate solution was washed with
      water until the washings were clear and then given a final wash with
      sodium chloride solution. The ethyl acetate was dried (Na.sub.2 SO.sub.4)
      and evaporated in vacuo to an oily residue. The residue was
      chromatographed on silica gel using benzene ethyl-acetate gradient to
      yield 405 mg. of 2,2,2-trichloroethyl
      3-acetoxy-2-(2,2-dimethoxycarbonylethyl)-7-[2-(2-thienyl)acetamido]-3-ceph
     em-4-carboxylate sulfoxide which was characterized by physical data.
PAR  IR (CHCl.sub.3): 1816 (.beta.-lactam), 1750, 1055 cm.sup.-.sup.1
      (sulfoxide)
PAR  The NMR in deuterochloroform showed bands at 1.2-3.0 (adduct methylene, m,
      2p); 2.10 (CH.sub.3 CO, s, 3p); 3.4-4.1 (thiophene methylene, adduct
      methyne, 2-methyne, m, 4p); 4.6-5.2 (CCl.sub.3 CH.sub.2, CH.sub.2 OAC,
      H-6, m, 5p); 6.18 .delta. (H-7, q, J=5.0, 10.0 Hz, 1p).
PAC  EXAMPLE 11
PAC  Preparation of 2,2,2-trichloroethyl
      3-acetoxymethyl-2-(2,2-dimethoxycarbonylethyl)-7-[2-(2-thienyl)acetamido]-
     3-cephem-4-carboxylate
PAR  Four hundred and five milligrams (0.590 millimole) of 2,2,2-trichloroethyl
      3-acetoxymethyl-2-(2,2-dimethoxycarbonylethyl)-7-[2-(2-thienyl)acetamido]-
     3-cephem-4-carboxylate sulfoxide were dissolved in 15 ml. of DMF and the
      solution was cooled to about -5.degree.C. Ten equivalents, 0.515 ml. (5.90
      millimole), of phosphorous trichloride were added dropwise to the reaction
      mixture and the reaction was continued for 1 hour without further cooling.
      During this period the reaction turned brown. The reaction mixture was
      taken up in ethyl acetate. The ethyl acetate solution was washed
      successively four times with water and once with sodium chloride solution
      and was dried (Na.sub.2 SO.sub.4). The ethyl acetate was evaporated in
      vacuo to a residue. The residue was chromatographed on silica gel using
      benzene and benzene-ethyl acetate gradient to yield 230 mg. of
      2,2,2-trichloroethyl
      3-acetoxymethyl-2-(2,2-dimethoxycarbonylethyl)-7-[2-(2-thienyl)acetamido]-
     3-cephem-4-carboxylate which was characterized by physical data.
PAR  IR (CHCl.sub.3): 1795 (.beta.-lactam)
PAR  The NMR in deuterochloroform showed bands at 1.2-2.8 (adduct methylene, m,
      2p); 2.10 (3-CH.sub.3 CO.sub.2, s, 3p); 3.5-4.0 (thiophene methylene,
      adduct methyne, adduct CH.sub.3 CO.sub.2 (two), 2-methyne, m, 10p);
      4.6-5.2 (CCl.sub.3 CH.sub.2 CO.sub.2, CH.sub.2 OAC, H-6, m, 5p); 5.90
      (H-7, q, J=4.0, 9.0 Hz, 1p); 6.45 .delta. (NH, d, J=9.0 Hz, 1p).
PAC  EXAMPLE 12
PAC  Preparation of
      3-acetoxymethyl-2-(2,2-dimethoxycarbonylethyl7-[2-(2-thienyl)acetamido]-3-
     cephem-4-carboxylic acid
PAR  Two hundred-thirty milligrams (0.342 millimole) of 2,2,2-trichloroethyl
      3-acetoxymethyl-2-(dimethyl
      methylenemalonate)-7-[2-(2-thienyl)acetamido]-3-cephem-4-carboxylate was
      dissolved in 20 ml. of reaction solvent prepared by mixing 30 ml. of DMF
      and 5 ml. of glacial acetic acid. The solution was cooled (-5.degree.C.)
      with stirring and 230 mg. of zinc dust was added in one lot. The reaction
      was continued for about 1 hour without further cooling. The reaction
      mixture was taken up in ethyl acetate and the zinc dust was filtered using
      ethyl acetate as a wash. The ethyl acetate solution was extracted twice
      with sodium bicarbonate solution. The basic aqueous phase was layered with
      ethyl acetate and acidified with 1N hydrochloric acid. The acid product
      was extracted into the ethyl acetate. The ethyl acetate phase was washed
      with sodium chloride solution and dried (Na.sub.2 SO.sub.4). The ethyl
      acetate was evaporated in vacuo to yield 73 mg. of
      3-acetoxymethyl-2-(2,2-dimethoxycarbonylethyl)-7-[2-(2-thienyl)acetamido]-
     3 -cephem-4-carboxylic acid which was characterized by physical data.
PAR  IR (CHCl.sub.3): 1790 cm.sup.-.sup.1 (.beta.-lactam)
PAR  The NMR in deuterochloroform showed bands at 2.13 (3-CH.sub.3 CO.sub.2, s,
      3p); 3.6-3.9 (adduct methyne, adduct CH.sub.3 CO.sub.2 (two), thiophene
      methylene, 2-methyne, m, 10p); 5.0 (H-6, CH.sub.2 OAC, m, 3p); 5.9 .delta.
      (H-7, m, 1p).
PAC  EXAMPLE 13
PAC  Preparation of 2,2,2-trichloroethyl
      3-acetoxymethyl-2-(2-acetyl-2-ethoxycarbonylethyl)-7-[2-(2-thienyl)acetami
     do]-3-cephem-4-carboxylate sulfoxide
PAR  One hundred thirty-eight milligrams (1.06 millimole) of ethyl acetoacetate
      was dissolved in 10 ml. of DMF under nitrogen and the stirred solution was
      cooled to -10.degree.C. One equivalent, 51 mg. (1.06 millimole) of sodium
      hydride, as a 50 percent mineral oil dispersion, was added in one lot. The
      reaction was continued for about 5 minutes at 0.degree.C. to permit
      carbanion formation. Five hundred fifty-six milligrams (1.00 millimole) of
      2,2,2-trichloroethyl
      3-acetoxymethyl-7-[2-(2-thienyl)acetamido]-3-cephem-4-carboxylate
      sulfoxide in 15 ml. of DMF was added dropwise to the cold (-10.degree.C.)
      reaction mixture. The reaction was continued 1 hour at 0.degree.C. Two
      milliliters of saturated sodium chloride was added at -10.degree.C. and
      the reaction was stirred for about 5 minutes without further cooling. The
      reaction mixture was taken up in ethyl acetate and washed with dilute
      sodium chloride solution until the washings were clear and then given a
      final washing with saturated sodium chloride solution. The ethyl acetate
      was dried (Na.sub.2 SO.sub.4) and evaporated in vacuo to a residue. The
      residue was chromatographed on silica gel using benzene-ethyl acetate
      gradient to yield 481 mg. of 2,2,2-trichloroethyl
      3-acetoxymethyl-2-(2-acetyl-2-ethoxycarbonylethyl)-7-[2-(2-thienyl)acetami
     do]-3-cephem-4-carboxylate sulfoxide which was characterized by physical
      data.
PAR  IR (CHCl.sub.3): 1810 (.beta. lactam), 1055 cm.sup.-.sup.1 (sulfoxide).
PAR  The NMR in deuterochloroform showed bands at 1.3 (ester CH.sub.3, m
      (triplet mixture), 3p); 2.01 (CH.sub.3 CO.sub.2, s, 3p); 2.3 (CH.sub.3 CO,
      s, 3p); 4.2 (ester methylene, q (mixture), 2p); 6.3 .delta. (H-7, q,
      J=5.0, 10.0 Hz, 1p). The NMR shows a mixture of isomers at C-2 judged by
      the mixture of the signals (1.3, 4.22 .delta.) for the ethyl ester.
PAC  EXAMPLE 14
PAC  Preparation of 2,2,2-trichloroethyl
      3-acetoxymethyl-2-(2-acetyl-2-ethoxycarbonylethyl)-7-[2-(2-thienyl)acetami
     do]-3-cephem-4-carboxylate.
PAR  Four hundred forty-seven milligrams (0.650 millimole) of
      2,2,2-trichloroethyl 3-acetoxymethyl-2-(ethyl
      methyleneacetoacetate)-7-[2-(2-thienyl)acetamido)-3-cephem-4-carboxylate
      sulfoxide was dissolved in 15 ml. of DMF and the solution was cooled to
      about 5.degree.C. Phosphorous trichloride, 0.57 ml., was added dropwise to
      the reaction mixture and the reaction was continued without further
      cooling for about 1 hour. The reaction mixture was taken up in ethyl
      acetate and washed successively thrice with water and once with saturated
      sodium chloride solution and was dried (Na.sub.2 SO.sub.4). The ethyl
      acetate was evaporated in vacuo to a residue. The residue was
      chromatographed on silica gel using benzene ethyl-acetate as gradient to
      provide 324 mg. of 2,2,2-trichloroethyl
      3-acetoxymethyl-2-(2-acetyl-2-ethoxycarbonylethyl)-7-[2-(2-thienyl)acetami
     do]3-cephem-4-carboxylate which was characterized by physical data.
PAR  IR (CHCl.sub.3): 1794 cm.sup.-.sup.1 (.beta.-lactam)
PAR  The NMR in deuterochloroform showed bands at 1.2 (ester CH.sub.3, m
      (triplet, mixture), 3p); 2.07, 2.30 (CH.sub.3 CO, CH.sub.3 CO.sub.2, s,
      (two), 6p); 4.2 (ester methylene, q (mixture), 2p); 5.90 (H-7, q. J=5.0,
      8.0 Hz, 1p); 6.44 .delta. (NH, d, J=8.0 Hz, 1p). The NMR shows a mixture
      of isomers at C-2 judged by the mixture of the signals (1.2, 1.4 .delta.)
      for the ethyl ester.
PAC  EXAMPLE 15
PAC  Preparation of
      3-acetoxymethyl-2-(2-acetyl-2-ethoxycarbonylethyl)-7-[2-(thienyl)acetamido
     ]-3-cephem- 4-carboxylic acid
PAR  Three hundred twenty milligrams (0.478 millimole) of 2,2,2-trichloroethyl
      3-acetoxymethyl-2-(ethyl
      methyleneacetoacetate)-7-[2-(2-thienyl)acetamido]-3-cephem-4-carboxylate
      was dissolved in 20 ml. of solvent prepared by mixing 30 ml. of DMF and 5
      ml. of glacial acetic acid and the solution was cooled to about
      5.degree.C. Ten equivalents, 320 mg. (4.89 millimole), of zinc dust was
      added in one lot and the reaction was continued for about 1 hour in the
      cold. The reaction mixture was taken up in ethyl acetate and the zinc dust
      was filtered using ethyl acetate as a wash. The ethyl acetate was
      extracted thrice with sodium bicarbonate solution. The ethyl acetate phase
      was washed with sodium chloride solution and dried (Na.sub.2 SO.sub.4).
      Evaporation of the ethyl acetate in vacuo gave 228 mg. of starting
      material. The basic aqueous phase was layered with ethyl acetate and
      acidified with 1N hydrochloric acid. The acid product was extracted into
      the ethyl acetate. The ethyl acetate extract was washed with sodium
      chloride solution and dried (Na.sub.2 SO.sub.4). The ethyl acetate was
      evaporated in vacuo to yield 74 mg. of
      3-acetoxymethyl-2-(2-acetyl-2-ethoxycarbonylethyl)-7-[2-(2-thienyl)acetami
     do]-3-cephem-4-carboxylic acid which was characterized by physical data.
PAR  The NMR in deuterochloroform showed bands at 1.3 (ester CH.sub.3, m
      (triplet mixture), 3p); 2.07, 2.30 (CH.sub.3 CO.sub.2, CH.sub.3 CO, s
      (two), 6p); 4.2 (ester methylene, q (mixture), 2p); 5.90 .delta. (H-7).
      The NMR shows a mixture of C-2 isomers as judged by the mixture of the
      signals for the ethyl ester (1.3, 4.2 .delta.).
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC5##
PAL  wherein
PA1  R is hydrogen, C.sub.1 -C.sub.8 alkanoyl, benzoyl, or a group represented
      by the formula:
      ##EQU5##
      wherein P is 2-thienyl, 3-thienyl, 2-furyl, 3-furyl, phenyl or phenyl
      substituted by amino, protected amino, halogen, hydroxy, protected
      hydroxy, C.sub.1 -C.sub.4 lower alkyl, or C.sub.1 -C.sub.4 lower alkoxy;
PA2  a is hydrogen or C.sub.1 -C.sub.3 alkyl;
PA2  b is hydrogen, C.sub.1 -C.sub.3 alkyl, amino, protected amino, hydroxy, or
      protected hydroxy;
PA2  m is 0 or an integer from 1 to 3;
PA2  n is 0 or 1;
PAL  subject to the limitation that when
PA1  n is 1,
PA2  p is phenyl or phenyl substituted by amino, protected amino, halogen,
      hydroxy, protected hydroxy, C.sub.1 -C.sub.4 lower alkyl or C.sub.1
      -C.sub.4 lower alkoxy; and
PA2  b is hydrogen or C.sub.1 -C.sub.3 alkyl;
PA1  R.sub.1 is hydrogen, a carboxylic acid protecting group, or an alkali metal
      or alkaline earth metal cation;
PA1  R.sub.2 is hydrogen, C.sub.2 -C.sub.5 alkanoyloxy, or C.sub.1 -C.sub.4
      alkoxy;
PA1  q is 0 or 1; and
PA1  X and Y are independently hydrogen, acetyl, benzoyl, carboethoxy,
      carbomethoxy, cyano, nitro and 2,2,2-trichlorocarboethoxy;
PAL  subject to the limitations that when one of X and Y is hydrogen, the other
      is cyano or nitro.
NUM  2.
PAR  2. A compound as defined in claim 1 wherein q is 1.
NUM  3.
PAR  3. A compound as defined in claim 2, said compound being
      2,2,2-trichloroethyl 3-acetoxymethyl
      2-(2,2-dimethoxycarbonylethyl)-7-[2-(2-thienyl)acetamido]-3-cephem-4-carbo
     xylate sulfoxide.
NUM  4.
PAR  4. A compound as defined in claim 2, said compound being
      2,2,2-trichloroethyl 3-acetoxymethyl
      2-(2-acetyl-2-ethoxycarbonylethyl)-7-[2-(2-thienyl)acetamido]-3-cephem-4-c
     arboxylate sulfoxide.
NUM  5.
PAR  5. A compound as defined in claim 2, said compound being p-nitrobenzyl
      2-(2,2-dimethoxycarbonylethyl)-3-methyl-7-phenoxyacetamido-3-cephem-4-carb
     oxylate sulfoxide.
NUM  6.
PAR  6. A compound as defined in claim 2, said compound being
      2,2,2-trichloroethyl
      2-(2,2-dimethoxycarbonylethyl)3-methyl-7-phenoxyacetamido-3-cephem-4-carbo
     xylate sulfoxide.
NUM  7.
PAR  7. A compound as defined in claim 1 wherein q is 0.
NUM  8.
PAR  8. A compound as defined in claim 7, said compound being
      3-acetoxymethyl-2-(2,2-dimethoxycarbonylethyl)-7-[2-(2-thienyl)acetamido]-
     3-cephem-4-carboxylic acid.
NUM  9.
PAR  9. A compound as defined in claim 7, said compound being
      3-acetoxymethyl-2-(2-acetyl-2-ethoxycarbonylethyl)-7-[2-(2-thienyl)acetami
     do]-3-cephem-4-carboxylic acid.
NUM  10.
PAR  10. A compound as defined in claim 7, said compound being
      2-(2,2-dimethoxycarbonylethyl)-3-methyl-7-phenoxyacetamido3-cephem-4-carbo
     xylic acid.
NUM  11.
PAR  11. The process for preparing the compound of claim 1, wherein q is 1 and R
      and R.sub.1 are groups other than hydrogen, which comprises reacting in a
      substantially anhydrous inert solvent at a temperature between
      -40.degree.C, and 20.degree.C. a carbanion of the formula -CHXY, wherein X
      and Y are independently hydrogen, acetyl, benzoyl, carboethoxy,
      carbomethoxy, cyano, nitro, or 2,2,2-trichlorocarboethoxy with the
      limitation that when one of X or Y is hydrogen, the other is cyano or
      nitro, with a compound of the formula
      ##SPC6##
PAL  wherein
PA1  R' is C.sub.1 -C.sub.8 alkanoyl, benzoyl, or a group represented by the
      formula:
      ##EQU6##
      wherein P is 2-thienyl, 3-thienyl, 2-furyl, 3-furyl, phenyl or phenyl
      substituted by amino, protected amino, halogen, hydroxy, protected
      hydroxy, C.sub.1 -C.sub.4 lower alkyl, or C.sub.1 -C.sub.4 lower alkoxy;
PA2  a is hydrogen or C.sub.1 -C.sub.3 alkyl;
PA2  b is hydrogen, C.sub.1 -C.sub.3 alkyl, amino, protected amino, hydroxy, or
      protected hydroxy;
PA2  m is 0 or an integer from 1 to 3;
PA2  n is 0 or 1;
PAL  subject to the limitation that when
PA2  n is 1,
PA2  p is phenyl or phenyl substituted by amino, protected amino, halogen,
      hydroxy, protected hydroxy, C.sub.1 -C.sub.4 lower alkyl, or C.sub.1
      -C.sub.4 lower alkoxy; and
PA2  b is hydrogen or C.sub.1 -C.sub.3 alkyl;
PA1  R.sub.1 ' is a carboxylic acid protecting group or an alkali metal or
      alkaline earth metal cation; and
PA1  R.sub.2  is hydrogen, C.sub.2 -C.sub.5 alkanoyloxy, or C.sub.1 -C.sub.4
      alkoxy.
NUM  12.
PAR  12. The process of claim 11 wherein R.sub.2 is hydrogen.
NUM  13.
PAR  13. The process of claim 12 wherein R' is phenoxyacetyl, R'.sub.1 is
      2,2,2-trichloroethyl, X and Y are 2,2,2-trichlorocarboethoxy.
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ABST
PAL  A process for the preparation of a cyanophenol of formula (I)
      ##SPC1##
PAL  wherein Z is a substituent in the 4- or 6-position with respect to the
      hydroxy group, characterized in that cyanide ions are reacted in a dipolar
      aprotic solvent with a nitrobenzene of formula (II)
      ##SPC2##
PAL  wherein Z has the same value as in formula (I) and is a group, other than a
      nitro group, known to withdraw electrons in substitution reactions and
      which does not contain a proton capable of ionizing under the defined
      reaction conditions if such ionization would inhibit the
      electron-withdrawing effect of the group Z.
PAL  In formula (I) and (II) the benzene ring is optionally substituted by one
      or more non electron-withdrawing groups, or by one or more
      electron-withdrawing groups provided that such electron-withdrawing groups
      are in positions other than the 4- and 6-positions with respect to the
      hydroxy group.
PAL  The compounds of formula (I) are of value in being readily hydrolysed to
      the corresponding salicylic acids of formula (III)
      ##SPC3##
PAL  certain of which have been described in the literature as possessing a
      variety of pharmacological properties.
PARN
PAR  This is a continuation of application Ser. No. 255,186, filed on May 19,
      1972 now abandoned.
BSUM
PAR  This invention relates to cyanophenols and their preparation and to their
      conversion to salicylic acids.
PAR  More particularly, the present invention relates to a novel process for the
      preparation of 2-cyanophenols of formula (I)
      ##SPC4##
PAL  wherein Z is a substituent in the 4- or 6-position with respect to the
      hydroxy group and is a group, other than a nitro group, known to withdraw
      electrons in substitution reactions.
PAR  The novel process provided by the present invention for the preparation of
      the compounds of formula (I) comprises the reaction in a dipolar aprotic
      solvent of cyanide ions with a nitrobenzene of formula (II)
      ##SPC5##
PAL  wherein Z has the same meaning as in formula (I). In the course of the
      reaction a substituent cyano group is attached to the benzene ring in the
      2-position to that occupied by the nitro group, which latter is itself
      replaced by an hydroxy group.
PAR  Provided by formula (I) are those compounds wherein Z is a cyano group, a
      trifluoromethyl group, or a group Y.X-- wherein X is the carbonyl or
      sulphonyl group and Y is a group which does not contain a proton capable
      of ionising under the conditions as herein described of the synthesis of
      the compounds if such ionization would inhibit the electron - withdrawing
      effect of the group X.
PAR  Thus Y may be
PA1  A saturated aliphatic hydrocarbon group (for example an alkyl group such as
      a lower alkyl group having 1 to 4 carbon atoms);
PA1  An alkoxy group (for example a lower alkoxy group having 1 to 4 carbon
      atoms, such as an ethoxy group);
PA1  An aryloxy group (for example a phenoxy group);
PA1  An aromatic nucleus (for example a phenyl or naphthyl group);
PA1  A heteroaromatic nucleus (for example a xanthonyl, phenoxathiinyl, pyridyl
      furanyl, thienyl, N-(lower alkyl)pyrrolyl or quinolyl group);
PA1  a disubstituted nitrogen atom (for example a pyrrolidino, piperidino or
      morpholino group, or a tertiary amino group such as a diarylamino,
      dialkylamino or N-alkyl-N-arylamino group where the "alkyl" is for example
      a lower alkyl having 1 to 4 carbon atoms and the "aryl" is for example
      phenyl); or
PA1  a 5- or 6-membered non-aromatic cyclic or heterocyclic system having no
      proton ionizable in the manner defined above;
PAR  where Y is optionally joined to the benzene ring in formula (I) either
      directly or by a methylene, carbonyl, oxy, thio, sulphinyl or sulphonyl
      group, or by a monoalkylamino group where the "alkyl" is preferably a
      lower alkyl having 1 to 4 carbon atoms,
PAR  and where Y, except when saturated aliphatic hydrocarbon, alkoxy or
      dialkylamino, is optionally substituted by one or more groups selected
      from
PA1  halogen (chlorine, bromine, fluorine and iodine);
PA1  aryl (for example phenyl, halogenophenyl, xylyl, salicyl and tolyl);
PA1  aryloxy (for example phenoxy);
PA1  alkoxy (for example lower alkoxy having 1 to 4 carbon atoms, such as
      methoxy, ethoxy, isopropoxy and butoxy);
PA1  cyano;
PA1  trifluoromethyl;
PAR  and the groups --CO.W and --SO.sub.2.W where W has the same meaning as Y as
      hereinabove defined,
PAR  with the proviso that, when Y is N-alkyl-N-arylamino only the aryl moiety
      may be substituted in the above defined manner.
PAR  Further, in formulas (I) and (II) the benzene ring can optionally be
      further substituted by one or more non-electron withdrawing groups, such
      as halogen where the halogen is for example chlorine. As another
      possibility the benzene ring can optionally be substituted by one or more
      additional electron-withdrawing groups, such as those hereinbefore
      described, provided that said electron-withdrawing groups are in positions
      other than the 4- and 6-positions with respect to the hydroxy group.
PAR  As a preferred class within formula (I) are those compounds having no
      further substitution in the benzene ring and wherein Z is a cyano group or
      a group Y.X-- wherein X is the carbonyl or sulphonyl group and Y is
      selected from N-phenyl-N-(lower alkyl)amino, furanyl, thienyl, N-(lower
      alkyl)pyrrolyl, cyclopentadienyl and phenyl, where the phenyl is
      optionally joined to the benzene ring in formula (I) either directly or by
      a methylene, carbonyl, thio, sulphinyl, sulphonyl, oxy or monoalkylamino
      group, and wherein Y is optionally substituted by one or more groups
      selected from halogen, aryl, aryloxy, alkoxy, cyano, trifluoromethyl and
      carboalkoxy, for example carbomethoxy and carboethoxy. The
      hydroxy-isophthalic acids corresponding to those compounds of formula (I)
      wherein Z is a cyano group have been described as possessing antipyretic
      and analgesic properties (Brit. J. Pharmacol., (1956), 11, 20;
      Nature(London), (1955), 175, 206. The salicylic acids and the salts
      thereof corresponding to the remainder of this preferred class of
      compounds within formula (I) have been described as possessing
      anti-inflammatory activity and as also showing analgesic,
      anti-fibrinolytic, anti-pyretic, diuretic and hypoglycaemic properties
      (Dutch Pat. Nos. 70.08621; 70.08622; 70.08627; 70.08628; 70.08629;
      70.08631; 70.08636; and 70.08637).
PAR  As a second preferred class within formula (I) are those compounds having
      no further substitution in the benzene ring and wherein Z is a cyano group
      or a group Y.X-- wherein X is the carbonyl or sulphonyl group and Y is
      selected from alkoxy, phenoxy, an aromatic nucleus, a heteroaromatic
      nucleus (a xanthonyl, phenoxathiinyl, pyridyl or quinolyl group) and a
      disubstituted nitrogen atom, wherein Y is optionally joined to the benzene
      ring in formula (I) either directly or by an oxy or monoalkylamino group,
      and wherein Y is optionally substituted by one or more groups selected
      from cyano, halogen, trifluoromethyl, aryl, phenoxy and alkoxy and the
      groups --CO.W and --SO.sub.2.W where W has the same meaning as Y as
      hereinabove defined.
PAR  As a third preferred class within formula (I) are those compounds having no
      further substitution in the benzene ring and wherein Z is a cyano group or
      a group Y.X-- wherein X is the carbonyl or sulphonyl group and Y is
      selected from N-phenyl-N-(lower alkyl)amino and phenyl, wherein the phenyl
      is optionally joined to the benzene ring in formula (I) either directly or
      by an oxy or monoalkylamino group, and wherein Y is optionally substituted
      by one or more groups selected from halogen, trifluoromethyl, aryl,
      phenoxy, alkoxy, cyano, and carboalkoxy, for example carbomethoxy and
      carboethoxy. The hydroxyisophthalic acids corresponding to those compounds
      of formula (I) wherein Z is a cyano group have been described as
      possessing antipyretic and analgesic properties (references as above)
      whilst the salicylic acids and the salts thereof corresponding to the
      remainder of this preferred class of compounds within formula (I) have
      been described as possessing anti-inflammatory activity and as also
      showing analgesic, anti-fibrinolytic, anti-pyretic, diuretic and
      hypoglycaemic properties (Dutch Pats. Nos. 70.08621; 70.08627; 70.08628;
      70.08629; 70.08631; and 70.08636).
PAR  For the preparation of the compounds of formula (I) in the above-described
      manner the reagents are preferably anhydrous, this being especially
      critical where there are present in the compounds of formula (II)
      hydrolysable groups such as ester groups.
PAR  Suitable solvents include dimethylsulphoxide, dimethylformamide,
      hexamethylphosphoramide, dimethylacetamide, N-methyl-2-pyrrolidone,
      sulfolane, acetonitrile and mixtures thereof. The cyanide ions are
      conveniently provided by an ionisable cyanide salt which is also soluble
      in the solvent chosen, an alkali metal cyanide such as sodium cyanide or
      potassium cyanide being suitable.
PAR  It will be appreciated that the optimum reaction temperature will depend
      upon the particular compound of formula (II) concerned. Any temperature up
      to the reflux temperature of the reaction mixture may be employed but,
      having regard to this figure, a temperature of between 50.degree. and
      150.degree.C, is preferred and a temperature of between 80.degree. and
      120.degree.C. is most preferred.
PAR  In the course of the reaction azo and azoxy by-products are produced which
      may be readily removed during the purification of the cyanophenol.
PAR  As indicated above, certain of the salicylic acids of formula (III)
      ##SPC6##
PAL  and the salts thereof, wherein Z has the same meaning as hereinabove, have
      been variously described as showing analgesic, anti-fibrinolytic,
      anti-inflammatory, anti-pyretic, diuretic and hypoglycaemic activity.
PAR  Heretofore, compounds of formula (III) and the salts thereof have been
      conventionally prepared by carboxylation of the corresponding phenol using
      carbon dioxide at high temperatures and superatmospheric pressures, and
      the phenol is itself generally prepared only by means of a multi-stage
      process. These disadvantages avoided if the compounds of formula (III) are
      prepared by hydrolysis of the cyanophenols of formula (I), the latter
      being obtained in the manner indicated above from the readily synthesised
      nitrobenzenes of formula (II). The hydrolysis may be effected under either
      acid or alkaline conditions; for acid hydrolysis 60% sulphuric acid or a
      hydrohalide acid such as concentrated hydrochloric acid is a suitable
      agent, and for alkaline hydrolysis an aqueous alkali such as 25% aqueous
      sodium hydroxide may be used. The compounds of formula (III) may be
      isolated either as such or as a salt thereof.
PAR  The present invention therefore provides a process as hereinbefore
      described for the preparation of the compounds of formula (I), the novel
      compounds of formula (I), the known compounds of formula (I) when prepared
      by the process as hereinbefore described, a process as hereinbefore
      described for preparing the compounds of formula (III) and the salts
      thereof from the compounds of formula (I), and the compounds of formula
      (III) and the salts thereof when so prepared.
DETD
PAR  The following Examples illustrate the present invention, all temperatures
      being in degrees Celsius.
PAC  EXAMPLE 1
PAR  a. A mixture of dry powdered potassium cyanide (4g.) and
      4-nitrobenzophenone (2.27g) was suspended in dimethylsulphoxide (40 ml.)
      and heated for 4 hours at 100.degree.C. with occasional agitation. The
      solution was then poured into water and the insoluble neutral fraction
      removed by filtration. After acidification the filtrate was extracted with
      ether and the 5-benzoylsalicylonitrile thus obtained was crystallised from
      aqueous ethanol to give needles, m.p. 185.degree.-186.degree.C.
PAR  b. By a similar method 4-methoxy-4'-nitrobenzophenone was converted into
      5-p-methoxybenzoylsalicylonitrile, m.p. 167.degree.-168.degree.C. (after
      loss of one molecule of water of hydration).
PAC  EXAMPLE 2
PAR  a. A mixture of p-nitrodiphenylsulphone (13.2g.) and dry powdered potassium
      cyanide (10g.) in dimethylsulphoxide (100 ml.) was heated for 31/2 hours
      at 100.degree.C. The solution was diluted with a large volume of water and
      the precipitate collected by filtration. This solid was treated with a
      mixture of 10% aqueous sodium hydroxide (200 ml.) and 10% aqueous sodium
      carbonate (50 ml.) and the insoluble solid filtered off. On acidification
      of the filtrate with hydrochloric acid there was obtained
      5-benzenesulphonylsalicylonitrile which gave hydrated crystals (from
      ethanol), m.p. 195.degree.-196.degree.C.
PAR  b. By a similar procedure 4-chloro-4'-nitrodiphenylsulphone was converted
      to 5-p-chlorobenzenesulphonylsalicylonitrile, which formed hydrated
      crystals (from ethanol) m.p. 92.degree.C. and 205.degree.-207.degree.C.
PAC  EXAMPLE 3
PAR  a. A mixture of 3-nitroxanthone (1.44g.) and powdered potassium cyanide
      (3.0g.) in dimethylformamide (50ml.) was heated at 100.degree.C. for 4
      hours, after which time water was added and the insoluble precipitate
      removed. Acidification gave 3-hydroxyxanthone-4-carbonitrile which from
      aqueous ethanol gave crystals containing one molecule of water of
      crystallisation and having m.p. 304.degree.-305.degree.C.
PAR  b. In a similar manner N-methyl-3-nitroacridone was converted to
      3-hydroxy-N-methylacridone-4-carbonitrile (m.p. 310.degree.C.).
PAC  EXAMPLE 4
PAR  a. p-Nitrobenzonitrile (14.8g.) was heated at 100.degree.C. in
      dimethylsulphoxide (70 ml.) with dry powdered potassium cyanide (20g.) for
      2 hours. The mixture was poured into water and an insoluble precipitate
      removed. Acidification of the filtrate and extraction with ether gave
      2,4-dicyanophenol (did not melt but changed form at 240.degree.C.); on
      hydrolysis with concentrated hydrochloric acid this compound gave
      4-hydroxyisophthalic acid, m.p. 310.degree.C.
PAR  a. Similarly, from o-nitrobenzonitrile was prepared 2,6-dicyanophenol which
      on hydrolysis with concentrated hydrochloric acid gave
      2-hydroxyisophthalic acid, m.p. (monohydrate) 245.degree.C.
PAC  EXAMPLE 5
PAR  a. Ethyl p-nitrobenzoate (1.95g.) was heated in dimethylsulphoxide (15 ml.)
      with dry powdered potassium cyanide (2g.) at 110.degree.-120.degree.C. for
      31/2 hours. The solution was poured into water and acidified. The filtered
      solid was shaken with 10% aqueous sodium carbonate containing some sodium
      hydroxide, filtered and acidified. The crystals obtained on standing were
      recrystallised from hot water to give ethyl 3-cyano-4-hydroxybenzoate,
      m.p. 192.degree.-193.degree.C., which was hydrolysed with concentrated
      hydrochloric acid to yield 4-hydroxyisophthalic acid, m.p. 310.degree.C.
PAR  b. By treating N-p-nitrobenzoylpiperidine in a similar manner was obtained
      N-(3-cyano-4-hydroxybenzoyl)piperidine, which on hydrolysis with
      concentrated hydrochloric acid gave 4-hydroxyisophthalic acid, m.p.
      310.degree.C.
PAC  EXAMPLE 6
PAR  4-p-Nitrobenzoyl)pyridine (cf.Bryans and Pyman, J. Chem. Soc., 1929, 552)
      (1.04g.) was heated with potassium cyanide (1.0g.) in dimethylsulphoxide
      (20 ml.) at 100.degree.C. for 31/2 hours. The solution was poured into
      water and the precipitated material removed by addition of charcoal and
      filtration of the suspension through kieselguhr. The filtrate was
      neutralized (pH6-7) and the precipitated solid collected. Crystallisation
      from ethanol gave 4-(3-cyano-4-hydroxybenzoyl)pyridine, m.p.
      310.degree.-311.degree.C.
PAC  EXAMPLE 7
PAR  2-p-Nitrobenzoylthiophene (2.33 g.) was allowed to react with potassium
      cyanide (3.9 g., 6 mols) in dimethyl sulphoxide (40 ml.) at 100.degree.C
      for 31/2 hours. The solution was poured into water and the cloudiness
      removed with charcoal. The clear filtrate gave a precipitate on
      acidification; this was collected and crystallised from aqueous ethanol to
      give 2-(3-cyano-4-hydroxybenzoyl)thiophene, m.p. 216.degree.C.
PAC  EXAMPLE 8
PAR  2-Nitro-.alpha.,.alpha.,.alpha.-trifluorotoluene (3.82 g.) was heated at
      100.degree.C for 3 hours with potassium cyanide (7.8 g.) in dimethyl
      sulphoxide (40 ml.). After pouring into water, the mixture was brought to
      pH 7 and filtered. Acidification, ether extraction, and removal of the
      ether gave a solid which was sublimed or crystallised from aqueous ethanol
      to give 3-trifluoromethyl-salicylonitrile, m.p. 134.degree.C.
PAC  EXAMPLE 9
PAR  Using a method similar to that of Example 1, 3-chloro-4-nitrobenzophenone
      was converted by potassium cyanide in dimethyl sulphoxide into
      3-chloro-5-benzoylsalicylonitrile, which crystallised from aqueous ethanol
      as the monohydrate, m.p. 120.degree.C.
PAC  EXAMPLE 10
PAR  Using a method similar to that of Example 5, p-nitroacetophenone was
      converted by treatment with potassium cyanide in dimethyl sulphoxide into
      5-acetylsalicylonitrile, which gave crystals, m.p. 178.degree.C., from
      aqueous ethanol [Borsche and Hahn-Weinheimer, Annalen, 1950, 570, 155,
      prepared this compound by the acetylation of salicylonitrile, but gave
      m.p. 78.degree.].
CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a process for the preparation of the compound of formula (I)
      ##SPC7##
PAL  wherein Z is a substituent in the 4- or 6-position with respect to the
      hydroxy group and is selected from a cyano group and a group Y.X --,
      wherein X is selected from the carbonyl group and the sulphonyl group and
      Y is selected from N-phenyl-N-(lower alkyl) amino, furanyl, thienyl,
      N-(lower alkyl) pyrrolyl, cyclopentadienyl and phenyl, where the phenyl
      may be joined at the 2-position thereof with respect to X to the benzene
      ring in formula (I) at a position therein adjacent X either by a bond or
      by a methylene, carbonyl, thio, sulphinyl, sulphonyl, oxy or
      monoalkylamino group, and wherein Y is optionally substituted by one or
      more groups selected from halogen, aryl which is selected from the group
      consisting of phenyl, halogenophenyl, xylyl, salicyl and tolyl, phenoxy
      lower alkoxy, cyano, trifluoromethyl and carboloweralkoxy and wherein
      lower alkyl and alkoxy herein have 1 to 4 carbon atoms provided that when
      Y is N-phenyl-N-(lower alkyl) amino only the phenyl moiety may be
      substituted; and wherein in the compound of formula (I) there is no other
      substituent in the benzene ring, which comprises reacting cyanide ions in
      dipolar aprotic solvent with a nitrobenzene of formula (II)
      ##SPC8##
PAL  wherein Z is a substituent in the 4- or 6-position with respect to the
      nitro group and is defined as above.
NUM  2.
PAR  2. In a process for the preparation of the compound of formula (I)
      ##SPC9##
PAL  wherein Z is a substituent in the 4- or 6-position with respect to the
      hydroxy group and is selected from a cyano group and a group Y.X --
      wherein X is selected from the carbonyl group and the sulphonyl group and
      Y is selected from N-phenyl-N-(lower alkyl) amino and phenyl, where the
      phenyl may be joined at the 2-position thereof with respect to X to the
      benzene ring in formula (I) at a position therein adjacent X either by a
      bond or by an oxy or monoalkylamino group, and wherein in each instance
      the phenyl moiety is optionally substituted by one or more groups selected
      from halogen, trifluoromethyl, aryl which is selected from the group
      consisting of phenyl, halogenophenyl, xylyl, salicyl and tolyl, phenoxy,
      lower alkoxy, cyano, and carboloweralkoxy and wherein the lower alkyl and
      alkoxy herein have 1 to 4 carbon atoms; and wherein that in the compound
      of formula (I) there is no other substituent in the benzene ring, which
      comprises reacting cyanide ions in a dipolar aprotic solvent with a
      nitrobenzene of formula (II)
      ##SPC10##
PAL  wherein Z is a substituent in the 4- or 6-position with respect to the
      nitro group and is defined as above.
NUM  3.
PAR  3. A process as claimed in claim 1, characterized in that the reagents are
      anhydrous.
NUM  4.
PAR  4. A process as claimed in claim 1, characterized in that the dipolar
      aprotic solvent is selected from the group consisting of
      dimethylsulphoxide, dimethylformamide, hexamethylphosphoramide,
      dimethylacetamide, N-methyl-2-pyrrolidone, sulfolane, acetonitrile and
      mixtures thereof.
NUM  5.
PAR  5. A process as claimed in claim 1, characterized in that the reaction is
      effected at a temperature of between 50.degree. and 150.degree.C.
NUM  6.
PAR  6. The process of claim 1 wherein Z is selected from a cyano group and a
      group Y.X-- wherein X is selected from the carbonyl group and the
      sulphonyl group and Y is selected from thienyl, and phenyl, where the
      phenyl may be joined to the benzene ring in formula I by an oxy or
      monoalkylamino group and wherein Y is optionally substituted by one or
      more groups selected from halogen and alkoxy.
NUM  7.
PAR  7. The process of claim 6 wherein the final product of formula I is
      precipitated from water.
NUM  8.
PAR  8. The process of claim 2 wherein Z is selected from a cyano group and a
      group Y.X -- wherein X is selected from the carbonyl group and the
      sulphonyl group and Y is selected from a phenyl, where the phenyl may be
      joined to the benzene ring formula I by an oxy or monoalkylamino group,
      and wherein the phenyl moiety is optionally substituted by one or more
      groups selected from halogen and alkoxy.
NUM  9.
PAR  9. The process of claim 8 wherein the final product of formula I is
      precipitated from water.
NUM  10.
PAR  10. The method of claim 2 characterized in that the reagents are anhydrous.
NUM  11.
PAR  11. The method of claim 2 characterized in that the dipolar solvent is
      selected from the group consisting of dimethylsulphoxide,
      dimethylformamide, hexamethylphosphoramide, dimethylacetamide,
      N-methyl-2-pyrrolidone, sulfolane, acetonitrile and mixtures thereof.
NUM  12.
PAR  12. The method of claim 2 characterized in that the reaction is effected at
      a temperature of between 50.degree. and 150.degree.C.
NUM  13.
PAR  13. The method of claim 1 in which carboloweralkoxy is selected from the
      group consisting of carbomethoxy and carboethoxy.
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ABST
PAL  Acyloxymethyl esters of
      7-D-mandelamido-3-(1-methyl-1,2,3,4-tetrazole-5-thiomethyl)-3-cephem-4-car
     boxylic acid are orally active broad spectrum antibiotics.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Numerous drugs are now known and currently in use that are not absorbed at
      all, or are absorbed only poorly, from the gastrointestinal tract. In
      particular, many important semisynthetic cephalosporin antibiotics that
      are now available and are routinely used must be administered
      parenterally. Cephalothin Sodium, for example, is administered
      intramuscularly or intravenously, thus requiring a trained medical person
      to treat the patient. It has long been an objective of research to provide
      potent drugs that are orally active, especially in the field of
      cephalosporin and penicillin antibiotics. Jansen and Russell prepared
      several acyloxymethyl esters of various penicillins and found that some of
      the esters were orally active; U.S. Pat. No. 3,250,679. At the same time,
      however, Jansen and Russell reported that of the many closely related
      acyloxymethyl esters which were prepared and tested, only the
      acetoxymethyl ester of benzylpenicillin displayed oral absorption to a
      significant extent. In fact, some acyloxymethyl esters of certain
      penicillins showed no oral absorption at all, for example the
      acetoxymethyl ester of Cloxacillin.
PAR  It is an object of this invention to provide acyloxymethyl esters of
      particularly potent cephalosporin antibiotics, which esters are
      substantially totally absorbed orally, whereas the parent cephalosporin
      acids from which they are derived are essentially completely unabsorbed.
      It is a further object of the present invention to provide esters having
      additional desirable qualities, such as crystallinity and extended
      stability for example, which the parent cephalosporin acids normally do
      not possess.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to new acyloxymethyl esters of 7-D-mandelamido
      derivatives of
      7-amino-3-(1-methyl-1,2,3,4-tetrazole-5-thiomethyl)-3-cephem-4-carboxylic
      acid, which esters are potent antibacterial agents and are orally absorbed
      into the gastrointestinal tract. In particular, the invention provides
      acyloxymethyl esters having the formula
      ##SPC1##
PAL  In which R.sub.1 is lower alkyl and R.sub.2 is hydrogen or lower alkanoyl.
      The compounds disclosed herein are prepared by reaction of the
      corresponding cephalosporin acid with a halomethyl ester of a lower
      alkanoic acid. The new cephalosporin esters are useful as oral antibiotics
     .
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As hereinbefore indicated, the compounds of this invention have the formula
      ##SPC2##
PAR  R.sub.1 in the foregoing formula is a straight or branched chain C.sub.1
      -C.sub.4 alkyl group, typical examples being methyl, ethyl, isopropyl and
      tert-butyl.
PAR  R.sub.2 in the formula represents hydrogen or a C.sub.1 -C.sub.4 alkanoyl
      group such as formyl, acetyl, isobutyryl, and the like. Preferred lower
      alkanoyl groups are formyl and acetyl, the formyl group being especially
      preferred.
PAR  The most preferred compounds of this invention are those in which R.sub.1
      is methyl or tert-butyl, and R.sub.2 is hydrogen or formyl.
PAR  As indicated hereinbefore, the compounds of this invention can be prepared
      by reacting a cephalosporin acid such as, for example,
      7-D-mandelamido-3-(1-methyl-1,2,3,4-tetrazole-5-thiomethyl)-3-cephem-4-car
     boxylic acid, with a halomethyl ester of a lower alkanoic acid. Halo as
      used herein refers to chloro, bromo, or iodo. Typical examples of
      halomethyl esters of lower alkanoic acids useful in preparing the
      compounds of this invention are: chloromethyl acetate, bromomethyl
      acetate, bromomethyl n-propionate, iodomethyl n-butanoate, bromomethyl
      pivalate, chloromethyl pivalate, and the like. Preferred halomethyl esters
      of lower alkanoic acids are chloromethyl acetate, bromomethyl acetate,
      chloromethyl pivalate, and bromomethyl pivalate.
PAR  The esterification reaction is preferably carried out in an unreactive
      organic solvent and in the presence of a suitable base. Suitable
      unreactive solvents include amides, nitriles, halogenated hydrocarbons,
      sulfoxides, ethers, ketones, and the like. Examples of unreactive solvents
      include N-dimethylformamide, N,N-dimethylacetamide, dichloromethane,
      chloroform, dimethyl sulfoxide, acetonitrile, diethyl ether, dioxane,
      tetrahydrofuran, acetone, methyl ethyl ketone, and the like. The
      particular solvent selected is not critical. Preferred solvents include
      N,N-dimethylformamide, acetone, and acetonitrile.
PAR  A base is normally employed in the esterification reaction to act as an
      acid binding agent. The particular base employed is not critical, and can
      be either organic or inorganic. Suitable bases include organic amines such
      as triethylamine, dicyclohexylamine, N-methylmorpholine, pyridine,
      N,N-diethyl-aniline, and the like, as well as inorganic bases such a
      sodium bicarbonate, lithium carbonate, magnesium hydroxide, and like
      bases. Preferred bases used in preparing the compounds of this invention
      are triethylamine, dicyclohexylamine and pyridine. The amount of base used
      in the esterification reaction is normally about an equimolar amount
      relative to the starting cephalosporin acid; however more or less base can
      be used, if desired. Generally, large excesses of base are avoided, since
      excess base often promotes isomerization of the double bond in the
      thiazolidine ring system. More specifically, the amount of base in the
      reaction mixture at any one time is preferably maintained at a minimum.
      This can generally be accomplished by adding the base to the reaction
      mixture at a relatively slow rate.
PAR  The cephalosporin acid and the halomethyl ester of the alkanoic acid are
      preferably combined in equimolar amounts. An excess of either reagent can
      be used, however, if desired. The reaction is generally carried out at a
      temperature below about 50.degree.C., preferably at 20.degree. to
      30.degree.C. The reaction is substantially complete after about 2 to about
      24 hours. For best results, the reaction is allowed to continue for about
      4 to 14 hours. The product can be isolated by adding the reaction mixture
      to a suitable water immiscible organic solvent, such as ethyl acetate or
      chloroform for example, and washing the solution with water. If excess
      carboxylic acid is used in the reaction, the organic solution can be
      washed with a dilute base, for example dilute aqueous sodium hydroxide or
      sodium bicarbonate, thereby washing out unreacted acid. The product is
      generally recovered as a solid and can be further purified, if desired, by
      standard methods such as crystallization or chromatography.
PAR  The cephalosporin carboxylic acids which are required as starting materials
      in the present invention can be prepared according to any of a variety of
      methods, such as those described in detail in U.S. Pat. No. 3,641,021. The
      halomethyl esters of lower alkanoic acids are readily available compounds,
      or alternatively can be prepared by well established methods.
PAR  The following compounds are illustrative of the lower acyloxymethyl esters
      provided by the present invention.
PAR  Acetoxymethyl
      7-D-mandelamido-3-(1-methyl-1,2,3,4-tetrazole-5-thiomethyl)-3-cephem-4-car
     boxylate;
PAR  Propionyloxymethyl
      7-D-mandelamido-3-(1-methyl-1,2,3,4-tetrazole-5-thiomethyl)-3-cephem-4-car
     boxylate;
PAR  Pivaloyloxymethyl
      7-[D-(O-formyl)mandelamido]-3-(1-methyl-1,2,3,4-tetrazole-5-thiomethyl)-3-
     cephem-4-carboxylate;
PAR  Butyryloxymethyl
      7-[D-(O-acetyl)mandelamido]-3-(1-methyl-1,2,3,4-tetrazole-5-thiomethyl)-3-
     cephem-4-carboxylate;
PAR  Pivaloyloxymethyl
      7-[D-(O-butyryl)mandelamido]-3-(1-methyl-1,2,3,4-tetrazole-5-thiomethyl)-3
     -cephem-4-carboxylate;
PAR  Acetoxymethyl
      7-[D-(O-formyl)mandelamido]-3-(1-methyl-1,2,3,4-tetrazole-5-thiomethyl)-3-
     cephem-4-carboxylate;
PAR  Pivaloyloxymethyl
      7-D-mandelamido-3-(1-methyl-1,2,3,4-tetrazole-5-thiomethyl)-3-cephem-4-car
     boxylate; and the like.
PAR  The compounds provided by this invention are new chemical compounds that
      are useful pharmacological agents, especially as antibacterial agents and
      most especially as orally effective antibacterial agents. They are active
      against a broad spectrum of Gram positive and Gram negative organisms such
      as Staphylococcus aureus, Salmonella heidelberg, Streptococcus pyogenes,
      Escherichia coli, as well as others. These compounds display exceptionally
      high blood levels after oral administration. For example, the
      acetoxymethyl ester of
      7-D-mandelamido-3-(1-methyl-1,2,3,4-tetrazole-5-thiomethyl)-3-cephem-4-car
     boxylic acid has displayed as much as a 73 fold increase in blood levels
      over those observed with the parent free acid following oral
      administration.
PAR  The compounds of the invention can be administered in single or multiple
      dosage units, and are most preferably administered orally, either alone or
      with a suitable carrier or diluent. Typical pharmaceutical diluents or
      carriers include lactose, sucrose, starch powder, cellulose, calcium
      sulfate, gelatin, and the like. Such compositions can be formulated as
      tablets or enclosed in capsules for convenient administration. The
      compounds can also be mixed with a liquid and administered as elixirs,
      suspensions, and the like.
PAR  The following detailed examples further illustrate the invention and are
      not intended to limit the scope thereof.
PAR  The abbreviations used in the examples refer to the following:
PA1  nmr -- nuclear magnetic resonance spectrum
PA1  Cdcl.sub.3 -- deuterated chloroform
PA1  .delta. -- delta value
PA1  s -- singlet
PA1  d -- doublet
PA1  Dmf -- n,n-dimethylformamide
PAC  EXAMPLE 1
PAR  Pivaloyloxymethyl
      7-D-mandelamido-3-(1-methyl-1,2,3,4-tetrazole-5-thiomethyl)-3-cephem-4-car
     boxylate.
PAR  To a solution of 4.62 g. of
      7-D-mandelamido-3-(1-methyl-1,2,3,4-tetrazole-5-thiomethyl)-3-cephem-4-car
     boxylic acid and 1.53 g. of chloromethyl pivalate in 25 cc. of DMF was
      added dropwise a solution of 1.81 g. of dicyclohexylamine in 15 cc. of
      DMF. The reaction mixture was stirred at room temperature for about
      fifteen minutes, after which time 1.03 g. of sodium bromide was added. The
      reaction mixture was stirred for twelve hours at room temperature. After
      the reaction mixture was filtered, the filtrate was added to 700 cc. of
      ethyl acetate. The organic solution was washed successively with aqueous
      saturated sodium chloride solution, aqueous sodium bicarbonate solution, 1
      N hydrochloric acid, and water. After the organic solution was dried, the
      solvent was removed under reduced pressure to provide 1.6 g. of
      crystalline residue. The residue was recrystallized from fresh ethyl
      acetate to afford pivaloyloxymethyl
      7-D-mandelamido-3-(1-methyl-1,2,3,4-tetrazole-5-thiomethyl)-3-cephem-4-car
     boxylate. M.P. 174.degree.-176.degree.C.
PAR  Analysis -- Calc. for C.sub.24 H.sub.28 N.sub.6 O.sub.7 S.sub.2 (percent):
      C, 49.99; H, 4.89; N, 14.57. Found (percent): C, 49.72; H, 4.83; N, 14.37.
PAR  nmr (CDCl.sub.3): .delta. 1.15 (s, 9H, --C(CH.sub.3) .sub.3); .delta. 3.7
      (d, 2H, C--2H); .delta. 3.95 (s, 3H, N--CH.sub.3); .delta. 8.70-8.75 (d,
      1H, N--H).
PAC  EXAMPLE 2
PAR  Acetoxymethyl
      7-D-mandelamido-3-(1-methyl-1,2,3,4tetrazole-5-thiomethyl)-3-cephem-4-carb
     oxylate.
PAR  A solution of 0.595 cc. of triethylamine in 10 cc. of acetone was added
      dropwise to a stirred solution of 2.0 g. of
      7-D-mandelamido-3-(1-methyl-1,2,3,4-tetrazole-5-thiomethyl)-3-cephem-4-car
     boxylic acid and 1.72 cc. of bromomethyl acetate in 10 cc. of DMF. The
      reaction mixture was stirred at room temperature for two hours. The
      reaction mixture was filtered and the filtrate was added to 300 cc. of
      chloroform, washed with water and with aqueous sodium bicarbonate, and
      dried. The solvent was removed under reduced pressure, affording a white
      foam. The crude product was crystallized from methyl alcohol, providing
      acetoxymethyl
      7-D-mandelamido-3-(1-methyl-1,2,3,4-tetrazole-5-thiomethyl)-3-cephem-4-car
     boxylate as white crystals. M.P. 126.degree.-130.degree.C. dec.
TBL  ______________________________________                                    

     Analysis -- Calc. for C.sub.21 H.sub.22 N.sub.6 O.sub.7 S.sub.2           

     (percent):                                                                

                C, 47.18; H, 4.15; N, 15.72; S, 12.00.                         

     Found (percent):                                                          

                C, 47.03; H, 4.11; N, 15.45; S, 12.05.                         

                O                                                              

                .parallel.                                                     

     nmr (CDCl.sub.3):                                                         

                .delta. 2.05 (s, 3H, C--CH.sub.3)                              

                .delta. 3.6 (s, 2H, C--2H)                                     

                .delta. 3.82 (s, 3H, N--CH.sub.3)                              

                .delta. 8.05 (d, 1H, N--H).                                    

     ______________________________________                                    

CLMS
STM  I claim:
NUM  1.
PAR  1. The compound of the formula
      ##SPC3##
PAL  wherein:
PA1  R.sub.1 is C.sub.1 -C.sub.4 alkyl;
PA1  R.sub.2 is hydrogen or C.sub.1 -C.sub.4 alkanoyl.
NUM  2.
PAR  2. The compound of claim 1, wherein R.sub.1 is methyl.
NUM  3.
PAR  3. The compound of claim 2, wherein R.sub.2 is hydrogen.
NUM  4.
PAR  4. The compound of claim 2, wherein R.sub.2 is formyl.
NUM  5.
PAR  5. The compound of claim 1, wherein R.sub.1 is tert-butyl.
NUM  6.
PAR  6. The compound of claim 5, wherein R.sub.2 is hydrogen.
NUM  7.
PAR  7. The compound of claim 5, wherein R.sub.2 is formyl.
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PAL  Feuer et al., J. Org. Chem., Vol. 37, No. 23, pp. 3662-3670, (1972).
PAL  Lawrence, (Ph.D.  Thesis), "Preparation of Nitralkyl Heterocyclic Compounds
      by the Alkyl Nitrate Nitration", Purdue University, June, 1970, Pub. by
      University Microfilms, Wycomb, England.
ABST
PAL  Novel insecticidal 2-(dihalonitromethyl)-5,6-dihydro-4H-1,3-thiazines.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  It has been found that useful insecticidal activity is possessed by
      2-(dihalonitromethyl)-5,6-dihydro-4H-1,3-thiazines of the formula
      ##SPC1##
PAL  Wherein hal represents chlorine, bromine or fluorine, and hal' represents
      chlorine or bromine.
DETD
PAR  The preparation of these compounds is illustrated in the following
      examples. In all cases, the identity of the product, and of any
      intermediate employed, was confirmed by elemental analysis, and by
      infrared and nuclear magnetic resonance spectrum analyses.
PAC  EXAMPLE 1 -- 2-(dichloronitromethyl)-5,6-dihydro-4H-1,3-thiazine (1)
PAC  Ethyl nitro(tetrahydro-2H-1,3-thiazin-2-ylidene)-acetate (1B)
PAR  To a mixture of 235 g of 5,6-dihydro-2-(methylthio)-4H-1,3-thiazine (A. F.
      McKay, et al., J. Am. Chem. Soc., 80, 3339 (1958)) and 2 g of zinc
      chloride, at approximately 115.degree. in a nitrogen atmosphere, 263 g of
      ethyl nitroacetate (S. Zea, et at., Kogyo Kagaku Zasshi, 74,  70 (1971))
      was added dropwise over a 1.5 hour period. The mixture was held at
      110.degree.-120.degree.. When evolution of methyl mercaptan ceased after
      45 minutes further stirring of the heated mixture, 1 g of zinc chloride
      was added and the mixture was stirred at about 115.degree. for 1.25 hours.
      An additional 1 g of zinc chloride then was added and stirring of the
      mixture at about 115.degree. was continued for 1.5 hours. The mixture then
      was poured into a cooled solution of 2/1 ether/isopropyl alcohol mixture,
      The crystallized product was collected, washed with ether and dried under
      reduced pressure to leave a tan solid, m.p. 100.degree.-102.degree., which
      on recrystallization from methanol gave 1B as a pale yellow solid, m.p.
      105.degree.-106.degree..
PAC  Tetrahydro-2-(nitromethylene)-2H-1,3-thiazine (1A)
PAR  2.3 g of 1B was added to 10 ml of 20% aqueous sodium hydroxide and the
      mixture was stirred at room temperature for 12 hours. The resulting
      solution was treated dropwise with 3.5 g of acetic acid. The addition was
      accompanied by vigorous gas evolution. The resulting mixture was extracted
      with methylene chloride and the extract was dried (magnesium sulfate) and
      concentrated under reduced pressure to give 1A as a pale yellow solid,
      m.p. 76.degree.-78.degree..
PAR  1. A solution of 2.2 g of chlorine in 100 ml of methylene chloride was
      added dropwise to a solution of 4.8 g of 1A in 25 ml methylene chloride,
      the mixture being held at 5.degree.-15.degree.. After the addition was
      complete, 3.1 g of triethylamine, followed by an additional 2,7 g of
      chlorine in in 100 ml of methylene chloride was added, the mixture being
      held at 5.degree.-10.degree.. The mixture then was washed with saturated
      sodium bicarbonate solution and saturated salt solution, dried (Na.sub.2
      SO.sub.4) and concentrated under reduced pressure to give 1, as an amber
      oil, homogeneous by thin layer chromatography, crystalline at low
      temperature (melting point below 20.degree.).
PAC  EXAMPLE 2 --  2-(bromochloronitromethyl)-5,6-dihydro-4H-1,3-thiazine (2)
PAC  2-(bromonitromethylene)-tetrahydro-2H-1,3-thiazine (2A)
PAR  A solution of 3.2 g of bromine in 10 ml of methylene chloride was added
      dropwise to a solution of 3.2 g of 1A in 50 ml of water, the temperature
      being held at 5.degree.-10.degree.. The mixture was then stirred for 45
      minutes when 200 ml of methylene chloride was added to dissolve the solid
      material. The organic phase was separated, washed with water, dried
      (Na.sub.2 SO.sub.4) and concentrated under reduced pressure to give a
      yellow solid. This was washed with ether to give 2A as a yellow solid,
      m.p. 122.degree. (with decomposition).
PAR  2. A mixture of 7.2 g of 2A and 4.5 g of N-chlorosuccinimide in 110 ml of
      carbon tetrachloride was stirred at room temperature. After 2 hours
      stirring, the mixture was filtered and the solid matter was washed with
      carbon tetrachloride. Concentration of the filtrate plus the washings gave
      a yellow semisolid. This was chromatographed on silica gel using
      dry-column technique and a 1:4:10 tetrahydrofuran/ethyl acetate/hexane
      mixture as eluent. The only mobile (ultra-violet active) component was cut
      out and extracted with acetone to give a pale yellow liquid which
      solidified to a slightly mushy solid, m.p., 25.degree.-40.degree.. This
      was recrystallized from ether-pentane to give 2, as a white solid, m.p.,
      42.5.degree.-49.degree..
PAC  EXAMPLE 3 --  2-(dibromonitromethyl)-5,6-dihydro-4H-1,3-thiazine (3)
PAR  A solution of 8.0 g bromine in 50 ml of chloroform was added dropwise to a
      solution of 4.0 g of 1A in 100 ml of chloroform, the mixture being held at
      5.degree.-10.degree.. After stirring for an additional hour at the same
      temperature, the mixture was poured into excess saturated sodium
      bicarbonate solution and extracted with chloroform. The organic extract
      was washed with salt solution, dried (Na.sub.2 SO.sub.4) and concentrated
      under reduced pressure to give a yellow solid, m.p. 74.degree.-78.degree..
      This solid was partially dissolved in a mixture of 60 ml of hot ether and
      15 ml of ethyl acetate, the mixture charcoaled, filtered and stripped to
      give a white solid, which was recrystallized from ether-pentane to give 3,
      as a white solid, m.p. 75.degree.-77.degree..
PAC  EXAMPLE 4 -- 2-(bromofluoronitromethyl)-5,6-dihydro-4H-1,3-thiazine (4)
PAR  46 g of perchloryl fluoride was bubbled into a solution/suspension of 12 g
      of 2A in 150 ml of pyridine at 0.degree.-10.degree. over a 2-hour-period.
      The mixture then was stirred at the same temperature for an additional 30
      minutes, then concentrated under reduced pressure. The residue was
      dissolved in chloroform and washed successively with 25% acetic acid,
      saturated sodium bicarbonate solution, and saturated sodium chloride
      solution. The washed solution was dried (Na.sub.2 SO.sub.4), then was
      stripped of solvent under reduced pressure to give a red liquid, sensitive
      to warmth. Chromatography of the liquid in silica gel using chloroform as
      eluent gave 4 as a pale yellow liquid.
PAR  2-(chlorofluoronitromethyl)-5,6-dihydro-4H-1,3-thiazine can be prepared in
      a similar manner, from 2-(chloronitromethylene)-tetrahydro-2H-1,3-thiazine
      [I] which can be prepared by stirring a mixture of 16.0 g of 1A and 13.4 g
      of N-chlorosuccinimide in 250 ml of carbon tetrachloride for an extended
      period at room temperature. I is recovered by filtering the crude reaction
      mixture, extracting the solid with methylene chloride, washing and drying
      the organic liquid phase, concentrating the solution under reduced
      pressure, and chromatographing the product on silica gel with a 1:1
      methylene chloride/ethyl acetate mixture as eluent, I being a yellow
      solid, m.p.: 140.degree.-141.degree..
PAR  Compounds of this invention exhibit useful insecticidal activity, being of
      particular interest for control of the larvae "caterpillar" or "worm"
      forms of insects of the genus Heliothis, such as H. zea (corn earworm,
      cotton bollworm, tomato fruitworm), H. virescens (tobacco budworm) and the
      genus Agrotis, such as A. ipsilon (black cutworm). Some are also of
      interest for controlling whiteflies, houseflies and pea aphids. In tests
      that have been conducted they have exhibited to toxicity to the
      two-spotted spider mite and some toxicity to mosquito larvae. Some act
      very rapidly, providing "quick knock-down" of insects: in some cases
      though the compound is not very toxic to the insects.
PAR  Activity of compounds of this invention with respect to insects was
      determined by using standardized test methods to establish the LC.sub.50
      dosage (in milligrams of test compound per 100 milliliters of solvent or
      liquid carrier required in the solution or suspension of test compound
      used) to kill 50% of the test insects. The test insects were the housefly,
      corn earworm, mosquito, pea aphid and 2-spotted spider mite.
PAR  All of compounds 1 through 4 were very active with respect to the corn
      earworm, and had low to moderate activity with respect to the pea aphid
      and housefly. Compounds 1, 2 and 3 had low activity with respect to
      mosquito larvae. None was active with respect to the pea aphid.
PAR  In the course of these tests it was noted that compounds 1 acted very
      quickly on houseflies and corn earworms, and compounds 2, 3 and 4 acted
      very quickly upon pea aphids.
PAR  The invention includes within its scope insecticidal compositions
      comprising an adjuvant -- that is, a carrier, optionally a surface-active
      agent -- and, as active ingredient, at least one insecticide of this
      invention. Likewise the invention includes also a method of combatting
      insect pests at a locus which comprises applying to the locus an effective
      amount of at least one insecticide of the invention.
PAR  The term "carrier" as used herein means a material, which may be inorganic
      or organic and of synthetic or natural origin, with which the active
      compound is mixed or formulated to facilitate its application to the
      plant, seed, soil and other object to be treated, or its storage,
      transport or handling. The carrier may be a solid or a liquid.
PAR  Suitable solid carriers may be natural and synthetic clays and silicates,
      for example, natural silicas such as diatomaceous earths; magnesium
      silicates, for example, talcs; magnesium aluminum silicates, for example,
      kaolinites, montmorillonites and micas; calcium carbonate; calcium
      sulfate; synthetic hydrated silicon oxides and synthetic clacium or
      aluminum silicates; elements such as for example, carbon and sulfur;
      natural and synthetic resins such as, for example, coumarone resins,
      polyvinyl chloride and styrene polymers and copolymers; solid
      polychlorophenols, bitumen, waxes such as beeswax, paraffin wax, and
      chlorinated mineral waxes; degradable organic solids, such as ground corn
      cobs and walnut shells; and solid fertilizers, for example,
      super-phosphates.
PAR  Suitable liquid carriers include solvents for the compounds of this
      invention and liquids in which the toxicant is insoluble or only slightly
      soluble.
PAR  Examples of such solvents and liquid carriers generally are water,
      alcohols, for example, isopropyl alcohol, ketones, such as acetone, methyl
      ethyl ketone, methyl isobutyl ketone and cyclohexanone; ethers; aromatic
      hydrocarbons such as benzene, toluene and xylene; petroleum fractions such
      as kerosene, light mineral oils, chlorinated hydrocarbons, such as carbon
      tetrachloride, perchlorethylene, trichloroethane, including liquefied
      normally vaporous gaseous compounds. Mixtures of different liquids are
      often suitable.
PAR  If used, the surface-active agent may be an emulsifying agent or a
      dispersing agent or a wetting agent. It may be nonionic or ionic.
      Surface-active agents usually applied in formulating pesticides may be
      used. Examples of such surface-active agents are the sodium or calcium
      salts of polyacrylic acids and lignin sulfonic acids; the condensation
      products of fatty acids or aliphatic amines or amides containing at least
      12 carbon atoms in the molecule with ethylene oxide and/or propylene
      oxide; fatty acid esters of glycerol, sorbitan, sucrose or
      pentaerythritol; fatty acid salts of low molecular weight, mono-, di- and
      trialkylamines; condensates of these with ethylene oxide and/or propylene
      oxide; condensation products of fatty alcohols or alkyl phenols, for
      example, p-octylphenol or p-octylcresol, with ethylene oxide and/or
      propylene oxide; sulfates or sulfonates of these condensation products;
      alkali or alkaline earth metal salts, preferably sodium salts, of sulfuric
      or sulfonic acids esters containing at least 10 carbon atoms in the
      molecule, for example, sodium lauryl sulfate, sodium secondary alkyl
      sulfates, sodium salts of sulfonated caster oil, and sodium alkyaryl
      sulfonates such as sodium dodecylbenzene sulfonate; and polymers of
      ethylene oxide and copolymers of ethylene oxide and propylene oxide.
PAR  The compositions of the invention may be formulated as wettable powders,
      dusts, granules, solutions, emulsifiable concentrates, emulsions,
      suspension concentrates or aerosols. Encapsulated formulations and
      controlled release formulations also are contemplated, as are bait
      formulations. Wettable powders are usually compounded to contain 25, 50 or
      75%w of toxicant and usually contain, in addition to solid carrier, 3-10%w
      of stabilizer(s) and/or other additives such as penetrants or stickers.
      Dusts are usually formulated as a dust concentrate having a similar
      composition to that of a wettable powder but without a dispersant, and are
      diluted in the field with further solid carrier to give a composition
      usually containing 1/2-10%w of toxicant. Granules may be manufactured by
      agglomeration or impregnation techniques. Generally, granules will contain
      1/2-25%w toxicant and 0-10%w of additivies such as stabilizers, slow
      release modifiers and binding agents. Emulsifiable concentrates usually
      contain, in addition to the solvent, and when necessary, co-solvent,
      10-50%w/v toxicant, 2-20%w/v emulsifiers and 0-20%w/v of appropriate
      additives such as stabilizers, penetrants and corrosion inhibitors.
      Suspension concentrates are compounded so as to obtain a stable,
      non-sedimenting, flowable product and usually contain 10-75%w toxicant,
      0-5%w of dispersing agents, 0.1-10%w of suspending agents such as
      protective colloids and thixotropic agents, 0-10%w of appropriate
      additives such as defoamers, corrosion inhibitors, stabilizers, penetrants
      and stickers, and as carrier, water or an organic liquid in which the
      toxicant is substantially insoluble; certain organic additives or
      inorganic salts may be dissolved in the carrier to assist in preventing
      sedimentation or as antifreeze agents for water.
PAR  Aqueous dispersions and emulsions, for example, compositions obtained by
      diluting a wettable powder or an emulsifiable concentrate according to the
      invention with water, also lie within the scope of the present invention.
PAR  The compositions of the invention may also contain other ingredients, for
      example, other compounds possessing pesticidal, herbicidal or fungicidal
      properties, or attractants, such as pheromones, attractive food
      ingredients, and the like, for use in baits and trap formulations.
PAR  These compositions are applied in sufficient amount to supply the effective
      dosage of toxicant at the locus to be protected. This dosage is dependent
      upon many factors, including the carrier employed, the method and
      conditions of application, whether the formulation is present at the locus
      in the form of an aerosol, or as a film or as discrete particles, the
      thickness of film or size of particles, the insect species to be
      controlled and the like, proper consideration and resolution of these
      factors to provide the necessary dosage of active material at the locus
      being within the skill of those versed in the art. In general, however,
      the effective dosage of toxicants of this invention at the locus to be
      protected -- i.e. the dosage to which the insect contacts -- is of the
      order of 0.001% to 0.5% based on the total weight of the formulation,
      though under some circumstances the effective concentration will be as
      little as 0.0001% or as much as 2%, on the same basis.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A compound of the formula
      ##SPC2##
PAL  wherein hal represents chlorine, bromine or fluorine, and hal' represents
      chlorine or bromine.
NUM  2.
PAR  2. A compound according to claim 1 wherein hal and hal' each is bromine.
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ABST
PAL  Novel 6-APA, 7-ACA and 7-ADCA derivatives are described which comprise
      phosphorylated derivatives of 6-APA, 7-ACA, or 7-ADCA and the
      corresponding acylated derivatives thereof. The novel compounds are
      prepared by the reaction of 6-APA, 7-ACA, 7-ADCA or a salt thereof with a
      phosphorus halide in the presence of an acid acceptor and subsequently
      acylating the thus formed phosphorylated compound, to form a
      phosphorylated acylated derivative which upon hydrolysis with water splits
      off the protective group(s) to provide the corresponding semi-synthetic
      penicillin or cephalosporin having useful antibacterial activity.
PARN
PAR  This application is a division of application Ser. No. 385,024 filed Aug.
      2, 1973 which in turn is a division of application Ser. No. 197,142 filed
      Nov. 9, 1971, now U.S. Pat. No. 3,859,298.
BSUM
PAR  This invention relates to novel phosphorylated 6-APA, 7-ACA, and 7-ADCA
      derivatives, acylated derivatives thereof and the process for their
      production.
PAR  One aspect of the present invention relates to the production of
      semi-synthetic penicillins and cephalosporins in high yields from
      compounds such as 6-amino penicillanic acid, 7-amino cephalosporanic acid,
      and 7-amino-3-desacetoxy cephalosporanic acid.
PAR  Another aspect of the present invention relates to the acylation of novel
      phosphorylated 6-amino penicillanic acids, 7-amino cephalosporanic acids,
      and 7-amino-3-desacetoxy cephalosporanic acids in the absence of an acid
      acceptor.
PAR  Yet another aspect of the present invention relates to novel acylated and
      phosphorylated derivatives of 6-amino penicillanic acid, 7-amino
      cephalosporanic acid, 7-amino-3-desacetoxy cephalosporanic acid and
      related compounds.
PAR  These and other aspects of the present invention will become apparent from
      the following description.
PAR  In its broadest aspects the present invention covers compounds having the
      following structure:
      ##SPC1##
PAL  Wherein:
PA1  R is a member selected from the class consisting of hydrogen and an organic
      acyl radical; R.sup.1 is selected from the class consisting of hydrogen
      and a radical of the formula
      ##EQU1##
      with the proviso that R and R.sup.1 are not both hydrogen; R.sup.2 is a
      member selected from the class consisting of R.sup.1, alkali metal (e.g.
      Na, K) and a tertiary amine;
PA1  R.sup.4 is a member selected from the class consisting of hydrogen,
      (lower)alkanoyloxy containing two to eight carbon atoms, and a quaternary
      ammonium radical.
PA1  R.sup.5 and R.sup.6 are each selected from the class consisting of (lower)
      alkyl, aryl, halo(lower)alkyl, aryl(lower)alkyl; and R.sup.5 and R.sup.6
      may be joined together to form with phosphorus, the ring
      ##EQU2##
      or
      ##SPC2##
PAL  Wherein X is selected from the class consisting of oxygen, CH.sub.2 and
      sulfur; m is an integer from 1 to 6; R.sup.7 is hydrogen or (lower)alkyl.
PAR  The preferred novel compounds of the present invention are those having the
      following formulae:
      ##SPC3##
PAL  Wherein:
PA1  R is selected from the class consisting of hydrogen and organic acyl;
PA1  R.sup.1 is selected from the class consisting of hydrogen and
      ##EQU3##
      with the proviso that R and R.sup.1 are not both hydrogen; R.sup.4 is
      selected from the class consisting of hydrogen and acetoxy.
PAR  The term "(lower)alkyl" as employed herein alone or in conjunction with
      other designated groups is intended to encompass straight chain or branch
      chain alkyl groups consisting of from one through six carbon atoms (e.g.
      methyl, ethyl, propyl, butyl, isobutyl, hexyl, 2-ethylpropyl, etc.)
PAR  The term "halogen" as used herein is intended to encompass chlorine,
      bromine, iodine and fluorine. The term "aryl" encompasses monocyclic and
      bicyclic rings having six to ten ring carbon atoms such as phenyl,
      naphthyl, etc. The term "aryl(lower) alkyl" is illustrated by benzyl,
      phenethyl, etc.
PAR  The term "(lower)alkanoyloxy" is illustrated by acetoxy, propionoyloxy and
      butanolyloxy. The term "quaternary ammonium" is illustrated by pyridinium,
      quinolinium, picolinum, etc. The term "tertiary amine" is illustrated by
      any of the well-known radicals such as triethylamine, tribenzylamine,
      N-ethylpiperidine which are described in the penicillin and cephalosporin
      art as capable of forming an amine salt with the carboxyl group.
PAR  The acyl group defined by R is derived from an organic carboxylic acid or a
      suitable functional reactive derivative thereof.
PAR  When R is acyl, the preferred acyl radicals are selected from groups having
      the following formulae:
      ##SPC4##
PAL  wherein:
PA1  R.sup.3 is selected from the class consisting of hydrogen, (lower)alkyl and
      phenyl; R.sup.8 and R.sup.9 are selected from the group consisting of
      hydrogen and (lower)alkoxy;
PA1  R.sup.10 is selected from the class consisting of hydrogen, (lower)alkyl
      and phenyl;
PA1  R.sup.11 and R.sup.12 are selected from the class consisting of hydrogen
      and halogen;
PA1  R.sup.13 and R.sup.14 are selected from the class consisting of hydrogen,
      halogen, (lower)alkyl, (lower)alkoxy, phenyl and phenoxy;
PA1  a is an integer from 0 to 1; b is an integer from 0 through 5;
PA1  c is an integer from 0 through 2; d is an integer from 1 through 3, with
      the proviso that when a is 0, d is greater than 1, and when a is 1, d is
      less than 3.
PAR  Semi-synthetic penicillins and cephalosporins may be prepared according to
      the following flow diagrams, using 6-APA and 7-ACA respectively, as
      illustrative starting materials.
      ##SPC5##
      ##SPC6##
PAR  In the foregoing process the starting material (e.g. 6-APA, 7-ACA or
      7-ADCA) which may be obtained by any number of procedures described in the
      art (e.g. See U.S. Pat. Nos. 3,499,909 and 2,941,995) is reacted with a
      phosphorus halide of formula II in the presence of inert organic solvent
      and an acid acceptor to form a compound of formula III or VII
      respectively. This reaction is preferably carried out at a temperature
      above -10.degree. C. and not higher than about -25.degree. C. The molar
      ratio of an acid binding agent to a starting material such as 6-APA is
      about 0.75:2 and the molar ratio of acid binding agent to a compound of
      formula II is 1:1.
PAR  Suitable acid binding agents are tertiary amines such as triethyl amine,
      dimethylaniline, quinoline, pyridine, lutidine, alkali metal carbonates;
      alkaline earth carbonates or other acid binding agents known in the art.
      The preferred acid binding agent is a strong tertiary amine. As used
      herein "strong amines" are those characterized by having dissociation
      constants in the range of from 10.sup.-.sup.3 to 10.sup.-.sup.6 or having
      comparable basicity, as distinguished from "weak amines" which are
      characterized by having dissociation constants in the range of from
      10.sup.-.sup.8 to 10.sup.-.sup.11.
PAR  A wide range of anhydrous non-hydroxylic organic solvents are useful in the
      reaction of 6-APA or 7-ACA with a phosphorylating agent including
      hydrocarbons such as benzene and toluene; chlorinated solvents such as
      methylene chloride, chloroform and chlorobenzene; ethers such as diethyl
      ether, dioxane, tetrahydrofuran; and other conventional solvents such as
      methylisobutylketone, dimethylformamide, ethyl acetate, acetonitrile, etc.
PAR  The reaction between 6-APA, 7-ACA, or 7-ADCA and a phosphorus halide is
      carried out preferably at a temperature at which the reaction proceeds to
      completion in a reasonably short time period, i.e. between -10.degree. C.
      and +10.degree. C.
PAR  A compound of formula III and VII prepared according to this invention can
      be isolated by removing the hydrohalide base by filtration and
      distillation of the solvent, or if the intermediate is to be converted at
      once to a penicillin or cephalosporin, the reaction mixture can be
      acylated directly without filtration or concentration.
PAR  The product or products obtained from the reaction of a compound of formula
      I or VI with a phosphorylating agent is dependent on the molar ratio of
      the reactants as to whether an anhydride of the penicillanic acid is
      formed. Thus, if the molar ratio of a compound of formula II to formula I
      is greater than 1:1, the predominant material obtained is a compound of
      formula III, particularly as the molar ratio increases to about 2:1 and
      higher. On the other hand where the molar ratio is 1:1 or less (e.g.
      0.5:1), the predominant compound is
      ##SPC7##
PAL  with the amount of a compound of formula III becoming smaller as the molar
      ratio of a compound of formula II is decreased in relation to the amount
      of 6-APA.
PAR  The preferred molar ratio of phosphorylating agent to the starting material
      such as a compound of formula I or VI is greater than 1:1, preferably at
      least 2:1.
PAR  The fact that mixtures of phosphorylated compounds can be produced under
      certain reaction conditions does not interfere with the process of
      acylation and subsequent formation of the desired semi-synthetic
      penicillin or cephalosporin.
PAR  Novel phosphorylated acylated compounds within the scope of formula A and B
      may be prepared by the acylation of a compound of formula III or VII in
      accordance with the reaction sequence shown above in diagrams A and B,
      respectively.
PAR  Suitable acylating agents include carboxylic acid halides, carboxylic acid
      anhydrides, mixed anhydrides with other carboxylic or inorganic acids;
      esters such as thiol esters and phenol esters; lactones; and carboxylic
      acids with carbodiimides or N,N.sup.1 -carboxyldiimidazoles.
PAR  Illustrative of some specific preferred acylating agents are phenoxyacetyl
      chloride, 2,6-dimethoxybenzoyl chloride, benzene sulfonyl chloride,
      2-phenoxypropionyl chloride, 2-phenoxy-butyl chloride, D(-)phenylglycyl
      chloride HCl, 1-aminocyclopentane-carboxylic acid chloride HCl,
      1-aminocyclohexanecarboxylic acid chloride HCl, 2-amino-2-carboxyindane
      acid chloride HCl, 2-ethoxy naphthoyl bromide and
      3-(2,6-dichlorophenyl)-5-methyl-isoxazole carbonyl chloride, etc.
PAR  In carrying out the acylation step, it has been suprisingly found that an
      acid acceptor need not be present during the reaction. Heretofore such a
      reagent was deemed essential for successfully carrying out the acylation
      procedure as illustrated by U.S. Pat. Nos. 3,595,855; 3,249,622. In
      addition, where a strong amine is used in reacting a compound of formula I
      with a compound of formula II, it is desirable to avoid the presence of
      any excess strong amine because the strong amine has a deleterious effect
      on the yield of semi-synthetic penicillin produced. The acylation process
      is carried out in the presence of an inert anhydrous organic solvent.
      Suitable solvents may be the same as earlier exemplified for the reaction
      producing the phosphorylated derivatives of 6-APA, 7-ACA, 7-ADCA, etc.
PAR  The acylated penicillins and cephalosporins of formulae IV and IX are
      readily hydrolyzed by treating with water, to split off the protective
      group from the amino group and the carboxyl group to form a semi-synthetic
      penicillin or cephalosporin embraced by formulae V and X, respectively.
PAR  The acylation of a compound of formula III or VII first results in the
      formation of an intermediate of formula IV(a) or VIII, respectively. These
      intermediates repidly convert to a compound of formula IV and IX,
      respectively as a result of expulsion
      ##EQU4##
      from the nitrogen atom. This expulsion is due to the presence of an anion
      (e.g. Cl.sup.-) upon formation of the intermediate of formula IV(a) or
      VIII, respectively, which attacks the phosphorus atom linked to the
      nitrogen. It is possible that the presence of a weak base during the
      acylation would bind the anion and thereby avoid the expulsion of
      ##EQU5##
      In the latter case hydrolysis of a compound of formula IV(a) or VIII,
      respectively, would result in direct formation of a compound of formula V
      or X, rather than intermediate IV or IX.
PAR  The hydrolysis is carried out at a pH between 0.5 and 2 at a temperature
      below about 15.degree., preferably between 0.degree. and 5.degree. C. The
      hydrolysis is carried out by treatment with water.
PAR  Where the acylating agent used is in the form of an acid addition salt, the
      penicillin or cephalosporin of formula V or X is recovered upon hydrolysis
      as an acid addition salt (e.g. chloride) which may then be converted to
      the free base by methods well known in the art. In the event the ultimate
      penicillin to be obtained is .alpha.-aminobenzyl penicillin (ampicillin),
      it has been found advantageous to change the chloride to an aryl sulfonic
      acid salt of the aminopenicillin either by adding an appropriate sulfonic
      acid to the reaction mixture comprising the selected organic solvent and
      water, or to the aqueous extracts separated as described immediately
      above. In this connection, a 25% excess of the sulfonic acid has been used
      to advantage in preparing the corresponding salt of ampicillin.
PAR  The aryl sulfonic salt of the .alpha.-aminobenzyl penicillin may then be
      converted to the penicillin per se by reaction with a base such as
      triethylamine or diethylamine in approximately 85% isopropanol. In the
      case of ampicillin specifically, the sulfonic acid salt, wet with water
      and ethyl acetate, may be added to isopropanol containing a molar
      equivalent of triethylamine at 75.degree.-80.degree.C., whereby the
      anhydrous form of ampicillin described and claimed in U.S. Pat. No.
      3,144,445 is formed and collected by filtration from the hot mixture.
PAR  Alternatively, the corresponding penicillin may be obtained, but in
      hydrated form, by raising the pH of the aqueous reaction mixture
      containing the hydrochloride salt of said penicillin to the iso-electric
      point.
PAR  The starting materials defined by formula II may be prepared by procedures
      described in the literature. For example, the preparation of
      2-chloro-1,3,2-dioxaphospholane is described by Lucas et al., J. Am. Chem.
      Soc. 72, 5491-5497 (1950). Other compounds within the scope of formula II
      may be prepared by the procedures described by Brown et al., J. Chem. Soc.
      878-881 (1970).
DETD
PAR  The following examples are given by way of illustration and are not to be
      construed as limitations of this invention.
PAC  EXAMPLE 1
PAC  D(-).alpha.-aminobenzylpenicillin
PAR  6-Aminopenicillanic acid (10.81 g, 0.05 mole) is stirred for 1/2  hr. in
      100 ml. of dichloromethane at 0.degree.-5.degree. C. containing 13.85 ml.
      of triethylamine. At 0.degree.-5.degree. C., a solution of 12.65 g. (0.1
      mole) of 2-chloro-1,3,2-dioxaphospholane in 50 ml. of dichloromethane is
      added over 1 hr., and the mixture is stirred an additional 1/2  hr. at
      0.degree.-5.degree. C. The resulting product is
      6-(1,3,2-dioxaphospholan-2-yl amino)penicillanic acid,
      1,3,2-dioxaphospholan-2-yl ester. D-(-)phenylglycyl chloride hydrochloride
      (10.63 g., 0.05 mole) is added to the stirred mixture over 2 min., and
      stirring is continued for 1/2  hr. at 0.degree.-5.degree. C. under
      nitrogen. The cooling bath is removed and the temperature is allowed to go
      to 17.degree. C. and held at this temperature for a total acylation time
      of 3 hr. The resulting acylated product is 6-(
     2-amino-2-phenylacetamido)penicillanic acid, 1,3,2-dioxaphosphalan-2-yl
      ester. The mixture is poured into 300 ml. of water at 0.degree.-5.degree.
      C. and stirred for 15 min., with the pH going to 0.7. Celite is added, the
      mixture is filtered, and the filtrate is separated and the water layer
      (340 ml.) is bioassayed vs. S. Lutea. The addition of 5 ml. of this
      solution to 245 ml. of 1% pH 6 buffer gives an assay value of 700
      .gamma./ml. of ampicillin.
PAR  The .beta.-naphthalene sulfonic acid salt is prepared from the 340 ml. of
      solution by adding ethyl acetate (40 ml.) and cooling to
      0.degree.-10.degree. C. followed by addition of 29.4 g. of a 37, 68%
      solution of .beta.-naphthalene sulfonic acid over 10 min. and holding the
      pH at 1.5 to 1.7 with the addition of 5N sodium hydroxide. This mixture is
      stirred overnight at 5.degree. (filtered, stirred in 60 ml. of ethyl
      acetate for 5 min., filtered and sucked dry, giving 27.3 g. the
      .beta.-naphthalene sulfonic acid salt of
      D(-).alpha.-aminobenzylpenicillin. It was bioassayed vs. S. Lutea
      indicating the presence of 560 .gamma../ mg. of ampicillin.
PAC  EXAMPLE 2
PAC  1-aminocyclohexane penicillin
PAR  6-Aminopenicillanic acid (43.25 g., 0.7 mole) is stirred in dichloromethane
      (400 ml.) containing triethylamine (55.6 ml., 0.4 mole) at room
      temperature until solution is complete. The temperature is lowered to
      0.degree.-5.degree. C., and 50.6 g. (0.4 mole) 2-chloro-/,3,2
      -dioxophospholane in 200 ml. of dichloromethane is added over 1 hr., and
      stirring is continued at 0.degree.-5.degree.  C. for 1/2 hr.
      1-aminocyclohexanecarboxylic acid chloride hydrochloride (40 g., 0.2 mole)
      is added, and the mixture is stirred while the internal temperature is
      allowed to slowly go to 10.degree. C. over 1/2 hr., and the reaction is
      continued for an additional 21/2  hr. at 10.degree. C. The mixture is
      poured into 200 ml. of cold (0.degree.-5.degree. C.) water and the mixture
      is stirred in an ice bath for 15 min. Isopropanol (160 ml.) and celite (15
      g.) are added, the mixture is filtered by suction, and the cake is washed
      with 40 ml. of isopropanol. The two-phase filtrate is poured into a 2
      liter round bottom three-neck flask, and while stirring at
      15.degree.-20.degree. C., the pH is raised to 5.4-5.5 with 5N NaOH, giving
      white crystals of dihydrate of the above titled compound.
PAC  EXAMPLE 3
PAC  D(-)-.alpha.-aminobenzylpenicillin
PAR  6-Aminopenicillanic acid (43.25 g., 0.2 mole) is stirred in dichloromethane
      (400 ml.) containing triethylamine (55.6 ml., 0.4 mole) at room
      temperature until solution is complete. The temperature is lowered to
      0.degree.-5.degree. C., and 50.6 g. (0.4 mole) 2-chloro-1,3,2
      -dioxophospholane in 200 ml. of dichloromethane is added over 1 hr., and
      continue to stir at 0-5.degree. C. for 1/2 hr. D(-)Phenylglycyl chloride
      hydrochloride (43.6 g., 0.2 mole) is added over about 1 min., and the
      mixture is stirred at 0.degree.-5.degree. C. for 3/4 hr. The ice bath is
      lowered so that only the lower 1-2 cm. of the flask is in the ice water,
      and the internal temperature is allowed to slowly (about 25 min.) go to
      10.degree. C., and then held at this point for a total temperature raising
      time and reaction time of 2 hr. The mixture is poured into 800 ml. of room
      temperature water, and the flask is rinsed with 200 ml. of water. The
      mixture is stirred with the vessel in an ice-bath for 15 min., Super Cel
      is added, the mixture is filtered by suction, and the cake is washed with
      200 ml. water. The layers are separated, and the aqueous phase is placed
      in a 2 liter round bottom flask containing 200 ml. ethyl acetate. The
      internal temperature is lowered to 0.degree.-10.degree. C. and the pH is
      adjusted to 2 by the addition of 5N sodium hydroxide. Then 100 ml. of a
      37.7% .beta.-naphthalene sulfonic acid solution is added in about 10
      minutes while keeping the pH at 1.5 to 1.7 with 5N NaOH. After stirring 6
      hr. at 0.degree.-5.degree. C., and no stirring for 12 hr., the mixture is
      filtered, and the cake is washed with about 100 ml. of cold pH 2 water.
      After sucking as dry as possible the cake is stirred in 250 ml. of ethyl
      acetate for 5 minutes, the mixture is filtered, and the cake is washed
      with 2 .times. 50 ml. ethyl acetate, giving 137 g. of the above titled
      product. A portion of the sample is dried indicating 53.5% NVM with a
      corresponding yield of 66%, but bioassay vs. S. Lutea indicates 380
      .gamma./mg. with a corresponding yield of 75%. This material is converted
      to anhydrous ampicillin in 80% yield by the standard
      isopropanol/triethylamine procedure as described in U.S. Pat. No.
      3,487,073.
PAC  EXAMPLE 4
PAC  D(-)-.alpha.-aminobenzylcephalosporin
PAR  In a manner similar to the process for preparation of ampicillin in Example
      1, but using 7-amino-cephalosporanic acid (54.6 g., 0.2 mole) instead of
      6-aminopenicillanic acid, D(-)-.alpha.-aminobenzylcephalosporin is
      isolated by adjusting the pH of the aqueous phase, obtained after
      filtration, to about 5.75.
PAC  EXAMPLE 5
PAC  naphthalene sulfonic acid salt of D(-)-.alpha.-aminobenzylpenicillin
PAR  6-Aminopenicillanic acid (21.7 g., 0.1 mole) is stirred in dichloromethane
      (200 ml.) at 0.degree.-5.degree. C., and 14.0 ml. (0.1 mole) of
      triethylamine is added, and the mixture is stirred for 1/2 hr. At
      0.degree.-5.degree. C., a solution is dripped in of
      2-chloro-1,3,2-dioxophopholane (12.7 g., 0.1 mole) in dichloromethane (100
      ml.) over a 1 hr. period and stirring is continued at 0.degree.-5.degree.
      C. for 1/2 hr. D-(-)-phenylglycyl chloride hydrochloride (21.3 g., 0.1
      mole) is added all at once and the mixture is stirred at
      0.degree.-5.degree. C., for 30 min. The ice bath is lowered so that only
      the lower 1-2 cm. of the flask is in the ice water, and the internal
      temperature is allowed to slowly go to 10.degree. C. over about 2 hr., and
      the mixture is poured into 450 ml. of room temperature water, and the
      flask is rinsed with 60 ml. of water. The mixture is stirred with the
      vessel in an ice bath for 15 min., Super Cell is added, the mixture is
      filtered by suction, and the cake is washed with 100 ml. of water. The
      layers are separated, and the aqueous phase is placed in a 1 liter round
      bottom flask containing 100 ml. of ethylacetate. The internal temperature
      is lowered to 0.degree.-10.degree. C. and the pH is raised to 2 by the
      addition of 5N NaOH. Then 60 g. of a 37% .beta.-naphthalene sulfonic acid
      solution is added within 5 to 10 min. while keeping the pH at 1.5 to 1.7
      with 5N NaOH. After stirring overnight at 0.degree.-5.degree. C., the
      mixture is filtered, and the cake is washed with cold pH2 water (30 ml.).
      After sucking as dry as possible the cake is stirred in 125 ml. of ethyl
      acetate for 5 min., the mixture is filtered, and the cake washed twice
      with ethyl acetate, giving 38.22. of the .beta.-naphthalene sulfonic acid
      salt of D(-)-.alpha.-aminobenzylpenicillin. A portion of the sample is
      dried indicating the presence of 6.36 g. of NVM, with a corresponding 44%
      yield of the above titled product.
PAC  EXAMPLE 6
PAR  Following the procedure of Example 1, a series of phosphorylated penicillin
      compounds are prepared by reacting 2 moles of a phosphorylating agent of
      formula C with one mole of 6-APA to produce a compound of formula D.
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             C.sub.2 H.sub.5                                                   

                  Cl    C.sub.2 H.sub.5                                        

                                       C.sub.2 H.sub.5                         

     (f)          Cl                                                           

     (g)  ----CH.sub.2                                                         

                  Cl         ----CH.sub.2                                      

          .vertline..angle.  .vertline..angle.                                 

          ----CH.sub.2       ----CH.sub.2                                      

     __________________________________________________________________________

PAC  EXAMPLE 7
PAR  Following the procedure of Example 4, a series of phosphorylated penicillin
      compounds are prepared by reacting 2 moles of a phosphorylating agent of
      formula C with one mole of 7-ACA or 7-ADCA to produce a compound of
      formula E.
TBL  __________________________________________________________________________

     R.sup.5                                                                   

     .parallel.                                                                

     R.sup.6 --P--X                                                            

     C             E                                                           

     R.sup.5,                                                                  

            R.sup.6,                                                           

                X  R.sup.2,                                                    

                       R.sup.5,                                                

                           R.sup.6,                                            

                               X                                               

     __________________________________________________________________________

     (a)                                                                       

        CH.sub.3                                                               

            CH.sub.3                                                           

                Cl H   CH.sub.3                                                

                           CH.sub.3                                            

                               Cl                                              

     (b)  --O   Br H     --O   Br                                              

          .vertline..angle.                                                    

                         .vertline..angle.                                     

          --O            --O                                                   

     (c)                                                                       

        .phi.                                                                  

            .phi.                                                              

                F  H   .phi.                                                   

                           .phi.                                               

                               F                                               

                   O                                                           

                   .parallel.                                                  

     (d)                                                                       

        CH.sub.2 .phi.                                                         

            CH.sub.2 .phi.                                                     

                Cl OCCH.sub.3                                                  

                       CH.sub.2 .phi.                                          

                           CH.sub.2 .phi.                                      

                               Cl                                              

     __________________________________________________________________________

PAC  EXAMPLE 8
PAR  Following the procedure of Example 1, a series of phosphorylated penicillin
      compounds are prepared by reacting 0.5 mole of a phosphorylating agent of
      formula C with one mole of 6-APA to produce a compound of formula F.
TBL  __________________________________________________________________________

     R.sup.5                                                                   

     .vertline.                                                                

     R.sup.6 --P--X                                                            

     C                F                                                        

     R.sup.5,                                                                  

             R.sup.6,                                                          

                   X  R.sup.5,                                                 

                             R.sup.6,                                          

     __________________________________________________________________________

     (a)                                                                       

        CH.sub.3                                                               

             CH.sub.3                                                          

                   Cl CH.sub.3                                                 

                             CH.sub.3                                          

     (b)                                                                       

        .phi.                                                                  

             .phi. Cl .phi.  .phi.                                             

     (c)                                                                       

        CH.sub.2 .phi.                                                         

             CH.sub.2 .phi.                                                    

                   Br CH.sub.2 .phi.                                           

                             CH.sub.2 .phi.                                    

     (d)   --S     Cl    --S                                                   

           .vertline..angle.                                                   

                         .vertline..angle.                                     

           --S           --S                                                   

     (e)                                                                       

        C.sub.2 H.sub.5                                                        

             C.sub.2 H.sub.5                                                   

                   Cl C.sub.2 H.sub.5                                          

                             C.sub.2 H.sub.5                                   

     (f)           Cl                                                          

     __________________________________________________________________________

PAC  EXAMPLE 9
PAR  Following the procedure of Example 4 a series of phosphorylated
      cephalosporin compounds are prepared by reacting 0.5 mole of a
      phosphorylating agent of formula C with one mole of 7-ACA or 7-ADCA to
      produce a compound of formula G.
TBL  __________________________________________________________________________

     R.sup.5                                                                   

     .vertline.                                                                

     R.sup.6 --P--X                                                            

     C             G                                                           

     R.sup.5,                                                                  

            R.sup.6,                                                           

                X  R.sup.2,                                                    

                       R.sup.5,                                                

                           R.sup.6,                                            

     __________________________________________________________________________

     (a)                                                                       

        CH.sub.3                                                               

            CH.sub.3                                                           

                Cl H   CH.sub.3                                                

                           CH.sub.3                                            

     (b)  --O   Br H     --O                                                   

          .vertline..angle.                                                    

                         .vertline..angle.                                     

          --O            --O                                                   

     (c)                                                                       

        .phi.                                                                  

            .phi.                                                              

                F  H   .phi.                                                   

                           .phi.                                               

                   O                                                           

                   .parallel.                                                  

     (d)                                                                       

        CH.sub.2 .phi.                                                         

            CH.sub.2 .phi.                                                     

                Cl OCCH.sub.3                                                  

                       CH.sub.2 .phi.                                          

                           CH.sub.2 .phi.                                      

     __________________________________________________________________________

PAC  EXAMPLE 10
PAR  Following the procedure of Example 1, the following acylating agents are
      used in place of D(-)phenyl glycine chloride hydrochloride to obtain the
      following acylated phosphorylated penicillin derivatives. Those having an
      amino group are obtained as the hydrochloride salt.
TBL  __________________________________________________________________________

     acylating agent       R                                                   

     __________________________________________________________________________

     hydrochloride salt of 1-aminocyclo-                                       

     pentane carboxylic acid chloride                                          

     hydrochloride salt of 1-aminocyclo-2-                                     

     hexene-1-carboxylic acid chloride                                         

     hydrochloride salt of 1-amino-1-                                          

     indane carboxylic acid chloride                                           

     hydrochloride salt of 1-amino-1,2,3,4-                                    

     tetrahydronaphthoic acid chloride                                         

     hydrochloride salt of 1-amino-7-ethoxy-                                   

     1,2,3,4-tetrahydro-1-naphthoic acid                                       

     chloride                                                                  

     hydrochloride salt of 2-amino-2-indane-                                   

     carboxylic acid chloride                                                  

     hydrochloride salt of 2-amino-1-                                          

     phenoxy-2-indane carboxylic acid                                          

     chloride                                                                  

     hydrochloride salt of 1-amino-1,2,3,4-                                    

     tetrahydro-3,6-dimethyl-1-naphthoic acid                                  

     chloride                                                                  

     hydrochloride salt of 1-amino-3-cyclo-                                    

     pentene-1-carboxylic acid                                                 

     3-(phenyl)-5-methyl-4-isoxazole-                                          

     carbonyl chloride                                                         

     3-(2',6'-dichlorophenyl)-5-methyl-                                        

     4-isoxazole-carbonyl chloride                                             

     2,6-dimethoxy-benzoic acid chloride                                       

     2-ethoxy-1-naphthoyl chloride                                             

     .alpha.-phenoxy butyric acid chloride                                     

     __________________________________________________________________________

PAC  EXAMPLE 11
PAR  Following the procedure of Example 4, the acylating agents identified below
      are used to obtain the following acylated phosphorylated cephalosporins.
      Those having the amino group are obtained as the hydrochloride salt.
TBL  __________________________________________________________________________

     acylating agent                                                           

                    R                       R.sup.2                            

     __________________________________________________________________________

     D(-)phenyl glycine chloride,           H                                  

     hydrochloride                                                             

     2-thienylacetic acid                                                      

     D(-)phenyl glycine chloride,           O                                  

     hydrochloride                          .parallel.                         

                                            O--C--CH.sub.3                     

     phenoxyacetic acid chloride            O                                  

                                            .parallel.                         

                                            O--C--CH.sub.3                     

     __________________________________________________________________________

PAR  It is to be understood that the only limitation on the acyl radical of the
      synthetic penicillins and cephalosporins is that they be essentially
      non-toxic upon in vitro or in vivo application.
PAR  The synthetic penicillins and cephalosporins prepared from the
      intermediates of the present invention have activity against gram positive
      and/or gram negative bacteria and may be utilized in pharmacological
      compositions in association with pharmacologically acceptable carrier,
      e.g. in suitable injectable forms, including solutions and suspensions; or
      orally as tablets, capsules, and the like, utilizing conventional
      solvents, suspensoids, excipients, and the like. These compounds may be
      administered orally or parenterally. Naturally, the dosage of these
      compounds will vary somewhat with the form of administration and the
      particular compound chosen. Further, it will vary with the particular
      subject under treatment.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound having the following formula which is useful as an
      intermediate for obtaining non-toxic cephalosporins having antibacterial
      activity against gram positive and/or gram negative microorganisms:
      ##SPC8##
PAL  wherein: R.sup.2 is a member selected from the class consisting of
      hydrogen, alkali metal and a tertiary amine; R.sup.4 is a member selected
      from the class consisting of hydrogen, (lower)alkanoyloxy containing two
      to eight carbon atoms, and a quaternary ammonium radical; R.sup.5 and
      R.sup.6 are each selected from the class consisting of (lower)-alkyl,
      phenyl, naphthyl, phenyl(lower)alkyl and naphthyl(lower)-alkyl; and
      R.sup.5 and R.sup.6 when joined together with the phosphorus atom form the
      ring:
      ##EQU6##
      or
      ##SPC9##
PAL  wherein: X is selected from the class consisting of oxygen, methylene and
      sulfur; m is an integer from 1 to 6; R.sup.7 is selected from the class
      consisting of hydrogen and (lower)alkyl.
NUM  2.
PAR  2. A compound according to claim 1 wherein R.sup.2 is hydrogen.
NUM  3.
PAR  3. A compound according to claim 1 wherein R.sup.5 and R.sup.6 are joined
      together to form:
      ##EQU7##
      wherein X is oxygen and m is 1.
NUM  4.
PAR  4. A compound according to claim 3 wherein R.sup.7 is hydrogen.
NUM  5.
PAR  5. A compound of the formula:
      ##SPC10##
PAL  wherein: R.sup.4 is a member selected from the class consisting of
      hydrogen, acetoxy and N-pyridinium; and R.sup.7 is selected from the class
      consisting of hydrogen and (lower) alkyl.
NUM  6.
PAR  6. A compound according to claim 5 wherein R.sup.7 is hydrogen.
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ABST
PAL  The compounds are N-aminomethyl-2-amino(and
      2-aminomethyl)-2-heterocyclic-thioacetamides which are inhibitors of
      gastric acid secretion.
PARN
PAR  This is a division of application Ser. No. 266,024 filed June 26, 1972, now
      U.S. Pat. No. 3,853,865.
BSUM
PAR  This invention relates to new N-aminomethyl-2-amino- (and
      2-aminomethyl)-2-heterocyclic-thioacetamides having pharmacological
      activity. In particular, these compounds inhibit gastric acid secretion.
PAR  The compounds of this invention are represented by the following formula:
PAC  FORMULA I
      ##EQU1##
      in which: M IS 0 OR 1;
PA1  R.sub.1 is 2-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 2-pyrazinyl, 2-pyrrolyl,
      2-quinolyl, 2-thiazolyl or 4-thiazolyl; and
PA1  R.sub.2 and R.sub.3 are di-lower alkylamino, N-lower alkyl-N-phenylamino,
      piperidino, pyrrolidino, morpholino or N-lower alkylpiperazino.
PAR  This invention also includes pharmaceutically acceptable acid addition
      salts of the compounds of Formula I.
PAR  The pharmacologically active compounds of this invention have the basic
      structure of Formula I. However, it is apparent to one skilled in the art
      that well known nuclear substituents such as lower alkyl, lower alkoxy or
      halogen may be incorporated on the heterocyclic rings of R.sub.1 and the
      phenyl rings. These compounds are used as are the parent compounds.
PAR  Preferred compounds of this invention are represented by Formula I in which
      m is 0 or 1 and R.sub.2 is dimethylamino, diethylamino, piperidino or
      pyrrolidino or m is 1 and R.sub.2 is morpholino, and R.sub.3 is di-lower
      alkylamino, piperidino, pyrrolidino or morpholino.
PAR  Most preferably, in the compounds of Formula I, R.sub.1 is pyridyl.
PAR  Advantageous compounds of this invention are represented by Formula I in
      which R.sub.1 is 2-pyridyl, m is 0 or 1 and R.sub.2 is dimethylamino or m
      is 1 and R.sub.2 is morpholino, and R.sub.3 is diethylamino, pyrrolidino
      or morpholino.
PAR  A particularly advantageous compound of this invention is
      3-morpholino-N-morpholinomethyl-2-(2-pyridyl)-thiopropanamide.
PAR  The compounds of this invention produce inhibition of gastric acid
      secretion. This activity is demonstrated by administration to pylorus
      ligated rats at doses of about 10 to about 50 mg./kg. orally. Also, this
      activity is demonstrated by administration to chronic gastric fistula rats
      (Brodie et al., Amer. J. Physiol. 202:812-814, 1962) at doses of about 30
      to about 50 mg./kg. orally. In these procedures, compounds which produce
      an increase in the gastric pH or a decrease in the volume of gastric juice
      or both are considered active.
PAR  These compounds shown antiulcer activity in the restraint-stress method in
      which on oral administration to rats these compounds inhibit the
      development of experimental ulcers.
PAR  The compounds of this invention are prepared as follows:
      ##EQU2##
      The terms m, R.sub.1, R.sub.2 and R.sub.3 are as defined above.
      ##EQU3##
      The terms m, R.sub.1, R.sub.2 and R.sub.3 are as defined above and R.sub.2
      and R.sub.3 are the same.
PAR  According to procedure I, a 2-amino(or
      2-aminomethyl)-2-heterocyclic-thioacetamide is reacted with formaldehyde
      and an amine. The reaction is preferably carried out in an organic
      solvent, such as a lower alkanol, for example methanol. The reaction is
      carried out at about -40.degree.C. to about 90.degree.C.
PAR  According to procedure II, a heterocyclic thioacetamide is reacted with two
      molar equivalents of formaldehyde and two molar equivalents of an amine to
      give compounds of this invention in which m is 1 and R.sub.2 and R.sub.3
      are the same.
PAR  The 2-amino(or 2-aminomethyl)-2-heterocyclicthioacetamide starting
      materials are prepared by the following procedures.
      ##EQU4##
      The terms R.sub.1 and R.sub.2 are as defined above and R' is an alkali
      metal.
PAR  According to the above procedure, a heterocycliccarboxaldehyde, and amine
      and an alkali metal cyanide are reacted, preferably in the presence of
      acid, to give a 2-amino-2-heterocyclic-acetonitrile which is converted to
      a 2-amino-2-heterocyclic-thioacetamide by reacting with hydrogen sulfide
      in the presence of a base such as an amine or by reacting with ammonium
      polysulfide.
PAR  The 2-aminomethyl-2-heterocyclic-thioacetamide starting materials are
      prepared by reacting a 2-heterocyclicthioacetamide,
      2-heterocyclic-acetamide, or 2-heterocyclicacetonitrile with an equimolar
      amount of formaldehyde and an equimolar amount of an amine to give the
      corresponding 2-aminomethyl compounds and where the intermediate is a
      2-aminomethyl-2-heterocyclic-acetamide, reacting with phosphorus
      pentasulfide to give the corresponding thioacetamide and where the
      intermediate is 2-aminomethyl-2-heterocyclicacetonitrile, reacting with
      hydrogen sulfide in the presence of a base such as an amine or by reacting
      with ammonium polysulfide to give the corresponding thioacetamide.
PAR  The pharmaceutically acceptable acid addition salts of the compounds of
      Formula I are formed with organic and inorganic acids by methods known to
      the art. For example, the base is reacted with an organic or inorganic
      acid in aqueous miscible solvent, such as acetone or ethanol, with
      isolation of the salt by concentration and cooling or in aqueous
      immiscible solvent, such as ethyl ether or chloroform, with the desired
      salt separating directly. Exemplary of the salts which are included in
      this invention are maleate, fumarate, succinate, oxalate, benzoate,
      methanesulfonate, ethanedisulfonate, benzenesulfonate, acetate,
      propionate, tartrate, citrate, hydrochloride, hydrobromide, sulfate,
      sulfamate, phosphate and nitrate salts.
PAR  The compounds of this invention are administered internally either
      parenterally, rectally or, preferably, orally in an amount to produce the
      desired biological activity.
PAR  Preferably, the compounds are administered in conventional dosage forms
      prepared by combining an appropriate dose of the compound with standard
      pharmaceutical carriers.
PAR  The pharmaceutical carrier may be for example a solid or a liquid.
      Exemplary of solid carriers are lactose, magnesium stearate, terra alba,
      sucrose, talc, stearic acid, galatin, agar, pectin, acacia or cocoa
      butter. The amount of solid carrier will vary widely but preferably will
      be from about 25 mg. to about 1 gm. Exemplary of liquid carriers are
      syrup, peanut oil, olive oil, sesame oil, propylene glycol, polyethylene
      glycol (mol. wt. 200-400) and water. The carrier or diluent may include a
      time delay material well known to the art such as, for example, glyceryl
      monostearate or glyceryl distearate alone or with a wax.
PAR  A wide variety of pharmaceutical forms can be employed, for example the
      preparation may take the form of tablets, capsules, powders,
      suppositories, troches, lozenges, syrups, emulsions, sterile injectable
      liquids or liquid suspensions or solutions.
PAR  The pharmaceutical compositions are prepared by conventional techniques
      involving procedures such as mixing, granulating and compressing or
      dissolving the ingredients as appropriate to the desired preparation.
PAR  The terms "lower alkyl" and "lower alkoxy" where used herein denote groups
      having 1-4 carbon atoms and "halogen" denotes chloro, bromo or fluoro.
DETD
PAR  The following examples are not limiting but are illustrative of the
      compounds of this invention and processes for their preparation.
PAC  EXAMPLE 1
PAR  2-(2-Pyridyl)thioacetamide (0.7 g., 0.0046 mole) is dissolved in 10 ml of
      methanol. The solution is cooled to about -40.degree.C. and 1.0 g (0.012
      mole) of morpholine and 0.9 g. (0.012 mole) of 37% aqueous formaldehyde
      solution are added simultaneously. The mixture is allowed to stand at
      -20.degree.C. for 48 hours, then the solvent is removed under reduced
      pressure (no heat is applied). The viscous liquid is chromatographed on an
      acetone slurried Florisil (magnesiasilica gel) column. The yellow eluant
      is collected, the solvent removed and the residual liquid applied to an
      ethyl acetate slurried Florisil (magnesia-silica gel) column. Again the
      yellow eluant is concentrated and the residual viscous liquid is
      triturated with ethyl acetate and left at -20.degree.C. for 18 hours. The
      resulting precipitate is filtered and washed with cold ethyl acetate to
      give 3-morpholino-N-morpholinomethyl-2-(2-pyridyl)thiopropanamide, m.p.
      109.degree.-111.degree.C.
PAC  EXAMPLE 2
PAR  To cold 2-pyridinecarboxaldehyde (21.4 g., 0.2 mole) is added dimethylamine
      (22.5 g. of a 40% aqueous solution, 0.2 mole) and the solution is
      neutralized with concentrated hydrochloric acid. To the stirred
      neutralized solution is added 14.4 g. (0.22 mole) of potassium cyanide.
      The mixture is stirred overnight, then diluted with water, transferred to
      a separatory funnel and repeatedly extracted with chloroform. The combined
      chloroform extracts are washed three times with water, once with brine and
      dried over magnesium sulfate. The mixture is filtered, the solvent is
      removed under reduced pressure and methanol is added to the residue. The
      mixture is allowed to stand at -20.degree.C. for 18 hours, then filtered.
      The filtrate is concentrated and distilled in vacuo to give
      2-dimethylamino-2-(2-pyridyl)acetonitrile.
PAR  2-Dimethylamino-2-(2-pyridyl)acetonitrile (11.4 g., 0.07 mole) is dissolved
      in 200 ml. of dry pyridine containing 5 ml of anhydrous triethylamine.
      Hydrogen sulfide is bubbled into the stirred solution for 7 hours and the
      solution is then stirred for 17 hours. This procedure is repeated for 5
      days. Then the mixture is stirred for an additional 48 hours. The solvent
      is then removed under reduced pressure and the residue is recrystallized
      from ethanol to give 2-dimethylamino-2-(2-pyridyl)thioacetamide, m.p.
      130.degree.-133.degree.C. (dec.).
PAR  To a solution of 1.8 g. (0.0091 mole) of
      2-dimethylamino-2-(2-pyridyl)thioacetamide in 25 ml. of methanol is added
      0.9 g. (0.0015 mole) of morpholine in 2 ml. of methanol and 0.9 g. (0.0015
      mole) of 37% aqueous formaldehyde solution in 2 ml. of methanol. The
      resulting solution is stirred at room temperature for 18 hours. The
      solvent is removed under reduced pressure and ether is added to the
      residue. The mixture is cooled at -20.degree.C. for 4 hours and then
      filtered. The solvent is evaporated from the filtrate to give
      2-dimethylamino-N-morpholinomethyl-2-(2-pyridyl)-thioacetamide.
PAC  EXAMPLE 3
PAR  Hydrogen sulfide is bubbled into a stirred solution of 10.0 g. (0.048 mole)
      of 2-morpholino-2-(2-pyridyl)-acetonitrile, dissolved in 200 ml. of dry
      pyridine containing 5 ml. of anhydrous triethylamine, for 7 hours and then
      the mixture is stirred for 17 hours. Hydrogen sulfide is again bubbled
      into the stirred mixture and the mixture is again stirred for 17 hours.
      Then the solvent is removed under reduced pressure and the residue is
      recrystallized from ethanol to give
      2-morpholino-2-(2-pyridyl)thioacetamide, m.p. 172.degree.-175.degree.C.
      (dec.).
PAR  2-Morpholino-2-(2-pyridyl)thioacetamide (1.0 g., 0.0042 mole) is dissolved
      with heating in 30 ml. of methanol. To the warm solution is added 1.0 g.
      (0.012 mole) of morpholine and 1.84 g. (0.022 mole) of 37% aqueous
      formaldehyde solution. The resulting solution is refluxed three hours and
      then stirred for 17 hours. The solvent is evaporated and the residue is
      recrystallized from methanol/ether to give
      2-morpholino-N-morpholinomethyl-2-(2-pyridyl)thioacetamide, m.p.
      144.degree.-147.degree.C. (dec.).
PAC  EXAMPLE 4
PAR  By the procedure of Example I, using in place of morpholine, the following
      amines:
PA1  pyrrolidine
PA1  piperidine
PA1  1-methylpiperazine
PA1  diethylamine
PAL  the products are, respectively:
PA1  3-pyrrolidino-N-pyrrolidinomethyl-2-(2-pyridyl)-thiopropanamide
PA1  3-piperidino-N-piperidinomethyl-2-(2-pyridyl)-thiopropanamide
PA1  3-(4-methylpiperazino)-N-(4-methylpiperazinomethyl)-2-(2-pyridyl)thiopropan
     amide
PA1  3-diethylamino-N-diethylaminomethyl-2-(2-pyridyl)-thiopropanamide.
PAC  EXAMPLE 5
PAR  By the procedure of Example 1, using in place of
      2-(2-pyridyl)thioacetamide, the following thioacetamides:
PA1  2-(2-pyrazinyl)thioacetamide
PA1  2-(2-pyrrolyl)thioacetamide
PA1  2-(2-quinolyl)thioacetamide
PA1  2-(6-methyl-2-pyridyl)thioacetamide
PA1  2-(4-methoxy-2-pyridyl)thioacetamide
PA1  2-(4,6-dimethyl-2-pyrimidyl)thioacetamide
PAL  the products are, respectively:
PA1  3-morpholino-N-morpholinomethyl-2-(2-pyrazinyl)thiopropanamide
PA1  3-morpholino-N-morpholinomethyl-2-(2-quinolyl)thiopyropanamide
PA1  3-morpholino-N-morpholinomethyl-2-(2-quinolyl)thiopropanamide
PA1  3-morpholino-N-morpholinomethyl-2-(6-methyl-2-pyridyl)thiopropanamide
PA1  3-morpholino-N-morpholinomethyl-2-(4-methoxy-2-pyridyl)thiopropanamide
PA1  3-morpholino-N-morpholinomethyl-2-(4,6-dimethyl-2pyrimidyl)thiopropanamide.
PAC  EXAMPLE 6
PAR  By the procedure of Example 2, using in place of
      2-dimethylamino-2-(2-pyridyl)acetonitrile, the following acetonitriles:
PA1  2-diethylamino-2-(2-pyridyl)acetonitrile
PA1  2-pyrrolidino-2-(2-pyridyl)acetonitrile
PA1  2-piperidino-2-(2-pyridyl)acetonitrile
PA1  2-dimethylamino-2-(2-quinolyl)acetonitrile
PA1  2-piperidino-2-(2-quinolyl)acetonitrile
PAL  the products are, respectively:
PA1  2-diethylamino-N-morpholinomethyl-2-(2-pyridyl)thioacetamide
PA1  N-morpholinomethyl-2-pyrrolidino-2-(2-pyridyl)thioacetamide
PA1  N-morpholinomethyl-2-piperidino-2-(2-pyridyl)thioacetamide
PA1  2-dimethylamino-N-morpholinomethyl-2-(2-quinolyl)thioacetamide
PA1  N-morpholinomethyl-2-piperidino-2-(2-quinolyl)thioacetamide.
PAC  EXAMPLE 7
PAR  To 27.0 g. of 2-pyrimidinecarboxaldehyde and 11.3 g. of dimethylamine
      (neutralized with hydrochloric acid) is added, with stirring and cooling,
      17.9 g. of potassium cyanide in a small amount of water. The mixture is
      allowed to stand overnight and ether is added. Concentrating and
      distilling the residue gives 2-dimethylamino-2-(2-pyrimidyl)acetonitrile.
PAR  Using 2-dimethylamino-2-(2-pyrimidyl)acetonitrile in place of
      2-dimethylamino-2-(2-pyridyl)acetonitrile in the procedure of Example 2
      gives 2-dimethylamino-N-morpholinomethyl-2-(2-pyrimidyl)thioacetamide.
PAC  EXAMPLE 8
PAR  By the procedure of Example 2, using the following carboxaldehydes in place
      of 2-pyridinecarboxaldehyde:
PA1  4-pyrimidinecarboxaldehyde
PA1  2-pyrazinecarboxaldehyde
PA1  2-pyrrolecarboxaldehyde
PA1  2-thiazolecarboxaldehyde
PA1  4-thiazolecarboxaldehyde
PAL  the products are, respectively:
PA1  2-dimethylamino-N-morpholinomethyl-2-(4-pyrimidyl)thioacetamide
PA1  2-dimethylamino-N-morpholinomethyl-2-(2-pyrazinyl)thioacetamide
PA1  2-dimethylamino-N-morpholinomethyl-2-(2-pyrrolyl)thioacetamide
PA1  2-dimethylamino-N-morpholinomethyl-2-(2-thiazolyl)thioacetamide
PA1  2-dimethylamino-N-morpholinomethyl-2-(4-thiazolyl)thioacetamide.
PAC  EXAMPLE 9
PAR  By the procedure of Example 2, using diethylamine in place of
      dimethylamine, the product is
      2-diethylamino-N-morpholinomethyl-2-(2-pyridyl)thioacetamide.
PAR  Similarly, using dipropylamine, the product is
      2-dipropylamino-N-morpholinomethyl-2-(2-pyridyl)thioacetamide.
PAR  By the same procedure, using dibutylamine, the product is
      2-dibutylamino-N-morpholinomethyl-2-(2-pyridyl)thioacetamide.
PAC  EXAMPLE 10
PAR  By the procedure of Example 1, using in place of morpholine the following
      1-lower alkylpiperazines:
PA1  1-ethylpiperazine
PA1  1-propylpiperazine
PA1  1-butylpiperazine
PAL  the products are, respectively:
PA1  3-(4-ethylpiperazino-N-(4-ethylpiperazinomethyl)-2-(2-pyridyl)thiopropanami
     de
PA1  3-(4-propylpiperazino)-N-(4-propylpiperazinomethyl)-2-(2-pyridyl)thiopropan
     amide
PA1  3-(4-butylpiperazino)-N-(4-butylpiperazinomethyl)-2-(2-pyridyl)thiopropanam
     ide.
PAC  EXAMPLE 11
PAR  By the procedure of Example 2, using the following 1-lower alkylpiperazines
      in place of dimethylamine:
PA1  1-methylpiperazine
PA1  1-ethylpiperazine
PA1  1-propylpiperazine
PA1  1-butylpiperazine
PAL  the products are, respectively:
PA1  2-(4-methylpiperazino)-N-morpholinomethyl-2-(2-pyridyl)thioacetamide
PA1  2-(4-ethylpiperazino)-N-morpholinomethyl-2-(2-pyridyl)thioacetamide
PA1  N-morpholinomethyl-2-(4-propylpiperazino)-2-(2-pyridyl)thioacetamide
PA1  2-(4-butylpiperazino)-N-morpholinomethyl-2-(2-pyridyl)thioacetamide.
PAC  EXAMPLE 12
PAR  A solution of 3.0 g. (0.019 mole) of 2-(2-pyridyl)thioacetamide in 40 ml.
      of anhydrous methanol is treated at -40.degree.C. with 1.7 g. (0.019 mole)
      of morpholine in 5 ml. of methanol and 1.6 ml. of 37% formalin solution.
      The resulting mixture is kept at -25.degree.C. for 36 hours.
PAR  The solvents are evaporated in vacuo at 25.degree.C. and the residue is
      triturated three times with ether in the cold. The ether is decanted and
      the residue is recrystallized from acetone/hexane to give
      3-morpholino-2-(2-pyridyl)thiopropanamide.
PAR  The above prepared 3-morpholino-2-(2-pyridyl)thiopropanamide is reacted
      with pyrrolidine and formaldehyde in methanol by the procedure of Example
      2 to give 3-morpholino-N-pyrrolidinomethyl-2-(2-pyridyl)thiopropanamide.
PAR  By the same procedure, using the following compounds in place of
      pyrrolidine:
PA1  dimethylamine
PA1  diethylamine
PA1  piperidine
PA1  1-methylpiperazine
PAL  the products are, respectively:
PA1  N-dimethylaminomethyl-3-morpholino-2-(2-pyridyl)thiopropanamide
PA1  N-diethylaminomethyl-3-morpholino-2-(2-pyridyl)thiopropanamide
PA1  3-morpholino-N-piperidinomethyl-2-(2-pyridyl)thiopropanamide
PA1  N-(4-methylpiperazinomethyl)-3-morpholino-2-(2-pyridyl)thiopropanamide.
PAC  EXAMPLE 13
PAR  One gram of 3-morpholino-N-morpholinomethyl-2-(2-pyridyl)thiopropanamide in
      ethanol is treated with ethereal hydrogen chloride and the solvents are
      removed under reduced pressure to give
      3-morpholino-N-morpholinomethyl-2-(2-pyridyl)thiopropanamide
      trihydrochloride.
PAR  Similarly, using ethereal hydrogen bromide, the hydrobromide salt is
      prepared.
PAC  EXAMPLE 14
PAR  2-Dimethylamino-N-morpholinomethyl-2-(2-pyridyl)thioacetamide in ethanol is
      treated with an equimolar amount of oxalic acid in ethanol to give, after
      removing the solvent under reduced pressure,
      2-dimethylamino-N-morpholinomethyl-2-(2-pyridyl)thioacetamide oxalate.
PAR  Similarly, using maleic acid,
      2-dimethylamino-N-morpholinomethyl-2-(2-pyridyl)thioacetamide maleate is
      prepared.
PAR  In the same manner, using citric acid,
      2-dimethylamino-N-morpholinomethyl-2-(2-pyridyl)thioacetamide citrate is
      prepared.
PAC  EXAMPLE 15
PAR  Using N-methylaniline in place of morpholine in the procedure of Example 1,
      the product is
      3-(N-methyl-N-phenylamino)-N-(N-methyl-N-phenylaminomethyl)-2-(2-pyridyl)t
     hiopropanamide.
PAR  Similarly, using N-ethylaniline, the product is
      3-(N-ethyl-N-phenylamino)-N-(N-ethyl-N-phenylaminomethyl)-2-(2-pyridyl)thi
     opropanamide.
PAR  By the same procedure, using the appropriate N-lower alkylanilines, the
      products are
      3-(N-propyl-N-phenylamino)-N-(N-propyl-N-phenylaminomethyl)-2-(2-pyridyl)t
     hiopropanamide and
      3-(N-butyl-N-phenylamino)-N-(N-butyl-N-phenylaminomethyl)-2-(2-pyridyl)thi
     opropanamide.
PAC  EXAMPLE 16
PAR  Using N-methylaniline in place of dimethylamine in the procedure of Example
      2, the product is
      2-(N-methyl-N-phenylamino)-N-morpholinomethyl-2-(2-pyridyl)thioacetamide.
PAR  Similarly, using the appropriate N-lower alkylanilines, the corresponding
      N-ethyl, N-propyl and N-butyl compounds are prepared.
PAC  EXAMPLE 17
PAR  By the procedure of Example 2, using in place of morpholine, the following
      amines:
PA1  pyrrolidine
PA1  piperidine
PA1  1-methylpiperazine
PA1  diethylamine
PAL  the products are, respectively:
PA1  2-dimethylamino-N-pyrrolidinomethyl-2-(2-pyridyl)thioacetamide
PA1  2-dimethylamino-N-piperidinomethyl-2-(2-pyridyl)thioacetamide
PA1  2-dimethylamino-N-(4-methylpiperazinomethyl)-2-(2-pyridyl)thioacetamide
PA1  2-dimethylamino-N-diethylaminomethyl-2-(2-pyridyl)thioacetamide.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula:
      ##EQU5##
      in which m is 0 or 1;
PA1  R.sub.1 is 2-quinolyl; and
PA1  R.sub.2  and R.sub.3 are di-lower alkylamino, N-lower Alkyl-N-phenylamino,
      piperidino, pyrrolidino or morpoholino
PAL  or a pharmaceutically acceptable acid addition salt thereof.
NUM  2.
PAR  2. A compounds of claim 1 in which m is 0 or 1 and R.sub.2 is
      dimethylamino, diethylamino, piperidino or pyrrolidino or m is 1 and
      R.sub.2 is morpholino, and R.sub.3 is di-lower alkylamino, piperidino,
      pyrrolidino or morpholino.
NUM  3.
PAR  3. A compound of claim 1, said compound being
      3-morpholino-N-morpholinomethyl-2-(2-quinolyl)thiopropanamide.
NUM  4.
PAR  4. A compound of claim 1, said compound being
      2-dimethylamino-N-morpholinomethyl-2-(2-quinolyl)thioacetamide.
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ABST
PAL  Anti-Microbial Quaternary Ammonium Co-Polymers formed by the condensation
      of at least two di-functional tertiary amines and a molar quantity of
      1,4-dihalo-2-butene that is equal to the molar sum of the di-functional
      tertiary amines in the mixture.
PARN
PAR  This is a division of co-pending application Ser. No. 511,759, filed Oct.
      3, 1974, which is a continuation-in-part of application Ser. No. 425,931,
      filed Dec. 18, 1973 and now issued as U.S. Pat. No. 3,874,870, dated Apr.
      1, 1975.
BSUM
PAR  This invention relates to a new class of microbiocidal agents. More
      particularly, the products of this invention are co-polymerization
      products made by condensing a mixture of two or more difunctional tertiary
      amines and a molar quantity of 1,4-dichloro-2-butene that is equal to the
      molar sum of the difunctional tertiary amines in the mixture.
PAR  The difunctional tertiary amines used in making the products of this
      invention are of the type
      ##EQU1##
      where Z consists of from one to three divalent aliphatic radicals of two
      to 10 carbon atoms which may contain zero to two double bonds or zero to
      two hydroxy substituents; wherein R' and R" are either the same or
      different and wherein they may be (a) primary or secondary alkyls having
      one to 20 carbon atoms, where the sum of the carbon atoms in R' and R" is
      no greater than 36, (b) hydroxy or dihydroxy derivatives of the aforesaid
      primary or secondary alkyls, (c) benzyl, (d) alkyl benzyl or (e) combined
      with N to form a heterocyclic group of either five, six or seven atoms.
PAR  One of the features of the co-polymers of the present invention is that the
      quaternary ammonium moieties are part of the long polymeric chain rather
      than being quaternary ammonium moieties on branches that are bonded to the
      polymeric chain.
PAR  Another feature of the present invention is that the copolymer is a unique
      reaction product and not a mere mechanical mixture of separate polymers.
      Therefore, the co-polymers of this invention cannot be separated into
      constituent components, as would be the case if they were mere mechanical
      mixtures.
PAR  Another feature of the present invention is that the primary chemical units
      comprising the polymeric chain are not identically repetitive as they
      would be if the product were an ordinary polymer. On the contrary, the
      several primary chemical units of the co-polymer are randomly distributed
      in the polymeric chain.
PAR  All of the above-described characteristics of the present invention are
      attained by causing a homogeneous mixture or solution of two or more
      difunctional tertiary amines to react with a molar quantity of
      1,4-dichloro-2-butene which is equal to the molar sum of all of the
      components in the homogeneous mixture or solution of difunctional tertiary
      amines.
PAR  In this manner, if a homogeneous mixture or solution of
      1,4-bis-(dimethylamino)-2-butene having the structure (CH.sub.3).sub.2 -
      N-CH.sub.2 --CH = CH -- CH.sub.2 -- N -- (CH.sub.3).sub.2 and
      N,N'-dimethyl piperazine having the structure
      ##SPC1##
PAL  Is reacted with a molar quantity of 1,4-dichloro-2-butene having the
      structure Cl -- CH.sub.2 -- CH = CH -- CH.sub.2 --Cl equal to the molar
      sum of the two difunctional tertiary amines, the two primary units which
      are part of the polymeric chain would be: --CH.sub.2 CH = CH -- CH.sub.2
      -- N.sup.+(CH.sub.3).sub.2 -- CH.sub.2 -- CH = CH -- CH.sub.2
      N.sup.+(CH.sub.3).sub.2 -- and
      ##SPC2##
PAL  The ratio of the number of each of these units in the polymeric chain is
      very close to the molar ratio of the two difunctional tertiary amines in
      the starting mixture or solution, but the sequential order in which these
      two units appear in the polymeric chain is completely random, and
      therefore not identically repetitive.
PAR  The co-polymeric products of this invention are very effective
      microbiocides for use in controlling the microbial growth in circulatory
      and standing waters. They can, therefore, be used for the antimicrobial
      treatment of industrial waters, cooling tower water, humidifier water,
      swimming pools, and the like, as well as for general usage.
DETD
PAR  The following examples are illustrative of the present invention.
PAC  EXAMPLE 1
PAR  7.1 grams of 1,4-bis-(dimethylamino)-2-butene (0.05 mole) and 5.6 grams of
      diazabicyclo (2.2.2) octane (0.05 mole) were dissolved in 25 grams of
      water, and to the solution were added dropwise 12.5 grams of
      1,4-dichloro-2-butene (0.1 mole) at such a rate as to keep the temperature
      at about 60.degree.C-70.degree.C. After addition was complete, and the
      exothermic reaction has subsided, the mixture was heated in a steam bath
      for about 1 hour, at which time analysis for ionic chloride showed that
      the reaction was about 98% to 100% complete. The resulting solution
      contained about 50% by weight of active co-polymer.
PAR  The same procedure was repeated, using as the mixtures of difunctional
      tertiary amines (a) 0.05 mole 1,4-bis-(morpholino)-2-butene and 0.05 mole
      of N,N' dimethylpiperazine, (b) 0.05 mole of diazabicyclo (2.2.2) octane
      and 0.05 mole of 1,4-di-(N-homopiperidino)-2-butene, (c) 0.05 mole of
      1,4-bis-(dimethylamino)-2-butene and 0.05 mole of N,N,N',N'-tetramethyl
      ethylenediamine. In each synthesis, the weight of water used as a solvent
      was approximately equal to the sum of the weights of the two difunctional
      tertiary amines and 1,4-dichloro-2-butene, so that the final mixture
      contained about 50% by weight of active co-polymer.
PAC  EXAMPLE 2
PAR  12.8 grams of 1,4-bis-(dimethylamino)-2-butene (0.09 moles) and 1.14 grams
      of N,N'-dimethyl piperazine (0.01 mole) were dissolved in 26 grams of
      water, and to the solution were added dropwise 12.5 grams of
      1,4-dichloro-2-butene at such a rate as to keep the temperature at about
      60.degree.C-70.degree.C. After addition was completed, and the exothermic
      reaction had subsided, the mixture was heated on a steam bath for about 1
      hour, at which time analysis for ionic chloride showed that the reaction
      was about 98% to 100% complete. The resulting solution contained about 50%
      by weight of active co-polymer.
PAR  The same procedure was repeated using as the mixtures of difunctional
      tertiary amines (a) 0.08 mole of 1,4-bis-(dimethylamino)-2-butene and 0.02
      mole of 1,4-bis-(N-morpholino)-2-butene, (b) 0.08 mole of
      1,4-bis-(dimethylamino)-2-butene and 0.02 mole of
      1,4-bis-(N-homopiperidino)-2-butene, (c) 0.07 mole of
      1,4-bis-(dimethylamino)-2-butene and 0.03 mole of 1,4-bis-(methyl dodecyl
      amino)-2-butene, and (d) 0.09 mole of 1,4-bis-(dimethylamino)-2-butene and
      0.01 mole of 1,4-bis-(methyl dodecylamino)-2-butene.
PAR  In each synthesis, the weight of the water used as a solvent was
      approximately equal to the sum of the weights of the two difunctional
      tertiary amines and 1,4-dichloro-2-butene, so that the final mixture
      contained about 50% by weight of active co-polymer.
PAC  EXAMPLE 3
PAR  11.40 grams of 1,4-bis-(dimethylamino)-2-butene (0.08 mole), 1.2 grams of
      N,N'-dimethyl piperazine (0.01 mole) and 2.3 grams of
      1,4-bis-(N-morpholino)-2-butene (0.01 mole) were dissolved in 27 grams of
      water, and to the solution were added dropwise 12.5 grams of
      1,4-dichloro-2-butene at such a rate as to keep the temperature at about
      60.degree.-70.degree.C. After addition was complete, and the exothermic
      reaction had subsided, the mixture was heated on a steam bath for about 1
      hour, at which time analysis for ionic chloride showed that the reaction
      was about 98%-100% complete. The resulting solution contained about 50% by
      weight of active co-polymer.
PAR  The same procedure was repeated using as the mixtures of difunctional
      tertiary amines (a) 0.08 mole of 1,4-bis-(dimethylamino)-2-butene, 0.01
      mole of 1,4-bis-(N-homopiperidino)-2-butene and 0.01 mole of N,N'-dimethyl
      piperazine, and (b) 0.08 mole of 1,4-bis-(dimethylamino)-2-butene, 0.01
      mole of N,N'-dimethylpiperazine and 0.01 mole of 1,4-diazabicyclo (2.2.2)
      octane.
PAR  In each synthesis, the weight of water used as a solvent was approximately
      equal to the sum of the weights of the three difunctional tertiary amines
      and 1,4-dichloro-2-butene, so that the final mixture contained about 50%
      by weight of active copolymer.
PAC  EXAMPLE 4
PAR  11.1 grams of 1,4-di-(N-homopiperazino)-2-butene (0.05 mole) and 5.6 grams
      of 1,4-diazabicyclo (2.2.2) octane (0.05 mole) were dissolved in about 20
      grams of isopropanol, and to the solution was added 12.5 grams of
      1,4-dichloro-2-butene over a period of about 15 minutes, or at a rate
      which keeps the solvent refluxing gently. After the exothermic reaction
      subsided, the mixture was maintained under reflux for about 1 hour. It was
      then cooled to room temperature, and the precipitate was separated from
      the mother liquors by filtration. The solid copolymer, which was produced
      after drying, was substantially free from impurities caused by side
      reactions or by adsorbtion of unreacted starting materials, thereby making
      it easier to purify for use in cosmetics, cosmetic emulsions or other
      vehicles intended for use on the human body.
PAR  The same product, in about the same yield was obtained when acetone
      replaced isopropanol as the solvent.
PAC  EXAMPLE 5
PAR  Various representative co-polymers were made in accordance with the
      specifications and examples of this invention for antimicrobial testing.
      The co-polymeric products are related to their numbers as follows, it
      being understood that the ratio of difunctional tertiary amines is given
      in moles, and the molar quantity of 1,4-dichloro-2-butene is equal to the
      molar sum of the amines.
TBL  ______________________________________                                    

     Product 1                                                                 

              90%     1,4-bis (dimethylamino)-2-butene                         

              10%     1,4-diazabicyclo (2.2.2) octane                          

     Product 2                                                                 

              90%     1,4-bis (dimethylamino)-2-butene                         

              10%     N,N'-dimethylpiperazine                                  

     Product 3                                                                 

              80%     1,4-bis-(dimethylamino)-2-butene                         

              20%     1,4-di-(N-morpholino)-2-butene                           

     Product 4                                                                 

              80%     1,4-bis-(dimethylamino)-2-butene                         

              10%     1,4-bis-(N-morpholino)-2-butene                          

              10%     N,N'-dimethylpiperazine                                  

     Product 5                                                                 

              80%     1,4-bis-(dimethylamino)-2-butene                         

              10%     1,4-bis-(N-homopiperidino)-2-butene                      

              10%     N,N'-dimethylpiperazine                                  

     Product 6                                                                 

              80%     1,4-bis-(dimethylamino)-2-butene                         

              10%     1,4-diazabicyclo (2.2.2) octane                          

              10%     N,N'-dimethylpiperazine                                  

     Product 7                                                                 

              50%     1,4-bis-(1,4-dimethylamino)-2-butene                     

              50%     N,N,N',N'-tetramethylethylenediamino                     

     Product 8                                                                 

              80%     1,4-bis-(dimethylamino)-2-butene                         

              20%     1,4-bis-(N-homopiperidino)-2-butene                      

     Product 9                                                                 

              70%     1,4-bis-(dimethylamino)-2-butene                         

              30%     1,4-bis-(methyldodecylamino)-2-butene                    

     Product 10                                                                

              90%     1,4-(dimethylamino)-2-butene                             

              10%     1,4-bis-(methyldodecylamino)-2-butene                    

     ______________________________________                                    

PAR  The broth dilution method was used to determine the minimum inhibitory
      level of the several representative mixtures of polymeric quaternary
      products against a variety of bacteria. The organisms chosen were
      Escherechia coli, Pseudomonas aeruginosa, Staphyllococcus aureus, and
      Streptococcus faecalis.
PAR  A nutrient broth for testing E. coli, P. aeruginosa and S. aureus was made
      up by dissolving
PA1  5.0 grams of Beef extract
PA1  5.0 grams of sodium chloride
PA1  10.0 grams of Peptone
PAL  per liter of solution.
PAR  The nutrient broth for testing S. faecalis was made up by dissolving
PA1  2.5 grams of dextrose
PA1  5.0 grams of sodium chloride
PA1  2.5 grams of di-potassium phosphate
PA1  20.0 grams of peptone
PAL  per liter of water.
PAR  Each broth used for testing was sterilized for 15 minutes at 15 pounds of
      steam.
PAR  To 9.0 ml. of broth, 1.0 ml. of aqueous solution of each compound to be
      tested was added in appropriate concentrations to make final mixtures
      contain 500, 250, 100, 50, 25 ppm respectively. Then 0.01 ml. of a 24 hour
      bacterial broth culture was added into each tube to give a final bacterial
      count of (1-10) .times. 10.sup.-.sup.6 organisms per ml. of the test
      bacteria.
PAR  The tubes so inoculated were incubated at 37.degree.C, and the results were
      recorded for turbidity growth after 48 and 96 hours.
PAR  The lowest concentration of experimental product being tested which
      prevented microscopic growth of test bacteria, was considered to be the
      minimum inhibitory level for that specific bacteria being tested.
PAR  The results of the tests, portraying the relationship between minimum
      inhibitory concentrations and test organisms, are shown in the following
      table:
TBL                Table 1                                                     

     ______________________________________                                    

            Minimum Inhibitory Level (in ppm)                                  

     Product  E. coli P. aeruginosa                                            

                                 S. aureus                                     

                                         S. faecalis                           

     ______________________________________                                    

     Product 1                                                                 

              100     100        100     100                                   

     Product 2                                                                 

              100     100        50      50                                    

     Product 3                                                                 

              100     100        50      50                                    

     Product 4                                                                 

              100     100        100     100                                   

     Product 5                                                                 

               50      50        50      50                                    

     Product 6                                                                 

              100     500        50      50                                    

     Product 7                                                                 

              100     500        100     100                                   

     Product 8                                                                 

              100     100        50      50                                    

     Product 9                                                                 

               50      50        50      50                                    

      Product 10                                                               

               50      50        50      50                                    

     ______________________________________                                    

PAR  The tests give clear indication that the co-polymeric quaternary products
      of this invention are effective inhibitors of bacterial growth, at low
      concentrations.
PAC  EXAMPLE 6
PAR  In order to test the foaming properties of the co-polymers of this
      invention, the extremely vigorous "Waring Blender Test" was used. The
      procedure of this test was as follows:
PAR  A graduated cylinder is rinsed with distilled water and 100 ml of aqueous
      solution is added down the walls of the cylinder so as to cause no foam.
      The blender is turned on at high speed for exactly 5 seconds, and upon
      turning the blades off, timing is started with a stop watch and at the
      same time the foam height from the 100 ml is read and noted.
PAR  The foam half-life is defined and noted as the time it takes for the liquid
      to drain out of the foam and reach the 50 ml mark.
PAR  The test results were as follows:
TBL                Table 2                                                     

     ______________________________________                                    

     Waring Blender Foam Test at 25.degree.C.                                  

     Concentration 100 ppm.                                                    

     Compound Distilled Water 300 ppm  Hard Water                              

              Foam Height/Half-Life                                            

                              Foam Height/Half-Life                            

               (mm)  / (sec.)  (mm)  / (sec.)                                  

     ______________________________________                                    

     Product 1                                                                 

             0/0              0/0                                              

     Product 2                                                                 

             0/0              0/0                                              

     Product 3                                                                 

             0/0              0/0                                              

     Product 4                                                                 

             0/0              0/0                                              

     ______________________________________                                    

PAR  The test results show that the quaternary ammonium copolymers are
      non-foaming in distilled water, and in hard water.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. A product formed by the condensation of a mixture of difunctional
      tertiary amines and a molar quantity of 1,4-dichloro-2-butene that is
      substantially equal to the molar sum of the mixture of the difunctional
      tertiary amines, said mixture of difunctional tertiary amines being
      selected from the group consisting of (a) 1,4-bis-(morpholino)-2-butene
      and N,N'-di-lower alkyl piperazine, (b) 1,4-bis-(dimethylamino)-2-butene
      and 1,4-bis-(N-morpholino)-2-butene, and (c)
      1,4-bis-(dimethylamino)-2-butene, N,N'-di-lower alkyl piperazine and
      1,4-bis-(N-morpholino)-2-butene.
NUM  2.
PAR  2. The product of claim 1 wherein N,N'-di-lower alkyl piperazine is
      N,N'-dimethyl piperazine.
NUM  3.
PAR  3. A method of making a product which comprises the step of condensing a
      mixture of difunctional tertiary amines and a molar quantity of
      1,4-dichloro-2-butene that is substantially equal to the molar sum of the
      mixture of the difunctional tertiary amines, said mixture of difunctional
      tertiary amines being selected from the group consisting of (a)
      1,4-bis-(morpholino)-2-butene and N,N'-di-lower alkyl piperazine, (b)
      1,4-bis-(dimethylamino)-2-butene and 1,4-bis-(N-morpholino)-2-butene, and
      (c) 1,4-bis-(dimethylamino)-2-butene, N,N'-di-lower alkyl piperazine and
      1,4-bis-(N-morpholino)-2-butene.
NUM  4.
PAR  4. The method of claim 3 wherein N,N'-di-lower alkyl piperazine is
      N,N'-dimethyl piperazine.
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ABST
PAL  Compounds having a mercaptoethyl group are prepared by reacting an aqueous
      thiocyanate solution with ethylene oxide in the presence of an inert water
      immiscible organic solvent to form ethylene sulfide and then reacting the
      organic phase with a polar organic compound, preferably a secondary amine.
BSUM
PAR  The invention is directed to a process for introducing a mercaptoethyl
      group into organic compounds using ethylene sulfide.
PAR  It is known to produce compounds containing a mercaptoethyl group by
      reacting ethylene sulfide with suitable nucleophilic compounds as, for
      example, amines, alcohols, mercaptans, acids and suitable acid derivatives
      at either low or high temperatures with or without solvents, see Houben
      Weyl "Methoden Der Organischen Chemie," Vol. 9, pages 160 to 166 (1955);
      Chemical Abstracts Vol. 54 (1960), page 17234c.
PAR  The ethylene sulfide employed is produced in a separate process in the
      following manner: Ethylene oxide is reacted with an aqueous solution of
      potassium thiocyanate at -5.degree. to -10.degree.C. [see, for example,
      Meade. J. Chem. Soc.(London), pages 1894-1895 (1948)]. To isolate the
      ethylene sulfide first the potassium cyanate formed must be filtered off
      with suction, the ethylene sulfide phase separated from the aqueous phase
      and finally the ethylene sulfide distilled. The tendency of ethylene
      sulfide to polymerize requires a very careful working under nitrogen in
      each of these steps since even at 0.degree.C. spontaneous polymerization
      of the ethylene sulfide takes place very easily.  The working up of the
      ethylene sulfide therefore is very rich in losses even on a laboratory
      scale.
PAR  Besides ethylene oxide forms a solid hydrate at temperatures below +
      12.5.degree.C. In all reactions of ethylene oxide in which water
      participates therefore there should be avoided the reduction of the
      temperature below this value in the vessels and pipes. This is especially
      true when working with large amounts of ethylene oxide since in such cases
      the ethylene oxide for safety reasons should be added in liquid rather
      than in gaseous form. It is not possible therefore to transfer the known
      processes for the production of ethylene sulfide on an industrial scale.
PAR  Accordingly the production of compounds which contain a mercaptoethyl group
      from ethylene sulfide on an industrial or large industrial scale is either
      insufficient or not possible at all.
PAR  In contrast according to the invention an aqueous thiocyanate solution is
      treated with ethylene oxide in the presence of an inert, water immiscible
      organic solvent and the organic phase reacted with a polar organic
      compound, which is able to add on to ethylene oxide.
PAR  By the process of the invention the disadvantages and difficulties which
      previously existed in the production and further reaction of ethylene
      sulfide are removed and this reaction is made possible, for the first time
      on an industrial and large industrial scale. Furthermore high yields are
      obtained by the process of the invention. For example, these are
      considerably higher than in the reaction of the prior art.
PAR  The process of the invention is especially suitable for continuous
      operation.
PAR  There are employed in the aqueous thiocyanate solution salts of thiocyanic
      acid with light metals which are readily water soluble as, for example,
      alkali metal salts such as sodium thiocyanate, potassium thiocyanate and
      lithium thiocyanate.
PAR  Preferably there is employed potassium thiocyanate.
PAR  The aqueous thiocyanate solution preferably contains per mole of
      thiocyanate 126 cc of water. For example, the amount of water can be
      between 126 cc and 500 cc per mole of thiocyanate.
PAR  According to the process of the invention generally ethylene oxide is added
      at room temperature although this is not critical. The reaction between
      ethylene oxide and the thiocyanate is suitably carried out at + 5.degree.
      to + 50.degree.C., preferably at + 12.5.degree. to + 50.degree.C.
      Preferably the ethylene oxide is added as a liquid to the reaction vessel.
      For this purpose it must always be under sufficient pressure that at the
      particular temperature it is liquid. The lowest pressure, for example at
      12.5.degree.C., is 0.2 atmospheres absolute. In general the pressure at
      which the ethylene oxide is added is between 0.5 to 5.0 atmospheres
      absolute, but as indicated, this can be varied. Suitably the introduction
      and reaction of the ethylene oxide takes place in an inert atmosphere,
      preferably nitrogen. The partial pressure of the nitrogen during the
      introduction of the ethylene oxide, for example at a temperature of
      15.degree.C., is over 0.5 atmospheres absolute, at a temperature of
      20.degree.C. over 0.8 atmospheres absolute, at 30.degree.C. over 1.3
      atmospheres absolute, at 40.degree.C. over 2.2 atmospheres absolute and at
      50.degree.C. over 3.5 atmospheres absolute. As upper boundaries for the
      partial pressure of nitrogen there can be used, for example 3.3 to 5
      atmospheres absolute.
PAR  The temperature in the reaction vessel, for example, can be between +
      12.5.degree. and + 50.degree.C. It is convenient during the addition or
      the introduction of the ethylene oxide to maintain the temperature between
      + 12.5.degree. and + 30.degree.C., especially between + 15.degree. and +
      20.degree.C. Toward the end of the reaction it is generally recommended to
      increase the temperature, for example to + 40.degree.C. or + 50.degree.C.
PAR  The ethylene oxide is added with thorough mixing, for example with
      stirring. After the end of the addition of the ethylene oxide the mixture
      is still kept in motion for a while. Generally the additional stirring
      time is 1 to 8 hours at a reaction temperature between + 15.degree. and +
      50.degree.C. For example, the additional stirring can be for 1 to 6 hours
      at + 15.degree. to + 30.degree.C. and subsequently for up to 2 hours at
      30.degree. to 50.degree.C. or it can be for 4 hours at 20.degree.C. and
      then 1 hour at + 40.degree.C.
PAR  The organic phase which contains the ethylene sulfide is then separated
      from the aqueous phase and repeatedly washed with water. To make the phase
      separation easier it is suitable to add an electrolyte to the water. As
      electrolyte additives there can be employed, for example, readily water
      soluble salts of mono or polyvalent cations or anions, especially salts of
      alkali metal, alkaline earth metals or earth metals with hydrohalic acids,
      sulfuric acid or phosphoric acid. Examples of such salts are sodium
      chloride, potassium chloride, calcium chloride, barium chloride, aluminium
      chloride, aluminium bromide, sodium bromide, potassium bromide, sodium
      sulfate, potassium sulfate, sodium phosphate, potassium phosphate.
      Fundamentally there can be used as electrolytes those which are suited for
      flocculation from an emulsion and known electrolytes, (see, for example
      Houben-Weyl, "Methoden der organischen Chemie," Vol. I/l page 218 et
      seq.). In a given case the electrolyte addition can take place at the
      first separation of the aquous phase.
PAR  The inert organic solvent should not be miscible with water. The solvent
      should have a specific gravity below 1. For example, there can be employed
      aromatic and aliphatic hydrocarbons with boiling points up to
      250.degree.C., especially between + 50.degree. and + 160.degree.C. For
      example, there can be used aromatic hydrocarbons which can be substituted
      with one to four lower alkyl groups such as benzene, toluene, xylene
      (para, meta or ortho isomers or mixtures of them), cumene, ethyl benzene,
      propyl benzene, mesitylene, 1,2,4-trimethyl benzene, tetramethyl benzenes
      such as durene, isodurene and prehnitene, cymene, naphthalene, alpha
      methyl naphthalene, beta-methyl naphthalene and other alkyl substituted
      naphthalenes, straight or branched chain aliphatic hydrocarbons with six
      to 15 carbon atoms, e.g. n-hexane, n-heptane, n-octane, n-decane,
      n-dodecane, n-pentadecane, isooctane, 3,3-dimethylpentane, 2-methylhexane,
      3-ethylpentane, 2,3-dimethylbutane, 2,2,3-trimethylbutane, etc.; mono or
      bicyclic cycloaliphatic hydrocarbons having five and six members in the
      ring such as cyclopentane, cyclohexane, cis-decalin and derivatives having
      one to four lower alkyl substituents, especially methyl, ethyl and
      isopropyl, especially cyclohexane derivatives such as methylcyclohexane,
      1,3-dimethyl-cyclohexane, 1-methyl-4-isopropyl-cyclohexane,
      1-methyl-3-isopropyl-cyclohexane, propyl cyclohexane or bicyclic
      hydrocarbons having one aromatic ring such as tetrahydronaphthalene
      derivatives, for example, Tetralin (tetrahydronaphthalene).
PAR  The inert solvent is used, for example, in an amount of 0.5 to 5 kilograms
      based on 1 kilogram of thiocyanate. The amount of ethylene oxide is about
      1.0 to 1.2 moles based on 1 mole of thiocyanate.
PAR  In the separation of the ethylene sulfide containing organic phase from the
      aqueous phase care should be taken that there is the most possible
      quantitative separation of the aqueous phase or the washing liquid. After
      the washing the nucleophilic compound to be reacted is immediately added
      whereupon the reaction occurs, for example, between room temperature and
      180.degree.C. The reaction time depends on the particular temperature. The
      higher the reaction temperature the shorter is the time of reaction. For
      example, if the reaction is carried out between 60.degree. and
      120.degree.C. the reaction time can be between 1 hour and 24 hours. If the
      temperature is between 80.degree. and 140.degree.C., in a given case it is
      possible that the reaction can be completed inside 1 to 4 hours.
PAR  The organic reactant which is reacted with the ethylene sulfide can be
      used, for example, in an amount of 0.5 to 1.2 mole based on 1 mole of
      thiocyanate added. Preferably there is used 0.75 to 1.0 mole of organic
      reactant per mole of ethylene sulfide. In case it is solid and difficultly
      soluble in the inert organic solvent the reaction should be carried out in
      the most finely divided suspension.
PAR  Basically there can be employed in the process of the invention any
      compound which reacts with ethylene sulfide. Especially there can be used
      compounds which contain primary or secondary amino groups or compounds
      which contain free hydroxyl or mercapto groups as, for example, aliphatic,
      aromatic and heterocyclic amines, alcohols, mercaptans and acids as well
      as the corresponding acid halides and anhydrides. The products prepared
      according to the invention include, for example, compounds having formula
      (1) HSCH.sub.2 CH.sub.2 --R.sub.3, or (2) XCH.sub.2 CH.sub.2 SCOR.sub.8
      where R.sub.3 is
      ##EQU1##
      where R.sub.4 and R.sub.5 are hydrogen, alkyl, aryl or aralkyl and either
      R.sub.4 or R.sub.5 can have other substituents attached to the hydrocarbon
      group. R.sub.4 and R.sub.5 together with the nitrogen atom can form a
      heterocyclic ring of five to six atoms which can also contain an
      additional oxygen, nitrogen or sulfur atom. R.sub.3 can also be OR.sub.6
      where R.sub.6 is alkyl or aralkyl or substituted alkyl, SR.sub.7 is
      substituted or unsubstituted alkyl, aryl or aralkyl. X can be halogen,
      e.g. chlorine or bromine, hydroxyl or OCOR.sub.8 where R.sub.8 is alkyl,
      aryl, heterocyclic or substituted alkyl, substituted aryl or substituted
      heterocyclic.
PAR  The reactants which contain an amino group include ammonia and amines of
      the formulae R.sub.1 NH.sub.2 and
      ##EQU2##
      where R.sub.1 and R.sub.2 are the same or different alkyl groups of, for
      example one to 20 carbon atoms, especially one to 10 carbon atoms, which
      in a given case can be substituted by one more other group. As such groups
      there may be mentioned cycloalkyl groups, e.g. having three to eight
      carbon atoms such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or
      cyclooctyl, alkoxy groups with one to six carbon atoms, e.g. methoxy,
      ethoxy and hexoxy, alkylthio groups with one to six carbon atoms, e.g.
      methymercapto to hexylmercapto, the hydroxy group, the mercapto group, the
      carboxy group, carbalkoxy groups with one to six carbon atoms, e.g.
      carbomethoxy and carbohexoxy, halogen, e.g., chlorine or bromine,
      alkylamino groups with one to six carbon atoms, e.g. methylamino and
      hexylamino, in a given case substituted by hydroxyl groups, carboxy
      groups, lower alkyl groups, lower alkoxy groups, carbamide groups,
      carbalkoxy groups or halogen atoms, e.g. chlorine or bromine, phenyl,
      phenoxy or phenylamino having one to three substituents or in a given case
      substituted heterocyclic residues which have one ring or two or three
      condensed rings with individual rings of five or six members and or more
      (up to three) heteroatoms such as oxygen, nitrogen or sulfur. Examples of
      such heterocyclic radicals are radicals which can be derived from indole,
      imidazole, piperidine, pyrolidene, piperazine, homopiperazine or
      morpholine, wherein a nitrogen atom can also be substituted by alkyl
      hydroxyalkyl, benzyl or alkylbenzyl group.
PAR  Further examples of a heterocyclic residue are the phenthiazinyl radical
      and the azaphenthiazinyl radical (for example the 4-aza-phenthiazinylalkyl
      radical where the alkyl group has two to five carbon atoms). In place of
      R.sub.1 and R.sub.2 being alkyl they can be unsaturated, e.g. they can
      contain a double bond such as the alkenyl group or a triple bond such as
      alkynyl. The alkyl or unsaturated groups also can be straight or branched
      chain and can contain one or more of the above mentioned substitutents,
      e.g. two or three substituents and the substituents can be the same or
      different. Furthermore as reactants which contain amino groups there can
      be used cyclic amines of the formula HNA where A is an alkylene radical,
      especially of three to six carbon atoms which in a given case, can be
      substituted, especially by alkyl groups of one to six carbon atoms,
      hydroxy groups, carboxyl groups, phenyl groups or a fused phenyl group
      (for example tetrahydroquinoline). Besides A can have other hetero atoms
      such as oxygen, sulfur or, in a given case, a substituted (especially
      through lower alkyl or hydroxyalkyl) nitrogen atom.
PAR  Furthermore, there can be used such as compounds which react with ethylene
      sulfide alkaloids with primary or secondary amino nitrogen atoms as, for
      example, piperidine alkaloids (comine), tryptophane alkaloids (abrine)
      etc.
PAR  Individual examples of compounds with amino groups that can be used in the
      process of the invention are, for example, benzylamine, phenylethylamine,
      benzedrine, (alpha methyl phenethylamine), pervitine, haloalkylamines such
      as chloroethylamine, bromoethylamine, bromopropylamine, chloroeicosanyl
      amine, 3-chloropropylamine, 4-chlorobutylamine and 5-chloroamylamine,
      allylamine, diallylamine, oleylamine, eicosenylamine, eicosanylamine,
      octadecylamine, dieicosanylamine, dioctadecylamine, ephedrine, ethylamine,
      hexylamine, decylamine, methylamine, diethylamine, diisobutylamine,
      methylethylamine, tridecylamine, vinylamine, tyramine
      (p-hydroxyphenethylamine), mezcaline, glycine, alanine, valine, leucine,
      isoleucine, serine, threonine, cysteine, cystine, methionine, tryptophane,
      tryptamine, histamine, serotonine as well as their alkyl esters,
      .beta.-amino-alcohols (e.g. ethanolamine, diethanolamine, propanolamine),
      diphenylalkylamines (having alkyl groups of two to six carbon atoms),
      xanthinylalkylamines (for example theophylline, theobromine and their
      derivatives), pyrrolidine, pyrrolidone, piperidine, morpholine, proline,
      hydroxyproline, indole, imidazole, homopiperazine, thiomorpholine.
PAR  As alcohols there can be used, for example, methyl alcohol, ethyl alcohol,
      isopropyl alcohol, propyl alcohol, butyl alcohol, hexyl alcohol,
      cyclohexyl alcohol, octyl alcohol, 2-ethylhexanol, 2-octanol, decyl
      alcohol, isooctyl alcohol, lauryl alcohol, octadecyl alcohol, allyl
      alcohol, oleyl alcohol, crotyl alcohol, methallyl alcohol, ethylene
      chlorohydrin propylene chlorohydrin, ethylene bromohydrin, eicosanyl
      alcohol, benzyl alcohol, phenethyl alcohol, omega chloroeicosanol.
PAR  As mercaptans there can be used, for example, methyl mercaptan, benzyl
      mercaptan, ethyl mercaptan, hexyl mercaptan, amyl mercaptan, lauryl
      mercaptan, cetyl mercaptan, eicosanyl mercaptan, octadecyl mercaptan,
      thiophenol, p-tetradecyl thiophenol, thiocresol and mercaptoethanol as
      well as mercaptides such as sodium methyl mercaptide and potassium ethyl
      mercaptide.
PAR  As acids, acid anhydrides and acid halides, there can be used for example,
      acetic acid, acetic anhydride acetyl chloride, acetyl bromide,
      chloroacetyl chloride, chloroacetyl bromide, propionic acid, propionic
      anhydride, butyric acid, butyryl chloride, butyric anhydride, decanoic
      acid, decanoyl chloride, stearic acid, oleic acid, palmitoyl chloride,
      eicosanoic acid, stearoyl chloride.
PAR  Naturally it is also possible to add according to the invention known
      ethylene sulfide stabilizers or antioxidants [see Ullman, "Encyclopaedie
      der technischen Chemie" (1963), Vol. 14, page 47; Kirk Othmer
      "Encyclopedia of Chemical Technology,"  2nd edition Vol. 2 pages 558-604].
      Especially useful as stabilizers are monohydric and dihydric phenols,
      thiophenols, aminophenols and aminothiophenols such as
      2,6-di-t-butyl-p-cresol, butylated hydroxyanisole, 4,4'-thio-bis(6
      t-butyl-m-cresol), 4,4'-cyclohexylidene diphenol, 2,5-di-t-amyl
      hydroquinone, 2,2'-methylene-bis(4-methyl-6-t-butylphenol), p-aminophenol,
      N-lauryloxy-p-aminophenol, bis [0-(1,1,3,3-tetramethylbutyl) phenol]
      sulfide, as well as compounds of the group of phenylenediamine,
      phenylalkyl mercaptans, e.g. phenylethyl mercaptan or phenylalkylsulfides,
      e.g. dibenzylsulfide. Any of the antioxidants can have lower alkyl
      substituents. In addition to the compounds just mentioned there can be
      used thiazines, phenothiazines, aliphatic mercaptans or aliphatic
      thioethers. Further examples of individual compounds are hydroquinone,
      pyrocatechol, phenothiazine per se, benzyl mercaptan, butyl mercaptan,
      dibutyl sulfide, etc. When a satbilizer is added it is recommended that it
      be used in an amount of 2 to 1,000 ppm (equal to 0.002 to 1%), preferably
      10 to 1,000 ppm (0.01 to 1%) or 100 to 1,000 ppm (0.1 to 1%) based on the
      ethylene sulfide. It is also recommended to add the stabilizer to the
      organic solvent at the beginning.
PAR  The organic sulfur compounds produced by the process of the invention are
      important intermediates for the chemical industry, especially for the
      production of medicinal intermediates.
DRWD
PAR  The invention will be understood best in connection with the drawings
      wherein.
PAR  FIG. 1 illustrates in diagrammatic form a preferred process for carrying
      out the invention and
PAR  FIG. 2 illustrates a preferred continuous form of carrying out the
      invention.
DETD
PAR  While there was employed a 25 liter technical school apparatus in the
      process described in connection with FIG. 1 it will be appreciated that
      the process can be carried out with larger (or smaller) apparatus and that
      there can be used other installations.
PAR  Referring more specifically to FIG. 1 of the drawings there is provided an
      ethylene oxide flask 64 having a double valve (Degesch type) standing on a
      Tacho balance 66. The flask is connected by way of the green pressure
      medium valve 1 and a stainless steel metal pipe 51 to the nitrogen flask
      68. The connection is by way of the reducing valve 4, the valve 3 and the
      check valve 2 and contains the manometers 70 and 72. Between valve 3 and
      the check valve 2 a branch line 52 leads to a safety valve 5 of 10
      atmospheres gauge with bypass valve 6 for flushing the waste gas line 53
      whose outlet is suitably by way of the dome of a flame trap 8. The branch
      line 52 also contains the manometer 74 with valves 9 and 10. The ethylene
      oxide flask 64 is joined to the reaction kettle 56 (for example of 25
      liter capacity) by way of gas valve (red) 11, a stainless steel metal pipe
      54, a check valve 12, a fine regulating valve 13 and an inlet tube 55. On
      this line for the liquid ethylene oxide there is also located the side
      valve 14 for blowing out the line and the manometer 76. The reaction
      apparatus consists of a coolable (for example with water) and heatable
      (for example with steam) reaction kettle 56 which besides the inlet tube
      55 is provided with a filling opening 57, an outlet valve 15, a stirrer
      58, a temperature measuring device with indicator and recorder 78 and the
      gas inlet of gas line 59. The gas inlet of line 59 is connected to the
      nitrogen flask 80 by way of reducing valve 16 and valve 17 and is
      controlled by way of manometers 82 and 84. There is also located in gas
      line 59 valve 18 to the vacuum sucker with vacuum pump 60, the safety
      valve 19 with bypass valve 20 as well as manometer 86 with connected valve
      21. Valves 21 and 9 serve to close the pressure manometers 86 and 74 in
      case vacuum is applied.
PAR  First all valves in the plant are closed. Then the nitrogen flask 68 is
      opened (indication of, for example, about 200 atmospheres gauge N.sub.2 at
      70) and the reducing valve 4 adjusted to 5 atmospheres gauge (indicated at
      72). The filled ethylene oxide flask (it should only contain the amount
      required, in the present case about 2.3 kilograms) is placed on the Tacho
      balance 66, than a weak nitrogen stream is introduced by way of valves 3
      and 10 to flush the metal pipe lines 51 and 54 and the metal pipes were
      connected to the closed valves 1 and 11 in flowing nitrogen. Strict
      attention should be paid that the green pressure medium valve 1 is
      connected to the nitrogen side and the red gas valve is connected to the
      reactor side. After the connection of the ethylene oxide flask there is
      built up in the line from flask 68 to valves 1, 11 and 13 a pressure of 5
      atmospheres absolute. By closing valve 3 there can be controlled the
      tightness of the lines to the manometers (74 and 76). Then flushing of
      line 53 as well as its branches is carried out after opening valve 3 by a
      brief opening of valve 6 and closing of valve 10. Thereby the preparation
      of the ethylene oxide side was completed.
PAR  Now there is opened the nitrogen flask 80 whereupon the manometer 82, for
      example indicated about 200 atmospheres absolute pressure and adjusted for
      example, with valve 16 at 84 to a pressure of 0.5 atmospheres absolute. A
      vacuum is sucked into the reaction space by way of valve 18, then by way
      of valve 17 0.5 atmosphere absolute of nitrogen introduced once again
      vacuum sucked in and nitrogen delivered. Then the waste gas line 53 is
      flushed with nitrogen by way of valve 20, valves 20 and 17 closed and then
      after a limited opening of valve 17 with a slight nitrogen stream the
      reaction vessel is filled through the filling tube, first with aqueous
      thiocyanate solution and then the inert organic solvent, which in a given
      case contains a stabilizer.
PAR  Subsequently there is delivered by way of valve 17 three times 0.5
      atmospheres absolute of nitrogen and again blown by way of valve 20 and
      then the tightness of the plant tested by adding 0.5 atmospheres absolute
      of nitrogen and closing all of the valves. To start operation valve 17 is
      again opened.
PAR  Before the start of the plant there are also opened valves 3, 4, 16 and 17.
PAR  Valves 6, 1, 11, 10, 13, 20, 18 and 15 are closed.
PAR  The manometers indicate for example 200 atmospheres absolute in 70 and 82,
      5 atmospheres absolute in 72, 74 and 76, 0.5 atmosphere absolute in 84 and
      86.
PAR  The stirring is then regulated so that a strong mixing is guaranteed and
      the inner temperature controlled with cooling so that it is in the range
      of + 15.degree. to + 20.degree.C. Then there is applied to the ethylene
      oxide by opening valve 1 the nitrogen pressure of, for example 5
      atmospheres absolute, valve 11 opened and carefully valve 13 is opened
      next so that a similar flow of ethylene oxide takes place to the reaction
      vessel. As a result at first the pressure at 86 increases but it again is
      reduced upon good take up.
PAR  For an orderly reaction there are the following controls:
PA1  1. Weight decrease on the Tacho balance.
PA1  2. Pressure fluctuation at 86, for example, between 0.5 and 1.0 atmospheres
      absolute.
PA1  3. Temperature fluctuations at 78 limited by the reaction and periodic
      cooling.
PA1  4. After about 30 minutes the pH value of the solution increases from an
      initial value of approximately 6.0 to over 12.0; after that the reaction
      progresses somewhat quicker.
PAR  After the corresponding amount of ethylene oxide is taken up, its
      introduction is ended. Thereby the total space of the line from valve 11
      to the reaction vessel must be considered since the entire ethylene oxide
      is not blown out of the line. Valves 1 and 11 are closed, valve 10 opened
      and carefully valve 13, whereby the residual ethylene oxide is blown from
      the line with nitrogen by way of the bypass line. As soon as it is
      indicated by increase of the manometer 86 that nitrogen by way of valve 13
      has filled the apparatus (at the given pressure an increase to over 1
      atmosphere absolute) valves 10 and 13 are closed.
PAR  Subsequently stirring is carried out for some time, suitably at the same
      temperature. For this purpose there are closed valves 13, 20, 18 and 15;
      valves 16 and 17 are opened. The pressure of 86 is, for example, between
      0.5 and 1.0 atmospheres absolute.
PAR  As soon as the post stirring is ended valves 16 and 17 are closed and valve
      20 opened. Thereupon the pressure in the apparatus is raised. Now the
      temperature is increased (maximum up to + 50.degree.C.) and stirring
      continued for some time at the higher temperature. Subsequently flushing
      is carried out with nitrogen and again cooling to + 20.degree.C. Under a
      slight nitrogen stream by way of valves 16, 17 and 20 the lower aqueous
      phase is drawn off after careful opening of outlet valve 15 and there is
      added through the filling pipe water or an aqueous salt solution several
      times, stirred strongly each time for 1 minute and drawn off through valve
      15, at the end separation is carried out carefully since no water is
      permitted in the apparatus. Then there is added with stirring the compound
      which is to be reacted with the ethylene sulfide (in a given case in an
      inert organic solvent as, for example, the hydrocarbons mentioned supra)
      the filling opening closed, flushed several times with nitrogen, the
      excess pressure reduced and the plant closed at valve 20 and stirred for a
      long time, whereupon in a given case the temperature is increased. In a
      given case cooling is carried out subsequently and the pressure reduced by
      way of valve 20. If the plant is suited for distillation then distillation
      can be carried out directly from the reaction vessel.
PAR  Unless otherwise indicated all parts and percentages are by weight.
PAC  EXAMPLE 1
PAR  Using the 25 liter apparatus just described after the initial preparations
      and process conditions as set forth there were put in the reaction vessel
      first a solution of 3.88 kilograms of potassium thiocyanate (40 moles) in
      5.5 liters of water and then 8 liters of toluene which contained 20 grams
      of butyl mercaptan. Now there were added under strong stirring an
      equivalent amount of ethylene oxide gas stream. Thereupon the pressure at
      manometer 86 first increased (higher than 0.5 atmospheres absolute),
      however, it reduced again after substantial take up to about 0.7
      atmospheres absolute. The ethylene oxide was fed at a rate of 1.2
      kilograms per hour. After a take up of 1.936 kilograms (44 moles) of
      ethylene oxide the introduction was completed.
PAR  Subsequently stirring was continued for 4 hours at + 20.degree.C. At the
      manometer 86 there was a pressure between 0.5 and 1 atmosphere absolute.
      After the 4 hours the valves 16 and 17 were closed and valve 20 opened.
      The mixture was heated to 40.degree.C. and stirring carried out for 1 hour
      at this temperature. Subsequently flushing was carried out with nitrogen
      with cooling again to + 20.degree.C. The lower aqueous phase was drawn off
      by way of outlet valve 15 under a slight stream of nitrogen and washing
      was subsequently carried out six times, each time with 8 liters of 5%
      sodium chloride solution which was added through the inlet pipe whereupon
      each time strong stirring was carried out for one minute. The aqueous
      phase was drawn off each time by way of valve 15. After the last washing
      the mixture was very carefully separated so that no water remained in the
      apparatus. Then there were added with stirring 2.784 kilograms (32 moles)
      of morpholine through inlet opening 57 and the latter closed. The reaction
      vessel was flushed several times with nitrogen, then the excess pressure
      stopped and the plant closed at valve 20. Now the reaction vessel was
      carefully heated to + 100.degree.C. within 30 minutes and stirred for 2
      hours at this temperature. Thereby there was installed a pressure of about
      1.0 atmospheres absolute. Subsequently the pressure was reduced by way of
      valve 20. The reaction product was distilled whereupon there passed over
      4.37 kilograms of morpholinoethyl mercaptan at B.P..sub.8 93.degree. to
      99.degree.C. This corresponds to a yield of 74.4% of theory based on the
      potassium thiocyanate added and 93.2% of theory based on the morpholine
      added.
PAC  EXAMPLE 2
PAR  Operating in the same manner as Example 1 using 2.74 kilograms (32 moles)
      of piperidine in place of morpholine, there was obtained piperidinoethyl
      mercaptan B.P..sub. 8 87.degree. to 89.degree.C. in a yield of 88.2% based
      on the piperidine.
PAC  EXAMPLE 3
PAR  Operating in the same manner as Example 1 using 4.13 kilograms (32 moles)
      of dibutyl amine in place of morpholine, there was obtained
      dibutylaminoethyl mercaptan B.P..sub.26 137.degree. to 140.degree.C. in a
      yield of 84.4% based on the dibutylamine.
PAC  EXAMPLE 4
PAR  Operating in the same manner as Example 1 using, however, in place of
      morpholine a mixture of 3.33 kilograms (32 moles) of amyl mercaptan, 2.18
      kilograms (32 moles) of sodium methylate and 10 kilograms of benzene,
      there were obtained after neutralization with aqueous hydrochloric acid
      amylmercapto ethyl mercaptan B.P..sub.5 103.degree. to 107.degree.C. in a
      yield of 55% (based on the amyl mercaptan) besides 20% of
      amylmercaptoethylmercaptoethyl mercaptan, B.P..sub.5 154.degree. to
      158.degree.C.
PAC  EXAMPLE 5
PAR  Operating in the same manner as Example 1 using 3.3 kilograms (32 moles) of
      the ethyl ester of glycine in place of morpholine, there was obtained
      N-(.beta.-mercaptoethyl)-glycine ethyl ester B.P..sub. 2 74.degree. to
      76.degree.C. in a yield of 61% based on the ethyl ester of glycine.
PAC  EXAMPLE 6
PAR  Operating in the same manner as Example 1 using 3.62 kilograms (32 moles)
      of chloroacetyl chloride in place of morpholine, there was obtained
      2-chloroethyl thiolochloroacetate B.P..sub.3 82.degree. to 85.degree.C. in
      a yield of 62% based on the chloroacetyl chloride.
PAC  EXAMPLE 7
PAR  This example illustrates the continuous carrying out of the production of
      B-morpholinoethyl mercaptan as shown in FIG. 2.
PAR  The plant for the continuous synthesis consisted of a cascade of three
      reaction vessels 120, 122 and 124 with cooling jacket 100, stirrer 101,
      nitrogen inlet 102 and the vessels had outlet tubes 105, 126 and 128. In
      vessel 120 there is located inlet tube 103 for the ethylene oxide as well
      as inlet tube 104 for the KSCN solution with branch line 130 through which
      the toluene is introduced. There is connected to vessel 124 a cooler 132,
      a separator 134, an extraction column 136 and a plate reactor 138.
      Reaction vessels 120, 122 and 124 for safety purposes, were held under a
      nitrogen pressure of 3 atmosphere absolute during the reaction. There were
      pumped into vessel 120 every hour through line 104 and line 140 a solution
      of 3.88 kilograms of potassium thiocyanate in 5.5 liters of water as well
      as 8.0 liters of toluene containing 20 grams of butyl mercaptan and
      through line 103 1.94 kilograms of ethylene oxide (also every hour).
      Vessel 120 was filled to such an extent with stirring and cooling to +
      20.degree.C. that the average residence time was about 1 hour. The
      reaction mixture then went through line 105 to vessel 122 and subsequently
      through line 126 to vessel 124 and then into cooler 132 and from there was
      pumped through line 106 into the phase separator 134. In vessels 122 and
      12 the average residence time was also 1 hour, the temperature was held,
      for example, in vessel 122 to + 30.degree.C. and in vessel 124 to +
      40.degree.C. In the cooler 132 the reaction mixture was cooled to +
      15.degree.C. and in phase separator 134 there was a continuous separation
      of the aqueous phase from the toluene phase. The toluene solution was
      pumped through line 107 into the extraction column 136 and washed by
      countercurrent flowing 5% aqueous sodium chloride which was introduced
      through line 108. Thereupon the contents of extraction column 136 was
      suitably maintained in motion by a pulsation pump 144 which favors the
      material exchange in the extraction. The sodium chloride solution flows
      out through line 109 and can, for example, be combined with the aqueous
      phase that flows off from separator 134 through line 110. Subsequently the
      toluene solution is pumped through line 111 into the reactor 138 (for
      example a plate reactor) having stirrer 113. At this place the toluene
      solution is mixed with the morpholine that is fed in through line 112 at a
      rate of 2.78 kilograms per hour. The reactor 138 is, for example, heated
      with steam at 0.3 atmospheres absolute to 100.degree. to 110.degree.C. The
      average residence time in reactor 138 is generally 2 hours. The hot
      reaction mixture is subsequently fed through the line 114 to the
      distillation unit. The yield corresponded to that of the discontinuous
      example, i.e., each hour there were produced about 4.35 kilograms of
      morpholinoethylmercaptan.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the production of a compound containing a mercaptoethyl
      group comprising reacting an aqueous alkali metal thiocyanate solution
      containing 126 cc to 500 cc of water per mole of thiocyanate with ethylene
      oxide to form ethylene sulfide, said reaction being carried out in the
      presence of an inert water immiscible organic solvent for ethylene
      sulfide, said solvent having a specific gravity below 1 and being used in
      an amount of 0.5 to 5 parts by weight per part by weight of thiocyanate,
      separating the organic phase containing the ethylene sulfide from the
      aqueous phase and reacting the ethylene sulfide in the organic phase with
      an ethylene sulfide reactable polar organic compound selected from the
      group consisting of primary amines, secondary amines, alcohols,
      mercaptans, carboxylic acids, carboxylic acid anhydrides and carboxylic
      acid halides.
NUM  2.
PAR  2. A process according to claim 1 wherein the treatment of the thiocyanate
      solution with the ethylene oxide is carried out at a temperature betweeen
      12.5.degree. and 50.degree.C.
NUM  3.
PAR  3. A process according to claim 2 wherein the polar organic compound is a
      primary or secondary amine.
NUM  4.
PAR  4. A process according to claim 3 wherein the polar organic compound is a
      secondary amine of the formula (a) HNR.sub.1 R.sub.2 or HNA where R.sub.1
      and R.sub.2 are aliphatic groups having one to 20 carbon atoms and A
      together with the nitrogen atom completes a five to six membered
      heterocyclic ring having up to one additional hetero atom selected from
      the group consisting of oxygen, sulfur and nitrogen.
NUM  5.
PAR  5. A process according to claim 4 wherein R.sub.1 and R.sub.2 are alkyl
      groups of one to 10 carbon atoms and HNA is selected from the group
      consisting of morpholine, piperidine, piperazine, pyrrolidine, proline and
      hydroxyproline.
NUM  6.
PAR  6. A process according to claim 1 wherein the polar organic compound is
      selected from the group consisting of mono alkyl amines having up to 20
      carbon atoms, dialkylamines, having up to 20 carbon atoms in each alkyl
      group, mono alkenyl amines having up to 20 carbon atoms, dialkenyl amines
      having up to 20 carbon atoms in each alkyl group, monohalo monoalkyl
      amines having up to 20 carbon atoms, aminoalkanoic acids having up to 20
      carbon atoms, aminoalkanoic acids having a phenyl or hydroxyphenyl
      substituent in the alkanoic acid chain and having up to 20 carbon atoms,
      mercapto aminoalkanoic acids having up to 20 carbon atoms,
      hydroxyalkylamines having up to 20 carbon atoms, heterocyclic amino
      compounds selected from the group consisting of morpholine,
      thiomorpholine, piperidine, piperazine, pyrrolidine, proline,
      hydroxyproline, tryptophane, indole, imidazole, pyrrolidone,
      homopiperazine, tryptamine, serotonine, tyramine, alkanoic acids having up
      to 20 carbon atoms, anhydrides of alkanoic acids having up to 20 carbon
      atoms, alkanols having up to 20 carbon atoms, alkenols having up to 20
      carbon atoms, aralkenols having up to 20 carbon atoms, alkyl mercaptans
      having up to 20 carbon atoms, aryl mercaptans having up to 20 carbon atoms
      and aralkyl mercaptans having up to 20 carbon atoms, haloalkanols having
      up to 20 carbon atoms, alkanoyl halides having up to 20 carbon atoms.
NUM  7.
PAR  7. A process according to claim 1 wherein the alkali metal thiocyanate is
      sodium, potassium or lithium thiocyanate.
NUM  8.
PAR  8. A process according to claim 1 wherein the solvent is an aromatic
      hydrocarbon, an aliphatic hydrocarbon or a cycloaliphatic hydrocarbon
      having five to six carbon atoms in the cycloaliphatic ring.
NUM  9.
PAR  9. A process according to claim 8 including the step of washing the organic
      phase with water.
NUM  10.
PAR  10. A process according to claim 1 including the step of washing the
      organic phase with water.
NUM  11.
PAR  11. A process according to claim 1 wherein the polar organic compound is
      morpholine and the compound produced is .beta.-morpholino-ethyl mercaptan.
NUM  12.
PAR  12. A process according to claim 11 wherein the treatment of the
      thiocyanate solution with the ethylene oxide is carried out at a
      temperature between 12.5.degree. and 50.degree.c.
NUM  13.
PAR  13. A process according to claim 12 wherein the alkali metal thiocyanate is
      sodium, potassium or lithium thiocyanate.
NUM  14.
PAR  14. A process according to claim 13 wherein the solvent is an aromatic
      hydrocarbon, an aliphatic hydrocarbon or a cycloaliphatic hydrocarbon
      having five to six carbon atoms in the cycloaliphatic ring.
NUM  15.
PAR  15. A process according to claim 14 including the step of washing the
      organic phase with water.
NUM  16.
PAR  16. A process according to claim 13 wherein the ratio of morpholine to
      ethylene sulfide is from 0.75 to 1 mole of morpholine per mole of ethylene
      sulfide.
NUM  17.
PAR  17. A process according to claim 1 wherein the ratio of polar organic
      sulfide to ethylene sulfide is from 0.75 to 1 mole of polar organic
      sulfide per mole of ethylene sulfide.
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ABST
PAL  1-(4-Phenoxyphenyl)-1,3,5-triazines of the formula:
      ##SPC1##
PAL  Or pharmaceutically acceptable nontoxic salts thereof are produced by
      reacting a urea or thiourea derivative of the formula:
      ##SPC2##
PAL  With a carbonylisocyanate of the formula:
      ##EQU1##
      to produce a 1-(4-phenoxyphenyl)-1,3,5-triazine as above defined wherein
      R.sup.11 is hydrogen, and when a 1-(4-phenoxyphenyl)-1,3,5-triazine as
      above defined wherein R.sup.11 is alkyl is desired, reacting the triazine
      wherein R.sup.11 is hydrogen with a compound of the formula (alk).sub.n Y.
PAL  The above defined triazines and their salts are useful as agents against
      protozoan infections and are particularly useful against coccidiosis.
BSUM
PAR  The present invention is concerned with
      1-(4-phenoxyphenyl)-1,3,5-triazines, pharmaceutically acceptable nontoxic
      salts thereof, a process for their production, and pharmaceutical and
      veterinary compositions useful for the treatment of protozoan infections
      and particularly useful for the treatment of coccidiosis infections, and
      to methods of treating protozoan infections in poultry and mammals.
PAR  It is known in the art that
      2-phenyl-(2-benzyl)-1,2,4-triazine-3,5(2H,4H)-diones exhibit
      coccidiostatic activity against poultry coccidiosis (Belgian Pat. No.
      740,403, Belgian Pat. No. 773,583).
PAR  More particularly, the present invention is concerned with
      1-(4-phenoxy-phenyl)-1,3,5-triazines of the formula:
      ##SPC3##
PAL  Or a pharmaceutically acceptable nontoxic salt thereof wherein
PA1  R.sup.1, r.sup.2, r.sup.3, r.sup.4, r.sup.5, r.sup.6, r.sup.7, r.sup.8 and
      R.sup.9 are the same or different and are each hydrogen, straight or
      branched chain alkyl especially lower alkyl, haloalkyl especially
      trifluoromethyl, halogen especially chlorine or bromine, nitro, cyano,
      amino, acylamino especially lower acylamino, alkoxycarbonylamino
      especially lower alkoxycarbonylamino, carboxyl, alkoxycarbonyl especially
      lower alkoxycarbonyl, aminocarbonyl, alkylcarbonyl especially lower
      alkylcarbonyl, alkylsulphonyl especially lower alkylsulphonyl or
      aminosulphonyl;
PA1  R.sup.10 is hydrogen, straight or branched chain alkyl especially lower
      alkyl, cycloalkyl especially cyclohexyl, haloalkyl especially of 1 or 2
      carbon atoms in the alkyl moiety and 1 halo moiety, alkoxyalkyl especially
      lower alkoxy lower alkyl, alkenyl especially lower alkenyl, alkinyl
      especially lower alkinyl, alkoxycarbonyl especially lower alkoxycarbonyl,
      thioalkylcarbonyl especially thiolower alkylcarbonyl, alkoxy especially
      lower alkoxy, dialkylamino especially dilower alkylamino, a
      polymethyleneimino moiety, a polymethyleneimino moiety containing a
      heteroatom especially piperidyl and morpholino, benzyl unsubstituted or
      substituted by one or more substituents especially benzyl unsubstituted or
      substituted by one or two chlorine or bromine moieties, or aryl
      unsubstituted or substituted by one or more substituents especially phenyl
      or phenyl substituted by chlorine or bromine;
PA1  R.sup.11 is hydrogen or alkyl especially lower alkyl and
PA1  X is oxygen or sulfur.
PAR  The triazines and their salts above defined are particularly useful because
      of their activity against coccidiosis both in poultry and in mammals.
PAR  The triazines and their salts of the present invention may be produced by
      reacting a urea or thiourea of the formula:
      ##SPC4##
PAL  wherein
PA1  R.sup.1, r.sup.2, r.sup.3, r.sup.4, r.sup.5, r.sup.6, r.sup.7, r.sup.8,
      r.sup.9, r.sup.10 and X are as above defined with a carbonylisocyanate of
      the formula:
      ##EQU2##
      wherein R.sup.12 is halogen especially chlorine or bromine, alkoxy
      especially lower alkoxy, or aryloxy especially phenoxy,
PAL  to produce a triazine of the formula:
      ##SPC5##
PAL  wherein
PA1  R.sup.1, r.sup.2 r.sup.3, r.sup.4, r.sup.5, r.sup.6, r.sup.7, r.sup.8,
      r.sup.9, r.sup.10, and X are as above defined; and
PA1  R.sup.11 is hydrogen,
PAL  and when a triazine wherein R.sup.11 is alkyl especially lower alkyl is
      desired, reacting said triazine wherein R.sup.11 is hydrogen with a
      compound of the formula:
PA1  (alk).sub.n Y                                              IV
PAL  wherein
PA1  alk is alkyl, especially lower alkyl;
PA1  n is 1, 2 or 3; and
PA1  Y is an anion forming moiety which is eliminated together with the acid
      hydrogen of the imino group of the triazine in which R.sup.11 is hydrogen
      as H.sub.n Y.
PAR  The triazines of the present invention and their salts may be
      interconverted according to techniques per se known.
PAR  It was particularly surprising that the 1-(4-phenoxyphenyl)-1,3,5-triazines
      and the salts thereof defined above are active against both coccidiosis in
      poultry and in mammals. This double action was not exhibited by compounds
      known in the art and it was therefore particularly surprising that the
      present compounds would exhibit activity against coccidiosis both of
      poultry and of mammals.
PAR  If N-[4-(4'-nitrophenoxy)-phenyl]-N'-methylurea (formula II) and
      chlorocarbonylisocyanate (formula III) are used as starting compounds, and
      methyl chloride as the alkylating agent (formula IV), the course of the
      reaction can be represented by the following equation:
      ##SPC6##
PAR  According to one embodiment of the present invention,
PA1  R.sup.1, r.sup.2, r.sup.3, r.sup.4, r.sup.5, r.sup.6, r.sup.7, r.sup.8 and
      R.sup.9 are the same or different and are each hydrogen, straight chain
      alkyl of one to four carbon atoms, trifluoromethyl, chlorine, bromine,
      nitro, cyano, amino, acylamino of one to four carbon atoms in the acyl
      moiety, alkoxycarbonylamino of one to four carbon atoms in the alkoxy
      moiety, carboxyl, alkoxycarbonyl of one to four carbon atoms in the alkoxy
      moiety, aminocarbonyl, alkylcarbonyl of one to four carbon atoms in the
      alkyl moiety, alkylsulphonyl of one to four carbon atoms in the alkyl
      moiety, or aminosulphonyl;
PA1  R.sup.10 is hydrogen, straight chain alkyl of one to 12 carbon atoms,
      branched chain alkyl of three to five carbon atoms, an .omega.-chloroalkyl
      moiety of one to six carbon atoms, an .omega.-methoxyalkyl moiety of two
      to five carbon atoms, alkenyl of two to four carbon atoms, alkoxycarbonyl
      of one to four carbon atoms in the alkoxy moiety, thioalkylcarbonyl of one
      to four carbon atoms in the alkyl moiety, dialkylamino wherein the alkyl
      moieties are the same and each contains one to four carbon atoms, a
      polymethyleneimino moiety particularly piperidyl or morpholino, phenyl or
      phenyl substituted by halogen especially chlorine or bromine; and
PA1  R.sup.11 is hydrogen or alkyl of one to four carbon atoms.
PA1  R.sup.12 is preferably chlorine, methoxy or phenoxy;
PA1  Alk is preferably alkyl or one to four carbon atoms; and
PA1  Y is preferably halogen especially chlorine, bromine or iodine, or a
      --SO.sub.4 moiety.
PAR  According to another embodiment of the present invention,
PA1  R.sup.1, r.sup.2, r.sup.3, r.sup.4, r.sup.5, r.sup.6, r.sup.7, r.sup.8 and
      R.sup.9 are the same or different and each are hydrogen, chlorine, methyl,
      nitro, cyano, amino, trifluoromethyl, methylcarbonylamino, carboxyl,
      acetyl, carbethoxy, carbethoxyamino, ethylsulphonyl, aminocarbonyl or
      aminosulphonyl;
PA1  R.sup.10 is hydrogen, straight or branched chain alkyl of one to 10 carbon
      atoms, allyl, chloroethyl, alkoxycarbonyl of one or two carbon atoms in
      the alkoxy moiety, thioalkylcarbonyl of one to four carbon atoms in the
      alkyl moiety, methoxy, methoxyalkyl of one to three carbon atoms,
      dimethylamino, phenyl, chlorophenyl, dichlorotolyl, piperidyl or
      morpholino;
PA1  R.sup.11 is hydrogen; and
PA1  X is oxygen or sulphur.
PAR  According to a further embodiment of the present invention,
PA1  R.sup.1 is hydrogen, chlorine or methyl;
PA1  R.sup.2 is hydrogen, chlorine, methyl, trifluoromethyl or nitro;
PA1  R.sup.3 is hydrogen, chlorine, nitro, amino, cyano, methyl or
      trifluoromethyl;
PA1  R.sup.4 is hydrogen, chlorine, methyl, cyano or trifluoromethyl;
PA1  R.sup.5 is hydrogen, chlorine, methyl, nitro, amino, methylcarbonylamino,
      carboxyl, carbethoxy, cyano, trifluoromethyl, acetyl, carbethoxyamino,
      ethylsulphonyl, aminocarbonyl or aminosulphonyl;
PA1  R.sup.6 is hydrogen, chlorine, methyl or nitro;
PA1  R.sup.7 is hydrogen, chlorine, methyl, nitro or trifluoromethyl;
PA1  R.sup.8 is hydrogen, chlorine or methyl;
PA1  R.sup.9 is hydrogen, chlorine or methyl;
PA1  R.sup.10 is hydrogen, methyl, ethyl, n-propyl, i-propyl, n-butyl, t-butyl,
      hexyl, decyl, chloroethyl, allyl, methoxy, methoxypropyl, methoxycarbonyl,
      carbethoxy, thiobutylcarbonyl, phenyl, chlorophenyl, dichlorotolyl,
      pyridyl or morpholino;
PA1  R.sup.11 is hydrogen; and
PA1  X is oxygen or sulfur.
PAR  The 4-phenoxyphenyl ureas or thioureas of formula II used as starting
      compounds for producing the triazine to the present invention are
      generally not known but such compounds can be produced either:
PAR  a. by reacting a substituted 4-aminodiphenyl ether with the appropriate
      substituted isocyanate or isothiocyanate in an inert organic solvent, if
      necessary in the presence of a tertiary base such as triethylamine or
      pyridine, at temperatures between 0.degree.C and 100.degree.C; or
PAR  b. conversely, by allowing a substituted amine to react with the
      appropriately substituted 4-isocyanato-diphenyl ether or
      4-isothiocyanato-diphenyl ether under the same conditions.
PAR  The reaction products crystallize out on cooling the solution, if the
      amount of solvent has been appropriately chosen.
PAR  Literature for the reciprocal preparation of ureas from amines and
      isocyanates: "Methoden der Org. Chemie" (Houben-Weyl) IV Edition, Vol.
      VIII, p.157-158.
PAR  Representative ureas of the formula II which can be used in the process of
      the present invention include:
PA1  4-(4'-nitro-phenoxy)-phenyl-urea, mp 197.degree.C,
PA1  3-chloro-4-(2',4',5'-trichloro-phenoxy)-phenyl-urea mp 232.degree.C,
PA1  N-[4-(phenoxy)-phenyl]-N'-methyl-urea, mp 168.degree.C,
PA1  N-[4-(4'-methyl-phenoxy)-phenyl]-N'-methyl-urea, mp 151.degree.C,
PA1  N-[3-chloro-4-(2' ,4'-dimethyl-phenoxy)-phenyl]-N'-methyl-urea, mp
      125.degree.C,
PA1  N-[4-(3',5'-dimethyl-4-chloro-phenoxy)-phenyl]-N'-methyl-urea, mp
      194.degree.C,
PA1  N-[3,5-dimethyl-4-(2',4'-dichloro-phenoxy)-phenyl]-N'-methyl-urea,
PA1  N-[3,5-dimethyl-4-(4'-chloro-phenoxy)-phenyl]-N'-methyl-urea, mp
      160.degree.C,
PA1  N-[4-(4'-nitro-phenoxy)-phenyl]-N'-methyl-urea
PA1  N-[4-(3'-nitro-phenoxy)-phenyl]-N'-methyl-urea,
PA1  N-[4-(2',4'-dinitro-phenoxy)-phenyl]-N'-methyl-urea, mp 235.degree.C,
PA1  N-[4-(3'-chloro-4'-nitro-phenoxy)-phenyl]-N'-methyl-urea, mp 218.degree.C,
PA1  N-[4-(2',5'-dichloro-4'-nitro-phenoxy)-phenyl]-N'-methyl-urea, mp
      218.degree.C,
PA1  N-[2-chloro-4-(3'-chloro-4'-nitro-phenoxy)-phenyl]-N'-methyl urea, mp
      191.degree.C,
PA1  N-[3-chloro-4-(2'-chloro-4'-nitro-phenoxy)-phenyl]-N'-methyl-urea, mp
      196.degree.C,
PA1  N-[4-(2'-nitro-4'-chloro-phenoxy)-phenyl]-N'-methyl-urea, mp 214.degree.C,
PA1  N-[4-(2'-nitro-6'-chloro-phenoxy)-phenyl]-N'-methyl-urea, mp 218.degree.C,
PA1  N-[4-(2'-methyl-4'-nitro-phenoxy)-phenyl]-N'-methyl-urea, mp 217.degree.C,
PA1  N-[2-chloro-4-(2'-chloro-4'-nitro-phenoxy)-phenyl]-N'-methyl-urea, mp
      192.degree.C,
PA1  N-[3,5-dichloro-4-(2'-chloro-4'-nitro-phenoxy)-phenyl]-N'-methyl-urea, mp
      235.degree.C,
PA1  N-[3,5-dichloro-4-(2',6'-dimethyl-4'-nitro-phenoxy)-phenyl]-N'-methyl-urea,
PA1  N-[3,5-dichloro-4-(4'-nitro-phenoxy)-phenyl]-N'-methyl-urea, mp
      230.degree.C,
PA1  N-[3,5-dichloro-4-(2'-methyl-4'-nitro-phenoxy)-phenyl]-N'-methyl-urea,
PA1  N-[3,5-dimethyl-4-(4'-nitro-phenoxy)-phenyl]-N'-methyl-urea, mp
      214.degree.C,
PA1  N-[3,5-dimethyl-4-(2'-chloro-4'-nitro-phenoxy)-phenyl]-N'-methyl-urea, mp
      250.degree.C,
PA1  N-[3,5-dimethyl-4-(2',6'-dichloro-4'-nitro-phenoxy)-phenyl]-N'-methyl-urea,
PA1  N-[4-(4'-amino-phenoxy)-phenyl]-N'-methyl-urea,
PA1  N-[4-(2'-amino-phenoxy)-phenyl]-N'-methyl-urea,
PA1  N-[2-chloro-4-(2'-chloro-4'-amino-phenoxy)-phenyl]-N'-methyl-urea,
PA1  N-[4-(4'-acetylamino-phenoxy)-phenyl]-N'-methyl-urea,
PA1  N-[4-(4'-ethoxycarbonylamino-phenoxy)-phenyl]-N'-methyl-urea, mp
      164.degree.C,
PA1  N-[4-(4'-chloro-phenoxy)-phenyl]-N'-methyl-urea, mp 184.degree.C,
PA1  N-[2-chloro-4-phenoxy-phenyl]-N'-methyl-urea,
PA1  N-[4-(3'-chloro-phenoxy)-phenyl]-N'-methyl-urea, mp 136.degree.C,
PA1  N-[4-(2',4'-dichloro-phenoxy)-phenyl]-N'-methyl-urea mp 191.degree.C,
PA1  N-[4-(4'-ethylsulphonyl-phenoxy)-phenyl]-N'-methyl-urea, mp 131.degree.C,
PA1  N-[4-(4'-aminosulphonyl-phenoxy)-phenyl]-N'-methyl-urea,
PA1  N-[4-(2',4'-dimethyl-phenoxy)-phenyl]-N'-ethyl-urea, mp 162.degree.C,
PA1  N-[4-(3',4'-dimethyl-phenoxy)-phenyl]-N'-ethyl-urea, mp 148.degree.C,
PA1  N-[2-ethyl-4-(4'-nitro-phenoxy)-phenyl]-N'-ethyl-urea,
PA1  N-[2-chloro-4-(4'-nitro-phenoxy)-phenyl]-N'-ethyl-urea, mp 190.degree.C,
PA1  N-[2-chloro-4-(4'-amino-phenoxy)-phenyl]-N'-ethyl-urea,
PA1  N-[2-methyl-4-(2'-chloro-4'-nitro-phenoxy)-phenyl]-N'-ethyl-urea, mp
      206.degree.C,
PA1  N-[4-(4'-nitro-phenoxy)-phenyl]-N'-ethyl-urea, mp 200.degree.C,
PA1  N-[4-(4'-nitro-phenoxy)-phenyl]-N'-propyl-urea, mp 182.degree.C,
PA1  N-[4-(4'-nitro-phenoxy)-phenyl]-N'-isopropyl-urea, mp 202.degree.C,
PA1  N-[4-(4'-nitro-phenoxy)-phenyl]-N'-n-butyl-urea, mp 168.degree.C,
PA1  N-[4-(4'-nitro-phenoxy)-phenyl]-N'-tert.-butyl-urea, mp 158.degree.C,
PA1  N-[4-(2'-chloro-4'-nitro-phenoxy)-phenyl]-N'-n-butyl-urea,
PA1  N-[4-(4'-nitro-phenoxy)-phenyl]-N'-decyl-urea, mp 136.degree.C,
PA1  N-[4-(4'-nitro-phenoxy)-phenyl]-N'-chloromethyl-urea,
PA1  N-[4-(4'-nitro-phenoxy)-phenyl]-N'-.beta.-chloroethyl-urea, mp
      171.degree.C,
PA1  N-[4-(4'-nitro-phenoxy)-phenyl]-N'-allyl-urea, mp 180.degree.C,
PA1  N-[4-(4'-nitro-phenoxy)-phenyl]-N'-cyclohexyl-urea, mp 200.degree.C,
PA1  N-[4-(4'-nitro-phenoxy)-phenyl]-N'-phenyl-urea, mp 208.degree.C,
PA1  N-[4-(4'-nitro-phenoxy)-phenyl]-N'-4-chlorophenyl-urea, mp 235.degree.C,
PA1  N-[4-(4'-nitro-phenoxy)-phenyl]-N'-ethoxycarbonyl-urea, mp 175.degree.C,
PA1  N-[4-(4'-nitro-phenoxy)-phenyl]-N'-methoxycarbonyl-urea,
PA1  N-[4-(4'-nitro-phenoxy)-phenyl]-N'-n-butylmercaptocarbonyl-urea, mp
      133.degree.C,
PA1  N-[4-(4'-nitro-phenoxy)-phenyl]-N'-amino-urea, mp 160.degree.C,
PA1  N-[4-(4'-nitro-phenoxy-phenyl]-N'-dimethyl-amino-urea, mp 138.degree.C,
PA1  N-[4-(4'-nitro-phenoxy)-phenyl]-N'-piperidino-urea, mp 210.degree.C,
PA1  N-[4-(4'-nitro-phenoxy)-phenyl]-N'-morpholino-urea, mp 169.degree.C,
PA1  N-[4-(4'-nitro-phenoxy)-phenyl]-N'-methoxymethyl-urea, mp 177.degree.C,
PA1  N-[4-(4'-nitro-phenoxy)-phenyl]-N'-hydroxy-urea,
PA1  N-[4-(4'-nitro-phenoxy)-phenyl]-N'-methoxy-urea, mp 173.degree.C,
PA1  N-[3-chloro-4-(2',4',5'-trichloro-phenoxy)-phenyl]-N'-3,4,-dichlorobenzyl-u
     rea, mp 224.degree.C,
PA1  N-[4-(4'-chloro-phenoxy)-phenyl]-N'-.gamma.-methoxypropyl-urea, mp
      125.degree.C,
PA1  N-[4-(4'-chloro-phenoxy)-phenyl]-N'-morpholino-urea, mp 195.degree.C,
PA1  N-[4-(4'-chloro-phenoxy)-phenyl]-N'-allyl urea, mp 163.degree.C,
PA1  N-[3-chloro-4-(2',4'-dichloro-phenoxy)-phenyl]-N'-methoxycarbonyl-urea, mp
      153.degree.C,
PA1  N-[3-chloro-4-(3',4',6'-trichloro-phenoxy)-phenyl]-N'-methoxy-carbonyl-urea
PA1  N-[3,5-dichloro-4-(2'-chloro-4'-nitro-phenoxy)-phenyl]-N'-ethyl-urea, mp
      213.degree.C,
PA1  N-[3,5-dichloro-4-(2'-chloro-4'-nitro-phenoxy)-phenyl]-N'-propyl-urea, mp
      212.degree.C,
PA1  N-[3,5-dichloro-4-(2'-chloro-4'-nitro-phenoxy)-phenyl]-N'-isopropyl-urea,
      mp 231.degree.C,
PA1  N-[3,5-dichloro-4-(2'-chloro-4'-nitro-phenoxy)-phenyl]-N'-allyl-urea, mp
      190.degree.C,
PA1  N-[3,5-dichloro-4-(2'-chloro-4'-nitro-phenoxy)-phenyl]-N'-butyl-urea, mp
      178.degree.C,
PA1  N-4-phenoxy-phenyl-N'-methyl-thiourea, mp 121.degree.C,
PA1  N-[4-(4'-nitro-phenoxy)-phenyl]-N'-methyl-thiourea, mp 206.degree.C,
PA1  N-3-chloro-4-phenoxy-phenyl-N'-methyl-thiourea, mp 183.degree.C,
PA1  N-[4-(4'-chloro-phenoxy)-phenyl]-N'-methyl-thiourea, mp 171.degree.C,
PA1  N-[3-chloro-4-(4'-chloro-phenoxy)-phenyl]-N'-methyl-thiourea, mp
      143.degree.C,
PA1  N-[4-(2' ,4'-dichloro-phenoxy)-phenyl]-N'-methyl-thiourea, mp 123.degree.C,
PA1  N-[3-chloro-4-(2' ,4'-dichloro-phenoxy)-phenyl]-N'-methyl-thiourea, mp
      124.degree.C,
PA1  N-[3-chloro-4-(2' ,4' ,5'-trichloro-phenoxy)-phenyl]-N'-methyl-thiourea, mp
      136.degree.C,
PA1  N-[3,5-dichloro-4-(2'-chloro-4'-nitro-phenoxy)-phenyl]-N'-methyl-urea, mp
      235.degree.C,
PA1  N-[3,5-dichloro-4-(2'-chloro-4'-nitro-phenoxy)-phenyl]-N'-propyl-urea,
PA1  N-[3-methyl-4-(4'-chloro-phenoxy)-phenyl]-N'-methyl-urea, mp 148.degree.C,
PA1  N-[3-methyl-4-(4'-chloro-phenoxy)-phenyl]-N'-propyl-urea,
PA1  N-[3-methyl-4-(2' ,'-dichloro-phenoxy)-phenyl]-N'-methyl-urea, mp
      183.degree.C,
PA1  N-[3-methyl-4-(2' ,'-dichloro-phenoxy)-phenyl]-N'-propyl-urea,
PA1  N-[3-chloro-4-(2'-methyl-4'-chloro-phenoxy)-phenyl]-N'-methyl-urea, mp
      184.degree.C,
PA1  N-[3-chloro-4-(2' ,4'-dichloro-phenoxy)-phenyl]-N'-propyl-urea,
PA1  N-[3-chloro-4-(2'-methyl-4'-chloro-phenoxy)-phenyl]-N'-propyl-urea,
PA1  N-[3-methyl-5-chloro-4-(4'-chloro-phenoxy)-phenyl]-N'-methyl-urea, mp
      202.degree.C,
PA1  N-[3-methyl-5-chloro-4-(4'-chloro-phenoxy)-phenyl]-N'-propyl-urea,
PA1  N-[3-nitro-4-(4'-chloro-phenoxy)-phenyl]-N'-methyl-urea, and
PA1  N-[3-nitro-4-(4'-chloro-phenoxy)-phenyl]-N'-propyl-urea.
PAR  Any inert organic solvent can be used as a diluent both for the reaction of
      the ureas or thioureas of the formula II with the carbonylisocyanate of
      the formula III and for the reaction of the 1,3,5-triazines wherein
      R.sup.11 is hydrogen with a compound of the formula IV. Preferred solvents
      for this purpose include aromatic hydrocarbons such as benzene, toluene
      and xylene, halogenated aromatic hydrocarbons such as chlorobenzene and
      dichlorobenzene, and ethers, such as tetrahydrofurane and dioxane.
PAR  When R.sup.12 is halogen, hydrogen halide R.sup.12 produced in the reaction
      is evolved in the form of a gas or can be bound by organic or inorganic
      acid acceptors. Preferred acid acceptors include tertiary organic bases
      such as triethylamine and pyridine, as well as inorganic bases such as
      alkali metal carbonates or alkaline earth metal carbonates.
PAR  The reaction temperatures for the above described processes can be varied
      within a substantial range. In general, the reactions are carried out at
      between 0.degree.C and 150.degree.C, and preferably at between 20.degree.C
      and 100.degree.C.
PAR  The above described processes can be carried out either under normal
      pressure or elevated pressure. Generally, atmospheric pressure is used.
PAR  According to the process of the present invention, the starting compounds
      are generally reacted in molar amounts.
PAR  The following triazines are respresentative of those of the present
      invention:
PA1  1-[3,5-dimethyl-4-(2',
      4'-dichloro-phenoxy)-phenyl]-3-propyl-1,3,5-triazine-2,4,6(1H,3H,
      5H)-trione,
PA1  1-[3,5-dichloro-4-(4'-nitro-2'-methyl-phenoxy)-phenyl]-3-methyl-1,3,5-triaz
     ine-2,4,6(1H,3H,5H)-trione,
PA1  1-[3,5-dichloro-4-(4'-nitro-2'-methyl-phenoxy)-phenyl]-3-propyl-1,3,5-triaz
     ine-2,4,6(1H,3H,5H)-trione,
PA1  1-[3,5-dichloro-4-(4'-nitro-2',6'-dimethyl-phenoxy)-phenyl]-3-methyl-1,3,5-
     triazine-2,4,6(1H,3H,5H)-trione,
PA1  1-[3,5-dichloro-4-(4'-nitro-2'
      ,6'-dimethyl-phenoxy)-phenyl]-3-propyl-1,3,5-triazine-2,4,6(1H,3H,5H)-trio
     ne,
PA1  1-[3,5-dimethyl-4-(4'-nitro-2'
      ,6'-dichloro-phenoxy)-phenyl]-3-methyl-1,3,5-triazine-2,4,6(1H,3H,5H)-trio
     ne,
PA1  1-[3,5-dimethyl-4-(4'-nitro-2',6'-dichloro-phenoxy)-phenyl]-3-propyl-1,3,5-
     triazone-2,4,6(1H,3H,5H)-trione,
PA1  1-[3,5-dichloro-4-(4'-trifluoromethyl-phenoxy)-phenyl]-3-methyl-1,3,5-triaz
     ine-2,4,6(1H,3H,5H)-trione,
PA1  1-[3,5-dichloro-4-(4'-trifluoromethyl-phenoxy)-phenyl]-3-propyl-1,3,5-triaz
     ine-2,4,6(1H,3H,5H)-trione,
PA1  1-[4-(4'-aminocarbonyl-phenoxy)-phenyl]-3-propyl-1,3,5-triazine-2,4,6(1H,3H
     ,5H)-trione,
PA1  1-[4-(4'-aminosulphonyl-phenoxy)-phenyl]-3-methyl-1,3,5-triazine-2,4,6(1H,3
     H,5H)-trione,
PA1  1-[4-(4'-aminosulphonyl-phenoxy)-phenyl]-3-propyl-1,3,5-triazine-2,4,6(1H,3
     H,5H)-trione,
PA1  1-[3-methyl-4-(4'-chloro-phenoxy)-phenyl]-3-propyl-1,3,5-triazine-2,4,6(1H,
     3H,5H)-trione,
PA1  1-[3-methyl-4-(2',4'-dichloro-phenoxy)-phenyl]-3-propyl-1,3,5-triazine-2,4,
     6(1H,3H,5H)-trione,
PA1  1-[3-chloro-4-(2'
      ,4'-dichloro-phenoxy)-phenyl]-3-propyl-1,3,5-triazine-2,4,6(1H,3H,5H)-trio
     ne,
PA1  1-[3-chloro-4-(2'-methyl-4'-chloro-phenoxy)-phenyl]-3-propyl-1,3,5-triazine
     -2,4,6(1H,3H,5H-trione,
PA1  1-[3-methyl-5-chloro-4-(4'-chloro-phenoxy)-phenyl]-3-propyl-1,3,5-triazine-
     2,4,6(1H,3H,5H)-trione,
PA1  1-[3-nitro-4-(4'-chloro-phenoxy)-phenyl]-3-methyl-1,3,5-triazine-2,4,6(1H,3
     H,5H)-trione, and
PA1  1-[3-nitro-4-(4'-chloro-phenoxy)-phenyl]-3-propyl-1,3,5-triazone-2,4,6(1H,'
     H,5H)-trione.
PAR  The salts of the triazines of the present invention are preferably the
      pharmaceutically acceptable nontoxic salts.
PAR  The triazines of the present invention exhibit strong coccidiocidal
      effects. They are highly active against the varieties of coccidia of
      poultry such as, for example Eimeria tenella (chicken appendix
      coccidiosis), E. acervulina, E. brunetti, E. maxima, E. mitis, E. mivati,
      E. necatrix and E. praecox (chicken small intestine coccidiosis). The new
      compounds can also be employed for the prophylaxis and treatment of
      coccidiosis infections of other types of domestic poultry. The new active
      compounds are additionally also distinguished by a very strong activity in
      coccidial infections of mammals such as, for example, of rabbits (E.
      stiedae/coccidiosis of the liver, E. magna, E. media, E. irresidua and E.
      perforans/intestinal coccidiosis) of sheep, cattle and other domestic
      animals including dogs and cats as well as laboratory animals such as
      white mice (E. falciformis) and rats.
PAR  Coccidial infections can lead to severe losses in the case of domestic
      animals and thus represent a real problem in the raising of poultry and
      mammals such as oxen, sheep, rabbits and dogs. The action of the
      previously known agents against coccidiosis is in most cases restricted to
      a few varieties of poultry. The treatment and prophylaxis of coccidiosis
      of mammals has hitherto represented an as yet largely unsolved problem.
PAR  Furthermore, a very stong activity against toxoplasmosis has been found. In
      this infection, the triazines of the present invention and their salts can
      be employed both for the treatment of the cats which excrete the
      infectious stages (oocysts) and for the treatment of the human patient.
PAR  Furthermore, the triazines of the present invention and their salts are
      active against malarial parasites (for example Plasmodium berghei/mice)
      and against Ascaridia infections of poultry (for example Ascaridia
      galli/chickens).
PAR  According to the present invention, a pharmaceutical or veterinary
      composition is produced which comprises an antiprotozoan, or
      coccidiostatic or coccidiocidal amount of a triazine of the present
      invention or salt thereof in combination with a pharmaceutically
      acceptable nontoxic inert diluent or carrier.
PAR  The triazines of the present invention can also be used for the production
      of fodder premixes and medicated animal fodders.
PAR  While the triazines of the present invention and their salts are usually
      most appropriately administered in or with the feed or in the drinking
      water, the triazines and their salts can also be administered to
      individual animals in the form of tablets, medicinal draughts, capsules or
      the like, or by injection. These last-mentioned modes of administration
      are of course less suitable for the treatment of large groups of animals
      than for the treatment of a limited number of animals; they are, however,
      very suitable for administration to a small number of animals or to
      individual animals.
PAR  For the treatment of large numbers of animals, therefore, a medicated
      animal fodder may be produced which comprises at least one nutritious
      ingestible material and a triazine of the present invention or salt
      thereof. Preferably, the medicated fodder is prepared by thoroughly mixing
      50 to 5,000, preferably 80 to 250, ppm of triazine or salt thereof with a
      nutritionally balanced animal feed, for example with the chick feed
      described below.
PAR  If a concentrate or a premix is to be prepared, which is finally to be
      diluted, in the feed, to the abovementioned values, 1 to 30%, preferably
      10 to 20 per cent by weight, of active compound are generally mixed with
      an edible organic or inorganic material, for example maize meal or maize
      and soya bean meal, or mineral salts which contain a small amount of an
      edible dust-suppressing oil, for example maize oil or soya bean oil. The
      premix thus obtained can then be added to the complete poultry feed before
      administration.
PAR  The following medicated fodder is exemplary of compositions useful for
      poultry feed:
PA1  52.000% of shredded cereal feed
PA1  17.990% of shredded soya
PA1  5.000% of maize gluten feed
PA1  5.000% of wheat wholemeal
PA1  3.000% of fishmeal
PA1  3.000% of tapioca meal
PA1  3.000% of green lucerne grass meal
PA1  2.000% of comminuted wheat germs
PA1  2.000% of soya oil
PA1  1.600% of bone meal
PA1  1.500% of whey powder
PA1  1.400% of calcium carbonate for feeds
PA1  1.000% of calcium phosphate for feeds
PA1  1.000% of molasses
PA1  0.500% of brewers yeast
PA1  0.010% of
      1-[3,5-dichloro-4-(2'-chloro-4'-nitrophenoxy)-phenyl]-3-methyl-1,3,5-triaz
     ine-2,4,6(1H,3H,5H)-trione
PA1  100.000%
PAR  The medicated feed is suitable both for curative and for prophylactic use.
PAR  For treating individual poultry or mammals, the pharmaceutical or
      veterinary compositions of the present invention may be administered in
      unit dosage form.
PAR  The pharmaceutical compositions of the present invention contain a major or
      minor amount e.g. 99.5% to 0.1%, preferably 90% to 0.5% of at least one
      1,3,5-triazine as above defined in combination with a pharmaceutically
      acceptable nontoxic, inert diluent or carrier, the carrier comprising one
      or more solid, semi-solid or liquid diluent, filler and formulation
      adjuvant which is nontoxic, inert and pharmaceutically acceptable. Such
      pharmaceutical compositions are preferably in dosage unit form; i.e.,
      physically discrete units containing a predetermined amount of the drug
      corresponding to a fraction or multiple of the dose which is calculated to
      produce the desired therapeutic response. The dosage units can contain
      one, two, three, four or more single doses or, alternatively, one-half,
      third or fourth of a single dose. A single dose preferably contains an
      amount sufficient to produce the desired therapeutic effect upon
      administration at one application of one or more dosage units according to
      a predetermined dosage regimen, usually a whole, half, third or quarter of
      the daily dosage administered once, twice, three or four times a day.
      Other therapeutic agents can also be present.
PAR  Although the dosage and dosage regimen must in each case be carefully
      adjusted, utilizing sound professional judgment and considering the age,
      weight and condition of the recipient, the route of administration and the
      nature and gravity of the illness, generally the dosage will be from 5 to
      250, mg/kg of body weight per day. In some instances a sufficient
      therapeutic effect can be obtained at a lower dose while in others, a
      larger dose will be required.
PAR  Oral administration can be effected utilizing solid and liquid dosage unit
      forms such as powders, tablets, dragees, capsules, granulates,
      suspensions, solutions and the like.
PAR  Powders are prepared by comminuting the compound to a suitable fine size
      and mixing with a similarly comminuted pharmaceutical carrier such as an
      edible carbohydrate as for example starch, lactose, sucrose, glucose or
      mannitol. Sweetening, flavoring, preservative, dispersing and coloring
      agents can also be present.
PAR  Capsules are made by preparing a powder mixture as described above and
      filling formed gelatin sheaths. Glidants and lubricants such as colloidal
      silica, talc, magnesium stearate, calcium stearate or solid polyethylene
      glycol can be added to the powder mixture before the filling operation. A
      disintegrating or solubilizing agent such as agar-agar, calcium carbonate
      or sodium carbonate can also be added to improve the availability of the
      medicament when the capsule is ingested.
PAR  Tablets are formulated for example by preparing a powder mixture,
      granulating or slugging, adding a lubricant and disintegrant and pressing
      into tablets. A powder mixture is prepared by mixing the compound,
      suitably comminuted, with a diluent or base as described above, and
      optionally with a binder such as carboxymethyl, cellulose, an alginate,
      gelatin, or polyvinyl pyrrolidone, a solution retardant such as paraffin,
      a resorption accelerator such as a quaternary salt and/or an absorption
      agent such as bentonite, kaolin or dicalcium phosphate. The powder mixture
      can be granulated by wetting with a binder such as syrup, starch paste,
      acacia mucilage or solutions of cellulosic or polymeric materials and
      forcing through a screen. As an alternative to granulating, the powder
      mixture can be run through the tablet machine and the resulting
      imperfectly formed slugs broken into granules. The granules can be
      lubricated to prevent sticking to the tablet forming dies by means of the
      addition of stearic acid, a stearate salt, talc or mineral oil. The
      lubricated mixture is then compressed into tablets. The medicaments can
      also be combined with free flowing inert carriers and compressed into
      tablets directly without going through the granulating or slugging steps.
      A clear or opaque protective coating consisting of a sealing coat of
      shellac, a coating of sugar or polymeric material and a polish coating of
      wax can be provided. Dyestuffs can be added to these coatings to
      distinguish different unit dosages.
PAR  Oral fluids such as solutions, syrups and elixirs can be prepared in dosage
      unit form so that a given quantity contains a predetermined amount of the
      compound. Syrups can be prepared by dissolving the compound in a suitably
      flavored aqueous sucrose solution while elixirs are prepared through the
      use of a nontoxic alcoholic vehicle. Suspensions can be formulated by
      dispersing the compound in a nontoxic vehicle. Solubilizers and
      emulsifiers such as ethoxylated isostearyl alcohols and polyoxyethylene
      sorbitol esters, preservatives, flavor additives such as peppermint oil or
      saccharin, and the like can also be added.
PAR  Where appropriate, dosage unit formulations for oral administration can be
      microencapsulated. The formulation can also be prepared to prolong or
      sustain the release as for example by coating or embedding particulate
      material in polymers, wax or the like.
PAR  Parenteral administration can be effected utilizing liquid dosage unit
      forms such as sterile solutions and suspensions intended for subcutaneous,
      intramuscular or intravenous injection. These are prepared by suspending
      or dissolving a measured amount of the compound in a nontoxic liquid
      vehicle suitable for injection such as an aqueous or oleaginous medium and
      sterilizing the suspension or solution. Alternatively, a measured amount
      of the compound is placed in a vial and the vial and its contents are
      sterilized and sealed. An accompanying vial or vehicle can be provided for
      mixing prior to administration. Nontoxic salts and salt solutions can be
      added to render the injection isotonic. Stabilizers, preservatives and
      emulsifiers can also be added.
PAR  Rectal administration can be effected utilizing suppositories in which the
      compound is admixed with low melting water soluble or insoluble solids
      such as polyethylene glycol, cocoa butter, higher esters as for example
      myristyl, palmitate, or mixtures thereof.
PAR  Topical administration can be effected utilizing solid dosage unit forms
      such as powders or liquid or semiliquid dosage unit forms such as
      solutions, suspensions, ointments, pastes, creams and gels. The powders
      are formulated utilizing such carriers as talc, bentonite, silicic acid,
      polyamide powder and the like. Liquid and semiliquid formulations can
      utilize such carriers, in addition to those described above, as
      polyethylene glycol, vegetable and mineral oils, alcohols such as
      isopropanol and the like. Other excipients such as emulsifiers,
      preservatives, colorants, perfumes and the like can also be present.
      Formulations can also be administered as an aerosol, utilizing the usual
      propellants such as the chlorofluorohydrocarbons.
PAR  The preferred daily dose is 250 mg to 22,500 mg of active ingredient.
PAR  The pharmaceutical and veterinary compositions of the present invention and
      the medicated animal feeds of the present invention may also contain other
      pharmaceutically active compounds, especially imidazole-4,5-dicarboxylic
      acid amide or a sulphonamide as described below.
PAR  In the treatment and prophylaxis of poultry coccidiosis and particularly
      coccidiosis of chickens, ducks, geese and turkeys, it is preferred to mix
      50 to 100 ppm, preferably 80 to 100 ppm of triazine of the present
      invention or salt thereof with the nutritious feed. It is possible to
      increase these amounts if the toleration is good. The amount may be
      decreased through combination of the triazines and salts thereof of the
      present invention with either imidazole-4,5-dicarboxylic acid amide
      mentioned above or p-aminobenzenesulphonamides of
      2-amino-4,6-dimethylpyrimidine, of 2-aminoquinoxaline, of
      2-amino-5-methoxy-pyrimidine and of 2-amino-4-methyl-pyrimidine because
      such compounds augment the activity of the triazines of the present
      invention.
PAR  While the routes of administration of the triazines and salts thereof of
      the present invention include oral, parenteral (intramuscularly,
      intraperitoneally and intravenously), rectal and topical application, oral
      administration by tablet or oral administration by an animal fodder are
      particularly preferred.
PAR  The coccidiocidal activity of compounds representative of those of the
      present invention is shown by way of example in Table 1. Eimeria tenella
      (chicken appendix coccidiosis) is given as an example of the activity
      against poultry coccidia, while Eimeria falciformis (mice) is taken as an
      example of a mammal coccidium. The activity against E. falciformis (mice)
      is representative of the activity against other mammal coccidia, as is
      shown in Table 2.
TBL                Table 1                                                     

     ______________________________________                                    

     Activity Against Poultry Coccidiosis                                      

     and Mammal Coccidiosis                                                    

     Compound of                                                               

                Eimeria tenella/                                               

                              Eimeria falciformis/                             

     Example No.                                                               

                chicks [ppm]  mice [mg/kg]                                     

     ______________________________________                                    

      5         100           5                                                

     10         100           2.5                                              

     15         100           10                                               

     16         100           5                                                

     26         250           2.5                                              

     28         250           0.5                                              

     37          50           10                                               

     47          25           0.5                                              

     50         100           25                                               

     54          50           5                                                

     56          50           5                                                

     58         250           100                                              

     62          50           25                                               

     63         250           250                                              

     84         100           1                                                

     86         100           2.5                                              

     89         100           1                                                

     91         250           5                                                

     ______________________________________                                    

PAR  In each case, the fully effective minimum dose is quoted, in ppm as a feed
      additive in the case of chicks, and in mg/kg of body weight in the case of
      mice.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Comparison of the Activity Against Various Mammal Coccidia of the         

     Compound of Example No. 26                                                

     Animal                                                                    

          Variety of Eimeria                                                   

                     Start of Treatment                                        

                                   Number of Treat-                            

                                             Minimum Fully Effective           

                                   ments     Dose in mg/kg                     

     __________________________________________________________________________

     Mice E. falciformis                                                       

                     1 day after infection                                     

                                   6         2.5                               

     __________________________________________________________________________

     Rabbits                                                                   

          E. stiedae 10 days after infection                                   

                                   5         5                                 

          E. magna                                                             

          E. perforans                                                         

                     10 days after infection                                   

                                   5         1                                 

          E. media                                                             

          E. irresidua                                                         

     __________________________________________________________________________

     Sheep                                                                     

          E. ninakohlyakimovi      4         10                                

          E. faurei  natural                                                   

          E. arloingi                                                          

                     infection                                                 

     __________________________________________________________________________

PAR  If, for example, 11 day old chicks are infected with 30,000 sporulated
      oocysts of Eimeria tenella, the pathogen of appendix coccidiosis, 50 to
      70% of the animals die in the case of the untreated controls. The
      surviving chicks daily excrete 300,000 to 500,000 oocysts per gram (opg)
      of faeces from the 7th to the 9th day after infection. In the course of
      the illness, the weight increase is considerably impaired and severe
      macroscopically recognizable pathological changes occur in the appendices,
      which lead to severe hemorrhages. In testing the activity against E.
      tenella, the compounds according to the invention were administered with
      the feed from 3 days before infection to 9 days after infection (end of
      experiment).
PAR  The number of oocysts was determined with the McMaster chamber (see
      Engelbrecht et al., "Parasitologische Arbeitsmethoden in Medizin und
      Veterinarmedizin" ("Parasitological Techniques in Medicine and Veterinary
      Medicine"), page 172, Academie-Verlag Berlin (1965)).
PAR  The treatment of the Eimeria falciformis infection of mice given as an
      example of mammal coccidia was carried out on the 1st, 2nd, 3rd, 6th, 7 th
      and 8th day after infection. The infection was produced with 10,000
      sporulated oocysts per mouse (weighing 15 g). In the case of the untreated
      controls, from the 7th day after infection there is massive excretion of
      oocysts, diarrhea containing blood, and mortality, attributable to the
      infection, in the case of 30% of the animals.
PAR  With the minimum effective dosages indicated in Table 1, the course of the
      infection was so lastingly influenced, in chicks and in mice, that the
      infection caused no set-back, or only an insignificant set-back to the
      animals.
DETD
PAR  The following non-limitative examples more particularly illustrate the
      present invention:
PAC  EXAMPLE 1
      ##SPC7##
PAR  24.2 g (0.1 mol) of N-methyl-N'-(4-phenoxy-phenyl)-urea are suspended in
      500 ml of absolute toluene and 10.5 g (0.1 mol) of
      chlorocarbonylisocyanate are added dropwise at room temperature, while
      stirring. Thereafter the mixture was stirred for a further hour at room
      temperature and 2 hours at the boil.
PAR  After cooling, the
      1-(4-phenoxy-phenyl)-3-methyl-1,3,5-triazine-2,4,6(1H,3H,5H)-trione which
      has separated out is filtered off and stirred with alcohol.
PAR  Yield: 80% of theory. Melting point 266.degree.C.
PAR  The compounds set forth in Table 3 were obtained in a manner analogous to
      that of Example 1 from the reactants set forth in Table IV:
      ##SPC8##
TBL                                    Table 3                                 

     __________________________________________________________________________

     Example                                                                   

          R.sup.1                                                              

             R.sup.2                                                           

                R.sup.3                                                        

                   R.sup.4                                                     

                      R.sup.5                                                  

                             R.sup.6                                           

                                R.sup.7                                        

                                   R.sup.8                                     

                                      R.sup.9                                  

                                         R.sup.10    R.sup.11                  

                                                         X  Melting point      

     No.                                                    .degree.C          

     __________________________________________________________________________

     2    H  H  H  H  NO.sub.2                                                 

                             H  H  H  H  H           H   O  295                

     3    H  Cl Cl H  Cl     Cl H  H  H  H           H   O  321                

     4    H  H  H  H  CH.sub.3                                                 

                             H  H  H  H  CH.sub.3    H   O  198 - 199          

     5    H  H  H  H  NO.sub.2                                                 

                             H  H  H  H  CH.sub.3    H   O  266                

     6    H  H  NO.sub.2                                                       

                   H  H      H  H  H  H  CH.sub.3    H   O  243                

     7    H  H  H  H  NH.sub.2                                                 

                             H  H  H  H  CH.sub.3    H   O  300                

     8    H  H  NH.sub.2                                                       

                   H  H      H  H  H  H  CH.sub.3    H   O  294                

     9    H  H  H  H  CH.sub.3.CO.NH                                           

                             H  H  H  H  CH.sub.3    H   O  307                

     10   H  H  H  H  Cl     H  H  H  H  CH.sub.3    H   O  208                

     11   H  Cl H  H  H      H  H  H  H  CH.sub.3    H   O  166                

     12   H  H  H  Cl H      H  H  H  H  CH.sub.3    H   O  200 - 201          

     13   H  H  H  H  COOH   H  H  H  H  CH.sub.3    H   O  300                

     14   H  H  H  H  COOC.sub.2 H.sub.5                                       

                             H  H  H  H  CH.sub.3    H   O  238 - 240          

     15   H  H  H  H  CN     H  H  H  H  CH.sub.3    H   O  245                

     16   H  H  H  H  CF.sub.3                                                 

                             H  H  H  H  CH.sub.3    H   O  210                

     17   H  H  H  H  CH.sub.3 CO                                              

                             H  H  H  H  CH.sub.3    H   O  211                

     18   H  H  H  H  NH.COOC.sub.2 H.sub.5                                    

                             H  H  H  H  CH.sub.3    H   O  191 - 192          

     19   H  H  H  H  SO.sub.2 C.sub.2 H.sub.5                                 

                             H  H  H  H  CH.sub.3    H   O  120 (decom-        

                                                            position)          

     20   H  H  NO.sub.2                                                       

                   H  NO.sub.2                                                 

                             H  H  H  H  CH.sub.3    H   O  303                

     21   H  H  CN H  CN     H  H  H  H  CH.sub.3    H   O  320                

     22   H  H  Cl H  Cl     H  H  H  H  CH.sub.3    H   O  208                

     23   H  Cl H  H  Cl     H  H  H  H  CH.sub.3    H   O  276                

     24   H  H  Cl H  H      H  Cl H  H  CH.sub.3    H   O  275                

     25   H  H  Cl H  Cl     Cl H  H  H  CH.sub.3    H   O  261                

     26   H  Cl Cl H  Cl     H  H  H  H  CH.sub.3    H   O  232                

     27   H  Cl Cl H  Cl     Cl H  H  H  CH.sub.3    H   O  240                

     28   H  H  H  Cl CN     H  H  H  H  CH.sub.3    H   O  248                

     29   H  H  CN H  Cl     H  H  H  H  CH.sub.3    H   O  260                

     30   H  H  Cl H  CN     H  H  H  H  CH.sub.3    H   O  273                

     31   H  H  Cl H  CF.sub.3                                                 

                             H  H  H  H  CH.sub.3    H   O  218                

     32   H  H  NO.sub.2                                                       

                   H  Cl     H  H  H  H  CH.sub.3    H   O  244 - 245          

     33   H  H  Cl H  H      H  NO.sub.2                                       

                                   H  H  CH.sub.3    H   O  252                

     34   H  H  Cl H  NO.sub.2                                                 

                             H  H  H  CH.sub.3                                 

                                         CH.sub.3    H   O  222                

     35   H  H  H  Cl NO.sub.2                                                 

                             H  H  H  H  CH.sub.3    H   O  232                

     36   H  Cl Cl H  NO.sub.2                                                 

                             H  H  H  H  CH.sub.3    H   O  260                

     37   Cl H  Cl H  NO.sub.2                                                 

                             H  H  H  H  CH.sub.3    H   O  264                

     38   H  H  Cl H  NO.sub.2                                                 

                             Cl H  H  H  CH.sub.3    H   O  250                

     39   Cl H  H  Cl NO.sub.2                                                 

                             H  H  H  H  CH.sub.3    H   O  267                

     40   H  H  CN H  H      NO.sub.2                                          

                                H  H  H  CH.sub.3    H   O  312                

     41   H  H  CH.sub.3                                                       

                   H  NO.sub.2                                                 

                             H  H  H  H  CH.sub.3    H   O  270                

     42   CH.sub.3                                                             

             H  H  H  NO.sub.2                                                 

                             H  H  H  H  CH.sub.3    H   O  212                

     43   H  Cl CH.sub.3                                                       

                   H  CH.sub.3                                                 

                             H  H  H  H  CH.sub.3    H   O  196                

     44   H  H  H  CH.sub.3                                                    

                      Cl     CH.sub.3                                          

                                H  H  H  CH.sub.3    H   O  240 - 241          

     45   H  Cl Cl H  COOH   H  H  H  H  CH.sub.3    H   O  174 (decom-        

                                                            position)          

     46   Cl H  Cl H  NH.sub.2                                                 

                             H  H  H  H  CH.sub.3    H   O  269                

     47   H  Cl Cl H  NO.sub.2                                                 

                             H  H  Cl H  CH.sub.3    H   O  316                

     48   H  H  CH.sub.3                                                       

                   H  CH.sub.3                                                 

                             H  H  H  H  C.sub.2 H.sub.5                       

                                                     H   O  198 - 199          

     49   H  H  H  CH.sub.3                                                    

                      CH.sub.3                                                 

                             H  H  H  H  C.sub.2 H.sub.5                       

                                                     H   O  193                

     50   CH.sub.3                                                             

             H  H  H  NO.sub.2                                                 

                             H  H  H  H  C.sub.2 H.sub.5                       

                                                     H   O  229                

     51   Cl H  H  H  NO.sub.2                                                 

                             H  H  H  H  C.sub.2 H.sub.5                       

                                                     H   O  276                

     52   CH.sub.3                                                             

             H  Cl H  NO.sub.2                                                 

                             H  H  H  H  C.sub.2 H.sub.5                       

                                                     H   O  240                

     53   Cl H  H  H  NH.sub.2                                                 

                             H  H  H  H  C.sub.2 H.sub.5                       

                                                     H   O  225                

     54   H  H  H  H  NO.sub.2                                                 

                             H  H  H  H  C.sub.2 H.sub.5                       

                                                     H   O  198 - 200          

     55   H  Cl Cl H  NO.sub.2                                                 

                             H  H  Cl H  C.sub.2 H.sub.5                       

                                                     H   O  152                

     56   H  H  H  H  NO.sub.2                                                 

                             H  H  H  H  n--C.sub.3 H.sub.7                    

                                                     H   O  195 - 196          

     57   H  Cl Cl H  NO.sub.2                                                 

                             H  H  Cl H  n--C.sub.3 H.sub.7                    

                                                     H   O  140                

     58   H  H  H  H  NO.sub.2                                                 

                             H  H  H  H  i--C.sub.3 H.sub.7                    

                                                     H   O  202 - 203          

     59   H  Cl Cl H  NO.sub.2                                                 

                             H  H  Cl H  i--C.sub.3 H.sub.7                    

                                                     H   O  155 - 157          

     60   H  H  H  H  NO.sub.2                                                 

                             H  H  H  H  n--C.sub.4 H.sub.9                    

                                                     H   O  194 - 195          

     61   H  Cl Cl H  NO.sub.2                                                 

                             H  H  Cl H  n--C.sub.4 H.sub.9                    

                                                     H   O  142 - 144          

     62   H  H  Cl H  NO.sub.2                                                 

                             H  H  H  H  n--C.sub.4 H.sub.9                    

                                                     H   O  165                

     63   H  H  H  H  NO.sub.2                                                 

                             H  H  H  H  --CH=CH--CH.sub.3                     

                                                     H   O  199 - 200          

     64   H  Cl Cl H  NO.sub.2                                                 

                             H  H  Cl H  --CH=CH--CH.sub.3                     

                                                     H   O  163                

     65   H  H  H  H  NO.sub.2                                                 

                             H  H  H  H  C(CH.sub.3).sub.3                     

                                                     H   O  292                

     66   H  H  H  H  NO.sub.2                                                 

                             H  H  H  H  C.sub.10 H.sub.21                     

                                                     H   O  191 - 193          

     67   H  H  H  H  NO.sub.2                                                 

                             H  H  H  H  CH.sub.2 CH.sub.2 Cl                  

                                                     H   O  252 - 254          

     68   H  H  H  H  NO.sub.2                                                 

                             H  H  H  H  C.sub.6 H.sub.11                      

                                                     H   O  226 - 228          

     69   H  H  H  H  NO.sub.2                                                 

                             H  H  H  H  C.sub.6 H.sub.5                       

                                                     H   O  224 - 226          

     70   H  H  H  H  NO.sub.2                                                 

                             H  H  H  H  p--Cl--C.sub.6 --H.sub.4              

                                                     H   O  198 - 199          

     71   H  H  H  H  NO.sub.2                                                 

                             H  H  H  H  COOCH.sub.3 H   O  249                

     72   H  Cl Cl H  Cl     H  H  H  H  COOCH.sub.3 H   O  212                

     73   H  H  H  H  NO.sub.2                                                 

                             H  H  H  H  COOC.sub.2 H.sub.5                    

                                                     H   O  178 - 180          

     74   H  H  H  H  NO.sub.2                                                 

                             H  H  H  H  COSC.sub.4 H.sub.9                    

                                                     H   O  193 - 194          

     75   H  H  H  H  NO.sub.2                                                 

                             H  H  H  H  N(CH.sub.3).sub.2                     

                                                     H   O  182 - 184          

     76   H  H  H  H  NO.sub.2                                                 

                             H  H  H  H              H   O  211 - 213          

     77   H  H  H  H  NO.sub.2                                                 

                             H  H  H  H              H   O  275 - 276          

     78   H  H  H  H  NO.sub.2                                                 

                             H  H  H  H  OCH.sub.3   H   O  231                

     79   H  Cl H  Cl Cl     H  Cl H  H              H   O  198                

     80   H  H  H  H  Cl     H  H  H  H  CH=CH--CH.sub.3                       

                                                     H   O  151 -152           

     81   H  H  H  H  Cl     H  H  H  H  CH.sub.2 CH.sub.2 CH.sub.2 OCH.sub.3  

                                                     H   O  167 - 169          

     82   H  H  H  H  Cl     H  H  H  H              H   O  248 - 249          

     83   H  H  H  H  H      H  H  H  H  CH.sub.3    H   S  222                

     84   H  H  H  H  NO.sub.2                                                 

                             H  H  H  H  CH.sub.3    H   S  271                

     85   H  Cl H  H  H      H  H  H  H  CH.sub.3    H   S  213                

     86   H  H  H  H  Cl     H  H  H  H  CH.sub.3    H   S  214                

     87   H  Cl H  H  Cl     H  H  H  H  CH.sub.3    H   S  215                

     88   H  H  Cl H  Cl     H  H  H  H  CH.sub.3    H   S  208                

     89   H  Cl Cl H  Cl     H  H  H  H  CH.sub.3    H   S  210                

     90   H  Cl Cl H  Cl     Cl H  H  H  CH.sub.3    H   S  216                

     91   H  Cl H  H  NO.sub.2                                                 

                             H  H  Cl H  CH.sub.3    H   O  298                

     92   H  Cl H  H  Cl     H  H  Cl H  CH.sub.3    H   O   96                

     93   H  Cl H  H  Cl     H  H  Cl H  nC.sub.3 H.sub.7                      

                                                     H   O  105                

     94   H  Cl Cl H  Cl     H  H  Cl H  CH.sub.3    H   O  229                

     95   H  Cl Cl H  Cl     H  H  Cl H  nC.sub.3 H.sub.7                      

                                                     H   O   78                

     96   H  CH.sub.3                                                          

                H  H  Cl     H  H  CH.sub.3                                    

                                      H  CH.sub.3    H   O   56                

     97   H  CH.sub.3                                                          

                H  H  Cl     H  H  CH.sub.3                                    

                                      H  nC.sub.3 H.sub. 7                     

                                                     H   O  169                

     98   H  Cl H  H  NO.sub.2                                                 

                             H  H  Cl H  nC.sub.3 H.sub.7                      

                                                     H   O  172                

     99   H  CH.sub.3                                                          

                H  H  NO.sub.2                                                 

                             H  H  CH.sub.3                                    

                                      H  CH.sub.3    H   O  259                

     100  H  CH.sub.3                                                          

                H  H  NO.sub.2                                                 

                             H  H  CH.sub.3                                    

                                      H  nC.sub.3 H.sub.7                      

                                                     H   O  137                

     101  H  CH.sub.3                                                          

                Cl H  NO.sub.2                                                 

                             H  H  CH.sub.3                                    

                                      H  CH.sub.3    H   O  268                

     102  H  CH.sub.3                                                          

                Cl H  NO.sub.2                                                 

                             H  H  CH.sub.3                                    

                                      H  nC.sub.3 H.sub.7                      

                                                     H   O  222                

     103  H  Cl H  H  CN     H  H  Cl H  CH.sub.3    H   O  132                

     104  H  Cl H  H  CN     H  H  Cl H  nC.sub.3 H.sub.7                      

                                                     H   O  147                

     105  H  H  H  H  H.sub.2 N--CO--                                          

                             H  H  H  H  CH.sub.3    H   O  263                

     106  H  Cl Cl H  NO.sub.2                                                 

                             H  H  Cl H  CH.sub.3    H   S  &gt;270               

     107  H  Cl Cl H  NO.sub.2                                                 

                             H  H  Cl H  nC.sub.3 H.sub.7                      

                                                     H   S  245                

     108  H  CH.sub.3                                                          

                H  H  Cl     H  H  H  H  CH.sub.3    H   O  237                

     109  H  CH.sub.3                                                          

                Cl H  Cl     H  H  H  H  CH.sub.3    H   O  228                

     110  H  Cl CH.sub.3                                                       

                   H  Cl     H  H  H  H  CH.sub.3    H   O  219                

     111  H  Cl H  H  Cl     H  H  CH.sub.3                                    

                                      H  CH.sub.3    H   O  238                

     112  H  Cl H  H  CN     H  H  Cl H  CH.sub.2 --CH=CH.sub.2                

                                                     H   O  140                

     113  H  H  CH.sub.3                                                       

                   H  NO.sub.2                                                 

                             H  Cl H  H  CH.sub.3    H   O  302                

     114  H  CH.sub.3                                                          

                H  H  Cl     H  Cl Cl H  CH.sub.3    H   O  206                

     115  H  CH.sub.3                                                          

                H  Cl Cl     H  Cl Cl H  C.sub.2 H.sub.5                       

                                                     H   O  186                

     116  H  CH.sub.3                                                          

                H  H  Cl     H  Cl Cl H  C.sub.2 H.sub.5                       

                                                     H   O  229                

     117  H  CH.sub.3                                                          

                H  Cl Cl     H  Cl Cl H  C.sub.2 H.sub.5                       

                                                     H   O  207                

     118  H  H  CH.sub.3                                                       

                   H  NO.sub.2                                                 

                             H  Cl H  Cl C.sub.2 H.sub.5                       

                                                     H   O  217                

     119  H  H  H  Cl Cl     H  H  H  H  C.sub.2 H.sub.5                       

                                                     H   O  210                

     120  H  Cl H  Cl H      H  Cl H  H  C.sub.2 H.sub.5                       

                                                     H   O  185                

     121  H  H  Cl H  CF.sub.3                                                 

                             H  Cl H  H  C.sub.2 H.sub.5                       

                                                     H   O  293                

     122  H  H  H  Cl CN     H  H  H  H  C.sub.2 H.sub.5                       

                                                     H   O  232                

     123  H  H  NO.sub.2                                                       

                   H  CF.sub.3                                                 

                             H  H  H  H  C.sub.2 H.sub.5                       

                                                     H   O  228                

     124  H  Cl H  H  CN     H  H  Cl H  C.sub.2 H.sub.5                       

                                                     H   O  184                

     125  H  H  H  H  NO.sub.2                                                 

                             H  H  H  H  n--C.sub.3 H.sub.7                    

                                                     H   S  227                

     126  H  H  CH.sub.3                                                       

                   H  NO.sub.2                                                 

                             H  CH.sub.3                                       

                                   H  H  CH.sub.3    H   O  &gt;280               

     127  H  H  Cl H  NO.sub.2                                                 

                             H  Cl H  H  CH.sub.3    H   O  &gt;280               

     128  Cl H  Cl H  NO.sub.2                                                 

                             H  Cl H  H  CH.sub.3    H   O  259                

     129  H  Cl H  Cl Cl     H  H  H  H  CH.sub.3    H   O  236                

     130  H  Cl H  CN CN     H  H  H  H  n--C.sub.3 H.sub.7                    

                                                     H   O  179                

     131  H  Cl H  H  CN     H  Cl H  H  C.sub.2 H.sub.5                       

                                                     H   O  218                

     132  H  H  H  CF.sub.2                                                    

                      NO.sub.2                                                 

                             H  H  H  H  C.sub.2 H.sub.5                       

                                                     H   O  221                

     133  H  H  CF.sub.3                                                       

                   H  NO.sub.2                                                 

                             H  H  H  H  n--C.sub.3 H.sub.7                    

                                                     H   O  174                

     134  H  H  H  CF.sub.3                                                    

                      H      H  H  H  H  C.sub.3 H.sub.7                       

                                                     H   O  157                

     135  H  Cl H  Cl CN     H  H  H  H  C.sub.2 H.sub.5                       

                                                     H   O  179                

     136  H  H  H  CF.sub.3                                                    

                      H      H  H  H  H  C.sub.2 H.sub.5                       

                                                     H   O  138                

     137  H  H  Cl H  Cl     H  CF.sub.3                                       

                                   H  H  C.sub.2 H.sub.5                       

                                                     H   O  210                

     138  H  Cl H  H  NO.sub.2                                                 

                             H  CF.sub.3                                       

                                   H  H  C.sub.2 H.sub.5                       

                                                     H   O  120                

     139  H  CF.sub.3                                                          

                H  H  Cl     H  Cl Cl H  C(CH.sub.3).sub.3                     

                                                     H   O  210                

     140  H  Cl H  CF.sub.3                                                    

                      H      H  H  H  H  C.sub.3 H.sub.7                       

                                                     H   O  151                

     __________________________________________________________________________

TBL                                    Table 4                                 

     __________________________________________________________________________

     Reactants                                                                 

     Ex. No.                                                                   

           R.sup.1                                                             

               R.sup.2                                                         

                   R.sup.3                                                     

                       R.sup.4                                                 

                           R.sup.5                                             

                                  R.sup.6                                      

                                      R.sup.7                                  

                                          R.sup.8                              

                                              R.sup.9                          

                                                  R.sup.10 R.sup.11            

                                                              X R.sup.12       

     __________________________________________________________________________

      2    H   H   H   H   NO.sub.2                                            

                                  H   H   H   H   H        H  O                

      3    H   Cl  Cl  H   Cl     Cl  H   H   H   H        H  O                

      4    H   H   H   H   CH.sub.3                                            

                                  H   H   H   H   CH.sub.3 H  O                

      5    H   H   H   H   NO.sub.2                                            

                                  H   H   H   H   CH.sub.3 H  O                

      6    H   H   NO.sub.2                                                    

                       H   H      H   H   H   H   CH.sub.3 H  O                

      7    H   H   H   H   NH.sub.2                                            

                                  H   H   H   H   CH.sub.3 H  O                

      8    H   H   NH.sub.2                                                    

                       H   H      H   H   H   H   CH.sub.3 H  O                

      9    H   H   H   H   CH.sub.3.CO.NH                                      

                                  H   H   H   H   CH.sub.3 H  O                

     10    H   H   H   H   Cl     H   H   H   H   CH.sub.3 H  O                

     11    H   Cl  H   H   H      H   H   H   H   CH.sub.3 H  O                

     12    H   H   H   Cl  H      H   H   H   H   CH.sub.3 H  O                

     13    H   H   H   H   COOH   H   H   H   H   CH.sub.3 H  O                

     14    H   H   H   H   COOC.sub.2 H.sub.5                                  

                                  H   H   H   H   CH.sub.3 H  O                

     15    H   H   H   H   CN     H   H   H   H   CH.sub.3 H  O                

     16    H   H   H   H   CF.sub.3                                            

                                  H   H   H   H   CH.sub.3 H  O                

     17    H   H   H   H   CH.sub.3 CO                                         

                                  H   H   H   H   CH.sub.3 H  O                

     18    H   H   H   H   NH.COOC.sub.2 H.sub.5                               

                                  H   H   H   H   CH.sub.3 H  O                

     19    H   H   H   H   SO.sub.2 C.sub.2 H.sub.5                            

                                  H   H   H   H   CH.sub.3 H  O                

     20    H   H   NO.sub.2                                                    

                       H   NO.sub.2                                            

                                  H   H   H   H   CH.sub.3 H  O                

     21    H   H   CN  H   CN     H   H   H   H   CH.sub.3 H  O                

     22    H   H   Cl  H   Cl     H   H   H   H   CH.sub.3 H  O                

     23    H   Cl  H   H   Cl     H   H   H   H   CH.sub.3 H  O                

     24    H   H   Cl  H   H      H   Cl  H   H   CH.sub.3 H  O                

     25    H   H   Cl  H   Cl     Cl  H   H   H   CH.sub.3 H  O                

     26    H   Cl  Cl  H   Cl     H   H   H   H   CH.sub.3 H  O                

     27    H   Cl  Cl  H   Cl     Cl  H   H   H   CH.sub.3 H  O                

     28    H   H   H   Cl  CN     H   H   H   H   CH.sub.3 H  O                

     29    H   H   CN  H   Cl     H   H   H   H   CH.sub.3 H  O                

     30    H   H   Cl  H   CN     H   H   H   H   CH.sub.3 H  O                

     31    H   H   Cl  H   CF.sub.3                                            

                                  H   H   H   H   CH.sub.3 H  O                

     32    H   H   NO.sub.2                                                    

                       H   Cl     H   H   H   H   CH.sub.3 H  O                

     33    H   H   Cl  H   H      H   NO.sub.2                                 

                                          H   H   CH.sub.3 H  O                

     34    H   H   Cl  H   NO.sub.2                                            

                                  H   H   H   CH.sub.3                         

                                                  CH.sub.3 H  O                

     35    H   H   H   Cl  NO.sub.2                                            

                                  H   H   H   H   CH.sub.3 H  O                

     36    H   Cl  Cl  H   NO.sub.2                                            

                                  H   H   H   H   CH.sub.3 H  O                

     37    Cl  H   Cl  H   NO.sub.2                                            

                                  H   H   H   H   CH.sub.3 H  O                

     38    H   H   Cl  H   NO.sub.2                                            

                                  Cl  H   H   H   CH.sub.3 H  O                

     39    Cl  H   H   Cl  NO.sub.2                                            

                                  H   H   H   H   CH.sub.3 H  O                

     40    H   H   CN  H   H      NO.sub.2                                     

                                      H   H   H   CH.sub.3 H  O                

     41    H   H   CH.sub.3                                                    

                       H   NO.sub.2                                            

                                  H   H   H   H   CH.sub.3 H  O                

     42    CH.sub.3                                                            

               H   H   H   NO.sub.2                                            

                                  H   H   H   H   CH.sub.3 H  O                

     43    H   Cl  CH.sub.3                                                    

                       H   CH.sub.3                                            

                                  H   H   H   H   CH.sub.3 H  O                

     44    H   H   H   CH.sub.3                                                

                           Cl     CH.sub.3                                     

                                      H   H   H   CH.sub.3 H  O                

     45    H   Cl  Cl  H   COOH   H   H   H   H   CH.sub.3 H  O                

     46    Cl  H   Cl  H   NH.sub.2                                            

                                  H   H   H   H   CH.sub.3 H  O                

     47    H   Cl  Cl  H   NO.sub.2                                            

                                  H   H   Cl  H   CH.sub.3 H  O                

     48    H   H   CH.sub.3                                                    

                       H   CH.sub.3                                            

                                  H   H   H   H   C.sub.2 H.sub.5              

                                                           H  O                

     49    H   H   H   CH.sub.3                                                

                           CH.sub.3                                            

                                  H   H   H   H   C.sub.2 H.sub.5              

                                                           H  O                

     50    CH.sub.3                                                            

               H   H   H   NO.sub.2                                            

                                  H   H   H   H   C.sub.2 H.sub.5              

                                                           H  O                

     51    Cl  H   H   H   NO.sub.2                                            

                                  H   H   H   H   C.sub.2 H.sub.5              

                                                           H  O                

     52    CH.sub.3                                                            

               H   Cl  H   NO.sub.2                                            

                                  H   H   H   H   C.sub.2 H.sub.5              

                                                           H  O                

     53    Cl  H   H   H   NH.sub.2                                            

                                  H   H   H   H   C.sub.2 H.sub.5              

                                                           H  O                

     54    H   H   H   H   NO.sub.2                                            

                                  H   H   H   H   C.sub.2 H.sub.5              

                                                           H  O                

     55    H   Cl  Cl  H   NO.sub.2                                            

                                  H   H   Cl  H   C.sub.2 H.sub.5              

                                                           H  O                

     56    H   H   H   H   NO.sub.2                                            

                                  H   H   H   H   n-C.sub.3 H.sub.7            

                                                           H  O                

     57    H   Cl  Cl  H   NO.sub.2                                            

                                  H   H   Cl  H   n-C.sub.3 H.sub.7            

                                                           H  O                

     58    H   H   H   H   NO.sub.2                                            

                                  H   H   H   H   i-C.sub.3 H.sub.7            

                                                           H  O                

     59    H   Cl  Cl  H   NO.sub.2                                            

                                  H   H   Cl  H   i-C.sub.3 H.sub.7            

                                                           H  O                

     60    H   H   H   H   NO.sub.2                                            

                                  H   H   H   H   n-C.sub.4 H.sub.9            

                                                           H  O                

     61    H   Cl  Cl  H   NO.sub.2                                            

                                  H   H   Cl  H   n-C.sub.4 H.sub.9            

                                                           H  O                

     62    H   H   Cl  H   NO.sub. 2                                           

                                  H   H   H   H   n-C.sub.4 H.sub.9            

                                                           H  O                

     63    H   H   H   H   NO.sub.2                                            

                                  H   H   H   H   --CH=CH--CH.sub.3            

                                                           H  O                

     64    H   Cl  Cl  H   NO.sub.2                                            

                                  H   H   Cl  H   --CH=CH--CH.sub.3            

                                                           H  O                

     65    H   H   H   H   NO.sub.2                                            

                                  H   H   H   H   C(CH.sub.3).sub.3            

                                                           H  O                

     66    H   H   H   H   NO.sub.2                                            

                                  H   H   H   H   C.sub.10 H.sub.21            

                                                           H  O                

     67    H   H   H   H   NO.sub.2                                            

                                  H   H   H   H   CH.sub.2 CH.sub.2 Cl         

                                                           H  O                

     68    H   H   H   H   NO.sub.2                                            

                                  H   H   H   H   C.sub.6 H.sub.11             

                                                           H  O                

     69    H   H   H   H   NO.sub.2                                            

                                  H   H   H   H   C.sub.6 H.sub.5              

                                                           H  O                

     70    H   H   H   H   NO.sub.2                                            

                                  H   H   H   H   p-Cl--C.sub.6 --H.sub.4      

                                                           H  O                

     71    H   H   H   H   NO.sub.2                                            

                                  H   H   H   H   COOCH.sub.3                  

                                                           H  O                

     72    H   Cl  Cl  H   Cl     H   H   H   H   COOCH.sub.3                  

                                                           H  O                

     73    H   H   H   H   NO.sub.2                                            

                                  H   H   H   H   COOC.sub.2 H.sub.5           

                                                           H  O                

     74    H   H   H   H   NO.sub.2                                            

                                  H   H   H   H   COSC.sub.4 H.sub.9           

                                                           H  O                

     75    H   H   H   H   NO.sub.2                                            

                                  H   H   H   H   N(CH.sub.3).sub.2            

                                                           H  O                

     76    H   H   H   H   NO.sub.2                                            

                                  H   H   H   H            H  O                

     77    H   H   H   H   NO.sub.2                                            

                                  H   H   H   H            H  O                

     78    H   H   H   H   NO.sub.2                                            

                                  H   H   H   H   OCH.sub.3                    

                                                           H  O                

     79    H   Cl  H   Cl  Cl     H   Cl  H   H            H  O                

     80    H   H   H   H   Cl     H   H   H   H   CH=CH--CH.sub.3              

                                                           H  O                

     81    H   H   H   H   Cl     H   H   H   H   CH.sub.2 CH.sub.2 CH.sub.2   

                                                  OCH.sub.3                    

                                                           H  O                

     82    H   H   H   H   Cl     H   H   H   H            H  O                

     83    H   H   H   H   H      H   H   H   H   CH.sub.3 H  S                

     84    H   H   H   H   NO.sub.2                                            

                                  H   H   H   H   CH.sub.3 H  S                

     85    H   Cl  H   H   H      H   H   H   H   CH.sub.3 H  S                

     86    H   H   H   H   Cl     H   H   H   H   CH.sub.3 H  S                

     87    H   Cl  H   H   Cl     H   H   H   H   CH.sub.3 H  S                

     88    H   H   Cl  H   Cl     H   H   H   H   CH.sub.3 H  S                

     89    H   Cl  Cl  H   Cl     H   H   H   H   CH.sub.3 H  S                

     90    H   Cl  Cl  H   Cl     Cl  H   H   H   CH.sub.3 H  S                

     91    H   Cl  H   H   NO.sub.2                                            

                                  H   H   Cl  H   CH.sub.3 H  O                

     92    H   Cl  H   H   Cl     H   H   Cl  H   CH.sub.3 H  O                

     93    H   Cl  H   H   Cl     H   H   Cl  H   nC.sub.3 H.sub.7             

                                                           H  O                

     94    H   Cl  Cl  H   Cl     H   H   Cl  H   CH.sub.3 H  O                

     95    H   Cl  Cl  H   Cl     H   H   Cl  H   nC.sub.3 H.sub.7             

                                                           H  O                

     96    H   CH.sub.3                                                        

                   H   H   Cl     H   H   CH.sub.3                             

                                              H   CH.sub.3 H  O                

     97    H   CH.sub.3                                                        

                   H   H   Cl     H   H   CH.sub.3                             

                                              H   nC.sub.3 H.sub.7             

                                                           H  O                

     98    H   Cl  H   H   NO.sub.2                                            

                                  H   H   Cl  H   nC.sub.3 H.sub.7             

                                                           H  O                

     99    H   CH.sub.3                                                        

                   H   H   NO.sub.2                                            

                                  H   H   CH.sub.3                             

                                              H   CH.sub.3 H  O                

     100   H   CH.sub.3                                                        

                   H   H   NO.sub.2                                            

                                  H   H   CH.sub.3                             

                                              H   nC.sub.3 H.sub.7             

                                                           H  O                

     101   H   CH.sub.3                                                        

                   Cl  H   NO.sub.2                                            

                                  H   H   CH.sub.3                             

                                              H   CH.sub.3 H  O                

     102   H   CH.sub.3                                                        

                   Cl  H   NO.sub.2                                            

                                  H   H   CH.sub.3                             

                                              H   nC.sub.3 H.sub.7             

                                                           H  O                

     103   H   Cl  H   H   CN     H   H   Cl  H   CH.sub.3 H  O                

     104   H   Cl  H   H   CN     H   H   Cl  H   nC.sub.3 H.sub.7             

                                                           H  O                

     105   H   H   H   H   H.sub.2 N--CO--                                     

                                  H   H   H   H   CH.sub.3 H  O                

     106   H   Cl  Cl  H   NO.sub.2                                            

                                  H   H   Cl  H   CH.sub.3 H  S                

     107   H   Cl  Cl  H   NO.sub.2                                            

                                  H   H   Cl  H   nC.sub.3 H.sub.7             

                                                           H  S                

     108   H   CH.sub.3                                                        

                   H   H   Cl     H   H   H   H   CH.sub.3 H  O                

     109   H   CH.sub.3                                                        

                   Cl  H   Cl     H   H   H   H   CH.sub.3 H  O                

     110   H   Cl  CH.sub.3                                                    

                       H   Cl     H   H   H   H   CH.sub.3 H  O                

     111   H   Cl  H   H   Cl     H   H   CH.sub.3                             

                                              H   CH.sub.3 H  O                

     112   H   Cl  H   H   CN     H   H   Cl  H   CH.sub.2 --CH=CH.sub.2       

                                                           H  O                

     113   H   H   CH.sub.3                                                    

                       H   NO.sub.2                                            

                                  H   Cl  H   H   CH.sub.3 H  O                

     114   H   CH.sub.3                                                        

                   H   H   Cl     H   Cl  Cl  H   CH.sub.3 H  O                

     115   H   CH.sub.3                                                        

                   H   Cl  Cl     H   Cl  Cl  H   C.sub.2 H.sub.5              

                                                           H  O                

     116   H   CH.sub.3                                                        

                   H   H   Cl     H   Cl  Cl  H   C.sub.2 H.sub.5              

                                                           H  O                

     117   H   CH.sub.3                                                        

                   H   Cl  Cl     H   Cl  Cl  H   C.sub.2 H.sub.5              

                                                           H  O                

     118   H   H   CH.sub.3                                                    

                       H   NO.sub.2                                            

                                  H   Cl  H   Cl  C.sub.2 H.sub.5              

                                                           H  O                

     119   H   H   H   Cl  Cl     H   H   H   H   C.sub.2 H.sub.5              

                                                           H  O                

     120   H   Cl  H   Cl  H      H   Cl  H   H   C.sub.2 H.sub.5              

                                                           H  O                

     121   H   H   Cl  H   CF.sub.3                                            

                                  H   Cl  H   H   C.sub.2 H.sub.5              

                                                           H  O                

     122   H   H   H   Cl  CN     H   H   H   H   C.sub.2 H.sub.5              

                                                           H  O                

     123   H   H   NO.sub. 2                                                   

                       H   CF.sub.3                                            

                                  H   H   H   H   C.sub.2 H.sub.5              

                                                           H  O                

     124   H   Cl  H   H   CN     H   H   Cl  H   C.sub.2 H.sub.5              

                                                           H  O                

     125   H   H   H   H   NO.sub.2                                            

                                  H   H   H   H   n-C.sub.3 H.sub.7            

                                                           H  S                

     126   H   H   CH.sub.3                                                    

                       H   NO.sub.2                                            

                                  H   CH.sub.3                                 

                                          H   H   CH.sub.3 H  O                

     127   H   H   Cl  H   NO.sub.2                                            

                                  H   Cl  H   H   CH.sub.3 H  O                

     128   Cl  H   Cl  H   NO.sub.2                                            

                                  H   Cl  H   H   CH.sub.3 H  O                

     129   H   Cl  H   Cl  Cl     H   H   H   H   CH.sub.3 H  O                

     130   H   Cl  H   CN  CN     H   H   H   H   n-C.sub.3 H.sub.7            

                                                           H  O                

     131   H   Cl  H   H   CN     H   Cl  H   H   C.sub.2 H.sub.5              

                                                           H  O                

     132   H   H   H   CF.sub.3                                                

                           NO.sub.2                                            

                                  H   H   H   H   C.sub.2 H.sub.5              

                                                           H  O                

     133   H   H   CF.sub.3                                                    

                       H   NO.sub.2                                            

                                  H   H   H   H   n-C.sub.3 H.sub.7            

                                                           H  O                

     134   H   H   H   CF.sub.3                                                

                           H      H   H   H   H   C.sub.3 H.sub.7              

                                                           H  O                

     135   H   Cl  H   Cl  CN     H   H   H   H   C.sub.2 H.sub.5              

                                                           H  O                

     136   H   H   H   CF.sub.3                                                

                           H      H   H   H   H   C.sub.2 H.sub.5              

                                                           H  O                

     137   H   H   Cl  H   Cl     H   CF.sub.3                                 

                                          H   H   C.sub.2 H.sub.5              

                                                           H  O                

     138   H   Cl  H   H   NO.sub.2                                            

                                  H   CF.sub.3                                 

                                          H   H   C.sub.2 H.sub.5              

                                                           H  O                

     139   H   CF.sub.3                                                        

                   H   H   Cl     H   Cl  Cl  H   C(CH.sub.3).sub.3            

                                                           H  O                

     140   H   Cl  H   CF.sub.3                                                

                           H      H   H   H   H   C.sub.3 H.sub.7              

                                                           H  O                

     __________________________________________________________________________

PAC  EXAMPLE 141
      ##SPC9##
PAR  3.2 g (0.025 mol) of dimethyl sulphate are added dropwise, at room
      temperature, to a solution of 8.9 g (0.025 mol) of
      1-[4-(4'-nitro-phenoxy)-phenyl]-3-methyl-1,3,5-triazine-2,4,6(1H,3H,5H)-tr
     ione and 1.6 g (0.028 mol) of potassium hydroxide in 200 ml of water.
      Thereafter the mixture is heated to 90.degree.C for 1 hour.
PAR  After cooling,
      1-[4-(4'-nitro-phenoxy)-phenyl]-3,5-dimethyl-1,3,5-triazine-2,4,6(1H,3H,5H
     )-trione precipitates as crystals. It is filtered off and boiled with
      ethanol.
PAR  Yield 75% of theory. Melting point 199.degree. - 200.degree.C.
PAC  EXAMPLE 142
      ##SPC10##
PAR  The dry residue from a reaction of an 0.1 molar sodium ethylate solution
      with 45 g (0.1 mol) of 1-[3-chloro-4-(2'
      ,4',5'-trichloro-phenoxy)-phenyl]-3-methyl-1,3,5-triazine-2,4,6(1H,3H,5H)-
     trione is dissolved in 25 ml of dimethylformamide and 14.2 g (0.1 mol) of
      methyl iodide -- diluted with a few ml dimethyl formamide -- are added
      dropwise at room temperature, whilst stirring. Thereafter the mixture is
      warmed for 2 hours at 50.degree.C, the solvent is then stripped off in
      vacuo, and the residue, in toluene, is filtered hot to remove unreacted
      starting material and sodium iodide. The residue from evaporating the
      toluene filtrate contains
      1-[3-chloro-4-(2',4',5'-trichloro-phenoxy)-phenyl]-3,5-dimethyl-1,3,5-tria
     zine-2,4,6(1H,3H,5H)-trione. It can be purified by recrystallisation from
      methanol-ethyl acetate. Yield 64% of theory. Melting point 207.degree. -
      208.degree.C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A 1-(4-phenoxy-phenyl)-1,3,5-triazine of the formula:
      ##SPC11##
PAL  or a pharmaceutically acceptable nontoxic salt thereof wherein
PA1  R.sup.1, r.sup.2, r.sup.3, r.sup.4, r.sup.5, r.sup.6, r.sup.7, r.sup.8 and
      R.sup.9 are the same or different and are each hydrogen, straight or
      branched chain lower alkyl, trifluoromethyl, halogen, nitro, cyano, amino,
      lower alkanoylamine, lower alkoxycarbonylamine, carboxyl, lower
      alkoxycarbonyl, aminocarbonyl, lower alkylcarbonyl, lower alkylsulphonyl,
      or aminosulphonyl;
PA1  R.sup.10 is hydrogen, straight or branched chain lower alkyl, cyclohexyl,
      haloalkyl of one or two carbon atoms in the alkyl moiety and one halo
      moiety, lower alkoxy lower alkyl, lower alkenyl, lower alkinyl, lower
      alkoxycarbonyl, thiolower alkylcarbonyl, lower alkoxy, dilower alkylamino,
      piperidyl, morpholino, benzyl unsubstituted or substituted by one or two
      halogen moieties, or phenyl unsubstituted or substituted by halogen;
PA1  R.sup.11 is hydrogen or lower alkyl; and
PA1  X is oxygen or sulfur.
NUM  2.
PAR  2. A compound according to claim 1 wherein
PA1  R.sup.1, r.sup.2, r.sup.3, r.sup.4, r.sup.5, r.sup.6, r.sup.7, r.sup.8 and
      R.sup.9 are the same or different and each are hydrogen, straight chain
      alkyl of one to four carbon atoms, trifluoromethyl, chlorine, bromine,
      nitro, cyano, amino, alkanoylamino of one to four carbon atoms in the
      alkyl moiety, alkoxycarbonylamino of one to four carbon atoms in the
      alkoxy moiety, carboxyl, alkoxycarbonyl of one to four carbon atoms in the
      alkoxy moiety, aminocarbonyl, alkylcarbonyl of one to four carbon atoms in
      the alkyl moiety, alkylsulphonyl of one to four carbon atoms in the alkyl
      moiety, or aminosulphonyl;
PA1  R.sup.10 is hydrogen, straight chain alkyl of one to twelve carbon atoms,
      branched chain alkyl of three to five carbon atoms, an .omega.-chloroalkyl
      moiety of one to six carbon atoms, an .omega.-methoxyalkyl moiety of two
      to five carbon atoms, alkenyl of two to four carbon atoms, alkoxycarbonyl
      to one to four carbon atoms in the alkoxy moiety, thioalkylcarbonyl of one
      to four carbon atoms in the alkyl moiety, dialkylamine wherein each alkyl
      moiety is the same and each alkyl moiety is of one to four carbon atoms,
      piperidyl, morpholino, phenyl or chlorophenyl; and
PA1  R.sup.11 is hydrogen or alkyl of one to four carbon atoms.
NUM  3.
PAR  3. A compound according to claim 1 wherein
PA1  R.sup.1, r.sup.2, r.sup.3, r.sup.4, r.sup.5, r.sup.6, r.sup.7, r.sup.8 and
      R.sup.9 are the same or different and each are hydrogen, chlorine, methyl,
      nitro, cyano, amino, trifluoromethyl, methylcarbonylamino, carboxyl,
      acetyl, carbethoxy, carbethoxyamino, ethylsulphonyl, aminocarbonyl, or
      aminosulphonyl;
PA1  R.sup.10 is hydrogen, straight or branched chain alkyl of one to 10 carbon
      atoms, allyl, chloroethyl, alkoxycarbonyl of one or two carbon atoms in
      the alkoxy moiety, thioalkylcarbonyl of one to four carbon atoms in the
      alkyl moiety, methoxy, methoxyalkyl of one to three carbon atoms,
      dimethylamino, phenyl, chlorophenyl, dichlorotolyl, piperidyl or
      morpholino;
PA1  R.sup.11 is hydrogen; and
PA1  X is oxygen or sulfur.
NUM  4.
PAR  4. A compound according to claim 1 wherein
PA1  R.sup.1 is hydrogen, chlorine or methyl;
PA1  R.sup.2 is hydrogen, chlorine, methyl, trifluoromethyl or nitro;
PA1  R.sup.3 is hydrogen, chlorine, nitro, amino, cyano, methyl or
      trifluoromethyl;
PA1  R.sup.4 is hydrogen, chlorine, methyl, cyano or trifluoromethyl;
PA1  R.sup.5 is hydrogen, chlorine, methyl, nitro, amino, methylcarbonylamino,
      carboxyl, carbethoxy, cyano, trifluoromethyl, acetyl, carbethoxyamino,
      ethylsulphonyl, aminocarbonyl or aminosulphonyl;
PA1  R.sup.6 is hydrogen, chlorine, methyl or nitro;
PA1  R.sup.7 is hydrogen, chlorine, methyl, nitro or trifluoromethyl;
PA1  R.sup.8 is hydrogen, chlorine or methyl;
PA1  R.sup.9 is hydrogen, chlorine or methyl;
PA1  R.sup.10 is hydrogen, methyl, ethyl, n-propyl, i-propyl, n-butyl, t-butyl,
      hexyl, decyl, chloroethyl, allyl, methoxy, methoxypropyl, methoxycarbonyl,
      carbethoxy, thiobutylcarbonyl, phenyl, chlorophenyl, dichlorotolyl,
      pyridyl, or morpholino;
PA1  R.sup.11 is hydrogen; and
PA1  X is oxygen or sulfur.
NUM  5.
PAR  5. The compound according to claim 1 wherein
PA1  R.sup.1, r.sup.2, r.sup.3, r.sup.4, r.sup.6, r.sup.7, r.sup.8, r.sup.9 and
      R.sup.11 are each hydrogen;
PA1  R.sup.5 is NO.sub.2 ;
PA1  R.sup.10 is CH.sub.3 ; and
PA1  X is oxygen.
NUM  6.
PAR  6. The compound according to claim 1 wherein
PA1  R.sup.1, r.sup.2, r.sup.3, r.sup.4, r.sup.6, r.sup.7, r.sup.8, r.sup.9 and
      R.sup.11 are each hydrogen;
PA1  R.sup.5 is Cl;
PA1  R.sup.10 is CH.sub.3 ; and
PA1  X is oxygen.
NUM  7.
PAR  7. The compound according to claim 1 wherein
PA1  R.sup.1, r.sup.2, r.sup.3, r.sup.4, r.sup.6, r.sup.7, r.sup.8, r.sup.9 and
      R.sup.11 are each hydrogen;
PA1  R.sup.5 is CN;
PA1  R.sup.10 is CH.sub.3 ; and
PA1  X is oxygen.
NUM  8.
PAR  8. The compound according to claim 1 wherein
PA1  R.sup.1, r.sup.2, r.sup.3, r.sup.4, r.sup.6, r.sup.7, r.sup.8, r.sup.9 and
      R.sup.11 are each hydrogen;
PA1  R.sup.5 is CF.sub.3 ;
PA1  R.sup.10 is CH.sub.3 ; and
PA1  X is oxygen.
NUM  9.
PAR  9. The compound according to claim 1 wherein
PA1  R.sup.1, r.sup.4, r.sup.6, r.sup.7, r.sup.8, r.sup.9 and R.sup.11 are each
      hydrogen;
PA1  R.sup.2, r.sup.3 and R.sup.5 are Cl;
PA1  R.sup.10 is CH.sub.3 ; and
PA1  X is oxygen.
NUM  10.
PAR  10. The compound according to claim 1 wherein
PA1  R.sup.1, r.sup.2, r.sup.3, r.sup.6, r.sup.7, r.sup.8, r.sup.9 and R.sup.11
      are each hydrogen;
PA1  R.sup.4 is Cl;
PA1  R.sup.5 is CN;
PA1  R.sup.10 is CH.sub.3 ; and X is oxygen.
NUM  11.
PAR  11. The compound according to claim 1 wherein
PA1  R.sup.1 and R.sup.3 are Cl;
PA1  R.sup.2, r.sup.4, r.sup.6, r.sup.7, r.sup.8, r.sup.9 and R.sup.11 are each
      hydrogen;
PA1  R.sup.5 is NO.sub.2 ;
PA1  R.sup.10 is CH.sub.3 ; and
PA1  X is oxygen.
NUM  12.
PAR  12. The compound according to claim 1 wherein
PA1  R.sup.1, r.sup.4, r.sup.6, r.sup.7, r.sup.9 and R.sup.11 are each hydrogen;
PA1  R.sup.2, r.sup.3 and R.sup.8 are Cl;
PA1  R.sup.5 is NO.sub.2 ;
PA1  R.sup.10 is CH.sub.3 ; and
PA1  X is oxygen.
NUM  13.
PAR  13. The compound according to claim 1 wherein
PA1  R.sup.1 is CH.sub.3 ;
PA1  R.sup.2, r.sup.3, r.sup.4, r.sup.6, r.sup.7, r.sup.8, r.sup.9 and R.sup.11
      are each hydrogen;
PA1  R.sup.5 is NO.sub.2 ;
PA1  R.sup.10 is C.sub.2 H.sub.5 ; and
PA1  X is oxygen.
NUM  14.
PAR  14. The compound according to claim 1 wherein
PA1  R.sup.1, r.sup.2, r.sup.3, r.sup.4, r.sup.6, r.sup.7, r.sup.8, r.sup.9 and
      R.sup.11 are each hydrogen;
PA1  R.sup.5 is NO.sub.2 ;
PA1  R.sup.10 is C.sub.2 H.sub.5 ; and
PA1  X is oxygen.
NUM  15.
PAR  15. The compound according to claim 1 wherein
PA1  R.sup.1, r.sup.2, r.sup.3, r.sup.4, r.sup.6, r.sup.7, r.sup.8, r.sup.9 and
      R.sup.11 are each hydrogen;
PA1  R.sup.5 is NO.sub.2 ;
PA1  R.sup.10 is n--C.sub.3 H.sub.7 ; and
PA1  X is oxygen.
NUM  16.
PAR  16. The compound according to claim 1 wherein
PA1  R.sup.1, r.sup.2, r.sup.3, r.sup.4, r.sup.6, r.sup.7, r.sup.8 , r.sup.9 and
      R.sup.11 are each hydrogen;
PA1  R.sup.5 is NO.sub.2 ;
PA1  R.sup.10 is i--C.sub.3 H.sub.7 ; and
PA1  X is oxygen.
NUM  17.
PAR  17. The compound according to claim 1 wherein
PA1  R.sup.1, r.sup.2, r.sup.4, r.sup.6, r.sup.7, r.sup.8, r.sup.9 and R.sup.11
      are each hydrogen;
PA1  R.sup.3 is Cl;
PA1  R.sup.5 is NO.sub.2 ;
PA1  R.sup.10 is n--C.sub.4 H.sub.9 ; and
PA1  X is oxygen.
NUM  18.
PAR  18. The compound according to claim 1 wherein
PA1  R.sup.1, r.sup.2, r.sup.3, r.sup.4, r.sup.6, r.sup.7, r.sup.8, r.sup.9 and
      R.sup.11 are each hydrogen;
PA1  R.sup.5 is NO.sub.2 ;
PA1  R.sup.10 is --CH=CH--CH.sub.3 ; and
PA1  X is oxygen.
NUM  19.
PAR  19. The compound according to claim 1 wherein
PA1  R.sup.1, r.sup.2, r.sup.3, r.sup.4, r.sup.6, r.sup.7, r.sup.8, r.sup.9 and
      R.sup.11 are each hydrogen;
PA1  R.sup.5 is NO.sub.2 ;
PA1  R.sup.10 is CH.sub.3 ; and
PA1  X is sulfur.
NUM  20.
PAR  20. The compound according to claim 1 wherein
PA1  R.sup.1, r.sup.2, r.sup.3, r.sup.4, r.sup.6, r.sup.7, r.sup.8, r.sup.9 and
      R.sup.11 are each hydrogen;
PA1  R.sup.5 is Cl;
PA1  R.sup.10 is CH.sub.3 ; and
PA1  X is sulfur.
NUM  21.
PAR  21. The compound according to claim 1 wherein
PA1  R.sup.1, r.sup.4, r.sup.6, r.sup.7, r.sup.8, r.sup.9 and R.sup.11 are each
      hydrogen;
PA1  R.sup.2, r.sup.3 and R.sup.5 are Cl;
PA1  R.sup.10 is CH.sub.3 ; and
PA1  X is sulfur.
NUM  22.
PAR  22. The compound according to claim 1 wherein
PA1  R.sup.1, r.sup.3, r.sup.4, r.sup.6, r.sup.7, r.sup.9 and R.sup.11 are each
      hydrogen;
PA1  R.sup.2 and R.sup.8 are Cl;
PA1  R.sup.5 is NO.sub.2 ;
PA1  R.sup.10 is CH.sub.3 ; and
PA1  X is oxygen.
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ABST
PAL  Herbicidal triazines of the formula
      ##SPC1##
PAL  Wherein
PA1  R is certain organic radicals containing trifluoromethyl,
PA1  R.sub.1 is certain organic radicals, and
PA1  X is oxygen or sulfur.
PAL  Exemplary of such compounds is:
      1-methyl-3-(3-trifluoromethylcyclohexyl)-6-dimethylamino-s-triazine-2,4(1H
     ,3H)-dione.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Johnson "Pesticides 72," Chemical Week, June 21 and July 26, 1972, lists
      several commercial and experimental s-triazine herbicides. Among these are
      atrazine, simazine, prometone, and prometryne:
      ##SPC2##
PAR  Copending U.S. Pat. application Ser. No. 348,321, filed Apr. 5, 1973, now
      abandoned by Kang Lin (which is a continuation-in-part of U.S. Pat.
      application Ser. No. 256,249, filed May 24, 1972, now abandoned) discloses
      a class of s-triazines of the general formula:
      ##SPC3##
PAL  Where
PA1  X is oxygen or sulfur;
PA1  R.sub.1 is certain organic radicals including certain cyclic radicals;
PA1  R.sub.2 is hydrogen, lower alkyl, or certain cations;
PA1  R.sub.3 is hydrogen or certain lower alkyls; and
PA1  R.sub.4 is certain organic radicals
PAL  These compounds are disclosed as being useful as herbicides.
PAR  Copending U.S. Pat. application Ser. No. 348,322, filed Apr. 5, 1973, by
      Julius Jakob Fuchs and Kang Lin, now U.S. Pat. No. 3,873,540 granted Mar.
      25, 1975, (which is a continuation-in-part of U.S. Pat. application Ser.
      No. 325,358, filed Jan. 22, 1973 now abandoned) discloses a class of
      s-triazines of the general formula:
      ##SPC4##
PAL  Where
PA1  X.sub.1 and X.sub.2 are oxygen or sulfur;
PA1  R.sub.1 is certain organic radicals including certain cyclic radicals;
PA1  R.sub.2 is certain lower alkyl radicals; and
PA1  R.sub.3 is SR.sub.4 or OR.sub.4
PA2  where R.sub.4 is certain organic radicals, including certain lower alkyl
      radicals.
PAL  These compounds are disclosed as being useful as herbicides.
PAR  The compounds of the present invention result from efforts to develop new
      herbicidal compounds.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to novel compounds of the following formula and
      their use as herbicides:
      ##SPC5##
PAL  Wherein
PA1  R is
      ##SPC6##
PA1  R.sub.1 is --OCH.sub.3, --SCH.sub.3, --NHCH.sub.3, or --N(CH.sub.3).sub.2 ;
      and
PA1  X is oxygen or sulfur.
PAR  This invention also includes herbicidal compositions containing the above
      compounds as active ingredients and methods of controlling undesirable
      vegetation by applying the compounds and/or compositions.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAL  Preferred Compounds
PAR  Certain of the compounds of formula I are preferred because of their higher
      herbicidal activity. These include those compounds of formula I where:
PA1  R is
      ##SPC7##
PAL  Or those compounds of formula I where X is oxygen;
PAL  Or those compounds of formula I where R.sub.1 is dimethylamino.
PAR  More preferred, of course, are those compounds of formula I satisfying all
      three of these requirements, namely, those compounds where:
PA1  R is
      ##SPC8##
PA1  X is oxygen; and
PA1  R.sub.1 is dimethylamino;
PAL  I.e.,
PA1  1-methyl-3-(3-trifluoromethylcyclohexyl)-6-dimethylamino-s-triazine-2,4(1H,
     3H)-dione, and
PA1  1-methyl-3-(4-trifluoromethylcyclohexyl)-6-dimethylamino-s-triazine-2,4(1H,
     3H)-dione.
PAR  In addition, certain compounds are preferred because of both their utility
      as intermediates for the abovementioned preferred compounds and for their
      high herbicidal activity. These include:
PA1  1-methyl-3-(3-trifluoromethylcyclohexyl)-6-methylthio-s-triazine-2,4(1H,3H)
     -dione, and
PA1  1-methyl-3-(4-trifluoromethylcyclohexyl)-6-methylthio-s-triazine-2,4(1H,3H)
     -dione.
PAL  Synthesis of the Compounds
PAR  The compounds of formula I can be made by the process described and
      exemplified hereinafter. Unless stated otherwise, all percentages are by
      weight.
PAR  A method for preparing the compounds of the present invention is
      represented schematically in equations (1) through (8) below:
      ##SPC9##
      ##SPC10##
      ##EQU1##
      ##SPC11##
      ##SPC12##
      ##SPC13##
      wherein
PA1  R, x, and R.sub.1 are as previously defined
PA1  R.sub.1 ' is methylthio or dimethylamino;
PA1  R.sub.2 is alkyl of one through three carbon atoms;
PA1  R.sub.3 is hydrogen or alkyl of one through four carbon atoms;
PA1  M.sub.1 is an alkali metal;
PA1  M.sub.2 is hydrogen when R.sub.1 is methylamino and dimethylamino, or
      M.sub.2 is hydrogen or an alkali metal when R.sub.1 is methoxy and
      methylthio;
PA1  X.sub.1 is chlorine, bromine, iodine, nitrate, or bisulfate; and
PA1  Z is iodine or
      ##EQU2##
PAR  A 10 to 60% solution, preferably 30 to 50%, of compound 1 or 1a in an
      organic solvent such as ethanol, methanol, or dioxane, preferably dioxane,
      with 0.01 to 0.1, preferably 0.05 to .075, molecular equivalents of sodium
      methylate and 0.01 to 0.1, preferably 0.075 to 0.1, weight equivalents of
      a ruthenium on alumina catalyst containing 1 to 10%, preferably 5%,
      ruthenium is charged to an autoclave and reacted with hydrogen gas at
      100.degree. to 250.degree.C., preferably 165.degree. to 200.degree.C., and
      most preferably 175.degree.C., and 3,000 to 6,000 p.s.i., preferably 5,000
      p.s.i. The reaction is allowed to continue until about one-half hour after
      the hydrogen pressure has stabilized. This generally occurs in about 2 to
      16 hours.
PAR  After the reaction has proceeded thus, the reaction mixture is filtered to
      remove the ruthenium catalyst and the filtrate is evaporated under vacuum
      to give the appropriate cyclohexylamine 2 or 2a. This intermediate can be
      used directly for the next reaction or can be purified by distillation.
PAR  A solution of compound 2 or 2a in an inert organic solvent is contacted at
      -40.degree. to 25.degree.C., preferably 0.degree. to 5.degree.C., with 1.0
      to 2.5, preferably 1.2 to 1.4, molecular equivalents of phosgene in an
      inert organic solvent. The organic solvent may be selected from the group
      consisting of benzene, toluene, xylene, ethyl acetate, and
      monochlorobenzene; xylene is preferred. The solution of compound 2 or 2a
      may contain 10 to 40% of compound 2 or 2a, preferably 15 to 25%. The
      solution of phosgene may contain 10 to 50% of phosgene; 20 to 35% is
      preferred. If a solvent such as benzene is used, the initial reaction must
      be run at a temperature above the freezing point of the solvent. It is
      preferred that the solution of compound 2 or 2a be added to the solution
      of phosgene and that the desired temperature range be maintained by
      regulating the rate of addition of said solution of compound 2 or 2a.
PAR  After the solutions of compound 2 or 2a and phosgene are contacted, the
      reaction mixture is heated to 50.degree. to 145.degree.C. or to the
      boiling point of the solvent being used. for 1 to 15 hours. It is
      preferred to use xylene as the solvent and to carry out the reaction at
      130.degree. to 145.degree.C. for 3 to 5 hours. Higher temperatures permit
      shorter reaction times.
PAR  The progress of the reaction can be measured by the disappearance of
      compound 2 or 2a and the appearance of compound 3 or 3a as analyzed by gas
      chromatography and infrared spectroscopy. After the reaction has reached
      the desired stage of completion, the isocyanate 3 or 3a is isolated by
      distillation at reduced pressure.
PAR  A solution of 2-methyl-2-thiopseudourea sulfate is treated simultaneously
      with 0.8 to 2.0, preferably 1.0 to 1.2, molecular equivalents of an alkyl
      chloroformate and 0.8 to 1.8, preferably 1.0 to 1.2 molecular equivalents
      of a base at 0.degree. to 70.degree.C. The choice of solvents often
      dictates the preferred reaction temperature; the organic solvents may be
      selected from benzene, toluene, xylenes, ethyl acetate, monochlorobenzene,
      chloroform, or methylene chloride and may be used as a co-solvent with
      water. When water is used as a co-solvent, the reaction temperature should
      be 0.degree. to 20.degree.C. to prevent excessive reaction of the
      chloroformate with water. It is preferred to use toluene or methylene
      chloride as co-solvent with water and to hold the reaction temperature at
      5.degree. to 15.degree.C.
PAR  The base may be selected from the group consisting of pyridine,
      triethylamine, sodium hydroxide, and potassium hydroxide in an aqueous or
      organic solvent; it is preferred to use an aqueous sodium hydroxide
      solution. For most efficient reaction, the base should be added in such a
      manner as to maintain the pH of the reaction mass at 8.0 to 10.0,
      preferably 9.0 to 9.5.
PAR  The progress of the reaction can be monitored by gas chromatography; at the
      conclusion of the reaction the product 4 can be isolated by removal of the
      organic solvent under reduced pressure followed by crystallization.
PAR  Reaction 4 is carried out by contacting a 15 to 50% solution of compound 3
      or 3a, preferably 30 to 40% solution, with a 10 to 35% solution of
      compound 4, preferably 15 to 25%, with or without the addition of a small
      amount of a basic catalyst selected from the group consisting of pyridine,
      triethylamine, 1,4-diazabicyclo[2.2.2]octane or dibutyltin dilaurate. It
      is preferable to use 1 to 4% of 1,4-diazabicyclo[2.2.2]octane on the basis
      of compound 3 or 3a. The solvent for this reaction may be selected from
      the group consisting of benzene, toluene, xylenes, methylenechloride,
      chloroform, and acetonitrile, preferably methylenechloride, toluene, or
      acetonitrile. The reaction mixture is heated to 40 to 145.degree.C.,
      preferably 60 to 80.degree.C., for 1 to 5 hours, preferably two to three
      hours. The reaction time is dependent on the nature and amount of solvent
      in reactants and temperature. The reaction time required for the addition
      of compound 3 or 3a is not critical and may vary from 0.1 to 10 hours,
      preferably 0.25 to 1.5 hours. The progress of the reaction can be measured
      by gas or thin-layer chromatography or by infrared spectroscopy. Compound
      5 can be isolated by removal of the solvent under reduced pressure
      followed by recrystallization or compound 5 can be used in solution for
      the next reaction. For greater purity it is preferred to isolate and
      recrystallize compound 5 prior to the subsequent reaction.
PAR  A solution of compound 5 in a suitable solvent is treated with an alkali
      metal alkoxide 6 to give compound 7 which is neutralized with an inorganic
      acid to give compound 8. The compound 5 is preferably treated with 0.6 to
      1.3 equivalents of an alkali metal alkoxide and most preferably with 0.9
      to 1.1 equivalents. The alkoxide can be used as a pure base or preferably
      as a solution in a suitable solvent and most preferably as a 15 to 35%
      solution in the corresponding alcohol.
PAR  The solution of compound 5 can be cyclized to compound 8 by use of an
      alkali metal hydroxide, but an alcoholic solvent must be added to dissolve
      the hydroxide before cyclization occurs. Suitable solvents can be selected
      from the group consisting of alcohols containing one to four carbon atoms,
      benzene, toluene, xylenes, monochlorobenzene, and nitrobenzene; it is
      preferred to use sodium methoxide in methanol. The reaction of compound 5
      with compound 6 takes place preferably at 25.degree. to 70.degree.C. but
      most preferably at 45.degree. to 70.degree.C. and requires one to four
      hours.
PAR  The progress of the reaction may be monitored by thin-layer chromatography;
      at the conclusion of the reaction the solvent may be removed under reduced
      pressure to give the alkali metal salt 7, which then may either be used
      directly in the methylation reaction (equation 7) or it can be converted
      to its free base form, compound 8, by dissolving compound 7 in water and
      adding 1.0 to 3.0 equivalents of an inorganic acid selected from the group
      consisting of hydrochloric, hydrobromic, hydroiodic, nitric, and sulfuric
      acid. The product in this case can be isolated by filtration and drying or
      can be used directly as a wet solid in the next reaction.
PAR  The methylation of compound 8 with methyl iodide or dimethyl sulfate can be
      carried out in a solvent such as water, acetone, benzene, toluene,
      xylenes, chlorobenzene, nitrobenzene, acetonitrile, triclene, or perclene.
PAR  In the case where dimethyl sulfate is used to alkylate compound 8 the
      preferred solvent is water because of lower cost and simplicity of product
      isolation. The product 10 can be isolated by filtration and drying or can
      be used directly as a wet solid in the next reaction by suspension in an
      organic solvent and removal of water by azeotropic distillation. When
      using dimethyl sulfate the pH of the aqueous solution should be maintained
      between 7 and 11.5, and preferably between 9 and 10.5.
PAR  In the case where methyl iodide is the alkylating agent the preferred
      solvent is acetone and 0.9 to 2.5, preferably 1.0 to 1.5, equivalents of
      an inorganic base selected from the group consisting of sodium hydroxide,
      sodium carbonate, potassium carbonate, and potassium hydroxide should be
      used. The product 10 can be isolated by removal of the solvent under
      reduced pressure followed by removal of the excess inorganic base and
      salts by water extraction. The ratio of alkylating agent to compound 8 is
      preferably from 0.8:1 to 1.5:1, but most preferably 1.1-1.3:1. When an
      organic solvent is used, the reaction can be carried out at a temperature
      from 15.degree. to 135.degree.C., preferably 25.degree. to 80.degree.C.
      When water is the solvent, the temperature range is 15.degree. to
      80.degree.C., preferably 25.degree. to 40.degree.C. The progress of the
      reaction can be visualized by thin-layer chromatography.
PAR  The conversion of compound 10 to compound 12 [equation 8(a)] can be carried
      out in a solvent selected from the group consisting of toluene, xylenes,
      benzene, monochlorobenzene, triclene, perclene, nitrobenzene, methanol,
      methylenechloride, and tetrahydrofuran. The preferred solvents are toluene
      and tetrahydrofuran. The ratio of compound 10 to the amine or methoxide is
      from 1:1 to 1:6, and preferably, to insure complete conversion to compound
      12 and shorter reaction times, 1:2 to 1:3. The reaction of compound 10 can
      be carried out at temperatures from 5.degree. to 135.degree.C. but
      preferably from 25.degree. to 60.degree.C. Compound 12 can be isolated by
      crystallization from the reaction mixture followed by filtration and
      drying or by removal of the reaction solvent under reduced pressure and
      recrystallization of the residue.
PAR  A method for making those compounds of this invention where X is sulfur is
      illustrated by equations 8(b), 9(a), and 9(b). Compounds 13a and 13b can
      be prepared by heating the corresponding oxygen analog 10 or 12a,
      respectively, with phosphorous pentasulfide at 25.degree. to 150.degree.C.
      for 1 to 12 hours in a solvent such as pyridine, picoline, or toluene.
      Pyridine at reflux temperatures is preferred for a faster reaction, while
      toluene is preferred for ease of product isolation. The products 13a and
      13b can be isolated by dilution of the reaction mixture with a suitable
      hydrocarbon solvent such as toluene, separating the solids and further
      extraction of the solids with the hydrocarbon solvent followed by
      crystallization of the product from the hydrocarbon solvent extracts.
      Alternatively, the reaction mixture can be treated with water and the
      product extracted and crystallized as above.
PAR  Equation 9(b) proceeds as described above with respect to the conversion of
      compound 10 to compound 12.
PAR  The following examples further illustrate this method of synthesis for the
      compounds of the present invention. All parts are by weight and all
      temperatures are in degrees centigrade unless otherwise indicated.
PAC  EXAMPLE 1
      ##SPC14##
PAR  A mixture of 200 parts of 3-aminobenzotrifluoride, 4 parts of sodium
      methoxide, 15 parts of 5% ruthenium on alumina, and 200 parts of dioxane
      is heated in an autoclave at 175.degree.C. under 5,000 p.s.i. of hydrogen
      for 4 hours. The reaction mixture is cooled and filtered and the solvent
      is evaporated in a rotary evaporator. The residue is distilled to give 159
      parts of 3-trifluoromethylcyclohexylamine, b.p. 69.degree.-70.degree./27
      mm.
PAR  The following compounds have been prepared similarly.
TBL                TABLE I                                                     

     ______________________________________                                    

     Compounds          Boiling Point                                          

                                    Yield                                      

     ______________________________________                                    

                        50-52.degree.C/23mm                                    

                                    64%                                        

                        67-71.degree.C/28mm                                    

                                    69%                                        

                        76.degree.C/13mm                                       

     ______________________________________                                    

PAC  EXAMPLE 2
      ##SPC15##
PAR  To a stirred solution of 130 parts of phosgene in 450 parts of xylene at
      0.degree. to 5.degree.C. is added dropwise a solution of 100 parts of
      3-trifluoromethylcyclohexylamine (prepared as in Example 1) in 450 parts
      of xylene. The reaction mixture is stirred at 0.degree.C. for 1 hour,
      allowed to come to ambient temperature, and then refluxed 4 hours. The
      excess phosgene is trapped in a gas scrubber. The xylene is stripped on a
      rotary evaporator and the residue is distilled under reduced pressure to
      yield 62.4 parts of 3-trifluoromethylcyclohexyl isocyanate, b.p.
      68.degree.-69.degree.C/9mm.
PAR  The following compounds have been prepared similarly:
TBL                TABLE II                                                    

     ______________________________________                                    

     Compounds          Boiling Point                                          

                                    Yield                                      

     ______________________________________                                    

                        91-93.degree.C/22mm                                    

                                    42%                                        

                        83-85.degree.C/14mm                                    

                                    48%                                        

                        76.degree.C/13mm                                       

     ______________________________________                                    

PAC  EXAMPLE 3
      ##EQU3##
PAR  At 10.degree.C. 417 parts of 2-methyl-2-thiopseudourea sulfate is dissolved
      in a mixture of 1,250 parts of water and 1,335 parts of methylene
      chloride. While maintaining the temperature at 10.degree.C. and pH at 9.0
      to 9.5, 282 parts of methyl chloroformate and 480 parts of 50% sodium
      hydroxide solution are simultaneously added dropwise over 11/2 hours. The
      methylene chloride layer is separated, dried with magnesium sulfate, and
      evaporated on a rotary evaporator. The residue was recrystallized from
      carbon tetrachloride to yield 355 parts of the subject compound, m.p.
      76.degree.-78.degree.C.
PAC  EXAMPLE 4
      ##SPC16##
PAR  To a solution of 14.6 parts of
      ##EQU4##
      (produced by the process of Example 3) in 80 parts of acetonitrile
      containing 0.25 parts of 1,4-diazabicyclo[2.2.2]octane is added dropwise a
      solution of 19.3 parts of 3-trifluoromethylcyclohexyl isocyanate in 40
      parts of acetonitrile. The solution is refluxed for 3 hours and the
      solvent is stripped in a rotary evaporator. The residue is recrystallized
      from 1-chlorobutane to yield 28.4 parts of the subject compound, m.p.
      108.degree.-111.degree.C.
PAR  The following compounds have been prepared similarly.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Compound                   Properties                                     

                                          Yield                                

     __________________________________________________________________________

                                Waxy Solid                                     

                                          79%                                  

                                m.p. 95-99.degree.C.                           

                                          85%                                  

                                m.p. 170-173.degree.C.                         

     __________________________________________________________________________

PAC  EXAMPLE 5
      ##SPC17##
PAR  A solution of 35.2 parts of the compound produced by Example 4, 6 parts of
      sodium methoxide and 700 parts of methanol is refluxed for 1 hour. The
      methanol is stripped on a rotary evaporator and the residue is dissolved
      in 100 parts of water. The aqueous solution is neutralized with
      hydrochloric acid. The solid is filtered off and dried to yield 28 parts
      of the subject compound, m.p. 176.degree.-180.degree.C.
PAR  The following compounds can be prepared similarly.
TBL                TABLE IV                                                    

     ______________________________________                                    

     Compound                Melting Point                                     

     ______________________________________                                    

                             273-274.5.degree.C.                               

     ______________________________________                                    

PAC  EXAMPLE 6
      ##SPC18##
PAR  A mixture of 28 parts of the compound produced by the process of Example 5,
      20 parts of powdered potassium carbonate, 30 parts of methyl iodide, and
      200 parts of acetone is refluxed overnight. The solvent is evaporated and
      the residue is dissolved in 260 parts of methylene chloride. The methylene
      chloride solution is washed with water, dried with magnesium sulfate, and
      evaporated to afford 23 parts of the subject compound as a soft solid.
PAR  The following compounds can be prepared similarly.
TBL                TABLE V                                                     

     ______________________________________                                    

     Compound                 Properties                                       

     ______________________________________                                    

                              soft solid                                       

                              soft solid                                       

                              m.p.                                             

                              126-130.degree.C.                                

     ______________________________________                                    

PAC  EXAMPLE 7
      ##SPC19##
PAR  A solution of 12.4 parts of a compound produced by the process of Example 6
      in 45 parts of tetrahydrofuran at 0.degree.C. is treated with 7 parts of
      anhydrous dimethylamine. The reaction mass is allowed to warm to room
      temperature and stand overnight. The solvent is stripped on a rotary
      evaporator and the semi-solid residue triturated with a small amount of
      hexane to afford 10.2 parts of the subject compound, m.p.
      110.degree.-112.degree.C.
PAC  EXAMPLE 8
      ##SPC20##
PAR  A solution of 8.5 parts of the compound produced by the process of Example
      6 in 45 parts of tetrahydrofuran is treated with 15 parts of 40% aqueous
      methylamine. The reaction mass is stirred overnight and then filtered to
      yield, after drying, 9.8 parts of the subject compound, m.p.
      234.degree.-236.degree.C.
PAC  EXAMPLE 9
      ##SPC21##
PAR  A solution of 10.7 parts of the compound produced by the process of Example
      6 and 2.0 parts of sodium methoxide in 79 parts of methanol is refluxed
      overnight. The solvent is removed on a rotary evaporator and the residue
      dissolved in methylene chloride. The methylene chloride solution is washed
      with water, dried with magnesium sulfate, and evaporated to give the
      subject compound.
PAR  The following triazines can be prepared by procedures analogous to those in
      Examples 7, 8, and 9 above:
TBL                TABLE VI                                                    

     ______________________________________                                    

     R               R.sub.1     X                                             

     ______________________________________                                    

                     --NHCH.sub.3                                              

                                 O                                             

                     --NHCH.sub.3                                              

                                 S                                             

                     --N(CH.sub.3).sub.2                                       

                                 O                                             

                     --N(CH.sub.3).sub.2                                       

                                 S                                             

                     --OCH.sub.3 O                                             

                     --OCH.sub.3 S                                             

                     --NHCH.sub.3                                              

                                 S                                             

                     --N(CH.sub.3).sub.2                                       

                                 S                                             

                     --OCH.sub.3 S                                             

                     --NHCH.sub.3                                              

                                 O                                             

                     --NHCH.sub.3                                              

                                 S                                             

                     --N(CH.sub.3).sub.2                                       

                                 O                                             

                     --N(CH.sub.3).sub.2                                       

                                 S                                             

                     --OCH.sub.3 O                                             

                     --OCH.sub.3 S                                             

                     NHCH.sub.3  O                                             

                     N(CH.sub.3).sub.2                                         

                                 O                                             

                     OCH.sub.3   O                                             

     ______________________________________                                    

PAC  EXAMPLE 10
      ##SPC22##
PAR  To 20 parts of the compound produced by the process of Example 7 in 200
      parts of pyridine is added 40 parts of phosphorous pentasulfide. The
      mixture is refluxed for 6 hours under a nitrogen atmosphere. The hot
      reaction mixture is diluted with 250 parts of toluene and the supernatant
      liquid decanted. The residue is washed twice with 200 parts each of hot
      toluene and the supernatant liquid decanted. The combined supernatant
      portions are concentrated to dryness and extracted with hot toluene. The
      hot extract is filtered then cooled to give the subject compound.
PAR  The following 4-thiotriazines can be prepared similarly.
TBL                TABLE VII                                                   

     ______________________________________                                    

     R                      R.sub.1                                            

     ______________________________________                                    

                          --N(CH.sub.3).sub.2                                  

                          --SCH.sub.3                                          

                          --SCH.sub.3                                          

                          --N(CH.sub.3).sub.2                                  

                          --SCH.sub.3                                          

                          --N(CH.sub.3).sub.2                                  

                          --SCH.sub.3                                          

                          --NHCH.sub.3                                         

                          --OCH.sub.3                                          

     ______________________________________                                    

PAC  FORMULATIONS OF THE COMPOUNDS
PAR  Useful formulations of the compounds of formula I can be prepared in
      conventional ways. They include dusts, granules, pellets, solutions,
      suspensions, emulsions, wettable powders, emulsifiable concentrates, and
      the like. Many of these can be applied directly. Sprayable formulations
      can be extended in suitable media and used at spray volumes of from a few
      pints to several hundred gallons per acre. High strength compositions are
      primarily used as intermediates for further formulation. Broadly speaking,
      these formulations consist essentially of about 1% to 99% by weight of
      herbicidally active material (including at least one compound of formula I
      in an herbicidally effective amount) and at least one of (a) about 0.1% to
      20% surfactant(s) and (b) about 5% to 99% solid or liquid diluent(s). More
      specifically, they will contain these ingredients in the following
      approximate proportions:
TBL                Percent by Weight                                           

                   Herbicide                                                   

                           Diluent  Surfactant                                 

     ______________________________________                                    

     Wettable Powders                                                          

                     20-90      0-74    1-10                                   

     Oil Suspensions,                                                          

                      5-50     40-95    0-15                                   

      Emulsions, Solutions                                                     

      (including Emulsifi-                                                     

      able Concentrates)                                                       

     Aqueous Suspensions                                                       

                     10-50     40-84    1-20                                   

     Dusts            1-25     70-99    0-5                                    

     Granules and Pellets                                                      

                      1-95      5-99    0-15                                   

     High Strength   90-99      0-10    0-2                                    

      Compositions                                                             

     ______________________________________                                    

PAR  Lower or higher levels of active ingredient can, of course, be present
      depending on the intended use and the physical and chemical properties of
      the compound. Higher ratios of surfactant to active ingredient are
      sometimes desirable and are achieved by incorporation into the formulation
      or by tank mixing.
PAR  Typical solid diluents are described in Watkins et al., Handbook of
      Insecticide Dust Diluents and Carriers, 2nd Edition, Dorland Books,
      Caldwell, N.J. The more absorptive diluents are preferred for wettable
      powders and the denser ones for dust. Typical liquid diluents and solvents
      are described in Marsden, "Solvents Guide," 2nd Edition, Interscience,
      N.Y., 1950. Solubility under 0.1% is preferred for suspension
      concentrates; solution concentrates are preferably stable against phase
      separation at 0.degree.C. "McCutcheon's Detergents and Emulsifiers
      Annual," Allured Publ. Corp., Ridgewood, N.J. as well as Sisely and Wood,
      Encyclopedia of Surface Active Agents, Chemical Publ. Co., Inc., N.Y.,
      1964, lists surfactants and recommended uses. All formulations can contain
      minor amounts of additives to reduce foam, caking, corrosion,
      microbiological growth, etc. Preferably, ingredients should be approved by
      the U.S. Environmental Protection Agency for the use intended.
PAR  The methods of making such compositions are well known. Solutions are
      prepared by simply mixing the ingredients. Fine solid compositions are
      made by blending and usually grinding as in a hammer or fluid energy mill.
      Suspensions are prepared by wet milling (see, for example, Littler, U.S.
      Pat. No. 3,060,084). Granules and pellets can be made by spraying the
      active material upon pre-formed granular carriers or by agglomeration
      techniques. (See, J. E. Browning, "Agglomeration," Chemical Engineering,
      December 4, 1967, pages 147ff. and Perry's Chemical Engineers' Handbook,
      4th Edition, McGraw-Hill, N.Y., 1963, pages 8 through 59ff.)
PAR  For further information regarding the art of formulations, see, for
      example:
PA1  H. m. loux, U.S. Pat. No. 3,253,361, Feb. 15, 1966, column 6, line 16
      through column 7, line 19,
PA1  R. w. luckenbaugh, U.S. Pat. No. 3,309,192, Mar. 14, 1967, column 5, line
      43 through column 7, line 62, and examples 8, 12, 15, 39, 41, 52, 53, 58,
      132, 138 through 140, 162 through 164, 166, 167, 169 through 182.
PA1  H. gysin and E. Knusli, U.S. Pat. No. 2,891,855, June 23, 1959, column 3,
      line 66 through column 5, line 17, and examples 1 through 4.
PA1  G. c. klingman, Weed Control as a Science, John Wiley and Sons, N.Y., 1961,
      pages 81 to 96.
PA1  J. d. frier and S. A. Evans, Weed Control Handbook, 5th Edition, Blackwell
      Scientific Publications, Oxford, 1968, pages 101-103.
PAR  Typical formulations are shown in the following examples:
PAC  EXAMPLE 11
     Wettable Powder            Percent                                        

     ______________________________________                                    

     1-methyl-3-(3-trifluorocyclohexyl)-6-dimethyl-                            

      amino-s-triazine-2,4(1H,3H)-dione                                        

                                40%                                            

     dioctylsodium sulfosuccinate                                              

                                1.5%                                           

     sodium ligninsulfonate     3%                                             

     low viscosity methyl cellulose                                            

                                1.5%                                           

     attapulgite                54%                                            

     ______________________________________                                    

PAR  The ingredients are thoroughly blended, passed through an air mill to
      produce an average particle size under 15 microns, reblended, and sifted
      through a U.S.S. No. 50 sieve (0.3mm opening) before packaging.
PAR  All compounds of the invention can be formulated in the same manner.
PAC  EXAMPLE 12
TBL  Extruded Pellet             Percent                                       

     ______________________________________                                    

     1-methyl-3-(4-trifluoromethylcyclohexyl)-6-                               

      dimethylamino-s-triazine-2,4(1H,3H)-dione                                

                                25%                                            

     anhydrous sodium sulfate   10%                                            

     crude calcium ligninsulfonate                                             

                                5%                                             

     sodium alkylnaphthylenesulfonate                                          

                                1%                                             

     calcium/magnesium bentonite                                               

                                59%                                            

     ______________________________________                                    

PAR  The ingredients are blended, hammer milled, and then moistened with about
      12% water. The mixture is extruded as cylinders about 3mm diameter which
      are cut to produce pellets about 3mm long. These may be used directly
      after drying or the dried pellets may be crushed to pass a U.S.S. No. 20
      sieve (0.84mm openings). The granules held on a U.S.S. No. 40 sieve
      (0.42mm openings) may be packaged for use and the fines recycled.
PAC  EXAMPLE 13
TBL  Aqueous Suspension            Percent                                     

     ______________________________________                                    

     1-methyl-3-(3-trifluoromethylcyclohexyl)-6-methyl-                        

      thio-s-triazine-2,4(1H,3H)-dione                                         

                                  25%                                          

     hydrated attapulgite         3%                                           

     crude calcium ligninsulfonate                                             

                                  10%                                          

     sodium dihydrogen phosphate  0.5%                                         

     water                        61.5%                                        

     ______________________________________                                    

PAR  The ingredients are ground together in a ball or roller mill until the
      solid particles have been reduced to diameters under 10 microns.
PAC  EXAMPLE 14
TBL  Emulsifiable Concentrate    Percent                                       

     ______________________________________                                    

     1-methyl-3-(2-trifluoromethylcyclohexyl)-6-                               

      dimethyl-amino-s-triazine-2,4(1H,3H)-dione                               

                                25.0%                                          

     isophorone                 67.0%                                          

     blend of oil-soluble sulfonates with polyoxy-                             

                                8.0%                                           

      ethylene ethers                                                          

     ______________________________________                                    

PAR  The above ingredients are mixed in a blender until a homogeneous
      emulsifiable solution results.
PAC  EXAMPLE 15
TBL  High Strength Composition     Percent                                     

     ______________________________________                                    

     1-methyl-3-(4-trifluoromethylcyclohexyl)-6-methyl-                        

      amino-s-triazine-2,4(1H,3H)-dione                                        

                                  90.0%                                        

     hydrous sodium silicoaluminate                                            

                                  8.5%                                         

     methylated cellulose         0.5%                                         

     dioctylsodium sulfosuccinate 1.0%                                         

     ______________________________________                                    

PAR  The above ingredients are blended, hammer milled to pass a 0.30mm screen
      and reblended. The resulting high strength composition is suitable for
      direct application or it can be used for further formulation.
PAC  USE OF THE COMPOUNDS
PAR  The compounds of formula I are useful for the control of undesired
      vegetation. They can be used wherever weed control is required, such as on
      industrial sites, railroad rights-of-way, and locations adjacent to crop
      lands.
PAR  The precise amount of the compounds of formula I to be used in any given
      situation will vary according to the particular end result desired, the
      use involved, the plant and soil involved, the formulation used, the mode
      of application, prevailing weather conditions, foliage density, and like
      factors. Since so many variables play a role, it is not possible to state
      a rate of application suitable for all situations. Broadly speaking, the
      compounds of the invention are used at levels of about 1 to about 25
      kilograms per hectare. The lower rates in this range will generally be
      selected on lighter soils, soils low in organic matter content, or in
      situations where maximum persistence is not necessary.
PAR  The compounds of formula I can be combined with any other herbicide and
      they are particularly useful in combination with herbicides of the
      substituted urea, uracil, or s-triazine types for controlling a broad
      spectrum of weeds.
PAR  The herbicidal activity of the compounds of this invention is demonstrated
      by the following greenhouse tests:
PAR  Seeds of crabgrass (Digitaria spp.), barnyardgrass (Echinochloa spp.), wild
      oats (Avena fatua), Cassia tora, moringglory (Ipomoea spp.), cocklebur
      (Xanthium spp.), and nutsedge (Cyperus rotundus) tubers were planted in a
      growth medium and treated pre-emergence with the chemicals dissolved in a
      non-phytotoxic solvent. At the same time, crabgrass with two leaves,
      barnyardgrass with two leaves, wild oats with one leaf, Cassia with three
      leaves (including cotyledonary leaves), morningglory with four leaves
      (including cotyledonary leaves), cocklebur with four leaves (including
      cotyledonary leaves), and nutsedge with three to five leaves were sprayed.
      Treated plants and controls were maintained in a greenhouse for 16 days.
      Then all species were compared to controls and visually rated for response
      to treatment. A quantitative rating was made on the scale of 0 to 10; a
      rating of 10 means complete kill, a rating of 0 means no injury. A
      qualitative rating for type of injury was also made. The letter "C"
      indicates chlorosis/necrosis. Ratings in this test for several of the
      compounds of formula I are shown in the following table:
TBL                          POST-EMERGENCE      PRE-EMERGENCE                 

     __________________________________________________________________________

     Compound           KG/HA                                                  

                             A  B  C  D E  F  G  A  B  C D E  F  G             

     __________________________________________________________________________

                        2    10C                                               

                                10C                                            

                                   10C                                         

                                      5C                                       

                                        10C                                    

                                           10C                                 

                                              10C                              

                                                 10C                           

                                                    10C                        

                                                       10C                     

                                                         0 8C 10C              

                                                                 9C            

                        0.4  10C                                               

                                10C                                            

                                   10C                                         

                                      4C                                       

                                        10C                                    

                                           10C                                 

                                              10C                              

                                                 10C                           

                                                     3C                        

                                                       10C                     

                                                         0 8C 10C              

                                                                 9C            

                        2    10C                                               

                                10C                                            

                                   10C                                         

                                      9C                                       

                                        10C                                    

                                           10C                                 

                                              10C                              

                                                 10C                           

                                                     5C                        

                                                       10C                     

                                                         0 9C 10C              

                                                                 9C            

     __________________________________________________________________________

      A = Morningglory                                                         

      B = Cocklebur                                                            

      C = Cassia                                                               

      D = Nutsedge                                                             

      E = Crabgrass                                                            

      F = Barnyardgrass                                                        

      G = Wild Oats                                                            
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STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formule
      ##SPC23##
PAL  where
PA1  R is
      ##SPC24##
PA1  R.sub.1 is --OCH.sub.3, --SCH.sub.3, --NHCH.sub.3, or --N(CH.sub.3).sub.2 ;
      and
PA1  X is oxygen or sulfur.
NUM  2.
PAR  2. A compound of claim 1 wherein
PA1  R is
      ##SPC25##
PA1  X is oxygen; and
PA1  R.sub.1 is dimethylamino.
NUM  3.
PAR  3. The compound of claim 2 which is
      1-methyl-3-(3-trifluoromethylcyclohexyl)-6-dimethylamino-s-triazine-2,4(1H
     ,3H)-dione.
NUM  4.
PAR  4. The compound of claim 2 which is
      1-methyl-3-(4-trifluoromethylcyclohexyl)-6-dimethylamino-s-triazine-2,4(1H
     ,3H)-dione.
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PAR  5. The compound of claim 1 which is
      1-methyl-3-(3-trifluoromethylcyclohexyl)-6-methylthio-s-triazine-2,4-(1H,3
     H)-dione.
NUM  6.
PAR  6. The compound of claim 1 which is
      1-methyl-3-(4-trifluoromethylcyclohexyl)-6-methylthio-s-triazine-2,4-(1H,3
     H)-dione.
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ABST
PAL  A compound of the formula:
      ##SPC1##
PAL  Wherein R, R.sub.0, and R.sub.3 are hydrogen or alkyl of 1 to 3 carbon
      atoms, inclusive; wherein R.sub.1 and R.sub.2 are alkyl of 1 to 3 carbon
      atoms, or the group
      ##EQU1##
      together is pyrrolidino, piperidino, morpholino and N-methylpiperazino;
      wherein R.sub.7 is 2-pyridyl or a phenyl radical of the formula
      ##SPC2##
PAL  Wherein R.sub.4 is hydrogen, fluoro, or chloro; wherein R.sub.5 is hydrogen
      or fluoro, with the proviso that R.sub.5 is not fluoro, when R.sub.4 is
      chloro; and wherein R.sub.6 is hydrogen, chloro, fluoro, bromo,
      trifluoromethyl, or nitro.
PAL  The new compounds of formula II have tranquilizing and antianxiety activity
      and are thus useful to treat mammals and birds.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  FIELD OF THE INVENTION
PAR  This invention is directed to new organic compounds and is more
      particularly concerned with novel
      7-substituted-3-(aminomethyl)-3,5-dihydro-as-triazino[4,3-a][1,4]benzodiaz
     epin-2-(1H)-ones and a process of production therefor.
PAR  The novel compounds II and the process of production therefor can be
      illustratively represented as follows:
      ##SPC3##
PAL  Wherein R, R.sub.o, and R.sub.3 are hydrogen or alkyl of 1 to 3 carbon
      atoms, inclusive; wherein R.sub.1 and R.sub.2 are alkyl of 1 to 3 carbon
      atoms, or the group
      ##EQU2##
      together is pyrrolidino, piperidino, morpholino and N-methylpiperazino;
      wherein R.sub.7 is 2-pyridyl or a phenyl radical of the formula
      ##SPC4##
PAL  In which R.sub.4 is hydrogen, fluoro, or chloro; wherein R.sub.5 is
      hydrogen or fluoro, with the proviso that R.sub.5 is not fluoro, when
      R.sub.4 is chloro; and wherein R.sub.6 is hydrogen, chloro, fluoro, bromo,
      trifluoromethyl, or nitro.
PAR  The more desirable products of this invention are of the formula:
      ##SPC5##
PAL  Wherein R.sub.4 is hydrogen, chloro, or fluoro; wherein R.sub.5 is not
      fluoro, when R.sub.4 is chloro; and wherein R'.sub.6 is chloro, fluoro,
      trifluoromethyl, or nitro.
PAR  The most preferred compounds are of the formula
      ##SPC6##
PAL  R".sub.6 is chloro, trifluoromethyl or fluoro; and R.sub.4 is hydrogen,
      chloro or fluoro.
PAR  The process of this invention comprises: heating a compound of formula I
      with a strong base in an inert organic solvent, and then treating the
      resulting solution with a selected methylene ammonium chloride or bromide
      of formula III.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Alkyl groups of 1 to 3 carbon atoms, inclusive, are exemplified by methyl,
      ethyl, propyl, and isopropyl.
PAR  The novel compounds of the formula II (and also IIA and IIB), have
      sedative, tranquilizing and muscle-relaxant effects in mammals and birds.
PAR  Sedative effects of these compounds of formula II (IIA and IIB included),
      were measured by standard procedures used in the art, and as shown below:
PA0  Chimney test: [Med. Exp. 4, 145 (1961)]: The test determines the ability of
      mice to back up and out of a vertical glass cylinder within 30 seconds. At
      the effective dosage (ED.sub.50), 50% of the mice are unable to pass this
      test.
PA0  Dish test: Mice in Petri dishes (10 cm. diameter, 5 cm. high, partially
      embedded in wood shavings), climb out in a very short time, when not
      treated. Mice remaining in the dish for more than 3 minutes indicates
      tranquilization. ED.sub.50 equals the dose of test compound at which 50%
      of the mice remain in the dish.
PA0  Pedestal test: The untreated mouse leaves the pedestal in less than a
      minute to climb back to the floor of the standard mouse box. Tranquilized
      mice will stay on the pedestal for more than 1 minute.
PA0  Nicotine antagonism test: Mice in a group of 6 are injected with the test
      compound. Thirty minutes later the mice, including control (untreated)
      mice, are injected with nicotine salicylate (2 mg./kg.). The control mice
      show overstimulation, i.e., (1) running convulsions followed by (2) tonic
      extensor fits; followed by (3) death.
PAR  These compounds also had minor anti-depressant activity as shown by
      standard tests.
PAR  The pharmaceutical forms contemplated by this invention include
      pharmaceutical compositions suited for oral, parenteral and rectal use,
      e.g., tablets, powder packets, cachets, dragees, capsules, solutions,
      suspensions, sterile injectable forms, suppositories, bougies, and the
      like. Suitable diluents or carriers such as carbohydrates (lactose),
      proteins, lipids, calcium phosphate, cornstarch, stearic acid,
      methylcellulose and the like may be used as carriers or for coating
      purposes. Water and oils, e.g., coconut oil, sesame oil, safflower oil,
      cottonseed oil, and peanut oil may be used for preparing solutions or
      suspensions of the active drug. Sweetening, coloring, and flavoring agents
      may be added.
PAR  For mammals and birds food premixes, with starch, oatmeal, dried fishmeat,
      fishmeal, flour, and the like can be prepared.
PAR  As tranquilizer and anti-anxiety agents, the compounds of formulae II
      (including IIA and IIB) can be used in dosages of 0.01 mg. to 0.3 mg./kg.,
      preferably 0.01 to 0.15 mg./kg. in oral or injectable preparations as
      described above, to alleviate tension and anxiety in mammals, or birds,
      such as, e.g., occurs when animals are in travel. For larger animals, in
      excess of 5 kg. the lower-dosage ranges are indicated.
PAR  The starting compounds of formula I can be prepared as shown in U.S. Pat.
      No. 3,236,838, and in the preparations.
PAR  The reagent of formula III can be prepared as described by Bohme et al.,
      Ber. 93, 1305 (1960) e.g. by reacting for example
      N,N,N',N'-tetramethyldiaminomethane with acetyl chloride, thus:
      ##EQU3##
      or bis(piperidino)methane with acetyl chloride, thus:
      ##SPC7##
PAR  In carrying out the process of this invention the selected starting
      compound I is added to a suspension of a base in an inert organic solvent.
      As base sodium hydride, lithium hydride, sodium or potassium ethoxide and
      the like may be used. As suspending agent dimethylformamide,
      diethylformamide, dimethylacetamide, xylenes or the like may be used. In
      the preferred embodiment of this invention equimolecular quantities of
      compound I and the base are heated between 75.degree. and 120.degree. C.
      To the resulting solution after cooling is added the selected methylene
      ammonium chloride III and the mixture is heated for 6 to 24 hours between
      75.degree. to 120.degree. C. The resulting product of formula II, a
      7-substituted-3-(aminomethyl)-3,5-dihydro-as-triazino[4,3-a][1,4]benzodiaz
     epine-2H-(1)-one, is recovered by conventional methods known in the art,
      e.g., evaporation of the reaction mixture, extraction, crystallization,
      chromatography or the like.
PAR  The following preparations and examples are illustrative of the products
      and processes of the present invention, but are not to be construed as
      limiting.
PAR  The preparation of starting compounds of formula I is carried out according
      to the scheme below:
      ##SPC8##
      ##SPC9##
PAC  Preparation 1
PAC  7-Chloro-2,3-dihydro-2-oxo-5-phenyl-1H-1,4-benzodiazepine-1-acetic acid
      methyl ester
PAR  Sodium methoxide (5.95 g., 0.11 mole) is added to a solution of
      7-chloro-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one (27 g., 0.1 mole)
      in 200 ml. of dimethylformamide and the mixture is stirred and heated on a
      steambath for about 20 minutes. To this mixture is added a solution of
      methyl bromoacetate (16.7 g., 0.11 mole) in 165 ml. of toluene during 1
      hour while stirring and heating are continued. The mixture is heated for
      an additional 2 hours, allowed to stand overnight at room temperature
      (about 25.degree. C.) and evaporated to dryness in vacuo. The residue is
      stirred with 500 ml. of water until a suspension results. The suspension
      is filtered and the solid thus obtained is crystallized first from ether
      and then from ethanol to give 14.5 g. (42% yield) of
      7-chloro-2,3-dihydro-2-oxo-5-phenyl-1H-1,4-benzodiazepine-1-acetic acid
      methyl ester of melting point 137.degree.-138.degree. C.
PAC   Preparation 2
PAC  7-Chloro-5-(o-chlorophenyl)-2,3-dihydro-2-oxo-1H-1,4-benzodiazepine-1-aceti
     c acid methyl ester
PAR  Sodium methoxide (5.95 g., 0.11 mole) is added to a solution of
      7-chloro-1,3-dihydro-5-(o-chlorophenyl)-2H-1,4-benzodiazepin-2-one (30.5
      g., 0.1 mole) in 200 ml. of dimethylformamide and the mixture is heated at
      95.degree. for about 15 minutes. To the mixture is added a solution of
      methyl bromoacetate (16.7 g., 0.11 mole) in 165 ml. of toluene during 55
      minutes while heating is continued. After heating the mixture for an
      additional 6.25 hours, it is evaporated to dryness, and the residue is
      stirred with 400 ml. of water and 200 ml. of ether. The resulting
      suspension is filtered and the solid thus obtained is crystallized from
      methylene chloride-methanol to give 24.9 g. of
      7-chloro-5-(o-chlorophenyl)-2,3-dihydro-2-oxo-1H-1,4-benzodiazepine-1-acet
     ic acid methyl ester of melting point 193.degree.-194.degree. C.
PAR  Anal. Calcd. for C.sub.18 H.sub.14 Cl.sub.2 N.sub.2 O.sub.3 : C, 57.31; H,
      3.74; Cl, 18.80; N, 7.43. Found: C, 57.38; H, 4.03; Cl, 18.92; N, 7.55.
PAC  Preparation 3
PAC  5-(o-chlorophenyl)-2,3-dihydro-2-oxo-1H-1,4-benzodiazepin-1-acetic acid
      methyl ester
PAR  Sodium methoxide (2.26 g., 0.042 mole) is added to a solution of
      5-(o-chlorophenyl)-1,3-dihydro-2H-1,4-benzodiazepin-2-one (10.3 g., 0.038
      mole) in 100 ml. of dimethylformamide and the mixture is heated at
      95.degree. for about 25 minutes. To the mixture is added a solution of
      methyl bromoacetate (6.4 g., 0.042 mole) in 65 ml. of toluene during 45
      minutes while heating is continued. The mixture is heated for an
      addiitional 5.5 hours and allowed to stand overnight. It is evaporated to
      dryness and the residue is stirred with a mixture of 150 ml. of water and
      150 ml. of ether. The resulting suspension is filtered, and the solid thus
      obtained is crystallized from methanol to give 7.9 g. of
      5-(o-chlorophenyl)-2,3-dihydro-2-oxo-1H-1,4-benzodiazepin-1-acetic acid
      methyl ester of melting point 166.degree.-167.5.degree. C.
PAR  Anal. Calcd. for C.sub.18 H.sub.15 ClN.sub.2 O.sub.3 : C, 63.07; H, 4.41;
      Cl, 10.34; N, 8.17. Found: C, 62.87; H, 4.44; Cl, 10.38; N, 8.17.
PAC  PREPARATION 4
PAC  7-Chloro-2,3-dihydro-2-oxo-5-(2,6-difluorophenyl)-1H-1,4-benzodiazepin-1-ac
     etic acid methyl ester
PAR  A mixture of 0.1 mole of
      7-chloro-1,3-dihydro-5-(2,6-difluorophenyl)-2H-1,4-benzodiazepin-2-one and
      0.11 mole of sodium methoxide in about 200 ml. of dimethylformamide is
      heated at about 95.degree. C. for about 20 minutes. To the mixture is
      added a solution of 0.11 mole of methyl bromoacetate in about 200 ml. of
      toluene over a period of about 1 hour at about 95.degree. C., and heating
      is continued for an additional period of about 6 hours. The reaction
      mixture is then evaporated in vacuo and the residue thus obtained is
      stirred with about 500 ml. of water. The resulting suspension is filtered
      and the solids thus obtained are crystallized from a suitable organic
      solvent such as ether, methanol, methylene chloride, methylene
      chloride-methanol and the like to obtain
      7-chloro-2,3-dihydro-2-oxo-5-(2,6-difluorophenyl)-1H-1,4-benzodiazepin-1-a
     cetic acid methyl ester.
PAC  PREPARATION 5
PAC  7-(Trifluoromethyl)-2,3-dihydro-2-oxo-5-phenyl-1H-1,4-benzodiazepin-1
      -acetic acid ethyl ester
PAR  A mixture of 0.1 mole of
      7-(trifluoromethyl)-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one and
      0.11 mole of sodium methoxide in about 200 ml. of dimethylformamide is
      heated at about 95.degree. C. for about 20 minutes. To the mixture is
      added a solution of 0.11 mole of ethyl bromoacetate in about 200 ml. of
      toluene over a period of about 1 hour at about 95.degree. C., and heating
      is continued for an additional period of about 6 hours. The reaction
      mixture is then evaporated in vacuo and the residue thus obtained is
      stirred with about 500 ml. of water. The resulting suspension is filtered
      and the solids thus obtained are crystallized from a suitable organic
      solvent such as ether, methanol, methylene chloride, methylene
      chloride-methanol and the like to obtain 7-(trifluoromethyl)-b
      2,3-dihydro-2-oxo-5-phenyl-1H-1,4-benzodiazepin-1-acetic acid ethyl ester.
PAC  PREPARATION 6
PAC  7-Chloro-2,3-dihydro-.alpha.,.alpha.-dimethyl-2-oxo-5-phenyl-1H-1,4-benzodi
     azepin-1-acetic acid methyl ester
PAR  A mixture of 0.1 mole of
      7-chloro-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one and 0.11 mole of
      sodium methoxide in about 200 ml. of dimethylformamide is heated at about
      95.degree. C. for about 20 minutes. To the mixture is added a solution of
      0.11 mole of methyl 2-bromo-2-methylpropionate in about 200 ml. of toluene
      over a period of about 1 hour at about 95.degree. C., and heating is
      continued for an additional period of about 6 hours. The reaction mixture
      is then evaporated in vacuo and the residue thus obtained is stirred with
      about 500 ml. of water. The resulting suspension is filtered and the
      solids thus obtained are crystallized from a suitable organic solvent such
      as ether, methanol, methylene chloride, methylene chloride-methanol and
      the like to obtain
      7-chloro-2,3-dihydro-.alpha.,.alpha.-dimethyl-2-oxo-5-phenyl-1H-1,4-benzod
     iazepin-1-acetic acid methyl ester.
PAC  PREPARATION 7
PAC  7-Nitro-2,3-dihydro-2-oxo-5-(o-chlorophenyl)-1H-1,4-benzodiazepin-1-acetic
      acid propyl ester
PAR  A mixture of 0.1 mole of
      7-nitro-1,3-dihydro-5-(o-chlorophenyl)-2H-1,4-benzodiazepin-2-one and 0.11
      mole of sodium methoxide in about 200 ml. of dimethylformamide is heated
      at about 95.degree. C. for about 20 minutes. To the mixture is added a
      solution of 0.11 mole of propyl bromoacetate in about 200 ml. of toluene
      over a period of about 1 hour at about 95.degree. C., and heating is
      continued for an additional period of about 6 hours. The reaction mixture
      is then evaporated in vacuo and the residue thus obtained is stirred with
      about 500 ml. of water. The resulting suspension is filtered and the
      solids thus obtained are crystallized from a suitable organic solvent such
      as ether, methanol, methylene chloride, methylene chloride-methanol and
      the like to obtain
      7-nitro-2,3-dihydro-2-oxo-5-(o-chlorophenyl)-1H-1,4-benzodiazepin-1-acetic
      acid propyl ester.
PAC  PREPARATION 8
PAC  9-Bromo-2,3-dihydro-2-oxo-5-(m-fluorophenyl)-3,.alpha.-dimethyl-1H-1,4-benz
     odiazepin-1-acetic acid methyl ester.
PAR  A mixture of 0.1 mole of
      9-bromo-1,3-dihydro-5-(m-fluorophenyl)-3-methyl-2H-1,4-benzodiazepin-2-one
      and 0.11 mole of sodium methoxide in about 200 ml. of dimethylformamide is
      heated at about 95.degree. C. for about 20 minutes. To the mixture is
      added a solution of 0.11 mole of methyl 2-bormopropionate in about 200 ml.
      of toluene over a period of about 1 hour at about 95.degree. C., and
      heating is continued for an additional period of about 6 hours. The
      reaction mixture is then evaporated in vacuo and the residue thus obtained
      is stirred with about 500 ml. of water. The resulting suspension is
      filtered and the solids thus obtained are crystallized from a suitable
      organic solvent such as ether, methanol, methylene chloride, methylene
      chloride-methanol and the like to obtain
      9-bromo-2,3-dihydro-2-oxo-5-(m-fluorophenyl)-3,.alpha.-dimethyl-1H-1,4-ben
     zodiazepin-1-acetic acid methyl ester.
PAC  PREPARATION 9
PAC  7-Fluoro-5-(o-chlorophenyl)-2,3-dihydro-3-ethyl-.alpha.,.alpha.-dimethyl-2-
     oxo-1H-1,4-benzodiazepin-1-acetic acid methyl ester
PAR  A mixture of 0.1 mole of 7-fluoro-1,3-dihydro-5-o-chlorophenyl)-127
      3-ethyl-2H-1,4-benzodiazepin-2-one and 0.11 mole of sodium methoxide in
      about 200 ml. of dimethylformamide is heated at about 95.degree. C. for
      about 20 minutes. To the mixture is added a solution of 0.11 mole of
      methyl 2-bromo-2-methyl-propionate in about 200 ml. of toluene over a
      period of about 1 hour at about 95.degree. C., and heating is continued
      for an additional period of about 6 hours. The reaction mixture is then
      evaporated in vacuo and the residue obtained is stirred with about 500 ml.
      of water. The resulting suspension is filtered and the solids thus
      obtained are crystallized from a suitable organic solvent such as ether,
      methanol, methylene chloride, methylene chloride-methanol and the like to
      obtain
      7-fluoro-3-ethyl-.alpha.,.alpha.-dimethyl-5-(o-chlorophenyl)-2,3-dihydro-2
     -oxo-1H-1,4-benzodiazepin-1-acetic acid methyl ester.
PAC  PREPARATION 10
PAC  7-Bromo-2,3-dihyro-2-oxo-5-(2-pyridyl)-1H-1,4-benzodiazepin-1-acetic acid
      methyl ester
PAR  A mixture of 0.1 mole of
      7-bromo-1,3-dihydro-5-(2-pyridyl)-2H-1,4-benzodiazepin-2-one and 0.11 mole
      of sodium methoxide in about 200 ml. of dimethylformamide is heated at
      about 95.degree. c. for about 20 minutes. To the mixture is added a
      solution of 0.11 mole of methyl bromoacetate in about 200 ml. of toluene
      over a period of about 1 hour at about 95.degree. C., and heating is
      continued for an additional period of about 6 hours. The reaction mixture
      is then evaporated in vacuo and the residue thus obtained is stirred with
      about 500 ml. of water. The resulting suspension is filtered and the
      solids thus obtained are crystallized from a suitable organic solvent such
      as ether, methanol, methylene chloride, methylene chloridemethanol and the
      like to obtain
      7-bromo-2,3-dihydro-2-oxo-5-(2-pyridyl)-1H-1,4-benzodiazepin-1-acetic acid
      methyl ester.
PAC  PREPARATION 11
PAC  7-Bromo-2,3-dihydro-2-oxo-.alpha.-propyl-5-(2-pyridyl)-1H-1,4-benzodiazepin
     -1-acetic acid methyl ester
PAR  A mixture of 0.1 mole of
      7-bromo-1,3-dihydro-5-(2-pyridyl)-2H-1,4-benzodiazepin-2-one and 0.11 mole
      of sodium methoxide in about 200 ml. of dimethylformamide is heated at
      about 95.degree. c. for about 20 minutes. To the mixture is added a
      solution of 0.11 mole of methyl 2-bromovalerate in about 200 ml. of
      toluene over a period of about 1 hour at about 95.degree. C., and heating
      is continued for an additional period of about 6 hours. The reaction
      mixture is then evaporated in vacuo and the residue thus obtained is
      stirred with about 500 ml. of water. The resulting suspension is filtered
      and the solids thus obtained are crystallized from a suitable organic
      solvent such as ether, methanol, methylene chloride, methylene
      chloride-methanol and the like to obtain
      7-bromo-2,3-dihydro-2-oxo-.alpha.-propyl-5-(2-pyridyl)-1H-1,4-benzodiazepi
     ne-1-acetic acid methyl ester.
PAR  In the manner given in the preceding preparations, other
      1,3-dihydro-2H-1,4-benzodiazepin-2-ones can be reacted with the
      appropriate alkyl 2-haloalkanoate to provide other
      2,3-dihydro-2-oxo-1H-1,4-benzodiazepin-1-acetic acid alkyl esters of
      formula V. For example, the following
      2,3-dihydro-1H-1,4-benzodiazepin-1-acetic acid alkyl ester can be
      obtained:
PA0  7-bromo-2,3-dihydro-2-oxo-5-phenyl-1H-1,4-benzodiazepin-1-acetic acid
      methyl ester;
PA0  7-fluoro-2,3-dihydro-2-oxo-5-(2,6-difluorophenyl)-1H-1,4-benzodiazepin-1-ac
     etic acid ethyl ester;
PA0  2,3-dihydro-7-nitro-2-oxo-5-phenyl-1H-1,4-benzodiazepin-1-acetic acid ethyl
      ester;
PA0  2,3-dihydro-2-oxo-.alpha.-methyl-5-(o-chlorophenyl)-1H-1,4-benzodiazepin-1-
     acetic acid ethyl ester;
PA0  7-bromo-2-oxo-5-(o-bromophenyl)-2,3-dihydro-1H-1,4-benzo-diazepin-1-acetic
      acid ethyl ester;
PA0  2-oxo-.alpha.-methyl-5-(o-fluorophenyl)-7-fluoro-2,3-dihydro-1H-1,4-benzodi
     azepin-1-acetic acid ethyl ester;
PA0  2oxo-.alpha.-ethyl-.alpha.,
      3-dimethyl-5-(o-chlorophenyl)-2,3-dihydro-1H-1,4-benzodiazepin-1-acetic
      acid methyl ester;
PA0  2-oxo-5-(o-chlorophenyl)-2,3-dihydro-7-(trifluoromethyl)-1H-1,4-benzodiazep
     in-1-acetic acid methyl ester;
PA0  2-oxo-.alpha.,.alpha.-dimethyl-5-(o-chlorophenyl)-3ethyl-2,3-dihydro-1H-1,4
     -benzodiazepin-1-acetic acid ethyl ester;
PA0  2-oxo-5-(o-chlorophenyl)-2,3-dihydro-7-nitro-1H-1,4-benzodiazepin-1-acetic
      acid propyl ester;
PA0  7-chloro-2-oxo-.alpha.,.alpha.-dimethyl-5-(o-fluorophenyl)-2,3-dihydro-1H-1
     ,4-benzodiazepin-2-one-1-acetic acid ethyl ester;
PA0  7-bromo-2-oxo-5-(o-fluorophenyl)-2,3-dihydro-1H-1,4-benzodiazepin-1-acetic
      acid methyl ester;
PA0  7-fluoro-2-oxo-.alpha.,.alpha.-dimethyl-5-(o-fluorophenyl)-2,3-dihydro-1H-1
     ,4-benzodiazepin-1-acetic acid propyl ester;
PA0  2-oxo-.alpha.-ethyl-.alpha.-methyl-5-(o-fluorophenyl)-2,3-dihydro-7-nitro-1
     H-1,4-benzodiazepin-1-acetic acid isopropyl ester;
PA0  2-oxo-5-(o-fluorophenyl)-2,3-dihydro-7-(trifluoromethyl)-1H-1,4-benzodiazep
     in-1-acetic acid methyl ester;
PAL  and the like
PAC  PREPARATION 12
PAC  7-Chloro-2,3-dihydro-5-phenyl-2-thioxo-1H-1,4-benzodiazepin-1-acetic acid
      methyl ester
PAR  A mixture of 6.35 g. (0.0186 mole) of
      7-chloro-2,3-dihydro-2-oxo-5-phenyl-1H-1,4-benzodiazepin-1-acetic acid
      methyl ester, 4.42 g. (0.0199 mole) of phosphorus pentasulfide and 185 ml.
      of pyridine is heated under reflux for about 19 hours. The pyridine is
      evaporated, 100 ml. of cold water is added, and the product is extracted
      with four 100-ml. portions of methylene chloride. The extracts are
      combined, washed with sodium bicarbonate solution and saturated salt
      solution, dried over anhydrous magnesium sulfate and evaporated to give
      2.5 g. of residue. The residue thus obtained is extracted with eight
      250-ml. portions of boiling ether. The extracts are combined and
      concentrated. On standing 2.1 g. of
      7-chloro-2,3-dihydro-5-phenyl-2-thioxo-1H-1,4-benzodiazepin-1-acetic acid
      methyl ester of melting point 180.degree.-182.degree. c. crystallizes from
      solution; recrystallization from ether raises the melting point to
      185.degree.-187.degree. C.
PAC  PREPARATION 13
PAC  7-Chloro-2,3-dihydro-5-phenyl-2-thioxo-1H-1,4-benzodiazepin-1-acetic acid
      methyl ester
PAR  The procedure of Preparation 12 is repeated to the point where a residue is
      obtained following evaporation of the methylene chloride. The residue thus
      obtained is chromatographed on silica gel using 50% ethyl
      acetatecyclohexane to give
      7-chloro-2,3-dihydro-5-phenyl-2-thioxo-1H-1,4-benzodiazepin-1-acetic acid
      methyl ester of melting point 188.degree.-189.degree. C. (from ether).
PAR  Anal. Calcd. for C.sub.18 H.sub.15 ClN.sub.2 O.sub.2 S: C, 60.24; H, 4.21;
      Cl, 9.88; N, 7.81; S, 8.94. Found: C, 60.14; H, 4.40; Cl, 9.81; N, 7.76;
      S, 9.06.
PAC  PREPARATION 14
PAC  7-Chloro-5-(o-chlorophenyl)-2,3-dihydro-2-thioxo-1H-1,4-benzodiazepin-1-ace
     tic acid methyl ester
PAR  A mixture of 3.8 g. (0.01 mole) of
      7-chloro-5-(o-chlorophenyl)-2,3-dihydro-2-oxo-1H-1,4-benzodiazepin-1-aceti
     c acid methyl ester, 2.3 g. (0.0105 mole) of phosphorus pentasulfide and
      100 ml. of pyridine is heated under reflux for about 22 hours. The
      reaction mixture is evaporated and the residue thus obtained is dissolved
      in chloroform and 100 ml. of aqueous sodium bicarbonate solution. The
      organic layer is separated, washed with three 50-ml. portions of aqueous
      sodium bicarbonate solution and with saturated salt solution, dried over
      anhydrous magnesium sulfate and evaporated to remove the solvent. The
      residue (4.1 g.) thus obtained is dissolved in about 20 ml. of methylene
      chloride and chromatographed on 410 g. of silica gel. Elution with 50%
      ethyl acetate-methylene chloride gives 1.79 g. of
      7-chloro-5-(o-chlorophenyl)-2,3-dihydro-2-thioxo-1H-1,4-benzodiazepin-1-ac
     etic acid methyl ester. Recrystallization from ether gives
      7-chloro-5-(o-chlorophenyl)-2,3-dihydro-2-thioxo-1H-1,4-benzodiazepine-1-a
     cetic acid methyl ester of melting point 191.degree.-192.degree. C.; a
      sample, recrystallized from methanol, melts at 193.degree.-194.degree. C.
PAR  Anal. Calcd. for C.sub.18 H.sub.14 Cl.sub.2 N.sub.2 O.sub.2 S: C, 54.97; H,
      3.59; Cl, 18.03; N, 7.12; S, 8.15. Found: C, 54.82; H, 3.71; Cl, 18.15; N,
      6.91; S, 8.37.
PAC  PREPARATION 15
PAC  5-(o-chlorophenyl)-2,3-dihydro-2-thioxo-1H-1,4-benzodiazepin-1-acetic acid
      methyl ester
PAR  A mixture of 7.75 g. (0.0225 mole) of
      5-(o-chlorophenyl)-2,3-dihydro-2-oxo-1H-1,4-benzodiazepin-1-acetic acid
      methyl ester, 5.3 g. (0.0238 mole) of phosphorus pentasulfide and 200 ml.
      of pyridine is heated under reflux for about 23 hours. The reaction
      mixture is then evaporated and the residue thus obtained is dissolved in
      methylene chloride-water. The organic layer is separated, washed with five
      100-ml. portions of saturated aqueous sodium bicarbonate solution, dried
      over anhydrous magnesium sulfate and evaporated to remove the solvent. The
      residue (7.3 g.) thus obtained is dissolved in 50 ml. of methylene
      chloride and chromatographed on 730 g. of silica gel. Elution with 60%
      ethyl acetate-cyclohexane gives 4.8 g. of product which is triturated with
      methanol, filtered and washed with ether to give 3.5 g. of
      5-(o-chlorophenyl)-2,3-dihydro-2-thioxo-1H-1,4-benzodiazepin-1-acetic acid
      methyl ester; a sample after recrystallization from methanolchloroform
      melts at 183.degree.-184.degree. C.
PAR  Anal. Calcd. for C.sub.18 H.sub.15 ClN.sub.2 O.sub.2 S: C, 60.24; H, 4.21;
      Cl, 9.88; N, 7.81; S, 8.95. Found: C, 60.11; H, 4.20; Cl, 10.06; N, 7.39;
      S, 9.06.
PAC  PREPARATION 16
PAC  7-Chloro-5-(2,6-difluorophenyl)-2,3-dihydro-2-thioxo-1H-1,4benzodiazepin-1-
     acetic acid methyl ester
PAR  A mixture of 0.01 mole of
      7-chloro-5-(2,6-difluorophenyl)-2,3-dihydro-2-oxo-1H-1,4-benzodiazepin-1-a
     cetic acid methyl ester, 0.0105 mole of phosphorus pentasulfide and 100 ml.
      of pyridine is heated under reflux for about 24 hours. The reaction
      mixture is evaporated and the residue thus obtained is dissolved in
      methylene chloride-water. The organic layer is separated, washed with
      saturated sodium bicarbonate solution, dried over anhydrous magnesium
      sulfate and evaporated to remove the solvent. The residue thus obtained is
      chromatographed on silica gel and eluted to give
      7-chloro-5-(2,6-difluorophenyl)-2,3-dihydro-2-thioxo-1H-1,4-benzodiazepin-
     1-acetic acid methyl ester.
PAC  PREPARATION 17
PAC  2,3-Dihydro-5-phenyl-2-thioxo-7-(trifluoromethyl)-1H-1,4-benzodiazepin-1-ac
     etic acid ethyl ester
PAR  A mixture of 0.01 mole of
      7-trifluoromethyl-2,3dihydro-2-oxo-5-phenyl-1H-1,4-benzodiazepin-1-acetic
      acid ethyl ester and 0.0105 mole of phosphorus pentasulfide and 100 ml. of
      pyridine is heated under reflux for about 24 hours. The mixture is
      evaporated and the residue thus obtained is dissolved in methylene
      chloride-water. The organic layer is separated, washed with saturated
      sodium bicarbonate solution, dried over anhydrous magnesium sulfate and
      evaporated to remove the solvent. The residue thus obtained is
      chromatographed on silica gel and eluted to give
      2,3-dihydro-5-phenyl-2-thioxo-7-(trifluoromethyl)-1H-1,4-benzodiazepin-1-a
     cetic acid ethyl ester.
PAC  PREPARATION 18
PAC  7-Chloro-.alpha.,.alpha.-dimethyl-2,3-dihydro-2-thioxo-5-phenyl-1H-1,4-benz
     odiazepin-1-acetic acid methyl ester
PAR  A mixture of 0.01 mole of
      7-chloro-.alpha.,.alpha.-dimethyl-2,3-dihydro-2-oxo-5-phenyl-1H-1,4-benzod
     iazepin-1-acetic acid methyl ester, 0.0105 mole of phosphorus pentasulfide
      and 100 ml. of pyridine is heated under reflux for about 24 hours. The
      mixture is evaporated and the residue thus obtained is dissolved in
      methylene chloride-water. The organic layer is separated, washed with
      saturated sodium bicarbonate solution, dried over anhydrous magnesium
      sulfate and evaporated to remove the solvent. The residue thus obtained is
      chromatographed on silica gel and eluted to give
      7-chloro-.alpha.,.alpha.-dimethyl-2,3-dihydro-2-thioxo-5-phenyl-1H-1,4-ben
     zodiazepin-1-acetic acid methyl ester.
PAC  PREPARATION 19
PAC  7-Nitro-2,3-dihydro-5-(o-chlorophenyl)-2-thioxo-1H-1,4-benzodiazepin-1-acet
     ic acid propyl ester
PAR  A mixture of 0.01 mole of
      7-nitro-2,3-dihydro-5-(o-chlorophenyl)-2-oxo-1H-1,4-benzodiazepin-1-acetic
      acid propyl ester, 0.0105 mole of phosphorus pentasulfide and 100 ml. of
      pyridine is heated under reflux for about 24 hours. The mixture is
      evaporated and the residue thus obtained is dissolved in methylene
      chloride-water. The organic layer is separated, washed with saturated
      sodium bicarbonate solution, dried over anhydrous magnesium sulfate and
      evaporated to remove the solvent. The residue thus obtained is
      chromatographed on silica gel and eluted to give
      7-nitro-2,3-dihydro-5-(o-chlorophenyl)-2-thioxo-1H-1,4-benzodiazepin-1-ace
     tic acid propyl ester.
PAC  PREPARATION 20
PAC  7-Bromo-3,.alpha.-dimethyl-5-(o-fluorophenyl)-2,3-dihydro-2-thioxo-1H-1,4-b
     enzodiazepin-1-acetic acid methyl ester
PAR  A mixture of 0.01 mole of
      7-bromo-3,.alpha.-dimethyl-5-(o-fluorophenyl)-2,3-dihydro-2-oxo-1H-1,4-ben
     zodiazepin-1-acetic acid methyl ester, 0.0105 mole of phosphorus
      pentasulfide and 100 ml. of pyridine is heated under reflux for about 24
      hours. The mixture is evaporated and the residue thus obtained is
      dissolved in methylene chloride-water. The organic layer is separated,
      washed with saturated sodium bicarbonate solution, dried over anhydrous
      magnesium sulfate and evaporated to remove the solvent. The residue thus
      obtained is chromatographed on silica gel and eluted to give
      7-bromo-3,.alpha.-dimethyl-5-(o-fluorophenyl)-2,3-dihydro-2-thioxo-1H-1,4-
     benzodiazepin-1-acetic acid methyl ester.
PAC  PREPARATION 21
PAC  7-Fluoro-.alpha.,.alpha.-dimethyl-3-ethyl-5-(o-chlorophenyl)-2,3-dihydro-2-
     thioxo-1H-1,4-benzodiazepin-1-acetic acid methyl ester
PAR  A mixture of 0.01 mole of
      7-fluoro-5-(o-chlorophenyl)-2,3-dihydro-.alpha.,.alpha.-dimethyl-3-ethyl-2
     -oxo-1H-1,4-benzodiazepin-1-acetic acid methyl ester, 0.0105 mole of
      phosphorus pentasulfide and 100 ml. of pyridine is heated under reflux for
      24 hours. The mixture is evaporated and the residue thus obtained is
      dissolved in methylene chloride-water. The organic layer is separated,
      washed with saturated sodium bicarbonate solution, dried over anhydrous
      magnesium sulfate and evaporated. The residue thus obtained is
      chromatographed on silica gel and eluted to give
      7-fluoro-.alpha.,.alpha.-dimethyl-3-ethyl-5-(o-chlorophenyl)-2,3-dihydro-2
     -thioxo-1H-1,4-benzodiazepin-1-acetic acid methyl ester.
PAC  PREPARATION 22
PAC  7-Bromo-2,3-dihydro-5-(2-pyridyl)-2-thioxo-1H-1,4-benzodiazepin-1-acetic
      acid methyl ester
PAR  A mixture of 0.01 mole of
      7-bromo-2,3-dihydro-5-(2-pyridyl)-2-oxo-1H-1,4-benzodiazepin-1-acetic acid
      methyl ester, 0.0105 mole of phosphorus pentasulfide and 100 ml. of
      pyridine is heated under reflux for about 24 hours. The mixture is
      evaporated and the residue thus obtained is dissolved in methylene
      chloride-water. The organic layer is separated, washed with saturated
      sodium bicarbonate solution, dried over anhydrous magnesium sulfate and
      evaporated to remove the solvent. The residue thus obtained is
      chromatographed on silica gel and eluted to give
      7-bromo-2,3-dihydro-5-(2-pyridyl)-2-thioxo-1H-1,4-benzodiazepin-1-acetic
      acid methyl ester.
PAC  PREPARATION 23
PAC  7-Bromo-2,3-dihydro-.alpha.-propyl-5-(2-pyridyl)-2-thioxo-1H-1,4-benzodiaze
     pin-1-acetic acid methyl ester
PAR  A mixture of 0.01 mole of
      7-bromo-2,3-dihydro-.alpha.-propyl-5-(2-pyridyl)-2-oxo-1H-1,4-benzodiazepi
     n-1-acetic acid methyl ester, 0.0105 mole of phosphorus pentasulfide and
      100 ml. of pyridine is heated under reflux for about 24 hours. The mixture
      is evaporated and the residue thus obtained is dissolved in methylene
      chloride-water. The organic layer is separated, washed with saturated
      sodium bicarbonate solution, dried over anhydrous magnesium sulfate and
      evaporated to remove the solvent. The residue thus obtained is
      chromatographed on silica gel and eluted to give
      7-bromo-2,3-dihydro-.alpha.-propyl-5-(2-pyridyl)-2-thioxo-1H-1,4-benzodiaz
     epin-1-acetic acid methyl ester.
PAR  In the manner given in prior Preparations 12 to 23 above, other
      2,3-dihydro-2-thioxo-1H-1,4-benzodiazepin-1acetic acid alkyl esters can be
      obtained. Representative compounds thus obtained, include:
PA0  7-bromo-2,3-dihydro-5-phenyl-2-thioxo-1H-1,4-benzodiazepin-1-acetic acid
      methyl ester;
PA0  7-fluoro-2,3-dihydro-5-(2,6-difluorophenyl)-2-thioxo-1H-1,4-benzodiazepin-1
     -acetic acid ethyl ester;
PA0  2,3-dihydro-7-nitro-5-phenyl-2-thioxo-1H-1,4-benzodiazepin-1-acetic acid
      ethyl ester;
PA0  7-bromo-5-(o-bromophenyl)-2,3-dihydro-2-thioxo-1,4-benzodiazepin-1-acetic
      acid methyl ester;
PA0  7-fluoro-.alpha.,.alpha.-dimethyl-5-(o-fluorophenyl)-2,3-dihydro-2-thioxo-1
     H-1,4-benzodiazepin-1-acetic acid propyl ester;
PA0  5-(o-chlorophenyl)-2,3-dihydro-7-bromo-3-methyl-2-thioxo-1H-1,4-benzodiazep
     in-1-acetic acid methyl ester;
PA0  5-(o-chlorophenyl)-2,3-dihydro-2-thioxo-7-(trifluoromethyl)-1H-1,4-benzodia
     zepin-1-acetic acid methyl ester;
PA0  5-(o-chlorophenyl)-3-ethyl-2,3-dihydro-2-thioxo-1H-1,4-benzodiazepin-1-acet
     ic acid methyl ester;
PA0  7-chloro-5-(o-fluorophenyl)-2,3-dihydro-2-thioxo-1H-1,4-benzodiazepin-1-ace
     tic acid methyl ester;
PA0  7-bromo-5-(o-fluorophenyl)-2,3-dihydro-2-thioxo-1H-1,4-benzodiazepin-1-acet
     ic acid methyl ester;
PA0  7-fluoro-5-(o-fluorophenyl)-2,3-dihydro-2-thioxo-1H-1,4-benzodiazepin-1-ace
     tic acid methyl ester;
PA0  5-(o-fluorophenyl)-2,3-dihydro-7-nitro-2-thioxo-1H-1,4-benzodiazepin-1-acet
     ic acid methyl ester;
PA0  5-(o-fluorophenyl)-2,3-dihydro-2thioxo-7-(trifluoromethyl)-1H-1,4-benzodiaz
     epin-1-acetic acid methyl ester;
PAL  and the like.
PAC  PREPARATION 24
PAC  9-chloro-3,5-dihydro-7-phenyl-as-triazino-[4,3-a][1,4]benzodiazepin-2-(1H)-
     one
PAR  A mixture of 0.5 g. (1.4 millimoles) of
      7-chloro-2,3-dihydro-5-phenyl-2-thioxo-1H-1,4-benzodiazepin-1-acetic acid
      methyl ester, 70 mg. (1.4 millimoles) of hydrazine hydrate and 10 ml. of
      methanol is refluxed for about 3.75 hours. The mixture is allowed to cool,
      and the crystalline precipitate, which separates, is collected on a
      filter; yield, 0.280 g. of
      9-chloro-3,5-dihydro-7-phenyl-as-triazino[4,3-a][1,4]benzodiazepin-2-(1H)-
     one of melting point 267.degree.-270.degree. C.
PAR  Anal. Calcd. for C.sub.17 H.sub.13 ClN.sub.4 O: C, 62.87; H, 4.03; Cl,
      10.92; N, 17.25. Found: C, 62.60; H, 3.99; Cl, 10.69; N, 17.10.
PAC  PREPARATION 25
PAC  9-Chloro-7-(o-chlorophenyl)-3,5-dihydroas-triazino[4,3-a][1,4]benzodiazepin
     -2(1H)-one
PAR  A mixture of 1.06 g. (2.7 millimoles) of
      7-chloro-5-(o-chlorophenyl)-2,3-dihydro-2-thioxo-1H-1,4-benzodiazepin-1-ac
     etic acid methyl ester, 0.14 g. (2.7 millimoles) of hydrazine hydrate and
      20 ml. of methanol is refluxed for about 5 hours. The reaction mixture is
      then concentrated to about half of its original volume and allowed to
      crystallize to give on filtration 0.81 g. of
      9-chloro-7-(o-chlorophenyl)-3,5-dihydro-as-triazino[4,3-a][1,4]-benzodiaze
     pin-2(1H)-one of melting point 232.degree.-233.degree. C.
PAR  Anal. Calcd. for C.sub.17 H.sub.12 Cl.sub.2 N.sub.4 O: C, 56.84; H, 3.37;
      Cl, 19.74; N, 15.60. Found: C, 56.35; H, 3.33; Cl, 19.92; N, 15.59.
PAC  PREPARATION 26
PAC  9-Chloro-7-(o-chlorophenyl)-3,5-dihydroas-triazino[4,3-a][1,4]benzodiazepin
     -2(1H)-one
PAR  A mixture of 0.8 g. (2.03 millimoles) of
      7-chloro-5-(o-chlorophenyl)-2,3-dihydro-2-thioxo-1H-1,4-benzodiazepin-1-ac
     etic acid methyl ester, 94 mg. (2.03 millimoles) of hydrazine hydrate and
      20 ml. of methanol is heated under reflux for about 16 hours and then
      allowed to stand for 2 days. The mixture is evaporated and the residue is
      dissolved in 10 ml. of 50% ethyl acetate-cyclohexane and 3 ml. of
      methylene chloride and chromatographed on 90 g. of silica gel. Elution
      with 5% methanol-ethyl acetate gives 0.441 g. of
      9-chloro-7-(o-chlorophenyl)-3,5-dihydro-as-triazino-[4,3-a][1,4]benzodiaze
     pin-2(1H)-one. Crystallization from ether afforded 0.255 g. of
      9-chloro-7-(o-chlorophenyl)-3,5-dihydro-as-triazino[4,3-a][1,4]benzodiazep
     in-2(1H)-one.
PAC  PREPARATION 27
PAC  7-(o-chlorophenyl)-3,5-dihydro-as-triazino-[4,3-a][1,4]benzodiazepin-2(1H)-
     one
PAR  A mixture of 1.5 g. (4.34 millimoles) of
      5-(o-chlorophenyl)-2,3-dihydro-2-thioxo-1H-1,4-benzodiazepin-1-acetic acid
      methyl ester, 0.217 g. (4.34 millimoles) of hydrazine hydrate and 20 ml.
      of methanol is heated under reflux for about 18.4 hours, concentrated to
      about half volume and allowed to stand. A yield of 1.004 g. of crystalline
      7-(o-chlorophenyl)-3,5-dihydro-as-triazino[4,3-a][1,4]benzodiazepin-2(1H)-
     one of melting point 194.degree.-196.degree.C., is obtained.
      Recrystallization from methanol-methylene chloride raises the melting
      point 195.degree.-196.5.degree. C.
PAC  PREPARATION 28
PAC  7-(o-chlorophenyl)-3,5-dihydro-as-triazino-[4,3a][1,4]benzodiazepin-2(1H)-o
     ne
PAR  A mixture of 1.55 g. (4.34 millimoles) of
      5-(o-chlorophenyl)-2,3-dihydro-2-thioxo-1H-1,4-benzodiazepin-1-acetic acid
      methyl ester, 0.199 g. (4.34 millimoles) of hydrazine and 20 ml. of
      methanol is heated under reflux for about 18.5 hours. The reaction mixture
      is allowed to crystallize to give 0.303 g. of unreacted starting material
      which separates and is removed by filtration. The filtrate is evaporated
      and the residue thus obtained is dissolved in about 5 ml. of methylene
      chloride and chromatographed on 110 g. of silica gel. Elution with ethyl
      acetate gives
      7-(o-chlorophenyl)-3,5-dihydro-as-triazino[4,3-a][1,4]-benzodiazepin-2(1H)
     -one.
PAC  PREPARATION 29
PAC  9-Chloro-3,5-dihydro-7-phenyl-as-triazino-[4,3-a][1,4]benzodiazepin-2(1H)-o
     ne
PAR  A mixture of 1.1 g. (3.08 millimoles) of
      7-chloro-2,3-dihydro-5-phenyl-2-thioxo-1H-1,4-benzodiazepin-1-acetic acid
      methyl ester, 0.142 g. (3.08 millimoles) of hydrazine hydrate and 20 ml.
      of methanol is heated under reflux for about 20 hours. The reaction
      mixture is evaporated and the residue thus obtained is chromatographed on
      240 g. of silica gel. Elution with ethyl acetate gives 0.523 g. of
      9-chloro-3,5-dihydro-7-phenyl-as-triazino[4,3-a][1,4]benzodiazepin-2(1H)-o
     ne, which is recrystallized from ether to give
      9-chloro-3,5-dihydro-7-phenyl-as-triazino[4,3-a][1,4]benzo-diazepin-2(1H)-
     one.
PAC  PREPARATION 30
PAC  9-Chloro-7-(2,6-difluorophenyl)-3,5-dihydroas-triazino[4,3-a][1,4]benzodiaz
     epin-2(1H)-one
PAR  A mixture of 3.0 millimoles of
      7-chloro-2,3-dihydro-5-(2,6-difluorophenyl)-2-thioxo-1H-1,4-benzodiazepin-
     1-acetic acid methyl ester, 3.0 millimoles of hydrazine hydrate and 20 ml.
      of methanol is heated under reflux until the reaction is complete. The
      reaction mixture is then evaporated to dryness, and the residue thus
      obtained is chromatographed on silica gel and eluted therefrom to give
      9-chloro-7-(2,6-difluorophenyl)-3,5-dihydro-astriazino[4,3-a][1,4]benzodia
     zepin-2(1H)-one.
PAC  PREPARATION 31
PAC  3,5-Dihydro-7-phenyl-9-(trifluoromethyl)-as-triazino[4,3-a][1,4]benzodiazep
     in-2(1H)-one
PAR  A mixture of 3-millimoles of
      2,3-dihydro-5-phenyl-2-thioxo-7-(trifluoromethyl)-1H-1,4-benzodiazepin-1-a
     cetic acid ethyl ester, 3.0 millimoles of hydrazine hydrate and 20 ml. of
      methanol is heated under reflux until the reaction is complete. The
      reaction mixture is then evaporated to dryness, and the residue thus
      obtained is chromatographed on silica gel and eluted therefrom to give
      3,5-dihydro-7-phenyl-9-(trifluoromethyl)-as-triazino-[4,3-a][1,4]benzodiaz
     epin-2(1H)-one.
PAC  PREPARATION 32
PAC  9-Nitro-3,5-dihydro-7-(o-chlorophenyl)-as-triazino[4,3-a][1,4]benzodiazepin
     -2(1H)-one
PAR  A mixture of 3.0 millimoles of
      7-nitro-2,3-dihydro-5-(o-chlorophenyl)-2-thioxo-1H-1,4-benzodiazepin-1-ace
     tic acid methyl ester, 3.0 millimoles of hydrazine hydrate and 20 ml. of
      methanol is heated under reflux until the reaction is complete. The
      reaction mixture is then evaporated to dryness, and the residue thus
      obtained is chromatographed on silica gel and eluted therefrom to give
      9-nitro-3,5-dihydro-7-(o-chlorophenyl)-as-triazino-[4,3-a][1,4]benzodiazep
     in-2(1H)-one.
PAC  PREPARATION 33
PAC  9-Fluoro-7-(o-fluorophenyl)-3,5-dihydro-as-triazino[4,3-a][1,4]benzodiazepi
     ne-2(1H)-one
PAR  A mixture of 3.0 millimoles of
      7-fluoro-2,3-dihydro-5-(o-fluorophenyl)-2-thioxo-1H-1,4-benzodiazepin-1-ac
     etic acid methyl ester, 3.0 millimoles of hydrazine hydrate, and 20 ml. of
      methanol is heated under reflux until the reaction is complete. The
      solvent is then removed from the reaction mixture by evaporation and the
      residue thus obtained is chromatographed on silica gel and eluted
      therefrom to give
      9-fluoro-7-(o-fluorophenyl)-3,5-dihydro-as-triazino[4,3-a][1,4]benzodiazep
     in-2(1H)-one.
PAC  PREPARATION 34
PAC  9-Bromo-3,5-dihydro-7-(m-fluorophenyl)-1,1,5-trimethyl-as-triazino[4,3-a][1
     ,4]benzodiazepin-2(1H)-one
PAR  A mixture of 3.0 millimoles of
      7-bromo-2,3-dihydro-.alpha.,.alpha.,3-trimethyl-5-(m-fluorophenyl)-2-thiox
     o-1H-1,4-benzodiazepin-1-acetic acid methyl ester, 3.0 millimoles of
      hydrazine hydrate and 20 ml. of methanol is heated under reflux until the
      reaction is complete. The solvent is then removed from the reaction
      mixture by evaporation and the residue thus obtained is chromotographed on
      silica gel and eluted therefrom to give
      9-bromo-3,5-dihydro-7-(m-fluorophenyl)-1,1,5-trimethyl-as-triazino[4,3-a][
     1,4]-benzodiazepin-2(1H)-one.
PAC  PREPARATION 35
PAC  9-Bromo-7-(o-fluorophenyl)-1,1,5-trimethyl-as-triazino[4,3-a][1,4]benzodiaz
     epin-2(1H)-one
PAR  A mixture of 3.0 millimoles of
      7-bromo-5-(o-fluorophenyl)-2,3-dihydro.alpha.,.alpha.-3-trimethyl-2-thioxo
     -1H-1,4-benzodiazepin-1-acetic acid methyl ester, 3.0 millimoles of
      hydrazine hydrate and 20 ml. of methanol is heated under reflux until the
      reaction is complete. The solvent is then removed from the reaction
      mixture by evaporation and the residue thus obtained is chromatographed on
      silica gel and eluted therefrom to give
      9-bromo-7-(o-fluorophenyl)-1,1,5-trimethyl-3,5-dihydro-as-triazino[4,3-a][
     1,4]benzodiazepin-2(1H)-one.
PAC  PREPARATION 36
PAC  9-Bromo-3,5-dihydro-7-(2-pyridyl)-as-triazino[pyridyl)-as-triazino[4,3-a][1
     ,4]benzodiazepin-2(1H)-one
PAR  A mixture of 3.0 millimoles of
      7-bromo-2,3-dihydro-5-(2-pyridyl)-2-thioxo-1H-1,4-benzodiazepin-1-acetic
      acid methyl ester, 3.0 millimoles of hydrazine hydrate and 20 ml. of
      methanol is heated under reflux until the reaction is complete. The
      solvent is then removed from the reaction mixture by evaporation and the
      residue thus obtained is chromatographed on silica gel and eluted
      therefrom to give
      9-bromo-3,5-dihydro-7-(2-pyridyl)-as-triazino[4,3-a]-[1,4]benzodiazepin-2(
     1H)-one.
PAC  PREPARATION 37
PAC  9-Bromo-5-ethyl-3,5-dihydro-1-propyl-7-(2-pyridyl)-as-triazino[4,3-a][1,4]b
     enzodiazepin-2(1H)-one
PAR  A mixture of 3.0 millimoles of
      7-bromo-3-ethyl-2,3-dihydro-.alpha.-propyl-5-(2-pyridyl)-2-thioxo-1H-1,4-b
     enzodiazepine-1-acetic acid methyl ester, 3.0 millimoles of hydrazine
      hydrate and 20 ml. of methanol is heated under reflux until the reaction
      is complete. The solvent is then removed from the reaction mixture by
      evaporation and the residue thus obtained is chromatographed on silica gel
      and eluted therefrom to give
      9-bromo-5-ethyl-3,5-dihydro-1-propyl-7-(2-pyridyl)-as-triazino[4,3-a][1,4]
     benzodiazepin-2(1H)-one.
PAR  In the manner given in the preceding Preparations, other
      2,3-dihydro-2-thioxo-1H-1,4-benzodiazepin-1-acetic acid alkyl esters can
      be condensed with hydrazine hydrate to give other
      3,5-dihydro-as-triazino-[4,3-a][1,4]benzodiazepin-2(1H)-ones.
      Representative starting compounds thus obtained, include:
PA0  9-bromo-3,5-dihydro-7-phenyl-as-triazino[4,3-a][1,4]-benzodiazepin-2(1H)-on
     e;
PA0  9-fluoro-3,5-dihydro-7-phenyl-as-triazino[4,3-a][1,4]-benzodiazepin-2(1H)-o
     ne;
PA0  3,5-dihydro-9-nitro-7-phenyl-as-triazino[4,3-a][1,4]-benzodiazepin-2(1H)-on
     e;
PA0  3,5-dihydro-7-phenyl-10-(trifluoromethyl)-as-triazino-[4,3-a][1,4]benzodiaz
     epin-2(1H)-one;
PA0  3,5-dihydro-1,1-diethyl-8-chloro-7-phenyl-as-triazino-[4,3-a][1,4]benzodiaz
     epin-2(1H)-one;
PA0  9-bromo-7-(o-bromophenyl)-3,5-dihydro-as-triazino[4,3-a]-[1,4]benzodiazepin
     -2(1H)-one;
PA0  7-(o-chlorophenyl)-9-fluoro-1,1,5-trimethyl-3,5-dihydro-as-triazino[4,3-a][
     1,4]benzodiazepin-2(1H)-one;
PA0  7-(o-chlorophenyl)-9-fluoro-3,5-dihydro-as-triazino[4,3-a]-[1,4]benzodiazep
     in-2(1H)-one;
PA0  7-(o-chlorophenyl)-3,5-dihydro-9-fluoro-5-methyl-as-triazino[4,3-a][1,4]ben
     zodiazepin-2(1H)-one;
PA0  7-(o-chlorophenyl)-3,5-dihydro-9-(trifluoromethyl)-as-triazino[4,3-a][1,4]b
     enzodiazepin-2(1H)-one;
PA0  7-(o-chlorophenyl)-5-ethyl-3,5-dihydro-as-triazino[4,3-a]-[1,4]benzodiazepi
     n-2(1H)-one;
PA0  7-(o-chlorophenyl)-3,5-dihydro-9-bromo-as-triazino[4,3-a]-[1,4]benzodiazepi
     n-2(1H)-one;
PA0  9-chloro-7-(o-fluorophenyl)-3,5-dihydro-as-triazino[4,3-a]-[1,4]benzodiazep
     in-2(1H)-one;
PA0  9-bromo-7-(o-fluorophenyl)-3,5-dihydro-as-triazino[4,3-a]-[1,4]benzodiazepi
     n-2(1H)-one;
PA0  7-(o-fluorophenyl)-3,5-dihydro-9-nitro-as-triazino[4,3-a]-[1,4]benzodiazepi
     n-2(1H)-one;
PA0  7-(o-fluorophenyl)-3,5-dihydro-9-(trifluoromethyl)-as-triazino[4,3-a][1,4]b
     enzodiazepin-2(1H)-one;
PA0  7-(p-chlorophenyl)-9-fluoro-3,5-dihydro-as-triazino[4,3-a][1,4]benzodiazepi
     n-2(1H)-one;
PA0  7-(p-fluorophenyl)-3,5-dihydro-9-nitro-as-triazino[4,3-a]-[1,4]benzodiazepi
     n-2(1H)-one;
PAL  and the like.
PAC  EXAMPLE 1
PAC  9-Chloro-7-(o-chlorophenyl)-3-[(dimethylamino)-methyl]-3,5-dihydro-as-triaz
     ino[4,3-a][1,4]benzodiazepin-2(1H)-one
PA0  A. preparation of dimethylmethyleneammonium chloride according to Bohme et
      al., Ber., 93, 1305 (1960); Arch. Pharm. 305, 612 (1972).
PAR  Acetyl chloride (distilled, 0.71 ml. 0.01 mole) is added dropwise during 2
      minutes to a stirred solution of N, N, N', N'-tetramethyldiaminomethane
      (1.02 g; 0.01 mole) in 30 ml. of ether. The resulting suspension is
      stirred for 25 minutes and filtered. The colorless solid is washed with
      ether (2 .times. 25 ml.) and used directly in the next step.
PA0  B
      9-chloro-7-(o-chlorophenyl)-3-[(dimethylamino)methyl]-3,5-dihydro-as-triaz
     ino-[4,3-a][1,4]benzodiazepin-2(1H)-one
PAR  Solid
      9-chloro-7-(o-chlorophenyl)-3,5-dihydro-as-triazino[4,3-a][1,4]benzodiazep
     in-2(1H)-one (3.59 g; 0.01 mole) is added to a suspension of sodium hydride
      (57% dispension in mineral oil, 421 mg. 0.01 mole washed with 3 .times. 10
      ml. of petroleum-ether boiling range 30.degree.-60.degree. C.) In 50 ml.
      of dimethylforamanide, and the mixture is heated on the steambath for 1
      hour. The resulting brown solution is cooled to circa 40.degree. C.,
      dimethylmethyleneammonium chloride (freshy prepared as above) is added.
      The mixture is heated on the steambath or 20 hours and evaporated. The
      residue is dissolved in chloroform-water, the aqueous layer is extracted
      once with chloroform and the combined organic solution is washed twice
      with water, once with saturated salt solution, dried over anhydrous
      magnesium sulfate and evaporated. The crude product (4.4 g) shows an nmr
      spectrum (CDCl.sub.3) which compares well with the nmr of the pure product
      obtained below.
PAR  The crude product (4.4 g) is extracted with 2 .times. 200 ml. of boiling
      petroleum-ether (30.degree.-60.degree.). Residue A amounts to 4 g. The
      extract is concentrated to 15 ml. and is allowed to crystallize to give 50
      mg. of
      9-chloro-7-(o-chlorophenyl)-3-[(dimethylamino)methyl]-3,5-dihydro-as-triaz
     ino[4,3-a][1,4]benzodiazepin-2(1H)-one of melting
      point141.degree.-143.degree. C. Recrystallization from Skellysolve B
      hexanes with a drop of ether gives 35 mg. of the pure product of melting
      point 142.degree.-143.degree. C.
PAR  Residue A is extracted with 4 .times. 100 ml. of boiling ether (residue:
      0.45 g), the extract is concentrated and seeded to give 1.416 g. (solid B)
      melting point 122.degree.-129.degree. (cloudy) and filtrate B. Solid B is
      extracted with 8 .times. 200 ml. of boiling Skellysolve B hexanes
      (residue: 0.31 g), concentrated to cloudiness and allowed to crystallize;
      pale yellow prisms, 0.578 g of melting point 140.degree.-141.degree. C.
      are obtained. Second crop: 0.120 g. of the same melting point. ether
      cloudiness
PAR  The ther filtrate B is evaporated, the residue is extracted with 8 portions
      of 200 ml. of Skellysolve B hexanes, which are combined, filtered to
      separate the insoluble, and the filtrate is concentrated to cludiness,
      clarified with ether and seeded to give 0.261 g, melting point
      140.degree.-141.degree. C. (Yield: 24% 0.994 g).
PAR  Anal. Calcd. for C.sub.20 H.sub.19 Cl.sub.2 N.sub.5 O: C, 57.70; H, 4.60;
      Cl, 17.03; N, 16.82. Found: C, 57.80; H, 4.80; Cl, 17.03; N, 17.07.
PAC  EXAMPLE 2
PAC  9-Chloro-7-phenyl-3-[(dimethylamino)methyl]-3,5-dihydro-as-triazino[4,3-a][
     1,4]benzodiazepin-2(1H)-one
PAR  In the manner given in Example 1,
      9-chloro-7-phenyl-3,5-dihydro-as-triazino[4,3-a][1,4]benzodiazepin-2(1H)-o
     ne is treated with freshly prepared dimethylmethyleneammonium chloride to
      give
      9-chloro-7-phenyl-3-[(dimethyl-amino)methyl]-3,5-dihydro-as-triazino[4,3-a
     ][1,4]benzodiazepin-2(1H)-one.
PAC  EXAMPLE 3
PAC  9-Chloro-7-(2,6-difluorophenyl)-3-[(dimethyl-amino)methyl]-3,5-dihydro-as-t
     riazino[4,3-a][1,4]benzodiazepin-2(1H)-one
PAR  In the manner given in Example 1,
      9-chloro-7-(2,6-difluorophenyl)-3,5-dihydro-as-triazino[4,3-a][1,4]benzodi
     azepin-2(1H)-one is treated with freshly prepared dimethylmethyleneammonium
      chloride to give
      9-chloro-7-(2,6-difluorophenyl)-3-[(dimethylamino)methyl]-3,5-dihydro-as-t
     riazino[4,3-a][1,4]benzodiazepin-2(1H)-one.
PAC  EXAMPLE 4
PAC  9-(Trifluoromethyl)-7-phenyl-3-[(dimethylamino)-methyl]-3,5-dihydro-as-tria
     zino[4,3-a][1,4]benzodiazepin-2(1H)-one
PAR  In the manner given in Example 1,
      9-(trifluoromethyl)-7-phenyl-3,5-dihydro-as-triazino[4,3-a][1,4]benzodiaze
     pin-2(1H)-one is treated with freshly prepared dimethylmethyleneammonium
      chloride to give
      9-(trifluoromethyl)-7-phenyl-3-[(dimethylamino)methyl]-3,5-dihydro-as-tria
     zino[4,3-a][1,4]-benzodiazepin-2(1H)-one.
PAC  EXAMPLE 5
PAC  9-Nitro-7-(o-chlorophenyl)-3-[(dimethylamino)-methyl]-3,5-dihydro-as-triazi
     no[4,3-a][1,4]benzodiazepin-2(1H)-one
PAR  In the manner given in Example 1,
      9-nitro-7-(o-chlorophenyl)-3,5-dihydro-as-triazino[4,3-a][1,4]benzodiazepi
     n-2(1H)-one is treated with freshly prepared dimethylmethyleneammonium
      chloride to give
      9-nitro-7-(o-chlorophenyl)-3-[(dimethylamino)methyl]-3,5-dihydro-as-triazi
     no[4,3-a][1,4]-benzodiazepin-2(1H)-one.
PAC  EXAMPLE 6
PAC  9-Fluoro-7-(o-fluorophenyl)-3-[(dimethylamino)-methyl]-3,5-dihydro-as-triaz
     ino[4,3-a][1,4]benzodiazepin-2(1H)-one
PAR  In the manner given in Example 1,
      9-fluoro-7-(o-fluorophenyl)-3,5-dihydro-as-triazino[4,3-a][1,4]benzodiazep
     in-2(1H)-one is treated with freshly prepared dimethylmethyleneammonium
      chloride to give
      9-fluoro-7-(o-fluorophenyl)-3-[(dimethylamino)methyl]-3,5-dihydro-as-triaz
     ino[4,3-a]-[1,4]benzodiazepin-2(1H)-one.
PAC  EXAMPLE 7
PAC  9-Bromo-7-(o-fluorophenyl)-3-[(dimethylamino)-methyl]-3,5-dihydro-as-triazi
     no[4,3-a][1,4]benzodiazepin-2(1H)-one
PAR  In the manner given in Example 1,
      9-bromo-7-(o-fluorophenyl)-3,5-dihydro-as-triazino[4,3-a][1,4]benzodiazepi
     n-2(1H)-one is treated with freshly prepared dimethylmethyleneammonium
      chloride to give
      9-bromo-7-(o-fluorophenyl)-3-[(dimethylamino)methyl]-3,5-dihydro-as-triazi
     no[4,3-a][1,4]benzodiazepin-2(1H)-one.
PAC  EXAMPLE 8
PAC  9-Bromo-7-(2pyridyl)-3-[]dimethylamino)methyl]-3,5-dihydro-as-triazino[4,3-
     a][1,4]benzodiazepin-2(1H)-one
PAR  In the manner given in Example 1,
      9-bromo-7-(2-pyridyl)-3,5-dihydro-as-triazino[4,3-a][1,4]benzodiazepin-2(1
     H)-one is treated with freshly prepared dimethylmethyleneammonium chloride
      to give
      9-bromo-7-(2-pyridyl)13-[(dimethylamino)methyl]-3,5-dihydro-as-triazino[4,
     3-a][1,4]-benzodiazepin-2(1H)-one.
PAC  EXAMPLE 9
PAC  N-methyl-N-ethylmethyleneammonium chloride
PAR  To N, N'-dimethyl-N,N'-diethyldiaminomethane in ether is added acetyl
      chloride in equal molar quantity to provide a solution of
      N-methyl-N-ethylmethyleneammonium chloride, used in Example 10.
PAC  EXAMPLE 10
PAC  9-Chloro-7-(o-chlorophenyl)-3-[(ethylmethylamino)methyl]-3,5-dihydro-as-tri
     azino[4,3-a][1,4]benzodiazepin-2(1H)-one
PAR  In the manner given in Example 1,
      9-chloro-7-(o-chlorophenyl)-3,5-dihydro-as-triazino[4,3-a][1,4]benzodiazep
     in-2(1H)-one is treated with freshly prepared
      N-methyl-N-ethylmethyleneammonium chloride to give
      9-chloro-3-[(methylethylamino)methyl]-7-(o-chlorophenyl)-3,5-dihydro-as-tr
     iazino[4,3-a][1,4]benzodiazepin-2(1H)-one.
PAC  EXAMPLE 11
PAC  Diethylmethyleneammonium chloride
PAR  To N,N,N',N'-tetraethyldiaminomethane in ether is added an equimolecular
      amount of acetyl chloride. After stirring for 1/2 hour, the colorless
      solid which separates is recovered by filtration providing
      diethylmethyleneammonium chloride which is used in the next example.
PAC  EXAMPLE 12
PAC  9-Chloro-7-(0-chlorophenyl)-3-[(diethylamino)-methyl]-3,5-dihydro-as-triazi
     no[4,3-a][1,4]benzodiazepin-2(1H)-one
PAR  In the manner given in Example 1,
      9-Chloro-7-(o-chlorophenyl)-3,5-dihydro-as-triazino[4,3-a][1,4]benz9diazep
     in-2(1H)-one is treated with freshly prepared diethylmethyleneammonium
      chloride to give
      9-chloro-7-(o-chlorophenyl)-3-[(diethylamino)methyl]-3,5-dihydro-as-triazi
     no[4,3-a][1,4]benzodiazepine-2(1H)-one.
PAC  EXAMPLE 13
PAC  Dipropylmethyleneammonium chloride
PAR  To N,N,N',N'-tetrapropyldiaminomethane in ether is added an equimolecular
      amount of acetyl chloride. After stirring for 1/2 hour the colorless solid
      which separates is recovered by filtration providing
      dipropylmethyleneammonium chloride which is used in the next example.
PAC  EXAMPLE 14
PAC  9-(Trifluoromethyl)-7-phenyl-3-[(dipropylamino)methyl]-3,5-dihydro-as-triaz
     ino[4,3-a][1,4]benzodiazepine-2(1H)-one
PAR  In the manner given in Example 1,
      9-(trifluoromethyl)-7-phenyl-3,5-dihydro-as-triazino[4,3-a][1,4]benzodiaze
     pin-2(1H)-one is treated with freshly prepared dipropylmethyleneammonium
      chloride to give
      9-(trifluoromethyl)-7-phenyl-3-[(dipropylamino)methyl]-3,5-dihydro-as-tria
     zino-[4,3-a][1,4]benzodiazepine-2(1H)-one.
PAC  EXAMPLE 15
PAC  1-methylenepiperidinium chloride
PAR  To dipiperidinomethane in ether is added an equimolecular amount of acetyl
      chloride. After stirring for 1/2 hour the colorless solid which separates
      is recovered by filtration providing 1-methylenepiperidinium chloride
      which is used in the next example.
PAC  EXAMPLE 16
PAC  9-Fluoro-7-(o-fluorophenyl)-3-(piperidinomethyl)-3,5-dihydro-as-triazino[4,
     3-a][1,4]benzodiazepine-2(1H)-one
PAR  In the manner given in Example 1,
      9-fluoro-7-(o-fluorophenyl)-3,5-dihydro-as-triazino[4,3-a][1,4]benzodiazep
     in-2(1H)-one is treated with freshly prepared 1-methylenepiperidinium
      chloride to give
      9-fluoro-7-(o-fluorophenyl)-3-(piperidinomethyl)-3,5-dihydro-as-triazino[4
     ,3-a][1,4]benzodiazepine-2(1H)-one.
PAC  EXAMPLE 17
PAC  9-Chloro-7-phenyl-3-(piperidinomethyl)-3,5-dihydro-as-triazino[4,3-a][1,4]b
     enzodiazepin-2(1H)-one
PAR  In the manner given in Example 1,
      9-chloro-7-phenyl-3,5-dihydro-as-triazino[4,3-a][1,4]benzodiazepin-2(1H)-o
     ne is treated with freshly prepared 1-methylenepiperidinium chloride to
      give 9-chloro-7-phenyl-3-(piperidinomethyl)13,5-dihydro-as-triazino[4,3-a]
     [1,4]benzodiazepin-2(1H)-one.
PAC  EXAMPLE 18
PAC  9-Chloro-7-(o-chlorophenyl)-3-(piperidinomethyl)-3,5-dihydro-as-triazino[4,
     3-a][1,4]benzodiazepin-2(1H)-one
PAR  In the manner given in Examaple 1,
      9-chloro-7-(o-chlorophenyl)-3,5-dihydro-as-triazino[4,3-a][1,4]benzodiazep
     in-2(1H)-one is treated with freshly prepared 1-methylenepiperidinium
      chloride to give
      9-chloro-7-(o-chlorophenyl)-3-(piperidinomethyl)-3,5-dihydro-as-triazino-[
     4,3-a][1,4]benzodiazepin-2(1H)-one.
PAC  EXAMPLE 19
PAC  9-Bromo-7-(2-pyridyl)-3-(piperidinomethyl)-3,5-dihydro-as-triazino[4,3-a][1
     ,4]benzodiazepin-2(1H)-one
PAR  In the manner given in Example 1,
      9-bromo-7-(2-pyridyl)-3,5-dihydro-as-triazino[4,3-a][1,4]benzodiazepin-2(1
      H)-one is treated with freshly prepared 1-methylenepiperidinium chloride
      to give
      9-bromo-7-(2-pyridyl)-3-(piperidinomethyl)-3,5-dihydro-as-triazino[4,3-a][
     1,4]-benzodiazepin-2(1H)-one.
PAC  EXAMPLE 20
PAC  4-methylenemorpholinium chloride
PAR  To dimorpholinomethane in ether is added an equimolecular amount of acetly
      chloride. After stirring for 1/2 hour the colorless solid which separates
      is recovered by filtration providing 4-methylenemorpholinium chloride
      which is used in the next example.
PAC  EXAMPLE 21
PAC  9-Nitro-7-(o-chlorophenyl)-3-(morpholinomethyl)-3,5-dihydro-as-triazino[4,3
     -a][1,4]benzodiazepine-2(1H)-one
PAR  In the manner given in Example 1,
      9-nitro-7-(o-chlorophenyl)-3,5-dihydro-as-triazino[4,3-a][1,4]benzodiazepi
     n-2(1H)-one is treated with freshly prepared 4-methylenemorpholinium
      chloride to give
      9-nitro-7-(o-chlorophenyl)-3-(morpholinomethyl)-3,5-dihydro-as-triazino[4,
     3-a][1,4]-benzodiazepine-2(1H)-one.
PAC  EXAMPLE 22
PAC  1-Methylenepyrrolidinium chloride
PAR  To dipyrrolidinomethane in ether is added an equimolecular amount of acetyl
      chloride. After stirring for 1/2 hour, the colorless solid which separates
      is recovered by filtration providing 1-methylenepyrrolidinium chloride
      which is used in the next example.
PAC  EXAMPLE 23
PAC  9-Bromo-1,1,5-trimethyl-7-(o-fluorophenyl)-3-(pyrrolidinomethyl)-3,5-dihydr
     o-as-triazino[4,3-a][1,4]-benzodiazepine-2(1H)-one
PAR  In the manner given in Example 1,
      9-bromo-1,1,5-trimethyl-7-(o-fluorophenyl)-3,5-dihydro-as-triazino-[4,3-a]
     [1,4]benzodiazepin-2(1H)-one is treated with freshly prepared
      1-methylenepyrrolidinium chloride to give
      9-bromo-1,1,5-trimethyl-7-(o-fluorophenyl)-3-(pyrrolidinomethyl)-3,5-dihyd
     ro-as-triazino[4,3-a][1,4]benzodiazepin-2(1H)-one.
PAC  EXAMPLE 24
PAC  4-Methyl-1-methylenepiperazinium chloride
PAR  to bis(4-methylpiperazino)methane in ether is added an equimolecular amount
      of acetyl chloride. After stirring for 1/2 hour, the colorless solid which
      separates is recovered by filtration providing
      4-methyl-1-methylenepiperazinium chloride which is used in the next
      example.
PAC  EXAMPLE 25
PAC  9-Chloro-7-(2,6-dilfuorophenyl)-3-[(methylpiperazino)methyl]-3,5-dihydro-as
     -triazino[4,3-a][1,4]-benzodiazepin-2(1H)-one
PAR  In the manner given in Example 1,
      9-chloro-7-(2,6-difluorophenyl)-3,5-dihydro-as-triazino[4,3-a][1,4]-benzod
     iazepin-2(1H)-one is treated with freshly prepared
      4-methyl-1-methylenepiperazinium chloride to give
      9-chloro-7-(2,6-difluorophenyl)-3-[(4-methylpiperazino)methyl]-3,5-dihydro
     -as-triazino[4,3-a][1,4]benzodiazepine-2(1H)-one.
PAC  EXAMPLE 26
PAC  Diisopropylmethyleneammonium chloride
PAR  To N,N,N',N'-tetraisopropyldiaminomethane in ether is added an
      equimolecular amount of acetyl chloride. After stirring for 1/2 hour, the
      colorless solid which separates is recovered by filtration providing
      diisopropylmethyleneammonium chloride which is used in the next example.
PAC  EXAMPLE 27
PAC  9-Chloro-7-(o-chlorophenyl)-3-[(diisopropylamino)methyl]-3,5-dihydro-as-tri
     azino[4,3-a][1,4]benzodiazepin-2(1H)-one
PAR  In the manner given in Example 1,
      9-chloro-7-(o-chlorophenyl)-3,5-dihydro-as-triazino[4,3-A][1,4]benzodiazep
     in-2(1H)-one is treated with freshly prepared diisopropylmethyleneammonium
      chloride to give
      9-chloro-7-(o-chlorophenyl)-3-[(diisopropylamino)methyl]-3,5-dihydro-as-tr
     iazino[4,3-a][1,4]benzodiazepin-2(1H)-one.
PAR  In the same manner given in the preceding examples other 3-[(substituted
      amino)methyl]-3,5-dihydro-7-substituted-as-triazino[4,3-a][1,4]benzodiazep
     in-2(1H)-ones are prepared. Representative compounds, thus obtained,
      include:
PA0  9-chloro-7-phenyl-3-(morpholinomethyl)-3,5-dihydro-as-triazino[4,3-a][1,4]b
     enzodiazepin-2(1H)-one;
PA0  7-(o-chlorophenyl)-3-[(dimethylamino)methyl]-3,5-dihydro-as-triazino[4,3-a]
     [1,4]benzodiazepin-2(1H)-one;
PA0  9-nitro-7-phenyl-3-[(diethylamino)methyl]-3,5-dihydro-as-triazino[4,3-a][1,
     4]benzodiazepin-2(1H)-one;
PA0  9-nitro-7-(o-chlorophenyl)-3-[(dipropylamino)methyl]-3,5-dihydro-as-triazin
     o[4,3-a][1,4]benzodiazepin-2(1H)-one;
PA0  9-chloro-7-(o-fluorophenyl)-1,1,5-trimethyl-3-(piperidinomethyl)-3,5-dihydr
     o-as-triazino[4,3-a][1,4]benzodiazepin-2(1H)-one;
PA0  9-trifluoromethyl-7-phenyl-5-methyl-3-(pyrrolidinomethyl)-3,5-dihydro-as-tr
     iazino[4,3-a][1,4]benzodiazepin-2(1H)-one;
PA0  9-trifluoromethyl-7-(o-fluorophenyl)-3-[(diethylamino)-methyl]-3,5-dihydro-
     as-triazino[4,3-a][1,4]benzodiazepin-2(1H)-one;
PA0  9-fluoro-7-(o-chlorophenyl)-5-methyl-3-(morpholinomethyl)-3,5-dihydro-as-tr
     iazino[4,3-a][1,4]benzodiazepin-2(1H)-one;
PA0  9-bromo-7-(o-fluorophenyl)-3-[(4-methylpiperazino)methyl)]-3,5-dihydro-as-t
     riazino[4,3-a][1,4]benzodiazepin-2(1H)-one;
PA0  9-bromo-7-phenyl-3-(pyrrolidinomethyl)-3,5-dihydro-as-triazino[4,3-a][1,4]b
     enzodiazepin-2(1H)-one;
PA0  9-bromo-7-(o-bromophenyl)-3-[(dimethylamino)methyl]-3,5-dihydro-as-triazino
     [4,3-a][1,4]benzodiazepin-2(1H)-one;
PA0  8-chloro-7-phenyl-1,1-diethyl-3-[(dimethylamino)methyl]-3,5-dihydro-as-tria
     zino[4,3-a][1,4]benzodiazepin-2(1H)-one;
PA0  9-fluoro-7-(o-chlorophenyl)-1,1-dimethyl-3-[(dimethylamino)methyl]-3,5-dihy
     dro-as-triazino[4,3-a][1,4]benzodiazepin-2(1H)-one;
PA0  9-(trifluoromethyl)-7-(o-chhlorophenyl)-5-methyl-3-[(diethylamino)methyl]-3
     ,5 -dihydro-as-triazino[4,3-a][1,4]benzodiazepin-2(1H)-one;
PA0  9-bromo-1,1-dimethyl-3-[(dimethylamino)methyl]-7-(2-pyridyl)-3,5-dihydro-as
     -triazino[4,3-a][1,4]benzodiazepin-2(1H)-one;
PAL  and the like.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula II
      ##SPC10##
PAL  wherein R, R.sub.0, and R.sub.3 are hydrogen or alkyl of 1 to 3 carbon
      atoms, inclusive; wherein R.sub.1 and R.sub.2 are alkyl defined as above,
      or the group
      ##EQU4##
      together is pyrrolidino, piperidino, morpholino and N-methylpiperazino;
      wherein R.sub.7 is 2-pyridyl or a phenyl radical of the formula
      ##SPC11##
PAL  wherein R.sub.4 is hydrogen, fluoro, or chloro; wherein R.sub.5 is hydrogen
      or fluoro, with the proviso that R.sub.5 is not fluoro, when R.sub.4 is
      chloro; and wherein R.sub.6 is hydrogen, chloro, fluoro, bromo,
      trifluoromethyl, or nitro.
NUM  2.
PAR  2. A compound according to claim 1, wherein R, R.sub.0, and R.sub.3 are
      hydrogen; R.sub.1 and R.sub.2 are methyl; R.sub.6 is 9-bromo; R.sub.7 is
      2-pyridyl; and the compound is therefore
      9-bromo-7-(2-pyridyl)-3-[(dimethylamino)methyl]-3,5-dihydro-as-triazino[4,
     3-a][1,4]benzodiazepin-2(1H)-one.
NUM  3.
PAR  3. A compound according to claim 1 of the formula IIA:
      ##SPC12##
PAL  wherein R.sub.4 is hydrogen, chloro, or fluoro; wherein R.sub.5 is hydrogen
      or fluoro, with the proviso that R.sub.5 is not fluoro, when R.sub.4 is
      chloro; and wheein R'.sub.6 is hydrogen, chloro, fluoro, trifluoromethyl,
      or nitro.
NUM  4.
PAR  4. A compound according to claim 1 of the formula IIB:
      ##SPC13##
PAL  R".sub.6 is chloro, trifluoromethyl or fluoro; and R.sub.4 is hydrogen,
      chloro or fluoro.
NUM  5.
PAR  5. A compound according to claim 4, wherein R.sub.4 and R".sub.6 are
      chlorine and the compound is therefore
      9-chloro-7-(o-chlorophenyl)-3-[(dimethylamino)methyl]-3,5-dihydro-as-triaz
     ino[4,3-a][1,4]benzodiazepin-2(1H)-one.
NUM  6.
PAR  6. A compound according to claim 4, wherein R.sub.4 is hydrogen, R".sub.6
      is chlorine and the compound is therefore
      9-chloro-7-phenyl-3-[(dimethylamino)methyl]-3,5-dihydro-as-triazino[4,3-a]
     [1,4]benzodiazepin-2(1H)-one.
NUM  7.
PAR  7. A compound according to claim 3, wherein R.sub.4 and R.sub.5 are fluoro
      and R'.sub.6 is chloro and the compound is therefore
      9-chloro-7-(2,6-difluorophenyl)-3-[(dimethylamino)methyl]-3,5-dihydro-as-t
     riazino[4,3-a][1,49 benzodiazepin-2(1H)-one.
NUM  8.
PAR  8. A compound according to claim 3, wherein R.sub.4 and R.sub.5 are
      hydrogen, R'.sub.6 is trifluoromethyl and the compound is therefore
      9-(trifluoromethyl)-7-phenyl-3-[(dimethylamino)-methyl]-3,5-dihydro-as-tri
     azino[4,3-a][1,4]benzodiazepin-2(1H)-one.
NUM  9.
PAR  9. A compound according to claim 3, wherein R.sub.4 is chlorine, R.sub.5 is
      hydrogen, R'.sub.6 is nitro, and the compound is therefore
      9-nitro-7-(o-chlorophenyl)-3-[(dimethylamino)-methyl]-3,5-dihydro-as-triaz
     ino[4,3-a][1,4]benzodiazepin-2(1H)-one.
NUM  10.
PAR  10. A compound according to claim 4, wherein R.sub.4 is fluoro, R".sub.6 is
      fluoro and the compound is therefore
      9-fluoro-7-(o-fluorophenyl)-3-[(dimethylamino)methyl]-3,5-dihydro-as-triaz
     ino[4,3-a][1,4]benzodiazepin-2(1H)-one.
NUM  11.
PAR  11. A compound according to claim 1 wherein
      ##EQU5##
      is piperidino, R, R.sub.0, and R.sub.3 are hydrogen, R.sub.7 is a phenyl
      radical of the formula
      ##SPC14##
PAL  in which R.sub.4 is o-chloro and R.sub.5 is hydrogen, B.sub.6 is 9-chloro,
      and the compound is therefore
      9-chloro-3-(piperidinomethyl)-7-(o-chlorophenyl)-3,5-dihydro-as-triazino[4
     ,3-a][1,4]-benzodiazepin-2(1H)-one.
NUM  12.
PAR  12. A process for the production of a compound of the formula II:
      ##SPC15##
PAL  wherein R, R.sub.0, and R.sub.3 are hydrogen or alkyl of 1 to 3 carbon
      atoms, inclusive; wherein R.sub.1 and R.sub.2 are alkyl of 1 to 3 carbon
      atoms or the group
      ##EQU6##
      together is pyrrolidino, piperidino, morpholino and N-methylpiperazerino;
      R.sub.7 is 2-pyridyl or a phenyl radical of the formula
      ##SPC16##
PAL  wherein R.sub.4 is hydrogen, fluoro, or chloro; wherein R.sub.5 is hydrogen
      or fluoro, with the proviso that R.sub.5 is not fluoro, when R.sub.4 is
      chloro; wherein R.sub.6 is hydrogen, chloro, fluoro, bromo,
      trifluoromethyl, or nitro, which comprises: heating between
      75.degree.-120.degree. C. a compound of formula I
      ##SPC17##
PAL  wherein R, R.sub.0, R.sub.3, R.sub.6, and R.sub.7 are defined as above with
      a strong base in an inert organic solvent, and then with a compound of the
      formula III
      ##EQU7##
      wherein R.sub.1 and R.sub.2 are defined as above and X is a chlorine or
      bromine ion, to obtain the compound of formula II above.
NUM  13.
PAR  13. The process of claim 12, wherein the strong base is sodium hydride.
NUM  14.
PAR  14. The process of claim 12, wherein the compound III is
      dimethylmethyleneammonium chloride.
NUM  15.
PAR  15. The process of claim 12, wherein starting compound I is
      9-chloro-7-(o-chlorophenyl)-3,5-dihydro-as-triazino-[4,3-a][1,4]benzodiaze
     pin-2(1H)-one.
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PAL  Optionally substituted 4-oxo-1,4-dihydrocinnolin-3-ylpropionic acid
      derivatives, processes for their preparation, pharmaceutical compositions
      containing them, and a method of treatment using them. A representative
      compound is ethyl
      6-ethyl-1-methyl-4-oxo-1,4-dihydrocinnolin-3-ylpropionate. Compounds
      active as inhibitors of effects following the combination of reagin-like
      antibodies and their antigens.
BSUM
PAR  This invention relates to heterocyclic compounds, and more particularly it
      relates to new cinnoline derivatives which are active as inhibitors of the
      effects following the combination of reagin-like antibodies and their
      antigens.
PAR  According to the invention there are provided cinnoline derivatives of the
      formula:
      ##SPC1##
PAL  Wherein R.sup.1 stands for hydrogen or a C.sub.1-6 -alkyl radical, R.sup.2
      stands for hydrogen or a C.sub.1-5 -alkyl, C.sub.3-5 -alkenyl or benzyl
      radical, and R.sup.3 stands for hydrogen or a methylenedioxy, C.sub.1-5
      -alkyl, C.sub.1-5 -alkoxy, phenyl or benzyloxy radical, and non-toxic
      pharmaceutically-acceptable salts thereof.
PAR  Suitable values for R.sup.1 are, for example, hydrogen or a methyl, ethyl
      or isopropyl radical. Suitable values for R.sup.2 are, for example,
      hydrogen or a methyl, ethyl, allyl or benzyl radical. Suitable optional
      substituents (R.sup.3) include, for example, a methylenedioxy, methyl,
      ethyl, n-propyl, isopropyl, methoxy, isopropoxy, phenyl or benzyloxy
      radical.
PAR  Suitable salts of the invention in the case where the compound of the
      formula I is sufficiently basic are acid-addition salts derived from
      inorganic or organic acids which afford non-toxic
      pharmaceutically-acceptable anions, for example hydrochlorides. Suitable
      salts in the case where the compound of the formula I is sufficiently
      acidic are salts in which the said compound provides the anion and the
      cation is non-toxic and pharmaceutically-acceptable. Examples of such
      salts are ammonium, alkali metal, alkaline earth metal or aluminium salts,
      or salts with non-toxic pharmaceutically acceptable organic bases, for
      example triethanolamine or ethylenediamine.
PAR  Preferred compounds of the invention are ethyl
      6-ethyl-1-methyl-4-oxo-1,4-dihydrocinnolin-3-ylpropionate,
      6-ethyl-4-oxo-1,4-dihydrocinnolin-3-ylpropionic acid and its ethyl ester,
      and 6-n-propyl-4-oxo-1,4-dihydrocinnolin-3-ylpropionic acid.
PAR  According to a further feature of the invention there is provided a process
      for the manufacture of those of the compounds of the formula I wherein
      R.sup.1 and R.sup.2 stand for hydrogen and R.sup.3 has the meaning stated
      above, and non-toxic pharmaceutically-acceptable salts thereof, which
      comprises reacting a benzazocine derivative of the formula:
      ##SPC2##
PAL  Wherein R.sup.3 has the meaning stated above, with an alkyl nitrite and an
      inorganic acid in the presence of a small amount of water.
PAR  A suitable alkyl nitrite is, for example, n-butyl nitrite. A suitable acid
      is, for example, hydrochloric or sulphuric acid. The reaction is
      conveniently carried out in an inert organic solvent, for example an
      ether, for example 1,2-dimethoxyethane. The amount of water used in the
      reaction mixture is not critical; we have found that approximately
      0.5-0.6% by volume gives satisfactory results.
PAR  Many of the said benzazocine derivatives are new compounds and they may be
      obtained by the following reactions:
      ##SPC3##
PAR  The phenylhydrazine derivatives (III), wherein R.sup.3  has the meaning
      stated above, may be obtained by standard synthetic procedures. Heating
      one of these compounds with cyclopentanone (IV) in the presence of dilute
      sulphuric acid, or heating the hydrochloride of one of these
      phenylhydrazine derivatives with cyclopentanone, affords the corresponding
      indole derivative of the formula V. Treatment of the latter compound at
      room temperature with sodium periodate in a mixture of methanol and water,
      together with tetrahydrofuran if there are solubility problems, affords
      the product of the formula II.
PAR  According to a further feature of the invention there is provided a process
      for the manufacture of the esters of the formula I wherein R.sup.1 stands
      for a C.sub.1-6 -alkyl radical, R.sup.2 stands for hydrogen, and R.sup.3
      has the meaning stated above, and non-toxic pharmaceutically-acceptable
      salts thereof, which comprises esterifying the corresponding carboxylic
      acid wherein R.sup.1 stands for hydrogen, or a corresponding acid halide
      or anhydride.
PAR  Any of the standard esterification procedures may be used, for example
      reacting the carboxylic acid with a C.sub.1-6 -alkanol in the presence of
      hydrogen chloride at about 50.degree. to 150.degree.C., for example under
      reflux.
PAR  According to a further feature of the invention there is provided a process
      for the manufacture of those of the compounds of the formula I wherein
      R.sup.1 stands for a C.sub.1-6 -alkyl radical, R.sup.2 stands for a
      C.sub.1-5 -alkyl, C.sub.3-5 -alkenyl or benzyl radical, and R.sup.3 has
      the meaning stated above, and non-toxic pharmaceutically-acceptable salts
      thereof, which comprises reacting an alkali metal derivative of the
      formula:
      ##SPC4##
PAL  wherein R.sup.1 and R.sup.3 have the meanings stated immediately above and
      M stands for a sodium or potassium atom, with a halide reactant of the
      formula R.sup.2 Hal, wherein R.sup.2 has the meaning stated immediately
      above and Hal stands for a chlorine, bromine or iodine atom.
PAR  As a suitable halide reactant there may be mentioned, for example, methyl
      iodide, ethyl bromide, allyl bromide or benzyl chloride. The reaction is
      conveniently carried out in an organic solvent, for example
      dimethylformamide, at room temperature or at a moderately elevated
      temperature, for example 60.degree.-70.degree.C. The alkali metal
      derivatives used as starting material may be obtained by reacting the
      corresponding compound wherein R.sup.2 stands for hydrogen with the
      hydride or amide of sodium or potassium, in a dry inert solvent, for
      example dimethylformamide, at room temperature.
PAR  The compounds of the formula I wherein R.sup.1 stands for hydrogen and
      R.sup.2 and R.sup.3 have the meaning stated above, and non-toxic
      pharmaceutically acceptable salts thereof, may be obtained by hydrolysing
      a compound of the formula:
      ##SPC5##
PAL  wherein R.sup.2 and R.sup.3 have the meanings stated above and Cy stands
      for an alkoxycarbonyl, phenylalkoxycarbonyl, phenoxycarbonyl, cyano,
      carbamoyl (--CONH.sub.2) or thiocarbamoyl (--CSNH.sub.2) radical.
PAR  The hydrolysis is carried out in the presence of water. An organic solvent,
      for example dioxan or ethanol, may optionally also be present. A suitable
      hydrolytic agent is, for example, an alkali metal hydroxide, for example
      sodium hydroxide, or an inorganic acid, for example hydrochloric or
      sulphuric acid.
PAR  The esters of the formula VII may be obtained as described above, and the
      other starting materials of the formula VII may be obtained by the
      adaptation of known synthetic procedures.
PAR  The salts of this invention may be obtained by means of standard
      salt-making procedures.
PAR  The above-mentioned activity of the compounds of this invention has been
      demonstrated by their ability to inhibit, in the rat, passive cutaneous
      anaphylaxis induced by reaginic antibodies to egg albumin, using
      B.pertussis as an adjuvant. This is a known pharmacological test. The
      activity of individual compounds of this invention in the test depends
      upon their precise chemical structure, but generally speaking the
      compounds show activity in the test at a dose in the region 1-20mg./kg. No
      toxic effects or undesirable side effects have been observed with the
      compounds at doses at which they are active in the said test.
PAR  When a compound of the invention is used in a warm-blooded mammal, for
      example man, for the treatment of a disease or syndrome which is initiated
      by an antigen-antibody reaction, for example allergic asthma, hay fever,
      urticaria or an auto-immune disease, it is recommended that said compound
      be administered orally or by inhalation at a dose of 0.01mg./kg. to
      1mg./kg. at appropriate intervals, for example at 6- hourly intervals
      during the day. Alternatively, the said compound may be administered
      intravenously at a total daily dose of about 70mg. per man.
PAR  According to a further feature of the invention there are provided
      pharmaceutical compositions comprising a compound of the formula I,
      wherein R.sup.1, R.sup.2 and R.sup.3 have the meanings stated above, or a
      non-toxic pharmaceutically acceptable salt thereof, and a
      pharmaceutically-acceptable diluent or carrier.
PAR  The pharmaceutical compositions of the invention are obtainable by well
      known methods using conventional diluents or carriers. The compositions
      may be in a form suitable for administration by inhalation. Suitable
      compositions comprise a mixture of the active ingredient with a solid
      diluent or carrier, for example lactose, the said mixture being in fine
      particulate form suitable for administration from a powder inhalation
      device. Alternatively, the compositions may be administered by inhalation
      in the form of a suspension or solution in a suitable liquid, for example
      water or an aqueous or non-aqueous medium, using a conventional nebulizer
      or a pressurised container. Alternatively, the pharmaceutical compositions
      of the invention may be orally-administrable or injectable formulations,
      for example compositions suitable for oral or intravenous administration,
      for example tablets, capsules or sterile aqueous solutions or suspensions.
PAR  The pharmaceutical compositions of the invention may contain, in addition
      to a compound of formula I or a non-toxic pharmaceutically-acceptable salt
      thereof, one or more known active ingredients selected from
      .beta.-adrenergic stimulants, for example isoprenaline, adrenaline,
      orciprenaline or isoethacine, or a pharmaceutically-acceptable
      acid-addition salt thereof, for example a sulphate, and prostaglandins
      having bronchodilatory activity, for example prostaglandin E.sub.1 or
      E.sub.2, and phosphodiesterase inhibitors selected from the following
      compounds:-
PA1  a. 3-acetamido-6-methyl-8-n-propyl-s-triazolo[4,3-a]-pyrazine;
PA1  b. 2-amino-4,6-di-C.sub.1-4
      -alkyl-5-oxo-4,5-dihydro-s-triazolo-[1,5-a]pyrimidines, for example
      2-amino-6-methyl-5-oxo-4-n-propyl-4,5-dihydro-s-triazolo[1,5-a]pyrimidine;
PA1  c. theophylline and related 3,5-di-C.sub.1-4 -alkyl-xanthines; and
PA1  d. 6,8-di-C.sub.1-4 -alkyl-5,6-dihydro-5-oxo-s-triazolo[4,3-c]-pyrimidines,
      for example 5,6-dihydro-5-oxo-6,8-di-n-propyl-s-triazolo[4,3-c]pyrimidine.
PAR  The pharmaceutical compositions of the invention may contain from 1% to 50%
      by weight of a compound of formula I or a non-toxic
      pharmaceutically-acceptable salt thereof.
PAR  The invention is illustrated by the following Examples:
DETD
PAC  EXAMPLE 1
PAR  A suspension of 4,5-dihydro-1H,3H-1-benzazocine-2,6-dione (1g.) in
      1,2-dimethoxyethane (20ml.) and water (0.1ml.) was prepared, and
      freshly-prepared n-butyl nitrite (0.84g.) was added. Hydrogen chloride gas
      was bubbled through the mixture at 25.degree.C. for 5 minutes, and the
      resulting solution was stirred overnight at room temperature. The solution
      was then diluted with water (10ml.), the mixture warmed for 5 minutes on a
      steam bath, and the resulting mixture filtered. The solid residue was
      crystallised from aqueous ethanol, and there was thus obtained
      4-oxo-1,4-dihydrocinnolin-3-ylpropionic acid, m.p. 226.degree.-8.degree.C.
PAR  In a similar manner, using the appropriate substituted benzazocine
      derivative as starting material, the following compounds were obtained:
      ##SPC6##
       R.sup.3  Crystallisation   m.p. (.degree.C.)                            

                solvent                                                        

     ______________________________________                                    

     6-Et      aqueous ethanol   240-1                                         

     6-n-Pr    aqueous acetic acid                                             

                                 230-1                                         

     6-iso-Pr  product not crystallised,                                       

               but isolated by acidifica-                                      

               tion of sodium salt with                                        

                                 228-30                                        

               concentrated hydrochloric                                       

               acid.                                                           

     6-PhCH.sub.2 O                                                            

               ethanol           245-7                                         

     6-MeO     aqueous ethanol   256-8                                         

     6-iso-PrO aqueous acetic acid                                             

                                 210-3                                         

     6-Ph      aqueous acetic acid                                             

                                 306-10(dec.)                                  

     ______________________________________                                    

PAR  The 8-ethyl-4,5-dihydro-1H,3H-1-benzazocine-2,6-dione used as starting
      material for the preparation of the above-mentioned 6-ethyl derivative was
      obtained as follows:
PAR  a. To a suspension of 4-ethylaniline (90g.) in water (280ml.) was added
      concentrated hydrochloric acid (38% w/w, 280ml.), and the mixture was
      warmed on a steam bath. The suspension obtained was stirred and cooled to
      0.degree.C., and a solution of sodium nitrite (52.1g.) in water (180ml.)
      was added during 45 minutes, the temperature being maintained at
      -10.degree. to -5.degree.C. by cooling. The dark solution was stirred at
      0.degree. C. for a further 30 minutes, and then filtered through celite.
      The filtered diazonium salt solution (stored at 0.degree.C.) was added in
      portions to a stirred fresh mixture of sodium dithionite (500g.) in
      ice-cold water 1 l.) keeping the temperature at 5.degree.-10.degree.C.
      After the addition of each batch of the diazonium salt solution, further
      dithionite (total 500g.) was added in portions. After the addition was
      complete (45 minutes), the mixture was stirred at room temperature
      overnight. The mixture was separated by filtration and the filtered solid
      was suspended in water (1 l.), basified with sodium hydroxide solution,
      and the mixture extracted with ethyl acetate (3 .times. 250ml.). The
      combined extracts were washed with a minimum of water, dried (MgSO.sub.4),
      and evaporated to give 4-ethylphenylhydrazine as a low melting solid.
PAR  b. The above hydrazine derivative (80g.) and cyclopentanone (50g.) were
      mixed and heated on a steam bath for 15 minutes. A solution of
      concentrated sulphuric acid (40ml.) in water (720ml.) was added and the
      mixture was heated for a further 30 minutes. After cooling in an ice-bath,
      the black solid which separated was filtered off. A solution of the solid
      in toluene (750ml.) was dried (MgSO.sub.4) and filtered, and the filtrate
      was concentrated. The residue was applied to a silica gel column
      (1,000g.). Elution with toluene and concentration of the eluate gave
      7-ethyl-1,2,3,4-tetrahydrocyclopentan[b]indole, m.p.
      74.degree.-9.degree.C.
PAR  c. A solution of the above-mentioned indole derivative (50g.) in methanol
      (1360ml.) was added to a solution of sodium periodate (126g.) in water
      (728ml.) at room temperature. The solution became warm, and sodium iodate
      appeared as white needles. After 2 hours the mixture was diluted with
      water (500ml.) and extracted with methylene dichloride (4 .times. 150ml.).
      The combined extracts were washed with water (2 .times. 100ml.), dried
      (MgSO.sub.4), filtered, and evaporated to dryness. Crystallisation of the
      residue from toluene (including treatment with charcoal) gave
      8-ethyl-4,5-dihydro-1H,3H-1-benzazocine-2,6-dione, m.p.
      138.degree.-40.degree.C.
PAR  The 8-benzyloxy-4,5-dihydro-1H,3H-1-benzazocine-2,6-dione used as starting
      material for the preparation of the above-mentioned
      6-benzyloxy-4-oxo-1,4-dihydrocinnolin-3-ylpropionic acid was obtained as
      follows:
PAR  d. A solution of 4-benzyloxyphenylhydrazine hydrochloride (50.2g.) and
      cyclopentanone (33.6g.) in ethanol (1500ml.) was heated on a steam bath
      for 5 hours. The hot mixture was filtered and the filtrate evaporated to
      ca 750ml., whereupon 7-benzyloxy-1,2,3,4-tetrahydrocyclopentan[b]indole,
      m.p. 110.degree.-2.degree.C., crystallised. Evaporation of the mother
      liquor to dryness, chromatography of the residue on silica gel (600g.),
      and elution with toluene, gave a further amount of the product, m.p.
      114.degree.C.
PAR  e. A solution of the said 7-benzyloxy derivative (17.5g.) in methanol
      (250ml.) and tetrahydrofuran (100ml.) was added to a solution of sodium
      periodate (28g.) in water (130ml.) at room temperature. The solution
      became warm and sodium iodate appeared as white needles. After 2 hours the
      solution was diluted with water (500ml.) and extracted with methylene
      chloride (4 .times. 150ml.). The combined extracts were washed with water
      (2 .times. 100ml.), dried (MgSO.sub.4), filtered, and evaporated.
      Crystallisation of the residue from toluene (including treatment with
      charcoal) gave 8-benzyloxy-4,5-dihydro-1H,3H-1-benzazocine-2,6-dione, m.p.
      169.degree.-70.degree.C.
PAR  The other benzazocine derivatives used as starting materials were obtained
      in similar manner. As indicated below, in one case the indole intermediate
      was obtained by procedure (b) above, and in the other cases by procedure
      (d) above, while in one case the benzazocine derivative was obtained by
      procedure (e) above, and in the other cases by procedure (c) above.
TBL  ______________________________________                                    

     Substituent   Indole       Benzazocine                                    

     in benzene    derivative-  derivative-                                    

     ring          procedure    procedure                                      

                   used         used                                           

     ______________________________________                                    

     n-Pr          d            c                                              

     iso-Pr        d            c                                              

     MeO           d            c                                              

     iso-PrO       d            c                                              

     Ph            b            e                                              

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  A suspension of 6-ethyl-4-oxo-1,4-dihydrocinnolin-3-ylpropionic acid (1g.)
      in methanol (10ml.) was heated under reflux. Hydrogen chloride gas was
      bubbled through the mixture under reflux for 30 minutes. The mixture was
      then heated under reflux overnight. The mixture was cooled and diluted
      with water (50ml.). The resulting mixture was filtered, and the solid
      residue was crystallised from methanol. There was thus obtained methyl
      6-ethyl-4-oxo-1,4-dihydrocinnolin-3-ylpropionate, m.p.
      173.degree.-4.degree.C.
PAR  In a similar manner, starting with the appropriate propionic acid, there
      were obtained the following compounds:
      ##SPC7##
TBL   R.sup.1                                                                  

              R.sup.3   crystallisation                                        

                                     m.p. (.degree.C.)                         

                        solvent                                                

     ______________________________________                                    

     Et      6-Et       acetonitrile 179-80                                    

     iso-Pr  6-Et       acetonitrile 182-3                                     

     Et      6-n-Pr     acetonitrile 175-7                                     

     Et      6-iso-Pr   acetonitrile 155-60 (dec.)                             

     Me      6-iso-Pro  acetonitrile 205-7                                     

     Et      6-iso-PrO  acetonitrile 184-6                                     

     Et      6,7-OCH.sub.2 O                                                   

                        acetonitrile 231-3                                     

     Me      6-Ph       methanol     255-7                                     

     Et      6-Ph       ethanol      202-3                                     

     ______________________________________                                    

PAR  Some of the propionic acids used as starting materials were obtained as
      described in Example 1, and the remainder were obtained by similar
      procedures.
PAC  EXAMPLE 3
PAR  Sodium hydride in oil (0.33g.) was washed free from oil with petroleum
      ether (b.p. 40.degree.-60.degree.C.; 3 .times. 5ml.) and then suspended in
      dimethylformamide (10ml.). Ethyl
      6-ethyl-4-oxo-1,4-dihydrocinnolin-3-ylpropionate (1g.) was added, and the
      mixture was stirred at room temperature for 15 minutes. Methyl iodide
      (0.5ml.) was added, and the mixture was stirred at 60.degree.-70.degree.C.
      for 2 hours. The mixture was cooled and poured into water (100ml.), and
      the resulting mixture was filtered. The solid residue was crystallised
      from petroleum ether (b.p. 60.degree.-80.degree.C.), and there was thus
      obtained ethyl 6-ethyl-1-methyl-4-oxo-1,4-dihydrocinnolin-3-ylpropionate,
      m.p. 92.degree.-94.degree.C.
PAR  The following compounds were obtained in a similar manner from the
      appropriate starting materials, except that, when the reaction mixture was
      poured into water (100ml.), instead of being filtered, the mixture was
      extracted with diethyl ether (3 .times. 100ml.), the combined extracts
      washed with saturated sodium chloride solution (100ml.), dried
      (MgSO.sub.4) and evaporated to dryness. The residue was crystallised using
      the solvents stated below. In this way, the following compounds were
      obtained:-
      ##SPC8##
TBL  R.sup.1                                                                   

           R.sup.2  R.sup.3   Crystallisation                                  

                                          m.p. (.degree.C.)                    

                              solvent                                          

     ______________________________________                                    

     Et   allyl    6-Et       pet. ether (b.p.                                 

                                           80-2                                

                              80-100.degree.C.)                                

     Et   Et       6,7-OCH.sub.2 O                                             

                              toluene-pet.                                     

                                          125-7                                

                              ether (b.p. 60-                                  

                              80.degree.C.)                                    

     Me   Me       6-Ph       ethyl acetate-                                   

                                          130-2                                

                              pet. ether (b.p.                                 

                              60-80.degree.C.)                                 

     Me   Me       6-iso-Pro  toluene-pet. ether                               

                                          124-6                                

                              (b.p. 60-80.degree.C.)                           

     Et   PhCH.sub.2                                                           

                   6-Et       pet. ether (b.p.                                 

                                          110-2                                

                              60-80.degree.C.)                                 

     ______________________________________                                    

CLMS
STM  What we claim is:
NUM  1.
PAR  1. A cinnoline derivative of the formula:-
      ##SPC9##
PAL  wherein R.sup.1 stands for hydrogen or a C.sub.1-6 -alkyl, R.sup.2 stands
      for hydrogen or a C.sub.1-5 -alkyl or C.sub.3-5 -alkenyl, and R.sup.3
      stands for hydrogen or a C.sub.1-5 -alkyl, C.sub.1-5 -alkoxy, phenyl or
      benzyloxy, or a non-toxic pharmaceutically-acceptable salt thereof.
NUM  2.
PAR  2. A compound as claimed in claim 1 wherein R.sup.1 stands for hydrogen or
      a methyl, ethyl or isopropyl radical, R.sup.2 stands for hydrogen or a
      methyl, ethyl, allyl or benzyl radical, and R.sup.3 stands for hydrogen or
      a, methyl, ethyl, n-propyl, isopropyl, methoxy, isopropoxy, phenyl or
      benzyloxy radical.
NUM  3.
PAR  3. A salt as claimed in claim 1 in the case where the compound of the
      formula 1a or 1b is sufficiently basic, which salt is an acid-addition
      salt derived from an acid which affords a non-toxic
      pharmaceutically-acceptable anion.
NUM  4.
PAR  4. A salt as claimed in claim 1 in the case where the compound of the
      formula Ia or Ib is sufficiently acidic, in which salt the said compound
      of the formula Ia or Ib provides the anion, and the cation is non-toxic
      and pharmaceutically-acceptable and selected from the group consisting of
      ammonium, alkali metal, alkaline earth metal, aluminum ions and organic
      cations.
NUM  5.
PAR  5. A compound as claimed in claim 1 which is either ethyl
      6-ethyl-1-methyl-4-oxo-1,4-dihydrocinnolin-3-ylpropionate,
      6-ethyl-4-oxo-1,4-dihydrocinnolin-3-ylpropionic acid or its ethyl ester,
      or 6-n-propyl-4-oxo-1,4-dihydrocinnolin-3-ylpropionic acid.
PATN
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ABST
PAL  Fluorinated-alkyl sulfides represented by [R.sub.f (CH.sub.2).sub.n
      S].sub.z Q where R.sub.f is fluoroalkyl, n is 2 or 3, z is 1 or 2, and Q
      is an aryl, alkylaryl, alkyl heterocyclic or heterocyclic radical, are
      useful as surfactants or as intermediates for the preparation of
      salt-type, quaternary-salt, or amphoteric surfactants.
PARN
PAR  This application is a continuation-in-part of Ser. No. 171,325, filed Aug.
      21, 1971.
BSUM
PAR  This invention concerns novel fluorinated-alkyl sulfides containing
      aromatic and heterocyclic moieties. More particularly, this invention is
      directed to fluorinated alkyl sulfides represented by [R.sub.f
      (CH.sub.2).sub.n S].sub.z Q where R.sub.f is a radical selected from the
      group consisting of perfluoroalkyl, perfluoroisoalkoxyalkyl and
      perfluoromonochloroalkyl radicals having from 5 to 13 carbon atoms,
      preferably from 7 to 11 carbon atoms, n is 2 or 3, z is 1 or 2, Q is an
      aryl, alkylaryl (i.e., lower alkyl), alkylheterocyclic (i.e., lower alkyl,
      e.g., 1 to 4 carbon atoms), or heterocyclic group having up to 14
      ring-carbon atoms. A perfluoroalkyl radical is defined as one containing
      only carbon and fluorine; a perfluoroisoalkoxyalkyl radical contains only
      carbon, fluorine, and an oxygen in an ether linkage; a
      perfluoromonochloroalkyl radical is one which contains only fluorine,
      chlorine and carbon; any of the foregoing radicals may be straight chain
      or branched chain. The preferred R.sub.f radical is perfluoroalkyl.
      Representative R.sub.f radicals are, for example,
PA1  (CF.sub.3).sub.2 CF(CF.sub.2 CF.sub.2).sup.-
PA1  (cf.sub.3).sub.2 cf(cf.sub.2 cf.sub.2).sub.3.sup.-
PA1  C.sub.7 f.sub.15.sup.-
PA1  C.sub.11 f.sub.23.sup.-
PA1  (cf.sub.3).sub.2 cfo(cf.sub.2 cf.sub.2).sup.-
PA1  (cf.sub.3).sub.2 cfo(cf.sub.2 cf.sub.2).sub.4.sup.-
PA1  (cf.sub.3) (cf.sub.2 cl)CF(CF.sub.2 CF.sub.2).sup.-
PA1  C.sub.7 clF.sub.14.sup.-
PA1  C.sub.8 f.sub.17.sup.-
PA1  Cf.sub.2 cl(CF.sub.2).sub.10.sup.-
PA1  C.sub.9 f.sub.19.sup.-
PA1  C.sub.10 f.sub.21.sup.-
PA1  C.sub.13 f.sub.27.sup.-
PAL  Q is an aryl, alkylaryl, or alkylheterocyclic, or heterocyclic group (i.e.,
      heterocyclic means containing nitrogen, oxygen or sulfur atoms, or
      combinations thereof, in the organic ring). Such Q groups are exemplified
      by phenyl, naphthyl, pyridyl, pyrimidyl, thiazolyl, thiadiazolyl,
      oxazolyl, triazinyl, piperazinyl, piperidinyl, benzimidazolyl,
      benzothiozolyl, quinolinyl, furfuryl, thienyl and others of this class. In
      addition, such aryl, alkylaryl, alkylheterocyclic, or heterocyclic groups
      can optionally contain substituents such as
      ##EQU1##
      (where R and R' are independently hydrogen or lower alkyl).
PAR  In preparing the compounds of this invention, a fluoroalkylalkylene halide
      is reacted with a mercaptan in the presence of a basic substance, such as
      NaOH, to produce the sulfide products according to the exemplary reaction:
EQU  z[R.sub.f (CH.sub.2).sub.n X] + Q(SH).sub.z + zNaOH .fwdarw.
EQU  [R.sub.f (CH.sub.2).sub.n S].sub.z Q + zNaX + zH.sub.2 O
PAL  where n = 2 or 3, z can vary from 1 to 2, X is Br or I, and R.sub.f and Q
      are as defined earlier.
PAR  In the case of mercaptan reactants having a single -SH group (i.e., z = 1),
      the reaction may be more simply represented as:
EQU  R.sub.f (CH.sub.2).sub.n X + QSH + NaOH .fwdarw.
EQU  R.sub.f (CH.sub.2).sub.n SQ + NaX + H.sub.2 O
PAR  Representative mercaptan reactants are
      ##SPC1##
PAR  Among the basic materials that may be used in the abovedescribed reaction
      are alkali metal hydroxides, e.g., KOH and LiOH, and preferably NaOH, and
      such basic substances as triethylamine, sodium methoxide, potassium
      tert.-butoxide, and the like substances. The reaction is carried out by
      bringing the above-described reactants together at a temperature within
      the range of about 50.degree. to about 150.degree.C., preferably about
      80.degree. to 100.degree.C. The reaction is normally carried out under
      atmospheric pressure. Reaction periods ranging from 1 to 24 hours are
      usually adequate, with from about 2 to 6 hours normally satisfactory.
PAR  The reaction preferably is conducted with the reactants in admixture in
      medium comprising organic polar liquid, which shows solvency for the
      fluoroalkylethylene halide, for example, methanol, ethanol, n-propanol,
      iso-propanol, n-amyl alcohol, n-hexanol, n-octanol, sec-butanol,
      n-butanol, isobutanol, tert-butanol, isoamyl alcohol, tert-amyl alcohol,
      2-pentanol, cyclohexanol, 2-ethyl-1-hexanol and mixtures of said liquids.
      The weight ratio of polar solvent to fluoroalkylethylene halide will
      generally be in the range of about 2:1 to about 10:1. In the more
      preferred embodiments the solvent is essentially anhydrous.
PAR  The sulfides of this invention are selectively useful as surface tension
      depressants of organic and aqueous systems, and the acid-salt,
      quaternary-salt and amphoteric derivatives of the sulfides where Q is a
      heterocyclic nitrogen-containing moiety (e.g., pyridyl, piperidinyl, etc.)
      are especially superior surfactants due to their excellent ability to
      lower surface tensions in aqueous systems. Amphoteric surfactants are
      prepared by reacting the appropriate sulfide with such reactants as
      monochloroacetic acid, monobromoacetic acid, beta-propiolactone,
      propanesultone, alkylene sulfites, and the like according to the
      representative reactions:
      ##SPC2##
PAR  Quaternary salts are prepared by reacting the heterocyclic
      nitrogen-containing sulfide with a lower alkyl halide quaternizing agent
      (R.sub.a X, where R.sub.a is lower alkyl and X is iodine, or less
      preferably bromine), for example, in a solvent such as diethyl ether or
      ethanol, or with dimethyl sulfate. Acid salt derivatives are readily
      prepared from the nitrogen-containing sulfides by reaction with acids such
      as HCl, H.sub.2 SO.sub.4, acetic acid and the like.
PAR  Compounds embodied herein may also be used to kill or inhibit the growth of
      bacterial microorganisms, including staphylococcus aureus and aspergillus
      niger.
DETD
PAR  In the following examples, which illustrate and clarify the present
      invention, the infrared spectrum of each synthesized product is consistent
      with the structure set forth.
PAC  EXAMPLE 1
PAC  Preparation of
      ##SPC3##
PAR  A solution of 6.7 g (0.06 mole) of 4-mercaptopyridine and 2.4 g. (0.06
      mole) of NaOH in 35 ml. EtOH is heated for 10-15 minutes to
      40.degree.-50.degree.C. The resulting brown mixture is cooled and then
      added slowly at ambient temperature to a solution of 31.5 g. (0.06 mole)
      of (CF.sub.3).sub.2 CF(CF.sub.2).sub.4 CH.sub.2 CH.sub.2 I in 100 ml.
      tert-amyl alcohol. The mixture is refluxed for 24 hours, filtered to
      remove a very small amount of insoluble material, and the filtrate is
      stripped of solvent at 40.degree.-50.degree.C. to leave 65.0 g. of light
      brown residue. This residue is in turn extracted with 5 .times. 100 ml.
      portions of hot ether and the ether extract washed with 100 ml. water, 100
      ml. 5% NaOH, and 100 ml. water, then dried and heated on a steam bath to
      remove solvent. The brown liquid residue is distilled to afford  23.8 g.
      (78% yield) of light brown liquid product b.p. 101.degree.C. (0.08 mm.)
      n.sub.D.sup.25.2, 1.4127. Upon standing at room temperature, the product,
      ##SPC4##
PAL  becomes crystalline, m.p. 34.degree.-36.degree.C.
PAR  Analysis. - Calcd. for C.sub.14 H.sub.8 F.sub.15 NS: C, 33.15%; H, 1.59%;
      N, 2.76%. Found: C, 33.36%; H, 1.82%; N, 2.92%.
PAC  Preparation of Heterocyclic Amphoteric Surfactant
PAR  A mixture of 0.01 mole of the above-prepared product and 0.01 mole of
      monochloroacetic acid is heated slowly to 125.degree.-130.degree.C. with
      occasional shaking in an oil bath, at which point the heat is turned off
      and the reaction mixture kept in the oil bath while the temperature slowly
      falls to 30.degree.C. There is obtained in 100% yield the amphoteric
      surfactant
      ##SPC5##
PAL  a light brown solid, m.p. 178.degree.C.
PAR  Analysis. - Calcd. for C.sub.16 H.sub.11 ClF.sub.15 NO.sub.2 S: C, 31.93%;
      H, 1.85%; Cl, 5.89%; N, 2.33%. Found: C, 31.83%; H, 2.17%; Cl, 5.90%; N,
      2.46%.
TBL  ______________________________________                                    

     Surface Tension of Aqueous Solutions of the Heterocyclic                  

     Amphoteric Surfactant                                                     

     Concentration      Dynes/cm at 25.degree.C.                               

     ______________________________________                                    

     0.01%              18                                                     

     0.001%             32                                                     

     ______________________________________                                    

PAL  The unpredictable and exceptional performance of this heterocyclic
      amphoteric surfactant is even more impressive when it is compared to that
      of the only commercially available fluorinated amphoteric, the aliphatic
      C.sub.8 F.sub.17 SO.sub.2 NH(CH.sub.2).sub.3 N.sup.+(CH.sub.3).sub.2
      CH.sub.2 CH.sub.2 COO.sup.-, which has the following surface activity
TBL  Concentration      Dynes/cm at 25.degree.C.                               

     ______________________________________                                    

     0.1%               19                                                     

     0.01%              27                                                     

     0.001%             40                                                     

     ______________________________________                                    

PAL  and which has a longer chain length in the expensive fluorocarbon portion.
PAR  The performance of the heterocyclic amphoteric also compares favorably with
      the performance of the aliphatic surfactants disclosed in Hager and
      Walter's application, Ser. No. 145,556, filed May 20, 1971, and the
      instant compounds advantageously do not contain hydrolyzable ester or
      amide linkages.
PAR  In addition, the heterocyclic surfactant inhibits the growth of
      Staphylococcus aureus and Aspergillus niger at a concentration of about
      500 ppm.
PAC  EXAMPLE 2
PAC  Preparation of
      ##SPC6##
PAR  Using the procedure of Example 1, o-mercaptobenzoic acid is reacted with
      (CF.sub.3).sub.2 CF(CF.sub.2).sub.4 CH.sub.2 CH.sub.2 I to produce, in 64%
      yield, the white solid product
      ##SPC7##
PAL  m.p. 114.degree.-116.degree..
PAR  Analysis. - Calcd. for C.sub.16 H.sub.9 F.sub.15 O.sub.2 S: C, 34.93%; H,
      1.65%; S, 5.83%. Found: C, 35.24%; H, 1.77%; S, 5.61%.
PAR  The compound inhibits the growth of Staphylococcus aureus (ATCC 6438) when
      used at a concentration of 1000 ppm.
PAR  The surface tension of a 0.1% aqueous solution of the sodium salt of the
      compound is 17 dynes/cm. at 25.degree.C., again an unexpectedly
      exceptional performance when compared with that of a superficially similar
      aliphatic compound (CF.sub.3).sub.2 CF(CF.sub.2).sub.4 CH.sub.2 CH.sub.2
      SCH.sub.2 CH.sub.2 COONa (prepared via reaction of 3-mercaptopropionic
      acid with C.sub.9 F.sub.19 C.sub.2 H.sub.4 I in tert.-amyl alcohol) which
      produces a surface tension in 0.1% aqueous solution of 21 dynes/cm. at
      25.degree.C.
PAR  Similar low surface tensions are obtained with other alkali metal salts in
      accordance with the compound of this example, e.g., potassium, ammonium
      and substituted ammonium salts, i.e., anionic surfactant compounds
      represented by the structure
      ##SPC8##
PAL  where M is alkali metal, ammonium, or substituted ammonium.
PAC  EXAMPLE 3
PAC  Preparation of
      ##SPC9##
PAR  Following the procedure of Example 1, there is obtained a light green oily
      liquid,
      ##SPC10##
PAL  which partially solidifies on long standing at room temperature, b.p.
      170.degree.C. (2.8 mm.), n.sub.D.sup.25.8, 1.4014.
PAR  Analysis - Calcd. for C.sub.16 H.sub.6 Cl.sub.2 F.sub.19 NS: C, 28.42%; H,
      0.90%, N, 2.07%. Found: C, 27.91%, H, 1.06%; N, 1.75%.
PAC  EXAMPLE 4
PAC  Preparation of
      ##SPC11##
PAR  A solution of 9.0 g. (0.06 mole) of 2-benzimidazolethiol and 2.4 g. (0.06
      mole) of NaOH in 35 ml. abs. ethanol is heated for 15 minutes to
      40.degree.-50.degree.C. The resulting brown mixture is cooled and added
      slowly to a water-cooled solution of 31.5 g. (0.06 mole) of
      (CF.sub.3).sub.2 CF(CF.sub.2).sub.4 CH.sub.2 CH.sub.2 I in 100 ml.
      tert-amyl alcohol. The mixture is refluxed for 19 hours, and worked-up as
      in Example 1. The crude product is recrystallized from 50 ml. 80% ethanol
      to afford 23.2 g. (71% yield) of light brown solid,
      ##SPC12##
PAL  m.p. 115.degree.-119.degree.C.
PAR  Analysis. - Calcd. for C.sub.16 H.sub.9 F.sub.15 N.sub.2 S: C, 35.18%; H,
      1.66%; N, 5.13%. Found: C, 35.34%; H, 1.93%; N, 5.15%
PAR  The compound inhibits growth of Aspergillus niger at a concentration of
      1,000 ppm.
PAC  EXAMPLE 5
PAC  Preparation of
      ##SPC13##
PAR  Following the procedure of Example 4, a mixture of 0.06 mole of
      (CF.sub.3).sub.2 CF(CF.sub.2).sub.4 CH.sub.2 CH.sub.2 I, 0.06 mole of
      2-mercaptopyrimidine, and 0.06 mole of NaOH in 40 ml. abs. ethanol and 100
      ml. tert-amyl alcohol is refluxed to produce a light green liquid product
      (84% yield),
      ##SPC14##
PAL  b.p. 128.degree. (3 mm.), n.sub.D.sup.29.7, 1.4007.
PAR  Analysis: - Calcd. for C.sub.13 H.sub.7 F.sub.15 N.sub.2 S: C, 30.72%; H,
      1.39%; N, 5.51%. Found: C, 30.82%; H, 1.72%; N, 5.10%.
PAR  The compound inhibits growth of Aspergillus niger when used at a
      concentration of 1000 ppm.
CLMS
STM  We claim:
NUM  1.
PAR  1. A fluorinated alkyl sulfide compound represented by the structure
      [R.sub.f (CH.sub.2).sub.n S].sub.z Q where R.sub.f is selected from the
      class consisting of perfluoroalkyl, perfluoroisoalkoxyalkyl and
      perfluoromonochloroalkyl radicals having from 5 to 13 carbon atoms, Q is
      selected from the group consisting of pyridyl, pyrimidyl, triazinyl,
      piperazinyl, piperidinyl and quinolinyl, n is an integer of 2 or 3, and z
      is 1 or 2.
NUM  2.
PAR  2. The compound according to claim 1 wherein n is 2 and z is 1.
NUM  3.
PAR  3. The compound according to claim 2 wherein R.sub.f has from 7 to 11
      carbon atoms.
NUM  4.
PAR  4. The compound according to claim 2 wherein R.sub.f is perfluoroalkyl.
NUM  5.
PAR  5. A compound according to claim 4 wherein Q is
      ##SPC15##
NUM  6.
PAR  6. A compound according to claim 4 wherein Q is
      ##SPC16##
PATN
WKU  039338207
SRC  5
APN  3836991
APT  1
ART  127
APD  19730730
TTL  5-Nitropyrimidines
ISD  19760120
NCL  12
ECL  1
EXP  Raymond; Richard L.
INVT
NAM  Wood; Hamish Christopher Swan
CTY  Bearsden
CNT  SC
INVT
NAM  Ohta; Kyuji
CTY  Tokyo
CNT  JA
ASSG
NAM  Burroughs Wellcome Co.
CTY  Research Triangle Park
STA  NC
COD  02
PRIR
CNT  UK
APD  19720801
APN  35816/72
PRIR
CNT  UK
APD  19730201
APN  5190/73
CLAS
OCL  2602564C
XCL  2602515
XCL  260566A
XCL  260612D
XCL  424251
EDF  2
ICL  C07D23922
FSC  260
FSS  256.4 C
UREF
PNO  3635978
ISD  19720100
NAM  Wood et al.
XCL  260256.4C
UREF
PNO  3810893
ISD  19740500
NAM  Wood et al.
OCL  260256.4C
LREP
FR2  Brown; Donald
ABST
PAL  Novel pteridines of formula (I),
      ##SPC1##
PAL  wherein R is an optionally substituted phenoxyalkyl group, and R.sup.1 and
      R.sup.2 are the same or different and each is a lower alkyl group or
      R.sup.1 and R.sup.2, together with the carbon atom in the pteridine ring
      structure, form a spirocycloalkyl ring system having 4 to 6 carbon atoms
      outside the pteridine ring structure,
PAL  And their method of preparation.
PAL  The above compounds have bacteriostatic activity.
BSUM
PAR  The present invention relates to derivatives of pteridine, their chemical
      synthesis and pharmaceutical formulations containing them. The
      specification also describes compositions and pharmaceutical formulations
      comprising these pteridines in combinations which are useful in the
      treatment of microbial infections.
PAR  It is already established that the compounds
      2-amino-4-hydroxy-6-hydroxymethyl-7,7-dimethyl-7,8-dihydropteridine and
      2-amino-4-hydroxy-6-methyl-7,7-dimethyl-7,8-dihydropteridine or their
      tautomers or pharmaceutically acceptable salts thereof, have
      bacteriostatic activity, being particularly effective against Cl.
      perfringens and Derm. dermatonomous, as disclosed in the specifications of
      British Pat. No. 1303171 and application Ser. No. 36289/70 (Belgian Pat.
      No. 770,577).
PAR  It has now been found that the novel pteridines represented by the
      following formula (I) or their tautomers or pharmaceutically acceptable
      salts thereof,
      ##SPC2##
PAL  Wherein R is an optionally substituted phenoxyalkyl group, and R.sup.1 and
      R.sup.2 are the same or different and each is a lower alkyl group or
      R.sup.1 and R.sup.2, together with the carbon atom in the pteridine ring
      structure, form a spirocycloalkyl ring system having 4 to 6 carbon atoms
      outside the pteridine ring structure, are also useful as antagonists of
      microbial metabolism. Furthermore these compounds may be useful as
      intermediates for the synthesis of the afore-mentioned 6-hydroxymethyl and
      6-methyl substituted pteridines.
PAR  Although the phenoxyalkyl group is preferably unsubstituted and is most
      preferably a phenoxymethyl group, it may be substituted with one or more,
      advantageously one or two, alkoxy, amino, lower alkyl or hydroxyl groups
      or halogen atoms, in particular with a substitution in the para position.
      Compounds substituted with a methyl or methoxy group or a chlorine atom
      are of particular interest. Furthermore R.sup.1 and R.sup.2 are preferably
      lower alkyl groups and are most preferably the same and both methyl groups
      or ethyl groups. The compound
      2-amino-4-hydroxy-6-phenoxymethyl-7,7-dimethyl-7,8-dihydropteridine is
      most preferred.
PAR  As used herein and throughout the specification, the terms "lower alkyl
      group" or "alkoxy group" refer to groups containing a straight or branched
      chain alkyl group having 1 to 4 carbon atoms.
PAR  According to the present invention, therefore, there are provided in one
      aspect the novel compounds of formula (I).
PAR  The above compounds and their salts inhibit one of the enzymes involved in
      the biosynthesis of dihydrofolic acid, namely
      hydroxymethyldihydropteridine pyrophosphokinase, which is essential to the
      growth of microorganisms, for instance bacteria. They can thus be used in
      in vitro pharmacological investigations in clinical and diagnostic tests
      establishing, for instance, the properties of bacteria. When used as
      bacteriostats they may be present in a concentration of 50 to 500, in
      particular 110 to 180 mg of base/ml of the solution in which the organism
      grows in the absence of a compound. A further use of the compounds, when
      in solution, is in the treatment of wounds, for example after surgery, to
      prevent the growth of bacteria. Moreover the compounds of formula (I) and
      their salts manifest unexpectedly low toxicity in mammals or birds e.g.
      poultry, which makes them particularly suitable for application against
      microbial infections in such hosts under circumstances hereinbelow
      described.
PAR  Tetrahydrofolate co-factors are essential metabolites in all cells for the
      biosynthesis of purines, thymidylic acid, serine and several other
      biologically important compounds. Most of these co-factors are one-carbon
      adducts of tetrahydrofolic acid. The ultimate source of these for higher
      animals and man is food, containing preformed folates usually in the form
      of vitamins.
PAR  In microorganisms, the co-factors are synthesised from simpler chemicals.
      Generally the bio-synthetic process first provides `dihydropteridine`
      (Pt), i.e. 2-amino-4-hydroxy-6-hydroxymethyl-7,8-dihydropteridine (HMPt)
      pyrophosphate ester, from its immediate precursor HMPt in the presence of
      the enzyme hydroxymethyldihydropteridine pyrophosphokinase (HMPPS). Pt
      then condenses with p-aminobenzoic acid (pAB) in the presence of the
      enzyme dihydropteroate synthetase to form dihydropteroic acid (DPtA). This
      intermediate further condenses with a glutamate to form dihydrofolic acid
      (DFA or `folate`) which is then enzymatically reduced to provide the
      essential tetrahydrofolate in, for instance, bacteria and other
      micro-organisms.
PAR  The provision of the `folate` from the basic building blocks, i.e.
      pteridine, pAB, and glutamate, and the further conversion of this into the
      tetrahydrofolate is known to be inhibited in two different ways. For
      instance sulphonamides displace pAB in the above reaction scheme. Because
      of their close structural resemblance to pAB, sulphonamides or similar
      other `competitors` enter the biosynthesis and prevent the formation of
      DPtA, and of DFA, and are therefore antimetabolites for the metabolite
      pAB. It is also known that compounds which are `inhibitors` of the enzyme
      dihydrofolic acid reductase block the synthetic step leading to
      tetrahydrofolate. A considerable number of pyrimidine derivatives show
      substantial anti-microbial properties on the basis of such blockage.
PAR  It was established later that such inhibitors may act synergistically with
      sulphonamides, i.e. there can be a sequential double blockade and a strong
      mutual potentiation of the anti-bacterial effects of the two materials.
      The range of anti-microbial action exerted by such combinations is
      considerably wider than that expected from the activity of either drug,
      and organisms which are only marginally sensitive to the individual agents
      become very sensitive to the combinations.
PAR  It was also suggested hypothetically that antimetabolites to Pt could
      inhibit the biosynthesis of DPtA (and DFA) (cf. Hitchings and Burchall
      Advances in Enzymology, 27, 417-468 (1965)) but compounds so far tested
      for the purpose have been disappointing, being either inactive or too
      toxic or sometimes both (cf. the compounds described in British Pat. Nos.
      981,506 and 987,916).
PAR  It has been established that, for antimicrobial purposes, it is a
      prerequisite for the effective antagonism of Pt that the compound should
      be an inhibitor of HMPPS without also acting as an antimetabolite to the
      dihydropteridine that serves as a cofactor for the hydroxylation of
      phenylalanine and tyrosine, precursors of the catecholamines, such as
      norepinephrine, that have important actions as regulators of
      cardiovascular systems. Such an antimetabolic effect could lead to
      prohibitive toxicity to avian or mammalian species, which are normally the
      hosts infected with the microbes.
PAR  It has now been found that the compounds of formula (I) and their salts
      fulfil the above requirements i.e. inhibition of HMPPS combined with low
      toxicity to host species, as demonstrated for instance in chicks and rats.
      These compounds not only inhibit the growth of microorganisms on their
      own, albeit to a limited extent with certain bacteria, such as
      Staphylococcus aureus, Streptococcus pyogenes, Streptococcus faecalis,
      Escherichia coli, Salmonella typhi, Proteus vulgaris, Pseudomonas
      aerugenosa, Pasteurella multocida among others, but have been found to act
      with a most remarkable synergistic effect when combined with a competitor
      of p-aminobenzoic acid, i.e. sulphonamides and similar compounds, or with
      selective inhibitors of dihydrofolic reductase, i.e. pyrimidines and
      related compounds, or with a combination of both of these types of
      anti-microbial agents. This potentiating effect of the compounds of
      formula (I) is the subject of co-pending cognate British patent
      application Ser. No. 36774/71.
PAR  In that application there is described and claimed a composition for
      testing or treating microbial systems or infections, comprising an
      effective potentiating amount of a compound of formula (I) in combination
      with an effective amount of a competitor or inhibitor, or both, as herein
      defined.
PAR  The microbial infections against which these combinations are effective are
      protozoal or bacteria infections caused by those microorganisms which
      synthesise at least a substantial part of their tetrahydrofolate cofactor
      requirements. More specifically these infecting microorganisms are those
      which adequately absorb the pharmaceutical combinations disclosed herein
      and further are those in which these combinations have a synergistic
      effect in interfering with the de novo synthesis of the required
      tetrahydrofolate co-factors. For example, the compositions described have
      been found to be useful in the treatment of infections caused by
      Staphylococcus aureus, Pseudomonas aerugenosa and Pasteurella multocida.
PAR  It has been found specifically that, when compounds of formula (I) are
      combined with an amount of the competitor and/or the inhibitor which is
      not ordinarily sufficient to be effective as an antimicrobial agent in its
      own right, the combination of a compound of formula (I) with this normally
      ineffective amount of the competitor and/or the inhibitor provides a
      composition which in totality acts as an effective antimicrobial agent.
      This is especially notable when the amount of the compound of formula (I)
      is so low that it has substantially no microbial effect at the particular
      level, yet in the combination the potentiation is marked, in some
      instances very marked. Thus by using an effective potentiating amount of a
      compound of formula (I) together with the competitor and/or the inhibitor,
      it is now possible to reduce significantly the amount of the competitor
      and/or the inhibitor required to inhibit the growth of these bacteria.
PAR  In accordance with the above therefore, the term "an effective amount" used
      in conjunction with the terms a dihydrofolic reductase `inhibitor` and a
      para-aminobenzoic acid `competitor` means either (a) an amount of the
      `inhibitor` or `competitor` which is effective to a degree as an
      antimicrobial agent in its own right but which is potentiated by the use
      of a compound of formula (I) or (b) an amount of the `inhibitor` or
      `competitor` which is ineffective as an antimicrobial agent but which when
      combined with a compound of formula (I) provides a composition which is an
      effective antimicrobial agent. An "effective potentiating amount" means an
      amount of the compound of formula (I) which increases the activity of an
      inhibitor and/or a competitor so as to provide an improved or adequate
      effectiveness for the whole combination.
PAR  It should be emphasised that the inhibition of the biosynthetic processes
      by such means could be termed as competitive antagonism in all three
      instances, and there might be potentiation between all three types of
      agents. The terms `inhibitor`, `competitor`, and `potentiation` by a
      compound of formula (I) are arbitrary and should only serve as convenient
      names for the appropriate type of components in combination products
      described and claimed in the specification of the afore-mentioned cognate
      application.
PAR  The inhibiting activity against HMPPS of a selected compound of formula (I)
      can, for instance, be tested by monitoring the transfer of the terminal
      phosphate of adenosine triphosphate ATP-.gamma.-P.sup.32 to
      `dihydropteridine`. It was found that the concentrations required for 50%
      inhibition of the formation of Pt (IC.sub.50) in such tests are well
      correlated and within the margin of error obtained by other relevant tests
      in this respect, which measure the inhibition of either of the two enzymes
      involved in the formation of HMPt and DPtA. Such inhibition may, for
      instance, be easily and simply carried out by incubating an extract of E.
      coli with pAB-7-C.sup.14, ATP, Mg and `dihydropteridine`. The formation of
      the dihydropteroate-C.sup.14 can be quantitatively assayed after
      separating the unreacted pAB substrate, for instance by chromatography. It
      has been found that compounds possessing in such tests an IC.sub.50 value
      of about 100.mu.M or less, usually below 50.mu.M represent compounds
      exerting a useful potentiating effect, provided their toxicity in the
      appropriate vertebrates is acceptable. Preferably the value is 25.mu.M or
      less, such as in the range between 2 to 12.mu.M. Generally a value below
      7.mu.M is desirable.
PAR  As explained above, for the purpose disclosed it is essential that the
      compound of formula (I) should not have a prohibitive toxicity to the
      mammalian or avian hosts' cardiovascular systems. While low toxicity is
      therefore an essential requirement, a therapeutic index incorporates both
      the activity and toxicity values pertinent to the present disclosure and
      could be used with advantage for the selection of potentiating compounds
      of formula (I).
PAR  The therapeutic index is defined as the ratio of the maximum tolerated dose
      to the minimum effective dose and in most cases is preferably greater than
      10, suitably at least 5 and in exceptional circumstances at least about 3
      for humans, but possibly as low as 2 for animals.
PAR  Although the art is aware of many compounds which are known competitors of
      para-aminobenzoic acid and are antimicrobials, the sulphur compounds which
      are disclosed as antimicrobial agents from the top of page 994 to page
      1007 of the Merck Index, 8th Edition, 1968 are presented by way of example
      only.
PAR  Of the known compounds which are competitors, the following sulphonamide
      compounds (or pharmaceutically acceptable salts thereof) are preferred for
      the purpose described:
PAR  sulphanilamide, sulphadiazine, sulphamethisazole, sulphamethizole,
      sulphapyridine, sulphathiazole, sulphamerazine, sulphamethazine,
      sulphisoxazole, sulphadoxine, sulphasomidine, sulphachlorpyridazine,
      2-(p-aminobenzene)sulphonamido-3-methoxypyrazine(Kelfizina),
      .alpha.-amino-p-toluenesulphonamide, 5-sulphanilamido-2,4-dimethyl
      pyrimidine, 4-(N'-acetyl sulphanilamido)-5,6-dimethoxy pyrimidine,
      3-sulphanilamido-4,5-dimethyl isoxazole,
      4-sulphanilamido-5-methoxy-6-decyloxy pyrimidine, sulphamonomethoxine,
      4-p-(8-hydroxy-quinilinyl-4-azo)-phenyl sulphanilamido-5,6 -dimethoxy
      pyrimidine, sulphadimethoxine, sulphamethoxazole, sulphaquinoxaline, and
      p-(2 methyl-8-hydroxy-quinolinyl-(5)-azo)phenyl
      sulphanilamido-5,6-dimethoxy pyrimidine. Examples of a non-sulphonamide
      type of competitor are p-amino salicylic acid (PAS) and
      p,p'-diaminodiphenylsulphone.
PAR  Similarly, although many compounds are known which inhibit dihydrofolic
      reductase and act as antimicrobial agents, the compounds disclosed in the
      following patents are presented by way of example of compounds suitable
      for use for the purpose disclosed:
PAR  U.S. Pat. Nos. 2,658,897; 2,767,183; 3,021,332; 2,937,284; 3,322,765;
      2,909,522; 2,624,732; 2,579,259; 2,945,859; 2,576,939; 2,926,166;
      2,697,710; 2,749,345; and 2,749,344.
PAR  The following inhibitors (or pharmaceutically acceptable salts thereof) are
      preferred for the combinations described, however:
PAR  2,4-diamino-6-ethyl-5-p-chlorophenylpyrimidine (pyrimethamine),
      2,4-diamino-5-(3'4',5'-trimethoxybenzyl)-pyrimidine (trimethoprim),
      2,4-diamino-5-(3'4'-dimethoxybenzyl) pyrimidine (diaveridine),
      2,4-diamino-5-(2'-isopropyl-4'-chlorophenoxy) pyrimidine,
      2,4-diamino-5-methyl-6-sec-butylpyrido (2,3-d) pyrimidine,
      2,4-diamino-5-methyl-6-benzylpyrido(2,3-d) pyrimidine,
      2,4-diamino-6-benzylpyrido(2,3-d) pyrimidine,
      2,4-diamino-5-6-trimethylenequinazoline,
PAR  2,4-diamino-5,6-tetramethylenequinazoline,
      2,4-diamino-5-(2',4'5'-trimethoxybenzyl) pyrimidine,
      2,4-diamino-5-(2'-ethyl-4',5-dimethoxybenzyl) pyrimidine,
      2,4-diamino-5-(2'-methyl-4',5'-dimethoxybenzyl) pyrimidine.
PAR  However, the most preferred combinations include those combining a compound
      of formula (I), especially that wherein R is a phenoxymethyl group and
      R.sup.1 and R.sup.2 are both methyl groups, with sulphadiazine,
      sulphamethoxazole, sulphadoxine or sulphaquinoxaline as competitors, or
      with trimethoprim, diaveridine or pyrimethamine as inhibitors. In view of
      possible synergistic advantages of using certain competitors and
      inhibitors in combination against particular diseases, and the
      potentiating effect of compounds of formula (I) on both of these types of
      antibacterial compounds, it has been preferred to formulate triple
      combinations, comprising a compound of formula (I) with one of the
      above-mentioned preferred competitors, and one of such inhibitors. For
      example, combinations of sulphadiazine/trimethoprim,
      sulphamethoxazole/trimethoprim, sulphadoxine/trimethoprim or
      sulphaquinoxaline/diaveridine, each together with a compound of formula
      (I), give improved effectiveness when compared with the components alone
      or with pairs of them.
PAR  The compounds of formula (I) either alone or together with the competitor
      and/or the inhibitor, may be presented in association with a carrier in
      pharmaceutical formulations suitable for parenteral, topical, rectal or
      oral administration. The formulations for oral or rectal administration
      are advantageously presented in discrete units, such as tablets, capsules,
      cachets, ampoules or suppositories, each containing a predetermined amount
      of each compound, but may also be presented as a powder, as granules, as a
      solution or suspension in an aqueous or non-aqueous liquid, or as an
      ointment or paste for topical administration. For parenteral use, the
      formulations incorporating an aqueous or non-aqueous liquid carrier must
      be sterile and be presented in sealed containers. The formulations may be
      made by any of the known methods and may include one or more of the
      following accessory ingredients:
PAR  diluents, solutes to render the solution isotonic with the blood, buffers,
      flavouring, binding, dispersing, surface-active, thickening, lubricating
      and coating materials, preservatives, bacteriostats, antioxidants,
      suppository and ointment bases, and any other acceptable excipients.
PAR  In another aspect of the present invention, therefore, there is provided a
      pharmaceutical formulation comprising a compound of formula (I) in
      combination with a pharmaceutically acceptable carrier. In yet another
      aspect the present invention provides a method of making a pharmaceutical
      formulation by admixing the compound of formula (I) with a carrier by
      known techniques. The specification of the afore-mentioned cognate
      application further discloses and claims a pharmaceutical formulation
      comprising a composition, as hereinbefore defined, together with a
      carrier, and its method of preparation, by admixing the composition with
      the carrier by known, techniques.
PAR  Formulations containing the compound of formula (I) in association with a
      competitor or an inhibitor may also be presented in the form of a kit,
      which comprises separately packaged units or dosages of these components
      with instructions for use in a combined form. The instructions may also
      specify the manner of administration and indications for which the formula
      is suitable.
PAR  The compounds of formula (I), either for use alone or in association with a
      competitor and/or inhibitor, and also the competitors and inhibitors, may
      be presented in the form of their pharmaceutically acceptable salts of a
      mineral or organic acid, for example hydrochloric acid, hydrobromic acid,
      sulphuric acid, acetic acid, citric acid, tartaric acid, lactic acid,
      maleic acid or salicylic acid, or, especially for the sulphonamide
      competitor, of a base, such as sodium hydroxide, potassium hydroxide,
      tetramethyl ammonium hydroxide or ammonia.
PAR  The ratios in which the therapeutically active compounds of formula (I) are
      utilized in the compositions described in this specification can be varied
      between wide limits. Depending on the nature and circumstance of use, the
      compositions may contain the compound of formula (I) with the competitor
      and/or the inhibitor in appropriate proportions and dosages. For instance,
      in cases of uses in vivo it is often desirable to maintain a certain
      proportion of components in the blood serum or tissue fluids, preferably
      for a prolonged period. Depending on the various absorption, discharge or
      decomposition rates of the components, the initial quantities and
      proportions of the ingredients of the formulation can be different from
      that aimed at in the tissues in vivo. The formulations and dosages
      recommended for the general treatment of a particular human or animal
      disease must be adjusted according to the particular requirements of the
      recipients of the disease, the known activities of the competitor or
      inhibitor component against the causative organism, the half life and the
      toxicity of the components in vivo, and other practical requirements.
PAR  For example the composition or pharmaceutical formulation may contain from
      about 1 to 30 parts by weight, preferably 5 to 15 parts of the compound of
      formula (I), or an equivalent amount of a salt thereof, and 1 to 30 parts,
      preferably 5 to 15 parts, of a competitor, or an equivalent amount of a
      salt thereof, and/or one part of an inhibitor, or an equivalent amount of
      a salt thereof.
PAR  Dosage will vary depending upon the infecting organism but under ordinary
      circumstances up to about 60 mg/kg each of a compound of formula (I) and
      competitor, and up to about 7.5 mg/kg of inhibitor, in combination, can be
      administered daily in several doses. The composition or pharmaceutical
      formulation can be administered to human patients in unit dosage forms
      which contain up to 750 mg of the compound of formula (I), and up to 750
      mg of the competitor and/or up to 25 mg of the inhibitor. Preferably for
      adult dosages the amount of the compound of formula (I) would be about 200
      mg, that of the competitor about 200 mg and/or that of the inhibitor about
      25 mg.
PAR  The pharmaceutical formulation comprising the compound of formula (I) in
      combination with the competitor and/or the inhibitor is also usable in
      solution for irrigating wounds, for example after surgery, so as to
      prevent the growth of bacteria. For example, an antibacterial solution
      having the following preferred concentration of components may be used:
PAR  1-30 mg/ml of the compound of formula (I), 1-30 mg/ml of the competitor
      and/or 0.03-1 mg/ml of the inhibitor, in a pharmaceutically acceptable
      solvent, suitable for external use.
PAR  The potentiating effect of compounds of formula (I) can be demonstrated and
      utilized in vitro relatively easily for research and practical purposes.
      Such possibilities include diagnosis and the identification of the
      bacterial flora of individuals and the consequential selection of clinical
      treatment schedules.
PAR  The various combinations can be incorporated in porous discs (such as
      filter paper discs) or in Agar Nutrient or other media for bacterial
      growth for determining susceptibility. Those articles incorporating the
      compound of formula (I) with a competitor and/or an inhibitor compound may
      be distributed or sold to doctors, hospitals and clinics for the above
      purposes. A typical testing disc may be impregnated with a solution
      containing 5 to 50 .mu.g/ml of a para-aminobenzoic acid competitor, 0.5 to
      5 .mu.g/ml of a dihydrofolic reductase inhibitor, and about 10 to 100
      .mu.g/ml of a compound of formula (I) in a medium comprising a mixture of
      an aqueous infusion and papain digest of horse muscle.
PAR  Furthermore, such pharmacological tests involving potentiated competitors
      or inhibitors may also be useful for the characterisation of bacteria
      according to their sensitivity and to their particular resistance for
      instance to a competitor when used alone, and such investigations
      involving a variety of formulations as described herein also form the
      basis of determining the compositions of selected formulations for general
      treatment purposes. The toxicity of compounds of formula (I) is generally
      considerably lower than that of the competitors or inhibitors commonly
      used, which may enable the clinician to maintain or increase the
      effectiveness of the antibacterial activity of the formulation with a
      concurrent increase of the therapeutic ratio or decrease in the toxic or
      side-effects of the medicament.
PAR  In addition to the above, compounds of formula (I) have been found to
      potentiate the activity of the aforementioned competitors and/or
      inhibitors against infections with microorganisms in domestic animals,
      including poultry, for example against Pasteurella multocida but
      especially against the protozoal disease coccidiosis. Such triple
      formulations comprising a compound of formula (I) together with a compound
      such as sulphaquinoxaline and an inhibitor such as diaveridine are
      effective in lower concentrations than the competitor or inhibitor
      components alone and possess an enhanced activity, being effective against
      all relevant Eimeria species causing this disease in poultry.
PAR  The compounds of formula (I) may be prepared by the reductive cyclisation
      of a compound of formula (II),
      ##SPC3##
PAL  wherein R, R.sup.1 and R.sup.2 are as defined above and Z is a ketonic
      oxygen atom or a protecting group therefor, such as a semicarbazone group
      or an oxime group, prepared according to the procedures disclosed by
      Pfleiderer and Zondler (Chem. Ber. 99, 3008 (1966)) and the specifications
      of British Pat. No. 1303171 and of co-pending British patent application
      Ser. No. 36289/70 (Belgian Pat. No. 770,577) respectively.
PAR  The method described in British patent application No. 36289/70, however,
      is particularly preferred.
PAR  In this method, a compound
EQU  R.sup.1 R.sup.2 C = CHR                                    (VI),
PAL  wherein R, R.sup.1 and R.sup.2 are as defined above, undergoes an addition
      reaction with a nitrosyl halide, prepared in situ, and the resulting
      nitrosohalide (V) is converted to the oxime (IV) by reaction with ammonia
      solution. Reacting the oxime (IV) with a
      2-amino-4-halogeno-6-hydroxy-5-nitropyrimidine (III) provides the
      pyrimidine ketoxime (II) which is then reductively cyclised to give th
      pteridine (I), as shown in the following sequence.
      ##SPC4##
PAR  The compound (VI) may in turn be prepared by reaction of the corresponding
      halide of formula (VII), wherein n is an integer from 1 to 4, with an
      alkali metal phenoxide, optionally substituted in the phenyl ring, in the
      presence of a polar solvent. The halide (VII) may be prepared from the
      halogentaion corresponding primary alcohol (VIII) by halogenation with an
      appropriate agent, such as a phosphorus trichloride or thionyl chloride.
      The alcohol (VIII) may itself be obtained by reduction of a carboxylic
      acid or ester derivative, e.g. (IX), with a powerful reducing agent, such
      as lithium aluminium hydride or sodium dihydrobisethoxymethoxy aluminate.
      Alternatively the tertiary alcohol, e.g. (X), resulting from the reaction
      of a ketone, e.g. (XI), with an allylic Grignard reagent, may be
      halogenated to produce the halide (VII). The above sequence is illustrated
      below for the preparation of an optionally substituted phenoxymethyl
      derivative, but the higher homologues may be prepared analogously.
      ##EQU1##
PAR  It will be seen from the above that in the preparation of compounds of
      formula (I) wherein the phenoxyalkyl group is substituted as hereinbefore
      defined, the phenyl ring in the alkali metal phenoxide should already
      contain these substituents in the desired position. If a compound having
      R.sup.1 and R.sup.2 as different substituents is required, the
      nitrosohalide (V) will contain a racemic mixture of two stereoisomers, in
      view of the asymmetric carbon atom present. Separation of these isomers by
      conventional techniques well known in the art may advantageously be
      effected at this stage prior to reaction with the ammonia solution.
PAR  According to the present invention in further aspects there are also
      provided:
PA1  1. The methods described herein for preparing any of the compounds of
      formula (I), comprising effecting reductive cyclisation of the compounds
      of formula (II).
PA1  2. the methods described herein for preparing any of the compounds (II),
      wherein Z is an oxime group, from (IV), (IV) from (V) or (VI) and (VI)
      from (VII).
PA1  3. compounds of formula (I), (II), wherein Z is an oxime group, (IV) and
      (V), whenever prepared by a method as defined under (1) or (2).
PA1  4. As novel compounds of value as chemical intermediates: compounds of
      formula (II), (IV) and (V).
PA1  5. a pharmaceutical formulation comprising a compound of formula (I) or a
      salt thereof in combination with a pharmaceutically acceptable carrier,
      whenever prepared by the method herein described.
DETD
PAR  The following examples illustrate the invention but are in no way intended
      to limit the scope of the invention. Temperatures are in degrees Celsius.
PAC  EXAMPLE A
PAC  2-Amino-4-hydroxy-6-phenoxymethyl-7,7-dimethyl-7,8-dihydropteridine (I;R =
      CH.sub.2 OC.sub.6 H.sub.5, R.sup.1 =R.sup.2 =CH.sub.3)
PAC  i. 1-phenoxy-3-methylbut-2-ene (VI; R=CH.sub.2 OC.sub.6 H.sub.5,R.sup.1
      =R.sup.2 =CH.sub.3)
PAR  A mixture of phenol (18.8 g) and sodium hydroxide (8 g) was stirred at
      60.degree.-70.degree. in dimethylformamide (162 ml) and water (18 ml)
      while 1-bromo-3-methylbut-2-ene (VII, R.sup.1 =R.sup.2 =CH.sub.3, Hal=Br)
      (29.8 g) was added dropwise over 11/2 h. The mixture was stirred at
      60.degree. for 4 h after the addition was complete. It was then poured
      into water (800 ml) and extracted with ether (3 .times. 300 ml). The ether
      extract was washed with 10% sodium hydroxide (200 ml) and then with water
      (3 .times. 200 ml) before drying over anhydrous sodium sulphate. The
      solvent was removed in vacuo, and the residue distilled to give
      1-phenoxy-3-methylbut-2-ene (2.4 g, yield 75%) as a clear liquid b.p.
      116.degree.-118.degree./18 mm. Hg.
PAC  ii. 2-Chloro-4-phenoxy-2-methyl-3-nitrosobutane (V; R = CH.sub.2 OC.sub.6
      H.sub.5, R.sup.1 = R.sup.2 = CH.sub.3)
PAR  Concentrated hydrochloric acid (7.8 ml) was added dropwise over 1 h to a
      mixture of 1-phenoxy-3-methylbut-2-ene (VI) (12.6 g) and amyl nitrite
      (11.7 ml) in glacial acetic acid (15.6 ml) at 0.degree. (ice-salt bath). A
      white precipitate separated and this was filtered off and dried to give
      the mitrosachloride (V) (12.8 g, yield 73%) as colourless crystals, m.p.
      134.degree.. The nitrosochloride can be recrystallised from acetone but
      this is not necessary.
PAC  iii. 3-Amino-1-phenoxy-3-methylbutan-2-one oxime hydrochloride (IV; R =
      CH.sub.2 OC.sub.6 H.sub.5, R.sup.1 = R.sup.2 = CH.sub.3)
PAR  A suspension of 2-chloro-4-phenoxy-2-methyl-3-nitrosobutane (V) (17.2 g) in
      methanol (approx. 300 ml) was refluxed while ammonia gas was bubbled
      through the suspension. Methanol was added from time to time to keep the
      volume of the solution approximately constant. After 6 h the solution was
      evaporated, and the residue after washing with acetone gave the ketoxime
      hydrochloride (IV) (12.1 g, yield 65%) as colourless crystals, m.p.
      238.degree.-240.degree. (decomp.).
PAC  iv.
      2-Amino-4-hydroxy-6-[2-hydroxyimino-3-phenoxy-1,1-dimethylpropylamino]-5-n
     itropyrimidine (II; R = CH.sub.2 OC.sub.6 H.sub.5, R.sup.1 = R.sup.2 =
      CH.sub.3)
PAR  A mixture of 2-amino-4-chloro-6-hydroxy-5-nitropyrimidine (III) (Hal = Cl)
      (4.8 g), 3-amino-1-phenoxy-3-methylbutan-2-one oxime hydrochloride (IV)
      (6.12 g) and dry triethylamine (5.45 g) in dry ethanol (50 ml) were
      refluxed for 2 h. The mixture was cooled, water (150 ml) was added, and
      the resulting precipitate was filtered off and dried. Recrystallisation
      from water gave the nitropyrimidine oxime (II) (5.45 g, yield 57%) as pale
      yellow plates, m.p. 210.degree. (decomp.).
PAC  v. 2-Amino-4-hydroxy-6-phenoxymethyl-7,7-dimethyl-7,8-dihydropteridine (I;
      R = CH.sub.2 OC.sub.6 H.sub.5, R.sup.1 = R.sup.2 = CH.sub.3)
PAR  A solution of
      2-amino-4-hydroxy-6-(2-hydroxyimino-3-phenoxy-1,1-dimethylpropylamino)-5-n
     itropyrimidine (II) (3.6 g) in water (100 ml) and 2M sodium hydroxide (20
      ml) was warmed on a steam bath. Sodium dithionite (6.3 g) was added
      portionwise until an almost colourless solution was obtained. Glacial
      acetic acid was added to the solution to adjust to pH 4, and the mixture
      was heated for 1 h. The solution was cooled and the dihydropteridine (I)
      (2.0 g, yield 67%) was collected by filtration, m.p. &gt;260.degree.
      (decomp.).
PAC  EXAMPLE B
PAC  2-Amino-4-hydroxy-6-(p-methoxy)phenoxymethyl-7,7-dimethyl-7,8
      -dihydropteridine I; R = CH.sub.2 OC.sub.6 H.sub.4.OCH.sub.3, R.sup.1 =
      R.sup.2 = CH.sub.3)
PAC  i. 1-p-methoxy)phenoxy-3-methylbut-2-ene (VI; R = CH.sub.2 OC.sub.6 H.sub.4
      .OCH.sub.3, R.sup.1 = R.sup.2 = CH.sub.3)
PAR  A mixture of p-methoxyphenol and sodium hydroxide was stirred with
      dimethylformamide and water while 1-bromo-3-methylbut-2-ene(VII; R.sup.1 =
      R.sup.2 = CH.sub.3, Hal = Br) was added dropwise. The mixture was stirred,
      poured into water and extracted with ether. The ether extract was washed
      with 10% sodium hydroxide and then with water before drying over anhydrous
      sodium sulphate. The solvent was removed in vacuo, and the residue
      distilled to 1-(p-methoxy)phenoxy-3-methyl-but-2-ene (VI).
PAC  ii. 2-Chloro-4-(p-methoxy)phenoxy-2-methyl-3-nitrosobutane (V; R = CH.sub.2
      OC.sub.6 H.sub.4 .OCH.sub.3, R.sup.1 = R.sup.2 = CH.sub.3)
PAR  Concentrated hydrochloric acid (8.1 ml) was added dropwise over 10 minutes
      to a mixture of 1-(p-methoxy)phenoxy-3-methylbut-2-ene (VI ; R = CH.sub.2
      OC.sub.6 H.sub.4 .OCH.sub.3, R.sup.1 = R.sup.2 = CH.sub.3) (16.05 g) and
      amyl nitrite (12.1 ml) in glacial acetic acid (16.2 ml) at -5.degree. to
      0.degree. (ice-salt bath). After a further 1 hour at -5.degree. to
      0.degree., the mixture was filtered. The solid so obtained was washed with
      acetone and recrystallised from acetone to give the nitrosochloride (V)
      (4.87 g, yield 22%) as pale yellow crystals, m.p. 123.degree. (decomp.).
PAC  iii. 3-Amino-1-(p-methoxy)phenoxy-3-methylbutan-2-one oxime hydrochloride
      (IV; R = CH.sup.2 OC.sub.6 H.sub.4 .OCH.sub.3, R.sup.1 = R.sup.2 =
      CH.sub.3)
PAR  A suspension of 2-chloro-4-(p-methoxy)phenoxy-2-methyl-3-nitrosobutane (V)
      (4.803 g) in dry methanol (80 ml) was heated to reflux while ammonia gas
      was passed through until all the solid dissolved (3.5 h). Filtration and
      removal of solvents gave an off-white solid, which was largely freed of
      impurities by washing with benzene. Two recrystallisations from
      isopropanol (a small inorganic residue remained) gave the ketoxime
      hydrochloride (IV) (2.77 g, yield 53%) as colourless crystals, m.p.
      219.degree.-220.degree. (decomp.).
PAC  iv.
      2-Amino-4-hydroxy-6-[2-hydroxyimino-3-(p-methoxy)phenoxy-1,1-dimethylpropy
     lamino]-5-nitropyrimidine (II; R = CH.sub.2 OC.sub.6 H.sub.4.OCH.sub.3,
      R.sup.1 = R.sup.2 =  CH.sub.3)
PAR  A mixture of 3-amino-1-(p-methoxy)phenoxy-3-methylbutan-2-one oxime
      hydrochloride (IV) (2.748 g), 2-amino-4-chloro-6-hydroxy-5-nitropyrimidine
      (III) (Hal = Cl) (1.906 g) and dry triethylamine (4.1 g) was heated to
      reflux in dry ethanol (120 ml) for 17 hours. 120 ml water was added and
      the mixture was heated to effect solution, filtered and cooled. The
      filtrate on removal of some solvents under reduced pressure deposited the
      nitropyrimidine oxime (II) (1.77 g) as a tan solid, m.p. &gt;250.degree.
      (decomp.).
PAC  v.
      2-Amino-4-hydroxy-6-(p-methoxy)phenoxymethyl-7,7-dimethyl-7,8-dihydropteri
     dine (I; R = CH.sub.2 OC.sub.6 H.sub.4 .OCH.sub.3, R.sup.1 = R.sup.2 =
      CH.sub.3)
PAR  A solution of
      2-amino-4-hydroxy-6-[2-hydroxyimino-3-(p-methoxy)phenoxy-1,1-dimethylpropy
     lamino]-5-nitropyrimidine (II) (1.60 g) in warm 1M sodium hydroxide (80 ml)
      was treated during 25 minutes with sodium dithionite (8 g) in portions
      until no red colour remained. A pink solid was removed and the filtrate
      was acidified with glacial acetic acid. Most of the solvents were removed
      under reduced pressure. Treatment with methanol and filtration,
      concentration of the filtrate and repetition gave an alcoholic concentrate
      from which the dihydropteridine (I) separated as pale needles.
PAC  EXAMPLE C
PAC  2-Amino-4-hydroxy-6-(p-methoxy)phenoxymethyl-7,7-dimethyl-7,8-dihydropterid
     ine (I; R = CH.sub.2 OC.sub.6 H.sub.4.OCH.sub.3, R.sup.1 = R.sup.2 =
      CH.sub.3)
PAC  i. 1-(p-methoxy)phenoxy-3-methylbut-2-ene (VI; R = CH.sub.2 OC.sub.6
      H.sub.4 OCH.sub.3, R.sup.1 = R.sup.2 = CH.sub.3)
PAR  1-Bromo-3-methyl-but-2-ene (VII; R.sup.1 = R.sup.2 = CH.sub.3) was added
      dropwise to a mixture of p-methoxyphenol and sodium hydroxide in
      dimethylformamide and water and the 1-(p-methoxy)phenoxy-3-methylbut-2-ene
      (VI) extracted as described under Example B(i).
PAC  ii. 2-Chloro-4-(p-methoxy)phenoxy-2-methyl-3-nitrosobutane (V; R = CH.sub.2
      OC.sub.6 H.sub.4.OCH.sub.3, R.sup.1 = R.sup.2 = CH.sub.3)
PAR  Concentrated hydrochloric acid (7.8 ml) was added dropwise over 1 hour to a
      mixture of 1-(p-methoxy)phenoxy-3-methylbut-2-ene (VI; R = CH.sub.2
      OC.sub.6 H.sub.4.OCH.sub.3, R.sup.1 = R.sup.2 = CH.sub.3) (12.0 g) and
      amyl nitrite (11.7 ml) in glacial acetic acid (15.6 ml) at 0.degree.C
      (ice-salt bath). A white precipitate separated and this was filtered off
      and dried to give the nitrosochloride (V) (8.0 g, yield 50%) as colourless
      crystals, m.p. 137.degree..
PAC  iii. 3-Amino-1-(p-methoxy)phenoxy-3-metylbutan-2-one oxime hydrochloride
      (IV; R = CH.sub.2 OC.sub.6 H.sub.4.OCH.sub.3, R.sup.1 =R.sup.2 =CH.sub.3)
PAR  A suspension of 2-chloro-4-(p-methoxy)phenoxy-2-methyl-3-nitrosobutane (V)
      (4.0 g) in methanol (approx. 80 ml) was refluxed while ammonia gas was
      bubbled through the suspension. Methanol was added occasionally to keep
      the volume of the solution approximately constant. After 6 hours the
      solution was evaporated and the residue, after washings with acetone, gave
      the ketoxime hydrochloride (IV) (3.2 g, yield 75%) as colourless crystals,
      m.p. 225.degree..
PAC  iv.
      2-Amino-4-hydroxy-6-[2-hydroxyimino-3-(p-methoxy)phenoxy-1,1-dimethyl-prop
     ylamino]-5-nitropyrimidine (II; R = CH.sub.2 OC.sub.6 H.sub.4.OCH.sub.3,
      R.sup.1 = R.sup.2 = CH.sub.3)
PAR  A mixture of 2-amino-4-chloro-6-hydroxy-5-nitropyrimidine (III) (Hal = Cl)
      (1.53 g), 3-amino-1-(p-methoxy)phenoxy-3-methylbutan-2-one oxime
      hydrochloride (IV) (2.2 g) and dry triethylamine (1.70 g) in dry ethanol
      (20 ml) was refluxed for 2 hours. The mixture was cooled, water (50 ml)
      was added, and the resulting precipitate was filtered off and dried.
      Recrystallisation from a mixture of water and ethanol gave the
      nitropyrimidine oxime (II) (1.4 g, yield 48%) as pale yellow crystals,
      m.p. 242.degree. (decomp.).
PAC  v.
      2-Amino-4-hydroxy-6-(p-methoxy)phenoxymethyl-7,7-dimethyl-7,8-dihydropteri
     dine (I; R = CH.sub.2 OC.sub.6 H.sub.4.OCH.sub.3, R.sup.1 = R.sup.2 =
      CH.sub.3)
PAR  A solution of
      2-amino-4-hydroxy-6[2-hydroxyimino-3-(p-methoxy)phenoxy-1,1-dimethyl-propy
     lamino]-5 -nitropyrimidine (II) (0.5 g) in water (15 ml) and 2M sodium
      hydroxide (3 ml) was warmed on a steam-bath. Sodium dithionite (1.0 g) was
      added portionwise until an almost colourless solution was obtained.
      Glacial acetic acid was added to the solution to adjust to pH4, and the
      mixture was heated for 1 hour. The solution was cooled and the solid
      (0.250 g) was filtered off. The solid was heated in dimethylformamide (40
      ml) for 2 hours on the steam bath. Filtration of the cooled reaction
      mixture gave the dihydropteridine (I) (0.18 g, yield 40%) m.p.
      274.degree.-276.degree. (decomp.).
PAC  EXAMPLE D
PAC  2-Amino-4-hydroxy-6-(p-chloro)phenoxymethyl-7,7-dimethyl-7,8-dihydropteridi
     ne (I; R = CH.sub.2 OC.sub.6 H.sub.4.Cl, R.sup.1 =R.sup.2 =CH.sub.3)
PAC  i. 1-(p-chloro)phenoxy-3-methylbut-2-ene (VI; R = CH.sub.2 OC.sub.6
      H.sub.4.Cl, R.sup.1 = R.sup.2 = CH.sub.3)
PAR  This compound was prepared following the general procedures described under
      Example B(i), using p-chlorophenol as starting material instead of
      p-methoxyphenol.
PAC  ii. 2-Chloro-4-(p-chloro)phenoxy-2-methyl-3-nitrosobutane (V; R = CH.sub.2
      OC.sub.6 H.sub.4.Cl, R.sup.1 = R.sup.2 = CH.sub.3)
PAR  Concentrated hydrochloric acid (28.4 ml) was added dropwise over 1 hour to
      a mixture of 1-(p-chloro)phenoxy-3-methylbut-2-ene (VI; R=CH.sub.2
      OC.sub.6 H.sub.4.Cl, R.sup.1 = R.sup.2 = CH.sub.3) (56.1 g) and amyl
      nitrite (42.6 ml) in glacial acetic acid (56.7 ml) at -5.degree. to
      0.degree. (ice-salt bath). After a further 1 hour at -5.degree. to
      0.degree., the mixture was filtered. The solid so obtained was washed with
      benzene and recrystallised from benzene after drying to give the
      nitrosochloride (V) (35.31 g, yield 47%) as pale yellow crystals, m.p.
      124.degree.-5.degree. (decomp.).
PAC  iii. 3-Amino-1-(p-chloro)phenoxy-3-methylbutan-2-one oxime hydrochloride
      (IV; R = CH.sub.2 OC.sub.6 H.sub.4.Cl, R.sup.1 = R.sup.2 = CH.sub.3)
PAR  A suspension of 2-chloro-4-(p-chloro)phenoxy-2-methyl-3-nitrosobutane (V)
      (34.20 g) in dry methanol (375 ml) was heated to reflux while ammonia gas
      was passed through until all the solid dissolved (9.5 hours). Filtration
      and removal of solvents gave a brown solid, which was largely freed of
      impurities by washing with benzene. Recrystallisation from isopropanol (a
      small inorganic residue remained) gave the ketoxime hydrochloride (IV)
      (19.65 g, yield 54%) as colourless crystals, m.p. 225.degree.-227.degree.
      (decomp.).
PAC  iv.
      2-Amino-4-hydroxy-6-[2-hydroxyiminio-3-(p-chloro)phenoxy-1,1-dimethylpropy
     lamino]-5-nitropyrimidine (II; R = CH.sub.2 OC.sub.6 H.sub.4.Cl, R.sup.1 =
      R.sup.2 = CH.sub.3)
PAR  A mixture of 3-amino-1-(p-chloro)-phenoxy-3-methylbutan-2-one oxime
      hydrochloride (IV) (5.58 g), 2-amino-4-chloro-6-hydroxy-5-nitropyrimidine
      (III) (Hal = Cl) (3.81 g) and dry triethylamine (8.2 g) was heated to
      reflux in dry ethanol (240 ml) for 16 hours and filtered hot. The filtrate
      was reduced in volume and the solid so obtained was filtered off.
      Recrystallisation from ethanol gave the nitropyrimidine oxime (II) (1.17
      g) as a pale yellow gelatinous solid, m.p. &gt;250.degree.C (decomp.).
PAC  v. 2-Amino-4-hydroxy-6-(p-chloro)phenoxymethyl-7,7-dimethyl pteridine (I; R
      = CH.sub.2 OC.sub.6 H.sub.4.Cl, R.sup.1 = R.sup.2 = CH.sub.3)
PAR  A solution of
      2-amino-4-hydroxy-6-[2-hydroxyimino-1,1-dimethylpropylamino]-5-nitropyrimi
     dine (II) in warm 1M sodium hydroxide was treated with sodium dithionite in
      portions and the title compound was isolated in analogous manner to the
      procedure described under Example B(v).
PAC  EXAMPLE E
PAC  2-Amino-4-hydroxy-6-(p-methyl)phenoxymethyl-7,7-dimethyl-7,8-dihydropteridi
     ne (I; R = CH.sub.2 OC.sub.6 H.sub.4.CH.sub.3, R.sup.1 = R.sup.2 =
      CH.sub.3)
PAC  i. 1-(p-methyl)phenoxy-3-methylbut-2-ene (VI; R = CH.sub.2 OC.sub.6
      H.sub.4.CH.sub.3, R.sup.1 = R.sup.2 = CH.sub.3)
PAR  A mixture of p-cresol and sodium hydroxide was stirred with
      dimethylformamide and water while 1-bromo-3-methylbut-2-ene (VII; R.sup.1
      = R.sup.2 = CH.sub.3, Hal = Br) was added dropwise. The
      1-(p-methylphenoxy-3-methylbut-2-ene was isolated as described under
      Example B(i).
PAC  ii. 2-Chloro-4-(p-methyl)phenoxy-2-methyl-3-nitrosobutane (V; R = CH.sub.2
      OC.sub.6 H.sub.4.CH.sub.3, R.sup.1 = R.sup.2 = CH.sub.3)
PAR  Concentrated hydrochloric acid (7.8 ml) was added dropwise over 1.5 hour to
      a mixture of 1-(p-methyl)phenoxy-3-methylbut-2-ene (VI; R = CH.sub.2
      OC.sub.6 H.sub.4.CH.sub.3, R.sup.1 = R.sup.2 = CH.sub.3) (12.85 g) and
      amyl nitrite (11.7 ml) in glacial acetic acid (15.6 ml) at -5.degree. to
      0.degree. (ice-salt bath). After a further 1 hour at -5.degree. to
      0.degree., the mixture was filtered. The yellow solid so obtained was
      washed with acetone and recrystallised from acetone to give the
      nitrosochloride (V) (7.5 g, yield 42%) as white crystals, m.p.
      144.degree.-5.degree. (decomp.).
PAC  iii. 3-Amino-1-(p-methyl)phenoxy-3-methylbutan-2-one oxime hydrochloride
      (IV; R = CH.sub.2 OC.sub.6 H.sub.4.CH.sub.3, R.sup.1 = R.sup.2 = CH.sub.3)
PAR  A suspension of 2-chloro-4-(p-methyl)phenoxy-2-methyl-3-nitrosobutane (V)
      in dry methanol (120 ml) was heated to reflux and ammonia gas was passed
      through until all the solid dissolved (2 hours). Filtration and
      evaporation of solvent gave a brown solid, which was largely freed of
      impurities by washing with benzene. Recrystallisation from isopropanol (a
      small inorganic residue remained) gave the ketoxime hydrochloride (IV)
      (5.27 g, yield 66%) as colourless crystals, m.p. 217.degree.-8.degree.
      (decomp.).
PAC  iv.
      2-Amino-4-hydroxy-6-(2-hydroxyimino-3-(p-methyl)phenoxy-1,1-dimethylpropyl
     amino)-5-nitropyrimidine (II; R = CH.sub.2 OC.sub.6 H.sub.4.CH.sub.3,
      R.sup.1 = R.sup.2 = CH.sub.3)
PAR  A mixture of 3-amino-1-(p-methyl)phenoxy-3-methylbutan-2-one oxime
      hydrochloride (IV), 2-amino-4-chloro-6-hydroxy-5-nitropyrimidine (III)
      (Hal = Cl) (1.91 g) and dry triethylamine (4.08 g) was heated to reflux in
      dry ethanol (120 ml) for 16 hours. The resulting suspension was cooled and
      filtered.
PAR  The solid so obtained was partially dissolved in ethanol (500 ml) at
      reflux. On cooling, the filtered solution deposited the nitropyrimidine
      oxime (II) as a white gelatinous solid (0.87 g), m.p. &gt;300.degree.
      (decomp.).
PAC  v.
      2-Amino-4-hydroxy-6-(p-methyl)phenoxymethyl-7,7-dimethyl-7,8-dihydropterid
     ine (I; R=CH.sub.2 OC.sub.6 H.sub.4.CH.sub.3, R.sup.1 =R.sup.2 =CH.sub.3)
PAR  A solution of
      2-amino-4-hydroxy-6-[2-hydroxyimino-3-(p-methyl)phenoxy-1,1-dimethylpropyl
     amino]-5-nitropyrimidine (II) (1.2 g) in warm 1 M sodium hydroxide (50 ml)
      was treated during 10 minutes with sodium dithionite (5 g) until the
      initial red colour was replaced by a white solid. After 2 hours on a steam
      bath the suspension was cooled and filtered and the dihydropteridine (I)
      was precipitated out. It was purified by dissolving it in
      dimethylsulphoxide, filtering the resulting solution and diluting with
      water to precipitate the product as a white powder, m.p. &gt;250.degree.
      (decomp.).
PAC  EXAMPLE F
PAC  2-Amino-4-hydroxy-6-(p-methoxy)phenoxymethyl-7,7-diethyl-7,8-dihydropteridi
     ne (I; R = CH.sub.2 OC.sub.6 H.sub.4.OCH.sub.3, R.sup.1 = R.sup.2 = C.sub.2
      H.sub.5)
PAC  i. 1-(p-methoxy)phenoxy-3-ethylpent-2-ene (VI; R = CH.sub.2 OC.sub.6
      H.sub.4.OCH.sub.3, R.sup.1 = R.sup.2 = C.sub.2 H.sub.5)
PAR  A solution of p-methoxyphenol (24.5 g) and sodium hydroxide pellets (9 g)
      in dimethylformamide (200 ml) and water (20 ml) at 60.degree. was treated
      with 1-bromo-3-ethyl-2-pentene (VII), (R.sup.1 = R.sup.2 = C.sub.2
      H.sub.5) (35 g), added dropwise with stirring over 1-11/2 hours. The
      reaction mixture was stirred for a further 4 hours at
      60.degree.-65.degree. and then poured into ice-water (750 ml). The mixture
      was extracted with ether (3.times.300 ml) and the extract was washed with
      10% sodium hydroxide solution (200 ml), water (3.times.200 ml) and brine
      (50 ml). It was dried over sodium sulphate. Evaporation of the ether gave
      a reddish-brown oil which on distillation gave the product (26 g), b.p.
      90.degree.-95.degree./0.2 torr.
PAC  ii. 3-Chloro-1-(p-methoxy)phenoxy-3-ethyl-2-nitrosopentane (V; R = CH.sub.2
      OC.sub.6 H.sub.4.OCH.sub.3, R.sup.1  = R.sup.2 = C.sub.2 H.sub.5)
PAR  1-(p-methoxy)phenoxy-3-ethyl-pent-2-ene (26 g) (VI) in glacial acetic acid
      (25 ml) and amyl nitrite (17.7 ml) at 0.degree. was treated with
      concentrated hydrochloric acid (11.8 ml) added dropwise with stirring over
      1 hour. The reaction mixture was stirred for a further 1 hour and the
      yellow precipitate which had formed was filtered and dried on a porous
      plate (12.2 g). A portion (1 g) was recrystallised from acetone to give a
      pale yellow crystalline solid, m.p. 122.degree.-3.degree..
PAC  iii. 3-Amino-1-(p-methoxy)phenoxy-3-ethylpenten-2-one oxime hydrochloride
      (IV; R = CH.sub.2 OC.sub.6 H.sub.4.OCH.sub.3, R.sup.1 = R.sup.2 = C.sub.2
      H.sub.5)
PAR  3-Chloro-1-(p-methoxy)phenoxy-3-ethyl-2-nitrosopentane (V) (11.2 g) was
      suspended in methanolic-ammonia solution (250 ml) and refluxed whilst
      ammonia was bubbled through the solution. After 6 hours the
      methanol-ammonia was removed in vacuo to give a brown gum. Anhydrous
      benzene (50 ml) was added to dissolve the gum and the addition of
      petroleum ether 40.degree.-60.degree. (100 ml) precipitated an off-white
      crystalline solid. This was dissolved in boiling sec-butanol (200 ml),
      filtered and the filtrate concentrated to a small volume (.about.50 ml) to
      yield a crystalline solid (4.3 g), m.p. 190.degree.(dec.).
PAR  Concentration of the mother liquors gave a second crop of product (1.7 g).
PAC  iv.
      2-Amino-4-hydroxy-6-(2-hydroxyimino-3-(p-methoxy)phenoxy-1,1-diethylpropyl
     amino)5-nitropyrimidine (II; R = CH.sub.2 OC.sub.6 H.sub.4.OCH.sub.3,
      R.sup.1 = R.sup.2 = C.sub.2 H.sub.5)
PAR  A mixture of 3-amino-1-(p-methoxy)phenoxy-3-ethylpenten-2-one oxime
      hydrochloride (IV) (4.8 g), 2-amino-4-chloro-6-hydroxy-5-nitropyrimidine
      (III) (Hal=Cl) (3 g) and triethylamine (5 g) in absolute ethanol (200 ml)
      was refluxed for 18 hours. The reaction mixture was cooled and the
      insoluble residue filtered. The filtrate was evaporated to dryness in
      vacuo to give a pale yellow gum. This was taken up in hot acetone (100 ml)
      and the residue filtered. The filtrate was concentrated in vacuo to 30 ml
      and treated with water (150 ml) to precipitate a gum which solidified on
      refrigeration. This was filtered and dried in vacuo (3.6 g). A portion
      (0.6 g) was recrystallised from aqueous acetone (in the presence of
      charcoal) to give an off-white crystalline solid, m.p. &gt;250.degree.. The
      bulk was taken up in acetone (50 ml), filtered to remove insoluble residue
      (1 g) and the product was precipitated by the addition of water (50 ml) to
      give pure product (1.6 g).
PAC  v.
      2-Amino-4-hydroxy-6-(p-methoxy)phenoxymethyl-7,7-diethyl-7,8-dihydropterid
     ine (I; R = CH.sub.2 OC.sub.6 H.sub.4.OCH.sub.3 R.sup.1 = R.sup.2 = C.sub.2
      H.sub.5)
PAR  2-Amino-4-hydroxy-6-[2-hydroxyimino-3-(p-methoxy)phenoxy-1,1-diethylpropyla
     mino]-5-nitropyrimidine (II) (0.8 g) in 2N sodium hydroxide (100 ml) was
      treated with sodium dithionite whilst heating on steambath. The solution
      turned a reddish-brown and then to pale yellow-green. The reaction mixture
      was left on a steambath for 45 minutes, then cooled and taken to pH8 with
      glacial acetic acid to precipitate a colourless flocculent solid. This was
      filtered to give a tackycolourless solid (0.3 g). Recrystallisation from
      aqueous alcohol gave an off-white solid (0.08 g).
PAC  EXAMPLE G
PAC  2-Amino-4-hydroxy-6-(p-chloro)phenoxymethyl-7,7-diethyl-7,8-dihydropteridin
     e (I; R = CH.sub.2 OC.sub.6 H.sub.4.CL, R.sup.1 = R.sup.2 = C.sub.2
      H.sub.5)
PAC  i. 1-(p-chloro)phenoxy3-ethylpent-2-ene (VI; R = CH.sub.2 OC.sub.6
      H.sub.4.Cl, R.sup.1 = R.sup.2 = C.sub.2 H.sub.5)
PAR  A solution of p-chloro-phenol (26.5 g) and sodium hydroxide pellets (9 g)
      in dimethylformamide (180 ml) and water (25 ml) at 60.degree. was treated
      with 1-bromo-3-ethyl-2-pentene (VIII), (R.sup.1 = R.sup.2 = C.sub.2
      H.sub.5) (36.5 g), added dropwise with stirring over 1-11/2 hours. The
      reaction mixture was stirred for a further 4 hours at
      60.degree.-65.degree. and then poured into ice-water (750 ml). The mixture
      was extracted with ether (3 .times. 300 ml) and the extract was washed
      with 10% sodium hydroxide solution (200 ml), water (3 .times. 200 ml) and
      brine (50 ml).
PAR  It was dried over sodium sulphate. The ether was removed in vacuo to give a
      pale brown oil (36 g) which on distillation gave the product (32.5 g),
      b.p. 112.degree.-15.degree./0.6 torr.
PAC  ii. 3-Chloro-1-(p-chloro)phenoxy-3-ethyl-2-nitrosopentane (V; R = CH.sub.2
      OC.sub.6 H.sub.4.Cl, R.sup.1 = R.sup.2 = C.sub.2 H.sub.5)
PAR  1-(p-chloro)phenoxy3-ethylpent-2-ene (VI) (32.5 g) in glacial acetic acid
      (29 ml) and amyl nitrite (21.6 ml) at 0.degree. was treated with
      concentrated hydrochloric acid (14.5 ml) added dropwise with stirring over
      1 hour. The reaction mixture was stirred at 0.degree. for a further 1 hour
      and the yellow precipitate which had formed was filtered and dried on a
      porous plate (19.5 g). It was recrystallised from acetone to give an
      off-white crystalline solid, (15 g), m.p. 129.degree. (dec.)
PAC  iii. 3-Amino-1-(p-chloro)phenoxy-3-ethyl-penten-2-one oxime hydrochloride
      (IV; R = CH.sub.2 OC.sub.6 H.sub.4.Cl, R.sup.1 = R.sup.2  = C.sub.2
      H.sub.5)
PAR  3-Chloro-1-(p-chloro)phenoxy-3-ethyl-2-nitrosopentane (V) (15 g) was
      suspended in methanolic ammonia solution (300 ml) and refluxed while
      ammonia was bubbled through the solution. After 7 hours all the starting
      material had dissolved and the solution was cooled and the
      methanol-ammonia evaporated in vacuo to give a colourless tacky solid.
      This was dissolved up in sec-butanol (250 ml) with heating on a steambath,
      filtered to remove a small amount of insoluble residue and the filtrate
      concentrated until solid began to be deposited. It was refrigerated
      overnight to give a crop of colourless crystals (9.2 g). Evaporation of
      the mother liquors gave a second crop of product (1.5 g).
      m.p.&gt;200.degree..
PAC  iv.
      2-Amino-4-hydroxy-6-(2-hydroxyimino-3-(p-chloro)phenoxy-1,1-diethylpropyla
     mino)-5-nitropyrimidine (II: R = CH.sub.2 OC.sub.6 H.sub.4.Cl, R.sup.1 =
      R.sup.2 = C.sub.2 H.sub.5)
PAR  A mixture of 3-amino-1-(p-chloro)phenoxy-3-ethylpenten-2-one oxime
      hydrochloride (IV) (5 g), 2-amino-4-chloro-6-hydroxy-5-nitropyrimidine
      (III) (Hal=Cl) (3 g) and triethylamine (5 g) in absolute ethanol (200 ml)
      was refluxed together for 18 hours. The reaction mixture was cooled and
      filtered to remove the solid residue (1 g). The filtrate was evaporated in
      vacuo to dryness to give a pale yellow oil which was then treated with
      water (150 ml) to precipitate a yellow-brown oil which solidified to give
      a tacky solid. This was dissolved in hot acetone (80 ml) and the residue
      filtered. Evaporation of the filtrate gave a gum which rapidly solidified
      (2.5 g). A portion (0.5 g) was recrystallised from aqueous acetone to give
      pale yellow needles, m.p. 217.degree. (dec.). The remainder was
      recrystallised to give pure product (as judged by t.l.c.) (1.4 g).
PAC  v.
      2-Amino-4-hydroxy-6-(p-chloro)phenoxymethyl-7,7-diethyl-7,8-dihydropteridi
     ne (I; R = CH.sub.2 OC.sub.6 H.sub.4.Cl, R.sup.1 = R.sup.2 = C.sub.2
      H.sub.5)
PAR  2-Amino-4-hydroxy-6-(2-hydroxyimino-3-(p-chloro)phenoxy-1,
      1-diethylpropylamino)-5-nitropyrimidine (0.5 g) in 2N sodium hydroxide (80
      ml) was treated with sodium dithionite with heating on the steambath. The
      solution turned a reddish-brown and then to a pale yellow. The reaction
      mixture was left for 45 minutes on a steambath and then cooled and taken
      to pH8 with glacial acetic acid, whereupon the dihydropteridine separated
      as an off-white solid (0.05 g).
PAC  EXAMPLE H
PAC  2-Amino-4-hydroxy-6-(p-methyl)phenoxymethyl
      7,7-diethyl-7,8-dihydropteridine (I; R = CH.sub.2 OC.sub.6
      H.sub.4.CH.sub.3, R.sup.1 = R.sup.2 = C.sub.2 H.sub.5
PAC  i. 1-(p-methyl)phenoxy-3-ethylpent-2-ene (VI; R = CH.sub.2 OC.sub.6
      H.sub.4.CH.sub.3, R.sup.1 = R.sup.2 = C.sub.2 H.sub.5)
PAR  A solution of p-cresol (20.8 g) and sodium hydroxide pellets (7.7 g) in
      dimethylformamide (150 ml) and water (20 ml) at 60.degree.-70.degree. was
      treated with 1-bromo-3-ethyl-2-pentene (VII) (R.sup.1 = R.sup.2 = C.sub.2
      H.sub.5), (34 g), added dropwise with stirring over 1-11/2 hours. The
      mixture was stirred for a further 4 hours at 60.degree.-65.degree. and
      then poured into ice-water (750 ml). The mixture was extracted with ether
      (3 .times. 300 ml) and the extract was washed with 10% sodium hydroxide
      (200 ml), water (3 .times. 200 ml) and brine (50 ml). It was dried with
      sodium sulphate. Evaporation of the ether solution gave a pale yellow oil
      (26.6g) which on distillation gave the product (18 g), b.p.
      99.degree.-102.degree./0.35 torr.
PAC  ii. 3-Chloro-1-(p-methyl)phenoxy-3-ethyl-2-nitrosopentane (V; R = CH.sub.2
      OC.sub.6 H.sub.4.CH.sub.3, R.sup.1 = R.sup.2 = C.sub.2 H.sub.5)
PAR  1-(p-methyl)phenoxy-3-ethylpent-2-ene (VI) (18 g) in glacial acetic acid
      (17.6 ml) and amyl nitrite (13.2 ml) at 0.degree. was treated with
      concentrated hydrochloric acid (8.8 ml) added dropwise over 1 hour. The
      reaction mixture was stirred at 0.degree. for a further 1 hour and the
      plate yellow solid which precipitated was filtered and dried on a porous
      plate (14.5 g). A portion (1 g) was recrystallised from acetone to give a
      pale yellow crystalline solid, m.p. 129.degree. (dec.).
PAC  iii. 3-Amino-1-(p-methyl)phenoxy-3-ethylpenten-2-one oxime hydrochloride
      (IV; R = CH.sub.2 OC.sub.6 H.sub.4.CH.sub.3, R.sup.1 = R.sup.2 = C.sub.2
      H.sub.5)
PAR  3-Chloro-1-(p-methyl)phenoxy-3-ethyl-2-nitrosopentane (13.8 g) was
      suspended in methanolic-ammonia solution (250 ml) and refluxed whilst
      ammonia was bubbled through the solution. After 6 hours the
      methanol-ammonia was removed in vacuo and the residue was treated with
      acetone (50 ml) to precipitate the crude ketoxime hydrochloride (7 g).
      This was treated with benzene (50 ml) and the residue was recrystallised
      from isopropanol to give a colourless crystalline solid (4.8 g).
PAC  iv.
      2-Amino-4-hydroxy-6-(2-hydroxyimino-3-(p-methyl)phenoxy-1,1-diethylpropyla
     mino)-5-nitropyrimidine (II; R = CH.sub.2 OC.sub.6 H.sub.4.CH.sub.3,
      R.sup.1 = R.sup.2 = C.sub.2 H.sub.5)
PAR  3-Amino-1-(p-methyl)phenoxy-3-ethyl-penten-2-one oxime hydrochloride (IV),
      2-amino-4-chloro-6-hydroxy-5-nitropyrimidine (III) (Hal=Cl) and
      triethylamine in absolute ethanol were refluxed together for 18 hours. The
      reaction mixture was cooled and the insoluble residue removed by
      filtration. The filtrate was evaporated in vacuo to dryness and the title
      compound was isolated analogously to the procedure described under Example
      F (iv).
PAC  2-Amino-4-hydroxy-6-(p-methyl)phenoxymethyl-7,7-diethyl-7,8-dihydropteridin
     e (I; R = CH.sub.2 OC.sub.6 H.sub.4,CH.sub. 3, R.sup.1 = R.sup.2 = C.sub.2
      H.sub.5)
PAR  2-Amino-4-hydroxy-6-(2-hydroxyimino-3-(p-methyl)phenoxy-1,
      1-diethyl-propylamino)-5-nitropyrimidine (II) in 2N sodium hydroxide was
      treated with sodium dithionite whilst heating on a steambath. The title
      compound was isolated analogously to the procedure described under Example
      F (v).
PAC  EXAMPLE I
PAC  Starting Material for Examples A - E
PAC  i. 3-Methyl-2-buten-1-ol (VIII); R.sup.1 =R.sup.2 =CH.sub.3)
PAR  A solution of 3,3-dimethylacrylic acid (IX; R.sup.1=R.sup.2 =CH.sub.3, Y=H)
      (20 g) in sodium-dried ether (200 ml) was treated dropwise with 64 g of a
      70% solution of sodium dihydro-bis(2-methoxyethoxy) aluminate in benzene,
      the temperature being maintained at 0.degree. until the addition was
      complete (about 1h). The reaction mixture was stirred for 5h at room
      temperature, and water was then added slowly. The sodium aluminate which
      precipitated was filtered off, and the filtrate was extracted with ether
      (4 .times. 100 ml). The combined extracts were dried, the solvent was
      removed, and the residual oil was distilled to give 3-methyl-2-buten-1-ol
      (VIII) as a colourless liquid, b.p. 54.degree.-55.degree./25mm Hg.
PAC  ii. 1-Bromo-3-methylbut-2-ene (VII, R.sup.1 =R.sup.2 =CH.sub.3, Hal=Br)
PAR  3-methyl-2-buten-1-ol (VIII) in dry ether was reacted with phosphorus
      tribromide following the procedure described below in Example J (ii) to
      produce 1-bromo-3-methylbut-2-ene (VII), which could be used directly for
      the preparation of the corresponding compounds of formula (VI).
PAC  EXAMPLE J
PAC  Starting Material for Examples F - H
PAC  i. 3-Ethyl-1-penten-3-ol (X; R.sup.1=R.sup.2 =C.sub.2 H.sub.5)
PAR  To a solution of vinylmagnesium bromide prepared from 29.2 g magnesium was
      added a solution of penten-3-one (XI; in =R.sup.2 =C.sub.2 H.sub.5) (76 g)
      in tetrahydrofuran (80 ml) keeping the temperature below 50.degree.. After
      the addition was complete the reaction mixture was left for 15 h at room
      temperature, then cooled to 0.degree. and diluted with water (500 ml),
      added cautiously with vigorous stirring keeping the temperature below
      40.degree.. The organic phase was separated and the aqueous phase
      back-extracted with ether. The extracts were combined and dried with
      magnesium sulphate. The solvent was removed i n vacuo and the residue was
      distilled to give 3-ethyl-1-penten-3-ol (60 g) b.p. 131.degree.-2.degree..
PAC  ii. 1-Bromo-3-ethyl-2-pentene (VII; R.sup.1 =R.sup.2 =C.sub.2 H.sub.5,
      Hal=Br)
PAR  3-Ethyl-1-penten-3-ol (X) (25 g) in dry ether (200 ml) was stirred at
      -10.degree. to -2.degree. under nitrogen. Phosphorus tribromide (35 g) was
      added dropwise over about 30 minutes and the mixture for a further 3 hours
      at -10.degree. to 0.degree., before pouring into ice-water (200 ml). The
      ethereal layer was separated and the aqueous layer back-extracted with
      ether (150 ml). The combined extracts were then washed with water,
      saturated sodium bicarbonate and saturated sodium chloride solutions and
      then dried with magnesium sulphate. The ether was removed in vacuo to give
      a colourless oil (34 g) which was not distilled but used directly for the
      preparation of the compounds of formula (VI).
PAR  The same product could be obtained using 3-ethyl-2-penten-1-ol (VIII;
      R.sup.1 =R.sup.2 =C.sub.2 H.sub.5) as the starting material for this
      stage.
PAC  EXAMPLE K
PAR  Potential pteridine antagonists of formula (I) may be tested by
      investigating the inhibitory effect they impose on the enzymes responsible
      for the biosynthesis of dihydropteroic acid (DPtA), namely
      hydroxymethyldihydropteridine pyrophosphokinase (HMPPS), and
      dihydropteroate synthetase, hereinafter referred to as `synthetase`. In
      the following reaction equations the compounds are referred to by their
      abbreviated forms defined on page 5 of the specification.
TBL  ______________________________________                                    

     1. HMPPS                                                                  

     Mg.sup.2.sup.+                                                            

     HMPt + ATP .revreaction.Pt + AMP                                          

     2. Synthetase                                                             

     Mg.sup.2.sup.+                                                            

     Pt + pAB .revreaction.DPtA + pyrophosphate                                

     ______________________________________                                    

PAR  a. An assay for HMPPS was developed in which the transfer of the terminal
      phosphate of ATP-.gamma.-P.sup.32 to Pt could be monitored and correlated
      with the amount of inhibition of HMPPS by the compound under test.
PAR  The compound of formula (I) which was under test was incorporated into
      various formulations comprising metabolites and enzymes contained in test
      tubes, as indicated in TABLE 1.
PAR  The components of the mixture were as follows:
PAR  I--2-amino-4-hydroxy-6-hydroxymethyl-7,8-dihydropteridine (HMPt) in a
      concentration of 800 .mu.M i.e. micromolar;
PAR  II--a source of HMPPS, obtained from an extract of E. coli and separated
      from `synthetase` on Sephadex G-100, (Registered Trade Mark) according to
      the method of Richey and Brown in J. Biol. Chem. 244, 1582-1592 (1969).
PAR  III--3mM ATP -.gamma.-P.sup.32.
PAR  IV--0.10 M ATP neutralised (unlabelled).
PAR  V--0.02M MgCl.sub.2.6H.sub.2 O.
PAR  VI--0.1 M MgCl.sub.2.6H.sub.2 O.
PAR  VII--Source of HMPPS and `synthetase`.
PAR  VIII--the test compound in a concentration of 0.93.times.10.sup.+.sup.3 M
      IX--0.4mM pAB-C.sup.14
PAR  As shown in TABLE 1, tubes 1 to 9 all contain a source of HMPPS, labelled
      ATP and 0.02 M MgCl.sub.2.6H.sub.2 O, tubes 2 to 9 containing in addition
      HMPt and tubes 4 to 9 further containing the test compound. Control tubes
      10 to 12 include a source of both HMPPS and synthetase, unlabelled ATP,
      0.1M MgCl.sub.2.6H.sub.2 O and labelled pAB.
PAR  Tubes 1 to 9 containing the amounts of components shown in the Table, were
      filled up to 200.mu.1 with distilled water, incubated for 60 minutes at
      37.degree.C and then chilled on ice. Dextrose (20.mu.1 containing 72.1
      mg/ml) and hexokinase (5.mu.1 containing 2000 units/ml) were added to the
      solution, which was then allowed to stand at room temperature for 15
      minutes. `Darco-G-60` (Registered Trade Mark) (10 mg) was added to each
      tube and the contents mixed periodically for 10 minutes. The charcoal was
      removed through a `Millipore AP 250 2200` (Registered Trade Mark) filter
      and the filter was washed with three 10 ml portions of cold water. The
      charcoal and the filter were then radioactively counted.
PAR  The radioactive count from the contents of tubes 2 and 3 was taken as the
      maximum count, since these tubes contained no test compound and thus gave
      0% enzyme inhibition. The percentage inhibition produced by the contents
      of the remaining tubes could then be calculated by relating their
      radioactive count to the maximum, as determined above.
PAR  The contents of tubes 10 to 12 were chromatographically analysed as
      described under part (b), and used as controls, tubes 10 and 11 containing
      no test compound (and hence giving 0% inhibition) being accorded the value
      of 100%. The percentage inhibition exhibited by the contents of the tubes
      in part (b) of the experiment could then be calculated in relation to
      this, by comparing the respective chromatograms.
PAR  b. The activity of the test compound of formula (I) against `synthetase`
      was determined as follows, by monitoring the formation of dihydropteroate
      C.sup.14.
PAR  A pool of Pt was prepared from ATP neutralised (50.mu.l l, 0.1M),
      MgCl.sub.2.6H.sub.2 O (50.mu.l,0.1M), dithiothreitol (100.mu.l,0.1M), tris
      buffer (100.mu.l,0.4M,pH 8.3), HMPt (25.mu.l,876.mu.M) and 170.mu.l of a
      solution containing HMPPS. The mixture was incubated for 60 minutes at
      37.degree.C, chilled briefly on ice and then dextrose (100.mu.l containing
      72.1mg/ml) and hexokinase (20.mu.l containing 2000 units/ml) were added at
      room temperature to the solution, which was allowed to stand at this
      temperature for 15 minutes.
PAR  A solution of MgCl.sub.2.6H.sub.2 O (10.mu.1,0.1M), pAB-C.sup.14
      (10.mu.l,0.4mM), dithiothreitol (20.mu.l,0.1M) and tris buffer (20.mu.l,
      0.4M,pH8.3) was made in each of five test tubes and then 80.mu.l of the
      contents of the pool added to each, together with synthetase and/or test
      compound of formula (I) as indicated in Table 2. The solution was then
      made up to 200.mu.l with distilled water.
PAR  Two control test tubes were prepared, each containing ATP (10.mu.l,0.1M),
      MgCl.sub.2.6H.sub.2 O(10.mu.l,0.1M), dithiothreitol (20.mu.l,0.1M) tris
      buffer (20.mu.l,0.4M,pH 8.3), pAB-C.sup.14 (10.mu.1, 0.4mM), and 20.mu.l
      of a solution containing HMPPS and `synthetase` of known activity. The
      test compound was added to the second of these two tubes up to a final
      concentration of 10.sup.+.sup.5 M, and both tubes were made up with
      distilled water to 200.mu.l.
PAR  All seven tubes were then incubated for 30 minutes at 37.degree.C, chilled
      on ice and then these, together with control tubes 10 to 12 from part (a),
      were chromatographically analysed as follows.
PAR  100.mu.l of the contents of each of the tubes was spotted onto Whatman no.
      3MM chromatography paper (2.times.20 cm) at the `origin`, the run
      descending in a Srenson buffer of potassium and sodium phosphates (0.1M,pH
      7.0) for 10 to 15 cm. From the relative positions of the spots obtained
      from the contents of the different tubes, the various percentage
      inhibitions of synthetase could be evaluated by reference to control tubes
      10 and 11, which gave 0% inhibition.
PAR  Those compounds which, as result of these tests, were found to give 50%
      inhibition at a concentration of 100.mu.M or less, are those which exert a
      useful potentiating effect, and subject to their toxicity being
      favourable, may be included in the compositions described in this
      specification.
PAR  2-Amino-4-hydroxy-6-phenoxymethyl-7,7-dimethyl-7,8-dihydropteridine was
      found to give 50% inhibition at a concentration of 17 .mu.M.
PAC  EXAMPLE L
TBL  Tablet Formulation                                                        

     Compound of formula (I)(R=CH.sub.2 Ph;R.sup.1 =R.sup.2 =Me)               

                                  100 mg                                       

     Trimethoprim (pure)           25 mg                                       

     Sulfaguanidine (B.P.C.)      100 mg                                       

     + cornstarch, lactose, gelatin, talcum and                                

     magnesium stearate                                                        

PAR  Preparation -- the above constituents were mixed together using known
      methods of pharmacy to form a granulation which was then compressed into
      tablets.
PAC  EXAMPLE M
     Tablet Formulation                                                        

     "Pyremathimine" (Pyrimethamine) B.P.                                      

                                   15 mg                                       

     Compound of formula (I)(R=CH.sub.2 Ph;R.sup.1 =R.sup.2 =Me)               

                                  150 mg                                       

PAL  which was then prepared to form a tablet as in Example L.
PAC  Example N
TBL  Tablet Formulation                                                        

     Sulfanilamide B.P.C.         150 mg                                       

     Compound of formula (I)(R=CH.sub.2 Ph;R.sup.1 =R.sup.2 =Me)               

                                  175 mg                                       

PAL  which was then prepared to form a tablet as in Example L.
PAC  EXAMPLE O
TBL  Capsule Formulation                                                       

     Trimethoprim (pure)           20mg                                        

     Compound of formula (I)(R=CH.sub.2 Ph;R.sup.1 =R.sup.2 =Me)               

                                  100 mg                                       

PAR  Preparation --   The compounds in granular form were blended together with
      lactose, cornstarch and magnesium stearate. The powder was filled into a
      two-piece, hard shell gelatin capsule using a capsulating machine.
PAC  EXAMPLE P
TBL  Irrigant Solution                                                         

     Compound of formula (I) (R=CH.sub.2 Ph;R.sup.1 =R.sup.2 =Me)              

                                 1 mg/ml                                       

     (pure)                                                                    

     Trimethoprim (pure)        0.2mg/ml                                       

     Solvent                    water                                          

PAC  EXAMPLE Q
TBL  Irrigant Solution                                                         

     Compound of formula (I) (R=CH.sub.2 Ph;R.sup.1 =R.sup.2 =Me)              

                                  2mg/ml                                       

     (pure)                                                                    

     amino-p-toluenesulphonamide (pure)                                        

                                  2mg/ml                                       

PAC  EXAMPLE R
TBL  Solution                                                                  

     Compound of formula (I) (R=CH.sub.2 Ph;R.sup.1 =R.sup.2 =Me)              

                                1.5 mg/ml                                      

     (pure)                                                                    

     Diaveridine B. Vet C       0.5 mg/ml                                      

     Kelfizina                  1.0 mg/ml                                      

     Solvent                    water                                          

PAC  EXAMPLE S
TBL  Tablet Formulation                                                        

     Compound of formula (I) (R=CH.sub.2 Ph;R.sup.1 =R.sup.2 =Me)              

                                500 mg                                         

     (pure)                                                                    

     Microcrystalline cellulose 100 mg                                         

     Starch                     40 mg                                          

     Magnesium stearate         10 mg                                          

     Methylhydroxyethylcellulose                                               

                                3 mg                                           

                                653 mg                                         

PAR  The pteridine (I), microcrystalline cellulose and starch were granulated
      with a solution of the methylhydroxyethylcellulose in 50% aqueous ethyl
      alcohol. The magnesium stearate was added to the dried granules, and the
      whole then compressed.
TBL                                    TABLE 1.                                

     __________________________________________________________________________

     Tube No.                                                                  

           I   II   III IV  V   VI  VII VIII   IX                              

                                        Final                                  

                                        Concn.                                 

     __________________________________________________________________________

     1     --  100.mu.l                                                        

                    15.mu.l                                                    

                        --  10.mu.l                                            

                                --  --  --     --                              

     2     5.mu.l                                                              

               "    "   --  "   --  --  --     --                              

     3     "   "    "   --  "   --  --  --                                     

     4     "   "    "   --  "   --  --  2.5.times.10.sup..sup.-6 M             

     5     "   "    "   --  "   --  --  "                                      

     6     "   "    "   --  "   --  --  1.0.times.10.sup..sup.-5 M             

                                               --                              

     7     "   "    "   --  "   --  --  "      --                              

     8     "   "    "   --  "   --  --  9.3.times.10.sup..sup.-5 M             

                                               --                              

     9     "   "    "   --  "   --  --  "      --                              

     Controls                                                                  

     10    --  --   --  10.mu.l                                                

                            --  10.mu.l                                        

                                    20.mu.l    10.mu.l                         

     11    5.mu.l                                                              

               --   --  "   --  "   "          "                               

     12    "   --   --  "   --  "   "   1.0.times.10.sup..sup.-5 M             

                                               "                               

     __________________________________________________________________________

TBL                TABLE 2                                                     

     ______________________________________                                    

     Tube No.     Excess         Test compound                                 

                  Synthetase     Final Concen-                                 

                                 tration.                                      

     ______________________________________                                    

     1            -              --                                            

     2            +              --                                            

     3            +              8.7 .times. 10.sup..sup.-5 M                  

     4            +              1.0 .times. 10.sup..sup.-5 M                  

     5            +              2.5 .times. 10.sup..sup.-6 M                  

     Controls                                                                  

     6            -              --                                            

     --           -              1.0 .times. 10.sup..sup.-5 M                  

     ______________________________________                                    

CLMS
STM  What we claim is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC5##
PAL  wherein R is phenoxyloweralkyl or phenoxy lower alkyl which is substituted
      by one or more lower alkoxy, amino, lower alkyl, hydroxyl or halogen and
      R.sup.1 and R.sup.2 are the same or different and each is lower alkyl or
      R.sup.1 and R.sup.2, having in total 4 to 6 carbon atoms, form a
      spirocycloalkyl group together with the carbon atom substituted by said
      R.sup.1 and R.sup.2 Z is an oxygen atom or a protecting group therefore,
      or a tautomeric form thereof, and wherein in the above lower alkyl and
      lower alkoxy have 1 to 4 carbon atoms.
NUM  2.
PAR  2. The compound according to claim 1 in which there is a para substitution
      in the phenyl ring.
NUM  3.
PAR  3. The compound according to claim 1 in which phenoxyalkyl is substituted
      with methyl, methoxy, or chlorine.
NUM  4.
PAR  4. The compound according to claim 1 in which R is phenoxymethyl.
NUM  5.
PAR  5. The compound according to claim 1 in which R.sup.1 and R.sup.2 are
      methyl.
NUM  6.
PAR  6. The compound according to claim 1 in which the protecting group is oxime
      or semicarbazone.
NUM  7.
PAR  7. The compound according to claim 5 in which Z is oxygen, oxime or
      semicarbazone.
NUM  8.
PAR  8. The compound according to claim 5 in which Z is oxime.
NUM  9.
PAR  9. The compound according to claim 1 in which R.sup.1 and R.sup.2 are
      CH.sub.3, Z is oxime and R is CH.sub.2 OC.sub.6 H.sub.4.OCH.sub.3.
NUM  10.
PAR  10. The compound according to claim 1 in which R.sup.1 and R.sup.2 are
      CH.sub.3, Z is oxime and R is CH.sub.2 OC.sub.6 H.sub.4.Cl.
NUM  11.
PAR  11. The compound of claim 5 in which R.sup.1 and R.sup.2 are CH.sub.3, Z is
      oxime and R is CH.sub.2 OC.sub.6 H.sub.4.CH.sub.3.
NUM  12.
PAR  12. The compound 2-Amino-4-hydroxy-6-[2-hydroxyimino-3-(p-methoxy)
      phenoxy-1,1-dimethylpropylamino]-5-nitropyrimidine.
PATN
WKU  039338215
SRC  5
APN  4263677
APT  1
ART  122
APD  19731219
TTL  Direct production of 1,9-anthrapyrimidine-2-carboxylic acid-1,
      anthraquinonylamide in pigmentary form
ISD  19760120
NCL  7
ECL  1
EXA  Wheeler; David E.
EXP  Gallagher; Richard J.
INVT
NAM  Hiller; Heinrich
CTY  Mannheim
CNT  DT
INVT
NAM  Jentzsch; Wolfgang
CTY  Frankenthal
CNT  DT
INVT
NAM  Schuhmacher; Alfred
CTY  Ludwigshafen
CNT  DT
ASSG
NAM  BASF Aktiengesellschaft
CTY  Ludwigshafen (Rhine)
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730102
APN  2300019
CLAS
OCL  2602564Q
XCL  106308
EDF  2
ICL  C07D23984
FSC  260
FSS  256.4 Q
UREF
PNO  2731464
ISD  19560100
NAM  Ebel et al.
OCL  260256.4Q
UREF
PNO  2871240
ISD  19590100
NAM  Randall et al.
OCL  260256.4Q
UREF
PNO  3324131
ISD  19670600
NAM  Genta
OCL  260278
UREF
PNO  3660407
ISD  19720500
NAM  Kay et al.
OCL  260273
UREF
PNO  3723479
ISD  19730300
NAM  Schuhmacher
OCL  260273
FREF
PNO  1,367,834
ISD  19630700
CNT  FR
OCL  260256.4Q
FREF
PNO  1,170,899
ISD  19691100
CNT  UK
OCL  260256.4Q
LREP
FRM  Johnston, Keil, Thompson & Shurtleff
ABST
PAL  Direct production of 1,9-anthrapyrimidine-2-carboxylic
      acid-1'-anthraquinonylamide in pigmentary form by reaction of
      1,9-anthrapyrimidine-2-carboxylic acid chloride with 1-amino-anthraquinone
      in a polar water-miscible aprotic solvent. The dye is obtained in a high
      yield and in a very finely divided and pure form. The isolated reaction
      product may be used direct as a pigment.
BSUM
PAR  The invention relates to a process for the direct production of
      1,9-anthrapyrimidine-2-carboxylic acid-1'-anthraquinonylamide in a
      pigmentary form having particularly high tinctorial strength and improved
      properties for surface coating purposes.
PAR  The dye is made by the prior art method by heating
      1,9-anthrapyrimidine-2-carboxylic acid, 1-aminoanthraquinone and thionyl
      chloride in a high boiling point solvent such as o-dichlorobenzene,
      nitrobenzene or trichlorobenzene at 140.degree. to 160.degree.C. The
      reaction product is separated from the mother liquor, washed with
      o-dichlorobenzene, stirred in methanol and then filtered. The filter cake
      obtained is freed from residual solvent by steam distillaation and the
      aqueous suspension obtained is boiled with hypochlorite solution. The
      product purified in this way is then filtered, washed with water until
      neutral and dried. From this troublesome processing method the pigment is
      obtained in a mean particle size of from 5 to 10 microns. The consequence
      of this when used as a pigment is a moderate pigmenting strength and
      inferior gloss properties in coatings which contain these pigments.
PAR  It is an object of the present invention to provide a process which it is
      easy to handle industrially according to which the dye is obtained direct
      in an advantageous pigmentary form having high tinctorial strength.
PAR  We have found that a finely divided 1,9-anthrapyrimidine-2-carboxylic
      acid-1'anthraquinonylamide is obtained direct in pigmentary form by
      condensing the anthrapyrimidine carboxylic acid chloride with the
      1-aminoanthraquinone in a polar, water-miscible, aprotic solvent.
PAR  A very finely divided 1,9-anthrapyrimidine-2-carboxylic
      acid-1'-anthraquinonylamide is obtained according to the process; it has a
      mean particle size of about 1 micron and has a tinctorial strength which
      is from about 50 to 70% higher than that of the pigment which has been
      prepared by the prior art method.
PAR  The process according to the invention is carried out generally by
      introducing the starting materials (1,9-anthrapyrimidine-2-carboxylic acid
      chloride and 1-aminoanthraquinone) into the polar aprotic water-miscible
      solvent and heating the mixture slowly to the desired reaction
      temperature.
PAR  Condensation takes place under mild conditions and as a rule begins at room
      temperature. The reaction mixture is generally heated to a temperature of
      from 40.degree. to 140.degree.C and preferably to a temperature of from
      70.degree. to 100.degree.C. At these temperatures the condensation is
      generally completed after from 1 hour to 3 hours.
PAR  The amount of water-miscible aprotic solvent is determined by the
      requirement that the reaction mixture should remain stirrable before,
      during and after the reaction. It is convenient to use from 5 to 25 times
      and preferably from 10 to 20 times the amount of solvent in relation to
      the anthrapyrimidine carboxylic acid chloride used. The use of larger
      amounts of solvent does not add any advantage but has no disadvantages.
      Suitable water-miscible polar aprotic solvents include: N,N-dialkylamide
      of aliphatic carboxylic acids with a total of 3 to 8 carbon atoms or
      N-alkyl-lactams such as N,N-dimethylformamide, N,N-diethylformamide,
      N,N-dimethylacetamide, N,N-diethylacetamide, N,N-dimethylpropionamide,
      N,N-diethylpropionamide, N-methylpyrrolidone, N-methylcaprolactam or
      mixtures of the same. N,N-dimethylformamide, N,N-dimethylacetamide,
      N-methylpyrrolidone and mixtures of the same are preferred for the sake of
      economy and of these N-methylpyrrolidone is especially preferred because
      of the rapid reaction and the particularly advantageous tinctorial
      properties of the product. A particularly rapid reaction of the acid
      chloride is obtained with the 1-amino-anthraquinone when the condensation
      reaction is carried out in the presence of a tertiary amine as proton
      acceptor or of an agent which removes by a chemical reaction the hydrogen
      chloride liberated in the condensation. Examples of tertiary amines
      suitable for the said purpose are triethylamine, tripropylamine and
      tributylamine.
PAR  Tertiary alcohols such as tertiary-butanol are particularly suitable as
      agents which undergo a chemical reaction with the hydrogen chloride
      formed.
PAR  The tertiary amine or the agent which will react with hydrogen chloride
      formed in the reaction is generally used in an equivalent amount with
      respect to the acid chloride used. More or less than the said amount of
      the agent is however not disadvantageous. Another preferred variant of the
      process of the invention consists in preparing the
      1,9-anthrapyrimidine-2-carboxylic acid chloride required as starting
      compound from the corresponding anthrapyrimidine carboxylic acid in the
      condensation medium immediately prior to the condensation by reaction with
      a chlorinating agent. Thionyl chloride, phosphorus oxychloride or phosgene
      are particularly suitable as chlorinating agents. Chlorination takes place
      in the strongly polar aprotic solvent at ambient temperature to
      40.degree.C without additional heating.
PAR  This variant of the process is particularly preferred for use on an
      industrial scale because isolation of the anthrapyrimidine carboxylic acid
      chloride (in which some of the acid chloride is hydrolyzed again) is not
      necessary.
PAR  The reaction mixture is processed by conventional methods. After the
      condensation is over the deposited pigment is filtered off and the filter
      residue advantageously stirred with the same solvent and the pigment again
      separated, for example by filtration, centrifuging or decantation. The
      filter residue is then washed with water and optionally dried.
PAR  The product occurs in the form of fine needles having a mean particle size
      of about 1 micron. It has a color strength which is 50 to 70% higher than
      that of the pigment prepared by the prior art methods. After it has been
      incorporated into a surface coating material it imparts thereto a
      noticeably higher gloss than the pigment obtained by a prior art method.
      This result is surprising because it would have been expected because of
      the high dissolving power of the strongly polar aprotic solvent that the
      finely divided pigment precipitated during the condensation would
      crystallize to large particles under the reaction conditions.
DETD
PAR  The Examples will further illustrate the process of the invention. The
      parts and percentages given are by weight unless otherwise stated.
PAC  EXAMPLE 1
PAR  125 parts of 1,9-anthrapyrimidine-2-carboxylic acid is stirred in 2000
      parts of N-methylpyrrolidone (NMP). Thionyl chloride is added at
      25.degree. to 30.degree.C while cooling so that the carboxylic acid passes
      into solution with the formation of the acid chloride. 99 parts of
      1-amino-anthraquinone and 88 parts of tertiary-butanol (to bind hydrogen
      chloride formed) are then added. Formation of the dye with a weakly
      exothermic reaction begins at ambient temperature. The reaction mixture is
      slowly heated to 90.degree. to 110.degree.C and stirred for 2 hours at
      this temperature. After the dye suspension has been filtered the filter
      cake is stirred in 2000 parts of NMP, filtered and then washed with water
      and dried.
PAR  The yield is 200 parts of 1,9-anthrapyrimidine-2-carboxylic
      acid-1'-anthraquinonylamide, equivalent to 93% of theory.
PAC  EXAMPLE 2
PAR  125 parts of 1,9-anthrapyrimidine-2-carboxylic acid is stirred into 2000
      parts of NMP. 60 parts of phosgene is passed in as gas at 25.degree. to
      30.degree.C so that a solution of the carboxylic acid chloride is formed.
PAR  99 parts of 1-aminoanthraquinone and 88 parts of tertiary-butanol are added
      and the whole is further processed as described in Example 1.
PAR  The yield is 200 parts of 1,9-anthrapyrimidine-2-carboxylic
      acid-1'-anthraquinonylamide, equivalent to 93% of theory.
PAC  EXAMPLE 3
PAR  35 parts of 1,9-anthrapyrimidine-2-carboxylic acid is stirred into 700
      parts of NMP. 20 parts of thionyl chloride is added at 25.degree.C while
      cooling so that the carboxylic acid passes into solution with the
      formation of the acid chloride. 28 parts of 1-aminoanthraquinone and 24
      parts of tertiary-butanol are added and the reaction mixture is heated to
      40.degree.C. After stirring for 31/2 hours at this temperature the dye
      suspsnsion is filtered, the filter residue is stirred into 600 parts of
      NMP, the suspension is filtered and the filter cake is washed with water
      and dried.
PAR  The yield is 57 parts of 1,9-anthrapyrimidine-2-carboxylic
      acid-1'-anthraquinonylamide, equivalent to 93.5% of theory.
PAC  EXAMPLE 4
PAR  35 parts of 1,9-anthrapyrimidine-2-carboxylic acid and 20 parts of thionyl
      chloride are reacted to the acid chloride in 700 parts of NMP as described
      in Example 3. 28 parts of 1-aminoanthraquinone and 24 parts of
      tertiary-butanol are added and the reaction mixture is heated to
      80.degree.C. After stirring for two hours at this temperature the whole is
      worked up as described in Example 3.
PAR  The yield is 60.5 parts of 1,9-anthrapyrimidine-2-carboxylic
      acid-1'-anthraquinonylamide, equivalent to 99% of the theory.
PAC  EXAMPLE 5
PAR  The procedure of Example 4 is repeated but at 120.degree.C. The yield is
      56.5 parts of the anthraquinonylamide, equivalent to 92.5% of theory.
PAC  EXAMPLE 6
PAR  Example 4 is repeated but the reaction is carried out at 140.degree.C. The
      yield is 56.1 parts of the anthraquinonylamide, equivalent to 92% of
      theory.
PAC  EXAMPLE 7
PAR  35 parts of 1,9-anthrapyrimidine-2-carboxylic acid is stirred into 700
      parts of NMP. While cooling 20 parts of thionyl chloride is added at
      25.degree.C so that the carboxylic acid passes into solution with the
      formation of the acid chloride. 500 parts of NMP is then distilled off in
      vacuo at 35.degree. to 40.degree.C. the distillation residue is cooled to
      0.degree.C and the acid chloride which crystallizes out is filtered off.
      The filter cake is dissolved in 600 parts of NMP, 28 parts of
      1-aminoanthraquinone and 5 parts of triethylamine are added and the whole
      is heated to 80.degree.C. The dye suspension is filtered and the filter
      cake is stirred into 500 parts of NMP, the suspension is filtered and the
      filter residue is washed with water and if desired dried.
PAR  The yield is 50 parts of 1,9-anthrapyrimidine-1-carboxylic
      acid-1'-anthraquinonylamide, equivalent to 82% of theory.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the direct production of 1,9-anthrapyrimidine-2-carboxylic
      acid-1'-anthraquinonylamide in pigmentary form which comprises the step of
      condensing 1,9-anthrapyrimidinecarboxylic acid chloride with
      1-aminoanthraquinone in N-methylpyrrolidone.
NUM  2.
PAR  2. A process as set forth in claim 1 wherein the reaction is carried out in
      the presence of triethylamine, tripropylamine or tributylamine at a
      temperature of from 40.degree. to 140.degree.C.
NUM  3.
PAR  3. A process as set forth in claim 1 wherein the reaction is carried out at
      a temperature of from 40.degree. to 140.degree.C and in the presence of
      tertiary butanol as the agent which will react with hydrogen chloride
      formed in the reaction.
NUM  4.
PAR  4. A process as set forth in claim 1 wherein the reaction is carried out at
      from 40.degree. to 140.degree.C.
NUM  5.
PAR  5. A process as set forth in claim 1 wherein triethylamine, tripropylamine
      or tributylamine is used as the proton acceptor.
NUM  6.
PAR  6. A process as set forth in claim 1 wherein tertiary-butanol is used as
      the agent which will react with hydrogen chloride formed in the reaction.
NUM  7.
PAR  7. A process as set forth in claim 1 wherein the
      1,9-anthrapyridine-2-carboxylic acid chloride required as starting
      material is prepared in the polar water-miscible aprotic solvent
      immediately prior to the condensation.
PATN
WKU  039338223
SRC  5
APN  4783875
APT  1
ART  125
APD  19740611
TTL  Azapurinones
ISD  19760120
NCL  13
ECL  1
EXP  Schenkman; Leonard
INVT
NAM  Broughton; Barbara Joyce
CTY  Croydon
CNT  EN
INVT
NAM  Large; Bryan John
CTY  Ilkley
CNT  EN
INVT
NAM  Marshall; Stuart Malcolm
CTY  Stanford-le-Hope
CNT  EN
INVT
NAM  Pain; David Lord
CTY  Upminster
CNT  EN
INVT
NAM  Wooldridge; Kenneth Robert Harry
CTY  Brentwood
CNT  EN
ASSG
NAM  May & Baker Limited
CTY  Essex
CNT  EN
COD  03
PRIR
CNT  UK
APD  19730612
APN  27920/73
CLAS
OCL  2602565R
XCL  424 45
XCL  424248
XCL  424251
XCL  424253
XCL  2602471
EDF  2
ICL  C07D23900
FSC  260
FSS  256.5
UREF
PNO  3819631
ISD  19740600
NAM  Broughton et al.
OCL  260256.4
OREF
PAL  Chemical Abstracts 54:22115g, (1960).
LREP
FRM  Stevens, Davis, Miller & Mosher
ABST
PAL  8-Azapurin-6-ones substituted in the 2-position by a phenyl group carrying
      in a meta-position a sulphamoyl substituent, and also a hydroxy, alkoxy or
      alkylthio substituent para with respect to the said sulphamoyl grouping,
      and pharmaceutically acceptable salts thereof, possess pharmacological
      properties useful in the treatment of allergic respiratory disorders, for
      example allergic bronchial asthma.
BSUM
PAR  This invention relates to new therapeutically useful 8-azapurin-6-one
      derivatives, to a process for their preparation and to pharmaceutical
      compositions containing them.
PAR  In the specifications of our U.S. patent applications Ser. Nos. 207986 now
      U.S. Pat. No. 3,819,631 patented June 25th 1974 and copending 364425
      entitled "Azapurinones" and filed December 14th 1971 and 29th May 1973
      respectively there are described the class of new 8-azapurin-6-one
      derivatives represented by the general formula:
      ##SPC1##
PAL  Wherein R represents a phenyl or naphthyl group, which may optionally carry
      one or more (preferably at most three) substituents selected from halogen
      (preferably fluorine), chlorine or bromine) atoms and hydroxy, alkyl,
      phenylalkyl, alkoxy, alkenyloxy, alkynyloxy, alkoxyalkoxy, phenoxy,
      aralkoxy (e.g. phenylalkoxy), alkylthio, hydroxyalkyl, nitro,
      alkanesulphonyl, alkanoyl, alkoxycarbonyl, amino, trifluoromethyl and
      methylenedioxy groups and amino groups substituted by one or two groups
      selected from alkyl, phenyl, alkanoyl, alkanesulphonyl and arenesulphonyl
      (e.g. benzenesulphonyl) groups, or R represents a straight- or
      branched-chain alkenyl or alkynyl group containing from 2 to 6 carbon
      atoms, a cycloalkyl group containing from 3 to 8 carbon atoms (e.g.
      cyclohexyl), a straight- or branched-chain alkyl group containing from 2
      to 10 carbon atoms (preferably isopropyl, butyl or isobutyl), or a
      straight- or branched-chain alkyl group containing from 1 to 10 carbon
      atoms (preferably methyl or ethyl) carrying one or more (preferably at
      most two) substituents selected from halogen atoms, hydroxy groups,
      cycloalkyl groups containing from 3 to 8 carbon atoms (preferably
      cyclohexyl), straight- or branched-chain alkoxy groups containing from 1
      to 6 carbon atoms, and phenyl groups optionally carrying one or more
      (preferably at most two) substituents selected from halogen atoms and
      straight- or branched-chain alkyl and alkoxy groups containing from 1 to 6
      carbon atoms, hydroxy groups, and phenylalkoxy (e.g. benzyloxy) groups in
      which the alkoxy moiety contains 1 to 6 carbon atoms, and pharmaceutically
      acceptable salts thereof.
PAR  In those specifications it is stated that, when R represents a substituted
      phenyl or substituted naphthyl group, alkyl groups and alkyl portions of
      phenylalkyl, alkylthio, aralkoxy, alkanoyl, alkanesulphonyl, hydroxyalkyl
      and alkoxycarbonyl substituents contain from 1 to 6 carbon atoms, each
      alkyl portion of an alkoxyalkoxy substituent contains from 1 to 6 carbon
      atoms; alkoxy substituents contain from 1 to 10 carbon atoms; alkenyloxy
      and alkynyloxy substituents contain 2 to 10 carbon atoms and alkyl and
      alkanoyl groups on amino substituents, and alkane portions of
      alkanesulphonyl groups on amino substituents, contain from 1 to 6 carbon
      atoms; phenoxy substituents, and phenyl groups on amino substituents may
      carry one or more substituents selected from halogen (e.g. fluorine,
      chlorine or bromine) atoms, and alkyl and alkoxy groups containing from 1
      to 6 carbon atoms; aryl (e.g. phenyl) portions of aralkoxy substituents
      may carry one or more substituents selected from halogen (e.g. fluorine,
      chlorine or bromine) atoms, alkyl and alkoxy groups containing from 1 to 6
      carbon atoms and nitro groups; and arene (e.g. benzene) portions of
      arenesulphonyl groups on amino substituents may carry one or more alkyl
      groups containing from 1 to 6 carbon atoms (e.g. methyl). It is further
      stated that the carbon atoms in the alkyl, alkoxy, alkanoyl, alkane,
      alkenyloxy and alkynyloxy groups or moieties may be in a straight- or
      branched-chain.
PAR  It is pointed out in our above-mentioned specifications that the compounds
      of formula I exhibit tautomerism such that each of the hydrogen atoms
      depicted as residing on the nitrogen atoms in the 1- and 9-positions may
      reside on any of the nitrogen atoms in the 1-, 3-, 7-, 8- and 9-positions
      or on the oxygen atom connected to the carbon atom in the 6-position, and
      that all the forms thus described may be present to a greater or lesser
      degree and are in a state of dynamic equilibrium with each other.
      Furthermore, in certain cases the substituent R contributes to optical
      and/or stereoisomerism. All such forms are embraced by the invention
      described in our aforementioned specification.
PAR  According to a feature of the invention described in our aforementioned
      specifications, compounds of formula I are prepared from compounds of the
      general formula:
      ##SPC2##
PAL  (wherein R is as hereinbefore defined) by the action of a source of nitrous
      acid, for example a nitrite of an alkali metal, e.g. sodium nitrite or
      potassium nitrite, together with an acid, for example dilute aqueous
      hydrochloric acid, preferably as the reaction medium, at a temperature
      near or below the ambient temperature, for example between 0.degree. and
      30.degree.C.
PAR  Compounds of formula II may be prepared, for example, by the reduction of
      compounds of the general formula:
      ##SPC3##
PAL  (wherein R is as hereinbefore defined) with suitable reducing agents, for
      example sodium dithionite in water or an aqueous lower alkanol, e.g.
      aqueous ethanol, optionally in the presence of a base, e.g. triethylamine.
PAR  Compounds of formula III may be prepared, for example, by the reaction of
      compounds of the general formula:
      ##EQU1##
      (wherein R is as hereinbefore defined, X.sup.n.sup.- represents the anion
      of a suitable acid, for example an inorganic acid (e.g. hydrochloric
      acid), or a strong organic acid (e.g. methanesulphonic or
      toluene-p-sulphonic acid), and n is the basicity of that acid) with an
      alkyl .alpha.-oximinocyanoacetate, for example ethyl
      .alpha.-oximinocyanoacetate, in the presence of a lower alkoxide of an
      alkali metal in a lower alkanol, for example sodium ethoxide in ethanol,
      preferably at an elevated temperature, advantageously at the reflux
      temperature of the reaction mixture.
PAR  Compounds of formula IV may be prepared by the action of acids of the
      general formula H.sub.n X (wherein X and n are as hereinbefore defined) on
      compounds of the general formula:
      ##EQU2##
      (wherein R is as hereinbefore defined), which may themselves be prepared,
      for example, by the catalytic hydrogenation of compounds of the general
      formula:
      ##EQU3##
      (wherein R is as hereinbefore defined), preferably using Raney nickel as
      catalyst.
PAR  Compounds of formula VI may be prepared by the reaction of hydroxylamine
      hydrochloride with compounds of the general formula:
EQU  RCN                                                        VII
PAL  (wherein R is as hereinbefore defined) with a basic catalyst in a suitable
      solvent, for example sodium carbonate in aqueous ethanol, sodium hydride
      in ethyl cellosolve, or triethylamine, which may also act as solvent.
PAR  The 8-azapurin-6-one derivatives of general formula I described in our
      aforementioned specification possess valuable pharmacological properties,
      in particular properties of value in the treatment of respiratory
      disorders manifested by the interaction of tissue-fixed antibodies with
      specific antigens, such as allergic bronchial asthma.
PAR  It has now been found as a result of further research and experimentation
      that when R in general formula I represents a phenyl group substituted in
      the meta-position by a sulphamoyl grouping the hitherto unknown compounds
      exhibit similar valuable pharmacological properties to the
      8-azapurin-6-one derivatives of general formula I.
PAR  The present invention accordingly provides compounds of the general
      formula:
      ##SPC4##
PAL  [wherein R.sup.1 represents a hydroxy group, a straight- or branched-chain
      alkoxy or alkylthio group containing from 1 to 10, preferably from 1 to 3,
      carbon atoms, R.sup.2 represents a hydrogen atom, or a straight- or
      branched-chain alkyl, alkenyl or alkynyl group, each such group containing
      up to 10 carbon atoms, and may carry one or more substituents selected
      from hydroxy groups, phenyl groups and cycloalkyl groups containing from 3
      to 8 carbon atoms, or R.sup.2 represents a cycloalkyl group containing
      from 3 to 8 carbon atoms, or a phenyl group which may carry one or more
      substituents selected from alkyl and alkoxy groups containing from 1 to 6
      carbon atoms, halogen (e.g. chlorine) atoms, and nitro and trifluoromethyl
      groups, and R.sup.3 represents a hydrogen atom, or a straight- or
      branched-chain alkyl, alkenyl or alkynyl group, each such group containing
      up to 10 carbon atoms, and may carry one or more substituents selected
      from hydroxy groups, phenyl groups and cycloalkyl groups containing from 3
      to 8 carbon atoms, or R.sup.3 represents a cycloalkyl group containing
      from 3 to 8 carbon atoms, or the group --NR.sup.2 R.sup.3 represents a 5-,
      6- or 7-membered heterocyclic group which may contain besides the nitrogen
      atom one or more additional hetero atoms (e.g. nitrogen, oxygen or
      sulphur) and may be substituted by one or more straight- or branched-chain
      alkyl groups containing from 1 to 6 carbon atoms (e.g. piperidino,
      1-pyrrolidinyl and morpholino), and R.sup.4 represents a hydrogen atom or
      a methyl or ethyl group] and pharmaceutically acceptable salts thereof.
PAR  For example, the new compounds of general formula VIII suppress the passive
      cutaneous anaphylactic (PCA) reaction resulting from combination of
      tissue-fixed reaginic antibodies with the appropriate antigenic material
      (termed reagin-allergen combination) and carried out in an essentially
      similar manner to that described by Ogilvie [Nature (Lond.), (1964), 204,
      91-92; Immunology, (1967), 12, 112-131]. In the method used to test these
      compounds sera were obtained from rats which had been infected with larvae
      of the nematode parasite Nippostrongylus brasiliensis; as a result of the
      parasitic infestation reaginic antibodies are elaborated in the host
      mammal and are found in sera removed from such animals. Other,
      non-infected, rats received intradermal injections of appropriate
      dilutions of such sera and were then given the allergenic material along
      with Evans' blue dye intravenously forty-eight hours later.
PAR  The allergenic material consisted of supernatant fluid after centrifugation
      of homogenates of adult Nippostrongylus brasiliensis worms which had been
      macerated in Tyrode's solution. The sites of PCA reactions were visualised
      by the effusion of Evans' blue dye from the circulation into those areas
      as a result of increased capillary permeability caused by the release of
      biologically-active substances from cells where reagin-allergen
      combination had occurred. The new compounds when given intravenously to
      the rats just before injection of allergen, at doses of, for example,
      0.001 to 2.0 mg./kg. were able to prevent the development of the reaction.
PAR  Particularly important compounds of the present invention are those of
      general formula VIII wherein R.sup.1  represents a propoxy group, R.sup.2
      represents an alkyl group containing up to 10 carbon atoms and R.sup.3
      represents an alkyl group containing up to 4 carbon atoms, at least one of
      the said alkyl groups being preferably branched, for example,
      8-aza-2-(5-N,N-dimethylsulphamoyl-2-propoxyphenyl)purin-6-one,
      8-aza-2-(5-N,N-diethylsulphamoyl-2-propoxyphenyl)purin-6-one,
      8-aza-2-(5-N,N-dipropylsulphamoyl-2-propoxyphenyl)purin-6-one, and, more
      especially,
      8-aza-2-(5-N-isopropyl-N-methylsulphamoyl-2-propoxyphenyl)-purin-6-one,
      and pharmaceutically acceptable salts thereof.
PAR  Other important compounds of the present invention are those wherein
      R.sup.1 represents a propoxy group and R.sup.2 represents a substituted or
      unsubstituted phenyl group, for example,
      8-aza-2-(5-N-phenylsulphamoyl-2-propoxyphenyl)-purin-6-one, as well as
      N-[3-(8-aza-6-oxopurin-2-yl)-4-propoxybenzenesulphonyl]morpholine and
      8-aza-2-(5-N-cyclohexyl-N-methylsulphamoyl-2-propoxyphenyl)purin-6-one.
PAR  As a further feature of the present invention, the compounds of general
      formula VIII are prepared by the reaction of a compound of the general
      formula:
      ##SPC5##
PAL  (wherein R.sup.1 and R.sup.4 are as hereinbefore defined and Y represents a
      halogen atom, more particularly a chlorine atom) with a compound of the
      general formula:
      ##EQU4##
      wherein R.sup.2 and R.sup.3 are as hereinbefore defined.
PAR  The reaction is generally carried out at a temperature between 0.degree.
      and 150.degree.C., optionally in the presence of a solvent, for example
      water or an alkanol containing from 1 to 3 carbon atoms, or a mixture of
      such an alkanol with water, or sulpholane, and optionally in the presence
      of a tertiary amine, such as 1,8-bis-(dimethylamino)naphthalene or
      pyridine, which may also serve as a solvent. When a said tertiary amine is
      present the reaction is generally carried out in the absence of hydroxylic
      solvents such as water and alkanols.
PAR  Compounds of formula IX may be prepared from compounds of the general
      formula:
      ##SPC6##
PAL  (wherein R.sup.1 and R.sup.4 are as hereinbefore defined) by the adaptation
      of known methods for the introduction of a group --SO.sub.2 Y (wherein Y
      is as hereinbefore defined) on the benzene ring, for example when Y
      represents a chlorine atom by the action of chlorosulphonic acid at or
      near 0.degree.C.
PAR  The compounds of formula XI may be prepared as described in our
      aforementioned specification.
PAR  The present invention includes pharmaceutically acceptable salts of
      compounds of general formula VIII with pharmaceutically acceptable bases.
      By the term "pharmaceutically acceptable salts" is meant salts the cations
      of which are relatively innocuous to the animal organism when used in
      therapeutic doses so that the beneficial pharmacological properties of the
      parent compounds are not vitiated by side effects ascribable to those
      cations. Suitable salts include the alkali metal, e.g. sodium and
      potassium, and ammonium salts and salts of amines known in the art to be
      pharmaceutically acceptable, e.g. ethylene diamine, choline,
      diethanolamine, triethanolamine, octadecylamine and
      1-(3,4-dihydroxyphenyl)-2-isopropylaminoethanol.
PAR  Pharmaceutically acceptable salts may be prepared by the reaction together
      of stoichiometric quantities of a compound of general formula VIII and the
      appropriate base, that is to say, a base as described immediately
      hereinbefore, for example at an elevated temperature, with or without an
      appropriate solvent, preferably followed by recrystallisation from an
      appropriate solvent, for example a hydroxylic solvent, e.g. an alkanol, of
      the salt so formed.
DETD
PAR  The following Examples illustrate the preparation of the new compounds of
      the present invention.
PAC  EXAMPLE 1
PAR  8-Aza-2-(5-chlorosulphonyl-2-propoxyphenyl)-purin-6-one (3.7 g.) was
      dissolved at room temperature in a stirred solution of dimethylamine in
      ethanol (75 ml.; 33% w/v) and the solution was stirred for a further 90
      minutes, then heated on the steam-bath for 10 minutes. The more volatile
      components were removed in vacuo to give an oil, which was treated with
      water (50 ml.) containing a few drops of the ethanolic dimethylamine
      solution, filtered, and the filtrate acidified to pH 1 by means of
      concentrated hydrochloric acid. The white crystalline precipitate was
      recrystallised from aqueous ethanol and dried at 140.degree.C./10 mm.Hg to
      give 8-aza-2-(5-N,N-dimethylsulphamoyl-2-propoxyphenyl)purin-6-one (2.45
      g.), m.p. 227.degree.-229.degree.C.
PAR  By proceeding in a similar manner (except where a different reaction period
      is indicated), but substituting for the ethanolic dimethylamine the
      appropriate quantities of the following solutions:
PA0  aqueous methylamine (25% w/v),
PA0  aqueous ammonia (specific gravity 0.880),
PA0  aqueous t-butylamine (33% w/v) (24 hours reaction period),
PA0  aqueous ethylamine (35% w/v),
PA0  aqueous 2-methylamino)ethanol (30% w/v),
PA0  aqueous 1-deoxy-1-(methylamino)glucitol (50% w/v) (24 hours reaction
      period),
PA0  aqueous 1-amino-1-deoxyglucitol (50% w/v) (24 hours reaction period),
PA0  aqueous pyrrolidine (30% w/v),
PA0  hexylamine (30% w/v solution in 50% w/v aqueous ethanol) (210 minutes
      reaction period),
PA0  aqueous N-methyl-butylamine (30% w/v) (24 hours
PA0  reaction period),
PA0  aqueous diethylamine (30% w/v) (24 hours reaction period),
PA0  aqueous N-methyl-isopropylamine (40% w/v) (24 hours reaction period),
PA0  ethanolic N-methyl-benzylamine (12% w/v) (24 hours reaction period),
PA0  ethanolic N-methyl-cyclohexylamine (33% w/v) (24 hours reaction period),
PA0  and dipropylamine (33% w/v solution in 50% w/v aqueous ethanol) (24 hours
      reaction period),
PAL  there were prepared:
PAR  8-aza-2-(5-N-methylsulphamoyl-2-propoxyphenyl)purin-6-one, m.p.
      227.degree.-228.degree.C. (after removing ethanol of crystallisation by
      dissolving in hot 2N aqueous ammonia, reprecipitating by means of
      concentrated hydrochloric acid, and drying at 140.degree.C. /10 mm.Hg),
PAR  8-aza-2-(2-propoxy-5-sulphamoylphenyl)purin-6-one, m.p.
      271.degree.-272.degree.C. (recrystallised from acetic acid),
      8-aza-2-(5-N-t-butylsulphamoyl-2-propoxyphenyl)purin-6-one, m.p.
      240.degree.-242.degree.C.,
PAR  8-aza-2-(5-N-ethylsulphamoyl-2-propoxyphenyl)purin-6-one, m.p.
      240.degree.-241.degree.C. (recrystallised from ethanol),
PAR  8-aza-2-[5-(N-2-hydroxyethyl-N-methylsulphamoyl)-2-propoxyphenyl]purin-6-on
     e, m.p. 216.degree.-217.degree.C. (recrystallised from ethanol),
PAR  N-[3-(8-aza-6-oxopurin-2-yl)-4-propoxybenzenesulphonyl]-1-deoxy-1-methylami
     noglucitol, m.p. 183.5.degree.-185.degree.C. (recrystallised from water),
      N-[3-(8-aza-6-oxopurin-2-yl)-4-propoxybenzenesulphonyl]-1-amino-1-deoxyglu
     citol, m.p. 205.degree.-207.5.degree.C. (recrystallised from water),
PA1  N-[3-(8-aza-6-oxopurin-2-yl)-4-propoxybenzenesulphonyl]purrolidine, m.p.
      250.degree.-251.degree.C. (recrystallised from ethanol),
PAR  8-aza-2-(5-N-hexylsulphamoyl-2-propoxyphenyl)purin-6-one, m.p.
      153.degree.-155.degree.C. (recrystallised from methanol and dried at
      100.degree.C./10 mm.Hg),
PAR  8-aza-2-(5-N-butyl-N-methylsulphamoyl-2-propoxyphenyl)-purin-6-one, m.p.
      178.degree.-179.degree.C.,
      8-aza-2-(5-N,N-diethylsulphamoyl-2-propoxyphenyl)purin-6-one, m.p.
      228.degree.-229.degree.C. (purified by dissolving in hot 2N aqueous
      ammonia and reprecipitating by means of concentrated hydrochloric acid),
PAR  8-aza-2-(5-N-isopropyl-N-methylsulphamoyl-2-propoxyphenyl)purin-6-one, m.p.
      257.5.degree.-258.degree.C. (recrystallised from acetonitrile),
PAR  8-aza-2-(5-N-benzyl-N-methylsulphamoyl-2-propoxyphenyl)purin-6-one, m.p.
      132.degree.-133.degree.C. (recrystallised from ethanol),
PAR  8-aza-2-(5-N-cyclohexyl-N-methylsulphamoyl-2-propoxyphenyl)purin-6-one,
      m.p. 216.degree.-217.degree.C., and
      8-aza-2-(5-N,N-dipropylsulphamoyl-2-propoxyphenyl)-purin-6-one, m.p.
      110.degree.-114.degree.C. (recrystallised from aqueous acetic acid, and
      containing one molecule of acetic acid of crystallisation per molecule),
      respectively.
PAR  By again proceeding in a similar manner, but substituting
      8-aza-2-(5-chlorosulphonyl-2-methoxyphenyl)purin-6-one for the
      8-aza-2-(5-chlorosulphonyl-2-propoxyphenyl)purin-6-one used as a starting
      material, there was prepared
      8-aza-2-(5-N,N-dimethylsulphamoyl-2-methoxyphenyl)purin-6-one, m.p.
      266.degree.-267.degree.C.
PAR  By again proceeding in a similar manner, using
      8-aza-2-(5-chlorosulphonyl-2-methoxyphenyl)purin-6-one as starting
      material, but replacing the ethanolic dimethylamine by the appropriate
      quantities of the following solutions:
PA0  aqueous isopropylamine (33% w/v),
PA0  aqueous t-butylamine (33% w/v),
PA0  aqueous N-methyl-isopropylamine (40% w/v),
PAL  there were prepared:
PAR  8-aza-2-(5-N-isopropylsulphamoyl-2-methoxyphenyl)-purin-6-one, m.p.
      274.degree.-275.degree.C. (recrystallised from aqueous acetic acid),
PAR  8-aza-2-(5-N-t-butylsulphamoyl-2-methoxyphenyl)-purin-6-one, m.p.
      233.degree.-235.degree.C. (recrystallised from aqueous acetic acid), and
PAR  8-aza-2-(5-N-isopropyl-N-methylsulphamoyl-2-methoxyphenyl)purin-6-one, m.p.
      223.degree.-225.degree.C. (purified by dissolving in hot 2N aqueous
      ammonia and reprecipitating by means of concentrated hydrochloric acid),
      respectively.
PAR  The 8-aza-2-(5-chlorosulphonyl-2-propoxyphenyl)-purin-6-one, used as
      starting material in the above preparations, was obtained in the following
      manner:
PAR  8-Aza-2-(2-propoxyphenyl)purin-6-one (5.0 g.; prepared as described in
      Example 1 of our above-mentioned specification) was gradually dissolved in
      stirred chlorosulphonic acid (35 ml.) at a temperature between 0.degree.
      and 5.degree.C. The mixture was allowed to stand at that temperature for
      48 hours and then added slowly to ice (150 g.), still maintaining the
      temperature at between 0.degree. and 5.degree.C. The precipitate was
      filtered off, washed well with ice-cold water and dried in a desiccator to
      give 8-aza-2-(5-chlorosulphonyl-2-propoxyphenyl)purin-6-one (6.0 g.),
      sufficiently pure for use in the next stage without further purification
      being necessary.
PAR  By proceeding in a similar manner,
      8-aza-2-(5-chlorosulphonyl-2-methoxyphenyl)purin-6-one was prepared from
      8-aza-2-(2-methoxyphenyl)purin-6-one (which was itself prepared as
      described in Example 1 of our aforementioned specification).
PAC  EXAMPLE 2
PAR  8-Aza-2-(5-chlorosulphonyl-2-propoxyphenyl)purin-6-one (3.7 g.; prepared as
      described in Example 1) was added to a stirred solution of benzylamine
      (5ml.) in dry ethanol (50 ml.) at room temperature. The mixture was
      stirred for a further 2 hours at room temperature and then heated at
      reflux for 1 hour. The mixture was cooled and the precipitated solid
      stirred in 2N hydrochloric acid at 60.degree.C. for 30 minutes. The
      mixture was cooled to room temperature and the solid was filtered off,
      recrystallised from methanol with the aid of charcoal, and dried at
      100.degree.C./10 mm.Hg to give
      8-aza-2-(5-N-benzylsulphamoyl-2-propoxyphenyl)purin-6-one (2.74 g.), m.p.
      150.degree.-151.degree.C.
PAC  EXAMPLE 3
PAR  A mixture of morpholine (50 ml.) and
      8-aza-2-(5-chlorosulphonyl-2-propoxyphenyl)purin-6-one (3.7 g.) was
      stirred and heated at reflux for 90 minutes. Excess morpholine was then
      removed in vacuo, and the residue was dissolved in hot 2N aqueous ammonia
      solution, insoluble material filtered off, and the solution then acidified
      to pH 1 by means of concentrated hydrochloric acid. The precipitated solid
      obtained was recrystallised from ethanol and dried at 140.degree.C./10
      mm.Hg to give
      N-[3-(8-aza-6-oxopurin-2-yl)-4-propoxybenzenesulphonyl]morpholine (2.28
      g.), m.p. 248.degree.-249.degree.C.
PAR  By proceeding in a similar manner, but substituting the appropriate
      quantity of piperidine for the morpholine used as a starting material,
      there was prepared
      N-[3-(8-aza-6-oxopurin-2-yl)-4-propoxybenzenesulphonyl]piperidine, m.p.
      270.degree.-271.degree.C. (recrystallised from aqueous ethanol).
PAC  EXAMPLE 4
PAR  8-Aza-2-(5-chlorosulphonyl-2-propoxyphenyl)-purin-6-one (2.5 g.) was added
      slowly to a solution of pure N-methylaniline (1.5 g.) in dry pyridine (50
      ml.) at 0.degree.C. After stirring at this temperature for 2 hours, the
      mixture was stirred for a further 24 hours at room temperature. The
      precipitated solid was then filtered off and stirred in hydrochloric acid
      (2N; 50 ml.) for 1 hour. The resulting white solid was then recrystallised
      from aqueous acetic acid and dried at 140.degree.C./10 mm.Hg to give
      8-aza-2-(5-N-methyl-N-phenylsulphamoyl-2-propoxyphenyl)purin-6-one (1.2
      g.), m.p. 250.degree.-251.degree.C.
PAR  By proceeding in a similar manner, but substituting the appropriate
      quantity of aniline for the N-methylaniline used as starting material,
      there was prepared
      8-aza-2-(5-N-phenylsulphamoyl-2-propoxyphenyl)-purin-6-one, m.p.
      253.degree.-254.degree.C. (recrystallised from aqueous acetic acid).
PAC  EXAMPLE 5
PAR  8-Aza-2-(5-chlorosulphonyl-2-propoxyphenyl)-purin-6-one (3.7 g.), was
      suspended in dry pyridine (50 ml.) and then treated with o-anisidine (5.0
      g.). This mixture was then stirred and heated at 60.degree.C. for 24
      hours. The resulting mixture was then evaporated to dryness in vacuo and
      treated with hydrochloric acid (2N; 100 ml.). After cooling in ice, a
      solid gradually formed from the oil. This solid was then dissolved in
      dilute ammonia solution and then the pH was adjusted to pH 8 by means of
      concentrated hydrochloric acid. After filtration to remove any
      precipitated solid the pH of the filtrate was adjusted to pH 1 with
      concentrated hydrochloric acid. The resulting solid was then treated again
      with ammonia followed by concentrated hydrochloric acid to give
      8-aza-2-[5-N-(2-methoxyphenyl)sulphamoyl-2-propoxyphenyl]purin-6-one (0.65
      g.), m.p. 139.degree.-142.degree.C.
PAR  By proceeding in a similar manner, but substituting the appropriate
      quantities of m-anisidine, p-anisidine and 3-trifluoromethylaniline for
      the o-anisidine used as starting material, there were prepared:
PAR  8-aza-2-[5-N-(3-methoxyphenyl)sulphamoyl-2-propoxyphenyl]purin-6-one, m.p.
      137.degree.-139.degree.C.,
PAR  8-aza-2-[5-N-(4-methoxyphenyl)sulphamoyl-2-propoxyphenyl]purin-6-one, m.p.
      150.degree.-152.degree.C., and
PAR  8-aza-2-[5-N-(3-trifluoromethylphenyl)sulphamoyl-2-propoxyphenyl]purin-6-on
     e, m.p. 150.degree.-152.degree.C., respectively.
PAC  EXAMPLE 6
PAR  8-Aza-2-(5-chlorosulphonyl-2-propoxyphenyl)-purin-6-one (3.7 g.) was added
      slowly with stirring to a solution of dihexylamine (30 ml.) in ethanol (30
      ml.). The mixture was stirred for 24 hours at room temperature and then
      the ethanol was removed in vacuo. The resulting oil was then diluted with
      petroleum ether (b.p. 40.degree.-60.degree.C.) (250 ml.), the precipitated
      solids being filtered off and washed with a further quantity of petroleum
      ether. These solids were then dissolved in aqueous sodium hydroxide
      solution (2N) and this solution was extracted with petroleum ether (b.p.
      40.degree.-60.degree.C.) (3 .times. 50 ml.). The aqueous layer was then
      acidified to pH 1 with concentrated hydrochloric acid and the resultant
      suspension was shaken with chloroform (100 ml.). Any solid remaining
      undissolved was then filtered off, the organic layer was separated, washed
      with water (2 .times. 20 ml.) and dried over sodium sulphate. After
      removal of the chloroform there was obtained an oil which, on scratching,
      solidified and was then recrystallised from aqueous ethanol to give
      8-aza-2-(5-N,N-dihexylsulphamoyl-2-propoxyphenyl)purin-6-one (0.9 g.),
      m.p. 126.5.degree.-128.5.degree.C.
PAC  EXAMPLE 7
PAR  Fresh 8-aza-2-(5-chlorosulphonyl-4-methyl-2-propoxyphenyl)purin-6-one (7.7
      g.) was added slowly to a stirred solution of methylamine in ethanol (180
      ml.; 33% w/v), the mixture was stirred at room temperature for 210 minutes
      and then heated on the steam bath for 10 minutes. The solution was
      evaporated to dryness, the residue was suspended in water and sufficient
      aqueous methylamine solution (40% w/v) was added so as to give a clear
      solution. The solution was then treated with charcoal, filtered, cooled in
      ice and acidified to pH 1 with concentrated hydrochloric acid. The light
      yellow solid formed was filtered off, washed with water and recrystallised
      from isopropanol to give
      8-aza-2-(4-methyl-5-N-methylsulphamoyl-2-propoxyphenyl)purin-6-one (6.78
      g.), m.p. 254.degree.-257.degree.C. (with decomposition). A sample (1.5
      g.) of this material was further purified by dissolving in dilute aqueous
      ammonia solution, filtering, and acidification with glacial acetic acid.
      The acid mixture was heated to give a clear solution and then allowed to
      cool to give crystals of
      8-aza-2-(4-methyl-5-N-methylsulphamoyl-2-propoxyphenyl)purin-6-one (1.2
      g.), m.p. 259.degree.-260.degree.C. (with decomposition).
PAR  By proceeding in a similar manner, but replacing the ethanolic methylamine
      solution, used as a starting material, by the appropriate quantities of
      the following solutions:
PA0  ethanolic dimethylamine (25% w/v),
PA0  aqueous ammonia (specific gravity 0.880), and
PA0  aqueous t-butylamine (33% w/v),
PAL  there were prepared:
PAR  8-aza-2-(4-methyl-5-N,N-dimethylsulphamoyl-2-propoxyphenyl)purin-6-one,
      m.p. 256.degree.-257.degree.C.,
PAR  8-aza-2-(4-methyl-2-propoxy-5-sulphamoylphenyl)-purin-6-one, m.p.
      299.degree.-300.degree.C. (with decomposition) from ethanol, and
PAR  8-aza-2-(5-N-t-butylsulphamoyl-4-methyl-2-propoxyphenyl)purin-6-one, m.p.
      233.degree.-235.degree.C.
PAR  The 8-aza-2-(5-chlorosulphonyl-4-methyl-2-propoxyphenyl)purin-6-one, used
      as a starting material, was prepared as follows:
PAR  8-Aza-2-(4-methyl-2-propoxyphenyl)purin-6-one (28.5 g.) was dissolved, with
      stirring, in chlorosulphonic acid (150 ml.) at 0.degree.C. and maintained
      at 0.degree.C. in a sealed vessel for 40 hours. The mixture was then
      cautiously added dropwise to a mixture of ice and water (500 ml.) with
      external cooling so as to maintain the temperature at below 3.degree.C.
      After stirring for a further 10 minutes, the
      8-aza-2-(5-chlorosulphonyl-4-methyl-2-propoxyphenyl)-purin-6-on (32 g.)
      was filtered off, washed well with water, and dried in vacuo over
      phosphorus pentoxide.
PAR  The 8-aza-2-(4-methyl-2-propoxyphenyl)purin-6-one (m.p.
      213.degree.-215.degree.C.) was prepared from 4-methylsalicylamide by the
      application and adaptation of methods described in our aforementioned
      specification, via
PA0  4-methyl-2-propoxybenzamide, m.p. 140.degree.-141.degree.C.,
PA0  4-methyl-2-propoxybenzamidine hydrochloride,
PA0  6-amino-2-(4-methyl-2-propoxyphenyl)-5-nitrosopyrimid-
PA0  4-one, m.p. 229.degree.-234.degree.C., and
PA0  5,6-diamino-2-(4-methyl-2-propoxyphenyl)pyrimid-4-one, m.p.
      182.degree.-183.degree.C.
PAR  The 4-methylsalicylamide, m.p. 184.degree.-186.degree.C., was prepared from
      methyl 4-methylsalicylate (Behal and Tiffeneau, Bull, Soc. Chim. France.,
      1908 [4], 3, 730) by adaptation of the method described by Goldbeck, Ber.
      dtsch. Chem. Ges. 1891, 24, 3659, for the preparation of
      5-methylsalicylamide.
PAC  EXAMPLE 8
PAR  A mixture of 8-aza-2-(5-chlorosulphonyl-2-propoxyphenyl)purin-6-one (1.85
      g.), N-ethyl-isopropylamine (0.87 g.) and
      1,8-bis(dimethylamino)naphthalene (1.07 g.) in dry sulpholane (15 ml.) was
      stirred and heated at 60.degree.C. overnight. The mixture was then cooled
      and added to hydrochloric acid (25% w/w, 100 ml.). The precipitated solid
      was filtered off, washed well with water, and stirred with aqueous sodium
      carbonate solution (N; 100 ml.) for 10 minutes. After removal of
      undissolved material by filtration, the filtrate was acidified with
      concentrated hydrochloric acid, and the resulting precipitated solid was
      filtered off and washed well with boiling water followed by cold water.
      The solid was dissolved in 2N aqueous sodium hydroxide solution, and the
      solution washed with petroleum ether (b.p. 40.degree.-60.degree.C.). The
      aqueous layer was acidified with hydrochloric acid, the precipitated solid
      was extracted into ethyl acetate, the extract was washed with water, dried
      and evaporated. The residue was dissolved in aqueous ammonia and
      precipitated again by treatment with hydrochloric acid.
PAR  Recrystallisation from aqueous acetic acid gave
      8-aza-2-(5-N-ethyl-N-isopropylsulphamoyl-2-propoxyphenyl)purin-6-one (0.17
      g.), m.p. 154.degree.-157.degree.C.
PAR  By proceeding in a similar manner, but substituting the appropriate
      quantity of n-sec.-butylmethylamine for the N-ethyl-isopropylamine used as
      starting material, there was prepared
      8-aza-2-(5-N-sec.-butyl-N-methylsulphamoyl-2-propoxyphenyl)purin-6-one,
      m.p. 224.degree.C. (recrystallised from isopropanol).
PAC  EXAMPLE 9
PAR  8-Aza-2-(5-chlorosulphonyl-2-propoxyphenyl)-purin-6-one (3.7 g.) was added
      slowly with cooling and stirring to aqueous isopropylamine 933% w/w; 50
      ml.). The mixture was stirred for 3 hours at room temperature, and
      evaporated under reduced pressure. The residue was suspended in water (50
      ml.), isopropylamine (5 ml.) was added, and the mixture was heated on the
      steam bath until a solution was obtained. The solution was acidified with
      concentrated hydrochloric acid and the precipitated solid was filtered
      off, washed with water, dried and recrystallised from aqueous acetic acid
      to give 8-aza-2-(5-N-isopropylsulphamoyl-2-propoxyphenyl)purin-6-one (2.0
      g.), m.p. 272.degree.-274.degree.C. (with decomposition).
PAC  EXAMPLE 10
PAR  2,6-Dimethylaniline (2.5 g.) was added to a stirred suspension of
      8-aza-2-(5-chlorosulphonyl-2-propoxyphenyl)purin-6-one (1.85 g.) in dry
      pyridine (40 ml.) and the mixture was stirred and heated at reflux for 20
      hours. The solvent was then removed in vacuo and the residue was treated
      with hydrochloric acid (2N; 100 ml.) and heated with stirring on the steam
      bath for 5 minutes. On cooling, the gum that separated turned gradually to
      a solid which, on crystallisation (with charcoaling) from isopropanol,
      gave 8-aza-2-[5-N-(2,6-dimethylphenyl)-sulphamoyl-2-propoxyphenyl]purin-6-
     one (1.04 g.), m.p. 240.degree.-242.degree.C.
PAC  EXAMPLE 11
PAR  A mixture of 8-aza-2-(5-chlorosulphonyl-2-propoxyphenyl)purin-6-one (1.85
      g.), 4-chloroaniline (1.28 g.) and 1,8-bis9dimethylamino)naphthalene (1.07
      g.) in dry sulpholane (10 ml.) was stirred and heated at
      110.degree.-115.degree.C. for 20 hours. The mixture was then poured into
      hydrochloric acid (2N; 100 ml.) and cooled, to give a dark tar. Most of
      this tar was then dissolved in hot aqueous ammonia (2N; 100 ml.) and,
      after charcoaling, was reprecipitated by addition of concentrated
      hydrochloric acid. This base/acid purification procedure was repeated, and
      finally recrystallisation from aqueous acetic acid gave
      8-aza-2-[5-N-(4-chlorophenyl)sulphamoyl-2-propoxyphenyl]purin-6-one (0.67
      g.), m.p. 157.degree.-164.degree.C.
PAR  By proceeding in a similar manner, but substituting the appropriate
      quantity of 4-nitroaniline for the 4-chloroaniline used as starting
      material, there was prepared
      8-aza-2-[5-N-(4-nitrophenyl)sulphamoyl-2-propoxyphenyl]purin-6-one, m.p.
      170.degree.-174.degree.C.
PAC  EXAMPLE 12
PAR  A mixture of 8-aza-2-(5-N-methylsulphamoyl-2-propoxyphenyl)purin- 6-one
      (0.36 g.; prepared as described in Example 1) and triethanolamine (0.16
      g.) in dry ethanol (15 ml.) was heated at reflux until solution occurred.
      The crystalline mass formed on cooling was filtered off, washed with dry
      ethanol, and recrystallised from dry ethanol to give the triethanolamine
      salt of 8-aza-2-(5-N-methylsulphamoyl-2-propoxyphenyl)purin-6-one (0.3
      g.), m.p. 164.degree.-166.degree.C. (with decomposition).
PAR  The present invention includes within its scope pharmaceutical compositions
      which comprise one or more compounds of general formula VIII, or a
      pharmaceutically acceptable salt thereof, in association with a
      pharmaceutical carrier or coating. In clinical practice the compounds of
      the present invention will normally be administered orally, sub-lingually,
      nasally, rectally or parenterally.
PAR  Solid compositions for oral administration include compressed tablets,
      pills, dispersible powders, and granules. In such solid compositions the
      active compound or compounds is or are mixed with at least one inert
      diluent such as calcium carbonate, potato starch, alginic acid, or
      lactose. The compositions may also comprise, as is normal practice,
      additional substances other than inert diluents, e.g. lubricating agents,
      such as magnesium stearate. Liquid compositions for oral administration
      include pharmaceutically acceptable emulsions, solutions, suspensions, and
      elixirs containing inert diluents commonly used in the art, such as water
      and liquid paraffin. Besides inert diluents such compositions may also
      comprise adjuvants, such as wetting and suspending agents, and sweetening,
      flavouring, perfuming and preserving agents. The compositions according to
      the invention, for oral administration, also include capsules of
      absorbable material such as gelatin containing the active compound or
      compounds with or without the addition of diluents or excipients.
PAR  The compound(s) may also be administered sub-lingually by administration of
      relatively slowly dissolving tablets which, besides including inert
      diluents as commonly used in the art, may contain sweetening, flavouring,
      perfuming and preserving agents.
PAR  Solid compositions for rectal administration include suppositories
      formulated in manner known per se and containing the active compound or
      compounds.
PAR  Preparations according to the invention for parenteral administration
      include sterile aqueous or non-aqueous solutions, suspensions, or
      emulsions. Examples of non-aqueous solvents or suspending media are
      propylene glycol, polyethylene glycol, vegetable oils such as olive oil,
      and injectable organic esters such as ethyl oleate. These compositions may
      also contain adjuvants such as preserving, wetting, emulsifying and
      dispersing agents. They may be sterilised, for example, by filtration
      through a bacteria-retaining filter, by incorporation of sterilising
      agents in the compositions, by irradiation, or by heating. They may also
      be manufactured in the form of sterile solid compositions, which can be
      dissolved in sterile water or some other sterile injectable medium
      immediately before use.
PAR  The percentage of active ingredient in the compositions of the invention
      may be varied, it being necessary that it should constitute a proportion
      such that a suitable dosage for the therapeutic effect desired shall be
      obtained. Obviously several unit dosage forms may be administered at about
      the same time. Generally, the compositions should contain 0.1% to 50% by
      weight of azapurinone compound, especially when in tablet form. When in
      aerosol form as hereinafter described the compositions should contain 0.2
      to 5%, preferably 2 to 5%, by weight of azapurinone compound.
PAR  The active compound or compounds may also be administered by methods known
      for the inhalation of drugs which are not themselves gaseous under normal
      conditions of administration. Thus, a solution of the compound or
      compounds in a suitable pharmaceutically acceptable solvent, for example
      water, can be nebulized by a mechanical nebulizer, for example a Wright
      Nebulizer, to given an aerosol of finelydivided liquid particles suitable
      for administration for inhalation orally or nasally. The solution may
      contain stabilizing agents and buffering agents to give it an isotonic
      character, e.g. sodium chloride, sodium citrate and citric acid.
PAR  The compound or compounds may also be administered orally or nasally by
      inhalation in the form of aerosols generated from self-propelling
      pharmaceutical compositions. Compositions suitable for this purpose may be
      obtained by dissolving or suspending in finely-divided form, preferably
      micronized to an average particle size of less than 5 microns, the active
      compound or compounds in pharmaceutically acceptable solvents, e.g.
      ethanol, which are co-solvents assisting in dissolving the compound or
      compounds in the volatile liquid propellant hereinafter described, or
      pharmaceutically acceptable suspending or dispersing agents, for example
      aliphatic alcohols such as oleyl alcohol, Span/85 and isopropyl myristate,
      and incorporating the solutions or suspensions obtained with
      pharmaceutically acceptable volatile liquid propellants, in conventional
      pressurized packs which may be made of any suitable material, e.g. metal,
      plastics or glass, adequate to withstand the pressures generated by the
      volatile propellants in the pack. Pressurized pharmaceutically acceptable
      gases, such as nitrogen, may also be used as propellants. The pressurized
      pack is preferably fitted with a metered valve which dispenses a
      controlled quantity of the self-propelling aerosol composition as a single
      dose.
PAR  Suitable volatile liquid propellants are known in the art and include
      fluorochlorinated alkanes containing from one to four, and preferably one
      or two, carbon atoms, for example dichlorodifluoromethane,
      dichlorotetrafluoroethane, trichloromonofluoromethane,
      dichloromonofluoromethane and monochlorotrifluoromethane. Preferably, the
      vapour pressure of the volatile liquid propellant is between about 25 to
      65 pounds, and more especially between about 30 and 55 pounds, per square
      inch gauge at 21.degree.C. As is well-known in the art, volatile liquid
      propellants of different vapour pressures may be mixed in varying
      proportions to give a propellant having a vapour pressure appropriate to
      the production of a satisfactory aerosol and suitable for the chosen
      container. For example dichlorodifluoromethane (vapour pressure 85 pounds
      per square inch gauge at 21.degree.C.) and dichlorotetrafluoroethane
      (vapour pressure 28 pounds per square inch gauge at 21.degree.C.) may be
      mixed in varying proportions to give propellants having vapour pressures
      intermediate between those of the two constituents, e.g. a mixture of
      dichlorodifluoromethane and dichlorotetrafluoroethane in the proportions
      38:62 respectively by weight has a vapour pressure of 53 pounds per square
      inch gauge at 21.degree.C.
PAR  The self-propelling pharmaceutical compositions may be prepared by
      dissolving the required quantity of the compound or compounds in the
      co-solvent or combining the required quantity of the compound with a
      measured quantity of suspending or dispersing agent. A measured quantity
      of this composition is then placed in an open container which is to be
      used as the pressurized pack. The container and its contents are then
      cooled below the boiling temperature of the volatile propellant to be
      used. The required quantity of liquid propellant, cooled below its boiling
      temperature, is then added and the contents of the container mixed. The
      container is then sealed with the required valve fitting without allowing
      the temperature to rise above the boiling temperature of the propellant.
      The temperature of the sealed container is then allowed to rise to ambient
      temperature with shaking to ensure complete homogeneity of the contents to
      give a pressurized pack suitable for generating aerosols for inhalation.
      Alternatively, the co-solvent solution of the compound or compounds or
      combination of compound or compounds and suspending or dispersing agent is
      placed in the open container, the container sealed with a valve, and the
      liquid propellant introduced under pressure.
PAR  Means for producing self-propelling compositions for generating aerosols
      for the administration of medicaments are, for example, described in
      detail in U.S. Pat. Nos. 2,868,691 and 3,095,355.
PAR  The compound or compounds may also be administered orally by inhalation in
      the form of a dry micronised powder, which may be diluted with one or more
      suitable pharmaceutically acceptable inert solid diluents selected from,
      for example, lycopodium, boric acid, starch, bismuth subcarbonate and
      heavy magnesium carbonate.
PAR  The pharmaceutical compositions of the present invention may contain, in
      addition to the compound or compounds of formula VIII, one or more
      substances known per se to have bronchodilating actions in man, for
      example, isoprenaline, salbutamol and prostaglandin E.sub.1 (PGE.sub.1).
PAR  By the term "pharmaceutically-acceptable" as applied in this specification
      to solvents, suspending or dispersing agents, propellants, gases and solid
      diluents is meant solvents, suspending or dispersing agents, propellants,
      gases and solid diluents which are non-toxic when used in aerosols
      suitable for the inhalation therapy.
PAR  It is highly desirable that the aerosols or micronised powders should have
      a particle size less than about 10 microns and preferably less than 5
      microns, for example, between 0.5 and 3 microns, to ensure effective
      distribution to very narrow bronchioles. Preferably, administration is by
      means of devices enabling controlled quantities of the active ingredients
      to be administered, for example by means of the metered valves
      hereinbefore mentioned.
PAR  The dose of the compounds of general formula VIII employed depends upon the
      desired therapeutic effect, the route of administration and the duration
      of the treatment. In the adult, the doses are generally between 0.002 and
      0.4 mg./kg. body weight per day by administration by inhalation in divided
      doses.
PAR  The following Example illustrates pharmaceutical compositions according to
      the present invention.
PAC  EXAMPLE 13
PAR  Micromilled triethanolamine salt of
      8-aza-2-(5-N-methylsulphamoyl-2-propoxyphenyl)purin-6-one (100 mg.) and
      oleyl alcohol (200 mg.) were placed in a polyvinyl chloride-coated glass
      bottle (20 ml. capacity) and filled with a mixture of
      dichlorodifluoromethane and dichlorotetrafluoroethane to give a total
      volume of 7.1 ml. The bottle was sealed with a metered valve (with dip
      tube) delivering 0.1 ml doses. Each puff (generated from 0.1 ml. of
      solution) of aerosol released from the pressurized pack thus obtained
      contained 1 mg. of
      8-aza-2-(5-N-methylsulphamoyl-2-propoxyphenyl)purin-6-one [in terms of the
      free 8-aza-2-(5-N-methylsulphamoyl-2-propoxyphenyl)purin-6-one].
CLMS
STM  We claim:
NUM  1.
PAR  1. An 8-azapurin-6-one derivative of the formula:
      ##SPC7##
     40/14
PAL  wherein R.sup.1 represents hydroxy, or alkoxy or alkylthio each containing
      1 to 10 carbon atoms, R.sup.2 represents hydrogen, alkyl of 1 to 10 carbon
      atoms, alkyl of 1 to 10 carbon atoms carrying one or more substituents
      selected from the group consisting of hydroxy and phenyl, cycloalkyl
      containing 3 to 8 carbon atoms, phenyl, or phenyl carrying one or more
      substituents selected from the group consisting of alkyl or alkoxy each
      containing 1 to 6 carbon atoms, halogen, nitro and trifluoromethyl,
      R.sup.3 represents hydrogen, alkyl of 1 to 10 carbon atoms, or alkyl of 1
      to 10 carbon atoms carrying one or more substituents selected from the
      group consisting of hydroxy and phenyl, or cycloalkyl containing 3 to 8
      carbon atoms, and R.sup.4 represents hydrogen, methyl or ethyl, or a
      pharmaceutically acceptable salt thereof.
NUM  2.
PAR  2. An 8-azapurin-6-one derivative according to claim 1 wherein R.sup.1
      represents hydroxy, or alkoxy or alkylthio each containing 1 to 10 carbon
      atoms, R.sup.2 and R.sup.3 each represent hydrogen, alkyl of 1 to 10
      carbon atoms, or alkyl of 1 to 10 carbon atoms carrying one or more
      hydroxy groups, and R.sup.4 represents hydrogen, or a pharmaceutically
      acceptable salt thereof.
NUM  3.
PAR  3. An 8-azapurin-6-one derivative according to claim 1 wherein R.sup.1
      represents propoxy, R.sup.2 represents phenyl, or phenyl carrying one or
      more substituents selected from the group consisting of alkyl or alkoxy
      each containing 1 to 6 carbon atoms, halogen, nitro and trifluoromethyl,
      R.sup.3 represents hydrogen, alkyl of 1 to 10 carbon atoms, or alkyl of 1
      to 10 carbon atoms carrying one or more substituents selected from the
      group consisting of hydroxy and phenyl, or cycloalkyl containing 3 to 8
      carbon atoms, and R.sup.4 represents hydrogen, methyl or ethyl, or a
      pharmaceutically acceptable salt thereof.
NUM  4.
PAR  4. An 8-azapurin-6-one derivative according to claim 1 wherein R.sup.1
      represents alkoxy containing 1 to 3 carbon atoms, or a pharmaceutically
      acceptable salt thereof.
NUM  5.
PAR  5. An 8-azapurin-6-one derivative according to claim 1 wherein R.sup.1
      represents propoxy, R.sup.2 represents alkyl containing 1 to 10 carbon
      atoms, R.sup.3 represents alkyl containing 1 to 4 carbon atoms, and
      R.sup.4 represents hydrogen, methyl or ethyl or a pharmaceutically
      acceptable salt thereof.
NUM  6.
PAR  6. An 8-azapurin-6-one derivative according to claim 5 wherein one or both
      of the alkyl groups represented by R.sup.2 and R.sup.3 is branched-chain
      alkyl.
NUM  7.
PAR  7. The azapurinone according to claim 1 which is
      8-aza-2-(5-N,N-dimethylsulphamoyl-2-propoxyphenyl)purin-6-one, or a
      pharmaceutically acceptable salt thereof.
NUM  8.
PAR  8. The azapurinone according to claim 1 which is
      8-aza-2-(5-N,N-diethylsulphamoyl-2-propoxyphenyl)purin-6-one, or a
      pharmaceutically acceptable salt thereof.
NUM  9.
PAR  9. The azapurinone according to claim 1 which is
      8-aza-2-(5-N,N-dipropylsulphamoyl-2-propoxyphenyl)purin-6-one, or a
      pharmaceutically acceptable salt thereof.
NUM  10.
PAR  10. The azapurinone according to claim 1 which is
      8-aza-2-(5-N-isopropyl-N-methylsulphamoyl-2-propoxyphenyl)-purin-6-one, or
      a pharmaceutically acceptable salt thereof.
NUM  11.
PAR  11. The azapurinone according to claim 1 which is
      8-aza-2-(5-N-phenylsulphamoyl-2-propoxyphenyl)purin-6-one, or a
      pharmaceutically acceptable salt thereof.
NUM  12.
PAR  12. The azapurinone according to claim 1 which is
      8-aza-2-(5-N-cyclohexyl-N-methylsulphamoyl-2-propoxyphenyl)-purin-6-one,
      or a pharmaceutically acceptable salt thereof.
NUM  13.
PAR  13. An azapurinone derivative according to claim 1 selected from the group
      consisting of 8-aza-2-(5-N-methylsulphamoyl-2-propoxyphenyl)purin-6-one,
      8-aza-2-(2-propoxy-5-sulphamoylphenyl)purin-6-one,
      8-aza-2-(5-N-t-butylsulphamoyl-2-propoxyphenyl)purin-6-one,
      8-aza-2-(5-N-ethylsulphamoyl-2-propoxyphenyl)purin-6-one,
      8-aza-2-[5-(N-2-hydroxyethyl-N-methylsulphamoyl)-2-propoxyphenyl]purin-6-o
     ne,
      N-[3-(8-aza-6-oxopurin-2-yl)-4-propoxybenzenesulphonyl]-1-deoxy-1-methylam
     inoglucitol,
      N-[3-(8-aza-6-oxopurin-2-yl)-4-propoxybenzenesulphonyl]-1-amino-1-deoxyglu
     citol, 8-aza-2-(5-N-hexylsulphamoyl-2-propoxyphenyl)purin-6-one,
      8-aza-2-(5-N-butyl-N-methylsulphamoyl-2-propoxyphenyl)purin-6-one,
      8-aza-2-(5-N-benzyl-N-methylsulphamoyl-2-propoxyphenyl)purin-6-one,
      8-aza-2-(5-N,N-dimethylsulphamoyl-2-methoxyphenyl)purin-6-one,
      8-aza-2-(5-N-isopropylsulphamoyl-2-methoxyphenyl)purin-6-one,
      8-aza-2-(5-N-t-butysulphamoyl-2-methoxyphenyl)purin-6-one,
      8-aza-2-(5-N-isopropyl-N-methylsulphamoyl-2-methoxyphenyl)purin-6-one,
      8-aza-2-(5-N-benzylsulphamoyl-2-propoxyphenyl)purin-6-one,
      8-aza-2-(5-N-methyl-N-phenylsulphamoyl-2-propoxyphenyl)purin-6-one,
      8-aza-2-[5-N-(2-methoxyphenyl)sulphamoyl-2-propoxyphenyl]-purin-6-one,
      8-aza-2-[5-N-(3-methoxyphenyl)sulphamoyl-2-propoxyphenyl]purin-6-one,
      8-aza-2-[5-N-(4-methoxyphenyl)-sulphamoyl-2-propoxyphenyl]purin-6-one,
      8-aza-2-[5-N-(3-trifluoromethylphenyl)sulphamoyl-2-propoxyphenyl]purin-6-o
     ne, 8-aza-2-(5-N,N-dihexylsulphamoyl-2-propoxyphenyl)-purin-6-one,
      8-aza-2-(4-methyl-5-N-methylsulphamoyl-2-propoxyphenyl)purin-6-one,
      8-aza-2-(4-methyl-5-N,N-dimethylsulphamoyl-2-propoxyphenyl)purin-6-one,
      8-aza-2-(4-methyl-2-propoxy-5-sulphamoylphenyl)purin-6-one,
      8-aza-2-(5-N-t-butylsulphamoyl-4-methyl-2-propoxyphenyl)-purin-6-one,
      8-aza-2-(5-N-ethyl-N-isopropylsulphamoyl-2-propoxyphenyl)purin-6-one,
      8-aza-2-(5-N-sec.-butyl-N-methylsulphamoyl-2-propoxyphenyl)purin-6-one,
      8-aza-2-(5-N-isopropylsulphamoyl-2-propoxyphenyl)purin-6-one,
      8-aza-2-[5-N-(2,6-dimethylphenyl)sulphamoyl-2-propoxyphenyl]purin-6-one,
      8-aza-2-[5-N-(4-chlorophenyl)sulphamoyl-2-propoxyphenyl]purin-6-one,
      8-aza-2-[5-(4-nitrophenyl)-sulphamoyl-2-propoxyphenyl]purin-6-one, and a
      pharmaceutically acceptable salt thereof.
PATN
WKU  039338231
SRC  5
APN  3377768
APT  1
ART  122
APD  19730305
TTL  Isoxazolopyridine ketone derivatives
ISD  19760120
NCL  5
ECL  1
EXA  Tovar; Jose
EXP  Daus; Donald G.
INVT
NAM  Denzel; Theodor
CTY  Nurnberg
CNT  DT
INVT
NAM  Hoehn; Hans
CTY  Tegernheim
CNT  DT
ASSG
NAM  E. R. Squibb & Sons, Inc.
CTY  Princeton
STA  NJ
COD  02
RLAP
COD  74
APN  129198
APD  19710329
PSC  01
PNO  3736327
CLAS
OCL  260268BC
XCL  260250R
XCL  2602564R
XCL  26029358
XCL  260296H
EDF  2
ICL  C07D29512
FSC  260
FSS  293.58;268 BC;296 H
LREP
FR2  Levinson; Lawrence S.
FR2  Smith; Merle J.
ABST
PAL  New isoxazolo[5,4-b]pyridine-5-ketones having the general formula
      ##SPC1##
PAL  As well as their salts, are useful as central nervous system depressants.
      These compounds also increase the intracellular concentration of
      adenosine-3',5'-cyclic monophosphate.
PARN
     This application is a division of application Ser. No. 129,198, filed Mar.
      29, 1971, U.S. Pat. No. 3,736,327, issued May 29, 1973.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to new isoxazolo[5,4-b]pyridine-5-ketone derivatives
      and salts thereof. These new compounds have the general formula
      ##SPC2##
PAR  R.sub.1 is hydrogen or lower alkyl. The basic nitrogen group
      ##EQU1##
      is an acyclic amino moiety wherein R.sub.2 and R.sub.3 each is hydrogen,
      lower alkyl, phenyl, substituted phenyl (i.e., the phenyl ring contains
      one or two simple substituents, e.g., a halogen, preferably chlorine, or
      trifluoromethyl), phenyl-lower alkylene or di-lower alkylamino-lower
      alkylene (preferably only one of these).
PAR  The basic nitrogen groups may also form a heterocycle of 3-,5- or 6-members
      in which an additional nitrogen is present, i.e., the aziridinyl,
      pyrrolidino, piperidino, pyrazolyl, pyrimidinyl, pyridazinyl or
      piperazinyl radicals, each of which may also bear as a substituent a
      hydroxy-lower alkyl group or one or two lower alkyl groups. R.sub.4 is
      alkyl, cycloalkyl, phenyl or substituted phenyl. These radicals may also
      bear a hydroxy or a hydroxy-lower alkyl group.
PAC  DETAILED DESCRIPTION
PAR  The symbols have the following meanings in formula I and throughout this
      specification.
PAR  R.sub.1 is hydrogen or lower alkyl. The basic nitrogen group
      ##EQU2##
      is an acyclic amino group wherein R.sub.2 and R.sub.3 each is hydrogen,
      lower alkyl, phenyl, substituted phenyl (i.e., the phenyl ring contains
      one or two simple substituents including halogen or trifluoromethyl),
      phenyl-lower alkylene or di-lower alkylamino-lower alkylene (preferably
      there is only one of these substituents). This basic group may also form a
      heterocycle of 3-,5- or 6 -members in which an additional nitrogen is
      present, in particular, aziridinyl, pyrrolidino, piperidino, pyrazolyl,
      pyrimidinyl, pyridazinyl or piperazinyl radicals, each of which may also
      bear as a substituent a hydroxy-lower alkyl group or one or two lower
      alkyl groups. That is to say, R.sub.2 and R.sub.3 each is hydrogen, lower
      alkyl, R.sub.5, R.sub.6 -phenyl (wherein R.sub.5 and R.sub.6 each is
      hydrogen, halogen or trifluoromethyl), phenyl-lower alkylene, or di-lower
      alkylamino-lower alkylene or R.sub.2 and R.sub.3 together with the
      nitrogen to which they are attached form one of the heterocyclics
      mentioned above or the R.sub.7 -mono-substituted or R.sub.7, R.sub.8
      -disubstituted derivative (wherein R.sub.7 and R.sub.8 are the
      substituents lower alkyl or hydroxy-lower alkyl in addition to hydrogen).
PAR  The lower alkyl and lower alkylene groups in any of the foregoing radicals
      are straight or branched chain hydrocarbon groups of up to eight carbon
      atoms like methyl, ethyl, propyl, isopropyl, butyl, t-butyl and the like.
      The lowest four members are preferred. Benzyl and phenethyl are the
      preferred phenyl-lower alkylene groups. All four halogens are included,
      but chlorine is preferred.
PAR  The products of the examples which are representative of the various
      compounds of this invention constitute preferred embodiments. Most
      preferably R.sub.3 is hydrogen, particularly when R.sub.2 includes a
      cyclic substituent or a substituted or unsubstituted acyclic group.
      Especially preferred compounds of formula I are those wherein R.sub.1 is
      methyl, R.sub.2 is butyl, phenyl, substituted phenyl and tertiary amine,
      R.sub.3 is hydrogen and R.sub.4 is methyl.
PAR  The new compounds of formula I are formed by the following series of
      reactions. The symbols in the structural formulas have the same meaning as
      previously described.
PAR  A 5-aminoisoxazole of the formula
      ##SPC3##
PAL  [produced by reacting 3-iminobutyronitrile with hydroxylamine analogous to
      the procedure described in Ann, Chem. 624,22(1959),] is made to react with
      an alkoxymethyleneaceto-acetic acid ester of the formula
      ##EQU3##
      by heating at a temperature of about 120.degree.-130.degree.C. The
      resulting compound of the formula
      ##SPC4##
PAL  is cyclized in an inert organic solvent, such as diphenyl ether at about
      230.degree. to about 260.degree.C. while distilling off the alcohol
      formed, producing a compound of the formula
      ##SPC5##
PAL  with a hydroxy group in the 4-position.
PAR  This 4-hydroxy compound is refluxed for several hours with a phosphorus
      halide like phosphorus oxychloride to obtain the intermediate of the
      formula
      ##SPC6##
PAL  The product of formula I is then prepared from a compound of formula VI by
      reaction with the appropriate primary or secondary amine of the formula
      ##EQU4##
      This reaction is effected by treating the reactants either at room or
      elevated temperature. For some cases it may be advantageous to make use of
      an autoclave.
PAR  The compounds of formula I form salts which are also part of this
      invention. The salts include acid-addition salts, particularly the
      non-toxic, physiologically acceptable members. The bases of formula I form
      salts by reaction with a variety of inorganic and organic acids providing
      acid addition salts including, for example, the hydrohalides (especially
      the hydrochloride and hydrobromide), sulfate, nitrate, phosphate, oxalate,
      tartrate, malate, citrate, picrate, acetate, ascorbate, succinate,
      arylsulfonates like benzenesulfonate and toluenesulfonate,
      alkanesulfonates like methanesulfonate, cyclohexanesulfonate,
      cyclohexanesulfamate, etc. The acid addition salts frequently provide a
      convenient means for isolating the product, e.g., by forming and
      precipitating the salt in an appropriate menstruum in which the salt is
      insoluble, then after separation of the salt, neutralizing with a base
      such as barium hydroxide or sodium hydroxide, to obtain the free base of
      formula I. Other salts may then be formed from the free base by reaction
      with an equivalent of acid.
PAR  The new compounds of this invention are central nervous system depressants
      and may be used as tranquilizers or ataractic agents for the relief of
      anxiety and tension states, for example, in mice, cats, rats, dogs and
      other mammalian species, in the same manner as chlordiazepoxide. For this
      purpose a compound or mixture of compounds of formula I, or non-toxic,
      physiologically acceptable acid addition salt thereof, may be administered
      orally or parenterally in a conventional dosage form such as tablet,
      capsule, injectable or the like. A single dose, or preferably 2 to 4
      divided daily doses, provided on a basis of about 1 to 50 mg. per kilogram
      per day, preferably about 2 to 15 mg. per kilogram per day, is
      appropriate. These may be conventionally formulated in an oral or
      parenteral dosage form by compounding about 10 to 250 mg. per unit of
      dosage with conventional vehicle, excipient, binder, preservative,
      stabilizer, flavor or the like as called for by accepted pharmaceutical
      practice.
PAR  The new compounds also increase the intracellular concentration of
      adenosine-3', 5'-cyclic monophosphate, and thus by the administration of
      about 1 to 100 mg./kg./day, preferably about 10 to 50 mg./kg., in single
      or two to four divided doses in conventional oral or parenteral dosage
      forms such as those described above may be used to alleviate the symptoms
      of asthma.
DETD
PAR  The following examples are illustrative of the invention. All temperatures
      are on the centrigrade scale.
PAC  EXAMPLE 1
PAC  5-Acetyl-4-(n-butylamino)-3-methylisoxazolo[5,4-b]pyridine
PAR  a. (3-Methyl-5-isoxazolyl)aminomethyleneacetoacetic acid ethyl ester
PAR  98 g. of 3-methyl-5-aminoisoxazole (1 mol.) and 186 g. of
      ethoxymethyleneacetoacetic acid ethyl ester (1 mol.) are heated with
      stirring for 45 minutes at 130.degree.. After this period, ethanol is
      removed under reduced pressure. The residue solidifies on cooling and is
      recrystallized from ethanol, m.p. 93.degree.-95.degree., yield 208 g.
      (87%).
PAR  b. 5-Acetyl-4-hydroxy-3-methylisoxazolo[5,4-b]pyridine
PAR  23.8 g. of (3-methyl-5-isoxazolyl)aminomethyleneacetoacetic acid ethyl
      ester (0.1 mol.) are quickly added to 100 ml. of vigorously refluxing
      diphenyl ether. After 5 minutes, the reaction mixture is cooled, as
      rapidly as possible. After addition of 100 ml. diethyl ether,
      5-acetyl-4-hydroxy-3-methylisoxazolo[5,4-b]pyridine crystallizes and is
      filtered off. Recrystallization from methanol yields 9.5 g. (49.5%) of
      pure product, m.p. 162.degree..
PAR  c. 5-Acetyl-4-chloro-3-methylisoxazolo[5,4-b]pyridine
PAR  38.4 g. of 5-acetyl-4-hydroxy-3-methylisoxazolo[5,4-b]-pyridine (0.2 mol.)
      in 100 ml. of phosphorus oxychloride are heated for 5 hours at 80.degree..
      After this time, the excess phosphorus oxychloride is removed in vacuo and
      the residue is carefully neutralized with saturated sodium bicarbonate
      solution. The chloro compound is extracted three times with 100 ml.
      portions of chloroform. The organic layer is collected, dried over sodium
      sulfate and the solvent evaporated. The solid residue is recrystallized
      from petroleum ether. Yield, 33 g. (83%) of
      5-acetyl-4-chloro-3-methylisoxazolo[5,4-b]pyridine, m.p. 63.degree..
PAR  d. 5-Acetyl-4-(n-butylamino)-3-methylisoxazolo[5,4-b]-pyridine
PAR  2.1 g. of 5-acetyl-4-chloro-3-methylisoxazolo[5,4-b]-pyridine (0.01 mol.)
      are added with stirring to 2.2 g. of n-butylamine (0.03 mol.). After 5
      minutes the mixture is diluted with 50 ml. water and the
      5-acetyl-4-(n-butylamino)-3-methylisoxazolo[5,4-b]pyridine which
      precipitates is filtered off and recrystallized from petroleum ether,
      yield 2.2 g. (90%), m.p. 116.degree.-117.degree..
PAR  The hydrochloride salt is produced by treating the above product with
      dilute ethanolic hydrogen chloride solution.
PAR  By utilizing sec.-butylamine in the procedure of part d, 5-acetyl-4-(sec.
      -butylamino-3-methylisoxazolo[5,4-b]pyridine is obtained, m.p.
      79.degree.-81.degree..
PAR  The following additional products are produced by substituting the
      appropriately substituted starting material for the
      3-methyl-5-aminoisoxazole or ethoxymethyleneacetoacetic acid ethyl ester
      in part a or butylamine in part d of Example 1, respectively:
TBL                        R.sub.2                                             

     Example                                                                   

          R.sub.1                                                              

              R.sub.4      N.angle.                                            

                           R.sub.3                                             

     __________________________________________________________________________

     2    H   C.sub.2 H.sub.5                                                  

                           --NH.sub.2                                          

                           C.sub.2 H.sub.5                                     

     3    C.sub.2 H.sub.5                                                      

              C.sub.2 H.sub.5                                                  

                           --N.angle.                                          

                           C.sub.2 H.sub.5                                     

                           CH.sub.3                                            

     4    CH.sub.3                                                             

              C.sub.3 H.sub.7                                                  

                           --N.angle.                                          

                           CH.sub.3                                            

     5    H   C.sub.4 H.sub.9                                                  

                           --NHC.sub.4 H.sub.9                                 

     6    CH.sub.3                                                             

              cyclobutyl   --NHC.sub.4 H.sub.9                                 

                           C.sub.5 H.sub.11                                    

     7    CH.sub.3                                                             

              cyclopentyl  --N.angle.                                          

                           C.sub.5 H.sub.11                                    

     8    CH.sub.3                                                             

              cyclohexyl   --NH--C.sub.6 H.sub.5                               

     9    CH.sub.3                                                             

              CH.sub.3                                                         

     10   H   C.sub.2 H.sub.5                                                  

     11   CH.sub.3                                                             

              CH.sub.3                                                         

     12   CH.sub.3                                                             

              CH.sub.3                                                         

     13   CH.sub.3                                                             

              CH.sub.3                                                         

     14   CH.sub.3                                                             

              CH.sub.3                                                         

     15   CH.sub.3         --NH.sub.2                                          

     16   CH.sub.3         --NHC.sub.4 H.sub.9                                 

     17   H                --NHCH.sub.3                                        

     18   C.sub.2 H.sub.5                                                      

     19   C.sub.2 H.sub.5  --NHCH.sub.3                                        

     20   C.sub.2 H.sub.5                                                      

                           H                                                   

     21   C.sub.2 H.sub.5                                                      

              C.sub.2 H.sub.5                                                  

                           --N--C.sub.2 H.sub.4 N(C.sub.2 H.sub.5).sub.2       

     22   H   CH.sub.3                                                         

     23   H   CH.sub.3                                                         

     24   H   CH.sub.3                                                         

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC7##
PAL  wherein R.sub.1 is hydrogen or lower alkyl;
      ##EQU5##
      is R.sub.7 -piperidino or R.sub.7 -piperazinyl; R.sub.4 is lower alkyl,
      cyclo-lower alkyl or phenyl; and R.sub.7 is hydrogen, lower alkyl or
      hydroxy-lower alkyl, and physiologically acceptable acid addition salts
      thereof.
NUM  2.
PAR  2. A compound as in claim 1 wherein R.sub.1 and R.sub.4 each is lower
      alkyl.
NUM  3.
PAR  3. A compound as in claim 1 wherein R.sub.1 and R.sub.4 each is methyl and
      ##EQU6##
      is piperidino.
NUM  4.
PAR  4. A compound as in claim 1 wherein R.sub.1 and R.sub.4 each is methyl and
      ##EQU7##
      is piperazino.
NUM  5.
PAR  5. A compound as in claim 1 wherein R.sub.1 and R.sub.4 each is methyl and
      ##EQU8##
      is (hydroxyethyl)piperazino.
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ABST
PAL  Central nervous system active butyrophenone derivatives in which .gamma.
      -piperazinobutyrophenone derivatives of the formula,
      ##SPC1##
PAL  Wherein R.sup.1 is hydrogen, amino, C.sub.1 -C.sub.5 alkanoylamino, C.sub.1
      -C.sub.4 alkylamino or N-(C.sub.1 -C.sub.4 alkyl)(C.sub.1 -C.sub.5
      alkanoyl) amino; R.sup.2 is hydrogen or halogen; R.sup.3 is hydrogen,
      halogen, C.sub.1 -C.sub.4 alkyl, C.sub.1 -C.sub.4 alkoxy or
      trifluoromethyl; and m is 0, 1 or 2, and acid addition salts thereof, can
      be prepared by reacting an indole derivative of the formula,
      ##SPC2##
PAL  Wherein R.sup.2, R.sup.3 and m are the same as defined above, and R.sup.4
      and R.sup.5 are hydrogen or C.sub.1 -C.sub.4 alkyl respectively, with an
      oxidizing agent to yield an
      o-alkanoylamino-.gamma.-piperazinobutyrophenone derivative of the formula,
      ##SPC3##
PAL  Wherein R.sup.2, R.sup.3, R.sup.4, R.sup.5 and m are the same as defined
      above, and further, if necessary, hydrolyzing the product to yield an
      o-amino-.gamma.-piperazinobutyrophenone derivative of the formula,
      ##SPC4##
PAL  Wherein R.sup.2, R.sup.3, R.sup.5 and m are the same as defined above, and
      further diazotizing, if desired, in case R.sup.5 is hydrogen, the obtained
      o-amino-.gamma.-piperazinobutyrophenone derivative and subsequently
      decomposing the resultant diazonium compound to replace the diazonium
      group by hydrogen. Among the butyrophenone derivatives thus obtained,
      those in which R.sup.1 is amino, alkanoylamino, alkylamino or
      N-alkylalkanoylamino and those in which R.sup.1 is hydrogen and R.sup.2 is
      halogen substituted at meta-position to carbonyl group are novel
      compounds.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of co-pending application Ser. No. 119,426
      filed on Feb. 26, 1971, now abandoned.
BSUM
PAR  The present invention relates to a novel process for producing
      butyrophenone derivatives. More particularly, the invention relates to a
      novel process for producing central nervous system active
      .gamma.-piperazino-butyrophenone derivatives. The invention also pertains
      to novel central nervous system active .gamma.-piperazinobutyrophenone
      derivatives and pharmaceutical use of the same.
PAR  The present inventors studied in order to find an advantageous process in
      which a substituted .gamma.-piperazinobutyrophenone derivative having a
      substituent at the ortho position can be produced. As a result, the
      present inventors found a novel and advantageous process for producing
      various substituted .gamma.-piperazinobutyrophenone derivatives including
      such ortho-substituted compounds. The most important characteristic of the
      process of our finding resides in the production of
      o-alkanoylamino-.gamma.-piperazinobutyrophenone derivatives by the
      oxidation of 3-(.gamma.-piperazinopropyl)indole derivatives. The
      alkanoylamino group of the thus-obtained
      o-alkanoylamino-.gamma.-piperazinobutyrophenone derivatives can be
      converted to unsubstituted or substituted amino group by an ordinary
      hydrolysis reaction and further subsequently to hydrogen by an ordinary
      diazotization and decomposition. Therefore, according to the process of
      our finding, various .gamma.-piperazinobutyrophenone derivatives can be
      produced very advantageously.
PAR  Accordingly, an object of the present invention is to provide a novel and
      advantageous process for producing .gamma.-piperazinobutyrophenone
      derivatives.
PAR  Another object of the invention is to provide novel central nervous system
      active .gamma.-piperazinobutyrophenone derivatives.
PAR  A further object of the invention is to provide a pharmaceutical use of
      such .gamma.-piperazinobutyrophenone derivatives.
PAR  Other objects and merits of the invention will be apparent from the
      following description.
PAR  In order to accomplish these objects, the present invention provides a
      process for producing a .gamma.-piperazinobutyrophenone compound of the
      formula,
      ##SPC5##
PAL  wherein R.sup.1 is hydrogen, amino, C.sub.1 -C.sub.5 alkanoylamino,
      (C.sub.1 -C.sub.4 alkyl)amino or N-(C.sub.1 -C.sub.4 alkyl) (C.sub.1
      -C.sub.5 alkanoyl) amino; R.sup.2 is hydrogen or halogen; R.sup.3 is
      hydrogen, halogen, C.sub.1 -C.sub.4 alkyl, C.sub.1 -C.sub.4 alkoxy or
      trifluoromethyl; and m is 0, 1 or 2; and an acid addition salt thereof,
      which comprises contacting an indole compound of the formula,
      ##SPC6##
PAL  wherein R.sup.4 and R.sup.5 are hydrogen or C.sub.1 -C.sub.4 alkyl
      respectively, and R.sup.2, R.sup.3 and m are the same as defined above,
      with an oxidizing agent to yield a compound of the formula,
      ##SPC7##
PAL  wherein R.sup.2, R.sup.3, R.sup.4, R.sup.5 and m are the same as defined
      above, and if necessary, hydrolyzing the resulting compound of the formula
      (II) to a compound of the formula,
      ##SPC8##
PAL  wherein R.sup.2, R.sup.3, R.sup.5 and m are the same as defined above, and
      further diazotizing, if desired, in case R.sup.5 is hydrogen, the
      resulting compound of the formula (III) and subsequently decomposing the
      resulting diazonium compound to replace the diazonium group by hydrogen to
      yield a compound of the formula,
      ##SPC9##
PAL  wherein R.sup.2, R.sup.3 and m are the same as defined above.
PAR  Further, the present invention provides a novel compound of the formulas,
      ##SPC10##
PAL  wherein Z is amino, C.sub.1 -C.sub.4 alkylamino, C.sub.1 -C.sub.5
      alkanoylamino or N-(C.sub.1 -C.sub.4 alkyl) (C.sub.1 -C.sub.5
      alkanoyl)amino; R.sup.3 is hydrogen, halogen, C.sub.1 -C.sub.4 alkyl,
      C.sub.1 -C.sub.4 alkoxy, or trifluoromethyl; m is 0, 1 or 2; R.sup.2 is
      hydrogen or halogen; and Y is halogen; and a pharmaceutically acceptable
      acid addition salt thereof.
PAR  Furthermore, the present invention provides a pharmaceutical composition
      containing a novel compound as defined above as active ingredient.
PAR  In the present invention, examples of halogen include fluorine, chlorine,
      bromine or iodine atom.
PAR  These compounds of the present invention of the formula (I) above may be
      prepared by a process as shown by the following reaction scheme:
      ##SPC11##
PAL  wherein R.sup.2, R.sup.3, R.sup.4, R.sup.5 and m have the same meanings as
      defined above.
PAR  The 3-( .gamma.-piperazinopropyl)indole compounds of the formula (V),
      starting materials in the present invention, are easily prepared by
      reducing the corresponding amide derivatives of the formula (VI),
      ##SPC12##
PAL  wherein R.sup.2, R.sup.3, R.sup.4, R.sup.5 and m have the meanings given
      above. A reducing agent such as alkali metal in alcoholic solvent,
      hydrogen in the presence of a catalyst, metal hydride and the like can be
      preferably employed. An electrolytic reduction procedure can also be used
      for the purpose. It is especially preferable to use a metal hydride as a
      reducing agent such as lithium aluminum hydride, diisobutyl aluminum
      hydride, boron hydride or the like, in an inert organic solvent such as,
      for example, ether, tetrahydrofuran, dioxane, N-ethylmorpholine and the
      like.
PAR  The present compounds of the formula (V) can also be prepared by the
      Grignard reaction of an indole derivative (VII) represented by the
      following equation;
      ##SPC13##
PAL  wherein R.sup.6 is lower alkyl, Hal. is halogen and R.sup.2, R.sup.3,
      R.sup.4, R.sup.5 and m have the meanings given above. The
      above-represented indole Grignard reagent can be prepared by a method well
      known to the art and the Grignard reaction of the next process is
      preferably carried out at a temperature between -10.degree. and
      40.degree.C in an inert organic solvent such as, for example, ether,
      tetrahydrofuran, dioxane, anisole, benzene, toluene, xylene or the like.
PAR  By the above-mentioned procedure, the 3-( .gamma.-piperazinopropyl)indole
      compounds of the formula (V) can readily be prepared, examples of which
      are as follows:
PA1  3-[.gamma.-(4-Phenylpiperazino)propyl]indole
PA1  2-Methyl-3-[.gamma.-(4-phenylpiperazino)propyl]indole
PA1  3-[.gamma.-(4-o-Methoxyphenylpiperazino)propyl]indole
PA1  2-Methyl-3-[.gamma.-(4-o-methoxyphenylpiperazino)propyl]-indole
PA1  3-[.gamma.-(4-o-Tolypiperazino)propyl]indole
PA1  3-[.gamma.-(4-o-Chlorophenylpiperazino)propyl]indole
PA1  1,2-Dimethyl-3-[.gamma.-(4-phenylpiperazino)propyl]indole
PA1  2-Methyl-3-[.gamma.-(4-phenylpiperazino)propyl]-5-fluoroindole
PA1  2-Methyl-3-[.gamma.-(4-phenylpiperazino)propyl]-6-fluoroindole
PA1  2-Methyl-3-[.gamma.-(4-o-methoxyphenylpiperazino)propyl]-6-fluoroindole
PA1  1,2-Dimethyl-3-[.gamma.-(4-o-methoxyphenylpiperazino)-propyl]-6-fluoroindol
     e
PA1  1-Ethyl-3-[.gamma.-(4-o-methoxyphenylpiperazino)propyl]-6-fluoroindole
PA1  2-Methyl-3-[.gamma.-(4-m-trifluoromethylphenylpiperazino)-propyl]-5-fluoroi
     ndole
PA1  2-Methyl-3-[.gamma.-(4-p-fluorophenylpiperazino)propyl]-6-fluoroindole
PA1  2-Methyl-3-[.gamma.-(4-phenylpiperazino)propyl]-6-chloroindole
PA1  2-Methyl-3-[.gamma.-(4-o-methoxyphenylpiperazino)propyl]-6-chloroindole
PA1  2-Methyl-3-[.gamma.-(4-o-chlorophenylpiperazino)propyl]-6-chloroindole
PA1  3-[.gamma.-(4-Benzylpiperazino)propyl]indole
PA1  2-Methyl-3-[.gamma.-(4-benzylpiperazino)propyl]indole
PA1  2-Methyl-3-[.gamma.-(4-benzylpiperazino)propyl]-5-fluoroindole
PA1  2-Methyl-3-[.gamma.-(4-benzylpiperazino)propyl]-6-fluoroindole
PA1  2-Methyl-3-[.gamma.-(4-p-chlorobenzylpiperazino)propyl]-6-fluoroindole
PA1  2-Methyl-3-[.gamma.-(4-o-methoxybenzylpiperazino)propyl]-6-fluoroindole
PA1  2-Methyl-3-[.gamma.-(4-phenethylpiperazino)propyl]-6-fluoroindole
PA1  2-Methyl-3-[.gamma.-(4-o-methoxyphenethylpiperazino)propyl]-6-fluoroindole
PA1  2-Methyl-3-[.gamma.-(4-m-methoxyphenethylpiperazino)propyl]-6-fluoroindole
PA1  2-Methyl-3-[.gamma.-(4-p-chlorophenethylpiperazino)propyl]-6-fluoroindole
PAR  The 1-[.beta.-(3-indolyl)propionyl]piperazine compounds of the formula
      (VI), which are used as an intermediate compound in the present invention,
      can be prepared by a variety of several methods, for example, by reacting
      an indolylpropionic acid of the formula (VIII) or its functionally active
      derivative with a piperazine of the formula (XII). The reaction is
      represented by the equation;
      ##SPC14##
PAL  wherein R.sup.2, R.sup.3, R.sup.4, R.sup.5 and m have the meanings given
      above. The said functionally active derivatives are, for example, acid
      chloride, acid bromide, acid anhydride, mixed acid anhydride,
      p-nitrophenyl ester and the like, and the mixed acid anhydride mentioned
      above includes those prepared by treating with ethyl chloroformate,
      isobutyl chloroformate or the like. The reaction is preferably carried out
      in the presence of a basic agent or a condensing agent such as pyridine,
      triethylamine, sodium carbonate, sodium hydroxide,
      dicyclohexylcarbodiimide and the like in a suitable inert organic solvent
      such as tetrahydrofuran, ether, dioxane, benzene, toluene, chloroform,
      dimethylformamide and the like.
PAR  Another procedure for producing the present compound of the formula (VI) is
      a one-step cyclization reaction of a phenylhydrazone compound of the
      formula (IX),
      ##SPC15##
PAL  wherein R.sup.2, R.sup.3, R.sup.4, R.sup.5 and m have the meanings given
      above. The reeaction is carried out by heating the phenylhydrazone
      preferably in the presence of an acid condensing agent such as, for
      example, hydrogen choride, sulfuric acid, phosphoric acid, glacial acetic
      acid, p-toluenesulfonic acid, zinc chloride, copper chloride, boron
      fluoride, polyphosphoric acid and the like, and in a suitable solvent such
      as methanol, ethanol, isopropanol, benzene, toluene, acetic acid, water
      and the like.
PAR  The present intermediate compounds of the formula (VI) can also be prepared
      by the Grignard reaction of an indole compound of the formula (VII)
      represented by the following equation;
      ##SPC16##
PAL  wherein R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.6, Hal. and m have the
      same meanings as defined above. The Grignard reaction is preferably
      carried out at a temperature between 0.degree. and 150.degree.C and in the
      absence or presence of an inert organic solvent such as ether,
      tetrahydrofuran, dioxane, anisole, benzene, toluene, xylene or the like.
PAR  By the above-mentioned procedure, the
      1-[.beta.-(3-indolyl)propionyl]piperazine derivatives of the formula (VI)
      are readily prepared, examples of which are as follows:
PA1  1-[.beta.-(3-Indolyl)propionyl]-4-phenylpiperazine
PA1  1-[.beta.-(2-Methyl-3-indolyl)propionyl]-4-phenylpiperazine
PA1  1-[.beta.-(2-Methyl-3-indolyl)propionyl]-4-(o-methoxyphenyl)piperazine
PA1  1-[.beta.-(2-Methyl-5-fluoro-3-indolyl)propionyl]-4-phenylpiperazine
PA1  1-[.beta.-(2-Methyl-6-fluoro-3-indolyl)propionyl]-4-phenylpiperazine
PA1  1-[.beta.-(2-Methyl-6-fluoro-3-indolyl)propionyl]-4-(o-methoxyphenyl)pipera
     zine
PA1  1-[.beta.-(2-Methyl-6-fluoro-3-indolyl)propionyl]-4-(p-fluorophenyl)piperaz
     ine
PA1  1-[.beta.-(2-Methyl-6-chloro-3-indolyl)propionyl]-4-(p-methoxyphenyl)pipera
     zine
PA1  1-[.beta.-(2-Methyl-6-chloro-3-indolyl)propionyl]-4-(o-chlorophenyl)piperaz
     ine
PA1  1-[.beta.-(3-Indolyl)propionyl]-4-benzylpiperazine
PA1  1-[.beta.-(2-Methyl-5-fluoro-3-indolyl)propionyl]-4-benzylpiperazine
PA1  1-[.beta.-(2-Methyl-6-fluoro-3-indolyl)propionyl]-4-benzylpiperazine
PA1  1-[.beta.-(2-Methyl-6-fluoro-3-indolyl)propionyl]-4-(p-methoxybenzyl)pipera
     zine
PA1  1-[.beta.-(2-Methyl-6-fluoro-3-indolyl)propionyl]-4-phenethylpiperazine
PA1  1-[.beta.-(2-Methyl-6-fluoro-3-indolyl)propionyl]-4-(p-methoxyphenethyl)pip
     erazine
PA1  .gamma.-Piperazinobutyrophenones of the formula (II) can be prepared by
      contacting the above-obtained 3-( .gamma.-piperazinopropyl)indoles of the
      formula (V) with an oxidizing agent. In the oxidative cleavage reaction it
      is preferred to use an oxidizing agent such as ozone, hydrogen peroxide,
      performic acid, peracetic acid, perbenzoic acid, chromic acid or potassium
      permanganate, although the oxidizing agent of the present invention is not
      limited to the exemplified ones and others may be used.
PAR  Generally, the reaction proceeds readily at room temperature, but the
      temperature may be higher or lower if necessary to effect the desired
      control of the reaction. The oxidizing agent is preferably chromic acid or
      ozone. The reaction is preferably effected in the presence of a solvent.
      The choice of solvent depends on the oxidizing agent employed, and the
      solvent is selected from the group consisting of water, acetone, carbon
      tetrachloride, acetic acid, sulfuric acid and the like. The oxidizing
      agent is used in the stoichiometric amount or more. The reaction
      temperature varies depending on the oxidizing agent employed.
PAR  When the oxidation is carried out by use of chromic acid in the presence of
      acetic acid, it is preferable that the chromic acid may be used in 2-3
      times the equimolar amount and that the reaction may be carried out at
      room temperature. A 3-( .gamma.-piperazinopropyl)-indole derivative is
      dissolved or suspended in the solvent and the oxidizing agent is added to
      the solution or suspension with stirring. Generally, the reaction
      terminates within about 24 hours.
PAR  When the oxidation is carried out by use of ozone, the reaction is
      preferably carried out at room temperature. A 3-(
      .gamma.-piperazinopropyl)indole derivative is dissolved or suspended in a
      solvent such as formic acid, acetic acid, carbon tetrachloride or the like
      and ozonized oxygen is bubbled into the solution or suspension with
      stirring.
PAR  The desired .gamma.-piperazinobutyrophenone derivative can be separated
      from the reaction mixture in a crude form by extraction, with or without
      prior neutralization, and by evaporation to dryness. The product is
      further purified, if desired, by recrystallization from a suitable solvent
      such as ethanol, isopropanol or the like in a standard manner.
PAR  The resulting compound of the formula (II) can be hydrolyzed to give a
      corresponding deacylated compound of the formula (III). The hydrolysis is
      accomplished under an acidic or alkaline condition according to an
      ordinary hydrolysis procedure.
PAR  .gamma.-Piperazinobutyrophenones of the formula (IV) are prepared by
      diazotization of the above-obtained o-amino-compound of the formula (III)
      wherein R.sup.5 is hydrogen, and subsequent treatment of the resulting
      diazonium salt with a suitable agent to replace the diazonium group by
      hydrogen.
PAR  The diazotization is performed by a conventional method and the replacement
      reaction is conducted as follows:
PAR  By treating the diazonium salt with a reducing agent such as ethanol,
      hypophosphorous acid, alkaline formaldehyde, sodium stannite and the like,
      there can be obtained .gamma.-piperazinobutyrophenones of the formula (IV)
      ##SPC17##
PAL  (r.sup.2, r.sup.3 and m have the same meanings as described above.)
PAR  By the above-mentioned procedure, the .gamma.-piperazinobutyrophenone
      derivatives (I) are easily prepared, examples of which are as follows:
PA1  .gamma.-(4-Phenylpiperazino)-2-acetylaminobutyrophenone
PA1  .gamma.-(4-Phenylpiperazino)-2-acetylamino-5-fluorobutyrophenone
PA1  .gamma.-(4-Phenylpiperazino)-2-acetylamino-4-fluorobutyrophenone
PA1  .gamma.-(4-Phenylpiperazino)-2-N-(methyl)acetylamino-4-fluorobutyrophenone
PA1  .gamma.-[4-(o-Methoxyphenyl)piperazino]-2-acetylamino-4-fluorobutyrophenone
PA1  .gamma.-[4-(o-Methoxyphenyl)piperazino]-2-acetylamino-5-fluorobutyrophenone
PA1  .gamma.-(4-Phenylpiperazino)-2-acetylamino-4-chlorobutyrophenone
PA1  .gamma.-(4-Benzylpiperazino)-2-acetylamino-4-fluorobutyrophenone
PA1  .gamma.-[4-(p-Methoxybenzyl)piperazino]-2-acetylamino-4-fluorobutyrophenone
PA1  .gamma.-[4-(p-Fluorobenzyl)piperazino]-2-acetylamino-4-fluorobutyrophenone
PA1  .gamma.-[4-(p-Methylbenzyl)piperazino]-2-acetylamino-4-fluorobutyrophenone
PA1  .gamma.-[4-(m-Chlorobenzyl)piperazino]-2-acetylamino-4-fluorobutyrophenone
PA1  .gamma.-(4-Phenethylpiperazino)-2-acetylamino-4-fluorobutyrophenone
PA1  .gamma.-(4-Phenylpiperazino)-2-aminobutyrophenone
PA1  .gamma.-(4-Phenylpiperazino)-2-amino-5-fluorobutyrophenone
PA1  .gamma.-(4-Phenylpiperazino)-2-amino-4-fluorobutyrophenone
PA1  .gamma.-(4-Phenylpiperazino0-2-methylamino-4-fluorobutyrophenone
PA1  .gamma.-[4-(o-Methoxyphenyl)piperazino]-2-amino-4-fluorobutyrophenone
PA1  .gamma.-[4-(o-Methoxyphenyl)piperazino]-2-ethylamino-4-fluorobutyrophenone
PA1  .gamma.-[4-(p-Tolyl)piperazino]-2-amino-4-fluorobutyrophenone
PA1  .gamma.-[4-(o-Methoxyphenyl)piperazino]-2-amino-5-fluorobutyrophenone
PA1  .gamma.-(4-Phenylpiperazino)-2-amino-4-chlorobutyrophenone
PA1  .gamma.-[4-(o-Chlorophenyl)piperazino]-2-amino14-chlorobutyrophenone
PA1  .gamma.-(4-Benzylpiperazino)-2-amino-4-fluorobutyrophenone
PA1  .gamma.-[4-(m-Chlorobenzyl)piperazino]-2-amino-4-fluorobutyrophenone
PA1  .gamma.-[4-(p-Methoxybenzyl)piperazino]-2-amino-4-fluorobutyrophenone
PA1  .gamma.-[4-(p-Fluorobenzyl)piperazino]-2-amino-4-fluorobutyrophenone
PA1  .gamma.-[4-(p-Methylbenzyl)piperazino]-2-amino-4-fluorobutyrophenone
PA1  .gamma.-[4-(p-Methoxyphenethyl)piperazino]-2-amino-4-fluorobutyrophenone
PA1  .gamma.(4-Phenylpiperazino)-3-fluorobutyrophenone
PA1  .gamma.-(4-Phenylpiperazino)-4-fluorobutyrophenone
PA1  .gamma.-[4-(o-Methoxyphenyl)piperazino]-4-fluorobutyrophenone
PA1  .gamma.-[4-(o-Methoxyphenyl)piperazino]-3-fluorobutyrophenone
PA1  .gamma.-[4-(o-Chlorophenyl)piperazino]-4-chlorobutyrophenone
PA1  .gamma.-[4-(p-Fluorophenyl)piperazino]-4-fluorobutyrophenone
PA1  .gamma.-[4-(p-Methoxybenzyl)piperazino]-4-fluorobutyrophenone
PA1  .gamma.-[4-o-Methoxybenzyl)piperazino]-4-fluorobutyrophenone
PA1  .gamma.-[4-(m-Chlorobenzyl)piperazino]-4-fluorobutyrophenone
PA1  .gamma.-[4-(p-Methylbenzyl)piperazino]-4-fluorobutyrophenone
PA1  .gamma.-[4-(p-Fluorobenzyl)piperazino]-4-fluorobutyrophenone
      .gamma.-[4-(p-Trifluoromethylpiperazino]-4-fluorobutyrophenone
PA1  .gamma.-[4-(p-Methoxyphenethyl)piperazino]-4-fluorobutyrophenone
PA1  .gamma.-(4-Phenethylpiperazino)-4-fluorobutyrophenone
PAR  These compounds can be converted to the corresponding acid addition salts
      by a procedure known to the art, for example, by dissolving the free base
      in an aqueous solution containing an appropriate acid and isolating the
      salt by evaporating the solvent, or by contacting the free base with acid
      in an organic solvent.
PAR  These salts include pharmaceutically acceptable acid addition salts, e.g.
      hydrochloride, fumarate, formate, acetate, lactate, citrate, sulfonate,
      maleate, tartrate, methane sulfonate, salicylate and hydrosulfate.
PAR  These .gamma.-piperazinobutyrophenone derivatives of the formula (I) and
      their pharmaceutically acceptable acid addition salts have central nervous
      system activities and are useful as anti-anxiety, anti-psychotic,
      anti-emotional, anti-convulsive, anti-psychosis or analgesic drug.
PAR  Each of the pharmaceutically active compounds of this invention may be,
      e.g., incorporated, for oral administration, in a tablet as the sole
      active ingredient. A typical tablet is constituted by from 1 to 2 per cent
      binder, e.g. tragacanth; from 3 to 10 per cent lubricant, e.g. talcum;
      from 0.25-1.0 per cent lubricant, e.g. magnesium stearate; an average dose
      of active ingredient; and q.s. 100 per cent of filler, e.g. lactose. The
      usual oral dosage is 1-100 mg per os daily.
DETD
PAR  The following examples are intended to illustrate the present invention,
      but not to limit its scope.
PAC  EXAMPLE 1
PAR  Preparation of the intermediate compound (VI):
PAR  a. To a stirred solution of 66.2 g of 2-methyl-5-fluoro-3-indolylpropionic
      acid and 30.3 g of triethylamine in 400 ml of tetrahydrofuran was added
      dropwise 32.6 g of ethyl chloroformate at a temperature below 0.degree.C.
      The stirring was continued for additional 30 minutes below 0.degree.C and
      thereto was added dropwise a solution of 48.7 g of 4-phenylpiperazine in
      100 ml of tetrahydrofuran. After addition was completed, the reaction
      mixture was stirred for 4 hours at room temperature and then filtered. The
      filtrate was concentrated under reduced pressure to a residual solid,
      which was recrystallized from ethanol to give
      1-[.beta.-(2-methyl-5-fluoro-3-indolyl)propionyl]-4-phenylpiperazine,
      melting at 170.0.degree.-171.5.degree.C.
PAR  b. To a solution of 10.8 g of phenylhydrazine in 100 ml of 30 % aqueous
      acetic acid was added 27.4 g of
      1-(.gamma.-acetylbutyryl)-4-phenylpiperazine and the resulting mixture was
      stirred for 30 minutes at room temperature. The precipitate was filtered,
      and washed with water. The precipitate was added to 180 ml of 5 %
      ethanolic hydrogen chloride, and the mixture was heated under reflux for 4
      hours. The solvent was distilled off under reduced pressure to the
      residue, to which was added 100 ml of water. The resulting solid substance
      was recrystallized from ethanol to give
      1-[.beta.-(2-methyl-3-indolyl)propionyl]-4-phenylpiperazine, melting at
      120.degree.-121.degree.C.
PAR  c. 2-methylindole (26.2 g) dissolved in dry ether (100 ml) was added
      dropwise to the Grignard reagent prepared from 4.9 g of magnesium and 31.2
      g of ethyl iodide in 100 ml of dry ether at 20.degree.-25.degree.C and the
      mixture was gently refluxed until the evolution of ethane ceased.
      1-(.beta.-Chloropropionyl)-4-phenylpiperazine (55.6 g) dissolved in dry
      ether (100 ml) was then slowly added to the resulting reaction mixture at
      a temperature below 20.degree.C. At first the addition of the latter
      caused the precipitation of yellowish viscid solid, which finally became
      cherry-red. After the addition was completed, ether was distilled off
      under ordinary pressure and the viscid solid mass which remained was
      heated on a steam bath for 3 hours, and then cooled. The resulting
      reaction mixture was agitated vigorously with 250 ml of benzene and 200 ml
      of a 5 % aqueous solution of acetic acid. The benzene layer which was
      separated was washed with a 10 % aqueous solution of sodium carbonate and
      water, dried over anhydrous sodium sulfate and concentrated to dryness.
      The residual solid was recrystallized from ethanol to give
      1-[.beta.-(2-methyl-3-indolyl)propionyl]-4-phenylpiperazine, melting at
      121.degree.-122.degree.C.
PAC  EXAMPLE 2
PAR  Preparation of the starting material (V):
PAR  a. To a stirred mixture of 21 g of lithium aluminum hydride and 100 ml of
      dry ether was added dropwise a solution of 67.5 g of
      1-[.beta.-(2-methyl-5-fluoro-3-indolyl)propionyl]-4-phenylpiperazine  in
      900 ml of tetrahydrofuran over a period of 90 minutes under gentle
      refluxing. Stirring and refluxing were continued for additional 4 hours
      and to the reaction mixture was added dropwise a mixture of water and
      tetrahydrofuran under cooling with ice. The resulting precipitate was
      filtered off and the filtrate was evaporated to dryness. Recrystallization
      of the residue from benzene gave
      2-methyl-3-[.gamma.-(4-phenylpiperazino)propyl]-5-fluoroindole having a
      melting point of 146.0.degree.-147.0.degree.C.
PAR  b. Ethylmagnesium iodide was prepared from 31.9 g of ethyl iodide and 5.0 g
      of magnesium in 100 ml of dry anisole and the mixture was heated for 1
      hour at 50.degree.-60.degree.C. It was then cooled at 10.degree.C, and
      while a solution of 2-methylindole (13.1 g) in dry anisole (50 ml) was
      added thereto, the temperature was maintained below 25.degree.C. The
      mixture was then heated at 50.degree.C until the evolution of ethane
      ceased. The resulting solution was cooled to -5.degree.C in a cold bath,
      and a solution of 1-(.gamma.-chloropropyl)-4-phenylpiperazine (52.5 g) in
      100 ml of dry benzene was added during 1 hour at a temperature of
      -5.degree. .+-. 2.degree.C. The mixture was then stirred for 3 hours at
      -5.degree.C and allowed to stand in a refrigerator overnight. The mixture
      was warmed to 20.degree.-25.degree.C for several hours. The precipitate
      was broken up and the mixture was poured into saturated aqueous ammonium
      chloride (500 ml) and stirred for 1 hour. The organic layer was separated,
      and the aqueous layer was extracted with ethyl acetate. The organic
      solutions were combined and extracted three times with 10 % hydrochloric
      acid. The extracts were washed with ethyl acetate, cooled to 0.degree.C,
      made alkaline with 50 % sodium hydroxide, and extracted three times with
      ethyl acetate. These extracts were dried over anhydrous sodium sulfate and
      evaporated to afford 2-methyl-3-[.gamma.-(4-phenylpiperazino)propyl]indole
      as an oil which solidified by treating with benzene. Recrystallization
      from benzene gave needles, melting point 130.5.degree.-131.5.degree.C.
PAR  By a method similar to the above method, the following compounds were
      obtained.
PA1  3-[.gamma.-(4-Phenylpiperazino)propyl]indole, melting point
      125.0.degree.-127.0.degree.C.
PA1  3-[.gamma.-(4-o-Methoxyphenylpiperazino)propyl]indole, melting point
      157.0.degree.-158.5.degree.C.
PA1  3-[.gamma.-(4-o-Tolylpiperazino)propyl]indole, melting point
      101.5.degree.-103.0.degree.C
PA1  3-[.gamma.-(4-o-Chlorophenylpiperazino)propyl]indole, melting point
      141.0.degree.-142.0.degree.C
PA1  3-[.gamma.-(4-benzylpiperazino)propyl]indole, melting point
      91.0.degree.-93.0.degree.C.
PAC  EXAMPLE 3
PAR  Into a solution of 7.2 g of
      2-methyl-3-[.gamma.-(4-phenylpiperazino)propyl]-5-fluoroindole in 70 ml of
      acetic acid was bubbled oxygen containing 3-5 % of ozone at a temperature
      of 15.degree.-20.degree.C. While bubbling was continued for 90 minutes,
      the reaction mixture became dark red and then gradually discolored. After
      the reaction mixture was made alkaline by addition of 10 % sodium
      hydroxide, it was extracted with chloroform. The extract was washed with
      water and evaporated to dryness. The residual oil was crystallized by
      treating with aqueous ethanol to give
      .gamma.-(4-phenylpiperazino)-2-acetylamino-5-fluorobutyrophenone.
PAR  The above-obtained product was treated with anhydrous hydrogen chloride in
      ether to give crystalline powder of the hydrochloride, melting point
      196.5.degree.-198.5.degree.C (decomposition).
PAC  EXAMPLE 4
PAR  A solution of 3.5 g of
      .gamma.-(4-phenylpiperazino)-2-acetylamino-5-fluorobutyrophenone and 10 ml
      of concentrated hydrochloric acid in 70 ml of ethanol was heated under
      reflux for 4 hours. After ethanol was evaporated under reduced pressure,
      the reaction mixture was diluted with 100 ml of water, made alkaline with
      50 % aqueous sodium hydroxide, and the whole was extracted with ethyl
      acetate. The extract was washed with water and evaporated to a residue,
      which was crystallized from aqueous ethanol to yield
      .gamma.-(4-phenylpiperazino)-2-amino-5-fluorobutyrophenone, melting point
      96.0.degree.-98.0.degree.C.
PAR  By the method similar to that of the above Examples 3 or 4, the following
      compounds were obtained.
PA1  .gamma.-(4-o-Methoxyphenylpiperazino)-2-acetylamino-4-fluorobutyrophenone
      hydrochloride hydrate, melting point 181.degree.C (decomposition)
PA1  .gamma.-(4-o-Methoxyphenylpiperazino)-2-amino-4-fluorobutyrophenone,
      melting point 100.degree.C
PA1  .gamma.-(4-o-Methoxyphenylpiperazino)-2-acetylamino-5-fluorobutyrophenone
PA1  .gamma.-(4-o-Methoxyphenylpiperazino)-2-amino-5-fluorobutyrophenone.
PAC  EXAMPLE 5
PAR  To a cooled solution of 3.4 g of
      .gamma.-(4-phenylpiperazino)-2-amino-4-fluorobutyrophenone in 100 ml of lN
      hydrochloric acid was added dropwise 0.7 g of sodium nitrite dissolved in
      10 ml of water under stirring at a temperature below 0.degree.C. The
      resulting diazonium salt solution was added to a cooled solution of 20 ml
      of 50 % hypophosphorous acid with vigorous stirring. The stirring was
      continued for 90 minutes below 0.degree.C and the reaction mixture was
      stored in a refrigerator overnight. The cold reaction mixture was made
      alkaline with 10 % sodium hydroxide and extracted with ether. The etheral
      layer was washed with water, dried over anhydrous sodium sulfate and
      concentrated to an oily residue, which was crystallized on standing.
      Recrystallization from isopropanol gave
      .gamma.-(4-phenylpiperazino)-4-fluorobutyrophenone, melting point
      104.0.degree.-106.0.degree.C.
PAR  By the method similar to the above method, the following compounds were
      obtained.
PA1  .gamma.-(4-Phenylpiperazino)butyrophenone, melting point
      88.5.degree.-90.degree.C
PA1  .gamma.-(4-phenylpiperazino)-4-chlorobutyrophenone, melting point
      113.5.degree.-114.5.degree.C
PA1  .gamma.-(4-p-Chlorophenylpiperazino)-4-fluorobutyrophenone, melting point
      96.degree.-98.degree.C
PA1  .gamma.-(4-o-Methoxyphenylpiperazino)-4-fluorobutyrophenone, melting point
      73.5.degree.-74.5.degree.C
PA1  .gamma.-(4-p-Methoxyphenylpiperazino)-4-fluorobutyrophenone, melting point
      104.5.degree.-105.5.degree.C
PA1  .gamma.-(4-p-Methoxyphenylpiperazino)-4-chlorobutyrophenone, melting point
      125.5.degree.-127.0.degree.C
PA1  .gamma.-(4-p-Tolylpiperazino)-4-fluorobutyrophenone. melting point
      98.degree.-100.degree.C
PA1  .gamma.-(4-phenylpiperazino)-3-fluorobutyrophenone, melting point
      73.0.degree.-74.0.degree.C
PA1  .gamma.-(4-o-Methoxyphenylpiperazino)-3-fluorobutyrophenone, melting point
      66.5.degree.-67.5.degree.C
PAC  EXAMPLE 6
PAR  To a cooled solution of 3.4 g of
      .gamma.-(4-p-methoxybenzylpiperazino)-2-aminobutyrophenone in 150 ml of lN
      hydrochloric acid was added dropwise a solution of 0.7 g of sodium nitrite
      in 10 ml of water under stirring at a temperature below 0.degree.C. The
      resulting diazonium salt solution was added to a cooled solution of 20 ml
      of 50 % hypophosphorous acid under vigorous stirring. The resulting
      mixture was stirred for additional 2 hours below 0.degree.C and stored in
      a refrigerator overnight. The cold reaction mixture was made alkaline with
      10 % sodium hydroxide and the separated oil was extracted with chloroform.
      The extract was washed with water, dried over anhydrous potassium
      carbonate and concentrated to dryness. The residual oil was treated with
      hydrogen chloride in ether-ethanol to yield
      .gamma.-(p-methoxybenzylpiperazino)butyrophenone hydrochloride having a
      melting point of 262.0.degree.-263.0.degree.C (decomposition).
PAR  By the method similar to the above method, the following compounds were
      obtained.
PA1  .gamma.-(4-Benzylpiperazino)-4-fluorobutyrophenone, melting point
      64.0.degree.-65.0.degree.C; its hydrochloride, melting point
      245.degree.-246.degree.C (decomposition)
PA1  .gamma.-(4-p-Fluorobenzylpiperazino)-4-fluorobutyrophenone hydrochloride,
      melting point 256.degree.-258.degree.C
PA1  .gamma.-(4-p-Bromobenzylpiperazino)-4-fluorobutyrophenone hydrochloride,
      melting point 248.5.degree.-249.5.degree.C (decomposition)
PA1  .gamma.-(4-p-Methylbenzylpiperazino)-4-fluorobutyrophenone hydrochloride,
      melting point 253.degree.C (decomposition)
PA1  .gamma.-(4-o-Methoxybenzylpiperazino)-4-fluorobutyrophenone hydrochloride,
      melting point 235.degree.-237.degree.C
PA1  .gamma.-(4-p-Methoxybenzylpiperazino)-4-fluorobutyrophenone hydrochloride,
      melting point 243.degree.-247.degree.C
PA1  .gamma.-(4-m-Chlorobenzylpiperazino)-4-fluorobutyrophenone hydrochoride,
      melting point 249.5.degree.-250.5.degree.C
PA1  .gamma.-(4-p-Chlorobenzylpiperazino)-4-fluorobutyrophenone hydrochloride,
      melting point 255.degree.-257.degree.C
PA1  .gamma.-(4-m-Methoxybenzylpiperazino)-4-fluorobutyrophenone hydrochloride,
      melting point 226.5.degree.-228.5.degree.C
PA1  .gamma.-(4-p-Methoxyphenethylpiperazino)-4-fluorobutyrophenone
      hydrochloride, melting point 260.degree.C (decomposition)
PA1  .gamma.-(4-Phenethylpiperazino)-4-fluorobutyrophenone hydrochloride,
      melting point 252.0.degree.-253.0.degree.C
PA1  .gamma.-(4-p-Trifluoromethylbenzylpiperazino)-4-fluorobutyrophenone
      hydrochloride, melting point 234.degree.-237.degree.C
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound having the name
      .gamma.-(4-o-methoxyphenylpiperazino)-2-acetylamino-4-fluorobutyrophenone
      or its non-toxic pharmaceutically acceptable acid addition salt.
NUM  2.
PAR  2. A compound having the name
      .gamma.-(4-o-methoxyphenylpiperzino)-2-amino-4-fluorobutyrophenone or its
      non-toxic pharmaceutically acceptable acid addition salt.
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ABST
PAL  Organic amine salt of acyl lactylic acids.
BSUM
PAR  This invention relates to organic amine salts of acyl lactylic acids. More
      particularly, it concerns amine salts of acyl lactylic acids which may be
      defined by the formula
      ##EQU1##
      in which RCO is the acyl radical of a saturated or unsaturated fatty acid
      having eight to 24 carbon atoms and n is a number from 1 to 10.
PAR  Acyl lactylic acids and certain inorganic salts thereof have long been
      known in the prior art. In this connection, by way of example of some of
      the prior art reference is made to U.S. Pat. Nos. 2,744,825 and 2,789,992.
      In addition, mention may be made of a three part article entitled "Fatty
      Acid Lactylates" by L. I. Osipow et al. appearing in Drug and Cosmetic
      Industry, March, April and May 1969.
PAR  It has now been found, however, that the organic amine salts of said acyl
      lactylic acids have exceptional properties which enables them to be used
      in a variety of applications in consumer products. For example, it has
      been found that amine salts function as anionic surfactants that have
      exceptional foaming properties. Furthermore, these materials are, in
      general, soluble in both water and organic solvents, e.g., mineral oil and
      propellants. The latter property makes it possible to incorporate these
      amine salts directly into the propellant systems of aerosol products and
      to provide non-aqueous foaming systems.
PAR  The organic amine salts of the present invention have a large number and
      variety of uses. Thus, they may be employed as a surfactant and/or foaming
      agent in aerosol foam shampoos, in medicated acne foam cleaners, in
      aerosol toothpaste compositions, in non-aqueous self-foaming shampoo gel
      compositions, etc. These uses form the subject matter of some copending
      patent applications. (See, for example, application Ser. No. 334,556 filed
      Feb. 22, 1973 now abandoned).
PAR  The amine salts of the present invention may be prepared by first forming a
      solution of the appropriate acyl lactylic acid in a solvent, e.g., ethanol
      and then adding the amine to this solution. After completion of the
      addition of the amine, the solution is stirred for an additional period of
      time until the reaction is completed. The solvent is then removed in vacuo
      and at temperatures which are slightly above room temperature.
PAR  The lactylic acid compositions employed in accordance with the invention in
      the preparation of the fatty acid esters used herein are easily obtained
      from the lactic acid of commerce which is usually in the form of an 85%
      aqueous solution. The free water is readily removed and the condensation
      initiated by heating such solutions at 100.degree.-110.degree.C for
      several hours with or without the aid of vacuum. Lactic acid upon heating
      at 180.degree.-220.degree.C with or without catalysts polymerizes readily
      and progressively to form polylactylic acids. The progress of the
      polymerization can readily be followed by titration of samples withdrawn
      from the reaction vessel to determine the free acidity and average
      equivalent or molecular weight. Therefore, by terminating heating at the
      appropriate time it is possible to obtain anhydrous products containing
      any desired average number of lactyl groups, from one upward.
PAR  The esters used in this invention in preparing the amine salts can be
      prepared by conventional esterification methods, but it has been found
      advantageous to prepare them by heating the halide of the long chained
      fatty acid with lactylic acid composition of the desired degree of
      polymerization under substantially anhydrous conditions. The polymeric
      latylic acid compositions employed normally contain lactic acid of varying
      degrees of polymerization and consequently the degree of polymerization of
      any particular polymeric composition employed is an average degree of
      polymerization. Such average degree is easily determined by ascertaining
      the free acidity of the product and the average equivalent or molecular
      weight. It has been found that during esterification reaction with the
      fatty acid halides, the degree of polymerization of the lactylic acid
      composition may alter to a slight degree in view of a further
      polymerization or depolymerization during such reaction.
PAR  The fatty acid halides that may be used to prepare the esters employed in
      synthesizing the present amine salts are quite varied. These are
      ordinarily selected with the view of producing esters whose amine salts
      are soluble both in water and in organic solvent (e.g., normally gaseous
      hydrocarbon or halogenated hydrocarbon which may serve as propellants in
      aerosol systems). These will be of the formula RCOCl in which RCO-- is the
      acyl radical of saturated or unsaturated fatty acid having from eight to
      24 carbon atoms and preferably from 16 to 22 carbon atoms. Typical among
      these acyl radicals that may be mentioned are capryl, lauroyl, stearoyl,
      oleoyl, palmityl, myristyl, behenyl, arachidyl, linoleyl.
PAR  The organic amines that can be used in preparing the present amine salts
      are quite varied and quite numerous. However, they will usually be
      selected with the end view in mind of producing a compound which is both
      water soluble and organic solvent soluble. Any amine which will produce an
      amine salt with the acyl lactylic acid that has these solubility
      characteristics are especially suitable for use in the present invention.
PAR  The amines that are particularly useful for forming amine salts in
      accordance with this invention are secondary and tertiary amines. These
      may take the form of aliphatic, cycloaliphatic or aromatic amines, or may
      be amines of the type in which the secondary amine nitrogen forms part of
      the ring of a five or six member saturated nitrogen heterocyclic radical,
      e.g., piperidine, piperazine, morpholine, pyrolidine. In the case in which
      the amines are aliphatic amines, they are preferably secondary or tertiary
      lower alkyl amines having one to five carbons in each alkyl chain or lower
      alkanol amines containing one to five carbon atoms and one to three
      hydroxy groups. By way of illustrating these amines, mention may be made
      of dimethylamine, trimethylamine, diethylamine, triethylamine,
      di-n-propylamine, tri-n-propylamine, diethanolamine, triethanolamine,
      diisopropanolamine, triisopropanolamine.
DETD
PAR  The following examples are given to further illustrate the present
      invention. It is to be understood, however, that the invention is not
      limited thereto.
PAC  EXAMPLE 1
PAC  Triethanolammonium lauroyl (1.2) Polylactylate
PAR  A reaction flask containing a mixture of 50.4 grams (0.40 moles) of a
      lactylic acid preparation, prepared as previously described, with an
      average equivalent weight of 126 (1.5 lactyl groups per mole) and 87.4
      grams (0.40 moles) of lauroyl chloride was heated over a mineral oil bath
      to 50.degree.C while stirring to initiate the reaction. After the reaction
      had subsided, as evidenced by a reduction in the original copious
      evolution of HCl, the temperature of the reaction mixture was raised to
      and maintained at 70.degree.C for about 4 hours when the evolution of HCl
      ceased. Thereafter the temperature was raised to 130.degree.C to insure
      complete reaction.
PAR  The product was a thick amber oil having an average equivalent weight of
      286.4 (1.2 lactyl groups per mole).
PAR  A solution containing 71.6 grams (0.4 moles) of this acid in 200 ml of
      absolute ethanol was prepared and a solution of 59.7 g (0.4 moles) of
      triethanolamine in 150 ml of absolute ethanol was added to it in a slow
      stream with stirring. After addition was complete, the solution was
      stirred for 20 minutes and the alcohol was removed below 40.degree.C in
      vacuo leaving triethanolammonium lauroyl lactylate as an amber paste.
PAR  The following examples are given in tabular form. The procedure employed is
      the same as that given for Example 1; however, there is a variation from
      example to example with respect to the acyl halide employed in acylating
      the lactylic acid or the amine utilized in preparing the amine salt.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                            Value of "n" in lactylic                           

                            acid formula                                       

                            H(O CH CO).sub.n OH employed                       

     Ex.                    .vertline.                                         

     No. Acyl Chloride                                                         

                   Amine    CH.sub.3                                           

     __________________________________________________________________________

     2   stearoyl chloride                                                     

                   triethanol-  n = 1.2 Av.                                    

                    amine                                                      

     3   myristoyl chloride                                                    

                   "            "                                              

     4   oleoyl chloride                                                       

                   "            "                                              

     5   lauroyl chloride                                                      

                   diethanol-   "                                              

                    amine                                                      

     6   "         triethylamine                                               

                                "                                              

     7   "         triisopropyl-                                               

                                "                                              

                    amine                                                      

     8   "         triisopropanol-                                             

                                "                                              

                    amine                                                      

     9   "         piperidine   "                                              

     10  "         piperazine   "                                              

     11  "         morpholine   "                                              

     12  "         pyrollidine  "                                              

     __________________________________________________________________________

PAC  EXAMPLE 13
PAC  Preparation of stearyl (8.5) polylactylic acid ester TEA salt
PAR  A mixture of 127.0 grams of a polylactylic acid composition having an
      average equivalent weight of 803.86 (10.9 lactyl groups per mole) and
      48.01 grams of stearyl chloride was gradually heated while stirring over
      an oil bath over a period of several hours to a temperature of
      180.degree.C at which time the evolution of HCl ceased. The product was
      brownish in color and semi-crystalline but of distinctly lipoidal
      character.
PAR  This product was purified by dissolving it in two volumes of warm
      chloroform and adding 5 grams of active charcoal and a few drops of
      concentrated H.sub.2 SO.sub.4 to the solution. After standing over night
      the insolubles were removed by filtration and the chloroform solution was
      washed several times in a separatory funnel with water to remove the water
      solubles. The solution was then filtered and the chloroform removed by
      distillation under vacuum.
PAR  The product was a light honey colored solid with an average equivalent
      weight of 897 (8.5 lactyl groups per mole) and a melting point of about
      58.degree.-63.degree.C.
PAR  A solution containing 71.6 grams (0.4 moles) of this acid in 200 ml of
      absolute ethanol was prepared and a solution of 59.7 grams (0.4 moles) of
      triethanolamine in 150 ml of absolute ethanol was added to it in a slow
      stream with stirring. After addition was complete the solution was stirred
      for 20 minutes and the alcohol was removed below 40.degree.C in vacuo
      leaving triethanlammonium stearyl (8.5) polylactylate.
PAR  The following examples are also given in tabular form. The procedure
      employed is the same as that given in Example 13; however, there is a
      variation from Example to Example with respect to the acyl halide employed
      in acylating the lactylic acid employed or the amine utilized in preparing
      the amine salt.
TBL                                    TABLE II                                

     __________________________________________________________________________

                            Value of "n" in lactylic                           

                            acid formula                                       

                            H(O CH CO).sub.n OH employed                       

     Ex.                    .vertline.                                         

     No. Acyl Chloride                                                         

                   Amine    CH.sub.3                                           

     __________________________________________________________________________

     14  lauroyl chloride                                                      

                   triethanol-  n = 8.5 Av.                                    

                    amine                                                      

     15  myristoyl chloride                                                    

                   "            "                                              

     16  oleoyl chloride                                                       

                   "            "                                              

     17  lauroyl chloride                                                      

                   diethanolamine                                              

                                "                                              

     18  "         triethylamine                                               

                                "                                              

     19  "         triisopropyl-                                               

                                "                                              

                    amine                                                      

     20  "         triisopropanol-                                             

                                "                                              

                    amine                                                      

     21  "         piperidine   "                                              

     22  "         piperazine   "                                              

     23  "         morpholine   "                                              

     24  "         pyrollidine  "                                              

     __________________________________________________________________________

PAR  Although the invention has been described with reference to specific forms
      thereof, it will be understood that many changes and modifications may be
      made without departing from the spirit of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Water soluble, organic solvent soluble piperidine or pyrralidine salts
      of acyl lactylic acids of formula
      ##EQU2##
      wherein RCO is the acyl radical of a saturated or unsaturated fatty acid
      having eight to 24 carbon atoms, and n is a number from 1 to 10.
NUM  2.
PAR  2. The salts according to claim 1 wherein RCO-- is an acyl radical having
      16 to 22 carbon atoms and n is a number from about 1 to 8.5.
NUM  3.
PAR  3. Water soluble, organic solvent soluble piperazine salts of acyl lactylic
      acids of formula
      ##EQU3##
      wherein RCO is the acyl radical of a saturated or unsaturated fatty acid
      having eight to 24 carbon atoms, and n is a number from 1 to 10.
NUM  4.
PAR  4. The salts according to claim 3 wherein RCO-- is an acyl radical having
      16 to 22 carbon atoms and n is a number from about 1 to 8.5.
PATN
WKU  039338266
SRC  5
APN  4174925
APT  1
ART  122
APD  19731120
TTL  Protoberberine derivatives
ISD  19760120
NCL  1
ECL  1
EXA  Wheeler; David E.
EXP  Rush; Raymond V.
INVT
NAM  Kametani; Tetsuji
CTY  Sendai
CNT  JA
ASSG
NAM  Nippon Chemiphar Co., Ltd.
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19721120
APN  47-115706
CLAS
OCL  260287C
XCL  260289CF
XCL  424258
EDF  2
ICL  C07D21516
FSC  260
FSS  287 R;287 C
UREF
PNO  3420834
ISD  19690100
NAM  Muller et al.
OCL  260287R
LREP
FRM  Oblon, Fisher, Spivak, McClelland & Maier
ABST
PAL  Protoberberine derivatives having the general formula:
      ##SPC1##
PAL  Wherein R.sub.1 is a lower alkoxy group, i.e. C.sub.1 to C.sub.5 alkoxy;
      R.sub.2 is a lower alkyl group, i.e. C.sub.1 to C.sub.5 alkyl, pyridyl
      group, phenyl group substituted by two or three lower alkoxy groups, i.e.
      C.sub.1 to C.sub.5 alkoxy or a phenylvinyl group substituted by two or
      three lower alkoxy groups, i.e. C.sub.1 to C.sub.5 alkoxy; having
      excellent analgesic, vasodilating and hypotensive effects and are prepared
      from know protoberberines by reaction with carobxylic acids.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to protoberberine derivatives represented by the
      following formula (I):
      ##SPC2##
PAL  wherein R.sub.1 is a lower alkoxy group; i.e. C.sub.1 to C.sub.5 alkoxy;
      R.sub.2 is a lower alkyl group, i.e. C.sub.1 to C.sub.5 alkyl, pyridyl
      group, phenyl group substituted by two or three lower alkoxy groups, i.e.
      C.sub.1 to C.sub.5 alkoxy or a phenyl-vinyl group substituted by two or
      three lower alkoxy groups, i.e. C.sub.1 to C.sub.5 alkoxy and to a process
      for producing the novel protoberberine derivatives of the above formula
      (I).
PAR  2. Description of the Prior Art
PAR  It has been known that some of the protoberberine derivatives, such as 5,
      6, 13, 13a-tetrahydro-2, 3, 10, 11-tetramethoxy-8H-dibenzo [a, g]
      quinolizine have analgesic, vasodilating and hypotensive effects.
PAR  However, the known protoberberine derivatives to not exhibit in many cases
      sufficiently high analgesic, vasodilating and hypotensive effects and in
      addition, they exert a depressive effect on the central nervous system.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, one object of this invention is to provide novel
      protoberberine derivatives which possess very high analgesic, vasodilating
      and hypotensive effects.
PAR  Another object of this invention is to provide protoberberine drivatives
      which exert less depressive effect on the central nervous system than the
      other related compounds.
PAR  Yet another object of the present invention is to provide novel
      protoberberine derivatives having the general formual (I).
PAR  A still further object of the present invention is to provide a process for
      producing the protoberberine derivatives of the general formula (I).
PAR  Briefly, these and other objects of the present invention as hereinafter
      will become apparent are achieved by providing the protoberberine
      derivatives of the formula (I) by reacting the compounds of the general
      formula (II)
      ##SPC3##
PAL  wherein R.sub.1 is the same as heretofore defined, with carboxylic acids or
      reactive derivatives thereof having the general formula (III),
EQU  R.sub.2 -- COOH                                            (III)
PAL  wherein R.sub.2 is the same as heretofore defined.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The known starting compounds having formula (II) may be prepared by well
      known techniques, such as, by heating
      1-(4'-benzyloxy-3'-alkoxybenzyl)-1,2,3,4-tetrahydro-6,7-dialkoxy-isoquinol
     ine with formaline, thereby forming
      10-benzyloxy-2,3,11-trialkoxy-5,6,13,13a-tetrahydro-8H-dibenzo[a,g]quinoli
     zine and debenzylating the resulting compound with hydrochloric acid in
      ethanol.
PAR  Suitable compounds having the general formula (II) which may be used
      include, for example,
      10-hydroxy-2,3,11-trimethoxy-5,6,13,13a-tetrahydro-8H-dibenzo-[a,
      g]quinolizine.
PAR  Carboxylic acids having the general formula (III) which may be used include
      acetic acid, 3,4-dimethoxy-cinnamic acid, 3,4,5-trimethoxycinnamic acid
      3,4,5-trimethoxybenzoic acid and nicotinic acid, and as the reactive
      derivatives thereof, there may be used the acid anhydrides, acid halides
      and esters.
PAR  In carrying our the process of the present invention, the compound having
      the formula (II) is reacted with the carboxylic acid of the formula (III)
      in a suitable solvent, such as pyridine or benzene or the like.
PAR  Pharmacological effects of the protoberberine derivatives having formula
      (I) are as follows:
PAR  I. Hypotensive effect.
PAR  Two groups of spontaneously hypertensive male rats weighing from 300 to 350
      g. (20 to 25 weeks old) were immobilized in a dorsal position, employing
      no anesthesia, and the blood pressure of the femoral artery was measured
      by the cannuration method. The percentage variation in the blood pressure
      of the rats was measured up until 6 hours after medication. The groups
      consisted of 4 to 6 rats and blood pressure descending curves were drawn
      and the 20% blood pressure descending dose (DB.sub.20) was obtained from
      these curves. Spontaneously hypertensive rats whose systolic pressures
      were more than 180 mmHg were employed in this experiment. The test
      materials were injected in the femoral vein.
PAR  The results are given in Table I.
TBL  Test Compounds         DB.sub.20 (mg/kg i.v.)                             

     ______________________________________                                    

     5,6,13,13a-tetrahydro-2,3,11-                                             

                            9.8                                                

     trimethoxy-10-acetoxy-8H-dibenzo[a, g]-                                   

     quinolizine                                                               

     5,6,13,13a-tetrahydro-2,3,10,11,-                                         

                            4.4                                                

     tetramethoxy-8H-dibenzo[a, g]-                                            

     quinolizine (known compound)                                              

     ______________________________________                                    

PAR  2. Enhancing effect on hypnosis of barbital.
PAR  A group consisting of ten dd strain male rats weighing from 18 to 22 g.
      were employed in this experiment. 100 mg/kg of hexobarbital sodium was
      injected intraperitoneally 30 minutes after intraperitoneal administration
      of 100 mg/kg of the test materials and thereafter the duration of
      induced-hypnosis was evaluated by observation of righting reflex.
PAR  The results are given in Table 2.
TBL                Table 2                                                     

     ______________________________________                                    

     Test Compounds         Duration of                                        

                            hypnosis (minutes)                                 

     ______________________________________                                    

     5,6,13,13a-tetrahydro-2,3,11-                                             

                            27 .+-. 3                                          

     trimethoxy-10-acetoxy-8H-dibenzo-                                         

     [a, g] quinolizine                                                        

     5,6,13,13a-tetrahydro-2,3,10,11-                                          

                            99 .+-. 5                                          

     tetramethoxy-8H-dibenzo[a, g]-                                            

     quinolizine (known compounds)                                             

     ______________________________________                                    

PAR  As can be clearly seen from Tables 1 and 2, the protoberberine derivatives
      of the present invention possess a high DB.sub.20 value while at the same
      time their depressive effect on the central nervous system is extremely
      low compared with that of known related compounds. Moreover, the compounds
      of this invention exhibit a hypotensive effect which bears comparison with
      that of known related compounds.
DETD
PAR  Having generally described the invention, a more complete understanding can
      be obtained by reference to certain specific examples, which are included
      for purposes of illustration only and are not intended to be limiting
      unless otherwise specified.
PAC  EXAMPLE 1
PAR  0.8 g. of 10-hydroxy-2,3,11-trimethoxy-5,6,13,13a-tetrahydro-8H-dibenzo[a,
      g]quinolizine was dissolved in 8 ml of anhydrous pyridine. To the
      resulting solution 2 ml of acetic anhydride was added dropwise with
      stirring, while cooling in an ice-bath. After the mixture was stirred at
      room temperature for 5 hours, the excessive acetic anhydride was distilled
      off under reduced pressure, and the residue obtained was extracted with
      chloroform. The chloroform layer was washed with a 1N-sodium hydroxide
      solution and then with water, dried over potassium carbonate and
      evaporated to dryness. Recrystallization of the residue from
      ethanol-petroleum ether afforded 0.3 g. (33.3% yield) of
      5,6,13,13a-tetrahydro-2,3,11-trimethoxy-10-acetoxy-8H-dibenzo
      [a,g]quinolizine as colorless needles having a melting point of
      162.degree. to 164.degree.C.
TBL  ______________________________________                                    

     Elemental Analysis:  as C.sub.22 H.sub.25 O.sub.5 N                       

                      C         H        N                                     

     Calculated (%)  68.91     6.57     3.65                                   

     Found (%)       68.81     6.85     3.57                                   

        KBr                                                                    

     IR: .gamma.   1765 cm.sup.-.sup.1 (c=o)                                   

        max.                                                                   

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  A mixture of 1.9 g of
      10-hydroxy-2,3,11-trimethoxy-5,6,13,13a-tetrahydro-8H-dibenzo[a,
      g]quinolizine hydrochloride, 1.0 g. of nicotinoyl chloride hydrochloride,
      2 ml of triethylamine and 150 ml of anhydrous benzene was refluxed in a
      flask equipped with a tube packed with calcium chloride for 3 hours and
      then the solvent was distilled off under reduced pressure.
PAR  The residue obtained was extracted with chloroform. The chloroform layer
      was washed with a 1N-sodium hydroxide solution, then with water and dried
      over potassium carbonate and the solvent was distilled off under reduced
      pressure. The resulting residue was placed on a column packed with
      SiO.sub.2 and eluted with chloroform. The first 50 ml of effluent was
      discarded, thereafter the effluent was collected at intervals of 25 ml and
      there was obtained 2.8 g. of brown glutinous crude product from the
      combined effluent of fraction numbers 1 to 11 (solidified on trituration
      with ethyl ether), which was washed with ethyl ether, filtered and dried.
PAR  There was obtained 1.1 g. (48.9% yield) of
      5,6,13,13a-tetrahydro-2,3,11-trimethoxy-10-nicotinoyloxy-8H-dibenzo[a,
      g]quinolizine as a pale yellow powder. Because of purification
      difficulties a part of this was converted to the methiodide thereof and
      recystallization from a mixture of methanol-ethyl ether afforded a pale
      yellow powder having a melting point of 223.degree. to 225.degree.C.
      (decomposition).
TBL  ______________________________________                                    

     Elemental Analysis:  as C.sub.26 H.sub.26 O.sub.5 N.sub.2 . CH.sub.3      

     I.1/2H.sub.2 O                                                            

                      C         H        N                                     

     Calculated (%)  54.35     5.06     4.69                                   

     Found (%)       54.34     5.35     4.40                                   

        CHCl.sub.3                                                             

     IR: .gamma.    1740 cm.sup.-.sup.1 (c=o)                                  

        max.                                                                   

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  A mixture of the free base obtained from 1.9 g. of
      10-hydroxy-2,3,11-trimethoxy-5,6,13,13a-tetrahydro-8H-dibenzo[a,
      g]quinolizine hydrochloride, 2.0 g. of 3,4,5-trimethoxybenzoyl chloride, 8
      ml of triethylamine and 200 ml. of anhydrous benzene was refluxed in a
      flask equipped with a tube packed with calcium chloride for 7 hours and
      thereafter the same procedure as followed in Example 2 was repeated. There
      was obtained 5,6,13,13a-tetrahydro-2,3,11-trimethoxy-10-(3', 4',
      .ident.'-trimethoxybenzoxy)-8H-dibenzo[a, g]quinolizine methiodide as a
      pale yellow powder having a melting point of 231.degree. to 232.degree.C.
TBL  ______________________________________                                    

     Elemental Analysis:  as C.sub.30 H.sub.33 O.sub.8 N . CH.sub.3 I          

                      C         H        N                                     

     Calculated (%)  53.37     5.16     2.00                                   

     Found (%)       53.44     5.35     1.73                                   

        CHCl.sub.3                                                             

     IR: .gamma.    1730 cm.sup.-.sup.1 (c=o)                                  

        max                                                                    

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  A mixture of the free base obtained from 1.9 g. of
      10-hydroxy-2,3,11-trimethoxy-5,6,13,13a-tetrahydro-8H-dibenzo[a,
      g]quinolizine hydrochloride, 2.0 g. of 3,4-dimethoxycinnamoyl chloride, 8
      ml of triethylamine and 150 ml of anhydrous benzene was refluxed in a
      flask equipped with a tube packed with calcium chloride for 8 hours and
      thereafter the same procedure as followed in Example 2 was repeated. There
      was obtained 5,6,13,13a-tetrahydro-2,3,11-trimethoxy-10-(3',
      4'-dimethoxycinnamoyloxy)-8H-dibenzo[a, g]quinolizine methiodide as a pale
      yellow powder having a melting point of 224.degree. to 225.degree.C.
TBL  ______________________________________                                    

     Elemental Analysis:  as C.sub.31 H.sub.33 O.sub.7 N . CH.sub.3 I .        

     3/2H.sub.2 O                                                              

                      C         H        N                                     

     Calculated (%)  54.86     5.57     2.03                                   

     Found (%)       55.06     5.41     1.89                                   

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  A mixture of the free base obtained from 1.9 g. of
      10-hydroxy-2,3,11-trimethoxy-5,6,13,13a-tetrahydro-8H-dibenzo[a,
      g]quinolizine hydrochloride, 2.0 g. of 3,4,5-trimethoxycinnamoyl chloride,
      8 ml of triethylamine and 200 ml of anhydrous benzene was refluxed in a
      flask equipped with a tube packed with calcium chloride for 8 hours, and
      thereafter the same procedure as followed in Example 2 was repeated. There
      was obtained 5,6,13,13a-tetrahydro-2,3,11-trimethoxy-10-(3', 4',
      5'-trimethoxycinnamoyloxy)-8H-dibenzo[a, g]quinolizine methiodide as a
      pale yellow powder having a melting point of 207.degree. to 210.degree.C.
TBL  ______________________________________                                    

     Elemental Analysis:   as C.sub.32 H.sub.35 O.sub.8 N . CH.sub.3 I         

                      C         H        N                                     

     Calculated (%)  54.78     5.26     1.93                                   

     Found (%)       54.52     5.40     1.63                                   

        CHCl.sub.3                                                             

     IR: .gamma.    1720 cm.sup.-.sup.1 (c=o)                                  

        max                                                                    

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  The free base obtained from 1.9 g. of
      10-hydroxy-2,3,11-trimethoxy-5,6,13,13a-tetrahydro-8H-dibenzo[a,
      g]quinolizine hydrochloride was dissolved in 20 ml of anhydrous pyridine
      and to the resulting solution 2.0 g. of nicotinoyl chloride hydrochloride
      was added dropwise with stirring at room temperature. The mixture obtained
      was stirred for 0.5 hours, followed by a further stirring at 80.degree.C.
      for 20 hours. After cooling, 50 ml of water was poured into the mixture
      and the aqueous solution was extracted with chloroform. The chloroform
      layer was washed with water, dried and the solvent was distilled off. The
      resulting residue was column chromatographed over 25 g. of SiO.sub.2 and
      eluted with chloroform. The first 50 ml of effluent was discarded,
      thereafter the effluent was collected at intervals of 50 ml and there was
      obtained 2.4 g of brown glutinous crude product from the combined effluent
      (300 ml) of Fraction numbers 1 to 6 (solidified on trituration with ethyl
      ether), which was collected be filtration, washed with ethyl ether and
      dried.
PAR  There was obtained 0.9 g (40.9% yield) of
      5,6,13,13a-tetrahydro-2,3,11-trimethoxy-10-nicotinoyloxy-8H-dibenzo[a,
      g]quinolizine as a pale yellow powder. The methiodide derived from this
      compound was found to be in agreement with the methiodide of the compound
      obtained in Example 2 as determined from the melting point and IR
      spectrum.
PAC  EXAMPLE 7
PAR  1.9 g of 10-hydroxy-2,3,11-trimethoxy-5,6,13,13a-tetrahydro-8H-dibenzo[a,
      g]quinolizine hydrochloride was treated in the same manner as described in
      Example 6, using 2.0 g of 3,4,5-trimethoxybenzoyl chloride and 200 ml of
      anhydrous pyridine and there was obtained 1.2 g (44.4% yield) of
      5,6,13,13a-tetrahydro-2,3,11-trimethoxy-10-(3', 4',
      5'-trimethoxybenzoxy)-8H-dibenzo-[a, g]quinolizine as a pale yellow
      powder. The methiodide derived from this compound was found to be in
      agreement with the methiodide of the compound obtained in Example 3 as
      determined from the melting point and IR spectrum.
PAC  EXAMPLE 8
PAR  1.9 g of 10-hydroxy-2,3,11-trimethoxy-5,6,13,13a-tetrahydro-8H-dibenzo[a,
      g]quinolizine hydrochloride was treated in the same manner as described in
      Example 6, using 2.0 g of 3,4-dimethoxycinnamoyl chloride and 20 ml of
      anhydrous pyridine and there was obtained 1.0 g (38.4% yield) of
      5,6,13,13a-tetrahydro-2,3,11-trimethoxy-10-(3',
      4'-dimethoxycinnamoyloxy)-8H-dibenzo[a, g] quinolizine as a pale brown
      powder. The methiodide derived from this compound was found to be in
      agreement with the methiodide of the compound obtained in Example 4 as
      determined from the melting point and IR spectrum.
PAC  EXAMPLE 9
PAR  1.9 g of 10-hydroxy-2,3,11-trimethoxy-5,6,13,13a-tetrahydro-8H-dibenzo[a,
      g]quinolizine hydrochloride was treated in the same manner as described in
      Example 6, using 2.0 g of 3,4,5-trimethoxycinnamoyl chloride and 20 ml of
      anhydrous pyridine and there was obtained 1.3 g (46.4% yield) of
      5,6,13,13a-tetrahydro-2,3,11-trimethoxy-10-(3', 4',
      5'-trimethoxycinnamoyloxy)-8H-dibenzo[a, g]quinolizine as a pale yellow
      powder. The methiodide derived from this compound was found to be in
      agreement with the methiodide of the compound obtained in Example 5 as
      determined from the melting point and IR spectrum.
PAR  Having now fully described the invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention as set
      forth herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      U.S. is:
NUM  1.
PAR  1. A protoberbine derivative which is
      5,6,13,13a-tetrahydro-2,3,11-trimethoxy-10-acetoxy-8H-dibenzo
      [a,g]quinolizine.
PATN
WKU  039338274
SRC  5
APN  5183081
APT  1
ART  122
APD  19741029
TTL  9-Acyloxy-5,11-dimethyl-6H-pyrido[4,3-B]carbazoles
ISD  19760120
NCL  13
ECL  1
EXA  Wheeler; David E.
EXP  Gallagher; Richard J.
INVT
NAM  Brossi; Arnold
CTY  Riehen
CNT  CH
INVT
NAM  Guthrie; Robert William
CTY  Fairfield
STA  NJ
INVT
NAM  Kierstead; Richard Wightman
CTY  North Caldwell
STA  NJ
ASSG
NAM  Hoffmann-La Roche Inc.
CTY  Nutley
STA  NJ
COD  02
CLAS
OCL  260287C
XCL  424258
EDF  2
ICL  C07D47104
FSC  260
FSS  287 R;287 O
UREF
PNO  3772306
ISD  19731100
NAM  Morrison et al.
OCL  260287R
OREF
PAL  Dalton et al., "Aust. J. Chem." 20(12) 2715-2727, 1967.
PAL  Svoboda et al., "J. Pharm. Sci." 1968, 57(10), 1720-1725.
LREP
FR2  Welt; Samuel L.
FR2  Leon; Bernard S.
FR2  Isgro; William G.
ABST
PAL  9-Acyloxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazoles of the formula
      ##SPC1##
PAL  Wherein R.sub.1 is acyl and R.sub.2 is hydrogen or lower alkyl, are
      described. The end products actively inhibit the growth of transplantable
      tumors, and are therefore useful as cytostatic agents.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The invention relates to
      9-acyloxy-5,11-dimethyl-6H-pyrido[4,3-b]-carbazoles of the formula
      ##SPC2##
PAR  WHEREIN R.sub.1 is acyl and R.sub.2 is hydrogen or lower alkyl, and
      pharmaceutically acceptable acid addition salts thereof. The end products
      are useful as cytostatic agents.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The invention comprises novel
      9-acyloxy-5,11-dimethyl-6H-pyrido-[4,3-b]carbazoles. As used herein, the
      term "lower alkyl" denotes a straight or branched chain saturated
      hydrocarbon containing 1-7 carbon atoms, for example, methyl, ethyl,
      propyl, isopropyl, butyl, t-butyl, neopentyl, pentyl, heptyl, and the
      like. The term "lower alkoxy" denotes an alkyl ether group in which the
      lower alkyl group is as described above, for example, methoxy, ethoxy,
      propoxy, pentoxy, and the like. The term "acyl" denotes an alkanoyl group
      derived from an aliphatic carboxylic acid of 1-18 carbon atoms, preferably
      from 1-7 carbon atoms, for example, formyl, acetyl, hexanoyl, pentanoyl,
      dodecanoyl, stearoyl, and the like; alicyclic alkanoyl of 3-12 carbon
      atoms, for example, adamantoyl, cyclohexylcarbonyl, cyclopropylcarbonyl or
      the like; or an unsubstituted or halogen, lower alkoxy or lower alkyl
      substituted aroyl group derived from an aromatic carboxylic acid such as
      benzoyl, 3,4,5-trimethoxybenzoyl, 4-chlorobenzoyl, 4-methylbenzoyl, and
      the like.
PAR  The compounds of the invention are characterized by the formula
      ##SPC3##
PAR  WHEREIN R.sub.1 is acyl and R.sub.2 is hydrogen or lower alkyl, and
      pharmaceutically acceptable acid addition salts thereof.
PAR  A preferred subgenus of the invention comprises compounds of the formula
      ##SPC4##
PAR  WHEREIN R.sub.1 is lower alkanoyl and R.sub.2 is as previously described.
PAL  A most preferred subgenus comprises compounds of formula Ia wherein R.sub.1
      is acetyl.
PA1  Exemplary of the compounds of formula I are:
PA1  9-formyloxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole;
PA1  9-acetyloxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole;
PA1  9-acetyloxy-5,6,11-trimethyl-6H-pyrido[4,3-b]carbazole;
PA1  9-propionyloxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole;
PA1  9-propionyloxy5,11-dimethyl-6-ethyl-6H-pyrido[4,3-b]carbazole;
PA1  9-(2-methylpropionyloxy)-5,11-dimethyl-6H-pyrido[4,3-b]carbazole;
PA1  9-valeroyloxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole;
PA1  9-valeroyloxy-5,11-dimethyl-6-propyl-6H-pyrido[4,3-b]carbazole;
PA1  9-caproyloxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole;
PA1  9-caproyloxy-5,6,11-trimethyl-6H-pyrido[4,3-b]carbazole;
PA1  9-(4-chlorobenzoyloxy)-5,11-dimethyl-6H-pyrido[4,3-b]carbazole;
PA1  9-(3,4,5-trimethoxybenzoyloxy)-5,6,11-trimethyl16H-pyrido[4,3-b]carbazole;
PA1  9-octanoyloxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole;
PA1  9-octanoyloxy-5,11-dimethyl-6-ethyl-6H-pyrido[4,3-b]carbazole;
PA1  9-decanoyloxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole;
PA1  9-decanoyloxy-5,6,11-trimethyl-6H-pyrido[4,3-b]carbazole;
PA1  9-myristoyloxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole;
PA1  9-lauroyloxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole;
PA1  9-lauroyloxy-5,11-dimethyl-6-propyl-6H-pyrido[4,3-b]carbazole;
PA1  9-stearoyloxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole;
PA1  9-benzoyloxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole;
PA1  9-benzoyloxy-5,6,11-trimethyl-6H-pyrido[4,3-b]carbazole;
PA1  9-(1-adamantoloxy)-5,11-dimethyl-6H-pyrido[4,3-b]carbazole;
PA1  9-(1-adamantoyloxy)-5,6,11-trimethyl-6H-pyrido[4,3-b]carbazole; and the
      like.
PA1  Preferred species are:
PA1  9-acetyloxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole; and
PA1  9-acetyloxy-5,6,11-trimethyl-6H-pyrido[4,3-b]carbazole.
PAR  The compounds of formula I can also be named as derivatives of ellipticine.
      Thus, for example, 9-acetyloxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole can
      also be referred to as 9-acetyloxyellipticine.
PAR  The compounds of the invention can be prepared by a process which comprises
      reacting 9-hydroxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole (known as
      Ellipticine) or a 9-hydroxy-5,11-dimethyl-6-lower
      alkyl-6H-pyrido[4,3-b]carbazole, with an acylating agent, for example, an
      acyl halide such as formyl chloride, acetyl chloride, propionyl bromide,
      valeroyl chloride, octanoyl chloride, decanoyl chloride, myristoyl
      chloride, lauroyl chloride, stearoyl chloride, benzoyl chloride,
      1-adamantoyl chloride, 4-chlorobenzoyl chloride, 3,4,5-trimethoxybenzoyl
      chloride, and the like, in the presence of a base such as sodium
      carbonate, potassium carbonate, and the like.
PAR  The reaction conditions are not critical. Conveniently, the reaction can be
      carried out in an inert solvent, i.e., a solvent which is unaffected by
      and stable to the reactants, products and reaction conditions of the
      process. Suitable inert solvents will be readily recognized by those
      skilled in the art and are exemplified by acetone, tetrahydrofuran, and
      the like. The reaction is carried out at room temperature; however,
      temperatures below or above room temperature can be utilized.
      Conveniently, the reaction is carried out at a temperature in the range of
      about -20.degree. to about 60.degree. and within these limits, at a
      temperature of from 0.degree. to 40.degree. is preferred.
PAR  The reaction product can be recovered by conventional means, for example,
      by filtration, decantation or the like. Thereafter, the reaction product
      can be purified by crystallization from a solvent mixture such as
      tetrahydrofuran/ethyl acetate, methylene chloride/methanol, methanol, and
      the like.
PAR  As already indicated, the starting material
      9-hydroxy5,11-dimethyl-6H-pyrido[4,3-b]carbazole is a known compound. The
      9-hydroxy-5,11-dimethyl-6-lower alkyl-6H-pyrido[4,3-b]carbazoles are known
      compounds or can be prepared according to known procedures. For example,
      9-methoxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole is treated with sodium
      hydride and a lower alkyl halide such as methyliodide, in an aprotic
      solvent, for example, dimethylformamide, dimethylsulfoxide or the like, at
      room temperature or higher. The product which forms, i.e.,
      9-methoxy-5,11-dimethyl-6-lower alkyl-6H-pyrido[4,3-b]carbazole, is then
      heated in pyridine HCl to yield the corresponding
      9-hydroxy-5,11-dimethyl-6-lower alkyl-6H-pyrido[4,3-b]-carbazole.
PAR  The useful cytostatic activity of the compounds of formula I can be
      demonstrated in warm-blooded animals, e.g., mice and rats, utilizing known
      and accepted procedures. For instance, the useful activity of the
      compounds of formula I against growing Walker Sarco-carcinoma No. 256 can
      be demonstrated in rats by a procedure which comprises weighing and
      dividing rats into groups of 10 animals for each drug and control group.
      Thereafter, small pieces of minced tumor are implanted by trocar
      subcutaneously on the ventral surface of the rat. Treatment by
      administering the test compound subcutaneously, orally or
      intraperitoneally is started immediately after implantation and continued
      for 14 consecutive days at 1/5 of the maximum tolerated dose. The rats are
      weighed and sacrificed on the 15th day after implantation. Each excised
      tumor is weighed in grams and the tumor weights are averaged for each
      group of rats. The total body weight gain or loss for the treatment period
      is also recorded but not reported. The average tumor weight of the
      untreated controls (C) is divided by the average tumor weight of each
      treated group (T). The result is expressed as the C/T Index.
PAR  The useful activity of the compounds of formula I against growing
      Sarco-carcinoma-180 can be demonstrated by a procedure which comprises
      weighing and dividing mice into groups of 8 animals for each drug and
      control group. Small pieces of Sarco-carcinoma-180 tumors are implanted by
      trocar subcutaneously on he ventral surface of the mouse. Mice are treated
      i.p. with 2/5 of the maximum tolerated dose immediately after implantation
      and then once daily until 8 treatments are given. The mice are weighed and
      sacrificed 8 days after implantation. The weight of each excised tumor is
      determined in mg. and averaged for each group of 8 mice. The total body
      weight gain or loss for the treatment period is recorded. The C/T Index is
      calculated as described above.
PAR  When 9-acetoxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole is utilized as the
      test substance in the foregoing procedure at a dose of 20 mg/kg. i.p., the
      compound demonstrates a C/T Index of 2.83.
PAR  The useful activity of the compounds of formula I against growing Ehrlich
      solid carcinoma can be demonstrated in mice by a procedure which comprises
      weighing and dividing mice into groups of 8 animals for each drug and
      control group. A dilution of Ehrlich carcinoma cells is injected
      subcutaneously on the ventral surgace of the mouse. Mice are treated i.p.
      with 2/5 of the maximum tolerated dose immediately after implantation and
      then once daily until 8 treatments are given. The mice are weighed and
      sacrified 8 days after implantation. The weight of each excised tumor is
      determined in mg. and averaged for each group of 8 mice. The total body
      weight gain or loss for the treatment period is recorded. The C/T Index is
      calculated as described above.
PAR  When 9-acetoxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole is utilized as the
      test substance in the foregoing procedure at a dose of 20 mg/kg. i.p., the
      compound demonstrates a C/T Index of 2.28.
PAR  The compounds of formula I form pharmaceutically acceptable acid addition
      salts and such salts are also within the scope of this invention. Thus,
      the compounds of formula I form acid salts with pharmaceutically
      acceptable organic acids, such as tartaric acid, citric acid, lactic acid,
      oxalic acid, succinic acid, maleic acid, acetic acid, and the like, and
      with inorganic acids such as hydrohalic acids, for example, hydrogen
      chloride, hydrogen bromide, hydrogen, as well as mineral acids such as
      sulfuric acid, phosphoric acid, nitric acid, and the like. The addition
      salts can suitably be prepared by treatment of the carbazole of formula I
      with an inert solvent with the corresponding acid.
PAR  The compounds can be administered internally in the form of conventional
      pharmaceutical preparations, for example, the bases of formula I or their
      pharmaceutically acceptable acid addition salts can be administered in
      conventional enteral or parenteral pharmaceutical preparations containing
      organic and/or inorganic inert carriers such as water, gelatin, lactose,
      starch, magnesium stearate, talc, plant oils, gums, alcohol, Vaseline, or
      the like. The pharmaceutical preparations can be in conventional solid
      forms, for example, tablets, dragees, suppositories, capsules, or the
      like, or conventional liquid forms, such as suspensions, emulsions, or the
      like. If desired, the pharmaceutical preparations can be sterilized and/or
      contain conventional pharmaceutical adjuvants such as preservatives,
      stabilizing agents, wetting agents, emulsifying agents, buffers, or salts
      used to adjust the osmotic pressure. The pharmaceutical preparations can
      also contain other therapeutically active ingredients.
DETD
PAR  The following examples further illustrate the invention. All parts are by
      weight and all temperatures are in degrees Centigrade, unless otherwise
      mentioned.
PAC  EXAMPLE 1
PAC  Preparation of 9-hydroxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole
PAR  A mixture of 9-methoxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole (26 g.) and
      pyridine hydrochloride (500 g.) was heated to 210.degree. for 40 minutes.
      The deep red reaction mixture was cooled, diluted with brine (3 liters)
      and the resulting precipitate
      (9-hydroxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole hydrochloride) was
      collected by filtration. The salt was dissolved in hot water and the
      solution was filtered to remove any tarry material that might be present.
      The cooled solution was added slowly to a stirred saturated sodium
      bicarbonate solution (1.5 liters). The precipitate was filtered and washed
      well with cold water. The dried solids (24 g.) were placed in a Sohxlet
      and extracted using 4 liters of tetrahydrofuran. The extract was
      concentrated to 1.2 liters and the product was allowed to crystallize to
      give 20.8 g. (85%) of 9-hydroxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole,
      m.p. 307.degree.-309.degree. (vac.).
PAC  EXAMPLE 2
PAC  Preparation of 9-acetoxy-5,11-dimethyl-6H-pyrido[ 4,3-b]carbazole
PAR  A solution of 9-hydroxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole (10 g.) in
      acetic anhydride (75 ml.) and acetyl chloride (25 ml.) was stirred at room
      temperature for 2 hours. The reaction mixture was poured into excess
      NaHCO.sub.3 solution and stirred for 10 minutes. The resulting precipitate
      was removed by filtration and was washed well with water. The dried solids
      (10 g.; 86%) were dissolved in tetrahydrofuran and the solution was
      charcoaled. Crystallization from tetrahydrofuran-ethyl acetate mixture
      afforded 9-acetoxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole (8.3 g.; 75%),
      m.p. 303.degree.-304.degree..
PAC  EXAMPLE 3
PAC  Preparation of 9-dodecanoyloxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole
PAR  1.65 g. of lauroyl chloride was added to a stirred suspension of 1.3 g. of
      9-hydroxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole and 5.0 g. of Na.sub.2
      CO.sub.3 in 75 ml. of acetone. After 2 hours (the initial reddish purple
      color had changed to a pale yellow in 1 1/2 hours) water was slowly added
      to a final total volume of 600 ml. The precipitate was collected by
      filtration and was washed with hot water. The dried solid was crystallized
      from methylene chloride-methanol to give 1.63 g. of yellow crystalline
      9-dodecanoyloxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole, m.p.
      188.degree.-190.degree. (74%). The analytically pure material melted at
      189.degree.-190.5.degree..
PAC  EXAMPLE 4
PAR  In a manner analogous to Example 3, the following compounds set out in
      Table I were prepared:
      ##SPC5##
TBL  9-ACYLOXY-5,11-DIMETHYL-6H-PYRIDO [4,3-b] CARBAZOLES                      

                                                            Crystallization    

     Ex.      Compound           R         R.sub.2                             

                                               Yield                           

                                                     MP      Solvents          

     __________________________________________________________________________

     4    9-Acetoxy-5,11-dimethyl-6H-pyrido-                                   

                                 CH.sub.3  H   86% 303-304.degree. (vac)       

                                                            THF-EtOAc          

          [4,3-b]carbazole                                                     

     5    9-Propionyloxy-5,11-dimethyl-6H-pyrido                               

                                 CH.sub.3 CH.sub.2 --                          

                                           H   80% 280-281.degree. (vac)       

                                                            THF-EtOAc          

          [4,3-b]carbazole                                                     

     6    9-(2-Methylpropionyloxy)-5,11-dimethyl-                              

                                 (CH.sub.3).sub.2 CH--                         

                                           H   89% 304-305.degree. (vac)       

                                                            THF-EtOAc          

          6H-pyrido[4,3-b]carbazole                                            

     7    9-Hexanoyloxy-5,11-dimethyl-6H-pyrido-                               

                                 CH.sub.3 (CH.sub.2).sub.4                     

                                           H   80% 235-236.degree. (vac)       

                                                            THF-EtOAc          

          [4,3-b]carbazole                                                     

     8    9-Dodecanoyloxy-5,11-dimethyl-6H-pyrido-                             

                                 CH.sub.3 (CH.sub.2).sub.10                    

                                           H   74% 189-190.5.degree.           

                                                            CH.sub.2 Cl.sub.2  

                                                            --MeOH             

          [4,3-b]carbazole                                                     

     9    9-Stearoyloxy-5,11-dimethyl-pyrido-                                  

                                 CH.sub.3 (CH.sub.2).sub.16                    

                                           H   63% 183-185.degree.             

                                                            CH.sub.2 Cl.sub.2  

                                                            --MeOH             

          [4,3-b]carbazole                                                     

     10   9-(1-Adamantoyloxy)-5,11-dimethyl-6H-                                

                                           H   34% 350.degree. (vac)           

                                                            MeOH               

          pyrido [4,3-b]carbazole                                              

     11   9-Acetoxy-5,6,11-trimethyl-6H-pyrido-                                

                                 CH.sub.3 --                                   

                                           CH.sub.3 --                         

                                               70% 198-199.degree.             

                                                            CH.sub.2 Cl.sub.2  

                                                            --EtOAc            

          [4,3-b]carbazole                                                     

     12   9-Benzoyl-5,11-dimethyl-6H-pyrido-                                   

                                           H   88% 294-296.degree.             

                                                            MeOH               

          [4,3-b]carbazole                                                     

     13   9-Hexanoyloxy-5,6,11-trimethyl-6H-pyrido-                            

                                 CH.sub.3 (CH.sub.2).sub.4                     

                                           CH.sub.3 --                         

                                               67% 151-152.degree.             

                                                            EtOAc              

          [4,3-b]carbazole                                                     

     __________________________________________________________________________

PAC  EXAMPLE 5
PAC  Preparation of 9-methoxy-5,6,11-trimethyl-6H-pyrido[4,3-b]carbazole
PAR  A solution of 10.0 g. of 9-methoxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole
      in dry dimethylformamide (120 ml.) was treated with 2.18 g. of sodium
      hydride (50% oil dispersion) and stirred for 5 minutes. 5.1 g. of methyl
      iodide in dimethylformamide (70 ml.) was added rapidly and the mixture was
      stirred overnight at room temperature. The solution was poured into 1 l.
      of H.sub.2 O and extracted with CHCl.sub.3 (6 .times. 400 ml.). The
      CHCl.sub.3 extract was dried over sodium sulfate and was passed through a
      short column of Woelm basic alumina (120 g., grade III) and then was
      evaporated in vacuo. Crystallization of the residue from ethyl acetate
      afforded 6.8 g. of 9-methoxy-5,6,11-trimethyl-6H-pyrido[4,3-b]carbazole,
      m.p. 153.degree.-154.degree..
PAR  Utilizing the procedure described in Example 5, the following compounds can
      be prepared:
PA1  from 9-methoxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole and ethyl iodide,
      there can be prepared
      9-methoxy-5,11-dimethyl-6-ethyl-6H-pyrido[4,3-b]carbazole;
PA1  from 9-methoxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole and propyl iodide,
      there can be prepared
      9-methoxy-5,11-dimethyl-6-propyl-6H-pyrido[4,3-b]carbazole;
PA1  from 9-methoxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole and butyl iodide,
      there can be prepared
      9-methoxy-5,11-dimethyl-6-butyl-6H-pyrido[4,3-b]carbazole
PAC  EXAMPLE 6
PAC  Preparation of 9-hydroxy-5,6,11-trimethyl-6H-pyrido[4,3-b]carbazole
PAR  A mixture of 6.5 g. of 9-methoxy-5,6,11-trimethyl-6H-pyrido[4,3-b]carbazole
      in 120 g. of pyridine HCl was heated at 210.degree. for 1.5 hours. The
      reaction mixture was cooled and worked up as in Example 1. The product
      that precipitated was filtered and dried to give 6.0 g. of product. The
      dried solids were extracted (Sohxlet) into methyl alcohol (1 l.) and the
      extract on cooling yielded 5.2 g. of
      9-hydroxy-5,6,11-trimethyl-6H-pyrido[4,3-b]carbazole, m.p.
      336.degree.-337.degree. (vac). Crystallization from dimethylformamide gave
      9-hydroxy-5,6,11-trimethyl-6H-pyrido[4,3-b]carbazole, m.p.
      337.degree.-338.degree..
PAR  Utilizing the procedure described in Example 6, the following compounds can
      be prepared:
PAR  from 9-methoxy-5,11-dimethyl-6-ethyl-6H-pyrido[4,3-b]carbazole, there can
      be prepared 9-hydroxy-5,11-dimethyl-6-ethyl-6H-pyrido[4,3-b]carbazole;
PAR  from 9-methoxy-5,11-dimethyl-6-propyl-6H-pyrido[4,3-b]carbazole, there can
      be prepared 9-hydroxy-5,11-dimethyl-6-propyl-6H-pyrido[4,3-b]carbazole;
PA1  from 9-methoxy-5,11-dimethyl-6-butyl6H-pyrido[4,3-b]carbazole, there can be
      prepared 9-hydroxy-5,11-dimethyl-6-butyl-6H-pyrido[4,3-b]carbazole.
TBL                EXAMPLE 7                                                   

     ______________________________________                                    

     Capsule Formulation                                                       

                            Per Capsule                                        

     ______________________________________                                    

     9-Acetoxy-5,11-dimethyl-6H-pyrido [4,3-b]-carbazole (also referred to as  

     9-acetoxyellipticine)    250 mg.                                          

     Lactose                  60 mg.                                           

     Corn Starch              35 mg.                                           

     Magnesium Stearate       5 mg.                                            

     Total Weight             350 mg.                                          

     ______________________________________                                    

PAR  All of the ingredients are mixed until thoroughly blended in a suitable
      size container. Then, the powder is filled into No. 2, two piece, hard
      shell gelatin capsules to an approximate fill weight of 350 mg. using a
      Parke Davis capsulating machine. (Any similar type machine may be used.)
TBL                EXAMPLE 8                                                   

     ______________________________________                                    

     Tablet Formulation                                                        

                             Per Tablet                                        

     ______________________________________                                    

     9-Acetoxy-5,11-dimethyl-6H-pyrido[4,3-b]-                                 

                               200     mg.                                     

     carbazole                                                                 

     Dicalcium Phosphate Dihydrate, Unmilled                                   

                               235     mg.                                     

     Corn Starch               70      mg.                                     

     FD&C Yellow No. 5 - Aluminum Lake 25%                                     

                               2       mg.                                     

     A mixture of di and tri fatty acid esters                                 

     of glycerin               25      mg.                                     

     Calcium Stearate          3       mg.                                     

     Total Weight              535     mg.                                     

     ______________________________________                                    

PAR  All the ingredients are mixed thoroughly and passed through a Model "D"
      Fitzmill with a No. 1A screen, medium speed. Then, the mixture is remixed
      and slugged. The slugs are screened on an Oscillator through a No. 14 mesh
      screen and compressed on an "E" machine into tablets of an approximate
      weight of 535 mg.
TBL                EXAMPLE 9                                                   

     ______________________________________                                    

     Capsule Formulation                                                       

                            Per Capsule                                        

     ______________________________________                                    

     9-Acetoxy-5,11-dimethyl-6H-pyrido[4,3-b]-                                 

                              50      mg.                                      

     carbazole                                                                 

     Lactose, USP             125     mg.                                      

     Corn Starch, USP         30      mg.                                      

     Talc, USP                5       mg.                                      

     ______________________________________                                    

PAR  9-Acetoxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole is mixed with lactose and
      corn starch in a suitable mixer. The mixture is further blended by passing
      through a Fitzpatrick Comminuting Machine with a No. 1A screen with knives
      forward. The blended powder is returned to the mixer, the talc is added
      and blended thoroughly. The mixture is filled into No. 4 hard shell
      gelatin capsules on a Parke Davis capsultating machine.
TBL                EXAMPLE 10                                                  

     ______________________________________                                    

     Tablet Formulation                                                        

                             Per Tablet                                        

     ______________________________________                                    

     9-Acetoxy-5,11-dimethyl-6H-pyrido[4,3-b]-                                 

                               25      mg.                                     

     carbazole                                                                 

     Dicalcium Phosphate Dihydrate, Unmilled                                   

                               175     mg.                                     

     Corn Starch               24      mg.                                     

     Magnesium Stearate        1       mg.                                     

     Total Weight              225     mg.                                     

     ______________________________________                                    

PAR  9-Acetoxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole and corn starch are mixed
      together and passed through a No. 00 screen in Model "J" Fitzmill with
      hammers forward. This premix is then mixed with dicalcium phosphate and
      one-half of the magnesium stearate, passed through a No. 1A screen in
      Model "J" Fitzmill with knives forward, and slugged. The slugs are passed
      through a No. 2A plate in a Model "D" Fitzmill at slow speed with knives
      forward, and the remaining magnesium stearate is added. The mixture is
      mixed and compressed into tablets of an approximate weight of 225 mg.
TBL                EXAMPLE 11                                                  

     ______________________________________                                    

     Tablet Formulation                                                        

                             Per Tablet                                        

     ______________________________________                                    

     9-Acetoxy-5,11-dimethyl-6H-pyrido                                         

     [4,3-b]carbazole          100     mg.                                     

     Lactose, USP              202     mg.                                     

     Corn Starch, USP          80      mg.                                     

     Prehydrolyzed Corn Starch 20      mg.                                     

     Calcium Stearate          8       mg.                                     

     Total Weight              410     mg.                                     

     ______________________________________                                    

PAR  9-Acetoxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole, lactose, corn starch and
      prehydrolyzed corn starch are blended in a suitable mixer. The mixture is
      granulated to a heavy paste with water and the moist mass is passed
      through a No. 12 screen. Then, it is dried overnight at 110.degree.F. The
      dried granules are passed through a No. 16 screen and transferred to a
      suitable mixer. The calcium stearate is added and mixed until uniform. The
      mixture is compressed at a tablet weight of 410 mg. using tablet punches
      having a diameter of approximately 3/8 inch. (Tavlets may be either flat
      or biconvex and may be scored if desired.)
TBL                EXAMPLE 12                                                  

     ______________________________________                                    

     Tablet Formulation                                                        

                             Per Tablet                                        

     ______________________________________                                    

     9-Acetoxy-5,11-dimethyl-6H-pyrido-                                        

     [4,3-b]carbazole          500     mg.                                     

     Corn Starch               30      mg.                                     

     Lactose                   88      mg.                                     

     Gelatin                   12      mg.                                     

     Talcum                    15      mg.                                     

     Magnesium Stearate        5       mg.                                     

     Total Weight              650     mg.                                     

     ______________________________________                                    

PAR  9-Acetoxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole and lactose are
      thoroughly mixed in suitable blending equipment and granulated with a 10%
      gelatin solution. The moist mass is passed through a No. 12 screen, and
      the granules are dried on paper-lined trays overnight. The dried granules
      are passed through a No. 14 screen and placed in a suitable mixer. The
      talcum and magnesium stearate are added and blended. The granulation is
      compressed into tablets weighing approximately 650 mg. each, using punches
      having an approximate diameter of 12.7 mm. (1/2 inch). The final tablet
      thickness is about 5.1 mm.
TBL                EXAMPLE 13                                                  

     ______________________________________                                    

     Parenteral Formulation                                                    

                             Per cc.                                           

     ______________________________________                                    

     9-Acetoxy-5,11-dimethyl-6H-pyrido-                                        

     [4,3-b]carbazole          5.0 mg.                                         

     Benzyl Alcohol            0.1 cc.                                         

     Lactic Acid, USP          1.5 mg.                                         

     Water for Injection, USP q.s. ad                                          

                               1  cc.                                          

     ______________________________________                                    

PAR  In a clean glass or glass-lined vessel, 800 cc. of Water for Injection are
      heated to 90.degree.C. Then, the water is cooled to
      50.degree.-60.degree.C., and benzyl alcohol is added and dissolved with
      stirring. The solution is allowed to cool to room temperature. 5.0 G. of
      acetoxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole and 1.5 grams of lactic
      acid are added under an atmosphere of nitrogen and stirred until
      completely dissolved. Sufficient Water for Injection is added to make a
      total volume of 1,000 cc. This solution is then filtered through an 02
      Selas candle, filled into suitable size ampuls, gassed with nitrogen and
      sealed.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC6##
PA1  wherein R.sub.1 is alkanoyl of 1 to 18 carbon atoms, alicyclic alkanoyl of
      3 to 12 carbon atoms, benzoyl, 3,4,5-trimethoxybenzoyl, 4-chlorobenzoyl,
      or 4-methylbenzoyl and R.sub.2 is hydrogen or lower alkyl of 1 to 7 carbon
      atoms, or a pharmaceutically acceptable acid addition salt thereof.
NUM  2.
PAR  2. A compound in accordance with claim 1, wherein R.sub.1 is lower alkanoyl
      of 1 to 18 carbon atoms.
NUM  3.
PAR  3. A compound in accordance with claim 2, wherein R.sub.1 is acetyl.
NUM  4.
PAR  4. A compound in accordance with claim 1,
      9-acetoxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole.
NUM  5.
PAR  5. A compound in accordance with claim 1,
      9-propionyloxy-5,11-dimethyl-6-pyrido[4,3-b]carbazole.
NUM  6.
PAR  6. A compound in accordance with claim 1,
      9-(2-methylpropionyloxy)-5,11-dimethyl-6H-pyrido[4,3-b]carbazole.
NUM  7.
PAR  7. A compound in accordance with claim 1,
      9-hexanoyloxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole.
NUM  8.
PAR  8. a compound in accordance with claim 1,
      9-dodecanoyloxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole.
NUM  9.
PAR  9. A compound in accordance with claim 1,
      9-stearoyloxy-5,11-dimethyl-6H-pyrido[4,3-b]carbazole.
NUM  10.
PAR  10. A compound in accordance with claim 1,
      9-(1-adamantoyloxy)-5,11-dimethyl-6H-pyrido[4,3-b]carbazole.
NUM  11.
PAR  11. A compound in accordance with claim 1,
      9-acetoxy-5,6,11-trimethyl-6H-pyrido[4,3-b]carbazole.
NUM  12.
PAR  12. A compound in accordance with claim 1,
      9-benzoyl-5,11-dimethyl-6H-pyrido[4,3-b]carbazole.
NUM  13.
PAR  13. A compound in accordance with claim 1,
      9-hexanoyloxy-5,6,11-trimethyl-6H-pyrido[4,3-b]carbazole.
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ABST
PAL  Novel quinone derivatives having plant-growth regulating activity and being
      prepared by light irradiation or catalylic reduction from isoxazole
      derivatives, and compositions containing the said quinone derivatives.
PARN
PAR  This is a division of application Ser. No. 220,708 filed Jan. 25, 1972, now
      U.S. Pat. No. 3,835,768.
BSUM
PAR  The present invention relates to novel quinone derivatives and processes
      for their preparation. Further, it relates to compositions containing the
      quinone derivatives as active ingredients.
PAR  The said quinone derivatives may be represented by the following formula:
      ##SPC1##
PAL  Wherein R is a lower alkyl group (e.g. methyl, ethyl, propyl, isopyropyl,
      butyl, pentyl), a phenyl group or a pyridyl group; X is an amino group or
      a lower alkylimino group; A is a condensed benzene ring or a condensed
      pyridine ring; and where A and R may have one or more substituents
      selected from the group consisting of hydroxy group, lower alkyl groups
      (e.g. methyl, ethyl, propyl, isopropyl, butyl, pentyl), lower alkoxy
      groups (e.g. methoxy, ethoxy, propoxy, butoxy) and halogen atoms (e.g.
      chlorine, bromine, iodine).
PAR  The said quinone derivatives of the formula [I] are novel, and it has been
      discovered that they show plant-growth regulating activity.
PAR  Accordingly, a basic object of this invention is to provide novel quinone
      derivatives of the formula [I]. Another object of the invention is to
      provide quinone derivatives showing plant-growth regulating activity. A
      further object of the invention is to provide a process for preparing the
      novel quinone derivatives. A still further object is to provide
      plant-growth regulating compositions containing the quinone derivatives as
      active ingredients. These and other objects and the manner in which they
      are accomplished will become apparent to those conversant with the art
      from the following descriptions.
PAR  In one aspect of the invention, it relates to novel quinone derivatives
      which may be illustrated by the following formula:
      ##SPC2##
PAL  Wherein R, X and A each has the same significance as designated above.
PAR  The preparation of the objective compounds [I] may be illustrated by the
      following scheme:
      ##SPC3##
PAL  Wherein Y and Z each is an oxygen atom or the group of
      ##EQU1##
      and R, X and A each has the same significance as designated above.
PAR  An illustrative of the objective compounds [I] are:
PA1  2-acetimidoyl-3-hydroxy-1,4-naphthoquinone,
PA1  2-acetimidoyl-3-hydroxy-6-methyl-1,4-naphthoquinone,
PA1  2-acetimidoyl-3-hydroxy-6,7-dimethoxy-1,4-naphthoquinone,
PA1  2-acetimidoyl-3-hydroxy-6-chloro-1,4-naphthoquinone,
PA1  2-acetimidoyl-3,7-dihydroxy-1,4-naphthoquinone,
PA1  2-propionimidoyl-3-hydroxy-1,4-naphthoquinone,
PA1  2-propionimidoyl-3-hydroxy-6-methoxy-1,4-naphthoquinone,
PA1  2-propionimidoyl-3-hydroxy-6,7-dichloro-1,4-naphthoquinone,
PA1  2-butyrimidoyl-3-hydroxy-1,4-naphthoquinone,
PA1  2-butyrimidoyl-3-hydroxy-6-methoxy-1,4-naphthoquinone,
PA1  2-butyrimidoyl-3-hydroxy-7-methyl-1,4-naphthoquinone,
PA1  2-benzimidoyl-3-hydroxy-1,4-naphthoquinone,
PA1  2-benzimidoyl-3-hydroxy-6,8-dichloro-1,4-naphthoquinone,
PA1  2-(3-methylbenzimidoyl)-3-hydroxy-1,4-naphthoquinone,
PA1  2-(4-methoxybenzimidoyl)-3-hydroxy-1,4-naphthoquinone,
PA1  2-(4-chlorobenzimidoyl)-3-hydroxy-6,7-dimethyl-1,4-naphthoquinone,
PA1  2-(3-methoxybenzimidoyl)-3-hydroxy-1,4-naphthoquinone,
PA1  2-benzimidoyl-3-hydroxy-7-methoxy-1,4-naphthoquinone,
PA1  2-(3,5-dibromobenzimidoyl)-3-hydroxy-1,4-naphthoquinone,
PA1  2-(3,5-dichlorobenzimidoyl)-6,7-dichloro-1,4-naphthoquinone,
PA1  2-(3-pyridylcarbimidoyl)-3-hydroxy-1,4-naphthoquinone,
PA1  2-(3-pyridylcarbimidoyl)-3-hydroxy-8-methoxy-1,4-naphthoquinone,
PA1  2-(N-methylbenzimidoyl)-3-hydroxy-1,4-naphthoquinone,
PA1  2-(N-methylbenzymidoyl)-3-hydroxy-6-chloro-1,4-naphthoquinone,
PA1  2-(N-methylbenzimidoyl)-3-hydroxy-6,7-dimethoxy-1,4-naphthoquinone,
PA1  2-(N-methyl-4-chlorobenzimidoyl)-3-hydroxy-8-propyl-1,4-naphthoquinone,
PA1  2-(N-methyl-3-pyridylcarbimidoyl)-3-hydroxy-1,4-naphthoquinone,
PA1  2-(N-ethylbenzimidoyl)-3-hydroxy-6-methyl-1,4-naphthoquinone,
PA1  2-(N-ethyl-3-chlorobenzimidoyl)-3-hydroxy-5-chloro-1,4-naphthoquinone,
PA1  2-(N-ethylbenzimidoyl)-3-hydroxy-7-methoxy-1,4-naphthoquinone,
PA1  2-(N-ethyl-3-pyridylcarbimidoyl)-3-hydroxy-1,4-naphthoquinone,
PA1  2-(N-propylbenzimidoyl)-3-hydroxy-1,4-naphthoquinone,
PA1  2-(N-propylbenzimidoyl)-3-hydroxy-6-methyl-1,4-naphthoquinone,
PA1  2-(N-propyl-3-pyridylcarbimidoyl)-3-hydroxy-1,4-naphthoquinone,
PA1  6-acetimidoyl-7-hydroxy-5,8-dihydroquinoline-5,8-dione,
PA1  6-benzimidoyl-7-hydroxy-5,8-dihydroquinoline-5,8-dione,
PA1  6-(3-pyridylcarbimidoyl)-7-hydroxy-5,8-dihydroquinoline-5,8-dione,
PA1  4-methoxy-6-benzimidoyl-7-hydroxy-5,8-dihydroquinoline-5,8-dione,
PA1  3-bromo-6-(3-bromobenzimidoyl)-7-hydroxy-5,8-dihydroquinoline-5,8-dione,
PA1  6-(N-methylbenzimidoyl)-7-hydroxy-5,8-dihydroquinoline-5,8-dione,
PA1  3-methyl-6-(N-ethylbenzimidoyl)-7-hydroxy-5,8-dihydroquinoline-5,8-dione,
PA1  6-(N-propyl-3-pyridylcarbimidoyl)-7-hydroxy-5,8-dihydroquinoline-5,8-dione,
PA1  6-hydroxy-7-acetimidoyl-5,8-dihydroquinoline-5,8 -dione,
PA1  6-hydroxy-7-benzimidoyl-5,8-dihydroquinoline-5,8-dione,
PA1  3-chloro-6-hydroxy-7-(3-pyridylcarbimidoyl)-5,8-dihydroquinoline-5,8-dione.
PA1  6-hydroxy-7-(N-methylbenzimidoyl)-5,8-dihydroquinoline-5,8-dione,
PA1  4-methyl-6-hydroxy-7-(N-methyl-3-bromobenzimidoyl)-5,8-dihydroquinoline-5,8
     -dione,
PA1  6-hydroxy-7-(N-methyl-3-pyridylcarbimidoyl)-5,8-dihydroquinoline-5,8-dione,
PA1  6-butyrimidoyl-7-hydroxy-5,8-dihydroisoquinoline-5,8-dione,
PA1  6-(N-methylbenzimidoyl)-7-hydroxy-5,8-dihydroisoquinoline-5,8-dione,
PA1  6-hydroxy-7-benzimidoyl-5,8-dihydroisoquinoline-5,8-dione, and
PA1  6-hydroxy-7-propionimidoyl-5,8-dihydroisoquinoline-5,8-dione.
PAR  According to the present invention the objective quinone derivatives [I]
      can be prepared from corresponding isoxazole compounds of the formula [II]
      or [III] by two alternative methods except that the N-alkylated imidoyl
      compounds can be prepared only under specific conditions. One of these
      methods is light irradiation of the starting compounds in the presence of
      a hydrogen-donating agent, and the other is catalytic reduction of the
      starting compounds in the conventional manner. Details of these methods
      are explained below.
PAC  1. LIGHT IRRADIATION
PAR  The light irradiation of the starting compound [II] or [III] is carried out
      in the presence of a hydrogen-donating agent. For the purpose of
      preparation of N-unsubstituted imidoyl products, a hydrogen-donor such as
      water, an alcohol (e.g. methanol, ethanol, propanol, cyclohexanol) or the
      like is used. Many other substances (e.g. trialkyamines) may also be used
      for this purpose so long as they donate hydrogen atoms to effect the
      reductive cleavage of the isoxazole ring of the starting compound [II] or
      [III] under the light irradiation. If it is intended to produce
      N-alkylated imidoyl products, a primary or secondary alkylamine (e.g.
      methylamine, ethylamine, propylamine, dimethylamine, diethylamine,
      dipropylamine) should be used as the hydrogen-donating agent. In any case,
      the amount of the hydrogen donor to be used should be such as to provide
      sufficient hydrogen for the intended reductive cleavage, but an excess of
      the hyrogen-donor does not cause any unfavorable effect on the reaction.
PAR  Although the liquid hydrogen-donor, when used excessively, may also serve
      as the reaction solvent, there may be used, in addition to the
      hydrogen-donor, an inert solvent such as benzene, toluene, ether,
      tetrahydrofuran, dioxane, ethyl acetate or the like.
PAR  It may be noted that the reaction can be achieved in the vapor-phase by a
      conventional technique for vapor-phase reactions.
PAR  The light to be used is not limited to a specific range of wave lengths
      though the most effective range is from about 1800 A to about 4000 A. If
      desired, suitable filters may be used to cut off light of unfavorable wave
      lengths. As the light source there may be used, for example, a
      high-pressure mercury lamp, a low-pressure mercury lamp, a sterilization
      lamp (a kind of the low-pressure mercury lamps), a xenon arc lamp, or the
      like. Sunlight may also be available.
PAR  Control of the reaction temperature is not essential, but it is generally
      preferred to execute the reaction at a temperature ranging from about
      0.degree.C to about 80.degree.C. In the reactions at a higher temperature,
      there is a tendency to an increase of unfavorable by-products. Since
      unfavorable side-reactions are also induced by oxygen, it is generally
      recommended to carry out the reaction in an inert atmosphere such as
      nitrogen, argon or the like. Usually, the reaction may be completed within
      a period of 1 to 20 hours, but this depends on the reaction temperature,
      the light source and other conditions.
PAC  2. CATALYTIC REDUCTION
PAR  By the catalytic reduction method, only the N-unsubstituted imidoyl
      compounds can be produced. The catalytic reduction may be carried out in a
      conventional manner. Generally, it is executed at a temperature ranging
      from about 0.degree.C to about 100.degree.C under ordinary (atmospheric)
      pressure, until an approximately theoretical amount of hydrogen is taken
      up. For this reduction, there can be employed any of the conventional
      catalysts for catalytic reduction. They include, for example, palladium,
      platinum, nickel, cobalt, iron, and copper catalysts, which may be used in
      the form of colloids, oxides, Raney catalysts, and the like with or
      without a carrier. The reaction solvent may be selected from, for example,
      water, methanol, ethanol, ethylene glycol, acetic acid, ethyl acetate,
      ether, tetrahydrofuran, dioxane, benzene, cyclohexane and the like in
      consideration of the solubility of the starting compound as well as the
      properties of the catalyst employed.
PAR  The starting compounds [II] or [III] can be prepared, for instance, by
      condensing quinone derivatives with nitrile oxide according to the methods
      described in Gazz Chim. Ital., 80, 140 (1950), Gazz. Chim. Ital. 98, 891
      (1968) and Gazz. Chim. Ital. 99, 565 (1969), as illustrated below.
PAR  A. Preparation of 1,4-quinone type compounds:
      ##SPC4##
PAR  B. Preparation of 1,2-quinone type compounds:
      ##SPC5##
PAL  wherein R, A, Y and Z each has the same significance as designated above
      and n is an integer from 1 to 3.
PAR  Examples of the starting compounds are:
PA1  3-methyl-4,9-dihydronaphtho[2,3-d]isoxazole-4,9-dione,
PA1  3,7-dimethyl-4,9-dihydronaphtho[2,3-d]isoxazole-4,9-dione,
PA1  3-methyl-7,8-dimethoxy-4,5-dihydronaphtho[2,1-d]isoxazole-4,5-dione,
PA1  3,5'-dimethyl-7-chloro-4,9-dihydronaphtho[2,3-d]isoxazole-9-spiro-2'-1'
      3',4'-dioxazol-4-one,
PA1  3,5'-dimethyl-8-hydroxy-4,5-dihydronaphtho[2,1-d]isoxazole-5-spiro-2'-1'
      ,3'-4'-dioxazol-4-one,
PA1  3-ethyl-4,9-dihydronaphtho[2,3-d]isoxazole-4,9-dione,
PA1  3-ethyl-7-methoxy-4,9-dihydronaphtho[2,3-d]isoxazole-4,9-dione,
PA1  3-ethyl-7,8-dichloro-4,5-dihydronaphtho[2,1-d]isoxazole-4,5-dione,
PA1  3,5'-dipropyl-4,9-dihydronaphtho[2,3-d]isoxazole-9-spiro-2'-1',3',4'-dioxaz
     ol-4-one,
PA1  3,5'-dipropyl-7-methoxy-4,5-dihydronaphtho[2,1-d]isoxazole-5-spiro-2'-1'
      ,3',4'-dioxazol-4-one,
PA1  3,5',5"-tripropyl-6-methyl-4,9-dihydro-1",3",4"-dioxazole-2"-spiro-4-naphth
     o[2,3-d]isoxazole-9-spiro-2'-1',3',4'-dioxazole,
PA1  3-phenyl-4,9-dihydronaphtho[2,3-d]isoxazole-4,9-dione,
PA1  3-phenyl-7,9-dichloro-4,5-dihydronaphtho[2,1-d]isoxazole-4,5-dione,
PA1  3,5'-di-(3-methylphenyl)-4,9-dihydronaphtho[2,3-d]isoxazole-9-spiro-2'-1',3
     ',4'-dioxazol-4-one,
PA1  3,5'-di-(4-methoxyphenyl)-4,5-dihydronaphtho[2,1-d]isoxazole-5-sprio-2'-1',
     3',4'-dioxazol-4-one,
PA1  3,5',5"-tri-(4-chlorophenyl)-6,7-dimethyl-4,9-dihydro-1",3",4"-dioxazole-2"
     -spiro-4-naphtho[2,3-d]isoxazole-9-spiro-2'-1',3',4'-dioxazole,
PA1  3-(3-methoxyphenyl)-4,9-dihydronaphto[2,3-d]isoxazole-4,9-dione,
PA1  3-phenyl-6-methoxy-4,9-dihydronaphtho[2,3-d]isoxazole-4,9-dione,
PA1  3-(3,5-dibromophenyl)-4,5-dihydronaphtho[2,1-d]isoxazole-4,5-dione,
PA1  3,5'-di-(3,5-dichlorophenyl)-6,7-dichloro-4,9-dihydronaphtho-[2,3-d]isoxazo
     le-9-spiro-2'-1',3',4'-dioxazol-4-one,
PA1  3,5'--di(3-pyridyl)-4,5-dihydronaphtho[2,1-d]isoxazole-5-spiro-2'-1',3',4'-
     dioxazol-4-one,
PA1  3-(3-pyridyl)-5-methoxy-4,9-dihydronaphtho[2,3-d]isoxazole-4,9-dione,
PA1  3-phenyl-6,7-dimethoxy-4,9-dihydronaphtho[2,3-d]isoxazole-4,9-dione,
PA1  3,5'-di-(4-chlorophenyl)-5-propyl-4,9-dihydronaphtho[2,3-d]-isoxazole-9-spi
     ro-2'-1', 3',4'-dioxazol-4-one,
PA1  3,5'-diphenyl-7-methyl-4,5-dihydronaphtho[2,1-d]isoxazole-5-spiro-2'-1',4'-
     dioxazol-4-one,
PA1  3,5'-di-(3-chlorophenyl)-6-chloro-4,5-dihydronaphtho[2,1-d]-isoxazole-5-spi
     ro-2'-1',3',4'-dioxazol-4-one,
PA1  3-methyl-4,9-dihydroisoxazolo[4,5-g]quinoline-4,9-dione,
PA1  3-phenyl-4,9-dihydroisoxazolo[4,5-g]quinoline-4,9-dione,
PA1  3-(3-pyridyl)-4,5-dihydroisoxazolo[5,4-f]quinoline-4,5-dione,
PA1  3-phenyl-9-methoxy-4,5-dihydroisoxazolo[5,4-f]quinoline-4,5-dione,
PA1  3,5'-di-(3-bromophenyl)-6-bromo-4,9-dihydroisoxazolo[4,5-g]-quinoline-9-spi
     ro-2'-1',3',4'-dioxazol-4-one,
PA1  3,5',5"-triphenyl-4,9-dihydro-1",3",4"-dioxazole-2"-spiro-4-isoxazolo[4,5-g
     ]quinoline-9-spiro-2'-1',3',4'-dioxazole,
PA1  3,5'-diphenyl-8-methyl-4,5-dihydrosoxazolo[5,4-f]quinoline-5-spiro-2'-1',3'
     ,4'-dioxazol-4-one,
PA1  3,5'-di-(3-pyridyl)-4,5-dihydroisoxazolo[5,4-f]quinoline-5-spiro-2'-1',3',4
     '-dioxazol-4-one,
PA1  3-methyl-4,9-dihydroisoxazole[5,4-g]quinoline-4,9-dione,
PA1  3-phenyl-4,9-dihydroisoxazolo[5,4-g]quinoline-4,9-dione,
PA1  3-(3-pyridyl)-7-chloro-4,5-dihydroisoxazolo[4,5-h]quinoline 4,5-dione,
PA1  3-phenyl-4,5-dihydroisoxazolo[4,5-h]quinoline-4,5-dione,
PA1  3,5'-di-(3-bromophenyl)-8-methyl-4,9-dihydroisoxazolo[5,4-g]-quinoline-9-sp
     iro-2'-1',3',4'-dioxazolo-4-one,
PA1  3-(3-pyridyl)-4,9-dihydroisoxazolo[5,4-g]quinoline-9-spiro2'-1',
      3',4'-dioxazol-4-one,
PA1  3-propyl-4,9-dihydroisoxazolo[4,5-g]isoquinoline-4,9-dione,
PA1  3-phenyl-4,5-dihydroisoxazolo[5,4-f]isoquinoline-4,5-dione,
PA1  3-phenyl-4,9-dihydroisoxazolo[5,4-g]isoquinoline-4,9-dione, and
      3-ethyl-4,5-dihydroisoxazolo[4,5-h]isoquinoline-4,5-dione.
PAR  In another aspect of the invention, it relates to plant-growth regulant
      compositions containing an effective amount of the novel quinone
      derivative [I] in combination with suitable agricultural carriers and
      other ingredients, the composition being suited to application in a
      variety of forms for modification or regulation of plant-growth patterns.
PAR  It has been confirmed that the quinone derivatives have plant-growth
      stimulating effect by the straight growth tests on Avena coleoptiles in
      which they showed an apparent growth stimulation at concentrations from
      about 0.1 .mu.g/ml to about 10 82 /ml. Thus, they show auxin activity at
      concentrations of this range. On the other hand, the quinone derivatives
      [I] show herbicidal or algicidal activity against various weeds and algae
      including, for example, Monochoria vaginalis, Rotala indica, Vandellia
      angustifolia, Cyperus difformis, Spirogyra arcla and Oedogonium sp., when
      applied at a level of about 10 grams per are to about 80 grams per are,
      but are inactive to gramineous plants even at the same or slightly higher
      level. Thereofre, they can be used at this level as a selective herbicide
      or algicide. Although the quinone derivatives [I] have these and other
      growth-regulating activities as a plant hormone, the most important and
      characteristic feature they show is parthenocarpy-stimulating activity.
PAR  As is well known, parthenocarpy-stimulating agents are important in
      cultivation of fruit in the green house. It has been discovered that the
      quinone derivatives [I] show excellent parthenocarpy-stimulating activity
      against various fruits such as tomato, eggplant, cucumber, melon, water
      melon and the like. To illustrate the parthenocarpy-stimulating effect,
      the test results with tomato are shown in the following table.
TBL  __________________________________________________________________________

     Parthenocarpy-stimulating Effects of Some Typical Quinone Derivatives     

     [I]                                                                       

                     Test Variety                                              

                              Concentration                                    

                                      Number of                                

                                            Number of                          

                                                  Percentage of                

     Test Compound   of       (.mu.g/ml)                                       

                                      Flower                                   

                                            Fruit Parthenocarpy                

                     Tomato           Treated                                  

                                            Developed                          

     __________________________________________________________________________

     2-Benzimidoyl-3-hydroxy-                                                  

                     "Miniature"                                               

                               50     43    10    23.3                         

     1,4-naphthoquinone                                                        

          "          "        100     44    20    45.5                         

          "          "        250     32    24    75.0                         

          "          "Fukuju No. 2"                                            

                               50     20     8    40.0                         

          "          "        100     24    23    95.8                         

          "          "        250     25    24    96.0                         

     2-(N-methylbenzimidoyl)-3-                                                

                     "Miniature"                                               

                              100     49    26    53.1                         

     hydroxy-1,4-naphthoquinone                                                

     2-(4-Methoxybenzimidoyl)-3-                                               

                     "Fukuju No.2"                                             

                               50     18    17    94.4                         

     hydroxy-1,4-naphthoquinone                                                

     6-Hydroxy-7-benzimidoyl-5,8-                                              

                     "         50     12     7    58.3                         

     dihydroquinoline-5,8-dione*                                               

     2-(3-Pyridylcarbimidoyl)-3-                                               

                     "         50     10     7    70.0                         

     hydroxy-1,4-naphthoquinone                                                

     __________________________________________________________________________

      *Or 6-benzimidoyl-7-hydroxy-5,8-dihydroquinoline-5,8-dione               

PAC  TEST METHODS
PAR  1. With "Miniature" tomato: When two or three of the first flower clusters
      began to flower, their stamens were removed, and the clusters were covered
      by paper bags to prevent pollination from non-emasculated flowers. The
      test solution was prepared by dissolving the test compound at a
      predetermined concentration in water together with 100 .mu./ml of Tween
      20. On the day after the removal of stamens, the test solution was sprayed
      onto the flower clusters. The number of developed fruit was counted after
      the fruit had colored, and parthenocarpy was confirmed by the fact that
      the fruit had no seeds.
PAR  2. With "Fukuju No. 2" tomato: When two or three of the first flower
      clusters began to flower, their stamens and stigmas were removed. Then,
      the flowers were soaked in test solution prepared in the same manner as
      described above. The number of developed fruit was counted after the fruit
      had colored, and parthenocarpy was confirmed by the fact that the fruit
      had no seeds.
PAR  It is apparent from the table that the test compounds have marked
      parthenocarpy-stimulating activity. In addition, it has been confirmed
      that they show no phyto-toxicity against the test plant and that the fruit
      harvested is not inferior to those obtained by natural pollination either
      in size or in weight.
PAR  Since the other quinone derivatives of the present invention not listed in
      the table also show similar biological activity, all the quinone
      derivatives [I] are extremely useful as parthenocarpy-stimulating agents.
PAR  The plant-growth regulating compositions of the present invention may be
      prepared in various conventional forms such as aerosols, solutions,
      emulsions, emulsifiable concentrates, wettable powders, pastes, dusts,
      granules, pellets, tablets or the like according to the use intended. The
      composition may normally contain from about 0.00001 percent by weight to
      about 90 percent by weight of the quinone derivative [I] as an active
      ingredient, the amount contained depending on the form of composition as
      well as the use intended. To formulate the composition, suitable gaseous,
      liquid, or solid carriers and other ingredients including surface active
      agents are used in addition to one or more compounds of the quinone
      derivatives [I], and conventional techniques for mixing, blending,
      crushing, granulating, or tabletting may optionally be adopted.
PAR  The surface active agents used in preparing the compositions of the present
      invention can be wetting, dispersing, or emulsifying agents. They may act,
      for example, as wetting, agents for wettable powders and dusts, as
      despersing agents for wettable powders and suspensions, and as emulsifying
      agents for emulsions and emulsifiable concentrates. Surfactants may also
      enhance the biological activity of the activity ingredients.
PAR  Suitable surface active agents for use in the compositions include
      polyethylene glycol esters with fatty acids; polyethylene glycol ethers
      with alkylphenols or with long-chain aliphatic alcohols; polyethylene
      glycol ethers with sorbitan fatty acid esters; and polyoxyethylenethio
      ethers. Other suitable surfactants include ammonium, alkali, or alkaline
      earth salts of alkylaryl sulfonic acids; ammonium, alkali, or alkaline
      earth fatty alcohol sulfates; fatty acid esters of ammonium, alkali, or
      alkaline earth isothionates or taurates; ammonium, alkali, or alkaline
      earth salts of lignin sulfonic acids; methylated or hydroxyethylated
      cellulose; polyvinyl alcohols; alkyl-substituted polyvinyl pyrrolidones;
      ammonium, alkali, or alkaline earth salts of polymerized alkylnaphthalene
      sulfonic acids; and long-chain quaternary ammonium compounds.
PAR  Examples of gaseous carriers include butane, nitrogen, carbon dioxide,
      freon, and other inert gases. Liquid carriers for the present composition
      may be water, or suitable inert organic solvent such as aliphatic
      hydrocarbons (e.g. pentane, hexane, cyclohexane, petroleum ether,
      gasoline, kerosene), aromatic hydrocarbons (e.g. benzene, toluene,
      xylene), halogenated hydrocarbons (e.g. methylene chloride, chloroform,
      carbon tetrachloroide trichloroethane), ketones (e.g. acetone, methyl
      ethyl ketone), ethers (e.g. ether, isopropyl ether, tetrahydrofuran,
      dioxane), esters (e.g. ethyl acetate, amyl acetate) or alcohols (e.g.
      methanol, ethanol, butanol). Solid carriers may be, for example, mineral
      powders (e.g. clay, talc, kaoline, bentonite, diatomaceous earth, silica
      gel), vegetable powders (e.g. soybean powder, wheat powder), or other
      powders conventionally used as agricultural solid carriers or diluents.
PAR  More particularly, preferred forms of the composition of the present
      invention for use as a parthenocarpy-stimulating agent may be solutions,
      emulsions, emulsifiable concentrates or wettable powders. They may be
      diluted before application to a concentration of from about 1 .mu.g/ml to
      about 1,000 .mu.g/ml and sprayed on the objective plants at a stage of
      flowering. To ensure such effect, it may be recommended to repeat the
      treatment two or three times in the same day or over two or three days,
      though the full effect can usually be obtained by a single treatment.
PAR  If desired, the compositions of the present invention may contain, in
      addition to one or more of the quinone derivatives [I], other
      plant-regulants, plant hormones, germicides, pesticides, insecticides,
      acaricides, nematocides, fertilizers or the like.
PAR  The following examples are given solely for the purpose of illustration and
      not to be construed as limitation of this invention, many variations of
      which are possible.
DETD
PAC  EXAMPLE 1
      ##SPC6##
PAR  A. A solution of 3-phenyl-4,9-dihydronaphtho-[2,3-d]isoxazole-4,9-dione
      (m.p. 133.degree.-135.degree.C, 500 mg) in methanol (400 ml) is irradiated
      by light of a low-pressure mercury lamp (35 W) at room temperature
      (20.degree.-30.degree.C) for 3 hours in argon atmosphere. After removal of
      methanol, the residue is extracted with chloroform. The extract is
      chromatographed on alumina. The chloroform insoluble residue is dissolved
      in a mixture of chloroform and methanol, and this solution is also
      chromatograped on alumina. The fractions containing the objective compound
      are combined, evaporated, and the residue is recrystallized from 70 %
      acetic acid to give 2-benzimidoyl-3-hydroxy-1,4-naphthoquinone (315 mg) as
      pale yellow scales, m.p. 258.degree.14 259.degree.C.
PAR  Anal. Calcd. for C.sub.17 H.sub.11 O.sub.3 N: C, 73.64; H, 4.00; N, 5.05.
PAR  Found: C, 73.83; H, 3.73; N, 4.89.
PAR  B. To a solution of 3-phenyl-4,9-dihydronaphtho-[2,3-d]isoxazole-4,9-dione
      (m.p. 133.degree.-135.degree.C, 2.0 g) in ethanol (200 ml) is added Raney
      nickel prepared from 50 % Raney-Nickel alloy (3 g). The mixture is
      subjected to catalytic reduction procedure at room temperature
      (20.degree.-30.degree.C) under atmospheric pressure. After completion of
      hydrogen absorption, the catalyst is removed by filtration and the ethanol
      is evaporated. The residue is chromatographed on alumina and eluted with
      methylenechloride-methanol (95:5). The yellowish crystals obtained are
      washed with ether-ethyl acetate and recrystallized from 80 % acetic acid
      to give 2-benzimidoyl-3-hydroxy-1,4-naphthoquinone (1.01 g) as pale yellow
      scales, m.p. 258.degree.-259.degree.C, which is identical with the product
      of the part [A] above.
PAC  EXAMPLE 2
      ##SPC7##
PAR  A. A solution of 3-phenyl-4,5-dihydronaphtho-[2,1-d]isoxazole-4,5-dione (40
      mg) in methanol (40 ml) is irradiated by light of a high-pressure mercury
      lamp (1 KW) at room temperature (20.degree.-30.degree.C) for about 1 hour.
      After removal of the solvent, the residue is chromatographed on alumina
      and eluted with methylene chloride-methanol (20:1). The eluate is
      evaporated and the residue is washed with isopropyl ether-ether to give
      2-benzimidoyl-3-hydroxy-1,4-naphthoquinone (23 mg). Recrystallization from
      acetic acid gives pale yellow scales, m.p. 258.degree.-259.degree.C,
      identical with the product of Example 1.
PAR  B. To a suspension of
      3-phenyl-4,5-dihydronaphtho-[2,1-d]isoxazole-4,5-dione (100 mg) in ethyl
      acetate (20 ml) is added platinum oxide (50 mg), and the mixture is
      subjected to catalytic reduction procedure at room temperature
      (20.degree.-30.degree.C) under atmospheric pressure for 2 hours. After
      removal of the catalyst, the ethyl acetate is evaporated. The residue is
      chromatographed on alumina. Elution with methylene chloride gives the
      starting material (25 mg). Subsequent elution with methylene
      chloride-methanol (20:1) followed by treatment with isopropyl ether gives
      2-benzimidoyl-3-hydroxy-1,4-naphthoquinone (8 mg). Recrystallization from
      80% acetic acid gives pale yellow scales, m.p. 258.degree.-259.degree.C,
      identical with the product of Example 1.
PAC  EXAMPLE 3
      ##SPC8##
PAR  A. A solution of
      3,5'-diphenyl-4,9-dihydronaphtho-[2,3-d]isoxazole-9-spiro-2'-1',3',4'-diox
     azol-4-one (200 mg) in methanol (400 ml) is irradiated by light of a
      high-pressure mercury lamp(450 W) through a pyrex filter at room
      temperature (20.degree.-30.degree.C) for 1 hour in argon atmosphere. After
      removal of the methanol, the residue is chromatographed on alumina and
      eluted with benzene and benzene-methylene chloride (1:1) to give an
      intermediary product,
      3-phenyl-4,9-dihydronaphtho[2,3-d]isoxazole-4,9-dione (2 mg). Subsequent
      elution with methylene chloride-methanol (20:1) gives
      2-benzimidoyl-3-hydroxy-1,4-naphthoquinone (20 mg), identical with the
      product of Example 1.
PAR  B. To a solution of
      3,5'-diphenyl-4,9-dihydronaphtho[2,3,-d]isoxazole-9-spiro-2'-1',3',4'-diox
     azol-4-one (500 mg) in ethyl acetate (84 ml) is added platinum oxide (100
      mg), and the mixture is subjected to catalytic reduction procedure at room
      temperature (20.degree.14 30.degree.C) under atmospheric pressure. After
      completion of hydrogen absorption, the catalyst is removed by filtration,
      and the ethyl acetate is evaporated. The residue is chromatographed on
      alumina and eluted with methylene chloride-methanol (20:1). The eluate is
      evaporated, the residue is washed with ethyl acetate, and the precipitate
      is collected by filtration. Recrystallization from methanol gives
      2-benzimidoyl-3-hydroxy-1,4-naphthoquinone (38 mg), which is identical
      with the product of Example 1.
PAC  EXAMPLE 4
      ##SPC9##
PAR  A. A solution of
      3,5'-diphenyl-4,5-dihydronaphtho[2,1-d]isoxazole-5-spiro-2'-1',3',4'-dioxa
     zol-4-one (500 mg) in methanol (150 ml) is irradiated by light of a
      high-pressure mercury lamp through a pyrex filter at room temperature
      (20.degree.-30.degree.C) for 7 hours in argon atmosphere. Work-up in a
      similar manner to that described in Example 1 [A] gives
      2-benzimidoyl-3-hydroxy-1,4-naphthoquinone (25 mg), identical with the
      product of Example 1.
PAR  B. To a solution of
      3,5'-diphenyl-4,5-dihydronaphtho[2,1-d]isoxazole-5-spiro-2'-1',3',4'-dioxa
     zol-4-one (124 mg) in ethyl acetate (25 ml) is added platinum oxide (40
      mg), and the mixture is subjected to catalytic reduction procedure at room
      temperature (20.degree.-30.degree.C) under atmospheric pressure. After
      completion of hydrogen absorption, the catalyst is removed by filtration,
      the ethyl acetate is evaporated, and the residue is chromatographed on
      alumina. Work-up in a similar manner to that described in Example 1 [B]
      gives 2-benzimidoyl-3-hydroxy-1,4-naphthoquinone (20 mg), identical with
      the product of Example 1.
PAC  EXAMPLES 5 - 9
PAR  The products listed below can be prepared by substantially the same
      procedure as Example 1 [A] from the corresponding starting compounds.
TBL  __________________________________________________________________________

     Ex.                                                                       

        Starting compound                                                      

                      Light source                                             

                                Product                                        

     No.              (Solvent) M.P.                                           

     __________________________________________________________________________

        3-Phenyl-4,9-dihydro-                                                  

                      High-pressure                                            

                                2-Benzimidoyl-3-                               

        naphtho[2,3-d]isoxazole-                                               

                      mercury lamp                                             

                                hydroxy-1,4-naphtho-                           

     5  4,9-dione     (1 KW) through                                           

                                quinone                                        

                      a pyrex filter                                           

                      (Trimethyl-                                              

                                  258-259.degree.C                             

                      amine-Dioxane)                                           

        3-(4-Methylphenyl)-                                                    

                      Low-pressure                                             

                                2-(4-Methylbenz-                               

        4,9-dihydronaphtho-                                                    

                      mercury lamp                                             

                                imidoyl)-3-hydroxy-                            

     6  [2,3-d]isoxazole-4,9-                                                  

                      (35 W)    1,4-naphthoquinone                             

        dione                                                                  

                      (Methanol)                                               

                                  250-254.degree.C                             

        3-Methyl-4,9-dihydro-                                                  

                      High-pressure                                            

                                2-Acetimodyl-3-                                

        naphtho[2,3-d]isoxazole-                                               

                      mercury lamp                                             

                                hydroxy-1,4-naphtho-                           

     7  4,9-dione     (1 KW) through                                           

                                quinone                                        

                      a pyrex filter                                           

                      (Methanol)                                               

                                  284.degree.C(decomp.)                        

        3-(Pyridyl)-4,9-                                                       

                      High-Pressure                                            

                                2-(3-Pyridylcarb-                              

        dihydronaphtho[2,3-d]-                                                 

                      mercury lamp                                             

                                imidoyl)-3-hydroxy-                            

     8  isoxazole-4,9-dione                                                    

                      (450 W)through                                           

                                1,4-naphthoquinone                             

                      a pyrex filter                                           

                      (Methanol)                                               

                                  280-287.degree.C                             

        3-Phenyl-4,9-dihydro-                                                  

                      High pressure                                            

                                6- (or 7-)Benz-                                

        isoxazole[4,5 or 5,4-g]-                                               

                      mercury lamp                                             

                                imidoyl-7- (or 6-)-                            

     9  quinoline-4,9-dione                                                    

                      (450 W) through                                          

                                hydroxy-5,8-dihydro-                           

                      a pyrex filter                                           

                                quinoline-5,8-dione*                           

                      (Methanol)                                               

                                  291-295.degree.C                             

     __________________________________________________________________________

      *It has not been determined which of the two structural isomers the      

      product is.                                                              

PAC  EXAMPLES 10 - 15
PAR  The products listed below can be prepared by substantially the same
      procedure as Example 1 [B] from the corresponding starting compounds.
TBL  __________________________________________________________________________

     Ex.                                                                       

        Starting compound                                                      

                      Solvent and                                              

                              Product                                          

     No.              Catalyst                                                 

                              M.P.                                             

     __________________________________________________________________________

        3-(4-Methylphenyl)-4,9-                                                

                      Ethyl acetate                                            

                              2-(4-Methylbenz-                                 

     10 dihydronaphtho[2,3-d]-                                                 

                      Platinum oxide                                           

                              imidoyl)-3-hydroxy-                              

        isoxazole-4,9-dione   1,4-naphthoquinone                               

                                262.degree.C                                   

        3-(4-Methoxyphenyl)-                                                   

                      Ethyl acetate                                            

                              2-(4-Methoxybenz-                                

     11 4,9-dihydronaphtho-                                                    

                      Platinum oxide                                           

                              imidoyl)-3-hydroxy-                              

        [2,3-d]isoxazole-4,9- 1,4-naphthoquinone                               

        dione                   223-224.5.degree.C                             

        3-(4-Chlorophenyl)-4,9-                                                

                      Ethyl acetate                                            

                              2-(4-Chlorobenz-                                 

     12 dihydronaphtho[2,3-d]-                                                 

                      Platinum oxide                                           

                              imidoyl)-3-hydroxy-                              

        isoxazole-4,9-dione   1,4-naphthoquinone                               

                                276-277.degree.C                               

        3-(4-Chlorophenyl)-6,7-                                                

                      Ethyl acetate                                            

                              2-(4-Chlorobenz-                                 

     13 dimethyl-4,9-dihydro-                                                  

                      Platinum oxide                                           

                              imidoyl)-3-hydroxy-                              

        naphtho[2,3-d]isoxazole-                                               

                              6,7-dimethyl-1,4-                                

        4,9-dione             naphthoquinone                                   

                                298-300.degree.C                               

        3-(2,4-Dichlorophenyl)-                                                

                      Ethyl acetate                                            

                              2-(2,4-Dichlorobenz-                             

     14 6,7-dimethyl-4,9-                                                      

                      Platinum oxide                                           

                              imidoyl)-3-hydroxy-                              

        dihydronaphtho[2,3-d]-                                                 

                              6,7-dimethyl-1,4-                                

        isoxazole-4,9-dione   naphthoquinone                                   

                                214-219.degree.C                               

        3-Phenyl-6,7-dimethoxy-                                                

                      Ethyl acetate                                            

                              2-Benzimidoyl-3-                                 

     15 4,9-dihydronaphtho-                                                    

                      Platinum oxide                                           

                              hydroxy-6,7-dimethoxy-                           

        [2,3-d]isoxazole-4,9- 1,4-naphthoquinone                               

        dione                                                                  

                                281-282.degree.C(decomp.)                      

     __________________________________________________________________________

PAC  EXAMPLE 16
      ##SPC10##
PAR  A solution of 3-phenyl-4,9-dihydronaphtho[2,3-d]-isoxazole-4,9-dione (1.0
      g) in 6.6 % dimethylamine-dioxane solution (100 ml) is irradiated by light
      of a high-pressure mercury lamp (1 KW) through a pyrex filter at room
      temperature (20.degree.-30.degree.C) in argon atmosphere for 3.3 hours.
      After removal of the solvent, the residue is dissolved in methylene
      chloride. The solution is washed with water, dried with anhydrous sodium
      sulfate, and evaporated. The residue is washed with benzene to give
      2-(N-methylbenzimidoyl)-3-hydroxy-1,4-naphthoquinone (252 mg).
      Recrystallization from methanol gives yellow prisms, m.p.
      235.degree.-237.degree.C.
PAR  Anal. Calcd. for C.sub.18 H.sub.13 O.sub.3 N: C, 74.21; H, 4.50; N, 4.81;
      Found: C, 74.49; H, 4.57; N, 4.65.
PAC  EXAMPLE 17
      ##SPC11##
PAR  A solution of 3-phenyl-4,5-dihydronaphtho[2,1-d]-isoxazole-4,5-dione (500
      mg) in 8 % dimethylamine-dioxane solution (100 ml) is irradiated by light
      of a high-pressure mercury lamp (1 KW) through a pyrex filter at room
      temperature (20- 30.degree.C) in argon atmosphere for about 1.5 hours.
      After removal of the solvent, the residue is dissolved in methylene
      chloride, washed with water, dried with anhydrous sodium sulfate, and
      evaporated. The residue is washed with benzene to give
      2-(N-methylbenzimidoyl)-3-hydroxy-1,4-naphthoquinone (158 mg), which is
      identical with the product of Example 16.
PAC  EXAMPLE 18
PAR  An emusifiable concentrate of the following composition is prepared:
TBL  2-Benzimidoyl-3-hydroxy-1,4-naphthoquinone                                

                              10 % by weight                                   

     Polyoxyethylene alkylaryl ether                                           

                              10 % by weight                                   

     Acetone                  80 % by weight                                   

PAR  The emulsifiable concentrate is diluted 200- to 1,000-fold with water
      before application for parthenocarpy stimulation.
PAC  EXAMPLE 19
PAR  An emulsifiable concentrate of the following composition is prepared:
TBL  2-(4-Methoxybenzimidoyl)-3-hydroxy-1,4-                                   

     naphthoquinone           10 % by weight                                   

     Polyoxyethylene alkylaryl ether                                           

                              10 % by weight                                   

     Methylnaphthalene        80 % by weight                                   

PAR  The emulsifiable concentrate is diluted 200- to 10,000-fold with water
      before application for parthenocarpy stimulation.
PAC  EXAMPLE 20
PAR  An emulsifiable concentrate of the following composition is prepared:
TBL  2-(4-Methylbenzimidoyl)-3-hydroxy-1,4-                                    

     naphthoquinone           10 % by weight                                   

     Alkylphenyl ethyleneoxide                                                 

                               5 % by weight                                   

     Acetone                  50 % by weight                                   

     Benzene                  35 % by weight                                   

PAR  The emulsifiable concentrate is diluted 200- to 10,000-fold with water
      before application for parthenocarpy stimulation.
PAC  EXAMPLE 21
PAR  A dust of the folllowing composition is prepared:
TBL  2-(3-Pyridylcarbimidoyl)-3-hydroxy-                                       

     1,4-naphthoquinone      1 part by weight                                  

     A mixture of talc and kaoline                                             

                            99 parts by weight                                 

PAR  The mixture is blended and ground to obtain a dust.
PAC  EXAMPLE 22
PAR  A mixture of the following composition is prepared:
TBL  6-Hydroxy-7-benzimidoyl-5,8-dihydro-                                      

     quinoline-5,8-dione      20 % by weight                                   

     Bentonite powder         80 % by weight                                   

PAR  After blending, the mixture is kneaded with water, granulated, and dried to
      obtain granules.
CLMS
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ABST
PAL  The disclosure describes new 4-aminoquinoline derivatives of general
      formula
      ##SPC1##
PAL  And their acid addition salts, where X is a halogen atom or a
      trifluoromethyl group, Z is a hydrogen atom or a defined substituent, R is
      group of the formula
EQU  --R.sub.3 N--A--NR.sub.1 R.sub.2                           (II)
EQU  --nr.sub.1   n--r.sub.3                                    (iii a)
PAL  Or
EQU  --N N NR.sub.1 R.sub.2                                     (III b)
PAL  where A in formula II is a chain of 1 to 5 methylene groups which may be
      substituted with alkyl, the ring in formula IIIa and IIIb is a piperidine
      or pyrrolidine ring that may be substituted with alkyl and R.sub.1,
      R.sub.2 and R.sub.3 represent hydrogen or certain defined substituents.
      The new 4-aminoquinoline derivatives show anti-hypertensive activity and,
      in some cases, show one or more of the following activities: anti-malarial
      activity, anti-inflammatory activity, anti-trichomonal activity and
      inhibition of blood platelet aggregation.
PAR  The present invention concerns new 4-aminoquinoline derivatives, a process
      for their preparation and pharmaceutical compositions containing them. The
      invention also concerns new intermediates useful for the preparation of
      the 4-aminoquinoline derivatives.
PAR  The invention provides new 4-aminoquinoline derivatives of the general
      formula
      ##SPC2##
PAL  And their acid addition salts, where
PA1  I. X is a halogen atom or a trifluoromethyl group;
PA1  Ii. Z is a hydrogen atom or a halogen atom, a trifluoromethyl group, a
      lower alkyl group, a lower alkoxy group, a hydroxyl group, a nitro group,
      an amino group or a mono- or di-alkyl substituted amino group, and
PA1  Iii. R represents a group of the formula --NR.sub.3 --A--NR.sub.1 R.sub.2
      (II) or
      ##SPC3##
PAL  Wherein:
PA1  A. in formula II, A represents a chain of 1 to 5 methylene groups, which
      may be substituted by one or more alkyl groups;
PA1  B. in formula IIIa and IIIb the ring denotes a piperidine or pyrrolidine
      ring that may be substituted by one or more alkyl groups or by a divalent
      aliphatic chain substituting two different ring members of the piperidine
      or pyrrolidine ring;
PA1  C. R.sub.1 represents a hydrogen atom, an alkyl group, an aralkyl group, an
      acyl group or an aryl group or, in formula II or IIIb, R.sub.1 and R.sub.2
      may together form the diacyl residue of a dicarboxylic acid or R.sub.1 and
      R.sub.2 may together form a divalent radical such that R.sub.1 R.sub.2 NH
      is a secondary cyclic amine with 5 to 7 ring atoms;
PA1  D. R.sub.2 is as defined above in connection with R.sub.1 or represents a
      hydrogen atom, an alkyl group, an aralkyl group or an acyl group; and
PA1  E. R.sub.3 represents a hydrogen atom, a cycloalkyl group of 5 to 7 carbon
      atoms, an alkyl group, an aralkyl group, or an alkyl group substituted by
      a heterocyclic group, or an aliphatic chain joining the nitrogen atom
      member to another ring member of the ring in formula IIIa.
PAR  The invention also provides a new class of compounds useful as
      intermediates for the preparation of compounds of formula I and their acid
      addition salts. These new compounds are benzenesulphonamides having the
      formula
      ##SPC4##
      and their acid addition salts, where R is as defined in connection with
      formula I, Z is as defined in connection with formula I or is a protected
      amino or hydroxyl group and Y is a hydrogen atom or a lower alkanoyl
      group.
PAR  It will be apparent to those skilled in the art that the above definition
      of R includes moieties possessing an asymmetric carbon atom, especially
      for instance, in the cases where
PA1  1. A is linear chain of 1 to 15 methylene groups, the chain being
      monosubstituted by methyl or ethyl, or
PA1  2. R is of the formula V or VI
      ##SPC5##
PAL  for example, in the cases where R denotes groups of the formula
      ##SPC6##
PAL  where R.sub.1, R.sub.2 and R.sub.3 may be, for instance, hydrogen or lower
      alkyl. It is to be understood that general formulae I and IV are intended
      to encompass both enantiomers where the compound contains an asymmetric
      carbon atom and mixtures of the enantiomers, for instance, a racemic
      mixture of the enantiomers. General methods are recorded in the literature
      for the resolution of enantiomers.
PAR  In the compounds of formula I, X preferably represents a halogen atom, for
      example, a chlorine or bromine atom, but may also represent a
      trifluoromethyl group. Illustrative meanings of Z in formulae I and IV
      include hydrogen, chlorine, bromine atoms and trifluoromethyl, lower alkyl
      or alkoxy (for example, methyl, ethyl, propyl, butyl, methoxy, ethoxy,
      propoxy and butoxy), hydroxyl, nitro, amino, methylamino, ethylamino,
      dimethylamino and diethylamino groups. Additionally in formula IV, Z may
      be protected amino or protected hydroxyl group, for example a group of the
      formula IX
      ##SPC7##
PAR  In formulae II and IIIb R.sub.1 and R.sub.2 may be separate or may be
      joined together to form a divalent residue. The divalent residue is a
      diacyl residue of a dicarboxylic acid, for example, a group of the formula
      --CO--(CH.sub.2).sub.n --CO-- where n is 2 or 3, or
      ##SPC8##
PAL  or is such that R.sub.1 R.sub.2 NH is a secondary cyclic amine with 5 to 7
      ring atoms, for instance, piperidine, pyrrolidine or morpholine.
PAR  R.sub.1, when in formula IIIa or when separate from R.sub.2 in formula II
      or IIIb, represents a hydrogen atom, an alkyl group, an aralkyl group, an
      acyl group or an aryl group, R.sub.2, when separate from R.sub.1 in
      formulae II and IIIb, represents a hydrogen atom, an alkyl group, an
      aralkyl group or an acyl group. R.sub.3 in formulae II and IIIa represents
      a hydrogen atom, a cycloalkyl group of 5 to 7 carbon atoms, an alkyl
      group, an aralkyl group, or an aliphatic chain joining the nitrogen ring
      atom to another ring atom of the ring shown in formula IIIa. Illustrative
      examples of such groups that can be denoted by R.sub.1, R.sub.2 or R.sub.3
      will now be described. Alkyl groups are desirably lower alkyl groups, for
      example, methyl, ethyl, n- or i-propyl and n-butyl. Aryl groups
      particularly comprehend phenyl or phenyl substituted by one or more
      substituents. As substituents for a phenyl group there may be employed
      lower alkyl (for example, methyl, ethyl, propyl or butyl), lower alkoxy
      (for example, methoxy, ethoxy, propoxy or butoxy), nitro, halogen,
      (preferably chlorine or bromine), hydroxy, trifluoromethyl or amino
      (including mono- or dialkylamino, for instance, dimethylamino). Aralkyl
      groups are arylsubstituted alkyl groups, where the alkyl group is
      desirably a lower alkyl group (e.g. methyl, ethyl, propyl or butyl) and
      its aryl substituent may be phenyl or substituted phenyl, in which the one
      or more substituents for phenyl are as mentioned above.
PAR  Acyl groups particularly include the acyl groups of the formula --
      CO.R.sub.5 where R.sub.5 represents alkyl or aryl. As specific acyl groups
      there may be mentioned, for example, acetyl, propionyl, butanoyl,
      hexanoyl, benzoyl and benzoyl substituted by one or more of the above
      mentioned substituents for phenyl. As cycloalkyl of 5 to 7 carbon atoms
      there may be mentioned cyclopentyl, cyclohexyl and cycloheptyl. As alkyl
      substituted by a heterocyclyl group there may be mentioned lower alkyl
      such as methyl, ethyl, propyl or butyl, substituted by thienyl (for
      instance 2-thienyl), furyl, pyrrolyl, imidazolyl, pyrazolyl (for instance
      4-pyrazolyl), indolyl, pyridyl (for instance 2- or 4-pyridyl), quinolyl,
      thiazolyl (specifically 2-, 4- or 5-thiazolyl), isothiazolyl or oxazolyl.
PAR  As examples of A in formula II there may be mentioned methylene,
      dimethylene, trimethyleme, tetramethylene and pentamethylene and their
      mono- or di-(lower alkyl) substitution products, for example, groups of
      the formulae
      ##EQU1##
PAR  The piperidine of pyrrolidine ring shown in formulae IIIa and IIIb may be
      substituted with one or more alkyl groups, preferably lower alkyl groups,
      for example, methyl, ethyl, propyl or butyl. As examples of R containing a
      piperidine or pyrrolidine ring there may be mentioned groups of the
      formula:
      ##SPC9##
PAL  where m is 0 or 1; R.sub.1, R.sub.2 and R.sub.3 are as defined above; and
      R.sub.6, R.sub.7, R.sub.8 and R.sub.9, which may be the same or different
      may be hydrogen or lower alkyl, for instance, methyl, ethyl, propyl or
      butyl.
PAR  In formula IV the symbol Y denotes a hydrogen atom or a lower alkanoyl
      group, for example, acetyl, propionyl, butanoyl or hexanoyl.
PAR  In formulae I and IV the -- SO.sub.3 R group is preferably at the
      para-position relative to the 7-substituted-4-quinolylamino group in
      formula I and the group Y--NH-- in the case of formula IV. Thus the
      preferred new compounds of the invention are those of the formulae Ia and
      IVa
      ##SPC10##
PAR  The term "lower" as used herein in connection with such groups as
      "alkanoyl", "alkyl" or "alkoxy" denotes that the group contains up to 6
      carbon atoms, preferably up to 4 carbon atoms.
PAR  Examples of acid addition salts are those formed from inorganic and organic
      acids and in particular include sulphate, hydrochloride, hydrobromide,
      hydroiodide, nitrate, phosphate, sulphonate (such as the methanesulphonate
      and p-toluene-sulphonate), acetate, maleate, fumarate, tartrate, malonate,
      citrate and formate.
PAR  The compounds of the formula I may be made by building the compound up by
      known reactions. In particular the sulphonamide linkage shown in formula I
      may be formed by sulphonylation of an appropriate amine, and an
      amino-benzene sulphonamide may be converted to the secondary amine by
      introducing the 7-(halo or trifluoromethyl)-4-quinolyl group in known
      manner.
PAR  The invention provides a method of making compounds of the formula I and
      their acid addition salts, wherein a compound of the formula RH, where R
      is as defined in connection with formula I, or, where necessary or
      desired, a corresponding compound with a protecting group, is
      sulphonylated to introduce the sulphonyl group of formula XIV
      ##SPC11##
PAL  where X is defined in connection with formula I and Z is as defined in
      connection with formula IV.
PAR  As sulphonating agent there may particularly be used a sulphonyl chloride
      of formula XV
      ##SPC12##
PAL  where X is as defined above and Z is as defined in connection with formula
      IV. Alternatively, a compound of the formula XVI
      ##SPC13##
PAL  (where R and Z are as defined in connection with formula IV is reacted with
      a compound of formula (XVII)
      ##SPC14##
PAL  (where X is as defined above in connection with formula I and Q denotes a
      group or atom replaceable by nucleophilic attack by compound of formula
      XVI). Q is for example, an iodine atom, a bromine atom or a chloride atom
      or an organosulphonate group, for instance, p-toluenesulphonate.
PAR  Where necessary or if desired, the process may also include removal of a
      protecting group, and if desired, conversion of a free base form of
      compound of formula I into an acid addition salt or conversion of an acid
      addition salt form of a compound of formula I into the corresponding free
      base form.
PAR  Starting materials of formula RH and formulae XV are known compounds or, if
      new, are accessible by conventional methods.
PAR  The sulphonylation method may be carried out by reacting the compound of
      formula XV with the compound of formula RH or a corresponding compound
      with a protecting group in chloroform in the presence of a saturated
      sodium carbonate solution.
PAR  It will be apparent to those skilled in the art that certain unacylated
      compounds of formula RH may present more than one potentially reactive
      location for sulphonylation. Undesired sulphonylation may be avoided by
      chemical protection with removable blocking groups or other means. For
      example, the compounds of the formula
      ##SPC15##
PAL  (wherein n is 0 or 1) may be sulphonylated at the ring nitrogen atom by
      using a starting material in which the NH.sub.2 function is protected with
      a blocking group which is removed after acylation.
PAR  Compounds of formula I and their acid addition salts, in which, in formula
      IIIa, R.sub.3 denotes hydrogen, may be prepared by using, for example, a
      benzyl group as removable protecting group. Thus a starting compound of
      formula:
      ##SPC16##
PAL  in which R.sub.3 is benzyl is sulphonylated and the protecting group is
      removed after sulphonylation by debenzylation. Debenzylation may be
      carried out using sodium in liquid ammonia or by catalytic hydrogenation
      under conditions such that the 7-halo- or 7-trifluoromethyl substituents
      on the quinolyl group is not removed. In addition, compounds of formula RH
      include compounds where a substituent on an aryl group or heterocyclyl
      group is susceptible to sulphonylation, e.g. a free hydroxyl or amino
      substituent. Such substituents may be protected with a removable blocking
      group which is cleaved off after sulphonylation. Sulphonylating
      derivatives for introducing the group of formula XIV include protection
      for a group Z sensitive to sulphonylation. For example, a final product in
      which Z is an amino function can be formed by using a sulphonylating
      derivative of the acid formula XX.
      ##SPC17##
PAL  and, after sulphonylation, converting the phthalimido group to an NH.sub.2
      group by reaction with hydrazine. The new compounds of the invention are
      comparatively stable to hydrolysis and therefore favour protecting groups
      that are readily hydrolysed off under acid or basic conditions.
PAR  Compounds of the formula IV and their acid addition salts are accessible by
      a process wherein a compound formula RH where R is as defined in formula
      I, or a corresponding compound with a protecting group, is sulphonylated
      to introduce the sulphonyl group of formula:
      ##SPC18##
PAL  where Y' is a lower alkanoyl group and Z is as defined above in connection
      with formula IV. The sulphonylating agent used is preferably the sulphonyl
      chloride of formula:
      ##SPC19##
PAL  where Y' and Z are as defined in formula XXI. The corresponding
      sulphonylation product has the formula:
      ##SPC20##
PAL  This product may be isolated as such or as an acid addition salt. This
      product may then be converted to the compound of formula XVI
      ##SPC21##
PAL  by hydrolysis, preferably under alkaline conditions, to remove the lower
      alkanoyl group Y'. The compound of formula XVI may be recovered as the
      free base or as an acid addition salt.
PAR  The reaction of the primary amine XVI with the compound of formula XVII may
      be carried out at elevated temperature in the presence of a suitable
      acidic solvent for example phenol or dilute hydrochloric acid. The
      reaction products may be recovered from the reaction mixtures by standard
      isolation procedures. In certain cases it is expedient to incorporate a
      protecting group for amino in the compound of formula XVI to reduce or
      preclude undesired reaction of the compounds of formula XVII with a
      primary or secondary amino function in the group R. In such cases the
      protecting group is removed after the reaction with the compound of
      formula XVII.
PAR  The compounds of formula I may be isolated in free base form or as an acid
      addition salt. Acid addition salts may be converted into the free base in
      conventional manner. The free base forms may be converted into acid
      addition salts in conventional manner, for instance, by adding ethereal
      hydrogen chloride to a solution of the free base where a hydrochloride
      salt is desired.
PAR  The sulphonylating agents used for reaction with a compound of formula RH
      can be prepared in known manner from the corresponding sulphonic acid.
PAR  The sulphonic acid may be prepared by reacting an aminobenzene -sulphonic
      acid of the formula:
      ##SPC22##
PAL  where Z is as defined in connection with formula IV with a compound of
      formula XVII
      ##SPC23##
PAL  where X is a halogen atom or a trifluoromethyl group and Q is a group or
      atom replaceable by nucleophilic attack by the compound of formula XXIV. Q
      is for example, an iodine, bromine or chlorine atom. The secondary amine
      reaction product may be isolated as such or in the form of one of its
      salts. It may be purified salt formation and liberating the acid from the
      salt. The sulphonic acid or its salt may be converted into sulphonylating
      derivatives of the acid in known manner. For example the sulphonyl
      chloride of formula XV may be formed by reacting the corresponding
      sulphonic acid with thionyl chloride in the presence of dimethylformamide
      as catalyst.
PAR  Some of the compounds of formula I may also be prepared by another method
      using the amide of the general formula XXV
      ##SPC24##
PAL  where X is as defined above and Z is as defined in respect of formula IV.
      The amide can be prepared by reaction of the sulphonyl chloride of formula
      XV with ammonium hydroxide solution and isolated from the reaction
      mixture. The invention also provides a process for the preparation of a
      compound having general formula I wherein R is a group of formula II or
      IIIa and their acid addition salts. The compounds wherein R is a group of
      formula II and R.sub.3 is a hydrogen atom and wherein R is a group of
      formula IIIa whilst R.sub.1 is a hydrogen atom can be obtained by
      alkylation of the amide of formula XXV in aqueous or alcoholic alkaline
      solution. By means of this alkylation the group --A--NR.sub.1 R.sub.2 or
      the group
      ##SPC25##
PAL  is introduced. The alkylating agent used is preferably the halide of
      formula:
EQU  Hal--A--NR.sub.1 R.sub.2                                   (XXVI)
      ##SPC26##
PAL  where Hal stands for a halogen atom preferably chlorine, bromine or iodine.
      Alternatively the corresponding sulphonates or organosulphonates may be
      used as alkylating agents.
PAR  The compounds of formula I where R has formula II and R.sub.3 is an alkyl
      group, an aralkyl group or an alkyl group substituted by a heterocyclic
      group may be prepared by two successive alkylations of the amide of
      formula XXV, each carried out in aqueous or alcoholic alkaline solution.
      In this case the alkylation carried out to introduce the group R.sub.3 is
      preferably the second of the two reactions. Thus, for example, compounds
      of formula I where R is a group of formula II may be prepared by the
      reaction sequence
      ##SPC27##
PAL  where Qu is the 7-(halo or trifluoromethyl)-4-quinolyl residue. Similarly
      the compounds of formula I where R is a group of formula IIIa and R.sub.1
      is an alkyl or aralkyl group may be prepared by two successive alkylations
      of the amide of formula XXV in aqueous or alcoholic alkaline solution. One
      such alkylation introduces the group
      ##SPC28##
PAL  whilst the other introduces the group R.sub.1. The reaction medium used for
      the alkylation of the amide of formula XXV may be an aqueous solution of
      sodium or potassium hydroxide. Alternatively the alkaline solution may be
      prepared from a lower alkanol, for example ethanol. The products of the
      alkylation steps may be recovered as such or as the acid addition salts in
      accordance with conventional isolation procedures.
PAR  The compounds of formula I and their pharmaceutically acceptable acid
      addition salts are indicated for pharmacological usage and, in some cases,
      for use as intermediates for the preparation of other compounds of formula
      I. For instance, the compounds of formula I demonstrate anti-hypertensive
      activity and, in some cases, also demonstrate at least one of the
      following activities: anti-malarial activity, anti-inflammatory activity,
      anti-trichomonal activity and inhibition of blood platelet aggregation.
      For example, in addition to their anti-hypertensive activity,
      4-(7-chloro-4-quinolyamino)-N-(1-ethyl-3-piperidyl)benzenesulphonamide
      shows anti-inflammatory activity, anti-trichomonal activity and inhibition
      of blood platelet aggregation and
      4-dimethylamino-1-[4-(7-chloro-4-quinolyamino)-benzenesulphonyl]-piperdine
      shows anti-malarial and anti-trichomonal activity. The compounds are
      evaluated for their activity by testing in standard procedures. Some of
      the compounds of the invention may also be used as intermediates for the
      preparation of other compounds conforming with formula I. For example,
      compounds containing a phthalimido group as --NR.sub.1 R.sub.2 in formula
      II or IIb may be subjected to cleavage using hydrazizne to form a
      corresponding compound containing an amino group (--NH.sub.2) as
      --NR.sub.1 R.sub. 2 and compounds containing an amino group may be
      alkylated to form a corresponding compound with an alkyl-substituted amino
      groups.
PAR  The invention also includes pharmaceutical compositions containing as
      active ingredients a compound of formula (I) or a pharmaceutically
      acceptable acid addition salt thereof, which may be micronised if desired.
      In addition to the active ingredient, said compositions also contain a
      non-toxic carrier. Any suitable carrier known in the art can be used to
      prepare the pharmaceutical compositions. In such a composition, the
      carrier may be a solid, liquid or mixture of a solid and a liquid. Solid
      form compositions include powders, tablets and capsules. A solid carrier
      can be one or more substances which may also act as flavoring agents,
      lubricants, solubilisers, suspending agents, binders, or
      tablet-disintegrating agents; it can also be an encapsulating material. In
      powders the carrier is a finely divided solid which is in admixture with
      the finely divided active ingredient. In tablets the active ingredient is
      mixed with a carrier having the necessary binding properties in suitable
      proportions and compacted in the shape and size desired. The powders and
      tablets preferably contain from 5 to 99, preferably 10-80% of the active
      ingredient. Suitable solid carriers are magnesium carbonate, magnesium
      stearate, talc, sugar, lactose, pectin, dextrin, starch gelatin,
      tragacanth, methyl cellulose, sodium carboxymethyl cellulose, a low
      melting wax, and cocoa butter. The term "composition" is intended to
      include the formulation of an active ingredient with encapsulating
      material as carrier to give a capsule in which the active ingredient (with
      or without other carriers) is surrounded by carrier, which is thus in
      association with it. Similarly cachets are included.
PAR  Sterile liquid form compositions include sterile solutions, suspensions,
      emulsions, syrups and elixirs. The active ingredient can be dissolved or
      suspended in a pharmaceutically acceptable sterile liquid carrier, such as
      sterile water, sterile organic solvent or a mixture of both. Preferably a
      liquid carrier is one suitable for parenteral injection. Where the active
      ingredient is sufficiently soluble it can be dissolved in normal saline as
      a carrier; if it is too insoluble for this it can be dissolved in a
      suitable organic solvent, for instance aqueous propylene glycol or
      polyethylene glycol solutions. Aqueous propylene glycol containing from 10
      to 75% of the glycol by weight is generally suitable. In other instances
      compositions can be made by dispersing the finely-divided active
      ingredient in aqueous starch or sodium carboxymethyl cellulose solution,
      or in a suitable oil, for instance arachis oil. Liquid pharmaceutical
      compositions which are sterile or suspensions can be utilised by
      intramuscular, intraperitoneal or subcutaneous injection. In many
      instances a compound is orally active and can be administered orally
      either in liquid or solid composition form.
PAR  Preferably the pharmaceutical composition is in unit dosage form. In such
      form, the composition is sub-divided in unit doses containing appropriate
      quantities of the active ingredient; the unit dosage form can be a
      packaged composition, the package containing specific quantities of
      compositions, for example packeted powders or vials or ampoules. The unit
      dosage form can be a capsule, cachet or tablet itself, or it can be the
      appropriate number of any of these in package form. The quantity of active
      ingredient in a unit dose of composition may be varied or adjusted from 5
      mg. or less to 500 or more, according to the particular need and the
      activity of the active ingredient. The invention also includes the
      compounds in the absence of carrier where the compounds are in unit dosage
      form.
DETD
PAR  The invention is illustrated by the following Examples:
PAC  EXAMPLE 1
PAC  4-(7-Chloro-4-quinolylamino)-N-(1-ethyl-3-piperidyl)-benzenesulphonamide.
PAR  a. 39.61 Grams of 4,7-dichloroquinoline and 34.64 grams of
      p-aminobenzenesulphonic acid in 130 grams of phenol were heated to
      180.degree.C for 2 hours. The solution obtained on cooling was poured into
      two liters of isopropyl alcohol and the mixture stirred for 1/2 hour. The
      solid formed was filtered, washed with warm isopropyl alcohol and dried to
      give 24.6 grams of 4-(7-chloro-4-quinolylamino benzenesulphonic acid.
      Melting point &gt;300.degree.C.
PAR  Analysis: Found 54.1% C, 3.6% H, 8.1% N.  C.sub.15 H.sub.11 ClN.sub.2
      O.sub.3 S requires 53.8% C, 3.3% H, 8.4% N.
PAR  b. 16.45 Grams of 4-(7-chloro-4-quinolylamino)benzenesulphonic acid were
      heated under reflux for two hours with 200 milliliters of thionyl chloride
      and two drops of dimethylformamide to generate the sulphonyl chloride
      hydrochloride. After the excess thionyl chloride had been removed on the
      rotary evaporator, 7.8 grams of the pungent smelling, yellow solid were
      added in portions, to a stirred mixture of 2.6 grams of
      3-amino-1-ethylpiperidine and 21.5 grams of sodium carbonate in 150
      milliliters of water and 150 milliliters of chloroform.
PAR  After stirring overnight at room temperature, the chloroform layer was
      separated, washed with water and dried over magnesium sulphate, filtered
      and evaporated. The residue was dissolved in hot ethanol and ethereal
      hydrogen chloride added. The precipitated solid was filtered and washed
      with isopropyl alcohol, and dried to give 6.3 grams of the title compound
      as the dihydrochloride monohydrate. Melting point =
      210.degree.-212.degree.C.
PAR  Analysis found: 49.3% C, 5.2% H, 10.0% N. C.sub.22 H.sub.29 Cl.sub.3
      N.sub.4 O.sub.3 S requires 49.3% C, 5.45% H, 10.4% N.
PAC  EXAMPLE 2
PAC  4-Dimethylamino-1-[4-(7-chloro-4-quinolylamino)-benzenesulphonyl]piperidine
     .
PAR  11.3 Grams of 4-(7-chloro-4-quinolylamino)-benzenesulphonyl chloride
      hydrochloride [prepared as in Example 1(b)] were added in portions to a
      stirred mixture of 5.83 grams of 4-dimethylamino-piperidine
      dihydrochloride and 32 grams of sodium carbonate in 100 milliliters of
      water and 75 milliliters of chloroform. After stirring overnight at room
      temperature the mixture was filtered, the resultant solid washed with
      water, dried and recrystallised from ethanol/water to give 6.28 grams of
      the title compound. Melting point 230.degree.--231.degree.C.
PAR  Analysis found: 59.1% C; 5.70% H; 12.2% N. C.sub.22 H.sub.25 ClN.sub.4
      O.sub.2 S requires 59.4% C; 5.66% H; 12.6% N.
PAC  EXAMPLE 3
PAC  4-(7-Chloro-4-quinolylamino)-N-(1-n-butyl-4-piperidyl)-benzene
      sulphonamide.
PAR  7.8 Grams of 4-(7-chloro-4-quinolylamino)-benzenesulphonyl chloride
      hydrochloride [prepared as in Example 1(b)] were added in portions to a
      stirred mixture of 3.13 grams of 4-amino-1-n-butyl piperidine and 21.2
      grams of sodium carbonate in 50 milliliters of water and 50 milliliters of
      chloroform. After stirring overnight at room temperature, the chloroform
      layer was separated, washed with water, dried and evaporated to give a
      brown solid which was triturated with ether to give 5.0 grams of the title
      compound as the hemihydrate. Melting point 190.degree.-191.degree.C.
PAR  Analysis: Found 59.7% C; 6.35% H; 11.4% N. C.sub.24 H.sub.29 ClN.sub.4
      O.sub.2 S.1/2H.sub.2 O requires 59.8% C; 6.27% H; 11.6% N.
PAC  EXAMPLE 4
PAC  4-Acetamido-N-(1-n-butyl-4-piperidyl)-benzenesulphonamide.
PAR  a. 7.0 Grams of N-acetylsulphanilyl chloride were added in portions to a
      stirred, ice cooled, mixture of 4.7 grams of 4-amino-1-n-butyl piperidine
      and 6.3 grams of sodium bicarbonate in 75 milliliters of water and 35
      milliliters of chloroform. After stirring overnight at room temperature
      the mixture was filtered, washed with water, and dried to give 4.2 grams
      of the title compound. Melting Point 174.degree.-175.degree.C.
PAR  Analysis: Found 57.9% C; 7.9% H; 12.05% N; C.sub.17 H.sub.27 N.sub.3
      O.sub.3 S requires 57.8% C; 7.70% H; 11.9% N.
PAC  EXAMPLE 5
PAC  4-Amino-N-(1-n-butyl-4-piperidyl)-benzenesulphonamide.
PAR  8.1 Grams of 4-acetamido-N-(1-butyl-4-piperidyl)-benzensulphonamide were
      refluxed in 40 milliliters of 2N sodium hydroxide for ninety minutes. On
      cooling 2N hydrochloric acid was added to precipitate 6.7 grams of the
      title compound as the hemihydrate. Melting point 137.degree.-138.degree.C.
PAR  Analysis: Found 56.1% C; 7.92% H; 12.9% N. C.sub.15 H.sub.25 N.sub.3
      O.sub.2 S.1/2H.sub.2 O requires: 56.2% C; 8.18% H; 13.1% N.
PAR  4-Amino-N-(1-n-butyl-4-piperidyl)benzenesulphonamide is useful for the
      preparation of
      4-(7-chloro-4-quinolylamino)-N-1-4-piperidyl)-benzenesulphonamide by
      reaction with 4,7-dichloroquinoline in dilute hydrochloric acid.
PAC  EXAMPLE 6
PAC  4-(7-Chloro-4-quinolyamino)-N-(1-benzyl-4-piperidyl)-benzenesulphonamide.
PAR  9.7 Grams of 4-(7-chloro-4-quinolylamino)-benzenesulphonyl chloride
      hydrochloride [prepared as in Example 1(b)] were added in portions to 4.76
      grams of 4-amino-1-benzylpiperidine and 26.5 grams of sodium carbonate in
      60 milliliters of water and 60 milliliters of chloroform. After stirring
      overnight at room temperature, the chloroform layer was separated, washed
      with water, dried and evaporated to give a gum which was dissolved in hot
      benzene and n-hexane added to precipitate 2.0 grams of the title compound
      as the hemihydrate. Melting point: 90.degree.-93.degree.C.
PAR  Analysis: Found 62.8% C; 5.70% H; 10.7% N. C.sub.27 H.sub.27 ClN.sub.4
      O.sub.2 S.1/2H.sub.2 O requires 62.8% C; 5.47% H; 10.8% N.
PAC  EXAMPLE 7
PAC  4-(7-Chloro-4-quinolylamino)-N-(1-cyclohexyl-4-piperidyl)-benzene-sulphonam
     ide.
PAR  7.8 Grams of 4-(7-Chloro-4-quinolylamino)-benzenesulphonyl chloride
      hydrochloride [prepared as in Example 1(b)] were added in portions to a
      stirred ice-cooled mixture of 3.63 grams of
      4-amino-1-cyclohexyl-piperidine and 21.2 grams of sodium carbonate in 60
      milliliters of water and 50 milliliters of chloroform. After stirring
      overnight at room temperature the chloroform layer was separated, washed
      with water, dried and evaporated to give a brown solid. This was
      triturated with hexane, the resultant solid dissolved in chloroform and
      diiso-propyl ether added to precipitate a solid which was triturated with
      hexane to give 1.9 grams of the title compound as the hemihydrate. Melting
      point 192.degree.-193.degree.C.
PAR  Analysis: Found 61.7% C; 6.42% H; 10.6% N. C.sub.26 H.sub.31 ClN.sub.4
      O.sub.2 S.1/2H.sub.2 O requires 61.5% C; 6.35% H; 11.0% N.
PAC  EXAMPLE 8
PAC  3-(4-Acetamidobenzenesulphonamido)-1-ethylpiperidene.
PAR  7.86 Grams of 3-amino-1-ethyl piperidine and 12.6 grams of sodium
      bicarbonate in 150 milliliters of chloroform and 150 milliliters of water
      were stirred at 10.degree.C. 13.01 grams of 4-acetamidobenzenesulphonyl
      chloride was added portionwise while the temperature was maintained at
      10.degree.C. The mixture was stirred at room temperature overnight, the
      solid formed was filtered, washed with water and dried under vacuum to
      give the title compound as a hydrate, melting point
      65.degree.-68.degree.C.
PAR  Analysis calculated: C, 52.45%; H, 7.3%; N, 12.2%;  Found: C, 52.8%; H,
      7.1%; N, 12.1%.
PAC  EXAMPLE 9
PAC  3-(4-Aminobenzenesulphonamido)-1-ethylpiperidine.
PAR  A solution of 4.06 grams of
      3-(3-acetamidobenzenesulphonamido)-1-ethylpiperidine in 200 milliliters of
      2N sodium hydroxide solution was refluxed for 1 hour. The mixture was
      cooled and acidified with 2N hydrochloric acid to pH 6.5. The solid formed
      was filtered, dried under vacuum and recrystallised from 95% ethanol to
      give the title compound, melting point, 163.degree.-4.degree.C.
PAR  Analysis calculated, C, 55.1%; H, 7.5%; N, 14.8%.  Found: C, 54.8%; H,
      7.3%; N, 14.7%.
PAC  EXAMPLE 10
PAC  4-(7-Chloro-4-quinolylamino)-N-(1-ethyl-3-piperidyl)-benzenesulphonamide.
PAR  A solution of 2.83 grams of
      3-(4-aminobenzenesulphonamido)-1-ethylpiperidine and 1.98 grams of
      4,7-dichloroquinoline in 20 milliliters of 2N hydrochloric acid was
      refluxed for 1 hour. The cooled solution was basified with ammonia
      solution to pH 8 and extracted into chloroform (3 .times. 25 milliliters).
      The extracts were dried over magnesium sulphate and evaporated. The gummy
      residue was dissolved in isopropyl alcohol and the product precipitated
      with ethereal hydrogen chloride to give the title compound as the
      dihydrochloride.
PAR  The product has identical melting point and infra-red spectrum to the
      product obtained in Example 1(b)
PAC  EXAMPLE 11
PAC  4-Benzamido-1-(4-[7-chloro-4-quinolylamino]benzenesulphonylpiperidine.
PAR  4.08 Grams of 4-benzamidopiperidine and 21.5 grams of sodium carbonate in
      100 milliliters of chloroform and 100 milliliters of water were stirred at
      10.degree.-15.degree.C. 7.79 grams of
      4-(7-chloro-4-quinolylamino)benzenesulphonyl chloride hydrochloride was
      added portionwise and the temperature was maintained at
      10.degree.-15.degree.C during the addition. The mixture was stirred at
      room temperature overnight and the solid formed was filtered, washed with
      water, dried under vacuum and recrystallised from 1:10 mixture of
      N,N-dimethylformamide and ethanol to give the title compound as the
      ethanolate, melting point 266.degree.-267.degree.C.
PAR  Analysis calculated, C, 61.4%; H, 5.5%; N, 9.9%. Found: C, 61.1%; H, 5.5%;
      N, 9.8%.
PAC  EXAMPLE 12
PAC  4-(7-Chloro-4-quinolylamino)-N-(1-methyl-4-piperidyl)benzenesulphonamide.
PAR  7.8 Grams of 4-(7-chloro-4-quinolyamino)benzenesulphonyl chloride
      hydrochloride [prepared as in Example 1(b)] were added in portions to a
      stirred mixture of 2.3 grams of 4-amino-1-methylpiperidine and 21.0 grams
      of sodium carbonate in 60 milliliters of chloroform and 90 milliliters of
      water. After stirring overnight at room temperature, the chloroform layer
      was separated, dried and evaporated. The residue was triturated with
      hexane to give 8.4 grams of the title compound as its monohydrate. Melting
      point, 184.degree.-185.degree.C.
PAR  Analysis: Found, 56.1% C; 5.33% H; 12.1% N.  C.sub.21 H.sub.25 ClN.sub.4
      O.sub.3 S requires: 56.2% C; 5.61% H, 12.5% N.
PAC  EXAMPLE 13
PAC  4-(7-chloro-4-quinolylamino)-N-(2-diethylaminoethyl)-benzenesulphonamide
PAR  7.8 Grams of 4-(7-chloro-4-quinolylamino)benzenesulphonyl chloride
      hydrochloride (prepared as in Example I(b)) were added in portions to a
      stirred mixture of 2.3 grams of N,N-dimethylethylenediamine and 21.0 grams
      of sodium carbonate in 60 milliliters of chloroform and 90 milliliters of
      water. After stirring overnight at room temperature, the chloroform layer
      was separated, dried and evaporated. The resulting oil was triturated with
      hexane to give a solid which was recrystallised from benzene to give 3.8
      grams of the title compound. Melting point, 161.degree.-162.degree.C.
PAR  Analysis: Found, 57.8% C; 5.82% H; 12.9% N, C.sub.21 H.sub.25 ClN.sub.4
      O.sub.2 S requires 58.2% C; 5.82% H; 12.9% N.
PAC  EXAMPLE 14
PAC  3-(7-chloro-4-quinolylamino)-N-(1-ethyl-3-piperidyl)benzenesulphonamide.
PAR  a. 19.8 Grams of 4,7-dichloroquinoline were added to a solution of 19.5
      grams of sodium metanilate in 400 milliliters of water and the solution
      was made acid by the addition of 20 milliliters of concentrated
      hydrochloric acid. The solution was refluxed for 20 minutes when a solid
      precipitated. On cooling the solid was collected and dried to give 29.5
      grams of 3-(7-chloro-4-quinolylamino)-benzenesulphonic acid. Melting point
      &gt; 300.degree.C.
PAR  b. 3-(7-Chloro-4-quinolylamino)benzenesulphonic acid was converted to the
      corresponding sulphonylchloride hydrochloride and reacted with
      3-amino-1-ethylpiperidine in a similar manner to that described in Example
      1 (b) to give the title compound.
PAC  EXAMPLE 15
PAC  2-Chloro-4-(7-chloro-4-quinolylamino)-N-(1-n-butyl-4-piperidyl)benzene-sulp
     honamide
PAR  a. A mixture of 31.5 grams of 3-chloronitrobenzene, 450 milliliters of
      5N-sodium sulphite solution and 500 milliliters of 2N sodium hydroxide
      solution was refluxed with stirring for 90 minutes, acidified with
      concentrated hydrochloric acid, and refluxed for 1 hour. On cooling and
      diluting with water a solid crystallised out which was filtered and washed
      with water to give 9.9 grams of 2-chlorosulphanilic acid.
PAR  b. 9.9 Grams of 2-chloro sulphanilic acid and 9.4 grams of
      4,7-dichloroquinoline were suspended in 200 milliliters of water and
      concentrated hydrochloric acid added until the solution was just acid. The
      mixture was refluxed for 4 hours when a solid began to precipitate. After
      cooling the solid was collected, washed with water and dried to give 15.8
      grams of 4-(7-chloro-4-quinolylamino)-2-chlorobenzenesulphonic acid.
      Melting point 280.degree.-285.degree.C with decompostion.
PAR  c. 4-(2-Chloro-4-quinolylamino)-2-chlorobenzene sulphonic acid is converted
      to the corresponding sulphonylchloride hydrochloride and reacted with
      4-amino-1-butylpiperidine in a similar manner to that described in Example
      1(b) to give the title compound.
PAC  EXAMPLE 16
PAC  4-(7-Chloro-4-quinolyamino)-N-(1-ethyl-3-piperidyl)-2-nitrobenzene
      sulphonamide.
PAR  4-(7-Chloro-4-quinolylamino)-2-nitrobenzenesulphonic acid is converted to
      the corresponding sulphonyl chloride hydrochloride and reacted with
      3-amino-1-ethyl piperidine in a similar manner to that described in
      Example 1(b) to give the title compound.
PAC  EXAMPLE 17
PAC  4-(7-Chloro-4-quinolylamino)-4-(1-ethyl-3-piperidyl)-3-methoxybenzene
      sulphonamide.
PAR  4-(7-chloro-4-quinolyamino)-3-methoxybenzene sulphonic acid is converted to
      the corresponding sulphonylchloride hydrochloride and reacted with
      3-amino-1-ethyl-piperidine in a similar manner to that described in
      Example 1(b) to give the title compound.
PAC  EXAMPLE 18
PAC  4-(7-Bromo-4-quinolylamino)-N-(1-ethyl-3-piperidyl)-benzenesulphonamide.
PAR  a. 7-Bromo-4-chloroquinoline and p-aminobenzenesulphonic acid are reacted
      in a similar manner to that described in Example 14(a) to give
      4-(7-bromo-4-quinolylamino)-benzenesulphonic acid.
PAR  b. 4-(7-Bromo-4-quinolylamino)benzenesulphonic acid is converted to the
      corresponding sulphonyl chloride hydrochloride and reacted with
      3-amino--ethylpiperidine in a similar manner to that described in Example
      1(b) to give the title compound.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from those of the formula
      ##SPC29##
PAL  and their pharmaceutically acceptable acid addition salts, where
PA1  i. x is selected from chlorine and bromine;
PA1  ii. Z is a member of the group consisting of hydrogen, lower alkoxy, nitro
      and chlorine;
PA1  iii. R is a member of the group consisting of --NR.sub.3 --A--NR.sub.1
      R.sub.2
      ##SPC30##
PAL  wherein
PA1  a. in formula II, A represents a chain of 1 to 5 methylene groups;
PA1  b. in formulae IIIa and IIIb the ring denotes a piperidine or pyrrolidine
      ring;
PA1  c. R.sub.1 is a member of the group consisting of hydrogen and lower alkyl;
PA1  d. R.sub.2 represents a member of the group consisting of lower alkyl and
      benzoyl; and
PA1  e. R.sub.3 represents a member of the group consisting of hydrogen,
      cycloalkyl of 5 to 7 carbon atoms, lower alkyl and benzyl.
NUM  2.
PAR  2. A compound as defined in claim 1, which is
      4-(7-chloro-4-quinolylamino)-N-(1-ethyl-3-piperidyl)-benzensulphonamide or
      a pharmaceutically acceptable acid addition salt thereof.
NUM  3.
PAR  3. A compound as defined in claim 1, which is
      4-dimethylamino-1-[4-(7-chloro-4-quinolylamino)-benzenesulphonyl]piperidin
     e or a pharmaceutically acceptable acid addition salt thereof.
NUM  4.
PAR  4. A compound as defined in claim 1, which is
      4-(7-chloro-4-quinolylamino)-N-(1-n-butyl-4-piperidyl)-benzensulphonamide
      or a pharmaceutically acceptable acid addition salt thereof.
NUM  5.
PAR  5. A compound as defined in claim 1, which is
      4-(7-chloro-4-quinolyamino)-N-(1-benzyl-4-piperidyl)benzene sulphonamide
      or a pharmaceutically acceptable acid addition salt thereof.
NUM  6.
PAR  6. A compound as defined in claim 1, which is
      4-(7-chloro-4-quinolylamino)-N-(1-cyclohexyl-4-piperidyl)
      benzenesulphonamide or a pharmaceutically acceptable acid addition salt
      thereof.
NUM  7.
PAR  7. A compound as defined in claim 1, which is
      4-benzamido-1-(4-[7-chloro-4-quinolylamino]benzenesulphonyl-piperidine or
      a pharmaceutically acceptable acid addition salt thereof.
NUM  8.
PAR  8. A compound as defined in claim 1, which is
      4-(7-chloro-4-quinolyamino)-N-(1-methyl-4-piperidyl)-benzensulphonamide or
      a pharmaceutically acceptable acid addition salt thereof.
NUM  9.
PAR  9. A compound as defined in claim 1, which is
      4-(7-chloro-4-quinolylamino)-N-(2-diethylaminoethyl)-benzenesulphonamide
      or a pharmaceutically acceptable acid addition salt thereof.
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PAL  Disclosed herein is an improved process for the preparation of known
      hypoglycemic piperidinesulfamylureas of the structure
      ##EQU1##
      wherein R is selected from the group consisting of 3-(2-methoxy)pyridyl,
      3-(2-ethoxy)pyridyl and 2-(4-chloro)pyridyl and R' is selected from the
      group consisting of bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl,
      bicyclo[2.2.1]hept-2-yl-endo-methyl, 7-oxabicyclo[2.2.1]hept-2-yl-methyl,
      1-adamantyl and cycloalkyl having from five to eight carbon atoms.
PAL  Said process comprises contacting 4-(2-pyridyl-amidoethyl) piperidine of
      the structure
      ##EQU2##
      with substantially one equivalent of sulfamide thereby exclusively
      sulfonating the piperidine nitrogen atom. Said
      4-(2-pyridylamidoethyl)piperidines from the corresponding
      4-(2-pyridylamidoethyl) pyridines by selectively activating the more basic
      nitrogen atom of said pyridine compound either by N-alkylation or by
      contact with acid and then exclusively reducing the activated pyridine
      ring with either hydrogen alone or in combination with a metal hydride.
      Said 4-(2-pyridylamidoethyl)pyridines are produced by contacting
      4-(2-aminoethyl)pyridine with a pyridyl acid chloride of the formula
      R(C=O)Cl. The piperidine sulfonamides produced by the process of the
      instant invention are converted to the desired hypoglycemic agent by
      methods well-known to those skilled in the art.
PAL  The 4-(2-pyridylamidoethyl)pyridines and piperidines of the instant
      invention are themselves novel compounds useful as intermediates in the
      synthesis of piperidine sulfamylurea hypoglycemic agents.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  The piperidinesulfamylurea hypoglycemic agents prepared by the process
      disclosed herein are themselves disclosed in the copending, commonly
      assigned application Ser. No. 305,594 filed Nov. 10, 1972, the disclosure
      of which is incorporated herein by reference, now U.S. Pat. No. 3,829,434.
PAC  BACKGROUND OF THE INVENTION
PAR  When administered orally, the piperidinesulfamylureas disclosed in the
      above-mentioned application function as hypoglycemic agents. Particularly
      useful are those compounds in which the piperidine ring is substituted in
      the 4-position with various 2-pyridylamidoethyl radicals. Because of their
      remarkable ability to reduce blood sugar levels with a minimum of side
      effects, these compounds are particularly useful in the treatment of
      diabetes mellitus and therefore, a safe, economic method for their
      production is highly desirable.
PAR  Previously, 2-aminoethylpyridine was reacted with phthalic anhydride to
      form N-[2-(4-pyridyl)-ethyl]phthalimide which was then reduced with
      hydrogen in the presence of an anhydrous acid and a catalyst to yield
      N-[2-(4-piperidyl)-ethyl]phthalimide. Said phthalimide was then reacted
      with sulfamide to produce 4-(2-phthalimidoethyl)-1-piperidine sulfonamide.
      The conversion of the aminoethyl function to the phthalimidoethyl function
      permits the sulfamide to react only with the piperidine nitrogen. To
      proceed further with the synthesis, the phthalimide must be cleaved to
      give the primary amine. Though many other reagents were tried, this
      reaction could be best effected with anhydrous hydrazine, a highly
      explosive compound which is extremely dangerous to use in commercial-scale
      syntheses. The product of the hydrazine reaction is
      4-(2-amino-ethyl)-1-piperidine sulfonamide which was then contacted with
      an appropriate substituted pyridyl acid chloride to yield a
      4-(2-pyridylamidoethyl)-1-piperidine sulfonamide which was then elaborated
      as outlined below to yield the desired hypoglycemic agent.
PAC  SUMMARY OF THE INVENTION
PAR  In accord with the present invention, known hypoglycemic agents of the
      structure
      ##EQU3##
      wherein R is selected from the group consisting of 3-(2-methoxy)pyridyl,
      3-(2-ethoxy)pyridyl and 2-(4-chloro)pyridyl and R' is selected from the
      group consisting of bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl,
      bicyclo[2.2.1]hept-2-yl-endo-methyl, 7-oxabicyclo[2.2.1]hept-2-yl-methyl,
      1-adamantyl and cycloalkyl having from five to eight carbon atoms may be
      prepared by an improved process which comprises contacting a
      4-(2-pyridylamidoethyl)piperidine of the structure
      ##EQU4##
      with a substantially equimolar portion of sulfamide at reflux temperatures
      until the reaction which produces exclusively the piperidine sulfonamide
      is substantially complete.
PAR  Said 4-(2-pyridylamidoethyl)piperidine is prepared from the corresponding
      4-(2-pyridylamidoethyl)pyridine by selectively activating either by
      contact with acid or by N-alkylation, the more basic pyridine ring and
      subsequently reducing it with hydrogen either alone or in combination with
      a metal hydride.
PAR  Said 4-(2-pyridylamidoethyl)pyridines, 4-(2-pyridylamidoethyl)piperidines
      and their salts are themselves novel compounds and valuable intermediates.
      Particularly preferred are the 3-(2-methoxy)pyridyl compounds.
PAR  The present invention reduces the number of steps in the reaction sequence
      by two, eliminates the use of phthalic anhydride and the need for its
      subsequent removal by using a pyridyl acid chloride in its stead which not
      only protects the amine from sulfonation and thereby insures the addition
      of sulfamide at only the piperidyl nitrogen but also remains as a moiety
      in the desired molecule, eliminates the extremely hazardous use of
      anhydrous hydrazine and exclusively reduces the mono-substituted pyridine
      ring by a process of selective activation.
PAR  Particularly preferred is the preparation of the compound wherein R is
      3-(2-methoxy)pyridyl and R' is bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The process of this invention is novel in two particular aspects. First,
      various substituted pyridyl chlorides are used as blocking agents on the
      aliphatic amino group of 4-(2-aminoethyl) pyridine to prevent multiple
      sulfonation and, since said substituted pyridyl moieties constitute an
      element of the structure of the desired hypoglycemic agent, the need for
      their subsequent removal is obviated. Such is not the case with the
      process known in the art wherein phthalic anhydride, when used as a
      blocking agent, must be removed by contact with hazardous anhydrous
      hydrazine. Second, because of the difference in basicity of the two
      pyridine nitrogens in the various 4-(2-pyridylamidoethyl)pyridines of
      interest, the mono-substituted ring may be activated and reduced
      essentially exclusively to the desired (4-(2-pyridylamidoethyl)piperidine
      or piperidinium salt. Also, this difference in basicities causes
      sulfonation to take place exclusively at the piperidine nitrogen. In the
      present invention, exclusivity implies that the desired product was
      obtained in high yield and that no side products were formed which
      interfered with the recovery of the desired product.
PAR  Said 4-(2-pyridylamidoethyl)pyridines, 4-(2-pyridylamidoethyl) piperidines
      and their salts are themselves novel compounds and valuable intermediates.
PAR  In the preferred embodiment, 4-(2-aminoethyl)pyridine [L. E. Brady et al.,
      Journal of Organic Chemistry, 26, 4784 (1961).] is first contacted with an
      approximately equimolar amount of a substituted pyridyl chloride selected
      from the group consisting of 2-methoxynicotinyl chloride,
      2-ethoxynicotinyl chloride and 4-chloropicolinyl chloride in an
      appropriate reaction-inert solvent such as methylene chloride in the
      presence of a suitable base such as sodium carbonate in water at a
      temperature between about 0.degree. and 40.degree.C. until the reaction to
      form the desired product is substantially complete. Reaction-inert
      solvents are those which are substantially free of adverse effects on
      reactants and products under the conditions employed. Said product is then
      recovered from the reaction mixture and purified by the methods outlined
      below which are well-known to those skilled in the art of organic
      chemistry. Of particular interest as a product is
      4-[2-(2-methoxynicotinamido)-ethyl]pyridine.
PAR  The various substituted pyridyl chlorides are prepared from the
      corresponding pyridine acids by contacting them with thionyl chloride in a
      suitable reaction-inert solvent such as methylene chloride at reflux
      temperatures until the formation of the desired acid chloride is
      substantially complete. 2-Methoxy and 2-ethoxy nicotinic acids are
      prepared by contacting 2-chloro-nicotinic acid [G. M. Badger et al.,
      Australian Journal of Chemistry, 18, 1267  (1965).] with sodium methoxide
      or sodium ethoxide respectively in a reaction-inert solvent such as a
      lower alkanol at a temperature of about 90.degree. to 130.degree.C. in an
      autoclave until the reaction to form the desired product is substantially
      complete. 4-chloropicolinic acid may be prepared by the method of H. Meyer
      et al., Chemische Berichte, 61, 2210 (1928).
PAR  The next step in the synthetic process requires the selective reduction of
      the mono-substituted pyridine ring in said 4-(2-pyridylamidoethyl)pyridine
      prepared by the above-mentioned methods to form the desired
      4-(2-pyridylamidoethyl)piperidine. It is known in the art [M. Friefelder,
      Advances in Catalysis, 14, 203-253 (1963).] that pyridine compounds may be
      activated and made more susceptible to reduction by the presence of an
      acid, by N-acylation or alkylation. Whenever two or more pyridine rings
      are present in the same compound, the problem is more complex because an
      equilibrium mixture of activated and non-activated species exists. It is
      known in the art that when a compound containing two identical pyridine
      rings is contacted with one equivalent of acid and hydrogenated, a
      pyridylpiperidine will be formed in preference to a dipiperidine [F. J.
      McCarthy et al., Journal of the American Chemical Society, 79, 472,
      (1957).]. The essentially exclusive activation and reduction of a pyridine
      ring in a compound containing two or more non-equivalent pyridine rings is
      unknown in the art. It has been found that, if the basicities of the
      nitrogen atoms in such compounds are sufficiently different and if only
      one equivalent of acid is employed, the acid will react essentially
      exclusively with the most basic nitrogen atom. The same exclusivity
      dependent upon different pyridine basicities generally exists in the case
      of N-alkylation or acylation. In the 4-(2-pyridylamidoethyl)pyridines of
      interest, the pK.sub.b of the monosubstituted pyridine is approximately
      four pK units greater than that of the disubstituted one. Therefore, the
      monosubstituted ring can, by activation with an acid or by N-alkylation,
      be exclusively reduced to the desired piperidine.
PAR  The preferred process employs an acid rather than N-alkylation to activate
      the pyridine ring. In that process, a 4-(2-pyridylamidoethyl)pyridine at a
      concentration of about 10 to 30% by weight in a reaction-inert solvent
      such as a substantially anhydrous lower alkanol is contacted with
      approximately one equivalent of a substantially anhydrous mineral acid
      such as sulfuric acid, hydrogen chloride, hydrogen bromide, hydrogen
      iodide, anhydrous organic acids such as lower alknaoic and halogenated
      lower alkanoic acids and suitable Lewis acids such as aluminum trichloride
      and boron trifluoride etherate, and hydrogen and at a pressure of 25 to 75
      psig. and a temperature of 15.degree. to 40.degree.C. in the presence of a
      noble metal catalyst until the reaction to form the
      4-(2-pyridylamidoethyl)piperidinium salt is substantially complete. Noble
      metal catalysts as employed in the present invention include platinum,
      palladium, rhenium, rhodium and ruthenium, either of the supported or
      non-supported type, as well as the known catalytic compounds thereof such
      as the oxides, chlorides, etc. Examples of suitable catalyst supports
      include carbon, silica, kieselguhr, alumina and barium sulfate. The
      catalyst may be preformed or formed in situ by the pre-reduction of an
      appropriate salt or oxide of the catalytic compound. Platinum oxide is the
      preferred catalyst in this reaction. An aqueous acid may often be
      substituted for substantially anhydrous acid for the sake of convenience
      in the reduction reactions of the present invention. Dilution effect is
      important here. The mixture of a small volume of aqueous acid with a large
      volume of said substantially anhydrous reaction-inert solvent will itself
      frequently be substantially anhydrous for the purposes of the present
      invention. The use of aqueous acid makes it unnecessary to dissolve an
      anhydrous acid which is usually a gas in the anhydrous solvent and then
      titrate the solution to determine its concentration. The use of aqueous
      acid is exemplified below. Sulfuric acid or hydrogen chloride are
      preferred as the acids, methanol as the solvent and about 40 to 60 psig.
      as the pressure range. The desired piperidine product may be recovered by
      removing the catalyst by filtration, concentrating the reaction mixture to
      an oil in vacuo, extracting said oil with an appropriate aqueous base, and
      drying said oil with a suitable desiccant.
PAR  Alternatively, N-alkylation may be used to activate the monosubstituted
      pyridine ring for reduction. Particularly preferred as alkylating agents
      are benzyl bromide, benzyl iodide, .alpha.-bromo- and .alpha.-iodoxylenes,
      the .alpha.-bromo and .alpha.-iodonaphthalenes and the mono- and
      disubstituted derivatives thereof wherein said substituents are chosen
      from the group consisting of lower alkyl, lower alkoxy, phenyl and
      phenoxy. These are preferred over other N-alkyl moieties because they are
      removed from the pyridine ring in the process of the hydrogen reduction.
      Many other alkylating agents such as alkyl and cycloalkyl halides
      adequately activate the pyridine ring for reduction but these agents must
      be removed subsequent to reduction by a process such as the von Braun
      reaction which employs cyanogen bromide as a reagent. Because the use of
      these other alkylating agents necessitates an extra synthetic step, the
      use of said benzyl and related compounds is generally preferred.
PAR  The 4-(2-pyridylamidoethyl)pyridine at a concentration of about 2 to 5% by
      weight in a suitable reaction-inert solvent such as acetonitrile,
      chloroform, dioxane or tetrahydrofuran is contacted with approximately an
      equimolar amount of one of said suitable alkylating agents at reflux
      temperature until the reaction to form the desired pyridinium salt is
      substantially complete. On cooling the product precipitates. Said product
      may, if desired, be recrystallized directly from suitable solvents such as
      an approximately one-to-one mixture of a lower alkanol with a lower alkyl
      ether; it may also be used directly in the next synthetic step without
      purification.
PAR  Said pyridinium salt is subsequently dispersed in an appropriate
      reaction-inert solvent such as an anhydrous lower alkanol or ether at
      concentration of about 2 to 5% by weight and contacted with an
      approximately fourfold molar excess of a suitable metal hydride reducing
      agent such as sodium borohydride or sodium bis-(2-methoxyethoxy)aluminum
      hydride which is added in portions with stirring over about a 10 minute
      period at a temperature of about 0.degree. to 5.degree.C. Lithium aluminum
      hydride may be employed as a reducing agent but should be used in a
      substantially equivalent amount to avoid reduction of the amide carbonyl
      function. After the addition of said reducing agent is complete, the
      temperature of the reaction mixture is allowed to rise to ambient and the
      mixture stirred until the reaction to form the tetrahydropyridine
      derivative is substantially complete. The reaction mixture is evaporated
      in vacuo and the resulting oil is partitioned between water and ether. The
      layers are then separated, the aqueous layer extracted again with ether
      and the combined organic layers are treated with a drying agent, filtered
      and concentrated again in vacuo to yield the crude tetrahydropyridine
      derivative which is used directly in the next reaction. The preferred
      metal hydride is sodium borohydride and the preferred solvent is anhydrous
      methanol.
PAR  Said crude tetrahydropyridine derivative is then dispersed in a suitable
      reaction-inert solvent such as an anhydrous lower alkanol at a
      concentration of about 2 to 10% by weight along with an equivalent amount
      of mineral or organic acid such as hydrochloric, sulfuric or acetic acid
      and a catalytic amount of a noble metal catalyst. The preferred mode
      employs palladium on carbon as the catalyst, anhydrous methanol as the
      solvent and hydrogen chloride as the acid. Said reaction mixture is then
      contacted with hydrogen at a pressure up to about 400 psig. and a
      temperature of about 40.degree. to 75.degree.C. until the reaction to form
      the desired 4-(2-pyridylamidoethyl)piperidine is substantially complete.
      The catalyst is then separated by filtration, washed with said solvent,
      the wash and filtrate combined and then concentrated in vacuo to yield the
      desired product in crude form. Said crude product may be purified by
      suspending it in an appropriate water-immiscible solvent such as diethyl
      ether, washing with aqueous base, drying said organic layer and
      concentrating it in vacuo to yield the desired product in a substantially
      pure form.
PAR  Said 4-(2-pyridylamidoethyl)piperidines may be sulfonated exclusively at
      the piperidyl nitrogen by dispersing them in a reaction-inert solvent such
      as pyridine at concentration of about 20 to 60% by weight contacting them
      with an approximately equimolar amount of sulfamide and refluxing the
      reaction mixture until the formation of the desired
      4-(2-pyridylamidoethyl)piperidine sulfonamide is substantially complete.
      Here, as is the case with activation and reduction, the exclusivity is
      dependent upon differing nitrogen basicities. The product may be isolated
      in pure form by pouring the reaction mixture into ice water from which the
      product precipitates. Separation by filtration followed by
      recrystallization from a suitable solvent such as a lower alkanol yields
      the desired product in substantially pure form.
PAR  Said piperidine sulfonamides may be converted to the desired hypoglycemic
      agents by contacting them in approximately equimolar amounts with the
      diphenylcarbamoyl chloride derivative of the appropriate bicyclic amine in
      a suitable solvent such as dimethylformamide in the presence of sodium
      hydride in mineral oil until the reaction to form the desired hypoglycemic
      agent is substantially complete. In the case in which cycloalkyl or
      1-adamantyl derivatives are desired, the piperidine sulfonamide is
      contacted with the appropriate alicyclic isocyanate. Said hypoglycemic
      agents are usually administered as the sodium salt. Conversion to said
      sodium salt may be effected by treatment of said hypoglycemic agents
      dissolved in methanol with sodium methoxide in methanol.
DETD
PAC  EXAMPLE 1
PAC  4-[2-(2-Methoxynicotinamido)-ethyl]pyridine
PAR  A 3 liter, three neck, round bottom flask equipped with a mechanical
      stirrer, reflux condenser and dropping funnel was charged with
      4-(2-aminoethyl)pyridine (61.0 g., 0.5 mole) in 50 ml. of methylene
      chloride. Sodium carbonate (124.0 g., 1.0 mole) in water was added in one
      portion, and with stirring the heterogeneous reaction mixture was cooled
      in an ice-bath. 2-Methoxynicotinyl chloride (86 g., 0.5 mole) in methylene
      chloride (500 ml.) was added drop-wise and the mixture was allowed to warm
      to room temperature as vigorous stirring was continued for 2 hours. At
      this point the organic layer was removed and the aqueous layer extracted
      twice with 100 ml. portions of methylene chloride. The combined organic
      layers were then extracted three times with cold, dilute (0.5N) sodium
      hydroxide. The organic layer was dried over sodium sulfate, filtered and
      concentrated in vacuo to a yellow oil, which solidified upon standing,
      affording 97 g. (0.37 mmole, 75%) of product. Recrystallization from
      cyclohexane gave the analytical sample, a white crystalline solid, m.p.
      84.degree.-87.degree..
PAR  Analysis Calc. for C.sub.14 H.sub.15 O.sub.2 N.sub.3 : C, 65.35%; H, 5.88%;
      N, 16.33%. Found: C, 65.04%; H, 5.9%; N, 16.04%.
PAR  In similar fashion, the 3-(2-ethoxy)pyridyl and the 2-(4-chloro)pyridyl
      analogs of the title compound may be prepared.
PAC  EXAMPLE 2
PAC  4-[2-(2-Methoxynicotinamido)ethyl]piperidine
PAR  This Example illustrates the use of anhydrous acid to activate the pyridine
      compound and reduce it to the desired piperidine compound.
PAR  4-[2-(2-methoxynicotinamido)ethyl]pyridine obtained from Example 1 (25.7
      g., 0.1 mole) in anhydrous methanol (150 ml.) was placed in a Parr
      hydrogenation bottle (800 ml. capacity). Exactly one equivalent of aqueous
      hydrochloric acid (17 ml. of 0.589N acid) and 1.0 g. of platinum oxide
      were added and the mixture hydrogenated at 80 p.s.i. until hydrogen
      up-take was complete (about 2 hrs.) The catalyst was removed by filtration
      and the reaction mixture concentrated in vacuo to a yellow, viscous oil.
      This oil was dissolved in chloroform (80 ml.) and extracted with sodium
      hydroxide (4x with 200 ml. portions of 2N NaOH). The organic layer was
      dried over sodium sulfate, filtered, and evaporated to dryness to give 27
      g (ca. 0.1 mole, 100%) of product, a light yellow oil. This material was
      used directly in the next step of the reaction. An analytical sample of
      the picrate was prepared for reference. Crude
      4-[2-(2-methoxynicotinamido)ethyl]  (270 mg., 1 mole) in ethanol was
      treated with an excess of ethanol picric acid solution. A yellow solid
      immediately precipitated. This solid was recrystallized twice from
      methanol to give the analytical sample,
      4-[2-(2-methoxynicotinamido)ethyl]piperidine picrate, m.p.
      204.degree.-206.degree..
PAR  Anal. Calc. for C.sub.20 H.sub.24 O.sub.9 N.sub.6 : C, 48.78; H, 4.91; N,
      17.07%. Found: C, 48.44; H, 5.15; N, 17.13%.
PAR  In similar fashion, the 3-(2-ethoxy)pyridyl and the 2-(4-chloro)pyridyl
      analogs of the title compound may be prepared.
PAC  EXAMPLE 3
PAC  1-Benzyl-4-[2-(2-Methoxynicotinamido)-ethyl]Pyridinium Bromide
PAR  This Example and the following illustrate activation by N-alkylation and
      the subsequent selective reduction to the desired piperidine compound.
PAR  A 250 ml. round bottom flask was charged with
      4-[2-(2-methoxynicotinamido)-ethyl]pyridine obtained from Example 1 (2.57
      g., 0.01 mole), acetonitrile (50 ml.) and benzyl bromide (1.71 g., 0.01
      mole). The flask was equipped with a reflux condenser and the clear
      solution was refluxed for 2 hours. At this point, the reaction mixture was
      cooled and diethylether was added until the solution began to turn cloudy.
      A crystalline solid began to precipitate slowly. After standing overnight
      the product was removed by filtration to afford 3.64 g. (0.0085 mole, 85%)
      of product, a hard white crystalline solid, m.p. 125.degree.-128.degree..
      Recrystallization from isopropanol/diethylether (1:1) gave the analytical
      sample, m.p. 126.degree.-128.degree..
PAR  Anal. Calc. for C.sub.21 H.sub.22 O.sub.2 N.sub.3 Br.H.sub.2 O: C, 56.50%;
      H, 5.42; N, 9.12%. Found: C, 56.34%; H, 5.43; N, 9.41%.
PAR  In similar fashion, the 3-(2-ethoxy)pyridyl and the 2-(4-chloro)pyridyl
      analogs of the title compound may be prepared.
PAC  EXAMPLE 4
PAC  4-[2-(2-Methoxynicotinamido)-ethyl]Piperidine
PAR  This Example illustrates the reduction of the activated compound obtained
      in Example 3.
PAR  A 250 ml. round-bottom flask was charged with
      1-benzyl-4-[2-(2-methoxynicotinamido)-ethyl]pyridinium bromide obtained
      from Example 3 (4.46 g., 0.01 mole) and 150 ml. of anhydrous methanol. The
      reaction mixture was cooled to 0.degree.-5.degree.C. and sodium
      borohydride (1.5 g., 0.04 mole) was added in portions over a 10 minute
      period. The reaction mixture was stirred at room temperature for an
      additional 30 minutes at which point it was concentrated to dryness in
      vacuo. The resulting viscous yellow oil was partitioned between
      diethylether/water, the layers were separated and the aqueous layer was
      extracted with an additional 100 ml. ether. The combined organic layers
      were dried over sodium sulfate, filtered and concentrated in vacuo to give
      ca. 3.55 g. (0.01 mole, ca. 100%) of crude product, a light yellow oil.
      The above crude product was hydrogenated directly at this point. Said
      crude product (ca. 3.55 g. 0.01 moles) was dissolved in 80 ml. of absolute
      methanol. To this solution was added 250 mg. of 10% Pd/C catalyst and one
      equivalent of aqueous HCl (10 ml. of a 1.00N solution). The reaction
      mixture was hydrogenated under 300 p.s.i. hydrogen at 50.degree. for 6
      hours in a high pressure hydrogenation apparatus. After removal from the
      hydrogenator the reaction mixture was filtered and the catalyst washed
      with methanol (100 ml.). Concentration of the clear filtrate afforded a
      yellow oil. This oil was suspended in diethylether (500 ml.) and washed
      with dilute sodium hydroxide (100 ml. of 1N NaOH) and finally water. The
      organic layer was dried over sodium sulfate, filtered, and concentrated in
      vacuo to give ca. 2.0 g. (0.0076 mole 76%) of product, a light yellow oil.
      An analytical sample of the picrate of
      4-[2-(2-methoxynicotinamido)-ethyl]piperidine was prepared for reference
      purpose. Crude free base (270 mg., 1 mole) in methanol was treated with an
      excess of ethanolic picric acid solution. A yellow solid immediately
      precipitated. This solid was recrystallized twice from methanol to give
      the analytical sample, m.p. 204.degree.-206.degree..
PAR  Anal. Calc. for C.sub.20 H.sub.24 O.sub.9 N.sub.6 : C, 48.78; H, 4.91; N,
      17.08%. Found: C, 48.44; H, 5.15; N, 17.13%.
PAR  In similar fashion, the 3-(2-ethoxy)pyridyl and the 2-(4-chloro)pyridyl
      analogs of the title compound may be prepared.
PAC  EXAMPLE 5
PAC  4-[2-(2-Methoxynicotinamido)-ethyl]-1-Piperidine Sulfonamide
PAR  Crude 4-[2-methoxynicotinamido)-ethyl]piperidine as obtained from either
      Example 2 or 4 26.5 g., 0.1 mole) was dissolved in pyridine (40 ml.),
      sulfamide (9.6 g., 0.1 mole) added, and the mixture refluxed for 1 hour.
      The yellow solution was poured into ice water and the white solid which
      precipitated was removed by filtration to give 24.0 g. (0.07 mole, 70%) of
      product, m.p. 179.degree.-181.degree.. Recrystallization from methanol
      afforded the analytical sample, m.p. 180.degree.-182.degree..
PAR  In similar fashion, the 3-(2-ethoxy)pyridyl and the 2-(4-chloro)pyridyl
      analogs of the title compound may be prepared.
PAC  EXAMPLE 6
PAC  1-(Bicyclo[2.2.1]-hept-5-en-2-yl-endomethyl)-3-{4-[2-(2-methoxynicotinamido
     )-ethyl]-piperidinosulfonyl}-urea-Sodium Salt.
PAL  Preparation a
PAR  to each of two 12 l. round-bottomed flasks under nitrogen was charged 1232
      g. (10.0 moles) of bicyclo[2.2.1]hept-5-en-2-ylmethylamine which was
      available from Aldrich as a mixture of exo and endo isomers. After cooling
      to 10.degree.C., triethylamine (1214 g., 12 moles) was added to each
      flask. A mild exotherm occurred during which the reaction mixture
      temperature rose to 35.degree.C. Then, ethanol (5 l.) was added followed
      by diphenylcarbamoyl chloride (2317 g., 10.0 moles). Again the temperature
      rose to 35.degree.C. The thick yellow suspension was stirred at room
      temperature for half an hour and at reflux for 19 hours.
PAR  The resultant solutions were then combined and distilled in vacuo until 4.3
      l. had been collected. The crystalline slurry was then cooled and
      filtered. After the solids had been slurried in water (11 l.) and
      filtered, they were dissolved in boiling isopropanol (8 l.), filtered and
      allowed to crystallize to yield
      N-(N',N'-diphenylcarbamoyl)-bicyclo[2.2.1]hept-5-en-2-yl-endomethylamine
      m.p. 127.degree.-128.degree. (2432 g., 45% yield).
PAL  Preparation b
PAR  4-[2-(2-methoxynicotinamido)-ethyl]-1-piperidine sulfonamide (210.0 g.,
      0.613 moles) and the product of Preparation A (200.0 g., 0.629 moles) were
      added to dimethylformamide (1.480 l.) in a 50 l. round-bottomed flask
      under nitrogen sodium hydride (26.7 g.) which is available from Ventron as
      a 56.6% by weight solution in mineral oil was added and the reaction
      mixture heated on a steam bath at 70.degree.C. for 1 hour. The reaction
      mixture was cooled and poured into ether (3 l.). The ether was washed
      twice with water (2 l. each) and the water backwashed with ether (1 l.).
      The aqueous layer was separated and acidified with 200 ml. of 6N HCl and
      then extracted three times with ethyl acetate (1 l. each). The extracts
      were dried with magnesium sulfate, treated with charcoal and stripped in
      vacuo to yield an oil. The oil was dissolved in 500 ml. of hot
      acetonitrile filtered and diluted with ether (11.5 l.). The cloudy
      solution yielded 100 g. of impure product. The mother liquors were
      concentrated to an oil and along with the impure product dissolved in a
      minimal amount of benzene-ethylacetate-acetic acid (67:33:1) and the
      solution put on a 3 kg. silica gel column (48 .times. 4 inches Q). Using
      the same solvent as the eluent and taking 1 liter cuts, the pure product
      was found in cuts 8 through 15. These fractions were combined, stripped to
      an oil (33 g.), dissolved in hot acetonitrile and crystallized by the
      addition of four parts ether. The product (33 g.) was separated by
      filtration and found to be substantially pure by thin layer
      chromatography.
PAL  Preparation c
PAR  a 2 liter round-bottomed flask was charged with the product of Preparation
      B (120 g., 0.244 moles) and absolute methanol (700 ml.). The solution was
      cooled to -20.degree.C. and sodium methoxide (13.20 g., 0.244 moles) was
      added in three separate portions over a 10 minute period. The reaction
      mixture was stirred for 20  minutes while allowing the temperature to rise
      to + 5.degree.C. The resulting solution was filtered and treated with
      ether (8 l.). After a 1.5 hour granulation period, additional ether (1 l.)
      was added. The solution was filtered to obtain a solid residue (120 g. wet
      weight) m.p. 207.degree.-209.degree.C. This material was dissolved in 700
      ml. of refluxing methanol and concentrated to 500 ml. After treatment with
      charcoal, the solution was diluted with ether (2 l.) and allowed to
      crystallize. Additional ether (1 l.) was added after granulation was
      complete. The product was filtered and washed with ether (1 l.) to give
      the title compound as white needle crystals. m.p.
      210.degree.-212.degree.C. (111.0 g., 89% yield).
PAR  In similar fashion, one may also prepare the analogous compounds wherein R
      and R' are
TBL  R                    R'                                                   

     ______________________________________                                    

     3-(2-ethoxy)pyridyl                                                       

                  bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl                     

     2-(4-chloro)pyridyl                                                       

                  bicyclo[2.2.1]hept-5-en-2-yl-endo-methyl                     

     3-(2-methoxy)pyridyl                                                      

                  bicyclo[2.2.2]hept-2-yl-endo-methyl                          

     3-(2-ethoxy)pyridyl                                                       

                  bicyclo[2.2.2]hept-2-yl-endo-methyl                          

     2-(4-chloro)pyridyl                                                       

                  bicyclo[2.2.2]hept-2-yl-endo-methyl                          

     3-(2-methoxy)pyridyl                                                      

                  7-oxabicyclo[2.2.1]hept-2-yl-methyl                          

     3-(2-ethoxy)pyridyl                                                       

                  7-oxabicyclo[2.2.1]hept-2-yl-methyl                          

     2-(4-chloro)pyridyl                                                       

                  7-oxabicyclo[2.2.1]hept-2-yl-methyl                          

     ______________________________________                                    

PAR  The cycloalkyl and 1-adamantyl derivatives of interest may also be prepared
      by omitting Preparation A and employing an appropriate cycloalkyl
      isocyanate or 1-adamantyl isocyanate in Preparation B instead of the
      diphenylcarbamoyl chloride derivative.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing a 4-(2-pyridylamidoethyl)piperidine of the
      structure
      ##EQU5##
      wherein R is selected from the group consisting of 3-(2-methoxy) pyridyl,
      3-(2-ethoxy)pyridyl and 2-(4-chloro)pyridyl comprising contacting the
      corresponding 4-(2-pyridylamidoethyl)pyridine in reaction-inert solvent
      with hydrogen at about 25 to 75 psig. and about 15.degree. to 40.degree.C.
      in the presence of noble metal catalyst and a substantially equimolar
      portion of acid until reaction is substantially complete.
NUM  2.
PAR  2. The process of claim 1 wherein R is 3-(2-methoxy) pyridyl.
NUM  3.
PAR  3. The process of claim 1 wherein said acid is hydrochloric acid.
NUM  4.
PAR  4. The process of claim 1 wherein said acid is sulfuric acid.
NUM  5.
PAR  5. The process of claim 1 wherein said solvent is lower alkanol.
NUM  6.
PAR  6. The process of claim 5 wherein said solvent is methanol.
NUM  7.
PAR  7. The process of claim 1 wherein said catalyst is platinum oxide.
NUM  8.
PAR  8. A process for preparing a 4-(2-pyridylamidoethyl)piperidine of the
      structure
      ##EQU6##
      wherein R is selected from the group consisting of 3-(2-methoxy) pyridyl,
      3-(2-ethoxy)pyridyl and 2-(4-chloro)pyridyl comprising contacting the
      corresponding 4-(2-pyridylamidoethyl)pyridine with a substantially
      equimolar portion of an agent chosen from the group consisting of benzyl
      bromide, benzyl iodide, the .alpha.-bromo- and .alpha.-iodoxylyenes, the
      .alpha.-bromo- and .alpha.-iodomethylnaphthalenes and the mono- and
      disubstituted derivaties thereof wherein said substituents are chosen from
      the group consisting of lower alkyl, lower alkoxy, phenyl and phenoxy, in
      reaction-inert solvent at reflux temperature until reaction to form the
      corresponding N-substituted-4-(2-pyridylamidoethyl)pyridinium salt is
      substantially complete;
PA1  contacting said salt with metal hydride selected from the group consisting
      of sodium borohydride, lithium aluminum hydride and sodium
      bis-(2-methoxyethoxy)aluminum hydride in reaction-inert solvent until
      reaction to form the corresponding
      N-substituted-4-(2-pyridylamidoethyl)-1,2,5,6-tetrahydropyridine is
      substantially complete;
PA1  and contacting said tetrahydropyridine with hydrogen at up to about 400
      psig. from about 40.degree. to 75.degree.C. in reaction-inert solvent in
      the presence of moble metal catalyst and an approximately equimolar
      portion of acid until reaction to form the corresponding
      4-(2-pyridylamidoethyl)piperidine is substantially complete.
NUM  9.
PAR  9. The process of claim 8 wherein said agent is benzyl bromide.
NUM  10.
PAR  10. The process of claim 9 wherein said agent is dissolved in acetonitrile.
NUM  11.
PAR  11. The process of claim 8 wherein said metal hydride is sodium
      borohydride.
NUM  12.
PAR  12. The process of claim 8 wherein said catalyst is palladium.
NUM  13.
PAR  13. The process of claim 8 wherein contact with said metal hydride and
      hydrogen is effected in methanol.
NUM  14.
PAR  14. The process of claim 11 wherein R is 3-(2-methoxy) pyridyl.
PATN
WKU  039338312
SRC  5
APN  4134400
APT  1
ART  121
APD  19731107
TTL  Perfluorinated tertiary amines
ISD  19760120
NCL  2
ECL  1
EXP  Todd; G. Thomas
INVT
NAM  De Pasquale; Ralph J.
CTY  Gainesville
STA  FL
INVT
NAM  Baucom; Keith B.
CTY  Gainesville
STA  FL
ASSG
NAM  PCR, Inc.
CTY  Gainesville
STA  FL
COD  02
CLAS
OCL  26029351
XCL  252 637
EDF  2
ICL  C07D21100
FSC  260
FSS  293.51;293.72
UREF
PNO  2490098
ISD  19491200
NAM  Simons
OCL  260293
OREF
PAL  Mazalov et al., Zh. Obshch. Khim., 35(3), 485-489, (1965), C.A.63:2628b.
PAL  Sokolov et al., Zh. Obshch. Khim., 36(9), 1613-1618, (1966), C.A.66:54884x.
PAL  Plashkin et al., Zh. Obshch. Khim., 36(9), 1708-1709, (1966),
      C.A.66:55354m.
PAL  Ryabinin et al., Zh. Obshch. Khim., 37(6), 1229-1232, (1967),
      C.A.68:29493c.
PAL  Banks et al., J. Chem. Soc., C 1968(21), 2608-2612, C.A.70:3780k.
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  Thermally and oxidatively stable perfluorinated tertiary amines of the
      formula:
      ##EQU1##
      ARE DISCLOSED, AS WELL AS THE PROCESS FOR MAKING THESE AND OTHER
      COMPOUNDS. The carbonyl group of imides or amides is reduced with SF.sub.4
      using HF as the reaction solvent at a reaction temperature of
      25.degree.-300.degree.C. Cyclic imides can be used as starting compounds,
      and tertiary amines containing unsaturated moieties can be produced.
PAL  The perfluorinated tertiary amines have various uses in view of their high
      degree of thermal and oxidative stability, including uses as hydraulic
      fluids or transformer dielectric fluids.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The prior art has prepared perfluorinated tertiary amines by electrolysis
      (note, e.g. U.S. Pat. No. 2,616,927). Only saturated perfluorinated
      tertiary amines can be prepared by such electrolytic route. Furthermore,
      the saturated perfluorinated tertiary amines prepared by the electrolytic
      method contain isomers, as during electrolysis normal chains partially
      isomerize to branched chains. Thus, it is difficult to obtain pure
      components using the electrolytic method without also utilizing tedious
      purification processes.
PAR  U.S. Pat. No. 2,859,245 discloses the preparation of organic fluorine
      compounds by reacting certain organic compounds, including carboxylic acid
      amides, with SF.sub.4, preferably with the use of hydrogen fluoride as
      catalyst. Example 18 involves the reduction of N,N-dimethylbenzamide to
      .alpha.-.alpha.-difluorobenzyldimethylamine in low yield. In J. Am. Chem.
      Sec., 82 543-551, 548 (1960), the patentee and others state that the
      reaction could not be reproduced consistently, with the suggestion that
      the reaction of an amide with SF.sub.4 to cleave the carbonyl-nitrogen
      bond is catalyzed by trace amounts of HF. The prior art has prepared
      perfluorinated tertiary amines using other processes, with, e.g.
      (R.sub.f).sub.2 NF used as an intermediate. Note, e.g. Banks et al., J. C.
      S. Perkin I, 1098 (1972). These routes do not appear to be feasible for
      commercial production, due to low yields and broad distributions of
      products obtained.
PAR  Other papers of interest as background to the present invention are J. Am.
      Chem. Soc., 87, 4338 (1965); J. Am. Chem. Soc., 80, 3604 (1958); J. Am.
      Chem. Soc., 84, 2105 (1962); and J. Chem. Sec. (C), 2920 (1971).
PAC  SUMMARY OF THE INVENTION
PAR  A process for producing perfluorinated tertiary amines is disclosed,
      wherein the carbonyl group or groups of an imide or amide is reduced with
      SF.sub.4 at a reaction temperature of 25.degree.-300.degree.C using HF as
      the reaction solvent. Certain perfluorinated tertiary amines produced by
      the process of this invention are novel, and these amines are of the
      formula
      ##EQU2##
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention is directed to a process for preparing perfluorinated
      tertiary amines, and to certain novel perfluorinated tertiary amines.
PAR  The process involves reducing a carbonyl group of an N-substituted imide or
      an N,N-disubstituted amide with SF.sub.4 using HF as the reaction solvent,
      at a reaction temperature of 25.degree. to 300.degree.C. The reaction
      proceeds rapidly and essentially complete conversion is achieved within a
      relatively short period of time at relatively low reaction temperatures.
      Preferably the process reduces an imide, most preferably a cyclic imide,
      as the process does not seem to work quite as well with non-cyclic imides.
PAR  The imides and amides which are to be reduced have the structural formula:
EQU  A.sub.n .sbsb.2N(R.sup.6.sub.f).sub.3.sub.-n.sbsb.2
PAL  wherein n.sub.2 is 1 or 2, R.sup.6.sub.f is R.sup.1.sub.f
      ##EQU3##
      wherein R.sup.1.sub.f is a. R.sup.5.sub.f, wherein R.sup.5.sub.f is
PA2  I. a perfluorinated radical of 1-12 carbon atoms selected from the group
      consisting of alkyl, alkaryl, aralkyl and aryl or
PA2  Ii. a perfluorinated cycloalkyl radical of 4-12 carbon atoms
PA1  b. or R.sup.9.sub.f, wherein R.sup.9.sub.f is an alkylene oxide radical of
      the formula:
EQU  --R.sup.3.sub.f O].sub.n R.sup.4.sub.f
PAL  wherein
PA1  R.sup.3.sub.f is a perfluorinated alkylene radical of 1-3 carbon atoms and
      R.sup.4.sub.f is a perfluorinated alkyl radical of 1-12 carbon atoms,
      wherein the total number of carbon atoms in all of the R.sup.3.sub.f
      groups and the R.sup.4.sub.f group is 2-150,
PAL  and each A is independently R.sup.6.sub.f, provided, however, that if each
      A is R.sup.6.sub.f, at least one but not three of the R.sup.6.sub.f groups
      is
      ##EQU4##
      or both A's, taken together with the nitrogen atom, are a. a cyclic
      perfluorinated ring of 2-20 carbon atoms, provided, however, that
      R.sup.6.sub.f is then
      ##EQU5##
      b. a cyclic perfluorinated ring of 4-20 carbon atoms wherein at least one
      .alpha.-carbon atom, relative to the nitrogen atom, carries an oxo
      substituent,
PA1  c. or an isocyanurate ring wherein each ring nitrogen atom carries a
      R.sup.1.sub.f substituent.
PAL  These imides and amides are readily reduced by at least a stoichiometric
      amount of sulfur tetrafluoride, and preferably about 10-20 moles of sulfur
      tetrafluoride per mole equivalent of carbonyl groups, although there is no
      real upper limit on the amount of sulfur tetrafluoride which can be used.
      The reaction is conducted in anhydrous HF as the reaction solvent. Enough
      HF must be used to dissolve the reactants, and substantial excesses of HF
      can be used if desired. Generally, however, there is no advantage to using
      more than about 90 weight percent, based on the weight of amide or imide
      compound, of HF in the reaction mixture, and normally the amount of HF
      will be from about 50 to 90 weight percent in the reaction mixture, based
      on the weight of amide or imide compound. It is, however, critical that
      the amount of hydrogen fluoride used is a solvent amount -- that is,
      enough to dissolve the reactants. For instance, if only catalytic amounts
      of HF are used, as contemplated by U.S. Pat. No. 2,859,245 discussed
      hereinabove, the reaction will proceed much slower with lower yields
      and/or conversions. Thus, the unexpectedly improved results obtained by
      the process of the present invention are directly related to using solvent
      amounts of hydrogen fluoride. The process reduces the carbonyl group of
      the imide or the amide, generally substantially without cleavage of the
      carbonyl carbon-nitrogen bond.
PAR  The reaction may be conducted at subatmospheric, atmospheric or
      superatmospheric pressures as desired. The reaction temperature will
      generally be within the range of about 0.degree. to 300.degree.C,
      preferably about 80.degree. to 150.degree.C. Normally the reaction is
      complete after 12 hours, but at low reaction temperatures it may be
      desirable to use greater reaction times to insure substantially complete
      conversion.
PAR  The perfluorinated tertiary amine products produced by the process of the
      present invention have the general formula:
      ##EQU6##
      wherein R.sub.f and R.sup.2.sub.f are independently a. perfluorinated
      radicals of 1-13 carbon atoms selected from the group consisting of alkyl
      and aralkyl,
PA1  b. perfluorinated cycloalkyl radicals of 4-12 carbon atoms,
PA1  c. alkylene oxide radicals of the formula
EQU  --R.sup.3.sub.f O].sub.n R.sup.4.sub.f
PA1  wherein R.sup.3.sub.f is a perfluorinated alkylene radical of 1-3 carbon
      atoms and R.sup.4.sub.f is a perfluorinated alkyl radical of 1-12 carbon
      atoms, wherein the total number of carbon atoms in all of the
      R.sup.3.sub.f groups and the R.sup.4.sub.f group is 2-150,
PA1  d. or together R.sub.f and R.sup.2.sub.f, with the nitrogen atom, are a
      cyclic perfluorinated ring of 2-20 carbon atoms or a perfluorinated
      hexahydro-s-triazine ring wherein each ring nitrogen atom carries a
      R.sup.5.sub.f or R.sup.9.sub.f  substituent and R.sup.8.sub.f is
PA1  a. R.sup.5.sub.f wherein R.sup.5.sub.f is a perfluorinated radical of 1-12
      carbon atoms selected from the group consisting of alkyl, alkaryl, aralkyl
      and aryl or a perfluorinated cycloalkyl radical of 4-12 carbon atoms,
PA1  b. a radical of the formula:
EQU  -- CF.sub.2 -- R.sup.5.sub.f,
PA1  c. or an alkylene oxide radical of the formula
EQU  --R.sup.3.sub.f O].sub.n R.sup.4.sub.f
PA1  wherein R.sup.3.sub.f is a perfluorinated alkylene radical of 1-3 carbon
      atoms and R.sup.4.sub.f is a perfluorinated alkyl radical of 1-12 carbon
      atoms, wherein the total number of carbon atoms in all of the
      R.sup.3.sub.f groups and the R.sup.4.sub.f group is 2-150.
PAR  Compounds of the formula
      ##EQU7##
      wherein R.sub.f.sup.7 is C.sub.n .sbsb.3F.sub.2n .sbsb.3 or, together with
      the nitrogen atom, forms a perfluorinated hexahydro-s-triazine ring
      wherein each ring nitrogen atom carries an R.sup.5.sub.f or R.sup.9.sub.f
      substituent, R.sup.8.sub.f is
PA1  a. R.sup.5.sub.f wherein R.sup.5.sub.f is a perfluorinated radical of 1-12
      carbon atoms selected from the group consisting of alkyl, alkaryl, aralkyl
      and aryl or a perfluorinated cycloalkyl radical of 4-12 carbon atoms,
PA1  b. a radical of the formula:
EQU  -- CF.sub.2 -- R.sup.5.sub.f,
PA1  c. or an alkylene oxide radical of the formula
EQU  --R.sup.3.sub.f O].sub.n R.sup.4.sub.f
PA1  wherein R.sup.3.sub.f is a perfluorinated alkylene radical of 1-3 carbon
      atoms and R.sup.4.sub.f is a perfluorinated alkyl radical of 1-12 carbon
      atoms, wherein the total number of carbon atoms in all of the
      R.sup.3.sub.f groups and the R.sup.4.sub.f group is 2-150 and n.sub.3 is 2
      to 20,
PAL  are believed to be particularly novel. These compounds are readily produced
      from the corresponding cyclic amides or imides.
PAR  Cyclic imides may be readily prepared by the condensation reaction of an
      isocyanate and an anhydride, according to the reaction equation:
      ##SPC1##
PAL  The reaction is conducted in an inert solvent such as DMF and proceeds
      readily at reaction temperatures of 0.degree. to 150.degree.C. For
      instance, perfluoro (N-phenylglutarimide) may be readily produced from
      perfluoroglutaric anhydride and pentafluorophenyl isocyanate in DMF at a
      temperature of 125.degree.C. It is also possible to prepare polyamines or
      imines by the condensation of diisocyanates and dianhydrides. The
      resulting polyamides or polyimides may be reduced with SF.sub.4, as
      described hereinabove, to produce perfluorinated tertiary polyamines.
PAR  The polyimides could, for instance, be prepared by the following reaction
      sequence:
      ##SPC2##
PAL  The reaction product of Step 1 above can then be subjected to the following
      step to reduce the carbonyl groups thereof, using SF.sub.4 and HF solvent,
      according to the process of the present invention:
      ##SPC3##
PAL  The product of Step 2 may be oxidized using ultraviolet irradiation,
      according to the following reaction sequence:
      ##SPC4##
PAL  The product of the Step 3 reaction can be cyclicized according to the
      following reaction sequence:
      ##SPC5##
PAL  The product of Step 4 can then be reacted with a diisocyanate, which can be
      the same or different from the first diisocyanate, according to the
      reaction sequence:
      ##SPC6##
PAL  The above polymer can be further fluorinated, using additional amounts of
      SF.sub.4 with HF solvent, according to the process of the present
      invention, to convert the imide linkages to tertiary amines according to
      the following sequence:
      ##SPC7##
PAL  The perfluorinated tertiary amines prepared by the process of the present
      invention may contain unsaturated moieties, such as perfluorinated phenyl
      substituents, which is a distinct advantage of the process of the present
      invention over the electrolytic processes. Furthermore, no isomerization
      reactions are encountered in the process of the present invention so that
      it is possible to obtain pure components without tedious purification
      procedures. Thus, the process of the present invention appears to have a
      much broader range of applicability than the electrolytic process.
PAR  The starting compounds containing groups of the formula
EQU  --R.sup.3.sub.f O].sub.n R.sup.4.sub.f
PAL  may be prepared by various conventional procedures. For instance,
      perfluorinated amides may be prepared from the corresponding
      perfluorinated acid chlorides or fluorides, by the following reaction:
      ##EQU8##
      X = F,Cl Y = F,CF.sub.3
PA1  z = cf.sub.3,c.sub.2 f.sub.5
PAL  the acid fluoride starting compounds may be prepared using the procedure
      described in E. P. Moore, A. S. Milian, and H. S. Eleuterio, U.S. Pat. No.
      3,250,808(1966), and J. L. Warnell, U.S. Pat. No. 3,125,599(1964), the
      disclosures of which are hereby incorporated by reference. The
      corresponding acid chloride compounds can be prepared by hydrolyzing the
      acid fluorides to the acid, and then converting the acid to the acid
      chloride using SOCl.sub.2.
PAR  Another class of compounds containing the perfluorinated ether groups could
      be prepared using the general procedure described in R. E. Banks, M. G.
      Barlow, R. N. Haszeldine, and M. K. McCreath, J. Chem. Soc. (C),
      1350(1966), according to the following reaction sequence:
      ##EQU9##
      The nitroso compound can be converted into the corresponding aza olefin by
      the procedure similar to that of A. P. Stefani, J. R. Lacher, and J. D.
      Park, J. Poly. Sci., 62, 211(1962) using the following reaction sequence:
      ##EQU10##
PAR  The aza olefin can be converted by reaction with mercuric fluoride
      according to the following reaction:
      ##EQU11##
      finally, reaction of the compound obtained above with a perfluorinated
      acid halide proceeds as follows:
      ##EQU12##
PAR  The products produced by the process of the present invention have various
      uses, due to their high degree of thermal and oxidative stability. The
      products are normally fluids at ambient conditions, and are useful as
      hydraulic fluids or dielectric fluids for transformers. Other uses for
      some of the products are disclosed in U.S. Pat. No. 2,616,927, the
      disclosure of which is hereby incorporated by reference.
PAR  It will be appreciated from the above description that the process of the
      present invention involves the reduction of 1 or 2 but not 3 imide or
      amide carbonyl groups attached to a nitrogen atom. More than 2 carbonyl
      groups in a given compound may be reduced, e.g. in the case of an
      isocyanurate compound, but in such instances the 3 or more carbonyl groups
      which are to be reduced are not attached to the same nitrogen atom.
PAR  A wide variety of imides or amides of the aforementioned formula
EQU  A.sub.n .sbsb.2N(R.sup.6.sub.f).sub.3.sub.-n.sbsb.2
PAL  may be reduced by the process of the present invention. Among suitable
      substituents on the nitrogen atom may be compounds wherein R.sup.5.sub.f
      is methyl, ethyl, propyl, butyl, octyl, dodecyl, benzyl, phenethyl,
      naphthyl, phenyl, tolyl, xylyl, methylbenzyl, cycloheptyl, cyclohexyl,
      cyclopentyl, methoxymethyl, and methoxybutyl. Such compounds include
      perfluoro(N-methyl-N-propyl octanamide), perfluoro (N-ethoxy
      methyl-N-methyl acrylamide) perfluoro (N-acetyl pyrrolidine), perfluoro
      (N-butyryl aziridine), perfluoro (N,N-dihexyl formamide), perfluoro
      (N-phenyl glutarimide), perfluoro (N-methyl glutarimide),
      perfluoro(N-octyl glutarimide), perfluoro (N-benzyl succinimide),
      perfluoro (N-pentyl succinimide), perfluoro (N-butyl adipimide) and
      perfluoro (N-tolyl adipimide).
PAC  EXAMPLES OF THE INVENTION
PAC  EXAMPLE 1
PAC  A. Preparation of Perfluoro(N-phenylglutarimide)
      ##EQU13##
PAR  Perfluoroglutaric anhydride (21.2 g, 0.0955 mole), pentafluorophenyl
      isocyanate (20.0 g, 0.0955 mole) and DMF (0.2 ml) were stirred together at
      25.degree.. No gas was evolved. The mixture was heated to reflux and
      stirred for 15 minutes; still no gas was evolved. Then 5 ml of DMF was
      added, whereupon gas evolved at a slow but steady rate. The reaction was
      heated (bath temp. 125.degree.) with stirring overnight. In the morning,
      gas was no longer evolving. The reaction mixture was dark in color and on
      cooling solidified. The contents were sublimed at 0.1 mm (50.degree. bath
      temperature) affording the corresponding imide (30.0 g, theory 37.0 g, 81%
      yield). This material had a m.p. 70.degree.-72.degree.C. Recrystallization
      from hexane (25 g imide/100 g hexane) afforded an analytical sample, mp
      73.degree.C.
PAR  Anal. Calcd. C.sub.11 F.sub.11 NO.sub.2 : C, 34.1; N, 3.62. Found: C,
      34.25; N, 3.81.
PAR  The .sup.19 F-NMR spectrum showed absorptions (relative to CF.sub.3
      CO.sub.2 H) at 42.8 (CF.sub.2 CO), 58.6 (CF.sub.2), 64.9 (aromatic
      o-fluorine), 68.8 (aromatic p-fluorine), and 80.9 (aromatic m-fluorine)
      PPM.
PAC  B. Preparation of Perfluoro(N-phenylpiperidine)
      ##EQU14##
PAR  Perfluoro (N-phenylglutarimide) (10.0 g, 0.0266 mole), HF (25 ml), and
      SF.sub.4 (32.6 g, 0.302 mole) were charged in a 300 ml stainless steel
      autoclave and heated with rocking at 125.degree. for 24 hours. The
      contents of the autoclave were cooled and vented to remove the HF/SF.sub.4
      /SOF.sub.2 mixture, dissolved in 50 ml of Freon 113, and transferred to a
      flask containing NaF to remove residual HF. The solution was decanted and
      distilled, the fraction having B.P. 93.degree.-95.degree.C/40 mm was
      collected (9.5 g, 86% of theoretical yield) and identified as
      perfluoro(N-phenylpiperidine).
PAR  Anal. Calcd. for C.sub.11 F.sub.15 N: C, 30.6%; N, 3.24%. Found: C, 30.8%;
      N, 3.47%.
PAR  The mass spectrum showed M at 431 and M-19 at 412 while the .sup.19 F NMR
      spectrum (relative to CF.sub.3 CO.sub.2 H) showed absorptions at 15.6
      (NCF.sub.2), 55.8 (NCF.sub.2 CF.sub.2), 56.3 (NCF.sub.2 CF.sub.2
      CF.sub.2), 65.0 (0-aromatic), 73.0 (p-aromatic) and 85.7 (m-aromatic) PPM.
PAC  EXAMPLE 2
PAC  A. Preparation of Perfluoro(N,N-dimethyl octanamide)
      ##EQU15##
PAR  Bis (bis-trifluoromethylamino)mercury (which can be prepared by the method
      of Young et al., J. Am. Chem. Soc., 80, 3604(1958), the disclosure of
      which is hereby incorporated by reference)(8.7 g, 0.0172 mole) was frozen
      at -183.degree.C. Then perfluorooctanoyl chloride (14.9 g, 0.0344 mole)
      was added rapidly under nitrogen. The mixture was allowed to warm to
      25.degree. and maintained at that temperature for 18 hr. At that time the
      white precipitate that had formed was pressure filtered, washed with
      Freon-113 (3 .times. 5 ml), and the resulting solution was distilled.
      Material of BP 52.degree.-55.degree./12 mm was collected and identified as
      perfluoro(N,N-dimethyloctanamide) (11.4 g, 61% yield).
PAR  Anal. Calcd. for C.sub.10 F.sub.21 NO: C, 21.8; N, 2.6. Found: C, 21.6; N,
      2.8.
PAR  The infrared spectrum showed a carbonyl group at 5.55.mu. while the .sup.19
      F-NMR spectrum (relative to CF.sub.2 CO.sub.2 H) showed absorptions at
      -22.1 (NCF.sub.3), 4.1 (CF.sub.3), 38.3 (CF.sub.2 CO), 43.1 (CF.sub.2),
      44.7 (CF.sub.2) and 48.9 (CF.sub.2) PPM.
PAC  B. Preparation of Perfluoro(octyl dimethylamine)
      ##EQU16##
PAR  Perfluoro(N,N-dimethyl octanamide) (8.7 g, 0.016 mole) HF (40 ml), and
      SF.sub.4 (23.8 g, 0.220 mole) were charged to a 300 ml stainless steel
      autoclave and heated with rocking at 150.degree.C for 18 hours. The vessel
      was allowed to cool and vented at 25.degree.C. The contents of the
      autoclave were dissolved in Freon 113 (50 ml) and then stored over NaF.
      Decantation followed by distillation afforded perfluoro(octyl
      dimethylamine), BP 64.degree.-65.degree.C/22 mm (7.1 g, 78% yield).
PAR  Anal. Calcd. for C.sub.10 F.sub.23 N: C, 21.0; N, 2.5. Found: C, 20.7; N,
      2.6.
PAR  The .sup.19 F-NMR spectrum displayed resonances at -24 (NCF.sub.3), 5.0
      (CF.sub.3), 13.5 (NCF.sub.2), 44.9 (CF.sub.2) and 49.5 (CF.sub.3 CF.sub.2)
      PPM relative to CF.sub.3 CO.sub.2 H.
PAC  EXAMPLE 3
PAC  A. Preparation of Tris-Pentafluorophenyl Isocyanurate
      ##SPC8##
PAR  Pentafluorophenyl isocyanate (5.0 g, 0.024 mole) and pyridine (1 ml) were
      heated at 110.degree.C for 1 hour. The volatiles were removed from the
      dark resulting mixture in vacuo; the residue was sublimed at 120.degree./&lt;
      1 mm affording a white solid of mp 169.degree.-170.degree.C.
PAR  Anal. Calcd for C.sub.21 F.sub.15 N.sub.3 O.sub.3 : C, 40.0; N, 6.7. Found:
      C, 40.0; N, 6.96.
PAR  The infrared spectrum (nujol mull) showed a carbonyl band at 5.72.mu. and
      C=C aromatic band at 6.6.mu..
PAC  B. Preparation of Perfluoro (N,N,N-triphenylhexahydro-s-triazine)
      ##SPC9##
PAR  Tris-pentafluorophenyl isocyanaurate (1.0 g, 1.6 mmoles), HF (10 ml), and
      SF.sub.4 (20.2 g, 0.188 mole) were charged in a 100-ml stainless steel
      autoclave and heated with rocking for 48 hours at 250.degree.C. The
      autoclave was allowed to cool, then vented at atomspheric pressure. There
      was obtained a solid material (1.0 g, mp 108.degree.-140.degree.C) which
      on analysis by GLC revealed its composition as starting material (90%) and
      another product with slightly less retention time (10%). The latter
      product was identified as perfluoro(N,N,N-triphenylhexahydro-s-triazine)
      by NMR, mass spectral, and infrared analysis.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Perfluorinated tertiary amine of the formula
      ##EQU17##
      wherein R.sup.7.sub.f a. is -- C.sub.n .sbsb.3F.sub.2n .sbsb.3, wherein
      n.sub.3 is 2-20, and R.sup.8.sub.f is a perfluorinated aryl group, wherein
      any substituents on the aryl ring are perfluorinated alkyl substituents,
      wherein R.sup.8.sub.f contains about 6-12 carbon atoms.
NUM  2.
PAR  2. Perfluoro(N-phenylpiperidine).
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ABST
PAL  Compounds of the formula
      ##SPC1##
PAL  Wherein
PA1  R is straight or branched alkyl of 1 to 3 carbon atoms, alkoxy of 1 to 2
      carbon atoms or phenyl, and
PA1  n is an integer from 2 to 4, inclusive,
PAL  And non-toxic, pharmacologically acceptable acid addition salts thereof;
      the compounds as well as the salts are useful as non-narcotic analgesics.
BSUM
PAR  This invention relates to novel
      N-[1-1.omega.-phenylalkyl)-piperidyl-4]-N-(.alpha.-pyridyl)-carboxylic
      acid amides and non-toxic acid addition salts thereof, as well as to
      methods of preparing these compounds.
PAC  BACKGROUND OF THE INVENTION
PAR  A class of 4-phenylamino-piperidines with strong analgesic activity is
      disclosed in French Pat. No. M 2430 (C.A. 62, 14634), and U.S. Pat. No.
      3,141,823 discloses an analgesic and tranquilizing composition containing
      one particular compound of that class, namely
      N-(1-phenethyl-4-piperidyl)-propionanilide (generic name: Fentanyl), in
      combination with droperidol. However, fentanyl, being a very strong
      morphine-like analgesic, has a very substantial addiction potential.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a new class of
      N-piperidyl-N-pyridyl-carboxamides.
PAR  It is another object of the present invention to provide a novel class of
      compounds having strong analgesic properties, but no addiction potential.
PAR  Other objects and advantages of the invention will become apparent as the
      description thereof proceeds.
PAC  THE INVENTION
PAR  The above objects are achieved by providing a novel class of
      N-piperidyl-N-pyridyl-carboxamides represented by the formula
      ##SPC2##
PAL  Wherein
PA1  R is straight or branched alkyl of 1 to 3 carbon atoms, alkoxy of 1 to 2
      carbon atoms or phenyl, and
PA1  n is an integer from 2 to 4, inclusive,
PAL  And non-toxic, pharmacologically acceptable acid addition salts thereof.
PAR  The compounds embraced by formula I above may be prepared by the following
      methods:
PAC  Method A
PAR  Acylation of a 1-phenylalkyl-4-[N-(.alpha.-pyridyl)-amino]-piperidine of
      the formula
      ##SPC3##
PAL  Wherein
PA1  n has the meanings defined above, with an acylacting agent of the formula
      ##EQU1##
      wherein R has the same meanings as in formula I, and X is halogen or
      R--COO--, where R has the meanings previously defined.
PAL  The reaction is advantageously performed in a non-hydrolizing, organic
      solvent, and preferably in the presence of an acidbinding agent. The
      reaction temperature is variable within wide limits, namely between room
      temperature and the boiling point of the reaction mixture.
PAC  Method B
PAR  Reaction of a piperidyl-(4)-N-(.alpha.-pyridyl)-carboxylic acid amide of
      the formula
      ##SPC4##
PAL  Wherein R has the same meanings as in formula I, with an alkylating agent
      of the formula
      ##SPC5##
PAL  Wherein
PA1  n has the meanings previously defined, and
PA1  Y is halogen, arylsulfonyloxy or alkylsulfonyloxy.
PAR  The alkylation is effected with the calculated quantity or a slight excess
      of the alkylating agent. It is advantageous to alkylate in the presence of
      an acid-binding agent and an inert solvent or mixture of solvents. The
      reaction temperature is variable within wide limits; temperatures between
      0.degree.C and the boiling point of the solvent or mixture of solvents are
      preferred.
PAR  The starting compounds of the formula II are prepared by reacting
      .alpha.-chloro-pyridine with 4-amino-1-benzylpiperidine in the presence of
      copper powder to form 4-[N-(.alpha.pyridyl)-amino]-1-benzyl-piperidine of
      the formula
      ##SPC6##
PAL  debenzylating the compound of the formula VI, and subsequently alkylating
      the debenzylation product.
PAR  Compounds of the formula IV are obtained, starting from a compound of the
      formula VI, by acylation and subsequent debenzylation.
PAR  The compounds embraced by formula I are organic bases and therefore form
      acid addition salts with inorganic or organic acids. Examples of
      non-toxic, pharmacologically acceptable acid addition salts are those
      formed with hydrochloric acid, hydrobromic acid, hydroiodic acid,
      hydrofluoric acid, sulfuric acid, phosphoric acid, nitric acid, acetic
      acid, propionic acid, butyric acid, valeric acid, pivalic acid, caproic
      acid, capric acid, oxalic acid, malonic acid, succinic acid, maleic acid,
      fumaric acid, lactic acid, citric acid, malic acid, benzoic acid, phthalic
      acid, cinnamic acid, salicylic acid, p-hydroxybenzoic acid, ascorbic acid,
      8-chlorotheophilline, methanesulfonic acid, ethanephosphonic acid or the
      like.
DETD
PAR  The following examples illustrate the present invention and will enable
      others skilled in the art to understand it more completely. It should be
      understood, however, that the invention is not limited solely to the
      particular examples given below.
PAR  Preparation of starting compounds:
PAC  EXAMPLE A
PAC  4-[N-(.alpha.-Pyridyl)-amino]-1-phenethyl-piperidine
PAL  a. 4-[N-(.alpha.-pyridyl-amino]-1-benzyl-piperidine
PAR  A mixture consisting of 79.2 gm (0.7 mol) of 2-chloro-pyridine, 380.4 gm (2
      mols) of 4-amino-1-benzyl-piperidine and 45.9 gm (0.75 gm-atom) of copper
      powder was stirred for 20 hours at an internal temperature of
      180.degree.C. Thereafter, the reaction mixture was allowed to cool, the
      dark oil was dissolved in 750 ml of 6 N hydrochloric acid, the resulting
      solution was admixed with 50 gm of activated charcoal, and the mixtrue was
      briefly heated and then vacuum-filtered through 20 gm of diatomaceous
      earth while hot. The filtrate was cooled and then adjusted to pH 4.5-5.0
      with aqueous 30% sodium hydroxide, and this solution (phase 1) was
      extracted three times with 100 ml of methylene chloride each (phase 2).
      The aqueous phase 1 was now adjusted to pH 8 with aqueous 30% sodium
      hydroxide and then extracted four times with 150 ml of ether each (phase
      3). The ethereal phase 3 was extracted twice with water, dried and
      evaporated; the two aqueous extracts were combined (phase 4) and set aside
      for recovery of the 4-amino-1-benzyl-piperidine starting compound. The
      evaporation of the ethereal phase 3  left as a residue 127 gm of raw
      reaction product having a melting point of 90.degree.-100.degree.C, which
      was recrystallized once from petroleum ether (b.p.
      80.degree.-110.degree.C), yielding 78.3 gm (55.7% of theory) of
      4-[N-(.alpha.-pyridyl)-amino]-1-benzyl-pyridine, m.p.
      106.degree.-107.degree.C.
PAL  recovery of starting compounds
PAR  The methylene chloride extracts (phase 2) were washed with water, dried and
      evaporated, leaving 20 gm of 2-chloro-pyridine.
PAR  The combined aqueous extracts (phase 4) were saturated with caustic soda,
      whereupon most of the unreacted, oily 4-amino-1-benzyl-piperidine
      contained therein precipitated out and was separated. The aqueous mother
      liquor was once again extracted with methylene chloride, the organic
      extract was combined with the 4-amino-1-benzyl-piperidine already
      recovered, the methylene chloride was evaporated, and the residue was
      distilled in a high vacuum over solid potassium hydroxide. Thus a total of
      228 gm of 4-amino-1-benzylpiperidine, b.p. 96.degree.-100.degree.C at 0.2
      mm Hg, were recovered, which corresponded to about 60% of the amount
      originally used.
PAL  b. 4-[N-(.alpha.-pyridyl)-amino]-piperidine and its hydrochloride
PAR  A solution of 26.7 gm (0.1 mol) of
      4-[N-(.alpha.-pyridyl)-amino[-1-benzyl-piperidine in 500 ml of ethanol was
      admixed with 5 gm of palladized (10%) charcoal, and the mixture was
      hydrogenated at 60.degree.C and 5 atmospheres pressure until the
      calculated amount of hydrogen for debenzylation had been absorbed.
      Thereafter, the catalyst was vacuum-filtered off, the filtrate was
      evaporated, and the residue was recrystallized from ethyl acetate,
      yielding 19.5 gm (91% of theory) of
      4-[N-(.alpha.-pyridyl)-amino]-piperidine, m.p. 158.degree.-161.degree.C.
PAL  c. A mixture consisting of 1.77 gm (0.01 mol) of
      4-[N-(.alpha.-pyridyl)-amino]-piperidine, 2.04 gm (0.011 mol) of
      2-phenethyl bromide, 1.26 gm (0.015 mol) of sodium bicarbonate and 25 ml
      of a mixture of tetrahydrofuran and dimethylformamide (3:1) was refluxed
      for five hours. After cooling, the solvent mixture was evaporated, and the
      residue was extracted several times with chloroform. The combined
      chloroform extracts were extracted five times with water, dried and
      evaporated, the residual oil was dissolved in 20 ml of ethanol, the
      solution was acidified with 2 ml of 5 N ethanolic hydrochloric acid, and
      ether was added until crystallization commenced. 2.3 gm (72.3% of theory)
      of 4-[N-(.alpha.-pyridyl)-amino]-1-phenethyl-piperidine hydrochloride,
      m.p. 223.degree.-225.degree.C, crystallized out.
PAC  EXAMPLE B
PAC  4-[N-(.alpha.-pyridyl)-N-propionyl-amino]-piperidine hydrochloride
PAL  a. 4-[N-(.alpha.-pyridyl)-N-propionyl-amino]-1-benzylpiperidine
PAR  A mixture consisting of 2.67 gm (0.01 mol) of
      4-[N-(.alpha.-pyridyl)-amino]-1-benzyl-piperidine and 6 gm of propionic
      acid anhydride was refluxed for 90 minutes. Thereafter, the excess,
      unreacted anhydride was evaporated in vacuo, and the residue was poured
      into a mixture of 100 gm of ice and 20 ml of concentrated ammonia. The
      resulting aqueous suspension was extracted three times with 100 ml of
      methylene chloride each, the combined organic extracts were dried over
      sodium sulfate and then evaporated, and the residue was recrystallized
      from ethanol. 2.8 gm of
      4-[N-(.alpha.-pyridyl)-N-propionylamino]-1-benzyl-piperidine, m.p.
      90.degree.-93.degree.C, were obtained.
PAR  b. 3.23 gm (0.01 mol) of
      4-[N-(.alpha.-pyridyl)-N-propionylamino]-1-benzyl-piperidine were
      converted in conventional manner into the monohydrochloride, which was
      then dissolved in 50 ml of ethanol. After addition of 5 gm of palladized
      charcoal the mixture was hydrogenated at 20.degree.C and 5 atmospheres
      pressure until the calculated amount of hydrogen for debenzylation had
      been absorbed. Thereafter, the catalyst was removed by vacuum filtration,
      the filtrate was evaporated, and the residue was recrystallized from
      ethanol/ether. 2.56 gm (95 % of theory) of
      4-[N-(.alpha.-pyridyl)-N-propionyl-amino]-piperidine hydrochloride, m.p.
      221.degree.-222.degree.C, were obtained. Preparation of end products of
      the formula I:
PAC  EXAMPLE 1
PAC  4-[N-(.alpha.-Pyridyl)-N-(ethoxycarbonyl)-amino]-1-phenethylpiperidine and
      its hydrochloride by method A
PAR  A mixture consisting of 2.81 gm (0.01 mol) of
      4-[N-(.alpha.-pyridyl)-amino]-1-phenethyl-piperidine, 15 ml of chloroform,
      2 ml of pyridine and 5.36 gm (0.05 mol) of ethyl chloroformate was
      refluxed for 24 hours. Thereafter, the reaction solution was allowed to
      cool and was then poured over 500 gm of ice while adding 50 ml of
      concentrated ammonia thereto. The resulting aqueous mixture was then
      extracted five times with 50 ml of chloroform each, the combined organic
      extracts were washed with water, dried over sodium sulfate and
      vacuum-filtered, and the solvent was evaporated from the filtrate. The
      oily residue,
      4-[N-(.alpha.-pyridyl)-N-(ethoxycarbonyl)-amino]-1-phenethyl-piperidine,
      was dissolved in 20 ml of ethanol, the solution was made weakly acid with
      2 ml of 5 N ethanolic hydrochloric acid, then ether was carefully added
      until precipitation commenced, and the precipitate was collected. 2.5 gm
      (64.2% of theory) of the hydrochloride, m.p. 183.degree.-186.degree.C, of
      the formula
      ##SPC7##
PAL  were obtained.
PAC  EXAMPLE 2
PAC  4-[N-(.alpha.-Pyridyl)-N-propionyl-amino]-1-phenethyl-piperidine and its
      hydrochloride by method B
PAR  A mixture consisting of 2.69 (0.01 mol) of
      4-[N-(.alpha.-pyridyl)-N-propionyl-amino]-piperidine hydrochloride, 2.4 gm
      (0.011 mol) of 2-phenethyl bromide, 2.52 gm (0.03 mol) of sodium
      bicarbonate and 25 ml of a mixture of tetrahydrofuran and
      dimethylformamide (3:1) was refluxed for four hours. Thereafter, 100 ml of
      methylene chloride were added to the reaction mixture, and the resulting
      suspension was extracted five times with 100 ml of water each. The organic
      phase was dried over sodium sulfate, the solvent was evaporated, and the
      oily residue,
      4-[N-(.alpha.-pyridyl)-N-propionyl-amino]-1-phenethyl-piperidine, was
      dissolved in 20 ml of ethanol. The resulting solution was made weakly acid
      with 2 ml of 5 N ethanolic hydrochloric acid, and then ether was added
      until crystallization commenced. The crystalline product was collected,
      yielding 1.95 gm (52% of theory) of the hydrochloride, m.p.
      217.degree.-221.degree.C, of the formula
      ##SPC8##
PAC  EXAMPLE 3
PAR  Using a procedure analogous to that described in Example 2, 57% of theory
      of 4-[N-(.alpha.-pyridyl)-N-acetyl-amino]-1-phenethyl-piperidine, m.p.
      83.degree.-84.degree.C, of the formula
      ##SPC9##
PAL  was obtained from 4-[N-(.alpha.-pyridyl)-N-acetyl-amino]-piperidine and
      2-phenethyl bromide.
PAC  EXAMPLE 4
PAR  Using a procedure analogous to that described in Example 2, 62% of theory
      of 4-[N-(.alpha.-pyridyl)-N-(n-butyryl)-amino]-1-phenethyl-piperidine and
      its hydrochloride, m.p. 208.degree.-209.degree.C, of the formula
      ##SPC10##
PAL  was obtained from 4-[N-(.alpha.-pyridyl)-N-(n-butyryl)-amino]-piperidine
      and 2-phenethyl bromide.
PAC  EXAMPLE 5
PAR  Using a procedure analogous to that described in Example 2, 53% of theory
      of 4-[N-(.alpha.-pyridyl)-N-isobutyrylamino]-1-phenethyl-piperidine and
      its hydrochloride, m.p. 219.degree.-220.degree.C, of the formula
      ##SPC11##
PAL  was obtained from 4-[N-(.alpha.-pyridyl)-N-isobutyryl-amino]-piperidine and
      2-phenethyl bromide.
PAC  EXAMPLE 6
PAR  Using a procedure analogous to that described in Example 2, 67% of theory
      of 4-[N-(.alpha.-pyridyl)-N-benzoyl-amino]-1-phenethyl-piperidine and its
      hydrochloride, m.p. 235.degree.-240.degree.C, of the formula
      ##SPC12##
PAL  was obtained from 4-[N-(.alpha.-pyridyl)-N-benzoyl-amino]-piperidine and
      2-phenethyl bromide.
PAC  EXAMPLE 7
PAR  Using a procedure analogous to that described in Example 1, 24% of theory
      of 4-[N-(.alpha.-pyridyl)-N-(propionyl-amino]-1-(.gamma.-phenyl-n-propyl)-
     piperidine and its hydrochloride, m.p. 119.degree.-124.degree.C, of the
      formula
      ##SPC13##
PAL  was obtained from
      4-[N-(.alpha.-pyridyl)-amino]-1-(.gamma.-phenyl-n-propyl)-piperidine and
      propionyl chloride.
PAC  EXAMPLE 8
PAR  Using a procedure analogous to that described in Example 1, 32% of theroy
      of 4-[N-(.alpha.-pyridyl)-N-(propionyl)amino]-1-(4'-phenyl-n-butyl)-piperi
     dine and its hydrochloride, m.p. 189.degree.-191.degree.C, of the formula
      ##SPC14##
PAL  was obtained from
      4-[N-(.alpha.-pyridyl)-amino]-1-(4'-phenyl-n-butyl)-piperidine and
      propionyl chloride.
PAR  The compounds of the present invention, that is, those embraced by formula
      I above and their non-toxic, pharmacologically acceptable acid addition
      salts, have useful pharmacodynamic properties; more particularly, they
      exhibit strong analgesic activity in warm-blooded animals, such as mice
      and rats, with practically no morphine-like side efects, such as
      respiration depression, Straub's tail or the like.
PAR  For pharmaceutical purposes the compounds according to the present
      invention are administered to warm-blooded animals enterally or
      parenterally as active ingredients in customary dosage unit compositions,
      that is, compositions in dosage unit form consisting essentially of an
      inert pharmaceutical carrier and one effective dosage unit of the active
      ingredient, such as tablets, coated pills, capsules, wafers, powders,
      solutions, suspensions, emulsions, syrups, suppositories and the like. The
      effective oral dosage unit range of the compounds according to the present
      invention is from 0.16 to 5.0 mgm/kg body weight, preferably 0.83 to 2.5
      mgm/kg body weight; the parenteral dosage unit range is about 0.5 to 1.67
      mgm/kg body weight.
PAR  The following examples illustrate a few pharmaceutical dosage unit
      compositions comprising a compound of the present invention as an active
      ingredient and represent the best modes contemplated of putting the
      invention into practical use. The parts are parts by weight unless
      otherwise specified.
PAC  EXAMPLE 9
PAL   tablets
PAR  The tablet composition is compounded from the following ingredients:
TBL  4-[N-(.alpha.-pyridyl)-N-ethoxycarbonyl)-amino]-                          

      1-phenethyl-piperidine hydrochloride                                     

                            50.0 parts                                         

     Lactose                95.0 parts                                         

     Corn starch            45.0 parts                                         

     Colloidal silicic acid 2.0 parts                                          

     Soluble starch         5.0 parts                                          

     Magnesium stearate     3.0 parts                                          

     Total                  200.0 parts                                        

PAL  Preparation
PAR  The active ingredient is admixed with part of the excipients, and the
      mixture is granulated with a solution of the soluble starch in water.
      After drying of the granulate, the remaining excipients are admixed with
      it, and the mixture is compressed into 200 ngn-tablets. Each tablet
      contains 50  mgm of the piperidine compound and is an oral dosage unit
      with very effective analgesic action.
PAC  EXAMPLE 10
PAL  Coated pills
PAR  The pill core composition is compounded from the following ingredients:
TBL  4-[N-(.alpha.-pyridyl)-N-(propionyl)-amino]-                              

      1-phenethyl-piperidine hydrochloride                                     

                              75.0 parts                                       

     Lactose                  100.0 parts                                      

     Corn starch              65.0 parts                                       

     Colloidal silicic acid   2.0 parts                                        

     Soluble starch           5.0 parts                                        

     Magnesium stearate       3.0 parts                                        

     Total                    250.0 parts                                      

PAL  Preparation
PAR  The ingredients are compounded as described in Example 9, and the
      composition is compressed into 250 mgmpill cores which are subsequently
      coated in conventional manner with a thin shell consisting essentially of
      a mixture of sugar, talcum and gum arabic. Each coated pill contains 75
      mgm of the piperidine compound and is an oral dosage unit composition with
      very effective analgesic action.
PAC  EXAMPLE 11
PAL  Suppositories
PAR  The suppository composition is compounded from the following ingredients:
TBL  4-[N-(.alpha.-pyridyl)-N-(ethoxycarbonyl)-amino]-                         

      1-phenethyl-piperidine hydrochloride                                     

                              50.0 parts                                       

     Lactose                  250.0 parts                                      

     Suppository base (e.g. cocoa butter)                                      

                              1400.0 parts                                     

     Total                    1700.0 parts                                     

PAL  Preparation
PAR  The active ingredient and the lactose are intimately admixed with each
      other, and the mixture is homogeneously blended in the molten suppository
      base. 1700 mgm-portions of the composition are poured into cooled
      suppository molds and allowed to harden therein. Each suppository contains
      50 mgm of the piperidine compound and is a rectal dosage unit composition
      with very effective analgesic action.
PAR  Analogous results are obtained when any one of the other compounds embraced
      by formula I or a non-toxic, pharmacologically acceptable acid addition
      salt thereof is substituted for the particular piperidine compound in
      Examples 9 through 11. Likewise, the amount of active ingredient in these
      illustrative examples may be varied to achieve the dosage unit range set
      forth above, and the amounts and nature of the inert pharmaceutical
      carrier ingredients may be varied to meet particular requirements.
PAR  While the present invention has been illustrated with the aid of certain
      specific embodiments thereof, it will be readily apparent to others
      skilled in the art that the invention is not limited to these particular
      embodiments, and that various changes and modifications may be made
      without departing from the spirit of the invention or the scope of the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC15##
PAL  wherein
PA1  R is alkyl of 1 to 3 carbon atoms, alkoxy of 1 to 2 carbon atoms or phenyl,
      and
PA1  n is an integer from 2 to 4, inclusive,
PAL  or a non-toxic, pharmacologically acceptable acid addition salt thereof.
NUM  2.
PAR  2. A compound of claim 1, which is
      4-[N-(.alpha.-pyridyl)-N-(ethoxycarbonyl)-amino]-1-phenethyl-piperidine or
      a nontoxic, pharmacologically acceptable acid addition salt thereof.
NUM  3.
PAR  3. A compound of claim 1, which is
      4-[N-(.alpha.-pyridyl)-N-propionyl-amino]-1-phenethyl-piperidine or a
      non-toxic, pharmacologically acceptable acid addition salt thereof.
PATN
WKU  039338339
SRC  5
APN  474506&
APT  1
ART  121
APD  19740530
TTL  Phenyl -thiourea, -carbothioamide and -carbonothioamide derivatives
ISD  19760120
NCL  9
ECL  1
EXP  Winters; Sherman D.
INVT
NAM  Trepanier; Donald L.
CTY  Midland
STA  MI
INVT
NAM  Britton; Thomas C.
CTY  Midland
STA  MI
ASSG
NAM  The Dow Chemical Company
CTY  Midland
STA  MI
COD  02
CLAS
OCL  26029373
XCL  2603265S
XCL  260552R
XCL  260552SC
XCL  424267
XCL  424274
XCL  424322
XCL  424323
EDF  2
ICL  C07D21142
FSC  260
FSS  293.73;326.5 S;552 R;552 SC
UREF
PNO  3188312
ISD  19650600
NAM  Gundel et al.
OCL  260552R
UREF
PNO  3767816
ISD  19731000
NAM  Moss et al.
OCL  424322
OREF
PAL  Chemical Abstracts 67: 32401f (1967), Dovlatyan et al.
LREP
FR2  Johnson; Maynard R.
FR2  Street; Gary D.
ABST
PAL  Disclosed are various phenyl -thiourea, -carbothioamide and
      -carbonothioamide derivatives which are useful in alleviating symptoms and
      conditions of inflammation.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to phenyl -thio-urea, -carbothioamide and
      -carbonothioamide derivatives selected from the group consisting of
      N-(2,4-dimethylphenyl)-3-hydroxy-1-pyrrolidinecarbonothioamide
      (hereinafter, Compound A),
      N-(2,4-dimethylphenyl)-3-hydroxy-1-piperidinecarbonothioamide (Compound
      B), N-(2,4-dimethylphenyl)-N'-(2-hydroxypropyl) thiourea (Compound C),
      N-(2,4-dimethylphenyl)-N'-(3-hydroxypropyl) thiourea (Compound D),
      N-(2-(dimethylamino) ethyl)-N'-(2,4-dimethylphenyl)thiourea (Compound E),
      N-(2,4-dimethylphenyl)-N'-(2-methoxyethyl)thiourea (Compound F),
      N-(2,4-dimethylphenyl)-N'-(2-ethoxyethyl)thiourea (Compound G),
      N'-(2,4-dimethylphenyl)-N-ethyl-N-(2-hydroxyethyl)thiourea (Compound H),
      N-(2-(diethylamino)ethyl)-N'-(2,4-dimethylphenyl)thiourea (Compound I),
      2-(2-hydroxy-2-methylpropyl)-2-methyl-N-phenylhydrazinecarbothioamide
      (Compound J), N-(2,4-dimethylphenyl)-1-(2-hydroxyethyl)
      hydrazinecarbothioamide (Compound K),
      N-(2,2-dimethoxyethyl)-N'-(2,4-dimethylphenyl-thiourea (Compound L) and
      N-(2,4-dimethylphenyl)-N'-(2-hydroxy-2phenylethyl)thiourea (Compound M).
      For convenience, the above compounds will hereinafter be referred by using
      the designated letters A - M, respectively.
PAR  Compounds C, E, G, H and I constitute a preferred class of compound, in the
      present invention. In a further embodiment, Compounds A and B are
      preferred. In an additional embodiment of the present invention, Compounds
      F and G are especially preferred.
PAR  The compounds of the present invention are generally prepared by the
      reaction of a selected phenyl isocyanate reactant with a selected amine
      reactant. The reaction is usually carried out, with agitation, in the
      presence of an inert carrier medium, such as, for example, ethanol,
      isopropanol, benzene, chloroform, dimethoxyethane and the like, and a
      solution of the isocyanate reactant with a portion of the carrier medium
      is ordinarily added portionwise to a solution of the amine reactant in the
      carrier medium. While the amounts of reactants employed are not critical,
      equimolar amounts are usually employed. Following the completion of the
      isocyanate reactant addition, the reaction mixture is agitated at
      temperatures of from about 20.degree. to about 80.degree.C. for a period
      of from about 6 to about 30 hours. Following such, period, the desired
      product is recovered from the reaction mixture by employing conventional
      procedures. Ordinarily, the product precipitates from the reaction mixture
      and is recovered by filtration and purified by recrystallization from a
      suitable solvent, such as, alcohols, for example, isopropanol, ethanol or
      the like or washed with isopropanol, ether-hexane mixtures or the like. In
      other methods, the solvent is removed from the reaction mixture in vacuo
      to obtain the desired product as a crystalline solid or a residual oil
      which solidifies on standing or which can be mixed with a suitable
      solvent, such as an ether, and the product crystallized therefrom.
DETD
PAR  The following examples illustrate in greater detail the preparation of
      typical compounds.
PAC  EXAMPLE 1
PAR  A solution of phenyl isothiocyanate (27.0 grams; 0.2 mole) in about 100
      milliliters (ml.) of benzene was added dropwise to an agitated solution of
      2-(2-hydroxy-2-methylpropyl)-2-methylhydrazine (23.6 grams; 0.2 mole) in
      about 200 ml. of benzene. Following the completion of the addition, the
      resulting reaction mixture was stirred at reflux temperatures for about 17
      hours. Following such period, the reaction mixture was cooled. The
      resulting white product precipitate was recovered by filtration, washed
      with benzene and dried under vacuum. As a result of such operations, the
      desired
      2-(2-hydroxy-2-methylpropyl)-2-methyl-N-phenylhydrazine-carbothioamide
      product was recovered as a white solid having a melting point of
      125.degree. - 127.degree.C.
PAC  EXAMPLE 2
PAR  A solution of 2,4-dimethylphenylisothiocyanate (8.2 grams; 0.05 mole) in
      about 70 ml. of isopropanol was added dropwise to an agitated solution of
      3-hydroxy-1-pyrrolidine (4.4 grams; 0.05 mole) in about 70 ml. of
      isopropanol. The resulting reaction mixture was stirred at ambient
      temperatures for a period of about 24 hours. The reaction mixture was then
      cooled and filtered to remove the white product precipitate, which was
      washed with cold isopropanol and dried at about 60.degree.C. As a result
      of such operations, the desired
      N-(2,4-dimethylphenyl)-3-hydroxy-1-pyrrolidinecarbonothioamide was
      obtained as an off-white solid having a melting point of 164.degree. -
      166.degree.C.
PAC  EXAMPLE 3
PAR  A solution of 2,4-dimethylphenylisothiocyanate in about 70 ml. of benzene
      was added dropwise to an agitated solution of 3-hydroxypropylamine (3.8
      grams) in about 80 ml. of benzene. The resulting reaction mixture was
      maintained, with stirring, at ambient temperatures for about 16 hours.
      Following such period, the benzene in the reaction mixture was removed in
      vacuo and the residual oil triturated with ethyl ether and the desired
      product crystallized therefrom and washed again with ethyl ether. As a
      result of such operations, the desired
      N-(2,4-dimethylphenyl)-N'-(3-hydroxypropyl)-thiourea product was obtained
      as a white solid having a melting point of 90.degree. - 93.degree.C.
PAR  The other compounds of the present invention were similarly obtained
      according to the procedures and teachings of the foregoing examples and
      specification. The phenylisothiocyanate reactants are known materials and
      can readily be prepared by those skilled in the art. The following example
      is representative of the preparation of such materials.
PAC  EXAMPLE 4
PAR  A solution of 2,4-dimethylaniline (315 grams; 2.6 moles) in about 1.2
      liters of CHCl.sub.3 was added dropwise over a period of about 15 minutes
      to a cooled and agitated solution of thiophosgene (300 grams; 2.6 moles)
      in about 1.5 liters of water. Following the completion of the addition the
      reaction mixture was stirred at ambient temperatures for about one hour
      and the organic and aqueous layers subsequently separated. The aqueous
      layer was extracted with CHCl.sub.3 and the extracts combined with the
      CHCl.sub.3 organic product layer and dried over magnesium sulfate. The
      organic layer was then evaporated in vacuo and the residual brown oil was
      distilled at 141.degree.-149.degree.C. and 15 millimeters of mercury to
      yield a yellow oil, representing the desired
      2,4-dimethylphenylisothiocyanate intermediate, which solidified on
      standing.
PAR  The compounds of the present invention possess antiinflammatory activity
      and methods of alleviating or preventing symptoms or conditions of
      inflammation in a mammal suffering from an inflammatory condition are
      accordingly included within the scope of the present invention. The
      compounds of the present invention are administered internally, i.e.,
      orally or parenterally. Such compounds can be formulated into various
      pharmaceutical dosage forms such as tablets, capsules, solutions,
      suspensions, pills and the like, for immediate or sustained release, by
      combining the active compounds with suitable pharmaceutically acceptable
      carriers or diluents according to methods well known in the art. Such
      dosage forms may additionally include excipients, binders, fillers,
      flavoring and sweetening agents and other therapeutically inert
      ingredients necessary in the formulation of the desired pharmaceutical
      preparation. Various diluents, dosage forms, and other variations and
      modifications are well within the ability of those skilled in the art.
      Such ramifications are deemed to be within the scope of this invention.
PAR  For oral administration, pharmaceutical preparations of this invention may
      be made by following the conventional techniques of the pharmaceutical
      chemist. These techniques involve granulating and compressing when
      necessary or variously mixing and dissolving or suspending the ingredients
      as appropriate to the desired end product. Numerous pharmaceutical forms
      to carry the compounds can be used. For example, the pure compound can be
      used or it can be mixed with a solid carrier. Generally, inorganic
      pharmaceutical carriers are preferable and particularly solid inorganic
      carriers. One reason for this is the large number of inorganic materials
      which are known to be pharmaceutically safe and acceptable, as well as
      very convenient in preparing formulations. The compositions may take the
      form of tablets, linguets, powders capsules, slurries and the like and
      such compositions may be prepared by standard pharmaceutical techniques.
      Tablet compositions may be coated or uncoated and they may be effervescent
      or non-effervescent. Conventional excipients for tablet formations may be
      used. For example, inert diluents, such as magnesium carbonate or lactose,
      disintegrating agents such as maize starch or alginic acid, and
      lubricating agents such as magnesium stearate may be used.
PAR  If a liquid carrier is used, the preparation may be in the form of a soft
      gelatin capsule, a syrup, a liquid solution or suspension.
PAR  The hydrocarbon solubility of most of the compounds of this invention is
      high enough to allow the use of pharmaceutically-acceptable oils as
      carriers. For example vegetable or animal oils such as sunflower oil,
      safflower oil, maize oil or codliver oil can be used. Glycerine can also
      be used. With this latter solvent, from 2 to 30 percent water may be
      added. When water alone is the carrier, or when the solubility of the
      compound in the oil is low, the preparations can be administered in the
      form of a slurry.
PAR  Emulsion compositions may be formulated using emulsifying agents such as
      sorbitan trioleate, polyoxyethylene sorbitan monooleate, lecithin, gum
      acacia or gum tragacanth. Aqueous based suspensions may be prepared with
      the aid of wetting agents such as polyethylene oxide condensation products
      of alkylphenols, fatty alcohols or fatty acids with the suspending agents,
      for example a hydrophilic colloid such as polyvinylpyrrolidone. The
      emulsions and suspensions may contain conventional excipients such as
      sweetening agents, flowing agents, coloring materials and preservatives.
PAR  For parenteral use, the compounds of this invention can be formulated with
      sterile ingredients compounded and packaged asceptically. They may be
      administered intravenously or intramuscularly. Useful solvents for
      formulation in such use are the polyhydric aliphatic alcohols and mixtures
      thereof. Especially satisfactory are the pharmaceutically acceptable
      glycols, such as propylene glycol, and mixtures thereof. Glycerine is
      another example of a polyol which is particularly useful. Up to 25-30
      percent by volume of water may be incorporated in the vehicle if desired.
      An 80 percent aqueous propylene glycol solution is a particularly
      convenient solvent system. A pH range, about 7.4, and isotonicity
      compatible with body isotonicity, is desirable. Basicity may be controlled
      by addition of a base as required, and a particularly convenient base is
      monoethanolamine. It may often be desirable to incorporate a local
      anesthetic and such are well known to those skilled in the art.
PAR  The percentage of the compound to be used in the pharmaceutical carrier may
      be varied. It is necessary that the compound constitute a proportion such
      that a suitable dosage will be obtained and it is preferred to use
      pharmaceutical compositions containing at least 10 weight percent of the
      compound. Activity increases with concentration of the agent in the
      carrier, but those compositions containing a significant amount of
      carrier, e.g., at least 1 percent and preferably at least 5 percent, are
      preferred as they allow for the easier administration of the compound.
PAR  The method of treating inflammation in accordance with this invention
      comprises administering internally to a mammal a compound as represented
      by Formula I, usually combined with a pharmaceutical excipient or carrier,
      in an amount sufficient to produce an antiinflammatory effect. Preferably,
      the compounds are administered orally. Advantageously, the equal doses
      will be administered from one to six times daily.
PAR  The dosage required to achieve antiinflammatory activity in the animal will
      vary with various factors such as the species of animals, general health
      and tolerances of the animal, weight, sex and age of the animal, the
      nature and severity of the disease being treated and the like.
      Additionally, it is to be noted that the exact dosage of each individual
      compound employed in similar situations will vary. Generally, a total
      daily dosage would be in the range of from about 5.0 to about 150.0
      milligrams or more per kilogram of body weight, usually from 15.0 to about
      75.0 milligrams per kilogram of body weight.
PAR  In view of the above, it will be seen that the several objects of the
      invention are achieved and other advantageous results attained.
PAR  As various changes could be made in the above methods without departing
      from the scope of the invention, it is intended that all matter contained
      in the above description shall be interpreted as illustrative and not in a
      limiting sense.
PAR  The antiinflammatory activity of the compounds of the present invention was
      determined in procedures analagous to the method of Winter et al described
      in "Proceedings of the Society For Experimental Biology and Medicine,"
      vol. 111, p. 544 (1962). In such operations, edema is induced by injection
      into the plantar surface of the right hind paw of a rat of carrageenin,
      prepared as a 1 percent suspension in sterile glass distilled water. The
      volume injected is 0.1 ml. The volume of the paw is measured immediately
      after injection with carrageenin and again three hours later. The
      difference in volume between the two measurements indicates the increase
      due to swelling caused by edematous fluid. Rat paw volume is measured by
      plethesmography. The percent decrease in milliliters displaced as compared
      to untreated controls is expressed as percent inhibition of edema.
PAR  One hour before injection with carrageenin the test animals are orally
      administered the test ingredient suspended (or dissolved) in 0.5%
      carboxymethylcellulose (1 ml./100 grams) and sufficient water to equal a
      total volume of 5 mls.
PAR  The following table shows the percentage of inhibition of inflammation by
      representative compounds of the present invention. All compounds were
      administered at a dosage rate of 60 mg./kg.
TBL                TABLE I                                                     

     ______________________________________                                    

                          Inhibition                                           

                          of Edema,                                            

     Test Compound        percent                                              

     ______________________________________                                    

     A                    -41.1                                                

     B                    -19.6                                                

     C                    -22.2                                                

     D                    -27.8                                                

     E                    -14.6                                                

     F                    -69.2                                                

     G                    -67.7                                                

     H                    -27.0                                                

     I                    -22.9                                                

     J                    -21.6                                                

     ______________________________________                                    

PAR  Other compounds of the present invention are similarly found to be active
      at various dosage rates.
PAR  While the present invention has been illustrated with the aid of certain
      specific embodiments thereof, it will be readily apparent to those skilled
      in the art that the invention is not limited to those particular
      embodiments, and that various changes and modifications may be made
      without departing from the spirit of the present invention or the scope of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound selected from the group consisting of
      N-(2,4-dimethylphenyl)-3-hydroxy-1-pyrrolidinecarbonothioamide,
      N-(2,4-dimethylphenyl)-3-hydroxy-1-piperidinecarbonothioamide,
      N-(2,4-dimethylphenyl)-N'-(2-methoxyethyl)thiourea,
      N-(2,4-dimethylphenyl)-N'-(2-ethoxyethyl)thiourea,
      2-(2-hydroxy-2-methylpropyl)-2-methyl-N-phenylhydrazinecarbothioamide,
      N-(2,4-dimethylphenyl)-1-(2-hydroxyethyl)hydrazinecarbothioamide,
      N-(2,2-dimethoxyethyl)-N'-(2,4-dimethylphenyl)thiourea and
      N-(2,4-dimethylphenyl)-N'-(2-hydroxy-2-phenylethyl)thiourea.
NUM  2.
PAR  2. The compound according to claim 1 which is
      N-(2,4-dimethylphenyl)-3-hydroxy-1-pyrrolidinecarbonothioamide.
NUM  3.
PAR  3. The compound according to claim 1 which is
      N-(2,4-dimethylphenyl)-3-hydroxy-1-piperidinecarbonothioamide.
NUM  4.
PAR  4. The compound according to claim 1 which is
      N-(2,4-dimethylphenyl)-N'-(2-methoxyethyl)thiourea.
NUM  5.
PAR  5. The compound according to claim 1 which is
      N-(2,4-dimethylphenyl)-N'-(2-ethoxyethyl)thiourea.
NUM  6.
PAR  6. The compound according to claim 1 which is
      2-(2-hydroxy-2-methylpropyl)-2-methyl-N-phenylhydrazinecarbothioamide.
NUM  7.
PAR  7. The compound according to claim 1 which is
      N-(2,4-dimethylphenyl)-1-(2-hydroxyethyl)hydrazinecarbothioamide.
NUM  8.
PAR  8. The compound according to claim 1 which is
      N-(2,2-dimethoxyethyl)-N'-(2,4-dimethylphenyl)thiourea.
NUM  9.
PAR  9. The compound according to claim 1 which is
      N-(2,4-dimethylphenyl)-N'-(2-hydroxy-2-phenylethyl)thiourea.
PATN
WKU  039338347
SRC  5
APN  4969723
APT  1
ART  121
APD  19740813
TTL  Unsymmetrical esters of N-substituted 1,4-dihydropyridine
      3,5-dicarboxylic acid
ISD  19760120
NCL  11
ECL  1
EXP  Rotman; Alan L.
INVT
NAM  Meyer; Horst
CTY  Wuppertal
CNT  DT
INVT
NAM  Bossert; Friedrich
CTY  Wuppertal-Elberfeld
CNT  DT
INVT
NAM  Vater; Wulf
CTY  Opladen
CNT  DT
INVT
NAM  Stoepel; Kurt
CTY  Wuppertal
CNT  DT
ASSG
NAM  Bayer Aktiengesellschaft
CNT  DT
COD  03
PRIR
CNT  DT
APD  19720603
APN  2210672
RLAP
COD  72
APN  336605
APD  19730228
PSC  01
PNO  3883540
CLAS
OCL  2602948D
XCL  2602948C
XCL  2602948F
XCL  2602948G
XCL  2602949
XCL  2602955R
XCL  2602955B
XCL  424266
EDF  2
ICL  C07D21355
FSC  260
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ABST
PAL  Unsymmetrical esters of N-substituted 4-substituted-1,4-dihydropyridine
      3,5-dicarboxylic acid substituted in the 4-position by pyridyl, thienyl,
      furyl and pyrryl and optionally substituted in the 2- and 6-positions by
      lower alkyl. The products can be prepared (A) through condensation of an
      ylidene-.beta.-ketocarboxylic acid ester, with a .beta.-ketocarboxylic
      acid ester and an amine or salt thereof, or with an enamino carboxylic
      acid ester or (B) through condensation of an aldehyde, an enamino
      carboxylic acid ester and a .beta.-ketocarboxylic acid ester. The said
      products have utility as cardiovascular agents.
PARN
PAR  This application is a continuation-in-part of U.S. Ser. No. 336,605, filed
      Feb. 28, 1973, now U.S. Pat. No. 3,883,540.
BSUM
PAR  The present invention relates to certain new unsymmetrical N-substituted
      1,4-dihydropyridinedicarboxylic acid esters, to processes for their
      production, and to their use as coronary and anti-hypertensive agents.
PAR  It has already been disclosed that N-alkyl 1,4-dihydropyridines are
      obtained by reaction of 1,5-diketones with alkylamines (Merz, Richter,
      Arch. Pharm. 275, 294 (1937). A known variant of this process consists in
      the reaction of aldehydes with .beta.-dicarbonyl compounds and amine
      hydrochlorides according to German Offenlegungschrift 1,923,990.
      Symmetrical 1,4-dihydropyridine derivatives were produced by these
      methods. Until the present invention, it has not been possible to produce
      unsymmetrical esters of the N-substituted 1,4-dihydropyridines and such
      esters have hitherto not been disclosed.
PAR  The present invention relates to unsymmetrical
      1,4-dihydropyridinecarboxylic acid esters of the general formula:
      ##SPC1##
PAL  In which
PAR  R is mono-, di- or trisubstituted phenyl, in which the substituents are
      selected from the group consisting of nitro, cyano, azido and S(O).sub. n
      -lower alkyl, wherein n = 0, 1 or 2, lower alkyl, lower alkoxy and
      halogeno, the total number of said substituents being not more than 3 and
      at least one of said substituents being nitro, cyano, azido or S(O).sub. n
      -lower alkyl; or R is an aromatic ring system selected from the group
      consisting of naphthyl, quinolyl and isoquinolyl; or R is a heterocyclic
      ring system selected from the group consisting of pyridyl, pyrimidyl,
      thienyl, furyl and pyrryl, said aromatic ring system and said heterocyclic
      ring system being unsubstituted or substituted by at least one lower
      alkyl, lower alkoxy or halogeno;
PA0  R.sup.1 and R.sup.3, independent of the other, is hydrogen or lower alkyl;
PA0  R.sup.2 and R.sup.4 are different from one another and are lower alkyl,
      lower alkenyl, lower alkynyl, lower alkoxy(lower alkyl) or lower
      cycloalkyl, unsubstituted or substituted by hydroxy;
PA0  R.sup.5 is lower alkyl or benzyl.
PAR  The term lower alkyl denotes a univalent saturated branched or straight
      hydrocarbon chain containing from 1 to 6 carbon atoms as, for example,
      methyl and hexyl.
PAR  The term lower alkenyl denotes a univalent branched or straight hydrocarbon
      chain containing from 2 to 6 carbon atoms and ethylenic unsaturation as,
      for example, vinyl and 4-hexenyl.
PAR  The term lower alkynyl denotes a univalent branched or straight hydrocarbon
      chain containing from 2 to 6 carbon atoms and acetylenic unsaturation as,
      for example, ethynyl and 5 -hexynyl.
PAR  The term lower denotes denotes a straight or branched hydrocarbon chain
      bound to the remainder of the molecule through an ethereal oxygen atom as,
      for example, methoxy and hexoxy.
PAR  The term halogeno cdenotes the substituents fluoro, chloro, bromo and iodo.
PAR  The term lower cycloalkyl denotes a univalent cyclic hydrocarbon ring
      having 3 to 6 carbon atoms, as for example, cyclopropyl, cyclobutyl,
      cyclopentyl and cyclohexyl, and the like.
PAR  As indicated, the present invention also pertains to the physiologically
      acceptable non-toxic acid addition salts of these basic compounds. Such
      salts include those derived from organic and inorganic acids such as,
      without limitation, hydrochloric acid, hydrobromic acid, phosphoric acid,
      sulfuric acid, methane sulphonic acid, acetic acid, tartaric acid, lactic
      acid, succinic acid, citric acid, malic acid, maleic acid, sorbic acid,
      aconitic acid, salicyclic acid, phthalic acid, embonic acid, enanthic
      acid, and the like.
PAR  The compounds of the present invention can exist as optical isomers and
      both the racemates of these isomers and the individual isomers themselves
      are within the scope of the present invention. The racemates can be
      separated into their individual isomers through the well-known technique
      and forming diastereoisomeric salts with optically active acids.
PAR  In the general formula I, above, the present invention may be more
      particularly defined as follows:
PAR  R is phenyl radical substituted by 1 or 2 nitro, especially one nitro, or
      by one cyano, azido or S(O).sub. n -lower alkyl, where n is 0 or 2,
      particularly of 1 to 4 carbon atoms, and which may also be substituted by
      lower alkyl or lower alkoxy, particularly of 1 to 4 carbon atoms and alkyl
      or lower alkoxy, particularly of 1 to 4 carbon atoms and more particularly
      of 1 or 2 carbon atoms, and/or by halogen, particularly chlorine or
      bromine, with the total number of the substituents being at most 3,
      preferably 2, or R is naphthyl, quinolyl, isoquinolyl, thienyl or furyl,
      which is unsubstituted or substituted by lower alkyl or lower alkoxy,
      particularly of 1 to 4 carbon atoms or by chlorine or bromine;
PA0  R.sup.1 and R.sup.3 are hydrogen or lower alkyl, particularly of 1 to 4
      carbon atoms, and more particularly of 1 or 2 carbon atoms;
PA0  R.sup.2 and R.sup.4 are different from one another and are lower alkyl,
      lower alkenyl, lower alkynyl, lower alkoxy(lower alkyl), particularly of
      up to 4 carbon atoms in each moiety, or cyclohexyl, which may be
      substituted by hydroxy; and
PA0  R.sup.5 is lower alkyl, particularly of 1 to 4 carbon atoms, and more
      particularly of 1 to 3 carbon atoms, or benzyl.
PAR  The new compounds may be prepared as follows:
PA0  a. a ylidene-.beta.-ketocarboxylic acid ester of the general formula:
      ##EQU1##
      is reacted with a .beta.-ketocarboxylic acid ester of the general formula:
PAC  R.sup.3 COCH.sub.2 COOR.sup.4
PAL  and with an amine of the general formula:
PAC  R.sup.5 NH.sub.2
PAL  or a salt thereof, if appropriate with intermediate isolation of the
      N-substituted enaminocarboxylic acid ester of the general formula:
      ##EQU2##
      or b. an aldehyde of the general formula
PAC  RCHO
PAL  is reacted with an enaminocarboxylic acid ester of the general formula:
      ##EQU3##
      and a .beta.-ketocarboxylic acid ester of the general formula:
PAC  R.sup.3 COCH.sub.2 COOR.sup.4
PAL  in water or an inert organic solvent;
PAL  in which R, R.sup.1, R.sup.2, R.sup.3, R.sup.4 and R.sup.5 are as defined
      above.
PAR  The two modes (a) and (b) described above of effecting the process of the
      invention will hereinafter be referred to as "Process Variants" (a) and
      (b).
PAR  If 3'-nitrobenzylideneacetoacetic acid methyl ester and either
      N-methylaminocrotonic acid isopropyl ester or acetoacetic acid isopropyl
      ester and methylamine are used as the starting materials, the course of
      the reaction of Process Variant (a) can be represented by the following
      equation:
      ##EQU4##
PAR  If 3-nitrobenzaldehyde, acetoacetic acid ethyl ester and
      N-methylaminocrotonic acid isopropyl ester are used as the starting
      materials, the following equation illustrates Process Variant (b):
      ##EQU5##
      The starting materials used to prepare the compounds of the invention are
      known or can readily be produced by known methods.
PAR  The ylidene-.beta.-ketocarboxylic acid esters are known or can be produced
      by known methods (org. Reactions XV, 204 ff, (1967)).
PAR  As examples there may be mentioned:
PAC  Ylidene-.beta.-ketocarboxylic acid esters
PA1  2'-nitrobenzylideneacetoacetic acid methyl ester,
PA1  2'-nitrobenzylideneacetoacetic acid ethyl ester,
PA1  3'-nitrobenzylideneacetoacetic acid ethyl ester,
PA1  3'-nitrobenzylideneacetoacetic acid methyl ester,
PA1  3'-nitrobenzylideneacetoacetic acid isopropyl ester,
PA1  3'-nitrobenzylideneacetoacetic acid allyl ester,
PA1  3'-nitrobenzylideneacetoacetic acid propargyl ester,
PA1  3'-nitrobenzylideneacetoacetic acid .beta.-methoxy-ethyl ester,
PA1  3'-nitrobenzylideneacetoacetic acid cyclohexyl ester,
PA1  3'-nitrobenzylidenepropionylacetic acid ethyl ester,
PA1  2'-cyanobenzylideneacetoacetic acid methyl ester,
PA1  2'-cyanobenzylideneacetoacetic acid ethyl ester,
PA1  2'-cyanobenzylideneacetoacetic acid propyl ester,
PA1  2'-cyanobenzylideneacetoacetic acid .beta.-n-propoxyethyl ester,
PA1  4'-nitrobenzylideneacetoacetic acid methyl ester,
PA1  3'-cyanobenzylideneacetoacetic acid methyl ester,
PA1  4'-cyanobenzylideneacetoacetic acid ethyl ester,
PA1  3'-nitro-4'-chlorobenzylideneacetoacetic acid t-butyl ester,
PA1  3'-nitro-6'-chlorobenzylideneacetoacetic acid ethyl ester,
PA1  3'-nitro-4'-methoxybenzylideneacetoacetic acid methyl ester,
PA1  2'-nitro-4'-methoxybenzylideneacetoacetic acid methyl ester,
PA1  2'-cyano-4'-methylbenzylideneacetoacetic acid ethyl ester,
PA1  4'-methylmercaptobenzylideneacetoacetic acid ethyl ester,
PA1  2'-methylmercaptobenzylideneacetoacetic acid methyl ester,
PA1  2'-sulphinylmethylbenzylideneacetoacetic acid isopropyl ester,
PA1  2'-sulphonylmethylbenzylideneacetoacetic acid ethyl ester,
PA1  (1'-naphthylmethylidene)-acetoacetic acid methyl ester,
PA1  2'-ethoxy-(1'-naphthylmethylidene)-acetoacetic acid ethyl ester,
PA1  5'-bromo-(1'-naphthylmethylidene)-acetoacetic acid methyl ester,
PA1  (2'-quinolyl)-methylideneacetoacetic acid ethyl ester,
PA1  (8'-quinolyl)-methylideneacetoacetic acid methyl ester,
PA1  (1'-isoquinolyl)-methylideneacetoacetic acid ethyl ester,
PA1  (3'-isoquinolyl)-methylideneacetoacetic acid isopropyl ester,
PA1  .alpha.-pyridylmethylideneacetoacetic acid methyl ester,
PA1  .alpha.-pyridylmethylideneacetoacetic acid ethyl ester,
PA1  .alpha.-pyridylmethylideneacetoacetic acid cyclohexyl ester,
PA1  .beta.-pyridylmethylideneacetoacetic acid .beta.-ethoxyethyl ester,
PA1  6-methyl-.alpha.-pyridylmethylideneacetoacetic acid ethyl ester,
PA1  4',6' -dimethoxy-(5'-pyrimidyl)-methylideneacetoacetic acid ethyl ester,
      ,6'
PA1  2'thenylideneacetoacetic acid ethyl ester,
PA1  2'-furfurylideneacetoacetic acid ethyl ester,
PA1  (2'-pyrryl)-methylideneacetoacetic acid methyl ester and
PA1  .alpha.-pyridylmethylidene propionylacetic acid ethyl ester.
PAR  The .beta.-ketocarboxylic acid esters are known or can be produced by known
      methods (Pohl and Schmidt, U.S. Pat. No. 2,351,366 (1940), ref. in
      Chemical Abstracts 1944, 5224).
PAR  As examples there may be mentioned:
PAC  .beta.-Ketocarboxylic acid esters
PA1  Formylacetic acid ethyl ester,
PA1  acetoacetic acid methyl ester,
PA1  acetoacetic acid ethyl ester,
PA1  acetoacetic acid propyl ester,
PA1  acetoacetic acid isopropyl ester,
PA1  acetoacetic acid 6-butyl ester,
PA1  acetoacetic acid butyl ester,
PA1  acetoacetic acid (.alpha.- or .beta.-)methoxyethyl ester,
PA1  acetoacetic acid (.alpha.- or .beta.-)propoxyethyl ester,
PA1  acetoacetic acid (.alpha.- or .beta.-)hydroxyethyl ester,
PA1  acetoacetic acid allyl ester,
PA1  acetoacetic acid propargyl ester,
PA1  acetoacetic acid cyclohexyl ester,
PA1  propionylacetic acid ethyl ester,
PA1  butyrylacetic acid methyl ester, and
PA1  isobutyrylacetic acid ethyl ester.
PAR  The amines of general formula R.sup.5 NH.sub.2 are known.
PAR  As examples there may be mentioned:
PAR  Methylamine, ethylamine, propylamine, isopropylamine, butylamine,
      isobutylamine and benzylamine.
PAR  The N-substituted enaminocarboxylic acid esters are known or can be
      produced by known methods (A.C. Cope, J.A.C.S. 67, 1017 (1945)).
PAR  As examples there may be mentioned:
PAC  N-Substituted enaminocarboxylic acid esters
PA1  .beta.-N-Methylaminocrotonic acid methyl ester,
PA1  .beta.-N-methylaminocrotonic acid ethyl ester,
PA1  .beta.-N-methylaminocrotonic acid isopropyl ester,
PA1  .beta.-N-ethylaminocrotonic acid ethyl ester,
PA1  .beta.-N-isopropylaminocrotonic acid methyl ester,
PA1  .beta.-N-methylaminocrotonic acid .beta.-methoxyethyl ester,
PA1  .beta.-N-methylaminocrotonic acid cyclohexyl ester,
PA1  .beta.-N-methylamino-.beta.-ethylacrylic acid ethyl ester and
PA1  .beta.-N-benzylaminocrotonic acid ethyl ester.
PAR  The aldehydes of general formula RCHO are known or can be produced by known
      methods (E. Mosettig, Org. Reactions VIII, 218 ff. (1954)).
PAR  As examples there may be mentioned:
PA1  2-, 3- or 4-Nitrobenzaldehyde,
PA1  2,4- or 2,6-dinitrobenzaldehyde,
PA1  2-nitro-6-bromobenzaldehyde,
PA1  2-nitro-3-methoxybenzaldehyde,
PA1  2-nitro-3-methoxy-6-chlorobenzaldehyde,
PA1  2-nitro-4-methoxybenzaldehyde,
PA1  3-nitro-6-chlorobenzaldehyde,
PA1  2-, 3- or 4-cyanobenzaldehyde,
PA1  .alpha.-, .beta.- or .gamma.-pyridinaldehyde.
PA1  6-methylpyridin -2-aldehyde,
PA1  pyrimidin-5-aldehyde,
PA1  4,6-dimethoxy-pyrimidin-5-aldehyde,
PA1  2-methylmercaptobenzaldehyde,
PA1  2-methylsulphonylbenzaldehyde,
PA1  2-methylsulphinylbenzaldehyde,
PA1  1- and 2-naphthaldehydes,
PA1  5-bromo-1-naphthaldehyde,
PA1  2-ethoxy-1-naphthaldehyde,
PA1  4-methyl-1-naphthaldehyde,
PA1  quinolin-2-, 3-, 4-, 5-, 6-, 7- and 8-aldehydes,
PA1  isoquinolin-1- and 3-aldehydes,
PA1  furan-2-aldehyde,
PA1  thiophen-2-aldehyde and
PA1  pyrrol-2-aldehyde.
PAR  Possible solvents for use in the process of the invention are water and all
      inert organic solvents. Preferably, the solvents are alcohols, such as
      ethanol and methanol, ethers, such as dioxane and diethyl ether, glacial
      acetic acid, dimethylformamide, dimethylsulphoxide, acetonitrile and
      pyridine.
PAR  The reaction temperatures can be varied within a substantial range. In
      general, the reaction is carried out at between 20.degree. and
      200.degree.C, preferably at the boiling point of the solvent.
PAR  The reaction can be carried out under normal pressure but also at elevated
      pressure. In general, normal pressure is used.
PAR  In carrying out the process according to the invention, the substances
      participating in the reaction are each employed in approximately
      stoichiometric amounts, except that in Process Variant (a), the amine or
      its salt which is used is appropriately added in an excess of 1 to 2 mols.
PAR  Typical compounds of the invention are:
PA0  1-methyl-4-(2'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl-ester-5-isopropyl-ester.
PA0  1,2,6-trimethyl-4-(2'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-methyl-ester-5-isopropyl-ester.
PA0  1,2,6-trimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-methyl-ester-5-ethyl-ester.
PA0  1,2,6-trimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl-ester-5-isopropyl-ester.
PA0  1,2,6-trimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl-ester-5-allyl-ester.
PA0  1,2,6-trimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-methyl-ester-5-.beta.-methoxyethylester.
PA0  1-benzyl-2,6-dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxyl
     ic acid 3-methyl-ester-5-ethyl-ester.
PA0  1,2,6-trimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-methyl-ester-5-cyclohexyl-ester.
PA0  1,6-dimethyl-2-ethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxyli
     c acid 3-ethyl-ester-5-isopropyl-ester.
PA0  1,2,6-trimethyl-4-(2'-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-methyl-ester-5-ethyl-ester.
PA0  1,2,6-trimethyl-4-(2'-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl-ester-5-allyl-ester.
PA0  1,2,6-trimethyl-4-(2'-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl-ester-5-isopropyl-ester.
PA0  1,6-dimethyl-2-ethyl-4-(2'-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxyli
     c acid 3-ethyl-ester-5-methyl-ester.
PA0  1-benzyl-2,6-dimethyl-4-(2'-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxyl
     ic acid 3-methyl-ester-5-ethyl-ester.
PA0  1,2,6-trimethyl-4-(3'-nitro-6'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarb
     oxylic acid 3-ethyl-ester-5-isopropyl-ester.
PA0  1,2,6-trimethyl-4-(3'-nitro-6'-chlorophenyl)-1,4-dihydropyridine-3,5-dicarb
     oxylic acid 3-ethyl-ester-5-.beta.-methoxyethylester.
PA0  1,2,6-trimethyl-4-(furyl-2')-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl-ester-5-ethyl-ester.
PA0  1-benzyl-2,6-dimethyl-4-(furyl-2')-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-methyl-ester-5-isopropyl-ester.
PA0  1,2,6-trimethyl-4-(2'-pyridyl)-3-carbethoxy-5-carboxypropoxy-1,4-dihydropyr
     idine.
PA0  1-butyl-2,6-diethyl-4-(3'-pyridyl)-3-carbomethoxy-5-carbo-.beta.-methoxyeth
     oxy-1,4-dihydropyridine.
PA0  1,2-dimethyl-6-ethyl-4-(3'-pyridyl)-3-carbomethoxy-5-carboisopropoxy-1,4-di
     hydropyridine.
PA0  1-isopropyl-2,6-dimethyl-4-(thienyl-2')-3-carbomethoxy-5-carboethoxy-1,4-di
     hydropyridine.
PA0  1,2,6-trimethyl-4-(furyl-2')-3-carboisopropoxy-5-carbo-.beta.-propoxyethoxy
     -1,4-dihydropyridine.
PA0  1,2,6-trimethyl-4-(furyl-2')-3-carboethoxy-5-carboisopropoxy-1,4-dihydropyr
     idine.
PAR  As noted above, the compounds of the present invention demonstrate the
      ability to reduce blood pressure and to effect a dilation of the coronary
      vessels. They can accordingly be used where either or both of these
      effects are desired. Thus upon parenteral, oral or sublingual
      administration, the compounds produce a distinct and long lasting dilation
      of the coronary vessels which is intensified by a simultaneous
      nitrite-like effect of reducing the load on the heart. In their strength
      of action, the compounds of the invention are superior to the known
      symmetrical N-substituted dihydropyridinedicarboxylic acid esters. The
      effect on heart metabolism is thus one of energy saving. In addition, the
      compounds lower the blood pressure of normotonic and hypertonic animals
      and can thus be used as antihypertensive agents. These properties can be
      conveniently observed in well known laboratory models. Thus, for example,
      the coronary vessel dilation effect of the compounds of the invention was
      compared with the action of Persantin by measuring the rise in oxygen
      saturation in the coronary sinus in the narcotized, heart-catheterized
      dog, with the results reported in Table I, below.
TBL                Table I                                                     

     ______________________________________                                    

     Compound    Dose mg/ O.sub.2 % Rise .sup.2                                

                                     Reversion                                 

                 kg, .sup.1          time .sup.3                               

     ______________________________________                                    

     Example 2    0.01    31         &gt;3.5                                      

     Example 3   0.1      39         &gt;6                                        

     Example 6    0.05    39         &gt;4                                        

     Persantin   0.3      23          1-2                                      

      do.        0.4      34          1-2                                      

     ______________________________________                                    

      Notes                                                                    

      .sup.1 Dose given in mg/kg. body weight, administered intravenously;     

      .sup.2 O.sub.2 rise given as % rise in oxygen saturation;                

      .sup.3 Reversion time given is time in hours for reversion to the initial

      value.                                                                   

PAR  The hypotensive activity of the present compounds can be observed by
      measuring the blood pressure of hypertensive rats following administration
      of the compounds. Table II below demonstrates the lowest dose which
      results in at least a 15 mm Hg reduction in blood pressure of such
      animals.
TBL                Table II                                                    

     ______________________________________                                    

     Compound            Peroral Dose                                          

                         (mg/kg)                                               

     ______________________________________                                    

     Example 1           0.3                                                   

     Example 2           1.0                                                   

     Example 3           0.3                                                   

     Example 6           0.3                                                   

     ______________________________________                                    

PAR  The toxicity of the present compounds is favorable, as demonstrated by the
      data in Table III below, which reports the LD.sub.50 as measured on mice
      by peroral administration.
TBL                Table IV                                                    

     ______________________________________                                    

     Compound            LD.sub.50 (mg/kg)                                     

     ______________________________________                                    

     Example 1           3000                                                  

     Example 2           3000                                                  

     Example 3           3000                                                  

     ______________________________________                                    

PAR  In addition to the effect on blood pressure and coronary vessels, the
      compounds also lower the excitability of the stimulus formation and
      excitation conduction system within the heart so that an antifibrillation
      action is observed at therapeutic doses. The tone of the smooth muscle of
      the vessels is also greatly reduced. In addition, a strong
      muscular-spasmolytic action is manifested in the smooth muscle of the
      stomach, the intestinal tract, the urogenital tract and the respiratory
      system. Finally, there is some evidence that the compounds influence the
      cholesterol level and lipid level of the blood. These effects complement
      one another and the compounds are thus highly desirable as pharmaceutical
      agents to be used in the treatment of hypertension and conditions
      characterized by a constriction of the coronary blood vessels.
PAR  Pharmaceutical compositions for effecting such treatment will contain a
      major or minor amount, e.g. from 0.1 to 99.5 percent, preferably from 0.5
      to 90 percent, of at least one compound of the invention in combination
      with a pharmaceutical carrier, the carrier comprising one or more solid,
      semi-solid or liquid diluent, filler and formulation adjuvant which is
      non-toxic, inert and pharmaceutically acceptable. salt pharmaceutical
      compositions are preferably in dosage unit form; i.e., physically discrete
      units containing a predetermined amount of the drug corresponding to a
      fraction or multiple of the dose which is calculated to produce the
      desired therapeutic response. The dosage units can contain one, two,
      three, four or more single doses or, alternatively, one-half, third or
      fourth of a single dose. A single dose preferably contains an amount
      sufficient to produce the desired therapeutic effect upon administration
      at one application of one or more dosage units according to a
      predetermined dosage regimen, usually a whole, half, third or quarter of
      the daily dosage administered once, twice, three or four times a day.
      Other therapeutic agents can also be present.
PAR  Although the dosage and dosage regimen must in each case be carefully
      adjusted, utilizing sound professional judgment and considering the age,
      weight and condition of the recipient, the route of administration and the
      nature and gravity of the illness, generally the daily dose will be from
      about 0.001 to about 10 mg/kg, preferably 0.002 to 1 mg/kg, when
      administered parenterally, and from about 0.05 to about 50 mg/kg,
      preferably 0.5 to 10 mg/kg, when administered orally. In some instances a
      sufficient therapeutic effect can be obtained at lower doses while in
      others, larger doses will be required. Administration is preferably
      parenterally or perorally, and more preferably by intravenous or
      perlingual routes.
PAR  Oral administration can be effected utilizing solid and liquid dosage unit
      forms such as powders, tablets, dragees, capsules, granulates,
      suspensions, solution, and the like.
PAR  Powders are prepared by comminuting the compound to a suitable fine size
      and mixing with a similarly comminuted pharmaceutical carrier such as an
      edible carbohydrate as for example starch, lactose, sucrose, glucose or
      mannitol. Sweetening, flavoring, preservative, dispersing and coloring
      agents can also be present.
PAR  Capsules are made by preparing a powder mixture as described above and
      filling formed gelatin sheaths. Glidants and lubricants such as colloidal
      silica, talc, magnesium stearate, calcium stearate or solid polyethylene
      glycol can be added to the powder mixture before the filling operation. A
      disintegrating or solubilizing agent such as agar-agar, calcium carbonate
      or sodium carbonate can also be added to improve the availability of the
      medicament when the capsule is ingested.
PAR  Tablets are formulated, for example, by preparing a powder mixture,
      granulating or slugging, adding a lubricant and disintegrant and pressing
      into tablets. A powder mixture is prepared by mixing the compound,
      suitably comminuted, with a diluent or base as described above, and
      optionally with a binder such as carboxymethyl cellulose, an alginate,
      gelatin, or polyvinyl pyrrolidone, a solution retardant such as paraffin,
      a resorption accelerator such as a quaternary salt and/or an absorption
      agent such as bentonite, kaolin or dicalcium phosphate. The powder mixture
      can be granulated by wetting with a binder such as syrup, starch paste,
      acacia mucilage or solutions of cellulosic or polymeric materials and
      forcing through a screen. As an alternative to granulating, the powder
      mixture can be run through the tablet machine and the resulting
      imperfectly formed slugs broken into granules. The granules can be
      lubricated to prevent sticking to the tablet forming dies by means of the
      addition of stearic acid, a stearate salt, talc or mineral oil. The
      lubricated mixture is then compressed into tablets. The medicaments can
      also be combined with free flowing inert carriers and compressed into
      tablets directly without going through the granulating or slugging steps.
      A clear or opaque protective coating consisting of a sealing coat of
      shellac, a coating of sugar or polymeric material and a polish coating of
      wax can be provided. Dyestuffs can be added to these coatings to
      distinguish different unit dosages.
PAR  Oral fluids such as solutions, syrups and elixirs can be prepared in dosage
      unit form so that a given quantity contains a predetermined amount of the
      compound. Syrups can be prepared by dissolving the compound in a suitably
      flavored aqueous sucrose solution while elixirs are prepared through the
      use of a non-toxic alcoholic vehicle. Suspensions can be formulated by
      dispersing the compound in a non-toxic vehicle. Solubilizers and
      emulsifiers such as ethoxylated isostearyl alcohols and polyoxyethylene
      sorbitol esters, preservatives, flavor additives such as peppermint oil or
      saccharin, an the like can also be added.
PAR  Where appropriate, dosage unit formulations for oral administration can be
      microencapsulated. The formulation can also be prepared to prolong or
      sustain the release as, for example, by coating or embedding particulate
      material in polymers, wax, or the like.
PAR  Parenteral administration can be effected utilizing liquid dosage unit
      forms such as sterile solutions and suspensions intended for subcutaneous,
      intramuscular or intravenous injection. These are prepared by suspending
      or dissolving a measured amount of the compound in a non-toxic liquid
      vehicle suitable for injection such as an aqueous or oleaginous medium and
      sterilizing the suspension or solution. Alternatively, a measured amount
      of the compound is placed in a vial and the vial and its contents
      sterilized and sealed. An accompanying vial or vehicle can be provided for
      mixing prior to administration. Non-toxic salts and salt solutions can be
      added to render the injection isotonic. Stabilizers, preservatives and
      emulsifiers can also be added.
PAR  The following Examples will serve to further typify the nature of the
      present invention through the presentation of specific embodiments. These
      Examples should not be construed as a limitation on the scope of the
      invention since the subject matter regarded as the invention is set forth
      in the appended claims.
DETD
PAC  EXAMPLE 1
      ##EQU6##
PAR  1,2,6-trimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-methyl-ester-5-ethyl-ester of melting point 100.degree.C (ethyl
      acetate/petroleum ether) was obtained by boiling a solution of 24.9g of
      3'-nitrobenzylideneacetoacetic acid methyl ester and 14.3g of
      N-methylaminocrotonic acid ethyl ester in 150 ml of glacial acetic acid
      for 8 hours. Yield 49 percent of theory.
PAC  EXAMPLE 2
      ##EQU7##
PAR  After heating a solution of 24.9g of 3'-nitrobenzylideneacetoacetic acid
      methyl ester, 14.4g of acetoacetic acid isopropyl ester and 7.0g of
      methylamine hydrochloride in 150 ml of pyridine for 4 hours,
      1,2,6-trimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-methyl-ester-5-isopropyl-ester of melting point
      108.degree.-109.degree.C (from alcohol) was obtained. Yield 59 percent of
      theory.
PAC  EXAMPLE 3 (Process Variant b)
      ##EQU8##
PAR  1,2,6-trimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl-ester-5-isopropyl-ester of melting point
      100.degree.-101.degree.C (ethanol) was obtained by boiling a solution of
      7.6g of 3-nitrobenzaldehyde, 7.2g of acetoacetic acid isopropyl ester and
      7.2g of N-methylaminocrotonic acid ethyl ester in 150 ml of
      ethanol/glacial acetic acid (2:3) for 6 hours. Yield 47 percent of theory.
PAC  EXAMPLE 4
      ##EQU9##
PAR  After boiling a solution of 26.3g of 3'-nitrobenzylideneacetoacetic acid
      ethyl ester and 14.2g of acetoacetic acid allyl ester and 7.0g of
      methylamine hydrochloride in 200 ml of pyridine for 6 hours,
      1,2,6-trimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl-ester-5-allylester of melting point 65.degree.C
      (ether/petroleum ether) was obtained. Yield 38 percent of theory.
PAC  EXAMPLE 5
      ##EQU10##
PAR  After boiling a solution of 24.3g of 2'-cyanobenzylideneacetoacetic acid
      ethyl ester, 11.6g of acetoacetic acid methyl ester and 7.0g of
      methylamine hydrochloride in 100 ml of pyridine for 4 hours,
      1,2,6-trimethyl-4-(2'-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-methyl-ester-5-ethyl-ester of melting point 175.degree.C (ethanol)
      was obtained. Yield 61 percent of theory.
PAC  EXAMPLE 6
      ##EQU11##
PAR  After boiling a solution of 12.2g of 2'-cyanobenzylideneacetoacetic acid
      ethyl ester, 7.2g of acetoacetic acid allyl ester and 4g of methylamine
      hydrochloride in 80 ml of pyridine for 2 hours,
      1,2,6-trimethyl-4-(2'-cyanophenyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-ethyl-ester-5-allyl-ester of melting point 103.degree.-104.degree.C
      (ethyl acetate/petroleum ether) was obtained. Yield 46 percent of theory.
PAC  EXAMPLE 7
      ##EQU12##
PAR  1,2,6-trimethyl-4-(6'-chloro-3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarb
     oxylic acid 3-ethyl-ester-5-methyl-ester of melting point 164.degree.C was
      obtained by heating a solution of 14.2g of
      6'-chloro-3'-nitrobenzylideneacetoacetic acid methyl ester, 6.5g of
      acetoacetic acid ethyl ester and 4g of methylamine hydrochloride in 100 ml
      of pyridine for 4 hours. Yield 57 percent of theory.
PAC  EXAMPLE 8
      ##EQU13##
PAR  After boiling a solution of 10.4g of 2'-furfurylideneacetoacetic acid ethyl
      ester, 5.8g of acetoacetic acid methyl ester and 4g of methylamine
      hydrochloride in 100 ml of pyridine for 5 hours,
      1,2,6-trimethyl-4-(furyl-2')-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl-ester-5-ethyl-ester of melting point 103.degree.C (ethyl
      acetate/petroleum ether) was obtained. Yield 61 percent of theory.
PAC  EXAMPLE 9
      ##EQU14##
PAR  After heating a solution of 22.2g (2'-thenylidene)-acetoacetic acid ethyl
      ester, 11.6g acetoacetic acid methyl ester and 7.0g methylamine
      hydrochloride in 150 ml pyridine for 6 hours,
      1,2,6-trimethyl-4-(2'-thienyl)-3,5-dicarboxylic acid 3-methyl ester
      5-ethyl ester of melting point 113.degree.C (ether) was obtained. Yield 59
      percent of theory.
PAC  EXAMPLE 10
      ##EQU15##
PAR  After heating a solution of 24.9g 3'-nitrobenzylideneacetoacetic acid
      methyl ester, 1.30g acetoacetic acid ethyl ester and 15.0g benzylamine
      hydrochloride in 200 ml pyridine for 6 hours,
      1-benzyl-2,6-dimethyl-4-(3'-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxy
     lic acid 3-methyl ester 5-ethyl ester of melting point 107.degree.C (ether)
      was obtained. Yield 62 percent of theory.
PAC  EXAMPLE 11
      ##EQU16##
PAR  After boiling a solution of 22.2g of (2'-thenylidene)-acetoacetic acid
      ethyl ester, 11.6g acetoacetic acid methyl ester and 15.0g benzylamine
      hydrochloride in 150 ml pyridine for 6 hours,
      1-benzyl-2,6-dimethyl-4-(2'-thienyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-methyl ester 5-ethyl ester of melting point 113.degree.C (ether)
      were obtained. Yield 49 percent of theory.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the general formula:
      ##SPC2##
PAL  in which
PA1  R is thienyl or furyl, unsubstituted or substituted by lower alkyl, lower
      alkoxy or halo;
PA1  R.sup.1 and R.sup.3, independent of the other, is hydrogen methyl, ethyl or
      propyl;
PA1  R.sup.2 and R.sup.4 are different from one another and are lower alkyl,
      lower alkenyl, lower alkynyl, lower alkoxy(lower alkyl) or cycloalkyl of 3
      to 6 carbon atoms, unsubstituted or substituted by hydroxy;
PA1  R.sup.5 is lower alkyl or benzyl, or a pharmaceutically acceptable acid
      addition salt thereof.
NUM  2.
PAR  2. The compound according to claim 1, in which R is thienyl or furyl,
      unsubstituted or substituted by alkyl of 1 to 4 carbon atoms, alkoxy of 1
      to 4 carbon atoms, chloro or bromo.
NUM  3.
PAR  3. The compound according to claim 1, in which R.sup.2 and R.sup.4 are
      different from one another and are alkyl of 1 to 4 carbon atoms, alkenyl
      of 2 to 4 carbon atoms, alkynyl of 2 to 4 carbon atoms, alkoxy (lower
      alkyl) with 1 to 4 carbon atoms in each of said alkoxy and alkyl or
      cyclohexyl, unsubstituted or substituted by hydroxy.
NUM  4.
PAR  4. The compound according to claim 1, in which R.sup.5 is alkyl of 1 to 4
      carbon atoms or benzyl.
NUM  5.
PAR  5. The compound according to claim 1, which is
      1,2,6-trimethyl-4-(furyl-2')-1,4-dihydropyridine-3,5-dicarboxylic acid
      3-methyl-ester-5-ethyl-ester.
NUM  6.
PAR  6. The compound according to claim 1, which is
      1-benzyl-2,6-dimethyl-4-(furyl-2')-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-methyl-ester-5-isopropyl-ester.
NUM  7.
PAR  7. The compound according to claim 1, which is
      1,2,6-trimethyl-4-(2'-thienyl)-3,5-dicarboxylic acid 3-methyl ester
      5-ethyl ester.
NUM  8.
PAR  8. The compound according to claim 1, which is
      1-benzyl-2,6-dimethyl-4-(2'-thienyl)-1,4-dihydropyridine-3,5-dicarboxylic
      acid 3-methyl ester 5-ethyl ester.
NUM  9.
PAR  9. The compound according to claim 1 which is
      1-isopropyl-2,6-dimethyl-4-(thienyl-2')-3-carbomethoxy-5-carboethoxy-1,4-d
     ihydropyridine.
NUM  10.
PAR  10. The compound according to claim 1 which is
      1,2,6-trimethyl-4-(furyl-2')-3-carboisopropoxy-5-carbo-.beta.-propoxyethox
     y-1,4-dihydropyridine.
NUM  11.
PAR  11. The compound according to claim 1 which is
      1,2,6-trimethyl-4-(furyl-2')-3-carboethoxy-5-carboisopropoxy-1,4-dihydropy
     ridine.
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ABST
PAL  Compounds of the formula I
EQU  R.sub.1 -- Ph -- X -- alk -- R.sub.2                       (I)
PAL  wherein R.sub.1 is adamantyl, Ph is phenylene which is optionally
      substituted by amino, nitro, lower alkyl, lower alkoxy, halogen or
      trifluoromethyl, X is oxy or thio, alk is alkylene with 1 to 20 C atoms or
      alkenylene with 2 to 20 C atoms and R.sub.2 is free, esterfied or amidised
      carboxyl, sulpho or sulphonamido and therapeutically acceptable salts
      thereof are useful as anti-allergic and hypolipidaemic agents.
BSUM
PAR  The invention relates to new compounds of the general formula I
EQU  R.sub.1 -- Ph -- X -- alk -- R.sub.2                       (I)
PAL  wherein R.sub.1 represents an aliphatic tricyclic or tetracyclic
      hydrocarbon radical, R.sub.2 is optionally functionally modified carboxyl,
      sulpho or sulphonamido, Ph is optionally substituted phenylene, X is oxy,
      thio, sulphinyl or sulphonyl and alk is alkylene or alkenylene, and
      processes for their manufacture.
PAR  Lower radicals hereafter denote radicals with up to 8, preferably with up
      to 4, C atoms.
PAR  Aliphatic radicals are radicals whereof the free valency extends from a C
      atom which is not a member of aromatic system.
PAR  Aliphatic, tricyclic or tetracyclic hydrocarbon radicals R.sub.1, which can
      also be lower-alkylated, are, for example, unsaturated or above all
      saturated, such as radicals of the general formula C.sub.m
      H.sub.(2m.sub.-y), wherein m denotes the numbers 8 to 15 and y can be 5,
      7, 9 or 11, such as 1- or 2-adamantyl, homoadamantyl, for example
      1-homoadamantyl, octahydro-1,2,4-methenopentalenyl, twistanyl or
      bullvalenyl.
PAR  Optionally functionally modified carboxyl groups R.sub.2 are, for example,
      the nitrile group, amidino group or hydroxyaminocarbonyl group, amidised
      carboxyl groups or, in particular, free or esterified carboxyl groups.
PAR  Esterified carboxyl groups are in particular those esterified with
      aliphatic, cycloaliphatic or araliphatic alcohols. Ester-forming alcohols
      which have been used are, in particular, lower alkanols which contain up
      to 7 C atoms and can be straight-chain or branched chain, such as, for
      example, methanol, ethanol, n-propanol, isopropanol, butanols, hexanols or
      heptanols, cycloalkanols which contain 4 to 8 C atoms, preferably 5 or 6 C
      atoms, in the ring and which can be substituted by lower alkyl such as,
      for example, cyclopentanol or cyclohexanol, phenyl-lower alkanols, of
      which the phenyl radical is unsubstituted or can contain one or more
      substituents, such as lower alkyl, lower alkoxy, halogen or
      trifluoromethyl, and of which the lower alkanol part has the
      abovementioned meaning, for example benzyl alcohol or 2-phenylethanol, or
      alcohols of the formula HO--Q--Py, wherein Q denotes an alkylene radical
      or a direct bond and Py denotes a pyridyl radical. Alkylene radicals Y are
      straight-chain or branched chain lower alkylene radicals with 1 to 3 C
      atoms in the alkylene chain, preferably those with a total of 1 to 4 C
      atoms, such as, above all, 1,3- or 1,2-propylene or especially
      propylidene, isopropylidene, ethylidene, ethylene or methylene.
PAR  In the amidised carboxyl groups (carbamoyl groups), the amide nitrogen atom
      can be unsubstituted, monosubstituted or disubstituted, for example by
      preferably lower radicals, for example radicals possessing at most 8
      carbon atoms, of aliphatic character, which can also be interrupted by
      heteroatoms, such as oxygen atoms or sulphur atoms.
PAR  As examples of amide substituents there may be mentioned alkyl, alkenyl or
      alkylene radicals which can also be interrupted by oxygen or sulphur
      atoms, and also phenylalkyl.
PAR  Possible amide substituents are in particular: Lower alkyl radicals, such
      as methyl, ethyl, n-propyl, isopropyl or straight or branched butyl,
      pentyl, hexyl or heptyl bonded in any desired position, lower alkenyl
      radicals, such as, for example, allyl or methallyl, lower alkylene
      radicals such as, for example, butylene-(1,4), pentylene-(1,5),
      hexylene-(1,6) or heptylene-(2,6), or corresponding radicals interrupted
      by the hetero-atoms mentioned, such as, for example, lower alkoxyalkyl or
      alkylmercaptoalkyl radicals, such as, for example, 2-methoxyethyl,
      2-ethoxyethyl, 3-methoxypropyl or 2-methylmercaptoethyl, or oxaalkylene or
      thiaalkylene radicals, such as 3-oxa- or 3-thia-pentylene-(1,5) or
      1,5-dimethyl-3-thiapentylene-(1,5), or phenylalkyl radicals, especially
      phenyllower alkyl radicals, which can be unsubstituted or monosubstituted
      or polysubstituted in the phenyl part, possible substituents being above
      all lower alkyl, lower alkoxy, halogen or trifluoromethyl, such as benzyl
      or 2-phenylethyl.
PAR  The amino group of the amidised carboxyl group (carbamoyl group) is in
      particular a free, mono- or di-lower alkylated amino group, or an
      optionally C-lower alkylated pyrrolidino, piperidino, morpholino or
      thiomorpholino group.
PAR  Alkoxy radicals are above all lower alkoxy radicals, for example methoxy,
      ethoxy, propoxy, isopropoxy, butoxy, or amyloxy groups, and possible
      halogen atoms are above all fluorine, chlorine or bromine atoms.
PAR  A sulphonamido group is preferably a sulphonamido group which is
      monosubstituted by lower alkyl or phenyl-lower alkyl, with lower alkyl and
      phenyl-lower alkyl having the above meaning, for example the
      N-methylsulphonamido, N-ethylsulphonamido, N-benzylsulphonamido or
      N-(.alpha.-phenethyl)-sulphonamido group, it being possible for phenyl
      groups which may be present to be unsubstituted or monosubstituted or
      polysubstituted, possible substituents being lower alkyl, lower alkoxy,
      halogen or trifluoromethyl. The sulphamoyl group should be singled out
      particularly as a sulphonamido group.
PAR  The phenylene radicals Ph are o-, m- or preferably p-phenylene radicals.
PAR  The phenylene radicals Ph can be unsubstituted or carry one, two or more
      substituents. Examples of possible substituents are the following: Alkyl
      radicals, such as lower alkyl radicals, alkoxy radicals, halogen atoms,
      especially those mentioned above, or trifluoromethyl radicals and nitro
      groups.
PAR  Alkylene alk in particular has 1 to 20 C atoms with a straight or branched
      chain. An optionally present side chain is preferably in the
      .alpha.-position to R.sub.2. Unbranched alkylene radicals with 1 to 10 C
      atoms, above all with 1 to 4 C atoms, and radicals which carry an
      unbranched alkyl radical with 1 to 8 C atoms, especially methyl, in the
      .alpha.-position to R.sub.2, are preferred. Examples which may be
      mentioned are methylene, 1,2-ethylene, 1,1-ethylene, 1,3-propylene,
      1,4-butylene and 1,10-decylene.
PAR  Alkenylene in particular has 2 to 20, above all 2 to 7, C atoms and is
      straight-chain or branched chain. A side chain which is optionally present
      is preferably in the .alpha.- or .beta.-position to R.sub.2. Unbranched
      alkylene radicals with 2 or 3 C atoms, and radicals which carry an
      unbranched alkyl radical with 1 to 3 C atoms in the .alpha.-position or in
      the .beta.-position to R.sub.2, such as vinylene, 1,3-propenylene,
      1,2-propenylene, 1,2-but-1-enylene and 1,2-but-2-enylene are preferred.
PAR  The new substances possess valuable pharmacological properties, above all
      an inhibiting action on the liberation of histamine, as is found in vitro
      in doses of about 0.003 to 0.015 mg/ml in the histamine liberation test on
      peritoneal cell suspensions of rats using [D-Ser.sup.1, Lys.sup.17,18
      ]-.alpha.-corticotropine-(1-19)-nonadecapeptide-tetradecyl
      ester-hexaacetate [R. Jaques and M. Brugger, Pharmacology 2, 361-370,
      (1969); M. Brugger, Helv. chim. acta 54, 1261-1274, (1971)].
PAR  They are therefore useful as anti-allergy agents.
PAR  Furthermore, they show, for example, on peroral administration, in
      particular a hypolipidaemic activity which can be demonstrated, using
      standard methods, by, for example, the lowering of the cholesterol level
      and above all of the triglyceride level in the blood after repeated
      administration in doses of 30 mg/kg per day to male rats. The serum lipids
      are extracted according to J. Folch et al [compare J. Biol. Chem. 226,
      497, (1951)] and the triglycerides are determined according to G. Kessler
      and H. Lederer [compare Automaticen in der Analytischen Chemie (1965);
      Technicon GMBH, Frankfurt/Main, pages 863-872] and the total cholesterol
      according to W. D. Block et al [compare ibid., pages 970-971] on an
      auto-analyser.
PAR  The new substance are therefore useful as hypolipidaemic agents.
PAR  However, the new compounds are also valuable intermediate products for the
      manufacture of other useful substances, especially of pharmacologically
      active compounds.
PAR  Valuable compounds are above all compounds Ia of the formula I, wherein
      R.sub.1 is adamantyl, Ph, alk and X have the above meaning and R'.sub.2
      represents a free, esterified or amidised carboxyl group, the sulpho group
      or a sulphonamido group.
PAR  Important compounds are above all compounds Ib of the formula I, wherein
      R.sub.1 is adamantyl, Ph is phenylene which is optionally substituted by
      amino, nitro, lower alkyl, lower alkoxy, halogen or trifluoromethyl, X is
      oxy or thio, alk is alkylene with 1 to 20 C atoms or alkenylene with 2 to
      20 C atoms and R.sub.2 is free, esterified or amidised carboxyl, sulpho or
      sulphonamido.
PAR  Compounds which warrant particular mention are compounds Ic of the formula
      I, wherein R.sub.1 is adamantyl, Ph is phenylene which is optionally
      substituted by amino, nitro, lower alkyl, lower alkoxy, halogen or
      trifluoromethyl, X is oxy or thio, alk is unbranched alkylene with 1 to 10
      C atoms which optionally carries an unbranched alkyl radical with 1-8 C
      atoms in the .alpha.-position to R.sub.2, or unbranched alkenylene with 2
      to 7 C atoms which optionally carries an unbranched alkyl radical with 1
      to 3 C atoms in the .alpha.- or .beta.-position to R.sub.2, and R.sub.2 is
      carboxyl, lower alkoxycarbonyl, pyridyloxycarbonyl,
      pyridylmethoxycarbonyl, carbamoyl, nitrile or sulpho.
PAR  However, compounds to be singled out are above all compounds Id of the
      formula I, wherein R.sub.1 is adamantyl, Ph is 1,4-phenylene, X is oxy,
      alk is --(CH.sub.2).sub.n --CH(R.sub.3)--, wherein n is 0, 1 or 2, and
      R.sub.3 is hydrogen or straight-chain alkyl with 1 to 8 C atoms, and
      R.sub.2 is carboxyl, methoxycarbonyl, ethoxycarbonyl,
      pyridylmethoxycarbonyl or sulpho.
PAR  Compounds to be singled out particularly are compounds Ie of the formula I,
      wherein R.sub.1 is adamantyl, Ph is 1,2- or especially 1,4-phenylene
      optionally substituted by amino, nitro, methoxy, methyl or chlorine, X is
      thio or especially oxy, alk is unbranched alkylene with 1-4 C atoms which
      can carry unbranched alkyl with 1 to 8 C atoms, especially methyl or
      n-octyl, in the .alpha.-position to R.sub.2, or is unbranched alkenylene
      with 2 or 3 C atoms which can carry unbranched alkyl with 1 to 3 C atoms
      in the .alpha.- or .beta.-position to R.sub.2, and R.sub.2 is carboxyl,
      C.sub.1 -C.sub.4 -alkoxycarbonyl, pyridyloxycarbonyl,
      pyridylmethoxycarbonyl, carbamoyl or sulpho.
PAR  The invention is particularly directed towards compounds If of the formula
      I, wherein R.sub.1 is adamantyl, Ph is 1,4-phenylene, X is oxy, alk is
      unbranched alkylene with 1 to 4 C atoms which can carry methyl or n-octyl
      in the .alpha.-position to R.sub.2, or unbranched alkenylene with 2 or 3 C
      atoms which can carry methyl or n-propyl in the .alpha.- or
      .beta.-position to R.sub.2, and R.sub.2 is carboxyl, C.sub.1 -C.sub.3
      -alkoxycarbonyl, pyridyloxycarbonyl, pyridylmethoxycarbonyl or sulpho, and
      very particularly the compounds mentioned in the examples.
PAR  The new compounds can be manufactured according to methods which are in
      themselves known.
PAR  For example, the compounds of the formula I are manufactured by reacting a
      compound of the formula II
EQU  R.sub.1 -- Ph -- X'                                        (II)
PAL  wherein R.sub.1 and Ph have the above meaning, and X' represents a free
      hydroxyl or mercapto group, with a compound of the formula III
EQU  Z -- alk -- R.sub.2
PAL  wherein alk and R.sub.2 have the above meaning and Z represents a reactive
      esterified hydroxyl group. This yields compounds of the formula I wherein
      X is oxy or thio.
PAR  A reactive esterified hydroxyl group is in particular a hydroxyl group
      esterified with a strong acid, such as a strong mineral acid, especially a
      hydrogen halide acid, for example hydrochloric acid or above all
      hydrobromic acid, or sulphuric acid, or with a strong organic acid, for
      example a sulphonic acid, such as a lower alkanesulphonic acid or
      benzenesulphonic acid, for example methanesulphonic acid, ethanesulphonic
      acid or p-toluenesulphonic acid, or is a hydroxyl group which is
      esterified by the radical R.sub.2, representing the sulpho group, to give
      a sultone. If a hydroxyl group of the acid component R.sub.2 is esterified
      or amidised, a phenol or thiophenol II can preferably be employed as a
      salt, especially a metal salt, above all an alkali metal salt, for example
      a sodium salt or potassium salt. A preferred embodiment consists, for
      example, of reacting a suitable .alpha.-bromo-ester III with the sodium
      salt of a corresponding phenol or thiophenol II. The reaction can be
      carried out in the usual manner, especially in an inert, preferably
      anhydrous, solvent, and/or at elevated temperature, and/or in the presence
      of a strong base, for example an alkanolate, above all an alkali metal
      alkanolate, such as sodium alkanolate or potassium alkanolate, for example
      sodium ethanolate or sodium methanolate.
PAR  The new compounds are also obtained if a compound of the formula IV
EQU  R.sub.1 -- Ph -- X -- alk -- Z.sub.1                       (IV)
PAL  wherein R.sub.1, Ph, X and alk have the above meaning, and Z.sub.1 is a
      reactive esterified hydroxyl group, such as halogen, for example bromine,
      is reacted with a compound of the formula V
EQU  u -- R.sub.2                                               (V)
PAL  wherein R.sub.2 is, for example, the nitrile group, the sulpho group or the
      sulphonamido group and u denotes a metal, especially an alkali metal, for
      example sodium. The reaction is carried out in the usual manner,
      especially by heating a mixture of the components, preferably in a
      suitable solvent, for example in dimethylformamide.
PAR  In resulting compounds, substituents can be introduced, modified or split
      off within the scope of the end products.
PAR  Thus it is possible, for example, in resulting compounds wherein R.sub.2
      represents an optionally functionally modified carboxyl group, such as,
      for example, a free, amidised or esterified carboxyl group, or the
      nitrile, amidino or hydroxyaminocarbonyl group, to convert the radicals
      R.sub.2 into one another.
PAR  Esterified carboxyl groups and amidised carboxyl groups, that is to say
      carbamoyl groups or nitrile, amidino or hydroxyaminocarbonyl groups, can
      be converted into free carboxyl groups in the usual manner, for example by
      hydrolysis, preferably in the presence of strong bases or strong acids,
      for example those mentioned above. If desired, oxidising agents, such as
      nitrous acid, can be added when hydrolysing carbamoyl groups.
PAR  Free or esterified carboxyl groups can also be converted into carbamoyl
      groups in the usual manner, for example by reaction with ammonia or amines
      possessing at least one hydrogen atom on the nitrogen atom, and, if
      appropriate, dehydration of the ammonium salt produced as an intermediate,
      for example with phosphorus pentoxide.
PAR  Unsubstituted carbamoyl groups can be converted into nitrile groups in the
      usual manner, for example by dehydration, preferably with phosphorus
      pentoxide.
PAR  Free carboxyl groups can be esterified in the usual manner, for example by
      reaction with an appropriate alcohol, advantageously in the presence of an
      acid, such as a mineral acid, for example sulphuric acid or hydrochloric
      acid, or in the presence of a water-binding agent, such as
      dicyclohexylcarbodiimide, or by reaction with an appropriate diazo
      compound, for example a diazoalkane. The esterification can also be
      carried out by reaction of a salt of the acid, for example of the sodium
      salt, with a reactively esterified alcohol, for example a halide, such as
      a chloride.
PAR  Free carboxyl groups can, for example, also be converted into acid halide
      groupings or acid anhydride groupings in the usual manner, for example by
      reaction with halides of phosphorus or sulphur, such as thionyl chloride,
      phosphorus pentachloride or phosphorus tribromide, or with acid halides,
      such as chloroformic acid esters. The acid anhydride groups or acid halide
      groups can then be converted into esterified carboxyl groups or carbamoyl
      groups in the usual manner, by reaction with appropriate alcohols, if
      desired in the presence of acid-binding agents, such as organic or
      inorganic bases, or by reaction with ammonia or amines.
PAR  Furthermore, sulpho groups and sulphonamido groups, for example lower
      alkyl-monosubstituted sulphonamido groups, can be converted into one
      another in resulting compounds.
PAR  The free sulphonamido group can be monoalkylated in a manner which is in
      itself known, for example with reactive esterified lower alkanols, such as
      halogeno-lower alkanes, or with di-lower alkyl sulphate, such as dimethyl
      sulphate, preferably in the presence of strong bases, for example sodium
      hydroxide.
PAR  Furthermore it is possible, in resulting compounds wherein Ph represents a
      substituted or unsubstituted phenylene radical, to introduce, convert or
      remove substituents of Ph.
PAR  Thus, halogenation, such as chlorination or bromination, can be carried out
      in the usual manner, for example with free chlorine or bromine, without
      or, preferably, with catalysts, such as, for example, iron-III chloride,
      or with N-chlorosuccinimide.
PAR  On the other hand, halogen, for example bromine, which is present can be
      removed hydrogenolytically, for example with hydrogen in the presence of a
      catalyst, such as palladium or Raney nickel, or with triethyl-tin hydride.
PAR  Equally, nitro groups can be introduced in the usual manner, especially by
      nitration, for example with a mixture of nitric acid and sulphuric acid.
PAR  Furthermore, trifluoromethyl groups can be introduced into a radical Ph,
      for example with trifluoromethyl iodide, using copper powder.
PAR  Further, resulting compounds of the formula I which carry at least one
      hydrogen atom in the .alpha.-position to R.sub.2 can be .alpha.-alkylated,
      especially by reaction with a reactively esterified lower alkanol, such as
      a lower alkyl halide, for example methyl iodide or 1-n-octyl bromide, in
      which reaction metallisation is first carried out, that is to say the
      .alpha.-hydrogen atom is replaced by a metal, such as an alkali metal, for
      example sodium or lithium, in the usual manner, using, for example, metal
      hydrides, amides or alkyls, preferably alkali metal hydrides, amides or
      alkyls, for example sodium amide, sodium hydride, lithium
      N,N-di-isopropylamide or butyl-lithium, as metallising agents.
PAR  Resulting compounds wherein X represents sulphur can be oxidised to the
      S-oxides (sulphoxides) or S-dioxides (sulphones).
PAR  The oxidation to the sulphoxides or sulphones can be carried out in a
      manner which is in itself known, for example by reaction with an
      S-oxidising agent, such as hydrogen peroxide, per-acids, especially
      peracetic acid, perbenzoic acid or monoperphthalic acids, which can also
      be substituted, for example by halogen atoms, chromic acid, potassium
      permanganate, hypohalites or nitric acid, nitrous gases and the like, or
      electrolytically. In these reactions the sulphoxides are obtained at lower
      temperatures, especially with good cooling, or when using only one mol
      equivalent of the oxidising agent, whilst or warming and/or using at least
      2 mol equivalents of the oxidising agent the sulphones are obtained.
PAR  Resulting S-oxides can be oxidised to the S-dioxides. This oxidation can be
      carried out in a manner which is in itself known, for example as in the
      case of the oxidation described above which leads to the dioxides.
PAR  Resulting S-oxides can be reduced to the corresponding S-unsubstituted
      compounds of the formula I, for example with a reducing agent, such as
      nascent hydrogen, for example zinc and mineral acid, such as hydrochloric
      acid, or, for example, with sulphites or hydriodic acid.
PAR  In resulting compounds, alkenylene radicals alk can be converted into
      alkylene radicals alk, especially by hydrogen in the presence of a
      catalyst, such as a heavy metal catalyst, for example palladium or
      platinum. An isomerisation of a double bond can also take place on a
      catalyst, especially on a hydrogenation catalyst; for example,
      .beta.-.gamma.-unsaturated compounds can be obtained from
      .alpha.-.beta.-unsaturated compounds.
PAR  In the above reductions care must be taken, where appropriate, that further
      reducible groups are not attacked. Thus it is particularly necessary to
      take care, in the case of the reduction with Raney nickel and hydrogen,
      that halogen atoms which may be present and are bonded to aromatic rings
      are not replaced by hydrogen. In addition, care must be taken with a
      thioether grouping in all reductions, especially catalytic hydrogenations.
      Preferably, sulphur-resistant catalysts should be used and where necessary
      the hydrogen absorption must be followed volumetrically and the
      hydrogenation stopped after the calculated amount has been absorbed.
PAR  The reactions mentioned can optionally be carried out simultaneously or
      successively and in optional sequence.
PAR  The reactions mentioned are carried out in the usual manner in the presence
      or absence of diluents, condensation agents and/or catalytic agents, at
      lowered, ordinary or elevated temperature and in a closed vessel if
      appropriate.
PAR  The invention also relates to those embodiments of the process according to
      which a compound obtainable as an intermediate product at any stage of the
      process is used as the starting compound and the missing process steps are
      carried out, or the process is stopped at any stage, or a starting
      substance is formed under the reaction conditions, or one reaction
      component is optionally present in the form of its salts.
PAR  Depending on the process conditions and starting substances, end products
      which may be salt-forming are obtained in the free form or in the form of
      their salts which can be converted into one another, or into other salts,
      in the usual manner. Thus acid end products, for example end products in
      which a free carboxyl group or the sulpho group is present, are obtained
      in the free form or in the form of their salts with bases. Resulting free
      acid compounds can be converted in the usual manner, for example by
      reaction with appropriate basic agents, into the salts with bases, above
      all into therapeutically usable salts with bases, for example salts with
      organic amines, or metal salts. Possible metal salts are, above all,
      alkali metal salts or alkaline earth metal salts, such as sodium,
      potassium, magnesium or calcium salts. Free acids can be liberated from
      the salts in the usual manner, for example by reaction with acid agents.
PAR  These and other salts can also be used for the purification of the new
      compounds, for example by converting the free compounds into their salts,
      isolating these and reconverting them into the free compounds. Because of
      the close relationships between the new compounds in the free form and in
      the form of their salts, the free compounds are to be understood, in the
      preceding and following text, where appropriate also to include the
      corresponding salts, as regards general sense and intended use.
PAR  The new compounds can, depending on the choice of the starting substances
      and procedures, and depending on the number of asymmetrical carbon atoms,
      be in the form of optical antipodes, racemates or isomer mixtures.
PAR  Isomer mixtures obtained can be separated into the two stereoisomeric
      (diastereomeric) pure isomers on the basis of the physico-chemical
      differences of the constituents, in a known manner, for example by
      chromatography and/or fractional crystallisation.
PAR  Racemates obtained can be resolved into the optical antipodes according to
      known methods, for example by recrystallisation from an optically active
      solvent, with the aid of micro-organisms or by reaction of a free
      carboxylic acid with an optically active base which forms salts with the
      racemic compound and separation of the salts obtained in this manner, for
      example on the basis of their differing solubilities, into the
      diastereomers; the antipodes can then be liberated from the latter by the
      action of suitable agents. Particularly customary optically active bases
      are, for example, (-)-brucine, (+)-quinidine, (-)-quinine, (+)-cinchonine,
      (+)-dehydroabietylamine, (+)- and (-)-ephedrine, (+)- and
      (-)-1-phenyl-ethylamine or their N-monoalkylated or dialkylated
      derivatives. Advantageously, the more active of the two antipodes is
      isolated.
PAR  The new compounds can be used, for example, in the form of pharmaceutical
      preparations in which they are present in the free form or optionally in
      the form of their salts, especially of the therapeutically usable alkali
      metal salts, mixed with a pharmaceutical, organic or inorganic, solid or
      liquid excipient suitable, for example, for enteral or parenteral
      administration. Possible substances for forming the excipient are those
      which do not react with the new compounds such as, for example, water,
      gelatine, lactose, starch, stearyl alcohol, magnesium stearate, talc,
      vegetable oils, benzyl alcohol, propylene glycols, white petroleum jelly
      or other known medicinal excipients. The pharmaceutical preparations can
      be, for example, in the form of tablets, dragees, capsules or
      suppositories or in a liquid form, as solutions, (for example as an elixir
      or syrup), suspensions or emulsions. They are optionally sterilised and/or
      contain auxiliaries, such as preservatives, stabilisers, wetting agents or
      emulsifiers, solubilising agents or salts for regulating the osmotic
      pressure or buffers. The pharmaceutical preparations are formulated
      according to customary methods.
PAR  The starting substances are known or can, if they are new, be manufactured
      according to methods which are in themselves known. New starting
      substances also form a subject of the invention.
PAR  The abovementioned compounds of the formula VIII, wherein Z.sub.4
      represents the --CH.sub.2 --W radical, and R.sub.1, Ph, X and alk have the
      above meaning and W denotes a free hydroxyl group or a hydroxyl group
      esterified with a carboxylic acid, and processes for their manufacture,
      also form a subject of the present invention.
PAR  Lower radicals are especially those with up to 8 C atoms, and above all
      with up to 4 C atoms.
PAR  Aliphatic radicals are radicals whereof the free valency extends from a C
      atom which is not a member of an aromatic system.
PAR  Aliphatic, tricyclic or tetracyclic hydrocarbon radicals R.sub.1 which can
      also be lower-alkylated are, for example, unsaturated and above all
      saturated, such as radicals of the general formula C.sub.m
      H.sub.(2m.sub.-y), wherein m denotes the numbers 8 to 15 and y can be 5,
      7, 9 or 11, such as 1- or 2-adamantyl, octahydro-1,2,4-methenopentalenyl,
      twistanyl or bullvalenyl.
PAR  Lower alkyl radicals are, for example, methyl, ethyl, n-propyl, isopropyl
      or straight or branched butyl, pentyl, hexyl, heptyl, or octyl bonded in
      any desired position.
PAR  Alkoxy radicals are above all lower alkoxy radicals, for example methoxy,
      ethoxy, propoxy, isopropoxy, butoxy or amyloxy groups, and halogen atoms
      can be above all fluorine, chlorine or bromine atoms.
PAR  The phenylene radicals Ph are o-, m- or preferably p-phenylene radicals.
PAR  The phenylene radicals Ph can be unsubstituted or carry one, two or more
      substituents. Possible substituents are here, for example, the following:
      Alkyl radicals, such as lower alkyl radicals, especially those mentioned
      above, nitro groups, alkoxy radicals, halogen atoms, especially those
      mentioned above, or trifluoromethyl radicals.
PAR  Alkylene alk in particular has 1 to 20 C atoms and a straight chain or
      branched chain. A side chain which may be present is preferably in the
      .alpha.-position to R.sub.2. Unbranched alkylene radicals with 1 to 10 C
      atoms, above all with 1 to 4 C atoms, and radicals which carry an
      unbranched alkyl radical with 1 to 8 C atoms, especially methyl, in the
      .alpha.-position to R.sub.2, are preferred. As examples, methylene,
      1,2-ethylene, 1,1-ethylene, 1,3-propylene, 1,4-butylene and 1,10-decylene
      may be mentioned.
PAR  Alkenylene alk in particular has 2 to 20, above all 2 to 7, C atoms and a
      straight chain or branched chain. A side chain which may be present is
      preferably in the .alpha.-position or .beta.-position to R.sub.2.
      Unbranched alkenylene radicals with 2 or 3 C atoms, and radicals which
      carry an unbranched alkyl radical with 1 to 3 C atoms in the
      .alpha.-position or in the .beta.-position to R.sub.2, such as vinylene,
      1,3-propenylene, 1,2-propenylene, 1,2-but-1-enylene and 1,2-but-2-enylene,
      are preferred.
PAR  Carboxylic acids are, for example, alkanecarboxylic acids, preferably lower
      alkanecarboxylic acids, such as propionic acid, butyric acid and
      especially acetic acid, or aromatic carboxylic acids, for example
      benzenecarboxylic acids, which can be unsubstituted, monosubstituted or
      polysubstituted in the phenyl radical, possible substituents being lower
      alkyl, lower alkoxy, hydroxyl, trifluoromethyl and halogen, such as
      chlorine, bromine or iodine, or pyridinecarboxylic acids, such as 2-, 3-
      or 4-pyridinecarboxylic acids.
PAR  The new substances possess valuable pharmacological properties, especially
      an inhibiting action on the liberation of histamine, as can be shown in
      vitro in doses of about 0.003 to 0.015 mg/ml in the histamine liberation
      test on peritoneal cell suspensions of rats, using
      [D-Ser.sup.1,Lys.sup.17,18
      ]-.beta.-corticotropine-(1-19)-nonadecapeptide-tetradecyl esterhexaacetate
      [R. Jaques and M. Brugger, Pharmacology 2, 361-370, (1969), M. Brugger,
      Helv.chim.acta. 54, 1261-1274 (1971)] and are useful as anti-allergy
      agents.
PAR  Furthermore they show, for example on peroral administration, in particular
      a hypolipidaemic activity, which can be demonstrated by standard methods
      from, for example, the lowering of the cholesterol level and above all of
      the triglyceride level in the blood after repeated administration in doses
      of 30 mg/kg per day to male rats. The serum lipids are extracted according
      to J. Folch et al [compare J. Biol. Chem. 226, 497, (1951)] and the
      triglycerides are determined according to G. Kessler and H. Lederer
      [compare Automaticen in der Analytischen Chemie (1965); Technicon GMBH,
      Frankfurt/Main, pages 863-972] and the total cholesterol according to W.
      D. Block et al, [compare ibid., pages 970-971], on an autoanalyser.
PAR  However, the new compounds are also valuable intermediate products for the
      manufacture of other useful substances, especially of pharmacologically
      active compounds.
PAR  Valuable compounds are above all those of the formula VIII, wherein
      R.sub.1, Ph, X, alk and W have the meanings indicated above as being
      preferred, and especially the compounds mentioned in the examples.
PAR  The new compounds of the formula VIII can be manufactured according to
      methods which are in themselves known.
PAR  For example, the new compounds of the formula VIII are manufactured by
      reacting a compound of the formula II
EQU  R.sub.1 -- PH -- X'                                        (II)
PAL  wherein R.sub.1 and Ph have the above meaning and X' represents a free
      hydroxyl or mercapto group, with a compound of the formula XII
EQU  Z -- alk -- CH.sub.2 -- W                                  (XII)
PAL  wherein alk and W have the above meaning and Z represents a reactive
      esterified hydroxyl group.
PAR  A reactive esterified hydroxyl group is in particular a hydroxyl group
      esterified with a strong acid, such as a strong mineral acid, especially a
      hydrogen halide acid, for example hydrochloric acid or above all
      hydrobromic acid, or sulphuric acid, or a strong organic acid, for example
      a sulphonic acid, such as a lower alkanesulphonic acid or benzenesulphonic
      acid, for example methanesulphonic acid, ethanesulphonic acid or
      p-toluenesulphonic acid. If the hydroxyl group W is esterified as
      described above, a phenol II can be employed preferably as the salt,
      especially as the metal salt, above all as the alkali metal salt, for
      example sodium salt or potassium salt. A preferred embodiment consists,
      for example, of reacting a suitable bromo-ester XII with the sodium salt
      of a corresponding phenol II. The reaction can be carried out in the usual
      manner, especially in an inert, preferably anhydrous solvent and/or at
      elevated temperature and/or in the presence of a strong base, for example
      an alkanolate, above all an alkali metal alkanolate, such as sodium
      alkanolate or potassium alkanolate, for example sodium ethanolate or
      sodium methanolate.
PAR  The new compounds VIII are also obtained if a compound of the formula XIII
EQU  R.sub.1 -- Ph -- X -- alk -- Z.sub.3                       (XIII)
PAL  wherein R.sub.1, Ph, X and alk have the above meaning and Z.sub.3
      represents a free or functionally modified carboxyl group, is reduced.
PAR  A functionally modified carboxyl group is, for example an esterified
      carboxyl group, such as a lower alkoxycarbonyl group, for example
      methoxycarbonyl, or a halogenocarbonyl group, for example chlorocarbonyl.
      The reduction can be performed in the usual manner by means of a metal and
      an acid, for example zinc and hydrochloric acid, or a hydride, for example
      a simple or complex hydride, such as a borane, an aluminium hydride or a
      complex di-light metal hydride, for example a lower alkoxy-aluminium
      hydride, an alkali metal aluminium hydride, for example diborane, sodium
      borohydride, lithium borohydride, sodium tris-(2-dimethylaminoethoxy)-
      aluminium hydride or lithium aluminium hydride, in a suitable solvent,
      such as an ether, for example tetrahydrofurane.
PAR  In resulting compounds of the formula VIII, it is possible, within the
      scope of the end products, to introduce, modify or split off substituents.
PAR  Thus it is possible, in resulting compounds VIII, wherein Ph represents a
      substituted or unsubstituted phenylene radical, to introduce, modify or
      remove substituents of Ph.
PAR  Thus, products can be halogenated, such as brominated, in the customary
      manner, for example with free bromine, without catalysts or preferably
      with catalysts, such as, for example, iron-III chloride, or with
      N-chlorosuccinimide.
PAR  On the other hand, halogen, for example bromine, which is present can be
      removed hydrogenolytically, for example with hydrogen in the presence of a
      catalyst, such as palladium or Raney nickel or with triethyl-tin hydride.
PAR  Equally, nitro groups can be introduced in the usual manner, especially by
      nitration, for example with a mixture of nitric acid and sulphuric acid.
PAR  Furthermore, trifluoromethyl groups can be introduced into a radical Ph,
      for example by means of trifluoromethyl iodide in the presence of copper
      powder.
PAR  Resulting compounds wherein X represents sulphur can be oxidised to the
      S-oxides (sulphoxides) or S-dioxides (sulphones).
PAR  The oxidation to the sulphoxides or sulphones can be carried out in a
      manner which is in itself known, for example by reaction with a
      S-oxidising agent, such as hydrogen peroxide, per-acids, especially
      peracetic acid, perbenzoic acids or monoperphthalic acids, which can also
      be substituted, for example by halogen atoms, or electrolytically. In
      these reactions the sulphoxides are obtained at lower temperatures,
      especially if good cooling is used, or if only one mol equivalent of the
      oxidising agent is employed, whilst on warming and/or using at least 2 mol
      equivalents of the oxidising moxidising agent the sulphones are obtained.
PAR  Resulting S-oxides can be oxidised to the S-dioxides. This oxidation can be
      carried out in a manner which is in itself known, for example as in the
      case of the oxidation described above which leads to the dioxides.
PAR  Resulting S-oxides can be reduced to the corresponding S-unsubstituted
      compounds of the formula XIII, for example with a reducing agent, such as
      nascent hydrogen, for example zinc and mineral acid, such as hydrochloric
      acid, or, for example, with sulphites or hydriodic acid.
PAR  Resulting S-dioxides can be reduced to the corresponding S-unsubstituted
      compounds of the formula XIII, for example by reduction with a di-light
      metal hydride, such as lithium aluminium hydride. Here, an ether, such as
      dibutyl ether or tetrahydrofurane is advantageously used as the solvent.
PAR  In resulting compounds of the formula VIII, wherein W represents a free
      hydroxyl group or a hydroxyl group esterified with a carboxylic acid,
      preferably a lower alkanecarboxylic acid, for example acetic acid, an
      aromatic carboxylic acid such as a benzenecarboxylic acid which can be
      unsubstituted, monosubstituted or polysubstituted in the phenyl radical,
      for example benzoic acid, or a pyridinecarboxylic acid, such as 2-, 3- or
      4-pyridinecarboxylic acid, for example nicotinic acid, the radicals W can
      be converted into one another.
PAR  Esterified hydroxyl groups, such as those mentioned above, can be
      saponified to free hydroxyl groups in the usual manner, for example by
      hydrolysis, preferably in the presence of strong bases or acids, for
      example sodium hydroxide solution or hydrochloric acid.
PAR  Free hydroxyl groups can be esterified in the usual manner, for example by
      reaction with a free lower alkanecarboxylic acid or a reactive modified
      lower alkanecarboxylic acid, such as a halide or anhydride, for example
      formic acid, acetic acid, propionic acid, acetic anhydride, ketene or
      acetyl chloride, or with a free or reactively modified aromatic carboxylic
      acid, such as a benzoic acid or a benzoyl chloride of which the phenyl
      radical can be unsubstituted, trisubstituted or polysubstituted, possible
      substituents being, for example, lower alkyl, lower alkoxy, hydroxyl,
      trifluoromethyl or halogen, for example, chlorine, bromine or iodine, or
      with a 2-, 3- or 4-pyridinecarboxylic acid, for example with nicotinic
      acid, advantageously in the presence of an acid, such as a mineral acid,
      for example sulphuric acid or hydrogen chloride, or in the presence of a
      water-binding agent, such as dicyclohexylcarbodiimide.
PAR  In the above reductions care must be taken, where necessary, that further
      reducible groups are not attacked. This care must in particular be taken
      in the case of the reduction with Raney nickel and hydrogen that halogen
      atoms which may be present and are bonded to aromatic rings are not
      replaced by hydrogen. Additionally, attention must be paid to a thioether
      grouping in all reduction reactions, especially catalytic hydrogenations.
      Preferably, sulphur-resistant catalysts should be used, and if necessary
      the hydrogen absorption should be followed volumetrically and the
      hydrogenation stopped after the calculated amount has been absorbed.
PAR  The reactions mentioned can optionally be carried out simultaneously or
      successively and in optional sequence.
PAR  The reactions mentioned are carried out in the usual manner, in the
      presence or absence of diluents, condensation agents and/or catalysts, at
      lowered, ordinary or elevated temperature and if appropriate in a closed
      vessel.
PAR  The invention also relates to those embodiments of the process according to
      which a compound obtainable as an intermediate product at any stage of the
      process is used as the starting product and the missing process steps are
      carried out, or the process is stopped at any stage or a starting
      substance is formed under the reaction conditions or a reactant is present
      in the form of its salts, if appropriate.
PAR  Depending on the choice of starting substances and procedures and depending
      on the number of asymmetrical carbon atoms, the new compounds can be in
      the form of optical antipodes, racemates or isomer mixtures (for example
      racemate mixtures).
PAR  Resulting isomer mixtures (racemate mixtures) can be separated into the two
      stereoisomeric (diastereomeric) pure isomers (for example racemates) on
      the basis of the physicochemical differences of the constituents, in a
      known manner, for example by chromatography and/or fractional
      crystallisation.
PAR  Resulting racemates can be resolved into the optical antipodes according to
      known methods, for example by recrystallisation from an optically active
      solvent or with the aid of micro-organisms. Advantageously, the more
      active of the two antipodes is isolated.
PAR  The starting substances are known or can, if they are new, be manufactured
      according to methods which are in themselves known.
PAR  The new compounds can be used, for example, in the form of pharmaceutical
      preparations in which they are present as a mixture with a pharmaceutical,
      organic or inorganic, solid or liquid excipient suitable, for example, for
      enteral or parenteral administration. Possible substances for forming the
      excipient are those which do not react with the new compounds such as, for
      example, water, gelatine, lactose, starch, stearyl alcohol, magnesium
      stearate, talc, vegetable oils, benzyl alcohol, propylene glycols, white
      petroleum jelly or other known medicinal excipients. The pharmaceutical
      preparations can be in the form of, for example, tablets, dragees,
      capsules or suppositories or in a liquid form as solutions (for example as
      an elixir or syrup), suspensions or emulsions. They are optionally
      sterilised and/or contain auxiliaries, such as preservatives, stabilisers,
      wetting agents or emulsifiers, solubilising agents or salts for regulating
      the osmotic pressure or buffers. The pharmaceutical preparations are
      formulated according to customary methods.
PAR  The invention is described in more detail in the examples which follow.
DETD
PAC  EXAMPLE 1
PAR  13.1 g of 4-(1-adamantyl)-phenol [Stepanovetal Z. Org. chim. 8, 1619,
      (1970)] are added to a solution of 1.5 g of sodium in 70 ml of absolute
      ethanol, whilst stirring, and the mixture is evaporated to dryness in
      vacuo at room temperature. 50 ml of absolute benzene are then added three
      times and the mixture is in each case evaporated to dryness in vacuo. The
      evaporation residue is now suspended in 50 ml of absolute
      N,N-dimethylformamide and 8.0 g of propanesultone are added whilst
      stirring. This causes a rise in the temperature of the reaction mixture.
      The mixture is further stirred overnight at 80.degree.C, with exclusion of
      water and is then cooled to room temperature and evaporated to dryness in
      vacuo at 0.1 mm Hg. The evaporation residue is suspended in ether,
      filtered off and well washed with ether. Repeated recrystallisation of the
      filter residue from a little water and ethanol yields the hygroscopic
      sodium salt of 4-[4-(1-adamantyl)-phenoxy]-propanesulphonic acid. The
      melting point is 273.degree. C (with decomposition).
PAC  EXAMPLE 2
PAR  A suspension of 12 g of powdered potassium hydroxide and 12 g of crude
      4-[4-(1-adamantyl)-phenoxy]-butyric acid nitrile in 120 ml of ethylene
      glycol is stirred for 12 hours at 150.degree.C in a nitrogen atmosphere.
      It is then allowed to cool to room temperature and the reaction mixture is
      partitioned between 3 times 200 ml of water and 3 times 200 ml of ethyl
      acetate at 0.degree.C. The aqueous phases are acidifed to pH=2 with
      concentrated hydrochloric acid and extracted with 3 times 200 ml of
      methylene chloride. The organic phases are washed until neutral, dried
      over sodium sulphate and evaporated in vacuo.
      4-[4-(1-Adamantyl)-phenoxy]-butyric acid of melting point
      169.degree.-170.degree.C is crystallised from the evaporation residue by
      means of methylene chloride/petroleum ether.
PAC  EXAMPLE 3
PAR  A solution of 4.2 g of sodium in 200 ml of absolute ethanol is mixed with
      34.2 g of 4-(1-adamantyl)-phenol and stirred for 30 minutes at room
      temperature with exclusion of water. Thereafter, this solution is added
      dropwise over the course of 3 hours, whilst stirring at 50.degree. to
      60.degree.C, to a solution of 60 g of 1,3-dibromopropane in 100 ml of
      absolute ethanol and stirring is continued overnight at 50.degree. to
      60.degree.C with exclusion of water. The reaction solution is then
      evaporated in vacuo, 1 litre of ethanol is added to the residue and
      insoluble matter is filtered off. The filtrate is evaporated to dryness in
      vacuo, ultimately at 0.1 mm Hg, in order to remove the excess
      1,3-dibromopropane. The evaporation residue contains crude
      3-[4-(1-adamantyl)-phenoxy]-propyl bromide as a brown oil which is used
      further without additional purification.
PAR  34 g of sodium cyanide are added to a solution of 40.5 g of this crude
      bromide in 300 ml of absolute dimethylformamide, and the mixture is
      stirred for 12 hours at 60.degree. to 70.degree.C with exclusion of water.
      The reaction solution is then left to cool to room temperature and
      partitioned between 3 times 800 ml of water and the same quantity of
      methylene chloride. The organic extracts are washed until neutral, dried
      over sodium sulphate and evaporated in vacuo. The evaporation residue is
      crude 4-[4-(1-adamantyl)-phenoxy]butyric acid nitrile.
PAC  EXAMPLE 4
PAR  100 ml of 2 N sodium hydroxide solution are added to a solution of 17 g of
      crude 2-[4-(1-adamantyl)-phenoxy]-propionic acid ethyl ester in 100 ml of
      ethanol and the mixture is stirred for 16 hours at room temperature. The
      reaction solution is then evaporated in vacuo to half its volume and its
      pH is adjusted to 2 with concentrated hydrochloric acid whilst cooling
      with ice. The reaction mixture is now partitioned between 200 ml of water
      and 3 times 200 ml of ether. The organic phases are washed until neutral,
      dried over sodium sulphate and evaporated in vacuo.
      2-[4-(1-Adamantyl)-phenoxy]-propionic acid of melting point 140 to
      150.degree.C, which remains as the evaporation residue, is purified
      further by distillation. The fraction boiling at 170.degree. to
      180.degree.C and 0.05 mm Hg contains the pure acid of melting point
      159.degree.-161.degree.C.
PAC  EXAMPLE 5
PAR  11.5 g of 4-(1-adamantyl)-phenol are added to a solution of 1.4 g of sodium
      in 100 ml of absolute ethanol whilst stirring in an anhydrous atmosphere,
      and thereafter 13.6 g of .alpha.-bromopropionic acid ethyl ester are added
      under the same conditions. The mixture is then stirred for a further 24
      hours at 50.degree.C. It is now evaporated to dryness in vacuo at room
      temperature and the residue is partitioned between 3 times 200 ml of ether
      and 3 times 200 ml of 2 N sodium hydroxide solution, whilst cooling with
      ice. The organic phases are washed until neutral, dried over sodium
      sulphate and evaporated in vacuo. The evaporation residue is crude oily
      2-[4-(1-adamantyl)-phenoxy]-propionic acid ethyl ester.
PAC  EXAMPLE 6
PAR  Analogously to the description in Example 5, .alpha.-bromo-decanoic acid
      ethyl ester and 4-(1-adamantyl)-phenol yield
      2-[4-(1-adamantyl)-phenoxy]-decanoic acid ethyl ester.
PAC  EXAMPLE 7
PAR  Analogously to Example 2, 2-[4-(1-adamantyl)-phenoxy]-decanoic acid ethyl
      ester yields 2-[4-(1-adamantyl(-phenoxy]-decanoic acid of boiling point
      220.degree.-224.degree.C at 0.06 mm Hg.
PAC  EXAMPLE 8
PAR  1 mol of 4-[4-(1-adamentyl)-phenoxy]-butyric acid is dissolved in excess
      ethanol and boiled, with addition of 3% of concentrated sulphuric acid,
      for 3 hours under reflux, with exclusion of moisture. The product is
      concentrated to half its volume and partitioned between methylene chloride
      and water. The organic phase is washed until neutral, dried with sodium
      sulphate and evaporated in vacuo to give
      4-[4-(1-adamantyl)-phenoxy]-butyric acid ethyl ester of melting point
      45.degree.-46.degree.C.
PAC  EXAMPLE 9
PAR  280 g of phosphorus pentachloride are added in portions over the course of
      2 hours to a solution of 200 g of 3-oxo-hexanoic acid ethyl ester in 200
      ml of absolute benzene whilst stirring at 0.degree.C. 200 ml of water are
      then added dropwise with intense cooling so that the temperature never
      rises above 0.degree.C. The mixture is stirred for a further 12 hours at
      0.degree.C. The organic phase is then separated off, washed with twice 100
      ml of ice-cold 2 N sodium hydroxide solution and with twice 100 ml of
      water, dried over sodium sulphate and evaporated in vacuo. Fractional
      distillation of the evaporation residue gives, in the fraction boiling at
      98.degree.-102.degree.C (20 mm), crude 3-chloro-2-hexenoic acid ethyl
      ester, which is used direct for further conversion.
PAR  11.4 g of 4-[1-adamantyl)-phenol and 10.4 g of the above chloro-ester give,
      in accordance with the method described in Example 1, a mixture of crude
      3-[4-(1-adamantyl)-phenoxy]-2- and -3-hexenoic acid ethyl ester. [IR:
      (CO): 1,740 cm.sup..sup.-1 with a shoulder on the right].
PAC  EXAMPLE 10
PAR  21 ml of 1 N sodium hydroxide solution are added to a solution of a mixture
      of 6.8 g of crude 3-[4-(1-adamantyl)-phenoxy]-2- and -3-hexenoic acid
      ethyl ester in 80 ml of ethanol and the mixture is heated for 6 hours
      under reflux. It is then evaporated to dryness in vacuo and the
      evaporation residue is partitioned between 3 times 100 ml of ether and 2
      times 200 ml of water. The water phases are adjusted to pH 2 with
      concentrated hydrochloric acid whilst cooling with ice, and are extracted
      with twice 100 ml of methylene chloride. The organic phases are washed
      until neutral, dried over sodium sulphate and evaporated to dryness in
      vacuo. 3-[4-(1-Adamantyl)-phenoxy]-3-hexenoic acid of melting point
      125.degree.-127.degree.C (decomposition) crystallises from ether-pentane.
PAR  Fractional crystallisation of the mother liquor from ether-petroleum ether
      gives 3-[4-(1-adamantyl)-phenoxy]-2-hexenoic acid of melting point
      165.degree.-175.degree.C.
PAC  EXAMPLE 11
PAR  A solution of 17.5 g of 4-[4-(1-adamantyl)-phenoxy]-butyric acid chloride
      in as little absolute tetrahydrofurane as possible is slowly added
      dropwise, under anhydrous conditions and whilst stirring at -10.degree.C,
      to a solution of 6.9 g of 4-pyridyl-methanol and 10.6 g of triethylamine
      in 100 ml of absolute tetrahydrofurane. After completion of the addition,
      the mixture is stirred for about 12 hours longer at about 25.degree.C. The
      reaction mixture is then poured onto 200 g of ice water and extracted with
      twice 200 ml of ether. The organic phases are successively washed with 200
      ml of saturated aqueous sodium bicarbonate solution and twice 200 ml of
      saturated sodium chloride solution, dried over sodium sulphate and
      evaporated to dryness in vacuo. The oily brown residue is chromatographed
      on 1 kg of silica gel with ether as the eluant. If fractions of 100 ml are
      taken, fractions 12-26 contain 4-[4-(1-adamantyl)-phenoxy]-butyric acid 4
      -pyridylmethyl ester of melting point 76.degree.-78.degree.C (from
      ether-pentane).
PAR  The starting material can be obtained as follows:
PAR  A solution of 15 g of 4-[4-(1-adamantyl)-phenoxy]-butyric acid in 150 ml of
      absolute benzene and 30 ml of thionyl chloride is heated with 0.3 ml of
      absolute dimethylformamide for 4 hours under reflux, with exclusion of
      water. It is then evaporated to dryness in vacuo. To remove the excess
      thionyl chloride completely, the residue is further evaporated with twice
      200 ml of absolute benzene.
PAR  The crude oily 4-[4-(1-adamantyl)-phenoxy]-butyric acid chloride remaining
      in the evaporation residue is used direct, without additional
      purification, for further conversion.
PAC  EXAMPLE 12
PAR  A strong stream of dry ammonia is passed (for 15 minutes) into a solution
      of 16.5 g of 4-[4-(1-adamantyl)-phenoxy]-butyric acid chloride in 150 ml
      of absolute benzene under anhydrous conditions, whilst stirring. The
      product formed is now filtered off and washed with ether.
      Recrystallisation from a large amount of acetone yields pure
      4-[4-(1-adamantyl)-phenoxy]-butyric acid amide of melting point
      176.degree.-177.degree.C (needles).
PAC  EXAMPLE 13
PAR  3.22 g of N-chlorosuccinimide are added to a solution of 7 g of
      4-[4-(1-adamantyl)-phenoxy]-butyric acid in 40 ml of absolute
      dimethylformamide whilst stirring in an anhydrous atmosphere at
      0.degree.C. The mixture is then stirred for a further 15 minutes at
      0.degree.C, 30 minutes at about 25.degree.C and 9 hours at 50.degree.C.
      The reaction solution is cooled to 0.degree.C, filtered and treated with
      40 ml of ice water. The precipitate formed is filtered off and washed with
      ice water. It is then recrystallised twice from ethanol.
      4-[2-Chloro-4-(1-adamantyl)-phenoxy]-butyric acid of melting point
      164.degree.-166.degree.C is thus obtained.
PAC  EXAMPLE 14
PAR  6 g of 2-(1-adamantyl)-5-methylphenol are added to a solution of 690 mg of
      sodium in 50 ml of absolute ethanol whilst stirring in an anhydrous
      atmosphere, 7.35 g of 4-bromobutyric acid ethyl ester are then added
      dropwise under the same conditions, and the mixture is stirred for a
      further 24 hours at 50.degree.C. It is now evaporated to dryness in vacuo
      and the residue is partitioned between 3 times 150 ml of ether and 3 times
      100 ml of water. The organic phases are dried over sodium sulphate and
      evaporated in vacuo, ultimately in a high vacuum so as completely to
      remove the excess 4-bromo-ester.
      4-[2-(1-Adamantyl)-5-methyl-phenoxy]-butyric acid ethyl ester remains in
      the evaporation residue.
PAR  The starting material can be obtained as follows:
PAR  A mixture of 72 g of 1-bromoadamantane and 108 g of m-cresol is stirred for
      90 minutes at 150.degree.C under nitrogen. The excess m-cresol is then
      distilled off in vacuo. The residue is chromatographed on 1 kg of silica
      gel, with methylene chloride as the eluant. If fractions of 100 ml are
      taken, fractions 13-16 contain 2-(1-adamantyl)-5-methylphenol, which after
      crystallisation from petoleum ether melts at 113.degree.-115.degree.C.
PAC  EXAMPLE 15
PAR  A solution of 7.9 g of 4-[2-(1-adamantyl)-5-methylphenoxy]-butyric acid
      ethyl ester in 80 ml of ethanol and 80 ml of 1 N sodium hydroxide solution
      is left to stand for 60 hours at about 25.degree.C. It is then evaporated
      to dryness in vacuo and the evaporation residue is partitioned between 100
      ml of 2 N hydrochloric acid and twice 200 ml of ether. The organic phases
      are washed until neutral, treated with active charcoal, dried over sodium
      sulphate and evaporated in vacuo. Crystallising the evaporation residue
      twice from ether-petroleum ether gives
      4-[2-(1-adamantyl)-5-methylphenoxy]-butyric acid of melting point
      147.degree.-150.degree.C.
PAC  EXAMPLE 16
PAR  A mixture of 11.4 g of 4-(1-adamantyl)-phenol, 8.2 g of 3-chlorocrotonic
      acid ethyl ester and 60 g of anhydrous potassium carbonate in 500 ml of
      absolute acetone is heated for 12 hours in an anhydrous atmosphere. The
      mixture is then filtered hot, the residue is well rinsed with hot acetone
      the filtrate is evaporated to dryness in vacuo and this residue is
      partitioned between 3 times 200 ml of methylene chloride and 3 times 200
      ml of water.
PAR  The organic phases are dried over sodium sulphate and evaporated in vacuo.
      Chromatography of the evaporation residue on 500 g of silica gel, with
      methylene chloride as the eluant, gives
      3-[4-(1-adamantyl)-phenoxy]-crotonic acid ethyl ester, of melting point
      97.degree.-98.degree.C, in fractions 5 and 6 (each of 300 ml).
PAC  EXAMPLE 17
PAR  A solution of 12.2 g of 3-[4-(1-adamantyl)-phenoxy]crotonic acid ethyl
      ester in 120 ml of ethanol and 24 ml of 2 N sodium hydroxide solution is
      stirred for 5 days at about 25.degree.C. It is then evaporated in vacuo to
      a volume of approx. 20 ml and the residue is partitioned between twice 200
      ml of methylene chloride and 200 ml of 2 N hydrochloric acid. The organic
      phases are washed until neutral, treated with active charcoal, dried over
      sodium sulphate and evaporated in vacuo. Crystallisation of the
      evaporation residue from ethanol gives
      3-[4-(1-adamantyl)-phenoxy]-crotonic acid of melting point
      215.degree.-218.degree.C (decomposition).
PAC  EXAMPLE 18
PAR  Analogously to the method described in Example 16, the use of ethyl
      bromoacetate and p-(1-adamantyl)-phenol as starting materials gives
      4-(1-adamantyl)-phenoxyacetic acid ethyl ester of melting point
      89.degree.-90.degree.C (flakes; from ether-pentane).
PAC  EXAMPLE 19
PAR  4-(1-Adamantyl)-phenoxyacetic acid ethyl ester gives, analogously to
      Example 17, 4-(1-adamantyl)-phenoxyacetic acid of melting point
      185.degree.-187.degree.C (from ether/petroleum ether).
PAC  EXAMPLE 20
PAR  Analogously to the method described in Example 5, the use of
      p-(1-adamantyl)-phenol and 4-bromobutyric acid ethyl ester as starting
      materials gives 4-[4-(1-adamantyl)-phenoxy]butyric acid ethyl ester of
      boiling point 150.degree.C (0.03 mm).
PAC  EXAMPLE 21
PAR  Analogously to the procedure described in Example 5, the use of
      5-chloro-pentanecarboxylic acid ethyl ester and p-(1-adamantyl)-phenol as
      starting materials gives 5-[4-(1-adamantyl)-phenoxy]-pentanecarboxylic
      acid ethyl ester of boiling point 170.degree.-180.degree.C (0.05 mm).
PAC  EXAMPLE 22
PAR  Starting from 5-[4-(1-adamantyl)-phenoxy]-pentanecarboxylic acid ethyl
      ester, 5-[4-(1-adamantyl)-phenoxy]-pentanoic acid of melting point
      163.degree.-165.degree.C (from chloroform/petroleum ether) is obtained
      analogously to Example 17.
PAC  EXAMPLE 23
PAR  120 ml of fuming nitric acid in 40 ml of glacial acetic acid are added
      dropwise to a solution of 31.4 g of 4-[4-(1-adamantyl)-phenoxy]-butyric
      acid in 100 ml of glacial acetic acid and 30 ml of methylene chloride at
      -5.degree.C, whilst stirring in an anhydrous atmosphere. After completion
      of the addition, the mixture is stirred for a further 15 minutes at
      -5.degree.C and 30 minutes at -3.degree.C. The reaction mixture is then
      poured onto 1 kg of ice and extracted with 3 times 200 ml of methylene
      chloride. The organic phases are washed until neutral, dried over sodium
      sulphate and evaporated in vacuo. Chromatography of the evaporation
      residue on 1 kg of silica gel, with ethyl acetate as the eluant, gives
      4-[2-nitro-4-(1-adamantyl)-phenoxy]-butyric acid of melting point
      182.degree.-185.degree.C (from methylene chloride/petroleum ether) and
      4-[2,6-dinitro-4-(1-adamantyl)-phenoxy[-butyric acid of melting point
      170.degree.-172.degree.C (from ethanol-pentane).
PAC  EXAMPLE 24
PAR  Starting from 1,10-dibromodecane and p-(1-adamantyl)-phenol and sodium
      cyanide, 11-[4-(1-adamantyl)-phenoxy]-undecanoic acid of melting point
      87.degree.-91.degree.C (from ether/petroleum ether/pentane) is obtained
      via the nitrile, analogously to Example 3 and 2.
PAC  EXAMPLE 25
PAR  12 g of the trifluoroacetic acid salt of 3-pyridyltrifluoroacetate are
      added to a solution of 10 g of 4-[2-(1-adamantyl)-phenoxy]-butyric acid in
      50 ml of anhydrous pyridine whilst stirring in an anhydrous atmosphere and
      the mixture is stirred for about 16 hours at about 25.degree.C. The
      reaction solution is then poured into 500 g of ice water and the
      precipitate formed is filtered off. The filter residue is washed with
      water and dissolved in 300 ml of ether. The ether solution is successively
      washed with 200 ml of water, 200 ml of saturated sodium bicarbonate
      solution and 300 ml of water, dried over sodium sulphate and evaporated to
      dryness in vacuo. 4-[4-(1-Adamantyl)-phenoxy]-butyric acid 3-pyridyl ester
      of melting point 88.degree.-89.degree.C crystallises from ether-hexane.
PAC  EXAMPLE 26
PAR  A solution of 1.45 g of sodium nitrite in 6 ml of water is added dropwise
      to a suspension of 5.3 g of p-(1-adamantyl)-aniline hydrochloride in 10 ml
      of concentrated hydrochloric acid and 30 ml of water at 0.degree.C, whilst
      stirring.
PAR  The mixture is stirred for a further 2 hours at 0.degree.C. The solution
      which has now cooled to 0.degree.C and is homogeneous is added dropwise at
      4.degree.C, whilst stirring, to a solution which is obtained by dissolving
      5.05 g of sodium sulphide enneahydrate and 660 mg of sulphur in 5.7 ml of
      water and 5 g of sodium hydroxide in 20 ml of water with heating.
PAR  After completion of the addition, the reaction mixture is allowed to rise
      to about 25.degree.C, stirred for 1 hour at about 25.degree.C and then
      heated for 15 minutes to 60.degree.C. It is then cooled to 0.degree.C,
      adjusted to pH 2 with concentrated hydrochloric acid and extracted with 3
      times 100 ml of methylene chloride. The organic phases are washed until
      neutral, dried over sodium sulphate and evaporated in vacuo. The crude and
      oxidation-sensitive 4-(1-adamantyl)-thiophenol contained in the
      evaporation residue (brown oil) is immediately converted further, without
      additional purification.
PAR  A solution of 5 g of the crude 4-(1-adamantyl)-thiophenol obtained above,
      in 25 ml of absolute ethanol and 25 ml of absolute tetrahydrofurane is
      added dropwise to a solution of 500 mg of sodium in 20 ml of absolute
      ethanol whilst stirring in a dry nitrogen atmosphere, and 2.9 ml of
      4-bromobutyric acid ethyl ester are then added under the same conditions.
      After completion of the addition, the mixture is heated to 50.degree.C for
      14 hours. It is then evaporated to dryness in vacuo and the evaporation
      residue is partitioned between 3 times 100 ml of methylene chloride and
      100 ml of 2 N hydrochloric acid. The organic phases are washed until
      neutral, dried over sodium sulphate and evaporated in vacuo.
      Chromatography of the evaporation residue on 240 g of silica gel, with
      benzene as the eluant, yields chromatographically pure
      4-[4-(1-adamantyl)-phenylthio]-butyric acid ethyl ester in the form of a
      yellow-brown oil (IR spectrum: C=O band at  1,740 cm.sup.-.sup.1 (in
      CH.sub.2 Cl.sub.2)).
PAR  100 ml of 2 N sodium hydroxide solution are added to a solution of 6 g of
      crude 4-[4-(1-adamantyl)-phenylthio]-butyric acid ethyl ester in 300 ml of
      ethanol and 100 ml of tetrahydrofurane and the mixture is left to stand
      for 3 days at about 25.degree.C with exclusion of air. The reaction
      solution is then evaporated in vacuo to a volume of about 100 ml and
      partitioned between 3 times 200 ml of methylene chloride and 200 ml of 2 N
      hydrochloric acid. The organic phases are washed until neutral, dried over
      sodium sulphate and evaporated in vacuo. Crystallisation of the
      evaporation residue from benzene/petroleum ether gives
      4-[4-(1-adamantyl)-phenylthio]-butyric acid of melting point
      136.degree.-138.degree.C.
PAC  EXAMPLE 27
PAR  Analogously to the procedure described in Example 5, the use of 11.4 g of
      4-(1-adamantyl)-phenol and 14.5 g of 4-bromocrotonic acid ethyl ester as
      starting materials gives 4-[4-(1-adamantyl)-phenoxy]-crotonic acid ethyl
      ester of melting point 91.degree.-93.degree.C (from methanol).
PAC  EXAMPLE 28
PAR  Analogously to the procedure described in Example 4, starting from 7.3 g of
      4-[4-(1-adamantyl)-phenoxy]-crotonic acid ethyl ester and saponifying with
      sodium hydroxide solution gives a mixture of
      4-[4-(1-adamantyl)-phenoxy]-2-butenoic acid and
      4-[4-(1-adamantyl)-phenoxy]-3-butenoic acid of melting point
      195.degree.-199.degree.C (from chloroform-pentane).
PAC  EXAMPLE 29
PAR  A solution of 0.9 g of the mixture of
      4-[4-(1-adamantyl)-phenoxy]-2-butenoic acid and
      4-[4-(1-adamantyl)-phenoxy]-3-butenoic acid in 30 ml of absolute methanol
      is hydrogenated with 0.3 g of palladium (5% strength on charcoal) until 1
      equivalent of hydrogen has been taken up (normal pressure, about
      25.degree.C). The catalyst is then filtered off, and the filtrate is mixed
      with 10 ml of 2 N sodium hydroxide solution and left to stand for 24 hours
      at about 25.degree.C. It is then evaporated in vacuo to half its volume.
      The evaporation residue is partitioned between 50 ml of 2 N hydrochloric
      acid and 3 times 50 ml of methylene chloride. The organic phases are
      washed until neutral, dried over sodium sulphate and evaporated in vacuo.
      Crystallisation of the evaporation residue from ethanol gives
      4-[4-(1-adamantyl)-phenoxy]-butyric acid of melting point
      170.degree.-172.degree.C.
PAC  EXAMPLE 30
PAR  52.6 g of p-bromophenyl benzyl ether in 100 ml of absolute tetrahydrofurane
      are added dropwise to 5 g of magnesium filings, covered with a little
      absolute tetrahydrofurane, whilst stirring at 40.degree.C in an anhydrous
      atmosphere, the speed of addition being such that the temperature never
      exceeds 50.degree.C. After completion of the addition, the mixture is
      heated for 2 hours under reflux. The reaction solution is then cooled to
      20.degree.C and decomposed dropwise with a solution of 27 g of
      2-adamantanone in 100 ml of absolute tetrahydrofurane. After completion of
      the addition, the mixture is heated for 2 hours under reflux and is then
      stirred for about 12 hours at about 25.degree.C. It is then evaporated to
      half its volume in vacuo, poured onto a mixture of 500 g of ice and 500 ml
      of saturated ammonium chloride solution and extracted with 3 times 500 ml
      of ether. The organic phases are washed with twice 500 ml of water, dried
      over sodium sulphate and evaporated to dryness in vacuo. Crystallisation
      of the evaporation residue from ether/petroleum ether gives
      4-(2-hydroxy-2-adamantyl)-phenyl-benzyl ether of melting point
      119.degree.-121.degree.C.
PAR  A solution of 19.5 g of 4-(2-hydroxy-2-adamantyl)-phenyl-benzyl ether in
      200 ml of glacial acetic acid is hydrogenated with 2 g of palladium on
      charcoal at about 25.degree.C, under normal pressure, until 2 equivalents
      of hydrogen have been taken up. The catalyst is then filtered off and the
      filtrate is evaporated to dryness in vacuo. Crystallisation of the
      evaporation residue from ether/petroleum ether gives
      4-(2-adamantyl)-phenol of melting point 180.degree.-181.degree.C.
PAR  7.0 g of this phenol are converted by means of 9.05 g of 4-bromo-butyric
      acid ethyl ester, in accordance with the procedure described in Example 5,
      into 4-[4-(2-adamantyl)-phenoxy]-butyric acid ethyl ester, which after
      chromatographic purification on 260 g of silica gel, with methylene
      chloride as the migrating agent, is obtained as a chromatographically
      pure, oily compound.
PAC  EXAMPLE 31
PAR  A solution of 7.2 g of 4-[4-(2-adamantyl)-phenoxy]-butyric acid ethyl ester
      in 150 ml of ethanol is mixed with 150 ml of sodium hydroxide solution and
      the mixture is left to stand for 24 hours at 30.degree.C. The reaction
      solution is then evaporated to dryness in vacuo and the evaporation
      residue is partitioned between 100 ml of 2 N hydrochloric acid and twice
      100 ml of ether. The organic phases are washed until neutral, dried over
      sodium sulphate and evaporated to dryness in vacuo. Recrystallisation of
      the evaporation residue from ethanol gives
      4-[4-(2-adamantyl)-phenoxy]-butyric acid of melting point
      163.degree.-165.degree.C.
PAC  EXAMPLE 32
PAR  0.5 g of palladium (5% strength on charcoal) is added to a solution of 4.0
      g of 4-[2-nitro-4-(1-adamantyl)-phenoxy]-butyric acid in 200 ml of 5 N
      methanolic hydrochloric acid and the acid is hydrogenated at about
      25.degree.C under normal pressure until 3 equivalents of hydrogen have
      been taken up. The catalyst is then filtered off and the filtrate is
      evaporated in vacuo to a volume of 50 ml and left to stand for 2 days at
      about 25.degree.C. The reaction solution is then partitioned between 3
      times 100 ml of methylene chloride and 200 ml of saturated sodium
      bicarbonate solution. The organic phases are washed with water until
      neutral, dried over sodium sulphate and evaporated in vacuo.
      Crystallisation of the evaporation residue from ether/petroleum ether
      gives 4-[4-(1-adamantyl)-2-aminophenoxy]-butyric acid methyl ester of
      melting point 97.degree.-98.degree.C.
PAC  EXAMPLE 33
PAR  1.00 g of sodium nitrite in 5 ml of water is added dropwise, whilst
      stirring, to a suspension of 5 g of
      4-[4-(1-adamantyl)-2-amino-phenoxy)-butyric acid methyl ester in 10 ml of
      concentrated hydrochloric acid and 30 ml of water. After completion of the
      addition, the mixture is stirred for a further 3 hours at 0.degree.C. The
      reaction solution is then filtered cold. The filtrate, kept at 0.degree.C,
      is then added in portions to a solution of 5 g of freshly prepared
      copper-(I) chloride in 20 ml of concentrated hydrochloric acid at
      0.degree.C, whilst stirring. After completion of the addition, the
      temperature is allowed to rise to about 25.degree.C and the mixture is
      then heated on a water bath until the evolution of nitrogen has ceased. It
      is then filtered, the residue is well rinsed with methylene chloride, and
      the filtrate is partitioned between 3 times 50 ml of methylene chloride
      and 50 ml of water. The organic phases are combined and evaporated in
      vacuo. The evaporation residue is dissolved in 100 ml of ethanol and 20 ml
      of 2 N sodium hydroxide solution and the mixture is left to stand for 24
      hours at about 25.degree.C. It is then evaporated to dryness in vacuo and
      the evaporation residue is partitioned between 150 ml of 2 N hydrochloric
      acid and twice 50 ml of methylene chloride. The organic phases are washed
      until neutral, dried over sodium sulphate and evaporated in vacuo.
      Chromatography of the evaporation residue on 100 g of silica gel, with
      ether as the migrating agent, and subsequent crystallisation from ethanol,
      gives 4-[4-(1-adamantyl)-2-chloro-phenoxy]-butyric acid of melting point
      164.degree.-166.degree.C.
PAC  EXAMPLE 34
PAR  A 10% strength solution of 4-[4-(1-adamantyl)-phenoxy]-butyric acid ethyl
      ester in dioxane is slowly added dropwise to a suspension of 1.1
      equivalents of lithium aluminium hydride in a little dioxane, whilst
      stirring and excluding moisture.
PAR  After completion of the addition, the mixture is stirred for a further 10
      hours at 50.degree.C.
PAR  The mixture is then cooled to 0.degree.C and the excess lithium aluminium
      hydride is destroyed by dropwise addition of water under a protective
      atmosphere of nitrogen, whilst stirring.
PAR  The reaction mixture is partitioned between 2 N hydrochloric acid and
      methylene chloride and the organic phase is separated off, washed until
      neutral, dried with sodium sulphate and evaporated in vacuo
PAR  4-[4-(1-Adamantyl)-phenoxy]-butanol which has an absorption band in the IR
      at 3,600 cm.sup.-.sup.1 and melts at 98.degree.-99.degree.C, remains as
      the residue.
PAC  EXAMPLE 35
PAR  13 g of nicotinic acid chloride hydrochloride are added in portions to a
      solution of 14.6 g of 4-[4-(1-adamantyl)-phenoxy]-butanol in 180 ml of
      absolute pyridine and 90 ml of absolute benzene whilst stirring at
      5.degree.C in an anhydrous atmosphere, and 40 ml of triethylamine are then
      added under the same conditions. The cooling bath is then removed and the
      mixture is stirred for a further 2 days at about 25.degree.C. The reaction
      solution is now partitioned between 2 litres of ice water and 3 times 200
      ml of methylene chloride. The organic phases are then washed with 6 times
      800 ml of water, dried over sodium sulphate and evaporated to dryness in
      vacuo. Crystallisation of the evaporation residue form ether/petroleum
      ether after treatment with active charcoal gives
      4-[4-(1-adamantyl)-phenoxy]-butyl-nicotinate of melting point
      83.degree.-84.degree..
PAC  EXAMPLE 36
PAR  Analogously to the method described in Example 35, the use of 14.6 g of
      4-[4-(1-adamantyl)-phenoxy]-butanol and 13.0 g of isonicotinic acid
      chloride hydrochloride as starting materials gives
      4-[4-(1-adamantyl)-phenoxy]-butyl-isonicotinate of melting point
      92.degree.-93.degree.C.
PAC  EXAMPLE 37
PAR  22.8 g of p-(1-adamantyl)-phenol are added to a solution of 2.8 g of sodium
      in 200 ml of absolute ethanol whilst stirring in an anhydrous atmosphere
      and 14.2 g of 3-chloro-propanol are then added dropwise under the same
      conditions. After completion of the addition, the mixture is stirred for a
      further 24 hours at 60.degree.C. It is then evaporated to dryness in
      vacuo, the residue is dissolved in ether, the solution is filtered and the
      filtrate is evaporated to dryness in vacuo. Chromatography of the
      evaporation residue on 1 kg of silica gel with ethyl acetate as the eluant
      gives 3-[4-(1-adamantyl)-phenoxy]-propanol-(1) of melting point
      98.degree.-100.degree.C (from methanol-water).
PAC  EXAMPLE 38
PAR  Tablets containing 10 mg of active substance can be produced to have, for
      example, the following composition:
TBL  Composition                                                               

     ______________________________________                                    

     4-[4-(1-Adamantyl)-phenoxy]-butyric acid                                  

                                 10.0 mg                                       

     Wheat starch                29.5 mg                                       

     Lactose                     50.0 mg                                       

     Colloidal silica            5.0 mg                                        

     Talc                        5.0 mg                                        

     Magnesium stearate          0.5 mg                                        

                                 100.0 mg                                      

     ______________________________________                                    

PAC  Manufacture
PAR  The 4-[4-(1-adamantyl)-phenoxy]-butyric acid is mixed with a part of the
      wheat starch, with lactose and with colloidal silica and the mixture is
      forced through a sieve. A further part of the wheat starch is worked into
      a paste with a 5-fold amount of water on a water bath and the powder
      mixture is kneaded with this paste until a slightly plastic mass has been
      produced.
PAR  The plastic mass is forced through a sieve of approx. 3 mm mesh width and
      dried and the dry granules are again forced through a sieve. Thereafter,
      the remaining wheat starch, the talc and the magnesium stearate are mixed
      in and the resulting mixture is pressed to give tablets weighing 100 mg.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
EQU  R.sub.1 -- Ph -- X -- alk -- R.sub.2
PAL  wherein R.sub.1 is adamantyl, Ph is unsubstituted phenylene, or phenylene
      substituted by nitro, lower alkyl, lower alkoxy, halogen or
      trifluoromethyl, X is oxy, alk is alkylene with up to 10 carbon atoms
      which may be branched in the .alpha.-position with respect to R.sub.2 or
      alkenylene with up to 7 carbon atoms the double bond of which extends from
      the carbon atoms in .alpha.- or .beta.-position to R.sub.2 and which may
      be branched in the .beta.-position with respect to R.sub.2 and R.sub.2 is
      carboxyl, lower alkoxycarbonyl, pyridyloxycarbonyl, pyridylcarbonyloxy or
      pyridylmethoxycarbonyl, or therapeutically acceptable salts thereof.
NUM  2.
PAR  2. A compound as claimed in claim 1, wherein R.sub.1 is adamantyl, Ph is
      1,4-phenylene, X is oxy, alk is --(CH.sub.2).sub.n --CH(R.sub.3)--,
      wherein n is 0, 1 or 2 and R.sub.3 is hydrogen or straight-chain alkyl
      with 1 to 8 C atoms and R.sub.2 is carboxyl, methoxycarbonyl,
      ethoxycarbonyl or pyridylmethoxycarbonyl, or therapeutically acceptable
      salts thereof.
NUM  3.
PAR  3. A compound as claimed in claim 1, wherein R.sub.1 is adamantyl, Ph is
      1,2- or 1,4-phenylene, or such phenylene substituted by nitro, methoxy,
      methyl or chlorine, X is oxy, alk is unbranched alkylene with 1 to 4 C
      atoms, or such alkylene carrying unbranched alkyl with 1 to 8 C atoms in
      the .alpha.-position to R.sub.2, or unbranched alkenylene with 2 or 3 C
      atoms, or such alkenylene carrying unbranched alkyl with 1 to 3 C atoms in
      the .alpha.-position or .beta.-position to R.sub.2, and R.sub.2 is
      carboxyl, alkoxycarbonyl with 2 to 5 C atoms, pyridyloxycarbonyl or
      pyridylmethoxycarbonyl, or therapeutically acceptable salts thereof.
NUM  4.
PAR  4. A compound as claimed in claim 1, wherein R.sub.1 is adamantyl, Ph is
      1,4-phenylene, X is oxy, alk is unbranched alkylene with 1 to 4 C atoms,
      or such alkylene carrying methyl or n-octyl in the .alpha.-position to
      R.sub.2, or unbranched alkenylene with 2 or 3 C atoms, or such alkenylene
      carrying methyl or n-propyl in the .alpha.-position or .beta.-position to
      R.sub.2, and R.sub.2 is carboxyl, alkoxycarbonyl with 2 to 4 C atoms,
      pyridyloxycarbonyl or pyridylmethoxycarbonyl, or therapeutically
      acceptable salts thereof.
NUM  5.
PAR  5. A compound as claimed in claim 1 being
      4-[4-(1-adamantyl)-phenoxy]-butyric acid or a therapeutically acceptable
      salt thereof.
NUM  6.
PAR  6. A compound as claimed in claim 1, being
      4-[4-(1-adamantyl)-phenoxy]-butyl nicotinate, or therapeutically
      acceptable salts thereof.
NUM  7.
PAR  7. A compound as claimed in claim 1, being 4-(1-adamantyl)-phenoxy-acetic
      acid or a therapeutically acceptable salt thereof.
NUM  8.
PAR  8. A compound as claimed in claim 1, being
      5-[4-(1-adamantyl)-phenoxy]-pentanoic acid or a therapeutically acceptable
      salt thereof.
NUM  9.
PAR  9. A compound as claimed in claim 1, being
      4-[4-(1-adamantyl)-2-chloro-phenoxy]-butyric acid or a therapeutically
      acceptable salt thereof.
NUM  10.
PAR  10. A compound as claimed in claim 1, being
      4-[2-(1-adamantyl)-5-methyl-phenoxy]-butyric acid or a therapeutically
      acceptable salt thereof.
NUM  11.
PAR  11. A compound as claimed in claim 1, being
      4-[4-(1-adamantyl)-phenoxy]-but-3-enoic acid or a therapeutically
      acceptable salt thereof.
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PAL  Compounds having the structure
      ##EQU1##
      and the pharmaceutically acceptable salts thereof, wherein R.sub.1 and
      R.sub.2 are the same or different and are selected from alkyl, cycloalkyl,
      aryl and arylalkyl; R.sub.3 is hydrogen, halogen, trifluoromethyl, alkoxy,
      aryloxy, or dialkylamidosulfonyl; R.sub.4 is hydrogen, halogen, alkyl,
      alkoxy or aryl; and n is 1 or 2, are useful central nervous system
      stimulants.
BSUM
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  Guanidines having the structure
      ##EQU2##
      and the pharmaceutically acceptable salts thereof, are useful as central
      nervous system stimulants. In formula I, and throughout the specification,
      the symbols are as defined below:
PA0  R.sub.1 and R.sub.2 are the same or different and can be alkyl, cycloalkyl,
      aryl or arylalkyl;
PA0  R.sub.3 can be hydrogen, halogen, trifluoromethyl, alkoxy, aryloxy or
      dialkylamidosulfonyl;
PA0  R.sub.4 can be hydrogen, halogen, alkyl, alkoxy or aryl; and n can be 1 or
      2.
PAR  The term "alkyl" as used throughout the specification, refers to alkyl
      groups having 1 to 6 carbon atoms. Alkyl groups having 1 to 3 carbon atoms
      are preferred.
PAR  The term "cycloalkyl", as used throughout the specification, refers to
      cycloalkyl groups having 3 to 6 carbon atoms, i.e., cyclopropyl,
      cyclobutyl, cyclopentyl and cyclohexyl.
PAR  The term "aryl", as used throughout the specification, refers to phenyl or
      phenyl substituted with 1 or 2 groups selected from alkyl, alkoxy, halogen
      and trifluoromethyl.
PAR  The term "halogen", as used throughout the specification, refers to
      chlorine, bromine, fluorine and iodine; chlorine and bromine are the
      preferred halogens.
PAR  The term "alkoxy", as used throughout the specification, refers to a group
      having the formula Y--O-- wherein Y is alkyl as defined above. Alkoxy
      groups having 1 to 3 carbon atoms are preferred.
PAR  The term "aryloxy", as used throughout the specification, refers to a group
      having the formula Z--O-- wherein Z is aryl as defined above.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The compounds of formula I, and the pharmaceutically acceptable salts
      thereof, are central nervous system stimulants and are useful for
      relieving depression (particularly endogenous depression) in mammals, in a
      manner similar to imipramine, when administered in a daily dose of from
      0.5 mg/kg to 3 mg/kg, preferably 1 mg/kg to 2 mg/kg.
PAR  The compounds of the present invention can be administered orally in the
      form of tablets, troches, capsules, elixirs, suspensions, syrups, wafers,
      chewing gum and the like. Such compositions and preparations should
      contain at least 0.1% of active compound. The percentage of active
      compound in the compositions and preparation can, of course, be varied and
      can conveniently be between about 5% and about 75% or more of the weight
      of the unit. Preferred compositions according to the present invention are
      prepared so that an oral dosage unit form contains between about 5 and 200
      milligrams of active compounds.
PAR  The compounds of the present invention can be prepared from pyridinimines
      having the structure
      ##SPC1##
PAL  and the carbodiimides having the structure
PAC  R.sub.1 -N=C=N-R.sub.2                                     III
PAL  The pyridinimines of formula II and the carbodiimides of formula III can be
      reacted in an organic solvent, e.g., an alkanol such as t-butanol, at a
      temperature of from about 20.degree.C to 100.degree.C, preferably at the
      reflux temperature of the solvent, for a period of from about 3 hours to 4
      days.
PAR  The pyridinimines of formula II where n is 2 are known; see for example,
      U.S. Pat. No. 3,825,549 to Yale et al. and Yale et al., Journal of
      Heterocyclic Chemistry, 11:331 (1974).
PAR  The pyridinimines of formula II where n is 1 are novel intermediates, and
      as such they constitute a part of this invention. They can be prepared by
      treating a quaternary derivative having the structure
      ##SPC2##
PAL  wherein X is an anion such as a halogen, with a base such as sodium
      alkoxide, potassium hydroxide, potassium carbonate, etc. in a solvent such
      as an alkanol or a mixture of an alkanol and water.
PAR  The quaternary derivatives of formula IV can be prepared by reacting an
      o-aminopyridine of the structure
      ##SPC3##
PAL  with a toluene derivative having the structure
      ##SPC4##
PAL  The reaction can be run in an organic solvent, e.g., toluene or xylene,
      under reflux conditions for about 4 hours to 2 days.
PAR  The pyridinylidene quanidines of formula I can be converted to their
      pharmaceutically acceptable acid-addition salts using procedures well
      known in the art. Illustrative of the salts contemplated for use in this
      invention are the hydrohalides (e.g., the hydrochloride and hydrobromide),
      sulfate, nitrate, tartrate, phosphate, maleate, fumarate, citrate,
      succinate, methanesulfonate, benzenesulfonate, toluenesulfonate and the
      like.
PAR  Those compounds of formula I wherein R.sub.1 and R.sub.2 are different can
      exist as a tautomeric mixture wherein the tautomers having the structures
      ##EQU3##
PAR  The following examples are specific embodiments of this invention.
PAC  EXAMPLE 1
PAC  N-[1-[2-(2-Bromophenyl)ethyl]-2(1H)-pyridinylidene]-N',N"-bis(1-methylethyl
     )guanidine
PAR  A solution of 1-[2-(2-bromophenyl)ethyl]-2-iminopyridine (2.77 g, 0.01
      mole) and diisopropylcarbodiimide (1.05 g, 0.012 mole) in 30 ml of
      t-butanol is heated at reflux in a nitrogen atmosphere for 24 hours. The
      solution is cooled to room temperature and concentrated in vacuo to give a
      solid. This is recrystallized from 50 ml of hexane to yield a semi-solid,
      after cooling to -30.degree.C. Recrystallization of this material from 70
      ml of hexane yields 1.83 g of the title compound which sinters at
      119.degree.C and melts at 125.degree.-128.degree.C.
PAC  EXAMPLE 2
PAC  N,N"-Dicyclohexyl-N'-[1-(2-phenylethyl)-2(1H)-pyridinylidene]guanidine
PAR  A solution of 1-(2-phenylethyl)-2-iminopyridine (5.9 g, 0.030 mole) and
      dicyclohexylcarbodiimide (7.26 g, 0.036 mole) in 100 ml t-butanol is
      heated at reflux for 24 hours. The solution is cooled and concentrated in
      vacuo to give a solid. The solid is recrystallized from 200 ml of hexane
      to give 5.48 g of the title compound which sinters at 132.degree.C and
      melts at 142.5.degree.-145.degree.C.
PAC  EXAMPLE 3
PAC  N-[1-[2-(2-Bromophenyl)ethyl]-2(1H)-pyridinylidene]-N',N"-dicyclohexyl
      guanidine
PAR  A solution of 1-[2-(2-bromophenyl)ethyl]-2-iminopyridine (2.77 g, 0.01
      mole) and dicyclohexylcarbodiimide (2.06 g, 0.01 mole) in 30 ml of
      t-butanol is heated at reflux for 21.5 hours under a nitrogen blanket. The
      solution is cooled to room temperature and diluted with 60 ml of hexane.
      The diluted solution is cooled and scratched in a dry ice bath to induce
      crystallization. The mixture is allowed to warm to room temperature and is
      filtered to give 0.58 g of material which sinters at 121.degree.C and
      melts at 125.degree.-129.degree.C. The filtrate is concentrated in vacuo
      and the residual oil is cooled in an ice bath and scratched under 40 ml of
      hexane to give 1.32 g of material which sinters at 100.degree.C and melts
      at 108.degree.-110.degree.C. The two batches of material are combined and
      dissolved in a boiling solution of 60 ml of cyclohexane and 60 ml hexane
      and filtered. The solution is cooled for several hours at -30.degree.C,
      filtered and washed with cooled hexane to yield 1.33 g of the title
      compound, melting point 127.degree.-129.5.degree.C.
PAC  EXAMPLES 4-6
PAR  Following the procedure of Example 1 but substituting the compound shown in
      column I for 1-[2-(2-bromophenyl)ethyl]-2-iminopyridine, and the compound
      shown in column II for diisopropylcarbodiimide, the compound shown in
      column III is obtained.
      ##EQU4##
PAC  EXAMPLE 7
PAC  N,N"-Dicyclohexyl-N'-[1-(phenylmethyl)-2(1H)pyridinylidene]guanidine
PAL  A. 2-amino-1-(phenylmethyl)pyridinium bromide
PAR  A solution of .alpha.-bromotoluene (100.0 g), 2-aminopyridine (82.0 g) and
      1000 ml of xylene are heated under reflux for 7 hours to give 99.1 g of
      the title compound, melting point 187.degree.-190.degree.C.
PAL  B. 1-(phenylmethyl)-2(1H)-pyridinimine
PAR  To a solution of 2-amino-1-(phenylmethyl)pyridinium bromide (94.5 g) in 700
      ml of methanol is added, portionwise, a total of 38.5 g of sodium
      methoxide. The mixture is stirred and heated under reflux conditions for
      2.5 hours. Workup yields 63.4 g of the title compound, melting point
      52.degree.-54.degree.C.
PAL  C. n,n"-dicyclohexyl-N'-[1-(phenylmethyl)-2(1H)pyridinylidene]guanidine
PAR  A solution of 1-(phenylmethyl)-2(1H)-pyridinimine (5.51 g) and
      dicyclohexylcarbodiimide (7.26 g) in 100 ml of t-butanol is heated under
      reflux conditions for 23 hours and concentrated in vacuo. The residual
      solid is recrystallized from petroleum ether to give 6.3 g of the title
      compound, melting point 111.degree.-115.degree.C.
PAC  EXAMPLE 8
PAC  1-[[4-(N,N-Dimethylamidosulfonyl)phenylmethyl]-2(1H)-6-methoxypyridinyliden
     e]-N'-cyclohexyl-N"-phenylguanidine
PAL  A. methyl 4-(N,N-Dimethylamidosulfonyl)benzoate
PAR  To a solution of methyl 4-aminobenzoate (151.0 g) in 400 ml of 2.5 N
      hydrochloric acid is added, dropwise, a solution of sodium nitrite (79.0
      g) in 200 ml of water. The mixture is stirred at 0.degree.C for 15 minutes
      and then treated for 2 hours with a stream of gaseous sulfur dioxide. The
      oil that separates from the aqueous phase is dissolved in 350 ml of ether
      and the solution is washed with aqueous saturated sodium chloride, dried
      and added to 500 ml of 2.5 N ethanolic dimethylamine which has been cooled
      to 0.degree.C. The mixture is allowed to warm to 20.degree.C and then
      heated under reflux for 1 hour. Concentration of the mixture yields the
      title compound.
PAL  B. 4-(n,n-dimethylamidosulfonyl)benzyl alcohol
PAR  To a suspension of lithium aluminum hydride (19.0 g) and 500 ml of
      tetrahydrofuran is added a solution of methyl
      4-(N,N-dimethylamidosulfonyl)benzoate (121.5 g) in 200 ml tetrahydrofuran,
      dropwise with stirring. The mixture is heated under reflux for 2 hours.
      Workup yields the title compound.
PAL  C. 4-(n,n-dimethylamidosulfonyl)benzyl chloride
      4-(N,N-Dimethylamidosulfonyl)benzyl alcohol (54.0 g), anhydrous benzene
      (250 ml) and phosphorous trichloride (40.0 g) are heated under reflux for
      2 hours, cooled and poured on crushed ice. Ether extraction yields the
      title compound in the form of an oil which is purified by distillation in
      vacuo.
PAL  D.
      2-amino-1-[4-(N,N-dimethylamidosulfonyl)phenylmethyl]-6-methoxypyridinium
     chloride
PAR  A mixture of 4-(N,N-dimethylamidosulfonyl)benzyl chloride (23.4 g),
      2-amino-6-methoxypyridine (12.4 g) and 100 ml of anhydrous xylene are
      heated under reflux conditions for 24 hours. Workup yields the title
      compound.
PAL  E.
      1-[4-n,n-dimethylamidosulfonyl)phenylmethyl]-6-methoxy-2(1H)-pyridinimine
PAR  To a solution of
      2-amino-1-[4-(N,N-dimethylamidosulfonyl)phenylmethyl]-6-methoxypyridinium
      chloride (13.8 g) and 100 ml of methanol is added a solution of sodium
      methoxide (3.3 g) in 50 ml of methanol, dropwise and with stirring. The
      mixture is stirred and heated under reflux for 2.5 hours and concentrated
      to dryness in vacuo. The residue is partitioned between 100 ml each of
      chloroform and water and the chloroform layer is separated, washed, dried
      and concentrated to yield the title compound.
PAL  F.
      1-[[4-(n,n-dimethylamidosulfonyl)phenylmethyl]2(1H)-6-methoxypyridinyliden
     e]-N'-cyclohexyl-N"-phenylguanidine
PAR  A solution of
      1-[4-N,N-dimethylamidosulfonyl)phenylmethyl]-6-methoxy-2(1H)-pyridinimine
      (3.1 g) and phenylcyclohexylcarbodiimide (2.0 g) in 50 ml t-butanol is
      heated under reflux conditions for 24 hours and concentrated to dryness in
      vacuo to yield the title compound.
PAC  EXAMPLES 9-13
PAR  Following the procedure of Example 7, but substituting the compound shown
      in column I for 2-aminopyridine, the compound shown in column II for
      .alpha.-bromotoluene, and the compound shown in column III for
      dicyclohexylcarbodiimide, the compound shown in column IV is obtained.
      ##EQU5##
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound having the structure
PAL  or a pharmaceutically acceptable salt thereof, wherein R.sub.1 and R.sub.2
      are the same or different and are alkyl, cycloalkyl, aryl or arylalkyl;
      R.sub.3 is hydrogen, halogen, trifluoromethyl, alkoxy, aryloxy or
      dialkylamidosulfonyl; R.sub.4 is hydrogen, halogen, alkyl, alkoxy or aryl;
      and n is 1 or 2; wherein alkyl and alkoxy refer to groups having 1 to 6
      carbon atoms; cycloalkyl refers to groups having 3 to 6 carbon atoms; and
      aryl refers to phenyl or phenyl substituted with 1 or 2 alkyl, alkoxy,
NUM  2.
PAR  2. A compound in accordance with claim 1 wherein R.sub.1 and R.sub.2 are
NUM  3.
NUM  4.
NUM  5.
NUM  6.
PAR  6. A compound in accordance with claim 2 wherein R.sub.1 and R.sub.2 are
NUM  7.
PAR  7. A compound in accordance with claim 2 wherein R.sub.1 and R.sub.2 are
NUM  8.
PAR  8. A compound in accordance with claim 2 wherein R.sub.1 and R.sub.2 are
NUM  9.
PAR  9. A compound in accordance with claim 2 wherein R.sub.1 and R.sub.2 are
NUM  10.
NUM  11.
PAR  11. The compound in accordance with claim 1 having the name
      N-[1-[2-(2-bromophenyl)ethyl]-2(1H)-pyridinylidene]-N',N"-bis-(1-methyleth
NUM  12.
PAR  12. The compound in accordance with claim 1 having the name
      N',N"-dicyclohexyl-N-[1-(2-phenylethyl)-2(1H)-pyridinylidene]guanidine.
NUM  13.
PAR  13. The compound in accordance with claim 1 having the name
      N-[1-[2-(2-bromophenyl)ethyl]-2(1H)-pyridinylidene]-N',N"-dicyclohexyl
NUM  14.
PAR  14. The compound in accordance with claim 1 having the name
      N,N"-dicyclohexyl-N'-[1-(phenylmethyl)-2(1H)-pyridinylidene]guanidine.
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ABST
PAL  Aryloxyalkyl diketones and keto-esters, having pesticidal and anti-viral
      activity, are prepared from an aryloxyalkyl halide and an alkali metal
      enolate salt of a diketone or keto-ester.
BSUM
PAR  This invention relates to aryloxyalkyl diketone and keto-esters, to the
      preparation thereof and to compositions and methods for the use thereof.
PAR  The compounds of the invention are of the structural formula
      ##EQU1##
      wherein: Alk is alkylene of 3 to 10 carbon atoms and having 3 to 7 carbon
      atoms intervening between the terminal bonds;
PA1  R is alkanoyl of 2 to 6 carbon atoms;
PA1  R' is alkanoyl of 2 to 6 carbon atoms or carboalkoxy of 2 to 6 carbon
      atoms;
PA1  And Ar is phenyl substituted by 3,4-methylenedioxy.
PAR  In the above general formula I, Alk stands for a saturated aliphatic
      hydrocarbon bridge containing from 3 to 12 carbon atoms such that the O
      atom and the R'RCH moiety are separated by from 3 to 7 carbon atoms. Thus
      the alkylene bridge may be straight or branched, and must be branched if
      it contains more than seven carbon atoms. A preferred class of compounds
      are those where Alk is straight chain alkylene of 3 to 7 carbon atoms, and
      if the Alk bridge is branched, it is preferred that it be symmetrical,
      that is with the branching at the same relative positions from either end
      of the bridge.
PAR  The carbon chains of R and R' can be straight or branched, although primary
      or secondary alkyl moieties are preferred.
PAR  The compounds of the invention are prepared according to the following
      reaction sequence:
      ##EQU2##
PAR  An alkali metal salt of a phenol (HOAr), M--Y--Ar, where M is alkali metal,
      preferably sodium or potassium, is interacted with an alkylene dihalide,
      X--Alk--X, where X is bromine or iodine. The reaction takes place with
      moderate heating, between about 50.degree. and 100.degree.C. in an inert
      solvent using equimolar quantities of reactants, or preferably a
      stoichiometric excess of dihalide to minimize di-ether (Ar--O--Alk--O--Ar)
      formation. The di-ether that is formed is readily separated from the
      desired mono-ether (II), because the former is a relatively high melting
      solid which separates readily from organic solvents while the mono-ether
      remains in solution.
PAR  It is preferred to carry out the initial etherification step with a
      dibromide (X--Alk--X where X is Br) because of the more ready availability
      of dibromides as compared to diiodides. The resulting aryloxyalkyl bromide
      (X--Alk--O--Ar where X is Br) can be interacted directly with the alkali
      metal enolate salt RR'CH.sup.-M.sup.+, or if desired converted to the
      corresponding iodide (X--Alk--O--Ar where X is I) which reacts somewhat
      more easily with the enolate salt than does the bromide. The conversion of
      II (X = Br) to II (X = I) is effected by heating the former with sodium or
      potassium iodide in an inert solvent, e.g. acetone.
PAR  The dihalides, X--Alk--X, where Alk is branched are preferably symmetrical,
      that is, the branching is in the same relative position or positions with
      respect to the terminal halogen atoms, in order to avoid production of
      mixtures upon ether formation.
PAR  It is also possible to employ chlorobromoalkanes as the dihalide reactant,
      namely, Cl--Alk--Br. The use of such mixed dihalides has the advantage
      that di-ether formation is eliminated or minimized, since reaction occurs
      almost exclusively with the bromine atom, especially if stoichiometric
      proportions of phenol and dihalide are used. Furthermore, it is possible
      by this variation in the procedure to obtain compounds with
      unsymmetrically branched alkylene bridges without producing mixtures. The
      resulting chloroalkoxy aryl ether, Cl--Alk--O--Ar, must then be converted
      to the corresponding bromoalkoxy aryl ether or iodoalkoxy aryl ether
      before it will react with the alkali metal enolate salt of a diketone or
      keto-ester. The chlorobromoalkane starting materials can be prepared by
      reduction, e.g. with lithium aluminum hydride, of a chloro-ester,
      Cl--Alk'--COOCH.sub.3, to afford a chloroalkanol, Cl--Alk--OH, followed by
      replacement of the hydroxy group with bromine, e.g. with phosphorus
      tribromide.
PAR  In the final step, the mono-ether, X--Alk--O--Ar (II), is treated with the
      alkali metal enolate salt of a diketone or keto-ester of formula
      RR'CH.sup.-M.sup.+, where R and R' have the meanings given hereinabove and
      M.sup.+ is an alkali metal cation, preferably lithium. The reaction takes
      place in an inert solvent under anhydrous conditions at ambient
      temperature or slightly above (25.degree.-70.degree.C.).
PAR  Biological evaluation of the compounds of the invention has shown that they
      possess antiviral activity. They have been found to be effective in vitro
      against one or more of a variety of viruses, including rhino-2, equine
      rhino, human rhino, para-influenza, herpes and respiratory syncitial virus
      at minimal growth inhibitory concentrations (mic) ranging from about 0.5
      to about 50 micrograms per milliliter. The mic values were determined by
      standard serial dilution procedures.
PAR  The compounds of the invention also possess pesticidal activity against
      arthropod species, as indicated by tests under simulated field conditions
      in a greenhouse against one or more of the following pest species: yellow
      mealworm pupae, alfalfa weevil larvae and yellow fever mosquito larvae.
PAR  The structures of the compounds of the invention were established by the
      modes of synthesis, by elementary analysis, and by infrared and nuclear
      magnetic resonance spectral determinations.
PAR  A further aspect of the invention relates to compositions for combatting
      arthropods by hindering the maturation thereof which comprise an effective
      amount of at least one compound of formula I in admixture with a suitable
      carrier or diluent, and to the method of combatting arthropods at any
      stage of their development by contacting them with said compositions.
PAR  The compositions of the invention are effective against insects at any
      stage of their development short of the final adult form, i.e. at the egg,
      larval or pupal stages. The compounds can be formulated in conventional
      manner as solutions, emulsions, suspensions, dusts and aerosol sprays. The
      pesticide compositions of the invention can contain adjuvants found
      normally in such preparations, including water and/or organic solvents
      such as acetone, dimethylformamide, sesame oil, petroleum oils, and the
      like. Emulsifying and surface active agents may also be added. Dust
      formulations can contain talc, diatomaceous earth, kaolin, bentonite,
      calcium carbonate, wood, flour, cork, carbon, and the like. The aerosol
      sprays contain propellants such as dichlorodifluoromethane. The compounds
      of this invention can be employed as the sole pesticide component or they
      can be used in admixture with other compounds having similar utility.
      While the concentration of active ingredient can vary within rather wide
      limits, ordinarily the pesticide will comprise not more than about 10%,
      and preferably about 1% by weight of the composition.
PAR  A still further aspect of the invention relates to compositions for
      combatting viruses which comprise an anti-virally effective amount of at
      least one compound of formula I in admixture with a suitable carrier or
      diluent, and to the method of combatting viruses by contacting the locus
      of said viruses with said compositions.
PAR  The antiviral compositions are formulated by preparing a dilute solution or
      suspension in an organic or aqueous-organic medium, for example ethyl
      alcohol, acetone, dimethylsulfoxide, and the like; and are applied to the
      locus to be disinfected by conventional means such as spraying, swabbing
      or immersing. Alternatively, the compounds can be formulated as ointments
      or creams by incorporating them in conventional ointment or cream bases,
      such as alkylpolyether alcohols, cetyl alcohol, stearyl alcohol and the
      like; as jellies by incorporating them in conventional jelly bases such as
      glycerin and tragacanth; or as aerosol sprays or foams.
DETD
PAR  The following examples will further illustrate the invention.
PAC  EXAMPLE 1
PAC  a. 4-(3,4-Methylenedioxyphenoxy)butyl bromide.
PAR  3,4-Methylenedioxyphenol (sesamol) (13.8 g., 0.1 mole) was dissolved in 100
      ml. of 1N sodium hydroxide, and the solution was filtered and concentrated
      in vacuo to remove the water. The residue was digested with ether and
      dried in vacuo at 40.degree.C. for 5 hours. A mixture of 10 g. (0.062
      mole) of the resulting sodium salt of 3,4-methylenedioxyphenol and 21 g.
      (0.1 mole) of 1,4-dibromobutane in 75 ml. of dimethylformamide was stirred
      at 60.degree.C. for about 16 hours under nitrogen. The reaction mixture
      was concentrated in vacuo to remove the solvent and the residue extracted
      with 150 ml. of methylene dichloride. The solid sodium bromide was removed
      by filtration, and the filtrate was washed with dilute sodium bicarbonate
      and with water, dried over anhydrous magnesium sulfate and concentrated to
      remove the solvent. The residual oil was crystallized from 50 ml. of 95%
      ethanol to give 9.5 g. of 4-(3,4-methylenedioxyphenoxy)butyl bromide, m.p.
      52.degree.- 54.degree.C.
PAC  b. 4-[4-(3,4-Methylenedioxyphenoxy)butyl]-3,5-heptanedione
PAL  [I; Ar is 3,4-methylenedioxyphenyl, Alk is CH.sub.2 CH.sub.2 CH.sub.2
      CH.sub.2, R and R' are CH.sub.3 CH.sub.2 CO].
PAR  A mixture of 21 g. (0.15 mole) of the lithium salt of 3,5-heptanedione
      (prepared from 22.8 g. of 3,5-heptanedione in 300 ml. of ether, and 108
      ml. of 1.6N butyllithium in hexane added dropwise over 30 minutes at
      -15.degree.C.) and 26.1 g. of 4-(3,4-methylenedioxyphenoxy)butyl bromide
      in 200 ml. of dimethylformamide was stirred and heated at
      52.degree.-53.degree.C. for 1 day under nitrogen. The reaction mixture was
      concentrated in vacuo to remove the solvent, and the residue was
      partitioned between ether and water. The ether layer was washed
      successively with 5% aqueous sulfuric acid, water, 5% aqueous sodium
      bicarbonate and water, and then concentrated to remove the solvent. The
      residue (25 g.) was chromatographed on a column of 400 g. of silica gel,
      applied in pentane:benzene 90:10 solution. The column was eluted with the
      pentane-benzene-chloroform solvent series, and the material (14.0 g.)
      brought out with benzene:chloroform 8:2 was rechromatographed on 240 g. of
      silica gel. The latter was eluted with the same solvent series, and
      pentane:benzene 80:20 to 50:50 brought out 8.0 g. of the desired product,
      4-[4-(3,4-methylenedioxyphenoxy)butyl]-3,5-heptanedione.
PAR  Anal. Calcd. for C.sub.18 H.sub.24 O.sub.5 : C, 67.48; H, 7.55. Found: C,
      67.71; H, 7.57.
PAL  Ir (oil film) .lambda..sub..mu..sup.max 3.42ms + shldrs. (CH); 5.80mss,
      5.90s (C=O); 6.15m, 6.24m, 6.28m, 6.66vs, 6.73vs, 6.78s + shldrs. (arom. +
      CH). Nuclear Magnetic Resonance (NMR) [20% CDCl.sub.3, internal
      tetramethylsilane (TMS)] .delta.ppm (Ratio) 6.2-6.9(3) (arom.); 5.90(2)
      (O--CH.sub.2 --O); 3.5-4.1(3) (OCH.sub.2, --CO--CH--CO--); 2.50(4)
      (CO--CH.sub.2 -- x 2); 1.0-2.1(6) (--CH.sub.2 --C x 3); 1.05(6) (Me
      triplet x 2).
PAR  4-[4-(3,4-Methylenedioxyphenoxy)butyl]-3,5-heptanedione was found to be
      active pesticidally against yellow mealworm pupae, alfalfa weevil larvae
      and yellow fever mosquito larvae.
PAR  4-[4-(3,4-Methylenedioxyphenoxy)butyl]-3,5-heptanedione was found to have
      antiviral activity in vitro against equine rhino virus at a minimum
      effective concentration of 12 micrograms per milliliter.
PAR  By replacing the 1,4-dibromobutane in Example 1a by a molar equivalent
      amount of 1,3-dibromo-2-methylpropane or 1-bromo-3-(2-bromoethyl)octane,
      and proceeding with the subsequent steps of Example 1a and 1b, there can
      be obtained, respectively,
      4-[3-(3,4-methylenedioxyphenoxy)-2-methylpropyl]-3,5-heptanedione [I; Ar
      is 3,4-methylenedioxyphenyl, Alk is CH.sub.2 CH(CH.sub.3)CH.sub.2, R and
      R' are CH.sub.3 CH.sub.2 CO], or
      4-[5-(3,4-methylenedioxyphenoxy)-3-pentyl-pentyl]-3,5-heptanedione [I; Ar
      is 3,4-methylenedioxyphenyl, Alk is CH.sub.2 CH.sub.2 CH(C.sub. 5
      H.sub.11)CH.sub.2 CH.sub.2, R and R' are CH.sub.3 CH.sub.2 CO].
PAR  By replacing the 3,4-methylenedioxyphenol in Example 1a by a molar
      equivalent amount of 4-fluorophenol, 4-bromophenol, 4-iodophenol,
      2,4-dichlorophenol, 4-trifluoromethylphenol, 4-trifluoromethoxyphenol,
      3,4-dibenzyloxyphenol or 3,4,5-trimethoxyphenol, and proceeding with the
      subsequent steps of Example 1a and 1b, there can be obtained,
      respectively,
PA0  4-[4-(4-fluorophenoxy)butyl]-3,5-heptanedione [I; Ar is 4-FC.sub.6 H.sub.4,
PA0  Alk is CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2, R and R' are CH.sub.3 CH.sub.2
      CO],
PA0  4-[4-(4-bromophenoxy)butyl]-3,5-heptanedione [I; Ar is 4-BrC.sub.6 H.sub.4,
PA0  Alk is CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2, R and R' are CH.sub.3 CH.sub.2
      CO],
PA0  4-[4-(4-iodophenoxy)butyl]-3,5-heptanedione [I; Ar is 4-IC.sub.6 H.sub.4,
PA0  Alk is CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2, R and R' are CH.sub.3 CH.sub.2
      CO],
PA0  4-[4-(2,4-dichlorophenoxy)butyl]-3,5-heptanedione [I; Ar is
PA0  2,4-Cl.sub.2 C.sub.6 H.sub.3, Alk is CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2, R
      and R' are CH.sub.3 CH.sub.2 CO],
PA0  4-[4-(4-trifluoromethylphenoxy)butyl]-3,5-heptanedione [I; Ar is
PA0  4-F.sub.3 CC.sub.6 H.sub.4, Alk is CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2, R
      and R' are CH.sub.3 CH.sub.2 CO],
PA0  4-[4-(4-trifluoromethoxyphenoxy)butyl]-3,5-heptanedione [I; Ar is
PA0  4-F.sub.3 COC.sub.6 H.sub.4, Alk is CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2, R
      and R' are CH.sub.3 CH.sub.2 CO],
PA0  4-[4-(3,4-dibenzyloxyphenoxy)butyl]-3,5-heptanedione [I; Ar is
PA0  3,4-(C.sub.6 H.sub.5 CH.sub.2 O).sub.2 C.sub.6 H.sub.3, Alk is CH.sub.2
      CH.sub.2 CH.sub.2 CH.sub.2, R and R' are CH.sub.3 CH.sub.2 CO],
PA0  or 4-[4-(3,4,5-trimethoxyphenoxy)butyl]-3,5-heptanedione [I; Ar is
PA0  3,4,5-(CH.sub.3 O).sub.3 C.sub.3 H.sub.2, Alk is CH.sub.2 CH.sub.2 CH.sub.2
      CH.sub.2, R and R' are CH.sub.3 CH.sub.2 CO].
PAR  By replacing the lithium salt of 3,5-heptanedione in Example 1b by a molar
      equivalent amount of the lithium salt of 2,4-pentanedione,
      2,4-hexanedione, ethyl acetoacetate, ethyl 3-oxovalerate, ethyl
      3-oxohexanoate or 6,8-tridecanedione, there can be obtained, respectively,
PA0  3-[4-(3,4-methylenedioxyphenoxy)butyl]-2,4-pentanedione [I; Ar is
PA0  3,4-methylenedioxyphenyl, Alk is CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2, R and
      R' are CH.sub.3 CO],
PA0  3-[4-(3,4-methylenedioxyphenoxy)butyl]-2,4-hexanedione [I; Ar is
PA0  3,4-methylenedioxyphenyl, Alk is CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2, R is
      CH.sub.3 CO, R' is
PA0  Ch.sub.3 ch.sub.2 co],
PA0  ethyl 2-acetyl-6-(3,4-methylenedioxyphenoxy)hexanoate [I; Ar is
PA0  3,4-methylenedioxyphenyl, Alk is CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2, R is
      CH.sub.3 CO,
PA0  R' is COOC.sub.2 H.sub.5 ],
PA0  ethyl 2-propionyl-6-(3,4-methylenedioxyphenoxy)hexanoate [I; Ar
PA0  is 3,4-methylenedioxyphenyl, Alk is CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2, R
      is CH.sub.3 CH.sub.2 CO,
PA0  R' is COOC.sub.2 H.sub.5 ],
PA0  ethyl 2-butyryl-6-(3,4-methylenedioxyphenoxy)hexanoate [I; Ar is
PA0  3,4-methylenedioxyphenyl, Alk is CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2, R is
      CH.sub.3 CH.sub.2 CH.sub.2 CO,
PA0  R' is COOC.sub.2 H.sub.5 ] or
PA0  7-[4-(3,4-methylenedioxyphenoxy)butyl]-6,8-tridecanedione [I;
PA0  Ar is 3,4-methylenedioxyphenyl, Alk is CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2,
      R and R' are
PA0  Ch.sub.3 (ch.sub.2).sub.4 co].
PAC  example 2
PAC  a. 5-(3,4-Methylenedioxyphenoxy)pentyl bromide.
PAR  A mixture of 27.6 g. (0.2 mole) of sesamol, 56 g. (0.4 mole) of potassium
      carbonate, 92 g. (0.4 mole) of 1,5-dibromopentane in 400 ml. of acetone
      was refluxed with stirring under nitrogen for 3 days. Part of the solvent
      (200 ml.) was distilled off, and 400 ml. of benzene and 200 ml. of water
      were added. The aqueous layer was separated and extracted with benzene.
      The combined organic layers were washed with 5% aqueous sodium bicarbonate
      and with water, dried over anhydrous magnesium sulfate and concentrated in
      vacuo. The residue of reddish oil was digested with 500 ml. of absolute
      ether, and the mixture was filtered to remove 5.0 g. of solid bis-ether,
      1,5-bis(3,4-methylenedioxyphenoxy)pentane, m.p. 129.degree.-130.degree.C.
      The filtrate was evaporated and the residue distilled, b.p.
      130.degree.-135.degree.C. (0.03-0.005 mm.) to give 30 g. of
      5-(3,4-methylenedioxyphenoxy)pentyl bromide, m.p. 54.degree.-57.degree.C.
PAC  b.  5-[4-(3,4-Methylenedioxyphenoxy)pentyl]-3,5-heptanedione
PAL  [I; Ar is 3,4-methylenedioxyphenyl, Alk is CH.sub.2 CH.sub.2 CH.sub.2
      CH.sub.2 CH.sub.2, R and R' are CH.sub.3 CH.sub.2 CO]
PAL  was prepared from 30 g. of 5-(3,4-methylenedioxyphenoxy)pentyl bromide and
      22 g. of the lithium salt of 3,5-heptanedione according to the procedure
      of Example 1b. The product was chromatographed on 800 g. of activated
      magnesium silicate and eluted with pentane containing increasing amounts
      of benzene to give 14 g. of
      5-[4-(3,4-methylenedioxyphenoxy)pentyl]-3,5-heptanedione as a yellow oil.
PAR  Anal. Calcd. for C.sub.19 H.sub.26 O.sub.5 : C, 68.24; H, 7.84. Found: C,
      68.00; H, 7.92.
PAL  Ir (oil film) .lambda..sub..mu..sup.max 3.44mss + shldrs., 3.62m (CH);
      5.81s, 5.91s (C=O), 6.16ms, 6.25mms, 6.33 shldr., 6.65-6.90vs, broad
      (arom. + CH).
PAL  Nmr (20% cdcl.sub.3, internal TMS) .delta.ppm (Ratio) 6.2-6.8(3) (arom.);
      5.88(2) (O--CH.sub.2 --O); 3.4-4.0(3) (OCH.sub.2, CO--CH--CO--); 2.5(4)
      (CO--CH.sub.2 -- x 2); 1.0-2.0(8) (--C--CH.sub.2 x 4); 1.02(6) (Me triplet
      .times. 2).
PAR  5-[4-(3,4-Methylenedioxyphenoxy)pentyl]-3,5-heptanedione was found to be
      active pesticidally against yellow mealworm pupae, alfalfa weevil larvae,
      and yellow fever mosquito larvae.
PAC  EXAMPLE 3
PAC  a. 7-(3,4-Methylenedioxyphenoxy)heptyl bromide
PAL  was prepared from 27.6 g. of sesamol and 100 g. of 1,7-dibromoheptane in
      the presence of 53.8 g. of potassium carbonate in acetone according to the
      procedure of Example 2a. There was obtained 43.5 g. of
      7-(3,4-methylenedioxyphenoxy)heptyl bromide, m.p. 45.degree.-47.degree.C.
PAC  b. 7-(3,4-Methylenedioxyphenoxy)heptyl iodide.
PAR  A mixture of 43.5 g. of 7-(3,4-methylenedioxyphenoxy)heptyl bromide, 20.7
      g. of sodium iodide and 300 ml. of acetone was heated at reflux for 2
      hours. The reaction mixture was filtered, the filtrate evaporated in
      vacuo, and the residue partitioned between water and methylene dichloride.
      The methylene dichloride layer was separated, washed with water, dried
      over anhydrous magnesium sulfate and concentrated. The residue comprising
      7-(3,4-methylenedioxyphenoxy)heptyl iodide was used without further
      purification in the following reaction.
PAC  c. 4-[7-(3,4-Methylenedioxyphenoxy)heptyl]-3,5-heptanedione
PAL  [I; Ar is 3,4-methylenedioxyphenyl, Alk is (CH.sub.2).sub.7, R and R' are
      CH.sub.3 CH.sub.2 CO]
PAL  was prepared from 38.5 g. of 7-(3,4-methylenedioxyphenoxy)heptyl iodide and
      22 g. of the lithium salt of 3,5-heptanedione according to the procedure
      of Example 1b. The product was chromatographed on 1000 g. of activated
      magnesium silicate and eluted with the pentane-benzene-chloroform solvent
      series. The chloroform eluants brought out 23.5 g. of
      4-[7-(3,4-methylenedioxyphenoxy)heptyl]-3,5-heptanedione as a colorless
      solid.
PAR  Anal. Calcd. for C.sub.21 H.sub.30 O.sub.5 : C, 69.59; H, 8.34. Found: C,
      69.63; H, 8.46.
PAL  Ir (oil film) .lambda..sub..mu..sup.max 3.44s + shldrs. (CH); 5.81mss,
      5.91s (C=O); 6.16mms, 6.24 shldr., 6.33m, 6.66s, 6.72s, 6.75 shldr. (arom.
      and CH).
PAR  4-[7-(3,4-Methylenedioxyphenoxy)heptyl]-3,5-heptanedione was found to have
      antiviral activity against equine rhino virus at a minimum inhibitory
      concentration of 6 micrograms per milliliter.
PAR  According to the foregoing procedures starting from the appropriate
      substituted phenol and alkylene dibromide, the following compounds were
      prepared:
PAC  EXAMPLE 4
PAC  4-[6-(3,4-Methylenedioxyphenoxy)hexyl]-3,5-heptanedione
PAL  [I; Ar is 3,4-methylenedioxyphenyl, Alk is (CH.sub.2).sub.6, R and R' are
      CH.sub.3 CH.sub.2 CO], light yellow oil, prepared from
      6-(3,4-methylenedioxyphenoxy)hexyl bromide, m.p. 45.degree.-46.degree.C.
PAR  Anal. Calcd. for C.sub.20 H.sub.28 O.sub.5 : C, 68.94; H, 8.10. Found: C,
      69.20; H, 8.12.
PAL  Ir (oil film) .lambda..sub..mu..sup.max 3.44s + shldrs. (CH), 5.81s, 5.91s
      (C=O); 6.16mms, 6.24 shldr., 6.33m, 6.67s, 6.73s, 6.79s + shldrs. (arom.
      and CH).
PAL  Nmr (20% cdcl.sub.3, internal TMS) .delta.ppm (Ratio) 6.1-6.8(3) (arom);
      5.90(2) (O--CH.sub.2 --O); 3.5-4.0(3) (O--CH.sub.2, CO--CH--CO--); 2.48(4)
      (CO--CH.sub.2 x 2); 1.0-2.2(10) (C--CH.sub.2 x 5); 1.03(6) (Me triplet
      .times. 2).
PAC  EXAMPLE 5
PAC  4-[3-(3,4-Methylenedioxyphenoxy)propyl]-3,5-heptanedione
PAL  [I; Ar is 3,4-methylenedioxyphenyl, Alk is CH.sub.2 CH.sub.2 CH.sub.2, R
      and R' are CH.sub.3 CH.sub.2 CO], b.p. 179.degree.-180.degree.C. (0.05-
      0.1 mm.), viscous oil, prepared from 3-(3,4-methylenedioxyphenoxy)propyl
      bromide, m.p. 68.degree.C.
PAR  Anal. Calcd. for C.sub.17 H.sub.22 O.sub.5 : C, 66.65; H, 7.24. Found: C,
      66.82; H, 7.29.
PAL  Ir (oil film) .lambda..sub..mu..sup.max 3.43s + shldrs., 3.61m (CH); 5.81s,
      5.90s (C=O); 6.16mms, 6.24m, 6.33m, 6.65-6.85s + shldrs. (arom. and CH).
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##EQU3##
      wherein: Alk is alkylene of 3 to 10 carbon atoms and having 3 to 7 carbon
      atoms intervening between the terminal bonds;
PA1  R is alkanoyl of 2 to 6 carbon atoms;
PA1  R' is alkanoyl of 2 to 6 carbon atoms or carboalkoxy of 2 to 6 carbon
      atoms;
PA1  and Ar is phenyl substituted by 3,4-methylenedioxy.
NUM  2.
PAR  2. A compound according to claim 1 wherein R and R' are alkanoyl of 2 to 6
      carbon atoms.
NUM  3.
PAR  3. A compound according to claim 1 wherein R and R' are alkanoyl of 2 to 6
      carbon atoms and Alk is straight chain alkylene of 3 to 7 carbon atoms.
NUM  4.
PAR  4. A compound according to claim 1 wherein R and R' are both propionyl and
      Alk is straight chain alkylene of 3 to 7 carbon atoms.
NUM  5.
PAR  5. A compound according to claim 1 wherein R and R' are both propionyl, Alk
      is straight chain alkylene of 3 to 7 carbon atoms and Ar is
      3,4-methylenedioxyphenyl.
NUM  6.
PAR  6. 4-[4-(3,4-Methylenedioxyphenoxy)butyl]-3,5-heptanedione, according to
      claim 5.
NUM  7.
PAR  7. 5-[4-(3,4-Methylenedioxyphenoxy)pentyl]-3,5-heptanedione, according to
      claim 5.
NUM  8.
PAR  8. 4-[6-(3,4-Methylenedioxyphenoxy)hexyl]-3,5-heptanedione, according to
      claim 5.
NUM  9.
PAR  9. 4-[3-(3,4-Methylenedioxyphenoxy)propyl]-3,5-heptanedione, according to
      claim 5.
NUM  10.
PAR  10. 4-[7-(3,4-Methylenedioxyphenoxy)heptyl]-3,5-heptanedione, according to
      claim 5.
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ABST
PAL  5-Substituted 2-amino-4-arylthiazoles have interesting properties as
      anti-inflammatories, antipyretics, analgesics, antibacterials, C.N.S.
      depressants, anti-ulcer, and anti-cough agents.
BSUM
PAR  The present invention relates to a 2-amino-4-arylthiazole 5-substituted
      series, of interest in the field of pharmacology of the general formula
      (I):
      ##SPC1##
PAL  in which X represents hydrogen, halogen, hydroxy, lower alkoxy, lower alkyl
      or halogen-substituted lower alkyl, R and R' which are the same or
      different, represent hydrogen, lower alkyl, cycloalkyl, aryl
      (unsubstituted or substituted by halogen, hydroxy, lower alkoxy or lower
      alkyl), or aralkyl; alternatively, together with the nitrogen atom, they
      can form a saturated heterocyclic ring optionally containing other
      heteroatoms; while, when R represents hydrogen, R' may also represent
      --C0--R'" , where R'"  is hydrogen, alkyl, aryl, amino or arylamino; R"
      represents hydroxy, --OR.sup.IV, where R.sup.IV is straight or branched
      alkyl, hydroxyalkyl, aralkyl, aminoalkyl, or aminoalkoxyalkyl in which the
      amino group is primary or mono- or di-substituted by lower alkyl or is
      included in a heterocyclic ring (e.g. morpholine or pyrrolidine), or R"
      represents
      ##EQU1##
      in which R.sup.V and R.sup.VI, which may be the same or different, each
      represent hydrogen, straight, branched or cyclic lower alkyl,
      hydroxy-alkyl or aralkyl, aminoalkyl in which the amino group is primary
      or mono- or di-substituted by alkyl or is included in a heterocyclic ring,
      hydroxy, acyloxy or aryl either unsubstituted or substituted by alkyl or
      halogen; or the group:
      ##EQU2##
      represents the residue of a heterocyclic amine (for instance, pyrrolidine,
      morpholine, piperazine, or N'-substituted-piperazine), and n represents 1,
      2 or 3, provided that when R and R' both represent hydrogen, X is
      hydrogen, 4--Cl or 4--OCH.sub.3, and n = 1, R" is not hydroxy.
PAR  According to the invention, the compounds of formula (I) are obtained by
      the reaction of the compounds of formula:
      ##SPC2##
PAL  Where X and n have the significance indicated above, Y represents hydroxyl,
      alkylsulphonyloxy, arylsulphonyloxy, or halogen and Z represents CN or
      COOH (which may be esterified with an aliphatic or araliphatic alcohol)
      with a thio-urea of formula:
      ##EQU3##
      where R and R' have the significance indicated above and, in the thiazole
      compound thus obtained, of formula:
      ##SPC3##
PAL  Changing the Z group (where Z is different from --COR"), in known manner
      into the COR" radical.
PAR  According to a further feature of the invention, the compounds of formula
      IV are obtained by the reaction of formula (V) substances:
      ##SPC4##
PAL  Where X, n and Z have the significances specified above, with an amine of
      formula:
      ##EQU4##
      where R and R' have the significances set out above, followed by changing
      the group Z (where Z is different from --COR") in known manner into the
      COR" radical.
PAR  According to a still further feature of the invention, the compounds of
      formula I are obtained by reacting a thiazole of formula:
      ##SPC5##
PAL  where X and n have the significances already set out and Hal is chlorine or
      bromine, with an amine of formula (VI), followed, if desired, by
      transformation of the --COO--alkyl group into another radical of formula
      --COR".
PAR  According to yet another feature of the invention, the compounds of formula
      (I) in which R represents hydrogen and R' = --C0--R'"  are prepared by
      reacting a compound of formula (I) in which both R and R' represent
      hydrogen, with an acid of formula R'" --COOH or a reactive derivative
      thereof (e.g. an acid halide, anhydride, or ester) or with phosgene
      followed by ammonia or an amine.
PAR  Among the known methods for the transformation of the Z and --COO--alkyl
      groups into different groups of formula --COR", suitable methods include
      the conventional methods for the transformation of esters or nitriles into
      acids (namely acid or alkali saponification) or of an ester into another
      ester (transesterification) and also the esterification of acids, the
      transformation of acids into their chlorides and subsequent reaction with
      amines, and the aminolysis of esters.
PAR  The intermediates are obtained by using known methods of synthesis; thus
      the compounds of formula (II), in which Y represents halogen, can be
      obtained by direct halogenation of the compounds in which Y=H.
PAR  Salts of the compounds of formula I containing a basic group can be
      prepared with pharmaceutically acceptable inorganic acids, e.g.
      hydrochloric, hydrobromic, nitric, sulphuric, and phosphoric acids, and
      organic carboxylic acids such as acetic, propionic, glycollic, malonic,
      succinic, maleic, hydroxymaleic, fumaric, malic, tartaric, citric,
      glucuronic, benzoic, mandelic, salicylic, 4-aminosalicylic,
      2-phenoxybenzoic, pamoic, nicotinic, and isonicotinic acids, and organic
      sulphonic acids, for example methanesulphonic, ethanesulphonic,
      2-hydroxyethanesulphonic, 1,2-ethanedisulphonic, p-toluenesulphonic, and
      naphthalene-2-sulphonic. Mono- or poly- salts are formed depending on the
      number of salifiable groups present in the molecule. Analogously, among
      the compounds of the formula I containing an acid group, pharmaceutically
      acceptable salts can be prepared with metals (such as sodium, potassium,
      calcium, magnesium, or aluminium) or with organic bases (such as
      morpholine, pyrrollidine, ethanolamine, or N,N-dibenzylethylenediamine).
PAR  The compounds of formula I and their salts have antiinflammatory,
      antipyretic, analgesic, antibacterial, C.N.S. depressant, anti-ulcer and
      anti-cough activities. They can be applied locally, taken by mouth or
      injected through appropriate pharmaceutical preparations in solid, liquid
      or suspension forms (e.g. as ointments, lotions, tablets, capsules, phials
      or elixirs).
PAR  The following Tables illustrate the pharmacological activities of some of
      the compounds of the invention, which are indicated in the Tables by the
      following code numbers:
PA1  Lr 330 (2-phenylamino-4-p-chlorophenyl-thiazol-5-yl)-acetic acid
PA1  Lr 331 (2-amino-4-p-chlorophenyl-thiazol-5-yl)-acetic acid LR 364
      [2-(phenylamino-carbonylamino)-4-p-chlorophenyl-thiazol-5-yl]-acetic acid
PA1  Lr 396 [2-n-(2', 6'-dichlorophenyl)-amino-4-phenyl-thiazol-5-yl]-acetic
      acid
PA1  Lr 407 (2-n,n-diethylamino-4-p-chlorophenyl-thiazol-5-yl)-acetic acid
PA1  Lr 450 (2-amino-4-p-chlorophenyl-thiazol-5-yl)-N-(N',N'
      diethylaminoethyl)-acetamide.
PAR  The anti-inflammatory action has been studied in adult rats by using the
      carragenin oedema test (Proc. Soc. exp. Biol. Med. 1962, 111 : 544) and
      the granuloma from an extraneous substance (J. Amer. Pharm. Ass., Sci. Ed.
      1957, 46 : 515).
PAR  The analgesic action has been assessed in rats (Arch. int. Pharmacodyn.
      1957, 111 : 409) and in mice (Boll. Chim. Farm. 1968, 107 : 29), the
      antipyretic action in rats (J. Pharmacol. exp. Ther. 1963, 141 : 369); and
      the anti-cough action in guinea pigs made to inhale 4% ammonia.
PAR  The anti-ulcer property has been studied in rats kept without food for 24
      hours and motionless for 4 hours (Therapie 1960, 15 : 1096).
PAR  Whenever possible the ED.sub.50 values have been calculated.
TBL  SUBSTANCE                                                                 

           LD.sub.50 mg/kg.    ANTI-INFLAMMATORY                               

                                               ANTI-PYRETIC                    

                                                         ANTI-COUGHING         

                               ACTION RATS     ACTION    ACTION                

     MICE            RATS      ED.sub.50 mg/kg.                                

                                               RATS      GUINEA PIGS           

                               carrageenin                                     

                                         granuloma                             

                               oedema                                          

     intra-          intra-    intra-          ED.sub.50 mg/kg/oral            

                                                         ED.sub.50 mg/kg/      

     peri-           peri-     peri-     oral .times. 7  intraperitoneal       

     toneal     oral toneal                                                    

                          oral toneal                                          

                                    oral days                                  

     __________________________________________________________________________

     LR 330                                                                    

           &gt;1000                                                               

                &gt;3000                                                          

                     &gt;1000                                                     

                          &gt;2000                                                

                               75   400  400       *200 = .phi.                

                                                         *200 = .phi.          

     LR 331                                                                    

           800  &gt;5000                                                          

                     840  &gt;1000                                                

                               140  300  300       *400 = .phi.                

                                                         *50  = 17%            

     LR 364                                                                    

           &gt;1000               *200=.phi.                *200 = .phi.          

     LR 396                                                                    

           &gt;1000               *200=.phi.                                      

     LR 407                                                                    

           400  1265 385  &gt;1500                                                

                               60   120  170       73    34                    

     LR 450                                                                    

           43   238  47   915  *6=36%                                          

                                    *100=                                      

                                         100        *100 = 38%                 

                                                         *12   = .phi.         

                                     35%                                       

     __________________________________________________________________________

      *maximum dose administered.                                              

TBL  __________________________________________________________________________

     SUBSTANCE                                                                 

           LD.sub.50 mg/kg     ANALGESIC ACTION      ANTI-ULCER ACTION         

                                                     RATS                      

     MICE            RATS                            10 mg/kg/intraperitoneal  

                               Randall                                         

                                      Stretching                               

                                             Tail    Reduction                 

                                                            Protected          

     intra-          intra-    Selitto                                         

                                      acetic acid                              

     clip       in number                                                      

                     rats in                                                   

     peri-           peri-     RATS ED.sub.50                                  

                                      MICE ED.sub.50                           

                                             MICE ED.sub.50                    

                                                     of ulcers                 

                                                            %                  

     toneal     oral toneal                                                    

                          oral mg/kg/oral                                      

                                      mg/kg/oral                               

                                             mg/kg/oral                        

                                                     in %                      

     __________________________________________________________________________

     LR 330                                                                    

           &gt;1000                                                               

                &gt;3000                                                          

                     &gt;1000                                                     

                          &gt;3000                                                

                                200   75     *200 = .phi.                      

     LR 331                                                                    

           800  &gt;5000                                                          

                     840  &gt;1000                                                

                               *175=15%                                        

                                      132    *175 = .phi.                      

                                                     52     30                 

     LR 364                                                                    

           &gt;1000                      *200=31%                                 

                                             *200 = .phi.                      

                                                     59     30                 

     LR 396                                                                    

           &gt;1000                      *100=26%       45     40                 

     LR 407                                                                    

           400  1265 385  &gt;1500                                                

                               &gt;400   26     48      23                        

     LR 450                                                                    

           43   238  47   915  *100=18%                                        

                                      *100=27%                                 

                                             *50  = .phi.                      

                                                     69     65                 

     __________________________________________________________________________

      *maximum dose administered.                                              

PAR  All the products obtainable according to the present invention are new
      except the following: (2-amino-4-phenyl-thiazol-5-yl)-acetic acid,
      (2-amino-4-parachlorophenyl-thiazol-5-yl)-acetic acid,
      (2amino-4-anisyl-thiazol-5yl)-acetic acid, and their respective ethyl
      esters, which are mentioned in the U.S. Pat. No. 2,423,709, where,
      however, no mention is made of the pharmacological properties of these
      compounds.
PAR  The Examples given below illustrate the invention without however limiting
      it. The melting and boiling points are not corrected. The identity of the
      substances and their purity have been checked by elementary analysis of C,
      H and N (and halogens when present), infrared spectra, N.M.R. and U.V.
DETD
PAC  EXAMPLE 1
PAC  (2-Amino-4-para-fluorophenyl-thiazol-5-yl)-acetic acid (hydrobromide)
PAR  A mixture of 10 grams of .beta.-bromo-.beta.-p-fluorobenzoyl-propionic acid
      and 2.77 grams of thio-urea in 60 c.c. of isopropyl alcohol is refluxed
      for 1 hour. After cooling, the precipitated solid is filtered off and
      recrystallised from isopropyl alcohol, m.p. 267.degree.-268.degree.C.
PAR  In the same way:
PAR  (2-Amino-4-p-methoxyphenyl-thiazol-5-yl)-acetic acid (hydrobromide, m.p.
      258.degree.-259.degree.C.), and
      [2-N-(2',6'-dichlorophenyl)-amino-4-phenyl-thiazol-5-yl]-acetic acid (m.p.
      278.degree.-80.degree.C.) can be prepared.
PAC  EXAMPLE 2
PAC  Ethyl-(2-N-phenylamino-4-p-chlorophenyl-thiazol-5-yl)acetate.
PAR  A mixture of 8.4 g. of ethyl .beta.-bromo-.beta.-p- chlorobenzoylpropionate
      and 4 grams of phenylthio-urea in 30 c.c. absolute alcohol is refluxed for
      8 hours. The alcohol is removed in a vacuum and the residue is treated
      with 50 c.c. of H.sub.2 0 and 100 c.c. of diethyl ether. It is made
      alkaline with Na.sub.2 C0.sub.3 and the organic phase is separated, washed
      several times with H.sub.2 0, dried over Na.sub.2 S0.sub.4 and evaporated
      to dryness. The residue is recrystallised from isopropyl alcohol, m.p.
      120.degree.-121.degree.C. In the same way, the following can be prepared.
      Ethyl-[2-N-(2',6'-dichlorophenyl)-amino-4-p-chlorophenyl-thiazol-5-yl]-ace
     tate (m.p. 192.degree.-193.degree.C.),
PA1  ethyl-(2-amino-4-p-chlorophenyl-thiazol-5-yl)-acetate (m.p.
      156.degree.-157.degree.C.), and
PA1  ethyl-3-(2-amino-4-p-chlorophenyl-thiazol-5-yl)-propionate (m.p.
      160.degree.-161.degree.C.) are prepared in the same way.
PAC  EXAMPLE 3
PAC  (2-Phenylamino-4-p-chlorophenyl-thiazol-5-yl)-acetic acid.
PAR  7 grams of ethyl (2-N-phenylamino-4-p-chlorophenyl-thiazol-5-yl)acetate are
      heated to reflux with 20 c.c. of 5% NaOH for 1 hour. It is neutralised
      with N HC1. The precipitated solid is filtered and washed several times
      with H.sub.2 0. M.p. 256.degree.-57.degree.C.
PAR  In the same way the following can be prepared:
PA1  (2-acetylamino-4-p-chlorophenyl-thiazol-5-yl)acetic acid (m.p.
      270.degree.-73.degree.C. from isoamyl alcohol).
PA1  [2-N-(2',6'-dichlorophenyl)amino-4-p-chlorophenyl-thiazol-5-yl]-acetic acid
      (m.p. 270.degree.-71.degree.C.).
PA1  (2-amino-4-phenyl-thiazol-5-yl)-acetic acid (m.p.
      232.degree.-34.degree.C.).
PA1  (2-amino-4-p-chlorophenyl-thiazol-5-yl)-acetic acid (m.p.
      262.degree.-63.degree.C.).
PA1  3-(2-amino-4-p-chlorophenyl-thiazol-5-yl)propionic acid (m.p.
      206.degree.-07.degree.C.).
      [2-(Phenylaminocarbonylamino)-4-p-chlorophenyl-thiazol-5-yl]-acetic acid
      (m.p. 212.degree.-214.degree.C., from dioxane --H.sub.2 0).
PA1  (2-diethylamino-4-p-chlorophenyl-thiazol-5-yl)-acetic acid (m.p.
      132.degree.-33.degree.C.).
PAC  EXAMPLE 4
PAC  [2-(N,N-diethylamino)-4-p-chlorophenyl-thiazol-5-yl] -ethyl acetate.
PAR  6 grams of ethyl (2-hydroxy-4-p-chlorophenyl-thiazol-5-yl)-acetate and 20
      c.c. of POC1.sub.3 are refluxed for 1 hour. The excess of POC1.sub.3 is
      eliminated in a vacuum and the residue is treated with an excess of
      diethylamine. After 24 hours H.sub.2 O is added and the mixture is
      extracted several times with ether. The ether solution is separated, dried
      over Na.sub.2 SO.sub.4, and evaporated to dryness. The residue is
      crystallised from 95% alcohol, m.p. 55.degree.-56.degree.C.
PAR  The starting material can be prepared as follows: 23 grams of ethyl
      .beta.-bromo-.beta.-p-chlorobenzoyl-propionate and 7.5 grams of ethyl
      thiocarbamate in 100 c.c. isopropyl alcohol are refluxed for 30 minutes.
      After cooling the precipitated solid is filtered off and recrystallised
      from 95% alcohol, m.p. 153.degree.-54.degree.C.
PAC  EXAMPLE 5
PAC  Ethyl (2-acetylamino-4-p-chlorophenyl-thiazol-5-yl)acetate.
PAR  A mixture of 13.4 grams of ethyl
      (2amino-4-p-chlorophenyl-thiazol-5-yl)acetate and 10.2 grams of acetic
      anhydride in 50 c.c. of anhydrous pyridine is refluxed for 1/2 an hour.
      The solution is poured on ice. The precipitated solid is filtered off,
      washed several times with H.sub.2 O, and recrystallised from 80% alcohol,
      m.p. 187.degree.-88.degree.C.
PAC  EXAMPLE 6
PAC  Ethyl [2-(phenylaminocarbonylamino)-4-p-chlorophenyl-thiazol-5-yl]-acetate.
PAR  2 Grams of phenylisocyanate in 50 c.c. ether are added to a suspension of 5
      g. of ethyl (2-amino-4-p-chlorophenyl-thiazol-5-yl)-acetate in 200 c.c. of
      anhydrous ether. After 24 hours the precipitated solid is filtered off,
      m.p. 192.degree.-93.degree.C.
PAC  EXAMPLE 7
PAC  (2-Amino-4-p-chlorophenyl-thiazol-5-yl)-N-(N',N'-diethylaminoethyl)-acetami
     de.
PAR  6 g. of ethyl (2-amino-4-p-chlorophenyl-thiazol-5-yl)-acetate are added tp
      7.7 g. of N,N-diethylethylenediamine in which 50 mg. of metallic sodium
      have been dissolved. The mixture is heated under nitrogen until all the
      alcohol released by the reaction has distilled (3 hours). The excess of
      amine is eliminated in a vacuum. The residue is treated with H.sub.2 O and
      extracted several times with ether. After drying over Na.sub.2 SO.sub.4,
      the solvent is eliminated in a vacuum. The residue is recrystallised from
      benzene, m.p. 113.degree.-114.degree.C.
CLMS
STM  We claim:
NUM  1.
PAR  1. A 5-substituted 2-amino-4-arylthiazole of the formula
      ##SPC6##
PAL  in which X represents hydrogen, halogen or methoxy; R is hydrogen or ethyl;
      R' is phenyl unsubstituted or substituted with halogen, and when R is
      hydrogen, R' can be --CO--R'"  , where R'"  is methyl or phenylamino; R"
      is hydroxy, ethoxy or 2-diethylaminoethylamino, and n is 1, 2 or 3.
NUM  2.
PAR  2. [2-N-(2', 6'-dichlorophenyl)-amino-4phenyl-thiazol-5-yl]-acetic acid and
      pharmaceutically acceptable salts thereof.
NUM  3.
PAR  3. Ethyl(2-N-phenylamino-4-p-chlorophenyl-thiazol-5-yl)-acetate and
      pharmaceutically acceptable salts thereof.
NUM  4.
PAR  4. Ethyl[2-N-(2',
      6'-dichlorophenyl)-amino-4-p-chlorophenyl-thiazol-5-yl]-acetate and
      pharmaceutically acceptable salts thereof.
NUM  5.
PAR  5. (2-Phenylamino-4-p-chlorophenyl-thiazol-5-yl)-acetic acid and
      pharmaceutically acceptable salts thereof.
NUM  6.
PAR  6. (2-Acetylamino-4-p-chlorophenyl-thiazol-5-yl)-acetic acid and
      pharmaceutically acceptable salts thereof.
NUM  7.
PAR  7. [2-N-(2',6'-dichlorophenyl)amino-4-p-chlorophenyl)-thiazol-5-yl]-acetic
      acid and pharmaceutically acceptable salts thereof.
NUM  8.
PAR  8. [2-(Phenylaminocarbonylamino)-4-p-chlorophenyl-thiazol-5-yl]-acetic acid
      and pharmaceutically acceptable salts thereof.
NUM  9.
PAR  9. (2-Diethylamino-4-p-chlorophenyl-thiazol-5-yl)-acetic acid and
      pharmaceutically acceptable salts thereof.
NUM  10.
PAR  10. Ethyl[2-(N,N-diethylamino)-4-p-chlorophenyl-thiazol-5-yl]-acetate and
      pharmaceutically acceptable salts thereof.
NUM  11.
PAR  11. Ethyl(2-acetylamino-4-p-chlorophenyl-thiazol-5-yl)-acetate and
      pharmaceutically acceptable salts thereof.
NUM  12.
PAR  12. Ethyl[2-(phenylaminocarbonylamino)-4-p-
     chlorophenyl-thiazol-5-yl]-acetate and pharmaceutically acceptable salts
      thereof.
NUM  13.
PAR  13. (2-Am
     ino-4-p-chlorophenyl-thiazol-5-yl)-N-(N',N'-diethylaminoethyl)-acetamide
      and pharmaceutically acceptable salts thereof.
PATN
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SRC  5
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APT  1
ART  122
APD  19740311
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ISD  19760120
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NAM  Ifverson et al.
OCL  260306.8D
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NAM  Bruderlein et al.
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ABST
PAL  This invention discloses compounds of the formula
      ##EQU1##
      wherein R.sup.1 is selected from the group consisting of alkyl, alkenyl,
      chloroalkyl, trifluoromethyl, alkoxy, alkylthio, alkylsulfonyl,
      alkylsulfinyl and cycloalkyl of from 3 to 7 carbon atoms optionally
      substituted with from 1 to 2 substituents selected from the group
      consisting of alkyl, alkoxy and halogen; and R.sup.2 is alkyl. Further
      disclosed are herbicidal compositions containing a compound of the above
      description.
BSUM
PAR  This invention relates to new compositions of matter and more specifically
      relates to new compounds of the formula
      ##EQU2##
      wherein R.sup.1 is selected from the group consisting of alkyl, alkenyl,
      chloroalkyl, trifluoromethyl, alkoxy, alkylthio, alkylsulfonyl,
      alkylsulfinyl and cycloalkyl of from 3 to 7 carbon atoms optionally
      substituted with from 1 to 2 substituents selected from the group
      consisting of alkyl, alkoxy and halogen; and R.sup.2 is alkyl.
PAR  The compounds of the present invention are unexpectedly useful as
      herbicides.
PAR  In a preferred embodiment of this invention R.sup.1 is selected from the
      group consisting of lower alkyl, lower alkenyl, lower chloroalkyl,
      trifluoromethyl, lower alkoxy, lower alkylthio, lower alkylsulfonyl, lower
      alkylsulfinyl and cycloalkyl of from 3 to 7 carbon atoms optionally
      substituted with from 1 to 2 substituents selected from the group
      consisting of lower alkyl, lower alkoxy, chlorine, bromine and fluorine;
      and R.sup.2 is lower alkyl.
PAR  The term lower as used herein designates a straight or branched carbon
      chain of up to six carbon atoms.
PAR  The compounds of this invention can be prepared by dehydrating a compound
      of this formula
      ##EQU3##
      wherein R.sup.1 and R.sup.2 are as heretofore defined. This dehydration
      can be effected by reacting the compound of formula II with an about
      equimolar or slight excess molar amount of thionyl chloride. This reaction
      can be carried out by adding the thionyl chloride to a solution of the
      compound of formula II in an inert organic solvent such as methylene
      chloride at a temperature of from about 0.degree.C to about 20.degree.C.
      After the addition is completed the reaction mixture can be allowed to
      stand at room temperature for a period of from about 1 to about 24 hours
      to ensure completion of the reaction. After this time the reaction mixture
      can be stripped of solvent under reduced pressure to yield the desired
      product as the residue. This product can then be used as such or can be
      further purified by conventional techniques such as recrystallization and
      the like.
PAR  The compounds of formula II can be readily prepared by heating a compound
      of the formula
      ##EQU4##
      wherein R.sup.1 and R.sup.2 are as heretofore described, in a dilute,
      aqueous, acidic reaction medium for a period of about 10 to about 60
      minutes. Temperatures of from about 70.degree.C to the reflux temperature
      of the reaction mixture can be utilized. The reaction medium can comprise
      a dilute aqueous inorganic acid such as hydrochloric acid at a
      concentration of from about 0.5 to about 5 percent. Upon completion of the
      reaction the desired product can be recovered as a precipitate by cooling
      the reaction mixture. This product can be used as such or can be further
      purified by conventional means such as recrystallization and the like.
PAR  The compounds of formula III can be prepared by reacting a molar amount of
      an isocyanate dimer of the formula
      ##EQU5##
      wherein R.sup.1 is as heretofore described, with about two molar amounts
      of a dimethyl acetal of the formula
      ##EQU6##
      wherein R.sup.2 is as heretofore described. This reaction can be effected
      by heating a mixture of the isocyanate dimer and the acetal in an inert
      organic reaction medium such as benzene at the reflux temperature of the
      reaction mixture. Heating at reflux can be continued for a period of from
      about 2 to about 30 minutes to ensure completion of the reaction. After
      this time the desired product can be recovered upon evaporation of the
      reaction medium and can be used as such or can be further purified by
      standard techniques in the art.
PAR  The isocyanate dimer of formula IV can be prepared by reacting a
      thiadiazole of the formula
      ##EQU7##
      wherein R.sup.1 is as heretofore described, with phosgene. This reaction
      can be effected by adding a slurry or solution of the thiadiazole, in a
      suitable organic solvent such as ethyl acetate, to a saturated solution of
      phosgene in an organic solvent such as ethyl acetate. The resulting
      mixture can be stirred at ambient temperatures for a period of from about
      4 to about 24 hours. The reaction mixture can then be purged with nitrogen
      gas to remove unreacted phosgene. The desired product can then be
      recovered by filtration if formed as a precipitate or upon evaporation of
      the organic solvent used if soluble therein. This product can be used as
      such or can be further purified if desired.
PAR  Exemplary thiadiazoles of formula VI useful for preparing the compounds of
      the present invention are 5-methyl-2-amino-1,3,4-thiadiazole,
      5-ehtyl-2-amino-1,3,4-thiadiazole, 5-propyl-2-amino-1,3,4-thiadiazole,
      5-allyl-2-amino-1,3,4-thiadiazole,
      5-pent-3-enyl-2-amino-1,3,4-thiadiazole, 5-chloromethyl-2-amino-1,3,4-thia
     diazole, 5-.beta.-chloroethyl-2-amino-1,3,4-thiadiazole,
      5-.alpha.-chloropropyl-2-amino-1,3,4-thiadiazole,
      5-trichloromethyl-2-amino-1,3,4-thiadiazole,
      5-methoxy-2-amino-1,3,4-thiadiazole, 5-ethoxy-2-amino-1,3,4-thiadiazole,
      5-propoxy-2-amino-1,3,4-thiadiazole, 5-butyloxy-2-amino-1,3,4-thiadiazole,
      5-hexyloxy-2-amino-1,3,4-thiadiazole,
      5-methylthio-2-amino-1,3,4-thiadiazole,
      5-ethylthio-2-amino-1,3,4-thiadiazole,
      5-propylthio-2-amino-1,3,4-thiadiazole,
      5-butylthio-2-amino-1,3,4-thiadiazole,
      5-methylsulfonyl-2-amino-1,3,4-thiadiazole,
      5-ethylsulfonyl-2-amino-1,3,4-thiadiazole,
      5-butylsulfonyl-2-amino-1,3,4-thiadiazole,
      5-methylsulfinyl-2-amino-1,3,4-thiadiazole,
      5-ethylsulfinyl-2-amino-1,3,4-thiadiazole,
      5-propylsulfinyl-2-amino-1,3,4-thiadiazole,
      5-t-butyl-2-amino-1,3,4-thiadiazole,
      5-trifluoromethyl-2-amino-1,3,4-thiadiazole,
      5-cyclopropyl-2-amino-1,3,4-thiadiazole,
      5-cyclobutyl-2-amino-1,3,4-thiadiazole,
      5-cyclopentyl-2-amino-1,3,4-thiadiazole,
      5-cyclohexyl-2-amino-1,3,4-thiadiazole,
      5-cycloheptyl-2-amino-1,3,4-thiadiazole,
      5-(2-methylcyclopropyl)-2-amino-1,3,4-thiadiazole,
      5-(3-ethylcyclopentyl)-2-amino-1,3,4-thiadiazole,
      5-(4-propylcyclohexyl)-2-amino-1,3,4-thiadiazole,
      5-(1-methylcyclohexyl)-2-amino-1,3,4-thiadiazole,
      5-(4-chlorocyclohexyl)-2-amino-1,3,4-thiadiazole,
      5-(4-bromocyclohexyl)-2-amino-1,3,4-thiadiazole,
      5-(4-fluorocyclohexyl-2-amino-1,3,4-thiadiazole,
      5-(3-methoxycycloheptyl)-2-amino-1,3,4-thiadiazole,
      5-(3-hexylcyclopentyl)-2-amino-1,3,4-thiadiazole,
      5-(4-hexyloxycyclohexyl)-2-amino-1,3,4-thiadiazole,
      5-(4-iodocyclohexyl)-2-amino-1,3,4-thiadiazole and the like.
PAR  The manner in which the compounds of this invention can be prepared is more
      specifically illustrated in the following examples.
DETD
PAC  EXAMPLE 1
PAC  Preparation of 5-Trifluoromethyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) was charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-trifluoromethyl2-amino-1,3,4-thiadiazole (45 grams) in ethyl acetate
      (300 ml) was added to the reaction vessel and the resulting mixture was
      stirred for a period of about 16 hours resulting in the formation of a
      precipitate. The reaction mixture was then purged with nitrogen gas to
      remove unreacted phosgene. The purged mixture was filtered to recover 48
      grams of a white solid. This solid was recrystallized from dimethyl
      formamide to yield the desired product
      5-trifluoromethyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 2
PAC  Preparation of the Dimethyl Acetal of
      2-[1-Methyl-3-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
PAR  A mixture of 5-trifluoromethyl-1,3,4-thiadiazol-2-yl isocyanate dimer (9.5
      grams), the dimethyl acetal of 2-methylaminoacetaldehyde (5.8 grams) and
      benzene (60 ml) are charged into a glass reaction vessel equipped with a
      mechanical stirrer and reflux condenser. The reaction mixture is heated at
      reflux for a period of about 15 minutes. After this time the mixture is
      stripped of benzene under reduced pressure to yield a solid product as the
      residue. This product is recrystallized from heptane to yield the desired
      product the dimethyl acetal of
      2-[1-methyl-3-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
      having a melting point of 101.degree. to 102.degree.C.
PAC  EXAMPLE 3
PAC  Preparation of
      1-(5-Trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazo
     lidin-2-one
PAR  The dimethyl acetal of
      2-[1-methyl-3-(5-trifluoromethyl-1,3,4-thiadiazol-2yl)ureido]acetaldehyde
      (15 grams), water (400 ml) and hydrochloric acid (4 ml) were charged into
      a glass reaction vessel equipped with a mechanical stirrer, thermometer
      and reflux condenser. The reaction mixture was heated at reflux for a
      period of about 15 minutes. The reaction mixture was then filtered while
      hot and the filtrate was cooled resulting in the formation of a
      precipitate. The precipitate was recovered by filtration, was dried and
      was recrystallized from an ethyl acetatehexane mixture to yield the
      desired product
      1-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazo
     lidin-2-one having a melting point of 136.degree. to 138.degree.C.
PAC  EXAMPLE 4
PAC  Preparation of
      1-(5-Trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one
PAR  A solution of
      1-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazo
     lidin-2-one (7 grams) in methylene chloride (50 ml) was charged into a
      glass reaction vessel equipped with a mechanical stirrer and thermometer.
      The solution was cooled to a temperature of about 10.degree.C and thionyl
      chloride (3 ml) was added with stirring. After the addition was completed
      the reaction mixture was allowed to stand at room temperature overnight.
      After this time the reaction mixture was stripped of methylene chloride by
      vacuum distillation leaving a solid residue. The residue was
      recrystallized from heptane to yield the desired product
      1-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one
      having a melting point of 135.degree. to 137.degree.C.
PAC  EXAMPLE 5
PAC  Preparation of 5-t-Butyl-1,3,4-thiadiazol-2-yl-isocyanate dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) was charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-t-butyl-2-amino-1,3,4-thiadiazole (10 grams) in ethyl acetate (300 ml)
      was added to the reaction vessel and the resulting mixture was stirred for
      a period of about 16 hours resulting in the formation of a precipitate.
      The reaction mixture was then purged with nitrogen gas to remove unreacted
      phosgene. The purged mixture was then filtered to cover the desired
      product 5-t-butyl-1,3,4-thiadiazol-2-yl isocyanate dimer as a solid having
      a melting point of 261.degree. to 263.degree.C.
PAC  EXAMPLE 6
PAC  Preparation of the Dimethyl Acetal of
      2-[1-methyl-3-(5-t-butyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
PAR  A mixture of 5-t-butyl-1,3,4-thiadiazol-2-yl isocyanate dimer (6 grams),
      the dimethyl acetal of 2-methylaminoacetaldehyde (3.9 grams) and benzene
      (50 ml) was charged into a glass reaction flask equipped with a mechanical
      stirrer and reflux condenser. The reaction mixture was heated at reflux,
      with stirring for a period of about 5 minutes. After this time the
      reaction mixture was stripped of benzene to yield an oil which solidified
      upon standing. The resulting solid was then recrystallized from pentane to
      yield the desired product the dimethyl acetal of
      2-[1-methyl-3-(5-t-butyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde having
      a melting point of 80.degree. to 82.degree.C.
PAC  EXAMPLE 7
PAC  Preparation of
      1-(5-t-Butyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazolidin-2-
     one
PAR  The dimethyl acetal of
      2-[1-methyl-3-(5-t-butyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde (16
      grams), concentrated hydrochloric acid (10 ml) and water (500 ml) were
      charged into a glass reaction vessel equipped with a mechanical stirrer,
      thermometer and reflux condenser. The reaction mixture was heated at
      reflux for a period of about 15 minutes. The reaction mixture was filtered
      while hot and the filtrate was then cooled, resulting in the formation of
      a precipitate. The precipitate was recovered by filtration, dried and was
      recrystallized from a benzene-hexane mixure to yield the desired product
      1-(5-t-butyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3,-imidazolidin-2
     -one having a melting point of 133.degree. to 134.degree.C.
PAC  EXAMPLE 8
PAC  Preparation of
      1-(5-t-Butyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one
PAR  A solution of
      1-(5-t-butyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazolidin-2-
     one (7 grams) in methylene chloride (50 ml) was charged into a glass
      reaction vessel equipped with a mechanical stirrer and thermometer. The
      solution was cooled to a temperature of about 10.degree.C and thionyl
      chloride (3 ml) was added with stirring. After the addition was completed
      the reaction mixture was allowed to stand at room temperature overnight.
      After this time the reaction mixture was stripped of methylene chloride by
      vacuum distillation leaving a solid residue. The residue was then
      recrystallized from hexane to yield the desired product
      1-(5-t-butyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one having a
      melting point of 114.degree. to 116.degree.C.
PAC  EXAMPLE 9
PAC  Preparation of 5-Methyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-methyl-2-amino-1,3,4-thiadiazole (40 grams) in ethyl acetate (300 ml) is
      added to the reaction vessel and the resulting mixture is stirred for a
      period of about 16 hours, resulting in the formation of a precipitate. The
      reaction mixture is then purged with nitrogen gas to remove unreacted
      phosgene. The purged mixture is then filtered to recover the precipitate.
      The precipitate is then recrystallized to yield the desired product
      5-methyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 10
PAC  Preparation of the Dimethyl Acetal of
      2-[1-Methyl-3-(5-methyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
PAR  A mixture of 5-methyl-1,3,4-thiadiazol-2-yl isocyanate dimer (0.05 mole),
      the dimethyl acetal of 2-methylaminoacetaldehyde (0.1 mole) and benzene
      (60 ml) are charged into a glass reaction vessel equipped with a
      mechanical stirrer and reflux condenser. The reaction mixture is heated at
      reflux for a period of about 15 minutes. After this time the mixture is
      stripped of benzene under reduced pressure to yield a solid product as the
      residue. The residue is then recrystallized to yield the desired product
      dimethyl acetal of
      2-[1-methyl-3-(5-methyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde.
PAC  EXAMPLE 11
PAC  Preparation of
      1-(5-Methyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazolidin
      -2-one
PAR  The dimethyl acetal of
      2-[1-methyl-3-(5-methyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde (15
      grams), water (400 ml) and hydrochloric acid (4 ml) are charged into a
      glass reaction vessel equipped with a mechanical stirrer, thermometer and
      reflux condenser. The reaction mixture is heated at reflux for a period of
      about 15 minutes. The reaction mixture is then filtered while hot and the
      filtrate is cooled to form a precipitate. The precipitate is recovered by
      filtration, is dried and is recrystallized to yield the desired product
      1-(5-methyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazolidin-2-o
     ne.
PAC  EXAMPLE 12
PAC  Preparation of
      1-(5-Methyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one
PAR  A solution of
      1-(5-methyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazolidin-2-o
     ne (7 grams) in methylene chloride (50 ml) is charged into a glass reaction
      vessel equipped with a mechanical stirrer and thermometer. The solution is
      cooled to a temperature of about 10.degree.C and thionyl chloride (3ml) is
      added with stirring. After the addition is completed the reaction mixture
      is allowed to stand at room temperature overnight. After this time the
      reaction mixture is stripped of methylene chloride by vacuum distillation
      leaving a solid residue. The residue is then recrystallized to yield the
      desired product
      1-(5-methyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one.
PAC  EXAMPLE 13
PAC  Preparation of 5-Methoxy-1,3,4-thiadiazol-2-yl isocyanate dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-methoxy-2-amino-1,3,4-thiadiazole (40 grams) in ethyl acetate (300 ml)
      is added to the reaction vessel and the resulting mixture is stirred for a
      period of about 16 hours, resulting in the formation of a precipitate. The
      reaction mixture is then purged with nitrogen gas to remove unreacted
      phosgene. The purged mixture is then filtered to recover the precipitate.
      The precipitate is then recrystallized to yield the desired product
      5-methoxy-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 14
PAC  Preparation of the Dimethyl Acetal of
      2-[1-Ethyl-3-(5-methoxy-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
PAR  A mixture of 5-methoxy-1,3,4-thiadiazol-2-yl isocyanate dimer (0.05 mole),
      the dimethyl acetal of 2-ethylaminoacetaldehyde (0.1 mole) and benzene (60
      ml) are charged into a glass reaction vessel equipped with a mechanical
      stirrer and reflux condenser. The reaction mixture is heated at reflux for
      a period of about 15 minutes. After this time the mixture is stripped of
      benzene under reduced pressure to yield a solid product as the residue.
      The residue is then recrystallized to yield the desired product the
      dimethyl acetal of
      2-[1-ethyl-3-(5-methoxy-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde.
PAC  EXAMPLE 15
PAC  Preparation of
      1-(5-Methoxy-1,3,4-thiadiazol-2-yl)-3-ethyl-5-hydroxy-1,3-imidazolidin-2-o
     ne
PAR  The dimethyl acetal of
      2-[1-ethyl-3-(5-methoxy-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde (15
      grams), water (400 ml) and hydrochloric acid (4 ml) are charged into a
      glass reaction vessel equipped with a mechanical stirrer, thermometer and
      reflux condenser. The reaction mixture is heated at reflux for a period of
      about 15 minutes. The reaction mixture is then filtered while hot and the
      filtrate is cooled to form a precipitate. The precipitate is recovered by
      filtration, is dried and is recrystallized to yield the desired product
      1-(5-methoxy-1,3,4-thiadiazol-2-yl)-3-ethyl-5-hydroxy-1,3-imidazolidin-2-o
     ne.
PAC  EXAMPLE 16
PAC  Preparation of
      1-(5-Methoxy-1,3,4-thiadiazol-2-yl)-3-ethyl-1,3-imidazolin-2-one
PAR  A solution of
      1-(5-methoxy-1,3,4-thiadiazol-2-yl)-3-ethyl-5-hydroxy-1,3-imidazolidin-2-o
     ne (7 grams) in methylene chloride (50 ml) is charged into a glass reaction
      vessel equipped with a mechanical stirrer and thermometer. The solution is
      cooled to a temperature of about 10.degree.C and thionyl chloride (3 ml)
      is added with stirring. After the addition is completed the reaction
      mixture is allowed to stand at room temperature overnight. After this time
      the reaction mixture is stripped of methylene chloride by vacuum
      distillation leaving a solid residue. The residue is then recrystallized
      to yield the desired product
      1-(5-methoxy-1,3,4-thiadiazol-2-yl)-3-ethyl-1,3-imidazolin-2-one.
PAC  EXAMPLE 17
PAC  Preparation of 5-Methylthio-1,3,4-thiadiazol-2-yl isocyanate dimer
PAR  A saturated solution of phosgene is ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-methylthio-2-amino-1,3,4-thiadiazole (45 grams) in ethyl acetate (300
      ml) is added to the reaction vessel and the resulting mixture is stirred
      for a period of about 16 hours, resulting in the formation of a
      precipitate. The reaction mixture is then purged with nitrogen gas to
      remove unreacted phosgene. The purged mixture is then filtered to recover
      the precipitate. The precipitate is then recrystallized to yield the
      desired product 5-methylthio-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 18
PAC  Preparation of the Dimethyl Acetal of
      2-[1-Propyl-3-(5-methylthio-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
PAR  A mixture of 5-methylthio-1,3,4-thiadiazol-2-yl isocyanate dimer (0.05
      mole), the dimethyl acetal of 2-propylaminoacetaldehyde (0.1 mole) and
      benzene (60 ml) are charged into a glass reaction vessel equipped with a
      mechanical stirrer and reflux condenser. The reaction mixture is heated at
      reflux for a period of about 15 minutes. After this time the mixture is
      stripped of benzene under reduced pressure to yield a solid product as the
      residue. The residue is then recrystallized to yield the desired product
      the dimethyl acetal of
      2-[1-propyl-3-(5-methylthio-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde.
PAC  EXAMPLE 19
PAC  Preparation of
      1-(5-Methylthio-1,3,4-thiadiazol-2-yl)-3-propyl-5-hydroxy-1,3-imidazolidin
     -2-one
PAR  The dimethyl acetal of
      2-[1-propyl-3-(5-methylthio-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde (15
      grams), water (400 ml) and hydrochloric acid (4 ml) are charged into a
      glass reaction vessel equipped with a mechanical stirrer, thermometer and
      reflux condenser. The reaction mixture is heated at reflux for a period of
      about 15 minutes. The reaction mixture is then filtered while hot and the
      filtrate is cooled to form a precipitate. The precipitate is recovered by
      filtration, is dried and is recrystallized to yield the desired product
      1-(5-methylthio-1,3,4-thiadiazol-2-yl)-3-propyl-5-hydroxy-1,3-imidazolidin
     -2-one.
PAC  EXAMPLE 20
PAC  Preparation of
      1-(5-Methylthio-1,3,4-thiadiazol-2-yl)-3-propyl-1,3-imidazolin-2-one
PAR  A solution of
      1-(5-methylthio-1,3,4-thiadiazol-2-yl)-3-propyl-5-hydroxy-1,3-imidazolidin
     -2-one (8 grams) in methylene chloride (50 ml) is charged into a glass
      reaction vessel equipped with a mechanical stirrer and thermometer. The
      solution is cooled to a temperature of about 10.degree.C and thionyl
      chloride (3 ml) is added with stirring. After the addition is completed
      the reaction mixture is allowed to stand at room temperature overnight.
      After this time the reaction mixture is stripped of methylene chloride by
      vacuum distillation leaving a solid residue. The residue is then
      recrystallized to yield the desired product
      1-(5-methylthio-1,3,4-thiadiazol-2-yl)-3-propyl-1,3-imidazolin-2-one.
PAC  EXAMPLE 21
PAC  Preparation of 5-Methylsulfonyl-1,3,4-thiadiazol-2-yl isocyanate dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-methylsulfonyl-2-amino-1,3,4-thiadiazole (50 grams) in ethyl acetate
      (300 ml) is added to the reaction vessel and the resulting mixture is
      stirred for a period of about 16 hours, resulting in the formation of a
      precipitate. The reaction mixture is then purged with nitrogen gas to
      remove unreacted phosgene. The purged mixture is then filtered to recover
      the precipitate. The precipitate is then recrystallized to yield the
      desired product 5-methylsulfonyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 22
PAC  Preparation of the Dimethyl Acetal of
      2-[1-Methyl-3-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
PAR  A mixture of 5-methylsulfonyl-1,3,4-thiadiazol-2-yl isocyanate dimer (0.05
      mole), the dimethyl acetal of 2-methylaminoacetaldehyde (0.1 mole) and
      benzene (60 ml) are charged into a glass reaction vessel equipped with a
      mechanical stirrer and reflux condenser. The reaction mixture is heated at
      reflux for a period of about 15 minutes. After this time the mixture is
      stripped of benzene under reduced pressure to yield a solid product as the
      residue. The residue is then recrystallized to yield the desired product
      dimethyl acetal of 2-[1-methyl-3-(5-methylsulfonyl-1,3,4-thiadiazol-2
      -yl)ureido]acetaldehyde.
PAC  EXAMPLE 23
PAC  Preparation of
      1-(5-Methylsulfonyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazol
     idin-2-one
PAR  The dimethyl acetal of
      2-[1-methyl-3-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
      (15 grams), water (400 ml) and hydrochloric acid (4 ml) are charged into a
      glass reaction vessel equipped with a mechanical stirrer, thermometer and
      reflux condenser. The reaction mixture is heated at reflux for a period of
      about 15 minutes. The reaction mixture is then filtered while hot and the
      filtrate is cooled to form a precipitate. The precipitate is recovered by
      filtration, is dried and is recrystallized to yield the desired product
      1-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazol
     idin-2-one.
PAC  EXAMPLE 24
PAC  Preparation of
      1-(5-Methylsulfonyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one
PAR  A solution of
      1-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazol
     idin-2-one (7 grams) in methylene chloride (50 ml) is charged into a glass
      reaction vessel equipped with a mechanical stirrer and thermometer. The
      solutiton is cooled to a temperature of about 10.degree.C and thionyl
      chloride (3 ml) is added with stirring. After the addition is completed
      the reaction mixture is allowed to stand at room temperature overnight.
      After this time the reaction mixture is stripped of methylene chloride by
      vacuum distillation leaving a solid residue. The residue is then
      recrystallized to yield the desired product
      1-(5-methylsulfonyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one.
PAC  EXAMPLE 25
PAC  Preparation of 5-Methylsulfinyl-1,3,4-thiadiazol-2-yl isocyanate dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-methylsulfinyl-2-amino-1,3,4-thiadiazole (50 grams) in ethyl acetate
      (300 ml) is added to the reaction vessel and the resulting mixture is
      stirred for a period of about 16 hours, resulting in the formation of a
      precipitate. The reaction mixture is then purged with nitrogen gas to
      remove unreacted phosgene. The purged mixture is then filtered to recover
      the precipitate. The precipitate is then recrystallized to yield the
      desired product 5-methylsulfinyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 26
PAC  Preparation of the Dimethyl Acetal of
      2-[1-Methyl-3-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
PAR  A mixture of 5-methylsulfinyl-1,3,4-thiadiazol-2-yl isocyanate dimer (0.05
      mole), the dimethyl acetal of 2-methylaminoacetaldehyde (0.1 mole) and
      benzene (60 ml) are charged into a glass reaction vessel equipped with a
      mechanical stirrer and reflux condenser. The reaction mixture is heated at
      reflux for a period of about 15 minutes. After this time the mixture is
      stripped of benzene under reduced pressure to yield a solid product as the
      residue. The residue is then recrystallized to yield the desired product
      the dimethyl acetal of
      2-[1-methyl-3-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde.
PAC  EXAMPLE 27
PAC  Preparation of
      1-(5-Methylsulfinyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazol
     idin-2-one
PAR  The dimethyl acetal of
      2-[1-methyl-3-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
      (15 grams), water (400 ml) and hydrochloric acid (4 ml) are charged into a
      glass reaction vessel equipped with a mechanical stirrer, thermometer and
      reflux condenser. The reaction mixture is heated at reflux for a period of
      about 15 minutes. The reaction mixture is then filtered while hot and the
      filtrate is cooled to form a precipitate. The precipitate is recovered by
      filtration, is dried and is recrystallized to yield the desired product
      1-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazol
     idin-2-one.
PAC  EXAMPLE 28
PAC  Preparation of
      1-(5-Methylsulfinyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one
PAR  A solution of
      1-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazol
     idin-2-one (7 grams) in methylene chloride (50 ml) is charged into a glass
      reaction vessel equipped with a mechanical stirrer and thermometer. The
      solution is cooled to a temperature of about 10.degree.C and thionyl
      chloride (3 ml) is added with stirring. After the addition is completed
      the reaction mixture is allowed to stand at room temperature overnight.
      After this time the reaction mixture is stripped of methylene chloride by
      vacuum distillation leaving a solid residue. The residue is then
      recrystallized to yield the desired product
      1-(5-methylsulfinyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one.
PAC  EXAMPLE 29
PAC  Preparation of 5-Cyclobutyl-1,3,4-thiadiazol-2-yl isocyanate dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-cyclobutyl-2-amino-1,3,4-thiadiazole (50 grams) in ethyl acetate (300
      ml) is added to the reaction vessel and the resulting mixture is stirred
      for a period of about 16 hours, resulting in the formation of a
      precipitate. The reaction mixture is then purged with nitrogen gas to
      remove unreacted phosgene. The purged mixture is then filtered to recover
      the precipitate. The precipitate is then recrystallized to yield the
      desired product 5-cyclobutyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 30
PAC  Preparation of the Dimethyl Acetal of
      2-[1-Propyl-3-(5-cyclobutyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
PAR  A mixture of 5-cyclobutyl-1,3,4, -thiadiazol-2-yl isocyanate dimer (0.05
      mole), the dimethyl acetal of 2-propylaminoacetaldehyde (0.1 mole) and
      benzene (60 ml) are charged into a glass reaction vessel equipped with a
      mechanical stirrer and reflux condenser. The reaction mixture is heated at
      reflux for a period of about 15 minutes. After this time the mixture is
      stripped of benzene under reduced pressure to yield a solid product as the
      residue. The residue is then recrystallized to yield the desired product
      the dimethyl acetal of
      2-[1-propyl-3-(5-cyclobutyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde.
PAC  EXAMPLE 31
PAC  Preparation of
      1-(5-Cyclobutyl-1,3,4-thiadiazol-2-yl)-3-propyl-5-hydroxy-1,3-imidazolidin
     -2-one
PAR  The dimethyl acetal of
      2-[1-propyl-3-(5-cyclobutyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde (15
      grams), water (400 ml) and hydrochloric acid (4 ml) are charged into a
      glass reaction vessel equipped with a mechanical stirrer, thermometer and
      reflux condenser. The reaction mixture is heated at reflux for a period of
      about 15 minutes. The reaction mixture is then filtered while hot and the
      filtrate is cooled to form a precipitate. The precipitate is recovered by
      filtration, is dried and is recrystallized to yield the desired product
      1-(5-cyclobutyl-1,3,4-thiadiazol-2-yl)-3-propyl-5-hydroxy-1,3-imidazolidin
     -2-one.
PAC  EXAMPLE 32
PAC  Preparation of
      1-(5-Cyclobutyl-1,3,4-thiadiazol-2-yl)-3-propyl-1,3-imidazolin-2-one
PAR  A solution of
      1-(5-cyclobutyl-1,3,4-thiadiazol-2-yl)-3-propyl-5-hydroxy-1,3,-imidazolidi
     n-2-one (7 grams) in methylene chloride (50 ml) is charged into a glass
      reaction vessel equipped with a mechanical stirrer and thermometer. The
      solution is cooled to a temperature of about 10.degree.C and thionyl
      chloride (3 ml) is added with stirring. After the addition is completed
      the reaction mixture is allowed to stand at room temperature overnight.
      After this time the reaction mixture is stripped of methylene chloride by
      vacuum distillation leaving a solid residue. The residue is then
      recrystallized to yield the desired product
      1-(5-cyclobutyl-1,3,4-thiadiazol-2-yl)-3-propyl-1,3-imidazolin-2-one.
PAC  EXAMPLE 33
PAC  Preparation of 5-Cycloheptyl-1,3,4-thiadiazol-2-yl Isocyanate Dimer
PAR  A saturated solution of phosgene in ethyl acetate (100 ml) is charged into
      a glass reaction vessel equipped with a mechanical stirrer. A slurry of
      5-cycloheptyl-2-amino-1,3,4-thiadiazole (50 grams) in ethyl acetate (300
      ml) is added to the reaction vessel and the resulting mixture is stirred
      for a period of about 16 hours, resulting in the formation of a
      precipitate. The reaction mixture is then purged with nitrogen gas to
      remove unreacted phosgene. The purged mixture is then filtered to recover
      the precipitate. The precipitate is then recrystallized to yield the
      desired product 5-cycloheptyl-1,3,4-thiadiazol-2-yl isocyanate dimer.
PAC  EXAMPLE 34
PAC  Preparation of the Dimethyl Acetal of
      2-[1-Methyl-3-(5-cycloheptyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde
PAR  A mixture of 5-cycloheptyl-1,3,4-thiadiazol-2-yl isocyanate dimer (0.05
      mole), the dimethyl acetal of 2-methylaminoacetaldehyde (0.1 mole) and
      benzene (60 ml) are charged into a glass reaction vessel equipped with a
      mechanical stirrer and reflux condenser. The reaction mixture is heated at
      reflux for a period of about 15 minutes. After this time the mixture is
      stripped of benzene under reduced pressure to yield a solid product as the
      residue. The residue is then recrystallized to yield the desired product
      the dimethyl acetal of
      2-[1-methyl-3-(5-cycloheptyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde.
PAC  EXAMPLE 35
PAC  Preparation of
      1-(5-Cycloheptyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazolidi
     n-2-one
PAR  the dimethyl acetal of
      2-[1-methyl-3-(5-cycloheptyl-1,3,4-thiadiazol-2-yl)ureido]acetaldehyde (15
      grams), water (400 ml) and hydrochloric acid (4 ml) are charged into a
      glass reaction vessel equipped with a mechanical stirrer, thermometer and
      reflux condenser. The reaction mixture is heated at reflux for a period of
      about 15 minutes. The reaction mixture is then filtered while hot and the
      filtrate is cooled to form a precipitate. The precipitate is recovered by
      filtration, is dried and is recrystallized to yield the desired product
      1-(5-cycloheptyl-1,3,4-thiadiazol-2-yl)-3-methyl-5-hydroxy-1,3-imidazolidi
     n-2-one.
PAC  EXAMPLE 36
PAC  Preparation of
      1-(5-Cycloheptyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one
PAR  A solution of 1-(5-cycloheptyl-1,3,4-thiadiazol-2-yl)-
      3-methyl-5-hydroxy-1,3-imidazolidin-2-one (7 grams) in methylene chloride
      (50 ml) is charged into a glass reaction vessel equipped with a mechanical
      stirrer and thermometer. The solution is cooled to a temperature of about
      10.degree.C and thionyl chloride (3 ml) is added with stirring. After the
      addition is completed the reaction mixture is allowed to stand at room
      temperature overnight. After this time the reaction mixture is stripped of
      methylene chloride by vacuum distillation leaving a solid residue. The
      residue is then recrystallized to yield the desired product
      1-(5-cycloheptyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one.
PAR  Additional exemplary compounds within the scope of the present invention
      which can be prepared by the procedures detailed in the foregoing examples
      are 1-(5-ethyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-butyl-1,3,4-thiadiazol-2-yl)-3-hexyl- 1,3-imidazolin-2-one,
      1-(5-hexyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-ethoxy-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-propoxy-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-hexyloxy-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-ethylthio-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-butylthio-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-hexylthio-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-allyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-but-3-enyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-hex-4-enyl-1,3,4-thiadiazol- 2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-chloromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-.beta.-chloroethyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-o
     ne,
      1-(5-.gamma.-chloropropyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2
     -one,
      1-(5-trichloromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-ethylsulfonyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-propylsulfonyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-hexylsulfonyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-ethylsulfinyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3,-imidazolin-2-one,
      1-(5-butylsulfinyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-hexylsulfinyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-cyclopropyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3,-imidazolin-2-one,
      1-(5-cyclopentyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-(5-cyclohexyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one,
      1-[5-(1-methylcyclohexyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-2
     -one,
      1-[5-(3-ethylcyclohexyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-2-
     one,
      1-[5-(4-butylcyclohexyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-2-
     one,
      1-[5-(4-hexylcyclohexyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-2-
     one,
      1-[5-(2-methylcyclopropyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-
     2-one,
      1-[5-(2-ethylcyclobutyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-2-
     one,
      1-[5-(3-methylcyclopentyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-
     2-one, 1-[5-(4-hexylcycloheptyl)-1,3,4
      -thiadiazol-2-yl]-3-methyl-1,3-imidazolin-2-one,
      1-[5-(3-chlorocyclohexyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-2
     -one, 1-[5-(4-bromocyclohexyl)-1,3,4-thiadiazol-2-yl]-
      3-methyl-1,3-imidazolin-2-one,
      1-[5-(4-fluorocyclohexyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-2
     -one,
      1-[-5-(2-methoxycyclohexyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin
     -2-one,
      1-[5-(3-ethoxycyclohexyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-2
     -one,
      1-[5-(4-propoxycyclohexyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin-
     2-one and
      1-[5-(4-hexyloxycyclohexyl)-1,3,4-thiadiazol-2-yl]-3-methyl-1,3-imidazolin
     -2-one.
PAR  For practical use as herbicides the compounds of this invention are
      generally incorporated into herbicidal compositions which comprise an
      inert carrier and a herbicidally toxic amount of such a compound. Such
      herbicidal compositions, which can also be called formulations, enable the
      active compound to be applied conveniently to the site of the weed
      infestation in any desired quantity. These compositions can be solids such
      as dusts, granules, or wettable powders; or they can be liquids such as
      solutions, aerosols, or emulsifiable concentrates.
PAR  For example, dust can be prepared by grinding and blending the active
      compound with a solid inert carrier such as the talcs, clays, silicas,
      pyrophyllite, and the like. Granular formulations can be prepared by
      impregnating the compound, usually dissolved in a suitable solvent, onto
      and into granulated carriers such as the attapulgites or the vermiculites,
      usually of a particle size range of from about 0.3 to 1.5 mm. Wettable
      powders, which can be dispersed in water or oil to any desired
      concentration of the active compound, can be prepared by incorporating
      wetting agents into concentrated dust compositions.
PAR  In some cases the active compounds are sufficiently soluble in common
      organic solvents such as kerosene or xylene so that they can be used
      directly as solutions in these solvents. Frequently, solutions of
      herbicides can be dispersed under super-atmospheric pressure as aerosols.
      However, preferred liquid herbicidal compositions are emulsifiable
      concentrates, which comprise an active compound according to this
      invention and as the inert carrier, a solvent and an emulsifier. Such
      emulsifiable concentrates can be extended with water and/or oil to any
      desired concentration of active compound for application as sprays to the
      site of the weed infestation. The emulsifiers most commonly used in these
      concentrates are nonionic or mixtures of nonionic with anionic
      surface-active agents. With the use of some emulsifier systems an inverted
      emulsion (water in oil) can be prepared for direct application to weed
      infestations.
PAR  A typical herbicidal composition according to this invention is illustrated
      by the following example, in which the quantities are in part by weight.
PAC  EXAMPLE 37
TBL                Preparation of a Dust                                       

     ______________________________________                                    

     Product of Example 4  10                                                  

     Powdered Talc         90                                                  

     ______________________________________                                    

PAR  The above ingredients are mixed in a mechanical grinder-blender and are
      ground until a homogeneous, free-flowing dust of the desired particle size
      is obtained. This dust is suitable for direct application to the site of
      the weed infestation.
PAR  The compounds of this invention can be applied as herbicides in any manner
      recognized by the art. One method for the control of weeds comprises
      contacting the locus of said weeds with a herbicidal composition
      comprising an inert carrier and as an essential active ingredient, in a
      quantity which is herbicidally toxic to said weeds, a compound of the
      present invention. The concentration of the new compounds of this
      invention in the herbicidal compositions will vary greatly with the type
      of formulation and the purpose for which it is designed, but generally the
      herbicidal compositions will comprise from about 0.05 to about 95 percent
      by weight of the active compound of this invention. In a preferred
      embodiment of this invention, the herbicidal compositions will comprise
      from about 5 to about 75 percent by weight of the active compound. The
      compositions can also comprise such additional substances as other
      pesticides, such as insecticides, nematocides, fungicides, and the like;
      stabilizers, spreaders, deactivators, adhesives, stickers, fertilizers,
      activators, synergists, and the like.
PAR  The compounds of the present invention are also useful when combined with
      other herbicides and/or defoliants, dessicants, growth inhibitors, and the
      like in the herbicidal compositions heretofore described. These other
      materials can comprise from about 5 to about 95% of the active ingredients
      in the herbicidal compositions. Use of combinations of these other
      herbicides and/or defoliants, dessicants, etc. with the compounds of the
      present invention provide herbicidal compositions which are more effective
      in controlling weeds and often provide results unattainable with separate
      compositions of the individual herbicides. The other herbicides,
      defoliants, dessicants and plant growth inhibitors, with which the
      compounds of this invention can be used in the herbicidal compositions to
      control weeds, can include chlorophenoxy herbicides such as 2,4-D,
      2,4,5-T, MCPA, MCPB, 4(2,4-DB), 2,4-DEB, 4-CPB, 4-CPA, 4-CPP, 2,4,5-TB,
      2,4,5-TES, 3,4-DA, silvex and the like; carbamate herbicides such as IPC,
      CIPC, swep, barban, BCPC, CEPC, CPPC, and the like; thiocarbamate and
      dithiocarbamate herbicides such as CDEC, metham sodium, EPTC, diallate,
      PEBC, perbulate, vernolate and the like; substituted urea herbicides such
      as norea, siduron, dichloral urea, chloroxuron, cycluron, fenuron,
      monuron, monuron TCA, diruon, linuron, monolinuron, neburon, buturon,
      trimeturon and the like; symmetrical triazine herbicides such as simazine,
      chlorazine, atraone, desmetryne, norazine, ipazine, prometryn, atazine,
      trietazine, simetone, prometone, propazine, ametryne and the like;
      chloroacetamide herbicides such as alpha-chloro-N, N-dimethylacetamide,
      CDEA, CDAA, alpha-chloro-N-isopropylacetamide,
      2-chloro-N-isopropylacetanilide, 4-(chloroacetyl)morpholine,
      1-(chloroacetyl)-piperidine, and the like; chlorinated aliphatic acid
      herbicides such as TCA, dalapon, 2,3-dichloropropionic acid, 2,2,3-TPA and
      the like; chlorinated benzoic acid and phenylacetic acid herbicides such
      as 2,3,6-TBA, 2,3,5,6-TBA, tricamba, amiben, fenac, PBA,
      2-methoxy-3,6-dichlorophenylacetic acid, 3-methoxy-2,6-dichorophenylacetic
      acid, 2-methoxy-3,5,6-trichlorophenylacetic acid,
      2,4-dichloro-3-nitrobenzoic acid and the like; and such compounds as
      aminotriazole, maleic hydrazide, phenyl mercuric acetate, endothal,
      biuret, technical chlordane, dimethyl 2,3,5,6-tetrachloroterephthalate,
      diquat, erbon, DNC, DNBP, dichlobenil, DPA, diphenamid, dipropalin,
      trifluralin, solan, dicryl, merphos, DMPA, DSMA, MSMA, potassium azide,
      acrolein, benefin, bensulide, AMS, bromacil,
      2-(3,4-dichlorophenyl)-4-methyl-1,2,4-oxadiazolidine-3,5-dione,
      bromoxynil, cacodylic acid, CMA, CPMF, cypromid, DCB, DCPA, dichlone,
      diphenatril, DMTT, DNAP, EBEP, EXD, HCA, ioxynil, IPX, isocil, potassium
      cyanate, MAA, MAMA, MCPES, MCPP, MH, molinate, NPA, OCH, paraquat, PCP,
      picloram, DPA, PCA, pyrichlor, sesone, terbacil, terbutol, TCBA, brominil,
      CP-50144, H-176-1, H-732, M-2901, planavin, sodium tetraborate, calcium
      cyanamid, DEF, ethyl xanthogen disulfide, sindone, sindone B, propanil and
      the like.
PAR  Such herbicides can also be used in the methods and compositions of this
      invention in the form of their salts, esters, amides, and other
      derivatives whenever applicable to the particular parent compounds.
PAR  Weeds are undesirable plants growing where they are not wanted, having no
      economic value, and interfering with the production of cultivated crops,
      with the growing of ornamental plants, or with the welfare of livestock.
      Many types of weeds are known, including annuals such as pigweed,
      lambsquarters, foxtail, crabgrass, wild mustard, field pennycress,
      ryegrass, goose-grass, chickweed, wild oats, velvetleaf, purslane,
      barnyard grass, smartweed, knotweed, cocklebur, wild buckwheat, kochia,
      medic, corn cockle, ragweed, sowthistle, coffeeweed, croton, cuphea,
      dodder, fumitory, groundsel, hemp nettle, knawel, spurge, spurry, emex,
      jungle rice, pondweed, dog fennel, carpetweed, morning glory, bedstraw,
      ducksalad, naiad, cheatgrass, fall panicum, jimsonweed, witchgrass,
      switchgrass, watergrass, teaweed, wild turnip and sprangletop; biennials
      such as wild carrot, matricaria, wild barley, campion, chamomile, burdock,
      mullein, roundleaved mallow, bull thistle, houndstongue, moth mullein and
      purple star thistle; or perennials such as white cockle, perennial
      ryegrass, quackgrass, Johnson grass, Canada thistle, hedge bindweed,
      Bermuda grass, sheep sorrel, curly dock, nutgrass, field chickweed,
      dandelion, campanula, field bindweed, Russian knapweed, mesquite,
      toadflax, yarrow, aster, gromwell, horsetail, ironweed, sesbania, bulrush,
      cattail, winter-cress, horsenettle, nutsedge, milkweed and sicklepod.
PAR  Similarly, such weed can be classified as broadleaf or grassy weeds. It is
      economically desirable to control the growth of such weeds without
      damaging beneficial plants or livestock.
PAR  The new compounds of this invention are particularly valuable for weed
      control because they are toxic to many species and groups of weeds while
      they are relatively nontoxic to many beneficial plants. The exact amount
      of compound required will depend on a variety of factors, including the
      hardiness of the particular weed species, weather, type of soil, method of
      application, the kind of beneficial plants in the same area, and the like.
      Thus, while the application of up to only about one or two ounces of
      active compound per acre may be sufficient for good control of a light
      infestation of weeds growing under adverse conditions, the application of
      ten pounds or more of an active compound per acre may required for good
      control of a dense infestation of hardy perennial weeds growing under
      favorable conditions.
PAR  The herbicidal toxicity of the new compounds of this invention can be
      illustrated by many of the established testing techniques known to the
      art, such as pre- and post-emergence testing.
PAR  The herbicidal activity of the compounds of this invention was demonstrated
      by experiments carried out for the pre-emergence control of a variety of
      weeds. In these experiments small plastic greenhouse pots filled with dry
      soil were seeded with the various weed seeds. Twenty-four hours or less
      after seeding the pots were sprayed with water until the soil was wet and
      the test compounds formulated as aqueous emulsions of acetone solutions
      containing emulsifiers were sprayed at the indicated concentrations on the
      surface of the soil.
PAR  After spraying, the soil containers wre placed in the greenhouse and
      provided with supplementary heat as required and daily or more frequent
      watering. The plants were maintained under these conditions for a period
      of from 15 to 21 days, at which time the condition of the plants and the
      degree of injury to the plants was rated on a scale of from 0 to 10, as
      follows: 0 = no injury, 1,2 = slight injury, 3,4 = moderate injury, 5,6 =
      moderately severe injury, 7,8,9 = severe injury and 10 = death. The
      effectiveness of these compounds is demonstrated by the following data:
TBL                TABLE I                                                     

     ______________________________________                                    

               Injury Rating                                                   

               Product    Product                                              

               of Example 4                                                    

                          of Example 8                                         

               Concentration                                                   

                          Concentration                                        

               (lbs./acre)                                                     

                          (lbs./acre)                                          

     Weed Species                                                              

                 8      4      2    10   2    1    1/4                         

     ______________________________________                                    

     Barnyardgrass                                                             

                 5      8      5    10   9    7    5                           

     Crabgrass   9      10     6    10   10   10   3                           

     Downy Brome                                                               

     (Cheatgrass)                                                              

                 1      8      3    10   10   9    4                           

     Foxtail     6      10     8    10   9    9    5                           

     Johnsongrass                                                              

                 6      9      4    10   4    2    0                           

     Wild Oats   3      3      1    9    10   9    2                           

     Coffeeweed  10     10     10   --   --   --   --                          

     Curly Dock  9      10     4    --   --   --   --                          

     Velvetleaf  9      10     10   10   10   9    3                           

     Wild Mustard                                                              

                 10     10     10   10   10   10   9                           

     Yellow Nutsedge                                                           

                 --     --     --   10   8    2    0                           

     Jimsonweed  --     --     --   10   9    9    0                           

     Pigweed     --     --     --   10   10   9    9                           

     Morningglory                                                              

                 --     --     --   10   10   10   3                           

     ______________________________________                                    

PAR  The herbicidal activity of the compounds of this invention was also
      demonstrated by experiments carried out for the post-emergence control of
      a variety of weeds. In these experiments the compounds to be tested were
      formulated as aqueous emulsions and sprayed at the indicated dosage on the
      foliage of the weeds that have attained a prescribed size. After spraying
      the plants were placed in a greenhouse and watered daily or more
      frequently. Water was not applied to the foliage of the treated plants.
      The severity of the injury was determined 10 to 15 days after treatment
      and was rated on the scale of from 0 to 10 heretofore described. The
      effectiveness of these compounds is demonstrated by the following data:
TBL                TABLE II                                                    

     ______________________________________                                    

               Injury Rating                                                   

               Product    Product                                              

               of Example 4                                                    

                          of Example 8                                         

               Concentration                                                   

                          Concentration                                        

               (lbs./acre)                                                     

                          (lbs./acre)                                          

     Weed Species                                                              

                 4*       2       10   2    1    1/4                           

     ______________________________________                                    

     Barnyardgrass                                                             

                 4        4       10   10   8    1                             

     Crabgrass   7        2       10   10   7    1                             

     Downy Brome                                                               

     (Cheatgrass)                                                              

                 1        0       --   --   --   --                            

     Foxtail     7.5      2       10    9   9    2                             

     Johnsongrass                                                              

                 5        6       10    9   4    2                             

     Wild Oats   5.5      3       10   10   9    6                             

     Coffeeweed  10       10      --   --   --   --                            

     Curly Dock  9.5      9       --   --   --   --                            

     Bindweed    7        7       10   10   6    2                             

     Matricaria  9        6       --   --   --   --                            

     Pigweed     5.5      5       10   --   --   --                            

     Velvetleaf  8.5      8       --   10   10   6                             

     Wild Mustard                                                              

                 10       10      10   10   10   10                            

     Yellow Nutsedge                                                           

                 --       --       9    4   2    1                             

     Jimsonweed  --       --      10   10   10   9                             

     Morningglory                                                              

                 --       --      10   10   10   6                             

     ______________________________________                                    

      *Values are averages of two ratings                                      

CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formula
      ##EQU8##
      wherein R.sup.1 is selected from the group consisting of lower alkyl,
      lower alkenyl, lower chloroalkyl, trifluoromethyl, lower alkoxy, lower
      alkylthio, lower alkylsulfonyl, lower alkylsulfinyl and cycloalkyl of from
      3 to 7 carbon atoms optionally substituted with from 1 to 2 substituents
      selected from the group consisting of lower alkyl, lower alkoxy, chlorine,
      bromine and fluorine; and R.sup.2 is lower alkyl.
NUM  2.
PAR  2. The compound of claim 1,
      1-(5-trifluoromethyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one.
NUM  3.
PAR  3. The compound of claim 1,
      1-(5-t-butyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one.
NUM  4.
PAR  4. The compound of claim 1,
      1-(5-methyl-1,3,4-thiadiazol-2-yl)-3-methyl-1,3-imidazolin-2-one.
NUM  5.
PAR  5. The compound of claim 1,
      1-(5-methoxy-1,3,4-thiadiazol-2-yl)-3-ethyl-1,3-imidazolin-2-one.
NUM  6.
PAR  6. The compound of claim 1,
      1-(5-methylthio-1,3,4-thiadiazol-2-yl)-3-propyl-1,,3-imidazolin-2-one.
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ABST
PAL  Azole derivatives of the formula
      ##SPC1##
PAL  Wherein R.sub.1 is free or esterified carboxyl or other functionally
      modified carboxyl group, R.sub.2 and R.sub.3 each are aryl; A is C.sub.n
      H.sub.2n in which n is an integer from 1 to 10, inclusive; and Z is O or
      S; and the physiologically acceptable salts thereof, possess, with good
      compatibility, excellent antiphlogistic activity and, in particular,
      influence favorably the chronic progressive diseases of the joints, e.g.,
      arthritis. They can be prepared from compounds of the formula
      ##SPC2##
PAL  Wherein X.sub.1 is a group convertible into the group --S--A--R.sub.1, and
      R.sub.2 and R.sub.3 have the values given above.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel azole derivatives. Compounds of this type
      have been described, e.g., in U.S. Pat. No. 3,578,671.
PAC  SUMMARY OF THE INVENTION
PAR  The novel compounds of this invention are azole derivatives of the general
      Formula I
      ##SPC3##
PAL  wherein R.sub.1 is carboxyl, esterified carboxyl or other functionally
      modified carboxyl group; R.sub.2 and R.sub.3 each are aryl of up to 10
      carbon atoms; A is C.sub.n H.sub.2n in which n is an integer from 1 to 10,
      inclusive; and Z is O or S, and the physiologically acceptable salts
      thereof.
PAR  Compounds of Formula I, with good compatibility, possess excellent
      antiphlogistic activity and in particular, have a favorable influence on
      the chronic progressive diseases of the joints, e.g., arthritis. They also
      possess analgesic and antipyretic activity. The compounds of Formula I can
      thus be utilized as medicines for obtaining an antiphlogistic effect in
      living beings and also as intermediates for the preparation of other drugs
     .
DETD
PAC  DETAILED DISCUSSION
PAR  Preferred compounds of this invention are those of Formulae Ia through Im
      below, which otherwise correspond to Formula I, i.e., the groups not
      recited therein have the values set forth for Formula I:
PA0  ia -- R.sub.1 is a free or esterified carboxyl group of a total of 1-15
      carbon atoms, CONH.sub.2 or CN;
PA0  Ib -- R.sub.1 is COOR.sub.5 wherein R.sub.5 is H or alkyl, cycloalkyl,
      cycloalkylalkyl, aryl or aralkyl of up to 12 carbon atoms, respectively,
      and optionally containing 1-2 C--C multiple bonds and/or being interrupted
      one or more times by Q and/or being branched and/or being mono- or
      polysubstituted by OH, SH and/or NH.sub.2, Q being O, S, NH, optionally
      OH-substituted N-alkyl of 1-6 carbon atoms, N-aryl of 6-10 carbon atoms or
      N-aralkyl of 7-10 carbon atoms;
PA0  Ic -- R.sub.1 is COOR.sub.6 wherein R.sub.6 is H, alkyl of 1-6 carbon
      atoms, or dialkylaminoalkyl, pyrrolidinoalkyl, piperidinoalkyl or
      morpholinoalkyl of respectively up to 10 carbon atoms;
PA0  Id -- R.sub.1 is COOH or COO-alkyl of 1-6 carbons, preferably COOCH.sub.3
      or COOC.sub.2 H.sub.5 ;
PA0  Ie -- A is --CH.sub.2 --, --CH(CH.sub.3)-- or --CH(C.sub.2 H.sub.5)--,
      especially those of Ia, Ib, Ic and Id;
PA0  If -- R.sub.2 and R.sub.3 each are phenyl groups, optionally mono-, di- or
      polysubstituted by alkyl, alkoxy, alkylmercapto, monoalkylamino,
      dialkylamino or acylamino wherein the alkyl, alkoxy and acyl each contain
      up to 4 carbon atoms, F, Cl, Br, I, CF.sub.3, OH, methylenedioxy, NH.sub.2
      or NO.sub.2, especially those of Ia-Ie, inclusive;
PA0  Ig -- R.sub.2 and R.sub.3 each are phenyl groups, optionally
      monosubstituted, preferably in the p-position, by methyl, methoxy,
      methylmercapto, F, Cl, Br or CF.sub.3, especially those of Ia-Ie,
      inclusive;
PA0  Ih -- R.sub.2 and R.sub.3 are phenyl or p-chlorophenyl, especially those of
      Ia-Ie, inclusive;
PA0  Ii -- R.sub.1 is COOH, COOCH.sub.3 or COOC.sub.2 H.sub.5, A is --CH.sub.2
      --, --CH(CH.sub.3)-- or --CH(C.sub.2 H.sub.5)-- and R.sub.2 and R.sub.3
      are phenyl or phenyl substituted in the p-position by methyl, methoxy,
      methylmercapto, F, Cl, Br or CF.sub.3 ;
PA0  Ik -- R.sub.1 is COOH, COOCH.sub.3 or COOC.sub.2 H.sub.5, A is --CH.sub.2
      --, --CH(CH.sub.3)-- or --CH(C.sub.2 H.sub.5)-- and R.sub.2 and R.sub.3
      are phenyl or p-chlorophenyl;
PA0  Il -- Oxazoles of Formulae Ia-Ik, inclusive, i.e., Z is O; and
PA0  Im -- Thiazoles of Formulae Ia-Ik, inclusive, i.e., Z is S.
PAR  in its process aspect, this invention relates to a process for the
      preparation of compounds of general Formula I wherein
PAR  a. the group X.sub.1 of a compound of the general Formula II
      ##SPC4##
PAL  wherein X.sub.1 is a group convertible to the group --S--A--R.sub.1 as
      defined above and Z, R.sub.2 and R.sub.3 have the values given above, is
      converted into the group --S--A--R.sub.1 ; or
PAR  b. a compound of the general Formula III
PAC  R.sub.4 --S--A--R.sub.1 III
PAL  wherein R.sub.4 is the group R.sub.2 --CY--CHR.sub.3 --Z--C(=NH)-- or
      R.sub.3 --CY--CHR.sub.2 --NH--CZ--, Y is O or S, and R.sub.1, R.sub.2,
      R.sub.3, A and Z have the values given above, is treated with an agent
      capable of splitting off H.sub.2 Y; and, optionally thereafter, one or
      more of R.sub.1, R.sub.2 and/or R.sub.3 groups of a thus-obtained product
      of Formula I, are converted into R.sub.1, R.sub.2 and/or R.sub.3 groups of
      a different value.
PAR  In the above formulae, R.sub.1 preferably is a free COOH-group. R.sub.1 can
      also be an esterified COOH-group, e.g., wherein the alcohol portion of the
      ester group is preferably of 1-14 carbon atoms, and more preferably
      hydrocarbon, e.g., alkyl. Because the free carboxylic acids of Formula I
      (R.sub.1 = COOH) are physiologically effective and the corresponding
      esters can be saponified to the free carboxylic acids under physiological
      conditions, like acid addition salts of the free bases, the exact nature
      of the ester group is not critical, so long as it is a physiologically
      acceptable group. It is possible, of course, to modify the physiological
      effects of the parent azole by an appropriate selection of the ester
      group. For example, depot effects can be achieved by the use of long-chain
      or difficult-to-saponify alcohol residues. Improved solubility can be
      achieved by a polar group (O-atom, S-atom, N-atom) in the alcohol moiety.
      Pharmacological effects in addition to the antiphlogistic activity of the
      parent azole can be obtained by the esterification of the acids I (R.sub.1
      = COOH) with OH-compounds which themselves exhibit pharmacological
      effectiveness, e.g., pyridoxine, corticoidally effective 21-hydroxy
      steroids, etc. However, alcohol moieties which are essentially inert are
      preferred.
PAR  For example, R.sub.1 can be COOR.sub.5 or COOR.sub.6 as defined above, but
      preferably is COOH, and COOCH.sub.3 or COOC.sub.2 H.sub.5.
PAR  R.sub.5 preferably is hydrogen; alkyl, e.g., methyl, ethyl, n-propyl,
      isopropyl, n-butyl, isobutyl, sec.-butyl, tert.-butyl, n-pentyl, isoamyl,
      n-hexyl, n-heptyl, n-octyl, 2-ethylhexyl, n-nonyl, n-decyl, n-undecyl,
      n-dodecyl, n-tridecyl, n-tetradecyl; alkenyl, preferably of 2-4 carbon
      atoms, e.g., vinyl, allyl, crotyl; alkinyl, preferably of 2-4 carbon
      atoms, e.g., propargyl; hydroxyalkyl, preferably wherein the hydroxy group
      is separated by at least 2 carbon atoms from the carboxy group, e.g.,
      2-hydroxyethyl, 2-hydroxypropyl, 3-hydroxypropyl; alkoxyalkyl, preferably
      wherein the alkoxy group is separated by at least 2 carbon atoms from the
      carboxy group, e.g., 2-methoxyethyl, 2-ethoxyethyl, and the corresponding
      groups having an oxygen atom in the chain separated by at least 2 carbon
      atoms from other functional groups, e.g., 3-oxa-5-hydroxypentyl,
      3-oxa-5-methoxypentyl 3-oxa-5-butoxypentyl, 3,6-dioxa-8-hydroxyoctyl,
      3,6-dioxa-8-methoxyoctyl, 3,6-dioxa-8-ethoxyoctyl, 3-oxa-5-ethoxypentyl;
      primary, secondary or tertiary aminoalkyl, e.g., wherein the amino group
      is separated by at least 2 carbon atoms from the carboxy group, including
      aminoalkyl, e.g., 2 -aminoethyl 3-aminopropyl; dialkylaminoalkyl, e.g.,
      2-dimethylaminoethyl, 2-diethylaminoethyl, 2-di-n-propylaminoethyl,
      3-dimethylaminopropyl, 3-diethylaminopropyl,
      2-methyl-3-diethylaminopropyl, 4-dimethylaminobutyl, 4-diethylaminobutyl;
      cycloalkyl and cycloalkyl-alkyl, e.g., containing 3-8 ring carbon atoms,
      preferably 5 or 6, e.g., cyclopentyl, cyclohexyl; 2-cyclohexylethyl,
      3-cyclohexylpropyl; azacycloalkyl, azacycloalkylalkyl and related cyclic
      groups, preferably containing a total of 5-6 ring members and 1-2 of N and
      0-1 of O or S as ring members in addition to ring carbon atoms, e.g.,
      N-methylpiperidyl-(4); (N-methylpiperidyl-3)-methyl,
      2-(N-methylpiperidyl-2)-ethyl, pyrrolidinoalkyl, e.g., 2-pyrrolidinoethyl,
      piperidinoalkyl, e.g., 2-piperidinoethyl, homopiperidinoalkyl, e.g.,
      2-homopiperidinoethyl, morpholinoalkyl, e.g., 2-morpholinoethyl,
      2-thiomorpholinoalkyl, e.g., morpholinoethyl, N'-alkylpiperazinoalkyl,
      e.g., 2-(N-methylpiperazino)-ethyl, 2-(N-ethylpiperazino)-ethyl,
      N'-arylpiperazinoalkyl wherein aryl is as defined below,
      2-(N-phenylpiperazino)-ethyl, N'-hydroxyalkylpiperazinoalkyl, e.g.,
      2-(N-2-hydroxyethylpiperazino)-ethyl, 2-(N-methylhomopiperazino)-ethyl,
      N'-aralkylpiperazinoalkyl wherein aralkyl is as defined below, e.g.,
      2-(N-benzylpiperazino)-ethyl, the corresponding cyclic aminopropyl groups,
      e.g., 2-pyrrolidinopropyl, 3-pyrrolidinopropyl, 2-piperidinopropyl,
      3-piperidinopropyl, 2-(N-methylpiperazino)-propyl,
      3-(N-methylpiperazino)-propyl, 3-(N-ethylpiperazino)-propyl,
      3-(N-phenylpiperazino)-propyl, 2-morpholinopropyl, 3-morpholinopropyl,
      3-thiomorpholinopropyl, 2-methyl-3-pyrrolidinopropyl,
      2-methyl-3-piperidinopropyl, 2-methyl-3-morpholinopropyl; mercaptoalkyl
      and alkylmercaptoalkyl, preferably wherein the mercapto group is separated
      from the carboxy group by at least 2 carbon atoms, e.g., 2-mercaptoethyl,
      2-methylmercaptoethyl, 2-ethylmercaptoethyl, 3-methylmercaptopropyl,
      3-ethylmercaptopropyl; aryl, preferably of 6-12 ring carbon atoms and 1-2
      fused or separate rings, e.g., phenyl, alkaryl, e.g., o-tolyl, m-tolyl,
      p-tolyl, p-ethylphenyl, 1-naphthyl, 2-naphthyl; aralkyl, e.g., benzyl,
      p-methylbenzyl, 1-phenylethyl and 2-phenylethyl.
PAR  R.sub.1 can be other functionally modified carboxyl groups as well as
      esterified carboxyl. Examples of such groups are: acid halogenides
      (R.sub.1 = COF, COCl, COBr); ortho esters [R.sub.1 = C(OR.sub.7).sub.3 ];
      acid anhydrides (R.sub.1 = COOAcyl wherein Acyl is the acyl radical of a
      carboxylic acid of up to 34 carbon atoms, preferably of an acid of Formula
      I (R.sub.1 = COOH), i.e., an azole otherwise corresponding to Formula I
      wherein R.sub.1 is --CO--; nitriles (R.sub.1 = CN); acid amides (R.sub.1 =
      CONH.sub.2, CONHR.sub.7, or CONR.sub.7 R.sub.8); hydroxamic acids (R.sub.1
      = CONHOH); acid hydrazides (R.sub.1 = CONHNH.sub.2 or CONHNHR.sub.7); acid
      azides (R.sub.1 = CON.sub.3); imino ethers (R.sub.1 = C(OR.sub.7)=NH);
      acid amidines (R.sub.1 = C(=NH)NH.sub.2); acid hydrazidines (R.sub.1 =
      C(NH.sub.2)=NNH.sub.2 or C(NHNH.sub.2)=NH); thio acids (R.sub.1 = CSOH or
      COSH); thio acid esters (R.sub.1 = CSOR.sub.7 or COSR.sub.7); thioamides
      (R.sub.1 = CSNH.sub.2, CSNHR.sub.7 or CSNR.sub.7 R.sub.8), R.sub.7 and
      R.sub.8, respectively, in each instance being identical or different alkyl
      of up to 8, preferably up to 4 carbon atoms, especially methyl or ethyl,
      or collectively, tetramethylene, pentamethylene or ethylenoxyethylene.
PAR  Examples of preferred substituted amides are N-monoalkyl amides, i.e.,
      R.sub.1 = CONH alkyl, e.g., methyl amides, ethyl amides, n-propyl amides,
      isopropyl amides, n-butyl amides, isobutyl amides; N,N-dialkyl amides,
      i.e., R.sub.1 = CON(alkyl).sub.2, e.g., dimethyl amides, methylethyl
      amides, diethyl amides, di-n-propyl amides, diisopropyl amides, di-n-butyl
      amides, diisobutyl amides; N-monoaryl and N-monoaralkyl amides, i.e.,
      R.sub.1 = CONHAryl and --CON alkylaryl, e.g., anilides and N-benzyl
      amides; N-hydroxyalkyl amides, e.g., N-2-hydroxyethyl amides;
      N,N-bis(hydroxyalkyl) amides, e.g., N,N-bis(2-hydroxyethyl) amides;
      heterocyclic amides, e.g., pyrrolidides, piperidides, morpholides,
      thiomorpholides, piperazides, N'-alkylpiperazides, e.g.,
      N'-methylpiperazides, N'-ethylpiperazides and N'hydroxyalkylpiperazides,
      e.g., N'-2-hydroxyethylpiperazides.
PAR  R.sub.2 and R.sub.3 can be different but preferably are identical aryl,
      i.e., carbocyclic aromatic, groups. Each preferably are phenyl groups,
      which groups optionally can be mono- or polysubstituted, e.g., by 1, 2, 3
      or more of alkyl, alkoxy, alkylmercapto, monoalkylamino, dialkylamino
      and/or acylamino (alkanoylamino) of a total of up to 4 carbon atoms, e.g.,
      methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec.-butyl,
      tert.-butyl, methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy,
      sec.-butoxy, tert.-butoxy, methylmercapto, ethylmercapto,
      n-propylmercapto, isopropylmercapto, n-butylmercapto, isobutylmercapto,
      sec.-butylmercapto, tert.-butylmercapto, methylamino, ethylamino,
      n-propylamino, isopropylamino, n-butylamino, isobutylamino,
      sec.-butylamino, tert.-butylamino, dimethylamino, methylethylamino,
      diethylamino, formamido, acetamido, propionamido, butyramido,
      isobutyramido; or by F, Cl, Br, I, OH or methylenedioxy; by NH.sub.2
      and/or NO.sub.2 ; by SH, alkylsulfinyl, e.g., methylsulfinyl,
      alkylsulfonyl, e.g., methylsulfonyl, SO.sub.3 H, SO.sub.2 NH.sub.2, COOH,
      CHO and/or COOAlkyl, wherein the alkyl in each instance is of 1-3 carbon
      atoms. Of the substituted R.sub.2 and/or R.sub.3 groups, the
      monosubstituted are preferred, especially those substituted in the
      p-position. A can be, for example, --(CH.sub.2).sub.n -- and
      --CH(CH.sub.2).sub.n-1 H--, wherein n is an integer of from 1-10,
      inclusive, preferably 1-6, especially 1-3. A preferably is --CH.sub.2 --,
      --CH(CH.sub.3)-- or --CH(C.sub.2 H.sub.5)--.
PAR  In the compounds of general Formula II, X.sub.1 preferably is a mercapto
      (HS--) group, which can also be present in the form of a mercaptide,
      particularly a metal mercaptide, e.g., an alkali metal, alkaline earth
      metal or heavy metal mercaptide, preferably in the form of the sodium,
      potassium, silver, lead, zinc or mercury mercaptide. X.sub.1 can, in
      particular, also be X.sub.2 wherein X.sub.2 is Cl, Br, I or a residue
      analogous to halogen. The term "residues analogous to halogen" is
      understood to mean those X.sub.2 residues which can be split off, under
      the reaction conditions, as HX.sub.2 analogously to Cl, Br or I, such as,
      for example, NH.sub.2, alkylsulfonyloxy of preferably 1-6 carbon atoms,
      e.g., methanesulfonyloxy, arylsulfonyloxy of preferably 6-10 carbon atoms,
      e.g., benzenesulfonyloxy, p-toluenesulfonyloxy, 1- or
      2-naphthalenesulfonyloxy, acyloxy of preferably 1-7 carbon atoms, e.g.,
      acetoxy or other alkanoyloxy, benzoyloxy or other aroyloxy, or an
      etherified OH-group of preferably 1-7 carbon atoms, e.g., methoxy or other
      alkoxy, benzyloxy.
PAR  X.sub.1 can, for example, also be the group --S--A--R.sub.9 wherein R.sub.9
      is a group convertible to R.sub.1, preferably by oxidation, e.g., --CHO or
      --CH.sub.2 OH. X.sub.1 can also be the group --S--CO--O--A--R.sub.1 or the
      group --S--A.sub.1 --COOH wherein A.sub.1 is --C.sub.m H.sub.2m --CR.sub.1
      (C.sub.p H.sub.2p.sub.+1)- and m and p are integers from 0-9, inclusive,
      the sum of which is (n-1), which can be converted, by decarboxylation,
      into the group --S--A--R.sub.1. X.sub.1 can also be the group --S--A.sub.1
      --COR.sub.10 wherein A.sub.1 has the values given above and R.sub.10 is
      preferably H, alkyl of up to 4 carbon atoms or phenyl, which group can be
      converted into the group --S--A--R.sub.1 by acid cleavage.
PAR  Compounds of the general Formula I are suitably produced by (a) reacting a
      compound of Formula II (X.sub.1 = SH) or a corresponding metal mercaptide,
      with a compound of the formula X.sub.2 --A--R.sub.1 ; or (b) reacting a
      compound of Formula II (X.sub.1 = X.sub.2) with a compound of the formula
      HS--A--R.sub.1 or with a corresponding metal mercaptide; or (c)
      converting, in a compound of Formula II (X.sub.1 = --S--A--R.sub.9), the
      group R.sub.9 into the group R.sub.1, preferably by treatment with an
      oxidizing agent; or (d) treating a compound of Formula II wherein X.sub.1
      is --S--CO--O--A--R.sub.1 or --S--A.sub.1 --COOH with a decarboxylating
      agent; or (e) treating a compound of Formula II wherein X.sub.1 is
      --S--A.sub.1 --COR.sub.10 with a strong base.
PAR  Preferably, the compounds of Formula I are obtained by reacting a
      mercaptoazole of Formula II (X.sub.1 = SH) with a halo-fatty acid
      derivative of the formula X.sub.2 --A--R.sub.1, preferably Cl--A--R.sub.1
      or Br--A--R.sub.1, e.g., chloro- or bromoacetic acid, the ethyl ester of
      chloro- or bromoacetic acid, 2-chloro- or 2-bromopropionic acid,
      chloroacetontrile or bromoacetamide. In place of the compound X.sub.2
      --A--R.sub.1, there can be employed the corresponding unsaturated
      compounds differing from X.sub.2 --A--R.sub.1 by the absence therefrom of
      HX.sub.2, e.g., acrylic acid, crotonic acid and the derivatives thereof,
      e.g., methyl acrylate and acrylonitrile. It is also possible to employ
      diazo-fatty acid derivatives, e.g., diazoacetic acid methyl ester or ethyl
      ester, in place of X.sub.2 --A--R.sub.1. Normally, the process is
      conducted in the presence of a base, e.g., a metallic oxide, for example,
      an oxide of silver, lead, zinc, mercury or calcium; of a metal hydroxide,
      especially an alkali metal hydroxide or alkaline earth metal hydroxide,
      e.g., NaOH, KOH, LiOH and Ca(OH).sub.2 ; an alkali or alkaline earth metal
      carbonate, e.g., Na.sub.2 CO.sub.3 or K.sub.2 CO.sub.3 ; an alkali or
      alkaline earth metal hydride, e.g., NaH or KH; an alkali or alkaline earth
      metal alcoholate, e.g., sodium or potassium methylate, sodium or potassium
      ethylate and potassium tert.-butylate; or in the presence of an organic
      base, e.g., triethylamine or benzyltrimethylammonium hydroxide or other
      tertiary or quaternary amine. The last-mentioned organic bases are
      suitable, in particular, for the reaction of the mercaptoazoles with
      acrylic acid derivatives, e.g., for cyanoethylation. Basically, all
      salt-forming (mercaptide-forming) bases are suitable. The reaction with
      diazo-fatty acid derivatives is also accomplished without the addition of
      a base, e.g., by heating in an inert solvent until the evolution of
      nitrogen has ceased. The corresponding mercaptide is formed as the
      intermediate product in the reaction of the mercapto compound II (X.sub.1
      = SH) with the base. If a halo-fatty acid is utilized as the reactant,
      this compound is preferably employed in the form of a salt thereof, e.g.,
      Na, K, Li or Ba salt. The reaction can be conducted in the absence or
      preferably in the presence of an inert solvent or suspending agent, for
      example, hydrocarbons, e.g., benzene, toluene, or xylene; alcohols, e.g.,
      methanol, ethanol, isopropanol, n-propanol, n-butanol, or tert.-butanol;
      ethers, e.g., diethyl ether, diisopropyl ether, tetrahydrofuran (THF),
      dioxane, or diethylene glycol dimethyl ether; amides, e.g., acetamide,
      dimethylformamide (DMF); nitriles, e.g., acetonitrile; sulfoxides, e.g.,
      dimethyl sulfoxide; water; and mixtures thereof. The reaction is conducted
      at temperatures of from about 0.degree. to about 200.degree. C.,
      preferably 20.degree. to 150.degree. C. The duration of the reaction
      ranges from about 10 minutes to several days, depending on the conditions
      employed. When operating without solvent, e.g., when melting a sodium
      mercaptide II (X.sub.1 = SNa) together with a bromo-fatty acid salt (e.g.,
      Br--A--COONa), higher temperatures of up to about 300.degree. C. can also
      be utilized. It can be advantageous to conduct the reaction under an inert
      gas, e.g., nitrogen or argon. Normally, somewhat longer reaction times are
      required for the synthesis of the thiazole derivatives (Z=S) than for the
      synthesis of the oxazole derivatives (Z=O).
PAR  Compounds of the general Formula II wherein X.sub.1 = X.sub.2 can be
      reacted with mercapto-fatty acid derivatives of the formula HS--A--R.sub.1
      and/or the corresponding mercaptides under analogous conditions.
      Advantageously, a 2-haloazole (II, X.sub.1 = Cl or Br) is allowed to react
      with a sodium mercaptide NaS--A--R.sub.1 in one of the above-mentioned
      solvents for about 10 minutes to 48 hours, preferably for 1-12 hours, at
      temperatures of between about 0.degree. and about 200.degree. C.,
      preferably between 40.degree. and 130.degree. C.
PAR  The starting compounds of Formula II are normally produced from the
      corresponding benzoins R.sub.2 --CHOH--CO--R.sub.3, some of which are
      known. They can be obtained according to methods known from the
      literature, e.g., by a benzoin condensation or by condensing phenylacetyl
      chlorides R.sub.2 --CH.sub.2 --CO--Cl with aromatic compounds H--R.sub.3
      in the presence of AlCl.sub.3 to the deoxybenzoins R.sub.2 --CH.sub.2
      --CO--R.sub.3, bromination of the latter to the desyl bromides R.sub.2
      --CHBr--CO--R.sub.3, followed by reaction with sodium acetate to the
      acetates R.sub.2 --CH(OCOCH.sub.3)--CO--R.sub.3 and hydrolysis to the free
      benzoin. By reacting the benzoins with HSCN, the 2-mercaptooxazoles II
      (X.sub.1 = SH, Z = O) are obtained. The 2-mercaptothiazoles II (X.sub.1 =
      SH, Z = S) can be produced, for example, by reacting the desyl bromides
      with ammonium dithiocarbamate instead of sodium acetate. 2-Haloazoles of
      Formula II (Z = O, X.sub.1 = Cl or Br) can be prepared from the
      corresponding 4,5-diaryloxazolones and/or -thiazolones with POCl.sub.3
      and/or POBr.sub.3.
PAR  The aldehydes or alcohols of Formula II wherein X.sub.1 = --S--A--CHO or
      --S--A--CH.sub.2 OH, obtainable, for example, by the reaction of compounds
      of Formula II wherein X.sub.1 = SH, or the corresponding metal
      mercaptides, with aldehydes and/or alcohols of the formulae X.sub.2
      --A--CHO and X.sub.2 --A--CH.sub.2 OH, respectively, can be oxidized to
      the carboxylic acids of Formula I (R.sub.1 = COOH) as described in the
      literature, especially with air or oxygen, preferably in the presence of a
      catalyst; with Ag.sub.2 O, preferably as a mixture with CuO; with AgOH,
      preferably in an aqueous-alcoholic medium under an inert gas, e.g.,
      nitrogen; with KMnO.sub.4 in an acidic, neutral or alkaline medium,
      optionally in the presence of MgSO.sub.4 ; with chromic acid or CrO.sub.3,
      preferably in acetic acid, optionally with the addition of benzene or
      sulfuric acid; or with hypohalites. In these oxidations, inert solvents
      are advantageously utilized, e.g., water, acetic acid, dioxane, benzene,
      acetone, THF, DMF, methanol, ethanol or a mixture thereof. The reaction is
      carried out at temperatures of from about -30.degree. to 200.degree. C.,
      preferably 0.degree. to 40.degree. C.
PAR  Compounds of Formula II wherein X.sub.1 is --S--CO--O--A--R.sub.1 are
      obtainable, for example, by reacting the mercaptides Ii (X.sub.1 = SNa)
      with chlorocarbonyloxy-fatty acid derivatives of the formula
      Cl--CO--O--A--R.sub.1. When heated in a strongly acidic medium, e.g., with
      HCl in an inert solvent, e.g., THF, CO.sub.2 is split off and the ground
      --A--R.sub.1 migrates to the sulfur atom.
PAR  Compounds of Formula II wherein X.sub.1 is --S--A.sub.1 --COOH can be
      produced, for example, by thermal decomposition of correspondingly
      substituted oxalacetic acid dialkyl esters of Formula II (X.sub.1 =
      --S--A.sub.1 --CO--COOR.sub.7) or by the reaction of mercaptans of the
      Formula II (X.sub.1 = SH) or the corresponding mercaptides with
      bromomalonic acid derivatives of the formula BrCR.sub.1 (C.sub.p
      H.sub.2p.sub.+1)COOR.sub.7 and respectively following partial or complete
      alkaline saponification. They can be decarboxylated to the compounds of
      Formula I as described in the literature, e.g., by dry heating or by
      warming in a solvent, e.g., water, hydrochloric acid, ethanol, dioxane,
      acetic acid or xylene, to a temperature of from about 50.degree. to about
      250.degree. C. Suitably, the reaction mixture is heated until the
      evolution of carbon dioxide is terminated.
PAR  Azole derivatives of Formula I can also be obtained by acid cleavage of
      3-keto-acid derivatives of Formula II (X.sub.1 = --S--A.sub.1 --COR.sub.9)
      in accordance with methods described in the literature. Keto esters of
      Formula II (X.sub.1 = --S--A.sub.1 --COR.sub.10, R.sub.1 = esterified
      COOH-group) can be produced, for example, from the mercaptans II (X.sub.1
      = SH) with .alpha.-bromo-.alpha.-acetyl-fatty acid esters, e.g.,
      bromoacetoacetic acid ethyl ester. The acid cleavage of the compounds II
      wherein X.sub.1 is --S--A.sub.1 --COR.sub.10 is effected by treatment with
      a strong base, e.g., NaOH, KOH or Ca(OH).sub.2, in a solvent, e.g., water,
      methanol, ethanol, ether, THF, dioxane, benzene or a mixture thereof, at a
      temperature of about -10.degree. to about 200.degree. C. If the free
      carboxylic acids of Formula I (R.sub.1 = COOH) are to be obtained, then
      the reaction mixture is preferably heated for several hours in an aqueous
      or aqueous-alcoholic solution, advantageously under an inert gas, such as
      nitrogen.
PAR  The compounds of Formula I can also be obtained by the cyclization of
      compounds of Formula III. These are
      N-(1,2-diaryl-2-oxoethyl)-carbamoylmercapto-fatty acids of the formula
      R.sub.3 --CO--CHR.sub.2 --NH--CO--S--A--COOH or
      N-(1,2-diaryl-2-oxoethyl)-amino-thiocarbonylmercapto-fatty acids of the
      formulae R.sub.3 --CO--CHR.sub.2 --NH--CS--S--A--COOH or
      (1,2-diaryl-2-oxoethoxy)-carbonimidoylmercapto-fatty acids of the formula
      R.sub.2 --CO--CHR.sub.3 --O--C(=NH)--S--A--COOH or
      S-(1,2-diaryl-2-oxoethyl)-mercapto-carbonimidoylmercapto-fatty acids of
      the formula R.sub.2 --CO--CHR.sub.3 --S--C(=NH)--S--A--COOH or the
      corresponding (1,2-diaryl-2-thioxoethyl) compounds or functional
      derivatives of these substances. During the cyclization, one mol of water
      or hydrogen sulfide is split off.
PAR  The compounds of Formula III are normally not isolated. Instead, they
      preferably are produced as an intermediate in the reaction of
      1,2-diaryl-2-haloethanones (preferably the corresponding chlorine or
      bromine compounds, e.g., desyl chloride or desyl bromide and the
      derivatives thereof substituted on the phenyl group) with
      carbamoylmercapto-fatty acid derivatives and/or
      aminothiocarbonylmercapto-fatty acid derivatives. Some of the latter
      starting compounds are known in the literature and are obtainable, for
      example, by the reaction of chlorocarbonylmercapto-fatty acid derivatives,
      e.g., chlorocarbonylmercaptoacetic acid ethyl ester, with ammonia and/or
      of ammonium dithiocarbamate with halo-fatty acid derivatives, e.g., the
      ethyl ester of bromoacetic acid. The compounds III are produced in situ in
      the presence or absence of one of the above-mentioned inert solvents,
      e.g., in the presence of a hydrocarbon, e.g., benzene or toluene, of an
      ether, e.g., THF or dioxane, or of an amide, e.g., DMF, or a mixture
      thereof. The reaction temperatures range normally from about 0.degree. to
      about 200.degree. C., preferably 20.degree. to 150.degree. C. In several
      cases, the cyclization of the intermediarily formed compounds III occurs
      under these conditions. In other cases, it is necessary or desirable to
      employ a second cyclizing stage and to add a cyclizing agent, e.g., a
      dehydration agent such as, for example, POCl.sub.3, polyphosphoric acid,
      sulfuric acid or an agent which splits off hydrogen sulfide, e.g., HgO. A
      dicarbonyl compound III (R.sub.4 = R.sub.3 --CO--CHR.sub.2 --NH--CO--) can
      be converted by reaction with P.sub.2 S.sub.5, under the splitting off of
      one mol of water, into a thiazole derivative I (Z = S). It is possible to
      remove the solvent prior to this second cyclization stage and replace it,
      if desired, by another solvent. Suitable solvents for the cyclization
      stage include the aforementioned ones, e.g., the hydrocarbons, for
      example, benzene or toluene. However, it is also possible and often
      advisable to conduct the subsequent cyclization in the absence of a
      solvent employing an excess of the cyclization agent. The cyclization is
      effected at a temperature of about 0.degree. to about 200.degree. C. and
      is terminated after about 1/2 to 48 hours.
PAR  Optionally, one or more of the R.sub.1, R.sub.2 and/or R.sub.3 groups of a
      thus-obtained product of Formula I can, thereafter, if desired, be
      converted into another R.sub.1, R.sub.2 and/or R.sub.3 group.
PAR  In particular, it is possible to convert an R.sub.1 group into another
      R.sub.1 group, for example, by treatment with a solvolyzing, thermolyzing,
      esterifying, ester-interchanging, amidating or dehydrating agent.
PAR  Functional derivatives of the carboxylic acids of Formula I, i.e., R.sub.1
      is other than COOH, can be solvolyzed, especially hydrolyzed, and/or
      thermolyzed to the free carboxylic acids in accordance with known methods
      described in the literature. Hydrolysis can be conducted in an acidic or
      alkaline medium at temperatures of about -20.degree. to about 200.degree.
      C., preferably between room and boiling temperature of the selected
      solvent. Suitable acidic catalysts are, for example, hydrochloric,
      sulfuric, phosphoric and hydrobromic acid. Suitable basic catalysts are,
      e.g., sodium, potassium or calcium hydroxide and sodium or potassium
      carbonate. Preferred solvents are water; lower alcohols; ethers, e.g., THF
      and dioxane; amides, e.g., DMF; sulfones, e.g., tetramethylenesulfone; and
      mixtures thereof, especially the water-containing mixtures. For
      saponification purposes, lower alkyl esters are preferably treated for
      about one hour to 48 hours with K.sub.2 CO.sub.3 in methanol, ethanol or
      isopropanol at a temperature of about 20.degree. to 80.degree. C. In case
      an acidic saponification is conducted, aqueous acetic acid is likewise
      suitable as the solvent. Functional acid derivatives of Formula I can also
      be converted into the free carboxylic acids of Formula I (R.sub.1 = COOH),
      for example, in ether or benzene, employing a strong base, e.g., potassium
      carbonate or in the absence of solvent, e.g., by melting with alkalis, for
      example, KOH and/or NaOH or alkaline earths.
PAR  In another embodiment of the invention, amides of Formula I (R.sub.1 =
      CONH.sub.2, CONHR.sub.7, or CONR.sub.7 R.sub.8) or thioamides of Formula I
      (R.sub.1 = CSNR.sub.7 R.sub.8) are saponified to a free acid of Formula I.
      The thioamides and/or amides are preferably hydrolyzed by heating with an
      aqueous mineral acid, e.g., hydrochloric acid.
PAR  By the heating, in the dry state, of particularly tertiary alkyl esters of
      the formula I (R.sub.1 = COO-tert.-alkyl) to temperatures of about
      50.degree. to 350.degree. C., one also obtains acids of the formula I
      (R.sub.1 = COOH). The thermolysis can also be conducted in inert solvents,
      e.g., benzene, water, DMF, ethylene glycol, glycerin, dimethyl sulfoxide
      and cyclohexanol, preferably in the presence of a catalytic amount of an
      acid, e.g., p-toluenesulfonic acid.
PAR  In another embodiment of the invention, nitriles of Formula I (R.sub.1 =
      CN) are hydrolyzed to a free acid of Formula I (R.sub.1 = COOH), for
      example in an acidic medium, e.g., HCl in water, aqueous dioxane or acetic
      acid or in an alkaline medium, e.g., KOH in an aqueous lower alcohol or in
      cyclohexanol.
PAR  From other compounds of Formula I, esters of Formula I (R.sub.1 =
      esterified carboxyl group) can be produced according to methods described
      in the literature. Thus, for example, an acid of Formula I (R.sub.1 =
      COOH) can be esterified by reaction with the selected alcohol in the
      presence of an inorganic or organic acid as catalyst, HCl, HBr, HI,
      H.sub.2 SO.sub.4, H.sub.3 PO.sub.4, trifluoroacetic acid, benzenesulfonic
      acid or p-toluenesulfonic acid, or in the presence of an acidic ion
      exchanger, optionally in the presence of an inert solvent, e.g., benzene,
      toluene or xylene, at temperatures of about 0.degree. C. to preferably the
      boiling temperature of the solvent. The alcohol is utilized preferably in
      molar excess. Preferred alcohols are those of the formulae R.sub.5 OH and
      R.sub.6 OH (wherein R.sub.5 and R.sub.6 have the values given above,
      except H). The reaction can be carried out in the presence of a
      waterbinding agent, e.g., anhydrous heavy metal sulfates or molecular
      sieves. The water of reaction can also be removed azeotropically. In this
      procedure, a hydrocarbon, e.g., benzene or toluene, or a chlorinated
      hydrocarbon, e.g., chloroform or 1,2-dichloroethane, are advantageously
      added. The esterification takes place under gentle conditions if the water
      of reaction is bound chemically by the addition of a carbodiimide, e.g.,
      N,N'-dicyclohexylcarbodiimide, employing an inert solvent, e.g., ether,
      dioxane, benzene and 1,2-dimethoxyethane and a base, e.g., pyridine. The
      esters, e.g. methyl, ethyl and benzyl esters, can also be produced by
      reacting the free acids with diazomethane, diazoethane or
      phenyldiazomethane, in an inert solvent, e.g., ether, benzene or methanol.
      Esters of Formula I (R.sub.1 = esterified COOH group) can also be obtained
      by chemically adding a carboxylic acid of Formula I (R.sub.1 = COOH) to an
      olefin, e.g., isobutylene or cyclohexene, or to an acetylene, preferably
      in the presence of a catalyst, e.g., ZnCl.sub.2, BF.sub.3, H.sub.2
      SO.sub.4, arylsulfonic acids, pyrophosphoric acid, boric acid and oxalic
      acid, at a temperature of about 0.degree. to about 200.degree. C.,
      pressures of from 1 to 300 atmospheres, and in inert solvents, e.g.,
      ether, THF, dioxane, benzene, toluene or xylene.
PAR  Esters of Formula I (R.sub.1 = esterified COOH group) can also be prepared
      by the reaction of metallic salts of the carboxylic acids of Formula I
      (R.sub.1 = COOH), preferably alkali metal, lead or silver salts, with
      alkyl halides, e.g., of the formula R.sub.5 Cl or R.sub.6 Cl, optionally
      in an inert solvent, e.g., ether, benzene, DMF or petroleum ether, or with
      alkyl chlorosulfites, e.g., those of the formula R.sub.7 OSOCl, and
      subsequent thermolysis of the thus-obtained adducts.
PAR  It is likewise possible to convert acid halogenides, anhydrides, or
      nitriles of Formula I (R.sub.1 = COCl, COBr, COOAcyl or CN) into esters of
      Formula I (R.sub.1 = esterified COOH) by reaction with an alcohol, e.g.,
      an alcohol of the formula R.sub.5 OH or R.sub.6 OH, optionally in the
      presence of an acidic catalyst or a base, e.g., NaOH, KOH, Na.sub.2
      CO.sub.3, K.sub.2 CO.sub.3 or pyridine. Preferably, an excess of the
      selected alcohol and temperatures of 0.degree. to the boiling temperature
      are employed. Tert.-alkyl esters can be obtained, for example, from the
      acid chlorides and potassium tert.-alcoholate in the presence of an inert
      solvent.
PAR  Esters of Formula I (R.sub.1 = esterified COOH group) can also be produced
      by the transesterification of other esters of Formula I (R.sub.1 =
      COOR.sub.11 ; R.sub.11 = any desired organic residue, preferably R.sub.7)
      with an excess of the selected alcohol, or by reacting the free carboxylic
      acids I (R.sub.1 = COOH) with other esters of the selected alcohol, which
      are preferably employed in an excess. The transesterification methods
      described in the literature can be used, especially operating in the
      presence of basic or acidic catalysts, e.g., sodium ethylate or sulfuric
      acid, at temperatures of about 0.degree. C. to preferably the boiling
      temperature.
PAR  Examples of the esters of Formula I (R.sub.1 = esterified COOH) which can
      easily be split under physiological conditions are the vinyl, tert.-butyl,
      tetrahydro-2-furyl and tetrahydro-2-pyranyl esters obtainable, for
      instance, by reacting the free carboxylic acids with acetylene,
      isobutylene, 2,3-dihydrofuran, and 2,3-dihydropyran, in particular in the
      presence of a catalyst, e.g., ZnCl.sub.2, BF.sub.3, H.sub.2 SO.sub.4,
      arylsulfonic acids, pyrophosphoric acid, boric acid or oxalic acid, at
      about 0.degree.-120.degree. C. in an inert solvent, e.g., ether, THF,
      dioxane, benzene or xylene.
PAR  Esters of Formula I (R.sub.1 = esterified COOH) can also be obtained by
      solvolyzing compounds of Formula I wherein R.sub.1 is a thioester,
      iminoether, oximinoether, hydrazone ether, thioamide, amidine, amidoxime
      or amide hydrazone group, with water or dilute aqueous bases or acids,
      e.g., ammonia, NaOH, KOH, Na.sub.2 CO.sub.3, K.sub.2 CO.sub.3, HCl or
      H.sub.2 SO.sub.4, in the presence of the selected alcohol, with splitting
      off of hydrogen sulfide, ammonia, amines, hydrazine derivatives or
      hydroxylamine. Whereas most of the iminoether hydrochlorides in an aqueous
      solution are decomposed immediately at room temperature into esters and
      ammonium chlorides, the solvolysis of other derivatives, e.g., of some
      amidoximes or thioamides, requires temperatures of up to 100.degree. C.
PAR  Acids of the Formula I (R.sub.1 = COOH) can be converted, in the presence
      or absence of an inert solvent, into the corresponding acid halogenides I
      (R.sub.1 = e.g., COCl or COBr) by treatment with inorganic acid
      halogenides, e.g., SOCl.sub.2 or SOBr.sub.2. Hydrochlorides of the
      iminoethers of Formula I (R.sub.1 = C(=NH)OR.sub.7) can be obtained from
      the nitriles of Formula I (R.sub.1 = CN) with alcohols (R.sub.7 OH) in
      ether in the presence of HCl.
PAR  Acids of Formula I (R.sub.1 = COOH) and/or the functional derivatives
      thereof, preferably their halogenides and esters (I, R.sub.1 = COCl, COBr
      and/or esterified COOH group) can be converted into the corresponding
      amides by treatment with amidating agents, e.g., ammonia or amines of the
      formula R.sub.7 NH.sub.2 or R.sub.7 R.sub.8 NH. Examples of suitable
      amines are monoalkylamines, e.g., methylamine, ethylamine, n-propylamine,
      isopropylamine, n-butylamine and isobutylamine; dialkylamines, e.g.,
      dimethylamine, methylethylamine, diethylamine, di-n-propylamine,
      diisopropylamine, di-n-butylamine and diisobutylamine; aryl- and
      aralkylamines, e.g., aniline, benzylamine; hydroxyalkylamines, e.g.,
      ethanolamine and diethanolamine; cyclic amines, e.g., pyrrolidine,
      piperidine, morpholine, thiomorpholine, piperazine and N-alkylpiperazines,
      e.g., N-methyl- or N-ethylpiperazine; N-hydroxyalkylpiperazines, e.g.,
      N-2-hydroxyethylpiperazine. In the production of the amides, the use of an
      inert solvent, e.g., an alcohol, for example, methanol or ethanol, and the
      use of pressure, e.g., up to about 200 atmospheres, is possible but not
      required. The reaction temperatures range from about -20.degree. to
      +100.degree. C., preferably from 0.degree. to 30.degree. C.
PAR  Amides of Formula I (R.sub.1 = CONH.sub.2) can be dehydrated to the
      nitriles (I, R.sub.1 = CN), for example, with a dehydrating agent such as
      P.sub.2 O.sub.5 POCl.sub.3 and p-toluenesulfochloride/pyridine, at
      temperatures of about 0.degree. to 200.degree. C., preferably 20.degree.
      to 100.degree. C.
PAR  One or both of the R.sub.2 and R.sub.3 groups of a thus-obtained product of
      Formula I can be converted into another R.sub.2 and R.sub.3 group having a
      different value by substitution reactions and/or further conversions of
      the introduced or already present substituents.
PAR  For example, halogen atoms, nitro groups, sulfonic acid groups, etc., can
      be introduced into the aromatic rings by halogenation, nitration,
      sulfonation, etc. Amino groups can be diazotized and the thus-obtained
      diazonium groups can be further converted into other functional groups.
PAR  Thus, in accordance with methods described in the literature, one or more
      of the following substituents can be introduced into one or both of the
      aromatic nuclei, the number of substituents to be introduced being
      controlled by a suitable selection of the reaction conditions (amount of
      substitution agent, duration of reaction, reaction temperature, solvents,
      catalysts):
PAR  a. Chlorine
PAR  By the direct reaction with elemental chlorine in an inert solvent, e.g.,
      water, ether, tetrachloromethane, acetic acid, without or with the
      addition of a catalyst, e.g., FeCl.sub.3, AlCl.sub.3, SbCl.sub.3, or
      SnCl.sub.4, preferably at -10.degree. to 100.degree. C.; or by reaction in
      a strongly hydrochloric acid solution with H.sub.2 O.sub.2 or with
      NaClO.sub.3, chlorination being effected by the chlorine produced in the
      nascent state; or by reaction with SO.sub.2 Cl.sub.2 in an inert solvent,
      e.g., chlorobenzene, in the presence of a radical-forming catalyst, e.g.,
      a peroxide, at a temperature of preferably 80.degree.-180.degree. C.; or
      other known methods.
PAR  b. Bromine
PAR  By direct reaction with elemental bromine in an inert solvent, e.g., carbon
      disulfide, acetic acid, chloroform, tetrachloromethane or dioxane,
      preferably in the presence of a catalyst acting as a bromine transfer
      agent, e.g., iron filings, AlCl.sub.3, AlBr.sub.3, FeCl.sub.3, iodine or
      pyridine, preferably at -30.degree. to 90.degree. C.; or by reaction with
      hypobromous acid, an acyl hypobromite or N-bromoimide, e.g.,
      N-bromosuccinimide, N-bromophthalimide or other bromine-yielding agent,
      e.g., 1,3-dibromo-5,5-dimethyl-hydantoin, in an inert solvent, e.g.,
      nitrobenzene or carbon disulfide, preferably at -10.degree. to 150.degree.
      C.; or other known method.
PAR  c. Iodine
PAR  By the direct reaction with elemental iodine, preferably in the presence of
      HgO in an inert solvent, e.g., alcohol, acetic acid or benzene, preferably
      at a temperature of 0.degree. to 120.degree. C.; or by reaction with an
      iodine/alkali metal iodide solution in the presence of a carbonate,
      acetate or alkali metal hydroxide solution, ammonia or an amine; or by the
      reaction of a mixture of alkali metal iodide and an oxidizing agent, e.g.,
      alkali metal iodates, alkali metal nitrates and H.sub.2 O.sub.2, in an
      inert solvent, e.g., water, acetic acid and ethanol, the thus-liberated
      iodine reacting in the nascent state; or by reaction with ClI in dilute
      acetic acid, preferably at 50.degree. to 100.degree. C.; or mercuration,
      e.g., in an aqueous or acetic medium, with mercury(II) acetate to the
      Hg--O--COCH.sub.3 compound followed by exchange of the organometal group
      with iodine, for example by reaction with iodine or an iodine/alkali metal
      hydroxide solution; or other known method.
PAR  d. Nitro
PAR  Nitration with one of the following: a mixture of anhydrous nitric acid and
      BF.sub.3 ; a metal nitrate, e.g., Cu-, Fe-, Mn-, Co-, Ni-nitrate, in a
      mixture with acetic acid or acetic anhydride; a metal nitrate, e.g., Ag-,
      Ba-, Na-, K-, NH.sub.4 - or Pb-nitrate, in a mixture with a Friedel-Crafts
      catalyst, e.g., AlCl.sub.3, FeCl.sub.3, BF.sub.3 or SiCl.sub.4 ; an alkyl
      nitrate, e.g., ethyl nitrate, in a mixture with concentrated sulfuric
      acid, HBF.sub.4 or a Lewis acid, e.g., BCl.sub.3, SnCl.sub.4, PCl.sub.3,
      AlCl.sub.3, SiCl.sub.4, SbCl.sub.5 or FeCl.sub.3 ; nitryl fluoride,
      chloride, bromide, perchlorate or tetrafluoroborate, preferably in the
      presence of a Friedel-Crafts catalyst, e.g., AlCl.sub.3, FeCl.sub.3,
      ZrCl.sub.4, or AlBr.sub.3 in a solvent, e.g., carbon disulfide, n-pentane
      or CHCl.sub.3 ; a nitrogen oxide, e.g., N.sub.2 O.sub.5, N.sub.2 O.sub.4,
      or N.sub.2 O.sub.3, in the presence of concentrated H.sub.2 SO.sub.4, HF
      or a Friedel-Crafts catalyst, e.g., BF.sub.3, AlCl.sub.3 or FeCl.sub.3,
      optionally in a solvent, e.g., tetramethylenesulfone or acetic acid;
      concentrated nitric acid; a mixture of concentrated sulfuric acid with
      concentrated or anhydrous nitric acid; an alkali metal nitrate, e.g.,
      sodium or potassium nitrate, in a mixture with concentrated sulfuric acid;
      a mixture of concentrated nitric acid with pyrosulfuric acid, fuming
      sulfuric acid, acetic acid and/or acetic anhydride; a mixture of nitric
      acid, sulfuric acid and acetic acid; acetyl nitrate or benzoyl nitrate;
      nitrosulfonic acid, which can be produced by the introduction of SO.sub.2
      into fuming HNO.sub.3 ; nitrosylsulfuric acid; nitroguanidine; highly
      concentrated nitric acid in the presence of a dehydrating agent, e.g.,
      P.sub.2 O.sub.5 or anhydrous hydrofluoric acid, optionally in a solvent,
      e.g., nitrobenzene or polychloroethanes; or by dissolving the compound to
      be nitrated in a solvent, e.g., CHCl.sub.3, CH.sub.2 Cl.sub.2 or
      CCl.sub.4, providing a bottom layer of concentrated sulfuric acid, and
      then adding thereto anhydrous nitric acid in CHCl.sub.3, CH.sub.2 Cl.sub.2
      and/or CCl.sub.4, this reaction generally being conducted at moderate
      temperatures, normally -20.degree. to +50.degree. C., preferably
      -10.degree. to +20.degree. C., in order to avoid secondary reactions; or
      other known method.
PAR  e. Alkyl, Alkylmercapto, Alkylsulfinyl, Alkylsulfonyl, Amino, Alkylamino or
      Dialkylamino
PAR  By reaction with the corresponding chloro, bromo, iodo, hydroxy or acyloxy
      compound, e.g., ethyl iodide, n-propyl bromide, n-butanol, ethyl acetate,
      isopropyl sulfur chloride, isobutyl sulfinyl bromide, sec.-butyl
      sulfochloride, hydroxylamine, chloramine or diethyl chloramine, in
      accordance with the conditions of a Friedel-Crafts reaction, as described
      in greater detail in the literature. Suitable catalysts are Lewis acids,
      e.g., AlCl.sub.3, AlBr.sub.3, SnCl.sub.4, ZnCl.sub.2, FeCl.sub.3,
      SbCl.sub.5 and HF. Suitable solvents include n-hexane, carbon disulfide,
      nitrobenzene, tetramethylenesulfone and nitroethane. The reaction is
      preferably conducted at 70.degree. to 180.degree. C. In place of alkyl
      derivatives, it is also possible to employ the corresponding olefinic
      compounds in accordance with Friedel-Crafts.
PAR  f. Sulfo
PAR  By sulfonation with concentrated or fuming sulfuric acid or SO.sub.3, e.g.,
      in the form of the pyridine-SO.sub.3 or dioxane-SO.sub.3 complex, in the
      presence or absence of an additional inert solvent, e.g., dioxane,
      trichloroethylene or CCl.sub.4, at about 0.degree. to about 250.degree. C.
PAR  In compounds of Formula I which contain a nitro group, the latter can be
      reduced to an amino group according to methods described in the
      literature, either catalytically or chemically.
PAR  Benzyl ether groups present in the compounds of Formula I can be split by
      hydrogenolysis.
PAR  For catalytic hydrogenations and/or hydrogenolyses, suitable catalysts
      include the noble metal, nickel and cobalt catalysts. The noble metal
      catalysts can be present on supports, e.g., palladium on carbon, calcium
      carbonate or strontium carbonate, as oxide catalysts, e.g., platinum
      oxide, or as finely divided metallic catalysts. Nickel and cobalt
      catalysts are suitably utilized as Raney metals but nickel is also used on
      kieselguhr or pumice as the support. The hydrogenation can be conducted at
      room temperature and under normal pressure or at an elevated temperature
      and/or elevated pressure. Preferably, the reaction is effected under
      pressure of from 1 to 100 atmos. and at temperatures of from -80.degree.
      to 200.degree. C., especially from room temperature to +100.degree. C. The
      reaction is suitably conducted in the presence of a solvent, e.g., water,
      methanol, ethanol, isopropanol, n-butanol, ethyl acetate, dioxane, acetic
      acid, THF or a mixture thereof. During the hydrogenation and during the
      hydrogenolysis, normal pressure is preferably utilized and the reaction is
      terminated after the stoichiometric amount of hydrogen has been absorbed.
      Basically, it is possible to operate in the acidic, neutral or basic pH
      range.
PAR  The reaction with nascent hydrogen can be generally employed as a reducing
      method. The hydrogen can be produced, for example, by treatment of metals
      with acids or bases. Thus, it is possible, for example, to employ a
      mixture of zinc with acid or alkali solution, iron with hydrochloric acid
      or acetic acid or tin with hydrochloric acid. Also, an aluminum-nickel
      alloy can be utilized in an alkaline-aqueous solution, optionally in the
      presence of ethanol. Also suitable for the production of nascent hydrogen
      is sodium amalgam or aluminum amalgam in an aqueous-alcoholic or aqueous
      solution. The reaction can also be conducted in the heterogenous phase,
      wherein suitably an aqueous phase and a benzene or toluene phase are
      utilized. The reaction temperatures employed range from about room
      temperature to the boiling point of the solvent.
PAR  Also suitable as reducing agents are complex metal hydrides, for example,
      sodium borohydride, e.g., in the presence of aluminum chloride or lithium
      bromide, and also diborane. The reaction conditions must be selected so
      that the group R.sub.1 remains intact. The procedure is advantageously
      conducted in the presence of an inert solvent, e.g., ether,
      tetrahydrofuran or ethylene glycol dimethyl ether. The reaction is
      advantageously terminated by boiling the reaction mixture. The thus-formed
      metal complexes can be decomposed in the usual manner, e.g., with an
      aqueous ammonium chloride solution.
PAR  Other suitable reducing agents are sodium dithionite in an alkaline or
      ammoniacal solution; iron(II) hydroxide; tin(II) chloride, particularly in
      an aqueous-hydrochloric medium at temperatures of about 0.degree. to
      60.degree. C.; hydrogen sulfide, disulfides, sulfides and polysulfides;
      hydriodic acid; sodium sulfite; and hydrazine.
PAR  Chlorine, bromine or iodine atoms present in the R.sub.2 and/or R.sub.3
      groups can be replaced by hydrogen, e.g., by converting the corresponding
      halogen compounds into the associated organometal, e.g., Grignard,
      compounds and hydrolyzing same with water or dilute acids.
PAR  Compounds of Formula I whose R.sub.2 and/or R.sub.3 groups contain free
      hydroxy, mercapto, amino or monoalkylamino groups can be alkylated to the
      corresponding alkoxy, alkylmercapto, monoalkylamino and dialkylamino
      compounds, or acylated to the corresponding acyloxy, acylmercapto and
      acylamido compounds. The alkylation can be carried out in accordance with
      methods set forth in the literature by treatment with an alkylating agent.
      For the O- and S- alkylation; the starting substances are suitably first
      converted into the corresponding salts by adding a base, e.g., NaOH.
      Usable alkylating agents are, for example, alkyl halogenides, e.g., methyl
      chloride, bromide or iodide, ethyl chloride, bromide or iodide, n-propyl
      chloride, bromide or iodide, isopropyl chloride, bromide or iodide,
      n-butyl chloride, bromide or iodide, or the corresponding dialkylsulfuric
      acid or alkylsulfonic acid esters, e.g., dimethyl sulfate, diethyl sulfate
      and methyl-p-toluenesulfonic acid ester. Diazo compounds, e.g.,
      diazomethane, can also be utilized for the O- or S-alkylation. Amino
      compounds can also be alkylated with the corresponding alcohols, e.g.,
      methanol or ethanol, in the presence of Raney nickel, or reductively with
      formaldehyde or acetaldehyde in the presence of hydrogen or formic acid.
      If the reaction is conducted in the presence of hydrogen, the concomitant
      use of one of the above-mentioned catalysts is advantageous. Suitable
      solvents include water or an aqueous sodium hydroxide solution; alcohols,
      e.g., methanol, ethanol, n-butanol; hydrocarbons, e.g., benzene or xylene;
      ethers, e.g., THF; and mixtures thereof. The alkylation reactions take
      place advantageously at temperatures of about -10.degree. to about
      +150.degree. C., especially from room temperature to the boiling
      temperature of the reaction mixture. If a starting compound having a free
      carboxyl group (R.sub.1 = COOH) is utilized, its carboxyl group can be
      simultaneously esterified unless the reaction mixture is maintained under
      strongly alkaline conditions.
PAR  An acylation takes place suitably with carboxylic acids or carboxylic acid
      derivatives. Examples of carboxylic acid derivatives are carboxylic acid
      esters, anhydrides, e.g., acetic anhydride, and halogenides, e.g.,
      chlorides, bromides and iodides, e.g., acetyl chloride, bromide and
      iodide. An excess of the carboxylic acid derivative can be employed as the
      solvent or the reaction can be conducted in the presence of an inert
      solvent, e.g., benzene, toluene, THF, dioxane or chloroform. During the
      acylation, a base is preferably added, e.g., NaOH, KOH, sodium or
      potassium carbonate, pyridine or triethylamine.
PAR  In compounds of Formula I containing one or more diazonium groups, these
      groups can be exchanged, by literature methods, by fluoro, chloro, bromo,
      iodo, CN, NO.sub.2, OH, SH, alkoxy or an alkylmercapto group. The
      diazonium compounds are obtainable in accordance with procedures described
      in the literature by the diazotization of the corresponding amino
      compounds, e.g., in a hydrochloric or hydrobromic aqueous solution by
      adding the stoichiometric quantity of an inorganic nitrite, preferably
      NaNO.sub.2 or KNO.sub.2, at a temperature of from about -20.degree. to
      +10.degree. C., or in an inert organic solvent, e.g., diethyl ether,
      diisopropyl ether, THF, dioxane, ethylene glycol dimethyl ether, ethylene
      glycol diethyl ether, diethylene glycol dimethyl ether or diethylene
      glycol diethyl ether, by adding an organic nitrite, e.g., n-butyl nitrite,
      n-amyl nitrite or isoamyl nitrite, at a temperature of from -20.degree. to
      +5.degree. C.
PAR  To introduce a fluorine atom, the diazotization is conducted, for example,
      in anhydrous hydrofluoric acid, and the reaction mixture is then heated,
      or the diazonium salt is converted with HBF.sub.4 into a low-solubility
      diazonium tetrafluoroborate, which can be isolated and thermally converted
      into the desired fluorine compound, e.g., by heating in an inert solvent.
PAR  The diazonium group can be replaced by a chlorine atom, preferably in an
      aqueous solution in the presence of Cu.sub.2 Cl.sub.2 according to the
      Sandmeyer method. The replacement by bromine can be carried out, for
      example, in an aqueous solution in the presence of Cu.sub.2 Br.sub.2
      according to Sandmeyer, or by reaction with bromine to obtain the
      diazonium perbromide and subsequent boiling in a solvent, e.g., water or a
      lower alkanol. It is also possible to convert the diazonium bromides into
      the diazonium mercury bromides with HgBr.sub.2 and decompose these
      bromides thermally to the desired bromine compounds.
PAR  The replacement of a diazonium iodide substituent with an iodine atom can
      be accomplished by gentle heating. A catalyst, e.g., CuI, CuBr or CuCl,
      can also be added to the reaction medium in order to accelerate the
      reaction, as disclosed in the literature.
PAR  Furthermore, it is possible to convert a diazonium salt group into the
      corresponding alkoxy group for example by heating in an aqueous-alcoholic
      solution. The replacement with an alkyl-mercapto group by reaction with
      alkylmercaptans, is conducted, for example, in an alkaline solution, by
      heating or already in the cold state in the presence of a catalyst, e.g.,
      powdered copper. The diazosulfides, formed as intermediates, need not be
      isolated.
PAR  By heating and if necessary by boiling, the aqueous solutions of the
      diazonium salts can also be hydrolyzed to the corresponding phenols. The
      reaction of the diazonium compounds with alkali metal salts of xanthic
      acid esters leads to the corresponding alkylxanthic derivatives, which can
      be hydrolyzed under alkaline conditions to the corresponding mercapto
      compounds.
PAR  A basic compound of Formula I, e.g., a compound substituted by at least one
      amino group, can be converted into the associated acid addition salt with
      the use of an acid. For this reaction, suitable acids are those yielding
      physiologically acceptable salts. Suitable acids are organic and inorganic
      acids, for example, aliphatic, alicyclic, araliphatic, aromatic and
      heterocyclic, mono- or polybasic carboxylic or sulfonic acids, e.g.,
      formic acid, acetic acid, propionic acid, pivalic acid, diethylacetic
      acid, oxalic acid, malonic acid, succinic acid, pimelic acid, fumaric
      acid, maleic acid, lactic acid, tartaric acid, malic acid, aminocarboxylic
      acids, sulfamic acid, benzoic acid, salicylic acid, phenylpropionic acid,
      citric acid, gluconic acid, ascorbic acid, nicotinic acid, isonicotinic
      acid, methanesulfonic acid, ethanedisulfonic acid,
      .beta.-hydroxyethanesulfonic acid, p-toluenesulfonic acid,
      naphthalene-mono- and -disulfonic acids, sulfuric acid, nitric acid,
      hydrohalic acids, e.g., hydrochloric acid and hydrobromic acid, and
      phosphoric acids, e.g., orthophosphoric acid.
PAR  Free carboxylic acids of Formula I (R.sub.1 = COOH) can be converted, by
      reaction with a base, into a physiologically acceptable metallic or
      ammonium salt thereof. Suitable salts are, in particular, the sodium,
      potassium, magnesium, calcium and ammonium salts. Others are substituted
      ammonium salts, e.g., the dimethyl- and diethylammonium, monoethanol-,
      diethanol-, and triethanolammonium, cyclohexylammonium,
      dicyclohexylammonium and dibenzylethylenediammonium salts.
PAR  Conversely, basic compounds of Formula I can be produced from the acid
      addition salts thereof by treatment with a strong base, e.g., sodium or
      potassium hydroxide or sodium or potassium carbonate, and acidic compounds
      of Formula I can be produced from the metal and ammonium salts thereof by
      treatment with an acid, especially mineral acids, e.g., hydrochloric or
      sulfuric acid. Compounds of Formula I containing both a basic and an acid
      group can be produced from their salts by appropriate ion exchange
      chromatography.
PAR  Compounds of Formula I which contain a center of asymmetry ordinarily are
      obtained in the racemic form. The racemates can be separated into their
      optical antipodes in accordance with a plurality of known methods as
      described in the literature. Chemical separation is preferred. According
      to this procedure, diastereomers are formed from the racemic mixture by
      reaction with an optically active auxiliary agent. Thus, an optically
      active base can be reacted with the carboxyl group, or an optically active
      acid with the amino group, of a compound of Formula I. For example,
      diastereomeric salts of the compounds of Formula I (R.sub.1 = COOH) can be
      formed with optically active amines, e.g., quinine, cinchonidine, brucine,
      cinchonine, hydroxyhydrindamine, morphine, 1-phenylethylamine,
      1-naphthylethylamine, phenyloxynaphthylmethylamine, quinidine and
      strychnine, basic amino acids, e.g., lysine, arginine and amino acid
      esters; or diastereomeric salts of basic compounds of Formula I can be
      formed with optically active acids, e.g., (+)- and (-)-tartaric acid,
      dibenzoyl-(+)- and -(-)-tartaric acid, diacetyl-(+)- and -(-)-tartaric
      acid, camphoric acid, .beta.-camphorsulfonic acid, (+)- and (-)-mandelic
      acid, (+)- and (-)-malic acid, (+)- and (-)-2-phenylbutyric acid, (+)- and
      (-)-dinitrodiphenic acid, or (+)- and (-)-lactic acid. In a similar
      manner, ester diastereomers can be produced by the esterification of
      compounds of Formula I (R.sub.1 = COOH) with optically active alcohols,
      e.g., borneol, menthol or 2-octanol. The thus-obtained mixtures of
      diastereomeric salts and/or esters can be separated by selective
      crystallization. The desired optically active compounds of Formula I can
      be produced by hydrolytic separation of the isolated diastereomeric
      compound.
PAR  Products of Formula I can be obtained as optically active compounds in
      accordance with the above-described methods by employing starting
      substances which are optically active.
PAR  The compounds of Formula I and/or optionally the physiologically acceptable
      salts thereof can be employed in a mixture with solid, liquid and/or
      semiliquid excipients as drugs in human or veterinary medicine. Suitable
      carrier compounds are those organic or inorganic substances suitable for
      parenteral, enteral, or topical application, and which do not react with
      the novel compounds, such as, for example, water, vegetable oils, benzyl
      alcohols, polyethylene glycols, gelatin, lactose, amylose, magnesium
      stearate, talc, vaseline, cholesterol. For parenteral application,
      suitable are especially solutions, preferably oily or aqueous solutions,
      as well as suspensions, emulsions, or implants. For enteral application,
      tablets, dragees, capsules, syrups, elixirs and suppositories can be
      employed. For topical application, salves, creams and powders can be used.
      The aforementioned preparations can optionally be sterilized and/or can
      contain auxiliary agents, e.g., lubricants, preservatives, stabilizers and
      wetting agents, emulsifiers, salts for influencing the osmotic pressure,
      buffer substances, coloring, flavoring and/or aromatous agents.
PAR  The substances are preferably administered in dosages of from 10 to 2,000
      mg. per dosage unit, preferably 100 to 500 mg. per dosage unit.
PAR  The temperatures herein are set forth in degrees Celsius. "Worked up as
      usual" means that, if necessary, water is added; the reaction mixture is
      extracted with ethyl acetate, ether or chloroform; separated; the organic
      extract washed with water, and dried over sodium sulfate; filtered; the
      solvent distilled off; and the residue distilled and/or crystallized from
      the solvent indicated in parentheses. DMF = dimethylformamide; THF =
      tetrahydrofuran.
PAR  Without further elaboration, it is believed that one skilled in the art
      can, using the preceding description, utilize the present invention to its
      fullest extent. The following preferred specific embodiments are,
      therefore, to be construed as merely illustrative, and not limitative of
      the remainder of the disclosure in any way whatsoever.
PAR  In the following Examples A and B, the preparation of some typical starting
      materials is described.
PAC  EXAMPLE A
PAR  A mixture of 20 g. of 4,5-diphenyl-2-oxazolone and 40 g. of P.sub.2 S.sub.5
      in 350 ml of xylene is refluxed for 12 hours with stirring. While still
      hot, the xylene solution is decanted from the residue and is cooled;
      2-mercapto-4,5-diphenyl-oxazole precipitates; m.p. 252.degree.-254.degree.
      (from methanol).
PAC  EXAMPLE B
PAR  With stirring, 23 g. of desyl chloride (1-chloro-1,2-diphenyl-ethanone) are
      added in portions to a suspension of 16.5 g of ammonium dithiocarbamate in
      100 ml of ethanol within 15 minutes. The mixture is stirred for 30 minutes
      and then warmed with stirring to 60.degree. - 65.degree. for 2 additional
      hours. After cooling, water is added which causes
      2-mercapto-4,5-diphenyl-thiazole to precipitate; m.p. 219.degree. (from
      acetone).
PAC  EXAMPLE 1
PAR  (a) 12 g. of 2-mercapto-4,5-diphenyl-oxazole (m.p. 252.degree.-254.degree.,
      from methanol; obtainable from 4,5-diphenyl-2-oxazolone and phosphorus
      pentasulfide in boiling xylene, or by the reaction of benzoin with HSCN)
      is dissolved in 100 ml. of DMF, and 1.2 g. of NaH is added thereto. The
      reaction mixture is agitated for 1.5 hours at room temperature. Then, 5.6
      ml. of the ethyl ester of bromoacetic acid in 20 ml. of DMF is added
      dropwise thereto, and the reaction mixture is stirred for 2 hours at
      80.degree.. The mixture is then mixed with water and worked up as usual,
      thus obtaining the ethyl ester of 4,5-diphenyl-2-oxazolyl-mercaptoacetic
      acid, b.p. 207.degree.-210.degree./0.1 mm.; m.p. 54.degree.-56.degree.
      (hexane).
PAR  Analogously, the following compounds are obtained from
      2-mercapto-4,5-diphenyl-oxazole by reaction with the ethyl ester of
      respectively 2-bromopropionic acid; 2-bromobutyric acid; 2-bromoisobutyric
      acid; 3-bromopropionic acid; 4-bromobutyric acid; or 7-bromoheptanoic
      acid:
PAR  ethyl ester of 2-(4,5-diphenyl-2-oxazolyl-mercapto)-propionic acid,
PAR  ethyl ester of 2-(4,5-diphenyl-2-oxazolyl-mercapto)-butyric acid,
PAR  ethyl ester of 2-(4,5-diphenyl-2-oxazolyl-mercapto)-2-methylpropionic acid,
      b.p. 210.degree.-215.degree./0.1 mm.,
PAR  ethyl ester of 3-(4,5-diphenyl-2-oxazolyl-mercapto)-propionic acid, m.p.
      62.degree.-64.degree.,
PAR  ethyl ester of 4-(4,5-diphenyl-2-oxazolyl-mercapto)-butyric acid,
PAR  ethyl ester of 7-(4,5-diphenyl-2-oxazolyl-mercapto)-heptanoic acid.
PAR  Analogously, with the use of the following starting compounds:
PA0  2-mercapto-4-phenyl-5-p-tolyl-oxazole
PA0  2-mercapto-4-p-tolyl-5-phenyl-oxazole
PA0  2-mercapto-4,5-bis-p-tolyl-oxazole (m.p. 253.degree.-255.degree.)
PA0  2-mercapto-4,5-bis-p-isopropylphenyl-oxazole (m.p. 181.degree.-183.degree.)
PA0  2-mercapto-4-phenyl-5-o-fluorophenyl-oxazole
PA0  2-mercapto-4-phenyl-5-m-fluorophenyl-oxazole
PA0  2-mercapto-4-phenyl-5-p-fluorophenyl-oxazole
PA0  2-mercapto-4-o-fluorophenyl-5-phenyl-oxazole
PA0  2 -mercapto-4-m-fluorophenyl-5-phenyl-oxazole
PA0  2-mercapto-4-p-fluorophenyl-5-phenyl-oxazole
PA0  2-mercapto-4,5-bis-o-fluorophenyl-oxazole
PA0  2-mercapto-4,5-bis-m-fluorophenyl-oxazole
PA0  2-mercapto-4,5-bis-p-fluorophenyl-oxazole
PA0  2-mercapto-4-p-tolyl-5-p-fluorophenyl-oxazole
PA0  2-mercapto-4-p-fluorophenyl-5-p-tolyl-oxazole
PA0  2-mercapto-4-phenyl-5-o-chlorophenyl-oxazole
PA0  2-mercapto-4-phenyl-5-m-chlorophenyl-oxazole
PA0  2-mercapto-4-phenyl-5-p-chlorophenyl-oxazole
PA0  2-mercapto-4-o-chlorophenyl-5-phenyl-oxazole
PA0  2-mercapto-4-m-chlorophenyl-5-phenyl-oxazole
PA0  2-mercapto-4-p-chlorophenyl-5-phenyl-oxazole
PA0  2-mercapto-4,5-bis-o-chlorophenyl-oxazole (m.p. 208.degree.-210.degree.)
PA0  2-mercapto-4,5-bis-m-chlorophenyl-oxazole
PA0  2-mercapto-4,5-bis-p-chlorophenyl-oxazole (m.p. 229.degree.-232.degree.;
      obtainable from 4,5-bis-p-chlorophenyl-oxazolone and P.sub.2 S.sub.5, or
      from 4,4'-dichlorobenzoin and HSCN)
PA0  2-mercapto-4-p-tolyl-5-p-chlorophenyl-oxazole
PA0  2-mercapto-4-p-chlorophenyl-5-p-tolyl-oxazole
PA0  2-mercapto-4-p-fluorophenyl-5-p-chlorophenyl-oxazole
PA0  2-mercapto-4-p-chlorophenyl-5-p-fluorophenyl-oxazole
PA0  2-mercapto-4-phenyl-5-o-bromophenyl-oxazole
PA0  2-mercapto-4-phenyl-5-m-bromophenyl-oxazole
PA0  2-mercapto-4-phenyl-5-p-bromophenyl-oxazole
PA0  2-mercapto-4-o-bromophenyl-5-phenyl-oxazole
PA0  2-mercapto-4-m-bromophenyl-5-phenyl-oxazole
PA0  2-mercapto-4-p-bromophenyl-5-phenyl-oxazole
PA0  2-mercapto-4,5-bis-o-bromophenyl-oxazole
PA0  2-mercapto-4,5-bis-m-bromophenyl-oxazole
PA0  2-mercapto-4,5-bis-p-bromophenyl-oxazole
PA0  2-mercapto-4-p-tolyl-5-p-bromophenyl-oxazole
PA0  2-mercapto-4-p-bromophenyl-5-p-tolyl-oxazole
PA0  2-mercapto-4-p-chlorophenyl-5-p-bromophenyl-oxazole
PA0  2-mercapto-4-p-bromophenyl-5-p-chlorophenyl-oxazole
PA0  2-mercapto-4-phenyl-5-p-iodophenyl-oxazole
PA0  2-mercapto-4-p-iodophenyl-5-phenyl-oxazole
PA0  2-mercapto-4,5-bis-p-iodophenyl-oxazole
PA0  2-mercapto-4-phenyl-5-p-trifluoromethylphenyl-oxazole
PA0  2-mercapto-4-p-trifluoromethylphenyl-5-phenyl-oxazole
PA0  2-mercapto-4,5-bis-p-trifluoromethylphenyl-oxazole
PA0  2-mercapto-4-p-trifluoromethylphenyl-5-p-chlorophenyl-oxazole
PA0  2-mercapto-4-p-chlorophenyl-5-p-trifluoromethylphenyl-oxazole
PA0  2-mercapto-4-phenyl-5-p-hydroxyphenyl-oxazole
PA0  2-mercapto-4-p-hydroxyphenyl-5-phenyl-oxazole
PA0  2-mercapto-4,5-bis-p-hydroxyphenyl-oxazole
PA0  2-mercapto-4-p-chlorophenyl-5-p-hydroxyphenyl-oxazole
PA0  2-mercapto-4-p-hydroxyphenyl-5-p-chlorophenyl-oxazole
PA0  2-mercapto-4-phenyl-5-o-methoxyphenyl-oxazole
PA0  2-mercapto-4-phenyl-5-m-methoxyphenyl-oxazole
PA0  2-mercapto-4-phenyl-5-p-methoxyphenyl-oxazole
PA0  2-mercapto-4-o-methoxyphenyl-5-phenyl-oxazole
PA0  2-mercapto-4-m-methoxyphenyl-5-phenyl-oxazole
PA0  2-mercapto-4-p-methoxyphenyl-5-phenyl-oxazole (m.p.
      170.degree.-171.degree.)
PA0  2-mercapto-4,5-bis-o-methoxyphenyl-oxazole
PA0  2-mercapto-4,5-bis-m-methoxyphenyl-oxazole (m.p. 182.degree.-184.degree.)
PA0  2-mercapto-4,5-bis-p-methoxyphenyl-oxazole (m.p. 202.degree.-203.degree.)
PA0  2-mercapto-4-p-chlorophenyl-5-p-methoxyphenyl-oxazole
PA0  2-mercapto-4-p-methoxyphenyl-5-o-chlorophenyl-oxazole (m.p.
      220.degree.-222.degree.)
PA0  2-mercapto-4-p-methoxyphenyl-5-m-chlorophenyl-oxazole
PA0  2-mercapto-4-p-methoxyphenyl-5-p-chlorophenyl-oxazole
PA0  2-mercapto-4-phenyl-5-(3,4-dimethoxyphenyl)-oxazole
PA0  2-mercapto-4-(3,4-dimethoxyphenyl)-5-phenyl-oxazole
PA0  2-mercapto-4,5-bis-(3,4-dimethoxyphenyl)-oxazole (m.p.
      175.degree.-177.degree.)
PA0  2-mercapto-4-p-chlorophenyl-5-(3,4-dimethoxyphenyl)-oxazole
PA0  2-mercapto-4-(3,4-dimethoxyphenyl)-5-p-chlorophenyl-oxazole
PA0  2-mercapto-4-phenyl-5-(3,4-methylenedioxyphenyl)-oxazole
PA0  2-mercapto-4-(3,4-methylenedioxyphenyl)-5-phenyl-oxazole
PA0  2-mercapto-4,5-bis-(3,4-methylenedioxyphenyl)-oxazole (m.p.
      261.degree.-263.degree.)
PA0  2-mercapto-4-p-chlorophenyl-5-(3,4-methylenedioxyphenyl)-oxazole
PA0  2-mercapto-4-(3,4-methylenedioxyphenyl)-5-o-chlorophenyl-oxazole
PA0  2-mercapto-4-(3,4-methylenedioxyphenyl)-5-m-chlorophenyl-oxazole
PA0  2-mercapto-4-(3,4-methylenedioxyphenyl)-5-p-chlorophenyl-oxazole (m.p.
      258.degree.-260.degree.)
PA0  2-mercapto-4-phenyl-5-p-methylmercaptophenyl-oxazole
PA0  2-mercapto-4-p-methylmercaptophenyl-5-phenyl-oxazole
PA0  2-mercapto-4,5-bis-p-methylmercaptophenyl-oxazole
PA0  2-mercapto-4-p-chlorophenyl-5-p-methylmercaptophenyl-oxazole
PA0  2-mercapto-4-p-methylmercaptophenyl-5-p-chlorophenyl-oxazole
PA0  2-mercapto-4-phenyl-5-p-dimethylaminophenyl-oxazole
PA0  2-mercapto-4-p-dimethylaminophenyl-5-phenyl-oxazole (m.p.
      205.degree.-209.degree.)
PA0  2-mercapto-4,5-bis-p-dimethylaminophenyl-oxazole
PA0  2-mercapto-4-p-chlorophenyl-5-p-dimethylaminophenyl-oxazole
PA0  2-mercapto-4-p-dimethylaminophenyl-5-o-chlorophenyl-oxazole (m.p.
      229.degree.-231.degree.)
PA0  2-mercapto-4-p-dimethylaminophenyl-5-m-chlorophenyl-oxazole
PA0  2-mercapto-4-p-dimethylaminophenyl-5-p-chlorophenyl-oxazole (m.p.
      254.degree.-256.degree.)
PA0  2-mercapto-4-phenyl-5-p-nitrophenyl-oxazole
PA0  2-mercapto-4-p-nitrophenyl-5-phenyl-oxazole
PA0  2-mercapto-4,5-bis-p-nitrophenyl-oxazole
PA0  2-mercapto-4-p-chlorophenyl-5-p-nitrophenyl-oxazole
PA0  2-mercapto-4-p-nitrophenyl-5-p-chlorophenyl-oxazole
PA0  2-mercapto-4-phenyl-5-p-aminophenyl-oxazole
PA0  2-mercapto-4-p-aminophenyl-5-phenyl-oxazole
PA0  2-mercapto-4,5-bis-p-aminophenyl-oxazole
PA0  2-mercapto-4-p-chlorophenyl-5-p-aminophenyl-oxazole
PA0  2-mercapto-4-p-aminophenyl-5-p-chlorophenyl-oxazole
PAL  the corresponding 4,5-diaryl-2-oxazolyl-mercapto-fatty acid derivatives are
      obtained by reaction with the corresponding halo-fatty acid derivatives,
      for example:
PAL  the ethyl esters of each of the following acids:
PA0  4-phenyl-5-p-tolyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-tolyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-tolyl-2-oxazolyl-mercaptoacetic acid, m.p. of this ethyl ester:
      106.degree.-108.degree.
PA0  2-(4,5-bis-p-tolyl-2-oxazolyl-mercapto)-butyric acid
PA0  4,5-bis-p-isopropylphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-o-fluorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-m-fluorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-fluorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-o-fluorophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-m-fluorophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-fluorphenyl-5-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-o-fluorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-m-fluorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-fluorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-tolyl-5-p-fluorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-fluorophenyl-5-p-tolyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-o-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-m-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-o-chlorophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-m-chlorophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-o-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-m-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid, m.p. of this ethyl
      ester: 122.degree.-124.degree.
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  3-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-propionic acid, m.p. of this
      ethyl ester: 85.degree.-87.degree.
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-butyric acid, m.p. of this
      ethyl ester: 98.degree.-99.degree.
PA0  4-p-tolyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-tolyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-fluorophenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-fluorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-o-bromophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-m-bromophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-bromophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-o-bromophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-m-bromophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-bromophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-o-bromophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-m-bromophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-bromophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-tolyl-5-p-bromophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-bromophenyl-5-p-tolyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-bromophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-bromophenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-iodophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-iodophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-iodophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-trifluoromethylphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-trifluoromethylphenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-trifluoromethylphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-trifluoromethylphenyl-5-p-chlorophenyl-2-oxazolyl-mercapto-acetic acid
PA0  4-p-chlorophenyl-5-p-trifluoromethylphenyl-2-oxazolyl-mercapto-acetic acid
PA0  4-phenyl-5-p-hydroxyphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-hydroxyphenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-hydroxyphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-hydroxyphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-hydroxyphenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-o-methoxyphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-m-methoxyphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-methoxyphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-o-methoxyphenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-m-methoxyphenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-methoxyphenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-o-methoxyphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-m-methoxyphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-methoxyphenyl-2-oxazolyl-mercaptoacetic acid, m.p. of this ethyl
      ester: 76.degree.
PA0  2-(4,5-bis-p-methoxyphenyl-2-oxazolyl-mercapto)-butyric acid
PA0  4-p-chlorophenyl-5-p-methoxyphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-methoxyphenyl-5-o-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-methoxyphenyl-5-m-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-methoxyphenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-(3,4-dimethoxyphenyl)-2-oxazolyl-mercaptoacetic acid
PA0  4-(3,4-dimethoxyphenyl)-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-(3,4-dimethoxyphenyl)-2-oxazolyl-mercaptoacetic acid, m.p. of this
      ethyl ester: 103.degree.-105.degree.
PA0  4-p-chlorophenyl-5-(3,4-dimethoxyphenyl)-2-oxazolyl-mercapto-acetic acid
PA0  4-(3,4-dimethoxyphenyl)-5-p-chlorophenyl-2-oxazolyl-mercapto-acetic acid
PA0  4-phenyl-5-(3,4-methylenedioxyphenyl)-2-oxazolyl-mercaptoacetic acid
PA0  4-(3,4-methylenedioxyphenyl)-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-(3,4-methylenedioxyphenyl)-2-oxazolyl-mercaptoacetic acid, m.p. of
      this ethyl ester: 93.degree.-95.degree.
PA0  4-p-chlorophenyl-5-(3,4-methylenedioxyphenyl)-2-oxazolyl-mercaptoacetic
      acid
PA0  4-(3,4-methylenedioxyphenyl)-5-o-chlorophenyl-2-oxazolyl-mercaptoacetic
      acid
PA0  4-(3,4-methylenedioxyphenyl)-5-m-chlorophenyl-2-oxazolyl-mercaptoacetic
      acid
PA0  4-(3,4-methylenedioxyphenyl)-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic
      acid, m.p. of this ethyl ester: 118.degree.-120.degree.
PA0  4-phenyl-5-p-methylmercaptophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-methylmercaptophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-methylmercaptophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-methylmercaptophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-methylmercaptophenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-dimethylaminophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-dimethylaminophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-dimethylaminophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-dimethylaminophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-dimethylaminophenyl-5-o-chlorophenyl-2-oxazolyl-mercaptoacetic acid,
      m.p. of this ethyl ester: 95.degree.-97.degree.
PA0  4-p-dimethylaminophenyl-5-m-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-dimethylaminophenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid,
      m.p. of this ethyl ester: 106.degree.-107.degree.
PA0  4-phenyl-5-p-nitrophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-nitrophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-nitrophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-nitrophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-nitrophenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-aminophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-aminophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-aminophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-aminophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-aminophenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid.
PAR  (b) 19.5 g. of the ethyl ester of 4,5-diphenyl-2-oxazolyl-mercaptoacetic
      acid is refluxed in 200 ml. of ethanol with 25 g. of pulverized potassium
      carbonate for 2 hours under agitation. The reaction mixture is
      concentrated by evaporation, the residue is mixed with water, and the
      aqueous phase is extracted with ether. Then, the mixture is adjusted to a
      pH of 6 with hydrochloric acid, worked up as usual, and the compound thus
      obtained is 4,5-diphenyl-2-oxazolyl-mercaptoacetic acid, m.p.
      137.degree.-138.degree. (hexane/ethyl acetate); sodium salt, m.p.
      270.degree.-272.degree..
PAR  Analogously, by saponifying the corresponding esters, the following
      compounds are produced:
PA0  2-(4,5-diphenyl-2-oxazolyl-mercapto)-propionic acid (m.p.
      89.degree.-91.degree.)
PA0  2-(4,5-diphenyl-2-oxazolyl-mercapto)-butyric acid (m.p.
      123.degree.-124.degree.)
PA0  2-(4,5-diphenyl-2-oxazolyl-mercapto)-2-methylpropionic acid (m.p.
      118.degree.-120.degree.)
PA0  3-(4,5-diphenyl-2-oxazolyl-mercapto)-propionic acid (m.p.
      135.degree.-137.degree.)
PA0  4-(4,5-diphenyl-2-oxazolyl-mercapto)-butyric acid (m.p.
      94.degree.-96.degree.)
PA0  7-(4,5-diphenyl-2-oxazolyl-mercapto)-heptanoic acid (m.p. 68.degree.)
PA0  4-phenyl-5-p-tolyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-tolyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-tolyl-2-oxazolyl-mercaptoacetic acid (m.p.
      142.degree.-144.degree.)
PA0  2-(4,5-bis-p-tolyl-2-oxazolyl-mercapto)-butyric acid
PA0  4,5-bis-p-isopropylphenyl-2-oxazolyl-mercaptoacetic acid (m.p.
      76.degree.-78.degree.)
PA0  4-phenyl-5-o-fluorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-m-fluorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-fluorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-o-fluorophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-m-fluorophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-fluorophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-o-fluorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-m-fluorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-fluorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-tolyl-5-p-fluorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-fluorophenyl-5-p-tolyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-o-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-m-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-o-chlorophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-m-chlorophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-o-chlorophenyl-2-oxazolyl-mercaptoacetic acid (m.p.
      97.degree.-99.degree.)
PA0  4,5-bis-m-chlorophenyl-2-oxazolyl-mercaptoacetic acid (m.p.
      114.degree.-115.degree.)
PA0  4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid (m.p.
      151.degree.-153.degree.)
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptopropionic acid (m.p.
      138.degree.-140.degree.)
PA0  3-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-butyric acid (m.p.
      130.degree.-132.degree.)
PA0  4-p-tolyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-tolyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-fluorophenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-fluorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-o-bromophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-m-bromophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-bromophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-o-bromophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-m-bromophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-bromophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-o-bromophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-m-bromophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-bromophenyl-2-oxazolyl-mercaptoacetic acid (m.p.
      168.degree.-170.degree.)
PA0  4-p-tolyl-5-p-bromophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-bromophenyl-5-p-tolyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-bromophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-bromophenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-iodophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-iodophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-iodophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-trifluoromethylphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-trifluoromethylphenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-trifluoromethylphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-trifluoromethylphenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-trifluoromethylphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-hydroxyphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-hydroxyphenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-hydroxyphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-hydroxyphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-hydroxyphenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-o-methoxyphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-m-methoxyphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-methoxyphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-o-methoxyphenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-m-methoxyphenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-methoxyphenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid (m.p.
      152.degree.-154.degree.)
PA0  4,5-bis-o-methoxyphenyl-2-oxazolyl-mercaptoacetic acid (m.p.
      110.degree.-112.degree.)
PA0  4,5-bis-m-methoxyphenyl-2-oxazolyl-mercaptoacetic acid, cyclohexylamine
      salt, m.p. 95.degree.-98.degree.
PA0  4,5-bis-p-methoxyphenyl-2-oxazolyl-mercaptoacetic acid (m.p.
      140.degree.-141.degree.)
PA0  2-(4,5-bis-p-methoxyphenyl-2-oxazolyl-mercapto)-butyric acid
PA0  4-p-chlorophenyl-5-p-methoxyphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-methoxyphenyl-5-o-chlorophenyl-2-oxazolyl-mercaptoacetic acid (m.p.
      135.degree.-137.degree.)
PA0  4-p-methoxyphenyl-5-m-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-methoxyphenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-(3,4-dimethoxyphenyl)-2-oxazolyl-mercaptoacetic acid
PA0  4-(3,4-dimethoxyphenyl)-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-(3,4-dimethoxyphenyl)-2-oxazolyl-mercaptoacetic acid (m.p.
      118.degree.-120.degree.)
PA0  4-p-chlorophenyl-5-(3,4-dimethoxyphenyl)-2-oxazolyl-mercaptoacetic acid
PA0  4-(3,4-dimethoxyphenyl)-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-(3,4-methylenedioxyphenyl)-2-oxazolyl-mercaptoacetic acid
PA0  4-(3,4-methylenedioxyphenyl)-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-(3,4-methylenedioxyphenyl)-2-oxazolyl-mercaptoacetic acid (m.p.
      143.degree.-145.degree.)
PA0  4-p-chlorophenyl-5-(3,4-methylenedioxyphenyl)-2-oxazolyl-mercaptoacetic
      acid
PA0  4-(3,4-methylenedioxyphenyl)-5-o-chlorophenyl-2-oxazolyl-mercaptoacetic
      acid
PA0  4-(3,4-methylenedioxyphenyl)-5-m-chlorophenyl-2-oxazolyl-mercaptoacetic
      acid
PA0  4-(3,4-methylenedioxyphenyl)-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic
      acid
PA0  4-phenyl-5-p-methylmercaptophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-methylmercaptophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-methylmercaptophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-methylmercaptophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-methylmercaptophenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-dimethylaminophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-dimethylaminophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid (m.p.
      128.degree.-130.degree.)
PA0  4,5-bis-p-dimethylaminophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-dimethylaminophenyl-5-o-chlorophenyl-2-oxazolyl-mercaptoacetic acid,
      cyclohexylamine salt, m.p. 154.degree.-156.degree.
PA0  4-p-dimethylaminophenyl-5-m-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-dimethylaminophenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid,
      m.p. 130.degree.-132.degree.
PA0  4-phenyl-5-p-nitrophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-nitrophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-nitrophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-nitrophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-nitrophenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-phenyl-5-aminophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-aminophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-aminophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-aminophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-aminophenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid.
PAR  c. One gram of 4,5-diphenyl-2-oxazolyl-mercaptoacetic acid ethyl ester is
      warmed to 50.degree. in 10 ml. of 15% strength hydrochloric acid under
      agitation for 90 minutes. Then, the reaction mixture is cooled, worked up
      as usual, and the compound thus obtained is
      4,5-diphenyl-2-oxazolyl-mercaptoacetic acid, m.p. 137.degree.-138.degree..
PAR  Analogously, the remaining esters of Formula I (R.sub.1 = esterified
      carboxyl group) can be saponified to the corresponding acids (R.sub.1 =
      COOH).
PAC  EXAMPLE 2
PAR  a. 2.65 g. of NaH is suspended in 200 ml. of DMF. Under agitation, 26.9 g.
      of 2-mercapto-4,5-diphenyl-thiazole (m.p. 219.degree.; obtainable from
      1,2-diphenyl-2-chloroethanone and ammonium dithiocarbamate in ethanol) is
      introduced batchwise under agitation into the suspension; then, the
      mixture is stirred for 1.5 hours at room temperature, 18.4 g. of the ethyl
      ester of bromoacetic acid in 50 ml. of DMF is added dropwise to the
      reaction solution, the latter is agitated for 8 hours at 80.degree.,
      poured onto ice water, worked up as usual, and the ethyl ester of
      4,5-diphenyl-2-thiazolyl-mercaptoacetic acid is thus produced in the form
      of an oil.
PAR  Analogously, the following compounds are produced by reaction with the
      corresponding halo-fatty acid derivatives:
PA0  the ethyl ester of 2-(4,5-diphenyl-2-thiazolyl-mercapto)-2-methylpropionic
      acid,
PA0  the ethyl ester of 4-(4,5-diphenyl-2-thiazolyl-mercapto)-butyric acid,
PA0  the ethyl ester of 7-(4,5-diphenyl-2-thiazolyl-mercapto)-heptanoic acid.
PAR  Analogously, by utilizing the following starting compounds:
PA0  2-mercapto-4-phenyl-5-p-tolyl-thiazole
PA0  2-mercapto-4-p-tolyl-5-phenyl-thiazole (m.p. 203.degree.-205.degree.)
PA0  2-mercapto-4,5-bis-p-tolyl-thiazole
PA0  2-mercapto-4,5-bis-p-isopropylphenyl-thiazole
PA0  2-mercapto-4-phenyl-5-p-fluorophenyl-thiazole
PA0  2-mercapto-4-p-fluorophenyl-5-phenyl-thiazole
PA0  2-mercapto-4,5-bis-p-fluorophenyl-thiazole
PA0  2-mercapto-4-p-tolyl-5-p-fluorophenyl-thiazole
PA0  2-mercapto-4-p-fluorophenyl-5-p-tolyl-thiazole
PA0  2-mercapto-4-phenyl-5-p-chlorophenyl-thiazole
PA0  2-mercapto-4-p-chlorophenyl-5-phenyl-thiazole
PA0  2-mercapto-4,5-bis-p-chlorophenyl-thiazole (m.p. 245.degree.-250.degree.)
PA0  2-mercapto-4-p-tolyl-5-p-chlorophenyl-thiazole
PA0  2-mercapto-4-p-chlorophenyl-5-p-tolyl-thiazole
PA0  2-mercapto-4-p-fluorophenyl-5-p-chlorophenyl-thiazole
PA0  2-mercapto-4-p-chlorophenyl-5-p-fluorophenyl-thiazole
PA0  2-mercapto-4-phenyl-5-p-bromophenyl-thiazole
PA0  2-mercapto-4-p-bromophenyl-5-phenyl-thiazole
PA0  2-mercapto-4,5-bis-p-bromophenyl-thiazole
PA0  2-mercapto-4-p-tolyl-5-p-bromophenyl-thiazole
PA0  2-mercapto-4-p-bromophenyl-5-p-tolyl-thiazole
PA0  2-mercapto-4-p-chlorophenyl-5-p-bromophenyl-thiazole
PA0  2-mercapto-4-p-bromophenyl-5-p-chlorophenyl-thiazole
PA0  2-mercapto-4-phenyl-5-p-trifluoromethylphenyl-thiazole
PA0  2-mercapto-4-p-trifluoromethylphenyl-5-phenyl-thiazole
PA0  2-mercapto-4,5-bis-p-trifluoromethylphenyl-thiazole
PA0  2-mercapto-4-p-trifluoromethylphenyl-5-p-chlorophenyl-thiazole
PA0  2-mercapto-4-p-chlorophenyl-5-p-trifluoromethylphenyl-thiazole
PA0  2-mercapto-4-phenyl-5-p-hydroxyphenyl-thiazole
PA0  2-mercapto-4-p-hydroxyphenyl-5-phenyl-thiazole
PA0  2-mercapto-4,5-bis-p-hydroxyphenyl-thiazole
PA0  2-mercapto-4-p-chlorophenyl-5-p-hydroxyphenyl-thiazole
PA0  2-mercapto-4-p-hydroxyphenyl-5-p-chlorophenyl-thiazole
PA0  2-mercapto-4-phenyl-5-p-methoxyphenyl-thiazole
PA0  2-mercapto-4-p-methoxyphenyl-5-phenyl-thiazole
PA0  2-mercapto-4,5-bis-p-methoxyphenyl-thiazole
PA0  2-mercapto-4-p-chlorophenyl-5-p-methoxyphenyl-thiazole
PA0  2-mercapto-4-p-methoxyphenyl-5-p-chlorophenyl-thiazole
PA0  2-mercapto-4-phenyl-5-(3,4-dimethoxyphenyl)-thiazole
PA0  2-mercapto-4-(3,4-dimethoxyphenyl)-5-phenyl-thiazole
PA0  2-mercapto-4,5-bis-(3,4-dimethoxyphenyl)-thiazole
PA0  2-mercapto-4-p-chlorophenyl-5-(3,4-dimethoxyphenyl)-thiazole
PA0  2-mercapto-4-(3,4-dimethoxyphenyl)-5-p-chlorophenyl-thiazole
PA0  2-mercapto-4-phenyl-5-(3,4-methylenedioxyphenyl)-thiazole
PA0  2-mercapto-4-(3,4-methylenedioxyphenyl)-5-phenyl-thiazole
PA0  2-mercapto-4,5-bis-(3,4-methylenedioxyphenyl)-thiazole
PA0  2-mercapto-4-p-chlorophenyl-5-(3,4-methylenedioxyphenyl)-thiazole
PA0  2-mercapto-4-(3,4-methylenedioxyphenyl)-5-p-chlorophenyl-thiazole
PA0  2-mercapto-4-phenyl-5-p-methylmercaptophenyl-thiazole
PA0  2-mercapto-4-p-methylmercaptophenyl-5-phenyl-thiazole
PA0  2-mercapto-4,5-bis-p-methylmercaptophenyl-thiazole
PA0  2-mercapto-4-p-chlorophenyl-5-p-methylmercaptophenyl-thiazole
PA0  2-mercapto-4-p-methylmercaptophenyl-5-p-chlorophenyl-thiazole
PA0  2-mercapto-4-phenyl-5-p-dimethylaminophenyl-thiazole
PA0  2-mercapto-4-p-dimethylaminophenyl-5-phenyl-thiazole
PA0  2-mercapto-4,5-bis-p-dimethylaminophenyl-thiazole
PA0  2-mercapto-4-p-chlorophenyl-5-p-dimethylaminophenyl-thiazole
PA0  2-mercapto-4-p-dimethylaminophenyl-5-p-chlorophenyl-thiazole
PA0  2-mercapto-4-phenyl-5-p-nitrophenyl-thiazole
PA0  2-mercapto-4-p-nitrophenyl-5-phenyl-thiazole
PA0  2-mercapto-4,5-bis-p-nitrophenyl-thiazole
PA0  2-mercapto-4-p-chlorophenyl-5-p-nitrophenyl-thiazole
PA0  2-mercapto-4-p-nitrophenyl-5-p-chlorophenyl-thiazole
PA0  2-mercapto-4-phenyl-5-p-aminophenyl-thiazole
PA0  2-mercapto-4-p-aminophenyl-5-phenyl-thiazole
PA0  2-mercapto-4,5-bis-p-aminophenyl-thiazole
PA0  2-mercapto-4-p-chlorophenyl-5-p-aminophenyl-thiazole
PA0  2-mercapto-4-p-aminophenyl-5-p-chlorophenyl-thiazole,
PAL  the following compounds can be produced by reaction with the corresponding
      halo-fatty acid derivatives:
PAL  the ethyl esters of each of the acids set forth below:
PA0  4-phenyl-5-p-tolyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-tolyl-5-phenyl-2-thiazolyl-mercaptoacetic acid (m.p. of this ethyl
      ester: 67.degree.-69.degree.)
PA0  4,5-bis-p-tolyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-p-isopropylphenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-fluorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-fluorophenyl-5-phenyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-p-fluorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-tolyl-5-p-fluorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-fluorophenyl-5-p-tolyl-2-thiazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-phenyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid (m.p. of this ester:
      90.degree.-91.degree.)
PA0  2-(4,5-bis-p-chlorophenyl-2-thiazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-p-chlorophenyl-2-thiazolyl-mercapto)-butyric acid
PA0  4-p-tolyl-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-tolyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-fluorophenyl-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-fluorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-bromophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-bromophenyl-5-phenyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-p-bromophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-tolyl-5-p-bromophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-bromophenyl-5-p-tolyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-bromophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-bromophenyl-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-trifluoromethylphenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-trifluoromethylphenyl-5-phenyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-p-trifluoromethylphenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-trifluoromethylphenyl-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-trifluoromethylphenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-hydroxyphenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-hydroxyphenyl-5-phenyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-p-hydroxyphenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-hydroxyphenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-hydroxyphenyl-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-methoxyphenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-methoxyphenyl-5-phenyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-p-methoxyphenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-methoxyphenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-methoxyphenyl-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-phenyl-5-(3,4-dimethoxyphenyl)-2-thiazolyl-mercaptoacetic acid
PA0  4-(3,4-dimethoxyphenyl)-5-phenyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-(3,4-dimethoxyphenyl)-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-(3,4-dimethoxyphenyl)-2-thiazolyl-mercaptoacetic acid
PA0  4-(3,4-dimethoxyphenyl)-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-phenyl-5-(3,4-methylenedioxyphenyl)-2-thiazolyl-mercaptoacetic acid
PA0  4-(3,4-methylenedioxyphenyl)-5-phenyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-(3,4-methylene dioxyphenyl)-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-(3,4-methylenedioxyphenyl)-2-thiazolylmercaptoacetic
      acid
PA0  4-(3,4methylenedioxyphenyl)-dioxyphenyl)-5-p-chlorophenyl-2-thiazolylmercap
     toacetic acid
PA0  4-phenyl-5-p-methylmercaptophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-methylmercaptophenyl-5-phenyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-p-methylmercaptophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-methylmercaptophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-methylmercaptophenyl-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-dimethylaminophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-dimethylaminophenyl-5-phenyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-p-dimethylaminophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-dimethylaminophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-dimethylaminophenyl-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-nitrophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-nitrophenyl-5-phenyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-p-nitrophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-nitrophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-nitrophenyl-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-aminophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-aminophenyl-5-phenyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-p-aminophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-aminophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-aminophenyl-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid.
PAR  b. 25 g. of the ethyl ester of 4,5-diphenyl-2-thiazolylmercaptoacetic acid
      is dissolved in 250 ml. of ethanol, 12 g. K.sub.2 CO.sub.3 is added
      thereto, the reaction mixture refluxed for 15 hours, evaporated, the
      residue dissolved in water, the aqueous phase washed with ether, and
      adjusted to a pH of 5. After the usual working up operation,
      4,5-diphenyl-2-thiazolyl-mercaptoacetic acid is obtained, m.p.
      133.degree.-134.degree. (ethyl acetate).
PAR  Analogously, the following acids are obtained by saponification of the
      corresponding esters:
PA0  2-(4,5-diphenyl-2-thiazolyl-mercapto)-2-methylpropionic acid (m.p.
      148.degree.- 149.degree.)
PA0  4-(4,5-diphenyl-2-thiazolyl-mercapto)-butyric acid (m.p.
      115.degree.-116.degree.)
PA0  7-(4,5-diphenyl-2-thiazolyl-mercapto)-heptanoic acid (m.p.
      79.degree.-80.degree.)
PA0  4-phenyl-5-p-tolyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-tolyl-5-phenyl-2-thiazolyl-mercaptoacetic acid (m.p.
      208.degree.-210.degree.)
PA0  4,5-bis-p-tolyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-p-isopropylphenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-fluorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-fluorophenyl-5-phenyl-2-thiazolyl-mercaptoacetic acid (m.p.
      142.degree.-144.degree.)
PA0  4,5-bis-p-fluorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-tolyl-5-p-fluorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-fluorophenyl-5-p-tolyl-2-thiazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-phenyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid (m.p.
      144.degree.-146.degree.)
PA0  2-(4,5-bis-p-chlorophenyl-2-thiazolyl-mercapto)-propionic acid (m.p.
      158.degree.-160.degree.)
PA0  2-(4,5-bis-p-chlorophenyl-2-thiazolyl-mercapto)-butyric acid
PA0  4-p-tolyl-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-tolyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-fluorophenyl-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-fluorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-bromophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-bromophenyl-5-phenyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-p-bromophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-tolyl-5-p-bromophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-bromophenyl-5-p-tolyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-bromophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-bromophenyl-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-trifluoromethylphenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-trifluoromethylphenyl-5-phenyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-p-trifluoromethylphenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-trifluoromethylphenyl-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-trifluoromethylphenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-hydroxyphenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-hydroxyphenyl-5-phenyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-p-hydroxyphenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-hydroxyphenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-hydroxyphenyl-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-methoxyphenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-methoxyphenyl-5-phenyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-p-methoxyphenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-methoxyphenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-methoxyphenyl-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-phenyl-5-(3,4-dimethoxyphenyl)-2-thiazolyl-mercaptoacetic acid
PA0  4-(3,4-dimethoxyphenyl)-5-phenyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-(3,4-dimethoxyphenyl)-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-(3,4-dimethoxyphenyl)-2-thiazolyl-mercaptoacetic acid
PA0  4-(3,4-dimethoxyphenyl)-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-phenyl-5-(3,4-methylenedioxyphenyl)-2-thiazolyl-mercaptoacetic acid
PA0  4-(3,4-methylenedioxyphenyl)-5-phenyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-(3,4-methylenedioxyphenyl)-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-(3,4-methylenedioxyphenyl)-2-thiazolylmercaptoacetic
      acid
PA0  4-(3,4-methylenedioxyphenyl)-5-p-chlorophenyl-2-thiazolylmercaptoacetic
      acid
PA0  4-phenyl-5-p-methylmercaptophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-methylmercaptophenyl-5-phenyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-p-methylmercaptophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-methylmercaptophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-methylmercaptophenyl-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-dimethylaminophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-dimethylaminophenyl-5-phenyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-p-dimethylaminophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-dimethylaminophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-dimethylaminophenyl-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-nitrophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-nitrophenyl-5-phenyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-p-nitrophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-nitrophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-nitrophenyl-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-phenyl-5-p-aminophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-aminophenyl-5-phenyl-2-thiazolyl-mercaptoacetic acid
PA0  4,5-bis-p-aminophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-aminophenyl-2-thiazolyl-mercaptoacetic acid
PA0  4-p-aminophenyl-5-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid
PAC  EXAMPLE 3
PAR  a. 16.1 g. of sodium is dissolved in 2.1 l. of ethanol, and then 112.7 g.
      of 2-mercapto-4,5-bis-p-chlorophenyl-oxazole and 33.2 g. of chloroacetic
      acid (or 48.5 g. of bromoacetic acid) are successively introduced into the
      reaction solution. The reaction mixture is refluxed under agitation for 6
      hours. Then, the mixture is cooled, the thus-precipitated sodium salt is
      filtered, dissolved in water, the aqueous phase washed with ether,
      slightly acidified with dilute HCl, and worked up as usual, thus obtaining
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid, m.p.
      151.degree.-153.degree. (ethyl acetate).
PAR  Analogously, the corresponding oxazolyl- and thiazolylmercaptoalkanoic
      acids are respectively obtained, as set forth in the following exemplary
      list, by reacting the corresponding 2-mercapto-oxazoles and/or
      2-mercapto-thiazoles with chloroacetic acid, 2-chloropropionic acid,
      3-chloropropionic acid, 2-chlorobutyric acid, 3-chlorobutyric acid,
      4-chlorobutyric acid, 2-chloro-2-methylpropionic acid, 2chlorovaleric
      acid, 5-chlorovaleric acid, 2-chloroisovaleric acid, 2-chlorocaproic acid,
      6-chlorocaproic acid, 2-chloroheptanoic acid, 7-chloroheptanoic acid,
      2-chlorooctanoic acid, 8-chlorooctanoic acid, 2-chlorononanoic acid,
      9-chlorononanoic acid, 2-chlorodecanoic acid, 10-chlorodecanoic acid,
      2-chloroundecanoic acid, 11-chloroundecanoic acid, and/or with the
      corresponding bromine or iodine compounds:
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  3-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-butyric acid
PA0  3-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-butyric acid
PA0  4-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-butyric acid
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-2-methylpropionic acid
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-valeric acid
PA0  5-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-valeric acid
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-isovaleric acid
PA0  2-(4,5-bis-p-chlorophenyl-b 2-oxazolyl-mercapto)-caproic acid
PA0  6-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-caproic acid
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-heptanoic acid
PA0  7-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-heptanoic acid
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-octanoic acid
PA0  8-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-octanoic acid
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-nonanoic acid
PA0  9-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-nonanoic acid
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-decanoic acid
PA0  10-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-decanoic acid
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-undecanoic acid
PA0  11-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-undecanoic acid.
PAR  b. One gram of 4,5-bis-p-chlorophenyl-2-oxazolylmercaptoacetic acid is
      dissolved in 10 ml. of THF; under agitation, ethereal diazomethane
      solution is added dropwise until the evolution of nitrogen has ceased.
      After 20 minutes, the mixture is evaporated, thus obtaining the methyl
      ester of 4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid, m.p.
      79.degree.-82.degree. (hexane).
PAR  Analogously, the following compounds are produced from the corresponding
      acids with diazomethane:
PAL  the methyl esters of each of the following acids:
PA0  4,5-diphenyl-2-oxazolyl-mercaptoacetic acid
PA0  2-(4,5-diphenyl-2-oxazolyl-mercapto)-butyric acid
PA0  2-(4,5-diphenyl-2-oxazolyl-mercapto)-2-methylpropionic acid
PA0  3-(4,5-diphenyl-2-oxazolyl-mercapto)-propionic acid
PA0  4-(4,5-diphenyl-2-oxazolyl-mercapto)-butyric acid
PA0  7-(4,5-diphenyl-2-oxazolyl-mercapto)-heptanoic acid
PA0  4,5-bis-p-tolyl-2-oxazolyl-mercaptoacetic acid
PA0  2-(4,5-bis-p-chlorophenyl-2oxazolyl-mercapto)-propionic acid
PA0  3-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-butyric acid
PA0  4-p-methoxyphenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-methoxyphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-(3,4-dimethoxyphenyl)-2-oxazolyl-mercaptoacetic acid
PA0  4-p-dimethylaminophenyl-5-o-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-dimethylaminophenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-(3,4-methylenedioxyphenyl)-2-oxazolyl-mercaptoacetic acid
PA0  4,5-diphenyl-2-thiazolyl-mercaptoacetic acid
PA0  2-(4,5-diphenyl-2-thiazolyl-mercapto)-2-methylpropionic acid
PA0  4-(4,5-diphenyl-2-thiazolyl-mercapto)-butyric acid
PA0  7-(4,5-diphenyl-2-thiazolyl-mercapto)-heptanoic acid
PA0  4,5-bis-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid.
PAR  With diazoethane and phenyldiazomethane, respectively, the corresponding
      ethyl or benzyl esters are analogously obtained, for example, the benzyl
      ester of
PA0  4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid.
PAR  c. One gram of 4,5-bis-p-chlorophenyl-2-oxazolylmercaptoacetic acid is
      allowed to stand in 15 ml. of ethanolic hydrochloric acid for 24 hours at
      room temperature. Then, the mixture is evaporated, worked up as usual, and
      the product thus obtained is the ethyl ester of
      4,5-bis-p-chlorophenyl-2-oxazolylmercaptoacetic acid, m.p.
      122.degree.-124.degree..
PAR  Analogously (reaction times up to 3 days), from the corresponding acids by
      reaction with HCl in methanol, ethanol, n-propanol, isopropanol,
      n-butanol, isobutanol, sec.-butanol, n-pentanol, isopentanol, n-hexanol,
      n-heptanol, n-octanol, 2-ethylhexanol, n-nonanol, n-decanol, and
      n-dodecanol, respectively, the corresponding methyl, ethyl, n-propyl,
      isopropyl, n-butyl, isobutyl, sec.-butyl, n-pentyl, isopentyl, n-hexyl,
      n-heptyl, n-octyl, 2-ethylhexyl, n-nonyl, n-decyl, and n-dodecyl esters,
      respectively, are obtained, for example the
TBL  methyl ester, m.p. 79-82.degree.                                          

                         n-hexyl ester                                         

     n-propyl ester      n-heptyl ester                                        

     isopropyl ester     n-octyl ester                                         

     n-butyl ester       2-ethylhexyl ester                                    

     isobutyl ester      n-nonyl ester                                         

     sec.-butyl ester    n-decyl ester or                                      

     n-pentyl ester      n-dodecyl ester, b.p.                                 

     isopentyl ester     265-270.degree./0.05 mm.,                             

PAL  of 4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid, as well as the
TBL  methyl ester       isopentyl ester                                        

     n-propyl ester     n-hexyl ester                                          

     isopropyl ester    n-heptyl ester                                         

     n-butyl ester      n-octyl ester                                          

     isobutyl ester     2-ethylhexyl ester                                     

     sec.-butyl ester   n-nonyl ester                                          

     n-pentyl ester     n-decyl ester or                                       

                        n-dodecyl ester                                        

PAL  of 2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-propionic acid.
PAR  d. 3.8 g. of 4,5-bis-p-chlorophenyl-2-oxazolylmercaptoacetic acid and 0.9
      g. of cyclopentanol are dissolved in 40 ml. of absolute tetrahydrofuran
      and mixed with 2.06 g. of dicyclohexylcarbodiimide. The reaction mixture
      is allowed to stand for 24 hours at room temperature, the
      thus-precipitated dicyclohexylurea is filtered off, the mixture
      evaporated, and in this way the cyclopentyl ester of
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid is produced.
PAR  e. 7 g. of 4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid and 4 g.
      of 2-diethylaminoethyl chloride hydrochloride are refluxed in a solution
      prepared from 1.07 g. of Na and 70 ml. of isopropanol for 8 hours. The
      mixture is then evaporated, worked up as usual, and the
      2-diethylaminoethyl ester of
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid is obtained.
PAR  Analogously, with 2-dimethylaminoethyl chloride, 2-pyrrolidinoethyl
      chloride, 2-piperidinoethyl chloride, 2-morpholinoethyl chloride,
      3-dimethylaminopropyl chloride, 3-diethylaminopropyl chloride,
      3-pyrrolidinopropyl chloride, 3-piperidinopropyl chloride, or
      3-morpholinopropyl chloride, the following esters are produced:
TBL  2-dimethylaminoethyl ester                                                

                       2-pyrrolidinoethyl ester                                

     2-piperidinoethyl ester                                                   

                       2-morpholinoethyl ester                                 

     3-dimethylaminopropyl ester                                               

                       3-diethylaminopropyl ester                              

     3-pyrrolidinopropyl ester                                                 

                       3-piperidinopropyl ester                                

     3-morpholinopropyl ester                                                  

PAL  of 4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid,
PAR  and with the other above-mentioned acids of Formula I (R.sub.1 = COOH), the
      corresponding esters are obtained.
PAR  f. 3 g. of sodium methylate is suspended in 100 ml. of DMF, 9.5 g. of
      2-diethylaminoethyl chloride hydrochloride is added thereto, and the
      reaction mixture is stirred for 20 minutes at room temperature. Then, 16.7
      g. of 4,5-diphenyl-2-oxazolylmercaptoacetic acid sodium salt is added.
      Under agitation, the reaction mixture is heated to 80.degree. for 40
      hours, then diluted with water, dilute hydrochloric acid is added to a pH
      of 2-3, and the reaction solution is washed with ethyl acetate. Then, the
      pH of the aqueous solution is adjusted to 9. The mixture is worked up as
      usual, thus obtaining the 2-diethylaminoethyl ester of
      4,5-diphenyl-2-oxazolyl-mercaptoacetic acid; hydrochloride, m.p.
      160.degree.-162.degree..
PAC  EXAMPLE 4
PAR  Analogously to Example 3, with the following starting compounds:
PA0  2-mercapto-4,5-bis-p-tert.-butylphenyl-oxazole
PA0  2-mercapto-4,5-bis-p-n-propoxyphenyl-oxazole
PA0  2-mercapto-4,5-bis-p-n-butoxyphenyl-oxazole
PA0  2-mercapto-4,5-bis-p-diethylaminophenyl-oxazole
PA0  2-mercapto-4,5-bis-p-ethylmercaptophenyl-oxazole
PA0  2-mercapto-4,5-bis-p-n-propylmercaptophenyl-oxazole
PA0  2-mercapto-4,5-bis-p-n-butylmercaptophenyl-oxazole
PA0  2-mercapto-4,5-bis-(1-naphthyl)-oxazole
PA0  2-mercapto-4,5-bis-(2-naphthyl)-oxazole,
PAL  the compounds set forth below are obtained by reaction with chloroacetic
      acid:
PA0  4,5-bis-p-tert.-butylphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-n-propoxyphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-n-butoxyphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-diethylaminophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-ethylmercaptophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-n-propylmercaptophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-n-butylmercaptophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-(1-naphthyl)-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-(2-naphthyl)-2-oxazolyl-mercaptoacetic acid.
PAC  EXAMPLE 5
PAR  A solution of 34.4 g. of the sodium salt of
      2-mercapto-4,5-bis-p-chlorophenyl-oxazole in 600 ml. of isopropanol is
      mixed with 17.5 g. of the sodium salt of .alpha.-bromopropionic acid and
      refluxed under agitation for 5 hours. The mixture is then concentrated by
      evaporation, dissolved in water, washed with ethyl acetate, the aqueous
      phase acidified, and the mixture worked up as usual, thus obtaining
      2-(4,5-bis-p-chlorophenyl-2-oxazolylmercapto)-propionic acid, m.p.
      138.degree.-140.degree. (ethyl acetate); Na-salt, m.p.
      267.degree.-268.degree..
PAR  In an analogous manner, by reacting the sodium salts of the corresponding
      2-mercapto-4,5-diaryl-oxazoles or -thiazoles, respectively, with the
      sodium salts of the corresponding halofatty acids, the following compounds
      are produced:
PA0  2-(4-phenyl-5-p-tolyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-tolyl-5-phenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-p-tolyl-2-oxazolyl-mercapto)-propionic acid (m.p.
      148.degree.-150.degree.)
PA0  2-(4,5-bis-p-isopropylphenyl-2-oxazolyl-mercapto)-propionic acid (m.p.
      96.degree.-98.degree.)
PA0  2-(4-phenyl-5-o-fluorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-phenyl-5-m-fluorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-phenyl-5-p-fluorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-o-fluorophenyl-5-phenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-m-fluorophenyl-5-phenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-fluorophenyl-5-phenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-o-fluorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-m-fluorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-p-fluorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-tolyl-5-p-fluorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-fluorophenyl-5-p-tolyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-phenyl-5-o-chlorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-phenyl-5-m-chlorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-phenyl-5-p-chlorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-o-chlorophenyl-5-phenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-m-chlorophenyl-5-phenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-chlorophenyl-5-phenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-o-chlorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-m-chlorophenyl-2-oxazolyl-mercapto)-propionic acid (m.p.
      135.degree.-136.degree.)
PA0  2-(4-p-tolyl-5-p-chlorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-chlorophenyl-5-p-tolyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-fluorophenyl-5-p-chlorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-chlorophenyl-5-p-fluorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-phenyl-5-o-bromophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-phenyl-5-m-bromophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-phenyl-5-p-bromophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-o-bromophenyl-5-phenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2(4-m-bromophenyl-5-phenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-bromophenyl-5-phenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-o-bromophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-m-bromophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-p-bromophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-tolyl-5-p-bromophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-bromophenyl-5-p-tolyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-chlorophenyl-5-p-bromophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-bromophenyl-5-p-chlorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-phenyl-5-p-iodophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-iodophenyl-5-phenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-p-iodophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-phenyl-5-p-trifluoromethylphenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-trifluoromethylphenyl-5-phenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-p-trifluoromethylphenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-trifluoromethylphenyl-5-p-chlorophenyl-2-oxazolyl-mercapto)-propioni
     c acid
PA0  2-(4-p-chlorophenyl-5-p-trifluoromethylphenyl-2-oxazolyl-mercapto)-propioni
     c acid
PA0  2-(4-phenyl-5-p-hydroxyphenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-hydroxyphenyl-5-phenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-p-hydroxyphenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-chlorophenyl-5-p-hydroxyphenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-hydroxyphenyl-5-p-chlorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-phenyl-5-o-methoxyphenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-phenyl-5-m-methoxyphenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-phenyl-5-p-methoxyphenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-o-methoxyphenyl-5-phenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-m-methoxyphenyl-5-phenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-methoxyphenyl-5-phenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-o-methoxyphenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-m-methoxyphenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-p-methoxyphenyl-2-oxazolyl-mercapto)-propionic acid (m.p.
      96.degree.-98.degree.)
PA0  2-(4-p-chlorophenyl-5-p-methoxyphenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-methoxyphenyl-5-o-chlorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-methoxyphenyl-5-m-chlorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-methoxyphenyl-5-p-chlorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-[4-phenyl-5-(3,4-dimethoxyphenyl)-2-oxazolyl-mercapto]-propionic acid
PA0  2-[4-(3,4-dimethoxyphenyl)-5-phenyl-2-oxazolyl-mercapto]-propionic acid
PA0  2-[4,5-bis-(3,4-dimethoxyphenyl)-2-oxazolyl-mercapto]-propionic acid
PA0  2-[4-p-chlorophenyl-5-(3,4-dimethoxyphenyl)-2-oxazolyl-mercapto]-propionic
      acid
PA0  2-[4-(3,4-dimethoxyphenyl)-5-p-chlorophenyl-2-oxazolyl-mercapto]-propionic
      acid
PA0  2-[4-phenyl-5-(3,4-methylenedioxyphenyl)-2-oxazolyl-mercapto]-propionic
      acid
PA0  2-[4-(3,4-methylenedioxyphenyl)-5-phenyl-2-oxazolyl-mercapto]-propionic
      acid
PA0  2-[4,5-bis-(3,4-methylenedioxyphenyl)-2-oxazolyl-mercapto]-propionic acid
      (m.p. 112.degree.-114.degree.)
PA0  2-[4-p-chlorophenyl-5-(3,4-methylenedioxyphenyl)-2-oxazolyl-mercapto]-propi
     onic acid
PA0  2-[4-(3,4-methylenedioxyphenyl)-5-o-chlorophenyl-2-oxazolyl-mercapto]-propi
     onic acid
PA0  2-[4-(3,4-methylenedioxyphenyl)-5-m-chlorophenyl-2-oxazolyl-mercapto]-propi
     onic acid
PA0  2-[4-(3,4-methylenedioxyphenyl)-5-p-chlorophenyl-2-oxazolyl-mercapto]-propi
     onic acid
PA0  2-(4-phenyl-5-p-methylmercaptophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-methylmercaptophenyl-5-phenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-p-methylmercaptophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-chlorophenyl-5-p-methylmercaptophenyl-2-oxazolyl-mercapto)-propionic
      acid
PA0  2-(4-p-methylmercaptophenyl-5-p-chlorophenyl-2-oxazolyl-mercapto)-propionic
      acid
PA0  2-(4-phenyl-5-p-dimethylaminophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-dimethylaminophenyl-5-phenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-p-dimethylaminophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-chlorophenyl-5-p-dimethylaminophenyl-2-oxazolyl-mercapto)-propionic
      acid
PA0  2-(4-p-dimethylaminophenyl-5-o-chlorophenyl-2-oxazolyl-mercapto)-propionic
      acid
PA0  2-(4-p-dimethylaminophenyl-5-m-chlorophenyl-2-oxazolyl-mercapto)-propionic
      acid
PA0  2-(4-p-dimethylaminophenyl-5-p-chlorophenyl-2-oxazolyl-mercapto)-propionic
      acid
PA0  2-(4-phenyl-5-p-nitrophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-nitrophenyl-5-phenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-p-nitrophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-chlorophenyl-5-p-nitrophenyl-2-oxazolyl-mercapto)-propoionic acid
PA0  2-(4-p-nitrophenyl-5-p-chlorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-phenyl-5-p-aminophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-aminophenyl-5-phenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-p-aminophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-chlorophenyl-5-p-aminophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4-p-aminophenyl-5-p-chlorophenyl-2-oxazolyl-mercapto)-propionic acid.
PAC  EXAMPLE 6
PAR  3.44 g. of the sodium salt of 2-mercapto-4,5-bis-p-chlorophenyl-oxazole is
      mixed with 1.89 g. of the sodium salt of .alpha.-bromobutyric acid, heated
      for one hour to 250.degree., and worked up as usual, thus obtaining
      2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-butyric acid, m.p.
      130.degree.-132.degree..
PAR  Analogously, by heating the sodium salts of the corresponding
      2-mercapto-4,5-diaryl-oxazoles or -thiazoles, respectively, with the
      sodium salts of the corresponding halo-fatty acids, the corresponding
      2-oxazolyl- and 2-thiazolyl-fatty acids, respectively, are obtained, for
      example:
PA0  2-(4,5-diphenyl-2-oxazolyl-mercapto)-butyric acid
PA0  2-(4-phenyl-5-p-tolyl-2-oxazolyl-mercapto)-butyric acid
PA0  2-(4-p-tolyl-5-phenyl-2-oxazolyl-mercapto)-butyric acid
PA0  2-(4,5-bis-p-tolyl-2-oxazolyl-mercapto)-butyric acid (m.p.
      98.degree.-100.degree.)
PA0  2-(4,5-bis-p-isopropylphenyl-2-oxazolyl-mercapto)-butyric acid (m.p.
      72.degree.-74.degree.)
PA0  2-(4-phenyl-5-p-fluorophenyl-2-oxazolyl-mercapto)-butyric acid
PA0  2-(4-p-fluorophenyl-5-phenyl-2-oxazolyl-mercapto)-butyric acid
PA0  2-(4,5-bis-p-fluorophenyl-2-oxazolyl-mercapto)-butyric acid
PA0  2-(4-phenyl-5-p-chlorophenyl-2-oxazolyl-mercapto)-butyric acid
PA0  2-(4-p-chlorophenyl-5-phenyl-2-oxazolyl-mercapto)-butyric acid
PA0  2-(4-phenyl-5-p-bromophenyl-2-oxazolyl-mercapto)-butyric acid
PA0  2-(4-p-bromophenyl-5-phenyl-2-oxazolyl-mercapto)-butyric acid
PA0  2-(4,5-bis-p-bromophenyl-2-oxazolyl-mercapto)-butyric acid
PA0  2-(4-phenyl-5-p-trifluoromethylphenyl-2-oxazolyl-mercapto)-butyric acid
PA0  2-(4-p-trifluoromethylphenyl-5-phenyl-2-oxazolyl-mercapto)-butyric acid
PA0  2-(4,5-bis-p-trifluoromethylphenyl-2-oxazolyl-mercapto)-butyric acid
PA0  2-(4-phenyl-5-p-methoxyphenyl-2-oxazolyl-mercapto)-butyric acid
PA0  2-(4-p-methoxyphenyl-5-phenyl-2-oxazolyl-mercapto)-butyric acid
PA0  2-(4,5-bis-p-methoxyphenyl-2-oxazolyl-mercapto)-butyric acid
PA0  2-[4-phenyl-5-(3,4-methylenedioxyphenyl)-2-oxazolyl-mercapto]-butyric acid
PA0  2-[4-(3,4-methylenedioxyphenyl)-5-phenyl-2-oxazolyl-mercapto]-butyric acid
PA0  2-[4,5-bis-(3,4-methylenedioxyphenyl)-2-oxazolyl-mercapto]-butyric acid
      (m.p. 111.degree.-114.degree.).
PAC  EXAMPLE 7
PAR  10 g. of ethyl acrylate is added dropwise to a solution of 25.3 g. of
      4,5-diphenyl-2-mercapto-oxazole and 0.5 g. of sodium methylate in 300 ml.
      of THF. Thereafter, the reaction mixture is warmed to 50.degree. for 30
      minutes and then allowed to stand at room temperature for 2 hours. The
      solvent is removed, the mixture is worked up as usual, and the ethyl ester
      of 3-(4,5-diphenyl-2-oxazolyl-mercapto)-propionic acid is obtained, m.p.
      62.degree.-64.degree. (hexane/ethyl acetate).
PAR  Analogously, with the use of acrylonitrile,
      3-(4,5-diphenyl-2-oxazolyl-mercapto)-propionitrile is obtained.
PAC  EXAMPLE 8
PAR  At 80.degree., 6 g. of the ethyl ester of diazoacetic acid is added
      dropwise to a solution of 16.1 g. of
      2-mercapto-4,5-bis-p-chlorophenyl-oxazole in 150 ml. of absolute dioxane.
      After the evolution of nitrogen has ceased, the reaction solution is
      refluxed for 10 minutes. After the solvent has been removed, the mixture
      has been worked up as usual, and the crude product has been purified by
      column chromatography on silica gel, the ethyl ester of
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid is produced, m.p.
      122.degree.-124.degree..
PAC  EXAMPLE 9
PAR  16.4 g. of 2-mercapto-4,5-bis-p-chlorophenyl-thiazole, 8.4 g. of ethyl
      bromoacetate, and 25 g. of silver oxide are refluxed for 15 hours in 300
      ml. of THF. After cooling, the silver oxide is separated, the filtrate is
      concentrated by evaporation, and the residue is purified by column
      chromatography on silica gel, thus obtaining the ethyl ester of
      4,5-bis-p-chloro-phenyl-2-thiazolyl-mercaptoacetic acid, m.p.
      90.degree.-91.degree..
PAC  EXAMPLE 10
PAR  a. 0.6 g. of NaH is suspended in 80 ml. of THF, and 8 g. of
      2-mercapto-4,5-bis-p-chlorophenyl-oxazole is added thereto. The mixture is
      agitated for 1 hour at 25.degree. and then 1.9 g. of chloroacetonitrile is
      added. The mixture is again stirred at 25.degree. for 5 hours, until no
      starting material can be detected any more by chromatography. The reaction
      mixture is mixed with H.sub.2 O and worked up as usual, thus obtaining
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetonitrile, m.p.
      105.degree.-106.degree. (diisopropyl ether).
PAR  In an analogous manner, from the corresponding 2-mercapto-oxazoles or
      -thiazoles, respectively, with bromoacetonitrile, 2-bromobutyronitrile,
      2-bromoisobutyronitrile, 2-bromopropoionitrile, 3-bromopropionitrile,
      4-bromobutyronitrile, 7-bromoheptanoic acid nitrile, or the corresponding
      chlorine compounds, the following products are obtained:
PA0  4,5-diphenyl-2-oxazolyl-mercaptoacetonitrile
PA0  2-(4,5-diphenyl-2-oxazolyl-mercapto)-butyronitrile
PA0  2-(4,5-diphenyl-2-oxazolyl-mercapto)-2-methylpropionitrile
PA0  2-(4,5-diphenyl-2-oxazolyl-mercapto)-propionitrile
PA0  3-(4,5-diphenyl-2-oxazolyl-mercapto)-propionitrile
PA0  4-(4,5-diphenyl-2-oxazolyl-mercapto)butyronitrile
PA0  7-(4,5-diphenyl-2-oxazolyl-mercapto)-heptanoic acid nitrile
PA0  4,5-bis-p-tolyl-2-oxazolyl-mercaptoacetonitrile
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-propionitrile
PA0  3-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-propionitrile
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-butyronitrile
PA0  4-p-methoxyphenyl-5-phenyl-2-oxazolyl-mercaptoacetonitrile
PA0  4,5-bis-p-methoxyphenyl-2-oxazolyl-mercaptoacetonitrile
PA0  4,5-bis-(3,4-dimethoxyphenyl)-2-oxazolyl-mercaptoacetonitrile
PA0  4-p-dimethylaminophenyl-5-o-chlorophenyl-2-oxazolyl-mercaptoacetonitrile
PA0  4-p-dimethylaminophenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetonitrile
PA0  4,5-bis-(3,4-methylenedioxyphenyl)-2-oxazolyl-mercaptoacetonitrile
PA0  4,5-diphenyl-2-thiazolyl-mercaptoacetonitrile
PA0  2-(4,5-diphenyl-2-thiazolyl-mercapto)-2-methylpropionitrile
PA0  4-(4,5-diphenyl-2-thiazolyl-mercapto)-butyronitrile
PA0  7-(4,5-diphenyl-2-thiazolyl-mercapto)-heptanoic acid nitrile
PA0  4,5-bis-p-chlorophenyl-2-thiazolyl-mercaptoacetonitrile.
PAR  b. 14 g. of 4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetonitrile is
      refluxed in 200 ml. of ethanol and 20 ml. of water with 20 g. of KOH for
      40 hours; then, the solvent is distilled off and the residue worked up as
      usual, thus producing 4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic
      acid, m.p. 151.degree.-153.degree..
PAR  Analogously, by alkaline hydrolysis of the remaining nitriles of Formula I
      (R.sub.1 = CN), the corresponding carboxylic acids are obtained.
PAR  c. 14 g. of 4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetonitrile is
      refluxed under a nitrogen atmosphere with 60 ml. of acetic acid and 60 ml.
      of concentrated hydrochloric acid for 2 hours. The mixture is then
      evaporated, dissolved in dilute NaOH, washed with ethyl acetate, worked up
      as usual, and in this manner
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid is obtained, m.p.
      151.degree.-153.degree..
PAR  Analogously, by acid hydrolysis of the remaining nitriles of Formula I
      (R.sub.1 = CN), the corresponding carboxylic acids are produced.
PAR  d. 5.6 g. of thionyl chloride and 15.2 g. of
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid in 100 ml. of
      benzene are allowed to stand for 24 hours at 25.degree.. The excess
      thionyl chloride is removed under reduced pressure;
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetyl chloride is produced as
      the residue.
PAR  Analogously, by treating the remaining acids of Formula I (R.sub.1 = COOH)
      with SOCl.sub.2, the corresponding acid chlorides of Formula I (R.sub.1 =
      COCl) are obtained, for example:
PA0  4,5-diphenyl-2-oxazolyl-mercaptoacetyl chloride
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-propionyl chloride
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-butyryl chloride.
PAR  e. 10 g. of crude 4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetyl chloride
      is heated with 100 ml. of absolute n-propanol for 3 hours to 95.degree.;
      then, the mixture is evaporated, worked up as usual, and the thus-obtained
      product is the n-propyl ester of
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid.
PAR  Analogously, from the acid chlorides corresponding to Formula I (R.sub.1 =
      COCl), with the corresponding alcohols, the corresponding esters of
      Formula I (R.sub.1 = esterified COOH group) are obtained, e.g.:
PA0  the n-propyl ester of 4,5-diphenyl-2-oxazolyl-mercaptoacetic acid
PA0  the n-propyl ester of
      2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  the n-propyl ester of
      2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-butyric acid.
PAR  f. 9 g. of 4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetyl chloride is
      dissolved in 100 ml. of absolute tetrahydrofuran and mixed with 3 g. of
      potassium tert.-butylate. The reaction mixture is agitated at room
      temperature for 30 minutes, suction-filtered, evaporated, worked up as
      usual, and the tert.-butyl ester of
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid is obtained in this
      manner.
PAR  Analogously, from the remaining acid chlorides of Formula I (R.sub.1 =
      COCl), with potassium tert.-butylate, the corresponding tert.-butyl esters
      of Formula I (R.sub.1 = COO-tert.-C.sub.4 H.sub.9) are produced.
PAR  g. 36.1 g. of 4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetonitrile and
      4.6 g. of absolute ethanol are dissolved in 300 ml. of absolute ether and
      saturated with gaseous HCl at 0.degree.. By allowing the reaction mixture
      to stand for 8 days at 0.degree.,
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid iminoethyl ether
      hydrochloride is separated, which is filtered off.
PAR  h. 10 g. of 4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
      iminoethyl ether hydrochloride is refluxed with 250 ml. of water for 1
      hour. After conducting the usual working-up operation, the ethyl ester of
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid is produced (m.p.
      122.degree.-124.degree.).
PAR  i. A solution of 1 g. of 4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetyl
      chloride in 10 ml. of THF is added dropwise under cooling to 15 ml. of
      concentrated aqueous NH.sub.3 solution. The reaction mixture is agitated
      for 2 hours, concentrated by evaporation, worked up as usual, and one
      obtains 4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetamide (m.p.
      167.degree.-168.degree.).
PAC  EXAMPLE 11
PAR  a. Analogously to Example 2,
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetamide (m.p.
      167.degree.-168.degree.) is obtained from
      2-mercapto-4,5-bis-p-chlorophenyl-oxazole and bromoacetamide or
      chloroacetamide.
PAR  In an analogous manner, from the corresponding 2-mercapto-oxazoles or
      -thiazoles, respectively, with the corresponding halo-fatty acid amides,
      e.g. with bromoacetamide, 2-bromopropionamide, 2-bromobutyramide,
      2-bromoisobutyramide, 3-bromopropionamide, 4-bromobutyramide,
      7-bromoheptanoic acid amide, or with the corresponding chlorine compounds,
      the remaining amides of Formula I (R.sub.1 = CONH.sub.2) are obtained, for
      example:
PA0  4,5-diphenyl-2-oxazolyl-mercaptoacetamide
PA0  2-(4,5-diphenyl-2-oxazolyl-mercapto)-propionamide
PA0  2-(4,5-diphenyl-2-oxazolyl-mercapto)-butyramide
PA0  2-(4,5-diphenyl-2-oxazolyl-mercapto)-2-methylpropionamide
PA0  3-(4,5-diphenyl-2-oxazolyl-mercapto)-propionamide
PA0  4-(4,5-diphenyl-2-oxazolyl-mercapto)-butyramide
PA0  7-(4,5-diphenyl-2-oxazolyl-mercapto)-heptanoic acid amide
PA0  4,5-bis-p-tolyl-2-oxazolyl-mercaptoacetamide
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-propionamide
PA0  3-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapato)-propionamide
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-butyramide
PA0  4-p-methoxyphenyl-5-phenyl-2-oxazolyl-mercaptoacetamide
PA0  4,5-bis-p-methoxyphenyl-2-oxazolyl-mercaptoacetamide
PA0  4,5-bis-(3,4-dimethoxyphenyl)-2-oxazolyl-mercaptoacetamide
PA0  4-p-dimethylaminophenyl-5-o-chlorophenyl-2-oxazolyl-mercaptoacetamide
PA0  4-p-dimethylaminophenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetamide
PA0  4,5-bis-(3,4-methylenedioxyphenyl)-2-oxazolyl-mercaptoacetamide
PA0  4,5-diphenyl-2-thiazolyl-mercaptoacetamide
PA0  2-(4,5-diphenyl-2-thiazolyl-mercapto)-2-methylpropionamide
PA0  4-(4,5-diphenyl-2-thiazolyl-mercapto)-butyramide
PA0  7-(4,5-diphenyl-2-thiazolyl-mercapto)-heptanoic acid amide
PA0  4,5-bis-p-chlorophenyl-2-thiazolyl-mercaptoacetamide.
PAR  b. 3.8 g. of 4,5-bis-p-chlorophenyl-2-oxazolylmercaptoacetamide and 5 g. of
      KOH are refluxed in 100 ml. of ethanol for 3 hours under a nitrogen
      atmosphere. The mixture is then concentrated by evaporation and worked up
      as usual, thus obtaining 4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic
      acid, m.p. 151.degree.-153.degree..
PAR  Analogously, by alkaline hydrolysis of the remaining amides of Formula I
      (R.sub.1 = CONH.sub.2), the corresponding carboxylic acids of Formula I
      (R.sub.1 = COOH) are produced.
PAR  c. 3.8 g. of 4,5-bis-p-chlorophenyl-2-oxazolylmercaptoacetamide and 3 g. of
      p-toluenesulfochloride are allowed to stand in 20 ml. of pyridine for 24
      hours at 25.degree.. The mixture is then evaporated and worked up as
      usual, thus producing
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetonitrile, m.p.
      105.degree.-106.degree..
PAC  EXAMPLE 12
PAR  1.2 g. of NaH is added to 12.6 g. of 2-mercapto-4,5-diphenyloxazole in 150
      ml. of absolute THF. The mixture is agitated until the formation of the
      sodium salt is terminated; at 5.degree., 8.4 g. of the ethyl ester of
      chlorocarbonylyoxyacetic acid is added dropwise to the reaction solution,
      and the latter is stirred for 3 hours at 25.degree.. After the
      introduction of gaseous HCl into the reaction mixture, which contains the
      ethyl ester of 4,5-diphenyl-2-oxazolyl-mercaptocarbonyloxyacetic acid, the
      mixture is refluxed until the evolution of CO.sub.2 has ceased. After
      purifying the reaction product by chromatography on silica gel, the ethyl
      ester of 4,5-diphenyl-2-oxazolyl-mercaptoacetic acid is obtained, m.p.
      54.degree.-56.degree. (hexane).
PAC  EXAMPLE 13
PAR  12 g. of thioglycolic acid ethyl ester is added to a suspension of 2.4 g.
      of NaH in 200 ml. of freshly distilled DMF, and the mixture is agitated
      until the evolution of hydrogen has ceased. Thereafter, 25.5 g. of
      2-chloro-4,5-diphenyl-oxazole or 30 g. of 2-bromo-4,5-diphenyl-oxazole is
      added to the mixture. The latter is agitated for 5 hours at 80.degree. and
      worked up as usual, thus obtaining the ethyl ester of
      4,5-diphenyl-2-oxazolyl-mercaptoacetic acid, b.p.
      207.degree.-210.degree./0.1 mm.; m.p. 54.degree.-56.degree. (hexane).
PAR  Analogously, employing the following starting compounds, the corresponding
      oxazolyl- or thiazolyl-mercapto-alkanoic acid ethyl esters are obtained
      with the ethyl ester of thioglycolic acid, the ethyl ester of
      2-mercaptopropionic acid, the ethyl ester of 2-mercaptobutyric acid, the
      ethyl ester of 2-mercaptoisobutyric acid, the ethyl ester of
      3-mercaptopropionic acid, the ethyl ester of 4-mercaptobutyric acid and
      the ethyl ester of 7-mercaptoheptanoic acid:
PA0  2-chloro-4-phenyl-5-p-tolyl-oxazole
PA0  2-chloro-4-p-tolyl-5-phenyl-oxazole
PA0  2-chloro-4,5-bis-(p-tolyl)-oxazole
PA0  2-chloro-4,5-bis-(p-isopropylphenyl)-oxazole
PA0  2-chloro-4-phenyl-5-o-fluorophenyl-oxazole
PA0  2-chloro-4-phenyl-5-m-fluorophenyl-oxazole
PA0  2-chloro-4-phenyl-5-p-fluorophenyl-oxazole
PA0  2-chloro-4-o-fluorophenyl-5-phenyl-oxazole
PA0  2-chloro-4-m-fluorophenyl-5-phenyl-oxazole
PA0  2-chloro-4-p-fluorophenyl-5-phenyl-oxazole
PA0  2-chloro-4,5-bis-(o-fluorophenyl)-oxazole
PA0  2-chloro-4,5-bis-(m-fluorophenyl)-oxazole
PA0  2-chloro-4,5-bis-(p-fluorophenyl)-oxazole
PA0  2-chloro-4-p-tolyl-5-p-fluorophenyl-oxazole
PA0  2-chloro-4-p-fluorophenyl-5-p-tolyl-oxazole
PA0  2-chloro-4-phenyl-5-o-chlorophenyl-oxazole
PA0  2-chloro-4-phenyl-5-m-chlorophenyl-oxazole
PA0  2-chloro-4-phenyl-5-p-chlorophenyl-oxazole
PA0  2-chloro-4-o-chlorophenyl-5-phenyl-oxazole
PA0  2-chloro-4-m-chlorophenyl-5-phenyl-oxazole
PA0  2-chloro-4-p-chlorophenyl-5-phenyl-oxazole
PA0  2-chloro-4,5-bis-(o-chlorophenyl)-oxazole
PA0  2-chloro-4,5-bis-(m-chlorophenyl)-oxazole
PA0  2-chloro-4,5-bis-(p-chlorophenyl)-oxazole
PA0  2-chloro-4-p-tolyl-5-p-chlorophenyl-oxazole
PA0  2-chloro-4-p-chlorophenyl-5-p-tolyl-oxazole
PA0  2-chloro-4-p-fluorophenyl-5-p-chlorophenyl-oxazole
PA0  2-chloro-4-p-chlorophenyl-5-p-fluorophenyl-oxazole
PA0  2-chloro-4-phenyl-5-o-bromophenyl-oxazole
PA0  2-chloro-4-phenyl-5-m-bromophenyl-oxazole
PA0  2-chloro-4-phenyl-5-p-bromophenyl-oxazole
PA0  2-chloro-4-o-bromophenyl-5-phenyl-oxazole
PA0  2-chloro-4-m-bromophenyl-5-phenyl-oxazole
PA0  2-chloro-4-p-bromophenyl-5-phenyl-oxazole
PA0  2-chloro-4,5-bis-(o-bromophenyl)-5-phenyl-oxazole
PA0  2-chloro-4,5-bis-(m-bromophenyl)-5-phenyl-oxazole
PA0  2-chloro-4,5-bis-(p-bromophenyl)-5-phenyl-oxazole
PA0  2-chloro-4-p-tolyl-5-p-bromophenyl-oxazole
PA0  2-chloro-4-p-bromophenyl-5-p-tolyl-oxazole
PA0  2-chloro-4-chlorophenyl-5-p-bromophenyl-oxazole
PA0  2-chloro-4-p-bromophenyl-5-p-chlorophenyl-oxazole
PA0  2-chloro-4-phenyl-5-p-iodophenyl-oxazole
PA0  2-chloro-4-p-iodophenyl-5-phenyl-oxazole
PA0  2-chloro-4,5-bis-(p-iodophenyl)-oxazole
PA0  2-chloro-4-phenyl-5-p-trifluoromethylphenyl-oxazole
PA0  2-chloro-4-p-trifluoromethylphenyl-5-phenyl-oxazole
PA0  2-chloro-4,5-bis-(p-trifluoromethylphenyl)-oxazole
PA0  2-chloro-4-p-trifluoromethylphenyl-5-p-chlorophenyl-oxazole
PA0  2-chloro-4-p-chlorophenyl-5-p-trifluoromethylphenyl-oxazole
PA0  2-chloro-4-phenyl-5-p-hydroxyphenyl-oxazole
PA0  2-chloro-4-p-hydroxyphenyl-5-phenyl-oxazole
PA0  2-chloro-4,5-bis-(p-hydroxyphenyl)-oxazole
PA0  2-chloro-4-p-chlorophenyl-5-p-hydroxyphenyl-oxazole
PA0  2-chloro-4-p-hydroxyphenyl-5-p-chlorophenyl-oxazole
PA0  2-chloro-4-phenyl-5-o-methoxyphenyl-oxazole
PA0  2-chloro-4-phenyl-5-m-methoxyphenyl-oxazole
PA0  2-chloro-4-phenyl-5-p-methoxyphenyl-oxazole
PA0  2-chloro-4-o-methoxyphenyl-5-phenyl-oxazole
PA0  2-chloro-4-m-methoxyphenyl-5-phenyl-oxazole
PA0  2-chloro-4-p-methoxyphenyl-5-phenyl-oxazole
PA0  2-chloro-4,5-bis-(o-methoxyphenyl)-oxazole
PA0  2-chloro-4,5-bis-(m-methoxyphenyl)-oxazole
PA0  2-chloro-4,5-bis-(p-methoxyphenyl)-oxazole
PA0  2-chloro-4-p-chlorophenyl-5-p-methoxyphenyl-oxazole
PA0  2-chloro-4-p-methoxyphenyl-5-o-chlorophenyl-oxazole
PA0  2-chloro-4-p-methoxyphenyl-5-m-chlorophenyl-oxazole
PA0  2-chloro-4-p-methoxyphenyl-5-p-chlorophenyl-oxazole
PA0  2-chloro-4-phenyl-5-(3,4-dimethoxyphenyl)-oxazole
PA0  2-chloro-4-(3,4-dimethoxyphenyl)-5-phenyl-oxazole
PA0  2-chloro-4,5-bis-(3,4-dimethoxyphenyl)-oxazole
PA0  2-chloro-4-p-chlorophenyl-5-(3,4-dimethoxyphenyl)-oxazole
PA0  2-chloro-4-(3,4-dimethoxyphenyl)-5-p-chlorophenyl-oxazole
PA0  2-chloro-4-phenyl-5-(3,4-methylenedioxyphenyl)-oxazole
PA0  2-chloro-4-(3,4-methylenedioxyphenyl)-5-phenyl-oxazole
PA0  2-chloro-4,5-bis-(3,4-methylenedioxyphenyl)-oxazole
PA0  2-chloro-4-p-chlorophenyl-5-(3,4-methylenedioxyphenyl)-oxazole
PA0  2-chloro-4-(3,4-methylenedioxyphenyl)-5-o-chlorophenyl-oxazole
PA0  2-chloro-4-(3,4-methylenedioxyphenyl)-5-m-chlorophenyl-oxazole
PA0  2-chloro-4-(3,4-methylenedioxyphenyl)-5-p-chlorophenyl-oxazole
PA0  2-chloro-4-phenyl-5-p-methylmercaptophenyl-oxazole
PA0  2-chloro-4-p-methylmercaptophenyl-5-phenyl-oxazole
PA0  2-chloro-4,5-bis-p-methylmercaptophenyl-oxazole
PA0  2-chloro-4-p-chlorophenyl-5-p-methylmercaptophenyl-oxazole
PA0  2-chloro-4-p-methylmercaptophenyl-5-p-chlorophenyl-oxazole
PA0  2-chloro-4-phenyl-5-p-dimethylaminophenyl-oxazole
PA0  2-chloro-4-p-dimethylaminophenyl-5-phenyl-oxazole
PA0  2-chloro-4,5-bis-(p-dimethylaminophenyl)-oxazole
PA0  2-chloro-4-p-chlorophenyl-5-p-dimethylaminophenyl-oxazole
PA0  2-chloro-4-p-dimethylaminophenyl-5-o-chlorophenyl-oxazole
PA0  2-chloro-4-p-dimethylaminophenyl-5-m-chlorophenyl-oxazole
PA0  2-chloro-4-p-dimethylaminophenyl-5-p-chlorophenyl-oxazole
PA0  2-chloro-4-phenyl-5-p-nitrophenyl-oxazole
PA0  2-chloro-4-p-nitrophenyl-5-phenyl-oxazole
PA0  2-chloro-4,5-bis-p-nitrophenyl-oxazole
PA0  2-chloro-4-p-chlorophenyl-5-p-nitrophenyl-oxazole
PA0  2-chloro-4-p-nitrophenyl-5-p-chlorophenyl-oxazole
PA0  2-chloro-4-phenyl-5-p-aminophenyl-oxazole
PA0  2-chloro-4-p-aminophenyl-5-oxazole
PA0  2-chloro-4,5-bis-p-aminophenyl-oxazole
PA0  2-chloro-4-p-chlorophenyl-5-p-aminophenyl-oxazole
PA0  2-chloro-4-p-aminophenyl-5-p-chlorophenyl-oxazole
PA0  2-chloro-4,5-diphenyl-thiazole
PA0  2-chloro-4-phenyl-5-p-tolyl-thiazole
PA0  2-chloro-4-p-tolyl-5-phenyl-thiazole
PA0  2-chloro-4,5-bis-p-tolyl-thiazole
PA0  2-chloro-4,5-bis-p-isopropylphenyl-thiazole
PA0  2-chloro-4-phenyl-5-o-fluorophenyl-thiazole
PA0  2-chloro-4-phenyl-5-m-fluorophenyl-thiazole
PA0  2-chloro-4-phenyl-5-p-fluorophenyl-thiazole
PA0  2-chloro-4-o-fluorophenyl-5-phenyl-thiazole
PA0  2-chloro-4-m-fluorophenyl-5-phenyl-thiazole
PA0  2-chloro-4-p-fluorophenyl-5-thiazole
PA0  2-chloro-4,5-bis-o-fluorophenyl-thiazole
PA0  2-chloro-4,5-bis-m-fluorophenyl-thiazole
PA0  2-chloro-4,5-bis-p-fluorophenyl-thiazole
PA0  2 -chloro-4-p-tolyl-5-p-fluorophenyl-thiazole
PA0  2-chloro-4-p-fluorophenyl-5-p-tolyl-thiazole
PA0  2-chloro-4-phenyl-5-o-chlorophenyl-thiazole
PA0  2-chloro-4-phenyl-5-m-chlorophenyl-thiazole
PA0  2-chloro-4-phenyl-5-p-chlorophenyl-thiazole
PA0  2-chloro-4-o-chlorophenyl-5-phenyl-thiazole
PA0  2-chloro-4-m-chlorophenyl-5-phenyl-thiazole
PA0  2-chloro-4-p-chlorophenyl-5-phenyl-thiazole
PA0  2-chloro-4,5-bis-o-chlorophenyl-thiazole
PA0  2-chloro-4,5-bis-m-chlorophenyl-thiazole
PA0  2-chloro-4,5-bis-p-chlorophenyl-thiazole
PA0  2-chloro-4-p-tolyl-5-p-chlorophenyl-thiazole
PA0  2-chloro-4-p-chlorophenyl-5-p-tolyl-thiazole
PA0  2-chloro-4-p-fluorophenyl-5-p-chlorophenyl-thiazole
PA0  2-chloro-4-p-chlorophenyl-5-p-fluorophenyl-thiazole
PA0  2-chloro-4-phenyl-5-o-bromophenyl-thiazole
PA0  2-chloro-4-phenyl-5-m-bromophenyl-thiazole
PA0  2-chloro-4-phenyl-5-p-bromophenyl-thiazole
PA0  2-chloro-4-o-bromophenyl-5-phenyl-thiazole
PA0  2-chloro-4-m-bromophenyl-5-phenyl-thiazole
PA0  2-chloro-4-p-bromophenyl-5-phenyl-thiazole
PA0  2-chloro-4,5-bis-o-bromophenyl-5-phenyl-thiazole
PA0  2-chloro-4,5-bis-m-bromophenyl-5-phenyl-thiazole
PA0  2-chloro-4,5-bis-p-bromophenyl-5-phenyl-thiazole
PA0  2-chloro-4-p-tolyl-5-p-bromophenyl-thiazole
PA0  2-chloro-4-p-bromophenyl-5-p-tolyl-thiazole
PA0  2-chloro-4-p-chlorophenyl-5-p-bromophenyl-thiazole
PA0  2-chloro-4-p-bromophenyl-5-p-chlorophenyl-thiazole
PA0  2-chloro-4-phenyl-5-p-iodophenyl-thiazole
PA0  2-chloro-4-p-iodophenyl-5-phenyl-thiazole
PA0  2-chloro-4,5-bis-p-iodophenyl-thiazole
PA0  2-chloro-4-phenyl-5-o-trifluoromethylphenyl-thiazole
PA0  2-chloro-4-phenyl-5-p-trifluoromethylphenyl-thiazole
PA0  2-chloro-4-p-trifluoromethylphenyl-5-phenyl-thiazole
PA0  2-chloro-4,5-bis-p-trifluoromethylphenyl-thiazole
PA0  2-chloro-4-p-trifluoromethylphenyl-5-p-chlorophenyl-thiazole
PA0  2-chloro-4-p-chlorophenyl-5-p-trifluoromethylphenyl-thiazole
PA0  2-chloro-4-phenyl-5-p-hydroxyphenyl-thiazole
PA0  2-chloro-4-p-hydroxyphenyl-5-phenyl-thiazole
PA0  2-chloro-4,5-bis-p-hydroxyphenyl-thiazole
PA0  2-chloro-4-p-chlorophenyl-5-p-hydroxyphenyl-thiazole
PA0  2-chloro-4-p-hydroxyphenyl-5-p-chlorophenyl-thiazole
PA0  2-chloro-4-phenyl-5-o-methoxyphenyl-thiazole
PA0  2-chloro-4-phenyl-5-m-methoxyphenyl-thiazole
PA0  2-chloro-4-phenyl-5-p-methoxyphenyl-thiazole
PA0  2-chloro-4-o-methoxyphenyl-5-phenyl-thiazole
PA0  2-chloro-4-m-methoxyphenyl-5-phenyl-thiazole
PA0  2-chloro-4-p-methoxyphenyl-5-phenyl-thiazole
PA0  2-chloro-4,5-bis-o-methoxyphenyl-thiazole
PA0  2-chloro-4,5-bis-m-methoxyphenyl-thiazole
PA0  2-chloro-4,5-bis-p-methoxyphenyl-thiazole
PA0  2-chloro-4-p-chlorophenyl-5-p-methoxyphenyl-thiazole
PA0  2-chloro-4-p-methoxyphenyl-5-o-chlorophenyl-thiazole
PA0  2-chloro-4-p-methoxyphenyl-5-m-chlorophenyl-thiazole
PA0  2-chloro-4-p-methoxyphenyl-5-p-chlorophenyl-thiazole
PA0  2-chloro-4-phenyl-5-(3,4-dimethoxyphenyl)-thiazole
PA0  2-chloro-4-(3,4-dimethoxyphenyl)-5-phenyl-thiazole
PA0  2-chloro-4,5-bis-(3,4-dimethoxyphenyl)-thiazole
PA0  2-chloro-4-p-chlorophenyl-5-(3,4-dimethoxyphenyl)-thiazole
PA0  2-chloro-4-(3,4-dimethoxyphenyl)-5-p-chlorophenyl-thiazole
PA0  2-chloro-4phenyl-5-(3,4-methylenedioxyphenyl)-thiazole
PA0  2-chloro-4-(3,4-methylenedioxyphenyl)-5-phenyl-thiazole
PA0  2-chloro-4,5-bis-(3,4-methylenedioxyphenyl)-thiazole
PA0  2-chloro-4-p-chlorophenyl-5-(3,4-methylenedioxyphenyl)-thiazole
PA0  2-chloro-4-(3,4-methylenedioxyphenyl)-5-o-chlorophenyl-thiazole
PA0  2-chloro-4-(3,4-methylenedioxyphenyl)-5-m-chlorophenyl-thiazole
PA0  2-chloro-4-(3,4-methylenedioxyphenyl)-5-p-chlorophenyl-thiazole
PA0  2-chloro-4-phenyl-5-p-methylmercaptophenyl-thiazole
PA0  2-chloro-4-p-methylmercaptophenyl-5-phenyl-thiazole
PA0  2-chloro-4,5-bis-p-methylmercaptophenyl-thiazole
PA0  2-chloro-4-p-chlorophenyl-5-p-methylmercaptophenyl-thiazole
PA0  2-chloro-4-p-methylmercaptophenyl-5-p-chlorophenyl-thiazole
PA0  2-chloro-4-phenyl-5-p-dimethylminophenyl-thiazole
PA0  2-chloro-4-p-dimethylaminophenyl-5-phenyl-thiazole
PA0  2-chloro-4,5-bis-p-dimethylaminophenyl-thiazole
PA0  2-chloro-4-p-chlorophenyl-5-p-dimethylaminophenyl-thiazole
PA0  2-chloro-4-p-dimethylaminophenyl-5-o-chlorophenyl-thiazole
PA0  2-chloro-4-p-dimethylaminophenyl-5-m-chlorophenyl-thiazole
PA0  2-chloro-4-p-dimethylaminophenyl-5-p-chlorophenyl-thiazole
PA0  2-chloro-4-phenyl-5-p-nitrophenyl-thiazole
PA0  2-chloro-4-p-nitrophenyl-5-phenyl-thiazole
PA0  2-chloro-4,5-bis-p-nitrophenyl-thiazole
PA0  2-chloro-4-p-chlorophenyl-5-p-nitrophenyl-thiazole
PA0  2-chloro-4-p-nitrophenyl-5-p-chlorophenyl-thiazole
PA0  2-chloro-4-phenyl-5-p-aminophenyl-thiazole
PA0  2-chloro-4-p-aminophenyl-5-phenyl-thiazole
PA0  2-chloro-4,5-bis-p-aminophenyl-thiazole
PA0  2-chloro-4-p-chlorophenyl-5-p-aminophenyl-thiazole
PA0  2-chloro-4-p-aminophenyl-5-p-chlorophenyl-thiazole,
PAL  or by using the corresponding bromine compounds as the starting materials,
      for example:
PA0  2-bromo-4,5-bis-p-chlorophenyl-oxazole
PA0  2-bromo-4,5-bis-p-chlorophenyl-thiazole.
PAC  EXAMPLE 14
PAR  3.24 g. of 2-chloro-4,5-bis-p-chlorophenyl-oxazole (or 3.69 g. of
      2-bromo-4,5-bis-p-chlorophenyl-oxazole) and 1.36 g. of the disodium salt
      of thioglycolic acid are refluxed in 20 ml. of n-butanol for 4 hours. The
      reaction mixture is evaporated, mixed with water and ether, separated, the
      aqueous phase acidified, and worked up as usual, thus obtaining
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid, m.p.
      151.degree.-153.degree..
PAR  Analogously, the corresponding carboxylic acids of Formula I (R.sub.1 =
      COOH) are obtained from the remaining 2-chloro- and 2-bromo-oxazoles or
      -thiazoles, respectively, of Formula II (X.sub.1 = Cl or Br) with the
      sodium salts of the corresponding sodium mercapto-fatty acids, e.g. the
      disodium salts of:
PA0  thioglycolic acid (mercaptoacetic acid)
PA0  2-mercaptopropionic acid
PA0  3-mercaptopropionic acid
PA0  2-mercaptobutyric acid
PA0  3-mercapto butyric acid
PA0  4-mercaptobutyric acid
PA0  2-mercaptoisobutyric acid
PA0  2-mercaptovaleric acid
PA0  5-mercaptovaleric acid
PA0  2-mercaptoisovaleric acid
PA0  2-mercaptocaproic acid
PA0  6-mercaptocaproic acid
PA0  2-mercaptoheptanoic acid
PA0  7-mercaptoheptanoic acid
PA0  2-mercaptooctanoic acid
PA0  8-mercaptooctanoic acid
PA0  2-mercaptononanoic acid
PA0  9-mercaptononanoic acid
PA0  2-mercaptodecanoic acid
PA0  10-mercaptodecanoic acid
PA0  2-mercaptoundecanoic acid
PA0  11-mercaptoundecanoic acid.
PAC  EXAMPLE 15
PAR  1.2 g. of NaH is added to a solution of 6 g. of the ethyl ester of
      thioglycolic acid in 100 ml. of absolute THF. The reaction mixture is
      stirred for 30 minutes at room temperature; then, 19.2 g. of
      2-bromo-4,5-bis-p-chlorophenyl-thiazole (obtainable by reacting
      2-hydroxy-4,5-bis-p-chlorophenyl-thiazole with POBr.sub.3), dissolved in
      40 ml. of THF, is added dropwise. The reaction mixture is refluxed under
      agitation for 12 hours. After cooling, the thus-precipitated NaBr is
      separated and the filtrate is concentrated by evaporation. After the usual
      working-up procedure, the ethyl ester of
      4,5-bis-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid is produced (m.p.
      90.degree.-91.degree.).
PAC  EXAMPLE 16
PAR  8.15 g. of the cyclohexyl ester of thioglycolic acid is dissolved in 80 ml.
      of absolute THF, and 2.6 g. of sodium methylate is added thereto. The
      reaction mixture is agitated for 15 minutes. Then, 12 g. of
      2-chloro-4,5-diphenyl-oxazole (b.p. 170.degree./0.05 mm.; producible by
      reacting 4,5-diphenyl-2-oxazolone with POCl.sub.3) in 20 ml. of THF is
      added dropwise. The reaction mixture is refluxed under agitation for 9
      hours. The thus-precipitated NaCl is filtered off and the filtrate
      concentrated by evaporation, thus obtaining the cyclohexyl ester of
      4,5-diphenyl-2-oxazolyl-mercaptoacetic acid as an oily residue. The latter
      16 g.) is refluxed in 150 ml. of ethanol with 8 g. of pulverized K.sub.2
      CO.sub.3 for 2 hours. After conducting the usual working-up operation,
      4,5-diphenyl-2-oxazolyl-mercaptoacetic acid is obtained, m.p.
      137.degree.-138.degree..
PAC  EXAMPLE 17
PAR  15 g. of 4,5-diphenyl-2-oxazolyl-mercaptoacetaldehyde (obtainable by the
      reaction of 2-mercapto-4,5-diphenyl-oxazole with
      bromoacetaldehyde-diethylacetal and subsequent acid hydrolysis) is added
      under agitation to a solution of 25 g. of silver nitrate in 200 ml. of
      water and 140 ml. of ethanol. Under agitation, 360 ml of 0.5N NaOH is
      added dropwise within 2 hours to the reaction mixture; then, the mixture
      is stirred for 6 hours at room temperature under a nitrogen atmosphere,
      filtered off, the filtrate is worked up as usual, and
      4,5-diphenyl-2-oxazolyl-mercaptoacetic acid is thus obtained, m.p.
      137.degree.-138.degree..
PAR  Analogously, the corresponding carboxylic acids are obtained from the
      remaining aldehydes of Formula II (X.sub.1 = S--A--CHO), for example from
      those set out hereinbelow, by oxidation with silver oxide:
PA0  2-(4,5-diphenyl-2-oxazolyl-mercapto)-butanal
PA0  2-(4,5-diphenyl-2-oxazolyl-mercapto)-2-methylpropanal
PA0  3-(4,5-diphenyl-2-oxazolyl-mercapto)-propanal
PA0  4-(4,5-diphenyl-2-oxazolyl-mercapto)-butanal
PA0  7-(4,5-diphenyl-2-oxazolyl-mercapto)-heptanal
PA0  4,5-bis-p-tolyl-2-oxazolyl-mercaptoacetaldehyde
PA0  4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetaldehyde
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-propanal
PA0  3-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-propanal
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-butanal
PA0  4-p-methoxyphenyl-5-phenyl-2-oxazolyl-mercaptoacetaldehyde
PA0  4,5-bis-p-methoxyphenyl-2-oxazolyl-mercaptoacetaldehyde
PA0  4,5-bis-(3,4-dimethoxyphenyl)-2-oxazolyl-mercapacetaldehyde
PA0  4-p-dimethylaminophenyl-5-o-chlorophenyl-2-oxazolyl-mercaptoacetaldehyde
PA0  4-p-dimethylaminophenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetaldehyde
PA0  4,5-bis-(3,4-methylenedioxyphenyl)-2-oxazolyl-mercaptoacetaldehyde
PA0  4,5-diphenyl-2-thiazolyl-mercaptoacetaldehyde
PA0  2-(4,5-diphenyl-2-thiazolyl-mercapto)-2-methylpropanal
PA0  4-(4,5-diphenyl-2-thiazolyl-mercapto)-butanal
PA0  7-(4,5-diphenyl-2-thiazolyl-mercapto)-heptanal
PA0  4,5-bis-p-chlorophenyl-2-thiazolyl-mercaptoacetaldehyde.
PAC  EXAMPLE 18
PAR  8.7 g. of 2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-ethanol
      (obtainable by reacting 2-mercapto-4,5-bis-p-chlorophenyloxazole with
      2-bromoethanol) is dissolved in 40 ml. of 10% H.sub.2 SO.sub.4. To this
      mixture is added 2.5 g. of Na.sub.2 Cr.sub.2 O.sub.7 . 2H.sub.2 O, and the
      mixture is agitated for two hours at 60.degree., cooled, worked up as
      usual, and, after purification by chromatography on silica gel,
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid is obtained, m.p.
      151.degree.-153.degree..
PAR  Analogously, the corresponding carboxylic acids are produced by oxidation
      from the other alcohols of Formula II (X.sub.1 = --S--A--CH.sub.2 OH), for
      example, from:
PA0  2-(4,5-diphenyl-2-oxazolyl-mercapto)-ethanol
PA0  2-(4,5-diphenyl-2-oxazolyl-mercapto)-butanol
PA0  2-(4,5-diphenyl-2-oxazolyl-mercapto)-2-methylpropanol
PA0  3-(4,5-diphenyl-2-oxazolyl-mercapto)-propanol
PA0  4-(4,5-diphenyl-2-oxazolyl-mercapto)-butanol
PA0  7-(4,5-diphenyl-2-oxazolyl-mercapto)-heptanol
PA0  2-(4,5-bis-p-tolyl-2-oxazolyl-mercapto)-ethanol
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-propanol
PA0  3-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-propanol
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-butanol
PA0  2-(4-p-methoxyphenyl-5-phenyl-2-oxazolyl-mercapto)-ethanol
PA0  2-(4,5-bis-p-methoxyphenyl-2-oxazolyl-mercapto)-ethanol
PA0  2-[4,5-bis-(3,4-dimethoxyphenyl)-2-oxazolyl-mercapto]-ethanol
PA0  2-(4-p-dimethylaminophenyl-5-o-chlorophenyl-2-oxazolyl-mercapto)-ethanol
PA0  2-(4-p-dimethylaminophenyl-5-p-chlorophenyl-2-oxazolyl-mercapto)-ethanol
PA0  2-[4,5-bis-(3,4-methylenedioxyphenyl)-2-oxazolyl-mercapto]-ethanol
PA0  2-(4,5-diphenyl-2-thiazolyl-mercapto)-ethanol
PA0  2-(4,5-diphenyl-2-thiazolyl-mercapto)-2-methylpropanol
PA0  4-(4,5-diphenyl-2-thiazolyl-mercapto)-butanol
PA0  7-(4,5-diphenyl-2-thiazolyl-mercapto)-heptanol
PA0  2-(4,5-bis-p-chlorophenyl-2-thiazolyl-mercapto)-ethanol.
PAC  EXAMPLE 19
PAR  a. A solutio of crude 4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptomalonic
      acid (obtainable by reacting 2-mercapto-4,5-bis-p-chlorophenyl-oxazole
      with the diethyl ester of bromomalonic acid and saponifying 20 g. of the
      thus-obtained diethyl ester of
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptomalonic acid with ethanolic KOH
      under N.sub.2) in 200 ml. of acetic acid and 200 ml. of 15% HCl is
      refluxed under nitrogen until the evolution of CO.sub.2 has ceased. After
      cooling the mixture and working it up in the usual manner,
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid is produced, m.p.
      151.degree.-153.degree..
PAR  b. 7.5 g. of 4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid and 15
      g. of vinyl acetate are shaken with 0.15 g. of mercury acetate for 40
      minutes. Then, the mixture is heated to the boiling point, one drop of
      H.sub.2 SO.sub.4 is added thereto, the mixture refluxed for 3 hours, 200
      mg. of sodium acetate is added, the mixture concentrated by evaporation,
      and worked up as usual, thus obtaining the vinyl ester of
      4,5-bis-p-chlorophenyl-2-oxazolylmercaptoacetic acid.
PAR  c. To a solution of 7.5 g. of
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid in 120 ml. of
      absolute THF, 1.5 g. of NaH is added, and the mixture is then stirred at
      25.degree. for 30 minutes, cooled, and, at 5.degree., a solution of 3.6 g.
      of allyl bromide in 25 ml. of absolute THF is added dropwise thereto. The
      mixture is then again stirred at 25.degree. for 24 hours. After the
      reaction mixture has been evaporated and worked up as usual, the allyl
      ester of 4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid is
      obtained.
PAC  EXAMPLE 20
PAR  19.5 g. of the monoethyl ester of
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptomalonic acid (obtainable by
      partial saponification of the diethyl ester with 1 mol of KOH in ethanol
      and acidification) is heated gradually to 100.degree.-130.degree. at 18
      torr (mm. Hg.) until the evolution of CO.sub.2 has ceased. In this manner,
      the ethyl ester of 4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
      is obtained, m.p. 122.degree.-124.degree..
PAC  EXAMPLE 21
PAR  a. 17.5 g. of the ethyl ester of
      2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-butan-3-one acid
      (obtainable by reacting 2-mercapto-4,5-bis-p-chlorophenyl-oxazole with the
      ethyl ester of 2-bromoacetoacetic acid) is agitated under N.sub.2 with 250
      ml. of 50% KOH for 45 minutes at 90.degree.. Then, the reaction mixture is
      cooled, water and HCl are added to a pH of 10, the mixture is washed with
      ether, and worked up as usual, thus obtaining
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid, m.p.
      151.degree.-153.degree..
PAR  b. 3 g. of 4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid is
      dissolved in 50 ml. of ethanol and mixed with the stoichiometric amount of
      ethanolic NaOH. After the addition of 50 ml. of diethyl ether and
      filtration, the sodium salt of
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid is obtained, m.p.
      about 295.degree..
PAC  EXAMPLE 22
PAR  23 g. of 1,2-diphenyl-2-chloroethanone is heated together with 18 g. of the
      ethyl ester of carbamoylmercaptoacetic acid in 150 ml. of absolute DMF for
      3 hours to 70.degree.. Then, the DMF is removed, and the residue,
      containing the ethyl ester of
      N-(1,2-diphenyl-2-oxoethyl)-carbamoylmercaptoacetic acid, is refluxed for
      5 hours with a mixture of 100 g. of POCl.sub.3 and 200 ml. of benzene. The
      mixture is then evaporated under reduced pressure and the residue is
      purified by chromatography on silica gel, thus obtaining the ethyl ester
      of 4,5-diphenyl-2-oxazolylmercaptoacetic acid, m.p. 54.degree.-56.degree..
PAR  Analogously, the corresponding oxazole derivatives of Formula I (Z = O,
      R.sub.1 = esterified COOH group) are produced from the corresponding
      1,2-diaryl-2-chloroethanones, examples of which are set forth below, by
      reaction with carbamoylmercaptoacetic acid esters (e.g. the methyl or
      ethyl ester of carbamoylmercaptoacetic acid) and subsequent cyclization
      with POCl.sub.3 :
PA0  1,2-diphenyl-2-chloroethanone
PA0  1-phenyl-2-p-tolyl-2-chloroethanone
PA0  1-p-tolyl-2-phenyl-2-chloroethanone
PA0  1,2-bis-p-tolyl-2-chloroethanone
PA0  1,2-bis-p-isopropylphenyl-2-chloroethanone
PA0  1-phenyl-2-o-fluorophenyl-2-chloroethanone
PA0  1-phenyl-2-m-fluorophenyl-2-chloroethanone
PA0  1-phenyl-2-p-fluorophenyl-2-chloroethanone
PA0  1-o-fluorophenyl-2-phenyl-2-chloroethanone
PA0  1-m-fluorophenyl-2-phenyl-2-chloroethanone
PA0  1-p-fluorophenyl-2-phenyl-2-chloroethanone
PA0  1,2-bis-o-fluorophenyl-2-chloroethanone
PA0  1,2-bis-m-fluorophenyl-2-chloroethanone
PA0  1,2-bis-p-fluorophenyl-2-chloroethanone
PA0  1-p-tolyl-2-p-fluorophenyl-2-chloroethanone
PA0  1-p-fluorophenyl-2-p-tolyl-2-chloroethanone
PA0  1-phenyl-2-o-chlorophenyl-2-chloroethanone
PA0  1-phenyl-2-m-chlorophenyl-2-chloroethanone
PA0  1-phenyl-2-p-chlorophenyl-2-chloroethanone
PA0  1,2-bis-o-chlorophenyl-2-chloroethanone
PA0  1,2-bis-m-chlorophenyl-2-chloroethanone
PA0  1,2-bis-p-chlorophenyl-2-chloroethanone
PA0  1-p-tolyl-2-p-chlorophenyl-2-chloroethanone
PA0  1-p-chlorophenyl-2-p-tolyl-2-chloroethanone
PA0  1-p-fluorophenyl-2-p-chlorophenyl-2-chloroethanone
PA0  1-p-chlorophenyl-2-p-fluorophenyl-2-chloroethanone
PA0  1-phenyl-2-o-bromophenyl-2-chloroethanone
PA0  1-phenyl-2-m-bromophenyl-2-chloroethanone
PA0  1-phenyl-2-p-bromophenyl-2-chloroethanone
PA0  1-o-bromophenyl-2-phenyl-2-chloroethanone
PA0  1-m-bromophenyl-2-phenyl-2-chloroethanone
PA0  1-p-bromophenyl-2-phenyl-2-chloroethanone
PA0  1,2-bis-o-bromophenyl-2-chloroethanone
PA0  1,2-bis-m-bromophenyl-2-chloroethanone
PA0  1,2-bis-p-bromophenyl-2-chloroethanone
PA0  1-p-tolyl-2-p-bromophenyl-2-chloroethanone
PA0  1-p-bromophenyl-2-p-tolyl-2-chloroethanone
PA0  1-p-chlorophenyl-2-p-bromophenyl-2-chloroethanone
PA0  1-p-bromophenyl-2-p-chlorophenyl-2-chloroethanone
PA0  1-phenyl-2-p-iodophenyl-2-chloroethanone
PA0  1-p-iodophenyl-2-phenyl-2-chloroethanone
PA0  1,2-bis-p-iodophenyl-2-chloroethanone
PA0  1-phenyl-2-p-trifluoromethylphenyl-2-chloroethanone
PA0  1-p-trifluoromethylphenyl-2-phenyl-2-chloroethanone
PA0  1,2-bis-p-trifluoromethylphenyl-2-chloroethanone
PA0  1-p-trifluoromethylphenyl-2-p-chlorophenyl-2-chloroethanone
PA0  1-p-chlorophenyl-2-p-trifluoromethylphenyl-2-chloroethanone
PA0  1-phenyl-2-p-hydroxyphenyl-2-chloroethanone
PA0  1-p-hydroxyphenyl-2-phenyl-2-chloroethanone
PA0  1,2-bis-p-hydroxyphenyl-2-chloroethanone
PA0  1-p-chlorophenyl-2-p-hydroxyphenyl-2-chloroethanone
PA0  1-p-hydroxyphenyl-2-p-chlorophenyl-2-chloroethanone
PA0  1-phenyl-2-o-methoxyphenyl-2-chloroethanone
PA0  1-phenyl-2-m-methoxyphenyl-2-chloroethanone
PA0  1-phenyl-2-p-methoxyphenyl-2-chloroethanone
PA0  1-o-methoxyphenyl-2-phenyl-2-chloroethanone
PA0  1-m-methoxyphenyl-2-phenyl-2-chloroethanone
PA0  1-p-methoxyphenyl-2-phenyl-2-chloroethanone
PA0  1,2-bis-o-methoxyphenyl-2-chloroethanone
PA0  1,2-bis-m-methoxyphenyl-2-chloroethanone
PA0  1,2-bis-p-methoxyphenyl-2-chloroethanone
PA0  1-p-chlorophenyl-2-p-methoxyphenyl-2-chloroethanone
PA0  1-p-methoxyphenyl-2-o-chlorophenyl-2-chloroethanone
PA0  1-p-methoxyphenyl-2-m-chlorophenyl-2-chloroethanone
PA0  1-p-methoxyphenyl-2-p-chlorophenyl-2-chloroethanone
PA0  1-phenyl-2-(3,4-dimethoxyphenyl)-2-chloroethanone
PA0  1-(3,4-dimethoxyphenyl)-2-phenyl-2-chloroethanone
PA0  1,2-bis-(3,4-dimethoxyphenyl)-2-chloroethanone
PA0  1-p-chlorophenyl-2-(3,4-dimethoxyphenyl)-2-chloroethanone
PA1  1-(3,4-dimethoxyphenyl)-2-p-chlorophenyl-2-chloroethanone
PA0  1-phenyl-2-(3,4-methylenedioxyphenyl)-2-chloroethanone
PA0  1-(3,4-methylenedioxyphenyl)-2-phenyl-2-chloroethanone
PA0  1,2-bis-(3,4-methylenedioxyphenyl)-2-chloroethanone
PA0  1-p-chlorophenyl-2-(3,4-methylenedioxyphenyl)-2-chloroethanone
PA0  1-(3,4-methylenedioxyphenyl)-2-o-chlorophenyl-2-chloroethanone
PA0  1-(3,4-methylenedioxyphenyl)-2-m-chlorophenyl-2-chloroethanone
PA0  1-(3,4-methylenedioxyphenyl)-2-p-chlorophenyl-2-chloroethanone
PA0  1-phenyl-2-p-methylmercaptophenyl-2-chloroethanone
PA0  1-p-methylmercaptophenyl-2-phenyl-2-chloroethanone
PA0  1,2-bis-p-methylmercaptophenyl-2-chloroethanone
PA0  1-p-chlorophenyl-2-p-methylmercaptophenyl-2-chloroethanone
PA0  1-p-methylmercaptophenyl-2-p-chlorophenyl-2-chloroethanone
PA0  1-phenyl-2-p-dimethylaminophenyl-2-chloroethanone
PA0  1-p-dimethylaminophenyl-2-phenyl-2-chloroethanone
PA0  1,2-bis-(p-dimethylaminophenyl)-2-chloroethanone
PA0  1-p-chlorophenyl-2-p-dimethylaminophenyl-2-chloroethanone
PA0  1-p-dimethylaminophenyl-2-o-chlorophenyl-2-chloroethanone
PA0  1-p-dimethylaminophenyl-2-m-chlorophenyl-2-chloroethanone
PA0  1-p-dimethylaminophenyl-2-p-chlorophenyl-2-chloroethanone
PA0  1-phenyl-2-p-nitrophenyl-2-chloroethanone
PA0  1-p-nitrophenyl-2-phenyl-2-chloroethanone
PA0  1,2-bis-p-nitrophenyl-2-chloroethanone
PA0  1-p-chlorophenyl-2-p-nitrophenyl-2-chloroethanone
PA0  1-p-nitrophenyl-2-p-chlorophenyl-2-chloroethanone
PA0  1-phenyl-2-p-aminophenyl-2-chloroethanone
PA0  1-p-aminophenyl-2-phenyl-2-chloroethanone
PA0  1,2-bis-p-aminophenyl-2-chloroethanone
PA0  1-p-chorophenyl-2-p-aminophenyl-2-chloroethanone
PA0  1-p-aminophenyl-2-p-chlorophenyl-2-chloroethanone,
PAL  or from the corresponding 1,2-diaryl-2-bromoethanones, respectively.
PAC  EXAMPLE 23
PAR  A solution of 11 g. of ammonium dithiocarbamate in 300 ml. of absolute
      ethanol is heated, after the addition of 16.7 g. of ethyl bromoacetate,
      for 1 1/2 hours to 60.degree.. The ethyl ester of
      aminothiocarbonylmercaptoacetic acid is formed in the solution. Then, 12
      g. of 1,2-bis-p-chlorophenyl-2-chloroethanone is added thereto, and the
      reaction mixture is refluxed for 12 hours. A mixture is thus obtained
      intermediarily which contains the ethyl ester of
      S-(1,2-bis-p-chlorophenyl-2-oxoethyl)-mercaptocarbonimidoyl-mercaptoacetic
      acid. The solvent is removed by evaporation. The mixture is worked up as
      usual, thus obtaining, after purification by chromatography on silica gel,
      the ethyl ester of 4,5-bis-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid,
      m.p. 90.degree.-91.degree..
PAR  In an analogous manner, the corresponding thiazole derivatives of Formula I
      (Z = S, R.sub.1 = esterified COOH group) are produced from the
      corresponding 1,2-diaryl-2-chloro- or -2-bromoethanones, respectively, by
      reaction with aminothiocarbonylmercaptoacetic acid esters (e.g. the methyl
      or ethyl ester of aminothiocarbonyl-mercaptoacetic acid).
PAC  EXAMPLE 24
PAR  2 g. of 4,5-diphenyl-oxazolyl-2-mercaptoacetic acid is introduced, at
      0.degree. to +5.degree., batchwise into 10 ml. of fuming HNO.sub.3. The
      reaction mixture is agitated for 15 minutes at 0.degree. to +5.degree.,
      then poured into ice water, and filtered. The residue is washed with
      water, dried, purified by chromatography on silica gel (benzene : methanol
      8:2), thus producing 4,5-bis-p-nitrophenyl-2-oxazolyl-mercaptoacetic acid.
PAR  Analogously, by nitrating the corresponding, unsubstituted compounds, the
      corresponding nitro compounds of Formula I are obtained, for example:
PA0  4-p-nitrophenyl-5-p-chlorophenyl-2-oxazolyl-mercapto-acetic acid
PA0  4-p-chlorophenyl-5-p-nitrophenyl-2-oxazolyl-mercapto-acetic acid
PA0  2-(4,5-bis-p-nitrophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  3-(4,5-bis-p-nitrophenyl-2-oxazolyl-mercapto)-propionic acid  (m.p.
      203.degree. - 207.degree.)
PA0  2-(4,5-bis-p-nitrophenyl-2-oxazolyl-mercapto)-butyric acid.
PAC  EXAMPLE 25
PAR  90 g. of SnCl.sub.2.2H.sub.2 O are dissolved in 225 ml. of concentrated
      hydrochloric acid and 15 g. of
      4,5-bis-p-nitrophenyl-2-oxazolyl-mercapto-acetic acid are added to the
      mixture which is stirred for a short time and then kept for 24 hours at
      room temperature. After filtration, the precipitate is added to 300 ml. of
      water. The suspension is neutralized with aqueous ammonia solution,
      stirred for 2 hours at room temperature and filtered. The precipitate is
      washed with water, dried and extracted in an extraction apparatus with
      ethyl acetate. From the extract there is obtained
      4,5-bis-p-aminophenyl-2-oxazolyl-mercapto-acetic acid.
PAR  Analogously, by reduction of the corresponding nitro compounds, the
      corresponding amino compounds of Formula I are obtained, for example:
PA0  4-p-aminophenyl-5-p-chlorophenyl-2-oxazolyl-mercapto-acetic acid
PA0  4-p-chlorophenyl-5-p-aminophenyl-2-oxazolyl-mercapto-acetic acid
PA0  2-(4,5-bis-p-aminophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  3-(4,5-bis-p-aminophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-p-aminophenyl-2-oxazolyl-mercapto)-butyric acid.
PAC  EXAMPLE 26
PAR  A solution of 3.5 g. of NaNO.sub.2 in 10 ml. of water is added dropwise at
      0.degree. to a solution of 8.5 g. of
      4.5-bis-p-aminophenyl-2-oxazolyl-mercaptoacetic acid in 125 ml. of 15%
      hydrochloric acid. Thereafter, 12 ml. of a 40% HBF.sub.4 solution is added
      dropwise thereto, the mixture is buffered to a pH of 5-6, the
      thus-precipitated diazonium tetrafluoroborate is filtered, washed with
      water, dried, and introduced in incremental portions into 100 ml. of
      boiling xylene. After termination of the decomposition reaction, the
      mixture is concentrated by evaporation, worked up as usual (with the
      addition of carbon), and after purification by chromatography on silica
      gel, 4,5-bis-p-fluorophenyl-2-oxazolylmercaptoacetic acid is obtained.
PAR  Analogously, the corresponding fluorine compounds of Formula I are produced
      from the corresponding amino compounds by diazotization and reaction with
      HBF.sub.4, for example:
PA0  4-p-fluorophenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-fluorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  2-(4,5-bis-p-fluorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  3-(4,5-bis-p-fluorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-p-fluorophenyl-2-oxazolyl-mercapto)-butyric acid.
PAC  EXAMPLE 27
PAR  13 g. of 4,5-bis-p-aminophenyl-2-oxazolyl-mercaptoacetic acid is dissolved
      in 150 ml. of water and 50 ml. of concentrated HCl, mixed at
      0.degree.-5.degree. with 5.3 g. of NaNO.sub.2 in 12 ml. of water,
      gradually added dropwise to a hot Cu.sub.2 Cl.sub.2 solution (obtained by
      the reduction of 16 g. of CuSO.sub.4 with SO.sub.2 in 100 ml. of water in
      the presence of 20 g. of NaCl), heated for another 30 minutes to
      90.degree.-95.degree., cooled, saturated with H.sub.2 S, and filtered. The
      filtrate is worked up as usual, thus obtaining
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid, m.p.
      151.degree.-153.degree..
PAR  Analogously, the corresponding chlorine compounds of Formula I are produced
      from the corresponding amino compounds by diazotization and reaction with
      Cu.sub.2 Cl.sub.2, for example:
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  3-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-propionic acid
PA0  2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-butyric acid.
PAC  EXAMPLE 28
PAR  8.5 g. of 4,5-bis-p-aminophenyl-2-oxazolyl-mercaptoacetic acid is dissolved
      in 60 ml. of water and 6 ml. of concentrated H.sub.2 SO.sub.4, mixed
      dropwise at 0.degree.-5.degree. with a solution of 3.5 g. of NaNO.sub.2 in
      10 ml. of water, and this solution is added dropwise to a boiling solution
      of 3.3 g. of CuSO.sub.4 . 5H.sub.2 O, 7.7 g. of NaBr, and 1 g. of powdered
      copper (previously refluxed for 4 hours and then mixed with 0.13 g. of
      Na.sub.2 SO.sub.3). This reaction mixture is heated for 30 minutes to
      95.degree., cooled, saturated with H.sub.2 S, filtered, and the filtrate
      worked up as usual, thus producing
      4,5-bis-p-bromophenyl-2-oxazolyl-mercaptoacetic acid.
PAR  Analogously, the corresponding bromine compounds of Formula I are obtained
      from the corresponding amino compounds by diazotization and reaction with
      NaBr in the presence of copper sulfate.
PAC  EXAMPLE 29
PAR  8.5 g. of 4,5-bis-p-aminophenyl-2-oxazolyl-mercaptoacetic acid is dissolved
      in 60 ml. of 18% sulfuric acid and diazotized at 0.degree.-5.degree. with
      3.7 g. of NaNO.sub.2 in 6 ml. of water. This solution is introduced under
      agitation into a mixture of 12.5 g. of KI in 25 ml. of 1N H.sub.2
      SO.sub.4. The mixture is stirred overnight, heated for 30 minutes on a
      water bath, decolorized with carbon, worked up as usual, and
      4,5-bis-p-iodophenyl-2-oxazolyl-mercaptoacetic acid is thus produced.
PAR  In an analogous manner, the corresponding iodine compounds of Formula I are
      obtained from the corresponding amino compounds by diazotization and
      reaction with HI.
PAC  EXAMPLE 30
PAR  8.5 g. of 4,5-bis-p-aminophenyl-2-oxazolyl-mercaptoacetic acid is dissolved
      in 100 ml. of 10% hydrochloric acid. The mixture is cooled to 5.degree.,
      and a solution of 3.5 g. of NaNO.sub.2 in 10 ml. of water is added
      dropwise. This diazonium salt solution is added gradually and dropwise,
      under agitation at 70.degree., beneath the surface of a solution of 2.7 g.
      of methyl mercaptan in 40 ml. of 20% sodium hydroxide solution. Then, the
      mixture is heated to 60.degree. for 30 minutes, cooled, acidified,
      filtered, and 4,5-bis-p-methylmercapto-phenyl-2-oxazolyl-mercaptoacetic
      acid is thus produced.
PAR  Analogously, the corresponding methylmercapto compounds of Formula I are
      obtained from the corresponding amino compounds by diazotization and
      reaction with methyl mercaptan.
PAC  EXAMPLE 31
PAR  a. 8.5 g. of 4,5-bis-p-aminophenyl-2-oxazolyl-mercaptoacetic acid is
      dissolved in 100 ml. of 10% hydrochloric acid. The mixture is then cooled
      to 5.degree., and a solution of 3.5 g. of NaNO.sub.2 in 10 ml. of water is
      added dropwise. The thus-obtained diazonium salt solution is added
      dropwise under agitation to a solution of 8 g. of potassium ethyl xanthate
      in 50 ml. of water, warmed to 40.degree.-50.degree.. After the evolution
      of nitrogen has ceased, the reaction mixture is cooled, and the pH is
      adjusted to 4-6. The thus-separated
      4,5-bis-p-ethylxanthophenyl-2-oxazolyl-mercaptoacetic acid is filtered and
      dissolved in 75 ml. of 4N sodium hydroxide solution. Under a nitrogen
      stream, the mixture is refluxed for one hour, then cooled and adjusted to
      a pH of 4-6 with hydrochloric acid. The thus-precipitated
      4,5-p-mercaptophenyl-2-oxazolylmercaptoacetic acid is filtered off.
PAR  b. The crude acid obtained according to (a) is dissolved in 125 ml. of 1N
      sodium hydroxide solution and mixed, under nitrogen, batchwise with 13 g.
      of dimethyl sulfate. The mixture is stirred for 30 minutes at room
      temperature, mixed with 50 ml. of 2N NaOH, refluxed for one-half hour
      under agitation, cooled to 0.degree., and acidified with hydrochloric
      acid, thus obtaining
      4,5-bis-p-methylmercaptophenyl-2-oxazolyl-mercaptoacetic acid.
PAR  Analogously, the corresponding mercapto compounds and alkyl-mercapto
      compounds, respectively, of Formula I are produced from the corresponding
      amino compounds, after diazotization and successive reactions with
      potassium ethyl xanthate, sodium hydroxide solution, and dimethyl sulfate,
      diethyl sulfate, propyl bromide, or diisopropyl sulfate; for example:
PA0  4,5-bis-p-ethylmercaptophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-n-propylmercaptophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-isopropylmercaptophenyl-2-oxazolyl-mercaptoacetic acid.
PAC  EXAMPLE 32
PAR  a. 8.5 g. of 4,5-bis-p-aminophenyl-2-oxazolyl-mercaptoacetic acid is
      dissolved in 50 ml. of 10% sulfuric acid and diazotized at
      0.degree.-5.degree. by the addition of 3.5 g. of NaNO.sub.2 in 8 ml. of
      water. The diazonium salt solution is introduced under stirring into 250
      ml. of boiling water. Subsequently, the reaction mixture is refluxed for
      30 minutes, cooled, acidified, and
      4,5-bis-p-hydroxyphenyl-2-oxazolyl-mercaptoacetic acid is obtained.
PAR  Analogously, the corresponding hydroxy compounds of Formula I are produced
      from the corresponding amino compounds by diazotization and refluxing.
PAR  b. The crude 4,5-bis-p-hydroxyphenyl-2-oxazolylmercaptoacetic acid obtained
      in accordance with (a) is dissolved, under a nitrogen atmosphere, in 125
      ml. of 1N sodium hydroxide solution and mixed batchwise under stirring
      with 13 g. of dimethyl sulfate. The thus-formed methyl ester of
      4,5-bis-p-methoxyphenyl-2-oxazolyl-mercaptoacetic acid separates gradually
      as an oil. After one-half hour of agitation, 50 ml. of 2N sodium hydroxide
      solution is added; the mixture is refluxed under stirring for one-half
      hour, cooled to 0.degree., acidified, and
      4,5-bis-p-methoxyphenyl-2-oxazolyl-mercaptoacetic acid is thus produced,
      m.p. 140.degree.-141.degree..
PAR  Analogously, the corresponding alkoxy compounds of Formula I are obtained
      from the corresponding hydroxy compounds by reaction with dimethyl
      sulfate, diethyl sulfate, di-n-propyl sulfate or isopropyl bromide; for
      example:
PA0  4,5-bis-p-ethoxyphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-n-propyloxyphenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-p-isopropyloxyphenyl-2-oxazolyl-mercaptoacetic acid.
PAC  EXAMPLE 33
PAR  14 g. of 4,5-diphenyl-2-oxazolyl-mercaptoacetic acid is dissolved in a
      mixture of 45 ml. of dioxane, 2.8 g. of KOH, and 20 ml. of water and
      mixed, under agitation at 5.degree.-7.degree., dropwise with a solution of
      15 g. of bromine in 160 ml. of dioxane (duration about 2 hours). The
      mixture is concentrated by evaporation, the residue dissolved in 50 ml. of
      water, and worked up as usual, thus producing
      4,5-bis-p-bromophenyl-2-oxazolyl-mercaptoacetic acid.
PAR  Analogously, the corresponding bromine compounds of Formula I are obtained
      by bromination from the corresponding unsubstituted compounds.
PAC  EXAMPLE 34
PAR  A solution of 3.07 g. of the ethyl ester of
      4,5-diphenyl-2-oxazolyl-mercaptoacetic acid in the minimum amount of ether
      is treated with dry chlorine; the progress of the chlorination reaction is
      observed by means of thin-layer chromatography. After the termination of
      the reaction, the mixture is filtered, the filtrate is evaporated, and the
      residue is chromatographed on silica gel, thus obtaining the ethyl ester
      of 4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid (m.p.
      122.degree.-124.degree.).
PAR  In an analogous manner, the chlorine compounds of Formula I are obtained by
      chlorination of the corresponding unsubstituted compounds.
PAC  EXAMPLE 35
PAR  14 g. of 4,5-diphenyl-2-oxazolyl-mercaptoacetic acid is dissolved in 70 ml.
      of acetic acid and mixed, under agitation, with 1 g. of mercury oxide and
      20 g. of finely pulverized iodine. The mixture is stirred for 48 hours at
      room temperature, poured onto water, filtered, the thus-obtained product
      taken up in ethanol, and treated with sodium thiosulfate solution. The
      ethanol is removed by evaporation, and the aqueous solution is worked up
      as usual, thus obtaining 4,5-bis-p-iodophenyl-2-oxazolyl-mercaptoacetic
      acid.
PAR  Analogously, by iodation, the remaining iodine compounds of Formula I are
      obtained from the corresponding unsubstituted compounds.
PAC  EXAMPLE 36
PAR  30 g. of the diethyl ester of
      .alpha.-(4,5-diphenyl-2-oxazolylmercapto)-.alpha.-methylmalonic acid
      (obtainable by reacting the sodium compound of
      2-mercapto-4,5-diphenyl-oxazole with the diethyl ester of
      bromomethylmalonic acid) is saponified for 3 hours with 500 ml. of 10%
      ethanolic KOH solution. The ethanol is distilled off, the residue is
      introduced ito 1 l. of water, and acidified to a pH of 4-6  with
      hydrochloric acid. The thus-precipitated
      .alpha.-(4,5-diphenyl-2-oxazolyl-mercapto)-.alpha.-methylmalonic acid is
      filtered off, dried, dissolved in acetone, and the solution is filtered
      and evaporated. The residue is heated to 100.degree.-120.degree./20 mm.
      until the evolution of CO.sub.2 has ceased, thus producing
      2-(4,5-diphenyl-2-oxazolyl-mercapto)-propionic acid (m.p.
      89.degree.-91.degree.).
PAR  Analogously, from the corresponding diethyl esters of oxazolyl-mercapto- or
      thiazolyl-mercapto-.alpha.-alkyl-malonic acid, respectively, for example
      from:
PA0  the diethyl ester of
      .alpha.-(4,5-diphenyl-2-oxazolyl-mercapto)-.alpha.-ethylmalonic acid
PA0  the diethyl ester of
      .alpha.-(4,5-bis-p-chlorophenyl-2-oxazolylmercapto)-.alpha.-methylmalonic
      acid
PA0  the diethyl ester of
      .alpha.-(4,5-bis-p-chlorophenyl-2-oxazolylmercapto)-.alpha.-ethylmalonic
      acid,
PAL  by saponification and decarboxylation, the corresponding
      4,5-diaryl-2-oxazolyl-mercapto-fatty acids of Formula I are obtained.
PAC  EXAMPLE 37
PAR  4.14 g. of 4,5-bis-p-aminophenyl-2-oxazolyl-mercaptoacetic acid
      dihydrochloride is dissolved in 100 ml. of 1N sodium hydroxide solution
      and mixed, under vigorous agitation and cooling, dropwise with 3 g. of
      acetic anhydride. The mixture is allowed to stand overnight at 25.degree.,
      then hydrochloric acid is added to a pH of 3-6, and the mixture separated
      from the precipitated substance, thus obtaining
      4,5-bis-p-acetamidophenyl-2-oxazolyl-mercaptoacetic acid.
PAR  Analogously by acylation of the corresponding amino compounds with acetic
      anhydride or propionic anhydride, butyric anhydride, or isobutyric
      anhydride, the corresponding acylamino compounds of Formula I are
      produced, for example:
PA0  4-phenyl-5-p-acetamidophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-acetamidophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-chlorophenyl-5-p-acetamidophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4-p-acetamidophenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-propionamidophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-butyramidophenyl-2-oxazolyl-mercaptoacetic acid
PA0  4,5-bis-isobutyramidophenyl-2-oxazolyl-mercaptoacetic acid.
PAC  EXAMPLE 38
PAR  4 g. of 4,5-bis-p-aminophenyl-2-oxazolyl-mercaptoacetic acid
      dihydrochloride is mixed, in 50 ml. of pyridine, under agitation and ice
      cooling with 3.5 g. of acetyl chloride. After 2 hours, 50 ml. of water is
      added and the mixture is allowed to stand overnight, mixed with another
      200 ml. of water, and acidified with hydrochloric acid, thus obtaining
      4,5-bis-p-acetamidophenyl-2-oxazolyl-mercaptoacetic acid.
PAR  Analogously, by acylation of the corresponding amino compounds with acetyl,
      propionyl, butyryl, isobutyryl, or valeryl chloride, respectively, the
      corresponding acylamido compounds of Formula I are produced.
PAC  EXAMPLE 39
PAR  3.9 g. of the ethyl ester of
      4-p-aminophenyl-5-chlorophenyl-2-oxazolyl-mercaptoacetic acid is heated
      with 3 g. of 90% strength formic acid and 2 g. of 39% strength
      formaldehyde solution for 20 hours to 60.degree.. The mixture is diluted
      with water, made alkaline with sodium hydroxide solution, and immediately
      worked up as usual, thus obtaining the ethyl ester of
      4-p-dimethylaminophenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
      (m.p. 106.degree.-107.degree.).
PAR  Analogously, the remaining dimethylamino compounds of Formula I are
      produced from the corresponding amino compounds by methylation with
      formaldehyde/formic acid.
PAC  EXAMPLE 40
PAR  3.4 g. of 4-p-aminophenyl-5-p-chlorophenyl-2-oxazolylmercaptoacetic acid is
      boiled in 20 ml. of n-butanol, together with 4 g. of methyl iodide and 3
      g. of pulverized potassium carbonate for 2 hours. The mixture is then
      mixed with 10 ml. of water and 0.5 g. of KOH, refluxed for 2 hours,
      cooled, acidified with hydrochloric acid, and the butanol phase is
      separated, dried over sodium sulfate, filtered, evaporated, and
      4-p-dimethylaminophenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid
      (m.p. 130.degree.-132.degree.) is thus obtained.
PAR  The preceding examples can be repeated with similar success by substituting
      the generically or specifically described rectants and/or operating
      conditions of this invention for those used in the preceding examples.
PAR  From the foregoing descriptions, one skilled in the art can easily
      ascertain the essential characteristics of this invention, and without
      departing from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An antiphlogistic compound of the formula
      ##SPC5##
PAL  wherein R.sub.1 is carboxyl, a physiologically acceptable C.sub.1-12 alkyl
      ester thereof, --CONH.sub.2 or --CN; R.sub.2 and R.sub.3 each are phenyl
      or phenyl mono- or di- substituted by at least one member selected from
      the group consisting of alkyl, alkoxy, alkylmercapto, monoalkylamino,
      dialkylamino or alkanoylamino wherein the alkyl, alkoxy and alkanoyl each
      are of up to 4 carbon atoms; F, Cl, Br, I, CF.sub.3, OH, methylenedioxy,
      NH.sub.2 and NO.sub.2 ; A is C.sub.n H.sub.2n wherein n is an integer from
      1 to 10 inclusive; and Z is O or S, and the physiologically acceptable
      salts thereof.
NUM  2.
PAR  2. A compound of claim 1, wherein R.sub.1 is --COOH, --COOCH.sub.3 or
      --COOC.sub.2 H.sub.5.
NUM  3.
PAR  3. A compound of claim 1, wherein A is --CH.sub.2 --, --CH(CH.sub.3) or
      --CH(C.sub.2 H.sub.5)--.
NUM  4.
PAR  4. A compound of claim 1, wherein R.sub.2 and R.sub.3 are phenyl or phenyl
      monosubstituted by methyl, methoxy, methylmercapto, F, Cl, Br or CF.sub.3.
NUM  5.
PAR  5. A compound of claim 4, wherein R.sub.1 is --COOH, --COOCH.sub.3 or
      --COOC.sub.2 H.sub.5 and A is --CH.sub.2 --, --CH(CH.sub.3)-- or
      --CH(C.sub.2 H.sub.5)--.
NUM  6.
PAR  6. A compound of claim 4, wherein R.sub.2 and R.sub.3 are phenyl or
      p-chlorophenyl.
NUM  7.
PAR  7. A compound of claim 6, wherein R.sub.1 is --COOH, --COOCH.sub.3 or
      --COOC.sub.2 H.sub.5 and A is --CH.sub.2 --, --CH(CH.sub.3)-- or
      --CH(C.sub.2 H.sub.5)--.
NUM  8.
PAR  8. A compound of claim 1, 4,5-diphenyl-2-oxazolyl-mercaptoacetic acid.
NUM  9.
PAR  9. A compound of claim 1, 4,5-diphenyl-2-oxazolyl-mercaptoacetic acid ethyl
      ester.
NUM  10.
PAR  10. A compound of claim 1, 4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic
      acid.
NUM  11.
PAR  11. A compound of claim 1 selected from the group consisting of
      4,5-bis-p-chlorophenyl-2-oxazolylmercaptoacetic acid methyl ester;
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid ethyl ester;
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetamide; and
      4,5-bis-p-chlorophenyl-2-oxazolyl-mercaptoacetonitrile.
NUM  12.
PAR  12. A compound of claim 1,
      2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-propionic acid.
NUM  13.
PAR  13. A compound of claim 1,
      2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-propionic acid ethyl ester.
NUM  14.
PAR  14. A compound of claim 1,
      2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-butyric acid.
NUM  15.
PAR  15. A compound of claim 1,
      2-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-butyric acid ethyl ester.
NUM  16.
PAR  16. A compound of claim 1 selected from the group consisting of
      2-(4,5-diphenyl-2-oxazolyl-mercapto)-propionic acid,
      2-(4,5-diphenyl-2-oxazolyl-mercapto)-butyric acid,
      2-(4,5-diphenyl-2-oxazolyl-mercapto)-2-methylpropionic acid,
      3-(4,5-diphenyl-2-oxazolylmercapto)-propionic acid,
      4-(4,5-diphenyl-2-oxazolylmercapto)-butyric acid,
      7-(4,5-diphenyl-2-oxazolylmercapto)-heptanoic acid,
      4,5-bis-p-tolyl-2-oxazolylmercaptoacetic acid,
      2-(4,5-bis-p-tolyl-2-oxazolylmercapto)-propionic acid,
      2-(4,5-bis-p-tolyl-2-oxazolylmercapto)-butyric acid,
      4,5-bis-p-isopropylphenyl-2-oxazolyl-mercaptoacetic acid,
      2-(4,5-bis-p-isopropylphenyl-2-oxazolyl-mercapto)-propionic acid,
      4,5-bis-o-chlorophenyl-2-oxazolyl-mercaptoacetic acid,
      3-(4,5-bis-p-chlorophenyl-2-oxazolyl-mercapto)-propionic acid,
      4-p-methoxyphenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid,
      4,5-bis-m-methoxyphenyl-2-oxazolyl-mercaptoacetic acid,
      4,5-bis-m-methoxyphenyl-2-oxazolyl-mercaptoacetic acid,
      2-(4,5-bis-p-methoxyphenyl-2-oxazolyl-mercapto)-propionic acid,
      2-(4,5-bis-p-methoxyphenyl-2-oxazolylmercapto)-butyric acid,
      4-p-methoxyphenyl-5-o-chlorophenyl-2-oxazolyl-mercaptoacetic acid,
      4,5-bis-(3,4-dimethoxyphenyl)-2-oxazolyl-mercaptoacetic acid,
      4,5-bis-(3,4-methylenedioxyphenyl)-2-oxazolyl-mercaptoacetic acid,
      2-[4,5-bis-(3,4-methylenedioxyphenyl)-2-oxazolylmercapto]-propionic acid,
      4-(3,4-methylenedioxyphenyl)-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic
      acid, 4-p-dimethylaminophenyl-5-phenyl-2-oxazolyl-mercaptoacetic acid,
      4-p-dimethylaminophenyl-5-o-chlorophenyl-2-oxazolylmercaptoacetic acid,
      4-p-dimethylaminophenyl-5-p-chlorophenyl-2-oxazolyl-mercaptoacetic acid,
      4,5-diphenyl-2-thiazolyl-mercaptoacetic acid,
      2-(4,5-diphenyl-2-thiazolyl-mercapto)-2-methylpropionic acid,
      4-(4,5-diphenyl-2-thiazolyl-mercapto)-butyric acid,
      7-(4,5-diphenyl-2-thiazolyl-mercapto)-heptanoic acid,
      4-p-tolyl-5-phenyl-2-thiazolyl-mercaptoacetic acid,
      4-fluorophenyl-5-phenyl-2-thiazolyl-mercaptoacetic acid,
      4,5,bis-p-chlorophenyl-2-thiazolyl-mercaptoacetic acid, and the ethyl
      ester of each of the above compounds.
NUM  17.
PAR  17. A compound of claim 1 wherein Z is O.
NUM  18.
PAR  18. A compound of claim 17 wherein R.sub.1 is COOH or --COO--alkyl of 1-6
      carbon atoms, R.sub.2 and R.sub.3 each are phenyl or phenyl
      monosubstituted by methyl, methoxy, methylmercapto, F, Cl, Br or CF.sub.3
      and A is alkylene of 1 to 6 carbon atoms.
NUM  19.
PAR  19. An antiphlogistic compound of the formula
      ##SPC6##
PAL  wherein R.sub.6 is dialkylaminoalkyl of up to 10 carbon atoms; R.sub.2 and
      R.sub.3 each are phenyl or phenyl mono- or di- substituted by at least one
      member selected from the group consisting of alkyl, alkoxy, alkylmercapto,
      monoalkylamino, dialkylamino or alkanoylamino wherein the alkyl, alkoxy
      and alkanoyl each are of up to 4 carbon atoms, F, Cl, Br, I, CF.sub.3, OH,
      methylenedioxy, NH.sub.2 and NO.sub.2 ; A is C.sub.n H.sub.2n wherein n is
      an integer from 1 to 10 inclusive; and Z is O or S, and the
      physiologically acceptable salts thereof.
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ABST
PAL  Isothiocyano substituted 2-phenoxy, 2-phenylthio and
      2-phenylamino-benzoxazoles have anthelmintic activity in warm-blooded
      animals. Included are compounds of the formula
      ##SPC1##
PAL  In which one of R.sub.2 and R.sub.5 is isothiocyano and the other is
      hydrogen, methyl, methoxy, chlorine or nitro; Y is oxygen, sulphur or
      ##EQU1##
      wherein R is hydrogen or methyl; and n is 0 or 1.
PARN
PAR  This is a division of application Serial No. 255,334, filed on May 22,
      1972, now U.S. Pat. No. 3,840,550.
BSUM
PAR  The present invention relates to new isothiocyanobenzazoles, to processes
      for their production, as well as to anthelmintic agents containing these
      new isothiocyanobenzazoles as active substance.
PAR  Among the endoparasites to be found in warm-blooded animals, the
      helminthes, in particular, are ones causing a great deal of harm. Thus,
      for example, the infestation of animals by worms leads not only to a
      retardation in growth, but also to the frequent occurrence of damage so
      severe that it can result in the death of the affected animals. It is
      therefore of the greatest importance that agents be developed which are
      suitable for the control of helminthes and of their development stages, as
      well as for the prevention of infestion by these parasites. A number of
      substances having anthelmintic action have become known; but frequently
      these are not able, however, to fully satisfy the requirements: either
      they have an inadequate effect in compatible doses with undesirable
      side-effects, however, in the case of therapeutically effective doses, or
      they possess too narrow a range of action. For example,
      d,1-2,3,5,6-tetrahydro-6-phenyl-imidazo-[2,1-5]thiazole, known from the
      Dutch Pat. No. 6,505,806, is effective only against nematodes, but not
      against trematodes and cestodes. In addition, isothiocyanobenzazole
      derivatives having anthelminthic activity are known from the Belgian Pat.
      No. 599,143.
PAR  In the present description the term `helminthes` applies to nematodes,
      cestodes and trematodes; in particular, therefore, to worms of the
      gastrointestinal tract, of the liver and of other organs.
PAR  The new anthelmintically effective isothiocyanobenzazoles corresppond to
      the general formula I:
      ##SPC2##
PAL  wherein each of the substituents R.sub.1 to R.sub.4 and/or each of the
      substituents R.sub.5 to R.sub.9 represent the isothiocyano group, and the
      remaining substituents of the benzene nucleus A independently represent
      hydrogen, halogen, nitro, hydroxy, alkyl, alkoxy, halogenalkyl, and those
      of the benzene nucleus B each independently represent hydrogen, halogen,
      nitro, cyano, alkyl, alkoxy, halogenalkyl, alkylamino, dialkylamino,
      alkanoylamino, phenyl, or two substituents in the ortho-position with
      respect to each other represent a benzene nucleus bound to the nucleus B,
PA1  X represents oxygen, sulphur, or the group &gt;N--R wherein R represents
      hydrogen, alkyl, alkenyl, alkanolyl, alkyl substituted by benzoyl or
      halogenated benzoyl, benzene optionally substituted by halogen, or phenyl
      or benzyl optionally substituted by alkyl,
PA1  Y represents oxygen, sulphur, or the group &gt;N--R' wherein R' represents
      hydrogen, alkyl or alkenyl,
PA1  Z represents a straight-chain or branched alkylene bridge member, and
PA1  n represents the number 0 or 1,
PAL  with the proviso that, among the radicals R.sub.1 to R.sub.9, the
      isothiocyano groups are, in each case, only in the m- or p-position to
      hydroxy or alkylamino groups, and that, if Y represents the NH-- group and
      n equals 0, the substituents R.sub.5 and R.sub.9 do not represent
      isothiocyano, as well as their addition salts and quaternary salts
      non-toxic in anthelmintically effective doses for the organism of
      warm-blooded animals.
PA1  Y is preferably oxygen, sulphur, the group &gt;NH or &gt;N--CH.sub.3.
PAR  The aliphatic bridge-member Z is preferably ethylene or vinylene.
PAR  The above mentioned substituents R and R' of the groups &gt;N--R and &gt;N--R',
      respectively, represents in preferred compounds of the general formula I:
      hydrogen or alkyl.
PAR  The alkyl radicals mentioned in the above definition of the substituents of
      the general formula I preferably contain 1 to 4 carbon atoms; the
      correspondingly defined alkenyl radicals preferably 3 or 4 carbon atoms.
PAR  Suitable non-toxic salts of compounds of the general formula I are
      preferably the acid addition salts non-toxic in anthelmintically effective
      doses for the organism of warm-blooded animals.
PAR  By addition salts are preferably meant the salts of the following inorganic
      and organic acids: hydrohalic acids such as hydrochloric acid, hydrobromic
      acid, phosphoric acid, sulphuric acid, fluoboric acid (HBF.sub.4),
      perchloric acid, alkylsulphuric acid such as methyl- or ethyl-sulphuric
      acid, naphthoic acids, benzoic acid, halogenobenzoic acids, acetic acid,
      halogenoacetic acids such as trichloroacetic acid, aminoacetic acid,
      propionic acid, halogenopropionic acids, butyric acid, lactic acid,
      stearic acid, aliphatic dicarboxylic acids such as oxalic acid, tartaric
      acid, maleic acid, aromatic sulphonic acids such as p-toluenesulphonic
      acid, etc. Such inorganic and organic acids are likewise suitable for the
      formation of quaternary salts of the pyrimidine derivatives of formula I
      wherein R.sub.1 and/or R.sub.3 represent a trialkylammonioalkyl radical.
PAR  The new isothiocyanobenzazoles of formula I are produced according to the
      invention by the reaction of an aminobenzazole of formula II:
      ##SPC3##
PAL  wherein each one of the substituents R.sub.1 ' to R.sub.4 ' and/or each one
      of the substituents R.sub.5 ' to R.sub.9 ' represent(s) the amino group,
      and the remaining substituents of the benzene nucleus A each independently
      represent hydrogen, halogen, nitro, hydroxy, alkyl, alkoxy, halogenalkyl,
      and those of the benzene nucleus B each independently represent hydrogen,
      halogen, nitro, cyano, alkyl, alkoxy, halogenalkyl, alkylamino,
      dialkylamino, alkanoylamino, or phenyl, or two substituents in the
      ortho-position with respect to each other represent a benzene nucleus
      bound to the nucleus B, and the symbols X, Y, Z and n have the meanings
      given under formula I, with the proviso that, among the radicals R.sub.1 '
      to R.sub.9 ', the amino groups are, in each case, only in the m- or
      p-position with respect to hydroxy- or alkylamino groups, and that, if Y
      denotes the NH--group and n equals 0, the substituents R.sub.5 ' and
      R.sub.9 ' do not represent amino, the said reaction being performed with a
      reagent capable of converting the amino groups into isothiocyanato groups,
      preferably in the presence of a solvent or diluent inert to the reactants.
PAR  Suitable reagents capable of introducing a thiocarbonyl group in the
      process according to the invention are given below:
PA1  a. a thiocarbonic acid derivative of the general formula II:
EQU  Hal -- CS -- Y                                             (II)
PAL  wherein Hal represents chlorine or bromine, and
PA1  Y represents chlorine, bromine, or a dialkylamino group, and by which
      definition is preferably meant thiophosgene, which is optionally reacted
      in the presence of an acid-binding agent at temperatures of between
      0.degree. and 75.degree., and N,N-diethylthiocarbamoyl chloride, which is
      reacted at temperatures of between 40.degree. and 200.degree.;
PA1  b. a bis-thiocarbamoylsulphide of the general formula III;
      ##EQU2##
      wherein the index m represents the number 1 or 2, and alkyl preferably
      denotes ethyl, in the presence of hydrogen halide;
PA1  c. pentathio-dipercarbonic acid-bis-trichloromethyl ester;
PA1  d. ammonium rhodanide in the presence of gaseous HCl;
PA1  e. phosgene and phosphorus pentasulphide;
PA1  f. carbon disulphide in the presence of an inorganic or organic base; the
      amino group is firstly converted into the dithiocarbamic acid salt, which
      is then dehydrosulphated to the isothiocyano group;
PA1  g. ammonium rhodanide and benzoyl chloride, and thermal decomposition of
      the intermediate thiourea to the isothiocyano derivative;
PA1  h. carbon disulphide and dicyclohexylcarbodiimide in the presence of a
      tertiary amine.
PA1  i. The new isothiocyanobenzazoles of formula I can also be obtained by a
      process in which, instead of amine, a corresponding nitro, nitroso, azo or
      azoxy compound is reacted under pressure.
PA0  1. with carbon disulphide, carbon oxysulphide, or mixtures of carbon
      disulphide and carbon oxysulphide, in the presence of potassium hydrogen
      sulphide, with tetraalkylurea as the solvent (cp. German
      Offenlegungsschrift No. 1,954,483); or
PA0  2. with carbon oxysulphide in the presence of potassium fluoride and a
      solvent (aliphatic, aromatic, cycloaliphatic hydrocarbon), likewise under
      pressure (cp. German `Offenlegungsschrift` No. 1,954,484).
PAR  The reaction with thiophosgene is performed, for example, according to
      Houben-Weyl, 4th edition, Vol. 9, p. 867 onward (1955); and with
      employment of acid-binding agents according to O.E. Schultz in Arch.
      Pharm. 295, 146 - 151 (1962); the reaction with N,N-diethylthiocarbamoyl
      chloride is carried out according to org. Chem. 30, 2465 (1965); that with
      bis-thiocarbamoylsulphides according to F.H. Marquardt, Helv. Chim. Acta,
      49, 1716 (1966), that with pentathiodipercarbonic acid-bistrichloromethyl
      ester according to R. Gottfried, `Angew. Chem.` (Applied Chem.) 78,985
      (1966), that with ammonium rhodanide and HCl gas according to the British
      Pat. No. 1,099,768, and the reaction with phosgene and phosphorus
      pentasulphide according to Houben-Weyl, 4th Edition, Vol. 9, p. 867
      onward. The dehydrosulphation following the reaction with carbon
      disulphide and bases can be performed oxidatively with metal salts
      (British Pat. No. 793,802, Dutch Pat. No. 81,326); it can be performed,
      e.g. with lead-, copper-, zinc- or iron-III-salts, iodine, alkali metal
      hypochlorites or -chlorites, preferably with sodium and potassium salts
      (French Pat. No. 1,311,855), also with suitable acid halides such as with
      78, 985 and phosphorus oxychloride [D. Martin et al., Chem. Ber. 98,
      2425-2426 (1965)], as well as with Cl.sub.2 and ammonium sulphide (German
      `Auslegeschrift` No. 1,192,189), or chloroamine T (British Pat. No.
      1,024,913).
PAR  The reaction with ammonium rhodanide and benzoyl chloride, which firstly
      leads to the thiourea derivative which is converted by heating, e.g. in
      boiling chlorobenzene, into the isothiocyano derivative, is performed, for
      example, according to Houben-Weyl, 4th Edition, Vol. 9, page 867 onward;
      and the reaction with carbon disulphide and dicyclohexylcarbodiimide, in
      the presence of a tertiary amine, is carried out according to J.C.
      Jochims, Chem. Ber. 101, 1746 (1968).
PAR  Examples of inert solvents or diluents which can be used in the process
      according to the invention are as follows:
PA1  aliphatic and aromatic hydrocarbons,
PA1  aliphatic and aromatic halogenated hydrocarbons,
PA1  ethers and ethereal compounds, ketones, amides such as
PA1  dimethylformamide, etc., water, or mixtures of such solvents with water.
PAR  The benzazole compounds embraced by formula II wherein X stands for the
      group &gt;NH can be converted by reaction with conventional acylating,
      alkylating or alkenylating agents into the corresponding derivatives.
PAR  The amines serving as starting materials may be used in the form of the
      free bases, and also as addition salts with acids, particularly with
      mineral acids.
PAR  The aminobenzazoles embraced by formula II and serving as starting
      materials are, in some cases, described in the literature; or they can be
      produced by known processes, e.g. by catalytic hydrogenation, or by the
      Bechamp reduction of the corresponding nitro compounds which can be
      obtained, amongst other means, by nitration of suitable benzazoles (cp.
      Houben-Weyl-Muller, Methods of Organic Chemistry, Vol. XI/1, 1957).
PAR  The production of such nitrobenzazoles is generally known. Nitrosubstituted
      2-anilinobenzimidazoles can be obtained, for example, by the reaction of
      phenyl- or p-chlorophenylcarbonimidoyl-dichloride with o-phenylenediamines
      substituted by nitro groups (cp. J. org. Chem. 29, 1613-1615, 1964).
      5.4'-Dinitro-1-anilinobenzothiazole can be produced from
      s-di-p-nitrophenylthiocarbamide with ring formation by the action of
      bromine, and a subsequent reducing treatment (see J. Chem. Soc. 1929, 464.
      Suitable benzazoles, which are substituted on the aromatic nuclei with
      sulphonamide groups, can also be subjected to hydrolysis, whereby the
      correspondingg aminobenzazoles are obtained. Furthermore, various
      processes have already been described for the production of the
      aminobenzazoles to be used as starting materials in the process according
      to the invention in which processes the starting compounds are
      2-halogen-benzazoles; these are reacted with suitably substituted phenols,
      thiophenols or anilines to give the corresponding 2-phenoxybenzazoles (cp.
      French Pat. No. 1,242,962, Chemical Abstracts 55, 21928 a),
      phenylthiobenzazoles (cp. J. Chem. Soc. (B) 1968, 1280-1284), or
      anilinobenzazoles (Ann. Chimica 44, 3-10, 1954; Helv. Chim. Acta 44,
      1273-1282, 1961). Compounds of the type
      1-aminoalkyl-2-anilinobenzimidazoles can be produced by the ring-closure
      reaction of 2-(alkylaminoalkylamino)anilines with S-methylisothioureas
      (cp. U.S. Pat. No. 3,000,898).
PAR  According to a type of reaction not hitherto described, substituted
      benzimidazoles corresponding to formula II can be obtained which,
      according to the invention, can be used as starting materials for the
      present invention. For this purpose, a suitably substituted
      2-halogenbenzimidazole of the formula:
      ##SPC4##
PAL  wherein the radicals R.sub.1 to R.sub.4 each independently represent
      hydrogen, halogen, nitro, hydroxy, amino, alkyl, alkoxy, or halogenalkyl,
      and the radical R represents hydrogen, alkyl, alkenyl, alkanoyl, alkyl
      substituted by benzoyl or halogenated benzoyl, benzoyl optionally
      substituted by halogen, or phenyl or benzyl optionally substituted by
      alkyl, and Hal denotes halogen, preferably chlorine, is reacted with an
      aminophenol of the formula:
      ##SPC5##
PAL  wherein the radicals R.sub.5 to R.sub.9 each independently represent
      hydrogen, halogen, nitro, cyano, alkyl, alkoxy, halogenalkyl, amino,
      alkylamino, dialkylamino, alkanoylamino, phenyl, or two substiuents in the
      ortho-position with respect to each other represent a bound benzene
      nucleus, and the amino group is preferably in the m- or p-position with
      respect to the hydroxy group. The reaction is performed in the presence of
      a stong base (KOH, NaOH), preferably in an equimolar amount with respect
      to the benzimidazole. On the other hand, the aminophenol is present in
      excess, preferably in an excess of 2 moles per mole of benzimidazole. The
      reaction is performed at 140.degree.-145.degree.C, with separation by
      distillation of the formed water. The product essentially obtained with
      o-aminophenol is 2-(1'-hydroxyanilino)-benzimidazoles.
PAR  On account of their excellent anthelmintic activity, the new
      isothiocyanobenzazoles of the following formula III:
      ##SPC6##
PAL  wherein the radicals R.sub.1, R.sub.2, R.sub.5, R.sub.6 and R.sub.7, as
      well as the symbols Y, Z and n, have the meanings given under formula I,
      with account being taken of the defined exceptions, whereby the
      isothiocyano group in the nucleus A is in the 5- or 6-position, and/or
      that in the nucleus B in the 2'(o)-, 3'(m)- or 4'(p)-position with respect
      to the bridge member, are of particular importance.
PAR  The benzazole compounds according to the invention and their salts display
      a pronounced anthelmintic action against the most important nematodes
      infesting animals and human beings (e.g. ascaridae, trichostronglidae,
      ancylostomatidae, strongylidae), cestodes (e.g. anoplocephalidae,
      taeniidae) and trematodes (e.g. fasciolidae, schistosomidae). The control
      of helminthes is of special significance in the case of domestic animals
      and productive livestock, such as, e.g. cattle, pigs, horses, sheep,
      goats, dogs, cats, as well as poultry. The active substances according to
      the invention can be administered to the mentioned animals either as
      single doses or as repeated doses. A better effect is obtained in some
      cases by a protracted administration of the active substances, or it is
      possible, in other cases, to obtain the desired effect with smaller
      overall doses. The active substances, or mixtures containing them, may
      also be added to the feed or to the water, the active substance
      concentrations then being between 0.01 and 1%.
PAR  The new active substances can be administered to the animals direct, orally
      or abomasally, in the form of solutions, emulsions, suspensions
      (drenches), powders, tablets, boluses and capsules, the administration
      being either in the form of a single dose or in the form of repeated
      doses. In some cases, a better effect is achieved by a protracted
      administration, or a lesser amount as an overall dose may suffice. The
      active substances, or mixtures containing them, can also be added to the
      feed or to the water, or they may be contained in so-called feed
      premixtures.
PAR  The usual carriers are used for the preparation of the dosage units, such
      as kaolin, talcum, bentonite, sodium chloride, calcium phosphate,
      carbohydrates, cellulose powders, cottonseed meal, carbowaxes, gelatine,
      or liquids such as water, optionally with the addition of surface-active
      substances such as ionic or non-ionic dispersing agents, as well as oils
      and other solvents harmless to the organism of animals. If the
      anthelmintic agents are in the form of feed concentrates, then suitable
      carriers are, e.g. productive feeds, fodder grain or protein concentrates.
      Such feed concentrates may contain, in addition to the active substances,
      additives, vitamines, antibiotics, chemotherapeutics, bacteriostatics,
      fungistatics, coccidiostatics, hormone preparations, substances with an
      anabolic action, or other substances promoting growth, or improving the
      quality of the meat of slaughter cattle, or useful in some other way for
      the organism of animals.
PAR  Suitable dosage units for oral adminstration, such as dragees or tablets,
      preferably contain 100 to 500 mg of the active substance according to the
      invention, that is, 20 to 80% of a compound of the general formula I. The
      dosage units are produced by the combining of the active substance with,
      for example, solid pulverulent carriers such as lactose, saccharose,
      sorbitol, mannitol, starches such as potato starch, maize starch or
      amylopectin, also laminaria powder or citrus pulp powder, cellulose
      derivatives or gelatine, optionally with the addition of lubricants such
      as magnesium or calcium stearate, or polyethylene glycols, to form tablets
      or dragee cores. The last-mentioned are coated with, e.g. concentrated
      sugar solutions which can also contain, e.g. gum arabic, talcum and/or
      titanium dioxide; or with a lacquer dissolved in readily volatile organic
      solvents or solvent mixtures. It is also possible to add dyestuffs to
      these coatings, e.g. for the identification of the various doses of active
      substance.
PAR  In the following are described certain tests carried out to determine the
      anthelmintic activity of the new benzazoles of the general formula I.
PAL  Determination of the Anthelmintic Activity on Fowl Infested with Ascaridia
      galli.
PAR  One- to three-day old chickens were artificially infested with eggs of
      Ascaridia galli (ascarids). Groups each of 5 chickens were used for each
      test. The active substances were administered to the chickens 4 to 5 weeks
      after infestation, the administration being in the form of a single dose
      per day on 3 successive days. Infested chickens which had not been treated
      with the active substances were taken as a control.
PAL  Evaluation:
PAR  The number of Ascaridia galli discharged by each test group in the course
      of 5 days after the first administration of the active substance were
      determined daily, and also the number found on examination on the 5th test
      day in the intestines. Furthermore, the number of chickens free from worms
      was determined.
TBL  __________________________________________________________________________

                               No. of Ascaridia                                

                         daily dose                                            

                               galli from 5 chicks                             

                                            No. of                             

                                                  General                      

                         mg/kg              worm-free                          

                                                  condit-                      

                         of body                                               

                               discharged                                      

                                        found                                  

                                            chickens                           

                                                  ion                          

     Active substance    weight                                                

                               during duration                                 

                                        on                                     

                               of test  diss-                                  

                               absol-                                          

                                   in % of                                     

                                        ection                                 

                               ute No                                          

                                   total No                                    

     __________________________________________________________________________

     2-Phenoxy-6-isothiocyano-1,3-benzo-                                       

     thiazole            750   108 100  0   5     good                         

     2-(3'-Chlorphenoxy)-6-isothiocyano-                                       

     1,3-benzthiazole    750   219 100  0   5     good                         

     2(2'-Chlorophenoxy)-6-isothio-                                            

     cyano-1,3-benzthiazole                                                    

                         750    61 100  0   5     good                         

     2-(4'-Fluorphenoxy)-6-isothio-                                            

     cyano-1,3-benzthiazole                                                    

                         750   113 100  0   5     good                         

     2-(4'-Methylphenoxy)-6-isothio-                                           

     cyano-1,3-benzthiazole                                                    

                         750    60 100  0   5     good                         

     2-(3'-Methoxy-phenoxy)-6-isothio-                                         

     cyano-1,3-benzthiazole                                                    

                         750   116 100  0   5     good                         

     2-(2'-Fluorophenoxy)-6-isothio-                                           

                         750    80 100  0   5     good                         

     cyano-1,3-benzthiazole                                                    

     1-Methyl-2-(p-isothiocyanophenyl-                                         

     thio)-benzimidazole-chlorhydrate                                          

                         750   182 100  0   5     good                         

     2-(3'-Isothiocyanophenoxy)-1-methyl-                                      

     benzimidazole-hydrochloride                                               

                         750   231  96  8   3     good                         

     __________________________________________________________________________

PAL  Tests on Mice Infested by Hymenolepsis Nana
PAR  The active substance were administered in the form of a suspension by means
      of a stomach probe to white mice artificially infested with Hymenolepis
      nana. Five animals were used per test. The active substances were
      administered once daily to each group of animals on three successive days.
      The animals were killed and dissected on the 8th day after commencement of
      the treatment.
PAR  After dissection of the test animals, an evaluation was made by a count of
      the tapeworms present in the intestines. Untreated mice which had been
      infested at the same time and in the same manner served as a control.
PAR  The agents were well tolerated by the mice and no resulting symtoms were
      observed.
TBL  __________________________________________________________________________

                               Daily                                           

                                    Infestation                                

                                            Infestation of                     

                               dose of the 5                                   

                                           the control mice                    

     Active substances         mg/kg of                                        

                                    test mice                                  

                                            on dissection                      

                               body on dissec-                                 

                               weight                                          

                                    tion                                       

     __________________________________________________________________________

     2-(m-Isothiocyano-phenylamino)-benzoxazole                                

                               750  0-0-0-0-0                                  

                                           2-7-11-19-24                        

     2-Phenoxy-6-isothiocyano-1,3-benzothiazole                                

                               750  0-0-0-0-0                                  

                                           10-12-14-17-22                      

     2-(4'-Isothiocyano-phenoxy)-6-isothiocyano-                               

                               750  0-0-0-0-0                                  

                                           12-15-16-19-25                      

     1,3-benzthiazole                                                          

     2-(3'-Chlorophenoxy)-6-isothiocyano-1,3-benzo-                            

                               750  0-0-0-0-2                                  

                                           12-15-16-19-25                      

     thiazole                                                                  

     2-(4'Fluorophenoxy)-6-isothiocyano-1,3-benzo-                             

                               750  0-0-0-0-1                                  

                                           2-4-5-8-20                          

     thiazole                                                                  

     2-(2',3',5'-Trimethyl-phenoxy)-5-isothiocyano-                            

                               750  0-0-0-0-0                                  

                                           0-1-2-2-4                           

     1,3-benzothiazole                                                         

     2-(2'-Methylphenoxy)-6-isothiocyano-1,3-benzo-                            

                               750  0-0-0-0-1                                  

                                           3-4-15-18-19                        

     thiazole                                                                  

     2-(4'-Methylphenoxy)-6-isothiocyano-1,3-benzo-                            

                               750  0-0-0-0-0                                  

                                           7-8-12-16-20                        

     thiazole                                                                  

     2-(2',4',5'-Trimethylphenoxy)-6-isothiocyano-                             

                               750  0-0-0-0-2                                  

                                           4-5-6-6-11                          

     1,3-benzothiazole                                                         

     2-(2'-Fluorophenoxy)-6-isothiocyano-1,3-                                  

                               750  0-0-0-0-0                                  

                                           2-6-7-11-16                         

     benzothiazole                                                             

     2-(4'-Isothiocyano-phenoxy)-1,3-benzothiazole                             

                               750  0-0-0-0-0                                  

                                           10-16-17-26-33                      

     (2-[-isothiocyano-phenylamino] -5-isothiocyano-                           

                               750  0-0-0-0-0                                  

                                           11-12-12-16-16                      

     benzimidazole                                                             

     2-[4'-Isothiocyano-phenylthio] -benzimidazole                             

                               750  0-0-0-0-0                                  

                                           1-1-2-3-3                           

     2-(3'-Isothiocyanophenoxy)-benzimidazole                                  

                               750  0-0-0-0-1                                  

                                           +-6-6-14-16                         

     2-(4'-Isothiocyanophenoxy)-benzimidazole                                  

                               750  0-0-0-0-1                                  

                                           2-6-7-11-16                         

     2-(3'-Isothiocyanophenoxy)-1-methyl-benzimi-                              

                               750  0-0-0-0-0                                  

                                           2-6-7-11-16                         

     dazole-hydrochloride                                                      

     2-(3'-Isothiocyanophenoxy)-1-methyl-benzimidazole                         

                               750  0-0-0-0-0                                  

                                           3-6-6-7-8                           

     2-(4'-Isothiocyanophenoxy)-1-methyl-benzimi-                              

                               750  0-0-0-0-0                                  

                                           11-13-16-23-32                      

     dazole-hydrochloride                                                      

     2-(4'-Isothiocyano-phenylamino)-6-isothiocyano-                           

                               750  0-0-0-0-0                                  

                                           4-5-7-8-18                          

     benzoxazole                                                               

     __________________________________________________________________________

PAL  Tests on Mice Infested by Oxyuris
PAR  The active substances were administered in the form of a suspension by
      means of a stomach probe to white mice infested with oxyuris of mice. Five
      animals were used for each test. The active substances were administered
      to each group of mice once daily on 3 successive days.
PAR  The daily dose per animal was 750 mg of active substance per kg of body
      weight.
PAR  The animals were killed and dissected on the 6th day after commencement of
      the treatment. After dissection of the animals, the evaluation was made on
      the basis of a count of the mice-oxyuris present in the intestines.
      Untreated animals which had been infested in the same manner were taken as
      a control.
PAR  The agents were well tolerated by the mice and no resulting symtoms were
      observed.
TBL  __________________________________________________________________________

                              Daily dose                                       

                                    Infestat-                                  

                                           Infestation of the                  

                              mg/kg of                                         

                                     ion of                                    

                                           control animals                     

     Active substance         body   the five                                  

                                           on dissection                       

                              weight                                           

                                    test mice                                  

     __________________________________________________________________________

     2-(n-Isothiocyano-phenylamine)-benzoxazole                                

                              750   0-0-0-0-0/                                 

                                           4/L1-13/L/1-15/L-18/L/1             

                                           20/L/1                              

     2-Phenoxy-6-isothiocyano-1,3-benzthiazole                                 

                              750   0-0-0-0-0                                  

                                           6/L/1-8/L/1-9/L/1-11/L/1            

                                           13/L/1                              

     2-(4'-Isothiocyano-phenylthio)-1,3-benzo-                                 

                              750   0-0-0-0-                                   

                                           6/L/1-8/L/1-9/L/1-11/L/1            

     thiazole                              13/L/1                              

     2-(3'-Bromophenoxy)-6-isothiocyano-1,3-benz-                              

                              566   0-0-0-0-0                                  

                                           10/L/1-13/L/1                       

     thiazole                                                                  

     2-(4'-Fluorophenoxy)-6-isothiocyano-1,3-benzo-                            

                              750   0-0-0-0-0/                                 

                                           2/L/1-4/L/1-4/L/1-10/L/1            

     thiazole                              11/L/1                              

     2-(2'-Methylphenoxy)-6-isothiocyano-1,3-                                  

                              750   0-0-0-0-0                                  

                                           8/L/1-8/L/1-14/L/1-15/L/1           

     benzothiazole                         20/L/1                              

     2-(4'-Methylphenoxy)-6-isothiocyano-1,3-                                  

                              750   0-0-0-0-0                                  

                                           4/1-5-8/L/1-8/L/1-3/L/1             

     benzthiazole                                                              

     2-(2'-Fluorophenoxy)-6-isothiocyano-1,3-                                  

                              750   0-0-0-0-0/                                 

                                           0/L-1-3/L-15-24                     

     benzthiazole                                                              

     2-(4'-Isothiocya-no-phenoxy)-1,3-benzthiazole                             

                              750   0-0-0-0/-0                                 

                                           2-5/L/1-5/L/1-10/L/1                

                                           13/L/1                              

     2-4'-Isothiocyanatophenoxy)-6-isothiocyano-                               

                              750   0-0-0-0-2                                  

                                           4/L/1-5/L/1-5/L/1-6-6/L/1           

     benzimidazole                                                             

     2-(2'-Methyl-3'-methoxy-phenoxy)-6-isothio-                               

                              750   0-0-0-0-0                                  

                                           5/L/1-6-6/1-7-15/L/1                

     cyano-1,3-benzthiazole                                                    

     2-(3'-Isothiocyanophenoxy)-1-methyl-benzimi-                              

                              750   0-0-0-0-1                                  

                                           0/L-1-3/L-15-24                     

     dazole-hydrochloride                                                      

     __________________________________________________________________________

PAL  Tests on Rats Infested by Fasciola Hepatica
PAR  White laboratory rats are artificially infested with Fasciola hepatica. At
      the end of the prepatent time, the infestation of the rats by Fasciola
      hepatica (common liver fluke) was determined by means of 3 successive
      analyses of the excrement.
PAR  In each test, 4 infested rats are treated with the active substance,
      administered in the form of a suspension by stomach probe, once daily on
      three successive days. In the 3rd to 5th week after administration of the
      active substance, an excrement analysis is carried out once weekly to
      determine the content of eggs of the common liver fluke (Fasciola
      hepatica). The test animals were killed at the end of the 5th week after
      commencement of the test, and an examination made of the number of common
      liver fluke still present.
TBL  __________________________________________________________________________

                             Daily                                             

                                  Excrement (3)                                

                                            No. of                             

                             dose in                                           

                                  examination:                                 

                                            common                             

                                                  General                      

     Active substance        mg/kg                                             

                                  egg discharge                                

                                            liver condition                    

                             of body                                           

                                  before                                       

                                       after                                   

                                            fluke                              

                             weight                                            

                                  medica-                                      

                                       medicat-                                

                                            after                              

                                  tion ion  dissection                         

     __________________________________________________________________________

     2-Phenoxy-6-isothiocyano-1,3-benzothiazole                                

                             200  positive                                     

                                       negative                                

                                            0-0-0-0                            

                                                  good                         

     2-(4'-Fluorophenoxy)-6-isothiocyano-1,3-benzo-                            

                             200  positive                                     

                                       negative                                

                                            0-0-0-0                            

                                                  good                         

     thiazole                                                                  

     2-(2'-Methylphenoxy)-6-isothiocyano-1,3-benzo-                            

                             200  positive                                     

                                       negative                                

                                            0-0-0-0                            

                                                  good                         

     thiazole                                                                  

     2-(2'-Fluorophenoxy-6-isothiocyano-1,3-benzo-                             

                             200  positive                                     

                                       negative                                

                                            0-0-0-0                            

                                                  good                         

     thiazole                                                                  

     2-[4'-Isothiocyano-phenylthio]-benzimidazole                              

                             150  positive                                     

                                       negative                                

                                            0-0-0-0                            

                                                  good                         

     1-Methyl-2-(p-isothiocyanophenylthio)-                                    

                             200  positive                                     

                                       negative                                

                                            0-0-0-0                            

                                                  good                         

     benzimidazol-chlorhydrate                                                 

     2-(3'-Isothiocyanophenoxy)-benzimidazole                                  

                             200  positive                                     

                                       negative                                

                                            0-1-0-0                            

                                                  good                         

     hydrochloride                                                             

     2-(3'-Isothiocyanophenoxy)-1-methyl-benzimi-                              

                             200  positive                                     

                                       negative                                

                                            0-0-0-0                            

                                                  good                         

     dazolehydrochloride                                                       

     2-(3'-Isothiocyanophenoxy)-1-methyl-benz-                                 

                             200  positive                                     

                                       negative                                

                                            0-0-0-0                            

                                                  good                         

     imidazole                                                                 

     2-(4'-Isothiocyanophenoxy)-1-methyl-benz-                                 

                             200  positive                                     

                                       negative                                

                                            0-0-0-0                            

                                                  good                         

     imidazole                                                                 

     2-(4'-Isothiocyanophenoxy)-1-methyl-benz-                                 

                             200  positive                                     

                                       negative                                

                                            0-0-0-0                            

                                                  good                         

     imidazole-hydrochloride                                                   

     2-(4'-Isothiocyanophenoxy)-benzimidazole                                  

                             150  positive                                     

                                       negative                                

                                            0-0-0-0                            

                                                  good                         

     sulphuric acid salt                                                       

     __________________________________________________________________________

PAR  The following examples serve to further illustrate the production processes
      according to the invention. Where not otherwise stated, the term `parts`
      denotes parts by weight; the temperatures are expressed in degrees
      Centigrade.
DETD
PAC  EXAMPLE 1
PAL  6-isothiocyano-2-Phenoxybenzothiazole
PAR  An amount of 8.46 g of thiophosgene in a sulphonating flask is stirred into
      500 ml of ice water. An addition is then made dropwise, in the course of
      10 minutes, of a solution of 18 g of 6-amino-2-phenoxybenzothiazole in 100
      ml of dioxane as well as 10 ml of water. The suspension is further stirred
      overnight at room temperature. The formed precipitate is separated and
      washed with water; the residue is dissolved in 100 ml of methylene
      chloride, and the solution dried over sodium sulphate. After
      chromatography with methylene chloride through aluminium oxide (neutral,
      activity stage III), an amount of 12.5 g. of
      6-isothiocyano-2-phenoxybenzothiazole, M.P. 118.degree. to 119.degree.C,
      is obtained.
PAC  EXAMPLE 2
PAL  2-(3'-isothiocyanophenoxy)-1-Methylbenzimidazole
PAR  a. An amount of 74.6 g of 3-aminophenol is heated, under nitrogen, with 24
      g of 80% ground potassium hydroxide to 100.degree.; an addition is then
      made at this temperature of 57 g of 2-chloro-1-methylbenzimidazole. The
      mixture is subsequently heated to 140.degree. to 145.degree. and
      maintained for 5 hours at this temperature, whilst the water forming is
      continuously distilled off. The mixture is then diluted whilst still hot
      with 100 ml of dimethylformamide, and poured on to 1,500 ml of water. The
      formed precipitate is filtered off under suction and, while still moist,
      boiled with 400 ml of ethanol with the addition of active charcoal. After
      filtration, the filtrate is diluted with 400 ml of water and the whole
      stirred. 2-(3'-Aminophenoxy)-1-methylbenzimidazole, M.P. 110.degree. to
      114.degree., precipitates out.
PAR  b. An amount of 35 g of thiophosgene, 250 ml of dioxane and 100 ml of water
      is placed into a sulphating flask and cooled to 0.degree. to 5.degree.; an
      addition is then made dropwise, within 30 minutes, of a solution of 61 g
      of 2-(3'-aminophenoxy)-1-methylbenzimidazole in 200 ml of dioxane. The
      mixture is stirred for 3 hours at 0.degree. to 5.degree.; it is afterwards
      further stirred for 15 hours at room temperature. After dilution with 600
      ml of water, the precipitate is separated and stirred, for 7 hours at
      10.degree., into a solution of 10 g of thiophosgene in 500 ml of acetone.
      The product is separated and recrystallized from acetonitrile to obtain
      29.3 g of (3'-isothiocyanophenoxy)-1-methylbenzimidazolehydrochloride,
      M.P. 154.degree. to 158.degree.C.
PAR  6 Parts of this product are treated with a saturated sodium bicarbonate
      solution. The obtained base is taken up in chloroform. After drying and
      distillation of the solution, the residue, recrystallised from
      cyclohexane, yields 4.2 g of
      2-(3'-isothiocyanophenoxy)-1-methylbenzimidazole, M.P.: 121.degree. -
      124.degree.C.
PAC  EXAMPLE 3 (Compound - see Example 2)
PAR  An amount of 4.8 g of 2-(3'-aminophenoxy)-1-methylbenzimidazole is refluxed
      with 3.0 g of diethylaminothiocarbonyl chloride in 50 ml of anhydrous
      toluene for 4 hours. The mixture is filtered hot and the filtrate
      concentrated by evaporation to dryness. The residue is boiled in
      cyclohexane. The hot suspension is filtered off, diluted while still hot
      with petroleum ether, and filtration performed to obtain
      2-(3'-isothiocyanantophenoxy)-1-methylbenzimidazole, M.P.: 120.degree. to
      121.degree.C.
PAC  EXAMPLE 4
PAL  2-(4'-isothiocyanophenoxy)-1-Methylbenzimidazole
PAR  An amount of 4.8 g of 2-(4'-aminophenoxy)-1-methylbenzimidazole is stirred
      with 2.3 g of bis-(trichloromethane-sulphonyl-trithiocarbonate in 25 ml of
      water for 24 hours at room temperature. The precipitate is separated,
      washed with sodium bicarbonate solution, and taken up in chloroform. After
      drying and distillation of the chloroform solution, the residue is boiled
      out with cyclohexane, filtered hot, and the filtrate diluted with
      petroleum ether. The 2-(4'-isothiocyanophenoxy)-1-methylbenzimidazole
      crystallising out melts at 59.degree. to 61.degree.C.
PAC  EXAMPLE 5
PAL  2-(4'-isothiocyanophenoxy)-1,3-Dimethylbenzimidazolium-Iodide
PAR  An amount of 14.3 g of 2-(4'-isothiocyanophenoxy)-1-methylbenzimidazole is
      refluxed with 6.8 g of methyl iodide in 50 ml of anhydrous acetone for 21
      hours. The solution is then diluted with ether, the precipitate filtered
      off, and the filtrate concentrated by evaporation to dryness to obtain 16
      g of 2-(4'-isothiocyanophenoxy)l-1,3-dimethylbenzimidazolium iodide, M.P.:
      204.degree. to 208.degree.C.
PAC  EXAMPLE 6
PAR  a. A solution of 83 g of p-nitroaniline in 400 ml of dioxane is added at
      room temperature, with stirring, to 126 g of 2-chloro-6-nitrobenzoxazole
      obtained from 43.3 g of 2-chlorobenzoxazole with fuming nitric acid (d.
      1.52) in sulphuric acid. The solution is heated to 40.degree.C and stirred
      at this temperature for a further 19 hours. The solution is diluted with
      200 ml of water; it is then cooled and the precipitate separated. The
      suction-filter residue is dried and dissolved in 500 ml of
      dimethylformamide. This solution is purified, and diluted with 200 ml of
      ethanol. The precipitating 6-nitro-2-(4'-nitroanilino)-benzoxazole has the
      melting point 305.degree. to 310.degree.C.
PAR  b. An amount of 47 g of 6-nitro-2-(4'-nitroanilino)-benzoxazole is
      dissolved in 500 ml of dimethylformamide; and 7 g of palladium charcoal
      (5%) then added. Within 3 hours at room temperature, 18.6 ml of hydrogen
      is absorbed. The catalyst is then filtered off, and the filtrate
      concentrated in a water-jet vacuum at 70.degree.C to dryness. The residue
      is afterwards dissolved with 250 ml of 2-n HCl, and the solution rendered
      alkaline with concentrated ammonia solution.
      6-Amino-2-(4'-aminoanilino)-benzoxazole, M.P. 83.degree. to 87.degree.,
      precipitates.
PAR  c. A suspension of 17.2 g of 6-amino-2-(4'-aminoanilino)-benzoxazole in 200
      ml of anhydrous chlorobenzene is saturated at room temperature with
      hydrogen chloride. An amount of 13.2 g of NH.sub.4 SCN (ammonium
      thiocyanate) is subsequently added to the mixture. With a further slight
      introduction of hydrogen chloride, the reaction mixture is refluxed, with
      stirring, for 6 hours. After cooling, the crystallisate is separated and
      recrystallised from methyl ethyl ketone. The obtained
      6-isothiocyano-2-(4'-isothiocyanophenylamino)-benzoxazole has the melting
      point 233.degree. to 237.degree.C.
PAC  EXAMPLE 7
PAL  2-(4'-fluorophenoxy)-6-isothiocyanobenzothiazole
PAR  An amount of 20 g of phosgene is introduced, with ice cooling and with the
      exclusion of atmospheric moisture, into 100 ml of o-dichlorobenzene; an
      addition is then made at 0.degree. of 13 parts of
      2-(4'-fluorophenoxy)-6-aminobenzothiazole. The reaction mixture is stirred
      overnight at room temperature; the temperature is then raised, with a
      slight introduction of phosgene, within 45 minutes to 90.degree.. The flow
      of phosgene is thereupon stopped, and stirring at 125.degree. -
      130.degree. continued until the evolution of gas has finished (after ca. 2
      hours). After slow cooling to room temperature, 3.75 g of phosphorus
      pentasulphide is added; stirring with refluxing is subsequently carried
      out for 14 hours, and the solution filtered off whilst still hot. The
      filtrate is concentrated by evaporation, and the residue chromatographed
      through aluminium oxide with methylene chloride as the eluant. The
      obtained 2-(4'-fluorophenoxy)-6-isothiocyanobenzothiazole has the M.P.
      124.degree. - 126.degree..
PAC  EXAMPLE 8
PAL  2-(2'-fluorophenoxy)-6-isothiocyanobenzothiazole
PAR  An amount of 17 g of ammonium rhodanide is dissolved in 200 ml of absolute
      acetone; an addition is then made to the solution, with stirring, of 31 g
      of benzoyl chloride. The reaction mixture is allowed to boil with
      refluxing for 5 minutes; a solution is then added of 57 g of
      2-(2'-fluorophenoxy)-6-aminobenzothiazole (obtained from
      2-(2'-fluorophenoxy)-6-nitrobenzothiazole by catalytic hydrogenation, cp.
      Example 6) in 400 ml of acetone. Stirring is continued for 2 minutes at
      the boiling temperature, and the mixture then poured, with stirring, into
      5000 ml of ice water. Filtration is performed, the filter residue washed
      with water, and suspended in 350 ml of 10% sodium hydroxide solution. The
      suspension is quickly brought to boiling temperature and allowed to boil
      for a further 2 minutes. Cooling is then rapidly carried out in an ice
      bath; the suspension is neutralised with 2-n hydrochloric acid, and the
      pH-value adjusted with 2-n ammonia to 8. Filtration is again performed,
      the filter residue washed wth water until neutral, and dried at 80.degree.
      in vacuo. The finely powdered material is suspended in 500 ml of anhydrous
      chlorobenzene and refluxed for 14 hours. After the solvent has been
      evaporated off, the residue is chromatographed through aluminium oxide
      with methylene chloride as the eluant. The obtained
      2-(2'-fluorophenoxy)-6-isothiocyanobenzothiazole melts at 115.degree. -
      117.degree..
PAC  EXAMPLE 9
PAL  2-(4'-isothiocyanophenylthio)-benzothiazole
PAR  Hydrogen chloride is introduced for 90 minutes, with cooling, into a
      mixture of 12.9 g of 2-(4'-aminophenylthio)-benzothiazole (obtained from
      2-(4'-nitrophenylthio)-benzothiazole by catalytic hydrogenation, see
      Example 6) and 15.4 g of bis-(diethyl)-thiocarbamoyl-disulphide in 250 ml
      of anhydrous chlorobenzene. Stirring is afterwards carried out for 41/2
      hours with refluxing, animal charcoal is added and filtration performed
      hot. The filtrate is concentrated by evaporation, and chromatographed
      through aluminium oxide with methylene chloride as the eluant.
      2-(4'-Isothiocyanophenylthio)-benzothiazole is obtained, which melts at
      84.5.degree. - 86.degree..
PAC  EXAMPLE 10
PAL  2-(4'-methylphenoxy)-6-isothiocyanobenzothiazole
PAR  Additions are made dropwise, at -10.degree. to -5.degree., firstly of 31 ml
      of triethylamine and then of 4.3 ml of carbon disulphide to 18.4 g of
      2-(4'-methylphenoxy)-6-aminobenzothiazole in 360 ml of absolute diethyl
      ether. Stirring is continued for ca. 12 hours at room temperature; the
      mixture is cooled to 0.degree., and an addition made at this temperature,
      within 30 minutes, of 6.7 ml of phosphorus oxychloride in 80 ml of
      absolute diethyl ether. After 10 hours' stirring at room temperature,
      filtration is performed; the filter residue is washed firstly with diethyl
      ether and then with water and dried. the product is afterwards
      chromatographed through aluminium oxide, with methylene chloride as the
      eluant, to obtain 2-(4'-methylphenoxy)-6-isothiocyanobenzothiazole, M.P.
      121.degree. - 123.degree..
PAR  The active substances listed in the following tables are obtained by the
      procedures described in the preceding examples.
TBL  ______________________________________                                    

                              Melting point                                    

     Compounds:               in .degree.C                                     

     ______________________________________                                    

     2-phenoxy-6-isothiocyano-1,3-benzothiazole                                

                              118 - 119                                        

     2-(3'-chlorophenoxy)-6-isothiocyano-                                      

                              102 - 103                                        

     1,3-benzothiazole                                                         

     2-(4'-chlorophenoxy)-6-isothiocyano-                                      

                              110 - 112                                        

     1,3-benzothiazole                                                         

     2-(2'-chlorophenoxy)-6-isothiocyano-                                      

                              123 - 125                                        

     1,3-benzothiazole                                                         

     2-(3',4'-dichlorophenoxy)-6-isothiocyano-                                 

                              140 - 142                                        

     1,3-benzothiazole                                                         

     2-(3'-bromophenoxy)-6-isothiocyano-1,3-                                   

                              109 - 111                                        

     benzothiazole                                                             

     2-(4'-bromophenoxy)-6-isothiocyano-1,3-                                   

                              111 - 113                                        

     benzothiazole                                                             

     2-(4'-iodophenoxy)-6-isothiocyano-1,3-                                    

                              105 - 107                                        

     benzothiazole                                                             

     2(2'-bromophenoxy)-6-isothiocyano-1,3-                                    

                              123 - 125                                        

     benzothiazole                                                             

     2-(3'-trifluoromethylphenoxy)-6-isothio-                                  

                              80 - 82                                          

     cyano-1,3-benzothiazole                                                   

     2-(2'-methyl-4'-chlorophenoxy)-6-isothio                                  

                              101 - 103                                        

     cyano-1,3-benzothiazole                                                   

     2-(3'-methylphenoxy)-6-isothiocyano-                                      

                              76.5 - 77.5                                      

     1,3-benzothiazole                                                         

     2-(2'-methylphenoxy)-6-isothiocyano-1,3-                                  

                              115 - 117                                        

     benzothiazole                                                             

     2-(2',5'-dimethylphenoxy)-6-isothiocyano-                                 

                              78 - 80                                          

     1,3- benzothiazole                                                        

     2-(2',4'-dimethylphenoxy)-6-isothio-                                      

                              116 - 118                                        

     cyano-1,3-benzothiazole                                                   

     2-(3',5'-dimethylphenoxy)-6-isothio-                                      

                              100 - 101                                        

     cyano-1,3-benzothiazole                                                   

     2-(2',3',5'-trimethylphenoxy)-6-iso-                                      

                               99 - 100                                        

     thiocyano-1,3-benzothiazole                                               

     2-(2',4',5'-trimethylphenoxy-6-isothio-                                   

                              83 - 85                                          

     cyano-1,3-benzothiazole                                                   

     2-(2'-methyl-3'-methoxyphenoxy)-6-iso-                                    

                              118 - 120                                        

     thiocyano-1,3-benzothiazole                                               

     2-(3'-methoxy-4'-methylphenoxy)-6-iso-                                    

                              136 - 137                                        

     thiocyano-1,3-benzothiazole                                               

     2-(2'-methoxy-4'-methylphenoxy)-6-iso-                                    

                              134.5 - 136                                      

     thiocyano-1,3-benzothiazole                                               

     2-(4'-methoxyphenoxy)-6-isothiocyano-                                     

                               95 - 96.5                                       

     1,3-benzothiazole                                                         

     2-(3'-methoxyphenoxy)-6-isothiocyano-                                     

                              75 - 77                                          

     1,3-benzothiazole                                                         

     2-(2'-methoxyphenoxy)-6-isothiocyano-                                     

                              104 - 105                                        

     1,3-benzothiazole                                                         

     2-(2'  -naphthoxy)-6-isothiocyano-1,3-                                    

                              153 - 155                                        

     benzothiazole                                                             

     2-(4'-phenylphenoxy)-6-isothiocyano-                                      

                              140 - 141                                        

     1,3-benzothiazole                                                         

     2-(2'-chloro-4'-phenylphenoxy)-6-iso-                                     

                              108 - 112                                        

     cyano-1,3-benzothiazole                                                   

     2-(4'-isothiocyanophenoxy)-1,3-                                           

                              82 - 85                                          

     benzothiazole                                                             

     2-(4'-isothiocyanophenoxy)-6-nitro                                        

                              174 - 176                                        

     1,3-benzothiazole                                                         

     2-(3'-isothiocyanophenoxy)-6-isothio-                                     

                              129 - 131                                        

     cyano-1,3-benzothiazole                                                   

     2-(4'-isothiocyanophenoxy)-6-isothio-                                     

                              125 - 127                                        

     cyano-1,3-benzothiazole                                                   

     2-phenylthio-6-isothiocyano-1,3-                                          

                              126 - 128                                        

     benzothiazole                                                             

     2-(4'-chlorophenylthio)-6-isothio-                                        

                              138 - 140                                        

     cyano-1,3-benzothiazole                                                   

     2-(4'-bromophenylthio)-6-isothiocyano-                                    

                              141 - 143                                        

     1,3-benzothiazole                                                         

     2-(4'-methylphenylthio)-6-isothio-                                        

                              123 - 125                                        

     cyano-1,3-benzothiazole                                                   

     2-(4'-tert.butylphenylthio)-6-isothio-                                    

                              127 - 129                                        

     cyano-1,3-benzothiazole                                                   

     2-(4'-isothiocyanatophenylthio)-6-                                        

                              155 - 157                                        

     nitro-1,3-benzothiazole                                                   

     2-(phenylmethylamino)-6-isothiocyano-                                     

                              139 - 141                                        

     benzothiazole                                                             

     6-isothiocyano-2-phenylamino-                                             

                              195 - 199                                        

     benzothiazole                                                             

     2-(4'-methylphenylamino)-6-isothio-                                       

                              202 - 204                                        

     cyanobenzothiazole                                                        

     2-(3'-isothiocyanophenylamino)-6-                                         

                              199 - 202                                        

     isothiocyanobenzothiazole                                                 

     2-benzyloxy-6-isothiocyano-                                               

                              98 - 99                                          

     benzothiazole                                                             

     2-(N-benzyl-N-methylamino)-6-                                             

                              113 - 115                                        

     isothiocyanobenzothiazole                                                 

     2-(4-isothiocyanobenzylthio)-                                             

                              89 - 91                                          

     benzothiazole                                                             

     2-(3'-phenylpropoxy)-6-isothio-                                           

                              58 - 61                                          

     cyanobenzothiazole                                                        

     2-(3'-isothiocyanophenoxy)-benzim-                                        

                              203 - 204                                        

     idazole                                                                   

     2-(3'-isothiocyanophenoxy)-benzimidazole                                  

                              200 - 203                                        

     hydrochloride                                                             

     2-(4'-isothiocyanophenoxy)-benzim-                                        

                              206 - 210                                        

     idazole                                                                   

     2-(3'-isothiocyanophenoxy)-1-methyl-                                      

                              121 - 124                                        

     benzimidazole                                                             

     2-(4'-isothiocyanophenoxy)-benzimidazole                                  

                              207 - 208                                        

     sulphuric acid salt                                                       

     2-(4'-isothiocyanophenoxy)-1-methyl-                                      

                              150 - 153                                        

     benzimidazole-hydrochloride                                               

     2-(4'-isothiocyanophenoxy)-3-methyl-                                      

                              218                                              

     (5 or 6)-nitrobenzimidazole                                               

     2-(3-isothiocyanophenoxy)-(5 or 6)-                                       

                              175                                              

     nitrobenzimidazole                                                        

     2-[4'-isothiocyanophenylthio]-                                            

                              253 - 257                                        

     benzimidazole                                                             

     1-methyl-2-(4'-isothiocyanophenylthio)-                                   

                              162                                              

     5(6)-nitrobenzimidazole                                                   

     1-methyl-2-(p-isothiocyanophenylthio)-                                    

                              200 - 202                                        

     benzimidazole-chlorohydrate                                               

     2-(4'-isothiocyanobenzylthio)-benz-                                       

                              174 - 178                                        

     imidazole                                                                 

     2-(p-isothiocyanophenylamino)-5-chloro-                                   

                              245 - 247                                        

     benzimidazole                                                             

     2-(4'-isothiocyanatophenoxy)-5-isothio-                                   

                              189 - 192                                        

     cyanobenzimidazole                                                        

     2-(m-isothiocyanophenylamino)-5-iso-                                      

                              185 - 187                                        

     thiocyanobenzoxazole                                                      

     2-[isothiocyanophenylamino]-5-isothio-                                    

                              230                                              

     cyanobenzimidazole                                                        

     2-(4'-methoxyphenylamino)-5-isothio-                                      

                              136 - 140                                        

     cyanobenzimidazole                                                        

     2-(4'-chlorophenylamino)-5-isothio-                                       

                              225 - 227                                        

     cyanobenzimidazole hydrochloride                                          

     2-(4'-methylbenzylthio)-5-isothiocyano-                                   

                              174 - 176                                        

     benzimidazole                                                             

     2-(4'-isothiocyanophenylthio)-                                            

                              67 - 71                                          

     benzoxazole                                                               

     2-(4'-isothiocyanophenylamino)-                                           

                              242 - 244                                        

     benzoxazole                                                               

     2-(m-isothiocyanophenylamino)-                                            

                              177 - 179                                        

     benzoxazole                                                               

     2-(m-isothiocyanophenylamino)-6-                                          

                              191 - 193                                        

     methylbenzoxazole                                                         

     2-(phenylmethylamino)-6-isothiocyano-                                     

                              81 - 83                                          

     benzoxazole                                                               

     2-(4'-methoxyphenylamino)-6-isothio-                                      

                              234 - 236                                        

     cyanobenzoxazole                                                          

     2-(4'-isothiocyanophenoxy)-benzoxazole                                    

                              105 - 109                                        

     2-(4'-chlorophenylthio)-6-isothiocyano-                                   

                               98 - 104                                        

     benzoxazole                                                               

     2-(4'-isothiocyanophenylthio)-6-nitro-                                    

                              154 - 156                                        

     benzoxazole                                                               

     2-(N-benzyl-N-methylamino)-6-isothio-                                     

                              77 - 79                                          

     cyanobenzoxazole                                                          

     2-(4'-chlorobenzylthio)-6-isothiocyano-                                   

                              121 - 123                                        

     benzoxazole                                                               

     2-(4'-isothiocyanobenzylthio)-                                            

     benzoxazole                                                               

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. An isothiocyano-benzoxazole compound of the formula
      ##SPC7##
PAL  wherein one of R.sub.2 and R.sub.5 is isothiocyano and the other is
      selected from the group consisting of hydrogen, isothiocyano, methyl,
      methoxy, chlorine and nitro; Y is oxygen, sulphur or
      ##EQU3##
      in which R is hydrogen or methyl; and n is 0 or 1.
NUM  2.
PAR  2. The compound according to claim 1 which is
      2-(m-isothiocyano-phenylamino)-benzoxazole.
NUM  3.
PAR  3. The compound according to claim 1 which is
      2-(4'-isothiocyano-phenylamino)-6-isothiocyanobenzoxazole.
PATN
WKU  039338428
SRC  5
APN  3944948
APT  1
ART  122
APD  19730905
TTL  3-Oxadiazolyl coumarins
ISD  19760120
NCL  8
ECL  1
EXP  Rush; Raymond V.
INVT
NAM  Davidson; Hugh
CTY  Ledston
CNT  EN
INVT
NAM  Johnson; Keith Trevor
CTY  Carleton
CNT  EN
INVT
NAM  Leggeter; Brian Ernest
CTY  Sandal
CNT  EN
INVT
NAM  Moore; Anthony John
CTY  Leeds
CNT  EN
ASSG
NAM  Hickson & Welch Limited
CNT  EN
COD  03
PRIR
CNT  UK
APD  19720906
APN  41416/72
CLAS
OCL  260307G
XCL  260 458NZ
XCL  2603452
EDF  2
ICL  C07D27106
ICL  C07D27110
FSC  260
FSS  307 G;293.58;247.2 B;295 F
UREF
PNO  3810901
ISD  19740500
NAM  Davidson et al.
OCL  260293.58
OREF
PAL  Behr- "Heterocyclic Compounds" - Vol. 17, (1962), Interscience Publishers -
      pp. 245-247, 263-265.
LREP
FRM  Bacon & Thomas
ABST
PAL  Substituted coumarins are described having at the 7-position the group RO-
      where R is a substituted or unsubstituted alkyl, cycloalkyl or aralkyl
      group, and at the 3-position a 1,2,4- or 1,3,4-oxadiazolyl group which
      possesses a substituted or unsubstituted alkyl or aryl substituent. The
      compounds are useful as optical whitening agents in the treatment of
      textile fibres.
BSUM
PAR  This invention is concerned with new chemical compounds of use in the
      whitening, brightening and/or bleaching of polyamide, polyester,
      polyolefin, acrylic and other synthetic materials in the form for example
      of textile yarns and fibres, synthetic resin sheets and the like.
PAR  Optical whitening agents have in recent years found extensive use in the
      treatment of textile yarns and fibres, both in their preparation and
      during washing, and are designed in general to counteract the yellow or
      off-white colour which white textiles may develop. Such optical whitening
      agents also tend to improve coloured textiles as they impart a general
      brightness to them.
PAR  The present invention is based upon the discovery of certain 3-oxadiazolyl
      coumarins which have particularly advantageous properties in the
      whitening, brightening and/or bleaching of textile fibres.
PAR  According to one feature of the invention, there are provided compounds of
      the general formula:
      ##SPC1##
PAL  Wherein
PA1  R is an alkyl, cycloalkyl or aralkyl group, which groups may be
      unsubstituted or substituted by a non-chromophoric group; and
PA1  X is a 1,2,4- or 1,3,4-oxadiazolyl group of the formula:
      ##SPC2##
PAL  Wherein R.sup.1 is an alkyl group (which may be unsubstituted or
      substituted by a non-chromophoric group or an aryl group) or an aryl
      group, which may be unsubstituted or substituted by a non-chromophoric
      group; and the salts of compounds of formula I which possess a basic
      nitrogen atom.
PAR  According to a further feature of the invention there are provided
      compositions for use in the treatment of an at least in part synthetic
      textile material comprising at least one compound of formula I as
      hereinbefore defined together with a solid or liquid carrier.
PAR  According to a still further feature of the invention, there is provided
      textile material which is at least in part synthetic having at least one
      compound of formula I as hereinbefore defined in association therewith.
PAR  The compounds according to the invention have especially advantageous
      properties in the whitening, brightening and/or bleaching of textile yarns
      and fibres, in particular, synthetic textile fibres (e.g. polyamide,
      polyolefin, acrylic and more especially polyester fibres).
PAR  The compounds according to the invention have a high thermal stability and
      may, if desired, be incorporated into synthetic melts, e.g. of polyester
      resin which may subsequently be formed into textile yarns and fibres or
      other shaped articles such as for example synthetic resin sheets and
      fibres. Where for example textile yarns and fibres are to be formed, the
      compounds according to the invention may be incorporated into a synthetic
      resin melt e.g. a polyester resin melt, and the melt then extruded to form
      the yarns or fibres.
PAR  The compounds according to the invention in general have a desirable violet
      blue fluorescence, good light fastness and good stability to
      chlorine-containing and oxygen bleach baths. In the tests we have carried
      out they have proved particularly effective in conjunction with a chlorite
      bleach, in that materials treated in this way show increased reflectance
      values.
PAR  As stated above, they in general additionally show a high degree of thermal
      stability and may thus be used for example in polyester resin melts for
      the production of textile yarns and fibres and other shaped articles as
      described above. They are also of course suitable for use in a more
      conventional manner, for example in normal dyeing processes e.g. in a
      dyebath at elevated temperatures and pressures, or in the pad-bake
      process. Solutions or dispersions of the compounds according to the
      invention are convenient in these processes.
PAR  In the compounds of formula I, R is preferably an alkyl group having 1-6
      carbon atoms, such as methyl or ethyl, which is preferably unsubstituted
      but may, for example, be substituted by a non-chromophoric substituent
      such as a halogen, e.g. chlorine, atom. Alternatively, R may be a
      cycloalkyl group having for example 5-7 carbon atoms or an aralkyl group,
      e.g. an aralkyl group in which the aryl portion is monocyclic and the
      alkyl portion contains 1-6 carbon atoms, e.g. benzyl. Such groups are
      preferably unsubstituted, but may for example be substituted by a
      substituent as just referred to with reference to alkyl groups.
PAR  In the group X, R.sup.1 may for example be a monocyclic aryl group such as
      a phenyl group, which may itself be substituted by a non-chromophoric
      group such as an alkyl or alkoxy group having 1-6 carbon atoms (e.g.
      methyl) or a halogen atom (e.g. chlorine). A further example of a
      substituted aryl R.sup.1 group is a tetrahydronaphthyl group. R.sup.1 may
      alternatively be an alkyl group having for example 1-6 carbon atoms (e.g.
      methyl) which may be substituted by a non-chromophoric group such as a
      halogen (e.g. chlorine) atom or an aryl group such as referred to above
      (e.g. phenyl).
PAR  Where R.sup.1 is an alkyl group it may also be substituted by a
      dialkylamino group (e.g. in which the alkyl groups have 1-6 carbon atoms)
      or the N-attached residue of a nitrogen containing heterocyclic ring. The
      heterocyclic ring may for example be a monocyclic saturated 5- or
      6-membered ring which may contain a further ring hetero atom such as O, N
      or S (e.g. a piperidino or morpholino group). The heterocyclic ring may
      alternatively be aromatic, e.g. a 5- or 6-membered monocylic group such as
      pyridinium; an anion such as a halide ion will of course be associated
      with such a group. Compounds wherein R.sup.1 contains a basic nitrogen
      atom are capable of forming salts with acids or quaternary salts, and such
      salts are also included within the scope of the invention.
PAR  X is preferably a 1,2,4-oxadiazol-5-yl derivative.
PAR  It will be appreciated that non-chromophoric substituents such as referred
      to above may be present at other positions in the molecule.
PAR  Particularly preferred compounds in accordance with the invention on
      account of their especially advantageous whitening, brightening and/or
      bleaching properties are:
PA1  7-ethoxy-3-(3-phenyl-1,2,4-oxadiazol-5-yl)-coumarin;
PA1  7-ethoxy-3-[3-(p-tolyl)-1,2,4-oxadiazol-5-yl]-coumarin;
PA1  7-methoxy-3-(3-methyl-1,2,4-oxadiazol-5-yl)-coumarin; and
PA1  7-methoxy-3-(3-benzyl-1,2,4-oxadiazol-5-yl)-coumarin.
PAR  For the purpose of treating previously-formed textile yarns and fibres in
      general, the compounds according to the invention may be incorporated into
      compositions comprising at least one compound of formula I together with a
      solid or liquid carrier. Such compositions may for example be adapted for
      use in the washing of finished polyamide, polyolefin, polyester and
      acrylic fibres and can take the form of solutions, suspensions and
      dispersions of compounds of formula I in appropriate liquid carriers such
      as water, sulpholane, dimethylformamide and dimethylsulphoxide. When
      dispersions are used they conveniently include dispersing agents such as
      for example alkyl naphthalene sulphonates. Aqueous compositions may, if
      desired, also contain, for example, synthetic detergents, soaps or surface
      active agents. Alternatively the compositions may be in solid form and
      comprise at least one compound according to the invention together with a
      solid synthetic detergent or soap as carrier. The compounds of formula I
      may be employed in the manufacture of synthetic yarns and fibres, e.g. by
      addition to compositions from which the fibres are prepared by spinning or
      extrusion.
PAR  The compounds of the invention may be prepared by any convenient route and
      are advantageously prepared by one of the following processes.
PAR  Compounds of formula I wherein X is a group of the formula I (a) may be
      prepared by reacting an appropriately substituted coumarin having a
      3-amidoximino group with a functional derivative of a carboxylic acid of
      the formula R.sup.1 COOH where R.sup.1 is as defined above. The starting
      coumarin may be regarded as a compound of formula I wherein X is the
      group:
      ##EQU1##
      and may be prepared for example by reacting the corresponding 3-cyano
      coumarin with hydroxylamine. The functional derivative of the carboxylic
      acid may for example be an acid halide (preferably the chloride), or
      anhydride or an ester (e.g. a C.sub.1.sub.-6 alkyl ester).
PAR  The reaction may for example be carried out at an elevated temperature
      (e.g. above 100.degree.C) with an acid halide which also functions as the
      reaction solvent.
PAR  Compounds of formula I wherein X is a group of the formula I (b) may be
      prepared by reacting a functional derivative of an appropriately
      substituted coumarin-3-carboxylic acid (i.e. a compound of formula I
      wherein X is a carboxylic acid group) with an amidoxime of the formula
      ##EQU2##
      where R.sup.1 is as defined above. The functional derivative of the
      carboxylic acid may be an acid halide (preferably the chloride), or
      anhydride or an ester. The reaction is conveniently carried out by first
      reacting the two reagents in a ketone solvent such as acetone at ambient
      temperatures, and thereafter refluxing the intermediate so formed in a
      hydrocarbon solvent such as decahydronaphthalene in the presence of an
      acid catalyst (e.g. boric acid).
PAR  Compounds of the formula I wherein X is a group of the formula I (c) may be
      prepared by the cyclisation of an appropriately substituted acid
      hydrazide, i.e. a compound of formula I wherein X is the group --
      CO.NH.NH.CO.R.sup.1 where R.sup.1 is as defined above. This reaction may
      be effected in an inert polar solvent such as dimethylformamide with a
      dehydrating agent such as thionyl chloride, conveniently at reflux.
PAR  The acid hydrazide starting materials required for this reaction may be
      prepared by reacting a functional derivative of a coumarin-3-carboxylic
      acid, such as referred to above, with hydrazine of the formula H.sub.2
      N.NH.CO.R.sup.1..
PAR  The following examples illustrate the invention.
DETD
PAC  EXAMPLE 1
PAR  2.5 parts 7-ethoxy coumarin-3-carbonyl chloride and 1.4 parts of
      benzamidoxime were stirred in 25 parts of acetone at room temperature for
      30 mins. and then refluxed for a further 30 mins., the mixture cooled and
      the resultant pale cream solid collected, washed with acetone and dried.
      This intermediate was added to 25 parts of boiling decahydronaphthalene
      containing 0.1 parts boric acid. After refluxing for 11/2 hours the
      reaction mixture was cooled and the solid filtered off and recrystallised
      from cellosolve. The yield of 1.7 parts of
      3-(3-phenyl-1,2,4-oxadiazol-5-yl)-7-ethoxy coumarin melted at 233.degree.C
      and has an E.sub.1.sup.1 of 930 at 368 m.mu..
PAR  Analysis: calculated for C.sub.19 H.sub.14 N.sub.2 O.sub.4 : C 68.3, H 4.2,
      N 8.4; found C 68.2, H 4.2, N 8.7.
PAC  EXAMPLE 2
PAR  Example 1 was repeated with 1.5 parts of p-toluamidoxime replacing the
      benzamidoxime. The resultant 1.7 parts of
      3-[3-(p-tolyl)-1,2,4-oxadiazol-5-yl]-7-ethoxy coumarin had a melting point
      of 228.degree.C and an E.sub.1.sup.1 of 880 at 368 m.mu.. Analysis:
      calculated for C.sub.20 H.sub.16 N.sub.2 O.sub.4 : C 69.0, H 4.6, N 8.0;
      found: C 68.7, H 4.6, N 8.4.
PAC  EXAMPLE 3
PAR  4.0 parts 3-cyano-7-methoxycoumarin in 40 parts of n-butanol were mixed
      with 3 parts of hydroxylamine hydrochloride and 2 parts of potassium
      carbonate in 30 parts of water. The resultant mixture was refluxed for 3
      hours and the orange solution precipitated 2.3 parts of
      3-amidoximino-7-methoxycoumarin, M.P. 192.degree.-6.degree.C.
PAR  2.3. parts of 3-amidoximino-7-methoxycoumarin and 5 parts chloracetyl
      chloride were heated at 130.degree. for 30 mins. The reaction mixture was
      poured into water and the solid collected and recrystallised from ethanol.
      The yield of 3-(5-chloromethyl-1,2,4-oxadiazol-3-yl)-7-methoxycoumarin was
      2 parts, M.P. 187.5.degree.C.
PAC  EXAMPLE 4
PAR  2.3 parts of 3-amidoximino-7-methoxycoumarin and 10 parts of acetic
      anhydride were refluxed for 10 hours and then poured into water. The solid
      was collected washed with water and recrystallised from cellosolve to give
      2 parts of 3-(5-methyl-1,2,4-oxadiazol-3-yl)-7-methoxycoumarin, M.P.
      218.degree.-20.degree.C, E.sub.1.sup.1 910 at 348 m.mu.. Analysis:
      calculated for C.sub.13 H.sub.10 N.sub.2 O.sub.4 : C 60.5, H 3.9, N 10.8;
      found C 60.1, H 4.0, N 10.5.
PAC  EXAMPLE 5
PAR  The following oxadiazolyl coumarins were prepared by methods analogous to
      that of Example 1.
PAR  7-Methoxy-3-(3-phenyl-1,2,4-oxadiazol-5-yl)coumarin
PAR  M.pt. 216.degree.C. E.sub.1.sup.1 940 at 366 m.mu..
PAR  Calculated for C.sub.18 H.sub.12 N.sub.2 O.sub.4 C 67.5 H 3.8 N 8.7 MeO
      9.7. Found C 67.4 H 3.9 N 8.6 MeO 9.8.
PAR  7-Methoxy-3-(3(p-tolyl)-1,2,4-oxadiazol-5-yl)coumarin
PAR  M.pt. 231.degree.C. E.sub.1.sup.1 870 at 366 m.mu..
PAR  Calculated for C.sub.19 H.sub.24 N.sub.2 O.sub.4 C 68.3 H 4.2 N 8.4 MeO
      9.3. Found C 68.3 H 4.4 N 8.4 MeO 9.2.
PAR  7-Methoxy-3-(3-(3(p-methoxyphenyl)-1,2,4-oxadiazol-5-yl)coumarin
PAR  M.pt 230.degree.C. E.sub.1.sup.1 850 at 366 m.mu..
PAR  Calculated for C.sub.20 H.sub.16 N.sub.2 O.sub.5 C 65.1 H 4.0 N 8.0 Meo
      17.7. Found C 65.3 H 4.5 N 8.1 MeO 17.5.
PAR  7-Methoxy-3-(3-methyl-1,2,4-oxadiazol-5-yl)coumarin
PAR  M.pt. 201.degree.C. E.sub.1.sup.1 950 at 364 m.mu..
PAR  Calculated for C.sub.13 H.sub.10 N.sub.2 O.sub.4 C 60.5 H 3.9 N 10.8 MeO
      12.0. Found C 60.5 H 4.4 N 10.6 MeO 12.2.
PAR  3-(3-Benzyl-1,2,4-oxadiazol-5-yl)-7-methoxycoumarin
PAR  M.pt. 168.degree.C. E.sub.1.sup.1 840 at 364 m.mu..
PAR  Calculated for C.sub.19 H.sub.14 N.sub.2 O.sub.4 C 68.3 H 4.2 N 8.4. Found
      C 68.3 H 4.4 N 8.3.
PAC  EXAMPLE 6
PAR  The following compounds were prepared by methods analogous to that of
      Example 1:
PAR  7-Ethoxy-3(3-(p-methoxyphenyl)-1,2,4-oxadiazol-5-yl)coumarin
PAR  M.pt 222.degree.C E.sub.1.sup.1 910 at 366-7 m.mu..
PAR  Calculated for C.sub.21 H.sub.18 N.sub.2 O.sub.5 C 65.9 H 4.4. N 7.7. Found
      C 66.1 H 4.7 N 7.5.
PAR  7-Ethoxy-3(3-methyl-1,2,4-oxadiazol-5-yl)coumarin
PAR  M.pt. 155.degree.C E.sub.1.sup.1 970 at 365-6 m.mu..
PAR  Calculated for C.sub.14 H.sub.12 N.sub.2 O.sub.4 C 61.8 H 4.4 N 10.3. Found
      C 61.8 H 4.8 N 10.0.
PAR  3-(3-Benzyl-1,2,4-oxadiazol-5-yl)-7-ethoxy coumarin
PAR  M.pt. 177.degree.C E.sub.1.sup.1 860 at 366-7 m.mu..
PAR  Calculated for C.sub.20 H.sub.16 N.sub.2 O.sub.4 C 69.0 H 4.6 N 8.0. Found
      C 69.3 H 5.0 N 7.8.
PAR  3-(3-(p-Chlorophenyl)-1,2,4-oxadiazol-5yl)-7-methoxy coumarin
PAR  M.pt over 300.degree.C. E.sub.1.sup.1 830 at 364 m.mu..
PAR  Calculated for C.sub.18 H.sub.11 N.sub.2 O.sub.4 Cl C 60.9 H 3.1 N 7.9 Cl
      10.0. Found C 61.2 H 3.1 N 7.9 Cl 9.9.
PAR  7-Benzyloxy-3-(3-phenyl-1,2,4-oxadiazol-5-yl)coumarin
PAR  M.pt. 227.degree.C.
PAR  7-Benzyloxy-3-(3-chloromethyl-1,2,4-oxadiazol-5-yl)coumarin
PAR  M.pt. 190.degree.C.
PAR  7-Benzyloxy-3-(dibutylaminomethyl-1,2,4-oxadiazol-5-yl)coumarin
PAR  M.pt. 160.degree.C.
PAR  3-(3-Chloromethyl-1,2,4-oxadiazol-5-yl)-7-methoxy coumarin
PAR  M.pt. 172.degree.C.
PAR  3-(3-(1,2,3,4-tetrahydronaphth-6-yl)1,2,4-oxadiazol-5-yl)-7-benzyloxy
      coumarin
PAR  M.pt. 214.degree.-216.degree.C. E.sub.1.sup.1 696 at .lambda.max. 367
      m.mu..
PAR  3-(3-(1,2,3,4-tetrahydronaphtha-6-yl) 1,2,4-oxadiazol-5-yl)-7-methoxy
      coumarin
PAR  M.pt. 235.degree.C. E.sub.1.sup.1 800 at .lambda.max. 364 m.mu..
PAR  5-(7-Benzyloxycoumarin-3-yl)-1,2,4-oxadiazol-3-yl-methylpyridinium chloride
PAR  M.pt. 260.degree.-2.degree.C.
PAR  5-(7-methoxycoumarin-3-yl)-1,2,4-oxadiazol-3-yl methyl pyridinium chloride
PAR  M.pt. 231.degree.C. E.sub.1.sup.1 722 at 367 m.mu..
PAC  EXAMPLE 7
PAR  4.8 Parts of 7-methoxycoumarin-3-carbonyl chloride and 2.8 parts of
      N-benzoylhydrazine were refluxed in 35 parts of chlorobenzene with
      stirring until no further hydrogen chloride was evolved. The mixture was
      refluxed for a further 30 minutes, cooled, and the solid collected to
      afford 6.5 parts of a diacylhydrazine of formula:
      ##SPC3##
PAR  4.3 Parts of this latter compound in 20 parts of dimethylformamide were
      heated to 110.degree.C and 5 parts of thionyl chloride were added
      dropwise. The resultant mixture was heated until a clear solution was
      obtained, and then cooled. The crystallized solid was collected,
      recrystallised from dimethylformamide and isolated to yield 1.5 parts of
      7-methoxy-3-(5-phenyl-1,3,4-oxadiazol-2-yl)coumarin. The product melted at
      253.degree.-4.degree. and imparted a vivid blue fluorescence to its
      solution in acetone.
PAR  E.sub.1.sup.1 930 at .lambda.max. 366 m.mu..
PAR  Analysis calcuated for C.sub.18 H.sub.12 N.sub.2 O.sub.4 C: 72.7% H: 4.1%
      N: 7.1%. Found C: 72.2% H: 4.4% N: 7.1%.
PAC  EXAMPLE 8
PAR  The following compound was prepared by a method analogous to that of
      Example 8:
PAR  7-Benzyloxy-3-(5-phenyl-1,3,4-oxadiazol-2-yl) coumarin
PAR  M.pt. 255.degree.C. E.sub.1.sup.1 785 at 366 m.mu..
PAR  Analysis calculated for C.sub.24 H.sub.16 N.sub.2 O.sub.4 C: 67.5% H: 3.8%
      N: 8.7%. Found C: 66.8% H: 4.1% N: 8.8%.
PAC  EXAMPLE 9
PAR  Fibres of polyester are introduced in a liquor ratio of 1:40 into a bath
      containing 1 g./l. sodium oleyl sulphate, 0.75 g./l. formic acid and 0.1
      g./l. the compound of Example 1. The bath is heated at the boil for 30
      minutes and the fibres rinsed and dried. Compared with the untreated
      material the polyester exhibits a much whiter and brighter effect which is
      fast to light, washing and chlorite.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula:
      ##SPC4##
PAL  wherein R is C.sub.1 -C.sub.6 alkyl, C.sub.5 -C.sub.7 cycloalkyl or phenyl
      alkyl in which the alkyl moiety is of 1 to 6 carbon atoms or any of these
      groups substituted by a non-chromophoric group; and X is a 1,2,4- or
      1,3,4-oxadiazolyl group of the formula:
      ##SPC5##
PAL  wherein R.sup.1 is C.sub.1 -C.sub.6 alkyl; C.sub.1 -C.sub.6 alkyl
      substituted by a nonchromophoric group; phenyl or phenyl substituted by a
      non-chromophoric group; or when said compound possesses a basic nitrogen
      atom a salt thereof with an acid or a quaternary salt thereof wherein said
      acid or quaternary salt are non-chromophoric.
NUM  2.
PAR  2. A compound as claimed in claim 1 in which R is C.sub.1 -C.sub.6 alkyl,
      C.sub.5 -C.sub.7 cycloalkyl or phenalkyl in which the alkyl moiety is of 1
      to 6 carbon atoms or any of these groups substituted by halo and R.sup.1
      is phenyl; phenyl substituted by C.sub.1 -C.sub.6 alkyl, C.sub.1 -C.sub.6
      alkoxy or halo; tetrahydronaphthyl; C.sub.1 -C.sub.6 alkyl; or C.sub.1
      -C.sub.6 alkyl substituted by halo, phenyl, di (C.sub.1 -C.sub.6)
      alkylamino or N-attached piperidino, morpholino or pyridinium, and when
      said N-attached group is pyridinium, a non-chromophoric anion.
NUM  3.
PAR  3. A compound as claimed in claim 1 wherein X is
      ##SPC6##
NUM  4.
PAR  4. A compound as claimed in claim 1 wherein R is C.sub.1 -C.sub.6 alkyl or
      C.sub.5 -C.sub.7 cycloalkyl.
NUM  5.
PAR  5. A compound as claimed in claim 1 wherein R is methyl or ethyl.
NUM  6.
PAR  6. A compound as claimed in claim 4 wherein R.sup.1 is phenyl; phenyl
      substituted by C.sub.1 -C.sub.6 alkyl, C.sub.1 -C.sub.6 alkoxy or a
      halogen atom; C.sub.1 -C.sub.6 alkyl; or C.sub.1 -C.sub.6 alkyl
      substituted by a halogen atom or phenyl.
NUM  7.
PAR  7. A compound as claimed in claim 1 wherein R.sup.1 is C.sub.1 -C.sub.6
      alkyl substituted by di (C.sub.1 -C.sub.6) alkylamino or N-attached
      piperidino, morpholino or pyridinium; or tetrahydronaphthyl.
NUM  8.
PAR  8. A compound as claimed in claim 1 which is
      7-ethoxy-3-(3-phenyl-1,2,4-oxadiazol-5-yl)-coumarin;
      7-ethoxy-3-[3-(p-tolyl)-1,2,4-oxadiazol-5-yl]-coumarin;
      7-methoxy-3-(3-methyl-1,2,4-oxadiazol-5-yl)-coumarin; or
      7-methoxy-3-(3-benzyl-1,2,4-oxadiazol-5-yl)-coumarin.
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LREP
FRM  Connolly and Hutz
ABST
PAL  A process for inhibiting plant growth comprising contacting a plant or its
      growth area with an effective amount of certain para-halophenyl
      substituted triazolines. A series of novel mesoionic para-halophenyl
      substituted triazolines. A novel process for preparing
      3-phenyl-4-oxo-1,2,3-triazoline by contacting benzenediazoniumchloride and
      an .alpha.-amino carboxylic acid and cyclodehydrating the triazene
      produced using acetic anhydride and pyridine.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a division of application Ser. No. 395,713 filed Sept.
      10, 1973 which is a continuation in part of application Ser. No. 170,996
      filed Aug. 11, 1971 and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the field of control of plant growth. In
      particular it relates to methods and compounds for killing weeds and a
      novel process for preparing such compounds.
PAR  The term weed is used in the present disclosure in its broadest sense, that
      is, a plant which persists in growing where it is not wanted. This use of
      the term is broad enough to include plants such as poison ivy or other
      plants plainly harmful to man and also otherwise desirable plants such as
      honeysuckle or lawn grasses growing in such places as driveways.
PAC  SUMMARY OF THE INVENTION
PAR  The objects of this invention are threefold. One object is to provide a
      process for inhibiting plant growth which comprises contacting a plant or
      its growth area with an effective amount of:
PA1  4-oxo-1-substituted-3-(4-halophenyl)-1,2,3-triazole
PAL  Wherein said substituent is alkyl of from 2 to 5 carbon atoms or cycloalkyl
      of 5 to 6 carbon atoms;
PA1  3-oxo-2-(4-halophenyl)-4,5,6,7-tetrahydro-v-triazolo[1,5a]- pyridine;
PA1  3-oxo-2-(4-halophenyl)-5,6-dihydro-4(H)-pyrrolo-[1,2-c]-v-triazole;
PA1  Or 3-oxo-2-(4-halophenyl)-4,6-dihydrothiazolo[3,4-c]-v-triazole.
PAR  The second object of this invention is to provide novel 4-halophenyl
      herbicides of the formulae:
      ##SPC1##
PAL  Wherein: R is hydrogen, halogen, methyl or nitro; R.sub.1 is halogen;
      R.sub.2 is hydrogen, halogen, or nitro; R.sub.3 and R.sub.4 are each
      hydrogen or halogen; and R.sub.5 is alkyl of from 2 to 5 carbon atoms or
      cycloalkyl of 5 to 6 carbon atoms. By halogen is meant chlorine, fluorine,
      bromine, or iodine.
PAR  The preferred novel compounds of this invention are:
PA1  3-oxo-2-(2,4-dichlorophenyl)-4,5,6,7-tetrahydro-v-triazolo (1,5-a)
      pyridine;
PA1  3-oxo-2-(2,4-dibromophenyl)-4,5,6,7-tetrahydro-v-triazolo (1,5-a) pyridine;
PA1  3-oxo-2-(2,4,5-trichlorophenyl)-4,5,6,7-tetrahydro-v-triazolo (1,5-a)
      pyridine;
PA1  3-oxo-2-(2,4,5-trichlorophenyl)-4,5,6,7-tetrahydro-v-triazolo (1,5-a)
      pyridine;
PA1  3-oxo-2-(2-chloro-4-bromophenyl)-4,5,6,7-tetrahydro-v-triazolo (1,5-a)
      pyridine.
PAR  The third object of the present invention is to provide a novel process for
      preparing 3-phenyl-4-oxo-1,2,3-triazoles comprising contacting a
      benzenediazonium chloride with an .alpha.-amino carboxylic acid in at
      least equimolar proportions and in an aqueous solution and subsequently
      cyclodehydrating the resulting 1-carboxymethyl-3-phenyl-triazene so
      produced by treatment with acetic anhydride and pyridine in an inert
      solvent.
PAR  The compounds thus defined and thus prepared are effective as herbicides in
      both pre- and post-emergence applications. They are suitable for selective
      killing of specific groups of unwanted plants, and also for the total
      destruction of all plants in an area.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The compounds of this invention are prepared by a novel process.
      Previously, similar mesoionic triazole compounds were prepared by
      cyclodehydration procedures involving the condensation of benzenediazonium
      chloride with an amino acid ester (Potts and Husain, J. Org. Chem.
      35:3451, 1970).
PAR  We have now found that greater yields of the desired compounds are obtained
      if this condensation is carried out using the amino acid rather than the
      amino acid ester.
PAR  An example of such a reaction is shown in the scheme below:
      ##SPC2##
PAR  All substituents are as previously defined.
PAR  In this case a para-halogen substituted aniline (V) is reacted with nitrous
      acid in at least equimolar proportions to form the
      benzenediazoniumchloride (VI). Compound VI is then reacted with an
      .alpha.-amino carboxylic acid in at least equimolar proportions and in an
      aqueous medium to form VII. The reaction up to this point is preferably
      carried out in the cold, at about 0.degree.C.
PAR  Compound VII is then dehydrated to form the desired compound I by
      suspending VII in ether or other inert solvents and then adding acetic
      anhydride followed by pyridine. This mixture is allowed to stand overnight
      or for a few days at room temperature. The crystalline product I may then
      be filtered and washed with ether, if desired.
PAR  The choice of anilines for use in the above reaction is governed by the
      product desired so long as the para-halogen atom is preserved and the
      other substituents follow the definitions previously set forth.
PAR  The choice of amino acids useful in the above reaction is also very broad.
      If compounds of type I are desired, the amino acid used will be of the
      formula
      ##EQU1##
      wherein R.sub.5 is alkyl of 2-5 carbon atoms or cycloalkyl of 5 to 6
      carbon atoms as previously stated.
PAR  If compounds of formula II are desired, pipecolinic acid is used, for
      compounds of type III proline is used, and for type IV compounds
      4-thiazolidinecarboxylic acid is used.
PAR  This novel process is generally applicable to the preparation of any
      3-phenyl-4-oxo-1,2,3-triazoline and is effected by treating the
      corresponding benzenediazoniumchloride with the appropriate .alpha.-amino
      carboxylic acid in at least equimolar proportions and in an aqueous
      solution, and cyclodehydrating the resulting
      1-carboxymethyl-3-phenyl-triazene by treatment with acetic anhydride and
      pyridine in an inert solvent, preferably ether.
PAR  The 4-halophenyl herbicides of the present invention may include a variety
      of substituents on the halophenyl ring. This includes 4-chloro, -bromo,
      -fluoro or -iodophenyl groups having, for example, nitro, methyl, halogen,
      methoxy, trifluoromethyl, cyano, methylthio, and the like in the 2-, 5-
      and/or 6-positions. Ordinarily we prefer phenyl having no more than 3
      substituents in the interest of ease of preparation and cost. Preferred
      4-halophenyl substituents are those defined above in formulae I, II, III
      and IV.
PAR  The compounds of this invention may be used as suspensions, solutions, or
      dusts. The form of application depends upon the purpose for which the
      product is designed, but, in any case it should ensure a fine distribution
      of the active ingredient.
PAR  For the preparation of solutions to be sprayed directly on the plants,
      mineral oils such as diesel oil or kerosene, coal-tar oils, and other oils
      of animal or plant origin are suitable.
PAR  Aqueous formulations are preferred and may be prepared from emulsion
      concentrates, pastes, or wettable powders by adding water.
PAR  Dusts may be prepared by mixing or grinding the active compound with a
      suitable solid carrier.
PAR  The compounds of this invention may also be combined with known herbicidal
      agents if desired.
PAR  In the greenhouse and field testing of the compounds of this invention
      which is reported in the examples to follow, the compounds were prepared
      as aqueous suspensions and then applied both to soil in which seeds of
      crop plants and weeds had been planted and also to young plants. Results
      are given numerical values of from 0 for no effect to 10 for all plants
      killed. The dosages used varying from 0.5 to 10 lbs. per acre are reported
      in the following examples for each compound tested.
PAR  The compounds of this invention are preferably to be used in such a way
      that a dose of from about 1-10 lbs. per acre of the active ingredient will
      be applied. Larger or smaller doses may of course be employed, but no
      especial benefit will be gained by such use.
PAR  The following examples are illustrative and in no way limit the scope of
      the appended claims.
DETD
PAC  EXAMPLE I
PAR  In a 12 l., 3 necked round bottom flask are added 162 g. (1 mole) of
      2,4-dichloroaniline, 500 ml. concentrated HCl, and 2000 ml. H.sub.2 O. The
      aniline was dissolved by the aid of heating on a steam bath. The solution
      was cooled to about 0.degree.C., and 76 g. (1.1 mole) of sodium nitrite
      dissolved in 200 ml. of H.sub.2 O, were added to it. The solution was
      stirred for 1/2 hour and then a saturated solution of urea was added until
      a negative test with starch paper was obtained. This solution was then
      slowly added (over a period of about 2 hours) to a cooled solution of
      pipecolinic acid (129 g. - 1.0 mole) and triethylamine (416 ml. - 3 mole)
      in 15 l. of water. The resulting mixture was stirred for 1/2 hour, after
      which the precipitated solid was filtered and washed with water. The cake
      was taken up in methylene chloride (1.5 l.) and the filtrate was extracted
      twice with methylene chloride (1 l.). The combined methylene chloride
      solutions were dried over anhydrous sodium sulfate and then evaporated in
      vacuo to afford 159 g. of an oil.
PAR  The oil was dissolved in 2 l. of ether. To this was added 200 ml. of acetic
      anhydride followed by 100 ml. of pyridine. The reaction mixture was
      allowed to stand at room temperature for 24 hours. The crystalline product
      was then filtered and washed with ether to yield 85 g. of a product with a
      melting point of 138.degree.-139.degree.C. The mother liquor was
      evaporated in vacuo to dryness. Upon addition of ether, 21 g. of the above
      product were obtained. A third crop of 15.5 g. of this product was also
      obtained upon concentration of the mother liquor. A total of 121.5 g. of
      anhydro-3-oxo-2-(2,4-dichlorophenyl)-4,5,6,7-tetrahydropyrido-[1,2-C]-v-tr
     iazolinium hydroxide with a melting point of 138.degree.-139.degree.C. was
      produced.
PAR  The above compound in an aqueous suspension was tested in the field in a
      standard pre-emergence test against Jimson weed at 10 lb./acre as
      previously described, and was found to have a rating of 9.sup.1 in this
      test.
PAC  EXAMPLES II-LXIV
PAR  In the Examples to follow, the compounds were prepared and tested as in
      Example I using the appropriately substituted aniline and the appropriate
      .alpha.-amino carboxylic acid.
      ##SPC3##
TBL                                   Effect on                                

                     Melting Point    Jimson Weed.sup.1                        

     Example No.                                                               

             Substitution                                                      

                     .degree.C.                                                

                              Pounds/Acre                                      

                                      Pre.sup.2                                

                                           Post.sup.3                          

     __________________________________________________________________________

     2       R = F   125-126  5       9    10                                  

             R.sub.1 = F                                                       

             R.sub.2 = H                                                       

     3       R = Cl  183-184  2       10   10                                  

             R.sub.1 = Cl                                                      

             R.sub.2 = 5-Cl                                                    

     4       R =  Cl 240-242  2       9    10                                  

             R.sub.1 = Cl                                                      

             R.sub.2 = 6-Cl                                                    

     5       R = NO.sub.2                                                      

                     210-211  5       3    9                                   

             R.sub.1 = Cl                                                      

             R.sub.2 = H                                                       

     6       R = Br  95-97    5       9    10                                  

             R.sub.1 = Br                                                      

             R.sub.2 = H                                                       

     7       R = H   174-176  10      10   9                                   

             R.sub.1 = Cl                                                      

             R.sub.2 = H                                                       

     8       R = CH.sub.3                                                      

                     151-152  5       9    7                                   

             R.sub.1 = Cl                                                      

             R.sub.2 = H                                                       

     9       R = Cl  166-168  2       9    3                                   

             R.sub.1 = Br                                                      

             R.sub.2 = H                                                       

     10      R = CH.sub.3                                                      

                     155-157  10      10   10                                  

             R.sub.1 = Br                                                      

             R.sub.2 = H                                                       

     11      R = Cl  213-214  10      10   10                                  

             R.sub.1 = Cl                                                      

             R.sub.2 = 6-NO.sub.2                                              

     12      R = CH.sub.3                                                      

                     166-167  10      10   7                                   

             R.sub.1 = I                                                       

             R.sub.2 = H                                                       

     13      R = CH.sub.3                                                      

                     171-172  5       3    10                                  

             R.sub.1 = F                                                       

             R.sub.2 = H                                                       

      .sup.1 Standard greenhouse herbicide tests were performed. Values of from

      0 (no injury) to 10 (all plants killed).                                 

      .sup.2 Soil treated before emergence of seedling.                        

      .sup.3 Plants treated after emergence from soil.                         

      ##SPC4##
TBL                                  Effect on                                 

                    Meltiong Point   Jimson Weed                               

     Example No.                                                               

             Substitution                                                      

                    .degree.C.                                                 

                             Pounds/Acre                                       

                                     Pre Post                                  

     __________________________________________________________________________

     14      R = Br 172-176  10      10                                        

             R.sub.1 = Br                                                      

             R.sub.2 = H                                                       

     15      R = F  125      5       8                                         

             R.sub.1 = F                                                       

             R.sub.2 = H                                                       

     16      R = NO.sub.2                                                      

                    204-205  5       3    9                                    

             R.sub.1 = Cl                                                      

             R.sub.2 = H                                                       

     17      R = Cl 135-136  5       7                                         

             R.sub.1 = Cl                                                      

             R.sub.2 = 5-Cl                                                    

     18      R = Cl 240-241  10      10                                        

             R.sub.1 = Cl                                                      

             R.sub.2 = 6-Cl                                                    

     19      R = Cl 188-190  10      10  10                                    

             R.sub.1 = Br                                                      

             R.sub.2 = H                                                       

     20      R = CH.sub.3                                                      

                    178-180  10      5    7                                    

             R.sub.1 = Cl                                                      

             R.sub.2 = H                                                       

     21      R = CH.sub.3                                                      

                    198-201  10      9   10                                    

             R.sub.1 = Br                                                      

             R.sub.2 = H                                                       

     22      R = Cl 166-167  5           10                                    

             R.sub.1 = Cl                                                      

             R.sub.2 = H                                                       

     23      R = Cl 189-193  10      10  10                                    

             R.sub.1 = Cl                                                      

             R.sub.2 = 6-NO.sub.2                                              

     24      R = CH.sub.3                                                      

                    200-201  10      2   10                                    

             R.sub.1 = I                                                       

             R.sub.2 = H                                                       

     25      R = CH.sub.3                                                      

                    199-201  5       5   10                                    

             R.sub.1 = Br                                                      

             R.sub.2 = 6-CH.sub.3                                              

     __________________________________________________________________________

      ##SPC5##
TBL                                     Effect On                              

                       Melting Point    Jimson Weed                            

     Example No.                                                               

             Substitution                                                      

                       .degree.C.                                              

                                Pounds/Acre                                    

                                        Pre  Post                              

     __________________________________________________________________________

     26      R.sub.1 = Cl                                                      

                       113-116  5       9    10                                

             R.sub.3 = Cl                                                      

             R.sub.4 = H                                                       

             R.sub.5 = n-propyl                                                

     27      R.sub.1 = Cl                                                      

                       113-114  5       10                                     

             R.sub.3 = Cl                                                      

             R.sub.4 = H                                                       

             R.sub.5 = CH.sub.2 CH.sub.3                                       

     28      R.sub.1 = Br                                                      

                       120-125                                                 

             R.sub.3 = Br                                                      

             R.sub.4 = H                                                       

             R.sub.5 = CH.sub.2 CH.sub.3                                       

     29      R.sub.1 = Br                                                      

                       195-197  5       10   10                                

             R.sub.3 = Cl                                                      

             R.sub.4 = H                                                       

             R.sub.5 = t-butyl                                                 

     30      R.sub.1 = Cl                                                      

                       151-154  5       9    10                                

             R.sub.3 = Cl                                                      

             R.sub.4 =  5-Cl                                                   

             R.sub.5 = i-propyl                                                

     31      R.sub.1 = Cl                                                      

                       171-172  5       10   10                                

             R.sub.3 = Cl                                                      

             R.sub.4 = 5-Cl                                                    

             R.sub.5 = t-butyl                                                 

     32      R.sub.1 = Cl                                                      

                       210-211  5       10   8                                 

             R.sub.3 = Cl                                                      

             R.sub.4 = 6-Cl                                                    

             R.sub.5 = i-propyl                                                

     33      R.sub.1 = Br                                                      

                       138-139  5       5    10                                

             R.sub.3 = CH.sub.3                                                

             R.sub.4 = H                                                       

             R.sub.5 = i-propyl                                                

     34      R.sub.1 = Cl                                                      

                       174-175  5       0    10                                

             R.sub.3 = NO.sub.2                                                

             R.sub.4 = H                                                       

             R.sub.5 = i-propyl                                                

     35      R.sub.1 = Cl                                                      

                       155-156  5       2    10                                

             R.sub.3 = NO.sub.2                                                

             R.sub.4 = H                                                       

             R.sub.5 = t-butyl                                                 

     36      R.sub.1 = Cl                                                      

                       148-150  5       8    10                                

             R.sub.3 = Cl                                                      

             R.sub.4 = H                                                       

             R.sub.5 = s-butyl                                                 

     37      R.sub.1 = Br                                                      

                       149-151  5       8    9                                 

             R.sub.3 = Cl                                                      

             R.sub.4 = H                                                       

             R.sub.5 = s-butyl                                                 

     38      R.sub.1 = Cl                                                      

                       194-196  5       6    10                                

             R.sub.3 = Cl                                                      

             R.sub.4 = H                                                       

             R.sub.5 = i-butyl                                                 

     39      R.sub.1 = Br                                                      

                       190-192  5       5    10                                

             R.sub.3 = Cl                                                      

             R.sub.4 = H                                                       

             R.sub.5 = i-butyl                                                 

     40      R.sub.1 = Br                                                      

                       113-115  5       0    10                                

             R.sub.3 = Cl                                                      

             R.sub.4 = H                                                       

             R.sub.5 = n-pentyl                                                

     41      R.sub.1 = Br                                                      

                       172-174  5       0    8                                 

             R.sub.3 = Cl                                                      

             R.sub.4 = H                                                       

             R.sub.5 = i-butyl                                                 

     42      R.sub.1 = Br                                                      

                       163-165  5       2    9                                 

             R.sub.3 = Cl                                                      

             R.sub.4 =  H                                                      

             R.sub.5 = i-pentyl                                                

     43      R.sub.1 = Cl                                                      

                       205-206  5       4    10                                

             R.sub.3 = Cl                                                      

             R.sub.4 = H                                                       

             R.sub.5 = cyclohexyl                                              

     44      R.sub.1 = Cl                                                      

                       160-162  5       4    10                                

             R.sub.3 = Cl                                                      

             R.sub.4 = 5-Cl                                                    

             R.sub.5 = s-butyl                                                 

     45      R.sub.1 = Cl                                                      

                       151-152  5       2    10                                

             R.sub.3 = Cl                                                      

             R.sub.4 = 5-Cl                                                    

             R.sub.5 = i-butyl                                                 

     46      R.sub.1 = Br                                                      

                       142-143  5       5    9                                 

             R.sub.3 = Cl                                                      

             R.sub.4 = H                                                       

             R.sub.5 = i-pentyl                                                

     47      R.sub.1 = Br                                                      

                       296-297  5       6    10                                

             R.sub.3 = Cl                                                      

             R.sub.4 = H                                                       

             R.sub.5 = cyclohexyl                                              

     48      R.sub.1 = Cl                                                      

                       142-144  5       5    10                                

             R.sub.3 = Cl                                                      

             r.sub.4 = H                                                       

             R.sub.5 = i-pentyl                                                

     49      R.sub.1 = Cl                                                      

                       185-186  5       8    10                                

             R.sub.3 = Cl                                                      

             R.sub.4 = H                                                       

             R.sub.5 = cyclopentyl                                             

     50      R.sub.1 = Cl                                                      

                       163-165  5       5    10                                

             R.sub.3 = CH.sub.3                                                

             R.sub.4 = H                                                       

             R.sub.5 = cyclopentyl                                             

     51      R.sub.1 = Cl                                                      

                       113-116  5       9    10                                

             R.sub.3 = Cl                                                      

             R.sub.4 = H                                                       

             R.sub.5 = n-propyl                                                

     52      R.sub.1 = Br                                                      

                       120-125  10      9                                      

             R.sub.3 = Cl                                                      

             R.sub.4 = H                                                       

             R.sub.5 = CH.sub.2 CH.sub.3                                       

     53      R.sub.1 = Cl                                                      

                       126-128  10      10                                     

             R.sub.3 = Cl                                                      

             R.sub.4 = 5-Cl                                                    

             R.sub.5 = CH.sub.2 CH.sub.3                                       

     54      R.sub.1 = Cl                                                      

                       173-174   10     9    9                                 

             R.sub.3 = Cl                                                      

             R.sub.4 = H                                                       

             R.sub.5 = n-butyl                                                 

     55      R.sub.1 = Cl                                                      

                       93-94    5       1    7                                 

             R.sub.3 = Cl                                                      

             R.sub.4 = 5-Cl                                                    

             R.sub.5 = n-butyl                                                 

     56      R.sub.1 = Cl                                                      

                       144-147  5       5    5                                 

             R.sub.3 = Cl                                                      

             R.sub.4 = 6-Cl                                                    

             R.sub.5 = n-butyl                                                 

     57      R.sub.1 = Br                                                      

                       175-177  5       3    8                                 

             R.sub.3 = Cl                                                      

             R.sub.4 = H                                                       

             R.sub.5 = n-butyl                                                 

     58      R.sub.1 = Cl                                                      

                       156-158  2       8     10                               

             R.sub.3 = Cl                                                      

             R.sub.4 = H                                                       

             R.sub.5 = i-propyl                                                

     59      R.sub.1 = Br                                                      

                       160-162  5       9     10                               

             R.sub.3 = Cl                                                      

             R.sub.4 = H                                                       

             R.sub.5 = i-propyl                                                

     60      R.sub.1 = Cl                                                      

                       180-182  0.5     1    10                                

             R.sub.3 = Cl                                                      

             R.sub.4 = H                                                       

             R.sub.5 = t-butyl                                                 

     __________________________________________________________________________

      ##SPC6##
TBL                                  Effect on                                 

     Example No.                                                               

             Substitution                                                      

                    Melting Point                                              

                             Pounds/Acre                                       

                                     Jimson Weed                               

                      .degree.C.     Pre Post                                  

     __________________________________________________________________________

     61       R.sub.1 = Cl                                                     

                    160.5-162                                                  

                             10      10  10                                    

              R.sub.3 = Cl                                                     

              R.sub.4 = H                                                      

     62       R.sub.1 = Cl                                                     

                    203-204  10      10  10                                    

              R.sub.3 = Cl                                                     

              R.sub.4 = 6-Cl                                                   

     63       R.sub.1 = F                                                      

                    168-170  10      10  10                                    

              R.sub.3 = F                                                      

              R.sub.4 = H                                                      

     64       R.sub.1 = Cl                                                     

                    182-184  10      10  10                                    

              R.sub.3 = Cl                                                     

              R.sub.4 = 5-Cl                                                   

     __________________________________________________________________________

PAC  EXAMPLES 65-69
PAR  Standard herbicide field tests were performed as before using some of the
      foregoing compounds but with different plants. In the examples to follow
      the "compound number" refers to earlier example numbers. The following
      abbreviations are used: SOYB = soybean, MNGY = wild morningglory, PIGW =
      pigweed, BNGS = barnyardgrass, and YNSG = yellow nutsedge. The pre- and
      post-emergence tests were performed as previously described and the rating
      system is the same as that used in the greenhouse tests.
TBL  __________________________________________________________________________

     Example                                                                   

          Compound                                                             

               lbs/                                                            

                  SOYB  CORN  MNGY  PIGW  BNGS  YNSG                           

     No.  No.  acre                                                            

                  Pre                                                          

                     Post                                                      

                        Pre                                                    

                           Post                                                

                              Pre                                              

                                 Post                                          

                                    Pre                                        

                                       Post                                    

                                          Pre                                  

                                             Post                              

                                                Pre                            

                                                   Post                        

     __________________________________________________________________________

     65   22   8  2  6  2  2  3  7  0  10 5  4  0  1                           

     66   1    8  4  9  3  4  6  9  9  10 10 8  5  3                           

     67   3    8  2  ND 2  ND 3  ND 10 ND 3  ND 3  ND                          

     68   2    5  0  0  0  0  0  10 0  9  0  0  0  0                           

     69   4    10 ND ND 5  0  10 10 10 9  9  8  5  3                           

     __________________________________________________________________________

      *not done                                                                

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. 4-oxo-1-t-butyl-3(2,4-dichlorophenyl)-1,2,3-triazole.
NUM  2.
PAR  2. A compound of the formula
      ##SPC7##
PAL  wherein
PA1  R.sub.1 is halogen;
PA1  R.sub.3 and R.sub.4 are each hydrogen or halogen; and
PA1  R.sub.5 is alkyl of 2-5 carbon atoms or cycloalkyl of 5-6 carbon atoms.
PATN
WKU  039338444
SRC  5
APN  1753940
APT  1
ART  122
APD  19710826
TTL  Benzopyranyltetrazoles
ISD  19760120
NCL  5
ECL  1
EXP  Rollins; Alton D.
INVT
NAM  Augstein; Joachim
CTY  Linford
CNT  EN
INVT
NAM  Cairns; Hugh
CTY  Loughborough
CNT  EN
INVT
NAM  Hunter; Dennis
CTY  Loughborough
CNT  EN
INVT
NAM  King; John
CTY  Loughborough
CNT  EN
ASSG
NAM  Fisons Limited
CNT  EN
COD  03
PRIR
CNT  UK
APD  19700826
APN  41009/70
PRIR
CNT  UK
APD  19710113
APN  1642/71
PRIR
CNT  UK
APD  19710701
APN  30827/71
CLAS
OCL  260308D
XCL  260240J
XCL  2602471M
XCL  2602475E
XCL  26029357
XCL  26029358
XCL  260327R
XCL  2603452
XCL  424248
XCL  424269
EDF  2
ICL  C07D40504
ICL  C07D40514
ICL  C07D40904
ICL  C07D40914
FSC  260
FSS  308 D
UREF
PNO  3427324
ISD  19690200
NAM  Fitzmaurice
OCL  260340.7
UREF
PNO  3706768
ISD  19721200
NAM  Bays
OCL  260308D
UREF
PNO  3839339
ISD  19741000
NAM  Ellis et al.
OCL  260308D
FREF
PNO  4,767
ISD  19670100
CNT  FR
OCL  260340.7
FREF
PNO  7,001,922
ISD  19700800
CNT  NL
OCL  260327TH
OREF
PAL  Buchanan et al., J. Med. Chem., Vol. 12, pp. 1001-1006 (1969).
PAL  Juby et al., I, J. Med. Chem., Vol. 12, pp. 396-401 (1969).
PAL  Juby et al, II, J. Med. Chem., Vol. 11, pp. 111-117 (1968).
LREP
FRM  Wenderoth, Lind & Ponack
ABST
PAL  There are described compounds of formula I,
      ##SPC1##
PAL  in which
PA1  R.sub.5, r.sub.6, r.sub.7 and R.sub.8, which may be the same or different,
      are hydrogen, alkyl, halogen, hydroxy, alkenyl, phenyl, alkenyloxy,
      aralkyl, acyloxy or alkoxy; the alkoxy optionally being substituted by
      alkoxy, hydroxy, or a heterocyclic ring containing carbon and oxygen; the
      alkyl, alkenyl and alkoxy groups containing from 1 to 8 carbon atoms, and
PA1  W is oxygen or sulphur,
PA1  And pharmaceutically acceptable derivatives thereof.
PAL  Certain of the compounds in which W is oxygen are excluded. The compounds
      of formula I are indicated for use in the treatment of asthma, and
      pharmaceutical compositions containing them and processes for their
      preparation are also described.
BSUM
PAR  This invention relates to new tetrazole derivatives, compositions
      containing them and methods for their preparation.
PAR  According to our invention we provide compounds of formula I,
      ##SPC2##
PA1  in which R.sub.5, R.sub.6, R.sub.7 and R.sub.8, which may be the same or
      different, are hydrogen, alkyl, halogen, hydroxy, alkenyl, phenyl,
      alkenyloxy, aralkyl, acyloxy or alkoxy; the alkoxy optionally being
      substituted by alkoxy, hydroxy, or a heterocyclic ring containing carbon
      and oxygen; the alkyl, alkenyl and alkoxy groups containing from 1 to 8
      carbon atoms, and
PA1  W is oxygen or sulphur,
PAL  Provided that when W is oxygen either (i) more than two of R.sub.5,
      R.sub.6, R.sub.7 and R.sub.8 are other than hydrogen, or (ii) at least one
      of R.sub.5, R.sub.6, and R.sub.7 and R.sub.8 are alkyl containing 7 or 8
      carbon atoms, alkenyl, phenyl, alkenyloxy, aralkyl, acyloxy,
      alkoxy-alkoxy, or alkoxy substituted by a heterocyclic ring containing
      carbon and oxygen, and pharmaceutically acceptable derivatives thereof.
PAR  According to our invention we also provide a process for the production of
      a compound of formula I, or a pharmaceutically acceptable derivative
      thereof, which comprises
PA1  A. treating a compound of formula II,
EQU  R--Y                                                       II
PA1   in which R represents a group of formula IX,
      ##SPC3##
PA1  in which R.sub.5, R.sub.6, R.sub.7, R.sub.8, W and the provisos are as
      defined above, Y represents a group -CN or -CZ=NH, and Z represents a good
      leaving group,
PAL  With an azide in a solvent which is inert under the reaction conditions,
PA1  B. replacing with hydrogen the group X in a compound of formula VII or XIV,
      ##SPC4##
PAL  in which R is as defined above, and
PA1  X represents a group which may be replaced by hydrogen,
PA1  By hydrogenation, dealkylation, deacylation, under mildly basic conditions,
      under acidic conditions, or by reductive deamination,
PA1  C. producing a compound of formula Ia,
      ##SPC5##
PA1    in which R.sub.5, R.sub.6, R.sub.7, R.sub.8 and the provisos are as
      defined above, by cyclising a compound of formula VIII,
      ##SPC6##
PA1    or a salt thereof in which R.sub.5, R.sub.6, R.sub.7, R.sub.8 and the
      provisos are as defined above,
PA1  d. selectively dehydrogenating a compound of formula XV,
      ##SPC7##
PA1    or a salt thereof in which R.sub.5, R.sub.6, R.sub.7, R.sub.8, W and the
      provisos are as defined above,
PA1  e. producing a compound of formula Ie,
      ##SPC8##
PA1    in which W and the provisos are
PA1  R.sub.5.sup.e, R.sub.6.sup.e, R.sub.7.sup.e and R.sub.8.sup.e have the same
      significances as R.sub.5, R.sub.6, R.sub.7 and R.sub.8 above, save at
      least one of R.sub.5.sup.e, R.sub.6.sup.e, R.sub.7.sup.e and R.sub.8.sup.e
      represents an alkyl or alkoxy group, by selective hydrogenation of a
      corresponding compound of formula XVI,
      ##SPC9##
PA1  in which W and the provisos are as defined above, and
PA1  R.sub.5.sup.b, R.sub.6.sup.b, R.sub.7.sup.b and R.sub.8.sup.b have the same
      significances as R.sub.5, R.sub.6, R.sub.7, and R.sub.8 above, save that
      at least one of R.sub.5.sup.b, R.sub.6.sup.b, R.sub.7.sup.b and
      R.sub.8.sup.b represents an alkenyl or an alkenyloxy group,
PA1  f. producing a compound of formula If,
      ##SPC10##
PA1  in which W and the provisos are as defined above, and
PA1  R.sub.5.sup.f, R.sub.6.sup.f, R.sub.7.sup.f, and R.sub.8.sup.f have the
      same significances as R.sub.5, R.sub.6, R.sub.7 and R.sub.8 above, save
      that at least one of R.sub.5.sup.f, R.sub.6.sup.f, R.sub.7.sup.f and
      R.sub.8.sup.f represent an hydroxy group,
PA1  by replacing an R.sup.9 group with a hydrogen atom in a corresponding
      compound of formula XVII,
      ##SPC11##
PA1  in which W and the provisos are as defined above, and
PA1  R.sub.5.sup.c, R.sub.6.sup.c, R.sub.7.sup.c and R.sub.8.sup.c have the same
      significances as R.sub.5, R.sub.6, R.sub.7, and R.sub.8 above, save that
      at least one of R.sub.5.sup.c, R.sub.6.sup.c, R.sub.7.sup.c and
      R.sub.8.sup.c represent a group --OR.sup.9, and R.sup.9 represents alkyl,
      aralkyl or acyl, or
PA1  g. transforming a compound of formula XVIII,
EQU  R--CN.sub.3 =NH                                            XVIII
PA1  in which R is as defined above into a compound of formula I,
PA1  and where desired or necessary converting the compound of formula I
      produced by any one of processes (a) to (g) into a pharmaceutically
      acceptable derivative thereof.
PAR  Suitable solvents which are inert under the reaction conditions of process
      (a) include those in which both the reagents are soluble, e.g.
      N,N-dimethylformamide. Other solvents which may be mentioned include
      dimethylsulphoxide, tetrahydrofuran, diethyl glycol and ethyl methyl
      glycol. The reaction is preferably carried out at a temperature of from
      about 20.degree. to 130.degree.C for from about 1 to 20 hours. The azide
      used in the reaction is preferably ammonium or an alkali metal azide, e.g.
      sodium or lithium azide, but other azides, e.g. aluminum azide or the
      azides of nitrogen containing bases, e.g. mono-, di-, tri-, and tetra-
      methyl-ammonium, anilinium, morpholinium and piperidinium azides, may also
      be used if desired. Where an azide other than that of an alkali metal is
      used this azide may be prepared in the reaction mixture by double
      decomposition. The reaction may, if desired, be carried out in the
      presence of an electron acceptor, e.g. aluminium chloride, boron
      trifluoride, ethyl sulphonic acid or benzene sulphonic acid. As an
      alternative to the reaction conditions set out above, the reaction may be
      carried out using hydrazoic acid (hydrogen azide) at a temperature of from
      about 20.degree. to 150.degree.C in a suitable solvent, under greater than
      atmospheric pressure. When an azide other than hydrazoic acid is used,
      e.g. sodium azide, the product of the reaction will be the corresponding
      tetrazole salt. This salt may readily be converted to the free acid by
      treatment with strong acid, e.g. hydrochloric acid. Process (a) is
      believed to pass through a compound of formula XVIII as an intermediate.
      The good leaving group Z may be an alkoxy, thiol or alkylthio group, e.g.
      a lower alkoxy or a lower alkyl thiol group.
PAR  In process (b) the group X may be, for example, an aralkyl, e.g. a benzyl
      group; an arylacyl, e.g. a phenacyl group; an acyl, e.g. acetyl group; an
      amino group; or a group --(CH.sub.2).sub.2 G, where G is an electron
      withdrawing group, for example a nitrile, a carboxylic ester, e.g. of a
      lower alkanol, or an acyl group, e.g. an acetyl group.
PAR  When X represents an aralkyl group the group may be removed either using a
      hydrogen halide, e.g. HBr, in acetic acid or by catalytic hydrogenation
      using, for example, a palladium catalyst in a solvent which is inert under
      the reaction conditions, e.g. ethanol.
PAR  When X represents an acyl group, the group may be removed under mildly
      basic conditions with, for example, aniline or sodium bicarbonate.
PAR  When X represents a group --CH.sub.2 CH.sub.2 G the group may be removed
      under mildly basic conditions with, for example, barium hydroxide.
PAR  When X represents an amino group, the group may be removed by reductive
      de-amination with, for example, hypophosphorous acid, stannous chloride or
      sodium in liquid ammonia.
PAR  The cyclisation of process (c) may be carried out by heating, or under
      basic or neutral conditions. It is however preferred to carry out the
      cyclisation in the presence of an acid, e.g. hydrochloric acid, and in a
      solvent which is inert under the reaction conditions, e.g. ethanol. The
      reaction may be carried out at from about 20.degree. to 150.degree.C. It
      will be appreciated that the compound of formula VIII may also exist in a
      keto form, and this form is included in the definition of formula VIII.
      The compound of formula VIII may, if desired be used in the form of an
      alkali metal salt thereof.
PAR  In process (d) the dehydrogenation may be carried out by oxidation using a
      mild oxidising agent, for example selenium dioxide, palladium black,
      chloranil, lead tetraacetate or triphenylmethyl perchorate. Alternatively
      the dehydrogenation may be carried out indirectly by halogenation followed
      by dehydrohalogenation, e.g. by treatment with N-bromosuccinimide or
      pyridinium bromide perbromide to yield the 3-bromo derivative which is
      subsequently dehydrobrominated. The reaction may be carried out in a
      solvent which is inert under the reaction conditions, e.g. a halogenated
      hydrocarbon, xylene or glacial acetic acid. The reaction may be carried
      out at an elevated temperature, e.g. from about 20.degree. to
      150.degree.C.
PAR  In process (e) the hydrogenation may be carried out using catalytic
      hydrogenation, for example using a palladium on charcoal catalyst in a
      suitable solvent, e.g. ethanol. The reaction may conveniently be carried
      out at from about 20.degree. to 80.degree.C, preferably at slightly
      greater than atmospheric pressure.
PAR  In process (f) the replacement of the group --R.sup.9 by hydrogen may be
      carried out when R.sup.9 is an alkyl, e.g. a lower alkyl such as ethyl, or
      aralkyl, e.g. benzyl, group using an acid, e.g. HCl in ethanol, aqueous
      HBr, or HBr in glacial acetic acid. Where R.sup.9 is an acyl, e.g. a lower
      alkanoyl such as acetyl, group the reaction may be carried out under mild
      alkaline conditions and where R.sup.9 is an aralkyl, e.g. a benzyl group,
      the reaction may be carried out by hydrogenation. These reactions may be
      carried out at an elevated temperature.
PAR  The transformation of progress process may be effected by warming in a
      solvent which is inert under the reaction conditions, e.g. ethanol. The
      reaction may be carried out under acidic or neutral conditions, but is
      preferably carried out in the presence of a base, e.g. sodium hydroxide,
      in a solvent which is inert under the reaction conditions, e.g. water or
      ethanol. The reaction is also preferably carried out in dilute, e.g. about
      1%, solution and may be carried out at from about 15.degree. to
      35.degree.C.
PAR  The compounds of formula II in which Y is a group --CN may be made by
      dehydrating the corresponding compound of formula IV,
EQU  R--CONH.sub.2                                              IV
PA1  in which R is as defined above,
PAL  using, for example, phosphorus oxychloride, as dehydrating agent. The
      reaction is preferably carried out using at least one molar equivalent of
      dehydrating agent per mole of compound of formula IV. Where the
      dehydrating agent reacts with one of R.sub.5, R.sub.6, R.sub.7 or R.sub.8
      (e.g. a substituent comprising an --OH group) sufficient dehydrating agent
      should be used to satisfy the side reaction as well as the main reaction.
      The reaction may, if desired, be carried out in the presence of an acid
      binding agent, e.g. triethylamine. The reaction may be carried out in the
      presence of a solvent, e.g. N,N-dimethylformamide, dimethyl sulphoxide,
      pyridine, benzene or hexamethyl phosphoramide, or an excess of the
      dehydrating agent may be used as the reaction medium. The reaction may be
      carried out at a temperature of from about 0.degree. to 200.degree.C
      depending on the dehydrating agent used. When phosphorus oxychloride is
      used a temperature of from 0.degree. to 100.degree.C is preferred.
PAR  The compounds of formula IV may be made by reacting a compound formula V,
EQU  R--COOR.sup.x                                              V
PA1  in which R is as defined above, and
PA1  R.sup.x is a lower alkyl group, with ammonia, using techniques conventional
      in the production of amides from esters, e.g. using an alkanol as solvent
      at a temperature of 0.degree. to 120.degree.C.
PAR  Compounds of formula II in which Y represents a group --CZ=NH may be made
      in a manner known per se from compounds of formula II in which Y is a
      group --CN, e.g. by reaction with an alkanol, a thiol or H.sub.2 S in the
      presence of HCl.
PAR  The compounds of formulae VII may be made by reacting a compound of formula
      X,
      ##EQU1##
      in which R and X are as defined above, with an azide. The reaction may be
      carried out under substantially the same conditions as set out above for
      process (a).
PAR  The compounds of formula X may be made by reacting a compound of formula
      XI,
EQU  R--CONHX                                                   XI
PA1  in which R and X are as defined above, with phosphorus pentachloride.
PAR  The compounds of formula VII and XIV may also be made from compounds of
      formula I using techniques known per se, or example by reaction with a
      compound X Hal, in which X is as defined above and Hal represents a
      halogen atom. Compounds of formulae VII and XIV in which X is an amino
      group may be made by reacting a compound of formula I with
      hydroxylamine-O-sulphonic acid in weakly alkaline aqueous solution, and
      compounds of formula VII and XIV in which X represents a group --CH.sub.2
      CH.sub.2 G may also be made by Michael addition of a compound CH.sub.2
      =CHG to a compound of formula I.
PAR  The compounds of formula VIII may be made by reaction of a compound of
      formula XII,
      ##SPC12##
PA1  in which R.sub.5, R.sub.6, R.sub.7, R.sub.8 and the provisos are as defined
      above, with a compound of formula XIII,
      ##SPC13##
PAL  in which R.sup.x is a lower alkyl group. The reaction may be carried out
      under conditions conventional for a Claisen condensation. Compounds of
      formula VIII may also be made by the action of mild alkali on a compound
      of formula I.
PAR  Compounds of formula XV may be made by selective hydrogenation of a
      corresponding compound of formula I, or by methods analogous to process
      (a) above using the corresponding chromanone-2-carboxylic acid (via the
      nitrile) as starting material.
PAR  Compounds of formula XVI and XVII are either compounds of formula I or may
      be made in a manner analogous to the methods given above for making the
      compounds of formula I.
PAR  The compounds of formula V, XI, XII, and XIII are either known or may be
      made from known starting materials using conventional techniques.
PAR  It will be appreciated that while the unsubstituted tetrazole group has
      been represented above in a delocalised form other representations of the
      same group are also commonly used.
PAR  Some of the substituents R.sub.5, R.sub.6, R.sub.7 and R.sub.8 may be
      affected by the reaction conditions (either in the final steps or in the
      production of intermediates) described above. It is therefore contemplated
      that where necessary or desirable the reactions be carried out using
      simple derivatives of the reagents. Thus in process (a) where one of
      R.sub.5, R.sub.6, R.sub.7 or R.sub.8 represents a hydroxyalkoxy group the
      compound of formula II may be used as an ester derivative or
      dihydropyranyl derivative of the hydroxy group and the resulting ester or
      dihydropyranyl derivative converted to a compound of formula I, e.g. by
      hydrolysis.
PAR  The compounds of formula I and the intermediates therefor may be recovered
      from their reaction mixtures using conventional methods.
PAR  The processes described above may produce the compound of formula I or a
      derivative thereof. It is also within the scope of this invention to treat
      any derivative so produced to liberate the free compound of formula I, or
      to convert one derivative into another.
PAR  Pharmaceutically acceptable derivatives of the compounds of formula I
      include pharmaceutically acceptable salts. Suitable salts include water
      soluble salts, for example ammonium, alkali metal (e.g. sodium potassium
      and lithium) and alkaline earth metal (e.g. calcium or magnesium,) salts
      and salts with suitable organic bases, e.g. salts with lower alkyl amines,
      e.g. methylamine or ethylamine, with substituted lower alkylamines, e.g.
      hydroxy substituted alkylamines, or with simple monocyclic nitrogen
      heterocyclic compounds, e.g. piperidine or morpholine.
PAR  The compounds of formula I and pharmaceutically acceptable derivatives
      thereof are useful because they possess pharmacological activity in
      animals; in particular they are useful because they inhibit the release
      and/or action of pharmacological mediators which result from the in vivo
      combination of certain types of antibody and specific antigen e.g. the
      combination of reaginic antibody with specific antigen (see Example A). In
      man, both subjective and objective changes which result from the
      inhalation of specific antigen by sensitised subjects are inhibited by
      prior administration of the compounds. Thus the compounds are useful in
      the treatment of asthma, e.g allergic asthma. The compounds are also
      useful in the treatment of so-called `intrinsic` asthma (in which no
      sensitivity to extrinsic antigen can be demonstrated). The compounds are
      also of use in the treatment of other conditions in which antigen-antibody
      reactions are responsible for disease, for example, hay fever and
      urticaria.
PAR  For the above mentioned uses the dosage administered will, of course, vary
      with the compound employed, the mode of administration and the treatment
      desired. However, in general, satisfactory results are obtained when the
      compounds are administered at a dosage of from 0.1 to 50mg per kg of
      animal body weight in the test set out in Example A. For man the total
      daily dosage is in the range of from about 1 mg to 3,5000 mg which may be
      administered in divided doses from 1 to 6 times a day or in sustained
      release form. Thus dosage forms suitable for administration (by inhalation
      or oesophageally) comprise from about 0.17 mg to 600 mg, preferably 30 to
      600 mg, of the compound admixed with a solid or liquid pharmaceutically
      acceptable diluent, adjuvant or carrier.
PAR  According to the invention there is also provided a process for the
      production of a pharmaceutically acceptable salt of a compound of formula
      I, which comprises treating a compound of formula I, or another salt
      thereof, with a compound, e.g. a base or ion exchange resin, containing an
      available pharmaceutically acceptable cation, e.g. sodium, potassium,
      calcium, ammonium, and appropriate nitrogen containing cations. In general
      we prefer to form the pharmaceutically acceptable salt by treating the
      free acid of formula I with an appropriate base, e.g. with an
      alkaline-earth or alkali metal hydroxide, carbonate or bicarbonate in
      aqueous solution or by treating a salt of a compound of formula I with
      another salt by a metathetical process. When a strongly basic compound is
      used care should be taken, e.g. by keeping the temperature sufficiently
      low, to ensure that the compound of formula I is not hydrolysed or
      otherwise degraded. The pharmaceutically acceptable salt may be recovered
      from the reaction mixture by, for example, solvent precipitation and/or
      removal of the solvent by evaporation, e.g. by freeze drying.
PAR  Values of R.sub.5, R.sub.6, R.sub.7 and R.sub.8 which may be mentioned
      include hydrogen, straight or branched alkyl, e.g. containing from 1 to 5
      carbon atoms, chlorine, bromine, alkenyl containing from 2 to 5 carbon
      atoms, e.g. allyl, phenyl, benzyl, acetyl, straight or branched alkoxy,
      e.g. containing from 1 to 6 carbon atoms, alkoxy-alkoxy in which each of
      the alkoxy groups contains from 1 to 5 carbon atoms, hydroxy-alkoxy
      containing from 1 to 5 carbon atoms, or alkoxy containing from 1 to 4
      carbon atoms and substituted by a 5 or 6 membered oxygen containing
      heterocyclic ring, e.g. tetrahydrofurfuryloxy.
PAR  In this specification and in the claims the term `lower`, e.g. as applied
      to alkyl or alkoxy groups, means that the group contains up to 6 carbon
      atoms.
PAR  We prefer compounds of formula I in which at least one of R.sub.5, R.sub.6,
      R.sub.7 and R.sub.8 is an alkenyl group and in particular those compounds
      in which R.sub.5 is tetrahydrofurfuryloxy or 3-methyl-n-butoxy, add
      R.sub.8 is allyl. We also provide, as a specific group, compounds of
      formula I in which W is sulphur.
PAR  The preferred compounds of formula I, and pharmaceutically acceptable
      derivatives thereof (and in particular the salts, e.g the alkali metal
      salts, thereof) have the advantage that they are more readily absorbed and
      are more active when administered oesophageally than compounds of similar
      structure.
PAR  According to our invention we also provide a pharmaceutical composition
      comprising (preferably a minor proportion of) a compound of formula I, or
      a pharmaceutically acceptable derivative thereof, in combination with a
      pharmaceutically acceptable adjuvant, diluent or carrier. Examples of
      suitable adjuvants, diluents or carriers are:- for tablets and dragees;
      lactose, starch, talc or stearic acid; for capusles, tartaric acid or
      lactose; for suppositories, natural or hardened oils or waxes; for
      inhalation compositions, coarse lactose. For use in inhalation
      compositions the compounds of formula I, or the pharmaceutically
      acceptable derivative thereof, preferably has a fine particle size of from
      0.01 to 10 microns and may if desired be used in combination with a
      bronchodilator, e.g. isoprenaline. The compound of fine particle size may
      be made, for example by grinding or milling. The compositions may also
      contain suitable preserving, stabilising and wetting agents, solubilizers,
      sweetening and colouring agents and flavourings. The compositions may, if
      desired, be formulated in sustained release form. We prefer compositions
      which are designed to be taken oesophageally and to release their contents
      in the gastro-intestinal tract.
PAR  Compositions for inhalation may also comprise a solution, e.g. an aqueous
      solution, of the compound of formula I or the pharmaceutically acceptable
      derivative thereof; or may comprise a mixture of the compound with a
      liquifyable gas under pressure, the mixture being put up in a container
      having a valve adapted to dispense a metered dose.
PAR  The invention is illustrated, but in no way limited by the following
      Examples, in which the parts are by weight.
DETD
PAC  EXAMPLE 1
PAC  5-(6-Chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-yl)tetrazole
PAR  a. 6-Chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-carboxylic acid
PAR  0.5 Parts of benzyl trimethylammonium hydroxide were added dropwise to a
      mixture of 156.6 parts of 4-chloro-3,5-xylenol, 149.1 parts of dimethyl
      acetylene dicarboxylate and 30 parts of dioxan. The reaction mixture was
      heated for 1/2 hour on the steam bath, cooled, and basified with 320 parts
      of 25% aqueous sodium hydroxide solution. After addition of 100 parts of
      methanol the red solution was heated at reflux for 3 hours on the steam
      bath, cooled, and acidified with excess dilute sulphuric acid. The
      precipitated yellow solid was filtered, washed with a little water, and
      dried. The solid was added portionwise to 850 parts of stirred
      chlorosulphonic acid cooled to 0.degree.C. When all the solid had
      dissolved, the dark red solution was added cautiously dropwise to excess
      ice-water. The precipitated solid was filtered, washed with water, and
      recrystallised from a dioxan aqueous ethanol mixture to give 157.1 parts
      of 6-chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-carboxylic acid as a
      colourless solid, melting point 289.degree.-290.degree. C.
PAR  analysis: Found: C, 56.9; H,3.53; Cl,14.1%. C.sub.12 H.sub.9 ClO.sub.4
      requires: C,57.1; H,3.59; Cl,14.03%
PAR  Spectral confirmation
PAR  Molecular weight = 252/254 by mass spectrometry. IR acid carbonyl
      absorption occurred at 1740 cm.sup..sup.-1 and benzopyran carbonyl
      absorption at 1634 cm.sup..sup.-1. The NMR spectrum included a singlet at
      3.3.tau. due to the benzopyran ring 3-proton.
PAR  b. 6-Chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-carboxylic acid, ethyl
      ester
PAR  10 Parts of concentrated sulphuric acid were added to a suspension of 66.1
      parts of 6-chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-carboxylic acid in
      600 parts of ethanol, and the mixture was heated at reflux for 24 hr. Most
      of the ethanol was removed by evaporation under reduced pressure, and 1500
      parts of water were added to the reaction mixture. The precipitated solid
      was filtered, dissolved in chloroform and the solution, dried and
      evaporated, leaving 58.5 parts of
      6-chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-carboxylic acid, ethyl ester
      as a colourless solid. On recrystallization from ethanol, the product had
      melting point 114.5.degree.-115.5.degree.C.
PAR  Analysis: Found: C,60.2; H,4.73; Cl,12.89%. C.sub.14 H.sub.13 ClO.sub.4
      requires: C,59.9; H,4.67; Cl,12.63%.
PAR  Spectral confirmation Molecular weight = 280/282 by mass spectrometry. IR
      ester carbonyl absorption was evident at 1740 cm.sup..sup.-1 and the
      presence of the ester group was confirmed by NMR absorptions at 8.6
      (triplet) and 5.5 (quartet). (Solvent: deuterochloroform).
PAR  c. 6-Chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-carboxamide
PAR  A solution of 50.1 parts of
      6-chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-carboxylic acid ethyl ester
      in 750 parts of warm ethanol was saturated with dry ammonia. After 2 hours
      a solid had precipitated out and the slurry was heated on the steam bath
      to remove excess ammonia. The solid was filtered off and crystallised from
      dimethylformamide to give 42.3 parts of
      6-chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-carboxamide, melting point
      &gt;300.degree.C.
PAR  Analysis: Found: C,57.0; H,3.83; Cl,14,02; N,5.45%. C.sub.12 H.sub.10
      O.sub.3 Cl requires: C,57.3; H,4.00; Cl,14.09; N,5.57%.
PAR  d. 6-Chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2carbonitrile To 400 parts
      of N,N-dimethylformamide was slowly added 21 parts of phosphorus
      oxychloride with stirring and ice cooling. Then in samll quantities 33.9
      parts of 6-chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-carboxamide was
      added to the solution. After the addition was completed the reaction
      mixture was stirred at room temperature for 18 hours. The dark solution
      which resulted was poured into 1500 parts of ice/water. The precipitated
      solid was filtered off and crystallized from ethanol to give 30.5 parts of
      6-chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-carbonitrile, melting point
      142-143.degree.C.
PAR  e. 5-(6-Chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-yl) tetrazole
PAR  A mixture of 23.4 parts of
      6-chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-carbonitrile, 7.8 parts of
      sodium azide, 6.4 parts of ammonium chloride and 200 parts of
      N,N-dimethylformamide was stirred and heated on the steam bath for 18
      hours. Most of the solvent was then removed by distillation under reduced
      pressure. A solution of the residue in 400 parts of water was acidified
      with 20% hydrochloric acid. The precipitated solid was filtered off,
      washed with water and crystallized from dioxan to give 15.5 parts of
      5-(6-chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-yl) tetrazole as a
      colourless solid, melting point 246-247.degree.C (decomposition).
PAR  Analysis: Found: C,52.3; H,3.39; N,19.78; Cl,12.6%. C.sub.12 H.sub.9
      ClN.sub.4 O.sub.2 requires: C,52.1; H,3.28; N,20.24; Cl,12.81%.
PAR  Spectral confirmation
PAR  The mass spectral molecular weight was 276/278. An IR peak at 1660
      cm.sup..sup.-1 was assigned to the benzopyran ring carbonyl.
PAR  f. 5-(6-Chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-yl)tetrazole, sodium
      salt
PAR  A mixture of 5.01 parts of
      5-(6-chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-yl)tetrazole and 1.52
      parts of sodium bicarbonate was dissolved in 50 parts of water. The
      filtered solution was freeze-dried to give 5.20 parts of
      5-(6-chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-yl)tetrazole, sodium
      salt. The salt was purified by precipitation from an ethanolic solution by
      addition of ether.
PAR  Spectral confirmation
PAR  The benzopyran ring carbonyl gave rise to a broad IR band at 1645
      cm.sup..sup.-1. The NMR spectrum showed a singlet at 4.2.tau. due to the
      benzopyran ring 3-proton. (solvent: deuterium oxide).
PAC  EXAMPLE 2
PAC  5-[8-Allyl-5-(3-methylbutoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole
      Potassium Salt
PAR  5 Parts of
      5-[8-allyl-5-(3-methylbutoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole and 1.4
      parts of potassium bicarbonate were mutually dissolved in 75 parts of
      water and the resulting solution was freeze-dried to give 5.2 parts of
      5-[8-allyl-5-(3-methylbutoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole
      potassium salt monohydrate as a white powder.
PAR  Analysis Found: C,54.02; H,5.53; N,13.92%. C.sub.18 H.sub.19 KN.sub.4
      O.sub.3 H.sub.2 O requires: C,54.02; H,5.39; N,14.00%.
PAR  Spectral confirmation
PAR  The n.m.r. spectrum in hexadeuteriodimethylsulphoxide revealed the
      benzopyran ring 3-proton resonance at 3.57.tau.. The u.v. spectrum
      displayed max. 261 n.m. (E.sub.m 19,821).
PAC  EXAMPLE 3
PAC  5-[8-Allyl-5-(3-methylbutoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole Calcium
      Salt
PAR  5Parts of
      5-[8-allyl-5-(3-methylbutoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole and
      1.29 parts of sodium bicarbonate were mutually dissolved in 200 parts of
      water. To this stirred solution 1.25 parts of calcium nitrate in 100 parts
      of water were added. A creamy precipitate was produced. The mixture was
      cooled and the precipitate was collected. The compound was finely
      powdered, treated with boiling water, collected and dried in vacuo. 4.8
      Parts of
      5-[8-allyl-5-(3-methylbutoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole as its
      calcium salt pentahydrate were obtained.
PAR  Analysis: Found: C,52.97; H,6.01; N,14.02%. C.sub.36 H.sub.38 CaN.sub.8
      O.sub.6 5H.sub.2 O requires: C,52.97; H,6.02; N,14.07%.
PAR  Spectral confirmation
PAR  The n.m.r. spectrum in hexadeuteriodimethylsulphoxide revealed the
      benzopyran ring 3-proton resonance at 3.35.tau.. The u.v. spectrum
      displayed.lambda.max. 264 n.m. (.epsilon..sub.n 51,700).
PAC  EXAMPLE 4
PAC  5-[8-Allyl-5-(3-methylbutoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole
      morpholine salt
PAR  4.05 Parts of
      5-[8-allyl-5-(3-methylbutoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole and
      1.03 parts of morpholine were mutually dissolved in 50 parts of water. The
      resulting solution was freeze-dried to give 4.8 parts of
      5-[8-allyl-5-(3-methylbutoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole
      morpholine salt monohydrate.
PAR  Analysis: Found: C,59.23; H,6.96; N,15.84% C.sub.22 H.sub.29 N.sub.5
      O.sub.4 H.sub.2 O requires: C,59.31; H,7.01; N,15.72%
PAR  Spectral confirmation
PAR  The n.m.r. spectrum in hexadeuteriodimethylsulphoxide revealed the
      benzopyran ring 3-proton at 3.55.tau.. The u.v. spectrum
      displayed.epsilon.max. 264 n.m. (.epsilon..sub.m 25,000).
PAC  EXAMPLE 5
PAC  5-[8-Allyl-5-(3-methylbutoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole
      ethylamine Salt
PAR  4.7 Parts of
      5-[8-allyl-5-(3-methylbutoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole andn
      0.973 parts by volume of a 70% w/w solution of ethylamine in water were
      mutually dissolved in 50 parts of water. The resulting solution was
      freeze-dried to give 5.3 parts of
      5-[8-allyl-5-(3-methylbutoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole
      ethylamine salt sesquihydrate as a yellow powder.
PAR  Analysis: Found: C,58.49; H,7.48; N,17.09%. C.sub.20 H.sub.27 N.sub.5
      O.sub.3 11/2H.sub.2 O requires: C,58.49; H,7.31; N,17.05%.
PAR  Spectral confirmation
PAR  The u.v. spectrum displayed max. 261 n.m. (E.sub.m 23,153).
PAC  EXAMPLE 6
PAC  5-[8-Allyl-5-(3-methylbutoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole
      tris-(hydroxymethyl)methylamine Salt
PAR  5 Parts of
      5-[8-allyl-5-(3-methylbutoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole and
      1.76 parts of tris-(hydroxymethyl)methylamine were dissolved in ethanol
      with heating. The resulting solution was cooled, diluted with ether and
      the resulting crystalline solid was collected, washed with ether and dried
      in vacuo to give 5.6 parts of
      5-[8-allyl-5-(3-methylbutoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole
      tris-(hydroxymethyl)methylamine salt hemihydrate.
PAR  Analysis: C,55.86; H,6.66; N,15.13%. C.sub.22 H.sub.31 N.sub.5 O.sub.6
      1/2H.sub.2 O: C,56.16; H,6.86; N,14.89%.
PAR  Spectral confirmation
PAR  The n.m.r. spectrum in hexadeuteriodimethylsulphoxide revealed the
      benzopyran ring 3-proton resonance at 3.25.tau.. The u.v. spectrum
      displayed.lambda.max. 261 n.m. (.epsilon..sub.m 22,934).
PAC  EXAMPLE 7
PAR  The amides listed in Table II were prepared, from the appropriate ethyl
      esters, using the method of Example 1c.
TBL                                    TABLE II                                

     __________________________________________________________________________

                                       Elemental                               

                                       Analysis                                

                                M.P.   Found                                   

            Name of Compound    .degree.C                                      

                                       C    H   N                              

     __________________________________________________________________________

     4-Oxo-4H-1-thiabenzopyran-2-carboxamide                                   

                                232-233                                        

                                       58.4 3.20                               

                                                6.50                           

     5-(2-Ethoxyethoxy)-4-oxo-4H-1-benzopyran-2-                               

      carboxamide               188-190                                        

                                       60.0 5.32                               

                                                5.10                           

     5-Tetrahydrofurfuryloxy-4-oxo-4H-1-benzopyran-                            

      2-carboxamide             205-206                                        

                                       62.2 5.16                               

                                                4.74                           

     8-Allyl-5-(3-methyl-n-butoxy)-4-oxo-4H-1-                                 

      benzopyran-2-carboxamide  191.5-193                                      

                                       68.7 6.67                               

                                                4.32                           

     6,8-Diallyl-4-oxo-4H-1-benzopyran-2-                                      

      carboxamide               199-200                                        

                                        71.10                                  

                                            6.00                               

                                                5.01                           

     8-Allyl-5-tetrahydroxfurfuryloxy-4-oxo-4H-1-                              

                                211.5-                                         

      benzopyran-2-carboxamide  213.5  65.7 5.84                               

                                                4.25                           

     6-t-butyl-4-oxo-4H-1-thiabenzopyran-2-carboxamide                         

                                255-257                                        

     __________________________________________________________________________

PAC  EXAMPLE 8
PAR  The nitriles listed in Table III were prepared from the corresponding
      amides, using the method of Example 1(d).
TBL                                    TABLE III                               

     __________________________________________________________________________

                                     Elemental                                 

                                     Analysis                                  

                              M.P.   Found                                     

            Name of Compound  .degree.C                                        

                                     C    H   N                                

     __________________________________________________________________________

     4-Oxo-4H-1-thiabenzopyran-2-carbonitrile                                  

                              174-176                                          

                                     64.2 2.48                                 

                                              7.54                             

     5-(2-Ethoxyethoxy)-4-oxo-4H-1-benzopyran-2-                               

                               99-100                                          

                                     64.95                                     

                                          5.10                                 

                                              5.50                             

      carbonitrile                                                             

     5-Tetrahydrofurfuryloxy-4-oxo-4H-1-benzopyran                             

                              153-154                                          

                                     66.5 4.55                                 

                                              5.02                             

     2-carbonitrile                                                            

     8-Allyl-5-(3-methyl-n-butoxy)-4-oxo-4H-1-ben-                             

                              63-64  73.1 6.59                                 

                                              4.62                             

      zopyran-2-carbonitrile                                                   

     6,8-Diallyl-4-oxo-4H-1-benzopyran-2-carboni-                              

                              67-68  77.17                                     

                                          5.29                                 

                                              5.64                             

      trile                                                                    

     8-Allyl-5-tetrahydrofurfuryloxy-4H-1-ben-                                 

                              133.5-136                                        

                                     69.74                                     

                                          5.62                                 

                                              4.59                             

      zopyran-2-carbonitrile                                                   

     6-t-butyl-4-oxo-4H-1-thiabenzopyran-2-                                    

                              134-136                                          

                                     69.38                                     

                                          5.53                                 

                                              5.62                             

      carbonitrile                                                             

     6-Chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-                              

                              142-143                                          

                                     61.9 3.47                                 

                                              5.88                             

      2-carbonitrile                                                           

     __________________________________________________________________________

PAC  EXAMPLE 9
PAR  The tetrazoles listed in Table IV were prepared from the corresponding
      nitriles, using the method of Example 1e. The sodium salts of the
      tetrazoles listed in Table IV were prepared by the process of Example 1f.
TBL                                    TABLE IV                                

     __________________________________________________________________________

                                  Elemental                                    

                                  Analysis                                     

                           M.P.   Found                                        

     Name of Compound      .degree.C                                           

                                  C    H   N                                   

     __________________________________________________________________________

     5-(4-Oxo-4H-1-thiabenzopyran-2-yl)                                        

                           260-262                                             

                                  52.3 2.48                                    

                                           24.0                                

      tetrazole                                                                

     5-[5-(2-Ethoxyethoxy)-4-oxo-4H-1-                                         

                           189.5- 55.7 4.51                                    

                                           18.2                                

      benzopyran-2-yl]tetrazole                                                

                           190.5                                               

     5-(5-Tetrahydrofurfuryloxy-4-oxo-4H-1                                     

                           201-202                                             

                                  55.7 4.77                                    

                                           17.04                               

      benzopyran-2-yl)tetrazole                                                

     5-[8-Allyl-5-(3-methyl-n-butoxy)                                          

                           193-194                                             

                                  63.84                                        

                                       5.83                                    

                                           16.50                               

     4-oxo-4H-1-benzopyran-2-yl]tetrazole                                      

     5-(6,8-Diallyl-4-oxo-4H-1-benzopyran-                                     

                           201-202                                             

                                  65.35                                        

                                       4.94                                    

                                           19.14                               

      2-yl)tetrazole                                                           

     5-(8-Allyl-5-tetrahydrofurfuryloxy-4-                                     

                           172.5- 61.18                                        

                                       5.29                                    

                                           16.08                               

      oxo-4H-1-benzopyran-2-yl)tetrazole                                       

                           173                                                 

     5-(6-t-butyl-4-oxo-4H-1-thiabenzopyran                                    

                           249(d) 58.57                                        

                                       5.04                                    

                                           19.87                               

     2-yl)tetrazole                                                            

     5-(6-phenyl-4-oxo-4H-1-thiabenzopyran                                     

                           245-7(d)                                            

                                  61.96                                        

                                       3.51                                    

                                           18.16                               

     2-yl)tetrazole                                                            

     5-(6-chloro-4-oxo-4H-1-thiabenzopyran                                     

                           213-215                                             

                                  45.57                                        

                                       2.38                                    

                                           21.28                               

     2-yl)tetrazole                                                            

     __________________________________________________________________________

PAC  EXAMPLE A
PAR  The procedure set out below may be used to assess the effectiveness of a
      compound in inhibiting the release of the pharmacological mediators of
      anaphylaxis.
PAR  In this test, the effectiveness of the compounds in inhibiting the passive
      cutaneous anaphylactic reaction in rats is assessed. It has been proved
      that this form of test gives reliable qualitative indications of the
      ability of the compounds under test to inhibit antibody-antigen reactions
      in man.
PAR  In this test method Charles River France/Fisons bred rats (male or female)
      having a body of from 100 to 150 gms are infected subcutaneously at weekly
      intervals with N.brasiliensis larvae in doses increasing from about 2000
      larvae per animal to 12000 larvae per animal in order to establish the
      infection. After 8 weeks the rates are bled by heart puncture and 15-20
      mls. of blood are collected from each animal. The blood samples are then
      centrifuged at 3500 rpm. for 30 minutes in order to remove the blood cells
      from the blood plasma. The serum is collected and used to provide a serum
      containing N.brasiliensis antibody. A pilot sensitivity test is carried
      out to determine the least quantity of serum required to give a skin weal
      in control animals in the test described below of 2 cm diameter. It has
      been found that optimum sensitivity of rats in the body weight range
      100-130 gms is obtained using a serum diluted with eight parts of
      physiological saline solution. This diluted solution is called antibody
      serum A.
PAR  The antigen to react with the antibody in serum A is prepared by removing
      N. brasiliensis worms from the gut of the infected rats, centrifuging the
      homogenate and collecting the supernatent liquor. This liquor is diluted
      with saline to give a protein content of 1 mg/ml and is known as solution
      B.
PAR  Charles River France/Fisons bred rats in the body weight range 100 to 130
      gms are sensitised by intra-dermal injection of 0.1 mls of serum A into
      the right flank. Sensitivity is allowed to develop for 24 hours and the
      rats are then injected intravenously with 1 ml/100 gms body weight of a
      mixture of solution B (0.25 mls), Evans Blue dye solution (0.25 mls) and
      the solution of the compound under test (0.5 mls with varying percentages
      of active matter). Insoluble compounds are administered as a separate
      intraperitoneal injection 5 minutes before intravenous administration of
      solution B and Evans Blue dye. For each percentage level of active matter
      in the solution under test five rats are injected. Five rats are used as
      controls in each test. The dosages of the compound under test are selected
      so as to give a range of inhibition values.
PAR  Thirty minutes after injection of solution B the rats are killed and the
      skins are removed and reversed. The intensity of the anaphylactic reaction
      is assessed by comparing the size of the characteristic blue weal produced
      by the spread of the Evans Blue dye from the sensitisation site, with the
      size of the weal in the control animals. The size of the weal is rates as
      O (no weal detected, i.e. 100% inhibition) to 4 (no difference in size of
      weal, i.e. no inhibition) and the percentage inhibition for each dose
      level calculated as:-
      ##EQU2##
PAR  The percentage inhibitions for the various dose levels are plotted
      graphically for each compound. From these graphs the dosage required to
      achieve a 50% inhibition of the anaphylactic reaction (ID.sub.50) may be
      determined.
PAR  The compounds are also evaluated in the above manner using intestinal and
      gastric administration of the compound.
PAC  EXAMPLE B
PAR  Tablet
PAR  Compound of formula I, e.g.
      5-[8-allyl-5-(3-methyl-n-butoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole,
      sodium salt 50 mg
TBL    Binder, e.g. powdered tragacenth                                        

                                1 to 3%                                        

       Lubricant, e.g. magnesium stearate                                      

                                0.25 to 1%                                     

       Disintegrating agent e.g.                                               

     potato starch              5 to 10%                                       

       Surfactant, e.g. di-octylsodium                                         

     sulphosuccinate            0.25%                                          

     Example C                                                                 

     Capsule (Hard)                                                            

       Sodium salt of compound of formula I                                    

                                500 mg                                         

       Granulating agent, e.g. gum or starch                                   

     mucilage                   q.s.                                           

       Lubricant, e.g. magnesium stearate                                      

                                0.25 to 1%                                     

     Example D                                                                 

     Capsule (Soft)                                                            

       Sodium salt of compound of formula I                                    

                                500 mg                                         

       Polyethylene glycol 400  q.s.                                           

       Non-ionic surfactant, e.g. poloxy ethylene                              

     sorbitan mono-oleate       q.s.                                           

     Example E                                                                 

     Suppository                                                               

       Sodium salt of compound of formula I                                    

                                500 mg                                         

       Basis, e.g. polyethylene glycol 6,000                                   

                                1 g                                            

CLMS
STM  We claim:
NUM  1.
PAR  1. The compound 5-(4-Oxo-4H-1-thiabenzopyran-2-yl)tetrazole.
NUM  2.
PAR  2. The compound 5-[5-(2-Ethoxyethoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole.
NUM  3.
PAR  3. The compound
      5-[8-Allyl-5-(3-methyl-n-butoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole.
NUM  4.
PAR  4. The compound 5-(6,8-Diallyl-4-oxo-4H-1-benzopyran-2-yl)tetrazole.
NUM  5.
PAR  5. The compound 5-(6-t-butyl-4-oxo-4H-1-thiabenzopyran-2-yl)tetrazole.
PATN
WKU  039338452
SRC  5
APN  1753924
APT  1
ART  122
APD  19710826
TTL  Benzopyranyltetrazoles
ISD  19760120
NCL  3
ECL  1
EXP  Rollins; Alton D.
INVT
NAM  Augstein; Joachim
CTY  Linford
CNT  EN
INVT
NAM  Cairns; Hugh
CTY  Loughborough
CNT  EN
INVT
NAM  Hunter; Dennis
CTY  Loughborough
CNT  EN
INVT
NAM  King; John
CTY  Loughborough
CNT  EN
ASSG
NAM  Fisons Limited
CNT  EN
COD  03
PRIR
CNT  UK
APD  19700826
APN  41009/70
PRIR
CNT  UK
APD  19710113
APN  1642/71
PRIR
CNT  UK
APD  19710701
APN  30827/71
CLAS
OCL  260308D
XCL  260240J
XCL  2602475E
XCL  26029358
XCL  2603452
XCL  424248
XCL  424267
XCL  424269
EDF  2
ICL  C07D40504
ICL  C07D40514
ICL  C07D41314
FSC  260
FSS  308 D
UREF
PNO  3427324
ISD  19690200
NAM  Fitzmaurice
OCL  260340.7
UREF
PNO  3706768
ISD  19721200
NAM  Bays
OCL  260308D
UREF
PNO  3839339
ISD  19741000
NAM  Ellis et al.
OCL  260308D
FREF
PNO  4,767
ISD  19670100
CNT  FR
OCL  260340.7
OREF
PAL  Buchanan et al., J. Med. Chem., Vol. 12, pp. 1001-1006 (1969).
PAL  Juby et al. I, J. Med. Chem., Vol. 11, pp. 111-117 (1968).
PAL  Juby et al. II, J. Med. Chem., Vol. 12, pp. 396-401 (1969).
LREP
FRM  Wenderoth, Lind & Ponack
ABST
PAL  There are described compounds of formula I,
      ##SPC1##
PA1  in which R.sub.5, R.sub.6, R.sub.7 and R.sub.8, which may be the same or
      different, are hydrogen, alkyl C2 to 6, alkoxy C2 to 8, hydroxy-alkoxy C3
      to 8, and R.sub.5 may be hydroxy, provided that one or two of R.sub.5,
      R.sub.6, R.sub.7 and R.sub.8 are other than hydrogen,
PA1  And pharmaceutically acceptable derivatives thereof. The compounds of
      formula I are indicated for use in the treatment of asthma, and
      pharmaceutical compositions containing them and processes for their
      preparation are also described.
BSUM
PAR  This invention relates to new tetrazole derivatives, compositions
      containing them and methods for their preparation.
PAR  According to our invention we provide compounds of formula I,
      ##SPC2##
PA1  in which R.sub.5, R.sub.6, R.sub.7 and R.sub.8, which may be the same or
      different, are hydrogen, alkyl containing 2 to 6 carbon atoms, alkoxy
      containing 2 to 8 carbon atoms, hydroxy-alkoxy containing 3 to 8 carbon
      atoms, and R.sub.5 may be hydroxy, provided one or two of R.sub.5,
      R.sub.6, R.sub.7 and R.sub.8 are other than hydrogen,
PA1  And pharmaceutically acceptable derivatives thereof.
PAR  According to our invention we also provide a process for the production of
      a compound of formula I, or a pharmaceutically acceptable derivative
      thereof, which comprises
PAR  A. TREATING A COMPOUND OF FORMULA II,
EQU  R -- Y                                                     II
PAL  in which R represents a group of formula IX,
      ##SPC3##
PAL  in which
PA1  R.sub.5, r.sub.6, r.sub.7, r.sub.8 and the proviso are as defined above,
PA1  Y represents a group --CN or --CZ=NH, and
PA1  Z represents a good leaving group,
PAL  With an azide in a solvent which is inert under the reaction conditions,
PAR  B. REPLACING WITH HYDROGEN THE GROUP X in a compound of formula VII or XIV,
      ##EQU1##
      in which R is as defined above, and X represents a group which may be
      replaced by hydrogen,
PAL  By hydrogenation, dealkylation, deacylation, under mildly basic conditions,
      under acidic conditions, or by reductive deamination,
PAR  C. CYCLISING A COMPOUND OF FORMULA VIII,
      ##SPC4##
PAL  or a salt thereof in which R.sub.5, R.sub.6, R.sub.7, R.sub.8 and the
      proviso are as defined above,
PAR  D. SELECTIVELY DEHYDROGENATING A COMPOUND OF FORMULA XV,
      ##SPC5##
PAL  or a salt thereof in which R.sub.5, R.sub.6, R.sub.7, R.sub.8 and the
      proviso are as defined above,
PAR  E. PRODUCING A COMPOUND OF FORMULA Ie,
      ##SPC6##
PAL  In which
PA1  R.sup.e.sub.5, R.sup.e.sub.6, R.sup.e.sub.7 and R.sup.e.sub.8 have the same
      significances as R.sub.5, R.sub.6, R.sub.7 and R.sub.8 above, save at
      least one of R.sup.e.sub.5, R.sup.e.sub.6, R.sup.e.sub.7 and R.sup.e.sub.8
      represents an alkyl or alkoxy group, by selective hydrogenation of a
      corresponding compound of formula XVI,
      ##SPC7##
PAL  in which
PA1  R.sup.b.sub.5, R.sup.b.sub.6, R.sup.b.sub.7 and R.sup.b.sub.8 have the same
      significances as R.sub.5, R.sub.6, R.sub.7, and R.sub.8 above, save that
      at least one of R.sup.b.sub.5, R.sup.b.sub.6, R.sup.b.sub.7 and
      R.sup.b.sub.8 represents an alkenyl or an alkenyloxy group,
PAR  f. producing a compound of formula If,
      ##SPC8##
PAL  in which
PA1  R.sub.5, r.sub.6, r.sub.7, r.sub.8 and the proviso are as defined above,
PAL  by replacing an R.sup.9 group with a hydrogen atom in a corresponding
      compound of formula XVII,
      ##SPC9##
PAL  in which
PA1  R.sub.5, r.sub.6, r.sub.7, r.sub.8 and the proviso are as defined above,
      and R.sup.9 represents alkyl, aralkyl or acyl, or
PAR  g. transforming a compound of formula XVIII,
EQU  R -- CN.sub.3 =NH                                          XVIII
PAL  in which
PA1  R is as defined above into a compound of formula I,
PA1  and where desired or necessary converting the compound of formula I
      produced by any one of processes (a) to (g) into a pharmaceutically
      acceptable derivative thereof.
PAR  Suitable solvents which are inert under the reaction conditions of process
      (a) include those in which both the reagents are soluble, e.g.
      N,N-dimethylformamide. Other solvents which may be mentioned include
      dimethylsulphoxide, tetrahydrofuran, diethyl glycol and ethyl methyl
      glycol. The reaction is preferably carried out at a temperature of from
      20.degree.to to 130.degree.C for from about 1 to 20 hours. The azide used
      in the reaction is preferably ammonium or an alkali metal azide, e.g.
      sodium or lithium azide, but other azides, e.g. aluminium azide or the
      azides of nitrogen containing bases, e.g. mono-, di-, tri-, and tetra-
      methylammonium, anilinium, morpholinium and piperidinium azides, may also
      be used if desired. Where an azide other than that of an alkali metal is
      used this azide may be prepared in the reaction mixture by double
      decomposition. The reaction may, if desired, be carried out in the
      presence of an electron acceptor, e.g. aluminium chloride, boron
      trifluoride, ethyl sulphonic acid or benzene sulphonic acid. As an
      alternative to the reaction conditions set out above, the reaction may be
      carried out using hydrazoic acid (hydrogen azide) at a temperature of from
      about 20.degree. to 150.degree.C in a suitable solvent, under greater than
      atmospheric pressure. When an azide other than hydrazoic acid is used,
      e.g. sodium azide, the product of the reaction will be the corresponding
      tetrazole salt. This salt may readily be converted to the free acid by
      treatment with strong acid, e.g. hydrochloric acid. Process (a) is
      believed to pass through a compound of formula XVIII as an intermediate.
      The good leaving group Z may be an alkoxy, thiol or alkylthio group, e.g.
      a lower alkoxy or a lower alkyl thiol group.
PAR  In process (b) the group X may be, for example, an aralkyl, e.g. benzyl
      group; an arylacyl, e.g. a phenacyl group; an acyl, e.g. acetyl group; an
      amino group; or a group --(CH.sub.2).sub.2 G, where G is an electron
      withdrawing group, for example a nitrile, a carboxylic ester, e.g. of a
      lower alkanol, or an acyl group, e.g. an acetyl group.
PAR  When X represents an aralkyl group the group may be removed either using a
      hydrogen halide, e.g. HBr, in acetic acid or by catalytic hydrogenation
      using, for example, a palladium catalyst in a solvent which is inert under
      the reaction conditions, e.g. ethanol.
PAR  When X represents an acyl group, the group may be removed under mildly
      basic conditions with, for example, aniline or sodium bicarbonate.
PAR  When X represents a group --CH.sub.2 CH.sub.2 G the group may be removed
      under mildly basic conditions with, for example, barium hydroxide.
PAR  When X represents an amino group, the group may be removed by reductive
      de-amination with, for example, hypophosphorous acid, stannous chloride or
      sodium in liquid ammonia.
PAR  The cyclisation of process (c) may be carried out by heating, or under
      basic or neutral conditions. It is however preferred to carry out the
      cyclisation in the presence of an acid, e.g. hydrochloric acid, and in a
      solvent which is inert under the reaction conditions, e.g. ethanol. The
      reaction may be carried out at from about 20.degree. to 150.degree.C. It
      will be appreciated that the compound of formula VIII may also exist in a
      keto form, and this form is included in the definition of formula VIII.
      The compound of formula VIII may, if desired by used in the form of an
      alkali metal salt thereof.
PAR  In process (d) the dehydrogenation may be carried out by oxidation using a
      mild oxidising agent, for example selenium dioxide, palladium black,
      chloranil, lead tetraacetate or triphenylmethyl perchorate. Alternatively
      the dehydrogenation may be carried out indirectly by halogenation followed
      by dehydrohalogenation, e.g. by treatment with N-bromosuccinimide or
      pyridinium bromide perbromide to yield the 3-bromo derivative which is
      subsequently dehydrobrominated. The reaction may be carried out in a
      solvent which is inert under the reaction conditions, e.g. a halogenated
      hydrocarbon, xylene or glacial acetic acid. The reaction may be carried
      out at an elevated temperature, e.g. from about 20.degree. to
      150.degree.C.
PAR  In process (e) the hydrogenation may be carried out using catalytic
      hydrogenation, for example using a palladium on charcoal catalyst in a
      suitable solvent, e.g. ethanol. The reaction may conveniently be carried
      out at from about 20.degree. to 80.degree.C, preferably at slightly
      greater than atmospheric pressure.
PAR  In process (f) the replacement of the group --R.sup.9 by hydrogen may be
      carried out when R.sup.9 is an alkyl, e.g. a lower alkyl such as ethyl, or
      aralkyl, e.g. benzyl, group using an acid, e.g. HCl in ethanol, aqueous
      HBr, or HBr in glacial acetic acid. Where R.sup.9 is an acyl, e.g. a lower
      alkanoyl such as acetyl, group the reaction may be carried out under mild
      alkaline conditions and where R.sup.9 is an aralkyl, e.g. a benzyl group,
      the reaction may be carried out by hydrogenation. These reactions may be
      carried out at an elevated temperature.
PAR  The transformation of process (g) may be effected by warming in a solvent
      which is inert under the reaction conditions, e.g. ethanol. The reaction
      may be carried out under acidic or neutral conditions, but is preferably
      carried out in the presence of a base, e.g. sodium hydroxide, in a solvent
      which is inert under the reaction conditions, e.g. water or ethanol. The
      reaction is also preferably carried out in dilute, e.g. about 1%, solution
      and may be carried out at from about 15.degree. to 35.degree.C.
PAR  The compounds of formula II in which Y is a group --CN may be made by
      dehydrating the corresponding compound of formula IV,
EQU  R -- CONH.sub.2                                            IV
PA1  in which R is as defined above,
PAR  using, for example, phosphorus oxychloride, as dehydrating agent. The
      reaction is preferably carried out using at least one molar equivalent of
      dehydrating agent per mole of compound of formula IV. Where the
      dehydrating agent reacts with one of R.sub.5, R.sub.6, R.sub.7 or R.sub.8
      (e.g. a substituent comprising an --OH group) sufficient dehydrating agent
      should be used to satisfy the side reaction as well as the main reaction.
      The reaction may, if desired, be carried out in the presence of an acid
      binding agent, e.g. triethylamine. The reaction may be carried out in the
      presence of a solvent, e.g. N,N-dimethylformamide, dimethyl sulphoxide,
      pyridine, benzene or hexamethyl phosphoramide, or an excess of the
      dehydrating agent may be used as the reaction medium. The reaction may be
      carried out at a temperature of from about 0.degree. to 200.degree.C
      depending on the dehydrating agent used. When phosphorus oxychloride is
      used a temperature of from 0.degree. to 100.degree.C is preferred.
PAR  The compounds of formula IV may be made by reacting a compound formula V,
EQU  R -- COOR.sup.x                                            V
PA1  in which R is as defined above, and
PAL  R.sup.x is a lower alkyl group, with ammonia, using techniques conventional
      in the production of amides from esters, e.g. using an alkanol as solvent
      at a temperature of 0.degree. to 120.degree.C.
PAR  Compounds of formula II in which Y represents a group --CZ=NH may be made
      in a manner known per se from compounds of formula II in which Y is a
      group --Cn, e.g. by reaction with an alkanol, a thiol or H.sub.2 S in the
      presence of HCl.
PAR  The compounds of formulae VII may be made by reacting a compound of formula
      X,
      ##EQU2##
      in which R and X are as defined above, with an azide. The reaction may be
      carried out under substantially the same conditions as set out above for
      process (a).
PAR  The compounds of formula X may be made by reacting a compound of formula
      XI,
EQU  R-- CONHX                                                  XI
PA1  in which R and X are as defined above, with phosphorus pentachloride.
PAR  The compounds of formula VII and XIV may also be made from compounds of
      formula I using techniques known per se, for example by reaction with a
      compound X Hal, in which X is as defined above and Hal represents a
      halogen atom. Compounds of formulae VII and XIV in which X is an amino
      group may be made by reacting a compound of formula I with
      hydroxylamine-O-sulphonic acid in weakly alkaline aqueous solution, and
      compounds of formula VII and XIV in which X represents a group --CH.sub.2
      CH.sub.2 G may also be made by Michael addition of a compound CH.sub.2
      =CHG to a compound of formula I.
PAR  The compounds of formula VIII may be made by reaction of a compound of
      formula XII,
      ##SPC10##
PA1  in which R.sub.5, R.sub.6, R.sub.7, R.sub.8 and the proviso are as defined
      above, with a compound of formula XIII,
      ##SPC11##
PAL  in which R.sup.x is a lower alkyl group. The reaction may be carried out
      under conditions conventional for a Claisen condensation. Compounds of
      formula VIII may also be made by the action of mild alkali on a compound
      of formula I.
PAR  Compounds of formula XV may be made by selective hydrogenation of a
      corresponding compound of formula I, or by methods analogous to process
      (a) above using the corresponding chromanone-2-carboxylic acid (via the
      nitrile) as starting material.
PAR  Compounds of formula XVI and XVII are either compounds of formula I or may
      be made in a manner analogous to the methods given above for making the
      compounds of formula I.
PAR  The compounds of formula, V, XI, XII, and XIII are either known or may be
      made from known starting materials using conventional techniques.
PAR  It will be appreciated that while the unsubstituted tetrazole group has
      been represented above in a delocalised form other representations of the
      same group are also commonly used.
PAR  Some of the substituents R.sub.5, R.sub.6, R.sub.7 and R.sub.8 may be
      affected by the reaction conditions (either in the final steps or in the
      production of intermediates) described above. It is therefore contemplated
      that where necessary or desirable the reactions be carried out using
      simple derivatives of the reagents. Thus in process (a) where one of
      R.sub.5, R.sub.6, R.sub.7 or R.sub.8 represents a hydroxyalkoxy group the
      compound of formula II may be used as an ester derivative or
      dihydropyranyl derivative of the hydroxy group and the resulting ester or
      dihydropyranyl derivative converted to a compound of formula I, e.g. by
      hydrolysis.
PAR  The compounds of formula I and the intermediates therefor may be recovered
      from their reaction mixtures using conventional methods.
PAR  The processes described above may produce the compound of formula I or a
      derivative thereof. It is also within the scope of this invention to treat
      any derivative so produced to liberate the free compound of formula I, or
      to convert one derivative into another.
PAR  Pharmaceutically acceptable derivatives of the compounds of formula I
      include pharmaceutically acceptable salts. Suitable salts include water
      soluble salts, for example ammonium, alkali metal (e.g. sodium, potassium
      and lithium) and alkaline earth metal (e.g. calcium or magnesium,) salts
      and salts with suitable organic bases, e.g. salts with lower alkyl amines,
      e.g. methylamine or ethylamine, with substituted lower alkylamines, e.g.
      hydroxy substituted alkylamines, or with simple monocyclic nitrogen
      heterocyclic compounds, e.g. piperidine or morpholine.
PAR  The compounds of formula I and pharmaceutically acceptable derivatives
      thereof are useful because they possess pharmacological activity in
      animals; in particular they are useful because they inhibit the release
      and/or action of pharmacological mediators which result from the in vivo
      combination of certain types of antibody and specific antigen e.g. the
      combination of reaginic antibody with specific antigen (see Example A). In
      man, both subjective and objective changes which result from the
      inhalation of specific antigen by sensitised subjects are inhibited by
      prior administration of the compounds. Thus the compounds are useful in
      the treatment of asthma, e.g. allergic asthma. The compounds are also
      useful in the treatment of so-called `intrinsic` asthma (in which no
      sensitivity to extrinsic antigen can be demonstrated). The compounds are
      also of use in the treatment of other conditions in which antigen-antibody
      reactions are responsible for disease, for example, hay fever and
      urticaria.
PAR  For the above mentioned uses the dosage administered will, of course, vary
      with the compound employed, the mode of administration and the treatment
      desired. However, in general, satisfactory results are obtained when the
      compounds are administered at a dosage of from 0.1 to 50mg per kg of
      animal body weight in the test set out in Example A. For man the total
      daily dosage is in the range of from about 1 mg to 3,5000 mg which may be
      administered in divided doses from 1 to 6 times a day or in sustained
      release form. Thus dosage forms suitable for administration (by inhalation
      or oesophageally) comprise from about 0.17 mg to 600 mg, preferably 30 to
      600 mg, of the compound admixed with a solid or liquid pharmaceutically
      acceptable diluent, adjuvant or carrier.
PAR  According to the invention there is also provided a process for the
      production of a pharmaceutically acceptable salt of a compound of formula
      I, which comprises treating a compound of formula I, or another salt
      thereof, with a compound, e.g. a base or ion exchange resin, containing an
      available pharmaceutically acceptable cation, e.g. sodium, potassium,
      calcium, ammonium, and appropriate nitrogen containing cations. In general
      we prefer to form the pharmaceutically acceptable salt by treating the
      free acid of formula I with an appropriate base, e.g. with an
      alkaline-earth or alkali metal hydroxide, carbonate or bicarbonate in
      aqueous solution or by treating a salt of a compound of formula I with
      another salt by a metathetical process. When a strongly basic compound is
      used care should be taken, e.g. by keeping the temperature sufficiently
      low, to ensure that the compound of formula I is not hydrolysed or
      otherwise degraded. The pharmaceutically acceptable salt may be recovered
      from the reaction mixture by, for example, solvent precipitation and/or
      removal of the solvent by evaporation, e.g. by freeze drying.
PAR  Values of R.sub.5, R.sub.6, R.sub.7 and R.sub.8 which may be mentioned
      include hydrogen, straight or branched alkyl, e.g. containing from 2 to 5
      carbon atoms, straight or branched alkoxy, e.g. containing from 2 to 6
      carbon atoms, or hydroxy-alkoxy containing from 3 to 5 carbon atoms.
PAR  In this specification and in the claims the term `lower`, e.g. as applied
      to alkyl or alkoxy groups, means that the group contains up to 6 carbon
      atoms.
PAR  An especially preferred group of the compounds of formula I are those in
      which,
PA1  R.sub.5 is hydrogen, alkoxy containing from 2 to 6 carbon atoms,
      (preferably branched chain alkoxy), hydroxy, or hydroxyalkoxy containing 3
      to 6 carbon atoms,
PA1  R.sub.6 is hydrogen or branched chain alkyl,
PA1  R.sub.7 is hydrogen, and
PA1  R.sub.8 is hydrogen or alkyl containing 2 to 6 carbon atoms,
PA1  provided that one or two R.sub.5, R.sub.6, R.sub.7 and R.sub.8 is other
      than hydrogen.
PAR  The compounds of formula I, and pharmaceutically acceptable derivates
      thereof (and in particular the salts, e.g. the alkali metal salts,
      thereof) have the advantage that they are more readily absorbed and are
      more active when administered oesophageally than compounds of similar
      structure.
PAR  According to our invention we also provide a pharmaceutical composition
      comprising (preferably a minor proportion of) a compound of formula I, or
      a pharmaceutically acceptable derivative thereof, in combination with a
      pharmaceutically acceptable adjuvant, diluent or carrier. Examples of
      suitable adjuvants, diluents or carriers are:- for tablets and dragees;
      lactose, starch, talc or stearic acid; for capusles, tartaric acid or
      lactose; for suppositories, natural or hardened oils or waxes; for
      inhalation compositions, coarse lactose. For use in inhalation
      compositions the compounds of formula I, or the pharmaceutically
      acceptable derivative thereof, preferably has a fine particle size of from
      0.01 to 10 microns and may if desired be used in combination with a
      bronchodilator, e.g. isoprenaline. The compound of fine particle size may
      be made, for example by grinding or milling. The compositions may also
      contain suitable preserving, stabilising and wetting agents, solubilizers,
      sweetening and colouring agents and flavourings. The compositions may, if
      desired, be formulated in sustained release form. We prefer compositions
      which are designed to be taken oesophageally and to release their contents
      in the gastro-intestinal tract.
PAR  Compositions for inhalation may also comprise a solution, e.g. an aqueous
      solution, of the compound of formula I or the pharmaceutically acceptable
      derivative thereof; or may comprise a mixture of the compound with a
      liquifyable gas under pressure, the mixture being put up in a container
      having a valve adapted to dispense a metered dose.
PAR  The invention is illustrated, but in no way limited by the following
      Examples, in which the parts are by weight. Example 1 does not relate to a
      compound according to the invention.
DETD
PAC  EXAMPLE 1
PAC  5-(6-Chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-yl)tetrazole
PAR  a. 6-Chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-carboxylic acid:
PAR  0.5 Parts of benzyl trimethylammonium hydroxide were added dropwise to a
      mixture of 156.6 parts of 4-chloro-3, 5-xylenol, 149.1 parts of dimethyl
      acetylene dicarboxylate and 30 parts of dioxan. The reaction mixture was
      heated for 1/2 hour on the steam bath, cooled, and basified with 320 parts
      of 25% aqueous sodium hydroxide solution. After addition of 100 parts of
      methanol the red solution was heated at reflux for 3 hours on the steam
      bath, cooled, and acidified with excess dilute sulphuric acid. The
      precipitated yellow solid was filtered, washed with a little water, and
      dried. The solid was added portionwise to 850 parts of stirred
      chlorosulphonic acid cooled to 0.degree.C. When all the solid had
      dissolved, the dark red solution was added cautiously dropwise to excess
      ice-water. The precipitated solid was filtered, washed with water, and
      recrystallised from a dioxan aqueous ethanol mixture to give 157.1 parts
      of 6-chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-carboxylic acid as a
      colourless solid, melting point 289.degree.-290.degree.C.
PAR  Analysis: Found: C,56.9; H,3.53; Cl,14.1%. C.sub.12 H.sub.9 ClO.sub.4
      requires: C,57.1; H,3.59; Cl,14.03%.
PAR  Spectral confirmation:
PAR  Molecular weight = 252/254 by mass spectrometry. IR acid carbonyl
      absorption occurred at 1740 cm.sup.-.sup.1 and benzopyran carbonyl
      absorption at 1634 cm.sup.-.sup.1. The NMR spectrum included a singlet at
      3.3.tau. due to the benzopyran ring 3-proton.
PAR  b. 6-Chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-carboxylic acid, ethyl
      ester
PAR  10 Parts of concentrated sulphuric acid were added to a suspension of 66.1
      parts of 6-chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-carboxylic acid in
      600 parts of ethanol, and the mixture was heated at reflux for 24 hr. Most
      of the ethanol was removed by evaporation under reduced pressure, and 1500
      parts of water were added to the reaction mixture. The precipitated solid
      was filtered, dissolved in chloroform and the solution, dried and
      evaporated, leaving 58.5 parts of
      6-chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-carboxylic acid, ethyl ester
      as a colourless solid. On recrystallisation from ethanol, the product had
      melting point 114.5.degree.-115.5.degree.C.
PAR  Analysis: Found: C,60.2; H,4.73; Cl,12.89%. C.sub.14 H.sub.13 ClO.sub.4
      requires: C,59.9; H,4.67; Cl,12.63%.
PAR  Spectral confirmation:
PAR  Molecular weight = 280/282 by mass spectrometry. IR ester carbonyl
      absorption was evident at 1740 cm.sup.-.sup.1 and the presence of the
      ester group was confirmed by NMR absorptions at 8.6 (triplet) and 5.5
      (quartet). (Solvent: deuterochloroform).
PAR  c. 6-Chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-carboxamide
PAR  A solution of 50.1 parts of
      6-chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-carboxylic acid ethyl ester
      in 750 parts of warm ethanol was saturated with dry ammonia. After 2 hours
      a solid had precipitated out and the slurry was heated on the steam bath
      to remove excess ammonia. The solid was filtered off and crystallised from
      dimethylformamide to give 42.3 parts of
      6-chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-carboxamide, melting point
      &gt;300.degree.C.
PAR  Analysis: Found: C,57.0; H,3.83; Cl,14,02; N,5.45%. C.sub.12 H.sub.10
      O.sub.3 Cl requires: C,57.3; H,4.00; Cl,14.09; N,5.57%.
PAR  d. 6-Chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-carbonitrile
PAR  To 400 parts of N,N-dimethylformamide was slowly added 21 parts of
      phosphorus oxychloride with stirring and ice cooling. Then in small
      quantities 33.9 parts of
      6-chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-carboxamide was added to the
      solution. After the addition was completed the reaction mixture was
      stirred at room temperature for 18 hours. The dark solution which resulted
      was poured into 1500 parts of ice/water. The precipitated solid was
      filtered off and crystallised from ethanol to give 30.5 parts of
      6-chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-carbonitrile, melting point
      142.degree.-143.degree.C.
PAR  e. 5-(6-Chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-yl) tetrazole
PAR  A mixture of 23.4 parts of
      6-chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-carbonitrile, 7.8 parts of
      sodium azide, 6.4 parts of ammonium chloride and 200 parts of
      N,N-dimethylformamide was stirred and heated on the steam bath for 18
      hours. Most of the solvent was then removed by distillation under reduced
      pressure. A solution of the residue in 400 parts of water was acidified
      with 20% hydrochloric acid. The precipitated solid was filtered off,
      washed with water and crystallised from dioxan to give 15.5 parts of
      5-(6-chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-yl) tetrazole as a
      colourless solid, melting point 246.degree.-247.degree.C (decomposition).
PAR  Analysis: Found: C,52.3; H,3.39; N,19.78; Cl,12.6%. C.sub.12 H.sub.9
      ClN.sub.4 O.sub.2 requires: C,52.1; H,3.28; N,20.24; Cl,12.81%.
PAR  Spectral confirmation:
PAR  The mass spectral molecular weight was 276/278. An IR peak at 1660
      cm.sup.-.sup.1 was assigned to the benzopyran ring carbonyl.
PAR  f. 5-(6-Chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-yl)tetrazole, sodium
      salt
PAR  A mixture of 5.01 parts of
      5-(6-chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-yl)tetrazole and 1.52
      parts of sodium bicarbonate was dissolved in 50 parts of water. The
      filtered solution was freeze-dried to give 5.20 parts of
      5-(6-chloro-5,7-dimethyl-4-oxo-4H-1-benzopyran-2-yl)tetrazole, sodium
      salt. The salt was purified by precipitation from an ethanolic solution by
      addition of ether.
PAR  Spectral confirmation:
PAR  The benzopyran ring carbonyl gave rise to a broad IR band at 1645
      cm.sup.-.sup.1. The NMR spectrum showed a singlet at 4.2.tau. due to the
      benzopyran ring 3-proton. (solvent: deuterium oxide).
PAC  EXAMPLE 2
PAC  5-[5-(2-Hydroxypropoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole
PAR  a. 5-(2-Hydroxypropoxy)-4-oxo-4H-1-benzopyran-2-carboxamide
PAR  By the method of Example 1 (c) 32 parts of
      5-(2-hydroxypropoxy)-4-oxo-4H-1-benzopyran-2-carboxylic acid, ethyl ester
      were treated with ethanolic ammonia to give 23.3 parts of
      5-(2-hydroxypropoxy)-4-oxo-4H-1-benzopyran-2-carboxamide, which
      crystallised from a mixture of ethanol and chloroform as a white solid,
      melting point 229.degree.-231.degree.C.
PAR  b. 5-(2-Formyloxypropoxy)-4-oxo-4H-1-benzopyran-2-carbonitrile
PAR  By the method of Example 1d 25.4 parts of the product of step (a) were
      treated with 30 parts of phosphorus oxychloride to give 14.9 parts of
      5-(2-formyloxypropoxy)-4-oxo-4H-1-benzopyran-2-carbonitrile, which
      crystallised from ethanol as a pink solid, melting point
      113.degree.-115.degree.C. The structure of this product was confirmed by
      infra-red and nuclear magnetic resonance spectroscropy.
PAR  c. 5-[5-(2-Hydroxypropoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole
PAR  By the method of Example 1 (e) 11.7 parts of the product of step (b) were
      treated with 3.05 parts of sodium azide and 2.54 parts of ammonium
      chloride to give 12.4 parts of
      5-[5-(2-hydroxypropoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole as a white
      solid, melting point 299.degree.C (decomposition).
PAR  d. 5[5-(2-Hydroxypropoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole, sodium
      salt.
PAR  A mixture of 10.6 parts of the product of step (c) and 3.10 parts of sodium
      bicarbonate was dissolved in water. The solvent was removed from the
      solution by distillation under reduced pressure. The yellow residue was
      crystallised four times from ethanol to give 3.0 parts of
      5-[5-(2-hydroxypropoxy)-4-oxo-4H-1-benzopyran-2-yl]-tetrazole, sodium salt
      as a white solid, melting point 290.degree.C (decomposition).
PAR  Analysis Found: C,50.5; H,3.50; N,17.74; Na,7.10%. C.sub.13 H.sub.11
      N.sub.4 NaO.sub.4 requires: C,50.3; H,3.55; N,18.06; Na,7.41%.
PAC  EXAMPLE 3
PAC  5-[5-(3-methyl-n-butoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole
PAR  a.
      5-[2,3-Dihydro-5-(3-methyl-n-butoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole
PAR  To a solution of 1 part of
      5-[5-(3-methyl-n-butoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole in 50 parts
      of ethanol was added 5 parts of Raney nickel catalyst. The resulting
      mixture was hydrogenated at 20.degree.C and 45 lbs/sq. in. pressure for 8
      hours. The catalyst was filtered off and the filtrate was evaporated to
      give an oil which solidified on trituration with petroleum ether (b.p.
      40.degree.-60.degree.C). This solid was crystallised from a mixture of
      ethyl acetate and petroleum ether (b.p. 40.degree.-60.degree.C) to give
      0.2 parts of
      5-[2,3-dihydro-5-(3-methylbutoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole as
      a white solid, m.p. 134.degree.-137.degree.C. The structure of this
      product was confirmed by n.m.r. and m.s. measurements.
PAR  b. 5-[5-(3-methyl-n-butoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole
PAR  A solution of 0.3 parts of
      5-[2,3-dihydro-5-(3-methyl-n-butoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole
      and 0.44 parts of selenium dioxide in 20 parts of amyl alcohol was heated
      under gentle reflux for 8 hours. After cooling, ether was added to the
      reaction mixture, the resulting precipitate was filtered off and the
      filtrate was evaporated to give a solid which was crystallised from a
      mixture of ethyl acetate and petroleum ether (b.p. 40.degree.-60.degree.C)
      giving 5-[5-(3-methyl-n-butoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole as
      colourless prisms, m.p. 165.degree.-166.degree.C.
PAC  EXAMPLE 4
PAR  The amides listed in Table II were prepared, from the appropriate ethyl
      esters, using the method of Example 1c.
TBL                                    TABLE II                                

     __________________________________________________________________________

                                    Elemental                                  

                                    Analysis                                   

             Name of Compound M.P.                                             

                              .degree.C                                        

                                    Found                                      

                                    C    H   N                                 

     __________________________________________________________________________

     6,8-Di-t-butyl-4-oxo-4H-1-benzopyran-2-                                   

     carboxamide              255-257                                          

                                    71.88                                      

                                         7.88                                  

                                             4.6                               

     5-(3-Methyl-n-butoxy)-4-oxo-4H-1-benzopyran-2-                            

     carboxamide              170-171                                          

                                    64.6 6.24                                  

                                             4.9                               

     5-Hydroxy-4-oxo-4H-1-benzopyran-2-carboxamide                             

                              319-321                                          

                                    58.7 3.45                                  

                                             6.87                              

     __________________________________________________________________________

PAC  EXAMPLE 5
PAR  The nitriles listed in Table III were prepared from the corresponding
      amides, using the method of Example 1d.
TBL                                    TABLE III                               

     __________________________________________________________________________

                                     Elemental                                 

                                     Analysis                                  

                              M.P.                                             

            Name of Compound  .degree.C                                        

                                     Found                                     

                                     C    H    N                               

     __________________________________________________________________________

     6,8-Di-t-butyl-4-oxo-4H-1-benzopyran-2-carboni                            

                              106-107                                          

                                     76.7 7.72 4.92                            

     trile                                                                     

     5-(3-Methyl-n-butoxy)-4-oxo-4H-1-benzopyran-                              

                              83.5-84.5                                        

                                     69.75                                     

                                          5.88 5.36                            

     2-carbonitrile                                                            

     5-Hydroxy-4-oxo-4H-1-benzopyran-2-carbonitrile                            

                              130-131                                          

                                     63.8 2.67 7.52                            

     __________________________________________________________________________

PAC  EXAMPLE 6
PAR  The tetrazoles listed in Table IV were prepared from the corresponding
      nitriles, using the method of Example 1e. The sodium salts of the
      tetrazoles listed in Table IV were prepared by the process of Example 1f.
TBL                                    TABLE IV                                

     __________________________________________________________________________

                                     Elemental                                 

                              M.P.   Analysis                                  

             Name of Compound .degree.C                                        

                                     Found                                     

                                     C   H   N                                 

     __________________________________________________________________________

     5-(6,8-Di-t-butyl-4-oxo-4H-1-benzopyran-2-yl)                             

                              236.238.5                                        

                                     66.5                                      

                                         6.92                                  

                                             16.96                             

     tetrazole                                                                 

     5-[5-(3-methyl-n-butoxy)-4-oxo-4H-1-benzopyran                            

                              165-166                                          

                                     60.0                                      

                                         5.39                                  

                                             18.36                             

     2-yl]tetrazole                                                            

     5-(5-Hydroxy-4-oxo-4H-1-benzopyran-2-yl)                                  

                              271-272                                          

                                     52.1                                      

                                         2.43                                  

                                             23.95                             

     tetrazole                                                                 

     __________________________________________________________________________

PAC  EXAMPLE 7
PAC  5-[5-(3-methyl-n-butoxy)-8-n-propyl-4-oxo-4H-1-benzopyran-2-yl]tetrazole
PAR  A solution of 1.0 parts of
      5-[8-allyl-5-(3-methyl-n-butoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole in
      19 parts of ethanol was hydrogenated overnight at room temperature and
      pressure using 0.02 parts of 5% palladium on charcoal as catalyst. The
      reaction mixture was filtered and the solvent removed by evaporation.
      Crystallisation of the residue from ethanol gave 0.52 parts of
      5-[5-(3-methyl-n-butoxy)-8-n-propyl-4-oxo-4H-1-benzopyran-2-yl]tetrazole,
      m.p. 202.degree.-204.degree.C.
PAR  Spectral confirmation  Molecular weight (Mass Spectroscopy) Found: 342.
      C.sub.18 H.sub.22 N.sub.4 O.sub.3 requires: 342.
PAC  EXAMPLE 8
PAC  5-[5-(3-methyl-n-butoxy)-8-n-propyl-4-oxo-4H-1-benzopyran-2-yl] tetrazole
PAR  a. 5-[8-allyl-5-(3-methyl-n-butoxy)-4-oxo-4H-1-benzopyran-2-yl]-N-benzyl
      tetrazole
PAR  A mixture of 30 parts of
      5-[8-allyl-5-(3-methyl-n-butoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole,
      16.6 parts of benzyl bromide, 3.53 parts of sodium hydroxide, 120 parts of
      ethanol and 60 parts of water was refluxed for 64 hours. The mixture was
      cooled, was extracted with chloroform and the chloroform extract washed
      with sodium bicarbonate solution and water. Evaporation of the chloroform
      gave a residue which was chromatographed in silica gel. Elution with 3 : 1
      toluene/acetic acid and chloroform gave, after crystallisation from
      ethanol, a total of 7.31 parts of
      5-[8-allyl-5-(3-methyl-n-butoxy)-4-oxo-4H-1-benzopyran-2-yl]-N-benzyltetra
     zole, m.p. 92.5.degree.-94.degree.C.
PAR  Spectral Confirmation  Molecular weight (Mass Spectroscopy) Found : 430.
      C.sub.25 H.sub.26 O.sub.3 N.sub.4 requires 430.  The n.m.r. spectrum in
      hexadeuterodimethyl sulphoxide confirmed the structure.
PAR  b.
      5-[5-(3-methyl-n-butoxy)-8-n-propyl-4-oxo-4H-1-benzopyran-2-yl]-N-benzylte
     trazole
PAR  1. A solution of 5.34 parts of
      5-[8-allyl-5-(3-methyl-n-butoxy)-4-oxo-4H-1-benzopyran-2-yl]-N-benzyltetra
     zole in 1000 parts of ethanol was hydrogenated at room temperature and
      pressure for 20 hours using 0.14 parts of 5% palladium on charcoal as
      catalyst. The reaction mixture was filtered and the solvent removed by
      evaporation. Crystallisation of the residue from chloroform/light
      petroleum (40:60) gave 1.89 parts of
      5-[5-(3-methyl-n-butoxy)-8-n-propyl-4-oxo-4H-1-benzopyran-2-yl]-N-benzylte
     trazole, m.p. 87.degree.-87.5.degree.C.
PAR  Spectral Confirmation.
PAR  Molecular weight (Mass Spectroscopy) Found : 432.  C.sub.25 H.sub.28
      O.sub.3 N.sub.4 requires 432.  The n.m.r. spectrus in hexadeuterodimethyl
      sulphoxide  confirmed the structure.
PAR  2. A mixture of 10 parts of
      5-[5-(3-methyl-n-butoxy)-8-n-propyl-4-oxo-4H-1-benzopyran-2-yl]tetrazole,
      5.5 parts of benzyl bromide, 1.14 parts of sodium hydroxide, 40 parts of
      ethanol and 20 parts of water was refluxed for 21/2 days. The volatile
      components of the mixture were then removed by evaporation under reduced
      pressure to give a residue which was chromatographed on silica gel.
      Elution with ethyl acetate and chloroform gave, after crystallisation from
      ethanol, a total of 2.98 parts of
      5-[5-(3-methyl-n-butoxy)-8-n-propyl-4-oxo-1-benzopyran-2-yl]-N-benzyltetra
     zole, m.p. 88-88.5.degree.C.
PAR  Spectral Confirmation:  Molecular weight (Mass Spectroscopy) Found : 432.
      C.sub.25 H.sub.28 O.sub.3 N.sub.4 requires 432.  The n.m.r. spectrum in
      hexadeuterodimethyl sulphoxide  confirmed the structure
PAR  c. 5-[5-(3-methyl-n-butoxy)-8-n-propyl-4-oxo-4H-1-benzopyran-2-yl]tetrazole
PAR  A solution of 2.96 parts of
      5-[5-(3-methyl-n-butoxy)-8-n-propyl-4-oxo-4H-1-benzopyran-2-yl]-N-benzylte
     trazole in 500 parts of ethanol was stirred at 60.degree.C, with 0.096
      parts of 5% palladium on charcoal, in an atmosphere of hydrogen for 111/2
      hours. The reaction mixture was cooled, was filtered and the solvent
      removed by evaporation to give a residue which was chromatographed on
      silica gel. Careful elution with chloroform and chloroform/acetone gave
      0.16 parts of
      5-[5-(3-methyl-n-butoxy)-8-n-propyl-4-oxo-4H-1-benzopyran-2-yl]tetrazole,
      m.p. 199.degree.-200.degree.C (after recrystallisation from ethanol).
PAR  Spectral Confirmation  Molecular weight (Mass Spectroscopy) Found : 342.
      C.sub.18 H.sub.22 O.sub.3 N.sub.4 requires: 342.
PAC  EXAMPLE 9
PAC  5-[5-hydroxy-8-n-propyl-4-oxo-4H-1-benzopyran-2-yl]tetrazole
PAR  A mixture of 5 parts of 5-[5
      -(3-methyl-n-butoxy)-8-n-propyl-4-oxo-4H-1-benzopyran-2-yl]tetrazole in
      130 parts by volume of 48% aqueous hydrobromic acid was refluxed for three
      hours, then cooled and water added. The resulting mixture was neutralised
      by the addition of solid sodium bicarbonate, then made slightly acidic by
      re-acidification with dilute hydrochloric acid and extracted with
      chloroform. The chloroform extract was washed with saturated brine and
      water, and was dried. Evaporation of the chloroform gave a solid which was
      purified by precipitation from aqueous ethanol to give 0.36 parts of
      5-[5-hydroxy-8-n-propyl-4-oxo-4 H-1-benzopyran-2-yl]tetrazole, m.p.
      242.5.degree.-245.degree.C.
PAR  Spectral Confirmation  Molecular weight (Mass Spectroscopy) Found : 272.
      C.sub.13 H.sub.12 O.sub.3 N.sub.4 requires : 272.
PAC  EXAMPLE A
PAR  The procedure set out below may be used to assess the effectiveness of a
      compound in inhibiting the release of the pharmacological mediators of
      anaphylaxis.
PAR  In this test, the effectiveness of the compounds in inhibiting the passive
      cutaneous anaphylactic reaction in rats is assessed. It has been proved
      that this form of test gives reliable qualitative indications of the
      ability of the compounds under test to inhibit antibody-antigen reactions
      in man.
PAR  In this test method Charles River France/Fisons bred rats (male or female)
      having a body of from 100 to 150 gms are infected subcutaneously at weekly
      intervals with N.brasiliensis larvae in doses increasing from about 2000
      larvae per animal to 12000 larvae per animal in order to establish the
      infection. After 8 weeks the rats are bled by heart puncture and 15-20
      mls. of blood are collected from each animal. The blood samples are then
      centrifuged at 3500 rpm. for 30 minutes in order to remove the blood cells
      from the blood plasma. The serum is collected and used to provide a serum
      containing N.brasiliensis antibody. A pilot sensitivity test is carried
      out to determine the least quantity of serum required to give a skin weal
      in control animals in the test described below of 2 cm diameter. It has
      been found that optimum sensitivity of rats in the body weight range
      100-130 gms is obtained using a serum diluted with eight parts of
      physiological saline solution. This diluted solution is called antibody
      serum A.
PAR  The antigen to react with the antibody in serum A is prepared by removing
      N. brasiliensis worms from the gut of the infected rats, centrifuging the
      homogenate and collecting the supernatent liquor. This liquor is diluted
      with saline to give a protein content of 1 mg/ml and is known as solution
      B.
PAR  Charles River France/Fisons bred rats in the body weight range 100 to 130
      gms are sensitised by intra-dermal injection of 0.1 mls of serum A into
      the right flank. Sensitivity is allowed to develop for 24 hours and the
      rats are then injected intravenously with 1 ml/100 gms body weight of a
      mixture of solution B (0.25 mls), Evans Blue dye solution (0.25 mls) and
      the solution of the compound under test (0.5 mls with varying percentages
      of active matter). Insoluble compounds are administered as a separate
      intraperitoneal injection 5 minutes before intravenous administration of
      solution B an Evans Blue dye. For each percentage level of active matter
      in the solution under test five rats are injected. Five rats are used as
      controls in each test. The dosages of the compound under test are selected
      so as to give a range of inhibition values.
PAR  Thirty minutes after injection of solution B the rats are killed and the
      skins are removed and reversed. The intensity of the anaphylactic reaction
      is assessed by comparing the size of the characteristic blue weal produced
      by the spread of the Evans Blue dye from the sensitisation site, with the
      size of the weal in the control animals. The size of the weal is rated as
      0 (no weal detected, i.e. 100% inhibition) to 4 (no difference in size of
      weal, i.e. no inhibition) and the percentage inhibition for each dose
      level calculated as:- % inhibition = (Control group score - treated group
      score) .times. 100/Control group score
PAR  The percentage inhibitions for the various dose levels are plotted
      graphically for each compound. From these graphs the dosage required to
      achieve a 50% inhibition of the anaphylactic reaction (ID.sub.50) may be
      determined.
PAR  The compounds are also evaluated in the above manner using intestinal and
      gastric administration of the compound.
PAC  EXAMPLE B TABLET
PAR  Compound of formula I, e.g.
      5-[5-(3-methyl-n-butoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole, sodium salt
      50 mg
      Binder, e.g. powdered tragacenth                                         

                                 1 to 3%                                       

      Lubricant, e.g. magnesium stearate                                       

                                0.25 to 1%                                     

      Disintegrating agent e.g.                                                

     potato starch              5 to 10%                                       

      Surfactant, e.g. di-octylsodium                                          

     sulphosuccinate             0.25%                                         

PAC  EXAMPLE C
TBL  Capsule (Hard)                                                            

     ______________________________________                                    

     Sodium salt of compound of formula I                                      

                                500 mg                                         

     Granulating agent, e.g. gum or starch                                     

     mucilage                   q.s.                                           

     Lubricant, e.g. magnesium stearate                                        

                                0.25 to 1%                                     

     ______________________________________                                    

PAC  EXAMPLE D
TBL  Capsule (Soft)                                                            

     ______________________________________                                    

     Sodium salt of compound of formula I                                      

                                  500 mg                                       

     Polyethylene glycol 400      q.s.                                         

     Non-ionic surfactant, e.g. poloxy ethylene                                

     sorbitan mono-oleate         q.s.                                         

     ______________________________________                                    

PAC  EXAMPLE E
TBL  Suppository                                                               

     ______________________________________                                    

     Sodium salt of compound of formula I                                      

                                  500 mg                                       

     Basis, e.g. polyethylene glycol 6,000                                     

                                  1 g                                          

     ______________________________________                                    

CLMS
STM  We claim:
NUM  1.
PAR  1. The compound
      5-[5-(2-Hydroxypropoxy)-4-oxo-4H-1-benzopyran-2-yl]tetrazole.
NUM  2.
PAR  2. The compound
      5-[5-(3-Methyl-n-butoxy)-4-oxo-4H-1-benzopyran-2-yl)]tetrazole.
NUM  3.
PAR  3. The compound 5-(5-Hydroxy-4-oxo-4H-1-benzopyran-2-yl)tetrazole.
PATN
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ABST
PAL  Preparation of benzimidazol-2-yl-carbamic acid alkyl esters of the formula
      ##SPC1##
PAL  In which
PAL  R.sup.1 is alkyl of 1 to 12 carbon atoms optionally substituted by alkoxy,
      alkylmercapto, nitrile, carbamide, alkenyl, alkynyl or halogen,
PAL  R.sup.2 is hydrogen, halogen or lower alkyl or alkoxy, and
PAL  R.sup.3 is hydrogen or alkyl of 1 to 8 carbon atoms, by reacting a
      2-aminobenzimidazole of the formula
      ##SPC2##
PAL  With
EQU  R.sup.4 --O--R'                                            (III)
PAL  in which
PAL  R.sup.4 is hydrogen,
      ##SPC3##
PAL  R.sup.5 and R.sup.6 each independently is alkyl or aryl with up to 10
      carbon atoms, and
PAL  X is halogen, nitro, or alkyl or alkoxy with 1 to 3 carbon atoms, provided
      that in formulae (II) and (III) one R.sup.4 is hydrogen and the other is
      not.
PAL  The compounds exhibit fungicidal and mite-ovicidal activity.
BSUM
PAR  The present invention relates to an unobvious process for the production of
      certain fungicidal or mite-ovicidal benzimidazol-2-yl-carbamic acid alkyl
      esters.
PAR  Processes for making benzimidazol-2-yl-carbamic acid alkyl esters have
      already been disclosed. Thus, for example U.S. Pat. No. 3,010,968
      discloses reacting a S-methyl-iso-thiourea salt with 1 to 2 molar
      equivalents of a chlorocarbonic acid alkyl ester and then condensing this
      with an o-phenylenediamine, with liberation of methylmercaptan and a
      urethane, to give the benzimidazol-2-yl-carbamic acid alkyl ester;
      variants of this process have also been described in German
      Offenlegungsschrift (German Published Specification) No. 1,812,005.
      According to a further variant, Offenlegungsschrift (German Published
      Specification) No. 2,101,853, cyanamide is first reacted with a mercaptan
      to give a pseudothiourea and in a second stage the latter is reacted with
      chloroformic acid esters. Further methods of preparation are the reaction
      of chlorocarbonic acid esters with cyanamide and subsequent reaction of
      N-cyanourethanes with o-phenylenediamines (Belgian Patent No. 666,795) and
      the reaction of alkoxycarbonyl-isocyanide dichlorides with
      o-phenylenediamines (German Published Specification No. 1,932,297) and
      also reactions of allophanic acid alkyl esters or of thioallophanic acid
      alkyl esters with o-phenylenediamines German Offenlegungsschrift No.
      (Published Specification) No. 2,133,658).
PAR  The known processes mentioned have disadvantages. Thus, in designing the
      plant, handling of unpleasant substances such as mercaptans or hydrogen
      sulfide must be allowed for. The yields are often unsatisfactory. In the
      reaction of acid chlorides, avoiding corrosion of industrial installations
      represents a particular problem.
PAR  The present invention provides a process for the preparation of a
      benzimidazol-2-yl-carbamic acid alkyl ester of the general formula
      ##SPC4##
PAL  In which
PAR  R.sup.1 is alkyl of 1 to 12 carbon atoms optionally substituted by alkoxy,
      alkylmercapto, nitrile, carbamide, alkenyl, alkynyl or halogen,
PAR  R.sup.2 is hydrogen, halogen or lower alkyl or alkoxy, and
PAR  R.sup.3 is hydrogen or alkyl of 1 to 8 carbon atoms, in which a
      2-aminobenzimidazole of the general formula
      ##SPC5##
PAL  In which
PAR  R.sup.2 and R.sup.3 have the abovementioned meanings and
PAR  R.sup.4 is hydrogen,
      ##SPC6##
PAR  R.sup.5 and R.sup.6 each independently is alkyl or aryl with up to 10
      carbon atoms, and
PAR  X is halogen, nitro, or alkyl or alkoxy with 1 to 3 carbon atoms,
PAL  is reacted with a compound of the general formula
EQU  R.sup.4 --O--R.sup.1                                       (III)
PAL  in which
PAR  R.sup.1 and R.sup.4 have the abovementioned meanings, provided that in
      formulae (II) and (III) one R.sup.4 is hydrogen and the other is not.
PAR  R.sup.2 preferably represents hydrogen, chlorine, methyl or methoxy.
      R.sup.3 preferably represents hydrogen or lower alkyl with 1 to 4 carbon
      atoms. R.sup.4 preferably represents hydrogen or phenoxycarbonyl,
      benyloxycarbonyl or the radical
      ##EQU1##
      wherein R.sup.5 and R.sup.6 preferably represent methyl, ethyl or phenyl.
PAR  It is very surprising that the reaction of 2-amino-benzimidazoles with
      carbonic acid esters according to the above process represents a usable
      synthesis for the manufacture of benzimidazol-2-yl-carbamic acid alkyl
      esters, since it was to be expected that the reaction of
      2-amino-benzimidazole-1-carboxylic acid esters or
      benzimidazol-2-yl-carbamic acid esters, once they have been formed, in the
      presence of as yet unreacted aminobenzimidazoles would lead to
      bis(benzimidazolyl)-ureas or to 2-amino-benzimidazol-1-yl-carboxylic acid
      benzimidazol-2-yl-amides.
PAR  The process according to the invention possesses advantages. It starts from
      2-aminobenzimidazole derivatives which can easily be prepared from
      o-phenylenediamines. The reactions can in many cases be carried out with
      diphenyl-carbonate and alkanols which are inexpensive technical products.
      In other cases the carbonates or mixed carbonates required for the
      reaction can be prepared without difficulties according to known methods.
      Though the reactions according to the invention can also be carried out in
      tertiary organic bases as solvents, or tertiary bases can be used for the
      preparation of the starting materials, it frequently suffices, for example
      when preparing the particularly important benzimidazol-2-yl-carbamic acid
      methyl ester, to use only catalytic amounts of these expensive solvents,
      which particularly saves costs. The reactions can take place with very
      good yields and in moderately elevated temperature ranges so that the
      resulting heating or cooling costs are only slight. Complicated and
      expensive apparatus is not required for carrying out the process. The
      process according to the invention is new and represents a technical
      advance; it thus enriches the state of the art.
PAR  If 2-aminobenzimidazole and phenyl-ethyl-carbonate are used as starting
      substances, the course of the reaction can be represented by the following
      equation:
      ##SPC7##
PAR  The formula (II) provides a general definition of the 2-aminobenzimidazoles
      or their derivatives which are to be used as starting substances. Those
      compounds of the formula (II) in which R.sup.4 represents hydrogen are
      known from the literature (compare, for example, Beilstein's Handbuch der
      organischen Chemie (Beilstein's Handbook of Organic Chemistry), H 24, page
      116); some of the compounds in which R.sup.4 is not hydrogen, so that
      formula (II) is a N-benzimidazolyl-carbamic acid ester, are known. The
      last-mentioned compounds can be prepared if -- as is described in detail
      herein -- aminobenzimidazoles are reacted with carbonic acid esters in an
      inert solvent in the temperature range of, preferably, 50.degree. to
      100.degree.C.
PAR  To carry out the reaction according to the invention it is possible,
      according to a first process variant, to react a 2-aminobenzimidazole
      derivative with a mixed carbonate in the presence of an inert solvent, for
      example benzine, toluene, xylene, dioxane, ether, acetonitrile,
      dimethylformamide, methylene chloride or chloroform or in a tertiary base,
      advantageously in the presence of a small amount of an inorganic base,
      such as potassium carbonate, or of an organic base, such as triethylamine
      or pyridine. In some cases phenols (such as phenol itself) can be used as
      the solvent.
PAR  The reaction temperatures can be varied over a wide range. In general, the
      reaction is carried out at 20 to 150.degree.C, preferably at 50.degree. to
      100.degree.C. If the reaction is carried out with a mixed carbonate which
      carries an aliphatic substituent, the benzimidazol-2-yl-carbamic acid
      alkyl ester is produced after some time. If, on the other hand, the
      reaction has been carried out with a carbonate or with a mixed carbonate
      which does not carry an aliphatic substituent, it is possible to isolate
      the benzimidazol-2-yl-carbamic acid phenyl, benzyl or ketonoxime O-esters
      as intermediate products and to solvolyze them, according to a second
      process variant, under practically the same conditions in the presence of
      the requisite alkanol. Advantageously, the solvolysis is carried out
      without isolation of these benzimidazolyl-carbamic acid esters occurring
      as intermediate products, after having added the alkanol to the reaction
      mixture. It is, however, also possible to carry out the reaction of the
      2-aminobenzimidazole derivative under practically the same conditions as
      mentioned above with the carbonate or the mixed carbonate, merely in the
      presence of the alkanol. The progress of the reaction can be followed by
      IR-spectroscopy. If R.sup.3 represents hydrogen, the corresponding
      2-amino-benzimidazol-1-yl-carboxylic acid esters in some cases arise as
      intermediate products. Some benzimidazol-2-yl-carbamic acid alkyl esters
      are very sparingly soluble so that they can easily be separated off and
      obtained in a pure form by washing, while in other cases the reaction
      mixtures must be carefully concentrated and the reaction products purified
      by crystallization.
PAR  In accordance with one of the methods described in the last paragraph above
      (involving solvolysis) the invention provides a special embodiment in
      which a 2-aminobenzimidazole of the general formula
      ##SPC8##
PAL  in which
PAR  R.sup.2 and R.sup.3 have the abovementioned meanings, is reacted firstly,
      in the presence of a solvent, with a carbonate of the general formula
      ##SPC9##
      ##SPC10##
PAL  in which
PAR  X, R.sup.5 and R.sup.6 have the abovementioned meanings, and secondly
      (preferably without isolation of an intermediate product) with an alkanol
      of the general formula
EQU  HO--R.sup.1                                                (IX)
PAL  in which
PAR  R.sup.1 has the abovementioned meaning.
PAR  Benzimidazol-2-yl-carbamic acid alkyl esters have aroused great interest as
      plant protection agents in recent years. They are used, in particular, as
      fungicides (compare German Offenlegungsschrift No. (German Published
      Specification) 1,620,175 and U.S. Pat. No. 3,657,443) and as mite ovicides
      (see German Offenlegungsschrift (German Published specification) No.
      1,642,320 and U.S. Pat. No. 3,427,388).
PAR  The active compounds according to the instant invention can be utilized, if
      desired, in the form of the usual formulations or compositions with
      conventional inert (i.e. plant compatible or herbicidally inert) pesticide
      diluents or extenders, i.e. diluents, carriers or extenders of the type
      usable in conventional pesticide formulations or compositions, e.g.
      conventional pesticide dispersible carrier vehicles such as gases,
      solutions, emulsions, suspensions, emulsifiable concentrates, spray
      powders, pastes, soluble powders, dusting agents, granules, etc. These are
      prepared in known manner, for instance by extending the active compounds
      with conventional pesticide dispersible liquid diluent carriers and/or
      dispersible solid carriers optionally with the use of carrier vehicle
      assistants, e.g. conventional pesticide surface-active agents, including
      emulsifying agents and/or dispersing agents, whereby, for example, in the
      case where water is used as diluent, organic solvents may be added as
      auxiliary solvents. The following may be chiefly considered for use as
      conventional carrier vehicles for this purpose: aerosol propellants which
      are gaseous at normal temperatures and pressures, such as freon; inert
      dispersible liquid diluent carriers, including inert organic solvents,
      such as aromatic hydrocarbons (e.g. benzene, toluene, xylene, alkyl
      naphthalenes, etc.), halogenated, especially chlorinated, aromatic
      hydrocarbons (e.g. chlorobenzenes, etc.), cycloalkanes (e.g. cyclohexane,
      etc.), paraffins (e.g. petroleum or mineral oil fractions), chlorinated
      aliphatic hydrocarbons (e.g. methylene chloride, chloroethylenes, etc.),
      alcohols (e.g. methanol, ethanol, propanol, butanol, glycol, etc.) as well
      as ethers and esters thereof (e.g. glycol monomethyl ether, etc.), amines
      (e.g. ethanolamine, etc.), amides (e.g. dimethyl formamide, etc.),
      sulfoxides (e.g. dimethyl sulfoxide, etc.), acetonitrile, ketones (e.g.
      acetone, methyl ethyl ketone, methyl isobutyl ketone, cyclohexanone,
      etc.), and/or water; as well as inert dispersible finely divided solid
      carriers, such as ground natural minerals (e.g. kaolins, clays, alimina,
      silica, chalk, i.e. calcium carbonate, talc, attapulgite, montmorillonite,
      kieselguhr, etc.) and ground synthetic minerals (e.g. highly dispersed
      silicic acid, silicates, e.g. alkali silicates, etc.); whereas the
      following may be chiefly considered for use as conventional carrier
      vehicle assistants, e.g. surface-active agents, for this purpose:
      emulsifying agents, such as non-ionic and/or anionic emulsifying agents
      (e.g. polyethylene oxide esters of fatty acids, polyethylene oxide ethers
      of fatty alcohols, alkyl sulfates, alkyl sulfonates, aryl sulfonates,
      albumin hydrolyzates, etc., and especially alkyl arylpolyglycol ethers,
      magnesium stearate, sodium oleate, etc.); and/or dispersing agents, such
      as lignin, sulfite waste liquors, methyl cellulose, etc.
PAR  Such active compounds may be employed alone or in the form of mixtures with
      one another and/or with such solid and/or liquid dispersible carrier
      vehicles and/or with other known compatible active agents, especially
      plant protection agents, such as other fungicides and ovicides, or
      insecticides, acaricides, rodenticides, bactericides, nematocides,
      herbicides, fertilizers, growth-regulating agents, etc., if desired, or in
      the form of particular dosage preparations for specific application made
      therefrom, such as solutions, emulsions, suspensions, powders, pastes, and
      granules which are thus ready for use.
PAR  As concerns commercially marketed preparations, these generally contemplate
      carrier composition mixtures in which the active compound is present in an
      amount substantially between about 0.1-95% by weight, and preferably
      0.5-90% by weight, of the mixture, whereas carrier composition mixtures
      suitable for direct application or field application generally contemplate
      those in which the active compound is present in an amount substantially
      between about 0.0001-10%, preferably 0.01-1%, by weight of the mixture.
      Thus, the present invention contemplates over-all compositions which
      comprises mixtures of a conventional dispersible carrier vehicle such as
      (1) a dispersible inert finely divided carrier solid, and/or (2) a
      dispersible carrier liquid such as an inert organic solvent and/or water
      preferably including a surface-active effective amount of a carrier
      vehicle assistant, e.g. a surface-active agent, such as an emulsifying
      agent and/or a dispersing agent, and an amount of the active compound
      which is effective for the purpose in question and which is generally
      between about 0.0001-95%, and preferably 0.01-95%, by weight of the
      mixture.
PAR  The active compounds can also be used in accordance with the well known
      ultra-low-volume process with good success i.e. by applying such compound
      if normally a liquid, or by applying a liquid composition containing the
      same, via very effective atomizing equipment, in finely divided form, e.g.
      average particle diameter of from 50-100 microns, or even less i.e. mist
      form, for example by airplane crop spraying techniques. Only up to at most
      about a few liters/hectare are needed, and often amounts only up to about
      15 to 1000 g/hectare, preferably 40 to 600 g/hectare, are sufficient. In
      this process it is possible to use highly concentrated liquid compositions
      with said liquid carrier vehicles containing from about 20 to about 95% by
      weight of the active compound or even the 100% active substance alone,
      e.g. about 20-100% by weight of the active compound.
PAR  Furthermore, the present invention contemplates methods of selectively
      killing, combating or controlling pests, e.g. fungi and mite ova, which
      comprises applying to at least one of correspondingly (a) such fungi, (b)
      such ova, and (f) the corresponding habitat thereof, i.e. the locus to be
      protected, a correspondingly combative or toxic amount, i.e. a
      fungicidally or ovicidally effective amount, of the particular active
      compound of the invention alone or together with a carrier vehicle as
      noted above. The instant formulations or compositions are applied in the
      usual manner, for instance by spraying, atomizing, vaporizing, scattering,
      dusting, watering, squirting, sprinkling, pouring, fumigating and the
      like.
PAR  It will be realized, of course, that the concentration of the particular
      active compound utilized in admixture with the carrier vehicle will depend
      upon the intended application. Therefore, in special cases it is possible
      to go above or below the aforementioned concentration ranges.
PAR  The compounds prepared according to the invention, their preparation and
      their use are illustrated by the following Examples.
DETD
PAC  EXAMPLE 1:
PAC  A. Preparation of the starting material:
PAR  27 g (0.203 mol) of 2-aminobenzimidazole, 43.5 g (0.203 mole) of diphenyl
      carbonate, 60 ml of toluene and 4 drops of pyridine were kept at a
      temperature of 58.degree.C for 10 hours. The resulting
      benzimidazol-2-yl-carbamic acid phenyl ester was separated off and was
      then washed with water which contained a small amount of
      dodecylbenzenesulphonate. The yield was 42 g of benzimidazol-2-yl-carbamic
      acid phenyl ester (mentioned in British Pat. No. 1,114,069). Melting point
      over 330.degree.C. IR (KBr): NH 3,380 cm.sup..sup.-1 ; NHCO 1,718
      cm.sup..sup.-1 (m); characteristic bands at 1,640 cm.sup..sup.-1 (ssb),
      1,605 and 1,590 cm.sup..sup.-1 (s), 1,202 cm.sup..sup.-1 and 1,050
      cm.sup..sup.-1.
      ##SPC11##
PAR  18 g (0.071 mole) of benzimidazol-2-yl-carbamic acid phenyl ester, 54 g of
      toluene, 54 g of methanol and 2 drops of pyridine were kept at a
      temperature of 67.degree.C for 9 hours. The resulting
      benzimidazol-2-yl-carbamic acid methyl ester was separated off and washed
      with methanol and with water. The yield amounted to 12.9 g (representing
      95% of theory). (The compound is known; compare U.S. Pat. No. 3,010,968.)
      Apart from other characteristic differences, the IR analysis in KBr showed
      that the NH band of the phenyl ester at 3,380 cm.sup..sup.-1 had
      disappeared and the band of the methyl ester at 3,310 cm.sup..sup.-1 had
      appeared. Phenol was isolated from the filtrate of the reaction product.
PAC  EXAMPLE 2
      ##SPC12##
PAR  13.5 g (0.102 mole) of 2-aminobenzimidazole, 14 g (0.107 mole) of
      methyl-carbonic acid acetonoxime ester (known from Angew. Chemie, 69
      (1957), pages 204 and 480), 50 ml of toluene and 1 drop of pyridine were
      kept at 50.degree.C for 8 hours. The benzimidazol-2-yl-carbamic acid
      methyl ester formed was separated off and washed with toluene.
      Benzimidazol-2-yl-carbamic acid acetoxime ester had not been produced, as
      could be seen from the IR analysis (KBr), especially from the absence of
      the bands at 1,035 and 1,065 cm.sup..sup.-1.
PAC  EXAMPLE 3
      ##SPC13##
PAR  2 kg of phenol, 665.5g of 2-aminobenzimidazole, 1,180 g of diphenyl
      carbonate and 2 g of pyridine were kept, while being stirred, initially
      for 90 minutes at 60.degree. to 68.degree.C and then for 15 hours at
      70.degree.C. 460 g of methanol were added and the mixture further stirred
      for 41/2 hours at 115.degree.C in order to methanolize the carbamic acid
      phenyl ester. After coolong to room temperature, the
      benzimidazol-2-yl-carbamic acid methyl ester was filtered off, rinsed with
      2.5 kg of methanol and dried at 130.degree.C under reduced pressure. 879 g
      (92% of theory) of the compound of formula (1 ) were obtained.
PAC  EXAMPLE 4
      ##SPC14##
      13.5 g (0.102 mole) of 2-aminobenzimidazole, 20.5 g (0.106 mole) of
      methyl-carbonic acid acetophenonoxime ester (prepared analogously to
      methyl-carbonic acid acetonoxime ester, melting point
      58.degree.-59.degree.C) were reacted as in Example 2 15.3 g of
      benzimidazol-2-yl-carbamic acid methyl ester were obtained.
      Benzimidazol-2-yl-carbamic acid acetophenonoxime ester had not been
      produced, as could be seen from the IR analysis (KBr), especially from the
      absence of the bands at 1,045 (s) sh 1,060 cm.sup..sup.-1.
      Acetophenonoxime was isolated from the filtrate of the reaction product.
PAC  EXAMPLE 5:
      ##SPC15##
PAR  40 g (0.3 mol) of 2-aminobenzimidazole, 53 g (0.319 mol) of
      phenyl-ethyl-carbonate of boiling point 96.degree.-100.degree.C/9 mm Hg,
      100 ml of toluene and 0.5 ml of picoline were kept for 1 hour at a
      temperature of 90.degree.C and thereafter for 41/2 hours at 110.degree.C.
      The benzimidazol-2-yl-carbamic acid ethyl ester was filtered off, washed
      with alcohol and water and dried at 70.degree.C. The yield was 61 g. The
      IR recording in KBr was identical with a sample obtained according to
      instructions in the literature (compare U.S. Pat. No. 3,010,968). The
      absence of the band at 1,050 cm.sup..sup.-1 showed that no
      benzimidazol-2-yl-carbamic acid phenyl ester had been produced. Phenol was
      isolated from the mother liquor of the reaction product.
PAC  EXAMPLE 6:
      ##SPC16##
PAR  20 g of 5-methyl-benzimidazol-2-yl-carbamic acid acetoxime ester were
      boiled for 8 hours with 100 ml of methanol. 11.5 g of
      5-methyl-benzimidazol-2-yl-carbamic acid methyl ester were obtained as a
      sparingly soluble precipitate. (The compound is known; compare Belgian
      Pat. No. 691,611.) IR spectrum (KBr): 1,092 (s) sh 1,100 cm.sup..sup.-1.
      The bands of the carbamic acid acetoxime ester were absent in the IR
      spectrum of the end product. Preparation of the intermediate product:
PAR  40 g (0.272 mol) of 5-methyl-2-aminobenzimidazole (known from Chem. Abstra.
      40, 1595.7), 50 g of carbonic acid bis-acetonoxime ester (known from Z.
      Chemie 7 (1967), pages 344-5), 150 ml of xylene and 1 ml of pyridine were
      heated for 1 hour to 70.degree.C and for 10 hours to 90.degree.C. The
      resulting 5-methyl-benzimidazol-2-yl-carbamic acid acetoxime ester was
      separated off, washed with xylene and dried in vacuo. The melting point
      was above 300.degree.C. IR spectrum (KBr): 920 cm.sup..sup.-1 (m), 1,050
      cm.sup..sup.-1 (s).
PAC  EXAMPLE 7:
      ##SPC17##
PAR  20g of 5-methyl-benzimidazol-2-yl-carbamic acid acetoxime ester and 100 ml
      of allyl alcohol were kept for 8 hours at a temperature of 74.degree.C.
      11.5 g of 5-methyl-benzimidazol-2-yl-carbamic acid allyl ester (known from
      Belgian Pat. No. 691,611) were separated off as a sparingly soluble
      product. The bands of the carbamic acid acetoxime ester employed were
      absent in the IR spectrum of the end product. IR spectrum (KBr): 1,085 (s)
      sh 1,095 cm.sup..sup.-1.
PAC  EXAMPLE 8:
      ##SPC18##
PAR  13.5 g (0.102 mol) of 2-aminobenzimidazole, 26 g of octyl-carbonic acid
      butanonoxime ester, 40 ml of toluene, 60 ml of xylene and 1 drop of
      pyridine were boiled for 8 hours under reflux and the resulting crystals
      (19.5  g) were separated off and washed with a little xylene. They proved
      to be benzimidazol-2-yl-carbamic acid octyl ester (IR spectrum (KBr): CO
      1,700 cm.sup..sup.-1 (w); bands at 1,588 sh 1,562, 1,628 sh 1,640
      cm.sup..sup.-1 and 1,083 cm.sup..sup.-1). The crystals did not contain any
      benzimidazol-2-yl-carbamic acid butanonoxime ester, as could be seen from
      the absence of the bands at 915 cm.sup..sup.-1, 1,040 and 1,055
      cm.sup..sup.-1 and 1,745 cm.sup..sup.-1 in the IR analysis in KBr. The
      preparation of octyl-carbonic acid butanonoxime ester (boiling point
      94.degree.C/0.03 mm Hg) was carried out analogously to methylcarbonic acid
      acetoxime ester (compare Angew. Chemie. 69 (1957), pages 204 and 480).
PAC  EXAMPLE 9:
      ##SPC19##
PAR  13.5 g (0.102 mol) of 2-aminobenzimidazole, 32 g (0.108 mol) of
      isobutylcarbonic acid 2,4,5-trichlorophenyl ester (boiling point
      100.degree.-108.degree.C/0.3 mm Hg), 140 ml of toluene and 1 drop of
      pyridine were kept for 11 hours at a temperature of 58.degree. to
      80.degree.C. The mixture was then stirred with 100 ml 5% strength sodium
      hydroxide solution at 0.degree. C for 30 minutes. The organic phase was
      separated off, washed with water, dried over potassium carbonate and,
      after addition of 0.5 ml of pyridine, heated for 7 hours to a temperature
      of 110.degree.C. The reaction solution was evaporated and
      benzimidazol-2-yl-carbamic acid isobutyl ester was recrystallised from
      toluene. The yield was 21 g. IR spectrum (KBr); NH 3,355 cm.sup..sup.-1,
      CO 1,704 cm.sup..sup.-1.
PAC  EXAMPLE 10:
      ##SPC20##
PAR  133.2 g of 2-aminobenzimidazole, 400 g of phenol, 235 g of diphenyl
      carbonate and 0.4 g of pyridine were stirred for 90 minutes at 60.degree.
      to 68.degree.C and 15 hours at 70.degree.C. 150 g of isopropanol were
      added to the mixture which was kept at 120.degree.C for 41/2 hours. It was
      then cooled to 23.degree.C and a first crystal fraction was separated off.
      The mother liquor was largely concentrated in vacuo. Thereafter, a second
      crystal fraction was isolated. Both crystal fractions were washed with
      isopropyl alcohol and with water and were then dried in vacuo at
      120.degree.C. Yield: 207 g of benzimidazol-2-yl-carbamic acid isopropyl
      ester, that is to say 94.4% of theory relative to 2-aminobenzimidazole.
      The IR spectrum in KBr was identical with that of a sample prepared
      according to U.S. Pat. No. 3,010,968.
PAR  Other compounds which may be similarly prepared include:
PAR  1-butyl-7-butoxy-benzimidazol-2-yl-carbamic acid ethoxyethyl ester,
PAR  6-bromo-benzimidazol-2-yl-carbamic acid ethylmercaptoethyl ester
PAR  benzimidazol-2-yl carbamic acid .omega.-cyanopentyl ester,
PAR  benzimidazol-2-yl-carbamic acid aminocarbonylpropyl ester,
PAR  benzimidazol-2-yl-carbamic acid propargyl ester,
PAR  benzimidazol-2-yl-carbamic acid 2,2,2-trifluoroethyl ester,
PAR  5-chloro-benzimidazol-2-yl-carbamic acid 2-chloroethyl ester,
PAR  4-bromo-benzimidazol-2-yl-carbamic acid 4-bromobutyl ester, and the like.
PAC  EXAMPLE 11:
PAR  Fusicladium test (apple scab) /curative
PAR  Solvent: 4.7 parts by weight of acetone
PAR  Emulsifier: 0.3 part by weight of alkylaryl polyglycol ether
PAR  Water: 95 parts by weight
PAR  The amount of active compound required for the desired concentration of the
      active compound in the spray liquid was mixed with the stated amount of
      solvent, and the concentrate was diluted with the stated amount of water
      which contained the stated additions.
PAR  Young apple seedlings in the 4-6 leaf stage were inoculated with an aqueous
      conidium suspension of the apple scab causative organism (Fusicladium
      dendriticum Fuckel) and incubated for 18 hours in a humidity chamber at
      18.degree.-20.degree.C and at a relative atmospheric humidity of 100%. The
      plants then came into a greenhouse. They dried.
PAR  After standing for a suitable period of time, the plants were sprayed
      dripping wet with the spray liquid prepared in the manner described above.
      The plants then again came into a greenhouse.
PAR  15 days after inoculation, the infection of the apple seedlings was
      determined as a percentage of the untreated but also inoculated control
      plants.
PAR  0% means no infection; 100% means that the infection was exactly as great
      as in the case of the control plants.
PAR  The active compound, the concentrations of the active compound, the period
      of time between inoculation and spraying (dwell time) and the results
      obtained can be seen from the following table:
TBL                Table                                                       

     ______________________________________                                    

     Fusicladium test/curative                                                 

     Active compound     Dwell   Infection in % of                             

                         time    the infection of                              

                         in      the untreated con-                            

                         hours   trol at an active                             

                                 compound concen-                              

                                 tration (in %) of                             

                           0.025 0.0062                                        

     ______________________________________                                    

                         42      3       12                                    

            --NH--CO--O--CH.sub.3                                              

            (1)                                                                

     ______________________________________                                    

PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of a benzimidazol-2-yl-carbamic acid alkyl
      ester of the formula
      ##SPC21##
PAL  consisting essentially of reacting a 2-amino-benzimidazole of the formula
      ##SPC22##
PAL  with a compound of the formula
EQU  R.sup.4 --O--R.sup.1                                       (III)
PAL  in which
PA1  R.sup.1 is alkyl of 1 to 12 carbom atoms optionally substituted by lower
      alkoxy, lower alkylmercapto, lower alkenyl, lower alkynyl, nitrile,
      carbamide or halogen,
PA1  R.sup.2 is hydrogen, halogen, lower alkyl or lower alkoxy,
PA1  R.sup.3 is hydrogen or alkyl of 1 to 8 carbon atoms,
PA1  R.sup.4 is
      ##SPC23##
PA1  R.sup.5 and R.sup.6 each independently is alkyl or aryl each with up to 10
      carbon atoms, and
PA1  X is halogen, nitro, or alkyl or alkoxy each of 1 to 3 carbon atoms.
NUM  2.
PAR  2. A process according to claim 1 in which the reaction is carried out in
      the presence of an inert solvent.
NUM  3.
PAR  3. A process according to claim 1 in which the reaction is carried out at a
      temperature of about 20.degree. to 150.degree.C.
NUM  4.
PAR  4. A process according to claim 2 in which the reaction is carried out at a
      temperature of about 50.degree. to 100.degree.C.
NUM  5.
PAR  5. A process according to claim 1 wherein R.sup.2 and R.sup.3 are hydrogen.
NUM  6.
PAR  6. A process according to claim 5 wherein R.sup.1 is methyl.
NUM  7.
PAR  7. A process according to claim 5 wherein R.sup.1 is ethyl.
NUM  8.
PAR  8. A process according to claim 5 wherein R.sup.1 is isopropyl.
NUM  9.
PAR  9. A process for the preparation of a benzimidazol-2-yl-carbamic acid alkyl
      ester of the formula
      ##SPC24##
PAL  consisting essentially of reacting a 2-aminobenzimidazole of the formula
      ##SPC25##
PAL  in the presence of a solvent with a carbonate of the formula
      ##SPC26##
PAL  and reacting the product with a compound of the formula
EQU  H--O--R.sup.1
PAL  in which
PA1  R.sup.1 is alkyl of 1 to 12 carbon atoms optionally substituted by lower
      alkoxy, lower alkylmercapto, lower alkenyl, lower alkynyl, nitrile,
      carbamide or halogen,
PA1  R.sup.2 is hydrogen, halogen, or alkyl or alkoxy each of up to 4 carbon
      atoms,
PA1  R.sup.3 is hydrogen or alkyl of 1 to 8 carbon atoms,
PA1  R.sup.5 and R.sup.6 each independently is alkyl or aryl each with up to 10
      carbon atoms, and
PA1  X is halogen, nitro, or alkyl or alkoxy each of 1 to 3 carbon atoms.
NUM  10.
PAR  10. A process for the preparation of a benzimidazol-2-yl-carbamic acid
      alkyl ester of the formula
      ##SPC27##
PAL  consisting essentially of reacting a 2-amino-benzimidazole of the formula
      ##SPC28##
PAL  in the presence of a solvent wiht diphenyl carbonate and reacting the
      product with a compound of the formula
EQU  H--O--R.sup.1
PAL  in which
PA1  R.sup.1 is alkyl of 1 to 12 carbon atoms,
PA1  R.sup.2 is hydrogen, halogen or alkyl or alkoxy each of up to 4 carbon
      atoms, and
PA1  R.sup.3 is hydrogen or alkyl of 1 to 8 carbon atoms.
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ABST
PAL  A coumarin dye of the formula (Ia),
      ##SPC1##
PAL  Wherein R.sub.1 is hydrogen, chlorine or C.sub.1 -C.sub.2 alkyl, R.sub.2
      and R.sub.3 are hydrogen or C.sub.1 -C.sub.4 alkyl, or a quarternary salt
      thereof having the formula (Ib),
      ##SPC2##
PAL  Wherein R.sub.1, R.sub.2 and R.sub.3 are as defined above, R.sub.4 is
      C.sub.1 -C.sub.2 alkyl or benzyl, and X.sup.- is an anion, is prepared by
      an improved method, which comprises reacting a diamine of the formula,
      ##SPC3##
PAL  Wherein R.sub.1 is as defined above, with a compound of the formula,
EQU  X -- CH.sub.2 -- Y
PAL  wherein X and Y are the same or different and are carboxyl, carbamoyl,
      alkoxycarbonyl or cyano, in 10 to 70 % sulfuric acid to prepare an
      imidazolyl acetic acid of the formula,
      ##SPC4##
PAL  Wherein R.sub.1 is as defined above, and then reacting the imidazolyl
      acetic acid with a compound of the formula,
      ##SPC5##
PAL  Wherein R.sub.2 and R.sub.3 are as defined above, to obtain the dye (Ia),
      or further reacting the resulting dye (Ia) with an alkylating agent to
      obtain the dye (Ib).
BSUM
PAR  The present invention relates to a method for preparing a very useful
      coumarin type dye and quaternary salts thereof for coloration or dyeing of
      synthetic resins or synthetic fibers.
PAR  More particularly, the present invention relates to an improved method for
      preparing coumarin derivatives having the formula,
      ##SPC6##
PAL  And quarternary salts thereof having the formula,
      ##SPC7##
PAL  Wherein R.sub.1 is a hydrogen or chlorine atom, or a C.sub.1 -C.sub.2 alkyl
      group, R.sub.2 and R.sub.3 are individually a hydrogen atom or a C.sub.1
      -C.sub.4 alkyl group, R.sub.4 is a C.sub.1 -C.sub.2 alkyl or benzyl group,
      and X.sup.- is an anion.
PAR  These dyes themselves, (Ia) and (Ib), are wellknown dyes. The dyes (Ia),
      which impart an intensely fluorescent greenish yellow shade to organic
      solvent when dissolved therein, can be used for coloration of synthetic
      resins such as polyethylene and polystyrene, and also for giving dyeings
      of brilliant greenish yellow shade on synthetic fibers such as polyester,
      acid-modified polyester and acid-modified polyamide from an aqueous
      dispersion bath thereof. On the other hand, the dyes (Ib) show outstanding
      features in dyeing of polyacrylonitrile fibers and acid-modified polyester
      fibers.
PAR  It is well known that these dyes can be prepared by the methods disclosed
      in Japanese Patent Publication No. 23738/1961 and No. 10186/1962, which
      are corresponding to British Patent No. 914347. These well-known methods,
      however, are not industrially satisfactory owing to many reaction steps
      included therein and a low yield of each step.
PAR  Improvements in the methods are disclosed in unexamined Japanese Patent
      Publication No. 1188/1971, which is an improvement of the above Japanese
      Patent Publication No. 10186/1962, wherein the aimed dyes can be obtained
      directly by reacting 2-cyanomethylbenzimidazole and
      4-diethylaminosalicylaldehyde in an acidic solution according to the
      following equation,
      ##SPC8##
PAR  2-Cyanomethylbenzimidazole as a starting material is conventionally
      prepared by reacting o-phenylenediamine and cyanoacetic acid ester
      directly or in anhydrous solvents while heating, however the conventional
      methods can only give the product in a low yield and in a mixture with
      by-products, thereby making it difficult to obtain
      2-cyanomethylbenzimidazole of high purity in a high yield. It is therefore
      clearly understood that the method of said unexamined Japanese Patent
      Publication is never industrially satisfactory in spite of its extremely
      unique process.
PAR  The inventors have studied to solve the problems and found that:
PAR  1. The dyes of the present invention can easily be obtained by use of
      2-benzimidazolylacetic acid in place of 2-cyanomethylbenzimidazole in the
      above Japanese Publication No. 1188/1971. One example of the reaction
      process of the present invention is shown hereinafter together with that
      of the above Japanese Publication No. 1188/1971.
PAL  Process of the present invention:
      ##SPC9##
PAL  Process of the above Publication No. 1188/1971:
      ##SPC10##
PAL  As can be seen from the reaction process involved in the present invention,
      the dyes can be obtained in one reaction step, not through the
      intermediate products as in the known process. The present reaction
      process, therefore, can reduce the reaction time to a large extent and can
      increase the yield remarkably.
PAR  2. 2-Benzimidazolylacetic acid can substantially quantitatively be obtained
      in a particular solvent, for example 10 to 70 % sulfuric acid.
PAR  3. The acidic reaction solution after the preparation of
      2-benzimidazolylacetic acid, can preferably be used as it is for the
      subsequent reaction, whereby the over-all reaction from the preparation of
      starting material to the preparation of aimed dyes can be carried out in a
      single reaction vessel.
PAR  Thus, the present invention is based on the aforesaid knowledge and
      findings, and is to provide an improved method for preparing the dye of
      formula (Ia) or a quarternary salt thereof (Ib), which comprises reacting
      a diamine of the formula,
      ##SPC11##
PAL  wherein R.sub.1 is as defined above, with a compound of the formula,
EQU  X -- CH.sub.2 -- Y                                         (III)
PAL  wherein X and Y may be the same or different and are each a carboxyl,
      carbamoyl, alkoxycarbonyl or cyano group, in a 10 to 70 % sulfuric acid to
      prepare a benzimidazolyl acetic acid of the formula,
      ##SPC12##
PAL  wherein R.sub.1 is as defined above, and then reacting the compound (IV)
      thus obtained with a hydroxybenzaldehyde of the formula,
      ##SPC13##
PAL  wherein R.sub.2 and R.sub.3 are as defined above, to obtain the dye of the
      formula (Ia), or further alkylating the dye of the formula (Ia) with an
      alkylating agent to obtain the dye of the formula (Ib).
PAR  The method of the present invention will be explained in more detail as
      follows. As the examples of diamines (II) which can be used in the present
      invention, there are particularly preferably exemplified o-phenylene
      diamine, 4- or 5-methyl-o-phenylenediamine and 4- or
      5-chloro-o-phenylenediamine.
PAR  As the examples of the compound of the formula (III), there are exemplified
      malonic acid, malonic acid diesters, cyano acetic acid, cyano acetic acid
      esters, cyanoacetamide, N-alkylcyanoacetamides, allylamide and
      dicyanomethane.
PAR  As the examples of hydroxybenzaldehyde (V), there are preferably
      exemplified 2-hydroxy-4-dimethylaminobenzaldehyde,
      2-hydroxy-4-aminobenaldehyde, 2-hydroxy-4-diethylaminobenzaldehyde,
      2-hydroxy-4-ethylaminobenzaldehyde and
      2-hydroxy-4-dibutylaminobenzaldehyde.
PAR  The compound of the formula (III) is used in an amount of at least 1 mole,
      preferably 1.05 to 1.1 moles, per mole of the diamine of the formula (II).
      The concentration of sulfuric acid used is satisfactorily 10 to 70
      percent, and preferably 40 to 50 percent by weight. The reaction between
      the diamine (II) and the compound (III) can be completed by heating at
      about 90.degree. to about 120.degree.C. for about 3 to about 15 hours.
PAR  The proceeding of reaction can be followed with the lapse of time by
      chromatography, and the subsequent feeding can be carried out when all the
      diamines as a material have completely disappeared from the reaction
      system. When some amounts of diamines remain in the system by prolonged
      heating, the addition of a small amount of the compound (III) completes
      the reaction.
PAR  When a mineral acid other than sulfuric acid, for example hydrochloric acid
      is used, the formation of benzimidazolyl acetic acid becomes extremely
      slow, and in addition the diamine remains even by prolonged heating, so
      that a large amount of by-products are formed very disadvantageously in
      the subsequent coumarin-synthesizing reaction.
PAR  The use of nitric acid hardly gives the aimed product owing to
      side-reactions. With the use of sulfuric acid, the acid concentrations of
      less than 10 % can not complete the reaction as in the case of
      hydrochloric acid, and on the other hand the high concentrations of more
      than 70 % cause disadvantageously side-reactions followed by
      decomposition. Consequently the concentration is preferably within a range
      between 10  and 70 percent. The benzimidazolylacetic acid of the formula
      (IV) prepared by the present method can be isolated as a sulfate thereof
      from a very deeply cooled reaction solution. Therefore it is of course
      possible to isolate the derivatives after the completion of reaction and
      to react them with hydroxybenzaldehydes of the formula (V), however it is
      industrially advantageous to add the hydroxybenzaldehydes directly to the
      reaction system after the completion of reaction to react the two
      compounds in situ.
PAR  Compared with the method described in the Japanese Publication No.
      23738/1961, No. 10186/1962 and No. 1188/1971 hereinbefore mentioned, the
      coumarin ring-formation of the present invention reaches an end quite
      quickly, as can be seen from the fact that the addition of the compound
      (V) causes the immediate separation of resulting coumarin compounds and
      complete the reaction within less than one-third the reaction time of the
      known methods.
PAR  After the completion of reaction between the diamine (II) and the compound
      (III) to obtain the benzimidazolyl acetic acid (IV), the
      hydroxybenzaldehyde (V) is added to the reaction mixture containing the
      benzimidazolyl acetic acid in an amount of at least one mole, preferably
      one mole, per mole of the benzimidazolyl acetic acid (V). The reaction is
      carried out at a temperature of about 50.degree. to about 100.degree.C.
      for about 30 to about 180 minutes.
PAR  Alternatively, after the completion of reaction between the diamine (II)
      and the compound (III), the benzimidazolyl acetic acid (IV) may be
      collected as the sulfate, and the sulfate may be reacted with the
      hydroxybenzaldehyde (V) in an aqueous hydrochloric acid or phosphoric acid
      solution under heating.
PAR  The products (Ia) thus obtained are in part dissolved in sulfuric acid in
      the form of sulfate thereof which can completely be separated by the
      dilution of the reaction mixture with water.
PAR  The diluted mixture is filtered as it is to permit a small amount of
      impurities to remain in the filtrate thereby giving high purity dyes in a
      high yield.
PAR  The dye thus obtained can be used as they are as a disperse dye or a
      coloring matter for synthetic resins. Furthermore the dyes (Ia) can be
      converted to the dyes (Ib) suitable for dyeing synthetic fibers such as
      polyacrylonitrile fibers, and acid-modified polyester and polyamide fibers
      by alkylating the imidazolyl ring of the dyes (Ia) with conventional
      alkylating agents such as dimethyl sulfate, diethyl sulfate,
      benzylchloride, methyl or ethyl bromide, methyl or ethyl benzenesulfonate
      and methyl or ethyl p-toluenesulfonate. The alkylation is carried out in
      an inert organic solvent such as methyl ethyl ketone, chlorobenzenes and
      sulfolane at a temperature of about 80.degree. to about 130.degree.C. for
      about 3 to about 7 hours. Acid binding agents such as magnesium oxide and
      potassium carbonate may be added to the reaction system. The resulting dye
      (Ib) is separated from the reaction mixture according to the conventional
      manner.
DETD
PAR  The present invention will be illustrated with reference to the following
      examples, which are only given for the purpose of illustration and not to
      be interpreted as limiting. The parts and percentages in the examples are
      by weight unless otherwise mentioned.
PAC  EXAMPLE 1
PAR  A mixture of 11.0 parts of o-phenylenediamine and 12.5 parts of ethyl
      cyanoacetate in 100 parts of a 50 % sulfuric acid was heated under reflux
      while stirring until o-phenylenediamine disappeared from the system,
      during which it took about 10 hours.
PAR  To the reaction mixture containing 18 parts of the resulting
      2-benzimidazolyl acetic acid were further added 19.7 parts of
      2-hydroxy-4-diethylaminobenzaldehyde, and the mixture was heated at
      90.degree. to 95.degree.C. for 1 hour while stirring. After the reaction
      was completed, the reaction mixture was adjusted under cooling to 3 to 4
      of pH with a 20 % aqueous caustic soda solution. Then the precipitated
      crystalline solids were filtered, washed thoroughly with water and dried
      to give 27 parts of the dye of the formula,
      ##SPC14##
PAR  The dye thus obtained was able to dye polyester fibers in greenish yellow
      shades from its heated aqueous dispersion bath.
PAC  EXAMPLE 2
PAR  A mixture of 12.5 parts of 4-methyl-O-phenylenediamine and 9.3 parts of
      cyanoacetic acid in 100 parts of a 50 % sulfuric acid was heated under
      reflux for 8 hours.
PAR  To the reaction mixture containing 19 parts of the resulting
      2-(5'-methylbenzimidazolyl)-acetic acid were further added 19.3 parts of
      2-hydroxy-4-diethylaminobenzaldehyde, and the mixture was heated at
      90.degree. to 95.degree.C. for 1 hour while stirring.
PAR  After completion of the reaction, the reaction mixture was adjusted under
      cooling to 3 to 4 of pH with the addition of magnesium oxide in small
      partions. Then, the precipitated dye was filtered, washed with water and
      dried to give 27 parts of the dye of the formula,
      ##SPC15##
PAC  EXAMPLE 3
PAR  A mixture of 11.0 parts of o-phenylenediamine and 9.1 parts of
      cyanoacetamide in 100 parts of a 30 % sulfuric acid was heated under
      reflux while stirring until o-phenylenediamine disappeared from the
      system, during which it took about 10 hours.
PAR  To the reaction mixture containing 18 parts of the resulting
      2-benzimidazolyl acetic acid were further added 16.5 parts of
      2-hydroxy-4-dimethylaminobenzaldehyde, and the mixture was heated at
      90.degree. to 95.degree.C. for 1 hour while stirring. After the reaction
      was completed, the reaction mixture was adjusted under cooling to 3 to 4
      of pH with a 20 % aqueous caustic soda solution. Then the precipitated dye
      was filtered, thoroughly washed with water and dried to give 25.0 parts of
      the dye of the formula,
      ##SPC16##
PAR  The dye thus obtained was able to dye polyester fibers in greenish yellow
      shades from its heated aqueous dispersion bath.
PAR  A similar dye was obtained with N-ethylcyanoacetamide in place of
      cyanoacetamide.
PAC  EXAMPLE 4
PAR  A mixture of 14.3 parts of 4-chloro-o-phenylenediamine and 7.3 parts of
      malonitrile in 100 parts of a 50 % sulfuric acid was heated under reflux
      while stirring until 4-chloro-o-phenylenediamine disappeared from the
      system, during which it took about 12 hours.
PAR  To the reaction mixture containing 20 parts of the resulting
      2-(5'-chloro-benzimidazolyl)-acetic acid were further added 19.3 parts of
      2-hydroxy-4-diethylaminobenzaldehyde, and the mixture was heated at
      90.degree. to 95.degree.C. for 5 hours while stirring. After the reaction
      was completed, the reaction mixture was adjusted under cooling to 3 to 4
      of pH with a 20 % aqueous caustic soda solution. Then the precipitated dye
      was filtered, thoroughly washed with water and dried to give 29.5 parts of
      the dye of the formula,
      ##SPC17##
PAR  The dye thus obtained was able to dye polyester fibers in greenish yellow
      shades from its heated aqueous dispersion bath.
PAC  EXAMPLE 5
PAR  A mixture of 11.0 parts of o-phenylenediamine and 11.4 parts of malonic
      acid in 100 parts of a 50 % sulfuric acid was heated under reflux while
      stirring. O-phenylenediamine disappeared after about 10 hours, when the
      reaction was completed.
PAR  To the reaction mixture containing 18 parts of 2-benzimidazolyl acetic acid
      were further added 19.7 parts of 2-hydroxy-4-diethylaminobenzaldehyde, and
      the mixture was heated at 90.degree. to 95.degree.C. for 3 hours while
      stirring.
PAR  After completion of the reaction, the reaction mixture was adjusted under
      cooling to 3 to 4 of pH with a 20 % aqueous caustic soda solution. Then
      the precipitated dye was filtered, washed with water and dried to give
      27.0 parts of the dye having the same chemical structure as that in
      Example 1.
PAR  The dye thus obtained was able to dye polyester fibers in greenish yellow
      shades from its heated aqueous dispersion bath.
PAC  EXAMPLE 6
PAR  The dyes listed in Table 1 were obtained in the same manner as described in
      Example 1, which gave dyeings of good fastnesses on polyester fibers.
TBL                                    Table 1                                 

     __________________________________________________________________________

                                    Shades on                                  

     R.sub.1        R.sub.2 R.sub.3 polyester fibers                           

     __________________________________________________________________________

     H              H       H       Yellowish green                            

     H              C.sub.4 H.sub.9                                            

                            C.sub.4 H.sub.9                                    

                                    "                                          

     H              H       C.sub.2 H.sub.5                                    

                                    "                                          

     5-CH.sub.3     H       H       "                                          

     5-CH.sub.3     C.sub.4 H.sub.9                                            

                            C.sub.4 H.sub.9                                    

                                    "                                          

     5-CH.sub.3     H       C.sub.2 H.sub.5                                    

                                    "                                          

     5-Cl           H       C.sub.2 H.sub.5                                    

                                    "                                          

     5-CH.sub.3     CH.sub.3                                                   

                            CH.sub.3                                           

                                    "                                          

     5-Cl           CH.sub.3                                                   

                            CH.sub.3                                           

                                    "                                          

     5-Cl           C.sub.4 H.sub.9                                            

                            C.sub.4 H.sub.9                                    

                                    "                                          

     __________________________________________________________________________

PAC  EXAMPLE 7
PAR  To a mixture of 6.7 parts of the dye obtained in Example 1, 50 parts of
      Sulfolane (a registered trademark for tetrahydrothiophene-1,1-dioxide of
      Seitetsu Kagaku Co. Ltd.) and 2.8 parts of magnesium oxide were added
      dropwise 8.8 parts of dimethylsulfate at 70.degree.C. while stirring. The
      system was heated to 90.degree. to 100.degree.C. and maintained at the
      same temperature for 5 hours while stirring. After the reaction was
      completed, the reaction solution was poured into 100 parts of water,
      acidified with a small amount of concentrated hydrochloric acid, and
      salted out with 15 parts of sodium chloride and 4.5 parts of zinc
      chloride. The precipitated dye was filtered, washed with a 10 % aqueous
      sodium chloride solution and dried to give 100 parts of the dye of the
      formula,
      ##SPC18##
PAR  The dye salt thus obtained which was soluble in water in greenish yellow
      shades gave fluorescent greenish yellow dyeings of polyacrylonitrile
      fibers from a weakly acidic dyeing bath.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for preparing a coumarin dye of the formula (Ia),
      ##SPC19##
PAL  wherein R.sub.1 is a hydrogen or chlorine atom, or a C.sub.1 - C.sub.2
      alkyl group, R.sub.2 and R.sub.3 are each a hydrogen atom or a C.sub.1 -
      C.sub.4 alkyl group, or a quarternary salt of the dye (Ia) of the formula
      (Ib),
      ##SPC20##
PAL  wherein R.sub.1, R.sub.2 and R.sub.3 are as defined above, R.sub.4 is a
      C.sub.1 - C.sub.2 alkyl or benzyl group and X.sup.- is an anion, which
      comprises reacting a diamine of the formula (II),
      ##SPC21##
PAL  wherein R.sub.1 is as defined above, with a compound of the formula (III),
EQU  X -- CH.sub.2 -- Y                                         (III)
PAL  wherein X and Y may be the same or different, and are each a carboxyl,
      carbamoyl, alkoxycarbonyl or cyano group, in a 10 to 70% sulfuric acid to
      prepare a benzimidazolyl acetic acid of the formula (IV),
      ##SPC22##
PAL  wherein R.sub.1 is as defined above, and then reacting the compound thus
      obtained with a hydroxybenzaldehyde of the formula (V),
      ##SPC23##
PAL  wherein R.sub.2 and R.sub.3 are as defined above, to obtain the dye of the
      formula (Ia), or reacting the resulting dye of the formula (Ia) with an
      alkylating agent to obtain the dye of the formula (Ib).
NUM  2.
PAR  2. The method according to claim 1, wherein the diamine of the formula (II)
      is a member selected from the group consisting of o-phenylenediamine, 4-
      or 5-methyl-o-phenylenediamine and 4- or 5-chloro-o-phenylenediamine.
NUM  3.
PAR  3. The method according to claim 1, wherein the compound of the formula
      (III) is a member selected from the group consisting of malonic acid,
      malonic acid diesters, cyanoacetic acid, cyanoacetic acid esters,
      cyanoacetamide, N-alkylcyanoacetamides, allylamide and dicyanomethane.
NUM  4.
PAR  4. The method according to claim 1, wherein the hydroxybenzaldehyde of the
      formula (V) is a member selected from the group consisting of
      2-hydroxy-4-dimethylaminobenzaldehyde, 2-hydroxy-4-aminobenzaldehyde,
      2-hydroxy-4-diethylaminobenzaldehyde, 2-hydroxy-4-ethylaminobenzaldehyde
      and 2-hydroxy-4-dibutylaminobenzaldehyde.
NUM  5.
PAR  5. The method according to claim 1, wherein the compound of the formula
      (III) is used in an amount of at least 1 mole per mole of the diamine of
      the formula (II).
NUM  6.
PAR  6. The method according to claim 1, wherein the hydroxybenzaldehyde of the
      formula (V) is used in an almost equimolar amount to the benzimidazolyl
      acetic acid of the formula (IV).
NUM  7.
PAR  7. The method according to claim 1, wherein the reaction between the
      diamine of the formula (II) and the compound (III) is carried out at a
      temperature of about 90.degree. to about 120.degree.C. for about 3 to
      about 15 hours.
NUM  8.
PAR  8. The method according to claim 1, wherein the reaction between the
      benzimidazolyl acetic acid of the formula (IV) and the hydroxybenzaldehyde
      of the formula (V) is carried out at a temperature of about 50.degree. to
      about 100.degree.C. for about 30 to about 180 minutes.
NUM  9.
PAR  9. The method according to claim 1, wherein the alkylating agent is a
      member selected from one group consisting of dimethyl sulfate, diethyl
      sulfate, benzyl chloride. methyl bromide, ethyl bromide, methyl
      benzenesulfonate, ethyl benzenesulfonate, methyl p-toluenesulfonate and
      ethyl p-toluenesulfonate.
NUM  10.
PAR  10. The method according to claim 1, wherein the alkylation is carried out
      in an inert organic solvent at a temperature of about 80.degree. to about
      130.degree.C.
PATN
WKU  039338487
SRC  5
APN  1670212
APT  1
ART  121
APD  19710728
TTL  Process for the preparation of phenylamines and carbazoles
ISD  19760120
NCL  5
ECL  1
EXP  Winters; Sherman D.
INVT
NAM  Feinstein; Allen I.
CTY  Wheaton
STA  IL
INVT
NAM  Fields; Ellis K.
CTY  River Forest
STA  IL
ASSG
NAM  Standard Oil Company
CTY  Chicago
STA  IL
COD  02
CLAS
OCL  260315
XCL  260465E
XCL  260576
XCL  260578
XCL  260580
XCL  260612R
XCL  260621R
XCL  260645
XCL  260668R
XCL  260689
EDF  2
ICL  C07D20986
FSC  260
FSS  580;689;315
OREF
PAL  C.A. 1: 682.sup.6, (1907), Lemoult.
PAL  Compt. Rend. 143: 772-775, (1906), Lemoult.
PAL  Ber. 35: 1606-1614, (1902), Bamberger.
PAL  J.A.C.S. 89: 3224-3228, (1967), Fields, et al.
LREP
FR2  Henes; James R.
FR2  Gilkes; Arthur G.
FR2  McClain; William T.
ABST
PAL  Nitrosobenzene or Azoxybenzene are heated at temperatures above about
      400.degree.C. to produce various phenylamines and carbazoles.
BSUM
PAR  This invention relates to a method of thermally producing phenylamines. In
      one of its aspects, produced along with the principal products,
      phenylamines, such as aniline, diphenylamine etc., is a significant
      relative amount of phenylcarbazoles. The utility of various products of
      the present processes are well known. For example, diphenylamine has been
      variously employed in anti-oxidant additives and in stabilizers for
      plastics; carbazole is useful in the manufacture of dyes, explosives,
      rubber anti-oxidants and as a odor inhibitor in detergents.
PAR  According to the present invention a starting material of either
      nitrosobenzene or azoxybenzene is heated, in the presence of a suitable
      diluent, at a temperature above about 400.degree.C. for a time sufficient
      for the synthesis of the desired phenylamines or carbazoles.
PAR  The nitrosobenzene and azoxybenzene starting materials are preferably
      unsubstituted; however, it is possible using the process of our invention
      to prepare substituted phenylamines and carbazoles by selecting
      substituted nitrosobenzenes and azoxybenzenes, as starting materials,
      wherein any or all of the rings in the starting material is substituted
      with halogen, cyano, alkyl groups up to C.sub.8 and aryl.
PAR  The mechanism involved in the process of the present invention by which the
      phenylamines and carbazole products are produced is predominantly one of
      decomposition of the nitrosobenzene or azoxybenzene starting material.
      While the desired products could be prepared by subjecting solely the
      starting materials to the temperatures of the present invention, such a
      method--of necessity passing the starting materials through the melt phase
      poses certain problems. Since the reactions of the present invention
      proceed by free radical mechanism, the melt phase would create a reaction
      environment in which there was a high concentration of free radicals.
      Their interaction would result in the formation of tar-like, high
      molecular weight polyaryl compounds rather than the desired products. Thus
      the preferred way in which the process of the present invention is carried
      out is in the presence of a suitable diluent. Advantageously the starting
      material can be diluted with an inert gas. Examples of such a gas include
      nitrogen, helium and argon. The starting material in admixture with such
      an inert gas can then be brought to the temperature of the reaction zone.
      However, a more preferred class of diluents are solvents which are
      aromatic carbocyclic compounds having no aliphatic hydrogen. Exemplary of
      such solvents would be benzene, biphenyl, terphenyl etc. The selection of
      a liquid solvent permits a simple way of converting the starting materials
      into a form which can be conveniently introduced into and passed through
      the reaction zone. The molar ratio of the starting material to the diluent
      can range between 1:1 to about 1:20. The exact molar ratio is not critical
      and its selection is largely governed by solubility of the particular
      diluent for the starting material.
PAR  The process of the present invention may be carried out at a temperature
      between above about 400.degree.C. up to about 850.degree.C.; the preferred
      temperature range is 500.degree.-600.degree.C. As can be seen from Table I
      when the temperature drops below 400.degree.C. the preferred
      products--phenylamines-- are produced in progressively decreasing
      concentrations.
TBL                TABLE I                                                     

     ______________________________________                                    

     Temperature Effects In Reaction of Nitrosobenzene In Benzene              

     Temperatures,.degree.C.:                                                  

                  200     300     400   500   600                              

     Products     Relative Concentration                                       

     ______________________________________                                    

     Nitrobenzene 19.1    19.3    17.5  7.1   5.9                              

     Azoxybenzene 76.1    75.7    62.1  --    --                               

     Azobenzene   3.4     3.9     6.5   --    --                               

     Diphenylamine                                                             

                  Trace   0.6     8.2   33.0  34.3                             

     Aminobiphenyls                                                            

                  --      --      --    --    0.7                              

     Biphenyl     --      --      2.7   37.4  30.2                             

     Phenol       1.2     0.5     1.0   8.4   10.1                             

     Diphenyl Ether,                                                           

     Hydroxybiphenyls                                                          

                  --      --      --    --    3.6                              

     Carbazole    --      --      1.0   1.4   1.2                              

     Phenylcarbazoles                                                          

                  --      --      1.0   11.5  12.0                             

     Triphenylamine                                                            

                  --      --      --    1.0   1.4                              

     Aniline      --      --      --    Trace 0.6                              

     ______________________________________                                    

PAL  Above the aforesaid upper limit of temperature, the desired products have a
      tendency to decompose at rapid rates making recovery difficult. The
      residence time in the reaction zone may be varied between 1 second to 60
      seconds; the preferred residence time being 10-20 seconds. Pressure is not
      critical to the process of the present invention; it being used merely as
      a convenience for controlling the gaseous reactants and their products. A
      pressure ranging between 1-10 atmospheres may be used advantageously; the
      preferred pressure being about 1 atmosphere.
PAR  In view of the relatively short residence times involved in the practice of
      our process, we have found it convenient to employ an inert gas to sweep
      the starting materials and products of the reactant through the reacting
      zone. Such inert gases as nitrogen, helium and argon are useful. However,
      such inert gases are not essential to the practice of this invention. For
      example, the vaporized solution of the starting material in a suitable
      solvent type diluent as aforementioned could be employed without the need
      for an additional inert gas carrier. For example, the nitrosobenzene could
      be dissolved in benzene, the solution then vaporized and introduced into
      the reaction zone; the continuous supply of vaporized solution being used
      to displace the reactor contents and provide fresh starting material to
      the reaction zone.
PAR  The following examples of the present invention are illustrative only and
      should in no way be construed as limiting the scope of the present
      invention as defined in the claims appended hereto.
DETD
PAC  EXAMPLE I
PAR  A solution of 0.1 mol of azoxybenzene in 0.5 mole of benzene were passed
      through a Vycor tube filled with Vycor chips at 600.degree.C. under a
      helium flow of 20 cc/min. for a residence time of 16.1 seconds. The vapors
      from the reactor were condensed in a flask at 0.degree.C.; the condensate
      was distilled giving 32.4 g. of benzene and 14.0 g. of product whose
      analysis is shown in Table II. Mass spectra for the analysis were measured
      in a modified Consolidated Model 21-103 instrument with the inlet system
      at 140.degree.C.
PAC  EXAMPLE II
PAR  A solution of 0.1 mole of nitrosobenzene in 0.5 mole of benzene were
      reacted as in Example I except that the residence time was 9.5 seconds.
      The vapors were distilled and the analysis of the products was as shown in
      Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

     Product Analysis                                                          

     Products         Relative Concentrations                                  

                    Nitrosobenzene                                             

                              Azoxybenzene                                     

     ______________________________________                                    

     Diphenylamine    34.3        10.0                                         

     Aminobiphenyls   0.7         2.8                                          

     Biphenyl         30.2        33.8                                         

     Diphenyl Ether, Hydroxybi-                                                

                      3.6         2.4                                          

     phenyls                                                                   

     Phenol           10.1        15.4                                         

     Carbazole        1.2         3.7                                          

     Phenylcarbazoles 12.0        --                                           

     Azobenzene       --          1.9                                          

     Aniline          0.6         30.0                                         

     Nitrobenzene     5.9         --                                           

     Triphenylamine   1.4         --                                           

     ______________________________________                                    

CLMS
STM  Thus, having described our invention, what we claim is:
NUM  1.
PAR  1. A thermal process for the preparation of diphenylamines, phenyl
      carbazoles, and biphenyls as major products which comprises heating above
      about 400.degree.C. a compound selected from the group consisting of
      nitrosobenzene and nitrosobenzene substituted with a material selected
      from the group consisting of halogen, cyano, aryl, and alkyl groups up to
      C.sub.8 for a time sufficient to produce diphenylamines, phenyl
      carbazoles, and biphenyls.
NUM  2.
PAR  2. The process of claim 1 wherein the compound, prior to heating, is mixed
      with a diluent which is an aromatic carbocyclic composition having no
      aliphatic-hydrogen in its structure, or which is a mixture of such
      compositions.
NUM  3.
PAR  3. The process of claim 2 wherein the nitrosobenzene or nitrosobenzene
      substituted with a material selected from the group consisting of halogen,
      cyano, aryl, and alkyl groups up to C.sub.8 is heated at a temperature
      between about 400.degree.C. and about 850.degree.C.
NUM  4.
PAR  4. The process of claim 2 wherein the nitrosobenzene or nitrosobenzene
      substituted with a material selected from the group consisting of halogen,
      cyano, aryl, and alkyl groups up to C.sub.8 is heated at a temperature
      between about 500.degree.C. and about 600.degree.C.
NUM  5.
PAR  5. The process of claim 2 wherein the diluent is benzene.
PATN
WKU  039338495
SRC  5
APN  4649958
APT  1
ART  121
APD  19740426
TTL  3,3-Disubstituted phthalides and naphthalides
ISD  19760120
NCL  19
ECL  1
EXP  Winters; Sherman D.
INVT
NAM  Huyffer; Paul S.
CTY  West Boxford
STA  MA
ASSG
NAM  Polaroid Corporation
CTY  Cambridge
STA  MA
COD  02
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COD  72
APN  202555
APD  19711126
PSC  01
PNO  3816120
CLAS
OCL  260315
EDF  2
ICL  C07D20986
FSC  260
FSS  315
UREF
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NAM  Lin
OCL  260315
UREF
PNO  3647437
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NAM  Land
OCL   96 84R
UREF
PNO  3702244
ISD  19721100
NAM  Bloom et al.
OCL   96  3
LREP
FR2  Campbell; Sybil A.
ABST
PAL  This invention relates to a class of phthalein indicator dyes useful as
      optical filter agents in photographic processes to protect a selectively
      exposed photosensitive material from further exposure during processing in
      the presence of incident light. Such dyes comprise 3,3-disubstituted
      phthalides and 3,3-disubstituted naphthalides wherein one of said 3,3
      substituents is a carbazol-3-yl radical and the other is an indol-3-yl
      radical possessing a hydrogen-bonding group substituted on a carbon atom
      adjacent to the heterocyclic N atom, both of said carbazolyl and indolyl
      radicals having hydrogen substituted on the heterocyclic N atom.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 202,555 filed Nov. 26, 1971, now U.S. Pat. No. 3,816,120.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to novel chemical compounds and, more
      specifically, it relates to a new class of phthalein indicator dyes and to
      a method for the preparation thereof. In a particular aspect it relates to
      certain indole phthaleins useful as optical filter agents in photographic
      processes for protecting an exposed photosensitive material from
      post-exposure fogging during development in the presence of extraneous
      incident light.
PAR  2. Description of the Prior Art
PAR  A number of photographic processes by which images may be developed and
      viewed within seconds or minutes after exposure have been proposed. Such
      processes generally employ a processing composition which is suitably
      distributed between two sheet-like elements, the desired image being
      carried by one of said sheet-like elements. The resulting images may be in
      black-and-white, e.g., in silver, or in one or more colors. Processing may
      be conducted in or outside of a camera. The most useful of such processes
      are the diffusion transfer processes which have been proposed for forming
      silver or dye images, and several of these processes have been
      commercialized. Such processes have in common the feature that the final
      image is a function of the formation of an image-wise distribution of an
      image-providing reagent and the diffusion transfer of said distribution to
      or from the stratum carrying the final image, whether positive or
      negative.
PAR  U.S. Pat. No. 3,415,644 dicloses a composite photosensitive structure,
      particularly adapted for use in reflection type photographic diffusion
      transfer color processes. This structure comprises a plurality of
      essential layers including, in sequence, a dimensionally stable opaque
      layer; one or more silver halide emulsion layers having associated
      therewith dye image-providing material which is soluble and diffusible, in
      alkali, at a first pH, as a function of the point-to-point degree of its
      associated silver halide emulsion's exposure to incident actinic
      radiation; a polymeric layer adapted to receive solubilized dye
      image-providing material diffusing thereto; a polymeric layer containing
      sufficient acidifying capacity to effect reduction of a processing
      composition from the first pH to a second pH at which the dye
      image-providing material is substantially nondiffusible; and a
      dimensionally stable transparent layer. This structure may be exposed to
      incident actinic radiation and processed by interposing, intermediate the
      silver halide emulsion layer and the reception layer, an alkaline
      processing composition providing the first pH and containing a
      light-reflecting agent, for example, titanium dioxide to provide a white
      background. The light reflecting agent (referred to in said patent as an
      "opacifying agent") also performs an opacifying function, i.e., it is
      effective to mask the developed silver halide emulsions and also acts to
      protect the photoexposed emulsions from postexposure fogging by light
      passing through the transparent layer if the photoexposed film unit is
      removed from the camera before image formation is complete.
PAR  In a preferred embodiment, the composite photosensitive structure includes
      a rupturable container, retaining the alkaline processing composition
      having the first pH and light-reflecting agent, fixedly positioned
      extending transverse a leading edge of the composite structure in order to
      effect, upon application of compressive pressure to the container,
      discharge of the processing composition intermediate the opposed surfaces
      of the reception layer and the next adjacent silver halide emulsion.
PAR  The liquid processing composition distributed intermediate the reception
      layer and the silver halide emulsion, permeates the silver halide emulsion
      layers of the composite photosensitive structure to initiate development
      of the latent images contained therein resultant from photoexposure. As a
      consequence of the development of the latent images, dye image-providing
      material associated with each of the respective silver halide emulsion
      layers is individually immobilized as a function of the point-to-point
      degree of the respective silver halide emulsion layer photoexposure,
      resulting in imagewise distributions of mobile dye image-providing
      materials adapted to transfer, by diffusion, to the reception layer to
      provide the desired transfer dye image. Subsequent to substantial dye
      image formation in the reception layer, a sufficient portion of the ions
      of the alkaline processing composition transfers, by diffusion, to the
      polymeric neutralizing layer to effect reduction in the alkalinity of the
      composite film unit to the second pH at which dye image-providing material
      is substantially nondiffusible, and further dye image-providing material
      transfer is thereby substantially obviated.
PAR  The transfer dye image is viewed, as a reflection image, through the
      dimensionally stable transparent layer against the background provided by
      the reflecting agent, distributed as a component of the processing
      composition, intermediate the reception layer and next adjacent silver
      halide emulsion layer. The thus-formed stratum effectively masks residual
      dye image-providing material retained in association with the developed
      silver halide emulsion layer subsequent to processing.
PAR  In the copending U.S. Patent Application Ser. No. 786,352 of Edwin H. Land,
      filed Dec. 23, 1968, now abandoned, and Ser. No. 101,968 filed Dec. 28,
      1970, now U.S. Pat. No. 3,647,437, in part a continuation of Ser. No.
      786,352, an organic light absorbing reagent (or optical filter agent),
      such as a dye, which is present as a light-absorbing species at the first
      pH and which may be converted to a substantially non-light-absorbing
      species at the second pH is used in conjunction with the light-reflecting
      agent to protect the selectively exposed silver halide emulsions from
      post-exposure fogging when development of the photoexposed emulsions is
      conducted in the presence of extraneous incident actinic radiation
      impinging on the transparent layer of the film unit.
PAR  In copending U.S. Patent Application Ser. No. 108,260 filed Jan. 21, 1971,
      now U.S. Pat. No. 3,702,244, pH-sensitive dyes which contain at least one
      indole radical bonded by the 2- or 3-position to a ring-closing moiety are
      disclosed as useful as optical filter agents for absorbing incident
      radiation actinic to selectively exposed photosensitive materials within a
      predetermined wavelength range in the shorter wavelength region of the
      visible spectrum. Among the dyes disclosed therein are indole phthaleins
      wherein at least one of the indole radicals is substituted with a
      hydrogen-bonding group capable of raising the pKa. Preferably, both indole
      radicals are substituted, for example, with hydrogen-bonding groups to
      obtain dyes having a pKa of 11 or more. These phthalein dyes form the
      subject matter of copending U.S. Patent Application Ser. No. 409,012 filed
      Nov. 23, 1973, a continuation-in-part of U.S. Pat. Application Ser. No.
      108,277 filed Jan. 21, 1971, now abandoned.
PAR  The present invention is concerned with other high pKa indicator dyes
      disclosed in aforementioned copending application Ser. No. 108,260, now
      U.S. Pat. No. 3,702,244. These dyes comprise mixed phthalein indicators
      derived from indole and a second N-heterocyclic aryl compound.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, the primary object of the present invention to provide a
      novel class of phthalein indicator dyes.
PAR  It is another object of the present invention to provide a novel class of
      phthalein indicator dyes useful as optical filter agents in photographic
      processes for preventing post-exposure fogging of a selectively exposed
      photosensitive material during development in the presence of incident
      light.
PAR  It is a further object of the present invention to provide products,
      compositions and processes for the development of photosensitive materials
      in which the novel phthalein indicator dyes are used.
PAR  It is yet a further object of the present invention to provide novel
      indicator dye intermediates and a method for the preparation thereof.
PAR  Other objects of this invention will in part be obvious and will in part
      appear hereinafter.
PAR  The invention accordingly comprises the processes involving the several
      steps and the relation and order of one or more of such steps with respect
      to each of the others, and the products and compositions possessing the
      features, properties and the relation of elements which are exemplified in
      the following detailed disclosure, and the scope of the application of
      which will be indicated in the claims.
PAR  According to the present invention, there is provided a novel class of
      phthalein indicator dyes which contain an indole radical possessing a
      hydrogen-bonding group substituted on a carbon atom adjacent to the
      nitrogen atom of said radical, a carbazole radical and a ring-closing
      moiety selected from a phthalide and a naphthalide. These indicator dyes
      will be defined with greater particularity hereinafter.
PAR  Like phthalein dyes, generally, the dyes of the present invention exhibit
      reversibly alterable spectral absorption characteristics in response to
      changes in environmental pH. They have a colored, light-absorbing form in
      alkaline media at a first pH value above their pKa and a substantially
      colorless form, i.e., a form which is substantially non-light-absorbing in
      the visible spectrum at a second pH below their pKa. By pKa is meant the
      pH at which about 50% of the dye is present in its light-absorbing form
      and about 50% is present in its non-light-absorbing form.
PAR  It will be appreciated that such compounds will find utility in titrations
      and other analytical procedures where phthalein indicator dyes are
      commonly employed, for example, to measure changes in pH value as
      reflected by the change in color of the dye form one color to another or
      from colored to colorless or vice versa. The indicator dyes of the present
      invention, however, due to their pKa and spectral absorption
      characteristics are especially useful as optical filter agents in
      photographic processes where development of a selectively exposed
      photosensitive material is performed at least in part outside the confines
      of a camera in the presence of extraneous incident actinic radiation.
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to the present invention, it has been found that mixed phthalein
      indicator dyes which contain a carbazole radical and an indole radical
      substituted with a hydrogen-bonding group possess comparatively high pKa's
      of greater than 11. Their pKa characteristics together with their ability
      to absorb radiation in the shorter wavelength region of the visible
      spectrum and in the UV render them particularly useful as optical filter
      agents in photographic processes conducted under highly alkaline
      conditions. For example, such dyes find particular utility in diffusion
      transfer photographic processes since the dye will be in a light-absorbing
      form during the initial stages of processing and yet it may be rendered
      substantially non-light absorbing within a relatively brief interval as
      the pH is reduced subsequent to substantial image formation to permit
      early viewing of the image.
PAR  The novel indicator dyes of the present invention may be defined as
      3,3-disubstituted phthalides and 3,3-disubstituted naphthalides wherein
      one of the 3,3 substituents is a carbazol-3-yl radical and the other is an
      indol-3-yl radical possessing a hydrogen-bonding group substituted on a
      carbon atom adjacent to the heterocyclic nitrogen atom, both of said
      carbazole and indole radicals having hydrogen substituted on the
      heterocyclic nitrogen atom. Typical of the indicator dyes of the present
      invention are those represented by the formula:
      ##SPC1##
PAL  wherein one of R.sup.1 and R.sup.2 is a hydrogen-bonding group and the
      other is hydrogen, R.sup.4 is hydrogen or a monovalent organic radical and
      X represents the atoms necessary to complete a ring-closing moiety
      selected from a phthalide and a naphthalide.
PAR  In the above formula, any hydrogen-bonding group may be used that is
      capable of raising the pKa. The association of two atoms through hydrogen
      to form a hydrogen bond between or within molecules is well known. When
      hydrogen is attached to an electronegative atom, for example, O or N, the
      resultant bond is polarized. If directed toward another atom (M) with an
      unshared pair of electrons, the hydrogen acts as a bridge between the
      atoms (O--H . . . M) due to the electrostatic attraction to both atoms
      between which the hydrogen proton can be transferred. In the above
      compounds, an intramolecular hydrogen bond is formed between the --NH-- of
      the indole ring and an adjacent hydrogen-bonding group, i.e., a group
      containing a heteroatom possessing an active unshared pair of electrons,
      such as, O, N, S or halogen, e.g., F., which has a free electron pair or a
      negative charge in basic solution and which is capable of forming a 5-, 6-
      or 7-membered and preferably a 5- or 6-membered hydrogen-bonded ring with
      the --NH-- of the indole ring. Groups containing a free electron pair
      include, for example, alkoxy; acyl and its derivatives
      ##EQU1##
      wherein R may be hydrogen, alkyl, aryl, aralkyl, alkaryl); and amido
      ##EQU2##
      wherein R' and R" each may be alkyl, aryl, aralkyl, alkaryl). Preferably,
      the heteroatom in the hydrogen-bonding group has attached to it a proton
      which is more acidic than the proton on the --NH-- of the indole and
      ionizes in basic solution to a negative charge. Such groups include, for
      example, carboxy; hydroxy; o-hydroxyphenyl; bis trifluoromethyl carbinol;
      sulfonamide (--NH--SO.sub.2 --R"' wherein R"' may be alkyl, aryl, aralkyl,
      alkaryl) and sulfamoyl (--SO.sub.2 --NH--R"" wherein R"" may be alkyl,
      aryl, aralkyl, alkaryl). Suitable R, R', R", R"' and R"" substituents
      include branched or straight chain alkyl, e.g., methyl, ethyl, isopropyl,
      n-butyl, t-butyl, hexyl, octyl, dodecyl, hexadecyl, octadecyl and
      eicosanyl; aryl, particularly phenyl and naphthyl; aralkyl and alkaryl,
      particularly phenyl-substituted alkyl and alkyl-substituted phenyl, e.g.,
      benzyl, phenethyl, phenylhexyl, p-octylphenyl and p-dodecylphenyl. Though
      the hydrogen-bonding groups R.sup.1 and R.sup.2 may be any of those
      enumerated above, preferably they are among those having a negative charge
      in basic solution, particularly, carboxy, hydroxy, ortho-hydroxyphenyl,
      bis trifluoromethyl carbinol, sulfonamido and sulfamoyl.
PAR  In the above formula, the indole radical and/or carbazole radical and/or
      the ring-closing moiety may be substituted, for example, with solubilizing
      groups to enhance the solubility of the indicator dye in the particular
      processing composition employed; with immobilizing groups where it is
      desired to render the indicator dye substantially non-diffusible in the
      processing composition and with other substituents, such as alkyl groups,
      which do not interfere with the photographic function of the indicator dye
      as an optical filter agent.
PAR  Typical substituents include branched or straight chain alkyl, such as
      methyl, ethyl, isopropyl, n-butyl, t-butyl, hexyl, octyl, dodecyl,
      hexadecyl, octadecyl and eicosanyl; aryl, such as, phenyl,
      2-hydroxyphenyl, 2-hydroxy-4-dodecyloxyphenyl, and naphthyl; aralkyl and
      alkaryl, such as, benzyl, phenethyl, phenylhexyl, p-octylphenyl,
      p-dodecyl-phenyl; alkoxy, such as, methoxy, ethoxy, butoxy,
      1-ethoxy-2-(.beta.-ethoxyethoxy), dodecyloxy and octadecyloxy; aryloxy,
      such as phenoxy, benzyloxy, naphthoxy; alkoxyalkyl, such as methoxyethyl,
      dodecyloxyethyl; halo such as, fluoro, bromo, and chloro; trifluoroalkyl,
      such as trifluoromethyl; sulfonyl; sulfo; cyano; amino including mono- and
      disubstituted amino, e.g., N-ethyl amino and N, N'-dimethylamino, carboxy;
      and hydroxy.
PAR  In a preferred embodiment, the indicator dyes of the present invention
      comprise compounds of formula I above, wherein one of R.sup.1 and R.sup.2
      is hydrogen and the other is a hydrogen-bonding group forming a 5-, 6- or
      7-membered intramolecular hydrogen-bonded ring with the adjacent --NH-- of
      the indole ring selected from carboxy, hydroxy, o-hydroxyphenyl, bis
      trifluoromethyl carbinol, sulfonamido and sulfamoyl; R.sup.4 is hydrogen
      or alkyl containing 1 to 20 carbon atoms; and X represents the atoms
      necessary to complete a ring-closing moiety selected from phthalide and
      naphthalide.
PAR  Where it is desired that the indicator dye be substantially immobile or
      non-diffusible in the processing solution, compounds containing a
      sulfamoyl or sulfonamido substituent afford the distinct advantage of
      allowing the immobilizing function to be combined with the hydrogen
      bonding function by selecting sulfonamide or sulfamoyl groups containing
      as R"' or R"" a substituent such as, hexadecyl or p-dodecylphenyl.
PAR  Specific examples of indicator dyes within the scope of the present
      invention are as follows:
      ##SPC2##
PAR  The indicator dyes of the present invention preferably are prepared
      utilizing novel intermediates comprising 3-aroyl 9-cyanoethylcarbazoles
      which preferably are substituted in the 6-position with a monovalent
      organic radical. Though carbazoles containing an alkyl substituent in the
      9-position, for example, 9-ethylcarbazole have been employed in the
      synthesis of phthalein dyes, the use of these prior intermediates results
      in a mixture of reaction products making it difficult to isolate the
      desired product from the by-products. According to the present invention,
      it has been found that carbazoles containing a cyanoethyl group
      substituted on the heterocyclic nitrogen atom may be used in the
      production of phthaleins without any substantial formation of by-products
      particularly where the intermediate contains an organic radical as a
      blocking group in the 6-position of the carbazole ring.
PAR  The novel intermediates of the present invention may be represented by the
      following formula:
      ##SPC3##
PAL  wherein R.sup.3 is a group selected from 2-carboxybenzoyl and
      8-carboxynaphthoyl and R.sup.4 is a group selected from hydrogen and a
      monovalent organic radical.
PAR  As the R.sup.4 substituent, any monovalent organic radical may be employed,
      for example, alkyl, such as, methyl, ethyl, butyl, hexyl, dodecyl,
      hexadecyl; alkenyl; such as, vinyl, alkyl, propenyl; cycloalkyl, such as,
      cyclobutyl, cyclohexyl, cycloheptyl, cyclopentyl; cycloalkenyl, such as,
      cyclohexenyl, cyclooctenyl, cyclopentenyl; aryl, such as, phenyl,
      naphthyl; alkaryl, such as, phenethyl, benzyl, p-dodecylphenyl; aryloxy,
      such as, phenoxy, naphthoxy, benzoxy; alkoxy, such as, butoxy, heptoxy,
      dodecyloxy, hexadecyloxy; halo, such as, chloro, bromo; nitro; carboxy;
      cyano; hydroxy; sulfonyl, acyl, and amino including mono- and
      di-substituted amino. Preferably, R.sup.4 is hydrogen or alkyl containing
      1 to 20 carbon atoms. The intermediates also may contain substituents
      other than those specified as may be desired in the indicator dye product.
PAR  Specific intermediates within the scope of the present invention include:
      ##SPC4##
PAR  The novel carbazole intermediates represented above are prepared by
      reacting the selected R.sup.4 -substituted carbazole with acrylonitrile in
      the presence of a catalytic amount of strong base, e.g., benzyl trimethyl
      ammonium hydroxide at a temperature of about 80.degree. to 120.degree. C.
      to form the corresponding 9-cyanoethylcarbazole. The latter compound is
      reacted with phthalic or naphthalic acid or their anhydrides in inert
      media, preferably an aromatic hydrocarbon solvent in the presence of a
      suitable acid catalyst, such as zinc chloride, aluminum chloride or other
      Lewis acid catalyst at a temperature between about 0.degree. and
      50.degree. C. to form the corresponding R.sup.3 - and R.sup.4
      -disubstituted 9-cyanoethylcarbazole dye intermediate.
PAR  The indicator dyes are prepared by reacting the latter intermediate with
      the selected indole in the presence of a condensing agent, preferably,
      acetic anhydride. Where it is desired to remove the cyanoethyl group, the
      9-cyanoethyl carbazole dye intermediate may be treated with strong base
      prior to reaction with the indole. Alternatively, the cyanoethyl group may
      be removed subsequent to reaction with the indole by treating the
      indicator dye product with strong base and then neutralizing. Particularly
      useful bases are alkali metal alkoxides, e.g., butoxide, sodium methoxide
      in inert organic media, particularly aprotic solvents, such as
      dimethylsulfoxide, N,N'-dimethylformamide and N,N'-diethylformamide.
PAR  As noted above, the carbazole intermediates of the present invention
      preferably contain a substituent in the 6-position. By using this blocking
      group together with the 9-cyanoethyl substituent, the formation of a
      single reaction product rather than a mixture of products is ensured. The
      6-substituent also may be removed, if desired. For example, a halo group,
      such as, --Br may be removed by hydrogenation or a --COOH group by
      decarboxylation. It will also be appreciated that the subject
      intermediates may be employed in the production of phthalein indicator
      dyes containing a phenol, naphthol or other radical rather than indole as
      the second chromophoric radical.
PAR  The preparation of the novel intermediates of the present invention and the
      preparation of mixed carbazole/indole phthaleins therefrom is illustrated
      in the following reaction sequence.
      ##SPC5##
PAR  As discussed above, steps (3) and (4) in the foregoing reaction sequence
      may be reversed, that is, the indole may be reacted with the intermediate
      prior to removing the cyanoethyl group which may be subsequently removed
      from the indicator dye product by treatment with base.
PAR  The following Example is given to further illustrate the present invention
      and is not intended to limit the scope thereof.
DETD
PAC  EXAMPLE
PAR  Preparation of the indicator dye of formula (1):
PAR  a. The compound 6-methyl-9-cyanoethylcarbazole was prepared by stirring
      6-methylcarbazole (0.05 mole) in acrylonitrile (0.20 mole) at 0.degree.C.
      After adding about 1 cc. of benzyl trimethyl ammonium hydroxide, the
      mixture was stirred on a steam bath for one hour and then treated with
      boiling benzene (200 cc.). The benzene was distilled and evaporated to
      dryness. The yellow solid obtained was recrystallized from benzene with
      Norit treatment to yield 6-methyl-9-cyanoethylcarbazole as an off-white
      solid, melting range 124.degree.-124.5.degree.C.
PAR  b. A mixture of the compound prepared in step (a) (0.03 mole), phthalic
      anhydride (0.03 mole) and 50 ml. of benzene were stirred in an ice bath.
      Aluminum chloride (0.065 mole) was slowly added to the mixture, and after
      addition, the mixture was stirred for 30 minutes at 0.degree.C. and then
      warmed to 50.degree.C. and stirred for 3 hours. After cooling, 3N
      hydrochloric acid was added to decompose the aluminum complex. The yellow
      solid that formed was filtered and stirred in warm dilute ammonium
      hydroxide. The hydroxide solution was filtered, and the filtrate was
      neutralized with dilute hydrochloric acid. The solid obtained upon
      neutralization was recrystallized from xylene to give
      3-(o-carboxybenzoyl)-6-methyl-9-cyanoethylcarbazole as white crystals,
      melting point 190.degree.C.
PAR  c. The o-carboxybenzoyl carbazole intermediate prepared in step (b) (14
      gms.) together with potassium-t-butoxide (14 gms.) were heated in 100 ml.
      of dimethylsulfoxide on a steam bath for 2 hours and precipitated into
      water which gave a clear red solution. Acidification of the solution with
      hydrochloric acid gave a pinkish precipitate which was collected and
      dissolved in warm acetic acid. Norit and Celite were added to the solution
      and the solution was filtered. Hot water (about 2 volumes) was added to
      the filtrate until crystallization of the
      3-(o-carboxybenzoyl)-6-methylcarbazole which was recovered as a light
      yellow solid, melting range 261.degree.-262.degree.C. (dec.).
PAR  d. 7-carboxyindole (0.0015 m.) and
      6-methyl-3-(ortho-carboxybenzoyl)carbazole (0.0015 m.) were refluxed in
      acetic anhydride for about one-half hour, and the reaction mixture
      precipitated into water. After standing overnight, the water was decanted,
      leaving the precipitate which was washed with water followed by extraction
      with aqueous ammonium hydroxide solution. Upon acidification of the
      ammonium hydroxide solution, the title compound was obtained as a white
      solid which gave a purple color in 20% aqueous sodium hydroxide solution.
PAR  It will be appreciated that other carbazoles and other indoles, for
      example, 7-sulfonamidoindoles and 7-sulfamoylindoles may be substituted in
      the procedure of the foregoing example and that phthalic or naphthalic
      acid or naphthalic anhydride may be used instead of phthalic anhydride.
      Also, other Lewis acid catalysts, solvents and bases may be employed, such
      as those enumerated above.
PAR  As noted previously, the indicator dyes of the present invention possess a
      relatively high pKa. The pKa value measured for the dye prepared in the
      Example was 13.2 which is in the same range as the values for the indole
      phthaleins of aforementioned application Ser. No. 108,277 which contain
      two indol-3-yl radicals each substituted with a hydrogen-bonding group. As
      a comparison, 3,3-di-(2-ortho-hydroxyphenyl indol-3-yl)phthalide has a pKa
      of 13.4 and 3-(7-carboxy-indol-3-yl)-3-(2-ortho-hydroxyphenyl
      indol-3-yl)phthalide has a pKa of 13.3. As a further comparison, a simple
      indole phthalein, i.e., without a hydrogen-bonding group, such as,
      3,3-di(2-phenylindol-3-yl) phthalide has a lower pKa of 9.0. From these
      values, it can be seen that the mixed indole phthaleins of the present
      invention, like the indole phthaleins possessing hydrogen-bonding
      substituents, may be rendered colorless at a high pH and thus, cleared
      more rapidly than simple indole phthaleins in photographic processes
      conducted in highly alkaline media.
PAR  Another class of indicator dyes derived from carbazoles forms the subject
      matter of copending U.S. Patent Application Ser. No. 202,482 of Ruth C.
      Bilofsky and Richard D. Cramer filed Nov. 26, 1971. Such dyes comprise
      3,6-disubstituted carbazoles wherein the 3,6 substituents are selected
      from a phthalidyl radical, C.sub.6 H.sub.4.CO.O.CR--, wherein R is an aryl
      group and an o-carboxybenzoyl radical, not more than one of said
      substituents being o-carboxybenzoyl.
PAR  The pH sensitive indicator dyes of the present invention may be used as
      optical filter agents in any photographic process including conventional
      tray processing and diffusion transfer photographic techniques. In such
      processes, the dye or dyes during development of a selectively exposed
      photosensitive material will be in a position and in a concentration
      effective to absorb a given level of non-selective radiation incident on
      and actinic to the photosensitive material. The dyes may be initially
      disposed in the film unit, for example, in a layer(s) coextensive with one
      or both surfaces of the photosensitive layer. Where selective exposure of
      the photosensitive material is made through a layer containing the
      indicator dye, then the dyes should be in a non-light-absorbing form until
      the processing solution is applied. Alternately, the dyes may be initially
      disposed in the processing composition in their light-absorbing form, for
      example, in the developing bath in tray processing or in the layer of
      processing solution distributed between the photosensitive element and the
      superposed image-receiving element (or spreader sheet) in diffusion
      transfer processing. The particular indicator dye or dyes selected should
      have an absorption spectrum corresponding to the sensitivity of the
      photosensitive layer, so as to afford protection over the predetermined
      wavelength range required by the particular photosensitive material
      employed and should have a pka such that they are in their colored form,
      i.e., light-absorbing form at the pH at which the photographic process is
      performed. Most commercially useful photographic processes are performed
      under alkaline conditions. Diffusion transfer processes, for example,
      usually employ highly alkaline processing solutions having a pH in excess
      of 12.
PAR  In photographic processes where the optical filter agent is retained in a
      stratum through which the final image is to be viewed, the color of the
      indicator dye may be discharged subsequent to image formation by adjusting
      the pH of the system to a value at which the dye is substantially
      non-light absorbing in the visible spectrum. In photographic processes
      performed at an alkaline pH, the optical filter agent, such as, a dye or
      dyes of the present invention are rendered substantially colorless by
      reducing the environmental pH. In processes where the optical filter agent
      is removed or separated from the layer containing the final image or
      retained in a layer that does not interfere with viewing of the final
      image, it is unnecessary to convert the indicator dye to its
      non-light-absorbing form, though the color may be discharged if desired.
PAR  The concentration of indicator dye is selected to provide the optical
      transmission density required, in combination with other layers
      intermediate the silver halide emulsion layer(s) and the incident
      radiation, to prevent nonimagewise exposure, i.e., fogging, by incident
      actinic light during the performance of the particular photographic
      process. It has been found, by interposing neutral density (carbon
      containing) filters over a layer of titanium dioxide, that a transmission
      density of approximately 6.0 from said neutral density filters was
      effective to prevent fogging of a diffusion transfer multicolor film unit
      of the type described in said U.S. Pat. No. 3,415,644 having a transparent
      support layer and an Equivalent ASA Exposure Index of approximately 75,
      when processed for one minute in 10,000 foot candles of color corrected
      light, a light intensity approximating the intensity of a noon summer sun.
      The transmission density required to protect such a film unit under the
      stated conditions may also be expressed in terms of the "system"
      transmission density of all the layers intermediate the silver halide
      layer(s) and the incident light; the "system" transmission density
      required to protect color film units of the aforementioned type and
      photographic speed has been found to be on the order of 7.0 to 7.2. Lesser
      levels of optical transmission density would, of course, provide effective
      protection for shorter processing times, lesser light intensities and/or
      films having lower exposure indices. The transmission density and the
      indicator dye concentration necessary to provide the requisite protection
      from incident light may be readily determined for any photographic process
      by following the above described procedure or obvious modifications
      thereof.
PAR  Since most commercial photographic processes employ photosensitive
      materials sensitive to and exposable by actinic radiation throughout the
      visible spectrum, e.g., black-and-white panchromatic silver halide
      emulsions and multilayer silver halide emulsion elements, it is preferred
      to use a second dye(s) in conjunction with the subject dye(s) that has a
      principal absorption in a second and at least partially different
      predetermined wavelength range such that the combination of dyes will
      afford protection from non-selective incident actinic radiation over the
      range of 400 to 700 nm. The second dye employed may be non-color-changing
      but preferably, is also pH sensitive, i.e., has reversibly alterable
      spectral absorption characteristics in response to changes in the
      environmental pH so that it may be rendered light-absorbing or
      non-light-absorbing as desired. Illustrative of such dyes are phthaleins
      derived from phenols, such as, thymol phthalein. The second dye also may
      be initially present in the film unit or in the processing composition as
      discussed above either together with or separate from the subject dyes and
      subsequent to processing may be removed from the film unit or retained
      within the film structure, provided it is in a form or position such that
      it does not interfere with viewing of the image produced.
PAR  The dyes of the present invention are especially useful as optical filter
      agents in diffusion transfer processes, for example, those employing
      composite diffusion transfer photosensitive elements including a film pack
      or roll wherein superposed photosensitive and image-receiving elements are
      maintained as a laminate after formation of the final image. Such elements
      include at least one transparent support to allow viewing of the final
      image without destroying the structural integrity of the film unit.
      Preferably, the support carrying the photosensitive layer(s) is opaque and
      the support carrying the image-receiving layer is transparent and
      selective photoexposure of the photosensitive layer(s) and viewing of the
      final image both are effected through the latter support. The final image
      is viewed as a reflection print, i.e., by reflected light, provided by a
      reflecting agent initially disposed in the processing composition applied
      and maintained intermediate the image-receiving and next adjacent
      photosensitive layer or by a preformed layer of reflecting agent initially
      positioned intermediate the image-receiving and next adjacent
      photosensitive layer. It will be understood that a preformed reflecting
      layer, while it should be capable of masking the photosensitive layer(s)
      subsequent to image formation, should not interfere with selective
      photoexposure of the photosensitive material prior to processing.
PAR  When utilizing reflection-type composite film units, the indicator dye or
      dyes employed as the optical filter agent(s) may be positioned initially
      in a layer of the film unit, e.g., in a layer between the image-receiving
      and next adjacent photosensitive layer through which photo-exposure is
      effected provided it is incorporated under conditions, i.e., at a pH such
      that it will not absorb actinic radiation intended to selectively expose
      the photosensitive material to form a latent image therein. For example,
      the optical filter agent may be in a layer coated over either the
      image-receiving layer or the next adjacent photosensitive layer and should
      remain substantially non-light-absorbing until a processing composition is
      applied providing a pH at which the indicator dye is capable of being
      rapidly converted to its light-absorbing form to provide light protection
      when the film unit is removed from the camera. Rather than being initially
      disposed in the film unit, the indicator dye may be initially present in
      the processing composition applied intermediate the image-receiving and
      next adjacent photosensitive layer subsequent to photoexposure. The dye,
      when initially disposed in the processing composition, will be in its
      light-absorbing form.
PAR  The dyes selected as optical filter agents should exhibit at the initial pH
      of the processing, maximum spectral absorption of radiation at the
      wavelengths to which the film unit's photosensitive silver halide layer or
      layers are sensitive, and preferably, should be substantially immobile or
      non-diffusible in the alkaline processing composition in order to achieve
      optimum efficiency as a radiation filter and to prevent diffusion of
      filter agent into layers of the film unit where its presence may be
      undesirable. Recognizing that the filter agent absorption will detract
      from image-viewing characteristics by contaminating reflecting pigment
      background, the selected agents should be those exhibiting major spectral
      absorption at the pH at which processing is effected and minimal
      absorption at a pH below that which obtains during transfer image
      formation. Accordingly, the selected optical filter agent or agents should
      possess a pKa below that of the processing pH and above that of the
      environmental pH subsequent to transfer image formation.
PAR  As discussed previously, the concentration of indicator dye is selected to
      provide the optical transmission density required, in combination with
      other layers intermediate the silver halide emulsion layer(s) and the
      incident radiation, to prevent nonimagewise exposure, i.e., fogging, by
      incident actinic light during the performance of the particular
      photographic process. In the processes where the indicator dye or dyes
      selected as optical filter agents are used in conjunction with a
      reflecting agent or agents, the optical filter agents and reflecting
      agents together should possess the optical transmission density necessary
      to protect the photosensitive material for the particular photographic
      process. The optimum concentration of optical filter agent(s) or filter
      agent(s) together with reflecting agent(s) may be readily determined
      empirically for each photographic system.
PAR  While substantially any reflecting agent may be employed for the layer of
      reflecting agent, either preformed or applied as a component of the
      processing composition, it is preferred to select an agent that will not
      interfere with the color integrity of the dye transfer image, as viewed by
      the observer, and, most preferably, an agent which is aesthetically
      pleasing to the viewer and does not provide a background detracting from
      the information content of the image. Particularly desirable reflecting
      agents will be those providing a white background, for viewing the
      transfer image, and specifically those conventionally employed to provide
      background for reflection photographic prints and, especially, those
      agents possessing the optical properties desired for reflection of
      incident radiation.
PAR  As examples of reflecting agents, mention may be made of barium sulfate,
      zinc sulfide, titanium dioxide, barium stearate, silver flake, silicates,
      alumina, zirconium oxide, zirconium acetyl acetate, sodium zirconium
      sulfate, kaolin, mica, and the like.
PAR  Illustrative of the photographic use of the indicator dyes of the present
      invention as optical filter agents, a photographic film unit may be
      prepared by coating, in succession, on a gelatin subbed, 4 mil. opaque
      polyethylene terephthalate film base, the following layers:
PAR  1. a layer of the cyan dye developer
      1,4-bis-(.beta.-[hydroquinonyl-.alpha.-methyl]-ethylamino)-5,8-dihydroxy-a
     nthraquinone dispersed in gelatin and coated at a coverage of about 80
      mgs./ft..sup.2 of dye and about 100 mgs./ft..sup.2 of gelatin;
PAR  2. A red-sensitive gelatino-silver iodobromide emulsion coated at a
      coverage of about 225 mgs./ft..sup.2 of silver and about 50 mgs./ft..sup.2
      of gelatin;
PAR  3. a layer of the acrylic latex sold by Rohm and Haas Co., Philadelphia,
      Pennsylvania, U.S.A., under the trade designation AC-61 and polyacrylamide
      coated at a coverage of about 150 mgs./ft..sup.2 of AC-61 and about 5
      mgs/ft..sup.2 of polyacrylamide;
PAR  4. a layer of the magenta dye developer
      2-(p-[.beta.-hydroquinonylethyl]-phenylazo)-4-isopropoxy-1-naphthol
      dispersed in gelatin and coated at a coverage of 70 mgs./ft..sup.2 of dye
      and about 120 mgs./ft..sup.2 of gelatin;
PAR  5. a green-sensitive gelatino-silver iodobromide emulsion coated at a
      coverage of about 120 mgs./ft..sup.2 of silver and 60 mgs./ft..sup.2 of
      gelatin;
PAR  6. a layer comprising the acrylic latex sold by Rohm and Haas Co. under the
      trade designation B-15 and polyacrylamide coated at a coverage of about
      100 mgs./ft..sup.2 of B-15 and about 10 mgs./ft..sup.2 of polyacrylamide;
PAR  7. a layer of the yellow dye developer
      4-(p-[.beta.-hydroquinonylethyl]-phenylazo)-3-(N-n-hexyl-carboxamido)-1-ph
     enyl-5-pyrazolone and the auxiliary developer 4'-methylphenyl hydroquinone
      dispersed in gelatin and coated at a coverage of about 50 mgs./ft..sup.2
      of dye, about 15 mgs./ft..sup.2 of auxiliary developer and 50
      mgs./ft..sup.2 of gelatin;
PAR  8. a blue-sensitive gelatino-silver iodobromide emulsion coated at a
      coverage of about 75 mgs./ft..sup.2 of silver and about 75 mgs./ft..sup.2
      of gelatin; and
PAR  9. a layer of gelatin coated at a coverage of about 50 mgs./ft..sup.2 of
      gelatin.
PAR  Then a transparent 4 mil. polyethylene terephthalate film base may be
      coated, in succession, with the following illustrative layers:
PAR  1. a 7:3 mixture, by weight, of polyethylene/maleic acid copolymer and
      polyvinyl alcohol at a coverage of about 1400 mgs./ft..sup.2, to provide a
      polymeric acid layer;
PAR  2. a graft copolymer of acrylamide and diacetone acrylamide on a polyvinyl
      alcohol backbone in a molar ratio of 1:3.2:1 at a coverage of about 800
      mgs./ft..sup.2, to provide a polymeric spacer layer; and
PAR  3. a 2:1 mixture, by weight, of polyvinyl alcohol and poly-4-vinylpyridine,
      at a coverage of about 900 mgs./ft..sup.2 and including about 20
      mgs./ft..sup.2 phenyl mercapto tetrazole, to provide a polymeric
      image-receiving layer.
PAR  The two components thus prepared may then be taped together in laminate
      form, at their respective edges, by means of a pressure-sensitive binding
      tape extending around, in contact with, and over the edges of the
      resultant laminate.
PAR  A rupturable container comprising an outer layer of lead foil and an inner
      liner or layer of polyvinyl chloride retaining an aqueous alkaline
      processing solution comprising:
TBL  Water                   100      cc.                                      

     Potassium hydroxide     11.2     gms.                                     

     Hydroxyethyl cellulose (high                                              

     viscosity) [commercially available                                        

     from Hercules Powder Co., Wilmington,                                     

     Delaware, under the trade name                                            

     Natrasol 250]           3.4      gms.                                     

     N-phenethyl-.alpha.-picolinium bromide                                    

                             2.7      gms.                                     

     Benzotriazole           1.15     gms.                                     

     Titanium dioxide        50.0     gms.                                     

      ##SPC6##
PAL  may then be fixedly mounted on the leading edge of each of the laminates,
      by pressure-sensitive tapes interconnecting the respective containers and
      laminates, such that, upon application of compressive pressure to a
      container, its contents may be distributed, upon rupture of the
      container's marginal seal, between the polymeric image-receiving layer and
      next adjacent gelatin layer.
PAR  The photosensitive composite film units may be exposed through step wedges
      to selectively filter radiation incident on the transparent polyethylene
      terephthalate layer and processed by passage of the exposed film units
      through appropriate pressure-applying members, such as suitably gapped,
      opposed rolls, to effect rupture of the container and distribution of its
      contents. During processing, the multicolor dye transfer image formation
      may be viewed through the transparent polyethylene terephthalate layer
      against the titanium dioxide background provided by distribution of the
      pigment containing processing composition between the polymeric
      image-receiving layer and gelatin layer 9 of the photosensitive component.
      The film unit may be exposed to incident light and the formation of the
      image may be viewed upon distribution of the processing composition by
      reason of the protection against incident radiation afforded the
      photosensitive silver halide emulsion layers by the optical filter agents
      and by reason of the effective reflective background afforded by the
      titanium dioxide.
PAR  The spectral absorption characteristics of the indicator dye prepared in
      the above Example graphically illustrated in FIG. 17 of the aforementioned
      copending Application Ser. No. 108,260 which graph represents the optical
      transmission density, i.e., absorbance of the dye measured on a logarithm
      scale over the wavelength range of 350 nm. to 750 nm. in aqueous alkaline
      solution at a pH substantially above its pKa.
PAR  The film unit detailed above is similar to that shown in FIG. 2 and related
      FIGS. 3 and 4 of aforementioned copending U.S. Patent Application Ser. No.
      101,968. The negative component of the film unit including the
      photosensitive strata and associated dye-image-forming material; the
      positive component including the timing, neutralizing and dyeable layers;
      and the processing composition including its components, such as, the
      alkaline material and various addenda are described in detail in
      Application Ser. No. 101,968. For convenience, the specification of this
      application is specifically incorporated herein.
PAR  Besides the above photosensitive element, the dyes of the present invention
      may be employed in composite photosensitive elements, in general, where
      the dyeable stratum along with any associated layers may be contained
      together with the photosensitive strata as a unitary film which may be
      termed an integral negative-positive film unit comprising a negative
      component including the aforementioned essential layers and a positive
      component including at least the dyeable stratum in which the color
      transfer image is to be formed. The essential layers are preferably
      contained on a transparent dimensionally stable layer or support member
      positioned closest to the dyeable stratum so that the resulting transfer
      image is viewable through this transparent layer. Most preferably another
      dimensionally stable layer which may be transparent or opaque is
      positioned on the opposed surface of the essential layers so that the
      aforementioned essential layers are sandwiched or confined between a pair
      of dimensionally stable layers or support members, at least one of which
      is transparent to permit viewing therethrough of a color transfer image
      obtained as a function of development of the exposed film unit in
      accordance with the known color diffusion transfer processes. It will be
      appreciated that all of these film units, like the specific one detailed
      above, may optionally contain other layers performing specific desired
      functions, e.g., spacer layers, pH-reducing layers, etc.
PAR  Examples of such integral negative-positive film units for preparing color
      transfer images viewable without separation are those described and
      claimed in aforementioned U.S. Pat. No. 3,415,644 and in U.S. Pat. Nos.
      3,415,645, 3,415,646, 3,473,925, and 3,573,043.
PAR  In general, the film units of the foregoing description, e.g., those
      described in the aforementioned patents and/or copending applications, are
      exposed to form a developable image and thereafter developed by applying
      the appropriate processing composition to develop exposed silver halide
      and to form, as a function of development, an imagewise distribution of
      diffusible dye image-providing material which is transferred, at least in
      part by diffusion, to the dyeable stratum to impart thereto the desired
      color transfer image, e.g., a positive color transfer image. Common to all
      of these systems is the provision of a reflecting layer between the
      dyeable stratum and the photosensitive strata to mask effectively the
      latter and to provide a background for viewing the color image contained
      in the dyeable stratum, whereby this image is viewable without separation,
      from the other layers or elements of the film unit. As discussed
      previously, in some embodiments this reflecting layer is provided prior to
      photoexposure, e.g., as a preformed layer included in the essential layers
      of the laminar structure comprising the film unit, and in others it is
      provided at some time thereafter, e.g., by including a suitable
      light-reflecting agent, for example, a white pigment, such as, titanium
      dioxide, in the processing composition. As an example of such a preformed
      layer, mention may be made of that disclosed in the copending applications
      of Edwin H. Land, Ser. Nos. 846,441, filed July 31, 1969, and 3,645, filed
      Jan. 19, 1970 and now U.S. Pat. Nos. 3,615,421 and 3,620,724. The
      reflecting pigment may be generated in situ as is disclosed in the
      copending applications of Edwin H. Land, Ser. Nos. 43,741 and 43,742, both
      filed June 5, 1970 and now U.S. Pat. Nos. 3,647,434 and 3,647,435,
      respectively. In a particularly preferred form, such film units are
      employed in conjunction with a rupturable container, such as, that used
      above, containing the processing composition having the light-reflecting
      agent incorporated therein which container is adapted upon application of
      pressure of distributing its contents to develop the exposed film unit and
      to provide the light-reflecting layer.
PAR  As noted previously, the photographic use of the dyes of the present
      invention as optical filter agents to prevent post-exposure fogging of a
      selectively exposed photosensitive material is not limited to diffusion
      transfer processes nor to such processes employing composite
      photosensitive elements. While the use of such dyes in composite
      multicolor diffusion transfer film units is a particularly preferred
      embodiment of the present invention, these dyes may be used with equally
      effective results in any photographic process where it is desired to
      protect a photosensitive material from incident radiation actinic to the
      photosensitive material within the wavelength range capable of being
      absorbed by the dye. For example, the subject dyes may be used in
      conventional tray photographic processing as a component of the processing
      bath, or they may be present in a layer coextensive with one or both
      surfaces of a layer of photosensitive material to be processed using
      conventional tray procedures, provided that they are non-light-absorbing
      prior to photoexposure and also subsequent to developing the latent image
      unless the layer containing the dye is to be removed subsequent to
      processing. In such procedures, the photoexposed photosensitive material
      will, of course, be transferred from the camera to the processing bath in
      the absence of radiation actinic to the material.
PAR  The subject dyes also may be employed in diffusion transfer processes where
      the photosensitive and image-receiving elements are separated subsequent
      to the formation of a transfer image or where a spreader sheet is
      separated from the photosensitive element to reveal a final image in the
      negative. In addition to the composite diffusion transfer structures
      described above, the subject dyes may be used with composite diffusion
      transfer film units where the final image is to be viewed by transmitted
      light. Also they may be used in composite film units specifically adapted,
      for example, for forming a silver transfer image, for developing a
      negative silver image by monobath processing, for obtaining an additive
      color image, and for obtaining a dye image by the silver dye bleach
      process which structures are described in detail in aforementioned
      copending U.S. Application Ser. No. 101,968, particularly with reference
      to FIGS. 10 to 13 of the application's drawings.
PAR  Although the invention has been discussed in detail throughout employing
      dye developers, the preferred image-providing materials, it will be
      readily recognized that other, less preferred, image-providing materials
      may be substituted in replacement of the preferred dye developers in the
      practice of the invention. For example, there may be employed dye
      image-forming materials such as those disclosed in U.S. Pat. Nos.
      2,647,049; 2,661,293; 2,698,244; 2,698,798; 2,802,735; 3,148,062;
      3,227,550; 3,227,551; 3,227,552; 3,227,554; 3,243,294; 3,330,655;
      3,347,671; 3,352,672; 3,364,022; 3,443,939; 3,443,940; 3,443,941;
      3,443,943; etc., wherein color diffusion transfer processes are described
      which employ color coupling techniques comprising, at least in part,
      reacting one or more color devloping agents and one or more color formers
      or couplers to provide a dye transfer image to a superposed
      image-receiving layer and those disclosed in U.S. Pat. Nos. 2,774,668 and
      3,087,817, wherein color diffusion transfer processes are described which
      employ the imagewise differential transfer of complete dyes by the
      mechanisms therein described to provide a transfer dye image to a
      contiguous image-receiving layer, and thus including the employment of
      image-providing materials in whole or in part initially insoluble or
      nondiffusible as disposed in the film unit which diffuse during processing
      as a direct or indirect function of exposure.
PAR  In view of the foregoing, it will be readily apparent that the subject dyes
      are useful generally in photographic processes for producing silver,
      monochromatic and multi-color images using any photosensitive material
      including conventional and direct positive silver halide emulsions.
      Depending upon the selected photosensitive material, one or more of the
      dyes may be used alone or in combination with another optical filter
      agent, such as another light-absorbing dye, which second dye may be
      non-color-changing or another pH sensitive dye. If the selected dye or
      dyes do not possess the desired stability in the processing composition
      for long term storage therein, they may be initially disposed in the film
      structure or stored in a double-compartmented pod or in one of two
      associated pods separate from the processing solution until such time as
      the pod(s) are ruptured whereupon the dyes are admixed with the processing
      solution.
PAR  Since certain changes may be made in the above product and process without
      departing from the scope of the invention herein involved, it is intended
      that all matter contained in the above description or shown in the
      accompanying drawings shall be interpreted as illustrative and not in a
      limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An indicator dye of the formula:
      ##SPC7##
PAL  wherein one of R.sup.1 and R.sup.2 is hydrogen and the other is a
      hydrogen-bonding group forming a 5-, 6- or 7-membered intramolecular
      hydrogen-bonded ring with the adjacent --NH-- and selected from carboxy,
      hydroxy, o-hydroxyphenyl, bis trifluoromethyl carbinol, sulfonamido and
      sulfamoyl; R.sup.4 is hydrogen or alkyl containing 1 to 20 carbon atoms;
      and X represents the carbon atoms necessary to complete a ring-closing
      moiety selected from phthalide and naphthalide.
NUM  2.
PAR  2. An indicator dye as defined in claim 1 wherein R.sup.1 is a
      hydrogen-bonding group and R.sup.2 is hydrogen.
NUM  3.
PAR  3. An indicator dye as defined in claim 2 wherein R.sup.1 is carboxy.
NUM  4.
PAR  4. An indicator dye as defined in claim 1 wherein R.sup.4 is alkyl.
NUM  5.
PAR  5. An indicator dye as defined in claim 1 wherein X represents the atoms
      necessary to complete phthalide.
NUM  6.
PAR  6. 3-(7-carboxyindol-3-yl)-3-(6-methylcarbazol-3-yl)phthalide.
NUM  7.
PAR  7. A compound of the formula:
      ##SPC8##
PAL  wherein R.sup.3 is a group selected from 2-carboxybenzoyl and
      8-carboxynaphthoyl and R.sup.4 is a group selected from hydrogen and alkyl
      containing 1 to 20 carbon atoms.
NUM  8.
PAR  8. A compound as defined in claim 7 wherein R.sup.4 is alkyl.
NUM  9.
PAR  9. A compound as defined in claim 7 wherein R.sup.3 is 2-carboxybenzoyl.
NUM  10.
PAR  10. 3-(2-carboxybenzoyl)-6-methyl-9cyanoethyl-carbazole.
NUM  11.
PAR  11. A method which comprises the steps of
PA1  1. reacting (a) a carbazole of the formula:
      ##SPC9##
PAL  wherein R.sup.4 is selected from hydrogen and alkyl containing 1 to 20
      carbon atoms and (b) acrylonitrile to form the corresponding
      9-cyanoethylcarbazole; and
PA1  2. reacting the last-named compound with a reagent selected from phthalic
      acid, naphthalic acid, phthalic anhydride and naphthalic anhydride in the
      presence of an acid catalyst to form (c) the corresponding
      3-(2-carboxybenzoyl)-9-cyanoethyl carbazole or (d) the corresponding
      3-(8-carboxynaphthoyl)-9-cyanoethylcarbazole.
NUM  12.
PAR  12. A method as defined in claim 11 which includes the step of reacting the
      compound selected from (c) and (d) with an indole in the presence of
      acetic anhydride to form the corresponding 3,3-disubstituted phthalide or
      3,3-disubstituted naphthalide, said indole having the formula
      ##SPC10##
PAL  wherein one of R.sup.1 and R.sup.2 is hydrogen and the other is a
      hydrogen-bonding group forming a 5-, 6- or 7-membered intramolecular
      hydrogen-bonded ring with the adjacent --NH-- and selected from carboxy,
      hydroxy, o-hydroxyphenyl, bis trifluoromethyl carbinol, sulfonamido and
      sulfamoyl.
NUM  13.
PAR  13. A method as defined in claim 12 which includes the additional step of
      removing said 9-cyanoethyl group from the reaction product of an indole
      with said (c) and (d) by treating said reaction product with strong base.
NUM  14.
PAR  14. A method as defined in claim 11 wherein said R.sup.4 of said carbazole
      (a) is alkyl.
NUM  15.
PAR  15. A method as defined in claim 11 wherein said reagent is phthalic
      anhydride.
NUM  16.
PAR  16. A method as defined in claim 12 wherein said carbazole (a) is
      6-methylcarbazole and said reagent is phthalic anhydride.
NUM  17.
PAR  17. A method as defined in claim 16 wherein said R.sup.1 is a
      hydrogen-bonding group and said R.sup.2 is hydrogen.
NUM  18.
PAR  18. A method as defined in claim 17 wherein said indole is 7-carboxyindole.
NUM  19.
PAR  19. A method as defined in claim 13 wherein said base is
      potassium-t-butoxide.
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ABST
PAL  A method is provided for making a variety of N,N'-methylene bismaleimides
      by introducing boron trifluoride into a maleimide mixture containing
      either paraformaldehyde or methanol maleimide. The N,N'-methylene
      bismaleimides made by the subject method can be symmetrical or
      unsymmetrical and are useful for making polyimides.
PARN
PAR  This is a division, of application Ser. No. 246,287, filed Apr. 21, 1972
      now U.S. Pat. No. 3,833,609.
BSUM
PAR  The present invention relates to a method for making N,N'-methylene
      bismaleimides and products made therefrom. More particularly, the present
      invention relates to the use of a boron trifluoride as a catalyst in a
      maleimide mixture of paraformaldehyde or a N-methanol maleimide.
PAR  The maleimides provided by the present invention are selected from the
      class consisting of symmetrical N,N'-methylene bismaleimides of the
      formula,
      ##SPC1##
PAL  And unsymmetrical N,N'-methylene bismaleimides,
      ##SPC2##
PAL  Where R, R.sup.1, R.sup.2 and R.sup.3 are the same or different monovalent
      radicals selected from the class consisting of hydrogen, monovalent
      hydrocarbon radicals, and halogen radicals.
PAR  Radicals included by R-R.sup.3 are for example, hydrogen, aryl radicals,
      such as tolyl, xylyl, naphthyl, etc.; alkyl radicals such as methyl,
      ethyl, propyl, butyl, pentyl, hexyl, etc.; cycloaliphatic radicals such
      as, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, etc.; halogen
      radicals, such as bromo, chloro, iodo, fluoro, etc.
PAR  There is also provided by the present invention, a method which comprises,
      (1) passing boron trifluoride into a maleimide mixture selected from,
PAR  A. A MIXTURE OF FORMALDEHYDE, AND ABOUT TWO MOLES, PER MOLE OF FORMALDEHYDE
      OF A MALEIMIDE OF THE FORMULA,
      ##SPC3##
PAR  B. A MIXTURE OF SUBSTANTIALLY EQUAL MOLES OF SAID MALEIMIDE OF (A) AND AN
      N-methanolmaleimide of the formula,
      ##SPC4##
PAL  And (2) recovering an N,N'-methylene bismaleimide from the mixture of (1),
      where R, R.sup.1, R.sup.2 and R.sup.3 are as previously defined.
PAR  Included by the symmetrical bismaleimides of formula 1 are for example,
      N,N'-methylenebisdichloromaleimide, N,N'-methylenebiscitraconimide,
      N,N'-methylbenebischloromaleimide. There are included by the unsymmetrical
      bismaleimides of formula 2, N-(citraconimidomethyl)maleimide,
      N-(maleimidomethyl)chloromaleimide, N-(citraconimidomethyl)
      dichloromaleimide.
PAR  In the practice of the invention, the symmetrical bismaleimides of formula
      1 can be prepared by initially dissolving maleimide in an organic solvent,
      such as for example, methylene chloride, chloroform, etc., and adding
      paraformaldehyde to the resulting solution in an effective amount. An
      effective amount of paraformaldehyde is any amount which is at least
      sufficient to provide one half mole of formaldehyde, per mole of
      maleimide. Boron trifluoride is then introduced into the mixture at a rate
      which does not allow for any excess to escape from the reaction mixture.
      As soon as the mixture is saturated with boron trifluoride, excess solvent
      can be decanted from the mixture, followed by the addition of a solvent,
      such as methanol to effect the precipitation of product. Recovery of the
      product and its purification can be effected by standard techniques, such
      as by filtration, recrystallization in boiling aliphatic alcohol, etc.
PAR  Alternatively, if it is desired to make unsymmetrical methylene
      bismaleimide, boron trifluoride can be introduced into an organic solvent
      solution of substantially equal molar amounts of the maleimide and the
      methanol maleimide. The precipitation and the recovery of the resulting
      methylene bismaleimide can then proceed in accordance with the previously
      described procedure.
PAR  During the introduction of the boron trifluoride to the above described
      mixture, stirring or agitation by other known means can be employed to
      facilitate the interaction of the various ingredients of the mixture.
      Temperatures in the range of between 0.degree.C to 60.degree.C can be
      employed. It has been found that an exothermic reaction results upon the
      introduction of boron trifluoride, which can require the use of an
      external cooling means, such as an ice bath.
PAR  It has been found that the final product is generally a crystalline
      material, which has a relatively sharp melting point. However, in
      instances where unsymmetrical methylene bismaleimides are made, a mixture
      of up to 3 methylene bismaleimides can occur, which may interfere with the
      recovery of a pure compound. Resolution of the mixture can be facilitated
      by the use of such analytical means as chromotography, etc.
PAR  The methylene bismaleimides of the present invention can be employed in
      combination with other reagents, such as arylene diamines or polyalkylene
      diamines to make a variety of polyimides, such as shown by Kovacic U.S.
      Pat. No. 2,818,405 and Grundschober et al. U.S. Pat. No. 3,380,964 and
      Sambeth et al. U.S. Pat. No. 3,406,148 etc.
PAR  In order that those skilled in the art will be better able to practice the
      invention, the following examples are given by way of illustration and not
      by way of limitation. All parts are by weight.
DETD
PAC  EXAMPLE 1
PAR  Boron trifluoride was introduced into a mixture of 9.71 parts of maleimide,
      12.7 parts of N-methanol maleimide and about 500 parts of methylene
      chloride, while the resulting mixture was stirred. The mixture became
      exothermic and an ice bath was applied to maintain the temperature of the
      mixture below about 30.degree.C. Boron trifluoride was introduced at a
      rate so little or no excess escaped from the reaction mixture. There was
      obtained a gummy precipitate. The methylene chloride was then decanted
      from the mixture and there was added to the resulting product, about 100
      parts of methanol with cooling. There was obtained 15 parts of a white
      solid. It was recrystallized from about 250 parts of boiling aqueous ethyl
      alcohol to produce a crystalline product having a faint yellow color and a
      melting point of 171.degree.C. Based on method of preparation the product
      was N,N'-bismaleimide.
PAR  When equal molar amounts of N,N'-methylenebismaleimide and methylene
      dianiline heated together as a 10 percent solution in dimethylformamide at
      150.degree.-155.degree. for three hours, a powdered resin was formed which
      was precipitated by addition of the reaction mixture in methyl alcohol.
      Upon fusing the powdered resin at 350.degree.C, it was found to form a
      film having good dielectric properties.
PAC  EXAMPLE 2
PAR  Boron trifluoride was passed into a mixture of 19.4 parts of maleimide, and
      3 parts of paraformaldehyde dissolved in about 500 parts of methylene
      chloride. When the mixture was saturated with boron trifluoride, as shown
      by the tendency for it to escape from the surface, there was obtained a
      gummy precipitate following the procedure of Example 1. Fifteen parts of a
      crystalline product was obtained from the mixture having about the same
      melting point. Based on method of preparation, the product was
      N,N'-methylene bismaleimide.
PAC  EXAMPLE 3
PAR  Boron trifluoride was slowly passed into a mixture of 0.2 parts of
      citraconimide and 0.03 parts of paraformaldehyde dissolved in about 5
      parts of methylene chloride. After the mixture had been saturated with
      boron trifluoride, the methylene chloride was decanted yielding a gummy
      product. The gummy product was recrystallized from methanol and a
      crystalline material was obtained. Based on method of preparation, the
      crystalline product was N,N'-methylene biscitraconimide having the
      formula,
      ##EQU1##
PAR  A mixture of about 25 parts of polyisoprene diamine, 0.176 parts of
      diethylene triamine and about 4 parts of N,N'-methylene biscitraconimide
      is milled and cast into a thin film. The film is cured at about
      150.degree.C for 15 minutes. An elastomer is obtained exhibiting valuable
      insulating properties.
PAC  EXAMPLE 4
PAR  Boron trifluoride was slowly introduced into a mixture of 0.13 part of
      N-methanol maleimide and 0.11 part of citraconimide in about 5 parts of
      methylene chloride. Following the procedure of Example 3, there was
      obtained a crude crystalline material. Based on method of preparation, the
      product was N(N'-maleimidomethyl)citraconimide.
PAR  Although the above examples are limited to only a few of the very many
      N,N'-methylene bismaleimides which can be made in the practice of the
      present invention, it should be understood that the present invention is
      directed to a much broader class of both symmetrical N,N'-bismaleimides of
      formula 1, and unsymmetrical N,N'-bismaleimides of formula 2.
CLMS
STM  What I claim as new and desire to secure by Letter Patent of the United
      States is:
NUM  1.
PAR  1. A method which comprises, (1) saturating with boron trifluoride at
      temperature of from 0.degree.C to 60.degree.C a maleimide mixture selected
      from
PA1  a. a mixture of formaldehyde, an organic solvent and about two moles, per
      mole of formaldehyde of a maleimide of the formula,
      ##EQU2##
      b. A mixture of substantially equal moles of said maleimide of (a) and an
      N-methanolmaleimide of the formula,
      ##EQU3##
      in the presence of an organic solvent, and
NUM  2.
PAR  2. recovering an N,N'-methylene bismaleimide from the mixture of (1), where
      R, R.sup.1, R.sup.2 and R.sup.3 are the same or different monovalent
      radicals selected from the class consisting of hydrogen, methyl, ethyl,
      propyl, butyl, pentyl, hexyl, cyclobutyl, cyclopentyl, cyclohexyl,
PAR   cycloheptyl, and halogen. 2. A method in accordance with claim 1, where
      there is employed maleimide mixture (a).
NUM  3.
PAR  3. A method in accordance with claim 1, where there is employed maleimide
      mixture (b).
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ABST
PAL  There is provided a process for the manufacture of
      2-(4-chloro-2-methylphenyl)imino-1,3-dithietane which involves the
      reaction of a dithiocarbamate salt with a methylene halide in the presence
      of a base and a sulfide ion in the presence of a ketone solvent to obtain
      high yields and purity of said
      2-(4-chloro-2-methylphenyl)imino-1,3-dithietane.
BSUM
PAR  The present invention relates to an improved process for the manufacture of
      2-(4-chloro-2-methylphenyl)imino-1,3-dithietane in high yield and purity.
      More particularly, it relates to a process involving the use of a ketonic
      solvent in the preparation of
      2-(4-chloro-2-methylphenyl)imino-1,3-dithietane.
PAR  In general, the overall process of the invention can be graphically
      illustrated by the reaction:
      ##SPC1##
PAL  Where A.sup.+ is a tertiary alkylated (C.sub.1 -C.sub.4) ammonium ion such
      as trimethyl ammonium; X is a halide, such as bromide or iodide;
      Base.sub.1 is an alkali metal hydroxide, carbonate or bicarbonate, such as
      sodium hydroxide, potassium hydroxide, sodium carbonate, or sodium
      bicarbonate, or a tertiary alkylamine, such as trimethylamine or
      triethylamine. Advantageously the reactant,
      4-chloro-2-methylphenyldithiocarbamate salt, can readily be prepared by
      admixing a base with carbon disulfide and 4-chloro-2-methylaniline
      according to the overall reaction as follows:
      ##SPC2##
PAL  Where Base.sub.2 may be ammonia or an amine, and A.sup.+ is, therefore, an
      ammonium or tertiary alkyl (C.sub.1 -C.sub.4)-substituted ammonium ion,
      preferably trimethylammonium. Although it is preferable to employ pure
      4-chloro-2-methylaniline as the starting material in this reaction,
      mixtures of anilines which are obtained by the chlorination of
      2-methylaniline can be utilized to prepare pure
      4-chloro-2-methyl-phenyldithiocarbamate.
PAR  According to the process of this invention, the overall reaction is carried
      out in a ketonic solvent, such as acetone, methyl ethyl ketone, methyl
      n-butyl ketone, methyl isobutyl ketone, cyclohexanone or aqueous mixtures
      thereof, at a temperature ranging between 0.degree. and 35.degree.C. in
      the presence of a source of sulfide ion derived from ammonium sulfide,
      sodium sulfide, potassium sulfide, sodium hydrosulfide, or hydrogen
      sulfide. In practice, the process is preferably carried out in aqueous
      acetone at temperatures ranging between 10.degree.C. and 30.degree.C. by
      reacting 1 mole of trialkylammonium-4-chloro-2-methylphenyldithiocarbamate
      with from 1 to 3 moles of methylene bromide, in the presence of about 1
      mole of sodium hydroxide or an equivalent thereof and from about 0.25 to
      0.5 mole of aqueous ammonium sulfide ion. The sulfide can be added to the
      reaction mixture prior to, or subsequent to, the addition of the
      4-chloro-2-methylphenyl dithiocarbamate salt. However, to optimize the
      yield of desired dithietane product, it is preferred to incorporate the
      ammonium sulfide prior to the addition of the
      4-chloro-2-methylphenyldithiocarbamate salt. The addition of the said
      dithiocarbamate salt to the reaction mixture can be made portionwise over
      a period of time, but it is preferable to add it as rapidly as possible.
PAR  The resultant 2-(4-chloro-2-methylphenyl)imino-1,3-dithietane can be
      purified by treating the mixture with 1:1.5 equivalents of concentrated
      hydrochloric acid. The hydrochloride salt is precipitated, then filtered
      off and washed with an appropriate solvent such as acetone, methyl, ethyl
      ketone or ethylene chloride. It can then be hydrolyzed by either (a)
      slurrying with a mixture of water and an organic solvent which is water
      immiscible, and stirring until all the solids therein have dissolved,
      followed by separation and evaporation of the organic phase, or (b)
      slurrying in warm water, and neutralizing with a base such as aqueous
      ammonia to the end point, and mechanically separating the resulting
      2-(4-chloro-2-methylphenyl)imino-1,3-dithietane.
PAR  The compound prepared by the process of thisinvention has utility as an
      ovicidal and larvicidal agent for insects and Acarina. It may also be
      employed as a chemosterilant for Ixodides. Moreover it has been found to
      suppress the fecundity in Ixodides.
PAR  In practice the compound prepared in accordance with the process of the
      present invention will generally be used in combination with conventional
      solid or liquid adjuvants and formulation aids. It may be formulated as a
      dust, dust concentrates, wettable powders, emulsifiable concentrates or
      the like and applied to the locus or habitat of the insects and/or Acarina
      sought to be controlled.
PAR  Solid formulations, such as a dust or dust concentrate, can be prepared by
      grinding the active ingredient together with an inert solid diluent such
      as attapulgite, kaolin, walnut shell flour, or diatomaceous earth. Where,
      as in the present invention, the active ingredient is liquid, the
      formulation may be prepared by spraying said active ingredient on the
      carrier and thoroughly mixing it with the carrier. The active ingredient
      may also be dissolved in a solvent such as acetone, lower alcohols,
      benzene, xylene, toluene, or the like and then sprayed as a dilute
      solution on the solid carrier. Dusts usually contain from 1% to 15% by
      weight of active ingredient, whereas concentrates may contain from about
      16% to 85% by weight of the active material.
PAR  Wettable powders are prepared in the same fashion as dust concentrates,
      excepting that about 5% to 10% by weight of a surfactant is also added.
      The wettable powder is then generally dispersed in water or other suitable
      diluent for application as a dilute liquid dispersion to the plant, animal
      or locus where insect or Acarina control is desired. Such liquid
      formulations may also be used as a dip for animals.
PAR  The compounds prepared by the process of this invention may also be
      formulated as an emulsifiable concentrate by dissolving or dispersing
      about 10% to 75% by weight of the active compound in a suitable solvent or
      carrier such as a petroleum distillate having a minimum aromatic content
      of 85% and admixing therewith about 10% by weight of an emulsifier, such
      polyoxyethylene derivatives and blends with alkyl arylsulfonates. These
      concentrates may generally, be dispersed in water or other suitable
      solvent for application as liquid sprays or animal dips.
PAR  The invention may be further understood by referring to the examples set
      forth below which are to be taken merely as illustrative and not by way of
      limitation. Unless otherwise indicated, all parts and percentages employed
      herein are by weight.
DETD
PAC  EXAMPLE 1
PAC  Preparation of trimethylammonium 4-chloro-2-methylphenyl dithiocarbamate
PAR  To a stirred solution of 56.6 g. (0.40 mole) of 4-chloro-2-methylaniline,
      103.2 g. (0.48 mole) of 27.5% aqueous trimethylamine and 28 ml. of acetone
      at 25.degree.C. is added dropwise 34.4 g. (0.44 mole) of carbon disulfide.
      The reaction mixture is stirred for 1 hour upon completion of the addition
      of the carbon disulfide and then filtered. The resulting solid is washed
      with 75 ml. of ethyl acetate and air dried to obtain 106 g. (95.9% yield)
      of trimethylammonium 4-chloro-2-methyphenyl dithiocarbamate.
PAR  Substituting triethylamine for trimethylamine, in the above procedure,
      there is obtained triethylammonium 4-chloro-2-methylphenyl dithiocarbamate
      in similarly good yield.
PAC  EXAMPLE 2
PAC  Preparation of trimethylammonium 4-chloro-2-methylphenyldithiocarbamate
      from mixed chlorinated 2-methylanilines
PAR  To a 250-ml round-bottom flask equipped with a stirrer, thermometer and
      addition funnel is added at 25.degree.C. 68.2 g. (0.23 mole) of 20.8%
      aqueous trimethylamine, 28 ml. of acetone, and 28.3 g. of crude
      chlorinated 2-methylaniline, which by analysis contains 1.5% o-toluidine,
      10.4% 6-chloro-2-methylaniline, 75.1% 4-chloro-2-methylaniline, 6.4%
      4,6-dichloro-2-methylaniline and 0.7% unknown material. To the reaction
      mixture is added dropwise 16.7 g. (0.21 mole) of carbon disulfide and the
      temperature is allowed to rise to a maximum of 35.degree.C. Following the
      addition of the carbon disulfide, the addition funnel is rinsed with 10
      ml. of acetone and the acetone rinsing is added to the reaction mixture.
PAR  The reaction mixture is then stirred for 2 hours at ambient temperature and
      then cooled to 20.degree.C. The precipitate is then separated by
      filtration and washed with 75 ml. of acetone to obtain 37.10 g. of product
      which is identified by thin-layer chromatography as 95.5% pure
      trimethylammonium 4-chloro-2-methylphenyldithiocarbamate. The yield is
      89.4%, based on starting 4-chloro-2-methylaniline.
PAC  EXAMPLE 3
PAC  Preparation of 2-(4-chloro-2-methylphenyl)imino-1,3-dithietane by the
      portionwise addition of ammonium sulfide to an acetone mixture containing
      trimethylammonium 4-chloro-2-methylphenyldithiocarbamate
PAR  To a solution of 4.0 g. (0.1 mole) of sodium hydroxide, 17.45 g. (0.1 mole)
      of methylene bromide in 28 ml. of acetone cooled to 5.degree.C. is added
      32.0 g. (0.1 mole) of triethylammonium
      4-chloro-2-methylphenyldithiocarbamate over a period of 15 minutes. After
      stirring the reaction mixture at 0.degree.-5.degree.C. for 5 minutes the
      cooling bath is removed and the temperature of the reaction mixture is
      allowed to rise to reach 25.degree.C.-30.degree.C. After stirring at
      25.degree.C.-30.degree.C. for 2.5 hours, the reaction mixture is cooled in
      an ice bath to 10.degree.C. and 8 g. (0.026 mole) of a 22.5% aqueous
      solution of ammonium sulfide is added to the reaction mixture. About 20
      minutes after the addition of the ammonium sulfide solution is completed,
      8.73 g. (0.05 mole) of methylene bromide is added to the reaction mixture.
PAR  The addition of ammonium sulfide and methylene bromide to the reaction
      mixture is repeated, employing 7 ml. of 22.5% aqueous ammonium sulfide and
      8.73 g. (0.05 mole) of methylene bromide. The reaction mixture is then
      stirred until a total of 5 hours has elapsed since the start of the
      reaction.
PAR  The reaction mixture is filtered and the filtrate is concentrated to obtain
      a crude solid product. The product is extracted four times with 75-ml.
      portions of benzene and the benzene extract is filtered and concentrated
      to obtain 27.2 g. of reaction product which is identified by thin-layer
      chromatography to consist of 73% of the desired product. The yield of the
      desired product is 86.6%.
PAC  EXAMPLE 4
PAC  Preparation of 2(4-chloro-2-methylphenyl)imino-1,3-dithietane by one
      portion addition of ammonium sulfide to a ketone mixture containing
      trimethylammonium 4-chloro-2-methylphenyldithiocarbamate
PAR  To a mixture of 100 ml. of methylisobutyl ketone and 8.0 g. of NaOH at
      15.degree.C. is added 28 ml. of methylene iodide. While stirring rapidly
      and with the reaction temperature at 15.degree.C., 55.3 g. (0.2 mole) of
      trimethylammonium 4-chloro-2-methylphenyldithiocarbamate is added to the
      reaction mixture over a period of 2 hours while controlling the reaction
      exotherm with an ice bath. Immediately after the completion of the
      addition of the trimethylammonium 4-chloro-2-methylphenyldithiocarbamate
      is completed, 32 g. (0.1 mole) of a 22% aqueous solution of ammonium
      sulfide is added dropwise to the reaction mixture while maintaining the
      temperature of the reaction mixture at 15.degree.C. After the exotherm
      ceases, the reaction mixture is stirred at room temperature for 2 hours.
PAR  The lower layer is then separated, and washed with 25 ml. of methyl
      isobutyl ketone. The combined ketone solutions are then diluted further
      with 400 ml. of acetone and the acetone solution is treated dropwise with
      27 ml. of concentrated hydrochloric acid while stirring rapidly. The
      resulting slurry is cooled in an ice bath for an additional 15 minutes,
      then filtered. The resulting solid is air dried and hydrolyzed by stirring
      with a mixture of 400 ml. of water and 300 ml. of benzene. The benzene
      layer is separated and dried over anhydrous magnesium sulfate. After
      removing the magnesium sulfate by filtration, the filtrate is concentrated
      to obtain 36.4 g. (79.2% yield) of
      2-(4-chloro-2-methylphenyl)imino-1,3-dithietane.
PAC  EXAMPLE 5
PAC  Preparation of 2-(4-chloro-2-methylphenyl)iminodithietane by one portion
      addition of ammonium sulfide to the reaction mixture immediately before
      the addition of trimethylammonium 4-chloro-2-methylphenyldithiocarbamate
PAR  To 50 ml. of acetone, 4.0 g. (0.1 mole) of sodium hydroxide pels and 14 ml.
      (0.2 mole) of methylene bromide is added 16.0 g. (0.05 mole) of a 21.2%
      aqueous solution of ammonium sulfide while stirring the reaction mixture
      rapidly at 20.degree.C. Immediately after the addition of the ammonium
      sulfide solution is completed, 27.7 g. (0.10 mole) of trimethylammonium
      4-chloro-2-methylphenyldithiocarbamate is added to the reaction mixture
      over a period of 15 minutes. The temperature of the reaction mixture is
      then held between 20.degree. and 25.degree.C. for a period of 4 hours.
PAR  The reaction mixture is then poured into 300 ml. of water and the organic
      phase is separated. The aqueous phase is washed with 3 .times. 30 ml. of
      methylene chloride and all of the organic phases are then combined. After
      drying the organic phases over anhydrous magnesium sulfate, the solution
      is filtered and the filtrate is concentrated to obtain 26.1 g. of crude
      product.
PAR  The crude product is dissolved in 250 ml. of acetone and treated with 14.0
      ml. of concentrated hydrochloric acid while stirring rapidly. The
      resulting slurry is filtered and the product is dried to obtain 22.81 g.
      (85.7% yield) of 2-(4-chloro-2-methylphenyl)imino-1,3-dithietane
      hydrochloride.
PAC  EXAMPLE 6
PAC  Preparation of 2-(4-chloro-2-methylphenyl)imino-1,3-dithietane by a process
      wherein all of the ammonium sulfide is added before the addition of
      trimethylammonium 4-chloro-2-methylphenyldithiocarbamate and wherein the
      latter is subsequently added portionwise at 30-minute intervals
PAR  To a stirred mixture of 8.0 g. (0.2 mole) of sodium hydroxide pels in 300
      ml. of acetone at 10.degree.C. is added 32.0 g. (0.1 mole) of 21% aqueous
      ammonium sulfide solution and 28 ml. (0.4 mole) of methylene bromide. The
      temperature is allowed to reach 15.degree.C. and then an amount of 55.3 g.
      (0.2 mole) of trimethylammonium 4-chloro-2-methylphenyldithiocarbamate is
      added in portions of 16.3 g., 13 g., and 13 g. at one-half hour intervals.
      After the addition of the dithiocarbamate salt is completed, the reaction
      is stirred at room temperature for 2 hours.
PAR  The two-phase reaction mixture is split and the aqueous phase is washed
      with 20 ml. of acetone. The acetone solutions are then combined and placed
      in the reaction vessel, diluted with 400 ml. of additional acetone and
      treated with 27 ml. (0.32 mole) of concentrated hydrochloric acid to
      precipitate a white solid. The resulting slurry is stirred for 15 minutes
      at 15.degree.C. and filtered to yield 52.25g. of crude
      2-(4-chloro-2-methyl)imino-1,3-dithietane hydrochloride.
PAR  The hydrochloride salt is stirred in a mixture of 400 ml. of water, 400 ml.
      of benzene and 10 ml. of concentrated ammonium hydroxide for 45 minutes.
      The resulting solution is filtered and the organic layer is separated.
      After drying and removing the solvent, there is obtained 36.44 g. (95%
      real; 75.3% yield) of 2-(4-chloro-2-methylphenyl)imino-1,3-dithietane.
PAC  EXAMPLE 7
PAC  Preparation of 2-(4-chloro-2-methylphenyl)imino-1,3-dithietane by a process
      wherein sodium sulfide solution is added portionwise after the addition of
      triethylammonium 4-chloro-2-methylphenyldithiocarbamate
PAR  A mixture of 7 ml. (0.10 mole) of methylene bromide, 10.1 g. (0.10 mole) of
      triethylamine and 28 ml. of acetone is cooled to 5.degree.C. and 32.0 g.
      (0.1 mole) of triethylammonium 4-chloro-2-methylphenyldithiocarbamate is
      added over a period of 15 minutes. The temperature of the solution is
      allowed to rise to 20.degree.-25.degree.C. and the solution is stirred for
      1.5 hours and then cooled to 15.degree.C. and 9.0 g. of sodium sulfide is
      added. Stirring is continued for one-half hour at 15.degree.C., whereupon
      7 ml. (0.10 mole) of methylene bromide is added to the reaction mixture.
      After stirring for one hour, there are added 9 g. of sodium sulfate and 7
      ml. of methylene bromide to the reaction mixture. The solution is stirred
      until the total reaction time of initiation is 5.5 hours. Work-up of the
      of organic phase of the reaction mixture gives 23.3 g. of crude product
      which is converted to 20.5 g. (77.4% yield) of
      2-(4-chloro-2-methylphenyl)-imino-1,3-dithietane hydrochloride by
      treatment with hydrochloric acid.
PAC  EXAMPLE 8
PAC  Preparation of 2-(4-chloro-2-methylphenyl)imino-1,3-dithietane by a process
      wherein trimethylammonium 4-chloro-2-methylphenyldithiocarbamate is added
      portionwise to a reaction mixture containing ammonium sulfide
PAR  To a rapidly stirred mixture of 10.2 g. (0.25 mole) of sodium hydroxide in
      50 ml. of acetone at 10.degree.C. is added sequentially 14.2 g. (0.05
      mole) of a 24% aqueous solution of ammonium sulfide and 14 ml. (0.20 mole)
      of methylene bromide. Immediately thereafter 27.7 g. (0.10 mole) of
      trimethylammonium 4-chloro-2-methylphenyldithiocarbamate is added to the
      reaction mixture portionwise over a 15-minute period. The reaction
      temperature is maintained at 15.degree.C. throughout the period of the
      addition of the salt. After the addition is completed, the temperature is
      allowed to rise to 25.degree.C.-30.degree.C. and the mixture is stirred
      for 2.5 hours.
PAR  An amount of 50 ml. of water and 100 ml. of cyclohexane is added to the
      reaction mixture and the temperature is then increased to 50.degree.C.
      while the mixture is rapidly stirred for 1 hour. The reaction mixture is
      cooled and filtered and the organic phase is separated and washed with 2
      .times. 100-ml. portions of dilute aqeuous hydrochloric acid solution
      (0.4N). The organic phase is then washed with 2 .times. 100-ml. portions
      of water and dried over anhydrous magnesium sulfate. After filtering to
      separate the drying agent and concentrating the filtrate, there is
      obtained 19.22 g. of a crude oil (93.4% real; 78.2% overall yield) of
      2-(4-chloro-2-methylphenyl)imino-1,3-dithietane.
PAC  EXAMPLE 9
PAC  Preparation of 2-(4-chloro-2-methylphenyl)imino-1,3-dithietane by a process
      wherein the ammonium sulfide solution is added to the reaction mixture
      after the addition of trimethylammonium
      4-chloro-2-methylphenyldithiocarbamate
PAR  To a mixture of 100 ml. of acetone, 8.0 g. (0.20 mole) of sodium hydroxide
      pels, and 28 ml. (0.40 mole) of methylene bromide at 10.degree.C. is added
      26.5 g. of trimethylammonium-4-chloro-2-methylphenyldithiocarbamate. The
      salt is added over a 1-hour period while the temperature is maintained
      between 15.degree.C.-20.degree.C. After completion of the addition of the
      salt, 32 g. of 24% aqueous solution of ammonium sulfide (7.7 g. real; 0.11
      mole) is added to the reaction mixture over a 10-minute period at
      15.degree.C. The resulting reaction mixture is then stirred for 4 hours at
      25.degree.C.
PAR  The reaction mixture is then poured into a separatory funnel and the lower
      aqeuous layer is separated. The aqueous layer is washed twice with 100
      mls. of acetone and the acetone washings are combined with the organic
      phase.
PAR  The combined acetone solutions are diluted to 500 ml. with additional
      acetone and the temperature is increased to 55.degree.C. While the
      temperature is maintained at 55.degree.C., 28 ml. (0.33 mole) of
      concentrated hydrochloric acid is added dropwise to the reaction mixture
      to precipitate a white solid. The resulting slurry is stirred at
      55.degree.C. for 20 minutes and filtered to obtain 64 g. of crude
      2-(4-chloro-2-methylphenyl)imino-1,3-dithietane hydrochloride.
PAR  The hydrochloride salt is added to a 3-neck flask equipped with a condenser
      and stirrer, and containing 92 ml. of toluene and 230 ml. of water. While
      stirring the contents rapidly, the temperature of the mixture is increased
      to reflux and held at reflux for 30 minutes. The resulting solution is
      cooled to 25.degree.C. and separated. The aqueous layer is then separated
      from the organic layer and back-extracted with toluene. The toluene
      extracts are combined with the organic phase and concentrated to obtain
      37.6 g. (97% real; 79.4% yield) of
      2-(4-chloro-2-methylphenyl)imino-1,3-dithietane.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for preparing a compound of the formula:
      ##SPC3##
PAL  which comprises the steps of: reacting at a temperature ranging from
      0.degree.C. to 35.degree.C. 1 mole of (a) a compound of the formula:
      ##SPC4##
PAL  wherein A.sup.+ represents a member selected from the group consisting of a
      tertiary alkyl (C.sub.1 -C.sub.4)-substituted ammonium ion and (b) with
      from 1.0 to 3.0 molar equivalents of a methylene halide, in the presence
      of an inorganic or organic base and a sulfide ion having the formula:
      Ha'SM.sub.(2.sub.-a.sub.'), wherein a' represents an integer selected from
      the group consisting of 0, 1 and 2; M represents a member selected from
      the group consisting of alkali metal, ammonium and primary, secondary, and
      a tertiary alkyl (C.sub.1 -C.sub.4)-substituted quaternary ammonium ion;
      in a (C.sub.3 -C.sub.6) ketonic solvent selected from the group consisting
      of acetone, methyl ethyl ketone, methyl propyl ketone, methyl isopropyl
      ketone, methyl n-butyl ketone, methyl isobutyl ketone, cyclohexanone and
      mixtures of water and said (C.sub.3 -C.sub.6) ketonic solvent, and
NUM  2.
PAR  2. A method according to claim 1 wherein the methylene halide is selected
NUM  3.
PAR  3. A method according to claim 1 wherein the said sulfide ion is selected
      from the group consisting of ammonium sulfide, sodium sulfide, potassium
      sulfide, sodium hydrosulfide, potassium hydrosulfide and hydrogen sulfide.
NUM  4.
PAR  4. A method according to claim 1 wherein the base is selected from the
      group consisting of an alkali metal hydroxide, an alkali metal carbonate,
      an alkali metal bicarbonate, ammonia and an alkyl (C.sub.1 -C.sub.4)
NUM  5.
PAR  5. A method according to claim 1 wherein the reaction is carried out at a
NUM  6.
PAR  6. A method according to claim 1 wherein the number of equivalents of base
      relative to sulfide ion is from 1 to 2 times the equivalents of hydrogen
NUM  7.
NUM  8.
PAR  8. A method according to claim 3 wherein the methylene halide is methylene
      bromide and from 1.0 to 3.0 moles of methylene bromide per mole of
      compound of the formula:
      ##SPC5##
NUM  9.
PAR  9. A method according to claim 4 wherein the sulfide is ammonium sulfide.
NUM  10.
PAR  10. A method according to claim 1 wherein the base is sodium hydroxide.
NUM  11.
NUM  12.
PAR  12. A method according to claim 1 wherein the solvent is methyl ethyl
NUM  13.
PAR  13. A method according to claim 1 wherein the solvent is methyl isobutyl
      ketone.
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PAL  Nitrated derivatives of N-methylphthalimide can be obtained by contacting
      N-methylphthalimide dissolved in concentrated sulfuric acid with
      concentrated nitric acid at a temperature from about
      60.degree.-80.degree.C., and thereafter extracting the formed nitro
      derivatives with methylene chloride.
BSUM
PAC  PROCESS FOR MAKING N-METHYL NITROPHTHALIMIDES
PAR  This invention is concerned with a process for making nitrated derivatives
      of N-methylphthalimide. More particularly, the invention is concerned with
      a process for making nitro N-methylphthalimides of the formula
      ##SPC1##
PAL  Which comprises forming a solution of N-methylphthalimide in a solvent
      composed of at least 98%, e.g., 98 to 103% sulfuric acid, contacting the
      said solution with 98 to 100% nitric acid within a temperature range of
      from 60.degree. to 80.degree.C., and extracting the nitrated products with
      methylene chloride to obtain the desired nitro derivatives of
      N-methylphthalimide.
PAR  N-methyl-3-nitrophthalimide and N-methyl-4-nitrophthalimide are employed in
      the preparation of polymers having good heat resistance. More
      particularly, these nitrophthalimides are first reacted with the
      dialkali-metal salt of bisphenol-A [(2,2-bis-4-hydroxyphenyl)propane] to
      form a derivative having the formula
      ##SPC2##
PAL  Thereafter the bisimide of formula II can be treated with aqueous sodium
      hydroxide and water to form the corresponding tetracarboxylic acid having
      the formula
      ##SPC3##
PAR  By suitable treatment of the tetra-acid with, for instance, glacial acetic
      acid and acetic anhydride, one can obtain the corresponding dianhydride,
      for instance, 2,2-bis[4-(3,4-dicarboxyphenoxy)phenyl]propane dianhydride.
      These dianhydrides can then be reacted with organic diamines for example,
      4,4'-diaminodiphenylmethane, m-phenylene diamine,
      4,4'-diaminodiphenyloxide, etc., to give polymers having extremely good
      high-temperature properties. Polyetherimide polymers derived in the above
      manner are more particularly disclosed and claimed in the copending
      application of Darrell R. Heath and Joseph G. Wirth in Ser. No. 319,327,
      filed Dec. 29, 1972 (now U.S. Pat. No. 3,847,867 issued Nov. 12, 1974),
      which in turn is a continuation-in-part of application Ser. No. 108,151 of
      the same applicants filed Jan. 20, 1971 (now U.S. Pat. No. 3,787,475
      issued Jan. 22, 1974), both applications being assigned to the same
      assignee as the present invention. The polyetherimides obtained in the
      manner described above can be used in various molding applications, for
      instance, as housings for appliances and for motors, as brake linings
      where heat resistance and other improved physical properties are
      essential, etc.
PAR  The nitration of many organic compounds has in the past used processes
      which are more amenable for batch operation than continuous processing.
      Because of the limitation of batch operation and the extreme acidic
      conditions employed, the yields of the desired product have not been as
      good as desired, and some times the reactants and some of the other
      materials used in the process have either been degraded or in some other
      way have usually been rendered unfit for reuse or recycle. If attempts are
      made to reuse or recycle the reactants or other materials used in the
      process, the expense of such activity has been sufficiently high as to
      usually discourage such use or recycle.
PAR  Unexpectedly, we have discovered that we are able to nitrate aromatic
      compounds such as N-methylphthalimide by a simple process and to isolate
      the desired nitrated products in almost quantitative yields. Also, our
      process permits reuse and recycle of the unused reactants, the sulfuric
      acid solvent, and the CH.sub.2 Cl.sub.2 employed for extraction purposes.
      More particularly, we have discovered that we can nitrate
      N-methylphthalimide to give the 3-isomer and the 4-isomer in close to
      quantitative yields by using a concentrated sulfuric acid as solvent for
      the reaction, employing concentrated nitric acid as the nitrating agent,
      and extracting the formed products with methylene chloride. In accordance
      with our discovery, the reaction is carried out expeditiously and at
      moderate temperatures of about 60.degree. to 80.degree.C., and the
      sulfuric acid and the methylene chloride used can be recycled and employed
      for additional reaction in essentially unchanged form subject only to
      removal of about 5 to 7% of the water now present in the sulfuric acid
      solvent as a result of having been diluted by the water of reaction formed
      during the nitration process. Finally, in contrast to the usual batch
      processing employed for nitration reaction, our process is especially
      amenable to a continuous nitration reaction wherein the nitric acid is fed
      in simultaneously with the sulfuric acid solution of the
      N-methylphthalimide, and the effluent is readily treated with the
      methylene chloride to extract the nitrated N-methylphthalimide; the unused
      reactants and other materials used can then be recycled either as obtained
      or with slight modification, specifically in the removal of about 5 to 7%
      water in the sulfuric acid solvent resulting from the nitration reaction.
PAR  There are several critical features of our invention. In the first place,
      the nitration reaction should be carried out at a temperature of between
      60.degree. to 80.degree.C., preferably from 65.degree. to 75.degree.C. If
      the reaction is carried out above 80.degree.C. yields are usually
      decreased due to reactions, such as increased oxidation and hydrolysis. If
      the reaction is carried out below 60.degree.C., the reaction rate is
      appreciably decreased and, thus, economically unattractive.
PAR  The use of the methylene chloride as the extractant for isolating the
      formed nitro derivatives is also critical for a number of unexpected
      reasons. Attempts to employ other halogenated derivatives such as
      chloroform, carbon tetrachloride, and methyl chloroform were unsuccessful
      for various reasons, including tendencies of the halogenated compositions
      to degrade or be converted to other products, or else did not have the
      desired volatility and solubility affinity for the nitrated product to
      insure efficient and rapid utilization of the extractant. Only methylene
      chloride was found able to avoid the above problems and the only lower
      aliphatic halide tried which was able to maintain its integrity
      sufficiently in the strongly acidic environment. The rate of use of the
      methylene chloride can be varied widely and is not critical. Thus, for
      each liter comprising the nitrated product and sulfuric acid solvent, one
      can advantageously employ from about 0.5 to 8 to 10 liters or more
      methylene chloride, depending on the technique used in the extraction.
      Maximum contact of the methylene chloride with the sulfuric acid solution
      should be maintained in order to promote efficient extraction of the
      nitrated N-methylphthalimide.
PAR  The sulfuric acid solvent initially employed must be within 98-103% H.sub.2
      SO.sub.4. If lower concentrations of sulfuric acid solvent are employed
      initially, there is greater attack on the methyl group due to hydrolysis
      followed by oxidation, and the amount of water liberated from the
      nitration reaction and oxidation will dilute the sulfuric acid below
      92-93% sulfuric acid concentration; this in turn will cause precipitation
      of the nitrated N-methylphthalimide, thereby causing serious separation
      problems during extraction. If the concentration of the resultant sulfuric
      acid (after the nitration reaction has taken place) is in excess of about
      95% sulfuric acid, then the nitrated product is so bound to the sulfuric
      acid that the nitrated product can not be efficiently extracted initially
      with the CH.sub.2 Cl.sub.2. It may be necessary to add a little water to
      the reaction mixture to adjust the sulfuric acid concentration to from
      about 92 to 95%.
PAR  The amount of sulfuric acid used can range, on a weight basis, from 2 to 4
      parts sulfuric acid per part N-methylphthalimide. The lower ratios of acid
      to the imide are convenient when higher strength H.sub.2 SO.sub.4 (i.e.,
      greater than 100%) is used, and the higher ratios are beneficial when
      lower strength H.sub.2 SO.sub.4 (less than 100%) is employed.
PAR  Also the concentration of the nitric acid must be again within 98 to 100%
      concentration in order to minimize the amount of water added so as not to
      unduly dilute the sulfuric acid. The amount of nitric acid used should be
      relatively close to the stoichiometric amount required to attach one
      NO.sub.2 group on the aromatic nucleus of the N-methylphthalimide;
      otherwise, any substantial excess of the nitric acid will cause oxidation
      of the nitrophthalimide. Slight excess of nitric acid, e.g., from 1.1 to
      1.3 mols nitric acid per mol N-methylphthalimide should be used in order
      to compensate for the nitric acid lost in oxidative side reactions.
PAR  In carrying out the reaction, the N-methylphthalimide and the concentrated
      sulfuric acid solvent are mixed together in a reactor equipped with a
      stirrer and means for heating or cooling the reactor. After heating the
      solution to the desired temperature and while stirring is maintained, the
      concentrated nitric acid is added slowly, under the surface of the
      sulfuric acid solution, over a period of time advantageously ranging from
      about 10 minutes to about one hour or more. After stirring the mixture of
      the sulfuric acid solution and the nitric acid for a period of time
      ranging from about 30 minutes to about 2 to 3 hours at about 60.degree. to
      80.degree.C., the reaction mixture is led to a closed loop extractor for
      the continuous extraction of the sulfuric acid solution with the CH.sub.2
      Cl.sub.2. This closed loop extractor can resemble a Dean-Stark apparatus
      and consists of an extraction column equipped with a stirrer into which
      the reaction product is introduced. Methylene chloride (extractant) is
      introduced continuously into the bottom of the extraction column. At the
      upper end of the extraction column is an arm through which the overflow of
      the extractant and reaction product (separated from the H.sub.2 SO.sub.4)
      is carried into a reservoir equipped with a heater operable within a range
      of from about room temperature to 100.degree.C. whose function is to
      evaporate the CH.sub.2 Cl.sub.2 and concentrate the nitrated
      N-methylphthalimides. The CH.sub.2 Cl.sub.2 vapor is condensed and
      recycled by gravity to the bottom of the extraction column and continues
      recycling until extraction is complete. At this point, all the nitrated
      product is in the CH.sub.2 Cl.sub.2 contained in the reservoir.
PAR  In order that those skilled in the art may better understand how the
      present invention may be practiced, the following example is given by way
      of illustration and not by way of limitation.
DETD
PAC  EXAMPLE 1
PAR  About 161 grams (1 mol) N-methylphthalimide was added to 353 grams of 100%
      H.sub.2 SO.sub.4 in the aforementioned reactor. The solution was heated
      with stirring to 70.degree.C. and thereafter 76.8 grams (1.2 mols) 98.1%
      HNO.sub.3 was added slowly over a period of 20 to 25 minutes with the
      addition being carried out under the surface of the solution. Stirring of
      the reaction mixture was continued for an additional hour at 70.degree.C.
      and thereafter, the solution was cooled to room temperature. The resulting
      reaction solution was then transferred to the closed loop extractor
      described above for the continuous extraction of the acid solution. About
      1 liter of methylene chloride was added to the extraction apparatus at the
      time the extraction was commenced. The amount of methylene chloride
      continually passing through the sulfuric acid reaction product was at the
      rate of about 3 liters per hour. The first continuous extraction was
      carried out for about 3 1/2 hours and drained of the first extract
      solution; then another liter of methylene chloride was added to the
      reservoir and a second extraction was commenced and allowed to run for
      about 5 hours. The speed of the second extraction can be accelerated by
      adjusting the concentration of the sulfuric acid to as low as 90%, thus
      advantageously operating the extraction step in a range of about a 90-95%
      concentration of the sulfuric acid. Both extractions, which consisted
      mainly of the nitrated N-methylphthalimides, were passed through a column
      of silica gel to remove residual acid, for example, sulfuric acid or
      nitric acid, in an amount equal to approximately 3%, and then the mixture
      was evaporated under vacuum in a rotary film evaporator. As a result of
      these steps, it was found that the yield was as follows:
PA1  A. first extraction 161.8 grams (87.9% of extracted material)
PA1  B. second extraction 22.2 grams; Total 184.0 grams
PAL  This constituted a yield of 89.3% of the desired nitrated
      N-methylphthalimides. A gas chromotographic analysis showed the product to
      consist of about 94% 4-nitro-N-methylphthalimide, about 5%
      3-nitro-N-methylphthalimide, and about 1% of unreacted
      N-methylphthalimide.
PAR  By extracting the nitration product from the sulfuric acid with CH.sub.2
      Cl.sub.2 excessive dilution of the acid can be avoided. This makes it
      possible to economically remove by distillation the water formed in the
      nitration and thus reconcentrate the H.sub.2 SO.sub.4 to a strength
      sufficient for reuse in nitration. To eliminate color and the accumulation
      of organic material (resulting from oxidation) in the sulfuric acid,
      NO.sub.2 is bubbled into the sulfuric acid while evaporating water at
      250.degree. to 325.degree.C. This oxidizes the organic material to
      CO.sub.2 and H.sub.2 O which are eliminated and makes it possible to
      recover colorless or near colorless 98.3% H.sub.2 SO.sub.4, the constant
      boiling composition. Addition of SO.sub.3 to the constant boiling acid can
      readily convert it to 100% concentration, or higher strength if desired.
PAR  The following example illustrates this technique:
PAR  1000 grams H.sub.2 SO.sub.4, (dark red color) resulting from following the
      above nitration procedure, was placed in a 1000 ml three-neck flask. The
      acid was heated to 260.degree.C., at which point 20 ml H.sub.2 O was
      removed and collected. About 15 grams of NO.sub.2 was bubbled into the
      acid as the temperature rose to 320.degree. in the pot and 323.degree.C.
      for the distillate over a period of 90 minutes. Just before the end of the
      15 grams NO.sub.2 addition, the sulfuric acid became almost colorless. The
      sulfuric acid remaining in the reaction vessel had a density of 1.84,
      indicating essentially pure 98.3% H.sub.2 SO.sub.4.
PAR  It will of course be apparent to those skilled in the art that in addition
      to the temperatures and concentrations employed in the foregoing example,
      other temperatures of reactions and concentrations of ingredients can be
      used within the limits prescribed above without departing from the scope
      of the invention.
CLMS
STM  What we claim as new and desire to secure by Letters Patent of the United
NUM  1.
PAR  1. In the process for isolating a mixture of N-methyl-3-nitrophthalimide
      and N-methyl-4-nitrophthalimide from a solution of the latter in
      concentrated sulfuric acid, the improvement which comprises extracting the
      aforesaid two nitrophthalimides with methylene chloride as the extractant.
NUM  2.
PAR  2. The process for obtaining nitrated derivatives of N-methylphthalimide
      which comprises forming a solution of N-methylphthalimide in a solvent
      composed of 98-103% concentrated sulfuric acid, contacting the said
      solution with a 98-100% concentrated nitric acid within a temperature
      range of 60.degree. to 80.degree.C. and thereafter extracting the nitrated
      products with methylene chloride to obtain a mixture composed essentially
NUM  3.
PAR  3. The process as in claim 2 wherein the nitric acid is present in
NUM  4.
PAR  4. The process as in claim 2 wherein the temperature is in the range of
NUM  5.
PAR  5. The process as in claim 2 where the treatment of the sulfuric acid
      solution of the N-methylphthalimide with the nitric acid and the
      subsequent extraction of the formed nitro derivatives with the methylene
NUM  6.
PAR  6. The process as in claim 2 wherein the sulfuric acid concentration being
      extracted by the methylene chloride is maintained within the range of 90
NUM  7.
PAR  7. The process as in claim 5 wherein the sulfuric acid derived from the
      nitration reaction is freed of organic materials and decolorized by
      treatment with NO.sub.2 at elevated temperatures.
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PAL  Indoles of the formula
      ##SPC1##
PAL  In which R.sub.1 is phenyl, halophenyl, nitrophenyl, aminophenyl, lower
      alkoxyphenyl, pyridyl, benzyl, halobenzyl, lower alkoxybenzyl or a group
      of the formula --C.sub.n H.sub.2n NR.sub.4 R.sub.5 in which n is 2, 3 or 4
      and each of R.sub.4 and R.sub.5 is hydrogen or alkyl, R.sub.2 is hydrogen,
      R.sub.3 is hydroxyl or R.sub.2 and R.sub.3 taken together are oxygen or
      NOR.sub.6 in which R.sub.6 is hydrogen, lower alkyl, lower acyl or a group
      of the formula --C.sub.m H.sub.2m NR.sub.7 R.sub.8 in which m is 2, 3 or 4
      and each of R.sub.7 and R.sub.8 is lower alkyl, as well as the salts
      thereof with acids are of low toxicity and possess a pronounced analgesic
      effect and/or tranquillising effect and are of use in human and veterinary
      medicine.
BSUM
PAR  This invention relates to derivatives of acetonyl indole, to their
      preparation and to their use in therapeutics.
PAR  According to the present invention there is provided a 1,3-disubstituted
      indole having the general formula
      ##SPC2##
PAL  In which R.sub.1 is a phenyl, halophenyl, nitrophenyl, aminophenyl or lower
      alkoxyphenyl group, a 2-, 3- or 4- pyridyl group, a benzyl, halobenzyl or
      lower alkoxybenzyl group or a group of the general formula --C.sub.n
      H.sub.2n NR.sub.4 R.sub.5 in which n is 2, 3 or 4 and each of R.sub.4 and
      R.sub.5 is a hydrogen atom or an alkyl group, R.sub.2 is a hydrogen atom
      and R.sub.3 is an hydroxyl group or R.sub.2 and R.sub.3 taken together
      represent an oxygen atom or a group of the formula =NOR.sub.6 in which
      R.sub.6 is a hydrogen atom, a lower alkyl group, a lower acyl group or a
      group of the formula --C.sub.m H.sub.2m NR.sub.7 R.sub.8 in which m is 2,
      3 or 4 and each of R.sub.7 and R.sub.8 is a lower alkyl group, and salts
      thereof with pharmacologically acceptable mineral and organic acids.
PAR  Of especial interest are those compounds in which R.sub.1 is a
      dimethylaminoethyl, dimethylaminopropyl, diethylaminoethyl or
      diethylaminopropyl group, when R.sub.2 is a hydrogen atom and R.sub.3 a
      hydroxyl group or when R.sub.2 and R.sub.3 taken together represent an
      oxygen atom or when R.sub.6 is a hydrogen atom, a dimethylaminoethyl, a
      diethylaminoethyl, an acetyl or a propionyl group, and salts thereof with
      pharmacologically acceptable mineral and organic acids.
PAR  As examples of pharmacologically acceptable acids there may be mentioned
      hydrochloric acid, maleic acid, fumaric acid and citric acid.
PAR  The compounds of the present invention are ketones, the corresponding
      secondary alcohols and the corresponding ketoximes in which the hydroxyl
      group may have been etherified or esterified. According to a feature of
      the invention the ketones, i.e. those compounds in which R.sub.2 and
      R.sub.3 together represent an oxygen atom are prepared by treating a
      cyclic acetal having the general formula
      ##SPC3##
PAL  In which R.sub.1 is as defined above with a mineral acid.
PAR  The corresponding alcohols, i.e. those compounds in which R.sub.2 is a
      hydrogen atom and R.sub.3 an hydroxyl group, may be obtained by the action
      of a metal hydride such as an alkali metal borohydride or lithium
      aluminium boride or by the action of hydrogen in the presence of a
      hydrogenation catalyst, such as Raney nickel.
PAR  The ketones may be converted into the corresponding oximes by the
      conventional methods e.g. using a hydroxylamine salt such as the
      hydrochloride or acetate in the presence of an aqueous solution of an
      alkali metal acetate, such as sodium acetate. The oximes may then be
      converted into those derivatives which are obtainable by esterification or
      etherification of the hydroxyl group attached to the oxime nitrogen atom
      making use of the known methods of etherification and esterification. Thus
      for esterification of the oxime there may be used a lower acid halide,
      such as the acid chloride e.g. acetyl chloride or propionyl chloride or an
      acid anhydride of a lower organic carboxylic acid such as acetic
      anhydride, propionyl anhydride and butyryl anhydride. For the
      etherification of the oxime there is ued a lower alkyl halide or a
      diaminoalkyl halide having the general formula XC.sub.m H.sub.2m NR.sub.7
      R.sub.8 in which X is a halogen atom, m is 2, 3 or 4 and R.sub.7 and
      R.sub.8 are lower alkyl groups. The etherification reaction may be carried
      out in the presence of sodium hydride in a dipolar aprotic solvent such as
      dimethyl formamide. Examples of suitable lower alkyl halides are ethyl
      bromide and iodide, n-butyl bromide and iodide and isobutyl bromide and
      iodide. Examples of suitable dialkylaminoalkyl halides are
      dimethylaminoethyl chloride and bromide, diethylaminoethyl iodide,
      dibutylaminopropyl iodide and diethylaminobutyl bromide. In addition to
      sodium hydride other alkali metal hydrides such as potassium or lithium
      hydride may be used and other dipolar aprotic solvents. The reaction
      mixture should be rendered alkaline with sodium or potassium hydroxide or
      carbonate, or equivalent base, before the compound is isolated.
PAR  The reactions which take place are shown upon the appended flowsheet:
      ##SPC4##
PAR  The ketone compound I may be obtained from the corresponding indole by a
      conventional synthesis (see Journal of the Chemical Society, 1965, page
      4859).
PAR  The cyclic acetal II may be prepared by the action of ethylene glycol upon
      the ketone I in the presence of a dehydrating agent.
PAR  The acetals III carrying a substituent in the 1-position may be obtained by
      the action upon the acetal II either of an appropriately substituted
      iodobenzene in the presence of copper powder and sodium carbonate or
      potassium carbonate in a solvent having a high boiling point such as
      anisole, or by the action of an alkyl or dialkylaminoalkyl halide in the
      presence of sodium hydride in the presence of a dipolar aprotic solvent
      such as dimethylformamide.
PAR  The following examples illustrate the invention. All temperatures are in
      degrees centigrade. The melting points are marked (k) when they are
      determined using a Kofler block and (c) when they are determined using a
      capillary tube. The boiling points are those of the heating baths employed
     .
DETD
PAC  EXAMPLE I
PAR  a. 3-[2-(1,3-dioxolanyl)propyl]indole.
PAR  86.5 g (0.5 mole) of 3-(2-oxopropyl)indole are dissolved in 1 liter of dry
      benzene in a flask equipped with a water separator. 43.4 g of ethylene
      glycol and 2 g of paratoluene sulphonic acid are added. The reaction
      mixture is held under reflux for 4 hours and then after slightly cooling
      poured into 1200 ml of a 12% aqueous solution of sodium carbonate. This is
      stirred, filtered and the residue washed with hot benzene. The organic
      phase is washed in water, dried, and the solvent removed under reduced
      pressure. The residue is then distilled at low pressure. Boiling point =
      175.degree.-180.degree./0.1 mm Melting point (k) (isopropylether) =
      105.degree.. Product = 87.3 g. Yield = 80%.
PAR  b. 3-[2-(1,3-dioxolanyl)propyl]-1-phenylindole 40.8 g (0.2 mole) of freshly
      distilled iodobenzene are added to 21.7 g (0.1 mole) of
      3-[2-(1,3-dioxolanyl)propyl]indole in 400 ml of bromobenzene. After
      solution has taken place 100 g of potassium carbonate and 55 g of copper
      powder are added. The reaction mixture is held at reflux for 36 hours, the
      product filtered and distilled, after removing the solvent and the excess
      of iodobenzene under reduced pressure. A yellow oil is collected. Boiling
      point = 210.degree.-215.degree./0.1 mm. Product = 27.9 g: Yield = 95%.
PAR  c. 3-(2-oxopropyl)-1-phenylindole (code number 5944) 16.7 g (0.057 mole) of
      the cyclic acetal obtained as described above are dissolved in 150 ml of
      96% ethyl alcohol. 10 ml of hydrochloric acid (5N) are added and the
      reaction mixture held at boiling point for 30 minutes. The whole of the
      alcohol is removed and the residue obtained is distilled. Boiling point =
      195.degree.-205.degree./0.1 mm.
PAR  The oil obtained is recrystallised from di-isopropyl ether. Product = 12 g.
      Melting point (k) = 72.degree.: Yield = 86%.
PAC  EXAMPLE 2
PAR  1-(4-methoxyphenyl)-3-(2-hydroxypropyl)indole (code number 5992).
PAR  5.6 G (0.02 mole) of 1-(4-methoxyphenyl)-3-(2-oxopropyl)indole, prepared as
      described in example 1 but using 4-methoxyiodobenzene instead of
      iodobenzene are dissolved in 50 ml of anhydrous ethanol in a 200 ml
      autoclave. 2 g of Raney nickel are added. The autoclave is brought to a
      pressure of 50 kg of hydrogen and heat is applied at 100.degree. for 8
      hours at this pressure. The reaction medium is taken to dryness and the
      residue dissolved in normal acetic acid in the presence of diethyl ether.
      The organic phase is dried and the solvents are removed. The residue is
      then distilled.
PAR  Boiling point = 210.degree. to 220.degree./0.1mm. Recrystallisation is
      carried out from di-isopropyl ether. Product = 3.1 g: Melting point (k) =
      160.degree. Yield = 55 %.
PAC  EXAMPLE 3
PAR  1-(2-chlorophenyl)-3-(2-hydroxyiminopropyl)indole (code number 5989).
PAR  2.1 G (0.03 mole) of hydroxylamine hydrochloride and 2.1 g of sodium
      acetate are added, all at once, to 5.8 g (0.02 mole) of
      1-(2-chlorophenyl)-3-(2-oxopropyl)indole prepared as described in example
      1 but using 2-chloroiodobenzene instead of iodobenzene are dissolved in 50
      ml of ethanol. The mixture is stirred overnight. The oxime formed is then
      filtered, washed in water and recrystallised, after drying, from 30 ml of
      di-isopropyl ether. Product = 4.3 g: Melting point (k) = 127.degree..
      Yield = 71%.
PAC  EXAMPLE 4
PAR  a. 1-(2-dimethylaminoethyl)-3-[2-(1,3-dioxolanyl)propyl]-indole and its
      maleate.
PAR  3 G of sodium hydride in 50% suspension in oil are added to a solution of
      11 g (0.05 mole) of 3-[2-(1,3-dioxolanyl)propyl]-indole in 110 ml of dry
      dimethylformamide. After 10 minutes stirring, 6 g of
      1-chloro-2-dimethylaminoethane are added and stirring carried out for 4
      hours at 20.degree.. The resulting product is poured into water, extracted
      with diethyl ether and the ethereal phase is then extracted with dilute
      acetic acid. The aqueous phase is made alkaline with dilute soda, the base
      is extracted with diethyl ether, the ethereal solution is dried and the
      ether is removed. The residual oil obtained is distilled: Boiling point =
      185.degree.-190.degree./0.1 mm, product = 8.6 g. The oil obtained is
      treated in solution in acetone with 4.1 g of maleic acid and the salt
      obtained is recrystallised from ethyl acetate. Weight of salt = 8.1 g.
      Melting point (k) = 123.degree..
PAR  b. 1-(2-dimethylaminoethyl)-3-(2-oxopropyl)indole (code number 5353) and
      its maleate.
PAR  19.6 G of 1-(2-dimethylaminoethyl)-3-[2(1,3-dioxolanyl)-propyl]indole are
      treated with 5N hydrochloric acid on a water bath for half an hour. the
      reaction mixture is rendered alkaline with soda, extracted with diethyl
      ether, dried and the ether removed. The oil obtained is distilled. Boiling
      point = 160.degree.-170.degree./0.1 mm. Weight of product = 15.8 g.
PAR  The base obtained is treated with 7.5 g of maleic acid dissolved in 30 ml
      of ethyl acetate. The maleate crystallises upon cooling. Melting point (k)
      = 107-109.degree.
PAC  EXAMPLE 5
PAR  1-(2-dimethylaminoethyl)-3-[2-(2-dimethylaminoethyl oxyimino)propyl]indole
      (code number 5444) and its acid dimaleate.
PAR  17 G (0.065 mole) of
      1-(2-dimethylaminoethyl)-3-(2-hydroxyiminopropyl)indole are treated in 90
      ml of anhydrous dimethylformamide with 3.7 g of sodium hydride in 50%
      suspension in an oil extracted from petroleum. After 10 minutes stirring,
      7.7 g of 1-chloro-2-dimethylaminoethane are added, all at once. The
      reaction mixture is maintained at 65.degree. for 4 hours, then cooled and
      poured into water. Extraction is affected with diethyl ether and the
      organic phase thus obtained is extracted with dilute acetic acid. The
      aqueous phase is made alkaline with a dilute solution of caustic potash
      and is extracted with diethyl ether. The organic phase thus extracted is
      dried and distilled to dryness. The residual oil is distilled at low
      pressure. Boiling point = 195.degree.-210.degree./0.1 mm. Weight of
      product = 15 g.
PAR  14.3 of this oil are treated with 10 g of maleic acid dissolved in acetone.
      The salt obtained is filtered and recrystallised from a mixture of acetone
      and ethyl acetate. Melting point (k) = 112.degree.. Weight of product = 16
      g.
PAC  EXAMPLE 6
PAR  1-(2-dimethylaminoethyl)-3-(2-hydroxypropyl)indole (code number 5607) and
      its hydrochloride.
PAR  During the course of 30 minutes, 1.8 g of sodium hydroboride are added to
      8.5 g of 1-(2-dimethylaminoethyl)-3-(2-oxopropyl)indole dissolved in 40 ml
      of methanol and the whole allowed to stand for 1 hour. The solvent is
      removed, the residue dissolved in water, and extracted with diethyl ether.
      The ethereal phase is washed and dried, the solvent evaporated, and the
      residue distilled at low pressure. Boiling point =
      170.degree.-180.degree./0.1 mm. Weight of product = 6 g: Yield = 72%.
PAR  When dissolved in dry diethyl ether and treated with hydrochloric acid gas
      the compound is converted into the hydrochloride which precipitates. After
      recrystallisation from isopropanol, the hydrochloride (4.5 g) melts at
      150.degree.(k).
PAC  EXAMPLE 7
PAR  1-(2-dimethylaminoethyl)-3-(2-hydroxyiminopropyl)-indole (code number 5354)
      and its acid maleate.
PAR  A solution of 2.85 g of hydroxylamine hydrochloride in 20 ml of water, and
      then 2.8 g of sodium acetate, are added to 6.6 g (0.025 mole) of
      1-(2-dimethylaminoethyl)-3-(2-oxopropyl)-indole dissolved in 75 ml of 96%
      ethyl alcohol. The mixture is refluxed for two and a half hours, the
      alcohol evaporated and the residue dissolved in water. The solution is
      rendered alkaline with an aqueous solution of sodium carbonate, extracted
      with diethyl ether and the ethereal extract washed with water. The
      ethereal extract is dried and the ether evaporated. The crude oxime thus
      obtained is dissolved in 25 ml of ethyl acetate. A hot solution of 2.5 g
      of maleic acid in ethyl acetate and 5 ml of acetone is added whilst gently
      heating. The salt formed crystallises on cooling. The salt is filtered and
      recrystalled from acetone. Weight of product = 4.3 g: Yield = 48%. Melting
      point (k) = 142.degree..
PAC  EXAMPLE 8
PAR  1-(2-dimethylaminoethyl)-3-(2-acetoxyiminopropyl)-indole (code number 5472)
      and its acid maleate.
PAR  6.2 G (0.024 mole) of
      1-(2-dimethylaminoethyl)-3-(2-hydroxyiminopropyl)indole are dissolved in
      20 ml of acetic anhydride and are kept at 60.degree. for 20 minutes. The
      excess of acetic anhydride is then removed under reduced pressure, the
      residue dissolved in a dilute aqueous solution of sodium carbonate,
      extracted with diethyl ether, the ether extract dried and the ether
      removed. The residue obtained is dissolved in ethyl acetate and treated
      whilst hot with 1.9 g of maleic acid. The salt formed is filtered. 2.9 g
      of product are collected having the appearance of a gum; the melting point
      is indeterminate.
PAC  EXAMPLE 9
PAR  1-(2-chlorobenzyl)-3-(2-hydroxyiminopropyl)indole (code number 5930).
PAR  2.5 G of hydroxylamine hydrochloride and 2.5 g of sodium acetate dissolved
      in 10 ml of water are added to 2 g (0.023 mole) of
      1-(2-chlorobenzyl)-3-(2-oxopropyl)indole dissolved in 100 ml of 96% ethyl
      alcohol. Stirring takes place for 12 hours at 20.degree. and the oxime
      formed is filtered. The product is recrystallised from di-isopropyl ether.
PAR  Melting point (k) = 100.degree.. Yield = 79%.
PAC  EXAMPLE 10
PAR  a. 1-(4-aminophenyl)-3-[2-(1,3-dioxolan-2-yl)propyl]-indole.
PAR  3.4 G of 1-(4-nitrophenyl)-3-[2-(1,3-dioxolan-2-yl)propyl]-indole are
      dissolved in 80 ml of ethyl acetate and are reduced with hydrogen in the
      presence of 300 mg of 5% palladium on a carbon substrate. The reaction is
      exothermic. After the required volume of hydrogen has been absorbed, the
      reaction medium is filtered and the solvents removed. The residual amine
      is distilled. Boiling point = 260.degree.-270.degree./0.1 mm. Weight of
      product = 2.8 g: Yield = 93%. Recrystallisation is from di-isopropyl
      ether. Melting point (k) = 123.degree..
PAR  b. 1-(4-aminophenyl)-3-(2-oxopropyl)indole (code number 5853).
PAR  Preceding as described in Example 1c, the cyclic acetal prepared as
      described above is converted into the indolyl acetone referred to above.
      After recrystallisation from ethyl acetate, it melts at 135.degree. (k).
PAC  EXAMPLES 11 to 38
PAR  Preceding as described in the foregoing examples, the compounds which are
      identified in tables 1a and 1b below by their code number, and by the
      meanings of the symbols used in general formula 1 and by the melting point
      of the base, or of one of its salts, are obtained. The compounds described
      in Examples 1 to 10 are also included in tables 1a and 1b.
TBL                                    TABLE 1a                                

     __________________________________________________________________________

     Example                                                                   

          Code   R.sub.1       R.sub.2                                         

                                  or  R.sub.3                                  

                                         Salt, base or other                   

                                                  Mpt.    Recrystallising      

     No.  No.                  R.sub.2 and R.sub.3 together                    

                                         derivatives                           

                                                  Kofler = k                   

                                                          solvent              

                                                  Capillary = c                

     __________________________________________________________________________

      1   5944                   =O               73.degree.                   

                                                       (k)                     

                                                          isopropyl ether      

     11   5943                                                                 

              do.              H      OH          69.degree.                   

                                                       (k)                     

                                                          butyl ether          

      2   5992                 H      OH          106.degree.                  

                                                       (k)                     

                                                          di-isopropyl ether   

     12   5770                                                                 

              do.                =NOH             120.degree.                  

                                                       (k)                     

                                                          di-isopropyl ether   

     13   5953                   =O               semicarbazone                

                                                          ethanol + ethyl      

                                                  204.degree.                  

                                                       (k)                     

                                                          acetate              

     14   5858                 H      OH          106.degree.                  

                                                       (k)                     

                                                          di-isopropyl ether   

     15   5939                   = O              55-58.degree.                

                                                       (k)                     

                                                          di-isopropyl ether   

     16   5940                   =O               77.degree.                   

                                                       (k)                     

                                                          di-isopropyl ether   

     17   5941                                                                 

              do.              H      OH          112.degree.                  

                                                       (k)                     

                                                          di-isopropyl ether+  

                                                          butylether           

     18   5934                   =N--OH  base     152.degree.                  

                                                       (k)                     

                                                          di-isopropyl ether   

     19   5440                   =NOH             136.degree.                  

                                                       (k)                     

                                                          ethyl acetate        

     20   5928                                                                 

              do.              H      OH acid phthalate                        

                                                  153.degree.                  

                                                       (k)                     

                                                          di-isopropyl ether   

     21   5766                   =O      semicarbazone                         

                                                  124.degree.                  

                                                       (k)                     

                                                          ethanol              

     22   5963                   =NOH             127.degree.                  

                                                       (k)                     

                                                          di-isopropyl ether   

      9   5930                   =NOH             100.degree.                  

                                                       (k)                     

                                                          di-isopropyl ether   

     23   5857                   =NOH             130.degree.                  

                                                       (k)                     

                                                          di-isopropyl ether   

     24   5936                                                                 

              do.              H      OH          93.degree.                   

                                                       (k)                     

                                                          di-isopropyl ether   

     25   5850                   =O               90.degree.-92.degree.        

                                                       (k)                     

                                                          ethanol              

     26   5852                                                                 

              do.              H      OH          120.degree.                  

                                                       (k)                     

                                                          ethyl acetate        

     10   5853                   =O      base     135.degree.                  

                                                       (k)                     

                                                          ethyl acetate        

     27   5854                 H      OH base     106-108.degree.              

                                                       (k)                     

                                                          di-isopropyl ether   

     28   5985                 H      OH          114.degree.                  

                                                       (k)                     

                                                          di-isopropyl ether   

      3   5989                                                                 

              do.                =N--OH           127.degree.                  

                                                       (k)                     

                                                          di-isopropyl ether   

     29   6052                   =N--OH           112.degree.                  

                                                       (k)                     

                                                          di-butyl ether       

     30   5931                 H      OH acid phthalate                        

                                                  155.degree.                  

                                                       (k)                     

                                                          diethyl ether        

                                                          .noteq.di-           

                                                          isopropyl ether      

     __________________________________________________________________________

TBL                                    TABLE 1b                                

     __________________________________________________________________________

     Example                                                                   

          Code No.  R.sub.1 R.sub.2                                            

                               or     R.sub.3                                  

                                        Salt or base                           

                                                 M.pt    Recrystallising       

     No.                    R.sub.2 and R.sub.3 together                       

                                                 Kofler = k                    

                                                         solvent               

                                                 capillary = c                 

     __________________________________________________________________________

      4   5353  CH.sub.3    =O          acid maleate                           

                                                 107-109.degree. (k)           

                                                         ethyl acetate         

                --(CH.sub.2).sub.2 --N.angle.                                  

                CH.sub.3                                                       

      7   5354  do.         = NOH       acid maleate                           

                                                 142.degree. (k)               

                                                         acetone               

      8   5472  do.         =NOCOCH.sub.3                                      

                                        acid maleate                           

                                                 indeterminate                 

     31   5473  do.         = NOCOCH.sub.2 CH.sub.3                            

                                        acid maleate                           

                                                 indeterminate                 

                            CH.sub.3                                           

      5   5444  do.         =NOCH.sub.2 CH.sub.2 N.angle.                      

                                        acid dimaleate                         

                                                 112.degree. (k)               

                                                         acetone + ethyl       

                            CH.sub.3                     acetate               

      6   5607  do.         HOH         hydrochloride                          

                                                 150.degree. (k)               

                                                         isopropanol           

                CH.sub.2 CH.sub.3                                              

     32   5477  --(CH.sub.2).sub.2 N.angle.                                    

                            =O          citrate  106.degree. (k)               

                                                         ethanol + ethyl       

                CH.sub.2 CH.sub.3                        acetate               

     33   5938  do.         HOH         citrate  106.degree. (k)               

                                                         ethanol + ethyl       

                                                         acetate               

                            C.sub.2 H.sub.5                                    

     34   5680  do.         =NOCH.sub.2 CH.sub.2 N.angle.                      

                                        dicitrate                              

                                                 131-133.degree. (k)           

                                                         ethanol               

                            C.sub.2 H.sub.5                                    

                CH.sub.3                                                       

     35   5370  --(CH.sub.2).sub.3 N.angle.                                    

                            =O          acid maleate                           

                                                 78.degree. (c)                

                                                         ethyl acetate         

                CH.sub.3                                                       

     36   5371  do.         =NOH        base     103.degree. (k)               

                                                         di-isopropyl ether    

     37   5771  --(CH.sub.2).sub.3 NHCH.sub.3                                  

                            =O          citrate  96-98.degree. (k)             

                                                         ethanol + ethyl       

                                                         acetate               

     __________________________________________________________________________

PAR  The properties of certain of the cyclic acetals used as intermediates in
      the preparation of the compounds described in the foregoing examples
      appear in table II below. These cyclic acetals are new and form a part of
      the present invention.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Code        R.sub.1   Melting                                             

                                 Recrystallising                               

     No.                   point solvent (salt)                                

     __________________________________________________________________________

     5856                  105.degree.                                         

                              (k)                                              

                                 di-isopropyl ether                            

     5851                  77.degree.                                          

                              (k)                                              

                                 di-isopropyl ether                            

     5769                  77.degree.                                          

                              (k)                                              

                                 ethanol + di-                                 

                                 isopropyl ether                               

     5778                  142.degree.                                         

                              (k)                                              

                                 ethanol                                       

     5779                  123.degree.                                         

                              (k)                                              

                                 di-isopropyl ether                            

     5990                  122.degree.                                         

                              (k)                                              

                                 di-isopropyl ether                            

     5986                  95.degree.                                          

                              (k)                                              

                                 ethanol + di-                                 

                                 isopropyl ether                               

     5372                  52.degree.                                          

                              (c)                                              

                                 di-isopropyl ether                            

     5673                  82.degree.                                          

                              (k)                                              

                                 isopropyl alcohol                             

     5955                  112.degree.                                         

                              (k)                                              

                                 di-isopropyl ether                            

         CH.sub.3                                                              

     5352                                                                      

         --CH.sub.2 CH.sub.2 N.angle.                                          

                           123.degree.                                         

                              (k)                                              

                                 ethyl acetate                                 

         CH.sub.3                (acid maleate)                                

         C.sub.2 H.sub.5                                                       

     5431                                                                      

         -- CH.sub.2 CH.sub.2 N.angle.                                         

                           105.degree.                                         

                              (k)                                              

                                 ethyl acetate                                 

         C.sub.2 H.sub.5         (acid maleate)                                

         CH.sub.3                                                              

     5355                                                                      

         --(CH.sub.2).sub.3 N.angle.                                           

                           104.degree.                                         

                              (k)                                              

                                 ethyl acetate                                 

         CH.sub.3                (acid maleate)                                

     5765                                                                      

         --(CH.sub.2).sub.3 NHCH.sub.3                                         

                           132.degree.                                         

                              (k)                                              

                                 ethyl acetate                                 

                                 (acid maleate)                                

     __________________________________________________________________________

PAR  The products of the present invention have been subjected to various
      pharmocodynamic tests particularly in respect of their analgesic effect
      and their tranquillising effect.
PAC  ANALGESIC EFFECT
PAR  A visceral pain is induced in the mouse by intraperitonal injection of a
      dilute solution of acetic acid (Koster and Anderson test).
PAR  The animals, which are starved on the day before the experiment, and
      separated into random batches of five, are treated with the products under
      test 30 minutes before injection of the irritant. Treatment was always
      performed orally.
PAR  After the acetic solution is injected the animals show symptoms of pain
      (stretching of the abdomen with extension of the back feet) which are
      counted during two spells of five minutes for each lot: from the fifth to
      the tenth minute and from the fifteen to the twentieth minute respectively
      after the acid is injected.
PAR  The products are tested using increasing doses and the 50% effective dose
      (ED.sub.50 which reduces by one half the number of symptoms of pain
      exhibited is determined for a control batch of mice for each substance
      under test.
PAR  The ED.sub.50 value is expressed in mg per kg bodyweight.
PAC  EFFECT ON THE CENTRAL NERVOUS SYSTEM
PAR  Exploration test (perforated board): the number of holes explored by an
      animal (mouse) which has unrestricted movement and is placed on the board
      for the first time, are recorded. This test demonstrates the curiosity or,
      more probably, a certain state of anxiety, in an animal which is placed in
      an environment with which it was previously unfamiliar.
PAR  As regards the analgesic effect, the values obtained with the following
      compounds may be especially noted
TBL  Code         ED.sub.50 (mg/kg)                                            

     ______________________________________                                    

     5607         0.75                                                         

     5472         between 0.75 and 1.5                                         

     5473         do.                                                          

     5353         1.5                                                          

     5354         3                                                            

     5938         1.5                                                          

     5444         between 6.25 and 12.5                                        

     ______________________________________                                    

PAR  These doses were obtained by oral administration of the products of the
      invention.
PAR  As regards tranquillising effect, No. 5992, the ED.sub.50 of which is 1
      mg/kg bodyweight, and Nos. 5353 and 5472, for which the ED.sub.50 values
      are 5 mg per kg bodyweight when administered by the oral route, may be
      particularly noted.
PAR  Moreover, the compounds of the present invention are not, in general, very
      toxic. By way of example, with the mouse, the dose which caused the death
      of 50% of the animals (or LD.sub.50) is 800 mg/kg body weight when
      administered by the sub-cutaneous route and is greater than 800 mg/kg body
      weight when administered orally in the case of No. 5607.
PAR  Toxicity, expressed in mg/kg bodyweight, is given below for certain other
      compounds when administered by the sub-cutaneous route and by the oral
      route.
TBL  ______________________________________                                    

     Code       Route                                                          

     No.        sub-cutaneous    oral                                          

     ______________________________________                                    

     5477       200              400                                           

     5992       &gt;400             &gt;400                                          

     5472       400              200                                           

     5473       200-400          &gt;400                                          

     ______________________________________                                    

PAR  The substances may be used in human medicine for treating painful
      conditions which are either spontaneously generated or of surgical origin,
      and also psychoneurolgical afflictions such as anxiety.
PAR  The active ingredients will preferably be present in forms suitable for
      oral, parenteral, local or endorectal administration, such, for example,
      as tablets, drops, syrups, powders, suppositories or injectable liquids.
PAR  It is, for example, possible to use tablets containing 1 to 400 mg of the
      compounds 5607, 5472 and 5473, tablets containing 40 mg of 5607 CB,
      tablets containing 80 mg of 5472 and tablets containing 80 mg of 5473.
PAR  An example of a formula for tablets is as follows, in the case of No. 5607:
TBL  5607 (hydrochloride)  40 mg                                               

     Lactose               50 mg                                               

     Micro-crystalline cellulose                                               

                           40 mg                                               

     Talc                   5 mg                                               

     Magnesium stearate    2.5 mg                                              

PAR  In veterinary medicine the compounds of the invention may be used for
      counteracting pains of various origins such as inflammatory, obstetric and
      surgical origin, and to relieve the apprehension of animals placed in
      disturbing situations.
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NUM  1.
PAR  1. A 1, 3-disubstituted indole of the formula
      ##SPC5##
NUM  2.
PAR  2. A 1,3-distributed indole having the formula
      ##SPC6##
PAL  in which R.sub.1 is selected from the group consisting of
      dimethylaminoethyl, dimethylaminopropyl, diethylaminoethyl and
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PAR  3. The compound of claim 1 in which R.sub.1 is a dimethylaminoethyl group,
      R.sub.2 is hydrogen and R.sub.3 is hydroxyl and the hydrochloride thereof.
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PAR  4. The compound of claim 1 in which R.sub.1 is a diethylaminoethyl group,
      R.sub.2 is hydrogen and R.sub.3 is hydroxyl, and the citrate thereof.
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ABST
PAL  This invention is concerned with a novel class of protonated compounds,
      namely, 3-(indol-3-yl)dehydronaphthalide hydrochlorides, with their
      synthesis by the reaction of a 3-(indol-3-yl)naphthalide and a
      high-potential quinone in an inert anhydrous aprotic solvent in the
      presence of a carboxylic acid catalyst, and with the synthesis of indole
      naphthalide indicator dyes by reacting the said dehydronaphthalide
      hydrochlorides and an indole in an aromatic hydrocarbon solvent in the
      presence of a carboxylic acid catalyst.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the preparation of certain indole naphthalein
      indicator dyes, to intermediates useful in the preparation of such dyes
      and to a method of synthesizing the intermediates.
PAR  2. Description of the Prior Art
PAR  Dyes which undergo a change in spectral absorption characteristics in
      response to a change in pH are well known in the art and frequently are
      referred to as indicator or pH-sensitive dyes. Typically, these dyes
      change from one color to another, from colored to colorless or from
      colorless to colored on the passage from acidity to alkalinity or the
      reverse and are commonly employed in analytical chemical procedures to
      measure changes in pH value. Among the indicator dyes most widely used is
      the group derived from phthaleins.
PAR  A particularly useful method of preparing phthalein indicator dyes
      including indole phthalides and naphthalides and intermediates useful in
      the preparation thereof form the subject matter of copending U.S. patent
      applications Ser. Nos. 108,662 and 393,798 of Alan L. Borror filed Jan.
      21, 1971 and Sept. 4, 1973, respectively. According to this method, indole
      phthalides and naphthalides are prepared (1) by reacting (a) an indole and
      (b) phthalaldehydic or naphthalaldehydic acid to form the corresponding
      (na)phthalidyl-substituted indole; (2) oxidizing the
      (na)phthalidyl-substituted indole to the corresponding oxidation product
      and (3) reacting the oxidation product with an indole, preferably, in the
      presence of an acid catalyst to yield the corresponding dye product. The
      expression "(na)phthalidyl" is intended to denote either the corresponding
      phthalidyl- or naphthalidyl-substituted indole depending upon the
      selection of phthalaldehydic or naphthalaldehydic acid.
PAR  The present invention is concerned with an improvement in the above method
      which is especially useful and convenient for producing indole
      naphthaleins on a commercial scale.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, the primary object of the present invention to provide an
      improved method of synthesizing 3,3-di-(indol-3-yl)naphthalides.
PAR  It is another object to provide novel compounds useful as intermediates in
      the production of these naphthalides.
PAR  It is a further object to provide a method of synthesizing the novel
      intermediates.
PAR  Other objects of this invention will in part be obvious and will in part
      appear hereinafter.
PAR  The invention accordingly comprises the processes involving the several
      steps and the relation and order of one or more of such steps with respect
      to each of the others, and the products and compositions possessing the
      features, properties and the relation of elements which are exemplified in
      the following detailed disclosure, and the scope of the application of
      which will be indicated in the claims.
PAR  Specifically, in one embodiment of the present invention, a novel class of
      protonated quinone methides are prepared by reacting a
      3-(indol-3-yl)naphthalide with a high-potential quinone at elevated
      temperature under anhydrous conditions in an inert aprotic solvent,
      preferably in the presence of an organic carboxylic acid. In another
      embodiment of the present invention, the protonated quinone methides thus
      prepared are reacted with an indole at elevated temperature in certain
      inert organic solvents, preferably in the presence of an organic
      carboxylic acid to yield the corresponding 3,3-di(indol-3-yl)naphthalide.
DETD
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  According to the present invention, it has been found that a
      3-(indol-3-yl)dehydronaphthalide hydrochloride is obtained directly as the
      oxidation product when the oxidation of a 3-(indol-3-yl)naphthalide with a
      high-potential quinone, for example, o-chloranil is carried out in a
      hydrocarbon solvent, preferably in the presence of a specified amount of a
      carboxylic acid, such as glacial acetic acid. The formation of a compound
      having the structure of a protonated quinone methide under these
      conditions was indeed surprising and quite unexpected. Indole compounds
      having a structure of this type are little known in the chemical
      literature, and it is believed that the reaction mechanism involving the
      loss of hydrogen chloride from a chlorinated compound which results in the
      formation of the subject quinone methide hydrochlorides has not beeen
      reported previously.
PAR  Because of the unexpected structure, the exact nature of the oxidation
      process and the source of the chloride ion was examined as follow:
      2,6-lutidine (0.01 mole) in 75 mls. of xylene containing 3.0 gms. of
      glacial acetic acid was refluxed in the presence of o-chloranil and then
      the procedure repeated using tetrahclorocatechol instead of o-chloranil.
      When o-chloranil was used, a large amount of tarry material was obtained
      but no chloride ion was detected after workup. On the other hand, when
      tetrachlorocatechol was employed with lutidine, instead of o-chloranil, a
      positive chloride test (with silver nitrate) was obtained from the water
      extract of the reaction mixture. In addition, no tetrachlorocatechol was
      detected in the reaction mixture. On the basis of these observations, it
      is believed that hydrogen chloride is generated from the
      dehydrochlorination of tetrachlorocatechol in the course of the oxidation
      of the 3-(indol-3-yl) naphthalide resulting in the formation of the
      quinone methide hydrochloride as the oxidation product.
PAR  Though not essential, the subject oxidation preferably is conducted in the
      presence of an organic carboxylic acid which has been found to catalyze
      the reaction. For example, in the oxidation of
      3-(7-carboxyindol-3-yl)naphthalide with o-chloranil using xylene as the
      solvent, the reaction tended to the sluggish and did not reach completion
      in the absence of a carboxylic acid even after refluxing for five hours.
      The quinone methide hydrochloride oxidation product obtained was of
      inferior quality, being contaminated with unoxidized
      3-(7-carboxyindol-3-yl)naphthalide starting material and with o-chloranil
      and tetrachlorocatechol which could not be completely removed by washing
      with ether or with ethyl acetate and tetrahydrofuran. Also, the yield of
      oxidation product was only about 45 to 50%. In comparison, almost
      quantitative yields (98-99%) of pure quinone methide hydrochloride were
      realized when the oxidation reaction was repeated in the presence of a
      carboxylic acid, for example, when about 3 grams of acetic acid was used
      in 75 mls. of xylene as based on 0.01 mole of
      3-(7-carboxyindol-3-yl)naphthalide. As the high potential quinone,
      o-chloranil, p-chloranil or dichlorodicyanoquinone may be used, but the
      best results were obtained with o-chloranil in an aromatic hydrocarbon
      solvent.
PAR  Typical quinone methide hydrochlorides that may be produced in the manner
      discussed above are those represented by the following formula.
      ##SPC1##
PAL  wherein R substituted in the 4-, 5-, 6- or 7-position of the indol-3-yl
      moiety is hydrogen or a monovalent group, such as, alkyl having 1 to 20
      carbon atoms, alkoxy having 1 to 20 carbon atoms, aryl selected from
      phenyl and naphthyl, alkaryl containing 1 to 20 carbon atoms selected from
      alkyl-substituted phenyl and alkyl-substituted naphthyl, aralkyl
      containing 1 to 20 carbon atoms selected from phenyl-substituted alkyl and
      naphthyl-substituted alkyl, said alkyl, alkoxy, aryl, alkaryl and aralkyl
      groups being unsubstituted or substituted with, for example, lower alkyl,
      lower alkoxy, hydroxy, carboxy, sulfo, amino, nitro, halo and cyano. Other
      R groups include trifluoromethyl, bis-trifluoromethylcarbinol, sulfo,
      sulfonamido, sulfamoyl, sulfonyl, amido, acyl and its derivatives, amino
      and its derivatives, nitro, cyano, halo, hydroxy, and carboxy and its
      derivatives.
PAR  Because of their utility in the production of certain naphthalide indicator
      dyes found particularly useful as photographic optical filter agents, the
      quinone methide hydrochlorides of the subject invention preferably are
      substituted in the 7-position with certain groups as represented by the
      formula:
      ##SPC2##
PAL  wherein R.sub.1 is hydrogen or a group selected from sulfonamido,
      sulfamoyl, o-hydroxyphenyl, bis-trifluoromethylcarbinol nitro, cyano and
      particularly carboxy and its derivatives, i.e., COX wherein X is --OR' or
      --NR"R'" and each of said R', R" and R'" is hydrogen or a hydrocarbon
      group containing 1 to 20 carbon atoms selected from alkyl, such as,
      methyl, ethyl, butyl, octyl, hexadecyl and eicosyl; aryl, such as, phenyl
      and naphthyl; aralkyl, such as, benzyl, phenethyl, phenylhexyl,
      phenyldodecyl and other phenyl-substituted alkyl groups; and alkaryl, such
      as, propylphenyl, octylphenyl, decylphenyl, dodecylphenyl and other
      alkyl-substituted phenyl groups.
PAR  The 3-(indol-3-yl)naphthalides useful in the preparation of the
      corresponding quinone methide hydrochlorides according to the subject
      oxidation may be represented by the formula:
      ##SPC3##
PAL  wherein R has the same meaning given in formula A and preferably, R=R.sub.1
      as defined in formula B.
PAR  Illustrative examples of 3-(indol-3-yl)dehydronaphthalide hydrochlorides of
      the present invention are as follows:
      ##SPC4##
PAR  Besides their unexpected formation under the conditions discussed above,
      the quinone methide hydrochlorides of the present invention, as
      exemplified by 3-(7-carboxyindol-3-yl) dehydronaphthalide hydrochloride,
      have shown exceptional reactivity and readily undergo condensation with
      indoles under various reaction conditions. Indeed, the main advantage of
      the subject intermediates in that their reaction with indoles in an
      aromatic hydrocarbon solvent containing a specified amount of carboxylic
      acid catalyst occurs in substantially quantitative yields. Though the use
      of an acid catalyst is not essential, it greatly facilitates the reaction
      to provide more practical reaction times. For example, in the condensation
      of 3-(7-carboxyindol-3-yl)dehydronaphthalide hydrochloride with a
      7-sulfonamidoindole, the reaction was not complete after refluxing for
      about 16 hours in benzene in the absence of carboxylic acid. However, in
      the presence of acid, e.g., glacial acetic acid, the reaction was complete
      in about 2 to 4 hours depending upon the amount of acetic acid present in
      the reaction mixture.
PAR  Any indole may be employed for reaction with the quinone methide
      hydrochloride intermediates of the present invention provided that the
      indole is unsubstituted in the 3-position so that it will react with the
      intermediate to yield the corresponding 3,3-di(indol-3-yl)naphthalide.
      Suitable indoles and their preparation are found, for example, in The
      Chemistry of Heterocyclic Compounds: Volume 8, Heterocyclic Compounds with
      Indole and Carbozole Systems, W. C. Sumpter and F. M. Miller, Interscience
      Publishers, 1954; The Chemistry of Indoles, Richard J. Sundberg, Academic
      Press, 1970.
PAR  Typical indoles that may be used in the preparation of the aforementioned
      indole naphthalides are those represented by the Formula:
      ##SPC5##
PAL  wherein R.sub.2 is hydrogen or a monovalent group substituted in the 2-,
      4-, 5-, 6- or 7- position, such as, the monovalent groups enumerated above
      for R. In preferred embodiment, R.sub.2 is substituted in the 2- and
      preferably in the 7-position and is selected from sulfonamido, sulfamoyl,
      o-hydroxyphenyl, bis-trifluoromethylcarbinol, nitro, cyano and CO.sub.2 X
      wherein X has the same meaning given above.
PAR  The method of the present invention for preparing indole naphthalides is
      illustrated below:
      ##SPC6##
PAR  Specific examples of 3,3-di(indol-3-yl)naphthalides that may be prepared
      according to the present invention are as follows:
      ##SPC7##
PAR  In preparing the quinone methide hydrochlorides of the present invention,
      the 3-(indol-3-yl)naphthalide selected as the starting material and
      o-chloranil are reacted in an inert anhydrous aprotic solvent. Though any
      such solvent may be employed, a hydrocarbon solvent is preferred and
      particularly an aromatic hydrocarbon solvent, such as, benzene, toluene
      and xylene. Though the reaction temperature may vary over a relatively
      wide range, to achieve practical reaction times the oxidation is usually
      conducted at a temperature between about 100.degree. and 200.degree.C.
      Particularly satisfactory results have been obtained by refluxing the
      3-(indol-3-yl)naphthalide and o-chloranil in xylene (reaction temperature
      about 145.degree.C.) The use of xylene as the reaction solvent gave the
      advantages of high purity of the protonated product (by TLC and melting
      point) of consistent and repeatable high yields and of easy removal of
      excess o-chloranil oxidizing agent and tetrachlorocatechol by-product by
      washing the quinone methide hydrochloride with ethyl acetate.
PAR  As discussed above, in a preferred embodiment an organic carboxylic acid is
      used to catalyze the oxidation reaction. For this purpose, any organic
      carboxylic acid may be employed, for example, aliphatic and aromatic
      monocarboxylic acids, such as, benzoic acid, toluic acids,
      halo-substituted benzoic acids, propionic acid and butyric acid. For
      convenience and economy, however, it is preferred to use glacial acetic
      acid.
PAR  In the oxidation reaction, the amount of solvent employed may vary between
      about 6 and 10 liters per mole of 3-(indol-3-yl)naphthalide. The amount of
      carboxylic acid may vary between about 200 and 500 grams per mole of
      naphthalide, and in all cases, the ratio of acid to solvent should be
      between about 1:12 and 1:50 grams/ml. In the preferred embodiment
      employing xylene as the solvent and glacial acetic acid as the catalyst,
      particularly satisfactory results have been achieved using 250 to 350
      grams of acetic acid in 7.5 liters of xylene. The o-chloranil should be
      used in at least a 40% excess over the naphthalide, and preferably, is
      used in an amount of between about 1.5 and 2.5 moles per mole of
      3-(indol-3-yl)naphthalide. At least a 40% excess of relatively pure
      o-chloranil (melting range 127.degree.-129.degree.C.) is necessary to
      ensure completion of the oxidation reaction, and with less pure
      o-chloranil, a large excess of oxidizing agent should be employed, for
      example, about 2.0 moles to 2.5 moles of o-chloranil per mole of
      3-(indol-3-yl) naphthalide.
PAR  In another embodiment of the present invention, the quinone methide
      hydrochlorides produced in the manner detailed above are condensed with an
      indole to form the corresponding 3,3-di(indol-3-yl)naphthalide dye
      products by conducting the condensation reaction in an aromatic
      hydrocarbon solvent, preferably in the presence of an organic carboxylic
      acid. The reaction temperature may vary between about 80.degree. and
      150.degree.C., and ordinarily, the condensation is carried out by
      refluxing the quinone methide hydrochloride and indole in an aromatic
      hydrocarbon, such as, benzene, toluene and xylene selected to give a
      reaction temperature at reflux within the aforementioned range.
      Particularly satisfactory results have been achieved using benzene. Though
      toluene and xylene at reflux temperature and at lower reaction
      temperatures of 80.degree.C. and 92.degree.C. gave the dye product in
      yields between about 85 and 90% by weight (for the condensation step), the
      dye product contained a high R.sub.f component (by TLC), whereas benzene
      possessed the unique property of removing this impurity from the dye
      product while still giving high yields in the vicinity of 90 to 95% by
      weight.
PAR  In the condensation reaction, the solvent is employed in an amount between
      about 5 and 7.5 liters as based on 1.0 mole of quinone methide
      hydrochloride. Since the quinone methide hydrochlorides generally are
      insoluble in aromatic solvents, such as, benzene, it may be desirable to
      use the larger volumes of solvent in large-scale reactions to improve the
      dispersion of the quinone methide hydrochloride in the solvent and to
      reduce the deposition of this material on the walls of the reaction
      vessel.
PAR  As noted above, the condensation preferably is conducted in the presence of
      a carboxylic acid. Though any of the organic carboxylic acids enumerated
      above may be used to catalyze the condensation reaction, glacial acetic
      acid is preferred since it is convenient and economical and has given
      particularly satisfactory results.
PAR  The amount of organic acid may vary between about 300 and 800 grams per
      mole of quinone methide hydrochloride, and to ensure good quality and high
      yield of indicator dye product, the ratio of acid to solvent should be
      greater than 4 gms/75 mls. Preferably, the ratio of acid to solvent ranges
      between about 5:75 and 6:75 gms/mls.
PAR  The indole and quinone methide hydrochloride may be reacted in
      substantially equimolar proportions, or the indole may be used in a small
      excess of up to about 0.5mole as based on 1.0 mole of quinone methide
      hydrochloride.
PAR  In the course of the condensation reaction, hydrogen chloride gas is being
      liberated. The presence of this strong acid in the medium was found to be
      beneficial in the first phase, i.e., the first 30 to 90 minutes of the
      reaction. Actually, if base such as triethylamine were added to the
      condensation medium initially, reduced yield of the condensation product
      would be observed.
PAR  However, it is important for the best performance of the condensation that
      the hydrogen chloride be mostly eliminated or neutralized after the first
      period, i.e., after 30 to 90 minutes from the beginning of the reaction.
      This can be achieved in various ways: by physical entrainment, through
      application of vacuum, sweeping the mixture with an inert gas (such as
      nitrogen), or by distillation of the reaction mixture. Another way is to
      neutralize the hydrogen chloride remaining in the reaction mixture after
      30 to 90 minutes by the addition of the appropriate amount of a base, such
      as triethylamine. When all hydrogen chloride is neutralized, a color
      change from red to brown is observed.
PAR  Though various bases may be used for neutralizing the hydrogen chloride,
      triethylamine has been found particularly useful since it facilitates the
      growth of crystal size and thus, facilitates the recovery of dye product.
      For convenience and precision in handling small amounts of triethylamine,
      it is preferably added to the reaction mixture as a 2% solution
      (weight/volume) in benzene. The amount of this triethylamine solution
      added should be between about 300 and 2,000 mls. as based on 1.0 mole of
      quinone methide hydrochloride which is equivalent to between about 0.6 and
      4.0 moles of triethylamine per mole of quinone methide hydrochloride.
PAR  The following examples are given to further illustrate the present
      invention and are not intended to limit the scope thereof.
PAC  EXAMPLE 1
PAR  Preparation of
      3-(7-carboxyindol-3-yl)-3-(7-hexadecylsulfonamidoindol-3-yl)naphthalide.
PAR  (1) A mixture of 6.0 g. (0.0375 moles) of 7-carboxyindole, 7.5 g. (0.0375
      moles) of naphthaldehydic acid and 36 ml. of glacial acetic acid was
      heated on a steam bath (internal temperature 92.degree.C.) while stirred
      mechanically. To the solution was added 12 ml. of 12% solution of
      p-toluene-sulfonic acid in acetic acid. An immediate precipitation of
      product was observed. After additional 10-15 minutes, the reaction mixture
      was cooled to room temperature, filtered and the solid was washed with 40
      ml. of glacial acetic acid. The solid was then stirred in 60 ml. of
      acetone for 30 minutes, filtered, washed with additional 10 ml. of acetone
      and dried to give 13.10 g. (87.3% by weight theory) of a white solid,
      melting range 244- 5.degree.C.
PAR  The acetone filtrate was concentrated to a 35-40 ml. volume and cooled in
      the freezer; an additional 0.15 g., melting range 242.degree.-5.degree.C.
      of 3-(7-carboxyindol-3-yl)naphthalide was collected.
PAR  (2) A mixture of 4.03 g. (0.01 mole) of 3-(7-carboxyindol-3-yl)naphthalide
      (as a solvate with 1CH.sub.3 CO.sub.2 H), 4.4 g. (0.0179 moles) of
      o-chloranil (melting range 127.degree.-129.degree.C.), 3 g. of glacial
      acetic acid, and 75 mls. of xylene was placed in a 300 ml. flask and
      heated to reflux with vigorous stirring under nitrogen. After refluxing
      for five hours, the reaction mixture was cooled to room temperature,
      filtered, and the red solid was washed with three 10 ml. portions of
      xylene. The solid was then stirred in 75 mls. of ethyl acetate (the solid
      is added to a stirring ethyl acetate; the alternative addition would cause
      caking) for one hour, filtered, washed with additional three 10 ml.
      portions of ethyl acetate and dried to give 3.70 g. (98.0% by weight
      theory) of 3-(7-carboxyindol-3-yl)dehydronaphthalide hydrochloride as a
      red solid, melting range 264.5.degree.-265.5.degree.C.
PAR  (3) To a sitrring suspension of 63.0 g. (0.15 moles) of
      7-(hexadecylsulfonamido)indole in 940 ml. of benzene and 63.0 g. of
      glacial acetic acid, 54.0 g. (0.1436 moles) of a finely ground
      3-(7-carboxyindol-3-yl)-dehydronaphthalide hydrochloride was added at once
      under a flow of nitrogen gas (rate, 68 cc/min.). After refluxing for 50
      minutes, 50 ml. of a 2% w/v solution of triethylamine in benzene was added
      all at once causing a color change from deep purple to blackish brown. The
      reaction mixture was refluxed for an additional five minutes, and 600 ml.
      of benzene was distilled off from the mixture. The stirring was stopped
      and the mixture was left at room temperature (.about.28.degree.C.)
      overnight (about 16 hrs.) The reaction mixture was then diluted with 400
      ml. of toluene, filtered, washed with three 100 ml. portions of toluene
      and dried to give 95.30 g. (88% by weight) of a colorless solid, melting
      range 219.degree. -220.degree.C. Ten grams of the crude material
      recrystallized from 170 ml. of ethanol yielded 9.50 g. (95% by weight), of
      substantially pure
      3-(7-carboxyindol-3-yl)-3-(7-hexadecylsulfonamidoindol-3-yl)naphthalide
      product, melting range 220.degree.-221.degree.C. The overall yield of the
      purified product was 84% by weight.
PAC  EXAMPLE 2
PAR  Example 1 was repeated except that step (2) was carried out as follows:
PAR  To a mixture of 64.5 g. (0.16 moles) of 3-(7-carboxyindol-3-yl)naphthalide
      (as a solvate with 1CH.sub.3 COOH) and of 77.6 g. (0.3154 moles) of
      o-chloranil (melting range 125.degree.-128.degree.C.) was added a solution
      of 40 g. of glacial acetic acid in one liter of xylene. The xylene
      suspension was heated to reflux with vigorous stirring under nitrogen.
      After refluxing for five hours, the reaction mixture was left at room
      temperature overnight without stirring (approx. 16 hrs.), filtered, and
      the red solid was washed with 350 ml. (one portion of 150 ml., then two
      portions of 100 ml.) of xylene. The solid was then stirred in 600 ml. of
      ethyl acetate (the solid is added to a stirring ethyl acetate) for one
      hour, then filtered, and washed with additional five 50 ml. portions of
      ethyl acetate and dried to give 59.40 g. (99% by weight theory) of
      3-(7-carboxyindol-3-yl)dehydronaphthalide hydrochloride as a red solid,
      melting range 264.degree.- 5.degree.C.
PAC  EXAMPLE 3
PAR  Example 1 was repeated except that step (3) was carried out using 750 mls.
      of benzene.
PAC  EXAMPLE 4
PAR  Example 1 was repeated except that in step (3), the
      7-(hexadecylsulfonamido)indole and the dehydronaphthalide hydrochloride
      were refluxed in 750 ml. of xylene as the solvent.
PAC  EXAMPLE 5
PAR  Example 4 was repeated except that in step (3) toluene was used as the
      solvent.
PAR  Though ethanol has been found to give a high quality product in good
      yields, the indicator dye product of step (3) may be purified by
      recrystallization from various other solvents, for example, from other
      alcohols, such as, isopropyl alcohol, n-propyl alcohol and butyl alcohol.
      Also, toluene-acetic acid (75 ml./g.) may be employed for this purpose.
PAR  The structure of the product obtained in step (2) of Example 1 above was
      investigated in detail and on the basis of chemical analysis and the
      spectral and other data set out below was found to be
      3-(7-carboxyindol-3-yl) dehydronaphthalide hydrochloride, the structure of
      formula I.
PAR  a. The compound analysed for a formula:
EQU  C.sub.21 H.sub.11 NO.sub.4.1HCl
PAL  Most samples contained some amount of water, equivalent to 0 to 0.4 H.sub.2
      O. The amount of hydrochloric acid, as determined on many samples, could
      be sometimes as low as 0.67 HCl, but on several samples reached values of
      0.97 HCl by silver nitrate titration. The fact that a chloride ion titer
      of 0.97 dropped to 0.90 after six months of storage of a sample, indicated
      the sensitivity of the quinone methide hydrochloride towards moisture. The
      low chloride ion titer could be explained by the following equation:
      ##SPC8##
PAR  b. Comparisons of the infrared spectrum of I with those of its precursor
      naphthalide V, of the hydrated form IV and of the known immonium salt VI
      is tabulated as follows: (in cm..sup.-.sup.1)
TBL  --OH        &gt;NH     .gtoreq.NH.sup.+                                      

                                 &gt;C=O   &gt;C=C--C=N                              

     ______________________________________                                    

     I       3217    --      2300  1762   1668                                 

     VI      --      --      2325  --     1627                                 

     V       --      3360    --    1690   --                                   

     IV      3218    3228    --    1698   --                                   

     ______________________________________                                    

      ##SPC9##
PAL  The absorption of I at 2300 cm. and of the immonium salt VI at 2325
      cm..sup.-.sup.1 revealed the amine-salt structure for quinone methide
      hydrochloride I. The absence of &gt; NH absorption and the presence of 1668
      cm..sup.-.sup.1 band further supported the proposed structure.
PAR  c. The visible spectrum of I could be obtained by using trifluoroacetic
      anhydride as solvent. In alcohols, dimethyl sulfoxide, etc., I (which
      contains water of hydration) was converted to quinone methide hydrate IV
      which gives no visible absorption. The maximum absorption of 473 m.mu..
      (.epsilon. 841) for I is indicative of the presence of conjugation between
      the two rings. Compound VI shows .lambda..sub.Max..sup.EtOH 382
      m.mu..,.epsilon.450 in a 50 mm. solution (concentration dependent).
PAR  The 7-carboxyindole and 1,8-naphthaldehydic acid used as the starting
      materials in step (1) are well-known in the art and have been prepared
      using various procedures. For example, 7-carboxyindole may be synthesized
      by reductive cyclization of 3-chloro-2-nitrophenylpyruvic acid followed by
      conversion of the cyclic acid product, 7-chloro-2-indolecarboxylic acid,
      to 7-cyanoindole and then hydrolyzing the cyano group to yield the desired
      7-indolecarboxylic acid as described by H. Singer and W. Shive, J. Am.
      Chem. Soc., 77, p 5700 (1952). This indolecarboxylic acid also may be
      synthesized from the corresponding 7-cyanoindoline as described by R. Ikan
      and E. Rapaport, Tetrahedron, 23, p. 3823 (1967).
PAR  The synthesis of 1,8-naphthaldehydic acid by the alkaline cleavage of
      acenaphthenequinone with aqueous alkaline hydroxide at elevated
      temperature has been reported by Graebe and Gfeller, Ann. 276, p. 1
      (1893), Cason et al., J. Org. Chem. 15, p. 608 (1950) and others. An
      improved method of preparing 1,8-naphthaldehydic acid at comparatively low
      temperatures, i.e., at room temperature or thereabouts by using a solvent
      system of certain aprotic solvents and water forms the subject matter of
      copending U.S. patent application Ser. No. 336,797 of Henry Bader and Yunn
      H. Chiang filed Feb. 28, 1973 now U.S. Pat. No. 3,812,115.
PAR  Sulfonamidoindoles such as that used in the above Examples may be prepared
      in various ways, for example, from indolines as disclosed in copending
      U.S. patent application Ser. No. 108,663 of Paul S. Huyffer filed Jan. 21,
      1971 now U.S. Pat. No. 3,772,329, by reacting a 7-amino-N-acetylindoline
      with the selected alkyl, aryl, alkaryl or aralkyl sulfonyl chloride to
      give the corresponding 7-sulfonamido-N-acetylindoline, deacetylating the
      N-acetylindoline to the corresponding 7-sulfonamidoindoline by acid
      hydrolysis and converting the 7-sulfonamidoindoline to the corresponding
      7-sulfonamidoindole by catalytic dehydrogenation. The 7-sulfonamidoindoles
      also may by synthesized from 7-nitroindole by reducing the nitro to an
      amino group and reacting the resulting 7-aminoindole with the selected
      sulfonyl chloride or anhydride to give the corresponding
      7-sulfonamidoindole as disclosed in U.S. Pat. No. 3,297,717.
PAR  The advantages afforded by the present invention are numerous. By
      conducting the oxidation and condensation reactions in the manner detailed
      above, the quinone methide hydrochlorides and the indole naphthalide dyes
      are not only obtained in improved yields and purity but also may be
      isolated from the reaction media with greater ease than was the case
      previously. Because of the nature of the solvent employed in the oxidation
      reaction as carried out in the subject process, the previously experienced
      difficulty of separating the desired oxidized intermediates from the
      catechol by-products is eliminated. The catechol by-products of the
      oxidizing agent rather than being mixed in with the protonated quinone
      methide product are soluble in the reaction medium. Thus, the quinone
      methide hydrochloride may be isolated using simple filtration techniques,
      and any catechol or other reaction by-product remaining in association
      with the filtered solid may be easily removed by recrystallization from an
      appropriate solvent, for example, ethyl acetate. The indole naphthalide
      dye also is obtained in substantially improved yields under the conditions
      employed in the subject condensation reaction, and like the product of the
      oxidation step, may be recovered with ease. The dye product may be
      isolated in substantially pure state simply by filtering the reaction
      mixture. The improvement in yields and purity in both the oxidation and
      condensation steps together with the ease and convenience in handling the
      oxidation and condensation products renders the subject invention
      especially useful for producing indole naphthalide indicator dyes on a
      commercial scale.
PAR  It will be appreciated that the indole naphthalein dyes produced in
      accordance with the present invention will find utility in titrations and
      other analytical procedures where phthalein dyes are commonly employed,
      for example, to measure changes in pH value as reflected by the change in
      color of the dye from one color to another or from colored to colorless or
      vice versa. The indicator dyes produced according to the present invention
      are also useful as optical filter agents in photographic processes for
      protecting an exposed photosensitive material from post-exposure fogging
      during development in the presence of incident light. The use of certain
      dyes derived from indoles including indole naphthalides as photographic
      optical filter agents forms the subject matter of U.S. Pat. No. 3,702,244,
      which for convenience, is incorporated herein by reference. The present
      invention finds particular utility in the production of the indicator dyes
      disclosed in the aformentioned patent which comprise indole naphthalides
      wherein at least one and preferably both of the indol-3-yl radicals are
      substituted with a hydrogen-bonding group, such as, carboxy,
      o-hydroxphenyl, sulfonamido, sulfamoyl and bis trifluoromethyl carbinol
      and in the production of indicator dyes substituted with groups readily
      converted to such a hydrogen-bonding group, such as, nitro, cyano and the
      groups CO.sub.2 R' and CONR"R'" discussed above.
PAR  Since certain changes may be made in the above product and processes
      without departing from the scope of the invention herein involved, it is
      intended that all matter contained in the above description shall be
      interpreted as illustrative and not in a limiting sense.
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PAR  1. A compound of the formula:
      ##SPC10##
      wherein R.sub.1 is hydrogen or a group selected from o-hydroxyphenyl,
      bis-trifluoromethylcarbinol, nitro, cyano and --COX wherein X is --OR' or
      --NR"R'" and each of said R', R" and R'" is hydrogen or a hydrocarbon
      group slected from alkyl containing 1 to 20 carbon atoms, phenyl,
      naphthyl, phenyl-substituted alkyl containing up to 20 carbon atoms and
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PAR  4. 3-(7-carboxyindol-3-yl)dehydronaphthalide hydrochloride.
PATN
WKU  039338550
SRC  5
APN  3751635
APT  1
ART  121
APD  19730629
TTL  Production of organic sulphoxides
ISD  19760120
NCL  9
ECL  1
EXA  Jaisle; C. M. S.
EXP  Jiles; Henry R.
INVT
NAM  Tramier; Bernard
CTY  Pau
CNT  FR
ASSG
NAM  Societe Nationale des Petroles d'Aquitaine
CTY  Paris
CNT  FR
COD  03
PRIR
CNT  FR
APD  19720630
APN  72.23668
CLAS
OCL  260329R
XCL  260607A
XCL  260607D
EDF  2
ICL  C07D33348
FSC  260
FSS  329 R;607 A;607 D
UREF
PNO  3428671
ISD  19690200
NAM  Toland
OCL  260 51.3
LREP
FRM  Ostrolenk, Faber, Gerb & Soffen
ABST
PAL  Production of organic sulphoxides by the action of sulphoxides of lower
      molecular weight on organic sulphides in which the reaction is catalysed
      by one or more substances capable of supplying hydrogen ions to the
      reaction medium. The process permits yields to be obtained which exceed 90
      percent, and the sulphoxide which is obtained is practically free from
      sulphone.
BSUM
PAR  The present invention relates to the production of organic sulphoxides. It
      is concerned with a process for obtaining these compounds by the action of
      sulphoxides of lower molecular weight on organic sulphides.
PAR  Now that dimethyl sulphoxide has acquired a very important place in
      industry, particularly as a solvent for an extremely wide range of uses,
      other sulphoxides, especially its homologues, have also proved to be of
      interest, for example, in the fields concerned with surface-active agents,
      detergents, cosmetics, pesticides, in the textile industries, as uranium
      extraction solvents, etc. For some years, attempts have also been made to
      manufacture different organic sulphoxides, and especially dialkyl
      sulphoxides in which the alkyls have more than 1 carbon atom. The
      oxidation of the corresponding sulphides by conventional oxidising agents,
      as for example hydrogen peroxide, nitric acid, nitrogen dioxide, etc.,
      generally leads to the formation of sulphone; on the other hand, the
      nitrogen oxides present the danger of explosion, which limits their use
      solely to the manufacture of lower alkyl sulphoxides. Some progress has
      been achieved by using dimethyl sulphoxide as a gentle oxidant: in a
      scientific paper dated 1958, SEARLES and HAYS (Journ. Org. Chem. vol.
      23-1958 page 2,028) indicate yields of 55 to 59percent of di-n.propyl,
      di-n.butyl and tetramethylene sulphoxides, obtained by the action of
      CH.sub.3 SOCH.sub.3  on the corresponding sulphides. However, these
      authors say that they have not been able to obtain by this method
      sulphoxide from sulphides such as that of diisopropyl. Furthermore, they
      attempted catalysing the reaction with acids, but were not successful.
PAR  The action of lower alkyl sulphoxides on organic sulphides was later
      investigated by researchers, who found that the bromide ion catalyses the
      reaction; this work is described in US Pat. No. 3,428,671 of 1969,
      according to which any soluble salt with a BR ion, HBr or even elementary
      bromine are suitable as catalyst. Using ammonium bromide, the authors
      obtain from di-n.butyl sulphide and dimethyl sulphoxide, di-n.butyl
      sulphoxide with a yield not exceeding 34.4 percent (27.9 g of crude
      product, starting with 73 g of sulphide), that is to say, even less than
      SEARLES and HAYS.
PAR  The problem of economically obtaining a sulphoxide of high molecular weight
      by the action of a sulphoxide of lower molecular weight on the
      corresponding organic sulphide thus still remains. The present invention
      provides a solution thereof: it permits the preparation of all kinds of
      sulphoxides, by the aforementioned reaction, with suitable yields which
      are acceptable industrially, particularly yields of 60 to 95 percent based
      on the starting sulphide. In addition, it leads to very good selectivities
      as regards the sulphoxide being sought, especially of about 75 to 100
      percent. The process according to the invention makes it possible to
      obtain these results in a shorter time, generally of the order of 30
      minutes to 5 hours.
PAR  The invention results from the unexpected discovery that, contrary to the
      aforementioned publications, the reaction concerned is catalysed by the
      H.sup.+ ions.
PAR  The new process according to the invention consists in heating an organic
      sulphide with an excess of dialkyl sulphoxide, of which the alkyls have a
      number of carbon atoms lower than that of the organic radicals of the
      sulphide, the mixture containing at least one substance capable of
      yielding H.sup.+ ions in the reaction medium.
PAR  Interesting results are particularly obtained with mono-acids or acid
      salts, of which the molecule is capable of supplying a single hydrogen
      ion. In addition, the reaction medium must contain a small quantity of
      water, when the acid or salt being used is not sufficiently ionised in dry
      dialkyl sulphoxide.
PAR  It is evident that the acids or salts used as catalyst according to the
      invention must be selected from those which do not cause any secondary
      reactions, for example, oxidation or reduction of the reagents which are
      present.
PAR  Since strong electrolytes are preferred, the catalysts can with advantage
      be mineral acids or weak base salts of such acids. Especially suitable are
      the perchloric, hydrochloric, hydrofluoric, hydrobromic, hydriodic, nitric
      acids, etc. and their salts with ammonium, for example perchlorates,
      chlorides and bromides, etc.
PAR  The preferred manner of using these catalysts consists in introducing them,
      into the reaction medium, in the form of an aqueous solution; the
      concentration of this solution can vary widely, for example, between 0.1
      and 10M and preferably between 2 and 6M, the best concentration moreover
      depending on the nature of the catalyst.
PAR  According to one particular feature of the invention, the quantity of
      catalyst is adjusted so that the reaction medium contains 0.5 to 3
      gram-ions of hydrogen available per 100 moles of sulphide being used. The
      best proportion is about 1 to 2 hydrogen gram-ions per 100 moles of
      sulphide. It has in fact been established that the speed of reaction
      depends on the quantity of catalyst.
PAR  According to a preferred feature of the invention, a current of inert gas
      is blown through the reaction medium; the inert gas, particularly
      nitrogen, permits the formed sulphide to be carried away in proportion to
      its formation; the elimination achieved in this way of the sulphide
      favours the displacement of the equilibrium reaction towards the formation
      of the required sulphoxide.
PAR  On the other hand, the heating time of the reaction medium plays an
      important part: according to the invention, the preferred form of
      procedure consists in stopping the reaction as soon as the maximum yield
      possible in the given case has been reached. If the heating is continued,
      the conversion of the sulphide can still increase, but the selectivity as
      regards sulphoxide is lowered and with it the yield.
PAR  Thus, according to one particular feature of the invention, the maximum
      yield as a function of time is determined in advance in each particular
      case; then, during industrial production, the reaction is stopped after
      the time which was found to be that corresponding to the best yield.
      Depending on the nature of the acid catalyst which is used and depending
      on the concentration of said catalyst, the operation usually lasts from
      one to twelve hours, at a temperature close to but below the boiling point
      of the sulphoxide which is employed. This time also depends on the nature
      of the sulphide which is used. Thus, with 1 to 3 ml of a 2M to 10M
      solution of mono-acid or of acid salt in water, for 100 ml of sulphixode
      of lower molecular weight, at about 170.degree.C, the reaction is
      generally achieved in 2 to 6 hours.
PAR  Although the symmetrical or asymmetrical and possibly hydroxylated dialkyl
      sulphides are particularly suitable for carrying out the invention, it is
      however also possible to use dicycloalkyl or diaryl sulphides, or even
      mixed sulphides of alkyls and/or cycloalkyls or aryls. In the case of
      alkyls, it is particularly preferred to use those of which the number of
      carbon atoms is from 2 to 18. On the other hand, the sulphide may in
      itself be cyclic, as is the case with tetramethylene sulphide
      (tetrahydrothiophene).
PAR  The invention is illustrated by the following non-limiting examples. In
      these examples, 0.5 mole of organic sulphide, 0.75 mole of dimethyl
      sulphoxide (58.6 g) and 1.5 ml of an aqueous solution of the selected
      catalyst were introduced into a spherical flask. A stream of nitrogen was
      sent through the formed mixture and the latter was then brought to
      170.degree.C. The flask, equipped with a condenser regulated to
      50.degree.-60.degree.C, permitted the initial sulphide and the dimethyl
      sulphoxide to condense, but not the formed dimethyl sulphide; this latter
      can thus be eliminated. The reaction temperature is maintained for a
      predetermined time, while the vapours of dimethyl sulphide are eliminated
      and recovered. The dimethyl sulphoxide, entrained by the sulphide, is
      separated by decantation and recycled. When the reaction is terminated,
      the reaction mixture is cooled and the formed sulphoxide is separated
      therefrom, either by distillation or by filtration, when this sulphoxide
      crystallises. The first runnings from the distillation, or even the
      filtrate, can be recovered and recycled. This represents a decided
      advantage as compared by the process using hydrogen peroxide, which leads
      to sulphoxide in water, the separation of which is difficult for
      hydrosoluble sulphoxides.
PAR  In the tables which recapitulate examples, the nature of the catalysts and
      the concentration of their aqueous solutions as regards molarity (M) are
      indicated. The yields are related to the sulphide which is used. It can be
      seen that the molar excess of dimethyl sulphoxide is 50 percent, based on
      the starting sulphide; in accordance with the prior art, it is important
      to have an excess of this reagent, but it is sufficient to have a
      proportion of 1.1 to 2 moles of sulphoxide per 1 mole of initial sulphide,
      instead of an excess as large as 3 or 4 moles, which is specified in US
      Pat. No. 3,428,671.
DETD
PAC  EXAMPLES 1 to 18
TBL                                 Reaction                                   

     No.   Sulphide of Catalyst     time   Yield                               

                                    (hours)                                    

                                           %                                   

     ______________________________________                                    

      1    dipropyl    HC10.sub. 4                                             

                                0.1M  12     89                                

     1A    diisopropyl "        "     "      90                                

      2    dibutyl     "        "     "      92                                

      3    diheptyl    "        "     "      70                                

      4    dipropyl    HNO.sub.3                                               

                                0.1M  16     60                                

      5    "           HCl      "     40     60                                

      6    "           "        4M    4      68                                

      7    "           HBr      0.1M  16     51                                

      8    "           "        4M    3.5    85                                

      9    dibutyl     "        "     "      87                                

     10    methyl and  "        "     0.75   62                                

           dodecyl                                                             

     11*   (tetrahydro-                                                        

                       "        "     2      78                                

           thiophene)                                                          

     12    dipropyl    NH.sub.4 Br                                             

                                1M    7.5    67                                

     13    "           "        10M   5      72                                

     14    "           NH.sub.4 I                                              

                                4M    3      55                                

     15    diheptyl    NH.sub.4 Br                                             

                                10M   1.5    55                                

     16    dipropyl    KBr      4M    12      0                                

     17    "           KI       "     12      O                                

     18    methyl and  HCl      4M    4      68                                

           heptyl                                                              

     ______________________________________                                    

      *Tetramethylene sulphide.                                                

PAR  It is shown by Examples 1 to 18 that the aqueous, acid catalysts according
      to the invention permit yields to be obtained which extend to beyond 90
      percent (Example 2). In the case where the yields are of the order of 55
      to 60percent, 60 is to say, the same as those which were achieved by
      SEARLES and HAYS, the operating time is nevertheless much shorter than in
      the work carried out by these authors; thus, 55 percent are reached in
      Example 14 in 3 hours and in Example 15 in 11/2 hours; a yield of 62
      percent is reached in Example 10 in three-fourths of an hour; now,
      according to the aforesaid article in the Journal of Organic Chemistry,
      yields of 55 to 59 percent were obtained after 8 to 12 hours.
PAR  It is also possible to verify a substantial progress by comparison with the
      results of US Pat. No. 3,428,671: in fact, in Example 5 of the patent, the
      use of ammonium bromide led to a yield not exceeding 34.4percent, whereas
      the aqueous solution of this bromide, in accordance with the present
      invention, gave yields of at least 55 percent and capable of exceeding 90
      percent.
PAR  In addition, it is interesting to confirm that aqueous solutions of
      potassium bromide (Example 16) do not in any way catalyse the reaction,
      although the cited US Patent indicates the bromide ion generally as
      catalyst. The comparison between the results of Examples 16 and 17, on the
      one hand, and 1 to 15, on the other hand, clearly shows that it is the
      acid substances or compounds capable of liberating an acid which catalyse
      the reaction.
PAC  EXAMPLES 19 to 26
PAR  In order to make clear the significance of the concentration of the aqueous
      solution in acid substance serving as catalyst, a series of preparations
      of di-n.propyl sulphoxide from dipropyl sulphide and dimethyl sulphoxide
      was carried out, under the general conditions of Examples 1 to 18. The
      catalyst used was an aqueous solution of ammonium hydrobromide. The
      reaction was stopped after time periods which varied.
PAR  The following table sets out the results of these tests; it also contains
      as a comparison the results of Examples 12 and 13.
PAC  EXAMPLES 19 to 26
     Ex.  Catalyst   Time     Conversion                                       

                                      Selec- Yield                             

     No.  NH.sub.4 Br                                                          

                     (hours)  %       tivity %                                 

                                             %                                 

     ______________________________________                                    

     19   0.1M       16.5     --      --     50                                

     12   1M         7.5      --      --     67                                

     20   4M         2        90      100    90                                

     21   10M        4        66      100    66                                

     13   "          5        81      89     72                                

     22   "          6        84      82     69                                

     23   "          7        84      70     59                                

     24   10M+                                                                 

          HC10.sub.4 0.1M                                                      

                     2        80      100    80                                

     25   "          3        82      97.5   80                                

     26   "          5        89      92      81.5                             

     ______________________________________                                    

PAR  It is possible from these results to reach the conclusion that the optimum
      value as regards concentration of acid catalyst in the aqueous solution
      added to the reaction medium is at or close to 4M (Example 20); as the
      quantity of this added solution was 1.5 ml, this represents 1.2 moles of
      NH.sub.4 Br with about 10 moles of H.sub.2 O for 100 moles of dipropyl
      sulphide. It is seen that these proportions permit the selectivity of
      100percent to be reached for a yield of 90 percent
PAR  On the other hand, Examples 21, 13, 22 and 23, all carried out with a 10M
      solution of hydrobromide, show how the rate of conversion increases, while
      the selectivity decreases, in time; hence, a selectivity of 100 percent is
      found after 4 hours (Example 21), while the optimum value of the yield of
      72 percent is obtained after 5 hours, the selectivity having fallen to 89
      percent. The disclosure of these facts within the scope of the present
      invention makes possible a judicious choice of the heating time with a
      view to obtaining the best industrial result.
PAR  Another useful piece of information which confirms the duty of the H.sup.+
      ions is apparent from Examples 24 to 26: here, a small addition of strong
      acid (perchloric acid) to the same 10M hydrobromide of Examples 21 to 23
      and 13, shows a substantial improvement in the selectivities and yields.
      This addition permits (Example 24) a selectivity of 100 percent to be
      obtained in 2 hours with a yield of 80percent, instead of taking 4 hours
      as in Example 21, where the yield was only 66 percent.
PAR  Although the examples are concerned with operations carried out at
      170.degree.C with dimethyl sulphoxide as oxidant, the invention can
      likewise be carried out at other sufficiently high temperatures,
      particularly from 150.degree. to 250.degree.C, with other sulphoxides; in
      each case, the temperature is equal to or below the boiling point of the
      reaction mixture. It is expedient to operate with a reflux condenser when
      working at this boiling point.
PAR  In the case of hydroxylated alkyl sulphoxides which, by the known methods
      give very small yields, the present invention provides a substantial
      improvement, as shown by Examples 27 and 28.
PAC  EXAMPLE 27
PAR  Under the general conditions which are described in connection with the
      foregoing examples, dimethyl sulphoxide is caused to react with
      .beta.-hydroxyethyl and octyl sulphide
EQU  HO-CH.sub.2 -CH.sub.2 -S-C.sub.8 H.sub.17
PAL  in the presence of 4M HBr. After 5 hours, the conversion rate to
      .beta.-hydroxyethyl and octyl sulphoxide was 25 percent. By contrast, the
      oxidation with hydrogen peroxide of the same initial sulphide, using the
      conventional method, only gave a conversion of 15 percent.
PAC  EXAMPLE 28
PAR  Thiodiglycol, i.e., diglycol sulphide (CH.sub.2 -CH.sub.2 -OH).sub.2 S is
      subjected firstly to oxidation with dimethyl sulphoxide, in the same way
      as Example 27, and secondly to conventional oxidation with hydrogen
      peroxide.
PAR  The process according to the invention, using dimethyl sulphoxide, leads to
      a yield of 25 percent, while a yield of only 10 percent is obtained with
      hydrogen peroxide.
PAC  EXAMPLE 29
PAR  The process which is described in Examples 1 to 26 is applied to the
      treatment of dibenzyl sulphide with dimethyl sulphoxide. There is then
      obtained dibenzyl sulphoxide (C.sub.6 H.sub.5 CH.sub.2).sub.2 SO, with a
      yield of 25 percent, while this yield does not exceed 10 percent when the
      dibenzyl sulphide is treated with other oxidants.
CLMS
NUM  1.
PAR  1. In a process for producing an organic sulphoxide by reacting the
      corresponding sulphide with an organic sulphoxide having a lower molecular
      weight than the desired sulphoxide in the presence of a catalyst at
      elevated temperature equal to or below the boiling point of the reaction
      mixture, the improvement which comprises employing 1-3 percent by volume
      based on the volume of said lower molecular weight sulphoxide of an
      aqueous acidic solution of a strong electrolyte as the catalyst wherein
      said aqueous solution contains 0.1-10 mols per liter of a strong acidic
      electrolyte selected from the group consisting of perchloric acid,
      hydrochloric acid, hydrofluoric acid, hydriodic acid, nitric acid, and the
NUM  2.
PAR  2. The process of claim 1 wherein said catalyst is employed in an amount
      such that there are about 0.5-3 gram ions of hydrogen per 100 mols of
NUM  3.
PAR  3. The process of claim 1 wherein the amount of lower molecular weight
NUM  4.
PAR  4. The process of claim 1 wherein an inert gas is blown through the
      reaction medium to produce the entrainment of the sulphide formed by the
NUM  5.
PAR  5. The process of claim 1 wherein said strong electrolyte is HC10.sub.4.
NUM  6.
PAR  6. The process of claim 1 wherein said strong electrolyte is HCl or
NUM  7.
PAR  7. The process of claim 1 wherein said strong electrolyte is NH.sub.4 I.
NUM  8.
PAR  8. The process of claim 5 wherein said strong electrolyte additionally
NUM  9.
PAR  9. The process of claim 1 wherein the organic moieties of said sulphide are
      individually selected from the group consisting of alkyl, hydroxyalkyl,
      cycloalkyl, aryl, or said substituents are linked to form a tetramethylene
      group; said lower molecular weight sulphoxide is dimethyl sulfoxide and is
      used in an amount of 1.1-2 mols per mol of said sulphide, the elevated
      temperature is 150.degree.-250.degree. C., said aqueous solution contains
      0.1-10 mols of said strong electrolyte per liter, and said aqueous
      solution is used in an amount sufficient to provide about 0.5-3 gram ions
      of hydrogen ions per 100 mols of said sulphide.
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ABST
PAL  This invention relates to a method for preparing tetrahydrothiophen,
      consisting in that tetrahydrofuran is reacted with a sulphidation agent,
      elementary sulphur or phosphorus sulphides, with the stoichiometric ratio
      of the above-named substances, and at a temperature of
      175.degree.-215.degree.C, with subsequent isolation of the end product.
      The interaction between tetrahydrofuran and elementary sulphur can be
      realized in the presence of a red phosphorus additive which increases the
      yield of the end product. In the described method a non-toxic and safe
      (with respect to explosion) sulphidation reagents is used which markedly
      improves the labour conditions. The method is simple, requires no
      complicated process equipment, and can be effected under milder conditions
      as compared with the known methods.
BSUM
PAR  The invention relates to methods for preparing tetrahydrothiophen used as
      an intermediate in synthesizing thiophen, tetramethylene sulphoxide,
      sulpholane, and 1,4-dihalogen butanes. The products manufactured from
      tetrahydrothiophen are used as additives for motor fuels, for the
      extraction of aromatic hydrocarbons from petroleum products, for preparing
      polysulphide elastomers, in medicine, and etc.
PAR  A method for preparing tetrahydrothiophen is known in the art which
      consists of the interaction between tetrahydrofuran and a sulphidation
      agent, namely hydrogen sulphide, in the vapour phase with a stoichiometric
      ratio of the said substances, and at a temperature of from
      275.degree.-450.degree.C, in the presence of alumosilicate catalyst, and
      with the subsequent isolation of the end product.
PAR  The disadvantage of the known method is the use of poisonous and
      explosion-dangerous hydrogen sulphide which contaminates the environment
      and corrodes steel apparatus. Moreover, the use of a hydrogen-sulphide
      generator complicates the process flowsheet. The disadvantage of the known
      method resides also in the high temperature at which tetrahydrofuran
      reacts with the sulphidation agent.
PAR  The general object of the invention is to eliminate these disadvantages.
PAR  The specific object of the invention is to provide a method for preparing
      tetrahydrothiophen in which non-poisonous and non-explosive sulphidation
      agents can be used.
PAR  Another object of the invention is to provide a method for preparing
      tetrahydrothiophen in which the reaction between tetrahydrofuran and the
      sulphidation agent an be effected at lower temperature.
PAR  Still another object of the invention is to provide a process that an be
      realized with simple equipment.
PAR  In accordance with these and other objects, the invention consists in
      reacting tetrahydrofuran with the sulphidation agent, viz. elementary
      sulphur, or sulphides of phosphorus, taken in a stoichiometric ratio of
      the said substances, at a temperature of from 175.degree.-213.degree.C,
      and with subsequent the isolation of the end product.
PAR  The use of the new sulphidation agents in the proposed method, namely, of
      elementary sulphur and sulphides of phosphorus, improves the labour
      conditions (the said reagents are non-poisonous and non-explosive), and
      also requires lower process temperatures (175.degree.-215.degree.C). The
      said sulphidation agents provide favourable conditions for carrying out
      the process in steel apparatus. The simple flowsheet of the proposed
      process is another advantage of the invention.
PAR  In order to increase the yield of the end product it is recommendable to
      carry out the reaction between tetrahydrofuran and elementary sulphur in
      the presence of red phosphorus taken in a ratio of from 0.5-1 g-atom per
      g-mole of tetrahydrofuran.
PAR  For ensuring a higher tetrahydrothiophen yield, the reaction between
      tetrahydrofuran and the elementary sulphur in the presence of red
      phosphorus should be carried out at a temperature of from 180.degree. to
      200.degree.C.
PAR  The proposed method for preparing tetrahydrothiophen can be realized as
      follows:
PAR  The reaction between tetrahydrofuran and the sulphidation agent is carried
      out in a rotating autoclave or in an autoclave provided with a stirrer.
      The autoclave is provided also with a pressure gauge, an electric heater,
      and a thermocouple connected to a potentiometer, which records and
      controls the process temperature. The stoichiometric quantities of the
      tetrahydrofuran and the sulphidation agent (elementary sulphur or
      phosphorus sulphides, for example P.sub.4 S.sub.3, P.sub.2 S.sub.3,
      P.sub.4 S.sub.7, P.sub.2 S.sub.5) are loaded into the autoclave (rotary,
      or with a stirrer). In order to increase the yield of the end product, the
      elementary sulphur can be introduced into the autoclave along with an
      additive of red phosphorus taken in a ratio of from 0.5-1 g-atom per
      g-mole of tetrahydrofuran. The autoclave is closed, and the reacting
      components are heated to the required temperature and kept at this
      temperature for the time required to accomplish the process. The
      completeness of the reaction is judged by establishing the constant
      pressure inside the autoclave. The heating is then discontinued, the
      autoclave contents are cooled to room temperature and the excess pressure
      is released. The autoclave is then opened, and the reaction mixture, which
      is a viscous brown liquid, is unloaded from the autoclave and the end
      product is isolated therefrom, for example, by extracting with organic
      solvents, or by distillation. In the latter case (which is preferred), the
      reaction mixture is placed into a still, and the end product is distilled
      at a temperature of 116.degree.-122.degree.C at atmospheric pressure. In
      order to increase the yield of tetrahydrothiophen, additional quantities
      of the product can be recovered from the still bottoms by extraction with
      organic solvents, for example, with carbon tetrachloride.
DETD
PAR  For a better understanding of the invention, the following examples of its
      practical embodiment are given by way of illustration.
PAC  EXAMPLE 1
PAR  A rotary autoclave of one liter capacity, provided with a pressure gauge
      and a heat control system (electric heater, thermocouple, potentiometer),
      was charged with 72 g (one g-mole) of tetrahydrofuran, 32 g (one g-atom)
      of crushed elementary sulphur, and the reaction mixture was kept at a
      temperature of 200.degree.C for 18 hours (with rotation of the autoclave).
      The autoclave was then cooled to room temperature, the pressure was
      released, and the liquid reaction products of brown colour were
      transferred into a distillation flask. The result of the distillation
      yielded 17.1 g (23.2%) of unreacted tetrahydrofuran, having boiling point
      of 64.degree.C (760 mm Hg), and 10.5 g (11.9%) of tetrahydrothiophen
      having a boiling point of from 118.degree.-122.degree.C (760 mm Hg),
      d.sub.4.sup.20 1.000, n.sub.D.sup.20 1.5010, which well agrees with the
      available data (b.p. 116.degree.-122.degree.C at 760 mm Hg, d.sub.4.sup.20
      1.000, n.sub.D.sup.20 1.5010; E. E. Reid, Organic Chemistry of Bivalent
      Sulphur, vol. 3, N.Y. 1960, p. 90).
PAC  EXAMPLE 2
PAR  A rotary steel autoclave as described in Example 1, was charged with 72 g
      (one g-mole) of tetrahydrofuran, 32 g (one g-atom) of crushed sulphur, and
      31 g (one g-atom) of red phosphorus, and the mixture was kept at
      180.degree.C for six hours with rotation of the autoclave. The autoclave
      was then cooled to room temperature, the pressure was released and a brown
      liquid product from the reaction was transferred into a distillation
      flash. The products of distillation were 34.5 g (37.7%) of
      tetrahydrothiophen having the boiling point of 118.degree.-122.degree.C
      (760 mm Hg), d.sub.4.sup.20 1.000, n.sub.D.sup.20 1.5010.
PAC  EXAMPLE 3
PAR  A rotary steel autoclave, as in Example 1, were charged with 144 g (2
      g-moles) of tetrahydrofuran, 64 g (2 g-atoms) of crushed elementary
      sulphur and 62 g (2 g-atoms) of red phosphorus, and the mixture was kept
      at a temperature of 200.degree.C for two hours. The autoclave was then
      cooled to room temperature and the pressure was released. The liquid
      reaction products were transferred into a distillation flask and 96 g
      (50.2%) of tetrahydrothiophen were isolated (b.p.
      116.degree.-122.degree.C, at 760 mm Hg., d.sub.4.sup.20 1.000,
      n.sub.D.sup.20 1.5010).
PAC  EXAMPLE 4
PAR  A rotary steel autoclave, as in Example 1, was charged with 72 g (one
      g-mole) of tetrahydrofuran, 32 g (one g-atom) of crushed elementary
      sulphur, and 15.5 g (0.5 g-atom) of red phosphorus, and the mixture was
      kept at a temperature of 200.degree.C for 36 hours. The autoclave was then
      cooled to room temperature and the pressure released. The liquid reaction
      products were transferred into a distillation flask to isolate 19.5 g
      (22.2 per cent) of tetrahydrothiophen having a boiling point
      118.degree.-122.degree.C (760 mm Hg), d.sub.4.sup.20 1.000, n.sub.D.sup.20
      1.5010.
PAC  EXAMPLE 5
PAR  A steel autoclave having a 0.5 liter capacity, provided with a stirrer, a
      pressure gauge and a heating control system (electric heater,
      thermocouple, potentiometer), was charged with 72 g (one g-mole) of
      tetrahydrofuran, 46 g (0.2 g-mole) of phosphorus sulphide P.sub.2 S.sub.5,
      and the mixture was kept at a temperature of 195.degree.C with stirring
      for six hours. The autoclave was then cooled to room temperature, the
      pressure was released and the liquid reaction products, brown in colour,
      were transferred into a distillation flask. The product of distillation is
      44.5 g (50.3 per cent) of tetrahydrothiophen, having a boiling point at
      118.degree.-122.degree.C (760 mm Hg), d.sub.4.sup.20 0.9998,
      n.sub.D.sup.20 1.5020.
PAC  EXAMPLE 6
PAR  A steel autoclave described in Example 5 was charged with 72 g (one g-mole)
      of tetrahydrofuran, 45 g (0.2 g-mole) of phosphorus sulphide P.sub.2
      S.sub.5, and the mixture was kept at 175.degree.C for six hours with
      stirring. The autoclave was unloaded and the end product was isolated from
      the reaction mixture as described in Example 5. The yield was 40 g (45.2
      per cent) of tetrahydrothiophen having a boiling point of
      118.degree.-122.degree.C (760mm Hg), D.sub.d.sup.20 1.000, n.sub.D.sup.20
      1.5015.
PAC  EXAMPLE 7
PAR  A steel autoclave described in Example 5, was charged with 72 g (one
      g-mole) of tetrahydrofuran, and 45 g (0.2 g-mole) of phosphorus sulphide
      P.sub.2 S.sub.5, and the mixture was kept at 215.degree.C for six hours
      with stirring. The autoclave was unloaded, and the end product was
      isolated from it by a method similar to that described in Example 5. The
      result was 36 g (40.4%) of tetrahydrothiophen having the boiling point of
      118.degree.-122.degree.C (760 mm Hg), d.sub.4.sup.20 1.000, n.sub.D.sup.20
      1.5015).
PAC  EXAMPLE 8
PAR  A rotary steel autoclave having a capacity of one liter, and provided with
      a pressure gauge and a heat control system, was charged with 72 g (one
      g-mole) of tetrahydrofuran, 72.6 g (0.33 g-mole) of phosphorus sulphide
      P.sub.4 S.sub.3, and the reaction mixture was kept at a temperature of
      200.degree.C for six hours with rotation of the autoclave. The autoclave
      was then cooled to room temperature and the pressure was released. The
      brown liquid reaction products were transferred into a distillation flask
      which yielded 10 g of (13.5%) of tetrahydrothiophen having boiling point
      of from 118.degree.-122.degree.C (760 mm Hg), d.sub.4.sup.20 1.000,
      n.sub.D.sup.20 1.5010.
PAC  EXAMPLE 9
PAR  A rotary steel autoclave of one liter capacity provided with a pressure
      gauge and a heat control system was charged with 72 g (one g-mole) of
      tetrahydrofuran, and 52.2 g (0.33 g-mole) of phosphorus sulphide (P.sub.2
      S.sub.3), and the reaction mixture was kept at a temperature of
      195.degree.C for six hours with rotation of the autoclave. The autoclave
      was then cooled to room temperature and the pressure released. The brown
      liquid reaction product was transferred into a distillation flask and 40 g
      (45.5%) of tetrahydrothiophen having the boiling point of
      118.degree.-122.degree.C was produced (760 mm Hg), d.sub.4.sup.20 1.000,
      n.sub.D.sup.20 1.5010).
PAC  EXAMPLE 10
PAR  A rotary steel autoclave of one-liter capacity, provided with a pressure
      guage and a heat control system was charged with 72 g (one g-mole) of
      tetrahydrofuran, and 49.8 g (0.143 g-mole) of phosphorus sulphide P.sub.4
      S.sub.7, and the reaction mixture was kept at a temperature of
      200.degree.C for six hours with rotation of the autoclave. The autoclave
      was then cooled to room temperature and the pressure released. The
      pale-brown reaction liquid reaction products were then transferred into a
      distillation flask to separate 17 g (19.3 per cent) of tetrahydrothiophen
      having a boiling point of 118.degree.-122.degree.C (760 mm Hg),
      d.sub.4.sup.20 1.000, n.sub.D.sup.20 1.5010.
CLMS
NUM  1.
PAR  1. A method for preparing tetrahydrothiophen comprising reacting
      tetrahydrofuran with a sulphidation agent selected from the group
      consisting of elementary sulphur and sulphides of phosphorus taken in a
      stoichiometric ratio of the said substances, at a temperature of from
      175.degree. to 215.degree.C, and separating said tetrahydrothiophen from
      the reaction mixture by distillation at 116.degree.-122.degree.C at
NUM  2.
PAR  2. A method according to claim 1, in which the reaction between
      tetrahydrofuran and elementary sulphur is carried out in the presence of
      red phosphorus taken in the ratio of 0.5-1 g-atom per g-mole of the
NUM  3.
PAR  3. A method according to claim 2, in which the reaction between
      tetrahydrofuran and elementary sulphur in the presence of red phosphorus
NUM  4.
PAR  4. A method according to claim 1, wherein additional tetrahydrothiophen is
      separated from the still bottoms of the reaction mixture by extraction
      with carbon tetrachloride.
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PAL  This invention relates to a polymerizable cycloacetal resinous composition,
      characterized by reacting 1 equivalent of diallylidenepentaerythritol (I)
      with 0.8 - 2.0 equivalents of polyhydric alcohol-unsaturated
      monocarboxylic acid ester mono-ol (II) having both a hydroxyl group and a
      polymerizable or copolymerizable unsaturated bond in the same molecule,
      with or without a solvent, in the presence of a polymerization inhibitor
      and addition reaction catalyst.
BSUM
PAR  This invention relates to a polymerizable cycloacetal resinous composition
      prepared by reacting unsaturated cycloacetal compound with unsaturated
      alcohol having both a polymerizable or copolymerizable unsaturated bond
      and hydroxyl group in the same molecule.
PAR  Cycloacetal compound prepared by the condensation of a polyhydric alcohol
      such as pentaerythritol and sorbitol with unsaturated aldehyde such as
      crotonaldehyde and acrolein is well known as a spiroacetal resin. Among
      them, diallylidenepentaerythritol prepared by the condensation of
      pentaerythritol with acrolein and triallylidenesorbitol prepared by the
      condensation of sorbitol with acrolein are valuable since a double bond in
      their structure has special reactivity, and it is well known that they
      react with active hydrogens of polycarboxylic acids, polyhydric alcohols,
      or polythiols phenols to produce thermoplastic or thermosetting resins.
PAR  However, these double bonds are not always satisfactory in radical
      polymerizability, and the reactivity with the hydrogen of an active amine
      is not satisfactory. Consequently, this lessens their utility.
PAR  We have studied the various properties of these cycloacetal groups, and
      found that they can be modified to have satisfactory radical
      polymerizability without damaging their essential features. We noticed
      that these double bonds react well with alcoholic hydroxyl groups without
      coloration, and that unsaturated bonds in acrylyl or methacylyl groups
      polymerize or copolymerize well with the same kinds or different kinds of
      polymerizable monomers. This was proven by the fact that the reaction of
      the above cycloacetal compound with a glycol unsaturated monocarboxylic
      acid ester e.g. hydroxylethylmethacrylate which is a monomer having both a
      hydroxyl group and unsaturated bond in the same molecule,
      trimethylolpropanedimethacrylate or glycerinedimethacrylate, provides an
      addition monomer which comprises substantially both of the above
      compounds. In the above reaction, addition reaction is completed without
      producing substitution reaction products and any other by-products, and
      accordingly the reaction can easily be carried out in a simple and
      inexpensive apparatus. A novel polymerizable cycloacetal addition product
      prepared by reacting diallylidenepentaerythritol with
      hydroxylethylmethacrylate in accordance with the present invention is
      represented by the following chemical formula.
      ##EQU1##
      Further, a novel polymerizable cycloacetal addition product prepared by
      reacting diallylidenepentaerythritol with trimethylolpropanedimethacrylate
      is represented by the following chemical formula.
      ##EQU2##
PAR  In addition to diallylidenepentaerithritol, the other examples of
      polycycloacetal compound (I) which can be used in the present invention
      include polycrotonaldehyde acetal, polyacrolein acetal and the like, and
      they are synthesized by the method disclosed in Schulz "Angew, Chem."
      (vol. 62, No. 5, pp. 105-118, 1950). However, polyacrolein acetal is
      preferable in order to obtain a desired product having a light color by
      reacting with a polymerizable alcohol source as disclosed below.
PAR  Examples of glycol unsaturated monocarboxylic acid monoesters or polyhydric
      alcohol unsaturated monocarboxylic acid ester mono-ols (II) which react
      with polycycloacetal compound (I) include hydroxylethyl (or propyl)
      methacrylate, hydroxylethyl (or propyl) acrylate, hydroxylethyl (or
      propyl) crotonate, trimethylolpropanedimethacrylate,
      trimethylolpropanediacrylate, trimethylolethanedimethacrylate,
      trimethylolethanediacrylate, glycerinedimethacrylate and the like. They
      must have at least one alcoholic hydroxyl group and at least one
      unsaturated bond such as methacrylyl, acrylyl and crotonyl groups. Taking
      radical polymerizability and curing properties into consideration, a
      compound having methacrylyl group is generally preferable. However, when a
      soft curing product is desired or a reactivity with active amine hydrogen
      is desired, a compound having an acrylyl group is convenient.
PAR  According to the present invention, a novel cycloacetal resinous
      composition is prepared by reacting polycycloacetal compound (I) with a
      glycol unsaturated monocarboxylic acid monoester or polyhydric alcohol
      unsaturated monocarboxylic acid ester mono-ol (II) in an equivalent ratio
      of an acetal group (I) to (II) e.g. 1 to 0.8- 2. 1- 1.5 equivalents of
      (II) is sufficient for this reaction, but it is generally convenient to
      use an excess of (II) in order to improve the rate of this addition
      reaction. After the reaction is completed, the excess amount of component
      (II) may be removed, but the removement of the excess amount of component
      (II) depends on the use of the reaction product and is not always
      necessary. The rate of the reaction between the two components (I) and
      (II) is preferably more than 80 percent. If the reaction rate is below
      this value, the curing of the product sometimes is poor. Therefore, for
      general purpose, the component (II) should be used in an equivalent or
      excess amount to complete the reaction. The reaction between the two
      components (I) and (II) smoothly takes place without using solvent, and
      accordingly it is economically advantageous to run the reaction without
      using a solvent. However, it may be convenient to perform the reaction in
      the presence of solvent for a paint and to use the reaction product as a
      paint as is. During the reaction between components (I) and (II), there is
      a possibility that a gelation may take place. Thus, it is preferable to
      perform the reaction in atmosphere of inert gas than in the air. However,
      such gelation can be prevented if a polymerization inhibitor such as
      hydroquinone, benzoquinone or the like is used. The inhibitor is used in
      an amount of 0.001- 0.1 weight part per 100 weight parts of the total
      reactants. In order to accelerate the reaction, a small amount of acidic
      catalyst is required, and a suitable acidic catalyst employed for this
      purpose includes para-toluene sulfonic acid, diethylsulfuric acid,
      ethylsulfonic acid, BF.sub.3 -ether complex and the like. Among these
      catalysts, paratoluene sulfonic acid is inexpensive and satisfactory. The
      amount of the catalyst used is 0.1- 1.0 weight part per 100 weight parts
      of the total reactants. If the amount of the catalyst used is less than
      the above value, the reaction takes much longer and this is economically
      undesirable. On the other hand, if the amount of the catalyst is more than
      the above value, there is a possibility that coloration or side-reactions
      take place. From this point of view, a generally preferable amount of
      catalyst is 0.2- 0.4 weight part. The reaction temperature may be selected
      from within the range of 50.degree. to 120.degree.C, but the preferable
      reaction temperature range is from 60.degree. to 20 C for the purpose of
      preventing coloration or unfavorable side-reaction. In order to obtain a
      reaction yield of more than 80 percent at 80.degree.C, the reaction takes
      12 to 15 hours.
PAR  The reaction product obtained by the present invention, for example
      cycloacetaletherpoly(meta)acrylate is very useful as a starting material
      for synthetic resin or modifier. The viscosity of the reaction product of
      this invention is generally several poises (1 to 10 poises) at room
      temperature without being diluted with other polymerizable monomers, and
      the reaction product contains polyfunctional monomers as a main component.
      Moreover, this reaction product is easily polymerized and cured by the
      action of a commonly available radical generator such as benzoylperoxide
      and the like. This is a significant property since commonly available
      polyesters must be diluted with polymerizable monomers such as styrene in
      order to obtain a viscosity of approximately several poises. The same
      situation applies to epoxyacrylics. Consequently, the shrinkage ratio of
      curing of commonly available starting materials is larger than that of the
      reaction product of this invention. This property makes the product of
      this invention useful as a starting material for FRP (fiber glass
      reinforced plastics), adhesives, casting materials, paints and the like.
      Moreover, the resinous product of this invention has excellent weather
      resistance and chemical resistance due to the acetal structure contained
      therein. Further, any kind of polymerizable monomers such as acrylic type
      monomers as well as styrene type monomers can be used as a diluent, and
      the cured product of this invention retains exellent tenacity, weather
      resistance and chemical resistance regardless of such diluent. Thus, the
      product of this invention having the above-mentioned various excellent
      properties may be used as a modifier for commonly available unsaturated
      polyester resins or epoxyacrylic type resins, and may be used for
      producing paints and adhesive by dissolving optional polymers. Also, the
      cycloacetal ether methacrylate of this invention may be used as an
      anaerobic one-package type adhesive in the same manner as
      polyethyleneglycol dimethacrylate, and the former is superior in weather
      resistance, thermal resistance and chemical resistance than the latter.
      The product of this invention may also be used as a polymerization
      plasticizer for vinyl chloride in the same manner as polyethyleneglycol
      dimethacrylate, and it was proven that the former is superior in weather
      resistance and compatibility to the latter. Thus, the product of this
      invention has various uses since it has a cycloacetal structure and low
      viscosity suitable for polymerization.
DETD
PAR  This invention is illustrated by the following examples, but is not
      restricted thereto.
PAC  EXAMPLE 1
PAR  260 weight parts of hydroxylethylmethacrylate (made by Mitsubishi Rayon
      Co.), 212 weight part of diallylidenepentaerythritol (made by Daicel Co.),
      1.5 weight parts of para-toluenesulfonic acid and 0.25 weight part of
      hydroquinone were placed in a one liter-three necked flask equipped with a
      condenser, stirrer, theromometer and inlet tube for nitrogen. The mixture
      in the flask was stirred in the atmosphere of nitrogen, and reacted at a
      temperature of 80.degree.- 85.degree.C for 10 hours. It was proven by
      infrared ray absorption spectrum determination that more than 80 percent
      of the reactants were reacted to produce a light yellowish resin having a
      low viscosity of 1.6- 1.7 poises at 27.degree.C. The reaction product had
      the following chemical formula:
      ##EQU3##
      The thus obtained reaction product was easily cured in the presence of
      benzoylperoxide and dimethylaniline to form a transparent product having
      tenacity.
PAR  Both the reaction product diluted with 40 percent of styrene and the
      reaction product diluted with 40 percent of methylmethacrylate were also
      easily cured in the presence of benzoylperoxide and dimethylaniline to
      form a transparent hard product.
PAC  EXAMPLE 2
PAR  235 weight parts of hydroxylethylacrylate (made in Nagase Sangyo Co.), 200
      weight parts of diallylidenepentaerythritol (made by Daicel Co.), 1.2
      weight parts of para-toluenesulfonic acid and 0.2 weight part of
      hydroquinone were placed in the same type of flask as used in Example 1,
      and reacted at a temperature of 90.degree.- 92.degree.C for 12 hours. It
      was proven by infrared ray absorption spectrum determination that 85
      percent of the reactants were reacted. The thus obtained resin had a very
      light color and low viscosity (2.0 poises at 25.degree.C), and the
      reaction product diluted with styrene or methylmethacrylate was cured in
      the presence of benzoyl peroxide to form a soft cured product.
PAC  EXAMPLE 3
PAR  400 weight parts of hydroxylethylacrylate, 212 weight parts of
      diallylidenepentaerythritol, 0.15 weight part of para-toluenesulfonic acid
      and 0.3 weight part of benzoquinone were placed in the same type of flask
      as used in Example 1, and reacted at 90.degree.C for 15 hours. The thus
      obtained resinous composition had a viscosity of 1.2 poises at
      25.degree.C. After the reaction, the reaction mixture was neutralized with
      KOH-methanol solution, and to the reaction product were added 2 weight %
      of cumenehydroperoxide, 600 ppm of 1,4-benzoquinone and 0.2 weight % of
      dimethylaniline, thereby producing an anaerobic resinous composition
      having satisfactory preservability.
PAC  EXAMPLE 4
PAR  212 weight parts of diallylidenepentaerythritol, 560 weight parts of
      trimethylolpropanedimethacrylate composition, 2.5 weight parts of
      para-toluenesulfonic acid and 0.5 weight part of hydroquinone were placed
      in the same type of flask as used in Example 1, and reacted in the
      atmosphere of nitrogen at 80.degree.C for 15 hours. It was proven by
      infrared ray absorption spectrum determination that approximately 90
      percent of the reactants were reacted, and the thus obtained resin had a
      low viscosity (2.5 poises at 25.degree.C). This resin was cured in the
      presence of benzoyl peroxide and dimethylaniline to form a transparent
      product having an excellent thermal resistance. This resin diluted with
      60% of styrene or 20% of methylmethacrylate was cured in the same manner.
PAR  The following Examples 5 to 8 illustrate that a polymerizable cycloacetal
      compound of this invention may be used in connection with other
      unsaturated polyesters and thermoplastic resins. In these examples, there
      was used a cycloacetal compound prepared in Example 1 having the following
      chemical formula,
      ##EQU4##
      Suitably the other cycloacetal compounds may also be used.
PAC  EXAMPLE 5
PAC  Preparation of Unsaturated Polyester (A)
PAR  Unsaturated polyester (A) was prepared by dissolving unsaturated alkyd of
      an acid value of 33.4 comprising 10.5 moles of propyleneglycol, 5 moles of
      maleic anhydride and 5 moles of phthalic anhydride, in 35% of styrene
      containing 0.02% of hydroquinone.
PAR  The polymerizable cycloacetal compound of this invention was mixed with the
      above prepared unsaturated polyester (A) in an optional ratio. To 100
      weight parts of this mixture were added 1.5 weight parts of
      methylethylketoneperoxide and 0.8 weight part of cobalt naphthenate (6%
      Co), and the resultant composition was coated by a knife coater on a steel
      plate as used for testing a paint so as to make a thickness of a coated
      film 0.2 mm. As seen from Table 1, the copolymerizable cycloacetal
      compound of this invention proved to be very useful as a curing
      accelerator or a modifier for improving a surface drying property of the
      unsaturated polyester (A).
TBL                                    Table 1                                 

     __________________________________________________________________________

                             gelling time                                      

                                     drying                                    

     Composition of resin                                                      

                      pot life at                                              

                             of coated film                                    

                                     time   Sword hardness                     

                      25.degree.C (min.)                                       

                             at 25.degree.C (min.)                             

                                     (min.) after 48 hours                     

     __________________________________________________________________________

     unsaturated polyester (A)                                                 

                      18     60      not dried                                 

                                            unmeasurable                       

                                     and remain-                               

                                     ed sticky                                 

     unsaturated polyester (A)80%                                              

                      14     27      45     16                                 

     polymerizable cycloacetal                                                 

     compound 20%                                                              

     unsaturated polyester (A)60%                                              

                      13     23      39     27                                 

     polymerizable cycloacetal                                                 

     compound 40%                                                              

     unsaturated polyester (A)40%                                              

                      11     19      30     38                                 

     polymerizable cycloacetal                                                 

     compound 60%                                                              

     styrene 10%      28     37      50     53                                 

     polymerizable cycloacetal                                                 

     compound 90%                                                              

     __________________________________________________________________________

PAC  EXAMPLE 6
PAR  Polymethylmethacrylate for an acrylic lacquer having a molecular weight of
      about 25,000 was dissolved in styrene to form a solution having 30 percent
      of solid content.
PAR  The above prepared styrene solution was mixed with 100 weight parts of the
      polymerizable cycloacetal compound of this invention in various ratios,
      and the resultant composition was tested in respect of an adhesive
      strength (shear strength) between steel plates as well as film formability
      of paint coating. As seem from Tables 2 and 3, the compositions of this
      invention proved to be excellent as adhesives or paints.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Composition of resin         adhesive strength after 48                   

                                  hours (kg/cm.sup.2)                          

     __________________________________________________________________________

     polymerizable cycloacetal compound                                        

                        100  wt parts                                          

     benzoyl peroxide   1    "    116 - 130                                    

     dimethyl aniline   0.1  "                                                 

     polymerizable cycloacetal compound                                        

                        100  wt parts                                          

     styrene solution of polymethyl-                                           

     methacrylate       10   "    150 - 163                                    

     bynzoyl peroxide   1.1  "                                                 

     dimethyl aniline   0.1  "                                                 

     polymerizable cycloacetal compound                                        

                        100  wt parts                                          

     styrene solution of polymethyl-                                           

     methacrylate       20   "    161 - 184                                    

     benzoyl peroxide   1.2  "                                                 

     dimethylaniline    0.1  "                                                 

     polymerizable cycloacetal compound                                        

                        100  wt parts                                          

     styrene solution of polymethyl-                                           

     methacrylate       30   "    204 - 247                                    

     benzoyl peroxide   1.3  "                                                 

     dimethyl aniline   0.1  "                                                 

     __________________________________________________________________________

TBL                                    Table 3                                 

     __________________________________________________________________________

     Composition of resin         state of                                     

                                         Sword hardness                        

                                  film surface                                 

                                         after 48 hours                        

     __________________________________________________________________________

     polymerizable cycloacetal compound                                        

                        90   wt parts                                          

                                  partly 53                                    

     styrene            10   "    orange-                                      

     methylethyl ketone peroxide                                               

                        1.5  "    peel like                                    

     cobalt naphthenate (6% Co)                                                

                        0.8  "    lusterless                                   

                                  surface                                      

     polymerizable cycloacetal compound                                        

                        90   wt parts                                          

                                  smooth and                                   

                                         49                                    

     styrene            10   "    lustrous                                     

     styrene solution of polymethyl-                                           

                                  surface                                      

     methacrylate       10   "                                                 

     methylethyl keton peroxide                                                

                        1.5  "                                                 

     cobalt naphthenate 0.8                                                    

     polymerizable cycloacetal compound                                        

                        90   wt parts                                          

                                  smooth and                                   

                                         55                                    

     styrene            10   "    lustrous                                     

     styrene solution of polymethyl-                                           

                                  surface                                      

     methacrylate       20   "                                                 

     methylethyl ketone peroxide                                               

                        1.5  "                                                 

     cobalt naphthenate 0.8                                                    

     __________________________________________________________________________

PAR  The polymerizable cycloacetal compound of this invention may be used in
      connection with the other thermoplastic polymers such as vinyl copolymer,
      polystyrene, polyvinylmethylether and the like in the same manner as used
      in the preceding example.
PAC  EXAMPLE 7
PAR  1 weight part of benzoin methylether was dissolved in 100 weight parts of
      the polymerizable cycloacetal compound of this invention, and to the
      resultant mixture was added 10 weight parts of 30% styrene solution of
      polyvinyl acetate. The resultant composition was coated by a knife coater
      on a steel plate as used in Example 5 so as to make a thickness of a
      coated film 0.2 mm. This coated film was placed under a mercury lamp
      positioned at 10 cm apart from the coated film. The film was cured by 1- 2
      seconds' exposure to ultraviolet rays, and the pencil hardness of the
      cured surface reached 4 H after 5 seconds' exposure. Thus, resinous
      composition of this invention proved to be useful for a paint to be cured
      by ultraviolet rays.
PAC  EXAMPLE 8
PAR  90 weight parts of the polymerizable cycloacetal compound of this invention
      and 10 weight parts of styrene were mixed, and coated on a steel plate as
      used in Example 5 so as to make the thickness of a coated film 0.1 mm. The
      coated film was cured at a dosage of 3 mega-rad by a van de Graaf type
      electron beam radiation apparatus to form a cured film having a pencil
      hardness of 3- 4 H.
PAR  100 weight parts of the polymerizable cycloacetal compound of this
      invention, 3 weight parts of phthalocyanine green, 20 weight parts of
      talc, 5 weight parts of titanium white and 20 weight parts of styrene were
      mixed by a roller, and the mixture was coated on a steel plate in the same
      manner as above. The coated film was cured by irradiating with an electron
      beam dosage of 3 megarads to form a colored cured film having a pencil
      hardness of 4 H.
PAC  EXAMPLE 9
PAC  Preparation of vinylester
PAR  Epoxy resin "Epikote 834" having an epoxy equivalent of 260 (made by Shell
      Co., Ltd.) 520 weight parts, acrylic acid 140 weight parts, hydroquinone
      (polymerization inhibitor) 0.14 weight part and diethylamine hydrochoric
      acid salt 2.5 weight parts were reacted at 125.degree.C for 180 minutes to
      produce a vinyl ester resin having an acid value of 6.0.
PAR  The thus obtained vinyl ester resin was mixed with polymerizable
      cycloacetal compound as prepared in Example 2 in a weight ratio of vinyl
      ester 60 to cycloacetal compound 40, and the resultant mixture was coated
      on a steel plate to form a film having a thickness of 0.1 mm. The coated
      film was cured by irradiating with an electron beam dosage of 3 megarad
      beam to form a cured film having a pencil hardness of 4 H, and the
      adhesion to the steel plate was excellent.
CLMS
STM  What we claim is that:
NUM  1.
PAR  1. A polymerizable cycloacetal composition, prepared by reacting 1
      equivalent of (I) diallylidenepentaerythritol with 0.8- 2.0 equivalents of
      (II) polyhydric alcohol-unsaturated monocarboxylic acid ester having one
      alcoholic hydroxyl group and at least one substituent selected from
      methacrylyl, acrylyl and crotonyl groups, with or without a solvent, in
      the presence of a free radical polymerization inhibitor and an addition
      reaction catalyst.
NUM  2.
PAR  2. A polymerizable cycloacetal composition according to claim 1, wherein
      said polyhydric alcohol-unsaturated monocarboxylic acid ester (II) is
      selected from the group consisting of hydroxyethyl methacrylate,
      hydroxypropylmethacrylate, hydroxyethylacrylate, hydroxypropylacrylate,
      hydroxyethylcrotonate, hydroxypropylcrotonate,
      trimethylolpropanedimethacrylate, trimethylolpropanediacrylate,
      trimethylolethanedimethacrylate, trimethylolethanediacrylate and
      glycerinedimethacrylate.
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ABST
PAL  O-Phenylcarbamates, e.g. those of the formula
      ##EQU1##
      are biocides, e.g. insecticides.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 402,650, filed on Oct. 1, 1973,
      now U.S. Pat. No. 3,856,816, which is a division of application Ser. No.
      197,474, filed on Nov. 10, 1971, now U.S. Pat. No. 3,781,301. Application
      Ser. No. 197,474 is a continuation of application Ser. No. 2,445 filed on
      Jan. 12, 1970, which in turn was a continuation-in-part of application
      Ser. No. 782,335 filed on May 13, 1968, which in turn was a division of
      application Ser. No. 493,256 filed on Oct. 5, 1965, all of which are now
      abandoned.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  The present invention concerns and has for its object the provision of new
      O-phenyl-carbamates of Formula I
      ##EQU2##
      in which each of R.sub.1 and R.sub.2 is hydrogen, lower alkyl or lower
      alkenyl, each of X.sub.1 and X.sub.2 is hydrogen, a saturated or
      unsaturated lower aliphatic radical, halogeno or nitro, X.sub.3 is oxygen
      or sulfur and each of R.sub.3 and R.sub.4 are alkyl, alkenyl or alkynyl
      or, when taken together, represent alkylene or alkylene forming with the
      remaining moiety a 5 to 7 membered heterocycle, and in which R.sub.3 and
      R.sub.4 are unsubstituted or substituted by lower aliphatic radicals,
      halogeno, nitro or free or etherified hydroxy or mercapto, as well as of
      corresponding pesticidal preparations and methods for the preparation and
      application of these products. Said preparations are useful in the control
      of a wide variety of vegetable and animal pests.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The radicals R.sub.1 and R.sub.2 are identical or different and represent,
      for example, hydrogen, methyl, ethyl n- or i-propyl or allyl.
PAR  The moiety
      ##EQU3##
      in o- or m- position results from reacting the corresponding aldehyde,
      semiacetal or semimercaptal, for example, with methanol, ethanol,
      propanol, isopropanol, allyl alcohol, propargyl alcohol, 2-methoxyethanol,
      2-methylmercaptoethanol, 2-chlorethanol, 2-bromethanol or
      2-hydroxyethanethiol, or the corresponding semiacetal with
      methylmercaptan, ethylmercaptan, n-propylmercaptan, isopropylmercaptan,
      n-butylmercaptan, allylmercaptan, chlorallylmercaptan,
      dichlorallylmercaptan, propargylmercaptan, 2-methoxyethanethiol, or
      2-methylmercaptoethanethiol. In case R.sub.3 and R.sub.4, when taken
      together, represent alkylene or alkenylene, said moiety results from the
      reaction of the corresponding aldehyde, for example, with racemic
      1,2-propanediol, (+)(S)-1,2-propanediol, (-)(R)-1,2-propanediol,
      3-fluoro-1,2-propanediol, 3-chloro-1,2-propanediol,
      3-bromo-1,2-propanediol, 3-iodo-1,2-propanediol,
      3-methoxy-1,2-propanediol, 3-ethoxy-1,2-propanediol,
      3-isopropoxy-1,2-propanediol, 3-allyloxy-1,2-propanediol,
      3-methallyloxy-1,2-propanediol, 3-propargyloxy-1,2-propanediol,
      3-acetoxy-1,2-propanediol, 3-methylmercapto-1,2-propanediol,
      3-chlorallylmercapto-1,2-propanediol, glycerol, 1,3-propanediol,
      2-chloro-1,3-propanediol, 2-bromo-1,3-propanediol,
      2-nitro-1,3-propanediol, (+)(R)-1,2-butanediol, (-)(S)-1,2-butanediol,
      racemic 1,2-butanediol, 1,3-butanediol, 1,4-butanediol,
      meso-2,3-butanediol, (-)(2R:3R)-2,3-butanediol, (+)(2S:3S)-2,3-butanediol,
      1-butene-3,4-diol, 2-butene-1,4-diol, 2-hydroxymethyl-2-propen-1-ol,
      2-hydroxymethyl-2-buten-1-ol, 2-methyl-1,2-propanediol,
      3-chloro-2-methyl-1,2-propanediol,
      3-chloro-2-chloromethyl-1,2-propanediol, 2-methyl-1,3-propanediol,
      2-nitro-2-methyl-1,3-propanediol, 1,2-pentanediol, 1,3-pentanediol,
      2,3-pentanediol, 2,4-pentanediol, 1-pentene-3,4-diol,
      2-methyl-1,2-butanediol, 2-methyl-1,3-butanediol, 2-methyl-2,3-butanediol,
      2-methyl-2,4 -butanediol, 2-methyl-3,4-butanediol,
      2-ethyl-1,3-propanediol, 1,4-dichloro-2-methyl-2,3-butanediol,
      4-bromo-2-methyl-2,3-butanediol, 4-iodo-2-methyl-2,3-butanediol,
      2,2-dimethyl-1,3-propanediol, 2,2-bischloromethyl-1,3-propanediol,
      2,4-hexanediol, 2-methyl-2,3-pentanediol, 3-methyl-2,4-pentanediol,
      2,2-dimethyl-3,4-butanediol, 1,5-hexadiene-3,4-diol, 2-ethanol-1-thiol,
      2-propanol-1-thiol, 3-chloro- 2-propanol-1-thiol, 3-propanol-1-thiol.
      Accordingly, each of R.sub.3 and R.sub.4 is preferably lower alkyl, lower
      alkenyl, lower alkynyl, lower alkoxy-lower alkyl, lower
      alkylmercapto-lower alkyl, halo-lower alkyl, hydroxy-lower alkyl,
      halo-lower alkenyl, or R.sub.3 and R.sub.4, when taken together,
      preferably lower alkylene, mono- or di-halo-lower alkylene, lower
      alkoxy-lower alkylene, lower alkenyloxy-lower alkylene, lower
      alkynyloxy-lower alkylene, lower alkanoyloxy-lower alkylene, lower
      alkylmercapto-lower alkylene, halo-lower alkenylmercapto-lower alkylene,
      hydroxy-lower alkylene, nitro-lower alkylene, lower alkenylene,
      hydroxy-lower alkenylene or lower alkadienylene. The term "lower" referred
      to above and hereinafter in connection with organic radicals or compounds
      respectively, defines such with up to 6 carbon atoms.
PAR  The radicals X.sub.1 and X.sub.2 are identical or different and represent,
      for example, hydrogen, lower alkyl, e.g. methyl, lower alkoxy, alkenyloxy
      or alkynyloxy or -mercapto or haloalkenylmercapto, e.g. methoxy,
      isopropoxy, allyloxy, propargyloxy, methylmercapto, allylmercapto or
      chlorallylmercapto, halogeno, e.g. fluoro, chloro, bromo or iodo,
      trifluoromethyl, nitro, di-lower alkylamino or di-lower alkenylamino. In
      this series most preferred compounds are obtained when X.sub.1 and X.sub.2
      each represents a hydrogen atom, a lower alkyl or a lower alkoxy radical.
      Accordingly, the above mentioned aldehydes, represent, for example,
      salicylaldehyde, 4-methyl salicylaldehyde, 5-methyl-salicylaldehyde,
      4-methoxy-salicylaldehyde, 4-isopropoxy-salicylaldehyde,
      4-chloro-salicylaldehyde, 5-chloro-salicylaldehyde,
      5-bromo-salicylaldehyde, 5-methylmercapto-salicylaldehyde,
      4-trifluoromethyl-salicylaldehyde, 5-nitro-salicylaldehyde,
      4-dimethylamino-salicylaldehyde, 3,5-dichloro-salicylaldehyde,
      3,5-dinitro-salicylaldehyde, 3-hydroxybenzaldehyde,
      2-chloro-3-hydroxybenzaldehyde, 6-bromo-3-hydroxybenzaldehyde or
      5-hydroxy-3-methylbenzaldehyde.
PAR  The compounds of the invention exhibit valuable properties, for example,
      biocidal, especially insecticidal and acaricidal properties. Furthermore,
      they act also as herbicides, bactericides, fungicides and molluscicides.
      Inter alia, these carbamates develop a very strong action, for example,
      against houseflies, aphids, caterpillars and beetles, for example, corn
      weavil and Colorado beetle. Their contact effect is far superior to that
      of the known active substance "Carbaryl"
      (N-methyl-.alpha.-naphthylcarbamate).
PAR  They are not only suitable for use as herbicides, but when applied in a
      concentration that does not produce phytotoxic effects, they may also be
      used in plant protection since they develop an excellent effect against
      harmful microorganisms, for example against fungi, for example Alternaria
      solani, Phytopthora infestans and Septoria apii, as well as against
      harmful insects, acarides, nematodes and their ova and larvae. The may
      also be used quite generally as microbicides, for example, against
      Aspergillus species.
PAR  Particularly useful are compounds of Formula I in which each of R.sub.1 and
      R.sub.2 is hydrogen, lower alkyl or lower alkenyl, each of X.sub.1 and
      X.sub.2 is hydrogen, lower alkyl, lower alkoxy, lower alkenyloxy, lower
      alkynyloxy, lower alkylmercapto, lower alkenylmercapto, lower
      alkynylmercapto, lower haloalkenylmercapto, halogeno, trifluoromethyl,
      nitro, di-lower alkylamino or di-lower alkenylamino, X.sub.3 is oxygen or
      sulfur and each of R.sub.3 and R.sub.4 is lower alkyl, lower alkenyl,
      lower alkynyl, lower alkoxy-lower alkyl, lower alkylmercapto-lower alkyl,
      halo-lower alkyl, hydroxy-lower alkyl, halo-lower alkenyl or R.sub.3 and
      R.sub.4, when taken together, represent lower alkylene, mono- or
      di-halo-lower alkylene, lower alkoxy-lower alkylene, lower
      alkenyloxy-lower alkylene, lower alkynyloxy-lower alkylene, lower
      alkanoyloxy-lower alkylene, lower alkylmercapto-lower alkylene, halo-lower
      alkenylmercapto-lower alkylene, hydroxy-lower alkylene, nitro-lower
      alkylene, lower alkenylene, hydroxy-lower alkenylene or lower
      alkadienylene, forming with the remaining moiety a 5 to 7 membered
      heterocycle.
PAR  Especially suitable for insect control are the carbamates of Formula I
      wherein R.sub.1 is hydrogen, R.sub.2 is lower alkyl, each of X.sub.1 and
      X.sub.2 is hydrogen, methyl, chloro, bromo, trifluoromethyl or nitro,
      X.sub.3 is oxygen or sulfur and each of R.sub.3 and R.sub.4 is lower
      alkyl, lower alkenyl or lower alkynyl or R.sub.3 and R.sub.4, when taken
      together represent alkylene or alkenylene with 2 to 4 carbon atoms,
      forming with the remaining moiety a 5 to 7 membered hetereocycle and being
      unsubstituted or substituted by halogen, nitro, hydroxy, lower alkoxy or
      lower alkenyloxy.
PAR  Preferred are compounds of Formulae II and III
      ##EQU4##
      in which X.sub.3 is oxygen or sulfur and each of R.sub.3 and R.sub.4 is
      lower alkyl, lower alkenyl or lower alkynyl or R.sub.3 and R.sub.4, when
      taken together, represent alkylene or alkenylene with 2 to 4 carbon atoms,
      forming with the remaining moiety a 5 to 7 membered heterocycle and being
      unsubstituted or substituted by halogen, nitro, hydroxy, lower alkoxy or
      lower alkenyloxy.
PAR  Most preferred are compounds of the formula II in which X.sub.3 is oxygen
      or sulfur and each of R.sub.3 and R.sub.4 is lower alkyl or R.sub.3 and
      R.sub.4, when taken together, represent alkylene or alkenylene with 2 to 4
      carbon atoms, forming with the remaining moiety a 5 to 7 membered
      unsubstituted heterocycle and of Formula IV
      ##EQU5##
      in which X.sub.3 is oxygen or sulfur and each of R.sub.5 and R.sub.6 is
      hydrogen or lower alkyl.
PAR  Outstanding are the compounds of Formula IV, in which X.sub.3 is oxygen or
      sulfur and each of R.sub.5 and R.sub.6 is hydrogen or methyl.
PAR  The compounds of the invention are prepared, for example, by reacting a
      phenol of the formula V
      ##EQU6##
      with a reactive derivative of carbonic acid and with R.sub.1
      --NH--R.sub.2.
PAR  The reaction of the phenol with the reactive derivative of carbonic acid
      and the amine may be carried out in either sequence, depending to some
      extent on the constitution of the required final product. Accordingly,
      said phenol or an alkali metal salt thereof may be reacted, for example,
      with phosgene and the resulting chlorocarbonate or carbonate condensed
      with R.sub.1 --NH--R.sub.2.
PAR  Alternatively, said amine may be first reacted with phosgene and the
      resulting carbamic acid chloride or (when R.sub.1 or R.sub.2 represents
      hydrogen) the isocyanate readily formed from it, may be reacted with the
      phenol. Furthermore, a urethane derived from the amine, preferably an
      alkyl urethane, may be reacted with the phenol (transesterification). It
      is also possible to react an urea derived from the amine with the phenol
      preferably at a raised temperature.
PAR  The products so obtained are open-chain or cyclic acetals or mercaptals,
      depending on the stoichiometric proportions of the starting materials and
      on the valency of the alcohols or mercaptans. According to the size of the
      ring and the kind of hetero atom present in the acetalized moiety, the
      carbamates of this invention may be designated as derivatives of
      1,3-dioxolan (from 1,2-glycols), of 1,3-dioxan (from 1,3-glycols), of
      1,3-dioxeen (from 1,4-glycols) or 1,3-oxathiolans (from
      1,2-hydroxymercaptans).
PAR  The starting materials used are known or, if new, can be prepared analogous
      to the method for the known products (cf. for example Houben-Weyl,
      Methoden der organischen Chemie, volume 2, part 1, Stuttgart 1945). For
      example, the phenols of Formula V are prepared by reacting an ortho- or
      meta-hydroxy-benzaldehyde with a lower alcohol or mercaptan in the
      presence of an acid catalyst, for example zinc chloride, a mineral acid or
      paratoluenesulphonic acid. These reactions may also be carried out with
      aldehyde derivatives, for example oximes, aldehydanils or acetals
      (transacetalization). Another suitable route is the acetalization with the
      aid of ortho-formic acid esters, formimine ethers, dimethylsulphite or
      ortho-silicic acid esters in the presence of lower aliphatic alcohols.
      Another route leading to said phenols is the reaction of suitable halides
      with alkali metal or alkaline earth metal alcoholates.
PAR  Said acetalization may be performed in two stages, with the semiacetals or
      semimercaptals being formed in the first reaction stage. When different
      alcohols are used in the two reaction stages, mixed acetals, i.e.
      monothioacetals, are obtained.
PAR  When optically active alcohols or mercaptans are used, there may be
      prepared optically active phenols of the Formula V and from them optically
      active carbamates of the Formula I. If its acetal moiety is cyclic and
      substituted, further isomerizing possibilities offer themselves. A
      carbamate of the Formula I whose acetal residue is monosubstituted may be
      obtained in the cis-form or trans-form. In general, the present process
      for the manufacture of said carbamates gives rise to mixtures of all
      possible isomers; these mixtures can be separated into their constituents
      by known methods, for example by crystallization. For the manufacture of
      the preparations of this invention to be used for pest control, however,
      the stereoisomer mixtures obtained in the manufacture of the active
      substances are generally used. As mentioned in the beginning the present
      invention also provides pesticidal preparations comprising as the active
      ingredient at least one carbamate of the Formula I and, if desired, one of
      the following additives. Such additives are those commonly used in
      pesticidal preparations such as vehicles, solvents, diluents, dispersants,
      wetting agents, adhesives, fertilizers and, if required, further
      pesticides. Corresponding spray solutions are prepared, for example, with
      petroleum fractions having a high to medium boiling range, for example
      Diesel oil or kerosene, coal tar oil, or oils of vegetable or animal
      origin, as well as hydrocarbons, for example alkylated naphthalenes,
      tetrahydronaphthalene, if desired or required with the use of xylene
      mixtures, cyclohexanols ketones or chlorinated hydrocarbons for example
      trichloroethane or tetrachloroethane, trichloroethylene or tri- or
      tetrachlorobenzenes. It is advantageous to use organic solvents having a
      boiling point above 100.degree.C.
PAR  It is especially advantageous to prepare aqueous forms of application from
      emulsion concentrates, pastes or wettable spray powders by addition of
      water. Suitable emulsifiers or dispersants are non-ionic products, for
      example condensation products of aliphatic alcohols, amines or carboxylic
      acids with a long-chain hydrocarbon residue of about 10 to 20 carbon atoms
      with ethylene oxide, for example the condensation product from octadecyl
      alcohol with 25 to 30 mols of ethylene oxide, or of commercial oleylamine
      with 15 mols of ethylene oxide, or of dodecylmercaptan with 12 mols of
      ethylene oxide. As suitable anionic emulsifiers, there may be mentioned
      the following: The sodium salt of dodecylbenzosulphonic acid, the
      potassium of triethanolamine salt of oleic acid or of abietic acid or of a
      mixture of these two acids, or the sodium salt of a petroleumsulphonic
      acid. Suitable cationic dispersants are quaternary ammonium compounds, for
      example cetyl pyridinium bromide and dihydroxyethyl benzyl dodecyl
      ammonium chloride.
PAR  For the manufacture of dusting and casting preparations, there may be used
      as solid vehicles:- talcum, kaolin, bentonite, calcium carbonate, calcium
      phosphate or coal, cork meal, wood meal or other materials of vegetable
      origin. It is also very advantageous to manufacture the preparations in
      the form of granulates. The various forms of application may contain the
      conventional additives that improve the distribution, the adhesion,
      stability to rain or the penetration; as such substances there may be
      mentioned fatty acids, resin, glue, casein and alginates.
PAR  The preparations of this invention may be used by themselves or in
      conjunction or admixture with conventional pesticides, especially
      insecticides, acaricides, nematocides, bactericides, fungicides,
      herbicides and the like.
DETD
PAR  The following Examples are intended to illustrate the invention and are not
      to be construed as being limitations thereon. Temperatures are given in
      degrees Centigrade, and all parts or percentages wherever given are such
      by weight.
PAC  EXAMPLE 1
PAC  a. ortho-(1,3-dioxolan-2-yl)-phenol
PAR  A mixture of 244 parts of salicylaldehyde, 125 parts of ethyleneglycol, 1
      part of zinc chloride, 1 part by volume of concentrated phosphoric acid
      and 500 parts by volume of benzene was boiled in a circulating
      distillation apparatus until water was no longer being eliminated. The
      solution of the product was filtered and evaporated. The residue was
      distilled under a high vacuum. The product boiled at 88.degree. to
      91.degree.C under 0.04 mm Hg pressure and melted at 67.degree. to
      70.degree.C.
PAC  b. ortho-(1,3-dioxolan-2-yl)-phenyl-N-methyl-carbamate
PAR  A solution of 50 parts of ortho-(1,3-dioxolan-2-yl)-phenol in 300 parts by
      volume of dry toluene was mixed with about 0.2 part by volume of
      triethylamine, and 20 parts of methylisocyanate were dropped into this
      solution at room temperature. The temperature rose gradually to
      31.degree.C. The mixture was kept for 1 day at room temperature. The
      product was filtered off and crystallized from toluene; it melted at
      111.degree. to 114.degree.C.
PAC  EXAMPLE 2
PAR  When glycols (polyols) were reacted with unsubstituted or substituted
      ortho- or meta-hydroxybenzaldehyde, the condensation as described in
      Example 1 lead to cyclic acetals. When these acetals were reacted with
      methylisocyanate, they furnished, for example, the following carbamates:
     No.                                                                       

        Aldehyde    Glycol      Cyclic acetal                                  

                                             Carbamate                         

     __________________________________________________________________________

     1  salicylaldehyde                                                        

                    1,2-propanediol                                            

                                b.p.85.degree.C/0.03mm Hg                      

                                            ortho-(4-methyl-1,3-dioxolan-2-yl)-

                                            phenyl-                            

                                            N-methyl-carbamate (crystallizes   

                                            gradually)                         

     2  "           2,3-butanediol                                             

                                b.p.86.degree.C/0.07mm Hg                      

                                            ortho-(4,5-dimethyl-1,3-dioxolan-2-

                                            yl)-                               

                    (commercial             phenyl-N-methyl-carbamate, m.p. 70 

                                            - 105.degree.C                     

                    mixture of                                                 

                    stereoisomers)                                             

     3  "           1-butane-3,4-diol                                          

                                b.p.82.degree.C/0.08mm Hg                      

                                            ortho-(4-vinyl-1,3-dioxolan-2-yl)-p

                                            henyl-                             

                                            N-methyl-carbamate                 

     4  "           glycerol-.alpha.-mono-                                     

                                b.p.111 - 114.degree.C                         

                                            ortho-(4-chloromethyl-1,3-dioxolan-

                                            2-yl)-                             

                    chlorohydrin                                               

                                0.3mm Hg    phenyl-N-methyl-carbamate, m.p.    

                                            about                              

                                            30 to 70.degree.C                  

     5  "           glycerol    m.p.148 to 149.degree.C                        

                                            ortho-(4-hydroxymethyl-1,3-dioxolan

                                            -2-yl)-                            

                                from acetonitrile                              

                                            phenyl-N-methyl-carbamate, or      

                                            ortho-(5-hydroxy-1,3-dioxan-2-yl)-p

                                            henyl-                             

                                            N-methyl-carbamate, m.p.130 to     

                                            134.degree.C.                      

                                            As by-product the corresponding    

                                            bis-N-                             

                                            methyl-carbamate melting at 170 to 

                                            172.degree.C                       

                                            was obtained.                      

     6  "           1,3-propanediol                                            

                                b.p.92 to 96.degree.C                          

                                            ortho-(1,3-dioxan-2-yl)-phenyl-M-me

                                            thyl-                              

                                0.01mm Hg   carbamate. M.p.125 to 127.degree.C 

                                            (from toluene)                     

     7  "           1,3-butanediol                                             

                                b.p.89 to 95.degree.C                          

                                            ortho-(4-methyl-1,3-dioxan-2-yl)-ph

                                            enyl-                              

                                0.06mm Hg   N-methyl-carbamate, b.p.146 to     

                                            148.degree.C                       

                                            (from acetonitrile)                

     8  "           neopentylglycol                                            

                                b.p.90.degree.C/0.06mm                         

                                            ortho-(5,5-dimethyl-1,3-dioxan-2-yl

                                            )-phenyl-                          

                                Hg - m.p.58 - 60.degree.C                      

                                            N-methyl-carbamate, b.p.122 to     

                                            124.degree.C                       

                                            (from carbon tetrachloride)        

     9  "           3-methyl-2,4-                                              

                                b.p.93.degree.C/0.01mm Hg                      

                                            ortho-(4,5,6-trimethyl-1,3-dioxan-2

                                            -yl)-                              

                    pentandediol            phenyl-N-methyl-carbamate m.p. 118 

                                            to 136.degree.C                    

     10 "           2-methyl-2-nitro-1,3-                                      

                                m.p.90 to 93.degree.C                          

                                            ortho-(5-methyl-5-nitro-1,3-dioxan-

                                            2-yl)-                             

                    propanediol (from ether+                                   

                                            phenyl-N-methyl-carbamate m.p.131  

                                            - 133.degree.C                     

                                cyclohexane)                                   

                                            (from isopropanol)                 

     11 "           2-butene-1,4-                                              

                                b.p.87.degree.C/0.03mm Hg                      

                                            ortho-(1,3-dioxep-5-en-2-yl)-phenyl

                                            -N-                                

                    diol                    methyl-carbamate m.p.94            

                                            - 95.degree.C (from toluene)       

     12 4-methylsalicyl-                                                       

                    ethyleneglycol                                             

                                b.p.98.degree.C/0.02mm Hg;                     

                                            ortho-(1,3-dioxolan-2-yl)-meta'-met

                                            hylphenyl-                         

        aldehyde                crystallizes                                   

                                            N-methyl-carbamate m.p.96 to       

                                            99.degree.C (from                  

                                            toluene)                           

     13 5-methylsalicyl-                                                       

                    "           b.p.95 - 96.degree.C                           

                                            ortho-(1,3-dioxolan-2-yl)-para-meth

                                            ylphenyl-                          

        aldehyde                0.01mm Hg   N-methyl-carbamate m.p.104 to      

                                            106.degree.C (from                 

                                            carbon tetrachloride)              

     14 mixture of 4- and                                                      

                    1,2-propanediol                                            

                                b.p.90.degree.C/0.7mm Hg                       

                                            ortho-(4-methyl-1,3-dioxolan-2-yl)-

                                            meta- and                          

        6-trifluoro-                        meta'-trifluoromethylphenyl-N-methy

                                            l                                  

        methyl-salicyl-                     carbamate (viscous oil)            

        aldehyde +)                                                            

     15 5-chlorosalicyl-                                                       

                    ethyleneglycol                                             

                                m.p.82.degree.C (from                          

                                            para-chloro-ortho-(1,3-dioxolan-2-y

                                            l)-phenyl-                         

        aldehyde                toluene)    N-methyl carbamate m.p.109 -       

                                            112.degree.C (from                 

                                            benzene+hexane)                    

     16 mixture of 4- and                                                      

                    1,2-propanediol                                            

                                b.p.93 - 98.degree.C/0.01mm Hg                 

                                            ortho-(4-methyl-1,3-dioxolan-2-yl)-

        6-chlorosalicyl-                    meta- and meta'-chlorophenyl-N-    

        aldehyde                            methyl carbamate, m.p. about 90 to 

                                            100.degree.C                       

     17 5-bromosalicyl-                                                        

                    ethyleneglycol                                             

                                m.p.81.degree.C (from hexane)                  

                                            para-bromo-ortho-(1,3-dioxolan-2-yl

                                            )-                                 

        aldehyde                            phenyl-N-methyl-carbamate, m.p.    

                                            107 to 109.degree.C (from ethylene 

                                            chloride)                          

     18 3,5-dibromo-salicyl-                                                   

                    "           b.p.145.degree.C/0.17mm Hg                     

                                            ortho,para-dibromo-ortho'-(1,3-diox

                                            o-                                 

        aldehyde                m.p.60 to 64.degree.C                          

                                            lan-2-yl)-phenyl-N-methyl-carbamate

                                            m.p.135 -139.degree.C (from        

                                            acetonitrile)                      

     19 3,5-dinitro-                                                           

                    "           m.p. 134 - 140.degree.C (from                  

                                            ortho,para-dinitro-ortho'-(1,3-diox

                                            o-                                 

        salicylaldehyde         chlorobenzene)                                 

                                            lan-2-yl)-phenyl-N-methyl-carbamate

                                            4                                  

                                            m.p.149 - 155.degree.C (from       

                                            acetone)                           

     20 meta-hydroxy-                                                          

                    "           b.p.113 to 115.degree.C/0.03                   

                                            meta-(1,3-dioxolan-2-yl)-phenyl-N- 

        benzaldehyde            mm Hg       methyl-carbamate, m.p.73 to        

                                            77.degree.C                        

                                            (from toluene)                     

     21 meta-hydroxy-                                                          

                    2,3-butanediol                                             

                                b.p.115.degree.C/0.1mm Hg                      

                                            meta-(4,5-dimethyl-1,3-dioxolan-2-y

                                            l)                                 

        benzaldehyde                                                           

                    (commercial)            phenyl-N-methyl-carbamate, viscous 

                                            oil                                

     __________________________________________________________________________

      +) 4(6)-trifluoromethyl-salicylaldehyde can be prepared from             

      3-trifluoromethylphenol by the method of J. C. Duff [ J.Chem.Soc. 1941,  

      page 547, Proc.Iowa Acad.Sci.52, page 191 (1945)]. It boils at 77 to     

      80.degree.C under 14mm Hg pressure.                                      

PAC  EXAMPLE 3
PAC  Salicylaldehyde diethyl acetal
PAR  A mixture of 122 parts of salicylaldehyde, 180 parts of orthoformic acid
      ethyl ester and 120 parts of anhydrous ethanol was mixed with 1 ml of
      concentrated hydrochloric acid, whereupon the whole heated up
      spontaneously. After a short time, the solution was heated to the boil and
      then evaporated under vacuum, and the residue distilled under a high
      vacuum. The product passed over at 80.degree.C under 0.15mm Hg pressure.
PAC  ortho-(diethoxymethyl)-phenyl-N-methyl-carbamate
PAR  A solution of 138 parts of salicylaldehyde diethyl acetal, 46 parts of
      methylisocyanate and 0.5 part of triethylenediamine in 1,000 parts by
      volume of dry toluene was kept for 14 hours at room temperature. The
      resulting crystalline ortho-(diethoxymethyl)-phenyl-N-methyl-carbamate was
      filtered off, washed with 250 parts by volume of dry toluene and dried
      under vacuum. It melted at 92.degree. to 93.degree.C.
PAR  ortho-(Dimethoxymethyl)-phenyl-N-methyl-carbamate, melting at 62.degree. to
      64.degree.C (after crystallization from dibutyl ether), was prepared in a
      similar manner, starting from salicylaldehyde dimethylacetal.
PAC  EXAMPLE 4
PAC  ortho-(1,3-oxathiolan-2-yl)-phenol
PAR  82 Parts of 2-mercaptoethanol were mixed with 0.5 part by volume of
      concentrated hydrochloric acid and then dropwise with 122 parts of
      salicylaldehyde; the temperature of the mixture rose. The reaction mixture
      was stirred for 1  hour at room temperature, then diluted with 500 parts
      by volume of ether and washed with sodium bicarbonate solution and then
      with water until the washings ran neutral. The solution was dried over
      anhydrous sodium sulphate, filtered and evaporated.
PAR  The viscous residue was heated under a high vacuum at a bath temperature of
      160.degree.C, and the volatile phase was condensed. The condensate was
      then fractioned. At 112.degree.C under a pressure of 0.05mmm Hg, the
      ortho-(1,3-oxathiolan-2-yl)-phenol formed passed over and crystallized on
      standing. It melted at 72.degree. - 74.degree.C.
PAC  ortho-(1,3-oxathiolan-2-yl)-phenyl-N-methyl-carbamate
PAR  15 Parts of methylisocyanate and 0.1 part of triethylenediamine were added
      to a solution of 37 parts of ortho-(1,3-oxathiolan-2-yl)-phenol in 100
      parts by volume of dry toluene. The mixture was moderately cooled to
      maintain its temperature below 35.degree.C. After a few hours, the
      resulting crystalline product was filtered off and recrystallized from
      toluene or carbon tetrachloride. It melted at 108.degree. to 109.degree.C.
PAC  EXAMPLE 5
PAC  ortho,para-dinitro-ortho'-(1,3-dioxolan-2-yl)-phenol
PAR  A mixture of 196 parts of 3,5-dinitrosalicylaldehyde, 70 parts of glycol
      and 500 parts by volume of benzene was boiled in the presence of 1 part of
      anhydrous zinc chloride and 1 part by volume of concentrated phosphoric
      acid in a circulation distillation apparatus, until water was no longer
      being eliminated. After cooling, the product were filtered off and
      crystallized from chlorobenzene; it melted at 134.degree. to 140.degree.C.
PAC  ortho,para-dinitro-ortho'-(1,3-dioxolan-2-yl)-phenol-N,N-dimethyl-carbamate
PAR  11.3 Parts of dimethylcarbamic acid chloride were added to a mixture of
      25.6 parts of ortho,para-dinitro-ortho'-(1,3-dioxolan-2-yl)-phenol, 200
      parts by volume of chlorobenzene and 25 parts of triethylamine. The
      solution was heated for 5 hours at 130.degree.C, allowed to cool,
      filtered, washed with 2N-sodium carbonate solution and evaporated. The
      residue was crystallized from alcohol. The product melted at 141.degree.
      to 142.degree.C.
PAC  EXAMPLE 6
PAC  Dusting Agent
PAR  Equal parts of an active substance described in Examples 1 to 5 were mixed
      with precipitated silica and finely ground. When this powder is mixed with
      kaolin or talcum, it may be used in the form of dusting preparations
      having the desired concentration of active substance. In general,
      preparations containing 1 to 5% of active substance are preferred.
PAC  Spray Powder
PAR  To manufacture a spray powder, the following ingredients, for example, were
      mixed and then finely ground:
PA1  50 parts of an active substance of Examples 1 to 5
PA1  20 parts of Hisil (highly adsorbent, precipitated silica)
PA1  25 parts of bolus alba (kaolin)
PA1  3.5 parts of a reaction product from para-tertiary octylphenol and ethylene
      oxide
PA1  1.5 parts of sodium 1-benzyl-2-stearyl-benzimidazole-6,3'-disulphonate.
PAC  Emulsion Concentrate
PAR  Readily soluble active substances were also formulated in the form of an
      emulsion concentrate as follows:
PA1  20 parts of active substance
PA1  70 parts of xylene
PA1  10 parts of a mixture of a reaction product of an alkylphenol with ethylene
      oxide and calcium dodecyl benzenesulphonate
PAL  were mixed. On dilution with water to the desired concentration, an
      emulsion suitable for spraying was obtained.
PAC  EXAMPLE 7
PAR  The active substance of Example 1 and the active substance "Carbaryl" were
      subjected to a comparative test to establish their contact effect against
      houseflies and corn weavils. The new substance displayed a much greater,
      distinct contact-insecticidal effect.
PAR  When applied in a concentration of 0.04% in the control of aphids (aphis
      fabae) on young bean plants, it was found that after 2 days the active
      substance of Example 1 had completely destroyed the aphids. It was found
      to have a good diffusion and distinct systemic effect.
PAR  Carbaryl was found to be ineffective in these tests. Carbaryl is the common
      name for 1-naphthyl-N-methyl-carbamate.
PAR  The above-mentioned active substance is active in limit concentrations of
      1.2 parts per million against aedes larvae (24 hours).
PAR  The compound was also tested in dust form against various pests (1%,
      2g/m.sup.2 = 20kg per hectare) and the following results were recorded:
TBL                   after       after                                        

                      6 hours     24 hours                                     

     Phyllodronia germanica                                                    

                      100%                                                     

     Procellic scaber 100%                                                     

     Formica rufa                 100%                                         

PAR  A topical test on larvae of Periplaneta americana revealed in an evaluation
      made 24 hours later the following limit concentrations of active substance
      compared with various commercially available phosphoric acid esters:
TBL  Phosphoric acid ester                                                     

                   I        6                                                  

     "             II       13                                                 

                                    in .GAMMA. per pest                        

     "             III      9                                                  

     active substance of                                                       

     Example 1              2                                                  

PA1  I = o,o-dimethyl-O-(3-methyl-4-nitrophenyl)-thionophosphate
PA1  Ii =
      o,o-dimethyl-O-(1-chloro-1-N-diethyl-carbaminyl-1-propen-2-yl)-phosphate
PA1  Iii = o,o-dimethyl-O-(4-methylmercapto-3-methyl-phenyl)-thinophosphate.
PAR  The active substance of Example 1 acts also against spider mites
      (Tetranychus urticae).
PAR  When tested as a stomach poison on Carausius, the said active substance
      displayed a good effect, against Prodenia a moderate to good effect and
      against Gastroidea rather a good effect.
PAC  EXAMPLE 8
PAC  Contact action against Musca domestica
PAR  The test was carried out in a Petri dish. 1 ml of a 1000 ppm acetonic
      solution of active ingredient to be tested is pipetted on each of the two
      halves. After evaporation of the solvent 10 immobilized flies (cooling of
      the test individuals in a test tube in crushed ice) were put on the bottom
      of the dish whereupon the lid was put on. Within a few minutes all of the
      flies were back to normal. Control took place after one hour and the
      results are given below as the knock down effect in per cent.
     Compound         knock down effect                                        

     ______________________________________                                    

     Example I        100 %                                                    

     Example 2.1      100 %                                                    

     Example 2.2      100 %                                                    

     Example 4         90 %                                                    

     ______________________________________                                    

PAC  EXAMPLE 9
PAC  Action against spider mites (Tetranychus urticae)
PAR  12 hours prior to the testing treatment dwarf bean plants (Phaseolus
      vulgaris) in the two-leave stage were infested with cultured mites. At the
      time of spraying the plants with an 800 ppm emulsion of active ingredient
      by means of a chromatographic atomizer all possible living stages of mites
      were found on the plants. The evaluation was made aftef 2 and 7 days.
TBL  ______________________________________                                    

     Compounds        killing in % after                                       

                    2 days    7 days                                           

     ______________________________________                                    

     Example 1        80          100                                          

     Example 2.1      80          80                                           

     Example 2.2      60          80                                           

     ______________________________________                                    

PAC  EXAMPLE 10
PAC  Action against midges (Aedes aegypti)
PAR  A 10 ppm solution of active ingredient in aceton was prepared and 1 ml
      thereof pipetted on the bottom of a Petri dish of 11 cm of diameter the
      total amount of active ingredient applied thus being 0.01 mg. After the
      evaporation of the solvent 10 female midges were exposed to the action of
      the active ingredient. The test was repeated four times at a temperature
      of 21.degree. to 23.degree.C with the following results.
PAR  40 killed midges (four times 10 midges) are indicated as 100%.
TBL  ______________________________________                                    

     Compound         killing effect after                                     

                      3 hours                                                  

     ______________________________________                                    

     Example 1        100 %                                                    

     Example 2.1      100 %                                                    

     Example 2.2      100 %                                                    

     Example 4        100 %                                                    

     ______________________________________                                    

PAC  EXAMPLE 11
PAC  Action against bugs (Cimex lectularius)
PAR  This test was carried out according to the statement in Example 10 with the
      following exceptions: the acetonic solution (1 ml of a 10 ppm solution of
      active ingredient) was applied to filterpaper which was placed on the
      bottom of a Petri dish of 9 cm of diameter. Ten adult bugs were put on the
      paper and exposed for 48 hours to the action of the active ingredient. The
      test was repeated twice with the following results. 20 killed bugs (twice
      10 bugs) are indicated as 100 %.
TBL  ______________________________________                                    

     compounds        killing effect                                           

                      after 48 hours                                           

     ______________________________________                                    

     Example 1         95 %                                                    

     Example 2.1      100 %                                                    

     Example 2.2      100 %                                                    

     ______________________________________                                    

PAC  EXAMPLE 12
PAC  Action against cockroaches (Periplaneta americana and Blatta orientalis)
PAR  A 5% dusting agent was prepared according to Example 6 using as carrier
      exclusively talcum. By mixing equal parts of dusting preparation and
      talcum a dilution series with progressive dilution was made in which every
      step contained half the quantity of active ingredient contained in the
      preceding step. Accordingly, the series thus made had a content of active
      ingredient of 5, 2.5, 1.2, 0.6, 0.3, 0.15, 0.08 % which corresponds to an
      amount of 100, 50, 25, 12.5, 6.2, 3.1, 1.5 mg of active ingredient per
      m.sup.2 when 2 g of dusting preparation are applied. The test was carried
      out on green filter paper by means of a bell-shaped application apparatus
      and an amount of dusting preparation which corresponds to 2 g per m.sup.2
      and was applied with compressed air. The test animals which were in the
      fifth larvae stage (L-5) were put on the treated paper surface. Evaluation
      took place 24 hours later and the results listed below indicate the
      minimum concentration necessary to provide a 100 % killing effect within
      24 hours.
TBL  ______________________________________                                    

               Minimum concentration in mg                                     

               providing 100% killing within                                   

               24 hours                                                        

     compounds   Periplaneta    Blatta                                         

                 americana      orientalis                                     

     ______________________________________                                    

     Example 1   1.5            6.2                                            

     Example 2.1 1.5            25.0                                           

     Example 2.2 6.2            12.5                                           

     Example 1   6.2            25.0                                           

     ______________________________________                                    
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BSUM
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the process of this invention, a compound of the
      formula:
      ##SPC1##
PAL  Wherein R is hydrogen, lower alkyl or acylamino; R.sub.1, R.sub.2 and
      R.sub.3 are hydrogen or lower alkyl; and the hydroxy groups are ortho to
      one another; is oxidized to form a compound of the formula:
      ##SPC2##
PAL  Wherein R, R.sub.1, R.sub.2 and R.sub.3 are as above; and the hydroxy
      groups are ortho to one another.
PAR  The resulting coumarin derivative of formula II is then acylated,
      alkylated, cycloalkylated, alkenylated, alkynylated or alkylenated to a
      compound of the formula:
      ##SPC3##
PAL  Wherein R, R.sub.1, R.sub.2 and R.sub.3 are as above; R.sub.4 and R.sub.5
      are individually acyl, alkyl, cycloalkyl, alkenyl or alkynyl or R.sub.4
      and R.sub.5 taken together form an alkylene group; and --OR.sub.4 and
      --OR.sub.5 are ortho to one another.
PAR  The coumarin derivative of formulae II or III, having the formula:
      ##SPC4##
PAL  Wherein R.sub.1, R.sub.2 and R.sub.3 are as above, R.sub.6 is
      carbobenzoxyamino or tertbutoxycarbonylamino; R.sub.7 and R.sub.8 are
      individually hydrogen, acyl, alkyl, cycloalkyl, alkenyl or alkynyl or
      R.sub.7 and R.sub.8 taken together form an alkylene group; and --OR.sub.7
      and --OR.sub.8 are ortho to one another: is then converted in a manner
      known per se to a compound of the formula:
      ##SPC5##
PAL  Wherein R.sub.1, R.sub.2 R.sub.3 R.sub.7 and R.sub.8 are as above and
      R.sub.9 is amino.
PAR  In accordance with another embodiment of this invention, a compound of the
      formula:
      ##SPC6##
PAL  Wherein R.sub.1, R.sub.2, R.sub.3 are as above; R.sub.10 is hydrogen,
      amino, lower alkyl or acylamino; R.sub.11 and R.sub.12 are hydrogen,
      alkyl, cycloalkyl, alkenyl or alkynyl or R.sub.11 and R.sub.12 taken
      together form an alkylene group; and --OR.sub.11 and --OR.sub.12 are ortho
      to one another; is obtained by the hydrolysis of a compound of formulae
      II, III, or V.
PAR  The compounds of formulae II, III, V, or VI can then be converted into
      their addition salts by treatment with an acid or a base.
PAR  In accordance with still another embodiment of this invention, novel
      compounds selected from the group consisting of compounds of the formulae:
      ##SPC7##
PAL  Wherein R.sub.1, R.sub.2, R.sub.3, R.sub.7, R.sub.8, R.sub.10, R.sub.11 and
      R.sub.12 are as above; --OR.sub.7 and --OR.sub.8 are ortho to one another;
      and --OR.sub.11 and --OR.sub.12 are ortho to one another; with the
      provisos that when R.sub.2, R.sub.3, R.sub.7 and R.sub.8 are hydrogen,
      R.sub.1 is hydrogen or methyl and R.sub.10 is hydrogen or amino, then
      --OR.sub.7 is in either the 5- or 8-position and when R.sub.2, R.sub.3,
      R.sub.11 and R.sub.12 are hydrogen, R.sub.1 is hydrogen or methyl and
      R.sub.10 is hydrogen or amino, then --OR.sub.11 is in either the 3- or
      6-position; and addition salts thereof with acids or bases, are produced
      by the process of this invention. These compounds are useful for lowering
      blood-pressure and for chemical sympathectomy.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As used throughout this application, the term "acyl" denotes an alkanoyl,
      alkenoyl, alkynoyl, aroyl or aralkanoyl group. Alkanoyl groups contain 1
      to 18 carbon atoms and can be straight-chain or branched-chain. They can
      also carry substituents such as, for example, hydroxy or lower alkoxy
      groups. Examples of such alkanoyl groups are the formyl, acetyl,
      propionyl, butyryl, isobutyryl, valeryl, hexanoyl, heptanoyl, decanoyl and
      like groups. Alkenoyl groups can be straight-chain or branched-chain
      groups containing 2 to 18 carbon atoms and one or more double bonds. They
      can also carry substituents such as, for example, an aryl or a lower
      alkoxy-substituted aryl group. Examples of such alkenoyl groups are the
      acryloyl, crotonyl, .alpha.-methyl-crotonyl and like groups. Alkynoyl
      groups can be straight-chain or branched-chain groups containing 2 to 18
      carbon atoms and one or more triple bonds. They may, in addition, contain
      one or more double bonds. Examples of such alkynoyl groups are the
      propiolyl, methylpropiolyl and like groups. Aroyl groups are especially
      the benzoyl group and lower alkyl-, lower alkoxy-, nitro- or
      halo-substituted benzoyl groups such as, for example, the o-, m- or
      p-methoxy-, nitro- or chloro-benzoyl and like groups. Aralkanoyl groups
      are especially unsubstituted or substituted phenylalkanoyl groups
      containing 2 to 18 carbon atoms in the alkanoyl group such as, for
      example, phenacetyl, phenylpropionyl and like groups. The phenyl ring can
      be substituted by, for example, halogen, nitro, lower alkyl or lower
      alkoxy. Aryl groups are especially the phenyl group and hydroxy-,
      halogen-, nitro-, lower alkyl- or lower alkoxy-substituted phenyl groups.
      Acylamino groups are amino groups in which one hydrogen atom has been
      replaced by an alkanoyl, alkenoyl, alkynoyl, aralkanoyl, alkoxycarbonyl or
      aralkoxycarbonyl group. The alkyl residue of the alkoxycarbonyl groups
      contains 1 to 8 carbon atoms and can be straight-chain or branched-chain.
      Examples of such alkoxycarbonyl groups are the methoxycarbonyl,
      propoxycarbonyl, butoxycarbonyl, tertbutoxycarbonyl and like groups.
      Aralkoxycarbonyl groups are especially phenylalkoxycarbonyl groups
      containing 1 to 8 carbon atoms in the alkoxycarbonyl group such as, for
      example, the benzyloxycarbonyl, phenylpropyloxycarbonyl and like groups.
      The term "lower alkyl" means straight-chain or branched-chain alkyl groups
      containing 1 to 7 carbon atoms such as, for example, methyl, ethyl,
      n-propyl, isopropyl, butyl, tertbutyl, hexyl and the like, with methyl
      being preferred. The terms "alkyl, alkenyl and alkynyl" mean
      straight-chain or branched-chain saturated or unsaturated hydrocarbon
      groups as the case may be containing 1 to 15 carbon atoms, such as, for
      example, methyl, ethyl, n-propyl, isopropyl, n-butyl, tertbutyl, octyl,
      pentyl, vinyl, allyl, propynyl, butynyl and the like. The term "alkylene"
      means the methylene group and polymethylene groups containing 1 to 8
      carbon atoms. The term "cycloalkyl" means cyclic, saturated hydrocarbyl
      groups containing 3 to 6 carbon atoms such as cyclopropyl, cyclohexyl and
      the like.
PAR  It will be appreciated that the expression "in a manner known per se" is
      used in this description to mean methods and process steps in actual use
      for or described in the literature on the subject.
PAR  In accordance with the process of this invention, the compound of formula
      II is obtained by treating the compound of formula I with an oxidizing
      agent. In this reaction, any conventional oxidizing agent can be utilized,
      such as silver oxide, molecular oxygen, manganese dioxide, potassium
      ferricyanide, hydrogen peroxide, Fremi salt, iodoso-benzene,
      iodoso-benzene diacetate, 2,3-dichloro-5,6-dicyano-p-benzoquinone,
      1,2,3,4-tetrachloro-o-benzoquinone and the like. The oxidation proceeds
      via an o-quinone of the general formula:
      ##SPC8##
PAL  wherein R, R.sub.1 , R.sub.2 and R.sub.3 are as above and the broken lines
      signify carbon to carbon bonds corresponding to the quinone structure;
      with the proviso that the oxo groups are ortho to one another; which is
      formed as an intermediate.
PAR  In carrying out the oxidation, the amount of oxidizing agent utilized is
      not critical. Preferably, only the minimum amount of oxidizing agent
      required for the oxidation of the catechol grouping to the quinone is
      utilized, so as to avoid the further oxidation of the hydroxy groups in
      the compound of formula II. The oxidation is accordingly preferably
      carried out in an inert gas atmosphere such as, for example, under
      nitrogen, carbon dioxide, argon and the like. The oxidation is also
      preferably carried out in an inert organic-solvent. In this reaction, any
      conventional inert organic solvent may be utilized, such as a lower
      alkanecarboxylic acid, preferably formic acid, glacial acetic acid and
      propionic acid; an ether, preferably diethyl ether, dioxane and
      tetrahydrofuran; a lower alkanol, preferably ethanol; or a lower ketone,
      preferably acetone. In carrying out the oxidation reaction, temperature
      and pressure are not critical and the reaction can be suitably carried out
      at a temperature of about -20.degree.C. to about 100.degree.C. and at
      atmospheric pressure, with about room temperature being preferred.
      Furthermore, the oxidation can be carried out in the absence of or in the
      presence of a catalyst. Among the catalysts which may be utilized in this
      reaction, the acidic catalysts are preferred, particularly
      p-toluenesulphonic acid, gaseous hydrogen chloride, sulphuric acid,
      trifluoroacetic acid and the like, as well as Lewis acids such as boron
      trifluoride, aluminum chloride, titanium tetrachloride and the like.
PAR  The acylation, alkylation, cycloalkylation, alkenylation, alkynylation or
      alkylenation of a compound of formula II, obtained by oxidation, can be
      carried out in a manner known per se, for example, by reaction with a
      compound furnishing the group R.sub.4 or R.sub.5. Acyl groups can be
      introduced, for example, by reaction with a corresponding acyl halide such
      as a bromide or chloride, an acyl anhydride, an activated ester or acid
      azide or the like. Alkyl, alkenyl, alkynyl and cycloalkyl groups can be
      introduced, for example, by reaction with the corresponding halides,
      preferably the bromides or chlorides. Alkylene groups can be introduced,
      for example, by reaction with corresponding .omega.,.omega.'-dihaloalkyl
      compounds such as 1,2-dibromoethane, 1,3-dibromopropane and the like.
PAR  The conversion of the compound of formula IV to the compound of formula V
      can be carried out in a manner known per se, for example, the
      carbobenzoxyamino group or the tertbutoxycarbonylamino group can be
      converted to an amino group by treatment with a hydrogen halide such as
      hydrogen bromide or chloride or by hydrogenation in the presence of a
      catalyst such as, for example, palladium/charcoal. During such a
      hydrogenation, unsaturated groups which may be present in the molecule are
      also hydrogenated.
PAR  The hydrolysis of the compounds of formulae II, III, or V to form the
      compound of formula VI can be carried out in a conventional manner.
      Preferably, the hydrolysis is carried out in water or in a water miscible
      organic solvent and in an inert gas atmosphere. In this reaction, any
      conventional, water miscible solvent can be utilized, such as
      tetrahydrofuran, dioxane, acetonitrile, etc. Among the inert gases which
      can be utilized are the gases set forth above. In carrying out this
      reaction, temperature and pressure are not critical, and in general the
      hydrolysis can be carried out at from 0.degree.C. to the reflux
      temperature of the mixture. The conditions employed for the hydrolysis are
      preferably modified depending upon whether an N-acyl group is to be
      retained. When an N-acyl group, which is present, is to be retained, the
      hydrolysis is preferably carried out under mild conditions, particularly
      at a pH of from about 2 to about 8. When an N-acyl group which is present
      is to be hydrolyzed off, more rigorous conditions are preferably employed,
      for example 1-4 N aqueous mineral acids such as hydrochloric acid,
      sulphuric acid and the like are used. The hydrolysis can be carried out
      under acidic or under alkaline conditions, for example, by means of an
      alkali metal hydroxide or hydrochloric acid, sulphuric acid and the like.
      Acyl groups which may be present on the phenyl ring are cleaved off during
      the hydrolysis in each case.
PAR  Those compounds of formulae I-VIII which contain an asymmetric carbon atom
      can exist in the form of racemates which can be resolved into the optical
      antipodes in a manner known per se, for example, by means of an optically
      active base.
PAR  The compounds of formulae II, III, V, VII and VIII form addition salts when
      treated with acids or with bases. In forming acid addition salts, there
      can be used any pharmaceutically acceptable organic or inorganic acid such
      as, for example, acetic acid, oxalic acid, hydrochloric acid and the like.
      In forming base addition salts, there can be used any conventional,
      pharmaceutically acceptable organic or inorganic base such as, for
      example, the alkali metal hydroxides, particularly sodium and potassium
      hydroxides, and ammonium hydroxide.
PAR  The compounds of formula I, used as the starting materials in the process
      of this invention, are in part new and in part known compounds.
PAR  The known compounds of formula I can be prepared according to methods which
      are known per se.
PAR  The new compounds of formula I can be prepared in a manner analogous to
      that used for the preparation of the known compounds. Compounds of formula
      I in which R is acylamino can be prepared, for example, by acylating a
      compound of the formula:
      ##SPC9##
PAL  wherein R.sub.1, R.sub.2, R.sub.3 are as above, R' is amino; and the
      hydroxy groups are ortho to one another.
PAR  In this acylation, the amino compound of formula I-A can be treated with
      borax under an inert gas atmosphere in an aqueous alkaline medium to yield
      a boric acid complex in which the two phenolic hydroxy groups are
      esterified with boric acid. In carrying out the treatment with borax,
      temperature and pressure are not critical. Preferably, the treatment is
      carried out at a temperature of from about 0.degree.C. to about
      70.degree.C. and at a pH of from about 7 to 11. The boric acid complex can
      subsequently be reacted with an agent furnishing the desired acid group,
      for example, a corresponding acid halide, preferably a bromide or
      chloride, an acid anhydride or acid azide. In carrying out this reaction
      with an acid group, the reaction medium, temperature and pH are preferably
      the same as employed in the preparation of the boric acid complex above.
      The N-acylated boric acid complex can subsequently be cleaved by
      acidification in an aqueous medium.
PAR  Among the preferred starting materials of formula I are included the
      compounds wherein the hydroxy groups are present in the 3,4-position.
      Starting materials of formula I in which R represents the
      carbobenzoxyamino or tertbutoxycarbonylamino group are also preferred.
      Examples of preferred starting materials of formula I are:
PA1  hydrocaffeic acid;
PA1  N-formyl-3-(3,4-dihydroxyphenyl)-L-alanine;
PA1  N-acetyl-3-(3,4-dihydroxyphenyl)-L-alanine;
PA1  N-(tertbutoxycarbonyl)-3-(3,4-dihydroxyphenyl)-L-alanine;
PA1  N-(benzyloxycarbonyl)-3-(3,4-dihydroxyphenyl)-L-alanine;
PA1  N-(benzyloxycarbonyl)-D,L-.alpha.-methyl-3,4-dihydroxyphenylalanine; and
PA1  D,l-.alpha.-methyl-3-(3,4-dihydroxyphenyl)-propionic acid.
PAR  The novel compounds of formulae VII and VIII and their salts are useful for
      lowering the blood-pressure and for chemical sympathectomy. Thus, for
      example, after orally administering five separate doses each comprising
      300 .mu.mol/kg of L-6,7-diacetoxy-3-amino-hydrocoumarin hydrochloride to
      rats over a period of 48 hours, the noradrenaline content is lowered in
      the heart to 28% and in the brain to 85% of the controls. The LD.sub.50 of
      this hydrochloride amounts to 30-60 mg/kg i.v., 250-500 mg/kg s.c. and
      1,000-2,000 mg/kg p.o.
PAR  The novel compounds of formula VII and their salts also have a
      cholesterol-lowering activity.
PAR  Among the preferred compounds of formula VII are the compounds wherein
      --OR.sub.7 and --OR.sub.8 are in the 6,7-position. Also among the
      preferred compounds of formula VII are the compounds wherein R.sub.4 and
      R.sub.5 are acyl. Further among the preferred compounds of formula VII are
      the compounds wherein R.sub.10 is carbobenzoxyamino or
      tertbutoxycarbonylamino. Among the particularly preferred compounds of
      formula VII are:
PA1  L-3-formamido-6,7-dihydroxyhydrocoumarin;
PA1  L-3-acetamido-6,7-dihydroxyhydrocoumarin;
PA1  L-3-(1-tertbutoxyformamido)-6,7-dihydroxyhydrocoumarin;
PA1  L-3-[1-(benzyloxy)-formamido]-6,7-dihydroxyhydrocoumarin;
PA1  L-3-(1-tertbutoxyformamido)-6,7-diacetoxyhydrocoumarin;
PA1  L-6,7-diacetoxy-3-aminohydrocoumarin;
PA1  D,l-3-[1-(benzyloxy)-formamido]-3-methyl-6,7-dihydroxyhydrocoumarin;
PA1  D,l-6,7-diacetoxy-3-methylhydrocoumarin;
PA1  L-3-(1-tertbutoxyformamido)-6,7-dibenzoyloxyhydrocoumarin;
PA1  L-3-amino-6,7-dibenzoyloxyhydrocoumarin;
PA1  D,l-3,4,4-trimethyl-3-N-benzyloxycarbonylamino-6,7-dihydroxyhydrocoumarin;
PA1  D,l-6,7-diacetoxy-3-N-benzyloxycarbonylamino-3,4,4-trimethylhydrocoumarin;
      and
PA1  D,l-6,7-diacetoxy-3-amino-3,4,4-trimethylhydrocoumarin;
PAL  and salts thereof.
PAR  Among the preferred compounds of formula VIII are compounds in which the
      groups --OR.sub.11 and --OR.sub.12 are in the 4,5-position, especially
      those in which R.sub.11 and R.sub.12 each represent a hydrogen atom. Also
      preferred are those compounds of formula VIII in which R.sub.10 is
      acylamino.
PAR  The compounds of formulae VII and VIII and their salts can be used as
      medicaments in the form of pharmaceutical preparations which contain them
      in association with a compatible pharmaceutical carrier. This may be an
      organic or inorganic inert carrier material which is suitable for enteral
      or parenteral administration such as, for example, water, gelatin, gum
      arabic, lactose, starches, magnesium stearate, talc, vegetable oils,
      polyalkylene glycols, petroleum jelly, etc. The pharmaceutical
      preparations can be made up in solid form (e.g. as tablets, dragees,
      suppositories or capsules) or in liquid form (e.g. as solutions,
      suspensions or emulsions). They may be sterilized and/or may contain
      adjuvants such as preserving, stabilizing, wetting or emulsifying agents,
      and salts for varying the osmotic pressure or buffers. They can also
      contain other therapeutically valuable substances.
DETD
PAR  The following Examples illustrate the present invention.
PAC  EXAMPLE 1
PAR  7.5 g of hydrocaffeic acid, 13.5 g of iodoso-benzene diacetate and 150 ml
      of glacial acetic acid are stirred at room temperature (22.degree.C.)
      under an argon atmosphere. After 2 hours, 0.5 g of p-toluenesulphonic acid
      is added. The solution thereupon becomes black-red in color and warms to
      30.degree.C. After a further 3 hours, the mixture is evaporated at
      40.degree.C/12 mmHg and the residue is recrystallized once from ethyl
      acetate and twice from water. There is obtained 2.5 g of
      6,7-dihydroxyhydrocoumarin of melting point 212.degree.C. (decomposition).
PAC  EXAMPLE 2
PAR  11 g of n-formyl-3-(3,4-dihydroxyphenyl)-L-alanine is dissolved with
      shaking in 120 ml of glacial acetic acid. To the solution there is added
      14 g of iodosobenzene diacetate, which is likewise dissolved with shaking.
      The dark-red mixture, which becomes warm, is allowed to stand overnight.
      On the next day, it is filtered, the filtrate evaporated at 40.degree.C/12
      mmHg and evaporated again with the addition of toluene. The residue is
      extracted three times with 100 ml of hot ethyl acetate each time, and the
      extracts are evaporated. The crude product thus obtained is recrystallized
      once from ethyl acetate and once from glacial acetic acid with the
      addition of active charcoal. There is obtained 1.5 g of
      L-3-formamido-6,7-dihydroxyhydrocoumarin of melting point
      244.degree.-245.degree.C. (decomposition); [.alpha.].sub.D.sup.25 =
      -24.4.degree. (c = 1%, dimethyl sulphoxide).
PAC  EXAMPLE 3
PAR  16.1 of iodoso-benzene diacetate is added in one portion to a solution of
      23.9 g of N-acetyl-3-(3,4-dihydroxyphenyl)-L-alanine in 250 ml of glacial
      acetic acid. The mixture immediately becomes deep-red in color, and the
      temperature rises to 30.degree.C. The mixture is held at room temperature
      for 24 hours, filtered and then evaporated at 40.degree.C/12 mmHg. The red
      oily residue is partitioned between tetrahydrofuran-ethyl acetate (2:5
      parts by volume) and saturated aqueous sodium chloride solution. The
      organic phases are washed with saturated aqueous sodium chloride solution,
      exhaustively extracted with saturated aqueous sodium bicarbonate solution
      and then, after drying over sodium sulphate, evaporated under vacuum. The
      residue is recrystallized from glacial acetic acid with the addition of
      active charcoal. 2.2 g of L-3-acetamido-6,7-dihydroxyhydrocoumarin is
      obtained as colorless crystals of melting point 221.degree.-224.degree.C
      (decomposition); [.alpha.].sub.D.sup.25 = -30.degree. (c = 1.038%,
      dimethyl sulphoxide).
PAC  EXAMPLE 4
PAR  7.7 g of 3-(3,4-dihydroxyphenyl)-L-alanine is added with stirring in an
      argon atmosphere to a suspension of 14.0 g of borax in 70.0 ml of water.
      The mixture is stirred for 15 minutes and then brought to pH 10 (pH meter)
      with 2-N aqueous sodium hydroxide. A boric acid complex forms, in which
      the hydroxyl groups on the phenyl ring of the alanine derivative are
      esterified with boric acid. Subsequently, 9.5 ml of acetic anhydride is
      added dropwise in the course of 2 hours at a temperature between
      5.degree.c. and 10.degree.C. (cooling with an ice-bath), the pH of the
      mixture being held between 10 and 10.5 by the dropwise addition of 2-N
      sodium hydroxide. The mixture is stirred for a further 40 minutes at
      20.degree.-23.degree.C., cooled to ca +5.degree.C., and filtered off from
      the undissolved white crystals. The filtrate is brought to pH 1 with
      concentrated sulphuric acid and extracted three times with 600 ml of ethyl
      acetate each time. The extracts are dried over sodium sulphate and
      evaporated under vacuum. The residue is dissolved in a small amount of
      ethyl acetate, a small amount of white crystals (boric acid) remaining
      undissolved. The mixture is filtered, again evaporated under vacuum and
      the residue dried under an oil-pump vacuum at a bath temperature of
      70.degree.C. for 2 hours. There is thus obtained 9.22 g of crude
      N-acetyl-3-(3,4-dihydroxyphenyl)-L-alanine in the form of a light-beige,
      solid form; [.alpha.].sub.D.sup.25 = +42.6.degree. (c = 0.82%, methanol).
PAC  EXAMPLE 5
PAR  16.2 g of iodoso-benzene diacetate is added in one portion with stirring in
      a nitrogen atmosphere to a solution of 15 g of
      N-(tertbutoxycarbonyl)-3-(3,4-dihydroxyphenyl)-L-alanine in 250 ml of
      glacial acetic acid, the mixture immediately becoming deep red-brown in
      color. After stirring at room temperature for 20 hours, the solution is
      evaporated at 40.degree.C/12 mmHg. The residue is taken up in 800 ml of
      diethyl ether and filtered off from a small amount of undissolved, tarry
      material The filtrate is successively washed three times with 100 ml of
      water each time, three times with 100 ml of saturated aqueous sodium
      bicarbonate solution each time and once with 100 ml of water. After drying
      over sodium sulphate with the addition of active charcoal, the combined
      organic extracts are evaporated at 30.degree.C/12 mmHg, 200 ml of absolute
      toluene being added. After two recrystallizations from toluene/diethyl
      ether, the crystalline residue yields 5.2 g of
      L-3-(1-tertbutoxyformamido)-6,7-dihydroxyhydrocoumarin of melting point
      173.degree.-176.degree. C. (decomposition); [.alpha.].sub.D.sup.25 =
      -41.degree. (c = 1%, ethanol).
PAC  EXAMPLE 6
PAR  2-N aqueous sodium hydroxide is added in an argon atmosphere to a mixture
      of 100 g of 3-(3,4-dihydroxyphenyl)-L-alanine, 200 g of borax and 1000 ml
      of water, up to pH 9.5 (pH meter). A boric acid complex forms, in which
      the hydroxyl groups on the phenyl ring of the alanine derivative are
      esterified with boric acid. Half of the crude tertbutoxycarbonyl azide
      prepared from 120 g of tertbutoxycarbonyl hydrazide is then added in one
      portion, and the mixture is stirred at room temperature for 6 hours, the
      pH being held between 9.3 and 9.8 by the occasional addition of 2-N
      aqueous sodium hydroxide. The remaining tertbutoxycarbonyl azide is
      subsequently added and the mixture is stirred for a further 14 hours.
      After 14 hours, the pH falls to 8.5. It is then brought to pH 9.5 with 2-N
      aqueous sodium hydroxide, and the mixture is stirred for a further 2
      hours. The mixture is then extracted twice with 300 ml of diethyl ether
      each time. The aqueous phase is brought to pH 2.5 with 10% aqueous citric
      acid solution, saturated with sodium chloride, and extracted twice with
      300 ml of ethyl acetate each time. The combined organic extracts are
      washed 10 times with 500 ml of water each time, dried over sodium sulphate
      and then concentrated under vacuum. The glassy residue crystallizes on
      digesting with cyclohexane. After two recrystallizations from ethyl
      acetate/cyclohexane, there is obtained 100 g of
      N-(tertbutoxycarbonyl)-3-(3,4-dihydroxyphenyl)-L-alanine of melting point
      148.degree.C.; [.alpha.].sub.D.sup.25 = +16.4.degree. (c = 1%, methanol)
PAC  EXAMPLE 7
PAR  64.4 g of iodoso-benzene diacetate and 800 ml of p-toluenesulphonic acid
      are added in one portion with stirring to a solution of 73 g of crude
      N-(benzyloxycarbonyl)-3-(3,4-dihydroxyphenyl)-L-alanine in 1000 ml of
      glacial acetic acid (analytical grade). The mixture immediately becomes
      dark-red in color and warms to ca 30.degree.C. It is subsequently stirred
      at room temperature for a further 15 hours. This clear, deep-red solution
      is then concentrated at 40.degree.C/12 mmHg. The residue is taken up in
      800 ml of ethyl acetate, and the solution is successively washed twice
      with 400 ml of ice-cold, saturated aqueous sodium chloride solution each
      time, four times with 400 ml of ice-cold saturated aqueous sodium
      carbonate solution each time and once with 400 ml of ice-cold saturated
      aqueous sodium chloride solution. The aqueous extracts are back-extracted
      with 800 ml of ethyl acetate. The organic phases are combined and, after
      drying over sodium sulphate, evaporated at 40.degree.C/12 mmHg with the
      addition of 400 ml of absolute toluene. The dark, glassy residue (ca 47 g)
      is chromatographed on 750 g of Kieselgel ("Merck"; 0.2-0.5 mm) with
      benzene/ethyl acetate (5:1 parts by volume). The almost colorless eluates
      are combined and evaporated at 40.degree.C mmHg. The residue is
      recrystallized once from diethyl ether. 26.5 g of
      L-3-[1-(benzyloxy)-formamido]-6,7-dihydroxyhydrocoumarin is obtained as
      colorless crystals of melting point 148.degree.-150.degree.C.;
      [.alpha.].sub.D.sup.25 = -48.0.degree. (c = 1%, ethanol). A further 1.1 g
      of melting point 144.degree.-146.degree.C. can be isolated from the mother
      liquor; [.alpha.].sub.D.sup.25 = -47.0.degree. (c = 1%, ethanol).
PAC  EXAMPLE 8
PAR  77 g of 3-(3,4-dihydroxyphenyl)-L-alanine is added with stirring in an
      argon atmosphere to a suspension of 140 g of borax in 700 ml of water. The
      mixture is stirred for 15 minutes and then brought to pH 9 (pH meter) with
      2-N aqueous sodium hydroxide. A boric acid complex forms in which the
      hydroxyl groups on the phenyl ring of the alanine derivative are
      esterified with boric acid. 77 g of chloroformic acid benzyl ester is
      subsequently added in portions of about 4 ml in the course of three hours
      at a temperature between 0.degree.C. and 10.degree.C., the pH of the
      mixture being held between 9 and 9.5 by the addition of 2-N sodium
      hydroxide. After the addition, the mixture is cooled to 0.degree.C. and
      filtered off from a small amount of undissolved material, and the filtrate
      is extracted twice with 500 ml of diethyl ether each time. The ether
      extracts are washed once with 100 ml of water and then discarded. The
      aqueous alkaline extracts are brought to pH 1 with 6-N aqueous sulphuric
      acid with ice-cooling and then extracted twice with 1,000 ml of diethyl
      ether each time. The organic extracts are washed four times with 500 ml of
      water each time, then combined and, after drying over sodium sulphate and
      animal charcoal, evaporated under vacuum with the addition of toluene.
      125.7 g of crude N-benzyloxycarbonyl-3-(3,4-dihydroxyphenyl)-L-alanine is
      thus obtained as a weakly violet-colored glass; [.alpha.].sub.D.sup.25 =
      +1.5.degree.(c = 1.935%, methanol).
PAC  EXAMPLE 9
PAR  16.2 g of iodoso-benzene diacetate is added in one portion in an argon
      atmosphere to a solution of 29.7 g of
      N-(tertbutoxycarbonyl)-3-(3,4-dihydroxyphenyl)-L-alanine in 200 ml of
      glacial acetic acid. 0.2 g of p-tolunesulphonic acid is then added, the
      temperature rising to 27.degree.C. After 20 hours at room temperature, the
      deep-red colored mixture is evaporated at 40.degree.C/12 mmHg and
      re-evaporated once with the addition of toluene. The glassy residue is
      dissolved in 300 ml of diethyl ether, filtered and successively washed
      twice with 100 ml of water each time, twice with 100 ml of saturated
      aqueous sodium bicarbonate solution each time and twice with 50 ml of
      water each time. The organic phase is dried over sodium sulphate/active
      charcoal and evaporated at 40.degree.C/12 mmHg. After the
      recrystallization from toluene/diethyl ether, the crystalline residue
      yields 7.9 g of L-3-(tertbutoxyformamido)-6,7-dihydroxyhydrocoumarin of
      melting point 173.degree.-176.degree.C. (decomposition) which is identical
      with the product manufactured without the use of p-toluenesulphonic acid
      as a catalyst.
PAC  EXAMPLE 10
PAR  16.1 g of iodoso-benzene diacetate is added in one portion in an argon
      atmosphere to a solution, which has been cooled to 0.degree.C., of 33.1 g
      of N-benzyloxycarbonyl)-3-(3,4-dihydroxyphenyl)-L-alanine in 100 ml of
      absolute tetrahydrofuran and 150 ml of formic acid (99% by wt.). The
      solution immediately becomes black-red in color and the temperature rises
      to 10.degree.C. The mixture is stirred for 1 hour with ice-cooling and
      then for 1 hour at room temperature. It is then evaporated at
      40.degree.C/12 mmHg with the addition of toluene. The residue is taken up
      in 300 ml of ethyl acetate, filtered and the filtrate successively washed
      twice with 100 ml of water each time, twice with 100 ml of saturated
      aqueous sodium bicarbonate solution each time and twice with 50 ml of
      water each time. The organic phase is dried over sodium sulphate/active
      charcoal, and evaporated at 40.degree.C/12 mmHg. After two
      recrystallizations from diethyl ether/petroleum ether
      (B.P.40.degree.-60.degree. ), there is obtained 7.2 g of
      L-3-[1-benzyloxy)formamido]-6,7-dihydroxyhydrocoumarin of melting point
      143.degree.-146.degree.C. (decomposition) which is identical with the
      product manufactured in glacial acetic acid.
PAC  EXAMPLE 11
PAR  11.6 g of silver oxide and 25 g of sodium sulphate are introduced in
      portions within ca 10 minutes, with ice-water cooling and stirring in an
      argon atmosphere, into 16.55 g of
      N-(benzyloxycarbonyl)-3-(3,4-dihydroxyphenyl)-L-alanine in 250 ml of
      glacial acetic acid. After 24 hours at room temperature, the mixture is
      filtered, and the filtrate is evaporated at 40.degree.C/12 mmHg. The
      residue is taken up in 500 ml of ethyl acetate, washed three times with
      100 ml of saturated aqueous sodium bicarbonate solution each time and
      three times with 100 ml of saturated aqueous sodium chloride solution each
      time, and the organic phase is dried over sodium sulphate and a large
      amount of active charcoal. It is then evaporated at 40.degree.C/12 mmHg
      with the addition of toluene. The residue is chromatographed on 200 g of
      Kieselgel ("Merck": 0.2-0.5 mm) with chloroform/isopropanol (10:0.5 parts
      by volume. The fractions containing the desired product are combined and
      evaporated at 40.degree.C/ 12 mmHg. After one recrystallization from
      diethyl ether, there is obtained 2 g of
      L-3-[1-(benzyloxy)-formamido]-6,7-dihydroxyhydrocoumarin of melting point
      146.degree.-148.degree.C. The substance is identical with that obtained
      from N-(benzyloxycarbonyl)-3-(3,4-dihydroxyphenyl)-L-alanine by oxidation
      with iodoso-benzene diacetate.
PAC  EXAMPLE 12
PAR  A solution of 8.1 g of L-3-(tertbutoxyformamido)-6,7-dihydroxyhydrocoumarin
      in 27.7 ml of acetic anhydride and 42 ml of absolute pyridine is stirred
      at room temperature for 48 hours. After the addition of toluene, the
      mixture is concentrated at 40.degree.C/12 mmHg, and the residue is
      partitioned between 300 ml of ethyl acetate and 150 ml of ice-cold aqueous
      0.4-N hydrochloric acid. The organic phase is washed once with 300 ml of
      ice-cold aqueous 0.4-N hydrochloric acid, once with 300 ml of water and
      once with saturated aqueous sodium bicarbonate solution. The ethyl acetate
      phase is dried over sodium sulphate/active charcoal and evaporated at
      40.degree.C/12 mmHg with the addition of toluene. After one
      recrystallization from toluene, there is obtained 6.7 g of
      L-3-(1-tertbutoxyformamido)-6,7-diacetoxyhydrocoumarin of melting point
      127.degree.-130.degree.C; [.alpha.].sub.D.sup.25 = -4.8.degree.(c=1%,
      tetrahydrofuran).
PAC  EXAMPLE 13
PAR  6.95 g of L-3-(1-tertbutoxyformamido)-6,7-diacetoxyhydrocoumarin is
      dissolved in 135 ml of ethyl acetate. On introduction of dry hydrogen
      chloride gas for 3 hours with ice-cooling, a gelatinous precipitate forms.
      The mixture is subsequently allowed to stand at room temperature for a
      further 30 minutes, then filtered off by suction and rinsed with absolute
      ethyl acetate. The colorless crystals are dried in a high vacuum over
      phosphorus pentoxide/potassium hydroxide. There is obtained 4.65 g of
      L-6,7-diacetoxy-3-aminohydrocoumarin hydrochloride of melting point
      209.degree.-211.degree.C.; [.alpha.].sub.D.sup.25 = -19.8.degree.(c =
      0.5%, water).
PAC  EXAMPLE 14
PAR  A strong stream of dry hydrogen chloride gas is conducted with ice-cooling
      for 30 minutes into a solution of 7.5 g of
      L-3-(1-tertbutoxyformamido)-6,7-dihydroxyhydrocoumarin in 150 ml of ethyl
      acetate and 50 ml of absolute toluene, which causes the immediate
      precipitation of colorless crystals. The mixture is held at room
      temperature for 20 hours and then at -19.degree.C. for 16 hours. The
      crystals are filtered off and successively washed with 30 ml of ethyl
      acetate, 50 ml of ethyl acetate/diethyl ether (1:1 parts by volume) and
      100 ml of diethyl ether and dried. There is obtained 5.4 g of crude
      L-3-amino-6,7-dihydroxyhydrocoumarin hydrochloride of melting point
      263.degree.-264.degree.C. (decomposition); [.alpha.].sub.D.sup.25 =
      -38.4.degree.(c=1%, methanol).
PAC  EXAMPLE 15
PAR  14.5 g of L-3-[1-benzyloxy)-formamido]-6,7-dihydroxyhydrocoumarin is
      dissolved in 350 ml of glacial acetic acid (analytical grade) and
      hydrogenated over 3.5 g of palladium-on-charcoal (5%) under normal
      pressure at room temperature. After completion of the hydrogen untake (ca
      2 hours), the catalyst is filtered off in an argon gas atmosphere. 38.6 ml
      of a 5% by weight solution of hydrogen chloride in glacial acetic acid is
      added to the filtrate at 40.degree.C., immediately precipitating a
      colorless crystalline precipitate. After 14 hours at room temperature, the
      crystals are filtered off, washed with 100 ml of glacial acetic acid and
      then with 100 ml of diethyl ether and dried. 8.7 g of crude
      L-3-amino-6,7-dihydroxyhydrocoumarin hydrochloride of melting point
      265.degree.-267.degree.C. (decomposition) is isolated;
      [.alpha.].sub.D.sup.25 = -36.0.degree. (c = 1%, methanol).
PAR  The product obtained is recrystallized from formic acid/diethyl ether or
      from methanol/diethyl ether to yield a product of melting point
      263.degree.-264.degree.C. (decomposition); [.alpha.].sub.D.sup.25 =
      -39.degree.(c = 1.039%, methanol).
PAC  EXAMPLE 16
PAR  A solution of 6.7 g of L-3-amino-6.7-dihydroxyhydrocoumarin hydrochloride
      in 100 ml of oxygen-free water is heated to boiling for 10 minutes in a
      nitrogen atmosphere and then concentrated to a volume of ca 30 ml. 6.7 ml
      of propylene oxide and 7 ml of oxygen-free acetonitrile are added to the
      concentrated solution. After 2 hours, the solution has a pH of ca 4.5, and
      colorless crystals begin to precipitate. The mixture is held at
      4.degree.C. for 24 hours. The almost colorless
      3-(2,4,5-trihydroxyphenyl)-L-alanine is then filtered off and successively
      washed twice with 30 ml of absolute ethanol each time and twice with 50 ml
      of diethyl ether each time and dried. There is obtained 4.2 g of the
      desired product of melting point 252.degree.-253.degree.C.
      (decomposition); [.alpha.].sub.D.sup.25 = -12.4.degree. [C=2%, 1-N
      hydrochloric acid/methanol (1:1 parts by volume)].
PAC  EXAMPLE 17
PAR  34.8 g of iodoso-benzene diacetate and 442 mg of p-toluenesulphonic acid
      are added in one portion with stirring in an argon atmosphere to a
      solution of 41 g of
      N-benzyloxycarbonyl-D,L-.alpha.-methyl-3,4-dihydroxyphenylalanine in 540
      ml of glacial acetic acid. The resulting dark-red solution is subsequently
      stirred at 25.degree.C. for 16 hours and then concentrated at
      40.degree.C/12 mmHg. The residue is taken up in 400 ml of ethyl acetate,
      cooled to 0.degree.C. and successively washed twice with 200 ml of
      ice-cold saturated aqueous sodium chloride solution each time, four times
      with 200 ml of ice-cold saturated aqueous sodium bicarbonate solution each
      time and twice with 200 ml of ice-cold saturated aqueous sodium chloride
      solution each time. The aqueous phases are back-extracted once with 400 ml
      of ethyl acetate and then discarded. The organic phases are combined and,
      after drying over sodium sulphate, concentrated at 40.degree.C/12 mmHg.
      The residue (27 g of dark crystals) is chromatographed on 1,000 g of
      silica gel (Merck). The
      D,L-3-[-1-(benzyloxy)-formamido]-3-methyl-6,7-dihydroxyhydrocoumarin is
      eluted with benzene/ethyl acetate (8:2 parts by volume). After one
      recrystallization from ethyl acetate, there is obtained 19.1 g of
      colorless crystals with a melting point of 190.degree.-192.degree.C.
      (decomposition).
PAC  EXAMPLE 18
PAR  Utilizing the procedure of Example 8,
      .alpha.-methyl-3-(3,4-dihydroxyphenyl)-D,L-alanine can be converted to
      N-benzyloxycarbonyl-.alpha.-methyl-3-(3,4-dihydroxy-phenyl-D,L-alanine.
PAC  EXAMPLE 19
PAR  23.7 g of iodoso-benzene diacetate is added in an argon atmosphere to a
      solution of 16 g of D,L-.alpha.-methyl-3-(3,4-dihydroxyphenyl)-propionic
      acid in 300 ml of glacial acetic acid, and the mixture is allowed to stand
      at room temperature for 20 hours with occasional shaking. The mixture is
      thereupon evaporated at a bath-temperature of 40.degree.C. The brown oily
      residue is dissolved in 500 ml of tetrahydrofuran/ethyl acetate (2:3 parts
      by volume) and then successively washed once with 200 ml of saturated
      aqueous sodium chloride solution, three times with 100 ml of saturated
      aqueous sodium bicarbonate solution each time and once with 100 ml of
      saturated aqueous sodium chloride solution. All the aqueous phases are
      back-extracted once with 500 ml of tetrahydrofuran/ethyl acetate (2:3
      parts by volume) and then discarded. The organic phases are combined and
      dried over sodium sulphate and animal charcoal. The mixture is then
      filtered off, rinsed with tetrahydrofuran and evaporated under vacuum. The
      residue is treated with toluene, and then once more evaporated. There is
      obtained 6.2 g of a black oil. This oil is heated on a steam-bath three
      times with 250 ml of high-boiling petroleum ether
      (B.P.80.degree.-120.degree.) each time, and then the petroleum ether is
      decanted off and discarded. The residue is again evaporated, and there is
      obtained 2.8 g of a black oil. These 2.8 g of crude product is dissolved
      in 95 ml of absolute pyridine. 5.9 g of acetic anhydride is then added and
      the mixture is allowed to stand at room temperature under argon for 60
      hours. The brown solution is then evaporated under vacuum at a
      bath-temperature of 30.degree.C. The oily residue is dissolved in 200 ml
      of ethyl acetate and successively washed twice with 50 ml of water each
      time, twice with 50 ml of 2-N sulphuric acid each time, twice with 50 ml
      of water each time, once with 50 ml of saturated aqueous sodium
      bicarbonate solution and once with 50 ml of water. All the aqueous phases
      are back-extracted once with 200 ml of ethyl acetate and then discarded.
      The organic phases are combined and dried over sodium sulphate and animal
      charcoal. The mixture is thereupon filtered off, rinsed with ethyl acetate
      and evaporated in a vacuum with the addition of toluene. The residue is
      subsequently again treated with toluene and evaporated. There is obtained
      3 g of a black oil which is chromatographed on 90% of Kieselgel with
      benzene/ethyl acetate. The product prepurified in this way is
      recrystallized from diethyl ether/petroleum ether. There is obtained 0.3 g
      of D,L-6,7-diacetoxy-3-methylhydrocoumarin with a melting point of
      104.degree. -105.degree.C.
PAC  EXAMPLE 20
PAR  15 ml of benzoyl chloride is slowly added dropwise, with stirring and
      ice-cooling, to a mixture of 19.53 g of
      L-3-(tertbutoxyformamido)-6,7-dihydroxyhydrocoumarin, 100 ml of absolute
      pyridine and 17.9 ml of triethylamine, and the resulting mixture is
      stirred at room temperature for a further 48 hours. It is then evaporated
      under reduced pressure at a bath-temperature of 30.degree.C. with the
      addition of toluene. The residue is partitioned between 1 liter of ethyl
      acetate and 400 ml of ice-cold 0.4-N hydrochloric acid and the aqueous
      phase is extracted with 1 liter of ethyl acetate. The combined ethyl
      acetate extracts are successively washed once with 600 ml of ice-cold
      0.4-N hydrochloric acid, twice with 200 ml of saturated aqueous sodium
      bicarbonate solution each time and once with saturated aqueous sodium
      chloride solution. The organic phase is dried over sodium sulphate/animal
      charcoal, and the filtrate is evaporated under reduced pressure at a
      bath-temperature of 30.degree.C. The evaporation residue is recrystallized
      from isopropyl ether. There is thus obtained L-3
      -(tertbutoxyformamido)-6,7-dibenzoyloxyhydrocoumarin of melting point
      146.degree.-148.degree.C.
PAC  EXAMPLE 21
PAR  13.57 g of L-3-(tertbutoxyformamido)-6,7-dibenzoyloxyhydrocoumarin is
      dissolved in 280 ml of absolute ethyl acetate. Dry hydrogen chloride gas
      is led into this solution for 4 hours. The solution is subsequently
      evaporated under reduced pressure and then re-evaporated twice with the
      addition of toluene. The crystalline residue is thoroughly triturated with
      isopropyl ether. There is thus obtained
      L-3-amino-6,7-bisbenzoyloxyhydrocoumarin hydrochloride of melting point
      219.degree.-221.degree.C; [.alpha.].sub.D.sup.25 = -8.2.degree.(c=0.5%,
      glacial acetic acid).
PAC  EXAMPLE 22
PAR  14.5 g of iodoso-benzene diacetate is added with stirring to a solution of
      16.9 g of D,L-N-benzyloxycarbonyl-2,3,3-trimethyldopa in 2,000 ml of ethyl
      acetate. The solution rapidly becomes dark in color. After 10 minutes, 5
      ml of boron trifluoride etherate is added. The mixture is stirred for 6
      hours at room temperature, then washed with a 10% by weight aqueous
      potassium bicarbonate solution, and the ethyl acetate phase is dried over
      magnesium sulphate and concentrated. The remaining 18.5 g of crude, oily
      residue is chromatographed on Kieselgel with, as the eluting agent,
      benzene/methanol (4:1 parts by volume). There is thus obtained 6.5 g of
      pure
      D,L-3,4,4-trimethyl-3-N-benzyloxycarbonylamino-6,7-dihydroxyhydrocoumarin,
      which can be recrystallized from diethyl ether melting point
      136.degree.-138.degree.C.
PAC  EXAMPLE 23
PAR  Utilizing the procedure of Example 8, 2,3,3-trimethyldopa can be converted
      to D,L-N-benzyloxycarbonyl-2,3,3-trimethyldopa, having a melting point of
      194.degree.-197.degree.C.
PAC  EXAMPLE 24
PAR  6.5 g of
      D,L-6,7-dihydroxy-3-N-benzyloxycarbonylamino-3,4,4-trimethylhydrocoumarin
      is stirred overnight at room temperature with 50 ml of pyridine and 50 ml
      of acetic anhydride. The mixture is then concentrated under vacuum, the
      residue taken up in 0.5-N hydrochloric acid and extracted with chloroform.
      The organic phase is washed with a 10% by weight aqueous potassium
      bicarbonate solution, dried over magnesium sulphate and concentrated. The
      dark oil (7.1 g) which is thus obtained is chromatographed on Kieselgel,
      with, as the eluting agent; benzene/acetonitrile (19:1 parts by volume).
      5.5 g of pure
      D,L-6,7-diacetoxy-3-N-benzyloxycarbonylamino-3,4,4-trimethylhydrocoumarin
      is thus obtained as a pale yellow oil.
PAC  EXAMPLE 25
PAR  3.1 g of
      D,L-6,7-diacetoxy-3-N-benzyloxycarbonylamino-3,4,4-trimethylhydrocoumarin,
      dissolved in 100 ml of glacial acetic acid, is hydrogenated under normal
      pressure at room temperature in the presence of 0.5 g of palladium on
      active charcoal. The hydrogen uptake is completed after 0.5 hour. After
      the addition of 0.86 g of benzyl chloride, the solution is hydrogenated
      again, the catalyst is then filtered off, the filtrate is concentrated,
      and the residue is recrystallized from isopropanol. 2.2 g of
      D,L-6,7-diacetoxy-3-amino-3,4,4-trimethylhydrocoumarin is obtained as a
      colorless crystalline product of melting point 201.degree.-206.degree.C.
      (decomposition).
PAR  The following examples illustrate pharmaceutical preparations containing
      the novel coumarin derivatives provided by the invention.
PAC  EXAMPLE 26
PAR  Tablets of the following composition are prepared in a conventional manner:
TBL  L-6,7-diacetoxy-3-aminohydrocoumarin                                      

                                 100 mg                                        

     lactose                     61 mg                                         

     corn starch                 30 mg                                         

     polyvinylpyrrolidone        4 mg                                          

     talc                        5 mg                                          

PAC  EXAMPLE 27
PAR  Gelatin capsules containing the following ingredients are prepared in a
      conventional manner:
TBL  L-3-(1-tertbutoxyformamido)-6,7-                                          

     dihydroxyhydrocoumarin     50 mg                                          

     mannitol                   98.5 mg                                        

     stearic acid               1.5 mg                                         

CLMS
STM  We claim:
NUM  1.
PAR  1. L-3-formamido-6,7-dihydroxyhydrocoumarin.
NUM  2.
PAR  2. L-3-(1-tertbutoxyformamido)-6,7-diacetoxyhydrocoumarin.
NUM  3.
PAR  3. L-3-acetamido-6,7-dihydroxyhydrocoumarin.
NUM  4.
PAR  4. L-3-[1-tertbutoxyformamido]-6,7-dihydroxyhydrocoumarin.
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PAC  DESCRIPTION OF THE INVENTION
PAR  The 3-(N-acyl-N-arylamino) lactones and lactams of the invention are
      represented by the formula (I):
      ##EQU1##
      wherein Ar is phenyl or phenyl substituted with 1 to 3 of the same or
      different substituents selected from fluoro, chloro, bromo, alkyl of 1 to
      4 carbon atoms, alkoxy of 1 to 4 carbon atoms or nitro; R.sup.1 is phenyl,
      phenyl substituted with 1 to 3 of the same or different substituents
      selected from fluoro, chloro, bromo, alkyl of 1 to 4 carbon atoms, alkoxy
      of 1 to 4 carbon atoms or nitro, alkyl of 1 to 6 carbon atoms, or
      haloalkyl of 1 to 3 carbon atoms and 1 to 5 of the same or different
      halogens selected from fluoro, chloro or bromo; R.sup.2 is hydrogen or
      alkyl of 1 to 6 carbon atoms; Y is oxygen or N--R.sup.2 and n is 1 or 2.
PAR  Representative alkyl groups which R.sup.1 and R.sup.2 may represent are
      methyl, ethyl, propyl, isopropyl, n-butyl, t-butyl, pentyl, isohexyl, etc.
PAR  Representative haloalkyl groups which R.sup.1 may represent include
      fluoromethyl, chloromethyl, bromomethyl, dichloromethyl, tribromomethyl,
      2-chloroethyl, 1,1,2,2-tetrachloroethyl, perbromoethyl, 3-chloropropyl,
      etc.
PAR  Representative substituted-phenyl groups which Ar and R.sup.1 may represent
      are 2-fluorophenyl, 2,4-dichlorophenyl, 3,5-dibromophenyl, 4-methylphenyl,
      2,6-diethylphenyl, 4-methoxyphenyl, 4-nitrophenyl,
      2,6-dimethyl-4-chlorophenyl, etc.
PAR  Representative N-R.sup.2 groups are amino and alkylamino such as
      methylamino, ethylamino, isopropylamino, n-hexylamino, etc.
PAR  Preferably Ar is phenyl or phenyl substituted with 1 to 2 of the same or
      different substituents defined above. More preferably Ar is phenyl or
      phenyl substituted with 1 to 2 fluoro, chloro, bromo or alkyl of 1 to 4
      carbon atoms. Most preferably Ar is 2,6-dialkylphenyl.
PAR  Preferably R.sup.1 is alkyl of 1 to 6 carbon atoms, phenyl, phenyl
      substituted with 1 to 2 of the same or different substituents selected
      from fluoro, chloro, bromo or alkyl of 1 to 4 carbon atoms, or haloalkyl
      of 1 to 3 carbon atoms and 1 to 2 chloro or bromo. More preferably R.sup.1
      is haloalkyl of 1 to 3 carbon atoms and 1 to 2 chloro or bromo. Most
      preferably R.sup.1 is chloroacetyl or bromoacetyl.
PAR  Preferably R.sup.2 is hydrogen.
PAR  Preferably X is oxygen or alkylamino (N--R.sup.2 wherein R.sup.2 is alkyl).
      Most preferably X is oxygen.
PAR  Preferably n is 1.
PAR  A preferred class of compounds represented by formula (I) is that wherein
      Ar is 2,6-dialkylphenyl, R.sup.1 is chloroacetyl or bromoacetyl, R.sup.2
      is hydrogen, X is oxygen and n is 1.
PAR  Representative compounds of formula (I) include:
PA1  3-(N-acetyl-N-phenylamino)-.gamma.-butyrolactone
PA1  3-(N-propionyl-N-4-chlorophenylamino)-.gamma.-butyrolactone
PA1  3-(N-hexanoyl-N-4-methoxyphenylamino)-.gamma.-butyrolactone
PA1  3-(N-fluoroacetyl-N-2,6-dimethylphenylamino)-.gamma.-butyrolactone
PA1  3-(N-dichloroacetyl-N-2,6-diethylphenylamino)-.gamma.-butyrolactone
PA1  3-(N-3-chloropropionyl-N-3,4-dibromophenylamino)-.gamma.-butyrolactone
PA1  3-(N-benzoyl-N-4-nitrophenylamino)-.gamma.-butyrolactone
PA1  3-(N-4-chlorobenzoyl-N-2-methoxyphenylamino)-.gamma.-butyrolactone
PA1  3-(N-4-methylbenzoyl-N-3,4-dichlorophenylamino)-.gamma.-butyrolactone
PA1  3-(N-2,4-dimethylbenzyol-N-2-fluorophenylamino)-.gamma.-butyrolactone
PA1  3-(N-4-methoxybenzoyl-N-4-methoxyphenylamino)-.gamma.-butyrolactone
PA1  3-(N-propionyl-N-2,6-dimethylphenylamino)-5-methyl-.gamma.-butyrolactone
PA1  3-(N-benzoyl-N-2,6-diethylphenylamino)-5-ethyl-.gamma.-butyrolactone
PA1  3-(N-chloroacetyl-N-3,4-dichlorophenylamino)-5-hexyl-.gamma.-butyrolactone
PA1  3-(N-chloroacetyl-N-2,6-dimethylphenylamino)-.delta.-valerolactone
PA1  3-(N-4-bromobenzyol-N-3-methylphenylamino)-.delta.-valerolactone
PA1  3-(N-acetyl-N-2-propylphenylamino)-.delta.-valerolactone
PA1  3-(N-bromoacetyl-N-2,6-dimethylphenylamino)-6-methyl-.delta.-valerolactone
PA1  3-(N-pentanoyl-N-4-nitrophenylamino)-6-hexyl-.delta.-valerolactone
PA1  3-(N-2,4-dibromobenzoyl-N-4-methoxyphenylamino)-6-methyl-.delta.-valerolact
     one
PA1  3-(N-acetyl-N-2,6-dimethylphenylamino-.gamma.-butyrolactam
PA1  3-(N-chloroacetyl-2,6-dimethoxyphenylamino).gamma.-butyrolactam
PA1  3-(N-benzoyl-N-2-nitrophenylamino)-.gamma.-butyrolactam
PA1  1-methyl-3-(N-chloroacetyl-N-2,6-dimethylphenylamino)-.gamma.-butyrolactam
PA1  3-(N-bromoacetyl-N-phenylamino)-1,5-dimethyl-.gamma.-butyrolactam
PA1  3-(N-chloroacetyl-N-2,6-dimethylphenylamino)-.delta.-valerolactam
PA1  3-(N-bromoacetyl-N-2,6-diethylphenylamino)-.delta.-valerolactam
PA1  1-methyl-3-(N-chloroacetyl-N-2,6-dimethylphenylamino)-.delta.-valerolactam
      and
PA1  1-ethyl-3-(N-bromoacetyl-N-2,6-diethylphenylamino)-6-methyl-.delta.-valerol
     actam
PAR  The lactone compounds of the invention may be prepared by alkylating an
      aniline (II) with an .alpha.-halo-.gamma.-lactone or
      .alpha.-halo-.delta.-lactone (III) and subsequently acylating the
      .alpha.-(N-arylamino)-.gamma.-lactone or .delta.-lactone (IV) with an acyl
      halide (V) to give the 3-(N-acyl-N-arylamino)-.gamma.-lactone or
      .delta.-lactone product (I), as depicted by the following equations:
      ##EQU2##
      wherein Ar, R.sup.1, R.sup.2 and n have the same significance as
      previously defined, and X is chloro or bromo.
PAR  The alkylation reaction (1) is conducted in the presence of a base.
      Suitable bases are inorganic alkali metal carbonates such as sodium
      carbonate or potassium carbonate. Generally, substantially equimolar
      amounts of reactants (II) and (III) and the base are employed. In one
      modification of the reaction, a molar excess of the aniline reactant (II)
      is used as the base, and no additional base is employed. The reaction is
      conducted in inert polar organic solvents, e.g., apolar diprotic solvents
      such as dimethylformamide and acetonitrile, at reaction temperatures
      varying from 25.degree.C to 150.degree.C, preferably from 50.degree.C to
      150.degree.C. The reaction pressure may be atmospheric, subatmospheric or
      superatmospheric. However, for convenience of conducting the reaction, the
      pressure is generally atmospheric. The reaction time will, of course, vary
      depending upon the reactants and the reaction temperature. Generally the
      reaction time is from 0.25 to 24 hours. The product (IV) is generally
      purified by conventional procedures, e.g., extraction, distillation or
      crystallization, before use in the acylation reaction (2).
PAR  The acylation reaction (2) is conducted by conventional procedures in the
      presence of an organic amine such as a trialkyl amine or a pyridine
      compound. The reactants (IV) and (V) and the amine are generally contacted
      in substantially equimolar amounts in an inert organic solvent at a
      temperature of 0.degree. to 100.degree.C. Suitable inert organic solvents
      include ethyl acetate, methylene dichloride, dimethoxyethane, benzene,
      etc. The product is isolated and purified by conventional procedures such
      as extraction, distillation, chromatography, crystallization, etc.
PAR  The lactam compounds of the invention may be prepared by cyclizing a g-halo
      or d-halo amide (VI) in the presence of a base and subsequently acylating
      the .gamma.-lactam or .delta.-lactam (VII) to give the
      3-(N-acyl-N-arylamino)-.gamma.-lactam or .delta.-lactam product (I), as
      depicted by the following equations:
      ##EQU3##
      wherein Ar, R.sup.1, R.sup.2, n and X have the same significance as
      previously defined.
PAR  The cyclization reaction (3) is conducted by treating the .gamma.-halo or
      .delta.-halo amide (VI) with substantially equimolar amounts of a strong
      inorganic base, e.g., alkali metal alkoxides such as sodium methoxide,
      potassium ethoxide, etc. The reaction is conducted in polar organic
      solvents, e.g., alkanols such as methanol and ethanol. The lactam product
      (VII) is purified by conventional procedures such as extraction,
      distillation, chromatography or crystallization before use in the
      acylation reaction (4).
PAR  The acylation reaction (4) is conducted in the presence of an organic amine
      base by the same procedure disclosed above for reaction (2).
PAR  The .gamma.-halo or .delta.-halo amide reactant (VI) is suitably prepared
      by brominating by conventional procedures, e.g., with phosphorus
      tribromide, the corresponding .gamma.-hydroxy or .delta.-hydroxy amide,
      i.e., the compound of the formula (VIII):
      ##EQU4##
PAR  The .gamma.-hydroxy or .delta.-hydroxy amide (VIII) in turn is prepared by
      reacting the 3-(N-arylamino)-.gamma.-lactone or .delta.-lactone (IV) with
      ammonia or an alkylamine (H.sub.2 NR.sup.2) in an inert solvent at a
      temperature of 25.degree. to 100.degree.C, and subsequently purifying the
      product by conventional procedures.
DETD
PAC  EXAMPLES
PAR  The preparation of the compounds of the invention by the above reactions is
      illustrated by the following examples.
PAC  EXAMPLE 1
PAC  Preparation of
      3-(N-propionyl-N-3,4-dichlorophenylamino)-.gamma.-butyrolactone
PAR  A reaction flask was charged with 32.4g (0.2 mol) of 3,4-dichloroaniline
      and 16.5 g (0.1 mol) .alpha.-bromo-.gamma.-butyrolactone. The flask was
      evacuated to 20 mm of Hg and then slowly heated to
      110.degree.-145.degree.C. The reaction pressure increased to 88 mm of Hg.
      After maintaining at about 23 mm of Hg and 120.degree.C for 1 hour, the
      reaction mixture was cooled to give a solid mixture of 3,4-dichloroaniline
      hydrobromide salt and 3-(N-3,4-dichlorophenylamino)-.gamma.-butyrolactone.
      The mixture was treated with methylene chloride and filtered. The filtrate
      was evaporated to give the lactone product [(IV), Ar = 3,4-dichlorophenyl,
      B.sup.2 = H, n = 1 and Y = 0].
PAR  A solution of 5.9 g (0.024 mol)
      3-(N-3,4-dichlorophenylamino)-.gamma.-butyrolactone, 2.1 g (0.026 mol)
      pyridine, and 2.4 g (0.026 mol) propionyl chloride in 110 ml ethyl acetate
      was heated at 45.degree.C. After 1/2 hour at 45.degree.C, thin-layer
      chromatography analysis showed substantial amounts of the lactone
      reactant. Another 2.1 g pyridine and 2.4 g propionyl chloride were added
      to the reaction mixture. The reaction mixture was then heated at refulx
      for 1/2 hour, cooled, washed with water, 10% aqueous sodium bicarbonate,
      water, dried over magnesium sulfate and evaporated to give an oil. The oil
      was chromatographed on a silica gel column. The product was eluted from
      the column as a colorless oil with 75:25 hexane/ether. The product
      crystallized from ether as a white solid. The melting point and elemental
      analysis on the product are tabulated in Table I.
PAC  EXAMPLE 2
PAC  Preparation of
      3-(N-3,4-dichlorobenzoyl-N-2,6-dimethylphenylamino)-.gamma.-butyrolactone
PAR  A slurry of 12.2 g (0.1 mol) 2,6-dimethylaniline, 16.5 g (0.1 mol)
      a-bromo-.gamma.-butyrolactone, 10.6 g (0.1 mol) sodium carbonate and 150
      ml dimethylformamide was heated at 125.degree.-140.degree.C for 21 hours.
      The reaction mixture was then diluted with water and extracted with
      benzene. The benzene extracts were washed with water, dried over magnesium
      sulfate and evaporated to give an oil. The oil was chromatographed on a
      silica gel column. 3-(N-2,6-dimethylphenylamino)-.gamma.-butyrolactone,
      m.p. 85.degree.-87.degree.C, was eluted from the column with 50:50
      hexane/ether.
PAR  A solution of 6.2 g (0.03 mol)
      3-(N-2,6-dimethylphenylamino)-.gamma.-butyrolactone, 6.9 g (0.033 mol)
      3,4-dichlorobenzoyl chloride, 2.6 g (0.033 mol) pyridine and 150 ml ethyl
      acetate was stirred overnight at 25.degree.C and then at
      50.degree.-75.degree.C for 3 hours. After cooling, the reaction mixture
      was washed with water, diluted with methylene chloride, washed with water,
      10% aqueous sodium bicarbonate, washed with water, dried over magnesium
      sulfate and evaporated to give a solid residue. The residue was
      crystallized from ethyl ether to give the product as a colorless solid.
      The melting point and elemental analysis for the product is tabulated in
      Table I.
PAC  EXAMPLE 3
PAC  Preparation of
      3-(N-chloroacetyl-N-2-methoxyphenylamino)-.gamma.-butyrolactone
PAR  A slurry of 12.3 g (0.1 mol) 2-methoxyaniline, 16.5 g (0.1 mol)
      3-bromo-g-butyrolactone, 10.6 g (0.1 mol) sodium carbonate and 150 ml
      dimethylformamide was stirred at 25.degree.C for 16 hours and then at
      90.degree.-100.degree.C for 6 hours. The reaction mixture was diluted with
      water and extracted with benzene. The benzene extracts were washed with
      water, dried over magnesium sulfate and evaporated to give an oil. The oil
      was chromatographed on a silica gel column.
      3-(N-2-methoxyphenylamino)-.gamma.-butyrolactone was eluted from the
      column with 80:20 hexane/ether.
PAR  A 5.4 g ().044 mol) sample of chloroacetyl chloride was added dropwise to a
      solution of 9 g (0.044 mol)
      3-(N-2-methoxyphenylamino)-.gamma.-butyrolactone and 3.8 g (0.048 mol)
      pyridine in 150 ml ethyl acetate at 37.degree. to 46.degree.C. After
      stirring at 46.degree.C for 15 minutes, the reaction mixture was cooled
      and diluted with water. The organic layer was separated, washed with 10%
      aqueous sodium bicarbonate, washed with water, dried over magnesium
      sulfate and evaporated under reduced pressure to give the product, as a
      colorless solid. The melting point and elemental analysis for the product
      is tabulated in Table I.
PAC  EXAMPLE 4
PAC  Preparation of
      1-methyl-3-(N-chloroacetyl-N-2,6-dimethylphenylamino)-.gamma.-butyrolactam
PAR  A solution of 20.5 g (0.1 mol)
      3-(N-2,6-dimethylphenyl)-.gamma.-butyrolactone, 13.6 g (0.15 mol)
      methylamine (40% solution in water) and 200 ml methanol was stirred at
      25.degree.C for 48 hours. The solvent was evaporated under reduced
      pressure to give an oil residue. The residue was dissolved in methylene
      chloride, washed with water, dried over magnesium sulfate and evaporated
      to give N-methyl-2-(N'-2,6-dimethylphenylamino)-4-hydroxybutyramide
      [(VIII), Ar = 2,6-dimethylphenyl, R.sup.2 = H, N--R.sup.2 = NCH.sub.3, n =
      1].
PAR  A solution of 13.5 g (0.05 mol) phosphorus tribromide in 5 ml methylene
      chloride was added dropwise at 0.degree.C (ice bath) to a solution of 23.6
      g (0.1 mol) N-methyl-2-(N'-2,6-dimethylphenylamino)-4-hydroxybutyramide
      and 7.9 g (0.1 mol) pyridine in 200 ml methylene chloride. After the
      addition was completed, the reaction mixture was stirred at 25.degree.C
      for 2 hours and at reflux for 1 hour. The reaction mixture was diluted
      with water. The organic layer was separated, washed with water, dried over
      magnesium sulfate and evaporated to give the crude
      N-methyl-2-(N-2,6-dimethylphenylamino)-4-bromobutyramide [(VI), Ar =
      2,6-dimethylphenyl, R.sup.2 = H, N--R.sup.2 = NCH.sub.3 and n = 1], as a
      glassy solid.
PAR  The crude bromo-amide was diluted with 150 ml ethanol and reacted with a
      solution of sodium ethoxide (prepared from 5.6 g of 43% NaH in mineral
      oil) in 100 ml ethanol at 25.degree.C for about 16 hours. The reaction
      mixture was evaporated, dissolved in water and filtered. The aqueous
      filtrate was washed with petroleum ether, acidified to pH 1 with 10%
      hydrochloric acid, extracted with methylene chloride and evaporated to
      give 3-(N-2,6-dimethylphenylamino)-.gamma.-butryolactam, as an oil.
PAR  Chloroacetyl chloride (1.8 g, 0.015 mol) was added dropwise to a stirred
      solution of 3 g (0.014 mol) 3-(N-2,6-dimethylphenylamino)-g-butyrolactam,
      1.2 g (0.015 mol) pyridine and 50 ml ethyl acetate. The reaction mixture
      was stirred at 25.degree.C for about 16 hours. The reaction mixture was
      then diluted with water and ether. The organic layer was separated, washed
      with saturated aqueous sodium bicarbonate, dried over magnesium sulfate
      and stripped to give an oil. The oil was chromatographed on a silica gel
      column. The product was eluted from the column with ether. The melting
      point and elemental analysis on the product is tabulated in Table I.
PAR  Compound Nos. 5-19 of Table I were prepared by procedures similar to those
      of Examples 1-4.
PAC  UTILITY
PAR  The compounds of the invention are useful for controlling fungi,
      particularly plant fungal infections caused by Botrytis cinerea, leaf
      blights caused by organisms such as Erysiphe polygoni and E.
      chicoraciarum, and other fungal infections caused by organisms such as
      Pythrium ultimum, Helminthosporum sativum, Fusarium moniliforme,
      Rhizoctonia solani, Monolinia fructicola and Uromyces phaseoli typica.
      However, some fungicidal compounds of the invention may be more
      fungicidally active than others against particular fungi.
PAR  When used as fungicides, the compounds of the invention are applied in
      fungicidally effective amounts to fungi and/or their habitats, such as
      vegetative hosts and nonvegetative hosts, e.g., animal products. The
      amount used will, of course, depend on several factors such as the host,
      the type of fungus and the particular compound of the invention. As with
      most pesticidal compounds, the fungicides of the invention are not usually
      applied full strength, but are generally incorporated with conventional,
      biologically inert extenders or carriers normally employed for
      facilitating dispersion of active fungicidal compounds, recognizing that
      the formulation and mode of application may affect the activity of the
      fungicide. Thus, the fungicides of the invention may be formulated and
      applied as granules, as powdery dusts, as wettable powders, as
      emulsifiable concentrates, as solutions, or as any of several other known
      types of formulations, depending on the desired mode of application.
PAR  Wettable powders are in the form of finely divided particles which disperse
      readily in water or other dispersant. These compositions normally contain
      from about 5-80% fungicide, and the rest inert material, which includes
      dispersing agents, emulsifying agents and wetting agents. The powder may
      be applied to the soil as a dry dust, or preferably as a suspension in
      water. Typical carriers include fuller's earth, kaolin clays, silicas, and
      other highly absorbent, readily wettable, inorganic diluents. Typical
      wetting, dispersing or emulsifying agents include, for example: the aryl
      and alkylaryl sulfonates and their sodium salts; alkylamide sulfonates,
      including fatty methyl taurides; alkylaryl polyether alcohols, sulfated
      higher alcohols, and polyvinyl alcohols; polyethylene oxides, sulfonated
      animal and vegetable oils; sulfonated petroleum oils, fatty acid esters of
      polyhydric alcohols and the ethylene oxide addition products of such
      esters; and the addition products of long-chain mercaptans and ethylene
      oxide. Many other types of useful surface-active agents are available in
      commerce. The surface-active agent, when used, normally comprises from 1
      to 15% by weight of the fungicidal composition.
PAR  Dusts are freely flowing admixtures of the active fungicide with finely
      divided solids such as talc, natural clays, kieselguhr, pyrophyllite,
      chalk, diatomaceous earths, calcium phosphates, calcium and magnesium
      carbonates, sulfur, lime, flours, and other organic and inorganic solids
      which act as dispersants and carriers for the toxicant. These finely
      divided solids have an average particle size of less than about 50
      microns. A typical dust formulation useful herein contains 75% silica and
      25% of the toxicant.
PAR  Useful liquid concentrates include the emulsifiable concentrates, which are
      homogeneous liquid or paste compositions which are readily dispersed in
      water or other dispersant, and may consist entirely of the fungicide with
      a liquid or solid emulsifying agent, or may also contain a liquid carrier
      such as xylene, heavy aromatic naphthas, isophorone, and other nonvolatile
      organic solvents. For application, these concentrates are dispersed in
      water or other liquid carrier, and are normally applied as a spray to the
      area to be treated.
PAR  Other useful formulations for fungicidal applications include simple
      solutions of the active fungicide in a dispersant in which it is
      completely soluble at the desired concentration, such as acetone,
      alkylated naphthalenes, xylene, or other organic solvents. Granular
      formulations, wherein the fungicide is carried on relatively coarse
      particles, are of particular utility for aerial distribution or for
      penetration of cover-crop canopy. Pressurized sprays, typically aerosols
      wherein the active ingredient is dispersed in finely divided form as a
      result of vaporization of a low-boiling dispersant solvent carrier, such
      as the Freons, may also be used. All of those techniques for formulating
      and applying fungicides are well known in the art.
PAR  The percentages by weight of the fungicide may vary according to the manner
      in which the composition is to be applied and the particular type of
      formulation, but in general comprise 0.5 to 95% of the toxicant by weight
      of the fungicidal composition.
PAR  The fungicidal compositions may be formulated and applied with other active
      ingredients, including other fungicides, insecticides, nematocides,
      bactericides, plant growth regulators, fertilizers, etc.
PAC  EXAMPLE 5
PAC  Tomato Late Blight
PAR  Compounds of the invention were tested for the control of the Tomato Late
      Blight organism Phytophthora infestans conidia. Five- to six-week-old
      tomato (variety Bonny Best) seedlings were used. The tomato plants were
      sprayed with a 250-ppm solution of the test compound in acetone, water and
      a small amount of a non-ionic emulsifier. The sprayed plants were then
      inoculated one day later with the organism, placed in an environmental
      chamber and incubated at 66.degree.-68.degree.F and 100% relative humidity
      for at least 16 hours. Following the incubation, the plants were allowed
      to dry and then were maintained at 60-80% relative humidity for
      approximately 7 days. The percent disease control provided by a given test
      compound was based on the percent disease reduction relative to untreated
      check plants. The compounds tested and the results are tabulated in Table
      II.
PAC  EXAMPLE 6
PAC  Tomato Early Blight
PAR  Compounds of the invention were tested for the control of the Tomato Early
      Blight organism, Alternaria solani conidia. Tomato (variety Bonny Best)
      seedlings of 6 to 7 weeks old were used. The tomato plants were sprayed
      with a 250-ppm solution of the test compound in an acetone-and-water
      solution containing a small amount of a non-ionic emulsifier. The sprayed
      plants were inoculated one day later with the organism, dried and
      maintained at 60-80% relative humidity for about 12 days. Percent disease
      control was based on the percent disease development on untreated check
      plants. The compounds tested and the results are tabulated in Table II.
PAC  EXAMPLE 7
PAC  Celery Late Blight
PAR  Compounds of the invention were tested for the control of Celery Late
      Blight using celery (Utah) plants 11 weeks old. The Celery Late Blight
      organism was Septoria apii. The celery plants were sprayed with solutions
      of the candidate toxicant mixed with acetone, water and a nonionic
      emulsifier. The plants were then inoculated with the organism and placed
      in an environmental chamber and incubated at 66.degree.-68.degree.F in
      100% relative humidity for an extended period of time (approximately 48
      hours). Following the incubation, the plants were allowed to dry and then
      were maintained at a 60-80% relative humidity for approximately 14 days.
      The percent disease control provided by a given candidate toxicant is
      based on the percent disease reduction relative to untreated check plants.
      The results are reported in Table II.
PAC  EXAMPLE 8
PAC  Botrytis cinerea control
PAR  Compounds of the invention were tested for Botrytis cinerea control using
      detached, well-developed primary leaves of a 4-6 week old horsebean plant.
      The leaves were dipped into a 40-ppm solution of the test compound in
      acetone and water containing a small amount of a nonionic emulsifier, then
      taken out and placed in a petri plate lined with two pieces of filter
      paper. The leaves were allowed to dry while the filter paper was kept
      moist by adding water as required. The treated leaves were then inoculated
      with the spores of Botrytis cinerea fungus grown on potato dextrose agar
      plates. The plate was covered after inoculation and kept at 23.5.degree.C.
      The filter-paper lining of the plate was kept saturated with water
      throughout the test. The rate of disease incidence was determined in 3 to
      5 days, when the disease symptoms were fully evident on non-treated check
      leaves. The percentage disease control provided by the test compound was
      calculated as the percentage disease reduction based on the non-treated
      check leaves. The test compounds and the results are tabulated in Table
      II.
      ##EQU5##
TBL                TABLE II                                                    

     ______________________________________                                    

     % Control                                                                 

             Tomato    Tomato    Celery                                        

     Compound                                                                  

             Late      Early     Late    Botrytis                              

     No.     Blight    Blight    Blight  cinerea                               

     ______________________________________                                    

     1       --        --        73      --                                    

     2       --        --        27      --                                    

     3       23        98        --      --                                    

     4       --        92        --      --                                    

     5       --        63        --      --                                    

     6       39        --        --      56                                    

     7       --        56        39      --                                    

     8       100       44        --      --                                    

     9       35        21        --      --                                    

     10      --        27        33      --                                    

     11      --        81        60      --                                    

     12      --        --        --      --                                    

     13      21        --        --      --                                    

     14      100       --        --      --                                    

     15      95        --        23      --                                    

     16      --        --        --      17                                    

     17      --        --        27      --                                    

     18      --        --        --      42                                    

     19      --        --        23      33                                    

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##EQU6##
      wherein Ar is phenyl or phenyl substituted with 1 to 3 of the same or
      different substituents selected from fluoro, chloro, bromo, alkyl of 1 to
      4 carbon atoms, alkoxy of 1 to 4 carbon atoms or nitro; R.sup.1 is alkyl
      of 1 to 6 carbon atoms, haloalkyl of 1 to 3 carbon atoms and 1 to 5 of the
      same or different halogen selected from fluoro, chloro or bromo, phenyl,
      or phenyl substituted with 1 to 3 of the same or different substituents
      selected from fluoro, chloro, bromo, alkyl of 1 to 4 carbon atoms, alkoxy
      of 1 to 4 carbon atoms or nitro; R.sup.2 is hydrogen or alkyl of 1 to 6
      carbon atoms; Y is 0 and n is 1 or 2.
NUM  2.
PAR  2. The compound of claim 1 wherein R.sup.1 is alkyl.
NUM  3.
PAR  3. The compound of claim 1 wherein R.sup.1 is haloalkyl of 1 to 3 carbon
      atoms and of 1 to 2 chloro or bromo.
NUM  4.
PAR  4. The compound of claim 1 wherein R.sup.1 is chloromethyl or bromomethyl,
      Ar is 2,6-dialkyl phenyl and n is 1.
NUM  5.
PAR  5. The compound of claim 1 wherein R.sup.1 is phenyl or phenyl substituted
      with 1 to 2 of the same or different substituents selected from fluoro,
      chloro, bromo or alkyl of 1 to 6 carbon atoms.
NUM  6.
PAR  6. The compound of claim 1 wherein R.sup.1 is ethyl, R.sup.2 is hydrogen,
      Ar is 3,4-dichlorophenyl and n is 1.
NUM  7.
PAR  7. The compound of claim 5 wherein R.sup.1 is 3,4-dichlorophenyl, R.sup.2
      is hydrogen, Ar is 2,6-dimethylphenyl, and n is 1.
NUM  8.
PAR  8. The compound of claim 4 wherein R.sup.1 is chloromethyl, R.sup.2 is
      hydrogen, Ar is 2,6-dimethylphenyl and n is 1.
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ABST
PAL  Tetrahydrofurans are produced by the codimerization of an alkene oxide with
      an alkene in the presence of catalytic amounts of a Group VIII noble
      transition metal compound and an iodide promoter.
BSUM
PAC  DESCRIPTION OF THE PRIOR ART
PAR  W. J. Linn and R. E. Benson, J. Amer. Chem. Soc., 87, 3057 (1965), disclose
      the addition of tetracyanoethylene oxide to olefins by cleavage of the C-C
      bond of the epoxide ring to give tetracyanotetrahydrofurans.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that an alkene oxide codimerizes with an alkene in
      the presence of a catalyst system comprising a Group VIII noble transition
      metal (Ru, Rh, Pd, Os, Ir, Pt) and an iodide promoter to produce
      tetrahydrofurans.
PAC  DESCRIPTION OF THE INVENTION
PAC  The Catalyst System
PAR  The catalyst system employed in the process of the invention comprises a
      Group VIII noble transition metal compound and an iodide promoter.
PAR  The transition metal compound suitably is a zero-valent to tri-valent
      compound. Preferably, however, the transition metal compound is
      low-valent, e.g., a zero-valent, mono-valent or di-valent compound. A
      preferred class of transition metal compounds is represented by formula
      (I):
EQU  M(L).sub.n (X).sub.m                                       (I)
PAL  wherein M is Ru, Rh, Pd, Os, Ir or Pt, n is 0 to 5 inclusive, m is 0 to 3
      inclusive, the sum of n + m is 3 to 6 inclusive, L is a ligand which is
      complexed with the metal moiety, and X is a ligand which is bonded to the
      metal moiety. It is appreciated, of course, that the sum of n + m
      represents the coordination number of the transition metal compound, i.e.,
      the transition metal compound is three-, four-, five- or six-coordinate,
      and that m represents the valency or oxidation state of the metal moiety.
      It is to be understood that the transition metal compound depicted in
      formula (I) represents only the empirical composition of the metal
      compound and that the metal compound may exist in a dimeric or polymeric
      form.
PAR  Examples of suitable L ligands are water, carbon monoxide, olefins,
      organophosphines, organoarsines, organostibines, organobismuthines, and
      like non-ionic organic ligands which are complexed to a transition metal.
      Examples of suitable X ligands are halides -- e.g., F. Cl, Br or I --
      hydride, nitrite, and like organic or inorganic anions which are bonded to
      a transition metal. Preferred X and L ligands are carbon monoxide,
      halides, and organophosphines. Particularly preferred organophosphines are
      trihydrocarbylphosphines of 3 to 20 carbon atoms, especially
      triarylphosphines such as triphenylphosphine.
PAR  Illustrative Ru compounds of formula (I) include Ru halides such as
      RuCl.sub.3, RuCl.sub.3.3H.sub.2 O, RuBr.sub.3 and RuI.sub.3 ; Ru carbonyl
      halides such as RuI.sub.2 (CO).sub.2, Ru(CO).sub.3 Cl.sub.2 and
      Ru(CO).sub.2 I.sub.3 ; Ru carbonyls such as Ru(CO).sub.5 and [Ru(CO).sub.4
      ].sub.3 ; Ru organophosphine compounds such as Ru(CO).sub.2
      [P(CH.sub.3).sub.3 ].sub.3, Ru(CO).sub.3 [P(C.sub.6 H.sub.5).sub.3
      ].sub.2, RuCl.sub.2 (CO) [P(C.sub.6 H.sub.5).sub.3 ].sub.3,
      RuHCl(CO)P(C.sub.6 H.sub.5).sub.3, etc.; and Ru compounds such as
      RuCl.sub.2 (CO) [AS(C.sub.6 H.sub.5).sub.3 ].sub.3 and Ru(CO).sub.2
      [Sb(C.sub.6 H.sub.5).sub.3 ].sub.3.
PAR  The preferred Ru compounds are Ru carbonyl organophosphines.
PAR  Examples of Pd compounds of formula (I) include Pd halides such as
      PdCl.sub.2 and PdI.sub.2 ; Pd carbonyl halides such as Pd(CO)Cl.sub.2 and
      Pd(CO).sub.2 Cl.sub.2 ; Pd organophosphines such as Pd[P(C.sub.6
      H.sub.5).sub.3 ].sub.4, Pd[P(C.sub.6 H.sub.5).sub.3 ].sub.3, PdCl.sub.2
      [P(CH.sub.3).sub.3 ].sub.2, PdI.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2,
      and Pd(NO.sub.3).sub.2 [P(CH.sub.3).sub.3 ].sub.2 ; and Pd compounds such
      as PdCl.sub.2 [As(CH.sub.3).sub.3 ].sub.2 and PdI.sub.2 [Sb(C.sub.6
      H.sub.5).sub.3 ].sub.2.
PAR  A preferred class of Pd compounds is represented by the empirical formula
      (II):
EQU  Pd(L).sub.x (X).sub.y                                      (II)
PAL  wherein x is 0 to 4 and y is 0 to 2, the sum of x + y is 2 to 4, and L and
      X have the same significance as defined in formula (I). As in the case of
      Ru compounds, the L and X ligands are preferably carbon monoxide, halides
      and organophosphines, as defined above. The preferred palladium compounds
      are zero-valent Pd organophosphine compounds.
PAR  Examples of suitable rhodium compounds include Rh halides such as
      RhCl.sub.3, RhBr.sub.3 and RhI.sub.3 ; rhodium carbonyl halides such as
      Rh.sub.2 (CO).sub.4 Br.sub.2, Rh.sub.2 (CO).sub.4 Cl.sub.2 and
      Rh(CO).sub.4 I.sub.2 ; and Rh coordination compounds such as Rh[(C.sub.6
      H.sub.5).sub.3 P].sub.2 (CO)I and RhCl(CO) [(C.sub.6 H.sub.5).sub.3
      As].sub.2. Examples of suitable iridium, osmium and platinum compounds
      include IrCl.sub.3, Ir.sub.2 (CO).sub.4 I.sub.2, Os(CO).sub.3 Cl.sub.2,
      Pt(CO)Cl.sub.2, Pt(CO).sub.2 CL.sub.2, and Pt(CO).sub.2 Cl.sub.4.
PAR  The preferred transition metal compounds are Ru, Rh, Pd and Ir compounds,
      and the most preferred transition metal compounds are Ru and Pd compounds.
PAR  The iodide promoter component of the catalyst system suitably includes
      iodine, hydrogen iodide (hydroiodic acid), alkyl iodides and iodohydrins.
      Suitable alkyl iodides are those of 1 to 6 carbon atoms and 1 to 3 iodide
      groups such as methyl iodide, ethyl iodide, methylene diiodide, iodoform
      and isopropyl iodide. Suitable iodohydrins are vic-iodohydrins of 2 to 6
      carbon atoms produced by cleavage of an alkene oxide with hydrogen iodide
      such as 2-iodoethanol, 2-iodopropanol, 1-iodopropan-2-ol,
      2-iodobutan-1-ol, etc. The preferred iodide promoter is hydrogen iodide.
PAR  Molar ratios of the iodide promoter to the transition metal component of
      the catalyst system in the range of 1:1 to 2000:1 are generally suitable.
      However, the preferred molar ratios of iodide promoter to transition metal
      component are about 3:1 to 300:1, and the most preferred molar ratios are
      about 10:1 to 150:1.
PAR  Concentrations of the transition metal component of the catalyst system in
      the reaction medium between 10.sup..sup.-6 mol/liter and 10.sup..sup.-1
      mol/liter are normally employed, with the preferred range being
      10.sup..sup.-3 mol/liter to 10.sup..sup.-1 mol/liter. Higher
      concentrations, even to the extent of 1 mol/liter, may be used, however,
      if desired.
PAR  The concentration of the iodide promoter portion of the catalyst system in
      the reaction medium may vary widely over the broad concentration range of
      10.sup..sup.-6 mol/liter to 2 mols/liter, based on iodine. In the process
      of this invention, however, the preferred concentration range of promoter
      is 10.sup..sup.-2 mol/liter to 1.5 mols/liter.
PAC  Alkene Oxide Reactant
PAR  The alkene oxide reactant has 2 to 6 carbon atoms, and is represented by
      the following formula (III)
      ##EQU1##
      where R.sup.1, R.sup.2, R.sup.3 and R.sup.4 are hydrogen or an alkyl group
      of 1 to 4 carbon atoms. Examples of suitable alkene oxide reactants are
      ethylene oxide, propylene oxide, 1-butene oxide, 2-butene oxide, 1-pentene
      oxide, 2-pentene oxide, 1-hexene oxide, 3-methyl-1-butene oxide and
      2,3-dimethyl-2-butene oxide. Preferred alkene oxide reactants are oxides
      of n-alkenes, especially ethylene oxide and propylene oxide.
PAC  Alkene Reactant
PAR  The alkene reactant has 2 to 6 carbon atoms and is represented by the
      formula (IV)
EQU  R.sup.5 R.sup.6 C=R.sup.7 R.sup.8                          (IV)
PAL  where R.sup.5, R.sup.6, R.sup.7 and R.sup.8 are hydrogen or an alkyl group
      of 1 to 4 carbon atoms. Examples of suitable alkene reactants are
      ethylene, propylene, 1-butene, 2-butene, isobutylene, 1-pentene,
      3-methyl-1-butene and 2-hexene. Preferred alkene reactants are n-alkenes,
      and particually preferred alkene reactants are terminal n-alkenes,
      especially ethylene and propylene.
PAC  Tetrahydrofuran Products
PAR  In terms of the alkene oxide and alkene reactants depicted by formulas
      (III) and IV), the codimerization reaction may be depicted as follows:
      ##EQU2##
      where the R groups are hydrogen or alkyl groups of 1 to 4 carbon atoms. By
      way of illustration, the reaction of propylene oxide and ethylene produces
      2-methyltetrahydrofuran; the reaction of 2-butene oxide and ethylene
      produces 2,3-dimethyltetrahydrofuran; and the reaction of 2-butene oxide
      and 2-butene produces 2,3,4,5-tetramethyltetrahydrofuran.
PAR  The tetrahydrofuran products have utility as solvents, as they are miscible
      with a variety of substances such as alcohols, ketones, esters, ethers and
      hydrocarbons. They also dissolve polymers such as polyvinylchloride.
PAR  In addition to the tetrahydrofurans, the process of the invention also
      produces other products. For example, the alkene oxide is generally also
      isomerized and/or reduced to an alkanol or a carbonyl compound; e.g.,
      ethylene oxide may be converted to ethanol or acetaldehyde, and propylene
      oxide may be converted to acetone. Also, the alkene reactant may be
      polymerized, e.g., ethylene may be polymerized to polyethylene.
PAC  The Reaction Conditions
PAR  In the process of the invention, the alkene:alkene oxide molar ratios are
      suitably from about 10:1 to 1:10. However, preferably the molar ratios of
      alkene:alkene oxide are from about 10:1 to 1:1.
PAR  The process of the invention is conducted in a fluid phase, i.e., either in
      the gaseous or liquid phase, in the presence or in the absence of an inert
      reaction diluent. Suitable inert, normally liquid diluents are
      hydrocarbons free from aliphatic unsaturation such as hexane, heptane,
      octane, decane, cyclohexane, benzene, toluene and xylene. Suitable
      normally gaseous diluents are nitrogen, hydrogen, argon, helium, methane
      and ethane. In some modifications of the process, a portion of the alkene
      reactant suitably serves as the reaction diluent, and no additional
      diluents are employed. When diluent is employed, up to about 10 mols per
      mol of alkene oxide reactant are satisfactory. The process is suitably
      conducted in an inert reaction environment, so that the presence of
      reactive materials such as oxygen and water are desirably avoided.
PAR  The process of the invention is carried out by intimately contacting the
      alkene oxide and alkene in the presence of the transition metal compound
      and iodide promoter. A variety of procedures can be employed for
      contacting the reaction components with the catalyst system. In one
      modification, the entire amounts of alkene oxide, alkene and catalyst
      components are charged to an autoclave or similar pressure reactor and
      maintained at reaction conditions for the desired reaction period. In
      another modification, an active catalyst system is initially preformed by
      contacting at elevated temperature the transition metal compound and
      iodide promoter in a suitable solvent and subsequently adding the
      remaining reaction components.
PAR  The process of the invention is conducted at moderate temperatures and
      pressures. Suitable reaction temperatures varying from about 100.degree.C.
      to 250.degree.C. are satisfactory, and reaction temperatures varying from
      about 150.degree.C. to 200.degree.C. are preferred. The process is
      conducted at or above atmospheric pressure, and pressures from about 1
      atmosphere to about 200 atmospheres are satisfactory. Reactants which are
      normally gaseous, e.g., ethylene, ethylene oxide, etc., are conveniently
      employed at partial pressures of 1 psia to 2000 psia, preferably 100 psia
      to 1000 psia.
PAR  At the conclusion of the reaction, the product mixture is separated and the
      tetrahydrofuran product is recovered by conventional means, such as
      fractional distillation. Unreacted reaction components are suitably
      recycled for further use in the process.
DETD
PAC  EXAMPLES 1-12
PAR  The codimerization of ethylene oxide or propylene oxide with ethylene in
      the presence of Ru(CO).sub.3 [P(C.sub.6 H.sub.5).sub.3 ].sub.2 and an
      iodide promoter was conducted in a series of experiments according to the
      following procedure.
PAR  A rocker bomb was charged with the ruthenium compound and flushed with
      nitrogen. The iodide promoter, ethylene oxide and solvent were then added
      to the autoclave. The autoclave was sealed and pressured with ethylene and
      rapidly heated to reaction temperature. Each experiment was conducted with
      0.5 to 1.5 mmol of the ruthenium compound, 50 to 130 mmol of iodide
      promoter, 0.5 mol of ethylene oxide or propylene oxide, 1.4 mol of
      ethylene and 1.1 mol dry, deoxygenated benzene solvent (except Run No. 2,
      wherein acetonitrile was employed).
PAR  After the reaction was completed, the rocker bomb was opened and the
      reaction mixture analyzed by gas-liquid chromatography.
PAR  The iodide promoter, reaction temperature, pressure and time, conversion of
      propylene oxide or ethylene oxide, mol% yield of tetrahydrofuran (THF)
      based on converted ethylene or propylene oxide are tabulated in Table I.
      In Run 1, the product is 2-methyltetrahydrofuran.
PAC  EXAMPLES 13-23
PAR  The codimerization of ethylene oxide and ethylene in the presence of a
      variety of transition metal compounds and hydrogen iodide promoter was
      conducted by a procedure similar to that employed for Examples 1-12.
PAR  Each experiment was conducted at a temperature of 150.degree.C. with 1 to
      1.5 mmol of the transition metal compound, 50 to 130 mmol of hydrogen
      iodide, 0.5 mol of ethylene oxide, 1.3-1.4 mol ethylene and 1.1 mol dry,
      deoxygenated benzene solvent.
PAR  The transition metal compound employed, reaction pressure, conversion of
      ethylene oxide and the mol% yield of tetrahydrofuran (THF) based on
      converted ethylene oxide are tabulated in Table II.
PAR  In Table II, .phi. represents phenyl.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                                          Yield                                

     Run                Temp.,                                                 

                            Time,                                              

                                Press.,                                        

                                     Conver-                                   

                                          THF,                                 

     No.                                                                       

        Promoter                                                               

                Alkene Oxide                                                   

                        .degree.C.                                             

                            hrs.                                               

                                psig sion, %                                   

                                          mol %                                

     __________________________________________________________________________

      1 HI     Propylene oxide                                                 

                        150  5   740 37   19                                   

      2 HI     Ethylene oxide                                                  

                        125  5   670 23   22                                   

      3 HI     Ethylene oxide                                                  

                        150  5   670 38   28                                   

      4 HI     Ethylene oxide                                                  

                        175  5   870 84   20                                   

      5 HI     Ethylene oxide                                                  

                        150  5   490  5   64                                   

      6 HI     Ethylene oxide                                                  

                        150  5   650 49   22                                   

      7 HI     Ethylene oxide                                                  

                        150  3   880 30   35                                   

      8 HI     Ethylene oxide                                                  

                        150  5  1400 45   31                                   

      9 HI/I.sub.2                                                             

               Ethylene oxide                                                  

                        150 17  1030 55    9                                   

     10 HI     Ethylene oxide                                                  

                        150  3   550 14   49                                   

     11 HI     Ethylene oxide                                                  

                        150 18   720 76   19                                   

     12  HOCH.sub.2 CH.sub.2 I                                                 

               Ethylene oxide                                                  

                        150 18  1250 21   21                                   

     __________________________________________________________________________

      TABLE II                                                                 

                                         THF                                   

     Run               Time,                                                   

                            Press.,                                            

                                   Conver-                                     

                                         Yield                                 

     No.    Catalyst   hrs. psig   sion, %                                     

                                         mol %                                 

     __________________________________________________________________________

     13  (.phi..sub.3 P).sub.2 (CO).sub.3 Ru                                   

                       18   1080   65    32                                    

     14  RuCl.sub.3 .times.H.sub.2 O                                           

                       18   1080   34    12                                    

     15  (.phi..sub.3 P).sub.2 RuCl.sub.2                                      

                       17   1000   87     5                                    

     16  (CO).sub.3 Ru(.phi..sub.3 PCH.sub.2 CH.sub.2 P.phi..sub.3)            

                        5    820   46     7                                    

     17  [Ru(CO).sub.4 ].sub.3                                                 

                       18    880   58     7                                    

     18  [Ru(CO).sub.4 ].sub.3 /.phi..sub.3 P                                  

                       18   1060   33     5                                    

     19  Pd(.phi..sub.3 P).sub.4                                               

                        5   1100   13    30                                    

     20  (.phi..sub.3 P).sub.3 RhCl/.phi..sub.3 P                              

                       18   1550   35     3                                    

     21  (.phi..sub.3 P).sub.2 (CO)IrCl                                        

                       18    850   64     4                                    

     22  HI only       18   1000   25     0                                    

     23  (.phi..sub.3 P).sub.2 (CO).sub.3 Ru (with-                            

                       18   2850   30     0                                    

          out promoter)                                                        

     __________________________________________________________________________

CLMS
STM  What is claimed is
NUM  1.
PAR  1. A process for producing tetrahydrofurans which comprises codimerizing in
      the gaseous or liquid phase an alkene oxide of 2 to 6 carbon atoms of the
      formula
      ##EQU3##
      with an alkene of 2 to 6 carbon atoms of the formula R.sup.5 R.sup.6
      C=CR.sup.7 R.sup.8 wherein R.sup.1, R.sup.2, R.sup.3, R.sub. 4, R.sup.5,
      R.sup.6, R.sup.7, and R.sup.8 represent hydrogen or an alkyl group of 1 to
      4 carbon atoms, in the presence of catalytic amounts of a Group VIII noble
      transition metal compound of the formula M(L).sub.n (X).sub.m, wherein M
      represents Ru, Rh, Pd, Os, Ir or Pt; n is 0 to 5 inclusive; m is 0 to 3
      inclusive; n + m is 3 to 6 inclusive; L represents non-ionic organic
      ligands complexed to M selected from the group consisting of water, carbon
      monoxide, olefin and hydrocarbyl phosphine, arsine, stibine, and
      bismuthine; and X represents inorganic ions bonded to M selected from the
      group consisting of halide, hydride and nitrite, and an iodide promoter
      selected from the group consisting of iodine, hydrogen iodide, alkyl
      iodide and iodohydrin, at a temperature from 100.degree.C to 250.degree.C.
NUM  2.
PAR  2. The process of claim 1 wherein M represents Ru or Pd.
NUM  3.
PAR  3. The process of claim 2 wherein the alkene oxide is an n-alkene oxide and
      the alkene is a terminal n-alkene, and the molar ratio of alkene to alkene
      oxide is 10:1 to 1:1.
NUM  4.
PAR  4. The process of claim 3 wherein m is 0.
NUM  5.
PAR  5. The process of claim 3 wherein M represents Ru and L represents CO.
NUM  6.
PAR  6. The process of claim 3 wherein the alkene oxide is ethylene oxide, the
      alkene is ethylene, and the ethylene is provided at an initial partial
      pressure of 100 psia to 1,000 psia.
NUM  7.
PAR  7. The process of claim 3 wherein the alkene oxide is propylene oxide, the
      alkene is ethylene and the ethylene is provided at a partial pressure of
      100 psia to 1,000 psia.
NUM  8.
PAR  8. A process for producing tetrahydrofurans which comprises codimerizing in
      the gaseous or liquid phase an alkene oxide of 2 to 6 carbon atoms of the
      formula
      ##EQU4##
      with an alkene of 2 to 6 carbon atoms of the formula R.sup.5 R.sup.6
      C=CR.sup.7 R.sup.8 wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.5,
      R.sup.6, R.sup.7, and R.sup.8, represent hydrogen or an alkyl group of 1
      to 4 carbon atoms, in the presence of catalytic amounts of a zero-valent
      ruthenium or palladium trihydrocarbylphosphine of 3 to 20 carbon atoms and
      an iodide promoter selected from the group consisting of iodine, hydrogen
      iodide, alkyl iodide, and iodohydrin, at a temperature from 100.degree.C
      to 250.degree.C.
NUM  9.
PAR  9. A process for producing tetrahydrofurans which comprises codimerizing in
      the gaseous or liquid phase an alkene oxide of 2 to 6 carbon atoms of the
      formula
      ##EQU5##
      with an alkene of 2 to 6 carbon atoms of the formula R.sup.5 R.sup.6
      C=CR.sup.7 R.sup.8 wherein R.sup.1, R.sup.2, R.sup.3, R.sup.5, R.sup.6,
      R.sup.7, and R.sup.8 represent hydrogen or an alkyl group of 1 to 4 carbon
      atoms, in the presence of catalytic amounts of a ruthenium or palladium
      carbonyl trimethylphosphine or triphenylphosphine and an iodide promoter
      selected from the group consisting of iodine, hydrogen iodide, alkyl
      iodide and iodohydrin, at a temperature from 100.degree. to 250.degree.C.
NUM  10.
PAR  10. The process of claim 9 wherein the alkene oxide is ethylene oxide, the
      alkene is ethylene and the iodide promoter is iodine, hydrogen iodide, an
      alkyl iodide or an iodohydrin.
NUM  11.
PAR  11. The process of claim 9 wherein the alkene oxide is ethylene oxide, the
      alkene is ethylene, and the ethylene is provided at an initial partial
      pressure of 100 psia to 1,000 psia, the iodide promoter is hydrogen iodide
      and the catalyst is Ru(CO).sub.3 [P(C.sub.6 H.sub.5).sub.3 ].sub.2.
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ABST
PAL  There are provided bis(thioether) aromatic dianhydrides and method for
      making these materials. A bisthiol in the presence of base, or bisthiol
      basic salt, can be reacted with a nitro- or halo-substituted phthalic
      compound, such as an anhydride or anhydride precursor. These aromatic
      dithiodianhydrides can be used to make polyimides and polyesters, and can
      be used as curing agents for epoxy resins.
BSUM
PAR  The present invention relates to the synthesis of aromatic dianhydrides
      useful as intermediates for making polyimides and to the bis(thioether)
      aromatic dianhydrides made thereby.
PAR  The bis(thioether) aromatic dianhydrides of the present invention,
      hereinafter referred to as the "dithiodianhydrides", are shown by the
      following formula,
      ##SPC1##
PAL  Where R is a divalent aromatic radical having from 6-30 carbon atoms.
PAR  Included by the "dithiodianhydrides" of formula I are compounds of the
      formulas,
      ##SPC2##
PAL  Where R is as previously defined. Radicals included by R of formulas I-IV,
      for example
      ##SPC3##
PAL  And (b) divalent organic radicals of the general formula
      ##SPC4##
PAL  Where X is a member selected from the class consisting of divalent radicals
      of the formulas, --C.sub.Y H.sub.2y --,
      ##EQU1##
      --O--, and --S--, where m is 0 or 1, y is a whole number from 1 to 5.
PAR  Included by the bis(thioether) dianhydrides of formula (II) are compounds
      such as 2,2-bis[4-(3,4-dicarboxythiophenoxy)phenyl] propane dianhydride,
      2,4-bis[3,4-dicarboxyphenylthio]chlorobenzene dianhydride,
      4,4'-bis[3,4-dicarboxyphenylthio] diphenylether dianhydride.
PAR  Dianhydrides included by formula (III) are for example
      2,2-bis[4-(2,3-dicarboxythiophenoxy)phenyl] propane dianhydride,
      2,4-bis[2,3-dicarboxyphenylthio] chlorobenzene dianhydride,
      4,4'-bis[2,3-dicarboxyphenylthio] diphenylether dianhydride,
      4,4'-bis[2,3-dicarboxyphenylthio] biphenyl dianhydride.
PAR  Dianhydrides included by formula (IV) are for example
      2-[4-(3,4-dicarboxythiophenoxy)phenyl] ,
      2-[4-(2,3-dicarboxythiophenoxy)phenyl] propane dianhydride and
      4,4'-[2,3-dicarboxyphenylthio] [3,4-dicarboxyphenylthio] diphenylether
      dianhydride.
PAR  One procedure for making dithiodianhydrides of formulas I-IV is by
      effecting reaction in the presence of base between an aromatic dithiol of
      the formula,
EQU  (V) HSRSH,
PAL  and a substituted anhydride of the formula
      ##SPC5##
PAL  Where R is as previously defined, and X is a radical selected from nitro,
      chloro, fluoro, bromo, etc.
PAR  Another procedure which can be used to make the thiodianhydrides of
      formulas I-IV is by effecting reaction in the presence of base between
      aromatic dithiol of formula (V) and substituted phthalimides of the
      formula,
      ##SPC6##
PAL  To produce an intermediate bisimide of the formula,
      ##SPC7##
PAL  Which is hydrolyzed with base to produce the corresponding tetra acid salt
      followed by acidification and dehydration of the tetra acid to the
      dithiodianhydride, where R.sup.1 is a monovalent organo radical selected
      from the class consisting of C.sub.(1-8) alkyl radicals, and organic
      radicals having from 6-20 carbon atoms, selected from the class consisting
      of aromatic hydrocarbon radicals and halogenated derivatives thereof.
      Alternatively, a preformed basic salt of the aromatic dithiol of formula
      (V), such as
EQU  (IX) MSRSM,
PAL  where R is as previously defined and M is an alkali metal, such as sodium,
      potassium, lithium, etc., can be reacted with compounds of formulas VI-VII
      to produce respectively the dithiodianhydride of formulas I-IV, or the
      bisimide of formula VIII.
PAR  Included by the bisimides of formula (VIII) are for example,
      4,4'-bis(N-phenylphthalimide-3-thio)diphenyl-2,2-propane;
      4,4'-bis(N-phenylphthalimide-4-thio)diphenyl-2,2-propane;
      4,4'-bis(N-methylphthalimide-3-thio)diphenylether;
      4,4'-bis(N-phenylphthalimide-4-thio)biphenyl;
      4,4'-(N-phenylphthalimide-3-thio)(N-phenylphthalimide-4-thio)diphenylether
     , etc. These bisimides can be used as plasticizer for polyvinyl chloride,
      polyimides and as anti-oxidizing agents.
PAR  Additional procedures which can be used to make the aromatic
      dithiodianhydrides of the present invention are by using the corresponding
      tetra nitriles and tetra esters as source materials as shown in Heath et
      al U.S. Pat. No. 3,787,475 assigned to the same assignee as the present
      invention.
PAR  Radicals included by R.sup.1 are, for example, phenyl, tolyl, xylyl,
      naphthyl, chlorophenyl, bromonaphthyl, etc., and alkyl radicals such as
      methyl, ethyl, etc.
PAR  Aromatic dithiol included by formula V as for example,
      4-chlorobenzenedithiol, 4,4'-diphenyletherdithiol, 4,4'-diphenyldithiol,
      2,2-bis(4-mercaptophenyl)propane, m-benzenedithiol, etc.
PAR  One method of preparing the dithiodianhydrides of the present invention as
      described above is by effecting reaction between the aromatic dithiol and
      a substituted anhydride in the presence of base. Included by the bases
      which can be used are alkali metal carbonates, for example sodium
      carbonate, potassium carbonate, lithium carbonate, etc. and various
      organic amines such as tertiary amines for example, triethylamine,
      pyridine, 1,4-diazobicyclo-[2.2.2]octane (DABCO),
      1,5-diazobicyclo[4.3.0]nonene-5(DBN).
PAR  There can be utilized a dipolar aprotic organic solvent such as
      dimethylformamide, dimethylacetamide, N-methyl-2-pyrrolidone, etc.
PAR  Another procedure which can be used to make the thiodianhydrides of the
      present invention is by using a substituted phthalimide of the formula VII
      as described to produce an intermediate bisimide of Formula (VIII)
      employing a preformed basic salt of the aromatic dithiol. Anhydrous
      conditions can be used along with a dipolar aprotic solvent as described
      above employing temperatures in the range of from 25.degree.C. to
      150.degree.C.
PAR  The thiodianhydride of the present invention can be employed to make
      polythioetherimides as shown in copending application Ser. No. 500,137
      filed concurrently herewith by reacting such thiodianhydrides with organic
      diamines under either melt polymerization conditions or by effecting
      reaction between such ingredients in the presence of an inert non-polar
      organic solvent. The thiodianhydride of the present invention also can be
      used as curing agents for epoxy resins. In addition the thiodianhydrides
      can be employed to make a variety of polyesters and polyesteramides.
PAR  In order that those skilled in the art will be better able to practice the
      invention the following examples are given by way of illustration and not
      by way of limitation. All parts are by weight.
DETD
PAC  EXAMPLE 1
PAR  A mixture of 1.40 part of 3-chlorophthalic anhydride, one part of
      2,2-bis(4-mercaptophenol)propane and 9.4 parts of anhydrous
      dimethylformamide were stirred at room temperature under a nitrogen
      atmosphere. There was added to the mixture while it was stirred 0.89 part
      of triethylamine and resulting red solution was stirred at 40.degree.C.
      for 2 hours. The resulting yellow mixture was then cooled to room
      temperature and added slowly to 200 parts of 1.2 HCl. There was obtained a
      yellow precipitate which was collected by filtration and then dried to
      give 2.1 parts of a crude product. The crude product was treated with a
      mixture of acetic acid and acetic anhydride. Recrystallization of this
      product from a toluene acetic anhydride mixture resulted in the production
      of a product having a melting point of 211.5.degree.-213.degree.C. Based
      on method of preparation the product was a thiodianhydride of the formula
      ##SPC8##
PAL  The identity of the product was confirmed by its infra-red spectrum and
      mass spectral and .sup.13 C NMR analysis.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated except that there was employed 1.2
      parts of 3-fluorophthalic anhydride per one part of the
      2,2-bis(4-mercaptophenyl)propane. The resulting reaction mixture was
      poured into 200 parts of 1.2 NHCl and there was obtained a 99% yield of a
      yellow precipitate. The crude product was then treated with a mixture of
      acetic acid/acetic anhydride to produce an 80% yield of a product having a
      melting point of 208.degree.-210.degree.C. Recrystallization of the crude
      product from a toluene/acetic acid anhydride mixture resulted in the
      production of a product having a melting point of
      211.5.degree.-213.degree.C. which was identical to the thiodianhydride
      made in Example 1.
PAC  EXAMPLE 3
PAR  A mixture of 6.2 parts of 3-chlorophthalic anhydride, 3 parts of
      4-chloro-m-benzenedithiol, and 28 parts of anhydrous dimethylformamide was
      stirred at room temperature under a nitrogen atmosphere. There was added
      to the resulting mixture, 3.9 parts of triethylamine. The resulting
      solution was stirred for 16 hours at room temperature. The mixture was
      then added to 100 parts of 1.2 N/HCl. There was obtained a precipitate
      which was collected and dried. The product was treated with acetic
      acid/acetic anhydride mixture to give a yellow crystalline dianhydride
      having a melting point of 163.5.degree.-166.5.degree.C. The yield of final
      product was approximately 60%. Based on the method of preparation and its
      infra-red and mass spectral analysis as well as .sup.13 C NMR analysis the
      product was
      ##SPC9##
PAC  EXAMPLE 4
PAR  A mixture of 2.9 parts of the disodium salt of
      2,2-bis(4-mercaptophenyl)propane and 5.1 parts of 3-nitro-N-phenyl
      phthalimide was stirred with 36 parts of anhydrous dimethylformamide under
      a nitrogen atmosphere. The mixture was stirred at room temperature for 2
      hours and added to 500 parts of methanol. The resulting precipitate was
      collected and dried to give 5.1 parts of a yellow powder having a melting
      point of 148.degree.-150.degree.C. Based on method of preparation as well
      as infra-red and mass spectral and .sup.13 C NMR analysis the product was
      a bisimide of the formula
      ##SPC10##
PAC  EXAMPLE 5
PAR  The procedure of Example 4 was repeated except that in place of the
      3-nitro-N-phenylphthalimide there was substituted
      4-nitro-N-phenylphthalimide to produce a mixture of 3.5 parts of a
      disodium salt, 6.15 parts of the phthalimide and 55 parts of the
      dimethylformamide. The mixture was heated at 60.degree.C. for 4 hours and
      allowed to cool to room temperature. It was then added to 400 parts of
      methanol. There was obtained 5.94 parts of a precipitate. Based on method
      of preparation and its infra-red and mass spectral analysis, the product
      was a bisimide of the formula,
      ##SPC11##
PAL  One part of this bisimide was treated with one part of 50% aqueous sodium
      hydroxide and 2 parts of water at reflux. The resulting homogeneous
      solution was acidified and the tetraacid shown below was collected by
      filtration
      ##SPC12##
PAR  This material was treated with a 20% excess of acetic anhydride in
      refluxing acetic acid to give in good yield a thioetherdianhydride of the
      structure shown
      ##SPC13##
PAR  The identity of the product was confirmed by infra-red, 1H and .sup.13 C
      NMR analysis.
PAC  EXAMPLE 6
PAR  The procedure of Example 1 was repeated except that there was employed 3.0
      parts of 4,4'-diphenyletherdithiol, 4.68 parts of 3-chlorophthalic
      anhydride, 2.85 parts of triethylamine and 38 parts of anhydrous DMF. The
      mixture was stirred at 50.degree.C. for 3 hours to give a product which
      after acetic acid/acetic anhydride treatment consisted of a 93% yield of
      product. Recrystallization of this material from toluene/acetic anhydride
      gave a product in 87% yield, mp 224.degree.-228.degree.C. Based on the
      method of preparation the product was a thioetherdianhydride of the
      formula
      ##SPC14##
PAL  The identity of the product was confirmed by elemental and mass spectral
      analyses. Calcd. for C.sub.28 H.sub.14 O.sub.6 S.sub.2 ; C, 63.9; H, 2.7;
      Found: C, 64.1; H, 2.9.
PAC  EXAMPLE 7
PAR  The procedure of Example 6 was repeated except that there was employed 3.0
      parts of 4,4'-diphenylether dithiol, 4.68 parts of 4-chlorophthalic
      anhydride, 2.85 parts of triethylamine and 38 parts of anhydrous DMF.
      After workup and recrystallization from toluene/acetic anhydride a 91%
      yield of product mp 186.5.degree.-188.5.degree.C. was obtained. Based on
      the method of preparation and mass spectral analysis the product was a
      thioetherdianhydride of the formula
      ##SPC15##
PAC  EXAMPLE 8
PAR  The procedure of Example 6 was repeated using 3.0 parts of
      4,4'-diphenyletherdithiol, 3.28 parts of 3-nitrophthalic anhydride, 2.85
      parts of triethylamine, and 31 ml of anhydrous DMF. The mixture was worked
      up as described previously to give a product which after recrystallization
      was isolated in 38% yield, mp 207.degree.-218.degree.C. The structure was
      identical to that obtained in Example 6.
PAC  EXAMPLE 9
PAR  The procedure of Example 1 was repeated using 2.50 parts of
      4,4'-diphenyldithiol, 4.18 parts of 3-chlorophthalic anhydride, 2.56 parts
      of triethylamine, and 34 parts of anhydrous DMF. After workup and
      recrystallization a 73% yield of product 307.5.degree.-308.5.degree.C. was
      obtained. Based on the method of preparation the product was a
      thioetherdianhydride of the formula
      ##SPC16##
PAL  The identity of the compound was confirmed by infra-red and mass spectral
      analysis and by elemental analysis: Calcd. for C.sub.28 H.sub.14 O.sub.6
      S.sub.2 ; C, 65.9; H, 2.7; Found: C, 64.5; H, 3.7.
PAC  EXAMPLE 10
PAR  The procedure of Example 9 was repeated except that 2.50 parts of
      4,4-diphenyldithiol, 4.18 parts of 4-chlorophthalic anhydride, 2.56 parts
      of triethylamine, and 34 parts of anhydrous DMF were used. After workup
      and recrystallization a 58% yield of product, mp
      240.0.degree.-241.5.degree.C. was obtained. Based on the method of
      preparation the product was a thioetherdianhydride of the formula
      ##SPC17##
PAL  The identity of the product was confirmed by infra-red and mass spectral
      analysis and by elemental analysis: Calcd. for C.sub.28 H.sub.14 O.sub.6
      S.sub.2 ; C, 65.9; H, 2.8; Found: C, 66.3; H, 3.1.
PAC  EXAMPLE 11
PAR  The procedure of Example 6 was repeated except that 1.50 parts of
      4,4-diphenyletherdithiol, 1.64 parts of 3-fluorophthalic anhydride, 1.46
      parts of triethylamine and 15 parts of anhydrous DMF were used. After
      workup and recrystallization a 42% yield of product, mp
      235.0.degree.-237.5.degree. C. was obtained. Based on the method of
      preparation and infra-red and mass spectral analysis the product was a
      thioether dianhydride of the formula
      ##SPC18##
PAC  EXAMPLE 12
PAR  A mixture of 3.00 parts of 4,4'-diphenyletherdithiol, 6.87 parts of
      3-nitro-N-phenylphthalimide, 2.84 parts of triethylamine and 50 parts of
      anhydrous DMF was stirred at 50.degree.C. under a nitrogen atmosphere for
      3 hours. The solution was cooled to room temperature and poured into 200
      parts of 1.2 N/HCl solution. The resulting precipitate was collected by
      filtration and dried. This crude product was stirred with methanol (1 part
      of bisimide to 4 parts of methanol) at reflux and filtered to give a 93%
      yield of product, mp 227.degree.-229.degree.C. Based on its infra-red and
      .sup.13 C spectra as well as the method of preparation the product was a
      bisimide of the structure
      ##SPC19##
PAC  EXAMPLE 13
PAR  A mixture of 3 parts of 4,4'-diphenyletherdithiol, 6.87 parts of
      4-nitro-N-phenylphthalimide, 2.84 parts of triethylamine, and 50 parts of
      anhydrous DMF was stirred at 50.degree.C. under a nitrogen atmosphere for
      3 hours. The mixture was cooled to room temperature and poured into 200 ml
      of 1.2 N HCl. The resulting precipitate was collected by filtration and
      dried. The crude product was stirred with methanol (1 part of bisimide to
      4 parts of methanol) at reflux and after cooling the solution was filtered
      to give a 97% yield of product, mp 261.degree.-265.degree.C. Based on its
      infra-red and .sup.13 C spectra as well as the method of preparation the
      product was a bisimide of the structure
      ##SPC20##
PAR  One part of this bisimide was treated with 1 parts of 50% aqueous sodium
      hydroxide and 2 parts of water at reflux. The resulting homogeneous
      solution was acidified and the tetraacid shown below was collected by
      filtration.
      ##SPC21##
PAR  This material was treated with a 20% excess of acetic anhydride in
      refluxing acetic acid to give in good yield a thioetherdianhydride
      identical to that obtained in Example 7.
PAR  The thiodianhydride of the present invention can be employed as epoxy
      curing catalysts. For example, a mixture of 65 parts of the
      thiodianhydride of Example 1 is mixed with 100 parts of an epoxy resin in
      the form of a reaction product of 4,4'-isopropylidenediphenol and
      epichlorohydran. It is found that after the mixture is heated at
      200.degree.C that complete cure of epoxy resin results after 24 hours.
PAR  Although the above examples are limited to only a few of the very many
      thiodianhydrides which can be made in the practice of the invention it
      should be understood that a much broader class of thiodianhydrides such as
      shown by formula 1 can be made. A variety of procedures are shown in the
      description preceding these examples for making such thiodianhydrides.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A dithioanhydride having the formula
      ##SPC22##
PAL  where R is a radical selected from the class consisting of
      ##SPC23##
PAL  and divalent organic radicals of the general formula
      ##SPC24##
PAL  where X is a member selected from the class consisting of divalent radicals
      of the formulas, --C.sub.y H.sub.2y --,
      ##EQU2##
      --O--, and --S--, where m is 0 or 1, y is a whole number from 1 to 5.
NUM  2.
PAR  2. The compound 2,2-bis[4-(2,3-dicarboxythiophenoxy)phenyl]propane
      dianhydride.
NUM  3.
PAR  3. The compound 2,4-bis[2,3-dicarboxyphenylthio] chlorobenzene dianhydride.
NUM  4.
PAR  4. The compound 4,4'-bis[2,3-dicarboxyphenylthio] diphenylether
      dianhydride.
NUM  5.
PAR  5. The compound 4,4'-bis[2,3-dicarboxyphenylthio] biphenyl dianhydride.
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ABST
PAL  3-Furyl beta-chalcogenalkyl sulfides having the structure:
      ##SPC1##
PAL  Wherein X is a chalcogen selected from the group consisting of oxygen and
      sulfur; R.sub.2 and R.sub.3 are each selected from the group consisting of
      methyl and hydrogen, at least one of R.sub.2 or R.sub.3 being methyl; and
      R.sub.4 and R.sub.5, taken separately, are each methyl, or R.sub.4 and
      R.sub.5 taken together are tetramethylene, such 3-furyl
      beta-chalcogenalkyl sulfides being useful in altering the organoleptic
      properties of foodstuffs, and processes for producing these 3-furyl
      beta-chalcogenalkyl sulfides using the reaction:
      ##SPC2##
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to novel 3-furyl beta-chalcogenalkyl
      sulfides.
PAR  Artificial flavoring agents for foodstuffs have received increasing
      attention in recent years. In many areas, such food flavoring agents are
      preferred over natural flavoring agents at least in part because of the
      uniform flavor that may be so obtained. For example, natural food
      flavoring agents such as extracts, essences, concentrates and the like are
      often subject to wide variation due to changes in the quality, type and
      treatment of the raw materials. Such variation can be reflected in the end
      product and results in unreliable flavor characteristics and uncertainity
      as to consumer acceptance and cost. Additionally, the presence of the
      natural product in the ultimate food may be undesirable because of
      increased tendency to spoil. This is particularly troublesome in
      convenience and snack food usage where such products as dips, soups,
      chips, prepared dinners, canned foods, sauces, gravies and the like are
      apt to be stored by the consumer for some time prior to use.
PAR  The fundamental problem in preparing artificial flavoring agents is that of
      achieving as nearly as possible a true flavor reproduction. This generally
      proves to be a difficult task since the mechanism for flavoring
      development in many foods is not understood. This is noteable in products
      having sweet, meaty and roasted meat flavor and nut-like flavor
      characteristics. It is also noteable in products having vegetable-like and
      hydrolyzed vegetable protein-like and anise-like flavor characteristics.
PAR  Reproduction of roasted, nutty and sweet, meaty flavors and aromas and
      hydrolyzed vegetable protein-like flavors and aromas has been the subject
      of the long and continuing search by those engaged in the production of
      foodstuffs. The severe shortage of foods, especially protein foods, in
      many parts of the world has given rise to the need for utilizing non-meat
      sources of proteins and making such proteins as palatable and as meat-like
      as possible. Hence, materials which will closely simulate or exactly
      reproduce the flavor and aroma of roasted meat and sweet, meat products,
      vegetable products and products having nut-like taste are required.
PAR  Moreover, there are a great many meat containing or meat based foods
      presently distributed in a preserved form. Examples being condensed soups,
      dry-soup mixes, dry meat, freeze-dried or lyophilized meats, packages
      gravies and the like. While these products contain meat or meat extracts,
      the fragrance, taste and other organoleptic factors are very often
      impaired by the processing operation and it is desirable to supplement or
      enhance the flavors of these preserved foods with versatile materials
      which have either roasted meat or sweet meat or vegetable-like or nut-like
      nuances.
PAR  U.S. Pat. No. 3,666,594 provided materials having such desirable meat,
      roast meat and roasted fragrance and flavor notes. Such materials are
      organic oxygen containing heterocyclics wherein the second carbon atom
      from the oxygen atom contains a sulfur substituent and included 3-thia
      furan compounds having the structure:
      ##SPC3##
PAL  wherein R.sub.6, R.sub.7, R.sub.8 and R.sub.9 are the same or different
      alkyl or hydrogen. The process disclosed in this patent indicated that
      such furan 3-thiols and alkyl substituted furan 3-thiols can be produced
      by the reaction of an appropriate dihydro furanone-3-or tetrahydro
      furanone-3-with hydrogen sulfide in the presence of anhydrous hydrogen
      chloride at temperatures of -60.degree.C to -100.degree.C.
PAR  Nothing in the prior art, however, sets forth implicityly or explicityly
      the 3-furyl beta-chalcogenalkyl sulfides of our invention and their unique
      and advantageous and unobvious flavor properties.
PAR  Loutham, U.S. Pat. No. 3,384,671 issued on May 21, 1968 discloses a process
      for the preparation of dithiols by means of the following reaction:
      ##SPC4##
PAL  wherein R may be, interalia, hydrogen or alkyl and n is from 3 up to 15.
PAR  The use of triethylamine in a reaction of H.sub.2 S with 1,2-epoxides
      (e.g., 1,2-epoxypropane) to form hydroxyalkylmercaptans is disclosed in
      Jones, U.S. Pat. No. 3,394,192 issued on July 23, 1968.
PAR  Neither the Loutham reference nor the Jones reference discloses a process
      for preparing compounds analogous to the 3-furyl beta-chalcogenalkyl
      sulfides of our invention.
PAR  The present invention provides novel 3-furyl beta-chalcogenalkyl sulfides
      useful for altering the organoleptic properties of foodstuffs, a novel
      process for producing said 3-furyl beta-chalcogenalkyl sulfides as well as
      methods for altering the organoleptic properties of said foodstuffs.
PAR  The novel compounds are 3-furyl beta-chalcogenalkyl sulfides having the
      structure:
      ##SPC5##
PAL  wherein X is a chalcogen selected from the group consisting of oxygen and
      sulfur; R.sub.2 and R.sub.3 are each selected from the group consisting of
      methyl and hydrogen, at least one of R.sub.2 or R.sub.3 being methyl; and
      R.sub.4 and R.sub.5, taken separately, are each methyl, or R.sub.4 and
      R.sub.5 taken together are tetramethylene.
PAR  Thus, 3-furyl beta-chalcogenalkyl sulfides contemplated within the scope of
      our invention are, for example:
     3-Furyl Beta-Chalcogenalkyl                                               

     Sulfide Compound             Structure                                    

     __________________________________________________________________________

     (2,5-dimethyl-3-furyl)                                                    

     (2-mercapto-1-methyl propyl)                                              

     sulfide                                                                   

     (2,5-dimethyl-3-furyl)                                                    

     (2-hydroxy-1-methyl propyl)                                               

     sulfide                                                                   

     (2-mercapto-1-methyl propyl)                                              

     (2-methyl-3-furyl) sulfide                                                

     (2-hydroxy-methyl propyl)                                                 

     (2-methyl-3-furyl) sulfide                                                

     (2-hydroxy cyclohexyl)(2-                                                 

     methyl-3-furyl) sulfide                                                   

     (2,5-dimethyl-3-furyl)                                                    

     (2-hydroxy cyclohexyl) sulfide                                            

     __________________________________________________________________________

PAL  The 3-furyl beta-chalcogenalkyl sulfides of our invention may be produced
      according to a process which comprises the steps of:
PA1  i. Carrying out a reaction of a 3-mercapto furan with a thiirane or epoxide
      to form the compounds of our invention according to the following
      reaction:
      ##SPC6##
PA1  ii. Physically separating said 3-furyl beta-chalcogenalkyl sulfides from
      the reaction mass,
PAL  wherein X, R.sub.2 and R.sub.3 are defined as above.
PAR  The following table sets forth examples of specific reactants and the
      resulting products produced using the process of our invention:
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Thiirane or                                                               

                3-Furan Thiol                                                  

                       3-Furyl .beta.-Chalcogenalkyl Sulfide Reaction          

     Epoxide Reactant                                                          

                Reactant                                                       

                       Product                   Structure                     

     __________________________________________________________________________

     2,3-epithiobutane                                                         

                2.5-dimethyl-                                                  

                       (2,5-dimethyl-3-furyl) (2-mercapto-1-                   

                3-furan thiol                                                  

                       methyl propyl) sulfide                                  

     2,3-epoxybutane                                                           

                2,5-dimethyl-                                                  

                       (2,5-dimethyl-3-furyl) (2-hydroxy-1-                    

                3-furan thiol                                                  

                       methyl propyl) sulfide                                  

     2,3-epithiobutane                                                         

                2-methyl-3-                                                    

                       (2-mercapto-1-methyl propyl) (2-methyl-                 

                furan thiol                                                    

                       3-furyl) sulfide                                        

     2,3-epoxybutane                                                           

                2-methyl-3-                                                    

                       (2-hydroxy-1-methyl propyl) (2-methyl-3-                

                furan thiol                                                    

                       furyl) sulfide                                          

     2,3-epithiobutane                                                         

                5-methyl-3-                                                    

                       (2-mercapto-1-methyl propyl) (5-methyl-3-               

                furan thiol                                                    

                       furyl) sulfide                                          

     2,3-epoxybutane                                                           

                5-methyl-3-                                                    

                       (2-hydroxy-1-methyl propyl) (5-methyl-                  

                furan thiol                                                    

                       3-furyl) sulfide                                        

     1,2-epoxycyclohexane                                                      

                2-methyl-3-                                                    

                       (2-hydroxy cyclohexyl) (2-methyl-                       

                furan thiol                                                    

                       3-furyl) sulfide                                        

     1,2-epoxycyclohexane                                                      

                2,5-dimethyl-                                                  

                       (2,5-dimethyl-3-furyl) (2-hydrocyclohexyl)              

                3-furan thiol                                                  

                       sulfide                                                 

     __________________________________________________________________________

PAL  The reaction of our invention, in order to proceed in a practical manner,
      should take place in the presence of a basic catalyst, preferably a lower
      alkyl amine such as diethyl amine, triethyl amine or trimethyl amine.
PAR  The reaction is also best carried out in the presence of a non-reactive
      solvent such as a lower alkanol, preferably methanol, ethanol or
      n-propanol.
PAR  The mole ratio of reactants, the 3-furan thiol: the epoxide or thiirane may
      vary from 1:1 to 5:1 with a preferred ratio of 3-furan thiol:epoxide or
      thiirane of 2:1.
PAR  The reaction temperature may vary from 50.degree.C up to 80.degree.C, the
      time of reaction being a function of the reaction temperature, with lower
      reaction temperatures giving rise to longer periods of time of reaction
      and higher temperatures of reaction giving rise to much shorter periods of
      time of reaction. Thus, for example, it is preferred to run the reaction
      for optimum yield at a temperature in the range of 50.degree.-65.degree.C
      for a period of time for approximately 45 minutes.
PAR  The reaction is preferably carried out at atmospheric pressure but
      pressures greater than atmospheric, e.g., 5 atmospheres may be used
      without detrimentally affecting the yield of product of the time of
      reaction which is required to attain such yield.
PAR  At the end of the reaction, the reaction product is extracted from the
      reaction mass using a nonreactive solvent, e.g., methylene dichloride,
      after the reaction mass is first quenched with water and neutralized with
      aqueous acid. The solvent extract is then dried, concentrated and
      distilled preferably by means of vacuum distillation.
PAR  The following reactions are illustrative of the process of our invention:
      ##SPC7##
PAR  The 3-furyl beta-chalcogenalkyl sulfides of our invention produced in this
      manner have useful organoleptic properties giving rise to their use as
      foodstuff flavors as set forth in an illustrative manner in the following
      table:
TBL                                    TABLE II                                

     __________________________________________________________________________

     3-Furyl .beta.-Chalcogenalkyl                                             

     Sulfide Compound       Structure   Flavor Properties                      

     __________________________________________________________________________

     (2,5-dimethyl-3-furyl)             Sweet, meaty, nutty aroma              

     (2-mercapto-1-methyl propyl)       and a "turkey aroma nuance"            

     sulfide                            and a sweet, meaty, nutty              

                                        flavor with pecan, turkey,             

                                        Brazil nut and bitter nuances.         

     (2,5-dimethyl-3-furyl)             Nutty, meaty aroma and a               

     (2-hydroxy-1-methyl propyl)        nutty, pot roast, hydrolyzed           

     sulfide                            vegetable protein flavor with          

                                        metallic and bitter nuances.           

     (2-mercapto-1-methyl propyl        Nutty, turkey aroma and a              

     (2-methyl-3-furyl)sulfide          roast turkey, Brazil nut and           

                                        roasted hazlenut flavor with           

                                        metallic, bitter nuances.              

     (2-hydroxy-1-methyl propyl)        Sweet, hydrolyzed vegetable            

     (2-methyl-3-furyl)sulfide          protein and gravy aroma and            

                                        sweet, mouth feel and roasted          

                                        meat flavor with hydrolyzed            

                                        vegetable protein, meat                

                                        extract, walnut and pecan              

                                        nuances.                               

     (2-hydroxycyclohexyl)              Pork, meaty, sweet                     

     (2-methyl-3-furyl)                 aroma with nutty and                   

     sulfide                            bacon rind nuances                     

                                        and a sweet, meaty,                    

                                        pork flavor with bacon                 

                                        rind, nutty and mouth-                 

                                        feel nuances.                          

     (2,5-dimethyl-3-furyl)             Sweet, meaty, nutty                    

     (2-hydrocyclohexyl)                aroma with pork and                    

     sulfide                            yeasty nuances and                     

                                        a sweet and meaty                      

                                        flavor with pork,                      

                                        yeasty and mouth-                      

                                        feel nuances.                          

     __________________________________________________________________________

PAR  Thus, the 3-furyl beta-chalcogenalkyl sulfides according to the present
      invention can be used to alter, vary fortify, modify, enhance or otherwise
      improve the organoleptic properties, including flavor and/or aroma, of a
      wide variety of materials which are ingested, consumed, or otherwise
      organoleptically sensed.
PAR  The term "alter" in its various forms will be understood herein to mean the
      supplying or imparting a flavor character or note to an otherwise bland,
      relatively tastless substance, or augmenting an existing flavor
      characteristic where the natural flavor is deficient in some regard, or
      supplementing the existing flavor or aroma impression to modify the
      organoleptic character. The materials which are so altered are generally
      referred to herein as consumable materials.
PAR  Such 3-furan beta-chalcogenalkyl sulfides are accordingly useful in
      flavoring compositions. Flavoring compositions are herein taken to mean
      those which contribute a part of the overall flavor impression by
      supplementing or fortifying a natural or artificial flavor in a material,
      as well as those which supply substantially all the flavor and/or aroma
      character to a consumable article.
PAR  The term "foodstuff" as used herein includes both solid and liquid
      ingestible materials for man or animals, which materials usually do, but
      need not, have nutritional value. Thus, foodstuffs includes meats,
      gravies, soups, convenience foods, malt and other alcoholic or
      non-alcoholic beverages, milk and dairy products, nut butters such as
      peanut butter and other spreads, seafoods including fish, crustaceans,
      mollusks and the like, candies, breakfast foods, baked goods, vegetables,
      cereals, soft drinks, snack foods, dog and cat foods, other veterinary
      products, and the like.
PAR  When the 3-furan beta-chalcogenalkyl sulfides according to this invention
      are used in a food flavoring composition, they can be combined with
      conventional flavoring materials or adjuvants. Such co-ingredients or
      flavoring adjuvants are well known in the art for such use and have been
      extensively described in the literature. Apart from the requirement that
      any such adjuvant material be ingestibly acceptable, and thus non-toxic or
      otherwise non-deleterious, conventional materials can be used and broadly
      include other flavor materials, vehicles, stabilizers, thickeners, surfact
      active agents, conditioners and flavor intensifiers.
PAR  Examples of preferred co-flavoring adjuvants are:
PA1  Methyl thiazole alcohol (4-methyl-5-betahydroxyethyl thiazole);
PA1  2-Methyl butanethiol;
PA1  4-Mercapto-2-butanone;
PA1  3-Mercapto-4-pentanone;
PA1  1-Mercapto-2-propanone;
PA1  Benzaldehyde;
PA1  Furfural;
PA1  Furfural alcohol;
PA1  2-Mercapto propionic acid;
PA1  Alkyl pyrazine;
PA1  Methyl pyrazine;
PA1  2-Ethyl-3-methyl pyrazine;
PA1  Tetramethyl pyrazine;
PA1  Polysulfides;
PA1  Dipropyl disulfide;
PA1  Methyl benzyl disulfide;
PA1  Alkyl thiophenes;
PA1  2-Butyl thiophene;
PA1  2,3-Dimethyl thiophene;
PA1  5-Methyl furfural;
PA1  Acetyl furan;
PA1  2,4-Decadienal;
PA1  Guiacol;
PA1  Phenyl acetaldehyde;
PA1  .delta.-Decalactone;
PA1  d-Limonene;
PA1  Acetoin;
PA1  Amyl acetate;
PA1  Maltol;
PA1  Ethyl butyrate;
PA1  Levulinic acid;
PA1  Piperonal;
PA1  Ethyl acetate;
PA1  n-Octanal;
PA1  n-Pentanal;
PA1  Hexanal;
PA1  Diacetyl;
PA1  Monosodium glutamate;
PA1  Sulfur-containing amino acids;
PA1  Cysteine;
PA1  Hydrolyzed vegetable protein;
PA1  2-Methylfuran-3-thiol;
PA1  2-Methyldihydrofuran-3-thiol;
PA1  2,5-Dimethylfuran-3-thiol;
PA1  Hydrolyzed fish protein; and
PA1  Tetramethyl pyrazine
PAR  The 3-furyl beta-chalcogenalkyl sulfides or the compositions incorporating
      them, as mentioned above, can be combined with one or more vehicles or
      carriers for adding them to the particular product. Vehicles can be edible
      or otherwise suitable materials such as ethyl alcohol propylene glycol,
      water and the like. Carriers include materials such as gum arabic,
      carrageenan, other gums and the like. The 3-furyl beta-chalcogenalkyl
      sulfides according to this invention can be incorporated with the carriers
      by conventional means such as spray-drying, drum-drying and the like. Such
      carriers can also include materials for coacervating the 3-furyl
      beta-chalcogenalkyl sulfides (and other flavoring ingredients, as present)
      to provide encapsulated products. When the carrier in an emulsion the
      flavoring composition can also contain emulsifiers such as mon- and
      diglycerides or fatty acids and the like. With these carriers or vehicles,
      the desired physical form of the composition can be prepared.
PAR  The quantity of 3-furyl beta-chalcogenalkyl sulfides utilized should be
      sufficient to impart the desired flavor characteristic to the product, but
      on the other hand, the use of an excessive amount of the derivative is not
      only wasteful and uneconomical, but in some instances too large a quantity
      may unbalance the flavor or other organoleptic properties of the product
      consumed. The quantity used will vary depending upon the ultimate
      foodstuff; the amount and type of flavor initially present in the
      foodstuff; the further process or treatment steps to which the foodstuff
      will be subjected; regional and other preference factors; the type of
      storage; if any, to which the product will be subjected; and the
      preconsumption treatment, such as baking, frying, and so on, given to the
      product by the ultimate consumer. Accordingly, the terminology "effective
      amount" and "sufficient amoung" is understood in the context of the
      present invention to be quantitatively adequate to alter the flavor of the
      foodstuff.
PAR  It is accordingly preferred that the ultimate compositions contain from
      about 0.02 parts per million (ppm) to about 250 ppm of 3-furyl
      beta-chalcogenalkyl sulfides or mixtures thereof. More particularly, in
      food compositions it is desirable to use from about 0.03 ppm to 100 ppm
      for enhancing flavors and in certain preferred embodiments of the
      invention, from about 0.05 to 50 ppm of the derivatives are included to
      add positive flavors to the finished product.
PAR  The amount of 3-furyl beta-chalcogenalkyl sulfides or mixtures thereof of
      our invention to be utilized in flavoring compositions can be varied over
      a wide range depending upon the particular quality to be added to the
      foodstuff. Thus, amounts of one or more derivatives according to the
      present invention of from about 0.5 ppm up to 80 or 90 percent of the
      total flavoring composition can be incorporated in such compositions. It
      is generally found to be desirable to include from about 1 ppm up to about
      0.1 percent of the 3-furyl beta-chalcogenalkyl sulfides in such
      compositions.
PAR  The following examples are given to illustrate embodiments of the invention
      as it is preferably preferred to practice it. It will be understood that
      these examples are illustrative and the invention is not to be considered
      as restricted thereto except as indicated in the appended claims.
PAR  All parts, proportions, percentages, and ratios herein are by weight unless
      otherwise indicated.
PAC  EXAMPLE I
PAC  Preparation of (2,5-Dimethyl-3Furyl) (2-Mercapto-1-Methyl Propyl) Sulfide
PAR  Reaction:
      ##SPC8##
PAR  Into a 50 ml 3-neck flask equipped with thermometer, reflux condenser,
      magnetic stirrer and heating mantle, are charged 1.28 g (.01 moles)
      2,5-dimethyl-3-furanthiol, 15 ml of methyl alcohol and 5 drops of diethyl
      amine.
PAR  While the reaction mass is stirred, it is heated to 46.degree.C and 0.44 g
      (0.005 moles) of 2,3-epithio butane having the structure:
      ##SPC9##
     is added to the mass. The reaction mass is then heated to a temperature in
      the range of 55.degree.-61.degree.C and maintained at that temperature for
      a period of 45 minutes.
PAR  The reaction mass is then poured into water and neutralized with 10%
      aqueous hydrochloric acid. The resulting mixture is then extracted with
      methylene dichloride and the resulting extract is dried over anhydrous
      sodium sulfate and concentrated to an orange oil. The resulting mixture is
      separated into its components using GLC apparatus (Conditions: 8 feet
      .times. 1/4  inch 25% SE-30 column; 120.degree.C programmed at
      6.degree.C/min). at 6.degree.C/min).
PAR  Mass spectral, infra red and NMR analyses confirm the structure as being:
      ##SPC10##
PAR  Mass spectral analysis is as follows:
PA1  m/e
PA1  216 parent ion
PA1  128
PA1  43
PA1  55
PA1  89
PA1  95
PA1  155
PAL  This material has a sweet, meaty, nutty aroma and a "turkey aroma nuance"
      and a sweet, meaty, nutty flavor with pecan, turkey, Brazil nut and bitter
      nuances.
PAC  EXAMPLE II
PAC  Preparation of (2,5-Dimethyl-3-Furyl) (2-Hydroxy-1-Methyl Propyl) Sulfide
PAR  Reaction:
      ##SPC11##
PAR  Into a 50 ml 3-neck flask equipped with thermometer, reflux condenser,
      magnetic stirrer and heating mantle are charged 1.28 g (.01 moles)
      2,5-dimethyl-3-furanthiol, 15 ml of methyl alcohol and 5 drops of diethyl
      amine.
PAR  While the reaction mass is stirred, it is heated to 56.degree.C and 0.36 g
      (0.005 moles) of 2,3 epoxy butane having the structure:
      ##SPC12##
PAL  is added to the mass. The reaction mass is then heated to a temperature in
      the range of 56.degree.-63.degree.C and maintained at that temperature for
      a period of 45 minutes.
PAR  The reaction mass is then poured into water and neutralized with 10%
      aqueous hydrochloric acid. The resulting mixture is then extracted with
      methylene dichloride and the resulting extract is dried over anhydrous
      sodium sulfate and concentrated to an orange oil. The resulting mixture is
      separated into its components using GLC apparatus (Conditions: 8 feet
      .times. 1/4  inch 25% SE-30 column; 120.degree.C programmed at
      6.degree.C/min).
PAR  Mass spectral, infra red and NMR analyses confirm the structure as being:
      ##SPC13##
PAR  Mass spectral analysis is as follows:
PA1  m/e
PA1  200 parent ion
PA1  43
PA1  128
PA1  155
PA1  95
PA1  55
PA1  59
PA1  113
PAR  This material has a nutty, meaty aroma and a nutty, pot roast, hydrolyzed
      vegetable protein flavor with metallic and bitter nuances.
PAC  EXAMPLE III
PAC  Preparation of (2-Mercapto-1-Methyl Propyl) (2-Methyl-3-Furyl) Sulfide
PAR  Reaction:
      ##SPC14##
PAR  Into a 50 ml 3-neck flask equipped with thermometer, reflux condenser,
      magnetic stirred and heating mantle are charged 1.14 g
      2-methyl-3-furanthiol, 15 ml of methyl alcohol and 5drops of diethyl
      amine.
PAR  While the reaction mass is stirred, it is heated to 50.degree.C and 0.44 g
      (0.005 moles) of 2,3-epithio butane having the structure;
      ##SPC15##
PAL  is added to the mass. The reaction mass is then heated to a temperature in
      the range of 50.degree.-58.degree.C and maintained at that temperature for
      a period of 90 minutes.
PAR  The reaction mass is then poured into water and neutralized with 10%
      aqueous hydrochloric acid. The resulting mixture is then extracted with
      methylene dichloride and the resulting extract is dried over anhydrous
      sodium sulfate and concentrated to an orange oil. The resulting mixture is
      separated into its components using GLC apparatus (Conditions: 8 feet
      .times. 1/4  inch 25% SE-30 column; 120.degree.C programmed at
      6.degree.C/min).
PAR  Mass spectral, infra red and NMR analyses confirm the structure as being:
      ##SPC16##
PAR  Mass spectral analysis is as follows:
PA1  m/e
PA1  202 parent ion
PA1  114
PA1  55
PA1  89
PA1  43
PA1  141
PAR  This material has a nutty, turkey aroma and a roast turkey, Brazil nut and
      roasted hazlenut flavor with metallic, bitter nuances.
PAC  EXAMPLE IV
PAC  Preparation of (2Hydroxy-1-Methyl Propyl) (2-Methyl-3-Furyl) Sulfide
PAR  Reaction:
      ##SPC17##
PAR  Into a 50 ml 3-neck flask equipped with reflux condenser, magnetic stirrer
      and heating mantle are charged 1.14 g 2-methyl-3-furanthiol, 15 ml of
      methyl alcohol and 5 drops of diethyl amine.
PAR  While the reaction mass is stirred, it is heated to 50.degree. and 0.36 g
      of 2,3 epoxy butane having the structure:
      ##SPC18##
PAL  is added to the mass. The reaction mass is then heated to a temperature in
      the range of 50.degree.-58.degree.C and maintained at that temperature for
      a period of 80 minutes.
PAR  The reaction mass is then poured into water and neutralized with 10%
      aqueous hydrochloric acid. The resulting mixture is then extracted with
      methylene dichloride and the resulting extract is dried over anhydrous
      sodium sulfate and concentrated to an orange oil. The resulting mixture is
      separated into its components using GLC apparatus (Conditions: 8 feet
      .times. 1/4  inch 25% SE-30 column; 120.degree.C programmed at
      6.degree.C/min).
PAR  Mass spectral, infra red and NMR analyses confirm the structure as being:
      ##SPC19##
PAR  Mass spectral analysis is as follows:
PA1  m/e
PA1  186 parent ion
PA1  114
PA1  141
PA1  43
PA1  55
PA1  59
PA1  86
PAL  This material has a sweet, hydrolyzed vegetable protein and gravy aroma and
      sweet, mouth feel and roasted meat flavor with hydrolyzed vegetable
      protein, meat extract, walnut and pecan nuances.
PAC  EXAMPLE V
PAR  (2-Hydroxy-1-methyl propyl) (2-methyl-3-furyl) sulfide prepared according
      to the process of Example IV is added to a 2% aqueous solution of Wyler's
      "Beef Flavored Instant Bouillon" (manufactured by Wyler Foods, Division of
      Borden, Inc., Chicago, Il., U.S.A.).
PA0  (ingredients: salt, hydrolyzed vegetable protein, malto dextrin, sugar,
      beef fat, water, mono-sodium glutamate, "flavorings", corn sugar, beef
      extract, caramel color, hydrogenated vegetable fat, U.S. certified food
      color)
PAL  at the rate of 1 ppm. The resulting beef flavor has a sweet, meat
      extract-like character. The meaty mouth feel is improved and a better
      after taste is thus achieved.
PAC  EXAMPLE VI
PAR  (2-Mercapto-1-methyl propyl) (2-methyl-3-furyl) sulfide prepared according
      to the process of Example III is added to a 2% aqueous solution of Wyler's
      "Beef Flavored Instant Bouillon" (manufactured by Wyler Foods, Division of
      Borden, Inc., Chicago, Il. U.S.A.).
PA0  (ingredients: salt, hydrolyzed vegetable protein, malto dextrin, sugar,
      beef fat, water, mono-sodium glutamate, flavorings, corn sugar, beef
      extract, caramel color, hydrogenated vegetable fat and U.S. certified food
      color)
PAL  at the rate of 1 ppm. The resulting beef broth flavor is substantially
      improved having a sweet, bloody, metallic, meat like note with a vegetable
      like aftertaste. Over-all, the resulting beef broth has better meaty
      characteristics.
PAC  EXAMPLE VII
PAR  (2,5-Dimethyl-3-furyl) (2-hydroxy-1-methyl propyl) sulfide prepared
      according to the process of Example II is added to a 2% solution of
      Wyler's "Beef Flavored Instant Bouillon" (manufactured by Wyler Foods,
      Division of Borden, Inc., Chicago, Il. U.S.A.).
PA0  (ingredients: salt, hydrolyzed vegetable protein, malto dextrin, sugar,
      beef fat, water, monosodium glutamate, flavorings, corn sugar, beef
      extract, caramel color, hydrogenated vegetable fat, U.S. certified food
      color)
PAL  at the rate of 2 ppm. The resulting beef broth flavor has a roasted meat
      character added thereto with the vegetable note depressed and a natural
      beef broth like after taste added.
PAC  EXAMPLE VIII
PAR  (2,5-Dimethyl-3-furyl) (2-mercapto-1-methyl propyl) sulfide prepared
      according to the process of Example I is added to a 2% solution of Wyler's
      "Beef Flavored Instant Bouillon" (manufactured by Wyler Foods, Division of
      Borden, Inc., Chicago, Illinois, U.S.A.).
PA0  (ingredients: salt, hydrolyzed vegetable protein, malto dextrin, sugar beef
      fat, water, mono-sodium glutamate, flavorings, corn sugar, beef extract,
      caramel color, hydrogenated vegetable fat and U.S. certified food color)
PAL  at the rate of 1 ppm. This chemical depresses the vegetable notes of the
      beef broth and improves the meat flavor by adding natural meat like notes.
PAC  EXAMPLE IX
PAR  The (2,5-dimethyl-3-furyl) (2-mercapto-1-methyl propyl) sulfide prepared in
      Example I is dissolved in propylene glycol to provide a 0.1% solution.
      This solution in the amount of 0.9 g is added to 7.3 g of a soup base
      consisting of:
TBL  Ingredient             Parts by Weight                                    

     ______________________________________                                    

     Fine ground sodium chloride                                               

                            35.5                                               

     Hydrolyzed vegetable protein                                              

                            27.5                                               

     Monosodium glutamate   18.0                                               

     Sucrose                11.0                                               

     Beef fat               5.5                                                

     Sethness caramel color (powder B & C)                                     

                            2.7                                                

     ______________________________________                                    

PAR  The resulting mixture is added to 12 ounces of boiling water to obtain a
      soup having a characteristic meat flavor.
PAC  EXAMPLE X
PAR  The (2,5-dimethyl-3-furyl) (2-hydroxy-1-methyl propyl) sulfide prepared in
      Example II is dissolved in propylene glycol to provide a 0.1% solution.
      This solution in the amount of 0.9 g is added to 7.3 g of a soup base
      consisting of:
TBL  Ingredient             Parts by Weight                                    

     ______________________________________                                    

     Fine ground sodium chloride                                               

                            35.5                                               

     Hydrolyzed vegetable protein                                              

                            27.5                                               

     Monosodium glutamate   18.0                                               

     Sucrose                11.0                                               

     Beef fat               5.5                                                

     Sethness caramel color (powder B & C)                                     

                            2.7                                                

     ______________________________________                                    

PAR  The resulting mixture is added to 12 ounces of boiling water to obtain a
      soup having an excellent meat flavor.
PAC  EXAMPLE XI
PAR  50:50 Mixture of (2-mercapto-1-methyl propyl) (2-methyl-3-furyl) sulfide
      and (2-hydroxy-1 -methyl propyl) (2-methyl-3-furyl) sulfide prepared in
      Examples III and IV is dissolved in propylene glycol to provide a 0.1%
      solution. This solution in the amount of 0.9 g is added to 7.3 g of a soup
      base consisting of:
TBL  Ingredient             Parts by Weight                                    

     ______________________________________                                    

     Fine ground sodium chloride                                               

                            35.5                                               

     Hydrolyzed vegetable protein                                              

                            27.5                                               

     Monosodium glutamate   18.0                                               

     Sucrose                11.0                                               

     Beef fat               5.5                                                

     Sethness caramel color (powder B & C)                                     

                            2.7                                                

     ______________________________________                                    

PAR  The resulting mixture is added to 12 ounces of boiling water to obtain a
      soup having an excellent sweet meat flavor.
PAC  EXAMPLE XII
PAC  Preparation of (2-Hydroxy Cyclohexyl) (2-Methyl-3-Furyl) Sulfide Reaction:
      ##SPC20##
PAR  A test tube equipped with a magnetic stirrer is immersed in a water bath.
      Into the test tube are charged 1 ml of methanol, 4 drops of diethyl amine,
      20 drops of 2 -methyl-3-furanthiol, and 12 drops of cyclohexene oxide. The
      reaction mass is heated with stirring on a hot plate at about 60.degree.C
      for 2 hours. The reaction mass is then concentrated in vacuo on a rotary
      evaporator. The product is isolated by preparative GLC (Conditions: 8 feet
      .times. 1/4  inch 25% SE-30 column; 120.degree.C programmed at
      6.degree.C/min).
PAR  Mass spectral, infrared and NMR analyses confirm the structure as being:
      ##SPC21##
PAR  Mass spectral analysis is as follows:
TBL  m/e                                                                       

     ______________________________________                                    

     212 parent ion   43                                                       

     114              41                                                       

     81               28                                                       

     ______________________________________                                    

PAR  This material has a pork, bacon rind character.
PAC  EXAMPLE XIII
PAC  Preparation of (2,5-Dimethyl-3-Furyl) (2-Hydroxycyclohexyl Sulfide
PAR  Reaction:
      ##SPC22##
PAR  A test tube equipped with a magnetic stirrer is immersed in a water bath.
      Into the test tube are charged 1 ml of methanol, 4 drops of diethyl amine,
      20 drops of 2,5-dimethyl-3-furanthiol, and 12 drops of cyclohexene oxide.
      The reaction mass is heated and stirred on a hot plate at about
      60.degree.C for 2 hours. The reaction mass is then concentrated in vacuo
      on a rotary evaporator. The product is isolated by preparative GLC
      (Conditions: 8 feet .times. 1/4  inch 25% SE-30 column; 120.degree.C
      programmed at 6.degree.C/min).
PAR  Mass spectral, infrared and NMR analyses confirm the structure as being:
      ##SPC23##
PAR  Mass spectral analysis is as follows:
TBL  m/e                                                                       

     ______________________________________                                    

     226 parent ion   41                                                       

     128              81                                                       

     43               28                                                       

     95                                                                        

     ______________________________________                                    

PAR  This material has a meaty, pork and yeast character.
PAC  EXAMPLE XIV
PAR  (2-hydroxy cyclohexyl) (2-methyl-3-furyl) sulfide prepared according to the
      process of Example XII is added to a 2% solution of Wyler's "Beef Flavored
      Instant Bouillon" (manufactured by Wyler Foods, Division of Borden, Inc.,
      Chicago, Il., U.S.A.).
PA0  (ingredients: salt, hydrolyzed vegetable protein, malto dextrin, sugar,
      beef fat, water, monosodium glutamate, flavorings, corn sugar, beef
      extract, caramel color, hydrogenated vegetable fat and U.S. certified food
      color)
PAL  at the rate of 0.1 ppm. This chemical adds a bacon characteristic to the
      beef broth.
PAC  EXAMPLE XV
PAR  (2,5-dimethyl-3-furyl) (2-hydroxy cyclohexyl) sulfide prepared according to
      the process of Example XII is added to a 2% solution of Wyler's "Beef
      Flavored Instant Bouillon" (manufactured by Wyler Foods, Division of
      Borden, Inc., Chicago, Il., U.S.A.).
PA0  (ingredients: salt, hydrolyzed vegetable protein, malto dextrin, sugar,
      beef fat, water, monosodium glutamate, flavorings, corn sugar, beef
      extract, caramel color, hydrogenated vegetable fat, U.S. certified food
      color)
PAL  at the rate of 0.2 ppm. This chemical adds a cooked pork note to the beef
      broth.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A 3-furyl beta-chalcogenalkyl sulfide having the structure:
      ##SPC24##
PAL  wherein X is a chalcogen selected from the group consisting of oxygen and
      sulfur; R.sub.2 and R.sub.3 are each selected from the group consisting of
      methyl and hydrogen, at least one of R.sub.2 or R.sub.3 being methyl and
      hydrogen, at least one of R.sub.2 or R.sub.3 being methyl; and R.sub.4 and
      R.sub.5, taken separately, are each methyl.
NUM  2.
PAR  2. The 3-furyl beta-chalcogenalkyl sulfide compound of claim 1 wherein X is
      sulfur.
NUM  3.
PAR  3. The 3-furyl beta-chalcogenalkyl sulfide compound of claim 1 wherein X is
      oxygen.
NUM  4.
PAR  4. The 3-furyl beta-chalcogenalkyl sulfide compound of claim 2 wherein
      R.sub.2 is methyl, R.sub.3 is hydrogen, and R.sub.4 and R.sub.5 is each
      methyl.
NUM  5.
PAR  5. The 3-furyl beta-chalcogenalkyl sulfide compound of claim 3 wherein
      R.sub.2 is methyl, R.sub.3 is hydrogen and R.sub.4 and R.sub.5 is each
      methyl.
NUM  6.
PAR  6. The 3-furyl beta-chalcogenalkyl sulfide compound of claim 2 wherein
      R.sub.2, R.sub.3, R.sub.4 and R.sub.5 is each methyl.
NUM  7.
PAR  7. The 3-furyl beta-chalcogenalkyl sulfide compound of claim 3 wherein
      R.sub.2, R.sub.3, R.sub.4 and R.sub.5 is each methyl.
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ABST
PAL  Process for preparing glycidonitriles in which a ketone or aldehyde is
      reacted with chloroacetonitrile under substantially anhydrous conditions
      using inorganic alkali metal bases in a solvent medium containing at least
      about 3 percent liquid volume of a dipolar, aprotic liquid such as
      dimethylformamide, any balance of solvent being a nonpolar organic liquid.
BSUM
PAC  INTRODUCTION
PAR  This invention relates to processes for preparing glycidonitriles. More
      particularly, this invention provides an improved process for preparing
      glycidonitrile compounds in high yields more economically than by
      previously known processes.
PAC  BACKGROUND OF THE INVENTION
PAR  Recently, processes have been developed for the synthesis of useful
      carboxylic acids from glycidonitriles. See, Argentina Pat. Nos. 198,097
      and 198,595 for examples.
PAR  The preparation of glycidonitriles from aromatic ketones is known. See J.
      Gen. Chem., U.S.S.R. 27, pp. 1188-1189 (1957) and J. Am. Chem. Soc., 82,
      4315 (1960). However, published yields of glycidonitriles have not
      exceeded about 80 percent, and those processes have involved the use of
      expensive bases such as potassium tibutoxide.
PAR  In J. Org. Chem., Vol. 37, No. 16, (1972), page 2573, James Cason et al.
      disclose the cyanoethylation of 2-octanone with solid potassium hydroxide
      in dimethoxyethane, in which system the basicity of the potassium
      hydroxide is enhanced substantially. However, none of the products there
      produced were or relate to the formation of glycidonitriles.
PAR  Later glycidonitrile making processes have been developed by the inventor
      herein which processes give almost quantitative yields of the
      glycidonitrile when sodium ti-amylate is used as the base. However, that
      organic base is also expensive. Those in the chemical process development
      art are seeking more economical processes for making glycidonitriles which
      are of importance now as intermediates to make a variety of known and
      useful carboxylic acids and derivatives thereof. See Tetrahedron Letters
      (1972) page 7395.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of this invention to provide an improved process for
      preparing glycidonitrile compounds.
PAR  It is a further object of this invention to provide process for making
      glycidonitriles under solvent conditions such that the basicity of
      economical, readily available inorganic bases can be enhanced
      substantially so as to allow high yields (over 90 percent) of
      glycidonitriles under more economical conditions.
PAR  Other objects, advantages, and aspects of this invention will become
      apparent from reading the remainder of the specification and claims which
      follow.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, by this invention I have discovered that high yields (over 90
      percent) of glycidonitrile product can be obtained and the isolation of
      the glycidonitrile from the reaction mixture can be made easier by a
      process involving the use of the economical inorganic bases in an organic
      liquid system. This invention comprises reacting a ketone or aldehyde,
      with chloroacetonitrile in the presence of a solid form alkali metal or
      alkaline earth metal hydroxide under substantially anhydrous conditions in
      a solvent mixture containing at least about 3 percent by liquid volume
      based upon the volume of the total reaction mixture, of an dipolar,
      aprotic organic compound which is liquid at the reaction temperature, any
      remaining solvent medium being a nonpolar, organic liquid for a time
      sufficient to form glycidonitrile product.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  More specifically, this invention provides an improved process for
      preparing a glycidonitrile of the formula
      ##SPC1##
PAL  wherein R, when taken separately, is hydrogen or an aliphatic, alicyclic,
      aromatic or heterocyclic group,
PAR  R', when taken separately, represents an aliphatic, alicyclic, aromatic or
      heterocyclic group, and
PAR  R and R', when taken together and connected, represent an alicyclic or
      heterocyclic group.
PAR  Included among the aliphatic, alicyclic and aromatic groups which R and R'
      can each represent when taken separately are, for example, alkyl
      (including saturated and unsaturated, straight and branched chain alkyl
      and cycloalkyl) and aryl (including alkaryl and aralkyl) radicals, such as
      methyl, ethyl, propyl, isopropyl, n-butyl, sec. butyl, tert. butyl, amyl,
      hexyl, heptyl, octyl, decyl, dodecyl, octadecyl, vinyl, allyl, methallyl,
      butenyl, pentenyl, hexenyl, heptenyl, octenyl, ethynyl, propynyl, butynyl,
      pentynyl, hexynyl, heptynyl, octynyl and isomeric forms thereof,
      cyclobutyl, cyclopentyl, cyclohexyl, 1-cyclohexenyl, methylcyclohexyl,
      cycloheptyl, cyclooctyl, cyclooctyl, cyclodecyl, cycloundecyl,
      cyclododecyl, cyclopentadecyl, phenyl, tolyl, xylyl, benzyl, phenethyl,
      phenylpropyl, benzhydryl, naphthylmethyl, o-carboxylbenzyl, and the like,
      as well as fused and bridged ring structures, such indanyl, indenyl,
      naphthyl, acenaphtyl, phenanthryl, cyclopentanopolyhydrophenantheyl,
      adamantanyl, bicyclo[3:1:1]heptyl, bicyclo[2:2:2]octyl and the like; all
      of which can either be unsubstituted or substituted with one or more
      non-interfering substituents, such as hydroxyl derivatives, for example,
      alkoxy such as methoxy, ethoxy, propoxy, butoxy, and the like; acyloxy,
      such as acetoxy, propionoxy, butyroxy and the like; nitro groups; amino
      groups; alkylamino groups, such as methylamine, ethylamino, dimethylamino
      and the like; halogens, such as fluorine, chlorine, or bromine; carbonyl
      derivatives such as enol ethers and ketals; and the like.
PAR  Included among the heterocyclic groups which R and R' can represent are
      substituted and unsubstituted azabicycloalkane groups such as
      azabicyclo[3:2:2]octyl and azabicyclo[3:2:1]nonyl and the like, furfuryl
      groups, tetrahydrofurfuryl groups, piperidyl groups, pyrrolidyl groups,
      pyridyl groups, thiophene groups, alkaloid nuclei groupings containing for
      example indole, dihydroindole, quinolidine, quinthio groups and the like.
PAR  Included among the alicyclic and heterocyclic groups in which R and R' when
      taken together and connected can represent, are cyclopropyl, cyclobutyl,
      cyclohexyl, dicyclohexyl, cyclodecyl, cyclododecyl, cyclopentadecyl, and
      the like, piperidyl, pyrrolidyl, and the like; fused ring systems such as
      cyclopentanopolyhydrophenanthranyl, indanyl, indenyl, and the like,
      bridged ring systems such as adamantyl, bicyclo[2:2:1]heptyl,
      bicyclo[2:2:2]octyl, bicyclo[3:2:2]nonyl, azabicycloalkyls, and the like,
      all of which can be substituted by non-interfering substituents such as
      those hereinbefore named.
PAR  These glycidonitrile compounds are prepared by reacting a ketone or
      aldehyde of the formula
      ##EQU1##
      where R and R' are as defined above, with chloroacetonitrile, in the
      presence of a solid form of alkali metal hydroxide under substantially
      anhydrous conditions in a liquid mixture containing at least 3 percent of
      the total liquid volume of a dipolar, aprotic liquid solvent. In addition
      to the dipolar, aprotic liquid solvent the reaction liquid contains the
      ketone or aldehyde, the chloroacetonitrile, any remainder of the solvent
      mixture being a nonpolar, organic liquid. Examples of dipolar, aprotic
      compound which can be used include the bis(C.sub.1 to C.sub.4
      -alkyl)carboxylic C.sub.1 to C.sub.3 -acylamides such as
      dimethylformamide, diethylformamide, dipropylformamide, dibutylformamide,
      dimethylacetamide, diethylacetamide, dimethylpropionamide, and the like,
      the bis(C.sub.1 to C.sub.4 -alkyl) sulfoxides such as dimethylsulfoxide,
      diethylsulfoxide, dipropylsulfoxide, dibutylsulfoxide and the like, and
      hexa(C.sub.1 to C.sub.2 -alkyl)pentavalent phosphoric amides such as
      hexamethyl-ortho-phosphoramide, tetramethyl (phenyl)-phosphonamide, and
      the like, which are liquids or become liquids at the reaction
      temperatures. For reasons of ready availability and economy of operation
      dimethylformamide, diethylformamide, dimethylsulfoxide, or
      hexamethyl-orthophosphoramide are preferred for use as the dipolar,
      aprotic solvent in the mixture.
PAR  For practical reasons of speed of reaction, the reaction mixture preferably
      contains at least about 6 percent by liquid volume of the
      dimethylformamide, dimethylacetamide, or dimethylsulfoxide. For ease of
      separating the glycidonitrile solution from the water soluble components
      of the reaction mixture I prefer to use a combination of the
      dimethylformamide, dimethylacetamide or dimethylsulfoxide and the
      non-polar organic liquid diluent as a medium for the glycidonitrile
      formation reaction. The reaction may be conducted at any temperature in
      which can be maintained in the liquid condition. However, for most
      combinations of reactants and solvents, temperatures ranging from about
      0.degree. to about 50.degree. C. are adequate and preferred to accomplish
      the glycidonitrile product formation in reasonable time periods, say,
      within about 10 hours.
PAR  The dipolar, aprotic substance can be used as the only solvent medium for
      the reactants. However, it is preferred to dilute the dipolar, aprotic
      substance with a nonpolar organic liquid which preferably constitutes the
      major liquid volume constituent in the mixture. The nonpolar, organic
      liquid will generally be selected from the economical, recoverable
      aromatic and saturated aliphatic hydrocarbon, halogenated solvents and
      ethers such as benzene, toluene, xylene, chlorobenzenes, hexane, heptane,
      tetrahydrofuran, diglyme and commercially available mixtures of pentane,
      bp. 28.degree.-30.degree. C., hexane, bp. 60.degree.-68.degree. C.,
      heptane, bp. 90.degree.-100.degree. C., mixed heptanes, bp.
      77.degree.-115.degree. C., mixed octanes, bp. 100.degree.-140.degree. C.,
      petroleum ether mixtures, bp. 30.degree.-60.degree. C., and bp
      40.degree.-75.degree. C., mixtures of hexanes and heptanes bp.
      69.degree.-96.degree. C., octane mixtures, bp. 95.degree.-127.degree. C.
      and the like, which are available under various brand names such as
      Skellysolve with letter designations such as A to L following the
      trademark. See Merck Index, Eighth Edition, page 951. Toluene is presently
      preferred for reasons of economics, success with its use, and safety for
      the personnel involved.
PAR  The dipolar, aprotic solvent can be added to the reaction vessel prior to
      or substantially simultaneously with any non-polar organic liquid and the
      reactants to form the reaction mixture. Alternatively a solvent mixture
      consisting essentially of the major proportion by volume of the non-polar
      organic liquid and at least 3 percent, preferably at least 6 percent by
      volume of the dipolar, aprotic solvent can be prepared prior to mixing
      therein the ketone or aldehyde, the chloroacetonitrile and the solid
      alkali metal hydroxide reactants. Other dialkylcarboxylic acyl amides or
      dialkyl sulfoxides could be used in mixtures with dimethylformamide,
      dimethylacetamide or dimethylsulfoxide. However, these are economical and
      perform efficiently in this process. The solvents listed here and the
      mixtures herein are intended within reason to provide a substantially
      anhydrous reaction medium. However, it is to be understood that the
      reaction will proceed in the presence of minor incidental amounts of water
      which may be introduced to the reaction vessel with selected solvents or
      reactants with only minor effect on the yields of the glycidonitrile
      product.
PAR  The term "alkali metal hydroxides" as used herein is intended to include
      the use of commercially available alkali metal hydroxides which contain up
      to about 5 percent by weight of alkali metal carbonate, or mixtures of
      alkali metal hydroxide and alkali metal carbonate, wherein the alkali
      metal carbonate content of the mixture should be at most about 5 percent
      of weight.
PAR  Alkali metal hydroxides which can be used are the solid forms of the
      compounds in granular, flake, pellet or powder form. Sodium hydroxide and
      potassium hydroxide are the preferred alkali metal hydroxides. Alkaline
      earth metal hydroxides such as calcium hydroxide and magnesium hydroxides
      can also be used but are not preferred. In these mixtures the alkali metal
      hydroxide is not soluble to any appreciable extent and remains suspended
      therein as the mixture is stirred during the reaction time. Nevertheless,
      I have found that these hydroxide compounds in these solvent systems
      provide sufficient basicity to promote the reaction of the ketone or
      aldehyde and the chloroacetonitrile to form the desired glycidonitrile
      product while minimizing if not eliminating conceivable side reactions to
      produce yield lowering by-products.
PAR  The alkali metal or alkaline earth metal hydroxide is generally provided to
      the reaction mixture in an amount which is at least stoichiometrically
      equivalent to the quantity of the most expensive reactant which is usually
      the ketone or aldehyde reactant. From 1 to 3 molar equivalents of the base
      is generally sufficient for most reaction mixture combinations.
PAR  The dipolar, aprotic liquid components, that is the dimethylformamide,
      dimethylacetamide or dimethylsulfoxide or preferably the mixture thereof
      with the non-polar organic liquid solvent is used in an amount to at least
      partially dissolve the ketone or aldehyde and the chloroacetonitrile
      reactants, to uniformly suspend the base in the mixture and to evenly
      absorb or distribute any heat of reaction which may occur. Generally, on a
      0.1 mole scale reaction of the ketone or aldehyde with the
      chloroacetonitrile a 2 to 6 ml. volume of dimethylformamide,
      dimethylacetamide or dimethylsulfoxide or mixture thereof with the
      non-polar organic liquid is sufficient to effect substantially complete
      reaction to the glycidonitrile product. However, more concentrated or more
      dilute reaction mixtures can be used.
PAR  Chloroacetonitrile is the preferred reagent to use in this process for
      making glycidonitriles, because it is the most readily available and
      economical. However, other haloacetonitriles such as bromoacetonitrile and
      iodoacetanitrile could also be used, but in the use of those
      haloacetonitriles, the preferred temperature and solvent proportions would
      vary somewhat. The chloroacetonitrile is preferably added gradually to a
      mixture of the other components to maintain better control of the
      reaction, although the chloroacetonitrile could be added all at once. I
      have used chloroacetonitrile addition times ranging from 2 to 60 minutes
      to obtain substantially quantitative yields of glycidonitrile in these
      reaction mixtures. To insure complete reaction of the more expensive
      ketone or aldehyde, chloroacetaldehyde is preferably added until analysis
      samples of the reaction mixture, e.g., by gas liquid chromatography,
      indicate that no more ketone or aldehyde is present.
PAR  When the reaction is completed, the reaction mixture can be filtered or
      decanted to separate filterable solids such as alkali metal hydroxide and
      alkali metal halide, and then diluted with water and non-polar solvent, if
      necessary, to effect a separation of phases. The bulk of the
      glycidonitrile product remains in the organic phase. The water phase may
      be washed with non-polar organic liquid to recover traces of
      glycidonitrile product therefrom. The organic phase can be washed one or
      more times with water to remove traces of the dipolar, aprotic solvent and
      any other substances which are soluble therein. Thereafter, organic liquid
      phase containing the glycidonitrile product can be treated by conventional
      methods to decolorize, dry and recover the glycidonitrile product. Such
      procedures can include vacuum distillation, solvent extraction in the case
      of products which are liquids at ambient temperatures, and
      crystallization, re-dissolution and re-crystallization procedures when the
      glycidonitrile is a solid. However, when the glycidonitrile is to be used
      to prepare a carboxylic acid or derivative, the glycidonitrile may be
      maintained in the non-polar organic liquid medium until it is needed.
PAR  The invention is further exemplified by the following detailed examples,
      but these examples are not intended to limit the scope of the invention.
DETD
PAC  EXAMPLE 1
PAR  A 250 ml. 3-necked flask is fitted with a mechanical stirrer, thermometer,
      50 ml. addition funnel and nitrogen inlet. The flask is charged with 12.3
      g. of technical grade solid (flake or pellet) sodium hydroxide, 4 ml. of
      dimethylformamide and 17.60 g. of crude p-isobutyl acetophenone
      (p-isobutylphenyl methyl ketone). The mixture is stirred and held at
      17.degree. to 19.degree. C. while 7.60 g. of chloroacetonitrile in 18.0
      ml. of toluene is added over 50 minutes. The reaction is followed by gas
      liquid chromatography analysis (GLC). If necessary, an additional 0.7 g.
      increment of chloroacetonitrile in 1.5 ml. portions of toluene is added
      over 10 minutes to complete the reaction. After stirring for an additional
      1 hour to insure a complete reaction, 1 g. of a filter aid (Celite), 30
      ml. of Skellysolve B and 50 ml. of water are stirred into the mixture.
      After filtration of the filter aid containing black residue the organic
      and aqueous phases are separated, the aqueous phase containing the sodium
      hydroxide is extracted with 35 ml. of Skellysolve B. The original organic
      phase and the Skellysolve B wash phase are washed with 30 ml. of water in
      sequence, combined, dried over sodium sulfate, and then concentrated to
      24.71 g. of the 3-methyl-3-(p-isobutylphenyl)glycidonitrile as an oil of
      93 percent purity by GLC analysis. The approximate yield by vapor phase
      chromatography methods in one run was over 95 percent.
PAR  This 3-methyl-3-(p-isobutylphenyl)glycidonitrile is useful as an
      intermediate to prepare ibuprofen, [2-(p-isobutylphenyl)propionic acid] a
      known antiinflammatory drug. For example, this glycidonitrile can be
      converted via the procedures described in Argentina Pat. Nos. 198,097, or
      198,595 to make 2-(p-isobutylphenyl)propionic acid.
PAC  EXAMPLE 2
PAR  To a stirred reaction mixture containing 0.095 mole of
      p-isobutylacetophenone and 12.0 g. of flake sodium hydroxide in 12 ml. of
      N,N-dimethylformamide, there is added 0.10 mole of chloroacetonitrile over
      a 17 minute addition time at 14.degree.-17.degree. C. The mixture is
      allowed to stir for two hours to effect reaction. Then, an additional 0.02
      mole of chloroacetonitrile is added over 5 minutes and the mixture is
      stirred for an additional 0.75 hour. Thereafter, 50 ml. of toluene and 50
      ml. of water are added to the reaction mixture. Phases are separated. The
      aqueous phase is washed with 30 ml. of toluene. The toluene phase is
      washed with three 30 ml. portions of water to remove from the toluene
      phase as much of the dimethylformamide as is possible. The toluene phase
      containing the glycidonitrile is then concentrated to remove toluene and
      any residual water and to leave the
      3-methyl-3-(p-isobutylphenyl)glycidonitrile, 22.15 g. product as a neat
      liquid or in some portion of the toluene, say as a 25-30 percent
      glycidonitrile solution in toluene until it is ready for use.
PAR  Such solution form of the glycidonitrile can be used directly in processes
      for making ibuprofen, an anti-inflammatory carboxylic acid drug by the
      above referenced ionic Lewis acid process. The neat or substantially pure
      glycidonitrile is preferred when it is to be used to prepare the
      carboxylic acid via a halo-acylation procedure by reaction of the
      glycidonitrile with an acyl halide such as acetyl chloride to form the
      2-acyloxy-3-halopropionitrile intermediate which is then
      dehydrohalogenated to form the 2-acyloxyacrylonitrile (enol acylate)
      intermediate. The enol acylate is treated aqueous alkali metal hydroxide
      to form the carboxylic acid salt and the carboxylic acid salt is treated
      with a strong acid to form the useful free carboxylic acid.
PAC  EXAMPLE 3
PAR  To a stirred mixture containing 0.095 mole of p-isobutylacetophenone and
      0.293 molar equivalents of pelleted sodium hydroxide in 12 ml. of
      N,N-dimethylformamide there is added a mixture of 0.10 mole
      chloroacetonitrile and 18 ml. of toluene over a 17 minute period. The
      mixture is stirred and allowed to react for 2.1 hours. Then an additional
      0.015 mole of chloroacetonitrile and 3 ml. of toluene are added over 5
      minutes and the mixture is stirred for an additional 1 hour to insure
      complete reaction. To the reaction mixture there is added 50 ml. of
      toluene and 50 ml. of water. Phases are separated. The aqueous phase is
      washed with 40 ml. of toluene to extract any residual glycidonitrile
      therefrom. The toluene phases are washed with three 30 ml. portions of
      water to extract any dimethylformamide therein. The toluene phase is dried
      over sodium sulfate and concentrated to give
      3-methyl-3-(p-isobutylphenyl)glycidonitrile (21.89 g.). Vapor phase
      chromatographic analysis of the glycidonitrile product showed it to
      contain over 95 percent yield of glycidonitrile, compared to a control
      standard of the same purified compound.
PAC  EXAMPLE 4
PAR  A mixture of 0.095 mole of p-isobutylacetophenone, 12.3 g. of flake sodium
      hydroxide and 0.10 mole of chloroacetonitrile in 18 ml. of toluene and
      only 0.5 ml. of N,N-dimethylformamide (DMF) was stirred for 2.1 hours.
      Analysis of samples by gas liquid chromatography indicated that no
      detectable reaction had occurred. An additional 0.5 ml. of DMF was added
      and the mixture was stirred for an additional 1 hour before taking a
      sample for analysis. Only a trace of product had been formed. Then a third
      0.5 ml. portion of DMF was added and the mixture was stirred for an
      additional hour. Analysis showed the reaction was almost half complete.
      This procedure was repeated with a fourth 0.5 ml. portion of DMF. Analysis
      indicated reaction was still progessing but incomplete. When a fifth 0.5
      ml. portion of DMF was added and stirred for 2.5 hours analysis showed
      increased product. Then to insure complete reaction of the ketone an
      additional 0.0132 mole of chloroacetonitrile was added together with an
      additional 0.5 ml. of DMF and 1.5 ml. of toluene. The mixture was stirred
      for an additional 0.5 hours to complete the reaction. Iced water (50ml.)
      and Skellysolve B (30 ml.) were added. The phases were separated. The
      aqueous phase was washed with Skellysolve B. (40 ml.). The organic
      extracts were washed in sequence twice with 30 ml. portions of water,
      dried over sodium sulfate and concentrated to 22.11 g. Assay indicated
      greater than 95 percent purity of
      3-(p-isobutylphenyl)-3-methylglycidonitrile.
PAC  EXAMPLE 5
PAR  To a mixture of 0.095 ml. of p-isobutylacetophenone, 8.1 g. of technical
      grade, flake sodium hydroxide, in 4 ml. of DMF there was added 0.10 mole
      of chloroacetonitrile (diluted to 26.1 ml. with toluene) over 60 minutes.
      The mixture was stirred for 1.5 hours at about 15.degree. C. The mixture
      was treated with an additional 10 percent of chloroacetonitrile, added
      over a 5 minute period and stirred for a total of 3.85 hours at 15.degree.
      to 20.degree. C. The reaction mixture was then treated with 40 ml. of
      Skellysolve B and 50 ml. of water. After phases separated the aqueous
      phase was removed and washed with 40 ml. of Skellysolve B. The organic
      phases were washed with two 30 ml. portions of water to remove the DMF.
      The organic phase containing the
      3-methyl-3-(p-isobutylphenyl)glycidonitrile was treated with two portions
      of a filter aid to remove a minor amount of block residue from the
      solution. After drying and concentration the glycidonitrile product
      weighed 22.58 g. It was greater than 95 percent pure by gas liquid
      chromatography.
PAC  EXAMPLE 6
PAR  Following the procedure of Example 1 but substituting an equivalent amount
      of dimethylsulfoxide for the DMF there is obtained the
      3-methyl-3-(p-isobutylphenyl)glycidonitrile.
PAC  EXAMPLE 7
PAR  Following the procedure of Example 1 but substituting an equivalent amount
      of dimethylacetamide (DMAC) for the DMF therein, there is obtained the
      3-methyl-3-(p-isobutylphenyl)glycidonitrile.
PAC  EXAMPLE 8
PAR  Following the procedure of Example 1 but substituting an equivalent amount
      of hexa methyl-ortho-phosphoramide for the DMF therein, there is obtained
      the 3-methyl-3-(p-isobutylphenyl)glycidonitrile.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for preparing a glycidonitrile of the formula
      ##SPC2##
PAL  wherein R is aromatic and
PA1  R' is an aliphatic group,
PA1  which comprises reacting a ketone or aldehyde of the formula
      ##EQU2##
      where R and R' are as defined above with chloroacetonitrile in the
      presence of a solid form alkali metal or alkaline earth metal hydroxide in
      a solvent mixture containing at least about 3 percent by liquid volume of
      a dipolar aprotic, organic solvent under substantially anhydrous
      conditions.
NUM  2.
PAR  2. Process according to claim 1 wherein the dipolar, aprotic organic
      solvent is selected from the group consisting of dimethylformamide,
      dimethylacetamide, dimethylsulfoxide, and hexamethyl-ortho-phorphoramide.
NUM  3.
PAR  3. Process according to claim 1 wherein the reaction mixture contains a
      major proportion by volume of a nonpolar organic liquid solvent.
NUM  4.
PAR  4. Process according to claim 3 coherein the non-polar organic liquid is
      toluene.
NUM  5.
PAR  5. Process of claim 1 wherein the reaction mixture contains at least about
      6 percent by volume of the aprotic dipolar organic solvent.
NUM  6.
PAR  6. Process according to claim 1 wherein p-isobutylacetophenone is reacted
      with chloroacetonitrile under substantially anhydrous conditions in the
      presence of solid form alkali metal hydroxide in a reaction mixture
      containing at least about 3 percent by volume, based on the volume of the
      total reaction mixture, of a dipolar, aprotic liquid solvent, any
      remaining solvent being a nonpolar, organic liquid, at from about
      0.degree. C. to about 50.degree. C. to form
      3-methyl-3-(p-isobutylphenyl)glycidonitrile.
NUM  7.
PAR  7. Process according to claim 6 wherein the dipolar, aprotic liquid solvent
      is dimethylformamide.
NUM  8.
PAR  8. Process according to claim 6 wherein toluene is used as a non-polar,
      organic solvent, in the reaction mixture.
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ASSG
NAM  The United States of America as represented by the Secretary of
      Agriculture
CTY  Washington
STA  DC
COD  06
RLAP
COD  74
APN  348843
APD  19730406
PSC  04
RLAP
COD  84
APN  104781
APD  19710107
PSC  01
PNO  3824319
CLAS
OCL  260348A
EDF  2
ICL  C07D30346
FSC  260
FSS  348 A
OREF
PAL  schwarz et al., Science, Vol. 167, Jan. 9, 1970, pp. 191-192.
LREP
FR2  Silverstein; M. Howard
FR2  Hensley; Max D.
FR2  Scott; W. E.
ABST
PAL  A number of terpenoid compounds and their epoxides were synthesized and
      found to prevent insect maturation when applied to insects in an immature
      stage of growth.
GOVT
PAR  A non-exclusive, irrevocable, royalty-free license in the invention herein
      described, throughout the world for all purposes of the United States
      Government, with the power to grant sublicenses for such purposes, is
      hereby granted to the Government of the United States of America.
PARN
PAR  This is a division, of application Ser. No. 348,843, filed Apr. 6, 1973,
      which is a division of Ser. No. 104,781, filed Jan. 7, 1971, now U.S. Pat.
      No. 3,824,319, issued July 16, 1974.
BSUM
PAR  This invention relates to the control of arthropods, especially insects,
      and more particularly to compounds and to the preparation of compounds
      which exhibit juvenile hormone activity by stimulation of larval
      development and inhibition of metamorphosis.
PAR  In view of the concern throughout the world regarding the persistence of
      many insecticides and insecticide residues in our environment and the
      potential hazard that these materials represent to human populations and
      furthermore, in view of the fact that many species of insect pests have
      become resistant or immune to insecticides, the need for more selective
      agents to meet the problems is evident.
PAR  Many of the substances that exhibit juvenile hormone activity possess a
      terpenoid skeleton. These compounds such as farnesol methyl ether and the
      juvenile hormone isolated from Hyalphora cecropia (L), methyl
      10,11-oxido-3,11-dimethyl-7-ethyl trideca-2,6-dienoate, prevent the
      formation of sexually mature adults when applied at extremely low dosage
      levels either topically to the insect in the pupal stage or as a fumigant.
PAR  An object of this invention is to provide selective agents for control of
      insect pests.
PAR  Another object is to provide new chemical compounds that prevent insect
      maturation when applied to insects in an immature stage of growth.
PAR  In general, according to the present invention compounds of the general
      formula
      ##EQU1##
      R.sub.1 is a straight chain alkyl group of from 1 to 2 carbon atoms, a
      cycloalkyl group, a phenyl group, a substituted phenyl group, COOCH.sub.3,
      or CN; and R.sub.2 and R.sub.3 are straight chain alkyl groups of from 1
      to 2 carbon atoms, are synthesized and found to prevent insect maturation
      when applied to insects in an immature stage of growth.
PAR  In the following discussion regarding preparation of the compounds, the
      compound numbers referred to are the same as those in the table showing
      juvenile hormon activity.
PAR  Compound 1 is prepared by reacting a carboxylic acid of the formula
      ##SPC1##
PAL  with an excess of an organo-lithium compound in which the organic group can
      be alkyl, alkinyl, alkynl or aryl. Compound 3 is then prepared by
      epoxidation of compound 1 with a peracid. Alternatively 1 may be prepared
      from
      ##SPC2##
PAL  using the Wadsworth-Emmons reaction (J. Amer. Chem. Soc. 83, 1733 (1971) to
      produce
      ##SPC3##
PAL  The latter product may then be treated with either an organo-Mg-halogen
      (Grignard reagent) or an organo-lithium compound to yield the desired
      compound 1 (the organic group is same as above). Compounds 5 and 7 are
      prepared from the appropriate amines,
      ##SPC4##
PAL  respectively and the appropriate chloroformate ClCOOR.sub.1, (R.sub.1 as
      above), in the presence of a tertiary base such as triethylamine, which
      serves as a hydrogen chloride acceptor. The required amines are prepared
      by reduction of the oximes of the aldehydes.
      ##SPC5##
      using lithium aluminum hydride [Helv. Chim Acta. 37,881 (1954)].
PAR  Again the epoxides 6 and 8 are readily prepared from the olefinic
      precursors 5 and 7 using peracid in an inert solvent. Compound 10 is
      prepared by the condensation of
      ##SPC6##
PAL  with a malonic acid derivative in the presence of ammonium acetate (J.
      Amer. Chem. Soc. 63, 3452 (1941). Again, 11 is obtained by epoxidation of
      10 using a peracid.
PAR  The present invention provides a method for the control of insects, which
      comprises contacting the insects with one of the compounds in a sufficient
      amount to affect the normal development of said insects through their
      metamorphic stages. The materials may be applied to the site of insect
      infestations by the same methods that are used to broadcast conventional
      pesticides, that is, diluting them with inert solid carriers or dissolving
      them in inert organic solvent or oil, or emulsifying them in water.
PAR  The following examples illustrate the present invention.
DETD
PAC  EXAMPLE 1
PAR  Preparation of 3,7-tridecadien-2-one, 11,12-epoxy, 4,8,12-tri-methyl.
      (Compound 3). To an ice cold suspension of sodium hydride (2,4 g) in 200
      ml N,N-dimethylformamide was added dropwise with stirring while the
      reaction mixture is kept between 0.degree. and 10.degree.C, 17.0 g diethyl
      cyanomethylphosphonate. When the hydrogen evolution ceased, the
      temperature was kept below 15.degree.C and 19.0g geranyl acetone was added
      dropwise.
PAR  The mixture was allowed to stand overnight and then it was added to a large
      excesss of cold water and extracted with hexane. The hexane extract was
      washed with water, dried and evaporated. The residue was fractionally
      distilled and yielded 15 g of farnesonitrile (bp 94.degree.-97.degree./0.2
      mm) which was converted to Compound 1 as follows: To an ice cold solution
      of methyl magnesium iodide, prepared from magnesium (0.6 g) and methyl
      iodide (4.5 g) in 100 ml anhydrous ethyl ether, was added dropwise 5.4 g
      farnesonitrile. After the addition was complete the reaction mixture was
      refluxed for 2 hours, allowed to stand overnight, and then decomposed by
      dropwise addition of excess aqueous ammonium chloride. The ether layer was
      evaporated and the residue was distilled to yield 3.0 g of Compound 1 bp
      105.degree.-110.degree./.4 mm. Compound 1 (200 mg) was treated at
      0.degree.C with m-chloroperbenzoic acid (200 mg) in 10 ml methylene
      dichloride to yield compound 3 after extraction of the m-chlorobenzoic
      acid with dilute aqueous sodium carbonate and removal of the methylene
      dichloride. The resultant product is highly active against many insect
      species. Compound 3 can be further purified by distillation, gas-liquid or
      liquid-liquid chromatography. These processes however, do not enhance the
      activity to a measurable extent.
PAC  EXAMPLE 2
PAR  Preparation of 3,7-Tetradecadien-2-one, 11,12-epoxy-8-ethyl-4,12-dimethyl.
      (Compound 4). Methyl-3,11-dimethyl-7-ethyl-trideca-2,6,10-trienoate (Braun
      et al. J. Econ. Entomol. 61, 886  (1968) (2 g) was saponified with 1.5 g
      KOH in 50 ml 80 percent ethanol. The acid was isolated from the reaction
      mixture by acidification and extraction with ether. An ether solution of
      the acid (1 g) was treated with an excess of methyl lithium in hexane (5
      ml of a 1.6 molar solution). The ketone, Compound 2 (0.5 g), was obtained
      after the reaction mixture was decomposed with an aqueous solution of
      ammonium chloride, followed by evaporation of the ether and molecular
      distillation (100.degree. (bath)/0.5 mm). Epoxidation and workup, as
      described in example 1, yielded Compound 4 which had extremely high
      juvenile hormone activity.
PAC  EXAMPLE 3
PAR  Preparation of carbamic acid, 3,7-dimethyl-6,7-epoxy-ethyl ester. (Compound
      8). 3,7-Dimethyloct-6-enal (15.4 g) in 50 ml ethyl alcohol was added to a
      solution of hydroxylamine hydrochloride (7 g) and sodium carbonate (5 g)
      in 25 ml of water. The mixture was heated on the steambath for 15 minutes
      and then allowed to cool. Addition of an excess of water yielded
      3,7-dimethyl-oct-6-enal oxime as an oil. The oil was extracted with ether
      and the organic layer dried and evaporated. The residue was added dropwise
      to a solution of lithium aluminum hydride (3.8 g) in 380 ml anhydrous
      ethyl ether. After refluxing overnight an additional quantity of lithium
      aluminum hydride (0.78 g) was added to complete the reduction.
      Decomposition of the reaction mixture with excess aqueous sodium hydroxide
      (200 ml of 10 percent solution), separation of the ether layer, and
      distillation yielded 3,7-dimethyloct-6-enyl amine (10 g) bp 60.degree./0.5
      mm). To an ice cold solution of this amine (1.5 g) and triethylamine (1.1
      g) in ether (25 ml) was added dropwise a solution of ethyl chloroformate
      (1.1 g) in ether (10 ml). The reaction mixture was allowed to stand
      overnight at room temperature. The triethylamine hydrochloride was
      filtered off and the ether solution washed with water, dilute hydrochloric
      acid, and again with water. The ether solution was dried and evaporated
      and the residue distilled to yield 2 g carbamic acid
      (3,7-dimethyl-6-octenyl)-, ethyl ester (Compound 7), bp
      102.degree.-103.degree./0.1 mm. The ester was epoxidized as described in
      the previous examples to yield VII. The crude reaction product can be
      readily purified by chromatography using neutral activated alumina.
PAC  EXAMPLE 4
PAR  Synthesis of 2 6-dodecadienoic acid, 2-cyano-10,11-dimethyl-, methyl ester
      (Compound 11). Geranyl acetone (10 g), methyl cyano acetate (6 g),
      ammonium acetate (2 g) and acetic acid (1 ml) were refluxed in 200 ml
      benzene using a Dean-Stark water separator. After 2 hours of refluxing,
      one additional gram of ammonium acetate was added and the refluxing
      continued for 2 additional hours. The solution was cooled, washed with
      water and dried and then the solvent was removed. The residue was
      distilled to yield 2,6,10-dodecatrienoic acid 2-cyano-3,7,11-trimethyl-,
      methyl ester (11 g), bp 125.degree.-130.degree./.1 mm (Compound 10).
      Epoxidation of the above product as described previously yielded the
      compound 11.
PAC  EXAMPLE 5
PAR  Malononitrile (1,5,9-trimethyl-8,9-epoxydec-4-enylidene) (Compound 12). A
      solution of geranyl acetone (10 g), malononitrile (4 g), ammonium acetate
      (.5 g) and acetic acid (0.5 g) is refluxed, using a Dean-Stark trap for 1
      hour. The reaction mixture was allowed to cool, then it was washed with
      water and dried and the benzene removed. The residue was distilled to
      yield malononitrile-(1,5,9-trimethyl, decadi-4,8-enylidene) (9 g), bp
      120.degree.-125.degree./.3 mm. Epoxydation of the above as described
      previously yielded compound 12.
      ##SPC7##
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A Compound of the formula
      ##EQU2##
PATN
WKU  039338665
SRC  5
APN  400759&
APT  1
ART  127
APD  19730926
TTL  Process for the manufacture of amino-anthraquinones
ISD  19760120
NCL  5
ECL  1
EXA  Myers; Jane S.
EXP  Weinberger; Lorraine A.
INVT
NAM  Seha; Zdenek
CTY  Basel
CNT  CH
ASSG
NAM  Ciba-Geigy AG
CTY  Basel
CNT  CH
COD  03
PRIR
CNT  CH
APD  19721005
APN  14562/72
CLAS
OCL  260382
EDF  2
ICL  C07C 8764
FSC  260
FSS  382
FREF
PNO  2,211,411
ISD  19720900
CNT  DT
OCL  260382
OREF
PAL  Parker, Chemical Reviews, Vol. 61, No. 1 pp. 1-32 (1969).
LREP
FR2  Kolodny; Joseph G.
FR2  Almaula; Prabodh I.
FR2  Roberts; Edward McC.
ABST
PAL  A process for the manufacture of aminoanthraquinones from
      nitroanthraquinone, wherein the nitroanthraquinones are treated with
      ammonia in dipolar aprotic solvents that are inert towards ammonia and
      nitroanthraquinones.
BSUM
PAR  The present invention provides a process for the manufacture of
      aminoanthraquinones from nitroanthraquinones, wherein the
      nitroanthraquinones are treated with ammonia in dipolar apotric solvents
      that are inert towards ammonia.
PAR  The reaction takes place according to the general reaction equation
EQU  R - NO.sub.2 + 2NH.sub.3 .fwdarw. R - NH.sub.2 + N.sub.2 + 2H.sub.2 O .
PAR  The reaction can be carried out with monoanthraquinones and/or
      dinitroanthraquinones. The anthraquinone nuclei can optionally contain
      further substituents, e.g. halogen (fluorine, chlorine, or bromine) or
      lower alkyl groups, i.e., with 1 to 4 carbon atoms.
PAR  The ammonolysis takes place already at normal pressure and room
      temperature. The process can be carried out in various solvents that are
      inert towards ammonia and nitroanthraquinones, at normal or elevated
      pressure in the temperature range between 20.degree.C and 250.degree.C.
      Suitable apparatus is the rotary evaporator or, for batches on an
      industrial scale, the paddle drier. Advantageously the process is carried
      out in dipolar aprotic solvents with a delectric constant of at least 30.
      Suitable solvents contain e.g. a group of the formula
EQU  -- SO.sub.2 -- or -- SO --
PAL  As examples there may be cited: dimethyl sulphoxide and, above all,
      open-chain or cyclic, low molecular sulphones of the formula
EQU  R.sub.1 -- SO.sub.2 -- R.sub.2 or X SO.sub.2 ,
PAL  wherein R.sub.1 and R.sub.2 each represents a straight or branched alkyl
      group with 1 to 4 carbon atoms or a phenyl group that is optionally
      substituted with low molecular alkyl, halogen, or nitro, and X represents
      a straight or branched hydrocarbon chain with 4 to 10 carbon atoms which
      is optionally substituted with halogen or acetoxy.
PAR  Examples of such sulphones are:
PAC  Dialkyl Sulphones
PAL  Dimethyl sulphone, methylethyl sulphone, diethyl sulphone, methyl-n-propyl
      sulphone, methylisopropyl sulphone, methyl-n-butyl sulphone, ethylisobutyl
      sulphone, methyl-(1-methylbutyl) sulphone, diisopropyl sulphone etc.
PAC  Alkylene Sulphones
PAL  Tetramethyl sulphone, 3-methyl-tetramethylene sulphone, pentamethylene
      sulphone, hexamethylene sulphone, etc.
PAC  Alkylsulphonyl Compounds
PAL  Bis-(alkylsulphonyl)alkanes, such as bis-(methylsulphonyl)methane,
      bis-(ethylsulphonyl)methane, bis-(ethylsulphonyl)dimethylmethane, etc.
PAR  Also suitable are mixtures of the above cited solvents. Preferably there
      tetramethylene sulphone or dimethyl sulphone is used.
PAR  The reaction mixture formed by nitrating anthraquinone with nitric acid in
      the presence of such sulphones, and from which the excess nitric acid has
      been distilled off, can be used direct for the ammonolysis. The
      anthraquinone present in such mixtures is retained unchanged and can be
      isolated from the aminoanthraquinones by, for example, treating the
      reaction product with aqueous acid. The solvent can be recovered in
      virtual entirety after the ammonolysis by simple distillation. The process
      consequently provides a process in which virtually no waste products,
      particularly no effluent, are formed. Compared with the conventional
      process hitherto used for converting 1-nitroanthraquinone to
      1-aminoanthraquinone, i.e. the reduction in aqueous solution with e.g.
      sodium sulphide, the new process has the advantage of a simpler and
      effluent-free mode of operation. A further advantage is the selectivity of
      the ammonolysis in the solvents used. Thus, for example, where
      2-nitroanthraquinone is present in the 1-nitroanthraquinone, the
      undesirable 2-aminoanthraquinone in the product was only 10 percent
      through ammonolysis obtained. The aminoanthraquinones obtained according
      to the invention are valuable intermediates for the manufacture of
      dyestuffs.
PAR  The following Examples illustrate the invention, the parts and percentages
      being by weight.
DETD
PAC  EXAMPLE 1
PAR  51 parts of 1-nitroanthraquinone in 250 parts of tetramethylene sulphone
      are heated in a flask (advantageously connected to a rotary evaporator) to
      135.degree.-140.degree.C and then gaseous ammonia is passed into the
      solution. The water of reaction formed in the process is continuously
      distilled off and removed. The nitrogen that has formed is expelled by
      passing in fresh ammonia. Upon completion of the reaction the
      tetramethylene sulphone is completely distilled off in vacuo. The residue
      contains 1-aminoanthraquinone in almost quantitative yield.
PAC  EXAMPLE 2
PAR  A mixture of 65.4 parts of anthraquinone, 176 parts of
      1-nitroanthraquinone, 12 parts of 2-nitroanthraquinone, and 1.5 parts of
      dinitroanthraquinone in 1,000 parts of tetramethylene sulphone is heated
      in a flask (advantageously connected to a rotary evaporator) to
      135.degree.-140.degree.C and then gaseous ammonia is passed into the
      solution. The water of reaction that forms in the process is continuously
      distilled off and is removed. The resulting nitrogen is expelled by
      passing in fresh ammonia. Upon completion of the reaction (about 8 to 10
      hours) the tetramethylene sulphone is distilled off completely in vacuo.
PAR  The residue contains about 90 percent of unreacted 2-nitroanthraquinone,
      anthraquinone, and amounts of amino- and diaminoanthraquinones
      corresponding to the nitroanthraquinones. The yield is virtually
      quantitative.
PAR  The mixture used as starting material is advantageously obtained by heating
      208 parts of anthraquinone in a mixture of 945 parts of 100 percent nitric
      acid and 240 parts of tetramethylene sulphone within a few minutes to
      about 70.degree.C. After 3 to 5 minutes 760 parts of tetramethylene
      sulphone are added to the mixture and subsequently the nitric acid is
      distilled off completely.
PAC  EXAMPLE 3
PAR  In an autoclave, 10 parts of ammonia are added to 51 parts of
      1-nitroanthraquinone in a mixture of 250 parts of tetramethylene sulphone
      and 6 parts of water and the batch is heated to 140.degree.C. Excess
      ammonia is drawn off after 2 hours and the tetramethylene sulphone is
      completely distilled off in vacuo. The residue contains
      1-aminoanthraquinone in virtually quantitative yield.
PAC  EXAMPLE 4
PAR  In a flask (advantageously connected to a rotary evaporator) 28.8 parts of
      1-nitro-5-chloroanthraquinone in 140 parts of tetramethylene sulphone are
      heated to 150.degree.C and gaseous ammonia is then passed into the
      solution. Upon completion of the reaction (about 10 hours) the
      tetramethylene sulphone is completely distilled off. The residue contains
      1-amino-5-chloro-anthraquinone and traces of 1,5-diaminoanthraquinone. The
      yield is virtually quantitative.
PAC  EXAMPLE 5
PAR  In a flask (advantageously connected to a rotary evaporator) 28.8 parts of
      1 nitro-8-chloroanthraquinone in 140 parts of sulpholane are heated to
      140.degree.C and then gaseous ammonia is passed in. Upon completion of the
      reaction (about 12 hours) the sulpholane is completely distilled off in
      vacuo. The residue contains 1,8-aminochloroanthraquinone and traces of
      1,8-diaminoanthraquinone. The yield is virtually quantitative.
PAC  EXAMPLE 6
PAR  In a flask (advantageously connected to a rotary evaporator) 26.7 parts of
      1-nitro-2-methylanthraquinone in 200 parts of tetramethylene sulphone are
      heated to 170.degree.C and then gaseous ammonia is passed into the
      solution. Upon completion of the reaction (about 16 hours) the
      tetramethylene sulphone is completely distilled off in vacuo. The residue
      contains 1-amino-2-methylanthraquinone in virtually quantitative yield.
PAC  EXAMPLE 7
PAR  A mixture of 65.4 parts of anthraquinone, 176 parts of
      1-nitro-anthraquinone, 12 parts of 2-nitroanthraquinone, and 1.5 parts of
      dinitroanthraquinone in 1000 parts of dimethyl sulphone is heated to
      140.degree.-145.degree.C in a flask (advantageously connected to a rotary
      evaporator) and then gaseous ammonia is passed into the solution. The
      nitrogen that has formed is expelled by passing in fresh ammonia. Upon
      completion of the reaction (about 16 hours) the dimethyl sulphone is
      distilled off in vacuo.
PAR  The residue contains anthraquinone, about 90 percent of
      2-nitroanthraquinone, and amounts of 1-amino- and diaminoanthraquinones
      corresponding to the remainder of the nitroanthraquinones.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the manufacture of 1-aminoanthraquinone which may be
      substituted with halogen or lower alkyl from corresponding
      nitroanthraquinone, wherein the nitroanthraquinone is reacted with ammonia
      in dipolar aprotic solvents that are inert towards ammonia and
      nitroanthraquinones and having a dielectric constant of at least 30 and of
      the formula
EQU  R.sub.1 - SO.sub.2 - R.sub.2 or X SO.sub.2 ,
PAL  wherein R.sub.1 and R.sub.2 each are straight or branched alkyl with 1 to 4
      carbon atoms or phenyl or phenyl substituted with lower alkyl, halogen or
      nitro, X is a straight or branched hydrocarbon chain with 4 to 10 carbon
      atoms which may be substituted with halogen or acetoxy, in a temperature
      range between 20.degree.C and 250.degree.C.
NUM  2.
PAR  2. A process according to claim 1, wherein the dipolar aprotic solvent is
      selected from the group consisting of dimethyl sulphone, methylethyl
      sulphone, diethyl sulphone, methyl-n-propyl sulphone, methylisopropyl
      sulphone, methyl-n-butyl sulphone, ethylisobutyl sulphone,
      methyl-(1-methylbutyl)-sulphone, diisopropyl sulphone, tetramethyl
      sulphone, 3-methyltetramethylene sulphone, pentamethylene sulphone or
      hexamethylene sulphone.
NUM  3.
PAR  3. A process according to claim 1, wherein a mixture of anthraquinone and
      nitroanthraquinones obtained by nitration of anthraquinone with nitric
      acid and dissolved in a solvent of the formula
EQU  R.sub.1 - SO.sub.2 -R.sub.2 or X SO.sub.2
PAL  in which R.sub.1 and R.sub.2 each represents a straight or branched alkyl
      group with 1 to 4 carbon atoms and X represents an optionally substituted,
      straight or branched hydrocarbon chain with 4 to 10 carbon atoms, is
      reacted with ammonia.
NUM  4.
PAR  4. A process according to claim 1, wherein tetramethylene sulphone is used
      as solvent.
NUM  5.
PAR  5. A process according to claim 1, wherein gaseous ammonia is used.
PATN
WKU  039338673
SRC  5
APN  4539710
APT  1
ART  127
APD  19740322
TTL  Process for the preparation of 1-aminoanthraquinone
ISD  19760120
NCL  6
ECL  1
EXP  Raymond; Richard L.
INVT
NAM  Thiem; Karl-Werner
CTY  Cologne
CNT  DT
INVT
NAM  Auge; Wolfgang
CTY  Odenthal
CNT  DT
INVT
NAM  Neeff; Rutger
CTY  Leverkusen
CNT  DT
ASSG
NAM  Bayer Aktiengesellschaft
CTY  Leverkusen Bayerwerk
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730322
APN  2314218
CLAS
OCL  260382
EDF  2
ICL  C07C 9724
FSC  260
FSS  382;378;580;583 M;689
FREF
PNO  2,211,411
ISD  19720900
CNT  DT
OCL  260382
LREP
FRM  Plumley & Tyner
ABST
PAL  Process for the preparation of 1-aminoanthraquinone by reaction of
      1-nitroanthraquinone with ammonia in organic solvents, characterised in
      that the reaction is carried out in ethers, aliphatic or cycloaliphatic
      hydrocarbons or optionally alkyl-substituted aromatic hydrocarbons.
BSUM
PAR  German Offenlegungsschrift (German Published Specification) 2,211,411
      describes a process for the preparation of aminoanthraquinones according
      to which aminoanthraquinones are obtained from nitroanthraquinones by
      reaction with ammonia, ammonium salts or amides in the presence of an
      amide which is liquid under the reaction conditions. The reaction is
      carried out at an elevated temperature, preferably between 100.degree. and
      180.degree.C, and optionally under pressure. The amides used are low
      molecular organic amides, for example formamide, urea or
      N-methylpyrrolidone.
PAR  The reaction mixture is worked up according to methods which are in
      themselves known, for example by distilling off the amide or by
      precipitating the aminoanthraquinone with water, or by extraction.
PAR  However, if the process is carried out under the conditions stated in this
      Offenlegungsschrift (Published Specification), it is found that the
      1-aminoanthraquinone formed is not stable under the reaction conditions
      used and that several undesired by-products are formed.
PAR  The 1-aminoanthraquinone thus obtained is, however, not pure enough for
      further conversion to dyestuffs (Example 8).
PAR  It has now been found that purer 1-aminoanthraquinone is obtained if
      1-nitroanthraquinone, in ethers, aliphatic and cycloaliphatic
      hydrocarbons, optionally alkyl-substituted aromatic hydrocarbons or
      mixtures of these solvents, is reacted with ammonia, preferably under
      pressure and at elevated temperature.
PAR  The 1-aminoanthraquinone thus prepared can be further converted to
      dyestuffs without additional purification, for example purification by
      distillation.
PAR  Suitable ethers are, in particular, aliphatic, cycloaliphatic and aromatic
      ethers, such as dibenzyl ether, di-sec.-butyl ether, diisopentyl ether,
      ethylene glycol dimethyl ether, diethylene glycol dimethyl ether,
      diethylene glycol diethyl ether, methoxycyclohexane, ethoxycyclohexane,
      dicyclohexyl ether, anisole, phenetole, diphenyl ether,
      2-methoxynaphthalene, tetrahydrofurane, dioxane, amyl phenyl ether, benzyl
      isoamyl ether, dibenzyl ether, diglycol di-n-butyl ether, glycol methylene
      ether and methyl benzyl ether.
PAR  Examples of suitable aliphatic and cycloaliphatic hydrocarbons are
      n-pentane, n-hexane, n-heptane, cyclohexane, methylcyclohexane,
      cyclododecane, decalin, cycloheptane, cyclopentane, n-decane,
      1,2-dimethylcyclohexane, 1,3-dimethylcyclohexane, 1,4-dimethylcyclohexane,
      2,2-dimethylpentane, 2,3-dimethylpentane, 2,4-dimethylpentane,
      3,3-dimethylpentane, isopropylhexane, methylcyclohexane, 2-methylheptane,
      3-methylheptane, 4-methylheptane, 2-methylhexane, 3-methylhexane,
      2-methyloctane, 3-methyloctane, 4-methyloctane, 2-methylpentane,
      3-methylpentane, n-octane, pentaisobutane, triethylmethane,
      2,2,3-trimethylpentane, 2,2,4-trimethylpentane and 2,3,3-trimethylpentane.
PAR  Examples of suitable aromatic hydrocarbons are benzene, toluene, o-, m- and
      p-xylene, isopropylbenzene, trimethylbenzene, diethylbenzene,
      tetramethylbenzene, di-isopropylbenzene, isododecylbenzene, tetralin,
      naphthalene, methylnaphthalene, diphenyl, diphenylmethane, o-, m- and
      p-cymene, dibenzyl, dihydronephthalene, 2,2'-dimethyl-diphenyl,
      2,3'-dimethyldiphenyl, 2,4'-dimethyl-diphenyl, 3,3'-dimethyl-diphenyl,
      1,2-dimethylnaphthalene, 1,4-dimethylnaphthalene, 1,6-dimethylnaphthalene,
      1,7-dimethylnaphthalene, 1,1-diphenylethane, hexamethylbenzene,
      isoamylbenzene, pentamethylbenzene, 1,2,3,4-tetramethylbenzene,
      1,2,3,5-tetramethylbenzene, 1,2,7-trimethylnaphthalene and
      1,2,5-trimethylnaphthalene.
PAR  In detail, the process according to the invention is carried out, for
      example, as follows: at temperatures of 100.degree.-220.degree.C,
      preferably 140.degree.-200.degree. , and at molar ratios (by molar ratio
      there is to be understood, here and in the following text, the molar ratio
      of ammonia to 1-nitroanthraquinone) of at least 2:1, preferably 10:1 to
      40:1 and in particular 15:1 to 35:1. The reaction is in general carried
      out under pressure, expecially &gt;20 atmospheres and preferably &gt;50
      atmospheres.
PAR  The reaction time depends on the temperature, the pressure and the molar
      ratio and in particular the reaction velocity increases with increasing
      temperature, increasing molar ratio and increasing pressure. For example,
      if a molar ratio of 10:1 is used at 200.degree.C (150.degree. or
      130.degree.C) and at approx. 100 atmospheres, the reaction is complete
      after 0.5 (3 or 5) hours, whilst, for example, at a molar ratio of 50:1
      and a temperature of 100.degree.C (30:1 at 130.degree.C or 20:1 at
      150.degree.C) and at &gt;100 atmospheres a reaction time of less than 5 hours
      (less than 4 or less than 0.5 hours, respectively) is to be expected.
PAR  The process can be carried out continuously or discontinuously.
PAR  The reaction mixture can be worked up according to customary methods, for
      example by filtering off the product which crystallises out from the
      organic solvent after cooling to room temperature. The mother liquor which
      arises at the same time can be recycled to the process.
PAR  The working up of the reaction mixture can, however, also be effected by
      distilling off the solvent or by precipitating the 1-aminoanthraquinone
      with the aid of a diluent which lowers the solubility of the
      1-aminoanthraquinone in the reaction solution (for example petroleum
      ether). If necessary, the reaction product can be purified further by
      treatment with acids, for example sulphuric acid.
PAR  Accordingly, the subject of the present invention is a process for the
      preparation of pure 1-aminoanthraquinone which is characterised in that
      1-nitroanthraquinone, in ethers, aliphatic and cycloaliphatic
      hydrocarbons, optionally alkyl-substituted aromatic hydrocarbons or
      mixtures of these compounds, is reacted with ammonia, preferably under
      pressure, especially at pressures of &gt;20 and preferably &gt;50 atmospheres,
      and at molar ratios of ammonia to 1-nitroanthraquinone of at least 2:1,
      especially of 10:1 and preferably of 15:1 to 35:1, at elevated
      temperature, preferably at 100.degree. - 220.degree.C and especially at
      140.degree. - 200.degree.C. The process according to the invention is also
      suitable for the preparation of pure 1-aminoanthraquinone from mixtures of
      1-nitroanthraquinone and 2-nitroanthraquinone, such as are obtained, for
      example, from the nitration of anthraquinone, after separating off the
      dinitroanthraquinones. This is because the process according to the
      invention results very preferentially in reaction of the nitro group in
      the 1-position; if the reaction is stopped after complete conversion of
      the 1-nitroanthraquinone, a mixture of 1-aminoanthraquinone and
      2-nitroanthraquinone is obtained, which can be separated easily.
PAR  One possibility is, for example, to dissolve the mixture in acids such as,
      for example, sulphuric acid, then to precipitate the 2-nitroanthraquinone
      first by dilution of the acid with water (for example 50-70% strength
      sulphuric acid) and separate it off, and subsequently to precipitate the
      1-aminoanthraquinone from the filtrate by further dilution, and isolate
      it.
PAR  A further possibility is, for example, to convert the 1-aminoanthraquinone
      into .alpha.-thionyl-aminoanthraquinone (U.S. Pat. No. 2,479,943), which
      is readily soluble in organic solvents, such as, for example, benzene or
      toluene, in which case the sparingly soluble 2-nitroanthraquinone can be
      separated off.
PAR  Hence, a further subject of the present invention is a process for the
      preparation of 1-aminoanthraquinone which is essentially free of
      2-nitroanthraquinone, from mixtures which contain 1-nitroanthraquinone and
      2-nitroanthraquinone, characterised in that the mixture, in ethers,
      aliphatic or cycloaliphatic hydrocarbons, optionally alkyl-substituted
      aromatic hydrocarbons or mixtures of these compounds, is reacted with
      ammonia, preferably under pressure, especially at not less than 20 and
      preferably at not less than 50 atmospheres, and that a molar ratio of
      ammonia to 1-nitroanthraquinone of at least 2:1, especially 10:1 to 40:1
      and preferably 15:1 to 35:1, at an elevated temperature, preferably at
      100.degree. - 220.degree.C and especially at 140.degree. - 200.degree.C,
      until the 1-nitroanthraquinone has been completely converted, and that the
      reaction product is subsequently separated into 1-aminoanthraquinone and
      2-nitroanthraquinone.
DETD
PAR  As compared to the process known from German Offenlegungsschrift (German
      Published Specification) 2,211,411, the process according to the invention
      has the advantage that the organic solvents claimed do not participate in
      the reaction and that practically no undesired by-products are formed. The
      1-aminoanthraquinone thus obtained can accordingly be further converted to
      dyestuffs without having to carry out additional purification operations.
PAC  EXAMPLE 1
PAR  A mixture of 257 g of 1-nitroanthraquinone (98.5% pure) and 1 liter of
      toluene is reacted with 340 g of ammonia in an autoclave (.about.100
      atmospheres) for 1/4 hour at 170.degree.C (molar ratio 20:1).
PAR  After cooling to room temperature, the reaction mixture is filtered and the
      residue is washed with a little toluene and dried in vacuo. Yield: 224 g
      of a 97% pure 1-aminoanthraquinone (97% of theory).
PAR  Similar yields and purities result if instead of toluene, benzene,
      1,3,5-trimethylbenzene, isopropylbenzene, isododecylbenzene,
      diphenylmethane, n-hexane, n-heptane, decalin, tetralin,
      methylcyclohexane, cyclododecane, n-dipropyl ether, dibutyl ether,
      diethylene glycol dimethyl ether, diethylene glycol diethyl ether,
      methoxycyclohexane, dicyclohexyl ether, anisole, phenetole, diphenyl
      ether, tetrahydrofurane, dioxane or mixtures of these solvents are used.
PAC  EXAMPLE 2
PAR  A mixture of 255 g of 1-nitroanthraquinone (99% pure) and 1 liter of
      cyclohexane is reacted with 51 g of ammonia (molar ratio 3:1) at
      180.degree.C in an autoclave (40 atmospheres), using a reaction time of 8
      hours. After cooling, and separating off the ammonia, the reaction mixture
      is extracted by shaking at room temperature with 50 ml of 30% strength
      sulphuric acid, 100 ml of water are then added and after separation of the
      phases the mixture is filtered. The residue is washed with a little
      methanol to remove adhering cyclohexane and is subsequently washed with
      water until neutral, and dried. Yield: 209 g of 96% pure
      1-aminoanthraquinone (90% of theory).
PAC  EXAMPLE 3
PAR  A mixture of 255 g of 1-nitroanthraquinone (99% pure) and 1 liter of
      ethylene glycol dimethyl ether is reacted with 510 g of ammonia at
      .about.40 atmospheres (molar ratio 30:1) at 130.degree.C in an autoclave,
      using a reaction time of 4 hours. After cooling, the reaction mixture is
      introduced into 5 liters of water and the precipitate formed is filtered
      off, washed with water and dried. Yield: 217 g of 97.4% pure
      1-aminoanthraquinone (95% of theory).
PAC  EXAMPLE 4
PAR  After reacting 264 g of 1-nitroanthraquinone (96% pure) with 340 g of
      ammonia (molar ratio 20:1) in 1 liter of n-pentane at 150.degree.C in an
      autoclave (.about.100 atmospheres) for 0.5 hour, the resulting reaction
      mixture is freed from the solvent by distillation. Residue, 220 g of 94.5%
      pure 1-aminoanthraquinone (93% of theory).
PAC  EXAMPLE 5
PAR  275 g of 1-nitroanthraquinone (92% pure), containing 7 parts by weight of
      2-nitroanthraquinone, in 1.8 liters of toluene, are heated with 255 g of
      ammonia (molar ratio 15:1) to 180.degree. in an autoclave (.about.130
      atmospheres) for 0.5 hour. The ammonia is removed and the reaction mixture
      which has cooled is treated with 190 g of thionly chloride according to
      U.S. Pat. No. 2,479,943, heated for 2 hours under reflux, 10 g of active
      charcoal are then added and the mixture is filtered hot. 180 ml of
      methanol are added to the filtrate, the mixture is heated to the boil for
      1 hour, the precipitate formed is filtered off at room temperature, the
      filter cake is suspended in water and the toluene is driven off in steam.
      The hot suspension is filtered, washed until free of acid and dried.
      Yield: 209 g of a 97% pure 1-aminoanthraquinone (91% of theory).
PAC  EXAMPLE 6
PAR  After reacting 275 g of 1-nitroanthraquinone (92% pure; 7% by weight of
      2-nitroanthraquinone), in 1 liter of toluene, with 85 g of ammonia (molar
      ratio 5:1) for 7 hours at 220.degree. in an autoclave (130 atmospheres),
      the resulting reaction mixture is filtered at room temperature and the
      residue is dried in vacuo and dissolved in 1 liter of concentrated
      sulphuric acid. The solution is diluted in the cold to 60% acid content by
      adding water. After filtering off the precipitate which has separated out,
      the filtrate is poured out onto ice. The precipitate obtained is filtered
      off, washed until neutral and dried. Yield, 209 g of a 96% pure
      1-aminoanthraquinone (90% of theory).
PAC  EXAMPLE 7
PAR  A suspension of 264 g/hour of 1-nitroanthraquinone (96% pure) in 2 liters
      of xylene/hour is continuously reacted in a 3-stage stirred autoclave with
      255 g/hour of ammonia (molar ratio 15:1) at 180.degree.C and 100
      atmospheres, using a dwell time of 30 minutes. The cooled reaction mixture
      is continuously filtered at room temperature and the mother liquor is
      recycled to the process whilst the residue is freed from xylene by means
      of steam and is then dried. Yield per hour: 220 g of a 94.1% pure
      1-aminoanthraquinone (93% of theory).
PAC  EXAMPLE 8
PAR  German Offenlegungsschrift (German Published Specification) 2,211,411,
      Example 1.
PAR  26.3 g of 1-nitroanthraquinone (96% pure) are suspended in 110 g of
      formamide. Ammonia gas is passed in at 155.degree.. After 4 hours, the
      solvent is distilled off and the residue is washed with water. After
      drying in vacuo, 22.5 g of 70% pure 1-aminoanthraquinone (71% of theory)
      are obtained.
PAR  The 96% pure 1-nitroanthraquinone used was prepared according to German
      Offenlegungsschrift (German Published Specification) 2,039,822.
CLMS
STM  We claim:
NUM  1.
PAR  1. Process for the preparation of 1-aminoanthraquinone comprising reacting
      at 100.degree.-220.degree.C and superatmospheric pressure
      1-nitroanthraquinone with ammonia in a molar ratio of ammonia:
      1-nitroanthraquinone of at least 2:1 in at least one organic solvent
      selected from the group consisting of aliphatic ether, cycloaliphatic
      ether, aromatic ether, aliphatic hydrocarbon, cycloaliphatic hydrocarbon,
      aromatic hydrocarbon and alkyl-substituted aromatic hydrocarbon.
NUM  2.
PAR  2. Process of claim 1 wherein the reaction solvent is an alkylbenzene.
NUM  3.
PAR  3. Process of claim 1 wherein the reaction is carried out under a pressure
      greater than 20 atmospheres, and at a molar ratio of ammonia:
      1-nitroanthraquinone 10:1 to 40:1.
NUM  4.
PAR  4. Process of claim 1 wherein the temperature is 140.degree. to
      200.degree.C.
NUM  5.
PAR  5. Process of claim 1 for the preparation of 1-aminoanthraquinone, which is
      practically free of 2-aminoanthraquinone, from mixtures of
      1-nitroanthraquinone and 2-nitroanthraquinone, wherein the mixture in at
      least one of said organic solvents is reacted with ammonia until the
      1-nitroanthraquinone has reacted completely and 1-aminoanthraquinone is
      then separated from the reaction mixture.
NUM  6.
PAR  6. Process of claim 3 wherein the pressure is greater than 50 atmospheres
      and the molar ratio is 15:1 to 35:1.
PATN
WKU  039338681
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APT  1
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APD  19740322
TTL  Process for the preparation of 1,5- and 1,8-diamino-anthraquinone
ISD  19760120
NCL  4
ECL  1
EXP  Raymond; Richard L.
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CNT  DT
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NAM  Auge; Wolfgang
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NAM  Neeff; Rutger
CTY  Leverkusen
CNT  DT
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NAM  Scheiter; Heinz
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NAM  Bayer Aktiengesellschaft
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COD  03
PRIR
CNT  DT
APD  19730614
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OCL  260382
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ICL  C07C 9724
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FSS  382;378;580;583 N;689
FREF
PNO  2,211,411
ISD  19720900
CNT  DT
OCL  260382
LREP
FRM  Plumley & Tyner
ABST
PAL  Process for the preparation of 1,5- and/or 1,8-diaminoanthraquinone by
      reaction of 1,5- and/or 1,8-dinitroanthraquinone with ammonia in organic
      solvents, characterised in that the reaction is carried out in ethers,
      aliphatic or cycloaliphatic hydrocarbons or optionally alkyl-substituted
      aromatic hydrocarbons or in mixtures of these compounds.
BSUM
PAR  The subject of the main patent (German Patent Application P23 14 218.9) is
      a process for the preparation of 1-aminoanthraquinone by reaction of
      1-nitroanthraquinone with ammonia in ethers, aliphatic or cycloaliphatic
      hydrocarbons or optionally alkyl-substituted aromatic hydrocarbons.
PAR  It has now been found that the process of the main patent is also
      applicable to the reaction with dinitroanthraquinones.
PAR  German Offenlegungsschrift (German Published Specification) 2,211,411,
      describes a process for the preparation of aminoanthraquinones according
      to which aminoanthraquinones are obtained from nitroanthraquinones by
      reaction with ammonia, ammonium salts or amides in the presence of an
      amide which is liquid under the reaction conditions. The reaction is
      carried out at elevated temperature, preferably at between 100.degree. and
      180.degree.C, and optionally under pressure. The amides used are low
      molecular organic amides, for example formamide, urea or
      N-methylpyrrolidone.
PAR  The reaction mixture is worked up according to methods which are in
      themselves known, for example by distilling off the amide or by
      precipitating the aminoanthraquinone with water, or by extraction.
PAR  The said Offenlegungsschrift (Published Specification) mentions that the
      process is also suitable for the preparation of
      .alpha.,.alpha.-diaminoanthraquinones from
      .alpha.,.alpha.-dinitroanthraquinones. If this process is followed, the
      .alpha.,.alpha.-diaminoanthraquinones are produced in low yields only.
PAR  The .alpha.,.alpha.-diaminoanthraquinone thus obtained is insufficiently
      pure for further conversion to dyestuffs.
PAR  It has now been found that purer .alpha.,.alpha.-diaminoanthraquinones are
      obtained, in higher yields, if .alpha.,.alpha.-dinitroanthraquinones, in
      ethers, aliphatic and cycloaliphatic hydrocarbons, optionally
      alkyl-substituted aromatic hydrocarbons or mixtures of these solvents, are
      reacted with ammonia, preferably under pressure and at elevated
      temperature.
PAR  Examples of suitable .alpha.,.alpha.-dinitroanthraquinones are 1,5- and
      1,8-dinitroanthraquinone.
PAR  Suitable ethers are, in particular, aliphatic, cycloaliphatic and aromatic
      ethers, such as dibenzyl ether, di-sec.-butyl ether, diisopentyl ether,
      ethylene glycol dimethyl ether, diethylene glycol dimethyl ether,
      diethylene glycol diethyl ether, methoxycyclohexane, ethoxycyclohexane,
      dicyclohexyl ether, anisole, phenetole, diphenyl ether,
      2-methoxynaphthalene, tetrahydrofurane, dioxane, amyl phenyl ether, benzyl
      isoamyl ether, dibenzyl ether, diglycol di-n-butyl-ether, glycol methylene
      ether and methyl benzyl ether.
PAR  Examples of suitable aliphatic and cycloaliphatic hydrocarbons are
      n-pentane, n-hexane, n-heptane, cyclohexane, methylcyclohexane,
      cyclododecane, decalin, cycloheptane, cyclopentane, n-decane,
      1,2-dimethylcyclohexane, 1,3-dimethylcyclohexane, 1,4-dimethylcyclohexane,
      2,2-dimethylpentane, 2,3-dimethylpentane, 2,4-dimethylpentane,
      3,3-dimethylpentane, isopropylhexane, methylcyclohexane, 2-methylheptane,
      3-methylheptane, 4-methylheptane, 2-methylhexane, 3-methylhexane,
      2-methyloctane, 3-methyloctane, 4-methyloctane, 2-methylpentane,
      3-methylpentane, n-octane, pentaisobutane, triethylamine,
      2,2,3-trimethylpentane, 2,2,4-trimethylpentane and 2,3,3-trimethylpentane.
PAR  Examples of suitable aromatic hydrocarbons are toluene, o-, m- and
      p-xylene, isopropylbenzene, trimethylbenzene, benzene, diethylbenzene,
      tetramethylbenzene, di-isopropylbenzene, isododecylbenzene, tetralin,
      naphthalene, methylnaphthalene, di-phenyl, diphenylmethane, o-, m- and
      p-cymene, dibenzyl, di-hydronaphthalene, 2,2'-dimethyldiphenyl,
      2,3'-dimethyldiphenyl, 2,4'-dimethyldiphenyl, 3,3'-dimethyldiphenyl,
      1,2-dimethylnaphthalene, 1,4-dimethylnaphthalene, 1,6-dimethylnaphthalene,
      1,7-dimethylnaphthalene, 1,1-diphenylethane, hexamethylbenzene,
      isoamylbenzene, pentamethylbenzene, 1,2,3,4-tetramethylbenzene,
      1,2,3,5-tetramethylbenzene, 1,2,7-trimethylnaphthalene and
      1,2,5-trimethylnaphthalene.
PAR  The process according to the invention is carried out under the conditions
      of the process according to the main patent, in particular with regard to
      the solvents, the temperature, the further working up and the molar ratio;
      here and in the following text, the molar ratio is to be understood as the
      molar ratio of ammonia to moles of .alpha.,.alpha.-dinitroanthraquinone.
PAR  The reaction time depends on the temperature, the pressure and the molar
      ratio and in particular the reaction velocity increases with increasing
      temperature, increasing pressure and increasing molar ratio. Thus, for
      example, at a molar ratio of 60:1 (40:1 or 30:1) at 150.degree. and
      pressures above 60 atmospheres the reaction is complete after 4 (7 or 11)
      hours respectively, whilst, for example, at 200.degree. (100.degree.), a
      molar ratio of 20:1 (80:1) at pressures above 70 atmospheres 1 (15) hours
      are required for complete reaction.
PAR  The process can be carried out continuously or discontinuously.
PAR  The reaction mixture can be worked up according to customary methods, for
      example by filtering off the product which has crystallised out from the
      organic solvent after cooling to room temperature. The mother liquor
      obtained at the same time can be recycled to the process.
PAR  The reaction mixture can, however, also be worked up by distilling off the
      solvent or precipitating the diaminoanthraquinones with the aid of a
      diluent which lowers the solubility of the
      .alpha.,.alpha.-diaminoanthraquinones in the reaction solution (for
      example petroleum ether).
PAR  Since the solubility of 1,5-diaminoanthraquinone in organic solvents is
      substantially less than that of 1,8-diaminoanthraquinone, the working up
      of the reaction mixture can also be combined with a fractional
      precipitation in which 1,5-diaminoanthraquinone is first precipitated, and
      on further addition of the diluent 1,8-diaminoanthraquinone is
      precipitated.
PAR  The mother liquor obtained, or the distilled solvent, can be recycled to
      the process. The water produced in the reaction can be eliminated from the
      system.
PAR  If necessary, the reaction product can be purified further by treatment
      with acids, for example sulphuric acid, or by distillation in vacuo.
PAR  Accordingly, the subject of the present invention is a process for the
      preparation of .alpha.,.alpha.-diaminoanthraquinones, which is
      characterised in that .alpha.,.alpha.-dinitroanthraquinones, in ethers,
      aliphatic or cycloaliphatic hydrocarbons or optionally alkyl-substituted
      aromatic hydrocarbons or mixtures of these compounds, are reacted with
      ammonia, preferably under pressure, in particular at not less than 20 and
      preferably at not less than 50 atmospheres, and at molar ratios of ammonia
      to .alpha.,.alpha.-dinitroanthraquinones of at least 4:1, especially 10:1
      to 80:1 and preferably 20:1 to 40:1, at an elevated temperature,
      preferably at 100.degree.-220.degree.C and especially at
      140.degree.-200.degree.C.
PAR  The process according to the invention can also be used for the reaction of
      nitroanthraquinone mixtures which inter alia contain 1-nitroanthraquinone
      and 1,5- and/or 1,8-dinitroanthraquinone. In that case, products which
      contain 1-aminoanthraquinone and 1,5- and/or 1,8-diaminoanthraquinone are
      obtained. Pure 1-aminoanthraquinone can be conveniently isolated from such
      products by distillation in vacuo.
DETD
PAR  As compared to the process known from German Offenlegungsschrift (German
      Published Specification) 2,211,411, the process according to the invention
      has the advantage that the organic solvents according to the invention do
      not participate in the reaction and the desired
      .alpha.,.alpha.-diaminoanthraquinones are obtained in substantially better
      yields.
PAC  EXAMPLE 1
PAR  A mixture of 298 g of a dinitroanthraquinone mixture (41.7% of
      1,5-dinitroanthraquinone and 40.6% by weight of 1,8-dinitroanthraquinone)
      and 3 liters of toluene is reacted in an autoclave with 340 g of liquid
      ammonia for 12 hours at 150.degree. and a pressure of 60 atmospheres
      (molar ratio 20:1).
PAR  After releasing the pressure, and cooling to room temperature, the reaction
      mixture is filtered and the residue is washed with a little solvent and
      dried in vacuo.
PAR  Yield: 230 g (40.5% by weight of 1,5-diaminoanthraquinone, 94% of theory;
      37.8% by weight of 1,8-diaminoanthraquinone, 90% of theory).
PAR  The unreacted ammonia and the filtrate can be recycled to the process.
PAC  EXAMPLE 2
PAR  298 g of 1,5-dinitroanthraquinone (90% by weight; 10% by weight of
      1,8-dinitroanthraquinone) in 2 liters of toluene are reacted with 680 g of
      liquid ammonia (molar ratio 40:1) in an autoclave at 150.degree. and 50
      atmospheres for 7 hours. The reaction mixture is worked up as described in
      Example 1. Yield: 219 g (90% by weight of 1,5-diaminoanthraquinone, 92% of
      theory).
PAR  Similar yields and purities result if instead of toluene, benzene,
      1,3,5-trimethylbenzene, isopropylbenzene, isododecylbenzene,
      diphenylmethane, n-hexane, n-heptane, decalin, tetralin,
      methylcyclohexane, cyclododecane, n-dipropyl ether, dibutyl ether,
      diethylene glycol dimethyl ether, diethylene glycol diethyl ether,
      methoxycyclohexane, dicyclohexyl ether, anisole, phenetole, diphenyl
      ether, tetrahydrofurane, dioxane, o-xylene, m-xylene, p-xylene or mixtures
      of these solvents are used.
PAC  EXAMPLE 3
PAR  298 g of 1,8-dinitroanthraquinone (90% by weight of
      1,8-dinitroanthraquinone) in 1 liter of xylene are reacted with 1.02 kg of
      liquid ammonia (molar ratio 60:1) in an autoclave at 110 atmospheres and
      150.degree. for 4 hours and the mixture is worked up as described. Yield:
      190 g (90% by weight of 1,8-diaminoanthraquinone, 80% of theory). Similar
      yields and purities result if instead of xylene the solvents mentioned in
      Example 2 are used.
PAC  EXAMPLE 4
PAR  298 g of a mixture (53.9% by weight of 1,5-dinitroanthraquinone; 46.1% by
      weight of 1,8-dinitroanthraquinone) in 1 liter of cyclohexane are reacted
      with 102 g of liquid ammonia (molar ratio 6:1) at 200.degree. in an
      autoclave at 110 atmospheres for 6 hours. After working up as described in
      Example 1, 230 g (51.1% by weight of 1,5-diaminoanthraquinone, 92% of
      theory; 40.9% by weight of 1,8-diaminoanthraquinone, 86% of theory) are
      obtained.
PAC  EXAMPLE 5
PAR  298 g of the dinitroanthraquinone mixture indicated in Example 4, in 2
      liters of glycol dimethyl ether, are reacted with 1.36 kg of liquid
      ammonia (molar ratio 80:1) at 100.degree. in an autoclave at a pressure of
      60 atmospheres for 15 hours.
PAR  The reaction mixture is introduced into water. The precipitate which
      separates out is filtered off, washed with water and dried.
PAR  Yield: 230 g (53% by weight of 1,5-diaminoanthraquinone, 95% of theory;
      40.1% by weight of 1,8-diaminoanthraquinone; 85% of theory).
PAC  EXAMPLE 6
PAR  298 g of dinitroanthraquinone mixture indicated in Example 4, in 2 liters
      of xylene, are reacted with 510 g of ammonia (molar ratio 30:1) for 11
      hours at 150.degree. in an autoclave at 50 atmospheres. After working up
      as described in Example 1, 232 g (52.0% by weight of
      1,5-diaminoanthraquinone, 94% of theory; 42.3% by weight of
      1,8-diaminoanthraquinone, 89% of theory) are obtained.
PAC  EXAMPLE 7
PAR  According to DOS (German Published Specification) 2,211,411 (analogous to
      Example 1).
PAR  29.8 g of a mixture (47.6% by weight of 1,5-dinitroanthraquinone; 38.5% by
      weight of 1,8-dinitroanthraquinone) are suspended in 111 g of formamide.
      Ammonia gas is passed in at 155.degree.. After 4 hours,
      dinitroanthraquinone is no longer detectable by thin layer chromatography.
      The reaction mixture is worked up by distilling off the formamide, washing
      the residue with water and drying it.
PAR  Yield: 24.4 g (9.7% by weight of 1,5-diaminoanthraquinone, 22% of theory;
      20.2% by weight of 1,8-diaminoanthraquinone, 53% of theory).
PAR  If the reaction is carried out under otherwise identical conditions but
      under pressure, at a molar ratio of 20:1, approximately the same result is
      obtained.
CLMS
STM  We claim:
NUM  1.
PAR  1. Process for the preparation of 1,5- and/or 1,8-diaminoanthraquinone
      which comprises reacting at 100.degree.-220.degree.C and a pressure of at
      least 20 atmospheres 1,5- and/or 1,8-dinitroanthraquinone with at least 4
      mols of ammonia per mol of dinitroanthraquinone in an organic solvent
      selected from the group consisting of ethers, aliphatic hydrocarbons,
      cycloaliphatic hydrocarbons, aromatic hydrocarbons, alkyl-substituted
      aromatic hydrocarbons, and mixtures thereof.
NUM  2.
PAR  2. Process of claim 1 wherein the solvent is an alkylbenzene.
NUM  3.
PAR  3. Process of claim 1 wherein the reaction is carried out at a pressure of
      at least 50 atmospheres, and at a molar ratio of ammonia to
      dinitroanthraquinone of 10:1 to 80:1.
NUM  4.
PAR  4. Process of claim 1 wherein the reaction is carried out at a temperature
      of 140.degree. to 200.degree..
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OREF
PAL  "Acta Endocrinology," (Copenhagen) 1971, Vol. 68, No. 1, pp. 98-126, as set
      forth in Chem. Abstracts para. 336h, Vol. 76, 1972, by Gerhards et al.
LREP
FRM  Millen, Raptes & White
ABST
PAL  Organic radiohalogen compounds are prepared by heating in a non-aqueous
      liquid phase a mixture of a radioinactive organic halogen compound and an
      alkali metal halogenide or alkaline earth halogenide wherein the
      halogenide is F-18, Cl-38, Br-82 or I-123, -125, -131 or -132.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a novel process for the preparation of organic
      halogen compounds whose halogen atom is radioactive from inactive organic
      halogen compounds by halogen exchange.
PAR  Radioactive-labeled halogen compounds are of great interest, since numerous
      radioactive diagnostic agents contain a radioactive halogen, especially
      iodine. Of great significance are thyroxine-I.sup.131 for thyroid
      diagnostics, sodium diatrizoate-I.sup.131 for testing the kidney function,
      the sodium salt of tetrachlorotetraiodofluorescein-I.sup.131 for testing
      the liver function, bromthalein-I.sup.131 for gall bladder diagnostics,
      N,N'-hydroxydiacetyl-bis(3-methylamino-2,4,6-triiodobenzoic
      acid)-I.sup.131 and N,N'-adipoylbis(3-amino-2,4,6-triiodobenzoic
      acid)-I.sup.131 for diagnostic purposes in connection with the liver and
      gall bladder.
PAR  The heretofore known processes for the production of labeled halogen
      compounds are not universally satisfactory.
PAR  In "Nature" 184 (1959), 913, a thermal halogen exchange in an aqueous
      solution is disclosed. This process is limited to certain specific,
      water-soluble organic compounds. For example, in this process radioactive
      iodine can be exchanged in Compound I below, but not in Compounds II and
      III, although the latter compounds are also water-soluble.
      ##SPC1##
PAR  Moreover, the process described in "Nature" has the disadvantage in
      practical handling, e.g., in isolation of very small quantities. Moreover
      difficulties are encountered when producing specifically highly tagged
      compounds, which are required for scintigraphy.
PAR  In several cases, a halogen exchange can also be accomplished on
      chromatographic columns. However, apart from a limited field of
      application, these processes are very complicated and time-consuming and
      disadvantageous with respect to the existing regulations relating to
      radioprotection.
PAR  German Published Application DAS 1,244,185 describes a process for the
      preparation of carrier-free, iodine-labeled organic compounds in which the
      halogen compound is exposed, in the presence of carrier-free iodine-131,
      to the radiation field of a nuclear reactor. However, this method is not
      feasible in practice, which requires a rapid halogen exchange without
      simultaneous destruction of the compound to be labeled.
PAR  In the synthesis of halogen-tagged organic compounds, conventional methods
      are generally employed, employing a radio-active precursor compound.
      Frequently, however, additional techniques must be utilized and/or
      additional stages must be incorporated in these methods in order to obtain
      the labeled compounds. For example, in the production of iodine-tagged
      tetraiodophthalic acid morpholide, it was necessary to develop a special
      apparatus (Acta Chem. Scand. 15 (1962), 1139-1142).
PAR  In contrast thereto, the novel process of this invention for the
      preparation of organic radiohalogen compounds is generally applicable to
      the production of compounds having a wide variety of structures, takes
      place under gentle conditions, and requires little time.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, a non-radioactive halogen-containing organic
      compound to be radioactive labeled is heated in the liquid phase in an
      inert non-aqueous liquid vehicle, e.g., an inert melting solid or a
      mixture of inert melting compounds or an inert polar organic solvent, with
      an alkali metal halogenide or an alkaline earth halogenide wherein the
      halogenide is fluorine-18, chlorine-38, bromine-82, or
      iodine-123,-125,-131, or -132. Both the compounds to be tagged and the
      metal halogenide are dissolved in the liquid phase.
PAC  DETAILED DISCUSSION
PAR  The halogenide of the alkali metal halogenides and alkaline earth
      halogenides employed in the process of this invention are radioactively
      tagged halogenides.
PAR  The term "inert melting solid" means a compound which is inert to the
      reactants under the reaction conditions. In every instance, the reaction
      is conducted at a temperature at or above its melting point. Suitable
      melting substances are those having a maximally broad melting range, e.g.,
      from 30.degree. to 300.degree. C., preferably 60.degree. to 200.degree. C.
      The melting substances must be stable at the reaction temperature and must
      not enter into any chemical reactions with the substrate. Examples of
      suitable melting compounds are N,N-dimethyl-p-toluenesulfonamide,
      N,N'-bis(dimethylamino) sulfone, dimethylsulfone, and mixtures thereof.
PAR  The term "inert polar solvent" means a compound which is inert to the
      reactants and in which the starting organic halogen compound and the metal
      halogenide are soluble under the reaction conditions, which is a liquid at
      ambient temperature.
PAR  The term "liquid phase" means the starting organic halogen compound is
      either a liquid, or is dissolved in the liquid vehicle under the reaction
      conditions. The term "non-aqueous" means the reaction is conducted in the
      substantial absence of water, i.e., under substantially anhydrous
      conditions.
PAR  Depending on whether one or more melting compounds or a polar solvent is
      employed, the liquid phase is either in the form of a melt or the starting
      organic solution. A melt is preferred. Although organic halogen compounds,
      especially iodine compounds usually melt with decomposition, they can be
      heated as a melt in the melting compound to above their melting point
      without decomposing.
PAR  The reaction is effected at a temperature of from 30.degree. to 300.degree.
      C., preferably 60.degree. to 200.degree. C. The halogen exchange is
      terminated after a few minutes to several hours. The rate of exchange of
      radiohalogenide can be up to 100%, the exact amount being dependent on the
      selected starting organic halogenide, the reaction temperature and the
      reaction period.
PAR  In carrying out the process of this invention employing a melting compound
      or compounds, it is melted either alone or in the presence of either the
      starting radiohalogenide or the starting organic halide to be tagged. Then
      the remaining reactant is added thereto. The radiohalogenide must be
      dissolved in the melt in order to ensure a satisfactory reaction rate.
      Because these salts can be dissolved only with difficulty in melts of most
      melting compounds, a convenient method of achieving this is to add the
      radiohalogenide as an aqueous solution in a minimum amount of water, and
      the water is thereafter removed before reaction of the radiohalogenide
      with the organic halogen compound.
PAR  Examples of preferred polar organic solvents which can be employed in the
      process of this invention are dimethylacetamide and
      N-benzyl-N-methylaniline.
PAR  Because the reaction is conducted under anhydrous conditions, the water
      must then be removed, e.g., by evaporation, before initiating the
      radiohalogenide exchange reaction. The aqueous radioactive halogenide
      solution in the reaction vessel can also be brought to dryness prior to
      the melting step.
PAR  The reaction is preferably conducted in a protective inert gas atmosphere,
      e.g., dry nitrogen or argon.
PAR  When employing a polar organic solvent, a similar procedure can be employed
      if the starting radiohalogenide is difficultly soluble therein, i.e.,
      distilling or evaporating the water employed in rendering the
      radiohalogenide soluble in the polar solvent. However, with the preferred
      polar solvents, aqueous solutions of the starting radiohalogenide are not
      required.
PAR  The starting alkali metal and alkaline earth halogenides include the Na, K,
      Li, Ca and Ba salts of each of the radioactive halogen isotopes listed
      herein. The radiohalogenides are employed substantially carrier-free,
      i.e., the pure isotope, substantially free from the non-radioactive
      isotope, is employed.
PAR  The molar proportion of metal halogenide to organic halogen compound
      employed in the process of this invention depends on the degree of
      radioactive tagging desired.
PAR  By the process of this invention, it is possible not only to tag
      halogen-containing organic compounds with the customary halogen isotopes
      within 2-3 hours, but also renders iodine isotope 123, which has a
      half-life period of 13 hours, generally applicable for radioactive
      diagnostic purposes by enabling it to be incorporated into a wide variety
      of organic halogen compounds. The iodine isotopes 123 and 132 heretofore
      could be exchanged against natural non-radioactive iodine, in accordance
      with the conventional methods, only if the exchange periods were brief and
      were generally unusable for the synthesis of iodine-tagged compounds to be
      synthesized. Iodine-123, due to lack of a .beta.-radioation and the
      favorable energy of the .gamma.-radiation, and its identity with the body
      iodine, is of great significance particularly with respect to heretofore
      employed auxiliary isotopes, such as technetium-99m, which is an
      artificial element for the human body and does not have any bond to
      organic carbon compounds.
PAR  In all cases where the starting radioinactive substrate contains a halogen
      different from the radiohalogen of the metal halogenide isotope utilized
      for the exchange, it is possible to obtain carrier-free tagged substances
      with a radioisotope, in accordance with this invention. Thus, it is
      possible, for example, to exchange a natural (fluorine-19) fluorine atom
      in the starting organic compound not only against fluorine-18, but also
      against a radioactive chlorine, bromine, or iodine isotope.
PAR  Halogen-containing steroids can be radiohalogen-labeled according to the
      process of this invention. Tagged corticolds, such as 6 .alpha.-fluoro-
      and 6 .beta.-iodo-21
      -acetoxy-11.beta.-hydroxy-16.alpha.-methyl-1,4-pregnadiene-3,20-dione are,
      for example, agents for the detection and location of specific foci of
      inflammation. Halogen-labeled progestational agents, such as 6-chloro- and
      6-iodo-17.alpha.-acetoxy-1.alpha.,2.alpha.-methylene-4,6-pregnadiene-3,20-
     dione, are suitable as agents for diagnosis by scintigraphy.
PAR  This invention also relates to the following such novel
      radiohalogen-labeled steroid hormones:
      6.alpha.-halo-21-acetoxy-11.beta.-hydroxy-16.alpha.-methyl-1,4-pregnadiene
     -3,20-dione, wherein the halogen atom is iodine-123, -125, -131 or -132, or
      fluorine at least a portion of which is fluorine-18, and
      6-halo-17.alpha.-acetoxy-1.alpha.,2.alpha.-methylene-4,6-pregnadiene-3,20-
     dione, wherein the halogen atom is iodine-123, -125, -131, or -132 or
      chlorine at least a portion of which is chlorine-38.
DETD
PAR  Without further elaboration, it is believed that one skilled in the art
      can, using the preceding description, utilize the present invention to its
      fullest extent. The following preferred specific embodiments are,
      therefore, to be construed as merely illustrative, and not limitative of
      the remainder of the specification and claims in any way whatsoever.
PAC  EXAMPLE 1
PAR  At 80.degree. C., 100 mg. of N,N-dimethyl-p-toluenesulfonamide (m.p.
      79.degree.-80.degree.C.) is melted and combined with the desired amount of
      activity, for example 5 m Ci of sodium iodide, maximally carrier-free
      (wherein the iodide is present as I-123, I-125, I-131, I-132), in an
      aqueous solution. The water is driven off under a slight nitrogen stream.
      100 mg. of
      .beta.-[3-(N,N-dimethylformamidino)-2,4,6-triiodophenyl]-propionic acid is
      placed on top of the clear melt, and the temperature is increased to
      120.degree. C. while providing a nitrogen atmosphere. A clear melt having
      a small sediment is thus produced. After 2 hours, the reaction mixture is
      allowed to cool, the solidified mass is dissolved in acetone, and the
      solution is poured into 5 ml. of 2N ammonia solution. After the mixture
      has been filtered off from the insoluble N,N-dimethyltoluenesulfonamide,
      it is acidified, and the precipitated
      .beta.-[3-(N,N-dimethylformamidino)-2,4,6-triiodophenyl]-propionic acid is
      filtered and dried. The substance corresponds in its degree of purity
      chemically to the starting material and, as confirmed by dilution
      analysis, is radiochemically purer than 99%. The activity exchange is &gt;
      99%, the recovery of the substance is 100%.
PAC  EXAMPLE 2
PAR  100 mg. of hexaiodobenzene is melted in 300 mg. of
      N,N-dimethyltoluenesulfonamide; a sediment remains during this step. After
      adding 5 m Ci of carrier-free sodium iodide-131 or another iodine isotope
      and removing the water by vaporization, the reaction mixture is heated
      under nitrogen for 3 hours to 150.degree. C. The solidified melt is taken
      up in methanol, and the insoluble matter is filtered after extraction. The
      recovery of hexaiodobenzene is 100%, the activity exchange is 66%.
PAC  EXAMPLE 3
PAR  Analogously to Example 1,
      .beta.-[3-(N,N-dimethylformamidino)-2,4,6-triiodophenyl]-propionic acid is
      treated in dimethylsulfone at 140.degree. C. for 3 hours with carrier-free
      sodium iodide-131 or another iodine isotope. The
      .beta.-[3-(N,N-dimethylformamidino)-2,4,6-triiodophenyl]-propionic acid is
      recovered to an extent of 100%. The exchange rate is 70%.
PAC  EXAMPLE 4
PAR  Analogously to Example 1, 500 mg. of
      N,N'-hydroxydiacetyl-bis(3-methylamino-2,4,6-triiodobenzoic acid) is
      treated at 100.degree. C. The reaction takes 3 hours, providing 100%
      recovery of the acid employed; the exchange rate is 70%.
PAC  EXAMPLE 5
PAR  As described in Example 1, 10 mg. of tetrachlorotetraiodofluorescein is
      dissolved in 100 mg. of N,N-dimethyltoluenesulfonamide and treated at
      90.degree. C. for 10 minutes with potassium iodide-125 or another iodine
      isotope. Recovery of the tetrachlorotetraiodofluorescein is 100%, the rate
      of exchange is more than 80%.
PAC  EXAMPLE 6
PAR  100 mg. of
      6-chloro-17.alpha.-acetoxy-1.alpha.,2.alpha.-methylene-4,6-pregnadiene-3,2
     0-dione in 200 mg. of N,N-dimethyltoluenesulfonamide is treated, as set
      forth in Example 1, for 3 hours at 120.degree. C. with sodium iodide-131
      or another iodine isotope. In the thin-layer system of cyclohexane/ethyl
      acetate 60 : 90, the thus-obtained 6-iodine compound is separated. This
      compound is labeled with the iodine isotope employed in position 6,
      carrier-free; the rate of exchange is about 50%.
PAC  EXAMPLE 7
PAR  Analogously to Example 1, 500 mg. of iodomethanesulfonic acid is treated
      for 3 hours at 120.degree. C. with sodium iodide-125 and worked up by way
      of the sodium salt. The recovery of iodomethanesulfonic acid is 100%, the
      activity exchange is more than 90%.
PAC  EXAMPLE 8
PAR  500 mg. of
      .beta.-[3-(N,N-dimethylformamidino)-2,4,6-triiodophenyl]-propionic acid is
      treated in 1 ml. of dimethylacetamide for 3 hours at 120.degree. C. with
      sodium iodide-131. After the dimethylacetamide has been removed under
      vacuum, the mixture is worked up as usual. Recovery of the
      .beta.-[3-(N,N-dimethyl-formamidino)-2,4,6-triiodophenyl]-propionic acid
      is 100%, the exchange rate is 30%.
PAC  EXAMPLE 9
PAR  50 mg. of 6 .alpha.-fluoro-21
      -acetoxy-11.beta.-hydroxy-16.alpha.-methyl-1,4-pregnadiene-3,20-dione
      (fluocortolone acetate) is dissolved in 100 mg. of
      N,N-dimethyltoluenesulfonamide and treated, as set forth in Example 1, for
      3 hours at 180.degree. C. with sodium iodide-131 or another iodine
      isotope. After separation by preparative thin-layer analysis, the product
      is 6
      .alpha.-iodo-21-acetoxy-11.beta.-hydroxy-16.alpha.-methyl-1,4-pregnadiene-
     3,20-dione which is tagged, carrier-free, in the 6 position with iodine-131
      isotope. The rate of exchange is about 20%.
PAC  EXAMPLE 10
PAR  50 mg. of 6
      .alpha.-fluoro-21-acetoxy-11.beta.-hydroxy-16.alpha.-methyl-1,4-pregnadien
     e-3,20-dione (fluocortolone acetate) is dissolved in 100 mg. of
      N,N-dimethyltoluenesulfonamide and treated as described in Example 1 for 3
      hours at 180.degree. C. with sodium fluoride-18. The product is
      fluocortolone acetate tagged with fluorine-18 in the 6 position. The rate
      of exchange is about 5%.
PAC  EXAMPLE 11
PAR  100 mg. of 2,4,6-trichloro-3-acetylaminobenzoic acid is treated analogously
      to Example 1 with sodium bromide-82 at 150.degree.C. The reaction takes 6
      hours; the acid utilized is recovered with 100%; the rate of exchange is
      30%.
PAC  EXAMPLE 12
PAR  Analogously to Example 1,
      .beta.-[3-(N,N-dimethylformamidino)-2,4,6-triiodophenyl]-propionic acid in
      dimethylsulfone and N,N'-bis(dimethylamino)sulfone --respectively 300 mg.
      at 50.degree. C. -- are treated for 3 hours with carrier-free sodium
      iodide-131 or another iodine isotope. The
      .beta.-[3-(N,N-dimethylformamidino)-2,4,6-triiodophenyl]-propionic acid is
      recovered to an extent of 100%. The rate of exchange is 70%.
PAC  EXAMPLE 13
PAR  Analogously to Example 1, 100 mg. of L-thyroxine is treated for 30 minutes
      at 100.degree. C. The L-thyroxine is recovered with 80%; the rate of
      exchange is 80%.
PAR  The preceding examples can be repeated with similar success by substituting
      the generically and specifically described reactants and/or operating
      conditions of this invention for those used in the preceding examples.
PAR  From the foregoing description, one skilled in the art can easily ascertain
      the essential characteristics of this invention, and without departing
      from the spirit and scope thereof, can make various changes and
      modifications of the invention to adapt it to various usages and
      conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the production of organic radiohalogen compounds from
      radioinactive the corresponding organic halogen compounds by halogen
      exchange, which comprises heating in the liquid phase a radio-inactive
      organic halogen compound under non-aqueous conditions with an alkali metal
      halogenide or alkaline earth halogenide wherein the halogenide is
      fluorine-18, chlorine-38, bromine-82 or iodine-123, -125, -131 or -132.
NUM  2.
PAR  2. A process according to claim 1 wherein the radioinactive organic halogen
      compound to be tagged is heated in a melt of one or more inert compounds
      having a melting point of 60.degree.-200.degree. C. and the radioactive
      halogenide is substantially carrier-free.
NUM  3.
PAR  3. A process according to claim 2 wherein the halogenide is added as an
      aqueous solution to the inert compound or mixture of compounds which is
      formed into a melt and the water is thereafter removed before formation of
      the melt and reaction of the alkaline earth halogenide with the organic
      halogen compound.
NUM  4.
PAR  4. A process according to claim 2 wherein the inert compound or mixture of
      compounds which is formed into a melt is
      N,N-dimethyl-p-toluenesulfonamide, N,N'-bis(dimethylamino)sulfone,
      dimethylsulfone, or a mixture thereof.
NUM  5.
PAR  5. A process according to claim 1 wherein the reaction is conducted in a
      polar organic solvent.
NUM  6.
PAR  6. A process according to claim 5 wherein the organic polar solvent is
      dimethylacetamide or N-methyl-N-benzyl-aniline.
NUM  7.
PAR  7. A process according to claim 1 wherein organic radioactive halogen
      compounds are produced by the exchange of halogen in the organic halogen
      compound against a different halogen present in radioactive form in the
      alkaline earth halogenide.
NUM  8.
PAR  8. A process according to claim 7 wherein the alkaline earth halogenide is
      iodine-123.
NUM  9.
PAR  9. 6.alpha.-
     Halo-21-acetoxy-11.beta.-hydroxy-16.alpha.-methyl-1,4-pregnadiene-3,20-dion
     e wherein the halogen atom is iodine-123, -125, -131 or -132 or fluorine at
      least a portion of the 6.alpha.-fluorine is fluorine-18.
NUM  10.
PAR  10. A compound of claim 9,
      6.alpha.-(iodine-131)-21-acetoxy-11.beta.-hydroxy-16.alpha.-methyl-1,4-pre
     gnadiene-3,20-dione.
NUM  11.
PAR  11. A compound of claim 9,
      6.alpha.-(iodine-123)-21-acetoxy-11.beta.-hydroxy-16.alpha.-methyl-1,4-pre
     gnadiene-3,20-dione.
NUM  12.
PAR  12. A compound of claim 9,
      6.alpha.-(iodine-125)-21-acetoxy-11.beta.-hydroxy-16.alpha.-methyl-1,4-pre
     gnadiene-3,20-dione.
NUM  13.
PAR  13. A compound of claim 9,
      6.alpha.-(iodine-132)-21-acetoxy-11.beta.-hydroxy-16.alpha.-methyl-1,4-pre
     gnadiene-3,20-dione.
NUM  14.
PAR  14. A compound of claim 9,
      6.alpha.-fluoro-21-acetoxy-11.beta.-hydroxy-16.alpha.-methyl-1,4-pregnadie
     ne-3,20-dione wherein at least a portion of the 6.alpha.-fluorine is
      fluorine-18.
NUM  15.
PAR  15. 6-Halo-17
     .alpha.-acetoxy-1.alpha.,2.alpha.-methylene-4,6-pregnadiene-3,20-dione
      wherein the halo atom is iodine-123, -125, -131 or -132 or chlorine at
      least a portion of the 6-chlorine is chlorine-38.
NUM  16.
PAR  16. A compound of claim 15, 6-(iodine-131)-17.alpha.-acetoxy-1.alpha.,
      2.alpha.-methylene-4,6-pregnadiene-3,20-dione.
NUM  17.
PAR  17. A compound of claim 15, 6-(iodine-123)-17.alpha.-acetoxy-1.alpha.,
      2.alpha.-methylene-4,6-pregnadiene-3,20-dione.
NUM  18.
PAR  18. A compound of claim 15, 6-(iodine-125)-17.alpha.-acetoxy-1.alpha.,
      2.alpha.-methylene-4,6-pregnadiene-3,20-dione.
NUM  19.
PAR  19. A compound of claim 15, 6-(iodine-132)-17.alpha.-acetoxy-1.alpha.,
      2.alpha.-methylene-4,6-pregnadiene-3,20-dione.
NUM  20.
PAR  20. A compound of claim 15,
      6-chloro-17.alpha.-acetoxy-1.alpha.,2.alpha.-methylene-4,6-pregnadiene-3,2
     0-dione wherein at least a portion of the 6-chlorine is chlorine-38.
NUM  21.
PAR  21. A process according to claim 1 wherein the organic halogen compound is
      a steroid.
NUM  22.
PAR  22. A process according to claim 21 wherein the steroid is of the pregnane
      series.
NUM  23.
PAR  23. A process according to claim 22 wherein the steroid is a 6-halo
      steroid.
NUM  24.
PAR  24. A process according to claim 1 wherein the halogen compound is
      .beta.-[3-(N,N-dimethylformamidino)-2,4,6-triiodophenyl)-propionic acid.
NUM  25.
PAR  25. A process according to claim 1 wherein the halogen compound is
      hexaiodobenzene.
NUM  26.
PAR  26. A process according to claim 1 wherein the halogen compound is
      .beta.-[3-(N,N-dimethylformamidino)-2,4,6-triiodophenyl]-propionic acid.
NUM  27.
PAR  27. A process according to claim 1 wherein the halogen compound is
      N,N'-hydroxydiacetyl-bis(3-methylamino-2,4,6-triiodobenzoic acid).
NUM  28.
PAR  28. A process according to claim 1 wherein the halogen compound is
      tetrachlorotetraiodofluorescein.
NUM  29.
PAR  29. A process according to claim 1 wherein the halogen compound is
      iodomethanesulfonic acid.
NUM  30.
PAR  30. A process according to claim 1 wherein the halogen compound is
      2,4,6-trichloro-3-acetylaminobenzoic acid.
NUM  31.
PAR  31. A process according to claim 1 wherein the halogen compound is
      L-thyroxine.
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ABST
PAL  Total synthesis of steroids of the estrone and equilenin series involving
      conjugate 1,4-addition of a meta-substituted benzyl organometallic reagent
      to a C/D bicyclic methylene ketone. An aromatization of the B-ring of
      .DELTA. 9(11) estrone derivatives.
PARN
PAC  RELATED APPLICATIONS
PAR  This application is a division of copending U.S. patent application Ser.
      No. 375,558, filed July 2, 1973, which in turn is a continuation-in-part
      of U.S. patent application Ser. No. 295,032, filed Oct. 4, 1972, now
      abandoned.
BSUM
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a process for the preparation of steroids
      starting with a C/D bicyclic intermediate. In particular, the types of
      steroids which may be synthesized by means of the present process are
      those having an aromatic A-ring such as estrone, estrone methyl ether, and
      so forth; and those steroids having both the A and B-ring aromatic such as
      equilenin and equilenin methyl ether. Aromatic steroids such as those
      aforementioned are naturally occurring hormones which possess a wide range
      of biological activity and are also useful for the preparation of other
      compounds of the steroid type, for example, 19-norsteroids.
PAR  As used throughout the specification and the appended claims, the term
      "lower alkyl" denotes a saturated group consisting solely of carbon and
      hydrogen having a straight chain of from 1 to 8 carbon atoms. Examples of
      such groups are methyl, ethyl, butyl, hexyl, octyl, and the like. The term
      "tertiary lower alkyl" denotes a saturated group consisting solely of
      carbon and hydrogen having its valence from a carbon bound to three other
      carbon atoms. Examples of such groups include tertiary butyl, tertiary
      amyl, and so forth. The term "halogen" refers to chlorine, bromine and
      iodine and the term "halide" refers to the negative ions thereof. The term
      "lower alkylene" refers to a divalent saturated hydrocarbon group having
      its two valences to two different groups. Examples of such groups are
      methylene, ethylene, 1,2-propylene, 1,3-propylene, 1,4-butylene,
      1,5-pentylene, and so forth.
PAR  In the formulae presented herein, the relative stereochemistry of the
      various substituents on the cyclic nucleus is indicated by one of three
      notations: a solid line (  ), indicating the substituent is in the
      .beta.-orientation, i.e., above the plane of the molecule: a dotted line (
       ), indicating the substituent is in the .alpha.-orientation, i.e., below
      the plane of the molecule; or a wavy line (  ), indicating the substituent
      may be either in the .alpha.- or .beta.-configuration or may be a mixture
      of both.
PAR  For convenience, the stereochemistry of the substituent R at the C-13
      position has been arbitrarily indicated as the .beta.-orientation; thus
      all the compounds are depicted a having the natural absolute
      configuration. It should be understood that the invention described herein
      is equally applicable to compounds having either the natural or the
      unnatural configuration, for example, to racemic mixtures.
PAR  If it is desired to prepare optically active steroids, one may either begin
      with a known optically active comound of Formula I
      ##SPC1##
PAL  wherein
PA1  R is lower alkyl
PA1  R' is tertiary lower alkyl,
PA1  Or a group of the formula
      ##EQU1##
      wherein R.sub.2 is hydrogen or lower alkyl,
PA1  R.sub.3 and R.sub.4 each taken independently are lower alkyl, and
PA1  R.sub.3 and R.sub.4 taken together are lower alkylene of from 3 to 6 carbon
      atoms,
PAL  or alternatively, one may start with a racemic compound of Formula I and
      may carry out an optical resolution at one of the intermediate stages, or
      at the stage of the final product by methods known per se.
PAR  Among the groups that may be specifically mentioned for R' are tert-butyl,
      tetrahydrofuran-2-yl, tetrahydropyran-2-yl, methoxymethyl,
      2-(2-methoxy)-isopropyl, and so forth.
PAR  In the process of the present invention, it is preferred that R, i.e., the
      substituent in the 13-position, be methyl or ethyl, most preferably,
      methyl; and that the substituent R' be tertiary butyl.
PAR  The first step in the present process involves the conjugate 1,4-addition
      of a meta substituted benzyl moiety derived from an organometallic agent
      of the formula
      ##SPC2##
PA1  wherein R" is lower alkyl, tertiary lower alkyl, benzyl, diphenylmethyl or
      trityl, and M is magnesium halide, lithium or copper,
PAL  to a methylene ketone of the Formula I. In this step, all of the carbon
      atoms necessary to form the steroid nucleus are combined into the steroid
      precursor of Formula II
      ##SPC3##
PA1  wherein R, R' and R" are as above.
PAL  It is preferred that the R" substituent on the organometallic agent be
      methyl or benzyl.
PAR  Methylene ketones of Formula I are well-known compounds in the literature
      (see, for example, British Pat. No. 1,244,918) and have been used as
      versatile intermediates for other types of steroid synthesis. The metallic
      groups represented by M are magnesium halide, lithium and copper and the
      reagents prepared therefrom are referred to, respectively, as Grignard
      reagents, organolithium reagents and organocopper reagents. Preparation of
      Grignard reagents and organolithium reagents from the corresponding
      substituted benzyl halides is by methods known per se (reaction with
      magnesium or lithium metal), and these reagents prepared in situ may be
      used directly for the addition reaction. The use of Grignard reagents is
      preferred.
PAR  The addition reaction of the organometallic reagent, where M is magnesium
      halide or lithium, to the methylene ketone is carried out in the presence
      of cuprous ion. The cuprous ion is conveniently derived from a cuprous
      halide, most preferably having the same halogen as that from which the
      organometallic reagent was prepared. The amount of cuprous halide utilized
      in the present reaction can vary from less that 1 mole % up to about 500
      mole % with respect to methylene ketone I. The use of between about 50 and
      300 mole % cuprous halide is preferred.
PAR  It is believed that the Grignard or organolithium reagent reacts with the
      cuprous ion to form a organocopper reagent (M is copper) in situ and that
      it is this species which adds to the methylene ketone.
PAR  Organometallic reagents when M is copper (organocopper reagents) may also
      be pre-formed by reaction of a Grignard or organolithium reagent with a
      cuprous halide. The pre-formed reagent may then be used to react with the
      methylene ketone of Formula I.
PAR  Suitable solvents for the present addition reaction are inert organic
      solvents and include organic ethers, e.g., diethyl ether or
      tetrahydrofuran; hydrocarbons, e.g., pentane, hexane, toluene, and so
      forth; or mixtures of the above. If a Grignard reagent is utilized, it is
      most preferable to employ a solvent consisting mainly of an ether,
      whereas, if an organolithium reagent is utilized, it is most preferable to
      use a solvent consisting mainly of hydrocarbons, since these are normally
      solvents in which the reagents are prepared.
PAR  The temperature of the addition reaction is not critical, but it is
      preferred to employ a temperature between about -30.degree. and
      +30.degree.C. Normally, to achieve the best results, it is preferable to
      use an excess of the organometallic reagent over over the methylene
      ketone. A molar excess of from about 5 to 10 fold is especially preferred.
PAR  After the completion of the addition reaction, the reaction mixture is
      hydrolyzed in an aqueous medium. It is preferred that the aqueous medium
      contain an acid, most preferably a mineral acid such as sulfuric or
      hydrochloric acid. In this manner, metallic slats of the product, as well
      as any excess organometallic reagent, are decomposed and the reaction
      product can be easily isolated, for example, by extraction.
PAR  The compound of Formula II is normally produced in two epimeric forms: a 4
      .alpha.-H (axial side chain) and a more stable 4 .beta.-H (equatorial side
      chain) form. The former epimer can be isomerized, if desired, to the
      latter (more stable) one by base treatment, e.g., by treatment with an
      alkali metal hydroxide at elevated temperature, thus avoiding a physical
      separation of these epimers by, e.g., chromatography.
PAR  In the next step, the addition product (II), where R' is tertiary lower
      alkyl can be cyclized to a tetracyclic steroid (IIIa)
      ##SPC4##
PA1  wherein R and R" are as above, and R'"is tertiary lower alkyl,
PAL  without loss of the protecting group in the 17-position. Suitable
      conditions for this cyclization involve the treatment of compound II with
      a mineral acid or organic sulfonic acid at low temperature. Either pure 4
      .beta.-H epimer of Formula II, or a mixture of epimers can be used for
      this reaction.
PAR  Suitable acids for the practice of this cyclization include mineral acids
      such as hydrochloric acid, hydrobromic acid, sulfuric acid, and the like;
      and sulfonic acids such as methanesulfonic acid or p-toluenesulfonic acid,
      and the like. The concentration of the acid in the total reaction medium
      should not exceed 4 N and can be as low as 0.5 N. Suitable solvents for
      this cyclization reaction include alcohols such as methanol and ethanol,
      and mixtures of the above in water.
PAR  The temperature of the cyclization reaction is somewhat critical and care
      must be taken that the temperature be kept between about 0.degree. and
      about 30.degree.C, so that the protecting group in the 17-position is not
      hydrolyzed.
PAR  Where R' is other than tertiary lower alkyl, the compound of formula II can
      be cyclized to that of Formula IIIb
      ##SPC5##
PA1  wherein R and R" are as above.
PAL  In this case, the R' group is cleaved to afford a 17.beta. hydroxy group.
      The reaction conditions can be the same as for the conversion
      II.fwdarw.IIIa, or the temperature and acid concentration can be higher,
      for example, temperatures up to about 100.degree. may be employed.
PAR  Compounds of Formulas IIIa or IIIb can then be converted to known steroids
      such as estrone methyl ether by a further sequence of reactions.
PAR  Starting with a compound of Formula IIIa the 9(11) double bond is reduced
      to afford the compound of Formula IV
      ##SPC6##
PA1  wherein R, R" and R'" are as above.
PAL  Methods for reduction of this double bond are known per se and include
      catalytic hydrogenation, for example, hydrogenation over a palladium on
      carbon catalyst in an inert organic solvent such as ethyl acetate.
      Alternatively, the double bond can be chemically reduced using well-known
      conditions such as lithium in ammonia in the presence of an added amine
      such as aniline.
PAR  The protective tertiary lower alkyl group R'" can be removed in the next
      step by treatment with a strong acid to afford a compound of formula V
      ##SPC7##
PA1  wherein R and R" are as above.
PAL  Suitable methods for removing this protecting group include treatment of
      the compound with a mineral acid such as hydrochloric acid or sulfuric
      acid or with an organic sulfonic acid such as p-toluene sulfonic acid at
      elevated temperature, for example, between about 50.degree. and
      100.degree. C in a suitable solvent, for example, a hydrocarbon such as
      toluene. Alternatively, the protecting group can be removed by treatment
      with trifluoroacetic acid at a low temperature, for example, about
      0.degree. to about 30.degree.C, followed by alkali treatment to remove any
      trifluoroacetate ester formed.
PAR  Alternatively, a compound of Formula V can be prepared directly from a
      compound of Formula IIIb by catalytic hydrogenation or chemical reduction,
      as described above for the conversion IIIa.fwdarw.IV.
PAR  The 3-ether of estradiol (V) can be converted to the corresponding
      17-ketone VI
      ##SPC8##
PA1  wherein R and R" are as above,
PAL  by standard oxidation techniques such as oxidation with chromium VI
      compounds, for example, Jones reagent, according to methods known per se.
PAR  It has been discovered that where R' is a tertiary lower alkyl protecting
      group, its removal from compound IIIa (which still contains the 9(11)
      double bond) leads to a novel and unexpected aromatization of the B-ring
      leading to equilenin derivaties of Formula VII
      ##SPC9##
PA1  wherein R and R" are as above.
PAL  This reaction may be carried out in one embodiment by treatment of the
      compound of Formula IIIa with a mineral acid such as hydrochloric acid or
      sulfuric acid, or with an organic sulfonic acid such as p-toluenesulfonic
      acid. Best results are achieved at elevated temperatures, for example,
      between about 50.degree. and 100.degree.C. Suitable solvents for this
      reaction include, for example, alcohols such as methanol and ethanol, and
      mixtures of the above with water.
PAR  An alternative method for cleavage of the tertiary lower alkyl group with
      concomitant aromatization of the B-ring involves reaction with
      trifluoroacetic acid. In this reaction, the compound of Formula III is
      treated with an excess of trifluoroacetic acid, preferably at a
      temperature between about -10.degree. and +20.degree.C, most preferably
      about 0.degree.C. It is most advantageous to perform this reaction in neat
      trifluoroacetic acid, i.e., without the addition of other solvents, since
      trifluoroacetic acid is quite volatile and excesses can be easily removed
      and recovered, for example, by distillation. The initial product obtained
      from this reaction is the 17-trifluoroacetate of the compound of Formula
      VII. Due to the lability of the trifluoroacetate ester, it is preferred to
      immediately convert this product during the workup of the reaction to the
      corresponding 17-hydroxy compound by treatment with water in the presence
      of a base.
PAR  Suitable basis include alkali metal bicarbonates, e.g., sodium or potassium
      bicarbonate; alkali metal carbonates, e.g., sodium or potassium carbonate;
      or alkali metal hydroxides such as sodium or potassium hydroxide. Alkali
      metal hydroxides are preferred. This hydrolysis is conveniently effected
      by stirring the crude reaction product, after removal of the excess
      trifluoroacetic acid, with a mixture of aqueous base and a suitable water
      miscible or semi-miscible solvent. Preferable solvents for this purpose
      include alcohols such as methanol and ethanol; ethers such as
      tetrahydrofuran and dioxane; and ketones such as acetone. The crude
      product of Formula VII can be converted to equilenin 3-lower alkyl ethers
      VIII (for example, equilenin methyl ether, where R" is methyl)
      ##SPC10##
PA1  wherein R and R" are as above,
PAL  by standard oxidation techniques such as oxidation with a chromium VI
      reagent, for example, Jones reagent, according to methods known per se.
DETD
PAR  The present processes may be more fully understood by reference to the
      following illustrative examples: EXAMPLE 1
PAC  (+)-1.beta.-tert.
      Butoxy-3a.alpha.,4.beta.,7,7a-tetrahydro-4.alpha.-[2-(3-methoxyphenyl)ethy
     l]-7a.beta.-methyl-5(6H)-indanone
PAR  A solution of 15.7 g (0.1 mole) of m-methoxybenzyl chloride dissolved in
      100 ml of anhydrous tetrahydrofuran was added dropwise over a period of
      1.5 hr. to a rapidly stirred suspension of 9.7 g (0.4 mole) of magnesium
      turnings in 100 ml of anhydrous tetrahydrofuran, iwth ice bath cooling,
      under an argon atmosphere. The ice bath was removed and the mixture was
      stirred while warming to room temperature over 1.5 hr. The supernatant
      Grignard solution was then transferred to a clean, dry flask by filtration
      through a glass wool plug, under a slight pressure of argon.
PAR  This Grignard solution was cooled to -15.degree. and 0.72 g of powdered
      cuprous chloride was added. A solution of 4.73 g of
      (+)-1.beta.-tertiarybutoxy-3a.alpha.,6,7,7a-tetrahydro-7a.beta.-methyl-4-m
     ethylene-indan-5(4H)-one in 100 ml of dry tetrahydrofuran was then added
      with stirring, at -15.degree. to -10.degree., over a 20 min. period. When
      the addition was complete, the resulting mixture was immediately poured
      into 250 ml of vigorously stirred saturated NH.sub.4 Cl solution. The
      organic layer was separated and the aqueous layer was extracted with
      ether. The organic phases were combined, dried (Na.sub.2 SO.sub.4),
      filtered and concentrated at aspirator pressure. The residual oil was
      dissolved in benzene, washed with water and brine, dried again over
      anhydrous MgSO.sub.4, filtered and concentrated in vacuo giving 15.18 g of
      a mobile, pungent-smelling oil. This material was heated on a steam bath
      at 0.01 mm for 30 min. to afford 9.47 g of a viscous oil.
PAR  This material was chromatographed on 50 parts of silica gel. Elution with
      49:1 benzene:ethyl acetate gave 1.94g (32.1%) of oil product
      [.alpha.].sub.D.sup.25 + 25.85.degree.(CHCL.sub.3. c 1.18).
PAR  An analytical sample was obtained by preparative thin layer chromatography
      followed by evaporative distillation giving a pale yellow oil, b.p.
      190.degree.-200.degree. (bath)/0.01 mm:[.alpha.].sub.D.sup.25 +
      27.46.degree. (c 1.038, CHCl.sub.3).
PAR  Anal. Calcd for C.sub.23 H.sub.34 O.sub.3 : C, 77.05; H, 9.56. Found: C,
      76.73; H, 9.73.
PAC  EXAMPLE 2 (+)-17.beta.-tert. Butoxy-3-methoxyestra-1,3,5(10),9(11)-tetraene
PAR  A solution of 1.56g (0.0435 mole) 83 of product prepared as in Example 1 in
      150 ml of methanol was stirred rapidly, under nitrogen, while 30 ml of
      aqueous 10 N HCl was added in a period of 3 min. After stirring at room
      temperature for 3 hrs. and then with ice bath cooling for 30 min., the
      resulting slurry was filtered. The solid was washed three times with 15 ml
      portions of water and dried under vacuum giving 0.95g (64.3%) of solid
      product m.p. 128.degree.-129.degree.; [.alpha.].sub.D.sup.25 +
      90.99.degree. (c 1.065, CHCl.sub.3); uv max (CH.sub.3 OH) 261 m.mu.
      (.epsilon. 16700).
PAR  Recrystallization of a sample from methanol gave colorless needles, m.p.
      133.degree.-134.degree.: [.alpha.].sub.D.sup.25 + 101.27.degree.(c 1.0526,
      CHCl.sub.3); uv max (95% EtOH) 264 nm (.epsilon. 19700), inf. 290-300
      (.epsilon. 3550). A portion of this material was sublimed prior to
      combustion analysis at 115.degree.-120.degree./0.02 mm giving colorless
      solid, m.p. 132.degree.-133.degree..
PAR  Anal. Calcd for C.sub.23 H.sub.32 O.sub.2 : C, 81.13; H, 9.47. Found: C,
      81.01; H, 9.38.
PAC  EXAMPLE 3 (+)-Estrone Methyl Ether
PAR  A 0.679g (2 mmoles) sample of estratetraene prepared as in Example 2 was
      hydrogenated over 0.2g of pre-equilibrated 5% palladium on carbon in 25 ml
      of ethyl acetate at approximately 1 atmosphere. After stirring for 1.5
      hr., 50 ml of hydrogen had been absorbed. The catalyst was filtered with
      suction and washed with ethyl acetate. Concentration of the combined
      filtrate and washes at aspirator pressure gave 0.741g of pale yellow oil,
      17.beta.-tert.butoxy-3-methoxy-estra-1,3,5(10)-triene.
PAR  This material was dissolved in 10 ml of ice-cold trifluoroacetic acid. The
      resulting yellow solution was kept at 0.degree., under nitrogen for 20 hr.
      then concentrated at aspirator pressure (30.degree.). The residue was made
      alkaline with aqueous 0.5 N KHCO.sub.3 solution (135 ml) and stirred at
      room temperature for 3 hr. after the addition of 20 ml of tetrahydrofuran.
      Extraction with methylene chloride gave 0.77g of
      3-methoxy-17.beta.-trifluoroacetoxy-estra-1,3,5(10)-triene, which
      crystallized on standing. ir: (neat) 1780 (ester) cm.sup.-.sup.1.
PAR  This product was dissolved in a mixture of 20 ml of methanol and 5 ml of
      10% aqueous NaOH. The resulting solution was stirred at room temperature
      for 1 hr. whereupon an additional 5 ml of 10% NaOH and 10 ml of methanol
      were added and stirring was continued for 1.75 hr. The mixture was then
      treated with brine and extracted with three portions of methylene
      chloride. The combined methylene chloride extracts were washed with brine,
      dried (MgSO.sub.4), filtered and concentrated giving 0.567g of estradiol
      3-methylether as a pale yellow foam. ir: (neat) 3400 cm.sup.-.sup.1 (OH).
PAR  Without purification, this compound was dissolved in 20 ml of acetone and
      the solution was stirred with ice bath cooling while 0.65 ml of standard
      Jones reagent was added over 3 min. After stirring for 5 min. with ice
      bath cooling, the excess oxidant was decomposed by the addition of 2 ml of
      2-propanol followed by 40 ml of ice-water. The acetone was removed at
      aspirator pressure and the residue was extracted three times with
      methylene chloride. The organic extracts were combined, washed with
      NaHCO.sub.3 solution and brine then dried (MgSO.sub.4), filtered and
      concentrated at reduced pressure giving 0.537g of crude estrone methyl
      ether, as a yellow solid. Chromatography on 50g of silica gel gave 0.35
      (61.7%) of essentially pure estrone methyl ether (off-white solid; eluted
      with 4:1 and 2:1 hexane:ether). Recrystallization from acetonitrile gave
      colorless solid, m.p. 164.degree.-167.degree.; [.alpha.].sub.D.sup.25 +
      153.98.degree.(c 1.00 dioxane); m.m.p. with authentic (+)-estrone methyl
      ether ([.alpha.].sub.D.sup.25 + 159.16.degree.(c 1.00 dioxane))
      164.degree.-167.5.degree..
PAC  EXAMPLE 4
PAC  (+)-Equilenin Methyl Ether
PAR  A 0.34 g (1.0 mmole) sample of pure estratetraene prepared as in Example 2
      was added to 5 ml of stirred, ice-cold trifluoroacetic acid in an argon
      atmosphere. Argon was bubbled through the resulting yellow-green solution
      for 10 min. then the flask was stoppered and the reaction mixture was kept
      at 0.degree. for 22 hr.
PAR  The trifluoroacetic acid was evaporated at 23.degree.(reduced pressure)
      giving an orange oil that was immediately dissolved in 25 ml of
      tetrahydrofuran and treated with 25 ml of O.5 N aqueous KHCO.sub.3 (pH 9).
      The resulting mixture was stirred at room temperature for 1.5 hr.
      Evaporation of the tetrahydrofuran at reduced pressure was followed by
      extraction with three portions of chloroform. The organic extracts were
      combined, dried (MgSO.sub.4), filtered and concentrated at aspirator
      pressure giving 0.285 g of
      (+)-3-methoxy-17.beta.-hydroxy-estra-1,3,5(10),6,8-pentaene: uv max
      (CH.sub.3 OH) 225 nm (.epsilon. 28400), 268 (3340), 277 (3970), 287
      (3230), 309 (1460), 322 (1500), 337 (1400).
PAR  This crude alcohol was dissolved in 10 ml of acetone and the resulting
      solution was stirred and cooled in an ice bath while 0.5 ml of Jones
      reagent (CrO.sub.3 -H.sub.2 SO.sub.4) was added dropwise. After stirring
      for 5 min. the excess oxidant was decomposed with 1 ml of 2-propanol. The
      resulting mixture was treated with ice water and most of the acetone was
      evaporated at reduced pressure. Extraction of the residual suspension with
      three portions of chloroform followed by washing the extracts with
      saturated NaHCO.sub.3 solution then drying (MgSO.sub.4), filtration and
      concentration at aspirator pressure gave 0.262g of partially crystalline,
      crude equilenin methyl ether. A combination of preparative thin layer
      chromatography (silica gel; benzene:ethyl acetate, 95:5) and
      recrystallization from methanol gave 0.0775g (27.6%) of colorless needles,
      m.p. 192.degree.-194.degree. which was essentially pure equilenin methyl
      ether. Another recrystallization from methanol gave colorless solid, m.p.
      195.degree.-196.degree., [.alpha.].sub.D.sup.25 + 88.72.degree.(c 0.86,
      dioxane).
PAC  EXAMPLE 5
PAC  (+)-17.beta.-Hydroxy-3-methoxyestra-1,3,5, (10),6,8-pentaene
PAR  A 1.037 g (3.05 mmoles) sample of estratetraene prepared as in Example 2
      was dissolved in 15 ml of ice cold trifluoroacetic acid and the resulting
      brown solution was kept at 0.degree., under nitrogen, for 20 hr. then
      evaporated at aspirator pressure. The residue was dissolved in 50 ml of
      methanol and stirred with ice bath cooling while 25 ml of aqueous 10% NaOH
      solution was added followed by an additional 30 ml of methanol. After
      stirring at room temperature for 4 hr., the solution was poured into
      brine. The mixture was then extracted three times with methylene chloride.
      The organic extracts were combined, washed with brine, dried (MgSO.sub.4),
      filtered and concentrated at reduced pressure giving 0.853g of a brown
      foam.
PAR  This crude product was chromatographed on 100g of silica gel. Elution with
      9:1 benzene:ether afforder 0.255g of a gummy solid which was
      recrystallized from methanol giving 0.08g of pure product as colorless
      solid, m.p. 148.degree.-146.degree.. [.alpha.].sub.D.sup.25 +
      40.16.degree.(c 1.00, dioxane).
PAC  EXAMPLE 6
PAR  A solution of 19.5 g (0.125 mole) of m-methoxybenzylchloride dissolved in
      118 ml of anhydrous tetrahydrofuran was added dropwise over a period of 45
      min. to a stirred suspension of 6.25 g (0.25 mole) of magnesium turnings
      in 25 ml of anhydrous tetrahydrofuran at reflux temperature and under an
      argon atmosphere. The mixture was then stirred for 30 min. at reflux
      temperature. After cooling at room temperature, 250 ml anhydrous
      tetrahydrofuran and 11.9 g (0.062 mole) cuprous iodide were added and the
      mixture stirred for 5 min. The mixture was then cooled to -20.degree.C and
      allowed to react under stirring at -20.degree.C over a 5-hour period. A
      solution of 4.5 g (0.019 mole) of
      (+)-1.beta.-tert.-butoxy-7a.beta.-methyl-4-methylene-3a
      .alpha.,6,7,7a-tetrahydroindan-5(4H)-one in 50 ml of anhydrous
      tetrahydrofuran was then added with stirring at -15.degree.C over a 30
      min. period. When the addition was complete, the resulting suspension was
      poured into a stirred mixture of 150 ml of saturated NH.sub.4 Cl solution
      and 100 g of ice. After stirring for 20 min., the mixture was filtered on
      Speedex and the residue was washed three times with 100 ml portions of
      ethyl ether by suction. The organic layer was separated and the aqueous
      layer was extracted two times with 500 ml portions of ethyl ether. The
      organic phases were combined, dried over sodium sulphate, filtered and
      concentrated ona Rotovap at 50.degree.C bath temperature under water pump
      vacuum. The residual viscous oil, 19.97 g, was chromatographed on 200
      parts of silica gel. Elution with 50:1 benzene:ethylacetate afforded 6.025
      g of
      (+)-1.beta.-tert.-butoxy-4[2-(3-methoxyphenyl)ethyl]-7a.beta.-methyl-3a.al
     pha.,4,7,7a-tetrahydroindan-5(6H)-one as a viscous oil.
PAC  EXAMPLE 7
PAR  A solution of 5.8 g (0.025 mole) of m-benzyloxybenzyl chloride dissolved in
      25 ml of anhydrous tetrahydrofuran was added dropwise over a period of 30
      min. to stirred suspension of 1.25 g (0.05 mole) of magnesium turnings in
      5 ml of anhydrous tetrahydrofuran at reflux temperature and under an argon
      atmosphere. The mixture was then stirred for 30 min. at reflux
      temperature. After cooling at room temperature, 100 ml of anhydrous
      tetrahydrofuran and 0.96 g (0.005 mole) of cuprous iodide were added and
      the mixture was stirred for 2 hours at -20.degree.C. A solution of 1.113 g
      (0.0047 mole) of
      (+)-1.beta.-tert.-butoxy-7a.beta.-methyl-4-methylene-3a.alpha.,6,7,7a-tetr
     ahydroindan-5(4H)-one in 10 ml of anhydrous tetrahydrofuran was then added
      with stirring at -20.degree.C over a 10 min. period. When the addition was
      complete, the resulting suspension was poured into a stirred mixture of 50
      ml 1 N sulfuric acid and 50 g of ice. After stirring for 5. min., the
      mixture was extracted three times with 100 ml of ethyl acetate. The
      organic phases were combined, washed with saturated sodium chloride
      solution, dried over anhydrous sodium sulphate, filtered and concentrated
      on the Rotavap at 50.degree.C bath temperature under water pump vacuum.
      The residual oil containing
      (+)-1.beta.-tert.butoxy-3a.alpha.,4,7,7a-tetrahydro-4-[2-(3-benzyloxypheny
     l)-ethyl]-7a.beta.-methyl-5(6H)-indanone (5.7 g) was dissolved in 250 ml of
      methanol, 50 ml of 1N hydrochloric acid and 100 ml of dichloromethane and
      stirred over a 12-hour period at room temperature. The resulting mixture
      was poured into 500 ml of water and extracted three times with 200 ml of
      dichloromethane. The organic extracts were combined, dried over anhydrous
      sodium sulphate, filtered and concentrated at 40.degree.C under water pump
      vacuum. The residual oil (5.356 g) was chromatographed on 120 parts of
      silica gel suspended in n-hexane. Elution with a 1:1 mixture (v/v) of
      n-hexane and dichloromethane gave 0.995 g of
      (+)-3-benzyloxy-17.beta.-tert.-butoxy-estra-1,3,5(10),9(11)-tetraene,
      which after crystallization from methanol melts at 84.degree.-85.degree.C;
      [.alpha.].sub.D.sup.25 + 62.degree.(c 0.1, dioxane).
PAC  EXAMPLE 8
PAR  A solution of 78 g (0.5 mole) of m-methoxybenzyl chloride dissolved in 430
      ml of anhydrous tetrahydrofuran was added dropwise over a period of 55
      min. to a stirred suspension of 24.3 g (1 mole) of magnesium turnings in
      100 ml of anhydrous tetrahydrofuran at reflux temperature and under an
      argon atmosphere. The mixture was then stirred for 30 min. at reflux
      temperature. After cooling at room temperature, 2000 ml of anhydrous
      tetrahydrofuran and 15.85 g (0.16 mole) of cuprous iodide were added and
      the mixture was stirred for 30 min. at room temperature. A solution of
      23.6 g (0.1 mole) of
      (+)-1.beta.-tert.-butoxy-7a.beta.-methyl-4-methylene-3a.alpha.,6,7,7a-tetr
     ahydroindan-5(4H)-one in 200 ml of anhydrous tetrahydrofuran was then added
      with stirring over a 15-min. period. When the addition was complete, the
      resulting suspension was poured into a stirred mixture of 1000 ml of 1 N
      sulfuric acid and 1000 g of ice. After stirring for 5 min., the mixture
      was extracted three times with 1000 ml of ether. The organic phases were
      combined, washed three times with 500 ml of water, dried over 600 g of
      anhydrous sodium sulphate (1 hour), filtered and concentrated at
      40.degree.-45.degree.C bath temperature under water pump vacuum. The
      residual oil, 80 g, was dried at this temperature for 15 min. under a
      vacuum of 11 Torr and then dissolved in 3000 ml of ethanol. Within 15
      min., 600 ml of 10 N hydrochloric acid were added with cooling, the
      temperature not exceeding 20.degree.C. The faintly turbid solution was
      stirred at 20.degree.C for 4 hrs and then allowed to stand at a
      temperature of 0.degree.C for 12 hrs. The suspension was filtered by
      suction, the residue being washed five times with 1000 ml of water and
      dried at 80.degree.C/15 Torr for 4 hrs. The crude crystals were dissolved
      in 200 ml of ether, the solution was diluted with 300 ml of ethanol, then
      200 ml of the solvent was distilled off. The residual solution was left at
      20.degree.C for 2 hrs during which period crystallization occurred. The
      crystals were filtered off with suction, washed with a total of 100 ml of
      ice-cold methanol and dried at 25.degree.C (3 hrs. at 11 Torr and 9 hrs.
      at 0.01 Torr). 24.15 g of
      (+)-17.beta.-tert.-butoxy-3-methoxyestra-1,3,5(10),9(11)-tetraene were
      obtained, melting point 131.degree.-132.degree. C.
PAC  EXAMPLE 9
PAC  (+)-1.beta.-tert.Butoxy-7a.beta.-ethyl-3a.alpha.,4.alpha.,7,7,a-tetrahydro-
     4.beta.-[2-(3-methoxyphenyl)ethyl]-5(6H)-indanone and (+)-1.beta.-tert.
      Butoxy-7a.beta.-ethyl-3a.alpha.,4.beta.,7,7a-tetrahydro-4.alpha.-[2-(3-met
     hoxyphenyl)ethyl]-5(6H)-indanone
PAR  A 4.96 g (0.2 mole) sample of magnesium turnings was heated at 120.degree.
      for 0.5 hr then cooled to room temperature whereupon 20 ml of dry THF was
      added. The resulting slurry was stirred and heated at reflux while a
      solution of 15.6 g (0.1 mole) of m-methoxybenzyl chloride in 85 ml of dry
      THF was added dropwise over a 2 hr period. After stirring at reflux for
      0.5 hr, the dark mixture was cooled to 25.degree.(ice bath) and 400 ml of
      dry THF was added followed by 3.17 g (0.032 mole) of cuprous chloride
      powder. A 6.degree. exotherm was noted upon addition of the cuprous
      chloride. The resulting mixture was stirred at room temperature for 0.75
      hr then a solution of 5.01 g (0.02 mole) of crude (+)-1.beta.-tert.
      butoxy-7a.beta.-ethyl-3a.alpha.,6,7,7a-tetrahydro-4-methylene-indan-5(4H)-
     one in 40 ml of dry THF was added over a 15 min period. After stirring at
      room temperature for 5 min. the resulting solution was decanted from the
      residual metal into a stirred mixture of 200 ml of 1 N aqueous H.sub.2
      SO.sub.4 and 200 g of ice. Stirring was continued for 5 min then ether was
      added and the organic layer was separated. The aqueous layer was extracted
      four times with ether then the organic solutions were combined, washed
      with water and brine and dried. Concentration in vacuo afforded 17.2 g of
      residue.
PAR  This material was chromatographed on 400 g of silica gel. The early
      fractions eluted with 9:1 hexane: ether afforded 3.16 g of the 4.beta.-H
      epimer in essentially pure form as a viscous oil. A sample of this
      material was rechromatographed on silica gel and evaporatively distilled
      giving the analytical specimen as a viscous, pale-yellow oil, bp
      160.degree.-180.degree.(bath temperature) 0.2 mm. [.alpha.].sub.D.sup.25 +
      11.93.degree.(c. 1.2488, CHCl.sub.3); ir (CHCl.sub.3) 1705, 1600, 1585
      cm.sup.-.sup.1 ; uv max (95% EtOH) 217 nm (.epsilon. 7946), 272 (1980),
      278 (1860); nmr (CDCl.sub.3) .delta. 7.15 (m, 1), 6.72 (m, 3), 3.75 (s,
      3), 3.48 (t, 1, J = 8 Hz), 1.12 ppm (s); ms m/e 372 (M.sup.+).
PAR  Anal. Calcd for C.sub.24 H.sub.36 O.sub.3 : C, 77.38; H, 9.74. Found: C,
      77.25; H, 9.85.
PAR  The later fractions eluted with 9:1 hexane:ether yielded 1.4 g of a mixture
      of the 4.beta.-H epimer (minor; less polar on tlc) and the 4.alpha.-H
      epimer (major; more polar on tlc). This material was rechromatographed on
      silica gel. Later fractions eluted with 9:1 hexane:ether furnished 0.51 g
      of essentially pure (tic) 4.alpha.-H epimer as a viscous, colorless oil.
      [.alpha.].sub.D.sup.25 + 17.96.degree.(c 1.0468, CHCl.sub.3); uv max (95%
      EtOH) 215 nm (.epsilon. 7970), 273 (1990), 279 (1870); ir
      (CHCl.sub.3)1700, 1600, 1585 cm.sup.-.sup.1 ; nmr (CDCl.sub.3) .delta.
      7.15 (m, 1), 6.70 (m, 3), 3.75 (s, 3), 3.43 (m, 1), 1.10 ppm (s); ms m/e
      372 (M.sup.+).
PAR  Anal. Calcd for C.sub.24 H.sub.36 O.sub.3 : C, 77.38; H, 9.74. Found: C,
      77.53; H, 9.84.
PAC  EXAMPLE 10
PAC  Epimerization of 4.alpha.-H epimer
PAR  A 54 mg sample of 4.alpha.-H epimer from Example 9 was treated with 5 ml of
      a solution prepared by diluting 5 ml of 1 N aqueous NaOH to 50 ml with
      methanol. The mixture was heated for 5 min. on a steam bath in order to
      effect solution. After cooling to room temperature, tlc analysis indicated
      that epimerization was complete as evidenced by the essential absence of
      the spot due to the more polar, 4.alpha.-H epimer. After standing at room
      temperature for 1.25 hr, the solution was diluted with methylene chloride
      and toluene then dried, filtered and concentrated in vacuo. There was
      obtained 54 mg of colorless oil, the tlc mobility which was identical to
      that of the 4.beta.-H epimer. The latter substance was unchanged by alkali
      treatment.
PAC  EXAMPLE 11
PAC  (+)-17.beta.-tert.Butoxy-13.beta.-ethyl-3-methoxygona-1,3,5(10),9(11)-tetra
     ene
PAR  A solution of 7.28 g (19.6 mmole) of
      (+)-1.beta.-tert.butoxy-7a.beta.-ethyl-3a.alpha.,4.beta.,7,7a-tetrahydro-4
     .alpha.-[2-(3-methoxyphenyl)ethyl]-5-(6H)-indanone in 675 ml of methanol
      was stirred at room temperature while 135 ml of 10 N aqueous HCl was added
      dropwise over a 0.5 hr period. The temperature rose to 34.degree. during
      the addition. The resulting cloudy mixture was seeded with an authentic
      crystal of product and stirred at room temperature for 4 hr during which
      time a solid precipitated. After cooling to 5.degree.(ice bath) and
      stirring for an additional 15 min the slurry was filtered with suction and
      the solid was washed with water. The solid was then dried under high
      vacuum at 40.degree.-50.degree. overnight giving 5.86 g of colorless
      solid, m.p. 116.degree.-119.degree., [.alpha.].sub.D.sup.25 +
      92.10.degree.(c 1.0239, CHCl.sub.3); uv max (95% EtOH) 263 nm (.epsilon.
      20000), sh 297 (3600), infl 310 (2100). A lg sample of this material was
      recrystallized from ethanol giving 0.91 g of colorless needles, m.p.
      120.degree.-121.degree.. [.alpha.].sub.D.sup.25 + 97.13.degree.(c, 1.0285,
      CHCl.sub.3); uv max (95% EtOH); 263 nm (.epsilon. 19780), 298 (3150), infl
      310 (2120 ); ir (CHCl.sub.3) 1640, 1615, 1580, 1505, 1375, 1245
      cm.sup.-.sup.1 ; nmr (CDCl.sub.3).delta. 7.45 (d, 1), 6.63 (m, 2), 6.06
      (m, 1), 3.73 (s, 3), 3.58 (m, 1), 1.14 ppm (s); ms m/e 354 (M.sup.+).
PAR  Anal. Calcd for C.sub.24 H.sub.34 O.sub.2 : C, 81.31; H, 9.67. Found: C,
      81.37; H, 9.66.
PAC  EXAMPLE 12
PAC  (+)-17.beta.-tert.Butoxy-13.beta.-ethyl-3-methoxygona-1,3,5(10)-triene
PAR  A mixture of lg (2.82 mmoles) of (+)-17.beta.-tert.butoxy-
      13.beta.-ethyl-3-methoxygona-1,3,5(10),9(11)-tetraene, 0.25 g of 5%
      palladium on carbon and 25 ml of ethyl acetate was stirred in an
      atmosphere of hydrogen for 1 hr during which time a total of 74 ml of
      hydrogen was absorbed (70.5 ml theory). The catalyst was filtered with
      suction on Celite and the filter cake was washed well with ethyl acetate.
      Concentration of the combined filtrate and washes in vacuo gave 1.23 g of
      colorless solid. This material was chromatographed on 50 g of silica gel.
      Elution with 19:1 hexane:ether gave 0.925 g of colorless solid which
      recrystallized ethanol. This afforded 0.67 g of colorless plates, m.p.
      121.degree.-123.degree.. [.alpha.].sub.D.sup.25 + 44.69.degree.(c 1.016,
      CHCl.sub.3); uv max (95% EtOH) 278 nm (.epsilon. 2020), 287 (1860); ir
      (CHCl.sub.3) 1610, 1580, 1500, 1360 cm.sup.-.sup.1 ; nmr
      (CDCl.sub.3).delta. 7.18 (m, 1), 6.68 (m, 2), 3.74 (s, 3), 3.51 (t, 1, J =
      Hz), 1.15 ppm (s); ms m/e 356 (M.sup.+).
PAR  Anal Calcd for C.sub.24 H.sub.36 O.sub.2 : C, 80.85; H, 10.18. Found: C,
      80.71; H, 10.17.
PAC  EXAMPLE 13
PAR  (+)-13.beta.-Ethyl-3-methoxygona-1,3,5(10)-trien-17-one
PAR  A solution of 0.4 g (1.12 mmoles) of (+)-17.beta.-tert.butoxy-
      13.beta.-ethyl-3-methoxygona-1,3,5(10)-triene and 0.1 g of
      p-toluenesulfonic acid monohydrate in 10 ml of toluene was stirred and
      heated at reflux for 1 hr. The resulting solution was cooled and treated
      with saturated aqueous sodium bicarbonate solution then extracted twice
      with ether. The combined organic extracts were dried, filtered and
      concentrated in vacuo giving 0.348 g of
      (+)-17.beta.-hydroxy-13.beta.-ethyl-3-methoxygona-1,3,5(10)-triene as a
      colorless solid.
PAR  This material was dissolved in 10 ml of acetone and the resulting solution
      was stirred with ice bath cooling while 0.4 ml of Jones reagent was added
      dropwise from a syringe over a 5-min. period. After stirring at
      0.degree.-5.degree. for 2 min., the red mixture was decomposed by the
      addition of 10% aqueous sodium bisulfite solution. The resulting green
      mixture was diluted with water and extracted three times with ether. The
      ether extracts were combined, washed once with brine then dried, filtered
      and concentrated in vacuo giving 0.334 g of crude product as a tan solid.
      This material was chromatographed on 20 g of silica gel. Fractions eluted
      with 4:1 hexane:ether afforded 0.274 g of colorless solid.
      Recrystallization from 1:1 cyclohexane:ethyl acetate furnished 0.207 g of
      colorless plates, m.p. 148.5.degree.-150.degree.. [.alpha.].sub.D.sup.25 +
      102.37.degree.(c 1.0257, CHCl.sub.3); + 102.82.degree.(c 1.0329, 1:1
      CHCl.sub.3 :CH.sub.3 OH).
PAC  EXAMPLE 14
PAC  (+)-17.beta.-tert.Butoxy-3-methoxyestra-1,3,5(10)-triene
PAR  A mixture of 0.8 g (2.35 mmoles) of
      (+)-17.beta.-tert.butoxy-3-methoxyestra-1,3,5(10),9(11)-tetraene, 0.25 g
      of 5% palladium on carbon and 30 ml of ethyl acetate was stirred in an
      atmosphere of hydrogen for 1.33 hr. At the end of this time, 61 ml of
      hydrogen had been absorbed (59 ml theory). The catalyst was filtered with
      suction on Celite and the filter cake was washed with ethyl acetate. The
      filtrate and washes were combined and concentrated in vacuo giving 0.831 g
      of colorless oil which crystallized on standing at 0.degree..
      Recrystallization from ethanol yielded 0.433 g of product as colorless
      crystals, m.p. 91.degree.-92.5.degree.; ir (CHCl.sub.3) 1610, 1580, 1500,
      1360 cm.sup.-.sup.1 ; uv max (95% EtOH) 277 (.epsilon. 2030), 285 (1900);
      nmr (CDCl.sub.3) .delta. 7.20 (m, 1), 6.63 (m, 2),  3.73 (s, 3), 3.43 (t,
      1, J = 8 Hz), 1.15 (s), 0.75 ppm (s, 3); ms m/e 342 (M.sup.+). A sample of
      this material was sublimed (110.degree.-120.degree./0.15 mm) prior to
      combustion analysis giving colorless solid m.p. 90.degree.-92.degree..
      [.alpha.].sub.D.sup.25 + 62.20.degree.(c 1.0176, CHCl.sub.3).
PAR  Anal. Calcd for C.sub.23 H.sub.34 O.sub.2 : C, 80.65; H, 10.00. Found: C,
      80.88; H, 9.91.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the preparation of a compound of the formula
      ##SPC11##
PA1  wherein R is lower alkyl and R" is lower alkyl, tertiary lower alkyl,
      benzyl, diphenylmethyl, or trityl,
PAL  which comprises contacting a compound of the formula
      ##SPC12##
PA1  wherein R and R" are as above and R'"is tertiary lower alkyl,
PAL  with a strong acid selected from the group consisting of mineral acids,
      organic sulfonic acids and trifluoroacetic acid and, where trifluoroacetic
      acid is employed, hydrolyzing the 17-trifluoroacetate of reaction product
      with aqueous base.
NUM  2.
PAR  2. The process of claim 1 wherein R is methyl or ethyl, R" is methyl and
      R'" is tertiary butyl.
NUM  3.
PAR  3. The process of claim 1 wherein trifluoroacetic acid is employed and
      where the basic hydrolysis is effected by means of aqueous alkali metal
      bicarbonate, carbonate or hydroxide.
NUM  4.
PAR  4. The process of claim 3 wherein the acid treatment step is carried out at
      between about -10.degree. and +30.degree.C.
PATN
WKU  039338711
SRC  5
APN  4151437
APT  1
ART  117
APD  19731112
TTL  Fabric softener compound and processes for preparing and using the same
ISD  19760120
NCL  5
ECL  1
EXP  Garvin; Patrick P.
INVT
NAM  Armstrong; Leonard J.
CTY  Janesville
STA  WI
ASSG
NAM  Armstrong Chemical Company, Inc.
CTY  Janesville
STA  WI
COD  02
CLAS
OCL  260401
XCL  2604045
XCL    8137
XCL  252  875
EDF  2
ICL  C07C10338
FSC  260
FSS  401
UREF
PNO  2583772
ISD  19520100
NAM  Gunderson
OCL  260401
UREF
PNO  3492324
ISD  19700100
NAM  Blackman
XCL  260401
UREF
PNO  3703535
ISD  19721100
NAM  Mannheimer
OCL  260401
LREP
FR2  Batz; Carl C.
ABST
PAL  A fabric softener compound having the formula:
      ##EQU1##
      wherein R' and R" are alkyl or alkylene radicals having from 10 to 20
      carbons in their carbon chains and n = 0 to 4.
PAL  Also methods for preparing such compounds in which propylene oxide is
      reacted with an intermediate compound having the formula:
      ##EQU2##
      wherein R' and R" are alkyl or alkylene radicals having from 10 to 20
      carbons in their carbon chains.
PAL  Also processes for washing fabrics utilizing said fabric softening
      compound.
BSUM
PAR  This invention relates to a fabric softening compound, and particularly to
      a propoxylated fabric softening compound having the following formula:
      ##EQU3##
      wherein R' and R" are long chain alkyl or alkylene groups and n = 0 to 4.
PAC  BACKGROUND
PAR  Ethoxylated diamidoamine quaternary of dimethyl sulfate is a well known
      compound used for the softening of fabric. It is made by reacting a long
      chain glyceride such as tallow with diethylene triamine at elevated
      temperatures to produce a diamidoamine represented by the following
      structure:
      ##EQU4##
      wherein R' and R" are long chain alkyl or alkylene groups.
PAR  This diamidoamine is then treated with ethylene oxide to give a tertiary
      amine having the following structure:
      ##EQU5##
      wherein R' and R" are long chain alkyl or alkylene groups.
PAR  This tertiary amine is then reacted with dimethyl sulfate to prepare the
      compound represented by the following formula:
      ##EQU6##
      wherein R' and R" are long chain alkyl or alkylene groups. This compound
      is now being used commercially for fabric softening.
PAR  This compound has good hydrophilic balance and other characteristics
      desired in a fabric softening compound. However, it has a serious
      disadvantage in that under common conditions of use heating is required to
      maintain the compound fluid and it would be very desirable to have a
      softening compound like this one which retains all of the desirable
      attributes of this known compound, but which will remain flowable at lower
      temperatures.
PAR  I have discovered that treating the diamidoamine with propylene oxide
      instead of ethylene oxide as above referred to I can obtain a compound
      having the favorable characteristics known to the ethoxylated compound of
      the art and having in addition the quality of being fluid at substantially
      lower temperatures.
PAR  This discovery is unexpected because it is known that propylene oxide when
      reacted with amines, acids or alcohols tends to increase the hydrophobic
      character and oil solubility of the resulting molecule. Further, the
      longer carbon chain of the propoxy group might be expected to decrease the
      fluidity of the resulting compound.
PAR  In the preparation of the improved diamidoamine quaternary compounds, I may
      start with the reaction of tallow and diethylene triamine. Or, in the
      palce of tallow I may use any available source of material which in the
      reaction will yield alkyl or alkylene radicals having from 10 to 20
      carbons in the hydrocarbon chain such as lauric, myristic, palmitic,
      oleic, linoleic or stearic acids. Conveniently, I can use the common oils
      such as tallow, lard or other animal or vegetable oils such as corn oil,
      coconut oil, tall oil or soya oil, or the fatty acid mixtures therefrom,
      or the fatty acid esters thereof. My improved compounds made from
      vegetable oils or acids therefrom are useful outside the area of household
      fabric softeners in fields such as textile treatment or cationic chemistry
      applications.
PAR  The tallow or other fatty oils, or acids or esters above referred to, is
      reacted with diethylene triamine which is commercially available and in
      its commercial form may contain small quantities of ethylene diamine and
      triethylene tetramine.
PAR  The reaction may be conducted using about one mole of diethylene triamine
      to from 0.6 to 0.7 (0.66 preferred) moles of tallow with stirring and
      using temperatures of about 250.degree. to 300.degree.F. for several
      hours, after which the resulting reaction product is cooled suitable to
      below 200.degree.F..
PAR  This intermediate product is then reacted with propylene oxide at a
      temperature of about 180.degree.  to 250.degree.F., preferably about
      190.degree. to 210.degree.F., with stirring, using propylene oxide in the
      mole range of 1.0 to 5.0 to 1 mole of the intermediate reaction product to
      obtain a propoxylated material having the following formula:
      ##EQU7##
      where n = 0 to 4.
PAR  To a quantity of this propoxylated material may be added a solvent such as
      isopropanol, ethanol, methanol, diethylene glycol, hexylene glycol, or the
      like, in a proportion of about 1 part solvent to 10 to 11 parts by weight
      of the propoxylated material, and dimethyl sulfate in a proportion of
      about 1 part dimethyl sulfate to about 6 to 10 weight parts of the
      propoxylated solution in a range of 0.90 to 1.0 moles (preferably 0.95) to
      1 mole of the propoxylated reactant material. Good agitation should be
      provided. Then a further quantity of solvent may be added to give a
      finished compound of about 90% solids. The resulting product contains the
      reaction product represented by the following formula:
      ##EQU8##
      where n = 0 to 4.
PAR  In the reaction between the diamido amine and the propylene oxide one mole
      of propylene oxide is entered into the reaction, and if further quantities
      of propylene oxide are available another mole may be entered, and then
      another, etc., up to about 5 moles in the resulting product.
PAR  Where it is desired to obtain a final product having a formula in which n =
      0, it may suffice to use propylene oxide in a molar ratio of one mole of
      propylene oxide to one mole of the intermediate reaction product, but to
      obtain a reaction product having a formula where n is 1, I may use a molar
      ratio of propylene oxide to the amine intermediate product of about 2:1.
      In each case, this ratio will be n = 1 moles of propylene oxide to one
      mole of the amine.
PAR  It is further understood that in most cases, the reaction product may
      contain mixtures of compounds in which one or more, up to 5 moles of
      propylene oxide, are added in the reaction, and in which n, in the formula
      above given, varies from 0 to 4. The addition reaction becomes more
      difficult as the number of moles of propylene oxide increases. In order to
      speed this reaction and to facilitate the addition of the larger numbers
      of moles of propylene oxide it has been found helpful to add small
      quantities of a caustic catalyst. For example, I may add sodium hydroxide
      in a proportion of about 0.0005 to 0.002 parts by weight of sodium
      hydroxide to one part of the reaction mixture.
PAR  As above explained, the reaction product may contain a mixture of compounds
      in which n of the above formula may vary from 0 to 4. I have found that
      very desirable products may be obtained where the mixture has a
      predominance of compounds where n is 0, or wherein n is 1. The formula
      where n = 0 becomes:
      ##EQU9##
      and where n is 1, becomes:
DETD
PAR  Examples illustrating the preparation of my improved compounds and for
      testing their characteristics are given as follows:
PAC  EXAMPLE I
PAC  Preparation of Propoxylated Diamidoamine Quaternary Compounds
PAR  To an autoclave equipped with mechanical stirrer was charged 800 g. (0.91)
      mole) bleached tallow and 143.5 g. (1.4 mole) diethylene triamine. The
      stirred mixture was heated under a nitrogen atmosphere at 260.degree. to
      280.degree.F. for 4 hours.
PAR  The diamidoamine intermediate was then cooled to 200.degree.F. and 230 g.
      (3.96 mole) propylene oxide was added at 190.degree. to 210.degree.F..
      After propylene oxide addition, the propylated material had a color of
      only Gardner Hellige 2+.
PAR  To 1067 g. of the propoxylated material was added 100 g. of isopropanol,
      and at 130.degree. to 150.degree.F. 155g. (1.23 moles) of dimethyl sulfate
      was added with good agitation. An additional 35 g. of isopropanol was
      added to give a finished quaternary compound of 90% solids. This product
      had a Gardner Hellige color of 3.
PAC  EXAMPLE II
PAC  Preparation of Propoxylated Diamidoamine Quaternary Compounds
PAR  To an autoclave equipped with mechanical stirrer was charged 880 g. (1
      mole) bleached refined lard and 154.5 g. (1.5 moles) diethylene triamine.
      The stirred mixture was heated under a nitrogen atmosphere of 260.degree.
      to 280.degree.F. for 4 hours.
PAR  The diamidoamine intermediate was then cooled to 200.degree.F. and 151 g.
      (2.6 moles) propylene oxide was added at 190.degree. to 210.degree.F.
      After propylene oxide addition, the propylated material had a color of
      only Gardner Hellige 2+.
PAR  To 1120 g. of propoxylated material was added 130 g. isopropanol, and at
      130.degree. to 150.degree.F. 174 g. (1.38 moles) of dimethyl sulfate was
      added with good agitation. An additional amount of isopropanol was added
      to give a finished quaternary compound of 90% solids.
PAC  EXAMPLE III
PAC  Preparation of Propoxylated Diamidoamine Quaternary Compounds
PAR  To an autoclave equipped with mechanical stirrer was charged 777 g. (1.17
      moles) refined coconut oil and 180 g. (1.75 moles) diethylene triamine.
      The stirred mixture was heated under a nitrogen atmosphere at 260.degree.
      to 280.degree.F. for 4 hours.
PAR  The diamidoamine intermeditate was then cooled to 200.degree.F. and 244 g.
      (4.2 moles) propylene oxide was added at 190.degree. to 210.degree.F..
      After propylene oxide addition, mixture was cooked an additional 2 hours
      at 190.degree. to 210.degree.F..
PAR  To 1142 g. of the propoxylated material was added 140 g. of isopropanol,
      and at 130.degree. to 150.degree.F. 200 g. (1.59 moles) of dimethyl
      sulfate was added with good agitation. An additional amount of isopropanol
      was added to give a finished quaternary compound of 90% solids.
PAC  EXAMPLE IV
PAC  Preparation of Propoxylated Diamidoamine Quaternary Compounds
PAR  In a small pilot plant run, 1840 No. of bleached tallow and 325 No. of
      diethylene triamine were charged to a reactor and heated at 260.degree. to
      280.degree.F. for 4 hours.
PAR  Product was then cooled to 200.degree.F. and 250 No. of isopropanol was
      added, followed by addition of 300 No. of propylene oxide at 180.degree.
      to 220.degree.F., using approximately 1.6 moles of propylene oxide to 1
      mole of amido amine.
PAR  After propylene oxide addition was completed, the reaction mixture was
      cooled to 120.degree. to 140.degree.F. and 400 No. of dimethyl sulfate was
      added within the 120.degree. to 140.degree.F. range. This product was a
      yellow liquid with a Gardner Hellige color of 5+ a solid content of 90.5
      and a pH at 10% in IPA water solution of 5.0.
PAC  EXAMPLE V
PAC  Fluidity Characteristics
PAR  The compound prepared in accordance with Example I was tested for fluidity
      and found when at 90% activity to be a flowable liquid at 80.degree.F..
PAR  A compound was prepared in exactly the same way as in Example I except that
      ethylene oxide was used instead of propylene oxide. The resulting compound
      was tested and found not to be flowable at 80.degree.F..
PAC  EXAMPLE VI
PAC  Softening Properties
PAR  Softening dispersions were prepared at 3.2% solids using (a) the compound
      as prepared as in Example I, and (b) the compound prepared as stated in
      Example V, second paragraph.
PAR  Using a 6 pound wash load consisting of towels, the dispersion sample using
      compound (b) was added at the rinse cycle. In a similar load the
      dispersion sample using compound (a) was added at the rinse cycle.
PAR  The towels were line dried. Test panel attempts to differentiate softening
      properties of the towels failed to show any difference between the towels
      washed by these two loads. All the towels were well softened.
PAC  EXAMPLE VII
PAC  Stability of Dispersion
PAR  Samples of 3% solids dispersion of the compounds prepared as in Example I
      were prepared in water of 150 ppm hardness and stored at room temperature,
      at 40.degree.  and at 105.degree.F.. The dispersions were all still stable
      at the end of three months.
PAC  EXAMPLE VIII
PAC  High Solids Dispersion Fluidity
PAR  Both 16% and 20% solids dispersions were prepared, based on the weight of
      the compound prepared as in Example I and also based on the compound as
      set forth in the second paragraph of Example V.
PAR  The following procedure was used for producing the dispersions. Water of
      150 ppm hardness was heated to 120.degree.F. To the water was added 0.2%
      sodium chloride by weight of the total dispersion. The softener base or
      quaternary was then added slowly to the rapidly stirred water. As the
      dispersion viscosity appeared to increase further increments of sodium
      chloride were added until 0.8% by weight of the total dispersion was
      added. After the remainder of the softener base was added, a final 0.2%
      salt was added to give a total of 1.0% sodium chloride in the finished
      dispersion.
PAR  Dispersions were chilled overnight at 40.degree.F. and viscosities measured
      using a No. 2 Spindle at 30 rpm. Dispersion viscosities were given in the
      following table:
     Weight % of Propoxylated Ethoxylated                                      

     Quaternary Compound                                                       

                 Quaternary Compound                                           

                              Quaternary Compound                              

                 Viscosity at 76 F. cps                                        

                              Viscosity at 76 F. cps                           

     __________________________________________________________________________

     16          400           600                                             

     20          670          &gt;2000                                            

     __________________________________________________________________________

PAR  The above examples are intended to be illustrative only and not as limiting
      the invention. It will be apparent from the Examples that considerable
      variation is possible in the method of manufacturing typical compounds
      within the group which they represent. It is also apparent that numerous
      other modifications may be devised by those skilled in the art without
      departing from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound having the following formula:
      ##EQU11##
      wherein R' and R" are alkyl or alkylene radicals having from 10 to 20
      carbons in their carbon chains and n + 0 to 4.
NUM  2.
PAR  2. A compound as set forth in claim 1 wherein R' and R" are alkyl or
      alkylene radicals of tallow.
NUM  3.
PAR  3. A compound as set forth in claim 1 wherein R' and R" are alkyl or
      alkylene radicals of lard.
NUM  4.
PAR  4. A compound having the following formula:
      ##EQU12##
      wherein R' and R" are alkyl or alkylene radicals having from 10 to 20
      carbons in their carbon chain.
NUM  5.
PAR  5. A compound having the following formula:
      ##EQU13##
      wherein R' and R" are alkyl or alkylene radicals having from 10 to 20
      carbons in their carbon chain.
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ABST
PAL  A method for the preparation of fatty hydroxamates wherein an agitated
      anhydrous slurry of hydroxylamine sulfate and a lower alkanol solution of
      a lower ester of a C.sub.6 -C.sub.22 fatty acid is reacted with
      dimethylamine to provide the corresponding hydroxamic acid which is
      subsequently neutralized with dimethylamine or an alkali metal base to
      yield, respectively, the ammonium or alkali metal salt thereof.
PARN
PAC  CROSS-REFERENCE TO A RELATED APPLICATION
PAR  This application is a continuation-in-part of application Ser. No. 10,589,
      filed Feb. 11, 1970, which in turn is a continuation-in-part of
      application Ser. No. 569,850, filed on Aug. 3, 1966, both now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a process for preparing the alkali metal or
      ammonium salts of fatty hydroxamic acids.
PAR  2. Description of the Prior Art
PAR  The fatty hydroxamates to which the present invention is directed are
      effective reagents for carrying out a variety of hydrometallurgical
      operations, particularly exemplary of which is the flotation recovery of
      metals from oxidized minerals such as, for example, in the separation of
      copper from chrysocolla mineral ore.
PAR  Such hydroxamates can be readily derived by reacting hydroxylamine with a
      fatty acid ester to provide the corresponding hydroxamic acid which can
      then be neutralized with an appropriate base to obtain the hydroxamate.
      The foregoing procedure, however, is not adapted for the commercial
      production of hydroxamates since hydroxylamine in a hazardously unstable
      compound and thus not available for use in this form. Accordingly,
      hydroxylamine can only be used in any commercially adaptable process
      either as the sulfuric or hydrochloric acid salt thereof. The hydrochloric
      salt of hydroxylamine, because of its complete solubility in the polar
      organic solvents required for effecting the reaction concerned, is the
      hydroxylamine generating reagent conventionally used. Given a choice,
      however, one would prefer to use the sulfuric acid salt for economic
      reasons since the hydrochloride salt is made there from.
PAR  The drawback of employing the sulfuric acid salt of hydroxylamine in a
      process of the type to which this invention relates is because such salt
      is substantially completely insoluble in the polar organic solvents which,
      as mentioned above, must be used as the reaction medium in order to secure
      the reaction of the hydroxylamine with the fatty ester. It is nonethe less
      possible to carry out the underlying reaction in the presence of added
      water. However, this mode of operation results in a substantial formation
      of a soap, which not only adversely affects the yield of desired product,
      but also poses severe processing problems for the recovery thereof.
PAR  It is, accordingly, the object of this invention to prepare fatty acid
      hydroxamates using hydroxylamine sulfate as the source of hydroxylamine
      without undergoing the formation of soap, as is prone to occur in the
      prior art use of this material.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, an improved process for the
      preparation of either the alkali metal or ammonium salt of a fatty
      hydroxamic acid is provided which comprises reacting an anhydrous slurry
      of hydroxylamine sulfate and a lower alkanol solution of a lower alkyl
      ester of a C.sub.6 - C.sub.26 fatty acid with dimethylamine to result in
      the formation of the corresponding fatty hydroxamic acid which is then
      neutralized with an alkali metal base or further reacted with
      dimethylamine to provide the dimethyl ammonium fatty hydroxamate.
PAR  The novel method of this invention for effecting the reaction between
      hydroxylamine and a fatty acid ester to yield the fatty hydroxamic acid
      can only be realized through the use of dimethylamine in the manner as
      aforedescribed. In the contemplated reaction system of this invention,
      solid hydroxylamine sulfate initially exists in contact with a polar
      organic solvent solution of the fatty acid ester in the form of an
      agitated slurry. Reacting this heterogeneous system in the presence of
      dimethylamine results in the sulfate salt progressively reacting therewith
      to generate hydroxylamine accompanied by the concomitant formation of
      dimethylamine sulfate, which fortuitously remains completely soluble in
      the organic phase along with hydroxamic acid reaction product. Upon
      completion of the reaction, the hydroxamic acid is neutralized either by
      further reacting with dimethylamine to provide the dimethyl ammonium salt
      or with an alkali metal hydroxide to provide the alkali metal salt
      thereof.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The fatty esters from whence the fatty hydroxamates are prepared in
      accordance with this invention include the lower alkyl esters of fatty
      acids containing from 6 to 26 carbon atoms, such as those found in
      naturally occuring fats and oils. Especially preferred from the standpoint
      of yielding hydroxamates having singular effectiveness as froth flotation
      reagents is the lower molecular weight fraction of the fatty acids
      occurring in coconut oil. Such acids are predominantely a mixture of
      C.sub.8 - C.sub.10 saturated linear acids. The lower alkyl esters of the
      aforesaid fatty acids are preferred in practicing the present invention.
      Exemplary of the preferred esters are those obtained by esterifying the
      fatty acids with either methanol, ethanol or isopropanol.
PAR  As indicated above, the contemplated inert solvent medium for carrying out
      the novel process of this invention is preferably an anhydrous lower
      alkanol. Particularly preferred among such alcohols are the C.sub.1 -
      C.sub.3 alkanols. The amount of alcohol that can be employed is not
      critical. An amount of solvent capable of providing a stirrable slurry
      with the hydroxylamine sulfate is generally employed. The ratio of fatty
      ester to the hydroxylamine sulfate is likewise not critical although it is
      preferred to operate with approximate equivalent proportions of these
      reactants.
PAR  The dimethylamine can be advantageously introduced into the reaction sphere
      either by bubbling same into the slurry or adding the amine as a liquid to
      the slurry whilst, in either mode of operation, continuously stirring the
      reaction mixture. Reaction temperatures are preferably ambient. Similarly,
      the preferred pressure conditions are ambient. Higher temperatures,
      however, can be used consistent with the boiling point of the selected
      alkanol solvent. Higher reaction temperatures, up to about 100.degree.C.,
      at which temperature hydroxylamine is prone to decompose, are applicable.
      Reaction time varies depending upon the desired extent of converting the
      fatty ester to the hydroxamic acid. Reaction kinetics in this instance are
      relatively slow and consequently as long as one to two days reaction time
      may be required to effect complete conversion of the fatty ester.
PAR  Upon effecting the desired degree of the conversion of the fatty ester to
      the corresponding fatty hydroxamic acid, the alcoholic solution of the
      latter is recovered for the preparation of the alkali metal hydroxamates.
      The neutralization reaction can be conveniently carried out by adding a
      solution of the selected alkali, i.e., hydroxide or lower alkoxide, in a
      lower alkanol to the organic phase of the reaction mixture. Alternatively,
      the hydroxamic acid can be recovered as such for further purification
      treatment prior to neutralization if desired. In the preparation of the
      ammonium hydroxamate, the hydroxamic acid obtained as aforedescribed can
      be further reacted with dimethylamine to yield the ammonium salt. The
      resultant ammonium salt solution can be conveniently stripped in order to
      recover the salt in solid form.
PAR  In order to illustrate the best mode contemplated for carrying out the
      present invention, the following examples are set forth. As indicated,
      these examples are given primarily by way of illustration and,
      accordingly, any enumeration of detail set forth therein is not to be
      construed as a limitation on the invention except that such limitation is
      expressed in the appended claims. All parts and percentages are by weight
      unless otherwise indicated.
DETD
PAC  EXAMPLE I
PAR  This example illustrates the preparation of potassium C.sub.8 - C.sub.10
      hydroxamate.
PAR  In a stirred reactor were charged 82 grams hydroxylamine sulfate, 170 grams
      methyl esters of a mixture of C.sub.8 - C.sub.10 fatty acids derived from
      coconut oil and 300 ml. methanol. After stirring until blended, 45 grams
      dimethylamine were bubbled into the reaction mixture and thereupon the
      mixture was allowed to stand for about 15 hours. Methanol was then
      stripped off, leaving a viscous oil (hydroxamic acid + dimethylamine
      sulfate) which was poured into 62 grams of potassium hydroxide dissolved
      in 200 ml. of methanol. Immediately, a voluminous white precipitate formed
      which was filtered off, washed with water and dried. The product was
      identified by infra-red analysis and found to be potassium C.sub.8
      -C.sub.10 hydroxamate. The yield was 180 grams, i.e., about 75%
      quantitative.
PAC  EXAMPLE II
PAR  This example illustrates the preparation of dimethyl ammonium C.sub.8
      -C.sub.10 hydroxamate.
PAR  In a stirred reactor were charged one gram equivalent of hydroxylamine
      sulfate, one gram mole of methyl esters of a mixture of C.sub.8 -C.sub.10
      fatty acids as employed in Example I and 300 ml. methanol. After stirring,
      two gram moles of dimethylamine are bubbled into the flask after which the
      mixture is allowed to stand for about 15 hours. Methanol was then stripped
      off leaving a white solid which is shown to contain dimethyl ammonium
      C.sub.8 -C.sub.10 hydroxamate by infra-red analysis.
PAC  EXAMPLE III
PAR  This example further illustrates the preparation of potassium C.sub.8
      -C.sub.10 hydroxamate.
PAR  In a reactor equipped with stirrer were charged 236 grams hydroxylamine
      sulfate, 395 grams of the methyl esters of a mixture of C.sub.8 -C.sub.10
      fatty acids as used in the previous examples and 800 ml. isopropanol.
      After stirring until well blended, 325 grams dimethylamine were bubbled
      into the reactor. Following the addition of the dimethylamine, the
      reaction mixture was stirred overnight. After 5 days standing, the
      reaction mixture was analyzed for carbonyl content by infra-red analysis
      and found to contain hydroxamate carbonyl to the exclusion of carboxylate
      carbonyl. To the reaction mixture were then added 200 ml. water, with
      stirring. Two layers formed. The bottom layer, after being stripped of
      water, weighed 200 grams (80% dimethylamine sulfate).
PAR  To the separated upper layer was added a solution of 145 grams of potassium
      hydroxide dissolved in methanol. The voluminous white precipitate, which
      immediately formed, was filtered off yielding 410 grams of hydroxamate
      representing a 76% yield.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the preparation of an alkali metal salt of a fatty
      hydroxamic acid which comprises the steps:
PA1  1. reacting an anhydrous slurry of hydroxylamine sulfate and a lower
      alkanol solution of a lower alkyl ester of a C.sub.6 -C.sub.26 fatty acid
      with dimethylamine to provide an alcoholic solution of the corresponding
      fatty hydroxamic acid;
PA1  2. neutralizing the fatty hydroxamic acid of step (1) with a lower alkanol
      solution of an alkali metal hydroxide or lower alkoxide; and
PA1  3. recovering the resultant fatty hydroxamate.
NUM  2.
PAR  2. A process in accordance with claim 1 wherein the hydroxylamine sulfate
      and said ester are reacted in approximately equivalent proportions.
NUM  3.
PAR  3. A process in accordance with claim 2 wherein the ester reactant is the
      methyl ester of a mixture of saturated straight-chain C.sub.8 -C.sub.10
      fatty acids.
NUM  4.
PAR  4. A process in accordance with claim 3 wherein the lower alkanol of steps
      (1) and (2) is methanol.
NUM  5.
PAR  5. A process for the preparation of ammonium fatty hydroxamates which
      comprises the steps:
PA1  1. reacting an agitated anhydrous slurry of hydroxylamine sulfate and a
      lower alkanol solution of a lower alkyl ester of a C.sub.6 -C.sub.26 fatty
      acid with dimethylamine to provide an alcoholic solution of the ammonium
      salt of the corresponding fatty hydroxamic acid; and
PAR  2. recovering the resultant ammonium fatty hydroxamate.
NUM  6.
PAR  6. A process in accordance with claim 5 wherein the hydroxylamine sulfate
      and said ester are reacted in approximately equivalent proportions to
      provide the ammonium fatty hydroxamate.
NUM  7.
PAR  7. A process in accordance with claim 6 wherein the ester reactant is the
      methyl ester of a mixture of saturated straight-chain C.sub.8 -C.sub.10
      fatty acids.
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ABST
PAL  A method for preparing omega-aminoalkanoic acids by the steps of (1)
      nitro-oxidizing a cycloalkene to a cyclic alpha-nitroketone, (2) cleaving
      and esterifying a cyclic alpha-nitroketone with an alcohol to form an
      alkyl omega-nitroester, (3) catalytically hydrogenating the nitroester to
      an aminoester and (4) hydrolyzing the aminoester to an aminoalkanoic acid.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of our co-pending application
      Ser. No. 206,197, filed Dec. 8, 1971 now U.S. Pat. No. 3,816,404.
BSUM
PAR  This invention relates to a novel method for preparing aminoalkanoic acids
      from cyclic olefins. In particular, this invention relates to a method for
      preparing omegaaminoalkanoic acids in the absence of the formation of
      large quantities of by-products.
PAC  BACKGROUND OF THE INVENTION
PAR  Heretofore, omega-aminoalkanoic acids were prepared by rearrangement of
      cycloalkanone oximes in oleum followed by hydrolysis and neutralization of
      the excess sulfuric acid with ammonia to produce between two and six
      pounds of ammonium sulfate per pound of acid. The various prior processes
      differed in the preparation of the cycloalkanone oximes. A serious
      disadvantage common to all of the earlier processes is the formation of
      large quantities of the byproduct ammonium sulfate which is not easily
      saleable.
PAR  Omega-aminoalkanoic acids are valuable materials employed in the production
      of fibers and resins, particularly Nylon-8 and Nylon-12. As such, a
      process capable of providing the acids which simultaneously does not
      produce ammonium sulfate as a by-product would be highly desirable.
PAR  It is therefore an object of this invention to provide a method for the
      preparation of omega-aminoalkanoic acids.
PAR  Another object of this invention is to provide a method for the preparation
      of omega-aminoalkanoic acids from cyclic olefins.
PAR  Yet another object of this invention is to provide a method for the
      preparation of omega-aminoalkanoic acids in high yields and in the absence
      of forming substantial amounts of by-products such as ammonium sulfate.
PAR  Other objects and advantages will become apparent from a reading of the
      following detailed description and examples.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly, this invention contemplates a method for preparing
      omega-aminoalkanoic acids which comprises:
PAR  A. SIMULTANEOUSLY CONTACTING A SOLUTION CONTAINING A CYCLOALKENE, A
      DENITRATING AGENT AND AN APROTIC ORGANIC SOLVENT WITH DINITROGEN TETROXIDE
      AND OXYGEN, WHERE THE MOLE RATIO OF CYCLOALKENE TO DENITRATING AGENT IS
      ABOUT 0.5:1 TO ABOUT 2:1, THEREBY FORMING 2-NITROCYCLOALKANONE,
PAR  B. CONTACTING THE 2-NITROCYCLOALKANONE WITH AN ALCOHOL IN A NON-AQUEOUS
      ENVIRONMENT AT A TEMPERATURE OF FROM ABOUT 20 TO 200.degree.C. thereby
      forming an alkyl omeganitroalkanoate,
PAR  C. CONTACTING SAID ALKYL OMEGA-NITROALKANOATE WITH HYDROGEN AND A Group
      VIII metal catalyst at a temperature of from 20.degree. to 300.degree.C.
      and under a hydrogen pressure of 500 to 1500 p.s.i.g. thereby forming an
      alkyl omega-aminoalkanoate, and
PAR  D. CONTACTING SAID ALKYL OMEGA-AMINOALKANOATE WITH WATER AT A TEMPERATURE
      OF FROM 150.degree. TO 300.degree.C.
PAC  STAGE ONE
PAR  According to this invention C.sub.7 to C.sub.20, preferably C.sub.7 to
      C.sub.12 cycloalkenes are converted to omega-aminoalkanoic acids by
      initially forming a solution composed of the cycloalkene, a denitrating
      agent and an organic solvent and contacting the solution with a mixture of
      dinitrogen tetroxide and oxygen at a temperature between about 0.degree.
      to 40.degree.C., preferably from 5.degree. to 15.degree.C. Temperatures in
      excess of 40.degree.C. are undesirable because of the threat of explosion
      and temperatures below 0.degree.C. require excessive refrigeration thereby
      rendering the process economically unattractive.
PAR  The ratio of the individual components in the first stage of the instant
      method represents an important aspect insofar as providing a process
      leading to high yields of the acid. Specifically, the mole ratio of
      cycloalkene to oxygen to dinitrogen tetroxide in the single step
      nitrooxidation reaction is maintained between about 1:1:0.5 and 1:30:1.5.
      It has been found that the presence of an aprotic organic solvent permits
      the mole ratio of denitrating agent to cycloalkene of above about 0.5:1 to
      about 2:1, preferably 0.8:1 to 1.3:1, during the nitrooxidation reaction
      to be maintained at levels heretofore considered inoperatively low. We
      have found that when conversion is conducted in the presence of the
      organic solvent, a significant economic benefit is realized in that lesser
      amounts of costly denitrating agent are needed, whereas in the absence of
      solvent amounts of denitrating agent several times that employed herein
      would be required to provide results comparable to that realized by the
      instant method. Ratios of denitrating agent below that specified above are
      undesirable because of the formation of by-products such as nitronitrates
      and nitroalcohols. The use of denitrating agent in amounts exceeding that
      specified results in excessive losses of agent, which losses may be
      reduced but not eliminated through the use of extensive separation and
      recovery procedures. The reaction time for this stage is generally between
      one half and five hours although longer and shorter periods may be
      employed depending upon the amount and rate of addition of dinitrogen
      tetroxide.
PAR  It will be appreciated that the nitrating agent, dinitrogen tetroxide, is
      an equilibrium mixture of dinitrogen tetroxide and nitrogen dioxide with
      equilibrium driven essentially to 100 percent dinitrogen tetroxide at
      0.degree.C. and essentially 100 percent nitrogen dioxide at 140.degree.C.
      The term dinitrogen tetroxide as used herein denotes the equilibrium
      mixture as well as the pure N.sub.2 O.sub.4 compound. Oxygen employed
      herein may be in pure form or diluted with air or in admixture with inert
      gases such as nitrogen or argon.
PAR  The cyclic alkenes contemplated herein correspond to the formula:
      ##EQU1##
      where R is a polymethylene radical of from 5 to 18 carbons, preferably 5
      to 10, illustrated by cycloheptene, cyclooctene, cyclononene, cyclodecene,
      cycloundecene, cyclododecene, cyclotetradecene, cyclohexadecene,
      cyclooctadecene and cycloeicosene.
PAR  In the practice of this first stage, cycloalkene and denitrating agent are
      admixed with an aprotic organic solvent having a boiling point between
      about 30.degree. to 100.degree.C. Polar and protic solvents should be
      avoided in that their use results in the formation of mixtures composed of
      nitroketone, nitronitrate and nitroalcohol. The ratio of aprotic organic
      solvent to cycloalkene employed can range from 2:1 to 20:1 parts by
      weight. The product of the first stage reaction, namely
      2-nitrocycloalkanone, can be recovered in admixture with the aprotic
      solvent if desired. Alternatively, by employing the specified solvent an
      additional benefit is imparted to the instant method in that the
      nitroketone may be recovered from the reaction mixture by means of
      distillation and extraction. Illustrative of the aprotic solvents which
      can be utilized in the first stage of this method we mention non-polar
      aprotic solvents such as n-hexane, n-heptane, carbon tetrachloride,
      cyclohexane, benzene and petroleum ether. In addition polar aprotic
      solvents such as diethylether, tetrahydrofuran and dioxane can be
      employed. Preferably we utilize non-polar aprotic solvents. Thereafter,
      dinitrogen tetroxide is introduced to the solution containing cycloalkene,
      denitrating agent and solvent at a rate of between about 0.001 and 0.1
      gram per minute per gram of cycloalkene, along with oxygen introduced at
      the rate of about 1:1.5 to 10:1.5 grams per gram of dinitrogen tetroxide.
PAR  Among the denitrating agents contemplated in the instant invention are
      those selected from group consisting of
      ##EQU2##
      where R.sup.1, R.sup.2, R.sup.6, R.sup.7, R.sup.8 and R.sup.9 are alkyl
      from 1 to 5 carbons and R.sup.3, R.sup.4 and R.sup.5 are hydrogen or alkyl
      from 1 to 5 carbons. Specific examples of the denitrating agent
      contemplated herein are dimethyl formamide, diethyl formamide, dimethyl
      acetamide, dimethyl sulfoxide, diethyl sulfoxide, tetramethylurea,
      tetraethylurea and hexamethylene phosphoramide. In addition, other
      denitrating agents such as 1-methyl-2-pyrrolidinone can be used.
      Particularly preferred denitrating agents are dimethyl formamide, diethyl
      sulfoxide and 1-methyl-2-pyrrolidinone.
PAR  Illustrative of the 2-nitrocycloalkanones formed in the first stage we
      mention 2-nitrocycloheptanone, 2-nitrocyclooctanone, 2-nitrocyclononanone,
      2-nitrocyclodecanone, 2-nitrocycloundecanone and 2-nitrocyclododecanone.
PAC  STAGE TWO
PAR  In the second stage of the instant method, the 2-nitrocycloalkanone
      prepared above corresponding to the formula
      ##EQU3##
      where R is as heretofore defined is contacted with an alcohol wherein the
      cyclic nitroketone is cleaved and esterified at temperatures of from
      20.degree. to 200.degree.C. to an alkyl omeganitroalkanoate. In practice,
      mole ratios of 2-nitrocycloalkanone to alcohol of from 1:1 to 1:100,
      preferably 1:5 to 1:25, are employed.
PAR  Alcohols employed in this stage of the method correspond to the formula
      R'OH and include primary and secondary alcohols. Tertiary alcohols have
      not been found to be reactive. Thus, in the formula above R' can be an
      alkyl group of from 1 to 20 carbon atoms such as methyl, ethyl, propyl,
      butyl, hexyl, octyl, decyl, dodecyl or hexadecyl. Dihydroxy and
      polyhydroxy primary and secondary alcohols are also intended to be
      understood as operative in the instant process. Illustrative of the
      alcohols contemplated herein we mentioned methanol, ethanol, isopropanol,
      n-butanol, 2-hexanol, cyclohexanol, 2-octanol, 2-decanol, 1-dodecanol,
      1-hexadecanol, ethylene glycol, propylene glycol and pentaerythritol.
      Mixtures of alcohols such as C.sub.10 to C.sub.13 alcohols are
      contemplated including isomeric mixtures containing primary and secondary
      alcohols.
PAR  In one embodiment, cleavage and esterification can be undertaken thermally,
      that is, in the absence of a catalytic agent, employing temperatures of
      from about 50.degree. to 200.degree.C., preferably from 100.degree. to
      190.degree.C. In another embodiment, cleavage and esterification can be
      accomplished catalytically employing a basic catalyst at temperatures of
      from 20.degree. to 120.degree.C., preferably 60.degree. to 100.degree.C.
      In practice catalytic reactions below 20.degree.C. are excessively slow.
      Conversely, thermal reactions exceeding 200.degree.C. are deleterious in
      that thermal decomposition of the cyclic nitroketone to a mixture of
      products occurs rather than the desired cleavage and esterification.
      Pressures of from 0 to 500 p.s.i.g. may be employed. Specifically, thermal
      conversions are preferably conducted at pressures of 0 to 500 p.s.i.g. and
      the catalytic conversion conducted at pressures of 0 to 40 p.s.i.g.
PAR  Most importantly, this stage of the process must be conducted in a
      non-aqueous environment, that is, in the substantial absence of water. The
      cleavage and esterification reaction, whether conducted thermally or
      catalytically is sensitive to water and water in amounts exceeding 0.1
      weight percent based on the weight of alcohol employed cause competing
      reactions to occur leading to the formation of acids in this stage instead
      of the desired ester. Formation of acids is undesirable inasmuch as they
      cause the hydrogenation catalyst employed in the subsequent stage to lose
      activity. In a highly preferred aspect of this invention, absolute
      alcohols are used. Excessive amounts of alcohol can be employed serving as
      solvent for the reaction or alternatively in inert reaction solvent may be
      utilized such as n-hexene, n-heptane, xylene, ethylbenzene,
      dichlorobenzene, methylnaphthalene, dioxane and tertiary alcohols. The
      reaction times for the second stage range from a few minutes to two hours.
PAR  With regard to the second stage embodiment involving catalytic cleavage and
      esterification, the basic catalysts contemplated herein are oxides,
      hydroxide and salts of the metals of Groups IA and IIA of the Periodic
      Table exemplified by sodium hydroxide, sodium carbonate, sodium fluoride,
      sodium acetate, sodium decanoate, potassium hydroxide, potassium
      carbonate, potassium fluoride, potassium acetate, potassium octanoate,
      calcium oxide, calcium carbonate, calcium fluoride, calcium propionate,
      barium oxide, barium carbonate, barium fluoride and barium hexanoate.
      Other basic catalysts include tertiary amines such as trimethylamine and
      triethylamine. Highly preferred catalysts are sodium carbonate, postassium
      carbonate and potassium fluoride. In accordance with this second stage
      embodiment, 2-nitrocycloalkanone and the alcohol are contacted with the
      catalyst in a weight ratio of catalyst to nitroketone between about 0.01:1
      and 0.2:1, thereby forming an alkyl omega-nitroalkanoate corresponding to
      the formula:
      ##EQU4##
      when R and R' are as heretofore defined. At the completion of this
      reaction, catalyst, when employed, is separated as for example by
      filtration and excess alcohol and solvent, if present, are removed by
      distillation. The alkyl omega-nitroalkanoate product such as methyl
      7-nitroheptanoate, ethyl 7-nitroheptanonate, methyl 8-nitrooctanoate,
      propyl 8-nitrooctanoate, methyl 9-nitrononoate, cetyl 9-nitrononoate,
      methyl 10-nitrodecanoate, ethyl 10-nitrodecanoate, methyl
      11-nitroundecanoate, methyl 12-nitrododecanoate, ethyl
      12-nitrododecanoate, butyl 12-nitrododecanoate, methyl
      14-nitrotetradecanoate, methyl 16-nitrohexadecanoate and methyl
      20-nitroeicosanoate is substantially free of byproducts.
PAC  STAGE THREE
PAR  In the third stage of the method, the alkyl omega-nitroalkanoate is
      hydrogenated to an alkyl omega-aminoalkanoate by contacting with hydrogen
      and a Group VIII metal catalyst for a period of 1/2 to 5 hours at a
      temperature of from 20.degree. to 300.degree.C., preferably 100.degree. to
      220.degree.C., under hydrogen pressures of from 500 to 1500 p.s.i.g.
      Illustrative of the Group VIII metal catalysts we mention the oxides,
      hydroxides and salts of the metals platinum, palladium, rhodium,
      ruthenium, iron, cobalt, nickel, iridium and osmium including mixtures
      thereof as for example platinum oxide, palladium chloride, Raney nickel,
      nickel on kieselguhr, platinum on carbon, ruthenium on carbon, rhodium on
      carbon, iron oxide and cobalt on silica. The metals may themselves also be
      employed including platinum, palladium, rhodium, ruthenium and nickel.
PAR  The preferred and convenient solvents for the hydrogenation are the
      alcohols used in Stage Two. This permits the reduction to occur in the
      solution from stage two without necessitating the separation of alcohol
      and, if employed, solvent thereby improving the efficiency of the process.
      Other solvents can be used in Stage Three and among those contemplated are
      pentane, heptane, decalin, tetrahydrofuran, triethylamine and
      dimethylaniline. At the completion of the third stage, the product
      obtained comprises from 88 to 98 percent of the alkyl
      omega-aminoalkanoate. A particular advantage of stages two and three of
      the instant method resides in the ability to essentially convert all of
      the 2-nitrocycloalkanone to alkyl omega-aminoalkanoate.
PAC  STAGE FOUR
PAR  In the fourth stage of the method, the alkyl omega-aminoalkanoate of the
      formula:
      ##EQU5##
      where R and R' are as heretofore defined, is contacted with water at a
      temperature of from about 150.degree. to 300.degree.C. at autogenous
      pressure, suitably 50 to 1200 p.s.i.g. thereby forming aminoalkanoic acid
      of the formula:
      ##EQU6##
      The hydrolysis of the aminoester is undertaken employing from about 1 to
      200, preferably 20 to 100, moles of water per mole of aminoester in a
      non-oxidizing environment. A plurality of non-oxidizing environments can
      be used including such gases as nitrogen, methane, argon, helium, neon,
      ethane, propane, hydrogen and mixtures thereof such as hydrogen and light
      hydrocarbons. As a co-product, the alcohol R'OH can be recovered from the
      acid by distillation.
PAR  The omega-aminoalkanoic acids prepared by this process are useful as
      surfactants and lubricant additives. Further, they are useful as
      intermediates in the preparation of polyamides such as Nylon-8 and
      Nylon-12.
PAR  In order to more fully illustrate the nature of this invention and the
      manner of practicing the same the following examples are presented.
DETD
PAC  EXAMPLE I
PAC  STAGE ONE
PAR  Into a 500 milliliter 3 neck flask equipped with a thermometer, condenser
      and gas inlet, there was charged 33.2 grams (0.20 mole) of cyclododecene,
      20 milliliters (0.258 mole) of dimethyl formamide and 200 milliliters of
      benzene. To this solution maintained at temperature of 10.degree.C. there
      was introduced a mixture of dinitrogen tetroxide and oxygen, 18.5 grams
      (0.201 mole) of dinitrogen tetroxide and 32 grams (1 mole) of oxygen over
      a period of four hours. Oxygen addition was continued for 30 minutes. The
      benzene solution was diluted with 100 ml. of ether and washed with three
      150 milliliter portions of water to remove dimethyl formamide and nitric
      acid. The organic phase was separated and the solvent stripped under
      reduced pressure (25-30 mm. Hg.) to yield 45.7 grams of a residue
      identified by infrared and nuclear magnetic resonance analyses to be 91
      percent 2-nitrocyclododecanone.
PAC  STAGE TWO
PAR  To 22.4 grams (100 moles) of 2-nitrocyclododecanone there was added 300
      milliliters (7.5 moles) of methanol in a presssure reactor. 3.0 grams of
      nickel on silica catalyst was added at this point for convenience and does
      not take part in the reaction. The solution was heated to a temperature of
      149.degree.C. for 45 minutes thereby forming methyl 12-nitrododecanoate.
PAC  STAGE THREE
PAR  Thereafter, the reactor was pressurized to 1000 p.s.i.g. with hydrogen and
      reaction was kept at 149.degree.C. for 4 hours. The reaction mixture was
      filtered to remove the catalyst, methanol stripped therefrom by
      distillation and a residue weighing 21.9 grams (95 percent yield) was
      obtained and identified by infrared and nuclear magnetic resonance
      analyses to be methyl 12-aminododecanoate.
PAC  STAGE FOUR
PAR  Methyl 12-aminododecanoate (21.8 grams) and 300 ml. (16.6 moles) of water
      were heated in a stirred autoclave at 300.degree.F., for 2 hours under
      nitrogen. Thereafter, the reactor was cooled, the contents removed and
      water evaporated under reduced pressure. The gray crystalline residue
      (19.6 grams, 95 percent yield) was identified as 12-aminododecanoic acid.
PAC  EXAMPLE II
PAC  STAGE ONE
PAR  A rapidly stirred solution of cyclooctene (11.0 grams, 100 mmoles) and
      dimethylformamide (15 ml., 200 mmoles) in 200 ml. (2.1 moles) of dry
      benzene cooled to 5.degree.C. was treated with a mixture of dinitrogen
      tetroxide (9.2 grams, 100 mmoles) and oxygen (12.8 grams, 400 mmoles) over
      a period of three hours. The admission of oxygen was continued over a
      period of 30 minutes and the mixture warmed to ambient temperature. The
      benzene solution was diluted with an equal volume of ether, extracted with
      three 100 ml. portions of water to remove nitric acid and
      dimethylformamide. The organic phase was separated and the solvent
      stripped under reduced pressure (25-30 mm. Hg.). The residue, 16.8 grams,
      consisted of 93 percent 2-nitrocyclooctanone as identified by nuclear
      magnetic resonance.
PAC  STAGE TWO
PAR  To 200 ml. (4.95 moles) of dry methanol, there was added 15.8 grams (92.5
      mmoles) of 2-nitrocyclooctanone and 0.3 gram of platinum oxide catalyst.
      The reactor was flushed with nitrogen, heated to 149.degree.C. for 45
      minutes. The catalyst was added at this point for convenience and does not
      take part in the reaction. Methyl 8-nitrooctanoate was formed.
PAC  STAGE THREE
PAR  Thereafter, the reactor was cooled to 38.degree.C., pressurized with
      hydrogen to 1000 p.s.i.g. and heated to 149.degree.C. for 4 hours. After
      cooling, the reactor contents were filtered free of catalyst and stripped
      of solvent. The residue, 14 grams (88 percent yield) was identified as
      methyl 8-aminooctanoate by infrared and nuclear magnetic resonance.
PAC  STAGE FOUR
PAR  A mixture of 13 grams of methyl 8-aminooctanoate (68 mmoles) and 200 ml. of
      water (11.1 moles) were heated for 2 hours at 177.degree.C. under
      nitrogen. Upon cooling, the contents were removed and water stripped under
      reduced pressure. The residue (10.3 grams, 95 percent yield) was
      identified by infrared and nuclear magnetic resonance to contain
      8-aminooctanoic acid.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for preparing omega-aminoalkanoic acids which conprises:
PA1  a. simultaneously contacting at a temperature between about 0.degree. to
      40.degree.C. a solution containing a C.sub.7 to C.sub.20 cycloalkene, a
      denitrating agent and an aprotic organic solvent with dinitrogen tetroxide
      and oxygen, wherein said denitrating agent is selected from the group
      consisting of 2-pyrrolidinones,
      ##EQU7##
      where R.sup.1, R.sup.2, R.sup.6, R.sup.7, R.sup.8 and R.sup.9 are alkyl of
      from 1 to 5 carbons and R.sup.3, R.sup.4 and R.sup.5 are hydrogen or alkyl
      of from 1 to 5 carbons, where the mole ratio of cycloalkene to denitrating
      agent is above about 0.5:1 to about 2:1, thereby forming
      2-nitrocycloalkanone,
PA1  b. contacting 2-nitrocycloalkanone with an alcohol, wherein said alcohol is
      a primary or secondary alcohol corresponding to the formula R'OH where R'
      is an alkyl group of from 1 to 20 carbon atoms, in a non-aqueous
      environment at a temperature of from about 20.degree. to 200.degree.C.
      thereby forming an alkyl omega-nitroalkanoate,
PA1  c. contacting said alkyl omega-nitroalkanoate with hydrogen and a Group
      VIII metal catalyst at a temperature of from 20.degree. to 300.degree.C.
      under a hydrogen pressure of 500 to 1500 p.s.i.g. thereby forming an alkyl
      omega-aminoalkanoate, and
PA1  d. contacting said alkyl omega-aminoalkanoate with water at a temperature
      of from 150.degree. to 300.degree.C.
NUM  2.
PAR  2. A method according to claim 1 wherein said cycloalkene has from 7 to 12
      carbon atoms.
NUM  3.
PAR  3. A method according to claim 1 wherein said cycloalkene is cyclooctene.
NUM  4.
PAR  4. A method according to claim 1 wherein said cycloalkene is cyclododecene.
NUM  5.
PAR  5. A method according to claim 1 wherein said denitrating agent is dimethyl
      formamide.
NUM  6.
PAR  6. A method according to claim 1 wherein said organic solvent has a boiling
      point of between about 30.degree. to 100.degree.C.
NUM  7.
PAR  7. A method according to claim 1 wherein said contacting in (a) is
      conducted at a temperature between about 5.degree. to 15.degree.C.
NUM  8.
PAR  8. A method according to claim 1 wherein the mole ratio of said denitrating
      agent to cycloalkene is about 0.8:1 to 1.3:1.
NUM  9.
PAR  9. A method according to claim 1 wherein said organic solvent is carbon
      tetrachloride.
NUM  10.
PAR  10. A method according to claim 1 wherein said organic solvent is benzene.
NUM  11.
PAR  11. A method according to claim 1 wherein said alcohol in (b) is methanol.
NUM  12.
PAR  12. A method according to claim 1 wherein step (b) is conducted thermally
      at a temperature of from 100.degree. to 190.degree.C.
NUM  13.
PAR  13. A method according to claim 1 wherein step (b) is conducted in the
      presence of a basic catalyst at a temperature of from 60.degree. to
      100.degree.C.
NUM  14.
PAR  14. A method according to claim 13 wherein said catalyst is potassium
      fluoride.
NUM  15.
PAR  15. A method according to claim 13 wherein said catalyst is sodium
      carbonate.
NUM  16.
PAR  16. A method according to claim 1 wherein the mole ratio of
      2-nitrocycloalkanone to alcohol in step (b) ranges from 1:1 to about
      1:100.
NUM  17.
PAR  17. A method according to claim 1 wherein said alkyl omega-nitroalkanoate
      in (b) is methyl 8-nitrooctanoate.
NUM  18.
PAR  18. A method according to claim 1 wherein said alkyl omega-nitroalkanoate
      in (b) is methyl 12-nitrododecanoate.
NUM  19.
PAR  19. A method according to claim 1 wherein said Group VIII metal catalyst is
      platinum oxide.
NUM  20.
PAR  20. A method according to claim 1 wherein said Group VIII metal catalyst is
      nickel on kieselguhr.
NUM  21.
PAR  21. A method according to claim 1 wherein said contacting in (c) is
      conducted at a temperature of 100.degree. to 220.degree.C.
NUM  22.
PAR  22. A method according to claim 1 wherein said aminoester in (c) is methyl
      8-aminooctanoate.
NUM  23.
PAR  23. A method according to claim 1 wherein said aminoester in (c) is methyl
      12-aminododecanoate.
NUM  24.
PAR  24. A method according to claim 1 wherein from 1 to 200 moles of water per
      mole of said aminoester is employed in (d).
NUM  25.
PAR  25. A method according to claim 1 wherein said contacting in (d) is at a
      pressure of 50 to 1200 p.s.i.g.
NUM  26.
PAR  26. A method according to claim 1 wherein said acid is 12-aminododecanoic
      acid.
NUM  27.
PAR  27. A method according to claim 1 wherein said acid is 8-aminooctanoic
      acid.
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ABST
PAL  A method for the preparation of a .beta.-anilino-.beta.-hydrazinoacrylate
      which comprises reacting a .beta.-anilino-.beta.-alkoxyacrylate with a
      hydrazine. .beta.-Anilino-.beta.-hydrazinoacrylates are valuable
      intermediates in preparing 3-anilino-5-pyrazolone magenta color-forming
      couplers and the method of the present invention can be applied
      particularly to the preparation of 3-anilino-5-pyrazolones which have a
      hydrophobic group on the anilino group.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method for the preparation of a
      .beta.-anilino-.beta.-hydrazinoacrylate which comprises reacting a
      .beta.-anilino-.beta.-alkoxyacrylate with a hydrazine, and to a method for
      preparation of a 3-anilino-5-pyrazolone using the
      .beta.-anilino-.beta.-hydrazinoacrylate.
PAR  2. Description of the Prior Art
PAR  3-Anilino-5-pyrazolones are valuable compounds useful as intermediates of
      dyes and as photographic magenta color-forming couplers. Of the
      3-anilino-5-pyrazolones, compounds which have a substituent such as a
      halogen atom, an alkyl group or an alkoxy group in the 2-position of the
      3-anilino group and a hydrophobic group containing 6 or more carbon atoms
      on the 3-anilino group are particularly useful for magenta color-forming
      couplers in view of their superior photographic properties.
PAR  Several methods of preparing 3-anilino-5-pyrazolones have heretofore been
      provided. However these methods have defects in that the reaction steps
      are complicated, the yields of the products are low, expensive agents are
      used in the reaction, and the like. Of these methods, the method described
      in British Pat. No. 1,129,333 in which a
      .beta.-anilino-.beta.-alkoxyacrylate is reacted with a hydrazine in the
      presence of an alkali metal alkoxide is the most useful, but the yields of
      the product are still unsatisfactory. In particular, when the method is
      applied to the preparation of 5-pyrazolones having a hydrophobic group on
      the anilino group as described above, the desired 3-anilino-5-pyrazolones
      can not be obtained or is obtained in extremely low yields.
PAR  The reactions of conventional methods have now been investigated in great
      detail and it has been found that when a
      .beta.-anilino-.beta.-alkoxyacrylate is reacted with a hydrazine, a
      subsidiary reaction in which the anilino group attached to the
      .beta.-position of the .beta.-anilino-.beta.-alkoxyacrylate is released
      proceeds simultaneously to lead to the formation of a complicated reaction
      mixture. As a result, when such is followed with a ring closing reaction
      in which an alkali and the like is added to the reaction mixture, the
      desired 3-anilino-5-pyrazolone is obtained in very low purity and poor
      yields. In particular, when a compound in which the anilino group has a
      hydrophobic group is used, isolation and purification of the desired
      compound is extremely difficult and therefore almost none of the desired
      compound can be obtained.
PAC  SUMMARY OF THE INVENTION
PAR  It is thus an object of the present invention to provide
      .beta.-anilino-.beta.-hydrazinoacrylates.
PAR  Another object of the present invention is to provide a method for the
      preparation of .beta.-anilino-.beta.-hydrazinoacrylates in high yields.
PAR  A further object of the present invention is to provide an improved method
      for the preparation of 3-anilino-5-pyrazolones.
PAR  A still further object of the present invention is to provide a method for
      the preparation of 3-anilino-5-pyrazolones with ease and in high yields.
PAR  An even further object of the present invention is to provide a method for
      preparation of 3-anilino-5-pyrazolones having a hydrophobic group on the
      3-anilino group with ease and in high yields.
PAR  These and other objects of the present invention will become apparent from
      the following detailed description and examples as set forth below.
PAR  The objects of the invention are accomplished with a process for preparing
      a .beta.-anilino-.beta.-hydrozinoacrylate which comprises reacting a
      .beta.-anilino-.beta.-alkoxyacrylate with a hydrazine, and a process for
      preparing a 3-anilino-5-pyrazolone which comprises using the
      .beta.-anilino-.beta.-hydrazinoacrylate as an intermediate.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, 3-anilino-5-pyrazolones
      pyrazolines can be obtained in high yields by reacting
      .beta.-anilino-.beta.-alkoxyacrylates with hydrazines and separating
      .beta.-anilino-.beta.-hydrazinoacrylates as intermediates.
PAR  By the reaction of .beta.-anilino-.beta.-alkoxyacrylate with hydrazine
      according to the present invention, the hydrazine is introduced into the
      .beta.-position of the .beta.-anilino-.beta.-alkoxyacrylate in place of
      the alkoxy group to produce a .beta.-anilino-.beta.-hydrazinoacrylate.
      This compound can be easily isolated and purified.
PAR  Of the .beta.-anilino-.beta.-hydrazinoacrylates which can be prepared by
      the present invention, the compounds represented by the following general
      formula (I)
      ##EQU1##
      wherein R.sub.1 represents an acylamino group, an alkylsulfamoyl group, an
      arysulfamoyl group or an alkoxycarbonyl group; R.sub.2 represents a
      halogen atom, an alkyl group or an alkoxy group; R.sub.4 represents an
      alkyl group; and X represents an aryl group; are particularly useful as
      intermediates of magenta color-forming couplers.
PAR  The group represented by R.sub.1 in the general formula (I) preferably
      includes 6 or more carbon atoms, particularly 8 to 26 carbon atoms. The
      alkyl moiety and the aryl moiety included in R.sub.1 can be substituted.
PAR  Suitable acylamino groups, alkylsulfamoyl groups, arylsulfamoyl groups and
      alkoxycarbonyl groups represented by R in the general formula (I) are
      acylamino groups such as hexanoylamino, octanoylamino, decanoylamino,
      hexadecanoylamino, octadecanoylamino, 2,4-di-tert-pentylphenoxyacetamido,
      2-(2,4-di-tert-pentylphenoxy)-butyramido,
      4-(3-pentadecylphenoxy)butyramido, etc., alkylsulfamoyl groups such as
      cyclohexylsulfamoyl, dodecylsulfamoyl, 1,1-dimethylhexadecylsulfamoyl,
      3-(2,4-di-tert-pentylphenoxy)propylsulfamoyl,
      4-(3-pentadecylphenoxy)butylsulfamoyl,
      2-(dodecylsuccinimido)ethylsulfamoyl, N-methyl-N-octadecylsulfamoyl, etc.,
      arylsulfamoyl groups such as phenylsulfamoyl, 4-methylphenylsulfamoyl,
      4-dodecylphenylsulfamoyl, and alkoxycarbonyl groups such as
      hexyloxycarbonyl, dodecyloxycarbonyl, -tetradecyloxycarbonyl,
      2-(2,4-di-tert-pentylphenoxy)ethoxycarbonyl,
      4-(2,4-di-tert-pentylphenoxy)-butoxycarbonyl,
      2-(3-tert-butyl-4-hydroxyphenoxy)tetradecyloxycarbonyl,
      2-dodecyloxycarbonylethoxycarbonyl, etc.
PAR  For R.sub.2 in the general formula (I), suitable halogen atoms include
      fluorine, chlorine, bromine and the like, and suitable alkyl groups and
      alkoxy groups include those groups containing 1 to 8 carbon atoms.
      Suitable examples of alkyl groups and alkoxy groups for R.sub.2 are alkyl
      groups such as methyl, ethyl, butyl, hexyl, etc., and alkoxy groups such
      as methoxy, ethoxy, butoxy, hexyloxy, etc. A chlorine atom, alkyl groups
      having 1 to 4 carbon atoms and alkoxy groups having 1 to 4 carbon atoms
      are particularly preferred as R.sub.2.
PAR  Suitable aryl groups represented by X in the general formula (I) include
      substituted or unsubstituted phenyl groups.
PAR  Preferred substituents of the alkyl moiety of R.sub.1 include halogen atoms
      (such as chlorine, bromine, fluorine, etc.) alkoxy groups (such as
      methoxy, ethoxy, butoxy, octyloxy, etc.), acyl groups (such as acetyl,
      propionyl, etc.), alkoxycarbonyl groups (such as methoxycarbonyl,
      ethoxycarbonyl, hexadecyloxycarbonyl, etc.), a carboxyl group, a sulfo
      group, a nitro group, amino groups, acylamino groups (such as acetamido,
      butyramido, 2-(2,4-di-tertpentylphenoxy)butyramido, benzamido, etc.),
      sulfonamido groups (such as methylsulfonamido, phenylsulfonamido, etc.),
      ureido groups (such as methylureido, phenylureido, etc.) and a cyano
      group. Preferred substituents of the aryl moiety of R.sub.1 and the phenyl
      group of X include halogen atoms (such as chlorine, bromine, fluorine,
      etc.), alkyl groups (such as methyl, ethyl, butyl, octyl, trifluoromethyl,
      etc.), alkoxy groups (such as methoxy, ethoxy, butoxy, octyloxy, etc.),
      acyl groups (such as acetyl, propionyl, etc.), alkoxycarbonyl groups (such
      as methoxycarbonyl, ethoxycarbonyl, hexadecyloxycarbonyl, etc.), a
      carboxyl group, a sulfo group, a nitro group, amino groups, a cylamino
      groups (such as acetamido, butyramido,
      2-(2,4-di-tert-pentylphenoxy)-butyramido, benzamido, etc.), sulfonamido
      groups (such as methylsulfonamido, phenylsulfonamido, etc.), ureido groups
      (such as methylureido, phenylureido, etc.) and a cyano group.
PAR  According to the method of the present invention, the
      .beta.-anilino-.beta.-hydrazinoacrylates represented by the general
      formula (I) can be prepared by reacting
      .beta.-anilino-.beta.-alkoxyacrylates represented by the general formula
      (II)
      ##EQU2##
      with the arylhydrazines represented by the general formula (III)
EQU  X -- NH -- NH.sub.2                                        (III) wherein
      R.sub.1, R.sub.2, R.sub.4 and X are the same as defined in the general
      formula (I), and R.sub.3 represents an alkyl group.
PAR  In the general formulas (II) and (III), R.sub.1, R.sub.2 and X represent
      the same meanings as in general formula (I), and R.sub.3 and R.sub.4 each
      represents an alkyl group which may be the same or different from each
      other. Suitable alkyl groups represented by R.sub.3 and R.sub.4 in the
      formula (II) include those having 1 to 8 carbon atoms, for example, alkyl
      groups such as methyl, ethyl, butyl, hexyl, etc. Alkyl groups having 1 to
      4 carbon atoms are particularly preferred for R.sub.3 and R.sub.4.
PAR  The .beta.-anilino-.beta.-alkoxyacrylates represented by the general
      formula (II) which are used in the present invention can be prepared by
      the methods described in British Pat. No. 1,129,344, French Pat. No.
      1,469,360, U.S. Pat. No. 3,798,234, and Japanese Patent Application No.
      87726/73, etc. As an example, the synthesis of ethyl
      .beta.-(2-chloro-5-tetradecanoylaminoanilino)-.beta.-ethoxyacrylate is
      specifically illustrated below.
PAC  SYNTHESIS EXAMPLE 1
PAR  A mixture of 40 g of ethyl .beta.-imino-.beta.-ethoxypropionate
      hydrochloride, 40 g of 2-chloro-5-tetradecanoylaminoaniline and 150 ml of
      ethanol was reacted by heating at 50.degree.C for 4 hours with stirring.
      After the reaction mixture was filtered, water was added to the filtrate
      and the filtrate was extracted with ethyl acetate. By distilling off the
      ethyl acetate, a residue which was the almost pure desired compound was
      obtained. The yield was 54 g (96%). The melting point of the compound
      recrystallized from atcetonitrile was 58.degree. to 59.degree.C.
PAC  SYNTHESIS EXAMPLE 2
PAR  A mixture consisting of 20.7 g of ethyl .beta.,.beta.-diethoxyacrylate and
      38.2 g of 2-chloro-5-tetradecanoylaminoaniline was reacted by heating in
      nitrogen gas at 110.degree.C for 4 hours with stirring. The crystals were
      collected from the reaction mixture and recrystallized from acetonitrile
      to obtain 44.5 g (90%) of the desired compound having a melting point of
      58.degree. to 59.degree.C.
PAR  Typical examples of .beta.-anilino-.beta.-alkoxyacrylates are illustrated
      below.
PA1  1. Ethyl
      .beta.-(2-chloro-5-tetradecanoylaminoanilino)-.beta.-ethoxyacrylate
PA1  2. Ethyl
      .beta.-(2-methoxy-5-tetradecanoylaminoanilino)-.beta.-ethoxyacrylate
PA1  3. Methyl
      .beta.-(2-chloro-5-octadecanoylaminoanilino)-.beta.-methoxyacrylate
PA1  4. Ethyl .beta.-(2-methoxy-5-decanoylaminoanilino)-.beta.-ethoxyacrylate
PA1  5. Ethyl .beta.-(2-chloro-5-hexadecanoylaminoanilino)-.beta.-ethoxyacrylate
PA1  6. Butyl
      .beta.-{2-methoxy-5-[2-(2,4-di-tert-pentylphenoxy)butyramido]-anilino}-.be
     ta.-methoxyacrylate
PA1  7. Ethyl
      .beta.-(2-chloro-4-tetradecylsulfamoylanilino)-.beta.-ethoxyacrylate
PA1  8. Ethyl
      .beta.-(2-chloro-5-tetradecylsulfamoylanilino)-.beta.-ethoxyacrylate
PA1  9. Ethyl .beta.-(2-chloro-5-dodecylsulfamoylanilino)-.beta.-ethoxyacrylate
PA1  10. Ethyl
      .beta.-[2-chloro-5-(1,1-dimethylhexadecylsulfamoyl)anilino]-.beta.-ethoxya
     crylate
PA1  11. Ethyl
      .beta.-(2-octyloxy-5-cyclohexylsulfamoylanilino)-.beta.-ethoxyacrylate
PA1  12. Methyl
      .beta.-{2-chloro-5-[3-(2,4-di-tert-pentylphenoxy)propylsulfamoyl]anilino}-
     .beta.-ethoxyacrylate
PA1  13. Ethyl
      .beta.-{2-chloro-5-[3-(3-pentadecylphenoxy)propylsulfamoyl]-anilino}-.beta
     .-ethoxyacrylate
PA1  14. Ethyl
      .beta.-{2-chloro-5-[4-(3-pentadecylphenoxy)butylsulfamoyl]-anilino}-.beta.
     -ethoxyacrylate
PA1  15. Ethyl
      .beta.-{2-chloro-5-[2-(dodecylsuccinimido)ethylsulfamoyl]-anilino}-.beta.-
     ethoxyacrylate
PA1  16. Ethyl
      .beta.-{2-chloro-4-[2-(3-tert-butyl-4-hydroxyphenoxy)-tetradecylsulfamoyl]
     anilino}-.beta.-ethoxyacrylate
PA1  17. Ethyl
      .beta.-{2-chloro-5-[N-(2-cyanoethyl)-N-hexadecylsulfamoyl]-anilino}-.beta.
     -ethoxyacrylate
PA1  18. Ethyl
      .beta.-{2,5-dichloro-4-[3-(2,4,-di-tert-pentylphenoxy)-propylsulfamoyl]ani
     lino}-.beta.-ethoxyacrylate
PA1  19. Ethyl
      .beta.-{2-methoxy-5-[3-(2,4-di-tert-pentylphenoxy)propylsulfamoyl]anilino}
     -.beta.-ethoxyacrylate
PA1  20. Ethyl
      .beta.-(2-methoxy-5-tetradecylsulfamoylanilino)-.beta.-ethoxyacrylate
PA1  21. Ethyl
      .beta.-[2-chloro-5-(N-methyl-N-octadecylsulfamoyl)anilino]-.beta.-ethoxyac
     rylate
PA1  22. Ethyl
      .beta.-{2-chloro-5-[(4-dodecyl)phenylsulfamoyl]amilino}-.beta.-ethoxyacryl
     ate
PA1  23. Methyl
      .beta.-(2-methyl-5-dodecylsulfamoylanilino)-.beta.-ethoxyacrylate
PA1  24. Ethyl
      .beta.-{2-chloro-5-[2-(N-butylhexadecylamido)ethylsulfamoyl]-anilino}-.bet
     a.-ethoxyacrylate
PA1  25. Ethyl
      .beta.-(2,5-dichloro-4-cyclohexylsulfamoylanilino)-.beta.-ethoxyacrylate
PA1  26. Ethyl
      .beta.-(2-chloro-5-tetradecyloxycarbonylanilino)-.beta.-ethoxyacrylate
PA1  27. Ethyl
      .beta.-(2-methyl-5-tetradecyloxycarbonylanilino)-.beta.-ethoxyacrylate
PA1  28. Ethyl
      .beta.-{2-methoxy-5-[2-(2,4-di-tert-pentylphenoxy)ethoxycarbonyl]anilino}-
     .beta.-ethoxyacrylate
PA1  29. Ethyl
      .beta.-{2-chloro-5-[2-(2-dodecylsuccinimido)ethoxycarbonyl]-anilino}-.beta
     .-ethoxyacrylate
PA1  30. Ethyl
      .beta.-[2-chloro-5-(2-butoxytetradecyloxycarbonyl)anilino]-.beta.-ethoxyac
     rylate
PA1  31. Ethyl
      .beta.-{2-methyl-5-[4-(2,4-di-tert-pentylphenoxy)butoxycarbonyl]anilino}-.
     beta.-ethoxyacrylate
PA1  32. Ethyl
      .beta.-{2-chloro-5-[2-(3-pentadecylphenoxy)ethoxycarbonyl]-anilino}-.beta.
     -ethoxyacrylate
PA1  33. Ethyl
      .beta.-{2-chloro-5-[2-(3-tert-butyl-4-hydroxyphenoxy)tetradecyloxycarbonyl
     ]anilino}-.beta.-ethoxyacrylate
PA1  34. Ethyl
      .beta.-[2-methoxy-5-(2-hexyldecyloxycarbonyl)anilino]-.beta.-ethoxyacrylat
     e
PA1  35. Ethyl
      .beta.-[2-chloro-4-(2-dodecyloxycarbonylethoxycarbonyl)-anilino]-.beta.-et
     hoxyacrylate
PA1  36. Ethyl
      .beta.-[2-methoxy-5-(tetradecyloxycarbonylmethoxycarbonyl)-anilino]-.beta.
     -ethoxyacrylate
PAR  The hydrazines, particularly, the arylhydrazines, which are used in the
      present invention can be prepared by known methods.
PAR  Typical examples of hydrazines are illustrated below.
PA1  1. Phenylhydrazine
PA1  2. 2-Chlorophenylhydrazine
PA1  3. 4-Chlorophenylhydrazine
PA1  4. 4-Bromophenylhydrazine
PA1  5. 4-Fluorophenylhydrazine
PA1  6. 2,5-Dichlorophenylhydrazine
PA1  7. 2,6-Dichlorophenylhydrazine
PA1  8. 3,5-Dibromophenylhydrazine
PA1  9. 2,4,6-Trichlorophenylhydrazine
PA1  10. 2,4,6-Tribromophenylhydrazine
PA1  11. 2-Cyanophenylhydrazine
PA1  12. 4-Cyanophenylhydrazine
PA1  13. 3-Nitrophenylhydrazine
PA1  14. 4-Aminophenylhydrazine
PA1  15. 4-Methylaminophenylhydrazine
PA1  16. 4-Acetamidophenylhydrazine
PA1  17. 4-[2-(2,4-Di-tert-pentylphenoxy)butyramido]phenylhydrazine
PA1  18. 2,6-Dimethylphenylhydrazine
PA1  19. 2,6-Diethylphenylhydrazine
PA1  20. 2-Trifluoromethylphenylhydrazine
PA1  21. 4-Methoxyphenylhydrazine
PA1  22. 2-Ethoxyphenylhydrazine
PA1  23. 4-Phenylphenylhydrazine
PA1  24. 4-Phenoxyphenylhydrazine
PA1  25. 4-Butylphenylhydrazine
PA1  26. 4-(N-Methylbenzamido)phenylhydrazine
PA1  27. 3-(N,N-Diethylcarbamoyl)phenylhydrazine
PA1  28. 4-(N-methylphenylsulfanamido)phenylhydrazine
PA1  29. 4-Methylureidophenylhydrazine
PA1  30. 3-Acetylphenylhydrazine
PA1  31. 2-Methyl-5-nitrophenylhydrazine
PA1  32. 2-Chloro-5-cyanophenylhydrazine
PA1  33. 2-Methyl-5-chlorophenylhydrazine
PA1  34. 2,6-Dichloro-4-methylphenylhydrazine
PA1  35. 2,6-Dichloro-4-methoxyphenylhydrazine
PA1  36. 2,4-Dichloro-6-methylphenylhydrazine
PA1  37. 2-Chloro-4,6-dimethylphenylhydrazine
PA1  38. 2,6-Dichloro-4-nitrophenylhydrazine
PA1  39. 2,4,6-Trimethyl-3-nitrophenylhydrazine
PA1  40. 2,4,6-Trimethyl-3-acetamidophenylhydrazine
PA1  41. 2,5-Dicarboxyphenylhydrazine
PA1  42. 4-Ethoxycarbonylphenylhydrazine
PA1  43. 2,6-Dichloro-4-tetradecyloxycarbonylphenylhydrazine
PA1  44. 4-(N,N-Dimethylsulfamoyl)phenylhydrazine
PA1  45. 3-Sulfo-4-phenoxyphenylhydrazine
PA1  46. 2-Methoxy-5-methyl-3,4,6-trichlorophenylhydrazine
PA1  47. 3-Dimethylamino-4-bromophenylhydrazine
PA1  48. Naphthylhydrazine
PA1  49. Butylhydrazine
PA1  50. Cyclohexylhydrazine
PA1  51. 2-Benzothiazolylhydrazine
PAR  The reaction of the .beta.-anilino-.beta.-alkoxy acrylates with the
      hydrazines can usually be carried out in the absence of a solvent. However
      an inert solvent can be used, if desired. Preferred inert solvents are
      those capable of dissolving the reactants and having a boiling point of
      about 50.degree.C or higher. Examples of such solvents include methanol,
      ethanol, propanol, butanol, benzene, chlorobenzene, xylene, ethylene
      glycol monomethyl ether, ethylene glycol monoethyl ether, tetrahydrofuran
      and dioxane. In general, the reaction is carried out under heating at a
      temperature ranging from about 50.degree.C to about 200.degree.C. Although
      the preferred reaction temperature can advantageously be varied over a
      wide range due to the reactants, generally a temperature from 80.degree.
      to 120.degree.C is suitable. Preferably the reaction is carried out in an
      inert gas such as nitrogen gas, argon gas, and at a slightly reduced
      pressure in order to prevent coloration of the reaction products.
PAR  The ratios of the amount of the reactants used in the reaction are not
      limited and can vary. However, good results can usually be obtained when
      the hydrazines are used in a range of from about 0.5 to about 2.5 moles,
      preferably 1 to 1.3 moles, per mole of the
      .beta.-anilino-.beta.-alkoxyacrylates.
PAR  The reaction of the .beta.-anilino-.beta.-alkoxyacrylates with the
      hydrazines can be carried out in the presence or absence of a catalyst.
      For example, a compound having a pKa ranging from about 5 up to less than
      14 can be advantageously used to control side reactions and to produce the
      desired .beta.-anilino-.beta.-hydrazinoacrylates in high yields. Compounds
      having a pKa of 8 to less than 14 are particularly useful. Most preferred
      compounds are those compounds having a pKa of 9 to 11. Although the amount
      of such a compound is not particularly limited, preferred results are
      usually obtained when the compound is used at about 0.1 to about 10 moles,
      preferably 0.5 to 5 moles. per mole of the
      .beta.-anilino-.beta.-alkoxyacrylates.
PAR  Specific examples of compounds having a pKa ranging from about 5 up to less
      than 14 which can be used in the present invention include phenol, o-, m-
      and p-cresol, o-, m- and p-chlorophenol, o-, m- and p-fluorophenol, o-, m-
      and p-bromophenol, o- and p-nitrophenol, 2,3-, 2,4-, 2,5-, 2,6-, 3,4- and
      3,5-dimethyl phenol, 2,5- and 3,4-dinitrophenol, 2,3,5- and
      2,4,6-trimethylphenol, o-, m- and p-methoxyphenol, tert-butylphenol,
      hydroquinone, catechol, resorcinol, methylhydroquinone,
      tertbutylhydroquinone, n-octylhydroquinone, 2,5-di-tert-butylhydroquinone,
      p-toluidine, .alpha.-, .beta.- and .gamma.-picoline, naphthol, boric acid,
      and the like.
PAR  The .beta.-anilino-.beta.-hydrazinoacrylates are easily subjected to a ring
      closing reaction using a strong alkali such as an alkali metal or alkaline
      earth metal hydroxide such as sodium hydroxide, potassium hydroxide,
      barium hydroxide, etc. or an alkali metal alkoxide such as sodium
      ethoxide, potassium butoxide, etc., to form the corresponding
      3-anilino-5-pyrazolones. The reaction can be carried out at a temperature
      of about -10.degree. to 50.degree.C, preferably 0.degree. to 30.degree.C,
      in the presence of an inert solvent, for example, the inert solvents as
      described hereinbefore. A suitable amount of the strong alkali can range
      from about 0.5 to 10 moles, preferably 1 to 2 moles, per mole of the
      .beta.-anilino-.beta.-hydrazino-acrylates. The reaction can be carried out
      at normal pressure and preferably is conducted in an inert atmosphere such
      as a nitrogen, argon, etc. atmosphere.
PAR  For instance, the 3-anilino-5-pyrazolones represented by the general
      formula (IV)
      ##EQU3##
      wherein R.sub.1, R.sub.2 and X are the same as defined in the general
      formula (I) can be prepared using the
      .beta.-anilino-.beta.-hydrazinoacrylates represented by the general
      formula (I), for example, using the method disclosed in applicants' U.S.
      Pat. application Ser. No. 519,310, filed Oct. 30, 1974.
PAR  An important advantage of the present invention is that the preparation of
      the 3-anilino-5-pyrazolones having a hydrophobic group in the 3-anilino
      group which cannot be prepared or can be prepared with difficulty using
      known methods can be carried out easily and in high yields.
PAR  In order to prepare 3-anilino-5-pyrazolones having a hydrophobic group in
      the 3-anilino group a method in which a 3-anilino-5-pyrazolone is prepared
      and a hydrophobic group is introduced thereto is also known. For example,
      1-phenyl-3-(2-chloro-5-tetradecanoylaminoanilino)-5-pyrazolone can be
      prepared by reacting ethyl
      .beta.-alkoxy-.beta.-(2-chloro-5-nitroanilino)acrylate with
      phenylhydrazine to prepare 1-phenyl-3
      -(2-chloro-5-nitroanilino)-5-pyrazolone, converting this compound to
      1-phenyl-3-(2-chloro-5-aminoanilino)-5-pyrazolone by reduction, and after
      purifing sufficiently, reacting it with tetradecanoic chloride. However,
      this method is quite inferior to the method of the present invention in
      view of the complicated reaction steps and yields.
PAR  The present invention will now be explained in greater detail by reference
      to the following examples. Unless otherwise indicated, all parts,
      percents, ratios and the like are by weight.
PAC  EXAMPLE 1
PAR  A mixture of 50 g of ethyl
      .beta.-(2-chloro-.beta.-5-tetradecanoylaminoanilino)-.beta.-ethoxyacrylate
     , 25 g of 2,4,6-trichlorophenylhydrazine and 50 g of phenol (pKa : 9.998)
      was heated at 100.degree.C for 8 hours under a reduced pressure of 25 to
      30 mmHg with stirring. To the reaction mixture 200 ml of acetonitrile was
      added and the mixture was cooled with water to deposit crystals. The
      crystals were collected by filtration and washed with cool acetonitrile to
      obtain 54 g of ethyl
      .beta.-(2-chloro-5-tetradecanoylaminoanilino)-.beta.-(2,4,6-trichloropheny
     lhydrazino)acrylate which was white and substantially pure. The melting
      point was 91.degree. to 93.degree.C.
PAR  The structure of the compound was determined by its infrared absorption
      spectrum and mass spectrum of M.sup.+ 658 (Calculated 658).
PA1  Elemental Analysis
PAR  Found: C 56.36%, H 6.43%, N 8.73%
PAR  Calculated: C 56.37%, H 6.41%, N 8.48%
PAC  EXAMPLE 2
PAR  Using o-cresol (pKa : 10.287) instead of the phenol used in Example 1, the
      reaction was carried out by heating at 100.degree.C for 8 hours under a
      reduced pressure of 25 to 30 mmHg with stirring. The desired compound was
      obtained in a yield of 84%.
PAC  EXAMPLE 3
PAR  Using 2,4,6-trichlorophenol (pKa: 6.41) instead of the phenol used in
      Example 1, the reaction was carried out by heating at 100.degree.C for 2.5
      hours under a reduced pressure of 25 to 30 mmHg with stirring. The desired
      compound was obtained in a yield of 49%.
PAC  EXAMPLE 4
PAR  Without using the acidic compound as described in the foregoing examples,
      the reaction was carried out by heating at 100.degree.C for 7 hours under
      a reduced pressure of 25 to 30 mmHg with stirring. The desired compound
      was obtained in a yield of 43%.
PAC  EXAMPLE 5
PAR  To 13.2 g of the acrylate obtained in Example 1, 40 ml of methanol and 1.6
      g of sodium hydroxide were added, and the mixture was stirred for 10
      minutes in a water bath. The reaction mixture was then poured into about
      100 ml of ice water, and neutralized with acetic acid to deposite white
      crystals which were collected by filtration. The crystals obtained were
      substantially pure
      1-(2,4,6-trichlorophenyl)-3-(2-chloro-5-tetradecanoylaminoanilino)-5-pyraz
     olone. The yield was 12.1 g (98%). The melting point of the compound
      recrystallized from a solvent mixture of ethyl acetate and n-hexane
      (volume ratio 1:1) was 92.degree. to 96.degree.C.
PAC  EXAMPLE 6
PAR  In the same manner as described in Example 5 but using ethyl
      .beta.-{2-chloro-5-[2-(2,4-di-tert-pentylphenoxy)butyramido]-anilino}-.bet
     a.-(2,6-di-chloro-4-methoxyphenylhydrazino)acrylate,
      1-(2,6-di-chloro-4-methoxyphenyl)-3-{2-chloro-5-[2-(2,4-di-tertpentylpheno
     xy)butyramido]anilino}-5-pyrazolone was obtained in an almost quantitative
      yield. The melting point of the compound recrystallized from ethanol was
      176.degree. to 177.degree.C.
PAC  EXAMPLE 7
PAR  In the same manner as described in Example 5 but using ethyl
      .beta.-{2-chloro-5-[3-(2,4-di-tert-pentylphenoxy)propylsulfamoyl]-anilino}
     -.beta.-(2,4,6-trichlorophenylhydrazino)acrylate,
      1-(2,4,6-trichlorophenyl)-3-{2-chloro-5-[3-(2,4-di-tert-pentylphenoxy)-pro
     pylsulfamoyl]anilino}-5-pyrazolone was obtained in an almost quantitative
      yield. The melting point of the compound recrystallized from ethanol was
      173.degree. to 175.degree.C.
PAC  EXAMPLE 8
PAR  In the same manner as described in Example 5 but using ethyl
      .beta.-(2-methoxy-5-tetradecyloxycarbonylanilino)-.beta.-(2,4,6-trichlorop
     henylhydrazino)acrylate,
      1-(2,4,6-trichlorophenyl)-3-(2-methoxy-5-tetradecyloxycarbonylanilino)-5-p
     yrazolone was obtained in an almost quantitative yield. The melting point
      of the compound recrystallized from methanol was 110.degree. to
      112.degree.C.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A .beta.-anilino-.beta.-hydrazinoacrylate represented by the following
      general formula (I)
      ##EQU4##
      wherein R.sub.1 represents an acylamino group, an alkylsulfamoyl group, an
      arylsulfamoyl group or an alkoxycarbonyl group; R.sub.2 represents a
      halogen atom, an alkyl group or an alkoxy group; R.sub.4 represents an
      alkyl group; and X represents an aryl group.
NUM  2.
PAR  2. The .beta.-anilino-.beta.-hydrazinoacrylate as claimed in claim 1,
      wherein R.sub.1 contains 6 or more carbon atoms.
NUM  3.
PAR  3. The .beta.-anilino-.beta.-hydrazinoacrylate as claimed in claim 1,
      wherein R.sub.1 contains 8 to 26 carbon atoms.
NUM  4.
PAR  4. The .beta.-anilino-.beta.-hydrazinoacrylate as claimed in claim 1,
      wherein said alkyl group for R.sub.2 contains 1 to 8 carbon atoms.
NUM  5.
PAR  5. The .beta.-anilino-.beta.-hydrazinoacrylate as claimed in claim 1,
      wherein said alkoxy group for R.sub.2 contains 1 to 8 carbon atoms.
NUM  6.
PAR  6. The .beta.-anilino-.beta.-hydrazinoacrylate as claimed in claim 1,
      wherein said alkyl group for R.sub.4 contains 1 to 8 carbon atoms.
NUM  7.
PAR  7. The .beta.-anilino-.beta.-hydrazinoacrylate as claimed in claim 1,
      wherein said aryl group is a phenyl group or a substituted phenyl group in
      which the substituent is one or more of a halogen atom, an alkyl group, an
      alkoxy group, an acyl group, an alkoxycarbonyl group, a carboxy group, a
      sulfo group, a nitro group, an amino group, an acylamino group, a
      sulfonamido group, a ureido group and a cyano group.
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ABST
PAL  Opaque coatings and molded articles are produced from normally transparent
      copolymer compositions of unsaturated polyesters and monomers therefore by
      using from about 3 percent to less than 45 percent by weight of
      unsaturated polyesters based on the total weight of the composition.
BSUM
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  Applicants claim priority under 35 U.S.C. 119 for applications U.S. Pat.
      Nos. 22 11 899.6; 22 16 052.7; and 22 19 837.4, filed respectively March
      11, 1972; April 1, 1972 and April 22, 1972 in the Patent Office of the
      Federal Republic of Germany.
PAR  The disclosure of assignee's application Ser. No. 337,064 filed March 1,
      1973, having the title "Cured Opaque Coatings with a High Hiding Powder
      Produced from Normally Transparent Polyester Paste Filler Compositions"
      and now abandoned is incorporated herein.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to opaque molded articles of polymerizable molding
      compositions, containing unsaturated polyesters and copolymerizable
      monomers, as well as conventional catalysts and additives.
PAR  The invention furthermore relates to opaque coatings of coating materials
      based upon unsaturated polyesters and copolymerizable monomers containing
      conventional catalysts and additives.
PAR  The invention relates also to a process of producing the opaque molded
      articles and opaque coatings.
PAR  Finally, the invention is concerned with materials having opaque, white or
      colored synthetic resin surfaces.
PAR  The term "coating materials" is understood to mean in this disclosure all
      liquid forms of preparations required for the production of coatings,
      laminates, varnish structures, such as fillers, primers, size varnishes,
      top coats, casting and molding compounds, and the like.
PAR  The term "coatings" is to mean herein all layers, coatings, laminates, or
      varnish coats obtained from the aforementioned coating materials.
PAR  The term "materials" is to mean in this text all materials suitable for
      synthetic resin coatings of wood, wood materials, pressed materials,
      cardboard, paper, glass, fabric, or metal. Wood materials are understood
      to mean finished wood products, such as fiberboards, hardboards, jointed
      boards with and without veneer. Pressed materials are laminated materials
      from papers, fabrics, fibrous fleeces, or glass mats, impregnated with
      synthetic resins, cured with the use of pressure and heat. Also plastics
      can in certain cases serve as "materials" for synthetic resin coatings.
      Although the materials need not have a planar shape, panels or plates are
      preferably provided. The term "materials" also includes those
      above-mentioned substances which had been subjected to a pretreatment.
      Thus, wood and wood materials can be stained, metals can be provided with
      a wash primer, a phosphate coating, or a chromate coating. Furthermore,
      the materials can be sized, primed, or coated with an adhesive or varnish
      layer.
PAR  The term "polymerizable molding compositions" includes all molding
      compounds technically employed based upon unsaturated polyesters and
      copolymerizable monomers with the use of conventional catalysts,
      accelerators, additives, and customary curing processes. Such polyester
      molding compositions have attained great significance in technology.
      Insofar as the production of coatings is concerned, these polyester
      molding compositions are called "polyester coating materials" in the
      following description. The voluminous literature concerned with the
      composition, utilization, and technology of polyester molding compositions
      or polyester coating materials is summarized, inter alia, in the standard
      works "Polyesters and Their Applications" (Bjorksten, Tovey, Harker, and
      Henning, Hew York, Reinhold Publishing Corporation, 1956), "Polyester
      Resins" (Lawrence, New York, Reinhold Publishing Corporation, 1960), and
      "Unsaturated Polyesters: Structure and Properties" (Boenig, Amsterdam,
      Elsevier Publishing Company, 1964).
PAR  The curing of polyester molding compositions and of coatings made from
      polyester coating materials can be effected in various ways. This process
      can be conducted without external heat supply at ordinary room
      temperatures, if the molding compositions or coating materials contain
      peroxides as curing agents and suitable accelerators. The curing agents
      and accelerators, however, must be adapted to each other.
PAR  The curing process initiated by peroxides can be further accelerated by
      supplying external heat or by irradiation with infrared rays, or by the
      use of high frequency energy.
PAR  In this manner, transparent molded articles have heretofore been obtained
      from transparent or translucent molding compositions. In contrast thereto,
      opaque molded articles have previously been produced only from pigmented
      molding compositions, i.e. those to which have been added hiding pigments,
      such as for example, titanium dioxide, carbon black, iron oxide, dyes,
      etc. These opaque molded articles possess a more or less high residual
      transparency, dependent on the content of hiding pigments.
PAR  Another way of curing polyester molding compositions and coatings prepared
      from polyester coating materials is irradiation with ultraviolet light. In
      this case, the peroxide curing agent and the accelerator can, in
      principle, be omitted. In place thereof a photo-chemically active
      sensitizer is employed. The latter effects, under the action of UV light,
      a splitting off of radicals, which initiates a polymerization of the
      entire polyester layer. The UV rays employed in this process are normally
      produced by high pressure mercury vapor lamps or low pressure mercury
      vapor lamps or superactinic fluorescent tubes. In place of ultraviolet
      light, it is also possible to employ sunlight or another, more strongly
      ionizing radiation, for curing purposes.
PAR  When UV light is used for curing, it has heretofore been possible to cure
      only transparent molding compositions to transparent molded articles or
      transparent coatings, in contrast to the curing process initiated by
      peroxides and suitable accelerators. The conventional UV curing processes
      are summarized in the articles "Die Lichthaertung von Polyester-Lacken"
      [Light Radiation Curing of Polyester Resin Varnishes] (Eugen Richter,
      "Moderne Holzverarbeitung" [Modern Wood Processing], Vol. 10, 1968, pp.
      604-606) and "Lackhaertung durch Ultraviolettes Licht" [Varnish Curing by
      Ultraviolet Light], (Dr. Wolfgang Deninger and Dr. Manfred Patheiger,
      "Industrie-Lackier-Betrieb" [Industry Varnishing Operation], 37th year,
      Vol. 3, March 1969, pp. 85-91).
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to obtain, by curing, opaque,
      white molded articles from transparent polyester molding compositions
      which do not contain white pigments or other hiding pigments. The
      synthetic resin mixture had to be modified during the curing process so
      that it was converted from the transparent, glassy condition into an
      entirely opaque state.
PAR  Another object of this invention is the production of opaque, covering
      coatings by curing with UV radiation, which has heretofore been possible
      only in the limited area of producing transparent coatings.
PAR  It has now been found, surprisingly, that opaque, white or colored molded
      articles are obtained from polymerizable molding compositions containing
      unsaturated polyesters and copolymerizable monomers, as well as
      conventional catalysts and additives, in accordance with a process
      characterized in that transparent molding compositions are cured, the
      proportion of which is about 3 percent to less than 45 percent by weight
      in unsaturated polyesters, namely 3 to 45 percent by weight and preferably
      10 to 45 percent by weight.
PAR  In this connection, all conventional curing processes can be employed.
      Thus, the curing step is accomplished, for example, in a conventional
      manner by the effect of infrared radiation or by supplying external heat
      or by high frequency energy. With the choice of suitable peroxides and
      accelerators, the same effect can also be obtained without external heat
      supply.
PAR  The second object of the invention is surprisingly attained by employing a
      process for the production of opaque coatings having high hiding power
      from coating materials based upon unsaturated polyesters and
      copolymerizable monomers containing conventional catalysts and additives,
      where the process is characterized in that coatings from radiation
      permeable coating materials, having the proportion of unsaturated
      polyester from about 3 percent to less than 45 percent, and preferably
      about 10 - 45 percent, based on the weight of the radiation permeable
      coating material, are cured with UV light or ionizing radiation.
      Furthermore, at the same time, the proportion of unsaturated polyesters in
      the mixture of polyester, monomers, and optionally other solvents, is
      likewise from about 3 percent to less than 50 percent by weight.
PAR  The surprising effect of producing opaque molded articles from transparent
      molding compositions during curing also occurs when part of the monomers
      is replaced by unreactive solvents, such as aliphatic and/or aromatic
      hydrocarbons (gasoline, hexane, toluene, xylene), alcohols, glycols,
      esters. Up to 30 percent of the copolymerizable monomers can be replaced.
      Although this reduces the proportion of monomers, the ratio of unsaturated
      polyester to the sum of monomers and solvents remains unchanged.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A further advantage of the process of this invention resides in that the
      liquid polyester molding compositions or coating materials can
      additionally contain coloring agents which impart any desired color hues
      to the cured, opaque molded article. The coloring agents are normally
      soluble in the molding composition in a transparent manner.
PAR  Another advantage of the present invention resides in widening the field of
      design possibilities for the materials and producing, for example, panels
      having novel surface characteristics and applications, which contain
      opaque, white or colored surfaces of a synthetic resin layer, but do not
      contain any hiding pigments.
PAR  The additional problem of providing materials having an opaque, white or
      colored surface of a synthetic resin layer was solved by providing that
      the material is coated with a synthetic resin layer which contains no
      hiding pigments, and that this synthetic resin layer forms a surface
      having high hiding power which extensively reflects impinging light rays
      and exhibits only a minimum light absorption. This is accomplished by
      having the synthetic resin layer consisting of unsaturated polyesters and
      copolymerized monomers in the stated proportions. In order to obtain
      particularly advantageous opaque surfaces, the material is furthermore
      characterized in that the synthetic resin layer of unsaturated polyesters
      and monomers polymerized therein consists of a coating cured from coating
      materials which contain no hiding pigments and wherein the proportion of
      unsaturated polyesters is from about 3 percent to less than 45 percent,
      based on the weight of the liquid coating material, and furthermore from
      about 3 percent to less than 50 percent by weight of the sum of the
      weights of the unsaturated polyester, the copolymerizable monomers and
      optionally other solvents.
PAR  Further advantageous embodiments of the invention are obtained by providing
      that the synthetic resin layer contains additionally noncovering fillers
      and/or furthermore additionally paraffin and/or wax. Other advantageous
      embodiments of the invention, by means of which the technological surface
      properties can be varied, are realized by providing that the synthetic
      resin layer additionally contains other synthetic resins different from
      the unsaturated polyesters and compatible with the polymerized synthetic
      resin layer.
PAR  Another advantageous embodiment of the invention resides in that an
      additional adhesive layer is arranged between the material and the
      synthetic resin layer.
PAR  A special advantage of the opaque surface of the materials coated with a
      synthetic resin layer according to this invention resides in that the
      synthetic resin layer does not contain any hiding pigments, but rather the
      synthetic resin layer is inherently opaque. In this manner, a considerable
      enrichment of the art is achieved, since such materials open up novel
      design possibilities and decorative effects.
PAR  The molded articles or coatings produced according to the process of the
      present invention are opaque and white, although they were obtained from
      transparent molding compositions or coating materials which do not contain
      any hiding pigments. This was surprising and unforeseeable. In the uncured
      condition, the molding compositions or coating materials are transparent.
      They become white and opaque during curing. If the molding composition or
      the coating material dyed with transparent, in most cases soluble dyes,
      the opaque molded article or coating is not white, but rather exhibits any
      desired color hue obtainable by mixing with white.
PAR  Examples for suitable transparent coloring dyes are:
PA1  a. metal complex dyestuffs, e.g. helio fast yellow 12 G (Bayer AG,
      Leverkusen), pigment green G (BASF AG, Ludwigshafen), helio fast carmin B
      (Bayer AG, Leverkusen),
PA1  b. diazo dyes, e.g. chrom fast yellow 2 b (Ciba, Basel), chrom fast red 2 R
      (Ciba),
PA1  c. Dioxazin dyes, e.g. PV fast violett Bl (Hoechst),
PA1  d. indanthren dyes, e.g. indanthren violett RH (BASF), PV fast orange GRL
      (Hoechst).
PAR  Generally all transparent synthetic dyestuffs alone or in combination can
      be used. The quantity depends on the desired color tone and lies between
      0.001 and 1 percent by weight, preferably between 0.02 and 0.3 percent,
      relating to the total weight of unsaturated polyester and copolymerizable
      monomers.
PAR  The surprising effect that, only by curing, opaque molded aritlces or
      coatings are produced from transparent molding compositions or transparent
      coating materials, which products exhibit a white color, is achieved by
      the fact that the ratio of unsaturated polyester to the remaining liquid
      components, especially the copolymerizable monomers, is shifted so that
      the proportion of the unsaturated polyester in the liquid molding
      composition or the liquid coating material is reduced to from about 3
      percent to less than 50 percent by weight, and that furthermore the
      proportion of the polyester in the mixture of unsaturated polyester,
      monomers, and optionally other solvents, amounts to from about 3 percent
      to less than 50 percent by weight. If the polyester proportion is higher,
      the cured molded articles and coatings are transparent.
PAR  The production of opaque molded articles or coatings by curing is not bound
      to specific unsaturated types of polyesters. It has been found that all
      unsaturated polyesters in practical use, of which there are a multitude,
      are suitable. Detailed data regarding the composition and manufacture of
      unsaturated polyesters are contained in the literature references cited in
      the foregoing. As is known, unsaturated polyesters are understood to be
      condensation products obtained by the esterification of unsaturated
      dicarboxylic acids, such as fumaric acid, maleic acid, maleic anhydride,
      or mixtures thereof, with polyhydric, particularly dihydric alcohols, e.g.
      propylene glycol, ethylene glycol, diethylene glycol, furthermore
      hexanediol (glycerol), trimethylolpropane, and pentaerythritol. A portion
      of the unsaturated dicarboxylic acids can be replaced by saturated
      polycarboxylic acids, such as succinic acid, adipic acid, sebacic acid,
      o-phthalic acid, o-phthalic anhydride, isophthalic acid, terephthalic
      acid.
PAR  Also the copolymerizable monomers disclosed in the abovecited literature
      references are usable. These are the conventionally employed monomers
      which are used individually or in a mixture with one another. Examples in
      this connection are styrene, vinyltoluene, acrylic acid esters,
      methacrylic acid esters, such as methyl methacrylate, methyl acrylate,
      ethyl acrylate, ethyl methacrylate, furthermore divinylbenzene and
      diallylphthalate.
PAR  The best results with respect to appearance and structure of the white
      molded articles or coatings are obtained by irradiating the molding
      compositions or coatings with UV light. The preferred ratio between
      monomers and unsaturated polyester varies, depending on the type of
      monomer and polyester, and preferably is between 10 and 45 percent by
      weight of unsaturated polyester in the unpigmented coating material or
      molding composition.
PAR  Thus, for example, the hardness, scratch resistance, dimensional stability,
      heat resistance and flammability can be affected by the addition of
      suitable fillers, additives, or other auxiliary agents. For example, it is
      possible to add fillers of any desired particle size, such as calcium
      carbonate, mica, talc, quartz powder, rock powder, glass powder, barium
      sulfate, finely divided silicic acid, and silicic acid aerogels, finely
      divided metallic oxides, metallic powders, and fibrous reinforcing
      materials of glass, textile material and asbestos.
PAR  Suitable additives are the customary defrothers, flow agents (silicone
      oils), thickeners, and paraffins or waxes.
PAR  The molding composition or the coating material can additionally contain
      other synthetic resins different from the unsaturated polyesters and
      compatible with the molding composition or the coating material, such as
      for example, nitrocellulose, cellulose acetobutyrates, alkyd resins,
      ketone resins, saturated polyesters, polymer plasticizers (poly-adipates,
      poly-alkylene adipates), epoxy resins, polyurethane resins, amine aldehyde
      resins, urea formaldehyde resins, melamine aldehyde resins and other
      triazine resins, phenolic resins, acrylate and/or methacrylate resins,
      homopolymers and copolymers of vinyl chloride, vinyl acetate, vinyl
      propionate and other vinyl compounds, polyolefines. Said other synthetic
      resins can be used additionally in quantities up to 15 percent, preferably
      0.1 to 5 percent by weight, related to the weight of unsaturated
      polyesters.
PAR  In the simplest case, the molding composition or the coating material
      consists of a solution of unsaturated polyesters in the copolymerizable
      monomers. This mixture is mixed, depending on the type of curing employed,
      either with peroxide and a cobalt compound, or with peroxide and a
      tertiary amine, or with a photosensitizer. Other additional activators can
      likewise be contained therein.
PAR  If the curing is to be effected without supplying external heat at ordinary
      room temperatures, the polyester molding compositions or polyester coating
      materials are mixed in a conventional manner with peroxides as the curing
      agents and with suitable accelerators, such as cobalt octoate or a
      tertiary amine. The peroxide and accelerators employed must, however, be
      adapted to each other.
PAR  Suitable peroxides are the conventionally employed organic peroxides, such
      as the hydroperoxides of cyclohexanone, of methyl ethyl ketone of methyl
      isobutyl ketone, and of cumene, furthermore, benzoyl peroxide, tert.-butyl
      perisononanate, 2,5-dimethylhexane 2,5-dihydroperoxide, tert.-butyl
      hydroperoxide, di-tert.-butyl peroxide, tert.-butyl cumyl peroxide and
      tert.-butyl peroctoate.
PAR  Those polyester molding compositions or coating materials mixed with
      peroxides are also utilized when the curing is to be effected by higher
      temperatures or by the effect of infrared rays or by the effect of high
      frequency energy.
PAR  Polyester molding compositions and coating materials to be cured under the
      action of ultraviolet light or sunlight contain as the curing catalysts
      photosensitizers. Suitable photosensitizers are, in addition to benzoin,
      also the derivatives thereof, such as for example, benzoin methyl ether,
      benzoin ethyl ether, benzoin isopropyl ether, benzoin acetate,
      .alpha.-benzylbenzoin, .alpha.-methylbenzoin. Other suitable
      photosensitizers pertain to the group of the disulfides. Additional
      photosensitizers are benzil, acetophenone, anthraquinone derivatives,
      benzophenone, phenanthrenequinone, diacetyl, tetramethylthiuram disulfide,
      naphthalene sulfochloride, bromotrichloromethane, bromoform, manganese
      carbonyl, hexaaryl imidazoles. Quite generally, all substances usually
      employed as photosensitizers are suitable for the curing process.
PAR  The time required for the complete curing of the molded article or the
      coating depends on the polymerization activity of the resin, the monomers,
      as well as the composition and quantity of the curing catalysts. The
      curing at room or higher temperatures or by means of ultraviolet radiation
      takes place flawlessly, so that molded articles, molded components, or
      coatings are obtained having good mechanical properties. As the light
      sources emitting UV radiation, high pressure mercury vapor lamps, low
      pressure mercury vapor lamps, or superactinic fluorescent tubes are
      normally employed.
PAR  Flameproof molded articles and coatings are obtained with the concomitant
      use of mono- or dichlorostyrene or of other halogen containing monomers,
      such as the diallyl ester of tetrachlorophthalic acid, or of vinyl ethers
      of brominated monovalent phenols, such as the dibromo-, tribromo-,
      tetrabromo-, or pentabromophenyl vinyl ether, as the copolymerizable
      monomer and/or with the concomitant use of halogen-containing dicarboxylic
      acids and/or halogen-containing hydroxyl compounds as the esterification
      components during the production of unsaturated polyester. Suitable
      halogen-containing dicarboxylic acids are, for example,
      hexachloroendomethylenetetrahydrophthalic acid, tetrachlorophthalic acid,
      dibromoisophthalic acid and 4,5-dibromohexahydrophthalic acid. Examples
      for suitable halogen-containing hydroxyl compounds are; glycerin
      monopentachlorophenyl ether, octachlorodiphenylene hydroxydialkanols, and
      diols containing halomethyl groups, such as pentaerythritol
      dichlorohydrin.
PAR  Far simpler than the method of concomitant esterification of
      halogen-containing components is the process of admixing a flame-proofing
      agent subsequently to a non-flameproof polyester molding composition or
      coating material. In this connection, chlorinated paraffins can be used,
      optionally in combination with antimony trioxide. It is also possible to
      admix organic antimony, silison, boron, or phosphrous compounds soluble in
      the molding composition or the coating material.
PAR  The polyester molding compositions proposed in accordance with this
      invention can also be used for the production of laminated materials,
      especially glass-fiber-reinforced laminated materials. The procedure is
      such that fibrous materials, fabrics, paper webs and cellulose fleeces or
      glass fiber mats are impregnated with the transparent molding
      compositions, wherein the proportion of unsaturated polyesters is from
      about 3 percent to less than 45 percent by weight, and the product is
      thereafter cured in a conventional manner.
PAR  The molded articles are produced by curing the polyester molding
      compositions in suitable molds. In this procedure, the liquid molding
      compositions can either be introduced directly into the mold, or they can
      be cured outside of the mold. In the last-mentioned case, the cured,
      comminuted resin is introduced into the casting mold and the cavities
      present therein are filled by a liquid mixture of the same molding
      composition, and then the product is cured as usual. It is likewise
      possible to employ the mixture of the liquid molding compositions together
      with high percentage solutions of polymers, such as polystyrene, polyvinyl
      ether, polyisobutylene, etc., in suitable monomers. Quite generally, it is
      possible to add to the molding compositions substances which afford
      protection against light, heat, or combustion, etc.
PAR  In the production of coatings, differences in the surface and in the
      coating also result, which depend on the selection of the curing agent.
PAR  It has been found that the surface of the cured coatings can be varied. The
      film can have the appearance of a primer, depending on the type of
      polyester and solvent and on the ratio between polyester and solvent.
      However, with the choice of suitable additives, such as, e.g. paraffin and
      waxes, the film can also exhibit a finished varnish effect. The surface
      can furthermore be brought to a high gloss by polishing and buffing. The
      great variety of different surface characteristics of the white coating is
      also achieved by a suitable selection of organic, unreactive solvents,
      which can replace up to 30 percent of the monomers in the coating
      material.
PAR  The properties of the coatings with respect to, for example, hardness,
      scratch resistance and adhesive strength, can be varied by the addition of
      suitable fillers and additives. Thus, suitable fillers are, for example,
      calcium carbonate, mica, silicic acid, silicon dioxide, barium sulfate,
      finely divided silicic acid, talc, and silicic acid aerogels, dolomite,
      kaolin, quartz powder, glass powder, and fibrous microsubstrates of
      asbestos, glass fibers, textile fibers, synthetic resin fibers. Generally
      fillers of which the refractive index does not exceed 1.70 can be used.
PAR  The coatings thus obtained are normally white, with the absence of soluble
      coloring agents, and possess an excellent hiding power which can be
      compared with those films and coatings obtained from highly pigmented
      coating materials. The coatings of the invention do not differ from the
      latter with respect to appearance and properties, although they do not
      contain hiding pigments.
PAR  The coating materials can be applied to wood, wood materials, synthetic
      resins, glass, cardboard, paper, and metal by means of the customary
      application methods of pouring, spraying, or rolling. The materials to be
      coated can optionally be pretreated, or they can exhibit a varnish or
      primer coat.
PAR  The methods of application can vary. Thus, it is possible on the one hand,
      to admix the catalysts or photosensitizers directly with the coating
      compound. On the other hand, the perioxide can first be applied to the
      article to be coated in the form of a curing primer. Thereafter, the
      polyester material, which is free of peroxide but contains accelerators,
      is applied to the peroxide-containing base coat. It is also possible to
      apply the component containing the curing agent together with the
      component containing the accelerator in a wet-on-wet manner.
PAR  The layer thickness of the coatings can vary within wide limits. Of course,
      the hiding power of the opaque coatings is also lessened when the layer
      thickness is small. However, covering layers having high hiding power with
      a thickness of the dry film of 10 microns can still be obtained. In
      general, the layer thicknesses of polyester coats are larger and amount to
      up to 1.5 - 2 cm. The preferred layer thicknesses range between about 50
      and 700 microns.
PAR  The following examples serve to explain the invention, but are not
      limitative of same. The parts set forth therein are parts by weight and
      the percentages are percent by weight.
DRWD
PAC  EXAMPLE1.
PAR  A. For the production of opaque molded articles, an unsaturated polyester
      is produced in a conventional manner from:
     26 parts       1,2-propylene glycol                                       

     16 parts       maleic anhydride                                           

     20 parts       phthalic anhydride                                         

     To this mixture is added                                                  

     0.003 part     hydroquinone                                               

PAL  as the stabilizer. The esterifaction procedure is finished when the
      resulting unsaturated polyester resin reaches an acid number of 35.   To
      this resin is added styrene until the solids content is 70 percent by
      weight.
PA1  B. a molding composition composed of:
PA1  500 parts of the polyester solution obtained according to 1 A,
PA1  500 parts styrene,
PA1  10 parts of a cobalt naphthenate solution in toluene having a content of 4
      percent of metallic cobalt,
PA1  10 parts of a curing paste of equal parts of benzoyl peroxide and a dibutyl
      phthalate,
PA1  3 parts of a 10 percent paraffin solution in toluene, is poured into a
      casting mold (300 .times. 50 .times. 30 mm.sup.3). The molded article thus
      produced can be removed from the mold after 11/2 and is of uniformly white
      opacity.
PAC  EXAMPLE 2.
PAR  The molding composition according to Example 1 B is mixed with 0.5 part of
      helio fast yellow 12 G (Bayer AG, Leverkusen/Germany). After curing, a
      yellow molded article is obtained which is likewise opaque.
PAC  EXAMPLE 3.
PAR  A. An unsaturated polyester is produced in a conventional manner from:
TBL  130 parts        1,6-hexandiol                                            

     98 parts         maleic anhydride                                         

     To this mixture is added as stabilizer                                    

     0.03 parts       hydroquinone                                             

PAL  The esterification procedure is finished, when the resulting unsaturated
      polyester resin reaches an acid number of 20. To this resin is added
      styrene at temperatures of between 90.degree. and 95.degree.C until the
      solids content is 70 percent by weight.
PA1  B. a molding composition composed of:
PA1  360 parts of the polyester solution obtained according to 3 A,
PA1  350 parts styrene,
PA1  100 parts vinyltoluene,
PA1  150 parts polyadipate,
PA1  1.5 parts silicic acid aerogel ("Aerosil" of the Degussa Company),
PA1  1.5 parts benzoin isopropyl ether
PAL  is poured, with the aid of an applicator machine, on a glass plate in a
      layer thickness of 3-4 mm. Thereafter, the coating is irradiated for 4
      minutes with a high pressure mercury vapor lamp (HT Q7 of Philips). A
      white plate is produced as the molded article, which can be lifted off the
      glass plate and is completely opaque and has a surface which does not feel
      tacky when handled.
PAC  EXAMPLE 4.
PAR  A. An unsaturated polyester is produced in a conventional manner from:
TBL  65.5 parts         ethylene glycol                                        

     57.0 parts         maleic anhydride                                       

     35.5 parts         phthalic anhydride                                     

     35.0 parts         adipic acid                                            

     0.35 parts         hydroquinone                                           

PAL  The esterification procedure is finished, when the resulting unsaturated
      polyester resin reaches an acid number of 30. To this resin is added
      styrene at temperatures of between 90.degree. and 95.degree.C until the
      solids content is 70 percent by weight.
PA1  B. a molding composition composed of:
PA1  400 parts of the polyester solution obtained according to 4 A,
PA1  600 parts styrene,
PA1  10 parts finely particulate silicic acid,
PA1  250 parts barium sulfate, precipitated,
PA1  10 parts of a curing agent paste consisting of equal parts of benzoyl
      peroxide and dibutyl phthalate,
PA1  10 parts cobalt naphthenate (50 percent in styrene),
PA1  3 parts paraffin solution (10 percent strength) in toluene,
PAL  is heated in a round glass flask for 15 minutes to 100.degree.C. A cured,
      white, opaque molded article is thus obtained.
PAC  EXAMPLE 5.
PAR  A. A polyester with an acid number of 35 is produced, by heating to
      150.degree. - 180.degree.C and under a protective gas, from:
PA1  1160 parts fumaric acid,
PA1  1480 parts phthalic anhydride
PA1  1630 parts 1,2-propylene glycol
PA1  0.75 part hydroquinone.
PA1  B. a mixture of:
PA1  100 parts of the polyester obtained according to Example 5 A,
PA1  70 parts styrene and
PA1  50 parts 2,4,6-tribromophenyl allyl ether,
PA1  10 parts toluene,
PA1  3 parts of a 10 percent cobalt naphthenate solution in styrene,
PAL  is mixed with:
PA1  6 parts of a cyclohexanone peroxide solution (1 : 1).
PAR  Three glass fiber mats are impregnated with the mixture, and these plates
      are placed on top of one another and rolled between cellophane paper to a
      panel having a thickness of 3 mm. After curing at room temperature for
      about one hour, the panels are post-cured for 2 hours at 80.degree.C. A
      white laminated panel is thus obtained having flame-retardant properties.
PAC  EXAMPLE 6.
PAR  A coating composition is produced from the following components:
PA1  40 parts of the polyester solution obtained according to Example 1 A,
PA1  60 parts styrene,
PA1  1 part benzoin isopropyl ether.
PAR  Of this coating material, 654 g/m.sup.2 is poured with the aid of an
      applicator machine on a fiberboard panel having a raised edge. Thereafter,
      the coating is preliminarily gelled for 3 minutes by means of a low
      pressure mercury vapor lamp and thereafter finally cured for 1 minute with
      a high pressure mercury vapor lamp (HT Q 7 of Philip). A white coating
      results, which is opaque and can be polished and thereafter has the
      appearance of a pigmented varnish coat.
PAC  EXAMPLE 7.
PAR  A coating material is produced from the following components:
PA1  40 parts of the polyester solution obtained according to Example 3 A,
PA1  60 parts styrene,
PA1  1.5 parts silicic acid aerogel ("Aerosil" of the Degussa Company),
PA1  1.5 parts benzoin methyl ether.
PAR  Of this coating material, 534 g/m.sup.2 is poured on a fiberboard panel
      with the aid of an applicator machine. Thereafter, the coating is cured as
      described in Example 6. The product is likewise a white, opaque coating.
PAC  EXAMPLE 8.
PAR  A coaating material is produced from the following components:
PA1  42.5 parts of the polyester solution obtained according to Example 4 A,
PA1  10 parts toluene,
PA1  52 parts styrene,
PA1  5 parts of a 5 percent paraffin solution in styrene (m.p. of the paraffin
      60.degree.C),
PA1  1 part methylbenzoin methyl ether,
PA1  1.5 parts silicic acid aerogel
PAR  Of this coating material, 775 g/m.sup.2 is poured on a fiberboard panel
      with the aid of an applicator machine. The curing is effected as disclosed
      in Example 6, thus obtaining a white, opaque coating.
PAC  EXAMPLE 9.
PAR  A coating material is produced from the following components:
PA1  40 parts of the polyester solution obtained according to Example 4 A,
PA1  50 parts styrene,
PA1  10 parts butyl methacrylate,
PA1  2 parts silicic acid aerogel,
PA1  4.5 parts of a 5 percent paraffin solution in styrene (m.p. : 60.degree.C),
PA1  1 part benzoin isopropyl ether.
PAR  Of this coating composition, 1800 g/m.sup.2 is poured on a fiberboard
      panel. Curing is accomplished according to Example 6. A white coating
      results, which is opaque.
PAC  EXAMPLE 10.
PAR  A coating material is produced from the following components:
PA1  40 parts of the polyester solution obtained according to Example 1 A,
PA1  60 parts styrene,
PA1  1 part finely divided silicic acid,
PA1  25 parts calcium carbonate, precipitated,
PA1  1 part methylolbenzoin methyl ether.
PAR  Of this coating material, 650 g/m.sup.2 is poured on a fiberboard panel by
      means of an applicator machine. Curing again takes place as described in
      Example 6. The result is a white, opaque coating.
PAC  EXAMPLE 11.
PAR  A coating material is produced from the following components:
PA1  50 parts of the polyester solution obtained according to Example 3 A,
PA1  50 parts vinyltoluene,
PA1  2 parts of a 25 percent nitrocellulose solution in ethyl acetate,
PA1  3 parts of a 5 percent paraffin solution in styrene (m.p. of the paraffin :
      60.degree.C),
PA1  2 parts naphthalene-2-sulfochloride.
PAR  Of this coating composition, 800 g/m.sup.2 is poured on a hardboard panel.
      Thereafter, the coating is gelled preliminarily for 21/2 minutes by means
      of a low pressure mercury vapor lamp and is then cured for one minute by
      means of a high pressure mercury vapor lamp. The result is a white coating
      which is opaque.
PAC  EXAMPLE 12.
PAR  The coating material according to Example 11 is mixed with 0.05 part of PV
      fast green G (BASF AG, Lugwigshafen, Germany). After curing, a green
      coating is produced which is likewise opaque.
PAC  EXAMPLE 13.
PAR  A coating material is produced from the following components:
PA1  57 parts of the polyester solution obtained according to Example 1 A,
PA1  42 parts styrene,
PA1  5 parts of a 5 percent paraffin solution in styrene (m.p. of the paraffin :
      60.degree.C),
PA1  1 part of a cobalt naphthenate solution in toluene with 4 percent metallic
      cobalt content,
PA1  2 parts cyclohexanone peroxide.
PAR  Of this coating material, 1500 g/m.sup.2 is poured on a fiberboard panel
      having a raised edge by means of an applicator machine. In this way,
      several samples are produced which are cured according to different
      methods.
PAR  a. After standing overnight, the coating is completely cured and of white
      opacity.
PAR  b. Drying is effected with the aid of a jet dryer blowing hot air of about
      140.degree.C onto the surface. The jet drying is effected after the
      coating is preliminarily gelled. The surface is treated with the jet dryer
      for about 11/2 to 2 minutes. Thereafter, the coating is completely cured
      and opaquely white.
PAR  c. The coating is irradiated with infrared radiation stemming from an
      infrored dark radiator, the latter having a distance of about 25 cm. from
      the coated panel. After about 11/2 minutes, the coating is completely
      cured and of white opacity.
PAR  d. The coating is cured in an inductive high frequency field within 100
      seconds. Again, a white, opaque coating is the result.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for the production of opaque coated articles comprising
      applying and conventionally curing on the surface of said articles
      normally transparent coating compositions containing unsaturated
      polyesters (I), copolymerizable monomers (II), catalysts and additives,
      the improvement comprising: said coating composition containing said
      unsaturated polyester (I) and said copolymerizable monomers (II) in a
      relationship of about 3 -45 weight percent (I) and about 55 - 97 weight
      percent (II), and additionally 0.1 to 15 weight percent related to the
      content of unsaturated polyesters of synthetic resins selected from the
      group consisting of nitrocellulose, cellulose-acetobutyrate, alkyd resins,
      ketone resins, saturated polyester resins, poly-adipates, epoxide resins,
      polyurethane resins, amine-aldehyde resins, phenolic resins, acrylic
      resins, methacrylic resins, vinylchloride polymers, vinylacetate polymers
      and vinylpropionate polymers.
NUM  2.
PAR  2. The process of claim 1, wherein said relationship between I and II is
      about 10 - 45 percent by weight (I) to 55 - 90 percent by weight (II).
NUM  3.
PAR  3. In the process of claim 1, wherein said additional content of synthetic
      resins is about 0.1 to 5 percent by weight related to the content of the
      unsaturated polyesters.
NUM  4.
PAR  4. The coated article produced by the method of claim 1.
NUM  5.
PAR  5. The process of claim 1, further comprising about 0.001 to 1 percent by
      weight transparent coloring dyestuffs selected from the group consisting
      of metal complex dyestuffs, diazo dyestuffs, dioxazine dyestuffs and
      indanthrene dyestuffs.
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ABST
PAL  Disclosed herein are complex transition metal hydrides of the formula
EQU  (PR.sub.3).sub.x (R'.sub.2 PR"PR'.sub.2).sub.y MH.sub.z
PAL  Wherein:
PA1  M is Nb, Ta, Ti, Zr, or Hf
PA1  R is alkyl or aryl of up to 8 carbon atoms
PA1  R' is alkyl or aryl of up to 8 carbon atoms
PA1  R" is alkylene of up to 3 carbon atoms, or o-phenylene
PAL  With the provisos that:
PAL  When
PA1  M is Nb or Ta,
PA1  x = 0, 1,2 or 4; y = 0, 2 or 3; z = 1, 3 or 5; and 2x + 4y + z   = 13 and
PAL  When M is Ti, Zr or Hf,
PA1  x = O, y = 1, and z = 3.
PAL  Also taught is a process for making these hydrides.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of my copending application Ser. No.
      191,902, filed Oct. 22, 1971, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention concerns hydride coordination complexes of transition metals
      of Groups IVB and VB, containing tertiary phosphines.
PAR  2. Description of the Prior Art
PAR  Heretofore, successful attempts to isolate hydride complexes of Group IVB
      metals, Nb and Ta, have been made by invoking the added stabilizing
      ability of special .pi.-bonded ligands such as .pi.-cyclopentadienyl. The
      very stability of the metal-cyclopentadienyl bond, however, prevents such
      groups from labile inter-conversion with hydride or other ligands. Thus,
      as shown by Marvich and Brintzinger, J. Am. Chem. Soc., 93, 2046 (1971)
      for Ti and by Barefield, Parshall and Tebbe, ibid., 92, 5234 (1970) for Nb
      and Ta, the cyclopentadienyl ligands cannot be reversibly replaced by
      multiple hydride ligands or other coordinating groups.
PAR  The novel hydrides of this invention contain ligands that are sufficiently
      stable for isolation and yet sufficiently labile to afford ready
      replacement by reacting species during use, say, in promoting hydrogen
      transfer reactions. The novel hydrides are soluble in organic media and
      thus are particularly desirable to facilitate homogeneous hydrogen
      transfer reactions.
PAC  SUMMARY OF THE INVENTION
PAR  The novel products of this invention are hydrides of the formula
EQU  (PR.sub.3).sub.x (R.sub.2 'PR"PR.sub.2 ').sub.y MH.sub.z
PAL  Wherein:
PA1  M is Nb, Ta, Ti, Zr, or Hf
PA1  R is alkyl or aryl of up to 8 carbon atoms
PA1  R' is alkyl or aryl of up to 8 carbon atoms
PA1  R" is alkylene of up to 3 carbon atoms, or o-phenylene
PAL  With the provisos that:
PAL  When
PA1  M is Nb or Ta,
PA1  x = 0, 1, 2 or 4; y = 0, 2 or 3; z = 1, 3 or 5; and 2x + 4y + z = 13; and
PAL  When
PA1  M is Ti, Zr or Hf, x = 0, y = 1, and z = 3.
PAR  Also taught herein is the novel process for making the hydride complexes,
      comprising reacting
PAR  A METAL-SOURCE COMPOUND SELECTED FROM METAL ALKYLS, ARYLS AND HALIDES WITH
PAR  A TERTIARY PHOSPHINE IN THE PRESENCE OF A SOURCE OF HYDROGEN.
PAR  The terms alkyl and aryl used here and in the claims are meant to include
      those mixed aralkyl and alkaryl groups such as C.sub.6 H.sub.5 CH.sub.2 --
      and CH.sub.3 CH.sub.6 H.sub.4 --.
PAC  DETAILS OF THE INVENTION
PAR  The neutral ligands PR.sub.3 may contain alkyl or aryl substituents as R
      groups. The size of the alkyl or aryl groups attached to phosphorus is
      limited to 8 carbon atoms to avoid the undesired effects that extremely
      large of bulky groups may have on the stability or solubility of the
      complexes. The three alkyl or aryl groups attached to any one P atom may
      be the same or different, although it is most convenient to obtain
      tertiary ligands, PR.sub.3, having three identical R groups. It is
      preferred to have methyl, ethyl or phenyl groups as the R substitutent.
PAR  The stabilizing effect of bidentate ligands capable of forming chelate
      complexes is well known. It is also known that 5-membered chelate rings
      are most stable and that 6- and 4-membered rings have smaller stabilizing
      effects. Those complex metal hydrides of the invention having at least one
      bidentate group R.sub.2 'PR"PR.sub.2 ' are preferred for stability;
      especially preferred are those where R" is ethylene, --CH.sub.2 CH.sub.2
      --, or o-phenylene group capable of forming a 5-membered chelate ring.
      Preferred values for R' are methyl and phenyl. Because of their stability
      and high hydridic H content, the especially preferred hydrides of the
      invention are
EQU  [(CH.sub.3).sub.2 P-CH.sub.2 -CH.sub.2 -P(CH.sub.3).sub.2 ].sub.2 NbH.sub.5
PAL  and
EQU  [(CH.sub.3).sub.2 P-CH.sub.2 -CH.sub.2 -P(CH.sub.3).sub.2 ].sub.2 TaH.sub.5
PAR  The complex hydrides of the group VB metals Nb and Ta are consistent with
      the "18-electron-rule." In these the number and type of bonds formed by
      the metal, M, is such as to simulate the 18 electron configuration of the
      next inert gas element. Such behavior is described by M. L. H. Green, "The
      Transition Elements", Vol. 2 of "organometallic Compounds", G. E. Coates,
      M. L. H. Green, and K. Wade, Editors, Methuen Co., Ltd., London 1968, p.
      2.
PAR  In the novel complexes herein, the Nb and Ta each furnish the 5 electrons
      characteristic of this group; each coordinating element P donates a pair
      of electrons for each bond to the central metal M; and each hydrogen
      furnishes one electron. The number of electrons available for bonding to
      Nb or Ta are then 5 + 2 for each monodentate group +4 for each bidentate
      group + 1 for each hydrogen atom. Thus, conforming to the
      18-electron-rule, Nb and Ta would form the entire series of complexes
      given by the formula 2x + 4y + z = 13.
PAR  The Nb and Ta hydrides of this invention have the following values of x, y
      and z:
TBL  x               y           z                                             

     ______________________________________                                    

     0               2           5                                             

     0               3           1                                             

     4               0           5                                             

     2               2           1                                             

     1               2           3                                             

     ______________________________________                                    

PAR  The stable hydrides of the group IVB transition metals, Ti, Zr, Hf, are
      limited to those of the formula:
EQU  R.sub.2 'PR"PR.sub.2 'MH.sub.3.
PAR  An analysis of the infrared absorption due to the M-H bonds indicates that
      the hydridic hydrogens are bridged between group IVB metal atoms. This
      suggests that these hydride complexes are polymers of the empirical
      formula given above.
PAC  PROCESS
PAR  The novel products of the invention are made by reacting a metal source
      selected from the metal alkyls, the metal aryls and the metal halides with
      a tertiary phosphine in the presence of a hydrogenation source.
PAR  If a halide such as TaCl.sub.5 is used as the metal source then an active
      source of hydrogen containing an alkali metal must be used in order to
      reduce the metal and remove the halogen. Examples of such an active
      hydrogenation source are potassium metal and hydrogen, sodium metal and
      hydrogen, or sodium hydride.
PAR  Preferred metal sources are the alkyl and aryl compounds of the metal, M.
      Especially preferred are the phenyl and benzyl compounds of the metals,
      exemplified by (C.sub.6 H.sub.5).sub.6 Ta.sup.- and (C.sub.6 H.sub.5
      CH.sub.2).sub.4 Zr. The most generally applicable organometallic sources
      of the metal ion do not include unsaturated groups such as the allyl or
      cyclopentadienyl radicals which form stable .pi.-bonded ligands, since
      these may only be partially replaced by the tertiary group VA ligands
      which characterize the hydrides of this invention. When the alkyl and aryl
      compounds are used as a metal source it is not necessary to use an alkali
      metal to provide a more active source of hydrogen and gaseous hydrogen can
      be used directly in the reaction liquid.
PAR  The desired tertiary phosphine can be directly added in excess to the
      reaction mixture if the complex is to contain identical group VA ligands.
      If mixed ligands are desired in the complex it will be understood that the
      more tightly bound ligands must not be present in such excess as to
      displace the less tightly bound ligands which are intended to be present.
      The order of stability described above (i.e. 5-membered
      &gt;6-membered&gt;4-membered&gt;monodentate) will guide the order of addition and
      relative quantities of mixed ligands.
PAR  The reactions are generally carried out in an aprotic solvent in which the
      reactants and the products have some solubility. Ethers and particularly
      tetrahydrofuran (THF) constitute preferred media but aromatic hydrocarbons
      may also be used. When a liquid reagent such as (CH.sub.3).sub.2
      P--CH.sub.2 CH.sub.2 --P(CH.sub.3).sub.2 is used it may also serve as the
      reaction medium.
PAR  Reactions may be carried out at temperatures ranging from room temperature
      to about 140.degree.C. The solution should be agitated during
      hydrogenation which can be carried out at pressures ranging from
      atmospheric to about 400 atmospheres. It is most convenient to carry out
      the reaction in a shaker vessel at about 100 atmospheres hydrogen
      pressure. The reaction is usually complete within a few hours but it is
      convenient to maintain the reaction mixture overnight.
PAR  When reaction is completed it is desirable to filter off any solid residue
      and recover the product by evaporation of the solvent or liquid reagents.
      The complex hydrides can be recrystallized from toluene or hexane. They
      react readily with air and water.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following Examples are given to illustrate but not to limit the
      invention. Unless stated to the contrary, all procedures were carried out
      in an inert atmosphere of nitrogen or argon. Solvents were purged with
      nitrogen or argon and were purified of traces of moisture by conventional
      techniques. Temperatures are in degrees Centigrade and the abbreviation
      dmpe is used for bis(dimethylphosphino)ethane, (CH.sub.3).sub.2 PCH.sub.2
      CH.sub.2 P(CH.sub.3).sub.2.
DETD
PAC  EXAMPLE 1
PAC  Preparation of [(CH.sub.3).sub.2 PCH.sub.2 CH.sub.2 P(CH.sub.3).sub.2
      ].sub.2 TaH.sub.5
PAR  Phenyllithium was prepared as follows:
PAR  To 14 g. (2moles) of lithium ribbon suspended in 550 ml. of ether was added
      with stirring 157 g. (1mole) of bromobenzene over a 1 hr. period. The
      mixture was further stirred for one-half hr. under gentle reflux,
      filtered, and the product was isolated from the filtrate by evaporation of
      ether. Phenyllithium was determined after drying overnight under vacuum by
      titrating an aqueous tetrahydrofuran (hereafter abbreviated THF) solution
      of the solid with standardized hydrochloric acid.
PAR  The phenyllithium was used to make the aryl metal complex, Li(THF).sub.4
      Ta(C.sub.6 H.sub.5).sub.6, the tantalum source, as follows:
PAR  To 52 g. (0.15 moles) of TaCl.sub.5 in a stirred mixture of 1400 ml. of
      benzene and 50 ml. of diethyl ether at 5.degree. was added over a 1 hr.
      period 0.73 moles of C.sub.6 H.sub.5 Li prepared as described above. The
      mixture was stirred for one hour at room temperature. The solution was
      filtered and to the filtrate was added 200 ml. of THF. After 10 minutes,
      orange, crystalline Li(THF).sub.4 Ta(C.sub.6 H.sub.5).sub.6 precipitated
      from solution. It was isolated by filtration and washed with ether.
PAR  The Li(THF).sub.4 Ta(C.sub.6 H.sub.5 .sub.6, (9.0 g.; 9.6 mmole), was mixed
      with 4.5 g. (30 mmole) of (CH.sub.3).sub.2 PCH.sub.2 CH.sub.2
      P(CH.sub.3).sub.2, hereafter called dmpe, and 40 ml. of sodium-dried THF
      in a 100 ml. stainless steel pressure vessel (bomb). The dmpe was prepared
      by the method of G. W. Parshall J. Inorg. and Nucl. Chem. 14, 291 (1960),
      wherein it was called tetramethylethylenediphosphine. The vessel was
      chilled, evacuated, and pressured with hydrogen. The temperature was then
      raised to 80.degree., the pressure adjusted to 200 atm, and the vessel
      shaken for 5 hours. The vessel was allowed to stand at room temperature
      under pressure overnight. Pressure was then released and the bomb opened.
      The reaction mixture contained a liquid phase, A, and an orange solid
      phase, B. The phases were separated by filtration. Solvent and excess dmpe
      were evaporated under vacuum from the liquid phase to yield a brown solid.
      This solid was extracted with n-hexane, previously dried over a 4A
      molecular sieve. The soluble portion was crystallized from n-hexane to
      yield 1.3 g. of tan crystalline solid.
PAR  Treatment of the tan product was degassed activated charcoal in n-hexane
      solution, followed by recrystallization yielded off-white
      [(CH.sub.3).sub.2 PCH.sub.2 CH.sub.2 P(CH.sub.3).sub.2 ].sub.2 TaH.sub.5,
      of melting point 133.degree. to 135.degree..
PAR  Anal. Calcd. for [(CH.sub.3).sub.2 PCH.sub.2 CH.sub.2 P(CH.sub.3).sub.2
      ].sub.2 TaH.sub.5 :
PAR  C, 29.6; H, 7.7; P, 25.5; Ta, 37.2 Found: C, 29.8; H, 7.8; P, 25.5; Ta,
      37.5; IR 1550 cm.sup.-.sup.1 (Ta-H stretching frequency); .sup.1 Hnmr
      (C.sub.6 D.sub.6 solution, 220 MH.sub.z) .tau.8.58 - .tau.8.67 (area 32
      (CH.sub.3).sub.2 PCH.sub.2 CH.sub.2 P(CH.sub.3).sub.2 ; .tau.10.82
      (quintet, area 5, J.sub.PH = 32.3 Hz, Ta-H); .sup.31 Pnmr, sextet
      (J.sub.PH = 32.3 Hz).
PA1  Taken together, the .sup.31 p and .sup.1 H nmr data show that there are 5
      metal hydride ligands and 2 (CH.sub.3).sub.2 PCH.sub.2 CH.sub.2
      P(CH.sub.3).sub.2 ligands per Ta.
PAR  An additional quantity of (dmpe).sub.2 TaH.sub.5 can be obtained from the
      solid phase, B, initially recovered from the reaction vessel by treating
      said solid with a small amount of ethanol in benzene. About 20% ethanol by
      weight of the solid is sufficient; excess alcohol should be avoided. After
      evaporation of the solvent, the (dmpe).sub.2 TaH.sub.5 can be further
      purfied by recrystallization from n-hexane.
EQU  [(CH.sub.3).sub.2 PCH.sub.2 CH.sub.2 P(CH.sub.3).sub.2 ].sub.2 NbH.sub.5
PAR  The corresponding niobium compound, (dmpe).sub.2 NbH.sub.5, can be
      similarly prepared by following the procedure of this Example but using as
      a metal source the known aryl compound, (C.sub.6 H.sub.5).sub.4 Nb .sup..
      2LiC.sub.6 H.sub.5.
PAC  EXAMPLE 2
PAC  Preparation of [(CH.sub.3).sub.2 PCH.sub.2 CH.sub.2 P(CH.sub.3).sub.2
      ].sub.2 TaH.sub.5
PAR  TaCl.sub.5, 1.8 g. (5.0 mmole), was mixed with 3.8 g. (25 mmole) of dmpe,
      10 ml. of sodium-dried benzene and 2.0 g. of (51 mmole) of potassium metal
      in a 100 ml. Hastelloy C pressure vessel. The vessel, pressured to 200
      atm. with hydrogen, was shaken overnight at 115.degree.. The reaction
      mixture was filtered and the product isolated by evaporation of solvent
      from the filtrate. After recrystallization from n-hexane 0.45 g. of
      (dmpe).sub.2 TaH.sub.5 was obtained. The properties of this compound were
      identical with those of the compound prepared by the method of Example 1.
PAR  Using exactly the same procedure with NbCl.sub.5 as the metal source, the
      corresponding niobium compound can be prepared.
PAR  The novel pentahydrido complexes can be used as intermediates to form the
      lower hydrides of Nb and Ta by treating them with the additional
      quantities of the desired ligand, preferably the more stable chelate
      ligands, in an atmosphere of controlled low hydrogen pressure.
PAC  EXAMPLE 3
PAC  Preparation of [(CH.sub.3).sub.3 P] .sub.4 TaH.sub.5
PAR  Using the method of Example 1, 1.0 g. of Li(THF).sub.4 -Ta(C.sub.6
      H.sub.5).sub.6 was mixed with 2 ml. of (CH.sub.3).sub.3 P and 2 ml. of
      benzene in a 10 ml. stainless steel pressure vessel. The reagents were
      agitated under 200 atm. hydrogen pressure for 2 hours at 50.degree. and
      then overnight at room temperature. The mixture was filtered and solvent
      evaporated from the filtrate to yield a brown solid. The Ta-H stretching
      frequency at 1565 cm.sup.-.sup.1 and the .sup.1 H nmr spectrum .tau.8.57,
      (CH.sub.3 P); .tau.9.07 (quintet, J = 40 Hz, TaH) characterize the product
      as [(CH.sub.3).sub.3 P] .sub.4 TaH.sub.5.
PAC  EXAMPLE 4
PAC  Preparation of (CH.sub.3).sub.2 PCH.sub.2 CH.sub.2 P(CH.sub.3).sub.2
      ZrH.sub.3
PAR  Tetrabenzylzirconium was used as a source of zirconium. It was prepared by
      the Grignard method of Zucchini et al., J. Organometal. Chem., 26, 357-372
      (1971), using benzylmagnesium chloride and ZrCl.sub.4.
      Tetrabenzylzirconium, 13.7 g. (30 mmole), dmpe, 11.2 g. (75 mmole) and 50
      ml. of benzene were added to a 100 ml. stainless steel pressure vessel.
      The contents of the vessel were agitated overnight at room temperature
      under 200 atm. of hydrogen. The reaction mixture was filtered to remove
      solid impurities. Solvent and excess dmpe were removed from the filtrate
      under vacuum. The resulting dark brown solid was dissolved in toluene and
      precipitated from this solution by addition of n-hexane. The solid was
      dried under vacuum to yield 2.5 g. of dark brown product.
PAR  Anal. Calcd. for (CH.sub.3).sub.2 PCH.sub.2 CH.sub.2 P(CH.sub.3).sub.2
      ZrH.sub.3 : C, 29.5; H, 7.8; P, 25.4; Zr, 37.3 Found: C, 32.9; H, 7.9; P,
      23.2; Zr, 37.2 IR: 1280 cm.sup.-.sup.1 (broad, intense Zr-H-Zr vibration).
PAR  These data show the compound to contain dmpe and Zr in a 1:1 ratio, and
      that Zr-H-Zr units are present. The number of hydrogens attached to the
      metal were determined by reacting the complex with hydrogen chloride and
      measuring the evolved hydrogen gas. A 0.2615 g. (1.07 mmole) sample of the
      compound were dissolved in 15 ml. of toluene and treated with 7 mmole of
      hydrogen chloride. Hydrogen gas, 3.37 mmole, was rapidly evolved. The
      amount of this gas corresponds to the presence of 3 hydride ligands/Zr
      atom. The empirical formula of the compound is thus determined to be
      (CH.sub.3).sub.2 PCH.sub.2 CH.sub.2 P(CH.sub.3).sub.2 ZrH.sub.3.
PAC  EXAMPLE 5
PAC  Preparation of (CH.sub.3).sub.2 P(CH.sub.2).sub.2 P(CH.sub.3).sub.2
      TiH.sub.3
PAR  Tetrabenzyltitanium was prepared by the Grignard method of Zucchini et al.,
      J. Organometal. Chem., 26 357-372   (1971) using benzylmagnesium chloride
      and TiCl.sub.4. Its reaction with dmpe and hydrogen was conducted using
      the procedure described in Example 4 for the preparation of
      (dmpe)ZrH.sub.3. The product was isolated by removal of solvent and excess
      dmpe from the filterd reaction mixture under vacuum. The black solid
      obtained was washed with n-hexane, dried, and analzyed.
PAR  Anal. Calcd. for (CH.sub.3).sub.2 PCH.sub.2 CH.sub.2 P(CH.sub.3).sub.2
      TiH.sub.3 : C, 35.8; H, 9.5; Ti, 23.8. Found: C, 35.9; H, 7.7; Ti, 24.0.
PAC  EXAMPLE 6
PAC  Preparation of (CH.sub.3).sub.2 PCH.sub.2 CH.sub.2 P(CH.sub.3).sub.2
      HfH.sub.3
PAR  Tetrabenzylhafnium was prepared by the following procedure: Toluene, 130
      ml., was added to 0.2 moles of benzylmagnesium chloride in ether solution.
      The ether was removed under vacuum and an additional 150 ml. of toluene
      was added to the gelatinous mixture and, with stirring, 14 g. (0.044 mole)
      of HfCl.sub.4 was added in portions. The temperature was maintained below
      30.degree. by external cooling. After the addition was complete, the
      mixture was further stirred for 2 hours. Solids were centifuged off and
      the product isolated from the solution by removal of solvent under vacuum.
      The yellow product after washing with n-hexane weighed 9.9 g.
PAR  This material was recrystallized from a mixture of 80% toluene and 20%
      n-hexane at -25.degree. to yield yellow crystalline (C.sub.6 H.sub.5
      CH.sub.2).sub.4 Hf, mp 109.degree.-110.degree..
PAR  Tetrabenzylhafnium, 0.54 g. (1.0 mmole), dmpe, 0.30 g. (2.0 mmole) and
      benzene, 3.5 ml., were mixed in a 10 ml. stainless steel pressure vessel.
      The mixture was agitated and heated at 90.degree. for 5 hours under 400
      atm. of hydrogen. Solvent was removed from the soluble fraction to yield a
      tan solid. The infrared spectrum of the solid contained an intense broad
      band at 1300 cm.sup.-.sup.1 which shows the compound to be
      (CH.sub.3).sub.2 PCH.sub.2 CH.sub.2 P(CH.sub.3).sub.2 HfH.sub.3.
PAC  EXAMPLE 7
PAC  Preparation of [(CH.sub.3).sub.2 PCH.sub.2 CH.sub.2 P(CH.sub.3).sub.2
      ]P(CH.sub.3).sub.3 NbH.sub.3
PAR  0.398 g. (1 mmole) of [Me.sub.2 PCH.sub.2 CH.sub.2 PMe.sub.2 ].sub.2
      NbH.sub.5 (prepared in Example I) was dissolved in hexane and stirred with
      one mmole of PMe.sub.3 overnight to give an orange solution and 1.03
      mmoles of gas not condensable by liquid nitrogen which was assumed to be
      hydrogen. Removal of the solvent left 450 mg. of (PMe.sub.3)[Me.sub.2
      PCH.sub.2 CH.sub.2 PMe.sub.2 ].sub.2 NbH.sub.3 as an orange solid.
PAR  The infrared spectrum showed the metal-hydride absorption at ca. 1560
      cm..sup.- .sup.1.
PAC  EXAMPLE 8
PAC  Preparation of [(CH.sub.3).sub.2 PCH.sub.2 CH.sub.2 P(CH.sub.3).sub.2
      ].sub.3 NbH
PAR  0.398 g. (1 mmole) of [Me.sub.2 PCH.sub.2 CH.sub.2 PMe.sub.2 ].sub.2
      NbH.sub.5 (prepared in Example 1) and 150 mg. of Me.sub.2 PCH.sub.2
      CH.sub.2 PMe.sub.2 were refluxed in 50 ml. of hexane for 48 hours.
      Filtration gave .35 g. of [Me.sub.2 PCH.sub.2 CH.sub.2 PMe.sub.2 ].sub.3
      NbH as large red octahedral crystals.
PAR  A sample prepared by an essentially identical procedure was analyzed. Calc.
      for NbC.sub.18 H.sub.49 P.sub.6 : C, 39.78; H, 8.92. Found: C, 39.63,
      39.59, 39.33; H, 8.94, 9.01, 8.98.
PAC  UTILITY
PAR  All of the complex hydrides of the invention are useful as reducing agents
      for the formation of metals such as Ag from their salts. They are
      particularly useful for the hydrogenation of olefins. As catalysts for
      olefin polymerization, they have been found to form dimers as well as
      polymers.
PAR  A. Reduction of Silver Ion with (dmpe).sub.2 TaH.sub.5.
PAR  A solution of (dmpe).sub.2 TaH.sub.5 in acetonitrile was added to an
      acetonitrile solution of silver nitrate. After 1 minute at room
      temperature, a silver mirror formed on the walls of the glass reaction
      vessel.
PAR  B. Reduction of Silver Ion with (dmpe)ZrH.sub.3.
PAR  A solution of (dmpe)ZrH.sub.3 in benzene was added to an acetonitrile
      solution of silver nitrate. On mixing, a silver mirror formed on the walls
      of the glass reaction vessel.
PAR  C. Hydrogenation and Dimerization of Ethylene by (dmpe).sub.2 -TaH.sub.5.
PAR  A 10 ml. stainless steel pressure vessel was charged with 0.05 g. of
      (dmpe).sub.2 TaH.sub.5 and 3 ml. of C.sub.6 H.sub.6. Ethylene, 50 atm.,
      and hydrogen, 250 atm., were added at room temperature. The mixture was
      heated at 80.degree. for 3 hours. Analysis of the gaseous product mixture
      showed ethane, butane, and ethylene to be present in a ratio of 92.8:
      1.4:5.8, respectively.
PAR  D. Hydrogenation and Dimerization of Ethylene by (dmpe)ZrH.sub.3.
PAR  A 10 ml. stainless steel pressure vessel was charged with 0.05 g. of
      (dmpe)ZrH.sub.3 and 3 ml. of C.sub.6 H.sub.6. The gaseous reagents and
      conditions were like those described in C. The gaseous product consisted
      primarily of ethane and butane.
PAR  E. Hydrogenation, Dimerization and Polymerization of Ethylene by
      (dmpe)TiH.sub.3.
PAR  Three-tenths of a gram of (dmpe)TiH.sub.3 and 3 ml. of benzene were mixed
      in a 10 ml. stainless steel pressure vessel. Ethylene, 100 atm, was added
      and the mixture agitated overnight at room temperature. The reaction
      products consisted of polyethylene, ethane and butane.
PAR  Although the invention has been described and exemplified by way of
      specific embodiments, it is not intended that it be limited thereto. As
      will be apparent to those skilled in the art, numerous modifications and
      variations of these embodiments can be made without departing from the
      spirit of the invention or the scope of the following claims.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. Hydrides of the formula
EQU  (PR.sub.3).sub.x (R.sub.2 'PR"PR.sub.2 ').sub.y MH.sub.z
PAL  wherein:
PA1  M is Nb, Ta, Ti, Zr, or Hf
PA1  R is alkyl, aryl, alkaryl or aralkyl of up to 8 carbon atoms
PA1  R' is alkyl, aryl, alkaryl or aralkyl of up to 8 carbon atoms
PA1  R" is alkylene of up to 3 carbon atoms, or o-phenylene
PAL  with the provisos that: when
PA1  M is Nb or Ta,
PA1  x = 0, 1, 2 or 4; y = 0, 2 or 3; z = 1, 3 or 5; and 2x + 4y + z = 13; and
PAL  when,
PA1  M is Ti, Zr of Hf,
PA1  x = 0, y = 1, and z = 3.
NUM  2.
PAR  2. A hydride according to claim 1, wherein
PA1  R is methyl, ethyl or phenyl,
PA1  R' is methyl or phenyl, and
PA1  R" is --CH.sub.2 CH.sub.2 -- or o-phenylene.
NUM  3.
PAR  3. A hydride according to claim 2, wherein M is Nb or Ta.
NUM  4.
PAR  4. A hydride according to claim 3, where x = 0, of the formula (R'.sub.2
      PR"PR'.sub.2).sub.2 MH.sub.5.
NUM  5.
PAR  5. A hydride according to claim 4, [(CH.sub.3).sub.2 PCH.sub.2 CH.sub.2
      P(CH.sub.3).sub.2 ].sub.2 NbH.sub.5.
NUM  6.
PAR  6. A hydride according to claim 4, [(CH.sub.3).sub.2 PCH.sub.2 CH.sub.2
      P(CH.sub.3).sub.2 ].sub.2 TaH.sub.5.
NUM  7.
PAR  7. A hydride according to claim 3, where y = 0, of the formula
PA1  (PR.sub.3).sub.4 MH.sub.5
PAL  wherein R is methyl, ethyl or phenyl.
NUM  8.
PAR  8. A hydride according to claim 7 of the formula ](CH.sub.3).sub.3 P].sub.4
      TaH.sub.5.
NUM  9.
PAR  9. A hydride according to claim 3 of the formula (PR.sub.3) (R'.sub.2
      PR"PR'.sub.2).sub.2 MH.sub.3.
NUM  10.
PAR  10. A hydride according to claim 9 of the formula P(CH.sub.3).sub.3
      [(CH.sub.3).sub.2 PCH.sub.2 CH.sub.2 P(CH.sub.3).sub.2 ].sub.2 NbH.sub.3.
NUM  11.
PAR  11. A hydride according to claim 3, where x = 0, of the formula (R'.sub.2
      PR"PR'.sub.2).sub.3 NbH.
NUM  12.
PAR  12. A hydride according to claim 11 of the formula [(CH.sub.3).sub.2
      PCH.sub.2 CH.sub.2 P(CH.sub.3).sub.2 ].sub.3 NbH.
NUM  13.
PAR  13. A hydride according to claim 1, wherein M is Ti, Zr or Hf.
NUM  14.
PAR  14. A hydride according to claim 13, wherein
PA1  R is methyl, ethyl or phenyl,
PA1  R' is methyl or phenyl, and
PA1  R" is --CH.sub.2 CH.sub.2 -- or o-phenylene
NUM  15.
PAR  15. A hydride according to claim 14 of the formula R'.sub.2 PR"PR'.sub.2
      MH.sub.3.
NUM  16.
PAR  16. A hydride according to claim 15 of the formula (CH.sub.3).sub.2
      PCH.sub.2 CH.sub.2 P(CH.sub.3).sub.2 TiH.sub.3.
NUM  17.
PAR  17. A hydride according to claim 15 of the formula (CH.sub.3).sub.2
      PCH.sub.2 CH.sub.2 P(CH.sub.3).sub.2 ZrH.sub.3.
NUM  18.
PAR  18. A hydride according to claim 15 of the formula (CH.sub.3).sub.2
      PCH.sub.2 CH.sub.2 P(CH.sub.3).sub.2 HfH.sub.3.
NUM  19.
PAR  19. The process for making a hydride of claim 1 comprising reacting
PA1  a metal-source compound selected from the group consisting of metal alkyls,
      aryls, alkaryls and aralkyls with
PA1  a tertiary phosphine selected from the group consisting of PR.sub.3 and
      R.sub.2 'PCH.sub.2 CH.sub.2 PR'.sub.2 in the presence of
PA1  a source of hydrogen.
NUM  20.
PAR  20. The process of claim 19 wherein the source of hydrogen is hydrogen gas.
NUM  21.
PAR  21. The process of claim 19 wherein the metal-source compound is a phenyl
      compound of the metal.
NUM  22.
PAR  22. The process of claim 19 wherein the metal-source compound is a benzyl
      compound of the metal.
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ABST
PAL  New triorganotin and triorganolead compounds which are hydrophilic and
      difficultly volatile are used as biocides.
PARN
PAR  This is a continuation-in-part of our copending application Ser. No.
      382,633, filed July 25, 1973.
BSUM
PAR  Triorganotin and triorgano-lead compounds are valuable biocides. However,
      the widely used compounds, for example bis(tri-n-butylin)oxide (TBTO) or
      triphenyl-lead acetat (TPLA), are highly hydrophobic in accordance with
      their chemical constitution. Their low water-solubility (that of TBTO is
      only 20 ppm) severely limits their field of use. It is extremely difficult
      to manufacture aqueous disinfectant solutions with them or to add them to
      disperse paints. The frequently used admixture with emulsifiers, for
      example, in the form of the commercial product "METATIN R 5710" (based on
      TBTO), is a long way from being able to satisfy all the requirements of
      practice because these emulsions have only limited durability. A further
      disadvantage, of the trialkyl tin compounds is their volatility. This
      volatility is the cause, for example, of the rapid loss of effectiveness
      of TBTO and its derivatives in many practical applications.
PAR  All tributyltin carboxylates, sulphonates, and salts with inorganic acids
      (chloride, sulphate, nitrate, perchlorate etc.) undergo hydrolysis on
      contact with water and consequently reconversion into volatile TBTO. Even
      more marked is the volatility in compounds with smaller organic radicals,
      especially the trimethyltin derivatives. However, these compounds are of
      considerable commercial interest because the biocidal activity spectrum in
      the triorganotin series is highly specific as to structure.
PAR  This invention therefore has for its object to develop biocidal
      triorganometallic compounds with hydrophilic properties which are soluble
      in water, or at least are readily compatible with or form stable emulsions
      with water, and which still continue to possess only a slight volatility.
      The surprising discovery has been made that it is possible to effect the
      hydrophilic modification and reduction of the volatility with a single
      structural principle. The hydrophilic solubilising groups which impart the
      water-solubility (compatibility) and simultaneously also lower the
      volatility, are bonded through the mercapto-sulphur to the
      triorganometallic radicals. Only this bond ensures a hydrolysis-resistant
      fixing of the solubilising groups mentioned.
PAR  A number of triorganometallic mercaptides with biocidal activity have
      already been proposed. For example, tributyltin-2-diethylaminoethyl
      mercaptide
      ##EQU1##
      IS CLAIMED AS FUNGICIDE IN French Pat. No. 1.533.524.
PAR  Through the diethylamino group this compound does have a slight hydrophily,
      but for practical purposes this is far from being sufficient. An even more
      serious disadvantage is its volatility. These disadvantages only disappear
      if this compound -- as shown in this invention -- is converted into an
      ammonium salt.
PAR  The same applies to the tributyl-tin-mercapto-pyridine described in Belgian
      Pat. No. 707.519
      ##SPC1##
PAL  Here too only the salt formation leads to a product with hydrophilic
      properties which are useful for practical purposes.
PAR  Tributyl-tin-.beta.-hydroxyethyl mercaptide
EQU  Bu.sub.3 Sn--S--CH.sub.2 CH.sub.2 --OH
PAL  is cited in U.S. Pat. No. 3.382.264. This compound contains a free hydroxy
      group. But this is still not sufficient for the hydrophilic solubilising
      of the tributyltin group necessary for practical purposes. A satisfactory
      hydrophily is obtained only with two or more free hydroxyl groups, e.g. in
      the form of the monomercaptoglyceride.
PAR  Japanese Pat. No. 1977/67 claims organotin sulphaminates with a certain
      water-solubility. However, verification has shown that, for example, the
      tributyltin sulphaminate is hydrolytically split off in water at once and
      passes over into TBTO. As further investigations have shown, only the
      mercapto compound (apart from the carbon bond) is able to prevent this
      hydrolysis.
PAR  The invention therefore provides hydrophilic, difficultly volatile biocidal
      compounds of the formula I
      ##EQU2##
      wherein M represents tin or lead and R.sub.1, R.sub.2, and R.sub.3 each
      independently represents a linear or branched aliphatic group with 1 to 16
      carbon atoms which can be saturated or singly olefinically unsaturated,
      the cyclopentyl, cyclohexyl, or phenyl group, the sum of the carbon atoms
      of the substituents R.sub.1, R.sub.2, and R.sub.3 being altogether at most
      18, and A represents a strongly hydrophilic group with polyol, polyether,
      carboxylate, sulphonate, carboxylic acid ester, carboxylic acid amide,
      and/or ammonium salt function.
PAR  The application also provides a process for the manufacture of compounds of
      the general formula I, wherein a triorganometallic compound of the general
      formula II
      ##EQU3##
      in which M, R.sub.1, R.sub.2, and R.sub.3 have the same meaning as in
      formula I and X represents OH, O.sub.1/2, chlorine, bromine, iodine, or
      acetate, is condensed in known manner with a mercapto compound of the
      general formula III.
EQU  H -- S -- A (III)
PAL  in which A has the same meaning as in formula I, optionally in the presence
      of a basic compound, accompanied by the elimination of HX.
PAR  As triorganometallic compounds of the formula II there are used especially
      triorganometallic hydroxides or triorganometallic oxides.
PAR  The symbol M in formula I preferably represents tin and R.sub.1, R.sub.2,
      and R.sub.3 represents a linear or branched alkyl or alkenyl group with 1
      to 4 carbon atoms, the cyclohexyl- or the phenyl group.
PAR  Preferably two or all three of the groups R.sub.1, R.sub.2, and R.sub.3 are
      the same. If two alkyl groups are the same, these are preferably methyl
      groups.
PAR  Exemplary of R.sub.1, R.sub.2, and R.sub.3 in the general formula I are
      n-amyl, 2-methylbutyl, 3-methylbutyl, neopentyl, pentenyl-3, pentenyl-4,
      3-methyl-butenyl-3, hexyl, octyl, decyl, dodecyl, tetradecyl, hexadecyl,
      cyclopentyl, but preferably methyl, ethyl, vinyl, n-propyl, i-propyl,
      n-butyl, i-butyl, butenyl-3, cyclohexyl, or phenyl.
PAR  Preferred triorganometallic groups are: tri-n-butyltin, triphenyltin,
      tricyclohexyltin, octyl-dimethyltin cyclohexyldimethyltin,
      phenyl-dimethyltin, and triphenylead.
PAR  A represents in detail:
PAR  1. The radical of a polyol with 2 to 6 hydroxyl groups which can also be
      substituted by an aldehyde group, or of a polyethylene oxide with 2 to 15,
      preferably 8 to 11, ethylene oxide units.
PAR  2. A hydrocarbon radical with carboxylate or sulphonate function, of the
      formula
      ##EQU4##
      wherein Q represents hydrogen or the hydroxyl group, p is a whole number
      from 1 to 6X represents --CO.sub.2 -- or --SO.sub.3 --, Y represents a
      counterion which is positively charged once or twice, with q = 1 in the
      first case and q = l/2 in the second. Y is preferably sodium or the
      ammonium group
EQU  HN(CH.sub.2 --CH.sub.2 --OH).sub.3
PAL  Where p is O, the group X can also be
      ##EQU5##
      ##SPC2##
      or
PAR  3. A hydrocarbon radical with carboxylic acid amide or, in particular,
      carboxylic acid ester, function, of the formula
      ##EQU6##
      wherein Q and p have the meanings given hereinbefore, Q is preferably
      hydrogen and p is preferably 1 or 2, X is --CO-- and q is 1. Y is
      preferably a polyethylene oxide radical of the formula
EQU  --O -- (CH.sub.2 --CH.sub.2 --O).sub.n -- H
PAL  in which n is 2 to 15, especially 8 to 11, a polyhydroxyalkyl radical of
      the formula
      ##EQU7##
      in which m is 2 to 6, or the polyhydroxyalkyl radicals which derive from
      pentaerythritol, dipentaerythritol, and trismethylol propane
      ##EQU8##
      Y is also the radical of primary or secondary amine-polyethylene oxide
      adducts of the formula
      ##EQU9##
      wherein r and s are numbers which are the same or different. The sum of
      r+s is 2 to 15, preferably 2.
PAR  The values for m, n, r, and s in the radicals cited hereinbefore can also
      be rational numbers for mean values of the chain length of the given
      radicals. 4. A hydrocarbon radical with an ammonium salt function, of the
      formula
      ##EQU10##
      wherein Q and p have the meanings given hereinbefore and p is preferably
      2, X in its turn corresponds to the formula
      ##EQU11##
      where Q and p have the meanings given hereinbefore and p is preferably 2,
      X in its turn corresponds to the formula -NZ.sub.3.sup.+, and Z represents
      lower alkyl groups which are the same or different, polyethylene oxide
      radicals with 2 to 6 ethylene oxide units, and/or hydrogen, but preferably
      .beta.-hydroxyethyl.
PAR  The group X can also be
      ##EQU12##
      Where p is O, X can also be
      ##SPC3##
      ##EQU13##
      and Y represents a monovalent or divalent negative counterion, wherein in
      the first case of = 1 and in the second q = 1/2.
PAR  In the formula I -S-A preferably represents the radical of a salt of an
      aliphatic mercaptocarboxylic acid with at most 8, but above all at most 5,
      carbon atoms, and, in particular, represents the 2-mercaptopropionate or
      mercapto-acetate radical, wherein sodium, potassium or the triethanolamine
      group is preferred as cation, and very preferably -S-A is the radical of
      the triethanolamine salt of thioglycolic acid. In addition -S-A is
      preferably the radical of an ester of an aliphatic mercaptocarboxylic acid
      with up to 8, especially up to 5, carbon atoms, in particular of
      2-mercaptopropionic acid, and polyethylene oxides with 2 to 15 ethylene
      oxide units, and is furthermore preferably the radical of the salt of a
      mercaptoalkanesulphonic acid with at most 6 carbon atoms, in particular
      the 3-mercaptopropionsulphonate radical. Preferably -S-A is also the
      radical of 1-mercaptoglycerol. Examples of the group A are ad 1. Polyol or
      polyethylene oxide radicals
      ##EQU14##
      (n is 2 to 15, preferably 8 to 10)
PAR  Examples of the group
      ##EQU15##
      are ad 2. Carboxylate or sulphonate radicals
      ##EQU16##
      ad 3. Carboxylic acid ester or carboxylic acid amide radicals
EQU  -- CH.sub.2 -- CO -- , -- (CH.sub.2).sub.2 -- CO -- , -- (CH.sub.2).sub.5
      -- CO -- ,
      ##EQU17##
PAR  Examples of --X-- as --NZ.sub.3 -- group are ad 4.
EQU  -- NH.sub.3 -- , -- NH (CH.sub.3).sub.2 -- , -- NH (C.sub.2 H.sub.5).sub.2
      -- , -- NH (CH.sub.2 -CH.sub.2 -OH).sub.2 , -- NH (C.sub.2 H.sub.5)
      (CH.sub.2 --CH.sub.2 --OH) -- , -- N (C.sub.2 H.sub.5).sub.3 -- , -- N
      (CH.sub.3) (CH.sub.2 --CH.sub.2 --OH).sub.2 -- , -- N [(CH.sub.2 -CH.sub.2
      -O).sub.n - H].sub.3 --
PAL  (n is 1 to 6)
PAR  Examples of the group -Y are ad 2. A counterion which is positively charged
      once or twice
EQU  --Na, --K, --Li, --NH.sub.4 , --NH(CH.sub.3).sub.3, --N (CH.sub.3).sub.4 ,
      -- NH (CH.sub.2 --CH.sub.2 --OH).sub.3 , --N (CH.sub.2 --CH.sub.2
      --OH).sub.4 , -- NH.sub.2 (CH.sub.2 --CH.sub.2 --OH).sub.2 , --NH(C.sub.2
      H.sub.5) (CH.sub.2 --CH.sub.2 --OH).sub.2 , = Ca, = Mg, = Be, = Zn, = Mn,
      = Sr, = Ba,
      ##EQU18##
      ad 3. Polyhydroxyalkyl or polyethylene oxide radicals or the radical of
      amine-polyethylene oxide adducts
      ##EQU19##
      (n is 2 to 15, preferably 8 to 11)
      ##EQU20##
      ad. 4. Mono- or divalent negative counterion
EQU  --Cl, --Br, --I, --F, --NO.sub.3, --BF.sub.4, CH.sub.3 --SO.sub.3 -- ,
      C.sub.6 H.sub.5 -SO.sub.3 -- , p--CH.sub.3 --(C.sub.6 H.sub.4)--SO.sub.3
      -- , CH.sub.3 --O--SO.sub.3 -- , --C10.sub.4 , C.sub.2 H.sub.5
      --O--SO.sub.3 -- , = SO.sub.4 , = SiF.sub.6 , F.sub.3 C--CO.sub.2 -- ,
      Cl.sub.3 C--CO.sub.2 -
PAR  The triorganotin or triorganolead polyolmercaptides are manufactured by
      reacting the free mercaptans with a triorganotin or triorgano-lead oxide
      or hydroxide, for example
      ##EQU21##
PAR  The synthesis can also be carried out starting from triorganometallic
      halide in the presence of alkali lye, carbonate, or bicarbonate solution
      on the lines of a SCHOTTEN-BAUMANN reaction, e.g.
      ##EQU22##
PAR  The polyol-mercaptans themselves are obtainable by known methods.
PAR  The mercapto-polyglycols and mercapto-polyethylene oxides are obtained by
      the addition of polyethylene oxide to hydrogen sulphide
      ##EQU23##
EQU  .fwdarw. HS -- (CH.sub.2 --CH.sub.2 --O).sub.n --H
PAR  The manufacture of the triorganotin or triorgano-lead
      mercaptoalkylsulphonates of the formula
      ##EQU24##
      can be carried out, for example, in the following way
      ##EQU25##
EQU  .fwdarw. HS -- (CH.sub.2).sub.3 -- SO.sub.3 Na .
PAR  Using an ion exchanger (AT) it is possible to obtain therefrom the free
      sulphonic acid
EQU  ...... -SO.sub.3 . Na + AT . H
EQU  .fwdarw. ...... --SO.sub.3 . H + At . Na
PAL  which can be converted with the bases Y. OH into other salts,
PAL  with the equation
EQU  ...... -- SO.sub.3 . H + Y . OH
EQU  .fwdarw. ...... --SO.sub.3 . Y + H.sub.2 O .
PAR  The reaction with a triorgano-tin or triorgano-lead oxide or hydroxide
      takes place subsequently, for example
EQU  Ph.sub.3 Pb . OH + HS -- (CH.sub.2).sub.3 -- SO.sub.3 . N (CH.sub.2 --
      CH.sub.2 -- OH).sub.4 .fwdarw. Ph.sub.3 Pb -- S -- (CH.sub.2).sub.3 --
      SO.sub.3 . N (CH.sub.2 --CH.sub.2 --OH).sub.4
PAR  The other mercaptoalkylsulphonic acids can be manufactured from the
      corresponding haloalkylsulphonic acids in known manner, for example via
      the isothiuronium halides
      ##EQU26##
PAR  The direct reaction with, for example, potassium hydrosulfide, leads to the
      same result. Finally, the .beta.-mercaptoethanesulphonic acid can also be
      obtained by starting from the carbyl sulphate.
PAR  The mercaptohydroxyalkylsulphonic acids can be easily obtained via the
      corresponding epoxides, e.g.
      ##EQU27##
PAR  The synthesis route to the analogous triorganotin or triorganolead
      mercaptocarboxylic acid salts also proceeds via the corresponding
      mercaptocarboxylic acids, for which there are a number of known methods of
      manufacture.
PAR  The reaction (neutralisation of the carboxyl group) with the base Y is
      carried out advantgeously after the linkage with the triorganotin or
      triorganolead group in accordance with the equation
      ##EQU28##
PAR  The corresponding mercapto-hydroxyalkylcarboxylic acids can also be
      obtained via the epoxycarboxylic acids by known methods.
PAR  Triorganotin or triorganolead derivatives which carry a hydrophilic
      carboxylic acid ester function are manufactured in two steps.
PAR  The reaction with a triorganotin or triorganolead oxide or hydroxide is
      performed after the esterification of the mercaptocarboxylic acid with a
      hydroxyl group of the polyol. The monoesterification with respect to a
      chemically unitary polyolmonoester is as a rule only possible with a
      substantial excess of polyol. The separation of excess (non-reacted)
      polyol is effected in these cases very smoothly at the end stage after the
      combination with the triorganotin or triorganolead group, on the basis of
      differing solubility properties, principally in chloroform or methylene
      chloride. However, the polyol esterification can also be carried out under
      stoichiometric conditions for the monoesterification. The products which
      are formed under these conditions do constitute statistical mixtures, but
      -- since the monoester derivative predominates -- are sufficiently
      hydrophilic.
PAR  If the polyol is obtainable as epoxide compound, the esterification can be
      effected also by the indirect route, in which case unitary polyol
      monoesters are also formed. It is advantageous in this case to effect the
      linkage of the mercaptocarboxylic acid with the triorganotin or
      triorganolead group beforehand.
      ##EQU29##
PAR  In obtaining the triorganotin or triorganolead mercaptocarboxylic acid
      polyethylene oxide esters the esterification is carried out first, as with
      the polyol esters
      ##EQU30##
PAR  Since these polyethylene oxides -- also called polyglycols -- are mostly
      mixtures, the triorganotin or triorganolead compounds resulting therefrom
      are not unitary products. Their commercial value is not thereby impaired.
PAR  The triorganotin or triorganolead mercaptocarboxylic acid amides with
      hydrophilic amide component can be readily manufactured from the
      corresponding triorganotin or triorganolead mercaptocarboxylic acid
      esters, preferably from the methyl esters, on the lines of an ester-amide
      exchange reaction, for example
      ##EQU31##
PAR  If amines which are polyethylene oxide adducts, and therefore constitute
      mostly mixtures, are used, then corresponding mixtures are also obtained
      as end product. This is not prejudical to the use of these products.
      Trioganotin or triorganolead derivatives with ammonium salt function of
      the formula
      ##EQU32##
      are easily manufactured. When n is 2, a .beta.-mercaptoethylamine is used
      as starting product
EQU  HS -- CH.sub.2 -- CH.sub.2 -- NZ.sub.2
PAL  which in its turn can be obtained by addition of the amine HNZ.sub.2 to
      ethylene sulphide. It is possible to manufacture other mercapto amines in
      known manner by addition of hydrogen sulphide to amines with unsaturated
      ligands.
PAR  The conversion into the ammonium salt takes place advantageously after the
      reaction with the triorganotin or triorganolead compound. This is effected
      either with acid, preferably mineral acid, but more preferably by
      alkylating agents, for example dimethyl sulphate, p-toluenesulphonic acid
      esters, or alkyl nitrates, e.g.
EQU  i--Bu.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --N(CH.sub.2 --CH.sub.2 --OH).sub.2
      + Me.sub.2 SO.sub.4
      ##EQU33##
      (i-Bu is isobutyl, Me is methyl)
PAR  Finally, mercapto-hydroxyalkylammonium salts can be obtained from the
      readily accessible epoxides, for example from glycidyltrimethylammonium
      chloride.
      ##EQU34##
PAR  Triorganotin or triorganolead compounds with aromatic ligands can be
      readily manufactured from the known mercaptoamines, some of which are
      obtainable commercially. The most important reaction step for one example
      of a pyridinium salt is
      ##SPC4##
EQU  (Ph - phenyl)
PAR  Examples of compounds according to the invention are listed hereinbelow.
PAR  The following abbreviations are used: Me = methyl, Pr = propyl, Bu - butyl,
      Am = amyl, Hex = hexyl, Oc = octyl, Ph = phenyl.
      ##EQU35##
EQU  Me.sub.3 Sn--S--CH.sub.2 --C (CH.sub.2 --OH).sub.3
EQU  Me.sub.3 Sn--S--(CH.sub.2 --CH.sub.2 --O).sub.n --H (n.about.4)
EQU  Ph.sub.3 Sn--S--(CH.sub.2 --CH.sub.2 --O).sub.n --H (n.about.7) n-Pr.sub.3
      Sn--S--(CH.sub.2 --CH.sub.2 --O).sub.n --H (n.about.8) Ph.sub.3
      Pb--S--(CH.sub.2 --CH.sub.2 --O).sub.n --H (n.about.10) n--Bu.sub.3
      Sn--S--(CH.sub.2 --CH.sub.2 --O).sub.n --H (n.about.14)
EQU  Ph.sub.3 Sn--S--(CH.sub.2).sub.6 --CO.sub.2 . K
EQU  Ph.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --CO.sub.2.NH.sub.2 (CH.sub.2
      --CH.sub.2 --OH).sub.2
EQU  n--Bu.sub.3 Sn--S--CH.sub.2 --CO.sub.2 . HN (CH.sub.2 --CH.sub.2
      --OH).sub.3
EQU  Me.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --CO.sub.2 . NH(CH.sub.2 --CH.sub.2
      --OH).sub.3
EQU  [n--Bu.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --CO.sub.2].sub.2 . Mg
EQU  [n--Am.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --CO.sub.2].sub.2 . Mn
EQU  [n--Bu.sub.3 Sn--S--CH.sub.2 --CO.sub.2].sub.2 . Ba
EQU  Ph.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --SO.sub.3 . N(CH.sub.3).sub.4
EQU  Ph.sub.3 Pb--S--CH.sub.2 --CH.sub.2 --SO.sub.3 . N(CH.sub.2 --CH.sub.2
      --OH).sub.4
EQU  (Me.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --SO.sub.3).sub.2 . Ca
EQU  (Ph.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --CH.sub.2 --SO.sub.3).sub.2 . Mg
EQU  [(C.sub.2 H.sub.5).sub.3 Sn--S--CH.sub.2 --CH.sub.2 --SO.sub.3 ].sub.2 . Zn
EQU  Ph.sub.3 Pb--S--CH.sub.2 --CH.sub.2 --CO--O--CH.sub.2 --C(CH.sub.2
      --OH).sub.3
EQU  Me.sub.3 Sn--S--CH.sub.2 --CO--O--(CH.sub.2 --CH.sub.2 --O).sub.2 --H
EQU  n--Bu.sub.3 --Sn--S--CH.sub.2 --CH.sub.2 --CO--CO--O(CH.sub.2 --CH.sub.2
      --O).sub.n H (n.about.4,5)
EQU  Ph.sub.3 Pb--S--CH.sub.2 --CH.sub.2 --CO--O--(CH.sub.2 --CH.sub.2
      --O).sub.n --H (n.about.9)
EQU  i--Bu.sub.3 Sn--S--CH.sub.2 --CO--O--(CH.sub.2 --CH.sub.2 --O).sub.n --H
      (n.about.10)
EQU  Ph.sub.3 Sn--S--(CH.sub.2).sub.6 --CO--O--(CH.sub.2 --CH.sub.2 --O).sub.n
      --H (n.about.15)
EQU  Ph.sub.3 Pb--S--CH.sub.2 --CH.sub.2 --CO--N(CH.sub.2 --CH.sub.2 --OH).sub.2
EQU  (H.sub.2 C=CH--CH.sub.2 --CH.sub.2).sub.3 Sn--S--CH.sub.2 --CH.sub.2
      --NH.sub.3 . SO.sub.3 CH.sub.3
EQU  Me.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --NH(CH.sub.2 --CH.sub.2 --OH).sub.2 .
      C10.sub.4
EQU  i--Pr.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2
      --N(CH.sub.3).sub.3 . SO.sub.4 CH.sub.3
EQU  (C.sub.2 H.sub.5).sub.3 Sn--S--CH.sub.2 --CH.sub.2 --N(CH.sub.3)(C.sub.2
      H.sub.5).sub.2 . O.sub.2 C--CC1.sub.3
EQU  i--Bu.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --N(CH.sub.2 --CH.sub.2 --OH).sub.3
      . C10.sub.4
PAR  Preferred compounds are:
      ##EQU36##
EQU  Bu.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --CO--O--CH.sub.2 --CH.sub.2 --O
      ).sub.n H (n.about.9)
EQU  Bu.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --CH.sub.2 --SO.sub.3 . Na
EQU  Bu.sub.3 Sn--S--CH.sub.2 --CO.sub.2 . HN(CH.sub.2 --CH.sub.2 -- OH).sub.3
EQU  Ph.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --CO--.O--CH.sub.2 --CH.sub.2 --O
      ).sub.n H (n.about.15)
EQU  Ph.sub.3 Pb--S--CH.sub.2 --CH.sub.2 --CO--O (--CH.sub.2 --CH.sub.2 --O
      ).sub.n H (n.about.15)
PAR  The substance of the present invention possess marked hydrophilic
      properties. Moreover, they simultaneously fulfill the requirement of
      slight volatility.
PAR  By appropriate choice of the group A it is possible to attain substantial
      gradations of these properties for particular applications. Thus it is
      possible to obtain from one and the same triorganometallic group
      derivatives which are miscible with water to a practically unlimited
      extent, while others display good emulsiying properties.
TBL                Table 1                                                     

     ______________________________________                                    

     Solubility properties of tributyltin derivatives                          

     General formula: (butyl).sub.3 Sn--S--A                                   

              A             Solubility in water                                

     ______________________________________                                    

     CH.sub.3                                                                  

     .vertline.                                                                

     --CH.sub.2 --CH.sub.2 --N(--CH.sub.2 --CH.sub.3).sub.2 .                  

                            extremely good                                     

     O.sub.3 S O CH.sub.3                                                      

     --CH.sub.2 --CH.sub.2 --CH.sub.2 --SO.sub.3 . Na                          

                            good (tenside-like                                 

                            behaviour                                          

     --CH.sub.2 --CH--CH.sub.2                                                 

                            satisfactory                                       

     .vertline..vertline.                                                      

     OHOH                                                                      

     Comparison                                                                

     bis(n-tributyl-tin)-oxide                                                 

     (TBTO)                 poor (20 ppm)                                      

     ______________________________________                                    

PAR  The solubilising effect of a particular hydrophilic group naturally depends
      also on the triorganotin or triorganolead species itself. Large organic
      radicals (e.g. amyl or phenyl) require for a specific water-solubility of
      the resulting compound stronger solubilising groups than small organic
      radicals (e.g. methyl).
PAR  The quarternary ammonium group produces a very strong (already extreme)
      solubilising effect. The triorganotin or triorganolead compounds provided
      therewith -- they are almost always honey -or wax-like substances-- are in
      most cases miscible with water in any proportion. Very marked is also the
      solubilising effect of the sulphonate group in the form of the alkali
      salts. These substances display the typical behaviour of tensides (soaps),
      i.e. they form mostly micellar solutions and thereby also lower the
      surface tension of the water. The influence of the counterion is here more
      marked than in the caase of the ammonium salts. Coupled with the strongly
      hydrophilic quaternary ammonium ions -- for example with the
      tetra-(.beta.-hydroxyethyl)-ammonium group -- it is possible to obtain
      extremely good water-solubility.
PAR  With the corresponding carboxylates the water-solubility is reduced
      somewhat under otherwise comparable structural prerequisites. Substances
      with the typical behaviour of soaps are also available in the form of
      alkali salts. The aqueous solutions also display the alkaline reaction
      which is typical of alkali carboxylate soaps, and like these they form
      very stable emulsions.
PAR  Very similar are the solubility properties of the trioganotin or
      triorganolead arboxylic acid esters and amides (with hydrophilic alcohol
      or amine moiety). It can be said that there is a direct connection between
      the hydrophily and consequently of the water-solubility on the one hand,
      and the number of the hydroxyl groups and the length of the polyethylene
      oxide radicals on the other. The same applies also to the pure polyol and
      polyethylene oxide derivatives. All these products have a honey- or
      wax-like consistency.
PAR  In the compounds according to the invention the triorganotin or triogano
      lead bond is completely stable to hydrolysis in neutral medium. Only in a
      strongly acid or alkaline pH range does cleavage slowly commence.
PAR  The compounds of this invention are outstanding biocides. With them it is
      possible to manufacture aqueous disinfectant solutions which can be used
      with complete success in human and veterinary medicine. The disinfecting
      of seeds and wood conservation -- also from aqueous liquor -- are other
      fields of application for these substances. They can also be used with
      particular advantage as additives for pigment dye dispersions and disperse
      paints, both in respect of storage and of the long-lasting protective
      action of the coating. Furthermore these substances can be used in
      antifouling paints, whereby they prevent both the harmful growth of sea
      organisms and improve -- as a result of the hydrophilic radical -- the
      hydrodynamic properties on the ships's stern.
PAR  A further field of application for these substances is mucilage control in
      paper manufacture, thereby also simultaneously ensuring paper
      conservation.
PAR  Certain thermoplasts and elastomers, in particular PVC with plasticiser
      content, can be effectively protected by the substances against attack by
      microbes. An antistatic finish is thereby simultaneously provided.
PAR  The substances of the present invention are also valuable herbicides for
      various cultivated plants. In cotton growing they can be used as
      defoliants and desiccants.
PAR  In many cases the phytotoxicity of the triorganometallic compounds
      according to the invention is distinctly lower than of the corresponding
      known compounds, thereby ensuring their favourable use in plant
      protection. Their activity against phytopathogenic fungi in cereal
      disinfection extends, for example, over Fusarium nivale, Tilletia caries,
      Helminthosporium gramineum, Septoria nodorum. The activity against soil
      fungi comprises, for example, Fusarium oxysporum, Pythium debarynum,
      hizoctonia solani, Verticileum albo atrum. In fungoid leaf infections the
      following species, for example, are attacked and destroyed: Botrytis
      cinerea, rust fungi, e.g. Cloromyces and puccinia, powdery mildews, e.g
      Phytophthora and Plasmopara, Pseudoperonospera.
PAR  Total activity was observed e.g. against the following leaf fungi: Botrytis
      cinerea in Vicia faba, Plasmopora viticola (Bert, et Curt.), (Berl. et de
      Toni) on vines; in the disinfectant test against Fusarium nivale and
      Tilletia caries. This statement, however, does not constitute any
      limitation.
PAR  In the test for microbiocidal activity the compounds listed hereinbelow
      yielded the values indicated in the following Table:
TBL  No.              Compound                                                 

     __________________________________________________________________________

     1  (n--C.sub.4 H.sub.9).sub.3 Sn--S--CH.sub.2.CH.sub.2.COO.(CH.sub.2.CH.su

        b.2.O).sub.n.H(n.about.9)                                              

     2  (C.sub.6 H.sub.5).sub.3 Sn--S--(CH.sub.2).sub.3 --SO.sub.3.Na          

                CH.sub.3                                                       

                .vertline.                                                     

     3          Sn--S--CH.sub.2 --CH.sub.2 --COO--(CH.sub.2 --CH.sub.2         

                --O).sub.n.H(n.about.9)                                        

                .vertline.                                                     

                CH.sub.3                                                       

     4  (n--C.sub.4 H.sub.9).sub.3 Sn--S--CH.sub.2.COO.H.N(CH.sub.2 CH.sub.2   

        OH).sub.3                                                              

     5  (n--C.sub.4 H.sub.9).sub.3 Sn--S--(CH.sub.2).sub.2.COO.H.N(CH.sub.2    

        CH.sub.2 OH).sub.3                                                     

     6  (n--C.sub.4 H.sub.9).sub.3 Sn--S--CH.sub.2.CO.N(CH.sub.2 CH.sub.2      

        OH).sub.2                                                              

     __________________________________________________________________________

TBL                                    Table                                   

     __________________________________________________________________________

     Microbiological Test                                                      

     Activity range in ppm                                                     

     Bacteria                *     1   2   3   4   5   6                       

     __________________________________________________________________________

     Staphylococcus                                                            

              aureus  SG 511       10  3   10  30  10  30                      

                      SG 511 M6    10  10  --  30  30  3                       

     Sarcina  ureae   SMB 81       10  3   10  30  30  .ltoreq.1               

     Streptococcus                                                             

              faecalis                                                         

                      NCTC 8619    10  10  10  30  100 30                      

              agalactiae     M100  3   3   --  30  30  3                       

     Corynebacterium                                                           

              diphteroides                                                     

                      FUR          10  3   3   30  10  .ltoreq.1               

     Bacillus subtilis                                                         

                      NCTC 6460    10  3   3   30  10  .ltoreq.1               

     Mycobacterium                                                             

              phlei   CITM 61      3   3   3   30  10  .ltoreq.1               

     Escherichia                                                               

              coli    NCTC 8195    10  30  10  30  &gt;300                        

                                                       30                      

                             RP 45410                                          

                                   10  10  10  30  &gt;300                        

                                                       30                      

     Arizona  paracolon      7:1.7,8                                           

                                   &gt;300                                        

                                       &gt;300                                    

                                           --  &gt;300                            

                                                   &gt;300                        

                                                       &gt;300                    

     Salmonella                                                                

              pullorum                                                         

                      VBIZ         &gt;300                                        

                                       &gt;300                                    

                                           100 &gt;300                            

                                                   &gt;300                        

                                                       &gt;300                    

              gallinarum     VBIB  &gt;300                                        

                                       &gt;300                                    

                                           --  --  --  --                      

              cholerae-suis  VBIS  &gt;300                                        

                                       &gt;300                                    

                                           100 &gt;300                            

                                                   &gt;300                        

                                                       &gt;300                    

     Pasteurella                                                               

              multocida      K753  10  &gt;300                                    

                                           10  30  30  30                      

     Pseudomonas                                                               

              fluorescens                                                      

                      NCTC 4755    10  &gt;300                                    

                                           30  &gt;300                            

                                                   30  30                      

     Fungi                                                                     

     Trichophyton                                                              

              gypseum CBS          30  30  10  10  10  10                      

     Fusarium spec.   DAP          30  30  --  --  --  --                      

     Pilz schwarzlich DAP          10  30  --  --  --  --                      

     Candida albicans CBS          30  30  3   10  10  10                      

     Hefe             DAP          10  10  --  --  --  --                      

     Hefe rot         DAP          10  10  --  --  --  --                      

     Aspergillus                                                               

              niger   ATCC 6275    30  30  10  10  10  10                      

              flavus  CBS 12062    30  30  3   10  10  10                      

     Penicillium                                                               

              funiculosum                                                      

                      CEB 329631   30  100 10  30  10  30                      

              expansum                                                         

                      SMC 36       30  30  3   10  10  10                      

     Trichoderma                                                               

              viride  CEB 3334.2   100 10  10  10  10  10                      

     Fusarium oxysporum                                                        

                      CBS          30  10  3   10  10  10                      

     Chaetomium                                                                

              globosum                                                         

                      CBS 14851    10  10  3   10  .ltoreq.3                   

                                                       .ltoreq.3               

     Alternaria                                                                

              tenuis  CBS 10426    30  10  3   10  .ltoreq.3                   

                                                       .ltoreq.3               

     Paecilomyces                                                              

              varioti CBS          30  10  3   10  .ltoreq.3                   

                                                       .ltoreq.3               

     Stachybotrys                                                              

              atra    CBS 32465    10  10  3   10  .ltoreq.3                   

                                                       .ltoreq.3               

     Pullularia                                                                

              pullulans                                                        

                      CBS 10767    10  3       10  10  10                      

     Coniphora                                                                 

              cerebella                                                        

                      CBS          10  30  --  10  10  10                      

     Poria    vaporia CBS          100 3   --  10  10  10                      

     Polystictus                                                               

              versicolor                                                       

                      EMPA 61      100 30  --  100 30  30                      

     Lenzites abietina                                                         

                      CBS          10  100 --  10  10  10                      

     __________________________________________________________________________

      * virulent strains                                                       

PAR  Results of the test of growth resistance in the beer bottling plant of a
      brewery:
PAR  1. white pigmented disperse paint based on a finely dispersed
      polyvinylpropionate copolymer finished with
TBL  (g of additive per kg of ready                                            

                                   free from                                   

     for brushing paint)           growth                                      

     __________________________________________________________________________

      2,5 g                                                                    

          of tributyl-tin oxide (TBTO)                                         

                                   7  months                                   

     10,0 g                                                                    

          of a TBTO preparation containing                                     

          25% TBTO                 8  "                                        

     20,0 g                                                                    

          of Mergal 10 S (commercially                                         

                                   8  "                                        

          obtainable mercury compound)                                         

     3,25 g                                                                    

          Me.sub.3 Sn--S--(CH.sub.2).sub.2.COO.CH.sub.2.C(CH.sub.2 OH).sub.2.CH

          .sub.2.CH.sub.3          10 "                                        

      3,4 g                                                                    

          Bu.sub.3 Sn--S--CH.sub.2.COO.Na                                      

                                   10 "                                        

      3,7 g                                                                    

          (C.sub.3 H.sub.7).sub.3 Sn--S--CH(COO.Na).CH.sub.2.COO.Na            

                                   10 "                                        

      3,8 g                                                                    

          (Bu.sub.3 Sn--S--CH.sub.2.COO).sub.2.Ba                              

                                   10 "                                        

     3,95 g                                                                    

          Bu.sub.3 Sn--S--(CH.sub.2).sub.3.SO.sub.3.Na                         

                                   10 "                                        

     4,25 g                                                                    

          [CH.sub.3.C(CH.sub.3).sub.2.CH.sub.2 ].sub.3 Sn--S--(CH.sub.2).sub.3.

          SO.sub.3.NH.sub.4        10 "                                        

      4,7 g                                                                    

          Ph.sub.3 Pb--S--CH.sub.2.CH(NH.sub.2).COOH                           

                                   10 "                                        

      5,0 g                                                                    

          Me.sub.3 Sn--S--(CH.sub.2.CH.sub.2.O).sub.n.H (n.about.              

                                   12)                                         

                                      "                                        

     7,35 g                                                                    

          Ph.sub.3 Pb--S--(CH.sub.2.CH.sub.2.O).sub.n.H (n.about.10)           

                                   12 "                                        

     2,65 g                                                                    

          Me.sub.3 Sn--S--CH.sub.2.C(CH.sub.2 OH).sub.3                        

                                   13 "                                        

     3,35 g                                                                    

          Bu.sub.3 Sn--S--CH.sub.2.CH(OH).CH.sub.2 OH                          

                                   13 "                                        

     3,35 g                                                                    

          (CH.sub.2 =CH).sub.3 Sn--S--CH.sub.2.[CH(OH)].sub.4.CH.sub.2         

                                   13 "                                        

     3,35 g                                                                    

          Me.sub.3 Sn--S--(CH.sub.2.CH.sub.2.O).sub.n.H (n.about.4)            

                                   13 "                                        

      3,7 g                                                                    

          Bu.sub.3 Sn--S--[C.sub.5 H.sub.4 N].HCl                              

                                   13 "                                        

     3,95 g                                                                    

          Bu.sub.3 Sn--S--CH.sub.2.CO.N(CH.sub.2.CH.sub.2 CH).sub.2            

                                   13 "                                        

      4,5 g                                                                    

          Bu.sub.3 Sn--S--CH.sub.2.COOH.N(CH.sub.2.CH.sub.2 OH).sub.3          

                                   13 "                                        

      4,9 g                                                                    

          Bu.sub.3 Sn--S--CH.sub.2.COO.(CH.sub.2.CH.sub.2.O).sub.n.H (n.about.4

          ,5)                      13 "                                        

      5,0 g                                                                    

          Bu.sub.3 Sn--S--CH.sub.2.CH.sub.2.COO.(CH.sub.2.CH.sub.2.O).sub.n.H  

          (n.about.4,5)            13 "                                        

      5,2 g                                                                    

          [CH.sub.2 =C(CH.sub.3).CH.sub.2.CH.sub.2 ] .sub.3 Sn--S--CH.sub.2.COO

          .(CH.sub.2.CH.sub.2.O).sub.n                                         

          .H (n.about.5)           13 "                                        

     5,75 g                                                                    

          Ph.sub.3 Pb--S--CH.sub.2.CH.sub.2.N(CH.sub.3)(CH.sub.2.CH.sub.3).sub.

          2.O.sub.3 S.CH.sub.3     13 "                                        

      6,6 g                                                                    

          Bu.sub.3 Sn--S--CH.sub.2.COO.(CH.sub.2.CH.sub.2.O).sub.n.H (n.about.9

          )                        13 "                                        

      6,7 g                                                                    

          Bu.sub.3 Sn--S--CH.sub.2.CH.sub.2.COO.(CH.sub.2.CH.sub.2.O).sub.n.H  

          (n.about.9)              13 "                                        

      7,2 g                                                                    

          Ph.sub.3 Sn--S--CH.sub.2.CH.sub.2.COO.(CH.sub.2.CH.sub.2.O).sub.n.H  

          (n.about.9)              13 "                                        

     7,75 g                                                                    

          Bu.sub.3 Sn--S--(CH.sub.2.CH.sub.2.O).sub.n.H (n.about.14)           

                                   13 "                                        

     __________________________________________________________________________

PAR  2. White pigmented disperse paint based on a finely dispersed
      styrene-butadiene copolymer finished with
TBL  (g of additive per kg or ready                                            

                                   free from                                   

     for brushing paint)           growth                                      

     __________________________________________________________________________

      2,5 g                                                                    

          tributyl-tin oxide (TBTO)                                            

                                   7  months                                   

      20 g                                                                     

          Mergal 10 S              7  "                                        

     4,35 g                                                                    

          [Ph.sub.3 Sn--S--(CH.sub.2).sub.3.SO.sub.3 ].sub.2.Mg                

                                   9  "                                        

     4,35 g                                                                    

          (C.sub.2 H.sub.5).sub.3 Sn--S--Ch.sub.2.CH.sub.2.N(CH.sub.3)(CH.sub.2

          .CH.sub.3).sub.2.OOC.CCl.sub.3                                       

                                   10 "                                        

     4,45 g                                                                    

          Ph.sub.3 Sn--S--(CH.sub.2).sub.3.SO.sub.3.NA                         

                                   10 "                                        

     4,65 g                                                                    

          Ph.sub.3 Sn--S--(CH.sub.2).sub.6.COO.K                               

                                   10 "                                        

     4,95 g                                                                    

          Ph.sub.3 Sn--S--CH.sub.2.COOH.N(CH.sub.2.CH.sub.2 OH).sub.3          

                                   10 "                                        

      5,3 g                                                                    

          Ph.sub.3 Pb--S--CH.sub.2.CH.sub.2.CO.N(CH.sub.2.CH.sub.2 OH).sub.2   

                                   10 "                                        

      5,7 g                                                                    

          Ph.sub.3 Pb--S--CH.sub.2.COOH.N(CH.sub.2.CH.sub.2 OH).sub.3          

                                   10 "                                        

     7,35 g                                                                    

          Ph.sub.3 Pb--S--(CH.sub.2.CH.sub.2.O).sub.n.H (n.about.10)           

                                   10 "                                        

     2,65 g                                                                    

          Me.sub.3 Sn--S--CH.sub.2.C(CH.sub.2 OH).sub.3                        

                                   11 "                                        

     3,35 g                                                                    

          Bu.sub.3 Sn--S--CH.sub.2.CH(OH).CH.sub.2 OH                          

                                   11 "                                        

     3,35 g                                                                    

          (CH.sub.2 =CH).sub.3 Sn--S--CH.sub.2.[CH(OH)].sub.4.CH.sub.2         

                                   11 "                                        

     3,35 g                                                                    

          Me.sub.3 Sn--S--(CH.sub.2.CH.sub.2.O).sub.n.H (n.about.4)            

                                   11 "                                        

     3,95 g                                                                    

          Bu.sub.3 Sn--S--CH.sub.2.CO.N(CH.sub.2 CH.sub.2 OH).sub.2            

                                   11 "                                        

      4,5 g                                                                    

          Bu.sub.3 Sn--S--CH.sub.2.COOH.N(CH.sub.2.CH.sub.2 OH).sub.3          

                                   11 "                                        

      4,9 g                                                                    

          Bu.sub.3 Sn--S--CH.sub.2.COO.(CH.sub.2.CH.sub.2.O).sub.n.H (n.about.4

          ,5)                      11 "                                        

      5,0 g                                                                    

          Bu.sub.3 Sn--S--CH.sub.2.CH.sub.2.COO.(CH.sub.2.CH.sub.2.O).sub.n.H  

          (n.about.4,5)            11 "                                        

      5,2 g                                                                    

          (CH.sub.2 =C(CH.sub.3).CH.sub.2.CH.sub.2).sub.3 Sn--S--CH.sub.2.COO.(

          CH.sub.2.CH.sub.2.O).sub.n                                           

                                   11 "                                        

          .H (n.about.5)                                                       

     5,75 g                                                                    

          Ph.sub.3 Pb--S--CH.sub.2.CH.sub.2.N(CH.sub.3)(CH.sub.2.CH.sub.3).sub.

          2.O.sub.3 S.CH.sub.3     11 "                                        

      6,6 g                                                                    

          Bu.sub.3 Sn--S-- CH.sub.2.COO.(CH.sub.2.CH.sub.2.O).sub.n.H (n.about.

          9)                       11 "                                        

      6,7 g                                                                    

          Bu.sub.3 Sn--S--CH.sub.2.CH.sub.2.COO.(CH.sub.2.CH.sub.2.O).sub.n.H  

          (n.about.9)              11 "                                        

      7,2 g                                                                    

          Ph.sub.3 Sn--S--CH.sub.2.CH.sub.2.COO.(CH.sub.2.CH.sub.2.O).sub.n.H  

          (n.about.9)              11 "                                        

     7,75 g                                                                    

          Bu.sub.3 Sn--S--(CH.sub.2.CH.sub.2.O).sub.n.H (n.about.14)           

                                   11 "                                        

      3,7 g                                                                    

          Bu.sub.3 Sn--S--[C.sub.5 H.sub.4 N].HCl                              

                                   12 "                                        

     7,95 g                                                                    

          Ph.sub.3 Pb--S--CH.sub.2.CH.sub.2.COO.(CH.sub.2.CH.sub.2.O).sub.n.H  

          (n.about.9)              12 "                                        

     __________________________________________________________________________

PAR  The tin and lead compounds are used in these experiments in the same molar
      ratio.
DETD
PA0  Example i: s-tri-n-butyl-tin-thioglycolic acid polyethylene glycol ester
      (C.sub.4 H.sub.9).sub.3 Sn.S--CH.sub.2 --COO--(CH.sub.2 --CH.sub.2
      --O).sub.n --H (n.about.9)
PAR  80 parts of polyethylene glycol (MG.about.400), 18,4 parts of thioglycolic
      acid, and 100 parts of toluene are heated under reflux with stirring until
      the water of reaction is removed by circulation. Subsequently 60 parts of
      bis-(tri-n-butyl-tin)-oxide are added and the water of reaction is once
      more removed by circulation. The solvent is then distilled off under
      reduced pressure.
PAR  Yield: 151 parts (99% of theory); colourless liquid; Sn calc. 15,5%, found
      15,6%.
PA0  Example II: S-tri-n-butyl-tin-thioglycolic acid-polyethylene glycol ester
      (C.sub.4 H.sub.9).sub.3 Sn.S--CH.sub.2 --COO--(CH.sub.2 --CH.sub.2
      --O).sub.n --H (n.about.4.5)
PAR  The synthesis is carried out under the conditions described in Example I.
PAL  Batch:
PA1  20 parts of polyethylene glycol (MG.about.200)
PA1  9.2 parts of thioglycolic acid
PA1  30 parts of bis-(tri-n-butyl-tin)-oxide
PA1  100 parts of toluene
PAR  Yield: 54 parts (97,5% of theory); colourless liquid: n.sub.D.sup.20 :
      1.5012. Sn calc. 21,4%, found 20,9%.
PA0  Example III: S-tri-n-butyl-tin-.beta.-mercaptopropionic acid polyethylene
      glycol ester (C.sub.4 H.sub.9).sub.3 Sn--S--CH.sub.2 --CH.sub.2
      --COO--(CH.sub.2 --CH.sub.2 --O--).sub.n --H (n.about.9)
PAR  The synthesis is carried out under the conditions described in Example 1.
PAL  Batch:
PA1  80 parts of polyethylene glycol (MG.about.400)
PA1  21.2 parts of .beta.-mercaptopropionic acid
PA1  60 parts of bis-(tri-n-butyl-tin)-oxide
PA1  100 parts of toluene
PAR  Yield: 154 parts (99% of theory); yellowish liquid; n.sub.D.sup.20 : 1.4921
      Sn calc. 15,3%, found 15,2%.
PA0  Example IV: S-tri-butyl-tin-.beta.-mercaptopropionic acid polyethylene
      glycol ester (C.sub.4 H.sub.9).sub.3 Sn--S--CH.sub.2 --CH.sub.2
      --COO--(CH.sub.2 --CH.sub.2 --O).sub.n --H (n.about.4,5)
PAR  The synthesis is carried out under the conditions described in Example I.
PAL  Batch:
PA1  20 parts of polyethylene glycol (MG.about.200)
PA1  10.6 parts of .beta.-mercaptopropionic acid
PA1  30 parts of bis-(tri-n-butyl-tin)-oxide
PA1  100 parts of toluene
PAR  The reaction product was filtered over a filter aid.
PAR  Yield: 51 parts (88% of theory); colourless liquid; n.sub.D.sup.20 :
      1.4990. Sn calc. 20.6%, found 20.2%.
PA0  Example V: S-tri-n-butyl-tin-mercaptosuccinic acid-bis-polyethylene glycol
      ester
      ##EQU37##
PAR  The synthesis is carried out under the conditions described in Example I.
PAL  Batch:
PA1  40 parts of polyethylene glycol (MG.about.200)
PA1  15 parts of thiosuccinic acid
PA1  30 parts of bis-(tri-n-butyl-tin)-oxide
PA1  100 parts of toluene
PAR  The reaction product was filtered over a filter aid.
PAR  Yield: 79 parts (98,5% of theory); colourless liquid; n.sub.D.sup.20 :
      1.5000. Sn calc. 14.8, found 14,7%.
PA0  Example VI: S-triphenyl-tin-.beta.-mercaptopropionic acid-polyethylene
      glycol ester Ph.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --COO--(CH.sub.2
      --CH.sub.2 --O).sub.n H (n.about.9)
PAR  The synthesis is carried out under the conditions described in Example I.
PAL  Batch:
PA1  26,5 parts of .beta.-mercaptopropionic acid
PA1  100.0 parts of polyethylene glycol (MG.about.400)
PA1  99.0 parts of triphenyl tin hydroxide
PA1  200.0 parts of toluene
PAR  Yield: 202 parts (97% of theory); yellow viscous liquid; n.sub.D.sup.20 :
      1.5584 Sn calc. 14.2%, found 14.5%.
PA0  Example VII: S-triphenyl lead-.beta.-mercaptopropionic acidpolyethylene
      glycol ester Ph.sub.3 Pb--S--CH.sub.2 --CH.sub.2 --COO--(CH.sub.2
      --CH.sub.2 --O).sub.n H (N.about.9)
PAR  While stirring, 100 parts of polyethylene glycol (MG.about.400), 26.5 parts
      of .beta.-mercaptopropionic acid, and 200 parts of toluente are heated
      under reflux until the water of reaction has been quantitatively removed
      by circulation. A solution of 27 parts of sodium carbonate in 50 parts of
      water and 140 parts of triphenyl lead acetate are subsequently added and
      the batch is stirred for 30 minutes at the same temperature. Undissolved
      material is then filtered off, the filtrate dried over sodium sulphate,
      and the solvent distilled off under reduced pressure.
PAR  Yield: 183 parts (80% of theory); yellow oil. Pb calc. 21.4%, found 21.0%.
PA0  Example VIII: 1-(S-trimethyl tin)-mercapto-polyethylene oxide
      (CH.sub.3).sub.3 Sn--S--(CH.sub.2 --CH.sub.2 --O)-H (n.about.10)
PAR  While stirring, 47 parts of 1-mercapto-polyethylene oxide [HS--(CH.sub.2
      --CH.sub.2 --O)-H; n.about.10], 18 parts of trimethyl tin hydroxide and
      100 parts of toluene are heated under reflux until the water of reaction
      has been quantitatively removed by circulation The solvent is then
      distilled off under reduced pressure.
PAR  Yield: 61 parts (96% of theory); yellowish viscous liquid. Sn calc. 19.6%,
      found 18.4% S calc. 5,0%, found 4.8%.
PA0  Example IX: 1-(S-trivinyl tin)-mercapto-polyethylene oxide (CH.sub.2
      =CH).sub.3 Sn--S--(CH.sub.2 --CH.sub.2 --O).sub.n H (n.about.8)
PAR  The synthesis is carried out under the conditions described in Example
      VIII.
PAL  Batch:
PA1  36 parts of 1-mercapto-polyethylene oxide (n.about.8)
PA1  22 parts of trivinyl tin hydroxide
PA1  100 parts of toluene
PAR  Yield: 54 parts (96% of theory); yellowish viscous liquid; Sn calc. 21,2%,
      found 21,2% S calc. 5,7%, found 5.55%.
PA0  Example X: 1-(S-tri-n-butyl tin)-mercapto-polyethylene oxide (C.sub.4
      H.sub.9).sub.3 Sn--S--(CH.sub.2 --CH.sub.2 --O).sub.n --H (n.about.14)
PAR  The synthesis is carried out under the conditions described in Example
      VIII.
PAL  Batch:
PA1  62 parts of 1-mercapto-polyethylene oxide (n.about.14)
PA1  30 parts of bis-(tri-n-butyl tin)-oxide
PA1  100 parts of toluene
PAR  Yield: 90 parts (98% of theory); yellowish viscous liquid. Sn calc. 13.1%,
      found 12.9% S calc. 3,5%, found 3.4%.
PA0  Example XI: S-tri-n-butyl tin-mercaptodiethanol (C.sub.4 H.sub.9).sub.3
      Sn--S--(CH.sub.2 --CH.sub.2 --O).sub.2 --H
PAR  While stirring, a mixture of 60 parts of bis-(tri-n-butyl tin)-oxide, 24.4
      parts of mercaptodiethanol, and 100 parts of toluene is stirred under
      reflux until the water of reaction is quantitatively removed by
      circulation. The solvent is subsequently distilled off in vacuo.
PAR  Yield: 81 parts (99% of theory); colourless liquid; n.sub.D.sup.20 :1.5168.
      Sn calc. 28.9%, found 28.8%.
PA0  Example XII: S-tri-butyl tin-thioglycerol (C.sub.4 H.sub.9).sub.3
      Sn--S--CH.sub.2 --CH (OH)--CH.sub.2 --OH
PAR  The synthesis is carried out under the conditions described in Example XI.
PAL  Batch:
PA1  30 parts of bis-(tri-n-butyl tin)-oxide
PA1  10.8 parts of thioglycerol
PA1  100 parts of toluene
PAR  Yield: 39 parts (98,3% of theory); colourless liquid; n.sub.D.sup.20 :
      1.5178. Sn calc. 29,8%, found 30.1%.
PA0  Example XIII: 1-(S-triphenyl lead)-mercaptosorbitol
      ##EQU38##
PAR  The synthesis is carried out under the conditions described in Example XI.
PAL  Batch:
PA1  20 parts of -mercapto-sorbitol
PA1  45.5 parts of triphenyl lead hydroxide
PA1  100 parts of toluene
PAR  Yield: 63 parts (99% of theory); white powder; m.p. 210.degree.C (with
      decomp.) Pb calc. 32,7%, found 32.4%; S calc. 5,0%, found 5.1%.
PA0  Example XIV: .beta.-(S-tri-i-butyl tin)-mercaptopropionic acid-1,
      1,1-trismethylolpropane monoester
      ##EQU39##
PAR  While stirring, 107.2 parts of 1,1,1-tris-(hydroxymethyl)-propane, 21.2
      parts of .beta.-mercaptopropionic acid, and 250 parts of toluene are
      heated under reflux until the water of reaction has been quantitatively
      removed by circulation. Subsequently 60 parts of bis-(tri-i-butyl
      tin)-oxide are added and the water of reaction is once more removed by
      circulation. The solvent is then distilled off under reduced pressure, and
      subsequently excess tris-(hydroxymethyl)-propane is distilled off in an
      oil pump vacuum.
PAR  Yield: 101 parts (99% of theory); honey-like consistency. Sn calc. 23.2%,
      found 23.0%; S calc. 6,3%, found 6.0%.
PA0  Example XV: sodium S-tri-n-butyl tin-thioglycolate (C.sub.4 H.sub.9).sub.3
      Sn--S--CH.sub.2 --CO.sub.2.Na
PAR  While stirring, 29.8 parts of bis-(tri-n-butyl tin)-oxide, 10.1 parts of
      thioglycolic acid, and 100 parts of toluene are heated under reflux until
      the water of reaction has been quantitatively removed by circulation. A
      solution of 4.4 parts of sodium hydroxide in 50 parts of methanol is
      subsequently added, the batch is heated under reflux for 10 minutes, and
      the solvent distilled off under reduced pressure.
PAR  Yield: 39.1 parts (97% of theory); wax-like substance. Sn calc. 29.45%,
      found 29.2%.
PA0  Example XVI: calcium .beta.-(S-tri-n-butyl tin).alpha.-hydroxy-propionate
      [(C.sub.4 H.sub.9).sub.3 Sn--S--CH.sub.2 --CH(OH)--CO.sub.2 ].sub.2 Ca
PAR  The synthesis is carried out under the conditions described in Example XV.
PAL  Batch:
PA1  59,6 parts of bis-(tri-n-butyl tin)-oxide
PA1  26.4 parts of 1-hydroxy-2-mercaptopropionic acid
PA1  200 parts of toluene
PA1  5.6 parts of calcium oxide
PAR  Yield: 93 parts (98% of theory); whit powder; m.p. 230.degree.-20.degree.C
      (with decomp.) Sn calc. 25.0%, found 24.8%; S calc. 6.7%, found 6.5%.
PA0  Example XVII: sodium S-tri-n-propyl-mercaptosuccinate
      ##EQU40##
PAR  The synthesis is carried out under the conditions described in Example XV.
PAL  Batch:
PA1  25.6 parts of bis-(tri-n-propyl tin)oxide
PA1  15.0 parts of thiosuccinic acid
PA1  100 parts of toluene
PA1  8.8 parts of sodium hydroxide
PA1  100 parts of methanol
PAR  Yield: 44 parts (100% of theory); soap-like consistency. Sn calc. 26.9%,
      found 26.4%; S calc. 7.3%, found 7.2%.
PA0  Example XVIII: potassium S-triphenyl tin-.omega.-mercaptoheptanoate
      Ph.sub.3 Sn--S--CH.sub.2 -CH.sub.2).sub.4 CH.sub.2 --COO.K
PAR  The synthesis is carried out under the conditions described in Example XV.
PAL  Batch:
PAL  36.7 parts of triphenyl tin hydroxide
PAL  16.2 parts of .omega.-mercaptoheptanoic acid
PAL  100 parts of toluene
PAL  6.2 parts of potassium hydroxide
PAL  50 parts of methanol
PAR  Yield: 54 parts (98% of theory): wax-like consistency Sn calc. 21.6%, found
      21.1%; S calc. 5.8%, found 5.8%.
PA0  Example XIX: sodium S-tri-n-butyl tin-.gamma.-mercaptopropanesulphonate
      (C.sub.4 H.sub.9).sub.3 Sn--S--CH.sub.2 --CH.sub.2 --CH.sub.2
      --SO.sub.3.Na
PAR  A solution of 60 g of bis-(tri-n-butyl tin)-oxide in 100 parts of toluene
      is added dropwise to a solution of 39 parts of sodium
      .gamma.-mercaptopropanesulphonate and 50 parts of water. While stirring
      under reflux the water is removed by circulation and the solvent is
      subsequently distilled off under reduced pressure.
PAR  Yield: 87 parts (93,1 of theory); colourless powder; m.p.
      260.degree.-263.degree.C. Sn calc. 25.4%, found 25.0%; S calc. 13.7%,
      found 14.0%.
PA0  Example XX: sodium S-triphenyl tin-.gamma.-mercaptopropanesulphonate
      Ph.sub.3 Sn--S--CH.sub.2 --CH.sub.2 --CH.sub.2 --SO.sub.3.Na
PAR  While stirring, 36.7 parts of triphenyl tin hydroxide, 19.5 parts of sodium
      .gamma.-mercaptopropanesulphonate, and 300 parts of methanol are heated
      for 2 hours under reflux. The undissolved portion (7.5 parts) is filtered
      off and the filtrate is concentrated in vacuo.
PAR  Yield: 45 parts (85.4% of theory).
PAR  The product is purified by dissolving it in chloroform and then
      precipitating it with diethyl ether; m.p. 283.degree.-285.degree.C. Sn
      calc. 22.5%, found 21.9%; S calc. 12.2%, found 12.1%.
PA0  Example XXI: triethylammonium S-tri-n-butyl tin-thioglycolate (.sub.4
      H.sub.9).sub.3 Sn--S--CH.sub.2 --COOH.N(--CH.sub.2 CH.sub.2 OH).sub.3
PAR  To a solution of 46 parts of thioglycolic acid, 74.6 parts of
      triethanolamine and 100 parts of toluene are added 59.6 parts of
      bis-(tri-n-butyl tin)-oxide and the water of reaction is quantitatively
      removed by circulation while stirring. The solvent is subsequently
      distilled off in vacuo and the residue us recrystallised from
      acetonitrile.
PAR  Yield: 76,4 parts (72% of theory); colourless crystals; m.p.
      64.degree.-67.degree.C. Sn calc. 22.4%, found 22.3%.
PA0  Example XXII: triethanolammonium S-tri-n-butyl
      tin-.beta.-mercaptopropionate (C.sub.4 H.sub.9).sub.3 Sn--S--CH.sub.2
      --CH.sub.2 --COOH.N (--CH.sub.2 --CH.sub.2 --OH).sub.3
PAR  The synthesis is carried out under the conditions described in Example XXI.
PAL  Batch:
PA1  53 parts of .beta.-mercaptopropionic acid
PA1  74 parts of triethanolamine
PA1  149 parts of bis-(tri-n-butyl tin)-oxide
PA1  150 parts of toluene
PAR  Yield: 266 parts (98% of theory); yellow viscous liquid; n.sub.D.sup.20 :
      1.5182; Sn calc. 21.8%, found 21.5%.
PA0  Example XXIII: triethanolammonium S-triphenyl tin-thioglycolate Ph.sub.3
      Sn--S--CH.sub.2 COOH.N(--CH.sub.2 --CH.sub.2 --OH).sub.3
PAR  36,7 parts of triphenyl tin hydroxide are added to a solution of 9.2 parts
      of thioglycolic acid, 14,9 parts of triethanolamine, and 100 parts of
      tetrahydrofuran and the batch is stirred for 1 hour under reflux. The
      reaction mixture is subsequently cooled to 0.degree.C and the precipitated
      product is filtered with suction and dried.
PAR  Yield: 41.4 parts (84% of theory); colourless crystals; m.p.
      116.degree.-118.degree.C. Sn calc. 20.1%, found 20.2%; SH calc. 5.6% found
      5.4%.
PA0  Example XXIV: triethanolammonium S-triphenyl lead-thioglycolate Ph.sub.3
      Pb--S--CH.sub.2 --COOH.N(--CH.sub.2 --CH.sub.2 --OH).sub.3
PAR  The synthesis is carried out under the conditions described in Example
      XXIII.
PAL  Batch:
PA1  43.9 parts (65% of theory); crystalline powder;
PA1  m.p. 108.degree.-110.degree.C (with decomp.).
PA1  Pb calc. 30,5%, found 30.4%
PA1  N calc. 2.1%, found 2.1%
PA0  Example XXV: S-tri-n-butyl tin-thioglycolic acid diethanolamide (C.sub.4
      H.sub.9).sub.3 Sn--S--CH.sub.2 --CO.N(--CH.sub.2 --CH.sub.2 --OH).sub.2
PAR  While stirring, 39.5 parts of tri-n-butyl tin-thioglycolic acid methyl
      ester, 12.5 parts of diethanolamine, and 0.5 part of ammonium carbonate
      are heated in vacuo until no more methanol is distilled off.
PAR  Yield: 46,7 parts (96% of theory); colourless liquid; n.sub.D.sup.20
      :1.5252 -SH calc. 6.8%, found 6.5%; Sn calc. 24.4%, found 24.1%.
PA0  Example XXVI: .beta.-(S-triphenyl lead)-.alpha.-amino-propionic acid
      (S-triphenyl lead cystein)
      ##EQU41##
PAR  While stirring, 45.5 parts of triphenyl lead hydroxide, 12.1 parts of
      cystein, and 200 parts of methanol are heated under reflux for 30 minutes.
      The solvent is subsequently distilled off in vacuo and the reaction
      product is recrystallised from tetrahydrofuran/water.
PAR  Yield: 48 parts (86% of theory); crystalline powder; m.p.
      140.degree.-148.degree.C (with decom.) Pb calc. 37.1%, found 36.9%; S
      calc. 5.7%, found 6.1%; N calc. 2.5%, found 2.4%.
PA0  Example XXVII: .beta.-(S-tri-n-butyl
      tin)-mercaptoethyl-diethylmethylammonium-methylsulphate
      ##EQU42##
PAR  While stirring, 13.3 parts of diethylamino-ethane thiol, 100 parts of
      toluene, and 26.8 parts of bis-(tri-n-butyl tin)-oxide are heated under
      reflux until the water of reaction has been quantitatively removed by
      circulation. The solvent is subsequently distilled off in vacuo and the
      residue is treated with 100 parts of methanol and 12.6 parts of dimethyl
      sulphate. The batch is then heated under reflux for 20 minutes while
      stirring, then cooled and the solvent is distilled off under reduced
      pressure.
PAR  Yield: 48 parts (97% of theory); soap-like consistency. Sn calc. 21.7%,
      found 20.9%.
PA0  Example XXVIII: .beta.-(S-triphenyl
      tin)-mercaptoethyl-diethylmethylammonium-methylsulphate
      ##EQU43##
PAR  The synthesis is carried out under the conditions described in Example
      XXVII.
PAL  Batch:
PA1  13.3 parts of diethylamino-ethane thiol
PA1  33.0 parts of triphenyl tin hydroxide
PA1  100 parts of toluene
PA1  100 parts of methanol
PA1  12.6 parts of dimethyl sulphate.
PAR  Yield: 50 parts (97% of theory); yellow resin. Sn calc. 20.75%, found
      20.5%.
PA0  Example XXIX: S-tri-vinyl tin-thioglycolic acid-polyethylene glycol ester
      (CH.sub.2 =CH).sub.3 Sn--S--CH.sub.2 --COO--(CH.sub.2 --CH.sub.2
      --O).sub.n --H (N.about.4.5)
PAR  The synthesis is carried out under the conditions described in Example I.
PAL  Batch:
PA1  20.0 parts of polyethylene glycol (MG.about.200)
PA1  9.2 parts of thioglycolic acid
PA1  21.7 parts of tri-vinyl tin hydroxide
PA1  100 parts of toluene
PAR  Yield: 46 parts (97.5% of theory); colourless liquid. Sn calc. 25.1%, found
      25.0%
PA0  Example XXX: S-tri-n-propyl tin-.beta.-mercaptopropionic acidpolyethylene
      glycol ester (C.sub.3 H.sub.7).sub.3 Sn--S--CH.sub.2 --CH.sub.2
      --COO--(CH.sub.2 --CH.sub.2 --O).sub.n --H (n.about.9)
PAR  The synthesis is carried out under the conditions described in Example I.
PAL  Batch:
PA1  40.0 parts of polyethylene glycol (MG.about.400)
PA1  10.6 parts of .beta.-mercaptopropionic acid
PA1  25.6 parts of bis-(tripropyl tin)-oxide
PA1  100 parts of toluene
PAR  Yield: 71 parts (97% of theory); yellowish liquid; n.sub.D.sup.20 : 1.4946;
      Sn calc. 16.15%, found 16.0%.
PA0  Example XXXI: S-tri-n-pentyl tin-.beta.-mercaptopropionic acidpolyethylene
      glycol ester (C.sub.5 H.sub.11).sub.3 Sn--S--CH.sub.2 --CH.sub.2
      --COO--(CH.sub.2 --CH.sub.2 --O).sub.n --H (n.about.9)
PAR  The synthesis is carried out under the conditions described in Example I.
PAL  Batch:
PA1  80.0 parts of polyethylene glycol (MG.about.400)
PA1  21.2 parts of .beta.-mercaptopropionic acid
PA1  68.0 parts of bis-(tri-n-pentyl tin)-oxide
PA1  100.0 parts of toluene
PAR  Yield: 159 parts (97% of theory); yellow liquid; n.sub.D.sup.20 : 1.4895 Sn
      calc. 14.5%, found 14.4%.
PA0  Example XXXII: potassium S-tri-methyl
      tin-.gamma.-mercapto-propanesulphonate (CH.sub.3).sub.3 Sn--S--CH.sub.2
      --CH.sub.2 --CH.sub.2 --SO.sub.3.K
PAR  The synthesis is carried out under the conditions described in Example XIX.
PAL  Batch:
PA1  19.4 parts of potassium .gamma.-mercaptopropanesulphonate
PA1  50.0 parts of water
PA1  18.0 parts of tri-methyl tin hydroxide
PA1  100.0 parts of toluene
PAR  Yield: 34 parts (95% of theory); colourless powder; m.p.&gt; 250.degree.C. Sn
      calc. 33.2%, found 32.9%.
PA0  Example XXXIII: magnesium S-tri-methyl tin-.beta.-mercaptopropionate
      [(CH.sub.3).sub.3 Sn.S--CH.sub.2 --CH.sub.2 --COO].sub.2.Mg
PAR  The synthesis is carried out under the conditions described in Example XV.
PAL  Batch:
PA1  21.2 parts of .beta.-mercaptopropionic acid
PA1  36.1 parts of tri-methyl tin hydroxide
PA1  100.0 parts of toluene
PA1  8.1 parts of magnesium oxide
PA1  50.0 parts of methanol.
PAR  Yield: 52 parts (98,5% of theory); white powder; m.p. &gt; 240.degree.C. Sn
      calc. 22.5%, found 22.0%; Mg calc. 4.6%, found 5.0%.
PA0  Example XXXIV: S-tri-cyclohexyl tin-.beta.-mercaptopropionic
      acidpolyethylene glycol ester Cy.sub.3 Sn--S--CH.sub.2 --CH.sub.2
      --COO--(CH.sub.2 --CH.sub.2 --O).sub.n --H (n.about.9)
PAR  The synthesis is carried out under the conditions described in Example I.
PAL  Batch:
PA1  40.0 parts of polyethylene glycol (MG 400)
PA1  10.6 parts of .beta.-mercaptopropionic acid
PA1  38.5 parts of tricyclohexyl tin hydroxide
PA1  100.0 parts of toluene
PAR  Yield: 84 parts (98% of theory); yellowish liquid; Sn calc. 13.88%, found
      13.6%; S calc. 3.75%, found 3.8%.
PA0  Example XXXV: S-dimethyl-phenyl tin-thioglycerol
      ##EQU44##
PAR  A solution of 61 parts of dimethylphenyl tin bromide in 50 parts of
      methanol is treated with 10.8 parts of sodium methylate. The reaction
      mixture is stirred for 10 minutes at 30.degree.C and subsequently 50 parts
      of i-propanol and 21.6 parts of thioglycerol in the form of a solution are
      added dropwise. The sodium bromide is completely precipitated by adding
      100 parts of diethyl ether. The undissolved substance is filtered off and
      the filtrate concentrated in a rotary evaporator. The remaining solvent is
      stripped off with an oil pump.
PAR  Yield: 62 parts (93% of theory); yellowish liquid: n.sub.D.sup.20 :1.6009
      Sn calc. 35.65%, found 35.9%.
PA0  Example XXXVI: S-dimethyl-n-octyl tin-thioglycerol
      ##EQU45##
PAR  The synthesis is carried out under the conditions described in Example
      XXXV.
PAL  Batch:
PA1  68.2 parts of dimethyl-n-octyl tin-bromide
PA1  10.8 parts of sodium methylate
PA1  21.6 parts of thioglycerol
PA1  50.0 parts of i-propanol
PA1  50.0 parts of methanol
PAR  Yield: 73 parts (99% of theory); yellowish liquid; n.sub.D.sup.20 :1.5158
      Sn calc. 32.16%, found 32.2%; S calc. 8.69%, found 8.5%.
PA0  Example XXXVII: S-dimethylphenyl tin-.beta.-mercaptopropionic
      acidpolyethylene glycol ester
      ##EQU46##
PAR  To a solution of 30.6 parts of dimethylphenyl tin bromide and 50 parts of
      methanol are added 5.4 parts of sodium methylate and the batch is stirred
      for 10 minutes at 30.degree.C. The reaction mixture is subsequently
      treated with 48.8 parts of .beta.-mercaptopropionic acid polyethylene
      glycol ester and 50 parts of i-propanol.
PAR  The clear solution is concentrated in a rotary evaporator, and the residue
      is taken up with chloroform and purified neutral on silica gel (hydrated
      with 5% water). Subsequently the solvent is stripped off from the eluate.
PAR  Yield: 63.5 parts (87% of theory); yellowish liquid; n.sub.D.sup.20 :
      1.5326; Sn calc. 16.64%, found 16.9%; S calc. 4.50%, found 4.3%.
PA0  Example XXXVIII: S-dimethylcyclohexyl tin-.beta.-mercaptopropionic
      acid-polyethylene glycol ester
      ##EQU47##
PAR  The synthesis is carried out under the conditions described in Example
      XXXVIII.
PAL  Batch:
PA1  31.2 parts of dimethylcyclohexyl tin bromide
PA1  5.4 parts of sodium methylate
PA1  48.8 parts of .beta.-mercaptopropionic acid polyethylene glycol ester
PA1  50.0 parts of methanol
PA1  50.0 parts of i-propanol
PAR  Yield: 69.9 parts (97% of theory); yellowish liquid; Sn calc. 16.51%, found
      16.2%; S calc. 4.46%, found 4.5%.
PA0  Example XXXIX: S-dimethyl-n-octyl tin-.beta.-mercaptopropionic
      acid-polyethylene glycol ester
      ##EQU48##
PAR  The synthesis is carried out under the conditions described in Example
      XXXVII.
PAL  Batch:
PA1  34.2 parts of dimethyl-n-octyl tin-bromide
PA1  5.4 parts of sodium methylate
PA1  48.8 parts of .beta.-mercaptopropionic acid polyethylene glycol ester
PA1  50.0 parts of methanol
PA1  50.0 parts of i-propanol
PAR  Yield: 61.3 parts (90% of theory); yellowish liquid; n.sub.D.sup.20 :1.4940
      Sn calc. 15.85%, found 15.9%; S calc. 4.28%, found 4.1%.
PA0  Example XL: sodium S-dimethyl-n-octyl tin-.gamma.-mercaptopropanesulphonate
      ##EQU49##
PAR  A solution of 51.3 parts of dimethyl-n-octyl tin bromide in 150 parts of
      methanol is treated with 8.1 parts of sodium methylate. The reaction
      mixture is stirred for 10 minutes at 30.degree.C and subsequently 26.7
      parts of sodium .gamma.-mercaptopropanesulphonate dissolved in 40 parts of
      water are added dropwise. The clear solution is treated with chloroform
      and purified neutral on silica gel. The eluate is concentrated in a rotary
      evaporator and the residual solvent is distilled off in an oil pump.
PAR  Yield: 63 parts (96% of theory); semisolid mass; Sn calc. 27.03%, found
      26.2%.
PA0  Example XLI: S-dimethyl-n-butyl tin-.beta.-mercaptopropionic acid
      polyethylene glycol ester
      ##EQU50##
PAR  The synthesis is carried out under the conditions described in Example
      XXXVII.
PAL  Batch:
PA1  42.8 parts of dimethyl-n-butyl tin bromide
PA1  8.1 parts of sodiummethylate
PA1  43.2 parts of .beta.-mercaptopropionic acid polyethylene glycol ester
PA1  75.0 parts of methanol
PA1  75.0 parts of i-propanol
PAR  Yield: 69 parts (93% of theory); colourless liquid; Sn calc. 24.08%, found
      23.6%; S calc. 6.50%, found 6.3%.
PA0  Example XLII:
      .beta.-(S-dimethyl-n-dodecyl)-mercaptoethyl-diethylmethylammonium-methylsu
     lphate
      ##EQU51##
PAR  The synthesis is carried out under the conditions described in Example
      XXXVII.
PAL  Batch:
PA1  13.3 parts of diethylamino-ethane diol
PA1  33.5 parts of dimethyl-n-dodecylhydroxide
PA1  100.0 parts of toluene
PA1  12.6 parts of dimethyl sulphate
PA1  100.0 parts of methanol
PAR  Yield: 57 parts (99% of theory); soap-like consistency. Sn calc. 20.59%,
      found 19.9%; S calc. 11.12%, found 11.3%.
CLMS
STM  We claim:
NUM  1.
PAR  1. A triorganometallic compound of the general formula I
      ##EQU52##
      wherein M represents tin or lead and R.sub.1, R.sub.2, and R.sub.3 each
      independently represents a linear or branched aliphatic group with 1 to 16
      carbon atoms, which can be saturated or singly olefinically unsaturated,
      the cyclopentyl-, cyclohexyl-, or phenyl group, the sum of the carbon
      atoms of the substituents R.sub.1, R.sub.2, and R.sub.3 being at most 18
      and wherein A represents a strongly hydrophilic group of the formula II
      ##EQU53##
      wherein n is a number from 2 to 15.
NUM  2.
PAR  2. A compound according to claim 1, of formula I, wherein R.sub.1, R.sub.2
      and R.sub.3 each independently represents alkyl with 1 to 4 carbon atoms,
      vinyl, 3-butenyl, cyclohexyl or phenyl.
NUM  3.
PAR  3. A compound according to claim 1, of the formula I, wherein the
      substituents R.sub.1 and R.sub.2 are the same.
NUM  4.
PAR  4. A compound according to claim 1, of the formula I, wherein the
      substituents R.sub.1, R.sub.2, and R.sub.3 are the same.
NUM  5.
PAR  5. A compound according to claim 1, of the formula I, wherein R.sub.1 and
      R.sub.2 represent methyl, and R.sub.3 represents butyl, octyl, cyclohexyl,
      or phenyl.
NUM  6.
PAR  6. A compound according to claim 1, of the formula I, wherein R.sub.1,
      R.sub.2, and R.sub.3 are the same and represent n-butyl, cyclohexyl, or
      phenyl.
NUM  7.
PAR  7. A compound according to claim 1, of the formula I, wherein M represents
      tin.
NUM  8.
PAR  8. A compound according to claim 1, of the formula
      ##EQU54##
      n being .about. 4,5.
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ABST
PAL  Novel compositions of matter herein are claimed and may be represented by
      the general formula CuA.L, where CuA is a Cu(I) salt of medium to strong
      Bronsted acids and L is a ligand chosen from a variety of structural
      classes including phosphines, phosphites, phosphine sulfides, phosphine
      oxides, thiophosphates, thioureas or arsines. These compositions are
      liquid at ambient conditions and are useful for complexing a variety of
      complexible organic compounds such as olefins, diolefins, allenes,
      acetylenes, aromatics, carbon monoxide and the like. In a preferred
      embodiment, the use of trialkyl phosphines is found to improve the
      stability of CuAlCl.sub.4.aromatic systems when said systems are used in
      olefin complexing processes.
PARN
PAR  This is a division, of application Ser. No. 259,079 filed June 2, 1972 now
      Patent No. 3,776,972.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to a method of preparing novel compositions of
      matter having the formula CuA.L by contacting the Cu(I) salts of moderate
      to strong Bronsted acids with suitable ligands in a 1:1 mole ratio. The
      process may be carried out in the presence of a solvent which is
      subsequently removed. Alternatively, the materials may be prepared by
      reacting a Cu(II) salt with an appropriate reducing agent in the presence
      of a ligand. More particularly, the invention relates to the use of these
      novel compositions of matter as complexing agent for separating
      complexible ligands from feed streams.
PAR  In a preferred embodiment, the invention relates to the use of a special
      class of these ligand materials, namely, the trialkyl phosphines for use
      in a CuAlCl.sub.4.aromatic system employed in olefin complexing processes.
      The addition of said trialkyl phosphines to these systems has been found
      to improve the stability of the complexing system. The invention,
      therefore is related to the use of liquid copper salts as complexing
      agents and in a preferred embodiment as an improvement on the employment
      of CuAlCl.sub.4.aromatic systems, in olefin complexing processes.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  In general copper (I) salts are known to complex a variety of organic
      compounds such as olefins and aromatics and the like. This property of the
      copper salts makes them especially useful as agents to effect various
      separations. For example, U.S. Pat. No. 3,410,924 describes a process for
      recovering complexible ligands from feed streams by contacting them with a
      cuprous halide salt contained in an anhydrous slurry in the presence of a
      C.sub.5 monoolefin sorbent activator.
PAR  Another process is described in U.S. Pat. No. 3,218,366  wherein the
      separation of olefins from hydrocarbon mixtures is carried out via a
      selective absorption method with a silver fluoroborate or a silver
      fluorosilicate. The separation of nonaromatic unsaturated hydrocarbons
      from more saturated hydrocarbons by selective complex formation with
      cuprous trifluoroacetate dissolved in solvents, such as propionitrile or
      the like has been disclosed in U.S. Pat. No. 3,401,112.
PAR  Beckham et al in U.S. Pat. No. 3,517,081 teaches a process for the
      separation of unsaturated hydrocarbons in admixture with saturated
      hydrocarbons by contacting the feed with cuprous fluoroborate or cuprous
      fluorophosphate dissolved in aromatic hydrocarbon solvents such as
      toluene, ethylbenzene, ethyltoluene, xylenes and the like.
PAR  In Ser. No. 805,912 now U.S. Pat. No. 3,651,159 and U.S. Pat. No. 3,592,865
      there is described the preparation and use of bimetallic salts, i.e.,
      cuprous tetrachloroaluminate (CuAlCl.sub.4) dissolved in aromatic
      hydrocarbons, i.e., benzene, as being useful for the separation and
      recovery of complexible ligands by a ligand exchange process.
PAR  Mono-triaryl phosphine complexes of copper (I) salts are known, [See for
      example, Journal of Inorganic Nuclear Chemistry, G. Costa et al, 27, 2581
      (1965)], however, these complexes exist as insoluble, solid tetramers and
      are not, within the scope of the present invention, said invention
      describing novel ligand Cu(I) complexes which are liquids, under ambient
      conditions.
PAR  The usefulness of the copper salts as complexing agents are enhanced if
      they are in a liquid state. Accordingly, it has been found that liquid
      copper salts, which may be prepared by the present invention, are useful
      as complexing agents and therefore represent an advance in this art.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, novel ligand complexes of Cu(I)
      salts having the general formula CuA.L are described. More particularly, a
      method of separating complexible ligands contained in a feed stream by
      complexing with said complexes, is also described.
PAR  This method comprises contacting the feed stream with the ligand cuprous
      complexes in the liquid state having the above formula whereby a portion
      of the complexible ligands are removed from the feed stream. In a
      preferred embodiment, an improved olefin complexing process is described
      comprising the steps of contacting the feed stream containing the olefin
      with a sorbent material containing CuAlCl.sub.4 in low volatility aromatic
      solvents and complexing a substantial portion of the olefins, thereby
      removing them from the feed stream, followed by decomplexing to recover
      the olefin, the improvement comprises incorporating a sufficient amount of
      trialkyl phosphine into the complexing solution.
PAR  It has been unexpectedly discovered that the addition or incorporation of
      this special class of ligands, i.e., trialkyl phosphines into the
      complexing solution provides increased stability for the cuprous
      tetrachloroaluminate system when operated in the presence of olefins by
      providing the following: (1) it lowers the melting point of the olefin
      complex; (2) makes the system homogeneous; and (3) it stabilizes the
      system by helping to maintain copper as Cu(I) while reducing alkylation
      and polymerization side reactions.
PAR  The preparation of the novel ligand complexes of Cu(I) salts is carried out
      by the direct mixing of suitable amounts of ligand with a Cu(I) salt. By
      Cu(I) salt is meant, a cuprous salt of medium to strong Bronsted acids.
      Bronsted acids may be defined in terms of their H.sub.o valve [Hammet
      acidity function defined in Journal of the American Chemical Society 54,
      273, 2731 (1932)], that is medium to strong Bronsted acids will generally
      have H.sub.o values in the range of from 5 to -20, more preferably from 0
      to -18, and most preferably from -10 to -18.
PAR  The ligand employed in the preparation of the liquid copper complexes may
      be chosen from a variety of structural classes, which will form a 1:1
      liquid adduct with the Cu(I) salt. Included within the various classes of
      useful ligand materials are moieties such as; phosphines, phosphites,
      phosphine sulfides, thiophosphates, thioureas and arsines. These compounds
      may comprise alkyl, alkylaryl or aralkyl groups and any combination of
      such groups. For example, ligands having the formula R.sub.1 R.sub.2
      R.sub.3 P which are referred to as phosphine ligands, wherein R.sub.1,
      R.sub.2 and R.sub.3 are alkyl radicals having from 1 to 30 carbon atoms,
      more preferably from 3 to 12 and most preferably from 4 to 8 carbon atoms.
      Particularly preferred is the tri-n-butyl and tri-n-octyl phosphines.
      Nonlimiting examples of representative materials which could be used as
      ligands to prepare the liquid copper salts include: tributyl phosphine,
      trioctyl phosphine, trihexadecyl phosphine, decyl dimethyl phosphine,
      trihexyl phosphite, tributyl phosphine sulfide, tripentyl thiophosphate,
      tributyl arsine, tetraethyl thiourea and the like.
PAR  As was previously described, the Cu(I) salts employed in the preparation of
      the novel liquid copper complexes are those Cu(I) salts of medium to
      strong Bronsted acids. The compositions of matter prepared have the
      general formula CuA.L, wherein A is an anionic moiety selected from the
      group consisting of chloride, cyanide, fluoroborate,
      trifluoromethane-sulfonate, tetrachloroaluminate, trifluoroacetate,
      thiocyanate ions and moieties having formulas PF.sup.-.sub.6,
      AsF.sup.-.sub.6, SbF.sup.-.sub.6, TeF.sup.-.sub.6 and NbF.sup.-.sub.6.
      Preferably, however, A is AlCl.sup.-.sub.4 and L is a trialkyl phosphine.
PAR  The liquid copper complexes, as described above, may be prepared by the
      direct mixing of appropriate amounts of ligand in Cu(I) salt. They may
      also be prepared by contacting a Cu(II) salt with an appropriate reducing
      agent such as alkyl aryl phosphines in the presence of a suitable ligand
      material. Representative examples of the liquid copper complexes which may
      be prepared in the aforesaid manner are as follows: Bu.sub.3 P.CuCl,
      Bu.sub.3 P.CuO.sub.2 CCF.sub.3, Bu.sub.3 P.CuO.sub.3 SCF.sub.3, (Bu.sub.3
      P).sub.1.35 CuSbF.sub.6, Bu.sub.3 P.CuCn..phi.-CH.sub.3, (Bu.sub.3
      P).sub.2 CuBr, Bu.sub.3 P.CuBF.sub.4, Bu.sub.3 P.CuNO.sub.3, Bu.sub.3
      P.CuPF.sub.6, Bu.sub.3 P.CuAsF.sub.6, Bu.sub.3 P.CuTaF.sub.6, Bu.sub.3
      P.CuNbF.sub.6.
PAR  The liquid copper complexes prepared in the manner described above are
      useful in a method for separating ligands from feed streams containing
      them. These complexes may be used to complex and separate a variety of
      organic compounds such as olefins, diolefins, allenes, acetylenes and
      aromatics both substituted and unsubstituted. By substituted organic
      compounds is meant those moieties described above which are substituted
      with one or more functional groups such as halogen, ester, carbonyl, ether
      groups and the like attached to the organic compounds.
PAR  In a typical reaction sequence, a mixture of gaseous olefin and alkane is
      bubbled through the liquid copper complex. After saturation, the complex
      is removed from the gas stream and the desired olefin may then be
      recovered by heating or by displacement reactions.
PAR  In another preferred embodiment, it has been unexpectedly discovered that
      the inclusion of a sufficient amount, i.e., from 10 mole % up to 200 mole
      % based on moles of copper, of a trialkyl phosphine having the formula
      R.sub.1 R.sub.2 R.sub.3 P may be incorporated into a complexing solution
      containing cuprous tetrachloroaluminate i.e., CuAlCl.sub.4, in various low
      volatile aromatic solvents. The complexing solution is then found to have
      increased stability in an improved olefin complexing process.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In a preferred embodiment of the invention described herein, liquid copper
      complexes are prepared by the reaction of Cu(I) salts of moderate to
      strong Bronsted acids with trialkyl phosphines, particularly tri-n-butyl
      and tri-n-octyl phosphines. The complexes are prepared by contacting the
      two reactants either in the presence of a solvent, which is subsequently
      removed, or in the absence of a solvent.
PAR  A typical process scheme for the use of the liquid copper complexes for
      separating the various complexible ligands may be described as a process
      in which a mixture of gaseous olefins and alkanes is bubbled through the
      liquid copper complex. After saturation of the complex, the complex would
      be removed from the gas stream and the desired olefin could thereafter be
      recovered by heating or displacement techniques.
PAR  In a preferred embodiment of the improved olefin complexing process,
      ethylene and propylene may be recovered from the feed stream, the feed
      stream may be obtained from the light ends section of a conventional steam
      cracking unit. The desired ligands can be recovered in purities exceeding
      95% by the process of this invention wherein the improvement comprises
      incorporating into the tetrachloroaluminate complexing solution, dissolved
      in low volatile aromatic solvents, from 10 mole % to 200 mole % of
      trialkyl phosphines, such as tri-n-butyl phosphine. The process may then
      be carried out such that the olefins are recovered in the desired purity
      while at the same time the complexing system is maintained in a
      homogeneous state and stabilized to reduce alkylation and polymerization
      side reactions.
DETD
PAR  The present invention may be illustrated but is not necessarily limited to
      the following examples:
PAC  EXAMPLE I
PAR  Tributyl phosphine (20.2 g.-0.10 moles) was added to cuprous chloride (12.0
      g.-0.12 moles) in a flask protected by a nitrogen bubbler and stirred
      overnight. The reaction was filtered in a dry box to give a clear liquid.
      Analysis: calculated for C.sub.12 H.sub.27 CuClP: Cu, 21.1; P, 10.3.
      Found: Cu, 22.9; P, 9.3. This material was found to complex weakly with
      ethylene, cyclohexene, and 1,5-cyclooctadiene. It was also observed to
      complex with 1,3-butadiene.
PAC  EXAMPLE II
PAR  To a benzene solution of 0.01 m. CuBF.sub.4 was added 2.02 g. (0.01 m)
      tributyl phosphine. The solution (light yellow after 1 hour) was stripped
      of solvent. The remaining oil was used to complex ethylene. It was found
      that one mole of ethylene was quickly absorbed per mole of copper at room
      temperature (25.degree.C). and that warming to 40.degree.-70.degree.
      effected decomplexation quantitatively. The cycle was repeated four times
      with no loss of activity.
PAR  In a similar manner the following Cu(I) salts were prepared as 1:1 liquid
      adducts with tri-n-butylphosphine: CuCN, CuOSO.sub.2 CF.sub.3,
      CuAlCl.sub.4, CuOCOCF.sub.3 and CuSCN. Analysis indicated the structural
      formulas corresponded to 1:1 adducts of the ligand tri-n-butylphosphine
      and the particular salt described above.
PAR  The observation of miscibility in all proportions of these complexes with
      alkanes is good evidence that they are not merely solutions of copper (I)
      salts in trialkyl phosphine, but rather 1:1 complexes of ligand and the
      Cu(I) salt and that a substantial bond, i.e., coordinating covalent bond,
      between phosphorus and copper exists. Otherwise the copper salt would be
      expected to precipitate upon dilution with alkanes as their solubility in
      alkanes is very limited and most of the copper salts, described herein
      demonstrate no solubility at all in alkanes as solvents.
PAC  EXAMPLE III
PAR  One gram of each of the below listed tributyl phosphine Cu salt complexes
      was contacted with 1,3-butadiene at one atmosphere pressure and
      22.degree.C. In all cases the tri-n-butyl phosphine-Cu salt complex was a
      liquid at the operating temperature and had the composition indicated by
      the formulas listed. The results of these experiments are summarized in
      the table below and show the complexing ability of each of the compounds
      exemplified, for 1,3-butadiene.
TBL                TABLE I                                                     

     ______________________________________                                    

     COMPOUND          MOLES 1,3-BUTADIENE/MOLES Cu                            

     ______________________________________                                    

     Bu.sub.3 P.CuCl   .11                                                     

     Bu.sub.3 P.CuO.sub.2 CCF.sub.3                                            

                       .82                                                     

     Bu.sub.3 P.CuO.sub.3 SCF.sub.3                                            

                       .88                                                     

     (Bu.sub.3 P).sub.1.35 CuSbF.sub.6                                         

                       3.67                                                    

     Bu.sub.3 P.CuCN..phi.-CH.sub.3                                            

                       .51                                                     

     (Bu.sub.3 P).sub.2 CuBr                                                   

                       .46                                                     

     Bu.sub.3 P.CuBF.sub.4                                                     

                       1.16                                                    

     Bu.sub.3 P.CuNO.sub.3                                                     

                       .40                                                     

     ______________________________________                                    

PAC  EXAMPLE IV
PAR  Tri-n-butyl phosphine-cuprous chloride (6.0.sub.g -0.02 moles), biphenyl
      (3.0.sub.g -0.02 moles) and aluminum chloride (2.6.sub.g -0.02 moles) were
      mixed together under a dry nitrogen atmosphere, then heated to
      150.degree.C for 12 hours. This was centrifuged to give a clear amber
      liquid. At 25.degree.C and one atmosphere of ethylene, the complex
      absorbed 55cc. of ethylene (one molar equivalent equals 56cc.) and at
      75.degree.C evolved 53cc. When the temperature was again lowered to
      25.degree., it reabsorbed 53cc. The liquid was taken to various
      temperatures and the rate of olefin uptake measured. The data is presented
      in the table below and shows the effect that temperature may have on the
      complexing rate of a tri-n-butylphosphine- CuAlCl.sub.4 in biphenyl
      complexing solution.
TBL  __________________________________________________________________________

     Temperature (.degree.C)                                                   

               Rate(moles olefin/mole Cu/hr)                                   

                                Time Interval(Hr.)                             

     __________________________________________________________________________

     100.degree.                                                               

               .0033            22.25                                          

     140.degree.                                                               

               .0088            22.25                                          

     160.degree.                                                               

               .0042            23.25                                          

     __________________________________________________________________________

PAC  EXAMPLE V
PAR  To a solution of trioctyl phosphine (14.86g), in 25 ml. of pentane, was
      added cuprous chloride (4.16g). The mixture was heated to 100.degree.C for
      2 hours with agitation, then allowed to cool and sit overnight. The
      pentane was stripped off to give a clear colorless liquid. This liquid was
      analyzed and the analysis showed: Analysis: calculated for CuClC.sub.24
      H.sub.51 P: Cu, 13.53; P, 6.59. Found: Cu, 13.57; P, 6.61.
PAC  EXAMPLE VI
PAR  To a solution of tri-n-butyl arsine in pentane is added an equi-molar
      amount of cuprous chloride. The reaction is stirred for 24 hours until a
      clear solution is obtained. The solvent pentane, is stripped off to yield
      a colorless, clear liquid having the following structural formula:
      CuCl.(C.sub.4 H.sub.9).sub.3 As.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Novel compositions of matter having the general formula CuAlCl.sub.4.L
      wherein L is selected from the group consisting of tributyl phosphine,
      trioctyl phosphine, trihexadecyl phosphine, decyl dimethyl phosphine.
NUM  2.
PAR  2. Compositions of matter having the general formula CuAlCl.sub.4.L wherein
      L is a phosphine having the formula R.sub.1 R.sub.2 R.sub.3 P, wherein
      R.sub.1, R.sub.2 and R.sub.3 are independently selected from the group
      consisting of alkyl radicals having from 1-30 carbon atoms and which form
      1:1 liquid adducts with CuAlCl.sub.4 moiety under ambient conditions.
NUM  3.
PAR  3. The compositions of matter of claim 2 wherein R.sub.1, R.sub.2 and
      R.sub.3 are independently selected from the group consisting of alkyl
      radicals having from 3 to 12 carbon atoms.
NUM  4.
PAR  4. The compositions of matter of claim 2 wherein R.sub.1, R.sub.2 and
      R.sub.3 are independently selected from the group consisting of alkyl
      radicals having from 4 to 8 carbon atoms.
NUM  5.
PAR  5. The compositions of matter described by claim 2 wherein L is further
      selected from the group consisting of trin-butyl phosphine and tri-n-octyl
      phosphine.
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ABST
PAL  Chelated lithium aluminum compounds are prepared by mixing a lithium
      aluminum compound such as a lithium aluminum hydride with a chelating
      agent wherein the agent contains at least one nitrogen atom. The chelating
      agent is a tertiary polyamine or aminoether. The resultant chelate is used
      for a variety of processes such as separations, catalytic reactions,
      substitution reactions, reductions, electrochemical reactions, and also as
      an oil and fuel additive.
PARN
PAR  This application is a continuation-in-part of an application bearing Serial
      No. 808,328 filed March 18, 1969.
BSUM
PAC  THE PRIOR ART
PAR  It is well known (e.g. see British Pat. No. 1,051,269) that organolithiums
      such as n-butyllithium will form chelate complexes with certain
      bifunctional Lewis bases, particularly di-tertiary amines such as
      tetramethylethanediamine. According to this patent, the complexes are
      prepared by mixing the organolithium and the di-tertiary diamine,
      generally in the presence of a hydrocarbon solvent or excess amounts of
      the diamine. The chelate complex forms quite rapidly since the
      organolithium and the diamine form a homogeneous solution (in a
      hydrocarbon or excess diamine) and the chelate complex may then be
      isolated by removal of the diluent.
PAR  It is also well known (e.g. see British Pat. No. 1,031,179) that alkali
      metals such as sodium or lithium in finely divided form can be reacted
      with certain organic compounds to produce the corresponding organo alkali
      metal salts, providing the reaction is carried out in the presence of
      certain amines in which at least one of the amino groups is a primary or
      secondary amino group. Thus, a lithium dispersion (in heptane) can upon
      admixture with ethylene diamine, yield N-lithioethylene diamine; this
      latter matter upon treatment with acetylene will yield monolithium
      acetylide ethylene diamine.
PAR  It is also well known (U.S. Pat. No. 2,726,133) that lithium chloride may
      be extracted from crude aqueous lithium chloride with the aid of an inert
      solvent of 3 to 8 carbon atoms containing at least one nitrogen or oxygen
      atom such as the alkanols, corresponding ketones and aldehydes, pyridine
      and quinoline.
PAR  Bedell in his U.S. Pat. No. 3,258,490, teaches the use of primary amines to
      prepare insoluble high melting compounds of lithium perchlorate. Despite
      Bedell's reference to "chelation," it is apparent from the properties of
      his complexes that they are not chelates but are open chain polymeric
      complexes. Bedell does not show, suggest or teach that tertiary diamines
      are capable of forming similar complexes or that they are in any way
      equivalent to primary diamines.
PAC  THE PRESENT INVENTION
PAR  This application is a continuation-in-part of Ser. No. 808,328 filed Mar.
      18, 1969 entitled "Inorganic Lithium Amine Complexes." It has now been
      unexpectedly discovered that a complex of certain inorganic lithium salts
      and certain complexing agents can be readily prepared. This is highly
      surprising for the various reasons set forth immediately below.
PAR  At the outset, it was surprising that a complex of an inorganic lithium
      salt could be prepared since the general chemistry (i.e. properties,
      reactivity, etc.) of inorganic lithium salts differ drastically from that
      of organolithium compounds or lithium metal. Many organolithium compounds
      are generally soluble in hydrocarbons and thus readily form complexes upon
      admixture with certain complexing agents. However, inorganic lithium salts
      are generally insoluble in hydrocarbons; thus, it was wholly unexpected to
      find that when many inorganic lithium salts were mixed with a hydrocarbon
      containing the complexing agent, the inorganic lithium salts dissolved in
      the reaction medium and stable complexes of the chelating agent with the
      lithium salt could be obtained from the reaction mixture.
PAR  It is well known that one of the significant factors used in predicting
      whether a reaction can be accomplished with a given material is whether
      the lattice energy of such material is low enough to be overcome by the
      other reactant so as to form a new compound. Thus, it was highly
      surprising to find that the inorganic lithium salts which have
      significantly higher lattice energies than those of organolithium
      compounds, nevertheless can form complexes with the same type (and indeed
      many more types) of complexing agent as those used in conjunction with the
      organolithium compounds.
PAC  THE LITHIUM COMPOUND
PAR  The first component of the novel chelated lithium compounds of this
      invention is a lithium compound having a lattice energy no greater than
      about that of lithium hydride, preferably no greater than about 210
      kilocalories per mole (measured at about 18.degree.C). The lattice
      energies of various inorganic lithium salts may be found in the "Handbook
      of Electrochemical Constants" by Roger Parsons (Academic Press 1959).
PAR  The lithium compounds useful for this invention must have less than the
      requisite maximum lattice energy and they will normally have melting
      points less than about 650.degree.C. The lithium compounds for the
      purposes of this invention, have no hydrocarbon radical bonded directly to
      the lithium atom and any hydrocarbon radical present in the anion moiety
      must be indirectly bonded to the lithium through a third atom which cannot
      be nitrogen, oxygen, phosphorus or sulfur. Thus, lithium compounds such as
      n-butyllithium and phenyllithium are outside the scope of this invention.
      Similarly, compounds of the type LiOR, LiNHR or LiNR.sub.2, LiPR.sub.2,
      LiOOCR are outside the scope of this invention. On the other hand,
      compounds of the type LiCN, LiSCN, LiAlR.sub.2 Cl.sub.2, LiAlH(OR).sub.3,
      LiBH(OR.sub.3), LiAlR.sub.3 H are within the scope of this invention.
PAR  Specific nonlimiting examples of useful inorganic lithium salts are those
      in which the anion is: azide, chlorate, cyanide, fluosulfonate, chloride,
      bromide, iodide, iodate, nitrate, hypochlorite, nitrite, thiocyanate,
      perchlorate, Br.sub.3, I.sub.3, ClBr.sub.2, IBr.sub.2, ICl.sub.4,
      BrF.sub.4, IF.sub.6.
PAR  Also useful are those lithium compounds in which the anion is a complex
      metal anion which may be represented by th formula R".sub.n MX.sub.m
      wherein n is an integer of 0 to 6 inclusive depending on the valence of M,
      m is an integer and (n + m - 1) equals the valence of M, X is a halogen,
      R" is a C.sub.1 -C.sub.20 alkyl, aryl or aralkyl radical and M is a metal
      selected from the group consisting of beryllium; magnesium; Group Ib
      elements; Group IIb elements; Group III elements, Group IVa elements other
      than carbon and silicon; Group Va elements other than nitrogen; and the
      transition metals, i.e. subgroup b of Groups IV through VIII. The Periodic
      Table employed in describing this invention is that which appears on the
      back cover of "Handbook of Chemistry and Physics" (Chemical Rubber Co.,
      49th Edition).
PAR  Nonlimiting examples of useful complex metal anions include the
      hydridoaluminates, the hydridoborates, the chloroaluminates (tetra-,
      hepta-, etc.), the aluminum alkyl halides, AuBr.sub.4, BF.sub.4,
      BeCl.sub.4, SnCl.sub.6, PF.sub.6, TiCl.sub.6, FeCl.sub.4, Cr(CO).sub.5 I,
      MnCl.sub.3, Ni(CN).sub.4, VF.sub.6, HgCl.sub.3, B.sub.2 H.sub.7, UF.sub.4,
      AsF.sub.6.
PAR  Preferably, the lithium compound is one of the following: lithium chloride,
      lithium bromide, lithium iodide, lithium aluminum hydride, lithium
      borohydride, lithium nitrate, lithium hexafluorophosphate, lithium
      tetrafluoborate, lithium tetraphenylborate, LiAl(C.sub.2 H.sub.5)H.sub.3,
      LiAl(C.sub.2 H.sub.5).sub.2 H.sub.2, LiAl(C.sub.2 H.sub.5).sub.3 H,
      LiAl(C.sub.2 H.sub.5).sub.4, lithium perchlorate, lithium azide,
      LiAsF.sub.6 and Li.sub.2 BeF.sub.4. More preferably, the lithium compound
      of the subject invention is selected from the group consisting of
      LiAlR.sub.n X.sub.(4.sub.-n) and LiAlR.sub.m X'.sub.(4.sub.-m) wherein R
      is a hydrogen or a C.sub.1 -C.sub.20 hydrocarbyl group, X is selected from
      the group consisting of chlorine, bromine, iodine; X' is selected from the
      group consisting of C.sub.1 -C.sub.20 alkoxide, C.sub.1 -C.sub.20
      thioalkoxide, C.sub.2 -C.sub.40 hydrocarbyl secondary amides and C.sub.2
      -C.sub.40 hydrocarbyl secondary phosphides; n is an integer from 0 to 4,
      and m is an integer from 1 to 4. Typical examples are LiAlH.sub.3 Cl,
      LiAlR.sub.3 Cl, LiAlR.sub.3 Br, LiAlR.sub.3 I, LiAlR.sub.3 NR.sub.2,
      LiAlR.sub.2 [NR.sub.2 ].sub.2, LiAlH.sub.2 (NR.sub.2).sub.2, LiAlH.sub.2
      ORNR.sub.2, LiAlH.sub.2 BrOR, LiAlH.sub.2 BrNR.sub.2, LiAlHBrORNR.sub.2,
      LiAlH.sub.3 SR and LiALH.sub.2 NR.sub.2 SR.
PAR  Specific nonlimiting examples of the lithium compounds of this invention
      are LiAlH[N(C.sub.2 H.sub.5).sub.2 ].sub.3,LiAlH.sub.2 [N(C.sub.3
      H.sub.7).sub.2 ].sub.2, LiAlH.sub.3 N(C.sub.10 H.sub.21).sub.2,
      LiAlH.sub.3 OC.sub.2 H.sub.5, LiAlCl(C.sub.4 H.sub.9).sub.3,
      LiAlBr(C.sub.4 H.sub.9).sub.3, LiAlI(C.sub.4 H.sub.9).sub.3, LiAlH.sub.2
      BrC.sub.4 H.sub.9, LiAlH.sub.2 N(C.sub.10 H.sub.21).sub.2 OC.sub.2
      H.sub.5, LiAlH.sub.3 N(C.sub.6 H.sub.11).sub.2, LiAlHBr(i-C.sub.4
      H.sub.9).sub.2, LiAlH.sub.2 N(C.sub.2 H.sub.5).sub.2 SC.sub.6 H.sub.5,
      LiAl(C.sub.2 H.sub.5).sub.2 N(C.sub.2 H.sub.5).sub.2 Br, LiAl(C.sub.6
      H.sub.5).sub.3 Br, LiAlCl.sub.2 BrC.sub.2 H.sub.5, LiAlH.sub.3 SC.sub.8
      H.sub.17, LiAlHBrOC.sub.2 H.sub.5 N(C.sub.10 H.sub.21).sub.2, LiAlH.sub.2
      ISCH.sub.3, LiAl(C.sub.2 H.sub.5).sub.2 C.sub.20 H.sub.41 Br, LiAlH.sub.3
      OC.sub.6 H.sub.5, LiAlH.sub.3 SC.sub.20 H.sub.41, LiAlH.sub.3 OC.sub.20
      H.sub.41, LiAlH.sub.3 P(C.sub.6 H.sub.11).sub.2 and the like.
PAR  Most preferred are the lithium compounds having the above formulas wherein
      R is a hydrogen atom, n is an integer from 1 to 4, and m is an integer
      from 1 to 4. Illustrative examples include LiAlH.sub.4, LiAlH.sub.3 Cl,
      LiAlH.sub.2 Br.sub.2, LiAlH.sub.3 O-menthyl*, LiAlH.sub.3 N(C.sub.2
      H.sub.5).sub.2, LiAlH.sub.2 Br(SC.sub.6 H.sub.5), LiAlH.sub.2
      [OCH*(CH.sub.3)C.sub.6 H.sub.5 ].sub.2, LiAlH.sub.3 NHCH*(CH.sub.3)C.sub.6
      H.sub.5, LiAlH.sub.3 O LiAlH.sub.3 OC*(C.sub.6 H.sub.5)(CH.sub.2 C.sub.6
      H.sub.5)*CH(CH.sub.3)N(CH.sub.3).sub.2, wherein * denotes optical
      activity, and the like.
PAC  THE CHELATING AGENT
PAR  The chelating agent is a polyfunctional Lewis base which contains at least
      two functionalities: at least one functionality is a tertiary amine group;
      at least one other functionality is a tertiary amine group or an ether
      group.
PAR  The chelating agent has one required functionality in a spatial
      relationship with the other required functionality(ies) in the molecules
      such that co-ordinate bonds are established between the functionalities
      and the lithium cation of the lithium compound.
PAR   The chelating agent may be sparteine, an N,N'-di(C.sub.1 -C.sub.4 alkyl)
      bispidin, tris-(.beta.-C.sub.1 -C.sub.4 -dialkylaminoethyl)amine as well
      as those compounds falling within the scope of the following general
      formulas:
      ##EQU1##
      wherein a is 1 or 2, depending on the valence of Y; b is 0 or 1, depending
      on the valence of Y; c is an integer of 0 to 4, inclusive; e is an integer
      of 0 to 3, inclusive; R' is the same or different C.sub.1 -C.sub.4 alkyl
      radical; R" is the same or different C.sub.1 -C.sub.4 alkyl radical or
      C.sub.6 -C.sub.10 aryl or aralkyl radical; Y is a nitrogen or oxygen atom;
      and Z is a nonreactive radical selected from the group consisting of (1)
      C.sub.4 -C.sub.10 cycloaliphatic or aromatic radicals and their lower
      alkyl derivatives wherein said radicals are attached to the nitrogen and Y
      atoms in Formula I and the nitrogen atoms in Formula II at 1,2-positions
      on the aromatic rings or 1,2- or 1,3-positions on the cycloaliphatic
      rings; and (2) 1 to 4 methylenic radicals, wherein each methylenic radical
      contains 0 to 2 monovalent hydrocarbon radicals of 1 to 6 carbon atoms.
PAR  Suitable nonlimiting examples of chelating Lewis bases falling within the
      scope of the above formulas are:
PAR  N,N,N',N'-tetramethyl-1,2-cyclopentanediamine,
      N,N,N',N'-tetramethyl-1,2-cyclohexanediamine (cis, trans or mixtures),
      N,N,N',N'-tetramethyl-o-phenylenediamine,
      4-ethyl-N,N,N',N'-tetramethyl-o-phenylenediamine,
      N,N,N",N"-tetramethyl-N'-phenyl diethylene-triamine,
      N,N,N',N'-tetramethyl-1,2-ethanediamine,
      N,N,N',N'-tetramethyl-1,3-propanediamine,
      N,N,N',N",N"-pentamethyl-diethylenetriamine,
      N,N,N',N'-tetramethyl-1,2-propanediamine,
      N,N'-dimethyl-N,N'-diethyl-1,2-ethanediamine,
      N,N,N',N'-tetramethyl-1-cyclohexyl-1,2-ethanediamine,
      N,N,N',N'-tetramethyl-2,3-butanediamine,
      N,N,N',N'-tetramethyl-1,4-butanediamine, N,N,N,',N",N'" ,N'"-hexamethyl
      triethylenetetramine,
      N,N,N',N",N'",N"",N'"",N'""-octamethylpentaethylenehexamine,
      beta-(dimethylamino-ethyl methyl ether, beta-diethylaminoethyl ethyl
      ether, bis-(.beta.-dimethylaminoethyl) ether, beta-(dimethylamino)-ethyl
      ethyl ether, gamma-(dimethylamino)-propyl methyl ether,
      ortho-dimethylamino anisole; 1,2-dipyrrolidylethane,
      trans-1,2-dipyrrolidyl cyclohexane, 1,2-dipiperidylethane,
      1,3-dipyrrolidylpropane, 1,2-dipyrrolidylpropane,
      2,2-dimethyl-1,3-dipyrrolidylpropane,
      1,1,1-tris-(pyrrolidylmethyl)-ethane, N,N'-dipropyl-9,9-di-methylbispidin,
      etc.
PAR  Particularly preferred, since they generally give rise to
      hydrocarbon-soluble complexes and are more stable to decomposition, are
      the tertiary polyamines (i.e. all of the heteroatoms are tertiary nitrogen
      atoms) containing at least 5 carbon atoms and at least 2 tertiary nitrogen
      atoms. Particularly preferred species of the chelating tertiary polyamines
      are N,N,N',N'-tetramethyl-1,2-ethanediamine,
      N,N,N',N'-tetramethyl-1,3-propanediamine,
      N,N,N',N'-tetramethyl-1,2-cyclohexane-diamine (cis, trans or mixtures),
      N,N,N',N",N"-pentamethyl diethylenetriamine, N,N,N',N",N"',N'"-hexamethyl
      triethylenetetramine, tris-(.beta.-dimethylaminoethyl)amine and higher
      alkyl derivatives thereof such as the corresponding
      tris-(.beta.-diethylaminoethyl)amine, dipyrrolidylethane, etc.
PAR  The chelate of the lithium compound may be readily prepared by mixing the
      selected lithium compound (having the requisite maximum lattice energy)
      with the selected chelating agent in the absence of solvent. Such mixing
      may also be accomplished in the presence of inert hydrocarbons, e.g.
      C.sub.4 -C.sub.20 alkanes (e.g. pentane, heptane, hexadecane); C.sub.6
      -C.sub.20 aromatics (e.g. benzene, toluene, xylene, dibutylnaphthalene);
      halogenated aromatics (e.g. chlorobenzene, dichlorobenzene,
      hexafluorobenzene); heterocyclic compounds (e.g. pyridine, pyrrole, furan,
      thiophene, sulfolane, borazole); or mixtures thereof. Preferred solvents
      include the aromatics, halogenated aromatics and saturated hydrocarbons.
PAR  The amount of the diluent is not critical and amounts in the range of 0 to
      99.9 wt. %, based on the chelated lithium compound may be conveniently
      employed. Thus, the chelate can be prepared in the absence of solvents, in
      the form of pastes and in solutions.
PAR  In those situations where the lithium compound of choice is not solubilized
      by the admixture of the chelating agent and solvent, the chelate may be
      formed by mixing the lithium compound (which is preferably in finely
      divided form) with the chelating agent of choice in stoichiometric
      amounts, or preferably, with excess chelating agent.
PAR  Another method for preparing the chelate involves anion exchange. In this
      method, the chelating agent of choice is mixed with lithium compound (in
      which the anion is not the desired anion) by one of the methods described
      above. Thereafter the resultant chelate is subjected to anion exchange in
      the presence of a metal salt (or other well known techniques such as anion
      exchange resins) containing the anion of choice; alternatively, all
      components may be mixed simultaneously and both complexation and
      metathesis occurs in situ.
PAR  Another method for preparing the chelate is analogous to the preceding
      method except that here the anion is one of choice, but the chelating
      agent is not one of choice. After preparing the non-preferred chelate by
      one of the above methods, the non-preferred chelating agent moiety is
      exchanged for the preferred chelating agent moiety by mixing the chelate
      (utilizing one of the former methods) with the desired chelating agent and
      thereafter recovering the desired chelate.
PAR  Regardless of the method employed the preparation of the chelate is
      preferably carried out under anhydrous conditions, although this is not
      always necessary in some applications, such as separations.
PAR  The chelate may be readily prepared at temperatures of about -50.degree.C.
      to about 200.degree.C.; preferably 0 to 100.degree.C.; the latter
      temperature range is preferred because of convenience and also since
      higher temperatures favor dissociation of the less stable chelates. In
      general, from 0.25 to 50, preferably 0.5 -10 moles of chelating agent per
      mole of lithium compound is employed; the chelating agent may be employed
      as a solvent. However, it should be understood that the amount of
      chelating agent employed may influence the structure of the resultant
      chelate. Thus, it has been found possible to prepare chelates of the
      following types:
PAR  1. Two moles of lithium compound to one mole of chelating agent such as
      (LiBr).sub.2.hexamethyltriethylenetetramine.
PAR  2. One mole of lithium compound to one mole of chelating agent, such as
      LiBr.pentamethyldiethylenetriamine, LiI.tetramethylethylenediamine.
PAR  3. One mole of lithium compound to two moles of chelating agent, such as
      LiAlH.sub.4.2 (tetramethylethylenediamine), LiAlH.sub.4
      .2(tetramethylmethanediamine), LiBr.2(tetramethylethylenediamine).
PAR  Of course, the minimum amount of chelating agent should be that
      stoichiometric amount required to produce the desired type of chelate
      (where more than one type of chelate is possible from a particular lithium
      compound and a particular chelating agent). Where only one type of chelate
      can be formed or where one is not concerned with the particular type of
      chelate to be formed (assuming more than one type is possible), it is
      often desirable to employ amounts of chelating agent in excess of the
      stoichiometric amount.
PAR  Although we do not wish to be bound by the following theoretical structure,
      it is believed that the 1:1 chelate made using a tridentate chelating
      agent has a structure of the type represented by lithium and
      N,N,N',N",N"-pentamethyldiethylenetriamine:
      ##EQU2##
      Regardless of the number of functional groups in the chelating agent, the
      number of functional groups solvating the lithium at one time will never
      be greater than four and will usually be three. Of course, the bidentate
      chelating agents can have only two functional groups solvating the
      lithium.
PAR  One of the uses of the chelates of this invention is the separation and
      purification of the chelating agents. Thus, chelating agents may be
      separated and/or purified from isomeric and/or homologous non-chelating
      Lewis bases or other materials. The chelating agents may be purified by
      complexing therewith with one of the inorganic lithium salts mentioned
      above and the chelating agent (and the inorganic lithium salt) may then be
      recovered in a pure form by destabilization of the chelate which is
      readily accomplished by addition of polar solvents to the complex (e.g.
      addition of water, ethylene glycol, methanol etc.); addition of aqueous or
      anhydrous acids or bases (e.g. hydrochloric acid, sulfuric acid, acetic
      acid, lithium hydroxide, sodium hydroxide, ammonium hydroxide, potassium
      hydroxide, etc.) or by heating at a temperature in the range of about
      30.degree. to 250.degree.C. For example, this technique has not only been
      successful in the purification of chelating agents from their crude
      preparations, but it can also make possible such difficult separations as
      between cis and trans isomers.
PAR  The purification and/or separation processes described above may, of
      course, be advantageously utilized with column and counter flow
      techniques, i.e. the inorganic lithium salt (complexed or uncomplexed) may
      be contacted with a countercurrent flow of a hydrocarbon solution of the
      chelating complexing agent sought to be purified and the resultant complex
      is then subjected to destabilization to recover the desired chelating
      complexing agent in a pure state.
PAR  By analogy, the chelating agents may be used to purify salt mixtures and
      indeed to synthesize desired lithium salts. Thus, the desired lithium salt
      may be selectively separated in a pure state from a mixture of metal salts
      by contacting the mixture (simple contact, column contact and counterflow
      contact would be suitable) with a complexing agent and thereafter
      destabilizing the resultant complex as described above to recover the
      anhydrous pure lithium salt; the complexing agent may then be recycled for
      further use in purification of lithium salts. Where the anion of the
      lithium salt is not the desired anion, the anion of the pure complexed
      lithium salt may be replaced for the desired anion by anionic exchange and
      the resultant complex is then destabilized to recover the desired lithium
      salt in a pure state.
PAR  The chelating agents of this invention are also useful in separating
      lithium salts from each other, present as solid (or molten) mixtures or
      aqueous solutions, by choosing the proper chelating agent. This is an
      extremely useful property of these chelating agents for there is no known
      prior art method for achieving such facile separations.
PAR  It has been discovered that the novel chealates of this invention,
      particularly when dissolved in an aromatic hydrocarbon solvent, afford
      highly conducting systems. For example, the complex of lithium aluminum
      hydride with N,N,N',N", N"-pentamethyldiethylenetriamine, when dissolved
      in benzene (2 molar), results in a solution having a conductivity of about
      3 .times. 10.sup..sup.-3 ohm/cm.
PAR  The high conductivity of the aromatic hydrocarbon solutions of the novel
      complexes renders these materials extremely useful for electrochemical
      reactions (e.g. dimerization of anions such as NH.sub.2 .sup.- to prepare
      hydrazine), as supporting electrolytes and as electrolytes in storage
      batteries. For example, a secondary battery may be prepared using
      electrodes such as platinum enclosed in a container which is insoluble in
      the hydrocarbon solution and utilizing the solution as charge transfer
      liquid. Alternatively, the battery may be made in the form of a dry cell
      wherein one electrode, e.g. the anode, serves as the container and the
      other electrode is centrally spaced from the container. Porous
      solution-permeable separators may be placed within the electrodes. Primary
      batteries may also be made using these systems in which one electrode is
      lithium metal or an alloy. The use of these novel complexes as
      electrolytes in batteries is disclosed and claimed in application Ser. No.
      100,813, filed Dec. 22, 1970, entitled "Electric Battery Using Complex
      Inorganic Lithium Salts and Charge Transfer Agent" and owned by the same
      assignee.
PAR  The complexed inorganic lithium salts of this invention have also been
      found to be extremely useful for electrochemical purposes in a
      solvent-free state. It is well known that molten alkali metal salts, such
      as lithium iodide in the molten state, are useful as electrical
      conductors. However, the use of such molten salts entails special
      equipment and procedures since they have high melting points, e.g. LiI
      melts at 450.degree.C. and LiBr melts at 547.degree.C. However, this
      disadvantage can be readily overcome by complexing the lithium salt with a
      complexing agent such as N,N,N',N",N"-pentamethyldiethylenetriamine
      (PMDT). Crystalline LiI.PMDT complex starts to melt at about 84.degree.C.
      and is completely molten at about 110.degree.C. At 110.degree.C.,
      PMDT.LiBr is molten and has a conductivity of 5.2 .times. 10.sup..sup.-4
      (ohm-cm).sup..sup.-1. Some lithium salts, such as lithium aluminum
      hydride, decompose below their melting points but complexation can extend
      their utility. For example, LiAlH.sub.4 decomposes at 110-125.degree.C.,
      whereas PMDB.LiAlH.sub.4 melts without decomposition at 150-155.degree.C.
      and can be sublimed at  125.degree.C./0.5 mm. When complexed by HMTT,
      LiAlH.sub.4 is stable to over 200.degree.C.
PAR  Chelates of metal hydrides (e.g. LiAlH.sub.4, LiBH.sub.4, LiAlH.sub.3 OR,
      LiAlH.sub.2 X.sub.2, etc.) have been found to be superior to the
      uncomplexed form as reducing agents. The chelate of LiAlH.sub.4 and
      N,N,N',N",N"-pentamethyl diethylenetriamine (PMDT) is very reactive and
      effective in carbonyl reduction. For example, in attempting to prepare
      1,2-bis-(hydroxymethyl)cyclohexane from phthalic acid, the relatively
      cheap intermediate, hexahydrophthalic anhydride, was reduced to the
      corresponding dihydroxy compound with the conventional LiAlH.sub.4
      -in-ether only with great difficulty and with relatively poor yield. It
      was therefore necessary to first hydrogenate diethyl phthalate to the
      corresponding hexahydro ester and thereafter reduce this ester to the
      dihydroxy compound. However, by using the LiAlH.sub.4. PMDT chelate in
      benzene, the cheap hexahydrophthalic anhydride was reduced to the
      dihydroxy compound with an 80% yield of 96% pure material thereby saving
      costs of raw materials and one process step. The chelated metal hydrides
      are also very useful in reducing esters, ketones, aldehydes, imines,
      oximes, hydrazones, amides, sulfoxides, nitriles, isonitriles, alkyl
      sulfones (which are generally not reduced by the uncomplexed metal
      hydrides in ether) nitro compounds, carboxylic acids, anhydrides,
      .alpha.,.beta.-unsaturated carboxyls, or other inorganic compounds, etc.
PAR  Chelation of lithium aluminum hydride and lithium borohydride also provides
      a new process for separating and purifying these types of compounds from
      their extensive impurities in commercial products. The process comprises
      the following steps: (a) contacting the impure complex hydride with a
      chelating agent, selected from the group tertiary polyamines and tertiary
      aminoethers, in the presence of a solvent for the chelate, and (b)
      separating the soluble chelated complex hydride from the insoluble
      impurities. It is preferred to use the pure chelate solution directly as
      prepared, but the pure chelates may be isolated as crystalline complexes
      or, in some cases, dissociated to recover the pure complex hydride
      separately from the chelating agent.
PAR  Suitable solvents for the chelates include aromatic hydrocarbons, pyridine,
      monohalogenated benzenes, alkylated benzenes, N,N-dialkylanilines and
      mixtures thereof including mixtures with minor amounts of saturated
      hydrocarbon solvents. Saturated hydrocarbon solvents may be used in a few
      instances, but they are generally not satisfactory. Most preferred
      solvents are aromatic hydrocarbons and their lower alkyl derivatives,
      especially benzene.
PAR  The chelated lithium compounds may be utilized in addition reactions:
      ##EQU3##
PAR  As a outgrowth of this invention, it has been found possible to prepare
      novel chelated lithio radical anions.
PAR  These novel lithio radical anions may be prepared by two methods. In the
      first method, a lithium dispersion and a chelating agent are admixed with
      an aromatic or heterocyclic aromatic compound whose reduction potential is
      greater than that of biphenyl (i.e., greater than -2.70 volts in a more
      positive sense vs. a saturated calomel electrode and therefore will accept
      an electron more readily than biphenyl) (e.g. naphthalene, anthracene,
      biphenyl, azulene, pyracene, pyrazine benzofuran, benzo[B]thiophene,
      4,4'-bipyridyl, cyano and nitrosubstituted benzenes, pyridazine,
      perinaphthalene, pyrene, phenanthrene, indene, isoindene, isobenzofuran,
      quinoline, isoquinoline, cinnoline, naphthyridine, pyrido [3,4-b]
      pyridine, anthranil, xanthene, acridine, dibenzothiophene, dibenzofuran,
      triphenylene, chrysene, 1,2-dibenzopyrene, 1,2,5,6-dibenzanthracene,
      coronene, fluoroanthene, acenaphthylene, tetracene, dibiphenylene-ethane,
      [2,2]paracyclophane, etc. as well as alkyl, cycloalkyl, cyano and nitro
      derivatives thereof). Depending on the particular aromatic compound of
      choice, a complexed mono- or di-lithio radical anion is formed; the
      general structure of such an anion is as follows:
EQU  [Chelating Agent.Li].sup.+ [Ar].apprch.
PAR  The second method involves the admixture of lithium metal and a chelating
      agent containing an aromatic nucleus; this chelating agent may be used as
      is or dissolved in a hydrocarbon. By this method, novel lithio radical
      anions having the following general structures may be prepared:
      ##SPC1##
PAR  In the general formulas above, the rings may contain substituents and R is
      a hydrocarbon (e.g. alkyl) radical of 1 to 20 carbon atoms, preferably a
      C.sub.1 to C.sub.4 alkyl radical. It should also be understood that the
      multi-ring analogs (anthracene, phenanthrene, etc.) and heterocyclic
      aromatics, such as quinoline, as well as the alkaryl or aralkyl analogs of
      these chelating aromatic-tert.-diamines may be used.
PAR  The novel complexed lithio radical anions are useful as catalysts, as
      electrochemical media, in batteries, as reducing agents, additives and in
      syntheses. This invention is illustrated by the following examples:
DETD
PAC  EXAMPLE 1
PAR  To 30 ml of a 1 molar solution of pentamethyldiethylenetriamine.LiAlH.sub.4
      (PMDT.LiAlH.sub.4) in benzene was added dropwise 1.38 g (30 mmoles) of
      absolute ethanol in benzene. The reaction mixture was filtered removing
      0.42 g of solid and the filtrate was allowed to evaporate under a nitrogen
      atmosphere and crystals grew. These were recovered and analyzed; theory
      for PMDT.LiAlH.sub.3 OC.sub.2 H.sub.5 ; C, 51.74%; H, 12.24%; N, 16.46%.
      Found C, 50.85%; H, 10.72%; N, 16.63%. The NMR spectrum of the product in
      benzene was also consistent with that expected for PMDT.LiAlH.sub.3
      OC.sub.2 H.sub.5.
PAC  EXAMPLE 2
PAR  To a solution of 3.1 g (20 mmoles) of
      tetramethylethylenediamine.LiAlH.sub.4 (TMED.LiAlH.sub.4) in 100 ml of
      benzene was added a solution of 4.61 g (20 mmoles) of
      tris-(.beta.-di-methylaminoethyl) amine (iso-HMTT) in 20 ml of benzene
      with stirring. The mixture was filtered and the residue was dried, wt.
      3.36 g. A portion of the product was recrystallized from benzene and
      analyzed: theory for iso-HMTT.LiAlH.sub.4 C, 53.71%; H, 12.77%; N, 20.88%.
      Found C, 52.26%; H, 12.84%, N, 21.29%.
PAC  EXAMPLE 3
PAR  To 10 mmoles of PMDT.LiAlH.sub.4 in 40 ml of benzene was added 2.93 g (40
      mmoles) of diethylamine in 40 ml of benzene. The reaction mixture was
      stirred 3 days, concentrated, diluted with heptane and allowed to stand
      under a nitrogen atmosphere whereupon rod-like crystals deposited. The
      latter were isolated by filtration and dried. The NMR spectrum of the
      product in benzene showed a ratio of three dimethylamino groups to one
      PMDT and when water was added to the benzene solution H.sub.2 gas was
      evolved. Thus the product was PMDT.LiAlH [(N(C.sub.2 H.sub.5).sub.2
      ].sub.3. Analysis: theory for PMDT.LiAlH[N(C.sub.2 H.sub.5).sub.2 ].sub.3
      C, 59.41%; H, 12.82%; N, 19.79%. Found C, 58.54%; H, 12.53% N, 19.05%.
PAC  EXAMPLE 4
PAR  To 16.8 mmoles of PMDT.LiCl in 20 ml of benzene was added a solution of
      1.92 g (16.8 mmoles) of Al(C.sub.2 H.sub.5).sub.3 in 20 ml of benzene. NMR
      analysis of the solution showed that the product was PMDT.LiAlCl(C.sub.2
      H.sub.5).sub.3.
PAC  EXAMPLE 5
PAR  To a solution of 2.60 g (10 mmole) PMDT.LiBr in 50 ml of benzene was added
      10 ml of a 1 molar solution of Al(n-C.sub.3 H.sub.7).sub.3 in heptane. NMR
      analysis of the solution showed that the product was PMDT.LiAlBr(n-C.sub.3
      H.sub.7).sub.3.
PAC  EXAMPLE 6
PAR  To 15 mmoles of iso-HMTT.LiN(CH.sub.3).sub.2 in 75 ml of benzene was added
      15 ml of a 1 molar solution of Al(n-C.sub.3 H.sub.7).sub.3 in heptane. The
      solvents were stripped from the reaction mixture and the product, wt. 6.6
      g, was analyzed by NMR. The spectrum was consistent with that expected for
      iso-HMTT. LiAl(n-C.sub.3 H.sub.7).sub.3 N(CH.sub.3).sub.2.
PAC  EXAMPLE 7
PAR  Combination of iso-HMTT.LiN(CH.sub.3).sub.2 with one equivalent of
      Al(C.sub.2 H.sub.5).sub.2 N(C.sub.2 H.sub.5).sub.2 as described in Example
      6 gave iso-HMTT. LiAl(C.sub.2 H.sub.5).sub.2 N(CH.sub.3).sub.2 N(C.sub.2
      H.sub.5).sub.2 by NMR Analysis.
PAC  EXAMPLE 8
PAR  Set forth in Table I are the thermal stabilities and benzene solubilities
      at room temperature of several crystalline complexes. These data indicate
      that the complexes have different stabilities and solubilities. Thus,
      lithium salts can be separated from one another and from other metal
      salts, and complexing agents may be separated from one another and from
      other materials. The purified lithium salts and complexing agents can be
      readily recovered by merely heating the complex alone or in solution at
      preferably above its decomposition temperature (the lithium salt starts to
      precipitate out at such temperatures); such destabilization heating may
      also be advantageously accomplished in the presence of a hydrocarbon which
      will solubilize the complexing agent, but not the complex or the lithium
      salt. Although quantitative recovery (by heating or other destabilization
      techniques) of the lithium salt and complexing agent is not possible in a
      single batch operation (because of equilibria of the destabilization
      reaction), a cyclic process can (and should) be used if quantitative
      recovery is desired.
TBL                TABLE I                                                     

     ______________________________________                                    

                       Decomposition   Solubility                              

     Lithium                                                                   

            Complexing Temp., .degree.C.                                       

                                       in Benzene                              

     Salt   Agent      (at.about.0.5 mm Hg)                                    

                                       (molar)                                 

     ______________________________________                                    

     LiCl   trans-     29              0.5                                     

            TMCHD                                                              

     LiBr   trans-     125             0.8                                     

            TMCHD                                                              

     LiI    trans-     203             0.3                                     

            TMCHD                                                              

     LiBr   cis-TMCHD  80              .about.0.1                              

     LiI    TM-o-PD    97              0.4                                     

     LiBr   TMED       50-100          1.6                                     

     LiNO.sub.3                                                                

            TMED       --              0.3                                     

     LiAlH.sub.4                                                               

            TMED       125(at 1.3 mm).sup.(a)                                  

                                       0.82                                    

     LiBH.sub.4                                                                

            TMED       --              1.0                                     

     LiAlH.sub.4                                                               

            2 TMED     --.sup.(b)      0.17                                    

     2 LiBr HMTT       .about.143      .about.0.1                              

     LiBr   HMTT       .about.40       .about.0.3                              

     LiNO.sub.3                                                                

            HMTT       --              &gt;2.0.sup.(j)                            

     LiBH.sub.4                                                                

            HMTT       --              3.0                                     

     LiAlH.sub.4                                                               

            HMTT       &gt;200.sup.(c)    0.005                                   

     LiBF.sub.4                                                                

            HMTT       --              1.3                                     

     3 LiI  HMCHT      60              &gt;0.1                                    

     LiAlH.sub.4                                                               

            TM-o-PDA   --              1.01                                    

     LiCl   PMDT       70              2.5                                     

     LiBr   PMDT       86.sup.(d)      2.5                                     

     LiI    PMDT       sublimes.sup.(e)                                        

                                       2.5                                     

     LiNO.sub.3                                                                

            PMDT       --              2.66                                    

     LiBH.sub.4                                                                

            PMDT       75 (at 1 mm).sup.(f)                                    

                                       forms gel.sup.(i)                       

     LiAlH.sub.4                                                               

            PMDT       --.sup.(g)      1.8                                     

     LiBF.sub.4                                                                

            PMDT       --.sup.(h)      0.19                                    

     LiPF.sub.6                                                                

            PMDT       --              1.25                                    

     LiB    PMDT       --              0.04                                    

     (C.sub.6 H.sub.5).sub.4                                                   

     LiNO.sub.2                                                                

            iso-HMTT   --              &gt;1.0                                    

     LiCl   n-HMTP(k)  100-105         &gt;2.0                                    

     ______________________________________                                    

      .sup.(a) blackens above 176.degree.C.                                    

      .sup.(b) M.P. 118-120.degree.C.                                          

      .sup.(c) stable to 200.degree.C.; M.P. &gt;200.degree.C.                    

      .sup.(d) M.P. 92-93.5.degree.C.                                          

      .sup.(e) M.P. 89-110.degree.C.                                           

      .sup.(f) M.P. 74-81.degree.C.                                            

      .sup.(g) sublimes w/o decomp. at 125.degree.C./0.5 mm; M.P.              

      150-155.degree.C.                                                        

      .sup.(h) M.P. 118-121.degree.C.                                          

      .sup.(i) Solubility greater than 3 molar at 25.degree.C.                 

      .sup.(j) HMTT.LiNO.sub.3 is a liquid at 25.degree.C.                     

      .sup.(k) N,N,N',N",N'", N"", N"" --heptamethyltetraethylenepentamine.    

PAC  EXAMPLE 9
PAR  To 6 mmoles of PMDT.LiAlH.sub.4 in benzene was added 3.57 g (12 mmoles) of
      HN(n-C.sub.10 H.sub.21).sub.2. The reaction mixture was stirred overnight
      and the product, wt. 4.8 g, was analyzed by NMR. It was PMDT.LiAlH.sub.2
      [N(n-C.sub.10 H.sub.21).sub.2 ].sub.2.
PAC  EXAMPLE 10
PAR  To a benzene solution of 8 mmoles of PMDT. LiAlH.sub.3 OC.sub.2 H.sub.5 was
      added 2.98 g (10 mmoles) of HN(C.sub.10 H.sub.21).sub.2 and the reaction
      mixture was stirred overnight. The reaction mixture was concentrated and
      filtered removing about 0.5 g of white solid. The filtrate was analyzed by
      NMR and the product was PMDT.LiAlH.sub.2 OC.sub.2 H.sub.5 N(C.sub.10
      H.sub.21).sub.2.
PAC  EXAMPLE 11
PAR  To 25 mmoles of PMDT.LiAlH.sub.3 N(C.sub.2 H.sub.5).sub.2 in benzene was
      added 25 mmoles of absolute C.sub.2 H.sub.5 OH. The product was PMDT.
      AlH.sub.2 OC.sub.2 H.sub.5 N(C.sub.2 H.sub.5).sub.2 by NMR analysis.
PAC  EXAMPLE 12
PAR  To 15 mmoles of PMDT.LiAlH.sub.4 in benzene was added 2.19 g (15 mmoles) of
      HSC.sub.8 H.sub.17 in 30 ml of benzene. The reaction mixture was stirred
      overnight, concentrated and analyzed by NMR. The product was
      PMDT.LiAlH.sub.3 SC.sub.8 H.sub.17, wt. 5.4 g.
PAC  EXAMPLE 13
PAR  Lithium aluminum hydrate, 0.37 g. (19 mmole) was mixed with 1.44 g. (10
      mmole) of N,N.N',N'-tetramethyl-1,4-butanediamine (TMBD). The resulting
      paste was stirred for 18 hours then diluted with 6 ml. benzene and
      filtered. The insoluble complex weighed 1.40 g. and upon evaporation of 2
      g. of the filtrate, an additional 0.05 g. of white solid was obtained,
      thus indicating that LiAlH.sub.4.TMBD has some solubility in benzene.
PAR  LiAlH.sub.4, 3.80 g. (100 mmole) was dispersed in 50 ml. of benzene and
      11.62 g. (100 mmole) of TMED were added. The mixture was diluted to 100
      ml. of benzene, stirred at room temperature for hours and filtered. A grey
      residue of 0.22 g. (5.8% of the starting LiAlH.sub.4) was removed and the
      clear, colorless filtrate was allowed to evaporate under nitrogen. A white
      crystalline solid was isolated by filtration and the mother liquor was
      allowed to evaporate further and a second and third crop of crystals were
      isolated. A total quantity of 9.0 g. of 1:1 complex of LiAlH.sub.4 and
      TMED was obtained.
PAR  To a 25 ml. portion of 0.75 molar solution of LiAlH.sub.4. TMED in benzene
      was added dropwise an additional 2.18 g. (18.75 mmole) of TMED with
      stirring. A white precipitate (4.28 g.) was isolated by filtration of the
      mixture. This solid, upon analysis, indicated that a 1:2 complex of
      LiAlH.sub.4 and TMED was formed. Thus, LiAlH.sub.4 and TMED can form two
      distinct compositions of matter: LiAlH.sub.4.TMED and LiAlH.sub.4.2 TMED.
PAR  Using the procedure described above, the crystalline complex
      LiAlH.sub.4.PMDT and the crystalline complex LiAlH.sub.4.HMTT were
      prepared. The former was found to be so highly soluble in pure benzene
      that it was found that as a preferred procedure for obtaining the
      crystalline complex LiAlH.sub.4.PMDT, it was desirable to add heptane to
      the solution (whereupon it split into two liquid phases) and allow
      crystals to grow from the resultant two phase mixture by solvent
      evaporation. The crystalline complex LiAlH.sub.4.HMTT was prepared by
      complexing agent exchange from both LiAlH.sub.4.PMDT and LiAlH.sub.4.TMED
      by addition of HMTT to benzene solutions of the complexes.
      LiAlH.sub.4.HMTT precipitated in nearly quantitative yield.
PAR  LiBH.sub.4.PMDT was prepared by the method described for the preparation of
      LiAlH.sub.4.PMDT and LiBH.sub.4.HMTT was prepared from LiBH.sub.4 and
      HMTT. The complexing agent exchange was not used to prepare the latter
      complex since LiBH.sub.4.HMTT is very soluble in benzene in contrast to
      LiAlH.sub.4.HMTT.
PAR  The results of this example are summarized in Table II below.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Lithium Salt,                                                             

               Complexing Agent                                                

                         Isolated                                              

                               Complex Analysis                                

     g. (moles)                                                                

               g. (moles)                                                      

                         Complex,g.                                            

                               Found          Theory                           

     __________________________________________________________________________

     LiAlH.sub.4, 3.8 g.                                                       

               TMED, 11.62 g.                                                  

                         9.0 g.                                                

                               C:                                              

                                 46.66                                         

                                      N: 18.56                                 

                                              C:                               

                                                46.75                          

                                                     N: 18.17                  

     (100 mmole)                                                               

               (100 mmole)     H:                                              

                                 13.42                                         

                                      A1:                                      

                                         17.48                                 

                                              H:                               

                                                13.08                          

                                                     A1 17.5                   

     LiA1H.sub.4, 0.72 g.                                                      

               2 TMED, 4.36 g.                                                 

                         4.28 g.                                               

                               C:                                              

                                 53.43                                         

                                      N: 20.67                                 

                                              C:                               

                                                53.31                          

                                                     N: 20.72                  

     (19 mmole)                                                                

               (38 mmole)      H:                                              

                                 13.34                                         

                                      A1:                                      

                                         9.98 H 13.42                          

                                                     A1:                       

                                                        9.98                   

     LiAlH.sub.4, 2.85 g.                                                      

               PMDT, 13.01 g.                                                  

                         6.5 g.                                                

                               C:                                              

                                 49.85                                         

                                      N: 19.42                                 

                                              C:                               

                                                51.17                          

                                                     N: 19.89                  

     (75 mmole)                                                                

               (75 mmole)      H:                                              

                                 12.41                                         

                                      Al:                                      

                                         13.39                                 

                                              H:                               

                                                12.88                          

                                                     Al:                       

                                                        12.77                  

     LiAlH.sub.4, 1.43 g.                                                      

               HMTT, 8.64 g.                                                   

                         9.95 g.                                               

                               C:                                              

                                 53.18                                         

                                      N: 20.44                                 

                                              C:                               

                                                53.70                          

                                                     N: 20.88                  

     (37 mmole)                                                                

               (37 mmole)      H:                                              

                                 12.57                                         

                                      Al:                                      

                                         9.86 H:                               

                                                12.77                          

                                                     Al:                       

                                                        10.05                  

     LiAlH.sub.4, 1.9 g.                                                       

               TM-o-PD, 8.21 g.                                                

                         2.9 g.                                                

                               C:                                              

                                 59.14                                         

                                      N: 12.73                                 

                                              C:                               

                                                59.40                          

                                                     N: 13.86                  

     (50 mmole)                                                                

               (50 mmole)      H:                                              

                                  9.21        H:                               

                                                9.97                           

     LiBH.sub.4 , 2.18 g.                                                      

               PMDT, 17.5 g.                                                   

                         6.0 g.                                                

                               C:                                              

                                 56.03                                         

                                      N: 21.44                                 

                                              C:                               

                                                55.41                          

                                                     N: 21.54                  

     (100 mmole)                                                               

               (100 mmole)     H:                                              

                                 13.95                                         

                                      Li:                                      

                                         3.75 H:                               

                                                13.95                          

                                                     Li:                       

                                                        3.56                   

     LiBH.sub.4, 1.09 g.                                                       

               HMTT, 11.52 g.                                                  

                         1.8 g.                                                

                               C:                                              

                                 57.24                                         

                                      N: 22.89                                 

                                              C:                               

                                                57.15                          

                                                     N: 22.22                  

     (50 mmole)                                                                

               (50 mmole)      H:                                              

                                 13.63                                         

                                      Li:                                      

                                         2.81 H:                               

                                                13.59                          

                                                     Li:                       

                                                        2.75                   

     LiBH.sub.4, 0.50 g.                                                       

               TMED, 2.9 g.                                                    

                         1.7 g.                                                

                               C:                                              

                                 52.19                                         

                                      N: 19.91                                 

                                              C:                               

                                                52.21                          

                                                     N: 20.31                  

     (23 mmole)                                                                

               (25 mmole)      H:                                              

                                 15.14        H:                               

                                                14.50                          

     __________________________________________________________________________

PAR  The infrared spectrum of lithium aluminum hydride alone in Nujol has two
      bands at 1775 and 1625 cm..sup..sup.-1 of equal intensity for the Al-H
      stretch (these assignments have been verified by infrared spectra of
      LiAlD.sub.4). This is because LiAlH.sub.4 follows C.sub.2 V symmetry which
      predicts at least two Al--H stretching frequencies and indicates
      considerable H--Li--H interaction approaching a 3 center-2 electron bond
      (Figure A) resulting in a rather covalent compound. LiAlH.sub.4.PMDT in
      Nujol has only one Al--H stretch at 1690 cm..sup..sup.-1. This can only
      occur if the AlH.sub.4 anion now follows Td symmetry selection rules which
      predict only one infrared active Al--H stretch. Thus, the AlH.sub.4 anion
      in the complex is tetrahedral and the complex is more ionic as the
      H--Li--H interaction has been removed (Figure B). The substance is now a
      cation solvated contact ion pair.
      ##EQU4##
PAR  The significance of these findings is that in LiAlH.sub.4. PMDT (and
      LiAlH.sub.4.HMTT), the AlH.sub.4 anion is fundamentally different from
      that of uncomplexed LiAlH.sub.4. The anion is a free AlH.sub.4 anion in a
      contact ion pair rather than part of a covalent molecule. Associated with
      such changes in the structure are increased reactivity, such as in
      reductions, and increased conductivity. The same infrared spectral changes
      have been found for LiBH.sub.4 vs. LiBH.sub.4.HMTT. Differences in the
      infrared spectrum of the anion of Lithium-Anion vss.
      Lithium-Anion.Complexing Agent are direct evidence for the complexes being
      distinct compositions of matter having unique properties and not solutions
      or mixtures of a salt and a complexing agent.
PAR  By using these techniques, impure commercial LiAlH.sub.4 and LiBH.sub.4 may
      be easily purified of associated contaminants as the latter do not pass
      into benzene solution in the presence of these complexing agents.
      Filtration of the mixture followed by evaporation of the solvent,
      destabilization of the complex and removal of the complexing agent would
      afford extremely pure LiAlH.sub.4 or LiBH.sub.4. Alternatively, the pure
      hydrides could be precipitated from solution by heating or by addition of
      another substance which complexes more strongly with the complexing agent
      than do the hydrides. Preferably, the complexes are utilized directly in
      the solvents in which they are prepared.
PAC  EXAMPLE 14
PAR  3.35 g. (25 mmole) of LiI was dispersed in 50 ml. of benzene and 5.88 g.
      (25 mmole) of N'-phenyl-N,N,N",N"-tetramethyldiethylenetriamine
      (N'-.phi.-TMDT) was added with stirring and after 18 hours the mixture was
      filtered. The fine, white solid residue weighed 2.74 g. and the filtrate
      deposited colorless cyrstals when allowed to partially evaporate. The
      solid residue analyzed as a 1:1 chelate of N'-.phi.-TMDT and LiI.
PAR  In a similar manner N'-.phi.-TMDT.LiAlH.sub.4 was prepared and the data are
      summarized in Table III. Therefore, the chelating agent of an inorganic
      lithium salt chelate may have an aryl group attached to a nitrogen atom as
      well as alkyl groups.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Chelating Agent, g.                                                       

                 Salt, g.                                                      

                        Chelate Isolated, g.                                   

                                    Analysis                                   

     __________________________________________________________________________

     N'-.phi.-TMDT (5.88)                                                      

                 LiI (3.35)                                                    

                        2.5         Theory C 45.53 H 6.78                      

                                        N 11.38                                

                                    Found C 45.90 H 7.11                       

                                        N 11.41                                

     N'-.phi.-TMDT (5.88)                                                      

                 LiAlH.sub.4                                                   

                        0.5         Theory C 61.55 H 10.62                     

                                        N 15.38                                

                                    Found C 61.03 H 10.80                      

                                        N 15.26                                

     __________________________________________________________________________

PAC  EXAMPLE 15
PAR  0.95 g. (25 mmole) of LiAlH.sub.4 was dispersed in 25 ml. of benzene and
      2.55 g. (25 mmole) of tetramethylmethane diamine (TMMD) was added with
      stirring. After 18 hours, stirring was stopped, the reaction mixture was
      allowed to settle and 2 g. of the clear liquid phase was transferred to a
      watch glass and allowed to evaporate. A white crystalline residue, wt. 0.1
      g. remained which reacted vigorously with water evolving gas.
PAR  0.95 g. (25 mmole) of LiAlH.sub.4 was dispersed in 10 ml. of benzene, 5.11
      g. of TMMD (50 mmole) was added, the mixture was diluted to 24 ml. and
      stirred for 20 hours. The reaction mixture was filtered and a gray solid
      residue, wt. 0.35 g., remained on the filter disc (ASTM-10-15). The clear
      colorless filtrate afforded white crystals upon partial evaporation which
      evolved hydrogen gas when hydrolyzed. Therefore, an excess of the
      complexing agent gives a greater amount of LiAlH.sub.4 complex in
      solution.
PAR  The above data demonstrate that inorganic lithium salts and ditertiary
      amines in which both nitrogens atoms are on the same carbon atom can form
      complexes which may be hydrocarbon soluble.
PAC  EXAMPLE 16
PAR  To 210 ml. of 1.0 M LiAlH.sub.4.PMDT (0.21 mole in benzene) was added
      dropwise a solution of 45.5 g. diethyl hexahydrophthalate. A vigorous
      reaction occurred and the flask was cooled to maintain the temperature at
      30.degree.-40.degree.C. After addition, the reaction mixture (pasty) was
      refluxed for about 3 hours. The mixture was cooled and hydrolyzed with 10%
      hydrochloric acid. The benzene solution was separated and the aqueous
      phase was washed with three 200 ml. portions of ether. The combined
      benzene solution and ether extracts were washed with water and sodium
      bicarbonate solution and dried over anhydrous Na.sub.2 SO.sub.4.
PAR  The solution was filtered and ether-benzene was stripped off. The residue
      was simply distilled under reduced pressure. A product was collected (b.p.
      123-125.degree.C. at 0.5 mm, wt. 17.0 g.) which solidified on standing.
      Residue = 3.2 g.
PAR  Infra-red analysis showed a broad OH band at about 3300 cm..sup.-.sup.1 and
      no carbonyl band at 1740 cm..sup.-.sup.1. G.C. analysis showed product to
      be 93% pure trans-1,2-cyclohexanedimethanol.
PAR  A number of additional runs were made using benzene solutions of PMDT in
      various mole ratios to LiAlH.sub.4, TMED as the chelating agent and
      hexahydrophthalic anhydride instead of diethyl hexahydrophthalate as the
      substance to be reduced. The data from these experiments are summarized in
      Table IV. Reaction times varied from two to 18 hours, but even a reaction
      time of 2 hours is probably unnecessary. Reduction appeared to be complete
      within minutes.
PAR  In contrast to the results summarized in Table IV. reduction of diethyl
      hexahydrophthalate or hexahydrophthalic anhydride with excess LiAlH.sub.4
      by conventional procedures in ether solvents gave impure glycol in very
      low yield only after extended reaction times.
PAR  Clearly, chelated LiAlH.sub.4 in benzene is a far superior reducing agent
      to LiAlH.sub.4 in ether solvents. Yields are higher incomplete reductions
      are avoided and reaction times are an order of magnitude or more shorter.
PAC  EXAMPLE 17
PAR  To 15 mmoles of PMDT.LiAlH.sub.4 in 60 ml. of benzene was added 1.65 g. (15
      mmoles) of C.sub.6 H.sub.5 SH. Vigorous gas evolution occurred and the
      resulting solution was allowed to evaporate under a nitrogen atmosphere
      until crystals deposited. The latter were recovered by filtration, wt. 2.8
      g., washed with pentane, dried and analyzed.
TBL                                    TABLE IV                                

     __________________________________________________________________________

        Chelating Agent         Compound      Yield of                         

        and Mole Ratio                                                         

                  Reaction                                                     

                        Chel.LiAlH.sub.4                                       

                                Reduced       Distilled                        

                                                     % Purity                  

     Run                                                                       

        to LiAlH.sub.4                                                         

                  Time, hrs.                                                   

                        Preformed                                              

                                g. (moles)                                     

                                        LiAlH.sub.4, g.                        

                                              Product, %                       

                                                     of Product                

     __________________________________________________________________________

     1  PMDT 1:1  3     Yes     diester 8.0   59     93                        

                                45.5 (0.2)                                     

     2  PMDT 1:1  3     Yes     anhydride                                      

                                        8.0   28     93                        

                                30.8 (0.2)                                     

     3  PMDT 0.25:1                                                            

                  4     No      anhydride                                      

                                        21.8  30     91                        

                                77 (0.5)                                       

     4  PMDT 0.5:1                                                             

                  4     No      anhydride                                      

                                        21.8  34     90                        

                                77 (0.5)                                       

     5  PMDT 0.75:1                                                            

                  4     No      anhydride                                      

                                        21.8  38     91                        

                                77 (0.5)                                       

     6  PMDT 1:1  4     No      anhydride                                      

                                        21.8  29     88                        

                                77 (0.5)                                       

     7  TMED 1:1  4     No      anhydride                                      

                                        21.8  39     90                        

                                77 (0.5)                                       

     8  TMED 1:1  2     No      diester 424.2 81     96                        

                                2215 (9.7)                                     

     9  none.sup.(a)                                                           

                  24    --      diester 445   30       89.sup.(b)              

                                2652 (11.6)                                    

     __________________________________________________________________________

      .sup.(a) solvent:diethyl ether rather than benzene                       

      .sup.(b) runs 1-8 distilled in simple one-plate column; run 9 distilled i

      45-plate spinning band column                                            

PAL  the NMR spectrum of the material in C.sub.6 D.sub.6 was consistant with
      that expected for PMDT.LiAlH.sub. 3 SC.sub.6 H.sub.5 as was the elemental
      analysis: theory C, 56.40%; H, 9.78%; N, 13.16%. Found C, 54.97%; H,
      9.56%; N, 13.13%.
PAC  EXAMPLE 18
PAR  To 15 mmoles of PMDT.cndot.LiAlH.sub.4 in 60 ml. of benzene was added
      1.10g. (15 mmoles) of HN(C.sub.2 H.sub.5).sub.2. When gas evolution ceased
      1.65 g. (15 mmoles) of HSC.sub.6 H.sub.5 was also added. The clear
      colorless solution was concentrated under vacuum at room temperature
      affording a clear liquid residue, wt. 5.9 g., which was analyzed by NMR
      and found to be PMDT.cndot.LiAlH.sub.2 N(C.sub.2 H.sub.5).sub.2 SC.sub.6
      H.sub.5.
PAC  EXAMPLE 19
PAR  Trans-TMCHD.cndot.LiAl(CH.sub.3).sub.4 was prepared from trans-TMCHD and
      LiAl(CH.sub.3).sub.4 using a 1:1 molar ratio in benzene solvent.
PAC  EXAMPLE 20
PAR  Lithium bromide, 0.43 g. (0.005 mole) was dispersed in 5 ml. benzene and
      0.98 g. (0.005 mole) of 1,2-bis-(piperidino)-ethane was added with
      stirring. After 18 hours, the solid increased substantially in volume and
      a fluffy white material resulted. The mixture was filtered and 1.44 g. of
      a slightly wet solid complex was isolated (theory: 1.41 g.). This example
      illustrates the possibility of using as the complexing agent a compound in
      which the alkyl groups attached to the nitrogen atoms may be part of a
      saturated heterocycle. Analysis-Theory: C 50.9%; H 8.48%; N 9.90%. Found:
      C 56.23%; H 8.67%; N 8.27%.
PAC  EXAMPLE 21
PAR  To 10 mmoles of sparteine in 50 ml. of benzene is added 10 mmoles of
      LiBH.sub.4 with stirring. The product is sparteine.cndot.LiBH.sub.4.
PAC  EXAMPLE 22
PAR  A stock solution was prepared by mixing 320 mg. (2.5 mmole) of sublimes
      naphthalene and 575 mg. (2.5 mmole) of iso-HMTT in a 50 ml. volumetric
      flask and diluting to the mark with dry benzene. One-half of this solution
      was transferred under nitrogen to a 100 ml. flask which contained 0.64 g.
      of lithium shavings. After 1 hour a dark green solution of the radical ion
      chelate was obtained. After ca. 45 hours a 5 ml. aliquot of this reaction
      mixture was diluted to 50 ml. and about 1 ml. of this solution was placed
      in a dry 4 mm O.D. pyrex glass sample tube for esr analysis. The esr
      spectrum confirmed the presence of the paramagnetic species
      iso-HMTT.cndot.Li.sup.+C.sub.10 H.sub.8.apprch. .
PAC  EXAMPLE 23
PAR  Naphthalene (1.95 g., 15 mmole) 1,2-dipyrrolidylethane (DPYE) (2.52 g., 15
      mmole), lithium dispersion (0.075 g.) and 15 ml. of benzene were combined
      and stirred. The precipitate which formed was isolated by filtration (2.24
      g.); the filtrate was concentrated to give 1.3 g. additional product. The
      chelated radical anion was DPYE.cndot.Li.sup.+C.sub.10 H.sub.8.apprch. .
PAC  EXAMPLE 24
PAR  1,2-Dipyrrolidylethane (3.36 g., 20 mmole), lithium bromide (1.74 g., 20
      mmole), and 75 ml. of benzene were combined and stirred overnight. The
      mixture was filtered and the residue was vacuum dried for 1 hour to give
      3.0 g. of white solid complex. Elemental analysis (C, H, and N) suggested
      a composition containing a 1 to 1.5 ratio of DPYE to LiBr.
PAC  EXAMPLE 25
PAR  Terphenyl (3.465 g., 15 mmole), PMDT (2.595 g., 15 mmole), lithium
      dispersion (0.075 g.) and 20 ml. of benzene were combined. After stirring
      overnight the thick green suspension was filtered to give 4.7 g. of the
      green solid radical anion PMDT.Li.sup.+[.OMEGA.-.OMEGA.-.OMEGA.].apprch..
PAC  EXAMPLE 26
PAR  A 1.29 g. (5 mmoles) portion of Al(C.sub.6 H.sub.5).sub.3 was mixed with
      100 ml. of benzene and the mixture was heated to 70.degree.C. with
      stirring. To the clear solution was added 1.30 g. (5 mmoles) of PMDT.LiBr
      in 65 ml. of benzene and the mixture was stirred at 70.degree.C. for 2
      hours, cooled to room temperature and filtered, removing 0.08 g. of solid.
      The filtrate was evaporated under reduced pressure and the product, wt.
      2.6 g., was analyzed by NMR in C.sub.6 D.sub.6 and was found to be
      PMDT.LiAl(C.sub.6 H.sub.5).sub.3 Br.
PAR  While the above examples illustrate the invention in great detail, it
      should be understood that the present invention in its broadest aspects is
      not necessarily limited to the specific materials, conditions and
      procedures shown therein. The present invention is limited only by the
      claims which will follow.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A complex comprising: (a) a lithium hydrido aluminate having a lattice
      energy less than 210 kilocalories per mole at 18.degree.C and (b) a
      monomeric or polymeric polyfunctional chelating tertiary hydrocarbyl amine
      containing at least 2 nitrogen atoms.
NUM  2.
PAR  2. A complex according to claim 1 wherein the amines are chelating
      polyfunctional Lewis bases, said bases being ones selected from the group
      consisting of tris-(2-C.sub.1 -C.sub.4 dialkylaminoethyl)-amine and those
      compounds having the formulas:
      ##SPC2##
      wherein c is an integer of 0 to 10,000 inclusive: Y is one selected from
      the group consisting of N and O; a is an integer equal to 0 or 1 depending
      on whether Y is N or O; R is the same of different C.sub.1 -C.sub.4 alkyl
      radical; R' is the same or different C.sub.1 -C.sub.4 alkyl radical or
      C.sub.6 -C.sub.10 aryl or aralkyl radical; and Z is a nonreactive radical
      selected from the group consisting of:
PA1  1. C.sub.4 -C.sub.10 cycloaliphatic or aromatic radicals and their lower
      alkyl derivatives wherein said radicals are attached to the N atoms in
      Formula I at 1,2 positions on the aromatic rings or 1,2 or 1,3 positions
      on the cycloaliphatic rings; and
PA1  2. 1 to 4 methylenic radicals, wherein each methylenic radical contains 0
      to 2 monovalent hydrocarbon radicals of 1 to 6 carbon atoms.
NUM  3.
PAR  3. A complex according to claim 1 which is
      pentamethyldiethylenetriamine.cndot.LiAlH.sub.3 OC.sub.2 H.sub.5.
NUM  4.
PAR  4. A complex according to claim 1 which is
      tris-(B-di-methylaminoethyl)amine.cndot. LiAlH.sub.4.
NUM  5.
PAR  5. A complex according to claim 1 which is
      pentamethyldiethylenetriamine.cndot.LiAlH[N(C.sub.2 H.sub.5).sub.2
      ].sub.3.
NUM  6.
PAR  6. A complex according to claim 1 which is
      pentamethyldiethylenetriamine.cndot.LiAlCl(C.sub.2 H.sub.5).sub.3.
NUM  7.
PAR  7. A complex according to claim 1 which is
      pentamethyldiethylenetriamine.cndot.LiAlH.sub.2 N(C.sub.2 H.sub.5).sub.2
      SC.sub.6 H.sub.5.
NUM  8.
PAR  8. A complex according to claim 1 which is a
      trans-tetramethylcyclohexanediamine.cndot.LiAlH.sub.4.
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ABST
PAL  Continuously passing a mixture of an acetylenic alcohol and a siloxane
      compound having at least three silicon-bonded hydrogen atoms bonded to at
      least three different silicon atoms in the presence of a platinum catalyst
      through a heating means wherein the mixture is heated above 100.degree.C.
      and above the temperature at which the olefinic siloxane compound product
      is no longer an inhibitor for the reaction and wherein the reactants and
      products are maintained under sufficient pressure to keep the mixture in a
      liquid state at least until the mixture has passed through the heating
      means provides an olefinic siloxane compound which, below 100.degree.C, is
      an inhibitor for the reaction between the acetylenic alcohol, the siloxane
      compound having at least three silicon-bonded hydrogen atoms in the
      presence of platinum.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of preparing a siloxane compound having
      olefinic unsaturation.
PAR  2. Description of the Prior Art
PAR  The reaction between compounds having aliphatically unsaturated carbon
      linkages such as C=C or C.tbd.C with silicon compounds having
      silicon-bonded hydrogen atoms in the presence of platinum to form new
      silicon compounds is well known in the art and is known as hydrosilation.
      A patent by John L. Speier and Donald E. Hook, U.S. Pat. No. 2,823,218,
      teaches that such reactions can be carried out in the presence of
      chloroplatinic acid. Speier et al. teach that both olefinic compounds and
      acetylenic compounds readily react to form new silicon compounds wherein
      the SiH adds across the unsaturated carbon bonds with a high product
      yield. Speier et al. also teach that the presence of other substituents in
      the unsaturated molecule, whether they be functional or entirely inert,
      does not prohibit the reaction. The unsaturated compounds which undergo
      reaction are taught as including unsaturated alcohols such as allyl
      alcohol, methylvinylcarbinol and ethynyldimethylcarbinol. Speier et al.
      teach that if an unsaturated alcohol is employed, a competing alcoholysis
      reaction will take place, but the reactants will no longer be those
      introduced where the source for the SiH is a silane, however, in general
      this problem does not arise when a siloxane is used as the source of SiH
      because the siloxanes are relatively inert to any extraneous substituents
      in the unsaturated reactant.
PAR  Speier et al. teach that the reaction temperature can vary over an
      extremely wide temperature range and optimum temperatures depend upon the
      concentration of catalyst present and the nature of the reactants.
      Temperatures suggested range from 0.degree.C. to below 300.degree.C. The
      temperature should be such that at least one of the reactants or a portion
      of the reaction mixture is in a mobile stage, liquid or gaseous and the
      maximum temperature is determined only by the stability of the reactants
      and the operator's desire to avoid decomposition products.
PAR  Speier et al. teach that the reaction time is variable and depends upon the
      reactants, reaction temperature and catalyst concentration among other
      things. Contact times of greater than 16 or 17 hours do no harm unless an
      extremely elevated temperature is employed, however, many reactants give a
      practically quantitative yield with contact times of 30 minutes or less
      and often an excellent yield can be obtained as soon as the exothermic
      reaction has begun which may be a matter of seconds. Speier et al. also
      teach that the reaction can be carried out at atmospheric, subatmospheric
      or super-atmospheric pressures. The choice of conditions is a matter of
      logic based upon the nature of the reactants and the equipment available
      where non-volatile reactants are adaptable to being heated at atmospheric
      pressure with or without reflux and gaseous reactants at ordinary
      temperatures are preferably reacted at substantially constant volume under
      autogenous or induced pressure wherein the best results are obtained by
      maintaining at least a portion of the reactants in the liquid phase.
PAR  Speier et al., as well as others, have been concerned with obtaining
      addition products from the reaction of aliphatically unsaturated compounds
      and silicon compounds having silicon-bonded-hydrogen atoms. However, none
      have suggested that there are situations where the product of such a
      reaction is an inhibitor for the very reaction by which it is made. Thus,
      the reaction begins but as soon as a small amount of product is produced
      the reaction stops because the products inhibit the reaction by poisoning
      the catalyst. The present invention is directed to a preparation of a
      unique class of compounds which inhibit the catalyst at low temperatures
      but not at high temperatures. Because the catalyst which is inhibited is
      used to make the inhibiting compound, the preparation method to provide a
      commercially suitable process was not obvious. The inhibiting compounds
      are a class of siloxane compounds containing olefinic unsaturation and are
      prepared from acetylenic alcohols and siloxane compounds having
      silicon-bonded-hydrogen atoms. The earliest work did not produce an
      inhibiting compound for the platinum catalyzed addition of aliphatic
      unsaturation to silicon-bonded hydrogen, but instead provided a complex
      mixture which may be called "a crosslinker-catalyst-inhibitor." This work
      is the subject of a copending application Ser. No. 528,962 filed Dec. 2,
      1974 entitled "Crosslinker-platinum Catalyst-Inhibitor and Method of
      Preparation Thereof" by Randolph G. Niemi filed on even date herewith and
      assigned to the same party. Niemi combined polysiloxane having multiple
      silicon-bonded hydrogen atoms, a platinum catalyst and an acetylenic
      alcohol, heated the mixture for about 16 hours to 70.degree.C. and
      obtained a complex mixture after removing unreacted acetylenic alcohol by
      reduced pressure at room temperature, which when mixed with vinyl
      containing siloxane polymers remained uncured at room temperature but
      would cure at elevated temperatures. Thus, Niemi had found one could make
      room temperature stable compositions from his mixture, but for each
      composition a separate mixture of crosslinker, catalyst and acetylenic
      alcohol was required. Attempts to separate the complex mixture into
      various components were impractical and expensive. The product could not
      be characterized to identify any particular species which was responsible
      for the inhibiting effects on platinum catalysts.
PAR  Using the method of Niemi, Chi-Long Lee and Ollie W. Marko as described in
      a copending application Ser. No. 528,966 filed Dec. 2, 1974 entitled
      "Olefinic Siloxanes As Platinum Inhibitors" filed on even date herewith
      and assigned to the same party prepared specific olefinic siloxane
      compounds which were inhibitors for the platinum catalysts in the addition
      reaction between aliphatic unsaturation and silicon-bonded hydrogen atoms.
      For example, Lee and Marko mixed equal molar quantities of
      ##EQU1##
      and
EQU  (II)    (CH.sub.3).sub.3 SiO{(CH.sub.3)HSiO}.sub.3 Si(CH.sub.3).sub.3
PAL  with a catalytic amount of a platinum catalyst from 2 to 50 parts per
      million platinum, heated the mixture at 70.degree.C. for 16 hours,
      stripped off the unreacted starting ingredients, let set over night and
      then vacuum distillation was used to recover the product. The product was
      an olefinic siloxane compound of the formula
      ##EQU2##
      This compound mixed with a vinylsiloxane polymer, a silicon-bonded
      nitrogen containing compound and a platinum catalyst did not cure at room
      temperature in 10 days but when heated to 150.degree.C. the composition
      cured in two minutes. Thus, this compound is a platinum catalyst inhibitor
      at room temperature, but not at elevated temperature.
PAR  Although Lee and Marko were able to characterize specific inhibitor
      compounds, the method of preparation was impractical. The process provided
      only a low conversion from 2 to 20 percent and the yield was less than 5
      percent after distillation. In addition to both low conversion and yield,
      the reaction was difficult to control and could become violently
      exothermic, thus creating a safety hazard.
PAR  To improve the process, Lee and Marko discovered that the inhibitor could
      be prepared in a gas liquid chromatographic column as described in a
      copending application Ser. No. 528,959, filed Dec. 2, 1974 entitled
      "Method of Preparing Olefinic Siloxane By GLC" filed on even date herewith
      and assigned to the same party. Lee and Marko coated the injection port of
      a GLC column with a layer of platinum catalyst, heated the port at
      350.degree.C. and injected a mixture of (I) and (II) while maintaining the
      column at 300.degree. to 400.degree.C. The product (III) was obtained in
      yields of from 30 to 35 percent. This process had advantages over the
      Niemi process in that less platinum catalyst was used, very short
      residence times down to 1 to 2 seconds were needed, the yields were
      higher, high purity product was obtained and separate distillations were
      not needed. However, the method was not suitable for the production of
      large amounts of olefinic siloxane inhibitor. When larger GLC columns were
      used the yields decreased and the column became plugged by gelled
      materials. Thus, for small scale operations this methohd was found
      suitable but was deficient for large scale production.
PAR  Another process developed to make the olefinic siloxane compound inhibitors
      is described in a copending application Ser. No. 528,960, filed Dec. 2,
      1974 entitled "Tube Method For The Preparation Of Olefinic Siloxane
      Compounds" by Chi-Long Lee and Myron T. Maxson, filed on even date
      herewith and assigned to the same party. In this method a heated tube is
      used, the starting ingredients are injected into the heated tube using a
      carrier gas such as helium, passed through the tube and then the products
      are condensed either by a single condenser or by multiple condensers in
      series at different temperatures. This process combines (I), (II) and a
      platinum catalyst, injects the mixture in a helium gas carrier into the
      tube at a temperature of 300.degree. to 400.degree.C. The residence time
      in the tube can be varied from about 20 seconds to one minute or more. The
      reaction product is condensed as it exits from the reactor. If a single
      condenser is used, the product mixture is distilled to recover (III). If
      multiple condensers are used, each condenser is at a different temperature
      and the separation of (III) from unreacted species is immediately
      obtained. With this method, yields of (III) up to 60 percent were
      obtained. Although the yields were considerably higher than the other
      methods, the tube did become plugged during long, continuous use and the
      temperature were high and considerable decomposition of materials was
      observed.
PAR  From the methods described above, the desired products can be prepared but
      each have disadvantages which do not lend themselves to ready commercial
      processes and although these methods have value they were not the best
      method. Another method to produce the olefinic siloxane compound inhibitor
      has now been developed which is the basis for this invention.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a method for preparing an
      olefinic siloxane compound which is an inhibitor for platinum at room
      temperature and which is not an inhibitor at elevated temperatures.
PAR  This invention relates to a method for preparing olefinic siloxane
      compounds by heating in the presence of a platinum catalyst a mixture of
      acetylenic alcohol and siloxane compound having at least three
      silicon-bonded hydrogen atoms bonded to separate silicon atoms above
      100.degree.C. and above the temperature at which the olefinic siloxane
      product is an inhibitor for the reaction and at a pressure sufficient to
      keep the starting ingredients and product in a liquid phase at least until
      they have passed through a heating means. The product obtained is an
      olefinic siloxane which inhibits the reaction between aliphatic
      unsaturated compounds and silicon-bonded hydrogen atoms catalyzed by a
      platinum catalyst at room temperature but allows the reaction to occur at
      elevated temperatures.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to a method of reacting an acetylenic alcohol with a
      siloxane compound having at least three silicon-bonded-hydrogen atoms
      bonded to at least three different silicon atoms in the presence of a
      platinum catalyst to provide an olefinic siloxane compound wherein the
      olefinic siloxane compound is an inhibitor for the platinum catalyst
      comprising continuously passing a liquid mixture of the acetylenic alcohol
      and the siloxane compound having at least three silicon-bonded-hydrogen
      atoms in the presence of a platinum catalyst through a heating means
      wherein the liquid mixture is heated to a temperature which is above
      100.degree.C. and which is also above the temperature at which the
      olefinic siloxane compound is no longer an inhibitor for the reaction, but
      the temperature and residence time of the liquid mixture in the heating
      means being sufficient to produce the olefinic siloxane compound without
      substantial decomposition of reactants and product, said liquid mixture is
      under sufficient pressure to maintain the reactants and product in a
      liquid state at least until the mixture has passed through the heating
      means, said product being an olefinic siloxane compound which is, below
      100.degree.C., an inhibitor for the reaction between the acetylenic
      alcohol and the siloxane compound having at least three
      silicon-bonded-hydrogen atoms in the presence of a platinum catalyst.
PAR  The method of this invention is a continuous method wherein the reactants
      are continuously fed into a closed system and the product is continuously
      removed. The desired amounts of acetylenic alcohol, platinum catalyst and
      siloxane having silicon-bonded hydrogen atoms are either premixed or
      separately metered and thoroughly mixed just before going into the heating
      means. The reactants can be neat or in an inert solvent. The platinum
      catalyst is preferably mixed with at least one of the reactants to better
      control the amount used and to guarantee a thorough distribution of
      catalyst in the reactants. The reactants are most conveniently premixed
      before entering the closed system.
PAR  The reactants are pumped into a heating means at a rate to provide a
      residence time in the heating means to provide sufficient product. This
      residence time can vary from a few seconds up to about one hour. The
      particular residence time in the heating means will be dependent on the
      temperature of the heating means, the platinum catalyst concentration and
      the yield of product with which one is satisfied. At any given temperature
      and platinum catalyst concentration, the yield will increase with longer
      residence times. Higher temperatures and higher platinum catalyst
      concentrations will also increase the yield of product. The heating means
      is not critical in design or manner of operation as long as the reactants
      can be provided with a certain specified residence time, pressure and
      temperature. Such a heating means can be a coiled or straight tube running
      through a bath which can be controlled as to temperature. The tube is of
      sufficient length to permit variation in residence time as controlled by
      the pumping capabilities. If a bath were used to heat the reaction
      chamber, the bath temperature should be sufficient to heat the reactants
      to the desired reaction temperatures during the residence time.
PAR  The reaction temperature must be above 100.degree.C. and also above the
      temperature at which the product is an inhibitor for the reaction
      catalyst. The maximum temperature is dependent upon the residence time and
      the amount of decomposition which one considers tolerable. Preferably
      reaction temperatures do not provide any decomposition of reactants or
      product. The reaction temperature which provides the optimum results will
      depend upon the particular reactants and platinum catalyst concentration.
      The minimum temperature required will be determined by the strength of the
      resulting product to inhibit the platinum catalyst, but will be above
      100.degree.C. under any circumstances, because the reaction would not
      produce any useful product in reasonable yield below this temperature.
      Therefore, if the product, which is the inhibitor, inhibits up to
      125.degree.C., the reaction temperature will need to be above
      125.degree.C. The temperature range for this reaction is most useful from
      150.degree.C. to about 400.degree.C.
PAR  The residence time of the reaction mixture will depend upon the temperature
      of the heating means, the platinum catalyst concentration, the amount of
      product yield acceptable and the level of decomposition which is
      tolerable. The residence times of from 5 seconds to 30 minutes are
      preferred, with excellent results being obtainable with residence times of
      5 to 60 seconds.
PAR  The reacted mixture is cooled as it leaves the heating means and the
      product is separated from any unreacted starting materials. The reaction
      product can be distilled to recover the starting materials which are
      recycled and the product can be distilled into fractions if necessary or
      desired. However, the product is useful as obtained, once the starting
      ingredients are removed and separation is not really necessary to have a
      useful inhibitor.
PAR  The above reaction is done in a system which can be pressurized. The amount
      of pressure required will be determined by the volatility of the reactants
      because the reaction mixture is required to remain a liquid at least
      through the heating means. The pressure can vary widely and is not
      critical within any particular limits except as to that amount sufficient
      to keep the reactants in the liquid state and the amount of pressure which
      the particular equipment will tolerate, such as up to 1000 pounds per
      square inch (70.3 kilograms per square centimeter). A range of from 50 to
      450 pounds per square inch (3.5 to 31.6 kilograms per square centimeter)
      have been found to be convenient to provide useful results.
PAR  The acetylenic alcohol can be any of those alcohols having a C.tbd.C bond
      which when reacted with a siloxane compound having SiH results in an
      olefinic containing siloxane which are inhibitors for platinum catalyst at
      room temperature but not at elevated temperatures above 100.degree.C.
      Examples of such acetylenic alcohols, include, 3-methyl-1-butyn-3-ol,
      1-ethynylcyclohexan-1-ol, 3,5-dimethyl-1-hexyn-3-ol,
      3-methyl-1-pentyn-3-ol and the like.
PAR  The siloxane compounds are those having at least three silicon-bonded
      hydrogen atoms bonded to at least three separate silicon atoms. These
      siloxane compounds can be straight chain, cyclic, or branched. These
      siloxanes can be copolymers, homopolymers, single species, mixtures of the
      various types mentioned above. It is preferred that these siloxane
      compounds have at least two silicon-bonded hydrogen atoms bonded to
      silicon atoms separated by one oxygen atom, preferably three
      silicon-bonded hydrogen atoms bonded to three silicon atoms which are only
      separated by oxygen. Some of the siloxane compounds for use in the present
      method are defined by the following generic formulae,
EQU  R.sub.3 SiO(RHSiO).sub.x SiR.sub.3, HR.sub.2 SiO(RHSiO).sub.u SiR.sub.2 H,
      (RHSiO).sub.y,
EQU  HR.sub.2 SiO(RHSiO).sub.u (R.sub.2 SiO).sub.z SiR.sub.2 H,
EQU  R.sub.3 SiO(R.sub.2 SiO).sub.z (RHSiO).sub.x SiR.sub.3, HR.sub.2
      SiO(RHSiO).sub.v SiR.sub.3,
EQU  HR.sub.2 SiO(R.sub.2 SiO).sub.z (RHSiO).sub.v SiR.sub.3,
      ##EQU3##
      and the like, wherein each R is a monovalent hydrocarbon radical having no
      aliphatic unsaturation such as methyl, ethyl, phenyl, propyl, hexyl,
      cyclohexyl, octyl, dodecyl, cyclopentyl, isopropyl, or fluorinated
      monovalent hydrocarbon radicals such as 3,3,3-trifluoropropyl, other
      perfluoroalkylethyl radicals,
      .alpha.,.alpha.,.alpha.-trifluoromethylphenyl, hexafluorophenyl and the
      like. The number of siloxane units per molecule can vary from as little as
      3 to any number which can be pumped through the system, preferably from 3
      to 50 siloxane units per molecule. Other siloxane compounds are also
      suitable such as those which have arylene or alkylene bonds between some
      of the silicon atoms. Some specific siloxane compounds include
      ##EQU4##
      and the like.
PAR  The platinum catalyst is not narrowly critical and can be chloroplatinic
      acid, platinum chlorides, platinum salts, platinum deposited on a solid
      carrier such as silica, charcoal, or alumina, platinous halide complexes
      with olefins and other well known platinum catalysts. These and other
      platinum catalyst are further defined and illustrated in U.S. Pat. No.
      3,453,234, issued July 1, 1969 to Gust J. Kookootsedes, and hereby
      included by reference to illustrate platinum catalyst.
PAR  The amount of acetylenic alcohol and siloxane compound having
      silicon-bonded hydrogen atom can vary broadly. Molar ratios of one to one
      have been found suitable, however, the ratio of acetylenic alcohol to
      siloxane compound can preferably be varied from 10/1 to 1/10 and still
      obtain product. Wherein ratios of less than 1/1 are used the amount of
      product obtained even at 100 percent conversion will be less than
      obtainable when a 1/1 ratio is used, however, an amount of mono-adduct is
      increased compound to di-adduct and multi-adduct.
PAR  The amount of platinum catalyst is not narrowly critical for the lower
      limit as long as a sufficient amount is present to catalyze the reaction.
      Amounts in the order of 0.05 parts by weight platinum per one million
      parts by weight of acetylenic alcohol and siloxane compound are suitable.
      The maximum amount is determined by the amount which will cause
      undesirable amounts of decomposition. This maximum amount will depend upon
      the type of siloxane compound, acetylenic alcohol and platinum catalyst,
      as well as the temperature of reaction. Generally, less platinum catalyst
      is required the higher the reaction temperature. For most reactions
      amounts from 0.1 to 2 parts per million platinum can be used, but caution
      should be taken to prevent decomposition at the higher concentrations. One
      advantage of this method is the ability to control the reaction and
      minimize violent exotherms.
PAR  The method of this invention produces an olefinic siloxane compound which
      is the addition product of the acetylenic alcohol and the siloxane
      compound having at least three silicon-bonded hydrogen atoms. The addition
      products, which are produced in major amounts and which are the
      inhibitors, are those which do not add to all the silicon-bonded hydrogen
      atoms. There should be at least one unreacted silicon-bonded hydrogen bond
      per molecule of olefinic siloxane compound. The method of this invention
      provides addition products, which are inhibitors, in amounts of greater
      than 80 percent combined mono-adducts and di-adducts. Both the mono- and
      di-adducts are inhibitors, however, when all the silicon-bonded hydrogen
      atoms are reacted the product is markedly reduced in inhibition activity.
PAR  The olefinic siloxane compound inhibitors are useful in that these
      compounds retard the room temperature reaction of vinyl compounds with
      silicon-bonded hydrogen atoms which are catalyzed with platinum but allow
      the reaction to occur rapidly at elevated temperature such as at
      150.degree.C. Thus, these olefinic siloxane compounds can be used to make
      one package compositions which cure on heating but are stable over
      extended periods of time at ambient conditions.
PAR  The following examples are presented for illustrative purposes and should
      not be construed as limiting the invention which is properly delineated in
      the appended claims.
PAC  EXAMPLE 1
PAR  A mixture was prepared by combining the acetylenic alcohol identified above
      by formula (I), the siloxane identified above by formula (II) and a
      platinum catalyst complex of chloroplatinic acid hexahydrate and
      1,3-divinyl-1,1,3,3-tetramethyldisiloxane containing 0.63 weight percent
      platinum. The mixture contained 10 moles of (I) to one mole of (II) with
      the amount of platinum catalyst as defined in Table A reported as parts by
      weight platinum per one million parts by weight (I) and (II) (ppm). A
      closed system with pressurizing equipment, a heating bath with coil
      through which the liquid reaction mixture was passed, a cooling unit and
      appropriate pressure and temperature indicators was used. A
      polydimethylsiloxane fluid having a viscosity of one centistoke was pumped
      through the system until the operating conditions were reached, including
      temperature, pressure and residence time in the heating unit. The mixture
      was then pumped into the system continuously to provide a residence time
      of six minutes in the heating bath. The temperature of the stream was
      measured at the point where the coil left the heating bath and was as
      shown in Table A. The reacted mixture was continuously collected after
      being cooled. The product was identified by mass spectroscopy and nuclear
      magnetic resonance and quantities determined by GLC and the various
      species and amounts were as shown in Table A. The "% Conversion" as shown
      in Table A was determined by integrating the area under the GLC curve and
      the sum of the areas for the monoadduct, di-adduct, tri-adduct divided by
      the sum of the areas for the mono-adduct, di-adduct, tri-adduct and
      unreacted siloxane (II) and then multiplied by 100 gave the percent
      conversion as reported herein. The area under the GLC curve are directly
      related to the weight of ingredient in the mixture and thus the percent
      conversion provided a means of evaluating the experiments. The adducts
      were as follows wherein the formulae shown are for illustrative purposes
      and do not indicate the exact position of all the olefinic radicals in the
      molecule for each adduct. There will be mixtures of different structural
      isomers for the mono and di adducts present,
PAL  Mono-adduct
      ##EQU5##
      Di-adduct
      ##EQU6##
      Tri-adduct
      ##EQU7##
      The amount of mono-adduct and di-adduct in the reaction product
      represented by the percent conversion was as shown in Table A by the
      weight percentages. The sum of the weight percentages of the mono-adduct
      and the di-adduct is indicated in Table A as the total amount of
      polyorganosiloxane which was useful as an inhibitor for platinum catalyst.
TBL                                    Table A                                 

     __________________________________________________________________________

                                            Total of                           

     Run                                                                       

        Platinum,                                                              

              Temper-                                                          

                    Pressure,                                                  

                            %     % Mono-                                      

                                       % Di-                                   

                                            Mono and Di                        

     No.                                                                       

        ppm   ature, .degree.C.                                                

                    Kg/cm.sup.2                                                

                            Conversion                                         

                                  Adduct                                       

                                       Adduct                                  

                                            adduct, %                          

     __________________________________________________________________________

     1  0     160   14.06   0     0    0    0                                  

                    (200 p.s.i.)                                               

     2  0.25  160   14.06   1.7   55.5 42.0 97.5                               

     3  0.50  160   14.06   7.3   51.5 42.0 93.5                               

     4  0.75  160   14.06   12.4  51.3 44.2 95.5                               

     5  1.00  160   14.06   20.0  37.5 62.5 100.0                              

     6  2.00  160   14.06   35.6  38.2 59.0 97.2                               

     7  0.25  194   15.82   28.8  49.0 50.0 99.0                               

                    (225 p.s.i.)                                               

     8  0.50  194   15.82   50.5  40.0 51.0 91.0                               

     9  0.75  197   15.82   58.0  38.4 53.0 91.4                               

     10 1.00  195   15.82   75.5  24.5 59.0 83.5                               

     11 2.00  193   15.82   92.6  18.4 58.6 77.0                               

     __________________________________________________________________________

PAC  EXAMPLE 2
PAR  The method of Example 1 was followed using a platinum catalyst level of 1.0
      ppm. platinum, a pressure of 15.82 kilograms per square centimeter, and a
      temperature of 190.degree.C. to 196.degree.C. as shown in Table B. The
      amounts of (I) and (II) were varied as described in Table B where (II) was
      kept at one mole while varying the amount of (I). The results were as
      shown in Table B which show that the percentage conversion was directly
      related to the mole ratio of acetylenic alcohol (I) to siloxane (II).
TBL                                    Table B                                 

     __________________________________________________________________________

                                        Total of                               

     Run                                                                       

        Moles                                                                  

             Temper-                                                           

                   %     % Mono-                                               

                              % Di-                                            

                                   % Tri-                                      

                                        Mono and Di                            

     No.                                                                       

        of (I)                                                                 

             ature, .degree.C.                                                 

                   Conversion                                                  

                         Adduct                                                

                              Adduct                                           

                                   Adduct                                      

                                        Adduct, %                              

     __________________________________________________________________________

     1  10.00                                                                  

             195   75.5  24.5 59.0 16.5 83.5                                   

     2  1.25 196   45.0  45.2 44.4 --   89.6                                   

     3  1.00 192   37.1  48.7 41.9 9.4  90.6                                   

     4  0.80 194   29.2  53.2 39.0 7.8  92.2                                   

     5  0.60 192   22.6  57.0 35.1 --   92.1                                   

     6  0.40 191   13.3  64.9 26.8 --   91.7                                   

     7  0.20 190   7.6   75.0 23.0 2.0  98.0                                   

     8  0.10 190   5.0   83.0 16.0 1.0  99.0                                   

     __________________________________________________________________________

PAC  EXAMPLE 3
PAR  The method of Example 1 was followed using a platinum catalyst level of 1.0
      ppm. platinum, a residence time of 6 minutes, and a temperature and
      pressure as shown in Table C. The amounts of (I) and (II) were varied as
      described in Table C where (II) was kept at one mole while varying the
      amount of (I).
TBL                                    Table C                                 

     __________________________________________________________________________

                                             Total of                          

     Run                                                                       

        Moles                                                                  

            Temper-                                                            

                  Pressure,                                                    

                          %     % Mono-                                        

                                     % Di-                                     

                                         % Tri-                                

                                             Mono and Di                       

     No.                                                                       

        of (I) ature, .degree.C.                                               

            Kg/cm.sup.2                                                        

                  Conversion                                                   

                          Adduct                                               

                                Adduct                                         

                                     Adduct                                    

                                         Adduct, %                             

     __________________________________________________________________________

     1  1.0 189    5.48   28.4  53.9 40.5                                      

                                         5.6 94.4                              

                  (78 p.s.i.)                                                  

     2  1.0 189    8.79   27.9  54.5 39.4                                      

                                         6.1 93.9                              

                  (125 p.s.i.)                                                 

     3  1.0 192   15.82   37.1  48.7 41.9                                      

                                         9.4 90.6                              

                  (225 p.s.i.)                                                 

     4  0.8 189    5.34   25.1  53.4 36.3                                      

                                         10.3                                  

                                             89.7                              

                  (76 p.s.i.)                                                  

     5  0.8 189    8.79   24.7  55.1 37.2                                      

                                         7.7 92.3                              

     6  0.8 194   15.82   29.2  53.2 39.0                                      

                                         7.8 92.2                              

     7  0.6 179    5.62   17.0  62.4 32.9                                      

                                         4.7 95.3                              

                  (80 p.s.i.)                                                  

     8  0.6 181   15.82   18.4  62.0 32.6                                      

                                         5.4 94.6                              

      9*                                                                       

        0.4 182    5.27   18.2  65.4 29.1                                      

                                         5.5 94.5                              

                  (75 p.s.i.)                                                  

     10 0.4 191   15.82   13.3  64.9 26.8                                      

                                         --  91.7                              

     __________________________________________________________________________

      *Residence time was 6.12 minutes.                                        

PAC  EXAMPLE 4
PAR  The method of Example 1 was followed using 0.125 ppm. platinum, 0.8 mole
      (I) and one mole of (II) and a temperature, pressure and residence time as
      described in Table D. The results were as shown in Table D which show
      variations of residence time. Table D also shows that residence time
      influenced the percent conversion and that above 200.degree.C. the amount
      of decomposition found was interrelated to residence time, temperature and
      pressure. The percent decomposition was the weight of material unaccounted
      for and not one of the starting ingredients or adducts divided by the
      total weight of material multiplied by 100.
TBL                                    Table D                                 

     __________________________________________________________________________

                                              Total of                         

              Temper-                         Mono                             

     Run                                                                       

        Residence                                                              

              ature,                                                           

                   Pressure,                                                   

                           %     % Mono-                                       

                                      %Di-                                     

                                          % Tri-                               

                                              and Di-                          

                                                    %                          

     No.                                                                       

        Time, sec.                                                             

              .degree.C.                                                       

                   Kg/cm.sup.2                                                 

                           Conversion                                          

                                 Adduct                                        

                                      Adduct                                   

                                          Adduct                               

                                              Adduct, %                        

                                                    Decomposition              

     __________________________________________________________________________

     1  419   300  21.09   38.5  60.8 34.3                                     

                                          4.9 95.1  2.5                        

                   (300 p.s.i.)                                                

     2  360   288  12.30   31.8  60.7 36.2                                     

                                          3.1 96.9  4.9                        

                   (175 p.s.i.)                                                

     3  198   292  21.09   32.5  65.5 33.9                                     

                                          0.6 99.4  14.2                       

     4  180   308  21.09   29.3  62.1 34.1                                     

                                          3.8 96.4  0.3                        

     5  99    300  28.12   35.9  57.9 36.8                                     

                                          5.3 94.7  6.5                        

                   (400 p.s.i.)                                                

     6  36.3  298  28.12   43.1  56.3 36.5                                     

                                          7.2 92.8  &lt;1                         

     7  31.3  300  21.09   18.7  61.0 38.0                                     

                                          1.0 99.0  --                         

     8  28.9  300  28.12   43.8  61.7 34.5                                     

                                          3.8 96.2  1                          

     9  27.4  291  21.09   12.0  65.8 32.5                                     

                                          1.7 98.3  --                         

     10 23.5  305  28.12   42.8  58.3 37.9                                     

                                          3.8 96.2  5.7                        

     11 15.5  300  28.12   33.3  63.1 34.8                                     

                                          2.1 97.9  0.8                        

     12 14.9  309  28.12   38.1  63.5 32.8                                     

                                          3.7 96.3  1.9                        

     13 14.9  290  29.88   21.3  64.3 33.8                                     

                                          1.9 98.1  --                         

                   (425 p.s.i.)                                                

     14 14.6  290  29.88   32.9  60.2 34.0                                     

                                          5.8 94.2  --                         

     15 13.5  298  28.12   15.2  62.5 36.2                                     

                                          1.3 98.7  1.6                        

     __________________________________________________________________________

PAC  EXAMPLE 5
PAR  The method of Example 1 was followed using 2.5 moles of (I) to one mole of
      (II), a platinum catalyst in the amount of 2 ppm. platinum, a temperature
      of 160.degree.C., a pressure of 14.06 kilograms per square centimeter and
      the residence times were varied 6 minutes, 9 minutes, 12 minutes and 18
      minutes. The conversion percentages were 24.1, 31.2, 37.7 and 49.6
      respectively.
PAC  EXAMPLE 6
PAR  The method of Example 1 was followed using platinum catalyst in the amount
      of 2 ppm. platinum, a temperature of 190.degree. to 192.degree.C., a
      pressure of 16.87 kilograms per square centimeter (240 p.s.i.) and a
      residence time of 6 minutes. Two experiments were run, one using
      3,5-dimethyl-1-hexyn-3-ol and the other using 3-methyl-1-pentyn-3-ol. The
      acetylenic alcohols were used in amounts of one mole of alcohol to one
      mole of (II).
PAR  The 3,5-dimethyl-1-hexyn-3-ol and (II) resulted in a 52 percent conversion
      with 52 percent being the mono-adduct having two trimethylsiloxy units,
      two methylhydrogensiloxane units and one siloxane unit of the formula
      ##EQU8##
      42 percent being the di-adduct having two trimethylsiloxy units, one
      methylhydrogensiloxane unit and two siloxane units of formula (VI) and 5%
      being the tri-adduct having two trimethylsiloxy units and three siloxane
      units of formula (VI).
PAR  The 3-methyl-1-pentyn-3-ol and (II) resulted in a 47 percent conversion
      with 54 percent being the mono-adduct having two trimethylsiloxy units,
      two methylhydrogensiloxane units and one unit of the formula
      ##EQU9##
      38 percent being the di-adduct having two trimethylsiloxy units, one
      methylhydrogensiloxane unit and two siloxane units of formula (VII), and 7
      percent being tri-adduct having two trimethylsiloxy units and three
      siloxane units of formula (VII).
PAC  EXAMPLE 7
PAR  Compositions were prepared by mixing 63 parts by weight of
      phenylmethylvinylsiloxy endblocked polydimethylsiloxane having a viscosity
      of about 400 centistokes at 25.degree.C., 33 parts by weight 5 micron
      quartz, 4.87 parts by weight of trimethylsiloxy endblocked
      polyorganosiloxane having an average of 10 silicon atoms per molecule, an
      average of three dimethylsiloxane units per molecule and an average of
      five methylhydrogensiloxane units per molecule, 12 parts by weight
      platinum per one million parts by weight composition where the platinum
      was in the form of a complex platinum catalyst prepared from
      chloroplatinic acid hexahydrate and symetrical
      divinyltetramethyldisiloxane having about 0.65 weight percent platinum and
      the amount of adduct as defined in Table E by the formulae identified in
      Example 1. Single species adducts were obtained by distillation of the
      reaction product of Example 4, Run No. 8. The results were as shown in
      Table E where the cure times were obtained at various temperatures. the
      cure times were the times required at a given temperature for the
      composition to become a cured elastomer.
TBL                                    Table E                                 

     __________________________________________________________________________

                           Cure Times                                          

     Curable                                                                   

     Composition                                                               

            Adduct Amount  at 150.degree.C.                                    

                                  at 100.degree.C.                             

                                         at 50.degree.C.                       

                                               RT                              

     Reference                                                                 

            Formula                                                            

                   Adduct  minutes                                             

                                  minutes                                      

                                         hours days                            

     __________________________________________________________________________

     A.     (III)  0.0016 mole                                                 

                           3      &lt;10    3-4   6                               

     B.     (III)  0.0032 mole                                                 

                           3      10     &gt;6    14                              

     C.     (IV)   0.0016 mole                                                 

                           3.5    &lt;10    &gt;6    18                              

     D.     (IV)   0.0032 mole                                                 

                           4      13     8-24  63                              

     E.     85% (IV),                                                          

                   0.0016 mole                                                 

                           3.5    &lt;10    &gt;6    16                              

            15% (V)**                                                          

     F.     85% (IV),                                                          

                   0.0032 mole                                                 

                           4.5    13     8-24  50                              

            15% (V)**                                                          

     G.     (V)    0.0016 mole                                                 

                           2.5    &lt;10    2     1.2                             

     H.     (V)    0.0032 mole                                                 

                           3      10     3.5   6                               

     I.     56% (III),                                                         

                   2%***   --     --     --    &gt;108                            

            33% (IV),                                                          

             5% (V)***                                                         

     J.     56% (III),                                                         

                   4%***   --     --     --    &gt;108                            

            33% (IV),                                                          

             5% (V)***                                                         

     K.     (III)  2%***   --     --     --    &gt;108                            

     L.     (III)  2%***   --     --     --    &gt;108                            

     __________________________________________________________________________

       **Percent is mole percent.                                              

      ***Percent is weight percent.                                            

CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A method of reacting an acetylenic alcohol with a siloxane compound
      having at least three silicon-bonded-hydrogen atoms bonded to at least
      three different silicon atoms in the presence of a platinum catalyst to
      provide an olefinic siloxane compound wherein the olefinic siloxane
      compound is an inhibitor for the platinum catalyst
PA1  comprising continuously passing a liquid mixture of the acetylenic alcohol
      and the siloxane compound having at least three silicon-bonded-hydrogen
      atoms in the presence of a platinum catalyst through a heating means
      wherein the liquid mixture is heated to a temperature which is above
      100.degree.C. and which is also above the temperature at which the
      olefinic siloxane compound is no longer an inhibitor for the reaction, but
      the temperature and residence time of the liquid mixture in the heating
      means being sufficient to produce the olefinic siloxane compound without
      substantial decomposition of reactants and product, said liquid mixture is
      under sufficient pressure to maintain the reactants and product in a
      liquid state at least until the mixture has passed through the heating
      means, said product being an olefinic siloxane compound which is, below
      100.degree.C., an inhibitor for the reaction between the acetylenic
      alcohol and the siloxane compound having at least three
      silicon-bonded-hydrogen atoms in the presence of a platinum catalyst.
NUM  2.
PAR  2. The method in accordance with claim 1 in which the residence time is
      from 5 seconds to one hour, the liquid mixture is heated to a temperature
      in the range from 150.degree.C. to 400.degree.c., at a pressure in the
      range of 3.5 to 70.3 kilograms per square centimeter and the platinum
      catalyst is present in an amount of from 0.05 to 2 parts by weight
      platinum per one million parts by weight of acetylenic alcohol and
      siloxane compound having at least three silicon-bonded-hydrogen atoms.
NUM  3.
PAR  3. The method in accordance with claim 1 in which the acetylenic alcohol is
      3-methyl-1-butyn-3-ol.
NUM  4.
PAR  4. The method in accordance with claim 1 in which any unreacted acetylenic
      alcohol and siloxane compound having at least three
      silicon-bonded-hydrogen atoms are removed from the olefinic siloxane
      compound by distillation.
NUM  5.
PAR  5. The method in accordance with claim 2 in which any unreacted acetylenic
      alcohol and siloxane compound having at least three
      silicon-bonded-hydrogen atoms are removed from the olefinic siloxane
      compound by distillation.
NUM  6.
PAR  6. The method in accordance with claim 3 in which any unreacted
      3-methyl-1-butyn-3-ol and siloxane compound having at least three
      silicon-bonded hydrogen atoms are removed from the olefinic siloxane
      compound by distillation.
NUM  7.
PAR  7. The method in accordance with claim 3 in which the siloxane compound
      having at least three silicon-bonded hydrogen atoms is an organosiloxane
      having two (CH.sub.3).sub.3 SiO.sub.0.5 units and three (CH.sub.3)HSiO
      units wherein the mixture is heated to a temperature between 160.degree.C.
      and 350.degree.C. at a pressure of 14.1 to 70.3 kilograms per square
      centimeter.
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ABST
PAL  A process for the manufacture of .beta.-chloroethyl-methyl-dichlorosilane
      by addition of HCl to methylvinyl-dichlorosilane in the presence of
      AlCl.sub.3 and distilling off the resultant end product from the reaction
      mixture, wherein the isolation of the
      .beta.-chloroethyl-methyl-dichlorosilane by distillation is effected in
      the presence of at least 1 mole of alkali metal chloride or of ammonium
      chloride, relative to AlCl.sub.3, at a bath temperature above 30.degree.C
      in vacuo.
BSUM
PAR  The present invention provides an improved process for the economic
      manufacture of .beta.-chloroethyl-methyl-dichlorosilane.
PAR  This compound of the formula
      ##EQU1##
      has recently acquired great importance, in particular as starting material
      for the manufacture of plant growth regulators, for example agents that
      stimulate fruit abscission and latex flow, belonging to the class of
      .beta.-chloroethyl-methyl-silanes which are variously substituted at the
      Si atom (DOS 2,239,412 and DOS 2,309,762).
PAR  The manufacture of this compound has been carried out hitherto in analogous
      manner to the manufacture of .beta.-chloroethyl-trichlorosilane [Ind. Eng.
      Chem. 45 (1953), 367] by addition of HCl in the presence of Lewis acids,
      in particular aluminium chloride, to methylvinyl-dichlorosilane [Cl.sub.2
      (CH.sub.3)--Si--CH=CH.sub.2 ] and distilling off the resultant
      .beta.-chloroethyl-methyl-dichlorosilane, which is highly unstable in the
      reaction mixture, at bath temperatures in the region of 15.degree.C in a
      high vacuum and with intensive cooling of the receiver (DOS 2,239,412, Ex.
      6).
PAR  In contrast to .beta.-chloroethyl-trichlorosilane, which can be distilled
      off from the reaction mixture containing AlCl.sub.3 without difficulty and
      without decomposition at room temperature, the
      .beta.-chloroethyl-methyl-dichlorosilane which is formed in the same way
      is so susceptible and unstable that it has only been possible to isolate
      it on a laboratory scale by distillation from the reaction mixture
      containing AlCl.sub.3 at bath temperatures below 15.degree.C in a high
      vacuum (0.1 Torr) by dint of time-consuming petty work with intensive
      cooling of the receiver. The compound decomposes in the presence of
      AlCl.sub.3 even at temperatures of 10.degree.-20.degree.C to form the
      starting product or methyl-trichlorosilane and ethylene. Manufacture on an
      industrial scale is therefore not possible under these conditions for the
      isolation by distillation.
PAR  The surprising discovery has now been made that these difficulties can be
      avoided and the distillation accomplished in an economic manner by
      carrying out the distillation to isolate the important intermediate in the
      presence of amounts of an alkali metal chloride or ammonium chloride that
      deactivate the AlCl.sub.3.
PAR  The process according to the invention for the manufacture of
      .beta.-chloroethyl-methyl-dichlorosilane by addition of HCl to
      methyl-vinyl-dichlorosilane in the presence of AlCl.sub.3 and distilling
      off the resultant end product from the reaction mixture consists in
      carrying out this distillation in the presence of at least 1 mole of
      alkali metal chloride or ammonium chloride, relative to AlCl.sub.3, at a
      bath temperature above 30.degree.C in vacuo.
PAR  The use of double salts of aluminium halides such as AlCl.sub.3 with alkali
      metal chlorides as condensation agent for Friedel-Crafts reactions is
      known [G.A. Olah, "Friedel-Crafts and Related Reactions," Vol. 1 (1963),
      Interscience Publishers], but has nothing to do with the idea of the
      present invention which has for its object the deactivation of AlCl.sub.3
      before the isolation of an unstable end product by distillation, that is
      to say which solves a totally different problem of silane chemistry and
      one which has hitherto not yet arisen.
PAR  It is of course possible to add the alkali metal chloride or the ammonium
      chloride right at the start, i.e. before the HCl addition, to the
      AlCl.sub.3, whereby possibly a double salt is formed, and in this way the
      HCl addition can also be carried out. The mixture of AlCl.sub.3 and the
      stabilising alkali metal chloride or ammonium chloride or the double salt
      is then already present in the reaction mixture during the isolation of
      the resultant .beta.-chloroethyl-methyl-dichlorosilane by distillation.
      However, the presence of alkali metal chloride or ammonium chloride or of
      a double salt with AlCl.sub.3 in the reaction mixture before the start of
      the distillation is essential.
PAR  Examples of alkali metal chlorides which can be added are NaCl, LiCl and
      KCl; but sodium chloride is preferred.
PAR  The minimum molar ratio of AlCl.sub.3 :NaCl is 1:1. Preferred molar ratios
      of AlCl.sub.3 :NaCl are from 1:1 to 1:2, in particular about 1:1.1 in view
      of the yields to be obtained, in the event of the alkali metal chloride
      being added before the HCl addition.
PAR  If, on the other hand, the alkali metal chloride is not added until before
      the distillation, it is also possible to add 2 and more moles, i.e. any
      desired surplus thereof, relative to to the AlCl.sub.3, without detriment
      to the yields.
PAR  Conventional distillation apparatus with a vacuum of 15-30 Torr and bath
      temperatures between 40.degree. and 90.degree.C are used to isolate the
      .beta.-chloroethyl-methyl-dichlorosilane from the reaction mixture. It is
      consequently possible to manufacture the end product under conditions
      which are feasible on an industrial scale in respect of the apparatus
      employed.
PAR  The following Examples will serve to illustrate the invention.
DETD
PAC  EXAMPLE 1
PAR  A mixture of 105.8 parts by weight of methylvinyldichlorosilane and 2.5
      parts by weight of anhydrous AlCl.sub.3 is cooled to 0.degree.C. At this
      temperature, dry hydrochloric acid is passed in over the course of 11/2
      hours. After the uptake of HCl is terminated, 10 parts by weight (9 moles,
      relative to to AlCl.sub.3) of anhydrous NaCl are added at 0.degree.C and
      the mixture is stirred for 10 minutes at this temperature. The mixture is
      warmed to room temperature and stirred for 1 hour thereat, in the course
      of which the onset of an exothermic reaction is controlled by cooling from
      time to time. The resultant end product is distilled direct from the
      reaction vessel in a conventional vacuum distillation apparatus at a bath
      temperature of 80.degree.C. Yields: 96 parts by weight (71.5% yield) of
      the known 2-chloroethyl-(methyl-dichloro)silane with a boiling point of
      50.degree.-52.degree.C/18 Torr.
TBL  ______________________________________                                    

              Calculated:   found:                                             

     ______________________________________                                    

     C         20,29            20,9                                           

     H          3,97             4,1                                           

     Cl        59,91            59,9                                           

     Si        15,82            16.0                                           

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  A mixture of 113.8 parts by weight of methylvinyl-dichloro-silane, 2.5
      parts by weight of anhydrous A1C1.sub.3 and 1.1 parts by weight of
      anhydrous NaC1 (molar ratio 1:1) is cooled to 0.degree.-5.degree.C. At
      this temperature, dry hydrochloric acid is passed in over the course of
      11/2 hours. After termination of the uptake of HC1, the product is
      distilled direct from the reaction vessel as in Example 1. Yield: 93 parts
      by weight (64.5% yield) of 2-chloro-ehtyl-(methyl-dichloro)silane.
PAC  EXAMPLE 3
PAR  The procedure of Example 2 is carried out, except that 2.2 parts by weight
      of NaC1 (molar ratio 1:2) are used. Yield: 73.1 parts by weight of
      2-chloromethyl-(methyl-dichloro) silane (51% yield). It is evident that a
      NaC1 surplus - if this is already present before the HC1 addition - does
      not increase the yield.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the manufacture of
      .beta.-chloroethyl-methyl-dichlorosilane by addition of HC1 to
      methylvinyl-dichlorosilane in the presence of A1C1.sub.3 and distilling
      off the resultant end product from the reaction mixture, wherein the
      isolation of the .beta.-chloroethyl-methyl-dichlorosilane by distillation
      is effected in the presence of at least 1 mole of alkali metal chloride or
      of ammonium chloride, relative to A1C1.sub.3, at a bath temperature above
      30.degree.C in vacuo.
NUM  2.
PAR  2. A process according to claim 1, wherein the isolation of the end product
      from the reaction mixture by distillation is carried out in the presence
      of sodium chloride.
NUM  3.
PAR  3. A process according to claim 1, wherein 1 to at most 2 moles of NaC1,
      relative to the amount of A1C1.sub.3, are added before the HC1 addition to
      the starting mixture containing the aluminium chloride, and wherein both
      the HC1 addition to the methylvinyl-dichlorosilane and the isolation of
      the resultant .beta.-chloroethyl-methyl-dichlorosilane from the reaction
      mixture by distillation are effected in the presence of this aluminium
      chloride/sodium chloride mixture.
NUM  4.
PAR  4. A process according to claim 1, wherein the HC1 addition is effected
      with aluminium chloride alone and wherein subsequently, but before the
      isolation of the end product by distillation, at least 1 mole of NaC1,
      relative to the aluminium chloride used, is added to the reaction mixture.
NUM  5.
PAR  5. A process according to claim 1, wherein the isolation is effected with a
      conventional distillation apparatus at bath temperatures between
      40.degree. and 90.degree.C and pressures between 15 and 30 Torr.
PATN
WKU  039338827
SRC  5
APN  5289602
APT  1
ART  117
APD  19741202
TTL  Tube method for the preparation of olefinic siloxane compounds
ISD  19760120
NCL  14
ECL  1
EXP  Shaver; Paul F.
INVT
NAM  Lee; Chi-Long
CTY  Midland
STA  MI
INVT
NAM  Maxson; Myron T.
CTY  Midland
STA  MI
ASSG
NAM  Dow Corning Corporation
CTY  Midland
STA  MI
COD  02
CLAS
OCL  2604482E
XCL  260 465R
XCL  260 465UA
XCL  2604488R
XCL  252429R
XCL  252431R
EDF  2
ICL  C07F  702
ICL  C07F  708
ICL  C07F  718
FSC  260
FSS  448.2 E;448.8 R;46.5 R;46.5 UA
FSC  252
FSS  429 R;431 R
UREF
PNO  2823218
ISD  19580200
NAM  Speier et al.
OCL  260448.2E
UREF
PNO  3404169
ISD  19681000
NAM  Gaignon et al.
OCL  260448.2E
UREF
PNO  3419593
ISD  19681200
NAM  Willing
OCL  260448.2E
UREF
PNO  3453233
ISD  19690700
NAM  Flatt
UCL  260 46.5
UREF
PNO  3576027
ISD  19710400
NAM  Fish
OCL  260448.2E
UREF
PNO  3775452
ISD  19731100
NAM  Karstedt
XCL  260448.2E
UREF
PNO  3814730
ISD  19740600
NAM  Karstedt
UCL  260 46.5
LREP
FR2  Borrousch; Roger H.
ABST
PAL  A vaporized mixture of a platinum catalyst in the amount of 0.01 to 2
      p.p.m. platinum, an acetylenic alcohol and a siloxane compound having at
      least three silicon-bonded hydrogen atoms per molecule is passed through a
      tube such as a stainless steel tube heated at 210.degree.C. to
      450.degree.C. to produce an olefinic siloxane compound which is, below
      100.degree.C., an inhibitor for the reaction between the acetylenic
      alcohol and the siloxane compound having at least three silicon-bonded
      hydrogen atoms in the presence of platinum.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of preparing a siloxane compound having
      olefinic unsaturation.
PAR  2. Description of the Prior Art
PAR  The reaction between compounds having aliphatically unsaturated carbon
      linkages such as C=C or C=C with silicon compounds having silicon-bonded
      hydrogen atoms in the presence of platinum to form new silicon compounds
      is well known in the art and is known as hydrosilation. A patent by John
      L. Speier and Donald E. Hook, U.S. Pat. No. 2,823,218, teaches that such
      reactions can be carried out in the presence of chloroplatinic acid.
      Speier et al. teach that both olefinic compounds and acetylenic compounds
      readily react to form new silicon compounds wherein the SiH adds across
      the unsaturated carbon bonds with a high product yield. Speier et al. also
      teach that the presence of other substituents in the unsaturated molecule,
      whether they be functional or entirely inert, does not prohibit the
      reaction. The unsaturated compounds which undergo reaction are taught as
      including unsaturated alcohols such as allyl alcohol, methylvinylcarbinol
      and ethynyldimethylcarbinol. Speier et al. teach that if an unsaturated
      alcohol is employed, a competing alcoholysis reaction will take place, but
      the reactants will no longer be those introduced where the source for the
      SiH is a silane, however, in general this problem does not arise when a
      siloxane is used as the source of SiH because the siloxanes are relatively
      inert to any extraneous substituents in the unsaturated reactant.
PAR  Speier et al. teach that the reaction temperature can vary over an
      extremely wide temperature range and optimum temperatures depend upon the
      concentration of catalyst present and the nature of the reactants.
      Temperatures suggested range from 0.degree.C. to below 300.degree.C. The
      temperature should be such that at least one of the reactants or a portion
      of the reaction mixture is in a mobile stage, liquid or gaseous and the
      maximum temperature is determined only by the stability of the reactants
      and the operator's desire to avoid decomposition products.
PAR  Speier et al. teach that the reaction time is variable and depends upon the
      reactants, reaction temperature and catalyst concentration among other
      things. Contact times of greater than 16 or 17 hours do no harm unless an
      extremely elevated temperature is employed, however, many reactants give a
      practically quantitative yield with contact times of 30 minutes or less
      and often an excellent yield can be obtained as soon as the exothermic
      reaction has begun which may be a matter of seconds. Speier et al. also
      teach that the reaction can be carried out at atmospheric, subatmospheric
      or superatmospheric pressures. The choice of conditions is a matter of
      logic based upon the nature of the reactants and the equipment available
      where non-volatile reactants are adaptable to being heated at atmospheric
      pressure with or without reflux and gaseous reactants at ordinary
      temperatures are preferably reacted at substantially constant volume under
      autogenous or induced pressure wherein the best results are obtained by
      maintaining at least a portion of the reactants in the liquid phase.
PAR  Speier et al., as well as others, have been concerned with obtaining
      addition products from the reaction of aliphatically unsaturated compounds
      and silicon compounds having silicon-bonded-hydrogen atoms. However, none
      have suggested that there are situations where the product of such a
      reaction is an inhibitor for the very reaction by which it is made. Thus,
      the reaction begins but as soon as a small amount of product is produced
      the reaction stops because the products inhibit the reaction by poisoning
      the catalyst.
PAR  The present invention is directed to a preparation of a unique class of
      compounds which inhibit the catalyst at low temperatures but not at high
      temperatures. Because the catalyst which is inhibited is used to make the
      inhibiting compound, the preparation method to provide a commercially
      suitable process was not obvious. The inhibiting compounds are a class of
      siloxane compounds containing olefinic unsaturation and are prepared from
      acetylenic alcohols and siloxane compounds having silicon-bonded-hydrogen
      atoms. The earliest work did not produce an inhibiting compound for the
      platinum catalyzed addition of aliphatic unsaturation to silicon-bonded
      hydrogen, but instead provided a complex mixture which may be called "a
      crosslinker-catalyst-inhibitor." This work is the subject of a copending
      application Ser. No. 528,962, filed Dec. 2, 1974, entitled
      "Crosslinker-Platinum Catalyst-Inhibitor and Method of Preparation
      Thereof" by Randolph G. Niemi filed on even date herewith and assigned to
      the same party.
PAR  Niemi combined polysiloxane having multiple silicon-bonded hydrogen atoms,
      a platinum catalyst and an acetylenic alcohol, heated the mixture for
      about 16 hours at 70.degree.C. and obtained a complex mixture after
      removing unreacted acetylenic alcohol by reduced pressure at room
      temperature, which when mixed with vinyl containing siloxane polymers
      remained uncured at room temperature but would cure at elevated
      temperatures. Thus, Niemi had found one could make room temperatue stable
      compositions from his mixture, but for each composition a separate mixture
      of crosslinker, catalyst and acetylenic alcohol was required. Attempts to
      separate the complex mixture into various components were impractical and
      expensive. The product could not be characterized to identify any
      particular species which were responsible for the inhibiting effects on
      platinum catalysts.
PAR  Using the method of Niemi, Chi-Long Lee and Ollie W. Marko as described in
      a copending application Ser. No. 528,966, filed Dec. 2, 1974, entitled
      "Olefinic Siloxanes As Platinum Inhibitors" filed on even date herewith
      and assigned to the same party prepared specific olefinic siloxane
      compounds which were inhibitors for the platinum catalysts in the addition
      reaction between aliphatic unsaturation and silicon-bonded hydrogen atoms.
      For example, Lee and Marko mixed equal molar quantities of
      ##EQU1##
      and
EQU  (II) (CH.sub.3).sub.3 SiO{(CH.sub.3)HSiO}.sub.3 Si(CH.sub.3).sub.3
PAL  with a catalytic amount of a platinum catalyst from 2 to 50 parts per
      million platinum, heated the mixture at 70.degree.C. for 16 hours,
      stripped off the unreacted starting ingredients, left set over night and
      then vacuum distillation was used to recover the product. The product was
      an olefinic siloxane compound of the formula
      ##EQU2##
      This compound mixed with a vinylsiloxane polymer, a silicon-bonded
      hydrogen containing compound and a platinum catalyst did not cure at room
      temperature in 10 days but when heated to 150.degree.C. the composition
      cured in 2 minutes. Thus, this compound is a platinum catalyst inhibitor
      at room temperature, but not at elevated temperature.
PAR  Although Lee and Marko were able to characterize specific inhibitor
      compounds, the method of preparation was impractical. The process provided
      only a low conversion from 2 to 20 percent and the yield was less than 5
      percent after distillation. In addition to both low conversion and yield,
      the reaction was difficult to control and could become violently
      exothermic, thus creating a safety hazard.
PAR  To improve the process, Lee and Marko discovered that the inhibitor could
      be prepared in a gas liquid chromatographic column as described in a
      copending application Ser. No. 528,959, filed Dec. 2, 1974, entitled
      "Method of Preparing Olefinic Siloxane By GLC" filed on even date herewith
      and assigned to the same party. Lee and Marko coated the injection port of
      a GLC column with a layer of platinum catalyst, heated the port at
      350.degree.C. and injected a mixture of (I) and (II) while maintaining the
      column at 300.degree. to 400.degree.C. The product (III) was obtained in
      yields of from 30 to 35 percent. This process had advantage over the Niemi
      process in that less platinum catalyst was used, very short residence
      times down to 1 to 2 seconds were needed, the yields were higher, high
      purity product was obtained and separate distillations were not needed.
      However, the method was not suitable for the production of large amounts
      of olefinic siloxane inhibitor. When larger GLC columns were used the
      yields decreased and the column became plugged by gelled materials. Thus,
      for small scale operations this method was found suitable but was
      deficient for large scale production.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a method for preparing olefinic siloxane
      compounds by passing a vaporized mixture of a platinum catalyst, an
      acetylenic alcohol and a siloxane compound having at least three
      silicon-bonded hydrogen atoms through a heated tube. The olefinic siloxane
      compound which contains at least one silicon-bonded hydrogen atom is an
      inhibitor at room temperature for the reaction between aliphatically
      unsaturated compounds and silicon-bonded hydrogen atoms in the presence of
      a platinum catalyst but allows the reaction to occur at elevated
      temperatures.
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to a method of reacting an acetylenic alcohol with a
      siloxane compound having at least three silicon-bonded hydrogen atoms
      bonded to at least three different silicon atoms in the presence of a
      platinum catalyst to provide an olefinic siloxane compound wherein the
      olefinic siloxane compound is an inhibitor for the platinum catalyst
      comprising passing a vaporized mixture of acetylenic alcohol, a soluble
      platinum catalyst and the siloxane compound having at least three
      silicon-bonded hydrogen atoms through a tube heated at a temperature of
      from 210.degree.C. to 450.degree.C. and collecting a reaction product
      which is an olefinic siloxane compound which is, below 100.degree.C., an
      inhibitor for the reaction between the acetylenic alcohol and the siloxane
      compound having at least three silicon-bonded-hydrogen atoms in the
      presence of a platinum catalyst, said mixture containing from 0.01 to 2
      parts by weight platinum per one million parts by weight mixture.
PAR  The method of this invention requires a feed means, a tube which can be
      heated and a collection means. The feed means can be any device which
      could be used to introduce a liquid mixture into a chamber, the tube,
      wherein the chamber contains vapors of the mixture. Thus, the feed may be
      gravity feed, injection feed (forced feed) and the like wherein the
      appropriate valves or other means are used to prevent the vapors of the
      heated chamber from reversing. The feed means may be automated to give a
      constant feed or spaced interval feeding of the feed may be done manually
      or by gravity depending upon the sophistication desired.
PAR  The tube or chamber can be of any reasonable shape as long as the vapors
      can pass through. The tube can be a straight tube, a coiled tube, an S
      shaped tube and the like. The tube can be made of any material which will
      withstand the temperatures of this method and which is inert to the
      reactants and products, such as stainless steel or glass. The tube is
      heated by any conventional means which allows control of the temperature
      such as an oven, a bath and the like.
PAR  The tube can be any reasonable length to provide for the reaction mixture a
      residence time of from 5 to 120 seconds in the heated tube. Thus, the flow
      rate and tube length combined with tube diameter can be varied over a
      broad range of enumerable combinations to provide in the heated zone a
      residence time within the range defined.
PAR  The collection means is a cooled area which allows the vapors to condense.
      The condensed vapors will be the reaction product and can be condensed by
      a single condenser or by a multiple condenser system in series. The single
      condenser collects all the reaction product and further distillation of
      the reaction product is required to obtain the desirable olefinic siloxane
      inhibitors which are adducts of the acetylenic alcohol and the siloxane
      compound having at least three silicon-bonded hydrogen atoms (SiH). This
      distillation can be carried out under reduced pressure and because there
      is little platinum present in the reaction product, the amount of
      undesirable polymerization and degradation is minimized. If a multiple
      condenser system is used, the high boiling materials of the reaction
      mixture can be removed first by passing the vapors through a condenser
      which is at a temperature higher than the olefinic siloxane compounds
      desired out below the temperature of the undesirable high boiling
      materials. The vapors of the reaction mixture minus these high boiling
      materials is then passed through a second condenser at a temperature below
      the boiling point of the olefinic siloxane compounds but above the boiling
      points of the unreacted starting materials. Thus, the olefinic siloxane
      compounds can be obtained without a distillation. The unreacted starting
      materials are then collected separately by passing the remaining vapors
      through additional condensers of appropriate temperature. Thus, if the
      reactants are 3-methyl-1-butyn-3-ol, boiling point of 105.degree.C., the
      siloxane of formula (II), boiling point of 206.degree.C. and the
      mono-adduct of formula (III), boiling point of 265.degree.C., four
      condensers could be used. The reaction product vapors could be passed
      through a first condenser at a temperature of 270.degree.C. where the high
      boiling materials are condensed and removed from the vapor mixture, a
      second condenser at 250.degree.C. would condense the mono-adduct of
      formula (III) a third condenser at 180.degree.C. would condense the
      siloxane of formula (II) from the vapors and a fourth condenser at
      80.degree.C. would condense the 3-methyl-1-butyn-3-ol. The unreacted
      starting materials could then be recycled for further reaction.
PAR  The present method avoids the hot spots which can develop in a GLC method
      as described in the application of Lee and Marko cited above and also
      reduces the tendency of the GLC column of separating the reaction
      ingredients before they have an opportunity to react and thus the yields
      are higher. However, this method is also prone to plugging on long
      continuous use. Still separation advantages can be realized wherein
      certain products are difficult to distill, especially using the
      multi-condenser system in collecting the products. Also this method can
      provide larger quantities of highly pure products than can be obtained
      from the GLC method in the same time period. The yield of olefinic
      siloxane compound which are inhibitors can be up to 60 percent using this
      method.
PAR  The mixture of reactants can be carried through the tube with an inert
      carrier gas such as helium, neon, argon and nitrogen. Reactive carrier
      gases such as hydrogen gas should not be used in this method.
PAR  The acetylenic alcohol can be any of those alcohols having a C=C bond which
      when reacted with a siloxane compound having SiH results in an olefinic
      containing siloxane which are inhibitors for platinum catalyst at room
      temperature but not at elevated temperatures above 100.degree.C. Examples
      of such acetylenic alcohols, include, 3-methyl-1-buytyn-3-ol,
      1-ethynylcyclohexan-1-ol, 3,5-dimethyl-1-hexyn-3-ol,
      3-methyl-1-pentyn-3-ol and the like.
PAR  The siloxane compounds are those having at least three silicon-bonded
      hydrogen atoms bonded to at least three separate silicon atoms. These
      siloxane compounds can be straight chains, cyclics, or branched. These
      siloxanes can be copolymers, homopolymers, single species, mixtures of the
      various types mentioned above. The only requirement of these siloxane
      compounds is that they be capable of being vaporized at the temperature
      used herein. It is preferred that these siloxane compounds have at least
      two silicon-bonded hydrogen atoms bonded to silicon atoms separated by one
      oxygen atom, preferably three silicon-bonded hydrogen atoms bonded to
      three silicon atoms which are only separated by oxygen. Some of the
      siloxane compounds for use in the present method are defined by the
      following generic formulae, R.sub.3 SiO(RHSiO).sub.x SiR.sub.3, HR.sub.2
      SiO(RHSiO).sub.u SiR.sub.2 H, (RHSiO).sub.y, HR.sub.2 SiO(RHSiO).sub.u
      (R.sub.2 SiO).sub.z SiR.sub.2 H, R.sub.3 SiO(R.sub.2 SiO).sub.z
      (RHSiO).sub.x SiR.sub.3, HR.sub.2 SiO(RHSiO).sub.v SiR.sub.3, HR.sub.2
      SiO(R.sub.2 SiO).sub.z (RHSiO).sub.v SiR.sub.3,
      ##EQU3##
      and the like, wherein each R is a monovalent hydrocarbon radical having no
      aliphatic unsaturation such as methyl, ethyl, phenyl, propyl, hexyl
      cyclohexyl, octyl, dodecyl, cyclopentyl, isopropyl, or fluorinated
      monovalent hydrocarbon radicals such as 3,3,3-trifluoropropyl, other
      perfluoroalkylethyl radicals, .alpha., .alpha.,
      .alpha.-trifluoromethylphenyl, hexafluorophenyl and the like. The number
      of siloxane units per molecule can vary from as little as 3 to any number
      which can be passed through the system, preferably from 3 to 50 siloxane
      units per molecule. Other siloxane compounds are also suitable such as
      those which have arylene or alkylene bonds between some of the silicon
      atoms. Some specific siloxane compounds include
      ##EQU4##
       and the like.
PAR  The soluble platinum catalyst is not narrowly critical and can be
      chloroplatinic acid, platinum chlorides, platinum salts, platinous halide
      complexes with olefins and other well known platinum catalysts. These and
      other platinum catalyst are further defined and illustrated in U.S. Pat.
      No. 3,453,234, issued July 1, 1969 to Gust J. Kookootsedes, and hereby
      included by reference to illustrate platinum catalyst. By the term
      "soluble platinum catalyst" it is to be understood that it is soluble in
      the mixture to be vaporized.
PAR  The amount of acetylenic alcohol and siloxane compound having
      silicon-bonded hydrogen atoms can vary broadly. Molar ratios of one to one
      have been found suitable, however, the ratio of acetylenic alcohol to
      siloxane compound can be varied outside this ratio and still obtain a
      product but the yield will drop. Wherein ratios of less than 1/1 are used
      the amount of product obtained even at 100 percent conversion will be less
      than obtainable when a 1/1 ratio is used, however, the amount of
      mono-adduct is increased compared to di-adduct and multi-adduct.
PAR  The amount of platinum catalyst is critical for the upper limit because
      decomposition can become prominent if too much platinum is present.
      Amounts in the order of 0.01 parts by weight platinum per million parts by
      weight of acetylenic alcohol and siloxane compound are suitable. The
      maximum amount is determined by the amount which will cause the reaction
      to proceed without significant decomposition. This maximum amount will
      depend upon the type of siloxane compound, acetylenic alcohol and platinum
      catalyst, as well as the temperature of reaction. Generally, less platinum
      catalyst is required the higher the reaction temperature. For most
      reactions, amounts from 0.1 to 2 parts per million platinum can be used,
      but caution should be taken to prevent decomposition at the higher
      concentrations. Preferably, the amount of platinum does not exceed 1.0
      p.p.m. platinum.
PAR  The method of this invention produces an olefinic siloxane compound which
      is the addition product of the acetylenic alcohol and the siloxane
      compound having at least three silicon-bonded hydrogen atoms. The addition
      products, which are produced in major amounts and which are the
      inhibitors, are those which do not add to all the silicon-bonded hydrogen
      atoms. There should be at least one unreacted silicon-bonded hydrogen bond
      per molecule of olefinic siloxane compound. The method of this invention
      provides addition products which are inhibitors in amounts of greater than
      80 percent combined mono-adducts and di-adducts. Both the mono- and
      di-adducts are inhibitors, however, when all the silicon-bonded hydrogen
      atoms are reacted the product is markedly reduced in inhibition activity.
PAR  The olefinic siloxane compound inhibitors are useful in that these
      compounds retard the room temperature reaction of vinyl compounds with
      silicon-bonded hydrogen atoms which are catalyzed with platinum but allow
      the reaction to occur rapidly at elevated temperature such as at
      150.degree.C. Thus, these olefinic siloxane compounds can be used to make
      one package compositions which cure on heating but are stable over
      extended periods of time at ambient conditions.
PAR  The following examples are presented for illustrative purposes and should
      not be construed as limiting the invention which is properly delineated in
      the appended claims.
DETD
PAC  EXAMPLE 1
PAR  Reactions to produce olefinic siloxane compounds were prepared under
      varying conditions using a helium gas carrier, a stainless steel tube, a
      salt bath surrounding the tube to control the heat, a water cooled
      condenser to collect the reaction product and a pump to regulate the feed
      rate of the mixture. The varying conditions were as defined in Table 1
      wherein the percent conversions and percent yields were as shown. The
      percent conversion and percent yield were determined by integrating the
      areas under the peaks of a GLC chromatogram. The percent conversion was
      the sum of the areas for the mono-adduct, di-adduct, tri-adduct divided by
      the sum of the areas for the mono-adduct, di-adduct, tri-adduct and
      unreacted siloxane (II) and then multiplied by 100. The percent yield was
      the area of the mono-adduct divided by the sum of the areas for the
      mono-adduct, di-adduct and tri-adduct. The siloxane compound used was the
      siloxane defined by formula (II) and the acetylenic alcohol was
      3-methyl-1-butyn-3-ol. The platinum catalyst was a chloroplatinic acid
      complex with symmetrical divinyltetramethyldisiloxane having about 0.65
      weight percent platinum and prepared as described in U.S. Pat. No.
      3,419,593 which is hereby incorporated by reference. The feed mixture was
      a mixture of the siloxane, acetylenic alcohol and platinum catalyst. The
      tube diameter was measured as the outside diameter.
TBL                                    Table 1                                 

     __________________________________________________________________________

                                     Molar Ratio                               

          Tube    Tube  Bath   Feed  of Acetylenic                             

                                              Platinum                         

     Ref. Diameter,                                                            

                  Length                                                       

                        Tempera-                                               

                               Rate, Alcohol  Concentration,                   

                                                       %      %                

     No.  cm.     m.    ture, .degree.C.                                       

                               ml./hr.                                         

                                     to Siloxane                               

                                              p.p.m.   Conversion              

                                                              Yield            

     __________________________________________________________________________

     1    0.635   1.524 350    15    1.0      0.10     8.42   96.00            

     2    0.9525  3.084 375    15    1.5      0.10     9.93   96.29            

     3    0.635   3.084 375    30    1.5      0.10     7.45   100              

     4    0.9525  1.524 375    30    1.5      0.10     3.88   100              

     5    0.9525  1.524 350    30    1.5      0.25     29.20  84.85            

     6    0.9525  1.524 375    30    1.0      0.25     43.69  84.44            

     7    0.9525  3.084 350    15    1.5      0.25     9.29   88.2             

     8    0.9525  3.084 375    15    1.0      0.25     23.0   97.96            

     9    0.635   3.084 350    30    1.0      0.10     10.04  95.65            

     10   0.9525  3.084 350    15    1.0      0.10     2.52   100              

     11   0.635   1.524 350    15    1.5      0.25     24.34  87.75            

     12   0.635   3.084 350    15    1.5      0.25     28.98  80.00            

     13   0.635   1.524 375    15    1.0      0.25     50.37  68.65            

     14   0.635   1.524 375    15    1.0      0.25     50.37  68.65            

     15   0.9525  1.524 350    30    1.0      0.10     4.90   92.30            

     16   0.635   3.084 375    30    1.0      0.25     42.85  84.32            

     __________________________________________________________________________

PAC  EXAMPLE 2
PAR  The method described in Example 1 was followed where the tube was 0.635 cm.
      in diameter and 1.219 meters long, 0.1 p.p.m. platinum was used, a helium
      flow of 11.8 cubic centimeters per minute was used, a 1.0 molar ratio of
      acetylenic alcohol to siloxane was used and a 0.1 milliliter sample of
      mixture was injected every 60 seconds into the tube over a 6 hour period
      where the tube was at 350.degree.C. heated in an oven. The resulting
      product was collected and distilled under reduced pressure and was found
      to contain 26.7 weight percent mono-adduct of formula (III), 49.6 weight
      percent unreacted siloxane of formula (II), 9.9 weight percent of a
      residue and 13.8 weight percent of 3-methyl-1-butyn-3-ol and any other low
      boiling materials.
PAC  EXAMPLE 3
PAR  The procedure of Example 2 was used except the helium flow rate was 17.8
      cubic centimeters per minute, and the platinum concentration, tube
      temperature and sample size injected were as defined in Table 2. The
      relative amount of mono-adduct was followed by using a GLC analysis where
      the peak height of the mono-adduct of formula (III) was divided by the
      peak height of the unreacted siloxane of formula (II). Table 2 indicates
      this as the product ratio. Also indicated in Table 2 is those runs where
      degradation was observed.
TBL                                    Table 2                                 

     __________________________________________________________________________

         Oven   Platinum                                                       

                        Sample                                                 

     Ref.                                                                      

         Temperature,                                                          

                Concentration,                                                 

                        Injected,                                              

     No. .degree.C.                                                            

                p.p.m.  microliters                                            

                               Product Ratio                                   

                                        Comment                                

     __________________________________________________________________________

      1  350    0.1     20     0.42     No Degradation                         

      2  350    0.1     40     0.73     "                                      

      3  350    0.1     80     0.35     "                                      

      4  350    0.1     160    0.21     "                                      

      5  350    0.25    20     0.41     "                                      

      6  350    0.25    40     0.50     "                                      

      7  350    0.25    80     0.45     "                                      

      8  350    0.25    160    0.30     "                                      

      9  350    0.5     20     0.46     Degradation                            

     10  300    1.0     20     0.33     No Degradation                         

     11  350    1.0     20     0.48     "                                      

     12  400    1.0     20     0.42     Degradation                            

     13* 350    0.1     80     0.82     "                                      

     14* 350    0.1     160    1.08     "                                      

     __________________________________________________________________________

      *In these experiments, no helium was used and the tube was 1.829 meters  

      long.                                                                    

PAC  EXAMPLE 4
PAR  A composition was prepared by thoroughly mixing 63 grams of a
      phenylmethylvinylsiloxy endblocked polydimethylsiloxane having a viscosity
      of 400 centistokes at 25.degree.C., 33 grams of 5 micron quartz and 12
      parts by weight platinum per one million parts by weight total composition
      wherein the platinum was added in the form described in Example 1. To this
      mixture was added and thoroughly mixed in 4.86 grams of trimethylsiloxy
      endblocked polyorganosiloxane having an average of five
      methylhydrogensiloxane units and three dimethylsiloxane units. The
      resulting mixture cured in one hour at room temperature to a coherent
      solid elastomer and at 150.degree.C. in 2 minutes.
PAR  The above composition was prepared again except 0.00166 moles of the
      mono-adduct obtained in pure form in Example 2 was mixed with the hydrogen
      containing trimethylsiloxy endblocked polyorganosiloxane. This mixture
      cured at 150.degree.C. in two minutes to an elastomer but did not cure in
      10 days at room temperature.
CLMS
STM  That which is claimed is:
NUM  1.
PAR  1. A method of reacting an acetylenic alcohol with a siloxane compond
      having at least three silicon-bonded hydrogen atoms bonded to at least
      three different silicon atoms in the presence of a platinum catalyst to
      provide an olefinic siloxane compound wherein the olefinic siloxane
      compound is an inhibitor for the platinum catalyst
PA1  comprising passing a vaporized mixture of acetylenic alcohol, a soluble
      platinum catalyst and siloxane compound having at least three
      silicon-bonded hydrogen atoms through a tube heated at a temperature of
      from 210.degree.C. to 450.degree.C. and collecting a reaction product
      which is an olefinic siloxane compound which is, below 100.degree.C., an
      inhibitor for the reaction between the acetylenic alcohol and the siloxane
      compound having at least three silicon-bonded-hydrogen atoms in the
      presence of a platinum catalyst, said mixture containing from 0.01 to 2
      parts by weight platinum per one million parts by weight mixture.
NUM  2.
PAR  2. The method in accordance with claim 1 in which the reaction product is
      distilled at reduced pressure to separate the olefinic siloxane compound
      from any unreacted starting reactants and any by-produced materials.
NUM  3.
PAR  3. The method in accordance with claim 1 in which the reaction product
      vapors coming from the heated tube are passed through a series of
      condensers which are at temperatures decreasing from the condenser
      immediately connected to the heated tube such that the highest boiling
      compound is condensed and separated from the reaction product first and
      the lowest boiling compound of the reaction mixture is last to be
      condensed.
NUM  4.
PAR  4. The method in accordance with claim 1 in which the mixture is passed
      through the heated tube with an inert carrier gas.
NUM  5.
PAR  5. The method in accordance with claim 1 in which the residence time of the
      mixture in the heated tube is from 5 seconds to 120 seconds.
NUM  6.
PAR  6. The method in accordance with claim 4 in which the residence time of the
      mixture in the heated tube is from 5 seconds to 120 seconds.
NUM  7.
PAR  7. The method in accordance with claim 1 in which the tube is heated to a
      temperature of from 300.degree.C. to 400.degree.C.
NUM  8.
PAR  8. The method in accordance with claim 6 in which the tube is heated to a
      temperature of from 300.degree.C. to 400.degree.C.
NUM  9.
PAR  9. The method in accordance with claim 7 in which the acetylenic alcohol is
      3-methyl-1-butyn-3-ol.
NUM  10.
PAR  10. the method in accordance with claim 8 in which the acetylenic alcohol
      is 3-methyl-l-butyn-3-ol.
NUM  11.
PAR  11. The method in accordance with claim 9 in which the siloxane compound
      having at least three silicon-bonded hydrogen atoms is a siloxane of the
      formula
      ##EQU5##
NUM  12.
PAR  12. The method in accordance with claim 9 in which the siloxane compound
      having at least three silicon-bonded hydrogen atoms is a siloxane of the
      formula
      ##EQU6##
NUM  13.
PAR  13. The method in accordance with claim 1 in which the platinum catalyst is
      present in amounts sufficient to provide from 0.01 to 1.0 parts by weight
      platinum per one million parts by weight of the mixture.
NUM  14.
PAR  14. The method in accordance with claim 12 in which the platinum catalyst
      is present in amounts sufficient to provide from 0.01 to 1.0 parts by
      weight platinum per one million parts by weight of the mixture.
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ABST
PAL  The methanation reaction, that is, the conversion of carbon monoxide and
      hydrogen to methane and a water byproduct is conducted at a temperature of
      120.degree. to 500.degree.C and a pressure of 100 psig to 2000 psig in the
      presence of a catalyst consisting of nickel oxide and cobalt oxide in a
      nickel/cobalt ratio of 1 to 1.5 supported on a high purity alumina support
      consisting essentially of gamma alumina. The catalyst has a surface area
      of about 100 to 200 m.sup.2 /g, an average pore diameter of 100 to 115A
      and a pore volume of 0.25 to 0.7 cc/g.
BSUM
PAR  This invention relates to a catalyst for use in the conversion of carbon
      monoxide and hydrogen to methane. More particularly, this invention
      relates to alumina supported nickel-cobalt methanation catalysts.
PAR  Methanation is a fairly well-known reaction. The reaction consists of the
      reaction of carbon monoxide and hydrogen in the presence of a catalyst to
      form methane and a water by-product. Various catalysts have been used for
      this reaction. Such catalysts include nickel supported on refractory
      supports, iron-alumina-nickel catalysts, cobalt, iron or nickel supported
      on fullers earth or silica gel and so on. Generally these catalyst
      compositions are comprised of large amounts of the active metal or metal
      oxide. Amounts of 25 to 60 percent by weight of active metal or metal
      oxide is quite common. However, this is very wasteful of the most
      expensive component of the catalyst composition. It has been found that a
      high purity alumina support (greater than 99 percent alumina) having
      nickel and cobalt present in a nickel/cobalt mole ratio of 1 to 1.5 and at
      a concentration of 3 to 10 percent by weight metal values, yields a very
      effective catalyst composition.
PAR  It has been observed that there is nickel and cobalt value interaction with
      an alumina support if the alumina has any substantial amounts of
      impurities. In order to correct for this, those in the prior art who have
      used lower purity alumina as the support have used excess amounts of
      nickel and cobalt values. In such an instance, even though there is
      interaction with the alumina support, there remains enough nickel and
      cobalt for reaction catalysis. Such a mode of operation, however, is
      wasteful of nickel and cobalt. Such catalysts also are initially too
      active for efficient fluidized bed operation. Furthermore, the impurities
      present in the catalyst tend to promote side reactions, thereby lowering
      catalyst selectivity. Since the methanation reaction is so exothermic,
      such high metals content catalysts tend to fuse into glassy agglomerates.
      The present catalyst solves this predicament by providing a catalyst which
      has a low metals loading, but has a sustained long term high activity. The
      prior art problems are solved by using the present catalyst for fluidized
      bed operations.
PAR  It is therefore a prime object of this invention to set forth an alumina
      supported nickel-cobalt value fluidized bed catalyst containing about 3 to
      10 percent by weight metal values which exhibits high methanation reaction
      activity and has good stability.
PAR  It is a further prime object to set forth an alumina supported
      nickel-cobalt catalyst which has a nickel/cobalt mole ratio of 1 to 1.5,
      surface area of 100 to 200 m.sup.2 /g, an average pore diameter of 100 to
      115A and a pore volume of 0.25 to 0.7 cc/g.
PAR  It is additionally a prime object of this invention to convert carbon
      monoxide and hydrogen to methane and a water by-product by contacting said
      carbon monoxide and hydrogen with the above fluidized bed catalyst at a
      temperature of 120.degree. to 650.degree.C and a pressure of 100 psig to
      2,000 psig.
PAR  In more detail, the present invention consists of methanation catalysts for
      fluidized bed operation. The catalysts consist of nickel and cobalt on a
      high purity alumina support. The ratio of nickel to cobalt is 1 to 1.5. It
      is believed that nickel and cobalt in this ratio promote the formation of
      nickel-cobalt alloys which are responsible for most of the activity of the
      catalyst. The alumina must be at least 99 percent pure, with only trace
      amounts of silica, titania and iron oxide permissible. The alumina should
      be at least 70 percent by weight gamma alumina and be in the form of
      spheres or ellipsoids, although other shapes can be used. Spherical
      particles are preferred in fluid bed operations since they have a lower
      attrition and promote uniform flow characteristics and thereby reduce
      variations in pressure drop and reduce channeling. The particle size
      should be in a size range of 40 to 250 microns.
PAR  The catalyst is formed by impregnating the alumina particles with nickel
      and cobalt containing solutions. The impregnation can be conducted
      separately in either order or the impregnation can be from a nickel and
      cobalt containing solution. It is preferred that impregnation be from a
      solution containing both of these metal values, since this will decrease
      the number of process steps. If separate metal solution impregnation is
      used, the impregnated support must undergo drying and calcining after each
      impregnation, while in a co-impregnation there is a single drying and
      calcination.
PAR  The impregnation is conducted by first forming an aqueous solution of the
      nickel and cobalt metal values. Any water soluble nickel or cobalt salt
      can be used to form the aqueous solution with the acid salts preferred.
      Useful acid salts are the nitrates, formates or acetates of nickel and
      cobalt. The aqueous solution generally contains 1 to 10 percent by weight
      of nickel and cobalt metal ion. After formation, the nickel-cobalt
      solution is thoroughly mixed prior to addition to the alumina spheres. If
      separate impregnations are desired, the nickel and cobalt solutions are
      formed by the separate dissolution of metal salts in water. Each such
      separate metal solution contains about 1 to 5 percent by weight of the
      respective metal ion.
PAR  Impregnation is accomplished by adding sufficient nickel and/or cobalt ion
      solution to create an incipient alumina wetness. This is the case whether
      the metals are being impregnated separately or as a mixed solution. After
      impregnation the impregnated mass is dried at 110.degree. to 250.degree.C
      for 4 to 24 hours and heated at 300.degree. to 800.degree.C for 1 to 10
      hours. The catalyst at this point is in a condition for reduction of the
      cobalt and nickel to the metallic form and use, but in a preferred
      embodiment the spheres are elutiated with air to remove any catalyst
      fines.
PAR  In the embodiment of separate nickel and cobalt ion impregnation, the
      impregnated alumina is dried at 110.degree. to 250.degree.C for 4 to 24
      hours and heated at 300.degree. to 800.degree.C for 1 to 10 hours between
      the separate metal ion impregnations. The drying and the heating prevents
      the removal of the first impregnated metal by the solution of the second
      metal solution. As hereinabove pointed out, the metal ion impregnations
      may be in either order, that is, either the nickel ion solution or the
      cobalt ion solution may be impregnated first into the alumina support.
      However, it is preferred that the impregnation be a co-impregnation of the
      nickel and cobalt value containing solutions.
PAR  The reduction of the nickel and cobalt metal oxides to metals consists of
      contacting the calcined catalyst with hydrogen at a temperature of
      250.degree. to 600.degree.C for 1 to 20 hours. Preferably, before contact
      with hydrogen, the catalyst is contacted with nitrogen to remove air.
PAR  The final catalyst formulation should contain about 3 to 10 percent by
      weight of nickel and cobalt calculated as the metal. The atomic ratio of
      nickel to cobalt is 1 to 1.5. The particle size of the catalyst is 40 to
      250 microns. The BET surface area of the catalyst is about 100 to 200
      m.sup.2 /g, and preferably 125 to 175 m.sup.2 /g. The pore diameter range
      is 35 to 200 A and preferably 50 to 180 A. The nitrogen pore volume of the
      catalyst is 0.25 to 0.7 cc/g, and preferably 0.3 to 0.55 cc/g.
PAR  In use the catalyst is placed in a fluidized bed reactor in sufficient
      quantity to provide the desired pressure drop during fluidization. A gas
      such as a coal gas is fed to the bed at a pressure of 100 to 2,000 psig
      with a temperature of 120.degree. to 650.degree.C being maintained in the
      reactor. The feed gas hourly space velocity flow rate is 500 to 3,000
      hr.sup..sup.-1. The fluidized zone may range from 2 to 20 feet. The carbon
      monoxide and hydrogen components of the coal gas react to form methane and
      a water by-product. The reaction is essentially
EQU  CO + 3 H.sub.2 .fwdarw. CH.sub.4 + H.sub.2 O.
PAL  The methane content of the coal gas feed is not affected by contact with
      this catalyst at reaction conditions. Coal gas can contain about 20
      percent methane.
DETD
PAR  The following examples further amplify the preferred embodiments of the
      invention.
PAC  EXAMPLE 1
PAR  A spherical boehmite alumina of greater than 99 percent purity, a BET
      surface area of 160 m.sup.2 /g and nitrogen pore volume of 0.4 to 0.5 cc/g
      was calcined for 3 hours at 540.degree.C to convert the boehmite alumina
      to gamma alumina. The calcined alumina spheres were then sized to through
      a 120 U.S. mesh screen and on a 325 mesh screen.
PAR  A mixed nickel and cobalt ion solution was formed by dissolving 58 g of
      nickel nitrate hexahydrate and 58 g of cobalt nitrate hexahydrate in 141 g
      of water. After stirring to complete dissolution, amounts of the mixed
      metal solution are added to 300 g of the gamma alumina spheres to
      incipient wetness of the spheres. The impregnated alumina spheres are then
      dried at 150.degree.C for 16 hours and calcined for 3 hours at
      540.degree.C. The calcined spheres were then elutriated for 0.5 hour to
      remove any dust fines. The spheres were placed in a stirred tank
      laboratory reactor, and the reactor was sealed and pressurized with
      nitrogen to 350 psig. The reactor was heated to a temperature of
      290.degree.C, and hydrogen was then substituted for the nitrogen. The
      temperature was further raised to 470.degree.C. At this temperature the
      cobalt and nickel were converted to the metal; the treatment was continued
      at this temperature for 4 hours.
PAC  EXAMPLE 2
PAR  A commercially available hydrous alumina powder with low crystallinity was
      calcined for 3 hours at 593.degree.C and characterized. A catalyst was
      prepared using this powder following the procedure described in Example 1.
      The properties of the catalysts of Examples 1 and 2 are in the following
      Tables.
TBL                TABLE 1                                                     

     ______________________________________                                    

     Properties of Catalyst Supports                                           

                       Example 1                                               

                                Example 2                                      

     ______________________________________                                    

     Calcination Temperature                                                   

                         540.degree.C                                          

                                    593.degree.C                               

     Surface Area, m.sup.2 /g                                                  

                         160        209                                        

     Nitrogen Pore Volume, cm.sup.3 /g                                         

                         0.4-0.5    0.85                                       

     ______________________________________                                    

     TABLE 2                                                                   

     Properties of Methanation Catalysts                                       

                      Example 1 Example 2                                      

     ______________________________________                                    

     % Nickel (as Ni)   5.10        4.6                                        

     % Cobalt (as Co)   3.73        4.12                                       

     Surface Area, m.sup.2 /g                                                  

                        155         299                                        

     Water Pore Volume, cm.sup.3 /g                                            

                        0.58        0.77                                       

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  A packed bed catalytic reactor, 1/2 inch inside diameter and 18 inches
      long, was used to test the stability of the catalysts of Examples 1 and 2.
      A synthetic gas mixture similar to a product gas from coal gasifiers,
      containing 20 percent CO, 60 percent H.sub.2 and 20 percent CH.sub.4, was
      fed to the reactor under 1000 pounds pressure and the conversions measured
      at successively higher temperatures from 425.degree. to 600.degree.C over
      a period of about 250 hours. The catalysts of Examples 1 and 2 both showed
      excellent initial activity, giving conversions of 95 percent theoretical.
      When the temperatures were returned to about 425.degree.C it was found
      that the catalyst of Example 1 had retained all of its activity, while the
      catalyst of Example 2 had a conversion of about 47 percent of theoretical
      based on carbon monoxide. A second heating cycle similar to the first was
      made, and it was found that the catalyst of Example  2 had lost activity
      to the extent that it was now converting less than 20 percent of the
      incoming carbon monoxide. However, no change was observed in the preferred
      catalyst of Example I. This illustrates the uniqueness of the preferred
      catalyst base used in Example 1. The catalyst of Example 1 was operated
      for a total of 660 hours without any loss in activity measured by the
      conversion of feed gas carbon monoxide.
PAC  EXAMPLE 4
PAR  The catalyst described in Example 1 was charged  to a fluidized bed unit
      which was operated under the following conditions:
TBL  Feed Composition:       20% CO                                            

                             60% H.sub.2                                       

      Balance                CH.sub.4                                          

     Reactor Temperature:    800.degree.F                                      

     Reactor Pressure:       70 atm                                            

     Feed Gas Hourly                                                           

      Space Velocity:        2000 hr.sup.-.sup.1                               

PAL  More than 80 percent of the carbon monoxice and hydrogen in the feed gas
      was converted to methane, with the product gas containing greater than 80
      mole percent methane.
PAR  The catalyst operated for over 660 hours continuously without adverse
      carbon deposition and resultant loss in activity. A similar catalyst
      prepared on a low purity alumina (at 98 percent purity, with impurities
      such as SO.sub.4, Na.sub.2 O and silica at 2 percent) lost its activity
      rapidly in less than 100 hours.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for converting a feed gas stream containing principally carbon
      monoxide, hydrogen and methane to a product gas stream containing
      essentially completely methane, comprising passing said feed gas stream in
      fluidized contact with a catalyst consisting of an alumina support having
      a purity of more than 99 percent by weight alumina, of which at least 70
      percent by weight is present as gamma alumina and impregnated with nickel
      and cobalt in a nickel to cobalt atomic ratio of 1 to 1.5 and containing
      about 3 to 10 percent by weight metal values, said catalyst having a
      surface area of about 100 to 200 m.sup.2 /g, pores in a pore diameter
      range of 35 to 200A, with an average pore diameter of 100 to 115A and a
      pore volume of 0.25 to 0.7 cc/g; at a pressure of 100 to 2,000 psig and at
      a temperature of 120.degree. to 650.degree.C.
NUM  2.
PAR  2. A method as in claim 1 wherein the flow rate of said feed gas is 500 to
      3000 hourly space velocity.
NUM  3.
PAR  3. A method as in claim 1 wherein said catalyst has a nickel to cobalt
      atomic ratio of 1.10 to 1.30, a surface area of 125 to 175 m.sup.2 /g, a
      pore diameter range of 50 to 180A and a pore volume of 0.3 to 0.55 cc/g.
NUM  4.
PAR  4. A method as in claim 2 wherein said catalyst consists of spherical
      particles of 40 to 250 microns.
NUM  5.
PAR  5. A method as in claim 4 wherein the flow rate of said feed gas is 500 to
      3,000 hourly space velocity.
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ABST
PAL  This invention concerns the preparation of linear saturated and unsaturated
      aliphatic thiol esters by the catalytic addition of carbon monoxide plus a
      sulfur containing nucleophile having a mobile hydrogen atom, to the
      carbon-to-carbon unsaturated bond of a 1-alkene or 1-alkyne, using
      homogeneous noble metal, bimetallic catalyst complexes.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention concerns the preparation of linear aliphatic thiol esters by
      the catalytic addition of carbon monoxide plus a sulfur containing
      nucleophile having at least one mobile hydrogen atom to the
      carbon-to-carbon unsaturated bond of a 1-alkene or 1-alkyne substrate,
      using homogeneous noble metal, bimetallic catalyst complexes.
PAR  More particularly this invention relates to synthesis of two known classes
      of thioesters, linear saturated and unsaturated thiol esters by the
      catalytic carbonylation of 1-alkenes and 1-alkynes, respectively, in the
      presence of the aforementioned noble metal catalyst complexes.
PAC  BACKGROUND OF THE INVENTION
PAR  Linear saturated aliphatic thiol esters as defined throughout this
      application have the formula:
EQU  RCH.sub.2 CH.sub.2 COSR'
PAL  wherein R is selected from the group consisting of hydrogen and alkyl
      radicals containing from zero to 28 carbon atoms and R' is selected from
      the group consisting of alkyl and aryl radicals containing up to 10 carbon
      atoms, including phenyl (C.sub.6 H.sub.5) and alkylated phenyl wherein the
      alkyl groups contain from 1 to 4 carbon atoms.
PAR  Linear unsaturated aliphatic thiol esters as defined herein have the
      formula:
EQU  RCH = CHCOSR'
PAL  wherein R and R' have the same definitions defined supra.
PAR  The usual preparation of saturated thiol esters is by the reaction or a
      mercaptan with an acid chloride frequently in the presence of pyridine.
      Sometimes anhydrides are substituted for the acid chlorides. Other
      preparations include the reaction of an acid chloride with a metal
      mercaptide, or the reaction of a thio acid salt and an alkyl halide among
      other methods. These thiol esters may be treated with amines to form
      N-substituted carboxamides and a mercaptan or may be desulfurized with
      fresh Raney nickel to produce an alcohol (i.e. RCOSR' .fwdarw. RCH.sub.2
      OH) etc.
PAR  It is noteworthy that the synthesis of saturated and unsaturated thiol
      esters from 1-alkenes or 1-alkynes with "classical" carbonylation
      catalysts, such as the Reppe nickel carbonyl catalysts, gives mainly
      branched-chain thiol esters rather than the more desirable linear thiol
      esters, in moderate yields, and under fairly stringent reaction
      conditions. For example, the synthesis of ethyl thiol-.alpha.-methyl
      octanoate in 15% yield from octene*.
FNT  *W. Reppe and H. Kroper, Ann.
PAR  In both types of products, linear saturated and unsaturated thiol esters,
      the methods of synthesis are not entirely satisfactory, for example yields
      are poor or erratic, purification is difficult and/or reaction conditions
      are rigorous, and in many instances predominantly branched-chain rather
      than linear thiol esters are produced.
PAR  In this invention, noble metal catalysts, particularly ligand-stabilized
      noble-metal halide catalysts, in conjunction with Group IVB metal halide
      co-catalysts (both types of catalysts to be described subsequently), are
      used to catalyze the addition of carbon monoxide into the carbon-to-carbon
      unsaturated bonds of 1-alkenes or 1-alkynes in the presence of a sulfur
      containing nucleophile having a mobile hydrogen atom, preferably a
      mercaptan, to produce linear saturated or unsaturated thiol esters. For
      instance, the synthesis of a typical linear saturated thiol ester, such as
      ethyl thioloctanoate, is shown below:
EQU  CH.sub.3 (CH.sub.2).sub.4 CH = CH + CO + C.sub.2 H.sub.5 SH .fwdarw.
      CH.sub.3 (CH.sub.2).sub.5 CH.sub.2 COSC.sub.2 H.sub.5
PAR  Similarly, the preparation of an illustrative unsaturated thiol ester is as
      follows:
EQU  HC .tbd. CH + CO + C.sub.3 H.sub.7 SH .fwdarw. H.sub.2 C = CHCOSC.sub.3
      H.sub.7
PAL  It should be noted that the instant invention is also distinguishable over
      related co-assigned cases* in that:
PAR  1. In the related cases, while the same classes of homogeneous noble metal
      catalysts are used in conjunction with carbon monoxide and unsaturated
      substances, sulfurcontaining nucleophilic reactants are employed in this
      case rather than the oxygen-containing nucleophilics such as alkanols,
      phenols, and water described in the previous cases.
FNT  *Ser Nos. 233,014 and 233,015
PAC  PROCESS DESCRIPTION
PAR  In the broad practice of this invention, unsaturated aliphatic substrates
      are converted to linear saturated and unsaturated aliphatic thiol esters
      of carboxylic acids in good yield and relatively uncontaminated with
      branched chain by-products by a process of:
PAR  a. admixing each mole of at least one unsaturated aliphatic substrate
      selected from the group consisting of 1-alkenes and 1-alkynes containing 2
      to 30 carbon atoms with at least a molar equivalent of mercaptan
      co-reactant, in the presence of at least stoichiometric quantities of
      carbon monoxide, and in the presence of at least a catalytic amount of a
      homogeneous noble metal catalyst consisting essentially of two components:
      (1) a noble metal halide selected from the group consisting of platinum
      and palladium halides, in combination with (2) Group IVB metal halide
      co-catalysts, in the absence of substantial quantities of oxidizing agents
      and water to form a reaction mixture, pressurizing and
PAR  b. heating said pressurized, substantially oxidizer-free water-free
      reaction mixture at elevated temperatures until conversion of the
      unsaturated aliphatic substrate contained in said reaction mixture to the
      aliphatic thiol ester takes place, and
PAR  c. optionally isolating the aliphatic thiol esters that are contained
      therein.
PAR  Preferably the noble metal catalyst of this invention consists of three
      components: (1) a platinum(II) or palladium(II) halide stabilized with (2)
      one or more Group VB donor ligands, and (3) in combination with a Group
      IVB metal halide co-catalyst such as tin(II) halides, tin(IV) halides and
      germanium(II) halides.
PAR  In order to present the inventive concept in the greatest possible detail
      as to promote its understanding, the following supplementary disclosure is
      submitted:
PAR  A. Process Sequence and Variations. In general, the components of the
      aforementioned reaction mixture, including optional inert solvent, thiol
      co-reactant, unsaturated aliphatic substrate and catalyst may be added in
      any sequence as long as sufficiently good agitation is provided to assure
      the formation of a homogeneous mixture. For example, the following
      represent some variations insofar as the catalyst, sequence of CO, and
      heating, that may be made without departing from the inventive process.
      These modifications include:
PAR  1. The catalyst may be preformed.
PAR  2. To minimize stability problems with the homogeneous catalysts, it is
      preferred to form the catalyst in situ, usually by first adding the Group
      IVB metal halide, in anhydrous form, in excess over what is required by
      stoichiometry, followed by the addition of noble metal halide complex such
      as PdCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 [.sub.2.
PAR  3. A third variation is that the catalyst is prepared in situ by adding as
      separate components of the reaction mixture the noble metal halide, such
      as palladium(II) chloride, the Group VB donor ligand, such as
      triphenylphosphine, and the Group IVB metal halide co-catalysts such as
      tin(II) chloride.
PAR  After using variation (1), (2) or (3), the reactor, containing catalyst,
      agitated deoxygenated inert solvent and thiol co-reactant is sealed,
      carbon monoxide is added to the agitated system, which is heated to about
      the reaction temperature and to autogenous pressures. After a homogeneous
      system is obtained, the unsaturated aliphatic substrate such as 1-heptene,
      is added, and the pressure is raised until the desired psig is obtained.
      At the end of a sufficient reaction time, either empirically determined
      beforehand, or determined by monitoring samples withdrawn for analysis
      during the reaction, the reaction is terminated, cooled, vented and worked
      up.
PAR  4. A substantial process variation that can be employed when the catalyst
      is formed in situ in an inert solvent is to heat the catalyst containing
      solution to temperature under an inert atmosphere or a slightly elevated
      pressure of CO, and then to add the mercaptan co-reactant, the unsaturated
      aliphatic substrate and carbon monoxide with efficient agitation and to
      maintain the CO pressure in the reactor until the thiol ester is formed.
PAR  B. Homogeneous Noble Metal Catalyst -- The homogeneous noble metal catalyst
      of this invention consists of at least two components: (1) a noble metal
      halide, selected from the group consisting essentially of platinum and
      palladium halides, and (2) a Group IVB metal halide co-catalyst.
      Preferably the homogeneous noble metal catalyst consists of three
      components: (1) a noble metal halide, selected from the group consisting
      of platinum(II) and palladium(II) halides stabilized with (2) one or more
      Group VB donor ligands, and in combination with (3) a Group IVB metal
      halide co-catalyst.
PAR  Each Group VB donor ligand contains one or more donor atoms selected from
      Group VB of the Periodic Chart of the Elements (Advanced Inorganic
      Chemistry by F. A. Cotton and G. Wilkinson, 2nd Ed., 1966), preferably it
      contains one or more trivalent phosphorus or arsenic atoms. These Group VB
      donor atoms are bonded to hydrocarbyl radicals selected from the group
      consisting of aryl, alkyl, and substituted aryl radicals, which may
      contain up to 20 carbon atoms and need not be the same.
PAR  Illustrative of suitable Group VB donor ligands which may be used in
      combination with the noble metal(II) halide and the Group IVB metal halide
      to form active carbonylation catalysts for the preparation of unsaturated
      and saturated aliphatic thiol esters are:
PA1  P(c.sub.6 h.sub.5).sub.3, as(C.sub.6 H.sub.5).sub.3, P(CH.sub.3).sub.2
      (C.sub.6 H.sub.5), P(p-CH.sub.3.C.sub.6 H.sub.4).sub.3, P(p-Cl.C.sub.6
      H.sub.4).sub.3, P(o-CH.sub.3 O.C.sub.6 H.sub.4).sub.3, P(p-CH.sub.3
      O.C.sub.6 H.sub.4).sub.3, P(OC.sub.6 H.sub.5).sub.3, P(C.sub.6
      H.sub.11).sub.3, As(n-C.sub.4 H.sub.9).sub.3, P[(p-CH.sub.3.C.sub.6
      H.sub.4)(C.sub.6 H.sub.5).sub.2 ], (C.sub.6 H.sub.5).sub.2
      P(CH.sub.2).sub.2 P(C.sub.6 H.sub.5).sub.2, (C.sub.6 H.sub.5).sub.2
      P(CH.sub.2)P(C.sub.6 H.sub.5).sub.2, and Sb(C.sub.6 H.sub.5).sub.3.
PAR  The Group IVB metal halides that may be used as co-catalysts in this
      invention include the halides of tin(II), tin(IV) and germanium(II).
      Illustrative examples include tin(II) chloride, tin(IV) chloride, tin(II)
      bromide and germanium(II) chloride. In certain cases, the anhydrous
      chlorides of the Group IVB metal halides are favored, with anhydrous
      tin(II) chloride being the preferred co-catalyst.
PAR  The following complexes are among the many ligand stabilized
      palladium(II)-Group IVB metal halaide complexes and ligand-stabilized
      platinum(II)-Group IVB metal halide complexes which can be used in the
      catalytic conversion of unsaturated aliphatic substrates to unsaturated
      and saturated aliphatic thiol esters:
PA1  PdCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2 --SnCl.sub.2, PdCl.sub.2
      [As(C.sub.6 H.sub.5).sub.3 ].sub.2 --SnCl.sub.2, PdCl.sub.2 [P(OC.sub.6
      H.sub.5).sub.3 ].sub.2 --SnCl.sub.2, PdCl.sub.2 [P(p-CH.sub.3 O.C.sub.6
      H.sub.4).sub.3 ].sub.2 --SnCl.sub.2, PdCl.sub.2 [P(C.sub.6 H.sub.5).sub.3
      ].sub.2 --GeCl.sub.2, PdCl.sub.2 [P(p-Cl.C.sub.6 H.sub.4).sub.3 ].sub.2
      --SnCl.sub.2, PtCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2 --SnCl.sub.2,
      PtCl.sub.2 [As(C.sub.6 H.sub.5).sub.3 ].sub.2 --SnCl.sub.2 PdCl.sub.2
      [P(C.sub.6 H.sub.5).sub.3 ].sub.2 --SnCl.sub.4, and PdCl.sub.2
      [P(CH.sub.3).sub.2 C.sub.6 H.sub.5 ].sub.2 --SnCl.sub.2
PAR  In certain cases the Group VB donor ligand, typified by triphenylphosphine,
      is used in excess of the amount required for complex formation, and the
      Group IVB metal halide co-catalyst also in excess in order to obtain a
      stable and active catalyst.
PAR  C. Ratio of Noble Metal Catalyst to Unsaturated Aliphatic Substrate --
      Experimental work indicates that a molar ratio of up to 500 moles of
      unsaturated aliphatic substrates per mole of noble metal catalyst complex
      can be employed in most instances where unsaturated aliphatic substrates
      typified by 1-alkenes are used as the substrate. This molar ratio
      constitutes what is referred to as a catalytic amount. Much lower ratios
      (i.e. 25 moles of substrate per mole of noble metal catalyst) are not
      harmful but are economically unattractive. For this reason the preferred
      molar range varies from 50 to 200 moles of substrate per mole of noble
      metal catalyst.
PAR  D. Temperature required for Thiol Ester Formation -- The temperature range
      which can be employed for ester formation is variable dependent upon other
      experimental factors including the substrate employed, the pressure, the
      concentration and the particular choice of catalyst among other things.
      Using 1-heptene as a typical unsaturated substrate and PdCl.sub.2
      --[P(C.sub.6 H.sub.5).sub.3 ].sub.2 --SnCl.sub.2 as a representative
      catalyst, the range of operability is from about 20.degree. to
      120.degree.C when superatompsheric pressures of 2,000.degree.-3,000 psig
      or higher are employed.
PAR  E. Pressure -- Carbon monoxide pressures up to at least 3,000 psig lead to
      substantial conversion of the unsaturated aliphatic substrate to the
      corresponding thiol ester at temperatures of 20 to 120.degree.C using
      PdCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2 --SnCl.sub.2 as catalyst and
      1-heptene as the unsaturated substrate. Table II and Example 17 provide
      the supporting experimental data.
PAR  F. Reaction Times Required -- As previously indicated in the analogous
      discussion on temperatures and pressures required in the reaction,
      experimental variables are important in arriving at reaction times.
      Generally substantial conversions (70% or higher) of the the substrates to
      the saturated or unsaturated thiol ester can almost always be accomplished
      within 20 hours with 4 to 8 hours representing the more usual reaction
      time interval.
PAR  G. Unsaturated Aliphatic Substrates - As used throughout this disclosure,
      this term refers to two related classes of unsaturated aliphatic
      substrates, wherein the unsaturation (double or triple bonds) in the
      substrate is only between carbon to carbon atoms. Illustrative of the two
      classes of unsaturated aliphatic substrates are those of the structures:
      ##EQU1##
      and
EQU  R--C .tbd. CH                                              B
PAL  wherein R is selected from the group consisting of hydrogen and alkyl
      radicals containing zero to 28 carbon atoms.
PAR  Unsaturated alkenes of structure A are commonly known as .alpha. -olefins
      and include ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 1-heptene,
      1-octene, etc.
PAR  Unsaturated alkynes of structure B include the lowest member of the series
      commonly known as acetylene, as well as its homologues such as 1-propyne,
      1-butyne and 1-pentyne.
PAR  H. Nucleophilic Co-Reactant -- In order to prepare the saturated or
      unsaturated aliphatic thiol ester products, a sulfur-containing
      nucleophilic co-reactant, preferably a mercaptan, having a labile
      hydrogen, must be present in the reaction mixture with the unsaturated
      aliphatic substrate, carbon monoxide and catalyst. The mercaptan may be
      aliphatic or aromatic or cyclic and it can contain from 1 to 10 carbon
      atoms. Where the mercaptan is aromatic it can be alkylated with one or
      more alkyl groups containing 1 to 4 carbon atoms exclusive of the carbons
      of the aromatic rings. Suitable mercaptans include methyl mercaptan, ethyl
      mercaptan, propyl mercaptan, butyl mercaptan, pentyl mercaptan, hexyl
      mercaptan, heptyl mercaptan, cyclohexyl mercaptan, phenyl mercaptan
      (benzene thiol), benzyl mercaptan, ethyl benzene thiol and their
      homologues
PAR  I. Carbon Monoxide Environment -- Insofar as can be determined, the best
      selectivities and conversions of unsaturated aliphatic substrates to
      saturated or unsaturated aliphatic thiol esters can be obtained within a
      reasonable reaction time by using a substantially carbon monoxide gaseous
      atmosphere. However, particularly in continuous operation the carbon
      monoxide may be used in conjunction with from about 0 to 30% by volume of
      one or more inert gases such as nitrogen, argon, neon and the like without
      experiencing any substantial decrease in yield and selectivity. The amount
      of CO provided must be at least sufficient to satisfy the stoichiometry of
      the carbonylation reaction.
PAR  J. Inert Solvents -- The novel reaction is run most conveniently in the
      presence of an inert diluent. A variety of solvents can be used, including
      aromatics such as benzene, toluene and xylenes, halogenated aromatics
      including o-dichlorobenzene and chloronaphthalene, ethers such as
      dimethyloxyethane and p-dioxane, ketones such as diethyl ketone and methyl
      isobutyl ketone, and halogenated paraffins including methylene chloride.
      Ketones such as acetone, methyl ethyl ketone and particularly methyl
      isobutyl ketone are the preferred solvents in the inventive process.
PAR  K. Selectivity as defined herein is the efficiency in catalyzing the
      desired carbonylation reaction relative to other undesired competing
      reactions, such as formation of the branched chain thiol ester; in this
      instance carbonylation to the linear aliphatic thiol ester derivative is
      the desired conversion. Selectivity is usually expressed as a percentile,
      and is calculated herein by determining the total amount of desired linear
      thiol ester product formed, divided by the total amount of thiol ester
      products which are formed, and multiplying the quotient obtained by 100.
PAR  L. Conversion as defined herein is the efficiency in converting the
      unsaturated aliphatic substrate to other products. Conversion is also
      expressed as a percentile and is calculated herein by dividing the amount
      of unsaturated aliphatic substrate (1-alkene or 1-alkyne) consumed during
      carbonylation* by the amount of unsaturated aliphatic substrate originally
      charged to the reactor and multiplying the quotient by 100.
FNT  *Carbonylation as used throughout this disclosure refers to addition of
      carbon monoxide plus a mercaptan to the carbon-to carbon unsaturated bond
      of the substrate alkene or alkyne.
PAR  M. By-Products -- As far as can be determined, without limiting the
      invention or its novelty, the essence of the inventive process is
      carbonylation (the addition of carbon monoxide plus a mercaptan to
      carbon-to-carbon unsaturated bond of a 1-alkene or 1-alkyne). These
      reactions are catalyzed by the homogeneous noble metal catalysts of this
      invention. Quantitatively speaking, there are only relatively minor
      amounts of by-products (less than 30% by weight) of the total product
      content. These consist primarily of sulfides formed by the addition of the
      mercaptans only to the 1-alkenes and 1-alkynes.
PAR  Unless otherwise stated, all parts are by weight, all temperatures in
      degrees centigrade and all pressures in pounds per square inch gauge
      (psig.)
PAC  EXAMPLE 1
PAC  The Preparation of Ethyl Thioloctanoate From 1-heptene Using
      Bis(triphenylphosphine) Palladium(II) Chloride Tin(II) Chloride as
      Catalyst
PAR  PART A. To a glass-lined reactor provided with stirring, heating, cooling
      and pressurizing means, charged with a stirred deoxygenated mixture of
      methyl isobutyl ketone (60 parts by weight) and ethyl mercaptan (9.3 parts
      by weight) is added under a nitrogen purge, anhydrous stannous chloride
      (0.95 parts by weight, 5 mmole), followed by 0.35 parts by weight of
      bis(triphenylphosphine)palladium (II) chloride complex* (0.5 mmole).
      Stirring of the yellow solution is continued for an additional 5-10
      minutes at which time the autoclave is sealed, purged with nitrogen and
      carbon monoxide, and heated to 80.degree. C under 100 psig of carbon
      monoxide for about 15 minutes. At the end of this time 4.9 parts by weight
      of 1-heptene (50 mmole) is added to the pressurized reactor and the carbon
      monoxide pressure raised to 2,000 psig. Periodically aliquots are removed
      for gas . chromatographic (g.c.) analysis and after 6 hours, the reactor
      is cooled down, vented to reduce pressure and the 70 parts by weight of
      yellow liquid recovered and analyzed by g.c. Basis the 1-heptene charged,
      a yield of 61 mole % of ethyl thioloctanoate is obtained. The remainder of
      the product is found to be unreacted 1-heptene (1-heptene conversion is
      78%) plus some branched thioester (ethyl thiodoctanoate selectivity =
      82%).
FNT  *Prepared by the method of H. Itatani and J. C. Bailar, J. Amer. Oil Chem.
      Soc. 44 147 (1967)
PAC  EXAMPLE 2
PAC  Preparation of Methyl Thioloctanoate
PAR  In a run almost identical to that of the preceeding example, the process is
      repeated using the same proportions of reactants and reaction parameters,
      except that gaseous methyl mercaptan is substituted for ethyl mercaptan on
      a mole to mole basis and is added to the reaction mixture during
      pressuring of the reactor with carbon monoxide. Comparable conversion,
      selectivities and yields of the methyl thioloctanoate are obtained.
PAC  EXAMPLE 3
PAC  Preparation of Butyl Thioctanoate
PAR  Again the run of Example 1 is substantially repeated insofar as reaction
      conditions and reactants are concerned, except that n-butyl mercaptan is
      substituted for ethyl mercaptan on a mole by mole basis. Again comparable
      conversions, selectivities and yields are obtained.
PAC  EXAMPLE 4
PAC  Preparation of Phenyl Thioloctanoate
PAR  Once again the preparation is based upon that of Example 1 except that
      benzene thiol is substituted for ethyl mercaptan on a mole for mole basis.
      As in the preceding examples conversions, selectivities and yields are
      similar to those obtained in Example 1.
PAC  EXAMPLE 5
PAC  Preparation of Ethyl Thioloctanoate From 1heptene Using Homogeneous
      Platinum Catalysts-I.
PAR  Using the procedure, equipment, proportions and reaction parameters
      employed in Example 1, PtCl.sub.2 (AsPh.sub.3).sub.2 --10. SnCl.sub.2 is
      substituted for the homogeneous palladium complex of Example 1 on a mole
      per mole basis. At the end of the reaction time the pressurized reactor is
      cooled, vented and analyzed using gas chromatography. A conversion of 10%
      of 1-heptene and a yield or ethyl thioloctanoate (based upon 1-heptene
      charged) of 3.5% is obtained. However, amongst the ethyl C.sub.8 thioester
      products the selectivity to ethyl thioloctanoate is about 84%.
PAC  EXAMPLE 6
PAC  Preparation of Ethyl Thioloctanoate From 1-heptene Using Homogeneous
      Platinum Catalsts-II.
PAR  Again the same procedure, equipment, proportions and reaction parameters
      used in Example 1 are employed except that the catalyst complex K.sub.2
      PtCl.sub.6 --10SnCl.sub.2 is substituted on a mole for mole basis for the
      homogeneous palladium catalyst of Example 1. A conversion of 12% of
      1-heptene is obtained. The ethyl thioloctanoate yield is 2.6%, selectivity
      is 66%. The two runs appear to indicate that these two platinum catalysts,
      while having good selectivity, are much less effective than the palladium
      catalyst of the first example.
PAC  EXAMPLES 7 TO 11
PAC  Preparation of Ethyl Thioloctanoate Using Other Homogeneous Palladium
      Catalysts
PAR  Table I lists other homogeneous palladium catalysts which may be
      substituted for PdCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2 -- SnCl.sub.2
      in the preparation of ethyl thioloctanoate as described in Example 1.
PAC  EXAMPLES 12 TO 16
PAC  Preparation of Ethyl Thioloctanoate -- Effect of Temperature and Pressure
      Variations
PAR  Table II shows data obtained when the PdCl.sub.2 (PPh.sub.3).sub.2 --
      10SnCl.sub.2 catalyst system is employed for the synthesis of ethyl
      thioloctanoate from 1-heptene, using the procedure set forth in Example 1,
      but with the designated conditions of temperature and pressure.
PAC  EXAMPLE 17
PAC  The Preparation of Ethyl Thiolacrylate From Acetylene
PAR  An approximately equivolume mixture of carbon monoxide and acetylene is
      bubbled through a deoxygenated solution of 60 parts by weight of benzene,
      10 parts by weight of ethanethiol, 0.95 parts by weight of stannous
      chloride (5.0 mmole), 0.35 parts by weight of
      bis(triphenylphosphine)palladium(II) chloride (0.5 mmole). After several
      hours at room temperature (21.degree.-22.degree.), a gas chromatographic
      analysis of the clear red solution confirmed the presence of ethyl
      thiolacrylate as the only detectable carboxylate product (acetone, an
      impurity in the acetylene feed, was also confirmed).
TBL                TABLE I                                                     

     ______________________________________                                    

     EXAMPLE        CATALYST COMPOSITION                                       

     ______________________________________                                    

     7              PdCl.sub.2 [P(p-CH.sub.3 O.C.sub.6 H.sub.4).sub.3 ].sub.2  

                    -SnCl.sub.2                                                

     8              PdCl.sub.2 [P(p-Cl.C.sub.6 H.sub.4).sub.3 ].sub.2 -SnCl.sub

                    .2                                                         

     9              PdCl.sub.2 [P(CH.sub.3).sub.2 C.sub.6 H.sub.5 ].sub.2      

                    -SnCl.sub.2                                                

     10             PdCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2 -GeCl.sub.2   

     11             PdCl.sub.2 [As(C.sub.6 H.sub.5).sub.3 ].sub.2 -SnCl.sub.2  

     12             PdCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2 -SnCl.sub.4   

     ______________________________________                                    

TBL                                    TABLE II                                

     __________________________________________________________________________

                               ETHYL THIOLOCTANOATE                            

     EXAMPLE                                                                   

           TEMP. (.degree.C)                                                   

                  PRESSURE                                                     

                        1-HEPTENE                                              

                               SELECTIVITY                                     

                                       YIELD                                   

                  (PSIG)                                                       

                        CONV. (%)                                              

                               (%)     (%)                                     

     __________________________________________________________________________

     13    20     3000  &lt; 10   98      4.1                                     

     14    80     "      78    82      61                                      

     15    120    "     &lt;10    67      6.0                                     

     16    80     100   &lt;10    79      6.9                                     

     __________________________________________________________________________

PAR  As the numerous examples and preceding discussion have documented, numerous
      advantages accrue from the practice of this invention both in its
      compositional aspect and its process aspects.
PAR  For example, a relatively large group of ligand stabilized noble
      metal-Group IVB metal halide catalysts are provided which were heretofore
      not known to be useful as catalysts for the conversion of unsaturated
      aliphatic substrates to their linear saturated and unsaturated, aliphatic
      thiol esters of carboxylic acids. These catalytic compositions offer the
      further advantage of being readily available by well known preparative
      procedures, and they have conversion efficacies even at
      substrate-to-catalyst molar ratios as high as 200 to 1, dependent upon the
      unsaturated aliphatic substrate, and the particular catalyst employed.
      Quite unexpectedly, the high activity of some palladium complexes is not
      followed by that of corresponding platinum complexes. This can be seen by
      the data obtained in the examples.
PAR  It its process aspect this invention provides a novel process for preparing
      linear saturated and unsaturated aliphatic, thiol esters of carboxylic
      acids. In addition, reaction times are rapid, the process lends itself to
      either batch or continuous operation, employing standard equipment.
      Further, selectivities to the linear saturated thiol esters are ordinarily
      of the order of 80% and higher.
PAR  A further advantage of the instant invention is that while in some respects
      reaction conditions are critical to success, in other respects the process
      offers flexibility. That is, numerous modifications and changes can be
      made in the choice of catalyst, nucelophilic co-reactant and unsaturated
      aliphatic substrate, without departing from the inventive concept. The
      metes and bounds can best be determined by reading the claims which follow
      in light of the preceding specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for converting unsaturated aliphatic 1-alkenes containing 2 to
      30 carbon atoms to linear saturated aliphatic thiol esters of carboxylic
      acids in good yield and relatively uncontaminated with non-linear thiol
      esters and by-products, by a process of:
PA1  a. admixing each mole of 1-alkene to be converted to said thiol ester, with
      at least a catalytic amount of a palladium catalyst selected from the
      group consisting of:
PA2  PdCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2 --SnCl.sub.2
PA2  PdCl.sub.2 [P(p-CH.sub.3 O.C.sub.6 H.sub.4).sub.3 ].sub.2 --SnCl.sub.2
PA2  PdCl.sub.2 [P(CH.sub.3).sub.2 C.sub.6 H.sub.5 ].sub.2 --SnCl.sub.2
PA2  PdCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2 --GeCl.sub.2
PA2  PdCl.sub.2 [As(C.sub.6 H.sub.5).sub.3 ].sub.2 --SnCl.sub.2 and
PA2  PdCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2 --SnCl.sub.4
PA1   in the presence of at least a molar equivalent of mercaptan coreactant
      selected from the group consisting of saturated aliphatic mercaptans
      containing 1 to 10 carbon atoms, and
PA1  b. pressurizing said reaction mixture with sufficient carbon monoxide to
      satisfy the stoichiometry of the carbonylation reaction;
PA1  c. heating said pressurized reaction mixture to between 20.degree. and
      120.degree.C, until conversion of the aliphatic 1-alkene substrate to said
      linear saturated aliphatic esters of carboxylic acids takes place, and
PA1  d. isolating said saturated thiol ester contained therein.
NUM  2.
PAR  2. The process of claim 1 wherein said catalyst is prepared in situ.
NUM  3.
PAR  3. The process of claim 1 wherein said catalyst is added to the reaction
      mixture as a preformed complex.
NUM  4.
PAR  4. The process of claim 1 in which the reaction mixture contains an inert
      solvent.
NUM  5.
PAR  5. The process of claim 1 wherein the unsaturated aliphatic substrate is
      1-heptena.
NUM  6.
PAR  6. A process for converting aliphatic 1-alkynes containing 2 to 5 carbon
      atoms, to linear mono-unsaturated aliphatic thiol esters of carboxylic
      acids in good yield and relatively uncontaminated with non-linear thiol
      esters and by-products by a process of:
PA1  a. admixing each mole of 1-alkyne aliphatic substrate to be converted to
      said thiol ester, with at least a catalytic amount of a palladium catalyst
      selected from the group consisting of:
PA2  PdCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2 --SnCl.sub.2
PA2  PdCl.sub.2 [P(P-CH.sub.3 O.C.sub.6 H.sub.4).sub.3 ].sub.2 --SnCl.sub.2
PA2  PdCl.sub.2 [P(CH.sub.3).sub.2 C.sub.6 H.sub.5 [.sub.2 --SnCl.sub.2
PA2  PdCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2 --GeCl.sub.2
PA2  PdCl.sub.2 [As(C.sub.6 H.sub.5).sub.3 ].sub.2 --SnCl.sub.2 and
PA2  PdCl.sub.2 [P(C.sub.6 H.sub.5).sub.3 ].sub.2 --SnCl.sub.4
PA1   in the presence of at least a molar equivalent of mercaptan coreactant
      selected from the group consisting of aliphatic of mercaptans containing 1
      to 10 carbon atoms and phenyl mercaptan;
PA1  b. pressurizing said reaction mixture with sufficient carbon monoxide to
      satisfy the stoichiometry of the carbonylation reaction;
PA1  c. heating said pressurized reaction mixture to between 20.degree. and
      120.degree.C, until conversion of the aliphatic 1-alkyne substrate to said
      linear mono-unsaturated aliphatic esters of carboxylic acids takes place,
      and
PA1  d. isolating said mono-unsaturated thiol ester contained therein.
NUM  7.
PAR  7. The process of claim 6 wherein the unsaturated substrate is acetylene.
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ABST
PAL  A monomer unit represented by general formula (I)
      ##SPC1##
PAL  wherein R.sub.1 is a hydrogen atom or a methyl group; R.sub.2 is a divalent
      group containing 2 to 10 carbon atoms; R.sub.3 is a hydrogen atom, a
      halogen atom (such as chlorine, bromine) a methoxy group, a nitro group or
      a methyl group; R.sub.4 is a hydrogen atom, a cyano group or a carbamoyl
      group; X and Y each represents --O--, --S--, or --NR.sub.5 --; and R.sub.5
      represents a hydrogen atom, a methyl group or an ethyl group.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a copolymer of a polyacrylic acid
      derivative or a polymethacrylic acid derivative each having
      cinnamylideneacetic acid ester as a pendant group. More particularly, the
      invention relates to a functional group-containing polymer containing 1 to
      90 mol percent of repeating units having a cinnamylideneacetic acid ester
      pendant group and also to a composition containing the functional
      group-containing polymer. The invention relates further to a method of
      preparing the functional group-containing polymer.
PAR  2. Description of the Prior Art
PAR  Various investigations have hitherto been made on systems which undergo
      changes in solubility, adhesiveness, or hardness at portions irradiated
      with light, thermal radiations, particle rays, electromagnetic waves,
      etc., and some of such systems are now being practically used.
PAR  With regard to functional group containing or reactive compounds employed
      in such conventional techniques, studies are known on
      .alpha.,.beta.-unsaturated carboxylic acid derivatives and
      .alpha.,.beta.-unsaturated carbonyl compounds as described in, e.g., J.
      Kosar; Light Sensitive Systems; Chapter IV, John Wiley & Sons, New York,
      1965, and A. Schonberg; Preparative Organic Photochemistry; Chapter 8,
      Springer-Verlag, New York, 1968, studies on the photocyclobutane
      ring-forming addition reaction of cinnamic acid derivatives of these
      unsaturated carboxylic acids as described in, e.g., P. Silber; Ber. Dtsch.
      Chem. Ges., 35, 4128 (1902), and studies on polymers containing cinnamic
      acid ester groups for applications to photosensitive systems as described
      in, e.g., A. Schonberg; Preparative Organic Photochemistry,
      Springer-Verlag, Chapter 8 as described above and also as described in the
      specifications of U.S. Pat. Nos. 2,835,656; 3,357,831; 3,737,319;
      3,418,295; 3,647,470; 3,409,593; 2,956,878; 3,173,787; 3,023,100; and
      3,066,117.
PAR  The aforesaid polymers containing cinnamic acid esters as the functional
      groups are those prepared by the reaction of hydroxy group-containing
      polymers (e.g., polyvinyl alcohol) and cinnamic acid esters. However,
      since polyvinyl alcohol is only sparingly soluble in ordinary solvents,
      there are disadvantages in that a large amount of solvent such as pyridine
      is required, a very long period of time is required for completing the
      reaction, and colored polymers are obtained. To minimize or eliminate
      these aforesaid disadvantages encountered in the production of these
      polymers, preparation of the polymer esters in the presence of an
      inorganic base at low temperature utilizing a Schotten-Baumann method has
      been the approach used, but since the reaction system is heterogeneous, it
      is difficult to control the temperature of the reaction system using this
      method.
PAR  In addition to the above-described disadvantages in the production of the
      polymers, there is also the disadvantage that the specific sensitivity of
      cinnamic acid esters is much lower than that of cinnamylideneacetic acid.
      Therefore, attempts to obtain polymers having cinnamylideneacetic acid
      esters as pendant groups have been made.
PAR  For instance, a method (1) wherein a functional group-containing polymer is
      obtained by reacting polyvinyl alcohol and cinnamylideneacetic acid
      chloride and a method (2) wherein a functional group-containing polymer is
      obtained by polymerizing a vinyl ether or a styrene derivative each having
      a cinnamylideneacetic acid ester group using an ionic polymerization
      initiator as a catalyst are known.
PAR  However, since method (1) is a reaction in a heterogeneous system at low
      temperature, the operations required for controlling the rate of reaction
      and reaction temperature are complicated.
PAR  For example, in U.S. Pat. No. 3,257,664, detailed experimental conditions
      concerning the reaction of a polymer (polyvinyl alcohol) with
      cinnamylidenacetyl chloride are described as follows:
PAR  a. in Example 4, a mixture of 22 g of polymer and 200 ml of pyridine was
      heated on a steam bath for 1 hour with stirring and an additional 200 ml
      of pyridine is added before the dropwise addition of melted
      cinnamylideneacetylchloride. The reaction is further conducted at
      50.degree.C for 4 hours. The yield is about 91 percent.
PAR  b. in Example 7, 380 ml of pyridine is used to swell (not to dissolve) 22 g
      of a polymer (polyvinyl alcohol) on a steam bath overnight. After the
      reaction of the polymer with an acid halide, the reaction mixture is
      heated at 50.degree.C for 4 hours and diluted with 700 ml of acetone
      before precipitation into cold water. The resulting polymer is further
      purified by washing with water 4 times.
PAR  In these Examples, the polymer concentration is only 5.5 to 5.8 weight
      percent to the base (pyridine). Yet, as shown in the disclosure quite
      clearly, the polymer is only swollen by pyridine. That is, a
      heterogeneous, complicated reaction is contemplated from these reaction
      conditions.
PAR  To overcome these difficulties shown in U.S. Pat. No. 3,257,664, a modified
      process has been developed to obtain a cinnamylideneacetoxy functional
      group-containing polymer as described in U.S. Pat. No. 3,761,280 as
      follows.
PAR  In the Example, an isocyanate group containing cinnamylideneacetate is
      reacted with a polymer (polyvinyl alcohol). The isocyanate is used because
      it is more reactive with hydroxyl groups than an acid halide.
      Unfortunately, although the isocyanate must be synthesized using very
      complicated procedures such as using poisonous conditions as through
      phosgenation, a highly light sensitive functional polymer is obtained.
      However, the polymer concentration is only 5 weight% (that is 10 g of
      polymer is swollen in 200 ml of pyridine) and the reaction is conducted at
      50.degree.C for 3 hours.
PAR  The reaction conditions shown above are very severe, heterogeneous and
      complicated compared with those of the present invention (i.e., wherein
      homogeneous, mild reaction conditions are employed) as will be described
      hereinafter.
PAR  In addition, since method (2) utilizes an ionic polymerization reaction,
      the method is accompanied with the disadvantages that the polymerization
      reaction is greatly hindered due to the influence of humidity or moisture
      with the reaction sometimes ceasing completely, the operation conditions
      for conducting the reaction are complicated as a result of the
      low-temperature system, and further only gelled products are obtained
      using radical polymerization.
PAR  An object of this invention is to provide a novel functional
      group-containing polymer which can be easily prepared using a homogeneous
      reaction system without being accompanied by the aforesaid disadvantages.
PAR  Another object of this invention is to provide a method of preparing the
      functional group-containing polymer.
PAR  Still another object of this invention is to provide a reactive composition
      containing the functional group-containing polymer.
PAR  The inventors have already investigated acrylates or methacrylates each
      having a cinammic acid ester group and also the polymerization of such as
      described in U.S. Pat. No. 3,770,443. The present invention is an
      extension and improvement of our previous invention.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a functional group containing polymer
      containing 0.1 to 90 mol percent, in particular 1 to 60 mol percent, of
      the monomer unit represented by the general formula (I)
      ##EQU1##
      wherein R.sub.1 represents a hydrogen atom or a methyl group; R.sub.2
      represents a divalent group having in total 2 to 10 carbon atoms; R.sub.3
      is a hydrogen atom, a halogen atom (such as a chlorine atom, a bromine
      atom), a methoxy group, a nitro group or a methyl group; R.sub.4 is a
      hydrogen atom, a cyano group or a carbamoyl group; X and Y each represents
      --O--, --S--, or --NR.sub.5 --; and R.sub.5 represents a hydrogen atom, a
      methyl group or an ethyl group.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The functional group containing polymer of this invention can be used in
      various applications, such as for paints, coatings, adhesives, etc., for
      which compounds or compositions curable by electromagnetic waves or
      particle rays have conventionally been utilized but the functional
      group-containing polymer of this invention is particularly useful for
      forming relief images, printing plates, and photographic duplications.
PAR  Suitable examples of divalent groups having in total 2 to 10 carbon atoms
      are divalent groups such as alkylene, alkenylene, arylene, halogenated
      alkylene, cycloalkylene, oxa-alkylene, thiaalkylene, etc., groups.
PAR  Of the compounds represented by the general formula (I) the most preferred
      ones are those represented in which X and Y each is --O--. The following
      detailed description, for convenience, is with reference to the compound
      represented by the general formula (I) in which X and Y are --O--, but it
      will be appreciated that the description is applicable to all of the
      compounds of the general formula (I).
PAR  The functional group containing polymer containing the above-described
      monomer unit can be prepared using either of the following two methods (A)
      or (B).
PAC  A. Method utilizing a vinyl polymerization reaction:
PAR  The functional group containing polymer is prepared by polymerizing a
      monomer represented by the general formula (II)
      ##EQU2##
      wherein
PAR  R.sub.1 has the same significance as in general formula (I);
PAR  R.sub.2 represents, from a practical standpoint, --CH.sub.2 CH.sub.2 --,
      --CH.sub.2 CH.sub.2 CH.sub.2 --, --CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 --,
      ##EQU3##
      --CH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 --,
      ##EQU4##
      --CH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 OCH.sub.2 CH--, --CH.sub.2 CH.sub.2
      CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 --,
      ##EQU5##
      --CH.sub.2 CH.sub.2 SCH.sub.2 CH.sub.2 --, --C.sub.6 H.sub.10 --,
      --C.sub.6 H.sub.4 --, --CH.sub.2 C.sub.6 H.sub.4 CH.sub.2 --, or
      --CH.sub.2 C.sub.6 H.sub.10 CH.sub.2 --;
PAR  R.sub.3 is a hydrogen atom, a halogen atom (such as chlorine or bromine), a
      methoxy group, a nitro group or a methyl group; and
PAR  R.sub.4 is a hydrogen atom, a cyano group or a carbamoyl group.
PAR  Examples of the particularly useful monomers of formula (II) for the
      production of the functional group containing polymer of this invention
      are as follows:
      ##EQU6##
PAR  Each of the above-described monomers can be prepared (1) using a method in
      which a hydroxyl group-containing acrylate or methacrylate is employed as
      the starting material or alternatively (2) using a method in which a
      hydroxyl group-containing cinnamylidene acetate is used as the starting
      material (3) or other methods in which a halogen atom-containing acrylate
      or methacrylate is used as a starting material. Any of the above methods
      can be employed, but since method (1) is more advantageous from the point
      of raw material availability, this method will be explained in greater
      detail below.
PAR  Some specific examples of preparing the monomers using
      hydroxyethyl-methacrylate or chloroethylmethacrylate as the starting
      material are illustrated.
PAL  1-i. Preparation of the monomer by reaction with cinnamylideneacetic acid
      chloride:
PAR  The reaction proceeds in accordance with the following
      ##EQU7##
      wherein R.sub.1 is methyl and R.sub.3 and R.sub.4 are as above-defined.
PAR  This reaction is conducted using the acid chloride in an amount of 0.5 to
      1.5 molar equivalent to alcohol and the use of a basic catalyst is
      effective. Examples of suitable basic catalysts are inorganic basic
      catalysts such as sodium hydroxide, potassium hydroxide, sodium carbonate,
      etc., and organic basic catalysts such as pyridine, alkylpyridines,
      quinoline, dimethylaniline, diethylaniline, methylmorpholine,
      triethylamine, triethylenediamine, basic ion-exchange resins, etc., and
      the basic catalysts are normally used in an amount necessary for removing
      the hydrogen chloride formed as the reaction progresses. The amount of
      basic catalyst generally used ranges from about 0.05 to 200 mole percent,
      preferably 0.5:1 to 4:1 molar equivalents to the hydroxy group to be
      esterified. Of course, an excessive amount of the basic organic catalyst
      can be used thereby acting as additional solvent in the reaction system.
      Where inorganic basic catalysts are used, it is desirable to employ low
      reaction temperatures in order to minimize hydrolysis of the ester
      produced. Generally a temperature ranging from about -15.degree.C to
      +25.degree.C is suitable for the inorganic basic catalysts and a
      temperature ranging from about 10.degree.C to 80.degree.C, preferably
      25.degree.C to 50.degree.C, is suitable for the organic basic catalysts.
PAR  Since the reaction generally proceeds exothermically, better results are
      obtained by conducting the reaction under cooling with water or ice or
      under vigorous stirring to prevent localized over-heating in the reaction
      system. In this case, it is more effective for the purpose of preventing
      the occurrence of localized heating to conduct the reaction in a solvent.
      Any solvent (other than those containing active hydrogens such as
      alcohols, amines, etc.) e.g. ethers, ketones, halides, amides or
      aromatics, for example, chlorobenzene, trichloroethylene, chloroform,
      diethyl ether, dimethoxyethane, anisole, methylacetate, ethylacetate,
      cyclohexylacetate, ethyleneglycol diacetate, acetone, methyl ethyl ketone,
      cyclohexanone, xylene, benzene and the like, can be used as the solvent,
      and examples of specific suitable solvents which can be practically used
      as described hereinafter as solvents for preparing the functional
      group-containing polymer can be used in this reaction. Furthermore, it is
      advantageous to use the reaction solvent together with a polar solvent
      such as dimethylformamide, dimethylacetamide, methyl pyrrolidone,
      butyrolactone, diethylformamide, diethylacetamide, formylmorpholine,
      hexamethylphosphoramide, tetramethylurea, etc., which tends to promote the
      reaction.
PAR  The amount of the solvent depends greatly upon its purposes. For example,
      in conducting the polymerization reaction after isolating the monomer, it
      is advantageous in the isolation of the monomer that the concentration of
      the monomer in the reaction system be higher than 10 percent by weight,
      preferably higher than 30 percent by weight, and generally up to about 80
      percent by weight. On the other hand, in conducting the polymerization
      reaction after forming the reaction mixture, the concentration of the
      monomer is more than about 3 percent by weight, preferably more than about
      5 percent by weight and generally up to about 80 percent by weight. Also,
      in utilizing the Schotten-Bauman reaction in which a metal hydroxide is
      used, the esterification reaction proceeds in a heterogeneous system, but
      the separation can be conducted simply or easily using a solvent which is
      sparingly soluble in water, such as benzene, toluene, etc., and there are
      no particular limitations on the amount of the solvent employed in such
      case.
PAL  1-ii. Preparation of the monomer by reaction with cinnamylideneacetic acid:
PAR  The reaction proceeds in accordance with the following
      ##EQU8##
      wherein R.sub.1 is methyl and R.sub.3 and R.sub.4 are as hereinbefore
      defined.
PAR  This reaction is conducted by heating the reaction system above the boiling
      point of water in the presence of an acid catalyst. Examples of suitable
      acid catalysts are Lewis acids such as sulfuric acid, benzenesulfonic
      acid, toluenesulfonic acid, trifluoroacetic acid, etc., and the amount of
      the acid catalyst generally used is about 0.1 to 5 percent by weight to
      the amount of the hydroxy group containing compound. A suitable molar
      ratio of the hydroxy group containing compound to the cinnamylideneacetic
      acid can range from 2:1 to 1:2.
PAR  The reaction system is usually heated to temperatures above 100.degree.C
      for distilling off the water formed as the reaction progresses, and it is
      particularly preferable in this reaction system to use a solvent capable
      of forming an azeotrope with water. The aforesaid solvent generally is
      used in an amount so that the concentration of the monomer is about 10
      percent by weight, suitably 10 to 30 percent by weight. In this reaction,
      the occurence of side reactions by heating can be prevented by using a
      polymerization inhibitor such as hydroquinone, a hydroquinone monoether, a
      copper salt, etc., in an amount of 0.5 to 20 percent by weight to the
      hydroxy group containing compound.
PAL  1-iii. Preparation of the monomer by the reaction with cinnamylidene acetic
      acid:
PAR  The reaction proceeds in accordance with the following
      ##EQU9##
      wherein R.sub.1 is methyl and R.sub.3 and R.sub.4 are as above defined and
      M is sodium or potassium.
PAR  The reaction is conducted using the acid salt in an amount of 0.5 to 1.5
      mole equivalent per mole of the halide (e.g., chloride, as represented
      above, or bromide) and a polar solvent such as dimethylformamide,
      dimethylacetamide, N-methylpyrrolidone, and the like, and the use of a
      quarternary ammonium salt such as trimethylbenzyl ammonium chloride,
      triethylbenzyl ammonium chloride, lauryl pyridinium bromide, and the like
      are generally employed. The quaternary ammonium salt is generally used in
      an amount of 0.1 to 10 weight percent to the weight of the halide. Where
      desired the halide may be used in excess amount to act as a solvent. A
      suitable molar ratio of the halide to the acid salt can range from about
      10:1 to 1:1 with an acid salt concentration of about 10 to 30 percent by
      weight. Of the above-described three methods, method (1-i) is most
      advantageous from the standpoint of operation for the reaction since mild
      reaction conditions are used (e.g., the reaction proceeds smoothly at room
      temperature).
PAR  By homopolymerizing the monomer described above or copolymerizing the
      monomer with a comonomer, the functional group-containing polymer of this
      invention can be obtained.
PAR  The polymerization reaction or the copolymerization reaction to obtain the
      functional group-containing polymer is conducted in the presence of a
      polymerization initiator and there are no particular limitations on the
      type and kinds of polymerization initiators, but a radical polymerization
      initiator which is not influenced by moisture can be effectively used.
PAR  Examples of such polymerization initiators are peroxides, esters of
      peroxides, redox catalysts, persulfates, azo, e.g., .alpha.-cyano or
      .alpha.-carboxy azo compounds, etc. Specific examples of these initiators
      which are suitable include, for example, benzoyl peroxide, t-butyl
      peroxide, dicumyl peroxide, lauroyl peroxide, butyroyl peroxide,
      diisopropylpercarbonate, benzoyl glutaryl peroxide, acetyl peroxide and
      the like, azobisisobutyrate, azobisphenylethane,
      azobiscyclohexanedinitrile, azobisethylpropionate, azobisisobutyronitrile,
      azobisdimethylvaleronitrile, azobisamidine, potassium persulfate-sodium
      sulfite, azobiscyclohexanecarbonitrile, riboflavin and others such as
      aluminum chloride, triethylaluminum, diethylaluminum chloride, boron
      trifluoride, stannic chloride, boron trifluoride etherates, diethyl zinc,
      butyl lithium, and the like.
PAR  Of these compounds which can be effectively used as polymerization
      initiators at temperatures below 100.degree.C, preferably below
      80.degree.C, are preferably used, but in particular the azo compounds
      which are used for conventional radical polymerization reactions are more
      preferred.
PAR  The amount of the polymerization initiator depends greatly upon the degree
      of polymerization of the polymer to be obtained and the kind of the
      reaction system, but will generally range from 0.01 to 10 percent by
      weight, preferably 0.1 to 5 percent by weight, to the weight of the
      monomer used. In addition, in the practice of this polymerization or
      copolymerization reaction, the reaction temperature and the reaction
      period of time can be varied, but generally a temperature of about
      -78.degree.C to 80.degree.C and a reaction time of about 5 minutes to 15
      hours, respectively, is used depending on the nature of the polymerization
      initiator used and the polymerization conditions employed.
PAR  The polymerization or copolymerization reaction can be conducted in any
      desired manner such as using block polymerization, emulsion
      polymerization, suspension polymerization, solution polymerization, bulk
      polymerization, graft polymerization, dropping polymerization, etc., as
      desired.
PAR  Also, the polymerization reaction can be conducted under anhydrous
      conditions or in the presence of a gas inert to the polymerization
      reaction, such as a lower hydrocarbon, for example, such as methane,
      ethane, propane, butane, ethylene, propylene, butene, isobutylene, and the
      like, or mixtures of these, nitrogen, argon, etc.
PAR  The above-described conditions for the polymerization reaction can be
      easily determined by persons skilled in the art. Furthermore, since in the
      polymerization or copolymerization reaction a methacrylic acid ester or an
      acrylic acid ester is utilized as a polymerizable part of the monomer for
      preparing the functional group-containing polymer of this invention, the
      reaction conditions can be easily determined by one skilled in the art by
      reference to known reactions and conditions therefor utilized usually in
      the polymerization or copolymerization of acrylic acid esters or
      methacrylic acid esters. These conventional techniques for polymerization
      or copolymerization are described in many U.S. Patents, for example, as
      cited in Murahashi; Synthetic Polymer; Vol. 3, Chaper 5, (1971) published
      by Asakura Shoten, Tokyo or other literature sources such as T. W.
      Campbell Preparative Methods of Polymer Chemistry, John Wiley & Sons, New
      York (1962), and H. Mark Encyclopedia of Polymer Science and Technology,
      Interscience New York (1967).
PAR  It is assumed that in the case of conducting the radical polymerization
      reaction, the portion of the cinnamylideneacetic acid ester is polymerized
      as an internal olefin and a gelation product is obtained. In fact, it was
      confirmed in 1960 that a cinnamylideneacetic acid ester was polymerized as
      described in Chim. e ind., 42, 1361, Milan.
PAR  The precise reaction mechanism for forming the soluble polymer using the
      radical polymerization of the monomer as in this invention has not yet
      been clarified. It is, however, believed from the experimental results
      unexpectedly obtained in the inventors' experiments that the difference in
      reactivity for the radical polymerization reaction between the methacrylic
      acid ester portion or the acrylic acid ester portion and the
      cinnamylideneacetic acid ester portion is unexpectedly high and from the
      standpoint of reaction rate the cinnamylideneacetic acid ester portion
      (inner butadienyl group) does not substantially contribute to the
      polymerization reaction.
PAR  To obtain a homogeneous polymer or homogeneous polymer composition, it is
      preferable that the polymerization reaction of the monomer be conducted,
      where desired, in the presence of other polymers and/or materials desired
      to be present in the polymer composition. Suitable examples of other
      polymers and materials which can be present during the polymerization
      reaction are polymers such as ethylene-vinylacetate copolymer,
      polyvinylacetate, polyvinylpyrrolidone, polymethylmethacrylate or
      polyvinyl acetal, dyes, or pigments, such as quinacridone, phthalocyanine,
      phthalocyanine blue or porphyrin metal complexes, etc. If polymerization
      is conducted in the presence of these materials, the compatibility and
      uniformity are improved to a great extent in comparison with these
      properties when the polymer is mixed with these materials after
      polymerization. Additional explanation will be presented in greater detail
      hereinafter.
PAR  For instance, in conducting the copolymerization reaction, the monomer
      present in the copolymerization system can be selected from
      .alpha.,.beta.-unsaturated acid derivatives, olefins, halogenated olefins,
      vinyl esters, vinyl ethers, vinyl aromatics, vinyl heterocyclic compounds,
      unsaturated nitriles, etc., on considering the reacitivity of the monomer.
      Specific examples of such monomers are monomers such as acrylic acid
      esters, methacrylic acid esters, acrylic acid amides and methacrylic
      amides such as acrylamide, hydroxyethyl acrylate, ethyl acrylate, butyl
      acrylate, cellosolve acrylate ethylhexyl acrylate, methyl methacrylate,
      .beta.-ethoxyethoxyethylmethacrylate, pentafluoropropylmethacrylate,
      pentafluoroethoxyethylacrylate, .beta.-methacryloxyethyldimethylammonium
      chloride, .beta.-acryloxyethylmonosuccinate, diacetone acrylamide, acroyl
      morpholine, methacrylamide, ethyl methacrylate, sulfopropyl methacrylate,
      cyclohexyl methacrylate, benzyl methacrylate, lauryl methacrylate,
      ethylene, butadiene, isoprene, chloroprene, acrylonitrile, styrene,
      chlorostyrene, dichlorostyrene, vinyltoluene, acetylstyrene,
      vinylbenzophenone, vinylpyridine, vinylimidazole, vinylmethylpyridine,
      vinylmethylimidazole, vinylcarbazole, vinylpyrrolidone,
      vinylbenzenesulfonic acid, potassium vinylbenzenesulfonate, vinyl acetate,
      maleic anhydride, vinyl propionate, .beta.-cinnamoyl oxyethyl
      methacrylate, .beta.-indoxylacetyloxyethyl acrylate, .beta.-phenylacetoxy
      ethyl acrylate, .beta.-phenoxyacetoxyethyl methacrylate, vinyl butyl
      ether, vinyl chloroethyl ether, vinylbenzene sulfonylazide, vinylisobutyl
      ether, monomeric silanes as described in U.S. Pat. No. 3,758,306 and the
      like.
PAR  Of course other functional group containing monomers such as
      p-vinylbenzenesulfonylazide, .beta.-methacryloxyethylbenzenesulfonate,
      .beta.-acryloxyethyltoluenesulfonate,
      .beta.-cinnamoyloxyethylmethacrylate, .beta.-acryloxyethylchloropropyl-p-c
     hlorocinnamate, may be copolymerized in combination with the monomer
      described above.
PAR  The amount of the above-described monomer may be varied over a wide range
      depending on the properties desired in the functional group containing
      polymer produced.
PAR  It is known that in the case of producing a copolymer, the film forming
      ability, dyeability, oleophilic properties, flexibility, viscosity, glass
      transition point, water-solubility, solubility in organic solvents,
      solvent resistance, dispersibility hygroscopic properties, etc., of the
      copolymer produced are varied depending on the nature and the amount of
      comonomer or comonomers used.
PAR  For instance, the water-soluble functional group-containing polymer of this
      invention can be obtained by polymerizing the monomer of the formula (II),
      which is prepared by reaction (1-i) using a monomer selected from, e.g.,
      acrylamide, acrylic acid, acryloylmorpholine, diacetone acrylamide,
      acryloxyethylmorpholine, methacryloylmorpholine,
      vinylmethylimidazolemethyl tosylate, sulfopropyl acrylate methacrylic
      acid, phosphoethyl methacrylate, vinyloxazolidone, vinylsulfonic acid,
      vinylpyrrolidone, vinylbenzenesulfonic acid, maleic anhydride, ethylene
      glycol monoacrylate, methylvinyl ketone, propylene glycol
      monomethacrylate, diethylene glycol monomethacrylate,
      p-vinylbenzyltrimethyl ammonium chloride, .beta.-methoxyethoxyethyl
      methacrylate, etc. The selection of the appropriate monomer can be readily
      accomplished using simple routine procedures. In the case of
      copolymerization, however, it is necessary that the acrylate or
      methacrylate of this invention be included in the functional
      group-containing polymer in an amount effective for the cross-linking
      reaction. That is to say, it is necessary that the amount of the acrylate
      or the methacrylate be higher than 0.1 mol percent, preferably higher than
      1 mol percent in the copolymerization system. Up to 100 mol percent can be
      suitably used.
PAR  Furthermore, in the case of conducting the polymerization or
      copolymerization reaction using a solvent, the solvent necessary in the
      reaction system can be selected from water, alcohols, halogenated
      hydrocarbons, aromatic compounds, ethers, esters, amides, ketones,
      sulfones, etc. Specific examples of such solvents are ethanol, triclene,
      methylene chloride, chlorobenzene, benzene, xylene, anisole,
      tetrahydrofuran, methyl acetate, ethyl acetate, butyl acetate, hexyl
      acetate, dichlorobenzene, ethylene glycol, dimethyl ether, methoxyethanol,
      butoxyethyl acetate, dimethylformamide, dimethylacetamide, methyl ethyl
      ketone, methyl isobutyl ketone, sulforane, methylpyrrolidone,
      hexamethylphosphoramide, ethylene carbonate, bischloroethyl ether, etc.
      These solvents can be suitable selected as desired.
PAR  The amount of the solvent employed in the polymerization or
      copolymerization reaction depends upon the purposes and properties of the
      desired functional group-containing polymer produced. For instance, in
      using the polymerization product system per se as a solution without
      separating the product containing the functional group-containing polymer
      for paints, photoresist materials, etc., the amount of the solvent is
      higher than about 0.1 percent by weight, preferably higher than 10 percent
      by weight up to about 99.5%. On the other hand, when the functional
      group-containing polymer produced is to be separated from the reaction
      product system before use, the amount of the solvent can be higher than
      about 5 percent by weight from the standpoint of economics and suitably up
      to about 99.5 percent by weight.
PAC  B. Method utilized the polymer reaction:
PAR  The functional group-containing polymer of this invention can also prepared
      by copolymerizing an acrylate or methacrylate each having an hydroxyl
      group to form a copolymer and then reacting the copolymer with a
      cinnamylideneacetic acid halide.
PAR  In this case, the copolymerization is conducted under conditions as
      described above using, as the starting material, a compound represented by
      the formula
      ##EQU10##
      wherein R.sub.1 and R.sub.2 have the same significance as defined above.
      In the case of conducting the reaction with cinnamylideneacetic acid
      halide, the use of an inorganic base is not advantageous but the use of
      the basic catalyst as state above, preferably an organic base, is
      effective.
PAR  In this case, if homopolymerization of the acrylate or methacrylate, each
      having a hydroxyl group, is conducted, the polymer product which is
      soluble only in a polar solvent such as dimethylformamide,
      dimethylacetamide, N-methylpyrrolidone, hexamethylphosphoramide, etc., is
      obtained. That is to say, for such a product ordinary solvents or a
      mixture of ordinary solvents and polar solvents cannot be used and thus
      such a product is quite inconvenient, see for example, U.S. Pat. No.
      3,575,946.
PAR  On the other hand, when a monomer capable of providing a polymer which is
      soluble in ordinary in ordinary solvents such as an acrylic acid alkyl
      ester, a methacrylic acid alkyl ester, styrene, etc., is used together
      with a hydroxyl group-containing acrylate or methacrylate in an amount of
      20 to 80 mol percent, preferably 40 to 60 mol percent, to the acrylate or
      the methacrylate, the polymer produced is soluble in, e.g., a 1:1 volume
      mixture of methyl ethyl ketone and dimethylformamide, a 1:1 volume mixture
      of ethyl acetate and dimethylacetamide, etc., and thus the range of
      solvents which can be used for the reaction can be greatly increased.
PAR  In the polymer reaction, it is necessary to use the acid halide in an
      excessive amount to the high molecular weight alcohol, i.e., in an amount
      of 1.2 to 2 times the theoretical amount necessary for forming the
      expected ester.
PAR  Also, the amount of the solvent necessary in the reaction is about 3 to 10
      times that amount used with the low-molecular esterification.
PAR  In the esterification reaction of the polymer with the acid halide, organic
      bases are preferably used. Inorganic bases, such as sodium hydroxide,
      potassium hydroxide useful in the usual Schotten-Bauman esterification
      reaction are not useful in this case. That is, in the reaction of
      poly-.beta.-hydroxyethylacrylate and the acid chloride, gelled by-products
      form as described hereinbefore.
PAR  Both methods (A) and (B) described above can be used for the preparation of
      the functional group-containing polymers of this invention. However,
      method (A) is particularly useful in that it is suitable for
      mass-production, homogeneous products can be easily obtained, the
      properties of the polymers produced can be easily improved, the properties
      of the polymers can be varied over a wide range as desired, and ordinary
      solvents can be used in the method.
PAR  The functional group-containing polymer of this invention thus produced,
      due to the action of electromagnetic waves, particle rays, ultraviolet
      rays, thermal radiation, etc., undergoes changes in properties such as
      solubility, adhesiveness, hardness, etc., between the irradiated portions
      and the unirradiated portions.
PAR  Although the precise reaction mechanism for this change has not yet been
      completely clarified, but while not desiring to be bound, the reaction
      mechanism could possibly be as follows: Two kinds of reaction mechanisms
      are possible, that is (a) an intermolecular or interpolymer addition
      reaction of the internal butadienyl bond to form a cyclobutane ring
      compound or (b) to form a addition (ladder-type) polymer.
PAR  While the polymer compound used in the present invention is particularly
      useful as a light sensitive composition per se, it is possible to shorten
      the irradiation time and to produce the desired difference in physical
      properties by adding, as a sensitizing agent, an aromatic carbonyl
      compound, an aromatic nitro compound, an aromatic quinone, a triphenyl
      methane, an anthrone, a nitroaniline, an acylated nitroaniline, a
      thiazole, a ketone, a pyrylium dye salt, a thiapyrylium dye salt, a
      benzothiazoline, a naphthothiazoline, a quinolizone, an acridone, a
      cyanine dye, a dithiolium salt, an .alpha.-ketoaldonyl compound, a
      diazole, a triazole, an oxazole and various photographic sensitizing dyes.
PAR  Specific examples of such useful sensitizing compounds are nitro compounds
      such as p-nitrodiphenyl, 5-nitro-2-aminotoluene
      4-nitro-1-aminonaphthalene, 4-nitro-1-acetylaminonaphthalene, picric acid,
      picramide, dichloronitroaniline, nitroacenaphthene, dinitronaphthalene,
      trinitrofluorenone, tetranitrocarbazole, dinitrobenzoanthrazenedione,
      dinitrodimethylacetyl-tert-butylbenzene, dinitrostilbene disulfonic acid,
      trinitronaphthalene, and dinitrochalcone; carbonyl compounds such as
      benzanthrone, 9-anthraldehyde, acetonaphthone, xanthone, benzophenone,
      phenanthrenquinone, benzanthraquinone, t-butylanthraquinone,
      chloroanthraquinone, anthraquinone, naphthoquinone, benzophenone,
      furanone, 2,6-bis-p-azidobenzal-4-methyl-cyclohexanone, benzoin, pivaloin,
      2-methoxy-2-phenylacetophenone, 2-ethoxy-2-phenylacetophenone,
      .alpha.-methylbenzoin, .alpha.-hexylbenzoin, .alpha.-allylbenzoin,
      .alpha.-tolylbenzoin, benzoylmethylene-N-ethyl-.beta.-naphthothiazoline,
      tetramethylaminobenzophenone, tetraethylaminobenzophenone,
      dimethoxybenzophenone, dimethoxythiobenzophenone,
      1-cyano-2-keto-3-methyl-6-bromo-3-azabenzanthrone,
      1-carboethoxy-2-keta-3,4-diazabenzanthrone,
      2-keto-3-methyl-1,3-diazabenzanthrone, diphthaloylnaphthalene,
      2-benzoylmethylene-1-.beta.-naphtothiazoline, 4-H-quinolizine-4-thione,
      tetramethylaminothiobenzophenone, thiobenzophenone, erythrosine,
      6-dimethylamino-4-methyl coumarin,
      2-benzoylmethylene-1-methyl-benzothiazoline,
      2-nitrophthaloylmethylene-1-ethyl-benzothiazoline,
      dimethylcarbamoylmethyleneethylbenzothiazoline, and
      diethylcarbamoylmethyleneethylbenzothiazoline, compounds such as
      2-benzoylmethylene-3-ethylnaphtho [1,2-d]-thiazoline,
      2,5-bis-(4-dimethylaminophenyl)oxidazole,
      2-(4-dimethylaminophenyl)phenanthio-(9,10)-4,5-oxazole,
      2-(p-cyanobenzoylmethylene)-3-ethylnaphtho[1,2-d]thiazoline,
      3-ethyl-2-[p-(trifluoromethyl)benzoylmethylene]-naphtho[1,2-d]thiazoline,
      5-chloro-2-(p-cyanobenzoylmethylene)-3-ethylbenzothiazole,
      methyl-3-ethyl-2-benzothiazolinylidenedithioacetate,
      2,6-di(p-ethoxyphenyl)-4-(p-n-amyloxyphenyl)-thiapyrylium perchlorate,
      2,4,6-triphenylpyrylium perchlorate,
      4-(4-methoxyphenyl)-2,6-diphenylpyrylium perchlorate,
      4-(2,4-dichlorophenyl)-2,6-diphenylpyrylium perchlorate,
      2,6-bis(4-methoxyphenyl)-4-phenylpyrylium perchlorate,
      6-(4-methoxyphenyl)-2,4-diphenylpyrylium perchlorate,
      2-(3,4-dichlorophenyl)-4-(4-methoxyphenyl)-6-phenylpyrylium perchlorate,
      4-(4-amyloxyphenyl)-2,6-bis(4-ethyl phenyl) pyrylium perchlorate,
      (pyrylium salts) and dyes such as methyl violet, victoria blue, and
      malachite green (triphenylmethane dyes), diethyldibenzothiazyanine iodide,
      diethyldibenzothiacarbocyanine bromide, and dimethyldibenzothiacyanine
      iodide (cyanine, thiocyanine dyes).
PAR  Of these sesitizers, the carbonyl compounds and nitrocompounds show good
      sensitizing effects and these compounds are very convenient and
      commercially available.
PAR  Some of these compounds are described in U.S. Pat. Nos. 2,610,120;
      2,670,285; 2,670,286; 2,670,287; 2,690,966; 2,732,301; 2,835,656;
      2,956,878; 3,023,100; 3,066,117; 3,141,770; 3,173,787; 3,357,831;
      3,409,593; 3,418,295; 3,453,110; 3,475,617; 3,561,959; 3,575,929;
      3,582,327; 3,647,470; 3,721,566; and 3,737,319; British Pat. No. 659,197;
      French Pat. Nos. 1,086,257; 1,089,290; 1,238,262; and 1,359,095 and in the
      literature such as J. Kosar Light Sensitive Systems John Wiley and Sons,
      New York, 1965.
PAR  The sensitizer basically is used in a substantially effective amount, i.e.,
      in that amount which provides a sensitizing function. While this can be
      varied, the sensitizer is generally used at a level of 0.01 to 20 weight
      percent, preferably 0.3 to 10 weight percent, to the weight of functional
      group-containing polymer. The kind and the amount of the above compound to
      be employed can be easily selected by one skilled in the art.
PAR  When the functional group-containing polymer of this invention is used as a
      photosensitive coating composition by mixing the polymer with a
      sensitizer, the coating compositions can also contain a variety of
      photographic addenda well-known in the art and utilized for their known
      purposes.
PAR  Such addenda can be agents to modify the flexibility of the coating, agents
      to modify the surface characteristics of the coating, dyes and pigments to
      impart color to the coating, agents to modify the adhesivity of the
      coating to the support, antioxidants, preservatives, surface active
      agents, and the like.
PAR  Examples of suitable antioxidants and preservatives are hydroquinone
      monoether, naphthol, polyalkyl phenol, etc., and specific examples of
      these classes are hydroquinone benzyl ether, trimethyl phenol, dibutyl
      cresol, copper phthalocyanine, propyl gallate, hydroquinone lauryl ether,
      phloroglucine, 5-methylresorcinol, thiourea, phenylthiourea,
      t-octyl-hydroquinone, copper resinate, cuprous chloride, phenyl
      naphthylamine, phenothiazine, p-toluquinone, dinitrobenzene,
      tetramethoxybenzophenone, dihydroxybenzophenone, triphenyl phosphine,
      triphenyl phosphite, as well as those described in U.S. Pat. Nos.
      2,651,584 and 2,656,271.
PAR  It is preferable to use the thermal polymerization inhibitor in an amount
      of about 0.01 to 5 percent by weight to the weight of the functional
      group-containing polymer, which is substantially effective in the
      combination with the amount of the sensitizer.
PAR  Examples of pigments and dyes are materials such as titanium dioxide, zinc
      oxide, antimony trioxide, aluminum oxide, zirconium oxide, titanium oxide
      phosphate, titanium sulfate, barium sulfate, calcium oxide, magnetic
      compounds such as iron oxide, chromium oxide, cobalt oxide or alloys of
      these compounds, carbon black, vinyl monomer graft carbon black,
      polyacetylene, phthalocyanine, phthalocyanine blue, methylene blue,
      Crystal Violet, pigment yellow, quinacridone, quinacridone sulfoneamide,
      Rhodamine B, Fuchsine, Auramine, Anthraquinone dyes such as
      dimesidinoanthraquinone, photoconductive compounds fluoroescent dyes and
      other examples as described in U.S. Pat. Nos. 3,740,219; 3,752,668;
      3,752,666; 3,753,708; and 3,754,919.
PAR  Suitable plasticizers which can be used to modify the thermo-mechanical
      properties of the coating composition are esters such as phthalic acid
      esters, e.g., dimethyl phthalate, diethyl phthalate, dibutyl phthalate,
      diisobutyl phthalate, dioctyl phthalate, octylcapyrl phthalate,
      dicyclohexyl phthalate, ditridecyl phthalate, butylbenzyl phthalate,
      diisodecyl phalate, diaryl phthalate, etc.; glycol esters, e.g., dimethyl
      glycol phthalate, ethylphthalylethyl glycol, methylphthalylethyl glycol,
      butylphthalylbutyl glycol, triethylene glycol dicapryl ester, etc.;
      phosphoric acid esters, e.g., tricresyl phosphate, triphenyl phosphate,
      etc.; aliphatic dibasic acid esters, e.g., diisobutyl adipate, dioctyl
      adipate, dimethyl sebacate, dibutyl sebacate, dioctyl sebacate, dibutyl
      maleate, etc.; and other materials, e.g., triethyl citrate, glycerine
      triacetyl ester, butyl laurate, etc., sulfonamides, e.g.,
      N-cyclohexyltoluenesulfonamide, N-lauryltoluenesulfonamide and
      polyvinylmethylether etc.
PAR  The amount of the plasticizer employed in the composition well also vary
      depending upon factors such as the particular plasticizer employed, the
      presence of other components in the composition, the ultimate use to which
      the photosensitive layer is to be put and the like. Generally, the
      plasticizer is employed in amount of between about 0 to 200 weight
      percent, preferably 10 to 30 weight percent, based on the weight of the
      polymer in the coating composition.
PAR  Non-light sensitive polymers can also be added to the coating compositions
      to serve as diluents or extenders and solid particles, such as glass micro
      beads having an average diameter of about 1 to 10 .mu. and a variety of
      other addenda known to those skilled in the art can be employed in the
      coating composition where desired.
PAR  Examples of non-light sensitive polymers which can be incorporated in the
      coating compositions are phenolic resins, such as thermoplastic phenol
      resins or solvent soluble resole resins, hydrophilic polymers such as
      cellulose, hydroxyethylcellulose, hydroxypropylcellulose, ethylcellulose,
      cellulose hydrogenphthalate, cellulose diacetate gelatin, starch, alginic
      acid, carboxymethyl cellulose, polyethyleneoxide, polypropyleneoxide,
      polytetrahydrofuran, polyethyleneimine, polyvinylalcohol,
      polyvinylpyrrolidone, polyvinylmethylacetamide, ethylene-sodium, acrylate
      copolymers, styrene-maleic anhydride copolymers or the half ester or amide
      derivatives thereof, polyacrylic acid, polyacrylamide,
      methylmethacrylate-acrylic acid copolymers, vinylacetate-crotonic acid
      copolymers, methyl vinyl ether-maleic anhydride copolymers, etc.
PAR  Other thermoplaastics, such as ethylene-vinylacetate copolymers chlorinated
      rubber chlorinated polyethylene, polyvinylformal, polyvinylacetal,
      polyvinylacetate, polyvinylchloride, polytetrafluoroethylene, polyethylene
      beads, polydimethylsiloxane, styrene-butadiene rubbers, silicone rubbers,
      polyisoprene, cyclized rubber, nylon 6, nylon 10, nylon 6-6,
      polyvinyltoluene, polychlorostyrene, alkyd resins, epoxyresins,
      polyurethanes, urethane elastomers, polyethylene adipate, polymer latexes
      such as are described in U.S. Pat. Nos. 3,411,911, 3,488,708, 3,411,912,
      3,220,844, 3,193,382 and the like. These additional polymeric materials
      can constitute up to 80 percent by weight of the polymeric components of
      the coating composition. These polymers are applied to modify the physical
      properties, to serve as a diluent, to adjust certain layer properties such
      as solubility, flexibility, anchorage, abrasion resistance,
      developability, and to improve the resistance of the polymer composition
      to etchants. Also polyfunctional unsaturated derivatives such as
      .alpha.,.beta.-unsaturated acid derivatives can be used, if desired, in
      combination with the polymer of this invention to accelerate image
      formation. Suitable examples of such polyfunctional
      .alpha.,.beta.-unsaturated acid derivatives are, for example, ethylene
      glycol dimethaacrylate, pentaerythrytol tetraacrylate,
      ethylenediaminediacrylate, paraphenylenediamine disorbamide,
      triethyleneglycoldiacrylate, glycerin trimethacrylate,
      ethyleneglycoldiacrylate, triethyleneglycoldimethacrylate,
      propanedioldiacrylate, propyleneglycoldicinnamate,
      neopentylglycoldimethacrylate, divinylbenzophenone, diallylbenzene,
      diallylphthalate, tetraallylpimelate, divinylphthalate, and the like.
      Particularly preferred examples are those examples which contain a number
      of polymerizable groups so that branching and crosslinking of the polymer
      formed can occur. Some of these monomers are described in U.S. Pat. Nos.
      3,448,089; 3,389,831; 3,733,200; 3,753,720; and the like.
PAR  Active methylene compounds, couplers or leuco dyes can be used to obtain a
      mono- or multi-colored image. Couplers are well-known in the field of
      color photography. Some of these are described in U.S. Pat. Nos.
      3,227,554; 3,419,391; 3,694,214; 3,703,375; 3,704,125 and the like.
PAR  N-halocyclicimides such as N-bromosuccinimide, N-chlorophthalimide can also
      be used. Organic azides such as arylazides, arylsulfonyl azides and
      preferably polyazides such as diazidostilbene, phenylenebisazide,
      terephthaloylazide, benzenedisulfonylazide, naphthalenedisulfonylazide,
      diazidochalcone, ethyl-p-azidocinnamylideneacetate, diazido-benzophenone,
      o-quinoneazide, may be used. Some of these are described U.S. Pat. Nos.
      3,752,671; 3,758,303; and 3,711,285, etc.
PAR  The optimum amounts of these components described above and others can be
      readily determined by those skilled in the art taking the preceeding
      techniques and description into consideration.
PAR  These additives can generally be used in an amount of about 0 to 90
      percent, preferably 0.5 to 40 percent by weight, depending on the purposes
      of use of the resin composition and within the range that the additive or
      additives can be uniformly dispersed.
PAR  As described above, the functional group-containing polymers of this
      invention can be used as materials for paints, photographic duplications,
      printing plates, resists, relief images, etc. The forming of images using
      the function group-containing polymer of this invention, which is one of
      the uses thereof, will then be explained in detail hereinafter.
PAR  The functional group-containing polymer of this invention is dissolved or
      dispersed in a ketone solvent, an amide solvent, a cellosolve solvent, or
      a halide solvent. Suitable examples include ketones such as acetone,
      methyl ethyl ketone, methyl isobutyl ketone, cyclohexanone, diisobutyl
      ketone, acetylacetone, hexanedione, 4-butyrolactone, acetophenone, etc.
      esters such as 2-ethoxyethylacetate, 2-methoxyethylacetate,
      ethoxypropylacetate, butoxypropylpropionate, phenoxypropylacetate,
      furfurylacetate, cyclohexylacetate, benzylacetate, ethyl acetate, butyl
      acetate, n-amyl acetate, methyl formate, ethyl propionate, dimethyl
      phthalate, ethyl benzoate, etc.; aromatic hydrocarbons such as toluene,
      xylene, benzene, ethylbenzene, etc.; fluorinated alcohols such as
      trifluoroethanol, tetrafluoropropanol, etc.; halogenated hydrocarbons such
      as carbon tetrachloride, trichloroethylene, chloroform,
      1,1,1-trichloroethane, chlorobenzene, dichlorobenzene, etc.; ethers such
      as dimethoxyethane, dimethoxypropane, diethyleneglycoldimethyl ether,
      tetrahydrofuran, anisole, diethyl ether, ethylene glycol monomethyl ether,
      ethylene glycol monoethyl ether, acetate, sulfur containing solvents such
      as formylmorpholine, dimethylformamide, dimethylacetamide, pyrrolidone,
      butyrolactone, hexamethylphosphoramide, methylphenylsulfone, sulforane,
      dimethyl sulfoxide, methylpyrrolidone, hexaethylphosphoramide, etc., or in
      a mixture of such solvents. The solvent solution, in an amount of 0.1 to
      95%, preferably 1 to 45%, by weight of solvent, can be used, together, if
      desired, with additives such as a stabilizer, a plasticizer, a dye, a
      pigment, a sensitizer, a wetting agent such as is described in U.S. Pat.
      No. 3,753,715, and other polymers as described above.
PAR  The solution thus prepared is coated on a support such as a plastic film,
      e.g., a film of polyvinyl acetal, nylon-6, nylon-6,6, nylon-10,
      polyethylene, polypropylene, polyalkylmethacrylate, polycarbonate,
      polytetrafluoroethylene, polybutyleneterephthalate, polyethylene
      naphthalate, polyethylene terephthalate, cellulose acetate, cellulose
      acetate butyrate, cellulose propionate, etc., a polymer coated paper; a
      metal sheet, e.g., a zinc sheet, a copper plate, etc., a magnesium foil, a
      silver foil, an aluminum sheet, silicon wafer, etc. or a glass plate a
      photoconductive wafer or ceramics in a thickness of 0.2 to 300 microns,
      preferably 0.2 to 8 microns, using conventional coating techniques such as
      dip coating, coating rod, spinner coating, spray coating, extrusion
      coating, laminating, vacuum evaporation, etc., to form a photosensitive
      layer. The optimum coating thickness for a particular purpose will depend
      on such factors as the use to which the coating will be put, the
      particular light-sensitive composition employed, and the nature of other
      components which may be present in the coating solution. If desired, a
      protective layer (such as a cellophane layer, a polyethylene terephthalate
      layer) can be formed on the photosensitive layer. If desired, the coating
      composition can be first coated on a temporary support and then
      transferred, e.g., by thermal lamination to the support where it is to be
      used, either uniformly or in an imagewise fashion. Such transfer
      techniques are described, for example, in U.S. Pat. Nos. 3,060,023;
      3,346,383; and 3,469,982, etc.
PAR  Photomechanical images can be prepared with the coated layer on a support
      by imagewise exposing the layer to a light source to harden or
      insolubilize the functional group-containing polymer in the exposed areas
      while superposing thereon an original to be duplicated.
PAR  The exposure can be carried out using the irradiation of a mercury lamp, a
      high pressure mercury lamp, a carbon arc lamp, fluorescent lamp with
      ultraviolet light emitting phosphors, a cathode ray tube, a laser beam, an
      argon glow lamp, a tungsten lamp, a photoflood lamp, an electron beam,
      ultraviolet rays, a xenon lamp, etc. as the energy source.
PAR  The irradiation time can be easily varied depending upon the energy source,
      the distance of the light source from the photosensitive material, the
      sensitizer employed, the thickness of the layer, the content of the
      sensitizer, the pigment content, the character of image being reproduced
      and the like. Exposures of from 0.01 second to several minutes, e.g.,
      about 6, are generally adequate.
PAR  The exposed plate, if desired, is then processed with a solvent to
      selectively remove portions, and if desired, the developing solution can
      contain a dye or a pigment to obtain more distinct image formation.
      Conventional processing procedures used, in general, for light-sensitive
      systems (as disclosed, for example, in Kosar Light Sensitive Systems, John
      Wiley & Sons (1965)) can be employed with only minor modification. The
      polymer compound at the non-irradiated areas does not undergo a photo
      hardening reaction and is dissolved in the solvent, to which areas the dye
      or pigment adheres to form images. Such solvents can be selected from
      those solvents set forth above in detail as suitable coating solvents as
      well as other solvents or solutions such as alkaline aqueous solutions,
      acidic aqueous solutions and the like.
PAR  In an alternate embodiment using the light-sensitive material of this
      invention, an image can be formed by exposure as described above and then
      the exposed element developed by heating to a temperature in the range of
      about 50.degree. to 200.degree.C, which is intermediate between the point
      at which the polymer becomes tacky in the unexposed areas and the exposed
      areas to soften or render the polymer tacky in the exposed areas. The
      softened polymer can then be toned or transferred to a receiving sheet
      under pressure and toned or transferred without toning if a pigment, dye
      or color forming compound is incorporated in the original layer.
PAR  to further facilitate an understanding of this invention, the invention
      will additionally be explained more specifically and in greater detail by
      reference to the following examples of image formation as an embodiment of
      the application of the functional group-containing polymer or the
      functional group-containing polymer composition of this invention.
PAR  In addition, it will be easily understood that the use of the functional
      group-containing polymer or functional group-containing polymer
      composition of this invention is not limited to the embodiments shown in
      the examples.
PAR  Examples of the preparation of the monomers for preparing the functional
      group-containing polymers of this invention and the preparation of the
      functional group-containing polymers of this invention are illustrated
      below.
PAC  MONOMER PREPARATION EXAMPLE 1
PAR  8.7 g of cinnamylideneacetic acid was added to 100 ml of benzene and then
      an excessive amount of thionyl chloride (1.2 molar equivalent to
      cinnamylideneacetic acid) was added dropwise to the mixture while heating
      to 70.degree.-90.degree.C and stirring the mixture to form a
      cinnamylideneacetic acid chloride. By distilling off the solvent from the
      reaction product, yellow crystals having a melting point of about
      60.degree.C were obtained. The crystals were dissolved in 20 ml of methyl
      ethyl ketone and then 8 g of hydroxyethyl methacrylate was added slowly to
      the solution with stirring under ice-cooling. After further stirring under
      ice-cooling for about 20 minutes, 50 ml of pyridine was added slowly to
      the mixture as a hydrogen chloride accepting agent to conduct
      esterification. When the reaction product was treated with diluted (5%)
      hydrochloric acid, crystals were formed, which were recovered and
      recrystallized from hexane to provide crystals of a monomer having a
      melting point of 51.degree. - 52.5.degree.C with a yield of 94%.
PAR  Elementary analysis for C and H: Calculated: C 71.30%; H 6.33%. Found: C
      71.32%; H 6.28%.
PAC  MONOMER PREPARATION EXAMPLE 2
PAR  By repeating the same procedure as described above using
      2-hydroxy-3-chloropropyl methacrylate in place of the hydroxyethyl
      methacrylate, a light-yellowish product was obtained.
PAC  POLYMER PREPARATION EXAMPLE 1
PAR  2 g of the compound prepared in Monomer Preparation Example 1 as described
      above, 2.0 g of lauryl methacrylate, and 0.6 g of methyl methacrylate wee
      dissolved in 10 ml of methyl ethyl ketone and after adding to the solution
      30 mg of azobisdimethylvaleronitrile as a polymerization initiator, the
      polymerization reaction was conventionally conducted. More specifically,
      the reaction system was maintained at 60.degree. - 75.degree.C for 25
      hours and then the reaction product was poured slowly into an excessive
      amount of methanol, whereby a polymer was isolated as a white powder. The
      product thus prepared had an intrinsic viscosity of 0.12 (measured in
      methyl ethyl ketone at 30.degree.C).
PAR  The product was soluble in methyl ethyl ketone and no formation of
      insoluble matter due gelation was observed at all.
PAC  POLYMER PREPARATION EXAMPLE 2
PAR  73 g of methyl methacrylate and 76 g of hydroxyethyl methacrylate were
      dissolvled in 200 ml of dimethylformamide and after adding to the solution
      a small amount (1.2 g) of an azo compound as a polymerization initiator,
      the polymerization was conducted at 60.degree.C for 3 hours. Thus, a
      polymer was obtained with a yield of 92% and the intrinsic viscosity of
      the product in dimethylformamide at 30.degree.C was 0.28.
PAR  Then, 5 g of the thus obtained polymer containing hydroxyl groups was
      dissolved in a mixture of 16 ml of methyl ethyl ketone and 9 ml of
      dimethylformamide and the solution prepared was mixed with 10 ml of a
      methyl ethyl ketone solutions containing 0.02 mol of cinnamylideneacetic
      acid chloride under ice-cooling. Then, after stirring the mixture for
      about 20 minutes, 20 ml of pyridine was added dropwise to the mixture to
      remove the hydrogen chloride formed. The reaction product was treated with
      an ice-cooled diluted (5%) hydrochloric acid solution to remove the
      soluble matter and then the polymer product thus precipitated was
      recovered and re-precipitated from a mixture of methyl ethyl ketone and
      methanol (8:50 by volume). By vacuum drying the product, 7.5 g of the
      desired functional group-containing polymer was obtained.
PAR  The polymer thus obtained exhibited almost no absorption due to the
      presence of a hydroxyl group in the infrared absorption spectra thereof,
      which indicated the reaction having proceeded quantitatively.
PAC  EXAMPLE 1
PAR  100 mg of the product obtained in Polymer Preparation Example 1 as
      described above was dissolved and then 8 mg of 5-nitroacenaphthene, as a
      sensitizer, was added to the solution to provide a photosensitive
      composition. The photosensitive composition was coated on a
      surface-treated aluminum sheet in a dry thickness of about 3 microns using
      dip coating and after air drying, the photosensitive layer was dried under
      heating, e.g., at 50.degree. to 90.degree.C.
PAR  A line image original was placed on the photosensitive layer and the
      assembly was exposed for 1 minute to radiation from a high prepssure
      mercury lamp of 450 watt at a distance of 30 cm from the assembly. Then,
      the photosensitive layer thus exposed was treated with a solvent using
      dimethylformamide to remove the uncured or unexposed portions. Then the
      remaining layer was dyed with a oily dye (Oil Blue G Extra (CI-61525)),
      whereby the exposed portions could be observed as a clear blue image.
PAR  When Michler's ketone was used in place of the nitroacenaphthene, a similar
      image was formed with a similar image exposure of 1 minute.
PAR  Furthermore, when another oily dye was used in the above procedure, a clear
      image was also obtained.
PAR  When the above procedures were repeated without using 5-nitroacemaphthene,
      a similar image was obtained by exposing the photosensitive layer for
      about 30 minutes.
PAC  EXAMPLE 2
PAR  25 mg of the product obtained in Polymer Preparation Example 2 as described
      above was dissolved in 0.5 ml of dimethylformamide, and after adding each
      of the following sensitizers to the polymer containing solution, the same
      procedure as described in Example 1 was conducted. The sensitizers and the
      amounts thereof were as follows: 2 mg of 5-nitroacenaphthene, 5 mg of
      tetranitrofluorenone, 3 mg of
      N-methyl-2-benzoylmethylene-.beta.-naphthothiazoline, 2 mg of phenanthrene
      quinone, and 1.5 mg of diethylaminobenzophenone.
PAR  On using all of the above-described sensitizers, the photosensitive layer
      was insolubilized at the exposed portions with a similar exposure as in
      Example 1 of about 30 seconds and the exposed portions retained their
      olephilic property.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A monomer represented by the following formula
      ##EQU11##
      wherein R.sub.1 represents a hydrogen atom or a methyl group; R.sub.2
      represents --CH.sub.2 CH.sub.2 --, --CH.sub.2 CH.sub.2 CH.sub.2 --,
      --CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 --,
      ##EQU12##
      --CH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 --,
      ##EQU13##
      --CH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 OCH.sub.2 CH--, --CH.sub.2 CH.sub.2
      CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 --,
      ##EQU14##
      --CH.sub.2 CH.sub.2 SCH.sub.2 CH.sub.2 --, --C.sub.6 H.sub.10 --,
      --C.sub.6 H.sub.4 --, --CH.sub.2 C.sub.6 H.sub.4 CH.sub.2 --, or
      --CH.sub.2 C.sub.6 H.sub.10 CH.sub.2 --; R.sub.3 is a hydrogen atom, a
      halogen atom, a methoxy group, a nitro group or a methyl group; R.sub.4 is
      a hydrogen atom, a cyano group or a carbamoyl group.
NUM  2.
PAR  2. The monomer of claim 1, wherein R.sub.2 is --CH.sub.2 CH.sub.2 --,
      --CH.sub.2 CH.sub.2 CH.sub.2 --, --CH.sub.2 CH.sub.2 CH.sub.2 CH.sub.2 --,
      ##EQU15##
      --CH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 OCH.sub.2 CH.sub.2 --,
      ##EQU16##
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ABST
PAL  A hair dye preparation contains diamino-nitrobenzene compounds as a direct
      hair dye or contains diamino-nitrobenzene compounds as coupling components
      in combination with developing components for oxidation dyestuffs. A
      process for dyeing human hair comprises applying one of these preparations
      to the hair.
PARN
PAR  This is a continuation, of Ser. No. 272,383, filed July 17, 1972 and now
      abandoned.
BSUM
PAC  PRIOR ART
PAR  French Pat. No. 988,553 discloses the preparation of
      1,4-diamino-2-nitro-benzene compounds per se, as well as those derivatives
      thereof having an acetoacetyl group substituted for one of the hydrogen
      atoms on the amino group nitrogen atom in the 4 position. French Pat. No.
      988,579 discloses that 1,4-diamino-2-nitro-benzene compounds in which
      there is an acetoacetyl group substituted for one of the hydrogen atoms on
      the amino group nitrogen atom in the 4 position may be used as an
      intermediary for the synthesis of acidic azo dyes for textile fibers.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide an aqueous hair dye
      preparation containing a diamino-nitro-benzene compound which acts as a
      direct dye or which acts as a coupling component along with a developer
      component in an oxidation dyestuffs combination.
PAR  It is another object of the present invention to provide a compound of the
      formulae selected from the group consisting of
      ##SPC1##
PAL  Wherein X is an electrophilic substituent and A.sub.3 is a member selected
      from the group consisting of alkyl of 1 to 10 carbon atoms, hydroxyalkyl
      of 1 to 10 carbon atoms, N,N-dialkyl-aminoalkyl of 3 to 18 carbon atoms,
      alkanoyl of 2 to 10 carbon atoms, substituted alkanoyl of 2 to 10 carbon
      atoms with a substituent selected from the group consisting of nitro,
      phenyl, halo, cyano, carboxyl and sulfo, acyl of aromatic hydrocarbon
      carboxylic acids having 7 to 15 carbon atoms, substituted acyl of aromatic
      hydrocarbon carboxylic acids having from 7 to 15 carbon atoms with a
      substituent selected from the group consisting of lower alkyl, nitro,
      halo, cyano, carboxyl and sulfo, and the activated methylene group
      --CO--CH.sub.2 --X, in which X is an electrophilic substituent.
PAR  It is a further object of the present invention to provide a process for
      dyeing human hair which comprises applying to the hair an aqueous hair dye
      preparation containing a diamino-nitrobenzene compound which acts as a
      direct dye or which acts as a coupling component along with a developer
      component in an oxidation dyestuffs combination.
PAR  Other and further objects of the present invention will become apparent as
      the description thereof proceeds.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention provides a compound of the formulae selected from the
      group consisting of
      ##SPC2##
PAL  Wherein X is an electrophilic substituent and A.sub.3 is a member selected
      from the group consisting of alkyl of 1 to 10 carbon atoms, hydroxyalkyl
      of 1 to 10 carbon atoms, N,N-dialkyl-aminoalkyl of 3 to 18 carbon atoms,
      alkanoyl of 2 to 10 carbon atoms, substituted alkanoyl of 2 to 10 carbon
      atoms with a substituent selected from the group consisting of nitro,
      phenyl, halo, cyano, carboxyl and sulfo, acyl of aromatic hydrocarbon
      carboxylic acids having 7 to 15 carbon atoms, substituted acyl of aromatic
      hydrocarbon carboxylic acids having from 7 to 15 carbon atoms with a
      substituent selected from the group consisting of lower alkyl, nitro,
      halo, cyano, carboxyl and sulfo, and the activated methylene group
      --CO--CH.sub.2 --X, in which X is an electrophilic substituent.
PAR  The present invention also provides an aqueous preparation for the direct
      dyeing of human hair consisting essentially of (1) from 0.1% to 5% by
      weight of a diamino-nitrobenzene compound of the formula selected from the
      group consisting of
      ##SPC3##
PAL  in which X and X' are each an electrophilic substituent and A'.sub.2 is a
      member selected from the group consisting of hydrogen, alkyl of 1 to 10
      carbon atoms, hydroxyalkyl of 1 to 10 carbon atoms, N,N-dialkyl-aminoalkyl
      of 3 to 18 carbon atoms, alkanoyl of 2 to 10 carbon atoms, substituted
      alkanoyl of 2 to 10 carbon atoms with a substituent selected from the
      group consisting of nitro, phenyl, halo, cyano, carboxyl and sulfo, acyl
      of aromatic hydrocarbon carboxylic acids having 7 to 15 carbon atoms,
      substituted acyl of aromatic hydrocarbon carboxylic acids having from 7 to
      15 carbon atoms with a substituent selected from the group consisting of
      lower alkyl, nitro, halo, cyano, carboxyl and sulfo; and in which A.sub.2
      is selected from the group consisting of A'.sub.2 and the activated
      methylene group --CO--CH.sub.2 --X, in which X is an electrophilic
      substituent with the proviso that whenever A.sub.2 is hydrogen, then X is
      not acetyl; (2) from 0% to 30% by weight of a surfactant; (3) from 0% to
      25% by weight of thickeners; and (4) from 40% to 99.9% by weight of water.
PAR  The present invention is further directed to a process for the direct
      dyeing of human hair consisting essentially of applying to said hair at
      temperatures ranging substantially from 15.degree.C to 40.degree.C for a
      time sufficient to affect dyeing, an effective amount of an aqueous
      preparation consisting essentially of (1) from 0.1% to 5% by weight of a
      diamino-nitrobenzene compound of the formula selected from the group
      consisting of
      ##SPC4##
PAL  in which X and X' are each an electrophilic substituent and A'.sub.2 is a
      member selected from the group consisting of hydrogen, alkyl of 1 to 10
      carbon atoms, hydroxyalkyl of 1 to 10 carbon atoms, N,N-dialkyl-aminoalkyl
      of 3 to 18 carbon atoms, alkanoyl of 2 to 10 carbon atoms, substituted
      alkanoyl of 2 to 10 carbon atoms with a substituent selected from the
      group consisting of nitro, phenyl, halo, cyano, carboxyl and sulfo, acyl
      of aromatic hydrocarbon carboxylic acids having 7 to 15 carbon atoms,
      substituted acyl of aromatic hydrocarbon carboxylic acids having from 7 to
      15 carbon atoms with a substituent selected from the group consisting of
      lower alkyl, nitro, halo, cyano, carboxyl and sulfo; and in which A.sub.2
      is selected from the group consisting of A'.sub.2 and the activated
      methylene group --CO--CH.sub.2 --X, in which X is an electrophilic
      substituent; (2) from 0% to 30% by weight of a surfactant; (3) from 0% to
      25% by weight of thickeners; and (4) from 40% to 99.9% by weight of water.
PAR  The present invention further provides an aqueous preparation for the
      dyeing of human hair consisting essentially of (1) from 0.1% to 5% by
      weight of an oxidation dyestuffs combination of a developer component, and
      a coupling component in substantially equimolar amounts, said coupling
      component consisting essentially of a diamino-nitrobenzene compound of the
      formula selected from the group consisting of
      ##SPC5##
PAL  in which X is an electrophilic substituent and A.sub.2 is a member selected
      from the group consisting of hydrogen, alkyl of 1 to 10carbon atoms,
      hydroxyalkyl of 1 to 10 carbon atoms, N,Ndialkyl-aminoalkyl of 3 to 18
      carbon atoms, alkanoyl of 2 to 10 carbon atoms, substituted alkanoyl of 2
      to 10 carbon atoms with a substituent selected from the group consisting
      of nitro, phenyl, halo, cyano, carboxyl and sulfo, acyl of aromatic
      hydrocarbon carboxylic acids having 7 to 15 carbon atoms, substituted acyl
      of aromatic hydrocarbon carboxylic acids having from 7 to 15 carbon atoms
      with a substituent selected from the group consisting of lower alkyl,
      nitro, halo, cyano, carboxyl and sulfo, and the activated methylene group
      --CO--CH.sub.2 --X, in which X is an electrophilic substituent; (2) from
      0% to 30% by weight of a surfactant; (3) from 0% to 25% by weight of
      thickeners; and (4) from 40% to 99.9% by weight of water.
PAR  The present invention is still further directed to a process for the dyeing
      of human hair consisting essentially of applying to said hair at
      temperatures ranging substantially from 15.degree.C to 40.degree.C for a
      time sufficient to affect dyeing, an effective amount of an aqueous
      preparation for the dyeing of human hair consisting essentially of (1)
      from 0.1% to 5% by weight of an oxidation dyestuffs combination of a
      developer component, and a coupling component in substantially equimolar
      amounts, said coupling component consisting essentially of a
      diamino-nitrobenzene compound of the formula selected from the group
      consisting of
      ##SPC6##
PAL  in which X is an electrophilic substituent and A.sub.2 is a member selected
      from the group consisting of hydrogen, alkyl of 1 to 10 carbon atoms,
      hydroxyalkyl of 1 to 10 carbon atoms, N,N-dialkyl-aminoalkyl of 3 to 18
      carbon atoms, alkanoyl of 2 to 10 carbon atoms, substituted alkanoyl of 2
      to 10 carbon atoms with a substituent selected from the group consisting
      of nitro, phenyl, halo, cyano, carboxyl and sulfo, acyl of aromatic
      hydrocarbon carboxylic acids having 7 to 15 carbon atoms, substituted acyl
      of aromatic hydrocarbon carboxylic acids having from 7 to 15 carbon atoms
      with a substituent selected from the group consisting of lower alkyl,
      nitro, halo, cyano, carboxyl and sulfo, and the activated methylene group
      --CO--CH.sub.2 --X, in which X is an electrophilic substituent; (2) from
      0% to 30% by weight of a surfactant; (3) from 0% to 25% by weight of
      thickeners; and (4) from 40% to 99.9% by weight of water.
PAR  As electrophilic substituents X, the radicals containing a carbonyl, such
      as carboxyl, alkoxycarbonyl, and acyl, or a nitrile, or carbonyl
      containing radicals further substituted with halogen, the sulfo group and
      the nitro group, are considered. X is preferably a nitrile, acyl, or
      alkoxycarbonyl group.
PAR  The acyl substituent can be derived from aliphatic, cycloaliphatic,
      heterocyclic or aromatic carboxylic acids and can themselves be
      substituted. Suitable examples of acyl groups include alkanoyl of 2 to 10
      carbon atoms and their nitro, phenyl, halo, cyano, carboxyl and sulfo
      substituted derivatives, such as acetyl, butyryl, trifluoroacetyl,
      phenylacetyl, aromatic hydrocarbon carboxylic acids having 7 to 15 carbon
      atoms and their alkyl, nitro, halo, cyano, carboxyl and sulfo substituted
      derivatives, such as benzoyl, nitrobenzoyl, chlorobenzoyl, phthaloyl,
      .beta.-naphthoyl, cycloalkylcarbonyl of 6 to 10 carbon atoms, such as
      cyclohexylcarbonyl, furoyl, and thenoyl. The alkoxycarbonyl groups
      represented by X may also be comprised by aromatic or cycloaliphatic
      radicals, usually alkyl of 1 to 10 carbon atoms; but also cycloalkyl of 6
      to 10 carbon atoms and phenylalkyl of 7 to 16 carbon atoms; for example,
      they may be derived from benzyl alcohol or cyclohexyl alcohol.
PAR  For the reasons of greater availability of the starting material, it is
      preferable that the acyl substituent be derived from lower aliphatic
      carboxylic acids with 2 to 4 carbon atoms or from mononuclear aromatic
      carboxylic acids. The alkoxycarbonyl residues may be derived from lower
      aliphatic alcohols with 1 to 4 carbon atoms.
PAR  In addition to A.sub.2 being the activated methylene group --CO--CH.sub.2
      --X, A.sub.2 could be any one of the above acyls or alkyl and hydroxyalkyl
      of 1 to 10 carbon atoms and N,N-dialkylaminoalkyl of 3 to 18 carbon atoms
      optionally present in the hair dyes of the invention may be present in an
      arbitrary manner. It is preferable, however, for the above named reasons,
      that they are short-chained. The alkyl or alkylol radicals preferably have
      2 to 4 carbon atoms. The N,N-dialkyl-aminoalkyl residues are preferably
      derived from terminal alkyl amines of 2 to 12 carbon atoms, substituted by
      methyl and/or ethyl groups, for example dimethylaminopropyl,
      diethylaminohexyl, methylethylaminododecyl.
PAR  Of the compounds, falling under the general formula, the following are
      preferred:
PAR  1,3-diamino-4-nitrobenzene derivatives of the formula
      ##SPC7##
PAL  in which X' and A'.sub.2 have the same meanings as defined above; and
      1,4-diamino-nitrobenzene derivatives of the formula
      ##SPC8##
PAL  in which X has the same meaning as defined above and A.sub.2 is a hydrogen
      atom or --CO--CH.sub.2 --X. Suitable examples for compounds of the above
      described subgeneric formulas are as follows:
      1-amino-3-cyanoacetylamino-4-nitrobenzene,1-benzoylacetylamino-3-amino-4-n
     itrobenzene, 1-methylamino-3-cyanoacetylamino-4-nitrobenzene,
      1,3-di(cyanoacetylamino)-4-nitrobenzene,
      1,3-Di-(.omega.-ethoxycarbonyl-acetylamino)-4-nitrobenzene,
      1-Amino-3-(.omega.-ethoxycarbonyl-acetylamino)-4-nitrobenzene,
      1-Acetylamino-3-cyanoacetylamino-4-nitrobenzene,
      1-Amino-3-acetoacetylamino-4-nitro-benzene,
      1-(.rho.-Nitro-benzoylacetylamino)-3-amino-4-nitrobenzene,
      1-Trifluoro-acetoacetylamino-3-amino-4-nitrobenzene,
      1-(2-Hydroxy-ethylamino)-3-cyanoacetylamino-4-nitrobenzene,
      1-Amino-2-nitro-4-.omega.-cyanoacetylamino-benzene,
      1-Amino-2-nitro-4-.omega.-benzoyl-acetylamino-benzene,
      1,4-Dicyanoacetylamino-2-nitrobenzene,
      1-Amino-2-nitro-4-.omega.-ethoxycarbonylacetylamino-benzene,
      1,4-Bis-(.omega.-ethoxycarbonyl-acetylamino)-2-nitrobenzene,
      1-Amino-2-nitro-4-.omega.-benzoxycarbonyl-acetylamino-benzene,
      1-Amino-2-nitro-4-(.rho.-nitrobenzoyl-acetylamino)-benzene,
      1-Amino-2-nitro-4-acetoacetylamino-benzene,
      1-Amino-2-nitro-4-nitroacetoacetylamino-benzene,
      1-Amino-2-nitro-4-trifluoroacetoacetylamino-benzene,
      1-Amino-2-nitro-4-.omega.-butyryl-acetylamino-benzene,
      1-Amino-2-nitro-4-.omega.-(.beta.-Naphthoylacetylamino)-benzene,
      1-Amino-2-nitro-4-cyclohexylcarbonyl-acetylamino-benzene,
      1-Amino-2-nitro-4-Furoylacetylamino-benzene,
      1-Amino-2-nitro-4-Thenoylacetylamino-benzene,
      1,4-Bis-(.omega.-butoxycarbonyl-acetylamino)-benzene,
      1,4-Bis-(.omega.-cyclohexyloxycarbonyl-acetylamino)-benzene.
PAR  The hair dyes of the present invention can be prepared by reacting a
      1,3-diamino-4-nitrobenzene or a 1,4-diamino-nitrobenzene or their
      derivatives, substituted at an N-atom by the substituents named in the
      above formulas, with a suitably substituted acetyl chloride or acetic acid
      ester, such as with cyanoacetic acid ethyl ester or cyanoacetyl chloride,
      malonic acid dialkyl ester or malonic acid monoalkyl ester chloride,
      acetoacetic acid ethyl ester, benzoylacetic acid methyl ester or
      benzoylacetyl chloride.
PAR  The reaction of 1,3-diamino-4-nitrobenzene or 1,4-diaminonitrobenzene with
      substituted acetic acid esters, always results in derivatives having a
      mono substituted nitrogen, independent of the quantitative proportions of
      the reactants and the other reaction conditions.
PAR  The reaction to place a substituent on both amino groups takes place only
      if the reaction is carried out with substituted acetyl chloride in the
      presence of non-polar solvents, such as benzene or hydrocarbons. However
      the reaction with substituted acetyl chloride in the presence of polar
      solvents, such as tetrahydrofuran or chlorobenzene, always results in
      derivatives, having one monosubstituted nitrogen independent of the
      quantitative proportions of the reactants.
PAR  In the case of the reaction with substituted acetic acid esters, the
      reaction may be carried out in the presence of solvents, whose polarity
      has no influence on the course of the reaction.
PAR  If acid chlorides are a reactant, it is preferable to add to the reaction
      mixture an acid acceptor, for example an amine, preferably a lower
      alkylamine or lower alkylolamine such as triethylamine.
PAR  The synthesis reaction is generally carried out at reflux temperatures, and
      in many cases can be followed by a progressive precipitation of the
      reaction product. The reaction time required is generally 3 to 5 hours.
      The reaction products may optionally be purified by recrystallization from
      polar solvents.
PAR  The hair dyes of the present invention may be used as direct dyes, with the
      exception of those derivatives of 1,3-diamino-4-nitrobenzene which are
      substituted on both amino groups by the methylene active grouping
      --CO--CH.sub.2 --X. In these direct dyes the member A'.sub.2 excludes this
      methylene active grouping. All of these dyes are distinguished by their
      affinity to hair and by their ability to produce clear yellow dyeings of
      the hair.
PAR  A second important utility of the novel hair dyes is in their use as color
      coupling components for yellow-developers in oxidation hair dyes with
      conventional developers. The attainable shades can be varied by the
      developer components and the intensity of color produced by oxidation can
      be varied over a range of different tints from yellow to brown.
PAR  The hair dyes, according to the invention, are preferably used in about
      equal molar amounts with respect to the applied developers. However it is
      acceptable if the color coupling component is present in an amount greater
      than the equimolar quantity or less than the equimolar quantity.
PAR  Both the color coupling components and the developers may be mixtures of
      the respective compounds.
PAR  Examples of suitable developing agents include aromatic, bior
      polyfunctional amines having at least one primary amino group and another
      functional group in para-position, or else a 4-aminopyrazolone.
PAR  Preferred 4-aminopyrazolones are compounds of the generic formula (1)
      ##EQU1##
      wherein R.sub.3 and R.sub.4 are hydrogen or an organic radical having 1 to
      10 carbon atoms.
PAR  The organic radical R.sub.3 can be an alkyl having 1 to 10 carbon atoms, an
      aryl, such as phenyl, hydroxyphenyl, sulfonylphenyl, sulfonamidophenyl,
      aminophenyl, lower alkylolphenyl, lower alkylphenyl, lower
      alkylaminophenyl and di-lower alkylaminophenyl where the alkyls and
      alkylols have 1 to 4 carbon atoms, or a heterocyclic radical, such as the
      pyridyl. Functional groups may be present, particularly on the aryl, as
      indicated above, such as OH, NH.sub.2, NHCH.sub.3, N(CH.sub.3).sub.2 or
      halogen atoms, i.e., fluorine, iodine, bromine, and particularly chlorine.
      Furthermore, the following groups may be present as organic radicals:
      COCH, COOR', CONH.sub.2, CONHR', CONR'R", wherein R' and R" are alkyl or
      hydroxyalkyl having 1 to 4 carbon atoms.
PAR  The organic radical R.sub.4 can be an alkyl having 1 to 10 carbons, an
      aryl, such as those mentioned above for R.sub.3, or a heterocyclic
      radical, such as the pyridyl. Functional groups may be present.
      Particularly, hydrocarbon radicals having 1 to 10 carbons are applicable
      containing as functional groups OH, NH.sub.2, COOH, CONH.sub.2, SO.sub.3 H
      and SO.sub.2 NH.sub.2.
PAR  As aromatic radical, a phenyl is especially applicable. It may be
      substituted with alkyl or hydroxyalkyl groups having 1 to 4 carbons or
      other substituents, such as halogen, preferably Cl, NH.sub.2, OH, COOH,
      CONH.sub.2, CONHR', CONHR'R", SO.sub.3 H and SO.sub.2 NH.sub.2.
PAR  It frequently is opportune to employ the 4-aminopyrazolones in the form of
      their water-soluble acid addition salts, such as the hydrochloride,
      sulfate or oxalate, because the resistance to atmospheric air is
      increased.
PAR  4-Aminopyrazolones which are suitable in the process of the invention as
      formula (1) are as follows:
PA1  1-ethyl-4-aminopyrazolone
PA1  1-n-hexyl-4-aminopyrazolone
PA1  1-n-decyl-4-aminopyrazolone
PA1  1-phenyl-4-aminopyrazolone
PA1  1-(p-hydroxyphenyl)-4-aminopyrazolone
PA1  1-(p-sulfonylphenyl)-4-aminopyrazolone
PA1  3-methyl-4-aminopyrazolone
PA1  3-i-propyl-4-aminopyrazolone
PA1  3-n-octyl-4-aminopyrazolone
PA1  3-phenyl-4-aminopyrazolone
PA1  3-(p-ethylphenyl)-4-aminopyrazolone
PA1  3-(p-aminophenyl)-4-aminopyrazolone
PA1  3-(p-dimethylaminophenyl)-4-aminopyrazolone
PA1  3-(m-chlorophenyl)-4-aminopyrazolone
PA1  3-(4-pyridyl)-4-aminopyrazolone
PA1  1-methyl-3-phenyl-4-aminopyrazolone
PA1  1-ethyl-3-(o-hydroxyphenyl)-4-aminopyrazolone
PA1  1-n-decyl-3-(p-methylaminophenyl)-4-aminopyrazolone
PA1  1-phenyl-3-n-butyl-4-aminopyrazolone
PA1  1-(p-sulfonamidophenyl)-3-n-octyl-4-aminopyrazolone
PA1  1-(p-sulfonamidophenyl)-3-phenyl-4-aminopyrazolone
PA1  1-(p-ethylphenyl)-3-phenyl-4-aminopyrazolone
PA1  1-(p-beta-hydroxyethylphenyl)-3-phenyl-4-aminopyrazolone
PA1  1-(p-hydroxyphenyl)-3-n-octyl-4-aminopyrazolone
PA1  1-(p-carboxyphenyl)-3-n-octyl-4-aminopyrazolone
PA1  1-(p-carbamidophenyl)-3-n-octyl-4-aminopyrazolone
PA1  4-aminopyrazolone-3-carboxylic acid
PA1  4-aminopyrazolone-3-carboxylic acid-ethyl ester
PA1  4-aminopyrazolone-3-carboxylic acid-n-butyl ester
PA1  4-aminopyrazolone-3-carboxylic acid-methylamide
PA1  4-aminopyrazolone-3-carboxylic acid-hydroxymethylamide
PA1  4-aminopyrazolone-3-carboxylic acid-di-n-butylamide
PA1  4-aminopyrazolone-3-carboxylic acid-ethyl-beta-hydroxyethylamide
PA1  1-methyl-4-aminopyrazolone-3-carboxylic acid-ethyl ester
PA1  1-methyl-4-aminopyrazolone-3-carboxylic acid-n-propylamide
PA1  1-methyl-4-aminopyrazolone-3-carboxylic acid-beta-hydroxypropylamide
PA1  1-ethyl-4-aminopyrazolone-3-carboxylic acid-methyl ester
PA1  1-ethyl-4-aminopyrazolone-3-carboxylic acid-amide
PA1  1-n-propyl-4-aminopyrazolone-3-carboxylic acid-beta-hydroxybutylamide
PA1  1-i-propyl-4-aminopyrazolone-3-carboxylic acid-beta-hydroxyethylamide
PA1  1-n-butyl-4-aminopyrazolone-3-carboxylic acid-methyl ester
PA1  1-n-hexyl-4-aminopyrazolone-3-carboxylic acid-ethyl ester
PA1  1-n-heptyl-4-aminopyrazolone-3-carboxylic acid
PA1  1-n-decyl-4-aminopyrazolone-3-carboxylic acid-di-n-propylamide
PA1  1-n-decyl-4-aminopyrazolone-3-carboxylic acid-beta-hydroxyethyl ester
PA1  1-phenyl-4-aminopyrazolone-3-carboxylic acid
PA1  1-phenyl-4-aminopyrazolone-3-carboxylic acid-ethyl ester
PA1  1-phenyl-4-aminopyrazolone-3-carboxylic acid-.beta.-hydroxyethyl ester
PA1  1-phenyl-4-aminopyrazolone-3-carboxylic acid-amide
PA1  1-phenyl-4-aminopyrazolone-3-carboxylic acid-ethylamide
PA1  1-phenyl-4-aminopyrazolone-3-carboxylic acid-beta-hydroxyethylamide
PA1  1-phenyl-4-aminopyrazolone-3-carboxylic acid-dimethylamide
PA1  1-(p-i-propylphenyl)-4-aminopyrazolone-3-carboxylic acid
PA1  1-(p-hydroxyphenyl)-4-aminopyrazolone-3-carboxylic acid-ethyl ester
PA1  1-(p-aminophenyl)-4-aminopyrazolone-3-carboxylic acid-amide
PA1  1-(o-carboxyphenyl)-4-aminopyrazolone-3-carboxylic acid-ethyl ester
PA1  1-(p-sulfonylphenyl)-4-aminopyrazolone-3-carboxylic acid-ethyl ester
PA1  1-(p-sulfonamidophenyl)-4-aminopyrazolone-3-carboxylic-acid-ethyl ester
PA1  1-(2-pyridyl)-4-aminopyrazolone-3-carboxylic acid-diethylamide
PAR  These compounds may be used as such or in the form of their water-soluble
      acid addition salts.
PAR  Suitable aromatic bi- and polyfunctional amines having at least one primary
      amino group and another functional group in para-position are, e.g.,
      p-phenylenediamine, p-toluylenediamine, p-diaminoanisole,
      p-aminomethylaniline, p-aminoethylaniline, p-aminodiphenylamine,
      p-aminodimethylaniline, p-aminodiethylaniline,
      p-amino-di-beta-hydroxyethylaniline, p-aminophenyl, p-diaminoanisole, or
      compounds of the kind named which additionally contain one or more
      functional groups such as OH, NH.sub.2, NHR', NR'R", wherein R' and R"
      again are lower alkyls or hydroxyalkyls having 1 to 4 carbon atoms.
PAR  Preferably, these aromatic bi- and polyfunctional amines have the formula
      ##SPC9##
PAL  wherein Y is a member selected from the group consisting of OH, NH.sub.2,
      NHR', NR'R" and NHC.sub.6 H.sub.5 and Z is a member selected from the
      group consisting of H, R', Y and OR', where again R' and R" are alkyls or
      hydroxyalkyls having 1 to 4 carbon atoms.
PAR  These aromatic bi- or polyfunctional amines advantageously are employed in
      substantially equimolar amounts, calculated on the pyrazolones substituted
      in the 3 -position. However, it is not disadvantageous to apply these
      pyrazolones in a given excess or in amounts slightly less than molar.
      Mixtures of the individual dyestuff components can be used.
PAR  Dyeing of the hair is carried out in aqueous media and, as customary for
      oxidation dyes, developed either by the action of atmospheric oxygen or by
      means of chemical oxidizers, preferably hydrogen peroxide or its adducts
      on urea, melamine, or sodium borate and mixtures of such hydrogen peroxide
      adducts with potassium peroxydisulfate. Effective temperatures are
      substantially 15.degree. to 40.degree.C, preferably room temperature.
PAR  The hair dyes of the invention can be present in the above named uses in
      the form of aqueous preparations, such as solutions or emulsions. Such
      solutions should contain the dyes or the dye combinations of coupling-and
      developing components in amounts from 0.1 to 5%, particularly 2% by
      weight.
PAR  The compounds of the invention may also be applied in the form of creams or
      emulsions. To make such creams or emulsions, any desired surfactants may
      be employed, but especially anionic or non-ionic detergents or wetting
      agents. Suitable surfactants are particularly alkylbenzenesulfonates,
      higher fatty alcohol sulfates, higher alkylsulfonates, higher fatty acid
      ethanolamides, ethylene oxide adducts on higher fatty acids, higher fatty
      alcohols or alkylphenols.
PAR  The dyeability of the materials named is not diminished in the presence of
      the surfactants or, in other words, when applied in cream form. Thus, the
      dyeing agents according to the invention can be manufactured in the form
      of shampoos, particularly cream shampoos, as frequently is desired in
      practice.
PAR  Moreover, other agents can be incorporated into the agents, such as
      thickeners in the form of methyl or hydroxymethyl-cellulose, starch,
      higher fatty alcohols, "Vaseline," paraffin oils and higher fatty acids.
      Perfumes, i.e., essential oils, or hair grooming agents such as
      pantothenic acid and cholesterol, also may be incorporated.
PAR  Effective amounts of the additives names above are those customarily
      employed. Effective amounts for surfactants range from 0.5 to 30%, for
      thickeners from 0.1 to 25%, and the effective concentration of the
      dyestuffs or dyestuffs combination depending upon the use, range from 0.1%
      to 5% by weight, preferably 0.1% to 2% by weight. All these percentages
      are by weight and calculated on the total composition.
PAR  The hair dyes can be applied to the hair in weakly acid, neutral and
      preferably alkaline pH ranges at temperatures of from 15.degree.C to
      40.degree.C.
PAR  The dyeings attained are distinguished by good light and wash fastness and
      fastness to rubbing. A new and unexpected advantage and a surprising
      property of the hair dye solutions and process, according to the
      invention, is that the hair dye solutions may be applied both as direct
      dyes and as coupling dyestuff agents in oxidation dyes for the ointment of
      yellow and blond hair dyeings.
DETD
PAR  The following examples are merely illustrative of the present invention
      without being deemed limitative in any manner thereof.
PAC  EXAMPLE I
PAC  1-Amino-3-cyanoacetylamino-4-nitrobenzene
PAR  9.04 gm (0.059 mol) of 1,3-diamino-4-nitrobenzene, 5.69 gm (0.054 mol) of
      cyanoacetyl chloride were boiled in 100 ml of benzene for 4 hours at
      reflux. The precipitation of the reaction product occurred during the
      reaction and was completed by concentration of the reaction solution. The
      separated precipitate was purified by recrystallization from acetic acid.
      On the basis of the analysis data and IR- and NRM-measurements the product
      has the formula: 1-amino-3-cyanoacetylamino-4-nitrobenzene and a melting
      point of 218.degree.-220.degree.C.
TBL  ______________________________________                                    

     Analysis:   C          H          N                                       

     Calculated: 49.09%     3.66%      25.46%                                  

     Found:      48.80%     3.63%      25.13%                                  

     ______________________________________                                    

PAC  EXAMPLES II - VII
PAR  In an analogous manner, the compounds listed in Examples 2 to 6 of the
      following table were obtained by reaction of 1,3-diamino-4-nitrobenzene
      with the following named compounds, while in Example 7 the starting
      materials were 1-acetylamino-3-amino-4-nitrobenzene and cyanoacetyl
      chloride.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Example                                                                   

           Reaction-                                                           

                    Reactions-Product                                          

                                   Molar Ratio                                 

                                            Analysis %        M.P.             

     No.   Partner                          Calc = Calculated .degree.C        

     __________________________________________________________________________

                                                C    H   N                     

     2     Benzoyl- 3-Benzoylacetylamino-                                      

                                   1 : 1    Calc.                              

                                                60.20                          

                                                     4.38                      

                                                         14.04                 

                                                              219-221          

           acetic acid                                                         

                    1-amino-4-nitrobenzene  Found                              

                                                60.19                          

                                                     4.55                      

                                                         14.03                 

           ethyl ester                                                         

     3     Cyanoacetyl-                                                        

                    1,3-Di(cyanoacetyl-                                        

                                   2 : 1    Calc.                              

                                                50.18                          

                                                     3.16                      

                                                         24.38                 

                                                              223-226          

           chloride amino)-4-nitrobenzene   Found                              

                                                50.13                          

                                                     2.79                      

                                                         25.35                 

     4     Malonic acid                                                        

                    1,3-Di-(.omega.-ethoxycar-                                 

                                   2 : 1    Calc.                              

                                                50.39                          

                                                     5.02                      

                                                         11.01                 

                                                              94-96            

           mono-ethyl                                                          

                    bonyl-acetylamino)-     Found                              

                                                50.46                          

                                                     4.30                      

                                                         10.94                 

           ester chloride                                                      

                    4-nitrobenzene                                             

     5     Malonic acid                                                        

                    1-Amino-3-(.omega.-ethoxy-.sup.(x)                         

                                   1 : 1    Calc.                              

                                                49.43                          

                                                     4.90                      

                                                         15.73                 

                                                              172-173          

           mono-ethyl                                                          

                    carbonyl-acetylamino)-  Found                              

                                                48.43                          

                                                     4.61                      

                                                         15.83                 

           ester chloride                                                      

                    4-nitrobenzene                                             

     6     Acetoacetic                                                         

                    1-Amino-3-acetoacetyl-                                     

                                   1 : 1    Calc.                              

                                                50.65                          

                                                     4.67                      

                                                         17.71                 

                                                              139-140          

           acid ethyl                                                          

                    amino-4-nitrobenzene    Found                              

                                                50.63                          

                                                     4.61                      

                                                         17.67                 

           ester                                                               

     7     Cyanoacetyl-                                                        

                    1-Acetylamino-3-cyano-                                     

                                   1 : 1    Calc.                              

                                                50.38                          

                                                     3.84                      

                                                         21.37                 

                                                              232-235          

           chloride acetylamino-4-nitro-    Found                              

                                                50.39                          

                                                     3.72                      

                                                         22.56                 

                    benzene                                                    

     __________________________________________________________________________

      .sup.(x) in the presence of an equimolar amount of triethylamine         

PAC  EXAMPLE VIII
PAC  1,4-Dicyanoacetylamino-2-nitrobenzene
PAR  20.70 gm (0.2 mol) of cyanoacetyl chloride were dissolved in 370 ml of
      absolute benzene. 15.3 gm (0.1 mol) of 1,4-diamino-2-nitrobenzene were
      added to this solution, and the reaction mixture was heated for 6 hours at
      boiling. After cooling, the precipitate formed was vacuum filtered, washed
      with ether and recrystallized from dilute acetic acid. The product has a
      melting point of 232.degree.-233.degree.C.
TBL  ______________________________________                                    

     Analysis: (C.sub.12 H.sub.9 N.sub.5 O.sub.4)                              

                    C         H         N                                      

     Calculated:    50.17%    3.14%     24.39%                                 

     Found:         49.99%    2.98%     24.40%                                 

     ______________________________________                                    

PAC  EXAMPLE IX
PAC  1-Amino-2-nitro-4-.omega.-cyanoacetylamino-benzene
PAR  15.3 gm (0.1 mol) of 1,4-diamino-2-nitrobenzene were heated to boiling in
      150 ml of ethyl cyanoacetate. Simultaneously therewith the ethanol formed
      during the reaction was removed by distillation. After the reaction
      mixture was cooled, the precipitate formed was vacuum filtered, washed
      with ether and recrystallized from dilute acetic acid. The product had a
      melting point of 218.degree.-221.degree.C.
TBL  ______________________________________                                    

     Analysis: (C.sub.9 H.sub.8 N.sub.4 O.sub.3)                               

                    C         H         N                                      

     Calculated:    49.09%    3.64%     25.45%                                 

     Found:         49.20%    3.48%     25.47%                                 

     ______________________________________                                    

PAC  EXAMPLE X
PAC  1-Amino-2-nitro-4-.omega.-benzoylacetylamino-benzene
PAR  15.3 gm (0.1 mol) of 1,4-diamino-2-nitrobenzene were suspended in 100 ml of
      xylol. This suspension was heated. After the addition thereto of 42.3 gm
      (0.22 mol) of ethyl benzoylacetate, this suspension was heated on an oil
      bath at 130.degree.C with the simultaneous distillation of ethanol, formed
      in the reaction. The precipitate was separated from the cold reaction
      mixture and processed, as described in Example I. The product had a
      melting point of 182.degree.-183.degree.C.
TBL  ______________________________________                                    

     Analysis: (C.sub.15 H.sub.13 N.sub.3 O.sub.4)                             

                    C         H         N                                      

     Calculated:    60.20%    4.35%     14.05%                                 

     Found:         59.41%    3.84%     14.09%                                 

     ______________________________________                                    

PAC  EXAMPLE XI
PAC  1-Amino-2-nitro-4-(.omega.-ethoxycarbonyl-acetylamino)-benzene
PAR  7.65 gm (0.05 mol) of 1,4-diamino-2-nitrobenzene were added to 80 ml of
      absolute tetrahydrofuran and 5.1 gm (0.05 mol) of triethylamine at room
      temperature to form a solution. While this mixture was being stirred, 7.5
      gm (0.05 mol) of malonic acid monoethylester chloride were added dropwise
      thereto. After termination of the addition, the mixture was stirred at
      room temperature for another 6 hours. Then the solvent was evaporated in
      vacuo for the most part. The residue was suctioned off and recrystallized
      once from ethanol/activated charcoal and a second time from water. The
      product had a melting point of 133.degree.-136.degree.C.
TBL  ______________________________________                                    

     Analysis: (C.sub.11 H.sub.13 N.sub.3 O.sub.5)                             

                    C         H         N                                      

     Calculated:    49.44%    4.87%     15.73%                                 

     Found:         49.99%    4.67%     15.38%                                 

     ______________________________________                                    

PAC  EXAMPLE XII
PAC  1,4-Bis-(.omega.-ethoxycarbonyl-acetylamino)-2-nitrobenzene
PAR  15.3 gm (0.1 mol) of 1,4-diamino-2-nitrobenzene were heated in 160 ml of
      absolute benzene together with 30.1 gm (0.2 mol) of malonic acid
      monoethylester chloride for 31/2 hours at refluxing. After cooling the
      precipitate was suctioned off and recrystallized twice from isopropanol.
      The product had a melting point of 96.degree.-97.degree.C.
TBL  ______________________________________                                    

     Analysis: (C.sub.16 H.sub.19 N.sub.3 O.sub.8)                             

                    C         H         N                                      

     Calculated:    50.39%    4.99%     11.02%                                 

     Found:         49.94%    5.16%     11.06%                                 

     ______________________________________                                    

PAC  EXAMPLE XIII
PAC  1-Amino-2-nitro-4-acetoacetylamino-benzene
PAR  15.3 gm (0.1 mol) of 1,4-diamino-2-nitrobenzene were heated in 50 ml of
      chlorobenzene together with 20 gm of acetoacetic acid ethyl ester, with
      the simultaneous distillation of ethanol, formed in the reaction. From the
      cold reaction mixture the precipitate was suctioned off, washed with
      dilute methanol and recrystallized from dilute acetic acid. The product
      had a melting point of 146.degree.-147.degree.C.
TBL  ______________________________________                                    

     Analysis: (C.sub.10 H.sub.11 N.sub.3 O.sub.4)                             

                    C         H         N                                      

     Calculated:    56.65%    4.67%     17.71%                                 

     Found:         56.65%    4.29%     17.73%                                 

     ______________________________________                                    

PAC  EXAMPLE XIV
PAR  Into a cream emulsion of the following composition:
PA1  10 parts by weight of fatty alcohols C.sub.16 -C.sub.18
PA1  10 parts by weight of fatty alcohol sulfate (technical mixture C.sub.16
      -C.sub.18)
PA1  75 parts by weight of water,
PAL  were incorporated
PA1  2 parts by weight of 1-amino-2-nitro-4-(.omega.-cyanoacetylamino)-benzene
PAL  and the pH of the mixture adjusted to 9.5 by the addition of ammonia.
      Enough water was added to bring the emulsion up to 100 parts by weight
      total. The thusly obtained dye cream dyed natural-16 greyed hair within 30
      minutes to a buttercup yellow color. With dye creams of the same
      composition, which contained instead of the above named dye, the below
      listed compounds, the following hair colors could be obtained:
TBL  Dye Component             Color Produced                                  

     __________________________________________________________________________

     1,4-dicyanoacetylamino-2-nitrobenzene                                     

                               corn yellow                                     

     1-amino-2-nitro-4-(.omega.-benzoylacetylamino)-                           

                               light yellow                                    

     benzene                                                                   

     1-amino-2-nitro-4-(.omega.-ethoxycarbonyl-acetyl-                         

                               yellow                                          

     amino)-benzene                                                            

     1-amino-2-nitro-4-acetoacetylamino-benzene                                

                               yellow-orange                                   

     1-amino-3-(.omega.-cyanoacetylamino)-4-nitrobenzene                       

                               intensive maize                                 

     1-amino-3-(.omega.-benzoylacetylamino)-4-nitrobenzene                     

                               mimosa yellow                                   

     1-amino-3-(.omega.-ethoxycarbonylacetylamino)-4-                          

                               pale yellow                                     

     nitro-benzene                                                             

     1-amino-3-(.omega.-acetoacetylamino)-4-nitrobenzene                       

                               primrose yellow                                 

     1-acetylamino-3-(.omega.-cyanoacetylamino)-4-nitro-                       

                               greenish-yellow                                 

     benzene                                                                   

     __________________________________________________________________________

PAC  EXAMPLES XV to XIX
PAR  2% aqueous solutions of oxidation dye combinations were prepared from
      equimolar amounts of a coupling component taken from the examples listed
      below together with 4-amino-1-phenyl-3-carbamoyl-pyrazolone-5 as the
      developer component. The pH of each solution was adjusted to 9.5 by the
      addition of ammonia. Then after mixing each solution with the same volume
      of a 1% or of a 9% hydrogen peroxide solution, samples of natural greyed
      hair were treated with the dye solution. The treatment took place at room
      temperature (22.degree.C). The colors produced by the hair dyeing
      solutions are summarized in the following Table II.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Example                                                                   

          Substance according                                                  

                      1% H.sub.2 O.sub.2                                       

                              Color Produced 9% H.sub.2 O.sub.2                

     No.  to Example No.                                                       

     __________________________________________________________________________

     15   1          brownish yellow                                           

                              nankeen yellow                                   

     16   2          golden yellow                                             

                              chick yellow                                     

     17   3          red orange                                                

                              yellow orange                                    

     18   5          brownish yellow                                           

                              Genista yellow                                   

     19   7          golden yellow                                             

                              buttercup yellow                                 

     __________________________________________________________________________

PAC  EXAMPLES XX to XXXI
PAR  Into a cream emulsion of the following composition:
PA1  10 parts by weight of fatty alcohols of the chain length C.sub.12 -
      C.sub.18
PA1  10 parts by weight of fatty alcohol sulfate (Na salt) of the same chain
      length, and
PA1  75 parts by weight of water, were incorporated
PAR  0.01 mol of the below named coupling component and developer component. The
      pH of the emulsion was adjusted to 9.5 by the addition of ammonia. Enough
      water was added to bring the emulsion up to 100 parts by weight total.
      Added to the emulsion was an equal volume of an oxidizing agent comprising
      a 1% or a 9% by weight solution of hydrogen peroxide. This mixture was
      applied to naturally grey hair for 30 minutes. The respective color
      produced from the various oxidation dyestuff combinations of coupler
      component and developer component are listed in Table III below.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Example                                                                   

          Dye Components              Color                                    

     No.  Coupler           Developer 1% H.sub.2 O.sub.2                       

                                              9% H.sub.2 O.sub.2               

     __________________________________________________________________________

     20   1-amino-3-cyanoacetyl-                                               

                          2,5-diamino-anisole                                  

                                      olive brown                              

                                              olive yellow                     

          amino-4-nitrobenzene                                                 

     21   "               N,N-dimethylamino-                                   

                                        "       "                              

                          aniline                                              

     22   "               p-toluylenediamine                                   

                                      coffee brown                             

                                              coffee brown                     

     23   "               1-phenyl-3-methyl                                    

                                      canary yellow                            

                                              canary yellow*                   

                          1,3,4-thiadiazole-                                   

                          hydrazone-5                                          

     24   "               1-ethyl-pyridone-                                    

                                      moss green                               

                                              moss green*                      

                          2-hydrazone                                          

     25   1-acetylamino-3-cyano-                                               

                          p-toluylenediamine                                   

                                      olive green                              

                                              honey yellow                     

          acetylamino-4-nitrobenzene                                           

     26   1-benzoylacetylamino-3-ami-                                          

                          p-toluylenediamine                                   

                                      olive brown                              

                                              olive yellow                     

          no-4-nitrobenzene                                                    

     27   1,3-di(.omega.-ethoxycarbonyl-                                       

                          p-toluylenediamine                                   

                                      grey brown                               

                                              grey brown                       

          acetylamino)-4-nitrobenzene                                          

     28   1-amino-3-(.omega.-ethoxycar-                                        

                          p-toluylenediamine                                   

                                      grey brown                               

                                              olive brown                      

          bonyl-acetylamino)-4-                                                

          nitrobenzene                                                         

     29   "               N,N-dimethylamino-                                   

                                      dark green                               

                                              gray-green                       

                          aniline                                              

     30   "               4-amino-1-phenyl-3-                                  

                                      golden yellow                            

                                              lemon yellow                     

                          ethoxycarbonyl-pyr-                                  

                          azolone-5                                            

     31   "               1-methyl-pyridone-2-                                 

                                      grey-green                               

                                              grey-green*                      

                          hydrazone                                            

     __________________________________________________________________________

      *4% H.sub.2 O.sub.2                                                      

PAC  EXAMPLES XXXII - L
PAR  Into a cream emulsion of the following composition:
PA1  10 parts by weight of fatty alcohols of the chain length C.sub.12 -
      C.sub.18
PA1  10 parts by weight of fatty alcohol sulfate (Na salt) of the same chain
      length, and
PA1  75 parts by weight of water, were incorporated
PAR  0.01 mol of the below named coupling component and developer component. The
      pH of the emulsion was adjusted to 9.5 by the addition of ammonia. Enough
      water was added to bring the emulsion up to 100 parts by weight total.
      Added to the emulsion was an equal volume of a chemical oxidizing agent
      comprising a 1% or a 9% by weight solution of hydrogen peroxide. This
      mixture was applied to naturally grey hair for 30 minutes. If instead of
      adding a hydrogen peroxide solution, air were used as the oxidizing agent,
      the treatment time would be 30 minutes. The respective color produced from
      the various oxidation dyestuff combinations of coupler component and
      developer component are listed in the table below.
TBL                                    TABLE IV                                

     __________________________________________________________________________

     Dye Components                Shade of dyed hair                          

     Example                                                                   

          a) developer b) couplihg agent                                       

                                   by air oxida-                               

                                            1% H.sub.2 O.sub.2                 

                                                     9% H.sub.2 O.sub.2        

                                   tion     solution solution                  

     __________________________________________________________________________

     32   4-amino-1-phenyl-3-                                                  

                       1-amino-2-nitro-4-                                      

                                   brown yellow                                

                                            brown orange                       

                                                     yellow orange             

          carbamoyl-pyrazo-                                                    

                       cyanoacetylamino-                                       

          lone-5       benzene                                                 

     33   p-toluylenediamine                                                   

                         "         banana yellow                               

                                            dark brown                         

                                                     oak brown                 

     34   N-methyl-pyridone-2                                                  

                         "         cream colored                               

                                            olive brown                        

                                                     purple grey*              

     hydrazone                                                                 

     35   4-amino-1-phenyl-3-                                                  

                       1,4-bis-cyanoace-                                       

                                   pompeian red                                

                                            brown orange                       

                                                     apricot yellow            

          carbamoyl-pyrazo-                                                    

                       tyl-amino-2-nitro-                                      

          lone-5       benzene                                                 

     36   p-toluylenediamine                                                   

                         "         apricot yellow                              

                                            reddish brown                      

                                                     camel brown               

     37   N-methyl-pyridone-2                                                  

                         "         mustard yellow                              

                                            olive    --                        

          hydrazone                                                            

     38   4-amino-1-phenyl-3-                                                  

                       1-amino-2-nitro-4-                                      

                                   apricot yellow                              

                                            caramel brown                      

                                                     apricot brown             

          carbamoyl-pyrazo-                                                    

                       .omega.-ethoxycarbonyl-                                 

          lone-5       acetylaminobenzene                                      

     39   4-amino-1-phenyl-3-                                                  

                         "         apricot yellow                              

                                            apricot yellow                     

                                                     bright brown              

          ethoxycarbonyl-pyra-                       orange                    

          zolone-5                                                             

     40   p-toluylenediamine                                                   

                       1-amino-2-nitro-4-                                      

                                   ocher yellow                                

                                            light brown                        

                                                     cocoa brown               

                       .omega.-ethoxycarbonyl-                                 

                       acetylaminobenzene                                      

     41   N,N-dimethylamino                                                    

                         "         ocher yellow                                

                                            brown    brown                     

          aniline                                                              

     42   N-methyl-pyridone-2                                                  

                         "         clay yellow                                 

                                            light brown                        

                                                     madeira brown*            

     hydrazone                                                                 

     43   4-amino-1-phenyl-3-                                                  

                       1-amino-2-nitro-4-                                      

                                   brass colored                               

                                            ocher yellow                       

                                                     ocher yellow              

          N-(.beta.-hydroxyethyl-                                              

                       .omega.-ethoxycarbonyl-ace-                             

          carbamoyl)-pyrazo-                                                   

                       tyl-amino-benzene                                       

          lone-5                                                               

     44   4-amino-3-ethoxy-car-                                                

                       1-amino-2-nitro-4-                                      

                                   pompeian yellow                             

                                            autumn-golden                      

                                                     deep yellow               

          bonyl-1-H-pyrazolone-5                                               

                       ethoxycarbonyl-ace-                                     

                       tylamino-benzene                                        

     45   4-amino-1-phenyl-3-                                                  

                       1-amino-2-nitro-4-                                      

                                   golden yellow                               

                                            yellowish-brown                    

                                                     light brown               

          carbamoyl-pyrazolone-5                                               

                       acetoacetylamino-                                       

                       benzene                                                 

     46   p-toluylenediamine                                                   

                         "         orange brown                                

                                            brownish yellow                    

                                                     yellowish                 

                                                     brown                     

     47   N-methyl-pyridone-2                                                  

                       1-amino-2-nitro-4-                                      

                                   golden yellow                               

                                            golden yellow                      

                                                     --                        

     hydrazone                                                                 

                       acetoacetylamino-                                       

                       benzene                                                 

     48   4-amino-1-phenyl-3-                                                  

                       1-amino-2-nitro-4-                                      

                                   caramel brown                               

                                            reddish golden                     

                                                     light orange              

          carbamoyl-pyrazolone-5                                               

                       benzoylacetylamino-                                     

                       benzene                                                 

     49   p-toluylenediamine                                                   

                         "         caramel brown                               

                                            dark brown                         

                                                     light brown               

     50   N-methyl-pyridone-2-                                                 

                         "         olive yellow                                

                                            --       --                        

          hydrazone                                                            

     __________________________________________________________________________

      *4% H.sub.2 O.sub.2 -solution                                            

PAR  Although the present invention has been disclosed in connection with a few
      preferred embodiments thereof, variations and modifications may be
      resorted to by those skilled in the art without departing from the
      principles of the new invention. All of these variations and modifications
      are considered to be within the true spirit and scope of the present
      invention as disclosed in the foregoing description and defined by the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound of the formulae selected from the group consisting of
      ##SPC10##
PAL  wherein A.sub.3 is a member selected from the group consisting of hydrogen,
      alkyl of 1 to 4 carbon atoms, hydroxyalkyl of 1 to 4 carbon atoms,
      alkanoyl of 2 to 10 carbon atoms, cyano alkanoyl of 2 to 10 carbon atoms
      in the alkanoyl and acyl of aromatic hydrocarbon carboxylic acids having 7
      to 15 carbon atoms.
NUM  2.
PAR  2. A compound of the formulae selected from the group consisting of
      ##SPC11##
PAL  wherein A.sub.3 is a member selected from the group consisting of alklyl of
      1 to 10 carbon atoms, hydroxyalkyl of 1 to 10 carbon atoms, alkanoyl of 2
      to 10 carbon atoms, and the activated methylene group --CO--CH.sub.2 --CN.
NUM  3.
PAR  3. A compound according to claim 2, which is
      1-acetylamino-3-cyanoacetylamino-4-nitro-benzene.
PATN
WKU  039338878
SRC  5
APN  4904141
APT  1
ART  124
APD  19740722
TTL  Process for preparing 4-amino-2,5-dialkoxybenzonitriles
ISD  19760120
NCL  1
ECL  1
EXA  Torrence; Dolph H.
EXP  Gotts; Lewis
INVT
NAM  Gengnagel; Kurt
CTY  Offenbach (Main)
CNT  DT
ASSG
NAM  Hoechst Aktiengesellschaft
CTY  Frankfurt am Main
CNT  DT
COD  03
PRIR
CNT  DT
APD  19730726
APN  2337951
CLAS
OCL  260465E
EDF  2
ICL  C07C12178
FSC  260
FSS  465 E
UREF
PNO  3423412
ISD  19690100
NAM  Taylor et al.
XCL  260465
LREP
FRM  Connolly & Hutz
ABST
PAL  A process for preparing 4-amino-2,5-di-(C.sub.1 -C.sub.4)
      alkoxybenzonitriles which comprises brominating
      1-acylamino-2,5-dialkoxybenzenes, converting the
      1-acylamino-2,5-dialkoxy-4-bromobenzenes so obtained by the reaction with
      copper-I-cyanide to the 4-acylamino-2,5-dialkoxy-benzonitriles and
      subsequently hydrolyzing the acylamino group; the known compounds are
      prepared by means of this process in better yields and in a technically
      simpler way.
BSUM
PAR  The present invention relates to a process for preparing
      4-amino-2,5-dialkoxybenzonitriles.
PAR  Object of the invention is an improved process for the preparation of
      4-amino-2,5-dialkoxybenzonitriles, especially of those in which the alkoxy
      groups carry 1 to 4 carbon atoms.
PAR  The 4-amino-2,5-dialkoxybenzonitrile is available in commerce in the form
      of its hydrochloride and as stabilized diazonium salt under the name of
      Echtbordo BD Base of Echtbordosalz BD and is used according to the methods
      of the ice-colortechnique (cf. Color Index, Third Edition 1971, C.I. 37
      170, C.I. Azoic Diazo Component 40) for the preparation of water-insoluble
      azo dyestuffs on the fiber.
PAR  The industrial preparation occurs by nitration of
      1-benzoylamino-2,5-dimethoxybenzene, hydrolysis in aqueous alcohol to the
      1-amino-2,5-dimethoxy-4-nitrobenzene, reaction by means of the
      Cyan-Sandmeyer reaction to the 4-nitro-2,5-dimethoxy-benzonitrile and
      following sodium sulfide reduction to the
      4-amino-2,5-dimethoxybenzonitrile (cf. BIOS 1149, page 44 et seq.)
PAR  This process leads over 4 stages and gives a total yield of 58 %. In this
      process the alcohol must be recovered from the saponification, and the
      excess cyanide from the Cyan-Sandmeyer reaction must be depoisoned.
      Moreover, the sodium sulfide reaction leads to a considerable charge of
      the waste water.
PAR  Now, it was found that 4-amino-2,5-dialkoxybenzonitriles, especially those
      which contain alkoxy radicals having 1 to 4 carbon atoms, can be obtained
      in a technically simpler way, under more favourable conditions with
      respect to the ecology and with an improved yield by brominating
      1-acylamino-2,5-dialkoxybenzenes, converting the
      1-acylamino-2,5-dialkoxy-4-bromobenzenes so obtained by the reaction with
      copper-I-cyanide to the 4-acylamino-2,5-dialkoxybenzonitriles and then
      hydrolyzing the acylamino group. The "acyl" radical used herein is to be
      understood as one of a lower aliphatic carboxylic acid or an aromatic
      carboxylic acid, such as the benzoic acid substituted or unsubstituted in
      the nucleus.
PAR  The process of the invention is advantageously carried out by primarily
      brominating an acylamino-2,5-dialkoxybenzene as defined above, preferably
      the 1-acetylamino-2,5-dimethoxy- or -2,5-diethoxy-benzene, for example
      with hydrogen bromide and in the presence of oxidizing agents in aqueous
      solution or with bromine, advantageously in the presence of oxidizing
      agents, for example chlorine, concentrated sulfuric acid or oleum.
PAR  It is also possible to start from another 1-acylamino-2,5-dialkoxy benzene,
      for example a 1-formylamino-, 1-propionylamino or
      1-benzoylamino-2,5-dialkoxy benzene.
PAR  The 1-acylamino-2,5-dialkoxy-4-bromobenzene is then reacted with
      copper-I-cyanide in the presence of a dissolving promoter for
      copper-I-cyanide, such as an organic base, for example, pyridine,
      piperidine, quinoline, cyclohexylamine, a nitrile, such as acetonitrile,
      propionitrile, benzonitrile or benzylcyanide, a carboxylic acid amide,
      such as formamide, dimethyl formamide, acetamide or dimethylacetamide,
      dimethyl sulfoxide or N-methylpyrrolidone. The reaction is advantageously
      carried out in an inert solvent, for example, a low-aliphatic alcohol,
      such as ethanol, butanol, in toluene, nitrobenzene, di- or
      trichlorobenzene, or in the dissolving promoter itself.
PAR  The 4-acylamino-2,5-dialkoxybenzonitriles so obtained which are defined
      above are then hydrolyzed in the heat, advantageously by a treatment with
      aqueous acids, such as hydrochloric acid or sulfuric acid.
PAR  According to the process of the invention, the
      4-amino-2,5-dialkoxybenzonitriles are obtained in very high purity.
PAR  Compared with the known process, the process of the invention requires less
      operational steps and a reduced expenditure of apparatus. It supplies
      higher yields, reduces the charge of the waste water to a considerable
      extent and is less expensive.
DETD
PAR  The following example illustrates the invention; the relationship of the
      parts by weight to the parts by volume is the same as the kilogram to the
      liter, the parts being by weight unless stated otherwise.
PAC  EXAMPLE
PAR  300 Parts of 1-acetylamino-2,5-dimethoxybenzene were introduced at about
      5.degree.C in 1500 parts of 95 % sulfuric acid while stirring, 127 Parts
      of bromine were added dropwise at about 5.degree.C with outside cooling.
      The mixture was stirred at 20.degree.C for about 3 hours, 6000 parts by
      volume of water were added dropwise (a temperature of 25.degree.C is not
      to be exceeded), the precipitate was suction-filtered and dried. 381 parts
      of 1-acetylamino-2,5-dimethoxy-4-bromobenzene (=90.4 % of the theory) were
      obtained.
PAR  A mixture of 100 parts of 1-acetylamino-2,5-dimethoxy-4-bromobenzene, 722
      parts of nitrobenzene, 30 parts of dimethylformamide and 41 parts of
      copper-I-cyanide were heated at 200.degree.C for 8 hours, while stirring.
PAR  After cooling to 70.degree.-80.degree.C the nitrobenzene was blown out with
      steam. The filtrate was cooled to 20.degree.-25.degree.C and the
      precipitate was suction-filtered after stirring for one hour.
PAR  The crude moist product was stirred twice each with 500 parts by volume of
      water and 500 parts of 25 % ammonia at room temperature for two hours in
      order to reduce the content of copper compounds, thereafter
      suction-filtered, washed with water until neutral and dried at
      60.degree.C.
PAR  63 Parts of 4-acetylamino-2,5-dimethoxybenzonitrile (=78.5 % of the theory)
      were obtained which melted at 165.degree.-168.degree.C.
PAR  50 Parts of 4-acetylamino-2,5-dimethoxybenzonitrile were introduced in 200
      parts by volume of water and 115 parts of 30 % hydrochloric acid and
      heated at 90.degree.C within two hours and a half while stirring.
PAR  After the addition of a further 400 parts by volume of water the mixture
      was again heated to 90.degree.C, the solution was clarified while hot
      after the addition of 5 parts of active charcoal and 5 parts of
      kieselguhr, the filter residue was washed with 50 parts by volume of hot
      water and the filtrate was adjusted at pH 5 by adding dropwise 125 parts
      of a 33 % sodium hydroxide solution with simultaneously cooling. After
      cooling to +10.degree.C stirring followed at that temperature for 1 hour,
      the precipitate was suction-filtered, washed with 600 parts by volume of
      water and dried at 60.degree.C.
PAR  35.5 Parts of 4-amino-2,5-dimethoxybenzonitrile (=87.8 % of the theory)
      were obtained.
PAR  In an analogous manner, the 4-amino-2,5-dimethoxybenzonitrile was obtained
      in a yield of 85 % of the theory.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for preparing a 4-amino-2,5-di(C.sub.1 -C.sub.4)
      alkoxybenzonitrile which comprises first brominating a
      1-acylamino-2,5-dialkoxybenzene with hydrogen bromide in the presence of
      an oxidizing agent in aqueous solution or with bromine in sulfuric acid,
      then converting the 1-acylamino-2,5-dialkoxy-4-bromo-benzene so obtained,
      by the reaction with copper-I-cyanide in an inert solvent and in the
      presence of a dissolving promotor for the copper-cyanide to the
      4-acylamino-2,5-dialkoxy-benzonitrile, and subsequently hydrolyzing the
      acylamino group.
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ABST
PAL  Alkanoic acids, esters of such acids, and alkyl nitriles are reacted with
      formaldehyde in the presence of a basic catalyst comprising pyrogenic
      silica to form .alpha.,.beta.-unsaturated acids, the esters of such
      unsaturated acids or .alpha.,.beta.-unsaturated nitriles. The pyrogenic
      silica is especially effective when treated with activating agents which
      provide basic sites on the pyrogenic silica catalyst support, such as
      organic bases, inorganic bases of Groups IIA and IIIA metals, and
      precursors of such bases.
BSUM
PAR  This invention relates to a process for the production of
      .alpha.,.beta.-unsaturated acids, the esters of such acids,
      .alpha.,.beta.-unsaturated nitriles, and to a novel catalyst used in such
      process. More particularly, this invention relates to a method for the
      reaction of alkanoic acids, esters of such acids, and alkyl nitriles with
      formaldehyde and a novel catalyst system for use in such reactions.
PAR  Unsaturated acids, such as methacrylic and acrylic acids, acrylonitrile,
      and the esters of such acids, such as methyl methacrylate, are widely
      employed for the production of corresponding polymers, resins and the
      like. Various processes and catalysts have been proposed for the
      conversion of alkanoic acids, such as propionic acid, and formaldehyde to
      the corresponding unsaturated monocarboxylic acid, e.g. methacrylic acid.
      Generally, the reaction of the acid and formaldehyde takes place in the
      vapor or gas phase while in the presence of a basic catalyst.
PAR  Various catalysts have been proposed for such reaction. For example, U.S.
      Pat. No. 3,247,248 describes a process for the reaction of formaldehyde
      and acetic acid or propionic acid in the presence of a natural or
      synthetic aluminosilicate catalyst that may include alkali or alkaline
      earth metals, such as the aluminosilicates of sodium, potassium rubudium,
      magnesium, calcium, strontium or barium. In addition, the use of silica
      gel in combination with an alkali metal or alkaline earth metal hydroxide
      as a catalyst for this reaction is described. Similarly, U.S. Pat. No.
      3,051,747 describes the preparation of acrylic acids by reacting an
      alkanoic acid and formaldehyde in the presence of a catalyst comprising an
      alkali metal salt of the alkanoic acid supported on alumina. Similar
      teachings are found in an article by Vitcha et al entitled "Vapor Phase
      Aldol Reaction"; "I & EC Product Research and Development," Vol. 5, No. 1,
      (March 1966) at pages 50-53, wherein the vapor phase reaction of acetic
      acid and formaldehyde is described employing catalysts comprising alkali
      and alkaline earth metal aluminosilicates, silica gel, alumina and the
      like.
PAR  It has now been found that alkanoic acids, their esters, and alkyl nitriles
      may be reacted with formaldehyde in the presence of a novel catalyst that
      is capable of providing greater conversions, yields and accountabilities
      than are provided with the catalysts of the prior art. In accordance with
      the present invention, alkanoic acids, esters thereof, and alkyl nitriles
      are reacted with formaldehyde in the presence of a basic catalyst
      comprising pyrogenic silica. Thus, for example, alkanoic acids containing
      between two and nine carbon atoms, e.g., propionic acid, are reacted with
      formaldehyde in the presence of a basic catalyst comprising pyrogenic
      silica to provide unsaturated monocarboxylic acids, e.g., methacrylic
      acid. Likewise, the esters of such alkanoic acids, e.g., methyl
      propionate, may be reacted in the presence of a pyrogenic silica catalyst
      to provide esters of such unsaturated acids, e.g., methyl methacrylate.
      Moreover, alkyl nitriles, such as acrylonitrile, may be reacted with
      formaldehyde in the presence of such basic catalyst to provide the
      corresponding unsaturated nitrile, i.e., acrylonitrile.
PAR  The fumed or pyrogenic silicas display radically different properties from
      silica gel. For example, pyrogenic silica is characterized by its lack of
      internal porosity, small diameter and the agglomeration of its composite
      particles. The surface area of pyrogenic silica is almost totally
      external, and thereby provides a readily available catalytic surface,
      whereas the surface area of silica gel is substantially internal and
      therefore less readily available.
PAR  In addition to providing increased conversion, yield and accountability,
      less carbonaceous material is deposited on the pyrogenic silica catalyst
      of the present invention as compared with prior art catalysts.
      Accordingly, less frequent catalyst regeneration is necessitated. In
      addition, by virtue of the open and readily available structure of the
      pyrogenic silica, a more controlled and even burn-off is experienced
      during the oxidative regenerative of the catalyst. Thus, catalyst
      deactivation may be minimized.
PAR  Any suitable pyrogenic silica may be employed in the process of the present
      invention. Commercially available pyrogenic silica generally contains over
      99.8 percent silica (as SiO.sub.2 on a moisture-free basis). Accordingly,
      only a minimum of impurities such as aluminum, titanium and iron are
      present in such commercially available pyrogenic silica. The presence of
      such impurities in large quantities is undesirable and, generally, it is
      desirable to employ pyrogenic silica containing no more than about 10
      percent of such impurities.
PAR  The total surface area of the pyrogenic silica of the present invention is
      suitably, for example, in the range between about 40 and about 500 square
      meters per gram, preferably, between about 100 and about 400 square meters
      per gram. An especially preferred total surface area for the pyrogenic
      silica is between about 150 and about 300 square meters per gram. A
      significant characteristic of the pyrogenic silica is its total porosity,
      which as will be hereinafter demonstrated, is much greater than that of
      the prior art supports, such as silica gel and the aluminosilicates. Thus,
      the pyrogenic silica of the present invention suitably has a total
      porosity volume in the range of between about 3 and about 15 cubic
      centimeters (cc.) per gram, preferably between about 5 and about 11 cc.
      per gram. An especially preferred range is between about 6 and about 10
      cc. per gram.
PAR  The pore size distribution of the total porosity of the pyrogenic silica of
      the present invention may vary over a broad range. For example, the
      macropores, (i.e., pores having a diameter in excess of 100,000 A. and the
      submacropores (i.e., those between 100,000 and 10,000 A.) content should
      total at least 50 percent. Likewise, less than 30 percent of the pyrogenic
      silica and preferably less than 25 percent thereof comprises micropores,
      i.e., pores having an average diameter of less than 1,000 A. An especially
      preferred range for such micropores is less than about 20 percent. The
      balance of the pyrogenic silica comprises medium sized pores in the range
      of between about 10,000 and about 1,000 A. in diameter.
PAR  The preparation of pyrogenic silica is described, for example in U.S. Pat.
      Nos. 2,871,140; 2,876,119; 2,882,254; 2,892,730; 2,898,391; 2,951,044;
      2,990,249; 3,006,738; 3,033,801; 3,083,115; 3,086,851; and 3,103,495.
PAR  As previously indicated, the process of the present invention comprises the
      reaction of formaldehyde with an alkanoic acid, an ester of such alkanoic
      acid, or an alkyl nitrile. Suitable alkanoic acids include those having an
      .alpha.-hydrogen, i.e., a hydrogen atom that is alpha to the carboxyl
      group of the acid. Suitable alkanoic acids include, for example, alkanoic
      acids containing from about two to about nine carbon atoms, preferably
      between about two and about five carbon atoms. Thus, suitable alkanoic
      acids include acetic acid, propionic acid, butyric acid, isovaleric acid,
      caproic acid, enanthic acid, caprylic acid, pelargonic acid and the like.
      An especially preferred alkanoic acid for the purposes of the present
      invention is propionic acid, which reacts with formaldehyde to produce
      methacrylic acid. Similarly, esters of the foregoing acids may be reacted
      with formaldehyde in order to provide the corresponding unsaturated ester.
      Thus, the methyl, ethyl, propyl, butyl, etc. esters of the foregoing acids
      will react with formaldehyde in the same manner as does the alkanoic acid
      to provide the corresponding ester of the unsaturated acid. Thus, suitable
      esters may contain, for example, three to 14 carbon atoms per molecule.
      Thus, methyl propionate will react with formaldehyde to form methyl
      methacrylate. Moreover, alkyl nitriles having, for example, from about two
      to about nine carbon atoms per molecule, preferably, from about two to
      about five carbon atoms per molecule, such as acetonitrile, propionitrile,
      butyronitrile, etc., may be reacted with formaldehyde to provide the
      corresponding unsaturated nitrile, e.g., acrylonitrile. A preferred alkyl
      nitrile is propionitrile.
PAR  The reaction of the acids, esters and nitriles with formaldehyde is a
      base-catalyzed reaction. Accordingly, if desired, the pyrogenic silica may
      be employed as the sole catalytic material as it does possess basic sites.
      Likewise, the pyrogenic silica may be treated with any suitable material
      that will provide basic sites on the catalyst. Preferably, pyrogenic
      silica is treated prior to use with an activating material which, upon
      calcination, will yield basic sites on the pyrogenic silica. Suitable
      activating agents include, for example, compounds having a pH of between 3
      and 14 when the pH measurement is performed on a 0.3 molar solution. Since
      the treatment of a pyrogenic silica with the activating agent must yield
      basic sites upon the silica, the activating agent must be a basic material
      or a material capable of being converted, upon calcination, into a basic
      material, viz., a base precursor. Thus, while activating agents, such as
      potassium oxalate and sodium acetate have a pH of about 3 or 4 in a 0.3
      molar solution, and thus do not provide a basic pH, pyrogenic silica may
      be treated with such materials thereafter calcined whereupon basic sites
      are provided on the pyrogenic silica. Therefore, such activating agents
      are apparently "base precursors" and are converted upon calcination to a
      basic form. Suitable activating agents include, for example, an organic or
      an inorganic basic compound. Thus, for example, the pyrogenic silica may
      be treated in any suitable manner with a nitrogen-containing organic base,
      such as ammonia, pyridine, the substituted pyridines, the various alkyl
      amines, e.g., methylamine, or the like in order to increase the basicity
      of the pyrogenic silica catalyst. Likewise, the pyrogenic silica may be
      treated with high molecular weight amine hydrochloride activating agents,
      such as the benzyl trialkyl ammonium hydrochlorides, wherein the benzyl
      ring may be unsubstituted or may be substituted by one or two alkyl
      groups, each substituted alkyl group containing from one to 12 carbon
      atoms per molecule. The N-substituted alkyl groups may contain, for
      example, from one to 16 carbon atoms per molecule, and may include
      substituted alkyl groups. Examples of such compounds include
PA1  Diisobutyl phenoxy ethoxy ethyl dimethyl, benzyl ammonium chloride,
      monohydrate;
PA1  Diisobutyl cresoxy ethoxy ethyl dimethyl benzyl ammonium chloride,
      monohydrate;
PA1  Methyl dodexyl benzyl trimethyl ammonium chloride;
PA1  Methyl dodexyl xylylene bis(trimethyl ammonium chloride);
PA1  N-dodecyl dimethyl benzyl ammonium chloride;
PA1  N-tetradecyl dimethyl benzyl ammonium chloride;
PA1  N-hexodecyl dimethyl benzyl ammonium chloride; or the like.
PAR  Upon calcination of the pyrogenic silica that has been treated with such
      high molecular weight amine, hydrogen chloride is driven off and the amine
      remains, thereby providing basic sites to the pyrogenic silica.
PAR  Moreover, the pyrogenic silica may be treated with an activating agent
      comprising a sulfur-containing organic base, such as trimethyl sulfonium
      hydroxide.
PAR  The preferred group of basic materials are the inorganic bases, such as
      metals of Groups IA, IIA and IIIB, including the alkali and alkaline earth
      metals including sodium, potassium, rubidium, magnesium, calcium,
      strontium, barium, cesium and the like which may be employed. Likewise,
      the hydroxides, oxides, superoxides, amides and salts of such metals which
      decompose below 450.degree.C. may be employed. Thus, basic materials such
      as scandium hydroxide, scandium oxide, rubidium hydroxide, lanthanum
      oxide, barium hydroxide, lanthanum hydroxide, cerium oxide, lithium
      hydroxide, and the like may be employed. Likewise, other bases and base
      precursors may be employed as activating atents, to treat the pyrogenic
      silica. Thus, Sb.sub.2 O.sub.3, Bi.sub.2 O.sub.3, Na.sub.2 B.sub.4
      O.sub.7.sup.. 10H.sub.2 O, Na.sub.3 PO.sub.4, Na.sub.2 CO.sub.3, H.sub.3
      BO.sub.3 --Na.sub.2 B.sub.4 O.sub.7.sup.. 10H.sub.2 O.sub.3, Na.sub.2
      HPO.sub.4, Fe(OH).sub.2, KOCH.sub.3, K.sub.2 C.sub.4 H.sub.4 O.sub.6.sup..
      1/2H.sub.2 O, Na.sub.2 SiO.sub.3, Na.sub.4 SiO.sub.4, C.sub.2 H.sub.3
      CO.sub.2 Na, Na.sub.2 WO.sub. 4.sup.. 2H.sub.2 O, La.sub.2 O.sub.3,
      Cs.sub.2 MoO.sub.4, SnO.sub.2, MgAlSiO.sub.4, and the like, may be
      suitably utilized.
PAR  The preferred inorganic bases include the Group IA and IIA bases, such as
      sodium hydroxide, potassium hydroxide, cesium hydroxide, calcium
      carbonate, calcium hydroxide, sodium oxalate, sodium amide, cesium
      silicate and the like. The alkaline metal hydroxides, such as potassium
      and cesium hydroxide are especially preferred.
PAR  The activating agent may be provided to the pyrogenic silica in any
      suitable manner. Thus, for example, a base, such as aqueous potassium
      hydroxide, may be slurried with the pyrogenic silica, heated and agitated
      to form a paste which may be dried and calcined to form the resultant
      catalyst. In this manner the added base is mulled with the finely divided
      silica. Any suitable calcining conditions may be utilized. Thus, for
      example, calcining temperatures in the range of between about 330.degree.
      and about 460.degree.C. may be employed. Preferably, lower temperatures
      are utilized, e.g., between about 340.degree. and 385.degree.C., as higher
      temperatures may reduce the surface area of the catalyst and hence result
      in lower conversions. Calcination may be conducted in any suitable
      atmosphere, e.g., nitrogen, air, or the like.
PAR  Alternatively, the silica may be preformed into the desired shape, e.g.
      pellets, spheres or the like, and the added base may be impregnated into
      the silica. Thus, any desired means of forming the catalyst may be
      employed.
PAR  A basic pyrogenic silica catalyst is required for the process of the
      present invention, since the base reacts with the acidic .alpha.-hydrogen
      atom on the methylene group in order to provide a carbanion for conversion
      to the unsaturated acid. Accordingly, any material, whether organic or
      inorganic which when dissolved in deionized water provides a pH of 3.0 or
      higher may be employed with the pyrogenic silica in order to provide the
      basic catalyst of the present invention. A pH of 3.0 is sufficiently basic
      for the purpose of the present invention because of the high acidity of
      the .alpha.-hydrogen atom on the alkanoic acid or its ester.
PAR  Thus, according to the preferred form of the catalyst of the present
      invention, the catalyst comprises between about 0.25 and about 5 mole
      percent by weight of an organic or inorganic base, preferably between
      about one and about 2 mole percent based upon the pyrogenic silica.
      Although pyrogenic silica provides an excellent catalyst for the process
      of the present invention, pyrogenic zirconia and pyrogenic titania are
      unsuitable, since their use results in an uncontrollable rise in
      temperature in the reaction zone and thereby causes excess gas to be
      produced. However, it has been found that the addition of between about
      one and about 10 percent by weight of pyrogenic zirconia in admixture with
      the pyrogenic silica of the present invention, provides an excellent
      catalyst. Likewise pyrogenic zirconia and titania may be produced by a
      synthesis route which is similar to that described above for pyrogenic
      silica, e.g., pyrogenic zirconia may be produced from zirconium
      tetrachloride.
PAR  Suitable reaction conditions for the reaction of the alkanoic acid or its
      ester with formaldehyde include the use of elevated temperatures. For
      example, suitable temperatures include, for example, between about
      330.degree. and about 390.degree.C., preferably between about 340.degree.
      and about 370.degree.C. Atmospheric pressure is preferred, however,
      elevated pressures may be employed if desired. The concentration of
      reactants employed is varied over a range that is between about 0.3 and
      about 3 moles of alkanoic acid, an ester thereof or an alkyl nitrile per
      mole of formaldehyde. An especially preferred range is between about 0.8
      and about 2 moles of acid, ester or nitrile per mole of formaldehyde.
      Likewise, the amounts of water and methyl alcohol present along with acid
      or ester and formaldehyde may be varied over a wide range. For example,
      the mole ratio of acid to formaldehyde to water to methanol is in the
      range of 1/1/0.01/0 to 1/1/6/0.03.
PAR  Likewise, the ratio of catalyst to feedstock may be varied over a broad
      range. A suitable flow rate which may be employed is, for example, a W/F
      (grams of catalyst/liter of feed/minute) of between about 100/0.2 and
      about 100/10. A gaseous hourly space velocity in the range of between
      about 50 or 100 and about 2000 or 3000.sup.-.sup.1, preferably in the
      range of between about 300 and about 600 GHSV may be utilized.
DETD
PAR  The present invention may be more fully understood from the following
      illustrative examples wherein the ratios and percentages are by weight and
      the temperatures are in degrees Centigrade unless otherwise specified.
PAC  EXAMPLE 1
PAR  A four-liter resin flask is charged with 2,500 milliliters of deionized
      water and 200 grams of a pyrogenic silica having a surface area of 136
      square meters per gram, a total porosity of 10 cubic centimeters per gram
      and a macropore content (pores having a diameter greater than 100,000A) of
      56 percent. Additional physical properties of the pyrogenic silica
      employed herein are given in Table I below, in connection with Catalyst A
      along with the properties of other pyrogenic silicas that are employed in
      examples hereafter presented:
TBL                Table I                                                     

     ______________________________________                                    

           Surface  Pore Size Distribution                                     

                                         Total                                 

     Cata- Area     (A.degree. .times. 1000)                                   

                                         Porosity                              

     lyst  (m.sup.2 /g)                                                        

                    &gt;100    100-10 10-1  &lt;1    (cc/g)                          

     ______________________________________                                    

     A     136      56      21     13    11    10                              

     B     400      31      40     20    9.2   7.8                             

     C     117      38      45     12    5.2   8.8                             

      D.sup.1                                                                  

           150      48      27     14    11    12                              

     ______________________________________                                    

      .sup.1 Silica structure modified with 16 percent alumina                 

PAR  The mixture is slurried at room temperature, and 2.45 grams of 85.5 percent
      potassium hydroxide in 90 milliliters of deionized water are added. The
      slurry is agitated and heated until a thick paste is formed. The paste is
      dried at a temperature of 120.degree.C. overnight and calcined for 8 hours
      in air at a temperature of 380.degree. to 385.degree.C. in a sealed muffle
      furnace. The resulting material is then sieved to provide a catalyst
      having a 6 to 20 mesh particle size.
PAC  EXAMPLE 2
PAR  The catalyst of Example 1 in an amount of 123 grams is charged to a 1 inch
      by 32 inch tubular reactor that is equipped with a preheater. The reactor
      is heated to a temperature of 370.degree.C., while a feedstream having
      propionic acid to formaldehyde to water to methyl alcohol mole ratio of
      20/20/59/1 is fed to the reactor. The ratio of the catalyst (in grams) to
      the total gas flow (liters per minute) or W/F factor is 100/1.
PAR  The conversion to monomer (methacrylic acid and methyl methacrylate) based
      on formaldehyde and propionic acid fed, is 34 percent, while the yield of
      monomer is about 62 percent, based upon the formaldehyde consumed and
      about 71 percent based upon the propionic acid that is consumed. The
      formaldehyde accountability, i.e., the percentage either recovered as such
      (and hence recyclable) or converted to monomer is about 79 percent. The
      corresponding value for propionic acid is about 87 percent.
PAR  The following equations illustrate the manner in which percent conversion,
      yield and accountability are calculated for the purpose of this and other
      Examples:
PAL  Conversion of Formaldehyde to Monomer:
      ##EQU1##
      where Ma = methacrylic acid
PA1  Mm = methyl methacrylate
PA1  F = formaldehyde
PAL  Conversion of Propionic Acid to Monomer:
      ##EQU2##
      where PA = propionic acid Yield of Monomer Based on Formaldehyde:
      ##EQU3##
      Yield of Monomer Based on Propionic Acid:
      ##EQU4##
      Accountability of Formaldehyde:
      ##EQU5##
      Accountability of Propionic Acid:
      ##EQU6##
      where MP = methyl propionate
PAC  EXAMPLE 3
PAR  For comparative purposes, a silica gel catalyst is provided with potassium
      hydroxide in the manner described in Example 1. Thus, 2.45 grams of 85.5
      percent potassium hydroxide are dissolved in 90 milliliters of deionized
      water and are added to 200 grams of silica gel, having the properties
      shown in Table II, below, in connection with Catalyst E:
TBL                Table II                                                    

     ______________________________________                                    

     Surface     Pore Size Distribution                                        

                                     Total                                     

     Area        (A.degree. .times. 1000)                                      

                                     Porosity                                  

     Support                                                                   

            (m.sup.2 /g)                                                       

                     100    100-10 10-1  1     (cc/g)                          

     ______________________________________                                    

     E.sup.1                                                                   

            447      7.7    77     13    2.5   0.68                            

     F.sup.1                                                                   

            675       0      0     100    0    0.02                            

     G.sup.1                                                                   

            542      25     75      0     0    0.08                            

     H.sup.2                                                                   

            95.7            15     66    11    2.17                            

     I.sup.3                                                                   

            113              0     17    67    0.09                            

     ______________________________________                                    

      .sup.1 Commercial silica gels.                                           

      .sup.2 Laboratory synthesized catalyst that is prepared as a precipitate 

      by adding HCl to a sodium silicate solution.                             

      .sup.3 Sodium aluminosilicate.                                           

PAR  After the potassium hydroxide is added to the silica gel, the resulting
      solid is dried and calcined for 8 hours at a temperature of
      363.degree.-383.degree.C.
PAR  The resulting catalyst having a particle size of 6-20 mesh is employed in
      the reactor of Example 2 with the feed and conditions of Example 2.
      Employing the silica gel catalyst, only 28 percent of the reactants are
      converted to monomer. The yield based upon formaldehyde is about 58
      percent and the yield based upon propionic acid is about 58 percent as
      well. The formaldehyde and propionic acid accountabilities are 80 and
      about 82 percent, respectively.
PAC  EXAMPLE 4
PAR  For further comparative purposes, a sodium aluminosilicate catalyst is
      provided with one percent potassium hydroxide in the manner described for
      the pyrogenic silica of Example 1. Thus, 2.5 grams of 86.5 percent
      potassium hydroxide, dissolved in 150 milliliters of deionized water are
      added to 200 grams of sodium aluminosilicate, which has the properties
      specified for Catalyst I in Table II, i.e., a surface area of 113 square
      meters per gram and a total porosity of 0.09 cc. per gram. The mixture is
      dried and calcined for 8 hours at a temperature of 383.degree.C.
PAR  Formaldehyde, propionic acid, water and methanol are fed to the tubular
      reactor in the amounts and under the conditions described in Example 2.
      The resulting conversion is 8.7 percent, while the yield based upon
      formaldehyde and propionic acid are 23 and 27 percent, respectively. The
      formaldehyde and propionic acid accountabilities are 71 and 79 percent,
      respectively.
PAR  As shown in Table III, below, the pyrogenic silica not only produces higher
      conversions of feed to monomer (methacrylic acid and methyl methacrylate),
      but also provides higher yields and accountabilities.
TBL                                    Table III                               

     __________________________________________________________________________

                                   Yield of Monomer                            

                                                 Accountability                

                                   (Percent)     (Percent)                     

                            Conversion                                         

                            To Monomer                                         

                                   Based Upon                                  

                                          Based Upon                           

                                                 Based Upon                    

                                                        Based Upon             

     Example No.                                                               

             Catalyst       (Percent)                                          

                                   Acid   Formaldehyde                         

                                                 Acid   Formaldehyde           

     __________________________________________________________________________

     2       KOH/pyrogenic silica                                              

                            34     71     62     88     79                     

     3       KOH/silica gel 28     58     58     82     80                     

     4       KOH/sodium aluminosilicate                                        

                            8.7    27     23     79     71                     

     __________________________________________________________________________

PAC  EXAMPLES 5-7
PAR  The procedure of Example 2 is repeated employing the other pyrogenic silica
      Catalysts B, C and D whose properties are indicated in Table I. Thus,
      propionic acid and formaldehyde are reacted at a temperature of
      370.degree.C. employing each of the Catalysts B, C and D of Table I
      wherein each catalyst contains one percent potassium hydroxide, which has
      been provided to the catalyst in the manner described in Example 1. The
      results are shown in Table IV, below.
TBL                                    Table IV                                

     __________________________________________________________________________

                                Yield of Monomer                               

                                              Accountability                   

                                (Percent)     (Percent)                        

                         Conversion                                            

             Reactor Temperature                                               

                         To Monomer                                            

                                Based Upon                                     

                                       Based Upon                              

                                              Based Upon                       

                                                     Based Upon                

     Example No.                                                               

             (.degree.C.)                                                      

                         (Percent)                                             

                                Acid   Formaldehyde                            

                                              Acid   Formaldehyde              

     __________________________________________________________________________

     C       370         30     66     61     86     81                        

     B       370         33     65     55     84     73                        

      D.sup.1                                                                  

             370         8.4    25     13     81     45                        

     __________________________________________________________________________

      .sup.1 Contains 16 percent alumina.                                      

PAR  As can be seen upon viewing Table IV, a high conversion, yield and
      accountability are provided employing the pyrogenic silica Catalyst B and
      C. However, pyrogenic silica Catalyst D, which contains 16 percent
      alumina, results in lower conversion, yield and accountability.
PAC  EXAMPLES 8-10
PAR  The procedure of Example 2 is repeated employing the silica Catalysts F, G
      and H having the properties indicated in Table II. Thus, the silica gel
      Catalysts F and G and the precipitated silica Catalyst H, each of whose
      physical properties are set forth in Table II, are provided with one
      percent potassium hydroxide in the manner described for the pyrogenic
      silica of Example 1 and are employed for the reaction of propionic acid
      and formaldehyde in the manner described in Example 2. The results are set
      forth in Table V, below:
TBL                                    Table V                                 

     __________________________________________________________________________

                        Yield of Monomer                                       

                                      Accountability                           

                        (Percent)     (Percent)                                

                  Conversion                                                   

                  To Monomer                                                   

                        Based Upon                                             

                               Based Upon                                      

                                      Based Upon                               

                                             Based Upon                        

     Example No.                                                               

             Catalyst                                                          

                  (Percent)                                                    

                        Acid   Formaldehyde                                    

                                      Acid   Formaldehyde                      

     __________________________________________________________________________

     8       F    25    49     43     75     67                                

     9       G    29    63     50     83     71                                

     10       H.sup.1                                                          

                  28    75     54     91     76                                

     __________________________________________________________________________

      .sup.1 Synthesized by acid precipitation from sodium metasilicate solutio

                                                                               

PAR  As seen upon viewing Table V, the conversions and yields are well below
      that achieved with the pyrogenic silica of the previous Examples.
PAC  EXAMPLES 11-20
PAR  A number of diverse catalysts employing a wide variety of supports and
      carrying one percent potassium hydroxide are synthesized and evaluated in
      the process of Example 2. The results are shown in Table VI, below:
TBL                                    Table VI                                

     __________________________________________________________________________

                                      Yield of Monomer                         

                                                    Accountability             

                                      (Percent)     (Percent)                  

                        Reactor                                                

                               Conversion                                      

     Example            Temperature                                            

                               To Monomer                                      

                                      Based Upon                               

                                             Based Upon                        

                                                    Based Upon                 

                                                           Based Upon          

     No.  Catalyst      (.degree.C)                                            

                               (Percent)                                       

                                      Acid   Formaldehyde                      

                                                    Acid   Formaldehyde        

     __________________________________________________________________________

     11   Pyrogenic Silica                                                     

                        370    34     71     62     88     79                  

     12   Glass Balloons                                                       

                        355    3.1    8.4    7.5    66     61                  

     13   Ceramic Silica                                                       

                        385    5.2    33     22     89     81                  

     14   Allundum      385    3.5    100    21     100    86                  

     15   Silica Gel    370    28     58     59     82     80                  

     16   Sodium Aluminosilicate                                               

                        355    9.2    47     29     92     77                  

     17   Glass Microbeads                                                     

                        370    8.9    52     42     92     88                  

     18   Alumina       385    17     35     24     73     46                  

     19   Silica Sol    355    21     50     43     80     72                  

     20   Microcrystalline Silica                                              

                        385    3.4     9     5.4    65     41                  

     __________________________________________________________________________

PAR  As can be seen upon viewing Table VI, all of the catalysts tested are
      inferior to the pyrogenic silica catalyst of Example 11.
PAC  EXAMPLE 21
PAR  A buffered cesium hydroxide catalyst composition is prepared by adding a
      solution containing 4.5 grams of cesium hydroxide, 0.05 gram of disodium
      hydrogen phosphate, 0.09 gram of borax and 100 milliliters of water, to a
      stirred suspension of 156 grams of pyrogenic silica in 1850 milliliters of
      deionized water.
PAR  The resulting composition is stripped while stirring to remove solvent,
      dried and calcined for 8 hours at a temperature of 383.degree.C.
PAR  The resulting catalyst is employed for the conversion of propionic acid and
      formaldehyde in the manner described in Example 2. A conversion of 34
      percent is achieved at a temperature of 370.degree.C., while yields based
      upon formaldehyde and propionic acid are 69 and 80 percent, respectively.
      The formaldehyde accountability is 85 percent, while the propionic acid
      accountability is 93 percent.
PAC  EXAMPLE 22
PAR  The pyrogenic silica catalyst described in Example 1 is heated to a
      temperature of 355.degree.C. Meanwhile, a feedstream comprising 20 mole
      percent formaldehyde, 20 mole percent acetic acid, 59 mole percent water
      and 1 mole percent methanol is passed over the pyrogenic silica catalyst
      bed at a W/F factor of 100 to 1 grams per liter per minute.
PAR  Conversion to monomer (acrylic acid and methyl acrylate) is 12 percent,
      while yields based upon formaldehyde and acetic acid are 46 and 72
      percent, respectively. The formaldehyde and acetic acid accountabilities
      are 86 and 95 percent, respectively.
PAC  EXAMPLE 23
PAR  A pyrogenic silica catalyst containing about 6 percent by weight zirconia
      is employed in the reactor described in Example 2 with the feedstock and
      conditions utilized therein, with the exception that a lower conversion
      temperature of 340.degree.C. is used.
PAR  A conversion of 25 percent is achieved.
PAC  EXAMPLE 24
PAR  The procedure of Example 2 is repeated with the exception that methyl
      propionate is substituted for propionic acid.
PAR  The conversion is 25 percent, while the combined yields of monomer (MAA +
      MMA) based on formaldehyde and methyl propionate are 63 percent and 44
      percent, respectively, while another 40 percent of the methyl propionate
      goes to propionic acid. The formaldehyde accountability is 85 percent,
      while that for methyl propionate is 91 percent.
PAC  EXAMPLE 25
PAR  The procedure of Example 2 is repeated with the exception that acetonitrile
      is substituted for propionic acid. The conversion is 6.5 percent while the
      yield of acrylonitrile based on formaldehyde and on acetonitrile,
      respectively is 15 percent. The formaldehyde and acetonitrile
      accountabilities are 65 and 64 percent, respectively.
PAC  EXAMPLE 26
PAR  In the following examples, pyrogenic silicas that have been treated with a
      variety of materials and then calcined in the manner described in Example
      1, are evaluated employing the feedstream, reactor and conditions set
      forth in Example 2. The results of this evaluation are given in Table VII,
      below. All of the cesium-containing catalysts have been buffered with
      disodium phosphate and sodium tetraborate in the manner described in
      Example 21.
TBL                                    TABLE VII                               

     __________________________________________________________________________

                  Catalyst                   Yield of Monomer                  

                                                         Accountability        

                  Concentration                                                

                            Reactor                                            

                                 W/F   Conversion                              

                                             (%)         (%)                   

     Ex.          (mole % actives/                                             

                            Temp.                                              

                                 (g./cat./                                     

                                       To Monomer                              

     No.                                                                       

        Catalyst  support)  (.degree.C.)                                       

                                 l./min.)                                      

                                       (%)   On Acid                           

                                                   On CH.sub.2 O               

                                                         On Acid               

                                                               On CH.sub.2     

     __________________________________________________________________________

                                                               O               

     26 CsOH      1.3       370  100/1 31    54    43    74    59              

        Cs stearate                                                            

                  0.8                                                          

     27 Cs stearate                                                            

                  0.8       425  100/7 17    30    25    64    53              

     28 CsOH      5         370  100/1 20    40    33    71    58              

     29 CsOH      .3        370  100/1 19    73    50    82    95              

     30 (CH.sub.2).sub.4 NOH                                                   

                  1.1       370  100/1 7.0   99    44    99    91              

     31 Na.sub.4 P.sub.2 O.sub.7.10H.sub.2 O                                   

                  1.5       370  100/1 13    50    30    91    76              

     32 (CH.sub.2 (CH.sub.2).sub.7).sub.4 NOH                                  

                  6         385  100/1 6.8   30    27    85    82              

     __________________________________________________________________________

PAR  Although the invention has been described in considerable detail with
      particular reference to certain preferred embodiments thereof, variations
      and modifications can be effected within the spirit and scope of the
      invention as described hereinbefore, and as defined in the appended claims
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the production of .alpha.,.beta.-ethylenically unsaturated
      acids, esters of said acids having 4 to 15 carbon atoms and nitriles which
      comprises reacting formaldehyde with an alkanoic acid, an ester of said
      acid having 3 to 14 carbon atoms, or an alkyl nitrile in the presence of a
      catalyst consisting of pyrogenic silica, with a total surface area of 150
      to 300 square meters per gram, a total porosity volume of 3 to 15 cubic
      centimeters per gram and a pore size distribution such that pores having a
      diameter in excess of 100,000 A. and pores between 100,000 and 10,000 A.
      total at least 50% of the total pore content and less than 30% total pore
      content is of pores having a diameter of less than 1,000 A., with the
      remainder of pores in the range of 10,000 to 1,000 A., calcined with a
      base activating agent and where the reaction is carried out at a
      temperature of 330.degree. to 390.degree.C. with an alkanoic acid, ester
      or alkyl nitrile to formaldehyde molar concentration in the range of about
      0.3-3.0:1.
NUM  2.
PAR  2. The process of claim 1 wherein alkanoic acids are reacted with
      formaldehyde and said acids contain between 2 and 9 carbon atoms per
      molecule.
NUM  3.
PAR  3. The process of claim 2 wherein said alkanoic acid is propionic acid.
NUM  4.
PAR  4. The process of claim 1, wherein said catalyst contains as a base
      activating agent a compound selected from the group consisting of
      hydroxides, oxides, superoxides, or amides and salts of a metal of Group
      IA, IIA or IIIB.
NUM  5.
PAR  5. The process of claim 4 wherein said base activating agent is an alkali
      metal hydroxide.
NUM  6.
PAR  6. The process of claim 5 wherein said alkali metal hydroxide is potassium
      hydroxide or cesium hydroxide.
NUM  7.
PAR  7. The process of claim 1 wherein said pyrogenic silica has a total
      porosity of between about 6 and about 10 cubic centimeters per gram.
NUM  8.
PAR  8. The process of claim 1 wherein said ester is methyl propionate.
NUM  9.
PAR  9. The process of claim 1 wherein alkyl nitriles containing two to about
      nine carbon atoms per molecule are reacted with formaldehyde.
NUM  10.
PAR  10. The process of claim 9 wherein said alkyl nitrile is propionitrile.
NUM  11.
PAR  11. The process of claim 1 wherein said process is conducted at a
      temperature in the range of between about 340.degree. and about
      370.degree.C.
NUM  12.
PAR  12. The process of claim 1 wherein between about one and about 10 percent
      by weight of zirconia is admixed with said pyrogenic silica.
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ABST
PAL  This invention is a group of 4,5-didehydro PG.sub.1 (prostaglandin-type)
      analogs having variable chain length, branching and fluoro substitution in
      the hydroxy-substituted side-chain, and processes for making them. These
      compounds are useful for a variety of pharmacological purposes, including
      anti-ulcer, inhibition of platelet aggregation, increase of nasal patency,
      labor inducement at term, and wound healing.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of co-pending application Ser.
      No. 247,993, filed Apr. 27, 1972 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel compositions of matter, to novel methods
      for producing those, and to novel chemical intermediates useful in those
      processes. Particularly, this invention relates to certain novel analogs
      of some of the known prostaglandins in which a cis carbon-carbon double
      bond links C-4 and C-5 in the carboxy-terminated chain.
PAR  The known prostaglandins include, for example, prostaglandin E.sub.2
      (PGE.sub.2), prostaglandin F.sub.2 alpha and beta (PGF.sub.2.sub..alpha.
      and PGF.sub.2.sub..beta.), prostaglandin A.sub.2 (PGA.sub.2),
      prostaglandin B.sub.2 (PGB.sub.2), and the corresponding PGE compounds.
      Each of the abovementioned known prostaglandins is a derivative of
      prostanoic acid which has the following structure and atom numbering:
      ##SPC1##
PAL  See, for example, Bergstrom et al., Pharmacol. Rev. 20, 1 (1968), and
      references cited therein. A systematic name for prostanoic acid is
      7-[(2.beta.-octyl)-cyclopent-1.alpha.-yl]-heptanoic acid.
PAR  PGE.sub.2 has the following structure:
      ##SPC2##
PAL  Pgf.sub.2.sub..alpha. has the following structure:
      ##SPC3##
PAL  Pgf.sub.2.sub..beta. has the following structure:
      ##SPC4##
     PGA.sub.2 has the following structure:
      ##SPC5##
PAR  PGB.sub.2 has the following structure:
      ##SPC6##
PAR  Each of the known PG.sub.1 prostaglandins, PGE.sub.1,
      PGF.sub.1.sub..alpha., PGF.sub.1.sub..beta., PGA.sub.1, and PGB.sub.1, has
      a structure the same as that shown for the corresponding PG.sub.2 compound
      except that, in each, the cis carbon-carbon double bond between C-5 and
      C-6 is replaced by a single bond. For example, PGE.sub.1 has the following
      structure:
      ##SPC7##
PAR  In formulas II to VII, as well as in the formulas given hereinafter, broken
      line attachments to the cyclopentane ring indicate substituents in alpha
      configuration, i.e., below the plane of the cyclopentane ring. Heavy solid
      line attachments to the cyclopentane ring indicate substituents in beta
      configuration, i.e., above the plane of the cyclopentane ring.
PAR  The side-chain hydroxy at C-15 in formulas II to VII is in S configuration.
      See Nature, 212, 38 (1966) for discussion of the stereochemistry of the
      prostaglandins.
PAR  Molecules of the known prostaglandins each have several centers of
      asymmetry, and can exist in racemic (optically inactive) form and in
      either of the two enantiomeric (optically active) forms, i.e., the
      dextrorotatory and levorotatory forms. As drawn, formulas II to VII each
      represent the particular optically active form of the prostaglandin which
      is obtained from certain mammalian tissues, for example, sheep vesicular
      glands, swine lung, or human seminal plasma, or by carbonyl and/or double
      bond reduction of that prostaglandin. See, for example, Bergstrom et al.,
      cited above. The mirror image of each of formulas II to VII represents the
      other enantiomer of that prostaglandin. The racemic form of a
      prostaglandin contains equal numbers of both enantiomeric molecules, and
      one of formulas II to VII and the mirror image of that formula is needed
      to represent correctly the corresponding racemic prostaglandin. For
      convenience hereinafter, use of the terms PGE.sub.1, PGE.sub.2, PGE.sub.3,
      PGF.sub.2.sub..alpha., and PGF.sub.3.sub..alpha., will mean the optically
      active form of that prostaglandin with the same absolute configuration as
      PGE.sub.1 obtained from mammalian tissues. When reference to the racemic
      form of one of those prostaglandins is intended, the word "racemic" or
      "dl" will preceed the prostaglandin name, thus, racemic PGE.sub.1 or
      dl-PGF.sub.2.sub..alpha..
PAR  PGE.sub.1, PGE.sub.2, and the corresponding PGF.sub..alpha. ,
      PGF.sub..beta. , PGA, and PGB compounds, and their esters, acylates, and
      pharmacologically acceptable salts, are extremely potent in causing
      various biological responses. For that reason, these compounds are useful
      for pharmacological purposes. See, for example, Bergstrom et al., cited
      above. A few of those biological responses are systemic arterial blood
      pressure lowering in the case of the PGE, PGF.sub..beta. , and PGA
      compounds as measured, for example, in anesthetized (pentobarbital sodium)
      pentolinium-treated rats with indwelling aortic and right heart cannulas;
      pressor activity, similarly measured, for the PGF.sub..alpha. compounds;
      stimulation of smooth muscle as shown, for example, by tests on strips of
      guinea pig ileum, rabbit duodenum, or gerbil colon; potentiation of other
      smooth muscle stimulants; antilipolytic activity as shown by antagonism of
      epinephrine-induced mobilization of free fatty acids or inhibition of the
      spontaneous release of glycerol from isolated rat fat pads; inhibition of
      gastric secretion in the case of the PGE and PGA compounds as shown in
      dogs with secretion stimulated by food or histamine infusion; activity on
      the central nervous system; controlling spasm and facilitating breathing
      in asthmatic conditions; decrease of blood platelet adhesiveness as shown
      by platelet-to-glass adhesiveness, and inhibition of blood platelet
      aggregation and thrombus formation induced by various physical stimuli,
      e.g., arterial injury, and various biochemical stimuli, e.g., ADP, ATP,
      serotonin, thrombin, and collagen; and in the case of the PGE and PGB
      compounds, stimulation of epidermal proliferation and keratinization as
      shown when applied in culture to embryonic chick and rat skin segments.
PAR  Because of these biological responses, these known prostaglandins are
      useful to study, prevent, control, or alleviate a wide variety of diseases
      and undesirable physiological conditions in birds and mammals, including
      humans, useful domestic animals, pets, and zoological specimens, and in
      laboratory animals, for example, mice, rats, rabbits, and monkeys.
PAR  For example, these compounds, and especially the PGE compounds, are useful
      in mammals, including man, as nasal decongestants. For this purpose, the
      compounds are used in a dose range of about 10 .mu.g. to about 10 mg. per
      ml. of a pharmacologically suitable liquid vehicle or as an aerosol spray,
      both for topical application.
PAR  The PGE, PGF.sub..alpha. , and PGA compounds are useful in the treatment of
      asthma. For example, these compounds are useful as bronchodilators or as
      inhibitors of mediators, such as SRS-A, and histamine which are released
      from cells activated by an antigen-antibody complex. Thus, these compounds
      control spasm and facilitate breathing in conditions such as bronchial
      asthma; bronchitis, bronchiectasis, pneumonia and emphysema. For these
      purposes, these compounds are administered in a variety of dosage forms,
      e.g., orally in the form of tablets, capsules, or liquids; rectally in the
      form of suppositories, parenterally, subcutaneously, or intramuscularly,
      with intravenous administration being preferred in emergency situations;
      by inhalation in the form of aerosols or solutions for nebulizers; or by
      insufflation in the form of powder. Doses in the range of about 0.01 to 5
      mg. per kg. of body weight are used 1 to 4 times a day, the exact dose
      depending on the age, weight, and condition of the patient and on the
      frequency and route of administration. For the above use these
      prostaglandins can be combined advantageously with other anti-asthmatic
      agents, such as sympathomimetics (isoproterenol, phenylephrine, ephedrine,
      etc); xanthine derivatives (theophylline and aminophyllin); and
      corticosteroids (ACTH and predinisolone). Regarding use of these compounds
      see South African Pat. No. 68/1055.
PAR  The PGE and PGA compounds are useful in mammals, including man and certain
      useful animals, e.g., dogs and pigs, to reduce and control excessive
      gastric secretion, thereby reducing or avoiding gastrointestinal ulcer
      formation, and accelerating the healing of such ulcers already present in
      the gastrointestinal tract. For this purpose, the compounds are injected
      or infused intravenously, subcutaneously, or intramuscularly in an
      infusion dose range about 0.1 .mu.g. to about 500 .mu.g. per kg. of body
      weight per minute, or in a total daily dose by injection or infusion in
      the range about 0.1 to about 20 mg. per kg. of body weight per day, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha. , and PGF.sub..beta. compounds are useful whenever
      it is desired to inhibit platelet aggregation, to reduce the adhesive
      character of platelets, and to remove or prevent the formation of thrombi
      in mammals, including man, rabbits, and rats. For example, these compounds
      are useful in the treatment and prevention of myocardial infarcts, to
      treat and prevent post-operative thrombosis, to promote patency of
      vascular grafts following surgery, and to treat conditions such as
      atherosclerosis, arteriosclerosis, blood clotting defects due to lipemia,
      and other clinical conditions in which the underlying etiology is
      associated with lipid imbalance or hyperlipidemia. For these purposes,
      these compounds are administered systemically, e.g., intravenously,
      subcutaneously, intramuscularly, and in the form of sterile implants for
      prolonged action. For rapid response, especially in emergency situation,
      the intravenous route of administration is preferred. Doses in the range
      about 0.005 to about 20 mg. per kg. of body weight per day are used, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha. , and PGF.sub..beta. compounds are especially
      useful as additives to blood, blood products, blood substitutes, and other
      fluids which are used in artifical extracorporeal circulation and
      perfusion of isolated body portions, e.g., limbs and organs, whether
      attached to the original body, detached and being preserved or prepared
      for transplant, or attached to the new body. During these circulations and
      perfusions, aggregated platelets tend to block the blood vessels and
      portions of the circulation apparatus. This blocking is avoided by the
      presence of these compounds. For this purpose, the compound is added
      gradually or in single or multiple portions to the circulating blood, to
      the blood of the donor animal, to the perfused body portion, attached or
      detached, to the recipient, or to two or all of those at a total steady
      state dose of about 0.001 to 10 mg. per liter of circulating fluid. It is
      especially useful to use these compounds in laboratory animals, e.g.,
      cats, dogs, rabbits, monkeys, and rats, for these purposes in order to
      develop new methods and techniques for organ and limb transplants.
PAR  PGE compounds are extremely potent in causing stimulation of smooth muscle,
      and are also highly active in potentiating other known smooth muscle
      stimulators, for example, oxytocic agents, e.g., oxytocin, and the various
      ergot alkaloids including derivatives and analogs thereof. Therefore,
      PGE.sub.2, for example, is useful in place of or in combination with less
      than usual amounts of these known smooth muscle stimulators, for example,
      to relieve the symptoms of paralytic ileus, or to control or prevent
      atonic uterine bleeding after abortion or delivery, to aid in expulsion of
      the placenta, and during the puerperium. For the latter purpose, the PGE
      compound is administered by intravenous infusion immediately after
      abortion or delivery at a dose in the range about 0.01 to about 50 .mu.g.
      per kg. of body weight per minute until the desired effect is obtained.
      Subsequent doses are given by intravenous, subcutaneous, or intramuscular
      injection or infusion during puerperium in the range 0.01 to 2 mg. per kg.
      of body weight per day, the exact dose depending on the age, weight, and
      condition of the patient or animal.
PAR  The PGE, PGA, and PGF.beta.  compounds are useful as hypotensive agents to
      reduce blood pressure in mammals, including man. For this purpose, the
      compounds are administered by intravenous infusion at the rate about 0.01
      to about 50 .mu.g. per kg. of body weight per minute, or in single or
      multiple doses of about 25 to 500 .mu.g. per kg. of body weight total per
      day.
PAR  The PGA compounds and derivatives and salts thereof increase the flow of
      blood in the mammalian kidney, thereby increasing volume and electrolyte
      content of the urine. For that reason, PGA compounds are useful in
      managing cases or renal disfunction, especially in cases of severely
      impaired renal blood flow, for example, the hepatorenal syndrome and early
      kidney transplant rejection. In cases of excessive or inappropriate ADH
      (antidiuretic hormone; vasopressin) secretion, the diuretic effect of
      these compounds is even greater. In anephric states, the vasopressin
      action of these compounds is especially useful. Illustratively, the PGA
      compounds are useful to alleviate and correct cases of edema resulting,
      for example, from massive surface burns, and in the management of shock.
      For these purposes, the PGA compounds are preferably first administered by
      intravenous injection at a dose in the range 10 to 1000 .mu.g. per kg. of
      body weight or by intravenous infusion at a dose in the range 0.1 to 20
      .mu.g. per kg. of body weight per minute until the desired effect is
      obtained. Subsequent doses are given by intravenous, intramuscular, or
      subcutaneous injection or infusion in the range 0.05 to 2 mg. per kg. of
      body weight per day.
PAR  The PGE, PGF.sub..alpha. , and PGF.sub..beta. compounds are useful in place
      of oxytocin to induce labor in pregnant female animals, including man,
      cows, sheep, and pigs, at or near term, or in pregnant animals with
      intrauterine death of the fetus from about 20 weeks to term. For this
      purpose, the compound is infused intravenously at a dose of 0.01 to 50
      .mu.g. per kg. of body weight per minute until or near the termination of
      the second stage of labor, i.e., expulsion of the fetus. These compounds
      are especially useful when the female is one or more weeks post-mature and
      natural labor has not started, or 12 to 60 hours after the membranes have
      ruptured and natural labor has not yet started. An alternative route of
      administration is oral.
PAR  The PGE, PGF.sub..alpha. , and PGF.sub..beta.  compounds are useful for
      controlling the reproductive cycle in ovulating female mammals, including
      humans and animals such as monkeys, rats, rabbits, dogs, cattle, and the
      like. By the term ovulating female mammals is meant animals which are
      mature enough to ovulate but not so old that regular ovulation has ceased.
      For that purpose, PGF.sub.2.sub..alpha., for example, is administered
      systemically at a dose level in the range 0.01 mg. to about 20 mg. per kg.
      of body weight of the female mammal, advantageously during a span of time
      starting approximately at the time of ovulation and ending approximately
      at the time of menses or just prior to menses. Intravaginal and
      intrauterine are alternative routes of administration. Additionally,
      expulsion of an embryo or a fetus is accomplished by similar
      administration of the compound during the first third of the normal
      mammalian gestation period.
PAR  As mentioned above, the PGE compounds are potent antagonists of
      epinephrine-induced mobilization of free fatty acids. For this reason,
      this compound is useful in experimental medicine for both in vitro and in
      vivo studies in mammals, including man, rabbits, and rats, intended to
      lead to the understanding, prevention, symptom alleviation, and cure of
      diseases involving abnormal lipid mobilization and high free fatty acid
      levels, e.g., diabetes mellitus, vascular diseases, and hyperthyroidism.
PAR  The PGE and PGB compounds promote and accelerate the growth of epidermal
      cells and keratin in animals, including humans, useful domestic animals,
      pets, zoological specimens, and laboratory animals. For that reason, these
      compounds are useful to promote and accelerate healing of skin which has
      been damaged, for example, by burns, wounds, and abrasions, and after
      surgery. These compounds are also useful to promote and accelerate
      adherence and growth of skin autografts, especially small, deep (Davis)
      grafts which are intended to cover skinless areas by subsequent outward
      growth rather than initially, and to retard rejection of homografts.
PAR  For these purposes, these compounds are preferably administered topically
      at or near the site where cell growth and keratin formation is desired,
      advantageously as an aerosol liquid or micronized powder spray, as an
      isotonic aqueous solution in the case of wet dressings, or as a lotion,
      cream, or ointment in combination with the usual pharmaceutically
      acceptable diluents. In some instances, for example, when there is
      substantial fluid loss as in the case of extensive burns or skin loss due
      to other causes, systemic administration is advantageous, for example, by
      intravenous injection or infusion, separate or in combination with the
      usual infusions of blood, plasma, or substitutes thereof. Alternative
      routes of administration are subcutaneous or intramuscular near the site,
      oral, sublingual, buccal, rectal, or vaginal. The exact dose depends on
      such factors as the route of administration, and the age, weight, and
      condition of the subject. To illustrate, a wet dressing for topical
      application to second and/or third degree burns of skin area 5 to 25
      square centimeters would advantageously involve use of an isotonic aqueous
      solution containing 1 to 500 .mu.g./ml. of the PGB compound or several
      times that concentration of the PGE compound. Especially for topical use,
      these prostaglandins are useful in combination with antibiotics, for
      example, gentamycin, neomycin, polymyxin B, bacitracin, spectinomycin, and
      oxytetracycline, with other antibacterials, for example, mafenide
      hydrochloride, sulfadiazine, furazolium chloride, and nitrofurazone, and
      with corticoid steroids, for example, hydrocortisone, prednisolone,
      methylprednisolone, and fluprednisolone, each of those being used in the
      combination at the usual concentration suitable for its use alone.
PAR  4,5-Didehydro-PGE.sub.1 is mentioned in the prior art (see van Dorp, Annals
      N.Y. Acad. Sci. vol. 180, page 181, esp. pp. 184-185, 1971).
PAC  SUMMARY OF THE INVENTION
PAR  It is a purpose of this invention to provide novel 4,5-didehydro PG.sub.1
      analogs in which cis carbon-carbon double bond links C-4 and C-5 in the
      carboxy-terminated chain and in which there is variable chain length,
      branching, and fluoro substitution in the hydroxy-substituted side chain.
      It is a further purpose to provide 4,5-didehydro-13,14-dihydro-PG.sub.1
      analogs. It is a further purpose to provide esters, lower alkanoates, and
      pharmacologically acceptable salts of said analogs. It is a further
      purpose to provide novel processes for preparing these acids and esters.
      It is still a further purpose to provide novel intermediates useful in
      said processes.
PAR  The presently described acids and esters of the 4,5-unsaturated
      prostaglandin analogs include compounds of the following formulas, and
      also the racemic compounds of each respective formula and the mirror image
      thereof:
      ##SPC8##
      ##SPC9##
      ##SPC10##
PAR  In Formulas VIII to XXIII, R.sub.1 is hydrogen, alkyl of one to 12 carbon
      atoms, inclusive, cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl
      of 7 to 12 carbon atoms, inclusive, phenyl, phenyl substituted with one to
      3 chloro or alkyl of one to 4 carbon atoms, inclusive; R.sub.5 is
      hydrogen, methyl, or ethyl; R.sub.x is (1) alkyl of 2 to 4 carbon atoms,
      inclusive, substituted with zero to 2 fluoro, inclusive, (2)
      branched-chain alkyl of 5 carbon atoms or alkyl of 5 carbon atoms
      substituted with one or 2 fluoro, or (3) alkyl of 6 to 10 carbon atoms,
      inclusive, substituted with zero to 2 fluoro, inclusive; and the wavy line
      .about. indicates attachment to the cyclopentane ring in alpha or beta
      configuration.
PAR  Formula IX represents 4,5-cis-didehydro-18,19,20-trinor-PGF.sub.1
      .sub..alpha. when R.sub.1 and R.sub.5 are hydrogen, R.sub.x is -CH.sub.2
      CH.sub.3, and .about. indicates the alpha configuration. Formula XII
      represents 4,5-cis-didehydro-13,14-dihydro-16-fluoro-PGE.sub.1 when
      R.sub.1 and R.sub.5 are hydrogen, and R.sub.x is -CHF-(CH.sub.2).sub.3
      -CH.sub.3. Formula XVII represents
      4,5-cis-didehydro-20-methyl-15.beta.-PGF.sub.1 .sub..beta., methyl ester,
      when R.sub.1 is methyl, R.sub.5 is hydrogen, R.sub.x is -(CH.sub.2).sub.5
      -CH.sub.3 and .about. indicates the beta configuration.
PAR  In the name of the formula-IX example above, "trinor" indicates absence of
      three carbon atoms from the hydroxy-substituted side chain of the
      PGF.sub.1 .sub..alpha. structure. Following the atom numbering of the
      prostanoic acid structure, then, C-18, C-19, and C-20 are construed as
      missing, and the methylene at C-17 is replaced with a terminal methyl
      group. In this system of nomenclature, the words "nor", "dinor", "trinor",
      "tetranor", and "pentanor" in the names for prostaglandin analogs are to
      be construed as indicating the number of carbon atoms missing from the
      C-16 to C-20 position of the prostanoic acid carbon skeleton.
PAR  Following the conventional numbering of the carbon atoms in the prostanoic
      acid structure, C-16 designates the carbon atom adjacent to the
      hydroxy-substituted carbon atom (C-15); C-17 designates the carbon atom
      once-removed from C-15.
PAR  As in the case of formulas II to VII, formulas VIII to XV are each intended
      to represent optically active prostanoic acid derivatives with the same
      absolute configuration as PGE.sub.1 obtained from mammalian tissues.
      Furthermore, formulas VIII to XV represent compounds wherein the hydroxyl
      is attached to the side chain in alpha configuration. Also included within
      this invention are the 15-epimer compounds corresponding to
      ##EQU1##
      of formulas XVI to XXIII wherein the C-15 hydroxyl is in beta
      configuration. Hereinafter "15.beta." refers to the epimeric
      configuration. Thus, "4,5-cis-didehydro-15.beta.-20-methyl-PGF.sub.1
      .sub..alpha." identifies a compound of formula XVII, similar to that of
      formula IX when R.sub.1, R.sub.5, and R.sub.x are the same as in formula
      IX except that it has the beta configuration at C-15 instead of the
      natural alpha configuration of 4,5-cis-didehydro-20-methyl-PGF.sub.1
      .sub..alpha.. Each of formulas VIII to XV plus its mirror image describe a
      racemic compound within the scope of this invention; likewise each of the
      15-epimer formulas corresponding to formulas XVI to XXIII plus its mirror
      image describe a racemic compound within the scope of this invention. For
      convenience hereinafter, such a racemic compound is designated by the
      prefix "racemic" (or "dl") before its name; when that prefix is absent,
      the intent is to designate an optically active compound represented by the
      appropriate formula VIII to XXIII.
PAR  With regard to formulas VIII to XXIII, examples of alkyl to one to 12
      carbon atoms, inclusive, are methyl, ethyl, propyl, butyl, pentyl, hexyl,
      heptyl, octyl, nonyl, decyl, undecyl, dodecyl, and isomeric forms thereof.
      Examples of cycloalkyl of 3 to 10 carbon atoms, inclusive, which includes
      alkyl-substituted cycloalkyl, are cyclopropyl, 2-methylcyclopropyl,
      2,2-dimethylcyclopropyl, 2,3-diethylcyclopropyl, 2-butylcyclopropyl,
      cyclobutyl, 2-methylcyclobutyl, 3-propylcyclobutyl,
      2,3,4-triethylcyclobutyl, cyclopentyl, 2,2-dimethylcyclopentyl,
      2-pentylcyclopentyl, 3-tert-butylcyclopentyl, cyclohexyl,
      4-tert-butylcyclohexyl, 3-isopropylcyclohexyl, 2,2-dimethylcyclohexyl,
      cycloheptyl, cyclooctyl, cyclononyl, and cyclodecyl. Examples of aralkyl
      of 7 to 12 carbon atoms, inclusive, are benzyl, phenethyl, 1-phenylethyl,
      2-phenylpropyl, 4-phenylbutyl, 3-phenylbutyl, 2-(1-naphthylethyl), and
      1-(2-naphthylmethyl). Examples of phenyl substituted by one to 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive, are p-chlorophenyl,
      m-chlorophenyl, o-chlorophenyl, 2,4-dichlorophenyl, 2,4,6-trichlorophenyl,
      p-tolyl, m-tolyl, o-tolyl, p-ethylphenyl, p-tert-butylphenyl,
      2,5-dimethylphenyl, 4-chloro-2-methylphenyl, and
      2,4-dichloro-3-methylphenyl.
PAR  Examples of R.sub.x are ethyl, propyl, butyl, hexyl, heptyl, octyl, nonyl,
      decyl, and isomeric forms thereof; 1-ethylpropyl, 2,2-dimethylpropyl, and
      1-methylbutyl; examples of alkyl substituted with zero to 2 fluoro,
      inclusive, are 1-fluoroethyl, 2-fluoroethyl, 1,1-difluoroethyl,
      2,2-difluoroethyl, 1,2-difluorethyl, 1-fluoro-1-methylethyl,
      2-fluoro-1-methylethyl, 1-fluoropropyl, 2,2-difluoropropyl,
      3-fluoropropyl, 1-fluorobutyl, 2-fluorobutyl, 3-fluorobutyl,
      4-fluorobutyl, 3,3-difluorobutyl, 3,4-difluorobutyl,
      1-fluoro-1-methylbutyl, 1-fluoromethylbutyl, 2-fluoro-1-methylbutyl,
      3-fluoro-1-methylbutyl, 4-fluoro-1-methylbutyl, 1-fluoropentyl,
      2-fluoro-1-methylpentyl, 1-fluoro-2-ethylpentyl,
      2,2-difluoro-1-propylpentyl, 3-fluorohexyl, 2-fluoroheptyl,
      1,1-difluorooctyl, 2,2-difluorononyl, and 1,2-difluorodecyl.
PAR  Accordingly, there is provided an optically active compound of the formula
      ##SPC11##
PAL  or a racemic compound of that formula and the mirror image thereof, wherein
PAL  is one of the four carbocyclic moieties:
      ##SPC12##
PAL  wherein .about. indicates attachment of hydroxyl to the ring in alpha or
      beta configuration; wherein M is
      ##EQU2##
      wherein R.sub.5 is hydrogen, methyl, or ethyl; wherein R.sub.1 is hydrogen
      or alkyl of one to 12 carbon atoms, inclusive, cycloalkyl of 3 to 10
      carbon atoms, inclusive, aralkyl of 7 to 12 carbon atoms, inclusive,
      phenyl, or phenyl substituted with one, 2, or 3 chloro or alkyl of one to
      4 carbon atoms, inclusive; wherein R.sub.x is (1) alkyl of 2 to 4 carbon
      atoms, inclusive, substituted with zero to 2 fluoro, inclusive, (2)
      branched-chain alkyl of 5 carbon atoms or alkyl of 5 carbon atoms
      substituted with one or 2 fluoro, or (3) alkyl of 6 to 10 carbon atoms,
      inclusive, substituted with zero to 2 fluoro, inclusive; and wherein E is
      trans-CH=CH- or -CH.sub.2 CH.sub.2 -; including the lower alkanoates
      thereof, and the pharmacologically acceptable salts thereof when R.sub.1
      is hydrogen.
PAR  Formula XXIV, which is written in generic form for convenience, represents
      PGE-type compounds when   is
      ##SPC13##
PAL  Pgf-type compounds when   is
      ##SPC14##
PAL  Pga-type compounds when   is
      ##SPC15##
PAL  and PGB-type compounds when   is
      ##SPC16##
PAR  There is also provided an optically active compound of the formula
      ##SPC17##
PAL  or a racemic compound of that formula and the mirror image thereof, wherein
      R.sub.1 is hydrogen or alkyl of one to 12 carbon atoms, inclusive,
      cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, or phenyl substituted with one, 2, or 3 chloro
      or alkyl of one to 4 carbon atoms, inclusive; and wherein .about.
      indicates attachment of hydroxyl in alpha or beta configuration.
PAR  The name of the formula-XXV compound above when R.sub.1 is hydrogen and
      .about. is alpha is "4,5-cis-didehydro-2a-homo-PGF.sub.1 .sub..alpha.". In
      that name, "2a-homo" indicates an additional carbon atom in the
      carboxy-terminated side chain specifically between the C-2 and C-3 carbon
      atoms. There are, therefore, eight carbon atoms in the carboxy side chain
      instead of the normal seven in the prostanoic acid structure. From the end
      of the chain to the double bond they are identified as C-1, C-2, C-2a,
      C-3, and C-4. The carbon atoms connected by the cis double bond are C-4
      and C-5, and the carbon atoms between the double bond and the ring are
      C-5, C-6, and C-7.
PAR  There is further provided an optically active compound of the formula
      ##SPC18##
PAL  or a racemic compound of that formula and the mirror image thereof, wherein
        is one of the four carbocyclic moieties:
      ##SPC19##
PAL  wherein .about. indicates attachment of hydroxyl to the ring in alpha or
      beta configuration; wherein M is
      ##EQU3##
      wherein R.sub.5 is hydrogen, methyl, or ethyl; and wherein R.sub.1 is
      hydrogen or alkyl of one to 12 carbon atoms, inclusive, cycloalkyl of 3 to
      10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon atoms, inclusive,
      phenyl, or phenyl substituted with one, 2, or 3 chloro or alkyl of one to
      4 carbon atoms, inclusive; including the lower alkanoates thereof, and the
      pharmacologically acceptable salts thereof when R.sub.1 is hydrogen.
PAR  The novel formula VIII-to-XXVI compounds and the racemic compounds of this
      invention each cause the biological responses described above for the PGE,
      PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds, respectively, and
      each of these novel compounds is accordingly useful for the
      above-described corresponding purposes, and is used for those purposes in
      the same manner as described above.
PAR  The known PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds are
      all potent in causing multiple biological responses even at low doses. For
      example, PGE.sub.1 and PGE.sub.2 both cause vasodepression and smooth
      muscle stimulation at the same time they exert antilipolytic activity.
      Moreover, for many applications, these known prostaglandins have an
      inconveniently short duration of biological activity. In striking
      contrast, the novel prostaglandin analogs of formulas VIII to XXVI and
      their racemic compounds, are substantially more specific with regard to
      potency in causing prostaglandin-like biological responses, and have a
      substantially longer duration of biolgical activity. Therefore, each of
      these novel prostaglandin analogs is surprisingly and unexpectedly more
      useful than one of the corresponding above-mentioned known prostaglandins
      for at least one of the pharmacological purposes indicated above for the
      latter, because it has a different and narrower spectrum of biological
      potency than the known prostaglandin, and therefore is more specific in
      its activity and causes smaller and fewer undesired side effects than when
      the known prostaglandin is used for the same purpose. Moreover, because of
      its prolonged activity, fewer and smaller doses of the novel prostaglandin
      analog can frequently be used to attain the desired result.
PAR  To obtain the optimum combination of biological response specificity,
      potency, and duration of activity, certain compounds within the scope of
      formulas VIII to XXIII are preferred. For example, it is preferred that
      the hydroxyl at C-15 be in the alpha configuration.
PAR  Another preference is that any branching of the hydroxy-substituted chain
      be at either C-16 or C-17, or at both C-16 and C-17. In the general
      expression R.sub.x as used herein, in Charts A-F, examples of such
      branching are
PA1  --CH(CH.sub.3)--CH.sub.3, --CH(CH.sub.3)--C.sub.2 H.sub.5, --CH.sub.2
      --CH(CH.sub.3)--CH.sub.3, --C(CH.sub.3).sub.2 --CH.sub.2 --CH.sub.3,
      --CH(CH.sub.3)--CH(CH.sub.3)-- CH.sub.3, --C(CH.sub.3).sub.2
      --C(CH.sub.3).sub.2 --CH.sub.2 -CH.sub.3, --CH(CH.sub.3)--(CH.sub.2
      --CH.sub.3, and --C(CH.sub.3).sub.2 --(CH.sub.2).sub.6 --CH.sub.3.
      Especially preferred are those wherein the R.sub.x chain length is 4 to 6
      carbon atoms.
PAR  Another preference is that any fluorine substitution on carbon atoms of the
      hydroxy-substituted chain be at either C-16 or C-7, or at both C-16 and
      C-17. Examples of R.sub.x having such fluorine substitution are
      -CHF-CH.sub.3, --CH.sub.2 --CH.sub.2 F, --CF.sub.2 --CH.sub.3, --CH.sub.2
      --CHF.sub.2, --CHF--CH.sub.2 F, --CHF--C.sub.2 H.sub.5, --CH.sub.2
      --CHF--CH.sub.3, --CF.sub.2 --CH.sub.2 --CH.sub.3, --CHF-CHF-CH.sub.3,
      --CHF-(CH.sub.2).sub.3 --CH.sub.3, --CF.sub.2 --(CH.sub.2).sub.3
      --CH.sub.3, --CH.sub.2 --CHF-(CH.sub.2).sub.2 --CH.sub.3, --CH.sub.2
      --CF.sub.2 --(CH.sub.2).sub.2 --CH.sub.3, --CHF--CHF--(CH.sub.2).sub.2
      --CH.sub.3 and --CHF--(CH.sub.2).sub.8 --CH.sub.3.
PAR  Especially preferred are those wherein the R.sub.x chain length is 4 to 6
      carbon atoms.
PAR  Another advantage of the novel compounds of this invention, especially the
      preferred compounds defined hereinabove, compared with the known
      prostaglandins, is that these novel compounds are administered effectively
      orally, sublingually, intravaginally, buccally, or rectally, in addition
      to usual intravenous, intramuscular, or subcutaneous injection or infusion
      methods indicated above for the uses of the known prostaglandins. These
      qualities are advantageous because they facilitate maintaining uniform
      levels of these compounds in the body with fewer, shorter, or smaller
      doses, and make possible self-administration by the patient.
PAR  The 4,5-didehydro and 4,5 -didehydro-13,14-dihyro PGE.sub.1, PGF.sub.1
      .sub..alpha., PGF.sub.1 .sub..beta., PGA.sub.1, and PGB.sub.1 -type
      analogs encompassed by Formulas VIII to XXVI including their alkanoates,
      are used for the purposes described above in the free acid form, in ester
      form, or in pharmacologically acceptable salt form. When the ester form is
      used, the ester is any of those within the above definition of R.sub.1.
      However, it is preferred that the ester be alkyl of one to 12 carbon
      atoms, inclusive. Of those alkyl, methyl and ethyl are especially
      preferred for optimum absorption of the compound by the body or
      experimental animal system; and straight-chain octyl, nonyl, decyl,
      undecyl, and dodecyl are especially preferred for prolonged activity in
      the body or experimental animal.
PAR  Pharmacologically acceptable salts of these Formula VIII-to-XXVI compounds
      useful for the purposes described above are those with pharmacologically
      acceptable metal cations, ammonium, amine cations, or quaternary ammonium
      cations.
PAR  Especially preferred metal cations are those derived from the alkali
      metals, e.g., lithium, sodium and potassium, and from the alkaline earth
      metals, e.g., magnesium and calcium, although cationic forms of other
      metals, e.g., aluminum, zinc, and iron are within the scope of this
      invention.
PAR  Pharmacologically acceptable amine cations are those derived from primary,
      secondary, or tertiary amines. Examples of suitable amines are
      methylamine, dimethylamine, trimethylamine, ethylamine, dibutylamine,
      triisopropylamine, N-methylhexylamine, decylamine, dodecylamine,
      allylamine, crotylamine, cyclopentylamine, dicyclohexylamine, benzylamine,
      dibenzylamine, .alpha.-phenylethylamine, .beta.-phenylethylamine,
      ethylenediamine, diethylenetriamine, and like aliphatic, cycloaliphatic,
      and araliphatic amines containing up to and including about 18 carbon
      atoms, as well as heterocyclic amines, e.g., piperidine, morpholine,
      pyrrolidine, piperazine, and lower-alkyl derivatives thereof, e.g.,
      1-methylpiperidine, 4-ethylmorpholine, 1-isopropylpyrrolidine,
      2-methylpyrrolidine, 1,4-dimethylpiperazine, 2-methylpiperidine, and the
      like, as well as amines containing water-solubilizing or hydrophilic
      groups, e.g., mono- di-, and triethanolamine, ethyldiethanolamine,
      N-butylethanolamine, 2-amino-1-butanol, 2-amino-2-ethyl-1,3-propanediol,
      2-amino-2-methyl--propanol, 1-propanol, tris(hydroxymethyl)aminomethane,
      N-phenylethanolamine, N-(p-tert-amylphenyl)diethanolamine, galactamine,
      N-methylglycamine, N-methylglucosamine, ephedrine, phenylephrine,
      epinephrine, procaine, and the like.
PAR  Examples of suitable pharmacologically acceptable quaternary ammonium
      cations are tetramethylammonium, tetraethylammonium,
      benzyltrimethylammonium, phenyltriethylammonium, and the like.
PAR  The compounds encompassed by Formulas VIII to XXVI are used for the
      purposes described above in free hydroxy form or also in the form wherein
      the hydroxy moieties are transformed to lower alkanoate moieties, e.g.,
      --OH to --OCOCH.sub.3. Examples of lower alkanoate moieties are acetoxy,
      propionyloxy, butyryloxy, valeryloxy, hexanoyloxy, heptanoyloxy,
      octanoyloxy, and branched chain alkanoyloxy isomers of those moieties.
      Especially preferred among these alkanoates for the above described
      purposes are the acetoxy compounds. These free hydroxy and alkanoyloxy
      compounds are used as free acids, as esters, and in salt form all as
      described above.
PAR  As discussed above, the compounds of Formulas VIII to XXVI are administered
      in various ways for various purposes; e.g., intravenously,
      intramuscularly, subcutaneously, orally, intravaginally, rectally,
      buccally, sublingually, topically, and in the form of sterile implants for
      prolonged action. For intravenous injection or infusion, sterile aqueous
      isotonic solutions are preferred. For that purpose, it is preferred
      because of increased water solubility that R.sub.1 in the Formula
      VIII-to-XXVI compound be hydrogen or a pharmacologically acceptable
      cation. For subcutaneous or intramuscular injection, sterile solutions or
      suspensions of the acid, salt, or ester form in aqueous or non-aqueous
      media are used. Tablets, capsules, and liquid preparations such as syrups,
      elixirs, and simple solutions, with the usual pharmaceutical carriers are
      used for oral or sublingual administration. For rectal or vaginal
      administration, suppositories prepared as known in the art are used. For
      tissue implants, a sterile tablet or silicone rubber capsule or other
      object containing or impregnated with the substance is used.
PAR  The 4,5-didehydro and 4,5-didehydro-13,14-dihydro PGE.sub.1 -,
      PGF.sub.1.sub..alpha. -, PGF.sub.1.sub..beta. -, PGA.sub.1 -, and
      PGB.sub.1 -type analogs encompassed by formulas VIII to XXVI are produced
      by the reactions and procedures described and exemplified hereinafter.
PAR  Reference to Chart A, herein, will make clear the steps for preparing the
      formula-XXVII through XXXV intermediates.
PAR  Previously, the preparation of an intermediate bicyclic lactone diol of the
      formula
      ##SPC20##
PAL  was reported by E. J. Corey et al., J. Am. Chem. Soc. 91, 5675 (1969), and
      later disclosed in an optically active
      ##SPC21##
PAL  form by E. J. Corey et al., J. Am. Chem. Soc. 92, 397 (1970). Conversion of
      this intermediate to PGE.sub.2 and PGF.sub.2.sub..alpha., either in
      racemic or optically active form, was disclosed in those publications.
PAR  The iodolactone of formula XXVII in Chart A is known in the art (see Corey
      et al., above). It is available in either racemic or optically active (+
      or -) form. For racemic products, the racemic form is used. For
      prostaglandins of natural configuration, the laevorotatory form (-) is
      used.
PAR  The formula-XXVIII compound (Chart A) bears an R.sub.10 O-moiety at the
      4-position, wherein R.sub.10 is
      ##SPC22##
PAL  wherein T is alkyl of one to 4 carbon atoms, inclusive, phenylalkyl of 7 to
      10 carbon atoms, inclusive, or nitro, and s is zero to 5, inclusive,
      provided that not more than two T's are other than alkyl, and that the
      total number of carbon atoms in the T's does not exceed 10 carbon atoms;
      ##SPC23##
PAL  wherein R.sub.12 is alkyl of one to 4 carbon atoms, inclusive;
      ##SPC24##
PAL  wherein T and s are as defined above; or (4) acetyl. In preparing the
      formula-XXVIII compound by replacing the hydrogen of the hydroxyl group in
      the 4-position with the acyl group R.sub.10, methods known in the art are
      used. Thus, an aromatic acid of the formula R.sub.10 OH, wherein R.sub.10
      is as defined above, for example benzoic acid, is reacted with the
      formula-XXVII compound in the presence of a dehydrating agent, e.g.
      sulfuric acid, zinc chloride, or phosphoryl chloride; or an anhydride of
      the aromatic acid of the formula (R.sub.10).sub.2 O, for example benzoic
      anhydride, is used.
PAR  Preferably, however, an acyl halide, e.g. R.sub.10 Cl, for example benzoyl
      chloride, is reacted with the formula-XXVII compound in the presence of a
      hydrogen chloride-scavenger, e.g. a tertiary amine such as pyridine,
      triethylamine, and the like. The reaction is carried out under a variety
      of conditions using procedures generally known in the art. Generally, mild
      conditions are employed, e.g. 20.degree.-60.degree. C., contacting the
      reactants in a liquid medium, e.g. excess pyridine or an inert solvent
      such as benzene, toluene or chloroform. The acylating agent is used either
      in stoichiometric amount or in excess.
PAR  As examples of R.sub.10, the following are available as acids (R.sub.10
      OH), anhydrides ((R.sub.10).sub.2 O), or acyl chlorides (R.sub.10 Cl):
      benzoyl; substituted benzoyl, e.g. (2-, 3- or 4-)methylbenzoyl, (2-, 3-,
      or 4-)ethylbenzoyl, (2-, 3-, or 4-)isopropylbenzoyl, (2-, 3-, or
      4-)tert-butylbenzoyl, 2,4-dimethylbenzoyl, 3,5-dimethylbenzoyl,
      2-isopropyltoluyl, 2,4,6-trimethylbenzoyl, pentamethylbenzoyl,
      .alpha.-phenyl-(2-, 3-, or 4-)tolyl, (2-, 3-, or 4-)phenethylbenzoyl, 2-,
      3-, or 4-nitrobenzoyl, (2,4- 2,5- or 3,5-)dinitrobenzoyl,
      3,4-dimethyl-2-nitrobenzoyl, 4,5-dimethyl-2-nitrobenzoyl,
      2-nitro-6-phenethylbenzoyl, 3-nitro-2-phenethylbenzoyl; mono-esterified
      phthaloyl, e.g.
      ##SPC25##
PAL  isophthaloyl, e.g.
      ##SPC26##
PAL  or terephthaloyl, e.g.
      ##SPC27##
PAL  (1- or 2-)naphthoyl; substituted naphthoyl, e.g. (2-, 3-, 4-, 5-, 6-, or
      7-)methyl-1-naphthoyl, (2- or 4-)ethyl-1-naphthoyl,
      2-isopropyl-1-naphthoyl, 4,5-dimethyl-1-naphthoyl,
      6-isoproypl-4-methyl-1-naphthoyl, 8-benzyl-1-naphthoyl, (3-, 4-, 5-, or
      8-)nitro-1-naphthoyl, 4,5-dinitro-1-naphthoyl, (3-, 4-, 6-, 7-, or
      8-)methyl-1-naphthoyl, 4-ethyl-2-naphthoyl, and (5- or
      8-)nitro-2-naphthoyl, and acetyl. There may be employed, therefore,
      benzoyl chloride, 4-nitrobenzoyl chloride, 3,5-dinitrobenzoyl chloride,
      and the like, i.e. R.sub.10 Cl compounds corresponding to the above
      R.sub.10 groups. If the acyl chloride is not available, it is made from
      the corresponding acid and phosphorus pentachloride as is known in the
      art. It is preferred that the R.sub.10 OH, (R.sub.10).sub.2 O, or R.sub.10
      Cl reactant does not have bulky, hindering substituents, e.g. tert-butyl,
      on both of the ring carbon atoms adjacent to the carbonyl attaching-site.
PAR  The formula-XXIX compound is next obtained by deiodination of XXVIII using
      a reagent which does not react with the lactone ring or the OR.sub.10
      moiety, e.g. zinc dust, sodium hydride, hydrazine-palladium, hydrogen and
      Raney nickel or platinum, and the like. Especially preferred is
      tributyltin hydride in benzene at about 25.degree. C. with
      2,2'-azobis(2-methylpropionitrile) as initiator.
PAR  The formula-XXX compound is obtained by demethylation of XXIX with a
      reagent that does not attack the OR.sub.10 moiety, for example boron
      tribromide or trichloride. The reaction is carried out preferably in an
      inert solvent at about 0.degree.-5.degree. C.
PAR  The formula-XXXI compound is obtained by oxidation of the --CH.sub.2 OH of
      XXX to --CHO, avoiding decomposition of the lactone ring. Useful for this
      purpose are dichromate-sulfuric acid, Jones reagent, lead tetraacetate,
      and the like. Especially preferred is Collins' reagent
      (pyridine-CrO.sub.3) at about 0.degree.-10.degree. C.
PAR  The formula-XXXII compound is obtained by Wittig alkylation of XXXI, using
      the sodio derivative of the appropriate 2-oxoalkylphosphonate. The trans
      enone lactone is obtained stereospecifically (see D. H. Wadsworth et al.,
      J. Org. Chem. Vol. 30, p. 680 (1965)).
PAR  In preparing the formula-XXXII compounds of Chart A, certain phosphonates
      are employed in the Wittig reaction. These are of the general formula
      ##EQU4##
      wherein R.sub.11 is alkyl of one to 8 carbon atoms, inclusive, and R.sub.x
      has the same meaning as R.sub.x of Charts A-G, namely that R.sub.x is (1)
      alkyl of 2 to 4 carbon atoms, inclusive, substituted with zero to 2
      fluoro, inclusive, (2) branched-chain alkyl of 5 carbon atoms or alkyl of
      5 carbon atoms substituted with one or 2 fluoro, or (3) alkyl of 6 to 10
      carbon atoms, inclusive, substituted with zero to 2 fluoro, inclusive. In
      preparing the preferred embodiments of this invention, phosphonates are
      used in which branching of fluoro substitution in R.sub.x is on the carbon
      atom adjacent to the carbonyl or on the carbon atom once-removed or on
      both of these carbon atoms, for example
      ##EQU5##
PAR  The phosphonates are prepared and used by methods known in the art. See
      Wadsworth et al., reference cited above. Conveniently, the appropriate
      aliphatic acid ester is condensed with dimethyl methylphosphonate in the
      presence of n-butyllithium. For this purpose, acids of the general formula
      R.sub.x COOH are used in the form of their lower alkyl esters, preferably
      methyl or ethyl. For example methyl esters are formed from the acids by
      reaction with diazomethane. These aliphatic acids of various chain length,
      with or without branching or fluoro substitution within the scope of
      R.sub.x as defined above are known in the art or can be prepared by
      methods known in the art.
PAR  Aliphatic acids without branching or fluoro substitution are propionic,
      butyric, valeric, heptanoic, octanoic, nonanoic, decanoic, or undecanoic
      acids.
PAR  In the case of acids with branching, many are readily available, e.g.
      2-methylpropionic, 2-methylbutyric, 2-ethylbutyric, 3-methylbutyric,
      2,2-dimethylbutyric, 2-ethyl-2-methylbutyric, 2,2-dimethylbutyric,
      2,3-dimethylbutyric, 3,3-dimethylbutyric, 2-methylvaleric,
      2-propylvaleric, 3-methylvaleric, 2,2-dimethylvaleric, 3,3-diethylvaleric,
      2-methyl-2-propylvaleric, 2-ethyl-3-methylvaleric, 2-methylhexanoic,
      2-ethylhexanoic, 2-butylhexanoic, 2,2-dimethylhexanoic,
      2,3-dimethylhexanoic, 2-butyl-2-methylhexanoic, 2-methylheptanoic,
      2-propylheptanoic, 2-butylheptanoic, 2,2-diethylheptanoic,
      2-methyl-2-propylheptanoic, 2-ethyloctanoic 2-propyloctanoic,
      3-methyloctanoic, 2-ethyl-2-methyloctanoic, 2-ethylnonanoic,
      2,2-dimethylnonanoic, and 2-methyldecanoic acid. Other acids are available
      by methods known in the art, for example reaction of a branched alkyl
      halide with sodium cyanide to form a nitrile and subsequent hydrolysis to
      the acid.
PAR  In the case of fluoro-substituted acids, many are readily available, e.g.
      2-fluoropropionic, 3-fluoropropionic, 2,2-difluoropropionic,
      2-fluorobutyric, 3-fluorobutyric, 2,2-difluorobutyric,
      3,3-difluorobutyric, 2-fluorovaleric, 2-fluorohexanoic, 2-fluoroheptanoic,
      2-fluorooctanoic, 2-fluorononanoic, and 2-fluorodecanoic acids. others are
      available by methods known in the art, for example by fluorination of
      2-oxo or 3-oxo aliphatic acids with sulfur tetrafluoride to give
      2,2-difluoro or 3,3-difluoro acids. For reactions of SF.sub.4 see Martin
      et al., J. Org. Chem. 27, 3164 (1962). For other syntheses of fluorinated
      acids see Henne et al., J. Am. Chem. Soc. 69, 281 (1947). For fluorination
      of a ketone function with MoF.sub.6. BF.sub. 3 see Mathey et al.,
      Tetrahedron 27, 3965(1971). Other methods of synthesis include replacement
      of hydroxy by fluoro, see Ayer, U.S. Pat. 3,056,806; replacement of chloro
      or bromo by fluorine exchange with fluorides, or saturation of double
      bonds by fluorine atoms, see Advances in Fluorine Chemistry, M. Stacey et
      al. editors, Vol. 3, Butterworth and Co., 1963,  especially pages 181-188.
      Thus, 2,3-difluoroundecanoic acid is prepared from 2-undecenoic acid
      either by saturating it using an inorganic fluoride such as lead fluoride,
      or by first forming 2,3-dibromoundecanoic acid and then replacing bromo
      with fluoro.
PAR  Continuing with Chart A, the formula-XXXIII compound is obtained as a
      mixture of alpha and beta isomers by reduction of XXXII. For this
      reduction, use is made of any of the known ketonic carbonyl reducing
      agents which do not reduce ester or acid groups or carbon-carbon double
      bonds when the latter is undesirable. Examples of those are the metal
      borohydrides, especially sodium, potassium, and zinc borohydrides, lithium
      (tri-tert-butoxy)aluminum hydride, metal trialkoxy borohydrides, e.g.,
      sodium trimethoxyborohydride, lithium borohydride, diisobutyl aluminum
      hydride, and when carbon-carbon double bond reduction is not a problem,
      the boranes, e.g., disiamylborane.
PAR  For production of natural-configuration PG-type compounds, the desired
      alpha form of the formula-XXXIII compound is separated from the beta
      isomer by silica gel chromatography.
PAR  The formula-XXXIV compound is then obtained by deacylation of XXXIII with
      an alkali metal carbonate, for example potassium carbonate in methanol at
      about 25.degree. C.
PAR  The bis(tetrahydropyranyl) ether XXXV is obtained by reaction of the
      formula-XXXIV diol with dihydropyran in an inert solvent, e.g.
      dichloromethane, in the presence of an acid condensing agent such as
      p-toluenesulfonic acid or pyridine hydrochloride. The dihydropyran is used
      in excess, preferably 4 to 10 times theory. The reaction is normally
      complete in 15-30 min. at 20.degree.-30.degree. C.
PAR  The transformations of the formula-XXXVI compounds to the formula-XXXIX
      4,5-didehydro PGF.sub.1.sub..alpha. -type compounds are shown in Chart B.
PAR  The lactol XXXVI is obtained on reduction of the formula-XXXV lactone or
      its 15.beta. epimer without reducing the 13,14-ethylenic group. For this
      purpose, diisobutyl-aluminum hydride is used. The reduction is preferably
      done at -60.degree. to -70.degree. C. The 15.beta.-epimer corresponding to
      the formula-XXXV lactone is readily obtained by the steps of Chart A,
      using the 15.beta. isomer of formula XXXIII.
PAR  Consider, next, step 1 of Chart B wherein the formula-XXXVI
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PAL   compounds undergo condensation to form the formula-XXXVII enol ethers. For
      this purpose, an alkoxymethylenetriphenylphosphorane is useful. See, for
      example, Levine, J. Am. Chem. Soc. 80, 6150 (1958). The reagent is
      conveniently prepared from a corresponding quaternary phosphonium halide
      and a base, e.g. butyl lithium or phenyl lithium, at a low temperature,
      e.g. preferably below -10.degree. C. The formula-XXXVI lactol is mixed
      with the reagent and the condensation proceeds smoothly within the
      temperature range -30.degree. C. to +30.degree. C. At higher temperatures
      the reagent is unstable, whereas at low temperatures the rate of
      condensation is undesirably slow. Examples of the
      alkoxymethylenetriphenylphosphoranes preferred for forming the
      formula-XXXVII enol ethers are methoxy-, ethoxy-, propoxy-, isopropoxy-,
      butoxy-, isobutoxy-, sec-butoxy-, and
      tertbutoxymethylenetriphenylphosphorane.
PAR  Various hydrocarbyloxymethylenetriphenylphosphoranes which may be
      substituted for the alkoxymethylenetriphenylphosphoranes and are therefore
      useful for preparing formula-XXXVII intermediates wherein R.sub.6 is
      hydrocarbyl, include alkoxy (of 1 to 4 carbon atoms)-, aralkoxy-,
      cycloalkoxy-, and aryloxymethylenetriphenylphosphoranes. Examples of these
      hydrocarbyloxymethylenetriphenylphosphoranes are 2-methylbutoxy-,
      isopentyloxy-, heptyloxy-, octyloxy-, nonyloxy-, tridecyloxy-,
      octadecyloxy-, benzyloxy-, phenethyloxy-, p-methylphenethyloxy-,
      1-methyl-3-phenylpropoxy-, cyclohexyloxy-, phenoxy-, and
      p-methylphenoxymethylenetriphenylphosphorane. See, for example, Organic
      Reactions, Vol. 14, pages 346-348, John Wiley and Sons, Inc., N.Y.,
      (1965).
PAR  Consider, next, step 2 of Chart B, wherein the formula-XXXVII enol ether
      intermediates are hydrolyzed to the formula-XXXVIII lactols. This
      hydrolysis is done under acidic conditions, for example with perchloric
      acid or acetic acid. Tetrahydrofuran is a suitable diluent for this
      reaction mixture. Reaction temperatures of from 10.degree. C. to
      100.degree. C. may be employed. The length of time required for hydrolysis
      is determined in part by the hydrolysis temperature. With acetic
      acid-water-tetrahydrofuran at about 60.degree. C., several hours are
      sufficient.
PAR  Finally in step 3 of Chart B, the formula-XXXVIII lactols are transformed
      to the formula-XXXIX PGF-type products by condensation with a Wittig
      reagent derived from 3-carboxypropyltriphenylphosphonium halide and sodio
      methylsulfinylcarbanide. Dimethyl sulfoxide is conveniently used as a
      solvent, and the reaction may be done at about 25.degree. C.
PAR  The various formula-XXXVII and -XXXVIII intermediates are useful directly
      as produced or they may be subjected to separation procedures, for example
      silica gel chromatography or recrystallization.
PAR  Reference to Chart C, herein, will make clear the transformation from the
      PGF-type compounds XL to the PGE-type compounds XLIII by steps 1-3,
      inclusive. Formulas XL, XLI, XLII, and XLIII, hereinafter referred to, are
      depicted in Chart C, wherein A is alkyl of one to 4 carbon atoms,
      inclusive, phenyl, phenyl substituted with one or 2 fluoro, chloro, or
      alkyl of one to 4 carbon atoms, inclusive, or aralkyl of 7 to 12 carbon
      atoms, inclusive; wherein R.sub.1 is hydrogen, alkyl of one to 12 carbon
      atoms, inclusive, cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl
      of 7 to 12
      ##SPC29##
      carbon atoms, inclusive, phenyl, or phenyl substituted with one, 2, or 3
      chloro or alkyl of one to 4 carbon atoms, inclusive; wherein R.sub.9 is
      R.sub.1 as defined above or silyl of the formula -Si-(A).sub.3 wherein A
      is as defined above; wherein R.sub.x is (1) alkyl of 2 to 4 carbon atoms,
      inclusive, substituted with zero to 2 fluoro, inclusive, (2)
      branched-chain alkyl of 5 carbon atoms or alkyl of 5 carbon atoms
      substituted with one or 2 fluoro, or (3) alkyl of 6 to 10 carbon atoms,
      inclusive, substituted with zero to 2 fluoro, inclusive; wherein E is
      trans--CH=CH-- or --CH.sub.2 CH.sub.2 --; and wherein .about. indicates
      attachment of hydroxyl or silyl in alpha or beta configuration. The
      various A's of a -Si-(A).sub.3 moiety are alike or different. For example,
      an -Si-(A).sub.3 can be trimethylsilyl, dimethylpropylsilyl,
      dimethylphenylsilyl, or methylphenylbenzylsilyl. Examples of alkyl of one
      to 4 carbon atoms, inclusive, are methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, sec-butyl, and tert-butyl. Examples of aralkyl of 7 to 12 carbon
      atoms, inclusive, are benzyl, phenethyl, .alpha.-phenylethyl,
      3-phenylpropyl, .alpha.-naphthylmethyl, and 2-(.beta.-naphthyl)ethyl.
      Examples of phenyl substituted with one or 2 fluoro, chloro, or alkyl of
      one to 4 carbon atoms, inclusive, are p-chlorophenyl, m-fluorophenyl,
      o-tolyl, 2,4-dichlorophenyl, p-tert-butylphenyl, 4-chloro-2-methylphenyl,
      and 2,4-dichloro-3-methylphenyl.
PAR  Consider, then, step 1 of Chart C, wherein the formula-XL compounds are
      selectively silylated at the C-11 and C-15 positions, by choice of
      reagents and conditions. Silylating agents are known in the art. See, for
      example, Pierce, "Silylation of organic Compounds," Pierce Chemical Co.,
      Rockford, Ill. (1968). Silylating agents of the type (A).sub.3
      SiN(G).sub.2, i.e. substituted silylamines wherein A is as defined above
      and G has the same definition as A, being the same or different, are
      useful for the above purpose at temperatures below about -25.degree. C. A
      preferred temperature range is about -35.degree. to =50.degree.. At higher
      temperatures some silylation of C-9 hydroxyl groups as well as the C-11
      and C-15 hydroxyl groups occurs, wherein at lower temperatures the rate of
      silylation is undesirably slow. Examples of silylamine type silylating
      agents suitable for forming the formula-XLI intermediates include
      pentamethylsilylamine, pentaethylsilylamine, N-trimethylsilyldiethylamine,
      1,1,1-triethyl-N,N-dimethylsilylamine,
      N,N-diisopropyl-1,1,1-trimethylsilylamine,
      1,1,1-tributyl-N,N-dimethylsilylamine,
      N,N-dibutyl-1,1,1-trimethylsilylamine,
      1-isobutyl-N,N,1,1-tetramethylsilylamine,
      N-benzyl-N-ethyl-1,1,1-trimethylsilylamine,N,N,1,1-tetramethyl-1-phenylsil
     ylamine, N,N-diethyl-1,1-dimethyl-1-phenylsilylamine, N,N-diethyl-1-methyl,
      1,1-diphenylsilylamine, N,N-dibutyl-1,1,1-triphenyl-silylamine, and
      1-methyl-N,N,1,1-tetraphenylsilylamine.
PAR  The reaction is carried out with exclusion of atmospheric moisture, for
      example under a nitrogen atmosphere. It is conveniently done in a solvent
      such as acetone or dichloromethane, although the silylating agent itself,
      when used in excess, may also serve as a liquid medium for the reaction.
      The reaction ordinarily is completed in a few hours, and should be
      terminated when the C-11 and C-15 hydroxyl groups are silylated, to avoid
      side reactions. The progress of the reaction is conveniently monitored by
      thinlayer chromatography (TLC), utilizing methods known in the art.
PAR  An excess of the reagent over that stoichiometrically required is used,
      preferably at least a four-fold excess. When R.sub.1 in the formula-XL
      starting material is hydrogen, the -COOH moiety thereby defined may be
      partially or even completely transformed to -COO-Si-(A).sub.3, additional
      silylating agent being used for this purpose. Whether or not this occurs
      is immaterial for the success of the process, since -COOH groups are not
      changed by the subsequent steps and -COO-Si-(A).sub.3 groups are easily
      hydrolyzed to -COOH groups.
PAR  Consider, next, step 2 of Chart C, wherein the formula XLI 11,15-disilyl
      ether intermediate is oxidized to compound XLII. Oxidation reagents useful
      for this transformation are known in the art. An especially useful reagent
      for this purpose is the Collins reagent, i.e. chromium trioxide in
      pyridine. See J.C. Collins et al., Tetrahedron Lett., 3363 (1968).
      Dichloromethane is a suitable diluent for this purpose. A slight excess of
      the oxidant beyond the amount necessary to oxidize the C-9 secondary
      hydroxy group of the formula-XLl intermediate is used. Reaction
      temperatures of below 20.degree. C. should be used. Preferred reaction
      temperatures are in the range =10.degree. to +10.degree.C. The oxidation
      proceeds rapidly and is usually complete in about 5 to 20 minutes.
PAR  Finally in step 3 of Chart C, all silyl groups of the formula-XLII
      intermediates are removed by hydrolysis, thereby forming the formula-XLIII
      PGE-type products. These hydrolyses are carried out by prior art
      procedures known to be useful for transforming silyl ethers and silyl
      esters to alcohols and carboxylic acids, respectively. See, for example,
      Pierce, cited above, especially p. 447 thereof. A mixture of water and
      sufficient of a water-miscible organic diluent to give a homogeneous
      hydrolysis reaction mixture represents a suitable reaction medium.
      Addition of a catalytic amount of an organic or inorganic acid hastens the
      hydrolysis. The length of time required for the hydrolysis is determined
      in part by the hydrolysis temperature. With a mixture of water and
      methanol at 25.degree. C., several hours is usually sufficient for
      hydrolysis. At 0.degree. C., several days is usually necessary. The
      formula-XLIII PGE-type product is isolated by conventional means.
PAR  The process of Chart C is also useful in transforming PGF-type compounds of
      formula XXV to the corresponding PGE-type compounds. Likewise, it is
      useful in transforming PGF-type compounds corresponding to formula XXI
      wherein R.sub.5 is hydrogen and R.sub.x is replaced by n-pentyl.
PAR  Those PGF-type compounds of formulas IX, XIII, XVII, XXI, and XXVI wherein
      R.sub.5 is methyl or ethyl are transformed to the corresponding PGE-type
      compounds by the steps shown in Chart D. Therein, formula XLIV is generic
      to those PkGF-type compounds named above. In Chart D, the symbols A, E,
      R.sub.1, R.sub.9, R.sub.x, and .about. have the same meaning as in Chart
      C. M' represents either
      ##EQU6##
      wherein R.sub.8 is methyl or ethyl.
PAR  Following steps 1-3, which utilize essentially the same reagents and
      conditions as in steps 1-3 of Chart C, there are obtained the PGE-type
      compounds represented by formula XLVII. Under these conditions, the
      intermediates of formula XLV and XLVI are 11-silyl derivatives rather than
      the 11,15-disilyl derivatives of Chart C.
PAR  The novel 15-substituted PGF-type acids and esters of
      ##SPC30##
PAL  this invention represented by formulas IX, XIII, XVII, XXI, and XXVI
      wherein R.sub.5 is methyl or ethyl are prepared by the sequence of
      transformations shown in Chart E, steps 1-3, inclusive. Formulas XLVIII,
      XLIX, L, LI, and LII, hereinafter referred to, are depicted in Chart E,
      wherein Q is
      ##EQU7##
      R.sub.8 is methyl or ethyl, and A, E, R.sub.1, R.sub.9, R.sub.x, and
      .about. are as defined for Chart C.
PAR  Consider, then, step 1 of Chart E, wherein the formula XLVIII PGF-type
      compounds are oxidized to the intermediate formula-XLIX 15-oxo acids and
      esters. For this purpose, reagents such as
      2,3-dichloro-5,6-dicyano-1,4-benzoquinone, activated manganese dioxide, or
      nickel peroxide are used, according to procedures known in the art. See
      Fieser et al., "Reagents for Organic Synthesis," John Wiley and Sons,
      Inc., New York, N.Y., (1967) pp. 215, 637, and 731.
PAR  Considering step 2 of Chart E, the formula-XLIX 15-oxo compounds are
      transformed to silyl derivatives of formula L by procedures known in the
      art. See, for example, Pierce, "Silylation of organic Compounds," Pierce
      Chemical Co., Rockford, Ill. (1968). Both hydroxy groups of the
      formula-XLIX reactants are thereby transformed to -O-Si(A).sub.3 moieties
      wherein A is as defined above, and sufficient of the silylating agent is
      used for that purpose according to known procedures. When R.sub.1 in the
      formula-XLIX intermediate is hydrogen, the -COOH moiety thereby defined is
      simultaneously transformed to --COO-Si(A).sub.3, additional silylating
      agent being used for this purpose. This latter transformation is aided by
      excess silylating agent and prolonged treatment. When R.sub.1 in formula
      XLIX is alkyl, then R.sub.9 in formula L will also be alkyl. The necessary
      silylating
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PAL  agents for these transformations are known in the art or are prepared by
      methods known in the art. See, for example, Post, "Silicones and Other
      organic Silicon Compounds," Reinhold Publishing Corp., New York, N.Y.
      (1949).
PAR  Considering step 3 of Chart E, the intermediate silyl compounds of formula
      L are transformed to the final 15-substituted compounds of formulas LI and
      LII by first reacting the silyl compound with a Grignard reagent of the
      formula R.sub.8 MgHal wherein R.sub.8 is as defined above, and Hal is
      chloro, bromo, or iodo. For this purpose, it is preferred that Hal be
      bromo. This reaction is carried out by the usual procedure for Grignard
      reactions, using diethyl ether as a reaction solvent and saturated aqueous
      ammonium chloride solution to hydrolyze the Grignard complex. The
      resulting disilyl, trisilyl, or tetrasilyl tertiary alcohol is then
      hydrolyzed with water to remove the silyl groups. For this purpose, it is
      advantageous to use a mixture of water and sufficient of a water-miscible
      solvent, e.g., ethanol to give a homogenous reaction mixture. The
      hydrolysis is usually complete in 2 to 6 hours at 25.degree. C.,. and is
      preferably carried out in an atmosphere of an inert gas, e.g., nitrogen or
      argon.
PAR  The mixture of 15-.alpha. and 15-.beta. isomers obtained by this Grignard
      reaction and hydrolysis is separated by procedures known in the art for
      separating mixtures of prostanoic acid derivatives, for example, by
      chromatography on neutral silica gel. In some instances, the lower alkyl
      esters, especially the methyl esters of a pair of 15-.alpha. and 15-.beta.
      isomers are more readily separated by silica gel chromatography than are
      the corresponding acids. In those cases, it is advantageous to esterify
      the mixture of acids as described below, separate the two esters, and
      then, if desired, saponify the esters by procedures known in the art for
      saponification of prostaglandins F.
PAR  The 15-substituted PGE-type compounds represented by formulas VIII, XII,
      XVI, XX, and XXVI are prepared from the above 15-substituted PGF-type
      compounds following the steps of Chart D, discussed above.
PAR  Chart F shows transformations from the formula LIII PGE-type compounds to
      the corresponding PGF-, PGA-, and PGB-type compounds. In figures LIII,
      LIV, LV, and LVI of Chart F, M is
      ##EQU8##
      wherein R.sub.5 is hydrogen, methyl, or ethyl; and E, R.sub.1, R.sub.x,
      and .about. are as defined above for Chart C.
PAR  Thus, the various PGF.sub..beta.-type compounds encompassed by formulas IX,
      XIII, XVII, XXI, and XXVI wherein .about. is beta, are prepared by
      carbonyl reduction of the corresponding PGE type compounds, e.g. formulas
      VIII, XII, XVI, XX, and XXVI. For example, carbonyl reduction of
      4,5-cis-didehydro-18,19,-20-trinor-PGE.sub.1 gives a mixture of
      4,5-cis-didehydro-18,19-20-trinor-PGF.sub.1.sub..alpha. and
      4,5-cis-didehydro-18,19,20-trinor-PGF.sub.1.sub..beta..
PAR  These ring carbonyl reductions are carried out by methods known in the art
      for ring carbonyl reductions of known prostanoic acid derivatives. See,
      for example, Bergstrom et al., Arkiv Kemi 19, 563 (1963), Acta. Chem.
      Scand. 16, 969 (1962), and British Specification No. 1,097,533. Any
      reducing agent is used which does not react with carbon-carbon double
      bonds or ester groups. Preferred reagents are
      lithium(tri-tert-butoxy)aluminum hydride, the metal borohydrides,
      especially sodium, potassium and zinc
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PAL  borohydrides, the metal trialkoxy borohydrides, e.g., sodium
      trimethoxyborohydride. The mixtures of alpha and beta hydroxy reduction
      products are separated into the individual alpha and beta isomers by
      methods known in the art for the separation of analogous pairs of known
      isomeric prostanoic acid derivatives. See, for example, Bergstrom et al,
      cited above, Granstrom et al., J. biol. Chem. 240, 457 (1965), and Green
      et al., J. Lipid Research 5, 117 (1964). Especially preferred as
      separation methods are partition chromatographic procedures, both normal
      and reversed phase, preparative thin layer chromatography, and
      countercurrent distribution procedures.
PAR  The various PGA-type compounds encompassed by formulas X, XIV, XVIII, XXII,
      and XXVI are prepared by acidic dehydration of the corresponding PGE-type
      compounds, e.g. formulas VIII, XII, XVI, XX, and XXVI. For example, acidic
      dehydration of 4,5-cis-didehydro-20-nor-PGE.sub.1 gives
      4,5-cis-didehydro-20-nor-PGA.sub.1.
PAR  These acidic dehydrations are carried out by methods known in the art for
      acidic dehydrations of known prostanoic acid derivatives. See, for
      example, Pike et al., Proc. Nobel Symposium II, Stockholm (1966),
      Interscience Publishers, New York, pp. 162-163 (1967); and British Pat.
      No. 1,097,533. Alkanoic acids of 2 to 6 carbon atoms, inclusive,
      especially acetic acid, are preferred acids for this acidic dehydration.
      Dilute aqueous solutions of mineral acids, e.g., hydrochloric acid,
      especially in the presence of a solubilizing diluent, e.g.,
      tetrahydrofuran, are also useful as reagents for this acidic dehydration,
      although these reagents may cause partial hydrolysis of an ester reactant.
PAR  The various PGB-type compounds encompassed by formulas XI, XV, XIX, XXIII,
      and XXVI are prepared by basic dehydration of the corresponding PGE-type
      compounds encompassed by formulas VIII, XII, XVI, XX, and XXVI or by
      contacting the corresponding PGA-type compounds encompassed by formulas X,
      XIV, XVII, XXII, and XXVI with base. For example, both
      4,5-cis-didehydro-20-methyl-PGE.sub.1 and
      4,5-cis-didehydro-20methyl-PGA.sub.1 give
      4,5-cis-didehydro-20-methyl-PGB.sub.1 on treatment with base.
PAR  These basic dehydrations and double bond migrations are carried out by
      methods known in the art for similar reactions of known prostanoic acid
      derivatives. See, for example, Bergstrom et al., J. Biol. Chem. 238, 3555
      (1963). The base is any whose aqueous solution has pH greater than 10.
      Preferred bases are the alkali metal hydroxides. A mixture of water and
      sufficient of a water-miscible alkanol to give a homogeneous reaction
      mixture is suitable as a reaction medium. The PGE-type or PGA-type
      compound is maintained in such a reaction medium until no further PGB-type
      compound is formed, as shown by the characteristic ultraviolet light
      absorption near 278 m.mu. for the PGB-type compound.
PAR  The 4,5-cis-didehydro-13,14-dihydro-PGF.sub.1 -type compounds of formula
      XXVI are conveniently prepared by the process steps of Chart G. Therein,
      R.sub.7 is alkyl of 2 to 10 carbon atoms, inclusive, substituted with zero
      to 2 fluoro, inclusive, and .about. indicates attachment of hydroxyl in
      alpha or beta configuration. When R.sub.7 in the formula-LVII compound is
      R.sub.x as defined for Chart B, that compound is the formula
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PAL  Xxxviii intermediate obtained by the process of Chart B. When R.sub.7 is
      n-pentyl, that compound is prepared by the processes of Charts A and B,
      using intermediates wherein R.sub.x is replaced by n-pentyl.
PAR  Considering step 1 of Chart G, the formula-LVII intermediate is reduced to
      compound LVIII. Reducing agents useful for this transformation are known
      in the art. Thus, hydrogen is used at atmospheric pressure or low pressure
      with catalysts such as palladium on charcoal or platinum oxide.
      Temperatures of about 25.degree. C. are used. The formula-LVIII compound
      is separated from starting material or other compounds by methods known in
      the art, e.g. silica gel chromatography.
PAR  Finally, in step 2 of Chart G, the transformation of compound LVIII to
      product LIX is done following the condensation step 3 of Chart B. The
      product is separated by procedures known in the art, for example silica
      gel chromatography or recrystallization.
PAR  Reference to Chart H will make clear the process steps by which
      4,5-cis-didehydro-2a-homo-PGF.sub.1.sub..alpha. of Formula LXIII is
      formed.
PAR  In steps 1 and 2 of Chart H, first the formula-LX compound undergoes
      condensation to form the formula-LXI enol ether, and then, by hydrolysis,
      the formula-LXII lactol is formed. The formula-LX compound is obtained
      following the steps outlined in Chart A, using reagents and intermediates
      wherein R.sub.x is n-pentyl.
PAR  In step 3 of Chart H, the formula-LXII lactol is transformed to the
      formula-LXIII product by condensation with a Wittig reagent derived from
      4-carboxybutyltriphenylphosphonium
      ##SPC34##
       halide and sodio methylsulfinylcarbanide. Dimethyl sulfoxide is
      conveniently used as a solvent, and the reaction may be done at about
      25.degree. C. The product is separated by procedures known in the art, for
      example silica gel chromatography or recrystallization.
PAR  Optically active compounds are obtained from optically active intermediates
      according to the process steps of Chart A. Likewise, optically active
      products are obtained by the transformations of optically active compounds
      following the processes of Charts B, C, D, E, F, G, and H. When racemic
      intermediates are used in reactions corresponding to the processes of
      Charts A-H, inclusive, and racemic products are obtained, these racemic
      products may be used in their racemic form or, if preferred, they may be
      resolved as optically active isomers by procedures known in the art.
PAR  For example, when final compound VIII to XXVI is a free acid, the dl form
      thereof is resolved into the d and l forms by reacting said free acid by
      known general procedures with an optically active base, e.g., brucine or
      strychnine, to give a mixture of two diastereoisomers which are separated
      by known general procedures, e.g., fractional crystallization, to give the
      separate diastereoisomeric salts. The optically active acid of formula
      VIII to XXVI is then obtained by treatment of the salt with an acid by
      known general procedures.
PAR  As discussed above, the stereochemistry at C-15 is not altered by the
      transformations of Chart A; the 15.beta. epimeric products of formula XXX
      are obtained from 15.beta. formula-XXVII reactants. Another method of
      preparing the 15.beta. products is by isomerization of the PGF.sub.1 - or
      PGE.sub.1 -type compounds having 15-.alpha. configuration, by methods
      known in the art. See, for example, Pike et al., J. Org. Chem. 34, 3552
      (1969).
PAR  As discussed above, the processes of Charts B, C, D, E, F, G, and H lead
      variously to acids (R.sub.1 is hydrogen) or to esters (R.sub.1 is alkyl,
      cycloalkyl, aralkyl, phenyl or substituted phenyl, as defined above). When
      an acid has been prepared and an alkyl ester is desired, esterification is
      advantageously accomplished by interaction of the acid with the
      appropriate diazohydrocarbon. For example, when diazomethane is used, the
      methyl esters are produced. Similar use of diazoethane, diazobutane, and
      1-diazo-2-ethylhexane, and diazodecane, for example, gives the ethyl,
      butyl, and 2-ethylhexyl and decyl esters, respectively.
PAR  Esterification with diazohydrocarbons is carried out by mixing a solution
      of the diazohydrocarbon in a suitable inert solvent, preferably diethyl
      ether, with the acid reactant, advantageously in the same or a different
      inert diluent. After the esterification reaction is complete, the solvent
      is removed by evaporation, and the ester purified if desired by
      conventional methods, preferably by chromatography. It is preferred that
      contact of the acid reactants with the diazohydrocarbon be no longer than
      necessary to effect the desired esterification, preferably about one to
      about ten minutes, to avoid undesired molecular changes. Diazohydrocarbons
      are known in the art or can be prepared by methods known in the art. See,
      for example, Organic Reactions, John Wiley and Sons, Inc., New York, N.Y.,
      Vol 8, pp. 389-394 (1954).
PAR  An alternative method for esterification of the carboxyl moiety of the acid
      compounds comprises transformation of the free acid to the corresponding
      silver salt, followed by interaction of that salt with an alkyl iodide.
      Examples of suitable iodides are methyl iodide, ethyl iodide, butyl
      iodide, isobutyl iodide, tert-butyl iodide, and the like. The silver salts
      are prepared by conventional methods, for example, by dissolving the acid
      in cold dilute aqueous ammonia, evaporating the excess ammonia at reduced
      pressure, and then adding the stoichiometric amount of silver nitrate.
PAR  The final formula VIII-to-XXVI compounds prepared by the processes of this
      invention, in free acid form, are transformed to pharmacologically
      acceptable salts by neutralization with appropriate amounts of the
      corresponding inorganic or organic base, examples of which correspond to
      the cations and amines listed above. These transformations are carried out
      by a variety of procedures known in the art to be generally useful for the
      preparation of inorganic, i.e., metal or ammonium, salts, amine acid
      addition salts, and quaternary ammonium salts. The choice of procedure
      depends in part upon the solubility characteristics of the particular salt
      to be prepared. In the case of the inorganic salts, it is usually suitable
      to dissolve the formula VIII-to-XXVI acid in water containing the
      stoichiometric amount of a hydroxide, carbonate, or bicarbonate
      corresponding to the inorganic salt desired. For example, such use of
      sodium hydroxide, sodium carbonate, or sodium bicarbonate gives a solution
      of the sodium salt. Evaporation of the water or addition of a
      water-miscible solvent of moderate polarity, for example, a lower alkanol
      or a lower alkanone, gives the solid inorganic salt if that form is
      desired.
PAR  To produce an amine salt, the formula VIII-to-XXVI acid is dissolved in a
      suitable solvent of either moderate or low polarity. Examples of the
      former are ethanol, acetone, and ethyl acetate. Examples of the latter are
      diethyl ether and benzene. At least a stoichiometric amount of the amine
      corresponding to the desired cation is then added to that solution. If the
      resulting salt does not precipitate, it is usually obtained in solid form
      by addition of a miscible diluent of low polarity or by evaporation. If
      the amine is relatively volatile, any excess can easily be removed by
      evaporation. It is preferred to use stoichiometric amounts of the less
      volatile amines.
PAR  Salts wherein the cation is quaternary ammonium are produced by mixing the
      formula VIII-to-XXVI acid with the stoichiometric amount of the
      corresponding quaternary ammonium hydroxide in water solution, followed by
      evaporation of the water.
PAR  The final formula VIII-to-XXVI acids or esters prepared by the processes of
      this invention are transformed to lower alkanoates by interaction of the
      formula VIII-to-XXVI hydroxy compound with a carboxyacylating agent,
      preferably the anhydride of a lower alkanoic acid, i.e., an alkanoic acid
      of two to 8 carbon atoms, inclusive. For example, use of acetic anhydride
      gives the corresponding acetate. Similar use of propionic anhydride,
      isobutyric anhydride, and hexanoic acid anhydride gives the corresponding
      carboxyacylates.
PAR  The carboxyacylation is advantageously carried out by mixing the hydroxy
      compound and the acid anhydride, preferably in the presence of a tertiary
      amine such as pyridine or triethylamine. A substantial excess of the
      anhydride is used, preferably about 10 to about 10,000 moles of anhydride
      per mole of the hydroxy compound reactant. The excess anhydride serves as
      a reaction diluent and solvent. An inert organic diluent, for example,
      dioxane, can also be added. It is preferred to use enough of the tertiary
      amine to neutralize the carboxylic acid produced by the reaction, as well
      as any free carboxyl groups present in the hydroxy compound reactant.
PAR  The carboxyacylation reaction is preferably carried out in the range about
      0.degree. to about 100.degree. C. The necessary reaction time will depend
      on such factors as the reaction temperature, and the nature of the
      anhydride and tertiary amine reactants. With acetic anhydride, pyridine,
      and a 25.degree. C. reaction temperature, a 12 to 24-hour reaction time is
      used.
PAR  The carboxyacylated product is isolated from the reaction mixture by
      conventional methods. For example, the excess anhydride is decomposed with
      water, and the resulting mixture acidified and then extracted with a
      solvent such as diethyl ether. The desired carboxyacylate is recovered
      from the diethyl ether extract by evaporation. The carboxyacylate is then
      purified by conventional methods, advantageously by chromatography.
PAR  By this procedure, the formula VIII, XII, XVI, XX, and XXVI PGE-type
      compounds are transformed to dialkanoates, the formula IX, XIII, XVII,
      XXI, XXV, and XXVI PGF-type compounds are transformed to trialkanoates,
      and the formula X, XIV, XVIII, XXII, and XXVI PGA-type and formula XI, XV,
      XIX, XXIII, and XXVI PGB-type compounds are transformed to monoalkanoates.
PAR  When a PGE-type dialkanoate is transformed to a PGF-type compound by
      carbonyl reduction as shown in Chart F, a PGF-type dialkanoate is formed
      and is used for the above-described purposes as such or is transformed to
      a trialkanoate by the above-described procedure. In the latter case, the
      third alkanoyloxy group can be the same as or different from the two
      alkanoyloxy groups present before the carbonyl reduction.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention can be more fully understood by the following examples.
PAR  All temperatures are in degrees centigrade.
PAR  Infrared absorption spectra are recorded on a Perkin-Elmer model 421
      infrared spectrophotometer. Except when specified otherwise, undiluted
      (neat) samples are used.
PAR  Mass spectra are recorded on an Atlas CH-4 mass spectrometer with a TO-4
      source (ionization voltage 70 ev).
PAR  NMR spectra are recorded on a Varian A-60 spectrophotometer in
      deuterochloroform solutions with tetramethylsilane as an internal standard
      (downfield). "Brine", herein, refers to an aqueous saturated sodium
      chloride solution.
PAC  PREPARATION 1
      3.alpha.-Benzoyloxy-5.alpha.-hydroxy-4-iodo-2.beta.-methoxymethylcyclopent
     aneacetic Acid .gamma.-Lactone (Formula XXVIII: R.sub.10 is benzoyl).
PAR  Refer to Chart A. To a mixture of laevorotatory (-) iodolactone XXVII (E.
      J. Corey et al., J. Am. Chem. Soc. Vol. 92, p. 397 (1970), 75 g.) in 135
      ml. of dry pyridine under a nitrogen atmosphere is added 30.4 ml. of
      benzoyl chloride with cooling to maintain the temperature at about
      20.degree.-40.degree. C. Stirring is continued for an additional 30 min.
      About 250 ml. of toluene is added and the mixture concentrated under
      reduced pressure. The residue is dissolved in one 1. of ethyl acetate,
      washed with 10% sulfuric acid, brine, aqueous saturated sodium
      bicarbonate, and brine. The ethyl acetate solution is dried over sodium
      sulfate and concentrated under reduced pressure to yield an oil, 95 g.
      Crystallization of the oil yields the title compound, m.p.
      84.degree.-86.degree. C.; [.alpha.].sub.D + 7.degree. (CHCl.sub.3);
      infrared spectral absorptions at 1768, 1722, 1600, 1570, 1490, 1275, 1265,
      1180, 1125, 1090, 1060, 1030, and 710 cm.sup.-.sup.1 ; and NMR (nuclear
      magnetic resonance) peaks at 2.1-3.45, 3.3, 3.58, 4.38, 5.12, 5.51,
      7.18-7.58, and 7.83-8.05 .delta..
PAR  Following the procedure of Preparation 1, but replacing that optically
      active formula-XXVII iodolactone with the racemic compound of that formula
      and the mirror image thereof, there is obtained the corresponding racemic
      benzoxy compound.
PAC  Preparation 2
PAC  3.alpha.-Benzoyloxy-5.alpha.-hydroxy-2.beta.-methoxy-methylcyclopentaneacet
     ic Acid .gamma.-Lactone (Formula XXIX: R.sub.10 is benzoyl).
PAR  Refer to Chart A. To a solution of the optically active formula-XXVIII
      benzoxy compound (Preparation 1, 60 g.) in 240 ml. of dry benzene is added
      2,2'-azobis-(2-methylpropionitrile) (approximately 60 mg.). The mixture is
      cooled to 15.degree. C. and to it is added a solution of 75 g. tributyltin
      hydride in 600 ml. of ether, with stirring, at such a rate as to maintain
      continuous reaction at about 25.degree. C. When the reaction is complete
      as shown by TLC (thin layer chromatography) the mixture is concentrated
      under reduced pressure to an oil. The oil is mixed with 600 ml. of
      Skellysolve B (mixture of isomeric hexanes) and 600 ml. of water and
      stirred for 30 min. The water layer, containing the product, is separated,
      then combined with 450 ml. of ethyl acetate and enough solid sodium
      chloride to saturate the aqueous phase. The ethyl acetate layer, now
      containing the product, is separated, dried over magnesium sulfate, and
      concentrated under reduced pressure to an oil, 39 g. of the title
      compound. An analytical sample gives [.alpha.].sub.D -99.degree.
      (CHCl.sub.3); infrared spectral absorptions at 1775, 1715, 1600, 1585,
      1490, 1315, 1275, 1180, 1110, 1070, 1055, 1025, and 715 cm.sup.-.sup.1.;
      NMR peaks at 215-3.0, 3.25, 3.34, 4.84- 5.17, 5.17-5.4, 7.1-7.5, and
      7.8-8.05 .delta.; and mass spectral peaks at 290, 168, 105, and 77.
PAR  Following the procedure of Preparation 2, the racemic benzoxy compound
      following Preparation 1 is transformed to the corresponding racemic
      lactone.
PAC  PREPARATION 3
PAC  3.alpha.-Benzoyloxy-5.alpha.-hydroxy-2.beta.-hydroxy-methylcyclopentaneacet
     ic Acid .gamma.-Lactone (Formula XXX: R.sub.10 is benzoyl).
PAR  Refer to Chart A. To a cold (0.degree.-5.degree. C.) solution of lactone
      XXIX (Preparation 2, 20 g.) in 320 ml. of dichloromethane under nitrogen
      is added a solution of 24.8 ml. of boron tribromide in 320 ml. of
      dichloromethane, dropwise with vigorous stirring over a period of 50 min.
      at 0.degree.-5.degree. C. Stirring and cooling are continued for 1 hr.
      When the reaction is complete, as shown by TLC, there is cautiously added
      a solution of sodium carbonate (78 G. monohydrate) in 200 ml. of water.
      The mixture is stirred at 0.degree.-5.degree. C. for 10-15 min., saturated
      with sodium chloride, and the ethyl acetate layer separated. Additional
      ethyl acetate extractions of the water layer are combined with the main
      ethyl acetate solution. The combined solutions are rinsed with brine,
      dried over sodium sulfate and concentrated under reduced pressure to an
      oil, 18.1 g. of the title compound. An analytical sample has m.p.
      116.degree.-118.degree. C.; [.alpha.].sub.D -80.degree. (CHCl.sub.3);
      infrared spectral absorptions at 3460, 1735, 1708, 1600, 1580, 1490, 1325,
      1315, 1280, 1205, 1115, 1090, 1070, 1035, 1025, 730, and 720; and NMR
      peaks at 2.1-3.0, 3.58, 4.83-5.12, 5.2-5.45, 7.15-7.55, and 7.8-8.0
      .delta..
PAR  Following the procedure of Preparation 3, the racemic lactone following
      Preparation 2 is transformed to the corresponding racemic hydroxymethyl
      compound.
PAC  PREPARATION 4
PAC  3.alpha.-Benzoyloxy-2.beta.-carboxaldehyde-5.alpha.-hydroxycyclopentaneacet
     ic Acid .gamma.-Lactone (Formula XXXI: R.sub.10 is benzoyl).
PAR  Refer to Chart A. To a mixture of 150 ml. of dry dichloromethane and
      Collins' reagent J. C. Collins et al, Tetrahedron Lett. 3363 (1968), 28
      g.) at about 10.degree. C. under nitrogen is added, with vigorous
      stirring, a cold (10.degree. C.) solution of the optically active
      hydroxymethyl lactone XXX (Preparation 3, 5.0 g.) in 150 ml. of
      dichloromethane. After 5-min. additional stirring, about 100 ml. of dry
      benzene is added, the mixture is filtered, and the solution is
      concentrated under reduced pressure. The volume is brought to about 150
      ml. with benzene. The solution of the formula-XXXI title compound is used
      directly.
PAR  From a similar run, there is obtained by concentration of the benzene
      solution under reduced pressure an oil which, on trituration with ether,
      yields crystals of the optically active formula-XXXI compound, m.p.
      115.degree. C. (dec); and having NMR peaks at 1.8-3.7, 4.9-5.2, 5.54-5.77,
      7.2-7.6, 7.7-8.0, and 9.8 .delta..
PAR  Following the procedure of Preparation 4, the racemic hydroxymethyl
      compound following Preparation 3 is transformed to the corresponding
      racemic aldehyde.
PAC  PREPARATION 5
PAC  dl-Dimethyl 2-Oxo-3-methylheptylphosphonate,
      ##EQU9##
PAR  n-Butyllithium (150 ml.) is slowly added to a solution of dimethyl
      methylphosphonate (25.6 g.) in 475 ml. of tetrahydrofuran (THF) at about
      -65.degree. C. To the mixture is added a solution of racemic ethyl
      2-methylhexanoate (18.4 g.) in 50 ml. of THF, and the resulting mixture is
      stirred at -70.degree. C. for 2 hrs. Then, 16 ml. of acetic acid is added,
      and the mixture is concentrated under reduced pressure. The residue is
      mixed with dichloromethane (about 400 ml.) and water (about 50 ml.),
      shaken, and separated. The organic phase is dried over magnesium sulfate
      and concentrated. Distillation yields the title compound, 16.7 g., b.p.
      126.degree.-129.degree. C./1 mm.
PAR  Following the procedure of Preparation 5 but replacing racemic ethyl
      2-methylhexanoate with the ethyl esters of the (+) and (-) isomers of
      2-methylhexanoic acid (see P. A. Levene et al., J. Biol. Chem. 70, 211
      (1926) and 84, 571 (1929)) there are obtained the corresponding optically
      active (+) and (-) title compounds.
PAR  Likewise following the procedure of Preparation 5, but replacing racemic
      ethyl 2-methylhexanoate with each of the following aliphatic acid esters
      there are obtained the corresponding phosphonates, with optically active
      esters yielding optically active phosphonates and racemic esters yielding
      racemic phosphonates:
PA1  methyl propionate
PA1  ethyl butyrate
PA1  methyl valerate
PA1  ethyl heptanoate
PA1  ethyl octanoate
PA1  methyl nonanoate
PA1  methyl decanoate
PA1  ethyl undecanoate
PA1  ethyl 2-methylpropionate
PA1  methyl 2-ethylbutyrate
PA1  methyl 2,2-dimethylbutyrate
PA1  ethyl 2,2-dimethylhexanoate
PA1  methyl 2,3-dimethylhexanoate
PA1  methyl 2-ethylhexanoate
PA1  ethyl 2-butylhexanoate
PA1  ethyl 2-ethyl-2-methyloctanoate
PA1  methyl 2-ethylnonanoate
PA1  ethyl 2-methyldecanoate
PA1  methyl 2-fluoropropionate
PA1  ethyl 3-fluoropropionate
PA1  ethyl 2,2-difluoropropionate
PA1  methyl 2-fluorobutyrate
PA1  ethyl 3,3-difluorobutyrate
PA1  ethyl 2-fluorovalerate
PA1  methyl 2-fluorohexanoate
PA1  methyl 2,2-difluorohexanoate
PA1  ethyl 2-fluoroheptanoate
PA1  methyl 2-fluorooctanoate
PA1  methyl 2-fluorodecanoate
PAR  For example, ethyl butyrate yields dimethyl 2-oxopentylphosphonate; racemic
      methyl 2-ethylhexanoate yields racemic dimethyl
      2-oxo-3-ethylheptylphosphonate; and optically active methyl
      2-fluorodecanoate yields optically active dimethyl
      2-oxo-3-fluoroundecylphosphonate.
PAC  PREPARATION 6
PAC  3.alpha.-Benzoyloxy-5.alpha.-hydroxy-2.beta.-(3-oxo-4-methyl-trans-1-octeny
     l)-1.alpha.-cyclopentaneacetic Acid .gamma.-Lactone (Formula XXXII: R.sub.x
      is 1-methylpentyl and R.sub.10 is benzoyl).
PAR  Refer to Chart A. A solution of racemic dimethyl
      2-oxo-3-methylheptylphosphonate (Preparation 5, 7.9 g.) in 36 ml. of THF
      is added, with stirring, to a cold (5.degree. C.) suspension of sodium
      hydride (55%, 1.62 g.) in 180 ml. of THF. Thereafter the reaction mixture
      is stirred at about 25.degree. C. for 2.5 hrs., and cooled to -10.degree.
      C. To the mixture is added a benzene solution of optically active aldehyde
      XXXI (Preparation 4, 108 ml.). After 1.5 hrs., 1.8 ml. of acetic acid is
      added and the THF distilled under vacuum. The residue is dissolved in
      ethyl acetate and the solution is washed with brine, dried over sodium
      sulfate, and concentrated under reduced pressure. Chromatography over
      silica gel using 25-30% ethyl acetate in Skellysolve B (isomeric hexanes)
      for elution yields the separated diastereomers, i.e. C-16 epimers of the
      formula-XXXII title compound.
PAR  Following the procedure of Preparation 6, again using the optically active
      aldehyde XXXI, but replacing the racemic phosphonate with each of the
      optically active (+) and (-) 2-oxo-3-methylheptylphosphonates following
      Preparation 5, there are obtained the corresponding optically active
      formula-XXXII compounds.
PAR  Following the procedure of Preparation 6, but replacing aldehyde XXXI with
      the racemic aldehyde disclosed following Preparation 4, and using each of
      the phosphonates of and following Preparation 5, there are obtained the
      ketones corresponding to the formula-XXXII compounds.
PAR  The racemic aldehydes, when reacted with a racemic phosphonate, each yield
      two pairs of racemates which are separable into separate pairs of racemic
      compounds by methods known in the art, e.g. silica gel chromatography. The
      racemic aldehydes, when reacted with an optically active phosphonate, each
      yield a pair of diastereomers, which are separable, e.g. by silica gel
      chromatography.
PAR  Following the procedure of Preparation 6, optically active aldehyde XXXI
      yields, with dimethyl 2-oxopentylphosphonate, optically active ketone
      XXXII wherein R.sub.x is propyl. Optically active aldehyde XXXI yields,
      with racemic dimethyl 2-oxo-3-ethylheptylphosphonate, the diastereomeric
      ketones corresponding to formula XXXII wherein R.sub.x is 1-ethylpentyl.
      Racemic aldehyde XXXI yields, with optically active dimethyl
      2-oxo-3-fluoroundecylphosphonate, diastereomeric ketones corresponding to
      formula XXXII wherein R.sub.x is 1-fluorononyl.
PAC  PREPARATION 7
PAC  3.alpha.-Benzoyloxy-5.alpha.-hydroxy-2.beta.-(3.alpha.-hydroxy-4-methyl-tra
     ns-1-octenyl)-1.alpha.-cyclopentane-acetic Acid .gamma.-Lactone (Formula
      XXXIII: R.sub.x is 1-methylpentyl, R.sub.10 is benzoyl, and .about. is
      alpha).
PAR  Refer to Chart A. A solution containing the 16-epimers of ketone XXXII
      (Preparation 6, 2.75 g.) in 14 ml. of 1,2-dimethoxyethane is added to a
      mixture of zinc borohydride prepared from zinc chloride (anhydrous, 4.94
      g.) and sodium borohydride (1.12 g.) in 48 ml. of dry 1,2-dimethoxyethane,
      with stirring and cooling to -10.degree. C. Stirring is continued for 2
      hrs. at 0.degree. C., and water (7.8 ml.) is cautiously added, followed by
      52 ml. of ethyl acetate. The mixture is filtered, and the filtrate is
      separated. The ethyl acetate solution is washed with brine, dried over
      sodium sulfate, and concentrated under reduced pressure to a mixture of
      the corresponding formula-XXXIII 15-alpha and 15-beta isomers. The
      compounds are subjected to chromatography on a silica gel column, eluting
      with ethyl acetate, to separate the 15-alpha (less polar) and 15-beta
      isomers of the C-16 epimers of the formula-XXXIII title compounds.
PAR  Following the procedure of Preparation 7, the ketones derived from the
      various phosphonates following Preparation 6 are transformed to the
      optically active or racemic hydroxy compounds corresponding to formula
      XXXIII, wherein R.sub.10 is benzoyl. Thus, for example, there are obtained
      the hydroxy compounds wherein R.sub.x is propyl, 1-ethylpentyl, or
      1-fluorononyl.
PAC  PREPARATION 8
PAC  3.alpha.,5.alpha.-Dihydroxy-2.beta.-(3.alpha.-hydroxy-4-methyl-trans-1-octe
     nyl)-1.alpha.-cyclopentaneacetic Acid .gamma.-Lactone (Formula XXXIV:
      R.sub.x is 1-methylpentyl).
PAR  Refer to Chart A. Potassium carbonate (0.79 g.) is added to a solution of
      the mixed C-16 alpha and beta epimeric alpha-hydroxy formula-XXXIII
      compounds (Preparation 7, 2.2 g.) in 25 ml. of methanol, and the mixture
      is stirred for 1 hr. at about 25.degree. C. Thereafter, 80 ml. of
      chloroform is added, the mixture is filtered, and the organic phase is
      concentrated under reduced pressure. The residue is taken up in
      dichloromethane and the solution washed with brine. Concentration of the
      organic phase gives a residue which is triturated with Skellysolve B, then
      concentrated to the corresponding mixed C-16 alpha and beta epimeric
      15-alpha formula-XXXIV title compounds, 1.2 g.
PAR  Following the procedure of Preparation 8, each of the optically active or
      racemic hydroxy compounds corresponding to Formula XXXIII described
      following Preparation 7, is transformed to the corresponding optically
      active or racemic compound corresponding to formula XXXIV. Thus, for
      example, there are obtained the compounds wherein R.sub.x is propyl,
      1-ethylpentyl, or 1-fluorononyl.
PAC  PREPARATION 9
PAC  3.alpha.,5.alpha.-Dihydroxy-2.beta.-(3.alpha.-hydroxy-4-methyl-trans-1-octe
     nyl)-1.alpha.-cyclopentaneacetic Acid .gamma.-Lactone,
      3,3'-Bis(tetrahydropyranyl) Ether (Formula XXXV: R.sub.x is
      1-methylpentyl).
PAR  Refer to Chart A. A solution of the formula-XXXIV diols (Preparation 8, 1.3
      g.), 4.25 ml. of dihydropyran, and 0.019 g. of p-toluenesulfonic acid in
      35 ml. of dichloromethane is stirred at about 25.degree. C. for 30 min.
      The solution is washed with potassium bicarbonate solution, dried, and
      concentrated under reduced pressure to yield the formula-XXXV title
      compound, 2.7 g.
PAR  Following the procedures of Preparation 9, each of the optically active or
      racemic compounds corresponding to formula XXXIV described following
      Preparation 8 is transformed to an optically active or racemic compounds
      corresponding to formula XXXV, for example wherein R.sub.x is propyl,
      1-ethylpentyl, or 1-fluorononyl.
PAC  PREPARATION 10
PAC  3.alpha.,5.alpha.-Dihydroxy-2.beta.-(3.alpha.-hydroxy-4-methyl-trans-1-octe
     nyl)-1.alpha.-cyclopentaneacetaldehyde .gamma.-Lactol,
      3,3'-Bis(tetrahydropyranyl) Ether (Formula XXXVI: R.sub.x is
      1-methyl-pentyl and .about. is alpha or beta).
PAR  Refer to Chart B. Diisobutylaluminum hydride (2.6 ml.) in 25 ml. of toluene
      is added dropwise to a stirred solution of the formula-XXXV
      tetrahydropyranyl ether (Preparation 9, 2.7 g.) in 30 ml. of toluene
      cooled to -70.degree. C. Stirring is continued at -70.degree. C. for 30
      min., whereupon a solution of 12 ml. of THF and 6 ml. of water is
      cautiously added. The mixture is filtered and the filtrate is washed with
      brine, dried, and concentrated to the mixed alpha and beta hydroxy isomers
      of the formula-XXXVI title compounds, 2.4 g., showing no lactone
      absorption in their infrared spectra.
PAR  Following the procedures of Preparation 10, each of the optically active or
      racemic compounds corresponding to formula XXXV described following
      Preparation 9 is transformed to the corresponding optically active or
      racemic compound corresponding to formula XXXVI, for example, wherein
      R.sub.x is propyl, 1-ethylpentyl, or 1-fluorononyl.
PAC  PREPARATION 11
PAC  3.alpha.,5.alpha.-Dihydroxy-2.beta.-(3.alpha.-hydroxy-trans-1-octenyl)-
      1.alpha.-cyclopentanepropionaldehyde .delta.-Lactol (Formula LXII:
      .about.OH is alpha).
PAR  1. Refer to Chart H. A suspension of methoxymethyltriphenylphosphonium
      chloride (Levine, J. Am. Chem. Soc. 80, 6150 (1958), 32.4 g.) in 150 ml.
      of tetrahydrofuran (THF) is cooled to -15.degree. C. and to it is added
      69.4 ml. of butyllithium (1.6 M. in hexane) in 45 ml. of THF. After 30
      min. there is added a solution of the formula-XXXVI
      3.alpha.,5.alpha.-dihydroxy-2.beta.-(3.alpha.-hydroxy-trans-1-octenyl)-1.a
     lpha.-cyclopentaneacetaldehyde .gamma.-lactol bis(tetrahydropyranyl) ether
      (Corey et al., J. Am. Chem. Soc. 92, 397 (1970), 10.0 g.) in 90 ml. of
      THF. The mixture is stirred for 1.5 hrs., meanwhile warming to about
      25.degree. C., and is then concentrated under reduced pressure. The
      residue is partitioned between dichloromethane and water, and the organic
      phase is dried and concentrated. This residue is then subjected to
      chromatography over silica gel, eluting with cyclohexane-ethyl acetate
      (2:1). Those fractions shown by thin-layer chromatography (TLC) to contain
      the formula-LXI intermediate are combined and concentrated to yield that
      enol-ether, 5.2 g.
PAR  2. The above enol-ether, in 20 ml. of THF, is hydrolyzed with 50 ml. of 66%
      acetic acid at about 57.degree. C. for 2.5 hrs. The mixture is
      concentrated under reduced pressure. Toluene is added to the residue and
      the solution is again concentrated. Finally the residue is subjected to
      chromatography on silica gel, eluting with chloroform-methanol (6:1). The
      title compound is obtained by combining and concentrating suitable
      fractions, 2.54 g.; recrystallized from ethyl acetate, m.p.
      121.degree.-123.degree. C., infrared absorption at 3500, 1315, 1220, 1140,
      1120, 1045, 1020, and 970 cm.sup.-.sup.1.
PAR  Following the procedures of Preparation 11, but replacing the formula XXXVI
      compound with the corresponding 3.beta.-hydroxy ether compound there is
      obtained the corresponding formula-XXXVIII 3.beta.-hydroxy compound,
      namely 3.alpha.,5.alpha.-dihydroxy-2.beta.-(3.beta.-hydroxy-trans-1-octeny
     l)-1.alpha.-cyclopentanepropionaldehyde .delta.-lactol. Likewise, the
      racemic 3.alpha.- or 3.beta.-hydroxy ether compounds yield the
      corresponding racemic 3.alpha.- or 3.beta.-hydroxy .delta.-lactols.
PAC  EXAMPLE 1
PAC  3.alpha.,5.alpha.-Dihydroxy-2.beta.-(3.alpha.-hydroxy-4-methyl-trans-1-octe
     nyl)-1.alpha.-cyclopentanepropionaldehyde .delta.-Lactol (Formula XXXVIII:
      R.sub.x is 1-methylpentyl and .about.OH is alpha).
PAR  Refer to Chart B. A suspension of methoxymethyltriphenylphosphonium
      chloride (Levine, J. Am. Chem. Soc. 80, 6150 (1958), 32.4 g.) in 150 ml.
      of tetrahydrofuran (THF) is cooled to -15.degree. C. and to it is added
      69.4 ml. of butyllithium (1.6 M. in hexane) in 45 ml. of THF. After 30
      min. there is added a solution of the formula-XXXVI
      3.alpha.,5.alpha.-dihydroxy-2.beta.-(3.alpha.-hydroxy-4-methyl-trans-1-oct
     enyl)-1.alpha.-cyclopentaneacetaldehyde .gamma.-lactol
      bis(tetrahydropyranyl) ether (Preparation 10, 10.0 g.) in 90 ml. of THF.
      The mixture is stirred for 1.5 hrs., meanwhile warming to about 25.degree.
      C., and is then concentrated under reduced pressure. The residue is
      partitioned between dichloromethane and water, and the organic phase is
      dried and concentrated. This residue is then subjected to chromatography
      over silica gel, eluting with cyclohexane-ethyl acetate (2:1). Those
      fractions shown by thin-layer chromatography (TLC) to contain the
      formula-XXXVII intermediate are combined and concentrated to yield that
      enol-ether.
PAR  The above enol-ether, in 20 ml. of THF, is hydrolyzed with 50 ml. of 66%
      acetic acid at about 57.degree. C. for 2.5 hrs. The mixture is
      concentrated under reduced pressure. Toluene is added to the residue and
      the solution is again concentrated. Finally the residue is subjected to
      chromatography on silica gel, eluting with chloroform-methanol (6:1). The
      title compound is obtained by combining and concentrating suitable
      fractions.
PAR  Following the procedures of Example 1, but replacing the formula-XXXVI
      compound with the corresponding racemic
      3.alpha.,5.alpha.-dihydroxy-2.beta.-(3.alpha.-hydroxy-4-methyl-trans-1-oct
     enyl)-1.alpha.-cyclopentaneacetaldehyde .gamma. lactol
      bis(tetrahydropyranyl) ether obtained following Preparation 10, there is
      obtained the corresponding racemic .delta.-lactol, namely,
      dl-3.alpha.,5.alpha.-dihydroxy-2.beta.-(3.alpha.-hydroxy-4-methyl-trans-1-
     octenyl)-1.alpha.-cyclopentanepropionaldehyde .delta.-lactol.
PAR  Following the procedures of Example 1, but replacing the formula-XXXVI
      compound with the corresponding optically active 3.beta.-hydroxy ether
      compound, there is obtained the corresponding optically active
      formula-XXXVIII 3.beta.-hydroxy compound, namely
      3.alpha.,5.alpha.-dihydroxy-2.beta.-(3.beta.-hydroxy-4-methyl-trans-1-octe
     nyl)-1.alpha.-cyclopentanepropionaldehyde .delta.-lactol.
PAR  Following the procedures of Example 1, but replacing the formulaL-XXXVI
      compound with the corresponding racemic 3.beta.-hydroxy ether compound,
      there is obtained the corresponding racemic 3.beta.-hydroxy
      .delta.-lactol, namely
      dl-3.alpha.,5.alpha.-dihydroxy-2.beta.-(3.beta.-hydroxy-trans-1-octenyl)-1
     .alpha.-cyclopentanepropionaldehyde .delta.-lactol.
PAR  Likewise following the procedures of Example 1, but replacing the
      formula-XXXVI compound with the various optically active or racemic
      3.alpha.- or 3.beta.-hydroxy ether compounds obtained following
      Preparation 10, for example wherein R.sub.x is propyl, 1-ethylpentyl, or
      1-fluorononyl, there is obtained the corresponding optically active or
      racemic 3.alpha.- or 3.beta.-hydroxy propionaldehyde .delta.-lactol
      corresponding to formula XXXVIII.
PAC  EXAMPLE 2
PAC  4,5-cis-Didehydro-16-methyl-PGF.sub.1.sub..alpha. (Formula IX: R.sub.1 and
      R.sub.5 are hydrogen, R.sub.x is 1-methylpentyl, and .about. is alpha).
PAR  Refer to Chart B. 3-Carboxypropyltriphenylphosphonium bromide is prepared
      by heating triphenylphosphine (156.8 g.) and 4-bromobutyric acid (100 g.)
      in 125 ml. of benzene at reflux for 18 hrs. The crystalline product is
      filtered off, washed with benzene, and recrystallized from
      ethanolacetonitrile-ether, 150 g., m.p. 247.degree.-249.degree. C.
PAR  The above phosphonium bromide (10.6 g.) is added to sodio
      methylsulfinylcarbanide prepared from sodium hydride (2.08 g., 57%) and 30
      ml. of dimethyl sulfoxide, and the resulting Wittig reagent is combined
      with the formula-XXXVIII lactol of Example 1, in 20 ml. of dimethyl
      sulfoxide. The mixture is stirred overnight, diluted with about 200 ml. of
      benzene, and washed with potassium hydrogen sulfate solution. The two
      lower layers are washed with dichloromethane, and the organic phases are
      combined, washed with brine, dried, and concentrated under reduced
      pressure. The residue is subjected to chromatography over acid-washed
      silica gel, eluting with ethyl acetate-isomeric hexanes (3:1). Those
      fractions shown to contain the desired compound by TLC are combined and
      concentrated to yield the title compound.
PAR  Following the procedures of Example 2, but replacing the formula-XXXVIII
      lactol of that Example with the corresponding formula-XXXVIII
      3.beta.-hydroxy compound obtained following Example 1, there is obtained
      the corresponding formula-XXXIX
      4,5-cis-didehydro-15.beta.-PGF.sub.1.sub..alpha. product, corresponding to
      formula XVII wherein R.sub.1 and R.sub.5 are hydrogen, R.sub.4 is
      1-methylpentyl, and .about. is alpha.
PAR  Following the procedures of Example 2, but replacing the formula-XXXVIII
      lactol with the corresponding racemic 3.alpha.- or 3.beta.-hydroxy lactol
      obtained following Example 1, there is obtained the corresponding
      dl-4,5-cis-didehydro-16-methyl-PGF.sub.1.sub..alpha. or
      dl-4,5-cis-didehydro-16-methyl-15.beta.-PGF.sub.1.sub..alpha. product.
PAR  Likewise following the procedures of Example 2, but replacing the
      formula-XXXVIII lactol with the various optically active or racemic
      3.alpha.- or 3.beta.-hydroxy lactols obtained following Example 1, for
      example, wherein R.sub.x is propyl 1-ethylpentyl, or 1-fluorononyl, there
      is obtained the corresponding optically active or racemic
      4,5-cis-didehydro-PGF.sub.1.sub..alpha. or
      4,5-cis-didehydro-15.beta.-PGF.sub.1.sub..alpha. type product, within the
      scope of formulas IX and XVII, for example:
PA1  4,5-cis-didehydro-19,20-dinor-PGF.sub.1.sub..alpha.
PA1  dl-4,5-cis-didehydro-19,20-dinor-PGF.sub.1.sub..alpha.
PA1  4,5-cis-didehydro-19,20-dinor-15.beta.-PGF.sub.1.sub..alpha.
PA1  dl-4,5-cis-didehydro-19,20-dinor-15.beta.-PGF.sub.1.sub..alpha.
PA1  4,5-cis-didehydro-16-ethyl-PGF.sub.1.sub..alpha.
PA1  dl-4,5-cis-didehydro-16-ethyl-PGF.sub.1.sub..alpha.
PA1  4,5-cis-didehydro-16-ethyl-15.beta.-PGF.sub.1.sub..alpha.
PA1  dl-4,5-cis-didehydro-16-ethyl-15.beta.-PGF.sub.1.sub..alpha.
PA1  4,5-cis-didehydro-16-fluoro-20-butyl-PGF.sub.1.sub..alpha.
PA1  dl-4,5-cis-didehydro-16-fluoro-20-butyl-PGF.sub.1.sub..alpha.
PA1  4,5-cis-didehydro-16-fluoro-20-butyl-15.beta.-PGF.sub.1.sub..alpha.
PA1  dl-4,5-cis-didehydro-16-fluoro-20-butyl-15.beta.-PGF.sub.1.sub..alpha.
PAC  EXAMPLE 3
PAC  4,5-cis-Didehydro-16-methyl-PGF.sub.1.sub..alpha., Methyl Ester (Formula
      IX: R.sub.1 is methyl, R.sub.5 is hydrogen, R.sub.x is 1-methylpentyl, and
      .about. is alpha).
PAR  A solution of diazomethane (about 50% excess) in diethyl ether (25 ml.) is
      added to a solution of 4,5-cis-didehydro-16-methyl-PGF.sub.1.sub..alpha.
      (Example 2, 50 mg.) in 25 ml. of a mixture of methanol and diethyl ether
      (1:1). The mixture is left standing at 25.degree. C. for 5 min. and then
      is concentrated under reduced pressure to the title compound.
PAR  Following the procedure of Example 3, each of the
      4,5-cis-didehydro-PGF.sub.1.sub..alpha. type products obtained following
      Example 2, including their 15.beta.-epimers and the racemic forms, is
      transformed to a corresponding methyl ester.
PAC  EXAMPLE 4
PAC  4,5-cis-Didehydro-16-methyl-PGE.sub.1, Methyl Ester (Formula VIII: R.sub.1
      is methyl, R.sub.5 is hydrogen, R.sub.x is 1-methylpentyl, and .about. is
      alpha).
PAR  Refer to Chart C. 1. A solution of
      4,5-cis-didehydro-16-methyl-PGF.sub.1.sub..alpha., methyl ester (Example
      3, 480 mg.) in 20 ml. of acetone is cooled to about -50.degree. C. and to
      it is added 4 ml. of N-trimethylsilyldiethylamine. The mixture is kept
      under nitrogen at -50.degree. C. for 2.5 hrs. Progress of the reaction is
      monitored by TLC. The reaction mixture is diluted with about 200 ml. of
      diethyl ether. The solution is washed with about 150 ml. of cold brine and
      cold saturated potassium bicarbonate solutions. The ether extract is
      concentrated to a residue containing
      4,5-cis-didehydro-16-methyl-PGF.sub.1.sub..alpha.,
      11,15-bis(trimethylsilyl) ether, methyl ester (Formula XLI).
PAR  2. For the oxidation step, a solution of the above
      11,15-bis(trimethylsilyl) ether in dichloromethane (4 ml.) is added to a
      solution of CrO.sub.3 -pyridine (prepared from 0.26 g. of CrO.sub.3 and
      0.4 ml. of pyridine in 16 ml. of dichloromethane). The mixture is stirred
      for 5 min. at about 0.degree. C. and 5 min. at about 25.degree. C., then
      diluted with 10 ml. of ethyl acetate and filtered through silica gel. The
      solution, together with rinsings, is concentrated under reduced pressure
      to yield the formula-XLII compound.
PAR  3. The product of step 2 is hydrolyzed in 6 ml. of methanol, 1 ml. of
      water, and about 0.1 ml. of acetic acid at about 35.degree. C. for 15 min.
      The volatiles are removed under reduced pressure and the residue is
      partitioned between dichloromethane and water. The organic phase is
      separated, dried over sodium sulfate, and concentrated under reduced
      pressure. The residue is chromatographed on silica gel, eluting with ethyl
      acetate-Skellysolve B (isomeric hexanes) (4:1). Those fractions containing
      the title compound free of starting material and impurities are combined
      and concentrated to yield the title compound.
PAR  Following the procedures of Example 4, but replacing
      4,5-cis-didehydro-16-methyl-PGF.sub.1.sub..alpha., methyl ester, with
      4,5-cis-didehydro-16-methyl-15.beta.-PGF.sub.1.sub..alpha. obtained
      following Example 2, there is obtained the formula-XVI
      4,5-cis-didehydro-16-methyl-15.beta.-PGE.sub.1 product. Similarly, the
      corresponding racemic PGF.sub.1.sub..alpha. type compounds yield the
      corresponding racemic PGE.sub.1 type products.
PAR  Likewise following the procedures of Example 4, but employing the various
      optically active or racemic PGF.sub.1.sub..alpha. or
      15.beta.-PGF.sub.1.sub..alpha. type compounds, or their methyl esters,
      there are obtained the corresponding optically active or racemic
      4,5-cis-didehydro-PGE.sub.1 or 4,5-cis-didehydro-15.beta.-PGE.sub.1 type
      products within the scope of formulas VIII and XVI, for example:
PA1  4,5-cis-didehydro-19,20-dinor-PGE.sub.1
PA1  dl-4,5-cis-didehydro-19,20-dinor-PGE.sub.1
PA1  4,5-cis-didehydro-19,20-dinor-15.beta.-PGE.sub.1
PA1  dl-4,5-cis-didehydro-19,20-dinor-15.beta.-PGE.sub.1
PA1  4,5-cis-didehydro-16-ethyl-PGE.sub.1
PA1  dl-4,5-cis-didehydro-16-ethyl-PGE.sub.1
PA1  4,5-cis-didehydro-16-ethyl-15.beta.-PGE.sub.1
PA1  dl-4,5-cis-didehydro-16-ethyl-15.beta.-PGE.sub.1
PA1  4,5-cis-didehydro-16-fluoro-20-butyl-PGE.sub.1
PA1  dl-4,5-cis-didehydro-16-fluoro-20-butyl-PGE.sub.1
PA1  4,5-cis-didehydro-16-fluoro-20-butyl-15.beta.-PGE.sub.1
PA1  dl-4,5-cis-didehydro-16-fluoro-20-butyl-15.beta.-PGE.sub.1
PAC  EXAMPLE 5
PAC  4,5-cis-Didehydro-15-methyl-16-methyl-PGF.sub.1.sub..alpha., Methyl Ester
      (Formula IX: R.sub.1 and R.sub.5 are methyl, R.sub.x is 1-methylpentyl,
      and .about. is alpha).
PAR  1. Refer to Chart E. A solution of
      4,5-cis-didehydro-16-methyl-PGF.sub.1.sub..alpha. methyl ester (Example 3,
      about 0.5 g.) in 24 ml. of dioxane is stirred at 50.degree. C. under
      nitrogen and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (0.37 g.) is added.
      The mixture is stirred at 50.degree. C. for 24 hrs., cooled to room
      temperature, and filtered. The filter cake is washed with tetrahydrofuran,
      and the filtrate and wash are combined and concentrated under reduced
      pressure. The residue is taken up in dichloromethane and washed with
      brine, then dried over sodium sulfate and concentrated under reduced
      pressure. The residue is chromatographed on silica gel, eluting with 2-10%
      ethanol in dichloromethane. Fractions shown by TLC to contain the desired
      product are combined and concentrated to give the formula-XLIX 15-oxo
      intermediate.
PAR  2. A solution of about 0.4 g. of the above 15-oxo compound,
      hexamethyldisilazane (3 ml.) and trimethylchlorosilane (0.5 ml.) in 20 ml.
      of tetrahydrofuran is allowed to stand at about 25.degree. C. for 20 hrs.
      The mixture is filtered and the filtrate is concentrated by evaporation
      under reduced pressure. Xylene (10 ml.) is added to the residue and
      removed by evaporation under reduced pressure.
PAR  3. The residue of step 2 is dissolved in anhydrous ether and 110% of the
      theoretical amount of 3 M methyl magnesium bromide in ether is added. The
      mixture is allowed to stand 20 min. at about 25.degree. C. and poured into
      100 ml. of saturated aqueous ammonium chloride. The ether layer is
      separated, the aqueous layer is extracted with ether, and the ether
      extracts are combined and washed with brine, dried over sodium sulfate,
      and evaporated under reduced pressure. The residue is dissolved in 300 ml.
      of ethanol and 30 ml. of water containing 3 drops of glacial acetic acid,
      and the mixture is stirred for 2 hrs. at about 25.degree. C. The mixture
      is concentrated under reduced pressure to an aqueous residue and the
      residue is extracted with dichloromethane. The dichloromethane extract is
      evaporated under reduced pressure to give a residue which is
      chromatographed over silica gel, eluting with 5%-10% ethanol in
      dichloromethane. Fractions shown by TLC to contain the desired product are
      combined and concentrated to yield the desired formula-IX title compound.
      Other fractions yield the 15-epimer corresponding to formula XVII.
PAC  EXAMPLE 6
PAC  4,5-cis-Didehydro-16-methyl-PGF.sub.1.sub..beta., Methyl Ester (Formula IX:
      R.sub.1 is methyl, R.sub.5 is hydrogen, R.sub.x is 1-methylpentyl, and
      .about. is beta).
PAR  Refer to Chart F. A solution of sodium borohydride (300 mg.) in 6 ml. of
      ice-cold methanol is added to a solution of
      4,5-cis-didehydro-16-methyl-PGE.sub.1, methyl ester (Example 4, 650 mg.)
      in 30 ml. of methanol at -5.degree. C. The mixture is stirred for 0.5 hrs.
      at 0.degree. C. and 5 ml. of acetone is added, after which the mixture is
      stirred for 5 min. and made slightly acid with acetic acid. The mixture is
      concentrated under reduced pressure until most of the methanol and acetone
      are removed, then the residue is extracted with dichloromethane. The
      extract is washed with water, dilute aqueous sodium bicarbonate, and
      brine, then dried over sodium sulfate and evaporated under reduced
      pressure to give a residue. This residue is chromatographed over silica
      gel, eluting with 2-10% ethanol in ethyl acetate. Those fractions
      containing the title compound free of starting material and impurities, as
      shown by TLC, are combined and concentrated to yield the formula-IX
      product.
PAC  EXAMPLE 7
PAC  4,5-cis-Didehydro-PGA.sub.1  (Formula X: R.sub.1 and R.sub.5 are hydrogen,
      and R.sub.x is 1-methylpentyl).
PAR  Refer to Chart F. A solution of 4,5-cis-didehydro-16-methyl-PGE.sub.1
      methyl ester (Example 4, 300 mg.), 4 ml. of tetrahydrofuran and 4 ml. of
      0.5 N hydrochloric acid is left standing at 25.degree. C. for five days.
      Brine and dichloromethane-ether (1:3) are added and the mixture is
      stirred. The organic layer is separated, dried and concentrated. The
      residue is dissolved in ether which is washed with saturated aqueous
      sodium bicarbonate, dried and concentrated. The aqueous phase is quickly
      acidified with hydrochloric acid and extracted with dichloromethane which
      in turn is dried and concentrated. The residue is again dissolved in
      ether, extracted with aqueous sodium bicarbonate, and the aqueous phase is
      acidified with hydrochloric acid and extracted with dichloromethane.
      Finally, the organic phase is concentrated to yield the formula-X title
      compound.
PAC  EXAMPLE 8
PAC  4,5-cis-Didehydro-16-methyl-PGB.sub.1 (Formula XI: R.sub.1 and R.sub.5 are
      hydrogen, and R.sub.x is 1-methylpentyl).
PAR  Refer to Chart F. A solution of 4,5-cis-didehydro-16-methyl-PGE.sub.1
      methyl ester (Example 4, 200 mg.) in 100 ml. of 50% aqueous ethanol
      containing about one gram of potassium hydroxide is kept at 25.degree. C.
      for 10 hrs. under nitrogen. Then, the solution is cooled to 10.degree. C.
      and neutralized by addition of 3 N. hydrochloric acid at 10.degree. C. The
      resulting solution is extracted repeatedly with ethyl acetate, and the
      combined ethyl acetate extracts are washed with water and then with brine,
      dried, and concentrated to give the desired formula-XI title compound.
PAC  EXAMPLE 9
PAC  4,5-cis-Didehydro-13,14-dihydro-16-methyl-PGF.sub.1.sub..alpha. (Formula
      XIII: R.sub.1 and R.sub.5 are hydrogen, R.sub.x is 1-methylpentyl, and
      .about. is alpha).
PAR  1. Refer to Chart G. A solution of formula-LVII
      3.alpha.,5.alpha.-dihydroxy-2.beta.-(3.alpha.-hydroxy-4-methyl-trans-1-oct
     enyl)-1.alpha.-cyclopentanepropionaldehyde .delta.-lactol (Example 1, 100
      mg.) in 10 ml. of ethyl acetate is shaken with hydrogen at about one
      atmosphere pressure at 25.degree. C. in the presence of 5% rhodium on
      charcoal (15 mg.). After approximately one equivalent of hydrogen is
      absorbed, the hydrogenation is stopped, and the catalyst is removed by
      filtration. The filtrate is evaporated, and the residue is chromatographed
      on silica gel, eluting with 50-100% ethyl acetate gradient in Skellysolve
      B. Those fractions shown by TLC to contain the desired formula-LVIII
      product free of the starting product and hydrogenolysis products are
      combined and evaporated to give
      3.alpha.,5.alpha.-dihydroxy-2.beta.-(3.alpha.-hydroxy-4-methyloctyl)-1.alp
     ha.-cyclopentanepropionaldehyde .delta.-lactol.
PAR  2. Following the procedures of Example 2 but replacing the formula-XXXVIII
      lactol of that example with the lactol of step 1 above, there is obtained
      the title compound.
PAR  Following the procedures of Example 9, but replacing the formula-LVII
      lactol with the corresponding formula-LVII 3.beta.-hydroxy compound
      obtained following Example 1, there is obtained the corresponding
      formula-XXI
      4,5-cis-didehydro-13,14-dihydro-16-methyl-PGF.sub.1.sub..alpha. product.
PAR  Likewise following the procedures of Example 9, but employing the various
      optically active or racemic 3.alpha.- or 3.beta.-hydroxy lactols obtained
      following Example 1, for example wherein R.sub.x is propyl, 1-ethylpentyl,
      or 1-fluorononyl, there is obtained the corresponding optically active or
      racemic 4,5-cis-didehydro-13,14-dihydro-PGF.sub.1.sub..alpha. or
      4,5-cis-didehydro-13,14-dihydro-15.beta.-PGF.sub.1.sub..alpha. type
      product, within the scope of formulas XIII and XXI, for example:
PA1  4,5-cis-didehydro-13,14-dihydro-19,20-dinor-PGF.sub.1.sub..alpha.
PA1  dl-4,5-cis-didehydro-13,14-dihydro-19,20-dinor-PGF.sub.1.sub..alpha.
PA1  4,5-cis-didehydro-13,14-dihydro-19,20-dinor-15.beta.-PGF.sub.1.sub..alpha.
PA1  dl-4,5-cis-didehydro-13,14-dihydro-19,20-dinor-15.beta.-PGF.sub.1.sub..alph
     a.
PA1  4,5-cis-didehydro-13,14-dihydro-16-ethyl-PGF.sub.1.sub..alpha.
PA1  dl-4,5-cis-didehydro-13,14-dihydro-16-ethyl-PGF.sub.1.sub..alpha.
PA1  4,5-cis-didehydro-13,14-dihydro-16-ethyl-15.beta.-PGF.sub.1.sub..alpha.
PA1  dl-4,5-cis-didehydro-13,14-dihydro-16-ethyl-15.beta.-PGF.sub.1.sub..alpha.
PA1  4,5-cis-didehydro-13,14-dihydro-16-fluoro-20-butyl-PGF.sub.1.sub..alpha.
PA1  dl-4,5-cis-didehydro-13,14-dihydro-16-fluoro-20-butyl-PGF.sub.1.sub..alpha.
PA1  4,5-cis-didehydro-13,14-dihydro-16-fluoro-20-butyl-15.beta.-PGF.sub.1.sub..
     alpha.
PA1  dl-4,5-cis-didehydro-13,14-dihydro-16-fluoro-20-butyl-15.beta.-PGF.sub.1.su
     b..alpha.
PAC  EXAMPLE 10
PAC  4,5-cis-Didehydro-2a-homo-PGF.sub.1.sub..alpha. (Formula XXV: R.sub.1 is
      hydrogen and .about. is alpha).
PAR  Refer to Chart H. A Wittig reagent prepared from
      (4-carboxybutyl)triphenylphosphonium bromide (1.77 g.) and sodio
      methylsulfinylcarbamide (from sodium hydride, 0.37 g. of 54%, in 6 ml. of
      dimethylsulfoxide) is combined with the formula-LXII lactol (Preparation
      11, 0.32 g.) in 4 ml. of dimethylsulfoxide. The mixture is stirred about
      17 hrs. at ambient temperature, diluted with about 50 ml. of benzene, and
      washed with potassium hydrogen sulfate solution. The benzene layer is
      washed with brine, dried, and evaporated. The residue is chromatographed
      over acid-washed silica gel. The column is eluted first with ethyl acetate
      and then ethyl acetate-5% methanol. Those fractions shown by TLC to
      contain the desired compound free of starting materials and impurities are
      combined and concentrated to yield the title compound, 0.035 g., mass
      spectral peaks (trimethylsilyl derivative) at 656, 641, 595, 566, 495, and
      476.
PAR  Following the procedure of Example 10, but replacing the formula-LXII
      lactol with either the corresponding racemic lactol, the corresponding
      3.beta.-hydroxy lactol, or the corresponding racemic 3.beta.-hydroxy
      lactol obtained following Preparation 11, there is obtained the
      corresponding product in each instance, namely
      dl-4,5-cis-didehydro-2a-homo-PGF.sub.1.sub..alpha.,
      4,5-cis-didehydro-2a-homo-15.beta.-PGF.sub.1.sub..alpha., or
      dl-4,5-cis-didehydro-2a-homo-15.beta.-PGF.sub.1.sub..alpha..
PAC  EXAMPLE 11
PAC  3.sub..alpha.,5.sub..alpha.-Dihydroxy-2.beta.-(3.sub..alpha.-hydroxy-4,4
      -dimethyltrans-1-octenyl)-1.alpha.-cyclopentanepropionaldehyde
      .delta.-Lactol (Formula XXXVIII: R.sub.x is 1,1-dimethylpentyl and .about.
      OH is alpha).
PAR   I. Refer to Chart B. The starting material of Formula XXXVI wherein
      R.sub.x is 1,1-dimethylpentyl is obtained by the procedure of Preparations
      1-10 starting with the optically active formula-XXVII iodolactone of
      Preparation 1, but in Preparation 5 replacing racemic ethyl
      2-methylhexanoate with ethyl 2,2-dimethylhexanoate. The dimethyl
      2-oxo-3,3-dimethylheptylphosphonate thus obtained is used in Preparation 6
      to yield the corresponding formula-XXXII product. Thereafter, by the
      procedures of Preparations 7-10, there is obtained the formula-XXXVI
      3.sub..alpha.,5.sub..alpha.-dihydroxy-2.beta.-(3.sub..alpha.-hydroxy-4,4-d
     imethyl-trans-1-octenyl)-1.alpha.-cyclopentaneacetaldehyde .gamma.-lactol,
      3,3'-bis(tetrahydropyranyl)ether wherein R.sub.x is 1,1-dimethylpentyl.
PAR  A mixture of sodium hydride (2.77 g. of 59%) and 40 ml. dimethyl sulfoxide
      is heated at 65.degree.-70.degree. C. for about 2 hr., then cooled to
      about 15.degree. C. To the clear solution of sodio methylsulfinylcarbanide
      thus obtained is added methoxymethyltriphenylphosphonium chloride (23.8
      g.) with vigorous stirring. After about 10 min., with cooling, there is
      added the lactol XXXVI above (15 g.) in 30 ml. of dimethyl sulfoxide,
      dropwise and the mixture allowed to warm to about 25.degree. C. while
      stirring for about 16 hr. Upon chilling, the mixture yields about 10 g. of
      byproducts which are rinsed with diethyl ether and filtered off. The
      filtrate is concentrated under reduced pressure, to an oil. The oil is
      subjected to silica gel chromatography, eluting with acetone-Skellysolve B
      (15-85). Those fractions shown by thin-layer chromatography (TLC) to
      contain the formula-XXXVII intermediate are combined and concentrated to
      yield that enol-ether.
PAR  II. The formula-XXXVII intermediate is transformed stepwise to the
      formula-XXXVIII title compound as follows. The enol-ether (9.91 g.) is
      treated in 500 ml. of methanol with 200 ml. of a pH 2 buffer solution,
      thereafter isolating the methyl ether of the formula-XXXVIII lactol. For
      this purpose, the methanol is partially removed, brine is added, and the
      mixture extracted with chloroform. The chloroform extracts are washed,
      dried, and concentrated to an oil (6.72 g.).
PAR  The title compound is obtained by treating the above methyl ether in 250
      ml. of tetrahydrofuran with 125 ml. of a pH 1.0 buffer solution at about
      25.degree. C. When the reaction is complete as shown by TLC, in
      approximately 27 hr., brine is added plus solid sodium chloride. The
      organic layer is washed, dried, and concentrated to the formula-XXXVIII
      lactol (6.0 g.) having NMR peaks at 5.55 and 0.89 .delta., and infrared
      absorption at 3380, 1665, and 975 cm.sup.-.sup.1.
PAC  EXAMPLE 12
PAC  3.sub..alpha.,5.sub..alpha.-Dihydroxy-2.sub..beta.-(3.sub..alpha.-hydroxy-4
     ,4-dimethyltrans-1-octenyl)-1.alpha.-cyclopentanepropionaldehyde
      .delta.-Lactol, 4,3'-bis(tetrahydropyranyl)ether.
PAR  The 4,3'-bis(tetrapyranyl)ether of the formula-XXXVIII product of Example
      11 is prepared in several steps as follows.
PAR  I. To a suspension of silver oxide (prepared from 1.14 g. of silver nitrate
      and 6.8 ml. of 2N. sodium hydroxide solution in water) is added the
      formula-XXXVIII lactol (1.0 g.) in 4 ml. of tetrahydrofuran while cooling
      in an ice bath and stirring for 1.75 hr. After filtering off the solids,
      the combined washings and filtrate are washed with diethyl ether. The
      aqueous layer is chilled, acidified with 10% potassium hydrogen sulfate
      solution to a pH less than 2, treated with brine, and extracted with
      dichloromethane and again with diethyl ether. The extracts are dried, and
      concentrated to an oil (0.746 g.) comprising the substituted propionic
      acid.
PAR  II. A portion of the above oil (0.565 g.) is treated in dichloromethane
      solution with pyridine hydrochloride until lactone formation is complete,
      in about 4 hr.
PAR  III. The lactone above, in dichloromethane, is next treated with
      dihydropyran (1.25 ml.) at about 25.degree. C. for 16 hr. until both
      hydroxyl groups are transformed to tetrahydropyranyloxy groups. The
      mixture is washed with 10% sodium bicarbonate solution, and then with
      brine. The dichloromethane layer is dried over magnesium sulfate and
      concentrated under reduced pressure to an oil, 1.069 g.
PAR  IV. The product of step III above is finally reduced to the title
      .delta.-lactol as follows. The lactone bis(tetrahydropyranyl)ether above
      (1.069 g.) in 125 ml. of toluene is treated at about -50.degree. C. with
      dissobutylaluminum hydride (10% in toluene, 8 ml.) added dropwise with
      stirring. After a total of 20 min., the mixture is treated with
      tetrahydrofuran-water (2:1) and stirred at about 25.degree. C. for 1 hr.
      The mixture is filtered, washed with brine, dried over magnesium sulfate,
      and concentrated to an oil, 1.13 g. The oil is subjected to silica gel
      chromatography, eluting with 10% acetone in dichloromethane, to yield the
      title compound, 0.627 g.
PAC  EXAMPLE 13
PAC  4,5-cis-Didehydro-16,16-dimethyl-PGF.sub.1.sub..alpha.,
      11,15-bis(tetrahydropyranyl)ether, Methyl Ester.
PAR  I. Following the procedure of Example 2, but replacing the formula-XXXVIII
      lactol of that example with the product of Example 12, and subjecting the
      product to silica gel chromatography there is obtained
      4,5-cis-didehydro-16,16-dimethyl-PGF.sub.1.sub..alpha.,
      11,15-bis(tetrahydropyranyl)-ether, 0.794 g.
PAR  II. The above free acid product is converted to the title compound by
      reaction with diazomethane in dichloromethane, thereafter recovering the
      title compound, an oil, 0.373 g.
PAC  EXAMPLE 14
PAC  4,5-cis-Didehydro-16,16-dimethyl-PGE.sub.1, Methyl Ester (Formula VIII:
      R.sub.1 is methyl, R.sub.5 is hydrogen, and R.sub.x is
      1,1-dimethylpentyl).
PAR  A solution of the product of Example 13 (0.271 g.) in 10 ml. of acetone is
      treated at about -18.degree. C. with Jones reagent (0.2 ml.) (see J. Chem.
      Soc. 39 (1946)) and the mixture stirred for 10 min. Thereafter, 0.25 ml.
      of isopropyl alcohol is added, and the reaction mixture is diluted with
      brine and extracted with ethyl acetate. The extract is washed with
      ice-cold dilute sodium bicarbonate solution, then brine, and dried over
      magnesium sulfate. After concentration under reduced pressure, there is
      left an oil (0.250 g.). The oil is treated with 5 ml. of a mixture of
      acetic acid-water-tetrahydrofuran (30:15:4), heated at 45.degree. C. for
      4.5 hrs. The mixture is cooled, diluted with brine, and extracted with
      ethyl acetate. The extract is washed with cold dilute sodium bicarbonate
      and water, dried, and concentrated to an oil. The oil (0.181 g.) is
      combined with 0.055 g. from a similar preparation and subjected to silica
      gel chromatography, eluting with ethyl acetate-Skellysolve B (1:1). There
      is obtained the title compound, an oil, 0.152 g., having infrared,
      absorption at 3420, 1740, and 975 cm.sup.-.sup.1 ; mass spectral peaks
      (for TMS desivative) at 523, 507, 448, 439, 433, and 417; and NMR peaks at
      5.69, 5.35, 3.69, 2.35, and 0.88 .delta..
PAC  EXAMPLE 15
PAC  4,5-cis-Didehydro-16,16-dimethyl-PGF.sub.1.sub..alpha. (Formula IX: R.sub.1
      and R.sub.5 are hydrogen, R.sub.x is 1,1-dimethylpentyl, and .about. is
      alpha) and Methyl Ester (Formula IX: R.sub.1 is methyl, R.sub.5 is
      hydrogen, R.sub.x is 1,1-dimethylpentyl, and .about. is alpha).
PAR  I. Refer to Chart B. Following the procedure of Example 2, but replacing
      the formula-XXXVIII lactol of that example with the product of Example 11
      (0.502 g.), there is obtained an oil. This oil is subjected to silica gel
      chromatography, eluting with ethyl acetate-benzene (3:2), to yield the
      formula-IX acid title compound, an oil, 0.856 g.
PAR  II. The acid product above (0.717 g.), is treated in dichloromethane-ethyl
      ether with diazomethane. The reaction mixture is concentrated and the
      residue is subjected to silica gel chromatography, eluting with
      acetone-dichloromethane (1:1). There is obtained the methyl ester title
      compound, 0.721 g., having mass spectral peaks (for the trimethylsilyl
      derivative) at 581, 522, 513, 423, and 217; infrared absorption at 3380,
      1740, and 970 cm.sup.-.sup.1 ; and NMR peaks at 5.43, 4.39-3.60, 3.67,
      2.34, and 0.88 .delta..
CLMS
STM  I claim:
NUM  1.
PAR  1. An optically active compound of the formula
      ##SPC35##
PAL  or a racemic compound of that formula and the mirror image thereof, wherein
      M is
      ##EQU10##
      wherein R.sub.5 is hydrogen, methyl, or ethyl; wherein R.sub.1 is hydrogen
      or alkyl or one to 12 carbon atoms, inclusive, cycloalkyl of 3 to 10
      carbon atoms, inclusive, aralkyl of 7 to 12 carbon atoms, inclusive,
      phenyl, or phenyl substituted with one, 2, or 3 chloro or alkyl of one to
      4 carbon atoms, inclusive; and wherein R.sub.4 is alkyl of 6 to 10 carbon
      atoms, inclusive, substituted with zero to 2 fluoro, inclusive; including
      the lower alkanoates thereof, and the pharmacologically acceptable salts
      thereof when R.sub.1 is hydrogen.
NUM  2.
PAR  2. 4,5-cis-Didehydro-16,16-dimethyl-PGF.sub.1.sub..alpha., a compound
      according to claim 1.
NUM  3.
PAR  3. 4,5-cis-Didehydro-16,16-dimethyl-PGF.sub.1.sub..alpha., methyl ester, a
      compound according to claim 1.
NUM  4.
PAR  4. A compound according to claim 1 wherein R.sub.4 has a chain length of 6
      carbon atoms.
NUM  5.
PAR  5. 4,5-cis-Didehydro-20-methyl-PGF.sub.1.sub..alpha., a compound according
      to claim 4.
NUM  6.
PAR  6. 4,5-cis-Didehydro-20-methyl-PGF.sub.1.sub..alpha., methyl ester, a
      compound according to claim 4.
NUM  7.
PAR  7. 4,5-cis-Didehydro-16-fluoro-20-methyl-PGF.sub.1.sub..alpha., a compound
      according to claim 4.
NUM  8.
PAR  8. 4,5-cis-Didehydro-16-fluoro-20-methyl-PGF.sub.1.sub..alpha., methyl
      ester, a compound according to claim 4.
NUM  9.
PAR  9. 4,5-cis-Didehydro-16,16-difluoro-20-methyl-PGF.sub.1.sub..alpha., a
      compound according to claim 4.
NUM  10.
PAR  10. 4,5-cis-Didehydro-16,16-difluoro-20-methyl-PGF.sub.1.sub..alpha.,
      methyl ester, a compound according to claim 4.
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ABST
PAL  Cyclopentane derivatives of the formula:
      ##SPC1##
PAL  (wherein the R symbols represent hydrogen or alkyl, n represents 4 or 6,
      and the symbols A, B, X and Y have any one of the following combinations:
      (a) A represents methylene, B represents hydroxymethylene, X represents
      ethylene and Y represents hydroxymethylene; (b) A represents carbonyl, B
      represents methylene, X represents ethylene or trans-vinylene and Y
      represents hydroxymethylene or carbonyl; or (c) A represents
      hydroxymethylene, B represents methylene, X represents ethylene or
      trans-vinylene and Y represents hydroxymethylene) are new compounds,
      possessing pharmacological properties, in particular, the production of
      hypotension, bronchodilatation, inhibition of gastric acid secretion and
      stimulation of uterine contraction.
PARN
PAR  This is a division of application Ser. No. 332,660, filed Feb. 15, 1973.
BSUM
PAR  This invention relates to new cyclopentane derivatives, a process for their
      preparation, certain intermediates used in their preparation, and
      compositions containing the new cyclopentane derivatives.
PAR  According to the present invention, there are provided the new cyclopentane
      derivatives of the general formula:
      ##SPC2##
PAL  [wherein R.sup.1 represents a hydrogen atom or a straight- or
      branched-chain alkyl group containing from 1 to 12 (for example from 1 to
      4 or from 7 to 12) carbon atoms, R.sup.2 and R.sup.3 are identical or
      different and each represents a hydrogen atom or a straight- or
      branched-chain alkyl group containing from 1 to 4 carbon atoms, for
      example a methyl group, R.sup.4 represents a hydrogen atom or, preferably,
      a straight- or branched-chain alkyl group containing from 1 to 10
      (preferably from 2 to 9, for example 3, 4 or 6) carbon atoms, n represents
      4 or, preferably, 6, and the symbols A, B, X and Y have any one of the
      following combinations: (a) A represents a methylene group, B represents a
      hydroxymethylene group, X represents an ethylene group and Y represents a
      hydroxymethylene group, (b) A represents a carbonyl group, B represents a
      methylene group, X represents an ethylene or trans-vinylene group and Y
      represents a hydroxymethylene group or carbonyl group; or (c) A represents
      a hydroxymethylene group, B represents a methylene group, X represents an
      ethylene or trans-vinylene group and Y represents a hydroxymethylene
      group] and, when R.sup.1 represents a hydrogen atom, non-toxic salts
      thereof.
PAR  As will be apparent to those skilled in the art, the structure shown in
      general formula I has at least three centres of chirality, these three
      centres of chirality being at the ring carbon atoms in positions 1, 2 and
      4 respectively. In addition to these three centres of chirality, further
      centres of chirality occur when A, B or Y represents a hydroxymethylene
      group, at the carbon atoms in those hydroxymethylene groups, and still
      further centres of chirality may occur in the group --CR.sup.2 R.sup.3
      R.sup.4 or in alkyl groups represented by the groups R.sup.1, R.sup.2,
      R.sup.3 and R.sup.4. The presence of centres of chirality, as is well
      known, leads to the existence of isomerism. However, the compounds of
      formula I of the present invention all have such a configuration that the
      side chains attached to the ring carbon atoms in positions 1 and 2 are
      trans with respect to each other. Accordingly, all isomers of general
      formula I, and mixtures thereof, which have those side chains, attached to
      the ring carbon atoms in positions 1  and 2, in the trans configuration
      are within the scope of the present invention.
PAR  The compounds of formula I and, when R.sup.1 represents a hydrogen atom,
      non-toxic salts thereof, possess valuable pharmacological properties
      including, in particular, the production of hypotension,
      bronchodilatation, inhibition of gastric acid secretion, and stimulation
      of uterine contraction. In laboratory screening tests the compounds
      produce:
PAR  a. a 10mmHg fall in the mean blood pressure of the urethane-anaesthetised,
      pempidine-treated normotensive rat at doses between 0.0005 and 2.0mg/kg
      animal body weight administered intravenously;
PAR  b. a 50% inhibition of the bronchoconstriction induced by administration of
      a bronchoconstrictor agonist, e.g. histamine or 5-hydroxytryptamine, in
      the urethane-anaesthetised guinea-pig when administered intravenously at
      doses between 0.005 and 100 .mu.g/kg animal body weight;
PAR  c. a 50% inhibition of pentagastrin-induced gastric acid secretion in the
      rat at doses of between 1.0 and 100 .mu.g/kg animal body weight/minute
      when administered orally in solution in an aqueous sodium chloride
      solution;
PAR  d. a 100% increase in amplitude of contraction of the uterus of the
      pregnant rat when administered intravenously at doses between 0.1 and
      10mg/kg body weight.
PAR  According to a feature of the present invention the compounds of formula I
      are prepared by a process involving, as the final stage, a procedure of
      esterification, hydrolysis or reduction. Thus:
PAR  1. Compounds of formula I wherein R.sup.1 represents an alkyl group are
      prepared by the esterification of corresponding compounds of formula I
      wherein R.sup.1 represents a hydrogen atom. The esterification can be
      carried out by reaction with an alcohol of the general formula:
EQU  R.sup.5 OH                                                 II
PAL  (wherein R.sup.5 represents a straight- or branched-chain alkyl group
      containing from 1 to 12 carbon atoms), an excess of which may be employed
      as solvent medium, in the presence of an inorganic acid, e.g. hydrochloric
      acid or sulphuric acid, preferably at a temperature between 50.degree.C.
      and 160.degree.C., and advantageously at the reflux temperature of the
      reaction mixture, or, when R.sup.5 can be represented by the formula
      --CHR.sup.6 R.sup.7 (wherein the symbols R.sup.6 and R.sup.7 are identical
      or different and each represents an alkyl group, the total number of
      carbon atoms in the two alkyl groups being at most 11, or, preferably, a
      hydrogen atom), by reaction with a diazoalkane of the general formula:
EQU  R.sup.6 R.sup.7 C=N.sub.2                                  III
PAL  (wherein R.sup.6 and R.sup.7 are as hereinbefore defined) in an inert
      organic solvent medium, preferably a dialkyl ether (e.g. diethyl ether)
      preferably at ambient temperature.
PAR  Alternatively, a silver salt of such carboxylic acids of formula I can be
      reacted with an alkyl halide of the general formula:
EQU  R.sup.5 Z.sup.1                                            IV
PAL  (wherein Z.sup.1 represents a halogen atom and R.sup.5 is as hereinbefore
      defined), optionally in the presence of an inert organic solvent, for
      example an aromatic hydrocarbon (e.g. benzene), at elevated temperature,
      for example at between 40.degree. and 110.degree.C., and advantageously at
      the reflux temperature of the reaction mixture.
PAR  2a. Compounds of formula I wherein R.sup.1 represents a hydrogen atom, and
      especially those wherein A or B represents a hydroxymethylene group and
      those wherein X represents an ethylene group, the various other symbols
      being as hereinbefore defined, are prepared by the hydrolysis, preferably
      the alkaline hydrolysis, of corresponding compounds of formula I wherein
      R.sup.1 represents an alkyl group R.sup.5. The hydrolysis is preferably
      effected by treatment with an alkali metal hydroxide, for example sodium
      hydroxide, in an aqueous organic solvent medium, for example aqueous
      ethanol, optionally at an elevated temperature, for example between
      40.degree. and 110.degree.C., e.g., at the reflux temperature of the
      reaction mixture.
PAR  2b. Compounds of formula I wherein B represents a methylene group and A and
      Y are identical, each representing either carbonyl or hydroxymethylene
      groups (R.sup.1, R.sup.2, R.sup.3, R.sup.4, n and X being as hereinbefore
      defined), are prepared by the acid hydrolysis of compounds of general
      formula V or, when A represents a carbonyl group and Y represents a
      hydroxymethylene group, by the acid hydrolysis of compounds of general
      formula VI:
      ##SPC3##
      ##SPC4##
PAL  (wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4, n and X are as hereinbefore
      defined, A and Y both represent carbonyl groups or hydroxymethylene
      groups, R.sup.8 represents a 2-tetrahydropyranyl group unsubstituted or
      substituted by, for example, at least one alkyl group, and the symbols
      R.sup.9 represent identical alkyl groups or together form an ethylene
      linkage unsubstituted or substituted by identical alkyl groups on each
      carbon atom, the symbols R.sup.9 preferably representing together an
      unsubstituted ethylene linkage).
PAR  Hydrolysis of compounds of formula V is generally effected by treatment
      with an aqueous inorganic acid, e.g. dilute hydrochloric acid or a
      catalytic quantity of perchloric acid, or an aqueous organic acid, for
      example aqueous acetic acid, e.g. 50-80% v/v aqueous acetic acid,
      preferably in the presence of an inert organic solvent, for example a
      lower alkanol, e.g. ethanol, and optionally in the presence of a cation
      exchange resin, e.g. Dowex AG50W-X8 H.sup.+ resin. The hydrolysis is
      generally carried out at temperatures between 0.degree. and 100.degree.C.;
      when dilute hydrochloric acid is used, at between 40.degree. and
      80.degree.C., preferably between 50.degree. and 60.degree.C.; when a
      catalytic quantity of perchloric acid is used, at between 0.degree.C. and
      40.degree.C., preferably between 15.degree. and 25.degree.C.; and when
      aqueous acetic acid is used, at between 0.degree. and 80.degree.C.,
      preferably between 35.degree. and 45.degree.C.
PAR  Hydrolysis of compounds of formula VI is generally effected with an aqueous
      organic acid, for example aqueous acetic acid, e.g. 80% v/v aqueous acetic
      acid, preferably at temperatures between 5.degree. and 100.degree.C., more
      particularly between 15.degree. and 30.degree.C.
PAR  2c. Compounds of formula I wherein A represents a methylene group, B and Y
      represent hydroxymethylene groups and X represents an ethylene group
      (R.sup.1, R.sup.2, R.sup.3, R.sup.4 and n being as hereinbefore defined)
      are prepared by the acid hydrolysis of compounds of the general formula:
      ##SPC5##
PAL  wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.8 and n are as
      hereinbefore defined. The hydrolysis is generally carried out in
      conditions similar to those hereinbefore described for the acid hydrolysis
      of compounds of formula V.
PAR  3. Compounds of formula I wherein B represents a methylene group (R.sup.1,
      R.sup.2, R.sup.3, R.sup.4, A, X, Y and n being as hereinbefore defined),
      but wherein X and Y do not simultaneously represent a vinylene group and a
      carbonyl group respectively (hereinafter referred to as "compounds of
      formula Ia"), are prepared by the reduction of compounds of formula I
      wherein B represents a methylene group (wherein R.sup.1, R.sup.2, R.sup.3,
      R.sup.4, n and Y are as hereinbefore defined), but wherein X and A do not
      simultaneously represent an ethylene group and a hydroxymethylene group
      respectively (hereinafter referred to as "compounds of formula Ib"). Thus:
PAR  3a. Compounds of formula Ia wherein X represents an ethylene or vinylene
      group and A and Y represent hydroxymethylene groups are prepared by
      reduction of the corresponding compounds of formula Ib wherein X
      represents an ethylene or vinylene group, A represents a carbonyl group
      and Y represents a carbonyl or hydroxymethylene group, using means and
      conditions capable of reducing carbonyl groups to hydroxymethylene groups
      without affecting carbon-carbon double bonds. The reduction is preferably
      effected by a metal borohydride (e.g., sodium borohydride or potassium
      borohydride), usually in an aqueous, alcoholic or aqueous alcoholic medium
      and at between -40.degree. and +30.degree.C., preferably between
      -5.degree. and +15.degree.C., optionally in the presence of a base, for
      example an alkali metal hydroxide (e.g., aqueous sodium hydroxide or
      aqueous potassium hydroxide) or, especially when potassium borohydride is
      employed, in aqueous or aqueous alcoholic conditions buffered at a pH of
      from pH7 to pH9, e.g. at pH8 (e.g. by the addition of aqueous citric acid
      solution). Alternatively the reduction is carried out by reaction with
      aluminium isopropoxide, in the presence of isopropanol, preferably as the
      solvent medium, at an elevated temperature, advantageously at the reflux
      temperature of the reaction mixture.
PAR  3b. Compounds of formula Ia wherein X represents an ethylene group, A
      represents a carbonyl group and Y represents a carbonyl or
      hydroxymethylene group, are prepared by reduction of the corresponding
      compounds of formula Ib wherein X represents a vinylene group, A
      represents a carbonyl group and Y represents a carbonyl or
      hydroxymethylene group, with means and in conditions capable of reducing
      carbon-carbon double bonds without affecting carbonyl groups. The
      reduction is preferably effected by hydrogenation in the presence of a
      hydrogenation catalyst, for example rhodium on charcoal, in the presence
      of an inert organic solvent, for example a lower alkanol, e.g., ethanol,
      generally at ambient temperature and elevated pressure, e.g., at a
      hydrogen pressure of 15 kilograms per square centimeter.
PAR  3c. Compounds of formula Ia wherein X represents an ethylene group and A
      and Y represent hydroxymethylene groups, are prepared by reduction of
      corresponding compounds of formula Ib with means and in conditions capable
      of reducing any carbonyl groups present to hydroxymethylene groups and any
      vinylene groups present to ethylene groups. The reduction is preferably
      effected by hydrogenation in the presence of a hydrogenation catalyst, for
      example palladium on charcoal, in the presence of an inert organic
      solvent, for example a lower alkanol, e.g., ethanol, preferably at an
      elevated pressure, e.g., at a hydrogen pressure of 15 kilograms per square
      centimeter.
PAR  Compounds of formulae V, VI and VII are prepared, by the application of
      certain multi-stage procedures described hereinafter, from compounds of
      the general formula:
      ##SPC6##
PAL  [wherein both symbols R.sup.10 represent hydrogen atoms or identical
      alkanoyl groups containing from 1 to 5 carbon atoms, preferably acetyl,
      and R.sup.11 represents a divalent group of the general formula IX or X:
      ##EQU1##
EQU  --(CH.sub.2).sub.n.sub.-1 --                               X R.sup.2,
      R.sup.3, R.sup.4 and n being as hereinbefore defined. Preferably the
      symbols R.sup.10 represent hydrogen atoms when R.sup.11 represents a group
      of formula X wherein n represents 6, and preferably the symbols R.sup.10
      represent alkanoyl groups when R.sup.11 represents a group of formula IX
      (wherein R.sup.2, R.sup.3 and R.sup.4 are as hereinbefore defined) or a
      group of formula X wherein n represents 4].
PAR  The compounds of formula VIII are novel compounds and important
      intermediates and they and the hereinafter described process for their
      preparation are features of the present invention.
PAR  Thus, as a feature of the present invention, compounds of formula VIII are
      prepared by the reaction of a compound of the general formula:
      ##SPC7##
PAL  (wherein R.sup.10 and R.sup.11 are as hereinbefore defined) with an acid,
      preferably as the reaction medium and preferably at an elevated
      temperature, for example the reflux temperature of the reaction mixture.
      For the preparation of compounds of formula VIII wherein R.sup.10
      represents an alkanoyl group, the acid reagent used is the corresponding
      alkanoic acid of formula R.sup.10 OH; and for the preparation of compounds
      of formula VIII wherein R.sup.10 represents a hydrogen atom, the acid
      reagent used is a mineral acid, preferably a dilute mineral acid, for
      example dilute sulphuric acid, preferably in the presence of an inert
      organic solvent, e.g., acetone or dioxan.
PAR  Compounds of formula XI are prepared by the epoxidation of compounds of the
      general formula:
      ##SPC8##
PAL  (wherein R.sup.10 and R.sup.11 are as hereinbefore defined), preferably by
      reaction with hydrogen peroxide and an alkali metal hydroxide (for example
      sodium hydroxide) in an inert organic solvent, for example a lower alkanol
      (e.g. methanol) at a temperature near or below the ambient temperature,
      preferably at 0.degree.-25.degree.C., advantageously at
      10.degree.-15.degree.C.
PAR  Compounds of formula XII wherein R.sup.11 represents a group of formula IX
      and R.sup.10 represents a hydrogen atom are prepared by the hydrolysis,
      preferably the alkaline hydrolysis, of corresponding compounds of formula
      XII wherein R.sup.11 represents a group of formula IX and R.sup.10
      represents an alkanoyl group. The hydrolysis may be effected, for example,
      by the action of an aqueous solution of an alkali metal carbonate, e.g.,
      sodium carbonate, preferably in the presence of an inert organic solvent,
      for example an alcohol, e.g., ethanol.
PAR  Compounds of formula XII wherein R.sup.11 represents a group of formula IX
      and R.sup.10 represents an alkanoyl group may be prepared by the reaction
      of compounds of the general formula:
      ##SPC9##
PAL  (wherein R.sup.2, R.sup.3 and R.sup.4 are as hereinbefore defined and
      R.sup.12 represents an alkanoyl group containing from 1 to 5 carbon atoms)
      with a halogen, preferably bromine, in an inert organic solvent, for
      example a halogenated hydrocarbon (e.g. carbon tetrachloride), preferably
      at a temperature between 0.degree. and -10.degree.C., followed by
      treatment with a base, for example (a) a tertiary amine, e.g.,
      triethylamine, preferably in the presence of an inert organic solvent, for
      example a halogenated hydrocarbon (e.g., carbon tetrachloride), and
      preferably at an elevated temperature, advantageously at the reflux
      temperature of the reaction mixture, or (b) an aqueous inorganic base, for
      example an alkali metal carbonate, e.g., sodium carbonate, preferably at
      room temperature.
PAR  Compounds of formula XII wherein R.sup.11 represents a group of formula X
      and R.sup.10 represents an alkanoyl group may be prepared by the acylation
      of the corresponding compound of formula XII wherein R.sup.11 represents a
      group of formula X and R.sup.10 represents a hydrogen atom with an
      appropriate acylating agent, for example with an acid anhydride of formula
      (R.sup.13 CO).sub.2 O [wherein R.sup.13 represents an alkyl group
      containing from 1 to 4 carbon atoms ] or, where R.sup.10 represents a
      formyl group, with formic acid. Preferably the acylation is effected at an
      elevated temperature, e.g. at temperatures up to 100.degree.C.
PAR  Compounds of formula XII wherein R.sup.11 represents a group of formula X
      and R.sup.10 represents a hydrogen atom may be prepared by the reaction of
      an enamine of the general formula:
      ##SPC10##
PAL  (wherein R.sup.14 and R.sup.15 each represents an alkyl group or together
      R.sup.14 and R.sup.15 represent a 4- or 5-membered hydrocarbon chain,
      which may be interrupted by one or two oxygen or nitrogen atoms -- where
      such additional nitrogen atoms are of the form --N= or
      ##EQU2##
      where R.sup.16 represents an alkyl group -- the carbon atoms in the said
      hydrocarbon chain optionally each carrying 1 or 2 alkyl groups) with an
      aldehyde of the general formula:
EQU  R.sup.17 O(CH.sub.2).sub.n CHO                             XV
PAL  (wherein R.sup.17 represents a hydrogen atom or a group R.sup.8 as
      hereinbefore defined and n is as hereinbefore defined). The reaction is
      carried out by heating in an inert organic solvent, for example an
      aromatic hydrocarbon (e.g. benzene) with continuous removal of water,
      preferably at 60.degree.-120.degree.C., followed by hydrolysis in aqueous
      acid conditions (e.g. with hydrochloric acid) preferably at ambient
      temperature, and then heating with an acid (e.g. concentrated hydrochloric
      acid), preferably at about 100.degree.C., and preferably in an inert
      organic solvent such as an alcohol (e.g. butanol), to cause the double
      bond to migrate from the exocyclic to the endocyclic position.
PAR  Compounds of formula XIII may be prepared by the application of the
      following reaction scheme:
      ##SPC11##
PAL  wherein R.sup.2, R.sup.3, R.sup.4, R.sup.9 and R.sup.12 are as hereinbefore
      defined.
PAR  Thus, compounds of formula XVII are prepared by the reaction of compounds
      of formula XVI [which may be prepared by the application or adaptation of
      known methods, for example as described by T. Henshall and E. W. Parnell,
      J.C.S. (1962), 661] with a Grignard reagent represented by the formula:
EQU  R.sup.4 R.sup.3 R.sup.2 CMgZ.sup.2                         XXII
PAL  (wherein R.sup.2, R.sup.3 and R.sup.4 are as hereinbefore defined and
      Z.sup.2 represents a halogen, preferably bromine, atom), or with a metal
      alkyl wherein the alkyl moiety corresponds to the group CR.sup.2 R.sup.3
      R.sup.4, for example an alkyl lithium, in an inert organic solvent, for
      example a lower dialkyl ether, e.g., diethyl ether.
PAR  Compounds of formula XVIII are prepared by the reduction of compounds of
      formula XVII, preferably by hydrogenation in the presence of a
      hydrogenation catalyst, e.g., Raney nickel, in the presence of an inert
      organic solvent, for example a lower alkanol, e.g., ethanol, preferably at
      elevated temperature and pressure, for example at 105.degree.C. and a
      hydrogen pressure of 45 kilograms per square centimeter, or by treatment
      with a complex metal reducing agent, for example an alkali metal
      borohydride (e.g., sodium borohydride), in an aqueous organic solvent, for
      example an aqueous lower alkanol, e.g., ethanol, at temperatures between,
      for example, 0.degree.C. and room temperature.
PAR  Compounds of formula XX are prepared by acylation of compounds of formula
      XVIII in conditions similar to those hereinbefore described for the
      acylation of the compounds of formula XII wherein R.sup.11 represents a
      group of formula X and R.sup.10 represents a hydrogen atom.
PAR  Compounds of formula XVIII are alternatively prepared by the reaction of
      compounds of formula XIX with a Grignard reagent or a metal alkyl as
      hereinbefore described for the preparation of compounds of formula XVII
      from compounds of formula XVI.
PAR  Compounds of formula XIX may be prepared by the reduction of compounds of
      formula XVI by means of a known complex metal reducing agent, preferably a
      dialkylaluminium hydride (e.g., di-isobutylaluminium hydride), in a dry
      inert organic solvent, for example an aromatic hydrocarbon (e.g., benzene)
      or an ether (e.g., diethyl ether), at temperatures between -80.degree.C.
      and +30.degree.C.
PAR  Compounds of formula XXI are prepared by the aqueous acid hydrolysis of
      compounds of formula XX in conditions similar to those hereinbefore
      described for the hydrolysis of compounds of formula VI to form compounds
      of formula I.
PAR  Compounds of formula XIII are prepared by the reaction of compounds of
      formula XXI with an acylating agent, preferably a lower alkenyl acetate,
      for example isopropenyl acetate. The reaction is preferably carried out in
      the presence of an organic acid, for example p-toluenesulphonic acid,
      using an excess of the lower alkenyl acetate as a solvent, at an elevated
      temperature so as to maintain continuous removal of the alkanone formed
      during the reaction.
PAR  Compounds of formula V (wherein the various symbols are as hereinbefore
      defined in relation to that formula) with the exception of those compounds
      in which X and Y simultaneously represent a vinylene group and a carbonyl
      group respectively, are prepared by the reduction of compounds of formula
      V other than those compounds in which X and A simultaneously represent an
      ethylene group and a hydroxymethylene group respectively, with means and
      in conditions similar to those hereinbefore described for the reduction of
      compounds of formula Ib to form compounds of formula Ia.
PAR  Compounds of formula V wherein X represents a vinylene group, A and Y both
      represent carbonyl groups, and R.sup.1 represents a hydrogen atom
      (R.sup.2, R.sup.3, R.sup.4, R.sup.8 and n being as hereinbefore defined)
      (hereinafter referred to as "compounds of formula Va"), are prepared from
      compounds of formula VIII, wherein the symbols R.sup.10 represent alkanoyl
      groups containing from 1 to 5 carbon atoms, and R.sup.11 represents a
      group of formula X (hereinafter referred to as "compounds of formula
      VIIIa"), by the application of the following reaction sequence:
      ##SPC12##
PAL  wherein R.sup.2, R.sup.3, R.sup.4, R.sup.8, R.sup.12 and n are as
      hereinbefore defined.
PAR  Thus, compounds of formula XXIII are prepared by the reaction of compounds
      of formula VIIIa with a source of hydrogen cyanide (e.g., acetone
      cyanohydrin) in the presence of a base, for example an alkali metal
      carbonate (e.g., sodium carbonate), preferably in an inert aqueous organic
      solvent, for example an aqueous lower alkanol (e.g. aqueous methanol). The
      reaction is preferably effected at 50.degree. to 100.degree.C. and
      advantageously at the reflux temperature of the reaction mixture.
PAR  Compounds of formula XXIV are prepared by the reaction of compounds of
      formula XXIII with 2,3-dihydropyran or the appropriate substituted (e.g.,
      alkylated) 2,3-dihydropyran in the presence of a catalytic quantity of an
      acid, for example a mineral acid (e.g., concentrated hydrochloric acid).
      Reaction is preferably effected in the presence of an inert organic
      solvent, for example a halogenated hydrocarbon, e.g., dichloromethane, at
      a temperature between 15.degree. and 75.degree.C., preferably between
      40.degree. and 60.degree.C.
PAR  Compounds of formula XXV are prepared by the simultaneous deacylation and
      reduction of compounds of formula XXIV. The reaction is preferably
      effected by treatment of compounds of formula XXIV with a complex metal
      reducing agent, preferably a dialkylaluminium hydride (e.g.,
      di-isobutylaluminium hydride) in a dry inert organic solvent, for example
      a mixture of an ether (e.g., diethyl ether) and an aromatic hydrocarbon
      (e.g., benzene) and at temperatures between -80.degree. and +30.degree.C.
PAR  Compounds of formula XXVI are prepared by the reaction of compounds of
      formula XXV, either with compounds of the general formula:
EQU  (R.sup.18).sub.3 P=CHCOCR.sup.2 R.sup.3 R.sup.4            XXVII
PAL  (wherein R.sup.2, R.sup.3 and R.sup.4 are as hereinbefore defined, and
      R.sup.18 represents an alkyl group or a phenyl group unsubstituted or
      substituted by an alkyl group, and advantageously represents a phenyl or
      n-butyl group), preferably in the presence of an inert organic solvent and
      preferably at a temperature between 20.degree. and 100.degree.C., for
      example in the presence of tetrahydrofuran as solvent at the reflux
      temperature of the reaction mixture or in the presence of
      hexamethylphosphotriamide as solvent at between 95.degree. and
      100.degree.C., or preferably, with compounds of the general formula:
EQU  (R.sup.19 O).sub.2 P(O)CH.sub.2 COCR.sup.2 R.sup.3 R.sup.4 XXVIII
PAL  (wherein R.sup.2, R.sup.3 and R.sup.4 are as hereinbefore defined and
      R.sup.19 represents an alkyl group of from 1 to 4 carbon atoms, preferably
      a methyl group), in the presence of a base, for example sodium hydride,
      and preferably in the presence of an inert organic solvent, for example an
      ether (e.g., tetrahydrofuran), and preferably at or near room temperature.
PAR  Compounds of formula Va are prepared by the oxidation of compounds of
      formula XXVI in conditions capable of oxidising hydroxymethyl groups to
      carboxy groups and hydroxymethylene groups to carbonyl groups without
      affecting carbon-carbon double bonds. The oxidation is, for example,
      effected by means of chromium trioxide and sulphuric acid in the presence
      of an inert organic solvent, for example dimethylformamide, at a
      temperature near or below the ambient temperature, for example at between
      -5.degree.C. and +25.degree.C., preferably in anhydrous conditions.
PAR  Compounds of formula V wherein R.sup.1 represents an alkyl group R.sup.5 as
      hereinbefore defined, are prepared by the esterification of compounds of
      formula V wherein R.sup.1 represents a hydrogen atom by the action of an
      alcohol of formula II in conditions similar to those hereinbefore
      described for the esterification of compounds of formula I wherein R.sup.1
      represents a hydrogen atom by reaction with alcohols of formula II.
PAR  Compounds of formula XXVII may be prepared by the application or adaptation
      of known methods, for example by the reaction between compounds of the
      general formula:
EQU  Z.sup.3 CH.sub.2 COCR.sup.2 R.sup.3 R.sup.4                XXIX
PAL  (wherein R.sup.2, R.sup.3 and R.sup.4 are as hereinbefore defined and
      Z.sup.3 represents a bromine or chlorine atom) and an appropriate
      trialkyl- or triphenyl-phosphine in a suitable organic solvent (e.g.
      chloroform) under a nitrogen atmosphere, preferably at a temperature of
      20.degree.-100.degree.C. and advantageously at the reflux temperature of
      the reaction mixture, followed by reaction of the resulting
      2-oxoalkylphosphonium halide with an inorganic base (e.g., aqueous sodium
      carbonate) at ambient temperature.
PAR  Compounds of formula XXVIII may be prepared by the application or
      adaptation of known methods, for example by the treatment of a compound of
      the general formula:
EQU  (R.sup.19 O).sub.2 P(O)CH.sub.3                            XXX
PAL  (wherein R.sup.19 is as hereinbefore defined) with butyl lithium at a low
      temperature, e.g., between -45.degree. and -50.degree.C., and in an inert
      organic solvent, e.g., a mixture of tetrahydrofuran and pentane followed
      by treatment of the resulting mixture, containing a compound of the
      general formula:
EQU  (R.sup.19 O).sub.2 P(O)CH.sub.2 Li                         XXXI
PAL  (wherein R.sup.19 is as hereinbefore defined), with a compound of the
      general formula:
EQU  R.sup.20 OOCCR.sup.2 R.sup.3 R.sup.4                       XXXII
PAL  (wherein R.sup.2, R.sup.3 and R.sup.4 are as hereinbefore defined and
      R.sup.20 represents an alkyl, preferably ethyl, group) at a temperature
      initially between -70.degree. and -55.degree.C. and subsequently rising to
      room temperature.
PAR  Compounds of formula VI wherein R.sup.1 represents an alkyl group R.sup.5
      as hereinbefore defined (hereinafter referred to as "compounds of formula
      VIa") are prepared by the esterification of compounds of formula VI
      wherein R.sup.1 represents a hydrogen atom (hereinafter referred to as
      "compounds of formula VIb") by the action of an alcohol of formula II in
      conditions similar to those hereinbefore described for the esterification
      of compounds of formula I wherein R.sup.1 represents a hydrogen atom by
      reaction with alcohols of formula II.
PAR  Compounds of formula VIb are prepared from compounds of formula XXIII by
      the application of the following reaction sequence:
      ##SPC13##
PAL  wherein the various symbols are as hereinbefore defined.
PAR  Thus, compounds of formula XXXIII are prepared by the acylation of
      compounds of formula XXIII, in similar conditions to those hereinbefore
      described for the acylation of compounds of formula XII wherein R.sup.11
      represents a group of formula X and R.sup.10 represents a hydrogen atom.
PAR  Compounds of formula XXXIV are prepared from compounds of formula XXXIII by
      the application or adaptation of known methods for the preparation of
      ketals from ketones, for example by reaction with the appropriate alcohol
      or diol with an acidic catalyst, for example p-toluenesulphonic acid,
      preferably with continuous removal of water. Advantageously the reaction
      is effected in the presence of an inert organic solvent, for example an
      aromatic hydrocarbon (e.g. benzene), at an elevated temperature, such that
      the continuous removal of water is carried out by the use of an apparatus
      such as a Dean and Stark apparatus.
PAR  Compounds of formula XXXV are prepared by the alkaline hydrolysis of
      compounds of formula XXXIV, for example by the action of an alkali metal
      hydroxide (e.g., sodium hydroxide) in a mixture of water and an inert
      organic water-miscible solvent, for example a lower alkanol (e.g.,
      ethanol), preferably at or near the ambient temperature.
PAR  Compounds of formula XXXVI are prepared by the reduction of compounds of
      formula XXXV or of compounds of formula XXXVII or XXXIV, with means and in
      conditions similar to those hereinbefore described for the preparation of
      compounds of formula XXV from compounds of formula XXIV.
PAR  Compounds of formula XXXVII are prepared from compounds of formula XXIII
      with similar means and conditions to those hereinbefore described for the
      preparation of compounds of formula XXXIV from compounds of formula
      XXXIII.
PAR  Compounds of formula XXXVIII are prepared by the reaction of compounds of
      formula XXXVI with compounds of formula XXVII or with compounds of formula
      XXVIII, in conditions similar to those hereinbefore described for the
      preparation of compounds of formula XXVI from compounds of formula XXV.
PAR  Compounds of formula XXXIX are prepared by the oxidation of compounds of
      formula XXXVIII with means and in conditions similar to those hereinbefore
      described for the oxidation of compounds of formula XXVI to form compounds
      of formula Va.
PAR  Compounds of formula VIb are prepared by the reduction of compounds of
      formula XXXIX in conditions similar to those hereinbefore described for
      the reduction of compounds of formula Ib to form compounds of formula Ia.
PAR  Thus, compounds of formula VIb wherein X represents a vinylene group are
      prepared by the reduction of compounds of formula XXXIX with means and in
      conditions similar to those hereinbefore described in (3) (a), and
      compounds of formula VIb wherein X represents an ethylene group are
      prepared by the reduction of compounds of formula XXXIX with means and in
      conditions similar to those hereinbefore described in (3)(c).
PAR  Compounds of formula VII wherein R.sup.1 represents a hydrogen atom
      (hereinafter referred to as "compounds of formula VIIa") are prepared by
      the alkaline hydrolysis of compounds of formula VII wherein R.sup.1
      represents an alkyl group R.sup.5 as hereinbefore defined (hereinafter
      referred to as "compounds of formula VIIb") with means and in conditions
      similar to those hereinbefore described in (2)(a).
PAR  Compounds of formula VIIb are prepared from compounds of formula VIII
      wherein the symbols R.sup.10 represent alkanoyl groups R.sup.12 as
      hereinbefore defined, and R.sup.11 represents a group of formula IX
      (hereinafter referred to as "compounds of formula VIIIb") by the
      application of the following reaction sequence:
      ##SPC14##
PAL  wherein R.sup.2, R.sup.3, R.sup.4, R.sup.5, R.sup.8, R.sup.12 and n are as
      hereinbefore defined, and m represents 1 or 2.
PAR  Thus, compounds of formula XL are prepared by the reaction of compounds of
      formula VIIIb with a source of hydrogen cyanide, in conditions similar to
      those hereinbefore described for the preparation of compounds of formula
      XXIII from compounds of formula VIIIa.
PAR  Compounds of formula XLI are prepared by the simultaneous deacylation and
      reduction of compounds of formula XL. The reaction is preferably effected
      by treatment of compounds of formula XL with an alkali metal borohyride,
      for example sodium borohydride or potassium borohydride, preferably in the
      presence of an aqueous alkali metal hydroxide, for example sodium
      hydroxide or potassium hydroxide, and, if desired, an inert organic
      solvent, for example a lower alkanol, e.g. methanol. The reaction is
      generally carried out at temperatures between -10.degree.C. and
      +80.degree.C., preferably initially at between -10.degree. and
      +30.degree.C. and then at an elevated temperature, preferably at between
      50.degree. and 60.degree.C.
PAR  Compounds of formula XLII are prepared by the reaction of compounds of
      formula XLI with 2,3-dihydropyran or the appropriate substituted (e.g.,
      alkylated) 2,3-dihydropyran, in conditions similar to those hereinbefore
      described for the preparation of compounds of formula XXIV from compounds
      of formula XXIII.
PAR  Compounds of formula XLIII are prepared by the reduction of compounds of
      formula XLII with means and in conditions similar to those hereinbefore
      described for the preparation of compounds of formula XXV from compounds
      of formula XXIV.
PAR  Compounds of formula XLIV are prepared by the reaction of compounds of
      formula XLIII with compounds of the general formula:
      ##EQU3##
      wherein R.sup.5, R.sup.18 and m are as hereinbefore defined. Reaction is
      preferably effected in the presence of an inert organic solvent, for
      example a halogenated hydrocarbon, e.g., chloroform, at temperatures
      between 0.degree.C. and 30.degree.C. under an inert atmosphere, e.g.,
      nitrogen.
PAR  Compounds of formula VIIb are prepared by the reduction of compounds of
      formula XLIV, preferably by hydrogenation in the presence of a
      hydrogenation catalyst, for example palladium on charcoal, in the presence
      of an inert organic solvent, for example a lower alkanol, e.g., ethanol,
      and preferably at a temperature between 15.degree. and 100.degree.C. and
      at elevated pressure, for example at a hydrogen pressure of 15 kilograms
      per square centimeter and at between 15.degree. and 40.degree.C.
PAR  Compounds of formula XLV are prepared by the application or adaptation of
      known methods, for example by the treatment of compounds of the general
      formula:
      ##EQU4##
      (wherein R.sup.5, R.sup.18, m and Z.sup.3 are as hereinbefore defined)
      with an inorganic base, for example an alkali metal hydroxide, e.g. sodium
      hydroxide, in water, at a temperature between 0.degree.C. and
      20.degree.C., preferably between 0.degree.C. and 4.degree.C.
PAR  Compounds of formula XLVI are prepared by the reaction of compounds of the
      general formula:
EQU  (R.sup.18).sub.3 P                                         XLVII
PAL  (wherein R.sup.18 is as hereinbefore defined) with a compound of the
      general formula:
      ##EQU5##
      (wherein R.sup.5, m and Z.sup.3 are as hereinbefore defined) in a dry
      inert organic solvent, for example an aromatic hydrocarbon, e.g., benzene.
PAR  Compounds of formula XLVIII may be prepared by the methods described by
      Ziegler, Spath, Schaaf, Schumann and Winkelmann, Annalen, 551, (1942), 80,
      and Heilbron, Jones and O'Sullivan, J.C.S.; (1946), 866.
PAR  By the term "non-toxic salts," as used in this specification, is meant
      salts the cations of which are relatively innocuous to the animal organism
      when used in therapeutic doses so that the beneficial pharmacological
      properties of the parent acid compound of general formula I are not
      vitiated by side-effects ascribable to those cations. Preferably the salts
      are water-soluble. Suitable salts include the alkali metal, e.g., sodium
      and potassium, and ammonium salts and pharmaceutically-acceptable (i.e.,
      non-toxic) amine salts.
PAR  Amines suitable for forming such salts with carboxylic acids are well known
      and include, for example, amines derived in theory by the replacement of
      one or more of the hydrogen atoms of ammonia by groups, which may be the
      same or different when more than one hydrogen atom is replaced, selected
      from alkyl groups containing from 1 to 6 carbon atoms, hydroxyalkyl groups
      containing from 1 to 3 carbon atoms, cycloalkyl groups containing from 3
      to 6 carbon atoms, phenyl groups, phenylalkyl groups containing from 7 to
      11 carbon atoms and phenylalkyl groups containing from 7 to 15 carbon
      atoms wherein the alkyl moieties are substituted by hydroxy groups. The
      phenyl groups and phenyl moieties of such phenylalkyl groups may be
      unsubstituted or substituted by one or two alkyl groups containing from 1
      to 6 carbon atoms. Suitable amines also include those derived in theory by
      the replacement of two of the hydrogen atoms of ammonia by a hydrocarbon
      chain, which may be interrupted by nitrogen, oxygen or sulphur atoms, to
      form, together with the nitrogen atom of ammonia to which its terminal
      groups are attached, a five- or six-membered nitrogen-containing
      heterocyclic ring, which heterocyclic ring may be unsubstituted or
      substituted by one or two alkyl groups containing from 1 to 6 carbon
      atoms. Examples of suitable amine cations include mono-, di- and
      tri-methylammonium, mono-, di- and tri-ethylammonium, mono-, di- and
      tri-propylammonium, mono-, di- and tri-isopropylammonium,
      ethyldimethylammonium, mono-, di- and tri-2-hydroxyethylammonium,
      ethylbis(2-hydroxyethyl)ammonium, butylmono(2-hydroxyethyl)-ammonium,
      tris(hydroxymethyl)methylammonium, cyclohexylammonium, benzylammonium,
      benzyldimethylammonium, dibenzylammonium, phenyl-2-hydroxyethylammonium,
      piperidinium, morpholinium, pyrrolidinium, piperazinium,
      1-methylpiperidinium, 4-ethylmorpholinium, 1-isopropylpyrrolidinium,
      1,4-dimethylpiperazinium, 1-butylpiperidinium, 2-methylpiperidinium and
      1-ethyl-2-methylpiperidinium.
PAR  The non-toxic salts may be prepared from parent compounds of formula I by
      known methods, for example by reaction of stoichiometric quantities of
      compounds of formula I (wherein R.sup.1 represents a hydrogen atom) and
      the appropriate base, e.g., an alkali metal hydroxide or carbonate,
      ammonium hydroxide, ammonia or an amine, in a suitable solvent which is
      preferably water in the case of the preparation of alkali metal salts and
      water or isopropanol in the case of amine salts. The salts may be isolated
      by lyophilisation of the solution or, if sufficiently insoluble in the
      reaction medium, by filtration, if necessary after removal of part of the
      solvent.
PAR  As well as being useful in themselves as pharmaceutically useful compounds,
      salts of the compounds of formula I wherein R.sup.I represents a hydrogen
      atom are  useful for the purposes of purification of the parent acids of
      formula I, for example by exploitation of the solubility differences
      between the salts and the parent acids in water and in organic solvents,
      by techniques well known to those skilled in the art. The parent acids of
      formula I can be regenerated from their salts by known methods, for
      example by treatment with a mineral acid, e.g. dilute hydrochloric acid.
PAR  It is to be understood that where in this specification reference is made
      to compounds of formula I, it is intended to refer also, where the context
      so permits, to the said salts of the compounds of formula I wherein
      R.sup.1 represents a hydrogen atom.
PAR  As will be readily appreciated by those skilled in the art, the isomeric
      forms of the compounds of the invention arising from the aforementioned
      centres of chirality may be separated by the application or adaptation of
      known methods, for example diastereoisomeric forms may be separated by
      chromatography using selective adsorption from solution or from the vapour
      phase onto suitable adsorbents, and enantiomeric forms of acidic compounds
      of formula I wherein R.sup.1 represents a hydrogen atom may be separated
      by formation of salts with an optically active base, followed by
      separation of the obtained pair of diastereoisomers by, for example,
      fractional crystallisation from a suitable solvent system, followed by
      separate regeneration of the enantiomeric acids of formula I.
PAR  By the term "known methods" as used in the present specification is meant
      methods heretofore used or described in the chemical literature.
PAR  Preferred classes of compounds of formula I according to the invention are:
PAR  i. compounds of formula I wherein A represents a methylene group, B
      represents a hydroxymethylene group, X represents an ethylene group and y
      represents a hydroxymethylene group;
PAR  ii. compounds of formula I wherein A represents a carbonyl or
      hydroxymethylene group, B represents a methylene group, X represents a
      trans-vinylene group, and Y represents a hydroxymethylene group or, when A
      represents a carbonyl group, a carbonyl group;
PAR  iii. compounds of formula I wherein R.sup.1 represents a hydrogen atom or a
      methyl or ethyl group; and
PAR  iv. compounds of formula I wherein R.sup.2 represents a hydrogen atom,
      R.sup.3 represents a hydrogen atom or a methyl group, and R.sup.4
      represents a propyl, butyl or hexyl group. Especially preferred compounds
      are:
PA1  7-[3,4-dihydroxy-2-(3-hydroxyoctyl)cyclopentyl]heptanoic acid, and its
      methyl and ethyl esters and its sodium salt,
PA1  7-[2,3-dihydroxy-5-(3-hydroxyalk-1-enyl)cyclopentyl]-heptanoic acids,
      wherein the said alk-1-enyl moiety is an oct-1-enyl, hept-1-enyl,
      dec-1-enyl or 4-methyloct-1-enyl group, and
PA1  7-[3-hydroxy-2-oxo-5-(3-oxooct-1-enyl)cyclopentyl]-heptanoic acid.
DETD
PAR  The following Examples illustrate the preparation of new compounds of the
      present invention.
PAC  EXAMPLE 1
PAC  a. Preparation of 1,4-dioxa-6-(3-oxooctyl)spiro[4,4]nonane
PAR  A solution of 1,4-dioxa-6-(2-cyanoethyl)spiro[4,4]nonane [prepared by the
      method described by T. Hensall and E. W. Parnell, J.C.S. (1962), 661](372
      g.) in dry diethyl ether (1 liter) was added dropwise with stirring over
      0.75 hours to pentyl magnesium bromide [1.5 equivalents, prepared by
      adding pentyl bromide (491 g.) in dry diethyl ether (750 ml.) to magnesium
      (90.6 g.) in dry diethyl ether (1.5 liters)]. The mixture was then
      refluxed for 2 hours and the cooled reaction mixture decomposed by careful
      addition of a saturated aqueous ammonium chloride solution, filtered, and
      the ether phase separated. The aqueous phase was extracted twice more with
      diethyl ether and the combined ether extracts dried over anhydrous
      magnesium sulphate. The diethyl ether was removed in vacuo and the residue
      distilled to give crude 1,4-dioxa-6-(3-oxooctyl)spiro[4,4]nonane, b.p.
      110.degree.-145.degree.C./0.1 mm.Hg. This was redistilled to give
      1,4-dioxa-6-(3-oxooctyl)spiro[ 4,4]nonane (251 g.), b.p.
      135.degree.-140.degree.C./0.05-0.1 mm.Hg; n.sub.D.sup.22 = 1.462.
PAC  b. Preparation of 1.4-dioxa-6-(3-hydroxyoctyl)spiro[4,4]nonane
PAR  1,4-Dioxa-6-(3-oxooctyl)spiro[4,4]nonane (250 g.) [prepared as described in
      (a) above] in ethanol (100 ml.) was catalytically hydrogenated using Raney
      nickel (37.5 g., hydrogen pressure 45 kg./cm.sup.2) at 105.degree.C. for 8
      hours. After removal of the catalyst by filtration and evaporation of the
      ethanol in vacuo, the residue gave
      1,4-dioxa-6-(3-hydroxyoctyl)spiro[4,4]nonane (230 g.), b.p.
      120.degree.-130.degree.C./0.1-0.05 mm.Hg; n.sub.D.sup.24 = 1.4715.
PAC  c. Preparation of 1,4-dioxa-6-(3-acetoxyoctyl)spiro[4,4]nonane
PAR  1,4-Dioxa-6-(3-hydroxyoctyl)spiro[4,4]nonane (229 g.) [prepared as
      described in (b) above] in acetic anhydride (1,150 ml.) was heated at
      100.degree.C for 2 hours. The excess acetic anhydride was removed in vacuo
      and the residue distilled to give
      1,4-dioxa-6-(3-acetoxyoctyl)spiro[4,4]nonane (245 g.), b.p.
      140.degree.-145.degree.C./0.05 mm.Hg; n.sub.D.sup.26 = 1.458.
PAC  d. Preparation of 2-(3-acetoxyoctyl)cyclopentanone
PAR  1,4-Dioxa-6-(3-acetoxyoctyl)spiro[4,4]nonane (244 g.) [prepared as
      described in (c) above], glacial acetic acid (960 ml.) and water (240 ml.)
      were allowed to stand at room temperature for 3 days with occasional
      shaking. The mixture was diluted with water (6 l.), extracted with diethyl
      ether and the ether extracts washed with water, saturated aqueous sodium
      bicarbonate, water and saturated aqueous sodium chloride solution. After
      drying over anhydrous magnesium sulphate and evaporation of the ether in
      vacuo, the residue was distilled to give 2-(3-acetoxyoctyl)cyclopentanone
      (179 g.), b.p. 120.degree.-125.degree.C./0.07 mm.Hg; n.sub.D.sup.26 =
      1.456.
PAC  e. Preparation of 1-acetoxy-2-(3-acetoxyoctyl)cyclopent-1-ene
PAR  2-(3-Acetoxyoctyl)cyclopentanone (85 g.) [prepared as described in (d)
      above], isopropenyl acetate (125 ml.) and p-toluenesulphonic acid (2 g.)
      were refluxed for 24 hours allowing the acetone formed during the reaction
      to slowly distil from the head of a Dufton column. The excess isopropenyl
      acetate was then distilled off and the residue cooled, shaken with 2N
      sodium carbonate solution and extracted with diethyl ether. The combined
      ether extracts were dried over anhydrous magnesium sulphate and the ether
      removed in vacuo. Distillation of the residue gave
      1-acetoxy-2-(3-acetoxyoctyl)cyclopent-1-ene (85 g.), b.p.
      108.degree.-110.degree.C./0.03 mm.Hg; n.sub.D.sup.26 = 1.459.
PAC  f. Preparation of 2-(3-acetoxyoctyl)cyclopent-2-enone
PAR  To a stirred solution of 1-acetoxy-2-(3-acetoxyoctyl)cyclopent-1-ene (59.2
      g.)[prepared as described in (e) above] in dry carbon tetrachloride (350
      ml.) was added dropwise, during 30 minutes, a solution of bromine (32 g.)
      in dry carbon tetrachloride (100 ml.) at -10.degree. to -5.degree.C. The
      solution was stirred for a further 20 minutes without cooling.
      Triethylamine (22.2 g.) was then added and the resulting mixture stirred
      and refluxed for 90 minutes. The mixture was filtered, and the filtrate
      washed with aqueous 2N sodium carbonate and with water. After drying over
      magnesium sulphate and evaporation of the solvent in vacuo, the residue
      was distilled, in the presence of a few crystals of potassium acetate, at
      132.degree.-168.degree.C./0.25 mm.Hg, to give crude
      2-(3-acetoxyoctyl)cyclopent-2-enone. This was redistilled, with potassium
      acetate, at 116.degree.-135.degree.C./0.15 mm.Hg to give
      2-(3-acetoxyoctyl)cyclopent-2-enone (28.7 g.), n.sub.D.sup.28 = 1.470.
PAC  g. Preparation of 2-(3-acetoxyoctyl)-2,3-epoxycyclopentanone
PAR  A stirred solution of 2-(3-acetoxyoctyl)cyclopent-2-enone (31.8 g.)
      [prepared as described in (f) above] in methanol (700 ml.) was treated
      slowly with aqueous hydrogen peroxide solution (45 ml. of "100 vol."
      solution) and aqueous 4N sodium hydroxide solution (15 ml.) at 5.degree.
      to 10.degree.C. and allowed to stand at room temperature for 18 hours. The
      solution was concentrated in vacuo (to about 100 ml. volume), and water
      (100 ml.) was added to the residue. The mixture was extracted with
      chloroform and the chloroform extract was washed with water and dried over
      magnesium sulphate. The solvent was removed in vacuo to give
      2-(3-acetoxyoctyl)-2,3-epoxycyclopentanone (26.4 g.) which was used as
      starting material in the following preparation (h) of
      5-acetoxy-2-(3-acetoxyoctyl)-cyclopent-2-enone without further
      purification.
PAC  h. Preparation of 5-acetoxy-2-(3-acetoxyoctyl)cyclopent-2-enone
PAR  A solution of 2-(3-acetoxyoctyl)-2,3-epoxycyclopentanone (26.8 g.)[prepared
      as described in (g) above] in glacial acetic acid (500 ml.) was heated at
      reflux for 12 hours. The excess acetic acid was then removed in vacuo and
      the residue distilled under reduced pressure to give
      5-acetoxy-2-(3-acetoxyoctyl)cyclopent-2-enone (24.7 g.), b.p.
      164.degree.-175.degree.C./0.2 mm.Hg.
PAC  j. Preparation of 2-(3-acetoxyoctyl)-3-cyano-5-hydroxycyclopentanone
PAR  5-Acetoxy-2-(3-acetoxyoctyl)cyclopent-2-enone (15.5 g.) [prepared as
      described in (h) above], acetone cyanohydrin (6.0 g.), aqueous sodium
      carbonate solution (10.0% w/v; 5 ml.) and methanol (75 ml.) were stirred
      together and heated at reflux for 4 hours. Methanol was removed in vacuo,
      water (50 ml.) was added and the mixture extracted with diethyl ether. The
      ethereal extract was washed with water, dried with magnesium sulphate and
      evaporated in vacuo to give
      2-(3-acetoxyoctyl)-3-cyano-5-hydroxycyclopentanone (14.3 g.) which was
      used as starting material in the following preparation (k) of
      3,4-dihydroxy-2-(3-hydroxyoctyl)cyclopentane carbonitrile without further
      purification.
PAC  k. Preparation of 3,4-dihydroxy-2-(3-hydroxyoctyl)-cyclopentane
      carbonitrile
PAR  A stirred solution of 2-(3-acetoxyoctyl)-3-cyano-5-hydroxycyclopentanone
      (23.5 g.) [prepared as described in (j) above] in methanol (135 ml.) was
      treated dropwise, during 15 minutes, with a solution of sodium borohydride
      (13.2 g.) in 0.2N aqueous sodium hydroxide solution (70 ml.) at
      15.degree.-20.degree.C. After 1 hour the solution was slowly heated  pg,42
      to 50.degree.C., stirred at 50.degree.C. for 3 hours, and then allowed to
      stand at room temperature overnight. Methanol was removed in vacuo, water
      (75 ml.) was added and the mixture acidified by means of concentrated
      hydrochloric acid. The mixture was extracted with diethyl ether and the
      ethereal extract was washed with water, dried with magnesium sulphate and
      evaporated in vacuo to give crude
      3,4-dihydroxy-2-(3-hydroxyoctyl)cyclopentane carbonitrile (16 g.), which
      was used in the following preparation (1) of
      3,4-di(2-tetrahydropyranyloxy)-2-[3-(2-tetrahydropyranyloxy)octyl]cyclopen
     tane carbonitrile without further purification.
PAR  An aliquot was distilled under reduced pressure to give
      3,4-dihydroxy-2-(3-hydroxyoctyl)cyclopentane carbonitrile, b.p.
      205.degree.-220.degree.C./0.1 mm.Hg. Elemental analysis: found: C, 65.9;
      H, 10.4%; C.sub.14 H.sub.25 NO.sub.3 requires C, 65.8; H, 9.9%.
PAC  1. Preparation of
      3,4-di(2-tetrahydropyranyloxy)-2-[3-(2-tetrahydropyranyloxy)octyl]cyclopen
     tane carbonitrile
PAR  2,3-Dihydropyran (5.4 g.) was added dropwise at 40.degree.C., with
      stirring, to a solution of 3,4-dihydroxy-2-(3-hydroxyoctyl)cyclopentane
      carbonitrile (4.0 g.) [prepared as described in (k) above] and
      concentrated hydrochloric acid (4 drops) in dichloromethane (5 ml.). The
      temperature was allowed to rise to 55.degree.C., maintained at
      55.degree.C. for 2 hours and then cooled. Diethyl ether (50 ml.) was
      added, and the solution was washed with aqueous 2N sodium hydroxide and
      with water, dried over magnesium sulphate, and evaporated in vacuo to give
      crude
      3,4-di(2-tetrahydropyranyloxy)-2-[3-(2-tetrahydropyranyloxy)octyl]cyclopen
     tane carbonitrile (7.9 g.) which was used as starting material in the
      following preparation (m) of
      3,4-di(2-tetrahydropyranyloxy)-2-[3-(2-tetrahydropyranyloxy)octyl]cyclopen
     tane carbaldehyde without further purification.
PAC  m. Preparation of
      3,4-di(2-tetrahydropyranyloxy)-2-[3(2-tetrahydropyranyloxy)octyl]cyclopent
     ane carbaldehyde
PAR  To a vigorously stirred solution of crude
      3,4-di(2-tetrahydropyranyloxy)-2-[3-(2-tetrahydropyranyloxy)octyl]cyclopen
     tane carbonitrile (7.9 g.) [prepared as described in (l) above] in dry
      diethyl ether (50 ml.) was added a solution of di-isobutylaluminium
      hydride (4.6 g.) in dry benzene (20 ml.) at 3.degree.-7.degree.C. The
      mixture was stirred at room temperature for 15 minutes and then added with
      stirring to aqueous 2N acetic acid solution (75 ml.) at below 15.degree.C.
      The organic phase was separated, and the aqueous layer extracted with
      diethyl ether. The combined organic phases were washed with aqueous sodium
      bicarbonate and with water, dried over magnesium sulphate, and the
      solvents removed in vacuo to give crude
      3,4-di(2-tetrahydropyranyloxy)-2-[3-(2-tetrahydropyranyloxy)octyl]cyclopen
     tane carbaldehyde (7.7 g.), which was used as starting material in the
      following preparation (n) of ethyl
      7-{3,4-di(2-tetrahydropyranyloxy)-2-[3-(2-tetrahydropyranyloxy)octyl]cyclo
     pentyl}hepta-2,4,6-trienoate without further purification.
PAC  n. Preparation of ethyl
      7-{3,4-di(2-tetrahydropyranyloxy)-2-[3-(2-tetrahydropyranyloxy)octyl]cyclo
     pentyl}hepta-2,4,6-trienoate.
PAR  A solution of 5-ethoxycarbonylpenta-2,4-dienyltriphenylphosphorane
      [prepared by adding N aqueous sodium hydroxide solution (40 ml.) to a
      stirred solution of 5-ethoxycarbonylpenta-2,4-dienyltriphenylphosphonium
      bromide (16.4 g.) in water (1000ml.) at 1.degree.-3.degree.C., extracting
      with chloroform and concentrating the extract to about 250 ml.] was
      treated at 2.degree.C. under nitrogen with a solution of
      3,4-di(2-tetrahydropyranyloxy)-2-[3-(2-tetrahydropyranyloxy)octyl]cyclopen
     tane carbaldehyde (8.5 g.) [prepared as described in (m) above] in
      chloroform (20 ml.). The solution was allowed to stand at room temperature
      for 18 hours, the chloroform was removed in vacuo and the residue
      extracted three times with hot petroleum ether (b.p.
      40.degree.-60.degree.C.). The combined petroleum extracts were cooled and
      filtered to remove precipitated triphenylphosphine oxide. The filtrate was
      evaporated in vacuo and the residue separated by chromatography on silica
      gel. Elution with petroleum ether (b.p. 40.degree.-60.degree.C.) gave
      ethyl 7-{3,4-di(2-tetrahydropyranyloxy)-2-[3-(2
      -tetrahydropyranyloxy)octyl]cyclopentyl}-hepta-2,4,6-trienoate (6.4 g.),
      .nu..sub.max: 1700 cm.sup..sup.-1, 1610 cm.sup..sup.-1 (liquid film).
PAR  5-Ethoxycarbonylpenta-2,4-dienyltriphenylphosphonium bromide, used as a
      starting material, was prepared as follows:
PAR  To a stirred solution of triphenylphosphine (34 g.) in dry benzene (300
      ml.) was added ethyl 6-bromohexa-2,4-dienoate (30 g.). After 18 hours, the
      benzene was decanted from the precipitated paste which solidified on
      adding diethyl ether and was ground up and filtered to give
      5-ethoxycarbonylpenta-2,4-dienyltriphenylphosphonium bromide (40 g.), m.p.
      139.degree.-144.degree.C.
PAC  o. Preparation of ethyl
      7-{3,4-di(2-tetrahydropyranyloxy)-2-[3-(2-tetrahydropyranyloxy)octyl]cyclo
     pentyl}heptanoate.
PAR  Ethyl
      7-{3,4-di(2-tetrahydropyranyloxy)-2-[3-(2-tetrahydropyranyloxy)octyl]cyclo
     pentyl}hepta-2,4,6-trienoate (6.1 g.) [prepared as described in (n) above]
      was dissolved in ethanol (100 ml.) and catalytically hydrogenated using a
      5% palladium on charcoal catalyst, with a hydrogen pressure of 15
      kg./cm.sup.2, at room temperature. The catalyst was then filtered off and
      the ethanol removed in vacuo to give ethyl
      7-{3,4-di(2-tetrahydropyranyloxy)-2-[3-(2-tetrahydropyranyloxy)octyl]cyclo
     pentyl}heptanoate (5.7 g.), which was used as starting material in the
      following preparation (p) of ethyl
      7-[3,4-dihydroxy-2-(3-hydroxyoctyl)cyclopentyl]heptanoate without further
      purification.
PAC  p. Preparation of ethyl
      7-[3,4-dihydroxy-2-(3-hydroxyoctyl)cyclopentyl]heptanoate.
PAR  A mixture of ethyl
      7-{3,4-di(2-tetrahydropyranyloxy)2-[3-(2-tetrahydropyranyloxy)octyl]cyclop
     entyl}heptanoate (5.5 g.) [prepared as described in (o) above], ethanol
      (100 ml.), N hydrochloric acid (100 ml.) and a cation- exchange resin
      [Dowex resin AG50w - X8H.sup.+ (7.5 g.) ] was stirred at
      50.degree.-50.degree.C. for 18 hours. The mixture was then cooled and
      filtered and the solid washed with diethyl ether and water. The combined
      filtrate and washings were evaporated in vacuo to remove organic solvents
      and the aqueous residue extracted with diethyl ether. The ethereal extract
      was dried over anhydrous sodium carbonate and evaporated in vacuo to give
      ethyl 7-[3,4-dihydroxy-2-(3-hydroxyoctyl)cyclopentyl]heptanoate (3.2 g.),
      which was used as starting material in the following preparation (q) of
      7-[3,4-dihydroxy-2-(3-hydroxyoctyl)cyclopentyl]heptanoic acid without
      further purification.
PAR  Ethyl 7-[3,4-dihydroxy-2-(3-hydroxyoctyl)cyclopentyl]heptanoate is a
      compound of formula I.
PAC  q. Preparation of 7-[3,4-dihydroxy-2-(3-hydroxyoctyl)cyclopentyl]heptanoic
      acid
PAR  Ethyl 7-[3,4-dihydroxy-2-(3-hydroxyoctyl)cyclopentyl]heptanoate (2.6 g.)
      [prepared as described in (p) above], ethanol (50 ml.) and 2N aqueous
      sodium hydroxide solution (50 ml.) were heated together at reflux for 18
      hours. The ethanol was removed in vacuo, water (25 ml.) was added and the
      mixture was washed with diethyl ether. The aqueous phase { which has a
      solution of sodium
      7-[3,4-dihydroxy-2-(3-hydroxyoctyl)cyclopentyl]heptanoate} was acidified
      to pH 1 by the dropwise addition of concentrated hydrochloric acid,
      extracted with diethyl ether, and the ethereal extract dried over
      magnesium sulphate and evaporated in vacuo to give
      7-[3,4-dihydroxy-2-(3-hydroxyoctyl)cyclopentyl]heptanoic acid (1.1 g.).
PAR  Elemental analysis: found: C, 67.2; H, 10.3%. C.sub.20 H.sub.38 O.sub.5
      requires C, 67.0; H, 10.7%.
PAR  The nuclear magnetic resonance spectrum (N.M.R.) of a 10% solution of the
      7-[3,4-dihydroxy-2-(3-hydroxyoctyl)cyclopentyl]heptanoic acid in
      deuterochloroform at 60.degree.C. displayed the following peaks:
PA1  triplet at 0.89.delta., J = 4.5 cycles/second (terminal methyl group);
PA1  broad peak, maximum at 1.39.delta. (chain methylene groups);
PA1  multiplets at 1.4-2.1.delta. (ring methylene and methylidene groups);
PA1  triplet at 2.31.delta., J = 6.5 cycles/second (methylene next to carboxy);
PA1  peaks at 3.62.delta. and 3.95.delta. (3 hydrogen atoms in methylidene
      groups attached to hydroxy groups);
PA1  peak at 5.06.delta. (4 hydrogen atoms in hydroxy and carboxy groups).
PAC  EXAMPLE 2
PAC  a. Preparation of 2,3-epoxy-2-(7-hydroxyheptyl)cyclopentanone
PAR  By proceeding in a similar manner to that described above in Example 1(g)
      for the preparation of 2-(3-acetoxyoctyl)-2,3-epoxycyclopentanone, but
      substituting the appropriate quantity of
      2-(7-hydroxyheptyl)cyclopent-2-enone for the
      2-(3-acetoxyoctyl)cyclopent-2-enone used as starting material, there was
      prepared, 2,3-epoxy-2-(7-hydroxyheptyl)cyclopentanone, .nu..sub.max. 3425
      cm.sup.-.sup.1, 1730 cm.sup.-.sup.1.
PAR  The 2-(7-hydroxypentyl)cyclopent-2-enone, used as starting material, was
      prepared as follows:
PAR  A mixture of 7-(2-tetrahydropyranyloxy)heptanal (22 g.) and
      1-morpholinocyclopentene, i.e. the morpholine enamine of cyclopentanone,
      (21.4 g.) in benzene (25 ml.) was heated under reflux for 12 hours under
      nitrogen, and the water liberated was continuously removed with a Dean and
      Stark head. Benzene (10 ml.) and then, dropwise, 18% hydrochloric acid (28
      ml.) were added and the mixture was stirred for 2 hours. The organic layer
      was separated and evaporated. Concentrated hydrochloric acid (72 ml.) was
      added to the residue. The mixture was heated at 100.degree.C. for 1 hour,
      and then the solution was concentrated to give an oil. Diethyl ether was
      added, and the ether solution was washed with aqueous sodium bicarbonate
      and then water, and dried over sodium sulphate. The solvent was evaporated
      and the residue was distilled under reduced pressure to give
      2-(7-hydroxyheptyl)cyclopent-2-enone (11.7 g.), b.p.
      125.degree.-170.degree.C./0.15 mm.Hg, n.sub.D.sup.25 = 1.490,
      .lambda..sub.max 228m.mu.   (ethanol).
PAC  b. Preparation of 5-acetoxy-2-(7-acetoxyheptyl)cyclopent-2-enone
PAR  By proceeding in a similar manner to that described above in Example 1(h)
      for the preparation of 5-acetoxy-2-(3-acetoxyoctyl)cyclopent-2-enone, but
      substituting the appropriate quantity of
      2,3-epoxy-2-(7-hydroxyheptyl)cyclopentanone [prepared as described above
      in Example 2(a)] for the 2-(3-acetoxyoctyl)-2,3-epoxycyclopentanone used
      as starting material, there was prepared
      5-acetoxy-2-(7-acetoxyheptyl)cyclopent-2-enone, b.p.
      172.degree.-175.degree.C./0.15 mm.Hg, .nu..sub.max 1730 cm.sup.-.sup.1,
      1710 cm.sup.-.sup.1, 1235 cm.sup.-.sup.1.
PAR  The nuclear magnetic resonance spectrum (N.M.R.) of a 10% solution of the
      5-acetoxy-2-(7-acetoxyheptyl)cyclopent-2-enone in deuterochloroform
      displayed the following peaks:
PA1  broad peak at 1.05-1.95.delta. (5 methylene groups in middle of chain)
PA1  singlets at 2.05.delta. and 2.15.delta. (acetoxy groups)
PA1  multiplets at 1.95-2.7.delta. and at 3.1.delta. (ring methylene group and
      the chain methylene group adjacent to the ring)
PA1  triplet at 4.05.delta. (chain methylene group adjacent to acetoxy group)
PA1  doublet of doublets at 5.15.delta. (ring methylidene group adjacent to
      acetoxy group)
PA1  multiplet at 7.15-7.35.delta. (vinylene group).
PAC  c. Preparation of 2-(7-acetoxyheptyl)-3-cyano-5-hydroxycyclopentanone
PAR  By proceeding in a similar manner to that described above in Example 1(j)
      for the preparation of 2-(3-acetoxyoctyl)-3-cyano-5-hydroxycyclopentanone,
      but substituting the appropriate quantity of
      5-acetoxy-2-(7-acetoxyheptyl)cyclopent-2-enone [prepared as described
      above in Example 2(b)]  for the
      5-acetoxy-2-(3-acetoxyoctyl)cyclopent-2-enone used as a starting material,
      there was prepared 2-(7-acetoxyheptyl)-3-cyano-5-hydroxycyclopentanone,
      .nu..sub.max 3425 cm.sup.-.sup.1, 2250 cm.sup.-.sup.1, 1730  cm
      .sup.-.sup.1, 1240 cm.sup.-.sup.1.
PAC  d. Preparation of
      2-(7-acetoxyheptyl)-3-cyano-5-(2-tetrahydropyranyloxy)cyclopentanone.
PAR  By proceeding in a similar manner to that described above in Example 1(l)
      for the preparation of
      3,4-di(2-tetrahydropyranyloxy)-2-[3-(2-tetrahydropyranyloxy)octyl]cyclopen
     tane carbonitrile, but substituting the appropriate quantity of
      2-(7-acetoxyheptyl)-3-cyano-5-hydroxycyclopentanone [prepared as described
      above in Example 2(c)] for the
      3,4-dihydroxy-2-(3-hydroxyoctyl)cyclopentane carbonitrile used as a
      starting material, there was prepared
      2-(7-acetoxyheptyl)-3-cyano-5-(2-tetrahydropyranyloxy)cyclopentanone,
      .nu..sub.max 2240 cm.sup.-.sup.1, 1735 cm.sup.-.sup.1, 1245
      cm.sup.-.sup.1.
PAC  e. Preparation of
      3-formyl-2-(7-hydroxyheptyl)-5(2-tetrahydropyranyloxy)cyclopentanol
PAR  By proceeding in a similar manner to that described above in Example 1(m)
      for the preparation of
      3,4-di(2-tetrahydropyranyloxy)-2-[3-(2-tetrahydropyranyloxy)octyl]cyclopen
     tane carbaldehyde, but substituting the appropriate quantity of
      2-(7-acetoxyheptyl)-3-cyano-5-(2-tetrahydropyranyloxy)cyclopentanone
      [prepared as described above in Example 2(d)] for the
      3,4-di(2-tetrahydropyranyloxy)-2-[3-(2-tetrahydropyranyloxy)octyl]cyclopen
     tane carbonitrile used as starting material, there was prepared
      3-formyl-2-(7-hydroxyheptyl(-5-(2 -tetrahydropyranyloxy)cyclopentanol,
      .nu..sub.max 3400 cm.sup.-.sup.1, 1710 cm.sup.-.sup.1.
PAC  f. Preparation of
      2-(7-hydroxyheptyl)-3-(3-oxoalk-1-enyl)-5-(2-tetrahydropyranyloxy)cyclopen
     tanols
PAR  A mixture of
      3-formyl-2-(7-hydroxyheptyl)-5-(2-tetrahydropyranyloxy)cyclopentanol [5.4
      g.; prepared as described above in Example 2(e)] and hexanoylmethylene
      triphenylphosphorane (5.6 g.) in dry tetrahydrofuran (60 ml.) was heated
      under reflux under nitrogen for 24 hours. The solvent was then removed in
      vacuo and the resulting residue was chromatographed on silica gel. Elution
      with diethyl ether gave
      2-(7-hydroxyheptyl)-3-(3-oxooct-1-enyl)-5-(2-tetrahydropyranyloxy)cyclopen
     tanol (3.64g.),.nu..sub.max  3450 cm.sup.-.sup.1, 1670 cm.sup.-.sup.1, 1630
      cm.sup.-.sup.1, 985 cm.sup.-.sup.1.
PAR  By proceeding in a similar manner, but substituting the appropriate
      quantity of pentanoylmethylene triphenylphosphorane for the
      hexanoylmethylene triphenylphosphorane used as a starting material, there
      was prepared
      2-(7-hydroxyheptyl)-3-(3-oxohept-1-enyl)-5-(2-tetrahydropyranyloxy)cyclope
     ntanol.
PAR  By again proceeding in a similar manner, but substituting the appropriate
      quantity of octanoylmethylene triphenylphosphorane for the
      hexanoylmethylene triphenylphosphorane used as a starting material, there
      was prepared
      2-(7-hydroxyheptyl)-3-(3-oxodec-1-enyl)-5-(2-tetrahydropyranyloxy)cyclopen
     tanol.
PAR  The hexanoylmethylene triphenylphosphorane, used as starting material, was
      prepared as follows:
PAR  A solution of 1-chloroheptan-2-one (33 g.) and triphenylphosphine (60 g.)
      in chloroform (50 ml.) was saturated with nitrogen and refluxed under
      nitrogen overnight. The chloroform was removed in vacuo and the residue
      was dissolved in methylene chloride (150 ml.). Dry diethyl ether (600 ml.)
      was added to precipitate 2-oxoheptyltriphenylphosphonium chloride (60 g.),
      m.p. 165.degree.-168.degree.C. This compound (23 g.) was added portionwise
      to a solution of sodium carbonate (25 g.) in water (250 ml.) and the
      mixture was stirred vigorously for 24 hours. The solution was extracted
      with diethyl ether, and the ethereal extracts were dried over magnesium
      sulphate. The solvent was removed by evaporation and the residue was
      cooled and triturated with petroleum ether (b.p. 40.degree.-60.degree.C.).
      The solid thus obtained was recrystallised from petroleum ether (b.p.
      60.degree.-80.degree.C.) to give hexanoylmethylene triphenylphosphorane
      (17 g.), m.p. 73.degree.-74.degree.C.
PAR  The pentanoylmethylene triphenylphosphorane, m.p. 54.degree.-56.degree.C.,
      used as a starting material, was prepared by proceeding in a similar
      manner but substituting the appropriate quantity of 1-chlorohexan-2-one
      for the 1-chloroheptan-2-one. The melting point of the intermediate
      2-oxohexyltriphenylphosphonium chloride was 179.degree.-181.degree.C.
PAR  The octanoylmethylene triphenylphosphorane, m.p. 74.degree.-76.degree.C.,
      used as a starting material, was prepared by again proceeding in a similar
      manner, but substituting the appropriate quantity of 1-chlorononan-2-one
      for the 1-chloroheptan-2-one. The melting point of the intermediate
      2-oxononyltriphenylphosphonium chloride was 205.degree.-207.degree.C.
PAC  g. Preparation of
      7-[2-oxo-5-(3-oxoalk-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopentyl]heptano
     ic acids
PAR  Chromium trioxide (4.0 g.) (dried over phosphorus pentoxide) was added
      portionwise to a stirred solution of
      2-(7-hydroxyheptyl)-3-(3-oxooct-1-enyl)-5-(2-tetrahydropyranyloxy)cyclopen
     tanol [2.12 g.; prepared as described in Example 2(f)] in dry
      dimethylformamide (30 ml.), while maintaining the temperature at between
      5.degree. and 15.degree.C. A solution of concentrated sulphuric acid (1.4
      ml.) in dimethylformamide (40 ml.) was then added and the mixture was
      stirred at between 5.degree. and 15.degree.C. for a further 90 minutes.
      Diethyl ether was then added, followed by a minimum quantity of water to
      produce two readily separable layers. The ethereal layer was separated and
      stirred with an aqueous 2N sodium carbonate solution. This aqueous layer
      was then separated, washed with diethyl ether, and then treated with a
      further quantity of diethyl ether and acidified to pH 4 by the dropwise
      addition of concentrated hydrochloric acid. The resulting ethereal layer
      was separated, and the remaining aqueous layer was extracted with a
      further quantity of diethyl ether. These last two ethereal solutions were
      then combined, dried over magnesium sulphate, and evaporated to dryness,
      to give crude
      7-[2-oxo-5-(3-oxooct-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopentyl]heptano
     ic acid (1.03 g.), .nu..sub.max 1720 cm.sup.-.sup.1, 1700 cm.sup.-.sup.1,
      1670 cm.sup.-.sup.1, 1625 cm.sup.-.sup.1, 985 cm.sup.-.sup.1, which was
      used as starting material in the following preparation (h) of
      7-[2-hydroxy-5-(3-hydroxyoct-1-enyl)-
      3-(2-tetrahydropyranyloxy)cyclopentyl]heptanoic acid, without further
      purification being necessary.
PAR  By proceeding in a similar manner, but substituting the appropriate
      quantity of
      2-(7-hydroxyheptyl)-3-(3-oxohept-1-enyl)-5-(2-tetrahydropyranyloxy)cyclope
     ntanol[prepared as described above in Example 2(f)] for the
      2-(7-hydroxyheptyl)-3-(3-oxooct-1-enyl)-5-(2-tetrahydropyranyloxy)cyclopen
     tanol used as starting material, there was prepared
      7-[2-oxo-5-(3-oxohept-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopentyl]heptan
     oic acid, .nu..sub.max 1720 cm.sup.-.sup.1, 1700 cm.sup.-.sup.1, 1670
      cm.sup.-.sup.1, 1625 cm.sup.-.sup.1, 985 cm.sup.-.sup.1.
PAR  By again proceeding in a similar manner, but substituting the appropriate
      quantity of
      2-(7-hydroxyheptyl)-3-(3-oxodec-1-enyl)-5-(2-tetrahydropyranyloxy)cyclopen
     tanol [prepared as described above in Example 2(f)] for the
      2-(7-hydroxyheptyl)-3-(3-oxooct-1-enyl)-5-(2-tetrahydropyranyloxy)cyclopen
     tanol used as starting material, there was prepared
      7-[2-oxo-5-(3-oxodec-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopentyl]heptano
     ic acid, .nu..sub.max 1725 cm.sup.-.sup.1, 1700 cm.sup.-.sup.1, 1670
      cm.sup.-.sup.1, 1625 cm.sup.-.sup.1, 985 cm.sup.-.sup.1.
PAC  h. Preparation of
      7-[2-hydroxy-5-(3-hydroxyalk-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopentyl
     ]heptanoic acids
PAR  A solution of
      7-[2-oxo-5-(3-oxooct-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopentyl]heptano
     ic acid [0.45 g.; prepared as described above in Example 2(g)] in methanol
      (10 ml.) was added to a stirred 2% w/v aqueous solution of sodium citrate
      (100 ml.) at -5.degree.C. Potassium borohydride (1.6 g.) was then added
      portionwise, allowing the pH to change to pH 8 and then maintaining at pH
      8 by the addition, when necessary, of quantities of 10% w/v aqueous citric
      acid solution. When the addition of the potassium borohydride was
      complete, the solution was stirred for 90 minutes, meanwhile maintaining
      the pH at pH 8 by means of the addition of further quantities of the
      citric acid solution, and allowing it to attain room temperature. The
      solution was then treated with acetone (50 ml.), treated with a further
      quantity of the citric acid solution to bring the pH to pH 4, saturated
      with sodium chloride and extracted three times with diethyl ether. The
      combined ethereal extracts were washed with a saturated solution of sodium
      chloride in 2N hydrochloric acid, and then with a saturated aqueous
      solution of sodium chloride, and dried over magnesium sulphate. The
      solvent was removed in vacuo to give crude
      7-[2-hydroxy-5-(3-hydroxyoct-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopentyl
     ]heptanoic acid (0.34 g.), .nu..sub.max 1700 cm.sup.-.sup.1, 980
      cm.sup.-.sup.1, which was used as starting material in the following
      preparation (i) of
      7-[2,3-dihydroxy-5-(3-hydroxyoct-1-enyl)cyclopentyl]heptanoic acid without
      further purification being necessary.
PAR  By proceeding in a similar manner, but substituting
      7-[2-oxo-5-(3-oxohept-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopentyl]heptan
     oic acid [prepared as described above in Example 2(g)] for the
      7-[2-oxo-5-(3-oxooct-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopentyl]heptano
     ic acid used as starting material, there was prepared
      7-[2-hydroxy-5-(3-hydroxyhept-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopenty
     l]heptanoic acid, .nu..sub.max 1705 cm.sup.-.sup.1, 980 cm.sup.-.sup.1.
PAR  By again proceeding in a similar manner, but substituting
      7-[2-oxo-5-(3-oxodec-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopentyl]heptano
     ic acid [prepared as described above in Example 2(g)] for the
      7-[2-oxo-5-(3-oxooct-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopentyl]heptano
     ic acid used as starting material, there was prepared
      7-[2-hydroxy-5-(3-hydroxydec-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopentyl
     ]heptanoic acid, .nu..sub.max 1705 cm.sup.-.sup.1, 980 cm.sup.-.sup.1.
PAC  i. Preparation of
      7-[2,3-dihydroxy-5-(3-hydroxyalk-1-enyl)cyclopentyl]heptanoic acids
PAR  A mixture of
      7-[2-hydroxy-5-(3-hydroxyoct-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopentyl
     ]heptanoic acid [0.34 g.; prepared as described above in Example 2(h)],
      ethanol (10 ml.), N aqueous hydrochloric acid (10 ml.) and a cation
      exchange resin [Dowex resin AG50W-X 8H.sup.+ (1.0 g.)] was stirred at
      60.degree.-62.degree.C. for 8 hours. The mixture was filtered and the
      solid was washed with ethanol. The combined filtrate and washings were
      concentrated in vacuo to remove most of the ethanol, and the residue was
      extracted twice with diethyl ether. The combined ethereal extracts were
      extracted with 2N aqueous sodium carbonate solution, and the aqueous
      extract was acidified to pH 1 by the addition of concentrated hydrochloric
      acid. The resulting aqueous mixture was extracted with diethyl ether and
      the ethereal extract was dried over magnesium sulphate and evaporated to
      dryness. The residue (0.13 g.) was subjected to preparative thin-layer
      chromatography on silica gel, using a mixture of ethyl acetate,
      cyclohexane and formic acid (40:40:1 by volume) as the eluent, to give
      7-[2,3-dihydroxy-5-(3-hydroxyoct-1-enyl)cyclopentyl]-heptanoic acid (0.01
      g.),.nu..sub.max 1700 cm.sup.-.sup.1, 980 cm.sup.-.sup.1. Elemental
      analysis: found: C, 67.8; H, 10.4%; C.sub.20 H.sub.36 O.sub.5 requires C,
      67.4; H, 10.2%.
PAR  By proceeding in a similar manner but substituting
      7-[2-hydroxy-5-(3-hydroxyhept-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopenty
     l]heptanoic acid [prepared as described above in Example 2(h)] for the
      7-[2-hydroxy-5-(3-hydroxyoct-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopentyl
     ]heptanoic acid used as starting material, there was prepared
      7-[2,3-dihydroxy-5-(3-hydroxyhept-1-enyl)cyclopentyl]heptanoic acid,
      .nu..sub.max 3400 cm.sup.-.sup.1, 1700 cm.sup.-.sup.1, 980 cm.sup.-.sup.1.
PAR  By again proceeding in a similar manner, but substituting
      7-[2-hydroxy-5-(3-hydroxydec-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopentyl
     ]heptanoic acid [prepared as described above in Example 2(h)] for the
      7-[2-hydroxy-5-(3-hydroxyoct-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopentyl
     ]heptanoic acid used as starting material, there was prepared
      7-[2,3-dihydroxy-5-(3-hydroxydec-1-enyl)cyclopentyl]heptanoic acid,
      .nu..sub.max 3400 cm.sup.-.sup.1, 1700 cm.sup.-.sup.1, 975 cm.sup.-.sup.1.
PAC  EXAMPLE 3
PAC  Preparation of methyl
      7-[3,4-dihydroxy-2-(3-hydroxyoctyl)cyclopentyl]heptanoate
PAR  A solution of diazomethane (60 mg.) in diethyl ether (10 ml.) was added to
      7-[3,4-dihydroxy-2-(3-hydroxyoctyl)cyclopentyl]heptanoic acid (0.3 g.;
      prepared as described in Example 1(q)) and the reaction mixture was left
      to stand for one day at room temperature. The polymethylenes formed as
      by-products of the reaction were removed by filtration and the filtrate
      was washed with dilute aqueous sodium carbonate solution. Evaporation of
      the ethereal solution gave crude methyl
      7-[3,4-dihydroxy-2-(3-hydroxyoctyl)cyclopentyl]heptanoate (0.26 g.),
      .nu..sub.max 3450 cm.sup.-.sup.1, 1730 cm.sup.-.sup.1.
PAC  EXAMPLE 4
PAC  a. Preparation of
      2-(7-hydroxyheptyl)-3-(4-methyl-3-oxooct-1-enyl)-5-(2-tetrahydropyranyloxy
     )cyclopentanol
PAR  A solution of dimethyl 3-methyl-2-oxoheptylphosphonate (2.36 g.) in
      tetrahydrofuran (20 ml.) was added dropwise to a stirred suspension of
      sodium hydride (0.24 g.) in tetrahydrofuran (50 ml.). The mixture was
      stirred at room temperature until the evolution of hydrogen had ceased,
      then treated dropwise with a solution of
      3-formyl-2-(7-hydroxyheptyl)-5-(2-tetrahydropyranyloxy)cyclpentanol [3.28
      g.; prepared as described above in Example 2(e)] in tetrahydrofuran (20
      ml.) and stirred for a further 2 hours. The mixture was acidified to pH 4
      by the addition of glacial acetic acid, the solvent was removed in vacuo
      and the residue dissolved in diethyl ether. The ethereal solution was
      washed with aqueous sodium carbonate solution, dried over magnesium
      sulphate, and evaporated to dryness to give
      2-(7-hydroxyheptyl)-3-(4-methyl-3-oxooct-1-enyl)-5-(2-tetrahydropyranyloxy
     )cyclopentanol (4.1 g.).
PAR  The dimethyl 3-methyl-2-oxoheptylphosphonate used as a starting material
      was prepared as follows:
PAR  A stirred solution of dimethyl methylphosphonate (54 g.) in dry
      tetrahydrofuran (390 ml.) at -45.degree. to -50.degree.C. was treated,
      dropwise during 20 minutes, with a solution of butyl lithium (32 g.) in
      pentane (250 ml.). Stirring was continued at that temperature for a
      further 10 minutes, and then the mixture was cooled to -60.degree.C. and
      treated, dropwise during 15 minutes, with a solution of ethyl
      2-methylhexanoate (34.5 g.) in tetrahydrofuran (120 ml.). The mixture was
      stirred at -60.degree.C. for a further 90 minutes and then at room
      temperature for 3 hours, and then it was treated with acetic acid (42
      ml.), evaporated to dryness in vacuo, and residue treated with water (170
      ml.). The mixture was extracted twice with diethyl ether and the combined
      ethereal extracts washed with water, dried over sodium sulphate and
      evaporated to dryness in vacuo. The residue was distilled to give dimethyl
      3-methyl-2-oxoheptylphosphonate (16.8 g.), b.p. 93-94.degree.C./0.2mm.Hg.
PAR  Elemental analysis: found: C,50.8; H,9.0; P,12.7%; C.sub.10 H.sub.21
      PO.sub.4 requires C,50.9; H,8.9; P,13.1%
PAC  b. Preparation of
      7-[2-oxo-5-(4-methyl-3-oxooct-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopenty
     l]heptanoic acid
PAR  By proceeding in a similar manner to that described above in Example 2(g)
      for the preparation of
      7-[2-oxo-5-(3-oxooct-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopentyl]heptano
     ic acid, but substituting the appropriate quantity of
      2-(7-hydroxyheptyl)-3-(4-methyl-3-oxooct-1-enyl)-5-(2-tetrahydropyranyloxy
     )cyclopentanol [prepared as described above in Example 4(a)] for the
      2-(7-hydroxyheptyl)-3-(3-oxooct-1-enyl)-5-(2-tetrahydropyranyloxy)cyclopen
     tanol used as starting material, there was prepared
      7-[2-oxo-5-(4-methyl-3-oxooct-1-enyl]-3-(2-tetrahydropyranyloxy)cyclopenty
     l]heptanoic acid .nu..sub.max 1700cm.sup.-.sup.1, 1670cm.sup.-.sup.1,
      1620cm.sup.-.sup.1, 980cm.sup.-.sup.1.
PAC  c. Preparation
      7-[2-hydroxy-5-(3-hydroxy-4-methyloct-1-enyl)-3-(2-tetrahydropyranyloxy)cy
     clopentyl]heptanoic acid
PAR  By proceeding in a similar manner to that described above in Example 2(h)
      for the preparation of
      7-[2-hydroxy-5-(3-hydroxyoct-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopentyl
     ]heptanoic acid, but substituting the appropriate quantity of
      7-[2-oxo-5-(4-methyl-3-oxooct-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopenty
     l]heptanoic acid [prepared as described above in Example 4(b)] for the
      7-[2-oxo-5-(3-oxooct-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopentyl]heptano
     ic acid used as starting material, there was prepared
      7-[2-hydroxy-5-(3-hydroxy-4-methyloct-1-enyl)-3-(2-tetrahydropyranyloxy)cy
     clopentyl]heptanoic acid.
PAC  d. Preparation of
      7-[2,3-dihydroxy-5-(3-hydroxy-4-methyloct-1-enyl)cyclopentyl]heptanoic
      acid
PAR  A mixture of
      7-[2-hydroxy-5-(3-hydroxy-4-methyloct-1-3-(2-tetrahydropyranyloxy)cyclopen
     tyl]heptanoic acid (1.06 g.), glacial acetic acid (40 ml.) and water (20
      ml.) was stirred at 40.degree.C. for 4 hours. The mixture was then treated
      with water (50 ml.) and extracted with diethyl ether (2 .times. 50 ml.).
      The combined ethereal extracts were washed once with water, dried over
      magnesium sulphate, and concentrated in vacuo to low volume. Repeatedly,
      small portions of benzene were then added, concentrating in vacuo in order
      to remove last traces of acetic acid, and then the mixture was evaporated
      to dryness. The residue (0.5 g.) was subjected to preparative thin-layer
      chromatography on silica gel, using a mixture of ethyl acetate,
      cyclohexane and formic acid (40:40:1 by volume) as the eluent, to give
      7-[2,3-dihydroxy-5-(3-hydroxy-4-methyloct-1-enyl)cyclopentyl]heptanoic
      acid (0.045 g.), .nu..sub.max 1705 cm.sup.-.sup.1, 980 cm.sup.-.sup.1.
PAC  EXAMPLE 5
PAC  Preparation of 7-[3-hydroxy-2-oxo-5-(3-oxooct-1-enyl)cyclopentyl]heptanoic
      acid
PAR  By proceeding in a manner similar to that hereinbefore described in Example
      4(d) for the preparation of
      7-[2,3-dihydroxy-5-(3-hydroxy-4-methyloct-1-enyl)cyclopentyl]heptanoic
      acid, but substituting
      7-[2-oxo-5-(3-oxooct-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopentyl]heptano
     ic acid [prepared as hereinbefore described in Example 2(g)] for the
      7-[2-hydroxy-5-(3-hydroxy-4-methyloct-1-3-(2-tetrahydropyranyloxy)cyclopen
     tyl]heptanoic acid used as starting material, there was prepared
      7-[3-hydroxy-2-oxo-5-(3-oxooct-1-enyl)cyclopentyl]heptanoic acid,
      .nu..sub.max 3400cm.sup.-.sup.1, 1700cm.sup.-.sup.1, 1625cm.sup.-.sup.1,
      985cm.sup.-.sup.1, .lambda..sub.max 225m.mu..
PAC  EXAMPLE 6
PAC  Preparation of 7-[2,3-dihydroxy-5-(
     3-hydroxyoct-1-enyl)cyclopentyl]heptanoic acid.
PAR  By proceeding in a manner similar to that hereinbefore described in Example
      2(h) for the preparation of
      7-[2-hydroxy-5-(3-hydroxyoct-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopentyl
     ]heptanoic acid, but substituting
      7-[3-hydroxy-2-oxo-5-(3-oxooct-1-enyl)cyclopentyl]heptanoic acid [prepared
      as hereinbefore described in Example 5] for the
      7-[2-oxo-5-(3-oxooct-1-enyl)-3-(2-tetrahydropyranyloxy)cyclopentyl]heptano
     ic acid used as starting material, there was prepared
      7-[2,3-dihydroxy-5-(3-hydroxyoct-1-enyl)cyclopentyl]heptanoic acid,
      .nu..sub.max 1700cm.sup..sup.-1, 980cm.sup..sup.-1.
PAR  The present invention includes within its scope pharmaceutical compositions
      which comprise at least one compound of the above-mentioned novel class of
      cyclopentane derivatives of general formula I or, when R.sup.1 represents
      a hydrogen atom, a non-toxic salt thereof, together with a pharmaceutical
      carrier or coating. In clinical practice the novel compounds of the
      present invention will normally be administered orally, rectally,
      vaginally or parenterally.
PAR  Solid compositions for oral administration include compressed tablets,
      pills, dispersible powders, and granules. In such solid compositions one
      or more of the active compounds is, or are, admixed with at least one
      inert diluent such as calcium carbonate, potato starch, alginic acid, or
      lactose. The compositions may also comprise, as is normal practice,
      additional substances other than inert diluents, e.g., lubricating agents,
      such as magnesium stearate. Liquid compositions for oral administration
      include pharmaceutically-acceptable emulsions, solutions, suspensions,
      syrups and elixirs containing inert diluents commonly used in the art,
      such as water and liquid paraffin. Besides inert diluents such
      compositions may also comprise adjuvants, such as wetting and suspending
      agents, and sweetening, flavouring, perfuming and preserving agents. The
      compositions according to the invention, for oral administration, also
      include capsules of absorbable material such as gelatin containing one or
      more of the active substances with or without the addition of diluents or
      excipients.
PAR  Solid compositions for vaginal administration include pessaries formulated
      in manner known per se and containing one or more of the active compounds.
PAR  Solid compositions for rectal administration include suppositories
      formulated in manner known per se and containing one or more of the active
      compounds.
PAR  Preparations according to the invention for parenteral administration
      include sterile aqueous or non-aqueous solutions, suspensions, or
      emulsions. Examples of non-aqueous solvents or suspending media are
      propylene glycol, polyethylene glycol, vegetable oils such as olive oil,
      and injectable organic esters such as ethyl oleate. These compositions may
      also include adjuvants such as preserving, wetting, emulsifying and
      dispersing agents. They may be sterilised, for example, by filtration
      through a bacteria-retaining filter, by incorporation of sterilising
      agents in the compositions, by irradiation, or by heating. They may also
      be manufactured in the form of sterile solid compositions, which can be
      dissolved in sterile water or some other sterile injectable medium
      immediately before use.
PAR  The percentage of active ingredient in the compositions of the invention
      may be varied, it being necessary that it should constitute a proportion
      such that a suitable dosage for the therapeutic effect desired shall be
      obtained. Obviously several unit dosage forms may be administered at about
      the same time. In general, the preparations should normally contain at
      least 0.025% by weight of active substance when required for
      administration by injection; for oral administration the preparations will
      normally contain at least 0.1% by weight of active substance. The dose
      employed depends upon the desired therapeutic effect, the route of
      administration and the duration of the treatment. In the adult, the doses
      are generally between 0.02 and 2.0 mg. by aerosol administration as
      bronchodilators, between 0.0002 and 2.0 mg./kg. body weight by intravenous
      administration, preferably by intravenous infusion at a rate of between
      0.0001 and 1.0 mg./kg. body weight/minute as hypotensives, between 0.001
      and 0.3 mg./kg. body weight orally as inhibitors of gastric acid secretion
      and between 0.01 and 1.0 mg./kg. body weight by intravenous
      administration, preferably by intravenous infusion at a rate of between
      0.02 and 20 .mu.g./kg. body weight/minute as stimulators of uterine
      contraction. If necessary these doses may be repeated as and when
      required.
PAR  The compounds of general formula I and, when R.sup.1 represents a hydrogen
      atom, non-toxic salts thereof may be administered orally as
      bronchodilators by any method known per se for administration by
      inhalation of drugs which are not themselves gaseous under normal
      conditions of administration. Thus, a solution of the active ingredient in
      a suitable pharmaceutically-acceptable solvent, for example water, can be
      nebulized by a mechanical nebulizer, for example a Wright Nebulizer, to
      give an aerosol of finely-divided liquid particles suitable for
      inhalation. Advantageously, the solution to be nebulized is diluted, and
      aqueous solutions containing from 0.02 to 20 mg., and preferably 0.2 to
      5.0 mg., of active ingredient per ml. of solution are particularly
      suitable. The solution may contain stabilizing agents such as sodium
      bisulphite and buffering agents to give it an isotonic character, e.g.,
      sodium chloride, sodium citrate and citric acid.
PAR  The active ingredients may also be administered orally by inhalation in the
      form of aerosols generated from self-propelling pharmaceutical
      compositions. Compositions suitable for this purpose may be obtained by
      dissolving or suspending in finely-divided form, preferably micronized to
      an average particle size of less than 5 microns, the active ingredients in
      pharmaceutically-acceptable solvents, e.g., ethanol, which are co-solvents
      assisting in dissolving the active ingredients in the volatile liquid
      propellants hereinafter described, or pharmaceutically-acceptable
      suspending or dispersing agents, for example aliphatic alcohols such as
      oleyl alcohol, and incorporating the solutions or suspensions obtained
      with pharmaceutically-acceptable volatile liquid propellants, in
      conventional pressurized packs which may be made of any suitable material,
      e.g., metal, plastics or glass, adequate to withstand the pressures
      generated by the volatile propellant in the pack. Pressurized
      pharmaceutically-acceptable gases, such as nitrogen, may also be used as
      propellants. The pressurized pack is preferably fitted with a metered
      valve which dispenses a controlled quantity of the self-propelling aerosol
      composition as a single dose.
PAR  Suitable volatile liquid propellants are known in the art and include
      fluorochlorinated alkanes containing from one to four, and preferably one
      or two, carbon atoms, for example dichlorodifluoromethane,
      dichlorotetrafluoroethane, trichloromonofluoromethane,
      dichloromonofluoromethane and monochlorotrifluoromethane. Preferably, the
      vapour pressure of the volatile liquid propellant is between about 25 and
      65 pounds, and more especially between about 30 and 55 pounds, per square
      inch gauge at 21.degree.C. As is well-known in the art, volatile liquid
      propellants of different vapour pressures may be mixed in varying
      proportions to give a propellant having a vapour pressure appropriate to
      the production of a satisfactory aerosol and suitable for the chosen
      container. For example dichlorodifluoromethane (vapour pressure 85 pounds
      per square inch gauge at 21.degree.C.) and dichlorotetrafluoroethane
      (vapour pressure 28 pounds per square inch gauge at 21.degree.C.) may be
      mixed in varying proportions to give propellants having vapour pressures
      intermediate between those of two constituents, e.g., a mixture of
      dichlorodifluoromethane and dichlorotetrafluoroethane in the proportions
      38:62 respectively by weight has a vapour pressure of 53 pounds per square
      inch gauge at 21.degree.C.
PAR  The self-propelling pharmaceutical compositions may be prepared by
      dissolving the required quantity of active ingredient in the co-solvent or
      combining the required quantity of active ingredient with a measured
      quantity of suspending or dispersing agent. A measured quantity of this
      composition is then placed in an open container which is to be used as the
      pressurized pack. The container and its contents are then cooled below the
      boiling temperature of the volatile propellant to be used. The required
      quantity of liquid propellant, cooled below its boiling temperature, is
      then added and the contents of the container mixed. The container is then
      sealed with the required valve fitting, without allowing the temperature
      to rise above the boiling temperature of the propellant. The temperature
      of the sealed container is then allowed to rise to ambient with shaking to
      ensure complete homogeneity of the contents to give a pressurized pack
      suitable for generating aerosols for inhalation. Alternatively, the
      co-solvent solution of the active ingredient or combination of active
      ingredient and suspending or dispersing agent is placed in the open
      container, the container sealed with a valve, and the liquid propellant
      introduced under pressure.
PAR  Means for producing self-propelling compositions for generating aerosols
      for the administration of medicaments are, for example, described in
      detail in U.S. Pat. Nos. 2,868,691 and 3,095,355.
PAR  Preferably, the self-propelling pharmaceutical compositions according to
      the present invention contain from 0.2 to 20 mg., and more particularly
      0.2 to 5.0 mg., of active ingredient per ml. of solution or suspension. It
      is important that the pH of solutions and suspensions used, according to
      the present invention, to generate aerosols should be kept within the
      range 3 to 8 and preferable that they should be stored at or below
      4.degree.C., to avoid pharmacological deactivation of the active
      ingredient.
PAR  In carrying out the present invention, the means of producing an aerosol
      for inhalation should be selected in accordance with the physico-chemical
      properties of the active ingredient.
PAR  By the term "pharmaceutically-acceptable" as applied in this specification
      to solvents, suspending or dispersing agents, propellants and gases is
      meant solvents, suspending or dispersing agents, propellants and gases
      which are non-toxic when used in aerosols suitable for inhalation therapy.
PAR  It is highly desirable that the aerosols should have a particle size less
      than about 10 microns and preferably less than 5 microns, for example
      between 0.5 and 3 microns, to ensure effective distribution to very narrow
      bronchioles. Preferably, administration is by means of devices enabling
      controlled quantities of the active ingredients to be administered, for
      example by means of the metered valves hereinbefore mentioned.
PAR  The following Example illustrates pharmaceutical compositions according to
      the invention.
PAC  EXAMPLE 7
PAR  7-[3,4-Dihydroxy-2-(3-hydroxyoctyl)cyclopentyl]-heptanoic acid (300 mg.)
      was dissolved in ethanol (1 ml.) and the solution obtained was added to an
      aqueous solution (12 ml.) containing sodium carbonate (50 mg.). Aqueous
      sodium chloride solution (0.9% w/v, 2 ml.) was then added to give a final
      volume of 15 ml. The solution was then sterilized by passage through a
      bacteria-retaining filter and placed in 1.5 ml. portions in 5 ml.
      ampoules, to give 30 mg. of the heptanoic acid derivative (in the form of
      its sodium salt) per ampoule. The contents of the ampoules were
      freeze-dried and the ampoules sealed. The contents of an ampoule in a
      suitable volume, e.g. 2 ml., of sterile water or physiological saline gave
      a solution ready for administration by injection.
CLMS
STM  We claim:
NUM  1.
PAR  1. A cyclopentane of the formula:
      ##SPC15##
PAL  wherein R.sup.1 represents hydrogen or alkyl of 1 through 12 carbon atoms,
      R.sup.2 and R.sup.3 represent hydrogen or alkyl of 1 through 4 carbon
      atoms, R.sup.4 represents alkyl of 1 through 10 carbon atoms, and n
      represents 4 or 6, and, where R.sup.1 represents hydrogen, non-toxic salts
      thereof.
NUM  2.
PAR  2. A cyclopentane according to claim 1 wherein R.sup.1 represents hydrogen
      or alkyl of 1 through 4 carbon atoms, R.sup.2, R.sup.3 and R.sup.4 are as
      defined in claim 1, and n represents 6.
NUM  3.
PAR  3. A cyclopentane according to claim 1 wherein R.sup.4 represents alkyl of
      2 through 9 carbon atoms.
NUM  4.
PAR  4. A cyclopentane according to claim 1 wherein R.sup.4 represents alkyl of
      3, 4, or 6 carbon atoms.
NUM  5.
PAR  5. A cyclopentane according to claim 1 wherein R.sup.1 represents hydrogen,
      methyl or ethyl.
NUM  6.
PAR  6. A cyclopentane according to claim 1 wherein R.sup.2 represents hydrogen,
      R.sup.3 represents hydrogen or methyl, and R.sup.4 represents propyl,
      butyl or hexyl.
NUM  7.
PAR  7. An alkyl ester of an acid claimed in claim 1 in which the alkyl ester
      group contains 1 through 4 or 7 through 12 carbon atoms.
NUM  8.
PAR  8. The cyclopentane derivative according to claim 1 which is
      7-[3,4-dihydroxy-2-(3-hydroxyoctyl)-cyclopentyl]heptanoic acid and
      non-toxic salts and alkyl esters thereof in which the alkyl ester group
      contains 1 through 12 carbon atoms.
NUM  9.
PAR  9. An alkyl ester of the acid claimed in claim 8 in which the alkyl ester
      group contains 1 through 4 or 7 through 12 carbon atoms.
NUM  10.
PAR  10. The methyl and ethyl esters and sodium salt of the acid claimed in
      claim 8.
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PAL  Novel methods are disclosed for transforming PGA.sub.2 and
      15.beta.-PGA.sub.2 and their acetates, methyl esters, and acetate methyl
      esters to various prostanoic acids and esters of the PGE.sub.2 and
      PGF.sub.2.sub..alpha. series. Some of the latter are novel and are useful
      for the same pharmacological purposes as PGE.sub.2 and
      PGF.sub.2.sub..alpha..
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 403,094, filed Oct. 3, 1973
      which is a division of Ser. No. 159,478, filed July 2, 1971 now U.S. Pat.
      No. 3,772,350 which is a continuation-in-part of our co-pending
      application Ser. No. 71,390, filed September 11, 1970, now abandoned.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention relates to novel compositions of matter, to novel methods
      for preparing them, and to novel intermediates used in those methods. This
      invention also relates to novel methods for preparing known compounds, and
      to novel intermediates used in those methods.
PAR  In particular, the several aspects of this invention relate to derivatives
      of prostanoic acid which has the following structure and numbering:
      ##SPC1##
PAR  Some of the derivatives of prostanoic acid are known as prostaglandins. One
      of those, prostaglandin E.sub.2 (PGE.sub.2), has the following formula:
      ##SPC2##
PAL  Another, prostaglandin F.sub.2.sub..alpha. (PGF.sub.2.sub..alpha.), has the
      formula:
      ##SPC3##
PAL  Still another, prostaglandin F.sub.2.sub..beta., (PGF.sub.2.sub..beta.),
      has the formula:
      ##SPC4##
PAR  In Formulas I to IV and in the formulas recited hereinafter in the
      specification and claims, broken line attachments to the cyclopentane ring
      indicate substituents in alpha configuration, i.e., below the plane of the
      cyclopentane ring. Heavy solid line attachments to the cyclopentane ring
      indicate substituents in beta configuration, i.e., above the plane of the
      cyclopentane ring.
PAR  The side-chain hydroxy at C-15 in Formulas II to IV is in S (alpha)
      configuration. That configuration is shown by attachment of said
      side-chain hydroxy to C-15 with a dotted line and hydrogen with a heavy
      solid line. The alternative configuration for the side-chain hydroxy at
      C-15 is known as R or epi (beta), and is shown when necessary by
      attachment of said side-chain hydroxy to C-15 with a heavy solid line and
      hydrogen with a dotted line, thus
      ##EQU1##
      The prostaglandin corresponding to PGE.sub.2 (Formula II) but with the R
      or epi configuration at C-15 will be designated 15.beta.-PGE.sub.2. See
      Nature, 212, 38 (1966) for discussion of the stereochemistry of the
      prostaglandins.
PAR  These conventions regarding formulas, names, and symbols for derivatives of
      prostanoic acid apply to the formulas, names, and symbols given
      hereinafter in the specification and claims. When reference is made
      hereinafter to the compounds of Formulas II to IV, by the symbols
      PGE.sub.2, PGF.sub.2.sub..alpha., or PGF.sub.2.sub..beta., or to the
      methyl esters of any of those, 15(S) configuration will be intended and by
      established custom, "S" or alpha will not be mentioned in the name or
      symbol. For all of the other compounds recited hereinafter, the
      configuration at C-15 will be identified in the name as "15.beta."
      whenever the 15(R) configuration is intended.
PAR  Molecules of the known prostaglandins each have several centers of
      asymmetry, and can exist in racemic (optically inactive) form and in
      either of the two enantiomeric (optically active) forms, i.e., the
      dextrorotatory and levorotatory forms. As drawn, Formulas II to IV each
      represent the particular optically active form of the prostaglandin which
      is obtained from certain mammalian tissues, for example, sheep vesicular
      glands, swine lung, or human seminal plasma, or by carbonyl and/or double
      bond reduction of a prostaglandin so obtained. See, for example, Bergstrom
      et al., Pharmacol. Rev. 20, 1 (1968) and references cited therein.
PAR  The several aspects of this invention relate to novel methods for preparing
      PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta., their acetates
      and methyl esters, and the 15.beta.-epimers of those compounds, to novel
      intermediates used in those methods, to novel methods used to make those
      intermediates, and to certain novel and pharmacologically useful analogs
      of PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta..
PAR  The novel and pharmacologically useful PGE.sub.2, PGF.sub.2.sub..alpha.,
      and PGF.sub.2.sub..beta. analogs of this invention have the formulas:
      ##SPC5##
PAL  In Formulas V, VI, and VII, R.sub.1 is hydrogen, alkyl of one to 8 carbon
      atoms, inclusive, cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl
      of 7 to 12 carbon atoms, inclusive, phenyl, or phenyl subsitituted with
      one to 3 chloro or alkyl of one to 4 carbon atoms, inclusive. Also
      encompassed by Formulas V, VI, and VII are pharmacologically acceptable
      salts when R.sub.1 is hydrogen. In Formulas V and VII, Y is
      ##EQU2##
      In Formula V, B is
      ##EQU3##
      In Formula VI, .about. indicates attachment to the ring in alpha or beta
      configuration.
PAR  It will be observed that each of the novel compounds of Formulas V and VI
      has a hydroxy group attached to the 11-position in beta configuration. In
      PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta., and in the
      compounds of Formula VII, the hydroxy at C-11 is attached in alpha
      configuration.
PAR  With regard to Formulas V, VI, and VII, examples of alkyl of one to 8
      carbon atoms, inclusive, are methyl, ethyl, propyl, butyl, pentyl, hexyl,
      heptyl, octyl, and isomeric forms thereof. Examples of cycloalkyl of 3 to
      10 carbon atoms, inclusive, which includes alkyl-substituted cycloalkyl,
      are cyclopropyl, 2-methylcyclopropyl, 2,2-dimethylcyclopropyl,
      2,3-diethylcyclopropyl, 2-butylcyclopropyl, cyclobutyl,
      2-methylcyclobutyl, 3-propylcyclobutyl, 2,3,4-triethylcyclobutyl,
      cyclopentyl, 2,2-dimethylcyclopentyl, 3-pentylcyclopentyl,
      3-tert-butylcyclopentyl, cyclohexyl, 4-tert-butylcyclohexyl,
      3-isopropylcyclohexyl, 2,2-dimethylcyclohexyl, cycloheptyl, cyclooctyl,
      cyclononyl, and cyclodecyl. Examples of aralkyl of 7 to 12 carbon atoms,
      inclusive, are benzyl, phenethyl, 1-phenylethyl, 2-phenylpropyl,
      4-phenylbutyl, 3-phenylbutyl, 2-(1-naphthylethyl), and
      1-(2-naphthylmethyl). Examples of phenyl substituted by one to 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive, are p-chlorophenyl,
      m-chlorophenyl, o-chlorophenyl, 2,4-dichlorophenyl, 2,4,6-trichlorophenyl,
      p-tolyl, m-tolyl, o-tolyl, p-ethylphenyl, p-tert-butylphenyl,
      2,5-dimethylphenyl, 4-chloro-2-methylphenyl, and
      2,4-dichloro-3-methylphenyl.
PAR  The known prostanoic acid derivatives, PGE.sub.2, PGF.sub.2.sub..alpha.,
      and PGF.sub.2.sub..beta., and their esters and pharmacologically
      acceptable salts are extremely potent in causing various biological
      responses. For that reason, these compounds are useful for pharmacological
      purposes. See, for example, Bergstrom et al., cited above, and references
      cited therein. A few of those biological responses are systemic arterial
      blood pressure lowering in the case of the PGE.sub.2 and
      PGE.sub.2.sub..beta. compounds as measured, for example, in anesthetized
      (pentobarbital sodium) pentolinium-treated rats with indwelling aortic and
      right heart cannulas; pressor activity, similarly measured, for the
      PGF.sub.2.sub..alpha. compounds; stimulation of smooth muscle as shown,
      for example, by tests on strips of guinea pig ileum, rabbit duodenum, or
      gerbil colon; potentiation of other smooth muscle stimulants;
      antilipolytic activity as shown by antagonism of epinephrine-induced
      mobilization of free fatty acids or inhibition of the spontaneous release
      of glycerol from isolated rat fat pads; inhibition of gastric secretion in
      the case of the PGE.sub.2 compounds as shown in dogs with secretion
      stimulated by food or histamine infusion; activity on the central nervous
      system; controlling spasm and facilitating breathing in asthmatic
      conditions; decrease of blood platelet adhesiveness as shown by
      platelet-to-glass adhesiveness, and inhibition of blood platelet
      aggregation and thrombus formation induced by various physical stimuli,
      e.g., arterial injury, and various biochemical stimuli, e.g., ADP, ATP,
      serotonin, thrombin, and collagen; and in the case of the PGE.sub.2
      compounds, stimulation of epidermal proliferation and keratinization as
      shown when applied in culture to embryonic chick and rat skin segments.
PAR  Because of these biological responses, these known prostaglandins are
      useful to study, prevent, control, or alleviate a wide variety of diseases
      and undesirable physiological conditions in birds and mammals, including
      humans, useful domestic animals, pets, and zoological specimens, and in
      laboratory animals, for example, mice, rats, rabbits, and monkeys.
PAR  For example, these compounds, and especially the PGE.sub.2 compounds, are
      useful in mammals, including man, as nasal decongestants. For this
      purpose, the compounds are used in a dose range of about 10 .mu.g. to
      about 10 mg. per ml. of a pharmacologically suitable liquid vehicle of as
      an aerosol spray, both for topical application.
PAR  The PGE and PGF.sub..alpha. compounds are useful in the treatment of
      asthma. For example, these compounds are useful as bronchodilators or as
      inhibitors of mediators, such as SRS-A and Histamine which are released
      from cells activated by an antigen-antibody complex. Thus, these compounds
      control spasm and facilitate breathing in conditions such as bronchial
      asthma, bronchitis, bronchiectasis, pneumonia and emphysema. For these
      purposes, these compounds are administered in a variety of dosage forms,
      e.g., orally in the form of tablets, capsules, or liquids; rectally in the
      form of tablets, capsules, or liquids; rectally in the form of
      suppositories; parenterally, subcutaneously, or intramuscularly, with
      intravenous administration being preferred in emergency situations; by
      inhalation in the form of aerosols or solutions for nebulizers; or by
      insufflation in the form of powder. Doses in the range of about 0.01 to 5
      mg. per kg. of body weight are used 1 to 4 times a day, the exact dose
      depending on the age, weight, and condition of the patient and on the
      frequency and route of administration. For the above use these
      prostaglandins can be combined advantageously with other anti-asthmatic
      agents, such as sympathomimetics (isoproterenol, phenylephrine, ephedrine,
      etc); xanthine derivatives (theophylline and aminophyllin); and
      corticosteroids (ACTH and predinisolone). Regarding use of these compounds
      see South African Patent No. 681,055.
PAR  The PGE.sub.2 compounds are useful in mammals, including man and certain
      useful animals, e.g., dogs and pigs, to reduce and control excessive
      gastric secretion, thereby reducing or avoiding gastrointestinal ulcer
      formation, and accelerating the healing of such ulcers already present in
      the gastrointestinal tract. For this purpose, the compounds are injected
      or infused intravenously, subcutaneously, or intramuscularly in an
      infusion dose range about 0.1 .mu.g. to about 500 .mu.g. per kg. of body
      weight per minute, or in a total daily dose by injection or infusion in
      the range about 0.1 to about 20 mg. per kg. of body weight per day, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta. compounds
      are useful whenever it is desired to inhibit platelet aggregation, to
      reduce the adhesive character of platelets, and to remove or prevent the
      formation of thrombi in mammals, including man, rabbits, and rats. For
      example, these compounds are useful in the treatment and prevention of
      myocardial infarcts, to treat and prevent post-operative thrombosis, to
      promote patency of vascular grafts following surgery, and to treat
      conditions such as atherosclerosis, arteriosclerosis, blood clotting
      defects due to lipemia, and other clinical conditions in which the
      underlying etiology is associates with lipid imbalance or hyperlipidemia.
      For these purposes, these compounds are administered systemically, e.g.,
      intravenously, subcutaneously, intramuscularly, and in the form of sterile
      implants for prolonged action. For rapid response, especially in emergency
      situations, the intravenous route of administration is preferred. Doses in
      the range about 0.005 to about 20 mg. per kg. of body weight per day are
      used, the exact dose depending on the age, weight, and condition of the
      patient or animal, and on the frequency and route of administration.
PAR  The PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta. compounds
      are especially useful as additives to blood, blood products, blood
      substitutes, and other fluids which are used in artificial extracorporeal
      circulation and perfusion of isolated body portions, e.g., limbs and
      organs, whether attached to the original body, detached and being
      preserved or prepared for transplant, or attached to a new body. During
      these circulations and perfusions, aggregated platelets tend to block the
      blood vessels and portions of the circulation apparatus. This blocking is
      avoided by the presence of these compounds. For this purpose, the compound
      is added gradually or in single or multiple portions to the circulating
      blood, to the blood of the donor animal, to the perfused body portion,
      attached or detached, to the recipient, or to two or all of those at a
      total steady state dose of about 0.001 to 10 mg. per liter of circulating
      fluid. It is especially useful to use these compounds in laboratory
      animals, e.g., cats, dogs, rabbits, monkeys, and rats, for these purposes
      in order to develop new methods and techniques for organ and limb
      transplants.
PAR  The PGE.sub.2 compounds are extremely potent in causing stimulation of
      smooth muscle, and are also highly active in potentiating other known
      smooth muscle stimulators, for example, oxytocic agents, e.g., oxytocin,
      and the various ergot alkaloids including derivatives and analogs thereof.
      Therefore PGE.sub.2, for example, is useful in place of or in combination
      with less than usual amounts of these known smooth muscle stimulators, for
      example, to relieve the symptoms of paralytic ileus, or to control or
      prevent atonic uterine bleeding after abortion or delivery, to aid in
      expulsion of the placenta, and during the puerperium. For the latter
      purpose, the PGE.sub.2 compound is administered by intravenous infusion
      immediately after abortion or delivery at a dose in the range about 0.01
      to about 50 .mu.g. per kg. of body weight per minute until the desired
      effect is obtained. Subsequent doses are given by intravenous,
      subcutaneous, or intramuscular injection or infusion during puerperium in
      the range 0.01 to 2 mg. per kg. of body weight per day, the exact dose
      depending on the age, weight, and condition of the patient or animal.
PAR  The PGE.sub.2 and PGF.sub.2.sub..beta. compounds are useful as hypotensive
      agents to reduce blood pressure in mammals, including man. For this
      purpose, the compounds are administered by intravenous infusion at the
      rate about 0.01 to about 50 .mu.g. per kg. of body weight per minute, or
      in single or multiple doses of about 25 to 500 .mu.g. per kg. of body
      weight total per day.
PAR  The PGE.sub.2, PGA.sub.2, and PGF.sub.2.sub..beta. compounds also increase
      the flow of blood in the mammalian kidney, thereby increasing volume and
      electrolyte content of the urine. Therefore, these compounds are useful in
      managing cases of renel disfunction, especially those involving blockage
      of the renal vascular bed. Illustratively, the compounds are useful to
      alleviate and correct cases of edema resulting, for example, from massive
      surface burns, and in the management of shock. For these purposes, the
      compounds are preferably first administered by intravenous injection at a
      dose in the range 10 to 1000 .mu.g. per kg. of body weight or by
      intravenous infusion at a dose in the range 0.1 to 20 .mu.g. per kg. of
      body weight per minute until the desired effect is obtained. Subsequent
      doses are given by intravenous, intramuscular, or subcutaneous injection
      or infusion in the range 0.05 to 2 mg. per kg. of body weight per day.
PAR  The PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta. compounds
      are useful in place of oxytocin to induce labor in pregnant female
      animals, including man, cows, sheep, and pigs, at or near term, or in
      pregnant animals with intrauterine death of the fetus from about 20 weeks
      to term. For this purpose, the compound is infused intravenously at a dose
      0.01 to 50 .mu.g. per kg. of body weight per minute until or near the
      termination of the second stage of labor, i.e., expulsion of the fetus.
      These compounds are especially useful when the female is one or more weeks
      post-mature and natural labor has not started, or 12 to 60 hours after the
      membranes have ruptured and natural labor has not yet started.
PAR  The PGF.sub.2.sub..alpha., PGF.sub.2.sub..beta., and PGE.sub.2 compounds
      are useful for controlling the reproductive cycle in ovulating female
      mammals, including humans and animals such as monkeys, rats, rabbits,
      dogs, cattle, and the like. For that purpose, PGE.sub.2 or
      PGF.sub.2.sub..alpha., for example, is administered systemically, e.g.,
      intravenously, subcutaneously, and intravaginally, at a dose level in the
      range 0.001 mg. to about 20 mg. per kg. of body weight of the female
      mammal, advantageously during a span of time starting approximately at the
      time of ovulation and ending approximately at the next expected time of
      menses or just prior to that time. Additionally, expulsion of an embryo or
      fetus (abortion) is accomplished by similar administration of the compound
      during the first third of the normal mammalian gestation period.
PAR  As mentioned above, the PGE.sub.2 compounds are potent antagonists of
      epinephrine-induced mobilization of free fatty acids. For this reason,
      this compound is useful in experimental medicine for both in vitro and in
      vivo studies in mammals, including man, rabbits, and rats, intended to
      lead to the understanding, prevention, symptom alleviation, and cure of
      diseases involving abnormal lipid mobilization and high free fatty acid
      levels, e.g., diabetes mellitus, vascular diseases, and hyperthyroidism.
PAR  The novel Formula-V, -VI, and -VII PGE.sub.2, PGF.sub.2.sub..alpha., and
      PGF.sub.2.sub..beta. analogs of this invention each cause the biological
      responses described above for PGE.sub.2, PGF.sub.2.sub..alpha., and
      PGF.sub.2.sub..beta., respectively, and each of these novel compounds is
      accordingly useful for the above-described corresponding purposes, and is
      used for those purposes in the same manner as described above.
PAR  PGE.sub.2, PGF.sub.2.sub..alpha., and PGF.sub.2.sub..beta., and their
      esters and pharmacologically acceptable salts are all potent in causing
      multiple biological responses even at low doses. For example, PGE.sub.2 is
      extremely potent in causing vasodepression and smooth muscle stimulation,
      and is also potent as an antilipolytic agent. Moreover, for many
      applications, these known prostaglandins have an inconveniently short
      duration of biological activity. In striking contrast, the novel analogs
      of Formulas V, VI, and VII are substantially more specific with regard to
      potency in causing prostaglandin-like biological responses, and have a
      substantially longer duration of biological activity. Therefore, each of
      these novel prostaglandin analogs is surprisingly and unexpectedly more
      useful than one of the corresponding above-mentioned known prostaglandins
      for at least one of the pharmacological purposes because it has a
      different and narrower spectrum of biologic activity than the known
      prostaglandins, and therefore is more specific in its activity and causes
      smaller and fewer undesired side effects than when the known prostaglandin
      is used for the same purpose. Moreover, because of its prolonged activity,
      fewer and smaller doses of the novel prostaglandin analog can frequently
      be used to attain the desired result.
PAR  The novel Formula-V, -VI, and -VII prostaglandin analogs are used as
      described above in free acid form in ester form, or in pharmacologically
      acceptable salt form. When the ester form is used, the alkyl esters are
      preferred, especially the alkyl esters wherein the alkyl moiety contains 1
      to 4 carbon atoms, inclusive. Of those alkyl, methyl and ethyl are
      especially preferred for optimum absorption of the compound by the body or
      experimental animal system.
PAR  Pharmacologically acceptable salts of these prostaglandin analogs useful
      for the purposes described above are those with pharmacologically
      acceptable metal cations, ammonium, amine cations, or quaternary ammonium
      cations.
PAR  Especially preferred metal cations are those derived from the alkali
      metals, e.g., lithium, sodium and potassium, and from the alkaline earth
      metals, e.g., magnesium and calcium, although cationic forms of other
      metals, e.g., aluminum, zinc and iron, are within the scope of this
      invention.
PAR  Pharmacologically accpetable amine cations are those derived from primary,
      secondary, or tertiary amines. Examples of suitable amines are
      methylamine, dimethylamine, trimethylamine, ethylamine, dibutylamine,
      triisopropylamine, N-methylhexylamine, decylamine, dodecylamine,
      allylamine, ciotylamine, cyclopentylamine, dicyclohexylamine, benzylamine,
      dibenzylamine, .alpha.-phenylethylamine, .beta.-phenylethylamine,
      ethylenediamine, diethylenetriamine, and like aliphatic, cycloaliphatic,
      and araliphatic amines containing up to and including about 18 carbon
      atoms, as well as heterocyclic amines, e.g., piperidine, morpholine,
      pyrrolidine, piperazine, and lower-alkyl derivatives thereof, e.g.,
      1-methylpiperidine, 4-ethylmorpholine, 1-isopropylpyrrolidine,
      2-methylpyrrolidine, 1,4-dimethylpiperazine, 2-methylpiperidine, and the
      like, as well as amines containing water-solubilizing or hydrophilic
      groups, e.g., mono-, di-, and triethanolamine, ethyldiethanolamine,
      N-butylethanolamine, 2-amino-1-butanol, 2-amino-2-ethyl-1,3-propanediol,
      2-amino-2-methyl-1-propanol, tris(hydroxymethyl)aminomethane,
      N-phenylethanolamine, N-(p-tert-amylphenyl)diethanolamine, galactamine,
      N-methylglucamine, N-methylglucosamine, ephedrine, phenylephrine,
      epinephrine, procaine, and the like.
PAR  Examples of suitable pharmacologically acceptable quaternary ammonium
      cations are tetramethylammonium, tetraethylammonium,
      benzyltrimethylammonium, phenyltriethylammonium, and the like.
PAR  As discussed above, these novel prostaglandin analogs are administered in
      various ways for various purposes; e.g., intravenously, intramuscularly,
      subcutaneously, orally, intravenously, rectally, buccally, sublingually,
      topically, and in the form of sterile implants for prolonged action.
PAR  For intravenous injection or infusion, sterile aqueous isotonic solutions
      are preferred. For that purpose, it is preferred because of increased
      water solubility to use the free acid form or the pharmacologically
      acceptable salt form. For subcutaneous or intramuscular injection, sterile
      solutions or suspensions of the acid, salt, or ester form in aqueous or
      non-aqueous media are used. Tablets, capsules, and liquid preparations
      such as syrups, elixirs, and simple solutions, with the usual
      pharmaceutical carriers are used for oral or sublingual administration.
      For rectal or vaginal administration, suppositories, tampons, ring
      devices, and preparations adapted to generate sprays or foams or to be
      used for lavage, all prepared as known in the art, are used. For tissue
      implants, a sterile tablet or silicone rubber capsule or other object
      containing or impregnated with the substance is used.
PAR  The novel compounds of Formulas V, VI, and VII wherein R.sub.1 is other
      than hydrogen, i.e., the esters wherein R.sub.1 is alkyl of 1 to 8 carbon
      atoms, inclusive, cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl
      of 7 to 12 carbon atoms, inclusive, phenyl, or phenyl substituted with one
      to 3 chloro or alkyl of one to 4 carbon atoms, inclusive, are prepared
      from the corresponding acids of Formulas V, VI, and VII, i.e., wherein
      R.sub.1 is hydrogen, by methods known in the art. For example, the alkyl,
      cycloalkyl, and aralkyl esters are prepared by interaction of said acids
      with the appropriate diazohydrocarbon. For example, when diazomethane is
      used, the methyl esters are produced. Similar use of diazoethane,
      diazobutane, 1-diazo-2-ethylhexane, diazocyclohexane, and
      phenylidiazomethane, for example, gives the ethyl, butyl, 2-ethylhexyl,
      cyclohexyl, and benzyl esters, respectively.
PAR  Esterification with diazohydrocarbons is carried out by mixing a solution
      of the diazohydrocarbon in a suitable inert solvent, preferably diethyl
      ether, with the acid reactant, advantageously in the same or a different
      inert diluent. After the esterification reaction is complete, the solvent
      is removed by evaporation, and the ester purified if desired by
      conventional methods, preferably by chromatography. It is preferred that
      contact of the acid reactants with the diazohydrocarbon be no longer than
      necessary to effect the desired esterification, preferably about one to
      about ten minutes, to avoid undesired molecular changes. Diazohydrocarbons
      are known in the art or can be prepared by methods known in the art. See,
      for example, Organic Reactions, John Wiley & Sons, Inc., New York, N.Y.,
      Vol. 8, pp. 389-394 (1954).
PAR  An alternative method for esterification of the carboxyl moiety of the
      novel PGF-type or PGE-type compounds of Formulas V, VI, and VII comprises
      transformation of the free acid to the corresponding silver salt, followed
      by interaction of that salt with an alkyl iodide. Examples of suitable
      iodides are methyl iodide, ethyl iodide, butyl iodide, isobutyl iodide,
      tert-butyl iodide, cyclopropyl iodide, cyclopentyl iodide, benzyl iodide,
      phenethyl iodide, and the like. The silver salts are prepared by
      conventional methods, for example, by dissolving the acid in cold dilute
      aqueous ammonia, evaporating the excess ammonia at reduced pressure, and
      then adding the stoichiometric amount of silver nitrate.
PAR  The phenyl and substituted phenyl esters of the Formula -V, -VI, and -VII
      compounds are prepared by silylating the acid to protect the hyd oxy
      groups, for example, replacing each --OH with --O--Si--(CH.sub.3).sub.3.
      Doing that may also change --COOH to --COO--Si--(CH.sub.3).sub.3. A brief
      treatment of the silylated compound with water will change
      --COO--Si--(CH.sub.3).sub.3 back to --COOH. Procedures for this silylation
      are known in the art and are discussed hereinafter. Then, treatment of the
      silylated compound with oxalyl chloride gives the acid chloride which is
      reacted with phenol or the appropriate substituted pehnol to give a
      silylated phenyl or substituted phenyl ester. Then the silyl groups, e.g.,
      --O--Si--(CH.sub.3).sub.3 are changed back to --OH by treatment with
      dilute acetic acid. Procedures for these transformations are known in the
      art.
PAR  The novel Formula-V, -VI, and -VII acids (R.sub.1 is hydrogen) are
      transformed to pharmacologically acceptable salts by neutralization with
      appropriate amounts of the corresponding inorganic or organic base,
      examples of which correspond to the cations and amines listed above. These
      transformations are carried out by a variety of procedures known in the
      art to be generally useful for the preparation of inorganic, i.e., metal
      or ammonium salts, amine acid addition salts, and quaternary ammonium
      salts. The choice of procedure depends in part upon the solubility
      characteristics of the particular salt to be prepared. In the case of the
      inorganic salts, it is usually suitable to dissolve the acid in water
      containing the stoichiometric amount of a hydroxide, carbonate, or
      bicarbonate corresponding to the inorganic salt desired. For example, such
      use of sodium hydroxide, sodium carbonate, or sodium bicarbonate gives a
      solution of the sodium salt of the prostanoic acid derivative. Evaporation
      of the water or addition of a water-miscible solvent of moderate polarity,
      for example, a lower alkanol or a lower alkanone, gives the solid
      inorganic salt if that form is desired.
PAR  To produce an amine salt, the acid is dissolved in a suitable solvent of
      either moderate or low polarity. Examples of the former are ethanol,
      acetone, and ethyl acetate. Examples of the latter are diethyl ether and
      benzene. At least a stoichiometric amount of the amine corresponding to
      the desired cation is then added to that solution. If the resulting salt
      does not precipitate, it is usually obtained in solid form by addition of
      a miscible diluent of low polarity or by evaporation. If the amine is
      relatively volatile, any excess can easily be removed by evaporation. It
      is preferred to use stoichiometric amounts of the less volatile amines.
PAR  Salts wherein the cation is quaternary ammonium are produced by mixing the
      acid with the stoichiometric amount of the corresponding quaternary
      ammonium hydroxide in water solution, followed by evaporation of the
      water.
PAR  The novel compounds of Formulas V, VI, and VII wherein R.sub.1 is hydrogen
      or methyl, i.e., the free acids and the methyl esters, and also PGE.sub.2,
      PGF.sub.2.sub..alpha. , and PGF.sub.2.sub..beta., and the methyl esters of
      those are prepared by novel methods which are described hereinafter. For
      those methods, one of the following starting materials is used:
      ##SPC6##
PAL  In Formulas VIIa, VIII, and IX, R.sub.2 is either hydrogen or methyl, and
      R.sub.3 is hydrogen or acetyl.
PAR  It will be observed that the compounds encompassed by Formula VIIa are also
      encompassed by VII. Thus, some Formula-VII compounds are useful both as
      intermediates and for pharmacological purposes.
PAR  These Formula-VIIa, -VIII, and -IX starting materials are all derivatives
      of prostanoic acid. The compounds of Formula VIII are known in the art or
      are available by methods known in the art. See, for example, Weinheimer et
      al., Tetrahedron Letters, No. 53, 5185 (1969); H. W. Youngken Jr. (ed),
      "Food-Drugs from the Sea", Proc. Marine Technology Society, pp. 311-314
      (1969). The Formula-VIII compound wherein R.sub.2 and R.sub.3 are both
      hydrogen is designated 15.beta.-PGA.sub.2, alternatively 15(R)-PGA.sub.2
      or 15-epi-PGA.sub.2. The other compounds encompassed by Formula VIII are
      designated 15.beta.-PGA.sub.2 acetate, 15.beta.-PGA.sub.2 methyl ester,
      and 15.beta.-PGA.sub.2 acetate methyl ester.
PAR  The compounds of Formula VIIa are new in the art and methods for preparing
      them are described hereinafter. The formula-VIIa compound wherein R.sub.2
      and R.sub.3 are both hydrogen is designated 15.beta.-PGE.sub.2,
      alternatively 15(R)-PGE.sub.2 or 15-epi-PGE.sub.2. The other compounds
      encompassed by Formula VIIa are designated 15.beta.-PGE.sub.2 15-acetate,
      15.beta.-PGE.sub.2 methyl ester, and 15.beta.-PGE.sub.2 acetate methyl
      ester.
PAR  The compounds of Formula IX are known in the art. See, for example, British
      Specification No. 1,097,533. Novel methods for preparing these Formula-IX
      compounds are described hereinafter. The Formula-IX compound wherein
      R.sub.2 and R.sub.3 are hydrogen is designated PGA.sub.2. The other
      compounds encompassed by Formula IX are designated PGA.sub.2 acetate,
      PGA.sub.2 methyl ester, and PGA.sub.2 acetate methyl ester.
PAR  All of the compounds of Formulas VIIa, VIII, and IX are obtained by
      extraction from a marine invertebrate. The compounds of Formula VIIa and
      VIII, i.e., the 15.beta. compounds, are obtained from colonies of Plexaura
      homomalla (Esper), 1792, forma R. The compounds of Formula IX, i.e., the
      15(S) or alpha compounds, are obtained from colonies of Plexaura homomalla
      (Esper), 1792, forma S.
PAR  These Plexaura homomalla forms are members of the subclass Octocorallia,
      order Gorgonaoia, suborder Holaxonia, family Plexauridae, genus Plexaura.
      See, for example, Bayer, "The Shallow-Water Octocorallia of the West
      Indian Region", Martinus Nijhoff, The Hague (1961). Colonies of these
      Plexaura homomalla forms are abundant on the ocean reefs in the zone from
      the low-tide line to about 25 fathoms in the tropical and subtropical
      regions of the western part of the Atlantic Ocean, from Bermuda to the
      reefs of Brazil, including the eastern shore reefs of Florida, the
      Caribbean island and mainland reefs, and the Gulf of Mexico island and
      mainland reefs. These colonies are bush-like or small tree-like in habit,
      and are readily identified for collection as Plexaura homomalla (Esper),
      1792, by those of ordinary skill in this art. Forms R and S are
      distinguished by the methods described in Preparation 1 below.
PAR  The colonies of these two forms of Plexaura homomalla  are easily separated
      into an outer bark-like cortex and an inner wiry proteinaceous stem or
      skeleton. Symbiotic algae or Zooxanthellae are also present in the
      colonies. Weinheimer et al., cited above, disclose the occurence of the
      Formula-VIII compounds wherein R.sub.2 and R.sub.3 are both hydrogen and
      wherein R.sub.2 is methyl and R.sub.3 is acetyl in the air dried cortex of
      "Plexaura homomalla (Esper)".
PAR  The choice of isolation or extraction method is determined by the
      particular Formula-VIIa, -VIII, or -IX compound desired. Maximum yield of
      the Formula-VIII or -IX diester is realized by freezing whole or coarsely
      cut or chopped fresh Plexaura homomalla colonies within an hour and
      preferably sooner after the colonies are removed from the reef. For small
      scale collections, this freezing is done advantageously by contacting the
      colonies or pieces with solid carbon dioxide. For larger scale
      collections, other suitable freezing methods are known to the art. The
      frozen colonies or colony pieces should be kept frozen, preferably below
      about -20.degree. C. until the extraction takes place.
PAR  The major component of fresh Plexaura homomalla (Esper), 1792, forma R is
      15.beta.-PGA.sub.2 acetate methyl ester, the Formula-VIII compound wherein
      R.sub.2 is methyl and R.sub.3 is acetyl. Relatively minor components are
      the hydroxy methyl ester, the acetate, and the hydroxy acid of Formula
      VIII and the 15.beta.-PGE.sub.2 compounds encompassed by Formula VIIa. Of
      the latter, the 15.beta.-PGE.sub.2 acetate methyl ester (R.sub.2 is methyl
      and R.sub.3 is acetyl) is the most abundant. The major component of
      Plexaura homomalla (Esper), 1792, forma S is PGA.sub.2 acetate methyl
      ester, the Formula-IX compound wherein R.sub.2 is methyl and R.sub.3 is
      acetyl. Relatively minor components are the hydroxy methyl ester, the
      acetate, and the hydroxy acid of Formula IX, and the PGE.sub.2 compounds
      corresponding to Formula VIIa but having the 15(S) configuration.
PAR  When the acetate methyl ester compound of Formula VIIa, VIII, or IX
      (R.sub.2 is methyl, R.sub.3 is acetyl) is desired as a starting material,
      a suitable method comprises grinding the frozen whole Plexaura homomalla
      colonies or colony pieces, advantageously in a hogger to a particle size
      with the largest dimension about 5 mm., and then extracting the resulting
      particles with any of the usual organic solvents, preferably one with
      moderate to high polarity, e.g., dichloromethane or methanol,
      advantageously, for 15 to 30 minutes in a high speed mixer. The desired
      compounds are isolated from the extract by evaporation, and then
      chromatography of the resulting residue. By this procedure, about 24 g. of
      15.beta.-PGA.sub.2 acetate methyl ester, and about one g. each of
      15.beta.-PGA.sub.2 methyl ester and 15.beta.-PGE.sub.2 are obtained by
      dichloromethane extraction of 1500 g. of frozen Plexaura homomalla
      (Esper), 1792, forma R colonies or colony pieces. Similarly, relatively
      large amounts of PGA.sub.2 acetate methyl ester are obtained from frozen
      Plexaura homomalla (Esper), 1792, forma S.
PAR  When the 15-hydroxy methyl ester of Formula VIIa, VIII, or IX (R.sub.2 is
      methyl, R.sub.3 is hydrogen) is desired as a starting material, a suitable
      method comprises grinding the frozen whole Plexaura homomalla colonies or
      colony pieces as above, and then contacting the resulting particles with a
      lower alkanol, preferably methanol or ethanol, at 25.degree. C. for
      several days. The solvent is then evaporated and the residue
      chromatographed to give substantially larger amounts of the hydroxy methyl
      ester compound relative to the acetate methyl ester compound. When the
      contact between the Plexaura homomalla particles and the alkanol is
      substantially shorter, substantially the same amount and ratio of the
      various Formula-VIIa, -VIII, or -IX compounds is obtained with the alkanol
      as with dichloromethane. An alternative method for obtaining these
      15-hydroxy methyl esters is described below.
PAR  When 15.beta.-PGA.sub.2, 15.beta.-PGE.sub.2, or PGA.sub.2 (R.sub.2 and
      R.sub.3 in Formulas VIIa, VIII, and IX are both hydrogen) are desired as
      starting materials in the novel processes of this invention, they are
      prepared from the corresponding methyl esters and 15-acetate methyl esters
      after those have been extracted from the Plexaura homomalla colonies or
      colony pieces as described above. A suitable method for removing the
      acetyl group of each of the Formula-VIIa, -VIII, and -IX 15-acetate methyl
      esters comprises mixing the acetate methyl ester in lower alkanol
      solution, preferably in methanol solution, with a strong acid, e.g.,
      perchloric acid, for about 15 hours at 25.degree. C. A suitable method for
      removing the methyl group of any of the Formula-VIIa, -VII, and -IX methyl
      esters is the enzymatic hydrolysis described in West Germany
      Offenlegungschrift No. 1,937,912, reprinted in Farmdoc Complete
      Specifications, Book No. 14, No. 6869R, Week R.sub.5, March 18, 1970.
PAR  Another method for obtaining 15.beta.-PGA.sub.2, 15.beta.-PGE.sub.2, or
      PGA.sub.2 from Plexaura homomalla colonies or colony pieces comprises
      freezing the Plexaura homomalla colonies or colony pieces, preferably at a
      temperature below about -20.degree. C., and then allowing the colonies or
      colony pieces to thaw and warm to a temperature in the range 20.degree. to
      30.degree. C. The thawed colonies or colony pieces are then maintained in
      the range 20.degree. to 30.degree. C. for at least 24 hours. After that
      treatment, substantially none of the Formula-VIIa, -VIII, and -IX
      compounds wherein R.sub.2 is methyl and R.sub.3 is acetyl are present, the
      principal Formula-VIIa, -VIII, and -IX compounds present being those
      wherein R.sub.2 and R.sub.3 are both hydrogen, the minor components being
      those wherein R.sub.2 is methyl and R.sub.3 is hydrogen or wherein R.sub.2
      is hydrogen and R.sub.3 is acetyl. As before, Formula-VIIa and -VIII
      compounds are obtained from colonies of Plexaura homomalla (Esper), 1792,
      forma R, and Formula-IX compounds are obtained from colonies of Plexaura
      homoalla (Esper), 1792, forma S.
PAR  A preferred procedure for the PGA.sub.2 and PGE.sub.2 type free acids
      comprises grinding the Plexaura homomalla colonies or colony pieces,
      preferably to a particle size with the largest dimension about 5 mm., and
      then maintaining the mixture in contact with water at a temperature in the
      range 20.degree. to 30.degree. C. for at least 24 hours. This mixture is
      filtered, and the filtrate is extracted with an appropriate
      water-immiscible solvent, e.g., ethyl acetate. The solid residue is also
      extracted with an appropriate solvent, e.g., methanol. The two extracts
      are evaporated, and the total residue is chromatographed to give
      Formula-VIIa and -VIII or Formula-IX compounds, the principal component in
      each case being the compound wherein R.sub.2 and R.sub.3 are both
      hydrogen.
PAR  Since our invention of the novel processes for transforming PGA.sub.2 and
      15.beta.-PGA.sub.2 and their methyl esters and acetate methyl esters to
      the various prostanoic acids and esters disclosed herein, it has now been
      found that small amounts of the 5,6-trans compounds of PGA.sub.2 and
      15.beta.-PGA.sub.2 and their methyl esters and acetate methyl esters are
      also obtained from Plexaura homomalla (Esper), 1792, forms R and S. These
      5,6-Trans compounds are extracted with and accompany the corresponding
      PGA.sub.2 -type compound through many of their transformations. For
      example, PGA.sub.2 containing 5,6-trans-PGA.sub.2 yields a mixture of
      PGE.sub.3 and 5,6-trans-PGE.sub.2 by the process represented in Chart E
      below.
PAR  When it is desired, for pharmacological purposes, to prepare the major
      products of this invention free of 5,6-trans compounds, those 5,6-trans
      compounds are separated either from the starting reactants or from the
      products. In either case, several methods are available for separating the
      5,6-trans-PG.sub.2 compounds from the PG.sub.2 compounds. One method is by
      means of a silver-saturated ion-exchange resin (for example, see E. A.
      Emken et al., J. Am. Oil Chemists' Soc. 41, 388 (1964)), illustrated below
      in Preparations 5 and 6. The other method is by preferentially forming a
      mercuric acetate adduct of the 5,6-cis compound which is extractable into
      polar solvents illustrated below in Preparation 7.
PAR  Following the process discussed herein and the procedures of the Examples
      below, the 5,6-trans-PG (and -15.beta.-PG.sub.2) compounds are transformed
      to other 5,6-trans-PG.sub.2 (and -15.beta.-PG.sub.2) compounds, e.g.,
      5,6-trans-PGA.sub.2 to 5,6-trans-PGE.sub.2, 5,6-trans-15.beta.-PGA.sub.2
      acetate methyl ester to 5,6-trans-15.beta.-PGF.sub.2.sub..alpha.  acetate
      methyl ester, and the like.
PAR  As mentioned above, the Formula-VIII, and -IX compounds are starting
      materials for the preparation of PGE.sub.2, PGF.sub.2.sub..alpha., and
      PGF.sub.2.sub..beta., the methyl esters of those, and also the novel
      compounds of Formulas V and VI, and some of the novel compounds of Formula
      VII. The novel processes using these starting materials will now be
      described.
PAR  The Formula-VIII and -IX starting materials are both of the PGA-type.
      According to the novel processes of this invention, those are first
      transformed to corresponding PGE-type compounds. The chemical reactions
      involved in those transformations are shown generically in Chart A.
PAR  In Chart A, R.sub.4 is hydrogen, methyl, or -SI-(A).sub.3 wherein A is
      alkyl of one to 4 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, or phenyl substituted with one or 2 fluoro,
      chloro, or alkyl of 1 to 4 carbon atoms, inclusive; G is
      ##EQU4##
      wherein R.sub.5 is hydrogen, acetyl, or --Si--(A).sub.3 when R.sub.4 is
      hydrogen or methyl, and R.sub.5 is --Si(A).sub.3 when R.sub.4 is
      --Si--(A).sub.3 ; R.sub.2 is hydrogen or methyl; and B is
      ##EQU5##
PAR  Thus, Formula X in Chart A encompasses the starting materials of Formulas
      VIII and IX obtained from Plexaura homomalla, and also compounds of the
      formula:
      ##SPC7##
PAL  wherein R.sub.4 is as defined above, and Z is
      ##EQU6##
      wherein A is as defined above.
PAR  In Formula XI, of Chart A, O indicates attachment of the epoxy oxygen to
      the ring in alpha or beta configuration. In Formulas XII and XIII of Chart
      A, .about. indicates attachment of hydroxy to the ring in alpha or beta
      configuration.
      ##SPC8##
PAR  It will be observed in Chart A that the Formula-XII and -XIII products each
      encompass four stereoisomeric groups of compounds. Included are compounds
      with the 11.alpha., 15(S) configuration of PGE.sub.2 (Formula 11, above),
      compounds with the configuration of 11.alpha.,15.beta.-PGE.sub.2 (Formula
      VIIa) as obtained from Plexaura homomalla (Esper), 1792, forma R, and both
      the 15(S) and 15(R) compounds with the 11.beta. configuration of the novel
      Formula-V compounds of this invention wherein Y is O,
PAL  i.e., 11.beta.-PGE.sub.2 and 11.beta.,15.beta.-PGE.sub.2. If the
      Formula-XII or -XIII product is to have the 15(S) configuration, e.g.,
      PGE.sub.2 or 11.beta.-PGE.sub.2, then the Formula-X starting material
      should have the 15(S) configuration, i.e., G should be
      ##EQU7##
      If a 15.beta. compound of Formula XII or XIII is desired, e.g.,
      15.beta.-PGE.sub.2 or 11.beta.,15.beta.-PGE.sub.2, then the Formula-X
      starting material should have the 15(R) or 15-epi configuration, i.e., G
      should be
      ##EQU8##
PAR  As described above, Formula-IX starting materials wherein R.sub.2 is
      hydrogen or methyl and R.sub.3 is hydrogen, and with the 15(S)
      configuration, are obtained from Plexaura homomalla (Esper), 1792, forma
      S. Those same compounds are also produced by reacting the corresponding
      15(R) (beta) compound with a hydrocarbyl or halohydrocarbyl sulfonyl
      chloride or bromide, preferably a lower alkylsulfonyl chloride or bromide,
      especially methanesulfonyl chloride or bromide, or a benzene- or
      substituted-benzenesulfonyl chloride or bromide, e.g., p-toluenesulfonyl
      chloride. This reaction is done in the presence of at least sufficient
      tertiary amine, e.g., triethylamine, to absorb the hydrogen chloride or
      hydrogen bromide by-product, and at a low temperature, preferably in the
      range -15.degree. to +15.degree. C. The presence of an inert liquid
      diluent, e.g., tetrahydrofuran, is helpful to maintain a mobile homogenous
      reaction mixture. At 0.degree. C. and with methanesulfonyl chloride,
      usually 30 to 60 minutes is a sufficient reaction time. The product is
      hydrolyzed to a mixture of 15(S) (alpha) and 15(R) hydroxy compounds.
      These are separated by procedures known in the art, and the 15(S) product
      is purified by procedures known in the art, advantageously by
      chromatography on silica gel. This reaction is also used to transform
      15(S) Formula-IX starting materials wherein R.sub.2 is hydrogen or methyl
      and R.sub.3 is hydrogen to the corresponding 15(R) compounds. In each
      case, a mixture of 15(R) product and 15(S) starting material is obtained,
      the compounds of which are separated as described above.
PAR  Another method of transforming a 15.beta.-PG compound to a PG compound is
      by converting it to a mixture of PG 15-formate and 15.beta.-PG 15-formate
      compounds, separating the PG 15-formate, and hydrolyzing the PG 15-formate
      to the desired PG compound (see J. E. Pike et al., J. Org. Chem. 34, 3552
      (1969)).
PAR  The mixture of alpha and beta 15-formates is prepared by maintaining the
      15.beta. compound, e.g. 15.beta.-PGE.sub.2, 15.beta.-PGA.sub.2, or
      15.beta.-PGF.sub.2.sub..alpha., in formic acid buffered with an alkali
      metal formate in the range 10.degree. to 50.degree. C. until a substantial
      amount of the 15.beta. compound, e.g. 15.beta.-PGE.sub.2 15-formate, has
      been transformed to the PG 15-formate. The mixture of the PG 15-formate
      and 15.beta. 15-formates thus obtained is then separated by known methods,
      e.g. by chromatography.
PAR  The PG 15-formate can then be hydrolyzed to the desired PG 15-hydroxy
      compound. The 15.beta.-PG 15-formate yields the corresponding 15.beta.-PG
      15-hydroxy compound, which is then recycled through the above steps for
      further isomerization to the PG compound if desired.
PAR  This procedure is also useful to transform a PG compound to a 15.beta. PG
      compound, by obtaining a mixture of the intermediate PG 15-formate and
      15.beta.-PG 15-formate compounds, separating them, and hydrolyzing them to
      the respective PG 15-hydroxy and 15.beta.-PG 15-hydroxy compounds. In this
      case, the PG compound is recycled for further isomerization to the
      15.beta. compound.
PAR  Referring again to Chart A, the transformation of starting material X to
      epoxide XI is carried out by reacting X with any agent known to epoxidize
      an .alpha..beta.-unsaturated ketone without reacting with isolated
      carbon-carbon double bonds, for example see Steroid Reactions, Carl
      Djerassi, ed., Holden-Day Inc., 1963, p. 593. Especially preferred are
      aqueous hydrogen peroxide or an organic tertiary hydroperoxide. See, for
      example, Organic Peroxides, A. V. Tobolsky et al., Interscience
      Publishers, N.Y., 1954. For this purpose, the peroxide or hydroperoxide is
      employed in an amount of at least one equivalent per mole of Formula-X
      reactant in the presence of a strong base, e.g., an alkali metal
      hydroxide, a metal alkoxide, or a quaternary ammonium hydroxide. For
      example, there is employed lithium hydroxide, sodium hydroxide, potassium
      hydroxide, lithium ethoxide, lithium octyloxide, magnesium methoxide,
      magnesium isopropoxide, benzyltrimethylammonium hydroxide,
      tetraethylammonium hydroxide, butyltrimethylammonium hydroxide,
      tutyldiethylphenylammonium hydroxide, benzylethyldimethylammonium
      hydroxide, benzyldimethyloctadecylammonium hydroxide,
      benzyldodecyldimethylammonium hydroxide, decyldimethylphenylammonium
      hydroxide, and the like. See, for example, Sidgwick, Organic Chemistry of
      Nitrogen, Third Edition, rev. by Miller and Springall, Oxford, 1966, pp.
      116-127.
PAR  The ratio of alpha to beta epoxide formed in the reaction is related to
      four factors: the epoxidizing agent, the base, the diluent, and the
      temperature. Hydrogen peroxide is employed in the concentrations usually
      available, for example 3% to 90%, although 30% is especially convenient.
      When the alpha epoxide is the desired product, tert-butyl hyroperoxide is
      especially preferred as the epoxidizing agent. Examples of other organic
      tertiary hydroperoxides useful for this purpose are tert-pentyl
      hydroperoxide, decahydronaphthyl hydroperoxide,
      .alpha.,.alpha.-dimethylbenzyl hydroperoxide, and 1,1-diphenylethyl
      hydroperoxide. The base is present in the proportion of 0.1-3.0,
      preferably about 0.1-0.5 equivalent of base per mole of starting material
      X when R.sub.4 is methyl and R.sub.5 is acetyl; preferably about 1.5-2.5
      equivalent of base per mole of starting material VIII or IX wherein
      R.sub.2 and R.sub.3 are hydrogen. When the alpha epoxide is the desired
      product, lithium hydroxide, lithium or magnesium alkoxides of 1 to 8
      carbon atoms, and benzyltrimethylammonium hydroxide are the preferred
      bases, although the lithium and magnesium compounds are especially
      preferred.
PAR  It is advantageous to use an inert liquid diluent in the epoxidation step
      to produce a mobile homogenous reaction mixture, for example, a lower
      alkanol, dioxane, tetrahydrofuran, dimethoxyethane, dimethylsulfoxide, or
      dimethylsulfone. When the alpha epoxide is preferred, tetrahydrofuran or
      the less polar dimethoxyethane are especially preferred as the diluent. A
      reaction temperature in the range -60.degree. to 0.degree. C. is generally
      preferred, especially below -10.degree. C. The lower temperatures below
      -30.degree. C. are especially preferred for favoring formation of alpha
      expoxide over beta epoxide. At a temperature of -20.degree. C., the
      epoxidation is usually complete in 3 to 6 hours. It is also preferred that
      the reaction be carried out in an atmosphere of an inert gas, e.g.,
      nitrogen, helium, or argon. When the reaction is complete as shown by the
      absence of starting material on TLC plates (3% acetone in
      dichloromethane), the reaction mixture is neutralized, and the epoxy
      product is isolated by procedures known in the art, for example,
      evaporation of the diluent and extraction of the residue with an
      appropriate water-immiscible solvent, e.g., ethyl acetate.
PAR  This transformation of X to XI usually produces a mixture of Formula-XI
      alpha and beta epoxides both with either the 15(R) or 15(S) configuration
      depending on the configuration at C-15 in the Formula-X starting material.
      Although these mixtures are separated into the individual alpha and beta
      isomers, for example, by chromatography by procedures known to be useful
      for separating alpha and beta epoxide mixtures, it is usually advantageous
      to transform the Formula-XI mixture of alpha and beta epoxides to the
      corresponding mixture of Formula-XII 11.alpha. and 11.beta. hydroxy
      compounds. The latter mixture is then readily separated into the 11.alpha.
      and 11.beta. compounds, for example, by chromatography of silica gel.
PAR  During the transformation of epoxides XI to alcohols XII, an alpha epoxide
      yields an 11.alpha.-hydroxy compound, and a beta epoxide yields an
      11.beta.-hydroxy compound. The ratio of alpha to beta epoxides in XI, and
      hence the eventual ratio of 11.alpha. and 11.beta. alcohols in XII,
      produced from starting material X is dependent in large measure on the
      nature of R.sub.5 in X. Recall that G is defined as
      ##EQU9##
      wherein R.sub.5 is hydrogen, acetyl, or --Si--(A).sub.3 wherein A is as
      defined above. For either definition of G, i.e., R configuration or S
      configuration, when R.sub.5 is hydrogen, more Formula-XI beta epoxide is
      formed than when R.sub.5 is acetyl, and more Formula-XI beta epoxide is
      formed when R.sub.5 is acetyl than when R.sub.5 is --Si--(A).sub.3. For
      example, when G in formula X is
      ##EQU10##
      the preferred basic hydrogen peroxide epoxidation gives about equal
      amounts of alpha and beta epoxides, but when G in formula X is
      ##EQU11##
      about 3 parts of alpha epoxide and one part of beta epoxide are obtained,
      and when G in formula X is
      ##EQU12##
      about 4 parts of alpha epoxide and one part of beta epoxide are obtained,
      both reactions with the same epoxidation reagent. When G in formula X is
      ##EQU13##
      about one part of alpha epoxide and 3 parts of beta epoxide are obtained
      with basic hydrogen peroxide, but when G is
      ##EQU14##
      about 6 parts of alpha epoxide and 4 parts of beta epoxide are obtained
      with the same epoxidation reagent.
PAR  Each of the novel Formula-V and -VI compounds of this invention has a
      hydroxy attached in beta configuration to the cyclopentane ring. Some of
      the compounds of Formula V, i.e., when Y is
      ##EQU15##
      are encompassed by Formula XII (Chart A). The other Formula-V compounds
      and all of the Formula VI compounds are prepared as described below from
      Formula-XII compounds wherein the hydroxy at C-11 is attached in beta
      configuration. Therefore, when a Formula-V or Formula-VI compound is
      described as a final product for pharmacological purposes, there is
      advantage in choosing a corresponding Formula-X starting material which
      gives the maximum amount of beta epoxide during the transformation of X to
      XI. Those will be the Formula-X compounds wherein G is
      ##EQU16##
PAR  On the other hand, when a prostanoic acid product with the natural
      11.alpha. configuration for the hydroxy at C-11 is the desired final
      product, e.g., PGE.sub.2, PGF.sub.2.sub..alpha., or PGF.sub.2.sub..beta.,
      there is advantage in choosing a Formula-X starting material which gives a
      greater amount of the alpha epoxide during the transformation of X to XI.
      Those would be Formula-X compounds wherein X is
      ##EQU17##
      or the corresponding 15(S) compounds.
PAR  As mentioned above, the starting materials of Formula X encompass not only
      the Formula-VII and -IX compounds obtained from Plexaura homomalla but
      also the silyl compounds of Formula X.sub.a. When desired as reactants,
      these silyl compounds are prepared by silylation of PGA.sub.2,
      15.beta.-PGA.sub. 2, or the methyl esters of those. These silylations are
      carried out by procedures known in the art. See, for example, Pierce,
      "Silylation of Organic Compounds", Pierce Chemical Co., Rockford, Ill.
      (1968). The C-15 hydroxy group of PGA.sub.2, 15.beta.-PGA.sub.2, or their
      methyl esters is transformed to an --O--Si--(A).sub.3 moiety wherein A is
      as defined above, sufficient silylating agent being used according to
      known procedures to accomplish that. The necessary silylating agents for
      this purpose are known in the art or are prepared by methods known in the
      art. See, for example, Post, "Silicones and Other Organic Silicon
      Compounds," Reinhold Publishing Corp., New York, N.Y. (1949). In the case
      of PGA.sub.2 and 15.beta.-PGA.sub.2, excess silylating agent and prolonged
      treatment also transform the --COOH to --COO--Si--(A).sub.3. It is
      optional in transforming X to XI whether or not this --COOH of PGA.sub.2
      or 15.beta.-PGA.sub.2 is esterified to --COO--Si--(A).sub.3, since that
      ester group is transformed to --COOH during formation and isolation of the
      Formula-XI epoxide product.
PAR  The Various A's of a --Si--(A).sub.3 are alike or different. For example,
      an --Si--(A).sub.3 can be trimethylsilyl, dimethylphenylsilyl, or
      methylphenylbenzylsilyl.
PAR  When it is desired to retain the --Si--(A).sub.3 moiety at C-15 in the
      Formula-XI epoxide product, for example, to give steric control in a
      subsequent reaction, it is important in isolating the epoxide that the
      presence of acid be avoided and that contact with water be minimized
      unless the water is kept cold, i.e., below about 10.degree. C.
PAR  Referring again to Chart A, the transformation of epoxide XI to hydroxy
      compound XII is accomplished by reduction with chromium (II) salts, e.g.,
      chromium (II) chloride or chromium (II) acetate. These salts are prepared
      by methods known in the art, e.g., Inorganic Syntheses, VIII, 125 (1966);
      ibid., VI, 144 (1960); ibid. III, 148 (1950); ibid. I, 122 (1939); and
      references cited in those. This reduction is carried out by procedures
      known in the art for using chromium (II) salts to reduce epoxides of
      .alpha..beta.-unsaturated ketones to .beta.-hydroxy ketones. See, for
      example, Cole et al., J. Org. Chem. 19, 151 (1954), and Neher et al.,
      Helv. Chem. Acta 42, 132 (1959). In these reactions, the absence of air
      and strong acids is desirable. If it is desired to maintain a
      --Si--(A).sub.3 moiety on C-15, a neutral reaction mixture is preferred.
      An especially preferred procedure is to generate the chromium (II) ion in
      the presence of the Formula-XI epoxide, for example, by mixing the epoxide
      with a chromium (III) salt, e.g., the chloride, with metallic zinc in the
      presence of acetic acid. The desired Formula-XII compound is isolated from
      the reduction reaction mixture by methods known in the art, care being
      taken to minimize contact of the product with acid and water, especially
      warm water, when retention of a --Si--(A).sub.3 at C-15 is desired.
PAR  Unexpectedly, amalgamated aluminum metal has also been found to be useful
      as a reducing agent in place of chromium (II) salts to transform Formula
      XI epoxides to Formula XII hydroxy compounds. This reagent was previously
      not known to be useful for this type of reaction. This use of amalgamated
      aluminum represents a distinct and separate aspect of this invention.
PAR  Amalgamated aluminum is prepared by procedures known in the art, for
      example, by contacting aluminum metal in the form of foil, thin sheet,
      turnings, or granules with a mercury (II) salt, for example, mercuric
      chloride, advantageously in the presence of sufficient water to dissolve
      the mercury (II) salt. Preferably, the surface of the aluminum metal is
      free of oxide. That is readily accomplished by physical removal of the
      usual oxide layer, e.g., by abrasion or scraping, or chemically, e.g., by
      etching with aqueous sodium hydroxide solution. It is only necessary that
      the aluminum surface be amalgamated. The amalgamated aluminum should be
      freshly prepared, and maintained in the absence of air and moisture until
      used.
PAR  The reductive opening of the Formula-XI epoxide ring is accomplished by
      contacting said epoxide with the amalgamated aluminum in the presence of a
      hydroxylic solvent and sufficient inert organic liquid diluent to give a
      mobile and homogeneous reaction mixture with respect to the hydroxylic
      solvent and said epoxide. Among hydroxylic solvents, water is especially
      preferred although lower alkanols, e.g., methanol and ethanols are also
      operable.
PAR  Examples of inert organic liquid diluents are normally liquid ethers such
      as diethyl ether, tetrahydrofuran, dimethoxyethane, diglyme (dimethyl
      ether of diethylene glycol), and the like. Especially preferred is
      tetrahydrofuran. When a water-immiscible liquid diluent is used, a mixture
      of water and methanol or ethanol is especially useful in this reaction
      since the latter two solvents also aid in forming the desired homogeneous
      reaction mixture. For example, a mixture of diethyl ether and water is
      used with sufficient methanol to give a homogeneous reaction mixture.
PAR  This reductive opening requires two hydrogen atoms per molecule of epoxide.
      Amalgamated aluminum reacts readily with water and more slowly with other
      hydroxylic solvents to give hydrogen. One atomic equivalent of aluminum
      required 3 molecular equivalents of the hydroxylic solvent to give 3
      atomic equivalents of hydrogen. Therefore, one molecular equivalent of
      epoxide requires two-thirds atomic equivalent of aluminum and two
      molecular equivalents of the hydroxylic solvent. Evolution of hydrogen gas
      (H.sub.2 molecules) is observed during this reductive opening of the
      epoxide. It is not known whether the reductive opening is caused by
      hydrogen atoms or hydrogen molecules. However, some of the hydrogen gas
      escapes from the reaction mixture. Therefore, it is preferred to use an
      excess of amalgamated aluminum and hydroxylic solvent, preferably at least
      one atomic equivalent of aluminum and three molecular equivalents of
      hydroxylic solvent per molecular equivalent of epoxide. Because of the
      relatively high economic value of the epoxide compared with amalgamated
      aluminum and hydroxylic solvents, it is preferred to assure maximum yields
      of the desired Formula-XII hydroxy compound by use of substantially
      greater excess of amalgamated aluminum and hydroxylic solvent, e.g., up to
      10 times or more of those reagents than is theoretically required.
PAR  The reductive opening of the epoxide is carried out by mixing a solution of
      the epoxide in the organic diluent with the amalgamated aluminum and the
      hydroxylic solvent. Since the reaction is exothermic, is is usually
      advantageous to cool the solution to a low temperature, e.g., -20.degree.
      C. to 0.degree. C., before adding the amalgamated aluminum and hydroxylic
      solvent and to maintain the reaction mixture in the range 20.degree. to
      30.degree. C. by external cooling. This is especially advantageous when
      water is used as the hydroxylic solvent. Higher reaction temperatures are
      operable but not preferred when a high yield of the Formula-XII products
      is desired. Stirring is preferred during the reaction since the reaction
      mixture is heterogeneous with respect to the solution and the amalgamated
      aluminum.
PAR  For reasons not understood, better yields and a shorter reaction time are
      usually observed when only part of the amalgamated aluminum is added at
      the start of the reaction, additional portions being added during the
      reaction, e.g., at 1-hour intervals, than when the entire amount of
      amalgamated aluminum is added at the start of the reaction. A suitable
      procedure is to add about one-third of the amalgamated aluminum at the
      start, about one-third after one hour, and another third after a second
      hour. The course of the reaction is advantageously determined by
      withdrawing small portions of the solution and determining the presence or
      absence of starting material by thin layer chromatography. For example,
      when R.sub.2 is methyl and G is
      ##EQU18##
      in Formulas XI and XII, a suitable TLC system is ethyl
      acetate-cyclohexane-acetic acid (40/60/2), the Formula-XI starting
      material having r.sub.f 0.64, and the two Formula-XII products having
      r.sub.f 0.25 (II.beta.) and r.sub.f 0.20 (II.alpha.).
PAR  As a modification of the above-described process for reductive opening of
      the epoxide, it has been found quite unexpectedly that instead of
      employing a Formula-XI compound wherein R.sub.2 is hydrogen, the reductive
      opening reaction proceeds more smoothly and completely if there is used,
      instead, an epoxide of the formula
      ##SPC9##
PAL  wherein G and
      ##SPC10##
PAL  are as defined above and R.sub.6 is a cation of an alkali or alkaline earth
      metal or a quaternary ammonium group.
PAR  Thus, the Formula-XI epoxide compound is treated with a hydroxide or oxide
      of lithium, sodium, potassium, magnesium, calcium, barium, or strontium
      prior to contacting with the aluminum amalgam. Optionally, the quaternary
      ammonium bases are used for this neutralization, for example
      benzyltrimethylammonium hydroxide. The base is used in equivalent amount
      to the acid so that R.sub.5 is replaced by the corresponding metal or
      quaternary ammonium cation. Alternatively, instead of the hydroxides or
      oxides, there are employed the hydrides, the carbonate, the bicarbonates,
      or the alkoxides, for example lithium hydride, potassium carbonate, sodium
      bicarbonate, magnesium methoxide, and the like, which form the
      corresponding Formula-XIa salts with the Formula-XI free acid.
      Alternatively, a metal or quaternary-ammonium carboxylate compound or
      Formula-XIa salt carried forward from the epoxidation step, whether
      isolated in that step or not, is employed in the reductive step with
      aluminum amalgam. It is preferred that the Formula-XIa salt be soluble in
      the organic diluent-alkanol-water or organic diluent-water medium used for
      the reduction step. By using the above-described salts, the reduction step
      proceeds smoothly without formation of insoluble aluminum salts which
      hinder the reaction. Following the reduction or hydrolysis step, the
      R.sub.6 cations are replaced with hydrogen by means known in the art, for
      example by acidification and extraction of the acid compound into an
      organic phase.
PAR  The desired Formula-XII hydroxy products are isolated by filtration of the
      reaction mixture, advantageously after addition of magnesium sulfate as a
      filter aid, and evaporation of the organic diluents. The Formula-XII
      products are then hydrolyzed if desired to remove --Si--(A).sub.3 from
      C-15,  with the II.alpha. and II.beta. products of Formula XIII are
      separated, if desired, by procedures known in the art, e.g.,
      chromatography on silica gel.
PAR  The products of Formula-XII are all of the PGE.sub.2 -type and include
      PGE.sub.2, PGE.sub.2 15-acetate, PGE.sub.2 methyl ester, PGE.sub.2
      15-acetate methyl ester, PGE.sub.2 and PGE.sub.2 methyl ester with an
      --O--Si--(A).sub.3 at C-15, the corresponding 15.beta. compounds, and
      compounds corresponding to all of those wherein hydroxy is attached to
      C-11 in beta configuration.
PAR  As mentioned above, the transformation of X to XI to XII usually gives a
      mixture of Formula-XII PGE-type products, part with alpha and part with
      beta configuration for the hydroxy at C-11. There are several alternatives
      regarding that mixture. If --O--Si--(A).sub.3 is attached to C-15, that
      can readily be transformed by hydrolysis to --OH. These hydrolyses are
      carried out by prior art procedures known to be useful for transforming
      silyl ethers to alcohols. See, for example, Pierce, cited above,
      especially p. 447 thereof. A mixture of water and sufficient of a
      water-miscible organic diluent to give a homogeneous hydrolysis reaction
      mixture represents a suitable reaction medium. Addition of catalytic
      amount of an organic or inorganic acid hastens the hydrolysis. The length
      of time required for the hydrolysis is determined in part by the
      hydrolysis temperature. With a mixture of water and methanol at 25.degree.
      C., several hours is usually sufficient for hydrolysis. At 0.degree. C.,
      several days is usually necessary. Also, if --OCOCH.sub.3 is attached to
      C-15, that can readily be transformed to --OH by acid-catalyzed
      alcoholysis as described above for removing the acetyl group of the
      Formula-VIII and -IX PGA-type starting mterials. Both of those
      transformations are shown in Chart A, i.e., XII to XIII. Either before or
      after those transformations of XII to XIII, the Formula-XII or -XIII
      mixture of II.alpha. and II.beta. isomers can be separated by methods
      known in the art, advantageously by chromatography on silica gel.
PAR  Further regarding the Formula-XIII compounds, those compounds wherein the
      configuration of the hydroxy at C-11 is beta are within the scope of the
      Formula-V novel compounds of this invention, and those compounds wherein
      the configuraiton of the hydroxy at C-11 is alpha and B is
      ##EQU19##
      are within the scope of the Formula-VII novel compounds of this invention.
      Both groups of novel compounds are used for pharmacological purposes
      described above for those compounds, the acids also being useful as
      reactants to prepare pharmacologically useful esters and pharmacologically
      acceptable and useful salts, both as described above. Moreover,
      Formula-XIII compounds wherein the configuration of the hydroxy at C-11 is
      alpha and B is
      ##EQU20##
      are PGE.sub.2 and PGE.sub.2 methyl ester, both of known pharmacological
      utility.
PAR  Still further regarding the separated compounds of Formulas XII and XIII,
      when a compound with one configuration at C-11, either alpha or beta, is
      desired as an intermediate or for pharmacological purposes, the other
      isomer is readily dehydrated to give additional Formula-X PGA-type
      starting material which is then used as a starting material according to
      the processes defined in Chart A and procedures described above to give
      additional of the desired isomer. These dehydrations are accomplished by
      procedures known in the art for dehydration of PGE-type compounds to
      PGA-type compounds. See, for example, Pike et al., Proc. Nobel Symposium
      II, Stockholm (1966), Interscience Publishers, New York, p. 162 (1967),
      and British Specification No. 1,097,533. These are acidic dehydrations,
      and alkanoic acids of 2 to 6 carbon atoms, inclusive, especially acetic
      acid, are preferred for this purpose. Dilute aqueous solutions of mineral
      acid, e.g., hydrochloric acid, especially in the presence of a
      solubilizing diluent, e.g., tetrahydrofuran, are also useful as reagents
      for these acidic dehydrations, although these reagents may also cause
      partial hydrolysis of the Formula-XII or -XIII methyl esters to carboxylic
      acids. A --Si--(A).sub.3 moiety at C-15 is also removed during all of
      these acidic dehydrations.
PAR  Still further regarding the Formula-XII and -XII compounds, either as
      mixtures or separately, any of those is transformed to other useful
      compounds or mixtures by changing these PGE-type compounds to PGF-type
      products by reducing the ring carbonyl at C-9 to alpha hydroxy or beta
      hydroxy. Those transformations are shown in Chart B.
PAR  In Chart B, R.sub.4 is hydrogen, methyl, or --Si--(A).sub.3, R.sub.2 is
      hydrogen or methyl, R.sub.7 is hydrogen or --Si--(A).sub.3, and G is
      ##EQU21##
      wherein R.sub.5 is hydrogen or --Si--(A).sub.3 when R.sub.4 and R.sub.2
      are hydrogen; R.sub.5 is hydrogen, acetyl or --Si--(A).sub.3 when R.sub.2
      and R.sub.4 are methyl; and R.sub.5 is --Si--(A).sub.3 when R.sub.4 is
      --Si--(A).sub.3, wherein A is as defined above, with the proviso that when
      R.sub.5 is --Si--(A).sub.3, R.sub.7 is also --Si--(A).sub.3. Further in
      Chart B, B in Formula XVI is
      ##EQU22##
      and .about. indicates attachment to the cyclopentane ring in alpha or beta
      position.
      ##SPC11##
PAR  The Chart B starting material XII is prepared as shown in chart A. The
      compounds of Formula XIII in Chart A are included in Formula XII. As
      described above, 15.beta.-PGE.sub.2, 15.beta.-PGE.sub.2 acetate,
      15.beta.-PGE.sub.2 methyl ester, and 15.beta.-PGE.sub.2 methyl ester
      acetate are obtained from Plexaura homomalla (Esper), 1972, forma R. All
      of those compounds are encompassed by Formula XII, and thus, extraction of
      this form of Plexaura homomalla provides an alternative source of these
      starting materials.
PAR  Referring to Chart B, the starting material XII can be a mixture of
      compounds with regard to the configuration of C-11, or the starting
      material can be stereochemically pure with respect to C-11, depending upon
      whether there has been an earlier separation of II.alpha.  and II.beta.
      isomers (see above discussion of Chart A reactions).
PAR  The transformation of PGE-type starting material XII to PGF-type product
      XVI involves reduction of a ring carbonyl to a ring hydroxy. This process
      is known in the art for some of the compounds encompassed by Formula XII,
      i.e., when the configuration at C-11 is alpha and the configuration at
      C-15 is S. For the other compounds encompassed by Formula XII, this
      reaction is novel, and novel Formula-XV and -XVI compounds are produced.
PAR  For this carbonyl-to-hydroxy reduction, methods known in the art are used.
      See, for example, Pike et al., J. Org. Chem. 34, 3552 (1969). Use is made
      of any of the known ketonic carbonyl reducing agents which do not reduce
      ester or acid groups or carbon-carbon double bonds. Examples of those are
      the metal borohydrides, especially sodium, potassium, lithium, and zinc
      borohydrides, lithium (tri-tertbutoxy) aluminum hydride, meta trialkoxy
      borohydrides, e.g., sodium trimethoxyborohydride, and diisobutylaluminum
      hydride. The sodium, potassium, and zinc borohydrides are preferred for
      this reduction, especially zinc borohydride.
PAR  Unexpectedly, the amalgamated aluminum metal found useful above in
      transforming the Formula-XI epoxides to Formula-XII hydroxy compounds has
      also been found useful as an agent for this carbonyl-to-hydroxy reduction
      of PGE-type compounds to PGF-type compounds. Either the PGE-type salts or
      the PGE-type esters are employed, for example the Formula-XII hydroxy
      compounds produced from the Formula-XI epoxides with or without
      intermediate isolation. Furthermore, the Formula-XI epoxides may be
      subjected to the combined epoxide-reduction and carbonyl-reduction
      reactions practically simultaneously by operating at higher temperatures,
      for example 40.degree.-60.degree. C., although it is preferred for high
      yields of the 11-hydroxy compounds that the reductions be done stepwise.
      The solvents which are operable for this reduction are generally the same
      as those found useful for the epoxide-reduction step. Somewhat higher
      temperatures or longer reaction times are required for the
      carbonyl-to-hydroxy reduction, however. For example, at 25.degree. C.,
      about 4 to 24 hours are required; at higher temperatures, e.g.,
      50.degree.-60.degree. C., about one to 2 hours are sufficient.
PAR  This carbonyl reduction usually produces a mixture of PGF.sub..alpha. -type
      and PGF.sub..beta. -type compounds, i.e., compounds with the alpha
      configuration and compounds with the beta configuration for the hydroxy at
      C-9. This mixture of alpha and beta isomers is separated by methods known
      in the art, e.g., chromatography on silica gel. See Pike et al., ibid.,
      for example. If the Formula-XII starting material is a mixture of
      II.alpha.  and II.beta.  isomers, then this reduction will usually produce
      four isomers, i.e., 9.alpha., II.alpha. , 9.alpha., II.beta., 9.beta.,
      II.alpha., and 9.beta., II.beta.. Those compounds are also separated from
      such mixtures by silica gel chromatography.
PAR  Regarding the transformation of XII to XIV in Chart B, it will be observed
      that the parameters for XII are such that all XII compounds are included
      in XIV. In other words, the transformation XII to XIV is an optional
      process step in proceeding from XII to XV. The reason for this is as
      follows. During the reduction of XIV to XV, the ratio of 9.alpha.-hydroxy
      and 9.beta.-hydroxy compounds formed will be different when R.sub.7 in XIV
      is hydrogen than when R.sub.7 is --Si--(A).sub.3. For example, with the
      Formula-XIV compound wherein R.sub.4 is hydrogen, G is
      ##EQU23##
      and R.sub.7 O.about. represents HO------ , i.e., II.alpha. -hydroxy,
      sodium borohydride reduction gives 42 parts of the corresponding
      Formula-XV 9.alpha.-hydroxy compound, and 58 parts of the 9.beta.-hydroxy
      compound. But with the Formula-XIV compound wherein R.sub.4 is hydrogen, G
      is
      ##EQU24##
      and R.sub.7 O.about. represents (CH.sub.3).sub.3 --Si--O ------ , sodium
      borohydride reduction gives 85 parts of the corresponding Formula-XV
      9.beta.-hydroxy compound and 15 parts of the 9.beta.-hydroxy compound.
      Similar differences are observed with the other isomers encompassed by
      Formula XIV although not necessarily in the same direction. Accordingly,
      whether R.sub.7 in Formula XIV is to be hydrogen or -- Si--(A).sub.3
      depends on the particular formula XV C-9 isomer desired and the influence
      of silylation on the isomer ratio. For any particular Formula-XIV starting
      material, the latter is readily determined by small scale reduction with
      and without silylation. When silylation before carbonyl reduction is
      indicated, largely for economic reasons, it is preferred that A be methyl,
      i.e., that R.sub.7 be (CH.sub.3).sub.3 --Si--.
PAR  This transformation of XII to XIV wherein R.sub.7 is --Si--(A).sub.3 is
      carried out as described above for the transformation of hydroxy to
      --O--Si--(A).sub.3 at C-15 prior to the Chart A reactions. When R.sub.2 in
      XII is hydrogen, the --COOH is also transformed in part or entirely to
      --COO--Si--(A).sub.3 with prolonged silylation and excess silylating
      agent. It is optional in transforming XII to XIV wherein R.sub.7 is
      --S--(A).sub.3 whether or not the --COOH of XII is esterified to
      --COO--Si--(A).sub.3. When G in Formula XIV is
      ##EQU25##
      those --OH are also transformed to --O.Si--(A).sub.3 by this silylation.
PAR  With regard to the Formula-XV carbonyl reduction product (Chart B), when
      the method used to isolate said product does not remove any
      --Si--(A).sub.3 groups which may be present, that is accomplished as
      described above for the removal of --Si--(A).sub.3 groups from Formula-XII
      products (Chart A, XII to XIII). Also, when G in Formula XV is
      ##EQU26##
      the acetyl is removed by alcoholysis also as described above for changing
      acetoxy at C-15 to hydroxy. These reactions are shown in Chart B as XV to
      XVI.
PAR  When R.sub.2 in Formula XVI is methyl and the compound wherein R.sub.2 is
      hydrogen is desired, that methyl ester is saponified, by methods known in
      the art. See, for example, Just et al., J. Am. Chem. Soc. 91, 5371 (1969).
      This saponification also changes a C-15 acetate to a C-15 hydroxy.
PAR  The compounds encompassed by Formula XVI include the known compounds
      PGF.sub.2.sub..alpha., PGF.sub.2.sub..beta., and the methyl esters of
      those. Also included in Formula XVI are the novel compounds
      15.beta.-PGF.sub.2.sub..alpha., 15.beta.-PGF.sub.2.sub..beta., and the
      methyl esters of those. All of these new and old compounds are II.alpha.
      -hydroxy compounds. Also included in Formula XVI are the corresponding but
      novel II.beta. -hydroxy compounds which are also encompassed by Formula V
      and which are useful for the pharmacological purposes described above
      either as such or transformed into salts or esters as described above.
PAR  When one of these Formula-XVI compounds has the R or epi configuration for
      the hydroxy at C-15, and the corresponding compound with the S
      configuration at C-15 is desired, or when one of these Formula-XVI
      compounds has the S configuration for the hydroxy at C-15, and the
      corresponding compound with the R or epi configuration at C-15 is desired,
      those desired compounds are made by the process of Chart C. In Chart C,
      R.sub.2, R.sub.4, R.sub.7, B, and .about. are as defined above.
PAR  The overall process scheme of Chart C is to start with one particular C-15
      isomer of a compound encompassed by Formula XVI, i.e., either 15(S) or
      15(R). The C-15 hydroxy of that isomer is oxidized to a ketonic carbonyl
      (XVII). Then, after an optional silylation of the C-9 and C-11 hydroxy
      groups (XVIII), the C-15 carbonyl is reduced back to a secondary hydroxy
      group. That reduction produces two C-15 hydroxy isomers, one with S
      configuration and one with R or epi configuration. After removal of any
      silyl groups, the isomers XIX and XX are separated. One of the isomers
      will be the same compound used as starting material (XVI). The other
      isomer will be the desired product. The starting material isomer is
      recycled to produce ore of the desired isomer. This reaction scheme has
      previously been used to transform PGF.sub.1.sub..alpha. to
      15.sub..alpha.-PGF.sub.1.sup..omega.. See Pike et al., J. Org. Chem. 34,
      3552 (1969).
      ##SPC12##
PAR  Referring now to Chart C, starting material XVI (from  Chart B) is a single
      compound, a mixture of two compounds, one with alpha and one with beta
      configuration at C-9, or a mixture of four compounds, i.e.,
      9.alpha.,11.alpha., 9.alpha.,11.beta., 9.beta.,11.alpha., and
      9.beta.,11.beta..
PAR  For the oxidation of XVI to XVII, any oxidizing agent can be used which
      will oxidize an allylic alcohol to an .alpha.,.beta.-unsaturated ketone or
      aldehyde. Examples of those are 2,3-dichloro-5,6-dicyano-1,4-benzoquinone,
      activated manganese dioxide, or nickel peroxide (see Fieser et al.,
      "Reagents for Organic Syntheses," John Wiley & Sons, Inc., New York, N.
      Y., 1967, pp. 215, 657, and 731). Alternatively, these oxidations are
      carried out by oxygenation in the presence of the 15-hydroxyprostaglandin
      dehydrogenase of swine lung (see Arkiv for Kemi 25, 293 (1966)). These
      reagents are used according to procedures known in the art. See, for
      example, J. Biol. Chem. 239, 4097 (1964).
PAR  Regarding the transformation of XVII to XVIII in Chart C, it will be
      observed that the parameters for XVIII are such that all XVII compounds
      are included in XVIII. In other words, the transformation of XVII to XVIII
      is an optional process step in proceeding from XVII to XIX and XX. The
      reason for this is as follows. During the reduction of XVIII to XIX and
      XX, the ratio of XIX to XX obtained will be different when R.sub.7 in
      XVIII is hydrogen than when R.sub.7 is --Si--(A).sub.3. For example,
      reduction of the Formula-XVIII 99,11.alpha.-isomer wherein R.sub.4 and
      R.sub.7 are both hydrogen with zinc borohydride gives the corresponding
      Formula-XIX and -XX in the amounts 43 parts of XIX (R or epi
      configuration) and 57 parts of XX (S configuration). On the other hand,
      when R.sub.7 in the Formula-XVIII reactant is --Si--(A).sub.3, the amounts
      with the same reducing agent are 27 parts of XIX and 73 parts of XX.
      Similar differences are observed with the other isomers encompassed by
      Formula XVIII although not necessarily in the same direction. Accordingly,
      whether R.sub.7 in formula XVIII is to be hydrogen or --Si--(A).sub.3
      depends on the particular C-15 isomer desired and the influence of
      silylation on the isomer ratio. For any particular Formula-XVII starting
      material, the latter is readily determined by small scale reductions with
      and without silylation. When silylation before carbonyl reduction is
      indicated, largely for economic reasons, it is preferred that A be methyl,
      i.e., that R.sub.7 be (CH.sub.3).sub.3 --Si--.
PAR  These silylations are carried out as described above for the Chart A and
      Chart B silylation.
PAR  The carbonyl reduction of XVIII to XIX is carried out as described above
      for the transformation of PGE-type Formula-XIV compounds to PGF-type
      Formula-XV compounds. As for those reductions, the sodium, potassium and
      zinc borohydrides are preferred as reducing agents, especially zinc
      borohydride.
PAR  When the method used to isolate the carbonyl reduction product does not
      remove any --Si--(A).sub.3 groups which may be present, that is
      accomplished as described above for the removal of --Si--(A).sub.3 groups
      from Formula-XII products (Chart A, XII to XIII).
PAR  The Formula-XIX and -XX products are separated from each other by methods
      known in the art, for example, silica gel chromatography. See, for
      example, Pike et al., J. Org. Chem. 34, 3552 (1969) for this type of
      separation.
PAR  If one of the isomers or isomer mixtures of Formulas XIX or XX is not
      desired for a pharmacological use as such or transformed to esters or
      pharmacologically acceptable salts as described above, that isomer or
      isomer mixture is recycled as a Formula-XVI starting material in the
      processes of Chart C to produce additional of the desired isomer.
PAR  The products of Formulas XIX and XX wherein the configuration of the C-11
      hydroxy is beta are encompassed by Formula V. The products of Formula XIX
      wherein the configuration of the C-11 hydroxy is alpha are encompassed by
      Formula VI. The intermediates of Formula XVII are encompassed by Formula
      VII. Thus, all of the compounds are useful for the pharmacological
      purposes described above for the Formula V, VI and VII compounds. The
      compounds prepared as in Chart C are also useful to make the other esters
      and the pharmacologically acceptable salts of the Formula V, VI, and VII
      compounds also as described above.
PAR  There are two particular embodiments of the novel process of this invention
      which are especially preferred. One of those embodiments provides an
      optional route to PGF.sub.2.sub..alpha., and starts with
      15.beta.-PGA.sub.2 acetate methyl ester, the most abundant component of
      Plexaura homomalla (Esper), 1792, forma R. The other embodiment provides a
      preferred route of PGE.sub.2, and starts with PGA.sub.2, readily obtained
      as described above by maintaining colonies or colony pieces of Plexaura
      homomalla (Esper), 1792, forma S in contact with water in a temperature
      range up to 50.degree. C. until substantially free of PGA.sub.2 15 acetate
      methyl ester.
PAR  The first of these embodiments is shown in Chart D, and the second is shown
      in Chart E. All of these Chart D and Chart E reactions and reagents for
      effecting them are
TBL                CHART D                                                     

     ______________________________________                                    

     15.beta.-PGA.sub.2 acetate methyl ester                                   

                    .dwnarw.(oxidation)                                        

     15.beta.-PGA.sub.2 acetate methyl ester .alpha. and .beta. 10,11-epoxides 

                    .dwnarw.(reduction)                                        

     15.beta.-PGE.sub.2 and 11.beta.,15.beta.-PGE.sub.2 15-acetate methyl      

     esters                                                                    

                    .dwnarw.(separation)                                       

     15.beta.-PGE.sub.2 15-acetate methyl ester                                

                    .dwnarw.(silylation)                                       

     15.beta.-PGE.sub.2 11-Si-(A).sub.3 ether 15-acetate methyl ester          

                    .dwnarw.(reduction, hydrolysis)                            

     15.beta.-PGF.sub.2.sub..alpha. and 15.beta.-PGF.sub.2.sup..omega.         

     15-acetate methyl esters                                                  

                    .dwnarw.(separation)                                       

     15.beta.-PGF.sub.2.sub..alpha. 15-acetate methyl ester                    

                    .dwnarw.(saponification)                                   

     15.beta.-PGF.sub.2.sub..alpha.                                            

                    .dwnarw.(oxidation)                                        

     15-oxo-PGF.sub.2.sub..alpha.                                              

                    .dwnarw.(silylation)                                       

     15-oxo-PGF.sub.2.sub..alpha. 9,11-di-Si-(A).sub.3 ether                   

                    .dwnarw.(reduction, hydrolysis)                            

     15.beta.-PGF.sub.2.sub..alpha. and PGF.sub.2.sub..alpha.                  

                    .dwnarw.(separation).dwnarw.                               

     15.beta.-PGF.sub.2.sub..alpha.                                            

                      PGF.sub.2.sub..alpha.                                    

     ______________________________________                                    

TBL                CHART F                                                     

     ______________________________________                                    

     PGA.sub.2                                                                 

                    .dwnarw.(silylation)                                       

     PGA.sub.2 15-Si-(A).sub.3 ether                                           

                    .dwnarw.(oxidation)                                        

     PGA.sub.2 15-Si-(A).sub.3 ether .alpha. and .beta.  10,11-epoxides        

                    75 (reduction, hydrolysis)                                 

     PGE.sub.2 and 11.beta.-PGE.sub.2                                          

                    .dwnarw.(separation)                                       

     PGE.sub.2                                                                 

     ______________________________________                                    

PAL  described generically and specifically above, and all are exemplified
      below. In Charts D and E, it is preferred that --Si--(A).sub.3 be
      --Si--(CH.sub.3).sub.3. Also in Charts D and E, it is optional whether
      silylation of 15-oxo-PGF.sub.2.sub..alpha. (Chart D) or PGA.sub.2 (Chart
      E) produces the corresponding --Si--(A).sub.3 ester-ether or only the
      ether.
DETD
PAR  The invention is more fully understood by the following Examples and
      Preparations:
PAR  All temperatures are in degrees centigrade.
PAR  Ultraviolet spectra are recorded on a Cary Model 15 spectrophotometer.
PAR  The collection of chromatographic eluate fractions starts when the eluant
      front reaches the bottom of the column.
PAR  "Brine", herein, refers to an aqueous saturated sodium chloride solution.
PAR  The A-IX solvent system used in thin layer chromatography (TLC) is made up
      from ethyl acetate-acetic acid-2,2,4-trimethylpentane-water (90:20:50:100)
      according to M. Hamberg and B. Samuelsson, J. Biol. Chem. 241, 257 (1966).
PAC  PREPARATION 1
PAR  To distinguish Plexaura homomalla (Esper), 1792, forma R from Plexaura
      homomalla (Esper), 1792, forma S, a TLC method is used. A specimen
      approximately 2 cm. in length is harvested and placed in a small vial,
      with a small amount of water if necessary to insure it is wet, and kept
      closed for 6-24 hrs. About one ml. of methanol is then added and the
      sample is either shaken for 2 hrs. at about 25.degree. C. or is stored for
      16-24 hrs. at about 10.degree. C. A sample of the liquid (10-21 .lambda.)
      is spotted on a TLC plate. It is preferred to use a fluorescent-treated
      silica gel plate, e.g. Uniplate Silica Gel GF (Analtech, Inc., Newark,
      Del.). As reference standards, spots of PGA.sub.2 and 15.beta.-PGA.sub.2
      are also applied. The plate is developed in the A-IX system (Hamberg and
      Samuelsson, J. Biol. Chem. 241, 257 (1965)). The spots are finally
      visualized with vanillin-phosphoric acid spray (McAleer, Arch. Biochem. E.
      Biophys. 66, 120 (1957)). Comparison of the unknown with the two reference
      spots is then made and the identity of the coral established (forma S
      corresponding to PGA.sub.2, forma R to 15.beta.-PGA.sub.2).
PAC  PREPARATION 2
PAC  PGA.sub.2 from Plexaura homomalla (Esper), 1792 forma S
PAR  Colonies of Plexaura homomalla (Esper), 1792, forma S, collected from reefs
      off the north shore of Jamaica, are frozen by contact with solid carbon
      dioxide within 1 hour after removal from the reef waters. The frozen
      colonies are maintained in insulated boxes containing solid carbon dioxide
      (temperature below about -20.degree. C.) until ready for thawing. Then,
      the frozen colonies (700 g.) are ground to a small particle size (Waring
      blender) and mixed with 1500 ml. of water. The mixture is maintained about
      20 hrs. at about 25.degree. C. with stirring. Then, the mixture is
      filtered through a pad of diatomaceous earth, and the filtrate is
      acidified with concentrated hydrochloric acid to pH about 2-3. The
      acidified filtrate is extracted four times with ethyl acetate. The
      extracts are combined, filtered, washed with brine, dried with anhydrous
      sodium sulfate, and evaporated under reduced pressure to give 11 g. of
      oily residue.
PAR  The solid residue on the diatomaceous earth filter pad is stirred 2 hours
      in methanol (enough to cover said residue) at 25.degree. C. The mixture is
      then filtered, and the filtrate is evaporated to give 14 g. of oily
      residue.
PAR  The two oily residues are combined and chromatographed on 1500 g. of
      acid-washed silica gel, eluting successively with 8 l. of a 25 to 65%
      gradient of ethyl acetate in Skellysolve B, 8 l. of a 65 to 100% gradient
      of ethyl acetate in Skellysolve B, and 5 l. of 2% methanol in ethyl
      acetate, collecting 500 ml. fractions. (Skellysolve B is a mixture of
      isomeric hexanes). Fractions 8-12 are combined and evaporated to give a
      small amount of PGA.sub.2 containing a trace of PGA.sub.2 methyl ester.
      Fractions 15-18 are combined and evaporated to give 9.54 g. of PGA.sub.2.
      Fractions 35-40 are combined to give 0.414 g. of PGE.sub.2.
PAC  Preparation 3
PAC  15.beta.-PGA.sub.2 from Plexaura Homomalla (Esper), 1792, forma R
PAR  Colonies of Plexaura homomalla (Esper), 1792, forma R, collected from reefs
      off the southeast shore of Florida near Miami, are chopped into chunks
      several inches long. The chunks are frozen by contact with solid carbon
      dioxide with one hour after removal from the reef waters. The frozen
      colony pieces are maintained in insulated boxes containing solid carbon
      dioxide (temperature below about -20.degree. C.) until ready for thawing.
      Then, colony pieces (600 g.) are mixed with 1500 ml. of water. The mixture
      is stirred and maintained at 25.degree. C. for 23 hours. The mixture is
      then filtered through a pad of diatomaceous earth, and the filtrate is
      acidified to pH about 2-3 with concentrated hydrochloric acid. The
      acidified filtrate is extracted four times with ethyl acetate. The
      extracts are combined, filtered, washed with brine, dried with anhydrous
      sodium sultate, and evaporated to give 9.2 g. of oily residue.
PAR  The solid residue on the diatomaceous earth pad is stirred 15 hours in
      methanol (enough to cover said residue) at 25.degree. C. The mixture is
      then filtered, and the filtrate is evaporated. The residue is dissolved in
      ethyl acetate, and the solution washed successively with 3 N hydrochloric
      acid and brine, dried with anhydrous sodium sulfate, and evaporated to
      give 5.83 g. of an oily residue.
PAR  The second oily residue and 8.2 g. of the first oily residue are combined
      and chromatographed on one kg. of acid-washed silica gel, eluting
      successively with 3-l. portions of 25%, 35%, 45%, 55%, and 65% ethyl
      acetate in Skellysolve B, collecting 500-ml. fractions. Fractions 18-22
      are combined and evaporated to give 5.54 g. of 15.beta.-PGA.sub.2.
      Fractions 15-17 are combined and evaporated to give 1.37 g. of
      15.beta.-PGA.sub.2 methyl ester.
PAC  PREPARATION 4
PAC  PGA.sub.2 compounds from Plexaura homomalla (Esper), 1792, forma S
PAR  Frozen colonies of Plexaura homomalla (Esper), 1792, forma S (see
      Preparation 2) are broken manually into pieces several cm. in length. The
      pieces (500 g.) are then covered with methanol and the mixture is
      maintained for 3 hours at 25.degree. C. The mixture is then ground in a
      Waring blender and filtered, and the filtrate is evaporated under reduced
      pressure. The residue is dissolved in ethyl acetate, and the solution is
      washed successively with one N hydrochloric acid, water, and brine, dried
      with anhydrous sodium sulfate, and evaporated under reduced pressure. The
      oily residue is chromatographed or 2 kg. of acid-washed silica gel
      wet-packed with Skellysolve B (a mixture of isomeric hexanes), eluting
      with 24 l. of a 25 to 100% ethyl acetate in Skellysolve B gradient. The
      fractions which contain PGA.sub.2 acetate methyl ester, PGA.sub.2 acetate,
      PGA.sub.2 methyl ester, and PGA.sub.2 as shown by TLC with the A-IX system
      are separately combined and evaporated to give those compounds.
PAC  PREPARATION 5
PAC  15.beta.-PGA.sub.2 compounds from Plexaura homomalla (Esper), 1792, forma R
PAR  Colonies of Plexaura homomalla (Esper), 1792, forma R, collected from reefs
      off the southeast shore of Florida near Miami, are chopped into chunks
      several inches long. The chunks are frozen by contact with solid carbon
      dioxide within 1 hour after renoval from the reef waters. The frozen
      colony pieces are maintained in insulated boxes containing solid carbon
      dioxide (temperature below about -20.degree. C.) until the time for
      extraction. Then, the frozen colony pieces are ground to a small particle
      size (Mitts and Merrill hogger; average largest dimension about 5 mm). The
      particles (1500 g.) are then stirred at high speed with 5 gallons of
      dichloromethane for 20 minutes at about 25.degree. C. external
      temperature. The mixture of dichloromethane and particles is then filtered
      through a pad of diatomaceous earth, and the filtrate is evaporated to
      about a 2-liter volume at 30.degree. C. under reduced pressure. The liquid
      which remains is washed with water, dried with sodium sulfate, and
      evaporated at 30.degree. C. under reduced pressure.
PAR  The oily residue (60 g.) is chromatographed on 3 kg. of silica gel wet
      packed in Skellysolve B (a mixture of isomeric hexanes), eluting
      successively with a gradient of 4 l. of Skellysolve B and 4 l. of 20%
      ethyl acetate in Skellysolve B, 27 l. of 20%, 18 l. of 50%, and 8 l. of
      75% ethyl acetate in Skellysolve B, collecting 600-ml. fractions.
      Fractions 39-60 are combined and evaporated to give 24.3 g. of
      15.beta.-PGA.sub.2 acetate methyl ester. Between fractions 60 and 74 those
      fractions shown by TLC to contain 15.beta.-PGA.sub.2 acetate are combined
      and evaporated to yield that compound. Fractions 74-76 are combined and
      evaporated to give 1.03 g. of 15.beta.-PGA.sub.2 methyl ester. Fractions
      83-91 are combined and evaporated to give 1.08 g. of 15.beta.-PGE.sub.2
      15-acetate methyl ester. Still later fractions shown by TLC to contain
      15.beta.-PGE.sub.2 methyl ester are combined and evaporated to yield that
      compound.
PAR  Detection of the respective compounds by TLC is done by methods known in
      the art, e.g. by spotting the extract fractions on a TLC silica gel plate
      alongside spots of the authentic compounds, developing the plate with the
      A-IX system, and observing which spots of the extract fractions correspond
      exactly to the spots of the authentic compounds.
PAR  Following the procedures of Preparation 5, but substituting Plexaura
      homomalla (Esper), 1792, forma S for the Plexaura homomalla (Esper), 1792,
      forma R of that example, there are obtained the corresponding compounds of
      15(S) configuration, viz.: PGA.sub.2 acetate methyl ester, PGA.sub.2
      acetate, PGA.sub.2 methyl ester, PGE.sub.2 15-acetate methyl ester, and
      PGE.sub.2 methyl ester.
PAC  PREPARATION 6
PAC  PGA.sub.2 and 5.6-trans-PGA.sub.2
PAR  Separation of PGA.sub.2 from 5,6-trans-PGA.sub.2 is done on a
      chromatographic column using a silver-saturated ion-exchange resin.
      Preferably a macroreticular ion exchange resin is used, e.g. a sulfonated
      styrene-divinylbenzene copolymer having surface area of 40-50 sq. m./g.,
      30-40% porosity, and total exchange capacity of 4.5-5.0 meq. per gram of
      dry resin, for example Amberlyst 15, available from Rohm and Haas Co.,
      Philadelphia, Pa. The acid-form resin is packed in a column, washed with
      warm water, and converted to the silver form by passing a 10% silver
      nitrate solution through the column until the effluent shows a pH of
      3.5-4.0. The column is then washed with water to remove ionic silver, and
      finally with denatured ethanol (Type 3A). A solution of a mixture of
      PGA.sub.2 and 5,6-trans-PGA.sub.2, e.g. fractions 15-18 of Preparation 2,
      in ethanol is charged to the column. Elution with 3A alcohol then yields
      fractions which are combined according to their content of
      5,6-trans-PGA.sub.2 (faster-eluting) or PGA.sub.2. Testing for the
      presence of 5,6-trans-PGA.sub.2 or PGA.sub.2 in the eluate is conveniently
      done by TLC using silver nitrate-treated silica gel plates (e.g. Analtech
      Uniplates dipped in saturated ethanolic silver nitrate and dried) and
      developing with the A-IX system. R.sub.f of PGA.sub.2 is 0.45; R.sub.f of
      5,6-trans-PGA.sub. 2 is 0.50. Combined fractions are concentrated,
      partitioned between dichloromethane and a little water, dried over sodium
      sulfate, and concentrated under reduced pressure to yield the title
      compounds.
PAR  For quantitatively assaying the 5,6-trans-PGA.sub.2 content of mixtures of
      PGA.sub.2 and 5,6-trans-PGA.sub.2 a combination
      thinlayer-spectrophotometric assay is used. Silica gel-impregnated glass
      microfiber sheets (e.g. ITLC sheets of the Gelman Instrument Co., Ann
      Arbor, Mich.) are impregnated with silver nitrate, using 5% ethanolic
      silver nitrate and drying. Spots of 100 to 200 .mu.g of the PGA.sub.2
      mixture are applied and developed in the solvent system
      2,2,4-trimethylpentane:ethyl acetate: acetic acid: water (100:35:8:10,
      upper phase). The sheet is dried and sprayed with Rhodamine 6G (Applied
      Science Co., State College, Pa) and viewed under ultraviolet light. The
      areas containing the cis and trans materials (R.sub.f of PGA.sub.2 = 0.6;
      R.sub.f of 5,6-trans-PGA.sub.2 = 0.7) are marked, then excised and eluted
      with methanol (1.9 ml.) and potassium hydroxide solution (0.1 ml. of 45%).
      After incubation at 40.degree. for 30 min., the respective solutions are
      centrifuged and analyzed spectrophotometrically at 278 nm.
PAR  Following the procedure of Preparation 6, 5,6-trans15.beta.-PGA.sub.2 is
      separated from 15.beta.-PGA.sub.2.
PAC  PREPARATION 7
PAC  PGE.sub.2 and 5,6-trans-PGE.sub.2
PAR  Following the procedure of Preparation 6, PGE.sub.2 is separated from
      5,6-trans-PGE.sub.2 as follows. A solution of a mixture of PGE.sub.2 and
      5,6-trans-PGE.sub.2 is charged to the column. Elution with 3A alcohol
      yields fractions which are combined according to their content of
      5,6-trans-PGE.sub.2 (faster eluting) or PGE.sub.2. Assay for
      5,6-trans-PGE.sub.2 or PGE.sub.2 is done by TLC as for the PGA.sub.2 -type
      compounds above. R.sub.f of PGE.sub.2 is 0.13; R.sub.f of
      5,6-trans-PGE.sub.2 is 0.17. Combined fractions are concentrated, dried
      over sodium sulfate, and concentrated under reduced pressure to yield the
      title compounds.
PAC  PREPARATION 8
PAC  PGA.sub.2 15-Acetate Methyl Ester, separation from 5,6-Trans-PGA.sub.2
      15-Acetate Methyl Ester
PAR  A mixture of PGA.sub.2 15-acetate methyl ester and 5,6-trans-PGA.sub.2
      15-acetate methyl ester (11.0 g., 85:15) is dissolved in 415 ml. of a
      solution of methanol-water-acetic acid (95-5-0.4) and mercuric acetate
      (6.1 g.), and let standing at about 25.degree. C. for 30 min. Water (250
      ml.) is added and the mixture extracted twice with 700 ml. of Skellysolve
      B. The Skellysolve B phase is washed with 100 ml. of 60% methanol, dried
      over sodium sulfate, and concentrated to an oil (4.35 g.) having a high
      content of 5,6-trans-PGA.sub.2 15-acetate methyl ester. The aqueous
      methanol phase is acidified with 32 ml. of 6 N. hydrochloric acid and the
      mixture is extracted with two portions of 700 ml. of Skellysolve B. The
      organic phase is dried over sodium sulfate and concentrated to an oil
      (5.53 g.) This last material is subjected to the same procedures again,
      using 350 ml. of the methanol-water-acetic acid and 4.6 g. of mercuric
      acetate. There is recovered from the work-up of the aqueous-methanol phase
      a fraction (3.92 g.) of the title compound containing only a small
      percentage of the 5,6-trans-PGA compound.
PAR  Following the procedure of Preparation 8, 5,6-trans15.beta.-PGA.sub.2
      15-acetate methyl ester is separated from 15.beta.-PGA.sub.2 15-acetate
      methyl ester.
PAR  In the following examples, the above-described 5,6-trans-PG.sub.2 and
      5,6-trans-15.beta.-PG.sub.2 compounds are subjected to the same
      transformations as the PG.sub.2 and 15.beta.-PG.sub.2 compounds disclosed
      herein and illustrated hereafter.
PAC  EXAMPLE 1
PAC  15.beta.-PGA.sub.2 Methyl Ester
PAR  A solution of 70% aqueous perchloric acid (50 drops) in 50 drops of water
      is added to a solution of 15.beta.-PGA.sub.2 acetate methyl ester (2.0 g.)
      in 100 ml. of methanol. The mixture is stirred for 15 hours at 25.degree.
      C. and then diluted with 80 ml. of water. The methanol is removed under
      reduced pressure, and the aqueous residue is extracted with ethyl acetate.
      The extract is washed successively with water and brine, dried with
      anhydrous sodium sulfate, and evaporated. The residue is chromatographed
      on 200 g. of silica gel, eluting with 2.5 l. of a gradient of 20-70% ethyl
      acetate in Skellysolve B (a mixture of isomeric hexanes), collecting
      100-ml. fractions. Fractions 15-19 are combined and evaporated to give 727
      mg. of 15.beta.-PGA.sub.2 methyl ester.
PAC  EXAMPLE 2
PAC  PGA.sub.2 Methyl Ester
PAR  A solution of 15.beta.-PGA.sub.2 methyl ester (250 mg.) in 20 ml. of
      anhydrous tetrahydrofuran is cooled to 0.degree. C. in an atmosphere of
      nitrogen. Tributylamine (1.5 ml.) is added, and the mixture is stirred at
      0.degree. C. while adding methanesulfonyl chloride (1 ml.) dropwise. The
      mixture is stirred 30 minutes at 0.degree. C. Then, 10 ml. of water is
      added, and the mixture is allowed to warm to 25.degree. C. and is stirred
      for 1 hour. The tetrahydrofuran is evaporated under reduced pressure, and
      the aqueous residue is extracted with ethyl acetate. The extract is washed
      successively with one N hydrochloric acid, water, and brine, dried with
      anhydrous sodium sulfate, and evaporated. The residue is chromatographed
      on 30 g. of silica gel, eluting with 800 ml. of a gradient of 20-70% ethyl
      acetate in Skellysolve B, collecting 25-ml. fractions. Fractions 14-16 are
      combined and evaporated to give 58 mg. of PGA.sub.2 methyl ester.
      Fractions 12 and 13 are combined to give 49 mg. of the starting material,
      15.beta.-PGA.sub.2 methyl ester.
PAR  Following the procedure of Example 2, PGA.sub.2 methyl ester is transformed
      to a mixture of PGA.sub.2 and 15.beta.-PGA.sub.2 methyl esters, the two
      compounds being separated as in Example 2.
PAC  EXAMPLE 3
PAC  PGA.sub.2 15-formate and 15.beta.-PGA.sub.2 15-formate
PAR  A solution of sodium carbonate (50 mg.) in 7.5 ml. of anhydrous formic acid
      is added to PGA.sub.2 (0.25 g.). This mixture is stirred under nitrogen at
      25.degree. C. for 2 hrs. The reaction mixture is concentrated under
      reduced pressure, taken up in benzene, and again concentrated under
      reduced pressure. The residue is chromatographed on acid-washed silica gel
      (e.g. Mallinckrodt Silicar CC-4), eluting with a gradient of 25-75% ethyl
      acetate-Skellysolve B (isomeric hexane mixture) and collecting fractions.
      Those fractions shown by TLC to contain the respective 15-formate
      compound, separated from its isomer and free of starting material and
      impurities, are combined and concentrated under reduced pressure to give
      the title compounds.
PAC  EXAMPLE 4
PAC  PGA.sub.2 and 15.beta.-PGA.sub.2
PAR  PGA.sub.2 15-formate (100 mg., Example 3) is dissolved in a mixture of 10
      ml. of methanol and 2.5 ml. of saturated aqueous sodium bicarbonate
      solution. The solution is stirred under nitrogen at 25.degree. C. for 2.5
      hrs. Then 5 ml. of water and 2 ml. of 1 N. hydrochloric acid are added,
      and the solution concentrated. The aqueous residue is adjusted to pH 2-3
      and extracted three times with ethyl acetate. The combined extracts are
      washed with water, dried over sodium sulfate, and concentrated to yield
      PGA.sub.2.
PAR  Similarly, hydrolysis of 15.beta.-PGA.sub.2 15-formate (Example 3) yields
      15.beta.-PGA.sub.2.
PAC  EXAMPLE 5
PAC  15.beta.- PGA.sub.2 10,11-Epoxide Acetate Methyl Ester
PAR  Hydrogen peroxide (350 ml.; 30% aqueous) is added with stirring to a
      solution of 15.beta.-PGA.sub.2 acetate methyl ester (265 g.) in 5000 ml.
      of methanol under a nitrogen atmosphere at -20.degree. C. Then, one N
      aqueous potassium hydroxide solution (50 ml.) is added gradually during 1
      hour with stirring at -20.degree. C. The mixture is stirred an additional
      2 hours at -20.degree. C. Then, one N hydrochloric acid (80 ml.) is added,
      and the methanol is removed under reduced pressure at 35.degree. C. The
      residue is dissolved in 3000 ml. of ethyl acetate, and the solution is
      washed 3 times with 500-ml. portions of water. The combined water washes
      are extracted with 300 ml. of ethyl acetate. The two ethyl acetate
      solutions are combined, washed with brine, dried with anhydrous sodium
      sulfate and evaporated to give 2.75 g. of a mixture of the alpha and beta
      10,11-epoxides of 15.beta.-PGA.sub.2 acetate methyl ester.
PAC  EXAMPLE 6
PAC  PGA.sub.2 10,11-Epoxide Methyl Ester
PAR  Hydrogen peroxide (0.3 ml.; 30% aqueous) and one N aqueous sodium hydroxide
      (0.5 ml.) are added to a solution of PGA.sub.2 methyl ester (229 mg.) in
      10 ml. of isopropyl alcohol at 0.degree. C. After 2.5 hours at 0.degree.
      C., 10 ml. of water and 1 ml. of one N hydrochloric acid are added, and
      the isopropyl alcohol is removed under reduced pressure. The residue is
      extracted with ethyl acetate. The extract is washed successively with
      water and brine, dried with anhydrous sodium sulfate, and evaporated. The
      residue is chromatographed on 30 g. of silica gel, eluting with 800 ml. of
      a gradient of 20-70% ethyl acetate in Skellysolve B, collecting 25-ml.
      fractions. Fractions 5-10 are combined and evaporated to give 136 mg. of a
      mixture of the alpha and beta 10,11-epoxides of PGA.sub.2 methyl ester.
PAC  EXAMPLE 7
PAC  PGA.sub.2 Acetate Methyl Ester .alpha. and .beta. 10,11-Epoxides
PAR  Refer to Chart A.
PAR  A solution of PGA.sub.2 15-acetate methyl ester (1.954 g.) in 30 ml. of
      dimethoxyethane (DME) is cooled to -55.degree. C. under nitrogen, and 5.25
      ml. of t-butyl hydroperoxide is added. Then, 5 ml. of 0.25 N. methanolic
      lithium hydroxide (prepared from the mono-hydrate) is added over 100 min.
      After about 46 hrs. an additional 2.5 ml. of the base is added over 50
      min. Finally, after about 23.5 hrs. the reaction is complete, as shown by
      TLC. The mixture is acidified to pH 5-6 with 1 N hydrochloric acid and is
      concentrated under reduced pressure. The residue is taken up in ethyl
      acetate, washed with brine, dried over sodium sulfate, and concentrated
      under reduced pressure. The product, 2.0 g., contains the title alpha and
      beta compounds in a ratio of 6:1, respectively, as shown by gas
      chromatography.
PAR  Following the procedures of Example 7, but replacing the lithium hydroxide
      solution with methanolic magnesium methoxide (prepared from magnesium and
      anhydrous methanol), there is obtained a product containing the alpha and
      beta epoxides in a ratio of 4:1.
PAR  Following the procedures of Example 7, but replacing the DME with a mixture
      of toluene-DME (10:1) and replacing the lithium hydroxide with Triton B
      (benzyltrimethylammonium hydroxide) in methanol, there are obtained the
      alpha and beta epoxides in a ratio of 7.2:1.
PAR  Following the procedures of Example 7, but replacing the DME with a mixture
      of toluene-DME (1:1) and holding the reaction temperature at -40.degree.
      C., the product contains the alpha and beta epoxides in a ratio of 6.2:1.
PAR  Following the procedures of Example 7, but replacing the DME with
      tetrahydrofuran (THF) and replacing the lithium hydroxide solution with
      Triton B, there are obtained the alpha and beta epoxides in a ratio of
      4.5:1.
PAC  EXAMPLE 8
PAC  15.beta.-PGE.sub.2 15-Acetate Methyl Ester and 11.beta.,15.beta.-PGE.sub.2
      15-Acetate Methyl Ester
PAR  Granular aluminum metal (50 g.) is added to a solution of mercuric chloride
      (50 g.) in 2 l. of water. The mixture is swirled until hydrogen gas
      evolution starts to become vigorous (about 30 seconds). Then, most of the
      aqueous solution is decanted, and the rest is removed by rapid filtration.
      The amalgamated aluminum is washed rapidly and successively with two
      200-ml. portions of methanol and two 200-ml. portions of anhydrous diethyl
      ether. The amalgamated aluminum is then covered with anhydrous diethyl
      ether until used.
PAR  Methanol (250 ml.) and water (25 ml.) are added to a solution of a mixture
      of the alpha and beta 10,11-epoxides of 15.beta.-PGA.sub.2 acetate methyl
      ester (275 g.) in 2500 ml. of diethyl ether. The mixture is cooled to
      -10.degree. C. and the amalgamated aluminum prepared as above from 50 g.
      of aluminum metal is added. The mixture is stirred and maintained at about
      25.degree. C. with external cooling. After one hour, amalgamated aluminum
      prepared as above from 50 g. of aluminum metal is added. After an
      additional hour of stirring at 25.degree. C., amalgamated aluminum
      prepared as above from 50 g. of aluminum metal and also 25 ml. of water
      are added. After an additional hour of stirring at 25.degree. C., 100 g.
      of magnesium sulfate is added as a filter aid, and the mixture is
      filtered. The filter cake is washed thoroughly with dichloromethane, and
      the combined filtrate and washings are evaporated at 25.degree. C. under
      pressure to give a mixture (247 g.) of 15.beta.-PGE.sub.2 15-acetate
      methyl ester and 11.beta.,15.beta.-PGE.sub.2 15-acetate methyl ester.
PAR  Part of this mixture (210 g.) is chromatographed on 30 kg. of silica gel
      wet-packed with 60 l. of 25% ethyl acetate in Skellysolve B (6-inch
      diameter column), eluting successively with 60-l. portions of 25%, 30%,
      35%, 40%, 45%, 50%, 55%, and 60% ethyl acetate in Skellysolve B,
      collecting 4-l. fractions. Fractions 71-76 are combined and evaporated to
      give 27 g. of 11.beta.,15.beta.-PGE.sub.2 15-acetate methyl ester.
      Fractions 81-98 are combined and evaporated to give 115 g. of
      15.beta.-PGE.sub.2 15-acetate methyl ester.
PAC  EXAMPLE 9
PAC  15.beta.-PGE.sub.2 15-Acetate Methyl Ester and 11.beta.,15.beta.-PGE.sub.2
      15-Acetate Methyl Ester
PAR  Anhydrous sodium acetate (0.5 g.) and zinc dust (500 mg.) are added to a
      solution of a mixture of the alpha and beta epoxides of 15.beta.-PGA.sub.2
      acetate methyl ester, prepared as in Example 5, in 5 ml. of acetic acid.
      This mixture is stirred at 25.degree. C. in an atmosphere of nitrogen and
      cooled to about 15.degree. C. One-half ml. of a solution of chromium (III)
      chloride hexahydrate (300 mg.) in 1 ml. of water is added, and the mixture
      is stirred at 0.degree. C. for 3 hours. The mixture is then diluted with
      ethyl acetate, and the solution is washed successively with four portions
      of water, one N hydrochloric acid, sodium bicarbonate solution, and brine,
      dried with anhydrous sodium sulfate, and evaporated. The residue is
      chromatographed on 20 g. of silica gel, eluting with 600 ml. of a gradient
      of 20-75% ethyl acetate in Skellysolve B, collecting 25-ml. fractions.
      Fractions 10 and 11 are combined to give 11.beta. ,15.beta.-PGE.sub.2
      15-acetate  methyl ester. Fractions 13 and 14 are combined to give
      15.beta.-PGE.sub.2 15-acetate methyl ester.
PAC  EXAMPLE 10
PAC  PGE.sub.2 Methyl Ester and 11.beta.-PGE.sub.2 Methyl Ester
PAR  Freshly prepared chromium (II) acetate (450 mg., argon atmosphere;
      Inorganic Syntheses, 8, 125) is added to a solution of 136 mg. of epoxides
      (Example 6) in a mixture of 3 ml. of acetic acid and one ml. of water in
      an atmosphere of argon at 0.degree. C. The mixture is stirred at 5.degree.
      C. under argon for 18 hours. Ice is then added to the mixture, and that
      mixture is extracted with ethyl acetate. The extract is washed
      successively with water, one N hydrochloric acid, sodium bicarbonate
      solution, and brine, dried with anhydrous sodium sulfate, and evaporated.
      The residue is chromatographed on silica gel (20 g.), eluting with 600 ml.
      of a gradient of 20-100% ethyl acetate in Skellysolve B, collecting 20 ml.
      fractions. Fractions 19-22 are combined and evaporated to give 27 mg. of
      11.beta.-PGE.sub.2 methyl ester. Fractions 24-27 are combined and
      evaporated to give 5 mg. of PGE.sub.2 methyl ester.
PAC  EXAMPLE 11
PAC  PGE.sub.2 and 11.beta.-PGE.sub.2
PAR  Hydrogen peroxide (0.35 ml.; 30% aqueous) is added to a solution of
      PGA.sub.2 (200 mg.) in 5 ml. of methanol. The mixture is cooled to
      -20.degree. C., and 0.75 ml. of one N aqueous sodium hydroxide solution is
      slowly added with stirring. After 1 hour of stirring at -20.degree. C., 1
      ml. of one N hydrochloric acid is added, and the mixture is evaporated
      under reduced pressure. The residue is dissolved in ethyl acetate, and the
      resulting solution is washed successively with water and brine, dried with
      anhydrous sodium sulfate, and evaporated. The residue is treated with
      amalgamated aluminum as described in Example 8, using 2.5 ml. diethyl
      ether, 0.25 ml. methanol, and 0.03 ml. water, the amalgamated aluminum
      being added in 2 portions. When the reduction is complete, ethyl acetate
      and one N hydrochloric acid are added to the reaction mixture and the
      mixture is separated in a separatory funnel. The ethyl acetate layer is
      washed successively with one N hydrochloric acid, water, and brine, dried
      with anhydrous sodium sulfate, and evaporated. The residue is subjected to
      preparative thin layer chromatography to give PGE.sub.2 and
      11.beta.-PGE.sub.2 in the ratio 1:2.
PAC  EXAMPLE 12
PAC  15.beta.-PGE.sub.2 and 11.beta.,15.beta.-PGE.sub.2
PAR  Following the procedure of Example 11, 15.beta.-PGA.sub.2 is transformed to
      15.beta.-PGE.sub.2 and 11.beta.,15.beta.-PGE.sub.2, those being obtained
      in the ratio 1:1.
PAC  EXAMPLE 13
PAC  PGE.sub.2 and 11.beta.-PGE.sub.2
PAR  Hexamethyldisilizane (1 ml.) and trimethylchlorosilane (0.2 ml.) are added
      with stirring to a solution of PGA.sub.2 (250 mg.) in 4 ml. of
      tetrahydrofuran at 0.degree. C. under nitrogen. This mixture is maintained
      at 5.degree. C. for 15 hours. The mixture is then evaporated under reduced
      pressure. Toluene is added and evaporated twice. Then the residue is
      dissolved in 6 ml. of methanol, and the solution is cooled to -20.degree.
      C. Hydrogen peroxide (0.45 ml.; 30% aqueous) is added. Then, one N sodium
      hydroxide solution (0.9 ml.) is added dropwise with stirring at
      -20.degree. C. After 2 hours at -20 .degree. C., an additional 0.3 ml. of
      the sodium hydroxide solution is added with stirring at -20.degree. C.
      After another hour in the range -10.degree. to 20.degree. C., an
      additional 0.1 ml. of the sodium hydroxide solution is added. Then, 1.5
      ml. of one N hydrochloric acid is added, and the mixture is evaporated
      under reduced pressure. The residue is extracted with ethyl acetate, and
      the extract is washed successively with one N hydrochloric acid and brine,
      dried with anhydrous sodium sulfate and evaporated. The residue is
      dissolved in 5 ml. of diethyl ether. To this solution is added 0.5 ml. of
      methanol and 0.1 ml. of water. Then, amalgamated aluminum made from 0.5 g.
      of aluminum metal as described in Example 8 is added in small portions
      during 3 hours at 25.degree. C. Then, ethyl acetate and 3 N hydrochloric
      acid are added, and the ethyl acetate layer is separated and washed
      successively with one N hydrochloric acid and brine, dried with anhydrous
      sodium sulfate, and evaporated. The residue is chromatographed on 50 g. of
      acid-washed silica gel, eluting first with 400 ml. of a gradient of
      50-100% ethyl acetate in Skellysolve B, and then with 100 ml. of 5%
      methanol in ethyl acetate, collecting 25 ml. of fractions. Fractions 9 and
      10 are combined and evaporated to give 18 mg. of 11.beta.-PGE.sub.2.
      Fractions 17-25 are combined and evaporated to give 39 mg. of PGE.sub.2.
PAR  Following the procedures of Example 13 but replacing PGA.sub.2 with
      PGA.sub.2 acetate and optionally omitting the silylation step, there are
      obtained the corresponding PGE.sub.2 15-acetate and 11.beta.-PGE.sub.2
      15-acetate compounds.
PAC  EXAMPLE 14
PAC  PGE.sub.2
PAR  Refer to Chart C.
PAR  a. Silylation. A mixture of PGA.sub.2 (0.68 g.), 4 ml. of tetrahydrofuran
      (THF), and 1 ml. of trimethylchlorosilane solution (5% in
      hexamethyldisilazane) is stirred under nitrogen for 2 hrs. at about
      25.degree. C. Then the silylated material is concentrated by removal of
      THF under reduced pressure, utilizing added benzene (10 ml.) to facilitate
      removal of THF.
PAR  b. Oxidation. A cold (-40.degree. C.) solution of the above silylated
      material in 15 ml. of isopropyl alcohol is mixed with 1.2 ml. of 30%
      aqueous hydrogen peroxide, followed by 1.5 ml. of 3 N. aqueous lithium
      hydroxide added dropwise. The temperature is allowed to warm to about
      -30.degree. C. The reaction is continued until the PGA.sub.2 has been
      exhausted as shown by the absence of PGA.sub.2 in a thin layer
      chromatographic (TLC) spot test using the A-IX system (Hamberg and
      Samuelsson, J. Biol. Chem. 241, 257 (1966). At -+.degree. C., the reaction
      time is about 3-4 hrs. After completion, 5 ml. of 1 N. hydrochloric acid
      is added and the mixture is concentrated under reduced pressure. The
      residue is extracted with ethyl acetate, washed with 0.5 N. hydrochloric
      acid and then brine, dried over sodium sulfate, and concentrated to the
      epoxide.
PAR  c. Reduction and hydrolysis. A solution of the above epoxide in 20 ml. of
      THF and 2 ml. of methanol is stirred with 4 ml. of saturated aqueous
      sodium bicarbonate solution and cooled to 15.degree. C. To the mixture is
      added, in portions with vigorous stirring, an aluminum amalgam made from 1
      g. of powdered aluminum (Example 8). After stirring at about 25.degree. C.
      for 45 min., a sample is analyzed by TLC for PGE.sub.2 and epoxide.
      Reaction is continued if necessary. When the epoxide is no longer present,
      the supernatant suspension is decanted from the aluminum which is further
      washed with ethyl acetate. The combined decantate and washes are
      concentrated under reduced pressure. The residue is taken up in about
      15-20 ml. of ethyl acetate and shaken with 20 ml. of 1 N. hydrochloric
      acid. The layers are separated, the organic phase is washed with 0.5 N.
      hydrochloric acid, and then brine, dried and concentrated to an oily
      residue of 0.837 g.
PAR  d. Separation. A solution of the above residue in a small amount of 20%
      ethyl acetate-Skellysolve B (isomeric hexanes) is applied to a
      chromatographic column of 65 g. of acid-washed silica, e.g. Mallinckrodt
      Silicar CC-4. Elution with a gradient of 20-100% ethyl acetate-Skellysolve
      B gives fractions. Those fractions which are shown by TLC to contain the
      desired compound are combined, and concentrated. There is obtained in
      separate fractions PGE.sub.2, 0.5 g., and 11.beta.-PGE.sub.2, 0.05 g.
PAR  Alternatively, the oily product from c above is triturated in ethyl
      acetate-cyclohexane (1:1), cooled to about 10.degree. C. and seeded to
      yield crystalline PGE.sub.2, about 0.4 g. The mother liquor is subjected
      to silica gel chromatography to yield separate fractions of about 0.1 g.
      PGE.sub.2 and 0.05 g. 11.beta.-PGE.sub.2.
PAC  EXAMPLE 15
PAC  PGE.sub.2
PAR  a. Silylation. Following the procedure of Example 14, step a, PGA.sub.2
      (0.68 g.) is silylated and concentrated.
PAR  b. Oxidation. A cold (-40.degree. C.) solution of the above silylated
      material in 3.0 ml. of isopropyl alcohol is mixed with 0.84 ml. of t-butyl
      hydroperoxide, followed by the addition of 0.352 g. of lithium hydroxide
      monohydrate. The reaction is continued at -40.degree. C. to -20.degree. C.
      for 5 hrs. Then, the pH of the mixture is adjusted to about 8.0 by adding
      carbon dioxide.
PAR  c. Reduction and hydrolysis. The above mixture is diluted with 20 ml. of
      THF and cooled to 15.degree. C. To the mixture is added in portions with
      vigorous stirring, an aluminum amalgam made from 1 g. of powdered aluminum
      (Example 8). After stirring at about 25.degree. C. for 45 min., a sample
      is analyzed by TLC for PGE.sub.2 and epoxide. Reaction is continued if
      necessary. When the epoxide is no longer present, the supernatant
      suspension is decanted from the aluminum which is further washed with
      ethyl acetate. The combined decantate and washes are concentrated under
      reduced pressure. The residue is taken up in about 15-20 ml. of ethyl
      acetate and shaken with 20 ml. of 1 N. hydrochloric acid. The layers are
      separated, the organic phase is washed with 0.5 N. hydrochloric acid, and
      then brine, dried and concentrated to an oily residue of 0.837 g.
PAR  d. Separation. A solution of the above residue in a small amount of 20%
      ethyl acetate-Skellysolve B (isomeric hexanes) is applied to a
      chromatographic column of 65 g. of acid-washed silica, e.g. Mallinckrodt
      Silicar CC-4. Elution with a gradient of 20-100% ethyl acetate-Skellysolve
      B gives fractions. Those fractions which are shown by TLC to contain the
      desired compound are combined, and concentrated. There is obtained in
      separate fractions PGE.sub.2, 0.5 g., and 11.beta.-PGE.sub.2, 0.05 g.
PAC  EXAMPLE 16
PAC  15.beta.-PGE.sub.2 11-Si-(CH.sub.3).sub.3 Ether 15-Acetate Methyl Ester
PAR  Hexamethyldisilazane (100 g.) and then trimethylchlorosilane (20 g.) are
      added to a solution of 15.beta.-PGE.sub.2 15-acetate methyl ester (Example
      8) in 400 ml. of tetrahydrofuran with vigorous stirring at 25.degree. C.
      under nitrogen. The reaction mixture is maintained in the range 20.degree.
      to 25.degree. C. by external cooling, and is stirred 2 hours under
      nitrogen. Then, the mixture is evaporated at 50.degree. C. at reduced
      pressure. The residue is mixed with 150 ml. of toluene, and the mixture is
      filtered through a pad of diatomaceous earth. The filtrate is evaporated
      at 50.degree. C. under reduced pressure. The residue is mixed with 150 ml.
      of toluene, and again the toluene is removed under reduced pressure at
      50.degree. C. to give 75 g. of 15.beta.-PGE.sub.2 11--Si--(CH.sub.3).sub.3
      ester 15-acetate methyl ester.
PAR  Following the procedure of Example 16, 11.beta.-15.beta.-PGE.sub.2
      15-acetate methyl ester is transformed to the corresponding
      11--Si--(CH.sub.3).sub.3 ether.
PAR  Also following the procedure of Example 16, but using larger amounts of
      hexamethyldisilazane and trimethylchlorosilane, 15.beta.-PGE.sub.2 methyl
      ester, 15.beta.-PGE.sub.2, 11.beta.,15.beta.-PGE.sub.2 methyl ester, and
      11.beta.,15.beta.-PGE.sub.2 are transformed to the corresponding
      11,15-di--Si--(CH.sub.3).sub.3 ethers.
PAC  EXAMPLE 17
PAC  15.beta.-PGF.sub.2.sub..alpha. 15-Acetate Methyl Ester and
      15.beta.-PGF.sub.2.sub..beta. 15-Acetate Methyl Ester.
PAR  Sodium borohydride (1.42 g.) is added in one portion to a solution of
      15.beta.-PGE.sub.2 11--Si--(CH.sub.3).sub.3 ether 15-acetate methyl ester
      (Example 16) (30.7 g.) in 500 ml. of absolute ethanol at 0.degree. C. with
      stirring. The mixture is stirred at 0.degree. C. for 3.5 hours. Then, 10
      ml. of glacial acetic acid is added slowly with stirring at 0.degree. C.
      Then, 100 ml. of water is added, and the mixture is allowed to warm to
      25.degree. C. with stirring, and is stirred 15 hours at 25.degree. C. The
      ethanol is evaporated under reduced pressure, and the residue is mixed
      with 400 ml. of brine. The mixture is extracted with 3 portions of ethyl
      acetate (400 ml., 250 ml., and 150 ml.). The combined extracts are washed
      successively with two 100-ml. portions of water, 100 ml. of saturated
      aqueous sodium bicarbonate solution, two 100-ml. portions of brine, dried
      with anhydrous sodium sulfate, and evaporated under reduced pressure to
      give 24.5 g. of a mixture of 15.beta.-PGF.sub.2.sub..alpha. 15-acetate
      methyl ester and 15.beta.-PGF.sub.2.sub..beta. 15-acetate methyl ester.
PAC  EXAMPLE 18
PAC  15.beta.-PGF.sub.2.sub..alpha. and 15.beta.-PGF.sub.2.sub..beta.
PAR  Aqueous sodium hydroxide solution (10%; 275 ml.) is added to a solution of
      48 g. of a mixture of 15.beta.-PGF.sub.2.sub..alpha. 15-acetate methyl
      ester and 15.beta.-PGF.sub.2.sub..beta. 15-acetate methyl ester (Example
      17) in 350 ml. of methanol at 0.degree. C. with stirring under nitrogen.
      The mixture is allowed to warm to 25.degree. C. with stirring, and is
      stirred 3 hours at 25.degree. C. Then, the methanol is evaporated under
      reduced pressure at 35.degree. C. The aqueous residue is cooled and
      extracted once with a mixture of diethyl ether and dichloromethane (1:1).
      Then, the aqueous residue is acidified with 260 ml. of 3 N hydrochloric
      acid, saturated with sodium chloride, and extracted with 3 portions of
      ethyl acetate (400 ml., 250 ml., and 150 ml.). The combined extracts are
      washed successively with two 100-ml. portions of water and two 100-ml.
      portions of brine, dried with anhydrous sodium sulfate, and evaporated to
      give 42 g. of a mixture of 15.beta.-PGF.sub.2.sub..alpha. and
      15.beta.-PGF.sub.2.sub..beta..
PAC  EXAMPLE 19
PAC  15-Oxo-PGF.sub.2.sub..alpha. and 15-Oxo-PGF.sub.2.sub..beta.
PAR  The mixture of 15.beta.-PGF.sub.2.sub..alpha. and
      15.beta.-PGF.sub.2.sub..beta. (42 g.) obtained as in Example 18 is
      dissolved in 950 ml. of dioxane. To this solution at 25.degree. C. is
      added 2,3-dichloro-5,6-dicyano1,4-benzoquinone (40 g.). This mixture is
      stirred 18 hours at 50.degree. C. under nitrogen. The mixture is then
      cooled to 25.degree. C. and filtered. The filter cake is washed with
      dichloromethane, and the combined filtrate and washing are evaporated
      under reduced pressure at 45.degree. C. to give a mixture (66 g.) of
      15-oxo-PGF.sub.2.sub..alpha. and 15-oxo-PGF.sub.2.sub..beta.
PAR  Part of this mixture (33 g) is chromatographed on 3 kg. of acid-washed
      silica gel, eluting successively with 10 l. 60%, 10 l. 70%, 10 l. 80%, 20
      l. 90% ethyl acetate in Skellysolve B, 15 l. ethyl acetate, and 10 l. 5%
      methanol in ethyl acetate, collecting 650-ml. fractions. Fractions 42-53
      are combined and evaporated to give 8.3 g. of
      15-oxo-PGF.sub.2.sub..alpha.. Fractions 64-85 are combined and evaporated
      to give 3.3 g. of 15-oxo-PGF.sub.2.sub..beta. .
PAC  EXAMPLE 20
PAC  PGF.sub.2.sub..alpha. and 15.beta.-PGF.sub.2.sub..alpha.
PAR  Hexamethyldisilazane (70 ml.) and trimethylchlorosiiane (14 ml.) are added
      with vigorous stirring to a solution of 15-oxo-PGF.sub.2.sub..alpha. (3.0
      g.) in 350 ml. of tetrahydrofuran at 25.degree. C. under nitrogen. The
      mixture is stirred 18 hours at 25.degree. C. under nitrogen. Then, the
      mixture is evaporated under reduced pressure at 50.degree. C. Toluene (100
      ml.) is added to the residue, and the mixture is filtered through a pad of
      diatomaceous earth. the filtrate is evaporated, and 100 ml. of toluene is
      added to the residue. This mixture is evaporated under reduced pressure to
      give the 9,11--di--Si--(CH.sub.3).sub.3 ether of
      15-oxo-PGF.sub.2.sub..alpha..
PAR  This disilyl ether is dissolved in 20 ml. of 1,2-dimethoxyethane. Sodium
      borohydride (680 mg.) is suspended in 65 ml. of 1,2-dimethoxyethane at
      0.degree. C. under nitrogen. Anhydrous zinc chloride (1.23 g.) is added to
      this suspension, and the mixture is stirred 30 minutes at 0.degree. C.
      Then, the solution of the disilyl ether is added dropwise during 10
      minutes with stirring at 0.degree. C. The resulting mixture is allowed to
      warm to 25.degree. C. with stirring, and is stirred 4 hours at 25.degree.
      C. Then, 30 ml. of water is added, followed by 8 ml. of glacial acetic
      acid. This mixture is stirred 15 hours at 25.degree. C. The mixture is
      then poured into a mixture of ice and 100 ml. of 0.5 N hydrochloric acid.
      That mixture is saturated with sodium chloride, and then extracted with
      several portions of ethyl acetate. The combined extracts are washed with
      brine, dried with anhyrous sodium sulfate, and evaporated under reduced
      pressure. The residue (3.2 g.) is chromatographed on 600 g. of acidwashed
      silica gel, eluting successively with 5 l of 75% ethyl acetate in
      Skellysolve B, 5 l. of 90% ethyl acetate in Skellysolve B, and 5 l. of a
      gradient of 90% ethyl acetate and 10% methanol in ethyl acetate,
      collecting 550-ml. fractions. Fractions 21-26 are combined and evaporated
      to give 543 mg. of 15.beta.-PGF.sub.2.sub..alpha.. Fractions 28-36 are
      combined and evaporated to give 1.62 g. of PGF.sub.2.sub..alpha..
PAC  EXAMPLE 21
PAC  15.beta.-PGF.sub.2.sub..alpha. 15-Acetate Methyl Ester and
      15.beta.-PGF.sub.2.sub..alpha. 15-Acetate Methyl Ester
PAR  Sodium borohydride (6.0 g.) is added in one portion with vigorous stirring
      to a solution of 15.beta.-PGE.sub.2 11--Si--(CH.sub.3).sub.3 ether
      15-acetate methyl ester (77 g.) in 1500 ml. of methanol at -30.degree. C.
      Then 5.0 g. sodium borohydride is added and the mixture is stirred one
      hour at -30.degree. C., and a second hour while warming to 20.degree. C.
      Then, glacial acetic acid (30 ml.) is added slowly, followed by 125 ml. of
      water. This mixture is stirred 15 hours at 25.degree. C., and then
      evaporated under reduced pressure. The residue is mixed with brine (2
      volumes), and the mixture is extracted 3 times with ethyl acetate. The
      combined extracts are washed successively with water, sodium bicarbonate
      solution, and brine, dried with anhydrous sodium sulfate, and evaporated
      under reduced pressure to give 60 g. of a mixture of
      15.beta.-PGF.sub.2.sub..alpha. 15-acetate methyl ester and
      15.beta.-PGF.sub.2.sub..beta. 15-acetate methyl ester.
PAR  Part (21 g.) of this mixture is chromatographed on 1.8 kg. of silica gel,
      wet-packed in 50% ethyl acetate in Skellysolve B, eluting successively
      with 20 l. 50%, 20 l. 60%, and 5 l. 75% ethyl acetate in Skellysolve B,
      collecting 650-ml. fractions. Fractions 12-26 are combined and evaporated
      to give 22.0 g. of 15.beta.-PGF.sub.2.sub..alpha. 15-acetate methyl ester.
      Fractions 44-61 are combined and evaporated to give 6.11 g. of
      15.beta.-PGF.sub.2.sub..beta. 15-acetate methyl ester.
PAC  EXAMPLE 22
PAC  15.beta.-PGF.sub.2.sub..alpha.
PAR  Following the procedure of Example 18, 15.beta.-PGF.sub.2.sub..alpha.
      15-acetate methyl ester is saponified to 15.beta.-PGF.sub.2.sub..alpha.
PAC  EXAMPLE 23
PAC  15.beta.-PGF.sub.2.sub..beta.
PAR  Following the procedure of Example 18, 15.beta.-PGF.sub.2.sub..beta.
      15-acetate methyl ester is saponified to 15.beta.-PGF.sub.2.sub..beta..
PAC  EXAMPLE 24
PAC  15-Oxo-PGF.sub.2.sub..alpha.
PAR  Following the procedure of Example 19, 15.beta.-PGF.sub.2.sub..alpha. is
      oxidized to 15-oxo-PGF.sub.2.sub..alpha..
PAC  EXAMPLE 25
PAC  15-Oxo-PGF.sub.2.sub..beta.
PAR  Following the procedure of Example 19, 15.beta.-PGF.sub.2.sub..beta. is
      oxidized to 15-oxo-PGF.sub.2.sub..beta..
PAC  EXAMPLE 26
PAC  PGF.sub.2.sub..beta. and 15.beta.-PGF.sub.2.sub..beta.
PAR  Following the procedure of Example 20, 15-oxo-PGF.sub.2.sub..beta. is
      silylated and then reduced to a mixture of PGF.sub.2.sub..beta. and
      15.beta.-PGF.sub.2.sub..beta. which are separated as described for the
      alpha compounds in Example 20.
PAC  EXAMPLE 27
PAC  11.beta.,15.beta.-PGF.sub.2.sub..alpha. and
      11.beta.,15.beta.-PGF.sub.2.sub..beta.
PAR  Following the procedures of Example 16 and 21 11.beta.,15.beta.-PGE.sub.2
      15-acetate methyl ester is transformed to a mixture of
      11.beta.,15.beta.-PGF.sub.2.sub..alpha. 15-acetate methyl ester and
      11.beta.,15.beta.-PGF.sub.2.sub..beta. 15-acetate methyl ester which are
      separated as described for the products of Example 21. Those acetate
      methyl esters are then separately saponified as in Example 18 to give
      11.beta.,15.beta.-PGF.sub.2.sub..alpha. and
      11.beta.,15.beta.-PGF.sub.2.sub..beta..
PAC  EXAMPLE 28
PAC  11.beta.-15-Oxo-PGF.sub.2.sub..alpha.
PAR  Following the procedure of Example 19,
      11.beta.,15.beta.-PGF.sub.2.sub..alpha. is oxidized to
      11.beta.-15-oxo-PGF.sub.2.sub..alpha..
PAC  EXAMPLE 29
PAC  11.beta.-15-Oxo-PGF.sub.2.sub..beta.
PAR  Following the procedure of Example 19,
      11.beta.,15.beta.-PGF.sub.2.sub..beta. is oxidized to
      11.beta.-15-oxo-PGF.sub.2.sub..beta..
PAC  EXAMPLE 30
PAC  11.beta.-PGF.sub.2.sub..alpha. and 11.beta.,15.beta.-PGF.sub.2.sub..alpha.
PAR  Following the procedure of Example 20,
      11.beta.-15-oxo-PGF.sub.2.sub..alpha. is silylated and then reduced to a
      mixture of 11.beta.-PGF.sub.2.sub..alpha. and
      11.beta.,15.beta.-PGF.sub.2.sub..alpha. which are separated as described
      for the products of Example 20.
PAC  EXAMPLE 31
PAC  11.beta.-PGF.sub.2.sub..beta. and 11.beta.-15.beta.-PGF.sub.2.sub..beta.
PAR  Following the procedure of Example 20, 11.beta.-15-oxo-PGF.sub.2.sub..beta.
      is silylated and then reduced to a mixture of
      11.beta.-PGF.sub.2.sub..beta. and 11.beta.,15.beta.-PGF.sub.2.sub..beta.
      which are separated as described for the products of Example 20.
PAC  EXAMPLE 32
PAC  PGF.sub.2.sub..alpha. and PGF.sub.2.sub..beta.
PAR  a. Silylation. Following the procedure of Example 14, step a PGA.sub.2
      (0.68 g.) is silylated and concentrated.
PAR  b. Oxidation. A cold (-40.degree. C.) solution of the above silylated
      material in 15 ml. of isopropyl alcohol is mixed with 1.2 ml. of 30%
      aqueous peroxide, followed by 1.5 ml. of 3 N. aqueous lithium hydroxide
      added dropwise. The reaction is continued at about -30.degree. C. for 4
      hrs. Then, the pH of the mixture is adjusted to about 8.0 by adding carbon
      dioxide and the mixture is concentrated under reduced pressure.
PAR  c. Reduction and hydrolysis. The residue above is taken up in 20 ml. of THF
      and 2 ml. of methanol. To it is added with vigorous stirring, an aluminum
      amalgam made from 1 g. of powdered aluminum (Example 8). After the epoxide
      is no longer present as shown by TLC, the mixture is heated to 60.degree.
      C. for about 1 hour to reduce all 9-oxo compounds to 9-hydroxy compounds.
      There is thereby formed a mixture containing F.sub.2.sub..alpha..
      F.sub.2.sub..beta.. 11.beta.-F.sub.2.sub..alpha., and
      11.beta.-F.sub.2.sub..beta. salts. The mixture is cooled and the
      supernatant material is decanted from the aluminum which is further washed
      with ethyl acetate. The combined decantate and washes are concentrated
      under reduced pressure. The residue is taken up in ethyl acetate and
      acidified, while stirring, with 20 ml. of 1 N. hydrochloric acid. The
      layers are separated and the organic phase is washed with 0.5 N.
      hydrochloric acid and then brine dried and concentrated under reduced
      pressure.
PAR  d. Separation. A solution of the above residue in a small amount of 20%
      ethyl acetate-Skellysolve B (isomeric hexanes) is applied to a
      chromatographic column of acid-washed silica, e.g. Mallinckrolt Silicar
      CC-4. Elution with a gradient of 20-100% ethyl acetate-Skellysolve B gives
      fractions. Those fractions which are shown by TLC to contain
      PGF.sub.2.sub..alpha. are combined and concentrated to yield
      PGF.sub.2.sub..alpha.. Likewise, those fractions shown to contain
      PGF.sub.2.sub..beta., 11.beta.-PGF.sub.2.sub..alpha., or
      11.beta.-PGF.sub.2.sub..beta. are combined and concentrated to yield those
      compounds, respectively.
PAC  EXAMPLE 33
PAC  PGF.sub.2.sub..alpha. and PGF.sub.2.sub..beta.
PAR  Hydrogen peroxide (3.5 ml., 30% aqueous) is added with stirring to a
      solution of PGA.sub.2 acetate methyl ester (2.65 g) in 50 ml. of methanol
      under a nitrogen atmosphere at -20.degree. C. Then, 5.0 ml. of 0.1 N.
      aqueous potassium hydroxide solution is added gradually over one hr. with
      stirring at -20.degree. C. The mixture is stirred an additional 2 hrs. at
      -20.degree. C. Then, carbon dioxide is added to the mixture to adjust the
      pH to about 7.0-8.0, and the mixture containing the alpha and beta
      10,11-epoxides is concentrated under reduced pressure.
PAR  The above residue is taken up in 80 ml. of THF and 8 ml. of methanol, and
      cooled to -10.degree. C. To the mixture is added in portions, with
      vigorous stirring, an aluminu mamalgam made from 4 g. of powdered aluminum
      (Example 8). The mixture is stirred and maintained at about 25.degree. C.
      with cooling. After an hour, a sample is analyzed by TLC for 10,11-epoxide
      of PGA.sub.2 15-acetate methyl ester and for PGE.sub.2 15-acetate methyl
      ester. Reaction is continued at about 25.degree. C. until substantially no
      epoxide is left. The reaction mixture is then warmed to 60.degree. C.,
      with stirring. After 1 hour a sample is analyzed by TLC for PGE.sub.2
      15-acetate methyl ester and 11.beta.-PGE.sub.2 15-acetate methyl ester and
      for the corresponding PGF.sub.2.sub..alpha. and PGF.sub.2.sub..beta.
      compounds. Reaction is continued at 60.degree. C. until no PGE.sub.2
      compounds are left. The mixture is cooled and the supernatant material is
      decanted from the aluminum which is further washed with ethyl acetate. The
      combined decantate and washes are concentrated under reduced pressure. The
      residue is taken up in ethyl acetate and chromatographed on silica gel.
      eluting with 20-100% ethyl acetate-Skellysolve B, collecting fractions.
      Those fractions which are shown by TLC to contain PGF.sub.2.sub..alpha.
      15-acetate methyl ester are combined and concentrated to give that
      compound. Likewise, the fractions containing PGF.sub.2.sub..beta.
      15-acetate methyl ester are combined and concentrated to give that
      compound.
PAR  PGF.sub.2.sub..alpha. and PGF.sub.2.sub..beta. are obtained by
      saponification of the above corresponding 15-acetate methyl esters.
      Aqueous sodium hydroxide (2.75 ml. 10%) is added to a solution of
      PGF.sub.2.sub..alpha. 15-acetate methyl ester (0.48 g.) in 10 ml. of
      methanol at 0.degree. C. with stirring under nitrogen. The mixture is
      allowed to warm to 25.degree. C. with stirring and is stirred 3 hrs. at
      25.degree. C. The mixture is partially concentrated under reduced
      pressure. The aqueous residue is cooled and extracted once with a mixture
      of diethyl ether and dichloromethane (1:1). The aqueous residue is
      acidified with about 2.6 ml. of 3 N. hydrochloric acid, saturated with
      sodium chloride, and extracted with ethyl acetate. The organic phase is
      washed with water and brine, dried with anhydrous sodium sulfate, and
      concentrated to PGF.sub.2.sub..alpha.. In a similar fashion,
      PGF.sub.2.sub..beta. is obtained by saponification of PGF.sub.2.sub..beta.
      15-acetate methyl ester.
CLMS
STM  We claim:
NUM  1.
PAR  1. The compound of the formula
      ##SPC13##
PAL  wherein R.sub.1 is hydrogen, alkyl of 1 to 8 carbon atoms, inclusive,
      cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl or phenyl substitued with 1, 2, or 3 chloro or
      alkyl of 1 to 4 carbon atoms, inclusive, and the pharmacologically
      acceptable salts thereof when R.sub.1 is hydrogen.
NUM  2.
PAR  2. The compound according to claim 1 wherein R.sub.1 is methyl.
NUM  3.
PAR  3. The compound according to claim 1 wherein R.sub.1 is hydrogen.
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ABST
PAL  An asymmetric synthesis of optically active prostaglandin
      F.sub.2.sub..alpha. from cyclopentadiene including intermediates in this
      synthesis.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part application of U.S. Ser. No.
      331,931, filed Feb. 12, 1973, Chadha et al now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Optically active prostaglandin F.sub.2.sub..alpha. has been isolated from
      natural sources. These compounds as well as the 15-eip-prostaglandin
      F.sub.2.sub..alpha. compounds are known agents for inducing labor in
      pregnant women and for the therapeutic termination of pregnancy.
PAR  In the past, racemic prostaglandin F.sub.2.sub..alpha. has been synthesized
      by Fried in the Journal of American Chemical Society, 94, 4342, 4343
      (1972) and Corey, Tetrahedron Letters, 307, 311 (1970). While racemic
      prostaglandin is also active in inducing labor in pregnant women and
      terminating pregnancy, the racemic form of this compound is not as active
      as its optically active forms. Various procedures have been proposed for
      synthesizing the optically active forms of prostaglandin
      F.sub.2.sub..alpha. utilizing resolving techniques. However, these
      procedures have been uneconomical and cumbersome. Therefore, it has been
      desired to provide a direct asymmetric synthesis of optically active
      prostaglandin F.sub.2.sub..alpha. which avoids cumbersome resolution
      procedures.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, optically active prostaglandin
      F.sub.2.sub..alpha. which has the formula:
      ##SPC1##
PA1  Wherein R' is --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.3
PAL  as well as its optically active antipode which has the formula:
      ##SPC2##
PA1  Wherein R' is as above;
PAL  And optically active 15-epi-prostaglandin F.sub.2.sub..alpha. which has the
      formula:
      ##SPC3##
PA1  Wherein R' is as above;
PAL  As well as its optically active antipode which has the formula:
      ##SPC4##
PA1  Wherein R' is as above;
PAL  As well as its optically active antipode which has the formula:
      ##SPC5##
PA1  Wherein R' is as above;
PAL  Can be asymmetrically synthesized from cyclopentadiene without cumbersome
      resolution procedures via optically active intermediates of the formulae:
      ##SPC6##
PA1  Wherein --OR forms hydroxy protected with an ether protecting group
      convertible to hydroxy by hydrolysis;
PAL  Or their optically active antipodes. By this process, either the optical
      isomer of formulae I or II or their optical antipodes, i.e., the compound
      of formulae I-A or II-A can be synthesized directly from cyclopentadiene
      depending upon the reaction conditions utilized without the necessity of
      resolution.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As used throughout this application, the term "lower alkyl" includes both
      straight chain and branched chain alkyl groups having from 1 to 7 carbon
      atoms, such as methyl, ethyl and propyl, preferably methyl. As used
      herein, the term "lower alkoxy" comprehends lower alkoxy groups having
      from 1 to 7 carbon atoms such as methoxy and ethoxy. As also used herein,
      the term "lower alkanoic acids" comprehends an alkanoic acid of 2 to 7
      carbon atoms such as propionic acid and acetic acid. As further used
      herein, the term "halogen" or "halo," unless otherwise stated, comprehends
      fluorine, chlorine, bromine and iodine. The term "alkali metal" includes
      sodium, potassium, lithium, etc.
PAR  In the pictorial representation of the compounds given throughout this
      application, a thickened tapered line ( ) indicates a substituent which is
      in the beta-orientation (above the plane of the cyclopentane moiety), a
      dotted line (---) indicates a substituent which is in the
      alpha-orientation (below the plane of the cyclopentane moiety) and a wavy
      line ( ) indicates a substituent which is in either the alpha- or
      beta-orientation. It is to be understood that the pictorial
      representations of the structural formula represent absolute configuration
      unless otherwise stated. In many cases, for the sake of convenience, only
      one optically active antipode is pictorally represented. It is understood
      that the other optically active antipode has the same structural formula
      except that the dotted lines are tapered lines and tapered lines are
      dotted lines.
PAR  As also used herein, the term "aryl" signifies mononuclear aromatic
      hydrocarbon groups such as phenyl, tolyl, etc., which can be unsubstituted
      or substituted in one or more positions with an aryl, a lower
      alkylenedioxy, a halogen, a nitro, a lower alkyl or a lower alkoxy
      substituent, and polynuclear aryl groups such as naphthyl, anthryl,
      phenanthryl, azulyl, etc., which can be ubsubstituted or substituted with
      one or more of the aforementioned groups. The preferred aryl groups are
      the substituted and unsubstituted mononuclear aryl or diaryl groups,
      particularly phenyl or diphenyl. The term "aryl lower alkyl" comprehends
      groups wherein aryl and lower alkyl are defined as above, particularly
      benzyl. The term "aryl lower alkanoic acid" comprehends acids wherein
      "aryl" and "lower alkanoic acid"  are as defined above, particularly
      phenyl acetic acid. The term "aroyl" denotes aroyl groups where the aryl
      group is defined as above. The preferred aroyl substituents are benzoyl or
      phenylbenzoyl.
PAR  As still further used herein, the term "carboxy protected with a group
      convertible thereto by hydrolysis" comprehends any conventional organic
      acid protecting group which can be removed by hydrolysis. The preferred
      organic acid protecting groups are the esters. Any conventional ester that
      can be hydrolyzed to yield the acid can be utilized as the protecting
      group. Exemplary esters useful for this purpose are lower alkyl esters,
      such as ethyl, aryl esters, particularly phenyl ester and the aryl lower
      alkyl esters, particularly benzyl ester or phenylbenzyl ester.
PAR  As used herein, the term "hydroxy protected by ester or either group
      convertible to hydroxy by hydrolysis" designates any ester or ether group
      which can be hydrolyzed to yield the hydroxy group. Exemplary ester groups
      useful for this purpose are those in which the acyl moiety is derived from
      a lower alkanoic, an aryl lower alkanoic, an aroic, a lower alkane
      dicarboxylic acid or a carbamic acid such as an aryl carbamic acid which
      includes phenyl carbamic acid or p-phenylphenyl carbamic acid. Among the
      acid derivatives which can be utilized to form such ester groups are the
      acid anhydrides and the acid halides, preferably chlorides or bromides,
      with the lower alkanoic acid anhydrides, e.g., acetic anhydride and
      caproic anhydride, the aryl lower alkanoic acid anhydrides, e.g., benzoic
      acid anhydrides, lower alkane dicarboxylic acid anhydrides, e.g., succinic
      anhydride, and chloroformates, e.g., trichloroethylchloroformate, being
      preferred. In preparing aryl carbamic acid ester, the free hydroxy group
      is reacted with an aryl isocyanate under conditions conventional for
      preparing acid esters. A suitable ether protecting group is, for example,
      lower alkyl ethers such as methyl, ethyl or t-butyl ethers,
      tetrahydropyranyl ether or 4-methoxy-5,6-dihydro-2H-pyranyl ether. Others
      are arylmethyl ethers such as benzyl, benzhydryl, or trityl ethers or
      alpha-lower alkoxy lower alkyl ethers, for example, methoxymethyl or
      allylic ethers, or tri(lower alkyl) silyl ethers such as trimethyl silyl
      ether.
PAR  In the first step of the process of this invention, the alkali metal and
      thallium (I) salts of cyclopentadiene are reacted with a compound of the
      formula:
      ##EQU1##
      wherein
      ##EQU2##
       forms an ester protecting group
PAR  convertible to carboxy by hydrolysis and X is halogen; to form a compound
      of the formula:
      ##SPC7##
PA1  wherein R.sub.1 is as above. The compound of formula V is reacted with the
      alkali metal or thallium (I) salts of cyclopentadiene in an inert organic
      solvent. The preferred inert organic solvents for carrying out this
      reaction are the ether solvents such as tetrahydrofuran, diethyl ether,
      glyme, diglyme, triglyme, tetraglyme, etc. In carrying out this reaction,
      any temperature of from -100.degree.C. to room temperature can be
      utilized. Generally, it is preferred to utilize a temperature of from
      -90.degree.C. to -20.degree. C.
PAR  In the next step of the process of this invention, the compound of formula
      VI is converted to the optically active isomer of the formula:
      ##SPC8##
PA1  wherein R.sub.1 is as above;
PAL  by first reacting the compound of formula VI with an optically active
      organo boron hydride to produce an optically active isomer of the formula:
      ##SPC9##
PA1  wherein R.sub.5 is an optically active organo moiety; R.sub.1 is as above;
      x is an integer of from 1 to 2; y is an integer from 0 to 1 with the
      proviso that the sum of x and y is 2;
PAL  or an optically active isomer of the formula:
      ##SPC10##
PA1  wherein x, y, R.sub.1 and R.sub.5 are as above.
PAL  The compound of formula VIII-A can be converted to the compound of formula
      VII whereas the compound of formula VIII-B can be converted to the
      optically active isomer of the formula:
      ##SPC11##
PA1  wherein R.sub.1 is as above;
PAL  by treatment with an alkali metal hydroperoxide or a perorganic acid.
PAR  Any conventional optically active organo boron hydride can be utilized to
      convert the compound of formula VI to a compound of formula VIII-A or a
      compound of formula VIII-B. Among the preferred organo boron hydrides are
      those which are disubstituted with an optically active organo moiety
      (R.sub.5) which is an optically active hydrocarbyl group. These
      disubstituted organo hydroborans are formed as described in U.S. Pat. No.
      3,078,313, Feb. 19, 1963, Brown, by hydroboration of an optically active
      olefinic hydrocarbon. Among the optically olefinic hydrocarbons
PAL  which can be hydroborated in accordance with this invention are included
      those optically active hydrocarbons disclosed in U.S. Pat. No. 3,078,313,
      Brown. Among the preferred optically active olefinic hydrocarbons which
      contain from 6 to 20 carbon atoms and can be utilized in forming the di or
      tri organo boron hydrides are included:
PA1  .alpha.-patchoulene
PA1  cedrene;
PA1  limonene;
PA1  carvomenthene;
PA1  3-menthene;
PA1  camphene;
PA1  teripinolene;
PA1  .beta.-pinene;
PA1  .gamma.-fenchene;
PA1  .gamma.-terpinene;
PA1  .DELTA..sup.4 -carene;
PA1  .DELTA..sup.5 -carene; and
PA1  .DELTA..sup.5 -androstene.
PAL  Particularly preferred among the organo boron hydrides is
      (+)-di-3-pinanylborane or its optical isomer.
PAR  When the compound of formula VI is reacted with (+)-di-3-pinanylborane, the
      compound of the formula:
      ##SPC12##
PA1  wherein R.sub.1 is as above;
PAL  is formed. On the other hand, when the compound of formula VI is reacted
      with (-)-di-3-pinanyl-borane, a compound of the formula:
      ##SPC13##
PA1  wherein R.sub.1 is as above;
PAL  is prepared.
PAR  The compound of formula VIII-A or formula VIII-B is formed by first
      reacting the compound of formula VI with an optically active organo
      boronhydride. Whether the compound of formula VIII-A or formula VIII-B
      forms will depend upon the choice of optically active antipodes of the
      optically active boron hydride reacted with the compound of formula VI.
      This reaction is carried out in an inert organic solvent. Any conventional
      inert organic solvent can be utilized to carry out this reaction. Among
      the preferred inert solvents for use in this reaction are the ether
      solvents such as those mentioned hereinbefore. The preferred ether solvent
      for use in this reaction is tetrahydrofuran. This reaction is carried out
      at a temperature of from -100.degree.C. to 30.degree.C. Generally, it is
      preferred to utilize a temperature of from -90.degree.C. to -20.degree.C.
      The compound of formula VIII-A or its optically active antipode, the
      compound of formula VIII-B, is converted to the compound of formula VII or
      its optically active antipode, i.e., the compound of formula VII-A, by
      treating the compound of formula VIII-A or formula VIII-B with an alkali
      metal hydroperoxide or perorganic acid. This reaction is carried out in an
      inert organic solvent or in the reaction medium where the compound of
      formulae VIII-A or VIII-B is formed. Any conventional inert organic
      solvent can be utilized. The preferred inert organic solvents are either
      solvents such as mentioned hereinbefore with tetrahydrofuran being
      preferred. Temperatures of from -10.degree. to +20.degree.C. can be
      utilized, with temperatures of from -5.degree. to +5.degree.C. being
      preferred.
PAR  Where a per-organic acid is used, any conventional per-organic acid can be
      utilized. Among the per-organic acids are included per-lower alkanoic
      acids such as per-acetic acid, and per-aroic acids such as perbenzoic or
      meta-chloro per-benzoic acid. On the other hand, an alkai metal
      hydroperoxide can be added to the reaction medium. If desired, the alkali
      metal hydroperoxide can be generated in the reaction medium by adding
      hydrogen peroxide and an alkali metal hydroxide to the reaction medium in
      which the compound of formulae VIII-A or VIII-B was formed. This reaction
      medium can be then allowed to reach a temperature of from -10.degree.C. to
      20.degree.C. to form the compound of formula VII or a compound of the
      formula VII-A.
PAR  In accordance with this invention, the optically active antipode of formula
      VII is carried through the process to produce either the compound of
      formula I or the compound of formula II while maintaining its optical
      integrity. Therefore, if the compound of formula I or compound of formula
      II is desired, the reaction sequence is carried out utilizing the compound
      of formula VII. On the other hand, if the compound of formula VII-A is
      carried through the various reaction steps in the process of this
      invention, either the compound of formula I-A or formula II-A can be
      produced. This is true since the compound of formula VIII-A is carried
      through the entire reaction sequence of this invention while maintaining
      its optical integrity. Therefore, the process of this invention provides a
      method for producing prostaglandin F.sub.2.sub..alpha. or
      15-epi-prostaglandin F.sub.2.sub..alpha. in either its optically active
      forms without the necessity of resolution.
PAR  The optical configuration of the compound of formula VII or its optically
      active antipode can be inverted by lactonization to a compound of the
      formula:
      ##SPC14##
PAL  or its optically active antipode via an intermediate of the formula:
      ##SPC15##
PAL  or its optically active antipode. Also, the optical configuration of the
      compound of formula VII or its optically active antipode can be inverted
      to a compound of formula IX above via an intermediate of the formula:
      ##SPC16##
PA1  wherein R.sub.1 is as above; and --OR.sub.6 forms a leaving group;
PAL  or its optically active antipode.
PAR  In converting the compound of formula VII or its optically active antipode
      to a compound of formula IX or its optically active antipode via the
      intermediate of the formula X or its optically active antipode, the
      compound of formula VII or its optically active antipode is first
      hydrolyzed to produce a compound of formula X or its optically active
      antipode. Any conventional method of ester hydrolysis can be utilized to
      convert the compound of formula VII or its optically active antipode to
      the compound of formula X or its optically active antipode. This
      hydrolysis is generally accomplished by treatment with an inert organic
      base such as an alkali metal hydroxide. In carrying out this reaction, an
      aqueous medium is preferably utilized. This reaction is carried out
      utilizing any of the conditions conventional in basic hydrolysis. In
      carrying out this reaction, temperature and pressure are not critical and
      this reaction can be carried out at room temperature.
PAR  The compound of formula X or its optically active antipode is converted to
      the compound of formula IX or its optically active antipode by
      lactonization through treatment with an acid halide of an organic sulfonic
      acid in the presence of an organic amine base. Any conventional halide of
      an organic sulfonic acid can be utilized. Among the preferred organic
      sulfonic acids are the lower alkyl sulfonic acids such as methyl sulfonic
      acid; aryl sulfonic acids and aralkyl sulfonic acids. Among the preferred
      aryl and aralkyl sulfonic acids suitable for use in this invention are
      those where the aryl group is phenyl or phenyl substituted with either a
      nitro, lower alkyl or halo substituent. Among these aryl sulfonic acids
      and aralkyl sulfonic acids are included benzene sulfonic acid, toluene
      sulfonic acid, p-nitrobenzene sulfonic acid, chlorobenzene sulfonic acid,
      and benzyl sulfonic acid. The organic amine base serves as a solvent for
      this reaction. Any conventional organic amine base such as the lower alkyl
      amines and heterocyclic amines can be utilized in this reaction. Among the
      preferred organic amine bases are included triethyl amine, trimethyl amine
      and pyridine. In carrying out this reaction, temperature and pressure are
      not critical and this reaction can be carried out at room temperature and
      atmospheric pressure. On the other hand, elevated or reduced temperatures
      can be utilized. Generally, it is preferred to carry out this reaction at
      a temperature of from -10.degree. to 40.degree.C. While the hydroxy group
      and the carboxymethyl groups are on the opposite sides of the plane of the
      cylcopentyl ring moiety of the compound of formula X or its optically
      active antipode, lactonization by this procedure causes the formation of
      the lactone ring on the same side of the cyclopentyl ring moiety as the
      carboxymethyl substituent. Hence, this procedure causes inversion through
      lactonization.
PAR  The compound of formula VII or its optically active antipode can be
      converted to the compound of formula IX or its optically active antipode
      via an intermediate of the formula XI or its optically active antipode.
      The compound of formula VII or its optically active antipode is converted
      to the compound of formula XI or its optically active antipode by means of
      converting the free hydroxy group to a leaving group. Any conventional
      method of forming a leaving group can be utilized. Among the preferred
      leaving groups which form R.sub.6 O are the leaving groups formed from
      organic sulfonic acids such as organic sulfonyl groups. Among the
      preferred organic sulfonyl groups are included lower alkyl sulfonyl, aryl
      sulfonyl and aryl alkyl sulfonyl. The preferred lower alkyl sulfonyl is
      methyl sulfonyl. The preferred aryl sulfonyl and aralkyl sulfonyl groups
      are those where the aryl substituent is phenyl or phenyl substituted with
      a lower alkyl, halo or nitro substituent. These aryl sulfonyl or aralkyl
      sulfonyl groups include toluene sulfonyl, benzene sulfonyl, p-nitrobenzene
      sulfonyl, p-chlorobenzene sulfonyl and benzyl sulfonyl. The leaving group
      is prepared in accordance with a preferred embodiment by reacting the
      compound of formula VII or its optically active antipode with a reactive
      derivative of an organic sulfonic acid such as an organic sulfonic acid
      halide or an organic sulfonic acid anhydride in the presence of an organic
      amine base. Any of the conventional organic amine bases hereinbefore
      mentioned can be utilized in carrying out this reaction. Generally, this
      reaction is carried out at a temperature of from about -10.degree. to
      40.degree.C.
PAR  The compound of formula XI or its optically active antipode is converted to
      the compound of formula IX or its optically active antipode by treating
      the compound of formula XI or its optically active antipode with aqueous
      alkali metal hydroxide. Any of the conditions conventional in ester
      hydrolysis can be utilized to carry out this reaction. Generally, it is
      preferred to carry out this reaction by treating the compound of formula
      XI or its optically active antipode with an alkali metal base such as
      sodium hydroxide in an aqueous medium. Generally, for convenience, it is
      preferred to use from 0.1 to 1.5 molar equivalents of base per molar
      equivalent of the compound of formula XI or its optically active antipode.
      However, a molar excess of base can be utilized to carry out this
      reaction. If desired, an inert organic solvent can be present in the
      reaction medium. Any conventional inert organic solvent can be present in
      the reaction medium. Among the preferred solvents are the ether solvents
      such as tetrahydrofuran, diethyl ether, dioxane, etc. Beside
      lactonization, this basis hydrolysis causes inversion of the stereo
      configuration. This can be seen by the fact that  while the leaving group
      and the carboxymethyl group are on opposite sides of the plane formed by
      the cyclopentyl ring moiety in the compound of formula XI or its optically
      active antipode, treatment with base causes the lactone ring to form on
      the same side of the plane of the cyclopentyl moiety as the carboxymethyl
      substituent. In carrying out this lactonization, temperature and pressure
      are not critical and this reaction can be carried out at room temperature
      and atmospheric pressure. However, higher or lower temperatures can be
      utilized, i.e., temperatures of from -10.degree.C. to 60.degree.C.
PAR  If excess base is utilized in the lactonization of the compound of formula
      XI above or its optically active antipode, the yield of the compound of
      formula IX or its optically active antipode will be reduced by the
      formation of an alkali metal salt of a compound of the formula:
      ##SPC17##
PAL  or its optically active antipode as a side product. The alkali metal salt
      of a compound of formula XIII or its optically active antipode can be
      converted to the compound of formula IX or its optically active antipode
      by neutralizing, to a pH of from 4-7, the reaction medium through the
      addition of an acid such as a strong inorganic or organic acid such as
      sulfuric acid or hydrohalic acid. Among the preferred acids are aqueous
      hydrochloric acid and aqueous sulfuric acid. The use of an acid to
      neutralize the reaction mixture increases the yield of the compound of
      formula IX or its optically active antipode produced by this procedure.
PAR  The compound of formula IX or its optically active antipode can be
      converted to the compound of formula III or its optically active antipode
      via the intermediate of the formula:
      ##SPC18##
PAL  and its optically active antipode.
PAR  The compound of formula IX or its optically active antipode is converted to
      the compound of formula XII or its optically active antipode by treating
      the compound of formula IX or its optically active antipode with an
      aluminum hydride reducing agent. In utilizing an aluminum hydride reducing
      agent, any conventional aluminum hydride reducing agent can be utilized.
      Among the aluminum hydrides that can be utilized are included lithium
      aluminum hydride, sodium aluminum hydride, diisobutylaluminum hydride,
      diisopropylaluminum hydride and sodium bis(2-methoxyethoxy)-aluminum
      hydride. This reduction is carried out in an inert organic solvent medium.
      Any conventional inert organic solvent can be utilized in carrying out
      this reaction. Among the preferred inert organic solvents are included
      tetrahydrofuran, dioxane, diethyl ether, hexane, toluene, benzene or
      xylene. This reaction can be carried out at room temperature, i.e.,
      25.degree. C. and atmospheric pressure. On the other hand, reduced or
      elevated temperatures are preferred, i.e., from -30.degree. to about
      80.degree. C., with temperatures of from 10.degree. to 40.degree. C. being
      especially preferred.
PAR  The compound of formula XII or its optically active antipode is converted
      to the compound of formula III or its optically active antipode by
      treating the compound of formula XII or its optically active antipode with
      an organic peracid. Any conventional organic peracid can be utilized in
      this reaction. Among the conventional organic peracids are included
      peracetic acid, perbenzoic acid, meta-chloroperbenzoic acid and
      mono-perphthalic acid. This reaction is usually carried out in an inert
      organic solvent. Any conventional inert organic solvent can be utilized.
      Among the preferred inert organic solvents are aliphatic hydrocarbons,
      aromatic hydrocarbons and halogenated hydrocarbons such as hexane,
      benzene, methylene chloride, and chloroform or lower alkanoic acids such
      as acetic acid. Generally, this reaction is carried out at a temperature
      of from about -20.degree. to 30.degree. C.
PAR  The compound of formula XII or its optically active antipode before its
      conversion to the compound of formula III or its optically active antipode
      can be esterified. By esterifying the compound of formula XII or its
      optically active antipode, with one equivalent of an esterifying agent,
      only the hydroxy group on the hydroxyethylene radical is esterified. This
      esterifying can be carried out by conventional means such as be treatment
      with an active derivative of an organic acid such as lower alkanoic acid
      chloride or anhydride. The compound of formula XII or its optically active
      antipode with the hydroxy group of the hydroxyethylene substituent
      esterified and the free hydroxy moiety attached to the cyclopentene ring
      can be converted to the compound of formula III or its optically active
      antipode by treatment with an organic peracid as described hereinbefore.
      The compound of formula III or its optically active antipode having the
      hydroxy group of the hydroxyethylene group esterified can be hydrolyzed to
      the free hydroxyethylene group by conventional basic hydrolysis as
      described above. The use of the esterified hydroxyethylene group in the
      compound of formula XII or its optically active antipode provides a
      compound of the formula III or its optically active antipode.
PAR  By epoxidizing the compound of formula XII or its optically active antipode
      with an organic peracid, the epoxy ring is formed exclusively on the same
      side of the plane of the cyclopentane moiety as both the hydroxymethylne
      and hydroxy substituents.
PAR  In accordance with another embodiment of this invention, this process
      provides a new and improved procedure for producing the compound of
      formula III as a racemate. The racemate of formula III is a known
      intermediate in the production of racemic prostaglandin
      F.sub.2.sub..alpha., Fried, Journal of American Chemical Society, 94, 4343
      (1972). In this procedure, the compound of formula VI is first converted
      to a racemate of formula VII by forming a borane complex of the compound
      of formula VII which has the formula:
      ##SPC19##
PA1  wherein R.sub.1 is as above; and the boron is attached to the cyclopentene
      moiety on the opposite side of the plane as the methylene carboxy ester.
PAL  This complex is formed by reacting the compound of formula VI with borane
      under the same conditions described in forming the compound of formula
      VIII-A or formula VIII-B from the compound of formula VI. This borane
      complex is converted to the racemate of formula VII by treatment with an
      alkali metal hydroperoxide or an organic peracid in the same manner as
      described in connection with the formation of the optically active
      compounds of formula VII. The racemate of formula VII can be converted to
      the racemic lactone of formula IX via the racemic form of the intermediate
      of formula X or via the racemic form of the intermediate of formula XI by
      the procedure described hereinbefore. This racemic lactone can be
      converted to the racemic form of the compound of formula III via the
      racemic form of the intermediate of formula XII by the procedure described
      hereinbefore.
PAR  The compound of formula IX or its optically active antipode can be
      converted to the compound of formula IV or its optically active antipode
      via the following intermediates:
      ##SPC20##
PAL  or their optically active antipodes.
PAR  The compound of formula IX or its optical active antipode is converted to
      the compound of formula XIV or its optically active antipode by treating
      the compound of formula IX with an organic peracid, preferably peracetic
      acid. The same conditions described in connection with the conversion of a
      compound of formula XII to a compound of the formula III can be utilized
      in converting the compound of formula IX or its optical antipode to the
      compound of formula XIV, or its optical antipode. In this conversion, the
      epoxide bridge is formed on the same side of the cyclopentane nucleus as
      the lactone ring.
PAR  The compound of formula XIV or its optically active antipode is converted
      to the compound of formula XV or its optically active antipode by treating
      the compound of formula XIV with diisobutyl aluminum hydride. This
      reaction is carried out at a temperature of from -90.degree.C. to
      -50.degree.C. with temperatures of from -85.degree. to -60.degree.C. being
      preferred. In carrying out this reaction, any conventional inert organic
      solvent can be utilized. Among the preferred inert organic solvents are
      hydrocarbon solvents such as the aromatic and aliphatic hydrocarbons.
      Among the preferred solvents are included toluene, benzene, xylene, etc.
PAR  The compound of formula XV or its optically active antipode is converted to
      the compound of formula IV or its optically active antipode by
      conventional etherification techniques. In accordance with the process of
      this invention, it has been unexpectedly discovered that when the compound
      of formula XV or its optically active antipode is etherified, the ether
      group in the compound of formula IV or its optically active antipode is
      attached to the plane of the molecule in an opposite direction from the
      epoxy substituent. Therefore, if the epoxy group is in the
      alpha-orientation, the ether group is in the beta-orientation. On the
      other hand, if the epoxy group is in the beta-orientation, the ether group
      is in the alpha-orientation. Therefore, if one etherifies the compound of
      formula XV, one would obtain the compound of formula IV. On the other
      hand, if one etherifies the optical antipode of the compound of formula XV
      which has the formula:
      ##SPC21##
PAL  one obtains the optical antipode of a compound of formula IV having the
      formula:
      ##SPC22##
PA1  wherein R is as above.
PAR  As stated before, the ether group can be formed by any conventional method
      of etherifying a hydroxy group. The preferred ethers are the lower alkyl
      ethers. Among the preferred methods for forming ethers are by treating the
      compound of formula XV or its optically active antipode with a lower
      alkanol in the presence of an acid catalyst. Any conventional acid
      catalyst can be utilized in carrying out this reaction. Among the
      preferred acid catalysts are acidic cation exchange resins such as
      polystyrene sulfonic acid resin; inorganic acids such as sulfuric acid,
      the Lewis acids, such as boron trifluoride, aluminum trichloride, etc. and
      organic acids such as p-toluenesulfonic acid. Generally, the lower alkanol
      can serve as the solvent medium. In carrying out this reaction,
      temperatures of from -40.degree.C. to 10.degree.C. are utilized. The
      preferred catalyst for use in this reaction is boron trifluoride.
PAR  The compound of formula IV or its optically active antipode can be
      converted to the compound of formulae I or I-A as well as the compound of
      formula II or II-A via the following intermediates:
      ##SPC23##
PA1  wherein R.sub.2 and R.sub.3 are lower alkyl; and R is as above;
      ##SPC24##
PA1  wherein R is as above;
      ##SPC25##
PA1  wherein R and R' are as above
      ##SPC26##
PA1  wherein R and R' are as above;
      ##SPC27##
PA1  wherein R and R' are as above;
      ##SPC28##
PA1  wherein R' is as above;
PAL  and
      ##SPC29##
PA1  wherein R' is as above.
PAR  Where it is desired to prepare the compound of formulae I-A or II-A, the
      optically active antipode of the compound of formula IV is converted via
      the optically active antipodes of the compounds of formulae XVI, XVII,
      XVIII, XIX, XX, XXI and XXII to the compound of formulae I-A or II-A.
PAR  The compound of formula IV or its optically active antipode is converted to
      the compound of formula XVI or its optically active antipode by reacting
      the compounds of the formula IV or its optically active antipode with a
      compound of the formula:
      ##EQU3##
      wherein Y is an alkali metal or MgX'; X' is chlorine, bromine or iodine;
      and
PA1  R.sub.2 and R.sub.3 are as above.
PAL  The compound of formula IV or its optically active antipode is reacted with
      the compound of formula XXV utilizing conditions conventional in Grignard
      reactions to produce the compound of formula XVI or its optically active
      antipode. This reaction is carried out in an inert organic solvent medium.
      Among the preferred solvents are diethyl ether and tetrahydrofuran. In
      carrying out this reaction, temperature and pressure are not critical and
      this reaction can be carried out at room temperature and atmospheric
      pressure. Generally, it is preferred to carry out this reaction at a
      temperature of from -90.degree. to -50.degree. C.
PAR  The compound of formula XVI or its optically active antipode is converted
      to the compound of formula XVII or its optically active antipode by
      treating the compound of formula XVI or its optically active antipode with
      a mercuric salt such as mercuric chloride in the presence of a base such
      as calcium carbonate and water. This reaction can take place in the
      presence of an inert organic solvent such as acetonitrile. In carrying out
      this reaction, temperature and pressure are not critical and this reaction
      can be carried out at room temperature. If desired, temperatures as high
      as 60.degree. or as low as 10.degree. C. can be utilized.
PAR  The compound of formula XVIII or its optically active antipode is prepared
      by treating the compound of formula XVII or its optically active antipode
      with a compound of the formula:
EQU  Y--CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.3 XXV-A
PA1  wherein Y is as above.
PAL  This reaction is carried out under the same conditions described in
      connection with the reaction of the compound of formula IV with a compound
      of the formula XXV to produce a compound of the formula XVI. The compound
      of the formula XVIII or its optically active antipode can be separated
      into its two isomers, i.e., the compound of formula XIX or its optically
      active antipode and the compound of formula XX or its optically active
      antipode by any conventional method of separation such as chromatography.
PAR  The compound of formula XVIII or its optically active antipode contains
      approximately equal parts by weight of a mixture of the compound of
      formula XIX and XX or their optically active antipodes. On the other hand,
      if one wishes to produce the compound of formula XIX or its optically
      active antipode in higher yields than that obtained by the foregoing
      procedure, the compound of formula XVII or its optically active antipode
      is converted to the compound of formula XIX via the following
      intermediates:
      ##SPC30##
PA1  wherein R and R' are as above and --OR.sub.12 forms hydroxy or hydroxy
      protected by ester groups convertible to hydroxy by hydrolysis
PAL  and their optically active antipodes.
PAR  The free hydroxy group in the compound of formula XVII or its optically
      active antipode can be protected, if desired. Any conventional method of
      esterifying a hydroxy group can be utilized. Among the preferred esters
      are the aroic esters and as benzoyl a p-phenyl benzoyl and the aryl
      carbamate esters such as phenyl carbamate or p-phenylphenylcarbamate. The
      compound of formula XXIII or its optically active antipode is converted to
      the compound of formula XXIV or its optically active antipode by reaction
      with a compound of formula XXV-A in the same manner as described
      hereinbefore.
PAR  The compound of formula XXIV or its optically active antipode can be
      converted to the compound of formula XXVI by oxidizing with manganese
      dioxide, dichloro-5,6-dicyanobenzoquinone, or a chromate oxidizing agent
      such as chromium trioxide. Where chromium trioxide is utilized, the free
      hydroxy group should be protected by an ester. On the other hand, where
      manganese dioxide or 2,3-dichloro-5,6-dicyanobenzoquinone is utilized,
      OR.sub.12 in the compound of formula XXIV or its optically active antipode
      can be hydroxy or can form an ester group. The compound of formula XXVI or
      its optically active antipode is reduced to form the compound of formula
      XXVII or its optically active antipode. This reduction is carried out
      utilizing an alkali metal triloweralkyl borohydride reducing agent. It has
      been found that when the compound of formula XXVI or its optically active
      antipode is reduced with an alkali metal trialkylborohydride reducing
      agent, the compound of formula XXVII or its optically active antipode is
      produced with only a small amount of the compound of formula XXVIII or its
      optically active antipode. Therefore, if it is desired to produce the
      compound of formulae I or I-A rather than the compound of formulae II or
      II-A, it is preferable to prepare the intermediates of the formulae XXIV,
      XXVI and XXVII or their optically active antipodes in the conversion of a
      compound of the formula XVII or its optically active antipode to the
      compound of the formula XIX or its optically active antipode.
PAR  The reduction of the compound of the formula XXVI or its optically active
      antipode with an alkali metal triloweralkyl borohydride reducing agent is
      carried out utilizing the conditions conventional in reduction with an
      alkali metal trialkyl borohydride reducing agent except that temperatures
      of from -110.degree. to -50.degree. C. are utilized. The mixture thus
      produced contains predominantly the compound of formula XXVII or its
      optically active antipode and a minor amount of the compound of formula
      XXVIII or its optically active antipode. These compounds can be separated
      by any conventional method of separation such as chromatography. Any
      conventional method of chromatography can be used to make this separation.
      The compounds of formulae XXVII or XXVIII where --OR.sub.12 forms an ester
      protecting group or their optically active antipodes can be respectively
      converted to the compound of formulae XIX or XX or their optically active
      antipodes by ester hydrolysis. Any conventional method of ester hydrolysis
      such as treatment with an alkali metal hydroxide in an aqueous medium can
      be utilized to carry out this conversion.
PAR  The compound of formula XIX is converted into the compound of formula I via
      the intermediate of the compound of formula XXII. On the other hand, if
      the optical antipode of the compound of formula XIX is treated in the same
      manner, the compound of formula I-A is formed via the optical antipode of
      the compound of formula XXII. On the other hand, the compound of formula
      XX is converted to the compound of formula II via the intermediate of the
      formula XXI. If the optical antipode of the compound of formula XX is
      utilized, the compound of formula II-A is produced via the optical
      antipode of the intermediate of the compound of formula XXI.
PAR  The compound of the formula XIX or its optically active antipode is
      converted to the compound of formula XXII or its optically active antipode
      and the compound of formula XX or its optically active antipode is
      converted to the compound of formula XXI or its optically active antipode
      by means of ether hydrolysis. Any conventional method of ether hydrolysis
      can be utilized to carry out this reaction. Among the preferred methods of
      ether hydrolysis is by treating the compounds of formulae XIX or XX or
      their optically active antipode with a strong inorganic acid such as
      hydrochloric or sulfuric acid in an aqueous medium.
PAR  The compound of formula XXII or its optically active antipode is converted
      to the compound of formula I and the compound of formula XXI is converted
      to the compound of formula II by reaction with an alkali metal salt of the
      compound of the formula:
      ##EQU4##
      wherein R.sub.10, R.sub.11 and R.sub.13 are aryl or lower alkyl. This
      reaction is carried out under conditions conventional for a Wittig type
      synthesis. Any of the conditions conventionally used in Wittig type
      synthesis can be utilized in carrying out this reaction.
PAR  In accordance with a further embodiment of this invention, the compound of
      formula III or its optically active antipode is converted to the compound
      of formulae I or II or their optically active antipodes via the following
      intermediates:
      ##SPC31##
PAR  wherein R.sub.15 is  OR,  OR or ----OR; and --OR is as above;
      ##SPC32##
PA1  wherein R' is as above; and R.sub.16 is  OH,  OH or ----OH;
      ##SPC33##
PA1  wherein R' and R.sub.16 are as above;
      ##SPC34##
PA1  wherein R' and R.sub.16 are as above; and --OR.sub.1 ' forms an ether
      protecting group convertible to hydroxy by hydrolysis;
      ##SPC35##
PA1  wherein R.sub.1 ' and R' are as above;
      ##SPC36##
PA1  wherein R.sub.1 ' and R' are as above;
PAL  or their optically active antipodes.
PAR  In converting the compound of formula III or its optically active antipode
      to the compound of formula XXX or its optically active antipode, the
      compound of formula III is reacted with a compound of the formula:
      ##EQU5##
      wherein R.sub.15 is as above; and R.sub.20 is lower alkyl. This reaction
      is carried out utilizing conditions conventional in carrying out Grignard
      reactions. In carrying out this reaction, temperatures of from 50 to
      70.degree.C. are preferred. Furthermore, the preferred inert organic
      solvents are aromatic hydrocarbons such as benzene and toluene.
PAR  Where it is desired to produce a compound of formulae I or II-A, R.sub.15
      in the compound of formula XXXV-C is ---OR. When it is desired to produce
      a compound of formulae I-A or II, R.sub.15 in the compound of formula
      XXXV-C is  OR. On the other hand, where it is desired to produce a
      compound of the formulae XXX, XXXI, XXXII and XXXIII as a mixture of
      isomers, the compound of formula XXXV-C is utilized where R.sub.15 is  OR.
PAR  The compound of formula XXX or its optically active antipode is converted
      to the compound of formula XXI or its optically active antipode by ether
      hydrolysis. Any conventional method of ether hydrolysis can be utilized
      for this conversion. Among the preferred methods of hydrolysis is by
      treating the compound of formula XXX or its optically active antipode with
      a strong acid such as sulfuric acid, trifluoroacetic acid or hydrochloric
      acid at a temperature of from -10.degree. to +10.degree.C. The compound of
      formula XXXI or its optically active antipode can be converted to the
      compound of formula XXXII or its optically active antipode by reduction
      with alkali metal aluminum hydride. Any conventional method of reducing a
      triple bond to a double bond with an alkali metal aluminum hydride
      reducing agent can be utilized in carrying out this reaction. Generally,
      it is preferred to carry out this reaction at a temperature of from about
      40 to 80.degree. C. in the presence of an ether solvent such as
      tetrahydrofuran. The compound of formula XXXII or its optically active
      antipode is converted to the compound of formula XXXIII or its optically
      active antipode by etherification with one equivalent of an etherifying
      agent. Any conventional method of etherification can be utilized to
      convert the free terminal hydroxy group to an ether protecting group. IN
      the compound of formula XXXII or its optically active antipode, the
      terminal alkyl hydroxy group is far more reactive than the other hydroxy
      groups. Therefore, the compound of formula XXXII or its optically active
      antipode can be selectively etherified by conventional procedures
      procedures to form the compound of formula XXXIII or its optically active
      antipode. Among the conventional procedures for etherification which can
      be utilized are included reacting the compound of formula XXXII or its
      optically active antipode with a lower alkyl halide or an aralkyl halide
      such as benzyl halide, or triphenylmethyl halide in the presence of an
      organic amine base such as pyridine.
PAR  Where R.sub.16 is  OH in the compound of formula XXXIII or its optically
      active antipode, this compound can be separated into its two epimeric
      isomeric forms, i.e., the compound of formula XXXIV or its optically
      active antipode and the compound of formula XXV or its optically active
      antipode. Any conventional method of separation can be utilized. Among the
      preferred methods of separation is chromatography.
PAR  On the other hand, where R.sub.16 is  OH in the compound of formula XXXIII
      or its optically active antipode, and one wants to obtain a mixture
      containing predominantly the isomer where R.sub.16 is ---OH, the compound
      of formula XXXIII where R.sub.16 is  OH or its optically active atnipode
      is first oxidized to a compound of the formula:
      ##SPC37##
PA1  wherein R.sub.1 ' and R' are as above;
PAL  or its optically active antipode. This oxidation is carried out with
      manganese dioxide or 2,3-chloro-5,6-dicyanobenzoquinone as an oxidizing
      agent. Any of the conditions conventional in utilizing these oxidizing
      agents can be utilized in carrying out this reaction. The compound of
      formula XXXVI or its optically active antipode is then reduced to produce
      a mixture containing predominantly the compound of formula XXXIV or its
      optically active antipode and a minor amount of the compound of formula
      XXXV or its optically active antipode. This mixture can be separated into
      the individual isomers by conventional means such as chromatography. The
      reduction whereby the compound of formula XXXVI or its optically active
      antipode is converted to a mixture containing predominantly the compound
      of formula XXXIV or its optically active antipode is carried out by
      utilizing alkali metal triloweralkylborohydride. Any of the conditions
      conventional in utilizing these reducing agents can be utilized in
      carrying out this reduction except that this reaction is carried out at a
      temperature of from -110.degree. C. to -50.degree. C.
PAR  Where R.sub.16 in the compound of formula XXXII or its optically active
      antipode is  OH or ---OH, this compound can be converted to a compound of
      the formula:
      ##SPC38##
PA1  wherein --OR.sub.22 forms an ester protecting
PAR  group convertible to hydroxy by hydrolysis; and R.sub.16 ' is ----OR.sub.22
      or  OR.sub.22 ; and R' is as above;
PAL  or its optically active antipode via an intermediate of the formula:
      ##SPC39##
PA1  wherein R', R.sub.16 ' and R.sub.22 are as above. The compound of formula
      XXXVIII or its optically active antipode is formed by treating the
      compound of formula XXXII or its optically active antipode with an
      esterifying agent. Any compound which will esterify an alcohol can be used
      for this purpose. Among the preferred agents for this purpose are reactive
      derivatives of an organic acid such as a lower alkanoic acid anhydride or
      halide. Any of the conditions conventional in esterifying alcohols can be
      utilized in this reaction. The compound of formula XXXVII or its optically
      active antipode is formed by hydrolyzing the compound of formula XXXVIII
      or its optically active antipode with an alkali metal hydroxide in an
      aqueous medium. In carrying out this hydrolysis only one mole of alkali
      metal hydroxide should be present per mole of the compound of formula
      XXXVIII or its optically active enantiomer to prevent hydrolysis of the
      ester groups attached directly to the cyclopentane nucleus and the ester
      group attached to a secondary carbon atom on the side chain.
PAR  On the other hand, the compound of formulae XXXIV and XXXV or their
      optically active antipodes can be converted to a compound of formulae
      XXXVII via an intermediate of the formula:
      ##SPC40##
PA1  wherein R', R'.sub.16, R.sub.1 ' and R.sub.22 are as above;
PAL  or its optically active antipode.
PAR  The compound of formulae XXXIV and XXXV or their optically active antipodes
      are converted to the compound of formula XL or its optically active
      antipode by esterification in the manner described hereinbefore. The
      compound of formula XL or its optically active antipode is converted to
      the compound of formula XXXVII or its optically active antipode by ether
      hydrolysis. Any conventional method of ether hydrolysis such as treatment
      with a strong inorganic acid can be utilized.
PAR  The compound of formula XXXVII or its optical active antipode is converted
      to the compound of formulae I or II or their optically active antipodes
      via the following intermediates:
      ##SPC41##
PA1  wherein R', R.sub.22 and R'.sub.16 are as above;
      ##SPC42##
PA1  wherein R.sub.22, R.sub.16 ' and R.sub.22 are as above; or their optically
      active antipodes.
PAR  The compound of formula XXXVII or its optically active antipode is
      converted to the compound of formula L or its optically active antipode by
      oxidizing the free hydroxy group to an aldehyde group. In carrying out
      this reaction, many of the conventional oxidizing agents for converting
      alcohols to aldehydes can be utilized. Among the preferred oxidizing
      agents for use in this process are the chromate oxidizing agents such as
      chromium trioxide in pyridine and dimethylsulfide in halogenated
      hydrocarbon solvent in the presence of halogen or a N-halo succinimide
      followed by the addition of an organic base such as triethylamine. Any of
      the conditions conventional in these oxidizing agents can be utilized in
      carrying out this reaction.
PAR  The compound of formula L or its optically active antipode is converted to
      the compound of formula LI or its optically active antipode by reacting
      the compound of formula L or its optically active antipode via a Wittig
      reaction with an alkali metal salt of the compound of the formula:
      ##EQU6##
      wherein R.sub.10, R.sub.11 and R.sub.13 are as above.
PAR  The compound of formula XXV-B is reacted with a compound of formula L or
      its optically active antipode to produce a compound of formula LI or its
      optically active antipode, utilizing any of the conditions conventional in
      carrying out Wittig reactions. The compound of formula LI or its optically
      active antipode can be converted to the compound of formulae I or II or
      their optically active antipodes by basic hydrolysis. Any conventional
      method of basic hydrolysis can be utilized to carry out this reaction.
      Among the preferred methods of basic hydrolysis is to react the compound
      of formula LI or its optically active antipode with an alkali metal base
      in an aqueous medium at a temperature of from 10.degree. to 50.degree.C.
PAR  The invention will be more fully understood from the specific examples
      which follow. These examples are intended to be illustrative of the
      invention, and are not to be construed limitative thereof. The temperature
      in these examples is in degrees centigrade and the ether utilized is
      diethyl ether. The term concentrated sulfuric acid denotes a mixture
      containing 4% by water and 96% by weight sulfuric acid. The term
      concentrated hydrochloric acid denotes an aqueous solution containing 38%
      by weight of hydrogen chloride.
DETD
PAC  EXAMPLE 1
PAR  A solution of cyclopentadienylsodium was prepared from 20.5 g. (0.90 g.
      at.) of sodium metal and 39.6 g. (0.60 mole) of cyclopentadiene at
      -10.degree. centigrade in 300 ml. of tetrahydrofuran. The solution was
      filtered through glass wool and added dropwise to a solution of 91.8 g.
      (0.60 mole) of methyl bromoacetate and 150 ml. of tetrahydrofuran
      maintained at -78.degree. C. The cold mixture was stirred for 16 hours at
      -78.degree. C. to generate methyl 2,4-cyclopentadiene-1-acetate.
PAR  During this time (+)-di-3-pinanylborane was prepared by adding 600 ml.
      (0.60 mole) of 1 M borane in tetrahydrofuran to 180.4 g. (1.33 mole) of
      (-)-alpha-pinene at 0.degree. C. and stirring the mixture for 16 hours at
      0.degree. C. The suspension was cooled to -78.degree. centigrade and the
      cold solution of methyl 2,4-cyclopentadiene-1-acetate was added. The
      mixture was stirred at -78.degree. C. for 6 hours and at 0 degrees
      centigrade for 16 hours to produce
      2(S)-methoxycarbonylmethyl-3-cyclopenten-1R-yl-bis
      {(1S,2R,3R,5R)-2,6,6-trimethylbicyclo [3.1.1] heptan-3-yl } borane.
PAR  A solution of 60 ml. of 3 N aqueous sodium hydroxide was added to the
      reaction mixture at 0.degree. C. followed by the dropwise addition of 60
      ml. of 30% by weight hydrogen peroxide in water at 0 degrees centigrade. A
      total of 3 g. of sodium bisulfite was added to the stirred mixture
      followed by 5 g. of sodium chloride. The mixture was extracted with 3
      .times. 250 ml. of diethyl ether. The ether layers were combined and
      washed with 100 ml. of water and 100 ml. of saturated brine. The solution
      was dried over anhydrous magnesium sulfate and evaporated to dryness to
      yield 201.6 g. of an oil. Distillation at 68.degree.-73.degree. C. (0.09
      mm.) yielded 25.8 g. of a mixture of products.
PAR  The 25.8 g. of product mixture was dissolved in 600 ml. of diethyl ether
      and washed with 3 .times. 250 ml. of 1 M aqueous silver nitrate solution
      and the ether layer was discarded. The aqueous layers were combined and
      saturated with excess sodium chloride. The solution was then extracted
      with 3 .times. 250 ml. of diethyl ether. The ether layers were washed with
      100 ml. of water and 100 ml. of saturated brine. The solution was dried
      over anhydrous magnesium sulfate and evaporated to dryness. Distillation
      at 65.degree.-66.degree. C. (0.03 mmHg.) yielded methyl
      2R-hydroxy-4-cyclopentene-1R-acetate; b.p. = 80.degree.-81.degree.
      centigrade (0.1 mmHg.)
PAC  EXAMPLE 2
PAR  A solution of cyclopentadienylsodium was prepared from 20.5 g. (0.90 g. at)
      of sodium metal and 39.6 g. (0.60 mole) of cyclopentadiene at -10.degree.
      C. in 250 ml. of tetrahydrofuran. The solution was filtered through glass
      wool and added dropwise to a solution of 91.8 g. (0.60 mole) of methyl
      bromoacetate and 200 ml. of tetrahydrofuran maintained at -78.degree. C.
      The cold mixture was stirred for 16 hours at -78.degree. C. to form methyl
      2,4-cyclopentadiene-1- acetate.
PAR  During this time (-)-di-3-pinanylborane was prepared by adding 800 ml.
      (0.80 mole) of 1 M borane in tetrahydrofuran to 239.8 g. (1.76 mole) of
      (+)-alpha-pinene at 0.degree. C. and stirring the mixture for 16 hours at
      0.degree. C. The suspension was cooled to -78.degree. centigrade and the
      cold solution of methyl 2,4-cyclopentadiene-1-acetate was added. The
      mixture was stirred at -78.degree. centigrade for 6 hours and at 0.degree.
      C. for 16 hours to produce
      2R-methoxycarbonylmethyl-3-cyclopenten-1S-yl-bis {(1R,2S,3S,5S)-2,6,6-trim
     ethylbicyclo [3.1.1] heptane-3-yl} borane.
PAR  A solution of 60 ml. of 3 N aqueous sodium hydroxide was added to the
      reaction mixture at 0.degree. C. followed by the dropwise addition of 60
      ml. of 30% by weight aqueous hydrogen peroxide at 0.degree. C. A total of
      5 g. of sodium bisulfite was added to the mixture followed by 10 g. of
      sodium chloride. The mixture was extracted with 3 .times. 250 ml. of
      diethyl ether. The ether layers were combined and washed with 100 ml. of
      water and 100 ml. of saturated brine. The solution was dried over
      anhydrous magnesium sulfate and evaporated to dryness to yield 300 g. of a
      mixture of products.
PAR  The product mixture was dissolved in 500 ml. of diethyl ether and washed
      with 3 .times. 250 ml. of 1 M aqueous silver nitrate solution and the
      ether layer was discarded. The aqueous layers were combined and saturated
      with excess sodium chloride. The solution was then extracted with 3
      .times. 250 ml. of diethyl ether. The ether layers were washed with 100
      ml. of water and 100 ml. of saturated brine. The solution was dried over
      anhydrous magnesium sulfate and evaporated to dryness. Distillation at
      75.degree.-76.degree. C. (0.05 mmHg.) yielded methyl
      2S-hydroxy-4-cyclopentene-1S-acetate; b.p. 80.degree.-81.degree.
      centigrade (0.1 mmHg.).
PAC  EXAMPLE 3
PAR  A mixture of 2.30 g. of (0.0348 mole) of 85% by weight potassium hydroxide
      in water, 15 ml. of water, 15 ml. of methanol, and 2.72 g. (0.0174 mole)
      of methyl 2R-hydroxy-4-cyclopentene-1R-acetate was stirred for 16 hours at
      room temperature to form a solution containing sodium
      2R-hydroxy-4-cyclopentene-1R-acetate.
PAR  The solution was diluted with 30 ml. of water and extracted with 3 .times.
      100 ml. of diethyl ether. The combined ether extracts were washed with 50
      ml. of water and discarded. The combined water layers were acidified with
      an excess of 1:1 parts by volume concentrated aqueous hydrochloric
      acid-ice slurry and extracted with 3 .times. 50 ml. of diethyl ether. The
      combined ether layers were washed with 50 ml. of water and discarded.
PAR  The combined water layers were evaporated to dryness and the solid residue
      was triturated with 3 .times. 150 ml. of hot methylene chloride. The
      methylene chloride solution was filtered and evaporated to dryness to
      yield an oil that crystallized on standing.
PAR  An analytical sample was obtained by two recrystallizations from diethyl
      ether-hexane to yield fine needles (m.p. 56.degree.-57.degree. C.) of
      2R-hydroxy-4-cyclopentene-1R-acetic acid.
PAC  EXAMPLE 4
PAR  A mixture of 4.60 g. (0.0696 mole) of 85% by weight potassium hydroxide, in
      water, 50 ml. of water, 25 ml. of methanol, and 5.44 g. (0.0348 mole) of
      methyl 2S-hydroxy-4-cyclopentene-1S-acetate was stirred for 16 hours at
      room temperature to form a solution containing sodium
      2S-hydroxy-4-cyclopentene-1S-acetate.
PAR  The solution was diluted with 50 ml. of water and extracted with 3 .times.
      100 ml. of diethyl ether. The combined ether extracts were washed with 50
      ml. of water and discarded. The combined water layers were acidified with
      an excess of a 1:1 parts by volume concentrated aqueous hydrochloric
      acid-ice slurry and extracted with 3 .times. 100 ml. of diethyl ether. The
      combined ether layers were washed with 2 .times. 50 ml. of water and
      discarded.
PAR  The combined water layers were evaporated to dryness and the solid residue
      was triturated with 3 .times. 150 ml. of hot methylene chloride. The
      methylene chloride solution was filtered and evaporated to dryness to
      yield an oil that crystallized on standing.
PAR  An analytical sample was obtained by two recrystallizations from
      ether-hexane to yield fine needles of 2S-hydroxy-4-cyclopentene-1S-acetic
      acid; m.p. 56.degree.-57.degree. C.
PAC  EXAMPLE 5
PAR  To a solution of 0.313 g. (0.0020 mole) of methyl
      2R-hydroxy-4-cyclopentene-1R-acetate in 3 ml. of pyridine at 0 degrees
      centigrade was added dropwise 0.252 g. (0.0022 mole) of methanesulfonyl
      chloride. The mixture was stirred at 0.degree. centigrade for one hour and
      poured onto crushed ice. The mixture was diluted with 50 ml. of saturated
      brine and extracted with 3 .times. 50 ml. of diethyl ether. The combined
      ether layers were washed with 50 ml. of 10% by weight sulfuric acid in
      water, 50 ml. of saturated aqueous sodium bicarbonate solution, and 50 ml.
      of saturated brine. The solution was dried over anhydrous magnesium
      sulfate and evaporated to dryness at room temperature to yield the oily
      methyl 2R-methylsulfonyloxy-4-cyclopentene-1R-acetate.
PAC  EXAMPLE 6
PAR  To a solution of 0.625 g. (0.0040 mole) of methyl
      2S-hydroxy-4-cyclopentene-1S-acetate in 4 ml. of pyridine at 0 degrees
      centigrade was added dropwise 0.504 g. (0.0044 mole) of methanesulfonyl
      chloride. The mixture was stirred for 1 hour at 0.degree.C. and was poured
      onto crushed ice. The mixture was diluted with 50 ml. of saturated brine
      and extracted with 3 .times. 50 ml. of diethyl ether. The combined ether
      layers were washed with 50 ml. of 10% by weight sulfuric acid in water, 50
      ml. of saturated aqueous sodium bicarbonate, and 50 ml. of saturated
      brine. The solution was dried over anhydrous magnesium sulfate and
      evaporated to dryness at room temperature to yield the oily methyl
      2S-methylsulfonyloxy-4-cyclopentene-1S-acetate.
PAC  EXAMPLE 7
PAR  To a solution of 0.314 g. (0.00134 mole) of methyl
      2R-methylsulfonyloxy-4-cyclopentene-1R-acetate, 14 ml. of tetrahydrofuran,
      and 4 ml. of water at 0.degree.C. was added dropwise 3 ml. (0.0060 mole)
      of 2 N aqueous sodium hydroxide.
PAR  The two-phased solution was vigorously stirred at 0.degree.C. for 1 hour
      and at room temperature for 18 hours to form a solution containing sodium
      2S-hydroxy-4-cyclopentene-1R-acetate.
PAR  This solution was diluted with 50 ml. of water and was extracted with 3
      .times. 50 ml. of diethyl ether. The ether extracts were combined, washed
      with 25 ml. of water and discarded. The water layers were combined, cooled
      to 0.degree.C., and acidified with excess 6 N aqueous sulfuric acid. The
      acidic solution was saturated with sodium chloride and extracted with 3
      .times. 50 ml. of methylene chloride. The methylene chloride layers were
      combined and washed with 50 ml. of saturated aqueous sodium bicarbonate
      solution. The solution was then dried over anhydrous magnesium sulfate and
      evaporated to dryness to yield 2S-hydroxy-4-cyclopentene-1R-acetic acid
      lactone as a white solid (m.p. 45.degree.-46.degree.C).
PAC  EXAMPLE 8
PAR  To a solution of 0.308 g. (0.00132 mole) of methyl
      2S-methylsulfonyloxy-4-cyclopentene-1S-acetate, 14 ml. of tetrahydrofuran,
      and 4 ml. of water at 0.degree.C. was added dropwise 3 ml. (0.0060 mole)
      of 2 N sodium hydroxide solution. The two-phased solution was vigorously
      stirred at 0.degree.C. for 1 hour and at room temperature for 18 hours to
      form a solution containing sodium 2R-hydroxy-4-cyclopentene-1S-acetate.
PAR  The mixture was diluted with 50 ml. of water and was extracted with 3
      .times. 50 ml. of diethyl ether. The ether extracts were combined, washed
      with 25 ml. of water and discarded. The water layers were combined, cooled
      to 0.degree.C. and acidified with excess 6 N aqueous sulfuric acid. The
      acidic solution was saturated with sodium chloride and extracted with 3
      .times. 50 ml. of methylene chloride. The methylene chloride layers were
      combined and washed with 50 ml. of saturated aqueous sodium bicarbonate
      solution. The solution was then dried over anhydrous magnesium sulfate and
      evaporated to dryness to yield 2R-hydroxy-4-cyclopentene-1S-acetic acid
      lactone as a white solid (m.p. 45.degree.-46.degree.C).
PAC  EXAMPLE 9
PAR  A mixture of 1.0 ml. of a peracetic acid solution containing 40 % by weight
      peracetic acid, 5% by weight hydrogen peroxide, 39% by weight acetic acid,
      15% by weight water and 1% by weight sulfuric acid, 3.0 ml. of acetic acid
      and 0.40 g. of anhydrous sodium acetate was stirred at 0.degree.C. for 10
      minutes. A solution of 0.310 g. (0.0025 mole) of
      2S-hydroxy-4-cyclopentene-1R-acetic acid lactone in 1 ml. of acetic acid
      was added dropwise. The mixture was stirred at 0.degree.C. for 1 hour at
      room temperature for 16 hours.
PAR  The mixture was poured into 50 ml. of water and extracted with 3 .times. 50
      ml. of methylene chloride. The combined methylene chloride layers were
      washed with 50 ml. of saturated aqueous sodium sulfite solution and 50 ml.
      of saturated aqueous sodium bicarbonate solution. The aqueous washes were
      each back-extracted with 25 ml. portions of methylene chloride. The
      combined methylene chloride layers were dried over anhydrous magnesium
      sulfate and evaporated to dryness to yield 0.342 g. of a colorless oil.
PAR  The oil was triturated with 1 ml. of cold diethyl ether to effect
      crystallization of the oil. The ether solution was pipetted away from the
      crystals and evaporated to dryness to yield 0.070 g. of an oil which was
      discarded.
PAR  Recrystallization of the solid from ethyl acetate-heptane at 0.degree.C.
      yielded a first crop of
      1aR,2,2aS,5,5aS,5bS-hexahydro-4H-oxireno[3,4]cyclopenta[1,2-b]furan-4-one.
      An analytical sample was secured by an additional recrystallization from
      ethyl acetate-heptane to yield the furan-4-one as fine colorless needles;
      m.p. 76.degree.-77.degree.C.
PAC  EXAMPLE 10
PAR  A mixture of 1.0 ml. of the peracetic acid solution used in Example 9, 3.0
      ml. of acetic acid and 0.40 g. of anhydrous sodium acetate was stirred at
      0.degree.C. for 10 minutes. A solution of 0.310 g. (0.0025 mole) of
      2R-hydroxy-4-cyclopentene-1S-acetic acid lactone in 1 ml. of acetic acid
      was added dropwise. The mixture was stirred at 0.degree.C. for 1 hour and
      at room temperature for 16 hours.
PAR  The mixture was poured into 50 ml. of water and extracted with 3 .times. 50
      ml. of methylene chloride. The combined methylene chloride layers were
      washed with 50 ml. of saturated aqueous sodium sulfite solution and 50 ml.
      of saturated aqueous sodium bicarbonate solution. The aqueous washes were
      each back-extracted with 25 ml. portions of methylene chloride. The
      combined methylene chloride layers were dried over anhydrous magnesium
      sulfate and evaporated to dryness to yield 0.350 g. of a colorless oil.
PAR  The oil was triturated with 1 ml. of ether at 0.degree.C. to effect
      crystallization. The ether solution was pipetted away from the crystals
      and evaporated to dryness to yield 0.050 g. of an oil that was discarded.
PAR  Recrystallization of the solid from ethyl acetate-heptane at 0.degree.C.
      yielded a first crop of
      1aS,2,2aR,5,5aR,5bR-hexahydro-4H-oxireno[3,4]cyclopenta[1,2-b]furan-4-one.
PAR  An analytical sample was obtained by an additional recrystallization from
      ethyl acetate-heptane to yield fine colorless needles of the product; m.p.
      76.degree.-77.degree.C.
PAC  EXAMPLE 11
PAR  A mixture of 0.076 g. (0.0020 mole) of lithium aluminum hydride, 15 ml. of
      diethyl ether, and 0.248 g. (0.0020 mole) of
      2S-hydroxy-4-cyclopentene-1R-acetic acid lactone was stirred at
      0.degree.C. for 1 hour. To the solution at 0.degree.C. was added dropwise
      0.15 ml. of water followed by 0.12 ml. of an aqueous solution containing
      10% by weight sodium hydroxide and the mixture was stirred at 0.degree.C.
      for 0.5 hour. The solution was then stirred with 0.10 g. of anhydrous
      magnesium sulfate for 0.5 hour, diluted with 10 ml. of methylene chloride
      and filtered. The solid residue was triturated with 2 .times. 10 ml. of
      methylene chloride and filtered. The combined filtrate was evaporated to
      dryness to yield 0.265 g. of a colorless viscous oil.
PAR  The oil was purified by column chromatography on 5 g. of silica gel
      (0.05-0.20 mm.). A total of 0.016 g. of impurity was eluted with 10% by
      volume ethyl acetate in 90% by volume benzene. The 25% by volume ethyl
      acetate-benzene fractions afforded oily
      2R-(2-hydroxyethyl)-3-cyclopenten-1S-ol; b.p. = 83.degree.-84.degree.C.
      (0.1 mmHg.).
PAC  EXAMPLE 12
PAR  A mixture of 0.076 g. (0.0020 mole) of lithium aluminum hydride, 15 ml. of
      diethyl ether, and 0.248 g. (0.0020 mole) of
      2R-hydroxy-4-cyclopentene-1S-acetic acid lactone was stirred at
      0.degree.C. for 1 hour. To the solution at 0.degree.C. was added dropwise
      0.15 ml. of water followed by 0.12 ml. of 10% by weight sodium hydroxide
      aqueous solution and the mixture was stirred at 0.degree.C. for 0.5 hour.
      The solution was then stirred with 0.10 g. of anhydrous magnesium sulfate
      for 0.5 hour, diluted with 10 ml. of methylene chloride and filtered. The
      solid residue was triturated with 2 .times. 10 ml. of methylene chloride
      and filtered. The combined filtrate was evaporated to dryness to yield
      0.270 g. of a colorless viscous oil.
PAR  The oil was purified by column chromatography on 5 g. of silica gel
      (0.05-0.20 mm.). A total of 0.016 g. of impurity was eluted with 10% by
      volume ethyl acetate and 90% by volume benzene. The 25% by volume
      ethylacetate-benzene fractions afforded
      2S-(2-hydroxyethyl)-3-cyclopentene-1R-ol, b.p. 83.degree.-84.degree.C.
      (0.1 mmHg.).
PAC  EXAMPLE 13
PAR  To a solution of 0.142 g. (0.0010 mole) of
      2R-hydroxy-4-cyclopentene-1R-acetic acid and 1 ml. of pyridine at 0
      degrees centigrade was added dropwise 0.115 g. (0.0010 mole) of
      methanesulfonyl chloride in 1 ml. of pyridine and the mixture was stirred
      for 1 hour at 0.degree.C. and 18 hours at room temperature to form a
      solution containing 2R-methylsulfonyloxy-4-cyclopentene-1R-acetic acid.
PAR  A total of 0.5 g. of ice was added and the mixture was stirred for 4 hours
      at room temperature. The mixture was poured into 50 ml. of brine and was
      extracted with 3 .times. 50 ml. of methylene chloride. The methylene
      chloride layers were washed with 50 ml. of 10% by weight aqueous sulfuric
      acid solution and 50 ml. of saturated aqueous sodium bicarbonate solution.
      The methylene chloride solution was dried over anhydrous magnesium sulfate
      and evaporated to dryness to yield 0.082 g. of yellow solid.
      Recrystallization from ether-hexane at 0.degree.C. yielded
      2S-hydroxy-4-cyclopentene-1R-acetic acid lactone, m.p.
      44.degree.-45.degree.C. An analytical sample of
      2S-hydroxy-4-cyclopentene-1R-acetic acid lactone m.p.
      45.degree.-46.degree.C. was obtained by an additional recrystallization
      from ether-hexane at 0.degree.C.
PAC  EXAMPLE 14
PAR  To a solution of 0.142 g. (0.0010 mole) of
      2S-hydroxy-4-cyclopentene-1S-acetic acid and 1 ml. of pyridine at
      0.degree.C. was added dropwise 0.115 g. (0.0010 mole) of methanesulfonyl
      chloride in 1 ml. of pyridine and the mixture was stirred for 1 hour at
      0.degree.C. and 18 hours at room temperature to form a solution containing
      2S-methylsulfonyloxy-4-cyclopentene-1S-acetic acid.
PAR  A total of 0.5 g. of ice was added and the mixture was stirred for 4 hours
      at room temperature. The mixture was poured into 50 ml. of brine and was
      extracted with 3 .times. 50 ml. of methylene chloride. The methylene
      chloride layers were washed with 50 ml. of 10% by weight aqueous sulfuric
      acid and 50 ml. of saturated aqueous sodium bicarbonate solution. The
      methylene chloride solution was dried over anhydrous magnesium sulfate and
      evaporated to dryness to yield 0.078 g. of a semisolid. Two
      recrystallizations from ether-hexane at 0.degree.C. yielded
      2R-hydroxy-4-cyclopentene-1S-acetic acid lactone, m.p.
      45.degree.-46.degree.C.
PAC  EXAMPLE 15
PAR  A mixture of 0.192 g. (0.00150 mole) of
      2R-(2-hydroxyethyl-3-cyclopentene-1S-ol, 5 ml. of methylene chloride, and
      0.40 g. of sodium bicarbonate was cooled to 0.degree.C. and 0.335 g.
      (0.00165 mole) of m-chloroperbenzoic acid (purity of 85% by weight) in 3
      ml. of methylene chloride was added dropwise. The mixture was stirred at
      0.degree.C. for 0.5 hour and at room temperature for 18 hours in the dark.
PAR  The mixture was diluted with 50 ml. of ether and this solution was washed
      with 3 .times. 50 ml. of water. The water layers were combined and
      concentrated to dryness to yield 0.224 g. of a colorless oil.
PAR  The oil was purified by column chromatography on 15 g. of silica gel
      (0.05-0.20 mm). A total of 0.013 g. of impurities were eluted with
      chloroform. The 2% by volume methanol-chloroform fractions afforded oily
      2S-hydroxy-4R,5S-epoxycyclopentane-1S-ethanol; b.p. = 140.degree.C. (0.1
      mmHg.).
PAC  EXAMPLE 16
PAR  A mixture of 0.192 g. (0.00150 mole) of
      2S-(2-hydroxyethyl)-3-cyclopentene-1R-ol, 5 ml. of methylene chloride, and
      0.40 g. of sodium bicarbonate was cooled to 0.degree.C. and 0.335 g.
      (0.00165 mole) of m-chloroperbenzoic acid (purity of 85% by weight) in 3
      ml. of methylene chloride was added dropwise. The mixture was stirred at
      0.degree.C. for 0.5 hour and at room temperature for 18 hours in the dark.
PAR  The mixture was diluted with 50 ml. of ether and this solution was washed
      with 3 .times. 50 ml. of water. The water layers were combined and
      evaporated to dryness to yield 0.218 g. of a colorless oil.
PAR  The oil was purified by column chromatography on 15 g. of silica gel
      (0.05-0.20 mm). A total of 0.020 g. of impurities were eluted with
      chloroform. The 2% by volume methanol-chloroform fractions afforded oily
      2R-hydroxy-4S,5R-epoxycyclopentane-1R-ethanol; b.p. = 140.degree.C. (0.1
      mmHg.).
PAC  EXAMPLE 17
PAR  To a solution of 0.070 g. (0.00050 mole) of
      1aR,2,2aS,5,5aS,5bS-hexahydro-4H-oxireno[3,4]cyclopenta[1,2-b]furan-4-one
      in 5 ml. of toluene at -78.degree.C. was added on 0.60 ml. (0.00088 mole)
      of 1.47 M diisobutylaluminum hydride in toluene and the reaction mixture
      was stirred at -78.degree.C. for 3 hours. The reaction mixture was
      quenched by adding 0.5 ml. of methanol, and was diluted with 5 ml. of
      saturated aqueous sodium sulfate solution and extracted with 3 .times. 30
      ml. of methylene chloride. The methylene chloride extracts were dried over
      anhydrous sodium sulfate, and evaporated to dryness to yield crystalline
      1aR,2aS,-4,5,5aS,5bS-hexahydro-4-hydroxy-2H-oxireno[3,4]cyclopenta[1,2-b]f
     uran. An analytical sample was obtained by recrystallization from
      ether-hexane at 0.degree.C. to yield fine colorless needles of the furan;
      m.p. 65.degree.-66.degree.C.
PAC  EXAMPLE 18
PAR  To a solution of 0.070 g. (0.00050 mole) of
      1aS,2,2aR,5,5aR,5bR-hexahydro-4H-oxireno[3,4]cyclopenta[1,2-b]furan-4-one
      in 5 ml. of toluene at -78 degrees centigrade was added 0.60 ml. (0.00088
      mole) of 1.47 M diisobutylaluminum hydride in toluene and the reaction
      mixture was stirred at -78.degree.C. for 3 hours. The reaction mixture was
      quenched by adding 0.5 ml. of methanol, and was diluted with 5 ml. of
      saturated aqueous sodium sulfate solution and extracted with 3 .times. 30
      ml. of methylene chloride. The methylene chloride extracts were dried over
      anhydrous sodium sulfate and evaporated to dryness to yield crystalline
      1aS,2aR,4,5,5aR,5bR-hexahydro-4-hydroxy-2H-oxireno[3,4]cyclopenta1,2-b]fur
     an. An analytical sample was obtained by recrystallization from
      ether-hexane at 0.degree.C. to yield fine colorless needles of the furan;
      m.p. 65.degree.-66.degree.C.
PAC  EXAMPLE 19
PAR  A solution of 0.109 g. (0.000765 mole) of
      1aR,2aS,4,5,5aS,5bS-hexahydro-4-hydroxy-2H-oxireno[3,4]cyclopenta[1,2-b]fu
     ran in 2 ml. of methanol was cooled to -25.degree.C. and 0.010 g. of boron
      trifluoride etherate in 0.5 ml. of methanol was added dropwise. The
      mixture was stirred for 1.5 hours at -25.degree.C. and 1 hour at
      0.degree.C. The reaction was quenched by adding 0.10 g. of solid sodium
      bicarbonate and stirring for 10 minutes. The mixture was diluted with 25
      ml. of methylene chloride, dried over anhydrous magnesium sulfate and
      evaporated to dryness to yield a colorless oil.
PAR  Distillation at 50.degree.-52.degree.C. (0.1 mmHg.) afforded
      1aR,2aS,4,5,5aS,5bS-hexahydro-4R-methoxy-2H-oxireno[3,4]cyclopenta[1,2-b]f
     uran.
PAC  EXAMPLE 20
PAR  A solution of 0.113 g. (0.000795 mole) of
      1aS,2aR,4,5,5aR,5bR-hexahydro-4-hydroxy-2H-oxireno[3,4]cyclopenta[1,2-b]fu
     ran in 2 ml. of methanol was cooled to -25.degree.C. and 0.010 g. of boron
      trifluoride etherate in 0.5 ml. of methanol was added dropwise. The
      mixture was stirred for 1.5 hours at -25.degree.C. and 1 hour at
      0.degree.C. The reaction mixture was quenched by adding 0.10 g. of solid
      sodium bicarbonate and stirring for 10 minutes.
PAR  The mixture was diluted with 25 ml. of methylene chloride, dried over
      anhydrous magnesium sulfate and evaporated to dryness to yield a colorless
      oil.
PAR  Distillation at 50.degree.-52.degree.C. (0.1 mmHg.) afforded
      1aS,2aR,4,5,5aR,5bR-hexahydro-4S-methoxy-2H-oxireno[3,4]cyclopenta[1,2-b]f
     uran.
PAC  EXAMPLE 21
PAR  A mixture of 9.35 ml. (0.0140 mole) of 1.5 M butyllithium in hexane, 1.16
      g. (0.0070 mole) of 1,3-bis(methylthio-2-methoxypropane, 1.41 g. (0.0140
      mole) of diisopropylamine and 15 ml. of tetrahydrofuran was stirred at
      -78.degree.C. for 1 hour and at -10.degree.C. for 16 hours to generate a
      dark red solution of 1,3-bis(methylthio)allyllithium. This solution was
      recooled to -78.degree.C. and a solution of 0.994 g. (0.00636 mole) of
      1aR,2aS,4,5,5aS,5bS-hexahydro-4R-methoxy-2H-oxireno[3,4]cyclopenta[1,2-b]f
     uran in 5 ml. of tetrahydrofuran was added dropwise. The mixture was
      stirred at -78.degree.C. for 5 hours and the reaction was quenched by
      adding 2 ml. of methanol.
PAR  The mixture was poured into 50 ml. of saturated aqueous ammonium chloride
      and this solution was extracted with 4 .times. 50 ml. of methylene
      chloride. The methylene chloride layers were washed with 50 ml. of water,
      dried over anhydrous magnesium sulfate, and evaporated to dryness to yield
      a ca. 1:1 parts by weight mixture of
      4R-(1,3-bismethylthio-2-propen-1-yl)-3,3aR,4,5,6,6aS-hexahydro-5R-hydroxy-
     2R-methoxy-2H-cyclopenta[b]furan and
      5S-(1,3-bismethylthio-2-propen-1-yl)-3,3aR,4,5,6,6aS-hexahydro-4S-hydroxy-
     2R-methoxy-2H-cyclopenta[b]furan.
PAC  EXAMPLE 22
PAR  By the procedure of Example 21,
      1aS,2aR,4,5,5aR,5bR-hexahydro-4S-methoxy-2H-oxireno[3,4]cyclopenta[1,2-b]f
     uran is converted to a ca. 1:1 parts by weight mixture of
      4S-(1,3-bismethylthio-2-propen-1-yl)-3aS,4,5,6,6aR-hexahydro-5S-hydroxy-2S
     -methoxy-2H-cyclopenta[b]furan and
      5R-(1,3-bismethylthio-2-propen-1-yl)-3,3aS,4,5,6,6aR-hexahydro-4R-hydroxy-
     2S-methoxy-2H-cyclopenta[b] furan.
PAC  EXAMPLE 23
PAR  A ca. 1:1 mixture of 1.78 g. (0.00613 mole) of
      4R-(1,3-bismethylthio-2-propen-1-yl)-3,3aR,4,5,6,6aS-hexahydro-5R-hydroxy-
     2R-methoxy-2H-cyclopenta[b]furan and
      5S-(1,3-bismethylthio-2-propen-1-yl)-3,3aR,4,5,6,6aS-hexahydro-4S-hydroxy-
     2R-methoxy-2H-cyclopenta[b]furan, 5.0 g. (0.0184 mole) of mercuric
      chloride, 1.84 g. (0.0184 mole) of calcium carbonate, 80 ml. of
      acetonitrile and 20 ml. of water was stirred at 50.degree.-55.degree.C.
      for 4 hours and cooled. The mixture was filtered through diatomaceous
      earth, poured into 50 ml. of brine and extracted with 3 .times. 50 ml. of
      methylene chloride. The methylene chloride layers were washed with 50 ml.
      of brine, dried over anhydrous magnesium sulfate and evaporated to dryness
      to yield 1.28 g. of a mixture of products.
PAR  The mixture was purified by column chromatography on 45 g. of silica gel
      (0.05-0.20 mm.).
PAR  The later fractions eluted with diethyl ether afforded
      (3,3aR,4,5,6,6aS-hexahydro-5R-hydroxy-2R-methoxy-2H-cyclopenta[b]furan-4R-
     yl)-E-acrolein.
PAC  EXAMPLE 24
PAR  The mixture produced in Example 22 was treated by the procedure of Example
      23 to produce (
     3,3aS,4,5,6,6aR-hexahydro-5S-hydroxy-2S-methoxy-2H-cyclopenta[b]furan-4S-yl
     )-E-acrolein.
PAC  EXAMPLE 25
PAR  To a solution of 0.54 g. (0.00254 mole) of
      (3,3aR,4,5,6,6aS-hexahydro-5R-hydroxy-2R-methoxy-2H-cyclopenta[b]
      furan-4R-yl)-E-acrolein in 12 ml. of tetrahydrofuran at -25.degree.C. was
      added 6.0 ml. (0.0066 mole) of 1.1 M n-pentyllithium in pentane and the
      mixture was stirred at -25.degree.C. for 1 hour and at 0.degree.C. for 1
      hour. The mixture was poured into 50 ml. of saturated aqueous ammonium
      chloride and extracted with 3 .times. 50 ml. of methylene chloride. The
      methylene chloride extracts were washed with 50 ml. of brine, dried over
      anhydrous magnesium sulfate, and evaporated to dryness to yield 0.70 g. of
      ca. 1:1 parts by weight of mixture of products.
PAR  The mixture was purified by column chromatography on 30 g. of silica gel
      (0.05-0.20 mm). The early diethyl ether fractions afforded
      1-(3,3aR,4,5,6,6aS-hexahydro-5R-hydroxy-2R-hydroxy-2R-methoxy-2H-cyclopent
     a[b]furan-4R-yl)-1E-octen-3R-ol.
PAR  The later diethyl ether fractions yielded
      1-(3,3aR,4,5,6,6aS-hexahydro-5R-hydroxy-2R-methoxy-2H-cyclopenta[b]furan-4
     R-yl)-1E-octen-3S-ol.
PAC  EXAMPLE 26
PAR  The compound
      (3,3aS,4,5,6,6aR-hexahydro-5S-hydroxy-2S-methoxy-2H-cyclopenta[b]furan-4S-
     yl)-E-acrolein was treated in the manner of Example 25 and separated by the
      procedure of Example 25 to yield
      1-(3,3aS,4,5,6,6aR-hexahydro-5S-hydroxy-2S-methoxy-2H-cyclopenta[b]furan-4
     S-yl)-1E-octen-3S-ol and
      1-(3,3aS,4,5,6,6aR-hexahydro-5S-hydroxy-2S-methoxy-2H-cyclopenta[b]furan-4
     S-yl)-1E-octen-3R-ol.
PAC  EXAMPLE 27
PAR  To a solution of 0.27 g. (0.00095 mole) of
      1-(3,3aR,4,5,6,6aS-hexahydro-5R-hydroxy-2R-methoxy-2H-cyclopenta[ b]
      furan-4R-yl)-1E-octen-3S-ol, 4 ml. of acetonitrile and 1 ml. of water was
      added dropwise 1 ml. of 0.1 N aqueous hydrochloric acid and the mixture
      was stirred at room temperature for 2 hours. The solution was poured into
      50 ml. of brine and extracted with 3 .times. 50 ml. of methylene chloride.
      The methylene chloride extracts were washed with 50 ml. of brine, dried
      over anhydrous magnesium sulfate, and evaporated to dryness to give of
      1-(2,5R-dihydroxy-3,3aR,4,5,6,6aS-hexahydro-2H-cyclopenta[ b]
      furan-4R-yl)-1E-octen-3S-ol.
PAC  EXAMPLE 28
PAR  1-(3,3aS,4,5,6,6aR-hexahydro-5S-hydroxy-2S-methoxy-2H-cyclopenta[
      b]furan-4S-yl)-1E-octen-3R-ol is converted by the procedure of Example 27
      to
      1-(2,5S-dihydroxy-3,3aS,4,5,6,6aR-hexahydro-2H-cyclopenta[b]furan-4S-yl)-1
     E-octen-3R-ol.
PAC  EXAMPLE 29
PAR  A mixture of 0.25 g. (0.000925 mole) of
      1-(2,5R-dihydroxy-3,3aR,4,5,6,6aS-hexahydro-2H-cyclopenta[b]furan-4R-yl)-1
     E-octen-3S-ol, 2.05 g. (0.00463 mole) of
      (4-carboxybutyl)triphenylphosphonium bromide, 30 ml. of dimethyl sulfoxide
      and 0.108 g. (0.00450 mole) of sodium hydride was stirred at
      45.degree.-50.degree.C. for 4 hours and cooled.
PAR  The mixture was poured into 100 ml. of saturated aqueous ammonium chloride
      and the solution was extracted with 4 .times. 50 ml. of methylene
      chloride. The methylene chloride layers were washed with 50 ml. of brine,
      dried over anhydrous magnesium sulfate and evaporated to dryness under
      high vacuum to give 0.36 g. of a mixture of products. The mixture was
      dissolved in 100 ml. of methylene chloride and the solution was washed
      with 2 .times. 25 ml. of ice cold saturated aqueous sodium bicarbonate
      solution. The aqueous layers were combined, cooled to 0.degree.C. and
      cautiously acidified with excess 2 N aqueous sulfuric acid. The solution
      was saturated with excess sodium chloride and was extracted with 4 .times.
      50 ml. of methylene chloride. The methylene chloride layers were washed
      with 50 ml. of brine, dried over anhydrous magnesium sulfate, and
      evaporated to dryness to yield of oily naturally occurring
      (+)-prostaglandin F.sub.2.sub..alpha. [.alpha. ].sub.D.sup.25 =
      +22.4.degree. (tetrahydrofuran).
PAC  EXAMPLE 30
PAR  1-(2,5S-dihydroxy-3,3aS-4,5,6,6aR-hexahydro-2H-cyclopenta[b]furan-4S-yl)-1E
     -octen-3R-ol is converted by the procedure of Example 29 to an optically
      active antipode of prostaglandin F.sub.2.sub..alpha. [.alpha.]
      .sub.D.sup.25 = -23.0.degree. (tetrahydrofuran).
PAC  EXAMPLE 31
PAR  By the procedure of Examples 27 and 29, the compound of
      1-(3,3aR,4,5,6,6aS-hexahydro-5R-hydroxy-2R-methoxy-2H-cyclopenta [b]
      furan-4R-yl)-1E-octen-3R-ol is converted to 15-epi-prostaglandin
      F.sub.2.sub..alpha. via the intermediate
      1-(2,5R-dihydroxy-3,3,R,4,5,6,6aS-hexahydro-2H-cyclopenta [b]
      -furan-4R-yl)-1E-octen-3R-ol. The oily 15-epi-prostaglandin
      F.sub.2.sub..alpha. exhibits an optical rotation of [.alpha.]
      .sub.D.sup.25 = +11.2.degree. (tetrahydrofuran).
PAC  EXAMPLE 32
PAR  By the procedure of Examples 27 and 28, the compound
      1-(3,3aS,4,5,6,6aR-hexahydro-5S-hydroxy-2S-methoxy-2H-Cyclopenta[b]furan-4
     S-yl)-1E-octen-3S-ol is converted to the optically active antipode of
      -15-epi-prostaglandin F.sub.2.sub..alpha. via the intermediate
      1-(2,5S-dihydroxy-3,3aS,4,5,6,6aR hexahydro-2H-cyclopenta [b]
      -furan-4S-yl)-1E-octen-3S-ol. The oily optically active antipode of
      -15-epi-prostaglandin F.sub.2.sub..alpha. exhibits an optical rotation of
      [.alpha.] .sub.D.sup.25 = -10.9.degree. (tetrahydrofuran).
PAC  EXAMPLE 33
PAR  To a solution of 1.44 g. (0.0100 mole) of
      2S-hydroxy-4R,5S-epoxycyclopentane-1S-ethanol in 50 ml. of toluene was
      added slowly 22.23 g. (0.100 mole) of
      3S-tert-butyloxy-1-octynyldimethylalane in 200 ml. of toluene and the
      mixture was stirred at 60.degree.-65.degree.C. for 2 hours and cooled. The
      mixture was poured into 200 ml. of saturated aqueous ammonium chloride at
      0.degree.C. The mixture was extracted with 3 .times. 200 ml. of methylene
      chloride. The combined methylene chloride extracts were washed with 200
      ml. of brine and dried over anhydrous magnesium sulfate. The solution was
      concentrated to dryness of of yield of
      4R-(2-hydroxyethyl)-5S-(3S-tert-butyloxy-1-octynyl)cyclopentane-1R,3S-diol
     , [.alpha.].sub.D.sup.25 = -41.degree. (chloroform).
PAC  EXAMPLE 34
PAR  By the procedure of Example 33,
      2R-hydroxy-4S,5R-epoxycyclopentane-1R-ethanol is converted to
      4S-(2-hydroxyethyl)-5R-(3R-tert-butyloxy-1-octynyl)cyclopentane-1S,3R-diol
      by reaction with 3R-tert-butyloxy-1-octynyldimethylalane,
      [.alpha.].sub.D.sup.25 = +41.degree. (chloroform).
PAC  EXAMPLE 35
PAR  A solution of 2.20 g. (0.00675 mole) of
      4R-(2-hydroxyethyl)-5S-(3S-tert-butyloxy-1-octynyl)cyclopentane-1R,3S-diol
      in 10 ml. of trifluoroacetic acid was stirred at -10.degree.C. for 4
      hours. The cold solution was added dropwise to a stirred solution of 50
      ml. of ice cold 2 N aqueous sodium hydroxide and the mixture was stirred
      for 5 minutes.
PAR  The solution was evaporated to dryness in vacuo. The residue was triturated
      twice with 100 ml. portions of boiling tetrahydrofuran. The
      tetrahydrofuran solutions were filtered free of solids and evaporated to
      dryness to yield a colorless solid. Recrystallization from ethyl acetate
      yielded
      4R-(2-hydroxyethyl)-5S-(3S-hydroxy-1-octynyl)-cyclopentane-1R,3S-diol;
      m.p. 93.degree.-94.degree.C.; [.alpha.] .sub.D.sup.25 = +16.degree.
      (CH.sub.3 OH).
PAC  EXAMPLE 36
PAR  By the procedure of Example 35,
      4S-(2-hydroxyethyl)-5R-(3R-tert-butyloxy-1-octynyl)cyclopentane-1S,3R-diol
      is converted to
      4S-(2-hydroxyethyl)-5R-(3R-hydroxy-1-octynyl)cyclopentane-1S,3R-diol, m.p.
      = 93.degree.-94.degree.C.; [.alpha.].sub.D.sup.25 = -16.degree. (CH.sub.3
      OH).
PAC  EXAMPLE 37
PAR  To a solution of 1.25 g. (0.0330 mole) of lithium aluminum hydride in 50
      ml. of tetrahydrofuran was added 1.80 g. (0.00666 mole) of
      4R-(2-hydroxyethyl)-5S-(3S-hydroxy-1-octynyl)cyclopentane-1R,3S-diol in 50
      ml. of tetrahydrofuran and the mixture was heated at reflux (65.degree.C.)
      for 6 hours and cooled. To the solution was added 100 ml. of ether and the
      solution was cooled to 0.degree.C. A total of 2.5 ml. of water was added
      dropwise followed by 2.0 ml. of 10% by weight aqueous sodium hydroxide and
      the mixture was stirred for 2 hours. The mixture was filtered and the
      solids were triturated with 3 .times. 50 ml. of methylene chloride. The
      ether and methylene chloride layers were combined, and dried over
      anhydrous magnesium sulfate. The solution was evaporated to dryness to
      yield
      4R-(2-hydroxyethyl)-5R-(3S-hydroxy-1E-octenyl)cyclopentane-1R,3S-diol,
      [.alpha.].sub.D.sup.25 = +25.degree.  (CH.sub.3 OH).
PAC  EXAMPLE 38
PAR  By the procedure of Example 37,
      4S-(2-hydroxyethyl)-5R-(3R-hydroxy-1-octynyl)cyclopentane-1S,3R-diol is
      converted to
      4S-(2-hydroxyethyl)-5S-(3R-hydroxy-1E-octenyl)cyclopentane-1S,3R-diol,
      [.alpha.].sub.D.sup.25 = -25.degree. (CH.sub.3 OH).
PAC  EXAMPLE 39
PAR  To a solution of 1.76 g. (0.00647 mole) of
      4R-(2-hydroxyethyl)-5R-(3S-hydroxy-1E-octenyl)cyclopentane-1R,3S-diol in
      15 ml. of pyridine at 0.degree.C. was added 1.81 g. (0.00650 mole) of
      triphenylmethyl chloride in 10 ml. of pyridine and the mixture was stirred
      at 0.degree.C. for 2 hours and at room temperature for 16 hours.
PAR  The mixture was poured into 50 ml. of saturated brine and the solution was
      extracted with 3 .times. 50 ml. of methylene chloride. The methylene
      chloride layers were washed with 2 .times. 50 ml. of 10% by weight aqueous
      sulfuric acid, 50 ml. of saturated aqueous sodium bicarbonate solution and
      50 ml. of saturated brine. The solution was then dried over anhydrous
      magnesium sulfate and evaporated to dryness to yield
      5R-(3S-hydroxy-1E-octenyl)-4R-(2-trityloxyethyl)cyclopentane-1R,3S-diol,
      m.p. = 107.degree.-110.degree.C., [.alpha.].sub.D.sup.25 = -20.degree.
      (CHCl.sub.3).
PAC  EXAMPLE 40
PAR  By the procedure of example 39,
      4S-(2-hydroxyethyl)-5S-(3R-hydroxy-1E-octenyl)cyclopentane-1S,3R-diol is
      converted to
      5S-(3R-hydroxy-1E-octenyl)-4S-(2-trityloxyethyl)cyclopentane-1S,3R-diol,
      m.p. = 107.degree.-110.degree.C., [.alpha.].sub.D.sup.25 = +20.degree.
      (CHCl.sub.3).
PAC  EXAMPLE 41
PAR  To a mixture of 2.80 g. (0.00545 mole) of
      5R-(3S-hydroxy-1E-octenyl)-4R-(2-trityloxyethyl)cyclopentane-1R,3S-diol
      and 20 ml. of pyridine at 0.degree.C. was added dropwise 2.29 g. (0.02180
      mole) of acetic anhydride (97% pure) in 5 ml. of pyridine and the mixture
      was stirred at 0.degree.C. for 2 hours and 16 hours at room temperature.
PAR  The mixture was poured into 50 ml. of water and extracted with 3 .times. 50
      ml. of methylene chloride. The methylene chloride layers were washed with
      2 .times. 50 ml. of 10% by weight aqueous sulfuric acid, 50 ml. of
      saturated aqueous sodium bicarbonate solution and 50 ml. of saturated
      brine. The solution was dried over anhydrous magnesium sulfate and
      evaporated to dryness to give 5R-(3S-acetoxy-1E-octenyl)-
      4R-(2-trityloxyethyl)cyclopentane-1R,3S-diol diacetate,
      [.alpha.].sub.D.sup.25 = +12.degree. (CHCl.sub.3).
PAC  EXAMPLE 42
PAR  By the procedure of Example 41,
      5S-(3R-hydroxy-1E-octenyl)-4S-(2-trityloxyethyl)cyclopentane-1S,3R-diol
      was converted to
      5S-(3R-acetoxy-1E-octenyl)-4S-(2-trityloxyethyl)cyclopentane-1S,3R-diol
      diacetate, [.alpha.].sub.D.sup.25 = -12.degree. (CHCl.sub.3).
PAC  EXAMPLE 43
PAR  A mixture of 3.12 g (0.00487 mole) of
      5R-(3S-acetoxy-1E-octenyl)-4R-(2-trityloxyethyl)cyclopentane-1R,3S-diol
      diacetate, 45 ml of acetic acid, and 5 ml of water was stirred at room
      temperature for 34 hours. The mixture was poured into 100 ml of water and
      was extracted with 3 .times. 75 ml of ethyl acetate. The ethyl acetate
      solution was washed with 2 .times. 100 ml of ice cold 10% by weight
      aqueous sodium hydroxide solution, 50 ml of water and 50 ml of saturated
      brine. The ethyl acetate solution was dried over anhydrous magnesium
      sulfate and evaporated to dryness. The residue was triturated with 4
      .times. 50 ml of petroleum ether (bp 30.degree.-60.degree.C.) and the
      petroleum ether solution was evaporated to dryness to give
      5R-(3S-acetoxy-1E-octenyl)-4R-(2-hydroxyethyl)cyclopentane-1R,3S-diol
      diacetate, [.alpha.].sub.D.sup.25 = +1.degree. (CHCl.sub.3).
PAC  EXAMPLE 44
PAR  By the procedure of Example 43,
      5S-(3R-acetoxy-1E-octenyl)-4S-(2-trityloxyethyl)cyclopentane-1S,3R-diol
      diacetate was converted to
      5S-(3R-acetoxy-1E-octenyl)-4S-(2-hydroxyethyl)cyclopentane-1S,3R-diol
      diacetate, [.alpha.].sub.D.sup.25 = -1.degree. (CHCl.sub.3).
PAC  EXAMPLE 45
PAR  To a rapidly stirred solution of 11.70 g (0.04520 mole) of dipyridine
      chromium (VI) oxide in 250 ml of methylene chloride was added 1.80 g
      (0.00452 mole) of
      5R-(3S-acetoxy-1E-octenyl)-4R-(2-hydroxyethyl)-cyclopentane-1R,3S-diol
      diacetate in 10 ml of methylene chloride and the mixture was stirred at
      room temperature for 20 minutes.
PAR  The orange-brown solution was decanted from the solid precipitate and was
      eluted through a column of 50 g of silica gel (0.50-0.20 mm) with
      methylene chloride. The appropriate column chromatography fractions were
      combined and evaporated to dryness to yield
      2R-(3S-acetoxy-1E-octenyl)-3R,5S-diacetoxy-1R-cyclopentane acetaldehyde,
      [.alpha.].sub.D.sup.25 = +13.degree. (CHCl.sub.3).
PAC  EXAMPLE 46
PAR  By the procedure of Example 45,
      5S-(3R-acetoxy-1E-octenyl)-4S-(2-hydroxyethyl)cyclopentane-1S,3R-diol
      diacetate was converted to
      2S-(3R-acetoxy-1E-octenyl)-3S,5R-diacetoxy-1S-cyclopentaneacetaldehyde,
      [.alpha.].sub.D.sup.25 = -13.degree. (CHCl.sub.3).
PAC  EXAMPLE 47
PAR  A mixture of 1.30 g (0.00328 mole) of
      2R-(3S-acetoxy-1E-octenyl)-3R,5S-diacetoxy-1R-cyclopentaneacetaldehyde,
      7.27 g (0.01640 mole) of 4-carboxybutyl)triphenylphosphonium bromide, 75
      ml of dimethyl sulfoxide and 0.384 g (0.01600 mole) of sodium hydride was
      stirred at room temperature for 24 hours.
PAR  The mixture was poured into 200 ml of saturated aqueous ammonium chloride.
      The solution was extracted with 4 .times. 100 ml of pentane. The pentane
      layers were washed with 2 .times. 100 ml of water, dried over anhydrous
      magnesium sulfate, and evaporated to dryness. The residue was dissolved in
      250 ml. of 1:1 parts by volume diethyl ether-pentane and this solution was
      washed with 2 .times. 50 ml of ice cold saturated aqueous sodium
      bicarbonate solution. The aqueous layers were combined, cooled to
      0.degree.C. and carefully acidified with excess 2 N aqueous sulfuric acid.
      The solution was saturated with excess sodium chloride and extracted with
      3 .times. 100 ml of methylene chloride. The methylene chloride layers were
      washed with 2 .times. 50 ml of brine, dried over anhydrous magnesium
      sulfate, and evaporated to dryness to yield
      7-[2R-(3S-acetoxy-1E-octenyl)-3R,5S-diacetoxy-1R-cyclopentyl]-5Z-heptenoic
      acid.
PAC  EXAMPLE 48
PAR  By the procedure of Example 47,
      2S-(3R-acetoxy-1E-octenyl)-3S,5R-diacetoxy-1S-cyclopentaneacetaldehyde was
      converted to
      7-[2S-(3R-acetoxy-1E-octenyl)-3S,5R-diacetoxy-1S-cyclopentyl]-5Z-heptenoic
      acid.
PAC  EXAMPLE 49
PAR  A mixture of 0.481 g (0.0010 mole) of
      7-[2R-(3S-acetoxy-1E-octenyl)-3R,5S-diacetoxy-1R-cyclopentyl]-5Z-heptenoic
      acid, 0.660 g (0.0100 mole) of potassium hydroxide (85% pure) and 50 ml of
      water was stirred for 18 hours at room temperature.
PAR  The mixture was cooled to 0.degree.C. and acidified with excess 2 N aqueous
      sulfuric acid. The solution was saturated with excess sodium chloride and
      extracted with 4 .times. 50 ml of ethyl acetate. The ethyl acetate
      solution was washed with 2 .times. 50 ml of saturated brine, dried over
      anhydrous magnesium sulfate and evaporated to dryness to afford naturally
      occurring (+)-prostaglandin F.sub.2.sub..alpha. [.alpha.].sub.D.sup.25 =
      +23.2.degree. (tetrahydrofuran).
PAR  By the above procedure,
      7-[2S-(3R-acetoxy-1E-octenyl)-3S,5R-diacetoxy-1S-cyclopentyl]-5Z-heptenoic
      acid was converted to the optically active antipode of prostaglandin
      F.sub.2.sub..alpha. [.alpha.].sub.D.sup.25 = -23.0.degree.
      (tetrahydrofuran)
PAC  EXAMPLE 50
PAR  To a solution of 3.60 g (0.0250 mole) of
      2S-hydroxy-4R,5S-epoxycyclopentane-1S-ethanol in 50 ml of toluene was
      added slowly 55.58 g (0.250 mole) of
      3-tert-butyloxy-1-octynyldimethylalane in 450 ml of toluene and the
      mixture was stirred at 60.degree.-65.degree. for 2 hours and cooled.
PAR  The mixture was slowly poured into 500 ml of saturated aqueous ammonium
      chloride solution at 0.degree. and the mixture was stirred for 0.5 hour.
      The mixture was extracted with 4 .times. 250 ml of methylene chloride. The
      combined methylene chloride extracts were washed with 2 .times. 250 ml of
      brine and dried over anhydrous magnesium sulfate. The solution was
      evaporated to dryness to yield a ca. 1:1 by weight mixture of
      4R-(2-hydroxyethyl)-5S-(3S-tert-butyloxy-1-octynyl)cyclopentane-1R,3S-diol
      and
      4R-(2-hydroxyethyl)-5S-(3R-tert-butyloxy-1-octynyl)cyclopentane-1R,3S-diol
     .
PAC  EXAMPLE 51
PAR  A solution of 5.20 g (0.0519 mole) of a ca. 1:1 by weight mixture of
      4R-(2-hydroxyethyl)-5S-(3S-tert-butyloxy-1-octynyl)cyclopentane-1R,3S-diol
      and
      4R-(2-hydroxyethyl)-5S-(3R-tert-butyloxy-1-octynyl)cyclopentane-1R,3S-diol
      in 25 ml of trifluoroacetic acid was stirred at -10.degree.C. for 4 hours.
      The cold solution was added dropwise to a stirred solution of 100 ml of
      ice cold aqueous 2 N sodium hydroxide solution and this mixture was
      stirred for 10 minutes.
PAR  The solution was saturated with excess sodium chloride and extracted with 4
      .times. 100 ml of methylene chloride. The methylene chloride layers were
      washed with 2 .times. 100 ml of saturated brine and dried over anhydrous
      magnesium sulfate. Evaporation of the solution to dryness yielded a ca.
      1:1 by weight mixture of
      4R-(2-hydroxyethyl)-5S-(3S-hydroxy-1-octynyl)cyclopentane-1R,3S-diol and
      4R-(2-hydroxyethyl)-5S-(3R-hydroxy-1-octynyl)cyclopentane-1R,3S-diol.
PAC  EXAMPLE 52
PAR  To a stirred solution of 2.88 g (0.0760 mole) of lithium aluminum hydride
      in 150 ml of tetrahydrofuran at 0.degree.C. was added 4.10 g (0.0152 mole)
      of a ca. 1:1 by weight mixture of
      4R-(2-hydroxyethyl)-5S-(3S-hydroxy-1-octynyl)cyclopentane-1R,3S-diol and
      4R-(2-hydroxyethyl)-5S-(3R-hydroxy-1-octynyl)cyclopentane-1R,3S-diol in
      100 ml. of tetrahydrofuran and the mixture was heated at reflux
      65.degree.C. for 6 hours and cooled. To this solution was added 250 ml. of
      diethyl ether and the solution was cooled to 0.degree.C. A total of 5.75
      ml. of water was added dropwise followed by 4.60 ml. of 10 percent by
      weight aqueous sodium hydroxide solution and the mixture was stirred for 2
      hours. The mixture was filtered and the solids were triturated with 3
      .times. 100 ml. of methylene chloride. The ether and methylene chloride
      layers were combined, and dried over anhydrous magnesium sulfate. The
      solution was evaporated to dryness to yield a ca. 1:1 parts by weight
      mixture of
      4R-(2-hydroxyethyl)-5R-(3S-hydroxy-1E-octenyl)cyclopentane-1R,3S-diol and
      4R-(2-hydroxyethyl)-5R-(3R-hydroxy-1E-octenyl)cyclopentane-1R,3S-diol.
PAC  EXAMPLE 53
PAR  To a solution of 3.82 g (0.0140 mole) of a ca. 1:1 parts by weight mixture
      of 4R-(2-hydroxyethyl)-5R-(3S-hydroxy-1E-octenyl)cyclopentane-1R,3S-diol
      and 4R-(2-hydroxyethyl)-5R-(3R-hydroxy-1E-octenyl)cyclopentane-1R,3S-diol
      in 40 ml of pyridine at 0.degree.C. was added 4.03 g (0.0145 mole) of
      triphenylmethyl chloride in 20 ml of pyridine and the mixture was stirred
      at 0.degree.C. for 2 hours and at room temperature for 18 hours.
PAR  The mixture was poured into 200 ml of saturated brine and the solution was
      extracted with 4 .times. 100 ml of methylene chloride. The methylene
      chloride layers were washed with 2 .times. 100 ml of 10% by weight aqueous
      sulfuric acid, 100 ml of saturated aqueous sodium bicarbonate solution and
      100 ml of saturated brine. The solution was dried over anhydrous magnesium
      sulfate and evaporated to dryness to give a ca. 1:1 parts by weight
      mixture of
      5R-(3S-hydroxy-1E-octenyl)-4R-(2-trityloxyethyl)cyclopentane-1R,3S-diol
      and 5R-(3R-hydroxy-1E-octenyl)-4R-(2-trityloxyethyl)cyclopentane-1R,3S-dio
     l.
PAC  EXAMPLE 54
PAR  A mixture of 5.15 g (0.0100 mole) of a ca. 1:1 parts by weight mixture of
      5R-(3S-hydroxy-1E-octenyl)-4R-(2-trityloxyethyl(cyclopentane-1R,3S-diol
      and 5R-(3R-hydroxy-1E-octenyl)-4R-(2-trityloxyethyl)cyclopentane-1R,3S-dio
     l, 8.69 g (0.100 mole) of activated manganese dioxide and 250 ml of
      methylene chloride was rapidly stirred at room temperature for 18 hours.
PAR  The solution was filtred through diatomaceous earth and the solids were
      triturated with 3 .times. 50 ml of methylene chloride and filtered. The
      combined methylene chloride layers were dried over anhydrous magnesium
      sulfate and evaporated to dryness to yield
      5R-(3-oxo-1E-octenyl)-4R-(2-trityloxyethyl)cyclopentane-1R,3S-diol.
PAC  EXAMPLE 55
PAR  A mixture of 0.256 g (0.00050 mole) of
      5R-(3-oxo-1E-octenyl)-4R-(2-trityloxyethyl)cyclopentane-1R,3S-diol in 25
      ml of tetrahydrofuran was cooled to -78.degree. and a solution of 0.760 g
      (0.0040 mole) of lithium tri-sec-butylborohydride in 10 ml of
      tetrahydrofuran was added dropwise. The mixture was stirred at -78.degree.
      for 24 hours and was quenched by adding 5 ml of methanol. The mixture was
      warmed to 0.degree.C. and poured into 100 ml of saturated aqueous ammonium
      chloride solution. This solution was extracted with 4 .times. 50 ml of
      methylene chloride. The methylene chloride layers were washed with 2
      .times. 50 ml of brine, dried over anhydrous magnesium sulfate and
      evaporated to dryness to yield 3:1 parts by weight mixture of
      5R-(3S-hydroxy-1E-octenyl)-4R-(2-trityloxyethyl)cyclopentane-1R3S-diol and
      5R-(3R-hydroxy-1E-octenyl)-4R-(2-trityloxyethyl)cyclopentane-1R,3S-diol.
PAR  Samples of
      5R-(3S-hydroxy-1E-octenyl)-4R-(2-trityloxyethyl)cyclopentane-1R,3S-diol
      and 5R-(3R-hydroxy-1E-octenyl)-4R-(2-trityloxyethyl)cyclopentane-1R,3S-dio
     l were separated with high pressure liquid-liquid chromotography using a 2
      mm .times. 2 feet column of silica gel and 9:1 parts by volume
      chloroform-methanol as the solvent system, or by column chromatography on
      0.05-0.20 mm silica gel.
PAC  EXAMPLE 56
PAR  A solution of 0.105 g (0.000495 mole) of
      (3,3aR,4,5,6,6aS-hexahydro-5R-hydroxy-2R-methoxy-2H-cyclopenta[b]furan-4R-
     yl)-E-acrolein in 2 ml of pyridine was cooled to 0.degree.C. and a solution
      of 0.118 g (0.000545 mole) of 4-biphenylcarbonyl chloride in 1 ml of
      pyridine was added dropwise. The mixture was stirred for 6 hours at
      0.degree.C. and was poured into 50 ml of ice water.
PAR  The mixture was extracted with 3 .times. 50 ml of methylene chloride. The
      methylene chloride layers were washed with 50 ml of 10% by weight aqueous
      sulfuric acid and 50 ml of saturated aqueous sodium bicarbonate solution,
      dried over anhydrous magnesium sulfate, and evaporated to dryness to yield
      [3,3aR,4,5,6,6aS-hexahydro-2R-methoxy-5R-(p-phenylbenzoyloxy)-2H-cyclopent
     a[b]furan-4R-yl]-E-acrolein.
PAC  EXAMPLE 57
PAR  To a solution of 0.155 g (0.000394 mole) of
      [3,3aR,4,5,6,6aS-hexahydro-2R-methoxy-5R-(p-phenylbenzoyloxy)-2H-cyclopent
     a[b]furan-4R-yl]-E-acrolein in 5 ml of tetrahydrofuran at -25.degree. was
      added 0.37 ml (0.000406 mole) of 1.1 M n-pentyllithium in pentane and the
      mixture was stirred at -25.degree. for 4 hours. The cold mixture was added
      to 50 ml of saturated aqueous ammonium chloride solution and extracted
      with 3 .times. 50 ml of methylene chloride. The methylene chloride
      extracts were washed with 50 ml of brine, dried over anhydrous magnesium
      sulfate, and evaporated to dryness to yield a ca. 1:1 parts by weight
      mixture of
      1-[3,3aR,4,5,6,6aS-hexahydro-2R-methoxy-5R-(p-phenylbenzoyloxy)-2H-cyclope
     nta[b]furan4R-yl]-1E-octen-3R-ol and
      1-[3,3aR,4,5,6,6aS-hexahydro-2R-methoxy-5R-(p-phenylbenzoyloxy)-2H-cyclope
     nta[b]furan-4R-yl]-1E-octen-3S-ol.
PAC  EXAMPLE 58
PAR  A mixture of 0.180 g (0.000388 mole) of a ca. 1:1 parts by weight mixture
      of 1-[3,3aR,4,5,6,6aS-hexahydro-2R-methoxy-5R-(p-phenylbenzoyloxy)-2H-cycl
     openta[b]-furan-4R-yl]-1E-octen-3R-ol and
      1-[3,3aR,4,5,6,6aS-hexahydro-2R-methoxy-5R-(p-phenylbenzoyloxy)-2H-cyclope
     nta[b]furan-4R-yl]-1E-octen-3S-ol, 0.338 g (0.00388 mole) of activated
      manganese dioxide and 15 ml of methylene chloride was rapidly stirred at
      room temperature for 24 hours.
PAR  The solution was diluted with 85 ml of methylene chloride and was filtered
      through diatomaceous earth.
PAR  The solids were triturated with 2 .times. 25 ml of methylene chloride and
      filtered. The combined methylene chloride layers were dried over anhydrous
      magnesium sulfate and evaporated to dryness to yield
      3,3aR,4,5,6,6aS-hexahydro-2R-methoxy-4R-(3-oxo-1E-octenyl)-5R-(p-phenylben
     zoyloxy)-2H-cyclopenta[b]furan.
PAC  EXAMPLE 59
PAR  A mixture of 0.116 g (0.000251 mole) of
      3,3aR,4,5,6,6aS-hexahydro-2R-methoxy-4R-(3-oxo-1E-octenyl)-5R-(p-phenylben
     zoyloxy)-2H-cyclopenta[b] furan in 15 ml of tetrahydrofuran was cooled to
      -78.degree.C. and a solution of 0.286 g (0.00150 mole) of lithium
      tri-sec-butylborohydride in 5 ml of tetrahydrofuran was added dropwise.
      The mixture was stirred at -78.degree. for 24 hours and was quenched by
      adding 3 ml of methanol. The mixture was warmed to 0.degree.C. and poured
      into 50 ml of saturated aqueous ammonium chloride solution. The solution
      was extracted with 3 .times. 50 ml of methylene chloride. The methylene
      chloride layers were washed with 50 ml of saturated brine, dried over
      anhydrous magnesium sulfate and evaporated to dryness to yield an oil.
PAR  The oil was purified by column chromatography on 10 g of silica gel
      (0.05-0.20 mm). The early fractions eluted with diethyl ether afforded a
      mixture containing (23%) by weight of the oil of
      1-[3,3aR,4,5,6,6aS-hexahydro-2R-methoxy-5R(p-phenylbenzoyloxy)-2H-cyclopen
     ta[b]furan-4R-yl]-1E-octen-3R-ol and the latter ether fractions afforded
      70% by weight of the oil of
      1-[3,3aR,4,5,6,6aS-hexahydro-2R-methoxy-5R-(p-phenylbenzoyloxy)-2H-cyclope
     nta[b]furan-4R-yl]-1E-octen-3S-ol.
PAC  EXAMPLE 60
PAR  A solution of 0.0464 g (0.00010 mole) of
      1-[3,3aR,4,5,6,6aS-hexahydro-2R-methoxy-5R-(p-phenylbenzoyloxy)-2H-cyclope
     nta[b]furan-4R-yl]-1E-octen-3S-ol, 1 ml (0.0010 mole) of 1.0 N aqueous
      sodium hydroxide solution and 5 ml of methanol were stirred for 16 hours
      at room temperature.
PAR  The solution was poured into 25 ml of brine and extracted with 4 .times. 25
      ml of methylene chloride. The methylene chloride extracts were washed with
      50 ml of brine. dried over anhydrous magnesium sulfate, and evaporated to
      dryness to yield
      1-(3,3aR,4,5,6,6aS-hexahydro-5R-hydroxy-2R-methoxy-2H-cyclopenta[b]furan-4
     R-yl)-1E-octen-3S-ol.
PAC  EXAMPLE 61
PAR  A mixture of 3.30 g. (0.0122 mole) of
      4R-(2-hydroxyethyl)-5R-(3S-hydroxy-1E-octenyl)cyclopentane-1R,3S-diol and
      25 ml. of pyridine was cooled to 0.degree.C. and 6.40 g. (0.0610 mole) of
      97% by weight acetic anhydride in 5 ml. of pyridine was added dropwise.
      The mixture was stirred at 0.degree. for 2 hours and 16 hours at room
      temperature.
PAR  The mixture was poured into 50 ml. of water and extracted with 3 .times. 50
      ml. of methylene chloride. The methylene chloride layers were washed with
      2 .times. 50 ml. of methylene chloride. The methylene chloride layers were
      washed with 2 .times. 50 ml. of 10% by weight aqueous sulfuric acid, 50
      ml. of saturated aqueous sodium bicarbonate solution and 50 ml. of
      saturated brine. The solution was dried over anydrous magnesium sulfate
      and evaporated to dryness to give oily
      4R-(2-acetoxyethyl)-5R-(3S-acetoxy-1E-octenyl)cyclopentane-1R,3S-diol
      diacetate.
PAC  EXAMPLE 62
PAR  A mixture of 2.50 g (0.00567 mole) of
      4R-(2-acetoxyethyl)-5R-(3S-acetoxy-1E-octenyl)cyclopentane-1R,3S-diol
      diacetate, 10 ml. of water, and 90 ml. of tert-butyl alcohol was stirred
      at 0.degree.C. and 5.67 ml. (0.00567 mole) of 1.0 M aqueous sodium
      hydroxide solution was added dropwise. The mixture was stirred at
      0.degree.C. for 4 hr. and was evaporated to dryness at room temperature.
      The residue was dissolved in 100 ml. of methylene chloride. This solution
      was washed with 2 .times. 50 ml. of water, dried over anhydrous magnesium
      sulfate, and evaporated to dryness to yield
      5R-(3S-acetoxy-1E-octenyl)-4R-(2-hydroxyethyl)cyclopentane-1R,3S-diol
      diacetate.
PAC  EXAMPLE 63
PAR  A mixture of 0.256 g. (0.0020 mole) of
      2R-(2-hydroxyethyl)-3-cyclopenten-1S-ol in 5 ml. of pyridine was cooled to
      0 degrees C. and 0.210 g. (0.0020 mole) of 97% by weight acetic anhydride
      in 1 ml. of pyridine was added dropwise. The mixture was stirred at
      0.degree.C. for 2 hr. and at room temperature for 16 hr.
PAR  The solution was poured into 50 ml. of saturated brine and was extracted
      with 3 .times. 50 ml. of methylene chloride. The methylene chloride layers
      were washed with 2 .times. 50 ml. of 10% by weight aqueous sulfuric acid,
      50 ml. of saturated aqueous sodium bicarbonate solution, dired over
      anhydrous magnesium sulfate, and evaporated to dryness to yield an oil.
PAR  The oil was purified by column chromatography on 15 g of silica gel (0.05-
      0.20 mm). A total of 0.080 g of impurities were eluted with benzene and 2%
      by volume ethyl acetate in benzene. The 5% by volume ethyl acetate-benzene
      fractions afforded oily 2R-(2-acetoxyethyl)-3-cyclopenten-1S-ol after
      distillation; b.p. 85.degree.C. (0.1 mmHg.).
PAC  EXAMPLE 64
PAR  A mixture of 0.256 g. (0.0020 mole) of
      2S-(2-hydroxyethyl)-3-cyclopenten-1R-ol in 5 ml. of pyridine was cooled to
      0.degree.C. and 0.210 g. (0.0020 mole) of 97% by weight acetic anhydride
      in 1 ml. of pyridine was added dropwise. The mixture was stirred at
      0.degree.C. for 2 hr. and at room temperature for 16 hr.
PAR  The solution was poured into 50 ml. of saturated brine and was extracted
      with 3 .times. 50 ml. of methylene chloride. The methylene chloride layers
      were washed with 2 .times. 50 ml. of 10% by weight aqueous sulfuric acid,
      50 ml. of saturated aqueous sodium bicarbonate solution, dried over
      anhydrous magnesium sulfate, and evaporated to dryness to yield an oil.
PAR  The oil was purified by column chromatography on 15 g. of silica gel (0.05
      - 0.20 mm). A total of 0.028 g. of impurities were eluted with benzene and
      10% by volume ethyl acetate-benzene. The 25% ethyl acetate-benzene
      fractions afforded oily 2S-(2-acetoxyethyl)-3-cyclopenten-1R-ol after
      distillation; b.p. = 85.degree.C. (0.1 mmHg.).
PAC  EXAMPLE 65
PAR  A mixture of 0.093 g. (0.00050 mole) of
      2R-(2-acetoxyethyl)-3R,4S-epoxy-1R-cyclopentanol, 4 ml. of water and 1 ml.
      (0.0010 mole) of 1.0 N aqueous sodium hydroxide solution was stirred for
      16 hours at room temperature.
PAR  The excess base was neutralized by adding 1 g. of solid carbon dioxide and
      stirring the mixture for 10 min. The solution was evaporated to dryness
      and the residue was triturated with 3 .times. 25 ml. of methylene
      chloride. The methylene chloride solution was evaporated to dryness to
      yield oily [2R-hydroxy-4S,5R-epoxycyclopentane-1R-ethanol](epoxy diol).
      Distillation at 140.degree.C. (0.1 mmHg.) yielded pure epoxy diol.
PAC  EXAMPLE 66
PAR  A mixture of 0.093 g. (0.00050 mole) of
      2S-(2-acetoxyethyl)-3S,4R-epoxy-1S-cyclopentanol, 4 ml. of water and 1 ml.
      of (0.0010 mole) of 1.0 N aqueous sodium hydroxide solution was stirred
      for 16 hours at room temperature. The excess base was neutralized by
      adding 1 g. of solid carbon dioxide (Dry Ice) and stirring the mixture for
      10 min. The solution was evaporated to dryness and the residue was
      triturated with 3 .times. 25 ml. of methylene chloride. The methylene
      chloride solution was evaporated to dryness to yield oily
      2S-hydroxy-4R,5S-epoxycyclopentane-1S-ethanol (epoxy diol). Distillation
      at 140.degree.C. (0.1 mmHg.) yielded pure epoxy diol.
PAC  EXAMPLE 67
PAR  A mixture of 0.170 g. (0.0010 mole) of
      2S-(2-acetoxyethyl)-3-cyclopenten-1R-ol, 4 ml. of methylene chloride and
      0.40 g. of anhydrous sodium bicarbonate was cooled to 0 degrees C. and
      0.224 g. (0.0011 mole) of m-chloroperbenzoic acid (purity of 85% by
      weight) in 2 ml. of methylene chloride was added dropwise. The mixture was
      stirred at 0.degree.C. for 1 hr. and at room temperature for 16 hr. in the
      dark.
PAR  The mixture was diluted with 75 ml. of 1:1 parts by volume ethyl
      acetatemethylene chlroide and this solution was washed with 2 .times. 25
      ml. of 10% by weight aqueous sodium hydroxide and 2 .times. 25 ml. of
      saturated brine. The solution was dried over anhydrous magnesium sulfate
      and evaporated to dryness to yield oily
      2R-(2-acetoxyethyl)-3R,4S-epoxy-1R-cyclopentanol. This product was
      purified by distillation at 100.degree.C. (0.1 mmHg.).
PAC  EXAMPLE 68
PAR  A mixture of 0.170 g. of (0.0010 mole) of
      2R-(2-acetoxyethyl)-3-cyclopenten-1S-ol, 4 ml. of methylene chloride and
      0.40 g. of anhydrous sodium bicarbonate was cooled to 0 degrees C. and
      0.224 g. (0.0011 mole) of m-chloroperbenzoic acid (purity of 85% by
      weight) in 2 ml. of methylene chloride was added dropwise. The mixture was
      stirred at 0.degree.C. for 1 hr. and at room temperature for 16 hr. in the
      dark.
PAR  The mixture was diluted with 75 ml. of 1:1 parts by volume ethyl
      acetate-methylene chloride and this solution was washed with 2 .times. 25
      ml. of 10% by weight aqueous sodium hydroxide and 2 .times. 25 ml. of
      saturated brine. The solution was dried over anhydrous magnesium sulfate
      and evaporated to dryness to yield oily
      2S-(2-acetoxyethyl)-3S,4R-epoxy-1S-cyclopentanol. This product was
      purified at 100.degree.C. (0.1 mmHg.) by distillation.
PAC  EXAMPLE 69
PAR  A solution of cyclopentadienylsodium was prepared from 20.5 g. (0.90 g. at)
      of sodium metal and 39.6 g. (0.60 mole) of cyclopentadiene at
      -10.degree.C. in 300 ml. of tetrahydrofuran. The solution was filtered
      through glass wool and added dropwise to a solution of 91.8 g. (0.60 mole)
      of methyl bromoacetate and 50 ml. of tetrahydrofuran maintained at
      -78.degree.C. The cold mixture was stirred at -78.degree.C. for 2.5 hr.
      then was warmed to -60.degree.C. for 16 hrs. to form a solution of methyl
      2,4-cyclopentadiene-1-acetate.
PAR  A total of 200 ml. (0.20 mole) of 1M borane in tetrahydrofuran was added
      dropwise to the reaction mixture which was maintained at -60.degree.C. The
      mixture was allowed to warm to 0.degree.C. over a 1-hr. period and was
      stirred at 0.degree.C. for 16 hrs to form racemic
      tris(trans-2-methoxycarbonylmethyl-3-cyclopenten-1-yl)borane.
PAR  A solution of 60 ml. of 3 N aqueous sodium hydroxide solution was added to
      the reaction mixture (0.degree.C.) followed by the dropwise addition of 60
      ml. of 30% by weight hydrogen peroxide in water at 0.degree.C.
PAR  A total of 5 g. of sodium bisulfite was added to the mixture followed by 20
      g. of sodium chloride. The mixture was then extracted with 2 .times. 250
      ml. of ether. The ether layers were combined and washed with 100 ml. of
      water and 100 ml. of saturated brine. The solution was dried over
      anhydrous magnesium sulfate and evaporated to dryness to yield 72.1 g. of
      an oil. Distillation at 80.degree.-83.degree.C. (0.1 mmHg) yielded racemic
      methyl trans-2-hydroxy-4-cyclopentene-1-acetate.
PAC  EXAMPLE 70
PAR  A mixture of 4.60 g. (0.0696 mole) of 85% by weight potassium hydroxide in
      water, 25 ml. of water, 25 ml. of methanol, and 5.44 g. (0.0348 mole) of
      racemic methyl trans-2-hydroxy-4-cyclopentene-1-acetate was stirred at
      room temperature for 48 hr. to form a solution containing racemic sodium
      trans-2-hydroxy-4-cyclopentene-1-acetate.
PAR  The solution was diluted with 50 ml. of water and extracted with 3 .times.
      80 ml. of diethyl ether. The combined ether extracts were washed with 50
      ml. of water and discarded. The combined water layers were acidified with
      an excess of a 1:1 parts by volume concentrated aqueous hydrochloric
      acid-ice slurry and extracted with 3 .times. 80 ml. of diethyl ether. The
      combined ether layers were washed with 50 ml. of water and discarded.
PAR  The combined water layers were evaporated to dryness and the solid residue
      was triturated with 3 .times. 150 ml. of methylene chloride. The methylene
      chloride solution was filtered and evaporated to dryness to yield racemic
      trans-2-hydroxy-4-cyclopentene-1-acetic acid as a solid (m.p.
      59.degree.-60.degree.C.).
PAC  EXAMPLE 71
PAR  To a solution of 1.00 g. (0.00704 mole) of racemic
      trans-2-hydroxy-4-cyclopentene-1-acetic acid in 5 ml. pf pyridine at
      0.degree.C. was added dropwise 0.805 g. (0.00773 mole) of methanesulfonyl
      chloride and the mixture was stirred at 0.degree.C. for 4 hr. and at room
      temperature for 48 hr. to form a solution containing racemic
      trans-2-methylsulfonyloxy-4-cyclopentene-1-acetic acid. To this dark
      solution was added 0.5 g. of ice and the mixture was stirred for 4 hr.
PAR  The mixture was diluted with 50 ml. of water and was extracted with 3
      .times. 50 ml. of methylene chloride. The combined methylene chloride
      layers were washed with 50 ml. of 10% by weight aqueous sulfuric acid, 50
      ml. of saturated aqueous sodium bicarbonate solution and 50 ml. of
      saturated brine. The solution was dried over anhydrous magnesium sulfate
      and evaporated to dryness to yield 0.700 g. of a dark oil.
PAR  The oil was dissolved in 100 ml. of 1:1 parts by volume
      methylenechloride-ethyl acetate and was washed with 50 ml. of 10% sodium
      hydroxide solution, 50 ml. of water, and 50 ml. of saturated brine. The
      solution was dried over anhydrous magnesium sulfate and evaporated to
      dryness to yield racemic cis-2-hydroxy-4-cyclopentene-1-acetic acid
      lactone as an oil; b.p. = 50.degree.-52.degree.C. (0.1 mmHg.).
PAC  EXAMPLE 72
PAR  To a solution of 0.325 g. (0.0021 mole) of racemic methyl
      trans-2-hydroxy-4-cyclopentene-1-acetate in 2 ml. of pyridine at
      0.degree.C. was added dropwise, 0.260 g. (0.0023 mole) of methanesulfonyl
      chloride in 0.5 ml. of pyridine. The mixture was stirred for 1 hr. at
      0.degree.C. and was poured onto crushed ice. The mixture was diluted with
      50 ml. of water and extracted with 3 .times. 50 ml. of diethyl ether. The
      combined ether layers were washed with 50 ml. of 10% by weight aqueous
      sulfuric acid, 50 ml. of saturated sodium bicarbonate solution, and 50 ml.
      of saturated brine. The solution was then dried over anhydrous magnesium
      sulfate and evaporated to dryness at room temperature to yield 0.465 g. (
     94%) of a colorless oil that solidified on standing at -10.degree.C. in the
      refrigerator.
PAR  Recrystallization from ether-hexane at 0.degree.C. yielded a first crop of
      product, i.e. racemic methyl
      trans-2-methylsulfonyloxy-4-cyclopentene-1-acetate, m.p.
      36.degree.-37.degree.C. Recrystallization of the mother liquor yielded a
      second crop of product, m.p. 34.degree.-36.degree.C.
PAR  An analytical sample was secured by an additional recrystallization from
      ether-hexane at 0.degree.C. to yield fine colorless needles of product,
      m.p. 37.degree.-38.degree.C.
PAC  EXAMPLE 73
PAR  To a solution of 0.290 g. (0.00124 mole) of racemic methyl
      trans-2-methylsulfonyloxy-4-cyclopentene-1-acetate in 10 ml. of
      tetrahydrofuran and 4 ml. of water at 0.degree.C. was added dropwise, 1.00
      ml. (0.0020 mole) of 2 N sodium hydroxide solution. The two-phased
      solution was vigorously stirred at 0.degree.C. for 1 hr. and at room
      temperature for 16 hrs. to form racemic sodium
      cis-2-hydroxy-4-cyclopentene-1-acetate in admixture with racemic
      cis-2-hydroxy-4-cyclopentene-1-acetic acid lactone.
PAR  The mixture was diluted with 50 ml. of water and was extracted with 3
      .times. 50 ml. of diethyl ether. The ether extracts were combined, washed
      with 25 ml. of water. The water layers were combined, cooled to
      0.degree.C., and acidified with excess 6 N aqueous sulfuric acid. The
      acidic solution was saturated with sodium chloride and extracted with 3
      .times. 50 ml. of methylene chloride. The methylene chloride and ether
      layers were combined and washed with 50 ml. of saturated aqueous sodium
      bicarbonate solution. The solution was then dried over anhydrous magnesium
      sulfate and evaporated to dryness to yield the product racemic
      cis-2-hydroxy-4-cyclopentene-1-acetic acid lactone as an oil.
PAR  Distillation at 50.degree.-52.degree.C. (0.1 mmHg) afforded the pure
      lactone product.
PAC  EXAMPLE 74
PAR  A mixture of 0.760 g. (0.0200 mole) of lithium aluminum hydride, 60 ml. of
      diethyl ether and 2.48 g. (0.0200 mole) of racemic
      cis-2-hydroxy-4-cyclopentene-1-acetic acid lactone was stirred at
      0.degree.C. for 1 hr. To the solution at 0.degree.C. was added dropwise
      1.5 ml. of water followed by 1.2 ml. of 10% by weight aqueous sodium
      hydroxide solution and the mixture was stirred at 0.degree.C. for 1 hr.
      The solution was then stirred with 0.50 g. of anhydrous magnesium sulfate
      for 0.5 hr., diluted with 50 ml. of methylene chloride and filtered. The
      solid residue was triturated with 2 .times. 50 ml. of methylene chloride
      and filtered. The combined filtrate was evaporated to dryness to yield
      2.60 g. of a colorless viscous oil.
PAR  The oil was purified by column chromatography on 30 g. of silica gel
      (0.05-0.20 mm). A total of 0.10 g. of impurities was eluted with benzene
      and 10% by volume ethyl acetate-benzene. The 25% by volume ethyl
      acetatebenzene fractions afforded as an oil product racemic
      cis-2-(2-hydroxyethyl)-3-cyclopenten-1-ol.
PAR  Distillation at 83.degree.-84.degree.C. (0.1 mmHg) yielded the pure diol
      product.
PAC  EXAMPLE 75
PAR  A mixture of 0.256 g. (0.0020 mole) of racemic
      cis-2-(2-hydroxyethyl)-3-cyclopenten-1-ol, 5ml. of methylene chloride, and
      0.20 g. of anhydrous sodium bicarbonate was cooled to 0.degree.C. and
      0.447 g. (0.0022 mole) of m-chloroperbenzoic acid (purity 85% by weight)
      in 5 ml. of methylene chloride was added dropwise. The mixture was stirred
      at 0.degree.C. for 1 hr. and at room temperature for 18 hr.
PAR  The mixture was diluted with 100 ml. of diethyl ether and this solution was
      washed with 4 .times. 25 ml. of water. The water layers were combined and
      evaporated to dryness. The solid residue was triturated with 3 .times. 25
      ml. of hot methylene chloride and filtered. The methylene chloride
      filtrate was evaporated to dryness to yield 0.300 g. of a colorless oil.
      The oil was purified by column chromatography on 30 g. of silica gel (0.05
      - 0.20 mm). The product racemic
      all-cis-2-hydroxy-4,5-epoxycyclopentane-1-ethanol was eluted with 2% by
      volume methanol-chloroform. Distillation at 140.degree.-150.degree.C. (0.1
      mmHg.) yielded pure product.
PAC  EXAMPLE 76
PAR  A mixture of 0.513 g. (0.0040 mole) of racemic
      cis-2-(2-hydroxyethyl)-3-cyclopenten-1-ol, and 8 ml. of pyridine was
      cooled to 0.degree.C. and 0.461 g. (0.0044 mole) of acetic anhydride in 2
      ml. of pyridine was added dropwise. The mixture was stirred at 0.degree.C.
      for 1 hr. and for 18 hr. at room temperature.
PAR  The solution was poured into 50 ml. of saturated brine and was extracted
      with 3 .times. 50 ml. of methylene chloride. The methylene chloride layers
      were washed with 2 .times. 50 ml. of 10% by weight aqueous sulfuric acid,
      50 ml. of saturated aqueous sodium bicarbonate solution, dried over
      anhydrous magnesium sulfate, and evaporated to dryness to yield 0.700 g.
      of an oil.
PAR  The oil was purified by column chromatography on 30 g. of silica gel (0.05
      - 0.20 mm). A total of 0.078 g. of impurities was eluted with benzene and
      10% by volume ethyl acetate-benzene. The 25% by volume ethyl
      acetate-benzene fractions afforded oily racemic
      cis-2-(2-acetoxyethyl)-3-cyclopenten-1-ol after distillation; b.p. =
      85.degree.C. (0.1 mmHg.).
PAC  EXAMPLE 77
PAR  A mixture of 0.170 g. (0.0010 mole) of racemic
      cis-2-(2-acetoxyethyl)-3-cyclopenten-1-ol, 4 ml. of methylene chloride and
      0.40 g. of anhydrous sodium bicarbonate was cooled to 0.degree.C. and
      0.224 g. (0.0011 mole) of m-chloroperbenzoic acid (purity of 85% by
      weight) in 2 ml. of methylene chloride was added dropwise. The mixture was
      stirred at 0.degree.C. for 1 hr. and at room temperature for 18 hr. in the
      dark.
PAR  The mixture was diluted with 75 ml. of 1:1 parts by volume ethyl
      acetatemethylene chloride and this solution was washed with 2 .times. 25
      ml. of 10% by weight aqueous sodium hydroxide solution and 2 .times. 25
      ml. of saturated brine. The solution was dried over anhydrous magnesium
      sulfate and evaporated to dryness to yield oily racemic
      all-cis-2-(2-acetoxyethyl)-3,4-epoxy-1-cyclopentanol. Distillation at
      100.degree.-105.degree.C. (0.1 mmHg) yielded the pure cyclopentanol
      product.
PAC  EXAMPLE 78
PAR  A solution of 0.093 g. (0.00050 mole) of racemic
      all-cis-2-(2-acetoxyethyl)-3,4-epoxy-1-cyclopentanol, 4 ml. of water and 1
      ml. (0.0010 mole) of 1.0 N aqueous sodium hydroxide solution was stirred
      overnight at room temperature. The excess base was neutralized by adding 1
      g. of solid carbon dioxide (Dry Ice) and stirring the mixture for 10 min.
      The solution was evaporated to dryness and the residue was triturated with
      3 .times. 25 ml. of methylene chloride. The methylene chloride solution
      was evaporated to dryness to yield oily
      all-cis-2-hydroxy-4,5-epoxycyclopentane-1-ethanol; b.p. =
      140.degree.-150.degree.C. (0.1 mmHg.).
PAC  EXAMPLE 79
PAR  By the procedure of Examples 41, 43, 45, 47 and 49,
      5R-(3R-hydroxy-1E-octenyl)-4R-(2-trityloxyethyl)cyclopentane-1R,3S-diol
      was converted to 15-epi-prostaglandin F.sub.2.sub..alpha.
      [.alpha.].sub.D.sup.25 = +11.degree. (tetrahydrofuran) via the following
      intermediates:
PA1  5R-(3R-acetoxy-1E-octenyl)-4R-(2-trityloxyethyl)cyclopentane-1R,3S-diol
      diacetate;
PA1  5R-(3R-acetoxy-1E-octenyl)-4R-(2-hydroxyethyl)cyclopentane-1R,3S-diol
      diacetate;
PA1  2R-(3R-acetoxy-1E-octenyl)-3R,5S-diacetoxy-1R-cyclopentaneacetaldehyde; and
PA1  7-[2R-(3R-acetoxy-1E-octenyl)-3R,5S-diacetoxy-1R-cyclopentyl] -5Z-heptenoic
      acid.
PAC  EXAMPLE 80
PAR  By the procedure of Examples 50, 51, 52, 53 and 54,
      2R-hydroxy-4S,5R-epoxycyclopentane-1R-ethanol is converted to
      5S-(3-oxo-1E-octenyl)-4S-(2-trityloxyethyl)cyclopentane-1S,3R-diol via the
      following intermediates:
PA1  A mixture of
      4S-(2-hydroxyethyl)-5R-(3R-tert-butyloxy-1-octynyl)cyclopentane-1S,3R-diol
      and
      4S-(2-hydroxyethyl)-5R-(3S-tert-butyloxy-1-octynyl)cyclopentane-1S,3R-diol
     ;
PA1  A mixture of
      4S-(2-hydroxyethyl)-5R-(3R-hydroxy-1-octynyl)cyclopentane-1S,3R-diol and
      4S-(2-hydroxyethyl)-5R-(3S-hydroxy-1-octynyl)cyclopentane-1S,3R-diol;
PA1  A mixture of
      4S-(2-hydroxyethyl)-5S-(3R-hydroxy-1E-octenyl)cyclopentane-1S,3R-diol and
      4S-(2-hydroxy-ethyl)-5S-(3S-hydroxy-1E-octenyl)cyclopentane-1S, 3R-diol;
      and
PA1  5S-(3R-hydroxy-1E-octenyl)-4S-(2-trityloxyethyl)cyclopentane-1S,3R-diol and
      5S-(3S-hydroxy-1E-octenyl)-4S-(2-trityloxyethyl)cyclopentane-1S,3R-diol.
PAC  EXAMPLE 81
PAR  By the procedure of Example 55, the compound
      5S-(3-oxo-1E-octenyl)-4S-(2-trityloxyethyl)cyclopentane-1S,3R-diol was
      converted with a 3:1 parts by weight mixture of the following isomers:
PA1  5S-(3R-hydroxy-1E-octenyl)-4S-(2-trityloxyethyl)-cyclopentane-1S,3R-diol
      and 5S-(3S-hydroxy-1E-octenyl)-4S-(2-trityloxyethyl)cyclopentane-1S,3R-dio
     l.
PAL  These isomers were separated and isolated as described in Example 55.
PAC  EXAMPLE 82
PAR  By the procedure of Examples 41, 43, 45, 47 and 49,
      5S-(3S-hydroxy-1E-octenyl)-4S-(2-trityloxyethyl)cyclopentane-1S,3R-diol
      was converted to an optically active anitpode of 15-epi-prostaglandin
      F.sub.2.sub..alpha. [.alpha.] .sub.D.sup.25 = -11.degree.
      (tetrahydrofuran) via the following intermediates:
PA1  5S-(3S-acetoxy-1E-octenyl)-4S-(2-trityloxyethyl)cyclopentane-1S,3R-diol
      diacetate;
PA1  5S-(3S-acetoxy-1E-octenyl)-4S-(2-hydroxyethyl)cyclopentane-1S,3R-diol
      diacetate;
PA1  2S-(3S-acetoxy-1E-octenyl)-3S,5R-diacetoxy-1S-cyclopentaneacetaldehyde; and
PA1  7- [2S-(3S-acetoxy-1E-octenyl)-3S,5R-diacetoxy-1S-cyclopentyl]
      -5Z-heptenoic acid.
PAC  EXAMPLE 83
PAR  By the procedure of Examples 41, 43, 45, 47 and 49,
      5S-(3R-hydroxy-1E-octenyl)-4S-(2-trityloxyethyl)cyclopentane-1S,3R-diol
      was converted to an optically active antipode of prostaglandin
      F.sub.2.sub..alpha. via the following intermediates:
PA1  5S-(3R-acetoxy-1E-octenyl)-4S-(2-trityloxyethyl)cyclopentane-1S,3R-diol
      diacetate;
PA1  5S-(3R-acetoxy-1E-octenyl)-4S-(2-hydroxyethyl)cyclopentane-1S,3R-diol
      diacetate;
PA1  2S-(3R-acetoxy-1E-octenyl)-3S,5R-diacetoxy-1S-cyclopentaneacetaldehyde; and
PA1  7- [2S-(3R-acetoxy-1E-octenyl)-3S,5R-diacetoxy-1S-cyclopentyl]
      -5Z-heptenoic acid.
CLMS
STM  We claim:
NUM  1.
PAR  1. An optically active compound of the formula:
      ##SPC43##
PA1  wherein R.sub.1 is phenyl, benzyl or lower alkyl; R.sub.5 is an optically
      active organo hydrocarbyl radical; x is an integer from 1 to 2; y is an
      integer of from 0 to 1 with the proviso that the sum of x and y is 2;
PAL  or its optically active antipode.
NUM  2.
PAR  2. The compound of claim 1 wherein said compound is
      2R-methoxycarbonylmethyl-3-cyclopenten-1S-yl-bis {
      (1R,2S,3S,5S)-2,6,6-trimethylbicyclo [3.1.1] heptan-3-yl }borane.
NUM  3.
PAR  3. The compound of claim 1 wherein said compound is
      2S-methoxycarbonylmethyl-3-cyclopenten-1R-yl-bis {
      (1S,2R,3R,5R)-2,6,6-trimethylbicyclo [3.1.1] heptan-3-yl }borane.
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ABST
PAL  Novel bis basic esters of 9-substituted phenanthrene and related 9-oxa and
      9-aza derivatives thereof, their preparation and use for the prevention
      and inhibition of viral infections are disclosed.
PARN
PAR  This is a division of application Ser. No. 317,146, filed Dec. 21, 1972,
      now issued as U.S. Pat. No. 3,859,312.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to new organic chemical compounds, to their
      preparation and to pharmaceutical compositions containing these compounds.
      The compounds described herein are antiviral agents which are useful in
      inactivating or inhibiting viruses by their administration to either an
      infected host or to a non-infected host.
PAC  BACKGROUND OF THE INVENTION
PAR  There is a growing body of information that viruses play a vital role in a
      broad range of diseases, some of which represent the most serious of man's
      ills. Arthritis, juvenile arthritis, diabetes, Hodgkin's disease and
      various immunological diseases and degenerative diseases of the central
      nervous system have been linked to viruses as the causative agents.
PAR  At present, the control of virus infections is primarily achieved by means
      of immunization vaccines. For example, poliomyelitis, smallpox, measles
      and influenza are well recognized diseases in which viral vaccines have
      proven effective. In general, however, viral vaccines have had only a
      moderate success in animal prophylaxis. Each vaccine acts primarily
      against a specific virus and is not heterophilic in the protection it
      offers. Hence, vaccines do not provide a practical solution against the
      wide array of infectious viruses, even when limited as for example, solely
      to respiratory viruses.
PAR  One approach to the control of virus-related diseases and, particularly to
      the spread of such virus diseases, has been to search for medicinal agents
      or chemotherapeutic agents which are capable of inhibiting the growth of
      viruses, thereby preventing the spread of disease as well as preventing
      further damage to cells and tissues of the animal host which have not as
      yet been infected. Heretofore, only a limited number of virus infections
      such as smallpox, Asian influenza and herpes keratitis have been
      susceptible to prevention by chemical antiviral agents. Sulfonamides and
      antibiotics which have revolutionized the treatment of bacterial
      infections have substantially no effect upon virus infections. Certain
      infections caused by large viruses, such as lymphogranuloma venereum,
      psittacosis and trachoma have been successfully treated using antibiotics
      and sulfa drugs. However, the majority of infections have not been
      responsive to attack by chemotherapeutic agents. Thus, it can be seen that
      there is a need for new chemotherapeutic agents which are effective
      against a broad range of virus diseases, and which at the same time, are
      non-toxic to the host.
PAR  As a result of a long series of investigations, applicants have discovered
      a novel class of bis-basic esters of phenanthrene and 9-oxa and 9-aza
      phenanthrene which are particularly useful antiviral agents. These
      compounds are effective against a wide spectrum of virus infections and
      are useful in treating such infections either prophylactically or
      therapeutically.
PAR  U.S. Pat. Nos. 3,531,489; 3,647,860 and 3,662,062 represent the closest art
      known to applicants and disclose esters and thioesters of fluorene,
      fluorenol, fluorenone and fluoranthene which are useful as antiviral
      agents. Certain of the compounds disclosed in U.S. Pat. No. 3,662,062
      serve as starting materials for the preparation of the compounds of the
      present invention. The bis-basic esters described and claimed herein,
      however, are derived from totally different and non-related 6,6,6 membered
      aromatic ring systems which differ substantially from either the fluorene
      or fluoranthene nucleus. To applicants' knowledge the compounds described
      and claimed herein are novel compounds which have not previously been
      described nor reported in the literature. Furthermore, applicants are
      unaware of any previously reported bis basic derivatives of phenanthrene
      or derivatives of 9-oxa and 9-aza phenanthrene whatsoever which possess
      antiviral activity. The instant compounds possess a wide spectrum of
      antiviral activity in varying degrees which could not, therefore, have
      been predicted from a knowledge of the present state of the art.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to new derivatives of 9-substituted phenanthrene and
      to their related 9-oxa and 9-aza congeners. This invention also relates to
      methods for their preparation and to their use as pharmaceutical agents.
      More particularly, the compounds of the present invention are
      2,7-bis-basic esters of 9-phenanthrene, or 9-alkoxyphenanthrene,
      3,8-bis-basic esters of 6(5H)-phenanthridinone and 3,8-bis-basic esters of
      6H-dibenzo[b,d]pyran-6-one which are useful in the prevention or
      inhibition of virus infections. Still more particularly, the compounds of
      the present invention may be represented by the following general
      formulas:
      ##SPC1##
PAL  wherein n is an integer of from 2 to 6; R and R.sub.1 are each selected
      from the group consisting of hydrogen, lower alkyl having from 1 to 6
      carbon atoms, cycloalkyl having from 3 to 6 carbon atoms, alkenyl having
      from 3 to 6 carbon atoms in which the unsaturation is in a position other
      than in the 1-position of the alkenyl group, and when R and R.sub.1 are
      taken together with the nitrogen atom to which they are attached represent
      the pyrrolidinyl, piperidino or morpholino radical; Z is selected from the
      group consisting of oxygen, nitrogen and methylene; Y is nitrogen or
      methylidene; and R.sub.2 is selected from the group consisting of hydrogen
      or lower alkyl having from 1 to 4 carbon atoms. The expression methylene
      is intended to refer to the -CH.sub.2 -radical, whereas the expression
      methylidene is intended to refer to the --CH = radical.
PAR  The compounds represented in formulas (I) and (II) above include both the
      free base form as well as the pharmaceutically acceptable acid addition
      salts thereof. In general, the salts of these compounds are crystalline
      materials which are soluble in water and various hydrophilic organic
      solvents, and which, in comparison to their free base forms, demonstrate
      higher melting points and an increased stability.
PAR  It should be noted that the bis-basic ester side chains appear in the same
      relative configuration for the 9-substituted phenanthrene,
      6(5H)-phenanthridinone and the 6H-dibenzo[b,d]pyran-6-one series of
      compounds. However, due to the difference in numbering systems as shown
      below, the compounds of the present invention are designated as
      2,7-bis-basic esters for the phenanthrene series of compounds, whereas
      they are designated as 3,8-bis-basic esters in both the phenanthridine and
      6H-benzo[b,d]pyran series of compounds.
      ##SPC2##
PAR  The 2,7-bis basic esters of 9-methoxyphenanthrone (V) are prepared via a
      ring enlargement of the related 2,7-bis basic esters of fluoren-9-one
      (III), which are found described in U.S. Pat. No. 3,662,062. This series
      of reactions can best be illustrated by means of the following reaction
      scheme in which the symbols n, R, R.sub.1 and R.sub.2 have the values
      previously assigned.
      ##SPC3##
PAR  The 3,8-bis basic esters of 6(5H)-phenanthridinone (VI) are prepared via a
      hydrazoic acid ring expansion using the same bis basic esters of
      fluoren-9-one (III) in the presence of a strong mineral acid. This
      reaction, in which the symbols n, R and R.sub.1 have the values previously
      assigned, can be illustrated as follows:
      ##SPC4##
PAR  The 3,8-bis-basic esters of 6H-dibenzo[b,d]pyran-6-one (IX) can be prepared
      by means of a peroxide oxidation of fluoren-9-one-2,7-dicarboxylic acid
      (VII) to form the corresponding
      6H-dibenzo[b,d]pyran-6-one-3,8-dicarboxylic acid (VIII). The latter
      dicarboxylic acid can be esterified with an aminoalkyl halide to form the
      6H-dibenzo[b,d]pyran-6-one esters of the present invention, as illustrated
      by the following general reaction scheme:
      ##SPC5##
PAL  In the above reaction scheme, Hal is chlorine or bromine and n, R and
      R.sub.1 have the values previously assigned.
PAR  To achieve an antiviral effect the compounds of this invention are
      administered to a suitable host using a variety of compositions. Such
      compositions may be administered either prior to infection, as a
      prophylactic use or treatment, or they may be therapeutically administered
      subsequent to infection of the host as a curative use or treatment.
PAR  A wide variety of compositions are also included within the scope of the
      present invention. Thus, the instant compounds may be applied externally
      or topically directly to the situs of infection, or they may be
      administered internally or systemically, irrespective of whether the
      treatment is prophylactic or curative in nature. In either event,
      replication of the virus is inhibited or prevented with the concomitant
      result that the various disease symptoms characteristic of the pathogenic
      virus infection are no longer present.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  As can be seen from general formulas (I) and (II) above, the compounds of
      the present invention encompass bis-basic esters in which each side chain
      is linked to a benzenoid portion of the tricyclic nucleus. Additionally,
      these side chains are linked at the 2 and 7 positions in the phenanthrene
      series and at the corresponding 3 and 8 positions in the phenanthridine
      and 6H-dibenzo[b,d]pyran series. It can be further seen that the side
      chains consist essentially of a basic amino function at the terminal end
      of the chain and an ester bridging group at the proximal end of the chain,
      separated by an alkylene chain of prescribed length.
PAR  The basic amino function represented by the symbol
      ##EQU1##
      can be a primary, secondary or a tertiary amino group. Preferably, each
      amino group is a tertiary amine. The symbols R and R.sub.1 represent
      either hydrogen or a lower alkyl group. The term lower alkyl as used
      herein with regard to the basic amino function relates to groups having
      from 1 to 6 carbon atoms. Illustrative of such groups can be mentioned
      both straight or branched chain alkyl radicals such as: methyl, ethyl,
      n-propyl, isopropyl, n-butyl, sec-butyl, isoamyl, n-pentyl and n-hexyl.
      When R and R.sub.1 each represent lower alkyl, a preferred subgenus is
      formed.
PAR  Each R and R.sub.1 can also represent a cycloalkyl group having from 3 to 6
      carbon atoms. Illustrative of such groups are the cyclopropyl, cyclobutyl,
      cyclopentyl and cyclohexyl radicals.
PAR  The symbols R and R.sub.1 also represent an alkenyl group having from 3 to
      6 carbon atoms. In addition to the unsaturation which must be present,
      this unsaturation must be in a position other than the 1-position of the
      alkenyl group in order to prevent hydrolysis from occurring. Illustrative
      of such groups are the allyl, 3-butenyl and the 4-hexenyl radicals.
PAR  R and R.sub.1 may also be joined with the nitrogen atom to which they are
      attached to represent various saturated monocyclic, heterocyclic radicals.
      Typical of such heterocyclic groups are the 1-pyrrolidinyl, piperidino or
      morpholino radicals. Compounds containing these groups are readily
      prepared and typify saturated monocyclic, heterocyclic radicals which are
      generally useful in lieu of the dilower alkylamino groups present in the
      compounds of this invention.
PAR  The alkylene chain separating the basic amino function from the tricyclic
      ring consists of from 2 to 6 carbon atoms and can be either a straight or
      branched alkylene chain. The alkylene chain must separate the adjacent
      oxygen atom from the terminal amino nitrogen by at least 2 carbon atoms,
      i.e., the ester oxygen and amino nitrogen cannot share the same carbon
      atom of the alkylene group. Each of the alkylene groups can be the same or
      different, preferably, however, both alkylene groups are the same.
      Illustrative of such groups are ethylene, propylene, 1,3-propylene,
      butylene, 1,4-butylene, 2-methyl-1,4-butylene, pentamethylene,
      3-methyl-1,5-pentylene and hexamethylene.
PAR  Illustrative of the base compounds of the present invention represented by
      general formula (I) above, there can be specifically mentioned:
      bis[3-(dibutylamino)propyl]5,6-dihydro-6-oxophenanthridine-3,8-dicarboxyla
     te,
      bis(4-piperidinobutyl)5,6-dihydro-6-oxophenanthridine-3,8-dicarboxylate, b
     is[2-(diallylamino)ethyl]6-oxo-6H-dibenzo[b,d]pyran-3,8-dicarboxylate,
      bis[3-(N-cyclohexyl-N-methylamino)propyl]6-oxo-6H-dibenzo[b,d]pyran-3,8-di
     carboxylate,
      bis[3-(dimethylamino)propyl]-9-hydroxyphenanthrene-2,7-dicarboxylate and
      bis(5-morpholinopentyl)-9-hydroxyphenanthrene-2,7-dicarboxylate.
PAR  It must be also recognized that compounds of formula (I) in which a
      hydrogen is present in the 10-position of the phenanthrene nucleus as well
      as in the 5-position of the phenanthridine nucleus are capable of forming
      the corresponding enol tautomers. Thus, in both the 9-substituted
      phenanthrene and the 6(5H)-phenanthridone series, the compounds of the
      present invention may also be represented by the general formula (IA),
      which is tautomeric with the corresponding keto form as shown below.
      ##SPC6##
PAL  It is understood that Y is limited to nitrogen and CH. Where the oxygen
      atom is present, as in the 6H-dibenzo[b,d]pyran series, there is, of
      course, no enolizable hydrogen available and the compounds are present
      only in their keto form. It is further understood that the novel compounds
      of this invention are likely to be mixtures of tautomeric forms, the
      compositions of which are dependent upon such factors as the nature of the
      tricyclic nucleus, the various side chains present and the environment
      surrounding the molecule. In the case of the phenanthrene series, the enol
      or phenolic form predominates.
PAR  The enol form can be stabilized by a replacement of the enol hydrogen in
      this position with an alkyl group, such as R.sub.2. Thus where the R.sub.2
      group is lower alkyl, the compounds of the present invention are
      represented by the general formula (II) above. In other words, the 6
      and/or 9 lower alkyl ethers exist only in compounds of the phenanthridine
      and phenanthrene series, whereas the 6H-dibenzo[b,d]pyran series of
      compounds are incapable of enolizing and forming the corresponding 6-ether
      derivatives. Illustrative of the base compounds of the present invention
      represented by general formula (II) above, there can be specifically
      mentioned:
      bis[2-(diethylamino)ethyl]9-methoxyphenanthrene-2,7-dicarboxylate,
      bis[3-(dibutylamino)propyl]9-propoxyphenanthrene-2,7-dicarboxylate,
      bis(3-piperidinopropyl)9-ethoxyphenanthrene-2,7-dicarboxylate,
      bis(5-amino-2,2-dimethylpentyl)9-methoxyphenanthrene-2,7-dicarboxylate,
      bis[3-(dimethylamino)propyl]5,6-dihydro-6-propoxyphenanthridine-3,8-dicarb
     oxylate,
      bis{2-[bis(3-butenyl)amino]ethyl}5,6-dihydro-6-ethoxyphenanthridine-3,8-di
     carboxylate and
      bis(4-piperidinobutyl)5,6-dihydro-6-methoxyphenanthridine-3,8-dicarboxylat
     e.
PAR  The expression "pharmaceutically acceptable acid addition salts" is
      intended to apply to any non-toxic organic or inorganic acid addition
      salts of the base compounds represented by formula (I). Illustrative
      inorganic acids which form suitable salts include hydrochloric,
      hydrobromic, sulphuric and phosphoric acid and acid metal salts such as
      sodium monohydrogen orthophosphate and potassium hydrogen sulfate.
      Illustrative organic acids which form suitable salts include the mono, di
      and tricarboxylic acids. Illustrative of such acids are, for example,
      acetic, glycolic, lactic, pyruvic, malonic, succinic, glutaric, fumaric,
      malic, tartaric, citric, ascorbic, maleic, hydroxymaleic, benzoic,
      hydroxybenzoic, phenylacetic, cinnamic, salicyclic, 2-phenoxybenzoic and
      sulfonic acids such as methane sulfonic acid and 2-hydroxyethane sulfonic
      acid. Either the mono or the di-acid salts can be formed, and such salts
      can exist in either a hydrated or a substantially anhydrous form. In
      general, the acid addition salts of these compounds are crystalline
      materials which are soluble in water and various hydrophilic organic
      solvents and which in comparison to their free base forms, generally
      demonstrate higher melting points and an increased chemical stability.
PAR  In general the 9-(substituted)phenanthrone series of compounds and the
      6(5H)-phenanthridone series of compounds are prepared via a ring expansion
      of the 2,7-bis basic esters of fluoren-9-one, disclosed in U.S. Pat. No.
      3.662,062. More particularly the reaction of diazomethane with
      2,7-bis-basic esters of fluoren-9-one results in the formation of 2,7-bis
      basic esters of 9-methoxyphenanthrene, whereas the reaction of 2,7-bis
      basic esters of fluoren-9-one with hydrazoic acid in the presence of a
      mineral acid results in the formation of 3,8-bis basic esters of
      6(5H)-phenanthridinone.
PAR  Cyclic aliphatic ketones are known to ring expand with diazomethane to form
      larger cyclic aliphatic ketones. This reaction may also be conducted in
      some instances with aromatic ketones, producing a variety of homologous
      ring-enlarged ketones in addition to forming enols, enol ethers and
      ethylene oxides. Thus, for example, Schultz et al, J. Am. Chem. Soc. 62,
      2902-4 (1940) reported the reaction of diazomethane with fluorenone to
      yield 5% of 9-phenanthrol, 30% of 9-methoxyphenanthrene, 1.5% of
      di-9-phenanthryl ether, an unknown substance and 30% of unchanged
      fluorenone. Substituents on the aromatic ring such as esters and ethers
      are known to change the ratio of the various products obtained as well as
      give rise to additional isomeric, homologous ketones and side products.
      Thus, the reaction of diazomethane with the 2,7-bis basic esters of
      fluoren-9-one could not have been predicted and is not without difficulty.
      The reaction is most frequently conducted by treatment of a methanolic
      solution of the carbonyl containing compound with an ethereal solution of
      diazomethane, either in the presence or absence of a catalyst.
      Alternatively, a solution of the carbonyl compound in methanol is treated
      with nitrosomethylurethane in the presence of a base. The diazomethane is
      prepared either ex situ or in situ. Generally, applicants prefer to
      generate the diazomethane ex situ and co-distill the diazomethane so
      produced with ether into a methanolic solution of the carbonyl containing
      compound. Suitable inert solvents which may be utilized include such
      solvents as dioxane, benzene, toluene, chloroform and methylene chloride
      with ether-methanol being the solvent combination of choice. Additionally,
      methanol has been known to have a high catalytic activity for diazomethane
      ring expansion reactions. Catalysts which may be usefully employed in this
      reaction include trace amounts of metal salts such as zinc chloride or
      lithium chloride. A minimum of 2 equivalents of diazomethane are generally
      employed, one equivalent providing for the ring expansion whereas the
      other equivalent provides for the formation of a methyl ether at the nine
      position in order to form the corresponding 9-methoxyphenanthrene (V). In
      addition to a variety of side products which are formed, some of the
      intermediate 2,7-bis basic esters of 9-phenanthrol (IV) also remain. These
      intermediates are readily separated from the reaction mixture in the form
      of their sodium salts. The 9-lower alkoxyphenanthrene derivatives (II),
      other than 9-methoxyphenanthrene derivatives are prepared, in turn, by the
      reaction of the 9-phenanthrols (IV) with other lower diazolalkanes.
PAR  Due to the complex and wide variety of side reactions possible, no more
      than 8 equivalents of diazomethane are useful in the preparation of the
      2,7-bis-basic esters of 9-methoxyphenanthrene of the present invention.
      The reaction proceeds exothermally and is conducted at temperatures
      ranging from -50.degree.C to ambient temperatures. For convenience a
      temperature of 0.degree.C. is preferred with the reaction conducted for a
      period ranging anywhere from about 1 hour up to 7 days.
PAR  The 9-phenanthrol derivatives, which are also formed in the diazomethane
      ring expansion reaction are readily freed of nonacidic materials by
      extraction with chloroform from a strongly alkaline reaction mixture. The
      9-phenanthrol derivatives which remain in the aqueous medium can be
      recovered by neutralization of the aqueous medium to a pH of about 9-10,
      and subsequently extracting the neutralized medium with chloroform.
PAR  Preparation of the bis basic esters of 6(5H)-phenanthridinone is achieved
      via a modification of the so-called Schmidt reaction. The 2,7-bis-basic
      esters of fluoren-9-one, when subjected to approximately equimolecular
      quantities of hydrazoic acid in the presence of a strong mineral acid such
      as sulfuric acid, undergo a ring expansion from the five-membered
      fluoren-9-one ring to the six-membered heterocyclic ring of
      6(5H)-phenanthridinone. Hydrazoic acid is known to react with cyclic
      ketones to form ring-enlarged cyclic amides or lactams. The presence of
      two additional reactive carbonyl radicals in the form of esters which are
      subject to both attack by the reagent as well as to hydrolysis by the
      mineral acid employed, would appear to dictate against the use of the
      Schmidt reaction to prepare the bis-basic esters of
      6(5H)-phenanthridinone. Nevertheless, under carefully controlled
      conditions hydrazoic acid will react with a fluoren-9-one to form a
      ring-enlarged cyclic lactam or 6(5H)-phenanthridinone. This reaction may
      be carried out using either a solution of hydrazoic acid in an appropriate
      organic solvent or by the addition of sodium azide directly to the
      reaction mixture. Due to the extremely poisonous nature of hydrazoic acid,
      the use of sodium azide is preferred, thus preparing the hydrazoic acid in
      situ. Because of the extreme rapidity with which hydrazoic acid is
      generated, the sodium azide is generally added to a stirred solution of
      the fluoren-9-one bis-basic esters in a suitable solvent. Suitable
      solvents include chloroform, benzene, dioxane and ethyl ether with
      trifluoroacetic acid having been found to be the solvent of choice.
      Inasmuch as the reaction is exothermic in nature, the stirred reaction
      mixture is also equipped with a cooling means. The temperature of the
      reaction mixture can be conveniently controlled by the rate at which
      hydrazoic acid is generated. The reaction is generally carried out at a
      temperature range of from -50.degree. to 50.degree.C. with a temperature
      range of from -10.degree. to 10.degree.C. being preferred. Any strong acid
      may be used as a catalyst for the reaction, however, applicants generally
      prefer to use a solution of concentrated sulfuric acid. The reaction takes
      place rapidly with the rate of reaction controlled essentially by the rate
      at which the hydrazoic acid is permitted to be generated. Generally, the
      reaction is conducted by the addition of sodium azide in small increments
      until no further evolution of nitrogen occurs. At this point the reaction
      is generally considered for all practical purposes to be complete. The bis
      basic esters of 6(5H)-phenanthridone so prepared are isolated and purified
      using standard procedures.
PAR  The 3,8-bis-basic esters of 6H-dibenzo[b,d]pyran-6-one are prepared by the
      oxidation, under modified Baeyer-Villiger conditions, of
      9-oxo-fluorene-2,7-dicarboxylic acid (VII) to form the ring expanded
      cyclic lactone, 6H-dibenzo[b,d]pyran-6-one-3,8-dicarboxylic acid (VIII).
      Essentially the reaction results in a ring expansion of the 5-membered
      fluoren-9-one ring with the introduction of an oxygen atom to form the
      corresponding 6-membered ring-expanded lactone, or
      6H-dibenzo[b,d]pyran-6-one. The reaction is exothermic in nature and the
      temperature of the reaction mixture may be conveniently controlled via the
      rate of addition of the oxidizing agent. Reaction temperatures vary from
      about -20.degree. to 40.degree.C., with a temperature of about
      25.degree.C. being preferred. Reaction times range anywhere from about 30
      minutes to about one week at the lower temperatures. Large excesses of
      peroxide are to be avoided inasmuch as there is always the hazzard of
      peroxide oxidations occurring with explosive violence. If significant
      amounts of peroxides remain upon completion of the reaction, they can be
      decomposed using reducing agents such as sodium bisulfite or ferrous
      sulfate. Generally, a two or three fold excess of hydrogen peroxide is
      satisfactory in carrying out the ring expansion. The reaction is favored
      by polar solvents and proceeds in a variety of solvents such as sulfuric
      acid, acetic acid or acetic anhydride. The
      6H-dibenzo[b,d]pyran-6-one-3,8-dicarboxylic acid (VIII) so prepared is
      subsequently esterified with an aminoalkyl halide using a variety of
      conventional procedures.
PAR  The compounds of the present invention are antiviral agents. Preferably
      they are administered to an animal host to prevent or inhibit viral
      infections. The term host refers to any viable biological material or
      intact animal including humans which is capable of inducing the formation
      of interferon and which serves as a support means for virus replication.
      The host can be of animal or mammalian origin. Illustratively such hosts
      include birds, mice, rats, guinea pigs, gerbils, ferrets, dogs, cats,
      cows, horses and humans. Other viable biological material such as used in
      the production of vaccines may also act as a host. Thus, tissue cultures
      prepared from organ tissues, such as mammalian kidney or lung tissue, as
      well as tissue cultures prepared from embryo tissue, such as obtained from
      amniotic cells or chick allantoic fluid, have been found to be useful
      hosts.
PAR  The treatment of virus infections for purposes of the present invention
      encompasses both the prevention and the inhibition of characteristic
      disease symptoms in a mammalian host susceptible to invasion by a
      pathogenic virus. Illustrative of mammalian virus infections which can be
      prevented or inhibited by the administration of the compounds of the
      present invention are infections caused by picornaviruses, such as
      encephalomyocarditis virus; myxoviruses, such as influenza A.sub.2
      (Jap/305) virus; arboviruses; such as Semliki forest virus; the herpes
      group of viruses, including herpes simplex; and the poxviruses, as for
      example vaccinia IHD. Thus, for example, the compounds of the present
      invention when administered orally or subcutaneously to mice in varying
      doses either shortly prior or subsequent to a fatal inoculation of a
      neurotropic virus such as encephalomyocarditis virus, having a LD.sub.50
      anywhere from 5 to 50, delay or prevent completely the onset of death.
      Salts of these compounds are generally administered in compositions
      containing a 0.15% aqueous hydroxyethylcellulose vehicle, whereas the free
      base compounds are generally administered in compositions containing a 10%
      aqueous surfactant vehicle in order to help solubilize the compound. In
      general, ten mice are used for each treated group with an additional 20
      mice serving as a control group. At the time of administration the test
      virus is titrated in order to determine the potency or LD.sub.50 for the
      particular virus pool used as a challenge. The control animals are given a
      placebo containing the identical volume of vehicle without, of course, the
      active ingredient. Because of the lethal nature of the test system
      employed, the antiviral nature of the test compound is dramatically
      illustrated by a side by side comparison of the survival time of treated
      animals with the untreated control group of animals.
PAR  Respiratory viruses, such as influenza A.sub.2 (Jap/305) virus, which are
      also lethal to the test animals employed, are administered via intranasal
      instillation. Animals infected in this manner have the active ingredients
      administered in the same manner as the test virus, and again a side by
      side comparison is made of the survivors of the animals treated with the
      untreated control animals.
PAR  Inexplicably, a mouse fatally infected with encephalomyocarditis or
      influenza virus occasionally survives without further treatment. This may
      be the result of a prior, interferon-induced infection in the mouse, or
      perhaps due to some genetic factor or other natural defense mechanism not
      presently understood. For this reason the control group selected is of
      sufficient size as to statistically reduce to a negligible amount the
      influence of such a chance survivor upon the test results.
PAR  The vaccinia test virus is typical of the dermatotrophic type viruses which
      respond to treatment with compositions containing the compounds of the
      instant invention. The vaccinia virus generally produces a nonfatal
      infection in mice, producing characteristic tail lesions when the virus is
      subcutaneously administered to the tail of the mouse. The instant
      compounds are administered either orally or subcutaneously either prior to
      or subsequent to the vaccinia infection. Tail lesions are subjectively
      scored on the eighth day following infection against untreated animals
      which serve as a control group. The compounds of the present invention
      have been found to be effective in varying degrees against one or all of
      these test virus systems.
PAR  The mode of activity of the active ingredients of the present invention is
      not rigorously defined. Inter alia, the compounds of the present invention
      may induce the formation of interferon in a viable host. Interferon is a
      biological substance of unknown chemical structure, presumably
      proteinaceous in nature, which is produced by host cells in response to a
      viral infection. The interferon so produced acts to induce a virus
      inhibiting substance, which inhibits in some yet unknown manner the
      intracellular replication of the virus without appearing to have any
      inactivation effect per se upon the virus itself. A few of the viruses
      susceptible to interferon replication inhibition are described in Horsfall
      and Tamm, "Viral and Rickettsial Infections of Man" 4th Edition (1965),
      J.B. Lippincott Company, pp. 328-9.
PAR  As previously indicated, the compounds of the present invention may be
      prophylactically administered in order to prevent the spread of contagious
      viral diseases or they may be therapeutically administered to a host
      already infected intended for their curative effect. When administered
      prophylactically, it is preferred that the administration be made within 0
      to 96 hours prior to the infection of the host animal with a pathogenic
      virus. When the compounds of the present invention are administered for
      their curvative effect, it is preferred that they are administered within
      about 1 or 2 days following infection of the host in order to obtain the
      maximum therapeutic effect.
PAR  The dosage to be administered will be dependent upon such parameters as the
      particular virus for which either treatment or prophylaxis is desired, the
      species of animal involved, its age, health, weight, the extent of
      infection, concurrent treatment, if any, frequency of treatment and the
      nature of the effect desired. A daily dose of the active ingredients will
      generally range from about 0.1 mg to about 500 mg per kg of body weight.
      Illustratively dosage levels of the administered active ingredients for
      intravenous treatment range from about 0.1 mg to about 10 mg per kg of
      body weight; for intraperitoneal administration range from about 0.1 mg to
      about 50 mg per kg of body weight; for subcutaneous administration range
      from about 0.1 mg to about 250 mg per kg of body weight; for oral
      administration may be from about 0.1 mg to about 500 mg per kg of body
      weight; for intranasal instillation range from about 0.1 mg to about 10 mg
      per kg of body weight; and for aerosol inhalation therapy, the range is
      generally from about 0.1 mg to about 10 mg per kg of body weight.
PAR  The novel compounds described herein can also be administered in various
      different dosage unit forms, e.g., oral compositions such as tablets,
      capsules, dragees, lozenges, elixirs, emulsions, clear liquid solutions
      and suspensions; parenteral compositions such as intramuscular,
      intravenous or intradermal preparations; and topical compositions, such as
      lotions, creams or ointments. The amount of active ingredient contained in
      each dosage unit form will, of course, vary widely according to the
      particular dosage unit employed, the animal host being treated, and the
      nature of the treatment, i.e., whether prophylactic or therapeutic in
      nature. Thus, a particular dosage unit may contain from about 2.0 mg to
      over 3.0 g of active ingredient in addition to the pharmaceutical
      excipients contained therein.
PAR  The novel compounds described herein can be employed in conjunction or
      admixture with additional organic or inorganic pharmaceutical excipients.
      Suitable solid excipients include gelatin, lactose, starches, magnesium
      stearate and petrolatum. Suitable liquid excipients include water and
      alcohols such as ethanol, benzyl alcohol and the polyethylene alcohols
      either with or without the addition of a surfactant. In general, the
      preferred liquid excipients particularly for injectable preparations,
      include water, saline solution, dextrose and glycol solutions such as an
      aqueous propylene glycol or an aqueous solution of polyethylene glycol.
      Liquid preparations to be used as sterile injectable solutions will
      ordinarily contain from about 0.5% to about 25% by weight, and preferably
      from about 1% to about 10% by weight, of the active ingredient in
      solution. In certain topical and parenteral preparations, various oils are
      utilized as carriers or excipients. Illustrative of such oils are mineral
      oils, glyceride oils such as lard oil, cod liver oil, peanut oil, sesame
      oil, corn oil and soybean oil.
PAR  A suitable method of administration for the compounds of the present
      invention is orally either in a solid dose form such as a tablet or
      capsule, or in a liquid dose form such as an elixir, suspension, emulsion
      or syrup. Ordinarily the active ingredient comprises from about 0.5% to
      about 10% by weight of an oral liquid composition. In such compositions,
      the pharmaceutical carrier is generally aqueous in nature, as for example,
      aromatic water, a sugar-based syrup or a pharmaceutical mucilage. For
      insoluble compounds suspending agents may be added as well as agents to
      control viscosity, as for example, magnesium aluminum silicate or
      carboxymethylcellulose. Buffers, preservatives, emulsifying agents and
      other excipients can also be added.
PAR  For parenteral administration such as intramuscular intravenous or
      subcutaneous administration, the proportion of active ingredient ranges
      from about 0.05% to about 20% by weight, and preferably from about 0.1% to
      about 10% by weight of the liquid composition. In order to minimize or
      eliminate irritation at the site of injection, such compositions may
      contain a non-ionic surfactant having a hydrophile-lipophile balance (HLB)
      of from about 12 to about 17. The quantity of surfactant in such
      formulations ranges from about 5% to about 15% by weight. The surfactant
      can be a single component having the above identified HLB, or a mixture of
      two or more components having the desired HLB. Illustrative of surfactants
      useful in parenteral formulations are the class of polyoxyethylene
      sorbitan fatty acid esters as, for example, sorbitan monooleate and the
      high molecular weight adducts of ethylene oxide with a hydrophobic base,
      formed by the condensation of propylene oxide with propylene glycol. The
      concentration of active ingredient contained in these various parenteral
      dosage unit forms varies over a broad range and comprises anywhere from
      about 0.05% to about 20% by weight of the total formulation, the remaining
      component or components comprising excipients previously mentioned.
PAR  The active ingredients of the present invention can also be admixed
      directly with animal feeds or incorporated into the drinking water of
      animals. For most purposes, an amount of active ingredient is used which
      provides from about 0.0001% to about 0.1% and preferably, from about
      0.001% to about 0.02% by weight of the active ingredient based upon the
      total weight of feed intake. The active ingredients can be admixed in
      animal feed concentrates, suitable for use by farmers or livestock growers
      for incorporation in appropriate amounts with the final animal feeds.
      These concentrates ordinarily comprise from about 0.5% to about 95% by
      weight of the active ingredient compounded with a finely divided solid
      carrier or flour, such as wheat, corn, soybean or cottonseed flour.
      Depending upon the particular animal to be fed, nutrients and fillers may
      also be added such as ground cereal, charcoal, fuller's earth, oyster
      shells and finely divided attapulgite or bentonite.
PAR  The active ingredients of the present invention can be packaged in a
      suitable pressurized container together with an aqueous or volatile
      propellant for use as an aerosol. A suitable discharge valve is fitted to
      an opening in the container from which the active ingredients may be
      conveniently dispensed in the form of a spray, liquid, ointment or foam.
      Additional adjuvants such as co-solvents, wetting agents and bactericides
      may be employed as necessary. Normally, the propellant used is a liquified
      gaseous compound, preferably a mixture of low molecular weight fluorinated
      hydrocarbons. These haloalkanes are preferred because of their
      compatibility with the active ingredients of the present invention, and
      because they are non-irritating when applied to skin surfaces. Other
      useful propellants include ethylene oxide, carbon dioxide, propane and
      nitrogen gas.
PAR  The invention described herein is more particularly illustrated by means of
      the following specific examples:
PAC  EXAMPLE 1
PAC  Bis[3-(dibutylamino)propyl]9-oxo-fluorene-2,7-dicarboxylate dihydrochloride
PAR  A suspension of 30.5 g (0.10 mole) of 9-oxo-fluorene-2,7-dicarbonyl
      chloride in 1 liter of dry chloroform (ethanol free) is stirred and
      treated all at once with 37.5g (0.20 mole) of dry
      3-dibutylamino-1-propanol causing a mildly exothermic reaction. The
      resulting mixture is stirred and refluxed for two hours, cooled to room
      temperature, filtered and the filtrate washed three times with 250 ml
      portions of a saturated sodium bicarbonate solution. The chloroform
      solution is washed with water and saturated sodium chloride solution,
      dried over anhydrous sodium sulfate and filtered. Most of the solvent is
      removed from the filtrate on the steam bath in vacuo and the remaining
      residue dissolved in butanone. This solution is made acid to Congo red
      with ethereal HCl causing the desired product to precipitate as a yellow
      crystalline solid. The bis
      [3-(dibutylamino)propyl]9-oxo-fluorene-2,7-dicarboxylate dihydrochloride
      so obtained is filtered, recrystallized from a butanone-methanol mixture
      and dried. The compound on standing in the atmosphere forms a monohydrate
      having a m.p. 178.5.degree.-179.5.degree.C.,
      .lambda..sub.max.sup.H.sbsp.2O 276, and E.sub.1cm.sup.1% 1,370.
PAR  Following essentially the same procedure, the following bis basic esters of
      9-oxo-fluorene-2,7-dicarboxylic acid are obtained:
      bis[2-(dimethylamino)ethyl]9-oxo-fluorene-2,7-dicarboxylate m.p.
      254.degree.-6.degree.C. (dec.), .lambda..sub.max.sup.H.sbsp.2O 276, and
      E.sub.1cm.sup.1% 2,010;
      bis[2-(diisopropylamino)ethyl]9-oxo-fluorene-2,7-dicarboxylate
      dihydrochloride m.p. 245.degree.-7.degree.C. (dec.),
      .lambda..sub.max.sup.H.sbsp.2O 276, and E.sub.1cm.sup.1% 1,640;
      bis[2-(dihexylamino)ethyl]9-oxo-fluorene-2,7-dicarboxylate dihydrochloride
      m.p. 185.degree.-6.5.degree.C., .lambda..sub.max.sup.EtOH 273.5, and
      E.sub.1cm.sup.1% 1,280;
      bis(2-morpholinoethyl)9-oxo-fluorene-2,7-dicarboxylate dihydrochloride
      m.p. 247.degree.-8.degree.C. (dec.), .lambda..sub.max.sup.H.sbsp.2O 276,
      and E.sub.1cm.sup.1% 1,627;
      bis[3-(diethylamino)propyl]9-oxo-fluorene-2,7-dicarboxylate
      dihydrochloride m.p. 251.degree.-2.degree.C. (dec.),
      .lambda..sub.max.sup.H.sbsp.2O 276, and E.sub.1cm.sup.1% 1,720;
      bis[4-(diethylamino)-1-methylbutyl]9-oxo-fluorene-2,7-dicarboxylate
      dihydrochloride m.p. 170.degree.-90.degree.C.,
      .lambda..sub.max.sup.H.sbsp.2O 276, and E.sub.1cm.sup.1% 1,590;
      bis[2-(dibutylamino)ethyl]9-oxo-fluorene-2,7-dicarboxylate dihydrochloride
      m.p. 194.degree.-5.degree.C. (dec.), .lambda..sub.max.sup.H.sbsp.2O 276
      and E.sub.1cm.sup.1% 1,480;
      bis[2-(N-methyl-N-cyclohexylamino)ethyl]9-oxo-fluorene-2,7-dicarboxylate
      dihydrochloride m.p. 252.degree.C. (dec.), .lambda..sub.max.sup.H.sbsp.2O
      276, and E.sub.1cm.sup.1% 1,600;
      bis[3-(dimethylamino)propyl]9-oxo-fluorene-2,7-dicarboxylate
      dihydrochloride m.p. 285.degree.-6.degree.C. (dec.),
      .lambda..sub.max.sup.H.sbsp.2O 276, and E.sub.1cm.sup.1% 1,890;
      bis[5-(diethylamino)pentyl]9-oxo-fluorene-2,7-dicarboxylate
      dihydrochloride m.p. 225.degree.-6.degree.C. (dec.),
      .lambda..sub.max.sup.H.sbsp.2O 276, and E.sub.1cm.sup.1% 1,590;
      bis[3-(diallylamino)propyl]9-oxo-fluorene-2,7-dicarboxylate
      dihydrochloride m.p. 234.degree.-6.degree.C. (dec.),
      .lambda..sub.max.sup.H.sbsp.2O 276, and E.sub.1cm.sup.1% 1,560;
      bis(3-piperidinopropyl)9-oxo-fluorene-2,7-dicarboxylate dihydrochloride
      m.p. 293.degree.-5.degree.C. (dec.), .lambda..sub.max.sup.H.sbsp.2O 276,
      and E.sub.1cm.sup.1% 1,690.
PAC  EXAMPLE II
PAC  Bis[3-(dibutylamino)propyl]5,6-dihydro-6-oxophenanthridine-3,8-dicarboxylat
     e dihydrochloride
PAR  To a solution of 20.4 g (0.03 mole) of
      bis[3-(dibutylamino)propyl]9-oxo-fluorene-2,7-dicarboxylate
      dihydrochloride and 13 ml of concentrated sulfuric acid contained in 150
      ml of trifluoroacetic acid, which has been cooled to 0.degree.C., is
      slowly added 2.6 g (0.04 mole) of sodium azide with stirring. Stirring is
      continued for 30 minutes whereupon most of the trifluoroacetic acid is
      removed in vacuo. Cracked ice is added and the residue is made alkaline
      with a 50% sodium hydroxide solution. The reaction mixture is extracted
      with methylene chloride, the extracts are combined, dried over magnesium
      sulfate, filtered and the filtrate treated with a slight excess of
      ethereal hydrogen chloride. The solution is concentrated to approximately
      300 ml in vacuo, and approximately 500 ml of warm butanone is added. The
      mixture is permitted to cool slowly whereupon the desired
      bis[3-(dibutylamino)propyl]5,6-dihydro-6-oxophenanthridine-3,8-dicarboxyla
     te crystallizes as the dihydrochloride salt. The product when
      recrystallized from a methylene chloride-ethyl acetate mixture has a m.p.
      204.5.degree.-6.5.degree.C., and a N.E. of 349.4.
PAR  Following essentially the same procedure but substituting
      bis[3-(diethylamino)propyl]-9-oxo-fluorene-2,7-dicarboxylate
      dihydrochloride, bis(2-morpholinoethyl) 9-oxo-fluorene-2,7-dicarboxylate
      dihydrochloride,
      bis[3-(diallylamino)propyl]9-oxo-fluorene-2,7-dicarboxylate
      dihydrochloride and
      bis[5-(diethylamino)pentyl]9-oxo-fluorene-2,7-dicarboxylate
      dihydrochloride in lieu of the
      bis[3-(dibutylamino)propyl]9-oxo-fluorene-2,7-dicarboxylate
      dihydrochloride above, results in the preparation of
      bis[3-(diethylamino)propyl]5,6-dihydro-6-oxophenanthridine-3,8-dicarboxyla
     te dihydrochloride,
      bis(2-morpholinoethyl)5,6-dihydro-6-oxophenanthridine-3,8-dicarboxylate
      dihydrochloride,
      bis[3-(diallylamino)propyl]5,6-dihydro-6-oxophenanthridine-3,8-dicarboxyla
     te dihydrochloride and
      bis[5-(diethylamino)pentyl]5,6-dihydro-6-oxophenanthridine-3,8-dicarboxyla
     te dihydrochloride.
PAC  EXAMPLE III
PAC  6-Oxo-6H-dibenzo[b,d]pyran-3,8-dicarboxylic acid
PAR  A suspension of 12.0 g (0.045 mole) of 9-oxo-fluorene-2,7-dicarboxylic acid
      in 100 ml of concentrated sulfuric acid is slowly reacted with 12.0 ml of
      a 30% hydrogen peroxide solution. The reaction is strongly exothermic and
      is controlled by cooling the stirred reaction mixture in a water bath. The
      cooled reaction mixture is poured onto 500 ml of an ice water mixture,
      filtered and washed with water. The residue is resuspended in water,
      stirred, filtered and washed with a total of about 350 ml of deionized
      water, to yield 11.2 g of 6-oxo-6H-dibenzo[b,d]pyran-3,8-dicarboxylic acid
      having a m.p. greater than 300.degree.C.
PAC  EXAMPLE IV
PAC  Bis[3-(diethylamino)propyl]6-oxo-6H-dibenzo[b,d] pyran-3,8-dicarboxylate
      dihydrochloride
PAR  A mixture of 11.0 g (0.04 mole) of 6-oxo-6H-dibenzo
      [b,d]pyran-3,8-dicarboxylic acid, 18.0 g (0.12 mole) of
      .gamma.-diethylaminopropyl chloride and 400 ml of isopropyl alcohol are
      stirred and heated to its reflux temperature. A catalytic amount of
      benzyltrimethylammonium chloride. 0.3 ml of a 60% aqueous solution, is
      added and the reaction mixture heated to reflux for an additional 24
      hours. On cooling, the reaction mixture is filtered, and the residue
      washed with isopropyl alcohol. This product is dissolved in boiling
      ethanol, treated with charcoal, filtered and cooled to room temperature.
      After standing for 1 hour, the gelatinous precipitate which appears is
      filtered and the filtrate cooled to -20.degree.C. The product which forms
      is filtered, washed with ethanol and again recrystallized from ethanol to
      yield the desired bis[3-(diethylamino)propyl]
      6-oxo-6H-dibenzo[b,d]pyran-3,8-dicarboxylate dihydrochloride as a
      tan-colored solid, soluble in water and having a m.p. of
      250.degree.-1.degree.C. (dec.) (placed in m.p. bath previously heated at
      240.degree. C.), .lambda..sub.max 294, and E.sub.1cm.sup. 1% 464.
PAC  EXAMPLE V
PAC  Bis[3-(dibutylamino)propyl]9-methoxyphenanthrene- 2,7 dicarboxylate
      dihydrochloride
PAR  A solution of 24.3 g (0.04 mole) of
      bis[3-(dibutylamino)propyl]9-oxo-fluorene-2,7-dicarboxylate in methanol is
      stirred and treated with approximately (0.12 mole) of diazomethane by
      co-distillation with ether into the reaction mixture at -10.degree. to
      30.degree.C. After standing overnight at room temperature, the volatiles
      are removed from the reaction mixture on the steam bath under vacuum. The
      residue is dissolved in aqueous hydrochloric acid and extracted several
      times with ether. The aqueous solution is made strongly basic with aqueous
      sodium hydroxide, extracted with ether and the ether solution dried over
      anhydrous magnesium sulfate and filtered. The product is converted to its
      dihydrochloride salt using ethereal hydrogen chloride and purified by
      recrystallization. The aqueous solution remaining after extraction of
      bis[3-(dibutylamino)propyl]9-methoxyphenanthrene-2,7-dicarboxylate is
      saved for use in the following example.
PAC  EXAMPLE VI
PAC  Bis[3-(dibutylamino)propyl]9-hydroxyphenanthrene- 2,7-dicarboxylate
      dihydrochloride
PAR  The aqueous solution from the preceding example is adjusted to a pH of
      approximately 10 using a 10% hydrochloric acid solution. The aqueous
      solution is extracted several times with ether and the combined ether
      extracts are dried over anhydrous magnesium sulfate and filtered. The
      product contained in the filtrate is converted to the dihydrochloride salt
      using ethereal hydrogen chloride and further purified by recrystallization
      from ethanol.
PAR  The corresponding 9-ethoxy derivative is prepared by reacting a solution of
      bis[3-(dibutylamino)propyl] 9-hydroxyphenanthrene-2,7-dicarboxylate in
      methanol with diazoethane by co-distillation with ether into the reaction
      mixture at -10.degree. to 30.degree.C. After standing overnight, the crude
      bis[3-(dibutylamino)propyl]9-ethoxyphenanthrene-2,7-dicarboxylate so
      obtained is converted to its dihydrochloride salt by the addition of
      ethereal hydrogen chloride.
PAC  EXAMPLE VII
PAR  The following Example is illustrative of the antiviral activity for the
      compounds of the present invention.
PAR  Thirty mice each weighing approximately 12 to 15 gms are divided into two
      groups, a control group containing 20 animals and a test group of 10
      animals. All of the animals are challenged with a fatal dose (13LD.sub.50)
      of encephalomyocarditis virus. The test group of animals are tested both
      prophylactically and therapeutically using a parenteral composition
      containing
      bis[3-(diethylamino)propyl]6-oxo-6H-benzo[b,d]pyran-3,8-dicarboxylate
      dihydrochloride as the active ingredient dissolved in an aqueous solution
      of 0.15% hydroxyethylcellulose. The composition contains the active
      ingredient in an amount such that each dosage contains 0.25 ml which is
      equivalent to a dose level of 50 mg per kg. The control group receives a
      subcutaneous placebo containing the same volume of vehicle without, of
      course, the active ingredient. Observations over a ten day period show a
      termination of all the control animals within a period of from 4 to 5
      days, with the treated group of animals surviving for a statistically
      longer period of time.
PAC  EXAMPLE VIII
PAC  Preparation of a tablet formulation
PAR  An illustrative preparation of 10,000 tablets, each containing 100 mg of
      bis[3-(diethylamino)propyl]6-oxo-6H-dibenzo[b,d]pyran-3,8-dicarboxylate
      dihydrochloride is prepared as follows:
TBL                              Gm.                                           

     ______________________________________                                    

     (a)     Bis[3-(diethylamino)propyl]                                       

             6-oxo-6H-dibenzo[b,d]pyran-                                       

             3,8-dicarboxylate dihydrochloride                                 

                                       1000                                    

     (b)     Lactose                   1000                                    

     (c)     Starch paste (10% w/v starch in                                   

             water)                     100                                    

     (d)     Starch                    32.5                                    

     (e)     Calcium stearate           6.5                                    

     ______________________________________                                    

PAL  The active ingredient is uniformly mixed with the lactose and granulated by
      the addition of the starch paste. The granules which form are dried at
      120.degree.F. for 20 hours and forced through a No. 16 screen. The
      granules are lubricated by the addition of the starch and calcium stearate
      and compressed into tablets. Each tablet so prepared contains 100 mg of
      the active ingredient.
PAC  EXAMPLE IX
PAC  Preparation of a capsule formulation
PAR  An illustrative composition for the preparation of 1000 two-piece hard
      gelatin capsules, each capsule containing 100 mg of bis(4-piper
      idinobutyl)5,6-dihydro-6-methoxyphenanthridine-3,8-dicarboxylate
      dihydrochloride is prepared as follows:
TBL                              Gm.                                           

     ______________________________________                                    

     (a)     Bis(4-piperidinobutyl)5,6-                                        

             dihydro-6-methoxyphenanthridine-                                  

             3,8-dicarboxylate dihydrochloride                                 

                                       100                                     

     (b)     Corn starch               150                                     

     (c)     Magnesium stearate         25                                     

     (d)     1000 hard gelatin capsules                                        

     ______________________________________                                    

PAR  The finely powdered ingredients are mixed until uniformly dispersed and
      then filled into hard shelled gelatin capsules of the appropriate size.
PAR  In a similar fashion, soft gelatin capsules may be prepared in which the
      above composition can be granulated, slugged or directly compressed in a
      rotary die or plate mold in which the soft gelatin capsule is formed.
      Alternatively, the above excipients may be omitted and the active
      ingredients dispensed as a powder directly into the soft gelatin capsule.
PAC  EXAMPLE X
PAC  Preparation of an oral syrup formulation
PAR  A 2% weight per volume syrup of bis[2-(diethylamino)
      ethyl]9-methoxyphenanthrene-2,7-dicarboxylate dihydrochloride is prepared
      in accordance with the usual pharmaceutical techniques which has the
      following formula:
TBL                             Gms.                                           

     ______________________________________                                    

     (a)    Finely divided bis[2-(diethyl-                                     

            amino)ethyl]9-methoxyphenan-                                       

            threne-2,7-dicarboxylate                                           

            dihydrochloride           2.0                                      

     (b)    Sucrose                   33.3                                     

     (c)    Chloroform                0.25                                     

     (d)    Sodium benzoate           0.4                                      

     (e)    Methyl .rho.-hydroxybenzoate                                       

                                      0.02                                     

     (f)    Vanillin                  0.04                                     

     (g)    Glycerol                  1.5                                      

     (h)    Purified water to 100.0 ml                                         

     ______________________________________                                    

PAC  EXAMPLE XI
PAC  Preparation of an ointment formulation
PAR  One thousand grams of an ointment for topical application containing 1.0%
      of bis[2-(dimethylamino)ethyl]
      6-oxo-6H-dibenzo[b,d]pyran-3,8-dicarboxylate dihydrochloride is prepared
      from the following ingredients:
TBL                              Gm.                                           

     ______________________________________                                    

     (a)    Bis[2-(dimethylamino)ethyl]                                        

            6-oxo-6H-dibenzo[b,d]pyran-                                        

            3,8-dicarboxylate dihydrochloride                                  

                                        10                                     

     (b)    Light liquid petrolatum    250                                     

     (c)    Wool fat                   200                                     

     (d)    White petrolatum q.s. ad 1000                                      

     ______________________________________                                    

PAR  The wool fat, white petrolatum and 200 gms of the light liquid petrolatum
      are liquified and held at 110.degree.F. The active ingredient is mixed
      with the remaining liquid petrolatum and passed through a colloid mill.
      After passing through the mil, the mixture is stirred into the melt, and
      the melt is permitted to cool with continued stirring until congealed.
PAC  EXAMPLE XII
PAC  Preparation of a parenteral formulation
PAR  An illustrative composition for an emulsion which is parenterally
      injectable is as follows:
TBL  Each ml                                                                   

     Contains                                                                  

              Ingredients           Amount                                     

     ______________________________________                                    

      50 mg  Bis[3-(dibutylamino)propyl]                                       

             5,6-dihydro-6-oxophenanthridine-                                  

             3,8-dicarboxylate dihydro-                                        

             chloride               1.000 g                                    

     100 mg  Polyoxyethylene sorbitan                                          

             monooleate             2.000 g                                    

     0.0064  Sodium chloride        0.128 g                                    

             Water for injection, q.s.                                         

                                    20.000 ml                                  

     ______________________________________                                    

PAR  The parenteral composition is prepared by dissolving 0.64 g of sodium
      chloride in 100 ml of water suitable for injection. The polyoxyethylene
      sorbitan monooleate is mixed with the active ingredient, and an amount of
      the previously prepared aqueous sodium chloride solution is added which is
      sufficient to bring the total volume to 20 ml. The resulting solution is
      shaken and autoclaved for 20 minutes at 110.degree.C. at 15 p.s.i.g. steam
      pressure. The composition can be dispensed in single ampule for use in
      multiple dosages or it can be dispensed as 10 or 20 individual ampules for
      use as a single dosage unit.
CLMS
STM  We claim:
NUM  1.
PAR  1. A derivative of 9-phenanthrone having the formula:
      ##SPC7##
PAL  wherein n is an integer of from 2 to 6; R and R.sub.1 are each selected
      from the group consisting of hydrogen, lower alkyl having from 1 to 6
      carbon atoms, cycloalkyl having from 3 to 6 carbon atoms, alkenyl having
      from 3 to 6 carbon atoms in which the unsaturation is in a position other
      than in the 1-position of the alkenyl group, and when R and R.sub.1 are
      taken together with the nitrogen atom to which they are attached represent
      the pyrrolidinyl, piperidino or morpholino radical; R.sub.2 is selected
      from the group consisting of hydrogen or lower alkyl having from 1 to 4
      carbon atoms; and the pharmaceutically acceptable acid addition salts
      thereof.
NUM  2.
PAR  2. A compound according to claim 1 wherein R and R.sub.1 are each lower
      alkyl.
NUM  3.
PAR  3. A compound according to claim 1 which is
      bis[3-(dibutylamino)propyl]9-methoxyphenanthrene-2,7-dicarboxylate and its
      pharmaceutically acceptable acid addition salts.
NUM  4.
PAR  4. A compound according to claim 1 which is
      bis[3-(dibutylamino)propyl]9-hydroxyphenanthrene-2,7-dicarboxylate and its
      pharmaceutically acceptable acid addition salts.
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ABST
PAL  The present invention relates to amine, alkali metal and alkaline earth
      metal salts of N-benzene sulfonyl carbamic acid esters and to lower
      alkenyl N-benzene sulfonyl carbamates. These compounds are useful as
      herbicides.
PARN
PAR  This is a division of application Ser. No. 547,376, filed May 3, 1966, now
      U.S. Pat. No. 3,799,760, which is a continuation-in-part of application
      Ser. No. 266,513, filed Mar. 20, 1963, which, in turn, is a
      continuation-in-part of application Ser. No. 256,840, filed Feb. 7, 1963,
      both now abandoned.
BSUM
PAR  This invention relates to methods for controlling and protecting plant life
      by the application of N-arylsulfonyl carbamate esters or by the
      application of the amine or metal salts of N-arylsulfonyl carbamate
      esters. The invention further relates to certain N-arylsulfonyl carbamate
      esters and their amine and metal salts as novel compositions of matter.
PAR  In recent years, the use of chemicals for controlling various biological
      forms has found widespread acceptance among many people. This is
      especially true among agriculturalists interested in controlling plant
      systems and insect pests. For example, chemical compositions have
      previously been applied to the soil or to the foliage of fully developed
      plants, thereby destroying certain types of plants in a selective manner
      and allowing others to continue their growth in a more favorable
      environment. This type of control, enabling certain plants to grow freely
      unhampered by competing noxious plants, has also been achieved by the
      application of chemical compositions to the soil, which chemical
      compositions either prevent germination of undesirable seeds or destroy
      the emerging seedlings immediately after germination. Other dangers
      confronting plant growth and crop yields occcur in the form of insect
      pests and plant diseases. These threats to desirable plant life have been
      lessened by the application of insecticides and fungicides to the soil,
      foliage of the plants, and surrounding atmosphere.
PAR  It is an object of this invention to provide novel methods for inhibiting
      the growth of plant life. It is a further object of this invention to
      provide certain N-arylsulfonyl carbamate esters as novel compositions of
      matter. It is a further object of this invention to provide certain amines
      and metal salts of N-arylsulfonyl carbamate esters as novel compositions
      of matter. It is yet another object of this invention to provide methods
      for both pre-emergence and post-emergence control of undesirable plant
      life. Additional objects, benefits and advantages will become apparent as
      the detailed description of the invention proceeds.
PAR  The compounds useful in the practice of the present invention are those
      having the molecular configuration:
      ##EQU1##
      where X, Y, and Z are selected from the group consisting of hydrogen,
      chloro, bromo, iodo, nitro, and lower alkyl; where R is selected from the
      group consisting of hydrogen, alkyl, cycloalkyl, alkenyl, alkynyl, aryl,
      alkaryl, aralkyl, and acyl, and where R.sub.1 is selected from the group
      consisting of alkyl, cycloalkyl, alkenyl, alkynyl, aryl, alkaryl, aralkyl,
      and acyl.
PAR  Compounds of this invention are useful as herbicides. The herbicidal
      activity can be demonstrated by contacting a plant structure with the
      compound, which may take place either pre-emergently or on established
      plants. Pre-emergence application may be accomplished in either of two
      ways - by application of the compounds to the surface of the soil or by
      incorporation of the compounds into the surface layer of soil. Depending
      upon the particular plants to be controlled, the compounds of this
      invention may exhibit more activity in one type of application than in
      another. Post-emergence application is usually carried out by contacting
      the foliage of the plants with the compounds although application in the
      soil in the vicinity of the plants can also have some beneficial effect.
      Some of the compounds possess activity both as pre-emergence and
      post-emergence herbicides. Hence, the user can benefit from the
      application of some compounds in a dual manner, depending upon which
      compound or mixture of compounds are selected.
PAR  The N-(arylsulfonyl) carbamates useful in the practice of this invention
      may contain an unsubstituted benzene ring attached to the sulfonyl group,
      as for example, ethyl N-(benzenesulfonyl) carbamate. The present invention
      also encompasses compounds containing substituents on the aromatic ring in
      either the ortho, meta, or para position. Furthermore, combinations of
      ortho and meta, ortho and para, meta and para, and ortho, meta and para
      substitutions are within the scope of this invention, as well as di-ortho
      and di-meta combinations. These substitutions on the ring may consist of
      halogen atoms, particularly chlorine, of nitro radicals, and of lower
      alkyl radicals such as methyl, ethyl, propyl, isopropyl, n-butyl,
      isobutyl, sec-butyl, tert-butyl, n-amyl, isomeric amyl, n-hexyl, and
      isomeric hexyl radicals. In addition, mixed substitutions on the aromatic
      ring such as 3-nitro, 4-chloro and 2-methyl, 4-chloro provide compounds
      within the scope of this invention. Common and easily prepared
      substitutions on the aromatic ring comprise 2,4,2,6; and 2,4,6
      combinations. In the series RSO.sub.2 NHCOOC.sub.2 H.sub.5 where R is an
      aryl radical, general herbicidal activity was increased with variation of
      R as follows:
      ##SPC1##
PAL  Compounds illustrative of these many possible substitutions include: ethyl
      N-(p-toluenesulfonyl) carbamate; ethyl N-(o-toluenesulfonyl) carbamate;
      ethyl N-(2,6-dichlorobenzenesulfonyl) carbamate; ethyl
      N-(2-chloro-p-toluenesulfonyl) carbamate, ethyl N-(m-nitrobenzenesulfonyl)
      carbamate; ethyl N-(3,4-dichlorobenzenesulfonyl) carbamate; ethyl N-(2,4,6
      trichlorobenzenesulfonyl) carbamate, and ethyl N-(p-cumenesulfonyl)
      carbamate.
PAR  The substituent attached to the nitrogen atom, R in the general formula,
      can be either hydrogen or alkyl, cycloalkyl, alkenyl, alkynyl, aryl,
      alkaryl, aralkyl, or acyl, preferably containing not more than eight
      carbon atoms and more preferably not more than four carbon atoms. These
      radicals may be either straightor branch-chained. Examples of suitable
      compounds include: ethyl N-(benzenesulfonyl) N-(methyl) carbamate; ethyl
      N-(benzenesulfonyl) N-(benzyl) carbamate; ethyl N-(benzenesulfonyl)
      N-(n-butyl) carbamate; ethyl N-(benzenesulfonyl) N-(isopropyl) carbamate;
      ethyl N-benzenesulfonyl) N-(p-ethylbenzene) carbamate; ethyl
      N-(benzenesulfonyl N-(p-cumene) carbamate; ethyl N-(benzenesulfonyl)
      N-(allyl) carbamate; and ethyl N-(benzenesulfonyl) N-(acetyl) carbamate.
PAR  The ester group, R.sub.1 in the generic formula, is capable of variation
      similar to the nitrogen substituent R, insofar as it can be alkyl,
      cycloalkyl, alkenyl, alknynyl, aryl, alkaryl, aralkyl, or acyl, preferably
      containing not more than eight carbon atoms. These groups may also be
      either straight- or branch-chained. In the series
      ##EQU2##
      where R = alkyl, activity was increased with the following changes in R:
      ##EQU3##
      Examples of compounds illustrative of this variation include: methyl
      N-(benzenesulfonyl) carbamate; isopropyl; N-(benzenesulfonyl) carbamate;
      vinyl N-(benzenesulfonyl) carbamate; allyl N-(benzenesulfonyl) carbamate;
      tert-butyl N-(benzenesulfonyl) carbamate; benzyl N-(benzenesufonyl)
      carbamate; and phenyl N-(benzenesulfonyl) carbamate.
PAR  N-(arylsulfonyl)carbamates are strongly acidic materials which form stable
      salts with amines or inorganic bases. These salts are also useful in
      various aspects of plant control. Examples of such salts include: ethyl
      N-(benzenesulfonyl) carbamate salt of cyclohexylamine and
      2-dimethylaminoethyl-p-nitrobenzenesulfonyl carbamate salt of
      N,N-dimethylaminoethanol. The alkali metal and alkaline earth metal salts
      of the N-(arylsulfonyl) carbamates are also easily prepared by reacting
      the subject carbamates with the selected basic material such as NaOH,
      Na.sub.2 CO.sub.3, KOH, and Ca(OH).sub.2. Preferred amine salts are the
      secondary amine salts; preferred metal salts are the sodium, calcium and
      magnesium salts. The amine and metal salts are stable, easy to handle, and
      in general possess a biological toxicity equal to that of the parent
      carbamate. In some cases, certain types of biological activity may even be
      enhanced by conversion of the carbamate to the metal or amine salt.
PAR  Two general methods were used to prepare N-(arylsulfonyl) carbamates - the
      reaction of the corresponding sulfonamide with suitable chlorocarbonate in
      (1) dry acetone in the presence of anhydrous potassium carbonate or in (2)
      aqueous alkali. The preparation of amine and inorganic salts was
      accomplished by dissolving the N-(arylsulfonyl) carbamate in dry ether and
      adding a suitable amine also dissolved in ether, or an inorganic base
      dissolved in an ether-miscible solvent.
PAR  In the preparation of the above-mentioned carbamates by the first method,
      the reaction proceeded in the following manner:
      ##EQU4##
      In the first step, a chlorocabonate is added to a mixture of a selected
      arylsulfonamide and powdered anhydrous potassium carbonate in dry acetone,
      Relative quantities of the reactants are not critical, but a good yield of
      product based upon the percent of arylsulfonamide converted to the
      carbonate can be achieved by using quantities of the chlorocarbonate and
      potassium carbonate in excess of the stoichiometric amount. Acetone
      sufficient to dilute the reactants is used. The chlorocarbonate should be
      added slowly over a period of several minutes with vigorous stirring to
      prevent re-precipitation of the sulfonamide. After addition, the mixture
      is heated to reflux temperature and held at this temperature for an hour
      or more. I have found 5-6 hours to be sufficient for most of my
      experimentation, but a shorter or longer time may be desirable, depending
      upon the reactants and the percent yield desired. After cooling, the
      slurry formed by the reaction is allowed to stand at room temperature for
      a period of time, overnight if convenient. Upon standing, a white solid is
      formed which can be collected on a filter and washed with acetone. This
      solid material is then dissolved in water, and the solution may be
      filtered and extracted with ether. In the second step of the preparation,
      the solution should be cooled to a temperature which will permit a
      satisfactory rate of reaction -- cooling to 0.degree.C in an ice bath is
      suggested -- and treated with an excess of concentrated mineral acid to
      liberate the crude product. The product at this point may be extracted
      with a suitable water-immiscible solvent such as ethyl ether or benzene.
      The solvent and extracted product are then dried over a dessicant such as
      CaSO.sub.4 or MgSO.sub.4, and the solvent subsequently removed under
      reduced pressure. If a highly purified product is required, the product
      may be re-crystallized from a suitable solvent.
PAR  In the preparation of N-(arylsulfonyl) carbamates in an aqueous alkali
      medium, the reaction proceeds in the following manner:
      ##EQU5##
      In the first step of the preparation, a selected sulfonamide is dissolved
      in an aqueous solution containing a quantity of an alkali metal base such
      as NaOH or KOH slightly in excess of the amount necessary for complete
      reaction with the sulfonamide. The solution is then filtered to remove
      reprecipitated sulfonamide and cooled to around 15.degree.C. A
      chlorocarbonate and a 10% aqueous solution of an alkali metal base are
      then added slowly with stirring, the rate of addition being adjusted so
      that no precipitate is formed. Stirring at room temperature for several
      hours is recommended; overnight stirring is satisfactory. The solution is
      filtered to remove any solids, and the filtrate then cooled to 10.degree.
      or 15.degree.C and acidified with dilute (5-20%) HCl to a slightly
      alkaline condition. Stirring for several minutes to allow complete
      reaction is desirable. Any solid formed in this step is filtered off and
      the filtrate further acidified to a slightly acid condition. Again any
      formed solid is filtlered off and the filtrate cooled to
      5.degree.-10.degree.C. Further acidification to pH 1 or 2 is effected with
      concentrated (12M) HCl. Stirring for around two hours at
      5.degree.-10.degree.C is suggested to insure a maximum yield of product.
      The white solid may then be filtered, washed with water, dried in air, and
      recrystallized from a suitable solvent such as ethyl ether.
DETD
PAR  The advantages and benefits of the present invention will become more fully
      understood when interpreted in view of the detailed description set forth
      in the following examples.
PAC  EXAMPLE 1
PAR  A quantity of 51.5 grams (0.30 mole) of p-toluenesulfonamide was added to
      132 grams of 10% NaOH (0.30 mole) diluted with 100 ml of water. Nearly
      complete solution was achieved. The solution was cooled to 16.degree.C. A
      small portion of the 32.5 gram (0.30 mole) quantity of ethyl
      chlorocarbonate was added to the solution, causing the formation of a
      small amount of precipitate. To prevent the formation of precipitate, 10%
      NaOH was added as required. The remainder of the ethyl chlorocarbonate was
      added slowly over a period of 90 minutes. The solution was stirred for six
      hours as 10% NaOH was added to maintain solution of the components. The
      temperature of the solution was maintained between 16.degree. and
      19.degree.C throughout this part of the experiment. At the end of 6 hour
      stirring period, the solution was allowed to stand overnight at room
      temperature. The total amount of 10% NaOH added was 375 grams. After
      standing, the solution was filtered to remove  2.5 grams of solid
      material. The filtrate was partially acidified by slow addition of dilute
      HCl (15.4 grams of concentrated 12M HCl diluted to 50 ml. with water). A
      quantity of 19.8 grams of solid material formed which was removed by
      filtration. The filtrate was then treated with more dilute HCl to bring
      the pH down to around pH 8. This caused the formation of 1.2 grams of
      solid which was removed by filtration. To this filtrate, 30.8 grams of
      concentrated HCl was added slowly with stirring. A white precipitate
      formed around pH 5 with 15 ml. of acid still to be added. After the acid
      was added, the pH was 3.5 and a white oil had separated from the solution.
      This oil solidified on cooling to room temperature. The filtered
      precipitate was washed with water and dried in air. This material was
      ethyl N-(p-toluenesulfonyl) carbamate. Weight of the material was 30.1
      grams which represented a 41.2% yield. Softening point was 75.degree.C;
      melting point was 79.degree.-81.degree.C. After a crystallization from a
      benzene-hexane solvent, the softening and melting points were unchanged.
      The prepared compound was identified as ethyl n-(p-toluenesulfonly)
      carbamate
PAC  EXAMPLE II
PAR  A quantity of 42.7 grams (0.20 mole) of N-n-butylbenzenesulfonamide was
      dissolved in 100 grams (1.0 molel) of triethylamine. To this solution 28
      grams (0.26 mole) of ethyl chloroformate was added slowly with stirring
      over a 70 minute period. The solution was cooled as necessary to maintain
      the temperature around 20.degree.C. During the addition of the
      chloroformate, a pink slurry was formed and there was also a noticeable
      evolution of gas. After addition of the chloroformate, stirring was
      discontinued but the reaction mixture was allowed to remain in the cooling
      bath at 20.degree.C for an additional 2.5 hours. After standing overnight
      at room temperature, the mixture was filtered and 23.5 grams of pink solid
      material was removed from the mixture. Excess solvent was removed from the
      filtrate by evaporation at 65.degree.C and 9 mm pressure. An orange oily
      residue remained which was cooled to 20.degree.C, stirred, and treated
      with 50 ml. 10% NaOH. About 100 ml. of ether was added and the mixture
      stirred for an additional 10 minutes. When the stirring was stopped, the
      ether layer was separated from the aqueous layer, washed successively with
      water, 10% HCl, water, and saturated NaCl solution, and then dried over
      MgSO.sub.4. Solvent was evaporated at 70.degree.C and 14 mm. pressure. The
      prepared compound was identified as ethyl N-(benzenesulfonyl) N-(n-butyl)
      carbamate. Weight of the product was 48.5 grams which represented a yield
      of 85.2%; n.sub.D.sup.25 1.5064. Treatment with HCl was unnecessary since
      a carbamate such as this with no available hydrogen attached to the
      nitrogen does not form a salt requiring neutralization to form the desired
      product. The 10% HCl wash used above was used only to remove entrained
      NaOH or K.sub.2 CO.sub.3.
PAC  EXAMPLE III
PAR  A quantity of 50 grams (0.29 mole) of o-toluenesulfonamide was dissolved in
      140 grams of 10% NaOH. This mixture was diluted with 100 ml. of water to
      obtain a nearly complete solution. The solution was cooled to 15.degree.C.
      Ethyl chlorocarbonate (33 g., 0.30 mole) was added slowly with stirring
      along with sufficient 10% NaOH to maintain solution of the sulfonamide.
      After the chlorocarbonate was added, the solution was stirred at this
      reduced temperature for approximately an hour. The solution was allowed to
      stand overnight at room temperature. Total NaOH used was 38.1 grams (0.96
      mole). The solution was filtered to remove 13.7 grams of solid material.
      Dilute HCl (17.5 grams of 12M HCl diluted to 50 ml. with water) was added
      to the filtrate with stirring. Solid precipitated by this addition (19.1
      grams) was removed by filtration and another 50 ml. quantity of dilute HCl
      was added to the filtrate. No precipitate was formed. An additional 35
      grams of concentrated HCl was added and a white precipitate formed which
      was filtered, washed with water, and dried. The product was identified as
      ethyl N-(o-toluenesulfonyl) carbamate. Weight of product was 17.5 grams
      which represented a yield of 24.5%. Softening point was 115.degree.C;
      melting point was 117.degree.-119.degree.C.
PAC  EXAMPLE IV
PAR  Ethyl N-(p-chlorobenzenesulfonyl) carbamate was prepared by reacting
      p-chlorobenzenesulfonamide (29 grams, 0.15 mole) with ethyl
      chlorocarbonate (21 grams, 0.19 mole) in the presence of 10% aqueous NaOH
      according to the procedure described in Example III. Weight of the final
      product was 13.4 grams, which represented a yield of 34%. Softening point
      was 86.degree.C; melting point was 89.degree.-91.degree.C. Upon
      recrystallization from a benzene-hexane solvent, the softening point was
      90.degree.C; melting point was 92.degree.-93.degree.C. Calculated nitrogen
      content was 5.31%, found 5.61%.
PAC  EXAMPLE V
PAR  Ethyl N-(p-nitrobenzenesulfonyl) carbamate was prepared by reacting
      p-nitrobenzenesulfonamide (30.2 grams, 0.15 mole) with ethyl
      chlorocarbonate (21 grams, 0.19 mole) in the presence of 10% aqueous NaOH
      according to the procedure described in Example III. Weight of the final
      product was 25.8 grams, which represented a yield of 62.8%. Melting point
      was 130.degree.-132.degree.C. A quantity of 49 grams of
      p-toluenesulfonamide (0.29 mole) was added to a slurry consisting of 56.5
      grams (0.41 mole) of anhdyrous K.sub.2 CO.sub.3 in 500 ml. of dry acetone.
      Ethyl chlorocarbonate (42 grams, 0.39 mole) was added slowly with
      stirring. This mixture was refluxed for 5 hours and allowed to stand
      overnight at room temperature. A white solid which had formed was removed
      and the acetone filtrate was evaporated leaving a tan gummy solid. The
      white solid was dissolved in 750 ml. water and cooled in ice. The solution
      was acidified to pH 2 with 40 ml. concentrated HCl to precipitate a while
      oil. This mixture was extracted three times with 50 ml. portions of ether.
      Upon evaporation of the ether, a hard white solid remained. This solid was
      identified as ethyl N-(p-toluenesulfonyl) carbamate. Weight of the product
      was 58 grams which represented an 82.3% yield. Melting point was
      81.degree.-83.degree.C. This product is identical with the product of
      Example I. HOwever, the yield in this example was far superior. Biological
      properties were the same.
PAC  EXAMPLE VII
PAR  A quantity of 20 grams (0.071 mole) of N-benzyl p-chlorobenzenesulfonamide
      was added to a slurry of 18.8 grams (0.136 mole) of anhydrous K.sub.2
      CO.sub.3 in 210 ml. of acetone. 2-Chloroethyl chlorocarbonate (18.7 grams,
      0.131 mole) was added slowly with stirring. The mixture was refluxed for 5
      hours and then allowed to stand overnight. A white solid which formed was
      removed by filtration. The acetone filtrate was evaporated, leaving a
      gummy white residue. This residue was dissolved in 200 ml. ether and
      extracted twice with 40 ml. portions of 10% NaOH and once with 100 ml.
      water. The filtrate was evaporated to leave a white solid. It was
      necessary to react the acetone filtrate with HCl since a carbamate such as
      this with no available hydrogen attached to the nitrogen does not form a
      salt requiring neutralization. The white solid left after evaporation of
      the ether is the product 2-chloroethyl N-(p-chlorobenzenesulfonyl)
      N-benzyl carbamate. Weight of the product was 27.5 grams which represented
      a 100% yield. Calculated analysis of this compound was C 49.49%, H 3.87%,
      N 3.51%; found C 49.47%, H 4.01%, N 3.58%. Sintering point was
      128.degree.C; melting point was 129.degree.-130.degree.C.
PAC  EXAMPLE VIII
PAR  A quantity of 22.6 grams (0.10 mole) of 3,4-dichlorobenzenesulfonamide
      benzenesulfonamide was added to a slurry of 15 grams K.sub.2 CO.sub.3 in
      150 ml. of dry acetone. Allyl chlorocarbonate (12.5 grams, 0.105 mole) was
      added slowly with stirring. This mixture was refluxed for five hours and
      then allowed to stand overnight at room temperature. The solution was
      filtered to remove 11.5 grams of solid material. The acetone solvent was
      evaporated from the filtrate, leaving behind a yellow gummy residue. This
      residue was treated with 10 grams NaHCO.sub.3 in 100 ml. water to form a
      white solid, which was filtered and dried. The bicarbonate extract was
      extracted with 50 ml. ether and the separated aqueous layer was acidified
      to pH 2 with concentrated HCl. A gummy white material formed. This mixture
      was extracted twice with 50 ml. ether. The ether extract was heated to
      remove ether, leaving a white solid. This product was identified as allyl
      N-(3,4-dichlorobenzenesulfonyl) carbamate. Weight of the product was 5.7
      grams which represented a 19% yield. Sintering point was 83.degree.C;
      melting point was 85.degree.-87.degree.C. Product was very soluble in
      benzene, acetone, and ether; it was insoluble in water and hexane. Upon
      recrystallization from benzene-hexane, the melting point and solublity
      characteristics were unchanged.
PAC  EXAMPLE IX
PAR  Allyl N-(m-nitrobenzenesulfonyl) carbamate was prepared by reacting 20.2
      grams (0.10 mole) of m-nitrobenzenesulfonamide with 12 grams (0.10 mole)
      of allyl chlorocarbonate in the presence of anhydrous K.sub.2 CO.sub.3 in
      acetone according to the procedure described in Example VI. The product
      was a pale yellow oil which solidified on cooling. Weight of the final
      product was 5 grams which represented a yield of 17.8%. Melting point was
      84.degree.-86.degree.C.
PAC  EXAMPLE X
PAR  Allyl N-(p-chlorobenzenesulfonyl) carbamate was prepared by reacting 19.1
      grams (0.10 mole) of p-chlorobenzenesulfonamide with 12.5 grams (0.105
      mole) of allyl chlorocarbonate in the presence of anhydrous K.sub.2
      CO.sub.3 in acetone according to the procedure described in Example VI.
      Weight of the final product was 16 grams, which represented a 58.3% yield.
      The product was a white gummy solid. Upon recrystallization from a
      CHCl.sub.3 -hexane solvent, the yield was 11.2 grams for a 41% yield.
      Melting point was 63.degree.-65.degree.C.
PAC  EXAMPLE XI
PAR  Allyl N-(p-toluenesulfonyl) carbamate was prepared by reacting 51.5 grams
      (0.30 mole) of p-toluenesulfonamide with 37 grams (0.30 mole) of allyl
      chlorocarbonate in the presence of anhydrous K.sub.2 CO.sub.3 in acetone
      according to the procedure described in Example VI. Weight of the white
      solid product was 40 grams, which represented a 57.5% yield. Sintering
      point was 63.degree.C; melting point was 67.degree.-69.degree.C.
PAC  EXAMPLE XII
PAR  Isopropyl N-(p-toluenesulfonyl) carbamate was prepared by reacting 13.5
      grams (0.08 mole) of p-toluene sulfonamide with 16.0 grams (0.131 mole) of
      isopropyl chlorocarbonate in the presence of 18.8 grams (0.136 mole) of
      anhydrous K.sub.2 CO.sub.3 and 200 ml. of dry acetone according to the
      procedure described in Example VI. The product was a hard white solid,
      weighing 17.9 grams which represents a yield of 86.8%. Sintering point was
      77.degree.C; melting point was 78.degree.-80.degree.C.
PAC  EXAMPLE XIII
PAR  Isopropyl N-(p-chlorobenzenesulfonyl) carbamate was prepared by reacting
      15.4 grams (0.08 mole) of p-chlorobenzenesulfonamide with 16.0 grams
      (0.131 mole) of isopropyl chloroformate in the presence of 18.8 grams
      (0.136 mole) of anhydrous K.sub.2 CO.sub.3 and 200 ml. of dry acetone
      according to the procedure described in Example VI. The product was a hard
      white solid, weighting 18.6 grams which represents a yield of 83.8%.
      Sintering point was 87.degree.C; melting point was 89.degree.-91.degree.C.
PAC  EXAMPLE XIV
PAR  Isopropyl N-(p-chlorobenzenesulfonyl) N-benzyl carbamate was prepared by
      reacting 20.0 grams (0.071 mole) of N-benzyl p-chlorobenzensulfonamide
      with 16.0 grams (0.131 mole) of isopropyl chlorocarbonate in the presence
      of 18.8 grams (0.136 mole) of anhydrous K.sub.2 CO.sub.3 and 210 ml. dry
      acetone. After refluxing for 6 hours and standing overnight, the mixture
      was filtered to remove a white precipitate. The filtrate was evaporated to
      leave a gummy white solid. This residue was dissolved in 125 ml. warm
      isopropanol and the resulting solution added to 160 grams of 5% NaOH. The
      white solid which formed was filtered, washed with water, and dried. This
      solid was the carbamate product. Weight was 4.5 grams which represented a
      yield of 17.3%. Sintering point was 78.degree.C; melting point was
      80.degree.-81.degree.C. Calculated analysis was C 55.22%, H 4.92%, and N
      3.81%; found by analysis was C 55.34%, H 4.92%, and N 3.69%.
PAC  EXAMPLE XV
PAR  Isopropyl N-(p-toluenesulfonyl) N-methyl carbamate was prepared by reacting
      13.2 grams (0.071 mole) of N-methyl p-toluenesulfonamide with 16.0 grams
      (0.131 mole) of isopropyl chlorocarbonate in the presence of 18.8 grams
      (0.136 mole) of anhydrous K.sub.2 CO.sub.3 and 200 ml. dry acetone
      according to the procedure described in Example XIV except that the solid
      from the acetone filtrate was dissolved in 100 ml. ether instead of
      isopropanol. The ether extract was then heated under vacuum to remove the
      ether and leave a clear colorless oil which solidified on cooling. This
      solid was the carbamate product. Weight of the product was 11.4 grams
      which represented a yield of 60%. The product was recrystallized from a
      water-alcohol solvent (10 ml. water + 35 ml. 95% alcohol/5% water).
      Sintering point was 65.degree.C; melting point was 70.degree.-72.degree.C.
PAC  EXAMPLE XVI
PAR  In this example, the herbicidal activity of the N-(arylsulfonyl) carbamates
      is demonstrated. Table I presents data showing the herbicidal activity of
      some of the subject carbamates upon selected plant systems at various
      rates of application in a pre-emergent application to the soil wherein
      seeds of these plants are present. The Roman numerals represent selected
      N-(arylsulfonyl) carbamates where:
PA1  I = ethyl N-(p-nitrobenzenesulfonyl) carbamate;
PA1  Ii = ethyl N-(p-chlorobenzenesulfonyl) carbamate;
PA1  Iii = ethyl N-(benzenesulfonyl) carbamate;
PA1  Iv = allyl N-(m-nitrobenzenesulfonyl) carbamate;
PA1  V = allyl N-(p-toluenesulfonyl) carbamate;
PA1  Vi = allyl N-(p-chlorobenzenesulfonyl) carbamate;
PA1  Vii = allyl N-(3,4-dichlorobenzenesulfonyl) carbamate;
PA1  Viii = methyl N-(benzenesulfonyl) carbamate;
PA1  Ix = isopropyl N-(p-toluenesulfonyl) carbamate;
PA1  X = isopropyl N-methyl-N-(p-toluenesulfonyl) carbamate;
PA1  Xi = isopropyl N-benzyl-N-(p-toluenesulfonyl) carbamate;
PA1  Xii = isopropyl N-(p-chlorobenzenesulfonyl) carbamate; and
PA1  Xiii = dimethylamine salt of ethyl (p-nitrobenzenesulfonyl) carbamate
PAL  The plants on which the above carbamates were tested are designated in
      Table I as follows:
TBL  A = grass    F = rye grass                                                

                               K = pigweed                                     

     B = broadleaf                                                             

                  G = radish   L = soybean                                     

     C = morning glory                                                         

                  H = sugar beet                                               

                               M = wild buckwheat                              

     D = wild oat I = foxtail  N = tomato                                      

     E = brome grass                                                           

                  J = crab grass                                               

                               O = sorghum                                     

PAR  The testing procedure used in the evaluation of preemergence activity is as
      follows. A good grade of topsoil was placed in either 91/2  inches .times.
      53/43/4 inches .times. 23/4  inches or 9 inches .times. 13 inches .times.
      2 inches aluminum pans and compacted to a depth of three-eighth inches
      from the top of the pan. On top of the soil were placed a designated
      number of seeds of radish, morning glory, tomato, sugar beet, sorghum,
      brome grass, wild buckwheat, giant foxtail, rye grass, wild oat, pigweed,
      crab grass, and soybean. Two different chemical applications were made;
      one wherein the herbicidal composition was applied to the surface of the
      soil and the other wherein the composition was admixed with or
      incorporated in the top layer of soil. For the surface application, the
      seeds were then covered with three-eighth inch of prepared soil mixture
      and the pan leveled. In the soil-incorporation plantings, a weighed amount
      of prepared soil mixture was blended with the herbicide composition in a
      separate mixing container, and this blend was then used to cover the
      seeds. The surface application of the herbicide composition was made by
      spraying the surface of the soil with a solvent solution containing a
      sufficient quantity of the subject carbamate to obtain the desired rate
      per acre on the soil surface. The watering of the seeds in both type
      plantings were accomplished by placing the aluminum pans in a sand bench
      bringing the water level to one-half inch depth of water thereon and
      permitting the soil in the pans to absorb moisture through the perforated
      bottoms of the pans and the excess water to drain through an opening in
      the bottom of the bench.
PAR  The planted pans were maintained there for 14 days under ordinary
      conditions of sunlight and watering. At the end of this time, the plants
      were observed and the results recorded by counting the number of plants of
      each species which germinated and grew. The herbicidal rating was obtained
      by means of a fixed scale based on the average percent germination of each
      seed lot. Herbicidal activity is indicated according to the following
      scale:
PA1  0 = no phytotoxicity
PA1  1 = slight phytotoxicity
PA1  2 = moderate phytotoxicity
PA1  3 = severe phytotoxicity
TBL                                    TABLE 1                                 

     __________________________________________________________________________

               A B C D E F G H I J K L M N O                                   

     __________________________________________________________________________

     I   25 lbs./a                                                             

               2 1 2 2 3 2 3 2 3 3 3 0 3 2 3                                   

         *5 lbs./a                                                             

               3 2 0 2 3 3 3 2 3 3 2 1 2 0 3                                   

         *1 lb./a                                                              

               2 0 0 0 1 1 3 0 3 3 0 0 0 0 2                                   

     II  25 lbs./a                                                             

               2 0 3 1 1 2 3 3 2 2 3 0 3 2 3                                   

          5 lbs./a                                                             

               0 0 0 0 3 0 0 0 0 0 0 0 3 0 0                                   

          1 lb./a                                                              

               0 0 0 0 0 0 0 0 0 0 0 0 1 0 0                                   

     III 25 lbs./a                                                             

               1 0 0 0 1 1 0 0 3 3 3 0 0 0 2                                   

          5 lbs./a                                                             

               0 0 0 0 0 0 0 0 0 0 0 0 0 0 0                                   

         *5 lbs./a                                                             

               0 2 3 0 0 0 0 1 0 1 3 0 0 2 1                                   

     IV  25 lbs./a                                                             

               0 2 3 0 0 0 0 3 1 0 3 3 1 3 0                                   

          5 lbs./a                                                             

               0 2 0 0 0 0 1 2 0 0 1 3 0 3 0                                   

         *1 lb./a                                                              

               0 0 0 0 0 0 0 0 0 0 0 0 0 0 0                                   

     V    5 lbs./a                                                             

               0 1 0 0 0 0 2 3 0 0 2 0 0 0 0                                   

     VI  25 lbs./a                                                             

               2 2 1 0 0 1 2 2 2 3 3 0 3 3 3                                   

          5 lbs./a                                                             

               0 0 0 0 0 0 0 0 0 0 0 0 0 0 0                                   

     VII 25 lbs./a                                                             

               2 2 0 0 0 2 3 3 3 3 3 0 2 0 3                                   

          5 lbs./a                                                             

               0 0 0 0 0 0 0 0 0 0 0 0 0 0 0                                   

     VIII                                                                      

         25 lbs./a                                                             

               3 2 0 3 3 2 3 3 --                                              

                                 3 3 0 3 3 1                                   

         *5 lbs./a                                                             

               3 2 1 3 3 1 3 3 1 3 3 1 2 3 1                                   

         *1 lb./a                                                              

               1 0 1 2 1 0 1 1 0 2 1 1 0 1 1                                   

     IX  25 lbs./a                                                             

               0 1 0 0 0 1 0 0 0 0 3 1 3 1 0                                   

         10 lbs./a                                                             

               0 0 0 0 0 0 --                                                  

                             0 0 0 1 0 0 0 0                                   

         *5 lbs./a                                                             

               0 0 0 0 0 0 0 0 0 0 3 0 0 0 0                                   

     X   25 lbs./a                                                             

               0 1 1 0 0 0 0 2 2 2 3 0 0 0 0                                   

         10 lbs./a                                                             

               0 0 0 0 0 0 0 2 1 2 1 0 0 0 0                                   

         *5 lbs./a                                                             

               0 0 0 0 0 0 0 0 0 2 0 0 0 0 0                                   

     XI  25 lbs./a                                                             

               0 0 0 0 0 0 0 3 2 2 2 0 0 0 0                                   

         10 lbs./a                                                             

               0 0 0 0 0 0 0 0 1 1 0 0 0 0 0                                   

         *5 lbs./a                                                             

               0 1 0 0 0 0 1 0 1 3 3 0 0 0 1                                   

     XII 25 lbs./a                                                             

               2 3 2 1 2 2 3 3 3 2 3 1 1 3 2                                   

         10 lbs./a                                                             

               1 2 0 0 0 0 3 3 3 1 3 1 0 1 1                                   

         *5 lbs./a                                                             

               0 0 0 0 0 0 0 0 0 0 1 0 0 0 1                                   

     XIII                                                                      

         25 lbs./a                                                             

               3 1 0 3 3 2 3 2 3 3 3 0 0 0 3                                   

         *5 lbs./a                                                             

               3 0 0 0 3 3 3 0 3 3 2 0 0 0 3                                   

         *1 lbs./a                                                             

               0 0 0 0 1 0 3 0 1 2 0 0 0 0 0                                   

     __________________________________________________________________________

      *Incorporation into top soil; treatments not marked with an asterisk are 

      surface applications.                                                    

PAC  EXAMPLE XVII
PAR  In this example, the contact herbicidal activity of the same
      N-(arylsulfonyl) carbamates was determined in greenhouse tests. The
      carbamate to be tested was applied in spray form to 21-day old specimens
      of the same grasses and broadleaf plant as used in the pre-emergence tests
      described in Example XVI. The same number of seeds of the same plants used
      in Example XVI were planted in the 91/2  inches .times. 53/4  inches
      .times. 23/4  inches aluminum pans arranged in the same manner with a
      soybean seed in diagonal corners. After the plants were 21 days old, they
      were sprayed with six ml. of a 0.5% solution of the subject carbamate
      which corresponds to a rate of approximately 9 lbs. per acres. Ethyl
      N-(n-butyl) N-(benzenesulfonyl) carbamate and allyl N-(p-toluenesulfonyl)
      carbamate showed no contact herbicidal activity. Slight contact herbicidal
      activity was shown by ethyl N-(p-nitrobenzenesulfonyl) carbamate, ethyl
      N-(p-chlorobenzenesulfonyl) carbamate, allyl N-(m-nitrobenzenesulfonyl)
      carbamate, and allyl N-(p-chlorobenzenesulfonyl) carbamate. Moderate
      contact herbicidal activity was exhibited by allyl
      N-(3,4-dichlorobenzenesulfonyl) carbamate. Good contact herbicidal
      activity at 0.2% was shown by the dimethylamine salt of ethyl
      N-(p-nitrobenzenesulfonyl) carbamate.
PAR  The herbicidally active compounds of this invention are either solid or
      liquid materials, depending upon the particular substituents present in
      the compounds. To aid in achieving a uniform distribution of the active
      compounds over the entire area of the soil or plants to be treated, it is
      often disadvantageous to employ a composition comprising a diluent or
      extending agent in addition to the active compounds. Suitable solid
      extending agents are those which render the compositions permanently dry
      and free flowing. Therefore hygroscopic materials are not preferred
      extending agents unless there is included in the composition a separate
      substance to aid flowability. Effective solid diluents include natural
      clays, such as china clays, bentonites, and the attapulgites; other
      minerals in their natural state such as talc, pyrophylite, quartz,
      diatomaceous earth, Fuller's earth, chalk, rock phosphate, and sulfur; and
      chemically modified minerals, such as acid-washed bentonite, precipitated
      calcium phosphate, precipitated calcium carbonate, and colloidal silica.
      These diluents may represent a substantial portion, e.g. 50 to 98 percent
      by weight of the entire formulation as applied to plant or soil.
      Formulations more concentrated with respect to the active ingredient may
      be prepared, but they will usually require additional dilution by the user
      in order to properly prepare the composition for the most effective usage.
      Therefore the toxicant formulation as applied in the field will normally
      consist of a minor amount, i.e. less than 50% by weight of the entire
      formulation, of the N-(arylsulfonyl) carbamate and a major amount, or more
      than 50% of the entire formulation, of an adjuvant or adjuvants.
PAR  Liquid extending agents are also useful in the practice of this invention.
      The N-(arylsulfonyl) carbamates of this invention are insoluble in water
      and are readily soluble in most organic solvents. Therefore the choice of
      a liquid extending agent is quite variable if a solution of the active
      ingredients is desired. In addition the active compounds need not be
      dissolved but merely dispersed in the extending agent in the form of a
      suspension of emulsion. One method of forming this dispersion is to
      dissolve the N-(arylsulfonyl) carbamate in a suitable organic solvent and
      then add this solution to water or some other liquid extending agent to
      form the dispersion. Examples of some organic solvents suitable for use as
      extending agents when a solution is desired include: ethers such as ethyl
      ether, isopropylether, n-propyl ether; alcohols such as ethyl, isopropyl,
      n-propyl, and butyl alcohols; ketones such as acetone, methylethyl ketone,
      and cyclohexanone; aromatic hydrocarbons such as benzene, toluene, xylene
      and cumene. Solvents useful as extending agents when a dispersion of the
      active compound in the solvent is acceptable include: water, hexane, and
      other aliphatic hydrocarbons.
PAR  The incorporation of a surface active agent into the herbicidal formulation
      is an aid helpful in forming uniform dispersions or emulsions of the
      active N-(arylsulfonyl) carbamates in water. This surface wetting agent,
      that is the wetting, emulsifying, or dispersion agent, may be either
      anionic, cationic, non-ionic, or mixtures thereof. Suitable wetting agents
      are the organic compounds capable of lowering the surface tension of water
      and include the conventional soaps such as the water-soluble salts of
      long-chain carboxylic acids; the amino soaps such as the amine salts of
      long-chain carboxylic acids; the sulfonated animal, vegetable, and mineral
      oils; quaternary salts of high molecular weight acids; rosin soaps such as
      salts of abietic acid; sulfuric acid salts of high molecular weight
      organic compounds; algin soaps; and simple and polymeric compositions
      having both hydrophilic and hydrophobic functions.
PAR  Concentrated compositions of the N-arylsulfonyl carbamates ordinarily have
      the active ingredient and the surface active agent present in higher
      concentrations than the toxicant compositions applied in the field so that
      upon dilution with an extending agent, compositions containing optimum
      proportions of active ingredient and surface active agent are prepared to
      obtain uniform distribution and to maintain the active ingredient in a
      form enabling prompt assimilation by the plants.
PAR  The concentrate compositions preferably comprise 5% to 95% by weight of the
      active ingredient, the remainder consisting of the adjuvant. If a liquid
      concentrate is desired, this adjuvant may be solely liquid extending agent
      or surface active agent, but preferably is a combination of the two.
      Preferably the surface active agent comprises from 0.1% to 15% of the
      concentrate, and the liquid extender comprises from 5% to 95% of the
      concentrate. If a solid concentrate is desired, the adjuvant is usually
      made up solely of a solid extender unless the dust concentrate is to be
      applied as a wettable powder, in which case an amount of surface active
      agent comparable to that used in the liquid formulation, that is 0.1% to
      15%, may be desirable.
PAR  Carrier materials or diluents necessary to dilute the concentrates to a
      toxicological level suitable for plant control may be either a liquid or
      particulate solid. Materials mentioned previously as extenders may also be
      used as carriers; however the use of some of these materials as carriers
      is often not economically feasible. Water is a preferred liquid carrier;
      suitable solid carriers include solid fertilizers such as ammonium
      nitrate, urea, and superphosphate, as well as other materials in which
      plant organisms may take root and grow such as compost, manure, humus, and
      sand.
PAR  In addition to the above described conditioning agents, other adjuvants may
      be added, such as insecticides, fungicides, nematocides and other
      herbicides of a supplementary nature. This may be done when it is desired
      to broaden the spectrum of activity to include problem weeds, insects, or
      fungi.
PAR  The herbicidal compositions containing the N-arylsulfonyl carbamates are
      applied to the plant systems in the conventional manner. Thus, the dust
      and liquid compositions may be applied to the foliage of growing plants or
      to the soil by the use of power-operated dusters and sprayers as well as
      manually operated devices. Some of the compounds of this invention provide
      superior protection and control when mixed with the top few inches of
      soil. This can be accomplished by addition of the composition to
      irrigation water supplied to the field to be treated. Dust compositions
      sprinkled on the surface of the soil can be distributed below the surface
      by the usual discing, dragging, or mixing operations.
PAR  The application of a herbicidally effective amount of the N-(arylsulfonyl)
      carbamate to the area to be controlled is essential to the practice of
      this invention. The exact dosage to be applied is dependent not only upon
      the specific carbamate but also upon the particular type of protection
      desired. As a general rule, the pre-emergence herbicidal activity of the
      N-(arylsulfonyl) carbamates is the most significant although the
      post-emergence activity is quite pronounced for some compounds. Herbicidal
      activity is usually achieved by application of the N-(arylsulfonyl)
      carbamates at a rate of from about 1 to about 50 pounds per acre. However
      lower rates of application may be required with some of the carbamates,
      particularly if a herbicidally selective activity is desired.
PAR  The herbicidally active compounds of this invention have been described in
      terms of specific groups of types of N-(arylsulfonyl) carbamates. However
      it should be noted that this invention is intended to cover these
      compounds in which the substituent groups (the X, Y, Z, R, and R.sub.1
      radicals) can also contain constituents other than those mentioned if
      these constituents do not interfere with the biological activity of the
      parent N-(arylsulfonyl) carbamate. Those skilled in the art will recognize
      that a compound containing a hydrocarbon radical that is substituted with
      a non-interfering group is the equivalent of the corresponding compound
      containing a nonsubstituted hydrocarbon radical. Such a non-interfering
      group can be initially present in the compound subjected to one of the
      reactions of this invention and can, depending on circumstances, either be
      retained in the product molecular or be destroyed or changed during the
      reaction; or such group can be introduced by known means into one of the
      new compounds of this invention subsequent to the formation of such
      compound. Accordingly, these and other modifications are contemplated
      which can be made without departing from the spirit of the described
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An amine salt, alkali metal salt or alkaline earth metal salt of a
      N-benzenesulfonyl carbamate of the formula
      ##EQU6##
      where X, Y, and Z are selected from the group consisting of hydrogen,
      chloro, bromo, iodo, nitro, and lower alkyl; where R is selected from the
      group consisting of hydrogen, alkyl, cycloalkyl, alkenyl, alkynyl, aryl,
      alkaryl, aralkyl having up to 8 carbon atoms and lower alkanoyl; and where
      R.sub.1 is selected from the group consisting of alkyl, cycloalkyl,
      alkenyl, alkynyl, aryl, alkaryl and aralkyl having up to 8 carbon atoms.
NUM  2.
PAR  2. Lower alkenyl N-benzenesulfonyl carbamate.
NUM  3.
PAR  3. Isopropyl N-benzenesulfonyl carbamate.
NUM  4.
PAR  4. Dimethylamine salt of ethyl N-(p-nitrobenzenesulfonyl) carbamate.
PATN
WKU  039338959
SRC  5
APN  489846&
APT  1
ART  127
APD  19740718
TTL  Oxa-phenylene compounds
ISD  19760120
NCL  5
ECL  1
EXP  Gerstl; Robert
INVT
NAM  Nelson; Norman A.
CTY  Galesburg
STA  MI
ASSG
NAM  The Upjohn Company
CTY  Kalamazoo
STA  MI
COD  02
RLAP
COD  72
APN  302567
APD  19721030
PSC  03
RLAP
COD  82
APN  121572
APD  19710305
PSC  03
CLAS
OCL  260473A
XCL  260211R
XCL  2602472R
XCL  260268R
XCL  2602738
XCL  2603262
XCL  2604244
XCL  260434R
XCL  260448R
XCL  260468D
XCL  260473G
XCL  2605011
XCL  26050115
XCL  26050117
XCL  2605012
XCL  260514D
XCL  260520
EDF  2
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FSC  260
FSS  473 A;473 G;520
FREF
PNO  784,809
ISD  19721200
CNT  BE
OCL  260468
LREP
FR2  Nielsen; Morris L.
ABST
PAL  This invention is a group of 17,18-didehydro-PG.sub.1 - and -PG.sub.2 -type
      oxa-phenylene compounds, and processes for making them. These compounds
      are useful for a variety of pharmacological purposes, including
      anti-ulcer, inhibition of platelet aggregation, increase of nasal patency,
      labor inducement at term, and wound healing.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 302,567, filed Oct. 30, 1972, which was a continuation-in-part of my
      then copending application Ser. No. 121,572, filed Mar. 5, 1971 both now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to compositions of matter, and to methods and
      intermediates for producing them. In particular, the several aspects of
      this invention relate to novel oxa-phenylene analogs of some of the known
      prostaglandins, for example prostaglandin E.sub.1 (PGE.sub.1),
      prostaglandin E.sub.2 (PGE.sub.3), prostaglandin F.sub.1
      (PGF.sub.1.sub..alpha.  and PGF.sub.1 .sub..beta.), prostaglandin F.sub.2
      (PGF.sub.2.sub..alpha.  and PGF.sub.2.sub..beta.), prostaglandin A.sub.1
      (PGA.sub.1), prostaglandin A.sub.2 (PGA.sub.2), prostaglandin B.sub.1
      (PGB.sub.1), prostaglandin B.sub.2 (PGB.sub.2), the corresponding PG.sub.3
      's, and the dihydro PG.sub.1 derivatives, to novel methods for producing
      those novel prostaglandin analogs, and to novel chemical intermediates
      useful in those novel methods.
PAR  Each of the above-mentioned known prostaglandins is a derivative of
      prostanoic acid which has the following structure and atom numbering:
      ##SPC1##
PAL  A systematic name for prostanoic acid is
      7-[(2.beta.-octyl)-cyclopent-1.alpha.-yl]heptanoic acid.
PAR  PGE.sub.1 has the following structure:
      ##SPC2##
PAR  PGF.sub.1 .sub..alpha.  has the following structure:
      ##SPC3##
PAR  PGF.sub.1 .sub..beta.  has the following structure:
      ##SPC4##
PAR  PGA.sub.1 has the following structure:
      ##SPC5##
PAR  PGB.sub.1 has the following structure:
      ##SPC6##
PAR  Each of the known prostaglandins PGE.sub.2, PGF.sub.2 .sub..alpha.,
      PGF.sub.2.sub..beta., PGA.sub.2, and PGB.sub.2 has a structure the same as
      that shown for the corresponding PG.sub.1 compound except that in each,
      C-5 and C-6 are linked with a cis carbon-carbon double bond. For example,
      PGE.sub.2 has the following structure:
      ##SPC7##
PAR  Each of the known PG.sub.3 prostaglandins has a structure the same as that
      of the PG.sub.2 compounds except that in each, C-17 and C-18 are linked
      with a cis carbon-carbon double bond. For example, PGE.sub.3 has the
      following structure:
      ##SPC8##
PAR  Each dihydro derivative of PGE.sub.1, PGF.sub.1.sub..alpha.,
      PGF.sub.1.sub..beta., PGA.sub.1, and PGB.sub.1 has a structure the same as
      that shown for the corresponding PG.sub.1 compound except that in each,
      C-13 and C-14 are linked with a carbon-carbon single bond. For example,
      dihydro-PGE.sub.1 has the following structure:
      ##SPC9##
PAR  The prostaglandin formulas mentioned above each have several centers of
      asymmetry. As drawn, formulas II to IX each represents the particular
      optically active form of the prostaglandin obtained from certain mammalian
      tissues, for example, sheet vesicular glands, swine lung, and human
      seminal plasma, or by reduction or dehydration of a prostaglandin so
      obtained. See, for example, Bergstrom et al., Pharmacol. Rev. 20, 1
      (1968), and references cited therein. The mirror image of each formula
      represents a molecule of the enantiomer of that prostaglandin. The racemic
      form of the prostaglandin consists of equal numbers of two types of
      molecules, one represented by one of the above formulas and the other
      represented by the mirror image of that formula. Thus, both formulas are
      needed to define a racemic prostaglandin. See Nature 212, 38 (1966) for
      discussion of the stereochemistry of the prostaglandins.
PAR  In formulas I-IX, as well as in the formulas given hereinafter, broken line
      attachments to the cyclopentane ring indicate substituents in alpha
      configuration, i.e., below the plane of the cyclopentane ring. Heavy solid
      line attachments to the cyclopentane ring indicate substituents in beta
      configuration, i.e., above the plane of the cyclopentane ring.
PAR  Prostaglandins with carboxyl-terminated side chains attached to the
      cyclopentane ring in beta configuration are also known. These are
      derivatives of 8-iso-prostanoic acid which has the following formula:
      ##SPC10##
PAL  A systematic name for 8-iso-prostanoic acid is
      7-[(2.beta.-octyl)-cyclopent-1.beta.-yl]heptanoic acid.
PAR  The side-chain hydroxy at C-15 in formulas II to IX is in alpha (S)
      configuration. See Nature 212, 38 (1966) for discussion of the
      stereochemistry of the prostaglandins.
PAR  PGE.sub.1, PGE.sub.2, dihydro-PGE.sub.1, and the corresponding
      PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds, and their esters,
      acylates, and pharmacologically acceptable salts, are extremely potent in
      causing various biological responses. For that reason, these compounds are
      useful for pharmacological purposes. See, for example, Bergstrom et al.,
      Pharmacol. Rev. 20, 1 (1968), and references cited therein. A few of those
      biological responses are stimulation of smooth muscle as shown, for
      example, by tests of strips of guinea pig ileum, rabbit duodenum, or
      gerbil colon; potentiation of other smooth muscle stimulants;
      antilipolytic activity as shown by antagonism of epinephrine-induced
      mobilization of free fatty acids or inhibition of the spontaneous release
      of glycerol from isolated rat fat pads; inhibition of gastric secretion in
      the case of the PGE and PGA compounds as shown in dogs with secretion
      stimulated by food or histamine infusion; activity on the central nervous
      system; controlling spasm and facilitating breathing in asthmatic
      conditions; decreasing blood platelet adhesiveness as shown by
      platelet-to-glass adhesiveness, and inhibition of blood platelet
      aggregation and thrombus formation induced by various physical stimuli,
      e.g., arterial injury, and various biochemical stimuli, e.g., ADP, ATP,
      serotonin, thrombin, and collagen; and in the case of the PGE and PGB
      compounds, stimulation of epidermal proliferation and keratinization as
      shown when applied in culture to embryonic chick and rat skin segments.
PAR  Because of these biological responses; these known prostaglandins are
      useful to study, prevent, control, or alleviate a wide variety of diseases
      and undesirable physiological conditions in birds and mammals, including
      humans, useful domestic animals, pets, and zoological specimens, and in
      laboratory animals, for example, mice, rats, rabbits, and monkeys.
PAR  For example, these compounds, and especially the PGE compounds, are useful
      in mammals, including man, as nasal decongestants. For this purpose, the
      compounds are used in a dose range of about 10 .mu.g. to about 10 mg. per
      ml. of a pharmacologically suitable liquid vehicle or as an aerosol spray,
      both for topical application.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., and PGA compounds are useful in
      the treatment of asthma. For example, these compounds are useful as
      bronchodilators or as inhibitors of mediators, such as SRS-A, and
      histamine which are released from cells activated by an antigen-antibody
      complex. Thus, these compounds control spasm and facilitate breathing in
      conditions such as bronchial asthma, bronchitis, bronchiectasis, pneumonia
      and emphysema. For these purposes, these compounds are administered in a
      variety of dosage forms, e.g., orally in the form of tablets, capsules, or
      liquids; rectally in the form of suppositories; parenterally,
      subcutaneously, or intramuscularly, with intravenous administration being
      preferred in emergency situations; by inhalation in the form of aerosols
      or solutions for nebulizers; or by insufflation in the form of powder.
      Doses in the range of about 0.01 to 5 mg. per kg. of body weight are used
      1 to 4 times a day, the exact dose depending on the age, weight, and
      condition of the patient and on the frequency and route of administration.
      For the above use these prostaglandins can be combined advantageously with
      other anti-asthmatic agents, such as sympathomimetics (isoproterenol,
      phenylephrine, ephedrine, etc); xanthine derivatives (theophylline and
      aminophylline); and corticosteroids (ACTH and predinisolone). Regarding
      use of these compounds see South African Pat. No. 681,055.
PAR  The PGE and PGA compounds are useful in mammals, including man and certain
      useful animals, e.g., dogs and pigs, to reduce and control excessive
      gastric secrection, thereby reducing or avoiding gastrointestinal ulcer
      formation, and accelerating the healing of such ulcers already present in
      the gastrointestinal tract. For this purpose, the compounds are injected
      or infused intravenously, subcutaneously, or intramuscularly in an
      infusion dose range about 0.1 .mu.g. to about 500 .mu.g. per kg. of body
      weight per minute, or in a total daily dose by injection or infusion in
      the range about 0.1 to about 20 mg. per kg. of body weight per day, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful whenever
      it is desired to inhibit platelet aggregation, to reduce the adhesive
      character of platelets, and to remove or prevent the formation of thrombi
      in mammals, including man, rabbits, and rats. For example, these compounds
      are useful in the treatment and prevention of myocardial infarcts, to
      treat and prevent post-operative thrombosis, to promote patency of
      vascular grafts following surgery, and to treat conditions such as
      atherosclerosis, arteriosclerosis, blood clotting defects due to lipemia,
      and other clinical conditions in which the underlying etiology is
      associated with lipid imbalance or hyperlipidemia. For these purposes,
      these compounds are administered systemically, e.g., intravenously,
      subcutaneously, intramuscularly, and in the form of sterile implants for
      prolonged action. For rapid response, especially in emergency situations,
      the intravenous route of administration is preferred. Doses in the range
      about 0.005 to about 20 mg. per kg. of body weight per day are used, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are especially
      useful as additives to blood, blood products, blood substitutes, and other
      fluids which are used in artificial extracorporeal circulation and
      perfusion of isolated body portions, e.g., limbs and organs, whether
      attached to the original body, detached and being preserved or prepared
      for transplant, or attached to a new body. During these circulations and
      perfusions, aggregated platelets tend to block the blood vessels and
      portions of the circulation apparatus. This blocking is avoided by the
      presence of these compounds. For this purpose, the compound is added
      gradually or in single or multiple portions to the circulating blood, to
      the blood of the donor animal, to the perfused body portion, attached or
      detached, to the recipient, or to two or all of those at a total steady
      state dose of about 0.001 to 10 mg. per liter of circulating fluid. It is
      especially useful to use these compounds in laboratory animals, e.g.,
      cats, dogs, rabbits, monkeys, and rats, for these purposes in order to
      develop new methods and techniques for organ and limb transplants.
PAR  PGE compounds are extremely potent in causing stimulation of smooth muscle,
      and are also highly active in potentiating other known smooth muscle
      stimulators, for example, oxytocic agents, e.g., oxytocin, and the various
      ergot alkaloids including derivatives and analogs thereof. Therefore,
      PGE.sub.2, for example, is useful in place of or in combination with less
      than usual amounts of these known smooth muscle stimulators, for example,
      to relieve the symptoms of paralytic ileus, or to control or prevent
      antonic uterine bleeding after abortion or delivery, to aid in expulsion
      of the placenta, and during the puerperium. For the latter purpose, the
      PGE compound is administered by intravenous infusion immediately after
      abortion or delivery at a dose in the range about 0.01 to about 50 .mu.g.
      per kg. of body weight per minute until the desired effect is obtained.
      Subsequent doses are given by intravenous, subcutaneous, or intramuscular
      injection or infusion during puerperium in the range 0.01 to 2 mg. per kg.
      of body weight per day, the exact dose depending on the age, weight, and
      condition of the patient or animal.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful in place
      of oxytocin to induce labor in pregnant female animals, including man,
      cows, sheep, and pigs, at or near term, or in pregnant animals with
      intrauterine death of the fetus from about 20 weeks to term. For this
      purpose, the compound is infused intravenously at a dose of 0.01 to 50
      .mu.g. per kg. of body weight per minute until or near the termination of
      the second stage of labor, i.e., expulsion of the fetus. These compounds
      are especially useful when the female is one or more weeks post-mature and
      natural labor has not started, or 12 or 60 hours after the membranes have
      ruptured and natural labor has not yet started. An alternative route of
      administration is oral.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful for
      controlling the reproductive cycle in ovulating female mammals, including
      humans and animals such as monkeys, rats, rabbits, dogs, cattle, and the
      like. By the term ovulating female mammals is meant animals which are
      mature enough to ovulate but not so old that regular ovulation has ceased.
      For that purpose PGF.sub.2.sub..alpha., for example, is administered
      systemically at a dose level in the range 0.01 mg. to about 20 mg. per kg.
      of body weight of the female mammal, advantageously during a span of time
      starting approximately at the time of ovulation and ending approximately
      at the time of menses or just prior to menses. Intravaginal and
      intrauterine are alternative routes of administration. Additionally,
      expulsion of an embryo or a fetus is accomplished by similar
      administration of the compound during the first third of the normal
      mammalian gestation period.
PAR  As mentioned above, the PGE compounds are potent antagonists of
      epinephrine-induced mobilization of free fatty acids. For this reason,
      this compound is useful in experimental medicine for both in vitro and in
      vivo studies in mammals, including man, rabbits, and rats, intended to
      lead to the understanding, prevention, symptom alleviation, and cure of
      diseases involving abnormal lipid mobilization and high free fatty acid
      levels, e.g., diabetes mellitus, vascular diseases, and hyperthyroidism.
PAR  The PGA compounds and derivatives and salts thereof increase the flow of
      blood in the mammalian kidney, thereby increasing volume and electrolyte
      content of the urine. For that reason, PGA compounds are useful in
      managing cases of renal dysfunction, especially those involving blockage
      of the renal vascular bed. Illustratively, the PGA compounds are useful to
      alleviate and correct cases of edema resulting, for example, from massive
      surface burns, and in the management of shock. For these purposes, the PGA
      compounds are preferably first administered by intravenous injection at a
      dose in the range of 10 to 1000 .mu.g. per kg. of body weight or by
      intravenous infusion at a dose in the range 0.1 to 20 .mu.g. per kg. of
      body weight per minute until the desired effect is obtained. Subsequent
      doses are given by intravenous, intramuscular, or subcutaneous injection
      or infusion in the range 0.05 to 2 mg. per kg. of body weight per day.
PAR  The PGE and PGB compounds promote and accelerate the growth of epidermal
      cells and keratin in animals, including humans, useful domestic animals,
      pets, zoological specimens, and laboratory animals. For that reason, these
      compounds are useful to promote and accelerate healing of skin which has
      been damaged, for example, by burns, wounds, and abrasions, and after
      surgery. These compounds are also useful to promote and accelerate
      adherence and growth of skin autografts, especially small, deep (Davis)
      grafts which are intended to cover skinless areas by subsequent outward
      growth rather than initially, and to retard rejection of homografts.
PAR  For these purposes, these compounds are preferably administered topically
      at or near the cite where cell growth and keratin formation is desired,
      advantageously as an aerosol liquid or micronized powder spray, as an
      isotonic aqueous solution in the case of wet dressings, or as a lotion,
      cream, or ointment in combination with the usual pharmaceutically
      acceptable diluents. In some instances, for example, when there is
      substantial fluid loss as in the case of extensive burns or skin loss due
      to other causes, systemic administration is advantageous, for example, by
      intravenous injection or infusion, separate or in combination with the
      usual infusions of blood, plasma, or substitutes thereof. Alternative
      routes of administration are subcutaneous or intramuscular near the site,
      oral, sublingual, buccal, rectal, or vaginal. The exact dose depends on
      such factors as the route of administration, and the age, weight, and
      condition of the subject. To illustrate, a wet dressing for topical
      application to second and/or third degree burns of skin area 5 to 25
      square centimeters would advantageously involve use of an isotonic aqueous
      solution containing 1 to 500 .mu.g./ml. of the PGB compound or several
      times that concentration of the PGE compound. Especially for topical use,
      these prostaglandins are useful in combination with antibiotics, for
      example, gentamycin, neomycin, polymyxin B, bacitracin, spectinomycin, and
      oxytetracycline, with other antibacterials, for example, mafenide
      hydrochloride, sulfadiazine, furazolium chloride, and nitrofurazone, and
      with corticoid steroids, for example, hydrocortisone, prednisolone,
      methylprednisolone, and fluprednisolone, each of those being used in the
      combination at the usual concentration suitable for its use alone.
PAR  The PGE and PGF compounds are useful in causing cervical dilation in
      pregnant and nonpregnant female mammals for purposes of gynecology and
      obstetrics. In labor induction and in clinical abortion produced by these
      compounds, cervical dilation is also observed. In cases of infertility,
      cervical dilation produced by PGE and PGF compounds is useful in assisting
      sperm movement to the uterus. Cervical dilation by prostaglandins is also
      useful in operative gynecology such as D and C (Cervical Dilation and
      Uterine Curettage) where mechanical dilation may cause performation of the
      uterus, cervical tears, or infections. It is also useful in diagnostic
      procedures where dilation is necessary for tissue examination. For these
      purposes, the PGE and PGF compounds are administered locally or
      systemically. PGE.sub.2, for example, is administered orally or vaginally
      at doses of about 5 to 50 mg. per treatment of an adult female human, with
      from one to five treatments per 24 hour period. PGE.sub.2 is also
      administered intramuscularly or subcutaneously at doses of about one to 25
      mg. per treatment. The exact dosages for these purposes depend on the age,
      weight, and condition of the patient or animal.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds are useful
      in reducing the undesirable gastrointestinal effects resulting from
      systemic administration of anti-inflammatory prostaglandin synthetase
      inhibitors, and are used for that purpose by concomitant administration of
      the prostaglandin and the anti-inflammatory prostaglandin synthetase
      inhibitor. See Partridge et al., U.S. Pat. No. 3,781,429, for a disclosure
      that the ulcerogenic effect induced by certain non-steroidal
      anti-inflammatory agents in rats is inhibited by concomitant oral
      administration of certain prostaglandins of the E and A series, including
      PGE.sub.1, PGE.sub.2, PGE.sub.3, 13,14-dihydro-PGE.sub.1, and the
      corresponding 11-deoxy-PGE and PGA compounds.
PAR  The anti-inflammatory synthetase inhibitor, for example, indomethacin,
      aspirin, or phenylbutazone is administered in any of the ways known in the
      art to alleviate an inflammatory condition, for example, in any dosage
      regimen and by any of the known routes of systemic administration. The
      prostaglandin is administered along with the anti-inflammatory
      prostaglandin synthetase inhibitor either by the same route of
      administration or by a different route. For example, if the
      anti-inflammatory substance is being administered orally, the
      prostaglandin is also administered orally or, alternatively, is
      administered rectally in the form of a suppository or, in the case of
      women, vaginally in the form of a suppository or a vaginal device for slow
      release, for example as described in U.S. Pat. No. 3,545,439.
      Alternatively, if the anti-inflammatory substance is being administered
      rectally, the prostaglandin is also administered rectally or,
      alternatively, orally or, in the case of women vaginally. It is especially
      convenient when the administration route is to be the same for both
      anti-inflammatory substance and prostaglandin, to combine both into a
      single dosage form.
PAR  The dosage regimen for the prostaglandin in accord with this treatment will
      depend upon a variety of factors, including the type, age, weight, sex and
      medical condition of the mammal, the nature and dosage regimen of the
      anti-inflammatory synthetase inhibitor being administered to the mammal,
      the sensitivity of the particular individual mammal to the particular
      synthetase inhibitor with regard to gastrointestinal effects, and the
      particular prostaglandin to be administered.
PAC  SUMMARY OF THE INVENTION
PAR  It is a purpose of this invention to provide novel oxa-phenylene
      prostaglandin analogs, and process for making them.
PAR  The novel prostaglandin analogs of this invention each have an oxa oxygen
      (--O--) and a divalent phenylene moiety
      ##SPC11##
PAL  in the carboxyl-terminated side chain of the prostanoic acid structure (I)
      or the 8-iso-prostanoic acid structure (X). These divalent groups are
      located between the carboxyl group and the cyclopentane ring, and are
      either in addition to the six methylene portions of said chain or in place
      of one to five of said methylene portions. Bonding to the phenylene ring
      is either ortho, meta, or para. The oxa group is between the phenylene
      moiety and the carboxyl group.
PAR  Some of the novel prostaglandin analogs of this invention also have, in
      addition, a benzene ring as part of the C-13 to C-20 chain of the
      prostanoic acid structure (I) or 8-iso-prostanoic acid structure (X). That
      benzene ring is present as a substituted or unsubstituted phenyl moiety
      attached as a substituent to one of the methylenes between C-15 and the
      terminal methyl of the prostanoic acid or 8-isoprostanoic acid structure.
      Alternatively, the substituted or unsubstituted phenyl moiety is attached
      to the terminal or omega carbon of the C-16 to C-20 portion of the chain,
      replacing one of the hydrogens of the terminal methyl, the entire terminal
      methyl, or the terminal methyl plus one to four of the methylenes adjacent
      to that terminal methyl.
PAR  For example, five of the novel prostaglandin analogs of this invention are
      represented by the formulas:
      ##SPC12##
PAL  Based on its relationship to PGE.sub.1 and prostanoic acid, the compound of
      formula XI is named 3-oxa-4,5-inter-p-phenylene-PGE.sub.1 Similarly, the
      compound of formula XII is named
      15(R)-3-oxa-3,6-inter-m-phenylene-4,5-dinor-13,14-dihydro-PGF.sub.1.sub..a
     lpha., the compound of formula XIII is named
      8-iso-3-oxa-19-phenyl-4,7-inter-m-phenylene-5,6-dinor-PGA.sub.1, the
      compound of the formula XIV is named
      3-oxa-16-(4-chloro-phenyl)-3,5-inter-o-phenylene-4,17,18,19,20-pentanor-PG
     F.sub.2 .sub..beta., and the compound of formula XV is named
      5,6-dehydro-4-oxa-4,5-inter-m-phenylene-PGB.sub.2.
PAR  These names for the compounds of formulas XI to XV are typical of the names
      used hereinafter for the novel compounds of this invention. These names
      can better be understood by reference to the structure and numbering
      system of prostanoic acid (Formula I, above). That formula has seven
      carbon atoms in the carboxy-terminated chain and eight carbon atoms in the
      hydroxy-containing chain. In these names, "3-oxa" and "4-oxa" indicate an
      oxa oxygen (--O--) in place of the 3-methylene and 4-methylene,
      respectively of the PG compound.
PAR  The use of "nor,"  "dinor," "trinor," "tetranor," "pentanor," "hexanor,"
      and the like in the names for the novel compounds of this invention
      indicates the absence of one or more of the chain carbon atoms and the
      attached hydrogen atoms. The number or numbers in front of nor, dinor,
      etc., indicate which of the original prostanoic acid carbon atoms are
      missing in the named compound.
PAR  Each of the names of the novel compounds of this invention contains
      (inter-p-phenylene), (inter-m-phenylene), or (inter-o-phenylene), preceded
      by two numbers. That indicates that p-phenylene, m-phenylene, or
      o-phenylene has been inserted between (inter) the two carbon atoms so
      numbered in the formula of prostanoic acid.
PAR  Thus, formula XIII differs from prostanoic acid in that an oxa oxygen
      replaces carbon 3, carbons 5 and 6 of prostanoic acid are missing,
      m-phenylene has been inserted between carbons 4 and 7 of prostanoic acid,
      and a phenyl has been attached to carbon 19 of prostanoic acid. Formula
      XIII also, of course, is an A type prostaglandin, having a carbonyl oxygen
      and a 10:11 double bond.
PAR  Novel compounds of this invention with the carboxyl-terminated chain
      attached to the cyclopentane ring in beta configuration are 8-iso
      compounds (formula X), and are so designated by using "8-iso" in the name.
      An example is the name given above for the compound of formula XIII. If
      8-iso does not appear in the name, attachment of the carboxy-terminated
      chain in alpha configuration is to be assumed.
PAR  Novel compounds of this invention with epi configuration for the hydroxy at
      C-15 are so designated by using "15(R)" in the name. See, for example, the
      name given above for the formula-XII compound. Alternately, "15-beta" is
      used. See. R. S. Cahn, Journal of Chemical Education Vol. 41, page 116
      (1964) for a discussion of S and R configurations. If "15(R)" or "15-beta"
      does not appear in the name, the natural configuration for the C-15
      hydroxy, identified as the "S" configuration for PGE.sub.1, is to be
      assumed.
PAR  Some of the novel compounds of this invention differ structurally in other
      ways from the known prostanoic acid derivatives, having for example, more
      or fewer carbon atoms in either chain, and having one or more alkyl and/or
      fluoro substituents in the chains.
PAR  The following formulas represent the novel oxaphenylene compounds of this
      invention.
      ##SPC13##
PAL  Formulas XVI-XIX, , and XXXII represent oxa-phenylene compounds of the PGE
      type. Formulas XX-XXIII, and XXXIII represent oxa-phenylene compounds of
      the PGF type. Formulas XXIV-XXVII, and XXXIV represent oxa-phenylene
      compounds of the PGA type. Formulas XXVIII-XXXI, and XXXV represent
      oxa-phenylene compounds of the PGB type.
PAR  In formulas XVI to XXXV, the wavy line .about. indicates attachment of the
      hydroxyl or the side chain to the cyclopentane ring in alpha or beta
      configuration;
PAR  G is (1) alkyl of 2 to 10 carbon atoms, inclusive, substituted with zero,
      one, 2, or 3 fluoro or (2) a monovalent moiety of the formula
      ##SPC14##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of 1 to 10
      carbon atoms, inclusive, substituted with zero, one, or 2 fluoro, with one
      to 7 carbon atoms, inclusive, between
      ##EQU1##
      and the ring, wherein T is alkyl of one to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of one to 4 carbon atoms, inclusive, and wherein s is
      zero, one, 2, or 3, with the proviso that not more than two T's are other
      than alkyl; R.sub.1 is hydrogen, alkyl of one to 12 carbon atoms,
      inclusive, cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to
      12 carbon atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3
      chloro or alkyl of one to 4 carbon atoms, inclusive, or ethyl substituted
      in the .beta.-position with 3 chloro, 2 or 3 bromo, or 1, 2, or 3 iodo; Q
      is
      ##EQU2##
      wherein R.sub.2 is hydrogen or alkyl of one to 4 carbon atoms, inclusive;
      R.sub.3 and R.sub.4 are hydrogen or methyl; and R.sub.5 is alkyl of one to
      4 carbon atoms, inclusive, substituted with zero, one, 2, or 3 fluoro.
PAR  Likewise, in formulas XVI to XXXV, C.sub.g H.sub.2g represents a valence
      bond or alkylene of one to 4 carbon atoms, inclusive, with one or 2 chain
      carbon atoms between --CH.sub.2 -- and the ring; C.sub.j H.sub.2j
      represents a valence bond or alkylene of one or 2 carbon atoms with one
      chain carbon atom between the chain unsaturation and the ring; C.sub.n
      H.sub.2n is alkylene of one to 4 carbon atoms, inclusive; C.sub.p H.sub.2p
      represents a valence bond or alkylene of one to 4 carbon atoms, inclusive,
      with one or 2 chain carbon atoms between the ring and --O--, wherein
      C.sub.g H.sub.2g and C.sub.p H.sub.2p together represent zero to 8 carbon
      atoms, inclusive, with total chain lengths zero to 3 carbon atoms,
      inclusive, and wherein C.sub.j H.sub.2j and C.sub.p H.sub.2p together
      represent zero to 6 carbon atoms, inclusive, with total chain lengths zero
      to 3 carbon atoms, inclusive.
PAR  Regarding the meaning of C.sub.g H.sub.2g, C.sub.j H.sub.2j, and C.sub.p
      H.sub.2p as defined above, the novel compounds of this invention include
      compounds wherein a carbon atom of the phenylene moiety is attached
      directly to the C-7 methylene or the C-5 =CR.sub.4 -- in ortho, meta, or
      para orientation relative to the oxa-containing portion of the carboxyl
      chain. When C.sub.g H.sub.2g represents alkylene, the chain of carbon
      atoms which connects the C-7 methylene to a carbon atom of phenylene will
      be one or 2 carbon atoms long. When C.sub.j H.sub.2j represents alkylene,
      the chain of carbon atoms which connects =CR.sub.4 -- to a carbon atom of
      phenylene will be one carbon atom long. C.sub.p H.sub.2p represents a
      valence bond or alkylene of one to 6 carbon atoms, inclusive, with one or
      2 carbon atoms between the ring and the --O--. Any or all of these
      alkylene chains are unsubstituted or substituted with alkyl carbons in the
      form of one or more alkyl groups within the total carbon content of each
      chain as specified above, i.e., a maximum of 4 carbon atoms of C.sub.g
      H.sub.2g, 2 carbons for C.sub.j H.sub.2j, and 4 carbons for C.sub.p
      H.sub.2p. When C.sub.g H.sub.2g or C.sub.j H.sub.2j is alkylene, it is the
      same as or different than C.sub.p H.sub.2p, 8 carbon atoms being the
      maximum total carbon content and 3 carbon atoms being the maximum total
      chain length for the combination of C.sub.g H.sub.2g and C.sub.p H.sub.2p,
      and 6 carbon atoms being the maximum total carbon content and 3 carbon
      atoms being the maximum total chain length for the combination of C.sub.j
      H.sub.2j and C.sub.p H.sub.2p. To illustrate these definitions, when
      C.sub.g H.sub.2g is ethylene, C.sub.p H.sub.2p is methylene, or one of
      them is a valence bond and the other is ethylene, but both are not
      ethylene. In this first illustration, where the total chain length of
      C.sub.g H.sub.2g and C.sub. p H.sub.2p is 3 carbon atoms, up to 5 carbon
      atoms are in the alkyl substituents.
PAR  Formulas XVI through XXXV include the separate isomers wherein Q is either
      ##EQU3##
      i.e. where the hydroxyl is in either alpha (natural) or beta
      configuration. Referring to the prostanoic acid atom numbering (formula I
      above), the point of attachment corresponds to C-15, and, herein,
      regardless of the variation in the C-1 to C-7 carboxy chain, these epimers
      are referred to as "C-15 epimers".
PAR  Formulas XX-XXIII, and XXXIII wherein the C-9 hydroxyl (following
      prostanoic acid atom numbering) is attached to the cyclopentane with a
      wavy line .about. include both PGF.sub..alpha.- and PGF.sub..beta.-type
      compounds.
PAR  Included in Formulas XVII, XXI, XXV, and XXIX, are both the cis and the
      trans compounds with respect to the C-5 to C-6 double bonds in the
      carboxyl-terminated side chain. In all of the compounds containing the
      C.sub.13 to C.sub.14 double bond, that double bond is in trans
      configuration, and the chain containing that moiety is attached to the
      cyclopentane ring in beta configuration in compounds encompassed by
      formulas XVI to XXXV.
PAR  The novel oxa-phenylene compounds of this invention include racemic
      compounds and both optically active enantiomeric forms thereof. As
      discussed hereinabove, two structural formulas are required to define
      accurately these racemic compounds. The formulas as drawn herein are
      intended to represent compounds with the same configuration as the
      naturally-occurring prostaglandins. However, for convenience in the charts
      herein only a single structural formula is used, for example in Chart D,
      to define not only the optically active form but also the racemic
      compounds which generally undergo the same reactions.
PAR  Formula XVI represents 3-oxa-4,5-inter-p-phenylene-PGE.sub.1 (formula XI
      hereinabove) when C.sub.g H.sub.2g is ethylene, C.sub.p H.sub.2p is
      methylene, G is n-pentyl, Q is
      ##EQU4##
      R.sub.1 is hydrogen, C.sub.g H.sub.2g and C.sub.p H.sub.2p are attached to
      the phenylene in para orientation, and the carboxyl-terminated side chain
      is attached to the cyclopentane ring in alpha configuration.
PAR  With regard to formulas XVI to XXXV, examples of alkyl of one to 4 carbon
      atoms, inclusive, or methyl, ethyl, propyl, butyl, and isomeric forms
      thereof. Examples of alkyl of 1 to 8 carbon atoms, inclusive, are those
      given above, and pentyl, hexyl, heptyl, octyl, and isomeric forms thereof.
      Examples of alkyl of one to 12 carbon atoms, inclusive, are those given
      above, and nonyl, decyl, undecyl, dodecyl, and isomeric forms thereof.
      Examples of cycloalkyl of 3 to 10 carbon atoms, inclusive, which includes
      alkyl-substituted cycloalkyl, are cyclopropyl, 2-methylcyclopropyl,
      2,2-dimethylcyclopropyl, 2,3-diethylcyclopropyl, 2-butylcyclopropyl,
      cyclobutyl, 2-methylcyclobutyl, 3-propylcyclobutyl,
      2,3,4-triethylcyclobutyl, cyclopentyl, 2,2-dimethylcyclopentyl,
      3-pentylcyclopentyl, 3-tert-butylcyclopentyl, cyclohexyl,
      4-tert-butylcyclohexyl, 3-isopropylcyclohexyl, 2,2-dimethylcyclohexyl,
      cycloheptyl, cyclooctyl, cyclononyl, and cyclodecyl. Examples of aralkyl
      of 7 to 12 carbon atoms, inclusive, are benzyl, phenethyl, 1-phenylethyl,
      2-phenylpropyl, 4-phenylbutyl, 3-phenylbutyl, 2-(1-naphthylethyl), and
      1-(2-naphthylmethyl). Examples of phenyl substituted by one to 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive, are p-chlorophenyl,
      m-chlorophenyl, o-chlorophenyl, 2,4-dichlorophenyl, 2,4,6-trichlorophenyl,
      p-tolyl, m-tolyl, o-tolyl, p-ethylphenyl, p-tert-butylphenyl,
      2,5-dimethylphenyl, 4-chloro-2-methylphenyl, and
      2,4-dichloro-3-methylphenyl.
PAR  Examples of alkyl of two to 10 carbon atoms, inclusive, substituted with
      one to 3 fluoro, are 2-fluoroethyl, 2-fluorobutyl, 3-fluorobutyl,
      4-fluorobutyl, 5-fluoropentyl, 4-fluoro-4-methylpentyl, 3-fluoroisoheptyl,
      8-fluorooctyl, 3,4-difluorobutyl, 4,4-difluoropentyl, 5,5-difluoropentyl,
      5,5,5-trifluoropentyl, and 10,10,10-trifluorodecyl.
PAR  Examples of alkylene within the various scopes of C.sub.g H.sub.2g, C.sub.j
      H.sub.2j, C.sub.p H.sub.2p, C.sub.n H.sub.2n, and C.sub.t H.sub.2t, as
      those are defined above, are methylene, ethylene, trimethylene,
      tetramethylene, pentamethylene, hexamethylene, and heptamethylene, and
      those alkylene with one or more alkyl substituents on one or more carbon
      atoms, thereof, e.g., --CH(CH.sub.3)--, --C(CH.sub.3).sub.2 --,
      --CH(CH.sub.2 CH.sub.3)--, --CH.sub.2 --CH(CH.sub.3)--,
      --CH(CH.sub.3)--CH(CH.sub.3)--, --CH.sub.2 --C(CH.sub.3).sub.2 --,
      --CH.sub.2 --CH(CH.sub.3)--CH.sub.2 --, --CH.sub.2 --CH.sub.2
      --CH(CH.sub.2 CH.sub.2 CH.sub.3)--, --CH(CH.sub.3)--CH(CH.sub.3)--CH.sub.2
      --CH.sub.2 --, --CH.sub.2 --CH.sub.2 --CH.sub.2 --C(CH.sub.3).sub.2
      --CH.sub.2 --, --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CH(CH.sub.3)--, --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2
      --C(CH.sub.3).sub.2 --, --CH(CH.sub.3)--CH.sub.2 --CH(CH.sub.3)--CH.sub.2
      --CH.sub.2 --CH(CH.sub.3)--, and --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CH.sub.2 --CH.sub.2 --CH.sub.2 --C(CH.sub.3).sub.2 --.
PAR  Examples of alkylene substituted with one or 2 fluoro and within the scope
      of C.sub.t H.sub.2t, as defined above, are --CHF--CH.sub.2 --, CHF--CHF--,
      --CH.sub.2 --CH.sub.2 --CF.sub.2 --, --CH.sub.2 --CHF--CH.sub.2 --,
      --CH.sub.2 --CH.sub.2 --CF(CH.sub.3)--, --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CF.sub.2 --, and --CHF--CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CH.sub.2 --CH.sub.2 --.
PAR  Examples of
      ##SPC15##
PAL  as defined above are phenyl, p-tolyl, m-tolyl, o-tolyl, p-fluorophenyl,
      m-fluorophenyl, o-fluorophenyl, p-chlorophenyl, m-chlorophenyl,
      o-chlorophenyl, p-trifluoromethylphenyl, m-trifluoromethylphenyl,
      p-trifluoromethylphenyl, p-hydroxyphenyl, m-hydroxyphenyl,
      o-hydroxyphenyl, p-methoxyphenyl, m-methoxyphenyl, o-methoxyphenyl,
      p-tetrahydropyranyloxyphenyl, m-tetrahydropyranyloxyphenyl,
      o-tetrahydropyranyloxyphenyl, o-ethylphenyl, m-isopropylphenyl,
      p-tert-butylphenyl, p-butoxyphenyl, 3,4-dimethylphenyl, 2,4-diethylphenyl,
      2,4,6-trimethylphenyl, 3,4,5-trimethylphenyl, 2,4-dichlorophenyl,
      3,4-difluorophenyl, 2-chloro-4-methylphenyl, 2-fluoro-4-methoxyphenyl,
      3,5-dimethyl-4-fluorophenyl, 2,6-dimethyl-4-hydroxyphenyl, and
      2,4-di(trifluoromethyl)phenyl.
PAR  The novel formula XVI-XIX, and XXXII PGE-type oxa-phenylene compounds, the
      novel formula XX-XXIII, and XXXIII PGF.sub..alpha.-type and
      PGF.sub..beta.-type oxa-phenylene compounds, the novel formula XXIV-XXVII,
      and XXXIV PGA-type oxa-phenylene compounds, and the novel formula
      XXVIII-XXXI, and XXXV PGB-type oxa-phenylene compounds each cause the
      biological responses described above for the PGE, PGF.sub..alpha.,
      PGF.sub..beta., PGA, and PGB compounds, respectively, and each of these
      novel compounds is accordingly useful for the above-described
      corresponding purposes, and is used for those purposes in the same manner
      as described above.
PAR  The known PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds
      uniformly cause multiple biological responses even at low doses. For
      example, PGE.sub.1 and PGE.sub.2 both cause vasodepression and smooth
      muscle stimulation at the same time they exert antilipolytic activity.
      Moreover, for many applications, these known prostaglandins have an
      inconveniently short duration of biological activity. In striking
      contrast, the novel prostaglandin analogs of formulas XVI to XXXV are
      substantially more specific with regard to potency in causing
      prostaglandin-like biological responses, and have a substantially longer
      duration of biological activity. Therefore, each of these novel
      prostaglandin analogs is useful in place of one of the corresponding
      above-mentioned known prostaglandins for at least one of the
      pharmacological purposes indicated above for the latter, and is
      surprisingly and unexpectedly more useful for that purpose because it has
      a different and narrower spectrum of biological activity than the known
      prostaglandin, and therefore is more specific in its activity and causes
      smaller and fewer undesired side effects than the known prostaglandin.
      Moreover, because of its prolonged activity, fewer and smaller doses of
      the novel prostaglandin analog can frequently be used to attain the
      desired result.
PAR  To obtain the optimum combination of biological response specificity,
      potency, and duration of activity, certain compounds within the scope of
      formulas XVI to XXXV are preferred. For example, in compounds of formulas
      XVI, XIX, XX, XXIII, XXIV, XXVII, XXVIII, and XXXI, it is preferred that
      the carboxyl-terminated side chain contain a total of 2 to 4 chain carbon
      atoms, inclusive, excluding the phenylene and --COOR.sub.1, and including
      the C-7 methylene. In other words, preferred compounds of these formulas
      are those wherein C.sub.g H.sub.2g and C.sub.p H.sub.2p together represent
      zero, one, or 2 chain carbon atoms. Especially preferred compounds of
      these formulas are those wherein C.sub.g H.sub.2g and C.sub.p H.sub.2p
      each represent a valence bond, and those wherein C.sub.g H.sub.2g
      represents a valence bond and C.sub.p H.sub.2p represents a single chain
      carbon atom, especially methylene.
PAR  In compounds of formulas XVII, XVIII, XXI, XXII, XXV, XXVI, XXIX, XXX,
      XXXII, XXXIII, XXXIV, and XXXV, it is preferred that the
      carboxyl-terminated side chain contain a total of 4 or 5 chain carbon
      atoms, excluding the phenylene and --COOR.sub.1, and including --CH.sub.2
      --CR.sub.3 =CR.sub.4 -- and --CH.sub.2 --C.tbd.C--. In other words,
      preferred compounds of these formulas are those wherein C.sub.j H.sub.2j
      and C.sub.p H.sub.2p together represent zero or one chain carbon atoms.
      Included in these coumpounds are those wherein C.sub.j H.sub.2j and
      C.sub.p H.sub.2p each represent a valence bond, and those wherein C.sub.j
      H.sub.2j represents a valence bond, and C.sub.p H.sub.2p represents a
      single chain carbon atom, especially methylene.
PAR  As used herein, a chain carbon atom is part of the direct chain carbon
      atoms linking the C-7 methylene or =CR.sub.4 -- to the phenylene, the
      phenylene to the oxa, and the oxa to --COOR.sub.1. Thus, the chain
      --CH(CH.sub.3)--C(CH.sub.3).sub.2 -- contains 5 carbon atoms but only 2
      chain atoms.
PAR  Another preference for the carboxy-terminated side chain in compounds of
      formulas XVI to XXXV is that the phenylene be a meta-phenylene.
PAR  Another preference for the compounds of formulas XVI to XXXV is that
      R.sub.2, R.sub.3, and R.sub.4 are hydrogen or methyl. All of those R
      groups can be hydrogen, all can be methyl, or there can be any of the
      possible combinations of hydrogen and methyl.
PAR  Certain variations in the nature of G in the compounds of formulas XVI to
      XXXV are especially important. In the known PG.sub.1 and PG.sub.2
      prostaglandins, e.g., PGE.sub.1, the portion of the molecule corresponding
      to G in formulas XVI to XXXI is n-pentyl. When G is unsubstituted alkyl or
      fluoro-substituted alkyl as defined above, there is a preference which
      results in compounds with optimum combinations of biological properties:
      namely that G is straight chain alkyl of 3 to 7 carbon atoms, inclusive,
      with or without a fluoro substituent at the 1-position , e.g.,
      --CHF--(CH.sub.2).sub.a --CH.sub.3 , wherein a is one, 2, 3, 4, or 5.
      Especially preferred among these are n-pentyl and 1-fluoropentyl.
PAR  When G is substituted alkyl, it is preferred that the 1-position be mono-
      or di-substituted with one or two alkyl groups containing from one to 4
      carbon atoms, inclusive. Especially preferred are formula XVI-to-XXXV
      compounds wherein G is substituted at the 1-position with methyl and/or
      ethyl, e.g. --CH(CH.sub.3)--(CH.sub.2).sub.c --CH.sub.3, --CH(C.sub.2
      H.sub.5)--(CH.sub.2).sub.c --CH.sub.3, --C(CH.sub.3).sub.2
      --(CH.sub.2).sub.c --CH.sub.3, --C(C.sub.2 H.sub.5).sub.2
      --(CH.sub.2).sub.c --CH.sub.3, or --C(CH.sub.3)(C.sub.2
      H.sub.5)--(CH.sub.2).sub.c --CH.sub.3, wherein c is 2, 3, or 4.
PAR  When G represents
      ##SPC16##
PAL  as defined above, it is preferred for compounds with optimum combination of
      biological properties that C.sub.t H.sub.2t be a valence bond, i.e., t is
      zero, or alkylene of one to 4 carbon atoms, inclusive, i.e.,
      --(CH.sub.2).sub.d -- wherein d is one, 2, 3, or 4, with or without a
      fluoro or alkyl substituent on the carbon adjacent to the
      hydroxy-substituted carbon (C-15 in PGE.sub.1), e.g.,
      --CHF--(CH.sub.2).sub.e --, --CH(CH.sub.3)--(CH.sub.2).sub.e --, or
      --C(CH.sub.3).sub.2 --(CH.sub.2).sub.e --, wherein e is zero, one, 2, or
      3. Further, it is preferred that the phenyl ring when present and
      substituted, be substituted at least at the para position.
PAR  In compounds of formulas XXXII to XXXV, it is preferred that C.sub.n
      H.sub.2n be methylene and that R.sub.5 be ethyl.
PAR  Another way of expressing the above preferences for G is that when G is
      alkyl or fluoro-substituted alkyl it be a group represented by
      ##EQU5##
      wherein a is one, 2, 3, 4, or 5, and wherein R.sub.21 and R.sub.22 are
      hydrogen, alkyl of one to 4 carbon atoms, inclusive, or fluoro, being the
      same or different, with the proviso that R.sub.22 is fluoro only when
      R.sub.21 is hydrogen or fluoro.
PAR  Furthermore, when G is
      ##SPC17##
PAL  it is preferred that when C.sub.t H.sub.2t is alkylene or
      fluoro-substituted alkylene it be a group represented by
      ##EQU6##
      wherein e is zero, one, 2, or 3, and wherein R.sub.21 and R.sub.22 are as
      defined above.
PAR  Still another preference is that Q be
      ##EQU7##
      wherein R.sub.2 is as defined hereinabove.
PAR  Another advantage of the novel compounds of this invention, especially the
      preferred compounds defined hereinabove, compared with the known
      prostaglandins, is that these novel compounds are administered effectively
      orally, sublingually, intravaginally, buccally, or rectally, in addition
      to usual intravenous, intramuscular, or subcutaneous injection or infusion
      methods indicated above for the uses of the known prostaglandins. These
      qualities are advantageous because they facilitate maintaining uniform
      levels of these compounds in the body with fewer, shorter, or smaller
      doses, and make possible self-administration by the patient.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type oxa-phenylene
      compounds encompassed by formulas XVI to XXXV including the special
      classes of compounds described above, are used for the purposes described
      above in the free acid form, in ester form, or in pharmacologically
      acceptable salt form. When the ester form is used, the ester is any of
      those within the above definition of R.sub.1. However it is preferred that
      the ester be alkyl of one to 12 carbon atoms, inclusive. Of those alkyl,
      methyl and ethyl are especially preferred for optimum absorption of the
      compound by the body or experimental animal system; and straight-chain
      octyl, nonyl,, decyl, undecyl, and dodecyl are especially preferred for
      prolonged activity in the body or experimental animal.
PAR  Pharmacologically acceptable salts of these formula XVI-to-XXXV compounds
      useful for the purposes described above are those with pharmacologically
      acceptable metal cations, ammonium, amine cations, or quaternary ammonium
      cations.
PAR  Especially preferred metal cations are those derived from the alkali
      metals, e.g., lithium, sodium and potassium, and from the alkaline earth
      metals, e.g., magnesium and calcium, although cationic forms of other
      metals, e.g., aluminum, zinc, and iron, are within the scope of this
      invention.
PAR  Pharmacologically acceptable amine cations are those derived from primary,
      secondary, or tertiary amines. Examples of suitable amines are
      methylamine, dimethylamine, trimethylamine, ethylamine, dibutylamine,
      triisopropylamine, N-methylhexylamine, decylamine, dodecylamine,
      allylamine, crotylamine, cyclopentylamine, dicyclohexylamine, benzylamine,
      dibenzylamine, .alpha.-phenylethylamine, .beta.-phenylethylamine,
      ethylenediamine, diethylenetriamine, and like aliphatic, cycloaliphatic,
      and araliphatic amines containing up to and including about 18 carbon
      atoms, as well as heterocyclic amines, e.g., piperidine, morpholine,
      pyrrolidine, piperazine, and lower-alkyl derivatives thereof, e.g.,
      1-methylpiperidine, 4-ethylmorpholine, 1-isopropylpyrrolidine,
      2-methylpyrrolidine, 1,4-dimethylpiperazine, 2-methylpiperidine, and the
      like, as well as amines containing water-solubilizing or hydrophilic
      groups, e.g., mono-, di-, and triethanolamine, ethyldiethanolamine,
      n-butylethanolamine, 2-amino-1-butanol, 2-amino-2-ethyl-1,3-propanediol,
      2-amino-2-methyl-1-propanol, tris-(hydroxymethyl)aminomethane,
      N-phenylethanolamine, N-(p-tert-amylphenyl)-diethanolamine, galactamine,
      N-methylglucamine, N-methylglucosamine, ephedrine, phenylephrine,
      epinephrine, procaine, and the like.
PAR  Examples of suitable pharmacologically acceptable quaternary ammonium
      cations are tetramethylammonium, tetraethylammonium,
      benzyltrimethylammonium, phenyltriethylammonium, and the like.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type oxa-phenylene
      compounds encompassed by formulas XVI to XXXV including the special
      classes of compounds described above, are also used for the purposes
      described above in free hydroxy form or in the form wherein the hydroxy
      moieties are transformed to lower alkanoate moieties, e.g., --OH to
      --OCOCH.sub.3. Examples of lower alkanoate moieties are acetoxy,
      propionyloxy, butyryloxy, valeryloxy, hexanoyloxy, heptanoyloxy,
      octanoyloxy, and branched chain alkanoyloxy isomers of those moieties.
      Especially preferred among these alkanoates for the above described
      purposes are the acetoxy compounds. These free hydroxy and alkanoyloxy
      compounds are used as free acids, as esters, and in salt form all as
      described above.
PAR  As discussed above, the compounds of formulas XVI to XXXV are administered
      in various ways for various purposes; e.g., intravenously,
      intramuscularly, subcutaneously, orally, intravaginally, rectally,
      buccally, sublingually, topically, and in the form of sterile implants for
      prolonged action. For intravenous injection or infusion, sterile aqueous
      isotonic solutions are preferred. For that purpose, it is preferred
      because of increased water solubility that R.sub.1 in the formula
      XVI-to-XXXV compound be hydrogen or a pharmacologically acceptable cation.
      For subcutaneous or intramuscular injection, sterile solutions or
      suspensions of the acid, salt, or ester form in aqueous or non-aqueous
      media are used. Tablets, capsules, and liquid preparations such as syrups,
      elixirs, and simple solutions, with the usual pharmaceutical carriers are
      used for oral sublingual administration. For rectal or vaginal
      administration, suppositories prepared as known in the art are used. For
      tissue implants, a sterile tablet or silicone rubber capsule or other
      object containing or impregnated with the substance is used.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA and PGB type oxa-phenylene
      compounds encompassed by formulas XVI to XXXV are produced by the
      reactions and procedures described and exemplified hereinafter.
PAR  The various PGF.sub..alpha.-type and PGF.sub..beta.-type oxa-phenylene
      compounds encompassed by formulas XX-XXIII and XXXIII are prepared by
      carbonyl reduction of the corresponding PGE type compounds encompassed by
      formulas XVI-XIX and XXXII. For example, carbonyl reduction of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 gives a mixture of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. and
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..beta..
PAR  These ring carbonyl reductions are carried out by methods known in the art
      for ring carbonyl reductions of known prostanoic acid derivatives. See,
      for example, Bergstrom et al., Arkiv Kemi 19, 563 (1963), Acta Chem.
      Scand. 16, 969 (1962), and British Patent Specification No. 1,097,533. Any
      reducing agent is used which does not react with carbon-carbon double
      bonds or ester groups. Preferred reagents are
      lithium(tri-tert-butoxy)aluminum hydride, the metal borohydrides,
      especially sodium, potassium and zinc borohydrides, and metal trialkoxy
      borohydrides, e.g., sodium trimethoxyborohydride. The mixtures of alpha
      and beta hydroxy reduction products are separated into the individual
      alpha and beta isomers by methods known in the art for the separation of
      analogous pairs of known isomeric prostanoic acid derivatives. See, for
      example, Bergstrom et al., cited above, Granstrom et al., J. Biol. Chem.
      240, 457 (1965), and Green et al., J. Lipid Research 5, 117 (1964).
      Especially preferred as separation methods are partition chromatographic
      procedures, both normal and reversed phase, preparative thin layer
      chromatography, and countercurrent distribution procedures.
PAR  The various PGA-type oxa-phenylene compounds encompassed by formulas
      XXIV-XXVII and XXXIV are prepared by acidic dehydration of the
      corresponding PGE type compounds encompassed by formulas XVI-XIX and
      XXXII. For example, acidic dehydration of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 gives
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1.
PAR  These acidic dehydrations are carried out by methods known in the art for
      acidic dehydrations of known prostanoic acid derivatives. See, for
      example, Pike et al., Proc. Nobel Symposium II, Stockholm (1966),
      Interscience Publishers, New York, pp. 162-163 (1967); and British Patent
      Specification No. 1,097,533. Alkanoic acids of 2 to 6 carbon atoms,
      inclusive, especially acetic acid, are preferred acids for this acidic
      dehydration. Dilute aqueous solutions of mineral acids, e.g., hydrochloric
      acid, especially in the presence of a solubilizing diluent, e.g.,
      tetrahydrofuran, are also useful as reagents for this acidic dehydration,
      although these reagents may cause partial hydrolysis of an ester reactant.
PAR  The various PGB-type oxa-phenylene compounds encompassed by formulas
      XXVIII-XXXI and XXXV are prepared by basic dehydration of the
      corresponding PGE type compounds encompassed by formulas XVI-XIX and
      XXXII, or by contacting the corresponding PGA type compounds encompassed
      by formulas XXIV-XXVII and XXXIV with base. For example, both
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 and
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 give
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGB.sub.1 on treatment with base.
PAR  These basic dehydrations and double bond migrations are carried out by
      methods known in the art for similar reactions of known prostanoic acid
      derivatives. See, for example, Bergstrom et al., J. Biol. Chem. 238, 3555
      (1963). The base is any whose aqueous solution has pH greater than 10.
      Preferred bases are the alkali metal hydroxides. A mixture of water and
      sufficient of a water-miscible alkanol to give a homogeneous reaction
      mixture is suitable as a reaction medium. The PGE-type or PGA-type
      compound is maintained in such a reaction medium until no further PGB-type
      compound is formed, as shown by the characteristic ultraviolet light
      absorption near 278 m.mu. for the PGB type compound.
PAR  The various transformations of PGE-type oxa-phenylene compounds of formulas
      XVI-XIX to the corresponding PGF.sub..alpha., PGF.sub..beta., PGA and PGB
      type oxa-phenylene compounds are shown in Chart A, wherein G, Q, R.sub.1,
      and .about. are as defined above, wherein E' is --CH.sub.2 CHR.sub.9 -- or
      trans--CH=CR.sub.9 --, wherein R.sub.26 and R.sub.9 are hydrogen or alkyl
      of one to 4 carbon atoms, inclusive, and wherein J' is
      ##SPC18##
PAL  wherein V is C.sub.g H.sub.2g, cis or trans
      ##EQU8##
      or --C.tbd.C--C.sub.j H.sub.2j wherein C.sub.g H.sub.2g, C.sub.j H.sub.2j,
      C.sub.p H.sub.2p, R.sub.3, and R.sub.4 are as defined above, and wherein
      C.sub.q H.sub.2q represents alkylene of one to 6 carbon atoms, inclusive,
      with one, 2, or 3 carbon atoms between --O-- and --COOR.sub.1.
PAR  The various 13,14-dihydro-PGE.sub.1, -PGF.sub.1, -PGA.sub.1, and -PGB.sub.1
       type oxa-phenylene compounds encompassed by formulas XIX, XXIII, XXVII,
      and XXXI are prepared by carbon-carbon double bond reduction of the
      corresponding PGE, PGF, PGA, and PGB type compound containing a trans
      double bond in the hydroxy-containing side chain. A cis or trans double
      bond or a triple bond can also be present in the carboxy-terminated side
      chain of the unsaturated reactant, and will be reduced at the same time to
      --CH.sub.2 CH.sub.2 --. For example,
      13,14-dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 is
      produced by reduction of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1,
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.2, or
      5,6-dehydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.2.
PAR  These reductions are carried out by reacting with the unsaturated PGE,
      PGF.sub..alpha., PGF.sub..beta., PGA, or PGB type oxa-phenylene compound
      with diimide, following the general procedure described by van Tamelen et
      al., J. Am. Chem. Soc. 83, 3725 (1961).
      ##SPC19##
PAL  See also Fieser et al., "Topics in Organic Chemistry," Reinhold Publishing
      Corp., New York, pp. 432-434 (1963) and references cited therein. The
      unsaturated acid or ester reactant is mixed with a salt of azodiformic
      acid, preferably an alkali metal salt such as the disodium or dipotassium
      salt, in the presence of an inert diluent, preferably a lower alkanol such
      as methanol or ethanol, and preferably in the absence of substantial
      amounts of water. At least one molecular equivalent of the azodiformic
      acid salt is used for each multiple bond equivalent of the unsaturated
      reactant. The resulting suspension is then stirred, preferably with
      exclusion of oxygen, and the mixture is made acid, advantageously with a
      carboxylic acid such as acetic acid. When a reactant wherein R.sub.1 is
      hydrogen is used, the carboxylic acid reactant also serves to acidify an
      equivalent amount of the azodiformic acid salt. A reaction temperature in
      the range of about 10.degree. to about 40.degree. C. is usually suitable.
      Within that temperature range, the reaction is usually complete within
      less than 24 hours. The desired dihydro production is then isolated by
      conventional methods, for example, evaporation of the diluent, followed by
      separation from inorganic materials by solvent extraction.
PAR  In the case of the oxa-phenylene unsaturated PGE, PGF.sub..alpha., and
      PGF.sub..beta. type reactants, the reductions to the corresponding
      dihydro-PGE.sub.1, dihydro-PGF.sub.1 .sub..alpha., and dihydro-PGF.sub.1
      .sub..alpha. type oxa-phenylene compounds are also carried out by
      catalytic hydrogenation. For that purpose, palladium catalysts, especially
      on a carbon carrier, are preferred. It is also preferred that the
      hydrogenation be carried out in the presence of an inert liquid diluent,
      for example, methanol, ethanol, dioxane, ethyl acetate, and the like.
      Hydrogenation pressures ranging from about atmospheric to about 50 p.s.i.,
      and hydrogenation temperatures ranging from about 10.degree. to about
      100.degree. C. are preferred. The resulting dihydro product is isolated
      from the hydrogenation reaction mixture by conventional methods, for
      example, removal of the catalyst by filtration or centrifugation, followed
      by evaporation of the solvent.
PAR  Diimide reductions and catalytic hydrogenations to produce the various
      novel formula XIX, XXIII, XXVII, and XXXI 13,14-dihydro compounds of this
      invention from the corresponding PGE, PGF, PGA and PGB type oxa-phenylene
      compounds of the PG.sub.1, PG.sub.2, trans-5,6-dehydro-PG.sub.1, and
      5,6-dehydro-PG.sub.2 series are shown in Chart B. G, J', Q, R.sub.1,
      R.sub.9, R.sub.26, and .about. are as defined above, and L' is
      ##SPC20##
PAL  wherein C.sub.g H.sub.2g, C.sub.p H.sub.2p, and C.sub.q H.sub.2q are as
      defined above.
PAR  The oxa-phenylene compounds of the PGE.sub.2, PGF.sub.2, PGA.sub.2, and
      PGB.sub.2 type wherein the carbon-carbon double bond in the
      carboxy-terminated side chain is in cis configuration are prepared by
      reduction of the corresponding acetylenic oxa-phenylene compounds, i.e.,
      those with a carbon-carbon triple bond in place of said carbon-carbon
      double bond. For that purpose, there are used any of the known reducing
      agents which reduce an acetylenic linkage to a cis-ethylenic linkage.
      Especially preferred for that purpose are diimide, or hydrogen and a
      catalyst, for example, palladium (5%) on barium sulfate, especially in the
      presence of pyridine. See Fieser et al., "Reagents for Organic Synthesis,"
      pp. 566-567, John Wiley and Sons, Inc., New York, N.Y. (1967).
      ##SPC21##
PAL  These reductions are shown in Chart C, wherein G, Q, R.sub.1, R.sub.9,
      R.sub. 26, and .about. are as defined above, and M' is
      ##SPC22##
PAL  wherein C.sub.j H.sub.2j, C.sub.p H.sub.2p, and C.sub.q H.sub.2q are
      defined above. These oxa-phenylene cis compounds of the PGE.sub.2,
      PGF.sub.2.sub..alpha., PGF.sub.2.sub..beta., PGA.sub.2, and PGB.sub.2 type
      are also prepared as described hereinafter.
PAR  The oxa-phenylene PGE-type compounds of formulas XVI-XIX except wherein
      R.sub.1 is hydrogen, and the oxa-phenylene PGA-type compounds of formulas
      XXIV-XXVII except wherein R.sub.1 is hydrogen, are prepared by the series
      of reactions shown in Chart D, wherein G, J', R.sub.2, R.sub.9, and
      R.sub.26 are as defined above; G' is the same as G except that T is
      replaced by T', wherein T' is the same as T above except that R.sub.9 is
      not hydrogen; R.sub.10 is the same as the above definition of R.sub.1
      except that R.sub.10 does not include hydrogen; R.sub.11 and R.sub.12 are
      alkyl of one to 4 carbon atoms, inclusive; R.sub.13 is alkyl of one to 5
      carbon atoms, inclusive; and .about. indicates attachment of --CHR.sub.26
      --J'--COOR.sub.10 to the cyclopentane ring in alpha or beta configuration,
      and attachment of the moiety to the cyclopropane ring in exo or endo
      configuration.
PAR  The oxa-phenylene PGE.sub.1 -type compounds of formula XVI, the
      oxa-phenylene 5,6-dehydro-PGE.sub.2 type compounds of formula XVIII, the
      oxa-phenylene PGA.sub.1 -type compounds of the formula XXIV and the
      oxa-phenylene 5,6-dehydro-PGA.sub.2 type compounds of formula XXVI are
      also prepared by the series of reactions shown in Chart E, wherein G, G',
      R.sub.2, R.sub.9, R.sub.10, R.sub.13, and R.sub.26 are as defined above;
      Z' is L' or --C.tbd.C--M'-- wherein L' and M' are as defined above; and
      .about. indicates attachment of --CHR.sub.26 --Z'--COOR.sub.10 to the
      cyclopentane ring in alpha or beta configuration, and attachment of the
      moiety to the cyclopropane ring in exo or endo configuration.
      ##SPC23##
PAR  It should be observed regarding the series of reactions shown in Charts D
      and E, that the reactions starting with glycol XXXVIII in Chart D are
      similar to the reactions starting with glycol XLV in Chart E. The only
      differences here are the definitions of the divalent moieties J' (Chart D)
      and Z' (Chart E). J' includes saturated, cis and trans ethylenic, and
      acetylenic divalent moieties. Z' is limited to the saturated and
      acetylenic divalent moieties encompassed by J'. In other words, final
      oxa-phenylene PGE-type compounds of formula XL (Chart D) encompass
      compounds of formulas XVI to XVIII. Final oxa-phenylene PGA-type compounds
      of formula XLI (Chart D) encompass compounds of formulas XXIV to XXVI. On
      the other hand, final oxa-phenylene PGE-type compounds of formula XLVII
      (Chart E) encompass only compounds of formulas XVI and XVIII, and final
      oxa-phenylene PGA-type compounds of formula XLVIII (Chart E) encompass
      only compounds of formula XXIV and XXVI.
PAR  As will subsequently appear, an acetylenic intermediate of formulas XXXVII,
      XXXVIII, or XLV is transformed by step-wise reduction to the corresponding
      cis or trans ethylenic intermediates of formulas XXXVII or XXXVIII; and an
      acetylenic intermediate of formulas XXXVII, XXXVIII, or XLV or a cis or
      trans ethylenic intermediate of formulas XXXVII or XXXVIII is transformed
      by reduction to the corresponding saturated intermediate of formulas
      XXVII, XXXVIII, or XLV.
PAR  The initial bicyclo-ketone reactant of formula XLIII in Chart E is also
      used as an initial reactant to produce the initial bicyclo-ketone cyclic
      ketal reactant of formula XXXVI in Chart D. The following reactions will
      produce cyclic ketal XXXVI, wherein THP is tetrahydropyranyl, and .phi. is
      phenyl:
      ##SPC24##
PAR  The bicyclo-ketone reactant of formula XLIII exists in four isomeric forms,
      exo and endo with respect to the attachment of the --CR.sub.9 =CR.sub.2 G
      moiety, and cis and trans with respect to the double bond in that same
      moiety. Each of those isomers separately or various mixtures thereof are
      used as reactants according to this invention to produce substantially the
      same final oxa-phenylene PGE or PGA type product mixture.
PAR  The process for preparing either the exo or endo configuration of the
      formula-XLIII bicyclo-ketone is known to the art. See. U.S. Pat. No.
      3,776,940 and Belgian Pat. No. 702,477,  Derwent Farmdoc No. 30,905.
PAR  See West Germany Offenlegungsschrift No. 1,937,912; reprinted in Farmdoc
      Complete Specifications, Book No. 14, No. 6869 R, Week R.sub.5, Mar. 18,
      1970.
PAR  In said U.S. Pat. No. 3,776,940 a reaction sequence capable of forming exo
      ketone XLIII is as follows: The hydroxy of 3-cyclopentenol is protected,
      for example, with a tetrahydropyranyl group. Then a diazoacetic acid ester
      is added to the double bond to give an exo-endo mixture of a
      bicyclo[3.1.0]hexane substituted at 3 with the protected hydroxy and at 6
      with an esterified carboxyl. The exo-endo mixture is treated with a base
      to isomerize the endo isomer in the mixture to more of the exo isomer.
      Next, the carboxylate ester group at 6 is transformed to an aldehyde group
      or ketone group,
      ##EQU9##
      wherein R.sub.9 is as defined above. Then, said aldehyde group or said
      keto group is transformed by the Wittig reaction, in this case to a moiety
      of the formula --CR.sub.9 =CR.sub.2 G which is in exo configuration
      relative to the bicyclo ring structure. Next, the protective group is
      removed to regenerate the 3-hydroxy which is then oxidized, for example,
      by the Jones reagent, i.e., chromic acid (see J. Chem. Soc. 39 (1946)), to
      give said exo ketone XLIII.
PAR  Separation of the cis-exo and trans-exo isomers of XLIII is described in
      said U.S. Pat. No. 3,776,940. However, as mentioned above, that separation
      is usually not necessary since the cis-trans mixture is useful as a
      reactant in the next process step.
PAR  The process described in said U.S. Pat. 3,776,940 for producing the exo
      form of bicyclo-ketone XLIII uses, as an intermediate, the exo form of a
      bicyclo [3.1.0]hexane substituted at 3 with a protected hydroxy, e.g.,
      tetrahydropranyloxy, and at 6 with an esterified carboxyl. When the
      corresponding endo compound is substituted for that exo intermediate, the
      process in said Offenlegungsschrift No. 1,937,912 leads to the endo form
      of bicyclo-ketone XLIII. That end compound to be used has the formula:
      ##SPC25##
PAL  Compound LII is prepared by reacting
      endo-bicyclo[3.1.0]-hex-2-ene-6-carboxylic acid methyl ester with diborane
      in a mixture of tetrahydrofuran and diethyl ether, a reaction generally
      known in the art, to give endo-bicyclo[3.1.0]-hexane-3-ol-6-carboxylic
      acid methyl ester which is then reacted with dihydropyran in the presence
      of a catalytic amount of POCl.sub.3 to give the desired compound. This is
      then used as described in said German Offenlegungsschrift No. 1,937,912 to
      produce the endo form of bicyclo-ketone XLIII.
PAR  As for exo XLIII, the above process produces a mixture of endo-cis and
      endo-trans compounds. These are separated as described for the separation
      of exo-cis and exo-trans XLIII, but this separation is usually not
      necessary since, as mentioned above, the cis-trans mixture is useful as a
      reactant in the next process step.
PAR  In the processes of said U.S. patent and said Offenlegungsschrift, certain
      organic halides, e.g., chlorides and bromides, are necessary to prepare
      the Wittig reagents used to generate the generic moiety, --CR.sub.9
      =CR.sub.2 G of bicyclo-ketone XLIII. These organic chlorides and bromides
      ##EQU10##
      are known in the art or can be prepared by methods known in the art.
PAR  To illustrate the availability of these organic chlorides consider first
      the above-described oxa-phenylene PGE-type compounds of formulas XVI to
      XIX wherein R.sub.2 is hydrogen and G is either (1) alkyl of one to 10
      carbon atoms, inclusive, substituted with zero, one, 2, or 3 fluoro or
      ##SPC26##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of one to 10
      carbon atoms, inclusive, substituted with zero, one, or 2fluoro, with one
      to 7 carbon atoms, inclusive, between
      ##EQU11##
      and the ring, wherein T is alkyl of one to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of one to 4 carbon atoms, inclusive, and s is zero, one,
      2, or 3, with the proviso that not more than two T's are other than alkyl.
PAR  For those products wherein G is alkyl of two to 10 carbon atoms,
      substituted with 0-3 fluoro atoms, there are available the monohalo
      hydrocarbons, e.g., bromo-(or chloro-) -ethane, -propane, -pentane,
      -octane, and -decane; and the monohalofluorohydrocarbons, e.g., CH.sub.2
      FCH.sub.2 Br, CHF.sub.2 CH.sub.2 Cl, CF.sub.3 CH.sub.2 Br,
      F(CH.sub.2).sub.3 Br, CH.sub.3 CF.sub.2 CH.sub.2 Cl, CF.sub.3
      (CH.sub.2).sub.2 Br, F(CH.sub.2).sub.4 Cl, CH.sub.3 CF.sub.2 CH.sub.2
      CH.sub.2 Cl, C.sub.4 H.sub.9 CFHCH.sub.2 Br, CF.sub.3 (CH.sub.2).sub.3 Cl,
      CF.sub.3 (CH.sub.2).sub.2 BrCH.sub.3, CH.sub.2 F(CH.sub.2).sub.4 Cl,
      C.sub.2 H.sub.5 CF.sub.2 (CH.sub.2).sub.2 Cl, CF.sub.3 (CH.sub.2).sub.4
      Cl, CH.sub.3 (CH.sub.2).sub.4 CF.sub.2 (CH.sub.2).sub.2 CH.sub.2 Cl, and
      CH.sub.3 (CH.sub.2).sub.3 CF.sub.2 (CH.sub.2).sub.3 CH.sub.2 Cl, as
      described in "Aliphatic Fluorine Compounds," A. M. Lovelace et al., Am.
      Chem. Soc. Monograph Series, 1958, Reinhold Publ. Corp. Those halides not
      available are prepared by methods known in the art by reacting the
      corresponding primery alcohol G--CH.sub.2 OH with PCl.sub.3 PBr.sub.3, or
      any of the other halogenating agents useful for this purpose. Available
      alcohols include CH.sub.2 CH(CF.sub.3)CH.sub.2 OH, (CH.sub.3).sub.2
      CHCH.sub.2 CH.sub.2 OH, (CH.sub.3).sub.3 CCH.sub.2 OH, CF.sub.3
      CH(CH.sub.3)CH.sub.2 CH.sub.2 OH, for example. For those halides of the
      formula G--CH.sub.2 --Hal wherein Hal is chloro or bromo, G is R.sub.27
      --(CH.sub.2).sub.h --, h being one, 2, 3, or 4, and R.sub.27 being
      isobutyl, tert-butyl, 3,3-difluorobutyl, 4,4-difluorobutyl, or
      4,4,4-trifluorobutyl, the intermediate alcohols are prepared as follows.
PAR  In the case of R.sub.27 being isobutyl or tert-butyl, known alcohols are
      converted to bromides, thence to nitriles with sodium cyanide, thence to
      the corresponding carboxylic acids by hydrolysis, and thence to the
      corresponding primary alcohols by reduction, e.g., with lithium aluminum
      hydride, thus extending the carbon chain one carbon atom at a time until
      all primary alcohols are prepared.
PAR  In the case of R.sub.27 being 3,3-difluorobutyl, the necessary alcohols are
      prepared from keto carboxylic acids of the formula, CH.sub.3
      --CO--(CH.sub.2).sub.r --COOH, wherein r is 2, 3, 4, 5, or 6. All of those
      acids are known. The methyl esters are prepared and reacted with sulfur
      tetrafluoride to produce the corresponding CH.sub.3 --CF.sub.2
      --(CH.sub.2).sub.r --COOCH.sub.3 compounds, which are then reduced with
      lithium aluminum hydride to CH.sub.3 --CF.sub.2 --(CH.sub.2).sub.r
      --CH.sub.2 OH. These alcohols are then transformed to the bromide or
      chloride by reaction with PBr.sub.3 or PCl.sub.3.
PAR  In the case of R.sub.27 being 4,4-difluorobutyl, the initial reactants are
      the known dicarboxylic acids, HOOC--(CH.sub.2).sub.f --COOH, wherein f is
      3, 4, 5, 6, or 7. These dicarboxylic acids are esterified to CH.sub.3
      OOC--(CH.sub.2).sub.f --COOCHhd 3 and then half-saponified, for example
      with barium hydroxide, to give HOOC--(CH.sub.2).sub.f --COOCH.sub.3. The
      free carboxyl group is transformed first to the acid chloride with thionyl
      chloride and then to an aldehyde by the Rosenmund reduction. Reaction of
      the aldehyde with sulfur tetrafluoride then gives CHF.sub.2
      --(CH.sub.2).sub.f --COOCH.sub.3 which by successive treatment with
      lithium aluminum hydride and PBr.sub.3 or PCl.sub.3 gives the necessary
      bromides or chlorides, CHF.sub.2 --(CH.sub.2).sub.f --CH.sub.2 Br or
      CHF.sub.2 --(CH.sub.2).sub.f --CH.sub.2 Cl.
PAR  In the case of R.sub.27 being 4,4,4-trifluorobutyl, aldehydes of the
      formula CH.sub.3 OOC--(CH.sub.2).sub.f --CHO are prepared as described
      above. Reduction of the aldehyde with sodium borohydride gives the alcohol
      CH.sub.3 OOC--(CH.sub.2).sub.f --CH.sub.2 OH. Reaction with PBr.sub.3 or
      PCl.sub.3 then gives CH.sub.3 OOC--(CH.sub.2).sub.f -CH.sub.2 --Hal.
      Saponification of that ester gives the carboxylic acid which by reaction
      with sulfur tetrafluoride gives the necessary CF.sub.3 --(CH.sub.2).sub.f
      --CH.sub.2 --Br or CF.sub.3 --(CH.sub.2).sub.f --CH.sub.2 --Cl.
PAR  For the above reactions of SF.sub.4, see U.S. Pat. No. 3,211,723 and J.
      Org. Chem. 27, 3164 (1962).
PAR  For those products wherein R.sub.2 is hydrogen and G is
      ##SPC27##
PAL  the halides necessary to prepare those compounds, if not readily available,
      are advantageously prepared by reacting the corresponding primary alcohol,
      ##SPC28##
PAL  with PCl.sub.3, PBr.sub.3, HBr, or any of the other halogenating agents
      known in the art to be useful for this purpose. Some of the readily
      available halides are shown in Table I wherein s, T, and t of the formula
      for the intermediate halides are as defined above, and Hal is chloro,
      bromo, or iodo. Thus, compound No. 1 of Table I is represented by the
      formula wherein s and t are zero, and Hal is chloro, i.e.
      ##SPC29##
PAL  namely .alpha.-chlorotoluene or benzyl chloride; compound No. 8 of Table I
      is represented by the formula wherein s is zero, t is 2, and Hal is bromo,
      i.e.
      ##SPC30##
PAL  namely 1-bromo-3-phenylpropane or 3-bromopropylbenzene; and compound No. 63
      of Table I represented by the formula wherein s is 3, T is methyl in the
      2-, 4- and 5-positions with respect to the C.sub.t H.sub.2t substitution,
      t is 2, and Hal is bromo, i.e.,
      ##SPC31##
PAL  namely 1 -(3-bromopropyl)-2,4,5-trimethylbenzene.
TBL                TABLE I                                                     

     ______________________________________                                    

     Intermediate Halides                                                      

     represented by the formula                                                

     No.        s       T             t      Hal                               

     ______________________________________                                    

     1          0       --            0      Cl                                

     2          0       --            0      Br                                

     3          0       --            0      l                                 

     4          0       --            1      Cl                                

     5          0       --            1      Br                                

     6          0       --            1      l                                 

     7          0       --            2      Cl                                

     8          0       --            2      Br                                

     9          0       --            2      l                                 

     10         0       --            3      Cl                                

     11         0       --            3*     Cl                                

     12         0       --            3      Br                                

     13         0       --            4      Cl                                

     14         1       2--CH.sub.3   0      Cl                                

     15         1       2--C.sub.2 H.sub.5                                     

                                      0      Cl                                

     16         1       4--C.sub.2 H.sub.5                                     

                                      0      Cl                                

     17         1       2--CF.sub.3   0      Cl                                

     18         1       4--OCH.sub.3  0      Cl                                

     19         1       3--CH.sub.3   0      Br                                

     20         1       4--CH.sub.3   0      Br                                

     21         1       4--C.sub.5 H.sub.11                                    

                                      0      Br                                

     22         1       4--Cl         0      Br                                

     23         1       2--CF.sub.3   0      Br                                

     24         1       3--CF.sub.3   0      Br                                

     25         1       4--CH.sub.3   0      l                                 

     26         1       4--F          1      Cl                                

     27         1       3--Cl         1      Br                                

     28         1       4--Cl         1      Br                                

     29         1       4--F          1      Br                                

     30         1       2--Cl         2      Br                                

     31         1       3--Cl         2      Br                                

     32         1       4--Cl         2      Br                                

     33         1       4--F          3*     Br                                

     34         1       2--Cl         4      Br                                

     35         1       2--CH.sub.3   0      Cl                                

                        4--CH.sub.3                                            

     36         2       2--CH.sub.3   0      Cl                                

                        5--CH.sub.3                                            

     37         2       2--CH.sub.3   0      Cl                                

                        6--CH.sub.3                                            

     38         2       3--CH.sub.2   0      Cl                                

                        4--CH.sub.3                                            

     39         2       2--CH.sub.3   0      Cl                                

                        4--Cl                                                  

     40         2       2--CH.sub.3   0      Br                                

                        5--CH.sub.3                                            

     41         2       2--CH.sub.3   0      Br                                

                        6--CH.sub.3                                            

     42         2       3--CH.sub.3   0      Br                                

                        5--t--butyl                                            

     43         2       3--CH.sub.3   0      Br                                

                        4--Cl                                                  

     44         2       2--CH.sub.3   0      Br                                

                        3--Br                                                  

     45         2       3--OCH.sub.3  0      Cl                                

                        4--OCH.sub.3                                           

     46         2       3--OCH.sub.3  0      Cl                                

                        5--OCH.sub.3                                           

     47         2       3--OCH.sub.3  0      Br                                

                        5--OCH.sub.3                                           

     48         2       2--CH.sub.3   1      Cl                                

                        4--CH.sub.3                                            

     49         2       2--CH.sub.3   1      Br                                

                        4--CH.sub.3                                            

     50         2       3--CH.sub.3   1      Br                                

                        4--CH.sub.3                                            

     51         2       3--OCH.sub.3  1      Br                                

                        4--OCH.sub.3                                           

     52         2       3--OCH.sub.3  1      Br                                

                        5--OCH.sub.3                                           

     53         2       3--OCH.sub.3  1      l                                 

                        4--OCH.sub.3                                           

     54         2       3--OCH.sub.3  2      Br                                

                        4--OCH.sub.3                                           

     55         2       3--OCH.sub.3  2      Br                                

                        5--OCH.sub.3                                           

     56         2       3--OCH.sub.3  4      Br                                

                        5--OCH.sub.3                                           

     57         3       2--CH.sub.3   0      Cl                                

                        4--CH.sub.3                                            

                        5--CH.sub.3                                            

     58         3       2--CH.sub.3   0      Cl                                

                        4--CH.sub.3                                            

                        6--CH.sub.3                                            

     59         3       4--CH.sub.3   0      Cl                                

                        2--OCH.sub.3                                           

                        5--OCH.sub.3                                           

     60         3       2--CH.sub.3   0      Br                                

                        3--CH.sub.3                                            

                        6--CH.sub.3                                            

     61         3       2--CH.sub.3   0      Br                                

                        4--CH.sub.3                                            

                        6--CH.sub.3                                            

     62         3       2--CH.sub.3   0      Br                                

                        3--OCH.sub.3                                           

                        6--OCH.sub.3                                           

     63         3       2--CH.sub.3   2      Br                                

                        4--CH.sub.3                                            

                        5--CH.sub.3                                            

     ______________________________________                                    

     --CH--                                                                    

     *-branched.vertline.                                                      

     Et                                                                        

PAR  Next, considering the intermediate halides for producing oxa-phenylene
      PGE-type compounds of formulas XIII to XVI wherein R.sub.2 is alkyl of one
      to 4 carbon atoms, inclusive (A), and G is either of the two types (1) or
      (2) above, these organic chlorides and bromides,
      ##EQU12##
      are known to the art or can be prepared by methods known in the art.
PAR  For type A-(1) above, i.e. wherein R.sub.2 is alkyl and G is alkyl of one
      to 10 carbon atoms and 0-3 fluoro atoms, there are available such
      monohalofluorohydrocarbons as CHF.sub.2 CHClCH.sub.3, CF.sub.3
      CHBrCH.sub.3, CF.sub.3 CH.sub.2 CHBrCH.sub.3, CH.sub.3 CF.sub.2
      CHClCH.sub.3, CF.sub.3 CHClC.sub.2 H.sub.5, and C.sub.2 H.sub.5 CF.sub.2
      CHClCH.sub.3, for example. Those not readily available are prepared from
      the corresponding secondary alcohol
      ##EQU13##
      wherein R.sub.2 is as defined above, with PCl.sub.3, PBr.sub.3, or any of
      the other halogenating agents known in the art to be useful for this
      purpose. Such alcohols include, for example, CH.sub.2 FCH(OH)CH.sub.2 F,
      CF.sub.3 (CH.sub.2).sub.2 CH(OH)CH.sub.3, CF.sub.3
      CH(OH)(CH.sub.2)CH.sub.3, CF.sub.3 CH(OH)(CH.sub.2).sub.3 CH.sub.3,
      CF.sub.3 CH(OH)C(CH.sub.3).sub.3, and CF.sub.3 CH(OH)(CH.sub.2).sub.5
      CH.sub.3. For those halides of the formula G--CHR.sub.2 --Hal, wherein G
      is R.sub.27 --(CH.sub.2).sub.h --, using the definitions of Hal, h,
      R.sub.2, and R.sub.27 above, the intermediate alcohols are prepared as
      follows.
PAR  In the case of R.sub.27 being isobutyl or tert-butyl, lower molecular
      weight primary alcohols are transformed to the corresponding longer-chain
      carboxylic acids and thence to the corresponding secondary alcohols by
      preparing the intermediate ketones,
      ##EQU14##
      by known procedures, for example G--COCl + (R.sub.2).sub.2 Cd, thereafter
      reducing the ketone to the secondary alcohol with sodium borohydride.
PAR  In the case of R.sub.27 being 3,3-difluorobutyl, the procedure described
      above is applicable to converting CH.sub.3 --CF.sub.2 --(CH.sub.2).sub.2
      --COOCH.sub.3 described above to
      ##EQU15##
      These alcohols are then transformed to the bromide or chloride by reaction
      with PBr.sub.3 or PCl.sub.3.
PAR  In the case of R.sub.27 being 4,4-difluorobutyl, the corresponding
      secondary alcohols are prepared as described above, using intermediates
      prepared for the primary alcohols of this type above.
PAR  In the case of R.sub.27 being 4,4,4-trifluorobutyl, corresponding secondary
      alcohols are prepared by transforming CH.sub.3 OOC--(CH.sub.2).sub.f --CHO
      to CH.sub.3 OOC--(CH.sub.2).sub.f --C(R.sub.2)O by known methods and then
      proceeding with that ketone as described above for the corresponding
      aldehyde.
PAR  For type A-(2) halides, i.e. R.sub.2 is alkyl and G is
      ##SPC32##
PAL  some of the readily available halides are shown in Table II. Thus, compound
      No. 1 of Table II is represented by the formula wherein s=O, R.sub.2
      =methyl, t=O, and Hal=Cl, i.e.
      ##SPC33##
PAL  namely (1-chloroethyl)benzene; and compound No. 13 of Table II is
      represented by the formula wherein s=2, T=methyl, R.sub.2 =methyl, t=1,
      and Hal=Br, i.e.
      ##SPC34##
PAL  namely 4-(2-bromopropyl)-o-xylene or
      1-(2-bromopropyl)3-methyl-4-methylbenzene.
TBL                TABLE II                                                    

     ______________________________________                                    

     Intermediate Halides                                                      

     represented by the Formula                                                

     Hal--CH--C.sub.t H.sub.2t --                                              

     .vertline.                                                                

     R.sub.2                                                                   

     No.      s      T          R.sub.2   t   Hal                              

     ______________________________________                                    

     1        0      --         CH.sub.3  0   Cl                               

     2        0      --         C.sub.2 H.sub.5                                

                                          0   Cl                               

     3        0      --         C.sub.2 H.sub.5                                

                                          0   Br                               

     4        0      --         CH.sub.3  0   l                                

     5        0      --         CH.sub.3  1   Cl                               

     6        0      --         n--C.sub.3 H.sub.7                             

                                          1   Cl                               

     7        0      --         CH.sub.3  1   Br                               

     8        0      --         C.sub.2 H.sub.5                                

                                          2   Cl                               

     9        1      4--C.sub.2 H.sub.5                                        

                                CH.sub.3  0   Cl                               

     10       1      4--F       CH.sub.3  0   Cl                               

     11       1      4--Cl      C.sub.2 H.sub.5                                

                                          0   Br                               

     12       1      4--F       C.sub.2 H.sub.5                                

                                          0   Br                               

     13       2      3--CH.sub.3                                               

                                CH.sub.3  1   Br                               

                     4--CH.sub.3                                               

     14       2      3--OCH.sub.3                                              

                                CH.sub.3  1   Br                               

                     4--OCH.sub.3                                              

     15       2      2--OCH.sub.3                                              

                                CH.sub.3  1   Br                               

                     6--OCH.sub.3                                              

     ______________________________________                                    

PAR  Other intermediate halides of the general formula
      ##SPC35##
PAL  may be obtained from the secondary alcohols as discussed above. The
      secondary alcohols, wherein R.sub.2 is alkyl, are prepared by transforming
      the --COOH of the corresponding carboxylic acid,
      ##SPC36##
PAL  to a ketone by known procedures, e.g. by way of acyl chloride and a
      dialkylcadmium. Reduction of the ketone with sodium borohydride then
      yields the secondary alcohol,
      ##SPC37##
PAR  Hydroxyl groups on the aromatic ring are suitably protected during these
      reactions by first forming the corresponding tetrahydropyranyl ethers with
      dihydropyran; the hydroxyl groups are restored by mild acid hydrolysis as
      is well known in the art.
PAR  In the case of C.sub.t H.sub.2t substituted with one or 2 fluoro atoms,
      there are a number of routes of the intermediate halides. The
      corresponding alcohols, for example .beta.-fluorophenethyl alcohol,
      .beta.-fluoro-.alpha.-methyl-phenethyl alcohol,
      .beta.-fluoro-.alpha.,.beta.-dimethyl-phenethyl alcohol and the like, are
      reacted with PCl.sub.3, PBr.sub.3 or HBr to form the halide.
      Alternatively, the carboxylic acid having one less carbon atom in the
      chain than the desired intermediate halide, i.e.
      ##SPC38##
PAL  where g = t-1, is converted by a series of known methods to the
      2,2-difluorohalide. Thus, the free carboxyl group is transformed first to
      the acid chloride with thionyl chloride and thence by way of the nitrile
      to the .alpha.-keto-acid. The carboxyl group is reduced to the alcohol
      with diborane and then converted to the .alpha.-keto halide. Finally, by
      reaction of the keto group with sulfur tetrafluoride, there is obtained
      ##SPC39##
PAR  As mentioned above, formula XVI-to-XXXI compounds with an alpha-fluoro
      substituent in a straight chain 3-to-7-carbon G, i.e., G being
      --CHF--(CH.sub.2).sub.a --CH.sub.3 wherein a is one, 2, 3, 4, or 5,
      represent embodiments among the novel oxa-phenylene compounds of this
      invention. Among those, for example, is
      3-oxa-16-fluoro-3-7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1. The
      formula-XLIII bicyclo-ketones necessary to produce those mono-fluoro
      compounds are advantageously prepared by reacting either of the
      above-mentioned bicyclo-aldehydes, exo or endo, with a Wittig reagent
      prepared from CH.sub.3 --CH.sub.2) 9-- CO--CH.sub.2 -Br and
      triphenylphospine. The aldehyde group is thereby transformed to
      ##EQU16##
      The resulting unsaturated ketone is reduced to the corresponding
      ##EQU17##
      compound. Then --OH in that group is replaced with fluoro by known
      methods, for example, directly by reaction with
      2-chloro-1,1,2-trifluorotriethylamine or indirectly, for example, by
      transforming the hydroxy to tosyloxy or mesyloxy, and reacting the
      resulting compound with anhydrous potassium fluoride in diethylene glycol.
      Similarly, the oxa-phenylene PG-type compounds wherein G is
      ##SPC40##
PAL  having an alpha-fluoro substituent on the carbon adjacent to the
      hydroxy-substituted carbon (C-15 in PGE.sub.1) represent preferred
      embodiments of this invention. In preparing the formula-XLIII
      bicyclo-ketone intermediates, there is used a Wittig reagent prepared from
      ##SPC41##
PAL  and triphenylphosphine. Following the steps above, the resulting
      unsaturated ketone containing the moiety
      ##SPC42##
PAL  is reduced to the corresponding secondary alcohol. The --OH in that group
      is replaced by fluoro by known methods.
PAR  Another preference mentioned above is that the 1-position of G in the
      formula XVI-to-XXXI compounds be mono- or di-substituted with alkyl of one
      to 4 carbon atoms, particularly methyl or ethyl. In the steps of the
      synthesis shown in Charts D and E, G is then G'" --CR.sub.21 R.sub.22 --
      wherein R.sub.21 and R.sub.22 are methyl or ethyl and G'" is preferably
      alkyl of 2 to 6 carbon atoms or
      ##SPC43##
PAL  wherein k is zero, one, 2, or 3. Thus, in preparing the formula-XLIII
      intermediate olefin, a Wittig reagent is prepared from a halo compound of
      the general formula G'" --CR.sub.21 R.sub.22 --CR.sub.2 H--Hal wherein Hal
      is chloro or bromo. These compounds are known in the art or can be
      prepared by methods known in the art, including those methods described
      above.
PAR  For example, when G'" is CH.sub.3 (CH.sub.2).sub.3 --, R.sub.2 and R.sub.21
      are hydrogen, and R.sub.22 is methyl, there is employed 1-bromo(or
      -chloro)-2-methylhexane. If the halo compound is not available, the
      corresponding carboxylic acid is transformed to the alcohol and thence to
      the halide. Thus, 2,2-diethylvaleric acid yields
      1-bromo-2,2-diethylpentane, wherein G'" is CH.sub.3 (CH.sub.2).sub.2 --,
      R.sub.2 is hydrogen, and R.sub.21 and R.sub.22 are ethyl.
PAR  2-Ethylhexanoic acid yields 3-chloromethylheptane, wherein G'" is CH.sub.3
      (CH.sub.2).sub.3 --, R.sub.2 and R.sub.21 are hydrogen, and R.sub.22  is
      ethyl. 2-Ethyl-2-methylhexanoic acid yields
      3-bromo-methyl-3-methylheptane, wherein G'" is CH.sub.3 (CH.sub.2).sub.3
      --, R.sub.2 is hydrogen, R.sub.21 is methyl, and R.sub.22 is ethyl.
      2-Phenylpropionic acid yields 1-bromo-2-phenylpropane, wherein G'" is
      phenyl, R.sub.2 and R.sub.21 are hydrogen, and R.sub.22 is methyl.
      2-Methyl-2-phenylbutyric acid yields 1-bromo-2-methyl-2-phenylbutane,
      wherein G'" is phenyl, R.sub.2 is hydrogen, R.sub.21 is methyl, and
      R.sub.22 is ethyl. 2-Methyl-4-(2,4,5-trimethoxyphenyl)butyric acid yields
      1-chloro-2-methyl-4-(2,4,5-trimethoxyphenyl)butane, wherein G'" is
      (2,4,5-trimethoxyphenyl)ethyl, R.sub.2 and R.sub.21 are hydrogen, and
      R.sub.22 is methyl.
PAR  Mono-alkyl substituted alkanoic acids useful for preparing the above halo
      intermediates are prepared by alkylation of an .alpha.-keto acid, G'"
      --CO--COOH, e.g.
      ##SPC44##
PAL  (prepared via the acid chloride and thence the nitrile) by means of a
      Grignard reagent, R.sub.22 MgHal for example.
PAR  The transformation of bicyclo-ketone-olefin XLIII to glycol LI is carried
      out by reacting olefin XLIII with a hydroxylation reagent. Hydroxylation
      reagents and procedures for this purpose are known in the art. See, for
      example, Gunstone, Advances in Organic Chemistry, Vol. I, pp. 103-147,
      Interscience Publishers, New York, N.Y. (1960). Especially useful
      hydroxylation reagents for this purpose are osmium tetroxide and performic
      acid (formic acid plus hydrogen peroxide). Various isomeric glycols are
      obtained depending on such factors as whether olefin XLIII is cis or trans
      and endo or exo, and whether a cis or a trans hydroxylation reagent is
      used. These various glycol mixtures can be separated into individual
      isomers by silica gel chromatography. However, this separation is usually
      not necessary, since all isomers of particularly glycol are equally useful
      as intermediates according to this invention and the processes outlined in
      Chart D to produce final products of formulas XL and XLI, and then,
      according to Chart A, B, and C to produce the other final products of this
      invention.
PAR  The transformation of glycol LI to the cyclic ketal of formula XXXVI (Chart
      D) is carried out by reacting said glycol with a dialkyl ketone of the
      formula
      ##EQU18##
      wherein R.sub.11 and R.sub.12 are alkyl of one to 4 carbon atoms,
      inclusive, in the presence of an acid catalyst, for example potassium
      bisulfate or 70% aqueous perchloric acid. A large excess of the ketone and
      the absence of water is desirable for this reaction. Examples of suitable
      dialkyl ketones are acetone, methyl ethyl ketone, diethyl ketone, methyl
      propyl ketone, and the like. Acetone is preferred as a reactant in this
      process.
PAR  Referring again to Chart D, cyclic ketal XXXVI is transformed to cyclic
      ketal XXXVII by alkylating with an alkylation agent of the formula
      ##EQU19##
      wherein R.sub.10, R.sub.26, and J' are as defined above, and Hal is
      chlorine, bromine, or iodine. Similarly, referring to Chart E, olefin
      XLIII is transformed to olefin XLIV by alkylating with an alkylation agent
      of the formula
      ##EQU20##
      wherein R.sub.10, R.sub.26, Z', and Hal are as defined above.
PAR  Any of the alkylation procedures known in the art to be useful for
      alkylating cyclic ketones with alkyl halides and haloalkanoic esters are
      used for the transformations of XXXVI to XXXVII and of XLIII to XLIV. See,
      for example, the above-mentioned Belgian Pat. No. 702,477 for procedures
      useful here and used there to carry out similar alkylations, e.g.,
      employing the bicyclo enamines.
PAR  For these alkylations, it is preferred that Hal be bromo or iodo. Any of
      the usual alkylation bases, e.g., alkali metal alkoxides, alkali metal
      amides, and alkali metal hydrides, are useful for this alkylation. Alkali
      metal alkoxides are preferred, especially tert-alkoxides. Sodium and
      potassium are preferred alkali metals. Especially preferred is potassium
      tert-butoxide. Preferred diluents for this alkylation are tetrahydrofuran
      and 1,2-dimethoxyethane. Otherwise, procedures for producing and isolating
      the desired formula-XXXVII and -XLIV compounds are within the skill of the
      art.
PAR  These alkylation procedures produce mixtures of alpha and beta alkylation
      products, i.e. a mixture of formula XXXVII products wherein part has the
      --CHR.sub.26 --J'--COOR.sub.10 moiety attached in alpha configuration, and
      wherein part has that moiety attached in beta configuration, or a mixture
      of the formula-XLIV products with the --CHR.sub.26 --Z'--COOR.sub.10
      moiety in both alpha and beta configurations. When about one equivalent of
      base per equivalent of formula-XXXVI or -XLIII ketone is used, the alpha
      configuration usually predominates. Use of an excess of base and longer
      reaction times usually result in production of larger amounts of beta
      products. These alpha-beta isomer mixtures are separated at this stage or
      at any subsequent stage in the multi-step processes shown in Charts D and
      E. Silica gel chromatography is preferred for this separation.
PAR  The necessary alkylating agents for the above-described alkylations, e.g.
      compounds of the formulas
      ##EQU21##
      are prepared by methods known in the art. There are four groups of
      compounds encompassed by these two genera of alkylating agents.
PAR  Alkylating agents of the formula
      ##EQU22##
      include compounds of the formulas:
      ##SPC45##
PAR  Alkylating agents of the formula
      ##EQU23##
      include the above-listed compounds of formuls LIII and LIV, and also
      compounds of the following formulas
      ##SPC46##
PAL  These alkylating agents of formulas LIII to LVI are accessible to those of
      ordinary skill in the art. In one route, the
      ##EQU24##
      compounds are obtained from aldehyde or ketone reactants by a series of
      transformations as follows:
      ##EQU25##
      For example, methyl m-formylphenoxyacetate on reduction with sodium
      borohydride yields methyl m-(hydroxymethyl)-phenoxyacetate, which in turn
      is transformed to the formula-LIX compound, methyl
      m-(chloromethyl)phenoxyacetate, with thionyl chloride.
PAR  Those formula-LVII or formula-LVIII reactants which are not commercially
      available are advantageously prepared by adaptation of the Williamson
      ether syntheses, e.g. employing a hydroxy reactant and a halo-substituted
      acid or ester. Thus, the reaction
      ##SPC47##
PAL  wherein Hal is chloro, bromo, or iodo, preferably iodo, proceeds in the
      presence of strong base, for example sodium hydride when R.sub.1 is a
      carbon-containing group, and lithium diisopropyl amide when R.sub.1 is
      hydrogen. Within the definitions of C.sub.g H.sub.2g, C.sub.p H.sub.2p,
      and C.sub.q H.sub.2q, suitable reactants are readily available or are
      prepared by methods known to those skilled in the art.
PAR  Thus, when R.sub.26 is hydrogen, and considering the variations of C.sub.g
      H.sub.2g and C.sub.p H.sub.2p, the aldehyde reactants include (o, m, or
      p)-hydroxybenzaldehyde, (o, m, or p-hydroxyphenyl)acetaldehyde, (o or
      p)-hydroxyhydrocinnamaldehyde, 4-(o or p-hydroxyphenyl)butyraldehyde,
      o-(2-hydroxyethyl)-benzaldehyde, and the like. Other aldehyde reactants
      are also accessible by methods known to those skilled in the art. For
      example, (o, m, or p-hydroxyethyl)benzaldehydes are obtained from (o, m,
      or p)-bromostyrene by the series of reactions:
      ##SPC48##
PAL  The reaction with ethylene oxide is carried out on a Grignard reagent
      prepared from the bromostyrene and magnesium. Substituted ethylene oxides
      are used to obtain substituted C.sub.p H.sub.2p chains, e.g. propylene
      oxide, 1,2-epoxy-2-methylpropane, 1,2-epoxybutane,
      1,2-epoxy-2,3-dimethylbutane, and the like. Instead of using ozone to form
      the aldehyde, hydroxylation and oxidation with osmium tetroxide and
      periodic acid are optional (see J. Org. Chem. 21, 478, 1956).
PAR  Compounds with C.sub.g H.sub.2g chains are obtained by replacing
      ##SPC49##
PAL  e.g. 1-allyl-4-bromobenzene, 1-allyl-2-chlorobenzene, 4-(o, m, or
      p-chlorophenyl)-1-butene, and the like. Compounds with C.sub.p H.sub.2p
      chains are obtained by replacing ethylene oxide with suitable alkylating
      agents, e.g. trimethylene oxide, 1,3-epoxybutane, 1,3-epoxy-3-methylbutane
      and the like, or suitable reactions steps.
PAR  Other variations of the above reactions and reactants will be apparent to
      those skilled in the art. Thus, an alkene-substituted phenol is condensed
      with a halo-substituted acid or ester and thereafter transformed as an
      aldehyde to the halo alkylating agent within the scope of formula LIX by
      the following steps:
      ##SPC50##
PAR  Available for this series of reactions are (o, m, or p)-vinylphenol,
      p-allylphenol, 4-(o, m, or p-hydroxyphenyl)-1-butene, and the like.
PAR  Alternatively, a haloalkylphenol is condensed with a halo-substituted acid
      or ester by the reaction:
      ##SPC51##
PAL  Available are p-(2-bromoethyl)phenol, p-(3-bromobutyl)-phenol, and the
      like.
PAR  Considering the halo-substituted acid or ester reactants in the above ether
      syntheses and the variations of C.sub.q H.sub.2q, there are a wide variety
      of reactants available, which will lead to the desired formula-LIX
      alkylating agent. For example:
      ##EQU26##
      wherein R.sub.23 is hydrogen or alkyl of one to 5 carbon atoms, inclusive;
      Br--(CH.sub.2).sub.2 --COOH, Br--C(CH.sub.3).sub.2 --COOH, Br--C(C.sub.2
      H.sub.5).sub.2 --COOH, BrC(CH.sub.3)(C.sub.2 H.sub.5)--COOH,
      Br--CH(CH.sub.3)--CH.sub.2 --COOH, Br--(CH.sub.2).sub.3)--COOCH.sub.3,
      Cl--CH(C.sub.2 H.sub.5)--CH.sub.2 --COOCH.sub.3, Cl--CH(n--C.sub.3
      H.sub.7)--CH.sub.2 --COOCH.sub.3, Br--CH(CH.sub.3)--(CH.sub.2).sub.2
      --COOC.sub.2 H.sub.5, Br--CH(CH.sub.3)--CH.sub.2
      --CH(CH.sub.3)--COOC.sub.2 H.sub.5,
      Br--CH(CH.sub.3)--CH(CH.sub.3)--CH.sub.2 --COOC.sub.2 H.sub.5,
      Br--C(CH.sub.3).sub.2 --CH.sub.2 --CH(CH.sub.3)--COOC.sub.2 H.sub.5,
      Cl--CH(n--C.sub.4 H.sub.9)--CH.sub.2 --COOC.sub.2 H.sub.5,
      Cl--C(CH.sub.3).sub.2 --CH.sub.2 --COOC.sub.2 H.sub.5, Br--CH(n--C.sub.2
      H.sub.7)--(CH.sub.2).sub.2 --COOH, and Cl--CH(C.sub.2 H.sub.5)--(CH.sub.
      2).sub.2 --COOH are available. The preferred iodo reactants are obtained
      by methods known to those skilled in the art.
PAR  When C.sub.q H.sub.2q has two alkyl groups attached to the .omega. or
      .omega.-1 carbon atom of the halo-substituted acid or ester reactants, it
      is preferred that halo be replaced with mesyloxy or tosyloxy prior to the
      ether synthesis, and that relative mild bases and reaction conditions be
      used, for example, potassium tert-butoxide in dimethyl sulfoxide.
PAR  In another route to the formula-LIX alkylating agents, the Williamson ether
      synthesis employs hydroxy-esters or acids of the formula HO--C.sub.q
      H.sub.2q --COOR.sub.1 for condensation with halo-substituted reactants as
      follows:
      ##SPC52##
PAR  For example, .alpha.,.alpha.'-dibromo-o-xylene is contacted with ethyl
      glycolate in the presence of sodium hydride to yield ethyl
      O-(bromomethyl)-benzyloxyacetate.
PAR  Typical halo reactants which are useful for this reaction are
      .alpha.-bromo-(o, m, or p)-chlorotoluene, 1-bromo-(2 or
      3)-(2-bromoethyl)benzene, 1-(3-bromopropyl)-(1 or 2)-chlorobenzene, and
      1-(4-bromobutyl)-1-chlorobenzene.
PAR  When C.sub.p H.sub.2p has two alkyl groups attached to the carbon atom to
      which Hal is attached, it is preferred that this Hal be replaced with
      mesyloxy or tosyloxy prior to the ether synthesis and that relatively mild
      bases and reaction conditions be used.
PAR  Considering the hydroxy acid or ester reactants, there are available a wide
      range of suitable compounds within the scope of HO--C.sub.q H.sub.2q
      --COOR.sub.1 which will lead to the desired formula-LIX alkylating agent.
      For example: HOCH(CH.sub.3)--COOCH.sub.3, HOC(CH.sub.3).sub.2 --COOH,
      HOCH(C.sub.2 H.sub.5)--COOH, HOC(CH.sub.3)(C.sub.2 H.sub.5)--COOH,
      HO(CH.sub.2).sub.2 --COOC.sub.2 H.sub.5, HOCH(CH.sub.3)--CH.sub.2 --COOH,
      HOCH(n--C.sub.3 H.sub.7)--COOH, HOC(n--C.sub.3 H.sub.7)(CH.sub.3)--COOH,
      HOCH(C.sub.2 H.sub.5)--CH.sub.2 --COOH, HOCH(CH.sub.3)--(CH.sub.2).sub.2
      --COOH, HOCH(n-C.sub.4 H.sub.9)--COOH, HOC(n-C.sub.4
      H.sub.9)(CH.sub.3)--COOH, HOCH(n-C.sub.3 H.sub.7)--CH.sub.2
      --COOCH.sub.3,HOCH(C.sub.2 H.sub.5)--(CH.sub.2).sub.2 --COOH,
      HOCH(n-C.sub.5 H.sub.11)--COOH, HOCH(n-C.sub.4 H.sub.9)--CH.sub.2 --COOH,
      HOCH(n-C.sub.3 H.sub.7)--(CH.sub.2).sub.2 --COOH are available.
PAR  When a formula-LIX alkylating agent is desired in which there are two alkyl
      substituents on both carbon atoms attached to the oxa --O--, it is
      preferred that, if the halo-acid route be used, the halo atom on the acid
      be chloro and that freshly precipitated wet magnesium hydroxide in an
      inert solvent suspension be used as the base; and if the hydroxy-acid
      route be used, the --C.sub.p H.sub.2p --Hal group is preferrably --C.sub.p
      H.sub.2p --Cl. If the hydroxy-acid route is used with --C.sub.p H.sub.2p
      --l, silver oxide is used as the base.
PAR  The alkylating agents of formulas LIII to LVI are esters. Any of the above
      acid forms are readily converted to esters. Variations in R.sub.10 within
      the definition of R.sub.10 herein are readily made by methods known in the
      art. The ester moiety is chosen according to the desired type of final
      oxa-phenylene PG-type product.
PAR  Formula-LVII aldehyde reactants which lead to the formula LIX alkylating
      agents are also obtained by reaction of halo-substituted aldehydes with
      hydroxy acids or ester reactants. Thus, there are employed
      o-(bromomethyl)benzaldehyde, p-chlorohydratropaldehyde, and the like.
PAR  When R.sub.26 is alkyl, the formula-LIX
      ##EQU27##
      alkylating agents are prepared from the corresponding reactants wherein
      R.sub.26 is methyl, ethyl, propyl, or butyl, or their isomers. For example
      m-bromo-.alpha.-methylstyrene reacts as follows:
      ##SPC53##
PAL  Typical halo-substituted ketones available for this purpose include (2',
      3', or 4')-(bromo, chloro, or iodo)-acetophenone, (3' or
      4')-bromopropiophenone, (3' or 4')-chlorobutyrophenone, and 4'-(bromo or
      chloro)-valerophenone. Other reactants leading to the R.sub.26
      (alkyl)-substituted formula-LIX alkylating agents are accessible to those
      skilled in the art.
PAR  Although the above methods are generally useful for preparing alkylating
      agents within the scope of formulas
      ##EQU28##
      above, there are preferred methods for preparing the formula-LIV compounds
      containing the --C.tbd.--C.sub.j H.sub.2j -- moiety.
PAR  Considering the compounds of the formula
      ##SPC54##
PAL  there is employed as starting material (o, m, or p-)vinylanisole in the
      following series of transformations:
      ##SPC55##
PAL  Herein, THP represents tetrahydropyranyl and R.sub.28 represents
      ##SPC56##
PAL  The reagents and conditions for bringing about these transformations are
      known to those skilled in the art. Thus, in step a, reacting first with
      bromine and then with sodium amide in liquid ammonia yields the acetylenic
      derivative (see J. Am. Chem. Soc. 56, 2064, 1934). Step b utilizes boron
      tribromide for example. Step c proceeds either with ethylene chlorohydrin
      and a strong base, e.g., NaOH or KOH, followed by dihydropyran in the
      presence of an acid catalyst, or with the tetrahydropyranyl ether of the
      chlorohydrin and a strong base. Step d utilizes R.sub.26 COCl in the
      presence of a strong base, e.g., sodium amide, phenyllithium, or sodium
      triphenylmethane. Alternatively, if R.sub.26 is desirably hydrogen,
      paraformaldehyde is employed (see J. Am. Chem. Soc. 92, 6314 (1970). The
      reaction in step e is done with a metal hydride, e.g., sodium borohydride.
      In step f thionyl chloride yields the formula-LX chloro compounds.
      Finally, in step g the THP moiety is selectively removed by mild
      hydrolysis in acid medium and the terminal --CH.sub.2 OH moiety is
      oxidized to --COOH, e.g. with the Jones reagent. The alkylating agent is
      converted by known means to an ester, as defined by R.sub.10, to yield the
      desired compounds.
PAR  Considering the compounds of the formula
      ##SPC57##
PAL  the above series of transformations are used, except that in step c
      ClCH.sub.2 CH.sub.2 OH is replaced by Cl--C.sub.q H.sub.2q --CH.sub.2 OH.
      There are obtained in step f compounds of the formula
      ##SPC58##
PAL  wherein C.sub.q H.sub.2q, Hal, R.sub.26 and THP are as defined above.
      Thereafter these formula-LXI compounds are transformed as in step g above
      to the desired compounds.
PAR  Considering the compounds of the formula
      ##SPC59##
PAL  there are employed as starting materials the ar-halostyrenes. These are
      transformed by the following steps:
      ##SPC60##
PAL  Thereafter, these formula-LXII compounds are transformed as in step g above
      to the desired compounds. In step a, the halo compounds are converted to a
      Grignard reagent with magnesium and thence reacted with ethylene oxide. In
      step b, the hydroxy group is converted to --OTHP with dihydropyran, the
      acetylenic moiety is formed as in step a leading to the formula-LX
      compounds above, and the THP moiety removed by mild acid hydrolysis. In
      step c, the chain is extended by reaction with Hal--CH.sub.2 CH.sub.2 OH,
      preferably the bromo or iodo derivatives, in the presence of strong base,
      e.g., phenyl lithium, sodium triphenylmethane, or sodium hydride.
      Thereafter, in step d the transformations follow the general scheme of
      steps d-f leading to the formula-LX compound to yield the formula-LXII
      compounds. Transformation as in step g above yields the desired compounds.
PAR  Consdering the compounds of the formula
      ##SPC61##
PAL  the series of transformations in the paragraph immediately preceeding are
      used, except that in step c Hal--CH.sub.2 CH.sub.2 OH is replaced by
      Hal--C.sub.q H.sub.2q --CH.sub.2 OH. There are obtained in step d
      compounds of the formula
      ##SPC62##
PAL  These formula-LXIII compounds are transformed as in step g above to the
      desired esters.
PAR  Considering the compounds of the formula
      ##SPC63##
PAL  there are employed as starting materials anisolyl aliphatic acids, e.g.,
      anisolylacetic acid, in the following steps:
      ##SPC64##
PAL  In step a, the carboxyl group is reduced with a metal hydride, e.g. lithium
      aluminum hydride. In step b, where Ts represents the toluenesulfonyl
      ("tosyl") moiety, the reaction is carried out with toluenesulfonyl
      chloride and pyridine. In step c, the acetylenic moiety is introduced with
      lithium acetylide (see J. Am. Chem. Soc. 80, 6626, 1958) to yield the
      formula-LXIV intermediates. Subsequent steps in d to form the formula-LXV
      compounds follow from steps b-f for the formula-LX compounds above.
      Finally, the formula-LXV compounds are transformed as in step g above to
      the desired esters.
PAR  Considering the compounds of the formula
      ##SPC65##
PAL  there are employed as starting materials benzenedialiphatic acids, e.g.,
      benzenediacetic acid, in the following steps:
      ##SPC66##
PAL  In step a, the carboxyl groups are reduced with a metal hydride, e.g.
      lithium aluminum hydride. In step b, reaction with toluenesulfonyl halide
      yields the bistosyl derivative. In step c one tosyloxy group is replaced
      by reaction with HO--C.sub.q H.sub.2q --CH.sub.2 OTHP in the presence of
      sodium hydride in an inert solvent, e.g. dimethyl formamide. In step d,
      the acetylenic moiety is introduced as in forming the formula-LXIV
      compounds above. Subsequent steps in e to form the formula-LXVI compounds
      follow from steps b-f for the formula-LX compounds above. Finally, the
      formula-LXVI compounds are transformed as in step g above to the desired
      esters.
PAR  Variations in the above formula LX-to-LXVI compounds and their
      corresponding ester alkylating agents as to chain length or branching in
      the C.sub.g H.sub.2g, C.sub.j H.sub.2j, C.sub.p H.sub.2p, and C.sub.q
      H.sub.2q moieties and as to the identity of R.sub.1 or R.sub.26, within
      the scope of these terms as herein defined, are available to those skilled
      in the art making use of the principles disclosed herein.
PAR  Other modifications which are encompassed within this disclosure include
      the use of alkylating agents wherein Hal is replaced by
      hydrocarbonsulfonyl, e.g. tosyl or mesyl (methanesulfonyl) groups.
      Furthermore, the formula-LX, -LXI, -LXII, -LXIII, -LXV, and -LXVI
      compounds are alternatively employed as alkylating agents, instead of the
      corresponding esters, and the alkylated formula-XXXVI and -XLIII compounds
      subsequently converted to the desired formula-XXXVII and -XLIV compounds
      by mild hydrolysis to remove the THP moiety, oxidation to convert the
      --CH.sub.2 OH moiety to --COOH, and, optionally, esterification to the
      desired R.sub.1 identity.
PAR  The cis and trans ethylenic alkylating agents of formulas LV and LVI above
      are preferably prepared by cis or trans reduction of the corresponding
      formula-LIV acetylenic compounds prepared as above, or by cis or trans
      reduction of any earlier acetylenic intermediate in which both ends of the
      acetylenic bond are substituted, i.e., not hydrogen as in the moiety
      HC.tbd.C--. Alternatively, this cis or trans reduction is carried out on
      any subsequent acetylenic reaction product leading up to and including the
      final acetylenic alkylating agent of formula LIV.
PAR  For these cis reductions of acetylenic bonds, it is advantageous to use
      hydrogen plus a catalyst which catalyzes hydrogenation of --C.tbd.C-- only
      to cis --CH=CH--. Such catalysts and procedures are well known to the art.
      See, for example, Fieser et al., "Reagents for Organic Syntheses", pp.
      566-567; John Wiley and Sons, Inc., New York, N.Y. (1967). Palladium (5%)
      on barium sulfate, especially in the presence of pyridine as a diluent, is
      a suitable catalyst for this purpose. Alternative reagents useful to
      transform these acetylenic compounds to cis-ethylenic compounds are
      bis(3-methyl-2-butyl)borane ("disiamylborane") and diisobutyl-aluminum
      hydride.
PAR  For trans reductions of the acetylenic bond, except for those compounds
      containing halogen, it is advantageous to use sodium or lithium in liquid
      ammonia or a liquid alkylamine, e.g., ethylamine. When the moiety
      HO--CH.sub.2 --C.tbd.C-- is present in the acetylenic compound being
      reduced, the use of lithium aluminum hydride gives trans reduction of the
      triple bond. Procedures for these trans reductions are known in the art.
      See, for example, Fieser et al., above cited, pp. 577, 592-594, and 603,
      and J. Am. Chem. Soc. 85, 622 (1963).
PAR  The alkylating agents of the formulas
      ##SPC67##
PAL  are available by methods known to those skilled in the art.
PAR  Thus, the above-described intermediates within the scope of
      ##SPC68##
PAL  are transformed to the phosphoranes and condensed with halo-substituted
      ketones of the formula
      ##EQU29##
      wherein THP is tetrahydropyranyl, by the Wittig reaction (Organic
      Reactions, Vol. 14, p. 270, Wiley, 1965). Mixtures of the cis and trans
      isomers of formulas LXVII and LXVIII are usually obtained, which are
      separable by methods known in the art. Higher proportions of the cis
      isomers are obtained in the presence of Lewis bases; higher proportions of
      the trans isomers result by employing the phosphonate modification (D. H.
      Wadsworth et al., J. Org. Chem. 30, 680 (1965)). Thereafter, hydrogen on
      the terminal carboxyl group is replaced with R.sub.10, THP is replaced
      with hydrogen, and the terminal hydroxyl group replaced with Hal, for
      example with PBr.sub.3 or PCl.sub.3.
PAR  Alternatively, an intermediate of the formula
      ##SPC69##
PAL  is condensed by the Wittig reaction with a phosphorane or phosphonate
      derived from
      ##EQU30##
      Subsequently, the terminal hydroxy group is replaced with Hal by suitable
      reagents, for example PBr.sub.3 or PCl.sub.3.
PAR  Concerning the alkylation of the cyclopentane ring, another useful
      alkylation procedure utilizes an intermediate enamine. That enamine is
      prepared by mixing either the formula-XXXVI ketal or the formula-XLIII
      olefin ketone with a secondary amine of the formula
      ##EQU31##
      wherein R.sub.24 and R.sub.25 are alkyl or alkylene linked together
      through carbon or oxygen to form together with a nitrogen a 5 to
      7-numbered heterocyclic ring. Examples of suitable amines are
      diethylamine, dipropylamine, dibutylamine, dihexylamine, dioctylamine,
      dicyclohexylamine, methylcyclohexylamine, pyrrolidine,
      2-methylpyrrolidine, piperidine, 4-methylpiperidine, morpholine,
      hexamethylenimine, and the like.
PAR  The enamine is prepared by heating a mixture of the formula-XXXVI ketal or
      the formula-XLIII olefin ketone with an excess of the amine preferably in
      the presence of a strong acid catalyst such as an organic sulfonic acid,
      e.g., p-toluenesulfonic acid, or an inorganic acid, e.g., sulfuric acid.
      It is also advantageous to carry out this reaction in the presence of a
      water-immiscible diluent, e.g., benzene or toluene, and to remove water by
      azeotropic distillation as it is formed during the reaction. Then, after
      water formation ceases, the enamine is isolated by conventional methods.
PAR  The enamine is then reacted with a haloester,
      ##EQU32##
      to give the desired formula-XXXVII or -XLIV product. This reaction of the
      enamine is carried out by the usual procedures. See "Advances in Organic
      Chemistry," Interscience Publishers, New York, N.Y., Vol. 4, pp. 25-47
      (1963) and references cited therein. In addition to halogen, R.sub.29 in
      ##EQU33##
      can also be tosylate, mesylate, and the like. It is especially preferred
      that R.sub.29 be bromine or iodine. Dimethylsulfoxide is especially useful
      as a diluent in the reaction of the enamine with the haloester.
PAR  Referring again to Chart D, after alkylation as discussed above, cyclic
      ketal XXXVII is transformed to glycol XXXVIII by reacting the cyclic ketal
      with an acid with pK less than 5. Suitable acids and procedures for
      hydrolyzing cyclic ketals to glycols are known in the art. Suitable acids
      are formic acid, hydrochloric acid, and boric acid. Especially preferred
      as diluents for this reaction are tetrahydrofuran and
      .beta.-methoxyethanol.
PAR  Referring again to Chart E, after alkylation as discussed above, olefin
      XLIV is hydroxylated to glycol XLV. As discussed above, the divalent
      moiety --Z'-- includes the moieties
      ##SPC70##
PAL  and
      ##SPC71##
PAL  wherein C.sub.g H.sub.2g, C.sub.j H.sub.2j and C.sub.q H.sub.2q are as
      defined above. When Z' is
      ##SPC72##
PAL  this hydroxylation of XLIV is carried out as described above for the
      hydroxylation of olefin XLIII to glycol LI, i.e., with any of the known
      reagents and procedures described in Gunstone, above cited. When Z' is
      ##SPC73##
PAL  some of the reagents and procedures described by Gunstone tend to attack
      the acetylenic linkage as well as the ethylenic linkage of the
      formula-XLIV olefin. Therefore it is preferred to use a hydroxylation
      reagent and procedure which attacks the ethylenic linkage preferentially.
      For this, it is preferred to carry out hydroxylation of these acetylenic
      formula-XLIV olefins with organic peracids, e.g., performic acid,
      peracetic acid, perbenzoic acid, and m-chloro-perbenzoic acid, as
      described by Gunstone, above cited, pp. 124-130.
PAR  As discussed above regarding the hydroxylation of unalkylated olefin XLIII
      to unalkylated glycol LI, various isomeric glycols are obtained by
      hydroxylation of the formula-XLIV alkylated olefin. The particular
      formula-XLV glycol or glycol mixture obtained depends on such factors as
      whether the olefin XLIV is cis or trans and endo or exo, and whether a cis
      or a trans hydroxylation takes place. However, all of the isomeric
      formula-XLIV glycols and the various glycol mixtures are equally useful as
      intermediates according to this invention and the processes of Chart E to
      produce final products of formulas XLVII and XLVIII, and then according to
      Charts A, B, and C, to produce the other final products of this invention.
      Therefore, it is usually not necessary to separate individual formula-XLV
      glycol isomers before proceeding further in the synthesis, although that
      separation can be accomplished by silica gel chromatography.
PAR  It is preferred that glycols XXXVIII and XLV of Charts D and E,
      respectively, be free of phenolic hydroxyl substituents before the
      alkanesulfonation step. If any of the intermediate formula-XXXVIII or
      formula-XLV compounds have phenolic hydroxyls, these hydroxyls are readily
      converted to tetrahydropyranyloxy (OTHP) by reaction with dihydropyran,
      e.g. in the presence of a catalytic amount of POCl.sub.3. The --OTHP group
      is subsequently replaced by OH under mildly acidic conditions.
PAR  Referring again to Charts D and E, bis(alkanesulfonic acid) esters XXXIX
      and XLVI are prepared by reacting glycols XXXVIII and XLV, respectively,
      with an alkanesulfonyl chloride or bromide, or with an alkanesulfonic acid
      anhydride, the alkyl in each containing one to 5 carbon atoms, inclusive.
      Alkanesulfonyl chlorides are preferred for this reaction. The reaction is
      carried out in the presence of a base to neutralize the byproduct acid.
      Especially suitable bases are tertiary amines, e.g., dimethylaniline or
      pyridine. It is usually sufficient merely to mix the two reactants and the
      base, and maintain the mixture in the range 0.degree. to 25.degree.C. for
      several hours. The formula-XXXIX and XLVI bis(sulfonic acid) esters are
      then isolated by procedures known to the art.
PAR  Referring now to Chart D, bis(sulfonic acid) esters XXXIX are transformed
      either to oxa-phenylene PGE-type compounds XL, or to oxa-phenylene
      PGA-type compounds XLI. Referring to Chart E, bis(sulfonic acid) esters
      XLVI are transformed either to oxa-phenylene PGE-type compounds XLVII, or
      to oxa-phenylene PGA-type compounds XLVIII.
PAR  The transformations of XXXIX and XLVI to the PGE-type compounds XL and
      XLVII, respectively, are carried out by reacting bis-esters XXXIX and XLVI
      with water in the range about 0.degree. to about 60.degree.C. In making
      the oxa-phenylene PGE.sub.1 compounds, 25.degree. C. is a suitable
      reaction temperature, the reaction then proceeding to completion in about
      5 to 20 hours. It is advantageous to have a homogenous reaction mixture.
      This is accomplished by adding sufficient of a water-soluble organic
      diluent which does not enter into the reaction. Acetone is a suitable
      diluent. The desired product is isolated by evaporation of excess water
      and diluent if one is used. The residue contains a mixture of formula-XL
      or formula-XLVII C-15 epimers which differ in the configuration of the
      side chain hydroxy, that being either "natural" or "epi," i.e. .alpha. or
      .beta.. These are separated from by-products and from each other by silica
      gel chromatography. A usual by-product is the mono-sulfonic acid ester of
      formula XLII (Chart D) or formula XLIX (Chart E). These mono-sulfonic acid
      esters are esterified to the formula-XXXIX or -XLVI bis(sulfonic acid)
      esters, respectively, in the same manner described above for the
      transformation of glycol XXXVIII or XLV to bis-ester XXXIX or XLVI and
      thus are recycled back to additional formula-XL or -XLVII final product.
PAR  The transformations of XXXIX and XLVI to the PGA type compounds XLI and
      XLVIII, respectively, are carried out by heating bis-esters XXXIX and XLVI
      in the range 40.degree. to 100.degree. C. with a combination of water, a
      base characterized by its water solution having a pH 8 to 12, and
      sufficient inert water-soluble organic diluent to form a basic and
      substantially homogenous reaction mixture. A reaction time of one to 10
      hours is usually used. Preferred bases are the water-soluble salts of
      carbonic acid, especially alkali metal bicarbonates, e.g., sodium
      bicarbonate. A suitable diluent is acetone. The products are isolated and
      separated as described above for the transformation of bis-esters XXXIX
      and XLVI to PGE-type products XL and XLVII. The same mono-sulfonic acid
      esters XLII and XLIX observed as by-products in thos transformations are
      also observed during preparation of PGA-type products XLI and XLVIII.
PAR  For the transformations of bis(sulfonic acid) esters XXXIX and XLVI to
      final products XL, XLI, XLVII, and XLVIII, it is preferred to use the
      bis-mesyl esters, i.e., compounds XXXIX and XLVI wherein R.sub.13 is
      methyl.
PAR  Referring again to Charts D and E, the configuration of the
      ##EQU34##
      moiety in the formula-XXXIX bis-esters or the configuration of the
      ##EQU35##
      moiety in the formula-XLVI bis-esters does not change during these
      transformations of XXXIX to XL, XLI, and XLII and of XLVI to XLVII,
      XLVIII, and XLIX. Therefore, when in formula XXXIX for example, J' is
      ##SPC74##
PAL  G' is --(CH.sub.2).sub.4 --CH.sub.3, and R.sub.2, R.sub.9 and R.sub.26 are
      hydrogen, natural- and epi-configuration
      3-oxa-4,5-inter-o-phenylene-PGE.sub.1 esters (XL) are obtained when
      ##EQU36##
      is attached initially (XXXIX) in alpha configuration, and natural- and
      epi-configuration 8-iso-3-oxa-4,5-inter-o-phenylene-PGE.sub.1 esters (XL)
      are obtained when that moiety is attached in beta configuration.
      Similarly, when in formula XXXIX, J' is
      ##SPC75##
PAL  G' is --(CH.sub.2).sub.4 --CH.sub.3, and R.sub.2, R.sub.9, and R.sub.26 are
      hydrogen, natural- and epi-configuration
      5,6-dehydro-3-oxa-4,5-inter-p-phenylene-PGE.sub.2 esters are obtained when
      ##EQU37##
      is attached initially in alpha configuration, and the corresponding 8-iso
      compounds are obtained when that moiety is attached in beta configuration.
      The same retention of
      ##EQU38##
      configuration occurs when formula-XLI and XLII compounds are produced, and
      a similar retention of
      ##EQU39##
      configuration occurs when formula-XLVII, XLVIII, and XLIX compounds are
      produced from formula-XLVI bi-esters.
PAR  The PGE.sub.3 -type oxa-phenylene compounds encompassed by formula XXXII
      are prepared by the transformations shown in Chart F, wherein C.sub.n
      H.sub.2n, M', Q, R.sub.2, R.sub.5, R.sub.9 R.sub.10 R.sub.13, THP, and
      .about. are as defined above.
      ##SPC76##
PAR  Starting material, previously discussed, is converted to the formula-LXIX
      compound by several steps known in the art, employing first a Wittig
      reaction of a phosphonium salt of a haloalkyne of the formula
      BR--CHR.sub.2 --C.sub.n H.sub.2n --C.tbd.C--R.sub.5 wherein C.sub.n
      H.sub.2n, R.sub.2, and R.sub.5 are as defined above. See, for example, U.
      Axen et al., Chem. Comm. 1969, 303, and ibid. 1970, 602.
PAR  Compound LXIX is then alkylated with an alkylation agent of the formula
      Hal--CH.sub.2 --C.tbd.C--M'--COOR.sub.10 wherein M', R.sub.10, and Hal are
      as defined above, i.e. M' is
      ##SPC77##
PAL  wherein C.sub.j H.sub.2j, C.sub.p H.sub.2p, and C.sub.q H.sub.2q are as
      defined above,R.sub.10 is the same as the definition of R.sub.1 except
      that R.sub.10 does not include hydrogen, and Hal is chloro, bromo, or
      iodo. These alkylating agents have been discussed above in connection with
      Charts D and E and the procedures for alkylation are similar to those
      employed in preparing the acetylenic compounds above. See also Axen et
      al., references cited.
PAR  Accordingly, for the preparation of
      3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.3 compounds of formula XXXII
      wherein C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds, there is
      used an alkylating agent of the formula
      ##SPC78##
PAL  prepared, for example, from compound LX as discussed above.
PAR  Referring again to Chart F, after alkylation, compound LXX is hydroxylated
      to glycol LXXI. Hydroxylation reagents and procedures for this purpose are
      known in the art. See also Axen et al., references cited.
PAR  Bis(alkanesulfonic acid) esters LXXII are prepared by reacting glycol LXXI
      with an alkanesulfonyl chloride or bromide, for example methanesulfonyl
      chloride in the presence of a tertiary amine, by methods known in the art.
PAR  Referring again to Chart F, bis(sulfonic acid) esters LXXII are transformed
      to oxa-phenylene bisdehydro PGE.sub.3 -type compounds LXXIII by reaction
      with water in the range about 0.degree. to about 60.degree. C., preferably
      in an acetone-water mixture, as known in the art and discussed
      hereinabove. See also Axen, references cited.
PAR  Transformation of LXXIII to the PGE.sub.3 -type compounds LXXIV is
      accomplished by hydrogenation of LXXIII using a catalyst which catalyzes
      hydrogenation of --C.tbd.C-- only to cis--CH=CH--, as known in the art and
      discussed hereinabove. Preferred is Lindlar catalyst in the presence of
      quinoline, see Axen, references cited.
PAR  The product is a mixture of formula-LXXIV C-15 epimers which are separated
      from by-products and from each other by silica gel chromatography.
PAR  The transformations of the formula-LXXIV PGE.sub.3 -type products to the
      corresponding PGF.sub.3, PGA.sub.3, and PGB.sub.3 products are carried out
      by the steps shown in Chart A, discussed hereinabove.
PAR  The formula-LX and XLVII oxa-phenylene PGE-type compounds and the
      formula-XLI and XLVIII oxa-phenylene PGA-type compounds shown in Charts D
      and E and the formula-LXXIV oxa-phenylene PGE.sub.3 -type compounds shown
      in Chart F are all R.sub.10 carboxylic acid esters, wherein R.sub.10 is as
      defined above. Moreover when those PGE-type and PGA-type R.sub.10 esters
      are used to prepare the other oxa-phenylene prostaglandin-like compounds
      according to Charts A, B, and C, corresponding R.sub.10 esters are likely
      to be produced, especially in the case of the oxa-phenylene PGF-type
      compounds. For some of the uses described above, it is preferred that the
      novel formula XVI-to-XXXV oxa-phenylene prostaglandin-like compounds of
      this invention be in free acid form, or in salt form which requires the
      free acid as a starting material. Likewise, when a formula XVI-to-XXXV
      oxa-phenylene prostaglandin-like compound is available as an ester, say
      the methyl ester, and another ester is desired, it is usually necessary to
      convert the available ester to the free acid form and from it prepare the
      desired ester. Esters are prepared by methods known in the art or
      described herein, for example by reaction with diazohydrocarbons.
PAR  The PGF-type esters of formulas XX-XXIII and XXXIII and the PGB-type
      compounds of formulas XXVIII-XXXI and XXXV are easily hydrolyzed or
      saponified to the free acids by the usual known procedures, especially
      when R.sub.1 (R.sub.10) is alkyl of one to 4 carbons, inclusive,
      preferably methyl or ethyl.
PAR  On the other hand, the PGE type esters of formulas XVI-XIX and XXXII and
      the PGA type esters of formulas XXIV-XXVII and XXXIV are difficult to
      hydrolyze or saponify without causing unwanted structural changes in the
      desired acids. There are two other procedures to make the free acid forms
      of these PGE- and PGA-type compounds.
PAR  One of those procedures is applicable mainly in preparing the free acids by
      subjecting their alkyl esters to the acylase enzyme system of a
      microorganism species of Subphylum 2 of Phylum III, and thereafter
      isolating the acid. See West Germany Offenlegungsschrift No. 1,937,678;
      Derwent Farmdoc No. 6863R. This enzymatic hydrolysis is also applicable to
      the above PGF- and PGB-type alkyl esters. Another method using an esterase
      enzyme composition from P. homomalla is described in U.S. Pat. No.
      3,761,356.
PAR  Another procedure for making the free acids of the above PGE- and PGA-type
      compounds involves treatment of certain haloethyl esters of those acids
      with zinc metal and an alkanoic acid of 2 to 6 carbon atoms, preferably
      acetic acid. Those haloethyl esters are the esters wherein R.sub.10 is
      ethyl substituted in the .beta.-position with 3 chloro, 2 or 3 bromo, or
      one, 2, or 3 iodo. Of those haloethyl moieties,
      .beta.,.beta.,.beta.-trichloroethyl is preferred. Zinc dust is preferred
      as the physical form of the zinc. Mixing the haloethyl ester with the zinc
      dust at about 25.degree. C. for several hours usually causes substantially
      complete replacement of the haloethyl moiety of the formula XVI-XIX,
      XXXII, XXIV-XXVII, and XXXIV ester with hydrogen. The free acid is then
      isolated from the reaction mixture by procedures known to the art. This
      procedure is also applicable to the production of PGF- and PGB-type free
      acids.
PAR  Formula-XXXVII cyclic ketals and formula XLIV olefins wherein R.sub.10 is
      haloethyl as above defined are necessary as intermediates for this route
      to the final PGE, PGF, PGA, and PGB type free acids. These formula-XXXVII
      and -XLIV haloethyl ester intermediates can be prepared by alkylation of
      cyclic ketal XXXVI (Chart D) or olefin XLIII (Chart E), respectively, with
      the appropriate formula LIII-to-LVI or LXVII-LXVIII alkylating agent
      wherein R.sub.10 is haloethyl as above defined. However, preferred routes
      of the formula-XXXVII and -XLIV haloethyl ester intermediates are shown in
      Charts G and H.
PAR  In Charts G and H, G, J', R.sub.2, R.sub.9, R.sub.26, R.sub.11, R.sub.12,
      Z', and .about. are as defined above. Haloethyl represents ethyl
      substituted in the .beta.-position with 3 chloro, or 2 or 3 bromo, or 1,
      2, or 3 iodo, preferably --CH.sub.2 CCl.sub.3. R.sub.15 represents alkyl
      of one to 4 carbon atoms, inclusive, preferably methyl or ethyl.
      ##SPC79##
PAR  Compound LXXVI in Chart G is within the scope of compound XXXVII in Chart
      D. Compound LXXXII in Chart H is within the scope of compound XLIV in
      Chart E. These ketones LXXVI and LXXXII are reduced to corresponding
      hydroxy compounds LXXVII and LXXXIII, respectively, with a carbonyl
      reducing agent, e.g., sodium borohydride, as described above in discussion
      of Chart A. Then, hydroxy esters LXXVII and LXXXIII are saponified by
      known procedures to hydroxy acids LXXVIII and LXXXIV, respectively. These
      two hydroxy acids are transformed to keto haloethyl esters LXXXI and
      LXXXVI, respectively, by oxidation of the hydroxy group to keto and
      esterification of the carboxyl group to --COO-haloethyl. As shown in
      Charts G and H, these two reactions are carried out in either order.
      However, it is preferred to oxidize first and then esterify.
PAR  Hydroxy acids LXXVIII and LXXXIV are oxidized to keto acids LXXX and
      LXXXVI, respectively, and hydroxy haloesters LXXIX and LXXXV are oxidized
      to keto haloesters LXXXI and LXXXVII, respectively, by reaction with an
      oxidizing agent which does not attack other parts of these molecules,
      especially the cyclic ketal group of compounds LXXVIII and LXXIX or
      ethylenic linkage of compounds LXXIV and LXXXV. An especially useful
      reagent for this purpose is the Jones reagent, i.e., acidic chromic acid.
      Acetone is a suitable diluent for this purpose, and a slight excess of
      oxidant and temperatures at least as low as about 0.degree. C., preferably
      about -10.degree. to about -20.degree. C. should be used. The oxidation
      proceeds rapidly and is usually complete in about 5 to about 30 minutes.
      Excess oxidant is destroyed, for example, by addition of a lower alkanol,
      advantageously isopropyl alcohol, and the aldehyde is isolated by
      conventional methods, for example, by extraction with a suitable solvent,
      e.g., diethyl ether. Other oxidizing agents can also be used. Examples are
      mixtures of chromium trioxide and pyridine or mixtures of
      dicyclohexylcarbodiimide and dimethyl sulfoxide. See, for example, J. Am.
      Chem. Soc. 87, 5661 (1965).
PAR  Haloethyl esters LXXIX, LXXXI, LXXXV, and LXXXVII are prepared by reacting
      agents LXXVIII, LXXX, LXXXIV, and LXXXVI respectively, with the
      appropriate haloethanol, e.g., .beta.,.beta.,.beta.-trichloroethanol, in
      the presence of a carbodiimide, e.g., dicyclohexylcarbodiimide, and a
      base, e.g., pyridine, preferably in the presence of an inert liquid
      diluent, e.g., dichloromethane, for several hours at about 25.degree. C.
PAR  As described above, the alkylations of cyclic ketal XXXVI to XXXVII (Chart
      D) and olefin XLIII and XLIV (Chart E) usually produce mixtures of alpha
      and beta alkylation products with respect to the
      ##EQU40##
      moieties. Also as described above, those two isomers lead to different
      final products, alpha leading to the PG-type series and beta leading to
      the 8-iso-PG-type series. If a compound in one or the other of those two
      series is preferred, there are two methods for favoring production of the
      preferred final product.
PAR  One of those methods involves isomerization of the final product of
      formulas XVI to XXXV. Either the alpha isomer of a formula XVI-to-XXXV
      compound, ester or free acid, or the corresponding beta isomer is
      maintained in a inert liquid diluent in the range 0.degree. to 80.degree.
      C. and in the presence of a base characterized by its water solution
      having a pH below about 10 until a substantial amount of the isomer has
      been isomerized to the other isomer, i.e., alpha to beta or beta to alpha.
      Preferred bases for this purpose are the alkali metal salts of carboxylic
      acids, especially alkanoic acids of 2 to 4 carbon atoms, e.g., sodium
      acetate. Examples of useful inert liquid diluents are alkanols of one to 4
      carbon atoms, e.g., ethanol. This reaction at about 25.degree. takes about
      one to about 20 days. Apparently an equilibrium is established. The
      mixtures of the two isomers, alpha and beta, are separated from the
      reaction mixture by known procedures, and then the two isomers are
      separated from each other by known procedures, for example,
      chromatography, recrystallization, or a combination of those. The less
      preferred isomer is then subjected to the same isomerization to produce
      more of the preferred isomer. In this manner by repeated isomerizations
      and separations, substantially all of the less preferred isomer of the
      formula XVI-to-XXXV compound is transformed to more preferred isomer.
PAR  The second method for favoring production of a preferred formula
      XVI-to-XXXV isomer involves any one of the keto intermediates of formulas
      XXXVII, XXXVIII, XLIV, XLV, LXX, or LXXI (Charts D, E, and F). Either the
      alpha form or the beta form of one of those intermediates is transformed
      to a mixture of both isomers by maintaining one or the other isomer, alpha
      or beta, in an inert liquid diluent in the presence of a base and in range
      0.degree.to 100.degree. C. until a substantial amount of the starting
      isomer has been isomerized to the other isomer. Preferred bases for this
      isomerization are alkali metal amides, alkalie metal alkoxides, alkali
      metal hydrides, and triarylmethyl alkali metals. Especially preferred are
      alkali metal tert-alkoxides of 4 to 8 carbon atoms, e.g., potassium
      tert-butoxide. This reaction at about 25.degree. C. proceeds rapidly (one
      minute to several hours). Apparently an equilibrium mixture of both
      isomers is formed, starting with either isomer. The isomer mixtures in the
      equilibrium mixture thus obtained are isolated by known procedures, and
      then the two isomers are separated from each other by known procedures,
      for example, chromatography. The less preferred isomer is then subjected
      to the same isomerization to produce more of the preferred isomer. In this
      manner, by repeated isomerizations and separations, substantially all of
      the less preferred isomer of any of these intermediates is transformed to
      the more preferred isomer. Cyclic ketalketone intermediates of formula
      XXXVII are preferred over the other intermediates for this isomerization
      procedure.
PAR  The novel oxa-phenylene PGE, PGF, PGA and PGB type compounds of formula XVI
      to XXXV wherein R.sub.2 is alkyl of one to 4 carbon atoms, inclusive,
      preferably methyl or ehtyl, are preferred over the corresponding
      oxa-phenylene PGE, PGF, PGA, and PGB type compounds in which R.sub.2 is
      hydrogen for the above-described pharmacological purposes.
PAR  These 15-alkyl prostaglandin analogs are suprisingly and unexpectedly more
      useful than the corresponding 15-hydrogen compounds for the reason that
      they are substantially more specific with regard to potency in causing
      prostaglandin-like biological responses, and have substantially longer
      duration of biological activity. For that reason, fewer and smaller doses
      of these 15-alkyl prostaglandin analogs are needed to attain the desired
      pharmacological results.
PAR  Although the above-mentioned 15-alkyl compounds are produced by the methods
      outlined above in Charts A-F, the preferred methods are set forth in Chart
      I and J as follows.
PAR  In Chart I is shown the transformation of 15-alkyl PGF-type acids and alkyl
      esters to the corresponding PGE-type acids and alkyl esters by oxidation.
      For this purpose, and oxidizing agent is used which selectively oxidizes
      secondary hydroxy groups to carbonyl groups in the presence of
      carbon-carbon double bonds. Formula LXXXVIII in Chart I includes optically
      active compounds as shown and racemic compounds of that formula and the
      mirror images thereof, and also the 15-epimers of both of those, i.e.,
      wherein the configuration at C-15 is .beta. rather than .alpha. as shown.
      Also in Chart I, E', G, J', R.sub.1 and R.sub.26 are as defined above, and
      R.sub.16 is alkyl of one to 4 carbon atoms.
PAR  For the transformations of Chart I, the .beta.-hydroxy isomers of reactant
      LXXXVIII are preferred starting materials when the carboxyl side chain is
      alpha, although the corresponding .alpha.-hydroxy isomers are also useful
      for this purpose.
PAR  Oxidation reagents useful for the transformation set forth in Chart I are
      known to the art. An especially useful reagent for this purpose is the
      Jones reagent, i.e., acidified chromic acid. See J. Chem. Soc. 39 (1946).
      A slight excess beyond the amount necessary to oxidize one of the
      secondary hydroxy groups of the formula-LXXXVIII reactant is used. Acetone
      is a suitable diluent for this purpose. Reaction temperatures at least as
      low as about 0.degree. C. should be used.
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PAL  Preferred reaction temperatures are in the range -10.degree. to -50.degree.
      C. The oxidation proceeds rapidly and is usually complete in about 5 to 20
      minutes. The excess oxidant is destroyed, for example by addition of a
      lower alkanol, advantageously, isopropyl alcohol, and the formula-LXXXIX
      PGE-type product is isolated by conventional methods.
PAR  Examples of other oxidation reagents useful for the Chart H transformations
      are silver carbonate on Celite (Chem. Commun. 1102 (1969)), mixtures of
      chromium trioxide and pyridine (Tetrahedron Letters 3363 (1968), J. Am.
      Chem. Soc. 75, 422 (1953), and Tetrahedron, 18, 1351 (1962)), mixtures of
      sulfur trioxide in pyridine and dimethyl sulfoxide (J. Am. Chem. Soc. 89,
      5505 (1967)), and mixtures of dicyclohexylcarbodiimide and dimethyl
      sulfoxide (J. Am. Chem. Soc. 87, 5661 (1965)).
PAR  The novel 15-alkyl oxa-phenylene PGF.sub..alpha.- and PGF.sub..beta.-type
      acids and esters of formulas XX-XXIIII and XXXIII wherein R.sub.2 is one
      to 4 carbon atoms, inclusive, are preferably prepared from the
      corresponding 15-hydrogen compounds by the sequence of transformations
      shown in Chart J, wherein formulas XC through XCIV, inclusive, include
      optically active and racemic natural- and epi-configuration compounds of
      those formulas and the mirror images thereof. Also in Chart J, R.sub.16 is
      alkyl of one to 4 carbon atoms, inclusive, and E', G, Hal, J', R.sub.1,
      R.sub.26, and .about. are as heretofore defined; G" in formula XCII is the
      same as G except that T is replaced by T", wherein T" is the same as T
      above except that, in R.sub.6, --Si(R.sub.8).sub.3 replaces hydrogen. Also
      in Chart J, R.sub.8 is alkyl of one to 4 carbon atoms, inclusive, aralkyl
      of 7 to 12 carbon atoms, inclusive, phenyl, or phenyl substituted with one
      or 2 fluoro, chloro, or alkyl of one to 4 carbon atoms inclusive, and
      R.sub.17 is R.sub.1 as defined above or silyl of the
      formula-Si--(R.sub.8).sub.3 wherein R.sub.8 is as defined above. The
      various R.sub.8 's of a --Si(R.sub.8).sub.3 moiety are alike or different.
      For example, a --Si(R.sub.8).sub.3 can be trimethylsilyl,
      dimethylphenylsilyl, or methylphenylbenzylsilyl. Examples of alkyl of one
      to 4 carbon atoms, inclusive, are methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, sec-butyl, and tert-butyl. Examples of aralkyl of 7 to 12 carbon
      atoms, inclusive, are benzyl, phenethyl, .alpha.-phenylethyl,
      3-phenylpropyl, .alpha.-naphthylmethyl, and 2-(.beta.-naphthyl)ethyl.
      Examples of phenyl substituted with one or 2 fluoro, chloro, or alkyl of
      one to 4 carbon atoms, inclusive, are p-chlorophenyl, m-fluorophenyl,
      o-tolyl, 2,4-dichlorophenyl, p-tert-butylphenyl, 4-chloro-2-methylphenyl,
      and 2,4-dichloro-3- methylphenyl.
PAR  In Chart J, the final PGF.sub..alpha. and PGF.sub..beta.-type products are
      those encompassed by formulas XCIII and XCIV, respectively.
PAR  The initial optically active or racemic reactants of formula XC in Chart J
      i.e., the oxa-phenylene PGF.sub.1 -, PGF.sub.2 -, 5,6-dehydro-PGF.sub.2 -,
      and dihydro-PGF.sub.1 -type compounds in their .alpha. and .beta. forms,
      and their esters, are prepared by methods described herein. Thus, racemic
      oxa-phenylene dihydro-PGF.sub.1 .sub..alpha.- and -PGF.sub.1
      .sub..beta.-type compounds, and their esters are prepared by catalytic
      hydrogenation of the corresponding racemic oxa-phenylene PGF.sub.1
      .sub..alpha. or PGF.sub.2 .sub..beta., and PGF.sub.1 .sub..beta. or
      PGF.sub.2 .sub..beta.type compounds, respectively, e.g. in the presence of
      5% palladium-on-charcoal catalyst in ethyl acetate solution at 25.degree.
      C. and one atmosphere pressure of hydrogen.
PAR  The heretofore-described acids and esters of formula XC are transformed to
      the corresponding intermediate 15-dehydro acids and esters of formula XCI,
      by oxidation with reagents such as
      2,3-dichloro-5,6-dicyano-1,4-benzoquinone, activated manganese dioxide, or
      nickel peroxide (see Fieser et al., "Reagents for Organic Syntheses," John
      Wiley & Sons, Inc., New York, N.Y. pp. 215, 637, and 731). Alternatively,
      and especially for the formula-XC reactants wherein E' is --CH.sub.2
      CH.sub.2 and J' is L as defined above, these oxidations are carried out by
      oxygenation in the presence of the 15-hydroxyprostaglandin dehydrogenase
      of swine lung (see Arkiv for Kemi 25, 293 (1966)). These reagents are used
      according to procedures known in the art. See, for example, J. Biol. Chem.
      239, 4097 (1964).
PAR  Referring again to Chart J, intermediate compounds of formula XCI are
      transformed to silyl derivatives of formula XCII by procedures known in
      the art. See, for example, Pierce, "Silylation of Organic Compounds,"
      Pierce Chemical Co., Rockford, Ill. (1968). Both hyroxy groups of the
      formula-XCI reactants are thereby transformed to --O--Si(R.sub.8).sub.3
      moieties wherein R.sub.8 is as defined above, and sufficient of the
      silylating agent is used for that purpose according to known procedures.
      When R.sub.1 in the formula-XCI intermediate is hydrogen, the --COOH
      moiety thereby defined is simultaneously transformed to
      --COO--Si(R.sub.8).sub.3, additional silylating agent being used for this
      purpose. This latter transformation is aided by excess silylating agent
      and prolonged treatment. Likewise, when R.sub.6 in T of the formula-XCI
      intermediate is hydrogen, the phenolic hydroxyl thereby defined is
      simultaneously transformed to --O--Si(R.sub.8).sub.3 in the silylation
      step. G" in formula XCII, as defined above, therefore is the same as G
      except that T is replaced by T", wherein T" is the same as T above except
      that, in R.sub.6, --Si(R.sub.8).sub.3 replaces hydrogen. When R.sub.1 in
      formula XCI is alkyl, then R.sub.17 in formula XCII will also be alkyl.
      The necessary silylating agents for these transformations are known in the
      art or are prepared by methods known in the art. See, for example, Post,
      "Silicones and Other Organic Silicon Compounds," Reinhold Publishing
      Corp., New York, N.Y. (1949).
PAR  Referring again to Chart J, the intermediate silyl compounds of formula
      XCII are transformed to the final compounds of formulas XCIII and XCIV by
      first reacting the silyl compound with a Grignard reagent of the formula
      R.sub.16 MgHal wherein R.sub.16 is as defined above, and Hal is chloro,
      bromo, or iodo. For this purpose, it is preferred that Hal be bromo. This
      reaction is carried out by the usual procedure for Grignard reactions,
      using diethyl ether as a reaction solvent and saturated aqueous ammonium
      chloride solution to hydrolyze the Grignard complex. The resulting
      disilyl, trisilyl, or tetrasilyl tertiary alcohol is then hydrolyzed with
      water to remove the silyl groups. For this purpose, it is advantageous to
      use a mixture of water and sufficient of a water-miscible solvent, e.g.,
      ethanol to give a homogenous reaction mixture. The hydrolysis is usually
      complete in 2 to 6 hours at 25.degree. C., and is preferably carried out
      in an atmosphere of an inert gas, e.., nitrogen or argon.
PAR  The mixture of 15-.alpha. and 15-.beta. isomers obtained by this Grignard
      reaction and hydrolysis is separated by procedures known in the art for
      separating mixtures of prostanoic acid derivatives, for example, by
      chromatography on neutral silica gel. In some instances, the lower alkyl
      esters, especially the methyl esters of a pair of 15-.alpha. and 15-.beta.
      isomers are more readily separated by silica gel chromatography than are
      the corresponding acids. In those cases, it is advantageous to esterify
      the mixture of acids as described below, separate the two esters, and
      then, if desired, saponify the esters by procedures known in the art for
      saponification of prostaglandins F.
PAR  Although formula-XCIII and -XCIV compounds wherein E' is --CH.sub.2
      CHR.sub.9 --and J' is L' as defined above may be produced according to the
      processes of Chart J, it is preferred to produce those novel
      dihydro-PGF.sub.1 analogs by hydrogenation of one of the corresponding
      unsaturated compounds, i.e., a compound of formula XCIII or XCIV wherein E
      is trans --CH=CR.sub.9 --and J' is either L', --CH=CH--M'--,
      --C.tbd.C--M'-, M' being defined above. This hydrogenation is
      advantageously carried out catalytically, for example, in the presence of
      a 5% palladium-on-charcoal catalyst in ethyl acetate solution at
      25.degree. C. and one atmosphere pressure of hydrogen.
PAR  The novel 15-alkyl oxa-phenylene PGA-type and PGB-type acids and esters of
      formula XXIV-XXXI and XXXIV-XXXV are prepared from the 15-alkyl
      oxa-phenylene PGE compounds, heretofore described, by dehydrations and
      double bond migrations previously described, as shown in Chart A. Likewise
      the 15-alkyl PGB-type compounds are prepared by contacting the 15-alkyl
      PGA-type compounds with base. For the transformation of the 15-alkyl
      PGE-type compounds to the 15-alkyl PGA-type compounds of this invention
      (Chart K), it is preferred that a dehydrating agent be used which removes
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PAL  the hydroxy group from the alicyclic ring in the presence of a hydroxy
      group on a tertiary carbon atom. In Chart K, E', G, J', R.sub.1, R.sub.2,
      R.sub.26, and .about. are as defined above. Formula XCV as shown includes
      optically active compounds and racemic compounds of that formula and the
      mirror images thereof, and also the 15-epimers of both of those. Any of
      the known substantially neutral dehydrating agents is used for these
      reactions. See Fieser et al., cited above. Preferred dehydrating agents
      are mixtures of at least an equivalent amount of a carbodiimide and a
      catalytic amount of a copper (II) salt. Especially preferred are mixtures
      of at least an equivalent amount of dicyclohexyl carbodiimide and a
      catalytic amount of copper (II) chloride. An equivalent amount of a
      carbodiimide means one mole of the carbodiimide for each mole of the
      formula-XCV reactant. To ensure completeness of the reaction, it is
      advantageous to use an excess of carbodiimide, i.e., 1.5 to 5 or even more
      equivalents of the carbodiimide.
PAR  The dehydration is advantageously carried out in the presence of an inert
      organic diluent which gives a homogeneous reaction mixture with respect to
      the formula-XCV reactant and the carbodiimide. Diethyl ether is a suitable
      diluent. It is advantageous to carry out the dehydration in an atmosphere
      of an inert gas, e.g., nitrogen, helium, or argon. The time required for
      the dehydration will depend in part on the reaction temperature. With the
      reaction temperature in the range 20.degree. to 30.degree.C., the
      dehydration usually takes place in about 40 to 60 hours. The formula-XCVI
      product is isolated by methods known in the art, e.g., filtration of the
      reaction mixture and evaporation of the filtrate. The product is then
      purified by methods known in the art, advantageously by chromatography on
      silica gel.
PAR  The final formula XVI-to-XXXV compounds prepared by the processes of this
      invention, in free acid form, are transformed to pharmacologically
      acceptable salts by neutralization with appropriate amounts of the
      corresponding inorganic or organic base, examples of which correspond to
      the cations and amines listed above. These transformations are carried out
      by a variety of procedures known in the art to be generally useful for the
      preparation of inorganic, i.e., metal or ammonium, salts, amine acid
      addition salts, and quaternary ammonium salts. The choice of procedure
      depends in part upon the solubility characteristics of the particular salt
      to be prepared. In the case of the inorganic salts, it is usually suitable
      to dissolve the formula XVI-to-XXXV acid in water containing the
      stoichiometric amount of a hydroxide, carbonate, or bicarbonate
      corresponding to the inorganic salt desired. For example, such use of
      sodium hydroxide, sodium carbonate, or sodium bicarbonate gives a solution
      of the sodium salt. Evaporation of the water or addition of a
      water-miscible solvent of moderate polarity, for example, a lower alkanol
      or a lower alkanone, gives the solid inorganic salt if that form is
      desired.
PAR  To produce an amine salt, the formula XVI-to-XXXV acid is dissolved in a
      suitable solvent of either moderate or low polarity. Examples of the
      former are ethanol, acetone, and ethyl acetate. Examples of the latter are
      diethyl ether and benzene. At least a stoichiometric amount of the amine
      corresponding to the desired cation is then added to that solution. If the
      resulting salt does not precipitate, it is usually obtained in solid form
      by addition of a miscible diluent of low polarity or by evaporation. If
      the amine is relatively volatile, any excess can easily be removed by
      evaporation. It is preferred to use stoichiometric amounts of the less
      volatile amines.
PAR  Salts wherein the cation is quaternary ammonium are produced by mixing the
      formula XVI-to-XXXV acid with the stoichiometric amount of the
      corresponding quaternary ammonium hydroxide in water solution, followed by
      evaporation of the water.
PAR  The final formula XVI-to-XXXV acids or esters prepared by the processes of
      this invention are transformed to lower alkanoates by interaction of the
      formula XVI-to-XXXV hydroxy compound with a carboxyacylating agent,
      preferably the anhydride of a lower alkanoic acid, i.e., an alkanoic acid
      of one to 8 carbon atoms, inclusive. For example, use of acetic anhydride
      gives the corresponding diacetate. Similar use of propionic anhydride,
      isobutyric anhydride, and hexanoic acid anhydride gives the corresponding
      carboxyacylates.
PAR  The carboxyacylation is advantageously carried out by mixing the hydroxy
      compound and the acid anhydride, preferably in the presence of a tertiary
      amine such as pyridine or triethylamine. A substantial excess of the
      anhydride is used, preferably about 10 to about 10,000 moles of anhydride
      per mole of the hydroxy compound reactant. The excess anhydride serves as
      a reaction diluent and solvent. An inert inorganic diluent, for example,
      dioxane, can also be added. It is preferred to use enough of the tertiary
      amine to neutralize the carboxylic acid produced by the reaction, as well
      as any free carboxyl groups present in the hydroxy compound reactant.
PAR  The carboxyacylation reaction is preferably carried out in the range about
      0.degree. to about 100.degree. C. The necessary reaction time will depend
      on such factors as the reaction temperature, and the nature of the
      anhydride and tertiary amine reactants. With acetic anhydride, pyridine,
      and a 25.degree. C. reaction temperature, a 12 to 24-hour reaction time is
      used.
PAR  The carboxyacylated product is isolated from the reaction mixture by
      conventional methods. For example, the excess anhydride is decomposed with
      water, and the resulting mixture acidified and then extracted with a
      solvent such as diethyl ether. The desired carboxyacylate is recovered
      from the diethyl ether extract by evaporation. The carboxyacylate is then
      purified by conventional methods, advantageously by chromatography.
PAR  By this procedure, the formula XVI-XIX and XXXII PGE-type compounds are
      transformed to dialkanoates, the formula XX-XXIII and XXXIII PGF-type
      compounds are transformed to trialkanoates, and the formula XXIV-XXXI and
      XXXIV-XXXV PGA-type and PGB-type compounds are transformed to
      monoalkanoates.
PAR  When a PGE-type dialkanoate is transformed to a PGF-type compound by
      carbonyl reduction as shown in Chart A, a PGF-type dialkanoate is formed
      and is used for the above-described purposes as such or is transformed to
      a trialkanoate by the above-described procedure. In the latter case, the
      third alkanoyloxy group can be the same as or different from the two
      alkanoyloxy groups present before the carbonyl reduction.
PAR  Molecules of each of the compounds encompassed by formulas XVI to XXXV and,
      except for XLIII and L, of each intermediate formula each have at least
      one center of asymmetry, and each can exist in racemic form and in either
      enantiomeric form, i.e., d and l. A formula accurately defining the d form
      would be the mirror image of the formula which defined the l form. Both
      formulas are necessary to define accurately the corresponding racemic
      form. The various formulas XVI-to-XXXV as drawn each represents the
      optically active form with the same configuration as the
      naturally-occurring prostaglandins.
PAR  When an optically active (d or l) final compound is desired, that is made
      by resolution of the racemic compound or by resolution of one of the
      asymmetric racemic intermediates. These resolutions are carried out by
      procedures known in the art. For example, when final compound XVI to XXXV
      is a free acid, the dl form thereof is resolved into the d and l forms by
      reacting said free acid by known general procedures with an optically
      active base, e.g., brucine or strychnine, to give a mixture of two
      diastereoisomers which are separated by known general procedures, e.g.,
      fractional crystallization, to give the separate diastereiosomeric salts.
      The optically active acid of formula XVI to XXXV is then obtained by
      treatment of the salt with an acid by known general procedures.
      Alternatively, the free acid form of cyclic ketal XXXVII, olefins XLIV or
      LXX, or glycols XXXVIII, XLV, or LXXI is resolved into separate d and l
      forms and then esterified and transformed further to the corresponding
      optically active form of the final product XVI to XXXV as described above.
PAR  In another method, bicyclo ketone reactants XXXVIII, XLV, or LXXI in exo or
      endo form, are transformed to ketals with an optically active 1,2-glycol,
      e.g., D-(--)-2,3-butanediol, by reaction of said 1,2-glycol with the
      formula-XXXVIII, XLV, or LXXI compound in the presence of a strong acid,
      e.g., p-toluenesulfonic acid. The resulting ketal is a mixture of
      diastereoisomers which is separated into the d and l diastereoisomers,
      each of which is then hydrolyzed with an acid, e.g., oxalic acid, to the
      original keto compound, now in optically active form. These reactions
      involving optically active glycols and ketals for resolution purposes are
      generally known in the art. See, for example, Chem. Ind. 1664 (1961) and
      J. Am. Chem. Soc. 84, 2938 (1962). Dithiols may be used instead of
      glycols.
PAR  Still another procedure for obtaining optically active oxa-phenylene
      PGF-type compounds is by stereoselective microbiological reduction of the
      racemic oxa-phenylene PGE compounds. For this purpose actively fermenting
      baker's yeast is employed. The PGE compound is contacted with a
      yeast-sugar-water mixture at about 25.degree. C. for 24-48 hours. There is
      produced by reduction a mixture of the PGF.sub..alpha. compound and the
      enantiomeric PGF.sub..beta. compound, which are separable by silica gel
      chromatography for example. Accompanying this transformation, carboxylic
      ester groups are removed by hydrolysis. Accordingly, from
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester, there
      are obtained natural configuration
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha. and
      enantiomeric
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..beta..
PAR  An alternate method of synthesis is provided hereinafter for a group of
      oxa-phenylene analogs within the scope of formulas XVI and XX above,
      represented by the following formulas XCVII-CIV;
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PAL  and the racemic mixtures of those compounds and their respective
      enantiomers represented by the mirror images of the above formulas. The
      terms C.sub.p H.sub.2p, C.sub.t H.sub.2t, R.sub.1, R.sub.2, T, and s are
      as defined above; R.sub.30 is alkyl of 2 to 10 carbon atoms, inclusive,
      substituted with zero, one, 2, or 3 fluoro.
PAR  The alternate method of synthesis disclosed hereinafter is also useful for
      preparing oxa-phenylene 17,18-didehydro prostaglandin analogs within the
      scope of formulas CV-CVIII:
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PAL  wherein C.sub.n H.sub.2n, C.sub.p H.sub.2p, R.sub.1, R.sub.2, and R.sub.5
      are as defined and used above.
PAR  These 17,18-didehydro analogs of formulas CV-CVIII together with compounds
      of formulas XXXII and XXXIII above are within the scope of 17,18-didehydro
      PGE- and PGF-type compounds represented by the formulas:
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PAL  wherein .about. indicates attachment of the hydroxyl or the side chain to
      the cyclopentane ring in alpha or beta configuration; wherein V is (1)
      C.sub.g H.sub.2g or (2) --CH=CH-- C.sub.j H.sub.2j --, wherein C.sub.g
      H.sub.2g represents a valence bond or alkylene of one to 4 carbon atoms,
      inclusive, with one or 2 chain carbon atoms between --CH.sub.2 -- and the
      phenylene ring, and wherein C.sub.j H.sub.2j represents a valence bond or
      alkylene of one or 2 carbon atoms with one chain carbon atom between
      --CH=CH-- and the phenylene ring; wherein C.sub.n H.sub.2n is alkylene of
      one to 4 carbon atoms, inclusive; wherein C.sub.p H.sub.2p represents a
      valence bond or alkylene of one to 4 carbon atoms, inclusive, with one or
      2 chain carbon atoms between the ring and --O--; wherein C.sub.g H.sub.2g
      and C.sub.p H.sub.2p together represent zero to 8 carbon atoms, inclusive,
      with total chain lengths zero to 3 carbon atoms, inclusive; wherein Q is
      ##EQU41##
      wherein R.sub.2 is hydrogen or alkyl of one to 4 carbon atoms, inclusive;
      wherein R.sub.1 is hydrogen, alkyl of one to 12 carbon atoms, inclusive,
      cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive; and wherein R.sub.5 is alkyl of
      one to 4 carbon atoms, inclusive, substituted with zero, one, 2, or 3
      fluoro.
PAR  The corresponding 17,18-didehydro PGA- and PGB-type compounds are available
      by methods disclosed herein or known in the art, for example by acid or
      base dehydration of the formula-CXXXVII PGE-type compounds.
PAR  The alternate method of synthesis utilizes oxetane intermediates having the
      grouping
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PAL  prepared from bicyclo hexene starting materials.
PAR  Reference to Chart L will make clear the steps by which starting material
      CIX is transformed to product CXVIII. The formula-CIX compound wherein
      R.sub.31 and R.sub.32 together are --CH.sub.2 --C(CH.sub.3).sub.2
      --CH.sub.2 -- and .about. is endo, i.e.
      bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde neopentyl glycol acetal, is
      available either in racemic or optically active form. See U.S. Pat. No.
      3,711,515.
PAR  In Chart L the symbols used therein have the same meanings as defined
      above, as to C.sub.p H.sub.2p, G, Q, R.sub.1, R.sub.2, R.sub.31, R.sub.32,
      R.sub.39, R.sub.42, and .about.. R.sub.43 represents hydrogen, carboxyacyl
      R.sub.39, benzoyl, substituted benzoyl, mono-esterified phthaloyl, and
      substituted naphthoyl. Furthermore, in Chart L and likewise in the other
      charts of this specification, the formulas as drawn represent specific
      optical isomers following the conventions applied herein to the end
      products. However, for purposes of convenience and brevity it is intended
      that such representations of the process steps for the optically active
      intermediates are applicable to those same process steps as used for the
      corresponding racemic intermediates.
PAR  Both the endo and exo forms of bicyclo hexene CIX are available or are made
      by methods known in the art, in either their racemic or optically active
      forms. See. U.S. Pat. No. 3,711,515.
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PAR  Either the endo or exo starting material will yield the ultimate analogs of
      formula CXVIII by the processes of Chart L.
PAR  In step (a) oxetane CX is obtained by reaction of the formula-CIX bicyclo
      hexene with an aldehyde of the formula
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PAL  wherein C.sub.p H.sub.2p represents a valence bond or alkylene of one to 4
      carbon atoms, inclusive, with one or 2 carbon atoms in the chain between
      the phenylene ring and --O--, and wherein R.sub.39 is carboxyacyl of the
      formula
      ##EQU42##
      wherein R.sub.40 is hydrogen, alkyl of one to 19 carbon atoms, inclusive,
      or aralkyl of 7 to 12 carbon atoms, inclusive, wherein alkyl or aralkyl
      are substituted with zero to 3 halo atoms.
PAR  The formula-CXIX aldehydes are available or readily prepared by methods
      known in the art. Examples of such compounds within the scope of formula
      CXIX are:
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PAR  The formation of oxetane CX is accomplished by photolysis of a mixture of
      the bicyclo hexene and the aldehyde in a solvent. The bicyclo hexene is
      preferably used in excess over the molar equivalent, for example 2 to 4
      times the theoretical equivalent amount. The solvent is a photochemically
      inert organic liquid, for example liquid hydrocarbons, including benzene
      or hexane, 1,4-dioxane, and diethyl ether. The reaction is conveniently
      done at ambient conditions, for example 25.degree. C., but may be done
      over a wide range of temperature, from about -78.degree. C. to the boiling
      point of the solvent. The irradiation is done with mercury vapor lamps of
      the low or medium pressure type, for example those peaking at 3500 A. Such
      sources are available from The Southern New England Ultraviolet Co.,
      Middletown, Conn. Alternatively, those lamps which emit a broad spectrum
      of wavelengths and which may be filtered to transmit only light of
      .lambda..about.3000-3700 A may also be used. For a review of photolysis
      see D. R. Arnold in "Advances in Photochemistry," Vol. 6, W. A. Noyes et
      al., Wiley-Interscience, New York, 1968, pp. 301-423.
PAR  In step (b) the cleavage of the oxetane ring to yield the formula-CXI
      compounds is accomplished with an alkali metal in the presence of a
      primary amine or alcohol. Preferred is lithium in ethylamine, or sodium in
      ethyl alcohol. See L. J. Altman et al., Synthesis 129 (1974). The cleavage
      transformation may also be accomplished by catalytic hydrogenation over an
      inert metal catalyst, e.g. Pd on carbon, in ethyl acetate or ethanol.
PAR  In step (c) the formula CXI diol is prepared for step (d) by preferably
      blocking the two hydroxyl groups with carboxyacyl groups within the scope
      of R.sub.39, i.e.
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      as defined above. For example, the diol is treated with an acid anhydride
      such as acetic anhydride, or with an acyl halide in a tertiary amine.
      Expecially preferred is pivaloyl chloride in pyridine.
PAR  Other carboxyacylating agents useful for this transformation are known in
      the art or readily obtainable by methods known in the art, and include
      carboxyacyl halides, preferably chlorides, bromides, or fluorides, i.e.
      R.sub.40 C(O)Cl, R.sub.40 C(O)Br, or R.sub.40 C(O)F, and carboxyacid
      anhydrides, (R.sub.40 C--).sub.2 O, wherein R.sub.40 is as defined above.
      The preferred reagent is an acid anhydride. Examples of acid anhydrides
      useful for this purpose are acetic anhydride, propionic anhydride, butyric
      anhydride, pentanoic anhydride, nonanoic anhydride, trideconoic anhydride,
      steric anhydride, (mono, di or tri) chloroacetic anhydride,
      3-chlorovaleric anhydride, 3-(2-bromoethyl)-4,8-dimethylnonanoic
      anhydride, cyclopropaneacetic anhydride, 3-cycloheptanepropionic
      anhydride, 13-cyclopentanetridecanoic anhydride, phenylacetic anhydride,
      (2 or 3)-phenylpropionic anhydride, 13-phenyltridecanoic anhydride,
      phenoxyacetic anhydride, benzoic anhydride, (o, m, or p)-bromobenzoic
      anhydride, 2,4 (or 3,4)-dichlorobenzoic anhydride,
      p-trifluoromethylbenzoic anhydride, 2-chloro-3-nitrobenzoic anhydride, (o,
      m, or p)-nitrobenzoic anhydride, (o, m, or p)-toluic anhydride,
      4-methyl-3-nitrobenzoic anhydride, 4-octylbenzoic anhydride, (2,3, or
      4)-biphenylcarboxylic anhydride, 3-chloro-4-biphenylcarboxylic anhydride,
      5-isopropyl-6-nitro-3-biphenylcarboxylic anhydride, and (1 or 2)-naphthoic
      anhydride. The choice of anhydride depends upon the identity of R.sub.40
      in the final acylated product, for example when R.sub.40 is to be methyl,
      acetic anhydride is used; when R.sub.40 is to be 2-chlorobutyl,
      3-chlorovaleric anhydride is used.
PAR  When R.sub.40 is hydrogen,
      ##EQU44##
      is formyl. Formylation is carried out by procedures known in the art, for
      example, by reaction of the hydroxy compound with the mixed anhydride of
      acetic and formic acids or with formylimidazole. See, for example, Fieser
      et al., Reagents for Organic Synthesis, John Wiley and Sons, Inc., pp. 4
      and 407 (1967) and references cited therein. Alternatively, the formula
      CXI diol is reacted with two equivalents of sodium hydride and then with
      excess ethyl formate.
PAR  In formula CXII, R.sub.43 may also represent a blocking group including
      benzoyl, substituted benzoyl, monoesterified phthaloyl and substituted
      naphthoyl. For introducing those blocking groups, methods known in the art
      are used. Thus, an aromatic acid of the formula R.sub.39 OH, wherein
      R.sub.39 is as defined above, for example benzoic acid, is reacted with
      the formula-CXI compound in the presence of a dehydrating agent, e.g.
      sulfuric acid, zinc chloride, or phosphoryl chloride; or an anhydride of
      the aromatic acid of the formula (R.sub.39).sub.2 O, for example benzoic
      anhydride, is used.
PAR  Preferably, however, an acyl halide, e.g. R.sub.39 Cl, for example benzoyl
      chloride, is reacted with the formula-CXI compound in the presence of a
      tertiary amine such as pyridine, triethylamine, and the like. The reaction
      is carried out under a variety of conditions using procedures generally
      known in the art. Generally, mild conditions are employed, e.g.
      20.degree.-60.degree. C., contacting the reactants in a liquid medium,
      e.g. excess pyridine or an inert solvent such as benzene, toluene or
      chloroform. The acylating agent is used either in stoichiometric amount or
      in excess.
PAR  As examples of reagents providing R.sub.39 for the purposes of this
      invention, the following are available as acids (R.sub.39 OH), anhydrides
      ((R.sub.39).sub.2 O), or acyl chlorides (R.sub.39 Cl): benzoyl;
      substituted benzoyl, e.g. (2-, 3-, or 4-)methylbenzoyl, (2-, 3-, or
      4-)ethylbenzoyl, (2-, 3-, or 4-)isopropylbenzoyl, (2-, 3-, or
      4-)tert-butylbenzoyl, 2,4-dimethylbenzoyl, 3,5-dimethylbenzoyl,
      2-isopropyltoluyl, 2,4,6-trimethylbenzoyl, pentamethylbenzoyl,
      .alpha.-phenyl-(2-, 3-, or 4-(toluyl, 2-, 3-, or 4-phenethylbenzoyl, 2-,
      3-, or 4-nitrobenzoyl, (2,4-, 2,5-, or 3,5-)dinitrobenzoyl,
      4,5-dimethyl-2-nitrobenzoyl, 2-nitro-6-phenethylbenzoyl,
      3-nitro-2-phenethylbenzoyl; mono-esterified phthaloyl, e.g.
      ##SPC89##
PAL  isophthaloyl, e.g.
      ##SPC90##
PAL  or terephthaloyl, e.g.
      ##SPC91##
PAL  (1- or 2-)naphthoyl; and substituted naphthoyl, e.g. (2-, 3-, 4-, 5-, 6-,
      or 7-)-methyl-1-naphthoyl, (2-or 4-)ethyl-1-naphthoyl,
      2-isopropyl-1-naphthoyl, 4,5-dimethyl-1-naphthoyl,
      6-isopropyl-4-methyl-1-naphthoyl, 8-benzyl-1-naphthoyl,
      8-benzyl-1-naphthoyl, (3-, 4-, 5-, or 8-)-nitro-1-naphthoyl,
      4,5-dinitro-1-naphthoyl, (3-, 4-, 6-, 7- or 8)-methyl-1-naphthoyl,
      4-ethyl-2-naphthoyl, and (5- or 8-)-nitro-2-naphthoyl. There may be
      employed, therefore, benzoyl chloride, 4-nitrobenzoyl chloride,
      3,5-dinitrobenzoyl chloride, and the like, i.e. R.sub.39 Cl compounds
      corresponding to the above R.sub.39 groups. If the acyl chloride is not
      available, it is made from the corresponding acid and phosphorus
      pentachloride as is known in the art.
PAR  In step (d), the formula -CXII acetal is converted to aldehyde CXIII by
      acid hydrolysis, known in the art, using dilute mineral acids, acetic or
      formic acids, and the like. Solvents such as acetone, dioxane, and
      tetrahydrofuran are used.
PAR  For steps (e) through (h) it is optional whether R.sub.42 be hydrogen or a
      "blocking group" as defined below. For efficient utilization of the Wittig
      reagent it is preferred that R.sub.42 be a blocking group. If the
      formula-CXII compound is used wherein R.sub.43 is hydrogen, the
      formula-CXIII intermediates will have hydrogen at R.sub.42. If R.sub.42 is
      to be a blocking group, that may be readily provided prior to step (e) by
      reaction with suitable reagents as discussed below.
PAR  The blocking group, R.sub.41, is any group which replaces hydrogen of the
      hydroxyl groups, which is not attacked by nor is reactive to the reagents
      used in the respective transformations to the extent that the hydroxyl
      group is, and which is subsequently replaceable by hydrogen at a later
      stage in the preparation of the prostaglandin-like products.
PAR  Several blocking groups are known in the art, e.g. tetrahydropyranyl,
      acetyl, and p-phenylbenzoyl (see Corey et al., J. Am. Chem. Soc. 93, 1491
      (1971)).
PAR  Those which have been found useful include (a) carboxyacyl within the scope
      of R.sub.39 above, i.e. acetyl, and also benzoyl, naphthoyl, and the like;
      (b) tetrahydropyranyl; (c) tetrahydrofuranyl; (d) a group of the formula
      ##EQU45##
      wherein R.sub.48 is alkyl of one to 18 carbon atoms, inclusive, cycloalkyl
      of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon atoms,
      inclusive, phenyl, or phenyl substituted with one, 2, or 3 alkyl of one to
      4 carbon atoms, inclusive, wherein R.sub.49 and R.sub.50 are the same or
      different, being hydrogen, alkyl of one to 4 carbon atoms, inclusive,
      phenyl or phenyl substituted with one, 2, or 3 alkyl of one to 4 carbon
      atoms, inclusive, or, when R.sub.49 and R.sub.30 are taken together,
      --(CH.sub.2).sub.u -- or --(CH.sub.2).sub.v --O--(CH.sub.2).sub.w
      --wherein u is 3, 4, or 5, v is one, 2, or 3, and w is one, 2, or 3 with
      the proviso that v plus w is 2, 3, or 4, and wherein R.sub.51 is hydrogen
      or phenyl; or (e) --Si(A).sub.3 wherein A is alkyl of one to four carbon
      atoms, inclusive, phenyl, phenyl substituted with one or 2 fluoro, chloro,
      or alkyl of one to four carbon atoms, inclusive, or aralkyl of 7 to 12
      carbon atoms, inclusive.
PAR  In replacing the hydrogen atoms of the hydroxyl groups with a carboxyacyl
      blocking group, methods known in the art are used. The reagents and
      conditions are discussed above for R.sub.43 on compound CXII.
PAR  When the blocking group is tetrahydropyranyl or tetrahydrofuranyl, the
      appropriate reagent, e.g. 2,3-dihydropyran or 2,3-dihydrofuran, is used in
      an inert solvent such as dichloromethane, in the presence of an acid
      condensing agent such as p-toluenesulfonic acid or pyridine hydrochloride.
      The reagent is used in slight excess, preferably 1.0 to 1.2 times theory.
      The reaction is carried out at about 20.degree.-50.degree. C.
PAR  When the blocking group is of the formula
      ##EQU46##
      as defined above, the appropriate reagent is a vinyl ether, e.g. isobutyl
      vinyl ether or any vinyl ether of the formula R.sub.48
      --O--C(R.sub.49)=CR.sub.50 R.sub.51 wherein R.sub.48, R.sub.49, R.sub.50,
      and R.sub.51 are as defined above; or an unsaturated cyclic or
      heterocyclic compound, e.g. 1-cyclohex-1-yl methyl ether
      ##SPC92##
PAL  or 5,6-dihydro-4-methoxy-2H-pyran
      ##SPC93##
PAL  See C. B. Reese et al., J. Am. Chem. Soc. 89, 3366 (1967). The reaction
      conditions for such vinyl ethers and unsaturates are similar to those for
      dihydropyran above.
PAR  When the blocking group is silyl of the formula --Si(A).sub.3, the
      formula-CXIII compound is transformed to a silyl derivative of formula
      CXIII by procedures known in the art. See, for example, Pierce,
      "Silylation or Organic Compounds," Pierce Chemical Co., Rockford, Ill.
      (1968). The necessary silylating agents for these transformations are
      known in the art or are prepared by methods known in the art. See, for
      example, Post "Silicones and Other Organic Silicon Compounds," Reinhold
      Publishing Corp., New York, N.Y. (1949). These reagents are used in the
      presence of a tertiary base such as pyridine at temperatures in the range
      of about 0.degree. to +50.degree. C. Examples of trisubstituted
      mono-chlorosilanes suitable for this purpose include
      chlorotrimethylsilane, chlorotriisobutylsilane, chlorotriphenylsilane,
      chlorotris(p-chlorophenyl)silane, chlorotri-m-tolylsilane, and
      tribenzylchlorosilane. Alternately, a chlorosilane is used with a
      corresponding disilazane. Examples of other silylating agents suitable for
      forming the formula-CXIII intermediates include pentamethylsilylamine,
      pentaethylsilylamine, N-trimethylsilydiethylamine,
      1,1,1-triethyl-N,N-dimethylsilylamine,
      N,N-diisopropyl-1,1,1,-trimethylsilylamine,
      1,1,1-tributyl-N,N-dimethylsilylamine
      N,N-dibutyl-1,1,1-trimethylsilylamine,
      1-isobutyl-N,N,1,1-tetramethylsilylamine,
      N-benzyl-N-ethyl-1,1,1-trimethylsilylamine,
      N,N,1,1-tetramethyl-1-phenylsilylamine,
      N,N-diethyl-1,1-dimethyl-1-phenylsilylamine,
      N,N-diethyl-1-methyl-1,1-diphenylsilylamine,
      N,N-dibutyl-1,1,1-triphenylsilylamine, and
      1-methyl-N,N,1,1-tetraphenylsilylamine.
PAR  In step (e) the aldehyde group is transformed by the Wittig reaction to a
      moiety of the formula --CH=CR.sub.2 G. For this purpose a phosphonium salt
      prepared from an organic chloride or bromide of the formula
      ##EQU47##
      is employed, wherein G and R.sub.2 are as defined above. These organic
      chlorides or bromides are known in the art or are readily prepared by
      methods known in the art. See for example the above-identified German
      Offenlegungsschrift No. 2,209,990. As to the Wittig reaction, see, for
      example, U.S. Pat. No. 3,776,941 and references cited therein.
PAR  In step (f) compound CXV is obtained by deblocking if necessary. When
      C.sub.p H.sub.2p is a valence bond, and R.sub.42 is a hindered
      carboxyacyl, e.g.
      ##EQU48##
      R.sub.41 on the phenolic hydroxy is selectively replaced with hydrogen by
      hydrolysis with sodium or potassium hydroxide in ethanol-water. Instead of
      ethanol, other water-miscible solvents may be substituted, for example
      1,4-dioxane, tetrahydrofuran, or 1,2-dimethoxyethane. The selective
      hydrolysis is preferably carried out at -15.degree. to 25.degree. C.
      Higher temperatures may be used but with some decrease in selectivity.
PAR  Total hydrolysis of R.sub.42 blocking groups on compound CXIV is
      accomplished, when R.sub.42 is carboxyacyl, with an alkali alkoxide in an
      alcoholic solvent, preferably sodium methoxide in methanol at a
      temperature from 25.degree. C. to reflux. When R.sub.42 is
      tetrahydropyranyl, aqueous acid, e.g. dilute acetic acid, is used at
      25.degree. to 50.degree. C. When R.sub.42 is trialkylsilyl, either aqueous
      acid or base are used at 25.degree. to 50.degree. C.
PAR  Continuing with Chart L, in step (g) a Williamson synthesis is employed to
      obtain compound CXVI. The formula-CXV alcohol or phenol is condensed with
      a haloacetate within the scope of Hal--CH.sub.2 --COOR.sub.1 wherein Hal
      is chloro, bromo, or iodo and R.sub.1 is as defined above. Normally the
      reaction is done in the presence of a base such as n-butyllithium,
      phenyllithium, triphenylmethyllithium, sodium hydride, potassium
      t-butoxide, sodium hydroxide, or potassium hydroxide.
PAR  The transformation from compound CXVI to product CXVIII may be accomplished
      by any of several routes known in the art. See U.S. Pat. No. 3,711,515.
      Thus, by step (h), the alkenene CXVI is hydroxylated to glycol CXVII. For
      this purpose osmium tetroxide is a suitable reagent, for example in
      conjunction with N-methylmorpholine oxide-hydrogen peroxide complex (see
      Fieser et al., "Reagents for Organic Synthesis," p. 690, John Wiley and
      Sons, Inc., New York (1967)). Thereafter, several methods are available
      for obtaining the formula-CXVIII product. In one method the glycol is
      converted to a bis(alkanesulfonic acid) ester and subsequently hydrolyzed
      to CXVIII by methods known in the art (see, for example German
      Offenlegungsschrift No. 1,937,676, Derwent Farmdoc No. 6862R). Another
      method is by way of a diformate by formolysis of the glycol (see U.S. Pat.
      No. 3,711,515).
PAR  Still another method is by way of a cyclic ortho ester. For this purpose,
      glycol CXVII is reacted with an ortho ester of the formula
      ##EQU49##
      wherein R.sub.46 is hydrogen, alkyl of one to 19 carbon atoms, inclusive,
      or aralkyl of 7 to 12 carbon atoms, inclusive, substituted with zero to 3
      halo atoms; and R.sub.47 is methyl or ethyl. There is then formed a cyclic
      ortho ester of the formula
      ##SPC94##
PAL  wherein C.sub.p H.sub.2p, G, R.sub.1, R.sub.2 R.sub.42, R.sub.46, R.sub.47,
      and .about. are as defined above. The reaction goes smoothly in a
      temperature range of -50.degree. C. to +100.degree. C., although for
      convenience 0.degree. C. to +50.degree. C. is generally preferred. From
      1.5 to 10 molar equivalents of the ortho ester are employed, together with
      an acid catalyst. The amount of the catalyst is usually a small fraction
      of the weight of the glycol, say 1%, and typical catalysts include
      pyridine hydrochloride, formic acid, hydrogen chloride, p-toluenesulfonic
      acid, trichloroacetic acid, or trifluoroacetic acid. The reaction is
      preferably run in a solvent, for example benzene, dichloromethane, ethyl
      acetate, or diethyl ether. It is generally completed within a few minutes
      and is conveniently followed by TLC (thin layer chromatography on basic
      silica gel plates).
PAR  The ortho ester reagents are known in the art or readily available by
      methods known in the art. See for example S. M. McElvain et al., J. Am.
      Chem. Soc. 64, 1925 (1942), starting with an appropriate nitrile. Examples
      of useful ortho esters include:
PA1  trimethyl orthoformate,
PA1  triethyl orthoacetate,
PA1  triethyl orthopropionate,
PA1  trimethyl orthobutyrate,
PA1  triethyl orthovalerate,
PA1  trimethyl orthooctanoate,
PA1  trimethyl orthophenylacetate, and
PA1  trimethyl ortho (2,4-dichlorophenyl)acetate.
PAL  Preferred are those ortho esters wherein R.sub.46 is alkyl of one to 7
      carbon atoms; especially preferred are those wherein R.sub.46 is alkyl of
      one to 4.
PAR  Next, the cyclic orthoester CXX is reacted with anhydrous formic acid to
      yield a diol diester of the formula
      ##SPC95##
PAL  wherein C.sub.p H.sub.2p, G, R.sub.1 R.sub.2, R.sub.42, R.sub.46, and
      .about. are as defined above.
PAR  By "anhydrous formic acid" is meant that it contains not more than 0.5%
      water. The reaction is run with an excess of formic acid, which may itself
      serve as the solvent for the reaction. Solvents may be present, for
      example dichloromethane, benzene, or diethyl ether, usually not over 20%
      by volume of the formic acid. There may also be present organic acid
      anhydrides, for example acetic anhydride, or alkyl orthoesters, for
      example trimethyl orthoformate, which are useful as drying agents for the
      formic acid. Although the reaction proceeds over a wide range of
      temperatures, it is conveniently run at about 20.degree.-30.degree. C. and
      is usually completed within about 10 minutes.
PAR  Finally, the diol diester CXXI is converted to product CXVIII by methods
      known in the art, for example by hydrolysis in the presence of a base in
      an alcoholic medium. Examples of the base are sodium or potassium
      carbonate or sodium or potassium alkoxides including methoxides or
      ethoxides. The reaction is conveniently run in an excess of the solvolysis
      reagent, for example methanol or ethanol. The temperature range is from
      -50.degree. C. to 100.degree. C. The time for completion of the reaction
      varies with the nature of R.sub.46 and the base, proceeding in the case of
      alkali carbonates in a few minutes when R.sub.46 is hydrogen but taking up
      to several hours when R.sub.46 is ethyl, for example.
PAR  When the solvolysis proceeds too long or when conditions are too severe,
      ester groups at R.sub.1 may be removed. They are, however, readily
      replaced by methods known in the art. For example, the alkyl, cycloalkyl,
      and aralkyl esters are prepared by interaction of the formula-CXVIII acids
      with the appropriate diazohydrocarbon. For example, when diazomethane is
      used, the methyl esters are produced. Similar use of diazoethane,
      diazobutane, 1-diazo-2-ethylhexane, diazocyclohexane, and
      phenyldiazomethane, for example, gives the ethyl, butyl, 2-ethylhexyl,
      cyclohexyl, and benzyl esters, respectively.
PAR  Esterification with diazohydrocarbons is carried out by mixing a solution
      of the diazohydrocarbon in a suitable inert solvent, preferably diethyl
      ether, with the acid reactant, advantageously in the same or a different
      inert diluent. After the esterification reaction is complete, the solvent
      is removed by evaporation, and the ester purified if desired by
      conventional methods, preferably by chromatography. It is preferred that
      contact of the acid reactants with the diazohydrocarbon be no longer than
      necessary to effect the desired esterification, preferably about one to
      about ten minutes, to avoid undesired molecular changes. Diazohydrocarbons
      are known in the art or can be prepared by methods known in the art. See,
      for example Organic Reactions, John Wiley & Sons, Inc., New York, N.Y.,
      Vol. 8, pp. 389-394 (1954).
PAR  An alternative method for esterification of the carboxyl moiety comprises
      transformation of the free acid to the corresponding silver salt, followed
      by interaction of that salt with an alkyl iodide. Examples of suitable
      iodides are methyl iodide, ethyl iodide, butyl iodide, isobutyl iodide,
      tere-butyl iodide, cyclopropyl iodide, cyclopentyl iodide, benzyl iodide,
      phenethyl iodide, and the like. The silver salts are prepared by
      conventional methods, for example, by dissolving the acid in cold dilute
      aqueous ammonia, evaporating the excess ammonia at reduced pressure, and
      then adding the stoichiometric amount of silver nitrate.
PAR  The phenyl and substituted phenyl esters are prepared by silylating the
      acid to protect the hydroxy groups, for example, replacing each --OH with
      --O--Si--(CH.sub.3).sub.3. Doing that may also change --COOH to
      --COO--Si--(CH.sub.3).sub.3. A brief treatment of the silylated compound
      with water will change --COO--Si--(CH.sub.3).sub.3 back to --COOH.
      Procedures for this silylation are known in the art. Then, treatment of
      the silylated compound with oxalyl chloride gives the acid chloride which
      is reacted with phenol or the appropriate substituted phenol to give a
      silylated phenyl or substituted phenyl ester. Then the silyl groups, e.g.,
      --O--Si--(CH.sub.3).sub.3 are changed back to --OH by treatment with
      dilute acetic acid. Procedures for these transformations are known in the
      art.
PAR  Referring to Chart M, there are shown process steps by which the
      formula-CIX bicyclo hexene is transformed first to an oxetane CXXII with a
      fully developed side chain.
      ##SPC96##
PAL  and ultimately to a PGE analog. In Chart M, R.sub.44 is hydrogen or alkyl
      of one to 4 carbon atoms, inclusive, and R.sub.45 is hydrogen, alkyl of
      one to 4 carbon atoms, inclusive, or silyl of the formula (A).sub.3 Si--
      wherein A is as defined herein above.
PAR  In step (a) of Chart M, there is employed an aldehyde of the formula
      ##SPC97##
PAL  wherein C.sub.p H.sub.2p and R.sub.44 are as defined above. Such aldehydes
      are available or readily prepared by methods known in the art. Examples of
      such compounds include:
      ##SPC98##
PAR  The conditions for step (a) of Chart M are essentially the same as for step
      (a) of Chart L. Thereafter, step (b) for cleavage of the oxetane ring,
      steps (c) and (d) leading to the formula-CXXV aldehyde, and the Wittig
      reaction of step (e) are similar to and employ the same conditions as the
      corresponding steps of Chart L discussed above.
PAR  Referring to step (g) of Chart M, the hydroxyl on the cyclopentane ring at
      the C-9 position is oxidized to an oxo group.
PAR  Oxidation reagents useful for this transformation are known in the art. A
      useful reagent for this purpose is the Jones reagent, i.e., acidified
      chromic acid. See J. Chem. Soc. 39 (1946). A slight excess beyond the
      amount necessary to oxidize the C-9 secondary hydroxy groups of the
      formula-CXXVII reactant is used. Acetone is a suitable diluent for this
      purpose. Reaction temperatures at least as low as about 0.degree. C.
      should be used. Preferred reaction temperatures are in the range 0.degree.
      to -50.degree. C. An especially useful reagent for this purpose is the
      Collins reagent, i.e. chromium trioxide in pyridine. See J. C. Collins et
      al., Tetrahedron Lett., 3363 (1968). Dichloromethane is a suitable diluent
      for this purpose. Reaction temperatures of below 30.degree. C. should be
      used. Preferred reaction temperatures are in the range 0.degree. to
      +30.degree. C. The oxidation proceeds rapidly and is usually complete in
      about 5 to 20 minutes.
PAR  Examples of other oxidation reagents useful for this transformation are
      silver carbonate on Celite (Chem. Commun. 1102 (1969)), mixtures of
      chromium trioxide and pyridine (J. Am. Chem. Soc. 75, 422 (1953), and
      Tetrahedron, 18, 1351 (1962)), t-butylchromate in pyridine (Biochem. J.
      84, 195 (1962)), mixtures of sulfur trioxide in pyridine and
      dimethylsulfoxide (J. Am. Chem. Soc. 89, 5505 (1967)), and mixtures of
      dicyclohexylcarbodiimide and dimethyl sulfoxide (J. Am. Chem. Soc. 87,
      5661 (1965)).
PAR  Step (h) of Chart M and subsequent steps by which the product CXXX is
      obtained are similar to and employ the same conditions as the
      corresponding steps of Chart L discussed above.
PAR  Referring next to Chart N the process steps are shown whereby aldehyde
      CXIII of Chart L is transformed to a 17,18-tetradehydro-PG analog CXXXVI
      and a 17,18-didehydro-PG analog CXXXVII.
PAR  In step (a) of Chart N, a Wittig reagent is employed which is prepared from
      a phosphonium salt of a haloalkyne of the formula
EQU  Cl--CHR.sub.2 --C.sub.n H.sub.2n --C.tbd.C--R.sub.5
PAL  or
EQU  Br--CHR.sub.2 --C.sub.n H.sub.2n --C.tbd.C--R.sub.5
PAL  wherein C.sub.n H.sub.2n, R.sub.2, and R.sub.5 are as defined above. See,
      for example, U. Axen et al., Chem. Comm. 1969, 303, and ibid. 1970, 602.
PAR  Thereafter, in steps (b) to (d) and subsequent steps yielding the
      17,18-tetradehydro compound CXXVI, the reagents
      ##SPC99##
PAL  and conditions are similar to those employed for the corresponding
      reactions shown in Chart L.
PAR  Transformation of CXXXVI to the formula-CXXXVII compounds is accomplished
      by hydrogenation of CXXXVI using a catalyst which catalyzes hydrogenation
      of --C.tbd.C-- only to cis--CH=CH--, as known in the art. See, for
      example, Fieser et al., "Reagents for Organic Syntheses," pp. 566-567,
      John Wiley and Sons, Inc., New York (1967). Preferred is Lindlar catalyst
      in the presence of quinoline, see Axen, references cited.
PAR  The intermediates of Charts L, M, and N, including those compounds
      represented by formulas CX, CXI, CXII, CXIII, CXIV, CXV, CXVI, CXVII,
      CXXII, CXXIII, CXXIV, CXXV, CXXVI, CXXVII, CXXVIII, CXXIX, CXXXII,
      CXXXIII, CXXXIV, CXXXV, and CXXXVI are frequently not isolated but used
      directly for a subsequent process step. When they are isolated, they are
      purified by methods known in the art, for example partition extraction,
      fractional crystallization, and, preferably, silica gel column
      chromatography.
PAR  The products represented by formulas CXVIII, CXXX, and CXXXVII obtained
      from these intermediates are often a mixture of 15-.alpha. and 15-.beta.
      isomers. These are separated by methods known in the art, for example, by
      chromatography on neutral silica gel. In some instances, particularly
      where R.sub.2 is alkyl, the lower alkyl esters are more readily separated
      than are the corresponding acids. In those cases wherein R.sub.1 is
      hydrogen, it is advantageous to esterify the mixture of acids, as with
      diazomethane, to form the methyl esters, separate the two epimers, and
      then, if desired, replace the carboxyl methyl with hydrogen by methods
      known in the art.
PAR  When an optically active intermediate or starting material is employed,
      subsequent steps yield optically active intermediates or products. That
      optical isomer of bicyclo hexene CIX is used which will yield product
      CXVIII for example, in the configuration corresponding to that of the
      naturally occurring prostaglandins. When the racemic form of the
      intermediate or starting material is employed, the subsequent
      intermediates or products are obtained in their racemic form.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention can be more fully understood by the following examples and
      preparations:
PAR  All temperatures are in degrees centigrade.
PAR  Infrared absorption spectra are recorded on a Perkin-Elmer Model 421
      infrared spectrophotometer. Except when specified otherwise, undiluted
      (neat) samples are used.
PAR  Ultraviolet spectra are recorded on a Cary Model 15 spectrophotometer.
PAR  NMR spectra are recorded on a Varian A-60, A-60D, or T-60 spectrophotometer
      using deuterochloroform solutions with tetramethylsilane as an internal
      standard (downfield).
PAR  Mass spectra are recorded on a CEC Model 110B Double Focusing High
      Resolution Mass Spectrometer or an LKB Model 9,000 Gas Chromatograph-Mass
      Spectrometer (ionization voltage 70 ev).
PAR  Circular dichroism curves are recorded on a Cary 60 recording
      spectropolarimeter.
PAR  Specific rotations are determined for solutions of a compound in the
      specified solvent with a Perkin-Elmer Model 141 Automatic Polarimeter.
PAR  The collection of chromatographic eluate fractions starts when the eluant
      front reaches the bottom of the column.
PAR  "Brine," herein, refers to an aqueous saturated sodium chloride solution.
PAR  The A-IX solvent system used in thin layer chromatography is made up from
      ethyl acetate-acetic acid-2,2,4-trimethylpentane-water (90:20:50:100)
      according to M. Hamberg and B. Samuelsson, J. Biol. Chem. 241, 257 (1966).
PAR  "Skellysolve-B" refers to mixed isomeric hexanes.
PAR  Silica gel chromatography, as used herein, is understood to include
      elution, collection of fractions, and combination of those fractions shown
      by TLC (thin layer chromatography) to contain the desired product free of
      starting material and impurities.
PAC  PREPARATION 1
PAC  dl-Endo-6-(1-heptenyl)-3-(1-pyrrolidyl)-bicyclo[3.1.0]hex-2-ene.
PAR  A solution of formula-XLIII endo-6-(cis- and
      trans-1-heptenyl)bicyclo[3.1.0]hexan-3-one (see Example 29 of West Germany
      Offenlegungsschrift No. 1,937,912, cited above) (15 g.), 25 ml. of
      pyrrolidine, and 200 ml. of benzene is heated under reflux while removing
      the water formed by distillation. After 2 hrs. the benzene is replaced by
      50 ml. of toluene which is then removed in vacuo to give the title
      compound. This material gives an infrared spectrum having absorption
      attributable to the enamine double bond at 1610 cm.sup.-.sup.1 and free of
      carbonyl absorption.
PAC  PREPARATION 2
PAC  Methyl m-(Chloromethyl)phenoxyacetate (Formula LIII: C.sub.g H.sub.2g and
      C.sub.p H.sub.2p are valence bonds in meta relationship, C.sub.q H.sub.2q
      is methylene, Hal is chloro, R.sub.26 is hydrogen, and R.sub.10 is
      methyl).
PAR  a. m-Formylphenoxyacetic Acid. To a solution of m-hydroxybenzaldehyde (48.8
      g.) and sodium hydroxide (16.16 g.) in 500 ml. of water is added a
      solution prepared from chloroacetic acid (75 g.) and sodium hydroxide (32
      g.) in 100 ml. of water. The mixture is heated under reflux for 2 hrs.,
      cooled, and the pH is adjusted to pH 1 or 2. The mixture is extracted with
      dichloromethane-ether and the extract is dried and concentrated. The solid
      is taken up in saturated aqueous sodium bicarbonate, extracted with ether
      and the aqueous phase is made acidic. The aqueous phase is extracted with
      dichloromethane. The organic layer is concentrated and the residue is
      recrystallized from water to give m-formylphenoxyacetic acid (34.0 g.)
      m.p. 114.degree.-117.degree..
PAR  b. Methyl M-Formylphenoxyacetate. A solution of the product of step a (30.0
      g.) in 400 ml. of diethyl ethertetrahydrofuran is treated with an excess
      of ethereal diazomethane generated from
      N-methyl-N'-nitro-N-nitro-soguanidine (32.5 g.) and 200 ml. of 30%
      potassium hydroxide. The organic extract is washed with 5% sodium
      hydroxide, dried and concentrated to give methyl m-formylphenoxyacetate
      (17 g.), as a light yellow oil.
PAR  c. Methyl m-(Hydroxymethyl)phenoxyacetate. A solution of the product of
      step b (30.0 g.) in 200 ml. of methanol, cooled in an ice bath to
      0.degree., is treated with sodium borohydride (1.55 g.) in 30 ml. of cold
      water. After the addition, stirring is continued for 20 min., the methanol
      is removed, and 60 ml. of brine is added. The aqueous phase is extracted
      with ether and the ether solution is washed, first with 5% aqueous
      hydrochloric acid, then brine, and dried. Removal of the solvent yields
      methyl m-(hydroxymethyl)phenoxyacetate(27.0 g.).
PAR  d. Methyl m-(Chloromethyl)phenoxyacetate. To the product of step c (27.0
      g.) is added 20 ml. of thionyl chloride with stirring. Following the
      addition, the reaction mixture is stirred at 25.degree. for 30 min. and at
      reflux for 30 min. After cooling the reaction mixture, it is dissolved in
      ether and washed carefully with water, saturated aqueous sodium bicarbonte
      and brine. The organic layer is dried, concentrated and distilled to give
      the title compound (11.0 g.) b.p. 98.degree.-110.degree./0.03 mm.
PAR  Following the procedures of Preparation 2, but replacing chloroacetic acid
      with 3-chloropropionic acid, there is obtained, successively,
      3-(m-formylphenoxy)propionic acid and its methyl ester, methyl
      3-[m-(hydroxymethyl)phenoxy]-propionate, and the formula-LIII compound,
      methyl 3-[m-(chloromethyl)phenoxy]propionate.
PAR  Alternatively, Michael addition of m-hydroxy benzaldehyde to methyl
      acrylate, with base catalysis, and reduction of the product with sodium
      borohydride gives methyl 3-[m-(hydroxymethyl)phenoxy]propionate.
PAC  PREPARATION 3
PAC  Ethyl o-(Bromomethyl)benzyloxyacetate (Formula LIII: C.sub.g H.sub.2g is a
      valence bond, C.sub.p H.sub.2p and C.sub.q H.sub.2q are methylene, C.sub.g
      H.sub.2g and C.sub.p H.sub.2p are in ortho relationship, Hal is bromo,
      R.sub.26 is hydrogen, and R.sub.10 is ethyl).
PAR  To a mixture of .alpha.,.alpha.'-dibromo-o-xylene (100 g.), ethyl glycolate
      (47 g.), and dimethylformamide (500 ml.) is added with stirring over a
      1-hour period at 0.degree.-5.degree. C., 18 g. of 57% sodium hydride. The
      mixture is stirred for 16 hrs. at about 25.degree. C. and is then
      concentrated on a rotating evaporator at 40.degree.-50.degree. C. under
      vacuum. The residue is diluted with one liter of a mixture of isomeric
      hexanes (Skellysolve B) and diethyl ether (1:2 by volume) and the organic
      solution is washed successively with dilute hydrochloric acid, dilute
      potassium hydroxide solution, water, and brine, and is finally dried and
      concentrated. The residue is chromatographed on a column prepared by
      wet-packing 3 kg. of silica gel (Brinkman) with 6 l. of 15% ethyl acetate
      in Skellysolve B and 30 ml. of absolute ethanol. Gradient elution of the
      column with 16 l. of 15-35% ethyl acetate in Skellysolve B gives fractions
      of 400 ml. each of which are combined on the basis of thin layer
      chromatography (TLC). From fractions 18-27 there is obtained 35 g. of the
      title compound. This material has .lambda..sub.max. in ethanol at 231
      m.mu. (.epsilon. 7550) with shoulders at 272 (.epsilon. 700) and 278 m.mu.
      (.epsilon. 462). It has key absorptions in its NMR spectrum at about 7.3
      (apparent singlet), 4.7 (singlet), 4.64 (singlet), 4.06 (singlet),
      4.0-4.35 (quartet), and 1.1-1.34 (triplet) .delta.. It has mass spectral
      peaks at 206, 199, 201, 185, and 183.
PAC  PREPARATION 4
PAC  Endo-6-(cis-4-phenyl-1-butenyl)-bicyclo-[3.1.0]hexan-3-one (Formula XLIII:
      G is
      ##SPC100##
PAC  R.sub.3 and R.sub.4 are hydrogen; and .about. is endo).
PAR  a. There is first prepared (3-phenylpropyl)triphenylphosphonium bromide. A
      solution of 597.3 g. of 1-bromo-3-phenylpropane and 786 g. of
      triphenylphosphine in 1,500 ml. of toluene is heated at reflux under
      nitrogen for 16 hrs., then the mixture is cooled and the solid product is
      separated by filtration. The solid is then slurried with toluene in a
      Waring blender, separated by filtration, and dried for 18 hrs. at
      70.degree. C. under reduced pressure to give 1068 g. of
      (3-phenylpropyl)triphenylphosphonium bromide; m.p.
      210.5.degree.-211.5.degree. C.
PAR  b. A suspension of 314 g. of the product of step a in 3 l. of benzene is
      stirred at room temperature (25.degree. C.) under nitrogen, and 400 ml. of
      1.6 M butyllithium in hexane is added over a 20 min. period. The mixture
      is heated at 35.degree. C. for 30 minutes, then is cooled to -15.degree.
      C. and a solution of 100 g. of
      endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde 3-tetrahydropyranyl ether
      in 200 ml. of benzene is added over a 30-min. period. This mixture is
      heated at 70.degree. C. for 2.5 hrs., cooled, and filtered. The filtrate
      is washed three times with water, dried over sodium sulfate, and
      concentrated to 170 g. of crude
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-ol
      3-tetrahydropyranyl ether.
PAR  A solution of 340 g. (two runs) of this crude
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo-[3.1.0]hexan-3-ol
      3-tetrahydropyranyl ether and 20 g. of oxalic acid in 3600 ml. of methanol
      is heated at reflux for 3.5 hrs. The mixture is cooled and the methanol is
      evaporated under reduced pressure. The residue is mixed with
      dichloromethane, and the dichloromethane solution is washed with aqueous
      sodium bicarbonate, dried over sodium sulfate, and concentrated to 272 g.
      of the endo-6-(cis-4-phenyl-1-butenyl)bicyclo[3.1.0]-hexan-3-ol.
PAR  A solution of 93 g. of the above
      endo-6-(cis-4-phenyl-1-butenyl)bicyclo[3.1.0]hexan-3-ol in 2570 ml. of
      acetone is cooled to -5.degree. C. and 160 ml. of Jones reagent (in the
      proportions 42 g. of chromic anhydride, 120 ml. of water, and 34 ml. of
      concentrated sulfuric acid) is added over a period of 30 min. while
      cooling to maintain a temperature of -5.degree. C. The mixture is allowed
      to stand for 10 min. longer; then 100 ml. of isopropyl alcohol is added
      and the mixture is swirled for 5 min. The mixture is then diluted with 6
      l. of water and extracted several times with dichloromethane. The organic
      layers are separated, washed with dilute hydrochloric acid, water, dilute
      aqueous sodium bicarbonate, and brine, then are dried over sodium sulfate,
      combined and concentrated to 83 g. of crude
      endo-6-(cis-4-phneyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one.
PAR  Crude endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]-hexan-3-one (162 g.,
      two runs) is dissolved in isomeric hexanes (Skellysolve B) and
      chromatographed over 5 kg. of silica gel wet-packed with Skellysolve B,
      eluting successively with 11 l. of Skellysolve B, 62 l. of 2.5% ethyl
      acetate in Skellysolve B, and 32 l. of 5% ethyl acetate in Skellysolve B.
      The last 8 l. of the 2.5% ethyl acetate in Skellysolve B eluates and the
      32 l. of 5% ethyl acetate in Skellysolve B eluates are combined and
      concentrated to 75.8 g. of the title compound; infrared absorption at
      3000, 1750, 1610, 1500, 1455, 1405, 1265, 1150, 778, 750 and 702
      cm.sup.-.sup.1., N.M.R. peaks at 7.18 (singlet) and 4.75-6.0 (broad
      multiplet) .delta..
PAC  PREPARATION 5
PAC  Endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo-[3.1.0]hexan-3-one. (Formula
      XLIII: G is
      ##SPC101##
PAC  R.sub.2 and R.sub.9 are hydrogen; and .about.  is endo).
PAR  a. There is first prepared (4-phenylbutyl)triphenylphosphonium bromide. A
      solution of 145 g. of 4-phenyl-1-bromobutane and 179 g. of
      triphenylphosphine in 350 ml. of toluene is heated at reflux under
      nitrogen for 16 hrs. The mixture is then cooled slowly and ether is added
      giving a precipitate of (4-phenylbutyl)triphenylphosphonium bromide which
      is washed throughly with benzene/ether and dried 18 hrs. at 50.degree. C.
      under reduced pressure, 268 g., m.p. 139.degree.-140.degree. C.
PAR  b. A suspension of 242 g. of the product of step a in 2.3 l. of dry benzene
      at 25.degree. C. is stirred and 300 ml. of 1.6 M butyllithium in hexane is
      added over a 15-min. period. The mixture is stirred at 30.degree. C. for
      one hour, then is cooled to 10.degree. C. and a solution of 75 g. of
      endobicyclo-[3.1.0]hexan-3-ol-6-carboxaldehyde 3-tetrahydropyranyl ether
      in 200 ml. of benzene is added over a 15-min. period. The mixture is
      heated at 65.degree.-70.degree. C. for 3 hours, cooled and filtered. The
      filtrate is washed with water and brine. dried over sodium sulfate, and
      concentrated under reduced pressure to give 117 g. of crude
      endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-ol
      tetrahydropyranyl ether showing a single spot, R.sub.f 0.75, on thin layer
      chromatography with silica gel plates developed with 20% ethyl acetate in
      cyclohexane.
PAR  A solution of 117 g. of the above crude
      endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-ol
      tetrahydropyranyl ether and 6 g. of oxalic acid in 2,500 ml. of methanol
      is heated under reflux for 2.5 hrs. The methanol is then removed by
      distillation under reduced pressure and the residue is diluted with water
      and extracted with dichloromethane. The dichloromethane extracts are
      combined, washed with aqueous sodium bicarbonate and brine, dried over
      sodium sulfate and concentrated under reduced pressure to give 95.7 g. of
      crude endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-ol. The
      entire crude product is chromatographed over 1.5 kg. of silica gel
      wet-packed with Skellysolve B, eluting successively with 5 l. of
      Skelly-solve B, 4 l. of 2.5%, 6 l. of 5%, 9 l. of 7.5%, 12 l. of 10%, 8 l.
      of 15%, 10 l. of 20% and 10 l. of 30% ethyl acetate in Skellysolve B,
      taking 600 ml. fractions. The last fraction of 10% ethyl acetate in
      Skellysolve B, all the 15% and 20% ethyl acetate in Skellysolve B eluates,
      and the first 3 fractions of 30% ethyl acetate in Skellysolve B are
      concentrated to 60.5 g. of purified
      endo-6-(cis-5-phenyl-1-pentenyl)bicyclo[3.1.0]hexan-3-ol.
PAR  A solution of 60.5 g. of the above purified alcohol in 1,600 ml. of acetone
      is cooled to -10.degree. C. and 103 ml. of Jones reagent is added
      dropwise. After addition is complete the mixture is stirred for 10 min. at
      0.degree. C. and 65 ml. of isopropyl alcohol is added. The mixture is
      poured into 8 l. of water and extracted several times with
      dichloromethane. The dichloromethane extracts are combined, washed with
      dilute hydrochloric acid, aqueous sodium bicarbonate and brine, dried over
      sodium sulfate and concentrated under reduced pressure to give 56 g. of
      crude endo-6-(cis-5-phenyl-1-pentenyl)bicyclo[3.1.0]hexan-3-one. The crude
      ketone is slurried in Skellysolve B and chromatographed over 2,300 g. of
      silica gel wet packed in Skellysolve B, eluting successively with 6 l. of
      Skellysolve B, 16 l. of 2.5% ethyl acetate in Skellysolve B, then gradient
      elution with 5 l. of 2.5% and 5 l. of 5% ethyl acetate in Skellysolve B
      and finally 16 l. of 5% ethyl acetate in Skellysolve B, taking 625 ml.
      fractions. The last fraction of the gradient eluates and the first 19
      fractions of 5% ethyl acetate in Skellysolve B are concentrated to give
      23.6 of the title compound; infrared absorption at 2980, 1745, 1600, 1490,
      1450, 1260, 1145, 770, 750 and 702 cm.sup.-.sup.1., N.M.R. peaks at 7.17
      (singlet), 6.0-5.4 (multiplet), and 5.2-4.7 (broad multiplet) .delta..
PAC  PREPARATION 6
PAC  Endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one Acetonide
      (Formula XXXVI wherein G is
      ##SPC102##
PAC  R.sub.2 and R.sub.9 are hydrogen, R.sub.11 and R.sub.12 are methyl, and
      .about. is endo).
PAR  a. There is first prepared the formula-LI dihydroxy compound. To a solution
      of endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one (10.0 g.,
      Preparation 4) in about 100 ml. tetrahydrofuran is added, with stirring, a
      solution of potassium chlorate (10.0 g.) and osmium tetroxide (0.65 g.) in
      250 ml. of water. The mixture is stirred vigorously for 5 hrs. at
      50.degree. C. Then, the cooled mixture is concentrated under reduced
      pressure. The residue is extracted repeatedly with dichloromethane, and
      the combined extracts are dried and concentrated to an oil. This oil is
      chromatographed on about 1000 g. of silica gel, and eluted successively
      with 3 l. of 10% ethyl acetate in a mixture of isomeric hexanes
      (Skellysolve B), with 5 l. of 25% ethyl acetate in Skellysolve B, and then
      with 50% ethyl acetate in Skellysolve B, collecting 500 ml. eluate
      fractions. Fractions 13-19 (50% ethyl acetate) are combined and evaporated
      to dryness to give dl-endo-6
      (1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexane-3-one (Formula LI).
PAR  b. A solution of the product of step a (about 8.0 g.) and 700 mg. of
      potassium bisulfate in 140 ml. of acetone is stirred at 25.degree. C. for
      64 hrs. Then, sodium carbonate monohydrate (710 mg.) is added, and the
      mixture is stirred 10 minutes. The acetone is evaporated at reduced
      pressure, and water is added. The aqueous solution is extracted repeatedly
      with dichloromethane, and the extracts are combined, washed with water,
      dried, and concentrated to about 9.3 g. of an oil. The oil is
      chromatographed on 400 g. of silica gel, being eluted with 2 l. of 10%
      ethyl acetate in Skellysolve B, and then with 4 l. of 15% ethyl acetate in
      Skellysolve B. The 15% ethyl acetate eluates are concentrated to about 7.4
      g. of the formula-XXXVI compound,
      endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one acetonide.
PAC  PREPARATION 7
PAC  Methyl 9-Bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate.
      (Formula LIV: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationship, C.sub.q H.sub.2q is methylene, Hal is bromo, R.sub.26
      is hydrogen and R.sub.10 is methyl).
PAR  a. To a cold, stirred solution of m-vinylanisole (13.4 g.) in 40 ml. of
      diethyl ether is slowly added a solution of bromine (15.9 g.) in 60 ml. of
      diethyl ether. The ether solution is used directly in converting the
      product, m-(1,2-dibromoethyl)anisole to m-methoxyphenylacetylene by
      dehydrohalogenation (see T. H. Vaughn, J. Am. Chem. Soc. 56, 2064, 1934).
      The ether solution above is slowly added, with vigorous stirring, to a
      mixture of sodium amide prepared from sodium (4.6 g.) in about 200 ml. of
      liquid ammonia. When the reaction is complete, the volume is reduced about
      one-half, and an equal volume of water is cautiously added. A layer
      containing the product is separated, washed with dilute hydrochloric acid,
      dried, and distilled.
PAR  b. To a solution of the product of step a above in 250 ml. of
      dichloromethane, maintained at 0.degree. C. under nitrogen, is added
      dropwise over about a 1-hour period with vigorous stirring a solution of
      about 15 ml. of boron tribromide in 200 ml. of dichloromethane. Cooling
      and stirring continue for one hour. When the reaction is complete as shown
      by TLC, there is added cautiously a solution of sodium carbonate in water
      to neutralize the mixture. Thereafter, the solution is saturated with
      sodium chloride (added as a solid), and the organic phase is separated and
      combined with additional ethyl acetate washings of the aqueous phase. The
      organic solutions are washed with brine, dried over sodium sulfate, and
      concentrated under reduced pressure to yield the acetylenic phenol.
PAR  c. To the product of step b (11.8 g.), is added gradually a solution of
      sodium ethoxide (prepared from sodium and absolute ethanol). Thereafter,
      ethylene chlorohydrin (8.0 g.) is added in small portions. When all has
      been added, the mixture is heated at reflux for about one hour or until
      completion, then filtered hot. The combined filtrate and ethanol washings
      are concentrated to remove alcohol, and the product distilled under
      reduced pressure.
PAR  To the hydroxyethyl ether (16.2 g.) as obtained above, cooled to
      15.degree.-20.degree. C., is added 20 ml. of dihydropyran and 100 ml. of
      diethylether, and, with stirring, 1 ml. of anhydrous diethyl ether
      saturated with hydrogen chloride. After the exothermic reaction has
      diminished, the mixture is kept at 25.degree. C. for 15 hours. The mixture
      is washed with aqueous sodium bicarbonate, water, and dried, then
      concentrated under reduced pressure to yield the tetrahydropyranyl ether.
PAR  d and e. To a solution of the product of step c (10 g.) in anhydrous
      tetranydrofuran (180 ml.) at -78.degree. C. under argon is added the
      equivalent molecular amount of n-butyllithium in hexane. The resulting
      solution is stirred at -78.degree. C. for an additional 30 minutes. A
      suspension of dry paraformaldehyde (two equivalents) in anhydrous
      tetrahydrofuran is added and the mixture warmed to room temperature over a
      30-min. period. It is stirred an additional 1 hour and poured into brine,
      then extracted with ether, dried, and concentrated to yield the hydroxy
      compound.
PAR  f. The hydroxy compound of step e is converted to the bromo compound by
      first forming the mesyl derivative by reaction with methanesulfonyl
      chloride (4 ml.) in pyridine (80 ml.) at -20.degree. C. The mixture is
      stirred 1 hour at -20.degree. C., and then is poured into a stirred
      mixture of 3 normal hydrochloric acid (300 ml.) and ice water (500 ml.).
      This mixture is extracted with diethyl ether, the extract is washed with
      cold one normal hydrochloric acid and brine, then dried and concentrated.
      To a solution of the residue (mesyl derivative) in dry acetone (100 ml.)
      is added lithium bromide (5 g.) and the mixture stirred and heated at
      reflux one hour, then kept at 25.degree. C. for 15 hours. The acetone is
      evaporated under reduced pressure, and the residue is extracted with
      diethyl ether. The extract is washed with water and brine, then dried and
      concentrated. The residue is chromatographed on silica gel, eluting with
      10% ethyl acetate in Skellysolve B. Fractions shown by TLC to contain the
      product are combined and concentrated to give the formula-LX intermediate.
PAR  g. The product of step f above is converted to the corresponding carboxylic
      acid and its methyl ester as follows. The tetrahydropyranyloxy group is
      replaced by hydroxyl by contacting the product of f with a mixture of
      acetic acid/water/tetrahydrofuran (20/10/3) at 40.degree. C. for 2 hours,
      thereafter removing solvents under reduced pressure.
PAR  The substituted glycol from above is oxidized to the acid in acetone
      solution, using a slight excess of Jones reagent (21 g. chromic
      anhydride/60 ml. water/17 ml. conc. sulfuric acid) while cooling to
      maintain a temperature of -5.degree. to 0.degree. C. After about 60 min.,
      isopropyl alcohol is added, the mixture is stirred for 10 min., and then
      poured into ice water. The acid product is isolated by extraction with
      chloroform, drying over sodium sulfate, and concentration under reduced
      pressure.
PAR  The acid from above is converted to the methyl ester by reaction with
      diazomethane in diethyl ether at about 10.degree.-25.degree. C., followed
      by concentration to yield the desired title compound.
PAR  Following the procedures of Preparation 7, but replacing m-vinylanisole
      with methyl (o, m, or p-)vinylbenzyl ether, there are obtained,
      respectively, methyl
      9-bromo-3-oxa-4,7-inter-o-phenylene-5,6-dinor-7-nonynoate, methyl
      10-bromo-3-oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decyanoate, and methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetranor-9-undecynoate.
PAC  PREPARATION 8
PAC  Methyl 9-Bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate
      (Formula LV: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationships. C.sub.q H.sub.2q is methylene, Hal is bromo, R.sub.26
      is hydrogen and R.sub.10 is methyl).
PAR  A solution of methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (2.0 g.,
      Preparation 7) in 10 ml. of pyridine is hydrogenated in the presence of a
      5% palladium on barium sulfate catalyst (150 mg.) at 25.degree. C. and one
      atmosphere. The resulting mixture is filtered and evaporated to about
      one-third the original volume. Four volumes of ethyl acetate is added, and
      the remaining pyridine is removed by addition of ice and one N
      hydrochloric acid. The ethyl acetate layer is separated, washed
      successively with one N hydrochloric acid and brine, dried, and
      evaporated. The residue is chromatographed on 250 g. of silica gel which
      has previously been acid-washed to pH 4 (Silicar CC.sub.4, 100-200 mesh,
      Mallincrodt Co.), eluting with 3 l. of 25-75% ethyl acetate-Skellysolve B
      gradient, collecting 100 -ml. fractions. The fractions shown to have the
      desired product free of starting material by TLC are combined and
      concentrated under reduced pressure to give the title compound containing
      the cis --CH=CH moiety.
PAR  Following the procedures of Preparation 8, but replacing methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate with methyl
      9-bromo-b 3-oxa-4,7-inter-o-phenylene-5,6-dinor-7-nonynoate, methyl
      10-bromo-3-oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decynoate, or methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetra-nor-9-undecyanoate
      (from the paragraphs following Preparation 7), there is obtained the
      corresponding formula-LV enoate compounds in which cis-CH=CH-- has
      replaced --C.tbd.C--.
PAC  PREPARATION 9
PAC  Methyl 9-Bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-trans-7-nonenoate.
      (Formula LVI: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationship, C.sub.q H.sub.2q is methylene, Hal is bromo, R.sub.26
      is hydrogen and R.sub.10 is methyl).
PAR  A solution of the compound represented by the formula
      ##SPC103##
PAL  (1.0 g., Preparation 7, step e) in 20 ml. of tetrahydrofuran is cooled to
      -10.degree. C. This solution is added to a fresh solution of lithium
      aluminum hydride (110% of theory) in tetrahydrofuran. The reaction mixture
      is stirred for 16 hours at 25.degree. C. ambient temperature. Then, water
      (20 ml.) is added, and the resulting solution is acidified with one N
      hydrochloric acid, and then extracted with ethyl acetate. The extract is
      washed successively with aqueous sodium bicarbonate solution and brine,
      dried, and evaporated under reduced pressure. The residue is
      chromatographed on silica gel, eluting with a 25-75% ethyl
      acetate-Skellysolve B gradient, combining fractions shown to have the
      desired product by TLC, and removing solvent from those combined fractions
      under reduced pressure to yield a compound represented by the formula
      ##SPC104##
PAR  Thereafter, following the procedures of Preparation 7, steps f through g,
      there is obtained the title compound containing the trans--CH=CH-- moiety.
PAR  Following the procedures of Preparation 9, but replacing that nonynoate
      with the compound having the formula
      ##SPC105##
PAL  wherein the THP-terminated moiety is attached to the ring in ortho, meta,
      or para configuration, there is obtained the corresponding formula-LVI
      compound in which trans --CH=CH-- has replaced --C.tbd.C--.
PAC  PREPARATION 10
PAC  Optically Active Bicyclo[3.1.0]-hex-2-ene-6-endo-carboxaldehyde
PAR  Following the procedure of Preparation 1 of U.S. Pat. No. 3,711,515,
      racemic bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde is prepared from
      bicyclo[2.2.1]hepta-2,5-diene and peracetic acid.
PAR  The racemic compound is resolved by the procedure of Example 13 of U.S.
      Pat. No. 3,711,515, forming an oxazolidine as follows.
PAR  Racemic bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde (12.3 g.) and
      1-ephedrine (16.5 g.) are dissolved in about 150 ml. of benzene. The
      benzene is removed under vacuum and the residue taken up in about 150 ml.
      of isopropyl ether. The solution is filtered, then cooled to -13.degree.
      C. to yield crystals of
      2-endo-bicyclo-[3.1.0]hex-2-en-6-yl-3,4-dimethyl-5-phenyl-oxazolidine,
      11.1 g., m.p. 90.degree.-92.degree. C. Three recrystallizations from
      isopropyl ether, cooling each time to about -2.degree. C., yield crystals
      of the oxazolidine, 2.2 g., m.p. 100.degree.-103.degree. C., now
      substantially a single isomeric form as shown by NMR.
PAR  The above re-crystallized oxazolidine (1.0 g.) is dissolved in a few ml. of
      dichloromethane, charged to a 20 g. silica gel column and eluted with
      dichloromethane. The silica gel is chromatography-grade (Merck), 0.05-0.2
      mm. particle size, with about 4-5 g. of water per 100 g. Fractions of the
      eluate are collected, and those shown by thin layer chromatography (TLC)
      to contain the desired compound are combined and evaporated to an oil (360
      mg.). This oil is shown by NMR to be the desired title compound,
      substantially free of the ephedrine, in substantially a single
      optically-active isomeric form. Points on the circular dichroism curve are
      (.lambda. in nm.,.theta.): 350, 0; 322.5, -4,854; 312, -5,683; 302.5,
      -4,854; 269, 0; 250, 2,368; 240, 0; and 210, -34,600.
PAC  EXAMPLE 1
PAC   dl-Methyl
      7-[Endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter
     -m-phenylene-4,5,6-trinor-heptanoate (Formula XLIV, Chart E: G is n-pentyl;
      R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl; Z' is
      ##SPC106##
PAL  and .about. is alpha and endo).
PAR  A. A solution prepared from
      endo-6-(1-heptenyl)-3-(1-pyrrolidyl)-bicyclo[3.1.0]hex-2-ene (Preparation
      1, 5.0 g.) and methyl m-(chloromethyl)-phenoxyacetate (Preparation 2, 4.4
      g.) in 60 ml. of dioxane is stirred under a nitrogen atmosphere at about
      25.degree. C for 2 days and then heated under reflux for 7 hrs. To the
      reaction mixture is added water. The solution is heated on a steam bath,
      cooled and extracted with ether. The extract is washed, first with dilute
      (about 5% hydrochloric acid, then brine, and dried and concentrated. The
      residue is chromatographed on 700 g. of silica gel prepared with 20%
      ether-isomeric hexane mixture (Skellysolve B) and eluted with 1.5 l. of
      20% ether-Skellysolve B, 1.5 l. of 25% ether-Skellysolve B, and 1.5 l. of
      30% ether-Skellysolve B, collecting 100-ml. fractions. Fractions 25-31
      give the title compound (1.7 g.).
PAR  B. Alternate synthesis. - A solution of potassium tert-butoxide (9.0 g.) in
      500 ml. of nitrogen-purged tetrahydrofuran is added dropwise during 45
      min. to a stirred solution of the formula-XLIII bicyclo olefin,
      endo-6-(1-heptenyl)bicyclo[3.1.0]hexan-3-one (see Example 9 of West
      Germany Offenlegungsschrift No. 1,937,912, cited above) (10.0 g.), and
      methyl m-(chloromethyl)phenoxyacetate (Preparation 2, 13 g.) in 250 ml. of
      tetrahydrofuran under nitrogen at 25.degree. C. The resulting mixture is
      acidified at once with 120 ml. of 5% hydrochloric acid, and then is
      concentrated under reduced pressure below 40.degree. C. to remove most of
      the tetrahydrofuran. Water (400 ml.) is added to the residue, and the
      mixture is extracted with three 400-ml. portions of ethyl acetate. The
      combined extracts are washed successively with aqueous sodium thiosulfate
      solution and brine, dried, and concentrated under reduced pressure. The
      residue is chromatographed over 4 kg. of silica gel wet-packed with 20%
      ether-isomeric hexane mixture (Skellysolve B) and eluted with
      ether-Skellysolve B mixtures having 20-30% ether. Fractions shown by TLC
      to contain the desired alkylation product are combined to yield the
      formula-XLIV (Chart E) alkylated olefin title compound.
PAR  Following the procedure of Example 1-B but replacing the formula-XLIII
      (Chart E) endo-6-(1-heptenyl)bicyclo[3.1.0]hexan-3-one with the
      corresponding bicyclo olefins prepared by reaction of the
      -tetrahydropyranyl ether of endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde
      with intermediate quaternary phosphonium halides (see above-cited West
      Germany Offenlegungsschrift No. 1,937,912) prepared from 1-bromobutane,
      1-chloropentane, 1-bromoheptane, and 1-chlorooctane, there are obtained
      the corresponding formula-XLIV alkylated olefin compounds wherein G is
      straight chain alkyl of 3, 4, 6, and 7 carbon atoms, respectively.
PAR  Also following the procedure of Example 1-B but employing instead
      formula-XLIII bicyclo olefins prepared from 1-bromo-2-fluorobutane,
      1-chloro-2-fluoro-pentane, 1-bromo-2-fluorohexane,
      1-bromo-2-fluoroheptane, and 1-chloro-2-fluorooctane, there are obtained
      the corresponding formula-XLIV alkylated olefin compounds wherein G is
      straight chain alkyl of 3 to 7 carbon atoms, inclusive, with a fluoro
      substituent at the 1-position.
PAR  Also following the procedure of Example 1-B but employing, instead,
      formula-XLIII bicyclo olefins prepared from primary bromides of the
      formula R.sub.27 --(CH.sub.2).sub.b --CH.sub.2 Br, wherein b is one, 2, 3,
      or 4, and R.sub.27 is isobutyl, tert-butyl, 3,3-difluorobutyl,
      4,4-difluorobutyl, 4,4,4-trifluorobutyl, and 3,3,4,4,4-pentafluorobutyl,
      there are obtained compounds corresponding to the formula-XLIV product of
      Example 1-B with R.sub.27 --(CH.sub.2).sub.b --CH=CH-- in place of the
      1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B but employing, instead,
      formula-XLIII bicyclo olefins prepared from primary bromides of the
      formula CH.sub.3 --(CH.sub.2).sub.c --CR.sub.21 R.sub.22 --CH.sub.2 Br
      wherein c is 2, 3, or 4, and R.sub.21 and R.sub.22 are methyl or ethyl,
      e.g. CH.sub.3 --(CH.sub.2).sub.2 --C(C.sub.2 H.sub.5).sub.2 --CH.sub.2
      --Br, CH.sub.3 --(CH.sub.2).sub.3 --CH(CH.sub.3)--CH.sub.2 --Br, CH.sub.3
      --(CH.sub.2).sub.3 --CH(C.sub.2 H.sub.5)--CH.sub.2 Cl, CH.sub.3
      --(CH.sub.2).sub.3 --C(CH.sub.3).sub.2 --CH.sub.2 --Br, and CH.sub.3
      --(CH.sub.2).sub.3 --C(CH.sub.3)(C.sub.2 H.sub.5)--CH.sub.2 Br, there are
      obtained the corresponding formula-XLIV alkylated olefin compounds wherein
      G is mono- or di-substituted at the 1-position with methyl or ethyl.
PAR  Also following the procedure with Example 1-B but employing, instead,
      formula-XLIII bicyclo olefins prepared from .alpha.-bromotoluene,
      (2-bromoethyl)benzene, (5-chloropentyl)-benzene, (6-bromohexyl)benzene,
      and (7-iodoheptyl)benzene; from (1-chloroethyl)-benzene,
      (1-bromopropyl)benzene, (2-bromopropyl)benzene, (3-chloropentyl)benzene,
      (4-bromopentyl)benzene, (6-bromononyl)benzene and (7-bromononyl)benzene;
      from 1-bromo-2-phenylpropane, 1-bromo-2-methyl-2-phenylpropane,
      1-chloro-2-ethyl-3-phenylpropane, 1-bromo-2-methyl-4-phenylbutane, and
      1-bromo-2,2-dimethyl-5-phenylpentane; from .alpha.-bromo-m-xylene,
      .alpha.-chloro-p-ethyltoluene, .alpha.-bromo-p-chlorotoluene,
      .alpha.'-chloro-.alpha.,.alpha.,.alpha.-trifluoro-m-xylene,
      1-(2-bromoethyl)-4-fluorobenzene, 1-(5-bromopentyl)-2-chlorobenzene,
      4-(3-iodopropyl)-1,2-dimethoxybenzene, and
      1-(3-bromohexyl)-2,4,6-trimethylbenzene; and from
      (2-bromo-1-fluoroethyl)benzene, (2-bromo-1-fluoropropyl)benzene,
      (2-chloro-fluoro-1-methylpropyl)benzene, (5-bromo-4-fluoropentyl)benzene,
      (7-iodo-6-fluoropentyl)benzene, (4-bromo-3,3-difluorobutyl)benzene, and
      (6-bromo-5,5-difluorohexyl)benzene, there are obtained the corresponding
      formula-XLIV alkylated olefin compounds wherein G is
      ##SPC107##
PAL  including compounds wherein C.sub.t H.sub.2t is substituted with one or 2
      fluoro atoms.
PAR  Also following the procedure of Example 1-B, but using formula-XLIII
      bicyclo olefins obtained from the secondary bromides of the formula
      ##EQU50##
      wherein G and R.sub.2 are as defined above, R.sub.2 being alkyl, there are
      obtained formula-XLIV alkylated olefins corresponding to the product of
      Example 1-B with
      ##EQU51##
      in place of the 1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B, but using formula-XLIII
      bicyclo olefins obtained from bicyclo[3.1.0]-hexane reactants with
      ##EQU52##
      in place of
      ##EQU53##
      wherein R.sub.9 is as defined above, there is obtained formula-XLIII
      alkylated olefins corresponding to the product of Example 1-B with
      ##EQU54##
      in place of the 1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B, but using formula-XLIII
      bicyclo olefins obtained from bicyclo-[3.1.0]hexane reactants with
      ##EQU55##
      in place of
      ##EQU56##
      and primary and secondary bromides of the formula
      ##EQU57##
      (as above defined), there are obtained formula-LIV alkylated olefins
      corresponding to the product of Example 1-B with
      ##EQU58##
      in place of the 1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B but using a larger amount of
      potassium tert-butoxide (16 g.) and maintaining the reaction mixture for 8
      hrs. at 25.degree. C. before addition of hydrochloric acid, a product is
      obtained which contains substantial amounts of both the above described
      2.alpha.-yl isomer and the corresponding 2.beta.-yl isomer. These isomers
      are separated by the above-described silica gel chromatography.
PAR  Also following the procedure of Example 1-B but using exo formula-XLIII
      bicyclo olefins in place of the endo reactant of Example 1-B, there are
      obtained the corresponding exo formula-XLIV alkylated olefins.
PAR  Also following the procedure of Example 1-B but replacing the methyl
      m-(chloromethyl)phenoxyacetate alkylating agent with the formula-LIII and
      -LIV compounds, methyl 3-[m-chloromethyl)phenoxy]propionate, methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate, and methyl
      10-bromo-3 -oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decynoate, there are
      obtained alpha and beta, exo and endo, formula-XLIV alkylated olefins
      corresponding to the product of Example 1-B with
      ##SPC108##
PAL  replaced with
      ##SPC109##
      ##SPC110##
PAL  respectively. In the same manner, but using, according to Example 1-B,
      other esters of the above-described formula-LIII and -LIV alkylating
      agents within the scope of R.sub.10 as above-defined, e.g., the isopropyl,
      tert-butyl, octyl, cyclohexyl, benzyl, and phenyl esters, there are
      obtained the corresponding formula-XLIV esters.
PAR  Also following the procedure of Example 1-B, but using in combination each
      of the above-described alternative formula-XLIII bicyclo olefins and each
      of the above-described alternative formula-LIII or -LIV omega-halo
      alkylation agents, there are obtained formula-XLIV alkylated olefins
      corresponding to the product of Example 1-B but different therefrom with
      respect to both the carboxylate-terminated side chain and the side chain
      attached to the cyclopropane ring in the product.
PAR  Also following the procedure of Example 1-B, but using in place of the
      formula-LIII halo alkylating agent of that Example, each of the other
      alkylating agents within the scope of
      ##EQU59##
      as above defined, i.e., alkylating agents of formulas LIII and LIV as
      above-described, there are obtained alpha and beta exo and endo
      formula-XLIV compounds corresponding to the product of Example 1-B with
      each of the other
      ##EQU60##
      side chains in place of the
      ##SPC111##
PAL  side chain of the Example 1-B product. For example, using as formula-LIII
      alkylating agents in the Example 1-B procedure, the following compounds
      wherein Et is ethyl;
      ##SPC112##
PAL  there are obtained exo and endo, alpha and beta, formula-XLIV alkylated
      bicyclo[3.1.0]hexanes each having a carboxylate-terminated side chain
      corresponding to one of the specific omega-halo alkylating agents. For
      example, the side chain will be alpha or beta
      ##SPC113##
PAL  when the alkylating agent is
      ##SPC114##
PAR  Also following the procedure of Example 1-B, but using in combination each
      of the alternative alkylating formula-LIII and -LIV agents within the
      scope of
      ##EQU61##
      including the specific examples of those just mentioned, and each of the
      above-described formula-XLIII alternative bicyclo[3.1.0]hexane olefin
      reactants, there are obtained formula-XLIV exo and endo, alpha and beta,
      compounds corresponding to the products of Example 1-B, but different
      therefrom with respect to both the carboxylate-terminated side chain and
      the side chain attached to the cyclopropane ring of the product. In the
      same manner, alternative alkylating agents within the scope of
      ##EQU62##
      wherein R.sub.10 is other than ethyl, e.g., methyl, isopropyl, tert-butyl,
      octyl, cyclohexyl, benzyl, phenyl, and .beta.,.beta.,.beta.-trichloroethyl
      are used.
PAC  EXAMPLE 2
PAC  dl-Methyl
      7-[Endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     3,7-inter-m-phenylene-4,5,6-trinor-heptanoate (Formula XLV, Chart E: G' is
      n-pentyl; R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl;
      Z' is
      ##SPC115##
PAC  and .about. is alpha and endo).
PAR  Refer to Chart E. To a solution of dl-methyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter
     -m-phenylene-4,5,6-trinor-heptanoate (Example 1, 1.7 g.) in 30 ml. of
      tetrahydrofuran at 50.degree. is added with stirring osmium tetroxide (200
      mg.) followed by potassium chlorate (1.2 g.) and 15 ml. of water. The
      reaction mixture is maintained at 50.degree. for 2 hrs., cooled, the
      tetrahydrofuran is removed, and the aqueous phase is extracted with
      dichloromethane. The organic layer is dried and concentrated and the
      residue is chromatographed on 200 g. of silica gel. The column is eluted
      with 1 l. of 35% ethyl acetate-benzene and 1 l. of 40% ethyl
      acetate-benzene, collecting 30-ml. fractions. Fractions 26-30 contain one
      isomer (faster moving, less polar) of the title compound (350 ml.).
      Fractions 32-37 contain the other slower-moving (more polar) isomer (450
      mg.). These materials show infrared spectral absorption at 330
      cm.sup.-.sup.1.
PAR  Following the procedure of Example 2 but using the hex-2.beta.-yl isomer in
      place of the hex-2.alpha.-yl isomer of the bicyclo reactant, dl-methyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.beta.-yl]-3-oxa-3
     ,7-inter-m-phenylene-4,5,6-trinor-heptanoate is obtained.
PAR  Also following the procedure of Example 2, each of the formula-XLIV exo and
      endo, alpha and beta, saturated and acetylenic bicyclo[3.1.0 hexane esters
      defined above after Example 1 is oxidized to mixtures of the corresponding
      isomeric formula-XLV dihydroxy compounds.
PAC  EXAMPLE 3
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl Ester (Formula
      XVI: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in metal
      relationship, G is n-pentyl, Q is
      ##EQU63##
PAC  R.sub.1 is methyl, and .about. is alpha) and
      dl-15-Beta-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl Ester
      ##EQU64##
PAR  Refer to Chart E. To a solution of the formula-XLV dihydroxy compound
      dl-methyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     3,7-inter-m-phenylene-4,5,6-trinor-heptanoate (800 mg. of a mixture of the
      slower and faster moving isomers of Example 2) in 10 ml. of pyridine,
      cooled to 0.degree., is added 1.2 ml. of methane-sulfonyl chloride. The
      reaction mixture is stirred for 2  hrs. and 20 g. of ice is added. The
      mixture is extracted with ether-dichloromethane (1:1) and the organic
      layer is washed successively with dilute hydrochloride acid, water,
      saturated aqueous sodium bicarabonate, and brine, dried, and concentrated.
      The residue, containing the bismesylate, is treated with 15 ml. of acetone
      and 10 ml. of water and stirred for 8-16 hrs. at 25.degree.. The acetone
      is removed in vacuo and the remaining solution is extracted with
      dichloromethane. The extract is dried and concentrated and the residue is
      chromatographed on 150 g. of silica gel using 500 ml. ethyl acetate
      followed by 3% methanol ethyl acetate as eluting solvent while collecting
      30-ml. fractions. Fractions 15-24 are combined and concentrated to yield
      the 15-.beta. PGE.sub.1 title compound (50 mg.); mass spectral peak at
      404; ultraviolet absorption at 216 (.epsilon. = b 8100), 264 (.epsilon. =
      1100), 272 (.epsilon. = 1600) and 278  (.epsilon. = 1500) m.mu.. Fractions
      26-35 are combined and concentrated to yield a residue which is
      re-chromatographed on 10 g. of silica gel using the same solvent system
      and collecting 1.5 ml. fractions. Fractions 22-29 are combined and
      concentrated to give the PGE.sub.1 title compound (75 mg.); mass spectral
      peak at 404; ultraviolet absorption at 216 (.epsilon. = 7700), 264, 272
      (.epsilon. = 1500), and 278 (.epsilon. = 1400) m.mu..
PAR  Following the procedures of Example 3, each of the formula-XLV
      dl-endo-1,2-dihydroxy oxa-phenylene esters following Example 2 is
      transformed to the corresponding dl-endo-1,2-dimesyloxy oxa-phenylene
      ester, and thence to the corresponding PGE type compound or its isomers.
PAR  Also following the procedures of Example 3, each of the formula-XLV and
      dl-exo-1,2-dihydroxy-oxa-phenylene esters corresponding to the above
      dl-endo-1,2-dihydroxy esters is transformed to the corresponding
      dl-exo-1,2-dimesyloxy ester, and thence to the corresponding PGE type
      compound or its isomers.
PAR  By the above-outlined procedures, following the steps of Chart E, there are
      obtained the specific PGE-type esters represented by figures XVI and
      XVIII, e.g. the esters of the dl-oxa-phenylene PGE.sub.1 compounds and
      5,6-dehydro-PGE.sub.2 compounds, including their 8-iso and 15-epi (.beta.)
      forms. For example,
      dl-5,6-dehydro-3-oxa-3,7-inter-m-phenylene-18-phenyl-4,19,20-trinor-PGE.su
     b.2 methyl ester and its 15-epimer are obtained from dl-methyl
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Example 10 hereinafter)
      by way of the dihydroxy and bis(mesylate) intermediates of Chart E,
      following Example 3, as represented by the following formulas:
      ##SPC116##
PAR  Also following the procedure of Example 3, but replacing methanesulfonyl
      chloride with an alkanesulfonyl chloride or bromide or with an
      alkanesulfonic acid anhydride, wherein the alkane moiety contains 2 to 5
      carbon atoms, inclusive, there is obtained from each dihydroxy compound
      the corresponding bis(sulfonic acid) esters encompassed by formula XLVI.
PAR  In each of the above transformations in Example 3, the monosulfonic acid
      ester is also obtained as a byproduct, which is reacted with additional
      alkanesulfonyl halide or alkanesulfonic acid anhydride to give the
      corresponding bis(sulfonic acid) ester and thence recycled back to
      additional formula-XLVII product.
PAR  For satisfactory yields of the bis-sulfonic acid ester, R.sub.10 is not
      hydrogen. Those intermediate compounds in which R.sub.10 is haloethyl,
      e.g., .beta.,.beta.,.beta.-trichloroethyl, are especially useful in the
      sequence of reactions leading to the acid form of the prostaglandin-like
      products. Each of the exo and endo, alpha and beta, saturated and
      unsaturated oxa-phenylene bis(alkanesulfonic acid) esters is transformed
      to the corresponding oxa-phenylene PGE type compound encompassed by
      formula-XLVII.
PAC  EXAMPLE 4
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha. Methyl
      Ester and dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..beta.
      Methyl Ester  (Formula XX: C.sub.g H.sub.2g and C.sub.p H.sub.2p are
      valence bonds in meta relationship, G is n-pentyl, Q is
      ##EQU65##
PAC  R.sub.1 is methyl, and .about. is alpha for the carboxyl-containing moiety
      and either alpha or beta for the ring hydroxyl).
PAR  Refer to Chart A. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 300 mg.), 20 ml. of tetrahydrofuran, 2.0 ml. of
      hexamethyldisilazane, and 0.15 ml. of trimethylsilyl chloride is stirred
      at 25.degree. for 20 hrs. The reaction mixture is concentrated in vacuo,
      benzene is added, the solution concentrated and this procedure is
      repeated. The residue is dissolved in 10 ml. of methanol, cooled in an
      ice-methanol bath, and sodium borohydride (60 mg.) in 20 ml. of cold water
      is added dropwise. The methanol is removed and the aqueous phase is
      extracted with dichloromethane, and the resulting dichloromethane solution
      is dried and concentrated in vacuo. The residue is chromatographed on 45
      g. of silica gel using 70 ml. of ethyl acetate and then a gradient of 0-8%
      methanol ethyl acetate as eluting solvent, collecting 10-ml. fractions.
      Fractions 22-36 are combined and concentrated to yield the
      PGF.sub.1.sub..alpha. -type title compound (100 mg.); mass spectral peak
      for tris-trimethylsilyl derivative at 622. Fractions 37-42 are combined
      and concentrated to yield a residue which is chromatographed on a
      preparative silica gel plate using 5% methanol-methylene chloride as
      eluting solvent. From the plate is obtained the PGF.sub.1.sub..beta. -type
      title compound (25 mg.); mass spectral peak for tris-trimethylsilyl
      derivative at 622.
PAR  Following the procedure of Example 4,
      dl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.1 ethyl ester (Example 8
      hereinafter) is transformed to
      dl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGF.sub.1.sub..alpha. and
      -PGF.sub.1.sub..beta. ethyl esters.
PAR  Also following the procedure of Example 4,
      dl-5,6-dehydro-3-oxa-3,7-inter-m-phenylene-18-phenyl-4,19-20-trinor-PGE.su
     b.2  methyl ester (following Example 3) is transformed to the corresponding
      PGF.sub.2.sub..alpha. and PGF.sub.2.sub..beta. type compounds.
PAR  Also following the procedure of Example 4, the alkyl ester and free acid
      forms of formula-XX to -XXIII oxa-phenylene PGF compounds in their various
      spatial configurations, e.g., the PGF.sub.1.sub..alpha.,
      PGF.sub.1.sub..beta., PGF.sub.2.sub..alpha., PGF.sub.2.sub..beta.,
      trans-5,6-dehydro-PGF.sub.1.sub..alpha.  and -PGF.sub.1.sub..beta. type
      compounds and their 8-iso and 15-beta isomers, are prepared by reduction
      of the corresponding formula XVI-to -XIX PGE-type alkyl ester or free
      acid, including those described above after Example 3.
PAC  EXAMPLE 5
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 (Formula-XXIV:
      C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-C.sub.5 H.sub.11, Q is
      ##EQU66##
PAC  R.sub.1 is hydrogen; and .about. is alpha).
PAR  Refer to Chart A. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 300 mg.), 4 ml. of tetrahydrofuran and 4 ml. of 0.5 N
      hydrochloric acid is left standing at 25.degree. for five days. Brine
      solution and dichloromethane-ether (1:3) are added and the mixture is
      stirred. The organic layer is separated, dried and concentrated. The
      residue is dissolved in ether which is washed with saturated aqueous
      sodium bicarbonate, dried and concentrated. The aqueous phase is quickly
      acidified with hydrochloric acid and extracted with dichloromethane which
      in turn is dried and concentrated. The residue is again dissolved in
      ether, extracted with aqueous sodium bicarbonate, and the aqueous phase is
      worked up as reported above. This procedure is repeated one additional
      time to yield the title compound (120 mg.). This material has mass
      spectral peaks at 372, 354, 189, and 185; and .lambda. max., in ethanol,
      215 m.mu. (.epsilon. 12,400), 272 (.epsilon. 2250) and 278 (.epsilon.
      2150).
PAR  Following the procedure of Example 5, the formula XIV-to -XIX PGE compounds
      in their various spatial configurations described after Example 3 are
      transformed to the corresponding formula XXIV-to -XXVII PGA compounds,
      either as esters or as free acids.
PAC  EXAMPLE 6
PAC  dl-Ethyl
      7-[Endo-6-(1-heptenyl)-3-oxobicyclo-[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-inte
     r-o-phenylene-5,6-dinor-heptanoate (Formula-XLIV: G is n-pentyl; R.sub.2,
      R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is ethyl; Z' is
      ##SPC117##
PAC  and .about. is alpha and endo).
PAR  The enamine of the formula-XLIII bicyclo-olefin is first prepared as
      follows. A mixture of endo-6-(cis- and
      trans-1-heptenyl)-bicyclo[3.1.0]hexan-3-one (10 g.), benzene (200 ml.),
      and pyrrolidine (15 ml.) is heated at reflux under a Dean-Stark water trap
      for 2 hrs. Thereafter about 140 ml. of distillate is taken off over a
      period of about 30 min. To the remaining liquid is added 100 ml. of
      toluene and the mixture is concentrated on a rotating evaporator under
      vacuum. A second portion of toluene (50 ml.) is added, and the mixture
      concentrated to give the enamine residue.
PAR  The above enamine, together with ethyl o-(bromomethyl)-benzyloxyacetate
      (Preparation 3 above, 15 g.), and dry tetrahydrofuran (200 ml.) is heated
      at reflux for 4 hrs. and thereafter stirred at about 25.degree. C. for 16
      hrs. Water (25 ml.) is added and the mixture heated for 20 min. on a steam
      bath. Thereafter, the volatiles are removed under vacuum, the residue is
      diluted with ether, and the organic solution is washed successively with
      dilute acid, water, dilute base, water, and brine, and finally dried and
      concentrated under vacuum. The residue is chromatographed on a column
      prepared by wet-packing 1300 g. of silica gel (E. Merck) with 2.5 l. of
      25% diethyl ether in Skellysolve B and 13 ml. of absolute ethanol. The
      column is eluted with 2 l. of 25% ether in Skellysolve B and then
      gradient-eluted with 8 l. of 25-50% ether-Skellysolve B. Fractions of
      about 200 ml. are combined on the basis of TLC data. From fractions 24-31
      there is obtained 2.9 g. of the desired formula-XLIV title compound as a
      mixture of cis and trans forms. This material has key absorptions in its
      NMR spectrum at about 7.21 (apparent singlet), 5.38-5.8 (multiplet), 4.62
      (singlet), 4.06 (singlet), and 4.0-4.35 (quartet) .delta.. It has mass
      spectral lines at 398 and 294.
PAC  EXAMPLE 7
PAC  dl-Ethyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     4,7-inter-o-phenylene-5,6-dinor heptanoate (Formula-XLV: G' is n-pentyl;
      R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is ethyl; Z' is
      ##SPC118##
PAC  and .about. is alpha and endo).
PAR  Refer to Chart E. To a solution of dl-ethyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-inter
     -o-phenylene-5,6-dinor-heptanoate, as a mixture of its isomers (Example 6,
      2.8 g.) in dry tetrahydrofuran (150 ml.) at 50.degree. C. is added 0.15 g.
      of osmium tetroxide followed by 2.8 g. of potassium chlorate in 60 ml. of
      water. The mixture is stirred vigorously at 50.degree. C. for about 1.5
      hrs. and is then concentrated under vacuum. The residue is extracted with
      dichloromethane. The extract is washed with water and brine, and then
      finally dried and concentrated under vacuum. The residue is
      chromatographed on a column prepared by wet-packing 500 g. of silica gel
      (E. Merck) with 1 liter of 50% ethyl acetate in Skellysolve B and 5 ml. of
      absolute ethanol. The column is eluted with 1 l. of 50% ethyl acetate in
      Skellysolve B and then gradient eluted with 4 l. of 50-75% ethyl acetate
      in Skellysolve B. Fractions of 100 ml. each are combined on the basis of
      TLC data. From fractions 12-29 there is obtained 2.6 g. of the title
      compound.
PAC  EXAMPLE 8
PAC  dl-3-Oxa-4,7-inter-o-phenylen-5,6-dinor-PGE.sub.1 Ethyl Ester (Formula-XIV:
      C.sub.g H.sub.2g is a valence bond, C.sub.p H.sub.2p are in ortho
      relationship, G is n-pentyl, Q is
      ##EQU67##
PAC  R.sub.1 is ethyl, and .about. is alpha) and
      dl-15-Beta-3-oxa-4,7-inter-o-pnenylene-5,6-dinor-PGE.sub.1 Ethyl Ester
      ##EQU68##
PAR  Refer to Chart E. The formula-XLVI bismesylate is first prepared as
      follows. To a mixture of dl-ethyl
      7-[endo-6-(1,2-dihydroxyhepthyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa
     -4,7-inter-o-phenylene-5,6-dinor-heptanoate (Example 7, 2.6 g.) and 30 ml.
      of dry pyridine at 0.degree. C. is added, with stirring, 2.7 ml. of
      methanesulfonyl chloride over a one-minute period. The mixture is stirred
      at 0.degree. C. for 2.5 hrs., then cooled to about -10.degree. C. and
      diluted with 2 ml. of water added dropwise over a 5-minute period. Ice (20
      g.) is added, and, after stirring the mixture for 5 min., about 150 ml. of
      ether-dichloromethane (3:1) is added. The organic solution was washed
      successively with dilute hydrochloric acid, water, dilute sodium
      bicarbonate solution, and brine, and finally dried and concentrated under
      vacuum to yield a mixture of the mesylates.
PAR  The residue of mesylates is converted to the PGE-type product by contacting
      with a mixture of acetone (100 ml.) and water (50 ml.) at about 25.degree.
      C. for 16 hrs. Additional water (100 ml.) is added and the mixture
      concentrated under vacuum to remove acetone. The residue is extracted with
      a mixture of ether-dichloromethane (3:1) and the organic extract is washed
      with dilute sodium bicarbonate solution and brine, then dried and
      concentrated under vacuum. The residue (2.5 g.) is chromatographed on a
      column prepared by wet-packing 500 g. of silica gel (E. Merck) with one
      liter of ethyl acetate and 5 ml. of absolute ethanol. The column is eluted
      with 2.6 liters of ethyl acetate, then 400 ml. of 2% ethanol in ethyl
      acetate, then 500 ml. of 4% ethanol in ethyl acetate and finally with 2
      liters of 10% ethanol in ethyl acetate, collecting fractions of 100 ml.
      Fractions are combined on the basis of TLC data.
PAR  From fractions 8-14 is obtained 350 mg. of the 15-.beta. PGE.sub.1 title
      compound. This material has .lambda..sub.max. 279 m.mu. (.epsilon. 19,400)
      in alcoholic potassium hydroxide; key absorptions in the NMR spectrum at
      about 7.2 (apparent singlet), 5.25-5.48 (multiplet), 4.58 (singlet),
      5.25-5.48 (multiplet), 4.58 (singlet), 4.06 singlet, and 4.0-4.35
      (quartet) .delta.; and mass spectral peaks at 414, 396, 310, and 292.
PAR  From fractions 18-37 is obtained 496 mg. of the PGE.sub.1 title compound.
      This material has .lambda..sub.max. 279 m.mu. (.epsilon. 21,750) in
      alcoholic potassium hydroxide; key absorptions in the NMR spectrum at
      about 7.18 (apparent singlet), 5.25-5.41 (multiplet), 4.58 (singlet), 4.02
      (singlet), and 3.99-4.34 (quartet) .delta.; and mass spectral peaks at
      414, 396, 310, and 292.
PAC  EXAMPLE 9
PAC  dl-Methyl
      9-[Endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-y
     l]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate Acetonide
      (Formula-XXXVII, Chart D: G is n-pentyl; J' is cis-
      ##SPC119##
PAC  R.sub.9 and R.sub.26 are hydrogen; R.sub.2, R.sub.10, R.sub.11, and
      R.sub.12 are methyl; and .about. is endo and alpha).
PAR  Refer to the sequence of reactions from formula-L to formula XXVI, and to
      Chart D.
PAR  a. There is first prepared the formula-XLIII olefin. Following the
      procedure for the Wittig synthesis in Examples 27, 28, and 29 of West
      Germany Offlegungsschrift 1,937,912, cited above, but employing the
      tetrahydropyranyloxy ether of
      endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde and the Wittig ylide of
      2-chloroheptane, there is obtained
      dl-endo-6-(2-methyl-1-heptenyl)-3-oxobicyclo[3.1.0]-hexan-3-one.
PAR  b. To a solution of the product of step a above (approximately 10.0 g.) in
      water is added a solution of potassium chlorate (10.0 g.) and osmium
      tetroxide (0.65 g.) in 250 ml. of water. The mixture is stirred vigorously
      for 5 hrs. at 50.degree. C. Then, the cooled mixture is concentrated under
      reduced pressure, the residue is extracted repeatedly with
      dichloromethane, and the combined extracts are dried and evaporated. The
      residue is chromatographed on about 1000 g. of silica gel, and eluted
      successively with 3 l. of 10% ethyl acetate in a mixture of isomeric
      hexanes (Skellysolve B), with 5 l. of 25% ethyl acetate in Skellysolve B,
      and then with 50% ethyl acetate in Skellysolve B, collecting 500 ml.
      eluate fractions. Fractions shown by TLC to contain the desired product
      are combined and evaporated to dryness to give the formula-LI product,
      dl-endo-6-(1,2-dihydroxy-2-methylheptyl)bicyclo[3.1.0]hexan-3-one.
PAR  c. A solution of the product of step b above (about 8,0 g.) and 700 mg. of
      potassium bisulfate in 140 ml. of acetone is stirred at 25.degree. C. for
      64 hrs. Then, sodium carbonate monohydrate (710 mg.) is added, and the
      mixture is stirred 10 min. The acetone is evaporated at reduced pressure,
      and water is added. The aqueous solution is extracted respectedly with
      dichloromethane, and the extracts are combined, washed with water, dried,
      and evaporated. The residue is chromatographed on 400 g. of silica gel,
      being eluted with 2 l. of 10% ethyl acetate in Skellysolve B, and then
      with 4 l. of 15% ethyl acetate in Skellysolve B. The 15% ethyl acetate
      eluates are evaporated to give the formula-XXXVI ketal,
      dl-endo-6-(1,2-dihydroxy-2-methylheptyl)bicyclo[3.1.0]hexan-3-one
      acetonide.
PAR  d. To prepare the formula-XXXVII compound (Chart D), the ketal above is
      alkylated following the procedure of Example 1-B, but using the
      formula-XXXVI ketal above instead of the formula-XLIII bicyclo olefin,
      and, replacing methyl m-(chloromethyl)phenoxyacetate with methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate
      (Preparation 8, above), thereby yielding the desired formula-XXXVII title
      compound.
PAR  As shown in Chart D, the formula-XXXVII alkylated ketal is transformed via
      the formula-XXXVIII glycol, thence the mesylate, to a PGE-type compound.
      Concentrated hydrochloric acid (2.5 ml.) is added to a solution of the
      formula-XXXVII product above (about 2.0 g.) in a mixture of 50 ml. of
      tetrahydrofuran and 2.5 ml. of water. The mixture is stirred at 25.degree.
      C. under nitrogen for 6 hrs. The resulting mixture is then concentrated
      under reduced pressure, and the residue is extracted with ethyl acetate.
      The extract is washed with brine, dried, and concentrated to
      dl-methyl-9[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0.]hex-
     2.alpha.-yl]-3-oxa-3,7- inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate
      (formula-XXXVIII). Thereafter, following the procedure of Example 3, there
      is obtained dl-15-methyl-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2
      methyl ester.
PAR  Following the procedure of Example 9, but using formula-XLIII exo reactants
      in place of the endo reactant, there are obtained exo products in each
      corresponding intermediate of Example 9.
PAR  With excess base (e.g., 26 g.) and a longer reaction time (e.g., 24 hrs. at
      25.degree. C.) during the alkylation step, the production of a substantial
      amount of the beta isomer is assured.
PAR  Following the procedures of Example 9-d, but using the trans-7-nonenoate of
      Preparation 9, above, instead of the cis-7-nonenoate, there is obtained
      the corresponding formula-XXXVII alkylated ketal wherein the carboxy side
      chain is in trans configuration instead of cis.
PAR  Also following the procedures of Example 9, but replacing the formula-XLIII
      olefin with each of the endo and exo forms of the formula-XLIII bicyclo
      olefins described in the paragraphs following Example 1, there are
      obtained the corresponding alpha and beta, exo and endo, alkylated ketals
      within the scope of formula XXXVII.
PAR  Also following the procedures of Example 9-d, but replacing methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6,-trinor-cis-7-nonenoate with
      the formula-LV compounds of the paragraphs following Preparations 8 and 9,
      viz. cis or trans methyl 9-bromo-3
      -oxa-4,7-inter-o-phenylene-5,6-dinor-7-nonenoate, methyl
      10-bromo-3-oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decenoate, and methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetranor-9-undecenoate, there
      are obtained the corresponding formula-XXXVII compounds. Thereafter, these
      alkylated ketals are transformed following the steps of Chart D as
      described in Example 9 to the corresponding PGE.sub.2 type compounds.
PAR  Also following the procedure of Example 9-d, but using in place of the
      nonenoate alkylating agent, methyl
      m-(chloromethyl)phenoxyacetate(Preparation 2), ethyl
      o-(bromoethyl)benzyloxyacetate (Preparation 3), methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Preparation
      7), and methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetranor-9-undecynoate
      (following Preparation 7), there are obtained alpha and beta, exo and
      endo, compounds corresponding to the product of Example 9 with
      ##SPC120##
PAL  in
PAL  place of the
      ##SPC121##
PAL  moiety of the Example-9 formula-XXXVII product. In the same manner, but
      using formula LIII-to -LVI alkylating agents within the scope of the
      formula
      ##EQU69##
      there are obtained the corresponding formula-XXXVII products.
PAR  Also following Example 9-d, other esters of the nonenoate alkylating agent
      and of the other above-mentioned alkylating agents within the scope of
      R.sub.10 as above-defined, e.g., the methyl, isopropyl, tert-butyl, octyl,
      .beta.,.beta.,.beta.-trichloroethyl, cyclohexyl, benzyl, and phenyl
      esters, there are obtained the corresponding esters of these alpha and
      beta, exo and endo, formula-XXXVII bicyclo[3.1.0]hexane cyclic ketal
      alkylation products.
PAR  Also following the procedure of Example 9 but using in combination each of
      the above-described alternative formula-XLIII bicyclo[3.1.0]hexane olefin
      reactants (e.g. following Example 1) and each of the above-described
      omega-halo alkylation reactants within the scope of
      ##EQU70##
      (e.g. following Example 1) there are obtained formula-XXXVII compounds
      corresponding to the product of Example 9 but different therefrom with
      respect to both the carboxylate-terminated side chain and the side chain
      attached to the cyclopropane ring of the product, and in their respective
      alpha or beta and exo or endo configuration.
PAR  Following the procedure of Example 9 but using in place of the acetonide
      each of the specific formula-XXXVII exo and endo, alpha and beta,
      saturated, cis and trans ethylenic, and acetylenic bicyclo[3.1.0]hexane
      cyclic ketal esters defined above, there are obtained the corresponding
      formula-XXXVIII dihydroxy compounds, and thence the corresponding PGE type
      compounds.
PAC  EXAMPLE 10
PAC  dl-Methyl
      7-[Endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xa-3,7-interm-phenylene-4,5,6-trinor-7-nonynoate (Formula-XLIV, Chart E; G
      is
      ##SPC122##
PAC  R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl; Z' is
      ##SPC123##
PAC  and .about. is endo and alpha).
PAR  Refer to Chart E. Following the procedures of Example 1-B, but replacing
      endo-6-(1-heptenyl)bicyclo[3.1.0]-hexan-3-one with
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one (Preparation 4),
      and replacing methyl m-(chloromethyl)phenoxyacetate with methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Preparation
      7), there is obtained the title compound.
PAC  EXAMPLE 11
PAC  dl-Methyl 7-[Endo-6-(4
      -phenyl-1,2-dimesyloxy-butyl)-3-oxobicyclo[3.1.0.]hex-2.alpha.-yl]-3-oxa-3
     ,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Formula-XLVI, Chart E; G' is
      ##SPC124##
PAC  R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 and R.sub.13 are
      methyl; Z' is
      ##SPC125##
PAC  and .about. is alpha and endo).
PAR  a. There is first prepared the formula-XLV dihydroxy compound Following the
      procedures of Example 2, but replacing dl-methyl
      7-[endo-6-(1-heptenyl)-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-heptanoate
      with dl-methyl
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl-]-3-
     oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Example 10), there are
      obtained isomers of the desired formula-XLV compound, dl-methyl
      7-[endo-6-(4-phenyl-1,2-dihydroxybutyl)-3
      -oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trino
     r-7nonynoate.
PAR  b. Following the procedures of Example 3, but replacing that formula-XLV
      dihydroxy heptanoate compound with the formula-XLV nonynoate compound of A
      above, there is obtained the desired formula-LXVI dimesyloxy title
      compound.
PAC  EXAMPLE 12
PAC  dl-Methyl
      9-[Endo-6-(1,2-dihydroxy-4-phenyl-butyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-y
     l]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-trans-7-nonenoate Acetonide
      (Formula-XXVII, Chart D: G is
      ##SPC126##
PAC  J' is trans
      ##SPC127##
PAC  R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10, R.sub.11, and
      R.sub.12 are methyl; and .about. is endo and alpha)
PAR  Refer to the sequence of reactions from formula L to formula XXXVI, and to
      Chart D.
PAR  a. There is first prepared the formula-Ll dihydroxy compound. To a solution
      of the formula-XLIII olefin (Preparation 4, above, approximately 10.0 g.)
      in water is added a solution of potassium chlorate (10.0 g.) and osmium
      tetroxide (0.65 g.) in 250 ml. of water. The mixture is stirred vigorously
      for 5 hrs. at 50.degree. C. Then, the cooled mixture is concentrated under
      reduced pressure, the residue is extracted repeatedly with
      dichloromethane, and the combined extracts are dried and concentrated. The
      residue is chromatographed on about 1000 g. of silica gel, and eluted
      successively with 3 l. of 10% ethyl acetate in a mixture of isomeric
      hexanes (Skellysolve B), with 5 l. of 25% ethyl acetate in Skellysolve B,
      and then with 50% ethyl acetate in Skellysolve B, collecting 500 ml.
      eluate fractions. Fractions shown by TLC to contain the desired product
      are combined and evaporated to dryness to give
      dl-endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one
      (formula-LI).
PAR  b. A solution of the product of step a above (about 8.0 g.) and 700 mg. of
      potassium bisulfate in 140 ml. of acetone is stirred at 25.degree.  C. for
      64 hrs. Then, sodium carbonate monohydrate (710 mg.) is added, and the
      mixture is stirred 10 min. The acetone is concentrated at reduced
      pressure, and water is added. The aqueous solution is extracted repeatedly
      with dichloromethane, and the extracts are combined, washed with water,
      dried, and concentrated. The residue is chromatographed on 400 g. of
      silica gel, being eluted with 2 l. of 10% ethyl acetate in Skellysolve B,
      and then with 4 l. of 15% ethyl acetae in Skellysolve B. The 15% ethyl
      acetate eluates are concentrated to the formula-XXXVI ketal,
      dl-endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one
      acetonide.
PAR  c. To prepare the formula-XXXVII compound, the ketal above is alkylated
      following the procedure of Example 1-B, but replacing methyl
      m-(chloromethyl)phenoxyacetate with methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-trans-7-nonenoate
      (Preparation 9, above), thereby yielding the title compound.
PAR  Following the procedures of Example 9, the formula-XXXVII compound is
      transformed via the formula-XXXVIII and XXXIX compounds to the
      corresponding formula-XL PGE-type compound.
PAC  EXAMPLE 13
PAC  9-[Endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl
     ]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoic Acid Acetonide
      (Formula-LXXX, Chart G: G is n-pentyl; J' is
      ##SPC128##
PAC  R.sub.9 and R.sub.26 are hydrogen; R.sub.2, R.sub.11, and R.sub.12 are
      methyl; and .about. is alpha and endo.
PAR  Refer to Chart G. A solution of sodium borohydride (1.5 g.) in 10 ml. of
      water is added with stirring to a solution of formula-LXXVI dl-methyl
      9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-y
     l]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate acetonide (5.0
      g.) in 110 ml. of absolute ethanol at 0.degree. C. The mixture is stirred
      for 2.5 hrs. at 0.degree. to 5.degree. C. Then, 40 ml. of acetone is
      added, and, after 5 min., the mixture is evaporated under reduced
      pressure. The residue is extracted with dichloromethane, and the extract
      is washed successively with dilute hydrochloric acid and brine, dried, and
      concentrated to the formula-LXXVII compound, dl-methyl
      9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo-[3.1.0]hex-2.alp
     ha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate acetonide.
PAR  This formula-LXXVII cyclic ketal hydroxy ester is dissolved in a mixture of
      methanol (100 ml.) and 45% aqueous potassium hydroxide solution (30 ml.),
      and the solution is stirred under nitrogen at 25.degree. C. for 15 hrs.
      Two volumes of water are then added, and the mixture is acidified with
      cold hydrochloric acid and then extracted with a mixture of
      dichloromethane and diethyl ether (1:3). The extract is washed with brine,
      dried, and concentrated to the formula-LXXVIII compound,
      dl-9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo[3.1.0]hex-2.a
     lpha.-yl]-there are obtained the corresponding formula-LXXVII, LXXVIII, and
      LXXX compounds.
PAC  EXAMPLE 14
PAC  dl-7-[Endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]-hex-2.alpha.-yl]-3-oxa-4,7-in
     ter-o-phenylene-5,6-dinor-heptanoic Acid (Formula-LXXXVI, Chart H: G is
      n-pentyl; Z' is
      ##SPC129##
PAC  R.sub.2, R.sub.9, and R.sub.26 are hydrogen; and .about. is alpha and
      endo).
PAR  Refer to Chart H. Following the procedure of Example 13, the formula-LXXXII
      compound, dl-ethyl
      7-[endo-6-(1-heptenty)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-inter
     o-phenylene-5,6-dinor-heptanoate is reduced with sodium borohydride to the
      formula-LXXXIII compound, dl-ethyl
      7-[endo-6-(1-heptenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-i
     nter-o-phenylene-5,6-dinor-heptanoate. That hydroxy ester is then
      saponified as described in Example 13 to the formula-LXXXIV compound,
      dl-7-[endo-6-(1-heptenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,
     7-intero-phenylene-5,6-dinor-heptanoic acid. That hydroxy acid is then
      oxidized as described in Example 13 to the title compound.
PAR  Following the procedure of Example 14 but substituting for that
      formula-LXXXII compound, the formula-LXXXII compound of Example 10, viz.
      dl-methyl
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xa-3,7inter-m-phenylene-4,5,6-trinor-7-nonynoate, there is obtained on
      reduction the corresponding formula-LXXXIII compound,
      dl-methyl-7-[endo-6-(cis-4-phenyl-1-butenyl)-3-hydroxybicyclo[
      3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoat
     e; there is likewise obtained on saponification the corresponding
      formula-LXXXIV compound,
      dl-7-[endo-6-(cis-4-phenyl-1-butenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-
     yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoic acid; and there is
      likewise obtained on oxidation the corresponding formula-LXXXVI compound,
      dl-7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxabicyclo-[3.1.0]hex-2.alpha.-yl]
     -3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoic acid.
PAR  Following the procedure of Example 14, but using in place of the
      formula-LXXXII 3-oxobicyclo[3.1.0]hexane ester, each of the specific
      formula-LXXXII endo and exo, alpha and beta, saturated and acetylenic
      esters described in and following the Examples 1, 6, and 10 is reduced
      with sodium borohydride to give the corresponding formula-LXXXIII
      3-hydroxy-bicyclo[3.1.0]hexane ester. That hydroxy ester is then
      saponified as described in Example 13 to the corresponding formula-LXXXIV
      3-hydroxybicyclo-[3.1.0]hexane acid. That hydroxy acid is then oxidized as
      described in Example 13 to the corresponding formula-LXXXVI
      3-oxobicyclo[3.1.0]hexane acid.
PAC  EXAMPLE 15
PAC  dl-15-Dehydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. Methyl Ester (Formula-XCI, Chart J: E' is trans --CH=CH--, G
      is n-pentyl, J' is
      ##SPC130##
PAC  R.sub.1 is methyl, R.sub.26 is hydrogen, and .about. is alpha).
PAR  Refer to Chart J. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. methyl
      ester (Example 4, about 0.5 g.) in 24 ml. of dioxane is stirred at
      50.degree. C. under nitrogen and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
      (0.37 g.) is added. The mixture is stirred at 50.degree. C. for 24 hrs.,
      cooled to room temperature, and filtered. The filter cake is washed with
      tetrahydrofuran, and the filtrate and wash are combined and concentrated
      under reduced pressure. The residue is taken up in dichloromethane and
      washed with brine, then dried over sodium sulfate and concentrated under
      reduced pressure. The residue is chromatographed over 90 g. of silica gel
      wet-packed in 8% ethanol in dichloromethane, eluting with 300 ml. of 2%,
      300 ml. of 3%, 225 ml. of 7.5% and 245 ml. of 10% ethanol in
      dichloromethane, taking 15-ml. fractions. Fractions shown by TLC to
      contain the desired product are combined and concentrated to the title
      compound.
PAC  EXAMPLE 16
PAC  dl-15-Methyl-3-oxa-3,7-inter-m-phenylene4,5,6-trinor-PGF.sub.1 .sub..alpha.
      Methyl Ester (Formula-XX: C.sub.g H.sub.2q  and C.sub.p H.sub.2p are
      valence bonds in meta relationship, G is n-pentyl, Q is
      ##EQU71##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart J. A solution of 0.413 g. of
      dl-15-dehydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. methyl ester (Example 15, about 0.4 g.), hexamethyldisilazane
      (3 ml.) and trimethylchlorosilane (0.5 ml.) in 20 ml. of tetrahydrofuran
      is allowed to stand at about 25.degree. C. for 20 hrs. The mixture is
      filtered and the filtrate is concentrated under reduced pressure. Xylene
      (10 ml.) is added to the residue and removed by concentration under
      reduced pressure. The residue is dissolved in anhydrous ether and 110% of
      the theoretical amount of 3 M methyl magnesium bromide in ether is added.
      The mixture is allowed to stand 20 min. at about 25.degree. C. and poured
      into 100 ml. of saturated aqueous ammonium chloride. The ether layer is
      separated, the aqueous layer is extracted with ether, and the ether
      extracts are combined and washed with brine, dried over sodium sulfate,
      and concentrated under reduced pressure. The residue is dissolved in 300
      ml. of ethanol and 30 ml. of water containing 3 drops of glacial acetic
      acid, and the mixture is stirred for 2 hrs. at about 25.degree. C. The
      mixture is concentrated under reduced pressure to an aqueous residue and
      the residue is extracted with dichloromethane. The dichloromethane extract
      is concentrated under reduced pressure to give a residue which is
      chromatographed over 60 g. of silica gel wet-packed in 8% ethanol in
      dichloromethane, eluting with 200 ml. of 5% and 800 ml. of 10% ethanol in
      dichloromethane and taking 10-ml. fractions. Fractions shown by TLC to
      contain the desired product are combined and concentrated to yield the
      title compound. Other fractions yield the 15-epimer.
PAR  Likewise, using the corresponding
      3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGF.sub.1 .sub..alpha. or PGF.sub.1
      .sub..beta. compound instead of the above oxa-phenylene compounds, there
      are obtained the corresponding 15-dehydro PGF.sub.1 .sub..alpha. or
      PGF.sub.1 .sub..beta.-type compounds, and finally the
      dl-15-methyl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGF.sub.1 .sub..alpha.
      or -PGF.sub.1 .sub..beta. ethyl esters and their 15-epimers.
PAC  EXAMPLE 17
PAC  dl-13,14-Dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl
      Ester (Formula XIX C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds
      in meta relationship, G is n-pentyl, Q is
      ##EQU72##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart B. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 100 mg.) in 10 mg. of ethyl acetate is shaken with hydrogen at
      about one atmosphere pressure at 25.degree. C. in the presence of 5%
      rhodium on charcoal (15 mg.). After approximately one equivalent of
      hydrogen is absorbed, the hydrogenation is stopped, and the catalyst is
      removed by filtration. The filtrate is concentrated, aand the residue is
      chromatographed on 25 g. of silica gel, eluting with 50-100% ethyl acetate
      gradient in Skellysolve B. Those fractions shown by TLC to contain the
      desired product free of the starting product and hydrogenolysis products
      are combined and concentrated to the title compound.
PAR  Following the procedure of Example 17,
      dl-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester is reduced to
      dl-13,14-dihydro-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.1 ethyl ester.
      Likewise, dl-3-oxa-4,7-o-phenylene-5,6-dinor-PGE.sub.1 methyl ester is
      reduced to dl-13,14-dihydro-3-oxa-4,7-o-phenylene-5,6-dinor-PGE.sub.1
      methyl ester.
PAR  Also following the procedure of Example 17,
      dl-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.2,
      -trans-5,6-dehydro-PGE.sub.1, and -5,6-dehydro-PGE.sub.2 are each reduced
      to dl-13,14dihydro-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.1, using two
      equivalents of hydrogen for the first two reactions, and three equivalents
      of hydrogen for the third. Likewise, the corresponding
      dl-3-oxa-4,7-o-phenylene-5,6-dinor- compounds are reduced to
      dl-13,-14,-dihydro-3-oxa-4,7-o-phenylene-5,6-dinor-PGE.sub.1.
PAR  Also following the procedure of Example 17, the ethyl ester and the free
      acid form of the formula XVI-to -XVIII PGE compounds in their various
      spatial configurations are transformed to the corresponding 13,14-dihydro
      PGE.sub.1 compound by catalytic hydrogenation, using equivalents of
      hydrogen appropriate to the degree of unsaturation of the reactant, i.e.,
      one equivalent for the PGE.sub.1 type, two equivalents for the PGE.sub.2
      type and trans-5,6-dehydro-PGE.sub.1 type, and three equivalents for the
      5,6-dehydro-PGE.sub.2 type.
PAR  Also following the procedure of Example 17,
      dl-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. and its ethyl
      ester are reduced to
      dl-13,14-dihydro-3-oxa-3,7-m-phenylene-4,5,6-PGF.sub.1 .sub..alpha. and
      its ethyl ester, respectively.
PAR  Also following the procedure of Example 17, the ethyl ester and the free
      acid form of the formula-XX to -XXII PGF compounds in their various
      spatial configurations are transformed to the corresponding 13,14-dihydro
      PGF.sub.1 .sub..alpha. or PGF.sub.1 .sub..beta. compound by catalytic
      hydrogenation, using equivalents of hydrogen appropriate to the degree of
      unsaturation of the reactant.
PAC  EXAMPLE 18
PAC  dl-13,14-Dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      (Formula-XXVII: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in
      meta relationship, G is n-pentyl, Q is
      ##EQU73##
PAC  R.sub.1 is hydrogen, and .about. is alpha).
PAR  Refer to Chart B. A suspension of disodium azodiformate (50 mg.) in 5 ml.
      of absolute ethanol is added to a stirred solution of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 (Example 5, 50 mg.) in
      10 ml. of absolute ethanol under nitrogen at 25.degree. C. The mixture is
      made acid with glacial acetic acid, and then is stirred under nitrogen at
      25.degree. C. for 8 hrs. The resulting mixture is concentrated under
      reduced pressure, and the residue is mixed with a mixture of diethyl ether
      and water (1:1). The diethyl ether layer is separated, dried, and
      concentrated to the title product.
PAR  Following the procedure of Example 18,
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 methyl ester is
      reduced to
      dl-13,14-dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 methyl
      ester.
PAR  Also following the procedure of Example 18,
      dl-3-oxa-3,7-inter-m-phenylene-PGA.sub.2, -trans-5,6-dehydro-PGA.sub.1,
      and 5,6-dehydro-PGA.sub.2 are each reduced to
      dl-13,14-dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1, using
      amounts of the disodium azodiformate reactant appropriate to the degree of
      unsaturation of the reactant.
PAR  Also following the procedure of Example 18, the methyl ester and the free
      acid form of the formula-XVI to -XVIII PGE type compounds, the formula-XX
      to -XXII PGF type compounds, the formula-XXIV to -XXVI PGA type compounds,
      and the formula-XXVIII to -XXX PGB type compounds are transformed to the
      corresponding 13,14-dihydro PGE.sub.1, PGF.sub.1, PGA.sub.1, or PGB.sub.1
      type compound by diimide reduction, using amounts of disodium azodiformate
      reactant appropriate to the degree of unsaturation of the PGE, PGF, PGA,
      or PGB type reactant.
PAC  EXAMPLE 19
PAC  dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 Methyl Ester
      (Formula-XXIV: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in
      meta relationship, G is n-pentyl, Q is
      ##EQU74##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart D. A solution of the formula-XXXIX bismesylate, dl-methyl
      7-[endo-6-(1,2-dimesyloxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa
     -3,7-inter-m-phenylene-4,5,6-trinor-heptanoate (Example 3, about 10 g.) in
      75 ml. of acetone is mixed with 10 ml. of water and 20 ml. of saturated
      aqueous sodium bicarbonate solution. The mixture is refluxed under
      nitrogen for 4 hrs. Then, the mixture is cooled, acidified with 5%
      hydrochloric acid, and extracted with ethyl acetate. The extract is washed
      with brine, dried, and concentrated to give the title product.
PAR  Following the procedure of Example 19, each of the bismesylates defined in
      Example 3 is transformed to the corresponding PGA-type ester, including
      the .beta.,.beta.,.beta.-trichloroethyl esters. Thereafter, each of the
      .beta.,.beta.,.beta.-trichloroethyl esters is transformed to the
      corresponding PGA-type free acid by the procedure of Example 23, below.
PAC  EXAMPLE 20
PAC  dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGB.sub.1 (Formula-XXVIII:
      C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-pentyl, Q is
      ##EQU75##
PAC  R.sub.1 is hydrogen, and .about. is alpha).
PAR  Refer to Chart A. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 (200 mg.) in 100 ml.
      of 50% aqueous ethanol containing about one gram of potassium hydroxide is
      kept at 25.degree. C. for 10 hrs. under nitrogen. Then, the solution is
      cooled to 10.degree. C. and neutralized by addition of 3 N. hydrochloric
      acid at 10.degree. C. The resulting solution extracted repeatedly with
      ethyl acetate, and the combined ethyl acetate extracts are washed with
      water and then with brine, dried, and concentrated to give the title
      compound.
PAR  Following the procedure of Example 20,
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 is also transformed
      to the PGB.sub.1 -type title compound.
PAR  Following the procedure of Example 20, each of the formula XVI-to -XIX PGE
      compounds and formula XXIV-to -XXVII PGA compounds are transformed to the
      corresponding PGB compounds.
PAC  EXAMPLE 21
PAC  dl-15-Methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl
      Ester (Formula XVI: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence
      bonds in meta relationship, G is n-pentyl; Q is
      ##EQU76##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart I. A solution of
      dl-15-methyl-3-oxa3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. methyl ester (95 mg.) in 40 ml. of acetone is cooled to
      -10.degree. C. To it is added 110% of the theoretical amount of Jones
      reagent (in the proportions of 21 g. of chromic anhydride, 60 ml. of
      water, and 17 ml. of concentrated sulfuric acid), precooled to 0.degree.
      C., with vigorous stirring. After about 10 min., isopropyl alcohol (1 ml.)
      is added to the cold reaction mixture. After 5 min., the mixture is
      filtered and the filtrate is concentrated at reduced pressure, and the
      residue is mixed with 5 ml. of brine. The mixture is extracted repeatedly
      with ethyl acetate, and the combined extracts are washed with brine, dried
      with anhydrous sodium sulfate, and concentrated at reduced pressure. The
      residue is chromatographed on 20 g. of neutral silica gel, eluting with
      50% ethyl acetate in Skellysolve B. Concentration of the eluates gives the
      title product.
PAR  Following the procedure of Example 21, there is substituted for the
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. methyl ester, the free acid, the propyl ester, the octyl
      ester, the cyclopentyl ester, the benzyl ester, the phenyl ester, the
      2,4-dichlorophenyl ester, the 2-tolyl ester, of the
      .beta.,.beta.,.beta.-trichloroethyl ester, there is obtained the
      corresponding
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 compound.
PAR  Following the procedure of Example 21, but substituting for the
      15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha.
      methyl ester, the methyl ester of each of the
      15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..beta.,
      -PGF.sub.2 .sub..alpha., -PGF.sub.2 .sub..beta., -5,6-dehydro-PGF.sub.2
      .sub..alpha., -5,6-dehydro-PGF.sub.2 .sub..beta., -dihydro-PGF.sub.1
      .sub..alpha., and -dihydro-PGF.sub.1 .sub..beta. compounds in their
      various natural or 15-epi configurations and optical isomers is
      transformed to the corresponding PGE-type compound.
PAR  Following the procedure of Example 21, each of the various
      15-alkyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha.
      methyl ester compounds, including the 15-ethyl, 15 propyl, 15-butyl, and
      15-substituted isomeric forms of propyl and butyl, is transformed to the
      corresponding PGE type compound.
PAR  Also following the procedure of Example 21, each of the 15-alkyl PGF-type
      acids and esters within the scope of formula-LXXXVIII (Chart I) is
      transferred to a 15-alkyl PGE-type acid or ester encompassed by
      formula-LXXXIX.
PAC  EXAMPLE 22
PAC  dl-15-Methyl-3-oxa-4,7-inter-o-phenylene-5,6dinor-PGA.sub.1 Methyl Ester
      (Formula XXIV: C.sub.g H.sub.2g is a valence bond, C.sub.p H.sub.2p is
      methylene, C.sub.g H.sub.2g and C.sub.p H.sub.2p are in ortho
      relationship, G is n-pentyl, Q is
      ##EQU77##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart K. A mixture of the formula-XCV
      15-methyl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.1 methyl ester
      (Example 21, 6 mg.), dicyclohexylcarbodiimide (20 mg.), copper (II)
      chloride dihydrate (2 mg.), and diethyl ether (2 ml.) is stirred under
      nitrogen at 25.degree. C. for 16 hrs. Then, additional
      dicyclohexylcarbodiimide (20 mg.) is added, and the mixture is stirred an
      additional 32 hrs. at 25.degree. C. under nitrogen. The resulting mixture
      is filtered, and the filtrate is concentrated under reduced pressure. The
      residue is chromatographed by preparative thin layer chromatography with
      the A-IX system to give the title compound.
PAR  Following the procedure of Example 22, but substituting for the
      oxa-phenylene PGE.sub.1 compound, the methyl esters of
      dl-15-methyl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.2,
      -5,6-dehydro-PGE.sub.2, and -dihydro-PGE.sub.1, there are obtained the
      corresponding formula-XCVI compounds, viz., the methyl esters of
      dl-15-methyl 3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGA.sub.2,
      -5,6-dehydro-PGA.sub.2, and -dihydro-PGA.sub.1.
PAR  Also following the procedure of Example 22, but substituting for the
      phenyl-substituted PGE.sub.1 compound, the methyl esters of
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1,
      -PGE.sub.2, -5,6-dehydro-PGE.sub.2, and -dihydro-PGE.sub.1, there are
      obtained the corresponding formula-XCVI compounds, viz., the methyl esters
      of dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1,
      -PGA.sub.2, -5,6-dehydro-PGA.sub.2, and -dihydro-PGA.sub.1.
PAR  Also following the procedure of Example 22, each of the formula-XCV (Chart
      K) compounds defined above in Example 21 is transformed to the
      corresponding formula-XCVI compound.
PAC  EXAMPLE 23
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1  (Formula XVI:
      C.sub.g H.sub.2q and C.sub.p H.sub.2p are valence bonds in metal
      relationship, G is n-pentyl, Q is
      ##EQU78##
PAC  R.sub.1 is hydrogen, and .about. is alpha).
PAR  Zinc dust (420 mg.) is added to a solution containing
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1
      .beta.,.beta.,.beta.-trichloroethyl ester (100 mg.) in 5 ml. of a mixture
      of acetic acid and water (9:1 v/v). This mixture is stirred under nitrogen
      2 hrs. at 25.degree. C. Ethyl acetate (4 volumes) is then added, followed
      by addition of 1 N. hydrochloric acid (one volume). The ethyl acetate
      later is separated, washed with water and then with brine, dried, and
      evaporated. The residue is chromatographed on 15 g. of acidwashed silica
      gel (Silicar CC4), being eluted with 100 ml. of 50%, 100 ml. of 80%, and
      200 ml. of 100% ethyl acetate in Skellysolve B, collecting 20-ml.
      fractions. The fractions containing the desired product and no starting
      material or dehydration products as shown by TLC are combined and
      concentrated to the title compound.
PAR  Following the procedure of Example 23, each of the
      .beta.,.beta.,.beta.-tribromoethyl, -triiodoethyl,
      .beta.,.beta.-dibromoethyl, -diiodoethyl, and the .beta.-iodoethyl esters
      of dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 is converted to
      the free acid of dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 by
      reaction with zinc dust and acetic acid.
PAR  Following the procedure of Example 23, the
      .beta.,.beta.,.beta.trichloroethyl ester of
      dl-15-methyl-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2 following Example
      9 above is converted to the respective free acid compound using zinc dust
      with either propionic, butyric, pentanoic, or hexanoic acid instead of
      acetic acid.
PAR  Following the procedure of Example 23, the
      .beta.,.beta.,.beta.-trichloroethyl ester of each of the PGE, PGF, PGA,
      and PGF type compounds represented by formulas XVI-XXXV in their various
      structural configurations and optical isomers is treated with zinc dust
      and acetic acid to obtain the corresponding free acid form of the
      compound. The esters are prepared by the procedures disclosed herein,
      using as intermediates formula-XXXVII cyclic ketals or formula-XLIV or
      -LXX olefins wherein R.sub.10 is haloethyl, e.g.,
      .beta.,.beta.,.beta.-trichloroethyl. These intermediates are prepared
      either by alkylation of the respective formula-XXXVI cyclic ketal (Chart
      D) or formula-XLIII or -LXIX olefin (Charts E and F) with the appropriate
      alkylating agent wherein R.sub.10 is haloethyl, or by the transformation
      of the alkylated cyclic ketal or olefin by the steps shown in Charts G and
      H using procedures disclosed herein, yielding intermediates LXXIX, LXXXI,
      LXXXV, or LXXXVII.
PAC  EXAMPLE 24
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. and
      -PGF.sub.1 .sub..beta. (Formula XX; C.sub.g H.sub.2g and C.sub.p H.sub.2p
      are valence bonds in meta relationship, G is n-pentyl, Q is
      ##EQU79##
PAC  R.sub.1 is hydrogen, and .about. is alpha or beta).
PAR  A solution of 146 mg. of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. ethyl
      ester in a mixture of 4.5 ml. of methanol and 1.5 ml. of water is cooled
      to 5.degree. C. and 0.6 ml. of 45% aqueous potassium hydroxide is added.
      The mixture is allowed to stand 3.5 hrs. at 25.degree. C., then is diluted
      with 75 ml. of water and extracted once with ethyl acetate to remove any
      neutral material. The aqueous layer is separated, made acid with dilute
      hydrochloric acid and extracted 4 times with ethyl acetate. The extracts
      are combined and washed 3 times with water, once with brine, dried over
      sodium sulfate, and concentrated to give the PGF.sub.1.sub..alpha. -type
      title compound.
PAR  Following the procedure of Example 24, the methyl ester of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinorPGF.sub.1.sub..beta.  is
      transformed to the free acid, i.e. the formula-XX PGF.sub.1.sub..beta.
      -type title compound.
PAR  Following the procedure of Example 24, the methyl or ethyl esters of the
      various oxa-phenylene PGF-type compounds and their isomers are transformed
      to the corresponding free-acid oxa-phenylene PGF-type compounds.
PAC  EXAMPLE 25
PAC  dl-3-Oxa-3,5-inter-m-phenylene-4-nor-PGF.sub.2.sub..alpha.  Methyl Ester
      (Formula XXI: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationship, G is n-pentyl, Q is
      ##EQU80##
PAC  R.sub.1 is methyl, R.sub.3 and R.sub.4 are hydrogen, and .about. is alpha).
PAR  Refer to Chart C.
      dl-5,6-Dehydro-3-oxa-3,5-inter-m-phenylene-4-nor-PGF.sub.2.sub..alpha.
      methyl ester (200 mg.) in pyridine (4 ml.) and methanol (10 ml.) is
      hydrogenated in the presence of a 5%-palladium-on-barium sulfate catalyst
      (200 mg.) at 25.degree. and atmospheric pressure. The reaction is
      terminated when slightly more than one equivalent of hydrogen is absorbed.
      The mixture is filtered and evaporated. Ethyl acetate is added and
      residual pyridine is removed by addition of ice and 3 N. hydrochloric
      acid. The ethyl acetate layer is washed with 1 N. hydrochloric acid and
      then with brine, dried, and concentrated to yield the title product.
PAR  Following the procedure of Example 25, the 5,6-dehydro oxa-phenylene
      PGF.sub.2 compounds following Example 4 are reduced to the corresponding
      PGF.sub.2 compounds. Likewise, the 5,6-dehydro oxa-phenylene PGE, PGA, and
      PGB compounds disclosed herein are reduced to the corresponding PGE.sub.2,
      PGA.sub.2, and PGB.sub.2 compounds.
PAC  EXAMPLE 26
PAR  dl-.beta.,.beta.,.beta.-Trichloroethyl
      9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo[3.1.0]-hex-2.alp
     ha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6trinor-cis-7-nonenoate Acetonide
      (Formula LXXIX, Chart G: G is n-pentyl, J' is cis
      ##SPC131##
PAC  haloethyl is .beta.,.beta.,.beta.-trichloroethyl, R.sub.2, R.sub.11, and
      R.sub.12 are methyl, R.sub.9 and R.sub.26 are hydrogen, and .about. is
      alpha and endo).
PAR  Refer to chart G. Successively, .beta.,.beta.,.beta.-trichloroethanol (25
      ml.), pyridine (15 ml.), and dicyclohexylcarbodiimide (4.0 g.) are added
      to a solution of formula-LXXVIII compound
      dl-9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo[3.1.0]hex-2.a
     lpha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoic acid
      acetonide (Example 13, 2.0 g.) in 100 ml. of dichloromethane. This mixture
      is stirred 3 hrs. under nitrogen at 25.degree. C. Water (50 ml.) is then
      added, and the mixture is stirred 10 min. The dichloromethane is
      concentrated under reduced pressure, and the residue is extracted
      repeatedly with ethyl acetate. The combined extracts are washed with
      ice-cold 3 N. hydrochloric acid. Then, the extracts are washed
      successively with aqueous sodium bicarbonate solution and brine, dried,
      and concentrated under reduced pressure. The residue is chromatographed on
      600 g. of silica gel, eluting with 10 l. of a 20-100% ethyl
      acetate-Skellysolve B gradient, collecting 50ml. fractions. The middle
      fractions which show a product free of starting materials on TLC are
      combined and concentrated under reduced pressure to give the title
      compound.
PAR  Following the procedure of Example 26, but using in place of the
      formula-LXXVIII 3-hydroxybicyclo[3.1.0]hexane acid acetonide, each of the
      specific endo and exo, alpha and beta, saturated and unsaturated
      formula-LXXVIII hydroxy acid ketals defined after Example 13, there are
      obtained the corresponding .beta.,.beta.,.beta.-trichloroethyl esters of
      those 3-hydroxybicyclo[3.1.0]hexane acids.
PAR  Following the procedure of Example 26, but using in place of the
      formula-LXXVIII 3-hydroxybicyclo[3.1.0]hexane acid ketal, each of the
      specific formula-LXXX 3-oxo-acid ketals defined after Example 13, there
      are obtained the corresponding formula-LXXXI
      .beta.,.beta.,.beta.-trichloroethyl esters of those 3-oxo-acid ketals.
PAR  Following the procedure of Example 26 but using in place of the
      formula-LXXVIII 3-hydroxy-acid ketal, each of the specific formula-LXXXIV
      (Chart H) 3-hydroxy and formula-LXXXVI 3-oxo acids defined after Example
      14, there are obtained the corresponding formula-LXXXV and formulaLXXXVII
      .beta.,.beta.,.beta.-trichloroethyl esters of those acids, respectively.
PAR  Following the procedures of Examples 3 and 9, each of the formula-LXXXI
      cyclic ketal haloethyl esters of Example 26 is transformed to the
      corresponding formula XL (Chart D) 3-oxa or 4-oxa phenyl-substituted
      PGE.sub.1 .beta.,.beta.,.beta.-trichloroethyl ester. Thence, following the
      procedure of Example 23, each of the esters is transformed to the
      oxaphenylene PGE.sub.1 acid compound wherein R.sub.10 of formula-XL is
      replaced with hydrogen.
PAR  Following the procedure of Examples 2 and 3 each of the formula-LXXXVII
      olefin haloethyl esters of Example 26 is transformed to the corresponding
      formula-XLVII (Chart E) oxa-phenylene PGE.sub.1
      .beta.,.beta.,.beta.-trichloroethyl ester. Thence, following the procedure
      of Example 23, each of the esters is transformed to the corresponding
      PGE.sub.1 -type acid compound wherein R.sub.10 of formula-XL is replaced
      with hydrogen.
PAC  EXAMPLE 27
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 Methyl Ester (Formula
      XXIV: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-pentyl, Q is
      ##EQU81##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  A solution of diazomethane (about 50% excess) in diethyl ether (25 ml.) is
      added to a solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-pGA.sub.1 (Example 5, 50 mg.)
      in 25 ml. of a mixture of methanol and diethyl ether (1:1). The mixture is
      allowed to stand at 25.degree. C. for 5 min. Then the mixture is
      concentrated to give the title compound.
PAR  Following the procedure of Example 27, each of the other specific
      phenyl-substituted PGB type, PGA type, PGE type, and PGF type free acids
      defined above is converted to the corresponding methyl ester.
PAR  Also following the procedure of Example 27, but using in place of the
      diazomethane, diazoethane, diazobutane, 1-diazo-2-ethylhexane, and
      diazocyclohexane, there are obtained the corresponding ethyl, butyl,
      2-ethylhexyl, and cyclohexyl esters of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1. In the same manner,
      each of the other specific phenyl-substituted PGB type, PGA type, PGE
      type, and PGF type free acids defined above is converted to the
      corresponding ethyl, butyl, 2-ethylhexyl, and cyclohexyl esters.
PAC  EXAMPLE 28
PAC  dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl Ester
      Diacetate.
PAR  Acetic anhydride (5 ml.) and pyridine (5 ml.) are mixed with
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 20 mg.), and the mixture is allowed to stand at 25.degree. C.
      for 18 hrs. The mixture is then cooled to 0.degree. C., diluted with 50
      ml. of water, and acidified with 5% hydrochloric acid to pH 1. That
      mixture is extracted with ethyl acetate. The extract is washed
      successively with 5% hydrochloric acid, 5% aqueous sodium bicarbonate
      solution, water, and brine, dried and concentrated to give the title
      compound.
PAR  Following the procedure of Example 28 but replacing the acetic anhydride
      with propionic anhydride, isobutyric anhydride, and hexanoic acid
      anhydride, there are obtained the corresponding dipropionate,
      diisobutyrate and dihexanoate derivatives of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester.
PAR  Also following the procedure of Example 28, but replacing the
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 compound with
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha.  and
      -PGF.sub.1.sub..beta., and
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha
     .  and -PGF.sub.1 .sub..beta., there are obtained the corresponding
      triacetate derivatives of the 3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF
      compounds.
PAR  Also following the procedure of Example 28, each of the phenyl-substituted
      PGE type, PGF type, PGA type, and PGB type esters and free acids defined
      above is transformed to the corresponding acetates, propionates,
      isobutyrates, and hexanoates, the PGE-type derivatives being
      dicarboxyacylates, the PGF-type derivatives being tricarboxyacylates, and
      the PGA-type and PGB-type derivatives being monocarboxyacylates.
PAC  EXAMPLE 29
PAC  dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Sodium Salt.
PAR  A solution of dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1
      (Example 23, 100 mg.) in 50 ml. of a waterethanol mixture (1:1) is cooled
      to 5.degree. C. and neutralized with an equivalent amount of 0.1 N,
      aqueous sodium hydroxide solution. The neutral solution is concentrated to
      give the title compound.
PAR  Following the procedure of Example 29 but using potassium hydroxide,
      calcium hydroxide, tetramethylammonium hydroxide, and
      benzyltrimethylammonium hydroxide in place of sodium hydroxide, there are
      obtained the corresponding salts of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1.
PAR  Also following the procedure of Example 29 each of the phenyl-substituted
      PGE type, PGF type, PGA type, and PGB type acids defined above is
      transformed to the sodium, potassium, calcium, tetramethylammonium, and
      benzyltrimethylammonium salts.
PAR  The various Preparations and Examples given above describe the preparation
      of racemic intermediates and final products. Each of the intermediates and
      final products named and defined above is also obtained in each of the
      enantiomeric forms, d and l, by resolution that compound or by resolution
      of an intermediate used to prepare that compound. For example, natural
      configuration 3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 free acid
      is prepared by resolution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 free acid (Example
      5) or by dehydration as in Example 5 of optically active
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 free acid with the same
      absolute configuration. These resolutions are carried out by procedures
      known in the art, and may be used to obtain prostaglandin-like materials
      having the spatial configuration of the natural prostaglandins, as
      typified by the following Examples 30-32.
PAC  EXAMPLE 30
PAC  Natural Configuration 3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2 and
      PGF.sub.2 .sub..alpha. Methyl Esters (Formula-XVII and -XXI: wherein
      C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-pentyl, Q is
      ##EQU82##
PAC  R.sub.1 is methyl; R.sub.3 and R.sub.4 are hydrogen; and .about. is alpha).
PAR  The process shown in Chart D is used to prepare the PGE.sub.2 -type
      compound first. The formula-XXXVII cyclic ketal intermediate wherein G is
      n-pentyl; J' is
      ##SPC132##
PAL  R.sub.2, r.sub.9, and R.sub.26 are hydrogen; R.sub.10, R.sub.11, and
      R.sub.12 are methyl; and .about. is endo and alpha is prepared following
      the procedures of Example 9.
PAR  The formula-XXXVII compound is resolved as its optical isomers by the
      method of Corey et al., J. Am. Chem. Soc. 84, 2938 (1962), by reacting
      this keto compound with optically active L(+)-2,3-butanedithiol in the
      presence of p-toluene-sulfonic acid. The diastereomeric ketals are
      completely resolved on a preparative chromatographic column, and are then
      hydrolyzed separately, following the procedure of Example 9, to the
      formula-XXXVIII dihydroxy compounds. Transformation to the formula-XVII
      PGE.sub.2 -type compounds is accomplished by the procedures of Example 3.
      Of the separate diastereoisomers, one corresponds to the configuration of
      natural PGE.sub.2 and the other to its enantiomer. Conversion of the
      PGE.sub.2 -type compound having the configuration of the natural product
      to the PGF.sub.2.sub..alpha. -type methyl ester is done by borohydride
      reduction following the procedure of Example 4. The natural
      configuration-PGF.sub.2.sub..alpha. -type free acid is formed from the
      methyl ester by saponification, following the procedure of Example 24.
PAC  EXAMPLE 31
PAC  Natural Configuration 3-Oxa-3,5-inter-o-phenylene-4-nor-PGE.sub.1 Methyl
      Ester (Formula XVI: C.sub.g H.sub.2g is ethylene; C.sub.p H.sub.2p is a
      valence bond in ortho relationship to C.sub.g H.sub.2g, G is n-pentyl, Q
      is
      ##EQU83##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart E. A. Methyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo-[3.1.0]hex-2.alpha.-yl]-3-oxa-3,5-inte
     r-o-phenylene-4-nor-heptanoate (Formula-XLIV, Chart E: G is n-pentyl;
      R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl; Z' is
      ##SPC133##
PAL  and .about. is alpha and endo).
PAR  1. Methyl 2-(3-hydroxypropyl)phenoxyacetate. To a solution of potassium
      t-butoxide (11.2 g.) in 150 ml. of dry tetrahydrofuran at
      0.degree.-5.degree. C. is added with stirring 3-(o-hydroxyphenyl)propanol
      (15.2 g.) followed in a few minutes by methyl bromoacetate (20 g.). The
      cooling bath is removed and the mixture is stirred at ambient temperature
      until the reaction mixture becomes essentially neutral. The mixture is
      concentrated in vacuo at 30.degree. C. and the residue is shaken with
      ether and water. The organic layer is washed with dilute potassium
      hydroxide solution, water, brine, and is dried over sodium sulfate and
      then concentrated in vacuo. The residue is distilled in a high vacuum to
      afford methyl 2-(3-hydroxypropyl)phenoxyacetate. 2. Methyl
      2-(3-chloropropyl)phenoxyacetate. A mixture of methyl
      2-(3-hydroxypropyl)phenoxyacetate (step A-1, 25 g.) and thionyl chloride
      (20 ml.) is heated to reflux for 1-2 hrs. The excess thionyl chloride is
      removed in vacuo and the residue is distilled in a high vacuum to afford
      methyl 2-(3-chloropropyl)phenoxyacetate. 3. Methyl
      2-(3-iodopropyl)phenoxyacetate. A mixture of methyl
      2-(3-chloropropyl)phenoxyacetate (step A-2, 24.3 g.), acetone (250 ml.)
      and sodium iodide (30 g.) is heated to reflux with stirring for about 40
      hrs. The mixture is cooled, filtered and the filtrate is concentrated in
      vacuo at about 30.degree. C. The residue is diluted with ether and the
      solution is washed with water, dilute sodium thiosulfate solution, brine
      and is dried over magnesium sulfate and then concentrated in vacuo. The
      product, methyl 2-(3-iodopropyl)phenoxyacetate, is used directly in the
      next step. 4. Following the procedure of Example 1-B, but replacing the
      methyl m-(chloromethyl)phenoxyacetate with methyl 2-(3-iodopropyl)
      phenoxyacetate (step A-3, 18 g.) and allowing the alkylation reaction to
      proceed for about 5 min. before acidification with hydrochloric acid,
      there is obtained the desired formula-XLIV methyl
      7-]endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,5-inter
     -o-phenylene-4-nor-heptanoate.
PAR  Following the procedure of Example 30, the above racemic formula-XLIV
      compound is resolved as two optically active isomers. These are both
      transformed by the subseqeunt steps of this example to the formula-XVI
      PGE.sub.1 -type compounds, one of which corresponds to the configuration
      of natural PGE.sub.1 and the other to its enantiomer.
PAR  B. Methyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxo-bicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa
     -3,5-inter-o-phenylene-4-nor-heptanoate (Formula-XLV, Chart E: G' is
      n-pentyl; R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl;
      Z' is
      ##SPC134##
PAC  and .about. is alpha and endo). To a solution of methyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]-hex-2.alpha.-yl]-3-oxa-3,5-inte
     r-o-phenylene-4-nor-heptanoate (step A, above, 1.8 g.) in 30 ml. of
      tetrahydrofuran at 50.degree. is added, with stirring, osmium tetroxide
      (200 mg.) followed by potassium chlorate (1.2g.) and 15 ml. of water. The
      reaction mixture is maintained at 50.degree. for 2 hrs., cooled, the
      tetrahydrofuran is removed, and the aqueous phase is extracted with
      dichloromethane. The organic layer is dried and concentrated and the
      residue is chromatographed on 200 g. of silica gel. The column is eluted
      with 1 l. of 35% ethyl acetate-benzene and  1 l. of 40% ethyl
      acetate-benzene, collecting 30-ml. fractions. Those fractions containing
      the formula-XLV compound, in its isomeric erythro and threo forms, free of
      starting material and impurities, are combined and concentrated.
PAR  C. Title compound. To a solution of the formula-XLV dihydroxy compound
      (step B, above, 0.8 g.) in 10 ml. of pyridine, cooled to 0.degree., is
      added 1.2 ml. of methane-sulfonyl chloride. The reaction mixture is
      stirred for 2 hrs. and 20 g. of ice is added. The mixture is extracted
      with ether-dichloromethane (1:1) and the organic layer is washed
      successively with dilute hydrochloride acid, water, saturated aqueous
      sodium bicarbonate, and brine, dried, and concentrated. The residue,
      containing the bismesylate, is treated with 15 ml. of acetone and 10 ml.
      of water and stirred for 8-16 hrs. at 25.degree.. The acetone is removed
      in vacuo and the remaining solution is extracted with dichloromethane. The
      extract is dried and concentrated and the residue is chromatographed on
      150 g. of silica gel using 500 ml. ethyl acetate followed by 3% methanol
      ethyl acetate as eluting solvent while collecting 30-ml. fractions. Those
      fractions containing the formula-XLVII product, free of starting material
      and impurities, are combined and concentrated to give the title compound;
      principle NMR spectral peaks at  6.57-7.3 (multiplet); 5.42-5.65
      (multiplet); 4.60 (singlet) and 3.76 (singlet) .delta..
PAC  EXAMPLE 32
PAC  Natural Configuration
      3-Oxa-3,5-inter-o-phenylene-4-nor-PGF.sub.1.sub..alpha. Methyl Ester
      (Formula-XX: C.sub.g H.sub.2g is ethylene, C.sub.p H.sub.2p is a valence
      bond in ortho relationship to C.sub.g H.sub.2g, G is n-pentyl, Q is
      ##EQU84##
PAC  R.sub.1 is methyl, and .about. is alpha for the carboxyl-containing moiety
      and for the ring hydroxyl).
PAR  Refer to Chart A. Following the procedure of Example 4, the formula-XVI
      PGE.sub.1 -type compound of Example 31 is transformed to the title
      compound; principle NMR spectral peaks at 6.57-7.3 (multiplet); 5.33-5.56
      (multiplet); 4.62 (singlet) and 3.75 (singlet) .delta..
PAC  EXAMPLE 33
PAC  dl-3-Oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.3 Methyl Ester (Formula-XXXII;
      C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in meta
      relationship, C.sub.n H.sub.2n is methylene, Q is
      ##EQU85##
PAC  R.sub.1 is methyl, R.sub.5 is ethyl, and .about. is alpha) and
      dl-15-Beta-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.3 Methyl Ester
      ##EQU86##
PAR  a. Refer to Chart F. Following the procedure of Preparation 4B, a solution
      of 100 g. of endo-bicyclo-[3.1.0]hexan-3-ol-6-carboxaldehyde
      3-tetrahydropyranyl ether in 200 ml. of benzene is reacted with 250 g. of
      (hex-3-ynyl)triphenylphosphonium bromide (Axen et al., Chem. Comm. 1970,
      602) in 3 l. of benzene at about -15.degree. C. The mixture is warmed to
      70.degree. C. for 2.5 hours., cooled and filtered. The crude product is
      hydrolyzed to the 3-hydroxy compound and then oxidized to the 3-oxo ketone
      with Jones reagent. The desired fromula-LXIX intermediate is isolated
      after silica gel chromatography.
PAR  b. There is next prepared the formula-LXX compound by alkylation. Following
      the procedures of Example 1-B, the product of step a above is reacted with
      methyl 9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate
      (Preparation 7) to yield
      7-[endo-6-(cis-1-hepten-4-ynyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate.
PAR  c. Glycol LXXI is next prepared, employing the product of step b and
      following the procedures of Example 2. Without separating the isomeric
      glycols, the bismesylate corresponding to formula-LXXII is then prepared
      following the procedures of Example 3. Thereafter, following hydrolysis of
      the bismesylate by the procedures of Example 3, the bisdehydro E.sub.3
      type compound corresponding to formula-LXXIII is recovered. Silica gel
      chromatography yields the respective C-15 epimers.
PAR  d. Following the procedures of Preparation 8, each of the C-15 epimers of
      step C above is hydrogenated to yield the corresponding title compounds.
PAC  EXAMPLE 34
PAC  1-Bicyclo[3.1.0]hex-2-ene-6-endocarboxaldehyde Neopentyl Glycol Acetal
      (Formula .sub.CIX : R.sub.31 and R.sub.32 taken together are --CH.sub.2
      --C(CH.sub.3).sub.2 --CH.sub.2 -- and .about. is endo).
PAR  A mixture of 2,2-dimethyl-1,3-propanediol (900 g.), 5 l. of benzene and 3
      ml. of 85% phosphoric acid is heated at reflux. To it is added, in 1.5
      hr., a solution of optically active
      bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde (Prep.10, 500 g.) in one
      liter of benzene. Provision is made to take off azeotropically distilled
      water with a Dean-Stark trap. After 3 hr. the mixture is cooled and
      extracted with 2 liters off 5% sodium bicarbonate. The organic phase is
      dried over sodium sulfate and concentrated under reduced pressure. The
      resulting semisolid residue is taken up in methanol and recrystallized,
      using a total of 1200 ml. of methanol to which 600 ml. of water is added,
      then chilled to -13.degree. C. to yield 300 g. of the title compound, m.p.
      52.degree.-55.degree. C., and having NMR peaks at 0.66, 1.20, 0.83-2.65,
      3.17-3.8, 3.96, and 5.47-5.88 .delta., [.alpha.].sub.D - 227.degree.
      (C=0.8976 in methanol), and R.sub.f 0.60 (TLC on silica gel in 25% ethyl
      acetate in mixed isomeric hexanes). Further work-up of the mother liquors
      yields 50-100 g. of additional product.
PAR  Following the procedures of Example 34 but replacing the aldehyde with
      optically active bicyclo[3.1.0]hex-2-ene-6-exo-carboxaldehyde (see U.S.
      Pat. No. 3,711,515), there is obtained the corresponding formula-CIX
      acetal.
PAR  Following the procedures of Example 34 but using either the endo or exo
      form of the aldehyde and substituting for 2,2-dimethyl-1,3-propanediol one
      of the following glycols: ethylene glycol, 1,2-propanediol,
      1,2-hexanediol, 1,3-butanediol, 2,3-pentanediol, 2,4-hexanediol,
      2,4-octanediol, 3,5-nonanediol, 3,3-dimethyl-2,4-heptanediol,
      4-ethyl-4-methyl-3,5-heptanediol, phenyl-1,2-ethanediol and
      1-pentyl-1,2-propanediol, there are obtained the corresponding formula-CIX
      acetals.
PAC  EXAMPLE 35
PAC  d-8-(m-Acetoxyphenyl)-7-oxa-tricyclo-[4.2.0.0.sup.2,4
      ]octane-6-endo-carboxaldehyde Neopentyl Glycol Acetal (Formual CX: C.sub.p
      H.sub.2p is a valence bond with attachment in the meta position, R.sub.31
      and R.sub.32 taken together are --CH.sub.2 --C(CH.sub.3).sub.2 -CH.sub.2,
      R.sub.39 is
      ##EQU87##
PAC  and .about. is endo).
PAR  Refer to Chart L, step (a). A solution of the formula-CIX
      l-bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde neopentyl glycol acetal
      (Example 34, 5.82 g.) and m-acetoxybenzaldehyde (1.64 g.) in 25 ml. of
      benzene is charged to a Pyrex photolysis vessel equipped with an
      immersible water-cooled cold-finger and a fritted gas inlet tube.
      Dissolved oxygen is removed by bubbling nitrogen through the solution. The
      mixture is then irradiated at 350 nm. with a Rayonet Type RS Preparative
      Photochemical Reacter (The Southern New England Ultraviolet Co.,
      Middletown, Conn.) equipped with six RUL 3500 A lamps. After 24 hr. the
      photolysate is concentrated under reduced pressure to a pale yellow oil,
      10 g., which is subjected to silica gel chromatography. Elution with
      10-70% ethyl acetate in Skellysolve B (mixture of isomeric hexanes) yields
      separate fractions of the recovered starting material and the formula-CX
      title compound, a pale yellow oil, 0.86 g., having NMR peaks at 0.68.
      1.20, 0.8-2.5, 2.28, 2.99, 3.12-3.88, 3.48, 4.97-5.52, and 6.78-7.60
      .delta.; infrared absorption bands at 3040, 2950, 2860, 2840, 1765, 1610,
      1590, 1485, 1470, 1370, 1205, 1115, 1020, 1005, 990, 790, and 700
      cm.sup.-.sup.1 ; mass spectral peaks at 358, 357, 116, 115, 108, 107, 79,
      70, 69, 45, 43, and 41; [.alpha.].sub.D + 55.degree. (C=0.7505 in 95%
      ethanol); and R.sub.f 0.18 (TLC on silica gel in 25% ethyl acetate in
      mixed isomeric hexanes).
PAR  Following the procedures of Example 35 but replacing the formula-CIX acetal
      with the formula-CIX compounds disclosed following Example 34, there are
      obtained the corresponding formula-CX compounds in their endo or exo forms
      and with corresponding exemplification of R.sub.31 and R.sub.32.
PAR  Likewise following the procedures of Example 35 but replacing
      m-acetoxybenzaldehyde with aldehydes within the scope of formula CXIX
      above, as to C.sub.p H.sub.2p, the attachment position of the phenyl ring,
      and the carboxyacyl group R.sub.39, or defined above, the corresponding
      formula-CX oxetanes are obtained wherein .about. is endo or exo, and
      R.sub.31 and R.sub.32 correspond to the glycols employed after Example 34
      above. Specifically, the following formula-CXIX aldehydes are employed:
      ##SPC135##
PAC  EXAMPLE 36
PAC  d-2-Exo-[m-(pivaloyloxy)benzyl]-3-exobicyclo[3.1.0]hexane-6-endo-carboxalde
     hyde Neopentyl Glycol Acetal (Formula CXII: C.sub.p H.sub.2p is a valence
      bond with attachment in the meta position, R.sub.31 and R.sub.32 taken
      together are --CH.sub.2 --C(CH.sub.3).sub.2 --CH.sub.2 --, R.sub.43 is
      ##EQU88##
PAC  and .about. is endo).
PAR  (I). Refer to Chart L, steps (b) and (c). A mixture of lithium (0.25 g.) in
      70 ml. of ethylamine is prepared at 0.degree. C. and cooled to -78.degree.
      C. A solution of the formula-CX
      d-8-(m-acetoxyphenyl)-7-oxa-tricyclo[4.2.0.0.sup.2,4
      ]-octane-6-endo-carboxaldehyde neopentyl glycol acetal (Example 35, 1.83
      g.) in 10 ml. of tetrahydrofuran is added dropwise in about 5 min. After
      stirring at -78.degree. C. for about 3.5 hr. the reaction is quenched with
      solid ammonium chloride and water-tetrahydrofuran. Unreacted lithium is
      removed, the mixture is warmed slowly to about 25.degree. C., and
      ethylamine is removed. The residue is neutralized with dilute acetic acid,
      mixed with 200 ml. of brine, and extracted with ethyl acetate. The organic
      phase is washed with brine and a mixture of brine and saturated aqueous
      sodium bicarbonate (1:1), and dried over sodium sulfate. Concentration
      under reduced pressure yields the formula-CXI diol as a pale tan foamed
      oil, 1.64 g., having R.sub.f 0.03 (TLC on silica gel in 25% ethyl acetate
      in mixed isomeric hexanes).
PAR  (II). The product of part (I) is dissolved in 30 ml. of pyridine and
      treated with 1.5 ml. of pivaloyl chloride over a period of 22 hr. at about
      25.degree. C. The reaction mixture is mixed with water, then brine and
      extracted with ethyl acetate. The organic phase is washed successively
      with brine, water, saturated aqueous copper (II) sulfate, saturated
      aqueous sodium bicarbonate, and brine, and dried over sodium sulfate.
      Concentration under reduced pressure yields a residue, 2.53 g., which is
      subjected to silica gel chromatography to yield the formula-CXII title
      compound, 1.87 g., having NMR peaks at 0.71, 1.20, 1.33, 0.9-3.1,
      3.28-4.00, 4.17, 4.7-5.2, and 6.77-7.53 .delta.; mass spectral peaks at
      486, 485, 115, 73, 72, 57, 44, 43, 42, 41, 30, 29, 15; [.alpha.].sub.D
      +10.degree. (C=0.8385 in ethanol); and R.sub.f 0.50 (TLC on silica gel in
      25% ethyl acetate in mixed isomeric hexanes).
PAC  EXAMPLE 37
PAC  d-2-Exo-(m-acetoxybenzyl)-3-exo-acetoxybixyclo]3.1.0]hexane-6-endo-carboxal
     dehyde Neopentyl Glycol Acetal (Formula CXII: C.sub.p H.sub.2p is a valence
      bond with attachment in the meta position, R.sub.31 and R.sub.32 taken
      together are --CH.sub.2 C(CH.sub.3).sub.2 --CH.sub.2 --, R.sub.43 is
      ##EQU89##
PAC  and .about. is endo).
PAR  Following the procedure of Example 36-(II) but replacing pivaloyl chloride
      with acetic anhydride, and using 1.01 g. of the formula-CXI diol, there is
      obtained the title compound, 0.75 g., having NMR peaks at 0.72, 1.22,
      1.98, 2.27, 0.8-3.0, 3.28-3.85, 4.17, 4.75-5.22, and 6.8-7.47 .delta.;
      mass spectral peaks at 402, 401, 115, 107, 73, 69, 45, 44, 43, 42, 41,
      30;[.alpha.].sub.D +7.degree. (C=0.7060 in ethanol); and R.sub.f 0.66 (TLC
      on silica gel in 50% ethyl acetate in mixed isomeric hexanes).
PAC  EXAMPLE 38
PAC  2-Exo-[m-(pivaloyloxy)benzyl]-3-exo-(pivaloyloxy)bicyclo[3.1.0]hexane-6-end
     o-carboxaldehyde (Formula CXIII: C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, R.sub.42 is
      ##EQU90##
PAC  and .about. is endo).
PAR  Refer to Chart L step (d). The formula-CXII acetal, i.e.
      d-2-exo-[m-pivaloyloxy)benzyl]-3-exo-(pivaloyloxy)-bicycly[3.1.0]hexane-6-
     endo-carboxaldehyde neopentyl glycol acetal (Example 36, 0.48 g.) is
      treated at 0.degree. C. with 25 ml. of 88% formic acid for 4 hr. The
      mixture is diluted with 200 ml. of brine and extracted with ethyl acetate.
      The organic phase is washed with brine and saturated aqueous sodium
      bicarbonate, and dried over magnesium sulfate. Concentration under reduced
      pressure yields an oil, 0.55 g., which is subjected to silica gel
      chromatography. Elution with 5-15% ethyl acetate in Skellysolve B yields
      the formula-CXIII title compound as an oil, 0.37 g., having NMR peaks at
      1.20, 1.33, 0.6-3.2, 5.1-5.5, 6.6-7.5, and 9.73 .delta.;  and R.sub.f 0.50
      (TLC on silica gel in 25% ethyl acetate in mixed isomeric hexanes).
PAC  EXAMPLE 39
PAC  2-Exo-[m-(pivaloyloxy)benzyl]-3-exo-(pivaloyloxy)-6-endo-(cis-
      1-heptenyl)-bicyclo[3.1.0]hexane (Formula CXIV: C.sub.p H.sub.2p is a
      valence bond with attachment in the meta position, G is n-pentyl, R.sub.42
      is
      ##EQU91##
PAC  R.sub.2 is hydrogen, and .about. is endo); and
      2-Exo-(m-hydroxybenzyl)-3-exo-hydroxy-6-endo-(cis-1-heptenyl)bicyclo[3.1.0
     ]hexane (Formula CXV : C.sub.p H.sub.2p is a valence bond in the meta
      position, G is n-pentyl, R.sub.2 and R.sub.42 are hydrogen, and .about. is
      endo).
PAR  (I). Refer to Chart L, steps (e) and (f). The Wittig ylid reagent is
      prepared in 10 ml. of benzene from n-hexyltriphenylphosphonium bromide
      (0.79 g.) and n-butyllithium (0.6 ml. of 2.32 M. solution in hexane) at
      about 25.degree. C. for 0.5 hr. After the precipitated lithium bromdie has
      settled, the solution is removed and added to a cold (0.degree. C.) slurry
      of the formula-CXIII aldehyde (Examples 38, 0.37 g.). After 15 min. there
      is added 1.0 ml. of acetone and the mixture is heated to 60.degree. C. for
      10 min. The mixture is concentrated under reduced pressure. The residue is
      washed with 10% ethyl acetate in Skellysolve B and these washings are
      concentrated to the formula-CXIV title compound, an oil, 0.33 g. having
      NMR peaks at 1.18, 1.33, 0.6-3.2, 4.5-6.0 and 6.67-7.62 .delta.; and
      R.sub.f 0.78 (TLC on silica gel in 25% ethyl acetate in Skellysolve B).
PAR  (II.) The above product of part (I) is transformed to the formula-CXV diol
      by treatment with sodium methoxide (2.5 ml. of a 25% solution in methanol)
      for 4 hr., followed by addition of 0.5 g. of solid sodium methoxide and
      further stirring for 15 hr. at 25.degree. C., then at reflux for 6 hr. The
      mixture is cooled, mixed with 300 ml. of brine, and extracted with ethyl
      acetate. The organic phase is washed with brine, dried over magnesium
      sulfate, and concentrated under reduced pressure to a residue, 0.27 g. The
      residue is subjected to silica gel chromatography, eluting with 25-35%
      ethyl acetate in Skellysolve B, to yield the formula-CXV title compound an
      an oil, 0.21 g., having NMR peaks at 0.87, 0.6-3.25, 3.88-4.35, 4.82-5.92,
      and 6.47-7.33 .delta.; and R.sub.f 0.13 (TLC on silica gel in 25% ethyl
      acetate in Skellysolve B).
PAR  Following the procedures of Examples 36, 38, and 39 but replacing the
      formula CX oxetane with each of those obtained following Example 35, there
      are obtained successively the corresponding formula-CXI, -CXII, -CXIII,
      and -CXIV compounds wherein C.sub.p H.sub.2p and its attachment position
      on the phenyl ring correspond to the specific aldehydes employed following
      Example 35. These are obtained in both their endo and exo forms.
PAR  Further following the procedures of Example 39, but replacing the Wittig
      ylid reagent with one prepared from a compound of the formula
EQU  Br--P(C.sub.6 H.sub.5).sub.3 --CHR.sub.2 --G
PAL  wherein --CHR.sub.2 --G is each of the following:
PA1  --(CH.sub.2).sub.3 --CH.sub.3
PA1  --(ch.sub.2).sub.4 --ch.sub.3
PA1  --(ch.sub.2).sub.6 --ch.sub.3
PA1  --(ch.sub.2).sub.7 --ch.sub.3
PA1  --ch(ch.sub.3)--(ch.sub.2).sub.5 --ch.sub.3
PA1  --ch.sub.2 --ch(ch.sub.3)--(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch.sub.2 --c(ch.sub.3).sub.2 --(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch(ch.sub.3)--c(c.sub.2 h.sub.5).sub.2 --(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch.sub.2 --chf--(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch.sub.2 --cf.sub.2 --(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch(ch.sub.3)--cf.sub.2 --(ch.sub.2).sub.3 --ch.sub.3
      ##SPC136##
PA1  --(ch.sub.2).sub.2 --c.tbd.c--c.sub.2 h.sub.5
PA1  --ch.sub.2 --ch(ch.sub.3)--c.tbd.c--c.sub.2 h.sub.5
PA1  --ch.sub.2 --c(ch.sub.3).sub.2 --c.tbd.c--c.sub.2 h.sub.5
PAL  or
PA1  --CH(CH.sub.3)--CH.sub.2 --C.tbd.C--C.sub.2 H.sub.5
PAL  there are obtained the corresponding compounds within the scope of formula
      CXIV wherein C.sub.p H.sub.2p and its attachment to the phenyl ring
      correspond to the specific compounds of Example 39 and those illustrated
      in the paragraph immediately thereafter, in both their endo and exo forms.
PAC  EXAMPLE 40
PAC  2-Exo-{m-[(carboxy)methoxy]}-3-exo-hydroxy-6-endo-(cis-1-heptenyl)bicyclo[3
     .1.0]hexane (Formula CXVI : C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, G is n-pentyl, R.sub.1, R.sub.2, and
      R.sub.42 are hydrogen, and .about. is endo).
PAR  Refer to Chart L, step (g). The formula-CXV diol, i.e.
      2-exo-(m-hydroxybenzyl)-3-exo-hydroxy-6-endo-(cis-1-hepentyl)bicyclo[3.1.0
     ]hexane (Example 39, 0.19 g.) is treated in 8 ml. of dioxane with
      bromoacetic acid (0.61 g.) and 6 ml. of 1N. aqueous sodium hydroxide.
      After the mixture has been heated at reflux for 3 hr., with sodium
      hydroxide solution added when necessary to maintain a pH of about 10, the
      mixture is cooled, diluted with 100 ml. of water, and extracted with
      diethyl ether. The aqueous phase is acidified to pH 1-2 and extracted with
      ethyl acetate to yield the formula-CXVI title compound, a pale yellow oil,
      0.20 g. Recovered formula- CXV diol is obtained from the diethyl ether
      organic phase on drying and concentrating, 0.025 g.
PAR  Following the procedures of Example 40 but replacing bromoacetic acid with
      a haloacetate within the scope of Hal--CH.sub.2 --COOR.sub.1 as defined
      herein and specifically illustrated as follows
PA1  Cl--CH.sub.2 --COOCH.sub.3
PA1  Br--CH.sub.2 --COOC.sub.2 H.sub.5
PA1  Cl--CH.sub.2 --COOC.sub.8 H.sub.17 (n)
PA1  I--ch.sub.2 --cooch.sub.2 c.sub.6 h.sub.5
PA1  cl--CH.sub.2 --COO(m-Cl--C.sub.6 H.sub.4)
PAL  there are obtained the corresponding formula-CXVI compounds wherein R.sub.1
      is respectively methyl, ethyl, n-octyl, benzyl, and m-chlorophenyl.
PAR  Likewise following the procedures of Example 40 with each of the
      formula-CXIV compounds disclosed following Example 39 and using each of
      the haloacetates specifically identified above, there are obtained the
      corresponding formula-CXVI compounds.
PAC  EXAMPLE 41
PAC  3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha.  (Formula
      CI: C.sub.p H.sub.2p is a valence bond with attachment in the meta
      position, R.sub.30 is n-pentyl, and R.sub.1 and R.sub.2 are hydrogen).
PAR  (I.) Refer to Chart L. The formula-CXVI alkene is transformed to the title
      compound applying the procedures disclosed in U.S. Pat. No. 3,711,515.
      Thus, compound CXVI (Example 40) is hydroxylated by the procedures of
      Example 39 of that patent to the formula-CXVII glycol of Chart L, using
      osmium tetroxide either alone or in combination with N-methylmorpholine
      oxide-hydrogen peroxide complex.
PAR  The glycol is then either (1) sulfonated, for example to yield the
      bismesylate, and then hydroyzed to a mixture of the title compound and its
      15-epimer, applying the procedures of Example 7 of that patent, or (2)
      treated with substantially 100% formic acid to form the diformate of CI
      and thereafter hydroyzed to a mixture of the title compound and its 15
      epimer, applying the procedures of Examples 20 and 21 of that patent. The
      epimers are separated by silica gel chromatography to yield the title
      compound and its 15-epimer.
PAR  (II). A third route from glycol CXVII to the title compound is by way of a
      formula-CXX cyclic ortho ester
      ##SPC137##
PAL  wherein C.sub.p H.sub.2p, R.sub.46, R.sub.47 and .about. are as defined
      above. The glycol CXVII is treated as a 1-20% solution in benzene with
      trimethyl orthoformate (1.5-10 molar equivalents) and a catalytic amount
      (1% of the weight of the glycol) of pyridine hydrochloride at about
      25.degree. C. The reaction is followed by TLC (thin layer chromatography)
      and is complete in a few minutes. There is thus obtained the formula-CXX
      cyclic ortho ester in 100% yield.
PAR  The cyclic ortho ester is then treated with 20 volumes of 100% formic acid
      at about 25.degree. C. In about 10 min. the reaction mixture is quenched
      in water or aqueous alkaline bicarbonate solution and extracted with
      dichloromethane. The organic phase is shaken with 5% aqueous sodium
      bicarbonate, dried over sodium sulfate, and concentrated to yield the
      formula CXXI diester, in this example identical with the diformate of
      compound CI. The diformate is contacted with 10-50 volumes of anhydrous
      methanol and 10-20% of its weight of potassium carbonate at about
      25.degree. C. until the formyl groups are removed. The mixture of
      15-epimers thus obtained is then separated to yield the formula-CI title
      compound and its 15-epimer.
PAR  Following the procedures of Example 41, each of the formula- CXVI alkenes
      disclosed following Example 40 is converted into the corresponding
      oxa-phenylene PGF.sub..alpha. analog and its 15-epimer. There are likewise
      formed the corresponding oxa-phenylene 17,18-didehydro-PGF.sub..alpha.
      analogs as shown in Chart N.
PAC  EXAMPLE 42
PAC  2-Exo-[m-(carboxymethoxy)benzyl]-3-exohydroxy-6-endo-(cis-1-heptenyl)bicycl
     o-[3.1.0]hexane (Formula CXXVII: C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, G is n-pentyl, R.sub.1 and R.sub.2 are
      hydrogen, and .about. is endo).
PAR  Refer to Chart M, steps (a)-(f). There is first prepared the formula-CXXII
      oxetane. Following the procedures of Examples 34 and 35 but replacing the
      m-acetoxybenzaldehyde of Example 35 with an aldehyde within the scope of
      ##SPC138##
PAL  as to C.sub.p H.sub.2p, the attachment position on the phenyl ring, and the
      carboxyl group R.sub.44, as defined above, the corresponding formula-CXXII
      oxetanes are obtained with a fully developed side chain. Specifically, the
      following formula-CXXXI aldehydes are employed:
      ##SPC139##
PAR  Thereafter, following the procedures of Examples 36, 38, and 39, but
      replacing the formula-XX ocetane of Example 36 with those obtained by the
      procedure disclosed in the above paragraph of this example, there are
      obtained the corresponding formula-CXXVI products. Likewise following
      those procedures of Examples 36, 38, and 39, but replacing the Wittig ylid
      reagent of Example 39 with each one disclosed after Example 39, and
      applying it to each of the above formula-CX compounds of this example,
      there are obtained the corresponding formula-CXXVI compounds with those
      specific sidechains.
PAR  Finally, the blocking groups on each CXXVI compound are removed by methods
      disclosed herein or known in the art to yield the formula-CXXVII title
      compound and the corresponding formula-CXXVII compounds from those
      formula-CXXVI compounds above.
PAC  EXAMPLE 43
PAC  2-Exo-{m-[(methoxycarbonyl)methoxy]benzyl}-3-exo
      hydroxy-6-endo-(cis-1-heptenyl)bicyclo[3.1.0]hexane (Formula CXXVII:
      C.sub.p H.sub.2p is a valence bond with attachment in the meta position, G
      is n-pentyl, R.sub.1 is methyl, R.sub.2 is hydrogen, and .about. is endo).
PAR  Refer to Chart M. The formula-CXXVII acid (Example 40, 0.20 g.) is treated
      in methanol solution at 0.degree. C. with a solution of diazomethane in
      diethyl ether (prepared from N-methyl-N-nitroso-N'-nitroguanidine (2.0 g.)
      and potassium hydroxide (6 ml. of 40% aqueous solution)) until a permanent
      yellow color is produced, and the mixture is concentrated to yield the
      title compound, a pale tan oil.
PAC  EXAMPLE 44
PAC  l-6-Endo-(cis-1-heptenyl)-2-exo-{m-[(methoxycarbonyl)methoxy]benzyl}bicyclo
     [3.1.0]hexan-3-one (Formula CXXVIII: C.sub.p H.sub.2p is a valence bond
      with attachment in the meta position, G is n-pentyl, R.sub.1 is methyl,
      R.sub.2 is hydrogen, and .about. is endo).
PAR  Refer to Chart M, step (g). The formula-CXXVII methyl ester is oxidized to
      the bicyclic hexanone as follows. The formula-CXXVII methyl ester (Example
      41, 0.21 g.) is added in 2 ml. of dichloromethane to a solution of Collins
      reagent (prepared from pyridine (0.53 g.) and chromium trioxide (0.34 g.)
      in 10 ml. of dichloromethane) at about 25.degree. C. for 15 min. The
      mixture is then shaken with a mixture of 60 ml. of diethyl ether, ice, and
      25 ml. of 1 N. aqueous sodium hydroxide, and the organic phase is
      separated. The organic phase is washed with 1 N. aqueous sodium hydroxide,
      1.2 N. aqueous hydrochloric acid, and brine, dried, and concentrated under
      reduced pressure. The residue, a colorless oil, 0.19 g., is subjected to
      silica gel chromatography, eluting with 5- 20% ethyl acetate in
      Skellysolve B. There is thus obtained the formula-CXXVIII title compound,
      a colorless oil, 0.13 g., having NMR peaks at 0.87, 0.6-3.3, 3.77, 4.60,
      4.5-5.1, 5.37-5.95, and 6.58-7.40 .delta.; [.alpha.].sub.D -39.degree.
      (C=0.8380 in 95% ethanol); and R.sub.f 0.42 (TLC on silica gel in 25%
      ethyl acetate in Skellysolve B).
PAR  Following the procedures of Examples 43 and 44, each of the
      above-identified formula-CXXVII compounds following Example 42 is oxidized
      to the corresponding formula-CXXVIII compound.
PAC  EXAMPLE 45
PAC  3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1, Methyl Ester (Fomrula
      XCVII: C.sub.p H.sub.2p is a valence bond with attachment in the meta
      position, R.sub.1 is methyl, R.sub.30 is n-pentyl, and R.sub.2 is
      hydrogen).
PAR  Following the procedures of Example 41, the formula-CXXVIII alkene is
      transformed in several steps to the title compound.
PAR  Likewise, following the same procedures, each of the formula-CXXVIII
      alkenes disclosed following Example 44 is converted into the corresponding
      oxa-phenylene PGE analog and its 15 -epimer.
PAR  Following the procedures of Examples 34-45, each of the endo intermediates
      is replaced by the corresponding exo intermediate to yield the
      corresponding exo intermediate or the ultimate oxa-phenylene PG analog.
PAR  Likewise following the procedures of Examples 34-45, each of the optically
      active isomers is replaced by the corresponding racemic mixture to yield
      the corresponding racemic intermediate or ultimate oxa-phenylene PG analog
     .
CLMS
STM  I claim:
NUM  1.
PAR  1. An optically active compound of the formula:
      ##SPC140##
PAL  or a racemic mixture of that compound and its enantiomer, wherein D is one
      of the four carbocyclic moieties:
      ##SPC141##
PAL  wherein .about. indicates attachment of the hydroxyl or the side chain to
      the cyclopentane ring in alpha or beta configuration; wherein V is (1)
      C.sub.g H.sub.2g or (2) --CH=CH--C.sub.j H.sub.2j wherein C.sub.g H.sub.2g
      represents a valence bond or alkylene of one to 4 carbon atoms, inclusive,
      with one or 2 chain carbon atoms between --CH.sub.2 -- and the phenylene
      ring, and wherein C.sub.j H.sub.2j represents a valence bond or alkylene
      of one to 2 carbon atoms with one chain carbon atom between --CH=CH-- and
      the phenylene ring; wherein C.sub.n H.sub.2n is alkylene of one to 4
      carbon atoms, inclusive; wherein C.sub.p H.sub.2p represents a valence
      bond or alkylene of one to 4 carbon atoms, inclusive, with one or 2 chain
      carbon atoms between the ring and the --O--; wherein C.sub.g H.sub.2g and
      C.sub.p H.sub.2p together represent zero to 8 carbon atoms, inclusive,
      with total chain lengths zero to 3 carbon atoms, inclusive; wherein Q is
      ##EQU92##
      wherein R.sub.2 is hydrogen or alkyl of one to 4 carbon atoms, inclusive;
      wherein R.sub.1 is hydrogen, alkyl of one to 12 carbon atoms, inclusive,
      cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive; and wherein R.sub.5 is alkyl of
      one to 4 carbon atoms, inclusive, substituted with zero, one, 2, or 3
      fluoro; including the lower alkanoates thereof and the pharmacologically
      acceptable salts thereof when R.sub.1 is hydrogen.
NUM  2.
PAR  2. A compound according to claim 1 wherein D is
      ##SPC142##
NUM  3.
PAR  3. A compound according to claim 1 wherein D is
      ##SPC143##
NUM  4.
PAR  4. A compound according to claim 1 wherein D is
      ##SPC144##
NUM  5.
PAR  5. A compound according to claim 1 wherein D is
      ##SPC145##
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ABST
PAL  This invention is a group of PGF.sub.1.sub..beta. -type and
      PGF.sub.2.sub..beta. -type oxa-phenylene compounds, and processes for
      making them. These compounds are useful for a variety of pharmacological
      purposes, including inhibition of platelet aggregation, treatment of
      asthma, labor inducement at term, and cervical dilation.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 302,567, filed Oct. 30, 1972, which was a continuation-in-part of my
      then copending application Ser. No. 121,572, filed Mar. 5, 1971 both now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to compositions of matter, and to methods and
      intermediates for producing them. In particular, the several aspects of
      this invention relate to novel oxa-phenylene analogs of some of the known
      prostaglandins, for example prostaglandin E.sub.1 (PGE.sub.1),
      prostaglandin E.sub.2 (PGE.sub.3), prostaglandin F.sub.1
      (PGF.sub.1.sub..alpha.  and PGF.sub.1 .sub..beta.), prostaglandin F.sub.2
      (PGF.sub.2.sub..alpha.  and PGF.sub.2.sub..beta.), prostaglandin A.sub.1
      (PGA.sub.1), prostaglandin A.sub.2 (PGA.sub.2), prostaglandin B.sub.1
      (PGB.sub.1), prostaglandin B.sub.2 (PGB.sub.2), the corresponding PG.sub.3
      's, and the dihydro PG.sub.1 derivatives, to novel methods for producing
      those novel prostaglandin analogs, and to novel chemical intermediates
      useful in those novel methods.
PAR  Each of the above-mentioned known prostaglandins is a derivative of
      prostanoic acid which has the following structure and atom numbering:
      ##SPC1##
PAL  A systematic name for prostanoic acid is
      7-[(2.beta.-octyl)-cyclopent-1.alpha.-yl]heptanoic acid.
PAR  PGE.sub.1 has the following structure:
      ##SPC2##
PAL  Pgf.sub.1 .sub..alpha.  has the following structure:
      ##SPC3##
PAL  Pgf.sub.1 .sub..beta.  has the following structure:
      ##SPC4##
PAL  Pga.sub.1 has the following structure:
      ##SPC5##
PAL  Pgb.sub.1 has the following structure:
      ##SPC6##
PAR  Each of the known prostaglandins PGE.sub.2, PGF.sub.2 .sub..alpha.,
      PGF.sub.2.sub..beta., PGA.sub.2, and PGB.sub.2 has a structure the same as
      that shown for the corresponding PG.sub.1 compound except that in each,
      C-5 and C-6 are linked with a cis carbon-carbon double bond. For example,
      PGE.sub.2 has the following structure:
      ##SPC7##
PAR  Each of the known PG.sub.3 prostaglandins has a structure the same as that
      of the PG.sub.2 compounds except that in each, C-17 and C-18 are linked
      with a cis carbon-carbon double bond. For example, PGE.sub.3 has the
      following structure:
      ##SPC8##
PAR  Each dihydro derivative of PGE.sub.1, PGF.sub.1.sub..alpha.,
      PGF.sub.1.sub..beta., PGA.sub.1, and PGB.sub.1 has a structure the same as
      that shown for the corresponding PG.sub.1 compound except that in each,
      C-13 and C-14 are linked with a carbon-carbon single bond. For example,
      dihydro-PGE.sub.1 has the following structure:
      ##SPC9##
PAR  The prostaglandin formulas mentioned above each have several centers of
      asymmetry. As drawn, formulas II to IX each represents the particular
      optically active form of the prostaglandin obtained from certain mammalian
      tissues, for example, sheet vesicular glands, swine lung, and human
      seminal plasma, or by reduction or dehydration of a prostaglandin so
      obtained. See, for example, Bergstrom et al., Pharmacol. Rev. 20, 1
      (1968), and references cited therein. The mirror image of each formula
      represents a molecule of the enantiomer of that prostaglandin. The racemic
      form of the prostaglandin consists of equal numbers of two types of
      molecules, one represented by one of the above formulas and the other
      represented by the mirror image of that formula. Thus, both formulas are
      needed to define a racemic prostaglandin. See Nature 212, 38 (1966) for
      discussion of the stereochemistry of the prostaglandins.
PAR  In formulas I-IX, as well as in the formulas given hereinafter, broken line
      attachments to the cyclopentane ring indicate substituents in alpha
      configuration, i.e., below the plane of the cyclopentane ring. Heavy solid
      line attachments to the cyclopentane ring indicate substituents in beta
      configuration, i.e., above the plane of the cyclopentane ring.
PAR  Prostaglandins with carboxyl-terminated side chains attached to the
      cyclopentane ring in beta configuration are also known. These are
      derivatives of 8-iso-prostanoic acid which has the following formula:
      ##SPC10##
PAL  A systematic name for 8-iso-prostanoic acid is
      7-[(2.beta.-octyl)-cyclopent-1.beta.-yl]heptanoic acid.
PAR  The side-chain hydroxy at C-15 in formulas II to IX is in alpha (S)
      configuration. See Nature 212, 38 (1966) for discussion of the
      stereochemistry of the prostaglandins.
PAR  PGE.sub.1, PGE.sub.2, dihydro-PGE.sub.1, and the corresponding
      PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds, and their esters,
      acylates, and pharmacologically acceptable salts, are extremely potent in
      causing various biological responses. For that reason, these compounds are
      useful for pharmacological purposes. See, for example, Bergstrom et al.,
      Pharmacol. Rev. 20, 1 (1968), and references cited therein. A few of those
      biological responses are stimulation of smooth muscle as shown, for
      example, by tests of strips of guinea pig ileum, rabbit duodenum, or
      gerbil colon; potentiation of other smooth muscle stimulants;
      antilipolytic activity as shown by antagonism of epinephrine-induced
      mobilization of free fatty acids or inhibition of the spontaneous release
      of glycerol from isolated rat fat pads; inhibition of gastric secretion in
      the case of the PGE and PGA compounds as shown in dogs with secretion
      stimulated by food or histamine infusion; activity on the central nervous
      system; controlling spasm and facilitating breathing in asthmatic
      conditions; decreasing blood platelet adhesiveness as shown by
      platelet-to-glass adhesiveness, and inhibition of blood platelet
      aggregation and thrombus formation induced by various physical stimuli,
      e.g., arterial injury, and various biochemical stimuli, e.g., ADP, ATP,
      serotonin, thrombin, and collagen; and in the case of the PGE and PGB
      compounds, stimulation of epidermal proliferation and keratinization as
      shown when applied in culture to embryonic chick and rat skin segments.
PAR  Because of these biological responses; these known prostaglandins are
      useful to study, prevent, control, or alleviate a wide variety of diseases
      and undesirable physiological conditions in birds and mammals, including
      humans, useful domestic animals, pets, and zoological specimens, and in
      laboratory animals, for example, mice, rats, rabbits, and monkeys.
PAR  For example, these compounds, and especially the PGE compounds, are useful
      in mammals, including man, as nasal decongestants. For this purpose, the
      compounds are used in a dose range of about 10 .mu.g. to about 10 mg. per
      ml. of a pharmacologically suitable liquid vehicle or as an aerosol spray,
      both for topical application.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., and PGA compounds are useful in
      the treatment of asthma. For example, these compounds are useful as
      bronchodilators or as inhibitors of mediators, such as SRS-A, and
      histamine which are released from cells activated by an antigen-antibody
      complex. Thus, these compounds control spasm and facilitate breathing in
      conditions such as bronchial asthma, bronchitis, bronchiectasis, pneumonia
      and emphysema. For these purposes, these compounds are administered in a
      variety of dosage forms, e.g., orally in the form of tablets, capsules, or
      liquids; rectally in the form of suppositories; parenterally,
      subcutaneously, or intramuscularly, with intravenous administration being
      preferred in emergency situations; by inhalation in the form of aerosols
      or solutions for nebulizers; or by insufflation in the form of powder.
      Doses in the range of about 0.01 to 5 mg. per kg. of body weight are used
      1 to 4 times a day, the exact dose depending on the age, weight, and
      condition of the patient and on the frequency and route of administration.
      For the above use these prostaglandins can be combined advantageously with
      other anti-asthmatic agents, such as sympathomimetics (isoproterenol,
      phenylephrine, ephedrine, etc); xanthine derivatives (theophylline and
      aminophylline); and corticosteroids (ACTH and predinisolone). Regarding
      use of these compounds see South African Pat. No. 681,055.
PAR  The PGE and PGA compounds are useful in mammals, including man and certain
      useful animals, e.g., dogs and pigs, to reduce and control excessive
      gastric secrection, thereby reducing or avoiding gastrointestinal ulcer
      formation, and accelerating the healing of such ulcers already present in
      the gastrointestinal tract. For this purpose, the compounds are injected
      or infused intravenously, subcutaneously, or intramuscularly in an
      infusion dose range about 0.1 .mu.g. to about 500 .mu.g. per kg. of body
      weight per minute, or in a total daily dose by injection or infusion in
      the range about 0.1 to about 20 mg. per kg. of body weight per day, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful whenever
      it is desired to inhibit platelet aggregation, to reduce the adhesive
      character of platelets, and to remove or prevent the formation of thrombi
      in mammals, including man, rabbits, and rats. For example, these compounds
      are useful in the treatment and prevention of myocardial infarcts, to
      treat and prevent post-operative thrombosis, to promote patency of
      vascular grafts following surgery, and to treat conditions such as
      atherosclerosis, arteriosclerosis, blood clotting defects due to lipemia,
      and other clinical conditions in which the underlying etiology is
      associated with lipid imbalance or hyperlipidemia. For these purposes,
      these compounds are administered systemically, e.g., intravenously,
      subcutaneously, intramuscularly, and in the form of sterile implants for
      prolonged action. For rapid response, especially in emergency situations,
      the intravenous route of administration is preferred. Doses in the range
      about 0.005 to about 20 mg. per kg. of body weight per day are used, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are especially
      useful as additives to blood, blood products, blood substitutes, and other
      fluids which are used in artificial extracorporeal circulation and
      perfusion of isolated body portions, e.g., limbs and organs, whether
      attached to the original body, detached and being preserved or prepared
      for transplant, or attached to a new body. During these circulations and
      perfusions, aggregated platelets tend to block the blood vessels and
      portions of the circulation apparatus. This blocking is avoided by the
      presence of these compounds. For this purpose, the compound is added
      gradually or in single or multiple portions to the circulating blood, to
      the blood of the donor animal, to the perfused body portion, attached or
      detached, to the recipient, or to two or all of those at a total steady
      state dose of about 0.001 to 10 mg. per liter of circulating fluid. It is
      especially useful to use these compounds in laboratory animals, e.g.,
      cats, dogs, rabbits, monkeys, and rats, for these purposes in order to
      develop new methods and techniques for organ and limb transplants.
PAR  PGE compounds are extremely potent in causing stimulation of smooth muscle,
      and are also highly active in potentiating other known smooth muscle
      stimulators, for example, oxytocic agents, e.g., oxytocin, and the various
      ergot alkaloids including derivatives and analogs thereof. Therefore,
      PGE.sub.2, for example, is useful in place of or in combination with less
      than usual amounts of these known smooth muscle stimulators, for example,
      to relieve the symptoms of paralytic ileus, or to control or prevent
      antonic uterine bleeding after abortion or delivery, to aid in expulsion
      of the placenta, and during the puerperium. For the latter purpose, the
      PGE compound is administered by intravenous infusion immediately after
      abortion or delivery at a dose in the range about 0.01 to about 50 .mu.g.
      per kg. of body weight per minute until the desired effect is obtained.
      Subsequent doses are given by intravenous, subcutaneous, or intramuscular
      injection or infusion during puerperium in the range 0.01 to 2 mg. per kg.
      of body weight per day, the exact dose depending on the age, weight, and
      condition of the patient or animal.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful in place
      of oxytocin to induce labor in pregnant female animals, including man,
      cows, sheep, and pigs, at or near term, or in pregnant animals with
      intrauterine death of the fetus from about 20 weeks to term. For this
      purpose, the compound is infused intravenously at a dose of 0.01 to 50
      .mu.g. per kg. of body weight per minute until or near the termination of
      the second stage of labor, i.e., expulsion of the fetus. These compounds
      are especially useful when the female is one or more weeks post-mature and
      natural labor has not started, or 12 or 60 hours after the membranes have
      ruptured and natural labor has not yet started. An alternative route of
      administration is oral.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful for
      controlling the reproductive cycle in ovulating female mammals, including
      humans and animals such as monkeys, rats, rabbits, dogs, cattle, and the
      like. By the term ovulating female mammals is meant animals which are
      mature enough to ovulate but not so old that regular ovulation has ceased.
      For that purpose PGF.sub.2.sub..alpha., for example, is administered
      systemically at a dose level in the range 0.01 mg. to about 20 mg. per kg.
      of body weight of the female mammal, advantageously during a span of time
      starting approximately at the time of ovulation and ending approximately
      at the time of menses or just prior to menses. Intravaginal and
      intrauterine are alternative routes of administration. Additionally,
      expulsion of an embryo or a fetus is accomplished by similar
      administration of the compound during the first third of the normal
      mammalian gestation period.
PAR  As mentioned above, the PGE compounds are potent antagonists of
      epinephrine-induced mobilization of free fatty acids. For this reason,
      this compound is useful in experimental medicine for both in vitro and in
      vivo studies in mammals, including man, rabbits, and rats, intended to
      lead to the understanding, prevention, symptom alleviation, and cure of
      diseases involving abnormal lipid mobilization and high free fatty acid
      levels, e.g., diabetes mellitus, vascular diseases, and hyperthyroidism.
PAR  The PGA compounds and derivatives and salts thereof increase the flow of
      blood in the mammalian kidney, thereby increasing volume and electrolyte
      content of the urine. For that reason, PGA compounds are useful in
      managing cases of renal dysfunction, especially those involving blockage
      of the renal vascular bed. Illustratively, the PGA compounds are useful to
      alleviate and correct cases of edema resulting, for example, from massive
      surface burns, and in the management of shock. For these purposes, the PGA
      compounds are preferably first administered by intravenous injection at a
      dose in the range of 10 to 1000 .mu.g. per kg. of body weight or by
      intravenous infusion at a dose in the range 0.1 to 20 .mu.g. per kg. of
      body weight per minute until the desired effect is obtained. Subsequent
      doses are given by intravenous, intramuscular, or subcutaneous injection
      or infusion in the range 0.05 to 2 mg. per kg. of body weight per day.
PAR  The PGE and PGB compounds promote and accelerate the growth of epidermal
      cells and keratin in animals, including humans, useful domestic animals,
      pets, zoological specimens, and laboratory animals. For that reason, these
      compounds are useful to promote and accelerate healing of skin which has
      been damaged, for example, by burns, wounds, and abrasions, and after
      surgery. These compounds are also useful to promote and accelerate
      adherence and growth of skin autografts, especially small, deep (Davis)
      grafts which are intended to cover skinless areas by subsequent outward
      growth rather than initially, and to retard rejection of homografts.
PAR  For these purposes, these compounds are preferably administered topically
      at or near the cite where cell growth and keratin formation is desired,
      advantageously as an aerosol liquid or micronized powder spray, as an
      isotonic aqueous solution in the case of wet dressings, or as a lotion,
      cream, or ointment in combination with the usual pharmaceutically
      acceptable diluents. In some instances, for example, when there is
      substantial fluid loss as in the case of extensive burns or skin loss due
      to other causes, systemic administration is advantageous, for example, by
      intravenous injection or infusion, separate or in combination with the
      usual infusions of blood, plasma, or substitutes thereof. Alternative
      routes of administration are subcutaneous or intramuscular near the site,
      oral, sublingual, buccal, rectal, or vaginal. The exact dose depends on
      such factors as the route of administration, and the age, weight, and
      condition of the subject. To illustrate, a wet dressing for topical
      application to second and/or third degree burns of skin area 5 to 25
      square centimeters would advantageously involve use of an isotonic aqueous
      solution containing 1 to 500 .mu.g./ml. of the PGB compound or several
      times that concentration of the PGE compound. Especially for topical use,
      these prostaglandins are useful in combination with antibiotics, for
      example, gentamycin, neomycin, polymyxin B, bacitracin, spectinomycin, and
      oxytetracycline, with other antibacterials, for example, mafenide
      hydrochloride, sulfadiazine, furazolium chloride, and nitrofurazone, and
      with corticoid steroids, for example, hydrocortisone, prednisolone,
      methylprednisolone, and fluprednisolone, each of those being used in the
      combination at the usual concentration suitable for its use alone.
PAR  The PGE and PGF compounds are useful in causing cervical dilation in
      pregnant and nonpregnant female mammals for purposes of gynecology and
      obstetrics. In labor induction and in clinical abortion produced by these
      compounds, cervical dilation is also observed. In cases of infertility,
      cervical dilation produced by PGE and PGF compounds is useful in assisting
      sperm movement to the uterus. Cervical dilation by prostaglandins is also
      useful in operative gynecology such as D and C (Cervical Dilation and
      Uterine Curettage) where mechanical dilation may cause performation of the
      uterus, cervical tears, or infections. It is also useful in diagnostic
      procedures where dilation is necessary for tissue examination. For these
      purposes, the PGE and PGF compounds are administered locally or
      systemically. PGE.sub.2, for example, is administered orally or vaginally
      at doses of about 5 to 50 mg. per treatment of an adult female human, with
      from one to five treatments per 24 hour period. PGE.sub.2 is also
      administered intramuscularly or subcutaneously at doses of about one to 25
      mg. per treatment. The exact dosages for these purposes depend on the age,
      weight, and condition of the patient or animal.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds are useful
      in reducing the undesirable gastrointestinal effects resulting from
      systemic administration of anti-inflammatory prostaglandin synthetase
      inhibitors, and are used for that purpose by concomitant administration of
      the prostaglandin and the anti-inflammatory prostaglandin synthetase
      inhibitor. See Partridge et al., U.S. Pat. No. 3,781,429, for a disclosure
      that the ulcerogenic effect induced by certain non-steroidal
      anti-inflammatory agents in rats is inhibited by concomitant oral
      administration of certain prostaglandins of the E and A series, including
      PGE.sub.1, PGE.sub.2, PGE.sub.3, 13,14-dihydro-PGE.sub.1, and the
      corresponding 11-deoxy-PGE and PGA compounds.
PAR  The anti-inflammatory synthetase inhibitor, for example, indomethacin,
      aspirin, or phenylbutazone is administered in any of the ways known in the
      art to alleviate an inflammatory condition, for example, in any dosage
      regimen and by any of the known routes of systemic administration. The
      prostaglandin is administered along with the anti-inflammatory
      prostaglandin synthetase inhibitor either by the same route of
      administration or by a different route. For example, if the
      anti-inflammatory substance is being administered orally, the
      prostaglandin is also administered orally or, alternatively, is
      administered rectally in the form of a suppository or, in the case of
      women, vaginally in the form of a suppository or a vaginal device for slow
      release, for example as described in U.S. Pat. No. 3,545,439.
      Alternatively, if the anti-inflammatory substance is being administered
      rectally, the prostaglandin is also administered rectally or,
      alternatively, orally or, in the case of women vaginally. It is especially
      convenient when the administration route is to be the same for both
      anti-inflammatory substance and prostaglandin, to combine both into a
      single dosage form.
PAR  The dosage regimen for the prostaglandin in accord with this treatment will
      depend upon a variety of factors, including the type, age, weight, sex and
      medical condition of the mammal, the nature and dosage regimen of the
      anti-inflammatory synthetase inhibitor being administered to the mammal,
      the sensitivity of the particular individual mammal to the particular
      synthetase inhibitor with regard to gastrointestinal effects, and the
      particular prostaglandin to be administered.
PAC  SUMMARY OF THE INVENTION
PAR  It is a purpose of this invention to provide novel oxa-phenylene
      prostaglandin analogs, and process for making them.
PAR  The novel prostaglandin analogs of this invention each have an oxa oxygen
      (--O--) and a divalent phenylene moiety
      ##SPC11##
PAL  in the carboxyl-terminated side chain of the prostanoic acid structure (I)
      or the 8-iso-prostanoic acid structure (X). These divalent groups are
      located between the carboxyl group and the cyclopentane ring, and are
      either in addition to the six methylene portions of said chain or in place
      of one to five of said methylene portions. Bonding to the phenylene ring
      is either ortho, meta, or para. The oxa group is between the phenylene
      moiety and the carboxyl group.
PAR  Some of the novel prostaglandin analogs of this invention also have, in
      addition, a benzene ring as part of the C-13 to C-20 chain of the
      prostanoic acid structure (I) or 8-iso-prostanoic acid structure (X). That
      benzene ring is present as a substituted or unsubstituted phenyl moiety
      attached as a substituent to one of the methylenes between C-15 and the
      terminal methyl of the prostanoic acid or 8-isoprostanoic acid structure.
      Alternatively, the substituted or unsubstituted phenyl moiety is attached
      to the terminal or omega carbon of the C-16 to C-20 portion of the chain,
      replacing one of the hydrogens of the terminal methyl, the entire terminal
      methyl, or the terminal methyl plus one to four of the methylenes adjacent
      to that terminal methyl.
PAR  For example, five of the novel prostaglandin analogs of this invention are
      represented by the formulas:
      ##SPC12##
PAL  Based on its relationship to PGE.sub.1 and prostanoic acid, the compound of
      formula XI is named 3-oxa-4,5-inter-p-phenylene-PGE.sub.1. Similarly, the
      compound of formula XII is named
      15(R)-3-oxa-3,6-inter-m-phenylene-4,5-dinor-13,14-dihydro-PGF.sub.1.sub..a
     lpha., the compound of formula XIII is named
      8-iso-3-oxa-19-phenyl-4,7-inter-m-phenylene-5,6-dinor-PGA.sub.1, the
      compound of the formula XIV is named
      3-oxa-16-(4-chloro-phenyl)-3,5-inter-o-phenylene-4,17,18,19,20-pentanor-PG
     F.sub.2 .sub..beta., and the compound of formula XV is named
      5,6-dehydro-4-oxa-4,5-inter-m-phenylene-PGB.sub.2.
PAR  These names for the compounds of formulas XI to XV are typical of the names
      used hereinafter for the novel compounds of this invention. These names
      can better be understood by reference to the structure and numbering
      system of prostanoic acid (Formula I, above). That formula has seven
      carbon atoms in the carboxy-terminated chain and eight carbon atoms in the
      hydroxy-containing chain. In these names, "3-oxa" and "4-oxa" indicate an
      oxa oxygen (--O--) in place of the 3-methylene and 4-methylene,
      respectively of the PG compound.
PAR  The use of "nor,"  "dinor," "trinor," "tetranor," "pentanor," "hexanor,"
      and the like in the names for the novel compounds of this invention
      indicates the absence of one or more of the chain carbon atoms and the
      attached hydrogen atoms. The number or numbers in front of nor, dinor,
      etc., indicate which of the original prostanoic acid carbon atoms are
      missing in the named compound.
PAR  Each of the names of the novel compounds of this invention contains
      (inter-p-phenylene), (inter-m-phenylene), or (inter-o-phenylene), preceded
      by two numbers. That indicates that p-phenylene, m-phenylene, or
      o-phenylene has been inserted between (inter) the two carbon atoms so
      numbered in the formula of prostanoic acid.
PAR  Thus, formula XIII differs from prostanoic acid in that an oxa oxygen
      replaces carbon 3, carbons 5 and 6 of prostanoic acid are missing,
      m-phenylene has been inserted between carbons 4 and 7 of prostanoic acid,
      and a phenyl has been attached to carbon 19 of prostanoic acid. Formula
      XIII also, of course, is an A type prostaglandin, having a carbonyl oxygen
      and a 10:11 double bond.
PAR  Novel compounds of this invention with the carboxyl-terminated chain
      attached to the cyclopentane ring in beta configuration are 8-iso
      compounds (formula X), and are so designated by using "8-iso" in the name.
      An example is the name given above for the compound of formula XIII. If
      8-iso does not appear in the name, attachment of the carboxy-terminated
      chain in alpha configuration is to be assumed.
PAR  Novel compounds of this invention with epi configuration for the hydroxy at
      C-15 are so designated by using "15(R)" in the name. See, for example, the
      name given above for the formula-XII compound. Alternately, "15-beta" is
      used. See. R. S. Cahn, Journal of Chemical Education Vol. 41, page 116
      (1964) for a discussion of S and R configurations. If "15(R)" or "15-beta"
      does not appear in the name, the natural configuration for the C-15
      hydroxy, identified as the "S" configuration for PGE.sub.1, is to be
      assumed.
PAR  Some of the novel compounds of this invention differ structurally in other
      ways from the known prostanoic acid derivatives, having for example, more
      or fewer carbon atoms in either chain, and having one or more alkyl and/or
      fluoro substituents in the chains.
PAR  The following formulas represent the novel oxaphenylene compounds of this
      invention.
      ##SPC13##
PAL  Formulas XVI-XIX, and XXXII represent oxa-phenylene compounds of the PGE
      type. Formulas XX-XXIII, and XXXIII represent oxa-phenylene compounds of
      the PGF type. Formulas XXIV-XXVII, and XXXIV represent oxa-phenylene
      compounds of the PGA type. Formulas XXVIII-XXXI, and XXXV represent
      oxa-phenylene compounds of the PGB type.
PAR  In formulas XVI to XXXV, the wavy line .about. indicates attachment of the
      hydroxyl or the side chain to the cyclopentane ring in alpha or beta
      configuration;
PAR  G is (1) alkyl of 2 to 10 carbon atoms, inclusive, substituted with zero,
      one, 2, or 3 fluoro or (2) a monovalent moiety of the formula
      ##SPC14##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of 1 to 10
      carbon atoms, inclusive, substituted with zero, one, or 2 fluoro, with one
      to 7 carbon atoms, inclusive, between
      ##EQU1##
      and the ring, wherein T is alkyl of one to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of one to 4 carbon atoms, inclusive, and wherein s is
      zero, one, 2, or 3, with the proviso that not more than two T's are other
      than alkyl R.sub.1 is hydrogen, alkyl of one to 12 carbon atoms,
      inclusive, cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to
      12 carbon atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3
      chloro or alkyl of one to 4 carbon atoms, inclusive, or ethyl substituted
      in the .beta.-position with 3 chloro, 2 or 3 bromo, or 1, 2, or 3 iodo; Q
      is
      ##EQU2##
      wherein R.sub.2 is hydrogen or alkyl of one to 4 carbon atoms, inclusive;
      R.sub.3 and R.sub.4 are hydrogen or methyl; and R.sub.5 is alkyl of one to
      4 carbon atoms, inclusive, substituted with zero, one, 2, or 3 fluoro.
PAR  Likewise, in formulas XVI to XXXV, C.sub.g H.sub.2g represents a valence
      bond or alkylene of one to 4 carbon atoms, inclusive, with one or 2 chain
      carbon atoms between --CH.sub.2 -- and the ring; C.sub.j H.sub.2j
      represents a valence bond -- alkylene of one or 2 carbon atoms with one
      chain carbon atom between the chain unsaturation and the ring; C.sub.n
      H.sub.2n is alkylene of one to 4 carbon atoms, inclusive; C.sub.p H.sub.2p
      represents a valence bond or alkylene of one to 4 carbon atoms, inclusive,
      with one or 2 chain carbon atoms between the ring and --O--, wherein
      C.sub.g H.sub.2g and C.sub.p H.sub.2p together represent zero to 8 carbon
      atoms, inclusive, with total chain lengths zero to 3 carbon atoms,
      inclusive, and wherein C.sub.j H.sub.2j and C.sub.p H.sub.2p together
      represent zero to 6 carbon atoms, inclusive, with total chain lengths zero
      to 3 carbon atoms, inclusive.
PAR  Regarding the meaning of C.sub.g H.sub.2g, C.sub.j H.sub.2j, and C.sub.p
      H.sub.2p as defined above, the novel compounds of this invention include
      compounds wherein a carbon atom of the phenylene moiety is attached
      directly to the C-7 methylene or the C-5 =CR.sub.4 --in ortho, meta, or
      para orientation relative to the oxa-containing portion of the carboxyl
      chain. When C.sub.g H.sub.2g represents alkylene, the chain of carbon
      atoms which connects the C-7 methylene to a carbon atom of phenylene will
      be one or 2 carbon atoms long. When C.sub.j H.sub.2j represents alkylene,
      the chain of carbon atoms which connects =CR.sub.4 -- to a carbon atom of
      phenylene will be one carbon atom long. C.sub.p H.sub.2p represents a
      valence bond or alkylene of one to 6 carbon atoms, inclusive, with one or
      2 carbon atoms between the ring and the --O--. Any or all of these
      alkylene chains are unsubstituted or substituted with alkyl carbons in the
      form of one or more alkyl groups within the total carbon content of each
      chain as specified above, i.e., a maximum of 4 carbon atoms of C.sub.g
      H.sub.2g, 2 carbons for C.sub.j H.sub.2j, and 4 carbons for C.sub.p
      H.sub.2p. When C.sub.g H.sub.2g or C.sub.j H.sub.2j is alkylene, it is the
      same as or different than C.sub.p H.sub.2p, 8 carbon atoms being the
      maximum total carbon content and 3 carbon atoms being the maximum total
      chain length for the combination of C.sub.g H.sub.2g and C.sub.p H.sub.2p,
      and 6 carbon atoms being the maximum total carbon content and 3 carbon
      atoms being the maximum total chain length for the combination of C.sub.j
      H.sub.2j and C.sub.p H.sub.2p. To illustrate these definitions, when
      C.sub.g H.sub.2g is ethylene, C.sub.p H.sub.2p is methylene, or one of
      them is a valence bond and the other is ethylene, but both are not
      ethylene. In this first illustration, where the total chain length of
      C.sub.g H.sub.2g and C.sub. p H.sub.2p is 3 carbon atoms, up to 5 carbon
      atoms are in the alkyl substituents.
PAR  Formulas XVI through XXXV include the separate isomers wherein Q is either
      ##EQU3##
      i.e. where the hydroxyl is in either alpha (natural) or beta
      configuration. Referring to the prostanoic acid atom numbering (formula I
      above), the point of attachment corresponds to C-15, and, herein,
      regardless of the variation in the C-1 to C-7 carboxy chain, these epimers
      are referred to as "C-15 epimers".
PAR  Formulas XX-XXIII, and XXXIII wherein the C-9 hydroxyl (following
      prostanoic acid atom numbering) is attached to the cyclopentane with a
      wavy line .about. include both PGF.sub..alpha.- and PGF.sub..beta.-type
      compounds.
PAR  Included in Formulas XVII, XXI, XXV, and XXIX, are both the cis and the
      trans compounds with respect to the C-5 to C-6 double bonds in the
      carboxyl-terminated side chain. In all of the compounds containing the
      C.sub.13 to C.sub.14 double bond, that double bond is in trans
      configuration, and the chain containing that moiety is attached to the
      cyclopentane ring in beta configuration in compounds encompassed by
      formulas XVI to XXXV.
PAR  The novel oxa-phenylene compounds of this invention include racemic
      compounds and both optically active enantiomeric forms thereof. As
      discussed hereinabove, two structural formulas are required to define
      accurately these racemic compounds. The formulas as drawn herein are
      intended to represent compounds with the same configuration as the
      naturally-occurring prostaglandins. However, for convenience in the charts
      herein only a single structural formula is used, for example in Chart D,
      to define not only the optically active form but also the racemic
      compounds which generally undergo the same reactions.
PAR  Formula XVI represents 3-oxa-4,5-inter-p-phenylene-PGE.sub.1 (formula XI
      hereinabove) when C.sub.g H.sub.2g is ethylene, C.sub.p H.sub.2p is
      methylene, G is n-pentyl, Q is
      ##EQU4##
      R.sub.1 is hydrogen, C.sub.g H.sub.2g and C.sub.p H.sub.2p are attached to
      the phenylene in para orientation, and the carboxyl-terminated side chain
      is attached to the cyclopentane ring in alpha configuration.
PAR  With regard to formulas XVI to XXXV, examples of alkyl of one to 4 carbon
      atoms, inclusive, or methyl, ethyl, propyl, butyl, and isomeric forms
      thereof. Examples of alkyl of 1 to 8 carbon atoms, inclusive, are those
      given above, and pentyl, hexyl, heptyl, octyl, and isomeric forms thereof.
      Examples of alkyl of one to 12 carbon atoms, inclusive, are those given
      above, and nonyl, decyl, undecyl, dodecyl, and isomeric forms thereof.
      Examples of cycloalkyl of 3 to 10 carbon atoms, inclusive, which includes
      alkyl-substituted cycloalkyl, are cyclopropyl, 2-methylcyclopropyl,
      2,2-dimethylcyclopropyl, 2,3-diethylcyclopropyl, 2-butylcyclopropyl,
      cyclobutyl, 2-methylcyclobutyl, 3-propylcyclobutyl,
      2,3,4-triethylcyclobutyl, cyclopentyl, 2,2-dimethylcyclopentyl,
      3-pentylcyclopentyl, 3-tert-butylcyclopentyl, cyclohexyl,
      4-tert-butylcyclohexyl, 3-isopropylcyclohexyl, 2,2-dimethylcyclohexyl,
      cycloheptyl, cyclooctyl, cyclononyl, and cyclodecyl. Examples of aralkyl
      of 7 to 12 carbon atoms, inclusive, are benzyl, phenethyl, 1-phenylethyl,
      2-phenylpropyl, 4-phenylbutyl, 3-phenylbutyl, 2-(1-naphthylethyl), and
      1-(2-naphthylmethyl). Examples of phenyl substituted by one to 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive, are p-chlorophenyl,
      m-chlorophenyl, o-chlorophenyl, 2,4-dichlorophenyl, 2,4,6-trichlorophenyl,
      p-tolyl, m-tolyl, o-tolyl, p-ethylphenyl, p-tert-butylphenyl,
      2,5-dimethylphenyl, 4-chloro-2-methylphenyl, and
      2,4-dichloro-3-methylphenyl.
PAR  Examples of alkyl of two to 10 carbon atoms, inclusive, substituted with
      one to 3 fluoro, are 2-fluoroethyl, 2-fluorobutyl, 3-fluorobutyl,
      4-fluorobutyl, 5-fluoropentyl, 4-fluoro-4-methylpentyl, 3-fluoroisoheptyl,
      8-fluorooctyl, 3,4-difluorobutyl, 4,4-difluoropentyl, 5,5-difluoropentyl,
      5,5,5-trifluoropentyl, and 10,10,10-trifluorodecyl.
PAR  Examples of alkylene within the various scopes of C.sub.g H.sub.2g, C.sub.j
      H.sub.2j, C.sub.p H.sub.2p, C.sub.n H.sub.2n, and C.sub.t H.sub.2t, as
      those are defined above, are methylene, ethylene, trimethylene,
      tetramethylene, pentamethylene, hexamethylene, and heptamethylene, and
      those alkylene with one or more alkyl substituents on one or more carbon
      atoms, thereof, e.g., --CH(CH.sub.3)--, --C(CH.sub.3).sub.2 --,
      --CH(CH.sub.2 CH.sub.3)--, --CH.sub.2 --CH(CH.sub.3)--,
      --CH(CH.sub.3)--CH(CH.sub.3)--, --CH.sub.2 --C(CH.sub.3).sub.2 --,
      --CH.sub.2 --CH(CH.sub.3)--CH.sub.2 --, --CH.sub.2 --CH.sub.2
      --CH(CH.sub.2 CH.sub.2 CH.sub.3)--, --CH(CH.sub.3)--CH(CH.sub.3)--CH.sub.2
      --CH.sub.2 --, --CH.sub.2 --CH.sub.2 --CH.sub.2 --C(CH.sub.3).sub.2
      --CH.sub.2 --, --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CH(CH.sub.3)--, --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2
      --C(CH.sub.3).sub.2 --, --CH(CH.sub.3)--CH.sub.2 --CH(CH.sub.3)--CH.sub.2
      --CH.sub.2 --CH(CH.sub.3)--, and --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CH.sub.2 --CH.sub.2 --CH.sub.2 --C(CH.sub.3).sub.2 --.
PAR  Examples of alkylene substituted with one or 2 fluoro and within the scope
      of C.sub.t H.sub.2t, as defined above, are --CHF--CH.sub.2 --, CHF--CHF--,
      --CH.sub.2 --CH.sub.2 --CF.sub.2 --, --CH.sub.2 --CHF--CH.sub.2 --,
      --CH.sub.2 --CH.sub.2 --CF(CH.sub.3)--, --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CF.sub.2 --, and --CHF--CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CH.sub.2 --CH.sub.2 --.
PAR  Examples of
      ##SPC15##
PAL  as defined above are phenyl, p-tolyl, m-tolyl, o-tolyl, p-fluorophenyl,
      m-fluorophenyl, o-fluorophenyl, p-chlorophenyl, m-chlorophenyl,
      o-chlorophenyl, p-trifluoromethylphenyl, m-trifluoromethylphenyl,
      p-trifluoromethylphenyl, p-hydroxyphenyl, m-hydroxyphenyl,
      o-hydroxyphenyl, p-methoxyphenyl, m-methoxyphenyl, o-methoxyphenyl,
      p-tetrahydropyranyloxyphenyl, m-tetrahydropyranyloxyphenyl,
      o-tetrahydropyranyloxyphenyl, o-ethylphenyl, m-isopropylphenyl,
      p-tert-butylphenyl, p-butoxyphenyl, 3,4-dimethylphenyl, 2,4-diethylphenyl,
      2,4,6-trimethylphenyl, 3,4,5-trimethylphenyl, 2,4-dichlorophenyl,
      3,4-difluorophenyl, 2-chloro-4-methylphenyl, 2-fluoro-4-methoxyphenyl,
      3,5-dimethyl-4-fluorophenyl, 2,6-dimethyl-4-hydroxyphenyl, and
      2,4-di(trifluoromethyl)phenyl.
PAR  The novel formula XVI-XIX, and XXXII PGE-type oxa-phenylene compounds, the
      novel formula XX-XXIII, and XXXIII PGF.sub..alpha.-type and
      PGF.sub..beta.-type oxa-phenylene compounds, the novel formula XXIV-XXVII,
      and XXXIV PGA-type oxa-phenylene compounds, and the novel formula
      XXVIII-XXXI, and XXXV PGB-type oxa-phenylene compounds each cause the
      biological responses described above for the PGE, PGF.sub..alpha.,
      PGF.sub..beta., PGA, and PGB compounds, respectively, and each of these
      novel compounds is accordingly useful for the above-described
      corresponding purposes, and is used for those purposes in the same manner
      as described above.
PAR  The known PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds
      uniformly cause multiple biological responses even at low doses. For
      example, PGE.sub.1 and PGE.sub.2 both cause vasodepression and smooth
      muscle stimulation at the same time they exert antilipolytic activity.
      Moreover, for many applications, these known prostaglandins have an
      inconveniently short duration of biological activity. In striking
      contrast, the novel prostaglandin analogs of formulas XVI to XXXV are
      substantially more specific with regard to potency in causing
      prostaglandin-like biological responses, and have a substantially longer
      duration of biological activity. Therefore, each of these novel
      prostaglandin analogs is useful in place of one of the corresponding
      above-mentioned known prostaglandins for at least one of the
      pharmacological purposes indicated above for the latter, and is
      surprisingly and unexpectedly more useful for that purpose because it has
      a different and narrower spectrum of biological activity than the known
      prostaglandin, and therefore is more specific in its activity and causes
      smaller and fewer undesired side effects than the known prostaglandin.
      Moreover, because of its prolonged activity, fewer and smaller doses of
      the novel prostaglandin analog can frequently be used to attain the
      desired result.
PAR  To obtain the optimum combination of biological response specificity,
      potency, and duration of activity, certain compounds within the scope of
      formulas XVI to XXXV are preferred. For example, in compounds of formulas
      XVI, XIX, XX, XXIII, XXIV, XXVII, XXVIII, and XXXI, it is preferred that
      the carboxyl-terminated side chain contain a total of 2 to 4 chain carbon
      atoms, inclusive, excluding the phenylene and --COOR.sub.1, and including
      the C-7 methylene. In other words, preferred compounds of these formulas
      are those wherein C.sub.g H.sub.2g and C.sub.p H.sub.2p together represent
      zero, one, or 2 chain carbon atoms. Especially preferred compounds of
      these formulas are those wherein C.sub.g H.sub.2g and C.sub.p H.sub.2p
      each represent a valence bond, and those wherein C.sub.g H.sub.2g
      represents a valence bond and C.sub.p H.sub.2p represents a single chain
      carbon atom, especially methylene.
PAR  In compounds of formulas XVII, XVIII, XXI, XXII, XXV, XXVI, XXIX, XXX,
      XXXII, XXXIII, XXXIV, and XXXV, it is preferred that the
      carboxyl-terminated side chain contain a total of 4 or 5 chain carbon
      atoms, excluding the phenylene and --COOR.sub.1, and including --CH.sub.2
      --CR.sub.3 =CR.sub.4 -- and --CH.sub.2 --C.tbd.C--. In other words,
      preferred compounds of these formulas are those wherein C.sub.j H.sub.2j
      and C.sub.p H.sub.2p together represent zero or one chain carbon atoms.
      Included in these coumpounds are those wherein C.sub.j H.sub.2j and
      C.sub.p H.sub.2p each represent a valence bond, and those wherein C.sub.j
      H.sub.2j represents a valence bond, and C.sub.p H.sub.2p represents a
      single chain carbon atom, especially methylene.
PAR  As used herein, a chain carbon atom is part of the direct chain carbon
      atoms linking the C-7 methylene or =CR.sub.4 -- to the phenylene, the
      phenylene to the oxa, and the oxa to --COOR.sub.1. Thus, the chain
      --CH(CH.sub.3)--C(CH.sub.3).sub.2 -- contains 5 carbon atoms but only 2
      chain atoms.
PAR  Another preference for the carboxy-terminated side chain in compounds of
      formulas XVI to XXXV is that the phenylene be a meta-phenylene.
PAR  Another preference for the compounds of formulas XVI to XXXV is that
      R.sub.2, R.sub.3, and R.sub.4 are hydrogen or methyl. All of those R
      groups can be hydrogen, all can be methyl, or there can be any of the
      possible combinations of hydrogen and methyl.
PAR  Certain variations in the nature of G in the compounds of formulas XVI to
      XXXV are especially important. In the known PG.sub.1 and PG.sub.2
      prostaglandins, e.g., PGE.sub.1, the portion of the molecule corresponding
      to G in formulas XVI to XXXI is n-pentyl. When G is unsubstituted alkyl or
      fluoro-substituted alkyl as defined above, there is a preference which
      results in compounds with optimum combinations of biological properties:
      namely that G is straight chain alkyl of 3 to 7 carbon atoms, inclusive,
      with or without a fluoro substituent at the 1-position , e.g.,
      --CHF--(CH.sub.2).sub.a --CH.sub.3, wherein a is one, 2, 3, 4, or 5.
      Especially preferred among these are n-pentyl and 1-fluoropentyl.
PAR  When G is substituted alkyl, it is preferred that the 1-position be mono-
      or di-substituted with one or two alkyl groups containing from one to 4
      carbon atoms, inclusive. Especially preferred are formula XVI-to-XXXV
      compounds wherein G is substituted at the 1-position with methyl and/or
      ethyl, e.g. --CH(CH.sub.3)--(CH.sub.2).sub.c --CH.sub.3, --CH(C.sub.2
      H.sub.5)--(CH.sub.2).sub.c --CH.sub.3, --C(CH.sub.3).sub.2
      --(CH.sub.2).sub.c --CH.sub.3, --C(C.sub.2 H.sub.5).sub.2
      --(CH.sub.2).sub.c --CH.sub.3, or --C(CH.sub.3)(C.sub.2
      H.sub.5)--(CH.sub.2).sub.c --CH.sub.3, wherein c is 2, 3, or 4.
PAR  When G represents
      ##SPC16##
PAL  as defined above, it is preferred for compounds with optimum combination of
      biological properties that C.sub.t H.sub.2t be a valence bond, i.e., t is
      zero, or alkylene of one to 4 carbon atoms, inclusive, i.e.,
      --(CH.sub.2).sub.d -- wherein d is one, 2, 3, or 4, with or without a
      fluoro or alkyl substituent on the carbon adjacent to the
      hydroxy-substituted carbon (C-15 in PGE.sub.1), e.g.,
      --CHF--(CH.sub.2).sub.e --, --CH(CH.sub.3)--(CH.sub.2).sub.e --, or
      --C(CH.sub.3).sub.2 --(CH.sub.2).sub.e --, wherein e is zero, one, 2, or
      3. Further, it is preferred that the phenyl ring when present and
      substituted, be substituted at least at the para position.
PAR  In compounds of formulas XXXII to XXXV, it is preferred that C.sub.n
      H.sub.2n be methylene and that R.sub.5 be ethyl.
PAR  Another way of expressing the above preferences for G is that when G is
      alkyl or fluoro-substituted alkyl it be a group represented by
      ##EQU5##
      wherein a is one, 2, 3, 4, or 5, and wherein R.sub.21 and R.sub.22 are
      hydrogen, alkyl of one to 4 carbon atoms, inclusive, or fluoro, being the
      same or different, with the proviso that R.sub.22 is fluoro only when
      R.sub.21 is hydrogen or fluoro.
PAR  Furthermore, when G is
      ##SPC17##
PAL  it is preferred that when C.sub.t H.sub.2t is alkylene or
      fluoro-substituted alkylene it be a group represented by
      ##EQU6##
      wherein e is zero, one, 2, or 3, and wherein R.sub.21 and R.sub.22 are as
      defined above.
PAR  Still another preference is that Q be
      ##EQU7##
      wherein R.sub.2 is as defined hereinabove.
PAR  Another advantage of the novel compounds of this invention, especially the
      preferred compounds defined hereinabove, compared with the known
      prostaglandins, is that these novel compounds are administered effectively
      orally, sublingually, intravaginally, buccally, or rectally, in addition
      to usual intravenous, intramuscular, or subcutaneous injection or infusion
      methods indicated above for the uses of the known prostaglandins. These
      qualities are advantageous because they facilitate maintaining uniform
      levels of these compounds in the body with fewer, shorter, or smaller
      doses, and make possible self-administration by the patient.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type oxa-phenylene
      compounds encompassed by formulas XVI to XXXV including the special
      classes of compounds described above, are used for the purposes described
      above in the free acid form, in ester form, or in pharmacologically
      acceptable salt form. When the ester form is used, the ester is any of
      those within the above definition of R.sub.1. However it is preferred that
      the ester be alkyl of one to 12 carbon atoms, inclusive. Of those alkyl,
      methyl and ethyl are especially preferred for optimum absorption of the
      compound by the body or experimental animal system; and straight-chain
      octyl, nonyl,, decyl, undecyl, and dodecyl are especially preferred for
      prolonged activity in the body or experimental animal.
PAR  Pharmacologically acceptable salts of these formula XVI-to-XXXV compounds
      useful for the purposes described above are those with pharmacologically
      acceptable metal cations, ammonium, amine cations, or quaternary ammonium
      cations.
PAR  Especially preferred metal cations are those derived from the alkali
      metals, e.g., lithium, sodium and potassium, and from the alkaline earth
      metals, e.g., magnesium and calcium, although cationic forms of other
      metals, e.g., aluminum, zinc, and iron, are within the scope of this
      invention.
PAR  Pharmacologically acceptable amine cations are those derived from primary,
      secondary, or tertiary amines. Examples of suitable amines are
      methylamine, dimethylamine, trimethylamine, ethylamine, dibutylamine,
      triisopropylamine, N-methylhexylamine, decylamine, dodecylamine,
      allylamine, crotylamine, cyclopentylamine, dicyclohexylamine, benzylamine,
      dibenzylamine, .alpha.-phenylethylamine, .beta.-phenylethylamine,
      ethylenediamine, diethylenetriamine, and like aliphatic, cycloaliphatic,
      and araliphatic amines containing up to and including about 18 carbon
      atoms, as well as heterocyclic amines, e.g., piperidine, morpholine,
      pyrrolidine, piperazine, and lower-alkyl derivatives thereof, e.g.,
      1-methylpiperidine, 4-ethylmorpholine, 1-isopropylpyrrolidine,
      2-methylpyrrolidine, 1,4-dimethylpiperazine, 2-methylpiperidine, and the
      like, as well as amines containing water-solubilizing or hydrophilic
      groups, e.g., mono-, di-, and triethanolamine, ethyldiethanolamine,
      n-butylethanolamine, 2-amino-1-butanol, 2-amino-2-ethyl-1,3-propanediol,
      2-amino-2-methyl-1-propanol, tris-(hydroxymethyl)aminomethane,
      N-phenylethanolamine, N-(p-tert-amylphenyl)-diethanolamine, galactamine,
      N-methylglucamine, N-methylglucosamine, ephedrine, phenylephrine,
      epinephrine, procaine, and the like.
PAR  Examples of suitable pharmacologically acceptable quaternary ammonium
      cations are tetramethylammonium, tetraethylammonium,
      benzyltrimethylammonium, phenyltriethylammonium, and the like.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type oxa-phenylene
      compounds encompassed by formulas XVI to XXXV including the special
      classes of compounds described above, are also used for the purposes
      described above in free hydroxy form or in the form wherein the hydroxy
      moieties are transformed to lower alkanoate moieties, e.g., --OH to
      --OCOCH.sub.3. Examples of lower alkanoate moieties are acetoxy,
      propionyloxy, butyryloxy, valeryloxy, hexanoyloxy, heptanoyloxy,
      octanoyloxy, and branched chain alkanoyloxy isomers of those moieties.
      Especially preferred among these alkanoates for the above described
      purposes are the acetoxy compounds. These free hydroxy and alkanoyloxy
      compounds are used as free acids, as esters, and in salt form all as
      described above.
PAR  As discussed above, the compounds of formulas XVI to XXXV are administered
      in various ways for various purposes; e.g., intravenously,
      intramuscularly, subcutaneously, orally, intravaginally, rectally,
      buccally, sublingually, topically, and in the form of sterile implants for
      prolonged action. For intravenous injection or infusion, sterile aqueous
      isotonic solutions are preferred. For that purpose, it is preferred
      because of increased water solubility that R.sub.1 in the formula
      XVI-to-XXXV compound be hydrogen or a pharmacologically acceptable cation.
      For subcutaneous or intramuscular injection, sterile solutions or
      suspensions of the acid, salt, or ester form in aqueous or non-aqueous
      media are used. Tablets, capsules, and liquid preparations such as syrups,
      elixirs, and simple solutions, with the usual pharmaceutical carriers are
      used for oral sublingual administration. For rectal or vaginal
      administration, suppositories prepared as known in the art are used. For
      tissue implants, a sterile tablet or silicone rubber capsule or other
      object containing or impregnated with the substance is used.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA and PGB type oxa-phenylene
      compounds encompassed by formulas XVI to XXXV are produced by the
      reactions and procedures described and exemplified hereinafter.
PAR  The various PGF.sub..alpha.-type and PGF.sub..beta.-type oxa-phenylene
      compounds encompassed by formulas XX-XXIII and XXXIII are prepared by
      carbonyl reduction of the corresponding PGE type compounds encompassed by
      formulas XVI-XIX and XXXII. For example, carbonyl reduction of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 gives a mixture of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. and
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..beta..
PAR  These ring carbonyl reductions are carried out by methods known in the art
      for ring carbonyl reductions of known prostanoic acid derivatives. See,
      for example, Bergstrom et al., Arkiv Kemi 19, 563 (1963), Acta Chem.
      Scand. 16, 969 (1962), and British Patent Specification No. 1,097,533. Any
      reducing agent is used which does not react with carbon-carbon double
      bonds or ester groups. Preferred reagents are
      lithium(tri-tert-butoxy)aluminum hydride, the metal borohydrides,
      especially sodium, potassium and zinc borohydrides, and metal trialkoxy
      borohydrides, e.g., sodium trimethoxyborohydride. The mixtures of alpha
      and beta hydroxy reduction products are separated into the individual
      alpha and beta isomers by methods known in the art for the separation of
      analogous pairs of known isomeric prostanoic acid derivatives. See, for
      example, Bergstrom et al., cited above, Granstrom et al., J. Biol. Chem.
      240, 457 (1965), and Green et al., J. Lipid Research 5, 117 (1964).
      Especially preferred as separation methods are partition chromatographic
      procedures, both normal and reversed phase, preparative thin layer
      chromatography, and countercurrent distribution procedures.
PAR  The various PGA-type oxa-phenylene compounds encompassed by formulas
      XXIV-XXVII and XXXIV are prepared by acidic dehydration of the
      corresponding PGE type compounds encompassed by formulas XVI-XIX and
      XXXII. For example, acidic dehydration of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 gives
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1.
PAR  These acidic dehydrations are carried out by methods known in the art for
      acidic dehydrations of known prostanoic acid derivatives. See, for
      example, Pike et al., Proc. Nobel Symposium II, Stockholm (1966),
      Interscience Publishers, New York, pp. 162-163 (1967); and British Patent
      Specification No. 1,097,533. Alkanoic acids of 2 to 6 carbon atoms,
      inclusive, especially acetic acid, are preferred acids for this acidic
      dehydration. Dilute aqueous solutions of mineral acids, e.g., hydrochloric
      acid, especially in the presence of a solubilizing diluent, e.g.,
      tetrahydrofuran, are also useful as reagents for this acidic dehydration,
      although these reagents may cause partial hydrolysis of an ester reactant.
PAR  The various PGB-type oxa-phenylene compounds encompassed by formulas
      XXVIII-XXXI and XXXV are prepared by basic dehydration of the
      corresponding PGE type compounds encompassed by formulas XVI-XIX and
      XXXII, or by contacting the corresponding PGA type compounds encompassed
      by formulas XXIV-XXVII and XXXIV with base. For example, both
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 and
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 give
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGB.sub.1 on treatment with base.
PAR  These basic dehydrations and double bond migrations are carried out by
      methods known in the art for similar reactions of known prostanoic acid
      derivatives. See, for example, Bergstrom et al., J. Biol. Chem. 238, 3555
      (1963). The base is any whose aqueous solution has pH greater than 10.
      Preferred bases are the alkali metal hydroxides. A mixture of water and
      sufficient of a water-miscible alkanol to give a homogeneous reaction
      mixture is suitable as a reaction medium. The PGE-type or PGA-type
      compound is maintained in such a reaction medium until no further PGB-type
      compound is formed, as shown by the characteristic ultraviolet light
      absorption near 278 m.mu. for the PGB type compound.
PAR  The various transformations of PGE-type oxa-phenylene compounds of formulas
      XVI-XIX to the corresponding PGF.sub..alpha., PGF.sub..beta., PGA and PGB
      type oxa-phenylene compounds are shown in Chart A, wherein G, Q, R.sub.1,
      and .about. are as defined above, wherein E' is --CH.sub.2 CHR.sub.9 -- or
      trans--CH=CR.sub.9 --, wherein R.sub.26 and R.sub.9 are hydrogen or alkyl
      of one to 4 carbon atoms, inclusive, and wherein J' is
      ##SPC18##
PAL  wherein V is C.sub.g H.sub.2g, cis or trans
      ##EQU8##
      or --C.tbd.C--C.sub.j H.sub.2j wherein C.sub.g H.sub.2g, C.sub.j H.sub.2j,
      C.sub.p H.sub.2p, R.sub.3, and R.sub.4 are as defined above, and wherein
      C.sub.q H.sub.2q represents alkylene of one to 6 carbon atoms, inclusive,
      with one, 2, or 3 carbon atoms between --O-- and --COOR.sub.1.
PAR  The various 13,14-dihydro-PGE.sub.1, -PGF.sub.1, -PGA.sub.1, and -PGB.sub.1
      , type oxa-phenylene compounds encompassed by formulas XIX, XXIII, XXVII,
      and XXXI are prepared by carbon-carbon double bond reduction of the
      corresponding PGE, PGF, PGA, and PGB type compound containing a trans
      double bond in the hydroxy-containing side chain. A cis or trans double
      bond or a triple bond can also be present in the carboxy-terminated side
      chain of the unsaturated reactant, and will be reduced at the same time to
      --CH.sub.2 CH.sub.2 --. For example,
      13,14-dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 is
      produced by reduction of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1,
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.2, or
      5,6-dehydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.2.
PAR  These reductions are carried out by reacting with the unsaturated PGE,
      PGF.sub..alpha., PGF.sub..beta., PGA, or PGB type oxa-phenylene compound
      with diimide, following the general procedure described by van Tamelen et
      al., J. Am. Chem. Soc. 83, 3725 (1961).
      ##SPC19##
PAL  See also Fieser et al., "Topics in Organic Chemistry," Reinhold Publishing
      Corp., New York, pp. 432-434 (1963) and references cited therein. The
      unsaturated acid or ester reactant is mixed with a salt azodiformic acid
      preferably an alkali metal salt such as disodium or dipotassium salt, in
      the presence of an inert diluent, preferably a lower alkanol such as
      methanol or ethanol, and preferably in the absence of substantial amounts
      of water. At least one molecular equivalent of the azodiformic acid salt
      is used for each multiple bond equivalent of the unsaturated reactant. The
      resulting suspension is then stirred, preferably with exclusion of oxygen,
      and the mixture is made acid, advantageously with a carboxylic acid such
      as acetic acid. When a reactant wherein R.sub.1 is hydrogen is used, the
      carboxylic acid reactant also serves to acidify an equivalent amount of
      the azodiformic acid salt. A reaction temperature in the range of about
      10.degree. to about 40.degree. C. is usually suitable. Within that
      temperature range, the reaction is usually complete within less than 24
      hours. The desired dihydro production is then isolated by conventional
      methods, for example, evaporation of the diluent, followed by separation
      from inorganic materials by solvent extraction.
PAR  In the case of the oxa-phenylene unsaturated PGE, PGF.sub..alpha., and
      PGF.sub..beta. type reactants, the reductions to the corresponding
      dihydro-PGE.sub.1, dihydro-PGF.sub.1 .sub..alpha., and dihydro-PGF.sub.1
      .sub..alpha. type oxa-phenylene compounds are also carried out by
      catalytic hydrogenation. For that purpose, palladium catalysts, especially
      on a carbon carrier, are preferred. It is also preferred that the
      hydrogenation be carried out in the presence of an inert liquid diluent,
      for example, methanol, ethanol, dioxane, ethyl acetate, and the like.
      Hydrogenation pressures ranging from about atmospheric to about 50 p.s.i.,
      and hydrogenation temperatures ranging from about 10.degree. to about
      100.degree. C. are preferred. The resulting dihydro product is isolated
      from the hydrogenation reaction mixture by conventional methods, for
      example, removal of the catalyst by filtration or centrifugation, followed
      by evaporation of the solvent.
PAR  Diimide reductions and catalytic hydrogenations to produce the various
      novel formula XIX, XXIII, XXVII, and XXXI 13,14-dihydro compounds of this
      invention from the corresponding PGE, PGF, PGA and PGB type oxa-phenylene
      compounds of the PG.sub.1, PG.sub.2, trans-5,6-dehydro-PG.sub.1, and
      5,6-dehydro-PG.sub.2 series are shown in Chart B. G, J', Q, R.sub.1,
      R.sub.9, R.sub.26, and .about. are as defined above, and L' is
      ##SPC20##
PAL  wherein C.sub.g H.sub.2g, C.sub.p H.sub.2p, and C.sub.q H.sub.2q are as
      defined above.
PAR  The oxa-phenylene compounds of the PGE.sub.2, PGF.sub.2, PGA.sub.2, and
      PGB.sub.2 type wherein the carbon-carbon double bond in the
      carboxy-terminated side chain is in cis configuration are prepared by
      reduction of the corresponding acetylenic oxa-phenylene compounds, i.e.,
      those with a carbon-carbon triple bond in place of said carbon-carbon
      double bond. For that purpose, there are used any of the known reducing
      agents which reduce an acetylenic linkage to a cis-ethylenic linkage.
      Especially preferred for that purpose are diimide, or hydrogen and a
      catalyst, for example, palladium (5%) on barium sulfate, especially in the
      presence of pyridine. See Fieser et al., "Reagents for Organic Synthesis,"
      pp. 566-567, John Wiley and Sons, Inc., New York, N.Y. (1967).
      ##SPC21##
PAL  These reductions are shown in Chart C, wherein G, Q, R.sub.1, R.sub.9,
      R.sub.26  and .about. are as defined above, and M' is
      ##SPC22##
PAL  wherein C.sub.j H.sub.2j, C.sub.p H.sub.2p, and C.sub.q H.sub.2q are
      defined above. These oxa-phenylene cis compounds of the PGE.sub.2,
      PGF.sub.2.sub..alpha., PGF.sub.2.sub..beta., PGA.sub.2, and PGB.sub.2 type
      are also prepared as described hereinafter.
PAR  The oxa-phenylene PGE-type compounds of formulas XVI-XIX except wherein
      R.sub.1 is hydrogen, and the oxa-phenylene PGA-type compounds of formulas
      XXIV-XXVII except wherein R.sub.1 is hydrogen, are prepared by the series
      of reactions shown in Chart D, wherein G, J', R.sub.2, R.sub.9, and
      R.sub.26 are as defined above; G' is the same as G except that T is
      replaced by T', wherein T' is the same as T above except that R.sub.9 is
      not hydrogen; R.sub.10 is the same as the above definition of R.sub.1
      except that R.sub.10 does not include hydrogen; R.sub.11 and R.sub.12 are
      alkyl of one to 4 carbon atoms, inclusive; R.sub.13 is alkyl of one to 5
      carbon atoms, inclusive; and .about. indicates attachment of --CHR.sub.26
      --J'--COOR.sub.10 to the cyclopentane ring in alpha or beta configuration,
      and attachment of the moiety to the cyclopropane ring in exo or endo
      configuration.
PAR  The oxa-phenylene PGE.sub.1 -type compounds of formula XVI, the
      oxa-phenylene 5,6-dehydro-PGE.sub.2 type compounds of formula XVIII, the
      oxa-phenylene PGA.sub.1 -type compounds of the formula XXIV and the
      oxa-phenylene 5,6-dehydro-PGA.sub.2 type compounds of formula XXVI are
      also prepared by the series of reactions shown in Chart E, wherein G, G',
      R.sub.2, R.sub.9, R.sub.10, R.sub.13, and R.sub.26 are as defined above;
      Z' is L' or --C.tbd.C--M'-- wherein L' and M' are as defined above; and
      .about. indicates attachment of --CHR.sub.26 --Z'--COOR.sub.10 to the
      cyclopentane ring in alpha or beta configuration, and attachment of the
      moiety to the cyclopropane ring in exo and endo configuration.
      ##SPC23##
PAR  It should be observed regarding the series of reactions shown in Charts D
      and E, that the reactions starting with glycol XXXVIII in Chart D are
      similar to the reactions starting with glycol XLV in Chart E. The only
      differences here are the definitions of the divalent moieties J' (Chart D)
      and Z' (Chart E). J' includes saturated, cis and trans ethylenic, and
      acetylenic divalent moieties. Z' is limited to the saturated and
      acetylenic divalent moieties encompassed by J'. In other words, final
      oxa-phenylene PGE-type compounds of formula XL (Chart D) encompass
      compounds of formulas XVI to XVIII. Final oxa-phenylene PGA-type compounds
      of formula XLI (Chart D) encompass compounds of formulas XXIV to XXVI. On
      the other hand, final oxa-phenylene PGE-type compounds of formula XLVII
      (Chart E) encompass only compounds of formulas XVI and XVIII, and final
      oxa-phenylene PGA-type compounds of formula XLVIII (Chart E) encompass
      only compounds of formula XXIV and XXVI.
PAR  As will subsequently appear, an acetylenic intermediate of formulas XXXVII,
      XXXVIII, or XLV is transformed by step-wise reduction to the corresponding
      cis or trans ethylenic intermediates of formulas XXXVII or XXXVIII; and an
      acetylenic intermediate of formulas XXXVII, XXXVIII, or XLV or a cis or
      trans ethylenic intermediate of formulas XXXVII or XXXVIII is transformed
      by reduction to the corresponding saturated intermediate of formulas
      XXVII, XXXVIII, or XLV.
PAR  The initial bicyclo-ketone reactant of formula XLIII in Chart E is also
      used as an initial reactant to produce the initial bicyclo-ketone cyclic
      ketal reactant of formula XXXVI in Chart D. The following reactions will
      produce cyclic ketal XXXVI, wherein THP is tetrahydropyranol, and .phi.is
      phenyl:
      ##SPC24##
PAR  The bicyclo-ketone reactant of formula XLIII exists in four isomeric forms,
      exo and endo with respect to the attachment of the --CR.sub.9 =CR.sub.2 G
      moiety, and cis and trans with respect to the double bond in that same
      moiety. Each of those isomers separately or various mixtures thereof are
      used as reactants according to this invention to produce substantially the
      same final oxa-phenylene PGE or PGA type product mixture.
PAR  The process for preparing either the exo or endo configuration of the
      formula-XLIII bicyclo-ketone is known to the art. See. U.S. Pat. No.
      3,776,940 and Belgian Pat. No. 702,477,  Derwent Farmdoc No. 30,905.
PAR  See West Germany Offenlegungsschrift No. 1,937,912; reprinted in Farmdoc
      Complete Specifications, Book No. 14, No. 6869 R, Week R.sub.5, Mar. 18,
      1970.
PAR  In said U.S. Pat. No. 3,776,940 a reaction sequence capable of forming exo
      ketone XLIII is as follows: The hydroxy of 3-cyclopentenol is protected,
      for example, with a tetrahydropyranyl group. Then a diazoacetic acid ester
      is added to the double bond to give an exo-endo mixture of a
      bicyclo[3.1.0]hexane substituted at 3 with the protected hydroxy and at 6
      with an esterified carboxyl. The exo-endo mixture is treated with a base
      to isomerize the endo isomer in the mixture to more of the exo isomer.
      Next, the carboxylate ester group at 6 is transformed to an aldehyde group
      or ketone group,
      ##EQU9##
      wherein R.sub.9 is as defined above. Then, said aldehyde group or said
      keto group is transformed by the Wittig reaction, in this case to a moiety
      of the formula --CR.sub.9 =CR.sub.2 G which is in exo configuration
      relative to the bicyclo ring structure. Next, the protective group is
      removed to regenerate the 3-hydroxy which is then oxidized, for example,
      by the Jones reagent, i.e., chromic acid (see J. Chem. Soc. 39 (1946)), to
      give said exo ketone XLIII.
PAR  Separation of the cis-exo and trans-exo isomers of XLIII is described in
      said U.S. Pat. No. 3,776,940. However, as mentioned above, that separation
      is usually not necessary since the cis-trans -hexane is useful as a
      reactant in the next process step. tetrahydropyranyloxy,
PAR  The process described in said U.S. Pat. 3,776,940 for producing the exo
      form of bicyclo-ketone XLIII uses, as an intermediate, the exo form of a
      bicyclo [3.1.0]hexane substituted at 3 with a protected hydroxy, e.g.,
      tetrahydropranyloxy, and at 6 with an esterified carboxyl. When the
      corresponding endo compound is substituted for that exo intermediate, the
      process in said Offenlegungsschrift No. 1,937,912 leads to the endo form
      of bicyclo-ketone XLIII. That end compound to be used has the formula:
      ##SPC25##
PAL  Compound LII is prepared by reacting
      endo-bicyclo[3.1.0]-hex-2-ene-6-carboxylic acid methyl ester with diborane
      in a mixture of tetrahydrofuran and diethyl ether, a reaction generally
      known in the art, to give endo-bicyclo[3.1.0]-hexane-3-ol-6-carboxylic
      acid methyl ester which is then reacted with dihydropyran in the presence
      of a catalytic amount of POCl.sub.3 to give the desired compound. This is
      then used as described in said German Offenlegungsschrift No. 1,937,912 to
      produce the endo form of bicyclo-ketone XLIII.
PAR  As for exo XLIII, the above process produces a mixture of endo-cis and
      endo-trans compounds. These are separated as described for the separation
      of exo-cis and exo-trans XLIII, but this separation is usually not
      necessary since, as mentioned above, the cis-trans mixture is useful as a
      reactant in the next process step.
PAR  In the processes of said U.S. patent and said Offenlegungsschrift, certain
      organic halides, e.g., chlorides and bromides, are necessary to prepare
      the Wittig reagents used to generate the generic moiety, --CR.sub.9
      =CR.sub.2 G of bicyclo-ketone XLIII. These organic chlorides and bromides
      ##EQU10##
      are known in the art or can be prepared by methods known in the art.
PAR  To illustrate the availability of these organic chlorides consider first
      the above-described oxa-phenylene PGE-type compounds of formulas XVI to
      XIX wherein R.sub.2 is hydrogen and G is either (1) alkyl of one to 10
      carbon atoms, inclusive, substituted with zero, one, 2, or 3 fluoro or
      ##SPC26##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of one to 10
      carbon atoms, inclusive, substituted with zero, one, or 2 fluoro, with one
      to 7 carbon atoms, inclusive, between
      ##EQU11##
      and the ring, wherein T is alkyl of one to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of one to 4 carbon atoms, inclusive, and s is zero, one,
      2, or 3, with the proviso that not more than two T's are other than alkyl.
PAR  For those products wherein G is alkyl of two to 10 carbon atoms,
      substituted with 0-3 fluoro atoms, there are available the monohalo
      hydrocarbons, e.g., bromo-(or chloro-) -ethane, -propane, -pentane,
      -octane, and -decane; and the monohalofluorohydrocarbons, e.g., CH.sub.2
      FCH.sub.2 Br, CHF.sub.2 CH.sub.2 Cl, CF.sub.3 CH.sub.2 Br,
      F(CH.sub.2).sub.3 Br, CH.sub.3 CF.sub.2 CH.sub.2 Cl, CF.sub.3
      (CH.sub.2).sub.2 Br, F(CH.sub.2).sub.4 Cl, CH.sub.3 CF.sub.2 CH.sub.2
      CH.sub.2 Cl, C.sub.4 H.sub.9 CFHCH.sub.2 Br, CF.sub.3 (CH.sub.2).sub.3 Cl,
      CF.sub.3 (CH.sub.2).sub.2 BrCH.sub.3, CH.sub.2 F(CH.sub.2).sub.4 Cl,
      C.sub.2 H.sub.5 CF.sub.2 (CH.sub.2).sub.2 Cl, CF.sub.3 (CH.sub.2).sub.4
      Cl, CH.sub.3 (CH.sub.2).sub.4 CF.sub.2 (CH.sub.2).sub.2 CH.sub.2 Cl, and
      CH.sub.3 (CH.sub.2).sub.3 CF.sub.2 (CH.sub.2).sub.3 CH.sub.2 Cl, as
      described in "Aliphatic Fluorine Compounds," A. M. Lovelace et al., Am.
      Chem. Soc. Monograph Series, 1958, Reinhold Publ. Corp. Those halides not
      available are prepared by methods known in the art by reacting the
      corresponding primery alcohol G--CH.sub.2 OH with PCl.sub.3 PBr.sub.3, or
      any of the other halogenating agents useful for this purpose. Available
      alcohols include CH.sub.2 CH(CF.sub.3)CH.sub.2 OH, (CH.sub.3).sub.2
      CHCH.sub.2 CH.sub.2 OH, (CH.sub.3).sub.3 CCH.sub.2 OH, CF.sub.3
      CH(CH.sub.3)CH.sub.2 CH.sub.2 OH, for example. For those halides of the
      formula G--CH.sub.2 --Hal wherein Hal is chloro or bromo, G is R.sub.27
      --(CH.sub.2).sub.h --, h being one, 2, 3, or 4, and R.sub.27 being
      isobutyl, tert-butyl, 3,3-difluorobutyl, 4,4-difluorobutyl, or
      4,4,4-trifluorobutyl, the intermediate alcohols are prepared as follows.
PAR  In the case of R.sub.27 being isobutyl or tert-butyl, known alcohols are
      converted to bromides, thence to nitriles with sodium cyanide, thence to
      the corresponding carboxylic acids by hydrolysis, and thence to the
      corresponding primary alcohols by reduction, e.g., with lithium aluminum
      hydride, thus extending the carbon chain one carbon atom at a time until
      all primary alcohols are prepared.
PAR  In the case of R.sub.27 being 3,3-difluorobutyl, the necessary alcohols are
      prepared from keto carboxylic acids of the formula, CH.sub.3
      --CO--(CH.sub.2).sub.r --COOH, wherein r is 2, 3, 4, 5, or 6. All of those
      acids are known. The methyl esters are prepared and reacted with sulfur
      tetrafluoride to produce the corresponding CH.sub.3 --CF.sub.2
      --(CH.sub.2).sub.r --COOCH.sub.3 compounds, which are then reduced with
      lithium aluminum hydride to CH.sub.3 --CF.sub.2 --(CH.sub.2).sub.r
      --CH.sub.2 OH. These alcohols are then transformed to the bromide or
      chloride by reaction with PBr.sub.3 or PCl.sub.3.
PAR  In the case of R.sub.27 being 4,4-difluorobutyl, the initial reactants are
      the known dicarboxylic acids, HOOC--(CH.sub.2).sub.f --COOH, wherein f is
      3, 4, 5, 6, or 7. These dicarboxylic acids are esterified to CH.sub.3
      OOC--(CH.sub.2).sub.f --COOCH.sub.3 and then half-saponified, for example
      with barium hydroxide, to give HOOC--(CH.sub.2).sub.f --COOCH.sub.3. The
      free carboxyl group is transformed first to the acid chloride with thionyl
      chloride and then to an aldehyde by the Rosenmund reduction. Reaction of
      the aldehyde with sulfur tetrafluoride then gives CHF.sub.2
      --(CH.sub.2).sub.f --COOCH.sub.3 which by successive treatment with
      lithium aluminum hydride and PBr.sub.3 or PCl.sub.3 gives the necessary
      bromides or chlorides, CHF.sub.2 --(CH.sub.2).sub.f --CH.sub.2 Br or
      CHF.sub.2 --(CH.sub.2).sub.f --CH.sub.2 Cl.
PAR  In the case of R.sub.27 being 4,4,4-trifluorobutyl, aldehydes of the
      formula CH.sub.3 OOC--(CH.sub.2).sub.f --CHO are prepared as described
      above. Reduction of the aldehyde with sodium borohydride gives the alcohol
      CH.sub.3 OOC--(CH.sub.2).sub.f --CH.sub.2 OH. Reaction with PBr.sub.3 or
      PCl.sub.3 then gives CH.sub.3 OOC--(CH.sub.2).sub.f -CH.sub.2 --Hal.
      Saponification of that ester gives the carboxylic acid which by reaction
      with sulfur tetrafluoride gives the necessary CF.sub.3 --(CH.sub.2).sub.f
      --CH.sub.2 --Br or CF.sub.3 --(CH.sub.2).sub.f --CH.sub.2 --Cl.
PAR  For the above reactions of SF.sub.4, see U.S. Pat. No. 3,211,723 and J.
      Org. Chem. 27, 3164 (1962
PAR  For those products wherein R.sub.2 is hydrogen and G is
      ##SPC27##
PAL  the halides necessary to prepare those compounds, if not readily available,
      are advantageously prepared by reacting the corresponding primary alcohol,
      ##SPC28##
PAL  with PCl.sub.3, PBr.sub.3, HBr, or any of the other halogenating agents
      known in the art to be useful for this purpose. Some of the readily
      available halides are shown in Table I wherein s, T, and t of the formula
      for the intermediate halides are as defined above, and Hal is chloro,
      bromo, or iodo. Thus, compound No. 1 of Table I is represented by the
      formula wherein s and t are zero, and Hal is chloro, i.e.
      ##SPC29##
PAL  namely .alpha.chlorotoluene or benzyl chloride; compound No. 8 of Table I
      is represented by the formula wherein s is zero, t is 2, and Hal is bromo,
      i.e.
      ##SPC30##
PAL  namely 1-bromo-3-phenylpropane or 3-bromopropylbenzene; and compound No. 63
      of Table I represented by the formula wherein s is 3, T is methyl in the
      2-, 4- and 5-positions with respect to the C.sub.t H.sub.2t substitution,
      t is 2, and Hal is bromo, i.e.,
      ##SPC31##
PAL  namely 1 -(3-bromopropyl)-2,4,5-trimethylbenzene.
TBL                TABLE I                                                     

     ______________________________________                                    

     Intermediate Halides                                                      

     represented by the formula                                                

     No.        s       T             t      Hal                               

     ______________________________________                                    

     1          0       --            0      Cl                                

     2          0       --            0      Br                                

     3          0       --            0      l                                 

     4          0       --            1      Cl                                

     5          0       --            1      Br                                

     6          0       --            1      l                                 

     7          0       --            2      Cl                                

     8          0       --            2      Br                                

     9          0       --            2      l                                 

     10         0       --            3      Cl                                

     11         0       --            3*     Cl                                

     12         0       --            3      Br                                

     13         0       --            4      Cl                                

     14         1       2--CH.sub.3   0      Cl                                

     15         1       2--C.sub.2 H.sub.5                                     

                                      0      Cl                                

     16         1       4--C.sub.2 H.sub.5                                     

                                      0      Cl                                

     17         1       2--CF.sub.3   0      Cl                                

     18         1       4--OCH.sub.3  0      Cl                                

     19         1       3--CH.sub.3   0      Br                                

     20         1       4--CH.sub.3   0      Br                                

     21         1       4--C.sub.5 H.sub.11                                    

                                      0      Br                                

     22         1       4--Cl         0      Br                                

     23         1       2--CF.sub.3   0      Br                                

     24         1       3--CF.sub.3   0      Br                                

     25         1       4--CH.sub.3   0      l                                 

     26         1       4--F          1      Cl                                

     27         1       3--Cl         1      Br                                

     28         1       4--Cl         1      Br                                

     29         1       4--F          1      Br                                

     30         1       2--Cl         2      Br                                

     31         1       3--Cl         2      Br                                

     32         1       4--Cl         2      Br                                

     33         1       4--F          3*     Br                                

     34         1       2--Cl         4      Br                                

     35         1       2--CH.sub.3   0      Cl                                

                        4--CH.sub.3                                            

     36         2       2--CH.sub.3   0      Cl                                

                        5--CH.sub.3                                            

     37         2       2--CH.sub.3   0      Cl                                

                        6--CH.sub.3                                            

     38         2       3--CH.sub.2   0      Cl                                

                        4--CH.sub.3                                            

     39         2       2--CH.sub.3   0      Cl                                

                        4--Cl                                                  

     40         2       2--CH.sub.3   0      Br                                

                        5--CH.sub.3                                            

     41         2       2--CH.sub.3   0      Br                                

                        6--CH.sub.3                                            

     42         2       3--CH.sub.3   0      Br                                

                        5--t--butyl                                            

     43         2       3--CH.sub.3   0      Br                                

                        4--Cl                                                  

     44         2       2--CH.sub.3   0      Br                                

                        3--Br                                                  

     45         2       3--OCH.sub.3  0      Cl                                

                        4--OCH.sub.3                                           

     46         2       3--OCH.sub.3  0      Cl                                

                        5--OCH.sub.3                                           

     47         2       3--OCH.sub.3  0      Br                                

                        5--OCH.sub.3                                           

     48         2       2--CH.sub.3   1      Cl                                

                        4--CH.sub.3                                            

     49         2       2--CH.sub.3   1      Br                                

                        4--CH.sub.3                                            

     50         2       3--CH.sub.3   1      Br                                

                        4--CH.sub.3                                            

     51         2       3--OCH.sub.3  1      Br                                

                        4--OCH.sub.3                                           

     52         2       3--OCH.sub.3  1      Br                                

                        5--OCH.sub.3                                           

     53         2       3--OCH.sub.3  1      l                                 

                        4--OCH.sub.3                                           

     54         2       3--OCH.sub.3  2      Br                                

                        4--OCH.sub.3                                           

     55         2       3--OCH.sub.3  2      Br                                

                        5--OCH.sub.3                                           

     56         2       3--OCH.sub.3  4      Br                                

                        5--OCH.sub.3                                           

     57         3       2--CH.sub.3   0      Cl                                

                        4--CH.sub.3                                            

                        5--CH.sub.3                                            

     58         3       2--CH.sub.3   0      Cl                                

                        4--CH.sub.3                                            

                        6--CH.sub.3                                            

     59         3       4--CH.sub.3   0      Cl                                

                        2--OCH.sub.3                                           

                        5--OCH.sub.3                                           

     60         3       2--CH.sub.3   0      Br                                

                        3--CH.sub.3                                            

                        6--CH.sub.3                                            

     61         3       2--CH.sub.3   0      Br                                

                        4--CH.sub.3                                            

                        6--CH.sub.3                                            

     62         3       2--CH.sub.3   0      Br                                

                        3--OCH.sub.3                                           

                        6--OCH.sub.3                                           

     63         3       2--CH.sub.3   2      Br                                

                        4--CH.sub.3                                            

                        5--CH.sub.3                                            

     ______________________________________                                    

     --CH--                                                                    

     *-branched.vertline.                                                      

     Et                                                                        

PAR  Next, considering the intermediate halides for producing oxa-phenylene
      PGE-type compounds of formulas XIII to XVI wherein R.sub.2 is alkyl of one
      to 4 carbon atoms, inclusive (A), and G is either of the two types (1) or
      (2) above, these organic chlorides and bromides,
      ##EQU12##
      are known to the art or can be prepared by methods known in the art.
PAR  For type A-(1) above, i.e. wherein R.sub.2 is alkyl and G is alkyl of one
      to 10 carbon atoms and 0-3 fluoro atoms, there are available such
      monohalofluorohydrocarbons as CHF.sub.2 CHClCH.sub.3, CF.sub.3
      CHBrCH.sub.3, CF.sub.3 CH.sub.2 CHBrCH.sub.3, CH.sub.3 CF.sub.2
      CHClCH.sub.3, CF.sub.3 CHClC.sub.2 H.sub.5, and C.sub.2 H.sub.5 CF.sub.2
      CHClCH.sub.3, for example. Those not readily available are prepared from
      the corresponding secondary alcohol
      ##EQU13##
      wherein R.sub.2 is as defined above, with PCl.sub.3, PBr.sub.3, or any of
      the other halogenating agents known in the art to be useful for this
      purpose. Such alcohols include, for example, CH.sub.2 FCH(OH)CH.sub.2 F,
      CF.sub.3 (CH.sub.2).sub.2 CH(OH)CH.sub.3, CF.sub.3
      CH(OH)(CH.sub.2)CH.sub.3, CF.sub.3 CH(OH)(CH.sub.2).sub.3 CH.sub.3,
      CF.sub.3 CH(OH)C(CH.sub.3).sub.3, and CF.sub.3 CH(OH)(CH.sub.2).sub.5
      CH.sub.3. For those halides of the formula G--CHR.sub.2 --Hal, wherein G
      is R.sub.27 --(CH.sub.2).sub.h --, using the definitions of Hal, h,
      R.sub.2, and R.sub.27 above, the intermediate alcohols are prepared as
      follows.
PAR  In the case of R.sub.27 being isobutyl or tert-butyl, lower molecular
      weight primary alcohols are transformed to the corresponding longer-chain
      carboxylic acids and thence to the corresponding secondary alcohols by
      preparing the intermediate ketones,
      ##EQU14##
      by known procedures, for example G--COCl + (R.sub.2).sub.2 Cd, thereafter
      reducing the ketone to the secondary alcohol with sodium borohydride.
PAR  In the case of R.sub.27 being 3,3-difluorobutyl, the procedure described
      above is applicable to converting CH.sub.3 --CF.sub.2 --(CH.sub.2).sub.2
      --COOCH.sub.3 described above to
      ##EQU15##
      These alcohols are then transformed to the bromide or chloride by reaction
      with PBr.sub.3 or PCl.sub.3.
PAR  In the case of R.sub.27 being 4,4-difluorobutyl, the corresponding
      secondary alcohols are prepared as described above, using intermediates
      prepared for the primary alcohols of this type above.
PAR  In the case of R.sub.27 being 4,4,4-trifluorobutyl, corresponding secondary
      alcohols are prepared by transforming CH.sub.3 OOC--(CH.sub.2).sub.f --CHO
      to CH.sub.3 OOC--(CH.sub.2).sub.f --C(R.sub.2)O by known methods and then
      proceeding with that ketone as described above for the corresponding
      aldehyde.
PAR  For type A-(2) halides, i.e. R.sub.2 is alkyl and G is
      ##SPC32##
PAL  some of the readily available halides are shown in Table II. Thus, compound
      No. 1 of Table II is represented by the formula wherein s=O, R.sub.2
      =methyl, t=O, and Hal=Cl, i.e.
      ##SPC33##
PAL  namely (1-chloroethyl)benzene; and compound No. 13 of Table II is
      represented by the formula wherein s=2, T=methyl, R.sub.2 =methyl, t=1,
      and Hal=Br, i.e.
      ##SPC34##
PAL  namely 4-(2-bromopropyl)-o-xylene or
      1-(2-bromopropyl)3-methyl-4-methylbenzene.
TBL                TABLE II                                                    

     ______________________________________                                    

     Intermediate Halides                                                      

     represented by the Formula                                                

     Hal--CH--C.sub.t H.sub.2t --                                              

     .vertline.                                                                

     R.sub.2                                                                   

     No.      s      T          R.sub.2   t   Hal                              

     ______________________________________                                    

     1        0      --         CH.sub.3  0   Cl                               

     2        0      --         C.sub.2 H.sub.5                                

                                          0   Cl                               

     3        0      --         C.sub.2 H.sub.5                                

                                          0   Br                               

     4        0      --         CH.sub.3  0   l                                

     5        0      --         CH.sub.3  1   Cl                               

     6        0      --         n--C.sub.3 H.sub.7                             

                                          1   Cl                               

     7        0      --         CH.sub.3  1   Br                               

     8        0      --         C.sub.2 H.sub.5                                

                                          2   Cl                               

     9        1      4--C.sub.2 H.sub.5                                        

                                CH.sub.3  0   Cl                               

     10       1      4--F       CH.sub.3  0   Cl                               

     11       1      4--Cl      C.sub.2 H.sub.5                                

                                          0   Br                               

     12       1      4--F       C.sub.2 H.sub.5                                

                                          0   Br                               

     13       2      3--CH.sub.3                                               

                                CH.sub.3  1   Br                               

                     4--CH.sub.3                                               

     14       2      3--OCH.sub.3                                              

                                CH.sub.3  1   Br                               

                     4--OCH.sub.3                                              

     15       2      2--OCH.sub.3                                              

                                CH.sub.3  1   Br                               

                     6--OCH.sub.3                                              

     ______________________________________                                    

PAR  Other intermediate halides of the general formula
      ##SPC35##
PAL  may be obtained from the secondary alcohols as discussed above. The
      secondary alcohols, wherein R.sub.2 is alkyl, are prepared by transforming
      the --COOH of the corresponding carboxylic acid,
      ##SPC36##
PAL  to a ketone by known procedures, e.g. by way of acyl chloride and a
      dialkylcadmium. Reduction of the ketone with sodium borohydride then
      yields the secondary alcohol,
      ##SPC37##
PAR  Hydroxyl groups on the aromatic ring are suitably protected during these
      reactions by first forming the corresponding tetrahydropyranyl ethers with
      dihydropyran; the hydroxyl groups are restored by mild acid hydrolysis as
      is well known in the art.
PAR  In the case of C.sub.t H.sub.2t substituted with one or 2 fluoro atoms,
      there are a number of routes of the intermediate halides. The
      corresponding alcohols, for example .beta.-fluorophenethyl alcohol,
      .beta.-fluoro-.alpha.-methyl-phenethyl alcohol,
      .beta.-fluoro-.alpha.,.beta.-dimethyl-phenethyl alcohol and the like, are
      reacted with PCl.sub.3, PBr.sub.3 or HBr to form the halide.
      Alternatively, the carboxylic acid having one less carbon atom in the
      chain than the desired intermediate halide, i.e.
      ##SPC38##
PAL  where g = t-1, is converted by a series of known methods to the
      2,2-difluorohalide. Thus, the free carboxyl group is transformed first to
      the acid chloride with thionyl chloride and thence by way of the nitrile
      to the .alpha.-keto-acid. The carboxyl group is reduced to the alcohol
      with diborane and then converted to the .alpha.-keto halide. Finally, by
      reaction of the keto group with sulfur tetrafluoride, there is obtained
      ##SPC39##
PAR  As mentioned above, formula XVI-to-XXXI compounds with an alpha-fluoro
      substituent in a straight chain 3-to-7-carbon G, i.e., G being
      --CHF--(CH.sub.2).sub.a --CH.sub.3 wherein a is one, 2, 3, 4, or 5,
      represent embodiments among the novel oxa-phenylene compounds of this
      invention. Among those, for example, is
      3-oxa-16-fluoro-3-7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1. The
      formula-XLIII bicyclo-ketones necessary to produce those mono-fluoro
      compounds are advantageously prepared by reacting either of the
      above-mentioned bicyclo-aldehydes, exo or endo, with a Wittig reagent
      prepared from CH.sub.3 --CH.sub.2) 9-- CO--CH.sub.2 -Br and
      triphenylphospine. The aldehyde group is thereby transformed to
      ##EQU16##
      The resulting unsaturated ketone is reduced to the corresponding
      ##EQU17##
      compound. Then --OH in that group is replaced with fluoro by known
      methods, for example, directly by reaction with
      2-chloro-1,1,2-trifluorotriethylamine or indirectly, for example, by
      transforming the hydroxy to tosyloxy or mesyloxy, and reacting the
      resulting compound with anhydrous potassium fluoride in diethylene glycol.
      Similarly, the oxa-phenylene PG-type compounds wherein G is
      ##SPC40##
PAL  having an alpha-fluoro substituent on the carbon adjacent to the
      hydroxy-substituted carbon (C-15 in PGE.sub.1) represent preferred
      embodiments of this invention. In preparing the formula-XLIII
      bicyclo-ketone intermediates, there is used a Wittig reagent prepared from
      ##SPC41##
PAL  and triphenylphosphine. Following the steps above, the resulting
      unsaturated ketone containing the moiety
      ##SPC42##
PAL  is reduced to the corresponding secondary alcohol. The --OH in that group
      is replaced by fluoro by known methods.
PAR  Another preference mentioned above is that the 1-position of G in the
      formula XVI-to-XXXI compounds be mono- or di-substituted with alkyl of one
      to 4 carbon atoms, particularly methyl or ethyl. In the steps of the
      synthesis shown in Charts D and E, G is then G'" --CR.sub.21 R.sub.22 --
      wherein R.sub.21 and R.sub.22 are methyl or ethyl and G'" is preferably
      alkyl of 2 to 6 carbon atoms or
      ##SPC43##
PAL  wherein k is zero, one, 2, or 3. Thus, in preparing the formula-XLIII
      intermediate olefin, a Wittig reagent is prepared from a halo compound of
      the general formula G'" --CR.sub.21 R.sub.22 --CR.sub.2 H--Hal wherein Hal
      is chloro or bromo. These compounds are known in the art or can be
      prepared by methods known in the art, including those methods described
      above.
PAR  For example, when G'" is CH.sub.3 (CH.sub.2).sub.3 --, R.sub.2 and R.sub.21
      are hydrogen, and R.sub.22 is methyl, there is employed 1-bromo(or
      -chloro)-2-methylhexane. If the halo compound is not available, the
      corresponding carboxylic acid is transformed to the alcohol and thence to
      the halide. Thus, 2,2-diethylvaleric acid yields
      1-bromo-2,2-diethylpentane, wherein G'" is CH.sub.3 (CH.sub.2).sub.2 --,
      R.sub.2 is hydrogen, and R.sub.21 and R.sub.22 are ethyl.
PAR  2-Ethylhexanoic acid yields 3-chloromethylheptane, wherein G'" is CH.sub.3
      (CH.sub.2).sub.3 --, R.sub.2 and R.sub.21 are hydrogen, and R.sub.22  is
      ethyl. 2-Ethyl-2-methylhexanoic acid yields
      3-bromo-methyl-3-methylheptane, wherein G'" is CH.sub.3 (CH.sub.2).sub.3
      --, R.sub.2 is hydrogen, R.sub.21 is methyl, and R.sub.22 is ethyl.
      2-Phenylpropionic acid yields 1-bromo-2-phenylpropane, wherein G'" is
      phenyl, R.sub.2 and R.sub.21 are hydrogen, and R.sub.22 is methyl.
      2-Methyl-2-phenylbutyric acid yields 1-bromo-2-methyl-2-phenylbutane,
      wherein G'" is phenyl, R.sub.2 is hydrogen, R.sub.21 is methyl, and
      R.sub.22 is ethyl. 2-Methyl-4-(2,4,5-trimethoxyphenyl)butyric acid yields
      1-chloro-2-methyl-4-(2,4,5-trimethoxyphenyl)butane, wherein G'" is
      (2,4,5-trimethoxyphenyl)ethyl, R.sub.2 and R.sub.21 are hydrogen, and
      R.sub.22 is methyl.
PAR  Mono-alkyl substituted alkanoic acids useful for preparing the above halo
      intermediates are prepared by alkylation of an .alpha.-keto acid, G'"
      --CO--COOH, e.g.
      ##SPC44##
PAL  (prepared via the acid chloride and thence the nitrile) by means of a
      Grignard reagent, R.sub.22 MgHal for example.
PAR  The transformation of bicyclo-ketone-olefin XLIII to glycol LI is carried
      out by reacting olefin XLIII with a hydroxylation reagent. Hydroxylation
      reagents and procedures for this purpose are known in the art. See, for
      example, Gunstone, Advances in Organic Chemistry, Vol. I, pp. 103-147,
      Interscience Publishers, New York, N.Y. (1960). Especially useful
      hydroxylation reagents for this purpose are osmium tetroxide and performic
      acid (formic acid plus hydrogen peroxide). Various isomeric glycols are
      obtained depending on such factors as whether olefin XLIII is cis or trans
      and endo or exo, and whether a cis or a trans hydroxylation reagent is
      used. These various glycol mixtures can be separated into individual
      isomers by silica gel chromatography. However, this separation is usually
      not necessary, since all isomers of particularly glycol are equally useful
      as intermediates according to this invention and the processes outlined in
      Chart D to produce final products of formulas XL and XLI, and then,
      according to Chart A, B, and C to produce the other final products of this
      invention.
PAR  The transformation of glycol LI to the cyclic ketal of formula XXXVI (Chart
      D) is carried out by reacting said glycol with a dialkyl ketone of the
      formula
      ##EQU18##
      wherein R.sub.11 and R.sub.12 are alkyl of one to 4 carbon atoms,
      inclusive, in the presence of an acid catalyst, for example potassium
      bisulfate or 70% aqueous perchloric acid. A large excess of the ketone and
      the absence of water is desirable for this reaction. Examples of suitable
      dialkyl ketones are acetone, methyl ethyl ketone, diethyl ketone, methyl
      propyl ketone, and the like. Acetone is preferred as a reactant in this
      process.
PAR  Referring again to Chart D, cyclic ketal XXXVI is transformed to cyclic
      ketal XXXVII by alkylating with an alkylation agent of the formula
      ##EQU19##
      wherein R.sub.10, R.sub.26, and J' are as defined above, and Hal is
      chlorine, bromine, or iodine. Similarly, referring to Chart E, olefin
      XLIII is transformed to olefin XLIV by alkylating with an alkylation agent
      of the formula
      ##EQU20##
      wherein R.sub.10, R.sub.26, Z', and Hal are as defined above.
PAR  Any of the alkylation procedures known in the art to be useful for
      alkylating cyclic ketones with alkyl halides and haloalkanoic esters are
      used for the transformations of XXXVI to XXXVII and of XLIII to XLIV. See,
      for example, the above-mentioned Belgian Pat. No. 702,477 for procedures
      useful here and used there to carry out similar alkylations, e.g.,
      employing the bicyclo enamines.
PAR  For these alkylations, it is preferred that Hal be bromo or iodo. Any of
      the usual alkylation bases, e.g., alkali metal alkoxides, alkali metal
      amides, and alkali metal hydrides, are useful for this alkylation. Alkali
      metal alkoxides are preferred, especially tert-alkoxides. Sodium and
      potassium are preferred alkali metals. Especially prefered is potassium
      tert-butoxide. Preferred diluents for this alkylation are tetrahydrofuran
      and 1,2-dimethoxyethane. Otherwise, procedures for producing and isolating
      the desired formula-XXXVII and -XLIV compounds are within the skill of the
      art.
PAR  These alkylation procedures produce mixtures of alpha and beta alkylation
      products, i.e. a mixture of formula XXXVII products wherein part has the
      --CHR.sub.26 --J'--COOR.sub.10 moiety attached in alpha configuration, and
      wherein part has that moiety attached in beta configuration, or a mixture
      of the formula-XLIV products with the --CHR.sub.26 --Z'--COOR.sub.10
      moiety in both alpha and beta configurations. When about one equivalent of
      base per equivalent of formula-XXXVI or -XLIII ketone is used, the alpha
      configuration usually predominates. Use of an excess of base and longer
      reaction times usually result in production of larger amounts of beta
      products. These alpha-beta isomer mixtures are separated at this stage or
      at any subsequent stage in the multi-step processes shown in Charts D and
      E. Silica gel chromatography is preferred for this separation.
PAR  The necessary alkylating agents for the above-described alkylations, e.g.
      compounds of the formulas
      ##EQU21##
      are prepared by methods known in the art. There are four groups of
      compounds encompassed by these two genera of alkylating agents.
PAR  Alkylating agents of the formula
      ##EQU22##
      include compounds of the formulas:
      ##SPC45##
PAR  Alkylating agents of the formula
      ##EQU23##
      include the above-listed compounds of formuls LIII and LIV, and also
      compounds of the following formulas
      ##SPC46##
PAL  These alkylating agents of formulas LIII to LVI are accessible to those of
      ordinary skill in the art. In one route, the
      ##EQU24##
      compounds are obtained from aldehyde or ketone reactants by a series of
      transformations as follows:
      ##EQU25##
      For example, methyl m-formylphenoxyacetate on reduction with sodium
      borohydride yields methyl m-(hydroxymethyl)-phenoxyacetate, which in turn
      is transformed to the formula-LIX compound, methyl
      m-(chloromethyl)phenoxyacetate, with thionyl chloride.
PAR  Those formula-LVII or formula-LVIII reactants which are not commercially
      available are advantageously prepared by adaptation of the Williamson
      ether syntheses, e.g. employing a hydroxy reactant and a halo-substituted
      or ester. Thus, the reaction
      ##SPC47##
PAL  wherein Hal is chloro, bromo, or iodo, preferably iodo, proceeds in the
      presence of strong base, for example sodium hydride when R.sub.1 is a
      carbon-containing group, and lithium diisopropyl amide when R.sub.1 is
      hydrogen. Within the definitions of C.sub.g H.sub.2g, C.sub.p H.sub.2p,
      and C.sub.q H.sub.2q, suitable reactants are readily available or are
      prepared by methods known to those skilled in the art.
PAR  Thus, when R.sub.26 is hydrogen, and considering the variations of C.sub.g
      H.sub.2g and C.sub.p H.sub.2p, the aldehyde reactants include (o, m, or
      p)-hydroxybenzaldehyde, (o, m, or p-hydroxyphenyl)acetaldehyde, (o or
      p)-hydroxyhydrocinnamaldehyde, 4-(o or p-hydroxyphenyl)butyraldehyde,
      o-(2-hydroxyethyl-benzaldehyde, and the like. Other aldehyde reactants are
      also accessible by methods known to those skilled in the art. For example,
      (o, m, or p-hydroxyethyl)benzaldehydes are obtained from (o, m, or
      p)-bromostyrene by the series of reactions:
      ##SPC48##
PAL  The reaction with ethylene oxide is carried out on a Grignard reagent
      prepared from the bromostyrene and magnesium. Substituted ethylene oxides
      are used to obtain substituted C.sub.p H.sub.2p chains, e.g. propylene
      oxide, 1,2-epoxy-2-methylpropane, 1,2-epoxybutane,
      1,2-epoxy-2,3-dimethylbutane, and the like. Instead of using ozone to form
      the aldehyde, hydroxylation and oxidation with osmium tetroxide and
      periodic acid are optional (see J. Org. Chem. 21, 478, 1956).
PAR  Compounds with C.sub.g H.sub.2g chains are obtained by replacing
      ##SPC49##
PAL  e.g. 1-allyl-4-bromobenzene 1-allyl-2-chlorobenzene, 4-(o, m, or
      p-chlorophenyl)-1-butene, and the like. Compounds with C.sub.p H.sub.2p
      chains are obtained by replacing ethylene oxide with suitable alkylating
      agents, e.g. trimethylene oxide, 1,3-epoxybutane, 1,3-epoxy-3-methylbutane
      and the like, or suitable reactions steps.
PAR  Other variations of the above reactions and reactants will be apparent to
      those skilled in the art. Thus, an alkene-substituted phenol is condensed
      with a halo-substituted acid or ester and thereafter transformed as an
      aldehyde to the halo alkylating agent within the scope of formula LIX by
      the following steps:
      ##SPC50##
PAR  Available for this series of reactions are (o, m, or p)-vinylphenol,
      p-allylphenol, 4-(o, m, or p-hydroxyphenyl)-1-butene, and the like.
PAR  Alternatively, a haloalkylphenol is condensed with a halo-substituted acid
      or ester by the reaction:
      ##SPC51##
PAL  Available are p-(2-bromoethyl)phenol, p-(3-bromobutyl)-phenol, and the
      like.
PAR  Considering the halo-substituted acid or ester reactants in the above ether
      syntheses and the variations of C.sub.q H.sub.2q, there are a wide variety
      of reactants available, which will lead to the desired formula-LIX
      alkylating agent. For example:
      ##EQU26##
      wherein R.sub.23 is hydrogen or alkyl of one to 5 carbon atoms, inclusive;
      Br--(CH.sub.2).sub.2 --COOH, Br--C(CH.sub.3).sub.2 --COOH, Br--C(C.sub.2
      H.sub.5).sub.2 --COOH, BrC(CH.sub.3)(C.sub.2 H.sub.5)--COOH,
      Br--CH(CH.sub.3)--CH.sub.2 --COOH, Br--(CH.sub.2).sub.3)--COOCH.sub.3,
      Cl--CH(C.sub.2 H.sub.5)--CH.sub.2 --COOCH.sub.3, Cl--CH(n--C.sub.3
      H.sub.7)--CH.sub.2 --COOCH.sub.3, Br--CH(CH.sub.3)--(CH.sub.2).sub.2
      --COOC.sub.2 H.sub.5, Br--CH(CH.sub.3)--CH.sub.2
      --CH(CH.sub.3)--COOC.sub.2 H.sub.5,
      Br--CH(CH.sub.3)--CH(CH.sub.3)--CH.sub.2 --COOC.sub.2 H.sub.5,
      Br--C(CH.sub.3).sub.2 --CH.sub.2 --CH(CH.sub.3)--COOC.sub.2 H.sub.5,
      Cl--CH(n--C.sub.4 H.sub.9)--CH.sub.2 --COOC.sub.2 H.sub.5,
      Cl--C(CH.sub.3).sub.2 --CH.sub.2 --COOC.sub.2 H.sub.5, Br--CH(n--C.sub.2
      H.sub.7)--(CH.sub.2).sub.2 --COOH, and Cl--CH(C.sub.2 H.sub.5)--(CH.sub.
      2).sub.2 --COOH are available. The preferred iodo reactants are obtained
      by methods known to those skilled in the art.
PAR  When C.sub.q H.sub.2q has two alkyl groups attached to the .omega. or
      .omega.-1 carbon atom of the halo-substituted acid or ester reactants, it
      is preferred that halo be replaced with mesyloxy or tosyloxy prior to the
      ether synthesis, and that relative mild bases and reaction conditions be
      used, for example, potassium tert-butoxide in dimethyl sulfoxide.
PAR  In another route to the formula-LIX alkylating agents, the Williamson ether
      synthesis employs hydroxy-esters or acids of the formula HO--C.sub.q
      H.sub.2q --COOR.sub.1 for condensation with halo-substituted reactants as
      follows:
      ##SPC52##
PAR  For example, .alpha.,.alpha.'-dibromo-o-xylene is contacted with ethyl
      glycolate in the presence of sodium hydride to yield ethyl
      O-(bromomethyl)-benzyloxyacetate.
PAR  Typical halo reactants which are useful for this reaction are
      .alpha.-bromo-(o, m, or p)-chlorotoluene, 1-bromo-(2 or
      3)-(2-bromoethyl)benzene, 1-(3-bromopropyl)-(1 or 2)-chlorobenzene, and
      1-(4-bromobutyl)-1-chlorobenzene.
PAR  When C.sub.p H.sub.2p has two alkyl groups attached to the carbon atom to
      which Hal is attached, it is preferred that this Hal be replaced with
      mesyloxy or tosyloxy prior to the ether synthesis and that relatively mild
      bases and reaction conditions be used.
PAR  Considering the hydroxy acid or ester reactants, there are available a wide
      range of suitable compounds within the scope of HO--C.sub.q H.sub.2q
      --COOR.sub.1 which will lead to the desired formula-LIX alkylating agent.
      For example: HOCH(CH.sub.3)--COOCH.sub.3, HOC(CH.sub.3).sub.2 --COOH,
      HOCH(C.sub.2 H.sub.5)--COOH, HOC(CH.sub.3)(C.sub.2 H.sub.5)--COOH,
      HO(CH.sub.2).sub.2 --COOC.sub.2 H.sub.5, HOCH(CH.sub.3)--CH.sub.2 --COOH,
      HOCH(n--C.sub.3 H.sub.7)--COOH, HOC(n--) C.sub.3 H.sub.7)(CH.sub.3)--COOH,
      HOCH(C.sub.2 H.sub.5)--CH.sub.2 --COOH, HOCH(CH.sub.3)--(CH.sub.2).sub.2
      --COOH, HOCH(n-C.sub.4 H.sub.9)--COOH, HOC(n-C.sub.4
      H.sub.9)(CH.sub.3)--COOH, HOCH(n-C.sub.3 H.sub.7)--CH.sub.2
      --COOCH.sub.3,HOCH(C.sub.2 H.sub.5)--(CH.sub.2).sub.2 --COOH,
      HOCH(n-C.sub.5 H.sub.11)--COOH, HOCH(n-C.sub.4 H.sub.9)--CH.sub.2 --COOH,
      HOCH(n-C.sub.3 H.sub.7)--(CH.sub.2).sub.2 --COOH are available.
PAR  When a formula-LIX alkylating agent is desired in which there are two alkyl
      substituents on both carbon atoms attached to the oxa --O--, it is
      preferred that, if the halo-acid route be used, the halo atom on the acid
      be chloro and that freshly precipitated wet magnesium hydroxide in an
      inert solvent suspension be used as the base; and if the hydroxy-acid
      route be used, the --C.sub.p H.sub.2p --Hal group is preferrably --C.sub.p
      H.sub.2p --Cl. If the hydroxy-acid route is used with --C.sub.p H.sub.2p
      --l, silver oxide is used as the base.
PAR  The alkylating agents of formulas LIII to LVI are esters. Any of the above
      acid forms are readily converted to esters. Variations in R.sub.10 within
      the definition of R.sub.10 herein are readily made by methods known in the
      art. The ester moiety is chosen according to the desired type of final
      oxa-phenylene PG-type product.
PAR  Formula-LVII aldehyde reactants which lead to the formula LIX alkylating
      agents are also obtained by reaction of halo-substituted aldehydes with
      hydroxy acids or ester reactants. Thus, there are employed
      o-(bromomethyl)benzaldehyde p-chlorohydratropaldehyde, and the like.
PAR  When R.sub.26 is alkyl, the formula-LIX reacts
      ##EQU27##
      alkylating agents are prepared from the corresponding reactants wherein
      R.sub.26 is methyl, ethyl, propyl, or butyl, or their isomers. For example
      m-bromo-.alpha.-methylstyrene reactants as follows:
      ##SPC53##
PAL  Typical halo-substituted ketones available for this purpose include (2',
      3', or 4')-(bromo, chloro, or iodo)-acetophenone, (3' or
      4')-bromopropiophenone, (3' or 4')-chlorobutyrophenone, and 4'-(bromo or
      chloro)-valerophenone. Other reactants leading to the R.sub.26
      (alkyl)-substituted formula-LIX alkylating agents are accessible to those
      skilled in the art.
PAR  Although the above methods are generally useful for preparing alkylating
      agents within the scope of formulas
      ##EQU28##
      above, there are preferred methods for preparing the formula-LIV compounds
      containing the --C.tbd.--C.sub.j H.sub.2j -- moiety.
PAR  Considering compounds of othe formula
      ##SPC54##
PAL  there is employed as starting material (o, m, or p-)vinylanisole in the
      following series of transformations:
      ##SPC55##
PAL  Herein, THP represents tetrahydropyranyl and R.sub.28 represents
      ##SPC56##
PAL  The reagents and conditions for bringing about these transformations are
      known to those skilled in the art. Thus, in step a, reacting first with
      bromine and then with sodium amide in liquid ammonia yields the acetylenic
      derivative (see J. Am. Chem. Soc. 56, 2064, 1934). Step b utilizes boron
      tribromide for example. Step c proceeds either with ethylene chlorohydrin
      and a strong base, e.g., NaOH or KOH, followed by dihydropyran in the
      presence of an acid catalyst, or with the tetrahydropyranyl ether of the
      chlorohydrin and a strong base. Step d utilizes R.sub.26 COCl in the
      presence of a strong base, e.g., sodium amide, phenyllithium, or sodium
      triphenylmethane. Alternatively, if R.sub.26 is desirably hydrogen,
      paraformaldehyde is employed (see J. Am. Chem. Soc. 92, 6314 (1970). The
      reaction in step e is done with a metal hydride, e.g., sodium borohydride.
      In step f thionyl chloride yields the formula-LX chloro compounds.
      Finally, in step g the THP moiety is selectively removed by mild
      hydrolysis in acid medium and the terminal --CH.sub.2 OH moiety is
      oxidized to --COOH, e.g. with the Jones reagent. The alkylating agent is
      converted by known means to an ester, as defined by R.sub.10, to yield the
      desired compounds.
PAR  Considering the compounds of the formula
      ##SPC57##
PAL  the above series of transformations are used, except that in step c
      ClCH.sub.2 CH.sub.2 OH is replaced by Cl--C.sub.q H.sub.2q --CH.sub.2 OH.
      There are obtained in step f compounds of the formula
      ##SPC58##
PAL  wherein C.sub.q H.sub.2q, Hal, R.sub.26 and THP are as defined above.
      Thereafter these formula-LXI compounds are transformed as in step g above
      to the desired compounds.
PAR  Considering the compounds of the formula
      ##SPC59##
PAL  there are employed as starting materials the ar-halostyrenes. These are
      transformed by the following steps:
      ##SPC60##
PAL  Thereafter, these formula-LXII compounds are transformed as in step g above
      to the desired compounds. In step a, the halo compounds are converted to a
      Grignard reagent with magnesium and thence reacted with ethylene oxide. In
      step b, the hydroxy group is converted to --OTHP with dihydropyran, the
      acetylenic moiety is formed as in step a leading to the formula-LX
      compounds above, and the THP moiety removed by mild acid hydrolysis. In
      step c, the chain is extended by reaction with Hal--CH.sub.2 CH.sub.2 OH,
      preferably the bromo or iodo derivatives, in the presence of strong base,
      e.g., phenyl lithium, sodium triphenylmethane, or sodium hydride.
      Thereafter, in step d the transformations follow the general scheme of
      steps d-f leading to the formula-LX compound to yield the formula-LXII
      compounds. Transformation as in step g above yields the desired compounds.
PAR  Consdering the compounds of the formula
      ##SPC61##
PAL  the series of transformations in the paragraph immediately preceeding are
      used, except that in step c Hal--CH.sub.2 CH.sub.2 OH is replaced by
      Hal--C.sub.q H.sub.2q --CH.sub.2 OH. There are obtained in step d
      compounds of the formula
      ##SPC62##
PAL  These formula-LXIII compounds are transformed as in step g above to the
      desired esters.
PAR  Considering the compounds of the formula
      ##SPC63##
PAL  there are employed as starting materials anisolyl aliphatic acids, e.g.,
      anisolylacetic acid, in the following steps:
      ##SPC64##
PAL  In step a, the carboxyl group is reduced with a metal hydride, e.g. lithium
      aluminum hydride. In step b, where Ts represents the toluenesulfonyl
      ("tosyl") moiety, the reaction is carried out with toluenesulfonyl
      chloride and pyridine. In step c, the acetylenic moiety is introduced with
      lithium acetylide (see J. Am. Chem. Soc. 80, 6626, 1958) to yield the
      formula-LXIV intermediates. Subsequent steps in d to form the formula-LXV
      compounds follow from steps b-f for the formula-LX compounds above.
      Finally, the formula-LXV compounds are transformed as in step g above to
      the desired esters.
PAR  Considering the compounds of the formula
      ##SPC65##
PAL  there are employed as starting materials benzenedialiphatic acids, e.g.,
      benzenediacetic acid, in the following steps:
      ##SPC66##
PAL  In step a, the carboxyl groups are reduced with a metal hydride, e.g.
      lithium aluminum hydride. In step b, reaction with toluenesulfonyl halide
      yields the bistosyl derivative. In step c one tosyloxy group is replaced
      by reaction with HO--C.sub.q H.sub.2q --CH.sub.2 OTHP in the presence of
      sodium hydride in an inert solvent, e.g. dimethyl formamide. In step d,
      the acetylenic moiety is introduced as in forming the formula-LXIV
      compounds above. Subsequent steps in e to form the formula-LXVI compounds
      follow from steps b-f for the formula-LX compounds above. Finally, the
      formula-LXVI compounds are transformed as in step g above to the desired
      esters. 2q
PAR  Variations in the above formula LX-to-LXVI compounds and their
      corresponding ester alkylating agents as to chain length or branching in
      the C.sub.g H.sub.2g, C.sub.j H.sub.2j, C.sub.p H.sub.2p, and C.sub.q
      H.sub.2p moieties and as to the identity of R.sub.1 or R.sub.26, within
      the scope of these terms as herein defined, are available to those skilled
      in the art making use of the principles disclosed herein.
PAR  Other modifications which are encompassed within this disclosure include
      the use of alkylating agents wherein Hal is replaced by
      hydrocarbonsulfonyl, e.g. tosyl or mesyl (methanesulfonyl) groups.
      Furthermore, the formula-LX, -LXI, -LXII, -LXIII, -LXV, and -LXVI
      compounds are alternatively employed as alkylating agents, instead of the
      corresponding esters, and the alkylated formula-XXXVI and -XLIII compounds
      subsequently converted to the desired formula-XXXVII and -XLIV compounds
      by mild hydrolysis to remove the THP moiety, oxidation to convert the
      --CH.sub.2 OH moiety to --COOH, and, optionally, esterification to the
      desired R.sub.1 identity.
PAR  The cis and trans ethylenic alkylating agents of formulas LV and LVI above
      are preferably prepared by cis or trans reduction of the corresponding
      formula-LIV acetylenic compounds prepared as above, or by cis or trans
      reduction of any earlier acetylenic intermediate in which both ends of the
      acetylenic bond are substituted, i.e., not hydrogen as in the moiety
      HC.tbd.C--. Alternatively, this cis or trans reduction is carried out on
      any subsequent acetylenic reaction product leading up to and including the
      final acetylenic alkylating agent of formula LIV.
PAR  For these cis reductions of acetylenic bonds, it is advantageous to use
      hydrogen plus a catalyst which catalyzes hydrogenation of --C.tbd.C-- only
      to cis --CH=CH--. Such catalysts and procedures are well known to the art.
      See, for example, Fieser et al., "Reagents for Organic Syntheses", pp.
      566-567; John Wiley and Sons, Inc., New York, N.Y. (1967). Palladium (5%)
      on barium sulfate, especially in the presence of pyridine as a diluent, is
      a suitable catalyst for this purpose. Alternative reagents useful to
      transform these acetylenic compounds to cis-ethylenic compounds are
      bis(3-methyl-2-butyl)borane ("disiamylborane") and diisobutyl-aluminum
      hydride.
PAR  For trans reductions of the acetylenic bond, except for those compounds
      containing halogen, it is advantageous to use sodium or lithium in liquid
      ammonia or a liquid alkylamine, e.g., ethylamine. When the moiety
      HO--CH.sub.2 --C.tbd.C-- is present in the acetylenic compound being
      reduced, the use of lithium aluminum hydride gives trans reduction of the
      triple bond. Procedures for these trans reductions are known in the art.
      See, for example, Fieser et al., above cited, pp. 577, 592-594, and 603,
      and J. Am. Chem. Soc. 85, 622 (1963).
PAR  The alkylating agents of the formulas
      ##SPC67##
PAL  are available by methods known to those skilled in the art.
PAR  Thus, the above-described intermediates within the scope of
      ##SPC68##
PAL  are transformed to the phosphoranes and condensed with halo-substituted
      ketones of the formula
      ##EQU29##
      wherein THP is tetrahydropyranyl, by the Wittig reaction (Organic
      Reactions, Vol. 14, p. 270, Wiley, 1965). Mixtures of the cis and trans
      isomers of formulas LXVII and LXVIII are usually obtained, which are
      separable by methods known in the art. Higher proportions of the cis
      isomers are obtained in the presence of Lewis bases; higher proportions of
      the trans isomers result by employing the phosphonate modification (D. H.
      Wadsworth et al., J. Org. Chem. 30, 680 (1965)). Thereafter, hydrogen on
      the terminal carboxyl group is replaced with R.sub.10, THP is replaced
      with hydrogen, and the terminal hydroxyl group replaced with Hal, for
      example with PBr.sub.3 or PCl.sub.3.
PAR  Alternatively, an intermediate of the formula
      ##SPC69##
PAL  is condensed by the Wittig reaction with a phosphorane or phosphonate
      derived from
      ##EQU30##
      Subsequently, the terminal hydroxy group is replaced with Hal by suitable
      reagents, for example PBr.sub.3 or PCl.sub.3.
PAR  Concerning the alkylation of the cyclopentane ring, another useful
      alkylation procedure utilizes an intermediate enamine. That enamine is
      prepared by mixing either the formula-XXXVI ketal or the formula-XLIII
      olefin ketone with a secondary amine of the formula
      ##EQU31##
      wherein R.sub.24 and R.sub.25 are alkyl or alkylene linked together
      through carbon or oxygen to form together with a nitrogen a 5 to
      7-numbered heterocyclic ring. Examples of suitable amines are
      diethylamine, dipropylamine, dibutylamine, dihexylamine, dioctylamine,
      dicyclohexylamine, methylcyclohexylamine, pyrrolidine,
      2-methylpyrrolidine, piperidine, 4-methylpiperidine, morpholine,
      hexamethylenimine, and the like.
PAR  The enamine is prepared by heating a mixture of the formula-XXXVI ketal or
      the formula-XLIII olefin ketone with an excess of the amine preferably in
      the presence of a strong acid catalyst such as an organic sulfonic acid,
      e.g., p-toluenesulfonic acid, or an inorganic acid, e.g., sulfuric acid.
      It is also advantageous to carry out this reaction in the presence of a
      water-immiscible diluent, e.g., benzene or toluene, and to remove water by
      azeotropic distillation as it is formed during the reaction. Then, after
      water formation ceases, the enamine is isolated by conventional methods.
PAR  The enamine is then reacted with a haloester,
      ##EQU32##
      to give the desired formula-XXXVII or -XLIV product. This reaction of the
      enamine is carried out by the usual procedures. See "Advances in Organic
      Chemistry," Interscience Publishers, New York, N.Y., Vol. 4, pp. 25-47
      (1963) and references cited therein. In addition to halogen, R.sub.29 in
      ##EQU33##
      can also be tosylate, mesylate, and the like. It is especially preferred
      that R.sub.29 be bromine or iodine. Dimethylsulfoxide is especially useful
      as a diluent in the reaction of the enamine with the haloester.
PAR  Referring again to Chart D, after alkylation as discussed above, cyclic
      ketal XXXVII is transformed to glycol XXXVIII by reacting the cyclic ketal
      with an acid with pK less than 5. Suitable acids and procedures for
      hydrolyzing cyclic ketals to glycols are known in the art. Suitable acids
      are formic acid, hydrochloric acid, and boric acid. Especially preferred
      as diluents for this reaction are tetrahydrofuran and
      .beta.-methoxyethanol.
PAR  Referring again to Chart E, after alkylation as discussed above, olefin
      XLIV is hydroxylated to glycol XLV. As discussed above, the divalent
      moiety --Z'-- includes the moieties
      ##SPC70##
PAL  wherein C.sub.g H.sub.2g, C.sub.j H.sub.2j and C.sub.q H.sub.2q are as
      defined above. When Z' is
      ##SPC71##
PAL  this hydroxylation of XLIV is carried out as described above for the
      hydroxylation of olefin XLIII to glycol LI, i.e., with any of the known
      reagents and procedures described in Gunstone, above cited. When Z' is
      ##SPC72##
PAL  some of the reagents and procedures described by Gunstone tend to attack
      the acetylenic linkage as well as the ethylenic linkage of the
      formula-XLIV olefin. Therefore it is preferred to use a hydroxylation
      reagent and procedure which attacks the ethylenic linkage preferentially.
      For this, it is preferred to carry out hydroxylation of these acetylenic
      formula-XLIV olefins with organic peracids, e.g., performic acid,
      peracetic acid, perbenzoic acid, and m-chloro-perbenzoic acid, as
      described by Gunstone, above cited, pp. 124-130.
PAR  As discussed above regarding the hydroxylation of unalkylated olefin XLIII
      to unalkylated glycol LI, various isomeric glycols are obtained by
      hydroxylation of the formula-XLIV alkylated olefin. The particular
      formula-XLV glycol or glycol mixture obtained depends on such factors as
      whether the olefin XLIV is cis or trans and endo or exo, and whether a cis
      or a trans hydroxylation takes place. However, all of the isomeric
      formula-XLIV glycols and the various glycol mixtures are equally useful as
      intermediates according to this invention and the processes of Chart E to
      produce final products of formulas XLVII and XLVIII, and then according to
      Charts A, B, and C, to produce the other final products of this invention.
      Therefore, it is usually not necessary to separate individual formula-XLV
      glycol isomers before proceeding further in the synthesis, although that
      separation can be accomplished by silica gel chromatography.
PAR  It is preferred that glycols XXXVIII and XLV of Charts D and E,
      respectively, be free of phenolic hydroxyl substituents before the
      alkanesulfonation step. If any of the intermediate formula-XXXVIII or
      formula-XLV compounds have phenolic hydroxyls, these hydroxyls are readily
      converted to tetrahydropyranyloxy (OTHP) by reaction with dihydropyran,
      e.g. in the presence of a catalytic amount of POCl.sub.3. The --OTHP group
      is subsequently replaced by OH under mildly acidic conditions.
PAR  Referring again to Charts D and E, bis(alkanesulfonic acid) esters XXXIX
      and XLVI are prepared by reacting glycols XXXVIII and XLV, respectively,
      with an alkanesulfonyl chloride or bromide, or with an alkanesulfonic acid
      anhydride, the alkyl in each containing one to 5 carbon atoms, inclusive.
      Alkanesulfonyl chlorides are preferred for this reaction. The reaction is
      carried out in the presence of a base to neutralize the byproduct acid.
      Especially suitable bases are tertiary amines, e.g., dimethylaniline or
      pyridine. It is usually sufficient merely to mix the two reactants and the
      base, and maintain the mixture in the range 0.degree. to 25.degree.C. for
      several hours. The formula-XXXIX and XLVI bis(sulfonic acid) esters are
      then isolated by procedures known to the art.
PAR  Referring now to Chart D, bis(sulfonic acid) esters XXXIX are transformed
      either to oxa-phenylene PGE-type compounds XL, or to oxa-phenylene
      PGA-type compounds XLI. Referring to Chart E, bis(sulfonic acid) esters
      XLVI are transformed either to oxa-phenylene PGE-type compounds XLVII, or
      to oxa-phenylene PGA-type compounds XLVIII.
PAR  The transformations of XXXIX and XLVI to the PGE-type compounds XL and
      XLVII, respectively, are carried out by reacting bis-esters XXXIX and XLVI
      with water in the range about 0.degree. to about 60.degree.C. In making
      the oxa-phenylene PGE.sub.1 compounds, 25.degree. C. is a suitable
      reaction temperature, the reaction then proceeding to completion in about
      5 to 20 hours. It is advantageous to have a homogenous reaction mixture.
      This is accomplished by adding sufficient of a water-soluble organic
      diluent which does not enter into the reaction. Acetone is a suitable
      diluent. The desired product is isolated by evaporation of excess water
      and diluent if one is used. The residue contains a mixture of formula-XL
      or formula-XLVII C-15 epimers which differ in the configuration of the
      side chain hydroxy, that being either "natural" or "epi," i.e. .alpha. or
      .beta.. These are separated from by-products and from each other by silica
      gel chromatography. A usual by-product is the mono-sulfonic acid ester of
      formula XLII (Chart D) or formula XLIX (Chart E). These mono-sulfonic acid
      esters are esterified to the formula-XXXIX or -XLVI bis(sulfonic acid)
      esters, respectively, in the same manner described above for the
      transformation of glycol XXXVIII or XLV to bis-ester XXXIX or XLVI and
      thus are recycled back to additional formula-XL or -XLVII final product.
PAR  The transformations of XXXIX and XLVI to the PGA type compounds XLI and
      XLVIII, respectively, are carried out by heating bis-esters XXXIX and XLVI
      in the range 40.degree. to 100.degree. C. with a combination of water, a
      base characterized by its water solution having a pH 8 to 12, and
      sufficient inert water-soluble organic diluent to form a basic and
      substantially homogenous reaction mixture. A reaction time of one to 10
      hours is usually used. Preferred bases are the water-soluble salts of
      carbonic acid, especially alkali metal bicarbonates, e.g., sodium
      bicarbonate. A suitable diluent is acetone. The products are isolated and
      separated as described above for the transformation of bis-esters XXXIX
      and XLVI to PGE-type products XL and XLVII. The same mono-sulfonic acid
      esters XLII and XLIX observed as by-products in thos transformations are
      also observed during preparation of PGA-type products XLI and XLVIII.
PAR  For the transformations of bis(sulfonic acid) esters XXXIX and XLVI to
      final products XL, XLI, XLVII, and XLVIII, it is preferred to use the
      bis-mesyl esters, i.e., compounds XXXIX and XLVI wherein R.sub.13 is
      methyl.
PAR  Referring again to Charts D and E, the configuration of the
      ##EQU34##
      moiety in the formula-XXXIX bis-esters or the configuration of the
      ##EQU35##
      moiety in the formula-XLVI bis-esters does not change during these
      transformations of XXXIX to XL, XLI, and XLII and of XLVI to XLVII,
      XLVIII, and XLIX. compounds when in formula XXXIX for example, J' is
      ##SPC73##
PAL  G' is --(CH.sub.2).sub.4 --CH.sub.3, and R.sub.2, R.sub.9 and R.sub.26 are
      hydrogen, natural- and epi-configuration
      3-oxa-4,5-inter-o-phenylene-PGE.sub.1 esters (XL) are obtained when
      ##EQU36##
      is attached initially (XXXIX) in alpha configuration, and natural- and
      epi-configuration 8-iso-3-oxa-4,5-inter-o-phenylene-PGE.sub.1 esters (XL)
      are obtained when that moiety is attached in beta configuration.
      Similarly, when in formula XXXIX, J' is
      ##SPC74##
PAL  is --(CH.sub.2).sub.4 --CH.sub.3, and R.sub.2, R.sub.9, and R.sub.26 are
      hydrogen, natural- and epi-configuration
      5,6-dehydro-3-oxa-4,5-inter-p-phenylene-PGE.sub.2 esters are obtained when
      ##EQU37##
      is attached initially in alpha configuration, and the corresponding 8-iso
      compounds are obtained when that moiety is attached in beta configuration.
      The same retention of
      ##EQU38##
      configuration occurs when formula-XLI and XLII compounds are produced, and
      similar retention of
      ##EQU39##
      configuration occurs when formula-XLVII, XLVIII, and XLIX compounds are
      produced from formula-XLVI bi-esters.
PAR  The PGE.sub.3 -type oxa-phenylene compounds encompassed by formula XXXII
      are prepared by the transformations shown in Chart F, wherein C.sub.n
      H.sub.2n, M', Q, R.sub.2, R.sub.5, R.sub.9 R.sub.10 R.sub.13, THP, and
      .about. are as defined above.
      ##SPC75##
PAR  Starting material, previously discussed, is converted to the formula-LXIX
      compound by several steps known in the art, employing first a Wittig
      reaction of a phosphonium salt of a haloalkyne of the formula
      BR--CHR.sub.2 --C.sub.n H.sub.2n --C.tbd.C--R.sub.5 wherein C.sub.n
      H.sub.2n, R.sub.2, and R.sub.5 are as defined above. See, for example, U.
      Axen et al., Chem. Comm. 1969, 303, and ibid. 1970, 602.
PAR  Compound LXIX is then alkylated with an alkylation agent of the formula
      Hal--CH.sub.2 --C.tbd.C--M'--COOR.sub.10 wherein M', R.sub.10, and Hal are
      as defined above, i.e. M' is
      ##SPC76##
PAL  wherein C.sub.j H.sub.2j, C.sub.p H.sub.2p, and C.sub.q H.sub.2q are as
      defined above,R.sub.10 is the same as the definition of R.sub.1 except
      that R.sub.10 does not include hydrogen, and Hal is chloro, bromo, or
      iodo. These alkylating agents have been discussed above in connection with
      Charts D and E and the procedures for alkylation are similar to those
      employed in preparing the acetylenic compounds above. See also Axen et
      al., references cited.
PAR  Accordingly, for the preparation of
      3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.3 compounds of formula XXXII
      wherein C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds, there is
      used an alkylating agent of the formula
      ##SPC77##
PAL  prepare, for example, from compound LX as discussed above.
PAR  Referring again to Chart F, after alkylation, compound LXX is hydroxylated
      to glycol LXXI. Hydroxylation reagents and procedures for this purpose are
      known in the art. See also Axen et al., references cited.
PAR  Bis(alkanesulfonic acid) esters LXXII are prepared by reacting glycol LXXI
      with an alkanesulfonyl chloride or bromide, for example methanesulfonyl
      chloride in the presence of a tertiary amine, by methods known in the art.
PAR  Referring again to Chart F, bis(sulfonic acid) esters LXXII are transformed
      to oxa-phenylene bisdehydro PGE.sub.3 -type compounds LXXIII by reaction
      with water in the range about 0.degree. to about 60.degree. C., preferably
      in an acetone-water mixture, as known in the art and discussed
      hereinabove. See also Axen, references cited.
PAR  Transformation of LXXIII to the PGE.sub.3 -type compounds LXXIV is
      accomplished by hydrogenation of LXXIII using a catalyst which catalyzes
      hydrogenation of --C.tbd.C-- only to cis--CH=CH--, as known in the art and
      discussed hereinabove. Preferred is Lindlar catalyst in the presence of
      quinoline, see Axen, references cited.
PAR  The product is a mixture of formula-LXXIV C-15 epimers which are separated
      from by-products and from each other by silica gel chromatography.
PAR  The transformations of the formula-LXXIV PGE.sub.3 -type products to the
      corresponding PGF.sub.3, PGA.sub.3, and PGB.sub.3 products are carried out
      by the steps shown in Chart A, discussed hereinabove.
PAR  The formula-LX and XLVII oxa-phenylene PGE-type compounds and the
      formula-XLI and XLVIII oxa-phenylene PGA-type compounds shown in Charts D
      and E and the formula-LXXIV oxa-phenylene PGE.sub.3 -type compounds shown
      in Chart F are all R.sub.10 carboxylic acid esters, wherein R.sub.10 is as
      defined above. Moreover when those PGE-type and PGA-type R.sub.10 esters
      are used to prepare the other oxa-phenylene prostaglandin-like compounds
      according to Charts A, B, and C, corresponding R.sub.10 esters are likely
      to be produced, especially in the case of the oxa-phenylene PGF-type
      compounds. For some of the uses described above, it is preferred that the
      novel formula XVI-to-XXXV oxa-phenylene prostaglandin-like compounds of
      this invention be in free acid form, or in salt form which requires the
      free acid as a starting material. Likewise, when a formula XVI-to-XXXV
      oxa-phenylene prostaglandin-like compound is available as an ester, say
      the methyl ester, and another ester is desired, it is usually necessary to
      convert the available ester to the free acid form and from it prepare the
      desired ester. Esters are prepared by methods known in the art or
      described herein, for example by reaction with diazohydrocarbons.
PAR  The PGF-type esters of formulas XX-XXIII and XXXIII and the PGB-type
      compounds of formulas XXVIII-XXXI and XXXV are easily hydrolyzed or
      saponified to the free acids by the usual known procedures, especially
      when R.sub.1 (R.sub.10) is alkyl of one to 4 carbons, inclusive,
      preferably methyl or ethyl.
PAR  On the other hand, the PGE type esters of formulas XVI-XIX and XXXII and
      the PGA type esters of formulas XXIV-XXVII and XXXIV are difficult to
      hydrolyze or saponify without causing unwanted structural changes in the
      desired acids. There are two other procedures to make the free acid forms
      of these PGE- and PGA-type compounds.
PAR  One of those procedures is applicable mainly in preparing the free acids by
      subjecting their alkyl esters to the acylase enzyme system of a
      microorganism species of Subphylum 2 of Phylum III, and thereafter
      isolating the acid. See West Germany Offenlegungsschrift No. 1,937,678;
      Derwent Farmdoc No. 6863R. This enzymatic hydrolysis is also applicable to
      the above PGF- and PGB-type alkyl esters. Another method using an esterase
      enzyme composition from P. homomalla is described in U.S. Pat. No.
      3,761,356.
PAR  Another procedure for making the free acids of the above PGE- and PGA-type
      compounds involves treatment of certain haloethyl esters of those acids
      with zinc metal and an alkanoic acid of 2 to 6 carbon atoms, preferably
      acetic acid. Those haloethyl esters are the esters wherein R.sub.10 is
      ethyl substituted in the .beta.-position with 3 chloro, 2 or 3 bromo, or
      one, 2, or 3 iodo. Of those haloethyl moieties,
      .beta.,.beta.,.beta.-trichloroethyl is preferred. Zinc dust is preferred
      as the physical form of the zinc. Mixing the haloethyl ester with the zinc
      dust at about 25.degree. C. for several hours usually causes substantially
      complete replacement of the haloethyl moiety of the formula XVI-XIX,
      XXXII, XXIV-XXVII, and XXXIV ester with hydrogen. The free acid is then
      isolated from the reaction mixture by procedures known to the art. This
      procedure is also applicable to the production of PGF- and PGB-type free
      acids.
PAR  Formula-XXXVII cyclic ketals and formula XLIV olefins wherein R.sub.10 is
      haloethyl as above defined are necessary as intermediates for this route
      to the final PGE, PGF, PGA, and PGB type free acids. These formula-XXXVII
      and -XLIV haloethyl ester intermediates can be prepared by alkylation of
      cyclic ketal XXXVI (Chart D) or olefin XLIII (Chart E), respectively, with
      the appropriate formula LIII-to-LVI or LXVII-LXVIII alkylating agent
      wherein R.sub.10 is haloethyl as above defined. However, preferred routes
      of the formula-XXXVII and -XLIV haloethyl ester intermediates are shown in
      Charts G and H.
PAR  In Charts G and H, G, J', R.sub.2, R.sub.9, R.sub.26, R.sub.11, R.sub.12,
      Z', and .about. are as defined above. Haloethyl represents ethyl
      substituted in the .beta.-position with 3 chloro, or 2 or 3 bromo, or 1,
      2, or 3 iodo, preferably --CH.sub.2 CCl.sub.3. R.sub.15 represents alkyl
      of one to 4 carbon atoms, inclusive, preferably methyl or ethyl.
      ##SPC78##
PAR  Compound LXXVI in Chart G is within the scope of compound XXXVII in Chart D
      Compound LXXXII in Chart H is within the scope of compound XLIV in Chart
      E. These ketones LXXVI and LXXXII are reduced to corresponding hydroxy
      compounds LXXVII and LXXXIII, respectively, with a carbonyl reducing
      agent, e.g., sodium borohydride, as described above in discussion of Chart
      A. Then, hydroxy esters LXXVII and LXXXIII are saponified by known
      procedures to hydroxy acids LXXVIII and LXXXIV, respectively. These two
      hydroxy acids are transformed to keto haloethyl esters LXXXI and LXXXVI,
      respectively, by oxidation of the hydroxy group to keto and esterification
      of the carboxyl group to --COO-haloethyl. As shown in Charts G and H,
      these two reactions are carried out in either order. However, it is
      preferred to oxidize first and then esterify.
PAR  Hydroxy acids LXXVIII and LXXXIV are oxidized to keto acids LXXX and
      LXXXVI, respectively, and hydroxy haloesters LXXIX and LXXXV are oxidized
      to keto haloesters LXXXI and LXXXVII, respectively, by reaction with an
      oxidizing agent which does not attack other parts of these molecules,
      especially the cyclic ketal group of compounds LXXVIII and LXXIX or
      ethylenic linkage of compounds LXXIV and LXXXV. An especially useful
      reagent for this purpose is the Jones reagent, i.e., acidic chromic acid.
      Acetone is a suitable diluent for this purpose, and a slight excess of
      oxidant and temperatures at least as low as about 0.degree. C., preferably
      about -10.degree. to about -20.degree. C. should be used. The oxidation
      proceeds rapidly and is usually complete in about 5 to about 30 minutes.
      Excess oxidant is destroyed, for example, by addition of a lower alkanol,
      advantageously isopropyl alcohol, and the aldehyde is isolated by
      conventional methods, for example, by extraction with a suitable solvent,
      e.g., diethyl ether. Other oxidizing agents can also be used. Examples are
      mixtures of chromium trioxide and pyridine or mixtures of
      dicyclohexylcarbodiimide and dimethyl sulfoxide. See, for example, J. Am.
      Chem. Soc. 87, 5661 (1965).
PAR  Haloethyl esters LXXIX, LXXXI, LXXXV, and LXXXVII are prepared by reacting
      agents LXXVIII, LXXX, LXXXIV, and LXXXVI respectively, with the
      appropriate haloethanol, e.g., .beta.,.beta.,.beta.-trichloroethanol, in
      the presence of a carbodiimide, e.g., dicyclohexylcarbodiimide, and a
      base, e.g., pyridine, preferably in the presence of an inert liquid
      diluent, e.g., dichloromethane, for several hours at about 25.degree. C.
PAR  As described above, the alkylations of cyclic ketal XXXVI to XXXVII (Chart
      D) and olefin XLIII and XLIV (Chart E) usually produce mixtures of alpha
      and beta alkylation products with respect to the
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      moities. Also as described above, those two isomers lead to different
      final products, alpha leading to the PG-type series and beta leading to
      the 8-iso-PG-type series. If a compound in one or the other of those two
      series is preferred, there are two methods for favoring production of the
      preferred final product.
PAR  One of those methods involves isomerization of the final product of
      formulas XVI to XXXV. Either the alpha isomer of a formula XVI-to-XXXV
      compound, ester or free acid, or the corresponding beta isomer is
      maintained in a inert liquid diluent in the range 0.degree. to 80.degree.
      C. and in the presence of a base characterized by its water solution
      having a pH below about 10 until a substantial amount of the isomer has
      been isomerized to the other isomer, i.e., alpha to beta or beta to alpha.
      Preferred bases for this purpose are the alkali metal salts of carboxylic
      acids, especially alkanoic acids of 2 to 4 carbon atoms, e.g., sodium
      acetate. Examples of useful inert liquid diluents are alkanols of one to 4
      carbon atoms, e.g., ethanol. This reaction at about 25.degree. takes about
      one to about 20 days. Apparently an equilibrium is established. The
      mixtures of the two isomers, alpha and beta, are separated from the
      reaction mixture by known procedures, and then the two isomers are
      separated from each other by known procedures, for example,
      chromatography, recrystallization, or a combination of those. The less
      preferred isomer is then subjected to the same isomerization to produce
      more of the preferred isomer. In this manner by repeated isomerizations
      and separations substantially all of the less preferred isomer of the
      formula XVI-to-XXXV compound is transformed to more preferred isomer.
PAR  The second method for favoring production of a preferred formula
      XVI-to-XXXV isomer involves any one of the keto intermediates of formulas
      XXXVII, XXXVIII, XLIV, XLV, LXX, or LXXI (Charts D, E, and F). Either the
      alpha form or the beta form of one of those intermediates is transformed
      to a mixture of both isomers by maintaining one or the other isomer, alpha
      or beta, in an inert liquid diluent in the presence of a base and in range
      0.degree.to 100.degree. C. until a substantial amount of the starting
      isomer has been isomerized to the other isomer. Preferred bases for this
      isomerization are alkali metal amides, alkalie metal alkoxides, alkali
      metal hydrides, and triarylmethyl alkali metals. Especially preferred are
      alkali metal tert-alkoxides of 4 to 8 carbon atoms, e.g., potassium
      tert-butoxide. This reaction at about 25.degree. C. proceeds rapidly (one
      minute to several hours). Apparently an equilibrium mixture of both
      isomers is formed, starting with either isomer. The isomer mixtures in the
      equilibrium mixture thus obtained are isolated by known procedures, and
      then the two isomers are separated from each other by known procedures,
      for example, chromatogaphy. The less preferred isomer is then subjected to
      the same isomerization to produce more of the preferred isomer. In this
      manner, by repeated isomerizations and separations, substantially all of
      the less preferred isomer of any of these intermediates is transformed to
      the more preferred isomer. Cyclic ketalketone intermediates of formula
      XXXVII are preferred over the other intermediates for this izomerization
      procedure.
PAR  The novel oxa-phenylene PGE, PGF, PGA and PGB type compounds of formula XVI
      to XXXV wherein R.sub.2 is alkyl of one to 4 carbon atoms, inclusive,
      preferably methyl or ehtyl, are preferred over the corresponding
      oxa-phenylene PGE, PGF, PGA, and PGB type compounds in which R.sub.2 is
      hydrogen for the above-described pharmacological purposes.
PAR  These 15-alkyl prostaglandin analogs are suprisingly and unexpectedly more
      useful than the corresponding 15-hydrogen compounds for the reason that
      they are substantially more specific with regard to potency in causing
      prostaglandin-like biological responses, and have substantially longer
      duration of biological activity. For that reason, fewer and smaller doses
      of these 15-alkyl prostaglandin analogs are needed to attain the desired
      pharmacological results.
PAR  Although the above-mentioned 15-alkyl compounds are produced by the methods
      outlined above in Charts A-F, the preferred methods are set forth in Chart
      I and J as follows.
PAR  In Chart I is shown the transformation of 15-alkyl PGF-type acids and alkyl
      esters to the corresponding PGE-type acids and alkyl esters by oxidation.
      For this purpose, and oxidizing agent is used which selectively oxidizes
      secondary hydroxy groups to carbonyl groups in the presence of
      carbon-carbon double bonds. Formula LXXXVIII in Chart I includes optically
      active compounds as shown and racemic compounds of that formula and the
      mirror images thereof, and also the 15-epimers of both of those, i.e.,
      wherein the configuration at C-15 is .beta. rather than .alpha. as shown.
      Also in Chart I, E', G, J', R.sub.1 and R.sub.26 are as defined above, and
      R.sub.16 is alkyl of one to 4 carbon atoms.
PAR  For the transformations of Chart I, the .beta.-hydroxy isomers of reactant
      LXXXVIII are preferred starting materials when the carboxyl side chain is
      alpha, although the corresponding .alpha.-hydroxy isomers are also useful
      for this purpose.
PAR  Oxidation reagents useful for the transformation set forth in Chart I are
      known to the art. An especially useful reagent for this purpose is the
      Jones reagent, i.e., acidified chromic acid. See J. Chem. Soc. 39 (1946).
      A slight excess beyond the amount necessary to oxidize one of the
      secondary hydroxy groups of the formula-LXXXVIII reactant is used. Acetone
      is a suitable diluent for this purpose. Reaction temperatures at least as
      low as about 0.degree. C. should be used.
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PAL  Preferred reaction temperatures are in the range -10.degree. to -50.degree.
      C. The oxidation proceeds rapidly and is usually complete in about 5 to 20
      minutes. The excess oxidant is destroyed, for example by addition of a
      lower alkanol, advantageously, isopropyl alcohol, and the formula-LXXXIX
      PGE-type product is isolated by conventional methods.
PAR  Examples of other oxidation reagents useful for the Chart H transformations
      are silver carbonate on Celite (Chem. Commun. 1102 (1969)), mixtures of
      chromium trioxide and pyridine (Tetrahedron Letters 3363 (1968), J. Am.
      Chem. Soc. 75, 422 (1953), and Tetrahedron, 18, 1351 (1962)), mixtures of
      sulfur trioxide in pyridine and dimethyl sulfoxide (J. Am. Chem. Soc. 89,
      5505 (1967)), and mixtures of dicyclohexylcarbodiimide and dimethyl
      sulfoxide (J. Am. Chem. Soc. 87, 5661 (1965)).
PAR  The novel 15-alkyl oxa-phenylene PGF.sub..alpha.- and PGF.sub..beta.-type
      acids and esters of formulas XX-XXIIII and XXXIII wherein R.sub.2 is one
      to 4 carbon atoms, inclusive, are preferably prepared from the
      corresponding 15-hydrogen compounds by the sequence of transformations
      shown in Chart J, wherein formulas XC through XCIV, inclusive, include
      optically active and racemic natural- and epi-configuration compounds of
      those formulas and the mirror images thereof. Also in Chart J, R.sub.16 is
      alkyl of one to 4 carbon atoms, inclusive, and E', G, Hal, J', R.sub.1,
      R.sub.26, and .about. are as heretofore defined; G" in formula XCII is the
      same as G except that T is replaced by T", wherein T" is the same as T
      above except that, in R.sub.6, --Si(R.sub.8).sub.3 replaces hydrogen. Also
      in Chart J, R.sub.8 is alkyl of one to 4 carbon atoms, inclusive, aralkyl
      of 7 to 12 carbon atoms, inclusive, phenyl, or phenyl substituted with one
      or 2 fluoro, chloro, or alkyl of one to 4 carbon atoms inclusive, and
      R.sub.17 is R.sub.1 as defined above or silyl of the
      formula-Si--(R.sub.8).sub.3 wherein R.sub.8 is as defined above. The
      various R.sub.8 's of a --Si(R.sub.8).sub.3 moiety are alike or different.
      For example, a --Si(R.sub.8).sub.3 can be trimethylsilyl,
      dimethylphenylsilyl, or methylphenylbenzylsilyl. Examples of alkyl of one
      to 4 carbon atoms, inclusive, are methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, sec-butyl, and tert-butyl. Examples of aralkyl of 7 to 12 carbon
      atoms, inclusive, are benzyl, phenethyl, .alpha.-phenylethyl,
      3-phenylpropyl, .alpha.-naphthylmethyl, and 2-(.beta.-naphthyl)ethyl.
      Examples of phenyl substituted with one or 2 fluoro, chloro, or alkyl of
      one to 4 carbon atoms, inclusive, are p-chlorophenyl, m-fluorophenyl,
      o-tolyl, 2,4-dichlorophenyl, p-tert-butylphenyl, 4-chloro-2-methylphenyl,
      and 2,4-dichloro-3- methylphenyl.
PAR  In Chart J, the final PGF.sub..alpha. and PGF.sub..beta.-type products are
      those encompassed by formulas XCIII and XCIV, respectively.
PAR  The initial optically active or racemic reactants of formula XC in Chart J
      i.e., the oxa-phenylene PGF.sub.1 -, PGF.sub.2 -, 5,6-dehydro-PGF.sub.2 -,
      and dihydro-PGF.sub.1 -type compounds in their .alpha. and .beta. forms,
      and their esters, are prepared by methods described herein. Thus, racemic
      oxa-phenylene dihydro-PGF.sub.1 .sub..alpha.- and -PGF.sub.1
      .sub..beta.-type compounds, and their esters are prepared by catalytic
      hydrogenation of the corresponding racemic oxa-phenylene PGF.sub.1
      .sub..alpha. or PGF.sub.2 .sub..beta., and PGF.sub.1 .sub..beta. or
      PGF.sub.2 .sub..beta.type compounds, respectively, e.g. in the presence of
      5% palladium-on-charcoal catalyst in ethyl acetate solution at 25.degree.
      C. and one atmosphere pressure of hydrogen.
PAR  The heretofore-described acids and esters of formula XC are transformed to
      the corresponding intermediate 15-dehydro acids and esters of formula XCI,
      by oxidation with reagents such as
      2,3-dichloro-5,6-dicyano-1,4-benzoquinone, activated manganese dioxide, or
      nickel peroxide (see Fieser et al., "Reagents for Organic Syntheses," John
      Wiley & Sons, Inc., New York, N.Y. pp. 215, 637, and 731). Alternatively,
      and especially for the formula-XC reactants wherein E' is --CH.sub.2
      CH.sub.2 and J' is L as defined above, these oxidations are carried out by
      oxygenation in the presence of the 15-hydroxyprostaglandin dehydrogenase
      of swine lung (see Arkiv for Kemi 25, 293 (1966)). These reagents are used
      according to procedures known in the art. See, for example, J. Biol. Chem.
      239, 4097 (1964).
PAR  Referring again to Chart J, intermediate compounds of formula XCI are
      transformed to silyl derivatives of formula XCII by procedures known in
      the art. See, for example, Pierce, "Silylation of Organic Compounds,"
      Pierce Chemical Co., Rockford, Ill. (1968). Both hyroxy groups of the
      formula-XCI reactants are thereby transformed to --O--Si(R.sub.8).sub.3
      moieties wherein R.sub.8 is as defined above, and sufficient of the
      silylating agent is used for that purpose according to known procedures.
      When R.sub.1 in the formula-XCI intermediate is hydrogen, the --COOH
      moiety thereby defined is simultaneously transformed to
      --COO--Si(R.sub.8).sub.3, additional silylating agent being used for this
      purpose. This latter transformation is aided by excess silylating agent
      and prolonged treatment. Likewise, when R.sub.6 in T of the formula-XCI
      intermediate is hydrogen, the phenolic hydroxyl thereby defined is
      simultaneously transformed to --O--Si(R.sub.8).sub.3 in the silylation
      step. G" in formula XCII, as defined above, therefore is the same as G
      except that T is replaced by T", wherein T" is the same as T above except
      that, in R.sub.6, --Si(R.sub.8).sub.3 replaces hydrogen. When R.sub.1 in
      formula XCI is alkyl, then R.sub.17 in formula XCII will also be alkyl.
      The necessary silylating agents for these transformations are known in the
      art or are prepared by methods known in the art. See, for example, Post,
      "Silicones and Other Organic Silicon Compounds," Reinhold Publishing
      Corp., New York, N.Y. (1949).
PAR  Referring again to Chart J the intermediate silyl compounds of formula XCII
      are transformed to the final compounds of formulas XCIII and XCIV by first
      reacting the silyl compound with a Grignard reagent of the formula
      R.sub.16 MgHal wherein R.sub.16 is as defined above, and Hal is chloro,
      bromo, or iodo. For this purpose, it is preferred that Hal be bromo. This
      reaction is carried out by the usual procedure for Grignard reactions,
      using diethyl ether as a reaction solvent and saturated aqueous ammonium
      chloride solution to hydrolyze the Grignard complex. The resulting
      disilyl, trisilyl, or tetrasilyl tertiary alcohol is then hydrolyzed with
      water to remove the silyl groups. For this purpose, it is advantageous to
      use a mixture of water and sufficient of a water-miscible solvent, e.g.,
      ethanol to give a homogenous reaction mixture. The hydrolysis is usually
      complete in 2 to 6 hours at 25.degree. C., and is preferably carried out
      in an atmosphere of an inert gas, e.., nitrogen or argon.
PAR  The mixture of 15-.alpha. and 15-.beta. isomers obtained by this Grignard
      reaction and hydrolysis is separated by procedures known in the art for
      separating mixtures of prostanoic acid derivatives for example, by
      chromatography on neutral silica gel. In some instances, the lower alkyl
      esters, especially the methyl esters of a pair of 15-.alpha. and 15-.beta.
      isomers are more readily separated by silica gel chromatography than are
      the corresponding acids. In those cases, it is advantageous to esterify
      the mixture of acids as described below, separate the two esters, and
      then, if desired, saponify the esters by procedures known in the art for
      saponification of prostaglandins F.
PAR  Although formula-XCIII and -XCIV compounds wherein E' is --CH.sub.2
      CHR.sub.9 --and J' is L' as defined above may be produced according to the
      processes of Chart J, it is preferred to produce those novel
      dihydro-PGF.sub.1 analogs by hydrogenation of one of the corresponding
      unsaturated compounds, i.e., a compound of formula XCIII or XCIV wherein E
      is trans --CH=CR.sub.9 --and J' is either L', --CH=CH--M'--,
      --C.tbd.C--M'-, M' being defined above. This hydrogenation is
      advantageously carried out catalytically, for example, in the presence of
      a 5% palladium-on-charcoal catalyst in ethyl acetate solution at
      25.degree. C. and one atmosphere pressure of hydrogen.
PAR  The novel 15-alkyl oxa-phenylene PGA-type and PGB-type acids and esters of
      formula XXIV-XXXI and XXXIV-XXXV are prepared from the 15-alkyl
      oxa-phenylene PGE compounds, heretofore described, by dehydrations and
      double bond migrations previously described, as shown in Chart A. Likewise
      the 15-alkyl PGB-type compounds are prepared by contacting the 15-alkyl
      PGA-type compounds with base. For the transformation of the 15-alkyl
      PGE-type compounds to the 15-alkyl PGA-type compounds of this invention
      (Chart K), it is preferred that a dehydrating agent be used which removes
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PAL  the hydroxy group from the alicyclic ring in the presence of a hydroxy
      group on a tertiary carbon atom. In Chart K, E', G, J', R.sub.1, R.sub.2,
      R.sub.26, and .about. are as defined above. Formula XCV as shown includes
      optically active compounds and racemic compounds of that formula and the
      mirror images thereof, and also the 15-epimers of both of those. Any of
      the known substantially neutral dehydrating agents is used for these
      reactions. See Fieser et al., cited above. Preferred dehydrating agents
      are mixtures of at least an equivalent amount of a carbodiimide and a
      catalytic amount of a copper (II) salt. Especially preferred are mixtures
      of at least an equivalent amount of dicyclohexyl carbodiimide and a
      catalytic amount of copper (II) chloride. An equivalent amount of a
      carbodiimide means one mole of the carbodiimide for each mole of the
      formula-XCV reactant. To ensure completeness of the reaction, it is
      advantageous to use an excess of carbodiimide, i.e., 1.5 to 5 or even more
      equivalents of the carbodiimide.
PAR  The dehydration is advantageously carried out in the presence of an inert
      organic diluent which gives a homogeneous reaction mixture with respect to
      the formula-XCV reactant and the carbodiimide. Diethyl ether is a suitable
      diluent. It is advantageous to carry out the dehydration in an atmosphere
      of an inert gas, e.g., nitrogen, helium, or argon. The time required for
      the dehydration will depend in part on the reaction temperature. With the
      reaction temperature in the range 20.degree. to 30.degree.C., the
      dehydration usually takes place in about 40 to 60 hours. The formula-XCVI
      product is isolated by methods known in the art, e.g., filtration of the
      reaction mixture and evaporation of the filtrate. The product is then
      purified by methods known in the art, advantageously by chromatography on
      silica gel.
PAR  The final formula XVI-to-XXXV compounds prepared by the processes of this
      invention, in free acid form, are transformed to pharmacologically
      acceptable salts by neutralization with appropriate amounts of the
      corresponding inorganic or organic base, examples of which correspond to
      the cations and amines listed above. These transformations are carried out
      by a variety of procedures known in the art to be generally useful for the
      preparation of inorganic, i.e., metal or ammonium, salts, amine acid
      addition salts, and quaternary ammonium salts. The choice of procedure
      depends in part upon the solubility characteristics of the particular salt
      to be prepared. In the case of the inorganic salts, it is usually suitable
      to dissolve the formula XVI-to-XXXV acid in water containing the
      stoichiometric amount of a hydroxide, carbonate, or bicarbonate
      corresponding to the inorganic salt desired. For example, such use of
      sodium hydroxide, sodium carbonate, or sodium bicarbonate gives a solution
      of the sodium salt. Evaporation of the water or addition of a
      water-miscible solvent of moderate polarity, for example, a lower alkanol
      or a lower alkanone, gives the solid inorganic salt if that form is
      desired.
PAR  To produce an amine salt, the formula XVI-to-XXXV acid is dissolved in a
      suitable solvent of either moderate or low polarity. Examples of the
      former are ethanol, acetone, and ethyl acetate. Examples of the latter are
      diethyl ether and benzene. At least a stoichiometric amount of the amine
      corresponding to the desired cation is then added to that solution. If the
      resulting salt does not precipitate, it is usually obtained in solid form
      by addition of a miscible diluent of low polarity or by evaporation. If
      the amine is relatively volatile, any excess can easily be removed by
      evaporation. It is preferred to use stoichiometric amounts of the less
      volatile amines.
PAR  Salts wherein the cation is quaternary ammonium are produced by mixing the
      formula XVI-to-XXXV acid with the stoichiometric amount of the
      corresponding quaternary ammonium hydroxide in water solution, followed by
      evaporation of the water.
PAR  The final formula XVI-to-XXXV acids or esters prepared by the processes of
      this invention are transformed to lower alkanoates by interaction of the
      formula XVI-to-XXXV hydroxy compound with a carboxyacylating agent,
      preferably the anhydride of a lower alkanoic acid, i.e., an alkanoic acid
      of one to 8 carbon atoms, inclusive. For example, use of acetic anhydride
      gives the corresponding diacetate. Similar use of propionic anhydride,
      isobutyric anhydride, and hexanoic acid anhydride gives the corresponding
      carboxyacylates.
PAR  The carboxyacylation is advantageously carried out by mixing the hydroxy
      compound and the acid anhydride, preferably in the presence of a tertiary
      amine such as pyridine or triethylamine. A substantial excess of the
      anhydride is used, preferably about 10 to about 10,000 moles of anhydride
      per mole of the hydroxy compound reactant. The excess anhydride serves as
      a reaction diluent and solvent. An inert inorganic diluent, for example,
      dioxane, can also be added. It is preferred to use enough of the tertiary
      amine to neutralize the carboxylic acid produced by the reaction, as well
      as any free carboxyl groups present in the hydroxy compound reactant.
PAR  The carboxyacylation reaction is preferably carried out in the range about
      0.degree. to about 100.degree. C. The necessary reaction time will depend
      on such factors as the reaction temperature, and the nature of the
      anhydride and tertiary amine reactants. With acetic anhydride, pyridine,
      and a 25.degree. C. reaction temperature, a 12 to 24-hour reaction time is
      used.
PAR  The carboxyacylated product is isolated from the reaction mixture by
      conventional methods. For example, the excess anhydride is decomposed with
      water, and the resulting mixture acidified and then extracted with a
      solvent such as diethyl ether. The desired carboxyacylate is recovered
      from the diethyl ether extract by evaporation. The carboxyacylate is then
      purified by conventional methods, advantageously by chromatography.
PAR  By this procedure, the formula XVI-XIX and XXXII PGE-type compounds are
      transformed to dialkanoates, the formula XX-XXIII and XXXIII PGF-type
      compounds are transformed to trialkanoates, and the formula XXIV-XXXI and
      XXXIV-XXXV PGA-type and PGB-type compounds are transformed to
      monoalkanoates.
PAR  When a PGE-type dialkanoate is transformed to a PGF-type compound by
      carbonyl reduction as shown in Chart A, a PGF-type dialkanoate is formed
      and is used for the above-described purposes as such or is transformed to
      a trialkanoate by the above-described procedure. In the latter case, the
      third alkanoyloxy group can be the same as or different from the two
      alkanoyloxy groups present before the carbonyl reduction.
PAR  Molecules of each of the compounds encompassed by formulas XVI to XXXV and,
      except for XLIII and L, of each intermediate formula each have at least
      one center of asymmetry, and each can exist in racemic form and in either
      enantiomeric form, i.e., d and l. A formula accurately defining the d form
      would be the mirror image of the formula which defined the l form. Both
      formulas are necessary to define accurately the corresponding racemic
      form. The various formulas XVI-to-XXXV as drawn each represents the
      optically active form with the same configuration as the
      naturally-occurring prostaglandins.
PAR  When an optically active (d or l) final compound is desired, that is made
      by resolution of the racemic compound or by resolution of one of the
      asymmetric racemic intermediates. These resolutions are carried out by
      procedures known in the art. For example, when final compound XVI to XXXV
      is a free acid, the dl form thereof is resolved into the d and l forms by
      reacting said free acid by known general procedures with an optically
      active base, e.g., brucine or strychnine, to give a mixture of two
      diastereoisomers which are separated by known general procedures, e.g.,
      fractional crystallization, to give the separate diastereiosomeric salts.
      The optically active acid of formula XVI to XXXV is then obtained by
      treatment of the salt with an acid by known general procedures.
      Alternatively, the free acid form of cyclic ketal XXXVII, olefins XLIV or
      LXX, or glycols XXXVIII, XLV, or LXXI is resolved into separate d and l
      forms and then esterified and transformed further to the corresponding
      optically active form of the final product XVI to XXXV as described above.
PAR  In another method, bicyclo ketone reactants XXXVIII, XLV, or LXXI in exo or
      endo form, are transformed to ketals with an optically active 1,2-glycol,
      e.g., D-(--)-2,3-butanediol, by reaction of said 1,2-glycol with the
      formula-XXXVIII, XLV, or LXXI compound in the presence of a strong acid,
      e.g., p-toluenesulfonic acid. The resulting ketal is a mixture of
      diastereoisomers which is separated into the d and l diastereoisomers,
      each of which is then hydrolyzed with an acid, e.g., oxalic acid, to the
      original keto compound, now in optically active form. These reactions
      involving optically active glycols and ketals for resolution purposes are
      generally known in the art. See, for example, Chem. Ind. 1664 (1961) and
      J. Am. Chem. Soc. 84, 2938 (1962). Dithiols may be used instead of
      glycols.
PAR  Still another procedure for obtaining optically active oxa-phenylene
      PGF-type compounds is by stereoselective microbiological reduction of the
      racemic oxa-phenylene PGE compounds. For this purpose actively fermenting
      baker's yeast is employed. The PGE compound is contacted with a
      yeast-sugar-water mixture at about 25.degree. C. for 24-48 hours. There is
      produced by reduction a mixture of the PGF.sub..alpha. compound and the
      enantiomeric PGF.sub..beta. compound, which are separable by silica gel
      chromatography for example. Accompanying this transformation, carboxylic
      ester groups are removed by hydrolysis. Accordingly, from
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester, there
      are obtained natural configuration
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha. and
      enantiomeric
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..beta..
PAR  An alternate method of synthesis is provided hereinafter for a group of
      oxa-phenylene analogs within the scope of formulas XVI and XX above,
      represented by the following formulas XCVII-CIV;
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PAL  and the racemic mixtures of those compounds and their respective
      enantiomers represented by the mirror images of the above formulas. The
      terms C.sub.p H.sub.2p, C.sub.t H.sub.2t, R.sub.1, R.sub.2, T, and s are
      as defined above; R.sub.30 is alkyl of 2 to 10 carbon atoms, inclusive,
      substituted with zero, one, 2, or 3 fluoro.
PAR  The alternate method of synthesis disclosed hereinafter is also useful for
      preparing oxa-phenylene 17,18-didehydro prostaglandin analogs within the
      scope of formulas CV-CVIII:
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PAL  wherein C.sub.n H.sub.2n, C.sub.p H.sub.2p, R.sub.1, R.sub.2, and R.sub.5
      are as defined and used above.
PAR  These 17,18-didehydro analogs of formulas CV-CVIII together with compounds
      of formulas XXXII and XXXIII above are within the scope of 17,18-didehydro
      PGE- and PGF-type compounds represented by the formulas:
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PAL  and
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PAL  wherein .about. indicates attachment of the hydroxyl or the side chain to
      the cyclopentane ring in alpha or beta configuration; wherein V is (1)
      C.sub.g H.sub.2g or (2) --CH=CH-- C.sub.j H.sub.2j --, wherein C.sub.g
      H.sub.2g represents a valence bond or alkylene of one to 4 carbon atoms,
      inclusive, with one or 2 chain carbon atoms between --CH.sub.2 -- and the
      phenylene ring, and wherein C.sub.j H.sub.2j represents a valence bond or
      alkylene of one or 2 carbon atoms with one chain carbon atom between
      --CH=CH-- and the phenylene ring; wherein C.sub.n H.sub.2n is alkylene of
      one to 4 carbon atoms, inclusive; wherein C.sub.p H.sub.2p represents a
      valence bond or alkylene of one to 4 carbon atoms, inclusive, with one or
      2 chain carbon atoms between the ring and --O--; wherein C.sub.g H.sub.2g
      and C.sub.p H.sub.2p together represent zero to 8 carbon atoms, inclusive,
      with total chain lengths zero to 3 carbon atoms, inclusive; wherein Q is
      ##EQU41##
      wherein R.sub.2 is hydrogen or alkyl of one to 4 carbon atoms, inclusive;
      wherein R.sub.1 is hydrogen, alkyl of one to 12 carbon atoms, inclusive,
      cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive; and wherein R.sub.5 is alkyl of
      one to 4 carbon atoms, inclusive, substituted with zero, one, 2, or 3
      fluoro.
PAR  The corresponding 17,18-didehydro PGA- and PGB-type compounds are available
      by methods disclosed herein or known in the art, for example by acid or
      base dehydration of the formula-CXXXVII PGE-type compounds.
PAR  The alternate method of synthesis utilizes oxetane intermediates having the
      grouping
      ##SPC88##
PAL  prepared from bicyclo hexene starting materials.
PAR  Reference to Chart L will make clear the steps by which starting material
      CIX is transformed to product CXVIII. The formula-CIX compound wherein
      R.sub.31 and R.sub.32 together are --CH.sub.2 --C(CH.sub.3).sub.2
      --CH.sub.2 -- and .about. is endo, i.e.
      bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde neopentyl glycol acetal, is
      available either in racemic or optically active form. See U.S. Pat. No.
      3,711,515.
PAR  In Chart L the symbols used therein have the same meanings as defined
      above, as to C.sub.p H.sub.2p, G, Q, R.sub.1, R.sub.2, R.sub.31, R.sub.32,
      R.sub.39, R.sub.42, and .about.. R.sub.43 represents hydrogen, carboxyacyl
      R.sub.39, benzoyl, substituted benzoyl, mono-esterified phthaloyl, and
      substituted naphthoyl. Furthermore, in Chart L and likewise in the other
      charts of this specification, the formulas as drawn represent specific
      optical isomers following the conventions applied herein to the end
      products. However, for purposes of convenience and brevity it is intended
      that such representations of the process steps for the optically active
      intermediates are applicable to those same process steps as used for the
      corresponding racemic intermediates.
PAR  Both the endo and exo forms of bicyclo hexene CIX are available or are made
      by methods known in the art, in either their racemic or optically active
      forms. See. U.S. Pat. No. 3,711,515.
      ##SPC89##
PAL  Either the endo or exo starting material will yield the ultimate analogs of
      formula CXVIII by the processes of Chart L.
PAR  In step (a) oxetane CX is obtained by reaction of the formula-CIX bicyclo
      hexene with an aldehyde of the formula
      ##SPC90##
PAL  wherein C.sub.p H.sub.2p represents a valence bond or alkylene of one to 4
      carbon atoms, inclusive, with one or 2 carbon atoms in the chain between
      the phenylene ring and --O--, and wherein R.sub.39 is carboxyacyl of the
      formula
      ##EQU42##
      wherein R.sub.40 is hydrogen, alkyl of one to 19 carbon atoms, inclusive,
      or aralkyl of 7 to 12 carbon atoms, inclusive, wherein alkyl or aralkyl
      are substituted with zero to 3 halo atoms.
PAR  The formula-CXIX aldehydes are available or readily prepared by methods
      known in the art. Examples of such compounds within the scope of formula
      CXIX are:
      ##SPC91##
PAR  The formation of oxetane CX is accomplished by photolysis of a mixture of
      the bicyclo hexene and the aldehyde in a solvent. The bicyclo hexene is
      preferably used in excess over the molar equivalent, for example 2 to 4
      times the theoretical equivalent amount. The solvent is a photochemically
      inert organic liquid, for example liquid hydrocarbons, including benzene
      or hexane, 1,4-dioxane, and diethyl ether. The reaction is conveniently
      done at ambient conditions, for example 25.degree. C., but may be done
      over a wide range of temperature, from about -78.degree. C. to the boiling
      point of the solvent. The irradiation is done with mercury vapor lamps of
      the low or medium pressure type, for example those peaking at 3500 A. Such
      sources are available from The Southern New England Ultraviolet Co.,
      Middletown, Conn. Alternatively, those lamps which emit a broad spectrum
      of wavelengths and which may be filtered to transmit only light of
      .lambda..about.3000-3700 A may also be used. For a review of photolysis
      see D. R. Arnold in "Advances in Photochemistry," Vol. 6, W. A. Noyes et
      al., Wiley-Interscience, New York, 1968, pp. 301-423.
PAR  In step (b) the cleavage of the oxetane ring to yield the formula-CXI
      compounds is accomplished with an alkali metal in the presence of a
      primary amine or alcohol. Preferred is lithium in ethylamine, or sodium in
      ethyl alcohol. See L. J. Altman et al., Synthesis 129 (1974). The cleavage
      transformation may also be accomplished by catalytic hydrogenation over an
      inert metal catalyst, e.g. Pd on carbon, in ethyl acetate or ethanol.
PAR  In step (c) the formula CXI diol is prepared for step (d) by preferably
      blocking the two hydroxyl groups with carboxyacyl groups within the scope
      of R.sub.39, i.e.
      ##EQU43##
      as defined above. For example, the diol is treated with an acid anhydride
      such as acetic anhydride, or with an acyl halide in a tertiary amine.
      Expecially preferred is pivaloyl chloride in pyridine.
PAR  Other carboxyacylating agents useful for this transformation are known in
      the art or readily obtainable by methods known in the art, and include
      carboxyacyl halides, preferably chlorides, bromides, or fluorides, i.e.
      R.sub.40 C(O)Cl, R.sub.40 C(O)Br, or R.sub.40 C(O)F, and carboxyacid
      anhydrides, (R.sub.40 C--).sub.2 O, wherein R.sub.40 is as defined above.
      The preferred reagent is an acid anhydride. Examples of acid anhydrides
      useful for this purpose are acetic anhydride, propionic anhydride, butyric
      anhydride, pentanoic anhydride, nonanoic anhydride, trideconoic anhydride,
      steric anhydride, (mono, di or tri) chloroacetic anhydride,
      3-chlorovaleric anhydride, 3-(2-bromoethyl)-4,8-dimethylnonanoic
      anhydride, cyclopropaneacetic anhydride, 3-cycloheptanepropionic
      anhydride, 13-cyclopentanetridecanoic anhydride, phenylacetic anhydride,
      (2 or 3)-phenylpropionic anhydride, 13-phenyltridecanoic anhydride,
      phenoxyacetic anhydride, benzoic anhydride, (o, m, or p)-bromobenzoic
      anhydride, 2,4 (or 3,4)-dichlorobenzoic anhydride,
      p-trifluoromethylbenzoic anhydride, 2-chloro-3-nitrobenzoic anhydride, (o,
      m, or p)-nitrobenzoic anhydride, (o, m, or p)-toluic anhydride,
      4-methyl-3-nitrobenzoic anhydride, 4-octylbenzoic anhydride, (2,3, or
      4)-biphenylcarboxylic anhydride, 3-chloro-4-biphenylcarboxylic anhydride,
      5-isopropyl-6-nitro-3-biphenylcarboxylic anhydride, and (1 or 2)-naphthoic
      anhydride. The choice of anhydride depends upon the identity of R.sub.40
      in the final acylated product, for example when R.sub.40 is to be methyl,
      acetic anhydride is used; when R.sub.40 is to be 2-chlorobutyl,
      3-chlorovaleric anhydride is used.
PAR  When R.sub.40 is hydrogen,
      ##EQU44##
      is formyl. Formylation is carried out by procedures known in the art, for
      example, by reaction of the hydroxy compound with the mixed anhydride of
      acetic and formic acids or with formylimidazole. See, for example, Fieser
      et al., Reagents for Organic Synthesis, John Wiley and Sons, Inc., pp. 4
      and 407 (1967) and references cited therein. Alternatively, the formula
      CXI diol is reacted with two equivalents of sodium hydride and then with
      excess ethyl formate.
PAR  In formula CXII, R.sub.43 may also represent a blocking group including
      benzoyl, substituted benzoyl, monoesterified phthaloyl and substituted
      naphthoyl. For introducing those blocking groups, methods known in the art
      are used. Thus, an aromatic acid of the formula R.sub.39 OH, wherein
      R.sub.39 is as defined above, for example benzoic acid, is reacted with
      the formula-CXI compound in the presence of a dehydrating agent, e.g.
      sulfuric acid, zinc chloride, or phosphoryl chloride; or an anhydride of
      the aromatic acid of the formula (R.sub.39).sub.2 O, for example benzoic
      anhydride, is used.
PAR  Preferably, however, an acyl halide, e.g. R.sub.39 Cl, for example benzoyl
      chloride, is reacted with the formula-CXI compound in the presence of a
      tertiary amine such as pyridine, triethylamine, and the like. The reaction
      is carried out under a variety of conditions using procedures generally
      known in the art. Generally, mild conditions are employed, e.g.
      20.degree.-60.degree. C., contacting the reactants in a liquid medium,
      e.g. excess pyridine or an inert solvent such as benzene, toluene or
      chloroform. The acylating agent is used either in stoichiometric amount or
      in excess.
PAR  As examples of reagents providing R.sub.39 for the purposes of this
      invention, the following are available as acids (R.sub.39 OH), anhydrides
      ((R.sub.39).sub.2 O), or acyl chlorides (R.sub.39 Cl): benzoyl;
      substituted benzoyl, e.g. (2-, 3-, or 4-)methylbenzoyl, (2-, 3-, or
      4-)ethylbenzoyl, (2-, 3-, or 4-)isopropylbenzoyl, (2-, 3-, or
      4-)tert-butylbenzoyl, 2,4-dimethylbenzoyl, 3,5-dimethylbenzoyl,
      2-isopropyltoluyl, 2,4,6-trimethylbenzoyl, pentamethylbenzoyl,
      .alpha.-phenyl-(2-, 3-, or 4-(toluyl, 2-, 3-, or 4-phenethylbenzoyl, 2-,
      3-, or 4-nitrobenzoyl, (2,4-, 2,5-, or 3,5-)dinitrobenzoyl,
      4,5-dimethyl-2-nitrobenzoyl, 2-nitro-6-phenethylbenzoyl,
      3-nitro-2-phenethylbenzoyl; mono-esterified phthaloyl, e.g.
      ##SPC92##
PAL  isophthaloyl, e.g.
      ##SPC93##
PAL  or terephthaloyl, e.g.
      ##SPC94##
PAL  (1- or 2-)naphthoyl; and substituted naphthoyl, e.g. (2-, 3-, 4-, 5-, 6-,
      or 7-)-methyl-1-naphthoyl, (2-or 4-)ethyl-1-naphthoyl,
      2-isopropyl-1-naphthoyl, 4,5-dimethyl-1-naphthoyl,
      6-isopropyl-4-methyl-1-naphthoyl, 8-benzyl-1-naphthoyl,
      8-benzyl-1-naphthoyl, (3-, 4-, 5-, or 8-)-nitro-1-naphthoyl,
      4,5-dinitro-1-naphthoyl, (3-, 4-, 6-, 7- or 8)-methyl-1-naphthoyl,
      4-ethyl-2-naphthoyl, and (5- or 8-)-nitro-2-naphthoyl. There may be
      employed, therefore, benzoyl chloride, 4-nitrobenzoyl chloride,
      3,5-dinitrobenzoyl chloride, and the like, i.e. R.sub.39 Cl compounds
      corresponding to the above R.sub.39 groups. If the acyl chloride is not
      available, it is made from the corresponding acid and phosphorus
      pentachloride as is known in the art.
PAR  In step (d), the formula -CXII acetal is converted to aldehyde CXIII by
      acid hydrolysis, known in the art, using dilute mineral acids, acetic or
      formic acids, and the like. Solvents such as acetone, dioxane, and
      tetrahydrofuran are used.
PAR  For steps (e) through (h) it is optional whether R.sub.42 be hydrogen or a
      "blocking group" as defined below. For efficient utilization of the Wittig
      reagent it is preferred that R.sub.42 be a blocking group. If the
      formula-CXII compound is used wherein R.sub.43 is hydrogen, the
      formula-CXIII intermediates will have hydrogen at R.sub.42. If R.sub.42 is
      to be a blocking group, that may be readily provided prior to step (e) by
      reaction with suitable reagents as discussed below.
PAR  The blocking group, R.sub.41, is any group which replaces hydrogen of the
      hydroxyl groups, which is not attacked by nor is reactive to the reagents
      used in the respective transformations to the extent that the hydroxyl
      group is, and which is subsequently replaceable by hydrogen at a later
      stage in the preparation of the prostaglandin-like products.
PAR  Several blocking groups are known in the art, e.g. tetrahydropyranyl,
      acetyl, and p-phenylbenzoyl (see Corey et al., J. Am. Chem. Soc. 93, 1491
      (1971)).
PAR  Those which have been found useful include (a) carboxyacyl within the scope
      of R.sub.39 above, i.e. acetyl, and also benzoyl, naphthoyl, and the like;
      (b) tetrahydropyranyl; (c) tetrahydrofuranyl; (d) a group of the formula
      ##EQU45##
      wherein R.sub.48 is alkyl of one to 18 carbon atoms, inclusive, cycloalkyl
      of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon atoms,
      inclusive, phenyl, or phenyl substituted with one, 2, or 3 alkyl of one to
      4 carbon atoms, inclusive, wherein R.sub.49 and R.sub.50 are the same or
      different, being hydrogen, alkyl of one to 4 carbon atoms, inclusive,
      phenyl or phenyl substituted with one, 2, or 3 alkyl of one to 4 carbon
      atoms, inclusive, or, when R.sub.49 and R.sub.30 are taken together,
      --(CH.sub.2).sub.u -- or --(CH.sub.2).sub.v --O--(CH.sub.2).sub.w
      --wherein u is 3, 4, or 5, v is one, 2, or 3, and w is one, 2, or 3 with
      the proviso that v plus w is 2, 3, or 4, and wherein R.sub.51 is hydrogen
      or phenyl; or (e) --Si(A).sub.3 wherein A is alkyl of one to four carbon
      atoms, inclusive, phenyl, phenyl substituted with one or 2 fluoro, chloro,
      or alkyl of one to four carbon atoms, inclusive, or aralkyl of 7 to 12
      carbon atoms, inclusive.
PAR  In replacing the hydrogen atoms of the hydroxyl groups with a carboxyacyl
      blocking group, methods known in the art are used. The reagents and
      conditions are discussed above for R.sub.43 on compound CXII.
PAR  When the blocking group is tetrahydropyranyl or tetrahydrofuranyl, the
      appropriate reagent, e.g. 2,3-dihydropyran or 2,3-dihydrofuran, is used in
      an inert solvent such as dichloromethane, in the presence of an acid
      condensing agent such as p-toluenesulfonic acid or pyridine hydrochloride.
      The reagent is used in slight excess, preferably 1.0 to 1.2 times theory.
      The reaction is carried out at about 20.degree.-50.degree. C.
PAR  When the blocking group is of the formula
      ##EQU46##
      as defined above, the appropriate reagent is a vinyl ether, e.g. isobutyl
      vinyl ether or any vinyl ether of the formula R.sub.48
      --O--C(R.sub.49)=CR.sub.50 R.sub.51 wherein R.sub.48, R.sub.49, R.sub.50,
      and R.sub.51 are as defined above; or an unsaturated cyclic or
      heterocyclic compound, e.g. 1-cyclohex-1-yl methyl ether
      ##SPC95##
PAL  or 5,6-dihydro-4-methoxy-2H-pyran
      ##SPC96##
PAL  See C. B. Reese et al., J. Am. Chem. Soc. 89, 3366 (1967). The reaction
      conditions for such vinyl ethers and unsaturates are similar to those for
      dihydropyran above.
PAR  When the blocking group is silyl of the formula --Si(A).sub.3, the
      formula-CXIII compound is transformed to a silyl derivative of formula
      CXIII by procedures known in the art. See, for example, Pierce,
      "Silylation or Organic Compounds," Pierce Chemical Co., Rockford, Ill.
      (1968). The necessary silylating agents for these transformations are
      known in the art or are prepared by methods known in the art. See, for
      example, Post "Silicones and Other Organic Silicon Compounds," Reinhold
      Publishing Corp., New York, N.Y. (1949). These reagents are used in the
      presence of a tertiary base such as pyridine at temperatures in the range
      of about 0.degree. to +50.degree. C. Examples of trisubstituted
      mono-chlorosilanes suitable for this purpose include
      chlorotrimethylsilane, chlorotriisobutylsilane, chlorotriphenylsilane,
      chlorotris(p-chlorophenyl)silane, chlorotri-m-tolylsilane, and
      tribenzylchlorosilane. Alternately, a chlorosilane is used with a
      corresponding disilazane. Examples of other silylating agents suitable for
      forming the formula-CXIII intermediates include pentamethylsilylamine,
      pentaethylsilylamine, N-trimethylsilydiethylamine,
      1,1,1-triethyl-N,N-dimethylsilylamine,
      N,N-diisopropyl-1,1,1,-trimethylsilylamine,
      1,1,1-tributyl-N,N-dimethylsilylamine
      N,N-dibutyl-1,1,1-trimethylsilylamine,
      1-isobutyl-N,N,1,1-tetramethylsilylamine,
      N-benzyl-N-ethyl-1,1,1-trimethylsilylamine,
      N,N,1,1-tetramethyl-1-phenylsilylamine,
      N,N-diethyl-1,1-dimethyl-1-phenylsilylamine,
      N,N-diethyl-1-methyl-1,1-diphenylsilylamine,
      N,N-dibutyl-1,1,1-triphenylsilylamine, and
      1-methyl-N,N,1,1-tetraphenylsilylamine.
PAR  In step (e) the aldehyde group is transformed by the Wittig reaction to a
      moiety of the formula --CH=CR.sub.2 G. For this purpose a phosphonium salt
      prepared from an organic chloride or bromide of the formula
      ##EQU47##
      is employed, wherein G and R.sub.2 are as defined above. These organic
      chlorides or bromides are known in the art or are readily prepared by
      methods known in the art. See for example the above-identified German
      Offenlegungsschrift No. 2,209,990. As to the Wittig reaction, see, for
      example, U.S. Pat. No. 3,776,941 and references cited therein.
PAR  In step (f) compound CXV is obtained by deblocking if necessary. When
      C.sub.p H.sub.2p is a valence bond, and R.sub.42 is a hindered
      carboxyacyl, e.g.
      ##EQU48##
      R.sub.41 on the phenolic hydroxy is selectively replaced with hydrogen by
      hydrolysis with sodium or potassium hydroxide in ethanol-water. Instead of
      ethanol, other water-miscible solvents may be substituted, for example
      1,4-dioxane, tetrahydrofuran, or 1,2-dimethoxyethane. The selective
      hydrolysis is preferably carried out at -15.degree. to 25.degree. C.
      Higher temperatures may be used but with some decrease in selectivity.
PAR  Total hydrolysis of R.sub.42 blocking groups on compound CXIV is
      accomplished, when R.sub.42 is carboxyacyl, with an alkali alkoxide in an
      alcoholic solvent, preferably sodium methoxide in methanol at a
      temperature from 25.degree. C. to reflux. When R.sub.42 is
      tetrahydropyranyl, aqueous acid, e.g. dilute acetic acid, is used at
      25.degree. to 50.degree. C. When R.sub.42 is trialkylsilyl, either aqueous
      acid or base are used at 25.degree. to 50.degree. C.
PAR  Continuing with Chart L, in step (g) a Williamson synthesis is employed to
      obtain compound CXVI. The formula-CXV alcohol or phenol is condensed with
      a haloacetate within the scope of Hal--CH.sub.2 --COOR.sub.1 wherein Hal
      is chloro, bromo, or iodo and R.sub.1 is as defined above. Normally the
      reaction is done in the presence of a base such as n-butyllithium,
      phenyllithium, triphenylmethyllithium, sodium hydride, potassium
      t-butoxide, sodium hydroxide, or potassium hydroxide.
PAR  The transformation from compound CXVI to product CXVIII may be accomplished
      by any of several routes known in the art. See U.S. Pat. No. 3,711,515.
      Thus, by step (h), the alkenene CXVI is hydroxylated to glycol CXVII. For
      this purpose osmium tetroxide is a suitable reagent, for example in
      conjunction with N-methylmorpholine oxide-hydrogen peroxide complex (see
      Fieser et al., "Reagents for Organic Synthesis," p. 690, John Wiley and
      Sons, Inc., New York (1967)). Thereafter, several methods are available
      for obtaining the formula-CXVIII product. In one method the glycol is
      converted to a bis(alkanesulfonic acid) ester and subsequently hydrolyzed
      to CXVIII by methods known in the art (see, for example German
      Offenlegungsschrift No. 1,937,676, Derwent Farmdoc No. 6862R). Another
      method is by way of a diformate by formolysis of the glycol (see U.S. Pat.
      No. 3,711,515).
PAR  Still another method is by way of a cyclic ortho ester. For this purpose,
      glycol CXVII is reacted with an ortho ester of the formula
      ##EQU49##
      wherein R.sub.46 is hydrogen, alkyl of one to 19 carbon atoms, inclusive,
      or aralkyl of 7 to 12 carbon atoms, inclusive, substituted with zero to 3
      halo atoms; and R.sub.47 is methyl or ethyl. There is then formed a cyclic
      ortho ester of the formula
      ##SPC97##
PAL  wherein C.sub.p H.sub.2p, G, R.sub.1, R.sub.2 R.sub.42, R.sub.46, R.sub.47,
      and .about. are as defined above. The reaction goes smoothly in a
      temperature range of -50.degree. C. to +100.degree. C., although for
      convenience 0.degree. C. to +50.degree. C. is generally preferred. From
      1.5 to 10 molar equivalents of the ortho ester are employed, together with
      an acid catalyst. The amount of the catalyst is usually a small fraction
      of the weight of the glycol, say 1%, and typical catalysts include
      pyridine hydrochloride, formic acid, hydrogen chloride, p-toluenesulfonic
      acid, trichloroacetic acid, or trifluoroacetic acid. The reaction is
      preferably run in a solvent, for example benzene, dichloromethane, ethyl
      acetate, or diethyl ether. It is generally completed within a few minutes
      and is conveniently followed by TLC (thin layer chromatography on basic
      silica gel plates).
PAR  The ortho ester reagents are known in the art or readily available by
      methods known in the art. See for example S. M. McElvain et al., J. Am.
      Chem. Soc. 64, 1925 (1942), starting with an appropriate nitrile. Examples
      of useful ortho esters include:
PA1  trimethyl orthoformate,
PA1  triethyl orthoacetate,
PA1  triethyl orthopropionate,
PA1  trimethyl orthobutyrate,
PA1  triethyl orthovalerate,
PA1  trimethyl orthooctanoate,
PA1  trimethyl orthophenylacetate, and
PA1  trimethyl ortho (2,4-dichlorophenyl)acetate.
PAL  Preferred are those ortho esters wherein R.sub.46 is alkyl of one to 7
      carbon atoms; especially preferred are those wherein R.sub.46 is alkyl of
      one to 4.
PAR  Next, the cyclic orthoester CXX is reacted with anhydrous formic acid to
      yield a diol diester of the formula
      ##SPC98##
PAL  wherein C.sub.p H.sub.2p, G, R.sub.1, R.sub.2, R.sub.42, R.sub.46, and
      .about. are as defined above.
PAR  By "anhydrous formic acid" is meant that it contains not more than 0.5%
      water. The reaction is run with an excess of formic acid, which may itself
      serve as the solvent for the reaction. Solvents may be present, for
      example dichloromethane, benzene, or diethyl ether, usually not over 20%
      by volume of the formic acid. There may also be present organic acid
      anhydrides, for example acetic anhydride, or alkyl orthoesters, for
      example trimethyl orthoformate, which are useful as drying agents for the
      formic acid. Although the reaction proceeds over a wide range of
      temperatures, it is conveniently run at about 20.degree.-30.degree. C. and
      is usually completed within about 10 minutes.
PAR  Finally, the diol diester CXXI is converted to product CXVIII by methods
      known in the art, for example by hydrolysis in the presence of a base in
      an alcoholic medium. Examples of the base are sodium or potassium
      carbonate or sodium or potassium alkoxides including methoxides or
      ethoxides. The reaction is conveniently run in an excess of the solvolysis
      reagent, for example methanol or ethanol. The temperature range is from
      -50.degree. C. to 100.degree. C. The time for completion of the reaction
      varies with the nature of R.sub.46 and the base, proceeding in the case of
      alkali carbonates in a few minutes when R.sub.46 is hydrogen but taking up
      to several hours when R.sub.46 is ethyl, for example.
PAR  When the solvolysis proceeds too long or when conditions are too severe,
      ester groups at R.sub.1 may be removed. They are, however, readily
      replaced by methods known in the art. For example, the alkyl, cycloalkyl,
      and aralkyl esters are prepared by interaction of the formula-CXVIII acids
      with the appropriate diazohydrocarbon. For example, when diazomethane is
      used, the methyl esters are produced. Similar use of diazoethane,
      diazobutane, 1-diazo-2-ethylhexane, diazocyclohexane, and
      phenyldiazomethane, for example, gives the ethyl, butyl, 2-ethylhexyl,
      cyclohexyl, and benzyl esters, respectively.
PAR  Esterification with diazohydrocarbons is carried out by mixing a solution
      of the diazohydrocarbon in a suitable inert solvent, preferably diethyl
      ether, the acid reactant, advantageously in the same or a different inert
      diluent. After the esterification reaction is complete, the solvent is
      removed by evaporation, and the ester purified if desired by conventional
      methods, preferably by chromatography. It is preferred that contact of the
      acid reactants with the diazohydrocarbon be no longer than necessary to
      effect the desired esterification, preferably about one to about ten
      minutes, to avoid undesired molecular changes. Diazohydrocarbons are known
      in the art or can be prepared by methods known in the art. See, for
      example Organic Reactions, John Wiley & Sons, Inc., New York, N.Y., Vol.
      8, pp. 389-394 (1954).
PAR  An alternative method for esterification of the carboxyl moiety comprises
      transformation of the free acid to the corresponding silver salt, followed
      by interaction of that salt with an alkyl iodide. Examples of suitable
      iodides are methyl iodide, ethyl iodide, butyl iodide, isobutyl iodide,
      tere-butyl iodide, cyclopropyl iodide, cyclopentyl iodide, benzyl iodide,
      phenethyl iodide, and the like. The silver salts are prepared by
      conventional methods, for example, by dissolving the acid in cold dilute
      aqueous ammonia, evaporating the excess ammonia at reduced pressure, and
      then adding the stoichiometric amount of silver nitrate.
PAR  The phenyl and substituted phenyl esters are prepared by silylating the
      acid to protect the hydroxy groups, for example, replacing each --OH with
      --O--Si--(CH.sub.3).sub.3. Doing that may also change --COOH to
      --COO--Si--(CH.sub.3).sub.3. A brief treatment of the silylated compound
      with water will change --COO--Si--(CH.sub.3).sub.3 back to --COOH.
      Procedures for this silylation are known in the art. Then, treatment of
      the silylated compound with oxalyl chloride gives the acid chloride which
      is reacted with phenol or the appropriate substituted phenol to give a
      silylated phenyl or substituted phenyl ester. Then the silyl groups, e.g.,
      --O--Si--(CH.sub.3).sub.3 are changed back to --OH by treatment with
      dilute acetic acid. Procedures for these transformations are known in the
      art.
PAR  Referring to Chart M, there are shown process steps by which the
      formula-CIX bicyclo hexene is transformed first to an oxetane CXXII with a
      fully developed side chain.
      ##SPC99##
      ##SPC100##
PAL  and ultimately to a PGE analog. In Chart M, R.sub.44 is hydrogen or alkyl
      of one to 4 carbon atoms, inclusive, and R.sub.45 is hydrogen, alkyl of
      one to 4 carbon atoms, inclusive, or silyl of the formula (A).sub.3 Si--
      wherein A is as defined herein above.
PAR  In step (a) of Chart M, there is employed an aldehyde of the formula
      ##SPC101##
PAL  wherein C.sub.p H.sub.2p and R.sub.44 are as defined above. Such aldehydes
      are available or readily prepared by methods known in the art. Examples of
      such compounds include:
      ##SPC102##
PAR  The conditions for step (a) of Chart M are essentially the same as for step
      (a) of Chart L. Thereafter, step (b) for cleavage of the oxetane ring,
      steps (c) and (d) leading to the formula-CXXV aldehyde, and the Wittig
      reaction of step (e) are similar to and employ the same conditions as the
      corresponding steps of Chart L discussed above.
PAR  Referring to step (g) of Chart M, the hydroxyl on the cyclopentane ring at
      the C-9 position is oxidized to an oxo group.
PAR  Oxidation reagents useful for this transformation are known in the art. A
      useful reagent for this purpose is the Jones reagent, i.e., acidified
      chromic acid. See J. Chem. Soc. 39 (1946). A slight excess beyond the
      amount necessary to oxidize the C-9 secondary hydroxy groups of the
      formula-CXXVII reactant is used. Acetone is a suitable diluent for this
      purpose. Reaction temperatures at least as low as about 0.degree. C.
      should be used. Preferred reaction temperatures are in the range 0.degree.
      to -50.degree. C. An especially useful reagent for this purpose is the
      Collins reagent, i.e. chromium trioxide in pyridine. See J. C. Collins et
      al., Tetrahedron Lett., 3363 (1968). Dichloromethane is a suitable diluent
      for this purpose. Reaction temperatures of below 30.degree. C. should be
      used. Preferred reaction temperatures are in the range 0.degree. to
      +30.degree. C. The oxidation proceeds rapidly and is usually complete in
      about 5 to 20 minutes.
PAR  Examples of other oxidation reagents useful for this transformation are
      silver carbonate on Celite (Chem. Commun. 1102 (1969)), mixtures of
      chromium trioxide and pyridine (J. Am. Chem. Soc. 75, 422 (1953), and
      Tetrahedron, 18, 1351 (1962)), t-butylchromate in pyridine (Biochem. J.
      84, 195 (1962)), mixtures of sulfur trioxide in pyridine and
      dimethylsulfoxide (J. Am. Chem. Soc. 89, 5505 (1967)), and mixtures of
      dicyclohexylcarbodiimide and dimethyl sulfoxide (J. Am. Chem. Soc. 87,
      5661 (1965)).
PAR  Step (h) of Chart M and subsequent steps by which the product CXXX is
      obtained are similar to and employ the same conditions as the
      corresponding steps of Chart L discussed above.
PAR  Referring next to Chart N the process steps are shown whereby aldehyde
      CXIII of Chart L is transformed to a 17,18-tetradehydro-PG analog CXXXVI
      and a 17,18-didehydro-PG analog CXXXVII.
PAR  In step (a) of Chart N, a Wittig reagent is employed which is prepared from
      a phosphonium salt of a haloalkyne of the formula
EQU  Cl--CHR.sub.2 --C.sub.n H.sub.2n --C.tbd.C--R.sub.5
PAL  or
EQU  Br--CHR.sub.2 --C.sub.n H.sub.2n --C.tbd.C--R.sub.5
PAL  wherein C.sub.n H.sub.2n, R.sub.2, and R.sub.5 are as defined above. See,
      for example, U. Axen et al., Chem. Comm. 1969, 303, and ibid. 1970, 602.
PAR  Thereafter, in steps (b) to (d) and subsequent steps yielding the
      17,18-tetradehydro compound CXXVI, the reagents
      ##SPC103##
PAL  and conditions are similar to those employed for the corresponding
      reactions shown in Chart L.
PAR  Transformation of CXXXVI to the formula-CXXXVII compounds is accomplished
      by hydrogenation of CXXXVI using a catalyst which catalyzes hydrogenation
      of --C.tbd.C-- only to cis--CH=CH--, as known in the art. See, for
      example, Fieser et al., "Reagents for Organic Syntheses," pp. 566-567,
      John Wiley and Sons, Inc., New York (1967). Preferred is Lindlar catalyst
      in the presence of quinoline, see Axen, references cited.
PAR  The intermediates of Charts L, M, and N, including those compounds
      represented by formulas CX, CXI, CXII, CXIII, CXIV, CXV, CXVI, CXVII,
      CXXII, CXXIII, CXXIV, CXXV, CXXVI, CXXVII, CXXVIII, CXXIX, CXXXII,
      CXXXIII, CXXXIV, CXXXV, and CXXXVI are frequently not isolated but used
      directly for a subsequent process step. When they are isolated, they are
      purified by methods known in the art, for example partition extraction,
      fractional crystallization, and, preferably, silica gel column
      chromatography.
PAR  The products represented by formulas CXVIII, CXXX, and CXXXVII obtained
      from these intermediates are often a mixture of 15-.alpha. and 15-.beta.
      isomers. These are separated by methods known in the art, for example, by
      chromatography on neutral silica gel. In some instances, particularly
      where R.sub.2 is alkyl, the lower alkyl esters are more readily separated
      than are the corresponding acids. In those cases wherein R.sub.1 is
      hydrogen, it is advantageous to esterify the mixture of acids, as with
      diazomethane, to form the methyl esters, separate the two epimers, and
      then, if desired, replace the carboxyl methyl with hydrogen by methods
      known in the art.
PAR  When an optically active intermediate or starting material is employed,
      subsequent steps yield optically active intermediates or products. That
      optical isomer of bicyclo hexene CIX is used which will yield product
      CXVIII for example, in the configuration corresponding to that of the
      naturally occurring prostaglandins. When the racemic form of the
      intermediate or starting material is employed, the subsequent
      intermediates or products are obtained in their racemic form.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention can be more fully understood by the following examples and
      preparations:
PAR  All temperatures are in degrees centigrade.
PAR  Infrared absorption spectra are recorded on a Perkin-Elmer Model 421
      infrared spectrophotometer. Except when specified otherwise, undiluted
      (neat) samples are used.
PAR  Ultraviolet spectra are recorded on a Cary Model 15 spectrophotometer.
PAR  NMR spectra are recorded on a Varian A-60, A-60D, or T-60 spectrophotometer
      using deuterochloroform solutions with tetramethylsilane as an internal
      standard (downfield).
PAR  Mass spectra are recorded on a CEC Model 110B Double Focusing High
      Resolution Mass Spectrometer or an LKB Model 9,000 Gas Chromatograph-Mass
      Spectrometer (ionization voltage 70 ev).
PAR  Circular dichroism curves are recorded on a Cary 60 recording
      spectropolarimeter.
PAR  Specific rotations are determined for solutions of a compound in the
      specified solvent with a Perkin-Elmer Model 141 Automatic Polarimeter.
PAR  The collection of chromatographic eluate fractions starts when the eluant
      front reaches the bottom of the column.
PAR  "Brine," herein, refers to an aqueous saturated sodium chloride solution.
PAR  The A-IX solvent system used in thin layer chromatography is made up from
      ethyl acetate-acetic acid-2,2,4-trimethylpentane-water (90:20:50:100)
      according to M. Hamberg and B. Samuelsson, J. Biol. Chem. 241, 257 (1966).
PAR  "Skellysolve-B" refers to mixed isomeric hexanes.
PAR  Silica gel chromatography, as used herein, is understood to include
      elution, collection of fractions, and combination of those fractions shown
      by TLC (thin layer chromatography) to contain the desired product free of
      starting material and impurities.
PAC  PREPARATION 1
PAC  dl-Endo-6-(1-heptenyl)-3-(1-pyrrolidyl)-bicyclo[3.1.0]hex-2-ene.
PAR  A solution of formula-XLIII endo-6-(cis- and
      trans-1-heptenyl)bicyclo[3.1.0]hexan-3-one (see Example 29 of West Germany
      Offenlegungsschrift No. 1,937,912, cited above) (15 g.), 25 ml. of
      pyrrolidine, and 200 ml. of benzene is heated under reflux while removing
      the water formed by distillation. After 2 hrs. the benzene is replaced by
      50 ml. of toluene which is then removed in vacuo to give the title
      compound. This material gives an infrared spectrum having absorption
      attributable to the enamine double bond at 1610 cm.sup.-.sup.1 and free of
      carbonyl absorption.
PAC  PREPARATION 2
PAC  Methyl m-(Chloromethyl)phenoxyacetate (Formula LIII: C.sub.g H.sub.2g and
      C.sub.p H.sub.2p are valence bonds in meta relationship, C.sub.q H.sub.2q
      is methylene, Hal is chloro, R.sub.26 is hydrogen, and R.sub.10 is
      methyl).
PAR  a. m-Formylphenoxyacetic Acid. To a solution of m-hydroxybenzaldehyde (48.8
      g.) and sodium hydroxide (16.16 g.) in 500 ml. of water is added a
      solution prepared from chloroacetic acid (75 g.) and sodium hydroxide (32
      g.) in 100 ml. of water. The mixture is heated under reflux for 2 hrs.,
      cooled, and the pH is adjusted to pH 1 or 2. The mixture is extracted with
      dichloromethane-ether and the extract is dried and concentrated. The solid
      is taken up in saturated aqueous sodium bicarbonate, extracted with ether
      and the aqueous phase is made acidic. The aqueous phase is extracted with
      dichloromethane. The organic layer is concentrated and the residue is
      recrystallized from water to give m-formylphenoxyacetic acid (34.0 g.)
      m.p. 114.degree.-117.degree..
PAR  b. Methyl M-Formylphenoxyacetate. A solution of the product of step a (30.0
      g.) in 400 ml. of diethyl ethertetrahydrofuran is treated with an excess
      of ethereal diazomethane generated from
      N-methyl-N'-nitro-N-nitro-soguanidine (32.5 g.) and 200 ml. of 30%
      potassium hydroxide. The organic extract is washed with 5% sodium
      hydroxide, dried and concentrated to give methyl m-formylphenoxyacetate
      (17 g.), as a light yellow oil.
PAR  c. Methyl m-(Hydroxymethyl)phenoxyacetate. A solution of the product of
      step b (30.0 g.) in 200 ml. of methanol, cooled in an ice bath to
      0.degree., is treated with sodium borohydride (1.55 g.) in 30 ml. of cold
      water. After the addition, stirring is continued for 20 min., the methanol
      is removed, and 60 ml. of brine is added. The aqueous phase is extracted
      with ether and the ether solution is washed, first with 5% aqueous
      hydrochloric acid, then brine, and dried. Removal of the solvent yields
      methyl m-(hydroxymethyl)phenoxyacetate (27.0 g.).
PAR  d. Methyl m-(Chloromethyl)phenoxyacetate. To the product of step c (27.0
      g.) is added 20 ml. of thionyl chloride with stirring. Following the
      addition, the reaction mixture is stirred at 25.degree. for 30 min. and at
      reflux for 30 min. After cooling the reaction mixture, it is dissolved in
      ether and washed carefully with water, saturated aqueous sodium bicarbonte
      and brine. The organic layer is dried, concentrated and distilled to give
      the title compound (11.0 g.) b.p. 98.degree.-110.degree./0.03 mm.
PAR  Following the procedures of Preparation 2, but replacing chloroacetic acid
      with 3-chloropropionic acid, there is obtained, successively,
      3-(m-formylphenoxy)propionic acid and its methyl ester, methyl
      3-[m-(hydroxymethyl)phenoxy]-propionate, and the formula-LIII compound,
      methyl 3-[m-(chloromethyl)phenoxy]propionate.
PAR  Alternatively, Michael addition of m-hydroxy benzaldehyde to methyl
      acrylate, with base catalysis, and reduction of the product with sodium
      borohydride gives methyl 3-[m-(hydroxymethyl)phenoxy]propionate.
PAC  PREPARATION 3
PAC  Ethyl o-(Bromomethyl)benzyloxyacetate (Formula LIII: C.sub.g H.sub.2g is a
      valence bond, C.sub.p H.sub.2p and C.sub.q H.sub.2q are methylene, C.sub.g
      H.sub.2g and C.sub.p H.sub.2p are in ortho relationship, Hal is bromo,
      R.sub.26 is hydrogen, and R.sub.10 is ethyl).
PAR  To a mixture of .alpha.,.alpha.'-dibromo-o-xylene (100 g.), ethyl glycolate
      (47 g.), and dimethylformamide (500 ml.) is added with stirring over a
      1-hour period at 0.degree.-5.degree. C., 18 g. of 57% sodium hydride. The
      mixture is stirred for 16 hrs. at about 25.degree. C. and is then
      concentrated on a rotating evaporator at 40.degree.-50.degree. C. under
      vacuum. The residue is diluted with one liter of a mixture of isomeric
      hexanes (Skellysolve B) and diethyl ether (1:2 by volume) and the organic
      solution is washed successively with dilute hydrochloric acid, dilute
      potassium hydroxide solution, water, and brine, and is finally dried and
      concentrated. The residue is chromatographed on a column prepared by
      wet-packing 3 kg. of silica gel (Brinkman) with 6 l. of 15% ethyl acetate
      in Skellysolve B and 30 ml. of absolute ethanol. Gradient elution of the
      column with 16 l. of 15-35% ethyl acetate in Skellysolve B gives fractions
      of 400 ml. each of which are combined on the basis of thin layer
      chromatography (TLC). From fractions 18-27 there is obtained 35 g. of the
      title compound. This material has .lambda..sub.max. in ethanol at 231
      m.mu. (.epsilon. 7550) with shoulders at 272 (.epsilon. 700) and 278 m.mu.
      (.epsilon. 462). It has key absorptions in its NMR spectrum at about 7.3
      (apparent singlet), 4.7 (singlet), 4.64 (singlet), 4.06 (singlet),
      4.0-4.35 (quartet), and 1.1-1.34 (triplet) .delta.. It has mass spectral
      peaks at 206, 199, 201, 185, and 183.
PAC  PREPARATION 4
PAC  Endo-6-(cis-4-phenyl-1-butenyl)-bicyclo-[3.1.0]hexan-3-one (Formula XLIII:
      G is
      ##SPC104##
PAC  R.sub.3 and R.sub.4 are hydrogen; and .about. is endo).
PAR  a. There is first prepared (3-phenylpropyl)triphenylphosphonium bromide. A
      solution of 597.3 g. of 1-bromo-3-phenylpropane and 786 g. of
      triphenylphosphine in 1,500 ml. of toluene is heated at reflux under
      nitrogen for 16 hrs., then the mixture is cooled and the solid product is
      separated by filtration. The solid is then slurried with toluene in a
      Waring blender, separated by filtration, and dried for 18 hrs. at
      70.degree. C. under reduced pressure to give 1068 g. of
      (3-phenylpropyl)triphenylphosphonium bromide; m.p.
      210.5.degree.-211.5.degree. C.
PAR  b. A suspension of 314 g. of the product of step a in 3 l. of benzene is
      stirred at room temperature (25.degree. C.) under nitrogen, and 400 ml. of
      1.6 M butyllithium in hexane is added over a 20 min. period. The mixture
      is heated at 35.degree. C. for 30 minutes, then is cooled to -15.degree.
      C. and a solution of 100 g. of
      endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde 3-tetrahydropyranyl ether
      in 200 ml. of benzene is added over a 30-min. period. This mixture is
      heated at 70.degree. C. for 2.5 hrs., cooled, and filtered. The filtrate
      is washed three times with water, dried over sodium sulfate, and
      concentrated to 170 g. of crude
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-ol
      3-tetrahydropyranyl ether.
PAR  A solution of 340 g. (two runs) of this crude
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo-[3.1.0]hexan-3-ol
      3-tetrahydropyranyl ether and 20 g. of oxalic acid in 3600 ml. of methanol
      is heated at reflux for 3.5 hrs. The mixture is cooled and the methanol is
      evaporated under reduced pressure. The residue is mixed with
      dichloromethane, and the dichloromethane solution is washed with aqueous
      sodium bicarbonate, dried over sodium sulfate, and concentrated to 272 g.
      of the endo-6-(cis-4-phenyl-1-butenyl)bicyclo[3.1.0]-hexan-3-ol.
PAR  A solution of 93 g. of the above
      endo-6-(cis-4-phenyl-1-butenyl)bicyclo[3.1.0]hexan-3-ol in 2570 ml. of
      acetone is cooled to -5.degree. C. and 160 ml. of Jones reagent (in the
      proportions 42 g. of chromic anhydride, 120 ml. of water, and 34 ml. of
      concentrated sulfuric acid) is added over a period of 30 min. while
      cooling to maintain a temperature of -5.degree. C. The mixture is allowed
      to stand for 10 min. longer; then 100 ml. of isopropyl alcohol is added
      and the mixture is swirled for 5 min. The mixture is then diluted with 6
      l. of water and extracted several times with dichloromethane. The organic
      layers are separated, washed with dilute hydrochloric acid, water, dilute
      aqueous sodium bicarbonate, and brine, then are dried over sodium sulfate,
      combined and concentrated to 83 g. of crude
      endo-6-(cis-4-phneyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one.
PAR  Crude endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]-hexan-3-one (162 g.,
      two runs) is dissolved in isomeric hexanes (Skellysolve B) and
      chromatographed over 5 kg. of silica gel wet-packed with Skellysolve B,
      eluting successively with 11 l. of Skellysolve B, 62 l. of 2.5% ethyl
      acetate in Skellysolve B, and 32 l. of 5% ethyl acetate in Skellysolve B.
      The last 8 l. of the 2.5% ethyl acetate in Skellysolve B eluates and the
      32 l. of 5% ethyl acetate in Skellysolve B eluates are combined and
      concentrated to 75.8 g. of the title compound; infrared absorption at
      3000, 1750, 1610, 1500, 1455, 1405, 1265, 1150, 778, 750 and 702
      cm.sup.-.sup.1., N.M.R. peaks at 7.18 (singlet) and 4.75-6.0 (broad
      multiplet) .delta..
PAC  PREPARATION 5
PAC  Endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo-[3.1.0]hexan-3-one. (Formula
      XLIII: G is
      ##SPC105##
PAC  R.sub.2 and R.sub.9 are hydrogen; and .about.  is endo).
PAR  a. There is first prepared (4-phenylbutyl)triphenylphosphonium bromide. A
      solution of 145 g. of 4-phenyl-1-bromobutane and 179 g. of
      triphenylphosphine in 350 ml. of toluene is heated at reflux under
      nitrogen for 16 hrs. The mixture is then cooled slowly and ether is added
      giving a precipitate of (4-phenylbutyl)triphenylphosphonium bromide which
      is washed throughly with benzene/ether and dried 18 hrs. at 50.degree. C.
      under reduced pressure, 268 g., m.p. 139.degree.-140.degree. C.
PAR  b. A suspension of 242 g. of the product of step a in 2.3 l. of dry benzene
      at 25.degree. C. is stirred and 300 ml. of 1.6 M butyllithium in hexane is
      added over a 15-min. period. The mixture is stirred at 30.degree. C. for
      one hour, then is cooled to 10.degree. C. and a solution of 75 g. of
      endobicyclo-[3.1.0]hexan-3-ol-6-carboxaldehyde 3-tetrahydropyranyl ether
      in 200 ml. of benzene is added over a 15-min. period. The mixture is
      heated at 65.degree.-70.degree. C. for 3 hours, cooled and filtered. The
      filtrate is washed with water and brine. dried over sodium sulfate, and
      concentrated under reduced pressure to give 117 g. of crude
      endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-ol
      tetrahydropyranyl ether showing a single spot, R.sub.f 0.75, on thin layer
      chromatography with silica gel plates developed with 20% ethyl acetate in
      cyclohexane.
PAR  A solution of 117 g. of the above crude
      endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]-hexan-3-ol
      tetrahydropyranyl ether and 6 g. of oxalic acid in 2,500 ml. of methanol
      is heated under reflux for 2.5 hrs. The methanol is then removed by
      distillation under reduced pressure and the residue is diluted with water
      and extracted with dichloromethane. The dichloromethane extracts are
      combined, washed with aqueous sodium bicarbonate and brine, dried over
      sodium sulfate and concentrated under reduced pressure to give 95.7 g. of
      crude endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-ol. The
      entire crude product is chromatographed over 1.5 kg. of silica gel
      wet-packed with Skellysolve B, eluting successively with 5 l of
      Skellysolve B, 4 l. of 2.5%, 6 l. of 5%, 9 l. of 7.5%, 12 l. of 10%, 8 l.
      of 15%, 10 l. of 20% and 10 l. of 30% ethyl acetate in Skellysolve B,
      taking 600 ml. fractions. The last fraction of 10% ethyl acetate in
      Skellysolve B, all the 15% and 20% ethyl acetate in Skellysolve B eluates,
      and the first 3 fractions of 30% ethyl acetate in Skellysolve B are
      concentrated to 60.5 g. of purified
      endo-6-(cis-5-phenyl-1-pentenyl)bicyclo[3.1.0]hexan-3-ol.
PAR  A solution of 60.5 g. of the above purified alcohol in 1,600 ml. of acetone
      is cooled to -10.degree. C. and 103 ml. of Jones reagent is added
      dropwise. After addition is complete the mixture is stirred for 10 min. at
      0.degree. C. and 65 ml. of isopropyl alcohol is added. The mixture is
      poured into 8 l. of water and extracted several times with
      dichloromethane. The dichloromethane extracts are combined, washed with
      dilute hydrochloric acid, aqueous sodium bicarbonate and brine, dried over
      sodium sulfate and concentrated under reduced pressure to give 56 g. of
      crude endo-6-(cis-5-phenyl-1-pentenyl)bicyclo[3.1.0]hexan-3-one. The crude
      ketone is slurried in Skellysolve B and chromatographed over 2,300 g. of
      silica gel wet packed in Skellysolve B, eluting successively with 6 l. of
      Skellysolve B, 16 l. of 2.5% ethyl acetate in Skellysolve B, then gradient
      elution with 5 l. of 2.5% and 5 l. of 5% ethyl acetate in Skellysolve B
      and finally 16 l. of 5% ethyl acetate in Skellysolve B, taking 625 ml.
      fractions. The last fraction of the gradient eluates and the first 19
      fractions of 5% ethyl acetate in Skellysolve B are concentrated to give
      23.6 of the title compound; infrared absorption at 2980, 1745, 1600, 1490,
      1450, 1260, 1145, 770, 750 and 702 cm.sup.-.sup.1., N.M.R. peaks at 7.17
      (singlet), 6.0-5.4 (multiplet), and 5.2-4.7 (broad multiplet) .delta..
PAC  PREPARATION 6
PAC  Endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one Acetonide
      (Formula XXXVI wherein G is
      ##SPC106##
PAC  R.sub.2 and R.sub.9 are hydrogen, R.sub.11 and R.sub.12 are methyl, and
      .about. is endo).
PAR  a. There is first prepared the formula-LI dihydroxy compound. To a solution
      of endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one (10.0 g.,
      Preparation 4) in about 100 ml. tetrahydrofuran is added, with stirring, a
      solution of potassium chlorate (10.0 g.) and osmium tetroxide (0.65 g.) in
      250 ml. of water. The mixture is stirred vigorously for 5 hrs. at
      50.degree. C. Then, the cooled mixture is concentrated under reduced
      pressure. The residue is extracted repeatedly with dichloromethane, and
      the combined extracts are dried and concentrated to an oil. This oil is
      chromatographed on about 1000 g. of silica gel, and eluted successively
      with 3 l. of 10% ethyl acetate in a mixture of isomeric hexanes
      (Skellysolve B), with 5 l. of 25% ethyl acetate in Skellysolve B, and then
      with 50% ethyl acetate in Skellysolve B, collecting 500 ml. eluate
      fractions. Fractions 13-19 (50% ethyl acetate) are combined and evaporated
      to dryness to give dl-endo-6
      (1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexane-3-one (Formula LI).
PAR  b. A solution of the product of step a (about 8.0 g.) and 700 mg. of
      potassium bisulfate in 140 ml. of acetone is stirred at 25.degree. C. for
      64 hrs. Then, sodium carbonate monohydrate (710 mg.) is added, and the
      mixture is stirred 10 minutes. The acetone is evaporated at reduced
      pressure, and water is added. The aqueous solution is extracted repeatedly
      with dichloromethane, and the extracts are combined, washed with water,
      dried, and concentrated to about 9.3 g. of an oil. The oil is
      chromatographed on 400 g. of silica gel, being eluted with 2 l. of 10%
      ethyl acetate in Skellysolve B, and then with 4 l. of 15% ethyl acetate in
      Skellysolve B. The 15% ethyl acetate eluates are concentrated to about 7.4
      g. of the formula-XXXVI compound,
      endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one acetonide.
PAC  PREPARATION 7
PAC  Methyl 9-Bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate.
      (Formula LIV: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationship, C.sub.q H.sub.2q is methylene, Hal is bromo, R.sub.26
      is hydrogen and R.sub.10 is methyl).
PAR  a. To a cold, stirred solution of m-vinylanisole (13.4 g.) in 40 ml. of
      diethyl ether is slowly added a solution of bromine (15.9 g.) in 60 ml. of
      diethyl ether. The ether solution is used directly in converting the
      product, m-(1,2-dibromoethyl)anisole to m-methoxyphenylacetylene by
      dehydrohalogenation (see T. H. Vaughn, J. Am. Chem. Soc. 56, 2064, 1934).
      The ether solution above is slowly added, with vigorous stirring, to a
      mixture of sodium amide prepared from sodium (4.6 g.) in about 200 ml. of
      liquid ammonia. When the reaction is complete, the volume is reduced about
      one-half, and an equal volume of water is cautiously added. A layer
      containing the product is separated, washed with dilute hydrochloric acid,
      dried, and distilled.
PAR  b. To a solution of the product of step a above in 250 ml. of
      dichloromethane, maintained at 0.degree. C. under nitrogen, is added
      dropwise over about a 1-hour period with vigorous stirring a solution of
      about 15 ml. of boron tribromide in 200 ml. of dichloromethane. Cooling
      and stirring continue for one hour. When the reaction is complete as shown
      by TLC, there is added cautiously a solution of sodium carbonate in water
      to neutralize the mixture. Thereafter, the solution is saturated with
      sodium chloride (added as a solid), and the organic phase is separated and
      combined with additional ethyl acetate washings of the aqueous phase. The
      organic solutions are washed with brine, dried over sodium sulfate, and
      concentrated under reduced pressure to yield the acetylenic phenol.
PAR  c. To the product of step b (11.8 g.), is added gradually a solution of
      sodium ethoxide (prepared from sodium and absolute ethanol). Thereafter,
      ethylene chlorohydrin (8.0 g.) is added in small portions. When all has
      been added, the mixture is heated at reflux for about one hour or until
      completion, then filtered hot. The combined filtrate and ethanol washings
      are concentrated to remove alcohol, and the product distilled under
      reduced pressure.
PAR  To the hydroxyethyl ether (16.2 g.) as obtained above, cooled to
      15.degree.-20.degree. C., is added 20 ml. of dihydropyran and 100 ml. of
      diethylether, and, with stirring, 1 ml. of anhydrous diethyl ether
      saturated with hydrogen chloride. After the exothermic reaction has
      diminished, the mixture is kept at 25.degree. C. for 15 hours. The mixture
      is washed with aqueous sodium bicarbonate, water, and dried, then
      concentrated under reduced pressure to yield the tetrahydropyranyl ether.
PAR  d and e. To a solution of the product of step c (10 g.) in anhydrous
      tetranydrofuran (180 ml.) at -78.degree. C. under argon is added the
      equivalent molecular amount of n-butyllithium in hexane. The resulting
      solution is stirred at -78.degree. C. for an additional 30 minutes. A
      suspension of dry paraformaldehyde (two equivalents) in anhydrous
      tetrahydrofuran is added and the mixture warmed to room temperature over a
      30-min. period. It is stirred an additional 1 hour and poured into brine,
      then extracted with ether, dried, and concentrated to yield the hydroxy
      compound.
PAR  f. The hydroxy compound of step e is converted to the bromo compound by
      first forming the mesyl derivative by reaction with methanesulfonyl
      chloride (4 ml.) in pyridine (80 ml.) at -20.degree. C. The mixture is
      stirred 1 hour at -20.degree. C., and then is poured into a stirred
      mixture of 3 normal hydrochloric acid (300 ml.) and ice water (500 ml.).
      This mixture is extracted with diethyl ether, the extract is washed with
      cold one normal hydrochloric acid and brine, then dried and concentrated.
      To a solution of the residue (mesyl derivative) in dry acetone (100 ml.)
      is added lithium bromide (5 g.) and the mixture stirred and heated at
      reflux one hour, then kept at 25.degree. C. for 15 hours. The acetone is
      evaporated under reduced pressure, and the residue is extracted with
      diethyl ether. The extract is washed with water and brine, then dried and
      concentrated. The residue is chromatographed on silica gel, eluting with
      10% ethyl acetate in Skellysolve B. Fractions shown by TLC to contain the
      product are combined and concentrated to give the formula-LX intermediate.
PAR  g. The product of step f above is converted to the corresponding carboxylic
      acid and its methyl ester as follows. The tetrahydropyranyloxy group is
      replaced by hydroxyl by contacting the product of f with a mixture of
      acetic acid/water/tetrahydrofuran (20/10/3) at 40.degree. C. for 2 hours,
      thereafter removing solvents under reduced pressure.
PAR  The substituted glycol from above is oxidized to the acid in acetone
      solution, using a slight excess of Jones reagent (21 g. chromic
      anhydride/60 ml. water/17 ml. conc. sulfuric acid) while cooling to
      maintain a temperature of -5.degree. to 0.degree. C. After about 60 min.,
      isopropyl alcohol is added, the mixture is stirred for 10 min., and then
      poured into ice water. The acid product is isolated by extraction with
      chloroform, drying over sodium sulfate, and concentration under reduced
      pressure.
PAR  The acid from above is converted to the methyl ester by reaction with
      diazomethane in diethyl ether at about 10.degree.-25.degree. C., followed
      by concentration to yield the desired title compound
PAR  Following the procedures of Preparation 7, but replacing m-vinylanisole
      with methyl (o, m, or p-)vinylbenzyl ether, there are obtained,
      respectively, methyl
      9-bromo-3-oxa-4,7-inter-o-phenylene-5,6-dinor-7-nonynoate, methyl
      10-bromo-3-oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decyanoate, and methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetranor-9-undecynoate.
PAC  PREPARATION 8
PAC  Methyl 9-Bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate
      (Formula LV: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationships. C.sub.q H.sub.2q is methylene, Hal is bromo, R.sub.26
      is hydrogen and R.sub.10 is methyl).
PAR  A solution of methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (2.0 g.,
      Preparation 7) in 10 ml. of pyridine is hydrogenated in the presence of a
      5% palladium on barium sulfate catalyst (150 mg.) at 25.degree. C. and one
      atmosphere. The resulting mixture is filtered and evaporated to about
      one-third the original volume. Four volumes of ethyl acetate is added, and
      the remaining pyridine is removed by addition of ice and one N
      hydrochloric acid. The ethyl acetate layer is separated, washed
      successively with one N hydrochloric acid and brine, dried, and
      evaporated. The residue is chromatographed on 250 g. of silica gel which
      has previously been acid-washed to pH 4 (Silicar CC.sub.4, 100-200 mesh,
      Mallincrodt Co.), eluting with 3 l. of 25-75% ethyl acetate-Skellysolve B
      gradient, collecting 100 -ml. fractions. The fractions shown to have the
      desired product free of starting material by TLC are combined and
      concentrated under reduced pressure to give the title compound containing
      the cis --CH=CH moiety.
PAR  Following the procedures of Preparation 8, but replacing methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate with methyl
      9-bromo-3-oxa-4,7-inter-o-phenylene-5,6-dinor-7-nonynoate, methyl
      10-bromo-3-oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decynoate, or methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetra-nor-9-undecyanoate
      (from the paragraphs following Preparation 7), there is obtained the
      corresponding formula-LV enoate compounds in which cis--CH=CH-- has
      replaced --C.tbd.C--.
PAC  PREPARATION 9
PAC  Methyl 9-Bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-trans-7-nonenoate.
      (Formula LVI: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationship, C.sub.q H.sub.2q is methylene, Hal is bromo, R.sub.26
      is hydrogen and R.sub.10 is methyl).
PAR  A solution of the compound represented by the formula
      ##SPC107##
PAL  (1.0 g., Preparation 7, step e) in 20 ml. of tetrahydrofuran is cooled to
      -10.degree. C. This solution is added to a fresh solution of lithium
      aluminum hydride (110% of theory) in tetrahydrofuran. The reaction mixture
      is stirred for 16 hours at 25.degree. C. ambient temperature. Then, water
      (20 ml.) is added, and the resulting solution is acidified with one N
      hydrochloric acid, and then extracted with ethyl acetate. The extract is
      washed successively with aqueous sodium bicarbonate solution and brine,
      dried, and evaporated under reduced pressure. The residue is
      chromatographed on silica gel, eluting with a 25-75% ethyl
      acetate-Skellysolve B gradient, combining fractions shown to have the
      desired product by TLC, and removing solvent from those combined fractions
      under reduced pressure to yield a compound represented by the formula
      ##SPC108##
PAR  Thereafter, following the procedures of Preparation 7, steps f through g,
      there is obtained the title compound containing the trans--CH=CH-- moiety.
PAR  Following the procedures of Preparation 9, but replacing that nonynoate
      with the compound having the formula
      ##SPC109##
PAL  wherein the THP-terminated moiety is attached to the ring in ortho, meta,
      or para configuration, there is obtained the corresponding formula-LVI
      compound in which trans --CH=CH-- has replaced --C.tbd.C--.
PAC  PREPARATION 10
PAC  Optically Active Bicyclo[3.1.0]-hex-2-ene-6-endo-carboxaldehyde
PAR  Following the procedure of Preparation 1 of U.S. Pat. No. 3,711,515,
      racemic bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde is prepared from
      bicyclo[2.2.1]hepta-2,5-diene and peracetic acid.
PAR  The racemic compound is resolved by the procedure of Example 13 of U.S.
      Pat. No. 3,711,515, forming an oxazolidine as follows.
PAR  Racemic bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde (12.3 g.) and
      1-ephedrine (16.5 g.) are dissolved in about 150 ml. of benzene. The
      benzene is removed under vacuum and the residue taken up in about 150 ml.
      of isopropyl ether. The solution is filtered, then cooled to -13.degree.
      C. to yield crystals of
      2-endo-bicyclo-[3.1.0]hex-2-en-6-yl-3,4-dimethyl-5-phenyl-oxazolidine,
      11.1 g., m.p. 90.degree.-92.degree. C. Three recrystallizations from
      isopropyl ether, cooling each time to about -2.degree. C., yield crystals
      of the oxazolidine, 2.2 g., m.p. 100.degree.-103.degree. C., now
      substantially a single isomeric form as shown by NMR.
PAR  The above re-crystallized oxazolidine (1.0 g.) is dissolved in a few ml. of
      dichloromethane, charged to a 20 g. silica gel column and eluted with
      dichloromethane. The silica gel is chromatography-grade (Merck), 0.05-0.2
      mm. particle size, with about 4-5 g. of water per 100 g. Fractions of the
      eluate are collected, and those shown by thin layer chromatography (TLC)
      to contain the desired compound are combined and evaporated to an oil (360
      mg.). This oil is shown by NMR to be the desired title compound,
      substantially free of the ephedrine, in substantially a single
      optically-active isomeric form. points on the circular dichroism curve are
      (.lambda. in nm.,.theta.): 350, 0; 322.5, -4,854; 312, -5,683; 302.5,
      -4,854; 269, 0; 250, 2,368; 240, 0; and 210, -34,600.
PAC  EXAMPLE 1
PAC   dl-Methyl
      7-[Endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter
     -m-phenylene-4,5,6-trinor-heptanoate (Formula XLIV, Chart E: G is n-pentyl;
      R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl; Z' is
      ##SPC110##
PAL  and .about. is alpha and endo).
PAR  A. A solution prepared from
      endo-6-(1-heptenyl)-3-(1-pyrrolidyl)-bicyclo[3.1.0]hex-2-ene (Preparation
      1, 5.0 g.) and methyl m-(chloromethyl)-phenoxyacetate (Preparation 2, 4.4
      g.) in 60 ml. of dioxane is stirred under a nitrogen atmosphere at about
      25.degree. C for 2 days and then heated under reflux for 7 hrs. To the
      reaction mixture is added water. The solution is heated on a steam bath,
      cooled and extracted with ether. The extract is washed, first with dilute
      (about 5% hydrochloric acid, then brine, and dried and concentrated. The
      residue is chromatographed on 700 g. of silica gel prepared with 20%
      ether-isomeric hexane mixture (Skellysolve B) and eluted with 1.5 l. of
      20% ether-Skellysolve B, 1.5 l. of 25% ether-Skellysolve B, and 1.5 l. of
      30% ether-Skellysolve B, collecting 100-ml. fractions. Fractions 25-31
      give the title compound (1.7 g.).
PAR  B. Alternate synthesis. - A solution of potassium tert-butoxide (9.0 g.) in
      500 ml. of nitrogen-purged tetrahydrofuran is added dropwise during 45
      min. to a stirred solution of the formula-XLIII bicyclo olefin,
      endo-6-(1-heptenyl)bicyclo[3.1.0]hexan-3-one (see Example 9 of West
      Germany Offenlegungsschrift No. 1,937,912, cited above) (10.0 g.), and
      methyl m-(chloromethyl)phenoxyacetate (Preparation 2, 13 g.) in 250 ml. of
      tetrahydrofuran under nitrogen at 25.degree. C. The resulting mixture is
      acidified at once with 120 ml. of 5% hydrochloric acid, and then is
      concentrated under reduced pressure below 40.degree. C. to remove most of
      the tetrahydrofuran. Water (400 ml.) is added to the residue, and the
      mixture is extracted with three 400-ml. portions of ethyl acetate. The
      combined extracts are washed successively with aqueous sodium thiosulfate
      solution and brine, dried, and concentrated under reduced pressure. The
      residue is chromatographed over 4 kg. of silica gel wet-packed with 20%
      ether-isomeric hexane mixture (Skellysolve B) and eluted with
      ether-Skellysolve B mixtures having 20-30% ether. Fractions shown by TLC
      to contain the desired alkylation product are combined to yield the
      formula-XLIV (Chart E) alkylated olefin title compound.
PAR  Following the procedure of Example 1-B but replacing the formula-XLIII
      (Chart E) endo-6-(1-heptenyl)bicyclo[3.1.0]hexan-3-one with the
      corresponding bicyclo olefins prepared by reaction of the
      -tetrahydropyranyl ether of endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde
      with intermediate quaternary phosphonium halides (see above-cited West
      Germany Offenlegungsschrift No. 1,937,912) prepared from 1-bromobutane,
      1-chloropentane, 1-bromoheptane, and 1-chlorooctane, there are obtained
      the corresponding formula-XLIV alkylated olefin compounds wherein G is
      straight chain alkyl of 3, 4, 6, and 7 carbon atoms, respectively.
PAR  Also following the procedure of Example 1-B but employing instead
      formula-XLIII bicyclo olefins prepared from 1-bromo-2-fluorobutane,
      1-chloro-2-fluoro-pentane, 1-bromo-2-fluorohexane,
      1-bromo-2-fluoroheptane, and 1-chloro-2-fluorooctane, there are obtained
      the corresponding formula-XLIV alkylated olefin compounds wherein G is
      straight chain alkyl of 3 to 7 carbon atoms, inclusive, with a fluoro
      substituent at the 1-position.
PAR  Also following the procedure of Example 1-B but employing, instead,
      formula-XLIII bicyclo olefins prepared from primary bromides of the
      formula R.sub.27 --(CH.sub.2).sub.b --CH.sub.2 Br, wherein b is one, 2, 3,
      or 4, and R.sub.27 is isobutyl, tert-butyl, 3,3-difluorobutyl,
      4,4-difluorobutyl, 4,4,4-trifluorobutyl, and 3,3,4,4,4-pentafluorobutyl,
      there are obtained compounds corresponding to the formula-XLIV product of
      Example 1-B with R.sub.27 --(CH.sub.2).sub.b --CH=CH-- in place of the
      1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B but employing, instead,
      formula-XLIII bicyclo olefins prepared from primary bromides of the
      formula CH.sub.3 --(CH.sub.2).sub.c --CR.sub.21 R.sub.22 --CH.sub.2 Br
      wherein c is 2, 3, or 4, and R.sub.21 and R.sub.22 are methyl or ethyl,
      e.g. CH.sub.3 --(CH.sub.2).sub.2 --C(C.sub.2 H.sub.5).sub.2 --CH.sub.2
      --Br, CH.sub.3 --(CH.sub.2).sub.3 --CH(CH.sub.3)--CH.sub.2 --Br, CH.sub.3
      --(CH.sub.2).sub.3 --CH(C.sub.2 H.sub.5)--CH.sub.2 Cl, CH.sub.3
      --(CH.sub.2).sub.3 --C(CH.sub.3).sub.2 --CH.sub.2 --Br, and CH.sub.3
      --(CH.sub.2).sub.3 --C(CH.sub.3)(C.sub.2 H.sub.5)--CH.sub.2 Br, there are
      obtained the corresponding formula-XLIV alkylated olefin compounds wherein
      G is mono- or di-substituted at the 1-position with methyl or ethyl.
PAR  Also following the procedure with Example 1-B but employing, instead,
      formula-XLIII bicyclo olefins prepared from .alpha.-bromotoluene,
      (2-bromoethyl)benzene, (5-chloropentyl)-benzene, (6-bromohexyl)benzene,
      and (7-iodoheptyl)benzene; from (1-chloroethyl)-benzene,
      (1-bromopropyl)benzene, (2-bromopropyl)benzene, (3-chloropentyl)benzene,
      (4-bromopentyl)benzene, (6-bromononyl)benzene and (7-bromononyl)benzene;
      from 1-bromo-2-phenylpropane, 1-bromo-2-methyl-2-phenylpropane,
      1-chloro-2-ethyl-3-phenylpropane, 1-bromo-2-methyl-4-phenylbutane, and
      1-bromo-2,2-dimethyl-5-phenylpentane; from .alpha.-bromo-m-xylene,
      .alpha.-chloro-p-ethyltoluene, .alpha.-bromo-p-chlorotoluene,
      .alpha.'-chloro-.alpha.,.alpha.,.alpha.-trifluoro-m-xylene,
      1-(2-bromoethyl)-4-fluorobenzene, 1-(5-bromopentyl)-2-chlorobenzene,
      4-(3-iodopropyl)-1,2-dimethoxybenzene, and
      1-(3-bromohexyl)-2,4,6-trimethylbenzene; and from
      (2-bromo-1-fluoroethyl)benzene, (2-bromo-1-fluoropropyl)benzene,
      (2-chloro-fluoro-1-methylpropyl)benzene, (5-bromo-4-fluoropentyl)benzene,
      (7-iodo-6-fluoropentyl)benzene, (4-bromo-3,3-difluorobutyl)benzene, and
      (6-bromo-5,5-difluorohexyl)benzene, there are obtained the corresponding
      formula-XLIV alkylated olefin compounds wherein G is
      ##SPC111##
PAL  including compounds wherein C.sub.t H.sub.2t is substituted with one or 2
      fluoro atoms.
PAR  Also following the procedure of Example 1-B, but using formula-XLIII
      bicyclo olefins obtained from the secondary bromides of the formula
      ##EQU50##
      wherein G and R.sub.2 are as defined above, R.sub.2 being alkyl, there are
      obtained formula-XLIV alkylated olefins corresponding to the product of
      Example 1-B with
      ##EQU51##
      in place of the 1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B, but using formula-XLIII
      bicyclo olefins obtained from bicyclo[3.1.0]-hexane reactants with
      ##EQU52##
      in place of
      ##EQU53##
      wherein R.sub.9 is as defined above, there is obtained formula-XLIII
      alkylated olefins corresponding to the product of Example 1-B with
      ##EQU54##
      in place of the 1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B, but using formula-XLIII
      bicyclo olefins obtained from bicyclo-[3.1.0]hexane reactants with
      ##EQU55##
      in place of
      ##EQU56##
      and primary and secondary bromides of the formula
      ##EQU57##
      (as above defined), there are obtained formula-LIV alkylated olefins
      corresponding to the product of Example 1-B with
      ##EQU58##
      in place of the 1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B but using a larger amount of
      potassium tert-butoxide (16 g.) and maintaining the reaction mixture for 8
      hrs. at 25.degree. C. before addition of hydrochloric acid, a product is
      obtained which contains substantial amounts of both the above described
      2.alpha.-yl isomer and the corresponding 2.beta.-yl isomer. These isomers
      are separated by the above-described silica gel chromatography.
PAR  Also following the procedure of Example 1-B but using exo formula-XLIII
      bicyclo olefins in place of the endo reactant of Example 1-B, there are
      obtained the corresponding exo formula-XLIV alkylated olefins.
PAR  Also following the procedure of Example 1-B but replacing the methyl
      m-(chloromethyl)phenoxyacetate alkylating agent with the formula-LIII and
      -LIV compounds, methyl 3-[m-(chloromethyl)phenoxy]propionate, methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate, and methyl
      10-bromo-3 -oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decynoate, there are
      obtained alpha and beta, exo and endo, formula-XLIV alkylated olefins
      corresponding to the product of Example 1-with
      ##SPC112##
PAL  respectively. In the same manner, but using, according to Example 1-B,
      other esters of the above-described formula-LIII and -LIV alkylating
      agents within the scope of R.sub.10 as above-defined, e.g., the isopropyl,
      tert-butyl, octyl, cyclohexyl, benzyl, and phenyl esters, there are
      obtained the corresponding formula-XLIV esters.
PAR  Also following the procedure of Example 1-B, but using in combination each
      of the above-described alternative formula-XLIII bicyclo olefins and each
      of the above-described alternative formula-LIII or -LIV omega-halo
      alkylation agents, there are obtained formula-XLIV alkylated olefins
      corresponding to the product of Example 1-B but different therefrom with
      respect to both the carboxylate-terminated side chain and the side chain
      attached to the cyclopropane ring in the product.
PAR  Also following the procedure of Example 1-B, but using in place of the
      formula-LIII halo alkylating agent of that Example, each of the other
      alkylating agents within the scope of
      ##EQU59##
      as above defined, i.e., alkylating agents of formulas LIII and LIV as
      above-described, there are obtained alpha and beta exo and endo
      formula-XLIV compounds corresponding to the product of Example 1-B with
      each of the other
      ##EQU60##
      side chains in place of the
      ##SPC113##
PAL  side chain of the Example 1-B product. For example, using as formula-LIII
      alkylating agents in the Example 1-B procedure, the following compounds
      wherein Et is ethyl;
      ##SPC114##
PAL  there are obtained exo and endo, alpha and beta, formula-XLIV alkylated
      bicyclo[3.1.0]hexanes each having a carboxylate-terminated side chain
      corresponding to one of the specific omega-halo alkylating agents. For
      example, the side chain will be alpha or beta
      ##SPC115##
PAL  when the alkylating agent is
      ##SPC116##
PAR  Also following the procedure of Example 1-B, but using in combination each
      of the alternative alkylating formula-LIII and -LIV agents within the
      scope of
      ##EQU61##
      including the specific examples of those just mentioned, and each of the
      above-described formula-XLIII alternative bicyclo[3.1.0]hexane olefin
      reactants, there are obtained formula-XLIV exo and endo, alpha and beta,
      compounds corresponding to the products of Example 1-B, but different
      therefrom with respect to both the carboxylate-terminated side chain and
      the side chain attached to the cyclopropane ring of the product. In the
      same manner, alternative alkylating agents within the scope of
      ##EQU62##
      wherein R.sub.10 is other than ethyl, e.g., methyl, isopropyl, tert-butyl,
      octyl, cyclohexyl, benzyl, phenyl, and .beta.,.beta.,.beta.-trichloroethyl
      are used.
PAC  EXAMPLE 2
PAC  dl-Methyl
      7-[Endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     3,7-inter-m-phenylene-4,5,6-trinor-heptanoate (Formula XLV, Chart E: G' is
      n-pentyl; R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl;
      Z' is
      ##SPC117##
PAC  and .about. is alpha and endo).
PAR  Refer to Chart E. To a solution of dl-methyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter
     -m-phenylene-4,5,6-trinor-heptanoate (Example 1, 1.7 g.) in 30 ml. of
      tetrahydrofuran at 50.degree. is added with stirring osmium tetroxide (200
      mg.) followed by potassium chlorate (1.2 g.) and 15 ml. of water. The
      reaction mixture is maintained at 50.degree. for 2 hrs., cooled, the
      tetrahydrofuran is removed, and the aqueous phase is extracted with
      dichloromethane. The organic layer is dried and concentrated and the
      residue is chromatographed on 200 g. of silica gel. The column is eluted
      with 1 l. of 35% ethyl acetate-benzene and 1 l. of 40% ethyl
      acetate-benzene, collecting 30-ml. fractions. Fractions 26-30 contain one
      isomer (faster moving, less polar) of the title compound (350 ml.).
      Fractions 32-37 contain the other slower-moving (more polar) isomer (450
      mg.). These materials show infrared spectral absorption at 330
      cm.sup.-.sup.1.
PAR  Following the procedure of Example 2 but using the hex-2.beta.-yl isomer in
      place of the hex-2.alpha.-yl isomer of the bicyclo reactant, dl-methyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.beta.-yl]-3-oxa-3
     ,7-inter-m-phenylene-4,5,6-trinor-heptanoate is obtained.
PAR  Also following the procedure of Example 2, each of the formula-XLIV exo and
      endo, alpha and beta, saturated and acetylenic bicyclo[3.1.0]hexane esters
      defined above after Example 1 is oxidized to mixtures of the corresponding
      isomeric formula-XLV dihydroxy compounds.
PAC  EXAMPLE 3
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl Ester (Formula
      XVI: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in metal
      relationship, G is n-pentyl, Q is
      ##EQU63##
PAC  R.sub.1 is methyl, and .about. is alpha) and
      dl-15-Beta-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl Ester
      ##EQU64##
PAR  Refer to Chart E. To a solution of the formula-XLV dihydroxy compound
      dl-methyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     3,7-inter-m-phenylene-4,5,6-trinor-heptanoate (800 mg. of a mixture of the
      slower and faster moving isomers of Example 2) in 10 ml. of pyridine,
      cooled to 0.degree., is added 1.2 ml. of methane-sulfonyl chloride. The
      reaction mixture is stirred for 2  hrs. and 20 g. of ice is added. The
      mixture is extracted with ether-dichloromethane (1:1) and the organic
      layer is washed successively with dilute hydrochloride acid, water,
      saturated aqueous sodium bicarabonate, and brine, dried, and concentrated.
      The residue, containing the bismesylate, is treated with 15 ml. of acetone
      and 10 ml. of water and stirred for 8-16 hrs. at 25.degree.. The acetone
      is removed in vacuo and the remaining solution is extracted with
      dichloromethane. The extract is dried and concentrated and the residue is
      chromatographed on 150 g. of silica gel using 500 ml. ethyl acetate
      followed by 3% methanol ethyl acetate as eluting solvent while collecting
      30-ml. fractions. Fractions 15-24 are combined and concentrated to yield
      the 15-.beta. PGE.sub.1 title compound (50 mg.); mass spectral peak at
      404; ultraviolet absorption at 216 (.epsilon. = 8100), 264 (.epsilon. =
      1100), 272 (.epsilon. = 1600) and 278  (.epsilon. = 1500) m.mu.. Fractions
      26-35 are combined and concentrated to yield a residue which is
      re-chromatographed on 10 g. of silica gel using the same solvent system
      and collecting 1.5 ml. fractions. Fractions 22-29 are combined and
      concentrated to give the PGE.sub.1 title compound (75 mg.); mass spectral
      peak at 404; ultraviolet absorption at 216 (.epsilon. = 7700), 264, 272
      (.epsilon. = 1500), and 278 (.epsilon. = 1400) m.mu..
PAR  Following the procedures of Example 3, each of the formula-XLV
      dl-endo-1,2-dihydroxy oxa-phenylene esters following Example 2 is
      transformed to the corresponding dl-endo-1,2-dimesyloxy oxa-phenylene
      ester, and thence to the corresponding PGE type compound or its isomers.
PAR  Also following the procedures of Example 3, each of the formula-XLV and
      dl-exo-1,2-dihydroxy-oxa-phenylene esters corresponding to the above
      dl-endo-1,2-dihydroxy esters is transformed to the corresponding
      dl-exo-1,2-dimesyloxy ester, and thence to the corresponding PGE type
      compound or its isomers.
PAR  By the above-outlined procedures, following the steps of Chart E, there are
      obtained the specific PGE-type esters represented by figures XVI and
      XVIII, e.g. the esters of the dl-oxa-phenylene PGE.sub.1 compounds and
      5,6-dehydro-PGE.sub.2 compounds, including their 8-iso and 15-epi (.beta.)
      forms. For example,
      dl-5,6-dehydro-3-oxa-3,7-inter-m-phenylene-18-phenyl-4,19,20-trinor-PGE.su
     b.2 methyl ester and its 15-epimer are obtained from dl-methyl
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Example 10 hereinafter)
      by way of the dihydroxy and bis(mesylate) intermediates of Chart E,
      following Example 3, as represented by the following formulas:
      ##SPC118##
PAR  Also following the procedure of Example 3, but replacing methanesulfonyl
      chloride with an alkanesulfonyl chloride or bromide or with an
      alkanesulfonic acid anhydride, wherein the alkane moiety contains 2 to 5
      carbon atoms, inclusive, there is obtained from each dihydroxy compound
      the corresponding bis(sulfonic acid) esters encompassed by formula XLVI.
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PAR  In each of the above transformations in Example 3, the monosulfonic acid
      ester is also obtained as a byproduct, which is reacted with additional
      alkanesulfonyl halide or alkanesulfonic acid anhydride to give the
      corresponding bis(sulfonic acid) ester and thence recycled back to
      additional formula-XLVII product.
PAR  For satisfactory yields of the bis-sulfonic acid ester, R.sub.10 is not
      hydrogen. Those intermediate compounds in which R.sub.10 is haloethyl,
      e.g., .beta.,.beta.,.beta.-trichloroethyl, are especially useful in the
      sequence of reactions leading to the acid form of the prostaglandin-like
      products. Each of the exo and endo, alpha and beta, saturated and
      unsaturated oxa-phenylene bis(alkanesulfonic acid) esters is transformed
      to the corresponding oxa-phenylene PGE type compound encompassed by
      formula-XLVII.
PAC  EXAMPLE 4
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha. Methyl
      Ester and dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..beta.
      Methyl Ester
PAL  (Formula XX: C.sub.g H.sub.2p are valence bonds in metal relationship, G is
      n-pentyl,
      ##EQU65##
PAC  R.sub.1 is methyl, and .about. is alpha for the carboxyl-containing moiety
      and either alpha or beta for the ring hydroxyl).
PAR  Refer to Chart A. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 300 mg.), 20 ml. of tetrahydrofuran, 2.0 ml. of
      hexamethyldisilazane, and 0.15 ml. of trimethylsilyl chloride is stirred
      at 25.degree. for 20 hrs. The reaction mixture is concentrated in vacuo,
      benzene is added, the solution concentrated and this procedure is
      repeated. The residue is dissolved in 10 ml. of methanol, cooled in an
      ice-methanol bath, and sodium borohydride (60 mg.) in 20 ml. of cold water
      is added dropwise. The methanol is removed and the aqueous phase is
      extracted with dichloromethane, and the resulting dichloromethane solution
      is dried and concentrated in vacuo. The residue is chromatographed on 45
      g. of silica gel using 70 ml. of ethyl acetate and then a gradient of 0-8%
      methanol ethyl acetate as eluting solvent, collecting 10-ml. fractions.
      Fractions 22-36 are combined and concentrated to yield the
      PGF.sub.1.sub..alpha. -type title compound (100 mg.); mass spectral peak
      for tris-trimethylsilyl derivative at 622. Fractions 37-42 are combined
      and concentrated to yield a residue which is chromatographed on a
      preparative silica gel plate using 5% methanol-methylene chloride as
      eluting solvent. From the plate is obtained the PGF.sub.1.sub..beta. -type
      title compound (25 mg.); mass spectral peak for tris-trimethylsilyl
      derivative at 622.
PAR  Following the procedure of Example 4,
      dl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.1 ethyl ester (Example 8
      hereinafter) is transformed to
      dl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGF.sub.1.sub..alpha. and
      -PGF.sub.1.sub..beta. ethyl esters.
PAR  Also following the procedure of Example 4,
      dl-5,6-dehydro-3-oxa-3,7-inter-m-phenylene-18-phenyl-4,19-20-trinor-PGE.su
     b.2  methyl ester (following Example 3) is transformed to the corresponding
      PGF.sub.2.sub..alpha. and PGF.sub.2.sub..beta. type compounds.
PAR  Also following the procedure of Example 4, the alkyl ester and free acid
      forms of formula-XX to -XXIII oxa-phenylene PGF compounds in their various
      spatial configurations, e.g., the PGF.sub.1.sub..alpha.,
      PGF.sub.1.sub..beta., PGF.sub.2.sub..alpha., PGF.sub.2.sub..beta.,
      trans-5,6-dehydro-PGF.sub.1.sub..alpha.  and -PGF.sub.1.sub..beta. type
      compounds and their 8-iso and 15-beta isomers, are prepared by reduction
      of the corresponding formula XVI-to -XIX PGE-type alkyl ester or free
      acid, including those described above after Example 3.
PAC  EXAMPLE 5
PAC  dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 (Formula-XXIV:
      C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-C.sub.5 H.sub.11, Q is
      ##EQU66##
PAC  R.sub.1 is hydrogen; and .about. is alpha).
PAR  Refer to Chart A. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 300 mg.), 4 ml. of tetrahydrofuran and 4 ml. of 0.5 N
      hydrochloric acid is left standing at 25.degree. for five days. Brine
      solution and dichloromethane-ether (1:3) are added and the mixture is
      stirred. The organic layer is separated, dried and concentrated. The
      residue is dissolved in ether which is washed with saturated aqueous
      sodium bicarbonate, dried and concentrated. The aqueous phase is quickly
      acidified with hydrochloric acid and extracted with dichloromethane which
      in turn is dried and concentrated. The residue is again dissolved in
      ether, extracted with aqueous sodium bicarbonate, and the aqueous phase is
      worked up as reported above. This procedure is repeated one additional
      time to yield the title compound (120 mg.). This material has mass
      spectral peaks at 372, 354, 189, and 185; and .lambda. max., in ethanol,
      215 m.mu. (.epsilon. 12,400), 272 (.epsilon. 2250) and 278 (.epsilon.
      2150).
PAR  Following the procedure of Example 5, the formula XIV-to -XIX PGE compounds
      in their various spatial configurations described after Example 3 are
      transformed to the corresponding formula XXIV-to -XXVII PGA compounds,
      either as esters or as free acids.
PAC  EXAMPLE 6
PAC  dl-Ethyl
      7-[Endo-6-(1-heptenyl)-3-oxobicyclo-[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-inte
     r-o-phenylene-5,6-dinor-heptanoate (Formula-XLIV: G is n-pentyl; R.sub.2,
      R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is ethyl; Z' is
      ##SPC119##
PAC  and .about. is alpha and endo).
PAR  The enamine of the formula-XLIII bicyclo-olefin is first prepared as
      follows. A mixture of endo-6-(cis- and
      trans-1-heptenyl)-bicyclo[3.1.0]hexan-3-one (10 g.), benzene (200 ml.),
      and pyrrolidine (15 ml.) is heated at reflux under a Dean-Stark water trap
      for 2 hrs. Thereafter about 140 ml. of distillate is taken off over a
      period of about 30 min. To the remaining liquid is added 100 ml. of
      toluene and the mixture is concentrated on a rotating evaporator under
      vacuum. A second portion of toluene (50 ml.) is added, and the mixture
      concentrated to give the enamine residue.
PAR  The above enamine, together with ethyl o-(bromomethyl)-benzyloxyacetate
      (Preparation 3 above, 15 g.), and dry tetrahydrofuran (200 ml.) is heated
      at reflux for 4 hrs. and thereafter stirred at about 25.degree. C. for 16
      hrs. Water (25 ml.) is added and the mixture heated for 20 min. on a steam
      bath. Thereafter, the volatiles are removed under vacuum, the residue is
      diluted with ether, and the organic solution is washed successively with
      dilute acid, water, dilute base, water, and brine, and finally dried and
      concentrated under vacuum. The residue is chromatographed on a column
      prepared by wet-packing 1300 g. of silica gel (E. Merck) with 2.5 l. of
      25% diethyl ether in Skellysolve B and 13 ml. of absolute ethanol. The
      column is eluted with 2 l. of 25% ether in Skellysolve B and then
      gradient-eluted with 8 l. of 25-50% ether-Skellysolve B. Fractions of
      about 200 ml. are combined on the basis of TLC data. From fractions 24-31
      there is obtained 2.9 g. of the desired formula-XLIV title compound as a
      mixture of cis and trans forms. This material has key absorptions in its
      NMR spectrum at about 7.21 (apparent singlet), 5.38-5.8 (multiplet), 4.62
      (singlet), 4.06 (singlet), and 4.0-4.35 (quartet) .delta.. It has mass
      spectral lines at 398 and 294.
PAC  EXAMPLE 7
PAC  dl-Ethyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     4,7-inter-o-phenylene-5,6-dinor heptanoate (Formula-XLV: G' is n-pentyl;
      R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is ethyl; Z' is
      ##SPC120##
PAC  and .about. is alpha and endo).
PAR  Refer to Chart E. To a solution of dl-ethyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-inter
     -o-phenylene-5,6-dinor-heptanoate, as a mixture of its isomers (Example 6,
      2.8 g.) in dry tetrahydrofuran (150 ml.) at 50.degree. C. is added 0.15 g.
      of osmium tetroxide followed by 2.8 g. of potassium chlorate in 60 ml. of
      water. The mixture is stirred vigorously at 50.degree. C. for about 1.5
      hrs. and is then concentrated under vacuum. The residue is extracted with
      dichloromethane. The extract is washed with water and brine, and then
      finally dried and concentrated under vacuum. The residue is
      chromatographed on a column prepared by wet-packing 500 g. of silica gel
      (E. Merck) with 1 liter of 50% ethyl acetate in Skellysolve B and 5 ml. of
      absolute ethanol. The column is eluted with 1 l. of 50% ethyl acetate in
      Skellysolve B and then gradient eluted with 4 l. of 50-75% ethyl acetate
      in Skellysolve B. Fractions of 100 ml. each are combined on the basis of
      TLC data. From fractions 12-29 there is obtained 2.6 g. of the title
      compound.
PAC  EXAMPLE 8
PAC  dl-3-Oxa-4,7-inter-o-phenylen-5,6-dinor-PGE.sub.1 Ethyl Ester (Formula-XIV:
      C.sub.g H.sub.2g is a valence bond, C.sub.p H.sub.2p are in ortho
      relationship, G is n-pentyl, Q is
      ##EQU67##
PAC  R.sub.1 is ethyl, and .about. is alpha) and
      dl-15-Beta-3-oxa-4,7-inter-o-pnenylene-5,6-dinor-PGE.sub.1 Ethyl Ester
      ##EQU68##
PAR  Refer to Chart E. The formula-XLVI bismesylate is first prepared as
      follows. To a mixture of dl-ethyl
      7-[endo-6-(1,2-dihydroxyhepthyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa
     -4,7-inter-o-phenylene-5,6-dinor-heptanoate (Example 7, 2.6 g.) and 30 ml.
      of dry pyridine at 0.degree. C. is added, with stirring, 2.7 ml. of
      methanesulfonyl chloride over a one-minute period. The mixture is stirred
      at 0.degree. C. for 2.5 hrs., then cooled to about -10.degree. C. and
      diluted with 2 ml. of water added dropwise over a 5-minute period. Ice (20
      g.) is added, and, after stirring the mixture for 5 min., about 150 ml. of
      ether-dichloromethane (3:1) is added. The organic solution was washed
      successively with dilute hydrochloric acid, water, dilute sodium
      bicarbonate solution, and brine, and finally dried and concentrated under
      vacuum to yield a mixture of the mesylates.
PAR  The residue of mesylates is converted to the PGE-type product by contacting
      with a mixture of acetone (100 ml.) and water (50 ml.) at about 25.degree.
      C. for 16 hrs. Additional water (100 ml.) is added and the mixture
      concentrated under vacuum to remove acetone. The residue is extracted with
      a mixture of ether-dichloromethane (3:1) and the organic extract is washed
      with dilute sodium bicarbonate solution and brine, then dried and
      concentrated under vacuum. The residue (2.5 g.) is chromatographed on a
      column prepared by wet-packing 500 g. of silica gel (E. Merck) with one
      liter of ethyl acetate and 5 ml. of absolute ethanol. The column is eluted
      with 2.6 liters of ethyl acetate, then 400 ml. of 2% ethanol in ethyl
      acetate, then 500 ml. of 4% ethanol in ethyl acetate and finally with 2
      liters of 10% ethanol in ethyl acetate, collecting fractions of 100 ml.
      Fractions are combined on the basis of TLC data.
PAR  From fractions 8-14 is obtained 350 mg. of the 15-.beta. PGE.sub.1 title
      compound. This material has .lambda..sub.max. 279 m.mu. (.epsilon. 19,400)
      in alcoholic potassium hydroxide; key absorptions in the NMR spectrum at
      about 7.2 (apparent singlet), 5.25-5.48 (multiplet), 4.58 (singlet),
      5.25-5.48 (multiplet), 4.58 (singlet), 4.06 singlet, and 4.0-4.35
      (quartet) .delta.; and mass spectral peaks at 414, 396, 310, and 292.
PAR  From fractions 18-37 is obtained 496 mg. of the PGE.sub.1 title compound.
      This material has .lambda..sub.max. 279 m.mu. (.epsilon. 21,750) in
      alcoholic potassium hydroxide; key absorptions in the NMR spectrum at
      about 7.18 (apparent singlet), 5.25-5.41 (multiplet), 4.58 (singlet), 4.02
      (singlet), and 3.99-4.34 (quartet) .delta.; and mass spectral peaks at
      414, 396, 310, and 292.
PAC  EXAMPLE 9
PAC  dl-Methyl
      9-[Endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-y
     l]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate Acetonide
      (Formula-XXXVII, Chart D: G is n-pentyl; J' is cis-
      ##SPC121##
PAC  R.sub.9 and R.sub.26 are hydrogen; R.sub.2, R.sub.10, R.sub.11, and
      R.sub.12 are methyl; and .about. is endo and alpha).
PAR  Refer to the sequence of reactions from formula-L to formula XXVI, and to
      Chart D.
PAR  a. There is first prepared the formula-XLIII olefin. Following the
      procedure for the Wittig synthesis in Examples 27, 28, and 29 of West
      Germany Offlegungsschrift 1,937,912, cited above, but employing the
      tetrahydropyranyloxy ether of
      endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde and the Wittig ylide of
      2-chloroheptane, there is obtained
      dl-endo-6-(2-methyl-1-heptenyl)-3-oxobicyclo[3.1.0]-hexan-3-one.
PAR  b. To a solution of the product of step a above (approximately 10.0 g.) in
      water is added a solution of potassium chlorate (10.0 g.) and osmium
      tetroxide (0.65 g.) in 250 ml. of water. The mixture is stirred vigorously
      for 5 hrs. at 50.degree. C. Then, the cooled mixture is concentrated under
      reduced pressure, the residue is extracted repeatedly with
      dichloromethane, and the combined extracts are dried and evaporated. The
      residue is chromatographed on about 1000 g. of silica gel, and eluted
      successively with 3 l. of 10% ethyl acetate in a mixture of isomeric
      hexanes (Skellysolve B), with 5 l. of 25% ethyl acetate in Skellysolve B,
      and then with 50% ethyl acetate in Skellysolve B, collecting 500 ml.
      eluate fractions. Fractions shown by TLC to contain the desired product
      are combined and evaporated to dryness to give the formula-LI product,
      dl-endo-6-(1,2-dihydroxy-2-methylheptyl)bicyclo[3.1.0]hexan-3-one.
PAR  c. A solution of the product of step b above (about 8,0 g.) and 700 mg. of
      potassium bisulfate in 140 ml. of acetone is stirred at 25.degree. C. for
      64 hrs. Then, sodium carbonate monohydrate (710 mg.) is added, and the
      mixture is stirred 10 min. The acetone is evaporated at reduced pressure,
      and water is added. The aqueous solution is extracted respectedly with
      dichloromethane, and the extracts are combined, washed with water, dried,
      and evaporated. The residue is chromatographed on 400 g. of silica gel,
      being eluted with 2 l. of 10% ethyl acetate in Skellysolve B, and then
      with 4 l. of 15% ethyl acetate in Skellysolve B. The 15% ethyl acetate
      eluates are evaporated to give the formula-XXXVI ketal,
      dl-endo-6-(1,2-dihydroxy-2-methylheptyl)bicyclo[3.1.0]hexan-3-one
      acetonide.
PAR  d. To prepare the formula-XXXVII compound (Chart D), the ketal above is
      alkylated following the procedure of Example 1-B, but using the
      formula-XXXVI ketal above instead of the formula-XLIII bicyclo olefin,
      and, replacing methyl m-(chloromethyl)phenoxyacetate with methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate
      (Preparation 8, above), thereby yielding the desired formula-XXXVII title
      compound.
PAR  As shown in Chart D, the formula-XXXVII alkylated ketal is transformed via
      the formula-XXXVIII glycol, thence the mesylate, to a PGE-type compound.
      Concentrated hydrochloric acid (2.5 ml.) is added to a solution of the
      formula-XXXVII product above (about 2.0 g.) in a mixture of 50 ml. of
      tetrahydrofuran and 2.5 ml. of water. The mixture is stirred at 25.degree.
      C. under nitrogen for 6 hrs. The resulting mixture is then concentrated
      under reduced pressure, and the residue is extracted with ethyl acetate.
      The extract is washed with brine, dried, and concentrated to
      dl-methyl-9[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0.]hex-
     2.alpha.-yl]-3-oxa-3,7- inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate
      (formula-XXXVIII). Thereafter, following the procedure of Example 3, there
      is obtained dl-15-methyl-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2
      methyl ester.
PAR  Following the procedure of Example 9, but using formula-XLIII exo reactants
      in place of the endo reactant, there are obtained exo products in each
      corresponding intermediate of Example 9.
PAR  With excess base (e.g., 26 g.) and a longer reaction time (e.g., 24 hrs. at
      25.degree. C.) during the alkylation step, the production of a substantial
      amount of the beta isomer is assured.
PAR  Following the procedures of Example 9-d, but using the trans-7-nonenoate of
      Preparation 9, above, instead of the cis-7-nonenoate, there is obtained
      the corresponding formula-XXXVII alkylated ketal wherein the carboxy side
      chain is in trans configuration instead of cis.
PAR  Also following the procedures of Example 9, but replacing the formula-XLIII
      olefin with each of the endo and exo forms of the formula-XLIII bicyclo
      olefins described in the paragraphs following Example 1, there are
      obtained the corresponding alpha and beta, exo and endo, alkylated ketals
      within the scope of formula XXXVII.
PAR  Also following the procedures of Example 9-d, but replacing methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6,-trinor-cis-7-nonenoate with
      the formula-LV compounds of the paragraphs following Preparations 8 and 9,
      viz. cis or trans methyl 9-bromo-3
      -oxa-4,7-inter-o-phenylene-5,6-dinor-7-nonenoate, methyl
      10-bromo-3-oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decenoate, and methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetranor-9-undecenoate, there
      are obtained the corresponding formula-XXXVII compounds. Thereafter, these
      alkylated ketals are transformed following the steps of Chart D as
      described in Example 9 to the corresponding PGE.sub.2 type compounds.
PAR  Also following the procedure of Example 9-d, but using in place of the
      nonenoate alkylating agent, methyl
      m-(chloromethyl)phenoxyacetate(Preparation 2), ethyl
      o-(bromoethyl)benzyloxyacetate (Preparation 3), methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Preparation
      7), and methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetranor-9-undecynoate
      (following Preparation 7), there are obtained alpha and beta, exo and
      endo, compounds corresponding to the product of Example 9 with
      ##SPC122##
PAL  in place of the
      ##SPC123##
PAL  moiety of the Example-9 formula-XXXVII product. In the same manner, but
      using formula LIII-to -LVI alkylating agents within the scope of the
      formula
      ##EQU69##
      there are obtained the corresponding formula-XXXVII products.
PAR  Also following Example 9-d, other esters of the nonenoate alkylating agent
      and of the other above-mentioned alkylating agents within the scope of
      R.sub.10 as above-defined, e.g., the methyl, isopropyl, tert-butyl, octyl,
      .beta.,.beta.,.beta.-trichloroethyl, cyclohexyl, benzyl, and phenyl
      esters, there are obtained the corresponding esters of these alpha and
      beta, exo and endo, formula-XXXVII bicyclo[3.1.0]hexane cyclic ketal
      alkylation products.
PAR  Also following the procedure of Example 9 but using in combination each of
      the above-described alternative formula-XLIII bicyclo[3.1.0]hexane olefin
      reactants (e.g. following Example 1) and each of the above-described
      omega-halo alkylation reactants within the scope of
      ##EQU70##
      (e.g. following Example 1) there are obtained formula-XXXVII compounds
      corresponding to the product of Example 9 but different therefrom with
      respect to both the carboxylate-terminated side chain and the side chain
      attached to the cyclopropane ring of the product, and in their respective
      alpha or beta and exo or endo configuration.
PAR  Following the procedure of Example 9 but using in place of the acetonide
      each of the specific formula-XXXVII exo and endo, alpha and beta,
      saturated, cis and trans ethylenic, and acetylenic bicyclo[3.1.0]hexane
      cyclic ketal esters defined above, there are obtained the corresponding
      formula-XXXVIII dihydroxy compounds, and thence the corresponding PGE type
      compounds.
PAC  EXAMPLE 10
PAC  dl-Methyl
      7-[Endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Formula-XLIV, Chart E; G
      is
      ##SPC124##
PAC  R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl; Z' is
      ##SPC125##
PAC  and .about. is endo and alpha).
PAR  Refer to Chart E. Following the procedures of Example 1-B, but replacing
      endo-6-(1-heptenyl)bicyclo[3.1.0]-hexan-3-one with
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one (Preparation 4),
      and replacing methyl m-(chloromethyl)phenoxyacetate with methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Preparation
      7), there is obtained the title compound.
PAC  EXAMPLE 11
PAC  dl-Methyl 7-[Endo-6-(4
      -phenyl-1,2-dimesyloxy-butyl)-3-oxobicyclo[3.1.0.]hex-2.alpha.-yl]-3-oxa-3
     ,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Formula-XLVI, Chart E; G' is
      ##SPC126##
PAC  R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 and R.sub.13 are
      methyl; Z' is
      ##SPC127##
PAC  and .about. is alpha and endo).
PAR  a. There is first prepared the formula-XLV dihydroxy compound. Following
      the procedures of Example 2, but replacing dl-methyl
      7-[endo-6-(1-heptenyl)-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-heptanoate
      with dl-methyl
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl-]-3-
     oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Example 10), there are
      obtained isomers of the desired formula-XLV compound, dl-methyl
      7-[endo-6-(4-phenyl-1,2-dihydroxybutyl)-3
      -oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trino
     r-7nonynoate.
PAR  b. Following the procedures of Example 3, but replacing that formula-XLV
      dihydroxy heptanoate compound with the formula-XLV nonynoate compound of A
      above, there is obtained the desired formula-LXVI dimesyloxy title
      compound.
PAC  EXAMPLE 12
PAC  dl-Methyl
      9-[Endo-6-(1,2-dihydroxy-4-phenyl-butyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-y
     l]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-trans-7-nonenoate Acetonide
      (Formula-XXVII, Chart D: G is
      ##SPC128##
PAL  J' is trans
      ##SPC129##
PAC  R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10, R.sub.11, and
      R.sub.12 are methyl; and .about. is endo and alpha)
PAR  Refer to the sequence of reactions from formula L to formula XXXVI, and to
      Chart D.
PAR   There is first prepared the formula-Ll dihydroxy compound. To a solution
      of the formula-XLIII olefin (Preparation 4, above, approximately 10.0 g.)
      in water is added a solution of potassium chlorate (10.0 g.) and osmium
      tetroxide (0.65 g.) in 250 ml. of water. The mixture is stirred vigorously
      for 5 hrs. at 50.degree. C. Then, the cooled mixture is concentrated under
      reduced pressure, the residue is extracted repeatedly with
      dichloromethane, and the combined extracts are dried and concentrated. The
      residue is chromatographed on about 1000 g. of silica gel, and eluted
      successively with 3 l. of 10% ethyl acetate in a mixture of isomeric
      hexanes (Skellysolve B), with 5 l. of 25% ethyl acetate in Skellysolve B,
      and then with 50% ethyl acetate in Skellysolve B, collecting 500 ml.
      eluate fractions. Fractions shown by TLC to contain the desired product
      are combined and evaporated to dryness to give
      dl-endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one
      (formula-LI).
PAR  b. A solution of the product of step a above (about 8.0 g.) and 700 mg. of
      potassium bisulfate in 140 ml. of acetone is stirred at 25.degree.  C. for
      64 hrs. Then, sodium carbonate monohydrate (710 mg.) is added, and the
      mixture is stirred 10 min. The acetone is concentrated at reduced
      pressure, and water is added. The aqueous solution is extracted repeatedly
      with dichloromethane, and the extracts are combined, washed with water,
      dried, and concentrated. The residue is chromatographed on 400 g. of
      silica gel, being eluted with 2 l. of 10% ethyl acetate in Skellysolve B,
      and then with 4 l. of 15% ethyl acetae in Skellysolve B. The 15% ethyl
      acetate eluates are concentrated to the formula-XXXVI ketal,
      dl-endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one
      acetonide.
PAR  c. To prepare the formula-XXXVII compound, the ketal above is alkylated
      following the procedure of Example 1-B, but replacing methyl
      -m-(chloromethyl)phenoxyacetate with methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-trans-7-nonenoate
      (Preparation 9, above), thereby yielding the title compound.
PAR  Following the procedures of Example 9, the formula-XXXVII compound is
      transformed via the formula-XXXVIII and -XXXIX compounds to the
      corresponding formula-XL PGE-type compound.
PAC  EXAMPLE 13
PAC  9-[Endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl
     ]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoic Acid Acetonide
      (Formula-LXXX, Chart G: G is n-pentyl; J' is
      ##SPC130##
PAC  R.sub.9 and R.sub.26 are hydrogen; R.sub.2, R.sub.11, and R.sub.12 are
      methyl; and .about. is alpha and endo.
PAR  Refer to Chart G. A solution of sodium borohydride (1.5 g.) in 10 ml. of
      water is added with stirring to a solution of formula-LXXVI dl-methyl
      9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-y
     l]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate acetonide (5.0
      g.) in 110 ml. of absolute ethanol at 0.degree. C. The mixture is stirred
      for 2.5 hrs. at 0.degree. to 5.degree. C. Then, 40 ml. of acetone is
      added, and, after 5 min., the mixture is evaporated under reduced
      pressure. The residue is extracted with dichloromethane, and the extract
      is washed successively with dilute hydrochloric acid and brine, dried, and
      concentrated to the formula-LXXVII compound, dl-methyl
      9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo-[3.1.0]hex-2.alp
     ha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate acetonide.
PAR  This formula-LXXVII cyclic ketal hydroxy ester is dissolved in a mixture of
      methanol (100 ml.) and 45% aqueous potassium hydroxide solution (30 ml.),
      and the solution is stirred under nitrogen at 25.degree. C. for 15 hrs.
      Two volumes of water are then added, and the mixture is acidified with
      cold hydrochloric acid and then extracted with a mixture of
      dichloromethane and diethyl ether (1:3). The extract is washed with brine,
      dried, and concentrated to the formula-LXXVIII compound,
      dl-9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo[3.1.0]hex-2.a
     lpha.-yl]-there are obtained the corresponding formula-LXXVII, LXXVIII, and
      LXXX compounds.
PAC  EXAMPLE 14
PAC  dl-7-[Endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]-hex-2.alpha.-yl]-3-oxa-4,7-in
     ter-o-phenylene-5,6-dinor-heptanoic Acid (Formula-LXXXVI, Chart H: G is
      n-pentyl; Z' is
      ##SPC131##
PAC  R.sub.2, R.sub.9, and R.sub.26 are hydrogen; and .about. is alpha and
      endo).
PAR  Refer to Chart H. Following the procedure of Example 13, the formula-LXXXII
      compound, dl-ethyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-inter
     o-phenylene-5,6-dinor-heptanoate is reduced with sodium borohydride to the
      formula-LXXXIII compound, dl-ethyl
      7-[endo-6-(1-heptenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-i
     nter-o-phenylene-5,6-dinor-heptanoate. That hydroxy ester is then
      saponified as described in Example 13 to the formula-LXXXIV compound,
      dl-7-[endo-6-(1-heptenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,
     7-intero-phenylene-5,6-dinor-heptanoic acid. That hydroxy acid is then
      oxidized as described in Example 13 to the title compound.
PAR  Following the procedure of Example 14 but substituting for that
      formula-LXXXII compound, the formula-LXXXII compound of Example 10, viz.
      dl-methyl
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xa-3,7inter-m-phenylene-4,5,6-trinor-7-nonynoate, there is obtained on
      reduction the corresponding formula-LXXXIII compound,
      dl-methyl-7-[endo-6-(cis-4-phenyl-1-butenyl)-3-hydroxybicyclo[
      3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoat
     e; there is likewise obtained on saponification the corresponding
      formula-LXXXIV compound,
      dl-7-[endo-6-(cis-4-phenyl-1-butenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-
     yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoic acid; and there is
      likewise obtained on oxidation the corresponding formula-LXXXVI compound,
      dl-7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxabicyclo-3.1.0]hex-2.alpha.-yl]-
     3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoic acid.
PAR  Following the procedure of Example 14, but using in place of the
      formula-LXXXII 3-oxobicyclo[3.1.0]hexane ester, each of the specific
      formula-LXXXII endo and exo, alpha and beta, saturated and acetylenic
      esters described in and following the Examples 1, 6, and 10 is reduced
      with sodium borohydride to give the corresponding formula-LXXXIII
      3-hydroxy-bicyclo[3.1.0]hexane ester. That hydroxy ester is then
      saponified as described in Example 13 to the corresponding formula-LXXXIV
      3-hydroxybicyclo-[3.1.0]hexane acid. That hydroxy acid is then oxidized as
      described in Example 13 to the corresponding formula-LXXXVI
      3-oxobicyclo[3.1.0]hexane acid.
PAC  EXAMPLE 15
PAC  dl-15-Dehydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. Methyl Ester (Formula-XCI, Chart J: E' is trans --CH=CH--, G
      is n-pentyl, J' is
      ##SPC132##
PAC  R.sub.1 is methyl, R.sub.26 is hydrogen, and .about. is alpha).
PAR  Refer to Chart J. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. methyl
      ester (Example 4, about 0.5 g.) in 24 ml. of dioxane is stirred at
      50.degree. C. under nitrogen and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
      (0.37 g.) is added. The mixture is stirred at 50.degree. C. for 24 hrs.,
      cooled to room temperature, and filtered. The filter cake is washed with
      tetrahydrofuran, and the filtrate and wash are combined and concentrated
      under reduced pressure. The residue is taken up in dichloromethane and
      washed with brine, then dried over sodium sulfate and concentrated under
      reduced pressure. The residue is chromatographed over 90 g. of silica gel
      wet-packed in 8% ethanol in dichloromethane, eluting with 300 ml. of 2%,
      300 ml. of 3%, 225 ml. of 7.5% and 245 ml. of 10% ethanol in
      dichloromethane, taking 15-ml. fractions. Fractions shown by TLC to
      contain the desired product are combined and concentrated to the title
      compound.
PAC  EXAMPLE 16
PAC  dl-15-methyl-3-oxa-3,7-inter-m-phenylene4,5,6-trinor-PGF.sub.1 .sub..alpha.
      Methyl Ester (Formula-XX: C.sub.g H.sub.2g  and C.sub.p H.sub.2p are
      valence bonds in meta relationship, G is n-pentyl, Q is
      ##EQU71##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart J. A solution of 0.413 g. of
      dl-15-dehydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. methyl ester (Example 15, about 0.4 g.), hexamethyldisilazane
      (3 ml.) and trimethylchlorosilane (0.5 ml.) in 20 ml. of tetrahydrofuran
      is allowed to stand at about 25.degree. C. for 20 hrs. The mixture is
      filtered and the filtrate is concentrated under reduced pressure. Xylene
      (10 ml.) is added to the residue and removed by concentration under
      reduced pressure. The residue is dissolved in anhydrous ether and 110% of
      the theoretical amount of 3 M methyl magnesium bromide in ether is added.
      The mixture is allowed to stand 20 min. at about 25.degree. C. and poured
      into 100 ml. of saturated aqueous ammonium chloride. The ether layer is
      separated, the aqueous layer is extracted with ether, and the ether
      extracts are combined and washed with brine, dried over sodium sulfate,
      and concentrated under reduced pressure. The residue is dissolved in 300
      ml. of ethanol and 30 ml. of water containing 3 drops of glacial acetic
      acid, and the mixture is stirred for 2 hrs. at about 25.degree. C. The
      mixture is concentrated under reduced pressure to an aqueous residue and
      the residue is extracted with dichloromethane. The dichloromethane extract
      is concentrated under reduced pressure to give a residue which is
      chromatographed over 60 g. of silica gel wet-packed in 8% ethanol in
      dichloromethane, eluting with 200 ml. of 5% and 800 ml. of 10% ethanol in
      dichloromethane and taking 10-ml. fractions. Fractions shown by TLC to
      contain the desired product are combined and concentrated to yield the
      title compound. Other fractions yield the 15-epimer.
PAR  Likewise, using the corresponding
      3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGF.sub.1 .sub..alpha. or PGF.sub.1
      .sub..beta. compound instead of the above oxa-phenylene compounds, there
      are obtained the corresponding 15-dehydro PGF.sub.1 .sub..alpha. or
      PGF.sub.1 .sub..beta.-type compounds, and finally the
      dl-15-methyl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGF.sub.1 .sub..alpha.
      or -PGF.sub.1 .sub..beta. ethyl esters and their 15-epimers.
PAC  EXAMPLE 17
PAC  dl-13,14-Dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl
      Ester (Formula XIX C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds
      in meta relationship, G is n-pentyl, Q is
      ##EQU72##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart B. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 100 mg.) in 10 mg. of ethyl acetate is shaken with hydrogen at
      about one atmosphere pressure at 25.degree. C. in the presence of 5%
      rhodium on charcoal (15 mg.). After approximately one equivalent of
      hydrogen is absorbed, the hydrogenation is stopped, and the catalyst is
      removed by filtration. The filtrate is concentrated, aand the residue is
      chromatographed on 25 g. of silica gel, eluting with 50-100% ethyl acetate
      gradient in Skellysolve B. Those fractions shown by TLC to contain the
      desired product free of the starting product and hydrogenolysis products
      are combined and concentrated to the title compound.
PAR  Following the procedure of Example 17,
      dl-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester is reduced to
      dl-13,14-dihydro-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.1 ethyl ester.
      Likewise, dl-3-oxa-4,7-o-phenylene-5,6-dinor-PGE.sub.1 methyl ester is
      reduced to dl-13,14-dihydro-3-oxa-4,7-o-phenylene-5,6-dinor-PGE.sub.1
      methyl ester.
PAR  Also following the procedure of Example 17,
      dl-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.2,
      -trans-5,6-dehydro-PGE.sub.1, and -5,6-dehydro-PGE.sub.2 are each reduced
      to dl-13,14-dihydro-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.1, using
      two equivalents of hydrogen for the first two reactions, and three
      equivalents of hydrogen for the third. Likewise, the corresponding
      dl-3-oxa-4,7-o-phenylene-5,6-dinor- compounds are reduced to
      dl-13,-14,-dihydro-3-oxa-4,7-o-phenylene-5,6-dinor-PGE.sub.1.
PAR  Also following the procedure of Example 17, the ethyl ester and the free
      acid form of the formula XVI-to -XVIII PGE compounds in their various
      spatial configurations are transformed to the corresponding 13,14-dihydro
      PGE.sub.1 compound by catalytic hydrogenation, using equivalents of
      hydrogen appropriate to the degree of unsaturation of the reactant, i.e.,
      one equivalent for the PGE.sub.1 type, two equivalents for the PGE.sub.2
      type and trans-5,6-dehydro-PGE.sub.1 type, and three equivalents for the
      5,6-dehydro-PGE.sub.2 type.
PAR  Also following the procedure of Example 17,
      dl-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. and its ethyl
      ester are reduced to
      dl-13,14-dihydro-3-oxa-3,7-m-phenylene-4,5,6-PGF.sub.1 .sub..alpha. and
      its ethyl ester, respectively.
PAR  Also following the procedure of Example 17, the ethyl ester and the free
      acid form of the formula-XX to -XXII PGF compounds in their various
      spatial configurations are transformed to the corresponding 13,14-dihydro
      PGF.sub.1 .sub..alpha. or PGF.sub.1 .sub..beta. compound by catalytic
      hydrogenation, using equivalents of hydrogen appropriate to the degree of
      unsaturation of the reactant.
PAC  EXAMPLE 18
PAC  dl-13,14-Dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      (Formula-XXVII: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in
      meta relationship, G is n-pentyl, Q is
      ##EQU73##
PAC  R.sub.1 is hydrogen, and .about. is alpha).
PAR  Refer to Chart B. A suspension of disodium azodiformate (50 mg.) in 5 ml.
      of absolute ethanol is added to a stirred solution of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 (Example 5, 50 mg.) in
      10 ml. of absolute ethanol under nitrogen at 25.degree. C. The mixture is
      made acid with glacial acetic acid, and then is stirred under nitrogen at
      25.degree. C. for 8 hrs. The resulting mixture is concentrated under
      reduced pressure, and the residue is mixed with a mixture of diethyl ether
      and water (1:1). The diethyl ether layer is separated, dried, and
      concentrated to the title product.
PAR  Following the procedure of Example 18,
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 methyl ester is
      reduced to
      dl-13,14-dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 methyl
      ester.
PAR  Also following the procedure of Example 18,
      dl-3-oxa-3,7-inter-m-phenylene-PGA.sub.2, -trans-5,6-dehydro-PGA.sub.1,
      and 5,6-dehydro-PGA.sub.2 are each reduced to
      dl-13,14-dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1, using
      amounts of the disodium azodiformate reactant appropriate to the degree of
      unsaturation of the reactant.
PAR  Also following the procedure of Example 18, the methyl ester and the free
      acid form of the formula-XVI to -XVIII PGE type compounds, the formula-XX
      to -XXII PGF type compounds, the formula-XXIV to -XXVI PGA type compounds,
      and the formula-XXVIII to -XXX PGB type compounds are transformed to the
      corresponding 13,14-dihydro PGE.sub.1, PGF.sub.1, PGA.sub.1, or PGB.sub.1
      type compound by diimide reduction, using amounts of disodium azodiformate
      reactant appropriate to the degree of unsaturation of the PGE, PGF, PGA,
      or PGB type reactant.
PAC  EXAMPLE 19
PAC  dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 Methyl Ester
      (Formula-XXIV: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in
      meta relationship, G is n-pentyl, Q is
      ##EQU74##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart D. A solution of the formula-XXXIX bismesylate, dl-methyl
      7-[endo-6-(1,2-dimesyloxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa
     -3,7-inter-m-phenylene-4,5,6-trinor-heptanoate (Example 3, about 10 g.) in
      75 ml. of acetone is mixed with 10 ml. of water and 20 ml. of saturated
      aqueous sodium bicarbonate solution. The mixture is refluxed under
      nitrogen for 4 hrs. Then, the mixture is cooled, acidified with 5%
      hydrochloric acid, and extracted with ethyl acetate. The extract is washed
      with brine, dried, and concentrated to give the title product.
PAR  Following the procedure of Example 19, each of the bismesylates defined in
      Example 3 is transformed to the corresponding PGA-type ester, including
      the .beta.,.beta.,.beta.-trichloroethyl esters. Thereafter, each of the
      .beta.,.beta.,.beta.-trichloroethyl esters is transformed to the
      corresponding PGA-type free acid by the procedure of Example 23, below.
PAC  EXAMPLE 20
PAC  dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGB.sub.1 (Formula-XXVIII:
      C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-pentyl, Q is
      ##EQU75##
PAC  R.sub.1 is hydrogen, and .about. is alpha).
PAR  Refer to Chart A. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 (200 mg.) in 100 ml.
      of 50% aqueous ethanol containing about one gram of potassium hydroxide is
      kept at 25.degree. C. for 10 hrs. under nitrogen. Then, the solution is
      cooled to 10.degree. C. and neutralized by addition of 3 N. hydrochloric
      acid at 10.degree. C. The resulting solution extracted repeatedly with
      ethyl acetate, and the combined ethyl acetate extracts are washed with
      water and then with brine, dried, and concentrated to give the title
      compound.
PAR  Following the procedure of Example 20,
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 is also transformed
      to the PGB.sub.1 -type title compound.
PAR  Following the procedure of Example 20, each of the formula XVI-to -XIX PGE
      compounds and formula XXIV-to -XXVII PGA compounds are transformed to the
      corresponding PGB compounds.
PAC  EXAMPLE 21
PAC  dl-15-Methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl
      Ester (Formula XVI: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence
      bonds in meta relationship, G is n-pentyl; Q is
      ##EQU76##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart I. A solution of
      dl-15-methyl-3-oxa3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. methyl ester (95 mg.) in 40 ml. of acetone is cooled to
      -10.degree. C. To it is added 110% of the theoretical amount of Jones
      reagent (in the proportions of 21 g. of chromic anhydride, 60 ml. of
      water, and 17 ml. of concentrated sulfuric acid), precooled to 0.degree.
      C., with vigorous stirring. After about 10 min., isopropyl alcohol (1 ml.)
      is added to the cold reaction mixture. After 5 min., the mixture is
      filtered and the filtrate is concentrated at reduced pressure, and the
      residue is mixed with 5 ml. of brine. The mixture is extracted repeatedly
      with ethyl acetate, and the combined extracts are washed with brine, dried
      with anhydrous sodium sulfate, and concentrated at reduced pressure. The
      residue is chromatographed on 20 g. of neutral silica gel, eluting with
      50% ethyl acetate in Skellysolve B. Concentration of the eluates gives the
      title product.
PAR  Following the procedure of Example 21, there is substituted for the
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. methyl ester, the free acid, the propyl ester, the octyl
      ester, the cyclopentyl ester, the benzyl ester, the phenyl ester, the
      2,4-dichlorophenyl ester, the 2-tolyl ester, of the
      .beta.,.beta.,.beta.-trichloroethyl ester, there is obtained the
      corresponding
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 compound.
PAR  Following the procedure of Example 21, but substituting for the
      15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha.
      methyl ester, the methyl ester of each of the
      15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..beta.,
      -PGF.sub.2 .sub..alpha., -PGF.sub.2 .sub..beta., -5,6-dehydro-PGF.sub.2
      .sub..alpha., -5,6-dehydro-PGF.sub.2 .sub..beta., -dihydro-PGF.sub.1
      .sub..alpha., and -dihydro-PGF.sub.1 .sub..beta. compounds in their
      various natural or 15-epi configurations and optical isomers is
      transformed to the corresponding PGE-type compound.
PAR  Following the procedure of Example 21, each of the various
      15-alkyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha.
      methyl ester compounds, including the 15-ethyl, 15 propyl, 15-butyl, and
      15-substituted isomeric forms of propyl and butyl, is transformed to the
      corresponding PGE type compound.
PAR  Also following the procedure of Example 21, each of the 15-alkyl PGF-type
      acids and esters within the scope of formula-LXXXVIII (Chart I) is
      transferred to a 15-alkyl PGE-type acid or ester encompassed by
      formula-LXXXIX.
PAC  EXAMPLE 22
PAC  dl-15-Methyl-3-oxa-4,7-inter-o-phenylene-5,6dinor-PGA.sub.1 Methyl Ester
      (Formula XXIV: C.sub.g H.sub.2g is a valence bond, C.sub.p H.sub.2p is
      methylene, C.sub.g H.sub.2g and C.sub.p H.sub.2p are in ortho
      relationship, G is n-pentyl, Q is
      ##EQU77##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart K. A mixture of the formula-XCV
      15-methyl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.1 methyl ester
      (Example 21, 6 mg.), dicyclohexylcarbodiimide (20 mg.), copper (II)
      chloride dihydrate (2 mg.), and diethyl ether (2 ml.) is stirred under
      nitrogen at 25.degree. C. for 16 hrs. Then, additional
      dicyclohexylcarbodiimide (20 mg.) is added, and the mixture is stirred an
      additional 32 hrs. at 25.degree. C. under nitrogen. The resulting mixture
      is filtered, and the filtrate is concentrated under reduced pressure. The
      residue is chromatographed by preparative thin layer chromatography with
      the A-IX system to give the title compound.
PAR  Following the procedure of Example 22, but substituting for the
      oxa-phenylene PGE.sub.1 compound, the methyl esters of
      dl-15-methyl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.2,
      -5,6-dehydro-PGE.sub.2, and -dihydro-PGE.sub.1, there are obtained the
      corresponding formula-XCVI compounds, viz., the methyl esters of
      dl-15-methyl 3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGA.sub.2,
      -5,6-dehydro-PGA.sub.2, and -dihydro-PGA.sub.1.
PAR  Also following the procedure of Example 22, but substituting for the
      phenyl-substituted PGE.sub.1 compound, the methyl esters of
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1,
      -PGE.sub.2, -5,6-dehydro-PGE.sub.2, and -dihydro-PGE.sub.1, there are
      obtained the corresponding formula-XCVI compounds, viz., the methyl esters
      of
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1,-PGA.sub.2
     , -5,6-dehydro-PGA.sub.2, and -dihydro-PGA.sub.1.
PAR  Also following the procedure of Example 22, each of the formula-XCV (Chart
      K) compounds defined above in Example 21 is transformed to the
      corresponding formula-XCVI compound.
PAC  EXAMPLE 23
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1  (Formula XVI:
      C.sub.g H.sub.2q and C.sub.p H.sub.2p are valence bonds in metal
      relationship, G is n-pentyl, Q is
      ##EQU78##
PAC  R.sub.1 is hydrogen, and .about. is alpha).
PAR  Zinc dust (420 mg.) is added to a solution containing
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1
      .beta.,.beta.,.beta.-trichloroethyl ester (100 mg.) in 5 ml. of a mixture
      of acetic acid and water (9:1 v/v). This mixture is stirred under nitrogen
      2 hrs. at 25.degree. C. Ethyl acetate (4 volumes) is then added, followed
      by addition of 1 N. hydrochloric acid (one volume). The ethyl acetate
      later is separated, washed with water and then with brine, dried, and
      evaporated. The residue is chromatographed on 15 g. of acidwashed silica
      gel (Silicar CC4), being eluted with 100 ml. of 50%, 100 ml. of 80%, and
      200 ml. of 100% ethyl acetate in Skellysolve B, collecting 20-ml.
      fractions. The fractions containing the desired product and no starting
      material or dehydration products as shown by TLC are combined and
      concentrated to the title compound.
PAR  Following the procedure of Example 23, each of the
      .beta.,.beta.,.beta.-tribromoethyl, -triiodoethyl,
      .beta.,.beta.-dibromoethyl, -diiodoethyl, and the .beta.-iodoethyl esters
      of dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 is converted to
      the free acid of dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 by
      reaction with zinc dust and acetic acid.
PAR  Following the procedure of Example 23, the
      .beta.,.beta.,.beta.trichloroethyl ester of
      dl-15-methyl-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2 following Example
      9 above is converted to the respective free acid compound using zinc dust
      with either propionic, butyric, pentanoic, or hexanoic acid instead of
      acetic acid.
PAR  Following the procedure of Example 23, the
      .beta.,.beta.,.beta.-trichloroethyl ester of each of the PGE, PGF, PGA,
      and PGF type compounds represented by formulas XVI-XXXV in their various
      structural configurations and optical isomers is treated with zinc dust
      and acetic acid to obtain the corresponding free acid form of the
      compound. The esters are prepared by the procedures disclosed herein,
      using as intermediates formula-XXXVII cyclic ketals or formula-XLIV or
      -LXX olefins wherein R.sub.10 is haloethyl, e.g.,
      .beta.,.beta.,.beta.-trichloroethyl. These intermediates are prepared
      either by alkylation of the respective formula-XXXVI cyclic ketal (Chart
      D) or formula-XLIII or -LXIX olefin (Charts E and F) with the appropriate
      alkylating agent wherein R.sub.10 is haloethyl, or by the transformation
      of the alkylated cyclic ketal or olefin by the steps shown in Charts G and
      H using procedures disclosed herein, yielding intermediates LXXIX, LXXXI,
      LXXXV, or LXXXVII.
PAC  EXAMPLE 24
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. and
      -PGF.sub.1 .sub..beta. (Formula XX; C.sub.g H.sub.2g and C.sub.p H.sub.2p
      are valence bonds in meta relationship, G is n-pentyl, Q is
      ##EQU79##
PAC  R.sub.1 is hydrogen, and .about. is alpha or beta).
PAR  A solution of 146 mg. of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. ethyl
      ester in a mixture of 4.5 ml. of methanol and 1.5 ml. of water is cooled
      to 5.degree. C. and 0.6 ml. of 45% aqueous potassium hydroxide is added.
      The mixture is allowed to stand 3.5 hrs. at 25.degree. C., then is diluted
      with 75 ml. of water and extracted once with ethyl acetate to remove any
      neutral material. The aqueous layer is separated, made acid with dilute
      hydrochloric acid and extracted 4 times with ethyl acetate. The extracts
      are combined and washed 3 times with water, once with brine, dried over
      sodium sulfate, and concentrated to give the PGF.sub.1.sub..alpha. -type
      title compound.
PAR  Following the procedure of Example 24, the methyl ester of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinorPGF.sub.1.sub..beta.  is
      transformed to the free acid, i.e. the formula-XX PGF.sub.1.sub..beta.
      -type title compound.
PAR  Following the procedure of Example 24, the methyl or ethyl esters of the
      various oxa-phenylene PGF-type compounds and their isomers are transformed
      to the corresponding free-acid oxa-phenylene PGF-type compounds.
PAC  EXAMPLE 25
PAC  dl-3-Oxa-3,5-inter-m-phenylene-4-nor-PGF.sub.2.sub..alpha.  Methyl Ester
      (Formula XXI: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationship, G is n-pentyl, Q is
      ##EQU80##
PAC  R.sub.1 is methyl, R.sub.3 and R.sub.4 are hydrogen, and .about. is alpha).
PAR  Refer to Chart C.
      dl-5,6-Dehydro-3-oxa-3,5-inter-m-phenylene-4-nor-PGF.sub.2.sub..alpha.
      methyl ester (200 mg.) in pyridine (4 ml.) and methanol (10 ml.) is
      hydrogenated in the presence of a 5%-palladium-on-barium sulfate catalyst
      (200 mg.) at 25.degree. and atmospheric pressure. The reaction is
      terminated when slightly more than one equivalent of hydrogen is absorbed.
      The mixture is filtered and evaporated. Ethyl acetate is added and
      residual pyridine is removed by addition of ice and 3 N. hydrochloric
      acid. The ethyl acetate layer is washed with 1 N. hydrochloric acid and
      then with brine, dried, and concentrated to yield the title product.
PAR  Following the procedure of Example 25, the 5,6-dehydro oxa-phenylene
      PGF.sub.2 compounds following Example 4 are reduced to the corresponding
      PGF.sub.2 compounds. Likewise, the 5,6-dehydro oxa-phenylene PGE, PGA, and
      PGB compounds disclosed herein are reduced to the corresponding PGE.sub.2,
      PGA.sub.2, and PGB.sub.2 compounds.
PAC  EXAMPLE 26
PAR  dl-.beta.,.beta.,.beta.-Trichloroethyl
      9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo[3.1.0]-hex-2.alp
     ha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6trinor-cis-7-nonenoate Acetonide
      (Formula LXXIX, Chart G: G is n-pentyl, J' is cis
      ##SPC133##
PAC  haloethyl is .beta.,.beta.,.beta.-trichloroethyl, R.sub.2, R.sub.11, and
      R.sub.12 are methyl, R.sub.9 and R.sub.26 are hydrogen, and .about. is
      alpha and endo).
PAR  Refer to chart G. Successively, .beta.,.beta.,.beta.-trichloroethanol (25
      ml.), pyridine (15 ml.), and dicyclohexylcarbodiimide (4.0 g.) are added
      to a solution of formula-LXXVIII compound
      dl-9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo[3.1.0]hex-2.a
     lpha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoic acid
      acetonide (Example 13, 2.0 g.) in 100 ml. of dichloromethane. This mixture
      is stirred 3 hrs. under nitrogen at 25.degree. C. Water (50 ml.) is then
      added, and the mixture is stirred 10 min. The dichloromethane is
      concentrated under reduced pressure, and the residue is extracted
      repeatedly with ethyl acetate. The combined extracts are washed with
      ice-cold 3 N. hydrochloric acid. Then, the extracts are washed
      successively with aqueous sodium bicarbonate solution and brine, dried,
      and concentrated under reduced pressure. The residue is chromatographed on
      600 g. of silica gel, eluting with 10 l. of a 20-100% ethyl
      acetate-Skellysolve B gradient, collecting 50ml. fractions. The middle
      fractions which show a product free of starting materials on TLC are
      combined and concentrated under reduced pressure to give the title
      compound.
PAR  Following the procedure of Example 26, but using in place of the
      formula-LXXVIII 3-hydroxybicyclo[3.1.0]hexane acid acetonide, each of the
      specific endo and exo, alpha and beta, saturated and unsaturated
      formula-LXXVIII hydroxy acid ketals defined after Example 13, there are
      obtained the corresponding .beta.,.beta.,.beta.-trichloroethyl esters of
      those 3-hydroxybicyclo[3.1.0]hexane acids.
PAR  Following the procedure of Example 26, but using in place of the
      formula-LXXVIII 3-hydroxybicyclo[3.1.0]hexane acid ketal, each of the
      specific formula-LXXX 3-oxo-acid ketals defined after Example 13, there
      are obtained the corresponding formula-LXXXI
      .beta.,.beta.,.beta.-trichloroethyl esters of those 3-oxo-acid ketals.
PAR  Following the procedure of Example 26 but using in place of the
      formula-LXXVIII 3-hydroxy-acid ketal, each of the specific formula-LXXXIV
      (Chart H) 3-hydroxy and formula-LXXXVI 3-oxo acids defined after Example
      14, there are obtained the corresponding formula-LXXXV and formulaLXXXVII
      .beta.,.beta.,.beta.-trichloroethyl esters of those acids, respectively.
PAR  Following the procedures of Examples 3 and 9, each of the formula-LXXXI
      cyclic ketal haloethyl esters of Example 26 is transformed to the
      corresponding formula-XL (Chart D) 3-oxa or 4-oxa phenyl-substituted
      PGE.sub.1 .beta.,.beta.,.beta.-trichloroethyl ester. Thence, following the
      procedure of Example 23, each of the esters is transformed to the
      oxaphenylene PGE.sub.1 acid compound wherein R.sub.10 of formula-XL is
      replaced with hydrogen.
PAR  Following the procedure of Examples 2 and 3 each of the formula-LXXXVII
      olefin haloethyl esters of Example 26 is transformed to the corresponding
      formula-XLVII (Chart E) oxa-phenylene PGE.sub.1
      .beta.,.beta.,.beta.-trichloroethyl ester. Thence, following the procedure
      of Example 23, each of the esters is transformed to the corresponding
      PGE.sub.1 -type acid compound wherein R.sub.10 of formula-XL is replaced
      with hydrogen.
PAC  EXAMPLE 27
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 Methyl Ester (Formula
      XXIV: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-pentyl, Q is
      ##EQU81##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  A solution of diazomethane (about 50% excess) in diethyl ether (25 ml.) is
      added to a solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-pGA.sub.1 (Example 5, 50 mg.)
      in 25 ml. of a mixture of methanol and diethyl ether (1:1). The mixture is
      allowed to stand at 25.degree. C. for 5 min. Then the mixture is
      concentrated to give the title compound.
PAR  Following the procedure of Example 27, each of the other specific
      phenyl-substituted PGB type, PGA type, PGE type, and PGF type free acids
      defined above is converted to the corresponding methyl ester.
PAR  Also following the procedure of Example 27, but using in place of the
      diazomethane, diazoethane, diazobutane, 1-diazo-2-ethylhexane, and
      diazocyclohexane, there are obtained the corresponding ethyl, butyl,
      2-ethylhexyl, and cyclohexyl esters of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1. In the same manner,
      each of the other specific phenyl-substituted PGB type, PGA type, PGE
      type, and PGF type free acids defined above is converted to the
      corresponding ethyl, butyl, 2-ethylhexyl, and cyclohexyl esters.
PAC  EXAMPLE 28
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl Ester
      Diacetate.
PAR  Acetic anhydride (5 ml.) and pyridine (5 ml.) are mixed with
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 20 mg.), and the mixture is allowed to stand at 25.degree. C.
      for 18 hrs. The mixture is then cooled to 0.degree. C., diluted with 50
      ml. of water, and acidified with 5% hydrochloric acid to pH 1. That
      mixture is extracted with ethyl acetate. The extract is washed
      successively with 5% hydrochloric acid, 5% aqueous sodium bicarbonate
      solution, water, and brine, dried and concentrated to give the title
      compound.
PAR  Following the procedure of Example 28 but replacing the acetic anhydride
      with propionic anhydride, isobutyric anhydride, and hexanoic acid
      anhydride, there are obtained the corresponding dipropionate,
      diisobutyrate and dihexanoate derivatives of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester.
PAR  Also following the procedure of Example 28, but replacing the
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 compound with
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha.  and
      -PGF.sub.1.sub..beta., and
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha
     .  and -PGF.sub.1 .sub..beta., there are obtained the corresponding
      triacetate derivatives of the 3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF
      compounds.
PAR  Also following the procedure of Example 28, each of the phenyl-substituted
      PGE type, PGF type, PGA type, and PGB type esters and free acids defined
      above is transformed to the corresponding acetates, propionates,
      isobutyrates, and hexanoates, the PGE-type derivatives being
      dicarboxyacylates, the PGF-type derivatives being tricarboxyacylates, and
      the PGA-type and PGB-type derivatives being monocarboxyacylates.
PAC  EXAMPLE 29
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Sodium Salt.
PAR  A solution of dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1
      (Example 23, 100 mg.) in 50 ml. of a water-ethanol mixture (1:1) is cooled
      to 5.degree. C. and neutralized with an equivalent amount of 0.1 N,
      aqueous sodium hydroxide solution. The neutral solution is concentrated to
      give the title compound.
PAR  Following the procedure of Example 29 but using potassium hydroxide,
      calcium hydroxide, tetramethylammonium hydroxide, and
      benzyltrimethylammonium hydroxide in place of sodium hydroxide, there are
      obtained the corresponding salts of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1.
PAR  Also following the procedure of Example 29 each of the phenyl-substituted
      PGE type, PGF type, PGA type, and PGB type acids defined above is
      transformed to the sodium, potassium, calcium, tetramethylammonium, and
      benzyltrimethylammonium salts.
PAR  The various Preparations and Examples given above describe the preparation
      of racemic intermediates and final products. Each of the intermediates and
      final products named and defined above is also obtained in each of the
      enantiomeric forms, d and l, by resolution that compound or by resolution
      of an intermediate used to prepare that compound. For example, natural
      configuration 3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 free acid
      is prepared by resolution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 free acid (Example
      5) or by dehydration as in Example 5 of optically active
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 free acid with the same
      absolute configuration. These resolutions are carried out by procedures
      known in the art, and may be used to obtain prostaglandin-like materials
      having the spatial configuration of the natural prostaglandins, as
      typified by the following Examples 30-32.
PAC  EXAMPLE 30
PAC  Natural Configuration 3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2 and
      PGF.sub.2 .sub..alpha. Methyl Esters (Formula-XVII and -XXI: wherein
      C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-pentyl, Q is
      ##EQU82##
PAC  R.sub.1 is methyl; R.sub.3 and R.sub.4 are hydrogen; and .about. is alpha).
PAR  The process shown in Chart D is used to prepare the PGE.sub.2 -type
      compound first. The formula-XXXVII cyclic ketal intermediate wherein G is
      n-pentyl; J' is
      ##SPC134##
PAL  R.sub.2, r.sub.9, and R.sub.26 are hydrogen; R.sub.10, R.sub.11, and
      R.sub.12 are methyl; and .about. is endo and alpha is prepared following
      the procedures of Example 9.
PAR  The formula-XXXVII compound is resolved as its optical isomers by the
      method of Corey et al., J. Am. Chem. Soc. 84, 2938 (1962), by reacting
      this keto compound with optically active L(+)-2,3-butanedithiol in the
      presence of p-toluene-sulfonic acid. The diastereomeric ketals are
      completely resolved on a preparative chromatographic column, and are then
      hydrolyzed separately, following the procedure of Example 9, to the
      formula-XXXVIII dihydroxy compounds. Transformation to the formula-XVII
      PGE.sub.2 -type compounds is accomplished by the procedures of Example 3.
      Of the separate diastereoisomers, one corresponds to the configuration of
      natural PGE.sub.2 and the other to its enantiomer. Conversion of the
      PGE.sub.2 -type compound having the configuration of the natural product
      to the PGF.sub.2.sub..alpha. -type methyl ester is done by borohydride
      reduction following the procedure of Example 4. The natural
      configuration-PGF.sub.2.sub..alpha. -type free acid is formed from the
      methyl ester by saponification, following the procedure of Example 24.
PAC  EXAMPLE 31
PAC  Natural Configuration 3-Oxa-3,5-inter-o-phenylene-4-nor-PGE.sub.1 Methyl
      Ester (Formula XVI: C.sub.g H.sub.2g is ethylene; C.sub.p H.sub.2p is a
      valence bond in ortho relationship to C.sub.g H.sub.2g, G is n-pentyl, Q
      is
      ##EQU83##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart E. A. Methyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo-[3.1.0]hex-2.alpha.-yl]-3-oxa-3,5-inte
     r-o-phenylene-4-nor-heptanoate (Formula-XLIV, Chart E: G is n-pentyl;
      R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl; Z' is
      ##SPC135##
PAL  and .about. is alpha and endo).
PAR  1. Methyl 2-(3-hydroxypropyl)phenoxyacetate. To a solution of potassium
      t-butoxide (11.2 g.) in 150 ml. of dry tetrahydrofuran at
      0.degree.-5.degree. C. is added with stirring 3-(o-hydroxyphenyl)propanol
      (15.2 g.) followed in a few minutes by methyl bromoacetate (20 g.). The
      cooling bath is removed and the mixture is stirred at ambient temperature
      until the reaction mixture becomes essentially neutral. The mixture is
      concentrated in vacuo at 30.degree. C. and the residue is shaken with
      ether and water. The organic layer is washed with dilute potassium
      hydroxide solution, water, brine, and is dried over sodium sulfate and
      then concentrated in vacuo. The residue is distilled in a high vacuum to
      afford methyl 2-(3-hydroxypropyl)phenoxyacetate. 2. Methyl
      2-(3-chloropropyl)phenoxyacetate. A mixture of methyl
      2-(3-hydroxypropyl)phenoxyacetate (step A-1, 25 g.) and thionyl chloride
      (20 ml.) is heated to reflux for 1-2 hrs. The excess thionyl chloride is
      removed in vacuo and the residue is distilled in a high vacuum to afford
      methyl 2-(3-chloropropyl)phenoxyacetate. 3. Methyl
      2-(3-iodopropyl)phenoxyacetate. A mixture of methyl
      2-(3-chloropropyl)phenoxyacetate (step A-2, 24.3 g.), acetone (250 ml.)
      and sodium iodide (30 g.) is heated to reflux with stirring for about 40
      hrs. The mixture is cooled, filtered and the filtrate is concentrated in
      vacuo at about 30.degree. C. The residue is diluted with ether and the
      solution is washed with water, dilute sodium thiosulfate solution, brine
      and is dried over magnesium sulfate and then concentrated in vacuo. The
      product, methyl 2-(3-iodopropyl)phenoxyacetate, is used directly in the
      next step. 4. Following the procedure of Example 1-B, but replacing the
      methyl m-(chloromethyl)phenoxyacetate with methyl 2-(3-iodopropyl)
      phenoxyacetate (step A-3, 18 g.) and allowing the alkylation reaction to
      proceed for about 5 min. before acidification with hydrochloric acid,
      there is obtained the desired formula-XLIV methyl
      7-]endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,5-inter
     -o-phenylene-4-nor-heptanoate.
PAR  Following the procedure of Example 30, the above racemic formula-XLIV
      compound is resolved as two optically active isomers. These are both
      transformed by the subseqeunt steps of this example to the formula-XVI
      PGE.sub.1 -type compounds, one of which corresponds to the configuration
      of natural PGE.sub.1 and the other to its enantiomer.
PAR  B. Methyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxo-bicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa
     -3,5-inter-o-phenylene-4-nor-heptanoate (Formula-XLV, Chart E: G' is
      n-pentyl; R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl;
      Z' is
      ##SPC136##
PAC  and .about. is alpha and endo). To a solution of methyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]-hex-2.alpha.-yl]-3-oxa-3,5-inte
     r-o-phenylene-4-nor-heptanoate (step A, above, 1.8 g.) in 30 ml. of
      tetrahydrofuran at 50.degree. is added, with stirring, osmium tetroxide
      (200 mg.) followed by potassium chlorate (1.2 g.) and 15 ml. of water. The
      reaction mixture is maintained at 50.degree. for 2 hrs., cooled, the
      tetrahydrofuran is removed, and the aqueous phase is extracted with
      dichloromethane. The organic layer is dried and concentrated and the
      residue is chromatographed on 200 g. of silica gel. The column is eluted
      with 1 l. of 35% ethyl acetate-benzene and  1 l. of 40% ethyl
      acetate-benzene, collecting 30-ml. fractions. Those fractions containing
      the formula-XLV compound, in its isomeric erythro and threo forms, free of
      starting material and impurities, are combined and concentrated.
PAR  C. Title compound. To a solution of the formula-XLV dihydroxy compound
      (step B, above, 0.8 g.) in 10 ml. of pyridine, cooled to 0.degree., is
      added 1.2 ml. of methane-sulfonyl chloride. The reaction mixture is
      stirred for 2 hrs. and 20 g. of ice is added. The mixture is extracted
      with ether-dichloromethane (1:1) and the organic layer is washed
      successively with dilute hydrochloride acid, water, saturated aqueous
      sodium bicarbonate, and brine, dried, and concentrated. The residue,
      containing the bismesylate, is treated with 15 ml. of acetone and 10 ml.
      of water and stirred for 8-16 hrs. at 25.degree.. The acetone is removed
      in vacuo and the remaining solution is extracted with dichloromethane. The
      extract is dried and concentrated and the residue is chromatographed on
      150 g. of silica gel using 500 ml. ethyl acetate followed by 3% methanol
      ethyl acetate as eluting solvent while collecting 30-ml. fractions. Those
      fractions containing the formula-XLVII product, free of starting material
      and impurities, are combined and concentrated to give the title compound;
      principle NMR spectral peaks at  6.57-7.3 (multiplet); 5.42-5.65
      (multiplet); 4.60 (singlet) and 3.76 (singlet) .delta..
PAC  EXAMPLE 32
PAC  Natural Configuration
      3-Oxa-3,5-inter-o-phenylene-4-nor-PGF.sub.1.sub..alpha. Methyl Ester
      (Formula-XX: C.sub.g H.sub.2g is ethylene, C.sub.p H.sub.2p is a valence
      bond in ortho relationship to C.sub.g H.sub.2g, G is n-pentyl, Q is
      ##EQU84##
PAC  R.sub.1 is methyl, and .about. is alpha for the carboxyl-containing moiety
      and for the ring hydroxyl).
PAR  Refer to Chart A. Following the procedure of Example 4, the formula-XVI
      PGE.sub.1 -type compound of Example 31 is transformed to the title
      compound; principle NMR spectral peaks at 6.57-7.3 (multiplet); 5.33-5.56
      (multiplet); 4.62 (singlet) and 3.75 (singlet) .delta..
PAC  EXAMPLE 33
PAC  dl-3-Oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.3 Methyl Ester (Formula-XXXII;
      C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in meta
      relationship, C.sub.n H.sub.2n is methylene, Q is
      ##EQU85##
PAC  R.sub.1 is methyl, R.sub.5 is ethyl, and .about. is alpha) and
      dl-15-Beta-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.3 Methyl Ester
      ##EQU86##
PAR  a. Refer to Chart F. Following the procedure of Preparation 4b, a solution
      of 100 g. of endo-bicyclo-[3.1.0]hexan-3-ol-6-carboxaldehyde
      3-tetrahydropyranyl ether in 200 ml. of benzene is reacted with 250 g. of
      (hex-3-ynyl)triphenylphosphonium bromide (Axen et al., Chem. Comm. 1970,
      602) in 3 l. of benzene at about -15.degree. C. The mixture is warmed to
      70.degree. C. for 2.5 hours., cooled and filtered. The crude product is
      hydrolyzed to the 3-hydroxy compound and then oxidized to the 3-oxo ketone
      with Jones reagent. The desired fromula-LXIX intermediate is isolated
      after silica gel chromatography.
PAR  b. There is next prepared the formula-LXX compound by alkylation. Following
      the procedures of Example 1-B, the product of step a above is reacted with
      methyl 9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate
      (Preparation 7) to yield
      7-[endo-6-(cis-1-hepten-4-ynyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate.
PAR  c. Glycol LXXI is next prepared, employing the product of step b and
      following the procedures of Example 2. Without separating the isomeric
      glycols, the bismesylate corresponding to formula-LXXII is then prepared
      following the procedures of Example 3. Thereafter, following hydrolysis of
      the bismesylate by the procedures of Example 3, the bisdehydro E.sub.3
      type compound corresponding to formula-LXXIII is recovered. Silica gel
      chromatography yields the respective C-15 epimers.
PAR  d. Following the procedures of Preparation 8, each of the C-15 epimers of
      step C above is hydrogenated to yield the corresponding title compounds.
PAC  EXAMPLE 34
PAC  1-Bicyclo[3.1.0]hex-2-ene-6-endocarboxaldehyde Neopentyl Glycol Acetal
      (Formula .sub.CIX : R.sub.31 and R.sub.32 taken together are --CH.sub.2
      --C(CH.sub.3).sub.2 --CH.sub.2 -- and .about. is endo).
PAR  A mixture of 2,2-dimethyl-1,3-propanediol (900 g.), 5 l. of benzene and 3
      ml. of 85% phosphoric acid is heated at reflux. To it is added, in 1.5
      hr., a solution of optically active
      bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde (Prep.10, 500 g.) in one
      liter of benzene. Provision is made to take off azeotropically distilled
      water with a Dean-Stark trap. After 3 hr. the mixture is cooled and
      extracted with 2 liters off 5% sodium bicarbonate. The organic phase is
      dried over sodium sulfate and concentrated under reduced pressure. The
      resulting semisolid residue is taken up in methanol and recrystallized,
      using a total of 1200 ml. of methanol to which 600 ml. of water is added,
      then chilled to -13.degree. C. to yield 300 g. of the title compound, m.p.
      52.degree.-55.degree. C., and having NMR peaks at 0.66, 1.20, 0.83-2.65,
      3.17-3.8, 3.96, and 5.47-5.88 .delta., [.alpha.].sub.D - 227.degree.
      (C=ethyl acetate in methanol), and R.sub.f 0.60 (TLC on silica gel in 25%
      ethyl acetate in mixed isomeric hexanes). Further work-up of the mother
      liquors yields 50-100 g. of additional product.
PAR  Following the procedures of Example 34 but replacing the aldehyde with
      optically active bicyclo[3.1.0]hex-2-ene-6-exo-carboxaldehyde (see U.S.
      Pat. No. 3,711,515), there is obtained the corresponding formula-CIX
      acetal.
PAR  Following the procedures of Example 34 but using either the endo or exo
      form of the aldehyde and substituting for 2,2-dimethyl-1,3-propanediol one
      of the following glycols: ethylene glycol, 1,2-propanediol,
      1,2-hexanediol, 1,3-butanediol, 2,3-pentanediol, 2,4-hexanediol,
      2,4-octanediol, 3,5-nonanediol, 3,3-dimethyl-2,4-heptanediol,
      4-ethyl-4-methyl-3,5-heptanediol, phenyl-1,2-ethanediol and
      1-pentyl-1,2-propanediol, there are obtained the corresponding formula-CIX
      acetals.
PAC  EXAMPLE 35
PAC  d-8-(m-Acetoxyphenyl)-7-oxa-tricyclo-[4.2.0.0.sup.2,4
      ]octane-6-endo-carboxaldehyde Neopentyl Glycol Acetal (Formula CX: C.sub.p
      H.sub.2p is a valence bond with attachment in the meta position, R.sub.31
      and R.sub.32 taken together are --CH.sub.2 --C(CH.sub.3).sub.2 -CH.sub.2,
      R.sub.39 is
      ##EQU87##
PAC  and .about. is endo).
PAR  Refer to Chart L, step (a). A solution of the formula-CIX
      l-bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde neopentyl glycol acetal
      (Example 34, 5.82 g.) and m-acetoxybenzaldehyde (1.64 g.) in 25 ml. of
      benzene is charged to a Pyrex photolysis vessel equipped with an
      immersible water-cooled cold-finger and a fritted gas inlet tube.
      Dissolved oxygen is removed by bubbling nitrogen through the solution. The
      mixture is then irradiated at 350 nm. with a Rayonet Type RS Preparative
      Photochemical Reacter (The Southern New England Ultraviolet Co.,
      Middletown, Conn.) equipped with six RUL 3500 A lamps. After 24 hr. the
      photolysate is concentrated under reduced pressure to a pale yellow oil,
      10 g., which is subjected to silica gel chromatography. Elution with
      10-70% ethyl acetate in Skellysolve B (mixture of isomeric hexanes) yields
      separate fractions of the recovered starting material and the formula-CX
      title compound, a pale yellow oil, 0.86 g., having NMR peaks at 0.68.
      1.20, 0.8-2.5, 2.28, 2.99, 3.12-3.88, 3.48, 4.97-5.52, and 6.78-7.60
      .delta.; infrared absorption bands at 3040, 2950, 2860, 2840, 1765, 1610,
      1590, 1485, 1470, 1370, 1205, 1115, 1020, 1005, 990, 790, and 700
      cm.sup.-.sup.1 ; mass spectral peaks at 358, 357, 116, 115, 108, 107, 79,
      70, 69, 45, 43, and 41; [.alpha.].sub.D + 55.degree. (C=0.7505 in 95%
      ethanol); and R.sub.f 0.18 (TLC on silica gel in 25% ethyl acetate in
      mixed isomeric hexanes).
PAR  Following the procedures of Example 35 but replacing the formula-CIX acetal
      with the formula-CIX compounds disclosed following Example 34, there are
      obtained the corresponding formula-CX compounds in their endo or exo forms
      and with corresponding exemplification of R.sub.31 and R.sub.32.
PAR  Likewise following the procedures of Example 35 but replacing
      m-acetoxybenzaldehyde with aldehydes within the scope of formula CXIX
      above, as to C.sub.p H.sub.2p, the attachment position of the phenyl ring,
      and the carboxyacyl group R.sub.39, or defined above, the corresponding
      formula-CX oxetanes are obtained wherein .about. is endo or exo, and
      R.sub.31 and R.sub.32 correspond to the glycols employed after Example 34
      above. Specifically, the following formula-CXIX valence are employed:
      ##SPC137##
PAC  EXAMPLE 36
PAC  d-2-Exo-[m-(pivaloyloxy)benzyl]-3-exobicyclo[3.1.0]hexane-6-endo-carboxalde
     hyde Neopentyl Glycol Acetal (Formula CXII. C.sub.p H.sub.2p is a valence
      bond with attachment in the meta position, R.sub.31 and R.sub.32 taken
      together are --CH.sub.2 --C(CH.sub.3).sub.2 --CH.sub.2 --, R.sub.43 is
      ##EQU88##
PAC  and .about. is endo).
PAC  (I). Refer to Chart L, steps (b) and (c). A mixture of lithium (0.25 g.) in
      70 ml. of ethylamine is prepared at 0.degree. C. and cooled to -78.degree.
      C. A solution of the formula-CX
      d-8-(m-acetoxyphenyl)-7-oxa-tricyclo[4.2.0.0.sup.2,4
      ]-octane-6-endo-carboxaldehyde neopentyl glycol acetal (Example 35, 1.83
      g.) in 10 ml. of tetrahydrofuran is added dropwise in about 5 min. After
      stirring at -78.degree. C. for about 3.5 hr. the reaction is quenched with
      solid ammonium chloride and water-tetrahydrofuran. Unreacted lithium is
      removed, the mixture is warmed slowly to about 25.degree. C., and
      ethylamine is removed. The residue is neutralized with dilute acetic acid,
      mixed with 200 ml. of brine, and extracted with ethyl acetate. The organic
      phase is washed with brine and a mixture of brine and saturated aqueous
      sodium bicarbonate (1:1), and dried over sodium sulfate. Concentration
      under reduced pressure yields the formula-CXI diol as a pale tan foamed
      oil, 1.64 g., having R.sub.f 0.03 (TLC on silica gel in 25% ethyl acetate
      in mixed isomeric hexanes).
PAR  (II). The product of part (I) is dissolved in 30 ml. of pyridine and
      treated with 1.5 ml. of pivaloyl chloride over a period of 22 hr. at about
      25.degree. C. The reaction mixture is mixed with water, then brine and
      extracted with ethyl acetate. The organic phase is washed successively
      with brine, water, saturated aqueous copper (II) sulfate, saturated
      aqueous sodium bicarbonate, and brine, and dried over sodium sulfate.
      Concentration under reduced pressure yields a residue, 2.53 g., which is
      subjected to silica gel chromatography to yield the formula-CXII title
      compound, 1.87 g., having NMR peaks at 0.71, 1.20, 1.33, 0.9-3.1,
      3.28-4.00, 4.17, 4.7-5.2, and 6.77-7.53 .delta.; mass spectral peaks at
      486, 485, 115, 73, 72, 57, 44, 43, 42, 41, 30, 29, 15; [.alpha.].sub.D +
      10.degree. (C=0.8385 in ethanol); and R.sub.f 0.50 (TLC on silica gel in
      25% ethyl acetate in mixed isomeric hexanes).
PAC  EXAMPLE 37
PAC  d-2-Exo-(m-acetoxybenzyl)-3-exo-acetoxybixyclo]3.1.0]hexane-6-endo-carboxal
     dehyde Neopentyl Glycol Acetal (Formula CXII: C.sub.p H.sub.2p is a valence
      bond with attachment in the meta position, R.sub.31 and R.sub.32 taken
      together are --CH.sub.2 C(CH.sub.3).sub.2 --CH.sub.2 --, R.sub.43 is
      ##EQU89##
PAC  and .about. is endo).
PAR  Following the procedure of Example 36-(II) but replacing pivaloyl chloride
      with acetic anhydride, and using 1.01 g. of the formula-CXI diol, there is
      obtained the title compound, 0.75 g., having NMR peaks at 0.72, 1.22,
      1.98, 2.27, 0.8-3.0, 3.28-3.85, 4.17, 4.75-5.22, and 6.8-7.47 .delta.;
      mass spectral peaks at 402, 401, 115, 107, 73, 69, 45, 44, 43, 42, 41,
      30;[.alpha.].sub.D + 7.degree. (C=0.7060 in ethanol); and R.sub.f 0.66
      (TLC on silica gel in 50% ethyl acetate in mixed isomeric hexanes).
PAC  EXAMPLE 38
PAC  2-Exo-[m-(pivaloyloxy)benzyl]-3-exo-(pivaloyloxy)bicyclo[3.1.0]hexane-6-end
     o-carboxaldehyde (Formula CXIII: C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, R.sub.42 is
      ##EQU90##
PAC  and .about. is endo).
PAR  Refer to Chart L step (d). The formula-CXII acetal, i.e.
      d-2-exo-[m-pivaloyloxy)benzyl]-3-exo-(pivaloyloxy)-bicycly[3.1.0]hexane-6-
     endo-carboxaldehyde neopentyl glycol acetal (Example 36, 0.48 g.) is
      treated at 0.degree. C. with 25 ml. of 88% formic acid for 4 hr. The
      mixture is diluted with 200 ml. of brine and extracted with ethyl acetate.
      The organic phase is washed with brine and saturated aqueous sodium
      bicarbonate, and dried over magnesium sulfate. Concentration under reduced
      pressure yields an oil, 0.55 g., which is subjected to silica gel
      chromatography. Elution with 5-15% ethyl acetate in Skellysolve B yields
      the formula-CXIII title compound as an oil, 0.37 g., having NMR peaks at
      1.20, 1.33, 0.6-3.2, 5.1-5.5, 6.6-7.5, and 9.73 .delta.;  and R.sub.f 0.50
      (TLC on silica gel in 25% ethyl acetate in mixed isomeric hexanes).
PAC  EXAMPLE 39
PAC  2-Exo-[m-(pivaloyloxy)benzyl]-3-exo-(pivaloyloxy)-6-endo-(cis-cis-1-hepteny
     l)-bicyclo[3.1.0]hexane (Formula CXIV: C.sub.p H.sub.2p is a valence bond
      with attachment in the meta position, G is n-pentyl, R.sub.42 is
      ##EQU91##
PAC  R.sub.2 is hydrogen, and .about. is endo); and
      2-Exo-(m-hydroxybenzyl)-3-exo-hydroxy-6-endo-(cis-1-heptenyl)bicyclo[3.1.0
     ]hexane (Formula CXV : C.sub.p H.sub.2p is a valence bond in the meta
      position, G is n-pentyl, R.sub.2 and R.sub.42 are hydrogen, and .about. is
      endo).
PAR  (I). Refer to Chart L, steps (e) and (f). The Wittig ylid reagent is
      prepared in 10 ml. of benzene from n-hexyltriphenylphosphonium bromide
      (0.79 g.) and n-butyllithium (0.6 ml. of 2.32 M. solution in hexane) at
      about 25.degree. C. for 0.5 hr. After the precipitated lithium bromdie has
      settled, the solution is removed and added to a cold (0.degree. C.) slurry
      of the formula-CXIII aldehyde (Examples 38, 0.37 g.). After 15 min. there
      is added 1.0 ml. of acetone and the mixture is heated to 60.degree. C. for
      10 min. The mixture is concentrated under reduced pressure. The residue is
      washed with 10% ethyl acetate in Skellysolve B and these washings are
      concentrated to the formula-CXIV title compound, an oil, 0.33 g. having
      NMR peaks at 1.18, 1.33, 0.6-3.2, 4.5-6.0 and 6.67-7.62 .delta.; and
      R.sub.f 0.78 (TLC on silica gel in 25% ethyl acetate in Skellysolve B).
PAR  (II.) The above product of part (I) is transformed to the formula-CXV diol
      by treatment with sodium methoxide (2.5 ml. of a 25% solution in methanol)
      for 4 hr., followed by addition of 0.5 g. of solid sodium methoxide and
      further stirring for 15 hr. at 25.degree. C., then at reflux for 6 hr. The
      mixture is cooled, mixed with 300 ml. of brine, and extracted with ethyl
      acetate. The organic phase is washed with brine, dried over magnesium
      sulfate, and concentrated under reduced pressure to a residue, 0.27 g. The
      residue is subjected to silica gel chromatography, eluting with 25-35%
      ethyl acetate in Skellysolve B, to yield the formula-CXV title compound an
      an oil, 0.21 g., having NMR peaks at 0.87, 0.6-3.25, 3.88-4.35, 4.82-5.92,
      and 6.47-7.33 .delta.; and R.sub.f 0.13 (TLC on silica gel in 25% ethyl
      acetate in Skellysolve B).
PAR  Following the procedures of Examples 36, 38, and 39 but replacing the
      formula CX oxetane with each of those obtained following Example 35, there
      are obtained successively the corresponding formula-CXI, -CXII, -CXIII,
      and -CXIV compounds wherein C.sub.p H.sub.2p and its attachment position
      on the phenyl ring correspond to the specific aldehydes employed following
      Example 35. These are obtained in both their endo and exo forms.
PAR  Further following the procedures of Example 39, but replacing the Wittig
      ylid reagent with one prepared from a compound of the formula
EQU  Br--P(C.sub.6 H.sub.5).sub.3 --CHR.sub.2 --G
PAL  wherein --CHR.sub.2 --G is each of the following:
PA1  --(CH.sub.2).sub.3 --CH.sub.3
PA1  --(ch.sub.2).sub.4 --ch.sub.3
PA1  --(ch.sub.2).sub.6 --ch.sub.3
PA1  --(ch.sub.2).sub.7 --ch.sub.3
PA1  --ch(ch.sub.3)--(ch.sub.2).sub.5 --ch.sub.3
PA1  --ch.sub.2 --ch(ch.sub.3)--(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch.sub.2 --c(ch.sub.3).sub.2 --(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch(ch.sub.3)--c(c.sub.2 h.sub.5).sub.2 --(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch.sub.2 --chf--(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch.sub.2 --cf.sub.2 --(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch(ch.sub.3)--cf.sub.2 --(ch.sub.2).sub.3 --ch.sub.3
      ##SPC138##
PA1  --(ch.sub.2).sub.2 --c.tbd.c--c.sub.2 h.sub.5
PA1  --ch.sub.2 --ch(ch.sub.3)--c.tbd.c--c.sub.2 h.sub.5
PA1  --ch.sub.2 --c(ch.sub.3).sub.2 --c.tbd.c--c.sub.2 h.sub.5
PAL  or
PA1  --CH(CH.sub.3)--CH.sub.2 --C.tbd.C--C.sub.2 H.sub.5
PAL  there are obtained the corresponding compounds within the scope of formula
      CXIV wherein C.sub.p H.sub.2p and its attachment to the phenyl ring
      correspond to the specific compounds of Example 39 their those illustrated
      in the paragraph immediately thereafter, in both Likewise endo and exo
      forms.
PAC  EXAMPLE 40
PAC  2-Exo-{m-[(carboxy)methoxy]}-3-exo-hydroxy-6-endo-(cis-1-heptenyl)bicyclo[3
     .1.0]hexane (Formula CXVI : C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, G is n-pentyl, R.sub.1, R.sub.2, and
      R.sub.42 are hydrogen, and .about. is endo).
PAR  Refer to Chart L, step (g). The formula-CXV diol, i.e.
      2-exo-(m-hydroxybenzyl)-3-exo-hydroxy-6-endo-(cis-1-hepentyl)bicyclo[3.1.0
     ]hexane (Example 39, 0.19 g.) is treated in 8 ml. of dioxane with
      bromoacetic acid (0.61 g.) and 6 ml. of 1N. aqueous sodium hydroxide.
      After the mixture has been heated at reflux for 3 hr., with sodium
      hydroxide solution added when necessary to maintain a pH of about 10, the
      mixture is cooled, diluted with 100 ml. of water, and extracted with
      diethyl ether. The aqueous phase is acidified to pH 1-2 and extracted with
      ethyl acetate to yield the formula-CXVI title compound, a pale yellow oil,
      0.20 g. Recovered formula- CXV diol is obtained from the diethyl ether
      organic phase on drying and concentrating, 0.025 g.
PAR  Following the procedures of Example 40 but replacing bromoacetic acid with
      a haloacetate within the scope of Hal--CH.sub.2 --COOR.sub.1 as defined
      herein and specifically illustrated as follows
PA1  Cl--CH.sub.2 --COOCH.sub.3
PA1  Br--CH.sub.2 --COOC.sub.2 H.sub.5
PA1  Cl--CH.sub.2 --COOC.sub.8 H.sub.17 (n)
PA1  I--ch.sub.2 --cooch.sub.2 c.sub.6 h.sub.5
PA1  cl--CH.sub.2 --COO(m-cl--.sub.6 H.sub.4)
PAL  there are obtained the corresponding formula-CXVI compounds wherein R.sub.1
      is respectively methyl, ethyl, n-octyl, benzyl, and m-chlorophenyl.
PAR  Likewise following the procedures of Example 40 with each of the
      formula-CXIV compounds disclosed following Example 39 and using each of
      the haloacetates specifically identified above, there are obtained the
      corresponding formula-CXVI compounds.
PAC  EXAMPLE 41
PAC  3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha.  (Formula
      CI: C.sub.p H.sub.2p is a valence bond with attachment in the meta
      position, R.sub.30 is n-pentyl, and R.sub.1 and R.sub.2 are hydrogen).
PAR  (I.) Refer to Chart L. The formula-CXVI alkene is transformed to the title
      compound applying the procedures disclosed in U.S. Pat. No. 3,711,515.
      Thus, compound CXVI (Example 40) is hydroxylated by the procedures of
      Example 39 of that patent to the formula-CXVII glycol of Chart L, using
      osmium tetroxide either alone or in combination with N-methylmorpholine
      oxide-hydrogen peroxide complex.
PAR  The glycol is then either (1) sulfonated, for example to yield the
      bismesylate, and then hydroyzed to a mixture of the title compound and its
      15-epimer, applying the procedures of Example 7 of that patent, or (2)
      treated with substantially 100% formic acid to form the diformate of CI
      and thereafter hydroyzed to a mixture of the title compound and its 15
      epimer, applying the procedures of Examples 20 and 21 of that patent. The
      epimers are separated by silica gel chromatography to yield the title
      compound and its 15-epimer.
PAR  (II). A third route from glycol CXVII to the title compound is by way of a
      formula-CXX cyclic ortho ester
      ##SPC139##
PAL  wherein C.sub.p H.sub.2p, R.sub.46, R.sub.47 and .about. are as defined
      above. The glycol CXVII is treated as a 1-20% solution in benzene with
      trimethyl orthoformate (1.5-10 molar equivalents) and a catalytic amount
      (1% of the weight of the glycol) of pyridine hydrochloride at about
      25.degree. C. The reaction is followed by TLC (thin layer chromatography)
      and is complete in a few minutes. There is thus obtained the formula-CXX
      cyclic ortho ester in 100% yield.
PAR  The cyclic ortho ester is then treated with 20 volumes of 100% formic acid
      at about 25.degree. C. In about 10 min. the reaction mixture is quenched
      in water or aqueous alkaline bicarbonate solution and extracted with
      dichloromethane. The organic phase is shaken with 5% aqueous sodium
      bicarbonate, dried over sodium sulfate, and concentrated to yield the
      formula CXXI diester, in this example identical with the diformate of
      compound CI. The diformate is contacted with 10-50 volumes of anhydrous
      methanol and 10-20% of its weight of potassium carbonate at about
      25.degree. C. until the formyl groups are removed. The mixture of
      15-epimers thus obtained is then separated to yield the formula-CI title
      compound and its 15-epimer.
PAR  Following the procedures of Example 41, each of the formula- CXVI alkenes
      disclosed following Example 40 is converted into the corresponding
      oxa-phenylene PGF.sub..alpha. analog and its 15-epimer. There are likewise
      formed the corresponding oxa-phenylene 17,18-didehydro-PGF.sub..alpha.
      analogs as shown in Chart N.
PAC  EXAMPLE 42
PAC  2-Exo-[m-(carboxymethoxy)benzyl]-3-exohydroxy-6-endo-(cis-1-heptenyl)bicycl
     o-[3.1.0]hexane (Formula CXXVII: C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, G is n-pentyl, R.sub.1 and R.sub.2 are
      hydrogen, and .about. is endo).
PAR  Refer to Chart M, steps (a)-(f). There is first prepared the formula-CXXII
      oxetane. Following the procedures of Examples 34 and 35 but replacing the
      m-acetoxybenzaldehyde of Example 35 with an aldehyde within the scope of
      ##SPC140##
PAL  as to C.sub.p H.sub.2p, the attachment position on the phenyl ring, and the
      carboxyl group R.sub.44, as defined above, the corresponding formula-CXXII
      oxetanes are obtained with a fully developed side chain. Specifically, the
      following formula-CXXXI aldehydes are employed:
      ##SPC141##
PAR  Thereafter, following the procedures of Examples 36, 38, and 39, but
      replacing the formula-XX ocetane of Example 36 with those obtained by the
      procedure disclosed in the above paragraph of this example, there are
      obtained the corresponding formula-CXXVI products. likewise following
      those procedures of Examples 36, 38, and 39, but replacing the Wittig ylid
      reagent of Example 39 with each one disclosed after Example 39, and
      applying it to each of the above formula-CX compounds of this example,
      there are obtained the corresponding formula-CXXVI compounds with those
      specific sidechains.
PAR  Finally, the blocking groups on each CXXVI compound are removed by methods
      disclosed herein or known in the art to yield the formula-CXXVII title
      compound and the corresponding formula-CXXVII compounds from those
      formula-CXXVI compounds above.
PAC  EXAMPLE 43
PAC  2-Exo-{m-[(methoxycarbonyl)methoxy]benzyl}-3-exo
      hydroxy-6-endo-(cis-1-heptenyl)bicyclo[3.1.0]hexane (formula CXXVII:
      C.sub.p H.sub.2p is a valence bond with attachment in the meta position, G
      is n-pentyl, R.sub.1 is methyl, R.sub.2 is hydrogen, and .about. is endo).
PAR  Refer to Chart M. The formula-CXXVII acid (Example 40, 0.20 g.) is treated
      in methanol solution at 0.degree. C. with a solution of diazomethane in
      diethyl ether (prepared from N-methyl-N-nitroso-N'-nitroguanidine (2.0 g.)
      and potassium hydroxide (6 ml. of 40% aqueous solution)) until a permanent
      yellow color is produced, and the mixture is concentrated to yield the
      title compound, a pale tan oil.
PAC  EXAMPLE 44
PAC  l-6-Endo-(cis-1-heptenyl)-2-exo-{m-[(methoxycarbonyl)methoxy]benzyl}bicyclo
     [3.1.0]hexan-3-one (Formula CXXVIII: C.sub.p H.sub.2p is a valence bond
      with attachment in the meta position, G is n-pentyl, R.sub.1 is methyl,
      R.sub.2 is hydrogen, and .about. is endo).
PAR  Refer to Chart M, step (g). The formula-CXXVII methyl ester is oxidized to
      the bicyclic hexanone as follows. The formula-CXXVII methyl ester (Example
      41, 0.21 g.) is added in 2 ml. of dichloromethane to a solution of Collins
      reagent (prepared from pyridine (0.53 g.) and chromium trioxide (0.34 g.)
      in 10 ml. of dichloromethane) at about 25.degree. C. for 15 min. The
      mixture is then shaken with a mixture of 60 ml. of diethyl ether, ice, and
      25 ml. of 1 N. aqueous sodium hydroxide, and the organic phase is
      separated. The organic phase is washed with 1 N. aqueous sodium hydroxide,
      1.2 N. aqueous hydrochloric acid, and brine, dried, and concentrated under
      reduced pressure. The residue, a colorless oil, 0.19 g., is subjected to
      silica gel chromatography, eluting with 5- 20% ethyl acetate in
      Skellysolve B. There is thus obtained the formula-CXXVIII title compound,
      a colorless oil, 0.13 g., having NMR peaks at 0.87, 0.6-3.3, 3.77, 4.60,
      4.5-5.1, 5.37-5.95, and 6.58-7.40 .delta.; [.alpha.].sub.D -39.degree.
      (C=0.8380 in 95% ethanol); and R.sub.f 0.42 (TLC on silica gel in 25%
      ethyl acetate in Skellysolve B).
PAR  Following the procedures of Examples 43 and 44, each of the
      above-identified formula-CXXVII compounds following Example 42 is oxidized
      to the corresponding formula-CXXVIII compound.
PAC  EXAMPLE 45
PAC  3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1, Methyl Ester (Formula
      XCVII: C.sub.p H.sub.2p is a valence bond with attachment in the meta
      position, R.sub.1 is methyl, R.sub.30 is n-pentyl, and R.sub.2 is
      hydrogen).
PAR  Following the procedures of Example 41, the formula-CXXVIII alkene is
      transformed in several steps to the title compound.
PAR  Likewise, following the same procedures, each of the formula-CXXVIII
      alkenes disclosed following Example 44 is converted into the corresponding
      oxa-phenylene PGE analog and its 15 -epimer.
PAR  Following the procedures of Examples 34-45, each of the endo intermediates
      is replaced by the corresponding exo intermediate to yield the
      corresponding exo intermediate or the ultimate oxa-phenylene PG analog.
PAR  Likewise following the procedures of Examples 34-45, each of the optically
      active isomers is replaced by the corresponding racemic mixture to yield
      the corresponding racemic intermediate or ultimate oxa-phenylene PG
      analog.
CLMS
STM  I claim:
NUM  1.
PAR  1. An optically active compound of the formula
      ##SPC142##
PAL  or a racemic mixture of that compound and the enantiomer thereof, wherein V
      is (1) C.sub.g H.sub.2g or (2) --CH=CH--C.sub.j H.sub.2j wherein C.sub.g
      H.sub.2g represents a valence bond or alkylene of one to 4 carbon atoms,
      inclusive, with one or 2 chain carbon atoms between --CH.sub.2 -- and the
      phenylene ring and wherein C.sub.j H.sub.2j represents a valence bond or
      alkylene of one or 2 carbon atoms with one chain carbon between --CH=CH--
      and the phenylene ring; wherein C.sub.p H.sub.2p represents a valence bond
      or alkylene of one to 4 carbon atoms, inclusive, with one or 2 chain
      carbon atoms between the ring and the --O--; wherein C.sub.g H.sub.2g and
      C.sub.p H.sub.2p together represent zero to 8 carbon atoms, inclusive,
      with total chain lengths zero to 3 carbon atoms, inclusive; wherein G is
      (1) alkyl of 2 to 10 carbon atoms, inclusive, substituted with zero, one,
      2, or 3 fluoro or (2) a monovalent moiety of the formula
      ##SPC143##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of one to 10
      carbon atoms, inclusive, substituted with zero, one, or 2 fluoro, with one
      to 7 carbon atoms, inclusive, between
      ##EQU92##
      and the ring, wherein T is alkyl of one to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of one to 4 carbon atoms, inclusive, and wherein s is
      zero, one, 2, or 3, with the proviso that not more than two T's are other
      than alkyl; wherein Q is
      ##EQU93##
      wherein R.sub.2 is hydrogen or alkyl of one to 4 carbon atoms, inclusive;
      wherein R.sub.1 is hydrogen, alkyl of one to 12 carbon atoms, inclusive,
      cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive, wherein .about. indicates
      attachment of the side chain to the cyclopentane ring in alpha or beta
      configuration; including the lower alkanoates thereof and the
      pharmacologically acceptable salts thereof when R.sub.1 is hydrogen.
NUM  2.
PAR  2. An optically active compound of the formula:
      ##SPC144##
PAL  or a racemic mixture of that compound and the enantiomer thereof, wherein
      C.sub.g H.sub.2g represents a valence bond or alkylene of one to 4 carbon
      atoms, inclusive, with one or 2 chain carbon atoms between --CH.sub.2 --
      and the ring; wherein C.sub.p H.sub.2p represents a valence bond or
      alkylene of one to 4 carbon atoms, inclusive, with one or 2 chain carbon
      atoms between the ring and the --O--; wherein C.sub.g H.sub.2g and C.sub.p
      H.sub.2p together represent zero to 8 carbon atoms, inclusive, with total
      chain lengths zero to 3 carbon atoms, inclusive; wherein G is (1) alkyl of
      2 to 10 carbon atoms, inclusive, substituted with zero, one, 2, or 3
      fluoro or (2) a mono-valent moiety of the formula
      ##SPC145##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of one to 10
      carbon atoms, inclusive, substituted with zero, one, or 2 fluoro, with one
      to 7 carbon atoms, inclusive, between
      ##EQU94##
      and the ring, wherein T is alkyl of one to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of one to 4 carbon atoms, inclusive, and wherein s is
      zero, one, 2, or 3, with the proviso that not more than two T's are other
      than alkyl; wherein Q is
      ##EQU95##
      wherein R.sub.2 is hydrogen or alkyl of one to 4 carbon atoms, inclusive;
      wherein R.sub.1 is hydrogen, alkyl of one to 12 carbon atoms, inclusive,
      cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive, wherein .about. indicates
      attachment of the side chain to the cyclopentane ring in alpha or beta
      configuration; including the lower alkanoates thereof and the
      pharmacologically acceptable salts thereof when R.sub.1 is hydrogen.
NUM  3.
PAR  3. A compound according to claim 2 wherein G is alkyl of 2 to 10 carbon
      atoms, inclusive, substituted with zero, one, 2, or 3 fluoro.
NUM  4.
PAR  4. A compound according to claim 3 wherein .about. indicates attachment of
      the side chain to the cyclopentane ring in alpha configuration.
NUM  5.
PAR  5. A compound according to claim 4 wherein Q is
      ##EQU96##
NUM  6.
PAR  6. A compound according to claim 5 wherein R.sub.1 is hydrogen or alkyl of
      one to 12 carbon atoms.
NUM  7.
PAR  7. A compound according to claim 5 wherein R.sub.1 is hydrogen, methyl; or
      ethyl.
NUM  8.
PAR  8. A compound according to claim 6 wherein R.sub.2 is hydrogen.
NUM  9.
PAR  9. A compound according to claim 6 wherein R.sub.2 is methyl or ethyl.
NUM  10.
PAR  10. A compound according to claim 5 wherein C.sub.g H.sub.2g is a valence
      bond.
NUM  11.
PAR  11. A compound according to claim 10 wherein C.sub.p H.sub.2p is methylene.
NUM  12.
PAR  12. A compound according to claim 10 wherein C.sub.p H.sub.2p is a valence
      bond.
NUM  13.
PAR  13. A compound according to claim 12 wherein G is
      ##EQU97##
      wherein a is one, 2, 3, 4, or 5, and wherein R.sub.21 and R.sub.22 are
      hydrogen, alkyl of one to 4 carbon atoms, inclusive, or fluoro, being the
      same or different, with the proviso that R.sub.22 is fluoro only when
      R.sub.21 is hydrogen or fluoro.
NUM  14.
PAR  14. A compound according to claim 13 wherein a is 2, 3, or 4, and wherein
      R.sub.21 and R.sub.22 are hydrogen, methyl, ethyl, or fluoro, being the
      same or different.
NUM  15.
PAR  15. 3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..beta., a
      compound according to claim 12.
NUM  16.
PAR  16. 3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..beta., methyl
      ester, a compound according to claim 12.
NUM  17.
PAR  17. 15(S)-15-Methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..beta., a compound according to claim 12.
NUM  18.
PAR  18. 16,16-Dimethyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..beta., a compound according to claim 12.
NUM  19.
PAR  19. A compound according to claim 2 wherein G is a monovalent moiety of the
      formula
      ##SPC146##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of one to 10
      carbon atoms, inclusive, substituted with zero, one, or 2 fluoro, with one
      to 7 carbon atoms, inclusive, between
      ##EQU98##
      and the ring, wherein T is alkyl of one to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of one to 4 carbon atoms, inclusive, and wherein s is
      zero, one, 2, or 3, with the proviso that not more than two T's are other
      than alkyl.
NUM  20.
PAR  20. A compound according to claim 19 wherein .about. indicates attachment
      of the side chain to the cyclopentane ring in alpha configuration.
NUM  21.
PAR  21. A compound according to claim 20 wherein Q is
      ##EQU99##
NUM  22.
PAR  22. A compound according to claim 21 wherein R.sub.1 is hydrogen or alkyl
      of one to 12 carbon atoms.
NUM  23.
PAR  23. A compound according to claim 21 wherein R.sub.1 is hydrogen, methyl,
      or ethyl.
NUM  24.
PAR  24. A compound according to claim 22 wherein R.sub.2 is hydrogen.
NUM  25.
PAR  25. A compound according to claim 22 wherein R.sub.2 is methyl or ethyl.
NUM  26.
PAR  26. A compound according to claim 22 wherein C.sub.g H.sub.2g is a valence
      bond.
NUM  27.
PAR  27. A compound according to claim 26 wherein C.sub.p H.sub.2p is methylene.
NUM  28.
PAR  28. A compound according to claim 26 wherein C.sub.p H.sub.2p is a valence
      bond.
NUM  29.
PAR  29. A compound according to claim 28 wherein G is
      ##SPC147##
PAL  wherein e is zero, one, 2, or 3; wherein R.sub.21 and R.sub.22 are
      hydrogen, or alkyl of one to 4 carbon atoms, inclusive, or fluoro, being
      the same or different, with the proviso that R.sub.22 is fluoro only when
      R.sub.21 is hydrogen or fluoro; wherein T is alkyl of one to 4 carbon
      atoms, inclusive, fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein
      R.sub.6 is hydrogen or alkyl of one to 4 carbon atoms, inclusive, and
      wherein s is zero, one, 2, or 3, with the proviso that not more than two
      T's are other than alkyl.
NUM  30.
PAR  30. A compound according to claim 29 wherein R.sub.21 and R.sub.22 are
      hydrogen, methyl, ethyl, or fluoro, being the same or different.
NUM  31.
PAR  31. 3-Oxa-3,7-inter-m-phenylene-17-phenyl-4,5,6,18,19,20-hexanor-PGF.sub.1
      .sub..beta., a compound according to claim 28.
NUM  32.
PAR  32. 15(S)-15-Methyl-3-oxa-3,7-inter-m-phenylene
     -17-phenyl-4,5,6,18,19,20-hexanor-PGF.sub.1 .sub..beta., a compound
      according to claim 28.
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ABST
PAL  This invention is a group of PGA.sub.1 -type oxa-phenylene compounds, and
      processes for making them. These compounds are useful for a variety of
      pharmacological purposes, including anti-ulcer, treatment of asthma, and
      management of renal dysfuction.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 302,567, filed Oct. 30, 1972, which was a continuation-in-part of my
      then copending application Ser. No. 121,572, filed Mar. 5, 1971 both now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to compositions of matter, and to methods and
      intermediates for producing them. In particular, the several aspects of
      this invention relate to novel oxa-phenylene analogs of some of the known
      prostaglandins, for example prostaglandin E.sub.1 (PGE.sub.1),
      prostaglandin E.sub.2 (PGE.sub.3), prostaglandin F.sub.1
      (PGF.sub.1.sub..alpha.  and PGF.sub.1 .sub..beta.), prostaglandin F.sub.2
      (PGF.sub.2.sub..alpha.  and PGF.sub.2.sub..beta.), prostaglandin A.sub.1
      (PGA.sub.1), prostaglandin A.sub.2 (PGA.sub.2), prostaglandin B.sub.1
      (PGB.sub.1), prostaglandin B.sub.2 (PGB.sub.2), the corresponding PG.sub.3
      's, and the dihydro PG.sub.1 derivatives, to novel methods for producing
      those novel prostaglandin analogs, and to novel chemical intermediates
      useful in those novel methods.
PAR  Each of the above-mentioned known prostaglandins is a derivative of
      prostanoic acid which has the following structure and atom numbering:
      ##SPC1##
PAL  A systematic name for prostanoic acid is
      7-[(2.beta.-octyl)-cyclopent-1.alpha.-yl]heptanoic acid.
PAR  PGE.sub.1 has the following structure:
      ##SPC2##
PAL  Pgf.sub.1 .sub..alpha.  has the following structure:
      ##SPC3##
PAL  Pgf.sub.1 .sub..beta.  has the following structure:
      ##SPC4##
PAL  Pga.sub.1 has the following structure:
      ##SPC5##
PAL  Pgb.sub.1 has the following structure:
      ##SPC6##
PAR  Each of the known prostaglandins PGE.sub.2, PGF.sub.2 .sub..alpha.,
      PGF.sub.2.sub..beta., PGA.sub.2, and PGB.sub.2 has a structure the same as
      that shown for the corresponding PG.sub.1 compound except that in each,
      C-5 and C-6 are linked with a cis carbon-carbon double bond. For example,
      PGE.sub.2 has the following structure:
      ##SPC7##
PAR  Each of the known PG.sub.3 prostaglandins has a structure the same as that
      of the PG.sub.2 compounds except that in each, C-17 and C-18 are linked
      with a cis carbon-carbon double bond. For example, PGE.sub.3 has the
      following structure:
      ##SPC8##
PAR  Each dihydro derivative of PGE.sub.1, PGF.sub.1.sub..alpha.,
      PGF.sub.1.sub..beta., PGA.sub.1, and PGB.sub.1 has a structure the same as
      that shown for the corresponding PG.sub.1 compound except that in each,
      C-13 and C-14 are linked with a carbon-carbon single bond. For example,
      dihydro-PGE.sub.1 has the following structure:
      ##SPC9##
PAR  The prostaglandin formulas mentioned above each have several centers of
      asymmetry. As drawn, formulas II to IX each represents the particular
      optically active form of the prostaglandin obtained from certain mammalian
      tissues, for example, sheet vesicular glands, swine lung, and human
      seminal plasma, or by reduction or dehydration of a prostaglandin so
      obtained. See, for example, Bergstrom et al., Pharmacol. Rev. 20, 1
      (1968), and references cited therein. The mirror image of each formula
      represents a molecule of the enantiomer of that prostaglandin. The racemic
      form of the prostaglandin consists of equal numbers of two types of
      molecules, one represented by one of the above formulas and the other
      represented by the mirror image of that formula. Thus, both formulas are
      needed to define a racemic prostaglandin. See Nature 212, 38 (1966) for
      discussion of the stereochemistry of the prostaglandins.
PAR  In formulas I-IX, as well as in the formulas given hereinafter, broken line
      attachments to the cyclopentane ring indicate substituents in alpha
      configuration, i.e., below the plane of the cyclopentane ring. Heavy solid
      line attachments to the cyclopentane ring indicate substituents in beta
      configuration, i.e., above the plane of the cyclopentane ring.
PAR  Prostaglandins with carboxyl-terminated side chains attached to the
      cyclopentane ring in beta configuration are also known. These are
      derivatives of 8-iso-prostanoic acid which has the following formula:
      ##SPC10##
PAL  A systematic name for 8-iso-prostanoic acid is
      7-[(2.beta.-octyl)-cyclopent-1.beta.-yl]heptanoic acid.
PAR  The side-chain hydroxy at C-15 in formulas II to IX is in alpha (S)
      configuration. See Nature 212, 38 (1966) for discussion of the
      stereochemistry of the prostaglandins.
PAR  PGE.sub.1, PGE.sub.2, dihydro-PGE.sub.1, and the corresponding
      PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds, and their esters,
      acylates, and pharmacologically acceptable salts, are extremely potent in
      causing various biological responses. For that reason, these compounds are
      useful for pharmacological purposes. See, for example, Bergstrom et al.,
      Pharmacol. Rev. 20, 1 (1968), and references cited therein. A few of those
      biological responses are stimulation of smooth muscle as shown, for
      example, by tests of strips of guinea pig ileum, rabbit duodenum, or
      gerbil colon; potentiation of other smooth muscle stimulants;
      antilipolytic activity as shown by antagonism of epinephrine-induced
      mobilization of free fatty acids or inhibition of the spontaneous release
      of glycerol from isolated rat fat pads; inhibition of gastric secretion in
      the case of the PGE and PGA compounds as shown in dogs with secretion
      stimulated by food or histamine infusion; activity on the central nervous
      system; controlling spasm and facilitating breathing in asthmatic
      conditions; decreasing blood platelet adhesiveness as shown by
      platelet-to-glass adhesiveness, and inhibition of blood platelet
      aggregation and thrombus formation induced by various physical stimuli,
      e.g., arterial injury, and various biochemical stimuli, e.g., ADP, ATP,
      serotonin, thrombin, and collagen; and in the case of the PGE and PGB
      compounds, stimulation of epidermal proliferation and keratinization as
      shown when applied in culture to embryonic chick and rat skin segments.
PAR  Because of these biological responses; these known prostaglandins are
      useful to study, prevent, control, or alleviate a wide variety of diseases
      and undesirable physiological conditions in birds and mammals, including
      humans, useful domestic animals, pets, and zoological specimens, and in
      laboratory animals, for example, mice, rats, rabbits, and monkeys.
PAR  For example, these compounds, and especially the PGE compounds, are useful
      in mammals, including man, as nasal decongestants. For this purpose, the
      compounds are used in a dose range of about 10 .mu.g. to about 10 mg. per
      ml. of a pharmacologically suitable liquid vehicle or as an aerosol spray,
      both for topical application.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., and PGA compounds are useful in
      the treatment of asthma. For example, these compounds are useful as
      bronchodilators or as inhibitors of mediators, such as SRS-A, and
      histamine which are released from cells activated by an antigen-antibody
      complex. Thus, these compounds control spasm and facilitate breathing in
      conditions such as bronchial asthma, bronchitis, bronchiectasis, pneumonia
      and emphysema. For these purposes, these compounds are administered in a
      variety of dosage forms, e.g., orally in the form of tablets, capsules, or
      liquids; rectally in the form of suppositories; parenterally,
      subcutaneously, or intramuscularly, with intravenous administration being
      preferred in emergency situations; by inhalation in the form of aerosols
      or solutions for nebulizers; or by insufflation in the form of powder.
      Doses in the range of about 0.01 to 5 mg. per kg. of body weight are used
      1 to 4 times a day, the exact dose depending on the age, weight, and
      condition of the patient and on the frequency and route of administration.
      For the above use these prostaglandins can be combined advantageously with
      other anti-asthmatic agents, such as sympathomimetics (isoproterenol,
      phenylephrine, ephedrine, etc); xanthine derivatives (theophylline and
      aminophylline); and corticosteroids (ACTH and predinisolone). Regarding
      use of these compounds see South African Pat. No. 681,055.
PAR  The PGE and PGA compounds are useful in mammals, including man and certain
      useful animals, e.g., dogs and pigs, to reduce and control excessive
      gastric secrection, thereby reducing or avoiding gastrointestinal ulcer
      formation, and accelerating the healing of such ulcers already present in
      the gastrointestinal tract. For this purpose, the compounds are injected
      or infused intravenously, subcutaneously, or intramuscularly in an
      infusion dose range about 0.1 .mu.g. to about 500 .mu.g. per kg. of body
      weight per minute, or in a total daily dose by injection or infusion in
      the range about 0.1 to about 20 mg. per kg. of body weight per day, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful whenever
      it is desired to inhibit platelet aggregation, to reduce the adhesive
      character of platelets, and to remove or prevent the formation of thrombi
      in mammals, including man, rabbits, and rats. For example, these compounds
      are useful in the treatment and prevention of myocardial infarcts, to
      treat and prevent post-operative thrombosis, to promote patency of
      vascular grafts following surgery, and to treat conditions such as
      atherosclerosis, arteriosclerosis, blood clotting defects due to lipemia,
      and other clinical conditions in which the underlying etiology is
      associated with lipid imbalance or hyperlipidemia. For these purposes,
      these compounds are administered systemically, e.g., intravenously,
      subcutaneously, intramuscularly, and in the form of sterile implants for
      prolonged action. For rapid response, especially in emergency situations,
      the intravenous route of administration is preferred. Doses in the range
      about 0.005 to about 20 mg. per kg. of body weight per day are used, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are especially
      useful as additives to blood, blood products, blood substitutes, and other
      fluids which are used in artificial extracorporeal circulation and
      perfusion of isolated body portions, e.g., limbs and organs, whether
      attached to the original body, detached and being preserved or prepared
      for transplant, or attached to a new body. During these circulations and
      perfusions, aggregated platelets tend to block the blood vessels and
      portions of the circulation apparatus. This blocking is avoided by the
      presence of these compounds. For this purpose, the compound is added
      gradually or in single or multiple portions to the circulating blood, to
      the blood of the donor animal, to the perfused body portion, attached or
      detached, to the recipient, or to two or all of those at a total steady
      state dose of about 0.001 to 10 mg. per liter of circulating fluid. It is
      especially useful to use these compounds in laboratory animals, e.g.,
      cats, dogs, rabbits, monkeys, and rats, for these purposes in order to
      develop new methods and techniques for organ and limb transplants.
PAR  PGE compounds are extremely potent in causing stimulation of smooth muscle,
      and are also highly active in potentiating other known smooth muscle
      stimulators, for example, oxytocic agents, e.g., oxytocin, and the various
      ergot alkaloids including derivatives and analogs thereof. Therefore,
      PGE.sub.2, for example, is useful in place of or in combination with less
      than usual amounts of these known smooth muscle stimulators, for example,
      to relieve the symptoms of paralytic ileus, or to control or prevent
      antonic uterine bleeding after abortion or delivery, to aid in expulsion
      of the placenta, and during the puerperium. For the latter purpose, the
      PGE compound is administered by intravenous infusion immediately after
      abortion or delivery at a dose in the range about 0.01 to about 50 .mu.g.
      per kg. of body weight per minute until the desired effect is obtained.
      Subsequent doses are given by intravenous, subcutaneous, or intramuscular
      injection or infusion during puerperium in the range 0.01 to 2 mg. per kg.
      of body weight per day, the exact dose depending on the age, weight, and
      condition of the patient or animal.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful in place
      of oxytocin to induce labor in pregnant female animals, including man,
      cows, sheep, and pigs, at or near term, or in pregnant animals with
      intrauterine death of the fetus from about 20 weeks to term. For this
      purpose, the compound is infused intravenously at a dose of 0.01 to 50
      .mu.g. per kg. of body weight per minute until or near the termination of
      the second stage of labor, i.e., expulsion of the fetus. These compounds
      are especially useful when the female is one or more weeks post-mature and
      natural labor has not started, or 12 or 60 hours after the membranes have
      ruptured and natural labor has not yet started. An alternative route of
      administration is oral.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful for
      controlling the reproductive cycle in ovulating female mammals, including
      humans and animals such as monkeys, rats, rabbits, dogs, cattle, and the
      like. By the term ovulating female mammals is meant animals which are
      mature enough to ovulate but not so old that regular ovulation has ceased.
      For that purpose PGF.sub.2.sub..alpha., for example, is administered
      systemically at a dose level in the range 0.01 mg. to about 20 mg. per kg.
      of body weight of the female mammal, advantageously during a span of time
      starting approximately at the time of ovulation and ending approximately
      at the time of menses or just prior to menses. Intravaginal and
      intrauterine are alternative routes of administration. Additionally,
      expulsion of an embryo or a fetus is accomplished by similar
      administration of the compound during the first third of the normal
      mammalian gestation period.
PAR  As mentioned above, the PGE compounds are potent antagonists of
      epinephrine-induced mobilization of free fatty acids. For this reason,
      this compound is useful in experimental medicine for both in vitro and in
      vivo studies in mammals, including man, rabbits, and rats, intended to
      lead to the understanding, prevention, symptom alleviation, and cure of
      diseases involving abnormal lipid mobilization and high free fatty acid
      levels, e.g., diabetes mellitus, vascular diseases, and hyperthyroidism.
PAR  The PGA compounds and derivatives and salts thereof increase the flow of
      blood in the mammalian kidney, thereby increasing volume and electrolyte
      content of the urine. For that reason, PGA compounds are useful in
      managing cases of renal dysfunction, especially those involving blockage
      of the renal vascular bed. Illustratively, the PGA compounds are useful to
      alleviate and correct cases of edema resulting, for example, from massive
      surface burns, and in the management of shock. For these purposes, the PGA
      compounds are preferably first administered by intravenous injection at a
      dose in the range of 10 to 1000 .mu.g. per kg. of body weight or by
      intravenous infusion at a dose in the range 0.1 to 20 .mu.g. per kg. of
      body weight per minute until the desired effect is obtained. Subsequent
      doses are given by intravenous, intramuscular, or subcutaneous injection
      or infusion in the range 0.05 to 2 mg. per kg. of body weight per day.
PAR  The PGE and PGB compounds promote and accelerate the growth of epidermal
      cells and keratin in animals, including humans, useful domestic animals,
      pets, zoological specimens, and laboratory animals. For that reason, these
      compounds are useful to promote and accelerate healing of skin which has
      been damaged, for example, by burns, wounds, and abrasions, and after
      surgery. These compounds are also useful to promote and accelerate
      adherence and growth of skin autografts, especially small, deep (Davis)
      grafts which are intended to cover skinless areas by subsequent outward
      growth rather than initially, and to retard rejection of homografts.
PAR  For these purposes, these compounds are preferably administered topically
      at or near the cite where cell growth and keratin formation is desired,
      advantageously as an aerosol liquid or micronized powder spray, as an
      isotonic aqueous solution in the case of wet dressings, or as a lotion,
      cream, or ointment in combination with the usual pharmaceutically
      acceptable diluents. In some instances, for example, when there is
      substantial fluid loss as in the case of extensive burns or skin loss due
      to other causes, systemic administration is advantageous, for example, by
      intravenous injection or infusion, separate or in combination with the
      usual infusions of blood, plasma, or substitutes thereof. Alternative
      routes of administration are subcutaneous or intramuscular near the site,
      oral, sublingual, buccal, rectal, or vaginal. The exact dose depends on
      such factors as the route of administration, and the age, weight, and
      condition of the subject. To illustrate, a wet dressing for topical
      application to second and/or third degree burns of skin area 5 to 25
      square centimeters would advantageously involve use of an isotonic aqueous
      solution containing 1 to 500 .mu.g./ml. of the PGB compound or several
      times that concentration of the PGE compound. Especially for topical use,
      these prostaglandins are useful in combination with antibiotics, for
      example, gentamycin, neomycin, polymyxin B, bacitracin, spectinomycin, and
      oxytetracycline, with other antibacterials, for example, mafenide
      hydrochloride, sulfadiazine, furazolium chloride, and nitrofurazone, and
      with corticoid steroids, for example, hydrocortisone, prednisolone,
      methylprednisolone, and fluprednisolone, each of those being used in the
      combination at the usual concentration suitable for its use alone.
PAR  The PGE and PGF compounds are useful in causing cervical dilation in
      pregnant and nonpregnant female mammals for purposes of gynecology and
      obstetrics. In labor induction and in clinical abortion produced by these
      compounds, cervical dilation is also observed. In cases of infertility,
      cervical dilation produced by PGE and PGF compounds is useful in assisting
      sperm movement to the uterus. Cervical dilation by prostaglandins is also
      useful in operative gynecology such as D and C (Cervical Dilation and
      Uterine Curettage) where mechanical dilation may cause performation of the
      uterus, cervical tears, or infections. It is also useful in diagnostic
      procedures where dilation is necessary for tissue examination. For these
      purposes, the PGE and PGF compounds are administered locally or
      systemically. PGE.sub.2, for example, is administered orally or vaginally
      at doses of about 5 to 50 mg. per treatment of an adult female human, with
      from one to five treatments per 24 hour period. PGE.sub.2 is also
      administered intramuscularly or subcutaneously at doses of about one to 25
      mg. per treatment. The exact dosages for these purposes depend on the age,
      weight, and condition of the patient or animal.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds are useful
      in reducing the undesirable gastrointestinal effects resulting from
      systemic administration of anti-inflammatory prostaglandin synthetase
      inhibitors, and are used for that purpose by concomitant administration of
      the prostaglandin and the anti-inflammatory prostaglandin synthetase
      inhibitor. See Partridge et al., U.S. Pat. No. 3,781,429, for a disclosure
      that the ulcerogenic effect induced by certain non-steroidal
      anti-inflammatory agents in rats is inhibited by concomitant oral
      administration of certain prostaglandins of the E and A series, including
      PGE.sub.1, PGE.sub.2, PGE.sub.3, 13,14-dihydro-PGE.sub.1, and the
      corresponding 11-deoxy-PGE and PGA compounds.
PAR  The anti-inflammatory synthetase inhibitor, for example, indomethacin,
      aspirin, or phenylbutazone is administered in any of the ways known in the
      art to alleviate an inflammatory condition, for example, in any dosage
      regimen and by any of the known routes of systemic administration. The
      prostaglandin is administered along with the anti-inflammatory
      prostaglandin synthetase inhibitor either by the same route of
      administration or by a different route. For example, if the
      anti-inflammatory substance is being administered orally, the
      prostaglandin is also administered orally or, alternatively, is
      administered rectally in the form of a suppository or, in the case of
      women, vaginally in the form of a suppository or a vaginal device for slow
      release, for example as described in U.S. Pat. No. 3,545,439.
      Alternatively, if the anti-inflammatory substance is being administered
      rectally, the prostaglandin is also administered rectally or,
      alternatively, orally or, in the case of women vaginally. It is especially
      convenient when the administration route is to be the same for both
      anti-inflammatory substance and prostaglandin, to combine both into a
      single dosage form.
PAR  The dosage regimen for the prostaglandin in accord with this treatment will
      depend upon a variety of factors, including the type, age, weight, sex and
      medical condition of the mammal, the nature and dosage regimen of the
      anti-inflammatory synthetase inhibitor being administered to the mammal,
      the sensitivity of the particular individual mammal to the particular
      synthetase inhibitor with regard to gastrointestinal effects, and the
      particular prostaglandin to be administered.
PAC  SUMMARY OF THE INVENTION
PAR  It is a purpose of this invention to provide novel oxa-phenylene
      prostaglandin analogs, and process for making them.
PAR  The novel prostaglandin analogs of this invention each have an oxa oxygen
      (--O--) and a divalent phenylene moiety
      ##SPC11##
PAL  in the carboxyl-terminated side chain of the prostanoic acid structure (I)
      or the 8-iso-prostanoic acid structure (X). These divalent groups are
      located between the carboxyl group and the cyclopentane ring, and are
      either in addition to the six methylene portions of said chain or in place
      of one to five of said methylene portions. Bonding to the phenylene ring
      is either ortho, meta, or para. The oxa group is between the phenylene
      moiety and the carboxyl group.
PAR  Some of the novel prostaglandin analogs of this invention also have, in
      addition, a benzene ring as part of the C-13 to C-20 chain of the
      prostanoic acid structure (I) or 8-iso-prostanoic acid structure (X). That
      benzene ring is present as a substituted or unsubstituted phenyl moiety
      attached as a substituent to one of the methylenes between C-15 and the
      terminal methyl of the prostanoic acid or 8-isoprostanoic acid structure.
      Alternatively, the substituted or unsubstituted phenyl moiety is attached
      to the terminal or omega carbon of the C-16 to C-20 portion of the chain,
      replacing one of the hydrogens of the terminal methyl, the entire terminal
      methyl, or the terminal methyl plus one to four of the methylenes adjacent
      to that terminal methyl.
PAR  For example, five of the novel prostaglandin analogs of this invention are
      represented by the formulas:
      ##SPC12##
PAL  Based on its relationship to PGE.sub.1 and prostanoic acid, the compound of
      formula XI is named 3-oxa-4,5-inter-p-phenylene-PGE.sub.1. Similarly, the
      compound of formula XII is named
      15(R)-3-oxa-3,6-inter-m-phenylene-4,5-dinor-13,14-dihydro-PGF.sub.1.sub..a
     lpha., the compound of formula XIII is named
      8-iso-3-oxa-19-phenyl-4,7-inter-m-phenylene-5,6-dinor-PGA.sub.1, the
      compound of the formula XIV is named
      3-oxa-16-(4-chloro-phenyl)-3,5-inter-o-phenylene-4,17,18,19,20-pentanor-PG
     F.sub.2 .sub..beta., and the compound of formula XV is named
      5,6-dehydro-4-oxa-4,5-inter-m-phenylene-PGB.sub.2.
PAR  These names for the compounds of formulas XI to XV are typical of the names
      used hereinafter for the novel compounds of this invention. These names
      can better be understood by reference to the structure and numbering
      system of prostanoic acid (Formula I, above). That formula has seven
      carbon atoms in the carboxy-terminated chain and eight carbon atoms in the
      hydroxy-containing chain. In these names, "3-oxa" and "4-oxa" indicate an
      oxa oxygen (--O--) in place of the 3-methylene and 4-methylene,
      respectively of the PG compound.
PAR  The use of "nor,"  "dinor," "trinor," "tetranor," "pentanor," "hexanor,"
      and the like in the names for the novel compounds of this invention
      indicates the absence of one or more of the chain carbon atoms and the
      attached hydrogen atoms. The number or numbers in front of nor, dinor,
      etc., indicate which of the original prostanoic acid carbon atoms are
      missing in the named compound.
PAR  Each of the names of the novel compounds of this invention contains
      (inter-p-phenylene), (inter-m-phenylene), or (inter-o-phenylene), preceded
      by two numbers. That indicates that p-phenylene, m-phenylene, or
      o-phenylene has been inserted between (inter) the two carbon atoms so
      numbered in the formula of prostanoic acid.
PAR  Thus, formula XIII differs from prostanoic acid in that an oxa oxygen
      replaces carbon 3, carbons 5 and 6 of prostanoic acid are missing,
      m-phenylene has been inserted between carbons 4 and 7 of prostanoic acid,
      and a phenyl has been attached to carbon 19 of prostanoic acid. Formula
      XIII also, of course, is an A type prostaglandin, having a carbonyl oxygen
      and a 10:11 double bond.
PAR  Novel compounds of this invention with the carboxyl-terminated chain
      attached to the cyclopentane ring in beta configuration are 8-iso
      compounds (formula X), and are so designated by using "8-iso" in the name.
      An example is the name given above for the compound of formula XIII. If
      8-iso does not appear in the name, attachment of the carboxy-terminated
      chain in alpha configuration is to be assumed.
PAR  Novel compounds of this invention with epi configuration for the hydroxy at
      C-15 are so designated by using "15(R)" in the name. See, for example, the
      name given above for the formula-XII compound. Alternately, "15-beta" is
      used. See. R. S. Cahn, Journal of Chemical Education Vol. 41, page 116
      (1964) for a discussion of S and R configurations. If "15(R)" or "15-beta"
      does not appear in the name, the natural configuration for the C-15
      hydroxy, identified as the "S" configuration for PGE.sub.1, is to be
      assumed.
PAR  Some of the novel compounds of this invention differ structurally in other
      ways from the known prostanoic acid derivatives, having for example, more
      or fewer carbon atoms in either chain, and having one or more alkyl and/or
      fluoro substituents in the chains.
PAR  The following formulas represent the novel oxaphenylene compounds of this
      invention.
      ##SPC13##
PAL  Formulas XVI-XIX, and XXXII represent oxa-phenylene compounds of the PGE
      type. Formulas XX-XXIII, and XXXIII represent oxa-phenylene compounds of
      the PGF type. Formulas XXIV-XXVII, and XXXIV represent oxa-phenylene
      compounds of the PGA type. Formulas XXVIII-XXXI, and XXXV represent
      oxa-phenylene compounds of the PGB type.
PAR  In formulas XVI to XXXV, the wavy line .about. indicates attachment of the
      hydroxyl or the side chain to the cyclopentane ring in alpha or beta
      configuration;
PAR  G is (1) alkyl of 2 to 10 carbon atoms, inclusive, substituted with zero,
      one, 2, or 3 fluoro or (2) a monovalent moiety of the formula
      ##SPC14##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of 1 to 10
      carbon atoms, inclusive, substituted with zero, one, or 2 fluoro, with one
      to 7 carbon atoms, inclusive, between
      ##EQU1##
      and the ring, wherein T is alkyl of one to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of one to 4 carbon atoms, inclusive, and wherein s is
      zero, one, 2, or 3, with the proviso that not more than two T's are other
      than alkyl, R.sub.1 is hydrogen, alkyl of one to 12 carbon atoms,
      inclusive, cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to
      12 carbon atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3
      chloro or alkyl of one to 4 carbon atoms, inclusive, or ethyl substituted
      in the .beta.-position with 3 chloro, 2 or 3 bromo, or 1, 2, or 3 iodo; Q
      is
      ##EQU2##
      wherein R.sub.2 is hydrogen or alkyl of one to 4 carbon atoms, inclusive;
      R.sub.3 and R.sub.4 are hydrogen or methyl; and R.sub.5 is alkyl of one to
      4 carbon atoms, inclusive, substituted with zero, one, 2, or 3 fluoro.
PAR  Likewise, in formulas XVI to XXXV, C.sub.g H.sub.2g represents a valence
      bond or alkylene of one to 4 carbon atoms, inclusive, with one or 2 chain
      carbon atoms between --CH.sub.2 -- and the ring; C.sub.j H.sub.2j
      represents a valence bond or alkylene of one or 2 carbon atoms with one
      chain carbon atom between the chain unsaturation and the ring; C.sub.n
      H.sub.2n is alkylene of one to 4 carbon atoms, inclusive; C.sub.p H.sub.2p
      represents a valence bond or alkylene of one to 4 carbon atoms, inclusive,
      with one or 2 chain carbon atoms between the ring and --O--, wherein
      C.sub.g H.sub.2g and C.sub.p H.sub.2p together represent zero to 8 carbon
      atoms, inclusive, with total chain lengths zero to 3 carbon atoms,
      inclusive, and wherein C.sub.j H.sub.2j and C.sub.p H.sub.2p together
      represent zero to 6 carbon atoms, inclusive, with total chain lengths zero
      to 3 carbon atoms, inclusive.
PAR  Regarding the meaning of C.sub.g H.sub.2g, C.sub.j H.sub.2j, and C.sub.p
      H.sub.2p as defined above, the novel compounds of this invention include
      compounds wherein a carbon atom of the phenylene moiety is attached
      directly to the C-7 methylene or the C-5 =CR.sub.4 -- in ortho, meta, or
      para orientation relative to the oxa-containing portion of the carboxyl
      chain. When C.sub.g H.sub.2g represents alkylene, the chain of carbon
      atoms which connects the C-7 methylene to a carbon atom of phenylene will
      be one or 2 carbon atoms long. When C.sub.j H.sub.2j represents alkylene,
      the chain of carbon atoms which connects =CR.sub.4 -- to a carbon atom of
      phenylene will be one carbon atom long. C.sub.p H.sub.2p represents a
      valence bond or alkylene of one to 6 carbon atoms, inclusive, with one or
      2 carbon atoms between the ring and the --O--. Any or all of these
      alkylene chains are unsubstituted or substituted with alkyl carbons in the
      form of one or more alkyl groups within the total carbon content of each
      chain as specified above, i.e., a maximum of 4 carbon atoms of C.sub.g
      H.sub.2g, 2 carbons for C.sub.j H.sub.2j, and 4 carbons for C.sub.p
      H.sub.2p. When C.sub.g H.sub.2g or C.sub.j H.sub.2j is alkylene, it is the
      same as or different than C.sub.p H.sub.2p, 8 carbon atoms being the
      maximum total carbon content and 3 carbon atoms being the maximum total
      chain length for the combination of C.sub.g H.sub.2g and C.sub.p H.sub.2p,
      and 6 carbon atoms being the maximum total carbon content and 3 carbon
      atoms being the maximum total chain length for the combination of C.sub.j
      H.sub.2j and C.sub.p H.sub.2p. To illustrate these definitions, when
      C.sub.g H.sub.2g is ethylene, C.sub.p H.sub.2p is methylene, or one of
      them is a valence bond and the other is ethylene, but both are not
      ethylene. In this first illustration, where the total chain length of
      C.sub.g H.sub.2g and C.sub. p H.sub.2p is 3 carbon atoms, up to 5 carbon
      atoms are in the alkyl substituents.
PAR  Formulas XVI through XXXV include the separate isomers wherein Q is either
      ##EQU3##
      i.e. where the hydroxyl is in either alpha (natural) or beta
      configuration. Referring to the prostanoic acid atom numbering (formula I
      above), the point of attachment corresponds to C-15, and, herein,
      regardless of the variation in the C-1 to C-7 carboxy chain, these epimers
      are referred to as "C-15 epimers".
PAR  Formulas XX-XXIII, and XXXIII wherein the C-9 hydroxyl (following
      prostanoic acid atom numbering) is attached to the cyclopentane with a
      wavy line .about. include both PGF.sub..alpha.- and PGF.sub..beta.-type
      compounds.
PAR  Included in Formulas XVII, XXI, XXV, and XXIX, are both the cis and the
      trans compounds with respect to the C-5 to C-6 double bonds in the
      carboxyl-terminated side chain. In all of the compounds containing the
      C.sub.13 to C.sub.14 double bond, that double bond is in trans
      configuration, and the chain containing that moiety is attached to the
      cyclopentane ring in beta configuration in compounds encompassed by
      formulas XVI to XXXV.
PAR  The novel oxa-phenylene compounds of this invention include racemic
      compounds and both optically active enantiomeric forms thereof. As
      discussed hereinabove, two structural formulas are required to define
      accurately these racemic compounds. The formulas as drawn herein are
      intended to represent compounds with the same configuration as the
      naturally-occurring prostaglandins. However, for convenience in the charts
      herein only a single structural formula is used, for example in Chart D,
      to define not only the optically active form but also the racemic
      compounds which generally undergo the same reactions.
PAR  Formula XVI represents 3-oxa-4,5-inter-p-phenylene-PGE.sub.1 (formula XI
      hereinabove) when C.sub.g H.sub.2g is ethylene, C.sub.p H.sub.2p is
      methylene, G is n-pentyl, Q is
      ##EQU4##
      R.sub.1 is hydrogen, C.sub.g H.sub.2g and C.sub.p H.sub.2p are attached to
      the phenylene in para orientation, and the carboxyl-terminated side chain
      is attached to the cyclopentane ring in alpha configuration.
PAR  With regard to formulas XVI to XXXV, examples of alkyl of one to 4 carbon
      atoms, inclusive, or methyl, ethyl, propyl, butyl, and isomeric forms
      thereof. Examples of alkyl of 1 to 8 carbon atoms, inclusive, are those
      given above, and pentyl, hexyl, heptyl, octyl, and isomeric forms thereof.
      Examples of alkyl of one to 12 carbon atoms, inclusive, are those given
      above, and nonyl, decyl, undecyl, dodecyl, and isomeric forms thereof.
      Examples of cycloalkyl of 3 to 10 carbon atoms, inclusive, which includes
      alkyl-substituted cycloalkyl, are cyclopropyl, 2-methylcyclopropyl,
      2,2-dimethylcyclopropyl, 2,3-diethylcyclopropyl, 2-butylcyclopropyl,
      cyclobutyl, 2-methylcyclobutyl, 3-propylcyclobutyl,
      2,3,4-triethylcyclobutyl, cyclopentyl, 2,2-dimethylcyclopentyl,
      3-pentylcyclopentyl, 3-tert-butylcyclopentyl, cyclohexyl,
      4-tert-butylcyclohexyl, 3-isopropylcyclohexyl, 2,2-dimethylcyclohexyl,
      cycloheptyl, cyclooctyl, cyclononyl, and cyclodecyl. Examples of aralkyl
      of 7 to 12 carbon atoms, inclusive, are benzyl, phenethyl, 1-phenylethyl,
      2-phenylpropyl, 4-phenylbutyl, 3-phenylbutyl, 2-(1-naphthylethyl), and
      1-(2-naphthylmethyl). Examples of phenyl substituted by one to 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive, are p-chlorophenyl,
      m-chlorophenyl, o-chlorophenyl, 2,4-dichlorophenyl, 2,4,6-trichlorophenyl,
      p-tolyl, m-tolyl, o-tolyl, p-ethylphenyl, p-tert-butylphenyl,
      2,5-dimethylphenyl, 4-chloro-2-methylphenyl, and
      2,4-dichloro-3-methylphenyl.
PAR  Examples of alkyl of two to 10 carbon atoms, inclusive, substituted with
      one to 3 fluoro, are 2-fluoroethyl, 2-fluorobutyl, 3-fluorobutyl,
      4-fluorobutyl, 5-fluoropentyl, 4-fluoro-4-methylpentyl, 3-fluoroisoheptyl,
      8-fluorooctyl, 3,4-difluorobutyl, 4,4-difluoropentyl, 5,5-difluoropentyl,
      5,5,5-trifluoropentyl, and 10,10,10-trifluorodecyl.
PAR  Examples of alkylene within the various scopes of C.sub.g H.sub.2g, C.sub.j
      H.sub.2j, C.sub.p H.sub.2p, C.sub.n H.sub.2n, and C.sub.t H.sub.2t, as
      those are defined above, are methylene, trimethylene, tetramethylene,
      pentamethylene, hexamethylene, and heptamethylene, and those alkylene with
      one or more alkyl substituents on one or more carbon atoms, thereof, e.g.,
      --CH(CH.sub.3)--, --C(CH.sub.3).sub.2 --, --CH(CH.sub.2 CH.sub.3)--,
      --CH.sub.2 --CH(CH.sub.3)--, --CH(CH.sub.3)--CH(CH.sub.3)--, --CH.sub.2
      --C(CH.sub.3).sub.2 --, --CH.sub.2 --CH(CH.sub.3)--CH.sub.2 --, --CH.sub.2
      --CH.sub.2 --CH(CH.sub.2 CH.sub.2 CH.sub.3)--,
      --CH(CH.sub.3)--CH(CH.sub.3)--CH.sub.2 --CH.sub.2 --, --CH.sub.2
      --CH.sub.2 --CH.sub.2 --C(CH.sub.3).sub.2 --CH.sub.2 --, --CH.sub.2
      --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH(CH.sub.3)--, --CH.sub.2 --CH.sub.2
      --CH.sub.2 -CH.sub.2 --CH.sub.2 --C(CH.sub.3).sub.2 --,
      --CH(CH.sub.3)--CH.sub.2 --CH(CH.sub.3)--CH.sub.2 --CH.sub.2
      --CH(CH.sub.3)--, and --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CH.sub.2 --CH.sub.2 --C(CH.sub.3).sub.2 --.
PAR  Examples of alkylene substituted with one or 2 fluoro and within the scope
      of C.sub.t H.sub.2t, as defined above, are --CHF--CH.sub.2 --, CHF--CHF--,
      --CH.sub.2 --CH.sub.2 --CF.sub.2 --, --CH.sub.2 --CHF--CH.sub.2 --,
      --CH.sub.2 --CH.sub.2 --CF(CH.sub.3)--, --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CF.sub.2 --, and --CHF--CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CH.sub.2 --CH.sub.2 --.
PAR  Examples of
      ##SPC15##
PAL  as defined above are phenyl, p-tolyl, m-tolyl, o-tolyl, p-fluorophenyl,
      m-fluorophenyl, o-fluorophenyl, p-chlorophenyl, m-chlorophenyl,
      o-chlorophenyl, p-trifluoromethylphenyl, m-trifluoromethylphenyl,
      p-trifluoromethylphenyl, p-hydroxyphenyl, m-hydroxyphenyl,
      o-hydroxyphenyl, p-methoxyphenyl, m-methoxyphenyl, o-methoxyphenyl,
      p-tetrahydropyranyloxyphenyl, m-tetrahydropyranyloxyphenyl,
      o-tetrahydropyranyloxyphenyl, o-ethylphenyl, m-isopropylphenyl,
      p-tert-butylphenyl, p-butoxyphenyl, 3,4-dimethylphenyl, 2,4-diethylphenyl,
      2,4,6-trimethylphenyl, 3,4,5-trimethylphenyl, 2,4-dichlorophenyl,
      3,4-difluorophenyl, 2-chloro-4-methylphenyl, 2-fluoro-4-methoxyphenyl,
      3,5-dimethyl-4-fluorophenyl, 2,6-dimethyl-4-hydroxyphenyl, and
      2,4-di(trifluoromethyl)phenyl.
PAR  The novel formula XVI-XIX, and XXXII PGE-type oxa-phenylene compounds, the
      novel formula XX-XXIII, and XXXIII PGF.sub..alpha.-type and
      PGF.sub..beta.-type oxa-phenylene compounds, the novel formula XXIV-XXVII,
      and XXXIV PGA-type oxa-phenylene compounds, and the novel formula
      XXVIII-XXXI, and XXXV PGB-type oxa-phenylene compounds each cause the
      biological responses described above for the PGE, PGF.sub..alpha.,
      PGF.sub..beta., PGA, and PGB compounds, respectively, and each of these
      novel compounds is accordingly useful for the above-described
      corresponding purposes, and is used for those purposes in the same manner
      as described above.
PAR  The known PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds
      uniformly cause multiple biological responses even at low doses. For
      example, PGE.sub.1 and PGE.sub.2 both cause vasodepression and smooth
      muscle stimulation at the same time they exert antilipolytic activity.
      Moreover, for many applications, these known prostaglandins have an
      inconveniently short duration of biological activity. In striking
      contrast, the novel prostaglandin analogs of formulas XVI to XXXV are
      substantially more specific with regard to potency in causing
      prostaglandin-like biological responses, and have a substantially longer
      duration of biological activity. Therefore, each of these novel
      prostaglandin analogs is useful in place of one of the corresponding
      above-mentioned known prostaglandins for at least one of the
      pharmacological purposes indicated above for the latter, and is
      surprisingly and unexpectedly more useful for that purpose because it has
      a different and narrower spectrum of biological activity than the known
      prostaglandin, and therefore is more specific in its activity and causes
      smaller and fewer undesired side effects than the known prostaglandin.
      Moreover, because of its prolonged activity, fewer and smaller doses of
      the novel prostaglandin analog can frequently be used to attain the
      desired result.
PAR  To obtain the optimum combination of biological response specificity,
      potency, and duration of activity, certain compounds within the scope of
      formulas XVI to XXXV are preferred. For example, in compounds of formulas
      XVI, XIX, XX, XXIII, XXIV, XXVII, XXVIII, and XXXI, it is preferred that
      the carboxyl-terminated side chain contain a total of 2 to 4 chain carbon
      atoms, inclusive, excluding the phenylene and --COOR.sub.1, and including
      the C-7 methylene. In other words, preferred compounds of these formulas
      are those wherein C.sub.g H.sub.2g and C.sub.p H.sub.2p together represent
      zero, one, or 2 chain carbon atoms. Especially preferred compounds of
      these formulas are those wherein C.sub.g H.sub.2g and C.sub.p H.sub.2p
      each represent a valence bond, and those wherein C.sub.g H.sub.2g
      represents a valence bond and C.sub.p H.sub.2p represents a single chain
      carbon atom, especially methylene.
PAR  In compounds of formulas XVII, XVIII, XXI, XXII, XXV, XXVI, XXIX, XXX,
      XXXII, XXXIII, XXXIV, and XXXV, it is preferred that the
      carboxyl-terminated side chain contain a total of 4 or 5 chain carbon
      atoms, excluding the phenylene and --COOR.sub.1, and including --CH.sub.2
      --CR.sub.3 =CR.sub.4 -- and --CH.sub.2 --C.tbd.C--. In other words,
      preferred compounds of these formulas are those wherein C.sub.j H.sub.2j
      and C.sub.p H.sub.2p together represent zero or one chain carbon atoms.
      Included in these coumpounds are those wherein C.sub.j H.sub.2j and
      C.sub.p H.sub.2p each represent a valence bond, and those wherein C.sub.j
      H.sub.2j represents a valence bond, and C.sub.p H.sub.2p represents a
      single chain carbon atom, especially methylene.
PAR  As used herein, a chain carbon atom is part of the direct chain carbon
      atoms linking the C-7 methylene or =CR.sub.4 -- to the phenylene, the
      phenylene to the oxa, and the oxa to --COOR.sub.1. Thus, the chain
      --CH(CH.sub.3)--C(CH.sub.3).sub.2 -- contains 5 carbon atoms but only 2
      chain atoms.
PAR  Another preference for the carboxy-terminated side chain in compounds of
      formulas XVI to XXXV is that the phenylene be a meta-phenylene.
PAR  Another preference for the compounds of formulas XVI to XXXV is that
      R.sub.2, R.sub.3, and R.sub.4 are hydrogen or methyl. All of those R
      groups can be hydrogen, all can be methyl, or there can be any of the
      possible combinations of hydrogen and methyl.
PAR  Certain variations in the nature of G in the compounds of formulas XVI to
      XXXV are especially important. In the known PG.sub.1 and PG.sub.2
      prostaglandins, e.g., PGE.sub.1, the portion of the molecule corresponding
      to G in formulas XVI to XXXI is n-pentyl. When G is unsubstituted alkyl or
      fluoro-substituted alkyl as defined above, there is a preference which
      results in compounds with optimum combinations of biological properties:
      namely that G is straight chain alkyl of 3 to 7 carbon atoms, inclusive,
      with or without a fluoro substituent at the 1-position , e.g.,
      --CHF--(CH.sub.2).sub.a --CH.sub.3, wherein a is one, 2, 3, 4, or 5.
      Especially preferred among these are n-pentyl and 1-fluoropentyl.
PAR  When G is substituted alkyl, it is preferred that the 1-position be mono-
      or di-substituted with one or two alkyl groups containing from one to 4
      carbon atoms, inclusive. Especially preferred are formula XVI-to-XXXV
      compounds wherein G is substituted at the 1-position with methyl and/or
      ethyl, e.g. --CH(CH.sub.3)--(CH.sub.2).sub.c --CH.sub.3, --CH(C.sub.2
      H.sub.5)--(CH.sub.2).sub.c --CH.sub.3, --C(CH.sub.3).sub.2
      --(CH.sub.2).sub.c --CH.sub.3, --C(C.sub.2 H.sub.5).sub.2
      --(CH.sub.2).sub.c --CH.sub.3, or --C(CH.sub.3)(C.sub.2
      H.sub.5)--(CH.sub.2).sub.c --CH.sub.3, wherein c is 2, 3, or 4.
PAR  When G represents
      ##SPC16##
PAL  as defined above, it is preferred for compounds with optimum combination of
      biological properties that C.sub.t H.sub.2t be a valence bond, i.e., t is
      zero, or alkylene of one to 4 carbon atoms, inclusive, i.e.,
      --(CH.sub.2).sub.d -- wherein d is one, 2, 3, or 4, with or without a
      fluoro or alkyl substituent on the carbon adjacent to the
      hydroxy-substituted carbon (C-15 in PGE.sub.1), e.g.,
      --CHF--(CH.sub.2).sub.e --, --CH(CH.sub.3)--(CH.sub.2).sub.e --, or
      --C(CH.sub.3).sub.2 --(CH.sub.2).sub.e --, wherein e is zero, one, 2, or
      3. Further, it is preferred that the phenyl ring when present and
      substituted, be substituted at least at the para position.
PAR  In compounds of formulas XXXII to XXXV, it is preferred that C.sub.n
      H.sub.2n be methylene and that R.sub.5 be ethyl.
PAR  Another way of expressing the above preferences for G is that when G is
      alkyl or fluoro-substituted alkyl it be a group represented by
      ##EQU5##
      wherein a is one, 2, 3, 4, or 5, and wherein R.sub.21 and R.sub.22 are
      hydrogen, alkyl of one to 4 carbon atoms, inclusive, or fluoro, being the
      same or different, with the proviso that R.sub.22 is fluoro only when
      R.sub.21 is hydrogen or fluoro.
PAR  Furthermore, when G is
      ##SPC17##
PAL  it is preferred that when C.sub.t H.sub.2t is alkylene or
      fluoro-substituted alkylene it be a group represented by
      ##EQU6##
      wherein e is zero, one, 2, or 3, and wherein R.sub.21 and R.sub.22 are as
      defined above.
PAR  Still another preference is that Q be
      ##EQU7##
      wherein R.sub.2 is as defined hereinabove.
PAR  Another advantage of the novel compounds of this invention, especially the
      preferred compounds defined hereinabove, compared with the known
      prostaglandins, is that these novel compounds are administered effectively
      orally, sublingually, intravaginally, buccally, or rectally, in addition
      to usual intravenous, intramuscular, or subcutaneous injection or infusion
      methods indicated above for the uses of the known prostaglandins. These
      qualities are advantageous because they facilitate maintaining uniform
      levels of these compounds in the body with fewer, shorter, or smaller
      doses, and make possible self-administration by the patient.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type oxa-phenylene
      compounds encompassed by formulas XVI to XXXV including the special
      classes of compounds described above, are used for the purposes described
      above in the free acid form, in ester form, or in pharmacologically
      acceptable salt form. When the ester form is used, the ester is any of
      those within the above definition of R.sub.1. However it is preferred that
      the ester be alkyl of one to 12 carbon atoms, inclusive. Of those alkyl,
      methyl and ethyl are especially preferred for optimum absorption of the
      compound by the body or experimental animal system; and straight-chain
      octyl, nonyl,, decyl, undecyl, and dodecyl are especially preferred for
      prolonged activity in the body or experimental animal.
PAR  Pharmacologically acceptable salts of these formula XVI-to-XXXV compounds
      useful for the purposes described above are those with pharmacologically
      acceptable metal cations, ammonium, amine cations, or quaternary ammonium
      cations.
PAR  Especially preferred metal cations are those derived from the alkali
      metals, e.g., lithium, sodium and potassium, and from the alkaline earth
      metals, e.g., magnesium and calcium, although cationic forms of other
      metals, e.g., aluminum, zinc, and iron, are within the scope of this
      invention.
PAR  Pharmacologically acceptable amine cations are those derived from primary,
      secondary, or tertiary amines. Examples of suitable amines are
      methylamine, dimethylamine, trimethylamine, ethylamine, dibutylamine,
      triisopropylamine, N-methylhexylamine, decylamine, dodecylamine,
      allylamine, crotylamine, cyclopentylamine, dicyclohexylamine, benzylamine,
      dibenzylamine, .alpha.-phenylethylamine, .beta.-phenylethylamine,
      ethylenediamine, diethylenetriamine, and like aliphatic, cycloaliphatic,
      and araliphatic amines containing up to and including about 18 carbon
      atoms, as well as heterocyclic amines, e.g., piperidine, morpholine,
      pyrrolidine, piperazine, and lower-alkyl derivatives thereof, e.g.,
      1-methylpiperidine, 4-ethylmorpholine, 1-isopropylpyrrolidine,
      2-methylpyrrolidine, 1,4-dimethylpiperazine, 2-methylpiperidine, and the
      like, as well as amines containing water-solubilizing or hydrophilic
      groups, e.g., mono-, di-, and triethanolamine, ethyldiethanolamine,
      n-butylethanolamine, 2-amino-1-butanol, 2-amino-2-ethyl-1,3-propanediol,
      2-amino-2-methyl-1-propanol, tris-(hydroxymethyl)aminomethane,
      N-phenylethanolamine, N-(p-tert-amylphenyl)-diethanolamine, galactamine,
      N-methylglucamine, N-methylglucosamine, ephedrine, phenylephrine,
      epinephrine, procaine, and the like.
PAR  Examples of suitable pharmacologically acceptable quaternary ammonium
      cations are tetramethylammonium, tetraethylammonium,
      benzyltrimethylammonium, phenyltriethylammonium, and the like.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type oxa-phenylene
      compounds encompassed by formulas XVI to XXXV including the special
      classes of compounds described above, are also used for the purposes
      described above in free hydroxy form or in the form wherein the hydroxy
      moieties are transformed to lower alkanoate moieties, e.g., --OH to
      --OCOCH.sub.3. Examples of lower alkanoate moieties are acetoxy,
      propionyloxy, butyryloxy, valeryloxy, hexanoyloxy, heptanoyloxy,
      octanoyloxy, and branched chain alkanoyloxy isomers of those moieties.
      Especially preferred among these alkanoates for the above described
      purposes are the acetoxy compounds. These free hydroxy and alkanoyloxy
      compounds are used as free acids, as esters, and in salt form all as
      described above.
PAR  As discussed above, the compounds of formulas XVI to XXXV are administered
      in various ways for various purposes; e.g., intravenously,
      intramuscularly, subcutaneously, orally, intravaginally, rectally,
      buccally, sublingually, topically, and in the form of sterile implants for
      prolonged action. For intravenous injection or infusion, sterile aqueous
      isotonic solutions are preferred. For that purpose, it is preferred
      because of increased water solubility that R.sub.1 in the formula
      XVI-to-XXXV compound be hydrogen or a pharmacologically acceptable cation.
      For subcutaneous or intramuscular injection, sterile solutions or
      suspensions of the acid, salt, or ester form in aqueous or non-aqueous
      media are used. Tablets, capsules, and liquid preparations such as syrups,
      elixirs, and simple solutions, with the usual pharmaceutical carriers are
      used for oral sublingual administration. For rectal or vaginal
      administration, suppositories prepared as known in the art are used. For
      tissue implants, a sterile tablet or silicone rubber capsule or other
      object containing or impregnated with the substance is used.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA and PGB type oxa-phenylene
      compounds encompassed by formulas XVI to XXXV are produced by the
      reactions and procedures described and exemplified hereinafter.
PAR  The various PGF.sub..alpha.-type and PGF.sub..beta.-type oxa-phenylene
      compounds encompassed by formulas XX-XXIII and XXXIII are prepared by
      carbonyl reduction of the corresponding PGE type compounds encompassed by
      formulas XVI-XIX and XXXII. For example, carbonyl reduction of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 gives a mixture of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. and
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..beta..
PAR  These ring carbonyl reductions are carried out by methods known in the art
      for ring carbonyl reductions of known prostanoic acid derivatives. See,
      for example, Bergstrom et al., Arkiv Kemi 19, 563 (1963), Acta Chem.
      Scand. 16, 969 (1962), and British Patent Specification No. 1,097,533. Any
      reducing agent is used which does not react with carbon-carbon double
      bonds or ester groups. Preferred reagents are
      lithium(tri-tert-butoxy)aluminum hydride, the metal borohydrides,
      especially sodium, potassium and zinc borohydrides, and metal trialkoxy
      borohydrides, e.g., sodium trimethoxyborohydride. The mixtures of alpha
      and beta hydroxy reduction products are separated into the individual
      alpha and beta isomers by methods known in the art for the separation of
      analogous pairs of known isomeric prostanoic acid derivatives. See, for
      example, Bergstrom et al., cited above, Granstrom et al., J. Biol. Chem.
      240, 457 (1965), and Green et al., J. Lipid Research 5, 117 (1964).
      Especially preferred as separation methods are partition chromatographic
      procedures, both normal and reversed phase, preparative thin layer
      chromatography, and countercurrent distribution procedures.
PAR  The various PGA-type oxa-phenylene compounds encompassed by formulas
      XXIV-XXVII and XXXIV are prepared by acidic dehydration of the
      corresponding PGE type compounds encompassed by formulas XVI-XIX and
      XXXII. For example, acidic dehydration of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 gives
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1.
PAR  These acidic dehydrations are carried out by methods known in the art for
      acidic dehydrations of known prostanoic acid derivatives. See, for
      example, Pike et al., Proc. Nobel Symposium II, Stockholm (1966),
      Interscience Publishers, New York, pp. 162-163 (1967); and British Patent
      Specification No. 1,097,533. Alkanoic acids of 2 to 6 carbon atoms,
      inclusive, especially acetic acid, are preferred acids for this acidic
      dehydration. Dilute aqueous solutions of mineral acids, e.g., hydrochloric
      acid, especially in the presence of a solubilizing diluent, e.g.,
      tetrahydrofuran, are also useful as reagents for this acidic dehydration,
      although these reagents may cause partial hydrolysis of an ester reactant.
PAR  The various PGB-type oxa-phenylene compounds encompassed by formulas
      XXVIII-XXXI and XXXV are prepared by basic dehydration of the
      corresponding PGE type compounds encompassed by formulas XVI-XIX and
      XXXII, or by contacting the corresponding PGA type compounds encompassed
      by formulas XXIV-XXVII and XXXIV with base. For example, both
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 and
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 give
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGB.sub.1 on treatment with base.
PAR  These basic dehydrations and double bond migrations are carried out by
      methods known in the art for similar reactions of known prostanoic acid
      derivatives. See, for example, Bergstrom et al., J. Biol. Chem. 238, 3555
      (1963). The base is any whose aqueous solution has pH greater than 10.
      Preferred bases are the alkali metal hydroxides. A mixture of water and
      sufficient of a water-miscible alkanol to give a homogeneous reaction
      mixture is suitable as a reaction medium. The PGE-type or PGA-type
      compound is maintained in such a reaction medium until no further PGB-type
      compound is formed, as shown by the characteristic ultraviolet light
      absorption near 278 m.mu. for the PGB type compound.
PAR  The various transformations of PGE-type oxa-phenylene compounds of formulas
      XVI-XIX to the corresponding PGF.sub..alpha., PGF.sub..beta., PGA and PGB
      type oxa-phenylene compounds are shown in Chart A, wherein G, Q, R.sub.1,
      and .about. are as defined above, wherein E' is --CH.sub.2 CHR.sub.9 -- or
      trans--CH=CR.sub.9 --, wherein R.sub.26 and R.sub.9 are hydrogen or alkyl
      of one to 4 carbon atoms, inclusive, and wherein J' is
      ##SPC18##
PAL  wherein V is C.sub.g H.sub.2g, cis or trans
      ##EQU8##
      or --C.tbd.C--C.sub.j H.sub.2j wherein C.sub.g H.sub.2g, C.sub.j H.sub.2j,
      C.sub.p H.sub.2p, R.sub.3, and R.sub.4 are as defined above, and wherein
      C.sub.q H.sub.2q represents alkylene of one to 6 carbon atoms, inclusive,
      with one, 2, or 3 carbon atoms between --O-- and --COOR.sub.1.
PAR  The various 13,14-dihydro-PGE.sub.1, -PGF.sub.1, -PGA.sub.1, and -PGB.sub.1
       type oxa-phenylene compounds encompassed by formulas XIX, XXIII, XXVII,
      and XXXI are prepared by carbon-carbon double bond reduction of the
      corresponding PGE, PGF, PGA, and PGB type compound containing a trans
      double bond in the hydroxy-containing side chain. A cis or trans double
      bond or a triple bond can also be present in the carboxy-terminated side
      chain of the unsaturated reactant, and will be reduced at the same time to
      --CH.sub.2 CH.sub.2 --. For example,
      13,14-dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 is
      produced by reduction of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1,
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.2, or
      5,6-dehydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.2.
PAR  These reductions are carried out by reacting with the unsaturated PGE,
      PGF.sub..alpha., PGF.sub..beta., PGA, or PGB type oxa-phenylene compound
      with diimide, following the general procedure described by van Tamelen et
      al., J. Am. Chem. Soc. 83, 3725 (1961).
      ##SPC19##
PAL  See also Fieser et al., "Topics in Organic Chemistry," Reinhold Publishing
      Corp., New York, pp. 432-434 (1963) and references cited therein. The
      unsaturated acid or ester reactant is mixed with a salt of azodiformic
      acid, preferably an alkali metal salt such as the disodium or dipotassium
      salt, in the presence of an inert diluent, preferably a lower alkanol such
      as methanol or ethanol, and preferably in the absence of substantial
      amounts of water. At least one molecular equivalent of the azodiformic
      acid salt is used for each multiple bond equivalent of the unsaturated
      reactant. The resulting suspension is then stirred, preferably with
      exclusion of oxygen, and the mixture is made acid, advantageously with a
      carboxylic acid such as acetic acid. When a reactant wherein R.sub.1 is
      hydrogen is used, the carboxylic acid reactant also serves to acidify an
      equivalent amount of the azodiformic acid salt. A reaction temperature in
      the range of about 10.degree. to about 40.degree. C. is usually suitable.
      Within that temperature range, the reaction is usually complete within
      less than 24 hours. The desired dihydro production is then isolated by
      conventional methods, for example, evaporation of the diluent, followed by
      separation from inorganic materials by solvent extraction.
PAR  In the case of the oxa-phenylene unsaturated PGE, PGF.sub..alpha., and
      PGF.sub..beta. type reactants, the reductions to the corresponding
      dihydro-PGE.sub.1, dihydro-PGF.sub.1 .sub..alpha., and dihydro-PGF.sub.1
      .sub..alpha. type oxa-phenylene compounds are also carried out by
      catalytic hydrogenation. For that purpose, palladium catalysts, especially
      on a carbon carrier, are preferred. It is also preferred that the
      hydrogenation be carried out in the presence of an inert liquid diluent,
      for example, methanol, ethanol, dioxane, ethyl acetate, and the like.
      Hydrogenation pressures ranging from about atmospheric to about 50 p.s.i.,
      and hydrogenation temperatures ranging from about 10.degree. to about
      100.degree. C. are preferred. The resulting dihydro product is isolated
      from the hydrogenation reaction mixture by conventional methods, for
      example, removal of the catalyst by filtration or centrifugation, followed
      by evaporation of the solvent.
PAR  Diimide reductions and catalytic hydrogenations to produce the various
      novel formula XIX, XXIII, XXVII, and XXXI 13,14-dihydro compounds of this
      invention from the corresponding PGE, PGF, PGA and PGB type oxa-phenylene
      compounds of the PG.sub.1, PG.sub.2, trans-5,6-dehydro-PG.sub.1, and
      5,6-dehydro-PG.sub.2 series are shown in Chart B. G, J', Q, R.sub.1,
      R.sub.9, R.sub.26, and .about. are as defined above, and L' is
      ##SPC20##
PAL  wherein C.sub.g H.sub.2g, C.sub.p H.sub.2p, and C.sub.q H.sub.2q are as
      defined above.
PAR  The oxa-phenylene compounds of the PGE.sub.2, PGF.sub.2, PGA.sub.2, and
      PGB.sub.2 type wherein the carbon-carbon double bond in the
      carboxy-terminated side chain is in cis configuration are prepared by
      reduction of the corresponding acetylenic oxa-phenylene compounds, i.e.,
      those with a carbon-carbon triple bond in place of said carbon-carbon
      double bond. For that purpose, there are used any of the known reducing
      agents which reduce an acetylenic linkage to a cis-ethylenic linkage.
      Especially preferred for that purpose are diimide, or hydrogen and a
      catalyst, for example, palladium (5%) on barium sulfate, especially in the
      presence of pyridine. See Fieser et al., "Reagents for Organic Synthesis,"
      pp. 566-567, John Wiley and Sons, Inc., New York, N.Y. (1967).
      ##SPC21##
PAL  These reductions are shown in Chart C, wherein G, Q, R.sub.1, R.sub.9,
      R.sub.26, and .about. are as defined above, and M' is
      ##SPC22##
PAL  wherein C.sub.j H.sub.2j, C.sub.p H.sub.2p, and C.sub.q H.sub.2q are
      defined above. These oxa-phenylene cis compounds of the PGE.sub.2,
      PGF.sub.2.sub..alpha., PGF.sub.2.sub..beta., PGA.sub.2, and PGB.sub.2 type
      are also prepared as described hereinafter.
PAR  The oxa-phenylene PGE-type compounds of formulas XVI-XIX except wherein
      R.sub.1 is hydrogen, and the oxa-phenylene PGA-type compounds of formulas
      XXIV-XXVII except wherein R.sub.1 is hydrogen, are prepared by the series
      of reactions shown in Chart D, wherein G, J', R.sub.2, R.sub.9, and
      R.sub.26 are as defined above; G' is the same as G except that T is
      replaced by T', wherein T' is the same as T above except that R.sub.9 is
      not hydrogen; R.sub.10 is the same as the above definition of R.sub.1
      except that R.sub.10 does not include hydrogen; R.sub.11 and R.sub.12 are
      alkyl of one to 4 carbon atoms, inclusive; R.sub.13 is alkyl of one to 5
      carbon atoms, inclusive; and .about. indicates attachment of --CHR.sub.26
      --J'--COOR.sub.10 to the cyclopentane ring in alpha or beta configuration,
      and attachment of the moiety to the cyclopropane ring in exo or endo
      configuration.
PAR  The oxa-phenylene PGE.sub.1 -type compounds of formula XVI, the
      oxa-phenylene 5,6-dehydro-PGE.sub.2 type compounds of formula XVIII, the
      oxa-phenylene PGA.sub.1 -type compounds of the formula XXIV and the
      oxa-phenylene 5,6-dehydro-PGA.sub.2 type compounds of formula XXVI are
      also prepared by the series of reactions shown in Chart E, wherein G, G',
      R.sub.2, R.sub.9, R.sub.10, R.sub.13, and R.sub.26 are as defined above;
      Z' is L' or --C.tbd.C--M'-- wherein L' and M' are as defined above; and
      .about. indicates attachment of --CHR.sub.26 --Z'--COOR.sub.10 to the
      cyclopentane ring in alpha or beta configuration, and attachment of the
      moiety to the cyclopropane ring in exo or endo configuration.
      ##SPC23##
      ##SPC24##
      ##SPC25##
PAR  It should be observed regarding the series of reactions shown in Charts D
      and E, that the reactions starting with glycol XXXVIII in Chart D are
      similar to the reactions starting with glycol XLV in Chart E. The only
      differences here are the definitions of the divalent moieties J' (Chart D)
      and Z' (Chart E). J' includes saturated, cis and trans ethylenic, and
      acetylenic divalent moieties. Z' is limited to the saturated and
      acetylenic divalent moieties encompassed by J'. In other words, final
      oxa-phenylene PGE-type compounds of formula XL (Chart D) encompass
      compounds of formulas XVI to XVIII. Final oxa-phenylene PGA-type compounds
      of formula XLI (Chart D) encompass compounds of formulas XXIV to XXVI. On
      the other hand, final oxa-phenylene PGE-type compounds of formula XLVII
      (Chart E) encompass only compounds of formulas XVI and XVIII, and final
      oxa-phenylene PGA-type compounds of formula XLVIII (Chart E) encompass
      only compounds of formula XXIV and XXVI.
PAR  As will subsequently appear, an acetylenic intermediate of formulas XXXVII,
      XXXVIII, or XLV is transformed by step-wise reduction to the corresponding
      cis or trans ethylenic intermediates of formulas XXXVII or XXXVIII; and an
      acetylenic intermediate of formulas XXXVII, XXXVIII, or XLV or a cis or
      trans ethylenic intermediate of formulas XXXVII or XXXVIII is transformed
      by reduction to the corresponding saturated intermediate of formulas
      XXVII, XXXVIII, or XLV.
PAR  The initial bicyclo-ketone reactant of formula XLIII in Chart E is also
      used as an initial reactant to produce the initial bicyclo-ketone cyclic
      ketal reactant of formula XXXVI in Chart D. The following reactions will
      produce cyclic ketal XXXVI, wherein THP is tetrahydropyranyl, and .phi. is
      phenyl:
      ##SPC26##
PAR  The bicyclo-ketone reactant of formula XLIII exists in four isomeric forms,
      exo and endo with respect to the attachment of the --CR.sub.9 =CR.sub.2 G
      moiety, and cis and trans with respect to the double bond in that same
      moiety. Each of those isomers separately or various mixtures thereof are
      used as reactants according to this invention to produce substantially the
      same final oxa-phenylene PGE or PGA type product mixture.
PAR  The process for preparing either the exo or endo configuration of the
      formula-XLIII bicyclo-ketone is known to the art. See. U.S. Pat. No.
      3,776,940 and Belgian Pat. No. 702,477,  Derwent Farmdoc No. 30,905.
PAR  See West Germany Offenlegungsschrift No. 1,937,912; reprinted in Farmdoc
      Complete Specifications, Book No. 14, No. 6869 R, Week R.sub.5, Mar. 18,
      1970.
PAR  In said U.S. Pat. No. 3,776,940 a reaction sequence capable of forming exo
      ketone XLIII is as follows: The hydroxy of 3-cyclopentenol is protected,
      for example, with a tetrahydropyranyl group. Then a diazoacetic acid ester
      is added to the double bond to give an exo-endo mixture of a
      bicyclo[3.1.0]hexane substituted at 3 with the protected hydroxy and at 6
      with an esterified carboxyl. The exo-endo mixture is treated with a base
      to isomerize the endo isomer in the mixture to more of the exo isomer.
      Next, the carboxylate ester group at 6 is transformed to an aldehyde group
      or ketone group,
      ##EQU9##
      wherein R.sub.9 is as defined above. Then, said aldehyde group or said
      keto group is transformed by the Wittig reaction, in this case to a moiety
      of the formula --CR.sub.9 =CR.sub.2 G which is in exo configuration
      relative to the bicyclo ring structure. Next, the protective group is
      removed to regenerate the 3-hydroxy which is then oxidized, for example,
      by the Jones reagent, i.e., chromic acid (see J. Chem. Soc. 39 (1946)), to
      give said exo ketone XLIII.
PAR  Separation of the cis-exo and trans-exo isomers of XLIII is described in
      said U.S. Pat. No. 3,776,940. However, as mentioned above, that separation
      is usually not necessary since the cis-trans mixture is useful as a
      reactant in the next process step.
PAR  The process described in said U.S. Pat. No. 3,776,940 for producing the exo
      form of bicyclo-ketone XLIII uses, as an intermediate, the exo form of a
      bicyclo [3.1.0]-hexane substituted at 3 with a protected hydroxy, e.g.,
      tetrahydropyranyloxy, and at 6 with an esterified carboxyl. When the
      corresponding endo compound is substituted for that exo intermediate, the
      process in said Offenlegungsschrift No. 1,937,912 leads to the endo form
      of bicyclo-ketone XLIII. That endo compound to be used has the formula:
      ##SPC27##
PAL  Compound LII is prepared by reacting
      endo-bicyclo[3.1.0]-hex-2-ene-6-carboxylic acid methyl ester with diborane
      in a mixture of tetrahydrofuran and diethyl ether, a reaction generally
      known in the art, to give endo-bicyclo[3.1.0]-hexane-3-ol-6-carboxylic
      acid methyl ester which is then reacted with dihydropyran in the presence
      of a catalytic amount of POCl.sub.3 to give the desired compound. This is
      then used as described in said German Offenlegungsschrift No. 1,937,912 to
      produce the endo form of bicyclo-ketone XLIII.
PAR  As for exo XLIII, the above process produces a mixture of endo-cis and
      endo-trans compounds. These are separated as described for the separation
      of exo-cis and exo-trans XLIII, but this separation is usually not
      necessary since, as mentioned above, the cis-trans mixture is useful as a
      reactant in the next process step.
PAR  In the processes of said U.S. patent and said Offenlegungsschrift, certain
      organic halides, e.g., chlorides and bromides, are necessary to prepare
      the Wittig reagents used to generate the generic moiety, --CR.sub.9
      =CR.sub.2 G of bicyclo-ketone XLIII. These organic chlorides and bromides
      ##EQU10##
      are known in the art or can be prepared by methods known in the art.
PAR  To illustrate the availability of these organic chlorides consider first
      the above-described oxa-phenylene PGE-type compounds of formulas XVI to
      XIX wherein R.sub.2 is hydrogen and G is either (1) alkyl of one to 10
      carbon atoms, inclusive, substituted with zero, one, 2, or 3 fluoro or (2)
      ##SPC28##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of one to 10
      carbon atoms, inclusive, substituted with zero, one, or 2fluoro, with one
      to 7 carbon atoms, inclusive, between
      ##EQU11##
      and the ring; wherein T is alkyl of one to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of one to 4 carbon atoms, inclusive, and s is zero, one,
      2, or 3, with the proviso that not more than two T's are other than alkyl.
PAR  For those products wherein G is alkyl of two to 10 carbon atoms,
      substituted with 0-3 fluoro atoms, there are available the monohalo
      hydrocarbons, e.g., bromo-(or chloro-) -ethane, -propane, -pentane,
      -octane, and -decane; and the monohalofluorohydrocarbons, e.g., CH.sub.2
      FCH.sub.2 Br, CHF.sub.2 CH.sub.2 Cl, CF.sub.3 CH.sub.2 Br,
      F(CH.sub.2).sub.3 Br, CH.sub.3 CF.sub.2 CH.sub.2 Cl, CF.sub.3
      (CH.sub.2).sub.2 Br, F(CH.sub.2).sub.4 Cl, CH.sub.3 CF.sub.2 CH.sub.2
      CH.sub.2 Cl, C.sub.4 H.sub.9 CFHCH.sub.2 Br, CF.sub.3 (CH.sub.2).sub.3 Cl,
      CF.sub.3 (CH.sub.2).sub.2 BrCH.sub.3, CH.sub.2 F(CH.sub.2).sub.4 Cl,
      C.sub.2 H.sub.5 CF.sub.2 (CH.sub.2).sub.2 Cl, CF.sub.3 (CH.sub.2).sub.4
      Cl, CH.sub.3 (CH.sub.2).sub.4 CF.sub.2 (CH.sub.2).sub.2 CH.sub.2 Cl, and
      CH.sub.3 (CH.sub.2).sub.3 CF.sub.2 (CH.sub.2).sub.3 CH.sub.2 Cl, as
      described in "Aliphatic Fluorine Compounds," A. M. Lovelace et al., Am.
      Chem. Soc. Monograph Series, 1958, Reinhold Publ. Corp. Those halides not
      available are prepared by methods known in the art by reacting the
      corresponding primery alcohol G--CH.sub.2 OH with PCl.sub.3 PBr.sub.3, or
      any of the other halogenating agents useful for this purpose. Available
      alcohols include CH.sub.2 CH(CF.sub.3)CH.sub.2 OH, (CH.sub.3).sub.2
      CHCH.sub.2 CH.sub.2 OH, (CH.sub.3).sub.3 CCH.sub.2 OH, CF.sub.3
      CH(CH.sub.3)CH.sub.2 CH.sub.2 OH, for example. For those halides of the
      formula G--CH.sub.2 --Hal wherein Hal is chloro or bromo, G is R.sub.27
      --(CH.sub.2).sub.h --, h being one, 2, 3, or 4, and R.sub.27 being
      isobutyl, tert-butyl, 3,3-difluorobutyl, 4,4-difluorobutyl, or
      4,4,4-trifluorobutyl, the intermediate alcohols are prepared as follows.
PAR  In the case of R.sub.27 being isobutyl or tert-butyl, known alcohols are
      converted to bromides, thence to nitriles with sodium cyanide, thence to
      the corresponding carboxylic acids by hydrolysis, and thence to the
      corresponding primary alcohols by reduction, e.g., with lithium aluminum
      hydride, thus extending the carbon chain one carbon atom at a time until
      all primary alcohols are prepared.
PAR  In the case of R.sub.27 being 3,3-difluorobutyl, the necessary alcohols are
      prepared from keto carboxylic acids of the formula, CH.sub.3
      --CO--(CH.sub.2).sub.r --COOH, wherein r is 2, 3, 4, 5, or 6. All of those
      acids are known. The methyl esters are prepared and reacted with sulfur
      tetrafluoride to produce the corresponding CH.sub.3 --CF.sub.2
      --(CH.sub.2).sub.r --COOCH.sub.3 compounds, which are then reduced with
      lithium aluminum hydride to CH.sub.3 --CF.sub.2 --(CH.sub.2).sub.r
      --CH.sub.2 OH. These alcohols are then transformed to the bromide or
      chloride by reaction with PBr.sub.3 or PCl.sub.3.
PAR  In the case of R.sub.27 being 4,4-difluorobutyl, the initial reactants are
      the known dicarboxylic acids, HOOC--(CH.sub.2).sub.f --COOH, wherein f is
      3, 4, 5, 6, or 7. These dicarboxylic acids are esterified to CH.sub.3
      OOC--(CH.sub.2).sub.f --COOCH.sub.3 and then half-saponified, for example
      with barium hydroxide, to give HOOC--(CH.sub.2).sub.f --COOCH.sub.3. The
      free carboxyl group is transformed first to the acid chloride with thionyl
      chloride and then to an aldehyde by the Rosenmund reduction. Reaction of
      the aldehyde with sulfur tetrafluoride then gives CHF.sub.2
      --(CH.sub.2).sub.f --COOCH.sub.3 which by successive treatment with
      lithium aluminum hydride and PBr.sub.3 or PCl.sub.3 gives the necessary
      bromides or chlorides, CHF.sub.2 --(CH.sub.2).sub.f --CH.sub.2 Br or
      CHF.sub.2 --(CH.sub.2).sub.f --CH.sub.2 Cl.
PAR  In the case of R.sub.27 being 4,4,4-trifluorobutyl, aldehydes of the
      formula CH.sub.3 OOC--(CH.sub.2).sub.f --CHO are prepared as described
      above. Reduction of the aldehyde with sodium borohydride gives the alcohol
      CH.sub.3 OOC--(CH.sub.2).sub.f --CH.sub.2 OH. Reaction with PBr.sub.3 or
      PCl.sub.3 then gives CH.sub.3 OOC--(CH.sub.2).sub.f -CH.sub.2 --Hal.
      Saponification of that ester gives the carboxylic acid which by reaction
      with sulfur tetrafluoride gives the necessary CF.sub.3 --(CH.sub.2).sub.f
      --CH.sub.2 --Br or CF.sub.3 --(CH.sub.2).sub.f --CH.sub.2 --Cl.
PAR  For the above reactions of SF.sub.4, see U.S. Pat. No. 3,211,723 and J.
      Org. Chem. 27, 3164 (1962).
PAR  For those products wherein R.sub.2 is hydrogen and G is
      ##SPC29##
PAL  the halides necessary to prepare those compounds, if not readily available,
      are advantageously prepared by reacting the corresponding primary alcohol,
      ##SPC30##
PAL  with PCl.sub.3, PBr.sub.3, HBr, or any of the other halogenating agents
      known in the art to be useful for this purpose. Some of the readily
      available halides are shown in Table I wherein s, T, and t of the formula
      for the intermediate halides are as defined above, and Hal is chloro,
      bromo, or iodo. Thus, compound No. 1 of Table I is represented by the
      formula wherein s and t are zero, and Hal is chloro, i.e.
      ##SPC31##
PAL  namely .alpha.-chlorotoluene or benzyl chloride; compound No. 8 of Table I
      is represented by the formula wherein s is zero, t is 2, and Hal is bromo,
      i.e.
      ##SPC32##
PAL  namely 1-bromo-3-phenylpropane or 3-bromopropylbenzene; and compound No. 63
      of Table I represented by the formula wherein s is 3, T is methyl in the
      2-, 4- and 5-positions with respect to the C.sub.t H.sub.2t substitution,
      t is 2, and Hal is bromo, i.e.,
      ##SPC33##
PAL  namely 1 -(3-bromopropyl)-2,4,5-trimethylbenzene.
TBL                TABLE I                                                     

     ______________________________________                                    

     Intermediate Halides                                                      

     represented by the formula                                                

     No.        s       T             t      Hal                               

     ______________________________________                                    

     1          0       --            0      Cl                                

     2          0       --            0      Br                                

     3          0       --            0      l                                 

     4          0       --            1      Cl                                

     5          0       --            1      Br                                

     6          0       --            1      l                                 

     7          0       --            2      Cl                                

     8          0       --            2      Br                                

     9          0       --            2      l                                 

     10         0       --            3      Cl                                

     11         0       --            3*     Cl                                

     12         0       --            3      Br                                

     13         0       --            4      Cl                                

     14         1       2--CH.sub.3   0      Cl                                

     15         1       2--C.sub.2 H.sub.5                                     

                                      0      Cl                                

     16         1       4--C.sub.2 H.sub.5                                     

                                      0      Cl                                

     17         1       2--CF.sub.3   0      Cl                                

     18         1       4--OCH.sub.3  0      Cl                                

     19         1       3--CH.sub.3   0      Br                                

     20         1       4--CH.sub.3   0      Br                                

     21         1       4--C.sub.5 H.sub.11                                    

                                      0      Br                                

     22         1       4--Cl         0      Br                                

     23         1       2--CF.sub.3   0      Br                                

     24         1       3--CF.sub.3   0      Br                                

     25         1       4--CH.sub.3   0      l                                 

     26         1       4--F          1      Cl                                

     27         1       3--Cl         1      Br                                

     28         1       4--Cl         1      Br                                

     29         1       4--F          1      Br                                

     30         1       2--Cl         2      Br                                

     31         1       3--Cl         2      Br                                

     32         1       4--Cl         2      Br                                

     33         1       4--F          3*     Br                                

     34         1       2--Cl         4      Br                                

     35         1       2--CH.sub.3   0      Cl                                

                        4--CH.sub.3                                            

     36         2       2--CH.sub.3   0      Cl                                

                        5--CH.sub.3                                            

     37         2       2--CH.sub.3   0      Cl                                

                        6--CH.sub.3                                            

     38         2       3--CH.sub.2   0      Cl                                

                        4--CH.sub.3                                            

     39         2       2--CH.sub.3   0      Cl                                

                        4--Cl                                                  

     40         2       2--CH.sub.3   0      Br                                

                        5--CH.sub.3                                            

     41         2       2--CH.sub.3   0      Br                                

                        6--CH.sub.3                                            

     42         2       3--CH.sub.3   0      Br                                

                        5--t--butyl                                            

     43         2       3--CH.sub.3   0      Br                                

                        4--Cl                                                  

     44         2       2--CH.sub.3   0      Br                                

                        3--Br                                                  

     45         2       3--OCH.sub.3  0      Cl                                

                        4--OCH.sub.3                                           

     46         2       3--OCH.sub.3  0      Cl                                

                        5--OCH.sub.3                                           

     47         2       3--OCH.sub.3  0      Br                                

                        5--OCH.sub.3                                           

     48         2       2--CH.sub.3   1      Cl                                

                        4--CH.sub.3                                            

     49         2       2--CH.sub.3   1      Br                                

                        4--CH.sub.3                                            

     50         2       3--CH.sub.3   1      Br                                

                        4--CH.sub.3                                            

     51         2       3--OCH.sub.3  1      Br                                

                        4--OCH.sub.3                                           

     52         2       3--OCH.sub.3  1      Br                                

                        5--OCH.sub.3                                           

     53         2       3--OCH.sub.3  1      l                                 

                        4--OCH.sub.3                                           

     54         2       3--OCH.sub.3  2      Br                                

                        4--OCH.sub.3                                           

     55         2       3--OCH.sub.3  2      Br                                

                        5--OCH.sub.3                                           

     56         2       3--OCH.sub.3  4      Br                                

                        5--OCH.sub.3                                           

     57         3       2--CH.sub.3   0      Cl                                

                        4--CH.sub.3                                            

                        5--CH.sub.3                                            

     58         3       2--CH.sub.3   0      Cl                                

                        4--CH.sub.3                                            

                        6--CH.sub.3                                            

     59         3       4--CH.sub.3   0      Cl                                

                        2--OCH.sub.3                                           

                        5--OCH.sub.3                                           

     60         3       2--CH.sub.3   0      Br                                

                        3--CH.sub.3                                            

                        6--CH.sub.3                                            

     61         3       2--CH.sub.3   0      Br                                

                        4--CH.sub.3                                            

                        6--CH.sub.3                                            

     62         3       2--CH.sub.3   0      Br                                

                        3--OCH.sub.3                                           

                        6--OCH.sub.3                                           

     63         3       2--CH.sub.3   2      Br                                

                        4--CH.sub.3                                            

                        5--CH.sub.3                                            

     ______________________________________                                    

     --CH--                                                                    

     *-branched.vertline.                                                      

     Et                                                                        

PAR  Next, considering the intermediate halides for producing oxa-phenylene
      PGE-type compounds of formulas XIII to XVI wherein R.sub.2 is alkyl of one
      to 4 carbon atoms, inclusive (A), and G is either of the two types (1) or
      (2) above, these organic chlorides and bromides,
      ##EQU12##
      are known to the art or can be prepared by methods known in the art.
PAR  For type A-(1) above, i.e. wherein R.sub.2 is alkyl and G is alkyl of one
      to 10 carbon atoms and 0-3 fluoro atoms, there are available such
      monohalofluorohydrocarbons as CHF.sub.2 CHClCH.sub.3, CF.sub.3
      CHBrCH.sub.3, CF.sub.3 CH.sub.2 CHBrCH.sub.3, CH.sub.3 CF.sub.2
      CHClCH.sub.3, CF.sub.3 CHClC.sub.2 H.sub.5, and C.sub.2 H.sub.5 CF.sub.2
      CHClCH.sub.3, for example. Those not readily available are prepared from
      the corresponding secondary alcohol
      ##EQU13##
      wherein R.sub.2 is as defined above, with PCl.sub.3, PBr.sub.3, or any of
      the other halogenating agents known in the art to be useful for this
      purpose. Such alcohols include, for example, CH.sub.2 FCH(OH)CH.sub.2 F,
      CF.sub.3 (CH.sub.2).sub.2 CH(OH)CH.sub.3, CF.sub.3
      CH(OH)(CH.sub.2)CH.sub.3, CF.sub.3 CH(OH)(CH.sub.2).sub.3 CH.sub.3,
      CF.sub.3 CH(OH)C(CH.sub.3).sub.3, and CF.sub.3 CH(OH)(CH.sub.2).sub.5
      CH.sub.3. For those halides of the formula G--CHR.sub.2 --Hal, wherein G
      is R.sub.27 --(CH.sub.2).sub.h --, using the definitions of Hal, h,
      R.sub.2, and R.sub.27 above, the intermediate alcohols are prepared as
      follows.
PAR  In the case of R.sub.27 being isobutyl or tert-butyl, lower molecular
      weight primary alcohols are transformed to the corresponding longer-chain
      carboxylic acids and thence to the corresponding secondary alcohols by
      preparing the intermediate ketones,
      ##EQU14##
      by known procedures, for example G--COCl + (R.sub.2).sub.2 Cd, thereafter
      reducing the ketone to the secondary alcohol with sodium borohydride.
PAR  In the case of R.sub.27 being 3,3-difluorobutyl, the procedure described
      above is applicable to converting CH.sub.3 --CF.sub.2 --(CH.sub.2).sub.2
      --COOCH.sub.3 described above to
      ##EQU15##
      These alcohols are then transformed to the bromide or chloride by reaction
      with PBr.sub.3 or PCl.sub.3.
PAR  In the case of R.sub.27 being 4,4-difluorobutyl, the corresponding
      secondary alcohols are prepared as described above, using intermediates
      prepared for the primary alcohols of this type above.
PAR  In the case of R.sub.27 being 4,4,4-trifluorobutyl, corresponding secondary
      alcohols are prepared by transforming CH.sub.3 OOC--(CH.sub.2).sub.f --CHO
      to CH.sub.3 OOC--(CH.sub.2).sub.f --C(R.sub.2)O by known methods and then
      proceeding with that ketone as described above for the corresponding
      aldehyde.
PAR  For type A-(2) halides, i.e. R.sub.2 is alkyl and G is
      ##SPC34##
PAL  some of the readily available halides are shown in Table II. Thus, compound
      No. 1 of Table II is represented by the formula wherein s= O, R.sub.2
      =methyl, t= O, and Hal=Cl, i.e.
      ##SPC35##
PAL  namely (1-chloroethyl)benzene; and compound No. 13 of Table II is
      represented by the formula wherein s=2, T=methyl, R.sub.2 =methyl, t=1,
      and Hal=Br, i.e.
      ##SPC36##
PAL  namely 4-(2-bromopropyl)-o-xylene or
      1-(2-bromopropyl)3-methyl-4-methylbenzene.
TBL                TABLE II                                                    

     ______________________________________                                    

     Intermediate Halides                                                      

     represented by the Formula                                                

     Hal--CH--C.sub.t H.sub.2t --                                              

     .vertline.                                                                

     R.sub.2                                                                   

     No.      s      T          R.sub.2   t   Hal                              

     ______________________________________                                    

     1        0      --         CH.sub.3  0   Cl                               

     2        0      --         C.sub.2 H.sub.5                                

                                          0   Cl                               

     3        0      --         C.sub.2 H.sub.5                                

                                          0   Br                               

     4        0      --         CH.sub.3  0   l                                

     5        0      --         CH.sub.3  1   Cl                               

     6        0      --         n--C.sub.3 H.sub.7                             

                                          1   Cl                               

     7        0      --         CH.sub.3  1   Br                               

     8        0      --         C.sub.2 H.sub.5                                

                                          2   Cl                               

     9        1      4--C.sub.2 H.sub.5                                        

                                CH.sub.3  0   Cl                               

     10       1      4--F       CH.sub.3  0   Cl                               

     11       1      4--Cl      C.sub.2 H.sub.5                                

                                          0   Br                               

     12       1      4--F       C.sub.2 H.sub.5                                

                                          0   Br                               

     13       2      3--CH.sub.3                                               

                                CH.sub.3  1   Br                               

                     4--CH.sub.3                                               

     14       2      3--OCH.sub.3                                              

                                CH.sub.3  1   Br                               

                     4--OCH.sub.3                                              

     15       2      2--OCH.sub.3                                              

                                CH.sub.3  1   Br                               

                     6--OCH.sub.3                                              

     ______________________________________                                    

PAR  Other intermediate halides of the general formula
      ##SPC37##
PAL  may be obtained from the secondary alcohols as discussed above. The
      secondary alcohols, wherein R.sub.2 is alkyl, are prepared by transforming
      the --COOH of the corresponding carboxylic acid,
      ##SPC38##
PAL  to a ketone by known procedures, e.g. by way of acyl chloride and a
      dialkylcadmium. Reduction of the ketone with sodium borohydride then
      yields the secondary alcohol,
      ##SPC39##
PAR  Hydroxyl groups on the aromatic ring are suitably protected during these
      reactions by first forming the corresponding tetrahydropyranyl ethers with
      dihydropyran; the hydroxyl groups are restored by mild acid hydrolysis as
      is well known in the art.
PAR  In the case of C.sub.t H.sub.2t substituted with one or 2 fluoro atoms,
      there are a number of routes of the intermediate halides. The
      corresponding alcohols, for example .beta.-fluorophenethyl alcohol,
      .beta.-fluoro-.alpha.-methyl-phenethyl alcohol,
      .beta.-fluoro-.alpha.,.beta.-dimethyl-phenethyl alcohol and the like, are
      reacted with PCl.sub.3, PBr.sub.3 or HBr to form the halide.
      Alternatively, the carboxylic acid having one less carbon atom in the
      chain than the desired intermediate halide, i.e.
      ##SPC40##
PAL  where g = t-1, is converted by a series of known methods to the
      2,2-difluorohalide. Thus, the free carboxyl group is transformed first to
      the acid chloride with thionyl chloride and thence by way of the nitrile
      to the .alpha.-keto-acid. The carboxyl group is reduced to the alcohol
      with diborane and then converted to the .alpha.-keto halide. Finally, by
      reaction of the keto group with sulfur tetrafluoride, there is obtained
      ##SPC41##
PAR  As mentioned above, formula XVI-to-XXXI compounds with an alpha-fluoro
      substituent in a straight chain 3-to-7-carbon G, i.e., G being
      --CHF--(CH.sub.2).sub.a --CH.sub.3 wherein a is one, 2, 3, 4, or 5,
      represent embodiments among the novel oxa-phenylene compounds of this
      invention. Among those, for example, is
      3-oxa-16-fluoro-3-7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1. The
      formula-XLIII bicyclo-ketones necessary to produce those mono-fluoro
      compounds are advantageously prepared by reacting either of the
      above-mentioned bicyclo-aldehydes, exo or endo, with a Wittig reagent
      prepared from CH.sub.3 --CH.sub.2) a-- CO--CH.sub.2 --Br and
      triphenylphospine. The aldehyde group is thereby transformed to
      ##EQU16##
      The resulting unsaturated ketone is reduced to the corresponding
      ##EQU17##
      compound. Then --OH in that group is replaced with fluoro by known
      methods, for example, directly by reaction with
      2-chloro-1,1,2-trifluorotriethylamine or indirectly, for example, by
      transforming the hydroxy to tosyloxy or mesyloxy, and reacting the
      resulting compound with anhydrous potassium fluoride in diethylene glycol.
      Similarly, the oxa-phenylene PG-type compounds wherein G is
      ##SPC42##
PAL  having an alpha-fluoro substituent on the carbon adjacent to the
      hydroxy-substituted carbon (C-15 in PGE.sub.1) represent preferred
      embodiments of this invention. In preparing the formula-XLIII
      bicyclo-ketone intermediates, there is used a Wittig reagent prepared from
      ##SPC43##
PAL  and triphenylphosphine. Following the steps above, the resulting
      unsaturated ketone containing the moiety
      ##SPC44##
PAL  is reduced to the corresponding secondary alcohol. The --OH in that group
      is replaced by fluoro by known methods.
PAR  Another preference mentioned above is that the 1-position of G in the
      formula XVI-to-XXXI compounds be mono- or di-substituted with alkyl of one
      to 4 carbon atoms, particularly methyl or ethyl. In the steps of the
      synthesis shown in Charts D and E, G is then G'" --CR.sub.21 R.sub.22 --
      wherein R.sub.21 and R.sub.22 are methyl or ethyl and G'" is preferably
      alkyl of 2 to 6 carbon atoms or
      ##SPC45##
PAL  wherein k is zero, one, 2, or 3. Thus, in preparing the formula-XLIII
      intermediate olefin, a Wittig reagent is prepared from a halo compound of
      the general formula G'" --CR.sub.21 R.sub.22 --CR.sub.2 H--Hal wherein Hal
      is chloro or bromo. These compounds are known in the art or can be
      prepared by methods known in the art, including those methods described
      above.
PAR  For example, when G'" is CH.sub.3 (CH.sub.2).sub.3 --, R.sub.2 and R.sub.21
      are hydrogen, and R.sub.22 is methyl, there is employed 1-bromo(or
      -chloro)-2-methylhexane. If the halo compound is not available, the
      corresponding carboxylic acid is transformed to the alcohol and thence to
      the halide. Thus, 2,2-diethylvaleric acid yields
      1-bromo-2,2-diethylpentane, wherein G'" is CH.sub.3 (CH.sub.2).sub.2 --,
      R.sub.2 is hydrogen, and R.sub.21 and R.sub.22 are ethyl.
PAR  2-Ethylhexanoic acid yields 3-chloromethylheptane, wherein G'" is CH.sub.3
      (CH.sub.2).sub.3 --, R.sub.2 and R.sub.21 are hydrogen, and R.sub.22  is
      ethyl. 2-Ethyl-2-methylhexanoic acid yields
      3-bromo-methyl-3-methylheptane, wherein G'" is CH.sub.3 (CH.sub.2).sub.3
      --, R.sub.2 is hydrogen, R.sub.21 is methyl, and R.sub.22 is ethyl.
      2-Phenylpropionic acid yields 1-bromo-2-phenylpropane, wherein G'" is
      phenyl, R.sub.2 and R.sub.21 are hydrogen, and R.sub.22 is methyl.
      2-Methyl-2-phenylbutyric acid yields 1-bromo-2-methyl-2-phenylbutane,
      wherein G'" is phenyl, R.sub.2 is hydrogen, R.sub.21 is methyl, and
      R.sub.22 is ethyl. 2-Methyl-4-(2,4,5-trimethoxyphenyl)butyric acid yields
      1-chloro-2-methyl-4-(2,4,5-trimethoxyphenyl)butane, wherein G'" is
      (2,4,5-trimethoxyphenyl)ethyl, R.sub.2 and R.sub.21 are hydrogen, and
      R.sub.22 is methyl.
PAR  Mono-alkyl substituted alkanoic acids useful for preparing the above halo
      intermediates are prepared by alkylation of an .alpha.-keto acid, G'"
      --CO--COOH, e.g.
      ##SPC46##
PAL  (prepared via the acid chloride and thence the nitrile) by means of a
      Grignard reagent, R.sub.22 MgHal for example.
PAR  The transformation of bicyclo-ketone-olefin XLIII to glycol LI is carried
      out by reacting olefin XLIII with a hydroxylation reagent. Hydroxylation
      reagents and procedures for this purpose are known in the art. See, for
      example, Gunstone, Advances in Organic Chemistry, Vol. I, pp. 103-147,
      Interscience Publishers, New York, N.Y. (1960). Especially useful
      hydroxylation reagents for this purpose are osmium tetroxide and performic
      acid (formic acid plus hydrogen peroxide). Various isomeric glycols are
      obtained depending on such factors as whether olefin XLIII is cis or trans
      and endo or exo, and whether a cis or a trans hydroxylation reagent is
      used. These various glycol mixtures can be separated into individual
      isomers by silica gel chromatography. However, this separation is usually
      not necessary, since all isomers of particularly glycol are equally useful
      as intermediates according to this invention and the processes outlined in
      Chart D to produce final products of formulas XL and XLI, and then,
      according to Chart A, B, and C to produce the other final products of this
      invention.
PAR  The transformation of glycol LI to the cyclic ketal of formula XXXVI (Chart
      D) is carried out by reacting said glycol with a dialkyl ketone of the
      formula
      ##EQU18##
      wherein R.sub.11 and R.sub.12 are alkyl of one to 4 carbon atoms,
      inclusive, in the presence of an acid catalyst, for example potassium
      bisulfate or 70% aqueous perchloric acid. A large excess of the ketone and
      the absence of water is desirable for this reaction. Examples of suitable
      dialkyl ketones are acetone, methyl ethyl ketone, diethyl ketone, methyl
      propyl ketone, and the like. Acetone is preferred as a reactant in this
      process.
PAR  Referring again to Chart D, cyclic ketal XXXVI is transformed to cyclic
      ketal XXXVII by alkylating with an alkylation agent of the formula
      ##EQU19##
      wherein R.sub.10, R.sub.26, and J' are as defined above, and Hal is
      chlorine, bromine, or iodine. Similarly, referring to Chart E, olefin
      XLIII is transformed to olefin XLIV by alkylating with an alkylation agent
      of the formula
      ##EQU20##
      wherein R.sub.10, R.sub.26, Z', and Hal are as defined above.
PAR  Any of the alkylation procedures known in the art to be useful for
      alkylating cyclic ketones with alkyl halides and haloalkanoic esters are
      used for the transformations of XXXVI to XXXVII and of XLIII to XLIV. See,
      for example, the above-mentioned Belgian Pat. No. 702,477 for procedures
      useful here and used there to carry out similar alkylations, e.g.,
      employing the bicyclo enamines.
PAR  For these alkylations, it is preferred that Hal be bromo of iodo. Any of
      the usual alkylation bases, e.g., alkali metal alkoxides, alkali metal
      amides, and alkali metal hydrides, are useful for this alkylation. Alkali
      metal alkoxides are preferred, especially tert-alkoxides. sodium and
      potassium are preferred alkali metals. Especially preferred is potassium
      tert-butoxide. Preferred diluents for this alkylation are tetrahydrofuran
      and 1,2-dimethoxyethane. Otherwise, procedures for producing and isolating
      the desired formula-XXXVII and -XLIV compounds are within the skill of the
      art.
PAR  These alkylation procedures produce mixtures of alpha and beta alkylation
      products, i.e. a mixture of formula XXXVII products wherein part has the
      --CHR.sub.26 --J'--COOR.sub.10 moiety attached in alpha configuration, and
      wherein part has that moiety attached in beta configuration, or a mixture
      of the formula-XLIV products with the --CHR.sub.26 --Z'--COOR.sub.10
      moiety in both alpha and beta configurations. When about one equivalent of
      base per equivalent of formula-XXXVI or -XLIII ketone is used, the alpha
      configuration usually predominates. Use of an excess of base and longer
      reaction times usually result in production of larger amounts of beta
      products. These alpha-beta isomer mixtures are separated at this stage or
      at any subsequent stage in the multi-step processes shown in Charts D and
      E. Silica gel chromatography is preferred for this separation.
PAR  The necessary alkylating agents for the above-described alkylations, e.g.
      compounds of the formulas
      ##EQU21##
      are prepared by methods known in the art. There are four groups of
      compounds encompassed by these two genera of alkylating agents.
PAR  Alkylating agents of the formula
      ##EQU22##
      include compounds of the formulas:
      ##SPC47##
PAR  Alkylating agents of the formula
      ##EQU23##
      include the above-listed compounds of formuls LIII and LIV, and also
      compounds of the following formulas
      ##SPC48##
PAL  These alkylating agents of formulas LIII to LVI are accessible to those of
      ordinary skill in the art. In one route, the
      ##EQU24##
      compounds are obtained from aldehyde or ketone reactants by a series of
      transformations as follows:
      ##EQU25##
      For example, methyl m-formylphenoxyacetate on reduction with sodium
      borohydride yields methyl m-(hydroxymethyl)-phenoxyacetate, which in turn
      is transformed to the formula-LIX compound, methyl
      m-(chloromethyl)phenoxyacetate, with thionyl chloride.
PAR  Those formula-LVII or formula-LVIII reactants which are not commercially
      available are advantageously prepared by adaptation of the Williamson
      ether syntheses, e.g. employing a hydroxy reactant and a halo-substituted
      acid or ester. Thus, the reaction
      ##SPC49##
PAL  wherein Hal is chloro, bromo, or iodo, preferably iodo, proceeds in the
      presence of strong base, for example sodium hydride when R.sub.1 is a
      carbon-containing group, and lithium diisopropyl amide when R.sub.1 is
      hydrogen. within the definitions of C.sub.g H.sub.2g, C.sub.p H.sub.2p,
      and C.sub.q H.sub.2q, suitable reactants are readily available or are
      prepared by methods known to those skilled in the art.
PAR  Thus, when R.sub.26 is hydrogen, and considering the variations of C.sub.g
      H.sub.2g and C.sub.p H.sub.2p, the aldehyde reactants include (o, m, or
      p)-hydroxybenzaldehyde, (o, m, or p-hydroxyphenyl)acetaldehyde, (o or
      p)-hydroxyhydrocinnamaldehyde, 4-(o or p-hydroxyphenyl)butyraldehyde,
      o-(2-hydroxyethyl)-benzaldehyde, and the like. Other aldehyde reactants
      are also accessible by methods known to those skilled in the art. For
      example, (o, m, or p-hydroxyethyl)benzaldehydes are obtained from (o, m,
      or p)-bromostyrene by the series of reactions:
      ##SPC50##
PAL  The reaction with ethylene oxide is carried out on a Grignard reagent
      prepared from the bromostyrene and magnesium. Substituted ethylene oxides
      are used to obtain substituted C.sub.p H.sub.2p chains, e.g. propylene
      oxide, 1,2-epoxy-2-methylpropane, 1,2-epoxybutane,
      1,2-epoxy-2,3-dimethylbutane, and the like. Instead of using ozone to form
      the aldehyde, hydroxylation and oxidation with osmium tetroxide and
      periodic acid are optional (see J. Org. Chem. 21, 478, 1956).
PAR  Compounds with C.sub.g H.sub.2g chains are obtained by replacing
      ##SPC51##
PAL  with
      ##SPC52##
PAL  e.g. 1-allyl-4-bromobenzene 1-allyl-2-chlorobenzene, 4-(o, m, or
      p-chlorophenyl)-1-butene, and the like. Compounds with C.sub.p H.sub.2p
      chains are obtained by replacing ethylene oxide with suitable alkylating
      agents, e.g. trimethylene oxide, 1,3-epoxybutane, 1,3-epoxy-3-methylbutane
      and the like, or suitable reactions steps.
PAR  Other variations of the above reactions and reactants will be apparent to
      those skilled in the art. Thus, an alkene-substituted phenol is condensed
      with a halo-substituted acid or ester and thereafter transformed as an
      aldehyde to the halo alkylating agent within the scope of formula LIX by
      the following steps:
      ##SPC53##
PAR  Available for this series of reactions are (o, m, or p)-vinylphenol,
      p-allylphenol, 4-(o, m, or p-hydroxyphenyl)-1-butene, and the like.
PAR  Alternatively, a haloalkylphenol is condensed with a halo-substituted acid
      or ester by the reaction:
      ##SPC54##
PAL  Available are p-(2-bromoethyl)phenol, p-(-bromobutyl)-phenol,
      -bromo-butyl)-phenol, and the like.
PAR  Considering the halo-substituted acid or ester reactants in the above ether
      syntheses and the variations of C.sub.q H.sub.2q, there are a wide variety
      of reactants available, which will lead to the desired formula-LIX
      alkylating agent. For example:
      ##EQU26##
      wherein R.sub.23 is hydrogen or alkyl of one to 5 carbon atoms, inclusive;
      Br--(CH.sub.2).sub.2 --COOH, Br--C(CH.sub.3).sub.2 --COOH, Br--C(C.sub.2
      H.sub.5).sub.2 --COOH, BrC(CH.sub.3)(C.sub.2 H.sub.5)--COOH,
      Br--CH(CH.sub.3)--CH.sub.2 --COOH, Br--(CH.sub.2).sub.3)--COOCH.sub.3,
      Cl--CH(C.sub.2 H.sub.5)--CH.sub.2 --COOCH.sub.3, Cl--CH(n--C.sub.3
      H.sub.7)--CH.sub.2 --COOCH.sub.3, Br--CH(CH.sub.3)--(CH.sub.2).sub.2
      --COOC.sub.2 H.sub.5, Br--CH(CH.sub.3)--CH.sub.2
      --CH(CH.sub.3)--COOC.sub.2 H.sub.5,
      Br--CH(CH.sub.3)--CH(CH.sub.3)--CH.sub.2 --COOC.sub.2 H.sub.5,
      Br--C(CH.sub.3).sub.2 --CH.sub.2 --CH(CH.sub.3)--COOC.sub.2 H.sub.5,
      Cl--CH(n--C.sub.4 H.sub.9)--CH.sub.2 --COOC.sub.2 H.sub.5,
      Cl--C(CH.sub.3).sub.2 --CH.sub.2 --COOC.sub.2 H.sub.5, Br--CH(n--C.sub.2
      H.sub.7)--(CH.sub.2).sub.2 --COOH, and Cl--CH(C.sub.2 H.sub.5)--(CH.sub.
      2).sub.2 --COOH are available. The preferred iodo reactants are obtained
      by methods known to those skilled in the art.
PAR  When C.sub.q H.sub.2q has two alkyl groups attached to the .omega. or
      .omega.-1 carbon atom of the halo-substituted acid or ester reactants, it
      is preferred that halo be replaced with mesyloxy or tosyloxy prior to the
      ether synthesis, and that relative mild bases and reaction conditions be
      used, for example, potassium tert-butoxide in dimethyl sulfoxide.
PAR  In another route to the formula-LIX alkylating agents, the Williamson ether
      synthesis employs hydroxy-esters or acids of the formula HO--C.sub.q
      H.sub.2q --COOR.sub.1 for condensation with halo-substituted reactants as
      follows:
      ##SPC55##
PAR  For example, .alpha.,.alpha.'-dibromo-o-xylene is contacted with ethyl
      glycolate in the presence of sodium hydride to yield ethyl
      O-(bromomethyl)-benzyloxyacetate.
PAR  Typical halo reactants which are useful for this reaction are
      .alpha.-bromo-(o, m, or p)-chlorotoluene, 1-bromo-(2 or
      3)-(2-bromoethyl)benzene, 1-(3-bromopropyl)-(1 or 2)-chlorobenzene, and
      1-(4-bromobutyl)-1-chlorobenzene.
PAR  When C.sub.p H.sub.2p has two alkyl groups attached to the carbon atom to
      which Hal is attached, it is preferred that this Hal be replaced with
      mesyloxy or tosyloxy prior to the ether synthesis and that relatively mild
      bases and reaction conditions be used.
PAR  Considering the hydroxy acid or ester reactants, there are available a wide
      range of suitable compounds within the scope of HO--C.sub.q H.sub.2q
      --COOR.sub.1 which will lead to the desired formula-LIX alkylating agent.
      For example: HOCH(CH.sub.3)--COOCH.sub.3, HOC(CH.sub.3).sub.2 --COOH,
      HOCH(C.sub.2 H.sub.5)--COOH, HOC(CH.sub.3)(C.sub.2 H.sub.5)--COOH,
      HO(CH.sub.2).sub.2 --COOC.sub.2 H.sub.5, HOCH(CH.sub.3)--CH.sub.2 --COOH,
      HOCH(n--C.sub.3 H.sub.7)--COOH, HOC(n--C.sub.3 H.sub.7)(CH.sub.3)--COOH,
      HOCH(C.sub.2 H.sub.5)--CH.sub.2 --COOH, HOCH(CH.sub.3)--(CH.sub.2).sub.2
      --COOH, HOCH(n-C.sub.4 H.sub.9)--COOH, HOC(n-C.sub.4
      H.sub.9)(CH.sub.3)--COOH, HOCH(n-C.sub.3 H.sub.7)--CH.sub.2 --COOCH.sub.3,
      HOCH(C.sub.2 H.sub.5)--(CH.sub.2).sub.2 --COOH, HOCH(n-C.sub.5
      H.sub.11)--COOH, HOCH(n-C.sub.4 H.sub.9)--CH.sub.2 --COOH, HOCH(n-C.sub.3
      H.sub.7)--(CH.sub.2).sub.2 --COOH are available.
PAR  When a formula-LIX alkylating agent is desired in which there are two alkyl
      substituents on both carbon atoms attached to the oxa --O--, it is
      preferred that, if the halo-acid route be used, the halo atom on the acid
      be chloro and that freshly precipitated wet magnesium hydroxide in an
      inert solvent suspension be used as the base; and if the hydroxy-acid
      route be used, the --C.sub.p H.sub.2p --Hal group is preferrably --C.sub.p
      H.sub.2p --Cl. If the hydroxy-acid route is used with --C.sub.p H.sub.2p
      --l, silver oxide is used as the base.
PAR  The alkylating agents of formulas LIII to LVI are esters. Any of the above
      acid forms are readily converted to esters. Variations in R.sub.10 within
      the definition of R.sub.10 herein are readily made by methods known in the
      art. The ester moiety is chosen according to the desired type of final
      oxa-phenylene PG-type product.
PAR  Formula-LVII aldehyde reactants which lead to the formula LIX alkylating
      agents are also obtained by reaction of halo-substituted aldehydes with
      hydroxy acids or ester reactants. Thus, there are employed
      o-(bromoethylbenzaldehyde, p-chlorohydratropaldehyde, and the like.
PAR  When R.sub.26 is alkyl, the formula-LIX
      ##EQU27##
      alkylating agents are prepared from the corresponding reactants wherein
      R.sub.26 is methyl, ethyl, propyl, or butyl, or their isomers. For example
      m-bromo-.alpha.-methylstyrene reacts as follows:
      ##SPC56##
PAL  Typical halo-substituted ketones available for this purpose include (2',
      3', or 4')-(bromo, chloro, or iodo)-acetophenone, (3' or
      4')-bromopropiophenone, (3' or 4')-chlorobutyrophenone, and 4'-(bromo or
      chloro)-valerophenone. Other reactants leading to the R.sub.26
      (alkyl)-substituted formula-LIX alkylating agents are accessible to those
      skilled in the art.
PAR  Although the above methods are generally useful for preparing alkylating
      agents within the scope of formulas
      ##EQU28##
      above, there are preferred methods for preparing the formula-LIV compounds
      containing the --C.tbd.C--C.sub.j H.sub.2j -- moiety.
PAR  Considering the compounds of the formula
      ##SPC57##
PAL  there is employed as starting material (o, m, or p-)vinylanisole in the
      following series of transformations:
      ##SPC58##
PAL  Herein, THP represents tetrahydropyranyl and R.sub.28 represents
      ##SPC59##
PAL  The reagents and conditions for bringing about these transformations are
      known to those skilled in the art. Thus, in step a, reacting first with
      bromine and then with sodium amide in liquid ammonia yields the acetylenic
      derivative (see J. Am. Chem. Soc. 56, 2064, 1934). Step b utilizes boron
      tribromide for example. Step c proceeds either with ethylene chlorohydrin
      and a strong base, e.g., NaOH or KOH, followed by dihydropyran in the
      presence of an acid catalyst, or with the tetrahydropyranyl ether of the
      chlorohydrin and a strong base. Step d utilizes R.sub.26 COCl in the
      presence of a strong base, e.g., sodium amide, phenyllithium, or sodium
      triphenylmethane. Alternatively, if R.sub.26 is desirably hydrogen,
      paraformaldehyde is employed (see J. Am. Chem. Soc. 92, 6314 (1970). The
      reaction in step e is done with a metal hydride, e.g., sodium borohydride.
      In step f thionyl chloride yields the formula-LX chloro compounds.
      Finally, in step g the THP moiety is selectively removed by mild
      hydrolysis in acid medium and the terminal --CH.sub.2 OH moiety is
      oxidized to --COOH, e.g. with the Jones reagent. The alkylating agent is
      converted by known means to an ester, as defined by R.sub.10, to yield the
      desired compounds.
PAR  Considering the compounds of the formula
      ##SPC60##
PAL  the above series of transformations are used, except that in step c
      ClCH.sub.2 CH.sub.2 OH is replaced by Cl--C.sub.q H.sub.2q --CH.sub.2 OH.
      There are obtained in step f compounds of the formula
      ##SPC61##
PAL  wherein C.sub.q H.sub.2q, Hal, R.sub.26 and THP are as defined above.
      Thereafter these formula-LXI compounds are transformed as in step g above
      to the desired compounds.
PAR  Considering the compounds of the formula
      ##SPC62##
PAL  there are employed as starting materials the ar-halostyrenes. These are
      transformed by the following steps:
      ##SPC63##
PAL  Thereafter, these formula-LXII compounds are transformed as in step g above
      to the desired compounds. In step a, the halo compounds are converted to a
      Grignard reagent with magnesium and thence reacted with ethylene oxide. In
      step b, the hydroxy group is converted to --OTHP with dihydropyran, the
      acetylenic moiety is formed as in step a leading to the formula-LX
      compounds above, and the THP moiety removed by mild acid hydrolysis. In
      step c, the chain is extended by reaction with Hal--CH.sub.2 CH.sub.2 OH,
      preferably the bromo or iodo derivatives, in the presence of strong base,
      e.g., phenyl lithium, sodium triphenylmethane, or sodium hydride.
      Thereafter, in step d the transformations follow the general scheme of
      steps d-f leading to the formula-LX compound to yield the formula-LXII
      compounds. Transformation as in step g above yields the desired compounds.
PAR  Consdering the compounds of the formula
      ##SPC64##
PAL  the series of transformations in the paragraph immediately preceeding are
      used, except that in step c Hal--CH.sub.2 CH.sub.2 OH is replaced by
      Hal--C.sub.q H.sub.2q --CH.sub.2 OH. There are obtained in step d
      compounds of the formula
      ##SPC65##
PAL  These formula-LXIII compounds are transformed as in step g above to the
      desired esters.
PAR  Considering the compounds of the formula
      ##SPC66##
PAL  there are employed as starting materials anisolyl aliphatic acids, e.g.,
      anisolylacetic acid, in the following steps:
      ##SPC67##
PAL  In step a, the carboxyl group is reduced with a metal hydride, e.g. lithium
      aluminum hydride. In step b, where Ts represents the toluenesulfonyl
      ("tosyl") moiety, the reaction is carried out with toluenesulfonyl
      chloride and pyridine. In step c, the acetylenic moiety is introduced with
      lithium acetylide (see J. Am. Chem. Soc. 80, 6626, 1958) to yield the
      formula-LXIV intermediates. Subsequent steps in d to form the formula-LXV
      compounds follow from steps b-f for the formula-LX compounds above.
      Finally, the formula-LXV compounds are transformed as in step g above to
      the desired esters.
PAR  Considering the compounds of the formula
      ##SPC68##
PAL  there are employed as starting materials benzenedialiphatic acids, e.g.,
      benzenediacetic acid, in the following steps:
      ##SPC69##
PAL  In step a, the carboxyl groups are reduced with a metal hydride, e.g.
      lithium aluminum hydride. In step b, reaction with toluenesulfonyl halide
      yields the bistosyl derivative. In step c c tosyloxy group is replaced by
      reaction with HO--C.sub.q H.sub.2q --CH.sub.2 OTHP in the presence of
      sodium hydride in an inert solvent, e.g. dimethyl formamide. In step d,
      the acetylenic moiety is introduced as in forming the formula-LXIV
      compounds above. Subsequent steps in e to form the formula-LXVI compounds
      follow from steps b-f for the formula-LX compounds above. Finally, the
      formula-LXVI compounds are transformed as in step g above to the desired
      esters.
PAR  Variations in the above formula LX-to-LXVI compounds and their
      corresponding ester alkylating agents as to chain length or branching in
      the C.sub.g H.sub.2g, C.sub.j H.sub.2j, C.sub.p H.sub.2p, and C.sub.q
      H.sub.2q moieties and as to the identity of R.sub.1 or R.sub.26, within
      the scope of these terms as herein defined, are available to those skilled
      in the art making use of the principles disclosed herein.
PAR  Other modifications which are encompassed within this disclosure include
      the use of alkylating agents wherein Hal is replaced by
      hydrocarbonsulfonyl, e.g. tosyl or mesyl (methanesulfonyl) groups.
      Furthermore, the formula-LX, -LXI, -LXII, -LXIII, -LXV, and -LXVI
      compounds are alternatively employed as alkylating agents, instead of the
      corresponding esters, and the alkylated formula-XXXVI and -XLIII compounds
      subsequently converted to the desired formula-XXXVII and -XLIV compounds
      by mild hydrolysis to remove the THP moiety, oxidation to convert the
      --CH.sub.2 OH moiety to --COOH, and, optionally, esterification to the
      desired R.sub.1 identity.
PAR  The cis and trans ethylenic alkylating agents of formulas LV and LVI above
      are preferably prepared by cis or trans reduction of the corresponding
      formula-LIV acetylenic compounds prepared as above, or by cis or trans
      reduction of any earlier acetylenic intermediate in which both ends of the
      acetylenic bond are substituted, i.e., not hydrogen as in the moiety
      HC.tbd.C--. Alternatively, this cis or trans reduction is carried out on
      any subsequent acetylenic reaction product leading up to and including the
      final acetylenic alkylating agent of formula LIV.
PAR  For these cis reductions of acetylenic bonds, it is advantageous to use
      hydrogen plus a catalyst which catalyzes hydrogenation of --C.tbd.C-- only
      to cis --CH=CH--. Such catalysts and procedures are well known to the art.
      See, for example, Fieser et al., "Reagents for Organic Syntheses", pp.
      566-567; John Wiley and Sons, Inc., New York, N.Y. (1967). Palladium (5%)
      on barium sulfate, especially in the presence of pyridine as a diluent, is
      a suitable catalyst for this purpose. Alternative reagents useful to
      transform these acetylenic compounds to cis-ethylenic compounds are
      bis(3-methyl-2-butyl)borane ("disiamylborane") and diisobutyl-aluminum
      hydride.
PAR  For trans reductions of the acetylenic bond, except for those compounds
      containing halogen, it is advantageous to use sodium or lithium in liquid
      ammonia or a liquid alkylamine, e.g., ethylamine. When the moiety
      HO--CH.sub.2 --C.tbd.C-- is present in the acetylenic compound being
      reduced, the use of lithium aluminum hydride gives trans reduction of the
      triple bond. Procedures for these trans reductions are known in the art.
      See, for example, Fieser et al., above cited, pp. 577, 592-594, and 603,
      and J. Am. Chem. Soc. 85, 622 (1963).
PAR  The alkylating agents of the formulas
      ##SPC70##
PAL  are available by methods known to those skilled in the art.
PAR  Thus, the above-described intermediates within the scope of
      ##SPC71##
PAL  are transformed to the phosphoranes and condensed with halo-substituted
      ketones of the formula
      ##EQU29##
      wherein THP is tetrahydropyranyl, by the Wittig reaction (Organic
      Reactions, Vol. 14, p. 270, Wiley, 1965). Mixtures of the cis and trans
      isomers of formulas LXVII and LXVIII are usually obtained, which are
      separable by methods known in the art. Higher proportions of the cis
      isomers are obtained in the presence of Lewis bases; higher proportions of
      the trans isomers result by employing the phosphonate modification (D. H.
      Wadsworth et al., J. Org. Chem. 30, 680 (1965)). Thereafter, hydrogen on
      the terminal carboxyl group is replaced with R.sub.10, THP is replaced
      with hydrogen, and the terminal hydroxyl group replaced with Hal, for
      example with PBr.sub.3 or PCl.sub.3.
PAR  Alternatively, an intermediate of the formula
      ##SPC72##
PAL  is condensed by the Wittig reaction with a phosphorane or phosphonate
      derived from
      ##EQU30##
      Subsequently, the terminal hydroxy group is replaced with Hal by suitable
      reagents, for example PBr.sub.3 or PCl.sub.3.
PAR  Concerning the alkylation of the cyclopentane ring, another useful
      alkylation procedure utilizes an intermediate enamine. That enamine is
      prepared by mixing either the formula-XXXVI ketal or the formula-XLIII
      olefin ketone with a secondary amine of the formula
      ##EQU31##
      wherein R.sub.24 and R.sub.25 are alkyl or alkylene linked together
      through carbon or oxygen to form together with a nitrogen a 5 to
      7-numbered heterocyclic ring. Examples of suitable amines are
      diethylamine, dipropylamine, dibutylamine, dihexylamine, dioctylamine,
      dicyclohexylamine, methylcyclohexylamine, pyrrolidine,
      2-methylpyrrolidine, piperidine, 4-methylpiperidine, morpholine,
      hexamethylenimine, and the like.
PAR  The enamine is prepared by heating a mixture of the formula-XXXVI ketal or
      the formula-XLIII olefin ketone with an excess of the amine preferably in
      the presence of a strong acid catalyst such as an organic sulfonic acid,
      e.g., p-toluenesulfonic acid, or an inorganic acid, e.g., sulfuric acid.
      It is also advantageous to carry out this reaction in the presence of a
      water-immiscible diluent, e.g., benzene or toluene, and to remove water by
      azeotropic distillation as it is formed during the reaction. Then, after
      water formation ceases, the enamine is isolated by conventional methods.
PAR  The enamine is then reacted with a haloester,
      ##EQU32##
      to give the desired formula-XXXVII or -XLIV product. This reaction of the
      enamine is carried out by the usual procedures. See "Advances in Organic
      Chemistry," Interscience Publishers, New York, N.Y., Vol. 4, pp. 25-47
      (1963) and references cited therein. In addition to halogen, R.sub.29 in
      ##EQU33##
      can also be tosylate, mesylate, and the like. It is especially preferred
      that R.sub.29 be bromine or iodine. Dimethylsulfoxide is especially useful
      as a diluent in the reaction of the enamine with the haloester.
PAR  Referring again to Chart D, after alkylation as discussed above, cyclic
      ketal XXXVII is transformed to glycol XXXVIII by reacting the cyclic ketal
      with an acid with pK less than 5. Suitable acids and procedures for
      hydrolyzing cyclic ketals to glycols are known in the art. Suitable acids
      are formic acid, hydrochloric acid, and boric acid. Especially preferred
      as diluents for this reaction are tetrahydrofuran and
      .beta.-methoxyethanol.
PAR  Referring again to Chart E, after alkylation as discussed above, olefin
      XLIV is hydroxylated to glycol XLV. As discussed above, the divalent
      moiety --Z'-- includes the moieties
      ##SPC73##
PAL  and
      ##SPC74##
PAL  wherein C.sub.g H.sub.2g, C.sub.j H.sub.2j and C.sub.q H.sub.2q are as
      defined above. When Z' is
      ##SPC75##
PAL  this hydroxylation of XLIV is carried out as described above for the
      hydroxylation of olefin XLIII to glycol LI, i.e., with any of the known
      reagents and procedures described in Gunstone, above cited. When Z' is
      ##SPC76##
PAL  some of the reagents and procedures described by Gunstone tend to attack
      the acetylenic linkage as well as the ethylenic linkage of the
      formula-XLIV olefin. Therefore it is preferred to use a hydroxylation
      reagent and procedure which attacks the ethylenic linkage preferentially.
      For this, it is preferred to carry out hydroxylation of these acetylenic
      formula-XLIV olefins with organic peracids, e.g., performic acid,
      peracetic acid, perbenzoic acid, and m-chloro-perbenzoic acid, as
      described by Gunstone, above cited, pp. 124-130.
PAR  As discussed above regarding the hydroxylation of unalkylated olefin XLIII
      to unalkylated glycol LI, various isomeric glycols are obtained by
      hydroxylation of the formula-XLIV alkylated olefin. The particular
      formula-XLV glycol or glycol mixture obtained depends on such factors as
      whether the olefin XLIV is cis or trans and endo or exo, and whether a cis
      or a trans hydroxylation takes place. However, all of the isomeric
      formula-XLIV glycols and the various glycol mixtures are equally useful as
      intermediates according to this invention and the processes of Chart E to
      produce final products of formulas XLVII and XLVIII, and then according to
      Charts A, B, and C, to produce the other final products of this invention.
      Therefore, it is usually not necessary to separate individual formula-XLV
      glycol isomers before proceeding further in the synthesis, although that
      separation can be accomplished by silica gel chromatography.
PAR  It is preferred that glycols XXXVIII and XLV of Charts D and E,
      respectively, be free of phenolic hydroxyl substituents before the
      alkanesulfonation step. If any of the intermediate formula-XXXVIII or
      formula-XLV compounds have phenolic hydroxyls, these hydroxyls are readily
      converted to tetrahydropyranyloxy (OTHP) by reaction with dihydropyran,
      e.g. in the presence of a catalytic amount of POCl.sub.3. The --OTHP group
      is subsequently replaced by OH under mildly acidic conditions.
PAR  Referring again to Charts D and E, bis(alkanesulfonic acid) esters XXXIX
      and XLVI are prepared by reacting glycols XXXVIII and XLV, respectively,
      with an alkanesulfonyl chloride or bromide, or with an alkanesulfonic acid
      anhydride, the alkyl in each containing one to 5 carbon atoms, inclusive.
      Alkanesulfonyl chlorides are preferred for this reaction. The reaction is
      carried out in the presence of a base to neutralize the byproduct acid.
      Especially suitable bases are tertiary amines, e.g., dimethylaniline or
      pyridine. It is usually sufficient merely to mix the two reactants and the
      base, and maintain the mixture in the range 0.degree. to 25.degree.C. for
      several hours. The formula-XXXIX and XLVI bis(sulfonic acid) esters are
      then isolated by procedures known to the art.
PAR  Referring now to Chart D, bis(sulfonic acid) esters XXXIX are transformed
      either to oxa-phenylene PGE-type compounds XL, or to oxa-phenylene
      PGA-type compounds XLI. Referring to Chart E, bis(sulfonic acid) esters
      XLVI are transformed either to oxa-phenylene PGE-type compounds XLVII, or
      to oxa-phenylene PGA-type compounds XLVIII.
PAR  The transformations of XXXIX and XLVI to the PGE-type compounds XL and
      XLVII, respectively, are carried out by reacting bis-esters XXXIX and XLVI
      with water in the range about 0.degree. to about 60.degree.C. In making
      the oxa-phenylene PGE.sub.1 compounds, 25.degree. C. is a suitable
      reaction temperature, the reaction then proceeding to completion in about
      5 to 20 hours. It is advantageous to have a homogenous reaction mixture.
      This is accomplished by adding sufficient of a water-soluble organic
      diluent which does not enter into the reaction. Acetone is a suitable
      diluent. The desired product is isolated by evaporation of excess water
      and diluent if one is used. The residue contains a mixture of formula-XL
      or formula-XLVII C-15 epimers which differ in the configuration of the
      side chain hydroxy, that being either "natural" or "epi," i.e. .alpha. or
      .beta.. These are separated from by-products and from each other by silica
      gel chromatography. A usual by-product is the mono-sulfonic acid ester of
      formula XLII (Chart D) or formula XLIX (Chart E). These mono-sulfonic acid
      esters are esterified to the formula-XXXIX or -XLVI bis(sulfonic acid)
      esters, respectively, in the same manner described above for the
      transformation of glycol XXXVIII or XLV to bis-ester XXXIX or XLVI and
      thus are recycled back to additional formula-XL or -XLVII final product.
PAR  The transformations of XXXIX and XLVI to the PGA type compounds XLI and
      XLVIII, respectively, are carried out by heating bis-esters XXXIX and XLVI
      in the range 40.degree. to 100.degree. C. with a combination of water, a
      base characterized by its water solution having a pH 8 to 12, and
      sufficient inert water-soluble organic diluent to form a basic and
      substantially homogenous reaction mixture. A reaction time of one to 10
      hours is usually used. Preferred bases are the water-soluble salts of
      carbonic acid, especially alkali metal bicarbonates, e.g., sodium
      bicarbonate. A suitable diluent is acetone. The products are isolated and
      separated as described above for the transformation of bis-esters XXXIX
      and XLVI to PGE-type products XL and XLVII. The same mono-sulfonic acid
      esters XLII and XLIX observed as by-products in those transformations are
      also observed during preparation of PGA-type products XLI and XLVIII.
PAR  For the transformations of bis(sulfonic acid) esters XXXIX and XLVI to
      final products XL, XLI, XLVII, and XLVIII, it is preferred to use the
      bis-mesyl esters, i.e., compounds XXXIX and XLVI wherein R.sub.13 is
      methyl.
PAR  Referring again to Charts D and E, the configuration of the
      ##EQU34##
      moiety in the formula-XXXIX bis-esters or the configuration of the
      ##EQU35##
      moiety in the formula-XLVI bis-esters does not change during these
      transformations of XXXIX to XL, XLI, and XLII and of XLVI to XLVII,
      XLVIII, and XLIX. Therefore, when in formula XXXIX for example, J' is
      ##SPC77##
PAL  G' is --(CH.sub.2).sub.4 --CH.sub.3, and R.sub.2, R.sub.9 and R.sub.26 are
      hydrogen, natural- and epi-configuration
      3-oxa-4,5-inter-o-phenylene-PGE.sub.1 esters (XL) are obtained when
      ##EQU36##
      is attached initially (XXXIX) in alpha configuration, and natural- and
      epi-configuration 8-iso-3-oxa-4,5-inter-o-phenylene-PGE.sub.1 esters (XL)
      are obtained when that moiety is attached in beta configuration.
      Similarly, when in formula XXXIX, J' is
      ##SPC78##
PAL  G' is --(CH.sub.2).sub.4 --CH.sub.3, and R.sub.2, R.sub.9, and R.sub.26 are
      hydrogen, natural- and epi-configuration
      5,6-dehydro-3-oxa-4,5-inter-p-phenylene-PGE.sub.2 esters are obtained when
      ##EQU37##
      is attached initially in alpha configuration, and the corresponding 8-iso
      compounds are obtained when that moiety is attached in beta configuration.
      The same retention of
      ##EQU38##
      configuration occurs when formula-XLI and XLII compounds are produced, and
      a similar retention of
      ##EQU39##
      configuration occurs when formula-XLVII, XLVIII, and XLIX compounds are
      produced from formula-XLVI bis-esters.
PAR  The PGE.sub.3 -type oxa-phenylene compounds encompassed by formula XXXII
      are prepared by the transformations shown in Chart F, wherein C.sub.n
      H.sub.2n, M', Q, R.sub.2, R.sub.5, R.sub.9 R.sub.10 R.sub.13, THP, and
      .about. are as defined above.
      ##SPC79##
PAR  Starting material, previously discussed, is converted to the formula-LXIX
      compound by several steps known in the art, employing first a Wittig
      reaction of a phosphonium salt of a haloalkyne of the formula
      BR--CHR.sub.2 --C.sub.n H.sub.2n --C.tbd.C--R.sub.5 wherein C.sub.n
      H.sub.2n, R.sub.2, and R.sub.5 are as defined above. See, for example, U.
      Axen et al., Chem. Comm. 1969, 303, and ibid. 1970, 602.
PAR  Compound LXIX is then alkylated with an alkylation agent of the formula
      Hal--CH.sub.2 --C.tbd.C--M'--COOR.sub.10 wherein M', R.sub.10, and Hal are
      as defined above, i.e. M' is
      ##SPC80##
PAL  wherein C.sub.j H.sub.2j, C.sub.p H.sub.2p, and C.sub.q H.sub.2q are as
      defined above,R.sub.10 is the same as the definition of R.sub.1 except
      that R.sub.10 does not include hydrogen, and Hal is chloro, bromo, or
      iodo. These alkylating agents have been discussed above in connection with
      Charts D and E and the procedures for alkylation are similar to those
      employed in preparing the acetylenic compounds above. See also Axen et
      al., references cited.
PAR  Accordingly, for the preparation of
      3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.3 compounds of formula XXXII
      wherein C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds, there is
      used an alkylating agent of the formula
      ##SPC81##
PAL  prepare, for example, from compound LX as discussed above.
PAR  Referring again to Chart F, after alkylation, compound LXX is hydroxylated
      to glycol LXXI. Hydroxylation reagents and procedures for this purpose are
      known in the art. See also Axen et al., references cited.
PAR  Bis(alkanesulfonic acid) esters LXXII are prepared by reacting glycol LXXI
      with an alkanesulfonyl chloride or bromide, for example methanesulfonyl
      chloride in the presence of a tertiary amine, by methods known in the art.
PAR  Referring again to Chart F, bis(sulfonic acid) esters LXXII are transformed
      to oxa-phenylene bisdehydro PGE.sub.3 -type compounds LXXIII by reaction
      with water in the range about 0.degree. to about 60.degree. C., preferably
      in an acetone-water mixture, as known in the art and discussed
      hereinabove. See also Axen, references cited.
PAR  Transformation of LXXIII to the PGE.sub.3 -type compounds LXXIV is
      accomplished by hydrogenation of LXXIII using a catalyst which catalyzes
      hydrogenation of --C.tbd.C-- only to cis--CH=CH--, as known in the art and
      discussed hereinabove. Preferred is Lindlar catalyst in the presence of
      quinoline, see Axen, references cited.
PAR  The product is a mixture of formula-LXXIV C-15 epimers which are separated
      from by-products and from each other by silica gel chromatography.
PAR  The transformations of the formula-LXXIV PGE.sub.3 -type products to the
      corresponding PGF.sub.3, PGA.sub.3, and PGB.sub.3 products are carried out
      by the steps shown in Chart A, discussed hereinabove.
PAR  The formula-LX and XLVII oxa-phenylene PGE-type compounds and the
      formula-XLI and XLVIII oxa-phenylene PGA-type compounds shown in Charts D
      and E and the formula-LXXIV oxa-phenylene PGE.sub.3 -type compounds shown
      in Chart F are all R.sub.10 carboxylic acid esters, wherein R.sub.10 is as
      defined above. Moreover when those PGE-type and PGA-type R.sub.10 esters
      are used to prepare the other oxa-phenylene prostaglandin-like compounds
      according to Charts A, B, and C, corresponding R.sub.10 esters are likely
      to be produced, especially in the case of the oxa-phenylene PGF-type
      compounds. For some of the uses described above, it is preferred that the
      novel formula XVI-to-XXXV oxa-phenylene prostaglandin-like compounds of
      this invention be in free acid form, or in salt form which requires the
      free acid as a starting material. Likewise, when a formula XVI-to-XXXV
      oxa-phenylene prostaglandin-like compound is available as an ester, say
      the methyl ester, and another ester is desired, it is usually necessary to
      convert the available ester to the free acid form and from it prepare the
      desired ester. Esters are prepared by methods known in the art or
      described herein, for example by reaction with diazohydrocarbons.
PAR  The PGF-type esters of formulas XX-XXIII and XXXIII and the PGB-type
      compounds of formulas XXVIII-XXXI and XXXV are easily hydrolyzed or
      saponified to the free acids by the usual known procedures, especially
      when R.sub.1 (R.sub.10) is alkyl of one to 4 carbons, inclusive,
      preferably methyl or ethyl.
PAR  On the other hand, the PGE type esters of formulas XVI-XIX and XXXII and
      the PGA type esters of formulas XXIV-XXVII and XXXIV are difficult to
      hydrolyze or saponify without causing unwanted structural changes in the
      desired acids. There are two other procedures to make the free acid forms
      of these PGE- and PGA-type compounds.
PAR  One of those procedures is applicable mainly in preparing the free acids by
      subjecting their alkyl esters to the acylase enzyme system of a
      microorganism species of Subphylum 2 of Phylum III, and thereafter
      isolating the acid. See West Germany Offenlegungsschrift No. 1,937,678;
      Derwent Farmdoc No. 6863R. This enzymatic hydrolysis is also applicable to
      the above PGF- and PGB-type alkyl esters. Another method using an esterase
      enzyme composition from P. homomalla is described in U.S. Pat. No.
      3,761,356.
PAR  Another procedure for making the free acids of the above PGE- and PGA-type
      compounds involves treatment of certain haloethyl esters of those acids
      with zinc metal and an alkanoic acid of 2 to 6 carbon atoms, preferably
      acetic acid. Those haloethyl esters are the esters wherein R.sub.10 is
      ethyl substituted in the .beta.-position with 3 chloro, 2 or 3 bromo, or
      one, 2, or 3 iodo. Of those haloethyl moieties,
      .beta.,.beta.,.beta.-trichloroethyl is preferred. Zinc dust is preferred
      as the physical form of the zinc. Mixing the haloethyl ester with the zinc
      dust at about 25.degree. C. for several hours usually causes substantially
      complete replacement of the haloethyl moiety of the formula XVI-XIX,
      XXXII, XXIV-XXVII, and XXXIV ester with hydrogen. The free acid is then
      isolated from the reaction mixture by procedures known to the art. This
      procedure is also applicable to the production of PGF- and PGB-type free
      acids.
PAR  Formula-XXXVII cyclic ketals and formula XLIV olefins wherein R.sub.10 is
      haloethyl as above defined are necessary as intermediates for this route
      to the final PGE, PGF, PGA, and PGB type free acids. These formula-XXXVII
      and -XLIV haloethyl ester intermediates can be prepared by alkylation of
      cyclic ketal XXXVI (Chart D) or olefin XLIII (Chart E), respectively, with
      the appropriate formula LIII-to-LVI or LXVII-LXVIII alkylating agent
      wherein R.sub.10 is haloethyl as above defined. However, preferred routes
      of the formula-XXXVII and -XLIV haloethyl ester intermediates are shown in
      Charts G and H.
PAR  In Charts G and H, G, J', R.sub.2, R.sub.9, R.sub.26, R.sub.11, R.sub.12,
      Z', and .about. are as defined above. Haloethyl represents ethyl
      substituted in the .beta.-position with 3 chloro, or 2 or 3 bromo, or 1,
      2, or 3 iodo, preferably --CH.sub.2 CCl.sub.3. R.sub.15 represents alkyl
      of one to 4 carbon atoms, inclusive, preferably methyl or ethyl.
      ##SPC82##
      ##SPC83##
PAR  Compound LXXVI in Chart G is within the scope of compound XXXVII in Chart
      D. Compound LXXXII in Chart H is within the scope of compound XLIV in
      Chart E. These ketones LXXVI and LXXXII are reduced to corresponding
      hydroxy compounds LXXVII and LXXXIII, respectively, with a carbonyl
      reducing agent, e.g., sodium borohydride, as described above in discussion
      of Chart A. Then, hydroxy esters LXXVII and LXXXIII are saponified by
      known procedures to hydroxy acids LXXVIII and LXXXIV, respectively. These
      two hydroxy acids are transformed to keto haloethyl esters LXXXI and
      LXXXVI, respectively, by oxidation of the hydroxy group to keto and
      esterification of the carboxyl group to --COO-haloethyl. As shown in
      Charts G and H, these two reactions are carried out in either order.
      However, it is preferred to oxidize first and then esterify.
PAR  Hydroxy acids LXXVIII and LXXXIV are oxidized to keto acids LXXX and
      LXXXVI, respectively, and hydroxy haloesters LXXIX and LXXXV are oxidized
      to keto haloesters LXXXI and LXXXVII, respectively, by reaction with an
      oxidizing agent which does not attack other parts of these molecules,
      especially the cyclic ketal group of compounds LXXVIII and LXXIX or
      ethylenic linkage of compounds LXXIV and LXXXV. An especially useful
      reagent for this purpose is the Jones reagent, i.e., acidic chromic acid.
      Acetone is a suitable diluent for this purpose, and a slight excess of
      oxidant and temperatures at least as low as about 0.degree. C., preferably
      about -10.degree. to about -20.degree. C. should be used. The oxidation
      proceeds rapidly and is usually complete in about 5 to about 30 minutes.
      Excess oxidant is destroyed, for example, by addition of a lower alkanol,
      advantageously isopropyl alcohol, and the aldehyde is isolated by
      conventional methods, for example, by extraction with a suitable solvent,
      e.g., diethyl ether. Other oxidizing agents can also be used. Examples are
      mixtures of chromium trioxide and pyridine or mixtures of
      dicyclohexylcarbodiimide and dimethyl sulfoxide. See, for example, J. Am.
      Chem. Soc. 87, 5661 (1965).
PAR  Haloethyl esters LXXIX, LXXXI, LXXXV, and LXXXVII are prepared by reacting
      agents LXXVIII, LXXX, LXXXIV, and LXXXVI respectively, with the
      appropriate haloethanol, e.g., .beta.,.beta.,.beta.-trichloroethanol, in
      the presence of a carbodiimide, e.g., dicyclohexylcarbodiimide, and a
      base, e.g., pyridine, preferably in the presence of an inert liquid
      diluent, e.g., dichloromethane, for several hours at about 25.degree. C.
PAR  As described above, the alkylations of cyclic ketal XXXVI to XXXVII (Chart
      D) and olefin XLIII and XLIV (Chart E) usually produce mixtures of alpha
      and beta alkylation products with respect to the
      ##EQU40##
      moieties. Also as described above, those two isomers lead to different
      final products, alpha leading to the PG-type series and beta leading to
      the 8-iso-PG-type series. If a compound in one or the other of those two
      series is preferred, there are two methods for favoring production of the
      preferred final product.
PAR  One of those methods involves isomerization of the final product of
      formulas XVI to XXXV. Either the alpha isomers of a formula XVI-to-XXXV
      compound, ester or free acid, or the corresponding beta isomer is
      maintained in a inert liquid diluent in the range 0.degree. to 80.degree.
      C. and in the presence of a base characterized by its water solution
      having a pH below about 10 until a substantial amount of the isomer has
      been isomerized to the other isomer, i.e., alpha to beta or beta to alpha.
      Preferred bases for this purpose are the alkali metal salts of carboxylic
      acids, especially alkanoic acids of 2 to 4 carbon atoms, e.g., sodium
      acetate. Examples of useful inert liquid diluents are alkanols of one to 4
      carbon atoms, e.g., ethanol. This reaction at about 25.degree. takes about
      one to about 20 days. Apparently an equilibrium is established. The
      mixtures of the two isomers, alpha and beta, are separated from the
      reaction mixture by known procedures, and then the two isomers are
      separated from each other by known procedures, for example,
      chromatography, recrystallization, or a combination of those. The less
      preferred isomer is then subjected to the same isomerization to produce
      more of the preferred isomer. In this manner by repeated isomerizations
      and separations, substantially all of the less preferred isomer of the
      formula XVI-to-XXXV compound is transformed to more preferred isomer.
PAR  The second method for favoring production of a preferred formula
      XVI-to-XXXV isomer involves any one of the keto intermediates of formulas
      XXXVII, XXXVIII, XLIV, XLV, LXX, or LXXI (Charts D, E, and F). Either the
      alpha form or the beta form of one of those intermediates is transformed
      to a mixture of both isomers by maintaining one or the other isomer, alpha
      or beta, in an inert liquid diluent in the presence of a base and in range
      0.degree.to 100.degree. C. until a substantial amount of the starting
      isomer has been isomerized to the other isomer. Preferred bases for this
      isomerization are alkali metal amides, alkalie metal alkoxides, alkali
      metal hydrides, and triarylmethyl alkali metals. Especially preferred are
      alkali metal tert-alkoxides of 4 to 8 carbon atoms, e.g., potassium
      tert-butoxide. This reaction at about 25.degree. C. proceeds rapidly (one
      minute to several hours). Apparently an equilibrium mixture of both
      isomers is formed, starting with either isomer. The isomer mixtures in the
      equilibrium mixture thus obtained are isolated by known procedures, and
      then the two isomers are separated from each other by known procedures,
      for example, chromatography. The less preferred isomer is then subjected
      to the same isomerization to produce more of the preferred isomer. In this
      manner, by repeated isomerizations and separations, substantially all of
      the less preferred isomer of any of these intermediates in transformed to
      the more preferred isomer. Cyclic ketalketone intermediates of formula
      XXXVII are preferred over the other intermediates for this isomerization
      procedure.
PAR  The novel oxa-phenylene PGE, PGF, PGA and PGB type compounds of formula XVI
      to XXXV wherein R.sub.2 is alkyl of one to 4 carbon atoms, inclusive,
      preferably methyl or ehtyl, are preferred over the corresponding
      oxa-phenylene PGE, PGF, PGA, and PGB type compounds in which R.sub.2 is
      hydrogen for the above-described pharmacological purposes.
PAR  These 15-alkyl prostaglandin analogs are suprisingly and unexpectedly more
      useful than the corresponding 15-hydrogen compounds for the reason that
      they are substantially more specific with regard to potency in causing
      prostaglandin-like biological responses, and have substantially longer
      duration of biological activity. For that reason, fewer and smaller doses
      of these 15-alkyl prostaglandin analogs are needed to attain the desired
      pharmacological results.
PAR  Although the above-mentioned 15-alkyl compounds are produced by the methods
      outlined above in Charts A-F, the preferred methods are set forth in Chart
      I and J as follows.
PAR  In Chart I is shown the transformation of 15-alkyl PGF-type acids and alkyl
      esters to the corresponding PGE-type acids and alkyl esters by oxidation.
      For this purpose, and oxidizing agent is used which selectively oxidizes
      secondary hydroxy groups to carbonyl groups in the presence of
      carbon-carbon double bonds. Formula LXXXVIII in Chart I includes optically
      active compounds as shown and racemic compounds of that formula and the
      mirror images thereof, and also the 15-epimers of both of those, i.e.,
      wherein the configuration at C-15 is .beta. rather than .alpha. as shown.
      Also in Chart I, E', G, J', R.sub.1 and R.sub.26 are as defined above, and
      R.sub.16 is alkyl of one to 4 carbon atoms.
PAR  For the transformations of Chart I, the .beta.-hydroxy isomers of reactant
      LXXXVIII are preferred starting materials when the carboxyl side chain is
      alpha, although the corresponding .alpha.-hydroxy isomers are also useful
      for this purpose.
PAR  Oxidation reagents useful for the transformation set forth in Chart I are
      known to the art. An especially useful reagent for this purpose is the
      Jones reagent, i.e., acidified chromic acid. See J. Chem. Soc. 39 (1946).
      A slight excess beyond the amount necessary to oxidize one of the
      secondary hydroxy groups of the formula-LXXXVIII reactant is used. Acetone
      is a suitable diluent for this purpose. Reaction temperatures at least as
      low as about 0.degree. C. should be used.
      ##SPC84##
      ##SPC85##
PAL  Preferred reaction temperatures are in the range -10.degree. to -50.degree.
      C. The oxidation proceeds rapidly and is usually complete in about 5 to 20
      minutes. The excess oxidant is destroyed, for example by addition of a
      lower alkanol, advantageously, isopropyl alcohol, and the formula-LXXXIX
      PGE-type product is isolated by conventional methods.
PAR  Examples of other oxidation reagents useful for the Chart H transformations
      are silver carbonate on Celite (Chem. Commun. 1102 (1969)), mixtures of
      chromium trioxide and pyridine (Tetrahedron Letters 3363 (1968), J. Am.
      Chem. Soc. 75, 422 (1953), and Tetrahedron, 18, 1351 (1962)), mixtures of
      sulfur trioxide in pyridine and dimethyl sulfoxide (J. Am. Chem. Soc. 89,
      5505 (1967)), and mixtures of dicyclohexylcarbodiimide and dimethyl
      sulfoxide (J. Am. Chem. Soc. 87, 5661 (1965)).
PAR  The novel 15-alkyl oxa-phenylene PGF.sub..alpha.- and PGF.sub..beta.-type
      acids and esters of formulas XX-XXIIII and XXXIII wherein R.sub.2 is one
      to 4 carbon atoms, inclusive, are preferably prepared from the
      corresponding 15-hydrogen compounds by the sequence of transformations
      shown in Chart J, wherein formulas XC through XCIV, inclusive, include
      optically active and racemic natural- and epi-configuration compounds of
      those formulas and the mirror images thereof. Also in Chart J, R.sub.16 is
      alkyl of one to 4 carbon atoms, inclusive, and E', G, Hal, J', R.sub.1,
      R.sub.26, and .about. are as heretofore defined; G" in formula XCII is the
      same as G except that T is replaced by T", wherein T" is the same as T
      above except that, in R.sub.6, --Si(R.sub.8).sub.3 replaces hydrogen. Also
      in Chart J, R.sub.8 is alkyl of one to 4 carbon atoms, inclusive, aralkyl
      of 7 to 12 carbon atoms, inclusive, phenyl, or phenyl substituted with one
      or 2 fluoro, chloro, or alkyl of one to 4 carbon atoms inclusive, and
      R.sub.17 is R.sub.1 as defined above or silyl of the
      formula-Si--(R.sub.8).sub.3 wherein R.sub.8 is as defined above. The
      various R.sub.8 's of a --Si(R.sub.8).sub.3 moiety are alike or different.
      For example, a --Si(R.sub.8).sub.3 can be trimethylsilyl,
      dimethylphenylsilyl, or methylphenylbenzylsilyl. Examples of alkyl of one
      to 4 carbon atoms, inclusive, are methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, sec-butyl, and tert-butyl. Examples of aralkyl of 7 to 12 carbon
      atoms, inclusive, are benzyl, phenethyl, .alpha.-phenylethyl,
      3-phenylpropyl, .alpha.-naphthylmethyl, and 2-(.beta.-naphthyl)ethyl.
      Examples of phenyl substituted with one or 2 fluoro, chloro, or alkyl of
      one to 4 carbon atoms, inclusive, are p-chlorophenyl, m-fluorophenyl,
      o-tolyl, 2,4-dichlorophenyl, p-tert-butylphenyl, 4-chloro-2-methylphenyl,
      and 2,4-dichloro-3- methylphenyl.
PAR  In Chart J, the final PGF.sub..alpha. and PGF.sub..beta.-type products are
      those encompassed by formulas XCIII and XCIV, respectively.
PAR  The initial optically active or racemic reactants of formula XC in Chart J
      i.e., the oxa-phenylene PGF.sub.1 -, PGF.sub.2 -, 5,6-dehydro-PGF.sub.2 -,
      and dihydro-PGF.sub.1 -type compounds in their .alpha. and .beta. forms,
      and their esters, are prepared by methods described herein. Thus, racemic
      oxa-phenylene dihydro-PGF.sub.1 .sub..alpha.- and -PGF.sub.1
      .sub..beta.-type compounds, and their esters are prepared by catalytic
      hydrogenation of the corresponding racemic oxa-phenylene PGF.sub.1
      .sub..alpha. or PGF.sub.2 .sub..beta., and PGF.sub.1 .sub..beta. or
      PGF.sub.2 .sub..beta.type compounds, respectively, e.g. in the presence of
      5% palladium-on-charcoal catalyst in ethyl acetate solution at 25.degree.
      C. and one atmosphere pressure of hydrogen.
PAR  The heretofore-described acids and esters of formula XC are transformed to
      the corresponding intermediate 15-dehydro acids and esters of formula XCI,
      by oxidation with reagents such as
      2,3-dichloro-5,6-dicyano-1,4-benzoquinone, activated manganese dioxide, or
      nickel peroxide (see Fieser et al., "Reagents for Organic Syntheses," John
      Wiley & Sons, Inc., New York, N.Y. pp. 215, 637, and 731). Alternatively,
      and especially for the formula-XC reactants wherein E' is --CH.sub.2
      CH.sub.2 and J' is L as defined above, these oxidations are carried out by
      oxygenation in the presence of the 15-hydroxyprostaglandin dehydrogenase
      of swine lung (see Arkiv for Kemi 25, 293 (1966)). These reagents are used
      according to procedures known in the art. See, for example, J. Biol. Chem.
      239, 4097 (1964).
PAR  Referring again to Chart J, intermediate compounds of formula XCI are
      transformed to silyl derivatives of formula XCII by procedures known in
      the art. See, for example, Pierce, "Silylation of Organic Compounds,"
      Pierce Chemical Co., Rockford, Ill. (1968). Both hyroxy groups of the
      formula-XCI reactants are thereby transformed to --O--Si(R.sub.8).sub.3
      moieties wherein R.sub.8 is as defined above, and sufficient of the
      silylating agent is used for that purpose according to known procedures.
      When R.sub.1 in the formula-XCI intermediate is hydrogen, the --COOH
      moiety thereby defined is simultaneously transformed to
      --COO--Si(R.sub.8).sub.3, additional silylating agent being used for this
      purpose. This latter transformation is aided by excess silylating agent
      and prolonged treatment. Likewise, when R.sub.6 in T of the formula-XCI
      intermediate is hydrogen, the phenolic hydroxyl thereby defined is
      simultaneously transformed to --O--Si(R.sub.8).sub.3 in the silylation
      step. G" in formula XCII, as defined above, therefore is the same as G
      except that T is replaced by T", wherein T" is the same as T above except
      that, in R.sub.6, --Si(R.sub.8).sub.3 replaces hydrogen. When R.sub.1 in
      formula XCI is alkyl, then R.sub.17 in formula XCII will also be alkyl.
      The necessary silylating agents for these transformations are known in the
      art or are prepared by methods known in the art. See, for example, Post,
      "Silicones and Other Organic Silicon Compounds," Reinhold Publishing
      Corp., New York, N.Y. (1949).
PAR  Referring again to Chart J, the intermediate silyl compounds of formula
      XCII are transformed to the final compounds of formulas XCIII and XCIV by
      first reacting the silyl compound with a Grignard reagent of the formula
      R.sub.16 MgHal wherein R.sub.16 is as defined above, and Hal is chloro,
      bromo, or iodo. For this purpose, it is preferred that Hal be bromo. This
      reaction is carried out by the usual procedure for Grignard reactions,
      using diethyl ether as a reaction solvent and saturated aqueous ammonium
      chloride solution to hydrolyze the Grignard complex. The resulting
      disilyl, trisilyl, or tetrasilyl tertiary alcohol is then hydrolyzed with
      water to remove the silyl groups. For this purpose, it is advantageous to
      use a mixture of water and sufficient of a water-miscible solvent, e.g.,
      ethanol to give a homogeneous reaction mixture. The hydrolysis is usually
      complete in 2 to 6 hours at 25.degree. C., and is preferably carried out
      in an atmosphere of an inert gas, e.g., nitrogen or argon.
PAR  The mixture of 15-.alpha. and 15-.beta. isomers obtained by this Grignard
      reaction and hydrolysis is separated by procedures known in the art for
      separating mixtures of prostanoic acid derivatives, for example, by
      chromatography on neutral silica gel. In some instances, the lower alkyl
      esters, especially the methyl esters of a pair of 15-.alpha. and 15-.beta.
      isomers are more readily separated by silica gel chromatography than are
      the corresponding acids. In those cases, it is advantageous to esterify
      the mixture of acids as described below, separate the two esters, and
      then, if desired, saponify the esters by procedures known in the art for
      saponification of prostaglandins F.
PAR  Although formula-XCIII and -XCIV compounds wherein E' is --CH.sub.2
      CHR.sub.9 --and J' is L' as defined above may be produced according to the
      processes of Chart J, it is preferred to produce those novel
      dihydro-PGF.sub.1 analogs by hydrogenation of one of the corresponding
      unsaturated compounds, i.e., a compound of formula XCIII or XCIV wherein E
      is trans --CH=CR.sub.9 --and J' is either L', --CH=CH--M'--,
      --C.tbd.C--M'-, M' being defined above. This hydrogenation is
      advantageously carried out catalytically, for example, in the presence of
      a 5% palladium-on-charcoal catalyst in ethyl acetate solution at
      25.degree. C. and one atmosphere pressure of hydrogen.
PAR  The novel 15-alkyl oxa-phenylene PGA-type and PGB-type acids and esters of
      formula XXIV-XXXI and XXXIV-XXXV are prepared from the 15-alkyl
      oxa-phenylene PGE compounds, heretofore described, by dehydrations and
      double bond migrations previously described, as shown in Chart A. Likewise
      the 15-alkyl PGB-type compounds are prepared by contacting the 15-alkyl
      PGA-type compounds with base. For the transformation of the 15-alkyl
      PGE-type compounds to the 15-alkyl PGA-type compounds of this invention
      (Chart K), it is preferred that a dehydrating agent be used which removes
      ##SPC86##
PAL   the hydroxy group from the alicyclic ring in the presence of a hydroxy
      group on a tertiary carbon atom. In Chart K, E', G, J', R.sub.1, R.sub.2,
      R.sub.26, and .about. are as defined above. Formula XCV as shown includes
      optically active compounds and racemic compounds of that formula and the
      mirror images thereof, and also the 15-epimers of both of those. Any of
      the known substantially neutral dehydrating agents is used for these
      reactions. See Fieser et al., cited above. Preferred dehydrating agents
      are mixtures of at least an equivalent amount of a carbodiimide and a
      catalytic amount of a copper (II) salt. Especially preferred are mixtures
      of at least an equivalent amount of dicyclohexyl carbodiimide and a
      catalytic amount of copper (II) chloride. An equivalent amount of a
      carbodiimide means one mole of the carbodiimide for each mole of the
      formula-XCV reactant. To ensure completeness of the reaction, it is
      advantageous to use an excess of carbodiimide, i.e., 1.5 to 5 or even more
      equivalents of the carbodiimide.
PAR  The dehydration is advantageously carried out in the presence of an inert
      organic diluent which gives a homogeneous reaction mixture with respect to
      the formula-XCV reactant and the carbodiimide. Diethyl ether is a suitable
      diluent. It is advantageous to carry out the dehydration in an atmosphere
      of an inert gas, e.g., nitrogen, helium, or argon. The time required for
      the dehydration will depend in part on the reaction temperature. With the
      reaction temperature in the range 20.degree. to 30.degree.C., the
      dehydration usually takes place in about 40 to 60 hours. The formula-XCVI
      product is isolated by methods known in the art, e.g., filtration of the
      reaction mixture and evaporation of the filtrate. The product is then
      purified by methods known in the art, advantageously by chromatography on
      silica gel.
PAR  The final formula XVI-to-XXXV compounds prepared by the processes of this
      invention, in free acid form, are transformed to pharmacologically
      acceptable salts by neutralization with appropriate amounts of the
      corresponding inorganic or organic base, examples of which correspond to
      the cations and amines listed above. These transformations are carried out
      by a variety of procedures known in the art to be generally useful for the
      preparation of inorganic, i.e., metal or ammonium, salts, amine acid
      addition salts, and quaternary ammonium salts. The choice of procedure
      depends in part upon the solubility characteristics of the particular salt
      to be prepared. In the case of the inorganic salts, it is usually suitable
      to dissolve the formula XVI-to-XXXV acid in water containing the
      stoichiometric amount of a hydroxide, carbonate, or bicarbonate
      corresponding to the inorganic salt desired. For example, such use of
      sodium hydroxide, sodium carbonate, or sodium bicarbonate gives a solution
      of the sodium salt. Evaporation of the water or addition of a
      water-miscible solvent of moderate polarity, for example, a lower alkanol
      or a lower alkanone, gives the solid inorganic salt if that form is
      desired.
PAR  To produce an amine salt, the formula XVI-to-XXXV acid is dissolved in a
      suitable solvent of either moderate or low polarity. Examples of the
      former are ethanol, acetone, and ethyl acetate. Examples of the latter are
      diethyl ether and benzene. At least a stoichiometric amount of the amine
      corresponding to the desired cation is then added to that solution. If the
      resulting salt does not precipitate, it is usually obtained in solid form
      by addition of a miscible diluent of low polarity or by evaporation. If
      the amine is relatively volatile, any excess can easily be removed by
      evaporation. It is preferred to use stoichiometric amounts of the less
      volatile amines.
PAR  Salts wherein the cation is quaternary ammonium are produced by mixing the
      formula XVI-to-XXXV acid with the stoichiometric amount of the
      corresponding quaternary ammonium hydroxide in water solution, followed by
      evaporation of the water.
PAR  The final formula XVI-to-XXXV acids or esters prepared by the processes of
      this invention are transformed to lower alkanoates by interaction of the
      formula XVI-to-XXXV hydroxy compound with a carboxyacylating agent,
      preferably the anhydride of a lower alkanoic acid, i.e., an alkanoic acid
      of one to 8 carbon atoms, inclusive. For example, use of acetic anhydride
      gives the corresponding diacetate. Similar use of propionic anhydride,
      isobutyric anhydride, and hexanoic acid anhydride gives the corresponding
      carboxyacylates.
PAR  The carboxyacylation is advantageously carried out by mixing the hydroxy
      compound and the acid anhydride, preferably in the presence of a tertiary
      amine such as pyridine or triethylamine. A substantial excess of the
      anhydride is used, preferably about 10 to about 10,000 moles of anhydride
      per mole of the hydroxy compound reactant. The excess anhydride serves as
      a reaction diluent and solvent. An inert inorganic diluent, for example,
      dioxane, can also be added. It is preferred to use enough of the tertiary
      amine to neutralize the carboxylic acid produced by the reaction, as well
      as any free carboxyl groups present in the hydroxy compound reactant.
PAR  The carboxyacylation reaction is preferably carried out in the range about
      0.degree. to about 100.degree. C. The necessary reaction time will depend
      on such factors as the reaction temperature, and the nature of the
      anhydride and tertiary amine reactants. With acetic anhydride, pyridine,
      and a 25.degree. C. reaction temperature, a 12 to 24-hour reaction time is
      used.
PAR  The carboxyacylated product is isolated from the reaction mixture by
      conventional methods. For example, the excess anhydride is decomposed with
      water, and the resulting mixture acidified and then extracted with a
      solvent such as diethyl ether. The desired carboxyacylate is recovered
      from the diethyl ether extract by evaporation. The carboxyacylate is then
      purified by conventional methods, advantageously by chromatography.
PAR  By this procedure, the formula XVI-XIX and XXXII PGE-type compounds are
      transformed to dialkanoates, the formula XX-XXIII and XXXIII PGF-type
      compounds are transformed to trialkanoates, and the formula XXIV-XXXI and
      XXXIV-XXXV PGA-type and PGB-type compounds are transformed to
      monoalkanoates.
PAR  When a PGE-type dialkanoate is transformed to a PGF-type compound by
      carbonyl reduction as shown in Chart A, a PGF-type dialkanoate is formed
      and is used for the above-described purposes as such or is transformed to
      a trialkanoate by the above-described procedure. In the latter case, the
      third alkanoyloxy group can be the same as or different from the two
      alkanoyloxy groups present before the carbonyl reduction.
PAR  Molecules of each of the compounds encompassed by formulas XVI to XXXV and,
      except for XLIII and L, of each intermediate formula each have at least
      one center of asymmetry, and each can exist in racemic form and in either
      enantiomeric form, i.e., d and l. A formula accurately defining the d form
      would be the mirror image of the formula which defined the l form. Both
      formulas are necessary to define accurately the corresponding racemic
      form. The various formulas XVI-to-XXXV as drawn each represents the
      optically active form with the same configuration as the
      naturally-occurring prostaglandins.
PAR  When an optically active (d or l) final compound is desired, that is made
      by resolution of the racemic compound or by resolution of one of the
      asymmetric racemic intermediates. These resolutions are carried out by
      procedures known in the art. For example, when final compound XVI to XXXV
      is a free acid, the dl form thereof is resolved into the d and l forms by
      reacting said free acid by known general procedures with an optically
      active base, e.g., brucine or strychnine, to give a mixture of two
      diastereoisomers which are separated by known general procedures, e.g.,
      fractional crystallization, to give the separate diastereiosomeric salts.
      The optically active acid of formula XVI to XXXV is then obtained by
      treatment of the salt with an acid by known general procedures.
      Alternatively, the free acid form of cyclic ketal XXXVII, olefins XLIV or
      LXX, or glycols XXXVIII, XLV, or LXXI is resolved into separate d and l
      forms and then esterified and transformed further to the corresponding
      optically active form of the final product XVI to XXXV as described above.
PAR  In another method, bicyclo ketone reactants XXXVIII, XLV, or LXXI in exo or
      endo form, are transformed to ketals with an optically active 1,2-glycol,
      e.g., D-(--)-2,3-butanediol, by reaction of said 1,2-glycol with the
      formula-XXXVIII, XLV, or LXXI compound in the presence of a strong acid,
      e.g., p-toluenesulfonic acid. The resulting ketal is a mixture of
      diastereoisomers which is separated into the d and l diastereoisomers,
      each of which is then hydrolyzed with an acid, e.g., oxalic acid, to the
      original keto compound, now in optically active form. These reactions
      involving optically active glycols and ketals for resolution purposes are
      generally known in the art. See, for example, Chem. Ind. 1664 (1961) and
      J. Am. Chem. Soc. 84, 2938 (1962). Dithiols may be used instead of
      glycols.
PAR  Still another procedure for obtaining optically active oxa-phenylene
      PGF-type compounds is by stereoselective microbiological reduction of the
      racemic oxa-phenylene PGE compounds. For this purpose actively fermenting
      baker's yeast is employed. The PGE compound is contacted with a
      yeast-sugar-water mixture at about 25.degree. C. for 24-48 hours. There is
      produced by reduction a mixture of the PGF.sub..alpha. compound and the
      enantiomeric PGF.sub..beta. compound, which are separable by silica gel
      chromatography for example. Accompanying this transformation, carboxylic
      ester groups are removed by hydrolysis. Accordingly, from
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester, there
      are obtained natural configuration
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha. and
      enantiomeric
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..beta..
PAR  An alternate method of synthesis is provided hereinafter for a group of
      oxa-phenylene analogs within the scope of formulas XVI and XX above,
      represented by the following formulas XCVII-CIV;
      ##SPC87##
      ##SPC88##
PAL  and the racemic mixtures of those compounds and their respective
      enantiomers represented by the mirror images of the above formulas. The
      terms C.sub.p H.sub.2p, C.sub.t H.sub.2t, R.sub.1, R.sub.2, T, and s are
      as defined above; R.sub.30 is alkyl of 2 to 10 carbon atoms, inclusive,
      substituted with zero, one, 2, or 3 fluoro.
PAR  The alternate method of synthesis disclosed hereinafter is also useful for
      preparing oxa-phenylene 17,18-didehydro prostaglandin analogs within the
      scope of formulas CV-CVIII:
      ##SPC89##
      ##SPC90##
PAL  wherein C.sub.n H.sub.2n, C.sub.p H.sub.2p, R.sub.1, R.sub.2, and R.sub.5
      are as defined and used above.
PAR  These 17,18-didehydro analogs of formulas CV-CVIII together with compounds
      of formulas XXXII and XXXIII above are within the scope of 17,18-didehydro
      PGE- and PGF-type compounds represented by the formulas:
      ##SPC91##
      ##SPC92##
PAL  wherein .about. indicates attachment of the hydroxyl or the side chain to
      the cyclopentane ring in alpha or beta configuration; wherein V is (1)
      C.sub.g H.sub.2g or (2) --CH=CH-- C.sub.j H.sub.2j --, wherein C.sub.g
      H.sub.2g represents a valence bond or alkylene of one to 4 carbon atoms,
      inclusive, with one or 2 chain carbon atoms between --CH.sub.2 -- and the
      phenylene ring, and wherein C.sub.j H.sub.2j represents a valence bond or
      alkylene of one or 2 carbon atoms with one chain carbon atom between
      --CH=CH-- and the phenylene ring; wherein C.sub.n H.sub.2n is alkylene of
      one to 4 carbon atoms, inclusive; wherein C.sub.p H.sub.2p represents a
      valence bond or alkylene of one to 4 carbon atoms, inclusive, with one or
      2 chain carbon atoms between the ring and --O--; wherein C.sub.g H.sub.2g
      and C.sub.p H.sub.2p together represent zero to 8 carbon atoms, inclusive,
      with total chain lengths zero to 3 carbon atoms, inclusive; wherein Q is
      ##EQU41##
      wherein R.sub.2 is hydrogen or alkyl of one to 4 carbon atoms, inclusive;
      wherein R.sub.1 is hydrogen, alkyl of one to 12 carbon atoms, inclusive,
      cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive; and wherein R.sub.5 is alkyl of
      one to 4 carbon atoms, inclusive, substituted with zero, one, 2, or 3
      fluoro.
PAR  The corresponding 17,18-didehydro PGA- and PGB-type compounds are available
      by methods disclosed herein or known in the art, for example by acid or
      base dehydration of the formula-CXXXVII PGE-type compounds.
PAR  The alternate method of synthesis utilizes oxetane intermediates having the
      grouping
      ##SPC93##
PAL  prepared from bicyclo hexene starting materials.
PAR  Reference to Chart L will make clear the steps by which starting material
      CIX is transformed to product CXVIII. The formula-CIX compound wherein
      R.sub.31 and R.sub.32 together are --CH.sub.2 --C(CH.sub.3).sub.2
      --CH.sub.2 -- and .about. is endo, i.e.
      bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde neopentyl glycol acetal, is
      available either in racemic or optically active form. See U.S. Pat. No.
      3,711,515.
PAR  In Chart L the symbols used therein have the same meanings as defined
      above, as to C.sub.p H.sub.2p, G, Q, R.sub.1, R.sub.2, R.sub.31, R.sub.32,
      R.sub.39, R.sub.42, and .about.. R.sub.43 represents hydrogen, carboxyacyl
      R.sub.39, benzoyl, substituted benzoyl, mono-esterified phthaloyl, and
      substituted naphthoyl. Furthermore, in Chart L and likewise in the other
      charts of this specification, the formulas as drawn represent specific
      optical isomers following the conventions applied herein to the end
      products. However, for purposes of convenience and brevity it is intended
      that such representations of the process steps for the optically active
      intermediates are applicable to those same process steps as used for the
      corresponding racemic intermediates.
PAR  Both the endo and exo forms of bicyclo hexene CIX are available or are made
      by methods known in the art, in either their racemic or optically active
      forms. See. U.S. Pat. No. 3,711,515.
      ##SPC94##
PAL  Either the endo or exo starting material will yield the ultimate analogs of
      formula CXVIII by the processes of Chart L.
PAR  In step (a) oxetane CX is obtained by reaction of the formula-CIX bicyclo
      hexene with an aldehyde of the formula
      ##SPC95##
PAL  wherein C.sub.p H.sub.2p represents a valence bond or alkylene of one to 4
      carbon atoms, inclusive, with one or 2 carbon atoms in the chain between
      the phenylene ring and --O--, and wherein R.sub.39 is carboxyacyl of the
      formula
      ##EQU42##
      wherein R.sub.40 is hydrogen, alkyl of one to 19 carbon atoms, inclusive,
      or aralkyl of 7 to 12 carbon atoms, inclusive, wherein alkyl or aralkyl
      are substituted with zero to 3 halo atoms.
PAR  The formula-CXIX aldehydes are available or readily prepared by methods
      known in the art. Examples of such compounds within the scope of formula
      CXIX are:
      ##SPC96##
      ##SPC97##
PAR  The formation of oxetane CX is accomplished by photolysis of a mixture of
      the bicyclo hexene and the aldehyde in a solvent. The bicyclo hexene is
      preferably used in excess over the molar equivalent, for example 2 to 4
      times the theoretical equivalent amount. The solvent is a photochemically
      inert organic liquid, for example liquid hydrocarbons, including benzene
      or hexane, 1,4-dioxane, and diethyl ether. The reaction is conveniently
      done at ambient conditions, for example 25.degree. C., but may be done
      over a wide range of temperature, from about -78.degree. C. to the boiling
      point of the solvent. The irradiation is done with mercury vapor lamps of
      the low or medium pressure type, for example those peaking at 3500 A. Such
      sources are available from The Southern New England Ultraviolet Co.,
      Middletown, Conn. Alternatively, those lamps which emit a broad spectrum
      of wavelengths and which may be filtered to transmit only light of
      .lambda..about.3000-3700 A may also be used. For a review of photolysis
      see D. R. Arnold in "Advances in Photochemistry," Vol. 6, W. A. Noyes et
      al., Wiley-Interscience, New York, 1968, pp. 301-423.
PAR  In step (b) the cleavage of the oxetane ring to yield the formula-CXI
      compounds is accomplished with an alkali metal in the presence of a
      primary amine or alcohol. Preferred is lithium in ethylamine, or sodium in
      ethyl alcohol. See L. J. Altman et al., Synthesis 129 (1974). The cleavage
      transformation may also be accomplished by catalytic hydrogenation over an
      inert metal catalyst, e.g. Pd on carbon, in ethyl acetate or ethanol.
PAR  In step (c) the formula CXI diol is prepared for step (d) by preferably
      blocking the two hydroxyl groups with carboxyacyl groups within the scope
      of R.sub.39, i.e.
      ##EQU43##
      as defined above. For example, the diol is treated with an acid anhydride
      such as acetic anhydride, or with an acyl halide in a tertiary amine.
      Expecially preferred is pivaloyl chloride in pyridine.
PAR  Other carboxyacylating agents useful for this transformation are known in
      the art or readily obtainable by methods known in the art, and include
      carboxyacyl halides, preferably chlorides, bromides, or fluorides, i.e.
      R.sub.40 C(O)Cl, R.sub.40 C(O)Br, or R.sub.40 C(O)F, and carboxyacid
      anhydrides, (R.sub.40 C--).sub.2 O, wherein R.sub.40 is as defined above.
      The preferred reagent is an acid anhydride. Examples of acid anhydrides
      useful for this purpose are acetic anhydride, propionic anhydride, butyric
      anhydride, pentanoic anhydride, nonanoic anhydride, trideconoic anhydride,
      steric anhydride, (mono, di or tri) chloroacetic anhydride,
      3-chlorovaleric anhydride, 3-(2-bromoethyl)-4,8-dimethylnonanoic
      anhydride, cyclopropaneacetic anhydride, 3-cycloheptanepropionic
      anhydride, 13-cyclopentanetridecanoic anhydride, phenylacetic anhydride,
      (2 or 3)-phenylpropionic anhydride, 13-phenyltridecanoic anhydride,
      phenoxyacetic anhydride, benzoic anhydride, (o, m, or p)-bromobenzoic
      anhydride, 2,4 (or 3,4)-dichlorobenzoic anhydride,
      p-trifluoromethylbenzoic anhydride, 2-chloro-3-nitrobenzoic anhydride, (o,
      m, or p)-nitrobenzoic anhydride, (o, m, or p)-toluic anhydride,
      4-methyl-3-nitrobenzoic anhydride, 4-octylbenzoic anhydride, (2,3, or
      4)-biphenylcarboxylic anhydride, 3-chloro-4-biphenylcarboxylic anhydride,
      5-isopropyl-6-nitro-3-biphenylcarboxylic anhydride, and (1 or 2)-naphthoic
      anhydride. The choice of anhydride depends upon the identity of R.sub.40
      in the final acylated product, for example when R.sub.40 is to be methyl,
      acetic anhydride is used; when R.sub.40 is to be 2-chlorobutyl,
      3-chlorovaleric anhydride is used.
PAR  When R.sub.40 is hydrogen,
      ##EQU44##
      is formyl. Formylation is carried out by procedures known in the art, for
      example, by reaction of the hydroxy compound with the mixed anhydride of
      acetic and formic acids or with formylimidazole. See, for example, Fieser
      et al., Reagents for Organic Synthesis, John Wiley and Sons, Inc., pp. 4
      and 407 (1967) and references cited therein. Alternatively, the formula
      CXI diol is reacted with two equivalents of sodium hydride and then with
      excess ethyl formate.
PAR  In formula CXII, R.sub.43 may also represent a blocking group including
      benzoyl, substituted benzoyl, monoesterified phthaloyl and substituted
      naphthoyl. For introducing those blocking groups, methods known in the art
      are used. Thus, an aromatic acid of the formula R.sub.39 OH, wherein
      R.sub.39 is as defined above, for example benzoic acid, is reacted with
      the formula-CXI compound in the presence of a dehydrating agent, e.g.
      sulfuric acid, zinc chloride, or phosphoryl chloride; or an anhydride of
      the aromatic acid of the formula (R.sub.39).sub.2 O, for example benzoic
      anhydride, is used.
PAR  Preferably, however, an acyl halide, e.g. R.sub.39 Cl, for example benzoyl
      chloride, is reacted with the formula-CXI compound in the presence of a
      tertiary amine such as pyridine, triethylamine, and the like. The reaction
      is carried out under a variety of conditions using procedures generally
      known in the art. Generally, mild conditions are employed, e.g.
      20.degree.-60.degree. C., contacting the reactants in a liquid medium,
      e.g. excess pyridine or an inert solvent such as benzene, toluene or
      chloroform. The acylating agent is used either in stoichiometric amount or
      in excess.
PAR  As examples of reagents providing R.sub.39 for the purposes of this
      invention, the following are available as acids (R.sub.39 OH), anhydrides
      ((R.sub.39).sub.2 O), or acyl chlorides (R.sub.39 Cl): benzoyl;
      substituted benzoyl, e.g. (2-, 3-, or 4-)methylbenzoyl, (2-, 3-, or
      4-)ethylbenzoyl, (2-, 3-, or 4-)isopropylbenzoyl, (2-, 3-, or
      4-)tert-butylbenzoyl, 2,4-dimethylbenzoyl, 3,5-dimethylbenzoyl,
      2-isopropyltoluyl, 2,4,6-trimethylbenzoyl, pentamethylbenzoyl,
      .alpha.-phenyl-(2-, 3-, or 4-(toluyl, 2-, 3-, or 4-phenethylbenzoyl, 2-,
      3-, or 4-nitrobenzoyl, (2,4-, 2,5-, or 3,5-)dinitrobenzoyl,
      4,5-dimethyl-2-nitrobenzoyl, 2-nitro-6-phenethylbenzoyl,
      3-nitro-2-phenethylbenzoyl; mono-esterified phthaloyl, e.g.
      ##SPC98##
PAL  isophthaloyl, e.g.
      ##SPC99##
PAL  or terephthaloyl, e.g.
      ##SPC100##
PAL  (1- or 2-)naphthoyl; and substituted naphthoyl, e.g. (2-, 3-, 4-, 5-, 6-,
      or 7-)-methyl-1-naphthoyl, (2-or 4-)ethyl-1-naphthoyl,
      2-isopropyl-1-naphthoyl, 4,5-dimethyl-1-naphthoyl,
      6-isopropyl-4-methyl-1-naphthoyl, 8-benzyl-1-naphthoyl,
      8-benzyl-1-naphthoyl, (3-, 4-, 5-, or 8-)-nitro-1-naphthoyl,
      4,5-dinitro-1-naphthoyl, (3-, 4-, 6-, 7- or 8)-methyl-1-naphthoyl,
      4-ethyl-2-naphthoyl, and (5- or 8-)-nitro-2-naphthoyl. There may be
      employed, therefore, benzoyl chloride, 4-nitrobenzoyl chloride,
      3,5-dinitrobenzoyl chloride, and the like, i.e. R.sub.39 Cl compounds
      corresponding to the above R.sub.39 groups. If the acyl chloride is not
      available, it is made from the corresponding acid and phosphorus
      pentachloride as is known in the art.
PAR  In step (d), the formula -CXII acetal is converted to aldehyde CXIII by
      acid hydrolysis, known in the art, using dilute mineral acids, acetic or
      formic acids, and the like. Solvents such as acetone, dioxane, and
      tetrahydrofuran are used.
PAR  For steps (e) through (h) it is optional whether R.sub.42 be hydrogen or a
      "blocking group" as defined below. For efficient utilization of the Wittig
      reagent it is preferred that R.sub.42 be a blocking group. If the
      formula-CXII compound is used wherein R.sub.43 is hydrogen, the
      formula-CXIII intermediates will have hydrogen at R.sub.42. If R.sub.42 is
      to be a blocking group, that may be readily provided prior to step (e) by
      reaction with suitable reagents as discussed below.
PAR  The blocking group, R.sub.41, is any group which replaces hydrogen of the
      hydroxyl groups, which is not attacked by nor is reactive to the reagents
      used in the respective transformations to the extent that the hydroxyl
      group is, and which is subsequently replaceable by hydrogen at a later
      stage in the preparation of the prostaglandin-like products.
PAR  Several blocking groups are known in the art, e.g. tetrahydropyranyl,
      acetyl, and p-phenylbenzoyl (see Corey et al., J. Am. Chem. Soc. 93, 1491
      (1971)).
PAR  Those which have been found useful include (a) carboxyacyl within the scope
      of R.sub.39 above, i.e. acetyl, and also benzoyl, naphthoyl, and the like;
      (b) tetrahydropyranyl; (c) tetrahydrofuranyl; (d) a group of the formula
      ##EQU45##
      wherein R.sub.48 is alkyl of one to 18 carbon atoms, inclusive, cycloalkyl
      of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon atoms,
      inclusive, phenyl, or phenyl substituted with one, 2, or 3 alkyl of one to
      4 carbon atoms, inclusive, wherein R.sub.49 and R.sub.50 are the same or
      different, being hydrogen, alkyl of one to 4 carbon atoms, inclusive,
      phenyl or phenyl substituted with one, 2, or 3 alkyl of one to 4 carbon
      atoms, inclusive, or, when R.sub.49 and R.sub.30 are taken together,
      --(CH.sub.2).sub.u -- or --(CH.sub.2).sub.v --O--(CH.sub.2).sub.w
      --wherein u is 3, 4, or 5, v is one, 2, or 3, and w is one, 2, or 3 with
      the proviso that v plus w is 2, 3, or 4, and wherein R.sub.51 is hydrogen
      or phenyl; or (e) --Si(A).sub.3 wherein A is alkyl of one to four carbon
      atoms, inclusive, phenyl, phenyl substituted with one or 2 fluoro, chloro,
      or alkyl of one to four carbon atoms, inclusive, or aralkyl of 7 to 12
      carbon atoms, inclusive.
PAR  In replacing the hydrogen atoms of the hydroxyl groups with a carboxyacyl
      blocking group, methods known in the art are used. The reagents and
      conditions are discussed above for R.sub.43 on compound CXII.
PAR  When the blocking group is tetrahydropyranyl or tetrahydrofuranyl, the
      appropriate reagent, e.g. 2,3-dihydropyran or 2,3-dihydrofuran, is used in
      an inert solvent such as dichloromethane, in the presence of an acid
      condensing agent such as p-toluenesulfonic acid or pyridine hydrochloride.
      The reagent is used in slight excess, preferably 1.0 to 1.2 times theory.
      The reaction is carried out at about 20.degree.-50.degree. C.
PAR  When the blocking group is of the formula
      ##EQU46##
      as defined above, the appropriate reagent is a vinyl ether, e.g. isobutyl
      vinyl ether or any vinyl ether of the formula R.sub.48
      --O--C(R.sub.49)=CR.sub.50 R.sub.51 wherein R.sub.48, R.sub.49, R.sub.50,
      and R.sub.51 are as defined above; or an unsaturated cyclic or
      heterocyclic compound, e.g. 1-cyclohex-1-yl methyl ether
      ##SPC101##
PAL  or 5,6-dihydro-4-methoxy-2H-pyran
      ##SPC102##
PAL  See C. B. Reese et al., J. Am. Chem. Soc. 89, 3366 (1967). The reaction
      conditions for such vinyl ethers and unsaturates are similar to those for
      dihydropyran above.
PAR  When the blocking group is silyl of the formula --Si(A).sub.3, the
      formula-CXIII compound is transformed to a silyl derivative of formula
      CXIII by procedures known in the art. See, for example, Pierce,
      "Silylation or Organic Compounds," Pierce Chemical Co., Rockford, Ill.
      (1968). The necessary silylating agents for these transformations are
      known in the art or are prepared by methods known in the art. See, for
      example, Post "Silicones and Other Organic Silicon Compounds," Reinhold
      Publishing Corp., New York, N.Y. (1949). These reagents are used in the
      presence of a tertiary base such as pyridine at temperatures in the range
      of about 0.degree. to +50.degree. C. Examples of trisubstituted
      mono-chlorosilanes suitable for this purpose include
      chlorotrimethylsilane, chlorotriisobutylsilane, chlorotriphenylsilane,
      chlorotris(p-chlorophenyl)silane, chlorotri-m-tolylsilane, and
      tribenzylchlorosilane. Alternately, a chlorosilane is used with a
      corresponding disilazane. Examples of other silylating agents suitable for
      forming the formula-CXIII intermediates include pentamethylsilylamine,
      pentaethylsilylamine, N-trimethylsilydiethylamine,
      1,1,1-triethyl-N,N-dimethylsilylamine,
      N,N-diisopropyl-1,1,1,-trimethylsilylamine,
      1,1,1-tributyl-N,N-dimethylsilylamine
      N,N-dibutyl-1,1,1-trimethylsilylamine,
      1-isobutyl-N,N,1,1-tetramethylsilylamine,
      N-benzyl-N-ethyl-1,1,1-trimethylsilylamine,
      N,N,1,1-tetramethyl-1-phenylsilylamine,
      N,N-diethyl-1,1-dimethyl-1-phenylsilylamine,
      N,N-diethyl-1-methyl-1,1-diphenylsilylamine,
      N,N-dibutyl-1,1,1-triphenylsilylamine, and
      1-methyl-N,N,1,1-tetraphenylsilylamine.
PAR  In step (e) the aldehyde group is transformed by the Wittig reaction to a
      moiety of the formula --CH=CR.sub.2 G. For this purpose a phosphonium salt
      prepared from an organic chloride or bromide of the formula
      ##EQU47##
      is employed, wherein G and R.sub.2 are as defined above. These organic
      chlorides or bromides are known in the art or are readily prepared by
      methods known in the art. See for example the above-identified German
      Offenlegungsschrift No. 2,209,990. As to the Wittig reaction, see, for
      example, U.S. Pat. No. 3,776,941 and references cited therein.
PAR  In step (f) compound CXV is obtained by deblocking if necessary. When
      C.sub.p H.sub.2p is a valence bond, and R.sub.42 is a hindered
      carboxyacyl, e.g.
      ##EQU48##
      R.sub.41 on the phenolic hydroxy is selectively replaced with hydrogen by
      hydrolysis with sodium or potassium hydroxide in ethanol-water. Instead of
      ethanol, other water-miscible solvents may be substituted, for example
      1,4-dioxane, tetrahydrofuran, or 1,2-dimethoxyethane. The selective
      hydrolysis is preferably carried out at -15.degree. to 25.degree. C.
      Higher temperatures may be used but with some decrease in selectivity.
PAR  Total hydrolysis of R.sub.42 blocking groups on compound CXIV is
      accomplished, when R.sub.42 is carboxyacyl, with an alkali alkoxide in an
      alcoholic solvent, preferably sodium methoxide in methanol at a
      temperature from 25.degree. C. to reflux. When R.sub.42 is
      tetrahydropyranyl, aqueous acid, e.g. dilute acetic acid, is used at
      25.degree. to 50.degree. C. When R.sub.42 is trialkylsilyl, either aqueous
      acid or base are used at 25.degree. to 50.degree. C.
PAR  Continuing with Chart L, in step (g) a Williamson synthesis is employed to
      obtain compound CXVI. The formula-CXV alcohol or phenol is condensed with
      a haloacetate within the scope of Hal--CH.sub.2 --COOR.sub.1 wherein Hal
      is chloro, bromo, or iodo and R.sub.1 is as defined above. Normally the
      reaction is done in the presence of a base such as n-butyllithium,
      phenyllithium, triphenylmethyllithium, sodium hydride, potassium
      t-butoxide, sodium hydroxide, or potassium hydroxide.
PAR  The transformation from compound CXVI to product CXVIII may be accomplished
      by any of several routes known in the art. See U.S. Pat. No. 3,711,515.
      Thus, by step (h), the alkenene CXVI is hydroxylated to glycol CXVII. For
      this purpose osmium tetroxide is a suitable reagent, for example in
      conjunction with N-methylmorpholine oxide-hydrogen peroxide complex (see
      Fieser et al., "Reagents for Organic Synthesis," p. 690, John Wiley and
      Sons, Inc., New York (1967)). Thereafter, several methods are available
      for obtaining the formula-CXVIII product. In one method the glycol is
      converted to a bis(alkanesulfonic acid) ester and subsequently hydrolyzed
      to CXVIII by methods known in the art (see, for example German
      Offenlegungsschrift No. 1,937,676, Derwent Farmdoc No. 6862R). Another
      method is by way of a diformate by formolysis of the glycol (see U.S. Pat.
      No. 3,711,515).
PAR  Still another method is by way of a cyclic ortho ester. For this purpose,
      glycol CXVII is reacted with an ortho ester of the formula
      ##EQU49##
      wherein R.sub.46 is hydrogen, alkyl of one to 19 carbon atoms, inclusive,
      or aralkyl of 7 to 12 carbon atoms, inclusive, substituted with zero to 3
      halo atoms; and R.sub.47 is methyl or ethyl. There is then formed a cyclic
      ortho ester of the formula
      ##SPC103##
PAL  wherein C.sub.p H.sub.2p, G, R.sub.1, R.sub.2 R.sub.42, R.sub.46, R.sub.47,
      and .about. are as defined above. The reaction goes smoothly in a
      temperature range of -50.degree. C. to +100.degree. C., although for
      convenience 0.degree. C. to +50.degree. C. is generally preferred. From
      1.5 to 10 molar equivalents of the ortho ester are employed, together with
      an acid catalyst. The amount of the catalyst is usually a small fraction
      of the weight of the glycol, say 1%, and typical catalysts include
      pyridine hydrochloride, formic acid, hydrogen chloride, p-toluenesulfonic
      acid, trichloroacetic acid, or trifluoroacetic acid. The reaction is
      preferably run in a solvent, for example benzene, dichloromethane, ethyl
      acetate, or diethyl ether. It is generally completed within a few minutes
      and is conveniently followed by TLC (thin layer chromatography on basic
      silica gel plates).
PAR  The ortho ester reagents are known in the art or readily available by
      methods known in the art. See for example S. M. McElvain et al., J. Am.
      Chem. Soc. 64, 1925 (1942), starting with an appropriate nitrile. Examples
      of useful ortho esters include:
PA1  trimethyl orthoformate,
PA1  triethyl orthoacetate,
PA1  triethyl orthopropionate,
PA1  trimethyl orthobutyrate,
PA1  triethyl orthovalerate,
PA1  trimethyl orthooctanoate,
PA1  trimethyl orthophenylacetate, and
PA1  trimethyl ortho (2,4-dichlorophenyl)acetate.
PAL  Preferred are those ortho esters wherein R.sub.46 is alkyl of one to 7
      carbon atoms; especially preferred are those wherein R.sub.46 is alkyl of
      one to 4.
PAR  Next, the cyclic orthoester CXX is reacted with anhydrous formic acid to
      yield a diol diester of the formula
      ##SPC104##
PAL  wherein C.sub.p H.sub.2p, G, R.sub.1 R.sub.2, R.sub.42, R.sub.46, and
      .about. are as defined above.
PAR  By "anhydrous formic acid" is meant that it contains not more than 0.5%
      water. The reaction is run with an excess of formic acid, which may itself
      serve as the solvent for the reaction. Solvents may be present, for
      example dichloromethane, benzene, or diethyl ether, usually not over 20%
      by volume of the formic acid. There may also be present organic acid
      anhydrides, for example acetic anhydride, or alkyl orthoesters, for
      example trimethyl orthoformate, which are useful as drying agents for the
      formic acid. Although the reaction proceeds over a wide range of
      temperatures, it is conveniently run at about 20.degree.-30.degree. C. and
      is usually completed within about 10 minutes.
PAR  Finally, the diol diester CXXI is converted to product CXVIII by methods
      known in the art, for example by hydrolysis in the presence of a base in
      an alcoholic medium. Examples of the base are sodium or potassium
      carbonate or sodium or potassium alkoxides including methoxides or
      ethoxides. The reaction is conveniently run in an excess of the solvolysis
      reagent, for example methanol or ethanol. The temperature range is from
      -50.degree. C. to 100.degree. C. The time for completion of the reaction
      varies with the nature of R.sub.46 and the base, proceeding in the case of
      alkali carbonates in a few minutes when R.sub.46 is hydrogen but taking up
      to several hours when R.sub.46 is ethyl, for example.
PAR  When the solvolysis proceeds too long or when conditions are too severe,
      ester groups at R.sub.1 may be removed. They are, however, readily
      replaced by methods known in the art. For example, the alkyl, cycloalkyl,
      and aralkyl esters are prepared by interaction of the formula-CXVIII acids
      with the appropriate diazohydrocarbon. For example, when diazomethane is
      used, the methyl esters are produced. Similar use of diazoethane,
      diazobutane, 1-diazo-2-ethylhexane, diazocyclohexane, and
      phenyldiazomethane, for example, gives the ethyl, butyl, 2-ethylhexyl,
      cyclohexyl, and benzyl esters, respectively.
PAR  Esterification with diazohydrocarbons is carried out by mixing a solution
      of the diazohydrocarbon in a suitable inert solvent, preferably diethyl
      ether, with the acid reactant, advantageously in the same or a different
      inert diluent. After the esterification reaction is complete, the solvent
      is removed by evaporation, and the ester purified if desired by
      conventional methods, preferably by chromatography. It is preferred that
      contact of the acid reactants with the diazohydrocarbon be no longer than
      necessary to effect the desired esterification, preferably about one to
      about ten minutes, to avoid undesired molecular changes. Diazohydrocarbons
      are known in the art or can be prepared by methods known in the art. See,
      for example Organic Reactions, John Wiley & Sons, Inc., New York, N.Y.,
      Vol. 8, pp. 389-394 (1954).
PAR  An alternative method for esterification of the carboxyl moiety comprises
      transformation of the free acid to the corresponding silver salt, followed
      by interaction of that salt with an alkyl iodide. Examples of suitable
      iodides are methyl iodide, ethyl iodide, butyl iodide, isobutyl iodide,
      tere-butyl iodide, cyclopropyl iodide, cyclopentyl iodide, benzyl iodide,
      phenethyl iodide, and the like. The silver salts are prepared by
      conventional methods, for example, by dissolving the acid in cold dilute
      aqueous ammonia, evaporating the excess ammonia at reduced pressure, and
      then adding the stoichiometric amount of silver nitrate.
PAR  The phenyl and substituted phenyl esters are prepared by silylating the
      acid to protect the hydroxy groups, for example, replacing each --OH with
      --O--Si--(CH.sub.3).sub.3. Doing that may also change --COOH to
      --COO--Si--(CH.sub.3).sub.3. A brief treatment of the silylated compound
      with water will change --COO--Si--(CH.sub.3).sub.3 back to --COOH.
      Procedures for this silylation are known in the art. Then, treatment of
      the silylated compound with oxalyl chloride gives the acid chloride which
      is reacted with phenol or the appropriate substituted phenol to give a
      silylated phenyl or substituted phenyl ester. Then the silyl groups, e.g.,
      --O--Si--(CH.sub.3).sub.3 are changed back to --OH by treatment with
      dilute acetic acid. Procedures for these transformations are known in the
      art.
PAR  Referring to Chart M, there are shown process steps by which the
      formula-CIX bicyclo hexene is transformed first to an oxetane CXXII with a
      fully developed side chain.
      ##SPC105##
      ##SPC106##
PAL  and ultimately to a PGE analog. In Chart M, R.sub.44 is hydrogen or alkyl
      of one to 4 carbon atoms, inclusive, and R.sub.45 is hydrogen, alkyl of
      one to 4 carbon atoms, inclusive, or silyl of the formula (A).sub.3 Si--
      wherein A is as defined herein above.
PAR  In step (a) of Chart M, there is employed an aldehyde of the formula
      ##SPC107##
PAL  wherein C.sub.p H.sub.2p and R.sub.44 are as defined above. Such aldehydes
      are available or readily prepared by methods known in the art. Examples of
      such compounds include:
      ##SPC108##
      ##SPC109##
PAR  The conditions for step (a) of Chart M are essentially the same as for step
      (a) of Chart L. Thereafter, step (b) for cleavage of the oxetane ring,
      steps (c) and (d) leading to the formula-CXXV aldehyde, and the Wittig
      reaction of step (e) are similar to and employ the same conditions as the
      corresponding steps of Chart L discussed above.
PAR  Referring to step (g) of Chart M, the hydroxyl on the cyclopentane ring at
      the C-9 position is oxidized to an oxo group.
PAR  Oxidation reagents useful for this transformation are known in the art. A
      useful reagent for this purpose is the Jones reagent, i.e., acidified
      chromic acid. See J. Chem. Soc. 39 (1946). A slight excess beyond the
      amount necessary to oxidize the C-9 secondary hydroxy groups of the
      formula-CXXVII reactant is used. Acetone is a suitable diluent for this
      purpose. Reaction temperatures at least as low as about 0.degree. C.
      should be used. Preferred reaction temperatures are in the range 0.degree.
      to -50.degree. C. An especially useful reagent for this purpose is the
      Collins reagent, i.e. chromium trioxide in pyridine. See J. C. Collins et
      al., Tetrahedron Lett., 3363 (1968). Dichloromethane is a suitable diluent
      for this purpose. Reaction temperatures of below 30.degree. C. should be
      used. Preferred reaction temperatures are in the range 0.degree. to
      +30.degree. C. The oxidation proceeds rapidly and is usually complete in
      about 5 to 20 minutes.
PAR  Examples of other oxidation reagents useful for this transformation are
      silver carbonate on Celite (Chem. Commun. 1102 (1969)), mixtures of
      chromium trioxide and pyridine (J. Am. Chem. Soc. 75, 422 (1953), and
      Tetrahedron, 18, 1351 (1962)), t-butylchromate in pyridine (Biochem. J.
      84, 195 (1962)), mixtures of sulfur trioxide in pyridine and
      dimethylsulfoxide (J. Am. Chem. Soc. 89, 5505 (1967)), and mixtures of
      dicyclohexylcarbodiimide and dimethyl sulfoxide (J. Am. Chem. Soc. 87,
      5661 (1965)).
PAR  Step (h) of Chart M and subsequent steps by which the product CXXX is
      obtained are similar to and employ the same conditions as the
      corresponding steps of Chart L discussed above.
PAR  Referring next to Chart N the process steps are shown whereby aldehyde
      CXIII of Chart L is transformed to a 17,18-tetradehydro-PG analog CXXXVI
      and a 17,18-didehydro-PG analog CXXXVII.
PAR  In step (a) of Chart N, a Wittig reagent is employed which is prepared from
      a phosphonium salt of a haloalkyne of the formula
EQU  Cl--CHR.sub.2 --C.sub.n H.sub.2n --C.tbd.C--R.sub.5
PAL  or
EQU  Br--CHR.sub.2 --C.sub.n H.sub.2n --C.tbd.C--R.sub.5
PAL  wherein C.sub.n H.sub.2n, R.sub.2, and R.sub.5 are as defined above. See,
      for example, U. Axen et al., Chem. Comm. 1969, 303, and ibid. 1970, 602.
PAR  Thereafter, in steps (b) to (d) and subsequent steps yielding the
      17,18-tetradehydro compound CXXVI, the reagents
      ##SPC110##
PAL  and conditions are similar to those employed for the corresponding
      reactions shown in Chart L.
PAR  Transformation of CXXXVI to the formula-CXXXVII compounds is accomplished
      by hydrogenation of CXXXVI using a catalyst which catalyzes hydrogenation
      of --C.tbd.C-- only to cis--CH=CH--, as known in the art. See, for
      example, Fieser et al., "Reagents for Organic Syntheses," pp. 566-567,
      John Wiley and Sons, Inc., New York (1967). Preferred is Lindlar catalyst
      in the presence of quinoline, see Axen, references cited.
PAR  The intermediates of Charts L, M, and N, including those compounds
      represented by formulas CX, CXI, CXII, CXIII, CXIV, CXV, CXVI, CXVII,
      CXXII, CXXIII, CXXIV, CXXV, CXXVI, CXXVII, CXXVIII, CXXIX, CXXXII,
      CXXXIII, CXXXIV, CXXXV, and CXXXVI are frequently not isolated but used
      directly for a subsequent process step. When they are isolated, they are
      purified by methods known in the art, for example partition extraction,
      fractional crystallization, and, preferably, silica gel column
      chromatography.
PAR  The products represented by formulas CXVIII, CXXX, and CXXXVII obtained
      from these intermediates are often a mixture of 15-.alpha. and 15-.beta.
      isomers. These are separated by methods known in the art, for example, by
      chromatography on neutral silica gel. In some instances, particularly
      where R.sub.2 is alkyl, the lower alkyl esters are more readily separated
      than are the corresponding acids. In those cases wherein R.sub.1 is
      hydrogen, it is advantageous to esterify the mixture of acids, as with
      diazomethane, to form the methyl esters, separate the two epimers, and
      then, if desired, replace the carboxyl methyl with hydrogen by methods
      known in the art.
PAR  When an optically active intermediate or starting material is employed,
      subsequent steps yield optically active intermediates or products. That
      optical isomer of bicyclo hexene CIX is used which will yield product
      CXVIII for example, in the configuration corresponding to that of the
      naturally occurring prostaglandins. When the racemic form of the
      intermediate or starting material is employed, the subsequent
      intermediates or products are obtained in their racemic form.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention can be more fully understood by the following examples and
      preparations:
PAR  All temperatures are in degrees centigrade.
PAR  Infrared absorption spectra are recorded on a Perkin-Elmer Model 421
      infrared spectrophotometer. Except when specified otherwise, undiluted
      (neat) samples are used.
PAR  Ultraviolet spectra are recorded on a Cary Model 15 spectrophotometer.
PAR  NMR spectra are recorded on a Varian A-60, A-60D, or T-60 spectrophotometer
      using deuterochloroform solutions with tetramethylsilane as an internal
      standard (downfield).
PAR  Mass spectra are recorded on a CEC Model 110B Double Focusing High
      Resolution Mass Spectrometer or an LKB Model 9,000 Gas Chromatograph-Mass
      Spectrometer (ionization voltage 70 ev).
PAR  Circular dichroism curves are recorded on a Cary 60 recording
      spectropolarimeter.
PAR  Specific rotations are determined for solutions of a compound in the
      specified solvent with a Perkin-Elmer Model 141 Automatic Polarimeter.
PAR  The collection of chromatographic eluate fractions starts when the eluant
      front reaches the bottom of the column.
PAR  "Brine," herein, refers to an aqueous saturated sodium chloride solution.
PAR  The A-IX solvent system used in thin layer chromatography is made up from
      ethyl acetate-acetic acid-2,2,4-trimethylpentane-water (90:20:50:100)
      according to M. Hamberg and B. Samuelsson, J. Biol. Chem. 241, 257 (1966).
PAR  "Skellysolve-B" refers to mixed isomeric hexanes.
PAR  Silica gel chromatography, as used herein, is understood to include
      elution, collection of fractions, and combination of those fractions shown
      by TLC (thin layer chromatography) to contain the desired product free of
      starting material and impurities.
PAC  PREPARATION 1
PAC  dl-Endo-6-(1-heptenyl)-3-(1-pyrrolidyl)-bicyclo[3.1.0]hex-2-ene.
PAR  A solution of formula-XLIII endo-6-(cis- and
      trans-1-heptenyl)bicyclo[3.1.0]hexan-3-one (see Example 29 of West Germany
      Offenlegungsschrift No. 1,937,912, cited above) (15 g.), 25 ml. of
      pyrrolidine, and 200 ml. of benzene is heated under reflux while removing
      the water formed by distillation. After 2 hrs. the benzene is replaced by
      50 ml. of toluene which is then removed in vacuo to give the title
      compound. This material gives an infrared spectrum having absorption
      attributable to the enamine double bond at 1610 cm.sup.-.sup.1 and free of
      carbonyl absorption.
PAC  PREPARATION 2
PAC  Methyl m-(Chloromethyl)phenoxyacetate (Formula LIII: C.sub.g H.sub.2g and
      C.sub.p H.sub.2p are valence bonds in meta relationship, C.sub.q H.sub.2q
      is methylene, Hal is chloro, R.sub.26 is hydrogen, and R.sub.10 is
      methyl).
PAR  a. m-Formylphenoxyacetic Acid. To a solution of m-hydroxybenzaldehyde (48.8
      g.) and sodium hydroxide (16.16 g.) in 500 ml. of water is added a
      solution prepared from chloroacetic acid (75 g.) and sodium hydroxide (32
      g.) in 100 ml. of water. The mixture is heated under reflux for 2 hrs.,
      cooled, and the pH is adjusted to pH 1 or 2. The mixture is extracted with
      dichloromethane-ether and the extract is dried and concentrated. The solid
      is taken up in saturated aqueous sodium bicarbonate, extracted with ether
      and the aqueous phase is made acidic. The aqueous phase is extracted with
      dichloromethane. The organic layer is concentrated and the residue is
      recrystallized from water to give m-formylphenoxyacetic acid (34.0 g.)
      m.p. 114.degree.-117.degree..
PAR  b. Methyl M-Formylphenoxyacetate. A solution of the product of step a (30.0
      g.) in 400 ml. of diethyl ethertetrahydrofuran is treated with an excess
      of ethereal diazomethane generated from
      N-methyl-N'-nitro-N-nitro-soguanidine (32.5 g.) and 200 ml. of 30%
      potassium hydroxide. The organic extract is washed with 5% sodium
      hydroxide, dried and concentrated to give methyl m-formylphenoxyacetate
      (17 g.), as a light yellow oil.
PAR  c. Methyl m-(Hydroxymethyl)phenoxyacetate. A solution of the product of
      step b (30.0 g.) in 200 ml. of methanol, cooled in an ice bath to
      0.degree., is treated with sodium borohydride (1.55 g.) in 30 ml. of cold
      water. After the addition, stirring is continued for 20 min., the methanol
      is removed, and 60 ml. of brine is added. The aqueous phase is extracted
      with ether and the ether solution is washed, first with 5% aqueous
      hydrochloric acid, then brine, and dried. Removal of the solvent yields
      methyl m-(hydroxymethyl)phenoxyacetate(27.0 g.).
PAR  d. Methyl m-(Chloromethyl)phenoxyacetate. To the product of step c (27.0
      g.) is added 20 ml. of thionyl chloride with stirring. Following the
      addition, the reaction mixture is stirred at 25.degree. for 30 min. and at
      reflux for 30 min. After cooling the reaction mixture, it is dissolved in
      ether and washed carefully with water, saturated aqueous sodium bicarbonte
      and brine. The organic layer is dried, concentrated and distilled to give
      the title compound (11.0 g.) b.p. 98.degree.-110.degree./0.03 mm.
PAR  Following the procedures of Preparation 2, but replacing chloroacetic acid
      with 3-chloropropionic acid, there is obtained, successively,
      3-(m-formylphenoxy)propionic acid and its methyl ester, methyl
      3-[m-(hydroxymethyl)phenoxy]-propionate, and the formula-LIII compound,
      methyl 3-[m-(chloromethyl)phenoxy]propionate.
PAR  Alternatively, Michael addition of m-hydroxy benzaldehyde to methyl
      acrylate, with base catalysis, and reduction of the product with sodium
      borohydride gives methyl 3-[m-(hydroxymethyl)phenoxy]propionate.
PAC  PREPARATION 3
PAC  Ethyl o-(Bromomethyl)benzyloxyacetate (Formula LIII: C.sub.g H.sub.2g is a
      valence bond, C.sub.p H.sub.2p and C.sub.q H.sub.2q are methylene, C.sub.g
      H.sub.2g and C.sub.p H.sub.2p are in ortho relationship, Hal is bromo,
      R.sub.26 is hydrogen, and R.sub.10 is ethyl).
PAR  To a mixture of .alpha.,.alpha.'-dibromo-o-xylene (100 g.), ethyl glycolate
      (47 g.), and dimethylformamide (500 ml.) is added with stirring over a
      1-hour period at 0.degree.-5.degree. C., 18 g. of 57% sodium hydride. The
      mixture is stirred for 16 hrs. at about 25.degree. C. and is then
      concentrated on a rotating evaporator at 40.degree.-50.degree. C. under
      vacuum. The residue is diluted with one liter of a mixture of isomeric
      hexanes (Skellysolve B) and diethyl ether (1:2 by volume) and the organic
      solution is washed successively with dilute hydrochloric acid, dilute
      potassium hydroxide solution, water, and brine, and is finally dried and
      concentrated. The residue is chromatographed on a column prepared by
      wet-packing 3 kg. of silica gel (Brinkman) with 6 l. of 15% ethyl acetate
      in Skellysolve B and 30 ml. of absolute ethanol. Gradient elution of the
      column with 16 l. of 15-35% ethyl acetate in Skellysolve B gives fractions
      of 400 ml. each of which are combined on the basis of thin layer
      chromatography (TLC). From fractions 18-27 there is obtained 35 g. of the
      title compound. This material has .lambda..sub.max. in ethanol at 231
      m.mu. (.epsilon. 7550) with shoulders at 272 (.epsilon. 700) and 278 m.mu.
      (.epsilon. 462). It has key absorptions in its NMR spectrum at about 7.3
      (apparent singlet), 4.7 (singlet), 4.64 (singlet), 4.06 (singlet),
      4.0-4.35 (quartet), and 1.1-1.34 (triplet) .delta.. It has mass spectral
      peaks at 206, 199, 201, 185, and 183.
PAC  PREPARATION 4
PAC  Endo-6-(cis-4-phenyl-1-butenyl)-bicyclo-[3.1.0]hexan-3-one (Formula XLIII:
      G is
      ##SPC111##
PAC  R.sub.3 and R.sub.4 are hydrogen; and .about. is endo).
PAR  a. There is first prepared (3-phenylpropyl)triphenylphosphonium bromide. A
      solution of 597.3 g. of 1-bromo-3-phenylpropane and 786 g. of
      triphenylphosphine in 1,500 ml. of toluene is heated at reflux under
      nitrogen for 16 hrs., then the mixture is cooled and the solid product is
      separated by filtration. The solid is then slurried with toluene in a
      Waring blender, separated by filtration, and dried for 18 hrs. at
      70.degree. C. under reduced pressure to give 1068 g. of
      (3-phenylpropyl)triphenylphosphonium bromide; m.p.
      210.5.degree.-211.5.degree. C.
PAR  b. A suspension of 314 g. of the product of step a in 3 l. of benzene is
      stirred at room temperature (25.degree. C.) under nitrogen, and 400 ml. of
      1.6 M butyllithium in hexane is added over a 20 min. period. The mixture
      is heated at 35.degree. C. for 30 minutes, then is cooled to -15.degree.
      C. and a solution of 100 g. of
      endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde 3-tetrahydropyranyl ether
      in 200 ml. of benzene is added over a 30-min. period. This mixture is
      heated at 70.degree. C. for 2.5 hrs., cooled, and filtered. The filtrate
      is washed three times with water, dried over sodium sulfate, and
      concentrated to 170 g. of crude
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-ol
      3-tetrahydropyranyl ether.
PAR  A solution of 340 g. (two runs) of this crude
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo-[3.1.0]hexan-3-ol
      3-tetrahydropyranyl ether and 20 g. of oxalic acid in 3600 ml. of methanol
      is heated at reflux for 3.5 hrs. The mixture is cooled and the methanol is
      evaporated under reduced pressure. The residue is mixed with
      dichloromethane, and the dichloromethane solution is washed with aqueous
      sodium bicarbonate, dried over sodium sulfate, and concentrated to 272 g.
      of the endo-6-(cis-4-phenyl-1-butenyl)bicyclo[3.1.0]-hexan-3-ol.
PAR  A solution of 93 g. of the above
      endo-6-(cis-4-phenyl-1-butenyl)bicyclo[3.1.0]hexan-3-ol in 2570 ml. of
      acetone is cooled to -5.degree. C. and 160 ml. of Jones reagent (in the
      proportions 42 g. of chromic anhydride, 120 ml. of water, and 34 ml. of
      concentrated sulfuric acid) is added over a period of 30 min. while
      cooling to maintain a temperature of -5.degree. C. The mixture is allowed
      to stand for 10 min. longer; then 100 ml. of isopropyl alcohol is added
      and the mixture is swirled for 5 min. The mixture is then diluted with 6
      l. of water and extracted several times with dichloromethane. The organic
      layers are separated, washed with dilute hydrochloric acid, water, dilute
      aqueous sodium bicarbonate, and brine, then are dried over sodium sulfate,
      combined and concentrated to 83 g. of crude
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one.
PAR  Crude endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]-hexan-3-one (162 g.,
      two runs) is dissolved in isomeric hexanes (Skellysolve B) and
      chromatographed over 5 kg. of silica gel wet-packed with Skellysolve B,
      eluting successively with 11 l. of Skellysolve B, 62 l. of 2.5% ethyl
      acetate in Skellysolve B, and 32 l. of 5% ethyl acetate in Skellysolve B.
      The last 8 l. of the 2.5% ethyl acetate in Skellysolve B eluates and the
      32 l. of 5% ethyl acetate in Skellysolve B eluates are combined and
      concentrated to 75.8 g. of the title compound; infrared absorption at
      3000, 1750, 1610, 1500, 1455, 1405, 1265, 1150, 778, 750 and 702
      cm.sup.-.sup.1., N.M.R. peaks at 7.18 (singlet) and 4.75-6.0 (broad
      multiplet) .delta..
PAC  PREPARATION 5
PAC  Endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo-[3.1.0]hexan-3-one. (Formula
      XLIII: G is
      ##SPC112##
PAC  R.sub.2 and R.sub.9 are hydrogen; and .about.  is endo).
PAR  a. There is first prepared (4-phenylbutyl)triphenylphosphonium bromide. A
      solution of 145 g. of 4-phenyl-1-bromobutane and 179 g. of
      triphenylphosphine in 350 ml. of toluene is heated at reflux under
      nitrogen for 16 hrs. The mixture is then cooled slowly and ether is added
      giving a precipitate of (4-phenylbutyl)triphenylphosphonium bromie which
      is washed throughly with benzene/ether and dried 18 hrs. at 50.degree. C.
      under reduced pressure, 268 g., m.p. 139.degree.-140.degree. C.
PAR  b. A suspension of 242 g. of the product of step a in 2.3 l. of dry benzene
      at 25.degree. C. is stirred and 300 ml. of 1.6 M butyllithium in hexane is
      added over a 15-min. period. The mixture is stirred at 30.degree. C. for
      one hour, then is cooled to 10.degree. C. and a solution of 75 g. of
      endobicyclo-[3.1.0]hexan-3-ol-6-carboxaldehyde 3-tetrahydropyranyl ether
      in 200 ml. of benzene is added over a 15-min. period. The mixture is
      heated at 65.degree.-70.degree. C. for 3 hours, cooled and filtered. The
      filtrate is washed with water and brine, dried over sodium sulfate, and
      concentrated under reduced pressure to give 117 g. of crude
      endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-ol
      tetrahydropyranyl ether showing a single spot, R.sub.f 0.75, on thin layer
      chromatography with silica gel plates developed with 20% ethyl acetate in
      cyclohexane.
PAR  A solution of 117 g. of the above crude
      endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-ol
      tetrahydropyranyl ether and 6 g. of oxalic acid in 2,500 ml. of methanol
      is heated under reflux for 2.5 hrs. The methanol is then removed by
      distillation under reduced pressure and the residue is diluted with water
      and extracted with dichloromethane. The dichloromethane extracts are
      combined, washed with aqueous sodium bicarbonate and brine, dried over
      sodium sulfate and concentrated under reduced pressure to give 95.7 g. of
      crude endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-ol. The
      entire crude product is chromatographed over 1.5 kg. of silica gel
      wet-packed with Skellysolve B, eluting successively with 5 l. of
      Skelly-solve B, 4 l. of 2.5%, 6 l. of 5%, 9 l. of 7.5%, 12 l. of 10%, 8 l.
      of 15%, 10 l. of 20% and 10 l. of 30% ethyl acetate in Skellysolve B,
      taking 600 ml. fractions. The last fraction of 10% ethyl acetate in
      Skellysolve B, all the 15% and 20% ethyl acetate in Skellysolve B eluates,
      and the first 3 fractions of 30% ethyl acetate in Skellysolve B are
      concentrated to 60.5 g. of purified
      endo-6-(cis-5-phenyl-1-pentenyl)bicyclo[3.1.0]hexan-3-ol.
PAR  A solution of 60.5 g. of the above purified alcohol in 1,600 ml. of acetone
      is cooled to -10.degree. C. and 103 ml. of Jones reagent is added
      dropwise. After addition is complete the mixture is stirred for 10 min. at
      0.degree. C. and 65 ml. of isopropyl alcohol is added. The mixture is
      poured into 8 l. of water and extracted several times with
      dichloromethane. The dichloromethane extracts are combined, washed with
      dilute hydrochloric acid, aqueous sodium bicarbonate and brine, dried over
      sodium sulfate and concentrated under reduced pressure to give 56 g. of
      crude endo-6-(cis-5-phenyl-1-pentenyl)bicyclo[3.1.0]hexan-3-one. The crude
      ketone is slurried in Skellysolve B and chromatographed over 2,300 g. of
      silica gel wet packed in Skellysolve B, eluting successively with 6 l. of
      Skellysolve B, 16 l. of 2.5% ethyl acetate in Skellysolve B, then gradient
      elution with 5 l. of 2.5% and 5 l. of 5% ethyl acetate in Skellysolve B
      and finally 16 l. of 5% ethyl acetate in Skellysolve B, taking 625 ml.
      fractions. The last fraction of the gradient eluates and the first 19
      fractions of 5% ethyl acetate in Skellysolve B are concentrated to give
      23.6 of the title compound; infrared absorption at 2980, 1745, 1600, 1490,
      1450, 1260, 1145, 770, 750 and 702 cm.sup.-.sup.1., N.M.R. peaks at 7.17
      (singlet), 6.0-5.4 (multiplet), and 5.2-4.7 (broad multiplet) .delta..
PAC  PREPARATION 6
PAC  Endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one Acetonide
      (Formula XXXVI wherein G is
      ##SPC113##
PAC  R.sub.2 and R.sub.9 are hydrogen, R.sub.11 and R.sub.12 are methyl, and
      .about. is endo).
PAR  a. There is first prepared the formula-LI dihydroxy compound. To a solution
      of endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one (10.0 g.,
      Preparation 4) in about 100 ml. tetrahydrofuran is added, with stirring, a
      solution of potassium chlorate (10.0 g.) and osmium tetroxide (0.65 g.) in
      250 ml. of water. The mixture is stirred vigorously for 5 hrs. at
      50.degree. C. Then, the cooled mixture is concentrated under reduced
      pressure. The residue is extracted repeatedly with dichloromethane, and
      the combined extracts are dried and concentrated to an oil. This oil is
      chromatographed on about 1000 g. of silica gel, and eluted successively
      with 3 l. of 10% ethyl acetate in a mixture of isomeric hexanes
      (Skellysolve B), with 5 l. of 25% ethyl acetate in Skellysolve B, and then
      with 50% ethyl acetate in Skellysolve B, collecting 500 ml. eluate
      fractions. Fractions 13-19 (50% ethyl acetate) are combined and evaporated
      to dryness to give dl-endo-6
      (1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexane-3-one (Formula LI).
PAR  b. A solution of the product of step a (about 8.0 g.) and 700 mg. of
      potassium bisulfate in 140 ml. of acetone is stirred at 25.degree. C. for
      64 hrs. Then, sodium carbonate monohydrate (710 mg.) is added, and the
      mixture is stirred 10 minutes. The acetone is evaporated at reduced
      pressure, and water is added. The aqueous solution is extracted repeatedly
      with dichloromethane, and the extracts are combined, washed with water,
      dried, and concentrated to about 9.3 g. of an oil. The oil is
      chromatographed on 400 g. of silica gel, being eluted with 2 l. of 10%
      ethyl acetate in Skellysolve B, and then with 4 l. of 15% ethyl acetate in
      Skellysolve B. The 15% ethyl acetate eluates are concentrated to about 7.4
      g. of the formula-XXXVI compound,
      endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one acetonide.
PAC  PREPARATION 7
PAC  Methyl 9-Bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate.
      (Formula LIV: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationship, C.sub.q H.sub.2q is methylene, Hal is bromo, R.sub.26
      is hydrogen and R.sub.10 is methyl).
PAR  a. To a cold, stirred solution of m-vinylanisole (13.4 g.) in 40 ml. of
      diethyl ether is slowly added a solution of bromine (15.9 g.) in 60 ml. of
      diethyl ether. The ether solution is used directly in converting the
      product, m-(1,2-dibromoethyl)anisole to m-methoxyphenylacetylene by
      dehydrohalogenation (see T. H. Vaughn, J. Am. Chem. Soc. 56, 2064, 1934).
      The ether solution above is slowly added, with vigorous stirring, to a
      mixture of sodium amide prepared from sodium (4.6 g.) in about 200 ml. of
      liquid ammonia. When the reaction is complete, the volume is reduced about
      one-half, and an equal volume of water is cautiously added. A layer
      containing the product is separated, washed with dilute hydrochloric acid,
      dried, and distilled.
PAR  b. To a solution of the product of step a above in 250 ml. of
      dichloromethane, maintained at 0.degree. C. under nitrogen, is added
      dropwise over about a 1-hour period with vigorous stirring a solution of
      about 15 ml. of boron tribromide in 200 ml. of dichloromethane. Cooling
      and stirring continue for one hour. When the reaction is complete as shown
      by TLC, there is added cautiously a solution of sodium carbonate in water
      to neutralize the mixture. Thereafter, the solution is saturated with
      sodium chloride (added as a solid), and the organic phase is separated and
      combined with additional ethyl acetate washings of the aqueous phase. The
      organic solutions are washed with brine, dried over sodium sulfate, and
      concentrated under reduced pressure to yield the acetylenic phenol.
PAR  c. To the product of step b (11.8 g.), is added gradually a solution of
      sodium ethoxide (prepared from sodium and absolute ethanol). Thereafter,
      ethylene chlorohydrin (8.0 g.) is added in small portions. When all has
      been added, the mixture is heated at reflux for about one hour or until
      completion, then filtered hot. The combined filtrate and ethanol washings
      are concentrated to remove alcohol, and the product distilled under
      reduced pressure.
PAR  To the hydroxyethyl ether (16.2 g.) as obtained above, cooled to
      15.degree.-20.degree. C., is added 20 ml. of dihydropyran and 100 ml. of
      diethylether, and, with stirring, 1 ml. of anhydrous diethyl ether
      saturated with hydrogen chloride. After the exothermic reaction has
      diminished, the mixture is kept at 25.degree. C. for 15 hours. The mixture
      is washed with aqueous sodium bicarbonate, water, and dried, then
      concentrated under reduced pressure to yield the tetrahydropyranyl ether.
PAR  d and e. To a solution of the product of step c (10 g.) in anhydrous
      tetranydrofuran (180 ml.) at -78.degree. C. under argon is added the
      equivalent molecular amount of n-butyllithium in hexane. The resulting
      solution is stirred at -78.degree. C. for an additional 30 minutes. A
      suspension of dry paraformaldehyde (two equivalents) in anhydrous
      tetrahydrofuran is added and the mixture warmed to room temperature over a
      30-min. period. It is stirred an additional 1 hour and poured into brine,
      then extracted with ether, dried, and concentrated to yield the hydroxy
      compound.
PAR  f. The hydroxy compound of step e is converted to the bromo compound by
      first forming the mesyl derivative by reaction with methanesulfonyl
      chloride (4 ml.) in pyridine (80 ml.) at -20.degree. C. The mixture is
      stirred 1 hour at -20.degree. C., and then is poured into a stirred
      mixture of 3 normal hydrochloric acid (300 ml.) and ice water (500 ml.).
      This mixture is extracted with diethyl ether, the extract is washed with
      cold one normal hydrochloric acid and brine, then dried and concentrated.
      To a solution of the residue (mesyl derivative) in dry acetone (100 ml.)
      is added lithium bromide (5 g.) and the mixture stirred and heated at
      reflux one hour, then kept at 25.degree. C. for 15 hours. The acetone is
      evaporated under reduced pressure, and the residue is extracted with
      diethyl ether. The extract is washed with water and brine, then dried and
      concentrated. The residue is chromatographed on silica gel, eluting with
      10% ethyl acetate in Skellysolve B. Fractions shown by TLC to contain the
      product are combined and concentrated to give the formula-LX intermediate.
PAR  g. The product of step f above is converted to the corresponding carboxylic
      acid and its methyl ester as follows. The tetrahydropyranyloxy group is
      replaced by hydroxyl by contacting the product of f with a mixture of
      acetic acid/water/tetrahydrofuran (20/10/3) at 40.degree. C. for 2 hours,
      thereafter removing solvents under reduced pressure.
PAR  The substituted glycol from above is oxidized to the acid in acetone
      solution, using a slight excess of Jones reagent (21 g. chromic
      anhydride/60 ml. water/17 ml. conc. sulfuric acid) while cooling to
      maintain a temperature of -5.degree. to 0.degree. C. After about 60 min.,
      isopropyl alcohol is added, the mixture is stirred for 10 min., and then
      poured into ice water. The acid product is isolated by extraction with
      chloroform, drying over sodium sulfate, and concentration under reduced
      pressure.
PAR  The acid from above is converted to the methyl ester by reaction with
      diazomethane in diethyl ether at about 10.degree.-25.degree. C., followed
      by concentration to yield the desired title compound.
PAR  Following the procedures of Preparation 7, but replacing m-vinylanisole
      with methyl (o, m, or p-)vinylbenzyl ether, there are obtained,
      respectively, methyl
      9-bromo-3-oxa-4,7-inter-o-phenylene-5,6-dinor-7-nonynoate, methyl
      10-bromo-3-oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decynoate, and methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetranor-9-undecynoate.
PAC  PREPARATION 8
PAC  Methyl 9-Bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate
      (Formula LV: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationships. C.sub.q H.sub.2q is methylene, Hal is bromo, R.sub.26
      is hydrogen and R.sub.10 is methyl).
PAR  A solution of methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (2.0 g.,
      Preparation 7) in 10 ml. of pyridine is hydrogenated in the presence of a
      5% palladium on barium sulfate catalyst (150 mg.) at 25.degree. C. and one
      atmosphere. The resulting mixture is filtered and evaporated to about
      one-third the original volume. Four volumes of ethyl acetate is added, and
      the remaining pyridine is removed by addition of ice and one N
      hydrochloric acid. The ethyl acetate layer is separated, washed
      successively with one N hydrochloric acid and brine, dried, and
      evaporated. The residue is chromatographed on 250 g. of silica gel which
      has previously been acid-washed to pH 4 (Silicar CC.sub.4, 100-200 mesh,
      Mallincrodt Co.), eluting with 3 l. of 25-75% ethyl acetate-Skellysolve B
      gradient, collecting 100 -ml. fractions. The fractions shown to have the
      desired product free of starting material by TLC are combined and
      concentrated under reduced pressure to give the title compound containing
      the cis --CH=CH moiety.
PAR  Following the procedures of Preparation 8, but replacing methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate with methyl
      9-bromo-3-oxa-4,7-inter-o-phenylene-5,6-dinor-7-nonynoate, methyl
      10-bromo-3-oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decynoate, or methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetra-nor-9-undecyanoate
      (from the paragraphs following Preparation 7), there is obtained the
      corresponding formula-LV enoate compounds in which cis--CH=CH-- has
      replaced --C.tbd.C--.
PAC  PREPARATION 9
PAC  Methyl 9-Bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-trans-7-nonenoate.
      (Formula LVI: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationship, C.sub.q H.sub.2q is methylene, Hal is bromo, R.sub.26
      is hydrogen and R.sub.10 is methyl).
PAR  A solution of the compound represented by the formula
      ##SPC114##
PAL  (1.0 g., Preparation 7, step e) in 20 ml. of tetrahydrofuran is cooled to
      -10.degree. C. This solution is added to a fresh solution of lithium
      aluminum hydride (110% of theory) in tetrahydrofuran. The reaction mixture
      is stirred for 16 hours at 25.degree. C. ambient temperature. Then, water
      (20 ml.) is added, and the resulting solution is acidified with one N
      hydrochloric acid, and then extracted with ethyl acetate. The extract is
      washed successively with aqueous sodium bicarbonate solution and brine,
      dried, and evaporated under reduced pressure. The residue is
      chromatographed on silica gel, eluting with a 25-75% ethyl
      acetate-Skellysolve B gradient, combining fractions shown to have the
      desired product by TLC, and removing solvent from those combined fractions
      under reduced pressure to yield a compound represented by the formula
      ##SPC115##
PAR  Thereafter, following the procedures of Preparation 7, steps f through g,
      there is obtained the title compound containing the trans--CH=CH-- moiety.
PAR  Following the procedures of Preparation 9, but replacing that nonynoate
      with the compound having the formula
      ##SPC116##
PAL  wherein the THP-terminated moiety is attached to the ring in ortho, meta,
      or para configuration, there is obtained the corresponding formula-LVI
      compound in which trans --CH=CH-- has replaced --.tbd.C--.
PAC  PREPARATION 10
PAC  Optically Active Bicyclo[3.1.0]-hex-2-ene-6-endo-carboxaldehyde
PAR  Following the procedure of Preparation 1 of U.S. Pat. No. 3,711,515,
      racemic bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde is prepared from
      bicyclo[2.2.1]hepta-2,5-diene and peracetic acid.
PAR  The racemic compound is resolved by the procedure of Example 13 of U.S.
      Pat. No. 3,711,515, forming an oxazolidine as follows.
PAR  Racemic bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde (12.3 g.) and
      1-ephedrine (16.5 g.) are dissolved in about 150 ml. of benzene. The
      benzene is removed under vacuum and the residue taken up in about 150 ml.
      of isopropyl ether. The solution is filtered, then cooled to -13.degree.
      C. to yield crystals of
      2-endo-bicyclo-[3.1.0]hex-2-en-6-yl-3,4-dimethyl-5-phenyl-oxazolidine,
      11.1 g., m.p. 90.degree.-92.degree. C. Three recrystallizations from
      isopropyl ether, cooling each time to about -2.degree. C., yield crystals
      of the oxazolidine, 2.2 g., m.p. 100.degree.-103.degree. C., now
      substantially a single isomeric form as shown by NMR.
PAR  The above re-crystallized oxazolidine (1.0 g.) is dissolved in a few ml. of
      dichloromethane, charged to a 20 g. silica gel column and eluted with
      dichloromethane. The silica gel is chromatography-grade (Merck), 0.05-0.2
      mm. particle size, with about 4-5 g. of water per 100 g. Fractions of the
      eluate are collected, and those shown by thin layer chromatography (TLC)
      to contain the desired compound are combined and evaporated to an oil (360
      mg.). This oil is shown by NMR to be the desired title compound,
      substantially free of the ephedrine, in substantially a single
      optically-active isomeric form. Points on the circular dichroism curve are
      (.lambda. in nm.,.theta.): 350, 0; 322.5, -4,854; 312, -5,683; 302.5,
      -4,854; 269, 0; 250, 2,368; 240, 0; and 210, -34,600.
PAC  EXAMPLE 1
PAC   dl-Methyl
      7-[Endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter
     -m-phenylene-4,5,6-trinor-heptanoate (Formula XLIV, Chart E: G is n-pentyl;
      R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl; Z' is
      ##SPC117##
PAC  and .about. is alpha and endo).
PAR  A. A solution prepared from
      endo-6-(1-heptenyl)-3-(1-pyrrolidyl)-bicyclo[3.1.0]hex-2-ene (Preparation
      1, 5.0 g.) and methyl m-(chloromethyl)-phenoxyacetate (Preparation 2, 4.4
      g.) in 60 ml. of dioxane is stirred under a nitrogen atmosphere at about
      25.degree. C for 2 days and then heated under reflux for 7 hrs. To the
      reaction mixture is added water. The solution is heated on a steam bath,
      cooled and extracted with ether. The extract is washed, first with dilute
      (about 5% hydrochloric acid, then brine, and dried and concentrated. The
      residue is chromatographed on 700 g. of silica gel prepared with 20%
      ether-isomeric hexane mixture (Skellysolve B) and eluted with 1.5 l. of
      20% ether-Skellysolve B, 1.5 l. of 25% ether-Skellysolve B, and 1.5 l. of
      30% ether-Skellysolve B, collecting 100-ml. fractions. Fractions 25-31
      give the title compound (1.7 g.).
PAR  B. Alternate synthesis. - A solution of potassium tert-butoxide (9.0 g.) in
      500 ml. of nitrogen-purged tetrahydrofuran is added dropwise during 45
      min. to a stirred solution of the formula-XLIII bicyclo olefin,
      endo-6-(1-heptenyl)bicyclo[3.1.0]hexan-3-one (see Example 9 of West
      Germany Offenlegungsschrift No. 1,937,912, cited above) (10.0 g.), and
      methyl m-(chloromethyl)phenoxyacetate (Preparation 2, 13 g.) in 250 ml. of
      tetrahydrofuran under nitrogen at 25.degree. C. The resulting mixture is
      acidified at once with 120 ml. of 5% hydrochloric acid, and then is
      concentrated under reduced pressure below 40.degree. C. to remove most of
      the tetrahydrofuran. Water (400 ml.) is added to the residue, and the
      mixture is extracted with three 400-ml. portions of ethyl acetate. The
      combined extracts are washed successively with aqueous sodium thiosulfate
      solution and brine, dried, and concentrated under reduced pressure. The
      residue is chromatographed over 4 kg. of silica gel wet-packed with 20%
      ether-isomeric hexane mixture (Skellysolve B) and eluted with
      ether-Skellysolve B mixtures having 20-30% ether. Fractions shown by TLC
      to contain the desired alkylation product are combined to yield the
      formula-XLIV (Chart E) alkylated olefin title compound.
PAR  Following the procedure of Example 1-B but replacing the formula-XLIII
      (Chart E) endo-6-(1-heptenyl)bicyclo[3.1.0]hexan-3-one with the
      corresponding bicyclo olefins prepared by reaction of the
      -tetrahydropyranyl ether of endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde
      with intermediate quaternary phosphonium halides (see above-cited West
      Germany Offenlegungsschrift No. 1,937,912) prepared from 1-bromobutane,
      1-chloropentane, 1-bromoheptane, and 1-chlorooctane, there are obtained
      the corresponding formula-XLIV alkylated olefin compounds wherein G is
      straight chain alkyl of 3, 4, 6, and 7 carbon atoms, respectively.
PAR  Also following the procedure of Example 1-B but employing instead
      formula-XLIII bicyclo olefins prepared from 1-bromo-2-fluorobutane,
      1-chloro-2-fluoro-pentane, 1-bromo-2-fluorohexane,
      1-bromo-2-fluoroheptane, and 1-chloro-2-fluorooctane, there are obtained
      the corresponding formula-XLIV alkylated olefin compounds wherein G is
      straight chain alkyl of 3 to 7 carbon atoms, inclusive, with a fluoro
      substituent at the 1-position.
PAR  Also following the procedure of Example 1-B but employing, instead,
      formula-XLIII bicyclo olefins prepared from primary bromides of the
      formula R.sub.27 --(CH.sub.2).sub.b --CH.sub.2 Br, wherein b is one, 2, 3,
      or 4, and R.sub.27 is isobutyl, tert-butyl, 3,3-difluorobutyl,
      4,4-difluorobutyl, 4,4,4-trifluorobutyl, and 3,3,4,4,4-pentafluorobutyl,
      there are obtained compounds corresponding to the formula-XLIV product of
      Example 1-B with R.sub.27 --(CH.sub.2).sub.b --CH=CH-- in place of the
      1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B but employing, instead,
      formula-XLIII bicyclo olefins prepared from primary bromides of the
      formula CH.sub.3 --(CH.sub.2).sub.c --CR.sub.21 R.sub.22 --CH.sub.2 Br
      wherein c is 2, 3, or 4, and R.sub.21 and R.sub.22 are methyl or ethyl,
      e.g. CH.sub.3 --(CH.sub.2).sub.2 --C(C.sub.2 H.sub.5).sub.2 --CH.sub.2
      --Br, CH.sub.3 --(CH.sub.2).sub.3 --CH(CH.sub.3)--CH.sub.2 --Br, CH.sub.3
      --(CH.sub.2).sub.3 --CH(C.sub.2 H.sub.5)--CH.sub.2 Cl, CH.sub.3
      --(CH.sub.2).sub.3 --C(CH.sub.3).sub.2 --CH.sub.2 --Br, and CH.sub.3
      --(CH.sub.2).sub.3 --C(CH.sub.3)(C.sub.2 H.sub.5)--CH.sub.2 Br, there are
      obtained the corresponding formula-XLIV alkylated olefin compounds wherein
      G is mono- or di-substituted at the 1-position with methyl or ethyl.
PAR  Also following the procedure with Example 1-B but employing, instead,
      formula-XLIII bicyclo olefins prepared from .alpha.-bromotoluene,
      (2-bromoethyl)benzene, (5-chloropentyl)-benzene, (6-bromohexyl)benzene,
      and (7-iodoheptyl)benzene; from (1-chloroethyl)-benzene,
      (1-bromopropyl)benzene, (2-bromopropyl)benzene, (3-chloropentyl)benzene,
      (4-bromopentyl)benzene, (6-bromononyl)benzene and (7-bromononyl)benzene;
      from 1-bromo-2-phenylpropane, 1-bromo-2-methyl-2-phenylpropane,
      1-chloro-2-ethyl-3-phenylpropane, 1-bromo-2-methyl-4-phenylbutane, and
      1-bromo-2,2-dimethyl-5-phenylpentane; from .alpha.-bromo-m-xylene,
      .alpha.-chloro-p-ethyltoluene, .alpha.-bromo-p-chlorotoluene,
      .alpha.'-chloro-.alpha.,.alpha.,.alpha.-trifluoro-m-xylene,
      1-(2-bromoethyl)-4-fluorobenzene, 1-(5-bromopentyl)-2-chlorobenzene,
      4-(3-iodopropyl)-1,2-dimethoxybenzene, and
      1-(3-bromohexyl)-2,4,6-trimethylbenzene; and from
      (2-bromo-1-fluoroethyl)benzene, (2-bromo-1-fluoropropyl)benzene,
      (2-chloro-fluoro-1-methylpropyl)benzene, (5-bromo-4-fluoropentyl)benzene,
      (7-iodo-6-fluoropentyl)benzene, (4-bromo-3,3-difluorobutyl)benzene, and
      (6-bromo-5,5-difluorohexyl)benzene, there are obtained the corresponding
      formula-XLIV alkylated olefin compounds wherein G is
      ##SPC118##
PAL  including compounds wherein C.sub.t H.sub.2t is substituted with one or 2
      fluoro atoms.
PAR  Also following the procedure of Example 1-B, but using formula-XLIII
      bicyclo olefins obtained from the secondary bromides of the formula
      ##EQU50##
      wherein G and R.sub.2 are as defined above, R.sub.2 being alkyl, there are
      obtained formula-XLIV alkylated olefins corresponding to the product of
      Example 1-B with
      ##EQU51##
      in place of the 1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B, but using formula-XLIII
      bicyclo olefins obtained from bicyclo[3.1.0]-hexane reactants with
      ##EQU52##
      in place of
      ##EQU53##
      wherein R.sub.9 is as defined above, there is obtained formula-XLIII
      alkylated olefins corresponding to the product of Example 1-B with
      ##EQU54##
      in place of the 1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B, but using formula-XLIII
      bicyclo olefins obtained from bicyclo-[3.1.0]hexane reactants with
      ##EQU55##
      in place of
      ##EQU56##
      and primary and secondary bromides of the formula
      ##EQU57##
      (as above defined), there are obtained formula-LIV alkylated olefins
      corresponding to the product of Example 1-B with
      ##EQU58##
      in place of the 1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B but using a larger amount of
      potassium tert-butoxide (16 g.) and maintaining the reaction mixture for 8
      hrs. at 25.degree. C. before addition of hydrochloric acid, a product is
      obtained which contains substantial amounts of both the above described
      2.alpha.-yl isomer and the corresponding 2.beta.-yl isomer. These isomers
      are separated by the above-described silica gel chromatography.
PAR  Also following the procedure of Example 1-B but using exo formula-XLIII
      bicyclo olefins in place of the endo reactant of Example 1-B, there are
      obtained the corresponding exo formula-XLIV alkylated olefins.
PAR  Also following the procedure of Example 1-B 1-B but replacing the methyl
      m-(chloromethyl)phenoxyacetate alkylating agent with the formula-LIII and
      -LIV compounds, methyl 3-[m-(chloromethyl)phenoxy]propionate, methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate, and methyl
      10-bromo-3 -oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decynoate, there are
      obtained alpha and beta, exo and endo, formula-XLIV alkylated olefins
      corresponding to the product of Example 1-B with
      ##SPC119##
PAL  respectively. In the same manner, but using, according to Example 1-B,
      other esters of the above-described formula-LIII and -LIV alkylating
      agents within the scope of R.sub.10 as above-defined, e.g., the isopropyl,
      tert-butyl, octyl, cyclohexyl, benzyl, and phenyl esters, there are
      obtained the corresponding formula-XLIV esters.
PAR  Also following the procedure of Example 1-B, but using in combination each
      of the above-described alternative formula-XLIII bicyclo olefins and each
      of the above-described alternative formula-LIII or -LIV omega-halo
      alkylation agents, there are obtained formula-XLIV alkylated olefins
      corresponding to the product of Example 1-B but different therefrom with
      respect to both the carboxylate-terminated side chain and the side chain
      attached to the cyclopropane ring in the product.
PAR  Also following the procedure of Example 1-B, but using in place of the
      formula-LIII halo alkylating agent of that Example, each of the other
      alkylating agents within the scope of
      ##EQU59##
      as above defined, i.e., alkylating agents of formulas LIII and LIV as
      above-described, there are obtained alpha and beta exo and endo
      formula-XLIV compounds corresponding to the product of Example 1-B with
      each of the other
      ##EQU60##
      side chains in place of the
      ##SPC120##
PAL  side chain of the Example 1-B product. For example, using as formula-LIII
      alkylating agents in the Example 1-B procedure, the following compounds
      wherein Et is ethyl;
      ##SPC121##
      ##SPC122##
PAL  there are obtained exo and endo, alpha and beta, formula-XLIV alkylated
      bicyclo[3.1.0]hexanes each having a carboxylate-terminated side chain
      corresponding to one of the specific omega-halo alkylating agents. For
      example, the side chain will be alpha or beta
      ##SPC123##
PAL  when the alkylating agent is
      ##SPC124##
PAR  Also following the procedure of Example 1-B, but using in combination each
      of the alternative alkylating formula-LIII and -LIV agents within the
      scope of
      ##EQU61##
      including the specific examples of those just mentioned, and each of the
      above-described formula-XLIII alternative bicyclo[3.1.0]hexane olefin
      reactants, there are obtained formula-XLIV exo and endo, alpha and beta,
      compounds corresponding to the products of Example 1-B, but different
      therefrom with respect to both the carboxylate-terminated side chain and
      the side chain attached to the cyclopropane ring of the product. In the
      same manner, alternative alkylating agents within the scope of
      ##EQU62##
      wherein R.sub.10 is other than ethyl, e.g., methyl, isopropyl, tert-butyl,
      octyl, cyclohexyl, benzyl, phenyl, and .beta.,.beta.,.beta.-trichloroethyl
      are used.
PAC  EXAMPLE 2
PAC  dl-Methyl
      7-[Endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     3,7-inter-m-phenylene-4,5,6-trinor-heptanoate (Formula XLV, Chart E: G' is
      n-pentyl; R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl;
      Z' is
      ##SPC125##
PAC  and .about. is alpha and endo).
PAR  Refer to Chart E. To a solution of dl-methyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter
     -m-phenylene-4,5,6-trinor-heptanoate (Example 1, 1.7 g.) in 30 ml. of
      tetrahydrofuran at 50.degree. is added with stirring osmium tetroxide (200
      mg.) followed by potassium chlorate (1.2 g.) and 15 ml. of water. The
      reaction mixture is maintained at 50.degree. for 2 hrs., cooled, the
      tetrahydrofuran is removed, and the aqueous phase is extracted with
      dichloromethane. The organic layer is dried and concentrated and the
      residue is chromatographed on 200 g. of silica gel. The column is eluted
      with 1 l. of 35% ethyl acetate-benzene and 1 l. of 40% ethyl
      acetate-benzene, collecting 30-ml. fractions. Fractions 26-30 contain one
      isomer (faster moving, less polar) of the title compound (350 ml.).
      Fractions 32-37 contain the other slower-moving (more polar) isomer (450
      mg.). These materials show infrared spectral absorption at 330
      cm.sup.-.sup.1.
PAR  Following the procedure of Example 2 but using the hex-2.beta.-yl isomer in
      place of the hex-2.alpha.-yl isomer of the bicyclo reactant, dl-methyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.beta.-yl]-3-oxa-3
     ,7-inter-m-phenylene-4,5,6-trinor-heptanoate is obtained.
PAR  Also following the procedure of Example 2, each of the formula-XLIV exo and
      endo, alpha and beta, saturated and acetylenic bicyclo[3.1.0 hexane esters
      defined above after Example 1 is oxidized to mixtures of the corresponding
      isomeric formula-XLV dihydroxy compounds.
PAC  EXAMPLE 3
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl Ester (Formula
      XVI: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in metal
      relationship, G is n-pentyl, Q is
      ##EQU63##
PAC  R.sub.1 is methyl, and .about. is alpha) and
      dl-15-Beta-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl Ester
      ##EQU64##
PAR  Refer to Chart E. To a solution of the formula-XLV dihydroxy compound
      dl-methyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     3,7-inter-m-phenylene-4,5,6-trinor-heptanoate (800 mg. of a mixture of the
      slower and faster moving isomers of Example 2) in 10 ml. of pyridine,
      cooled to 0.degree., is added 1.2 ml. of methane-sulfonyl chloride. The
      reaction mixture is stirred for 2  hrs. and 20 g. of ice is added. The
      mixture is extracted with ether-dichloromethane (1:1) and the organic
      layer is washed successively with dilute hydrochloride acid, water,
      saturated aqueous sodium bicarabonate, and brine, dried, and concentrated.
      The residue, containing the bismesylate, is treated with 15 ml. of acetone
      and 10 ml. of water and stirred for 8-16 hrs. at 25.degree.. The acetone
      is removed in vacuo and the remaining solution is extracted with
      dichloromethane. The extract is dried and concentrated and the residue is
      chromatographed on 150 g. of silica gel using 500 ml. ethyl acetate
      followed by 3% methanol ethyl acetate as eluting solvent while collecting
      30-ml. fractions. Fractions 15-24 are combined and concentrated to yield
      the 15-.beta. PGE.sub.1 title compound (50 mg.); mass spectral peak at
      404; ultraviolet absorption at 216 (.epsilon. = 8100), 264 (.epsilon. =
      1100), 272 (.epsilon. = 1600) and 278  (.epsilon. = 1500)m.mu.. Fractions
      26-35 are combined and concentrated to yield a residue which is
      re-chromatographed on 10 g. of silica gel using the same solvent system
      and collecting 1.5 ml. fractions. Fractions 22-29 are combined and
      concentrated to give the PGE.sub.1 title compound (75 mg.); mass spectral
      peak at 404; ultraviolet absorption at 216 (.epsilon. = 7700), 254, 272
      (.epsilon. = 1500), and 278 (.epsilon. = 1400) m.mu..
PAR  Following the procedures of Example 3, each of the formula-XLV
      dl-endo-1,2-dihydroxy oxa-phenylene esters following Example 2 is
      transformed to the corresponding dl-endo-1,2-dimesyloxy oxa-phenylene
      ester, and thence to the corresponding PGE type compound or its isomers.
PAR  Also following the procedures of Example 3, each of the formula-XLV and
      dl-exo-1,2-dihydroxy-oxa-phenylene esters corresponding to the above
      dl-endo-1,2-dihydroxy esters is transformed to the corresponding
      dl-exo-1,2-dimesyloxy ester, and thence to the corresponding PGE type
      compound or its isomers.
PAR  By the above-outlined procedures, following the steps of Chart E, there are
      obtained the specific PGE-type esters represented by figures XVI and
      XVIII, e.g. the esters of the dl-oxa-phenylene PGE.sub.1 compounds and
      5,6-dehydro-PGE.sub.2 compounds, including their 8-iso and 15-epi (.beta.)
      forms. For example,
      dl-5,6-dehydro-3-oxa-3,7-inter-m-phenylene-18-phenyl-4,19,20-trinor-PGE.su
     b.2 methyl ester and its 15-epimer are obtained from dl-methyl
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Example 10 hereinafter)
      by way of the dihydroxy and bis(mesylate) intermediates of Chart E,
      following Example 3, as represented by the following formulas:
      ##SPC126##
PAR  Also following the procedure of Example 3, but replacing methanesulfonyl
      chloride with an alkanesulfonyl chloride or bromide or with an
      alkanesulfonic acid anhydride, wherein the alkane moiety contains 2 to 5
      carbon atoms, inclusive, there is obtained from each dihydroxy compound
      the corresponding bis(sulfonic acid) esters encompassed by formula XLVI.
PAR  In each of the above transformations in Example 3, the monosulfonic acid
      ester is also obtained as a byproduct, which is reacted with additional
      alkanesulfonyl halide or alkanesulfonic acid anhydride to give the
      corresponding bis(sulfonic acid) ester and thence recycled back to
      additional formula-XLVII product.
PAR  For satisfactory yields of the bis-sulfonic acid ester, R.sub.10 is not
      hydrogen. Those intermediate compounds in which R.sub.10 is haloethyl,
      e.g., .beta.,.beta.,.beta.-trichloroethyl, are especially useful in the
      sequence of reactions leading to the acid form of the prostaglandin-like
      products. Each of the exo and endo, alpha and beta, saturated and
      unsaturated oxa-phenylene bis(alkanesulfonic acid) esters is transformed
      to the corresponding oxa-phenylene PGE type compound encompassed by
      formula-XLVII.
PAC  EXAMPLE 4
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha. Methyl
      Ester and dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..beta.
      Methyl Ester  (Formula XX: C.sub.g H.sub.2g and C.sub.p H.sub.2p are
      valence bonds in meta relationship, G is n-pentyl, Q is
      ##EQU65##
PAC  R.sub.1 is methyl, and .about. is alpha for the carboxyl-containing moiety
      and either alpha or beta for the ring hydroxyl).
PAR  Refer to Chart A. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 300 mg.), 20 ml. of tetrahydrofuran, 2.0 ml. of
      hexamethyldisilazane, and 0.15 ml. of trimethylsilyl chloride is stirred
      at 25.degree. for 20 hrs. The reaction mixture is concentrated in vacuo,
      benzene is added, the solution concentrated and this procedure is
      repeated. The residue is dissolved in 10 ml. of methanol, cooled in an
      ice-methanol bath, and sodium borohydride (60 mg.) in 20 ml. of cold water
      is added dropwise. The methanol is removed and the aqueous phase is
      extracted with dichloromethane, and the resulting dichloromethane solution
      is dried and concentrated in vacuo. The residue is chromatographed on 45
      g. of silica gel using 70 ml. of ethyl acetate and then a gradient of 0-8%
      methanol ethyl acetate as eluting solvent, collecting 10-ml. fractions.
      Fractions 22-36 are combined and concentrated to yield the
      PGF.sub.1.sub..alpha. -type title compound (100 mg.); mass spectral peak
      for tris-trimethylsilyl derivative at 622. Fractions 37-42 are combined
      and concentrated to yield a residue which is chromatographed on a
      preparative silica gel plate using 5% methanol-methylene chloride as
      eluting solvent. From the plate is obtained the PGF.sub.1.sub..beta. -type
      title compound (25 mg.); mass spectral peak for tris-trimethylsilyl
      derivative at 622.
PAR  Following the procedure of Example 4,
      dl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.1 ethyl ester (Example 8
      hereinafter) is transformed to
      dl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGF.sub.1.sub..alpha. and
      -PGF.sub.1.sub..beta. ethyl esters.
PAR  Also following the procedure of Example 4,
      dl-5,6-dehydro-3-oxa-3,7-inter-m-phenylene-18-phenyl-4,19-20-trinor-PGE.su
     b.2  methyl ester (following Example 3) is transformed to the corresponding
      PGF.sub.2.sub..alpha. and PGF.sub.2.sub..beta. type compounds.
PAR  Also following the procedure of Example 4, the alkyl ester and free acid
      forms of formula-XX to -XXIII oxa-phenylene PGF compounds in their various
      spatial configurations, e.g., the PGF.sub.1.sub..alpha.,
      PGF.sub.1.sub..beta., PGF.sub.2.sub..alpha., PGF.sub.2.sub..beta.,
      trans-5,6-dehydro-PGF.sub.1.sub..alpha.  and -PGF.sub.1.sub..beta. type
      compounds and their 8-iso and 15-beta isomers, are prepared by reduction
      of the corresponding formula XVI-to -XIX PGE-type alkyl ester or free
      acid, including those described above after Example 3.
PAC  EXAMPLE 5
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 (Formula-XXIV:
      C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-C.sub.5 H.sub.11, Q is
      ##EQU66##
PAC  R.sub.1 is hydrogen; and .about. is alpha).
PAR  Refer to Chart A. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 300 mg.), 4 ml. of tetrahydrofuran and 4 ml. of 0.5 N
      hydrochloric acid is left standing at 25.degree. for five days. Brine
      solution and dichloromethane-ether (1:3) are added and the mixture is
      stirred. The organic layer is separated, dried and concentrated. The
      residue is dissolved in ether which is washed with saturated aqueous
      sodium bicarbonate, dried and concentrated. The aqueous phase is quickly
      acidified with hydrochloric acid and extracted with dichloromethane which
      in turn is dried and concentrated. The residue is again dissolved in
      ether, extracted with aqueous sodium bicarbonate, and the aqueous phase is
      worked up as reported above. This procedure is repeated one additional
      time to yield the title compound (120 mg.). This material has mass
      spectral peaks at 372, 354, 189, and 185; and .lambda. max., in ethanol,
      215 m.mu. (.epsilon. 12,400), 272 (.epsilon. 2250) and 278 (.epsilon.
      2150).
PAR  Following the procedure of Example 5, the formula XIV-to -XIX PGE compounds
      in their various spatial configurations described after Example 3 are
      transformed to the corresponding formula XXIV-to -XXVII PGA compounds,
      either as esters or as free acids.
PAC  EXAMPLE 6
PAC  dl-Ethyl
      7-[Endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-inter
     -o-phenylene-5,6-dinor-heptanoate (Formula-XLIV: G is n-pentyl; R.sub.2,
      R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is ethyl; Z' is
      ##SPC127##
PAC  and .about. is alpha and endo).
PAR  The enamine of the formula-XLIII bicyclo-olefin is first prepared as
      follows. A mixture of endo-6-(cis- and
      trans-1-heptenyl)-bicyclo[3.1.0]hexan-3-one (10 g.), benzene (200 ml.),
      and pyrrolidine (15 ml.) is heated at reflux under a Dean-Stark water trap
      for 2 hrs. Thereafter about 140 ml. of distillate is taken off over a
      period of about 30 min. To the remaining liquid is added 100 ml. of
      toluene and the mixture is concentrated on a rotating evaporator under
      vacuum. A second portion of toluene (50 ml.) is added, and the mixture
      concentrated to give the enamine residue.
PAR  The above enamine, together with ethyl o-(bromomethyl)-benzyloxyacetate
      (Preparation 3 above, 15 g.), and dry tetrahydrofuran (200 ml.) is heated
      at reflux for 4 hrs. and thereafter stirred at about 25.degree. C. for 16
      hrs. Water (25 ml.) is added and the mixture heated for 20 min. on a steam
      bath. Thereafter the volatiles are removed under vacuum, the residue is
      diluted with ether, and the organic solution is washed successively with
      dilute acid, water, dilute base, water, and brine, and finally dried and
      concentrated under vacuum. The residue is chromatographed on a column
      prepared by wet-packing 1300 g. of silica gel (E. Merck) with 2.5 l. of
      25% diethyl ether in Skellysolve B and 13 ml. of absolute ethanol. The
      column is eluted with 2 l. of 25% ether in Skellysolve B and then
      gradient-eluted with 8 l. of 25-50% ether-Skellysolve B. Fractions of
      about 200 ml. are combined on the basis of TLC data. From fractions 24-31
      there is obtained 2.9 g. of the desired formula-XLIV title compound as a
      mixture of cis and trans forms. This material has key absorptions in its
      NMR spectrum at about 7.21 (apparent singlet), 5.38-5.8 (multiplet), 4.62
      (singlet), 4.06 (singlet), and 4.0-4.35 (quartet) .delta.. It has mass
      spectral lines at 398 and 294.
PAC  EXAMPLE 7
PAC  dl-Ethyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     4,7-inter-o-phenylene-5,6-dinor heptanoate (Formula-XLV: G' is n-pentyl;
      R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is ethyl; Z' is
      ##SPC128##
PAC  and .about. is alpha and endo).
PAR  Refer to Chart E. To a solution of dl-ethyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-inter
     -o-phenylene-5,6-dinor-heptanoate, as a mixture of its isomers (Example 6,
      2.8 g.) in dry tetrahydrofuran (150 ml.) at 50.degree. C. is added 0.15 g.
      of osmium tetroxide followed by 2.8 g. of potassium chlorate in 60 ml. of
      water. The mixture is stirred vigorously at 50.degree. C. for about 1.5
      hrs. and is then concentrated under vacuum. The residue is extracted with
      dichloromethane. The extract is washed with water and brine, and then
      finally dried and concentrated under vacuum. The residue is
      chromatographed on a column prepared by wet-packing 500 g. of silica gel
      (E. Merck) with 1 liter of 50% ethyl acetate in Skellysolve B and 5 ml. of
      absolute ethanol. The column is eluted with 1 l. of 50% ethyl acetate in
      Skellysolve B and then gradient eluted with 4 l. of 50-75% ethyl acetate
      in Skellysolve B. Fractions of 100 ml. each are combined on the basis of
      TLC data. From fractions 12-29 there is obtained 2.6 g. of the title
      compound.
PAC  EXAMPLE 8
PAC  dl-3-Oxa-4,7-inter-o-phenylen-5,6-dinor-PGE.sub.1 Ethyl Ester (Formula-XIV:
      C.sub.g H.sub.2g is a valence bond, C.sub.p H.sub.2p are in ortho
      relationship, G is n-pentyl, Q is
      ##EQU67##
PAC  R.sub.1 is ethyl, and .about. is alpha) and
      dl-15-Beta-3-oxa-4,7-inter-o-pnenylene-5,6-dinor-PGE.sub.1 Ethyl Ester
      ##EQU68##
PAR  Refer to Chart E. The formula-XLVI bismesylate is first prepared as
      follows. To a mixture of dl-ethyl
      7-[endo-6-(1,2-dihydroxyhepthyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa
     -4,7-inter-o-phenylene-5,6-dinor-heptanoate (Example 7, 2.6 g.) and 30 ml.
      of dry pyridine at 0.degree. C. is added, with stirring, 2.7 ml. of
      methanesulfonyl chloride over a one-minute period. The mixture is stirred
      at 0.degree. C. for 2.5 hrs., then cooled to about -10.degree. C. and
      diluted with 2 ml. of water added dropwise over a 5-minute period. Ice (20
      g.) is added, and, after stirring the mixture for 5 min., about 150 ml. of
      ether-dichloromethane (3:1) is added. The organic solution was washed
      successively with dilute hydrochloric acid, water, dilute sodium
      bicarbonate solution, and brine, and finally dried and concentrated under
      vacuum to yield a mixture of the mesylates.
PAR  The residue of mesylates is converted to the PGE-type product by contacting
      with a mixture of acetone (100 ml.) and water (50 ml.) at about 25.degree.
      C. for 16 hrs. Additional water (100 ml.) is added and the mixture
      concentrated under vacuum to remove acetone. The residue is extracted with
      a mixture of ether-dichloromethane (3:1) and the organic extract is washed
      with dilute sodium bicarbonate solution and brine, then dried and
      concentrated under vacuum. The residue (2.5 g.) is chromatographed on a
      column prepared by wet-packing 500 g. of silica gel (E. Merck) with one
      liter of ethyl acetate and 5 ml. of absolute ethanol. The column is eluted
      with 2.6 liters of ethyl acetate, then 400 ml. of 2% ethanol in ethyl
      acetate, then 500 ml. of 4% ethanol in ethyl acetate and finally with 2
      liters of 10% ethanol in ethyl acetate, collecting fractions of 100 ml.
      Fractions are combined on the basis of TLC data.
PAR  From fractions 8-14 is obtained 350 mg. of the 15-.beta. PGE.sub.1 title
      compound. This material has .lambda..sub.max. 279 m.mu. (.epsilon. 19,400)
      in alcoholic potassium hydroxide; key absorptions in the NMR spectrum at
      about 7.2 (apparent singlet), 5.25-5.48 (multiplet), 4.58 (singlet),
      5.25-5.48 (multiplet), 4.58 (singlet), 4.06 singlet, and 4.0-4.35
      (quartet) .delta.; and mass spectral peaks at 414, 396, 310, and 292.
PAR  From fractions 18-37 is obtained 496 mg. of the PGE.sub.1 title compound.
      This material has .lambda..sub.max. 279 m.mu. (.epsilon. 21,750) in
      alcoholic potassium hydroxide; key absorptions in the NMR spectrum at
      about 7.18 (apparent singlet), 5.25-5.41 (multiplet), 4.58 (singlet), 4.02
      (singlet), and 3.99-4.34 (quartet) .delta.; and mass spectral peaks at
      414, 396, 310, and 292.
PAC  EXAMPLE 9
PAC  dl-Methyl
      9-[Endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-y
     l]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate Acetonide
      (Formula-XXXVII, Chart D: G is n-pentyl; J' is cis-
      ##SPC129##
PAC  R.sub.9 and R.sub.26 are hydrogen; R.sub.2, R.sub.10, R.sub.11, and
      R.sub.12 are methyl; and .about. is endo and alpha).
PAR  Refer to the sequence of reactions from formula-L to formula XXVI, and to
      Chart D.
PAR  a. There is first prepared the formula-XLIII olefin. Following the
      procedure for the Wittig synthesis in Examples 27, 28, and 29 of West
      Germany Offlegungsschrift 1,937,912, cited above, but employing the
      tetrahydropyranyloxy ether of
      endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde and the Wittig ylide of
      2-chloroheptane, there is obtained
      dl-endo-6-(2-methyl-1-heptenyl)-3-oxobicyclo[3.1.0]-hexan-3-one.
PAR  b. To a solution of the product of step a above (approximately 10.0 g.) in
      water is added a solution of potassium chlorate (10.0 g.) and osmium
      tetroxide (0.65 g.) in 250 ml. of water. The mixture is stirred vigorously
      for 5 hrs. at 50.degree. C. Then, the cooled mixture is concentrated under
      reduced pressure, the residue is extracted repeatedly with
      dichloromethane, and the combined extracts are dried and evaporated. The
      residue is chromatographed on about 1000 g. of silica gel, and eluted
      successively with 3 l. of 10% ethyl acetate in a mixture of isomeric
      hexanes (Skellysolve B), with 5 l. of 25% ethyl acetate in Skellysolve B,
      and then with 50% ethyl acetate in Skellysolve B, collecting 500 ml.
      eluate fractions. Fractions shown by TLC to contain the desired product
      are combined and evaporated to dryness to give the formula-LI product,
      dl-endo-6-(1,2-dihydroxy-2-methylheptyl)bicyclo[3.1.0]hexan-3-one.
PAR  c. A solution of the product of step b above (about 8,0 g.) and 700 mg. of
      potassium bisulfate in 140 ml. of acetone is stirred at 25.degree. C. for
      64 hrs. Then, sodium carbonate monohydrate (710 mg.) is added, and the
      mixture is stirred 10 min. The acetone is evaporated at reduced pressure,
      and water is added. The aqueous solution is extracted respectedly with
      dichloromethane, and the extracts are combined, washed with water, dried,
      and evaporated. The residue is chromatographed on 400 g. of silica gel,
      being eluted with 2 l. of 10% ethyl acetate in Skellysolve B, and then
      with 4 l. of 15% ethyl acetate in Skellysolve B. The 15% ethyl acetate
      eluates are evaporated to give the formula-XXXVI ketal,
      dl-endo-6-(1,2-dihydroxy-2-methylheptyl)bicyclo[3.1.0]hexan-3-one
      acetonide.
PAR  d. To prepare the formula-XXXVII compound (Chart D), the ketal above is
      alkylated following the procedure of Example 1-B, but using the
      formula-XXXVI ketal above instead of the formula-XLIII bicyclo olefin,
      and, replacing methyl m-(chloromethyl)phenoxyacetate with methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate
      (Preparation 8, above), thereby yielding the desired formula-XXXVII title
      compound.
PAR  As shown in Chart D, the formula-XXXVII alkylated ketal is transformed via
      the formula-XXXVIII glycol, thence the mesylate, to a PGE-type compound.
      Concentrated hydrochloric acid (2.5 ml.) is added to a solution of the
      formula-XXXVII product above (about 2.0 g.) in a mixture of 50 ml. of
      tetrahydrofuran and 2.5 ml. of water. The mixture is stirred at 25.degree.
      C. under nitrogen for 6 hrs. The resulting mixture is then concentrated
      under reduced pressure, and the residue is extracted with ethyl acetate.
      The extract is washed with brine, dried, and concentrated to
      dl-methyl-9[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0.]hex-
     2.alpha.-yl]-3-oxa-3,7- inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate
      (formula-XXXVIII). Thereafter, following the procedure of Example 3, there
      is obtained dl-15-methyl-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2
      methyl ester.
PAR  Following the procedure of Example 9, but using formula-XLIII exo reactants
      in place of the endo reactant, there are obtained exo products in each
      corresponding intermediate of Example 9.
PAR  With excess base (e.g., 26 g.) and a longer reaction time (e.g., 24 hrs. at
      25.degree. C.) during the alkylation step, the production of a substantial
      amount of the beta isomer is assured.
PAR  Following the procedures of Example 9-d, but using the trans-7-nonenoate of
      Preparation 9, above, instead of the cis-7-nonenoate, there is obtained
      the corresponding formula-XXXVII alkylated ketal wherein the carboxy side
      chain is in trans configuration instead of cis.
PAR  Also following the procedures of Example 9, but replacing the formula-XLIII
      olefin with each of the endo and exo forms of the formula-XLIII bicyclo
      olefins described in the paragraphs following Example 1, there are
      obtained the corresponding alpha and beta, exo and endo, alkylated ketals
      within the scope of formula XXXVII.
PAR  Also following the procedures of Example 9-d, but replacing methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6,-trinor-cis-7-nonenoate with
      the formula-LV compounds of the paragraphs following Preparations 8 and 9,
      viz. cis or trans methyl 9-bromo-3
      -oxa-4,7-inter-o-phenylene-5,6-dinor-7-nonenoate, methyl
      10-bromo-3-oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decenoate, and methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetranor-9-undecenoate, there
      are obtained the corresponding formula-XXXVII compounds. Thereafter, these
      alkylated ketals are transformed following the steps of Chart D as
      described in Example 9 to the corresponding PGE.sub.2 type compounds.
PAR  Also following the procedure of Example 9-d, but using in place of the
      nonenoate alkylating agent, methyl
      m-(chloromethyl)phenoxyacetate(Preparation 2), ethyl
      o-(bromoethyl)benzyloxyacetate (Preparation 3), methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Preparation
      7), and methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetranor-9-undecynoate
      (following Preparation 7), there are obtained alpha and beta, exo and
      endo, compounds corresponding to the product of Example 9 with
      ##SPC130##
PAL  in place of the
      ##SPC131##
PAL  moiety of the Example-9 formula-XXXVII product. In the same manner, but
      using formula LIII-to -LVI alkylating agents within the scope of the
      formula
      ##EQU69##
      there are obtained the corresponding formula-XXXVII products.
PAR  Also following Example 9-d, other esters of the nonenoate alkylating agent
      and of the other above-mentioned alkylating agents within the scope of
      R.sub.10 as above-defined, e.g., the methyl, isopropyl, tert-butyl, octyl,
      .beta.,.beta.,.beta.-trichloroethyl, cyclohexyl, benzyl, and phenyl
      esters, there are obtained the corresponding esters of these alpha and
      beta, exo and endo, formula-XXXVII bicyclo[3.1.0]hexane cyclic ketal
      alkylation products.
PAR  Also following the procedure of Example 9 but using in combination each of
      the above-described alternative formula-XLIII bicyclo[3.1.0]hexane olefin
      reactants (e.g. following Example 1) and each of the above-described
      omega-halo alkylation reactants within the scope of
      ##EQU70##
      (e.g. following Example 1) there are obtained formula-XXXVII compounds
      corresponding to the product of Example 9 but different therefrom with
      respect to both the carboxylate-terminated side chain and the side chain
      attached to the cyclopropane ring of the product, and in their respective
      alpha or beta and exo or endo configuration.
PAR  Following the procedure of Example 9 but using in place of the acetonide
      each of the specific formula-XXXVII exo and endo, alpha and beta,
      saturated, cis and trans ethylenic, and acetylenic bicyclo[3.1.0]hexane
      cyclic ketal esters defined above, there are obtained the corresponding
      formula-XXXVIII dihydroxy compounds, and thence the corresponding PGE type
      compounds.
PAC  EXAMPLE 10
PAC  dl-Methyl
      7-[Endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Formula-XLIV, Chart E; G
      is
      ##SPC132##
PAC  R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl; Z' is
      ##SPC133##
PAC  and .about. is endo and alpha).
PAR  Refer to Chart E. Following the procedures of Example 1-B, but replacing
      endo-6-(1-heptenyl)bicyclo[3.1.0]-hexan-3-one with
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one (Preparation 4),
      and replacing methyl m-(chloromethyl)phenoxyacetate with methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Preparation
      7), there is obtained the title compound.
PAC  EXAMPLE 11
PAC  dl-Methyl 7-[Endo-6-(
     4-phenyl-1,2-dimesyloxy-butyl)-3-oxobicyclo[3.1.0.]hex-2.alpha.-yl]-3-oxa-3
     ,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Formula-XLVI, Chart E; G' is
      ##SPC134##
PAC  R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 and R.sub.13 are
      methyl; Z' is
      ##SPC135##
PAC  and .about. is alpha and endo).
PAR  a. There is first prepared the formula-XLV dihydroxy compound. Following
      the procedures of Example 2, but replacing dl-methyl
      7-[endo-6-(1-heptenyl)-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-heptanoate
      with dl-methyl
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl-]-3-
     oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Example 10), there are
      obtained isomers of the desired formula-XLV compound, dl-methyl
      7-[endo-6-(4-phenyl-1,2-dihydroxybutyl)-3
      -oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trino
     r-7nonynoate.
PAR  b. Following the procedures of Example 3, but replacing that formula-XLV
      dihydroxy heptanoate compound with the formula-XLV nonynoate compound of A
      above, there is obtained the desired formula-LXVI dimesyloxy title
      compound.
PAC  EXAMPLE 12
PAC  dl-Methyl
      9-[Endo-6-(1,2-dihydroxy-4-phenyl-butyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-y
     l]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-trans-7-nonenoate Acetonide
      (Formula-XXVII, Chart D: G is
      ##SPC136##
PAC  J' is trans
      ##SPC137##
PAC  R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10, R.sub.11, and
      R.sub.12 are methyl; and .about. is endo and alpha)
PAR  Refer to the sequence of reactions from formula L to formula XXXVI, and to
      Chart D.
PAR  a. There is first prepared the formula-Ll dihydroxy compound. To a solution
      of the formula-XLIII olefin (Preparation 4, above, approximately 10.0 g.)
      in water is added a solution of potassium chlorate (10.0 g.) and osmium
      tetroxide (0.65 g.) in 250 ml. of water. The mixture is stirred vigorously
      for 5 hrs. at 50.degree. C. Then, the cooled mixture is concentrated under
      reduced pressure, the residue is extracted repeatedly with
      dichloromethane, and the combined extracts are dried and concentrated. The
      residue is chromatographed on about 1000 g. of silica gel, and eluted
      successively with 3 l. of 10% ethyl acetate in a mixture of isomeric
      hexanes (Skellysolve B), with 5 l. of 25% ethyl acetate in Skellysolve B,
      and then with 50% ethyl acetate in Skellysolve B, collecting 500 ml.
      eluate fractions. Fractions shown by TLC to contain the desired product
      are combined and evaporated to dryness to give
      dl-endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one
      formula-LI).
PAR  b. A solution of the product of step a above (about 8.0 g.) and 700 mg. of
      potassium bisulfate in 140 ml. of acetone is stirred at 25.degree.  C. for
      64 hrs. Then, sodium carbonate monohydrate (710 mg.) is added, and the
      mixture is stirred 10 min. The acetone is concentrated at reduced
      pressure, and water is added. The aqueous solution is extracted repeatedly
      with dichloromethane, and the extracts are combined, washed with water,
      dried, and concentrated. The residue is chromatographed on 400 g. of
      silica gel, being eluted with 2 l. of 10% ethyl acetate in Skellysolve B,
      and then with 4 l. of 15% ethyl acetae in Skellysolve B. The 15% ethyl
      acetate eluates are concentrated to the formula-XXXVI ketal,
      dl-endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one
      acetonide.
PAR  c. To prepare the formula-XXXVII compound, the ketal above is alkylated
      following the procedure of Example 1-B, but replacing methyl
      m-(chloromethyl)phenoxyacetate with methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-trans-7-nonenoate
      (Preparation 9, above), thereby yielding the title compound.
PAR  Following the procedures of Example 9, the formula-XXXVII compound is
      transformed via the formula-XXXVIII and -XXXIX compounds to the
      corresponding formula-XL PGE-type compound.
PAC  EXAMPLE 13
PAC  9-[Endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl
     ]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoic Acid Acetonide
      (Formula-LXXX, Chart G: G is n-pentyl; J' is
      ##SPC138##
PAC  R.sub.9 and R.sub.26 are hydrogen; R.sub.2, R.sub.11, and R.sub.12 are
      methyl; and .about. is alpha and endo.
PAR  Refer to Chart G. A solution of sodium borohydride (1.5 g.) in 10 ml. of
      water is added with stirring to a solution of formula-LXXVI dl-methyl
      9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-y
     l]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate acetonide (5.0
      g.) in 110 ml. of absolute ethanol at 0.degree. C. The mixture is stirred
      for 2.5 hrs. at 0.degree. to 5.degree. C. Then, 40 ml. of acetone is
      added, and, after 5 min., the mixture is evaporated under reduced
      pressure. The residue is extracted with dichloromethane, and the extract
      is washed successively with dilute hydrochloric acid and brine, dried, and
      concentrated to the formula-LXXVII compound, dl-methyl
      9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo-[3.1.0]hex-2.alp
     ha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate acetonide.
PAR  This formula-LXXVII cyclic ketal hydroxy ester is dissolved in a mixture of
      methanol (100 ml.) and 45% aqueous potassium hydroxide solution (30 ml.),
      and the solution is stirred under nitrogen at 25.degree. C. for 15 hrs.
      Two volumes of water are then added, and the mixture is acidified with
      cold hydrochloric acid and then extracted with a mixture of
      dichloromethane and diethyl ether (1:3). The extract is washed with brine,
      dried, and concentrated to the formula-LXXVIII compound,
      dl-9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo[3.1.0]hex-2.a
     lpha.-yl]-there are obtained the corresponding formula-LXXVII, LXXVIII, and
      LXXX compounds.
PAC  EXAMPLE 14
PAC  dl-7-[Endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]-hex-2.alpha.-yl]-3-oxa-4,7-in
     ter-o-phenylene-5,6-dinor-heptanoic Acid (Formula-LXXXVI, Chart H: G is
      n-pentyl; Z' is
      ##SPC139##
PAC  R.sub.2, R.sub.9, and R.sub.26 are hydrogen; and .about. is alpha and
      endo).
PAR  Refer to Chart H. Following the procedure of Example 13, the formula-LXXXII
      compound, dl-ethyl
      7-[endo-6-(1-heptenty)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-inter
     o-phenylene-5,6-dinor-heptanoate is reduced with sodium borohydride to the
      formula-LXXXIII compound, dl-ethyl
      7-[endo-6-(1-heptenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-i
     nter-o-phenylene-5,6-dinor-heptanoate. That hydroxy ester is then
      saponified as described in Example 13 to the formula-LXXXIV compound,
      dl-7-[endo-6-(1-heptenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,
     7-intero-phenylene-5,6-dinor-heptanoic acid. That hydroxy acid is then
      oxidized as described in Example 13 to the title compound.
PAR  Following the procedure of Example 14 but substituting for that
      formula-LXXXII compound, the formula-LXXXII compound of Example 10, viz.
      dl-methyl
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xa-3,7inter-m-phenylene-4,5,6-trinor-7-nonynoate, there is obtained on
      reduction the corresponding formula-LXXXIII compound,
      dl-methyl-7-[endo-6-(cis-4-phenyl-1-butenyl)-3-hydroxybicyclo[
      3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoat
     e; there is likewise obtained on saponification the corresponding
      formula-LXXXIV compound,
      dl-7-[endo-6-(cis-4-phenyl-1-butenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-
     yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoic acid; and there is
      likewise obtained on oxidation the corresponding formula-LXXXVI compound,
      dl-7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxabicyclo-[3.1.0]hex-2.alpha.-yl]
     -3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoic acid.
PAR  Following the procedure of Example 14, but using in place of the
      formula-LXXXII 3-oxobicyclo[3.1.0]hexane ester, each of the specific
      formula-LXXXII endo and exo, alpha and beta, saturated and acetylenic
      esters described in and following the Examples 1, 6, and 10 is reduced
      with sodium borohydride to give the corresponding formula-LXXXIII
      3-hydroxy-bicyclo[3.1.0]hexane ester. That hydroxy ester is then
      saponified as described in Example 13 to the corresponding formula-LXXXIV
      3-hydroxybicyclo-[3.1.0]hexane acid. That hydroxy acid is then oxidized as
      described in Example 13 to the corresponding formula-LXXXVI
      3-oxobicyclo[3.1.0]hexane acid.
PAC  EXAMPLE 15
PAC  dl-15-Dehydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. Methyl Ester (Formula-XCI, Chart J: E' is trans --CH=CH--, G
      is n-pentyl, J' is
      ##SPC140##
PAC  R.sub.1 is methyl, R.sub.26 is hydrogen, and .about. is alpha).
PAR  Refer to Chart J. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. methyl
      ester (Example 4, about 0.5 g.) in 24 ml. of dioxane is stirred at
      50.degree. C. under nitrogen and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
      (0.37 g.) is added. The mixture is stirred at 50.degree. C. for 24 hrs.,
      cooled to room temperature, and filtered. The filter cake is washed with
      tetrahydrofuran, and the filtrate and wash are combined and concentrated
      under reduced pressure. The residue is taken up in dichloromethane and
      washed with brine, then dried over sodium sulfate and concentrated under
      reduced pressure. The residue is chromatographed over 90 g. of silica gel
      wet-packed in 8% ethanol in dichloromethane, eluting with 300 ml. of 2%,
      300 ml. of 3%, 225 ml. of 7.5% and 245 ml. of 10% ethanol in
      dichloromethane, taking 15-ml. fractions. Fractions shown by TLC to
      contain the desired product are combined and concentrated to the title
      compound.
PAC  EXAMPLE 16
PAC  dl-15-Methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. Methyl Ester (Formula-XX: C.sub.g H.sub.2g and C.sub.p
      H.sub.2p are valence bonds in meta relationship, G is n-pentyl, Q is
      ##EQU71##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart J. A solution of 0.413 g. of
      dl-15-dehydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. methyl ester (Example 15, about 0.4 g.), hexamethyldisilazane
      (3 ml.) and trimethylchlorosilane (0.5 ml.) in 20 ml. of tetrahydrofuran
      is allowed to stand at about 25.degree. C. for 20 hrs. The mixture is
      filtered and the filtrate is concentrated under reduced pressure. Xylene
      (10 ml.) is added to the residue and removed by concentration under
      reduced pressure. The residue is dissolved in anhydrous ether and 110% of
      the theoretical amount of 3 M methyl magnesium bromide in ether is added.
      The mixture is allowed to stand 20 min. at about 25.degree. C. and poured
      into 100 ml. of saturated aqueous ammonium chloride. The ether layer is
      separated, the aqueous layer is extracted with ether, and the ether
      extracts are combined and washed with brine, dried over sodium sulfate,
      and concentrated under reduced pressure. The residue is dissolved in 300
      ml. of ethanol and 30 ml. of water containing 3 drops of glacial acetic
      acid, and the mixture is stirred for 2 hrs. at about 25.degree. C. The
      mixture is concentrated under reduced pressure to an aqueous residue and
      the residue is extracted with dichloromethane. The dichloromethane extract
      is concentrated under reduced pressure to give a residue which is
      chromatographed over 60 g. of silica gel wet-packed in 8% ethanol in
      dichloromethane, eluting with 200 ml. of 5% and 800 ml. of 10% ethanol in
      dichloromethane and taking 10-ml. fractions. Fractions shown by TLC to
      contain the desired product are combined and concentrated to yield the
      title compound. Other fractions yield the 15-epimer.
PAR  Likewise, using the corresponding
      3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGF.sub.1 .sub..alpha. or PGF.sub.1
      .sub..beta. compound instead of the above oxa-phenylene compounds, there
      are obtained the corresponding 15-dehydro PGF.sub.1 .sub..alpha. or
      PGF.sub.1 .sub..beta.-type compounds, and finally the
      dl-15-methyl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGF.sub.1 .sub..alpha.
      or -PGF.sub.1 .sub..beta. ethyl esters and their 15-epimers.
PAC  EXAMPLE 17
PAC  dl-13,14-Dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl
      Ester (Formula XIX C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds
      in meta relationship, G is n-pentyl, Q is
      ##EQU72##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart B. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 100 mg.) in 10 mg. of ethyl acetate is shaken with hydrogen at
      about one atmosphere pressure at 25.degree. C. in the presence of 5%
      rhodium on charcoal (15 mg.). After approximately one equivalent of
      hydrogen is absorbed, the hydrogenation is stopped, and the catalyst is
      removed by filtration. The filtrate is concentrated, aand the residue is
      chromatographed on 25 g. of silica gel, eluting with 50-100% ethyl acetate
      gradient in Skellysolve B. Those fractions shown by TLC to contain the
      desired product free of the starting product and hydrogenolysis products
      are combined and concentrated to the title compound.
PAR  Following the procedure of Example 17,
      dl-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester is reduced to
      dl-13,14-dihydro-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.1 ethyl ester.
      Likewise, dl-3-oxa-4,7-o-phenylene-5,6-dinor-PGE.sub.1 methyl ester is
      reduced to dl-13,14-dihydro-3-oxa-4,7-o-phenylene-5,6-dinor-PGE.sub.1
      methyl ester.
PAR  Also following the procedure of Example 17,
      dl-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.2,
      -trans-5,6-dehydro-PGE.sub.1, and -5,6-dehydro-PGE.sub.2 are each reduced
      to dl-13,14-dihydro-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.1, using
      two equivalents of hydrogen for the first two reactions, and three
      equivalents of hydrogen for the third. Likewise, the corresponding
      dl-3-oxa-4,7-o-phenylene-5,6-dinor- compounds are reduced to
      dl-13,-14,-dihydro-3-oxa-4,7-o-phenylene-5,6-dinor-PGE.sub.1.
PAR  Also following the procedure of Example 17, the ethyl ester and the free
      acid form of the formula XVI-to -XVIII PGE compounds in their various
      spatial configurations are transformed to the corresponding 13,14-dihydro
      PGE.sub.1 compound by catalytic hydrogenation, using equivalents of
      hydrogen appropriate to the degree of unsaturation of the reactant, i.e.,
      one equivalent for the PGE.sub.1 type, two equivalents for the PGE.sub.2
      type and trans-5,6-dehydro-PGE.sub.1 type, and three equivalents for the
      5,6-dehydro-PGE.sub.2 type.
PAR  Also following the procedure of Example 17,
      dl-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. and its ethyl
      ester are reduced to
      dl-13,14-dihydro-3-oxa-3,7-m-phenylene-4,5,6-PGF.sub.1 .sub..alpha. and
      its ethyl ester, respectively.
PAR  Also following the procedure of Example 17, the ethyl ester and the free
      acid form of the formula-XX to -XXII PGF compounds in their various
      spatial configurations are transformed to the corresponding 13,14-dihydro
      PGF.sub.1 .sub..alpha. or PGF.sub.1 .sub..beta. compound by catalytic
      hydrogenation, using equivalents of hydrogen appropriate to the degree of
      unsaturation of the reactant.
PAC  EXAMPLE 18
PAC  dl-13,14-Dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      (Formula-XXVII: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in
      meta relationship, G is n-pentyl, Q is
      ##EQU73##
PAC  R.sub.1 is hydrogen, and .about. is alpha).
PAR  Refer to Chart B. A suspension of disodium azodiformate (50 mg.) in 5 ml.
      of absolute ethanol is added to a stirred solution of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 (Example 5, 50 mg.) in
      10 ml. of absolute ethanol under nitrogen at 25.degree. C. The mixture is
      made acid with glacial acetic acid, and then is stirred under nitrogen at
      25.degree. C. for 8 hrs. The resulting mixture is concentrated under
      reduced pressure, and the residue is mixed with a mixture of diethyl ether
      and water (1:1). The diethyl ether layer is separated, dried, and
      concentrated to the title product.
PAR  Following the procedure of Example 18,
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 methyl ester is
      reduced to
      dl-13,14-dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 methyl
      ester.
PAR  Also following the procedure of Example 18,
      dl-3-oxa-3,7-inter-m-phenylene-PGA.sub.2, -trans-5,6-dehydro-PGA.sub.1,
      and 5,6-dehydro-PGA.sub.2 are each reduced to
      dl-13,14-dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1, using
      amounts of the disodium azodiformate reactant appropriate to the degree of
      unsaturation of the reactant.
PAR  Also following the procedure of Example 18, the methyl ester and the free
      acid form of the formula-XVI to -XVIII PGE type compounds, the formula-XX
      to -XXII PGF type compounds, the formula-XXIV to -XXVI PGA type compounds,
      and the formula-XXVIII to -XXX PGB type compounds are transformed to the
      corresponding 13,14-dihydro PGE.sub.1, PGF.sub.1, PGA.sub.1, or PGB.sub.1
      type compound by diimide reduction, using amounts of disodium azodiformate
      reactant appropriate to the degree of unsaturation of the PGE, PGF, PGA,
      or PGB type reactant.
PAC  EXAMPLE 19
PAC  dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 Methyl Ester
      (Formula-XXIV: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in
      meta relationship, G is n-pentyl, Q is
      ##EQU74##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart D. A solution of the formula-XXXIX bismesylate, dl-methyl
      7-[endo-6-(1,2-dimesyloxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa
     -3,7-inter-m-phenylene-4,5,6-trinor-heptanoate (Example 3, about 10 g.) in
      75 ml. of acetone is mixed with 10 ml. of water and 20 ml. of saturated
      aqueous sodium bicarbonate solution. The mixture is refluxed under
      nitrogen for 4 hrs. Then, the mixture is cooled, acidified with 5%
      hydrochloric acid, and extracted with ethyl acetate. The extract is washed
      with brine, dried, and concentrated to give the title product.
PAR  Following the procedure of Example 19, each of the bismesylates defined in
      Example 3 is transformed to the corresponding PGA-type ester, including
      the .beta.,.beta.,.beta.-trichloroethyl esters. Thereafter, each of the
      .beta.,.beta.,.beta.-trichloroethyl esters is transformed to the
      corresponding PGA-type free acid by the procedure of Example 23, below.
PAC  EXAMPLE 20
PAC  dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGB.sub.1 (Formula-XXVIII:
      C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-pentyl, Q is
      ##EQU75##
PAC  R.sub.1 is hydrogen, and .about. is alpha).
PAR  Refer to Chart A. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 (200 mg.) in 100 ml.
      of 50% aqueous ethanol containing about one gram of potassium hydroxide is
      kept at 25.degree. C. for 10 hrs. under nitrogen. Then, the solution is
      cooled to 10.degree. C. and neutralized by addition of 3 N. hydrochloric
      acid at 10.degree. C. The resulting solution extracted repeatedly with
      ethyl acetate, and the combined ethyl acetate extracts are washed with
      water and then with brine, dried, and concentrated to give the title
      compound.
PAR  Following the procedure of Example 20,
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 is also transformed
      to the PGB.sub.1 -type title compound.
PAR  Following the procedure of Example 20, each of the formula XVI-to -XIX PGE
      compounds and formula XXIV-to -XXVII PGA compounds are transformed to the
      corresponding PGB compounds.
PAC  EXAMPLE 21
PAC  dl-15-Methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl
      Ester (Formula XVI: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence
      bonds in meta relationship, G is n-pentyl; Q is
      ##EQU76##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart I. A solution of
      dl-15-methyl-3-oxa3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. methyl ester (95 mg.) in 40 ml. of acetone is cooled to
      -10.degree. C. To it is added 110% of the theoretical amount of Jones
      reagent (in the proportions of 21 g. of chromic anhydride, 60 ml. of
      water, and 17 ml. of concentrated sulfuric acid), precooled to 0.degree.
      C., with vigorous stirring. After about 10 min., isopropyl alcohol (1 ml.)
      is added to the cold reaction mixture. After 5 min., the mixture is
      filtered and the filtrate is concentrated at reduced pressure, and the
      residue is mixed with 5 ml. of brine. The mixture is extracted repeatedly
      with ethyl acetate, and the combined extracts are washed with brine, dried
      with anhydrous sodium sulfate, and concentrated at reduced pressure. The
      residue is chromatographed on 20 g. of neutral silica gel, eluting with
      50% ethyl acetate in Skellysolve B. Concentration of the eluates gives the
      title product.
PAR  Following the procedure of Example 21, there is substituted for the
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. methyl ester, the free acid, the propyl ester, the octyl
      ester, the cyclopentyl ester, the benzyl ester, the phenyl ester, the
      2,4-dichlorophenyl ester, the 2-tolyl ester, of the
      .beta.,.beta.,.beta.-trichloroethyl ester, there is obtained the
      corresponding
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 compound.
PAR  Following the procedure of Example 21, but substituting for the
      15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha.
      methyl ester, the methyl ester of each of the
      15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..beta.,
      -PGF.sub.2 .sub..alpha., -PGF.sub.2 .sub..beta., -5,6-dehydro-PGF.sub.2
      .sub..alpha., -5,6-dehydro-PGF.sub.2 .sub..beta., -dihydro-PGF.sub.1
      .sub..alpha., and -dihydro-PGF.sub.1 .sub..beta. compounds in their
      various natural or 15-epi configurations and optical isomers is
      transformed to the corresponding PGE-type compound.
PAR  Following the procedure of Example 21, each of the various
      15-alkyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha.
      methyl ester compounds, including the 15-ethyl, 15 propyl, 15-butyl, and
      15-substituted isomeric forms of propyl and butyl, is transformed to the
      corresponding PGE type compound.
PAR  Also following the procedure of Example 21, each of the 15-alkyl PGF-type
      acids and esters within the scope of formula-LXXXVIII (Chart I) is
      transferred to a 15-alkyl PGE-type acid or ester encompassed by
      formula-LXXXIX.
PAC  EXAMPLE 22
PAC  dl-15-Methyl-3-oxa-4,7-inter-o-phenylene-5,6dinor-PGA.sub.1 Methyl Ester
      (Formula XXIV: C.sub.g H.sub.2g is a valence bond, C.sub.p H.sub.2p is
      methylene, C.sub.g H.sub.2g and C.sub.p H.sub.2p are in ortho
      relationship, G is n-pentyl, Q is
      ##EQU77##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart K. A mixture of the formula-XCV
      15-methyl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.1 methyl ester
      (Example 21, 6 mg.), dicyclohexylcarbodiimide (20 mg.), copper (II)
      chloride dihydrate (2 mg.), and diethyl ether (2 ml.) is stirred under
      nitrogen at 25.degree. C. for 16 hrs. Then, additional
      dicyclohexylcarbodiimide (20 mg.) is added, and the mixture is stirred an
      additional 32 hrs. at 25.degree. C. under nitrogen. The resulting mixture
      is filtered, and the filtrate is concentrated under reduced pressure. The
      residue is chromatographed by preparative thin layer chromatography with
      the A-IX system to give the title compound.
PAR  Following the procedure of Example 22, but substituting for the
      oxa-phenylene PGE.sub.1 compound, the methyl esters of
      dl-15-methyl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.2,
      -5,6-dehydro-PGE.sub.2, and -dihydro-PGE.sub.1, there are obtained the
      corresponding formula-XCVI compounds, viz., the methyl esters of
      dl-15-methyl 3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGA.sub.2,
      -5,6-dehydro-PGA.sub.2, and -dihydro-PGA.sub.1.
PAR  Also following the procedure of Example 22, but substituting for the
      phenyl-substituted PGE.sub.1 compound, the methyl esters of
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1,
      -PGE.sub.2, -5,6-dehydro-PGE.sub.2, and -dihydro-PGE.sub.1, there are
      obtained the corresponding formula-XCVI compounds, viz., the methyl esters
      of dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1,
      -PGA.sub.2, -5,6-dehydro-PGA.sub.2, and -dihydro-PGA.sub.1.
PAR  Also following the procedure of Example 22, each of the formula-XCV (Chart
      K) compounds defined above in Example 21 is transformed to the
      corresponding formula-XCVI compound.
PAC  EXAMPLE 23
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1  (Formula XVI:
      C.sub.g H.sub.2q and C.sub.p H.sub.2p are valence bonds in metal
      relationship, G is n-pentyl, Q is
      ##EQU78##
PAC  R.sub.1 is hydrogen, and .about. is alpha).
PAR  Zinc dust (420 mg.) is added to a solution containing
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1
      .beta.,.beta.,.beta.-trichloroethyl ester (100 mg.) in 5 ml. of a mixture
      of acetic acid and water (9:1 v/v). This mixture is stirred under nitrogen
      2 hrs. at 25.degree. C. Ethyl acetate (4 volumes) is then added, followed
      by addition of 1 N. hydrochloric acid (one volume). The ethyl acetate
      later is separated, washed with water and then with brine, dried, and
      evaporated. The residue is chromatographed on 15 g. of acidwashed silica
      gel (Silicar CC4), being eluted with 100 ml. of 50%, 100 ml. of 80%, and
      200 ml. of 100% ethyl acetate in Skellysolve B, collecting 20-ml.
      fractions. The fractions containing the desired product and no starting
      material or dehydration products as shown by TLC are combined and
      concentrated to the title compound.
PAR  Following the procedure of Example 23, each of the
      .beta.,.beta.,.beta.-tribromoethyl, -triiodoethyl,
      .beta.,.beta.-dibromoethyl, -diiodoethyl, and the .beta.-iodoethyl esters
      of dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 is converted to
      the free acid of dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 by
      reaction with zinc dust and acetic acid.
PAR  Following the procedure of Example 23, the
      .beta.,.beta.,.beta.trichloroethyl ester of
      dl-15-methyl-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2 following Example
      9 above is converted to the respective free acid compound using zinc dust
      with either propionic, butyric, pentanoic, or hexanoic acid instead of
      acetic acid.
PAR  Following the procedure of Example 23, the
      .beta.,.beta.,.beta.-trichloroethyl ester of each of the PGE, PGF, PGA,
      and PGF type compounds represented by formulas XVI-XXXV in their various
      structural configurations and optical isomers is treated with zinc dust
      and acetic acid to obtain the corresponding free acid form of the
      compound. The esters are prepared by the procedures disclosed herein,
      using as intermediates formula-XXXVII cyclic ketals or formula-XLIV or
      -LXX olefins wherein R.sub.10 is haloethyl, e.g.,
      .beta.,.beta.,.beta.-trichloroethyl. These intermediates are prepared
      either by alkylation of the respective formula-XXXVI cyclic ketal (Chart
      D) or formula-XLIII or -LXIX olefin (Charts E and F) with the appropriate
      alkylating agent wherein R.sub.10 is haloethyl, or by the transformation
      of the alkylated cyclic ketal or olefin by the steps shown in Charts G and
      H using procedures disclosed herein, yielding intermediates LXXIX, LXXXI,
      LXXXV, or LXXXVII.
PAC  EXAMPLE 24
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. and
      -PGF.sub.1 .sub..beta. (Formula XX; C.sub.g H.sub.2g and C.sub.p H.sub.2p
      are valence bonds in meta relationship, G is n-pentyl, Q is
      ##EQU79##
PAC  R.sub.1 is hydrogen, and .about. is alpha or beta).
PAR  A solution of 146 mg. of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. ethyl
      ester in a mixture of 4.5 ml. of methanol and 1.5 ml. of water is cooled
      to 5.degree. C. and 0.6 ml. of 45% aqueous potassium hydroxide is added.
      The mixture is allowed to stand 3.5 hrs. at 25.degree. C., then is diluted
      with 75 ml. of water and extracted once with ethyl acetate to remove any
      neutral material. The aqueous layer is separated, made acid with dilute
      hydrochloric acid and extracted 4 times with ethyl acetate. The extracts
      are combined and washed 3 times with water, once with brine, dried over
      sodium sulfate, and concentrated to give the PGF.sub.1.sub..alpha. -type
      title compound.
PAR  Following the procedure of Example 24, the methyl ester of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinorPGF.sub.1.sub..beta.  is
      transformed to the free acid, i.e. the formula-XX PGF.sub.1.sub..beta.
      -type title compound.
PAR  Following the procedure of Example 24, the methyl or ethyl esters of the
      various oxa-phenylene PGF-type compounds and their isomers are transformed
      to the corresponding free-acid oxa-phenylene PGF-type compounds.
PAC  EXAMPLE 25
PAC  dl-3-Oxa-3,5-inter-m-phenylene-4-nor-PGF.sub.2.sub..alpha.  Methyl Ester
      (Formula XXI: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationship, G is n-pentyl, Q is
      ##EQU80##
PAC  R.sub.1 is methyl, R.sub.3 and R.sub.4 are hydrogen, and .about. is alpha).
PAR  Refer to Chart C.
      dl-5,6-Dehydro-3-oxa-3,5-inter-m-phenylene-4-nor-PGF.sub.2.sub..alpha.
      methyl ester (200 mg.) in pyridine (4 ml.) and methanol (10 ml.) is
      hydrogenated in the presence of a 5%-palladium-on-barium sulfate catalyst
      (200 mg.) at 25.degree. and atmospheric pressure. The reaction is
      terminated when slightly more than one equivalent of hydrogen is absorbed.
      The mixture is filtered and evaporated. Ethyl acetate is added and
      residual pyridine is removed by addition of ice and 3 N. hydrochloric
      acid. The ethyl acetate layer is washed with 1 N. hydrochloric acid and
      then with brine, dried, and concentrated to yield the title product.
PAR  Following the procedure of Example 25, the 5,6-dehydro oxa-phenylene
      PGF.sub.2 compounds following Example 4 are reduced to the corresponding
      PGF.sub.2 compounds. Likewise, the 5,6-dehydro oxa-phenylene PGE, PGA, and
      PGB compounds disclosed herein are reduced to the corresponding PGE.sub.2,
      PGA.sub.2, and PGB.sub.2 compounds.
PAC  EXAMPLE 26
PAR  dl-.beta.,.beta.,.beta.-Trichloroethyl
      9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo[3.1.0]-hex-2.alp
     ha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6trinor-cis-7-nonenoate Acetonide
      (Formula LXXIX, Chart G: G is n-pentyl, J' is cis
      ##SPC141##
PAC  haloethyl is .beta.,.beta.,.beta.-trichloroethyl, R.sub.2, R.sub.11, and
      R.sub.12 are methyl, R.sub.9 and R.sub.26 are hydrogen, and .about. is
      alpha and endo).
PAR  Refer to chart G. Successively, .beta.,.beta.,.beta.-trichloroethanol (25
      ml.), pyridine (15 ml.), and dicyclohexylcarbodiimide (4.0 g.) are added
      to a solution of formula-LXXVIII compound
      dl-9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo[3.1.0]hex-2.a
     lpha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoic acid
      acetonide (Example 13, 2.0 g.) in 100 ml. of dichloromethane. This mixture
      is stirred 3 hrs. under nitrogen at 25.degree. C. Water (50 ml.) is then
      added, and the mixture is stirred 10 min. The dichloromethane is
      concentrated under reduced pressure, and the residue is extracted
      repeatedly with ethyl acetate. The combined extracts are washed with
      ice-cold 3 N. hydrochloric acid. Then, the extracts are washed
      successively with aqueous sodium bicarbonate solution and brine, dried,
      and concentrated under reduced pressure. The residue is chromatographed on
      600 g. of silica gel, eluting with 10 l. of a 20-100% ethyl
      acetate-Skellysolve B gradient, collecting 50ml. fractions. The middle
      fractions which show a product free of starting materials on TLC are
      combined and concentrated under reduced pressure to give the title
      compound.
PAR  Following the procedure of Example 26, but using in place of the
      formula-LXXVIII 3-hydroxybicyclo[3.1.0]hexane acid acetonide, each of the
      specific endo and exo, alpha and beta, saturated and unsaturated
      formula-LXXVIII hydroxy acid ketals defined after Example 13, there are
      obtained the corresponding .beta.,.beta.,.beta.-trichloroethyl esters of
      those 3-hydroxybicyclo[3.1.0]hexane acids.
PAR  Following the procedure of Example 26, but using in place of the
      formula-LXXVIII 3-hydroxybicyclo[3.1.0]hexane acid ketal, each of the
      specific formula-LXXX 3-oxo-acid ketals defined after Example 13, there
      are obtained the corresponding formula-LXXXI
      .beta.,.beta.,.beta.-trichloroethyl esters of those 3-oxo-acid ketals.
PAR  Following the procedure of Example 26 but using in place of the
      formula-LXXVIII 3-hydroxy-acid ketal, each of the specific formula-LXXXIV
      (Chart H) 3-hydroxy and formula-LXXXVI 3-oxo acids defined after Example
      14, there are obtained the corresponding formula-LXXXV and formulaLXXXVII
      .beta.,.beta.,.beta.-trichloroethyl esters of those acids, respectively.
PAR  Following the procedures of Examples 3 and 9, each of the formula-LXXXI
      cyclic ketal haloethyl esters of Example 26 is transformed to the
      corresponding formula-XL (Chart D) 3-oxa or 4-oxa phenyl-substituted
      PGE.sub.1 .beta.,.beta.,.beta.-trichloroethyl ester. Thence, following the
      procedure of Example 23, each of the esters is transformed to the
      oxaphenylene PGE.sub.1 acid compound wherein R.sub.10 of formula-XL is
      replaced with hydrogen.
PAR  Following the procedure of Examples 2 and 3 each of the formula-LXXXVII
      olefin haloethyl esters of Example 26 is transformed to the corresponding
      formula-XLVII (Chart E) oxa-phenylene PGE.sub.1
      .beta.,.beta.,.beta.-trichloroethyl ester. Thence, following the procedure
      of Example 23, each of the esters is transformed to the corresponding
      PGE.sub.1 -type acid compound wherein R.sub.10 of formula-XL is replaced
      with hydrogen.
PAC  EXAMPLE 27
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 Methyl Ester (Formula
      XXIV: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-pentyl, Q is
      ##EQU81##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  A solution of diazomethane (about 50% excess) in diethyl ether (25 ml.) is
      added to a solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-pGA.sub.1 (Example 5, 50 mg.)
      in 25 ml. of a mixture of methanol and diethyl ether (1:1). The mixture is
      allowed to stand at 25.degree. C. for 5 min. Then the mixture is
      concentrated to give the title compound.
PAR  Following the procedure of Example 27, each of the other specific
      phenyl-substituted PGB type, PGA type, PGE type, and PGF type free acids
      defined above is converted to the corresponding methyl ester.
PAR  Also following the procedure of Example 27, but using in place of the
      diazomethane, diazoethane, diazobutane, 1-diazo-2-ethylhexane, and
      diazocyclohexane, there are obtained the corresponding ethyl, butyl,
      2-ethylhexyl, and cyclohexyl esters of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1. In the same manner,
      each of the other specific phenyl-substituted PGB type, PGA type, PGE
      type, and PGF type free acids defined above is converted to the
      corresponding ethyl, butyl, 2-ethylhexyl, and cyclohexyl esters.
PAC  EXAMPLE 28
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl Ester
      Diacetate.
PAR  Acetic anhydride (5 ml.) and pyridine (5 ml.) are mixed with
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 20 mg.), and the mixture is allowed to stand at 25.degree. C.
      for 18 hrs. The mixture is then cooled to 0.degree. C., diluted with 50
      ml. of water, and acidified with 5% hydrochloric acid to pH 1. That
      mixture is extracted with ethyl acetate. The extract is washed
      successively with 5% hydrochloric acid, 5% aqueous sodium bicarbonate
      solution, water, and brine, dried and concentrated to give the title
      compound.
PAR  Following the procedure of Example 28 but replacing the acetic anhydride
      with propionic anhydride, isobutyric anhydride, and hexanoic acid
      anhydride, there are obtained the corresponding dipropionate,
      diisobutyrate and dihexanoate derivatives of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester.
PAR  Also following the procedure of Example 28, but replacing the
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 compound with
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha.  and
      -PGF.sub.1.sub..beta., and
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha
     .  and -PGF.sub.1 .sub..beta., there are obtained the corresponding
      triacetate derivatives of the 3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF
      compounds.
PAR  Also following the procedure of Example 28, each of the phenyl-substituted
      PGE type, PGF type, PGA type, and PGB type esters and free acids defined
      above is transformed to the corresponding acetates, propionates,
      isobutyrates, and hexanoates, the PGE-type derivatives being
      dicarboxyacylates, the PGF-type derivatives being tricarboxyacylates, and
      the PGA-type and PGB-type derivatives being monocarboxyacylates.
PAC  EXAMPLE 29
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Sodium Salt.
PAR  A solution of dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1
      (Example 23, 100 mg.) in 50 ml. of a waterethanol mixture (1:1) is cooled
      to 5.degree. C. and neutralized with an equivalent amount of 0.1 N,
      aqueous sodium hydroxide solution. The neutral solution is concentrated to
      give the title compound.
PAR  Following the procedure of Example 29 but using potassium hydroxide,
      calcium hydroxide, tetramethylammonium hydroxide, and
      benzyltrimethylammonium hydroxide in place of sodium hydroxide, there are
      obtained the corresponding salts of dl-3-oxa-3,7l
      -inter-m-phenylene-4,5,6-trinor-PGE.sub.1.
PAR  Also following the procedure of Example 29 each of the phenyl-substituted
      PGE type, PGF type, PGA type, and PGB type acids defined above is
      transformed to the sodium, potassium, calcium, tetramethylammonium, and
      benzyltrimethylammonium salts.
PAR  The various Preparations and Examples given above describe the preparation
      of racemic intermediates and final products. Each of the intermediates and
      final products named and defined above is also obtained in each of the
      enantiomeric forms, d and l, by resolution that compound or by resolution
      of an intermediate used to prepare that compound. For example, natural
      configuration 3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 free acid
      is prepared by resolution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 free acid (Example
      5) or by dehydration as in Example 5 of optically active
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 free acid with the same
      absolute configuration. These resolutions are carried out by procedures
      known in the art, and may be used to obtain prostaglandin-like materials
      having the spatial configuration of the natural prostaglandins, as
      typified by the following Examples 30-32.
PAC  EXAMPLE 30
PAC  Natural Configuration 3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2 and
      PGF.sub.2 .sub..alpha. Methyl Esters (Formula-XVII and -XXI: wherein
      C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-pentyl, Q is
      ##EQU82##
PAC  R.sub.1 is methyl; R.sub.3 and R.sub.4 are hydrogen; and .about. is alpha).
PAR  The process shown in Chart D is used to prepare the PGE.sub.2 -type
      compound first. The formula-XXXVII cyclic ketal intermediate wherein G is
      n-pentyl; J' is
      ##SPC142##
PAL  R.sub.2, r.sub.9, and R.sub.26 are hydrogen; R.sub.10, R.sub.11, and
      R.sub.12 are methyl; and .about. is endo and alpha is prepared following
      the procedures of Example 9.
PAR  The formula-XXXVII compound is resolved as its optical isomers by the
      method of Corey et al., J. Am. Chem. Soc. 84, 2938 (1962), by reacting
      this keto compound with optically active L(+)-2,3-butanedithiol in the
      presence of p-toluene-sulfonic acid. The diastereomeric ketals are
      completely resolved on a preparative chromatographic column, and are then
      hydrolyzed separately, following the procedure of Example 9, to the
      formula-XXXVIII dihydroxy compounds. Transformation to the formula-XVII
      PGE.sub.2 -type compounds is accomplished by the procedures of Example 3.
      Of the separate diastereoisomers, one corresponds to the configuration of
      natural PGE.sub.2 and the other to its enantiomer. Conversion of the
      PGE.sub.2 -type compound having the configuration of the natural product
      to the PGF.sub.2.sub..alpha. -type methyl ester is done by borohydride
      reduction following the procedure of Example 4. The natural
      configuration-PGF.sub.2.sub..alpha. -type free acid is formed from the
      methyl ester by saponification, following the procedure of Example 24.
PAC  EXAMPLE 31
PAC  Natural Configuration 3-oxa-3,5-inter-o-phenylene-4-nor-PGE.sub.1 Methyl
      Ester (Formula XVI: C.sub.g H.sub.2g is ethylene; C.sub.p H.sub.2p is a
      valence bond in ortho relationship to C.sub.g H.sub.2g, G is n-pentyl, Q
      is
      ##EQU83##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart E. A. Methyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo-[3.1.0]hex-2.alpha.-yl]-3-oxa-3,5-inte
     r-o-phenylene-4-nor-heptanoate (Formula-XLIV, Chart E: G is n-pentyl;
      R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl; Z' is
      ##SPC143##
PAL  and .about. is alpha and endo).
PAR  1. Methyl 2-(3-hydroxypropyl)phenoxyacetate. To a solution of potassium
      t-butoxide (11.2 g.) in 150 ml. of dry tetrahydrofuran at
      0.degree.-5.degree. C. is added with stirring 3-(o-hydroxyphenyl)propanol
      (15.2 g.) followed in a few minutes by methyl bromoacetate (20 g.). The
      cooling bath is removed and the mixture is stirred at ambient temperature
      until the reaction mixture becomes essentially neutral. The mixture is
      concentrated in vacuo at 30.degree. C. and the residue is shaken with
      ether and water. The organic layer is washed with dilute potassium
      hydroxide solution, water, brine, and is dried over sodium sulfate and
      then concentrated in vacuo. The residue is distilled in a high vacuum to
      afford methyl 2-(3-hydroxypropyl)phenoxyacetate. 2. Methyl
      2-(3-chloropropyl)phenoxyacetate. A mixture of methyl
      2-(3-hydroxypropyl)phenoxyacetate (step A-1, 25 g.) and thionyl chloride
      (20 ml.) is heated to reflux for 1-2 hrs. The excess thionyl chloride is
      removed in vacuo and the residue is distilled in a high vacuum to afford
      methyl 2-(3-chloropropyl)phenoxyacetate. 3. Methyl
      2-(3-iodopropyl)phenoxyacetate. A mixture of methyl
      2-(3-chloropropyl)phenoxyacetate (step A-2, 24.3 g.), acetone (250 ml.)
      and sodium iodide (30 g.) is heated to reflux with stirring for about 40
      hrs. The mixture is cooled, filtered and the filtrate is concentrated in
      vacuo at about 30.degree. C. The residue is diluted with ether and the
      solution is washed with water, dilute sodium thiosulfate solution, brine
      and is dried over magnesium sulfate and then concentrated in vacuo. The
      product, methyl 2-(3-iodopropyl)phenoxyacetate, is used directly in the
      next step. 4. Following the procedure of Example 1-B, but replacing the
      methyl m-(chloromethyl)phenoxyacetate with methyl 2-(3-iodopropyl)
      phenoxyacetate (step A-3, 18 g.) and allowing the alkylation reaction to
      proceed for about 5 min. before acidification with hydrochloric acid,
      there is obtained the desired formula-XLIV methyl
      7-]endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,5-inter
     -o-phenylene-4-nor-heptanoate.
PAR  Following the procedure of Example 30, the above racemic formula-XLIV
      compound is resolved as two optically active isomers. These are both
      transformed by the subsequent steps of this example to the formula-XVI
      PGE.sub.1 -type compounds, one of which corresponds to the configuration
      of natural PGE.sub.1 and the other to its enantiomer.
PAR  B. Methyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxo-bicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa
     -3,5-inter-o-phenylene-4-nor-heptanoate (Formula-XLV, Chart E: G' is
      n-pentyl; R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl;
      Z' is
      ##SPC144##
PAL  and .about. is alpha and endo). To a solution of methyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]-hex-2.alpha.-yl]-3-oxa-3,5-inte
     r-o-phenylene-4-nor-heptanoate (step A, above, 1.8 g.) in 30 ml. of
      tetrahydrofuran at 50.degree. is added, with stirring, osmium tetroxide
      (200 mg.) followed by potassium chlorate (1.2g.) and 15 ml. of water. The
      reaction mixture is maintained at 50.degree. for 2 hrs., cooled, the
      tetrahydrofuran is removed, and the aqueous phase is extracted with
      dichloromethane. The organic layer is dried and concentrated and the
      residue is chromatographed on 200 g. of silica gel. The column is eluted
      with 1 l. of 35% ethyl acetate-benzene and  1 l. of 40% ethyl
      acetate-benzene, collecting 30-ml. fractions. Those fractions containing
      the formula-XLV compound, in its isomeric erythro and threo forms free of
      starting material and impurities, are combined and concentrated.
PAR  C. Title compound. To a solution of the formula-XLV dihydroxy compound
      (step B, above, 0.8 g.) in 10 ml. of pyridine, cooled to 0.degree., is
      added 1.2 ml. of methane-sulfonyl chloride. The reaction mixture is
      stirred for 2 hrs. and 20 g. of ice is added. The mixture is extracted
      with ether-dichloromethane (1:1) and the organic layer is washed
      successively with dilute hydrochloride acid, water, saturated aqueous
      sodium bicarbonate, and brine, dried, and concentrated. The residue,
      containing the bismesylate, is treated with 15 ml. of acetone and 10 ml.
      of water and stirred for 8-16 hrs. at 25.degree.. The acetone is removed
      in vacuo and the remaining solution is extracted with dichloromethane. The
      extract is dried and concentrated and the residue is chromatographed on
      150 g. of silica gel using 500 ml. ethyl acetate followed by 3% methanol
      ethyl acetate as eluting solvent while collecting 30-ml. fractions. Those
      fractions containing the formula-XLVII product, free of starting material
      and impurities, are combined and concentrated to give the title compound;
      principle NMR spectral peaks at  6.57-7.3 (multiplet); 5.42-5.65
      (multiplet); 4.60 (singlet) and 3.76 (singlet) .delta..
PAC  EXAMPLE 32
PAC  Natural Configuration
      3-Oxa-3,5-inter-o-phenylene-4-nor-PGF.sub.1.sub..alpha. Methyl Ester
      (Formula-XX: C.sub.g H.sub.2g is ethylene, C.sub.p H.sub.2p is a valence
      bond in ortho relationship to C.sub.g H.sub.2g, G is n-pentyl, Q is
      ##EQU84##
PAC  R.sub.1 is methyl, and .about. is alpha for the carboxyl-containing moiety
      and for the ring hydroxyl).
PAR  Refer to Chart A. Following the procedure of Example 4, the formula-XVI
      PGE.sub.1 -type compound of Example 31 is transformed to the title
      compound; principle NMR spectral peaks at 6.57-7.3 (multiplet); 5.33-5.56
      (multiplet); 4.62 (singlet) and 3.75 (singlet) .delta..
PAC  EXAMPLE 33
PAC  dl-3-Oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.3 Methyl Ester (Formula-XXXII;
      C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in meta
      relationship, C.sub.n H.sub.2n is methylene, Q is
      ##EQU85##
PAC  R.sub.1 is methyl, R.sub.5 is ethyl, and .about. is alpha) and
      dl-15-Beta-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.3 Methyl Ester
      ##EQU86##
PAR  a. Refer to Chart F. Following the procedure of Preparation 4b, a solution
      of 100 g. of endo-bicyclo-[3.1.0]hexan-3-ol-6-carboxaldehyde
      3-tetrahydropyranyl ether in 200 ml. of benzene is reacted with 250 g. of
      (hex-3-ynyl)triphenylphosphonium bromide (Axen et al., Chem. Comm. 1970,
      602) in 3 l. of benzene at about -15.degree. C. The mixture is warmed to
      70.degree. C. for 2.5 hours., cooled and filtered. The crude product is
      hydrolyzed to the 3-hydroxy compound and then oxidized to the 3-oxo ketone
      with Jones reagent. The desired fromula-LXIX intermediate is isolated
      after silica gel chromatography.
PAR  b. There is next prepared the formula-LXX compound by alkylation. Following
      the procedures of Example 1-B, the product of step a above is reacted with
      methyl 9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate
      (Preparation 7) to yield
      7-[endo-6-(cis-1-hepten-4-ynyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate.
PAR  c. Glycol LXXI is next prepared, employing the product of step b and
      following the procedures of Example 2. Without separating the isomeric
      glycols, the bismesylate corresponding to formula-LXXII is then prepared
      following the procedures of Example 3. Thereafter, following hydrolysis of
      the bismesylate by the procedures of Example 3, the bisdehydro E.sub.3
      type compound corresponding to formula-LXXIII is recovered. Silica gel
      chromatography yields the respective C-15 epimers.
PAR  d. Following the procedures of Preparation 8, each of the C-15 epimers of
      step C above is hydrogenated to yield the corresponding title compounds.
PAC  EXAMPLE 34
PAC  1-Bicyclo[3.1.0]hex-2-ene-6-endocarboxaldehyde Neopentyl Glycol Acetal
      (Formula .sub.CIX : R.sub.31 and R.sub.32 taken together are --CH.sub.2
      --C(CH.sub.3).sub.2 --CH.sub.2 -- and .about. is endo).
PAR  A mixture of 2,2-dimethyl-1,3-propanediol (900 g.), 5 l. of benzene and 3
      ml. of 85% phosphoric acid is heated at reflux. To it is added, in 1.5
      hr., a solution of optically active
      bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde (Prep.10, 500 g.) in one
      liter of benzene. Provision is made to take off azeotropically distilled
      water with a Dean-Stark trap. After 3 hr. the mixture is cooled and
      extracted with 2 liters off 5% sodium bicarbonate. The organic phase is
      dried over sodium sulfate and concentrated under reduced pressure. The
      resulting semisolid residue is taken up in methanol and recrystallized,
      using a total of 1200 ml. of methanol to which 600 ml. of water is added,
      then chilled to -13.degree. C. to yield 300 g. of the title compound, m.p.
      52.degree.-55.degree. C., and having NMR peaks at 0.66, 1.20, 0.83-2.65,
      3.17-3.8, 3.96, and 5.47-5.88 .delta., [.alpha.].sub.D - 227.degree.
      (C=0.8976 in methanol), and R.sub.f 0.60 (TLC on silica gel in 25% ethyl
      acetate in mixed isomeric hexanes). Further work-up of the mother liquors
      yields 50-100 g. of additional product.
PAR  Following the procedures of Example 34 but replacing the aldehyde with
      optically active bicyclo[3.1.0]hex-2-ene-6-exo-carboxaldehyde (see U.S.
      Pat. No. 3,711,515), there is obtained the corresponding formula-CIX
      acetal.
PAR  Following the procedures of Example 34 but using either the endo or exo
      form of the aldehyde and substituting for 2,2-dimethyl-1,3-propanediol one
      of the following glycols: ethylene glycol, 1,2-propanediol,
      1,2-hexanediol, 1,3-butanediol, 2,3-pentanediol, 2,4-hexanediol,
      2,4-octanediol, 3,5-nonanediol, 3,3-dimethyl-2,4-heptanediol,
      4-ethyl-4-methyl-3,5-heptanediol, phenyl-1,2-ethanediol and
      1-pentyl-1,2-propanediol, there are obtained the corresponding formula-CIX
      acetals.
PAC  EXAMPLE 35
PAC  d-8-(m-Acetoxyphenyl)-7-oxa-tricyclo-[4.2.0.0.sup.2,4
      ]octane-6-endo-carboxaldehyde Neopentyl Glycol Acetal (Formual CX: C.sub.p
      H.sub.2p is a valence bond with attachment in the meta position, R.sub.31
      and R.sub.32 taken together are --CH.sub.2 --C(CH.sub.3).sub.2 -CH.sub.2,
      R.sub.39 is
      ##EQU87##
PAC  and .about. is endo).
PAR  Refer to Chart L, step (a). A solution of the formula-CIX
      l-bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde neopentyl glycol acetal
      (Example 34, 5.82 g.) and m-acetoxybenzaldehyde (1.64 g.) in 25 ml. of
      benzene is charged to a Pyrex photolysis vessel equipped with an
      immersible water-cooled cold-finger and a fritted gas inlet tube.
      Dissolved oxygen is removed by bubbling nitrogen through the solution. The
      mixture is then irradiated at 350 nm. with a Rayonet Type RS Preparative
      Photochemical Reacter (The Southern New England Ultraviolet Co.,
      Middletown, Conn.) equipped with six RUL 3500 A lamps. After 24 hr. the
      photolysate is concentrated under reduced pressure to a pale yellow oil,
      10 g., which is subjected to silica gel chromatography. Elution with
      10-70% ethyl acetate in Skellysolve B (mixture of isomeric hexanes) yields
      separate fractions of the recovered starting material and the formula-CX
      title compound, a pale yellow oil, 0.86 g., having NMR peaks at 0.68.
      1.20, 0.8-2.5, 2.28, 2.99, 3.12-3.88, 3.48, 4.97-5.52, and 6.78-7.60
      .delta.; infrared absorption bands at 3040, 2950, 2860, 2840, 1765, 1610,
      1590, 1485, 1470, 1370, 1205, 1115, 1020, 1005, 990, 790, and 700
      cm.sup.-.sup.1 ; mass spectral peaks at 358, 357, 116, 115, 108, 107, 79,
      70, 69, 45, 43, and 41; [.alpha.].sub.D + 55.degree. (C=0.7505 in 95%
      ethanol); and R.sub.f 0.18 (TLC on silica gel in 25% ethyl acetate in
      mixed isomeric hexanes).
PAR  Following the procedures of Example 35 but replacing the formula-CIX acetal
      with the formula-CIX compounds disclosed following Example 34, there are
      obtained the corresponding formula-CX compounds in their endo or exo forms
      and with corresponding exemplification of R.sub.31 and R.sub.32.
PAR  Likewise following the procedures of Example 35 but replacing
      m-acetoxybenzaldehyde with aldehydes within the scope of formula CXIX
      above, as to C.sub.p H.sub.2p, the attachment position of the phenyl ring,
      and the carboxyacyl group R.sub.39, or defined above, the corresponding
      formula-CX oxetanes are obtained wherein .about. is endo or exo, and
      R.sub.31 and R.sub.32 correspond to the glycols employed after Example 34
      above. Specifically, the following formula-CXIX aldehydes are employed:
      ##SPC145##
      ##SPC146##
PAC  EXAMPLE 36
PAC  d-2-Exo-[m-(pivaloyloxy)benzyl]-3-exobicyclo[3.1.0]hexane-6-endo-carboxalde
     hyde Neopentyl Glycol Acetal (Formula CXII: C.sub.p H.sub.2p is a valence
      bond with attachment in the meta position, R.sub.31 and R.sub.32 taken
      together are --CH.sub.2 --C(CH.sub.3).sub.2 --CH.sub.2 --, R.sub.43 is
      ##EQU88##
PAC  and .about. is endo).
PAR  (I). Refer to Chart L, steps (b) and (c). A mixture of lithium (0.25 g.) in
      70 ml. of ethylamine is prepared at 0.degree. C. and cooled to -78.degree.
      C. A solution of the formula-CX
      d-8-(m-acetoxyphenyl)-7-oxa-tricyclo[4.2.0.0.sup.2,4
      ]-octane-6-endo-carboxaldehyde neopentyl glycol acetal (Example 35, 1.83
      g.) in 10 ml. of tetrahydrofuran is added dropwise in about 5 min. After
      stirring at -78.degree. C. for about 3.5 hr. the reaction is quenched with
      solid ammonium chloride and water-tetrahydrofuran. Unreacted lithium is
      removed, the mixture is warmed slowly to about 25.degree. C., and
      ethylamine is removed. The residue is neutralized with dilute acetic acid,
      mixed with 200 ml. of brine, and extracted with ethyl acetate. The organic
      phase is washed with brine and a mixture of brine and saturated aqueous
      sodium bicarbonate (1:1), and dried over sodium sulfate. Concentration
      under reduced pressure yields the formula-CXI diol as a pale tan foamed
      oil, 1.64 g., having R.sub.f 0.03 (TLC on silica gel in 25% ethyl acetate
      in mixed isomeric hexanes).
PAR  (II). The product of part (I) is dissolved in 30 ml. of pyridine and
      treated with 1.5 ml. of pivaloyl chloride over a period of 22 hr. at about
      25.degree. C. The reaction mixture is mixed with water, then brine and
      extracted with ethyl acetate. The organic phase is washed successively
      with brine, water, saturated aqueous copper (II) sulfate, saturated
      aqueous sodium bicarbonate, and brine, and dried over sodium sulfate.
      Concentration under reduced pressure yields a residue, 2.53 g., which is
      subjected to silica gel chromatography to yield the formula-CXII title
      compound, 1.87 g., having NMR peaks at 0.71, 1.20, 1.33, 0.9-3.1,
      3.28-4.00, 4.17, 4.7-5.2, and 6.77-7.53 .delta.; mass spectral peaks at
      486, 485, 115, 73, 72, 57, 44, 43, 42, 41, 30, 29, 15; [.alpha.].sub.D
      +10.degree. (C=0.8385 in ethanol); and R.sub.f 0.50 (TLC on silica gel in
      25% ethyl acetate in mixed isomeric hexanes).
PAC  EXAMPLE 37
PAC  d-2-Exo-(m-acetoxybenzyl)-3-exo-acetoxybixyclo]3.1.0]hexane-6-endo-carboxal
     dehyde Neopentyl Glycol Acetal (Formula CXII: C.sub.p H.sub.2p is a valence
      bond with attachment in the meta position, R.sub.31 and R.sub.32 taken
      together are --CH.sub.2 C(CH.sub.3).sub.2 --CH.sub.2 --, R.sub.43 is
      ##EQU89##
PAC  and .about. is endo).
PAR  Following the procedure of Example 36-(II) but replacing pivaloyl chloride
      with acetic anhydride, and using 1.01 g. of the formula-CXI diol, there is
      obtained the title compound, 0.75 g., having NMR peaks at 0.72, 1.22,
      1.98, 2.27, 0.8-3.0, 3.28-3.85, 4.17, 4.75-5.22, and 6.8-7.47 .delta.;
      mass spectral peaks at 402, 401, 115, 107, 73, 69, 45, 44, 43, 42, 41,
      30;[.alpha.].sub.D +7.degree. (C=0.7060 in ethanol); and R.sub.f 0.66 (TLC
      on silica gel in 50% ethyl acetate in mixed isomeric hexanes).
PAC  EXAMPLE 38
PAC  2-Exo-[m-(pivaloyloxy)benzyl]-3-exo-(pivaloyloxy)bicyclo[3.1.0]hexane-6-end
     o-carboxaldehyde (Formula CXIII: C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, R.sub.42 is
      ##EQU90##
PAC  and .about. is endo).
PAR  Refer to Chart L step (d). The formula-CXII acetal, i.e.
      d-2-exo-[m-pivaloyloxy)benzyl]-3-exo-(pivaloyloxy)-bicycly[3.1.0]hexane-6-
     endo-carboxaldehyde neopentyl glycol acetal (Example 36, 0.48 g.) is
      treated at 0.degree. C. with 25 ml. of 88% formic acid for 4 hr. The
      mixture is diluted with 200 ml. of brine and extracted with ethyl acetate.
      The organic phase is washed with brine and saturated aqueous sodium
      bicarbonate, and dried over magnesium sulfate. Concentration under reduced
      pressure yields an oil, 0.55 g., which is subjected to silica gel
      chromatography. Elution with 5-15% ethyl acetate in Skellysolve B yields
      the formula-CXIII title compound as an oil, 0.37 g., having NMR peaks at
      1.20, 1.33, 0.6-3.2, 5.1-5.5, 6.6-7.5, and 9.73 .delta.;  and R.sub.f 0.50
      (TLC on silica gel in 25% ethyl acetate in mixed isomeric hexanes).
PAC  EXAMPLE 39
PAC  2-Exo-[m-(pivaloyloxy)benzyl]-3-exo-(pivaloyloxy)-6-endo-(cis-1-heptenyl)-b
     icyclo[3.1.0]hexane (Formula CXIV: C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, G is n-pentyl, R.sub.42 is
      ##EQU91##
PAC  R.sub.2 is hydrogen, and .about. is endo); and
      2-Exo-(m-hydroxybenzyl)-3-exo-hydroxy-6-endo-(cis-1-heptenyl)bicyclo[3.1.0
     ]hexane (Formula CXV : C.sub.p H.sub.2p is a valence bond in the meta
      position, G is n-pentyl, R.sub.2 and R.sub.42 are hydrogen, and .about. is
      endo).
PAR  (I). Refer to Chart L, steps (e) and (f). The Wittig ylid reagent is
      prepared in 10 ml. of benzene from n-hexyltriphenylphosphonium bromide
      (0.79 g.) and n-butyllithium (0.6 ml. of 2.32 M. solution in hexane) at
      about 25.degree. C. for 0.5 hr. After the precipitated lithium bromdie has
      settled, the solution is removed and added to a cold (0.degree. C.) slurry
      of the formula-CXIII aldehyde (Examples 38, 0.37 g.). After 15 min. there
      is added 1.0 ml. of acetone and the mixture is heated to 60.degree. C. for
      10 min. The mixture is concentrated under reduced pressure. The residue is
      washed with 10% ethyl acetate in Skellysolve B and these washings are
      concentrated to the formula-CXIV title compound, an oil, 0.33 g. having
      NMR peaks at 1.18, 1.33, 0.6-3.2, 4.5-6.0 and 6.67-7.62 .delta.; and
      R.sub.f 0.78 (TLC on silica gel in 25% ethyl acetate in Skellysolve B).
PAR  (II.) The above product of part (I) is transformed to the formula-CXV diol
      by treatment with sodium methoxide (2.5 ml. of a 25% solution in methanol)
      for 4 hr., followed by addition of 0.5 g. of solid sodium methoxide and
      further stirring for 15 hr. at 25.degree. C., then at reflux for 6 hr. The
      mixture is cooled, mixed with 300 ml. of brine, and extracted with ethyl
      acetate. The organic phase is washed with brine, dried over magnesium
      sulfate, and concentrated under reduced pressure to a residue, 0.27 g. The
      residue is subjected to silica gel chromatography, eluting with 25-35%
      ethyl acetate in Skellysolve B, to yield the formula-CXV title compound an
      an oil, 0.21 g., having NMR peaks at 0.87, 0.6-3.25, 3.88-4.35, 4.82-5.92,
      and 6.47-7.33 .delta.; and R.sub.f 0.13 (TLC on silica gel in 25% ethyl
      acetate in Skellysolve B).
PAR  Following the procedures of Examples 36, 38, and 39 but replacing the
      formula CX oxetane with each of those obtained following Example 35, there
      are obtained successively the corresponding formula-CXI, -CXII, -CXIII,
      and -CXIV compounds wherein C.sub.p H.sub.2p and its attachment position
      on the phenyl ring correspond to the specific aldehydes employed following
      Example 35. These are obtained in both their endo and exo forms.
PAR  Further following the procedures of Example 39, but replacing the Wittig
      ylid reagent with one prepared from a compound of the formula
EQU  Br--P(C.sub.6 H.sub.5).sub.3 --CHR.sub.2 --G
PAL  wherein --CHR.sub.2 --G is each of the following:
PA1  --(CH.sub.2).sub.3 --CH.sub.3
PA1  --(ch.sub.2).sub.4 --ch.sub.3
PA1  --(ch.sub.2).sub.6 --ch.sub.3
PA1  --(ch.sub.2).sub.7 --ch.sub.3
PA1  --ch(ch.sub.3)--(ch.sub.2).sub.5 --ch.sub.3
PA1  --ch.sub.2 --ch(ch.sub.3)--(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch.sub.2 --c(ch.sub.3).sub.2 --(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch(ch.sub.3)--c(c.sub.2 h.sub.5).sub.2 --(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch.sub.2 --chf--(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch.sub.2 --cf.sub.2 --(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch(ch.sub.3)--cf.sub.2 --(ch.sub.2).sub.3 --ch.sub.3
      ##SPC147##
PA1  --(ch.sub.2).sub.2 --c.tbd.c--c.sub.2 h.sub.5
PA1  --ch.sub.2 --ch(ch.sub.3)--c.tbd.c--c.sub.2 h.sub.5
PA1  --ch.sub.2 --c(ch.sub.3).sub.2 --c.tbd.c--c.sub.2 h.sub.5
PAL  or
PA1  --CH(CH.sub.3)--CH.sub.2 --C.tbd.C--C.sub.2 H.sub.5
PAL  there are obtained the corresponding compounds within the scope of formula
      CXIV wherein C.sub.p H.sub.2p and its attachment to the phenyl ring
      correspond to the specific compounds of Example 39 and those illustrated
      in the paragraph immediately thereafter, in both their endo and exo forms.
PAC  EXAMPLE 40
PAC  2-Exo-{m-[(carboxy)methoxy]}-3-exo-hydroxy-6-endo-(cis-1-heptenyl)bicyclo[3
     .1.0]hexane (Formula CXVI : C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, G is n-pentyl, R.sub.1, R.sub.2, and
      R.sub.42 are hydrogen, and .about. is endo).
PAR  Refer to Chart L, step (g). The formula-CXV diol, i.e.
      2-exo-(m-hydroxybenzyl)-3-exo-hydroxy-6-endo-(cis-1-hepentyl)bicyclo[3.1.0
     ]hexane (Example 39, 0.19 g.) is treated in 8 ml. of dioxane with
      bromoacetic acid (0.61 g.) and 6 ml. of 1N. aqueous sodium hydroxide.
      After the mixture has been heated at reflux for 3 hr., with sodium
      hydroxide solution added when necessary to maintain a pH of about 10, the
      mixture is cooled, diluted with 100 ml. of water, and extracted with
      diethyl ether. The aqueous phase is acidified to pH 1-2 and extracted with
      ethyl acetate to yield the formula-CXVI title compound, a pale yellow oil,
      0.20 g. Recovered formula- CXV diol is obtained from the diethyl ether
      organic phase on drying and concentrating, 0.025 g.
PAR  Following the procedures of Example 40 but replacing bromoacetic acid with
      a haloacetate within the scope of Hal--CH.sub.2 --COOR.sub.1 as defined
      herein and specifically illustrated as follows
PA1  Cl--CH.sub.2 --COOCH.sub.3
PA1  Br--CH.sub.2 --COOC.sub.2 H.sub.5
PA1  Cl--CH.sub.2 --COOC.sub.8 H.sub.17 (n)
PA1  I--ch.sub.2 --cooch.sub.2 c.sub.6 h.sub.5
PA1  cl--CH.sub.2 --COO(m-Cl--C.sub.6 H.sub.4)
PAL  there are obtained the corresponding formula-CXVI compounds wherein R.sub.1
      is respectively methyl, ethyl, n-octyl, benzyl, and m-chlorophenyl.
PAR  Likewise following the procedures of Example 40 with each of the
      formula-CXIV compounds disclosed following Example 39 and using each of
      the haloacetates specifically identified above, there are obtained the
      corresponding formula-CXVI compounds.
PAC  EXAMPLE 41
PAC  3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha.  (Formula CI
      : C.sub.p H.sub.2p is a valence bond with attachment in the meta position,
      R.sub.30 is n-pentyl, and R.sub.1 and R.sub.2 are hydrogen).
PAR  (I.) Refer to Chart L. The formula-CXVI alkene is transformed to the title
      compound applying the procedures disclosed in U.S. Pat. No. 3,711,515.
      Thus, compound CXVI (Example 40) is hydroxylated by the procedures of
      Example 39 of that patent to the formula-CXVII glycol of Chart L, using
      osmium tetroxide either alone or in combination with N-methylmorpholine
      oxide-hydrogen peroxide complex.
PAR  The glycol is then either (1) sulfonated, for example to yield the
      bismesylate, and then hydroyzed to a mixture of the title compound and its
      15-epimer, applying the procedures of Example 7 of that patent, or (2)
      treated with substantially 100% formic acid to form the diformate of CI
      and thereafter hydroyzed to a mixture of the title compound and its 15
      epimer, applying the procedures of Examples 20 and 21 of that patent. The
      epimers are separated by silica gel chromatography to yield the title
      compound and its 15-epimer.
PAR  (II). A third route from glycol CXVII to the title compound is by way of a
      formula-CXX cyclic ortho ester
      ##SPC148##
PAL  wherein C.sub.p H.sub.2p, R.sub.46, R.sub.47 and .about. are as defined
      above. The glycol CXVII is treated as a 1-20% solution in benzene with
      trimethyl orthoformate (1.5-10 molar equivalents) and a catalytic amount
      (1% of the weight of the glycol) of pyridine hydrochloride at about
      25.degree. C. The reaction is followed by TLC (thin layer chromatography)
      and is complete in a few minutes. There is thus obtained the formula-CXX
      cyclic ortho ester in 100% yield.
PAR  The cyclic ortho ester is then treated with 20 volumes of 100% formic acid
      at about 25.degree. C. In about 10 min. the reaction mixture is quenched
      in water or aqueous alkaline bicarbonate solution and extracted with
      dichloromethane. The organic phase is shaken with 5% aqueous sodium
      bicarbonate, dried over sodium sulfate, and concentrated to yield the
      formula CXXI diester, in this example identical with the diformate of
      compound CI. The diformate is contacted with 10-50 volumes of anhydrous
      methanol and 10-20% of its weight of potassium carbonate at about
      25.degree. C. until the formyl groups are removed. The mixture of
      15-epimers thus obtained is then separated to yield the formula-CI title
      compound and its 15-epimer.
PAR  Following the procedures of Example 41, each of the formula- CXVI alkenes
      disclosed following Example 40 is converted into the corresponding
      oxa-phenylene PGF.sub..alpha. analog and its 15-epimer. There are likewise
      formed the corresponding oxa-phenylene 17,18-didehydro-PGF.sub..alpha.
      analogs as shown in Chart N.
PAC  EXAMPLE 42
PAC  2-Exo-[m-(carboxymethoxy)benzyl]-3-exohydroxy-6-endo-(cis-1-heptenyl)bicycl
     o-[3.1.0]hexane (Formula CXXVII: C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, G is n-pentyl, R.sub.1 and R.sub.2 are
      hydrogen, and .about. is endo).
PAR  Refer to Chart M, steps (a)-(f). There is first prepared the formula-CXXII
      oxetane. Following the procedures of Examples 34 and 35 but replacing the
      m-acetoxybenzaldehyde of Example 35 with an aldehyde within the scope of
      ##SPC149##
PAL  as to C.sub.p H.sub.2p, the attachment position on the phenyl ring, and the
      carboxyl group R.sub.44, as defined above, the corresponding formula-CXXII
      oxetanes are obtained with a fully developed side chain. Specifically, the
      following formula-CXXXI aldehydes are employed:
      ##SPC150##
PAR  Thereafter, following the procedures of Examples 36, 38, and 39, but
      replacing the formula-XX ocetane of Example 36 with those obtained by the
      procedure disclosed in the above paragraph of this example, there are
      obtained the corresponding formula-CXXVI products. Likewise following
      those procedures of Examples 36, 38, and 39, but replacing the Wittig ylid
      reagent of Example 39 with each one disclosed after Example 39, and
      applying it to each of the above formula-CX compounds of this example,
      there are obtained the corresponding formula-CXXVI compounds with those
      specific sidechains.
PAR  Finally, the blocking groups on each CXXVI compound are removed by methods
      disclosed herein or known in the art to yield the formula-CXXVII title
      compound and the corresponding formula-CXXVII compounds from those
      formula-CXXVI compounds above.
PAC  EXAMPLE 43
PAC  2-Exo-{m-[(methoxycarbonyl)methoxy]benzyl}-3-exo
      hydroxy-6-endo-(cis-1-heptenyl)bicyclo[3.1.0]hexane (Formula-CXXVII:
      C.sub.p H.sub.2p is a valence bond with attachment in the meta position, G
      is n-pentyl, R.sub.1 is methyl, R.sub.2 is hydrogen, and .about. is endo).
PAR  Refer to Chart M. The formula-CXXVII acid (Example 40, 0.20 g.) is treated
      in methanol solution at 0.degree. C. with a solution of diazomethane in
      diethyl ether (prepared from N-methyl-N-nitroso-N'-nitroguanidine (2.0 g.)
      and potassium hydroxide (6 ml. of 40% aqueous solution)) until a permanent
      yellow color is produced, and the mixture is concentrated to yield the
      title compound, a pale tan oil.
PAC  EXAMPLE 44
PAC  l-6-Endo-(cis-1-heptenyl)-2-exo-{m-[(methoxycarbonyl)methoxy]benzyl}bicyclo
     [3.1.0]hexan-3-one (Formula CXXVIII: C.sub.p H.sub.2p is a valence bond
      with attachment in the meta position, G is n-pentyl, R.sub.1 is methyl,
      R.sub.2 is hydrogen, and .about. is endo).
PAR  Refer to Chart M, step (g). The formula-CXXVII methyl ester is oxidized to
      the bicyclic hexanone as follows. The formula-CXXVII methyl ester (Example
      41, 0.21 g.) is added in 2 ml. of dichloromethane to a solution of Collins
      reagent (prepared from pyridine (0.53 g.) and chromium trioxide (0.34 g.)
      in 10 ml. of dichloromethane) at about 25.degree. C. for 15 min. The
      mixture is then shaken with a mixture of 60 ml. of diethyl ether, ice, and
      25 ml. of 1 N. aqueous sodium hydroxide, and the organic phase is
      separated. The organic phase is washed with 1 N. aqueous sodium hydroxide,
      1.2 N. aqueous hydrochloric acid, and brine, dried, and concentrated under
      reduced pressure. The residue, a colorless oil, 0.19 g., is subjected to
      silica gel chromatography, eluting with 5- 20% ethyl acetate in
      Skellysolve B. There is thus obtained the formula-CXXVIII title compound,
      a colorless oil, 0.13 g., having NMR peaks at 0.87, 0.6-3.3, 3.77, 4.60,
      4.5-5.1, 5.37-5.95, and 6.58-7.40 .delta.; [.alpha.].sub.D -39.degree.
      (C=0.8380 in 95% ethanol); and R.sub.f 0.42 (TLC on silica gel in 25%
      ethyl acetate in Skellysolve B).
PAR  Following the procedures of Examples 43 and 44, each of the
      above-identified formula-CXXVII compounds following Example 42 is oxidized
      to the corresponding formula-CXXVIII compound.
PAC  EXAMPLE 45
PAC  3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1, Methyl Ester
      (Formula-XCVII: C.sub.p H.sub.2p is a valence bond with attachment in the
      meta position, R.sub.1 is methyl, R.sub.30 is n-pentyl, and R.sub.2 is
      hydrogen).
PAR  Following the procedures of Example 41, the formula-CXXVIII alkene is
      transformed in several steps to the title compound.
PAR  Likewise, following the same procedures, each of the formula-CXXVIII
      alkenes disclosed following Example 44 is converted into the corresponding
      oxa-phenylene PGE analog and its 15 epimer.
PAR  Following the procedures of Examples 34-45, each of the endo intermediates
      is replaced by the corresponding exo intermediate to yield the
      corresponding exo intermediate or the ultimate oxa-phenylene PG analog.
PAR  Likewise following the procedures of Examples 34-45, each of the optically
      active isomers is replaced by the corresponding racemic mixture to yield
      the corresponding racemic intermediate or ultimate oxa-phenylene PG
      analog.
CLMS
STM  I claim:
NUM  1.
PAR  1. An optically active compound of the formula:
      ##SPC151##
PAL  or a racemic mixture of that compound and the enantiomer thereof, wherein
      C.sub.g H.sub.2g represents a valence bond or alkylene of one to 4 carbon
      atoms, inclusive, with one to 4 carbon atoms, inclusive, with one or 2
      chain carbon atoms between --CH.sub.2 -- and the ring; wherein C.sub.p
      H.sub.2p represents a valence bond or alkylene of one to 4 carbon atoms
      between the ring and the --O--; wherein C.sub.g H.sub.2g and C.sub.p
      H.sub.2p together represent zero to 8 carbon atoms, inclusive, with total
      chain lengths zero to 3 carbon atoms, inclusive; wherein G is (1) alkyl of
      2 to 10 carbon atoms, inclusive, substituted with zero, one, 2, or 3
      fluoro or (2) a mono-valent moiety of the formula
      ##SPC152##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of one to 10
      carbon atoms, inclusive, substituted with zero, one, or 2 fluoro, with one
      to 7 carbon atoms, inclusive, between
      ##EQU92##
      and the ring, wherein T is alkyl of one to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of one to 4 carbon atoms, inclusive, and wherein s is
      zero, one, 2, or 3, with the proviso that not more than two T's are other
      than alkyl; wherein Q is
      ##EQU93##
      wherein R.sub.2 is hydrogen or alkyl of one to 4 carbon atoms, inclusive;
      and wherein R.sub.1 is hydrogen, alkyl of one to 12 carbon atoms,
      inclusive, cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to
      12 carbon atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3
      chloro or alkyl of one to 4 carbon atoms, inclusive; including the lower
      alkanoates thereof and the pharmacologically acceptable salts thereof when
      R.sub.1 is hydrogen.
NUM  2.
PAR  2. A compound according to claim 1 wherein G is alkyl of 2 to 10 carbon
      atoms, inclusive, substituted with zero, one, 2, or 3 fluoro.
NUM  3.
PAR  3. A compound according to claim 2 wherein Q is
      ##EQU94##
NUM  4.
PAR  4. A compound according to claim 3 wherein R.sub.1 is hydrogen or alkyl of
      one to 12 carbon atoms.
NUM  5.
PAR  5. A compound according to claim 3 wherein R.sub.1 is hydrogen, methyl, or
      ethyl.
NUM  6.
PAR  6. A compound according to claim 4 wherein R.sub.2 is hydrogen.
NUM  7.
PAR  7. A compound according to claim 4 wherein R.sub.2 is methyl or ethyl.
NUM  8.
PAR  8. A compound according to claim 4 wherein C.sub.g H.sub.2g is a valence
      bond.
NUM  9.
PAR  9. A compound according to claim 8 wherein C.sub.p H.sub.2p is methylene.
NUM  10.
PAR  10. A compound according to claim 8 wherein C.sub.p H.sub.2p is a valence
      bond.
NUM  11.
PAR  11. A compound according to claim 10 wherein G is
      ##EQU95##
      wherein a is one, 2, 3, 4, or 5, and wherein R.sub.21 and R.sub.22 are
      hydrogen, alkyl of one to 4 carbon atoms, inclusive, or fluoro, being the
      same or different, with the proviso that R.sub.22 is fluoro only when
      R.sub.21 is hydrogen or fluoro.
NUM  12.
PAR  12. A compound according to claim 11 wherein a is 2, 3, or 4, and wherein
      R.sub.21 and R.sub.22 are hydrogen, methyl, ethyl, or fluoro, being the
      same or different.
NUM  13.
PAR  13. 3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1, a compound
      according to claim 10.
NUM  14.
PAR  14. 3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1, methyl ester, a
      compound according to claim 10.
NUM  15.
PAR  15. 15(S)-15-Methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1, a
      compound according to claim 10.
NUM  16.
PAR  16. 16,16-Dimethyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1, a
      compound according to claim 10.
NUM  17.
PAR  17. A compound according to claim 1 wherein G is a monovalent moiety of the
      formula
      ##SPC153##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of one to 10
      carbon atoms, inclusive, substituted with zero, one, or 2 fluoro, with one
      to 7 carbon atoms, inclusive, between
      ##EQU96##
      and the ring, wherein T is alkyl of one to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of one to 4 carbon atoms, inclusive, and wherein s is
      zero, one, 2, or 3, with the proviso that not more than two T's are other
      than alkyl.
NUM  18.
PAR  18. A compound according to claim 17 wherein .about. indicates attachment
      of the side chain to the cyclopentane ring in alpha configuration.
NUM  19.
PAR  19. A compound according to claim 18 wherein Q is
      ##EQU97##
NUM  20.
PAR  20. A compound according to claim 19 wherein R.sub.1 is hydrogen or alkyl
      of one to 12 carbon atoms.
NUM  21.
PAR  21. A compound according to claim 19 wherein R.sub.1 is hydrogen, methyl,
      or ethyl.
NUM  22.
PAR  22. A compound according to claim 20 wherein R.sub.2 is hydrogen.
NUM  23.
PAR  23. A compound according to claim 20 wherein R.sub.2 is methyl or ethyl.
NUM  24.
PAR  24. A compound according to claim 20 wherein C.sub.g H.sub.2g is a valence
      bond.
NUM  25.
PAR  25. A compound according to claim 24 wherein C.sub.p H.sub.2p is methylene.
NUM  26.
PAR  26. A compound according to claim 24 wherein C.sub.p H.sub.2p is a valence
      bond.
NUM  27.
PAR  27. A compound according to claim 26 wherein G is
      ##SPC154##
PAL  wherein e is zero, one, 2, or 3; wherein R.sub.21 and R.sub.22 are
      hydrogen, alkyl of one to 4 carbon atoms, inclusive, or fluoro, being the
      same or different, with the proviso that R.sub.22 is fluoro only when
      R.sub.21 is hydrogen or fluoro; wherein T is alkyl of one to 4 carbon
      atoms, inclusive, fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein
      R.sub.6 is hydrogen or alkyl of one to 4 carbon atoms, inclusive, and
      wherein s is zero, one, 2, or 3, with the proviso that not more than two
      T's are other alkyl.
NUM  28.
PAR  28. A compound according to claim 27 wherein R.sub.21 and R.sub.22 are
      hydrogen, methyl, ethyl, or fluoro, being the same or different.
NUM  29.
PAR  29. 3-Oxa-3,7-inter-m-phenylene-17-phenyl-4,5,6,18,19,20-hexanor-PGA.sub.1,
      a compound according to claim 26.
NUM  30.
PAR  30. 15(S)-15-Methyl-3-oxa-3,7-inte
     r-m-phenylene-17-phenyl-4,5,6,18,19,20-hexanor-PGA.sub.1, a compound
      according to claim 26.
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ABST
PAL  This invention is a group of PGE.sub.1 -type oxa-phenylene compounds, and
      processes for making them. These compounds are useful for a variety of
      pharmacological purposes, including anti-ulcer, inhibition of platelet
      aggregation, increase of nasal patency, labor inducement at term, and
      wound healing.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 302,567, filed Oct. 30, 1972, which was a continuation-in-part of my
      then copending application Ser. No. 121,572, filed Mar. 5, 1971 both now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to compositions of matter, and to methods and
      intermediates for producing them. In particular, the several aspects of
      this invention relate to novel oxa-phenylene analogs of some of the known
      prostaglandins, for example prostaglandin E.sub.1 (PGE.sub.1),
      prostaglandin E.sub.2 (PGE.sub.3), prostaglandin F.sub.1
      (PGF.sub.1.sub..alpha.  and PGF.sub.1 .sub..beta.), prostaglandin F.sub.2
      (PGF.sub.2.sub..alpha.  and PGF.sub.2.sub..beta.), prostaglandin A.sub.1
      (PGA.sub.1), prostaglandin A.sub.2 (PGA.sub.2), prostaglandin B.sub.1
      (PGB.sub.1), prostaglandin B.sub.2 (PGB.sub.2), the corresponding PG.sub.3
      's, and the dihydro PG.sub.1 derivatives, to novel methods for producing
      those novel prostaglandin analogs, and to novel chemical intermediates
      useful in those novel methods.
PAR  Each of the above-mentioned known prostaglandins is a derivative of
      prostanoic acid which has the following structure and atom numbering:
      ##SPC1##
PAL  A systematic name for prostanoic acid is
      7-[(2.beta.-octyl)-cyclopent-1.alpha.-yl]heptanoic acid.
PAR  PGE.sub.1 has the following structure:
      ##SPC2##
PAR  PGF.sub.1 .sub..alpha.  has the following structure:
      ##SPC3##
PAL  Pgf.sub.1 .sub..beta.  has the following structure:
      ##SPC4##
PAL  Pga.sub.1 has the following structure:
      ##SPC5##
PAL  Pgb.sub.1 has the following structure:
      ##SPC6##
PAR  Each of the known prostaglandins PGE.sub.2, PGF.sub.2 .sub..alpha.,
      PGF.sub.2.sub..beta., PGA.sub.2, and PGB.sub.2 has a structure the same as
      that shown for the corresponding PG.sub.1 compound except that in each,
      C-5 and C-6 are linked with a cis carbon-carbon double bond. For example,
      PGE.sub.2 has the following structure:
      ##SPC7##
PAR  Each of the known PG.sub.3 prostaglandins has a structure the same as that
      of the PG.sub.2 compounds except that in each, C-17 and C-18 are linked
      with a cis carbon-carbon double bond. For example, PGE.sub.3 has the
      following structure:
      ##SPC8##
PAR  Each dihydro derivative of PGE.sub.1, PGF.sub.1.sub..alpha.,
      PGF.sub.1.sub..beta., PGA.sub.1, and PGB.sub.1 has a structure the same as
      that shown for the corresponding PG.sub.1 compound except that in each,
      C-13 and C-14 are linked with a carbon-carbon single bond. For example,
      dihydro-PGE.sub.1 has the following structure:
      ##SPC9##
PAR  The prostaglandin formulas mentioned above each have several centers of
      asymmetry. As drawn, formulas II to IX each represents the particular
      optically active form of the prostaglandin obtained from certain mammalian
      tissues, for example, sheet vesicular glands, swine lung, and human
      seminal plasma, or by reduction or dehydration of a prostaglandin so
      obtained. See, for example, Bergstrom et al., Pharmacol. Rev. 20, 1
      (1968), and references cited therein. The mirror image of each formula
      represents a molecule of the enantiomer of that prostaglandin. The racemic
      form of the prostaglandin consists of equal numbers of two types of
      molecules, one represented by one of the above formulas and the other
      represented by the mirror image of that formula. Thus, both formulas are
      needed to define a racemic prostaglandin. See Nature 212, 38 (1966) for
      discussion of the stereochemistry of the prostaglandins.
PAR  In formulas I-IX, as well as in the formulas given hereinafter, broken line
      attachments to the cyclopentane ring indicate substituents in alpha
      configuration, i.e., below the plane of the cyclopentane ring. Heavy solid
      line attachments to the cyclopentane ring indicate substituents in beta
      configuration, i.e., above the plane of the cyclopentane ring.
PAR  Prostaglandins with carboxyl-terminated side chains attached to the
      cyclopentane ring in beta configuration are also known. These are
      derivatives of 8-iso-prostanoic acid which has the following formula:
      ##SPC10##
PAL  A systematic name for 8-iso-prostanoic acid is
      7-[(2.beta.-octyl)-cyclopent-1.beta.-yl]heptanoic acid.
PAR  The side-chain hydroxy at C-15 in formulas II to IX is in alpha (S)
      configuration. See Nature 212, 38 (1966) for discussion of the
      stereochemistry of the prostaglandins.
PAR  PGE.sub.1, PGE.sub.2, dihydro-PGE.sub.1, and the corresponding
      PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds, and their esters,
      acylates, and pharmacologically acceptable salts, are extremely potent in
      causing various biological responses. For that reason, these compounds are
      useful for pharmacological purposes. See, for example, Bergstrom et al.,
      Pharmacol. Rev. 20, 1 (1968), and references cited therein. A few of those
      biological responses are stimulation of smooth muscle as shown, for
      example, by tests of strips of guinea pig ileum, rabbit duodenum, or
      gerbil colon; potentiation of other smooth muscle stimulants;
      antilipolytic activity as shown by antagonism of epinephrine-induced
      mobilization of free fatty acids or inhibition of the spontaneous release
      of glycerol from isolated rat fat pads; inhibition of gastric secretion in
      the case of the PGE and PGA compounds as shown in dogs with secretion
      stimulated by food or histamine infusion; activity on the central nervous
      system; controlling spasm and facilitating breathing in asthmatic
      conditions; decreasing blood platelet adhesiveness as shown by
      platelet-to-glass adhesiveness, and inhibition of blood platelet
      aggregation and thrombus formation induced by various physical stimuli,
      e.g., arterial injury, and various biochemical stimuli, e.g., ADP, ATP,
      serotonin, thrombin, and collagen; and in the case of the PGE and PGB
      compounds, stimulation of epidermal proliferation and keratinization as
      shown when applied in culture to embryonic chick and rat skin segments.
PAR  Because of these biological responses; these known prostaglandins are
      useful to study, prevent, control, or alleviate a wide variety of diseases
      and undesirable physiological conditions in birds and mammals, including
      humans, useful domestic animals, pets, and zoological specimens, and in
      laboratory animals, for example, mice, rats, rabbits, and monkeys.
PAR  For example, these compounds, and especially the PGE compounds, are useful
      in mammals, including man, as nasal decongestants. For this purpose, the
      compounds are used in a dose range of about 10 .mu.g. to about 10 mg. per
      ml. of a pharmacologically suitable liquid vehicle or as an aerosol spray,
      both for topical application.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., and PGA compounds are useful in
      the treatment of asthma. For example, these compounds are useful as
      bronchodilators or as inhibitors of mediators, such as SRS-A, and
      histamine which are released from cells activated by an antigen-antibody
      complex. Thus, these compounds control spasm and facilitate breathing in
      conditions such as bronchial asthma, bronchitis, bronchiectasis, pneumonia
      and emphysema. For these purposes, these compounds are administered in a
      variety of dosage forms, e.g., orally in the form of tablets, capsules, or
      liquids; rectally in the form of suppositories; parenterally,
      subcutaneously, or intramuscularly, with intravenous administration being
      preferred in emergency situations; by inhalation in the form of aerosols
      or solutions for nebulizers; or by insufflation in the form of powder.
      Doses in the range of about 0.01 to 5 mg. per kg. of body weight are used
      1 to 4 times a day, the exact dose depending on the age, weight, and
      condition of the patient and on the frequency and route of administration.
      For the above use these prostaglandins can be combined advantageously with
      other anti-asthmatic agents, such as sympathomimetics (isoproterenol,
      phenylephrine, ephedrine, etc); xanthine derivatives (theophylline and
      aminophylline); and corticosteroids (ACTH and predinisolone). Regarding
      use of these compounds see South African Pat. No. 681,055.
PAR  The PGE and PGA compounds are useful in mammals, including man and certain
      useful animals, e.g., dogs and pigs, to reduce and control excessive
      gastric secrection, thereby reducing or avoiding gastrointestinal ulcer
      formation, and accelerating the healing of such ulcers already present in
      the gastrointestinal tract. For this purpose, the compounds are injected
      or infused intravenously, subcutaneously, or intramuscularly in an
      infusion dose range about 0.1 .mu.g. to about 500 .mu.g. per kg. of body
      weight per minute, or in a total daily dose by injection or infusion in
      the range about 0.1 to about 20 mg. per kg. of body weight per day, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful whenever
      it is desired to inhibit platelet aggregation, to reduce the adhesive
      character of platelets, and to remove or prevent the formation of thrombi
      in mammals, including man, rabbits, and rats. For example, these compounds
      are useful in the treatment and prevention of myocardial infarcts, to
      treat and prevent post-operative thrombosis, to promote patency of
      vascular grafts following surgery, and to treat conditions such as
      atherosclerosis, arteriosclerosis, blood clotting defects due to lipemia,
      and other clinical conditions in which the underlying etiology is
      associated with lipid imbalance or hyperlipidemia. For these purposes,
      these compounds are administered systemically, e.g., intravenously,
      subcutaneously, intramuscularly, and in the form of sterile implants for
      prolonged action. For rapid response, especially in emergency situations,
      the intravenous route of administration is preferred. Doses in the range
      about 0.005 to about 20 mg. per kg. of body weight per day are used, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are especially
      useful as additives to blood, blood products, blood substitutes, and other
      fluids which are used in artificial extracorporeal circulation and
      perfusion of isolated body portions, e.g., limbs and organs, whether
      attached to the original body, detached and being preserved or prepared
      for transplant, or attached to a new body. During these circulations and
      perfusions, aggregated platelets tend to block the blood vessels and
      portions of the circulation apparatus. This blocking is avoided by the
      presence of these compounds. For this purpose, the compound is added
      gradually or in single or multiple portions to the circulating blood, to
      the blood of the donor animal, to the perfused body portion, attached or
      detached, to the recipient, or to two or all of those at a total steady
      state dose of about 0.001 to 10 mg. per liter of circulating fluid. It is
      especially useful to use these compounds in laboratory animals, e.g.,
      cats, dogs, rabbits, monkeys, and rats, for these purposes in order to
      develop new methods and techniques for organ and limb transplants.
PAR  PGE compounds are extremely potent in causing stimulation of smooth muscle,
      and are also highly active in potentiating other known smooth muscle
      stimulators, for example, oxytocic agents, e.g., oxytocin, and the various
      ergot alkaloids including derivatives and analogs thereof. Therefore,
      PGE.sub.2, for example, is useful in place of or in combination with less
      than usual amounts of these known smooth muscle stimulators, for example,
      to relieve the symptoms of paralytic ileus, or to control or prevent
      antonic uterine bleeding after abortion or delivery, to aid in expulsion
      of the placenta, and during the puerperium. For the latter purpose, the
      PGE compound is administered by intravenous infusion immediately after
      abortion or delivery at a dose in the range about 0.01 to about 50 .mu.g.
      per kg. of body weight per minute until the desired effect is obtained.
      Subsequent doses are given by intravenous, subcutaneous, or intramuscular
      injection or infusion during puerperium in the range 0.01 to 2 mg. per kg.
      of body weight per day, the exact dose depending on the age, weight, and
      condition of the patient or animal.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful in place
      of oxytocin to induce labor in pregnant female animals, including man,
      cows, sheep, and pigs, at or near term, or in pregnant animals with
      intrauterine death of the fetus from about 20 weeks to term. For this
      purpose, the compound is infused intravenously at a dose of 0.01 to 50
      .mu.g. per kg. of body weight per minute until or near the termination of
      the second stage of labor, i.e., expulsion of the fetus. These compounds
      are especially useful when the female is one or more weeks post-mature and
      natural labor has not started, or 12 or 60 hours after the membranes have
      ruptured and natural labor has not yet started. An alternative route of
      administration is oral.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful for
      controlling the reproductive cycle in ovulating female mammals, including
      humans and animals such as monkeys, rats, rabbits, dogs, cattle, and the
      like. By the term ovulating female mammals is meant animals which are
      mature enough to ovulate but not so old that regular ovulation has ceased.
      For that purpose PGF.sub.2.sub..alpha., for example, is administered
      systemically at a dose level in the range 0.01 mg. to about 20 mg. per kg.
      of body weight of the female mammal, advantageously during a span of time
      starting approximately at the time of ovulation and ending approximately
      at the time of menses or just prior to menses. Intravaginal and
      intrauterine are alternative routes of administration. Additionally,
      expulsion of an embryo or a fetus is accomplished by similar
      administration of the compound during the first third of the normal
      mammalian gestation period.
PAR  As mentioned above, the PGE compounds are potent antagonists of
      epinephrine-induced mobilization of free fatty acids. For this reason,
      this compound is useful in experimental medicine for both in vitro and in
      vivo studies in mammals, including man, rabbits, and rats, intended to
      lead to the understanding, prevention, symptom alleviation, and cure of
      diseases involving abnormal lipid mobilization and high free fatty acid
      levels, e.g., diabetes mellitus, vascular diseases, and hyperthyroidism.
PAR  The PGA compounds and derivatives and salts thereof increase the flow of
      blood in the mammalian kidney, thereby increasing volume and electrolyte
      content of the urine. For that reason, PGA compounds are useful in
      managing cases of renal dysfunction, especially those involving blockage
      of the renal vascular bed. Illustratively, the PGA compounds are useful to
      alleviate and correct cases of edema resulting, for example, from massive
      surface burns, and in the management of shock. For these purposes, the PGA
      compounds are preferably first administered by intravenous injection at a
      dose in the range of 10 to 1000 .mu.g. per kg. of body weight or by
      intravenous infusion at a dose in the range 0.1 to 20 .mu.g. per kg. of
      body weight per minute until the desired effect is obtained. Subsequent
      doses are given by intravenous, intramuscular, or subcutaneous injection
      or infusion in the range 0.05 to 2 mg. per kg. of body weight per day.
PAR  The PGE and PGB compounds promote and accelerate the growth of epidermal
      cells and keratin in animals, including humans, useful domestic animals,
      pets, zoological specimens, and laboratory animals. For that reason, these
      compounds are useful to promote and accelerate healing of skin which has
      been damaged, for example, by burns, wounds, and abrasions, and after
      surgery. These compounds are also useful to promote and accelerate
      adherence and growth of skin autografts, especially small, deep (Davis)
      grafts which are intended to cover skinless areas by subsequent outward
      growth rather than initially, and to retard rejection of homografts.
PAR  For these purposes, these compounds are preferably administered topically
      at or near the cite where cell growth and keratin formation is desired,
      advantageously as an aerosol liquid or micronized powder spray, as an
      isotonic aqueous solution in the case of wet dressings, or as a lotion,
      cream, or ointment in combination with the usual pharmaceutically
      acceptable diluents. In some instances, for example, when there is
      substantial fluid loss as in the case of extensive burns or skin loss due
      to other causes, systemic administration is advantageous, for example, by
      intravenous injection or infusion, separate or in combination with the
      usual infusions of blood, plasma, or substitutes thereof. Alternative
      routes of administration are subcutaneous or intramuscular near the site,
      oral, sublingual, buccal, rectal, or vaginal. The exact dose depends on
      such factors as the route of administration, and the age, weight, and
      condition of the subject. To illustrate, a wet dressing for topical
      application to second and/or third degree burns of skin area 5 to 25
      square centimeters would advantageously involve use of an isotonic aqueous
      solution containing 1 to 500 .mu.g./ml. of the PGB compound or several
      times that concentration of the PGE compound. Especially for topical use,
      these prostaglandins are useful in combination with antibiotics, for
      example, gentamycin, neomycin, polymyxin B, bacitracin, spectinomycin, and
      oxytetracycline, with other antibacterials, for example, mafenide
      hydrochloride, sulfadiazine, furazolium chloride, and nitrofurazone, and
      with corticoid steroids, for example, hydrocortisone, prednisolone,
      methylprednisolone, and fluprednisolone, each of those being used in the
      combination at the usual concentration suitable for its use alone.
PAR  The PGE and PGF compounds are useful in causing cervical dilation in
      pregnant and nonpregnant female mammals for purposes of gynecology and
      obstetrics. In labor induction and in clinical abortion produced by these
      compounds, cervical dilation is also observed. In cases of infertility,
      cervical dilation produced by PGE and PGF compounds is useful in assisting
      sperm movement to the uterus. Cervical dilation by prostaglandins is also
      useful in operative gynecology such as D and C (Cervical Dilation and
      Uterine Curettage) where mechanical dilation may cause performation of the
      uterus, cervical tears, or infections. It is also useful in diagnostic
      procedures where dilation is necessary for tissue examination. For these
      purposes, the PGE and PGF compounds are administered locally or
      systemically. PGE.sub.2, for example, is administered orally or vaginally
      at doses of about 5 to 50 mg. per treatment of an adult female human, with
      from one to five treatments per 24 hour period. PGE.sub.2 is also
      administered intramuscularly or subcutaneously at doses of about one to 25
      mg. per treatment. The exact dosages for these purposes depend on the age,
      weight, and condition of the patient or animal.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds are useful
      in reducing the undesirable gastrointestinal effects resulting from
      systemic administration of anti-inflammatory prostaglandin synthetase
      inhibitors, and are used for that purpose by concomitant administration of
      the prostaglandin and the anti-inflammatory prostaglandin synthetase
      inhibitor. See Partridge et al., U.S. Pat. No. 3,781,429, for a disclosure
      that the ulcerogenic effect induced by certain non-steroidal
      anti-inflammatory agents in rats is inhibited by concomitant oral
      administration of certain prostaglandins of the E and A series, including
      PGE.sub.1, PGE.sub.2, PGE.sub.3, 13,14-dihydro-PGE.sub.1, and the
      corresponding 11-deoxy-PGE and PGA compounds.
PAR  The anti-inflammatory synthetase inhibitor, for example, indomethacin,
      aspirin, or phenylbutazone is administered in any of the ways known in the
      art to alleviate an inflammatory condition, for example, in any dosage
      regimen and by any of the known routes of systemic administration. The
      prostaglandin is administered along with the anti-inflammatory
      prostaglandin synthetase inhibitor either by the same route of
      administration or by a different route. For example, if the
      anti-inflammatory substance is being administered orally, the
      prostaglandin is also administered orally or, alternatively, is
      administered rectally in the form of a suppository or, in the case of
      women, vaginally in the form of a suppository or a vaginal device for slow
      release, for example as described in U.S. Pat. No. 3,545,439.
      Alternatively, if the anti-inflammatory substance is being administered
      rectally, the prostaglandin is also administered rectally or,
      alternatively, orally or, in the case of women vaginally. It is especially
      convenient when the administration route is to be the same for both
      anti-inflammatory substance and prostaglandin, to combine both into a
      single dosage form.
PAR  The dosage regimen for the prostaglandin in accord with this treatment will
      depend upon a variety of factors, including the type, age, weight, sex and
      medical condition of the mammal, the nature and dosage regimen of the
      anti-inflammatory synthetase inhibitor being administered to the mammal,
      the sensitivity of the particular individual mammal to the particular
      synthetase inhibitor with regard to gastrointestinal effects, and the
      particular prostaglandin to be administered.
PAC  SUMMARY OF THE INVENTION
PAR  It is a purpose of this invention to provide novel oxa-phenylene
      prostaglandin analogs, and process for making them.
PAR  The novel prostaglandin analogs of this invention each have an oxa oxygen
      (--O--) and a divalent phenylene moiety
      ##SPC11##
PAL  in the carboxyl-terminated side chain of the prostanoic acid structure (I)
      or the 8-iso-prostanoic acid structure (X). These divalent groups are
      located between the carboxyl group and the cyclopentane ring, and are
      either in addition to the six methylene portions of said chain or in place
      of one to five of said methylene portions. Bonding to the phenylene ring
      is either ortho, meta, or para. The oxa group is between the phenylene
      moiety and the carboxyl group.
PAR  Some of the novel prostaglandin analogs of this invention also have, in
      addition, a benzene ring as part of the C-13 to C-20 chain of the
      prostanoic acid structure (I) or 8-iso-prostanoic acid structure (X). That
      benzene ring is present as a substituted or unsubstituted phenyl moiety
      attached as a substituent to one of the methylenes between C-15 and the
      terminal methyl of the prostanoic acid or 8-isoprostanoic acid structure.
      Alternatively, the substituted or unsubstituted phenyl moiety is attached
      to the terminal or omega carbon of the C-16 to C-20 portion of the chain,
      replacing one of the hydrogens of the terminal methyl, the entire terminal
      methyl, or the terminal methyl plus one to four of the methylenes adjacent
      to that terminal methyl.
PAR  For example, five of the novel prostaglandin analogs of this invention are
      represented by the formulas:
      ##SPC12##
PAL  Based on its relationship to PGE.sub.1 and prostanoic acid, the compound of
      formula XI is named 3-oxa-4,5-inter-p-phenylene-PGE.sub.1. Similarly, the
      compound of formula XII is named
      15(R)-3-oxa-3,6-inter-m-phenylene-4,5-dinor-13,14-dihydro-PGF.sub.1.sub..a
     lpha., the compound of formula XIII is named
      8-iso-3-oxa-19-phenyl-4,7-inter-m-phenylene-5,6-dinor-PGA.sub.1, the
      compound of the formula XIV is named
      3-oxa-16-(4-chloro-phenyl)-3,5-inter-o-phenylene-4,17,18,19,20-pentanor-PG
     F.sub.2 .sub..beta., and the compound of formula XV is named
      5,6-dehydro-4-oxa-4,5-inter-m-phenylene-PGB.sub.2.
PAR  These names for the compounds of formulas XI to XV are typical of the names
      used hereinafter for the novel compounds of this invention. These names
      can better be understood by reference to the structure and numbering
      system of prostanoic acid (Formula I, above). That formula has seven
      carbon atoms in the carboxy-terminated chain and eight carbon atoms in the
      hydroxy-containing chain. In these names, "3-oxa" and "4-oxa" indicate an
      oxa oxygen (--O--) in place of the 3-methylene and 4-methylene,
      respectively of the PG compound.
PAR  The use of "nor,"  "dinor," "trinor," "tetranor," "pentanor," "hexanor,"
      and the like in the names for the novel compounds of this invention
      indicates the absence of one or more of the chain carbon atoms and the
      attached hydrogen atoms. The number or numbers in front of nor, dinor,
      etc., indicate which of the original prostanoic acid carbon atoms are
      missing in the named compound.
PAR  Each of the names of the novel compounds of this invention contains
      (inter-p-phenylene), (inter-m-phenylene), or (inter-o-phenylene), preceded
      by two numbers. That indicates that p-phenylene, m-phenylene, or
      o-phenylene has been inserted between (inter) the two carbon atoms so
      numbered in the formula of prostanoic acid.
PAR  Thus, formula XIII differs from prostanoic acid in that an oxa oxygen
      replaces carbon 3, carbons 5 and 6 of prostanoic acid are missing,
      m-phenylene has been inserted between carbons 4 and 7 of prostanoic acid,
      and a phenyl has been attached to carbon 19 of prostanoic acid. Formula
      XIII also, of course, is an A type prostaglandin, having a carbonyl oxygen
      and a 10:11 double bond.
PAR  Novel compounds of this invention with the carboxyl-terminated chain
      attached to the cyclopentane ring in beta configuration are 8-iso
      compounds (formula X), and are so designated by using "8-iso" in the name.
      An example is the name given above for the compound of formula XIII. If
      8-iso does not appear in the name, attachment of the carboxy-terminated
      chain in alpha configuration is to be assumed.
PAR  Novel compounds of this invention with epi configuration for the hydroxy at
      C-15 are so designated by using "15(R)" in the name. See, for example, the
      name given above for the formula-XII compound. Alternately, "15-beta" is
      used. See. R. S. Cahn, Journal of Chemical Education Vol. 41, page 116
      (1964) for a discussion of S and R configurations. If "15(R)" or "15-beta"
      does not appear in the name, the natural configuration for the C-15
      -hydroxy identified as the "S" configuration for PGE.sub.1, is to be
      assumed.
PAR  Some of the novel compounds of this invention differ structurally in other
      ways from the known prostanoic acid derivatives, having for example, more
      or fewer carbon atoms in either chain, and having one or more alkyl and/or
      fluoro substituents in the chains.
PAR  The following formulas represent the novel oxaphenylene compounds of this
      invention.
      ##SPC13##
PAL  Formulas XVI-XIX, and XXXII represent oxa-phenylene compounds of the PGE
      type. Formulas XX-XXIII, and XXXIII represent oxa-phenylene compounds of
      the PGF type. Formulas XXIV-XXVII, and XXXIV represent oxa-phenylene
      compounds of the PGA type. Formulas XXVIII-XXXI, and XXXV represent
      oxa-phenylene compounds of the PGB type.
PAR  In formulas XVI to XXXV, the wavy line .about. indicates attachment of the
      hydroxyl or the side chain to the cyclopentane ring in alpha or beta
      configuration;
PAR  G is (1) alkyl of 2 to 10 carbon atoms, inclusive, substituted with zero,
      one, 2, or 3 fluoro or (2) a monovalent moiety of the formula
      ##SPC14##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of 1 to 10
      carbon atoms, inclusive, substituted with zero, one, or 2 fluoro, with one
      to 7 carbon atoms, inclusive, between
      ##EQU1##
      and the ring, wherein T is alkyl of one to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of one to 4 carbon atoms, inclusive, and wherein s is
      zero, one, 2, or 3, with the proviso that not more than two T's are other
      than alkyl; R.sub.1 is hydrogen, alkyl of one to 12 carbon atoms,
      inclusive, cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to
      12 carbon atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3
      chloro or alkyl of one to 4 carbon atoms, inclusive, or ethyl substituted
      in the .beta.-position with 3 chloro, 2 or 3 bromo, or 1, 2, or 3 iodo; Q
      is
      ##EQU2##
      wherein R.sub.2 is hydrogen or alkyl of one to 4 carbon atoms, inclusive;
      R.sub.3 and R.sub.4 are hydrogen or methyl; and R.sub.5 is alkyl of one to
      4 carbon atoms, inclusive, substituted with zero, one, 2, or 3 fluoro.
PAR  Likewise, in formulas XVI to XXXV, C.sub.g H.sub.2g represents a valence
      bond or alkylene of one to 4 carbon atoms, inclusive, with one or 2 chain
      carbon atoms between --CH.sub.2 -- and the ring; C.sub.j H.sub.2j
      represents a valence bond or alkylene of one or 2 carbon atoms with one
      chain carbon atom between the chain unsaturation and the ring; C.sub.n
      H.sub.2n is alkylene of one to 4 carbon atoms, inclusive; C.sub.p H.sub.2p
      represents a valence bond or alkylene of one to 4 carbon atoms, inclusive,
      with one or 2 chain carbon atoms between the ring and --O--, wherein
      C.sub.g H.sub.2g and C.sub.p H.sub.2p together represent zero to 8 carbon
      atoms, inclusive, with total chain lengths zero to 3 carbon atoms,
      inclusive, and wherein C.sub.j H.sub.2j and C.sub.p H.sub.2p together
      represent zero to 6 carbon atoms, inclusive, with total chain lengths zero
      to 3 carbon atoms, inclusive.
PAR  Regarding the meaning of C.sub.g H.sub.2g, C.sub.j H.sub.2j, and C.sub.p
      H.sub.2p as defined above, the novel compounds of this invention include
      compounds wherein a carbon atom of the phenylene moiety is attached
      directly to the C-7 methylene or the C-5 =CR.sub.4 -- in ortho, meta, or
      para orientation relative to the oxa-containing portion of the carboxyl
      chain. When C.sub.g H.sub.2g represents alkylene, the chain of carbon
      atoms which connects the C-7 methylene to a carbon atom of phenylene will
      be one or 2 carbon atoms long. When C.sub.j H.sub.2j represents alkylene,
      the chain of carbon atoms which connects =CR.sub.4 -- to a carbon atom of
      phenylene will be one carbon atom long. C.sub.p H.sub.2p represents a
      valence bond or alkylene of one to 6 carbon atoms, inclusive, with one or
      2 carbon atoms between the ring and the --O--. Any or all of these
      alkylene chains are unsubstituted or substituted with alkyl carbons in the
      form of one or more alkyl groups within the total carbon content of each
      chain as specified above, i.e., a maximum of 4 carbon atoms of C.sub.g
      H.sub.2g, 2 carbons for C.sub.j H.sub.2j, and 4 carbons for C.sub.p
      H.sub.2p. When C.sub.g H.sub.2g or C.sub.j H.sub.2j is alkylene, it is the
      same as or different than C.sub.p H.sub.2p, 8 carbon atoms being the
      maximum total carbon content and 3 carbon atoms being the maximum total
      chain length for the combination of C.sub.g H.sub.2g and C.sub.p H.sub.2p,
      and 6 carbon atoms being the maximum total carbon content and 3 carbon
      atoms being the maximum total chain length for the combination of C.sub.j
      H.sub.2j and C.sub.p H.sub.2p. To illustrate these definitions, when
      C.sub.g H.sub.2g is ethylene, C.sub.p H.sub.2p is methylene, or one of
      them is a valence bond and the other is ethylene, but both are not
      ethylene. In this first illustration, where the total chain length of
      C.sub.g H.sub.2g and C.sub. p H.sub.2p is 3 carbon atoms, up to 5 carbon
      atoms are in the alkyl substituents.
PAR  Formulas XVI through XXXV include the separate isomers wherein Q is either
      ##EQU3##
      i.e. where the hydroxyl is in either alpha (natural) or beta
      configuration. Referring to the prostanoic acid atom numbering (formula I
      above), the point of attachment corresponds to C-15, and, herein,
      regardless of the variation in the C-1 to C-7 carboxy chain, these epimers
      are referred to as "C-15 epimers".
PAR  Formulas XX-XXIII, and XXXIII wherein the C-9 hydroxyl (following
      prostanoic acid atom numbering) is attached to the cyclopentane with a
      wavy line .about. include both PGF.sub..alpha.- and PGF.sub..beta.-type
      compounds.
PAR  Included in Formulas XVII, XXI, XXV, and XXIX, are both the cis and the
      trans compounds with respect to the C-5 to C-6 double bonds in the
      carboxyl-terminated side chain. In all of the compounds containing the
      C.sub.13 to C.sub.14 double bond, that double bond is in trans
      configuration, and the chain containing that moiety is attached to the
      cyclopentane ring in beta configuration in compounds encompassed by
      formulas XVI to XXXV.
PAR  The novel oxa-phenylene compounds of this invention include racemic
      compounds and both optically active enantiomeric forms thereof. As
      discussed hereinabove, two structural formulas are required to define
      accurately these racemic compounds. The formulas as drawn herein are
      intended to represent compounds with the same configuration as the
      naturally-occurring prostaglandins. However, for convenience in the charts
      herein only a single structural formula is used, for example in Chart D,
      to define not only the optically active form but also the racemic
      compounds which generally undergo the same reactions.
PAR  Formula XVI represents 3-oxa-4,5-inter-p-phenylene-PGE.sub.1 (formula XI
      hereinabove) when C.sub.g H.sub.2g is ethylene, C.sub.p H.sub.2p is
      methylene, G is n-pentyl, Q is
      ##EQU4##
      R.sub.1 is hydrogen, C.sub.g H.sub.2g and C.sub.p H.sub.2p are attached to
      the phenylene in para orientation, and the carboxyl-terminated side chain
      is attached to the cyclopentane ring in alpha configuration.
PAR  With regard to formulas XVI to XXXV, examples of alkyl of one to 4 carbon
      atoms, inclusive, or methyl, ethyl, propyl, butyl, and isomeric forms
      thereof. Examples of alkyl of 1 to 8 carbon atoms, inclusive, are those
      given above, and pentyl, hexyl, heptyl, octyl, and isomeric forms thereof.
      Examples of alkyl of one to 12 carbon atoms, inclusive, are those given
      above, and nonyl, decyl, undecyl, dodecyl, and isomeric forms thereof.
      Examples of cycloalkyl of 3 to 10 carbon atoms, inclusive, which includes
      alkyl-substituted cycloalkyl, are cyclopropyl, 2-methylcyclopropyl,
      2,2-dimethylcyclopropyl, 2,3-diethylcyclopropyl, 2-butylcyclopropyl,
      cyclobutyl, 2-methylcyclobutyl, 3-propylcyclobutyl,
      2,3,4-triethylcyclobutyl, cyclopentyl, 2,2-dimethylcyclopentyl,
      3-pentylcyclopentyl, 3-tert-butylcyclopentyl, cyclohexyl,
      4-tert-butylcyclohexyl, 3-isopropylcyclohexyl, 2,2-dimethylcyclohexyl,
      cycloheptyl, cyclooctyl, cyclononyl, and cyclodecyl. Examples of aralkyl
      of 7 to 12 carbon atoms, inclusive, are benzyl, phenethyl, 1-phenylethyl,
      2-phenylpropyl, 4-phenylbutyl, 3-phenylbutyl, 2-(1-naphthylethyl), and
      1-(2-naphthylmethyl). Examples of phenyl substituted by one to 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive, are p-chlorophenyl,
      m-chlorophenyl, o-chlorophenyl, 2,4-dichlorophenyl, 2,4,6-trichlorophenyl,
      p-tolyl, m-tolyl, o-tolyl, p-ethylphenyl, p-tert-butylphenyl,
      2,5-dimethylphenyl, 4-chloro-2-methylphenyl, and
      2,4-dichloro-3-methylphenyl.
PAR  Examples of alkyl of two to 10 carbon atoms, inclusive, substituted with
      one to 3 fluoro, are 2-fluoroethyl, 2-fluorobutyl, 3-fluorobutyl,
      4-fluorobutyl, 5-fluoropentyl, 4-fluoro-4-methylpentyl, 3-fluoroisoheptyl,
      8-fluorooctyl, 3,4-difluorobutyl, 4,4-difluoropentyl, 5,5-difluoropentyl,
      5,5,5-trifluoropentyl, and 10,10,10-trifluorodecyl.
PAR  Examples of alkylene within the various scopes of C.sub.g H.sub.2g, C.sub.j
      H.sub.2j, C.sub.p H.sub.2p, C.sub.n H.sub.2n, and C.sub.t H.sub.2t, as
      those are defined above, are methylene, ethylene, trimethylene,
      tetramethylene, pentamethylene, hexamethylene, and heptamethylene, and
      those alkylene with one or more alkyl substituents on one or more carbon
      atoms, thereof, e.g., --CH(CH.sub.3)--, --C(CH.sub.3).sub.2 --,
      --CH(CH.sub.2 CH.sub.3)--, --CH.sub.2 --CH(CH.sub.3)--,
      --CH(CH.sub.3)--CH(CH.sub.3)--, --CH.sub.2 --C(CH.sub.3).sub.2 --,
      --CH.sub.2 --CH(CH.sub.3)--CH.sub.2 --, --CH.sub.2 --CH.sub.2
      --CH(CH.sub.2 CH.sub.2 CH.sub.3)--, --CH(CH.sub.3)--CH(CH.sub.3)--CH.sub.2
      --CH.sub.2 --, --CH.sub.2 --CH.sub.2 --CH.sub.2 --C(CH.sub.3).sub.2
      --CH.sub.2 --, --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CH(CH.sub.3)--, --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2
      --C(CH.sub.3).sub.2 --, --CH(CH.sub.3)--CH.sub.2 --CH(CH.sub.3)--CH.sub.2
      --CH.sub.2 --CH(CH.sub.3)--, and --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CH.sub.2 --CH.sub.2 --CH.sub.2 --C(CH.sub.3).sub.2 --.
PAR  Examples of alkylene substituted with one or 2 fluoro and within the scope
      of C.sub.t H.sub.2t, as defined above, are --CHF--CH.sub.2 --, CHF--CHF--,
      --CH.sub.2 --CH.sub.2 --CF.sub.2 --, --CH.sub.2 --CHF--CH.sub.2 --,
      --CH.sub.2 --CH.sub.2 --CF(CH.sub.3)--, --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CF.sub.2 --, and --CHF--CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CH.sub.2 --CH.sub.2 --.
PAR  Examples of
      ##SPC15##
PAL  as defined above are phenyl, p-tolyl, m-tolyl, o-tolyl, p-fluorophenyl,
      m-fluorophenyl, o-fluorophenyl, p-chlorophenyl, m-chlorophenyl,
      o-chlorophenyl, p-trifluoromethylphenyl, m-trifluoromethylphenyl,
      p-trifluoromethylphenyl, p-hydroxyphenyl, m-hydroxyphenyl,
      o-hydroxyphenyl, p-methoxyphenyl, m-methoxyphenyl, o-methoxyphenyl,
      p-tetrahydropyranyloxyphenyl, m-tetrahydropyranyloxyphenyl,
      o-tetrahydropyranyloxyphenyl, o-ethylphenyl, m-isopropylphenyl,
      p-tert-butylphenyl, p-butoxyphenyl, 3,4-dimethylphenyl, 2,4-diethylphenyl,
      2,4,6-trimethylphenyl, 3,4,5-trimethylphenyl, 2,4-dichlorophenyl,
      3,4-difluorophenyl, 2-chloro-4-methylphenyl, 2-fluoro-4-methoxyphenyl,
      3,5-dimethyl-4-fluorophenyl, 2,6-dimethyl-4-hydroxyphenyl, and
      2,4-di(trifluoromethyl)phenyl.
PAR  The novel formula XVI-XIX, and XXXII PGE-type oxa-phenylene compounds, the
      novel formula XX-XXIII, and XXXIII PGF.sub..alpha.-type and
      PGF.sub..beta.-type oxa-phenylene compounds, the novel formula XXIV-XXVII,
      and XXXIV PGA-type oxa-phenylene compounds, and the novel formula
      XXVIII-XXXI, and XXXV PGB-type oxa-phenylene compounds each cause the
      biological responses described above for the PGE, PGF.sub..alpha.,
      PGF.sub..beta., PGA, and PGB compounds, respectively, and each of these
      novel compounds is accordingly useful for the above-described
      corresponding purposes, and is used for those purposes in the same manner
      as described above.
PAR  The known PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds
      uniformly cause multiple biological responses even at low doses. For
      example, PGE.sub.1 and PGE.sub.2 both cause vasodepression and smooth
      muscle stimulation at the same time they exert antilipolytic activity.
      Moreover, for many applications, these known prostaglandins have an
      inconveniently short duration of biological activity. In striking
      contrast, the novel prostaglandin analogs of formulas XVI to XXXV are
      substantially more specific with regard to potency in causing
      prostaglandin-like biological responses, and have a substantially longer
      duration of biological activity. Therefore, each of these novel
      prostaglandin analogs is useful in place of one of the corresponding
      above-mentioned known prostaglandins for at least one of the
      pharmacological purposes indicated above for the latter, and is
      surprisingly and unexpectedly more useful for that purpose because it has
      a different and narrower spectrum of biological activity than the known
      prostaglandin, and therefore is more specific in its activity and causes
      smaller and fewer undesired side effects than the known prostaglandin.
      Moreover, because of its prolonged activity, fewer and smaller doses of
      the novel prostaglandin analog can frequently be used to attain the
      desired result.
PAR  To obtain the optimum combination of biological response specificity,
      potency, and duration of activity, certain compounds within the scope of
      formulas XVI to XXXV are preferred. For example, in compounds of formulas
      XVI, XIX, XX, XXIII, XXIV, XXVII, XXVIII, and XXXI, it is preferred that
      the carboxyl-terminated side chain contain a total of 2 to 4 chain carbon
      atoms, inclusive, excluding the phenylene and --COOR.sub.1, and including
      the C-7 methylene. In other words, preferred compounds of these formulas
      are those wherein C.sub.g H.sub.2g and C.sub.p H.sub.2p together represent
      zero, one, or 2 chain carbon atoms. Especially preferred compounds of
      these formulas are those wherein C.sub.g H.sub.2g and C.sub.p H.sub.2p
      each represent a valence bond, and those wherein C.sub.g H.sub.2g
      represents a valence bond and C.sub.p H.sub.2p represents a single chain
      carbon atom, especially methylene.
PAR  In compounds of formulas XVII, XVIII, XXI, XXII, XXV, XXVI, XXIX, XXX,
      XXXII, XXXIII, XXXIV, and XXXV, it is preferred that the
      carboxyl-terminated side chain contain a total of 4 or 5 chain carbon
      atoms, excluding the phenylene and --COOR.sub.1, and including --CH.sub.2
      --CR.sub.3 =CR.sub.4 -- and --CH.sub.2 --C.tbd.C--. In other words,
      preferred compounds of these formulas are those wherein C.sub.j H.sub.2j
      and C.sub.p H.sub.2p together represent zero or one chain carbon atoms.
      Included in these coumpounds are those wherein C.sub.j H.sub.2j and
      C.sub.p H.sub.2p each represent a valence bond, and those wherein C.sub.j
      H.sub.2j represents a valence bond, and C.sub.p H.sub.2p represents a
      single chain carbon atom, especially methylene.
PAR  As used herein, a chain carbon atom is part of the direct chain carbon
      atoms linking the C-7 methylene or =CR.sub.4 -- to the phenylene, the
      phenylene to the oxa, and the oxa to --COOR.sub.1. Thus, the chain
      --CH(CH.sub.3)--C(CH.sub.3).sub.2 -- contains 5 carbon atoms but only 2
      chain atoms.
PAR  Another preference for the carboxy-terminated side chain in compounds of
      formulas XVI to XXXV is that the phenylene be a meta-phenylene.
PAR  Another preference for the compounds of formulas XVI to XXXV is that
      R.sub.2, R.sub.3, and R.sub.4 are hydrogen or methyl. All of those R
      groups can be hydrogen, all can be methyl, or there can be any of the
      possible combinations of hydrogen and methyl.
PAR  Certain variations in the nature of G in the compounds of formulas XVI to
      XXXV are especially important. In the known PG.sub.1 and PG.sub.2
      prostaglandins, e.g., PGE.sub.1, the portion of the molecule corresponding
      to G in formulas XVI to XXXI is n-pentyl. When G is unsubstituted alkyl or
      fluoro-substituted alkyl as defined above, there is a preference which
      results in compounds with optimum combinations of biological properties:
      namely that G is straight chain alkyl of 3 to 7 carbon atoms, inclusive,
      with or without a fluoro substituent at the 1-position , e.g.,
      --CHF--(CH.sub.2).sub.a --CH.sub.3, wherein a is one, 2, 3, 4, or 5.
      Especially preferred among these are n-pentyl and 1-fluoropentyl.
PAR  When G is substituted alkyl, it is preferred that the 1-position be mono-
      or di-substituted with one or two alkyl groups containing from one to 4
      carbon atoms, inclusive. Especially preferred are formula XVI-to-XXXV
      compounds wherein G is substituted at the 1-position with methyl and/or
      ethyl, e.g. --CH(CH.sub.3)--(CH.sub.2).sub.c --CH.sub.3, --CH(C.sub.2
      H.sub.5)--(CH.sub.2).sub.c --CH.sub.3, --C(CH.sub.3).sub.2
      --(CH.sub.2).sub.c --CH.sub.3, --C(C.sub.2 H.sub.5).sub.2
      --(CH.sub.2).sub.c --CH.sub.3, or --C(CH.sub.3)(C.sub.2
      H.sub.5)--(CH.sub.2).sub.c --CH.sub.3, wherein c is 2, 3, or 4.
PAR  When G represents
      ##SPC16##
PAL  as defined above, it is preferred for compounds with optimum combination of
      biological properties that C.sub.t H.sub.2t be a valence bond, i.e., t is
      zero, or alkylene of one to 4 carbon atoms, inclusive, i.e.,
      --(CH.sub.2).sub.d -- wherein d is one, 2, 3, or 4, with or without a
      fluoro or alkyl substituent on the carbon adjacent to the
      hydroxy-substituted carbon (C-15 in PGE.sub.1), e.g.,
      --CHF--(CH.sub.2).sub.e --, --CH(CH.sub.3)--(CH.sub.2).sub.e --, or
      --C(CH.sub.3).sub.2 --(CH.sub.2).sub.e --, wherein e is zero, one, 2, or
      3. Further, it is preferred that the phenyl ring when present and
      substituted, be substituted at least at the para position.
PAR  In compounds of formulas XXXII to XXXV, it is preferred that C.sub.n
      H.sub.2n be methylene and that R.sub.5 be ethyl.
PAR  Another way of expressing the above preferences for G is that when G is
      alkyl or fluoro-substituted alkyl it be a group represented by
      ##EQU5##
      wherein a is one, 2, 3, 4, or 5, and wherein R.sub.21 and R.sub.22 are
      hydrogen, alkyl of one to 4 carbon atoms, inclusive, or fluoro, being the
      same or different, with the proviso that R.sub.22 is fluoro only when
      R.sub.21 is hydrogen or fluoro.
PAR  Furthermore, when G is
      ##SPC17##
PAL  it is preferred that when C.sub.t H.sub.2t is alkylene or
      fluoro-substituted alkylene it be a group represented by
      ##EQU6##
      wherein e is zero, one, 2, or 3, and wherein R.sub.21 and R.sub.22 are as
      defined above.
PAR  Still another preference is that Q be
      ##EQU7##
      wherein R.sub.2 is as defined hereinabove.
PAR  Another advantage of the novel compounds of this invention, especially the
      preferred compounds defined hereinabove, compared with the known
      prostaglandins, is that these novel compounds are administered effectively
      orally, sublingually, intravaginally, buccally, or rectally, in addition
      to usual intravenous, intramuscular, or subcutaneous injection or infusion
      methods indicated above for the uses of the known prostaglandins. These
      qualities are advantageous because they facilitate maintaining uniform
      levels of these compounds in the body with fewer, shorter, or smaller
      doses, and make possible self-administration by the patient.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type oxa-phenylene
      compounds encompassed by formulas XVI to XXXV including the special
      classes of compounds described above, are used for the purposes described
      above in the free acid form, in ester form, or in pharmacologically
      acceptable salt form. When the ester form is used, the ester is any of
      those within the above definition of R.sub.1. However it is preferred that
      the ester be alkyl of one to 12 carbon atoms, inclusive. Of those alkyl,
      methyl and ethyl are especially preferred for optimum absorption of the
      compound by the body or experimental animal system; and straight-chain
      octyl, nonyl,, decyl, undecyl, and dodecyl are especially preferred for
      prolonged activity in the body or experimental animal.
PAR  Pharmacologically acceptable salts of these formula XVI-to-XXXV compounds
      useful for the purposes described above are those with pharmacologically
      acceptable metal cations, ammonium, amine cations, or quaternary ammonium
      cations.
PAR  Especially preferred metal cations are those derived from the alkali
      metals, e.g., lithium, sodium and potassium, and from the alkaline earth
      metals, e.g., magnesium and calcium, although cationic forms of other
      metals, e.g., aluminum, zinc, and iron, are within the scope of this
      invention.
PAR  Pharmacologically acceptable amine cations are those derived from primary,
      secondary, or tertiary amines. Examples of suitable amines are
      methylamine, dimethylamine, trimethylamine, ethylamine, dibutylamine,
      triisopropylamine, N-methylhexylamine, decylamine, dodecylamine,
      allylamine, crotylamine, cyclopentylamine, dicyclohexylamine, benzylamine,
      dibenzylamine, .alpha.-phenylethylamine, .beta.-phenylethylamine,
      ethylenediamine, diethylenetriamine, and like aliphatic, cycloaliphatic,
      and araliphatic amines containing up to and including about 18 carbon
      atoms, as well as heterocyclic amines, e.g., piperidine, morpholine,
      pyrrolidine, piperazine, and lower-alkyl derivatives thereof, e.g.,
      1-methylpiperidine, 4-ethylmorpholine, 1-isopropylpyrrolidine,
      2-methylpyrrolidine, 1,4-dimethylpiperazine, 2-methylpiperidine, and the
      like, as well as amines containing water-solubilizing or hydrophilic
      groups, e.g., mono-, di-, and triethanolamine, ethyldiethanolamine,
      n-butylethanolamine, 2-amino-1-butanol, 2-amino-2-ethyl-1,3-propanediol,
      2-amino-2-methyl-1-propanol, tris-(hydroxymethyl)aminomethane,
      N-phenylethanolamine, N-(p-tert-amylphenyl)-diethanolamine, galactamine,
      N-methylglucamine, N-methylglucosamine, ephedrine, phenylephrine,
      epinephrine, procaine, and the like.
PAR  Examples of suitable pharmacologically acceptable quaternary ammonium
      cations are tetramethylammonium, tetraethylammonium,
      benzyltrimethylammonium, phenyltriethylammonium, and the like.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type oxa-phenylene
      compounds encompassed by formulas XVI to XXXV including the special
      classes of compounds described above, are also used for the purposes
      described above in free hydroxy form or in the form wherein the hydroxy
      moieties are transformed to lower alkanoate moieties, e.g., --OH to
      --OCOCH.sub.3. Examples of lower alkanoate moieties are acetoxy,
      propionyloxy, butyryloxy, valeryloxy, hexanoyloxy, heptanoyloxy,
      octanoyloxy, and branched chain alkanoyloxy isomers of those moieties.
      Especially preferred among these alkanoates for the above described
      purposes are the acetoxy compounds. These free hydroxy and alkanoyloxy
      compounds are used as free acids, as esters, and in salt form all as
      described above.
PAR  As discussed above, the compounds of formulas XVI to XXXV are administered
      in various ways for various purposes; e.g., intravenously,
      intramuscularly, subcutaneously, orally, intravaginally, rectally,
      buccally, sublingually, topically, and in the form of sterile implants for
      prolonged action. For intravenous injection or infusion, sterile aqueous
      isotonic solutions are preferred. For that purpose, it is preferred
      because of increased water solubility that R.sub.1 in the formula
      XVI-to-XXXV compound be hydrogen or a pharmacologically acceptable cation.
      For subcutaneous or intramuscular injection, sterile solutions or
      suspensions of the acid, salt, or ester form in aqueous or non-aqueous
      media are used. Tablets, capsules, and liquid preparations such as syrups,
      elixirs, and simple solutions, with the usual pharmaceutical carriers are
      used for oral sublingual administration. For rectal or vaginal
      administration, suppositories prepared as known in the art are used. For
      tissue implants, a sterile tablet or silicone rubber capsule or other
      object containing or impregnated with the substance is used.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA and PGB type oxa-phenylene
      compounds encompassed by formulas XVI to XXXV are produced by the
      reactions and procedures described and exemplified hereinafter.
PAR  The various PGF.sub..alpha.-type and PGF.sub..beta.-type oxa-phenylene
      compounds encompassed by formulas XX-XXIII and XXXIII are prepared by
      carbonyl reduction of the corresponding PGE type compounds encompassed by
      formulas XVI-XIX and XXXII. For example, carbonyl reduction of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 gives a mixture of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. and
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..beta..
PAR  These ring carbonyl reductions are carried out by methods known in the art
      for ring carbonyl reductions of known prostanoic acid derivatives. See,
      for example, Bergstrom et al., Arkiv Kemi 19, 563 (1963), Acta Chem.
      Scand. 16, 969 (1962), and British Patent Specification No. 1,097,533. Any
      reducing agent is used which does not react with carbon-carbon double
      bonds or ester groups. Preferred reagents are
      lithium(tri-tert-butoxy)aluminum hydride, the metal borohydrides,
      especially sodium, potassium and zinc borohydrides, and metal trialkoxy
      borohydrides, e.g., sodium trimethoxyborohydride. The mixtures of alpha
      and beta hydroxy reduction products are separated into the individual
      alpha and beta isomers by methods known in the art for the separation of
      analogous pairs of known isomeric prostanoic acid derivatives. See, for
      example, Bergstrom et al., cited above, Granstrom et al., J. Biol. Chem.
      240, 457 (1965), and Green et al., J. Lipid Research 5, 117 (1964).
      Especially preferred as separation methods are partition chromatographic
      procedures, both normal and reversed phase, preparative thin layer
      chromatography, and countercurrent distribution procedures.
PAR  The various PGA-type oxa-phenylene compounds encompassed by formulas
      XXIV-XXVII and XXXIV are prepared by acidic dehydration of the
      corresponding PGE type compounds encompassed by formulas XVI-XIX and
      XXXII. For example, acidic dehydration of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 gives
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1.
PAR  These acidic dehydrations are carried out by methods known in the art for
      acidic dehydrations of known prostanoic acid derivatives. See, for
      example, Pike et al., Proc. Nobel Symposium II, Stockholm (1966),
      Interscience Publishers, New York, pp. 162-163 (1967); and British Patent
      Specification No. 1,097,533. Alkanoic acids of 2 to 6 carbon atoms,
      inclusive, especially acetic acid, are preferred acids for this acidic
      dehydration. Dilute aqueous solutions of mineral acids, e.g., hydrochloric
      acid, especially in the presence of a solubilizing diluent, e.g.,
      tetrahydrofuran, are also useful as reagents for this acidic dehydration,
      although these reagents may cause partial hydrolysis of an ester reactant.
PAR  The various PGB-type oxa-phenylene compounds encompassed by formulas
      XXVIII-XXXI and XXXV are prepared by basic dehydration of the
      corresponding PGE type compounds encompassed by formulas XVI-XIX and
      XXXII, or by contacting the corresponding PGA type compounds encompassed
      by formulas XXIV-XXVII and XXXIV with base. For example, both
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 and
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 give
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGB.sub.1 on treatment with base.
PAR  These basic dehydrations and double bond migrations are carried out by
      methods known in the art for similar reactions of known prostanoic acid
      derivatives. See, for example, Bergstrom et al., J. Biol. Chem. 238, 3555
      (1963). The base is any whose aqueous solution has pH greater than 10.
      Preferred bases are the alkali metal hydroxides. A mixture of water and
      sufficient of a water-miscible alkanol to give a homogeneous reaction
      mixture is suitable as a reaction medium. The PGE-type or PGA-type
      compound is maintained in such a reaction medium until no further PGB-type
      compound is formed, as shown by the characteristic ultraviolet light
      absorption near 278 m.mu. for the PGB type compound.
PAR  The various transformations of PGE-type oxa-phenylene compounds of formulas
      XVI-XIX to the corresponding PGF.sub..alpha., PGF.sub..beta., PGA and PGB
      type oxa-phenylene compounds are shown in Chart A, wherein G, Q, R.sub.1,
      and .about. are as defined above, wherein E' is --CH.sub.2 CHR.sub.9 -- or
      trans--CH=CR.sub.9 --, wherein R.sub.26 and R.sub.9 are hydrogen or alkyl
      of one to 4 carbon atoms, inclusive, and wherein J' is
      ##SPC18##
PAL  wherein V is C.sub.g H.sub.2g, cis or trans
      ##EQU8##
      or --C.tbd.C--C.sub.j H.sub.2j wherein C.sub.g H.sub.2g, C.sub.j H.sub.2j,
      C.sub.p H.sub.2p, R.sub.3, and R.sub.4 are as defined above, and wherein
      C.sub.q H.sub.2q represents alkylene of one to 6 carbon atoms, inclusive,
      with one, 2, or 3 carbon atoms between --O-- and --COOR.sub.1.
PAR  The various 13,14-dihydro-PGE.sub.1, -PGF.sub.1, -PGA.sub.1, and -PGB.sub.1
       type oxa-phenylene compounds encompassed by formulas XIX, XXIII, XXVII,
      and XXXI are prepared by carbon-carbon double bond reduction of the
      corresponding PGE, PGF, PGA, and PGB type compound containing a trans
      double bond in the hydroxy-containing side chain. A cis or trans double
      bond or a triple bond can also be present in the carboxy-terminated side
      chain of the unsaturated reactant, and will be reduced at the same time to
      --CH.sub.2 CH.sub.2 --. For example,
      13,14-dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 is
      produced by reduction of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1,
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.2, or
      5,6-dehydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.2.
PAR  These reductions are carried out by reacting with the unsaturated PGE,
      PGF.sub..alpha., PGF.sub..beta., PGA, or PGB type oxa-phenylene compound
      with diimide, following the general procedure described by van Tamelen et
      al., J. Am. Chem. Soc. 83, 3725 (1961).
      ##SPC19##
PAR  See also Fieser et al., "Topics in Organic Chemistry," Reinhold Publishing
      Corp., New York, pp. 432-434 (1963) and references cited therein. The
      unsaturated acid or ester reactant is mixed with a salt azodiformic acid
      preferably an alkali metal salt such as disodium or dipotassium salt, in
      the presence of an inert diluent, preferably a lower alkanol such as
      methanol or ethanol, and preferably in the absence of substantial amounts
      of water. At least one molecular equivalent of the azodiformic acid salt
      is used for each multiple bond equivalent of the unsaturated reactant. The
      resulting suspension is then stirred, preferably with exclusion of oxygen,
      and the mixture is made acid, advantageously with a carboxylic acid such
      as acetic acid. When a reactant wherein R.sub.1 is hydrogen is used, the
      carboxylic acid reactant also serves to acidify an equivalent amount of
      the azodiformic acid salt. A reaction temperature in the range of about
      10.degree. to about 40.degree. C. is usually suitable. Within that
      temperature range, the reaction is usually complete within less than 24
      hours. The desired dihydro production is then isolated by conventional
      methods, for example, evaporation of the diluent, followed by separation
      from inorganic materials by solvent extraction.
PAR  In the case of the oxa-phenylene unsaturated PGE, PGF.sub..alpha., and
      PGF.sub..beta. type reactants, the reductions to the corresponding
      dihydro-PGE.sub.1, dihydro-PGF.sub.1 .sub..alpha., and dihydro-PGF.sub.1
      .sub..alpha. type oxa-phenylene compounds are also carried out by
      catalytic hydrogenation. For that purpose, palladium catalysts, especially
      on a carbon carrier, are preferred. It is also preferred that the
      hydrogenation be carried out in the presence of an inert liquid diluent,
      for example, methanol, ethanol, dioxane, ethyl acetate, and the like.
      Hydrogenation pressures ranging from about atmospheric to about 50 p.s.i.,
      and hydrogenation temperatures ranging from about 10.degree. to about
      100.degree. C. are preferred. The resulting dihydro product is isolated
      from the hydrogenation reaction mixture by conventional methods, for
      example, removal of the catalyst by filtration or centrifugation, followed
      by evaporation of the solvent.
PAR  Diimide reductions and catalytic hydrogenations to produce the various
      novel formula XIX, XXIII, XXVII, and XXXI 13,14-dihydro compounds of this
      invention from the corresponding PGE, PGF, PGA and PGB type oxa-phenylene
      compounds of the PG.sub.1, PG.sub.2, trans-5,6-dehydro-PG.sub.1, and
      5,6-dehydro-PG.sub.2 series are shown in Chart B. G, J', Q, R.sub.1,
      R.sub.9, R.sub.26, and .about. are as defined above, and L' is
      ##SPC20##
PAL  wherein C.sub.g H.sub.2g, C.sub.p H.sub.2p, and C.sub.q H.sub.2q are as
      defined above.
PAR  The oxa-phenylene compounds of the PGE.sub.2, PGF.sub.2, PGA.sub.2, and
      PGB.sub.2 type wherein the carbon-carbon double bond in the
      carboxy-terminated side chain is in cis configuration are prepared by
      reduction of the corresponding acetylenic oxa-phenylene compounds, i.e.,
      those with a carbon-carbon triple bond in place of said carbon-carbon
      double bond. For that purpose, there are used any of the known reducing
      agents which reduce an acetylenic linkage to a cis-ethylenic linkage.
      Especially preferred for that purpose are diimide, or hydrogen and a
      catalyst, for example, palladium (5%) on barium sulfate, especially in the
      presence of pyridine. See Fieser et al., "Reagents for Organic Synthesis,"
      pp. 566-567, John Wiley and Sons, Inc., New York, N.Y. (1967).
      ##SPC21##
PAL  These reductions are shown in Chart C, wherein G, Q, R.sub.1, R.sub.9,
      R.sub.26, and .about. are as defined above, and M' is
      ##SPC22##
PAL  wherein C.sub.j H.sub.2j, C.sub.p H.sub.2p, and C.sub.q H.sub.2q are
      defined above. These oxa-phenylene cis compounds of the PGE.sub.2,
      PGF.sub.2.sub..alpha., PGF.sub.2.sub..beta., PGA.sub.2, and PGB.sub.2 type
      are also prepared as described hereinafter.
PAR  The oxa-phenylene PGE-type compounds of formulas XVI-XIX except wherein
      R.sub.1 is hydrogen, and the oxa-phenylene PGA-type compounds of formulas
      XXIV-XXVII except wherein R.sub.1 is hydrogen, are prepared by the series
      of reactions shown in Chart D, wherein G, J', R.sub.2, R.sub.9, and
      R.sub.26 are as defined above; G' is the same as G except that T is
      replaced by T', wherein T' is the same as T above except that R.sub.9 is
      not hydrogen; R.sub.10 is the same as the above definition of R.sub.1
      except that R.sub.10 does not include hydrogen; R.sub.11 and R.sub.12 are
      alkyl of one to 4 carbon atoms, inclusive; R.sub.13 is alkyl of one to 5
      carbon atoms, inclusive; and .about. indicates attachment of --CHR.sub.26
      --J'--COOR.sub.10 to the cyclopentane ring in alpha or beta configuration,
      and attachment of the moiety to the cyclopropane ring in exo or endo
      configuration.
PAR  The oxa-phenylene PGE.sub.1 -type compounds of formula XVI, the
      oxa-phenylene 5,6-dehydro-PGE.sub.2 type compounds of formula XVIII, the
      oxa-phenylene PGA.sub.1 -type compounds of the formula XXIV and the
      oxa-phenylene 5,6-dehydro-PGA.sub.2 type compounds of formula XXVI are
      also prepared by the series of reactions shown in Chart E, wherein G, G',
      R.sub.2, R.sub.9, R.sub.10, R.sub.13, and R.sub.26 are as defined above;
      Z' is L' or --C.tbd.C--M'-- wherein L' and M' are as defined above; and
      .about. indicates attachment of --CHR.sub.26 --Z'--COOR.sub.10 to the
      cyclopentane ring in alpha or beta configuration, and attachment of the
      moiety to the cyclopropane ring in exo and endo configuration.
      ##SPC23##
      ##SPC24##
      ##SPC25##
PAR  It should be observed regarding the series of reactions shown in Charts D
      and E, that the reactions starting with glycol XXXVIII in Chart D are
      similar to the reactions starting with glycol XLV in Chart E. The only
      differences here are the definitions of the divalent moieties J' (Chart D)
      and Z' (Chart E). J' includes saturated, cis and trans ethylenic, and
      acetylenic divalent moieties. Z' is limited to the saturated and
      acetylenic divalent moieties encompassed by J'. In other words, final
      oxa-phenylene PGE-type compounds of formula XL (Chart D) encompass
      compounds of formulas XVI to XVIII. Final oxa-phenylene PGA-type compounds
      of formula XLI (Chart D) encompass compounds of formulas XXIV to XXVI. On
      the other hand, final oxa-phenylene PGE-type compounds of formula XLVII
      (Chart E) encompass only compounds of formulas XVI and XVIII, and final
      oxa-phenylene PGA-type compounds of formula XLVIII (Chart E) encompass
      only compounds of formula XXIV and XXVI.
PAR  As will subsequently appear, an acetylenic intermediate of formulas XXXVII,
      XXXVIII, or XLV is transformed by step-wise reduction to the corresponding
      cis or trans ethylenic intermediates of formulas XXXVII or XXXVIII; and an
      acetylenic intermediate of formulas XXXVII, XXXVIII, or XLV or a cis or
      trans ethylenic intermediate of formulas XXXVII or XXXVIII is transformed
      by reduction to the corresponding saturated intermediate of formulas
      XXVII, XXXVIII, or XLV.
PAR  The initial bicyclo-ketone reactant of formula XLIII in Chart E is also
      used as an initial reactant to produce the initial bicyclo-ketone cyclic
      ketal reactant of formula XXXVI in Chart D. The following reactions will
      produce cyclic ketal XXXVI, wherein THP is tetrahydropyranol, and .phi.is
      phenyl:
      ##SPC26##
PAR  The bicyclo-ketone reactant of formula XLIII exists in four isomeric forms,
      exo and endo with respect to the attachment of the --CR.sub.9 =CR.sub.2 G
      moiety, and cis and trans with respect to the double bond in that same
      moiety. Each of those isomers separately or various mixtures thereof are
      used as reactants according to this invention to produce substantially the
      same final oxa-phenylene PGE or PGA type product mixture.
PAR  The process for preparing either the exo or endo configuration of the
      formula-XLIII bicyclo-ketone is known to the art. See. U.S. Pat. No.
      3,776,940 and Belgian Pat. No. 702,477,  Derwent Farmdoc No. 30,905.
PAR  See West Germany Offenlegungsschrift No. 1,937,912; reprinted in Farmdoc
      Complete Specifications, Book No. 14, No. 6869 R, Week R.sub.5, Mar. 18,
      1970.
PAR  In said U.S. Pat. No. 3,776,940 a reaction sequence capable of forming exo
      ketone XLIII is as follows: The hydroxy of 3-cyclopentenol is protected,
      for example, with a tetrahydropyranyl group. Then a diazoacetic acid ester
      is added to the double bond to give an exo-endo mixture of a
      bicyclo[3.1.0]hexane substituted at 3 with the protected hydroxy and at 6
      with an esterified carboxyl. The exo-endo mixture is treated with a base
      to isomerize the endo isomer in the mixture to more of the exo isomer.
      Next, the carboxylate ester group at 6 is transformed to an aldehyde group
      or ketone group,
      ##EQU9##
      wherein R.sub.9 is as defined above. Then, said aldehyde group or said
      keto group is transformed by the Wittig reaction, in this case to a moiety
      of the formula --CR.sub.9 =CR.sub.2 G which is in exo configuration
      relative to the bicyclo ring structure. Next, the protective group is
      removed to regenerate the 3-hydroxy which is then oxidized, for example,
      by the Jones reagent, i.e., chromic acid (see J. Chem. Soc. 39 (1946)), to
      give said exo ketone XLIII.
PAR  Separation of the cis-exo and trans-exo isomers of XLIII is described in
      said U.S. Pat. No. 3,776,940. However, as mentioned above, that separation
      is usually not necessary since the cis-trans mixture is useful as a
      reactant in the next process step.
PAR  The process described in said U.S. Pat. 3,776,940 for producing the exo
      form of bicyclo-ketone XLIII uses, as an intermediate, the exo form of a
      bicyclo [3.1.0]hexane substituted at 3 with a protected hydroxy, e.g.,
      tetrahydropranyloxy, and at 6 with an esterified carboxyl. When the
      corresponding endo compound is substituted for that exo intermediate, the
      process in said Offenlegungsschrift No. 1,937,912 leads to the endo form
      of bicyclo-ketone XLIII. That end compound to be used has the formula:
      ##SPC27##
PAL  Compound LII is prepared by reacting
      endo-bicyclo[3.1.0]-hex-2-ene-6-carboxylic acid methyl ester with diborane
      in a mixture of tetrahydrofuran and diethyl ether, a reaction generally
      known in the art, to give endo-bicyclo[3.1.0]-hexane-3-ol-6-carboxylic
      acid methyl ester which is then reacted with dihydropyran in the presence
      of a catalytic amount of POCl.sub.3 to give the desired compound. This is
      then used as described in said German Offenlegungsschrift No. 1,937,912 to
      produce the endo form of bicyclo-ketone XLIII.
PAR  As for exo XLIII, the above process produces a mixture of endo-cis and
      endo-trans compounds. These are separated as described for the separation
      of exo-cis and exo-trans XLIII, but this separation is usually not
      necessary since, as mentioned above, the cis-trans mixture is useful as a
      reactant in the next process step.
PAR  In the processes of said U.S. patent and said Offenlegungsschrift, certain
      organic halides, e.g., chlorides and bromides, are necessary to prepare
      the Wittig reagents used to generate the generic moiety, --CR.sub.9
      =CR.sub.2 G of bicyclo-ketone XLIII. These organic chlorides and bromides
      ##EQU10##
      are known in the art or can be prepared by methods known in the art.
PAR  To illustrate the availability of these organic chlorides consider first
      the above-described oxa-phenylene PGE-type compounds of formulas XVI to
      XIX wherein R.sub.2 is hydrogen and G is either (1) alkyl of one to 10
      carbon atoms, inclusive, substituted with zero, one, 2, or 3 fluoro or
      ##SPC28##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of one to 10
      carbon atoms, inclusive, substituted with zero, one, or 2fluoro, with one
      to 7 carbon atoms, inclusive, between
      ##EQU11##
      and the ring, wherein T is alkyl of one to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of one to 4 carbon atoms, inclusive, and s is zero, one,
      2, or 3, with the proviso that not more than two T's are other than alkyl.
PAR  For those products wherein G is alkyl of two to 10 carbon atoms,
      substituted with 0-3 fluoro atoms, there are available the monohalo
      hydrocarbons, e.g., bromo-(or chloro-) -ethane, -propane, -pentane,
      -octane, and -decane; and the monohalofluorohydrocarbons, e.g., CHF.sub.2
      FCH.sub.2 Br, CHF.sub.2 CH.sub.2 Cl, CF.sub.3 CH.sub.2 Br,
      F(CH.sub.2).sub.3 Br, CH.sub.3 CF.sub.2 CH.sub.2 Cl, CF.sub.3
      (CH.sub.2).sub.2 Br, F(CH.sub.2).sub.4 Cl, CH.sub.3 CF.sub.2 CH.sub.2
      CH.sub.2 Cl, C.sub.4 H.sub.9 CFHCH.sub.2 Br, CF.sub.3 (CH.sub.2).sub.3 Cl,
      CF.sub.3 (CH.sub.2).sub.2 BrCH.sub.3, CH.sub.2 F(CH.sub.2).sub.4 Cl,
      C.sub.2 H.sub.5 CF.sub.2 (CH.sub.2).sub.2 Cl, CF.sub.3 (CH.sub.2).sub.4
      Cl, CH.sub.3 (CH.sub.2).sub.4 CF.sub.2 (CH.sub.2).sub.2 CH.sub.2 Cl, and
      CH.sub.3 (CH.sub.2).sub.3 CF.sub.2 (CH.sub.2).sub.3 CH.sub.2 Cl, as
      described in "Aliphatic Fluorine Compounds," A. M. Lovelace et al., Am.
      Chem. Soc. Monograph Series, 1958, Reinhold Publ. Corp. Those halides not
      available are prepared by methods known in the art by reacting the
      corresponding primery alcohol G--CH.sub.2 OH with PCl.sub.3 PBr.sub.3, or
      any of the other halogenating agents useful for this purpose. Available
      alcohols include CH.sub.2 CH(CF.sub.3)CH.sub.2 OH, (CH.sub.3).sub.2
      CHCH.sub.2 CH.sub.2 OH, (CH.sub.3).sub.3 CCH.sub.2 OH, CF.sub.3
      CH(CH.sub.3)CH.sub.2 CH.sub.2 OH, for example. For those halides of the
      formula G--CH.sub.2 --Hal wherein Hal is chloro or bromo, G is R.sub.27
      --(CH.sub.2).sub.h --, h being one, 2, 3, or 4, and R.sub.27 being
      isobutyl, tert-butyl, 3,3-difluorobutyl, 4,4-difluorobutyl, or
      4,4,4-trifluorobutyl, the intermediate alcohols are prepared as follows.
PAR  In the case of R.sub.27 being isobutyl or tert-butyl, known alcohols are
      converted to bromides, thence to nitriles with sodium cyanide, thence to
      the corresponding carboxylic acids by hydrolysis, and thence to the
      corresponding primary alcohols by reduction, e.g., with lithium aluminum
      hydride, thus extending the carbon chain one carbon atom at a time until
      all primary alcohols are prepared.
PAR  In the case of R.sub.27 being 3,3-difluorobutyl, the necessary alcohols are
      prepared from keto carboxylic acids of the formula, CH.sub.3
      --CO--(CH.sub.2).sub.r --COOH, wherein r is 2, 3, 4, 5, or 6. All of those
      acids are known. The methyl esters are prepared and reacted with sulfur
      tetrafluoride to produce the corresponding CH.sub.3 --CF.sub.2
      --(CH.sub.2).sub.r --COOCH.sub.3 compounds, which are then reduced with
      lithium aluminum hydride to CH.sub.3 --CF.sub.2 --(CH.sub.2).sub.r
      --CH.sub.2 OH. These alcohols are then transformed to the bromide or
      chloride by reaction with PBr.sub.3 or PCl.sub.3.
PAR  In the case of R.sub.27 being 4,4-difluorobutyl, the initial reactants are
      the known dicarboxylic acids, HOOC--(CH.sub.2).sub.f --COOH, wherein f is
      3, 4, 5, 6, or 7. These dicarboxylic acids are esterified to CH.sub.3
      OOC--(CH.sub.2).sub.f --COOCHhd 3 and then half-saponified, for example
      with barium hydroxide, to give HOOC--(CH.sub.2).sub.f --COOCH.sub.3. The
      free carboxyl group is transformed first to the acid chloride with thionyl
      chloride and then to an aldehyde by the Rosenmund reduction. Reaction of
      the aldehyde with sulfur tetrafluoride then gives CHF.sub.2
      --(CH.sub.2).sub.f --COOCH.sub.3 which by successive treatment with
      lithium aluminum hydride and PBr.sub.3 or PCl.sub.3 gives the necessary
      bromides or chlorides, CHF.sub.2 --(CH.sub.2).sub.f --CH.sub.2 Br or
      CHF.sub.2 --(CH.sub.2).sub.f --CH.sub.2 Cl.
PAR  In the case of R.sub.27 being 4,4,4-trifluorobutyl, aldehydes of the
      formula CH.sub.3 OOC--(CH.sub.2).sub.f --CHO are prepared as described
      above. Reduction of the aldehyde with sodium borohydride gives the alcohol
      CH.sub.3 OOC--(CH.sub.2).sub.f --CH.sub.2 OH. Reaction with PBr.sub.3 or
      PCl.sub.3 then gives CH.sub.3 OOC--(CH.sub.2).sub.f -CH.sub.2 --Hal.
      Saponification of that ester gives the carboxylic acid which by reaction
      with sulfur tetrafluoride gives the necessary CF.sub.3 --(CH.sub.2).sub.f
      --CH.sub.2 --Br or CF.sub.3 --(CH.sub.2).sub.f --CH.sub.2 --Cl.
PAR  For the above reactions of SF.sub.4, see U.S. Pat. No. 3,211,723 and J.
      Org. Chem. 27, 3164 (1962).
PAR  For those products wherein R.sub.2 is hydrogen and G is
      ##SPC29##
PAL  the halides necessary to prepare those compounds, if not readily available,
      are advantageously prepared by reacting the corresponding primary alcohol,
      ##SPC30##
PAL  with PCl.sub.3, PBr.sub.3, HBr, or any of the other halogenating agents
      known in the art to be useful for this purpose. Some of the readily
      available halides are shown in Table I wherein s, T, and t of the formula
      for the intermediate halides are as defined above, and Hal is chloro,
      bromo, or iodo. Thus, compound No. 1 of Table I is represented by the
      formula wherein s and t are zero, and Hal is chloro, i.e.
      ##SPC31##
PAL  namely .alpha.-chlorotoluene or benzyl chloride; compound No. 8 of Table I
      is represented by the formula wherein s is zero, t is 2, and Hal is bromo,
      i.e.
      ##SPC32##
PAL  namely 1-bromo-3-phenylpropane or 3-bromopropylbenzene; and compound No. 63
      of Table I represented by the formula wherein s is 3, T is methyl in the
      2-, 4- and 5-positions with respect to the C.sub.t H.sub.2t substitution,
      t is 2, and Hal is bromo, i.e.,
      ##SPC33##
PAL  namely 1 -(3-bromopropyl)-2,4,5-trimethylbenzene.
TBL                TABLE I                                                     

     ______________________________________                                    

     Intermediate Halides                                                      

     represented by the formula                                                

     No.        s       T             t      Hal                               

     ______________________________________                                    

     1          0       --            0      Cl                                

     2          0       --            0      Br                                

     3          0       --            0      l                                 

     4          0       --            1      Cl                                

     5          0       --            1      Br                                

     6          0       --            1      l                                 

     7          0       --            2      Cl                                

     8          0       --            2      Br                                

     9          0       --            2      l                                 

     10         0       --            3      Cl                                

     11         0       --            3*     Cl                                

     12         0       --            3      Br                                

     13         0       --            4      Cl                                

     14         1       2--CH.sub.3   0      Cl                                

     15         1       2--C.sub.2 H.sub.5                                     

                                      0      Cl                                

     16         1       4--C.sub.2 H.sub.5                                     

                                      0      Cl                                

     17         1       2--CF.sub.3   0      Cl                                

     18         1       4--OCH.sub.3  0      Cl                                

     19         1       3--CH.sub.3   0      Br                                

     20         1       4--CH.sub.3   0      Br                                

     21         1       4--C.sub.5 H.sub.11                                    

                                      0      Br                                

     22         1       4--Cl         0      Br                                

     23         1       2--CF.sub.3   0      Br                                

     24         1       3--CF.sub.3   0      Br                                

     25         1       4--CH.sub.3   0      l                                 

     26         1       4--F          1      Cl                                

     27         1       3--Cl         1      Br                                

     28         1       4--Cl         1      Br                                

     29         1       4--F          1      Br                                

     30         1       2--Cl         2      Br                                

     31         1       3--Cl         2      Br                                

     32         1       4--Cl         2      Br                                

     33         1       4--F          3*     Br                                

     34         1       2--Cl         4      Br                                

     35         1       2--CH.sub.3   0      Cl                                

                        4--CH.sub.3                                            

     36         2       2--CH.sub.3   0      Cl                                

                        5--CH.sub.3                                            

     37         2       2--CH.sub.3   0      Cl                                

                        6--CH.sub.3                                            

     38         2       3--CH.sub.2   0      Cl                                

                        4--CH.sub.3                                            

     39         2       2--CH.sub.3   0      Cl                                

                        4--Cl                                                  

     40         2       2--CH.sub.3   0      Br                                

                        5--CH.sub.3                                            

     41         2       2--CH.sub.3   0      Br                                

                        6--CH.sub.3                                            

     42         2       3--CH.sub.3   0      Br                                

                        5--t--butyl                                            

     43         2       3--CH.sub.3   0      Br                                

                        4--Cl                                                  

     44         2       2--CH.sub.3   0      Br                                

                        3--Br                                                  

     45         2       3--OCH.sub.3  0      Cl                                

                        4--OCH.sub.3                                           

     46         2       3--OCH.sub.3  0      Cl                                

                        5--OCH.sub.3                                           

     47         2       3--OCH.sub.3  0      Br                                

                        5--OCH.sub.3                                           

     48         2       2--CH.sub.3   1      Cl                                

                        4--CH.sub.3                                            

     49         2       2--CH.sub.3   1      Br                                

                        4--CH.sub.3                                            

     50         2       3--CH.sub.3   1      Br                                

                        4--CH.sub.3                                            

     51         2       3--OCH.sub.3  1      Br                                

                        4--OCH.sub.3                                           

     52         2       3--OCH.sub.3  1      Br                                

                        5--OCH.sub.3                                           

     53         2       3--OCH.sub.3  1      l                                 

                        4--OCH.sub.3                                           

     54         2       3--OCH.sub.3  2      Br                                

                        4--OCH.sub.3                                           

     55         2       3--OCH.sub.3  2      Br                                

                        5--OCH.sub.3                                           

     56         2       3--OCH.sub.3  4      Br                                

                        5--OCH.sub.3                                           

     57         3       2--CH.sub.3   0      Cl                                

                        4--CH.sub.3                                            

                        5--CH.sub.3                                            

     58         3       2--CH.sub.3   0      Cl                                

                        4--CH.sub.3                                            

                        6--CH.sub.3                                            

     59         3       4--CH.sub.3   0      Cl                                

                        2--OCH.sub.3                                           

                        5--OCH.sub.3                                           

     60         3       2--CH.sub.3   0      Br                                

                        3--CH.sub.3                                            

                        6--CH.sub.3                                            

     61         3       2--CH.sub.3   0      Br                                

                        4--CH.sub.3                                            

                        6--CH.sub.3                                            

     62         3       2--CH.sub.3   0      Br                                

                        3--OCH.sub.3                                           

                        6--OCH.sub.3                                           

     63         3       2--CH.sub.3   2      Br                                

                        4--CH.sub.3                                            

                        5--CH.sub.3                                            

     ______________________________________                                    

     --CH--                                                                    

     *-branched.vertline.                                                      

     Et                                                                        

PAR  Next, considering the intermediate halides for producing oxa-phenylene
      PGE-type compounds of formulas XIII to XVI wherein R.sub.2 is alkyl of one
      to 4 carbon atoms, inclusive (A), and G is either of the two types (1) or
      (2) above, these organic chlorides and bromides,
      ##EQU12##
      are known to the art or can be prepared by methods known in the art.
PAR  For type A-(1) above, i.e. wherein R.sub.2 is alkyl and G is alkyl of one
      to 10 carbon atoms and 0-3 fluoro atoms, there are available such
      monohalofluorohydrocarbons as CHF.sub.2 CHClCH.sub.3, CF.sub.3
      CHBrCH.sub.3, CF.sub.3 CH.sub.2 CHBrCH.sub.3, CH.sub.3 CF.sub.2
      CHClCH.sub.3, CF.sub.3 CHClC.sub.2 H.sub.5, and C.sub.2 H.sub.5 CF.sub.2
      CHClCH.sub.3, for example. Those not readily available are prepared from
      the corresponding secondary alcohol
      ##EQU13##
      wherein R.sub.2 is as defined above, with PCl.sub.3, PBr.sub.3, or any of
      the other halogenating agents known in the art to be useful for this
      purpose. Such alcohols include, for example, CH.sub.2 FCH(OH)CH.sub.2 F,
      CF.sub.3 (CH.sub.2).sub.2 CH(OH)CH.sub.3, CF.sub.3
      CH(OH)(CH.sub.2)CH.sub.3, CF.sub.3 CH(OH)(CH.sub.2).sub.3 CH.sub.3,
      CF.sub.3 CH(OH)C(CH.sub.3).sub.3, and CF.sub.3 CH(OH)(CH.sub.2).sub.5
      CH.sub.3. For those halides of the formula G--CHR.sub.2 --Hal, wherein G
      is R.sub.27 --(CH.sub.2).sub.h --, using the definitions of Hal, h,
      R.sub.2, and R.sub.27 above, the intermediate alcohols are prepared as
      follows.
PAR  In the case of R.sub.27 being isobutyl or tert-butyl, lower molecular
      weight primary alcohols are transformed to the corresponding longer-chain
      carboxylic acids and thence to the corresponding secondary alcohols by
      preparing the intermediate ketones,
      ##EQU14##
      by known procedures, for example G--COCl + (R.sub.2).sub.2 Cd, thereafter
      reducing the ketone to the secondary alcohol with sodium borohydride.
PAR  In the case of R.sub.27 being 3,3-difluorobutyl, the procedure described
      above is applicable to converting CH.sub.3 --CF.sub.2 --(CH.sub.2).sub.2
      --COOCH.sub.3 described above to
      ##EQU15##
      These alcohols are then transformed to the bromide or chloride by reaction
      with PBr.sub.3 or PCl.sub.3.
PAR  In the case of R.sub.27 being 4,4-difluorobutyl, the corresponding
      secondary alcohols are prepared as described above, using intermediates
      prepared for the primary alcohols of this type above.
PAR  In the case of R.sub.27 being 4,4,4-trifluorobutyl, corresponding secondary
      alcohols are prepared by transforming CH.sub.3 OOC--(CH.sub.2).sub.f --CHO
      to CH.sub.3 OOC--(CH.sub.2).sub.f --C(R.sub.2)0 by known methods and then
      proceeding with that ketone as described above for the corresponding
      aldehyde.
PAR  For type A-(2) halides, i.e. R.sub.2 is alkyl and G is
      ##SPC34##
PAL  some of the readily available halides are shown in Table II. Thus, compound
      No. 1 of Table II is represented by the formula wherein s=O R.sub.2
      =methyl, t= O, and Hal=Cl, i.e.
      ##SPC35##
PAL  namely (1-chloroethyl)benzene; and compound No. 13 of Table II is
      represented by the formula wherein s=2, T=methyl, R.sub.2 =methyl, t=1,
      and Hal=Br, i.e.
      ##SPC36##
PAL  namely 4-(2-bromopropyl)-o-xylene or
      1-(2-bromopropyl)3-methyl-4-methylbenzene.
TBL                TABLE II                                                    

     ______________________________________                                    

     Intermediate Halides                                                      

     represented by the Formula                                                

     Hal--CH--C.sub.t H.sub.2t --                                              

     .vertline.                                                                

     R.sub.2                                                                   

     No.      s      T          R.sub.2   t   Hal                              

     ______________________________________                                    

     1        0      --         CH.sub.3  0   Cl                               

     2        0      --         C.sub.2 H.sub.5                                

                                          0   Cl                               

     3        0      --         C.sub.2 H.sub.5                                

                                          0   Br                               

     4        0      --         CH.sub.3  0   l                                

     5        0      --         CH.sub.3  1   Cl                               

     6        0      --         n--C.sub.3 H.sub.7                             

                                          1   Cl                               

     7        0      --         CH.sub.3  1   Br                               

     8        0      --         C.sub.2 H.sub.5                                

                                          2   Cl                               

     9        1      4--C.sub.2 H.sub.5                                        

                                CH.sub.3  0   Cl                               

     10       1      4--F       CH.sub.3  0   Cl                               

     11       1      4--Cl      C.sub.2 H.sub.5                                

                                          0   Br                               

     12       1      4--F       C.sub.2 H.sub.5                                

                                          0   Br                               

     13       2      3--CH.sub.3                                               

                                CH.sub.3  1   Br                               

                     4--CH.sub.3                                               

     14       2      3--OCH.sub.3                                              

                                CH.sub.3  1   Br                               

                     4--OCH.sub.3                                              

     15       2      2--OCH.sub.3                                              

                                CH.sub.3  1   Br                               

                     6--OCH.sub.3                                              

     ______________________________________                                    

PAR  Other intermediate halides of the general formula
      ##SPC37##
PAL  may be obtained from the secondary alcohols as discussed above. The
      secondary alcohols, wherein R.sub.2 is alkyl, are prepared by transforming
      the --COOH of the corresponding carboxylic acid,
      ##SPC38##
PAL  to a ketone by known procedures, e.g. by way of acyl chloride and a
      dialkylcadmium. Reduction of the ketone with sodium borohydride then
      yields the secondary alcohol,
      ##SPC39##
PAR  Hydroxyl groups on the aromatic ring are suitably protected during these
      reactions by first forming the corresponding tetrahydropyranyl ethers with
      dihydropyran; the hydroxyl groups are restored by mild acid hydrolysis as
      is well known in the art.
PAR  In the case of C.sub.t H.sub.2t substituted with one or 2 fluoro atoms,
      there are a number of routes of the intermediate halides. The
      corresponding alcohols, for example .beta.-fluorophenethyl alcohol,
      .beta.-fluoro-.alpha.-methyl-phenethyl alcohol,
      .beta.-fluoro-.alpha.,.beta.-dimethyl-phenethyl alcohol and the like, are
      reacted with PCl.sub.3, PBr.sub.3 or HBr to form the halide.
      Alternatively, the carboxylic acid having one less carbon atom in the
      chain than the desired intermediate halide, i.e.
      ##SPC40##
PAL  where g = t-1, is converted by a series of known methods to the
      2,2-difluorohalide. Thus, the free carboxyl group is transformed first to
      the acid chloride with thionyl chloride and thence by way of the nitrile
      to the .alpha.-keto-acid. The carboxyl group is reduced to the alcohol
      with diborane and then converted to the .alpha.-keto halide. Finally, by
      reaction of the keto group with sulfur tetrafluoride, there is obtained
      ##SPC41##
PAR  As mentioned above, formula XXXI compounds with an alpha-fluoro substituent
      in a straight chain 3-to-7-carbon G, i.e., G being --CHF--(CH.sub.2).sub.a
      --CH.sub.3 wherein a is one, 2, 3, 4, or 5, represent embodiments among
      the novel oxa-phenylene compounds of this invention. Among those, for
      example, is 3-oxa-16-fluoro-3-7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1.
      The formula-XLIII bicyclo-ketones necessary to produce those mono-fluoro
      compounds are advantageously prepared by reacting either of the
      above-mentioned bicyclo-aldehydes, exo or endo, with a Wittig reagent
      prepared from CH.sub.3 --CH.sub.2 a)-- CO--CH.sub.2 -Br and
      triphenylphospine. The aldehyde group is thereby transformed to
      ##EQU16##
      The resulting unsaturated ketone is reduced to the corresponding
      ##EQU17##
      compound. Then --OH in that group is replaced with fluoro by known
      methods, for example directly by reaction with
      2-chloro-1,1,2-trifluorotriethylamine or indirectly, for example, by
      transforming the hydroxy to tosyloxy or mesyloxy, and reacting the
      resulting compound with anhydrous potassium fluoride in diethylene glycol.
      Similarly, the oxa-phenylene PG-type compounds wherein G is
      ##SPC42##
PAL  having an alpha-fluoro substituent on the carbon adjacent to the
      hydroxy-substituted carbon (C-15 in PGE.sub.1) represent preferred
      embodiments of this invention. In preparing the formula-XLIII
      bicyclo-ketone intermediates, there is used a Wittig reagent prepared from
      ##SPC43##
PAL  and triphenylphosphine. Following the steps above, the resulting
      unsaturated ketone containing the moiety
      ##SPC44##
PAL  is reduced to the corresponding secondary alcohol. The --OH in that group
      is replaced by fluoro by known methods.
PAR  Another preference mentioned above is that the 1-position of G in the
      formula XVI-to-XXXI compounds be mono- or di-substituted with alkyl of one
      to 4 carbon atoms, particularly methyl or ethyl. In the steps of the
      synthesis shown in Charts D and E, G is then G'" --CR.sub.21 R.sub.22 --
      wherein R.sub.21 and R.sub.22 are methyl or ethyl and G'" is preferably
      alkyl of 2 to 6 carbon atoms or
      ##SPC45##
PAL  wherein k is zero, one, 2, or 3. Thus, in preparing the formula-XLIII
      intermediate olefin, a Wittig reagent is prepared from a halo compound of
      the general formula G'" --CR.sub.21 R.sub.22 --CR.sub.2 H--Hal wherein Hal
      is chloro or bromo. These compounds are known in the art or can be
      prepared by methods known in the art, including those methods described
      above.
PAR  For example, when G'" is CH.sub.3 (CH.sub.2).sub.3 --, R.sub.2 and R.sub.21
      are hydrogen, and R.sub.22 is methyl, there is employed 1-bromo(or
      -chloro)-2-methylhexane. If the halo compound is not available, the
      corresponding carboxylic acid is transformed to the alcohol and thence to
      the halide. Thus, 2,2-diethylvaleric acid yields
      1-bromo-2,2-diethylpentane, wherein G'" is CH.sub.3 (CH.sub.2).sub.2 --,
      R.sub.2 is hydrogen, and R.sub.21 and R.sub.22 are ethyl.
PAR  2-Ethylhexanoic acid yields 3-chloromethylheptane, wherein G'" is CH.sub.3
      (CH.sub.2).sub.3 --, R.sub.2 and R.sub.21 are hydrogen, and R.sub.22  is
      ethyl. 2-Ethyl-2-methylhexanoic acid yields
      3-bromo-methyl-3-methylheptane, wherein G'" is CH.sub.3 (CH.sub.2).sub.3
      --, R.sub.2 is hydrogen, R.sub.21 is methyl, and R.sub.22 is ethyl.
      2-Phenylpropionic acid yields 1-bromo-2-phenylpropane, wherein G'" is
      phenyl, R.sub.2 and R.sub.21 are hydrogen, and R.sub.22 is methyl.
      2-Methyl-2-phenylbutyric acid yields 1-bromo-2-methyl-2-phenylbutane,
      wherein G'" is phenyl, R.sub.2 is hydrogen, R.sub.21 is methyl, and
      R.sub.22 is ethyl. 2-Methyl-4-(2,4,5-trimethoxyphenyl)butyric acid yields
      1-chloro-2-methyl-4-(2,4,5-trimethoxyphenyl)butane, wherein G'" is
      (2,4,5-trimethoxyphenyl)ethyl, R.sub.2 and R.sub.21 are hydrogen, and
      R.sub.22 is methyl.
PAR  Mono-alkyl substituted alkanoic acids useful for preparing the above halo
      intermediates are prepared by alkylation of an .alpha.-keto acid, G'"
      --CO--COOH, e.g.
      ##SPC46##
PAL  (prepared via the acid chloride and thence the nitrile) by means of a
      Grignard reagent, R.sub.22 MgHal for example.
PAR  The transformation of bicyclo-ketone-olefin XLIII to glycol LI is carried
      out by reacting olefin XLIII with a hydroxylation reagent. Hydroxylation
      reagents and procedures for this purpose are known in the art. See, for
      example, Gunstone, Advances in Organic Chemistry, Vol. I, pp. 103-147,
      Interscience Publishers, New York, N.Y. (1960). Especially useful
      hydroxylation reagents for this purpose are osmium tetroxide and performic
      acid (formic acid plus hydrogen peroxide). Various isomeric glycols are
      obtained depending on such factors as whether olefin XLIII is cis or trans
      and endo or exo, and whether a cis or a trans hydroxylation reagent is
      used. These various glycol mixtures can be separated into individual
      isomers by silica gel chromatography. However, this separation is usually
      not necessary, since all isomers of particularly glycol are equally useful
      as intermediates according to this invention and the processes outlined in
      Chart D to produce final products of formulas XL and XLI, and then,
      according to Chart A, B, and C to produce the other final products of this
      invention.
PAR  The transformation of glycol LI to the cyclic ketal of formula XXXVI (Chart
      D) is carried out by reacting said glycol with a dialkyl ketone of the
      formula
      ##EQU18##
      wherein R.sub.11 and R.sub.12 are alkyl of one to 4 carbon atoms,
      inclusive, in the presence of an acid catalyst, for example potassium
      bisulfate or 70% aqueous perchloric acid. A large excess of the ketone and
      the absence of water is desirable for this reaction. Examples of suitable
      dialkyl ketones are acetone, methyl ethyl ketone, diethyl ketone, methyl
      propyl ketone, and the like. Acetone is preferred as a reactant in this
      process.
PAR  Referring again to Chart D, cyclic ketal XXXVI is transformed to cyclic
      ketal XXXVII by alkylating with an alkylation agent of the formula
      ##EQU19##
      wherein R.sub.10, R.sub.26, and J' are as defined above, and Hal is
      chlorine, bromine, or iodine. Similarly, referring to Chart E, olefin
      XLIII is transformed to olefin XLIV by alkylating with an alkylation agent
      of the formula
      ##EQU20##
      wherein R.sub.10, R.sub.26, Z', and Hal are as defined above.
PAR  Any of the alkylation procedures known in the art to be useful for
      alkylating cyclic ketones with alkyl halides and haloalkanoic esters are
      used for the transformations of XXXVI to XXXVII and of XLIII to XLIV. See,
      for example, the above-mentioned Belgian Pat. No. 702,477 for procedures
      useful here and used there to carry out similar alkylations, e.g.,
      employing the bicyclo enamines.
PAR  For these alkylations, it is preferred that Hal be bromo or iodo. Any of
      the usual alkylation bases, e.g., alkali metal alkoxides, alkali metal
      amides, and alkali metal hydrides, are useful for this alkylation. Alkali
      metal alkoxides are preferred, especially tert-alkoxides. Sodium and
      potassium are preferred alkali metals. Especially preferred is potassium
      tert-butoxide. Preferred diluents for this alkylation are tetrahydrofuran
      and 1,2-dimethoxyethane. Otherwise, procedures for producing and isolating
      the desired formula-XXXVII and -XLIV compounds are within the skill of the
      art.
PAR  These alkylation procedures produce mixtures of alpha and beta alkylation
      products, i.e. a mixture of formula XXXVII products wherein part has the
      --CHR.sub.26 --J'--COOR.sub.10 moiety attached in alpha configuration, and
      wherein part has that moiety attached in beta configuration, or a mixture
      of the formula-XLIV products with the --CHR.sub.26 --Z'--COOR.sub.10
      moiety in both alpha and beta configurations. When about one equivalent of
      base per equivalent of formula-XXXVI or -XLIII ketone is used, the alpha
      configuration usually predominates. Use of an excess of base and longer
      reaction times usually result in production of larger amounts of beta
      products. These alpha-beta isomer mixtures are separated at this stage or
      at any subsequent stage in the multi-step processes shown in Charts D and
      E. Silica gel chromatography is preferred for this separation.
PAR  The necessary alkylating agents for the above-described alkylations, e.g.
      compounds of the formulas
      ##EQU21##
      are prepared by methods known in the art. There are four groups of
      compounds encompassed by these two genera of alkylating agents.
PAR  Alkylating agents of the formula
      ##EQU22##
      include compounds of the formulas:
      ##SPC47##
PAR  Alkylating agents of the formula
      ##EQU23##
      include the above-listed compounds of formuls LIII and LIV, and also
      compounds of the following formulas
      ##SPC48##
PAR  These alkylating agents of formulas LIII to LVI are accessible to those of
      ordinary skill in the art. In one route, the
      ##EQU24##
      compounds are obtained from aldehyde or ketone reactants by a series of
      transformations as follows:
      ##EQU25##
      For example, methyl m-formylphenoxyacetate on reduction with sodium
      borohydride yields methyl m-(hydroxymethyl)-phenoxyacetate, which in turn
      is transformed to the formula-LIX compound, methyl
      m-(chloromethyl)phenoxyacetate, with thionyl chloride.
PAR  Those formula-LVII or formula-LVIII reactants which are not commercially
      available are advantageously prepared by adaptation of the Williamson
      ether syntheses, e.g. employing a hydroxy reactant and a halo-substituted
      acid or ester. Thus, the reaction
      ##SPC49##
PAL  wherein Hal is chloro, bromo, or iodo, preferably iodo, proceeds in the
      presence of strong base, for example sodium hydride when R.sub.1 is a
      carbon-containing group, and lithium diisopropyl amide when R.sub.1 is
      hydrogen. Within the definitions of C.sub.g H.sub.2g, C.sub.p H.sub.2p,
      and C.sub.q H.sub.2q, suitable reactants are readily available or are
      prepared by methods known to those skilled in the art.
PAR  Thus, when R.sub.26 is hydrogen, and considering the variations of C.sub.g
      H.sub.2g and C.sub.p H.sub.2p, the aldehyde reactants include (o, m, or
      p)-hydroxybenzaldehyde, (o, m, or p-hydroxyphenyl)acetaldehyde, (o or
      p)-hydroxyhydrocinnamaldehyde, 4-(o or p-hydroxyphenyl)butyraldehyde,
      o-(2-hydroxyethyl)-benzaldehyde, and the like. Other aldehyde reactants
      are also accessible by methods known to those skilled in the art. For
      example, (o, m, or p-hydroxyethyl)benzaldehydes are obtained from (o, m,
      or p)-bromostyrene by the series of reactions:
      ##SPC50##
PAL  The reaction with ethylene oxide is carried out on a Grignard reagent
      prepared from the bromostyrene and magnesium. Substituted ethylene oxides
      are used to obtain substituted C.sub.p H.sub.2p chains, e.g. propylene
      oxide, 1,2-epoxy-2-methylpropane, 1,2-epoxybutane,
      1,2-epoxy-2,3-dimethylbutane, and the like. Instead of using ozone to form
      the aldehyde, hydroxylation and oxidation with osmium tetroxide and
      periodic acid are optional (see J. Org. Chem. 21, 478, 1956).
PAR  Compounds with C.sub.g H.sub.2g chains are obtained by replacing
      ##SPC51##
PAL  with
      ##SPC52##
PAL  e.g. 1-allyl-4-bromobenzene 1-allyl-2-chlorobenzene, 4-(o, m, or
      p-chlorophenyl)-1-butene, and the like. Compounds with C.sub.p H.sub.2p
      chains are obtained by replacing ethylene oxide with suitable alkylating
      agents, e.g. trimethylene oxide, 1,3-epoxybutane, 1,3-epoxy-3-methylbutane
      and the like, or suitable reactions steps.
PAR  Other variations of the above reactions and reactants will be apparent to
      those skilled in the art. Thus, an alkene-substituted phenol is condensed
      with a halo-substituted acid or ester and thereafter transformed as an
      aldehyde to the halo alkylating agent within the scope of formula LIX by
      the following steps:
      ##SPC53##
PAR  Available for this series of reactions are (o, m, or p)-vinylphenol,
      p-allylphenol, 4-(o, m, or p-hydroxyphenyl)-1-butene, and the like.
PAR  Alternatively, a haloalkylphenol is condensed with a halo-substituted acid
      or ester by the reaction:
      ##SPC54##
PAL  Available are p-(2-bromoethyl)phenol, p-(3-bromobutyl)-phenol, and the
      like.
PAR  Considering the halo-substituted acid or ester reactants in the above ether
      syntheses and the variations of C.sub.q H.sub.2q, there are a wide variety
      of reactants available, which will lead to the desired formula-LIX
      alkylating agent. For example:
      ##EQU26##
      wherein R.sub.23 is hydrogen or alkyl of one to 5 carbon atoms, inclusive;
      Br--(CH.sub.2).sub.2 --COOH, Br--C(CH.sub.3).sub.2 --COOH, Br--C(C.sub.2
      H.sub.5).sub.2 --COOH, BrC(CH.sub.3)(C.sub.2 H.sub.5)--COOH,
      Br--CH(CH.sub.3)--CH.sub.2 --COOH, Br--(CH.sub.2).sub.3)--COOCH.sub.3,
      Cl--CH(C.sub.2 H.sub.5)--CH.sub.2 --COOCH.sub.3, Cl--CH(n--C.sub.3
      H.sub.7)--CH.sub.2 --COOCH.sub.3, Br--CH(CH.sub.3)--(CH.sub.2).sub.2
      --COOC.sub.2 H.sub.5, Br--CH(CH.sub.3)--CH.sub.2
      --CH(CH.sub.3)--COOC.sub.2 H.sub.5,
      Br--CH(CH.sub.3)--CH(CH.sub.3)--CH.sub.2 --COOC.sub.2 H.sub.5,
      Br--C(CH.sub.3).sub.2 --CH.sub.2 --CH(CH.sub.3)--COOC.sub.2 H.sub.5,
      Cl--CH(n--C.sub.4 H.sub.9)--CH.sub.2 --COOC.sub.2 H.sub.5,
      Cl--C(CH.sub.3).sub.2 --CH.sub.2 --COOC.sub.2 H.sub.5, Br--CH(n--C.sub.2
      H.sub.7)--(CH.sub.2).sub.2 --COOH, and Cl--CH(C.sub.2 H.sub.5)--(CH.sub.
      2).sub.2 --COOH are available. The preferred iodo reactants are obtained
      by methods known to those skilled in the art.
PAR  When C.sub.q H.sub.2q has two alkyl groups attached to the .omega. or
      .omega.-1 carbon atom of the halo-substituted acid or ester reactants, it
      is preferred that halo be replaced with mesyloxy or tosyloxy prior to the
      ether synthesis, and that relative mild bases and reaction conditions be
      used, for example, potassium tert-butoxide in dimethyl sulfoxide.
PAR  In another route to the formula-LIX alkylating agents, the Williamson ether
      synthesis employs hydroxy-esters or acids of the formula HO--C.sub.q
      H.sub.2q --COOR.sub.1 for condensation with halo-substituted reactants as
      follows:
      ##SPC55##
PAR  For example, .alpha.,.alpha.'-dibromo-o-xylene is contacted with ethyl
      glycolate in the presence of sodium hydride to yield ethyl
      O-(bromomethyl)-benzyloxyacetate.
PAR  Typical halo reactants which are useful for this reaction are
      .alpha.-bromo-(o, m, or p)-chlorotoluene, 1-bromo-(2 or
      3)-(2-bromoethyl)benzene, 1-(3-bromopropyl)-(1 or 2)-chlorobenzene, and
      1-(4-bromobutyl)-1-chlorobenzene.
PAR  When C.sub.p H.sub.2p has two alkyl groups attached to the carbon atom to
      which Hal is attached, it is preferred that this Hal be replaced with
      mesyloxy or tosyloxy prior to the ether synthesis and that relatively mild
      bases and reaction conditions be used.
PAR  Considering the hydroxy acid or ester reactants, there are available a wide
      range of suitable compounds within the scope of HO--C.sub.q H.sub.2q
      --COOR.sub.1 which will lead to the desired formula-LIX alkylating agent.
      For example: HOCH(CH.sub.3)--COOCH.sub.3, HOC(CH.sub.3).sub.2 --COOH,
      HOCH(C.sub.2 H.sub.5)--COOH, HOC(CH.sub.3)(C.sub.2 H.sub.5)--COOH,
      HO(CH.sub.2).sub.2 --COOC.sub.2 H.sub.5, HOCH(CH.sub.3)--CH.sub.2 --COOH,
      HOCH(n--C.sub.3 H.sub.7)--COOH, HOC(n--C.sub.3 H.sub.7)(CH.sub.3)--COOH,
      HOCH(C.sub.2 H.sub.5)--CH.sub.2 --COOH, HOCH(CH.sub.3)--(CH.sub.2).sub.2
      --COOH, HOCH(n-C.sub.4 H.sub.9)--COOH, HOC(n-C.sub.4
      H.sub.9)(CH.sub.3)--COOH, HOCH(n-C.sub.3 H.sub.7)--CH.sub.2
      --COOCH.sub.3,HOCH(C.sub.2 H.sub.5)--(CH.sub.2).sub.2 --COOH,
      HOCH(n-C.sub.5 H.sub.11)--COOH, HOCH(n-C.sub.4 H.sub.9)--CH.sub.2 --COOH,
      HOCH(n-C.sub.3 H.sub.7)--(CH.sub.2).sub.2 --COOH are available.
PAR  When a formula-LIX alkylating agent is desired in which there are two alkyl
      substituents on both carbon atoms attached to the oxa --O--, it is
      preferred that, if the halo-acid route be used, the halo atom on the acid
      be chloro and that freshly precipitated wet magnesium hydroxide in an
      inert solvent suspension be used as the base; and if the hydroxy-acid
      route be used, the --C.sub.p H.sub.2p --Hal group is preferrably --C.sub.p
      H.sub.2p --Cl. If the hydroxy-acid route is used with --C.sub.p H.sub.2p
      --l, silver oxide is used as the base.
PAR  The alkylating agents of formulas LIII to LVI are esters. Any of the above
      acid forms are readily converted to esters. Variations in R.sub.10 within
      the definition of R.sub.10 herein are readily made by methods known in the
      art. The ester moiety is chosen according to the desired type of final
      oxa-phenylene PG-type product.
PAR  Formula-LVII aldehyde reactants which lead to the formula LIX alkylating
      agents are also obtained by reaction of halo-substituted aldehydes with
      hydroxy acids or ester reactants. Thus, there are employed
      o-(bromomethyl)benzaldehyde, p-chlorohydratropaldehyde, and the like.
PAR  When R.sub.26 is alkyl, the formula
      ##EQU27##
      alkylating agents are prepared from the corresponding reactants wherein
      R.sub.26 is methyl, ethyl, propyl, or butyl, or their isomers. For example
      m-bromo-.alpha.-methylstyrene reacts as follows:
      ##SPC56##
PAL  Typical halo-substituted ketones available for this purpose include (2',
      3', or 4')-(bromo, chloro, or iodo)-acetophenone, (3' or
      4')-bromopropiophenone, (3' or 4')-chlorobutyrophenone, and 4'-(bromo or
      chloro)-valerophenone. Other reactants leading to the R.sub.26
      (alkyl)-substituted formula-LIX alkylating agents are accessible to those
      skilled in the art.
PAR  Although the above methods are generally useful for preparing alkylating
      agents within the scope of formulas
      ##EQU28##
      above, there are preferred methods for preparing the formula-LIV compounds
      containing the --C.tbd.--C.sub.j H.sub.2j -- moiety.
PAR  Considering the compounds of the formula
      ##SPC57##
PAL  there is employed as starting material (o, m, or p-)vinylanisole in the
      following series of transformations:
      ##SPC58##
PAL  Herein, THP represents tetrahydropyranyl and R.sub.28 represents
      ##SPC59##
PAL  The reagents and conditions for bringing about these transformations are
      known to those skilled in the art. Thus, in step a, reacting first with
      bromine and then with sodium amide in liquid ammonia yields the acetylenic
      derivative (see J. Am. Chem. Soc. 56, 2064, 1934). Step b utilizes boron
      tribromide for example. Step c proceeds either with ethylene chlorohydrin
      and a strong base, e.g., NaOH or KOH, followed by dihydropyran in the
      presence of an acid catalyst, or with the tetrahydropyranyl ether of the
      chlorohydrin and a strong base. Step d utilizes R.sub.26 COCl in the
      presence of a strong base, e.g., sodium amide, phenyllithium, or sodium
      triphenylmethane. Alternatively, if R.sub.26 is desirably hydrogen,
      paraformaldehyde is employed (see J. Am. Chem. Soc. 92, 6314 (1970). The
      reaction in step e is done with a metal hydride, e.g., sodium borohydride.
      In step f thionyl chloride yields the formula-LX chloro compounds.
      Finally, in step g the THP moiety is selectively removed by mild
      hydrolysis in acid medium and the terminal --CH.sub.2 OH moiety is
      oxidized to --COOH, e.g. with the Jones reagent. The alkylating agent is
      converted by known means to an ester, as defined by R.sub.10, to yield the
      desired compounds.
PAR  Considering the compounds of the formula
      ##SPC60##
PAL  the above series of transformations are used, except that in step c
      ClCH.sub.2 CH.sub.2 OH is replaced by Cl--C.sub.q H.sub.2q --CH.sub.2 OH.
      There are obtained in step f compounds of the formula
      ##SPC61##
PAL  wherein C.sub.q H.sub.2q, Hal, R.sub.26 and THP are as defined above.
      Thereafter these formula-LXI compounds are transformed as in step g above
      to the desired compounds.
PAR  Considering the compounds of the formula
      ##SPC62##
PAL  there are employed as starting materials the ar-halostyrenes. These are
      transformed by the following steps:
      ##SPC63##
PAL  Thereafter, these formula-LXII compounds are transformed as in step g above
      to the desired compounds. In step a, the halo compounds are converted to a
      Grignard reagent with magnesium and thence reacted with ethylene oxide. In
      step b, the hydroxy group is converted to --OTHP with dihydropyran, the
      acetylenic moiety is formed as in step a leading to the formula-LX
      compounds above, and the THP moiety removed by mild acid hydrolysis. In
      step c, the chain is extended by reaction with Hal--CH.sub.2 CH.sub.2 OH,
      preferably the bromo or iodo derivatives, in the presence of strong base,
      e.g., phenyl lithium, sodium triphenylmethane, or sodium hydride.
      Thereafter, in step d the transformations follow the general scheme of
      steps d-f leading to the formula-LX compound to yield the formula-LXII
      compounds. Transformation as in step g above yields the desired compounds.
PAR  Considering the compounds of the formula
      ##SPC64##
PAL  the series of transformations in the paragraph immediately preceeding are
      used, except that in step c Hal--CH.sub.2 CH.sub.2 OH is replaced by
      Hal--C.sub.q H.sub.2q --CH.sub.2 OH. There are obtained in step d
      compounds of the formula
      ##SPC65##
PAL  These formula-LXIII compounds are transformed as in step g above to the
      desired esters.
PAR  Considering the compounds of the formula
      ##SPC66##
PAL  there are employed as starting materials anisolyl aliphatic acids, e.g.,
      anisolylacetic acid, in the following steps:
      ##SPC67##
PAL  In step a, the carboxyl group is reduced with a metal hydride, e.g. lithium
      aluminum hydride. In step b, where Ts represents the toluenesulfonyl
      ("tosyl") moiety, the reaction is carried out with toluenesulfonyl
      chloride and pyridine. In step c, the acetylenic moiety is introduced with
      lithium acetylide (see J. Am. Chem. Soc. 80, 6626, 1958) to yield the
      formula-LXIV intermediates. Subsequent steps in d to form the formula-LXV
      compounds follow from steps b-f for the formula-LX compounds above.
      Finally, the formula-LXV compounds are transformed as in step g above to
      the desired esters.
PAR  Considering the compounds of the formula
      ##SPC68##
PAL  there are employed as starting materials benzenedialiphatic acids, e.g.,
      benzenediacetic acid, in the following steps:
      ##SPC69##
PAL  In step a, the carboxyl groups are reduced with a metal hydride, e.g.
      lithium aluminum hydride. In step b, reaction with toluenesulfonyl halide
      yields the bistosyl derivative. In step c one tosyloxy group is replaced
      by reaction with HO--C.sub.q H.sub.2q --CH.sub.2 OTHP in the presence of
      sodium hydride in an inert solvent, e.g. dimethyl formamide. In step d,
      the acetylenic moiety is introduced as in forming the formula-LXIV
      compounds above. Subsequent steps in e to form the formula-LXVI compounds
      follow from steps b-f for the formula-LX compounds above. Finally, the
      formula-LXVI compounds are transformed as in step g above to the desired
      esters.
PAR  Variations in the above formula LX-to-LXVI compounds and their
      corresponding ester alkylating agents as to chain length or branching in
      the C.sub.g H.sub.2g, C.sub.j H.sub.2j, C.sub.p H.sub.2p, and C.sub.q
      H.sub.2q moieties and as to the identity of R.sub.1 or R.sub.26, within
      the scope of these terms as herein defined, are available to those skilled
      in the art making use of the principles disclosed herein.
PAR  Other modifications which are encompassed within this disclosure include
      the use of alkylating agents wherein Hal is replaced by
      hydrocarbonsulfonyl, e.g. tosyl or mesyl (methanesulfonyl) groups.
      Furthermore, the formula-LX, -LXI, -LXII, -LXIII, -LXV, and -LXVI
      compounds are alternatively employed as alkylating agents, instead of the
      corresponding esters, and the alkylated formula-XXXVI and -XLIII compounds
      subsequently converted to the desired formula-XXXVII and -XLIV compounds
      by mild hydrolysis to remove the THP moiety, oxidation to convert the
      --CH.sub.2 OH moiety to --COOH, and, optionally, esterification to the
      desired R.sub.1 identity.
PAR  The cis and trans ethylenic alkylating agents of formulas LV and LVI above
      are preferably prepared by cis or trans reduction of the corresponding
      formula-LIV acetylenic compounds prepared as above, or by cis or trans
      reduction of any earlier acetylenic intermediate in which both ends of the
      acetylenic bond are substituted, i.e., not hydrogen as in the moiety
      HC.tbd.C--. Alternatively, this cis or trans reduction is carried out on
      any subsequent acetylenic reaction product leading up to and including the
      final acetylenic alkylating agent of formula LIV.
PAR  For these cis reductions of acetylenic bonds, it is advantageous to use
      hydrogen plus a catalyst which catalyzes hydrogenation of --C.tbd.C-- only
      to cis --CH=CH--. Such catalysts and procedures are well known to the art.
      See, for example, Fieser et al., "Reagents for Organic Syntheses", pp.
      566-567; John Wiley and Sons, Inc., New York, N.Y. (1967). Palladium (5%)
      on barium sulfate, especially in the presence of pyridine as a diluent, is
      a suitable catalyst for this purpose. Alternative reagents useful to
      transform these acetylenic compounds to cis-ethylenic compounds are
      bis(3-methyl-2-butyl)borane ("disiamylborane") and diisobutyl-aluminum
      hydride.
PAR  For trans reductions of the acetylenic bond, except for those compounds
      containing halogen, it is advantageous to use sodium or lithium in liquid
      ammonia or a liquid alkylamine, e.g., ethylamine. When the moiety
      HO--CH.sub.2 --C.tbd.C-- is present in the acetylenic compound being
      reduced, the use of lithium aluminum hydride gives trans reduction of the
      triple bond. Procedures for these trans reductions are known in the art.
      See, for example, Fieser et al., above cited, pp. 577, 592-594, and 603,
      and J. Am. Chem. Soc. 85, 622 (1963).
PAR  The alkylating agents of the formulas
      ##SPC70##
PAL  are available by methods known to those skilled in the art.
PAR  Thus, the above-described intermediates within the scope of
      ##SPC71##
PAL  are transformed to the phosphoranes and condensed with halo-substituted
      ketones of the formula
      ##EQU29##
      wherein THP is tetrahydropyranyl, by the Wittig reaction (Organic
      Reactions, Vol. 14, p. 270, Wiley, 1965). Mixtures of the cis and trans
      isomers of formulas LXVII and LXVIII are usually obtained, which are
      separable by methods known in the art. Higher proportions of the cis
      isomers are obtained in the presence of Lewis bases; higher proportions of
      the trans isomers result by employing the phosphonate modification (D. H.
      Wadsworth et al., J. Org. Chem. 30, 680 (1965)). Thereafter, hydrogen on
      the terminal carboxyl group is replaced with R.sub.10, THP is replaced
      with hydrogen, and the terminal hydroxyl group replaced with Hal, for
      example with PBr.sub.3 or PCl.sub.3.
PAR  Alternatively, an intermediate of the formula
      ##SPC72##
PAL  is condensed by the Wittig reaction with a phosphorane or phosphonate
      derived from
      ##EQU30##
      Subsequently, the terminal hydroxy group is replaced with Hal by suitable
      reagents, for example PBr.sub.3 or PCl.sub.3.
PAR  Concerning the alkylation of the cyclopentane ring, another useful
      alkylation procedure utilizes an intermediate enamine. That enamine is
      prepared by mixing either the formula-XXXVI ketal or the formula-XLIII
      olefin ketone with a secondary amine of the formula
      ##EQU31##
      wherein R.sub.24 and R.sub.25 are alkyl or alkylene linked together
      through carbon or oxygen to form together with a nitrogen a 5 to
      7-numbered heterocyclic ring. Examples of suitable amines are
      diethylamine, dipropylamine, dibutylamine, dihexylamine, dioctylamine,
      dicyclohexylamine, methylcyclohexylamine, pyrrolidine,
      2-methylpyrrolidine, piperidine, 4-methylpiperidine, morpholine,
      hexamethylenimine, and the like.
PAR  The enamine is prepared by heating a mixture of the formula-XXXVI ketal or
      the formula-XLIII olefin ketone with an excess of the amine preferably in
      the precense of a strong acid catalyst such as an organic sulfonic acid,
      e.g., p-toluenesulfonic acid, or an inorganic acid, e.g., sulfuric acid.
      It is also advantageous to carry out this reaction in the presence of a
      water-immiscible diluent, e.g., benzene or toluene, and to remove water by
      azeotropic distillation as it is formed during the reaction. Then, after
      water formation ceases, the enamine is isolated by conventional methods.
PAR  The enamine is then reacted with a haloester,
      ##EQU32##
      to give the desired formula-XXXVII or -XLIV product. This reaction of the
      enamine is carried out by the usual procedures. See "Advances in Organic
      Chemistry," Interscience Publishers, New York, N.Y., Vol. 4, pp. 25-47
      (1963) and references cited therein. In addition to halogen, R.sub.29 in
      ##EQU33##
      can also be tosylate, mesylate, and the like. It is especially preferred
      that R.sub.29 be bromine or iodine. Dimethylsulfoxide is especially useful
      as a diluent in the reaction of the enamine with the haloester.
PAR  Referring again to Chart D, after alkylation as discussed above, cyclic
      ketal XXXVII is transformed to glycol XXXVIII by reacting the cyclic ketal
      with an acid with pK less than 5. Suitable acids and procedures for
      hydrolyzing cyclic ketals to glycols are known in the art. Suitable acids
      are formic acid, hydrochloric acid, and boric acid. Especially preferred
      as diluents for this reaction are tetrahydrofuran and
      .beta.-methoxyethanol.
PAR  Referring again to Chart E, after alkylation as discussed above, olefin
      XLIV is hydroxylated to glycol XLV. As discussed above, the divalent
      moiety --Z'-- includes the moieties
      ##SPC73##
PAL  and
      ##SPC74##
PAL  wherein C.sub.g H.sub.2g, C.sub.j H.sub.2j and C.sub.q H.sub.2q are as
      defined above. When Z' is
      ##SPC75##
PAL  this hydroxylation of XLIV is carried out as described above for the
      hydroxylation of olefin XLIII to glycol LI, i.e., with any of the known
      reagents and procedures described in Gunstone, above cited. When Z' is
      ##SPC76##
PAL  some of the reagents and procedures described by Gunstone tend to attack
      the acetylenic linkage as well as the ethylenic linkage of the
      formula-XLIV olefin. Therefore it is preferred to use a hydroxylation
      reagent and procedure which attacks the ethylenic linkage preferentially.
      For this, it is preferred to carry out hydroxylation of these acetylenic
      formula-XLIV olefins with organic peracids, e.g., performic acid,
      peracetic acid, perbenzoic acid, and m-chloro-perbenzoic acid, as
      described by Gunstone, above cited, pp. 124-130.
PAR  As discussed above regarding the hydroxylation of unalkylated olefin XLIII
      to unalkylated glycol LI, various isomeric glycols are obtained by
      hydroxylation of the formula-XLIV alkylated olefin. The particular
      formula-XLV glycol or glycol mixture obtained depends on such factors as
      whether the olefin XLIV is cis or trans and endo or exo, and whether a cis
      or a trans hydroxylation takes place. However, all of the isomeric
      formula-XLIV glycols and the various glycol mixtures are equally useful as
      intermediates according to this invention and the processes of Chart E to
      produce final products of formulas XLVII and XLVIII, and then according to
      Charts A, B, and C, to produce the other final products of this invention.
      Therefore, it is usually not necessary to separate individual formula-XLV
      glycol isomers before proceeding further in the synthesis, although that
      separation can be accomplished by silica gel chromatography.
PAR  It is preferred that glycols XXXVIII and XLV of Charts D and E,
      respectively, be free of phenolic hydroxyl substituents before the
      alkanesulfonation step. If any of the intermediate formula-XXXVIII or
      formula-XLV compounds have phenolic hydroxyls, these hydroxyls are readily
      converted to tetrahydropyranyloxy (OTHP) by reaction with dihydropyran,
      e.g. in the presence of a catalytic amount of POCl.sub.3. The --OTHP group
      is subsequently replaced by OH under mildly acidic conditions.
PAR  Referring again to Charts D and E, bis(alkanesulfonic acid) esters XXXIX
      and XLVI are prepared by reacting glycols XXXVIII and XLV, respectively,
      with an alkanesulfonyl chloride or bromide, or with an alkanesulfonic acid
      anhydride, the alkyl in each containing one to 5 carbon atoms, inclusive.
      Alkanesulfonyl chlorides are preferred for this reaction. The reaction is
      carried out in the presence of a base to neutralize the byproduct acid.
      Especially suitable bases are tertiary amines, e.g., dimethylaniline or
      pyridine. It is usually sufficient merely to mix the two reactants and the
      base, and maintain the mixture in the range 0.degree. to 25.degree.C. for
      several hours. The formula-XXXIX and XLVI bis(sulfonic acid) esters are
      then isolated by procedures known to the art.
PAR  Referring now to Chart D, bis(sulfonic acid) esters XXXIX are transformed
      either to oxa-phenylene PGE-type compounds XL, or to oxa-phenylene
      PGA-type compounds XLI. Referring to Chart E, bis(sulfonic acid) esters
      XLVI are transformed either to oxa-phenylene PGE-type compounds XLVII, or
      to oxa-phenylene PGA-type compounds XLVIII.
PAR  The transformations of XXXIX and XLVI to the PGE-type compounds XL and
      XLVII, respectively, are carried out by reacting bis-esters XXXIX and XLVI
      with water in the range about 0.degree. to about 60.degree.C. In making
      the oxa-phenylene PGE.sub.1 compounds, 25.degree. C. is a suitable
      reaction temperature, the reaction then proceeding to completion in about
      5 to 20 hours. It is advantageous to have a homogenous reaction mixture.
      This is accomplished by adding sufficient of a water-soluble organic
      diluent which does not enter into the reaction. Acetone is a suitable
      diluent. The desired product is isolated by evaporation of excess water
      and diluent if one is used. The residue contains a mixture of formula-XL
      or formula-XLVII C-15 epimers which differ in the configuration of the
      side chain hydroxy, that being either "natural" or "epi," i.e. .alpha. or
      .beta.. These are separated from by-products and from each other by silica
      gel chromatography. A usual by-product is the mono-sulfonic acid ester of
      formula XLII (Chart D) or formula XLIX (Chart E). These mono-sulfonic acid
      esters are esterified to the formula-XXXIX or -XLVI bis(sulfonic acid)
      esters, respectively, in the same manner described above for the
      transformation of glycol XXXVIII or XLV to bis-ester XXXIX or XLVI and
      thus are recycled back to additional formula-XL or -XLVII final product.
PAR  The transformations of XXXIX and XLVI to the PGA type compounds XLI and
      XLVIII, respectively, are carried out by heating bis-esters XXXIX and XLVI
      in the range 40.degree. to 100.degree. C. with a combination of water, a
      base characterized by its water solution having a pH 8 to 12, and
      sufficient inert water-soluble organic diluent to form a basic and
      substantially homogenous reaction mixture. A reaction time of one to 10
      hours is usually used. Preferred bases are the water-soluble salts of
      carbonic acid, especially alkali metal bicarbonates, e.g., sodium
      bicarbonate. A suitable diluent is acetone. The products are isolated and
      separated as described above for the transformation of bis-esters XXXIX
      and XLVI to PGE-type products XL and XLVII. The same mono-sulfonic acid
      esters XLII and XLIX observed as by-products in thos transformations are
      also observed during preparation of PGA-type products XLI and XLVIII.
PAR  For the transformations of bis(sulfonic acid) esters XXXIX and XLVI to
      final products XL, XLI, XLVII, and XLVIII, it is preferred to use the
      bis-mesyl esters, i.e., compounds XXXIX and XLVI wherein R.sub.13 is
      methyl.
PAR  Referring again to Charts D and E, the configuration of the
      ##EQU34##
      moiety in the formula-XXXIX bis-esters or the configuration of the
      ##EQU35##
      moiety in the formula-XLVI bis-esters does not change during these
      transformations of XXXIX to XL, XLI, and XLII and of XLVI to XLVII,
      XLVIII, and XLIX. Therefore, when in formula XXXIX for example, J' is
      ##SPC77##
PAL  G' is --(CH.sub.2).sub.4 --CH.sub.3, and R.sub.2, R.sub.9 and R.sub.26 are
      hydrogen, natural- and epi-configuration
      3-oxa-4,5-inter-o-phenylene-PGE.sub.1 esters (XL) are obtained when
      ##EQU36##
      is attached initially (XXXIX) in alpha configuration, and natural- and
      epi-configuration 8-iso-3-oxa-4,5-inter-o-phenylene-PGE.sub.1 esters (XL)
      are obtained when that moiety is attached in beta configuration.
      Similarly, when in formula XXXIX, J' is
      ##SPC78##
PAL  is --(CH.sub.2).sub.4 --CH.sub.3, and R.sub.2, R.sub.9, and R.sub.26 are
      hydrogen, natural- and epi-configuration
      5,6-dehydro-3-oxa-4,5-inter-p-phenylene-PGE.sub.2 esters are obtained when
      ##EQU37##
      is attached initially in alpha configuration, and the corresponding 8-iso
      compounds are obtained when that moiety is attached in beta configuration.
      The same retention of
      ##EQU38##
      configuration occurs when formula-XLI and XLII compounds are produced, and
      a similar retention of
      ##EQU39##
      configuration occurs when formula-XLVII, XLVIII, and XLIX compounds are
      produced from formula-XLVI bi-esters.
PAR  The PGE.sub.3 -type oxa-phenylene compounds encompassed by formula XXXII
      are prepared by the transformations shown in Chart F, wherein C.sub.n
      H.sub.2n, M', Q, R.sub.2, R.sub.5, R.sub.9 R.sub.10 R.sub.13, THP, and
      .about. are as defined above.
      ##SPC79##
PAR  Starting material, previously discussed, is converted to the formula-LXIX
      compound by several steps known in the art, employing first a Wittig
      reaction of a phosphonium salt of a haloalkyne of the formula
      BR--CHR.sub.2 --C.sub.n H.sub.2n --C.tbd.C--R.sub.5 wherein C.sub.n
      H.sub.2n, R.sub.2, and R.sub.5 are as defined above. See, for example, U.
      Axen et al., Chem. Comm. 1969, 303, and ibid. 1970, 602.
PAR  Compound LXIX is then alkylated with an alkylation agent of the formula
      Hal--CH.sub.2 --C.tbd.C--M'--COOR.sub.10 wherein M', R.sub.10, and Hal are
      as defined above, i.e. M' is
      ##SPC80##
PAL  wherein C.sub.j H.sub.2j, C.sub.p H.sub.2p, and C.sub.q H.sub.2q are as
      defined above,R.sub.10 is the same as the definition of R.sub.1 except
      that R.sub.10 does not include hydrogen, and Hal is chloro, bromo, or
      iodo. These alkylating agents have been discussed above in connection with
      Charts D and E and the procedures for alkylation are similar to those
      employed in preparing the acetylenic compounds above. See also Axen et
      al., references cited.
PAR  Accordingly, for the preparation of
      3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.3 compounds of formula XXXII
      wherein C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds, there is
      used an alkylating agent of the formula
      ##SPC81##
PAL  prepared, for example, from compound LX as discussed above.
PAR  Referring again to Chart F, after alkylation, compound LXX is hydroxylated
      to glycol LXXI. Hydroxylation reagents and procedures for this purpose are
      known in the art. See also Axen et al., references cited.
PAR  Bis(alkanesulfonic acid) esters LXXII are prepared by reacting glycol LXXI
      with an alkanesulfonyl chloride or bromide, for example methanesulfonyl
      chloride in the presence of a tertiary amine, by methods known in the art.
PAR  Referring again to Chart F, bis(sulfonic acid) esters LXXII are transformed
      to oxa-phenylene bisdehydro PGE.sub.3 -type compounds LXXIII by reaction
      with water in the range about 0.degree. to about 60.degree. C., preferably
      in an acetone-water mixture, as known in the art and discussed
      hereinabove. See also Axen, references cited.
PAR  Transformation of LXXIII to the PGE.sub.3 -type compounds LXXIV is
      accomplished by hydrogenation of LXXIII using a catalyst which catalyzes
      hydrogenation of --C.tbd.C-- only to cis--CH=CH--, as known in the art and
      discussed hereinabove. Preferred is Lindlar catalyst in the presence of
      quinoline, see Axen, references cited.
PAR  The product is a mixture of formula-LXXIV C-15 epimers which are separated
      from by-products and from each other by silica gel chromatography.
PAR  The transformations of the formula-LXXIV PGE.sub.3 -type products to the
      corresponding PGF.sub.3, PGA.sub.3, and PGB.sub.3 products are carried out
      by the steps shown in Chart A, discussed hereinabove.
PAR  The formula-LX and XLVII oxa-phenylene PGE-type compounds and the
      formula-XLI and XLVIII oxa-phenylene PGA-type compounds shown in Charts D
      and E and the formula-LXXIV oxa-phenylene PGE.sub.3 -type compounds shown
      in Chart F are all R.sub.10 carboxylic acid esters, wherein R.sub.10 is as
      defined above. Moreover when those PGE-type and PGA-type R.sub.10 esters
      are used to prepare the other oxa-phenylene prostaglandin-like compounds
      according to Charts A, B, and C, corresponding R.sub.10 esters are likely
      to be produced, especially in the case of the oxa-phenylene PGF-type
      compounds. For some of the uses described above, it is preferred that the
      novel formula XVI-to-XXXV oxa-phenylene prostaglandin-like compounds of
      this invention be in free acid form, or in salt form which requires the
      free acid as a starting material. Likewise, when a formula XVI-to-XXXV
      oxa-phenylene prostaglandin-like compound is available as an ester, say
      the methyl ester, and another ester is desired, it is usually necessary to
      convert the available ester to the free acid form and from it prepare the
      desired ester. Esters are prepared by methods known in the art or
      described herein, for example by reaction with diazohydrocarbons.
PAR  The PGF-type esters of formulas XX-XXIII and XXXIII and the PGB-type
      compounds of formulas XXVIII-XXXI and XXXV are easily hydrolyzed or
      saponified to the free acids by the usual known procedures, especially
      when R.sub.1 (R.sub.10) is alkyl of one to 4 carbons, inclusive,
      preferably methyl or ethyl.
PAR  On the other hand, the PGE type esters of formulas XVI-XIX and XXXII and
      the PGA type esters of formulas XXIV-XXVII and XXXIV are difficult to
      hydrolyze or saponify without causing unwanted structural changes in the
      desired acids. There are two other procedures to make the free acid forms
      of these PGE- and PGA-type compounds.
PAR  One of those procedures is applicable mainly in preparing the free acids by
      subjecting their alkyl esters to the acylase enzyme system of a
      microorganism species of Subphylum 2 of Phylum III, and thereafter
      isolating the acid. See West Germany Offenlegungsschrift No. 1,937,678;
      Derwent Farmdoc No. 6863R. This enzymatic hydrolysis is also applicable to
      the above PGF- and PGB-type alkyl esters. Another method using an esterase
      enzyme composition from P. homomalla is described in U.S. Pat. No.
      3,761,356.
PAR  Another procedure for making the free acids of the above PGE- and PGA-type
      compounds involves treatment of certain haloethyl esters of those acids
      with zinc metal and an alkanoic acid of 2 to 6 carbon atoms, preferably
      acetic acid. Those haloethyl esters are the esters wherein R.sub.10 is
      ethyl substituted in the .beta.-position with 3 chloro, 2 or 3 bromo, or
      one, 2, or 3 iodo. Of those haloethyl moieties,
      .beta.,.beta.,.beta.-trichloroethyl is preferred. Zinc dust is preferred
      as the physical form of the zinc. Mixing the haloethyl ester with the zinc
      dust at about 25.degree. C. for several hours usually causes substantially
      complete replacement of the haloethyl moiety of the formula XVI-XIX,
      XXXII, XXIV-XXVII, and XXXIV ester with hydrogen. The free acid is then
      isolated from the reaction mixture by procedures known to the art. This
      procedure is also applicable to the production of PGF- and PGB-type free
      acids.
PAR  Formula-XXXVII cyclic ketals and formula XLIV olefins wherein R.sub.10 is
      haloethyl as above defined are necessary as intermediates for this route
      to the final PGE, PGF, PGA, and PGB type free acids. These formula-XXXVII
      and -XLIV haloethyl ester intermediates can be prepared by alkylation of
      cyclic ketal XXXVI (Chart D) or olefin XLIII (Chart E), respectively, with
      the appropriate formula LIII-to-LVI or LXVII-LXVIII alkylating agent
      wherein R.sub.10 is haloethyl as above defined. However, preferred routes
      of the formula-XXXVII and -XLIV haloethyl ester intermediates are shown in
      Charts G and H.
PAR  In Charts G and H, G, J', R.sub.2, R.sub.9, R.sub.26, R.sub.11, R.sub.12,
      Z', and .about. are as defined above. Haloethyl represents ethyl
      substituted in the .beta.-position with 3 chloro, or 2 or 3 bromo, or 1,
      2, or 3 iodo, preferably --CH.sub.2 CCl.sub.3. R.sub.15 represents alkyl
      of one to 4 carbon atoms, inclusive, preferably methyl or ethyl.
      ##SPC82##
      ##SPC83##
PAR  Compound LXXVI in Chart G is within the scope of compound XXXVII in Chart
      D. Compound LXXXII in Chart H is within the scope of compound XLIV in
      Chart E. These ketones LXXVI and LXXXII are reduced to corresponding
      hydroxy compounds LXXVII and LXXXIII, respectively, with a carbonyl
      reducing agent, e.g., sodium borohydride, as described above in discussion
      of Chart A. Then, hydroxy esters LXXVII and LXXXIII are saponified by
      known procedures to hydroxy acids LXXVIII and LXXXIV, respectively. These
      two hydroxy acids are transformed to keto haloethyl esters LXXXI and
      LXXXVI, respectively, by oxidation of the hydroxy group to keto and
      esterification of the carboxyl group to --COO-haloethyl. As shown in
      Charts G and H, these two reactions are carried out in either order.
      However, it is preferred to oxidize first and then esterify.
PAR  Hydroxy acids LXXVIII and LXXXIV are oxidized to keto acids LXXX and
      LXXXVI, respectively, and hydroxy haloesters LXXIX and LXXXV are oxidized
      to keto haloesters LXXXI and LXXXVII, respectively, by reaction with an
      oxidizing agent which does not attack other parts of these molecules,
      especially the cyclic ketal group of compounds LXXVIII and LXXIX or
      ethylenic linkage of compounds LXXIV and LXXXV. An especially useful
      reagent for this purpose is the Jones reagent, i.e., acidic chromic acid.
      Acetone is a suitable diluent for this purpose, and a slight excess of
      oxidant and temperatures at least as low as about 0.degree. C., preferably
      about -10.degree. to about -20.degree. C. should be used. The oxidation
      proceeds rapidly and is usually complete in about 5 to about 30 minutes.
      Excess oxidant is destroyed, for example, by addition of a lower alkanol,
      advantageously isopropyl alcohol, and the aldehyde is isolated by
      conventional methods, for example, by extraction with a suitable solvent,
      e.g., diethyl ether. Other oxidizing agents can also be used. Examples are
      mixtures of chromium trioxide and pyridine or mixtures of
      dicyclohexylcarbodiimide and dimethyl sulfoxide. See, for example, J. Am.
      Chem. Soc. 87, 5661 (1965).
PAR  Haloethyl esters LXXIX, LXXXI, LXXXV, and LXXXVII are prepared by reacting
      agents LXXVIII, LXXX, LXXXIV, and LXXXVI respectively, with the
      appropriate haloethanol, e.g., .beta.,.beta.,.beta.-trichloroethanol, in
      the presence of a carbodiimide, e.g., dicyclohexylcarbodiimide, and a
      base, e.g., pyridine, preferably in the presence of an inert liquid
      diluent, e.g., dichloromethane, for several hours at about 25.degree. C.
PAR  As described above, the alkylations of cyclic ketal XXXVI to XXXVII (Chart
      D) and olefin XLIII and XLIV (Chart E) usually produce mixtures of alpha
      and beta alkylation products with respect to the separations,
      ##EQU40##
      moieties. Also as described above, those two isomers lead to different
      final products, alpha leading to the PG-type series and beta leading to
      the 8-iso-PG-type series. If a compound in one or the other of those two
      series is preferred, there are two methods for favoring production of the
      preferred final product.
PAR  One of those methods involves isomerization of the final product of
      formulas XVI to XXXV. Either the alpha isomer of a formula XVI-to-XXXV
      compound, ester or free acid, or the corresponding beta isomer is
      maintained in a inert liquid diluent in the range 0.degree. to 80.degree.
      C. and in the presence of a base characterized by its water solution
      having a pH below about 10 until a substantial amount of the isomer has
      been isomerized to the other isomer, i.e., alpha to beta or beta to alpha.
      Preferred bases for this purpose are the alkali metal salts of carboxylic
      acids, especially alkanoic acids of 2 to 4 carbon atoms, e.g., sodium
      acetate. Examples of useful inert liquid diluents are alkanols of one to 4
      carbon atoms, e.g., ethanol. This reaction at about 25.degree. takes about
      one to about 20 days. Apparently an equilibrium is established. The
      mixtures of the two isomers, alpha and beta, are separated from the
      reaction mixture by known procedures, and then the two isomers are
      separated from each other by known procedures, for example,
      chromatography, recrystallization, or a combination of those. The less
      preferred isomer is then subjected to the same isomerization to produce
      more of the preferred isomer. In this manner by repeated isomerizations
      and separations, substantially all of the less preferred isomer of the
      formula XVI-to-XXXV compound is transformed to more preferred isomer.
PAR  The second method for favoring production of a preferred formula
      XVI-to-XXXV isomer involves any one of the keto intermediates of formulas
      XXXVII, XXXVIII, XLIV, XLV, LXX, or LXXI (Charts D, E, and F). Either the
      alpha form or the beta form of one of those intermediates is transformed
      to a mixture of both isomers by maintaining one or the other isomer, alpha
      or beta, in an inert liquid diluent in the presence of a base and in range
      0.degree.to 100.degree. C. until a substantial amount of the starting
      isomer has been isomerized to the other isomer. Preferred bases for this
      isomerization are alkali metal amides, alkalie metal alkoxides, alkali
      metal hydrides, and triarylmethyl alkali metals. Especially preferred are
      alkali metal tert-alkoxides of 4 to 8 carbon atoms, e.g., potassium
      tert-butoxide. This reaction at about 25.degree. C. proceeds rapidly (one
      minute to several hours). Apparently an equilibrium mixture of both
      isomers is formed, starting with either isomer. The isomer mixtures in the
      equilibrium mixture thus obtained are isolated by known procedures, and
      then the two isomers are separated from each other by known procedures,
      for example, chromatography. The less preferred isomer is then subjected
      to the same isomerization to produce more of the preferred isomer. In this
      manner, by repeated isomerizations and separations, substantially all of
      the less preferred isomer of any of these intermediates is transformed to
      the more preferred isomer. Cyclic ketalketone intermediates of formula
      XXXVII are preferred over the other intermediates for this isomerization
      procedure.
PAR  The novel oxa-phenylene PGE, PGF, PGA and PGB type compounds of formula XVI
      to XXXV wherein R.sub.2 is alkyl of one to 4 carbon atoms, inclusive,
      preferably methyl or ehtyl, are preferred over the corresponding
      oxa-phenylene PGE, PGF, PGA, and PGB type compounds in which R.sub.2 is
      hydrogen for the above-described pharmacological purposes.
PAR  These 15-alkyl prostaglandin analogs are suprisingly and unexpectedly more
      useful than the corresponding 15-hydrogen compounds for the reason that
      they are substantially more specific with regard to potency in causing
      prostaglandin-like biological responses, and have substantially longer
      duration of biological activity. For that reason, fewer and smaller doses
      of these 15-alkyl prostaglandin analogs are needed to attain the desired
      pharmacological results.
PAR  Although the above-mentioned 15-alkyl compounds are produced by the methods
      outlined above in Charts A-F, the preferred methods are set forth in Chart
      I and J as follows.
PAR  In Chart I is shown the transformation of 15-alkyl PGF-type acids and alkyl
      esters to the corresponding PGE-type acids and alkyl esters by oxidation.
      For this purpose, and oxidizing agent is used which selectively oxidizes
      secondary hydroxy groups to carbonyl groups in the presence of
      carbon-carbon double bonds. Formula LXXXVIII in Chart I includes optically
      active compounds as shown and racemic compounds of that formula and the
      mirror images thereof, and also the 15-epimers of both of those, i.e.,
      wherein the configuration at C-15 is .beta. rather than .alpha. as shown.
      Also in Chart I, E', G, J', R.sub.1 and R.sub.26 are as defined above, and
      R.sub.16 is alkyl of one to 4 carbon atoms.
PAR  For the transformations of Chart I, the .beta.-hydroxy isomers of reactant
      LXXXVIII are preferred starting materials when the carboxyl side chain is
      alpha, although the corresponding .alpha.-hydroxy isomers are also useful
      for this purpose.
PAR  Oxidation reagents useful for the transformation set forth in Chart I are
      known to the art. An especially useful reagent for this purpose is the
      Jones reagent, i.e., acidified chromic acid. See J. Chem. Soc. 39 (1946).
      A slight excess beyond the amount necessary to oxidize one of the
      secondary hydroxy groups of the formula-LXXXVIII reactant is used. Acetone
      is a suitable diluent for this purpose. Reaction temperatures at least as
      low as about 0.degree. C. should be used.
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PAL  Preferred reaction temperatures are in the range -10.degree. to -50.degree.
      C. The oxidation proceeds rapidly and is usually complete in about 5 to 20
      minutes. The excess oxidant is destroyed, for example by addition of a
      lower alkanol, advantageously, isopropyl alcohol, and the formula-LXXXIX
      PGE-type product is isolated by conventional methods.
PAR  Examples of other oxidation reagents useful for the Chart H transformations
      are silver carbonate on Celite (Chem. Commun. 1102 (1969)), mixtures of
      chromium trioxide and pyridine (Tetrahedron Letters 3363 (1968), J. Am.
      Chem. Soc. 75, 422 (1953), and Tetrahedron, 18, 1351 (1962)), mixtures of
      sulfur trioxide in pyridine and dimethyl sulfoxide (J. Am. Chem. Soc. 89,
      5505 (1967)), and mixtures of dicyclohexylcarbodiimide and dimethyl
      sulfoxide (J. Am. Chem. Soc. 87, 5661 (1965)).
PAR  The novel 15-alkyl oxa-phenylene PGF.sub..alpha.- and PGF.sub..beta.-type
      acids and esters of formulas XX-XXIIII and XXXIII wherein R.sub.2 is one
      to 4 carbon atoms, inclusive, are preferably prepared from the
      corresponding 15-hydrogen compounds by the sequence of transformations
      shown in Chart J, wherein formulas XC through XCIV, inclusive, include
      optically active and racemic natural- and epi-configuration compounds of
      those formulas and the mirror images thereof. Also in Chart J, R.sub.16 is
      alkyl of one to 4 carbon atoms, inclusive, and E', G, Hal, J', R.sub.1,
      R.sub.26, and .about. are as heretofore defined; G" in formula XCII is the
      same as G except that T is replaced by T", wherein T" is the same as T
      above except that, in R.sub.6, --Si(R.sub.8).sub.3 replaces hydrogen. Also
      in Chart J, R.sub.8 is alkyl of one to 4 carbon atoms, inclusive, aralkyl
      of 7 to 12 carbon atoms, inclusive, phenyl, or phenyl substituted with one
      or 2 fluoro, chloro, or alkyl of one to 4 carbon atoms inclusive, and
      R.sub.17 is R.sub.1 as defined above or silyl of the
      formula-Si--(R.sub.8).sub.3 wherein R.sub.8 is as defined above. The
      various R.sub.8 's of a --Si(R.sub.8).sub.3 moiety are alike or different.
      For example, a --Si(R.sub.8).sub.3 can be trimethylsilyl,
      dimethylphenylsilyl, or methylphenylbenzylsilyl. Examples of alkyl of one
      to 4 carbon atoms, inclusive, are methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, sec-butyl, and tert-butyl. Examples of aralkyl of 7 to 12 carbon
      atoms, inclusive, are benzyl, phenethyl, .alpha.-phenylethyl,
      3-phenylpropyl, .alpha.-naphthylmethyl, and 2-(.beta.-naphthyl)ethyl.
      Examples of phenyl substituted with one or 2 fluoro, chloro, or alkyl of
      one to 4 carbon atoms, inclusive, are p-chlorophenyl, m-fluorophenyl,
      o-tolyl, 2,4-dichlorophenyl, p-tert-butylphenyl, 4-chloro-2-methylphenyl,
      and 2,4-dichloro-3- methylphenyl.
PAR  In Chart J, the final PGF.sub..alpha. and PGF.sub..beta.-type products are
      those encompassed by formulas XCIII and XCIV, respectively.
PAR  The initial optically active or racemic reactants of formula XC in Chart J
      i.e., the oxa-phenylene PGF.sub.1 -, PGF.sub.2 -, 5,6-dehydro-PGF.sub.2 -,
      and dihydro-PGF.sub.1 -type compounds in their .alpha. and .beta. forms,
      and their esters, are prepared by methods described herein. Thus, racemic
      oxa-phenylene dihydro-PGF.sub.1 .sub..alpha.- and -PGF.sub.1
      .sub..beta.-type compounds, and their esters are prepared by catalytic
      hydrogenation of the corresponding racemic oxa-phenylene PGF.sub.1
      .sub..alpha. or PGF.sub.2 .sub..beta., and PGF.sub.1 .sub..beta. or
      PGF.sub.2 .sub..beta.type compounds, respectively, e.g. in the presence of
      5% palladium-on-charcoal catalyst in ethyl acetate solution at 25.degree.
      C. and one atmosphere pressure of hydrogen.
PAR  The heretofore-described acids and esters of formula XC are transformed to
      the corresponding intermediate 15-dehydro acids and esters of formula XCI,
      by oxidation with reagents such as
      2,3-dichloro-5,6-dicyano-1,4-benzoquinone, activated manganese dioxide, or
      nickel peroxide (see Fieser et al., "Reagents for Organic Syntheses," John
      Wiley & Sons, Inc., New York, N.Y. pp. 215, 637, and 731). Alternatively,
      and especially for the formula-XC reactants wherein E' is --CH.sub.2
      CH.sub.2 and J' is L as defined above, these oxidations are carried out by
      oxygenation in the presence of the 15-hydroxyprostaglandin dehydrogenase
      of swine lung (see Arkiv for Kemi 25, 293 (1966)). These reagents are used
      according to procedures known in the art. See, for example, J. Biol. Chem.
      239, 4097 (1964).
PAR  Referring again to Chart J, intermediate compounds of formula XCI are
      transformed to silyl derivatives of formula XCII by procedures known in
      the art. See, for example, Pierce, "Silylation of Organic Compounds,"
      Pierce Chemical Co., Rockford, Ill. (1968). Both hyroxy groups of the
      formula-XCI reactants are thereby transformed to --O--Si(R.sub.8).sub.3
      moieties wherein R.sub.8 is as defined above, and sufficient of the
      silylating agent is used for that purpose according to known procedures.
      When R.sub.1 in the formula-XCI intermediate is hydrogen, the --COOH
      moiety thereby defined is simultaneously transformed to
      --COO--Si(R.sub.8).sub.3, additional silylating agent being used for this
      purpose. This latter transformation is aided by excess silylating agent
      and prolonged treatment. Likewise, when R.sub.6 in T of the formula-XCI
      intermediate is hydrogen, the phenolic hydroxyl thereby defined is
      simultaneously transformed to --O--Si(R.sub.8).sub.3 in the silylation
      step. G" in formula XCII, as defined above, therefore is the same as G
      except that T is replaced by T", wherein T" is the same as T above except
      that, in R.sub.6, --Si(R.sub.8).sub.3 replaces hydrogen. When R.sub.1 in
      formula XCI is alkyl, then R.sub.17 in formula XCII will also be alkyl.
      The necessary silylating agents for these transformations are known in the
      art or are prepared by methods known in the art. See, for example, Post,
      "Silicones and Other Organic Silicon Compounds," Reinhold Publishing
      Corp., New York, N.Y. (1949).
PAR  Referring again to Chart J, the intermediate silyl compounds of formula
      XCII are transformed to the final compounds of formulas XCIII and XCIV by
      first reacting the silyl compound with a Grignard reagent of the formula
      R.sub.16 MgHal wherein R.sub.16 is as defined above, and Hal is chloro,
      bromo, or iodo. For this purpose, it is preferred that Hal be bromo. This
      reaction is carried out by the usual procedure for Grignard reactions,
      using diethyl ether as a reaction solvent and saturated aqueous ammonium
      chloride solution to hydrolyze the Grignard complex. The resulting
      disilyl, trisilyl, or tetrasilyl tertiary alcohol is then hydrolyzed with
      water to remove the silyl groups. For this purpose, it is advantageous to
      use a mixture of water and sufficient of a water-miscible solvent, e.g.,
      ethanol to give a homogenous reaction mixture. The hydrolysis is usually
      complete in 2 to 6 hours at 25.degree. C., and is preferably carried out
      in an atmosphere of an inert gas, e.., nitrogen or argon.
PAR  The mixture of 15-.alpha. and 15-.beta. isomers obtained by this Grignard
      reaction and hydrolysis is separated by procedures known in the art for
      separating mixtures of prostanoic acid derivatives, for example, by
      chromatography on neutral silica gel. In some instances, the lower alkyl
      esters, especially the methyl esters of a pair of 15-.alpha. and 15-.beta.
      isomers are more readily separated by silica gel chromatography than are
      the corresponding acids. In those cases, it is advantageous to esterify
      the mixture of acids as described below, separate the two esters, and
      then, if desired, saponify the esters by procedures known in the art for
      saponification of prostaglandins F.
PAR  Although formula-XCIII and -XCIV compounds wherein E' is --CH.sub.2
      CHR.sub.9 --and J' is L' as defined above may be produced according to the
      processes of Chart J, it is preferred to produce those novel
      dihydro-PGF.sub.1 analogs by hydrogenation of one of the corresponding
      unsaturated compounds, i.e., a compound of formula XCIII or XCIV wherein E
      is trans --CH=CR.sub.9 --and J' is either L', --CH=CH--M'--,
      --C.tbd.C--M'-, M' being defined above. This hydrogenation is
      advantageously carried out catalytically, for example, in the presence of
      a 5% palladium-on-charcoal catalyst in ethyl acetate solution at
      25.degree. C. and one atmosphere pressure of hydrogen.
PAR  The novel 15-alkyl oxa-phenylene PGA-type and PGB-type acids and esters of
      formula XXIV-XXXI and XXXIV-XXXV are prepared from the 15-alkyl
      oxa-phenylene PGE compounds, heretofore described, by dehydrations and
      double bond migrations previously described, as shown in Chart A. Likewise
      the 15-alkyl PGB-type compounds are prepared by contacting the 15-alkyl
      PGA-type compounds with base. For the transformation of the 15-alkyl
      PGE-type compounds to the 15-alkyl PGA-type compounds of this invention
      (Chart K), it is preferred that a dehydrating agent be used which removes
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      the hydroxy group from the alicyclic ring in the presence of a hydroxy
      group on a tertiary carbon atom. In Chart K, E', G, J', R.sub.1, R.sub.2,
      R.sub.26, and .about. are as defined above. Formula XCV as shown includes
      optically active compounds and racemic compounds of that formula and the
      mirror images thereof, and also the 15-epimers of both of those. Any of
      the known substantially neutral dehydrating agents is used for these
      reactions. See Fieser et al., cited above. Preferred dehydrating agents
      are mixtures of at least an equivalent amount of a carbodiimide and a
      catalytic amount of a copper (II) salt. Especially preferred are mixtures
      of at least an equivalent amount of dicyclohexyl carbodiimide and a
      catalytic amount of copper (II) chloride. An equivalent amount of a
      carbodiimide means one mole of the carbodiimide for each mole of the
      formula-XCV reactant. To ensure completeness of the reaction, it is
      advantageous to use an excess of carbodiimide, i.e., 1.5 to 5 or even more
      equivalents of the carbodiimide.
PAR  The dehydration is advantageously carried out in the presence of an inert
      organic diluent which gives a homogeneous reaction mixture with respect to
      the formula-XCV reactant and the carbodiimide. Diethyl ether is a suitable
      diluent. It is advantageous to carry out the dehydration in an atmosphere
      of an inert gas, e.g., nitrogen, helium, or argon. The time required for
      the dehydration will depend in part on the reaction temperature. With the
      reaction temperature in the range 20.degree. to 30.degree.C., the
      dehydration usually takes place in about 40 to 60 hours. The formula-XCVI
      product is isolated by methods known in the art, e.g., filtration of the
      reaction mixture and evaporation of the filtrate. The product is then
      purified by methods known in the art, advantageously by chromatography on
      silica gel.
PAR  The final formula XVI-to-XXXV compounds prepared by the processes of this
      invention, in free acid form, are transformed to pharmacologically
      acceptable salts by neutralization with appropriate amounts of the
      corresponding inorganic or organic base, examples of which correspond to
      the cations and amines listed above. These transformations are carried out
      by a variety of procedures known in the art to be generally useful for the
      preparation of inorganic, i.e., metal or ammonium, salts, amine acid
      addition salts, and quaternary ammonium salts. The choice of procedure
      depends in part upon the solubility characteristics of the particular salt
      to be prepared. In the case of the inorganic salts, it is usually suitable
      to dissolve the formula XVI-to-XXXV acid in water containing the
      stoichiometric amount of a hydroxide, carbonate, or bicarbonate
      corresponding to the inorganic salt desired. For example, such use of
      sodium hydroxide, sodium carbonate, or sodium bicarbonate gives a solution
      of the sodium salt. Evaporation of the water or addition of a
      water-miscible solvent of moderate polarity, for example, a lower alkanol
      or a lower alkanone, gives the solid inorganic salt if that form is
      desired.
PAR  To produce an amine salt, the formula XVI-to-XXXV acid is dissolved in a
      suitable solvent of either moderate or low polarity. Examples of the
      former are ethanol, acetone, and ethyl acetate. Examples of the latter are
      diethyl ether and benzene. At least a stoichiometric amount of the amine
      corresponding to the desired cation is then added to that solution. If the
      resulting salt does not precipitate, it is usually obtained in solid form
      by addition of a miscible diluent of low polarity or by evaporation. If
      the amine is relatively volatile, any excess can easily be removed by
      evaporation. It is preferred to use stoichiometric amounts of the less
      volatile amines.
PAR  Salts wherein the cation is quaternary ammonium are produced by mixing the
      formula XVI-to-XXXV acid with the stoichiometric amount of the
      corresponding quaternary ammonium hydroxide in water solution, followed by
      evaporation of the water.
PAR  The final formula XVI-to-XXXV acids or esters prepared by the processes of
      this invention are transformed to lower alkanoates by interaction of the
      formula XVI-to-XXXV hydroxy compound with a carboxyacylating agent,
      preferably the anhydride of a lower alkanoic acid, i.e., an alkanoic acid
      of one to 8 carbon atoms, inclusive. For example, use of acetic anhydride
      gives the corresponding diacetate. Similar use of propionic anhydride,
      isobutyric anhydride, and hexanoic acid anhydride gives the corresponding
      carboxyacylates.
PAR  The carboxyacylation is advantageously carried out by mixing the hydroxy
      compound and the acid anhydride, preferably in the presence of a tertiary
      amine such as pyridine or triethylamine. A substantial excess of the
      anhydride is used, preferably about 10 to about 10,000 moles of anhydride
      per mole of the hydroxy compound reactant. The excess anhydride serves as
      a reaction diluent and solvent. An inert inorganic diluent, for example,
      dioxane, can also be added. It is preferred to use enough of the tertiary
      amine to neutralize the carboxylic acid produced by the reaction, as well
      as any free carboxyl groups present in the hydroxy compound reactant.
PAR  The carboxyacylation reaction is preferably carried out in the range about
      0.degree. to about 100.degree. C. The necessary reaction time will depend
      on such factors as the reaction temperature, and the nature of the
      anhydride and tertiary amine reactants. With acetic anhydride, pyridine,
      and a 25.degree. C. reaction temperature, a 12 to 24-hour reaction time is
      used.
PAR  The carboxyacylated product is isolated from the reaction mixture by
      conventional methods. For example, the excess anhydride is decomposed with
      water, and the resulting mixture acidified and then extracted with a
      solvent such as diethyl ether. The desired carboxyacylate is recovered
      from the diethyl ether extract by evaporation. The carboxyacylate is then
      purified by conventional methods, advantageously by chromatography.
PAR  By this procedure, the formula XVI-XIX and XXXII PGE-type compounds are
      transformed to dialkanoates, the formula XX-XXIII and XXXIII PGF-type
      compounds are transformed to trialkanoates, and the formula XXIV-XXXI and
      XXXIV-XXXV PGA-type and PGB-type compounds are transformed to
      monoalkanoates.
PAR  When a PGE-type dialkanoate is transformed to a PGF-type compound by
      carbonyl reduction as shown in Chart A, a PGF-type dialkanoate is formed
      and is used for the above-described purposes as such or is transformed to
      a trialkanoate by the above-described procedure. In the latter case, the
      third alkanoyloxy group can be the same as or different from the two
      alkanoyloxy groups present before the carbonyl reduction.
PAR  Molecules of each of the compounds encompassed by formulas XVI to XXXV and,
      except for XLIII and L, of each intermediate formula each have at least
      one center of asymmetry, and each can exist in racemic form and in either
      enantiomeric form, i.e., d and l. A formula accurately defining the d form
      would be the mirror image of the formula which defined the l form. Both
      formulas are necessary to define accurately the corresponding racemic
      form. The various formulas XVI-to-XXXV as drawn each represents the
      optically active form with the same configuration as the
      naturally-occurring prostaglandins.
PAR  When an optically active (d or l) final compound is desired, that is made
      by resolution of the racemic compound or by resolution of one of the
      asymmetric racemic intermediates. These resolutions are carried out by
      procedures known in the art. For example, when final compound XVI to XXXV
      is a free acid, the dl form thereof is resolved into the d and l forms by
      reacting said free acid by known general procedures with an optically
      active base, e.g., brucine or strychnine, to give a mixture of two
      diastereoisomers which are separated by known general procedures, e.g.,
      fractional crystallization, to give the separate diastereiosomeric salts.
      The optically active acid of formula XVI to XXXV is then obtained by
      treatment of the salt with an acid by known general procedures.
      Alternatively, the free acid form of cyclic ketal XXXVII, olefins XLIV or
      LXX, or glycols XXXVIII, XLV, or LXXI is resolved into separate d and l
      forms and then esterified and transformed further to the corresponding
      optically active form of the final product XVI to XXXV as described above.
PAR  In another method, bicyclo ketone reactants XXXVIII, XLV, or LXXI in exo or
      endo form, are transformed to ketals with an optically active 1,2-glycol,
      e.g., D-(--)-2,3-butanediol, by reaction of said 1,2-glycol with the
      formula-XXXVIII, XLV, or LXXI compound in the presence of a strong acid,
      e.g., p-toluenesulfonic acid. The resulting ketal is a mixture of
      diastereoisomers which is separated into the d and l diastereoisomers,
      each of which is then hydrolyzed with an acid, e.g., oxalic acid, to the
      original keto compound, now in optically active form. These reactions
      involving optically active glycols and ketals for resolution purposes are
      generally known in the art. See, for example, Chem. Ind. 1664 (1961) and
      J. Am. Chem. Soc. 84, 2938 (1962). Dithiols may be used instead of
      glycols.
PAR  Still another procedure for obtaining optically active oxa-phenylene
      PGF-type compounds is by stereoselective microbiological reduction of the
      racemic oxa-phenylene PGE compounds. For this purpose actively fermenting
      baker's yeast is employed. The PGE compound is contacted with a
      yeast-sugar-water mixture at about 25.degree. C. for 24-48 hours. There is
      produced by reduction a mixture of the PGF.sub..alpha. compound and the
      enantiomeric PGF.sub..beta. compound, which are separable by silica gel
      chromatography for example. Accompanying this transformation, carboxylic
      ester groups are removed by hydrolysis. Accordingly, from
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester, there
      are obtained natural configuration
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha. and
      enantiomeric
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..beta..
PAR  An alternate method of synthesis is provided hereinafter for a group of
      oxa-phenylene analogs within the scope of formulas XVI and XX above,
      represented by the following formulas XCVII-CIV;
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PAL  and the racemic mixtures of those compounds and their respective
      enantiomers represented by the mirror images of the above formulas. The
      terms C.sub.p H.sub.2p, C.sub.t H.sub.2t, R.sub.1, R.sub.2, T, and s are
      as defined above; R.sub.30 is alkyl of 2 to 10 carbon atoms, inclusive,
      substituted with zero, one, 2, or 3 fluoro.
PAR  The alternate method of synthesis disclosed hereinafter is also useful for
      preparing oxa-phenylene 17,18-didehydro prostaglandin analogs within the
      scope of formulas CV-CVIII:
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PAL  wherein C.sub.n H.sub.2n, C.sub.p H.sub.2p, R.sub.1, R.sub.2, and R.sub.5
      are as defined and used above.
PAR  These 17,18-didehydro analogs of formulas CV-CVIII together with compounds
      of formulas XXXII and XXXIII above are within the scope of 17,18-didehydro
      PGE- and PGF-type compounds represented by the formulas:
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PAL  wherein .about. indicates attachment of the hydroxyl or the side chain to
      the cyclopentane ring in alpha or beta configuration; wherein V is (1)
      C.sub.g H.sub.2g or (2) --CH=CH-- C.sub.j H.sub.2j --, wherein C.sub.g
      H.sub.2g represents a valence bond or alkylene of one to 4 carbon atoms,
      inclusive, with one or 2 chain carbon atoms between --CH.sub.2 -- and the
      phenylene ring, and wherein C.sub.j H.sub.2j represents a valence bond or
      alkylene of one or 2 carbon atoms with one chain carbon atom between
      --CH=CH-- and the phenylene ring; wherein C.sub.n H.sub.2n is alkylene of
      one to 4 carbon atoms, inclusive; wherein C.sub.p H.sub.2p represents a
      valence bond or alkylene of one to 4 carbon atoms, inclusive, with one or
      2 chain carbon atoms between the ring and --O--; wherein C.sub.g H.sub.2g
      and C.sub.p H.sub.2p together represent zero to 8 carbon atoms, inclusive,
      with total chain lengths zero to 3 carbon atoms, inclusive; wherein Q is
      ##EQU41##
      wherein R.sub.2 is hydrogen or alkyl of one to 4 carbon atoms, inclusive;
      wherein R.sub.1 is hydrogen, alkyl of one to 12 carbon atoms, inclusive,
      cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive; and wherein R.sub.5 is alkyl of
      one to 4 carbon atoms, inclusive, substituted with zero, one, 2, or 3
      fluoro.
PAR  The corresponding 17,18-didehydro PGA- and PGB-type compounds are available
      by methods disclosed herein or known in the art, for example by acid or
      base dehydration of the formula-CXXXVII PGE-type compounds.
PAR  The alternate method of synthesis utilizes oxetane intermediates having the
      grouping
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PAL  prepared from bicyclo hexene starting materials.
PAR  Reference to Chart L will make clear the steps by which starting material
      CIX is transformed to product CXVIII. The formula-CIX compound wherein
      R.sub.31 and R.sub.32 together are --CH.sub.2 --C(CH.sub.3).sub.2
      --CH.sub.2 -- and .about. is endo, i.e.
      bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde neopentyl glycol acetal, is
      available either in racemic or optically active form. See U.S. Pat. No.
      3,711,515.
PAR  In Chart L the symbols used therein have the same meanings as defined
      above, as to C.sub.p H.sub.2p, G, Q, R.sub.1, R.sub.2, R.sub.31, R.sub.32,
      R.sub.39, R.sub.42, and .about.. R.sub.43 represents hydrogen, carboxyacyl
      R.sub.39, benzoyl, substituted benzoyl, mono-esterified phthaloyl, and
      substituted naphthoyl. Furthermore, in Chart L and likewise in the other
      charts of this specification, the formulas as drawn represent specific
      optical isomers following the conventions applied herein to the end
      products. However, for purposes of convenience and brevity it is intended
      that such representations of the process steps for the optically active
      intermediates are applicable to those same process steps as used for the
      corresponding racemic intermediates.
PAR  Both the endo and exo forms of bicyclo hexene CIX are available or are made
      by methods known in the art, in either their racemic or optically active
      forms. See. U.S. Pat. No. 3,711,515.
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PAL  Either the endo or exo starting material will yield the ultimate analogs of
      formula CXVIII by the processes of Chart L.
PAR  In step (a) oxetane CX is obtained by reaction of the formula-CIX bicyclo
      hexene with an aldehyde of the formula
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PAL  wherein C.sub.p H.sub.2p represents a valence bond or alkylene of one to 4
      carbon atoms, inclusive, with one or 2 carbon atoms in the chain between
      the phenylene ring and --O--, and wherein R.sub.39 is carboxyacyl of the
      formula
      ##EQU42##
      wherein R.sub.40 is hydrogen, alkyl of one to 19 carbon atoms, inclusive,
      or aralkyl of 7 to 12 carbon atoms, inclusive, wherein alkyl or aralkyl
      are substituted with zero to 3 halo atoms.
PAR  The formula-CXIX aldehydes are available or readily prepared by methods
      known in the art. Examples of such compounds within the scope of formula
      CXIX are:
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PAR  The formation of oxetane CX is accomplished by photolysis of a mixture of
      the bicyclo hexene and the aldehyde in a solvent. The bicyclo hexene is
      preferably used in excess over the molar equivalent, for example 2 to 4
      times the theoretical equivalent amount. The solvent is a photochemically
      inert organic liquid, for example liquid hydrocarbons, including benzene
      or hexane, 1,4-dioxane, and diethyl ether. The reaction is conveniently
      done at ambient conditions, for example 25.degree. C., but may be done
      over a wide range of temperature, from about -78.degree. C. to the boiling
      point of the solvent. The irradiation is done with mercury vapor lamps of
      the low or medium pressure type, for example those peaking at 3500 A. Such
      sources are available from The Southern New England Ultraviolet Co.,
      Middletown, Conn. Alternatively, those lamps which emit a broad spectrum
      of wavelengths and which may be filtered to transmit only light of
      .lambda..about.3000-3700 A may also be used. For a review of photolysis
      see D. R. Arnold in "Advances in Photochemistry," Vol. 6, W. A. Noyes et
      al., Wiley-Interscience, New York, 1968, pp. 301-423.
PAR  In step (b) the cleavage of the oxetane ring to yield the formula-CXI
      compounds is accomplished with an alkali metal in the presence of a
      primary amine or alcohol. Preferred is lithium in ethylamine, or sodium in
      ethyl alcohol. See L. J. Altman et al., Synthesis 129 (1974). The cleavage
      transformation may also be accomplished by catalytic hydrogenation over an
      inert metal catalyst, e.g. Pd on carbon, in ethyl acetate or ethanol.
PAR  In step (c) the formula CXI diol is prepared for step (d) by preferably
      blocking the two hydroxyl groups with carboxyacyl groups within the scope
      of R.sub.39, i.e.
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      as defined above. For example, the diol is treated with an acid anhydride
      such as acetic anhydride, or with an acyl halide in a tertiary amine.
      Expecially preferred is pivaloyl chloride in pyridine.
PAR  Other carboxyacylating agents useful for this transformation are known in
      the art or readily obtainable by methods known in the art, and include
      carboxyacyl halides, preferably chlorides, bromides, or fluorides, i.e.
      R.sub.40 C(O)Cl, R.sub.40 C(O)Br, or R.sub.40 C(O)F, and carboxyacid
      anhydrides, (R.sub.40 C--.sub.2 O, wherein R.sub.40 is as defined above.
      The preferred reagent is an acid anhydride. Examples of acid anhydrides
      useful for this purpose are acetic anhydride, propionic anhydride, butyric
      anhydride, pentanoic anhydride, nonanoic anhydride, trideconoic anhydride,
      steric anhydride, (mono, di or tri) chloroacetic anhydride,
      3-chlorovaleric anhydride, 3-(2-bromoethyl)-4,8-dimethylnonanoic
      anhydride, cyclopropaneacetic anhydride, 3-cycloheptanepropionic
      anhydride, 13-cyclopentanetridecanoic anhydride, phenylacetic anhydride,
      (2 or 3)-phenylpropionic anhydride, 13-phenyltridecanoic anhydride,
      phenoxyacetic anhydride, benzoic anhydride, (o, m, or p)-bromobenzoic
      anhydride, 2,4 (or 3,4)-dichlorobenzoic anhydride,
      p-trifluoromethylbenzoic anhydride, 2-chloro-3-nitrobenzoic anhydride, (o,
      m, or p)-nitrobenzoic anhydride, (o, m, or p)-toluic anhydride,
      4-methyl-3-nitrobenzoic anhydride, 4-octylbenzoic anhydride, (2,3, or
      4)-biphenylcarboxylic anhydride, 3-chloro-4-biphenylcarboxylic anhydride,
      5-isopropyl-6-nitro-3-biphenylcarboxylic anhydride, and (1 or 2)-naphthoic
      anhydride. The choice of anhydride depends upon the identity of R.sub.40
      in the final acylated product, for example when R.sub.40 is to be methyl,
      acetic anhydride is used; when R.sub.40 is to be 2-chlorobutyl,
      3-chlorovaleric anhydride is used.
PAR  When R.sub.40 is hydrogen,
      ##EQU44##
      is formyl. Formylation is carried out by procedures known in the art, for
      example, by reaction of the hydroxy compound with the mixed anhydride of
      acetic and formic acids or with formylimidazole. See, for example, Fieser
      et al., Reagents for Organic Synthesis, John Wiley and Sons, Inc., pp. 4
      and 407 (1967) and references cited therein. Alternatively, the formula
      CXI diol is reacted with two equivalents of sodium hydride and then with
      excess ethyl formate.
PAR  In formula CXII, R.sub.43 may also represent a blocking group including
      benzoyl, substituted benzoyl, monoesterified phthaloyl and substituted
      naphthoyl. For introducing those blocking groups, methods known in the art
      are used. Thus, an aromatic acid of the formula R.sub.39 OH, wherein
      R.sub.39 is as defined above, for example benzoic acid, is reacted with
      the formula-CXI compound in the presence of a dehydrating agent, e.g.
      sulfuric acid, zinc chloride, or phosphoryl chloride; or an anhydride of
      the aromatic acid of the formula (R.sub.39).sub.2 O, for example benzoic
      anhydride, is used.
PAR  Preferably, however, an acyl halide, e.g. R.sub.39 Cl, for example benzoyl
      chloride, is reacted with the formula-CXI compound in the presence of a
      tertiary amine such as pyridine, triethylamine, and the like. The reaction
      is carried out under a variety of conditions using procedures generally
      known in the art. Generally, mild conditions are employed, e.g.
      20.degree.-60.degree. C., contacting the reactants in a liquid medium,
      e.g. excess pyridine or an inert solvent such as benzene, toluene or
      chloroform. The acylating agent is used either in stoichiometric amount or
      in excess.
PAR  As examples of reagents providing R.sub.39 for the purposes of this
      invention, the following are available as acids (R.sub.39 OH), anhydrides
      ((R.sub.39).sub.2 O), or acyl chlorides (R.sub.39 Cl): benzoyl;
      substituted benzoyl, e.g. (2-, 3-, or 4-)methylbenzoyl, (2-, 3-, or
      4-)ethylbenzoyl, (2-, 3-, or 4-)isopropylbenzoyl, (2-, 3-, or
      4-)tert-butylbenzoyl, 2,4-dimethylbenzoyl, 3,5-dimethylbenzoyl,
      2-isopropyltoluyl, 2,4,6-trimethylbenzoyl, pentamethylbenzoyl,
      .alpha.-phenyl-(2-, 3-, or 4-(toluyl, 2-, 3-, or 4-phenethylbenzoyl, 2-,
      3-, or 4-nitrobenzoyl, (2,4-, 2,5-, or 3,5-)dinitrobenzoyl,
      4,5-dimethyl-2-nitrobenzoyl, 2-nitro-6-phenethylbenzoyl,
      3-nitro-2-phenethylbenzoyl; mono-esterified phthaloyl, e.g.
      ##SPC94##
PAL  isophthaloyl, e.g.
      ##SPC95##
PAL  or terephthaloyl, e.g.
      ##SPC96##
PAL  (1- or 2-)naphthoyl; and substituted naphthoyl, e.g. (2-, 3-, 4-, 5-, 6-,
      or 7-)-methyl-1-naphthoyl, (2-or 4-)ethyl-1-naphthoyl,
      2-isopropyl-1-naphthoyl, 4,5-dimethyl-1-naphthoyl,
      6-isopropyl-4-methyl-1-naphthoyl, 8-benzyl-1-naphthoyl,
      8-benzyl-1-naphthoyl, (3-, 4-, 5-, or 8-)-nitro-1-naphthoyl,
      4,5-dinitro-1-naphthoyl, (3-, 4-, 6-, 7- or 8)-methyl-1-naphthoyl,
      4-ethyl-2-naphthoyl, and (5- or 8-)-nitro-2-naphthoyl. There may be
      employed, therefore, benzoyl chloride, 4-nitrobenzoyl chloride,
      3,5-dinitrobenzoyl chloride, and the like, i.e. R.sub.39 Cl compounds
      corresponding to the above R.sub.39 groups. If the acyl chloride is not
      available, it is made from the corresponding acid and phosphorus
      pentachloride as is known in the art.
PAR  In step (d), the formula -CXII acetal is converted to aldehyde CXIII by
      acid hydrolysis, known in the art, using dilute mineral acids, acetic or
      formic acids, and the like. Solvents such as acetone, dioxane, and
      tetrahydrofuran are used.
PAR  For steps (e) through (h) it is optional whether R.sub.42 be hydrogen or a
      "blocking group" as defined below. For efficient utilization of the Wittig
      reagent it is preferred that R.sub.42 be a blocking group. If the
      formula-CXII compound is used wherein R.sub.43 is hydrogen, the
      formula-CXIII intermediates will have hydrogen at R.sub.42. If R.sub.42 is
      to be a blocking group, that may be readily provided prior to step (e) by
      reaction with suitable reagents as discussed below.
PAR  The blocking group, R.sub.41, is any group which replaces hydrogen of the
      hydroxyl groups, which is not attacked by nor is reactive to the reagents
      used in the respective transformations to the extent that the hydroxyl
      group is, and which is subsequently replaceable by hydrogen at a later
      stage in the preparation of the prostaglandin-like products.
PAR  Several blocking groups are known in the art, e.g. tetrahydropyranyl,
      acetyl, and p-phenylbenzoyl (see Corey et al., J. Am. Chem. Soc. 93, 1491
      (1971)).
PAR  Those which have been found useful include (a) carboxyacyl within the scope
      of R.sub.39 above, i.e. acetyl, and also benzoyl, naphthoyl, and the like;
      (b) tetrahydropyranyl; (c) tetrahydrofuranyl; (d) a group of the formula
      ##EQU45##
      wherein R.sub.48 is alkyl of one to 18 carbon atoms, inclusive, cycloalkyl
      of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon atoms,
      inclusive, phenyl, or phenyl substituted with one, 2, or 3 alkyl of one to
      4 carbon atoms, inclusive, wherein R.sub.49 and R.sub.50 are the same or
      different, being hydrogen, alkyl of one to 4 carbon atoms, inclusive,
      phenyl or phenyl substituted with one, 2, or 3 alkyl of one to 4 carbon
      atoms, inclusive, or, when R.sub.49 and R.sub.30 are taken together,
      --(CH.sub.2).sub.u -- or --(CH.sub.2).sub.v --0--(CH.sub.2).sub.w
      --wherein u is 3, 4, or 5, v is one, 2, or 3, and w is one, 2, or 3 with
      the proviso that v plus w is 2, 3, or 4, and wherein R.sub.51 is hydrogen
      or phenyl; or (e) --Si(A).sub.3 wherein A is alkyl of one to four carbon
      atoms, inclusive, phenyl, phenyl substituted with one or 2 fluoro, chloro,
      or alkyl of one to four carbon atoms, inclusive, or aralkyl of 7 to 12
      carbon atoms, inclusive.
PAR  In replacing the hydrogen atoms of the hydroxyl groups with a carboxyacyl
      blocking group, methods known in the art are used. The reagents and
      conditions are discussed above for R.sub.43 on compound CXII.
PAR  When the blocking group is tetrahydropyranyl or tetrahydrofuranyl, the
      appropriate reagent, e.g. 2,3-dihydropyran or 2,3-dihydrofuran, is used in
      an inert solvent such as dichloromethane, in the presence of an acid
      condensing agent such as p-toluenesulfonic acid or pyridine hydrochloride.
      The reagent is used in slight excess, preferably 1.0 to 1.2 times theory.
      The reaction is carried out at about 20.degree.-50.degree. C.
PAR  When the blocking group is of the formula
      ##EQU46##
      as defined above, the appropriate reagent is a vinyl ether, e.g. isobutyl
      vinyl ether or any vinyl ether of the formula R.sub.48
      --O--C(R.sub.49)=CR.sub.50 R.sub.51 wherein R.sub.48, R.sub.49, R.sub.50,
      and R.sub.51 are as defined above; or an unsaturated cyclic or
      heterocyclic compound, e.g. 1-cyclohex-1-yl methyl ether
      ##SPC97##
PAL  or 5,6-dihydro-4-methoxy-2H-pyran
      ##SPC98##
PAL  See C. B. Reese et al., J. Am. Chem. Soc. 89, 3366 (1967). The reaction
      conditions for such vinyl ethers and unsaturates are similar to those for
      dihydropyran above.
PAR  When the blocking group is silyl of the formula --Si(A).sub.3, the
      formula-CXIII compound is transformed to a silyl derivative of formula
      CXIII by procedures known in the art. See, for example, Pierce,
      "Silylation or Organic Compounds," Pierce Chemical Co., Rockford, Ill.
      (1968). The necessary silylating agents for these transformations are
      known in the art or are prepared by methods known in the art. See, for
      example, Post "Silicones and Other Organic Silicon Compounds," Reinhold
      Publishing Corp., New York, N.Y. (1949). These reagents are used in the
      presence of a tertiary base such as pyridine at temperatures in the range
      of about 0.degree. to +50.degree. C. Examples of trisubstituted
      mono-chlorosilanes suitable for this purpose include
      chlorotrimethylsilane, chlorotriisobutylsilane, chlorotriphenylsilane,
      chlorotris(p-chlorophenyl)silane, chlorotri-m-tolylsilane, and
      tribenzylchlorosilane. Alternately, a chlorosilane is used with a
      corresponding disilazane. Examples of other silylating agents suitable for
      forming the formula-CXIII intermediates include pentamethylsilylamine,
      pentaethylsilylamine, N-trimethylsilydiethylamine,
      1,1,1-triethyl-N,N-dimethylsilylamine,
      N,N-diisopropyl-1,1,1,-trimethylsilylamine,
      1,1,1-tributyl-N,N-dimethylsilylamine
      N,N-dibutyl-1,1,1-trimethylsilylamine,
      1-isobutyl-N,N,1,1-tetramethylsilylamine,
      N-benzyl-N-ethyl-1,1,1-trimethylsilylamine,
      N,N,1,1-tetramethyl-1-phenylsilylamine,
      N,N-diethyl-1,1-dimethyl-1-phenylsilylamine,
      N,N-diethyl-1-methyl-1,1-diphenylsilylamine,
      N,N-dibutyl-1,1,1-triphenylsilylamine, and
      1-methyl-N,N,1,1-tetraphenylsilylamine.
PAR  In step (e) the aldehyde group is transformed by the Wittig reaction to a
      moiety of the formula --CH=CR.sub.2 G. For this purpose a phosphonium salt
      prepared from an organic chloride or bromide of the formula
      ##EQU47##
      is employed, wherein G and R.sub.2 are as defined above. These organic
      chlorides or bromides are known in the art or are readily prepared by
      methods known in the art. See for example the above-identified German
      Offenlegungsschrift No. 2,209,990. As to the Wittig reaction, see, for
      example, U.S. Pat. No. 3,776,941 and references cited therein.
PAR  In step (f) compound CXV is obtained by deblocking if necessary. When
      C.sub.p H.sub.2p is a valence bond, and R.sub.42 is a hindered
      carboxyacyl, e.g.
      ##EQU48##
      R.sub.41 on the phenolic hydroxy is selectively replaced with hydrogen by
      hydrolysis with sodium or potassium hydroxide in ethanol-water. Instead of
      ethanol, other water-miscible solvents may be substituted, for example
      1,4-dioxane, tetrahydrofuran, or 1,2-dimethoxyethane. The selective
      hydrolysis is preferably carried out at -15.degree. to 25.degree. C.
      Higher temperatures may be used but with some decrease in selectivity.
PAR  Total hydrolysis of R.sub.42 blocking groups on compound CXIV is
      accomplished, when R.sub.42 is carboxyacyl, with an alkali alkoxide in an
      alcoholic solvent, preferably sodium methoxide in methanol at a
      temperature from 25.degree. C. to reflux. When R.sub.42 is
      tetrahydropyranyl, aqueous acid, e.g. dilute acetic acid, is used at
      25.degree. to 50.degree. C. When R.sub.42 is trialkylsilyl, either aqueous
      acid or base are used at 25.degree. to 50.degree. C.
PAR  Continuing with Chart L, in step (g) a Williamson synthesis is employed to
      obtain compound CXVI. The formula-CXV alcohol or phenol is condensed with
      a haloacetate within the scope of Hal--CH.sub.2 --COOR.sub.1 wherein Hal
      is chloro, bromo, or iodo and R.sub.1 is as defined above. Normally the
      reaction is done in the presence of a base such as n-butyllithium,
      phenyllithium, triphenylmethyllithium, sodium hydride, potassium
      t-butoxide, sodium hydroxide, or potassium hydroxide.
PAR  The transformation from compound CXVI to product CXVIII may be accomplished
      by any of several routes known in the art. See U.S. Pat. No. 3,711,515.
      Thus, by step (h), the alkenene CXVI is hydroxylated to glycol CXVII. For
      this purpose osmium tetroxide is a suitable reagent, for example in
      conjunction with N-methylmorpholine oxide-hydrogen peroxide complex (see
      Fieser et al., "Reagents for Organic Synthesis," p. 690, John Wiley and
      Sons, Inc., New York (1967)). Thereafter, several methods are available
      for obtaining the formula-CXVIII product. In one method the glycol is
      converted to a bis(alkanesulfonic acid) ester and subsequently hydrolyzed
      to CXVIII by methods known in the art (see, for example German
      Offenlegungsschrift No. 1,937,676, Derwent Farmdoc No. 6862R). Another
      method is by way of a diformate by formolysis of the glycol (see U.S. Pat.
      No. 3,711,515).
PAR  Still another method is by way of a cyclic ortho ester. For this purpose,
      glycol CXVII is reacted with an ortho ester of the formula
      ##EQU49##
      wherein R.sub.46 is hydrogen, alkyl of one to 19 carbon atoms, inclusive,
      or aralkyl of 7 to 12 carbon atoms, inclusive, substituted with zero to 3
      halo atoms; and R.sub.47 is methyl or ethyl. There is then formed a cyclic
      ortho ester of the formula
      ##SPC99##
PAL  wherein C.sub.p H.sub.2p, G, R.sub.1, R.sub.2 R.sub.42, R.sub.46, R.sub.47,
      and .about. are as defined above. The reaction goes smoothly in a
      temperature range of -50.degree. C. to +100.degree. C., although for
      convenience 0.degree. C. to +50.degree. C. is generally preferred. From
      1.5 to 10 molar equivalents of the ortho ester are employed, together with
      an acid catalyst. The amount of the catalyst is usually a small fraction
      of the weight of the glycol, say 1%, and typical catalysts include
      pyridine hydrochloride, formic acid, hydrogen chloride, p-toluenesulfonic
      acid, trichloroacetic acid, or trifluoroacetic acid. The reaction is
      preferably run in a solvent, for example benzene, dichloromethane, ethyl
      acetate, or diethyl ether. It is generally completed within a few minutes
      and is conveniently followed by TLC (thin layer chromatography on basic
      silica gel plates).
PAR  The ortho ester reagents are known in the art or readily available by
      methods known in the art. See for example S. M. McElvain et al., J. Am.
      Chem. Soc. 64, 1925 (1942), starting with an appropriate nitrile. Examples
      of useful ortho esters include:
PA1  trimethyl orthoformate,
PA1  triethyl orthoacetate,
PA1  triethyl orthopropionate,
PA1  trimethyl orthobutyrate,
PA1  triethyl orthovalerate,
PA1  trimethyl orthooctanoate,
PA1  trimethyl orthophenylacetate, and
PA1  trimethyl ortho (2,4-dichlorophenyl)acetate.
PAL  Preferred are those ortho esters wherein R.sub.46 is alkyl of one to 7
      carbon atoms; especially preferred are those wherein R.sub.46 is alkyl of
      one to 4.
PAR  Next, the cyclic orthoester CXX is reacted with anhydrous formic acid to
      yield a diol diester of the formula
      ##SPC100##
PAL  wherein C.sub.p H.sub.2p, G, R.sub.1 R.sub.2, R.sub.42, R.sub.46, and
      .about. are as defined above.
PAR  By "anhydrous formic acid" is meant that it contains not more than 0.5%
      water. The reaction is run with an excess of formic acid, which may itself
      serve as the solvent for the reaction. Solvents may be present, for
      example dichloromethane, benzene, or diethyl ether, usually not over 20%
      by volume of the formic acid. There may also be present organic acid
      anhydrides, for example acetic anhydride, or alkyl orthoesters, for
      example trimethyl orthoformate, which are useful as drying agents for the
      formic acid. Although the reaction proceeds over a wide range of
      temperatures, it is conveniently run at about 20.degree.-30.degree. C. and
      is usually completed within about 10 minutes.
PAR  Finally, the diol diester CXXI is converted to product CXVIII by methods
      known in the art, for example by hydrolysis in the presence of a base in
      an alcoholic medium. Examples of the base are sodium or potassium
      carbonate or sodium or potassium alkoxides including methoxides or
      ethoxides. The reaction is conveniently run in an excess of the solvolysis
      reagent, for example methanol or ethanol. The temperature range is from
      -50.degree. C. to 100.degree. C. The time for completion of the reaction
      varies with the nature of R.sub.46 and the base, proceeding in the case of
      alkali carbonates in a few minutes when R.sub.46 is hydrogen but taking up
      to several hours when R.sub.46 is ethyl, for example.
PAR  When the solvolysis proceeds too long or when conditions are too severe,
      ester groups at R.sub.1 may be removed. They are, however, readily
      replaced by methods known in the art. For example, the alkyl, cycloalkyl,
      and aralkyl esters are prepared by interaction of the formula-CXVIII acids
      with the appropriate diazohydrocarbon. For example, when diazomethane is
      used, the methyl esters are produced. Similar use of diazoethane,
      diazobutane, 1-diazo-2-ethylhexane, diazocyclohexane, and
      phenyldiazomethane, for example, gives the ethyl, butyl, 2-ethylhexyl,
      cyclohexyl, and benzyl esters, respectively.
PAR  Esterification with diazohydrocarbons is carried out by mixing a solution
      of the diazohydrocarbon in a suitable inert solvent, preferably diethyl
      ether, with the acid reactant, advantageously in the same or a different
      inert diluent. After the esterification reaction is complete, the solvent
      is removed by evaporation, and the ester purified if desired by
      conventional methods, preferably by chromatography. It is preferred that
      contact of the acid reactants with the diazohydrocarbon be no longer than
      necessary to effect the desired esterification, preferably about one to
      about ten minutes, to avoid undesired molecular changes. Diazohydrocarbons
      are known in the art or can be prepared by methods known in the art. See,
      for example Organic Reactions, John Wiley & Sons, Inc., New York, N.Y.,
      Vol. 8, pp. 389-394 (1954).
PAR  An alternative method for esterification of the carboxyl moiety comprises
      transformation of the free acid to the corresponding silver salt, followed
      by interaction of that salt with an alkyl iodide. Examples of suitable
      iodides are methyl iodide, ethyl iodide, butyl iodide, isobutyl iodide,
      tere-butyl iodide, cyclopropyl iodide, cyclopentyl iodide, benzyl iodide,
      phenethyl iodide, and the like. The silver salts are prepared by
      conventional methods, for example, by dissolving the acid in cold dilute
      aqueous ammonia, evaporating the excess ammonia at reduced pressure, and
      then adding the stoichiometric amount of silver nitrate.
PAR  The phenyl and substituted phenyl esters are prepared by silylating the
      acid to protect the hydroxy groups, for example, replacing each --OH with
      --O--Si--(CH.sub.3).sub.3. Doing that may also change --COOH to
      --COO--Si--(CH.sub.3).sub.3. A brief treatment of the silylated compound
      with water will change --COO--Si--(CH.sub.3).sub.3 back to --COOH.
      Procedures for this silylation are known in the art. Then, treatment of
      the silylated compound with oxalyl chloride gives the acid chloride which
      is reacted with phenol or the appropriate substituted phenol to give a
      silylated phenyl or substituted phenyl ester. Then the silyl groups, e.g.,
      --O--Si--(CH.sub.3).sub.3 are changed back to --OH by treatment with
      dilute acetic acid. Procedures for these transformations are known in the
      art.
PAR  Referring to Chart M, there are shown process steps by which the
      formula-CIX bicyclo hexene is transformed first to an oxetane CXXII with a
      fully developed side chain.
      ##SPC101##
      ##SPC102##
PAL  and ultimately to a PGE analog. In Chart M, R.sub.44 is hydrogen or alkyl
      of one to 4 carbon atoms, inclusive, and R.sub.45 is hydrogen, alkyl of
      one to 4 carbon atoms, inclusive, or silyl of the formula (A).sub.3 Si--
      wherein A is as defined herein above.
PAR  In step (a) of Chart M, there is employed an aldehyde of the formula
      ##SPC103##
PAL  wherein C.sub.p H.sub.2p and R.sub.44 are as defined above. Such aldehydes
      are available or readily prepared by methods known in the art. Examples of
      such compounds include:
      ##SPC104##
PAR  The conditions for step (a) of Chart M are essentially the same as for step
      (a) of Chart L. Thereafter, step (b) for cleavage of the oxetane ring,
      steps (c) and (d) leading to the formula-CXXV aldehyde, and the Wittig
      reaction of step (e) are similar to and employ the same conditions as the
      corresponding steps of Chart L discussed above.
PAR  Referring to step (g) of Chart M, the hydroxyl on the cyclopentane ring at
      the C-9 position is oxidized to an oxo group.
PAR  Oxidation reagents useful for this transformation are known in the art. A
      useful reagent for this purpose is the Jones reagent, i.e., acidified
      chromic acid. See J. Chem. Soc. 39 (1946). A slight excess beyond the
      amount necessary to oxidize the C-9 secondary hydroxy groups of the
      formula-CXXVII reactant is used. Acetone is a suitable diluent for this
      purpose. Reaction temperatures at least as low as about 0.degree. C.
      should be used. Preferred reaction temperatures are in the range 0.degree.
      to -50.degree. C. An especially useful reagent for this purpose is the
      Collins reagent, i.e. chromium trioxide in pyridine. See J. C. Collins et
      al., Tetrahedron Lett., 3363 (1968). Dichloromethane is a suitable diluent
      for this purpose. Reaction temperatures of below 30.degree. C. should be
      used. Preferred reaction temperatures are in the range 0.degree. to
      +30.degree. C. The oxidation proceeds rapidly and is usually complete in
      about 5 to 20 minutes.
PAR  Examples of other oxidation reagents useful for this transformation are
      silver carbonate on Celite (Chem. Commun. 1102 (1969)), mixtures of
      chromium trioxide and pyridine (J. Am. Chem. Soc. 75, 422 (1953), and
      Tetrahedron, 18, 1351 (1962)), t-butylchromate in pyridine (Biochem. J.
      84, 195 (1962)), mixtures of sulfur trioxide in pyridine and
      dimethylsulfoxide (J. Am. Chem. Soc. 89, 5505 (1967)), and mixtures of
      dicyclohexylcarbodiimide and dimethyl sulfoxide (J. Am. Chem. Soc. 87,
      5661 (1965)).
PAR  Step (h) of Chart M and subsequent steps by which the product CXXX is
      obtained are similar to and employ the same conditions as the
      corresponding steps of Chart L discussed above.
PAR  Referring next to Chart N the process steps are shown whereby aldehyde
      CXIII of Chart L is transformed to a 17,18-tetradihydro-PG analog CXXXVI
      and a 17,18-didehydro-PG analog CXXXVII.
PAR  In step (a) of Chart N, a Wittig reagent is employed which is prepared from
      a phosphonium salt of a haloalkyne of the formula
EQU  Cl--CHR.sub.2 --C.sub.n H.sub.2n --C.tbd.C--R.sub.5
PAL  or
EQU  Br--CHR.sub.2 --C.sub.n H.sub.2n --C.tbd.C--R.sub.5
PAL  wherein C.sub.n H.sub.2n, R.sub.2, and R.sub.5 are as defined above. See,
      for example, U. Axen et al., Chem. Comm. 1969, 303, and ibid. 1970, 602.
PAR  Thereafter, in steps (b) to (d) and subsequent steps yielding the
      17,18-tetradehydro compound CXXVI, the reagents
      ##SPC105##
PAL  and conditions are similar to those employed for the corresponding
      reactions shown in Chart L.
PAR  Transformation of CXXXVI to the formula-CXXXVII compounds is accomplished
      by hydrogenation of CXXXVI using a catalyst which catalyzes hydrogenation
      of --C.tbd.C-- only to cis--CH=CH--, as known in the art. See, for
      example, Fieser et al., "Reagents for Organic Syntheses," pp. 566-567,
      John Wiley and Sons, Inc., New York (1967). Preferred is Lindlar catalyst
      in the presence of quinoline, see Axen, references cited.
PAR  The intermediates of Charts L, M, and N, including those compounds
      represented by formulas CX, CXI, CXII, CXIII, CXIV, CXV, CXVI, CXVII,
      CXXII, CXXIII, CXXIV, CXXV, CXXVI, CXXVII, CXXVIII, CXXIX, CXXXII,
      CXXXIII, CXXXIV, CXXXV, and CXXXVI are frequently not isolated but used
      directly for a subsequent process step. When they are isolated, they are
      purified by methods known in the art, for example partition extraction,
      fractional crystallization, and, preferably, silica gel column
      chromatography.
PAR  The products represented by formulas CXVIII, CXXX, and CXXXVII obtained
      from these intermediates are often a mixture of 15-.alpha. and 15-.beta.
      isomers. These are separated by methods known in the art, for example, by
      chromatography on neutral silica gel. In some instances, particularly
      where R.sub.2 is alkyl, the lower alkyl esters are more readily separated
      than are the corresponding acids. In those cases wherein R.sub.1 is
      hydrogen, it is advantageous to esterify the mixture of acids, as with
      diazomethane, to form the methyl esters, separate the two epimers, and
      then, if desired, replace the carboxyl methyl with hydrogen by methods
      known in the art.
PAR  When an optically active intermediate or starting material is employed,
      subsequent steps yield optically active intermediates or products. That
      optical isomer of bicyclo hexene CIX is used which will yield product
      CXVIII for example, in the configuration corresponding to that of the
      naturally occurring prostaglandins. When the racemic form of the
      intermediate or starting material is employed, the subsequent
      intermediates or products are obtained in their racemic form.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention can be more fully understood by the following examples and
      preparations:
PAR  All temperatures are in degrees centigrade.
PAR  Infrared absorption spectra are recorded on a Perkin-Elmer Model 421
      infrared spectrophotometer. Except when specified otherwise, undiluted
      (neat) samples are used.
PAR  Ultraviolet spectra are recorded on a Cary Model 15 spectrophotometer.
PAR  NMR spectra are recorded on a Varian A-60, A-60D, or T-60 spectrophotometer
      using deuterochloroform solutions with tetramethylsilane as an internal
      standard (downfield).
PAR  Mass spectra are recorded on a CEC Model 110B Double Focusing High
      Resolution Mass Spectrometer or an LKB Model 9,000 Gas Chromatograph-Mass
      Spectrometer (ionization voltage 70 ev).
PAR  Circular dichroism curves are recorded on a Cary 60 recording
      spectropolarimeter.
PAR  Specific rotations are determined for solutions of a compound in the
      specified solvent with a Perkin-Elmer Model 141 Automatic Polarimeter.
PAR  The collection of chromatographic eluate fractions starts when the eluant
      front reaches the bottom of the column.
PAR  "Brine," herein, refers to an aqueous saturated sodium chloride solution.
PAR  The A-IX solvent system used in thin layer chromatography is made up from
      ethyl acetate-acetic acid-2,2,4-trimethylpentane-water (90:20:50:100)
      according to M. Hamberg and B. Samuelsson, J. Biol. Chem. 241, 257 (1966).
PAR  "Skellysolve-B" refers to mixed isomeric hexanes.
PAR  Silica gel chromatography, as used herein, is understood to include
      elution, collection of fractions, and combination of those fractions shown
      by TLC (thin layer chromatography) to contain the desired product free of
      starting material and impurities.
PAC  PREPARATION 1
PAC  dl-Endo-6-(1-heptenyl)-3-(1-pyrrolidyl)-bicyclo[3.1.0]hex-2-ene.
PAR  A solution of formula-XLIII endo-6-(cis- and
      trans-1-heptenyl)bicyclo[3.1.0]hexan-3-one (see Example 29 of West Germany
      Offenlegungsschrift No. 1,937,912, cited above) (15 g.), 25 ml. of
      pyrrolidine, and 200 ml. of benzene is heated under reflux while removing
      the water formed by distillation. After 2 hrs. the benzene is replaced by
      50 ml. of toluene which is then removed in vacuo to give the title
      compound. This material gives an infrared spectrum having absorption
      attributable to the enamine double bond at 1610 cm.sup.-.sup.1 and free of
      carbonyl absorption.
PAC  PREPARATION 2
PAC  Methyl m-(Chloromethyl)phenoxyacetate (Formula LIII: C.sub.g H.sub.2g and
      C.sub.p H.sub.2p are valence bonds in meta relationship, C.sub.q H.sub.2q
      is methylene, Hal is chloro, R.sub.26 is hydrogen, and R.sub.10 is
      methyl).
PAR  a. m-Formylphenoxyacetic Acid. To a solution of m-hydroxybenzaldehyde (48.8
      g.) and sodium hydroxide (16.16 g.) in 500 ml. of water is added a
      solution prepared from chloroacetic acid (75 g.) and sodium hydroxide (32
      g.) in 100 ml. of water. The mixture is heated under reflux for 2 hrs.,
      cooled, and the pH is adjusted to pH 1 or 2. The mixture is extracted with
      dichloromethane-ether and the extract is dried and concentrated. The solid
      is taken up in saturated aqueous sodium bicarbonate, extracted with ether
      and the aqueous phase is made acidic. The aqueous phase is extracted with
      dichloromethane. The organic layer is concentrated and the residue is
      recrystallized from water to give m-formylphenoxyacetic acid (34.0 g.)
      m.p. 114.degree.-117.degree..
PAR  b. Methyl M-Formylphenoxyacetate. A solution of the product of step a (30.0
      g.) in 400 ml. of diethyl ethertetrahydrofuran is treated with an excess
      of ethereal diazomethane generated from
      N-methyl-N'-nitro-N-nitro-soguanidine (32.5 g.) and 200 ml. of 30%
      potassium hydroxide. The organic extract is washed with 5% sodium
      hydroxide, dried and concentrated to give methyl m-formylphenoxyacetate
      (17 g.), as a light yellow oil.
PAR  c. Methyl m-(Hydroxymethyl)phenoxyacetate. A solution of the product of
      step b (30.0 g.) in 200 ml. of methanol, cooled in an ice bath to
      0.degree., is treated with sodium borohydride (1.55 g.) in 30 ml. of cold
      water. After the addition, stirring is continued for 20 min., the methanol
      is removed, and 60 ml. of brine is added. The aqueous phase is extracted
      with ether and the ether solution is washed, first with 5% aqueous
      hydrochloric acid, then brine, and dried. Removal of the solvent yields
      methyl m-(hydroxymethyl)phenoxyacetate(27.0 g.).
PAR  d. Methyl m-(Chloromethyl)phenoxyacetate. To the product of step c (27.0
      g.) is added 20 ml. of thionyl chloride with stirring. Following the
      addition, the reaction mixture is stirred at 25.degree. for 30 min. and at
      reflux for 30 min. After cooling the reaction mixture, it is dissolved in
      ether and washed carefully with water, saturated aqueous sodium bicarbonte
      and brine. The organic layer is dried, concentrated and distilled to give
      the title compound (11.0 g.) b.p. 98.degree.-110.degree./0.03 mm.
PAR  Following the procedures of Preparation 2, but replacing chloroacetic acid
      with 3-chloropropionic acid, there is obtained, successively,
      3-(m-formylphenoxy)propionic acid and its methyl ester, methyl
      3-[m-(hydroxymethyl)phenoxy]-proprionate and the formula-LIII compound,
      methyl 3-[m-(chloromethyl)phenoxy]propionate.
PAR  Alternatively, Michael addition of m-hydroxy benzaldehyde to methyl
      acrylate, with base catalysis, and reduction of the product with sodium
      borohydride gives methyl 3-[m-(hydroxymethyl)phenoxy]propionate.
PAC  PREPARATION 3
PAC  Ethyl o-(Bromomethyl)benzyloxyacetate (Formula LIII: C.sub.g H.sub.2g is a
      valence bond, C.sub.p H.sub.2p and C.sub.q H.sub.2q are methylene, C.sub.g
      H.sub.2g and C.sub.p H.sub.2p are in ortho relationship, Hal is bromo,
      R.sub.26 is hydrogen, and R.sub.10 is ethyl).
PAR  To a mixture of .alpha.,.alpha.'-dibromo-o-xylene (100 g.), ethyl glycolate
      (47 g.), and dimethylformamide (500 ml.) is added with stirring over a
      1-hour period at 0.degree.-5.degree. C., 18 g. of 57% sodium hydride. The
      mixture is stirred for 16 hrs. at about 25.degree. C. and is then
      concentrated on a rotating evaporator at 40.degree.-50.degree. C. under
      vacuum. The residue is diluted with one liter of a mixture of isomeric
      hexanes (Skellysolve B) and diethyl ether (1:2 by volume) and the organic
      solution is washed successively with dilute hydrochloric acid, dilute
      potassium hydroxide solution, water, and brine, and is finally dried and
      concentrated. The residue is chromatographed on a column prepared by
      wet-packing 3 kg. of silica gel (Brinkman) with 6 l. of 15% ethyl acetate
      in Skellysolve B and 30 ml. of absolute ethanol. Gradient elution of the
      column with 16 l. of 15-35% ethyl acetate in Skellysolve B gives fractions
      of 400 ml. each of which are combined on the basis of thin layer
      chromatography (TLC). From fractions 18-27 there is obtained 35 g. of the
      title compound. This material has .lambda..sub.max. in ethanol at 231
      m.mu. (.epsilon. 7550) with shoulders at 272 (.epsilon. 700) and 278 m.mu.
      (.epsilon. 462). It has key absorptions in its NMR spectrum at about 7.3
      (apparent singlet), 4.7 (singlet), 4.64 (singlet), 4.06 (singlet),
      4.0-4.35 (quartet), and 1.1-1.34 (triplet) .delta.. It has mass spectral
      peaks at 206, 199, 201, 185, and 183.
PAC  PREPARATION 4
PAC  Endo-6-(cis-4-phenyl-1-butenyl)-bicyclo-[3.1.0]hexan-3-one (Formula XLIII:
      G is
      ##SPC106##
PAC  R.sub.3 and R.sub.4 are hydrogen; and .about. is endo).
PAR  a. There is first prepared (3-phenylpropyl)triphenylphosphonium bromide. A
      solution of 597.3 g. of 1-bromo-3-phenylpropane and 786 g. of
      triphenylphosphine in 1,500 ml. of toluene is heated at reflux under
      nitrogen for 16 hrs., then the mixture is cooled and the solid product is
      separated by filtration. The solid is then slurried with toluene in a
      Waring blender, separated by filtration, and dried for 18 hrs. at
      70.degree. C. under reduced pressure to give 1068 g. of
      (3-phenylpropyl)triphenylphosphonium bromide; m.p.
      210.5.degree.-211.5.degree. C.
PAR  b. A suspension of 314 g. of the product of step a in 3 l. of benzene is
      stirred at room temperature (25.degree. C.) under nitrogen, and 400 ml. of
      1.6 M butyllithium in hexane is added over a 20 min. period. The mixture
      is heated at 35.degree. C. for 30 minutes, then is cooled to -15.degree.
      C. and a solution of 100 g. of
      endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde 3-tetrahydropyranyl ether
      in 200 ml. of benzene is added over a 30-min. period. This mixture is
      heated at 70.degree. C. for 2.5 hrs., cooled, and filtered. The filtrate
      is washed three times with water, dried over sodium sulfate, and
      concentrated to 170 g. of crude
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-ol
      3-tetrahydropyranyl ether.
PAR  A solution of 340 g. (two runs) of this crude
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo-[3.1.0]hexan-3-ol
      3-tetrahydropyranyl ether and 20 g. of oxalic acid in 3600 ml. of methanol
      is heated at reflux for 3.5 hrs. The mixture is cooled and the methanol is
      evaporated under reduced pressure. The residue is mixed with
      dichloromethane, and the dichloromethane solution is washed with aqueous
      sodium bicarbonate, dried over sodium sulfate, and concentrated to 272 g.
      of the endo-6-(cis-4-phenyl-1-butenyl)bicyclo[3.1.0]-hexan-3-ol.
PAR  A solution of 93 g. of the above
      endo-6-(cis-4-phenyl-1-butenyl)bicyclo[3.1.0]hexan-3-ol in 2570 ml. of
      acetone is cooled to -5.degree. C. and 160 ml. of Jones reagent (in the
      proportions 42 g. of chromic anhydride, 120 ml. of water, and 34 ml. of
      concentrated sulfuric acid) is added over a period of 30 min. while
      cooling to maintain a temperature of -5.degree. C. The mixture is allowed
      to stand for 10 min. longer; then 100 ml. of isopropyl alcohol is added
      and the mixture is swirled for 5 min. The mixture is then diluted with 6
      l. of water and extracted several times with dichloromethane. The organic
      layers are separated, washed with dilute hydrochloric acid, water, dilute
      aqueous sodium bicarbonate, and brine, then are dried over sodium sulfate,
      combined and concentrated to 83 g. of crude
      endo-6-(cis-4-phneyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one.
PAR  Crude endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]-hexan-3-one (162 g.,
      two runs) is dissolved in isomeric hexanes (Skellysolve B) and
      chromatographed over 5 kg. of silica gel wet-packed with Skellysolve B,
      eluting successively with 11 l. of Skellysolve B, 62 l. of 2.5% ethyl
      acetate in Skellysolve B, and 32 l. of 5% ethyl acetate in Skellysolve B.
      The last 8 l. of the 2.5% ethyl acetate in Skellysolve B eluates and the
      32 l. of 5% ethyl acetate in Skellysolve B eluates are combined and
      concentrated to 75.8 g. of the title compound; infrared absorption at
      3000, 1750, 1610, 1500, 1455, 1405, 1265, 1150, 778, 750 and 702
      cm.sup.-.sup.1., N.M.R. peaks at 7.18 (singlet) and 4.75-6.0 (broad
      multiplet) .delta..
PAC  PREPARATION 5
PAC  Endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo-[3.1.0]hexan-3-one. (Formula
      XLIII: G is
      ##SPC107##
PAC  R.sub.2 and R.sub.9 are hydrogen; and .about.  is endo).
PAR  a. There is first prepared (4-phenylbutyl)triphenylphosphonium bromide. A
      solution of 145 g. of 4-phenyl-1-bromobutane and 179 g. of
      triphenylphosphine in 350 ml. of toluene is heated at reflux under
      nitrogen for 16 hrs. The mixture is then cooled slowly and ether is added
      giving a precipitate of (4-phenylbutyl)triphenylphosphonium bromide which
      is washed throughly with benzene/ether and dried 18 hrs. at 50.degree. C.
      under reduced pressure, 268 g., m.p. 139.degree.-140.degree. C.
PAR  b. A suspension of 242 g. of the product of step a in 2.3 l. of dry benzene
      at 25.degree. C. is stirred and 300 ml. of 1.6 M butyllithium in hexane is
      added over a 15-min. period. The mixture is stirred at 30.degree. C. for
      one hour, then is cooled to 10.degree. C. and a solution of 75 g. of
      endobicyclo-[3.1.0]hexan-3-ol-6-carboxaldehyde 3-tetrahydropyranyl ether
      in 200 ml. of benzene is added over a 15-min. period. The mixture is
      heated at 65.degree.-70.degree. C. for 3 hours, cooled and filtered. The
      filtrate is washed with water and brine. dried over sodium sulfate, and
      concentrated under reduced pressure to give 117 g. of crude
      endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-ol
      tetrahydropyranyl ether showing a single spot, R.sub.f 0.75, on thin layer
      chromatography with silica gel plates developed with 20% ethyl acetate in
      cyclohexane.
PAR  A solution of 117 g. of the above crude
      endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-ol
      tetrahydropyranyl ether and 6 g. of oxalic acid in 2,500 ml. of methanol
      is heated under reflux for 2.5 hrs. The methanol is then removed by
      distillation under reduced pressure and the residue is diluted with water
      and extracted with dichloromethane. The dichloromethane extracts are
      combined, washed with aqueous sodium bicarbonate and brine, dried over
      sodium sulfate and concentrated under reduced pressure to give 95.7 g. of
      crude endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-ol. The
      entire crude product is chromatographed over 1.5 kg. of silica gel
      wet-packed with Skellysolve B, eluting successively with 5 l. of
      Skelly-solve B, 4 l. of 2.5%, 6 l. of 5%, 9 l. of 7.5%, 12 l. of 10%, 8 l.
      of 15%, 10 l. of 20% and 10 l. of 30% ethyl acetate in Skellysolve B,
      taking 600 ml. fractions. The last fraction of 10% ethyl acetate in
      Skellysolve B, all the 15% and 20% ethyl acetate in Skellysolve B eluates,
      and the first 3 fractions of 30% ethyl acetate in Skellysolve B are
      concentrated to 60.5 g. of purified
      endo-6-(cis-5-phenyl-1-pentenyl)bicyclo[3.1.0]hexan-3-ol.
PAR  A solution of 60.5 g. of the above purified alcohol in 1,600 ml. of acetone
      is cooled to -10.degree. C. and 103 ml. of Jones reagent is added
      dropwise. After addition is complete the mixture is stirred for 10 min. at
      0.degree. C. and 65 ml. of isopropyl alcohol is added. The mixture is
      poured into 8 l. of water and extracted several times with
      dichloromethane. The dichloromethane extracts are combined, washed with
      dilute hydrochloric acid, aqueous sodium bicarbonate and brine, dried over
      sodium sulfate and concentrated under reduced pressure to give 56 g. of
      crude endo-6-(cis-5-phenyl-1-pentenyl)bicyclo[3.1.0]hexan-3-one. The crude
      ketone is slurried in Skellysolve B and chromatographed over 2,300 g. of
      silica gel wet packed in Skellysolve B, eluting successively with 6 l. of
      Skellysolve B, 16 l. of 2.5% ethyl acetate in Skellysolve B, then gradient
      elution with 5 l. of 2.5% and 5 l. of 5% ethyl acetate in Skellysolve B
      and finally 16 l. of 5% ethyl acetate in Skellysolve B, taking 625 ml.
      fractions. The last fraction of the gradient eluates and the first 19
      fractions of 5% ethyl acetate in Skellysolve B are concentrated to give
      23.6 of the title compound; infrared absorption at 2980, 1745, 1600, 1490,
      1450, 1260, 1145, 770, 750 and 702 cm.sup.-.sup.1., N.M.R. peaks at 7.17
      (singlet), 6.0-5.4 (multiplet), and 5.2-4.7 (broad multiplet) .delta..
PAC  PREPARATION 6
PAC  Endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one Acetonide
      (Formula XXXVI wherein G is
      ##SPC108##
PAC  R.sub.2 and R.sub.9 are hydrogen, R.sub.11 and R.sub.12 are methyl, and
      .about. is endo).
PAR  a. There is first prepared the formula-LI dihydroxy compound. To a solution
      of endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one (10.0 g.,
      Preparation 4) in about 100 ml. tetrahydrofuran is added, with stirring, a
      solution of potassium chlorate (10.0 g.) and osmium tetroxide (0.65 g.) in
      250 ml. of water. The mixture is stirred vigorously for 5 hrs. at
      50.degree. C. Then, the cooled mixture is concentrated under reduced
      pressure. The residue is extracted repeatedly with dichloromethane and the
      combined extracts are dried and concentrated to an oil. This oil is
      chromatographed on about 1000 g. of silica gel, and eluted successively
      with 3 l. of 10% ethyl acetate in a mixture of isomeric hexanes
      (Skellysolve B), with 5 l. of 25% ethyl acetate in Skellysolve B, and then
      with 50% ethyl acetate in Skellysolve B, collecting 500 ml. eluate
      fractions. Fractions 13-19 (50% ethyl acetate) are combined and evaporated
      to dryness to give dl-endo-6
      (1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexane-3-one (Formula LI).
PAR  b. A solution of the product of step a (about 8.0 g.) and 700 mg. of
      potassium bisulfate in 140 ml. of acetone is stirred at 25.degree. C. for
      64 hrs. Then, sodium carbonate monohydrate (710 mg.) is added, and the
      mixture is stirred 10 minutes. The acetone is evaporated at reduced
      pressure, and water is added. The aqueous solution is extracted repeatedly
      with dichloromethane, and the extracts are combined, washed with water,
      dried, and concentrated to about 9.3 g. of an oil. The oil is
      chromatographed on 400 g. of silica gel, being eluted with 2 l. of 10%
      ethyl acetate in Skellysolve B, and then with 4 l. of 15% ethyl acetate in
      Skellysolve B. The 15% ethyl acetate eluates are concentrated to about 7.4
      g. of the formula-XXXVI compound,
      endo-6-1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one acetonide.
PAC  PREPARATION 7
PAC  Methyl 9-Bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate.
      (Formula LIV: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationship, C.sub.q H.sub.2q is methylene, Hal is bromo, R.sub.26
      is hydrogen and R.sub.10 is methyl).
PAR  a. To a cold, stirred solution of m-vinylanisole (13.4 g.) in 40 ml. of
      diethyl ether is slowly added a solution of bromine (15.9 g.) in 60 ml. of
      diethyl ether. The ether solution is used directly in converting the
      product, m-(1,2-dibromoethyl)anisole to m-methoxyphenylacetylene by
      dehydrohalogenation (see T. H. Vaughn, J. Am. Chem. Soc. 56, 2064, 1934).
      The ether solution above is slowly added, with vigorous stirring, to a
      mixture of sodium amide prepared from sodium (4.6 g.) in about 200 ml. of
      liquid ammonia. When the reaction is complete, the volume is reduced about
      one-half, and an equal volume of water is cautiously added. A layer
      containing the product is separated, washed with dilute hydrochloric acid,
      dried, and distilled.
PAR  b. To a solution of the product of step a above in 250 ml. of
      dichloromethane, maintained at 0.degree. C. under nitrogen, is added
      dropwise over about a 1-hour period with vigorous stirring a solution of
      about 15 ml. of boron tribromide in 200 ml. of dichloromethane. Cooling
      and stirring continue for one hour. When the reaction is complete as shown
      by TLC, there is added cautiously a solution of sodium carbonate in water
      to neutralize the mixture. Thereafter, the solution is saturated with
      sodium chloride (added as a solid), and the organic phase is separated and
      combined with additional ethyl acetate washings of the aqueous phase. The
      organic solutions are washed with brine, dried over sodium sulfate, and
      concentrated under reduced pressure to yield the acetylenic phenol.
PAR  c. To the product of step b (11.8 g.), is added gradually a solution of
      sodium ethoxide (prepared from sodium and absolute ethanol). Thereafter,
      ethylene chlorohydrin (8.0 g.) is added in small portions. When all has
      been added, the mixture is heated at reflux for about one hour or until
      completion, then filtered hot. The combined filtrate and ethanol washings
      are concentrated to remove alcohol, and the product distilled under
      reduced pressure.
PAR  To the hydroxyethyl ether (16.2 g.) as obtained above, cooled to
      15.degree.-20.degree. C., is added 20 ml. of dihydropyran and 100 ml. of
      diethylether, and, with stirring, 1 ml. of anhydrous diethyl ether
      saturated with hydrogen chloride. After the exothermic reaction has
      diminished, the mixture is kept at 25.degree. C. for 15 hours. The mixture
      is washed with aqueous sodium bicarbonate, water, and dried, then
      concentrated under reduced pressure to yield the tetrahydropyranyl ether.
PAR  d and e. To a solution of the product of step c (10 g.) in anhydrous
      tetranydrofuran (180 ml.) at -78.degree. C. under argon is added the
      equivalent molecular amount of n-butyllithium in hexane. The resulting
      solution is stirred at -78.degree. C. for an additional 30 minutes. A
      suspension of dry paraformaldehyde (two equivalents) in anhydrous
      tetrahydrofuran is added and the mixture warmed to room temperature over a
      30-min. period. It is stirred an additional 1 hour and poured into brine,
      then extracted with ether, dried, and concentrated to yield the hydroxy
      compound.
PAR  f. The hydroxy compound of step e is converted to the bromo compound by
      first forming the mesyl derivative by reaction with methanesulfonyl
      chloride (4 ml.) in pyridine (80 ml.) at -20.degree. C. The mixture is
      stirred 1 hour at -20.degree. C., and then is poured into a stirred
      mixture of 3 normal hydrochloric acid (300 ml.) and ice water (500 ml.).
      This mixture is extracted with diethyl ether, the extract is washed with
      cold one normal hydrochloric acid and brine, then dried and concentrated.
      To a solution of the residue (mesyl derivative) in dry acetone (100 ml.)
      is added lithium bromide (5 g.) and the mixture stirred and heated at
      reflux one hour, then kept at 25.degree. C. for 15 hours. The acetone is
      evaporated under reduced pressure, and the residue is extracted with
      diethyl ether. The extract is washed with water and brine, then dried and
      concentrated. The residue is chromatographed on silica gel, eluting with
      10% ethyl acetate in Skellysolve B. Fractions shown by TLC to contain the
      product are combined and concentrated to give the formula-LX intermediate.
PAR  g. The product of step f above is converted to the corresponding carboxylic
      acid and its methyl ester as follows. The tetrahydropyranyloxy group is
      replaced by hydroxyl by contacting the product of f with a mixture of
      acetic acid/water/tetrahydrofuran (20/10/3) at 40.degree. C. for 2 hours,
      thereafter removing solvents under reduced pressure.
PAR  The substituted glycol from above is oxidized to the acid in acetone
      solution, using a slight excess of Jones reagent (21 g. chromic
      anhydride/60 ml. water/17 ml. conc. sulfuric acid) while cooling to
      maintain a temperature of -5.degree. to 0.degree. C. After about 60 min.,
      isopropyl alcohol is added, the mixture is stirred for 10 min., and then
      poured into ice water. The acid product is isolated by extraction with
      chloroform, drying over sodium sulfate, and concentration under reduced
      pressure.
PAR  The acid from above is converted to the methyl ester by reaction with
      diazomethane in diethyl ether at about 10.degree.-25.degree. C., followed
      by concentration to yield the desired title compound.
PAR  Following the procedures of Preparation 7, but replacing m-vinylanisole
      with methyl (o, m, or p-)vinylbenzyl ether, there are obtained,
      respectively, methyl
      9-bromo-3-oxa-4,7-inter-o-phenylene-5,6-dinor-7-nonynoate, methyl
      10-bromo-3-oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decyanoate, and methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetranor-9-undecynoate.
PAC  PREPARATION 8
PAC  Methyl 9-Bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate
      (Formula LV: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationships. C.sub.q H.sub.2q is methylene, Hal is bromo, R.sub.26
      is hydrogen and R.sub.10 is methyl).
PAR  A solution of methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (2.0 g.,
      Preparation 7) in 10 ml. of pyridine is hydrogenated in the presence of a
      5% palladium on barium sulfate catalyst (150 mg.) at 25.degree. C. and one
      atmosphere. The resulting mixture is filtered and evaporated to about
      one-third the original volume. Four volumes of ethyl acetate is added, and
      the remaining pyridine is removed by addition of ice and one N
      hydrochloric acid. The ethyl acetate layer is separated, washed
      successively with one N hydrochloric acid and brine, dried, and
      evaporated. The residue is chromatographed on 250 g. of silica gel which
      has previously been acid-washed to pH 4 (Silicar CC.sub.4, 100-200 mesh,
      Mallincrodt Co.), eluting with 3 l. of 25-75% ethyl acetate-Skellysolve B
      gradient, collecting 100 -ml. fractions. The fractions shown to have the
      desired product free of starting material by TLC are combined and
      concentrated under reduced pressure to give the title compound containing
      the cis --CH=CH moiety.
PAR  Following the procedures of Preparation 8, but replacing methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate with methyl
      9-bromo-3-oxa-4,7-inter-o-phenylene-5,6-dinor-7-nonynoate, methyl
      10-bromo-3-oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decynoate, or methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetra-nor-9-undecyanoate
      (from the paragraphs following Preparation 7), there is obtained the
      corresponding formula-LV enoate compounds in which cis--CH=CH-- has
      replaced --C.tbd.C--.
PAC  PREPARATION 9
PAC  Methyl 9-Bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-trans-7-nonenoate.
      (Formula LVI: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationship, C.sub.q H.sub.2q is methylene, Hal is bromo, R.sub.26
      is hydrogen and R.sub.10 is methyl).
PAR  A solution of the compound represented by the formula
      ##SPC109##
PAL  (1.0 g., Preparation 7, step e) in 20 ml. of tetrahydrofuran is cooled to
      -10.degree. C. This solution is added to a fresh solution of lithium
      aluminum hydride (110% of theory) in tetrahydrofuran. The reaction mixture
      is stirred for 16 hours at 25.degree. C. ambient temperature. Then, water
      (20 ml.) is added, and the resulting solution is acidified with one N
      hydrochloric acid, and then extracted with ethyl acetate. The extract is
      washed successively with aqueous sodium bicarbonate solution and brine,
      dried, and evaporated under reduced pressure. The residue is
      chromatographed on silica gel, eluting with a 25-75% ethyl
      acetate-Skellysolve B gradient, combining fractions shown to have the
      desired product by TLC, and removing solvent from those combined fractions
      under reduced pressure to yield a compound represented by the formula
      ##SPC110##
PAR  Thereafter, following the procedures of Preparation 7, steps f through g,
      there is obtained the title compound containing the trans--CH=CH-- moiety.
PAR  Following the procedures of Preparation 9, but replacing that nonynoate
      with the compound having the formula
      ##SPC111##
PAL  wherein the THP-terminated moiety is attached to the ring in ortho, meta,
      or para configuration, there is obtained the corresponding formula-LVI
      compound in which trans --CH=CH-- has replaced --C.tbd.C--.
PAC  PREPARATION 10
PAC  Optically Active Bicyclo[3.1.0]-hex-2-ene-6-endo-carboxaldehyde
PAR  Following the procedure of Preparation 1 of U.S. Pat. No. 3,711,515,
      racemic bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde is prepared from
      bicyclo[2.2.1]hepta-2,5-diene and peracetic acid.
PAR  The racemic compound is resolved by the procedure of Example 13 of U.S.
      Pat. No. 3,711,515, forming an oxazolidine as follows.
PAR  Racemic bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde (12.3 g.) and
      1-ephedrine (16.5 g.) are dissolved in about 150 ml. of benzene. The
      benzene is removed under vacuum and the residue taken up in about 150 ml.
      of isopropyl ether. The solution is filtered, then cooled to -13.degree.
      C. to yield crystals of
      2-endo-bicyclo-[3.1.0]hex-2-en-6-yl-3,4-dimethyl-5-phenyl-oxazolidine,
      11.1 g., m.p. 90.degree.-92.degree. C. Three recrystallizations from
      isopropyl ether, cooling each time to about -2.degree. C., yield crystals
      of the oxazolidine, 2.2 g., m.p. 100.degree.-103.degree. C., now
      substantially a single isomeric form as shown by NMR.
PAR  The above re-crystallized oxazolidine (1.0 g.) is dissolved in a few ml. of
      dichloromethane, charged to a 20 g. silica gel column and eluted with
      dichloromethane. The silica gel is chromatography-grade (Merck), 0.05-0.2
      mm. particle size, with about 4-5 g. of water per 100 g. Fractions of the
      eluate are collected, and those shown by thin layer chromatography (TLC)
      to contain the desired compound are combined and evaporated to an oil (360
      mg.). This oil is shown by NMR to be the desired title compound,
      substantially free of the ephedrine, in substantially a single
      optically-active isomeric form. Points on the circular dichroism curve are
      (.lambda. in nm.,.theta.): 350, 0; 322.5, -4,854; 312, -5,683; 302.5,
      -4,854; 269, 0; 250, 2,368; 240, 0; and 210, -34,600.
PAC  EXAMPLE 1
PAC   dl-Methyl
      7-[Endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter
     -m-phenylene-4,5,6-trinor-heptanoate (Formula XLIV, Chart E: G is n-pentyl;
      R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl; Z' is
      ##SPC112##
PAC  and .about. is alpha and endo).
PAR  A. A solution prepared from
      endo-6-(1-heptenyl)-3-(1-pyrrolidyl)-bicyclo[3.1.0]hex-2-ene (Preparation
      1, 5.0 g.) and methyl m-(chloromethyl)-phenoxyacetate (Preparation 2, 4.4
      g.) in 60 ml. of dioxane is stirred under a nitrogen atmosphere at about
      25.degree. C for 2 days and then heated under reflux for 7 hrs. To the
      reaction mixture is added water. The solution is heated on a steam bath,
      cooled and extracted with ether. The extract is washed, first with dilute
      (about 5% hydrochloric acid, then brine, and dried and concentrated. The
      residue is chromatographed on 700 g. of silica gel prepared with 20%
      ether-isomeric hexane mixture (Skellysolve B) and eluted with 1.5 l. of
      20% ether-Skellysolve B, 1.5 l. of 25% ether-Skellysolve B, and 1.5 l. of
      30% ether-Skellysolve B, collecting 100-ml. fractions. Fractions 25-31
      give the title compound (1.7 g.).
PAR  B. Alternate synthesis. - A solution of potassium tert-butoxide (9.0 g.) in
      500 ml. of nitrogen-purged tetrahydrofuran is added dropwise during 45
      min. to a stirred solution of the formula-XLIII bicyclo olefin,
      endo-6-(1-heptenyl)bicyclo[3.1.0]hexan-3-one (see Example 9 of West
      Germany Offenlegungsschrift No. 1,937,912, cited above) (10.0 g.), and
      methyl m-(chloromethyl)phenoxyacetate (Preparation 2, 13 g.) in 250 ml. of
      tetrahydrofuran under nitrogen at 25.degree. C. The resulting mixture is
      acidified at once with 120 ml. of 5% hydrochloric acid, and then is
      concentrated under reduced pressure below 40.degree. C. to remove most of
      the tetrahydrofuran. Water (400 ml.) is added to the residue, and the
      mixture is extracted with three 400-ml. portions of ethyl acetate. The
      combined extracts are washed successively with aqueous sodium thiosulfate
      solution and brine, dried, and concentrated under reduced pressure. The
      residue is chromatographed over 4 kg. of silica gel wet-packed with 20%
      ether-isomeric hexane mixture (Skellysolve B) and eluted with
      ether-Skellysolve B mixtures having 20-30% ether. Fractions shown by TLC
      to contain the desired alkylation product are combined to yield the
      formula-XLIV (Chart E) alkylated olefin title compound.
PAR  Following the procedure of Example 1-B but replacing the Formula-XLIII
      (Chart E) endo-6-(1-heptenyl)bicyclo[3.1.0]hexan-3-one with the
      corresponding bicyclo olefins prepared by reaction of the
      -tetrahydropyranyl ether of endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde
      with intermediate quaternary phosphonium halides (see above-cited West
      Germany Offenlegungsschrift No. 1,937,912) prepared from 1-bromobutane,
      1-chloropentane, 1-bromoheptane, and 1-chlorooctane, there are obtained
      the corresponding formula-XLIV alkylated olefin compounds wherein G is
      straight chain alkyl of 3, 4, 6, and 7 carbon atoms, respectively.
PAR  Also following the procedure of Example 1-B but employing instead
      formula-XLIII bicyclo olefins prepared from 1-bromo-2-fluorobutane,
      1-chloro-2-fluoro-pentane, 1-bromo-2-fluorohexane,
      1-bromo-2-fluoroheptane, and 1-chloro-2-fluorooctane, there are obtained
      the corresponding formula-XLIV alkylated olefin compounds wherein G is
      straight chain alkyl of 3 to 7 carbon atoms, inclusive, with a fluoro
      substituent at the 1-position. formula-XLIV
PAR  Also following the procedure of Example 1-B but employing, instead,
      formula-XLIII bicyclo olefins prepared from primary bromides of the
      formula R.sub.27 --(CH.sub.2).sub.b --CH.sub.2 Br, wherein b is one, 2, 3,
      or 4, and R.sub.27 is isobutyl, tert-butyl, 3,3-difluorobutyl,
      4,4-difluorobutyl, 4,4,4-trifluorobutyl, and 3,3,4,4,4-pentafluorobutyl,
      there are obtained compounds corresponding to the formula-XLIV product of
      Example 1-B with R.sub.27 --(CH.sub.2).sub.b --CH=CH-- in place of the
      1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B but employing, instead,
      formula-XLIII bicyclo olefins prepared from primary bromides of the
      formula CH.sub.3 --(CH.sub.2).sub.c --CR.sub.21 R.sub.22 --CH.sub.2 Br
      wherein c is 2, 3, or 4, and R.sub.21 and R.sub.22 are methyl or ethyl,
      e.g. CH.sub.3 --(CH.sub.2).sub.2 --C(C.sub.2 H.sub.5).sub.2 --CH.sub.2
      --Br, CH.sub.3 --(CH.sub.2).sub.3 --CH(CH.sub.3)--CH.sub.2 --Br, CH.sub.3
      --(CH.sub.2).sub.3 --CH(C.sub.2 H.sub.5)--CH.sub.2 Cl, CH.sub.3
      --(CH.sub.2).sub.3 --C(CH.sub.3).sub.2 --CH.sub.2 --Br, and CH.sub.3
      --(CH.sub.2).sub.3 --C(CH.sub.3)(C.sub.2 H.sub.5)--CH.sub.2 Br, there are
      obtained the corresponding formula-XLIV alkylated olefin compounds wherein
      G is mono- or di-substituted at the 1-position with methyl or ethyl.
PAR  Also following the procedure with Example 1-B but employing, instead,
      formula-XLIII bicyclo olefins prepared from .alpha.-bromotoluene,
      (2-bromoethyl)benzene, (5-chloropentyl)-benzene, (6-bromohexyl)benzene,
      and (7-iodoheptyl)benzene; from (1-chloroethyl)-benzene,
      (1-bromopropyl)benzene, (2-bromopropyl)benzene, (3-chloropentyl)benzene,
      (4-bromopentyl)benzene, (6-bromononyl)benzene and (7-bromononyl)benzene;
      from 1-bromo-2-phenylpropane, 1-bromo-2-methyl-2-phenylpropane,
      1-chloro-2-ethyl-3-phenylpropane, 1-bromo-2-methyl-4-phenylbutane, and
      1-bromo-2,2-dimethyl-5-phenylpentane; from .alpha.-bromo-m-xylene,
      .alpha.-chloro-p-ethyltoluene, .alpha.-bromo-p-chlorotoluene,
      .alpha.'-chloro-.alpha.,.alpha.,.alpha.-trifluoro-m-xylene,
      1-(2-bromoethyl)-4-fluorobenzene, 1-(5-bromopentyl)-2-chlorobenzene,
      4-(3-iodopropyl)-1,2-dimethoxybenzene, and
      1-(3-bromohexyl)-2,4,6-trimethylbenzene; and from
      (2-bromo-1-fluoroethyl)benzene, (2-bromo-1-fluoropropyl)benzene,
      (2-chloro-fluoro-1-methylpropyl)benzene, (5-bromo-4-fluoropentyl)benzene,
      (7-iodo-6-fluoropentyl)benzene, (4-bromo-3,3-difluorobutyl)benzene, and
      (6-bromo-5,5-difluorohexyl)benzene, there are obtained the corresponding
      formula-XLIV alkylated olefin compounds wherein G is
      ##SPC113##
PAL  including compounds wherein C.sub.t H.sub.2t is substituted with one or 2
      fluoro atoms.
PAR  Also following the procedure of Example 1-B, but using formula-XLIII
      bicyclo olefins obtained from the secondary bromides of the formula
      ##EQU50##
      wherein G and R.sub.2 are as defined above, R.sub.2 being alkyl, there are
      obtained formula-XLIV alkylated olefins corresponding to the product of
      Example 1-B with
      ##EQU51##
      in place of the 1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B, but using formula-XLIII
      bicyclo olefins obtained from bicyclo[3.1.0]-hexane reactants with
      ##EQU52##
      in place of
      ##EQU53##
      wherein R.sub.9 is as defined above, there is obtained formula-XLIII
      alkylated olefins corresponding to the product of Example 1-B with
      ##EQU54##
      in place of the 1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B, but using formula-XLIII
      bicyclo olefins obtained from bicyclo-[3.1.0]hexane reactants with
      ##EQU55##
      in place of
      ##EQU56##
      and primary and secondary bromides of the formula
      ##EQU57##
      (as above defined), there are obtained formula-LIV alkylated olefins
      corresponding to the product of Example 1-B with
      ##EQU58##
      in place of the 1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B but using a larger amount of
      potassium tert-butoxide (16 g.) and maintaining the reaction mixture for 8
      hrs. at 25.degree. C. before addition of hydrochloric acid, a product is
      obtained which contains substantial amounts of both the above described
      2.alpha.-yl isomer and the corresponding 2.beta.-yl isomer. These isomers
      are separated by the above-described silica gel chromatography.
PAR  Also following the procedure of Example 1-B but using exo formula-XLIII
      bicyclo olefins in place of the endo reactant of Example 1-B, there are
      obtained the corresponding exo formula-XLIV alkylated olefins.
PAR  Also following the procedure of Example 1-B but replacing the methyl
      m-(chloromethyl)phenoxyacetate alkylating agent with the formula-LIII and
      -LIV compounds, methyl 3-[m-(chloromethyl)phenoxy]propionate, methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate, and methyl
      10-bromo-3 -oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decynoate, there are
      obtained alpha and beta, exo and endo, formula-XLIV alkylated olefins
      corresponding to the product of Example 1-B with
      ##SPC114##
PAL  replaced with
      ##SPC115##
      ##SPC116##
PAL  and
      ##SPC117##
PAL  respectively. In the same manner, but using, according to Example 1-B,
      other esters of the above-described formula-LIII and -LIV alkylating
      agents within the scope of R.sub.10 as above-defined, e.g., the isopropyl,
      tert-butyl, octyl, cyclohexyl, benzyl, and phenyl esters, there are
      obtained the corresponding formula-XLIV esters.
PAR  Also following the procedure of EXAMPLE 1-B, but using in combination each
      of the above-described alternative formula-XLIII bicyclo olefins and each
      of the above-described alternative formula-LIII or -LIV omega-halo
      alkylation agents, there are obtained formula-XLIV alkylated olefins
      corresponding to the product of Example 1-B but different therefrom with
      respect to both the carboxylate-terminated side chain and the side chain
      attached to the cyclopropane ring in the product.
PAR  Also following the procedure of Example 1-B, but using in place of the
      formula-LIII halo alkylating agent of that Example, each of the other
      alkylating agents within the scope of
      ##EQU59##
      as above defined, i.e., alkylating agents of formulas LIII and LIV as
      above-described, there are obtained alpha and beta exo and endo
      formula-XLIV compounds corresponding to the product of Example 1-B with
      each of the other
      ##EQU60##
      side chains in place of the
      ##SPC118##
PAL  side chain of the Example 1-B product. For example, using as formula-LIII
      alkylating agents in the Example 1-B procedure, the following compounds
      wherein Et is ethyl;
      ##SPC119##
PAL  there are obtained exo and endo, alpha and beta, formula-XLIV alkylated
      bicyclo[3.1.0]hexanes each having a carboxylate-terminated side chain
      correspondning to one of the specific omega-halo alkylating agents. For
      example, the side chain will be alpha or beta
      ##SPC120##
PAL  when the alkylating agent is
      ##SPC121##
PAR  Also following the procedure of Example 1-B, but using in combination each
      of the alternative alkylating formula-LIII and -LIV agents within the
      scope of
      ##EQU61##
      including the specific examples of those just mentioned, and each of the
      above-described formula-XLIII alternative bicyclo[3.1.0]hexane olefin
      reactants, there are obtained formula-XLIV exo and endo, alpha and beta,
      compounds corresponding to the products of Example 1-B, but different
      therefrom with respect to both the carboxylate-terminated side chain and
      the side chain attached to the cyclopropane ring of the product. In the
      same manner, alternative alkylating agents within the scope of
      ##EQU62##
      wherein R.sub.10 is other than ethyl, e.g., methyl, isopropyl, tert-butyl,
      octyl, cyclohexyl, benzyl, phenyl, and .beta.,.beta.,.beta.-trichloroethyl
      are used.
PAC  EXAMPLE 2
PAC  dl-Methyl
      7-[Endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     3,7-inter-m-phenylene-4,5,6-trinor-heptanoate (Formula XLV, Chart E: G' is
      n-pentyl; R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl;
      Z' is
      ##SPC122##
PAC  and .about. is alpha and endo).
PAR  Refer to Chart E. To a solution of dl-methyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter
     -m-phenylene-4,5,6-trinor-heptanoate (Example 1, 1.7 g.) in 30 ml. of
      tetrahydrofuran at 50.degree. is added with stirring osmium tetroxide (200
      mg.) followed by potassium chlorate (1.2 g.) and 15 ml. of water. The
      reaction mixture is maintained at 50.degree. for 2 hrs., cooled, the
      tetrahydrofuran is removed, and the aqueous phase is extracted with
      dichloromethane. The organic layer is dried and concentrated and the
      residue is chromatographed on 200 g. of silica gel. The column is eluted
      with 1 l. of 35% ethyl acetate-benzene and 1 l. of 40% ethyl
      acetate-benzene, collecting 30-ml. fractions. Fractions 26-30 contain one
      isomer (faster moving, less polar) of the title compound (350 ml.).
      Fractions 32-37 contain the other slower-moving (more polar) isomer (450
      mg.). These materials show infrared spectral absorption at 330
      cm.sup.-.sup.1.
PAR  Following the procedure of Example 2 but using the hex-2.beta.-yl isomer in
      place of the hex-2.alpha.-yl isomer of the bicyclo reactant, dl-methyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.beta.-yl]-3-oxa-3
     ,7-inter-m-phenylene-4,5,6-trinor-heptanoate is obtained.
PAR  Also following the procedure of Example 2, each of the formula-XLIV exo and
      endo, alpha and beta, saturated and acetylenic bicyclo[3.1.0 hexane esters
      defined above after Example 1 is oxidized to mixtures of the corresponding
      isomeric formula-XLV dihydroxy compounds.
PAC  EXAMPLE 3
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl Ester (Formula
      XVI: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in metal
      relationship, G is n-pentyl, Q is
      ##EQU63##
PAC  R.sub.1 is methyl, and .about. is alpha) and
      dl-15-Beta-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl Ester
      ##EQU64##
PAR  Refer to Chart E. To a solution of the formula-XLV dihydroxy compound
      dl-methyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     3,7-inter-m-phenylene-4,5,6-trinor-heptanoate (800 mg. of a mixture of the
      slower and faster moving isomers of Example 2) in 10 ml. of pyridine,
      cooled to 0.degree., is added 1.2 ml. of methane-sulfonyl chloride. The
      reaction mixture is stirred for 2  hrs. and 20 g. of ice is added. The
      mixture is extracted with ether-dichloromethane (1:1) and the organic
      layer is washed successively with dilute hydrochloride acid, water,
      saturated aqueous sodium bicarabonate, and brine, dried, and concentrated.
      The residue, containing the bismesylate, is treated with 15 ml. of acetone
      and 10 ml. of water and stirred for 8-16 hrs. at 25.degree.. The acetone
      is removed in vacuo and the remaining solution is extracted with
      dichloromethane. The extract is dried and concentrated and the residue is
      chromatographed on 150 g. of silica gel using 500 ml. ethyl acetate
      followed by 3% methanol ethyl acetate as eluting solvent while collecting
      30-ml. fractions. Fractions 15-24 are combined and concentrated to yield
      the 15-.beta. PGE.sub.1 title compound (50 mg.); mass spectral peak at
      404; ultraviolet absorption at 216 (.epsilon. = 8100), 264 (.epsilon. =
      1100), 272 (.epsilon. = 1600) and 278  (.epsilon. = 1500m.mu.. Fractions
      26-35 are combined and concentrated to yield a residue which is
      re-chromatographed on 10 g. of silica gel using the same solvent system
      and collecting 1.5 ml. fractions. Fractions 22-29 are combined and
      concentrated to give the PGE.sub.1 title compound (75 mg.); mass spectral
      peak at 404; ultraviolet absorption at 216 (.epsilon. = 7700), 264, 272
      (.epsilon. = 1500), and 278 (.epsilon. = 1400) m.mu..
PAR  Following the procedures of Example 3, each of the formula-XLV
      dl-endo-1,2-dihydroxy oxa-phenylene esters following Example 2 is
      transformed to the corresponding dl-endo-1,2-dimesyloxy oxa-phenylene
      ester, and thence to the corresponding PGE type compound or its isomers.
PAR  Also following the procedures of Example 3, each of the formula-XLV and
      dl-exo-1,2-dihydroxy-oxa-phenylene esters corresponding to the above
      dl-endo-1,2-dihydroxy esters is transformed to the corresponding
      dl-exo-1,2-dimesyloxy ester, and thence to the corresponding PGE type
      compound or its isomers.
PAR  By the above-outlined procedures, following the steps of Chart E, there are
      obtained the specific PGE-type esters represented by figures XVI and
      XVIII, e.g. the esters of the dl-oxa-phenylene PGE.sub.1 compounds and
      5,6-dehydro-PGE.sub.2 compounds, including their 8-iso and 15-epi (.beta.)
      forms. For example,
      dl-5,6-dehydro-2-oxa-3,7-inter-m-phenylene-18-phenyl-4,19,20-trinor-PGE.su
     b.2 methyl ester and its 15-epimer are obtained from dl-methyl
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Example 10 hereinafter)
      by way of the dihydroxy and bis(mesylate) intermediates of Chart E,
      following Example 3, as represented by the following formulas:
      ##SPC123##
PAR  Also following the procedure of Example 3, but replacing methanesulfonyl
      chloride with an alkanesulfonyl chloride or bromide or with an
      alkanesulfonic acid anhydride, wherein the alkane moiety contains 2 to 5
      carbon atoms, inclusive, there is obtained from each dihydroxy compound
      the corresponding bis(sulfonic acid) esters encompassed by formula XLVI.
PAR  In each of the above transformations in Example 3, the monosulfonic acid
      ester is also obtained as a byproduct, which is reacted with additional
      alkanesulfonyl halide or alkanesulfonic acid anhydride to give the
      corresponding bis(sulfonic acid) ester and thence recycled back to
      additional formula-XLVII product.
PAR  For satisfactory yields of the bis-sulfonic acid ester, R.sub.10 is not
      hydrogen. Those intermediate compounds in which R.sub.10 is haloethyl,
      e.g., .beta.,.beta.,.beta.-trichloroethyl, are especially useful in the
      sequence of reactions leading to the acid form of the prostaglandin-like
      products. Each of the exo and endo, alpha and beta, saturated and
      unsaturated oxa-phenylene bis(alkanesulfonic acid) esters is transformed
      to the corresponding oxa-phenylene PGE type compound encompassed by
      formula-XLVII.
PAC  EXAMPLE 4
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha. Methyl
      Ester and dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..beta.
      Methyl Ester  (Formula XX: C.sub.g H.sub.2q H.sub.2p are valence bonds in
      metal relationship, G is n-pentyl,
      ##EQU65##
PAC  R.sub.1 is methyl, and .about. is alpha for the carboxyl-containing moiety
      and either alpha or beta for the ring hydroxyl).
PAR  Refer to Chart A. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 300 mg.), 20 ml. of tetrahydrofuran, 2.0 ml. of
      hexamethyldisilazane, and 0.15 ml. of trimethylsilyl chloride is stirred
      at 25.degree. for 20 hrs. The reaction mixture is concentrated in vacuo,
      benzene is added, the solution concentrated and this procedure is
      repeated. The residue is dissolved in 10 ml. of methanol, cooled in an
      ice-methanol bath, and sodium borohydride (60 mg.) in 20 ml. of cold water
      is added dropwise. The methanol is removed and the aqueous phase is
      extracted with dichloromethane, and the resulting dichloromethane solution
      is dried and concentrated in vacuo. The residue is chromatographed on 45
      g. of silica gel using 70 ml. of ethyl acetate and then a gradient of 0-8%
      methanol ethyl acetate as eluting solvent, collecting 10-ml. fractions.
      Fractions 22-36 are combined and concentrated to yield the
      PGF.sub.1.sub..alpha. -type title compound (100 mg.); mass spectral peak
      for tris-trimethylsilyl derivative at 622. Fractions 37-42 are combined
      and concentrated to yield a residue which is chromatographed on a
      preparative silica gel plate using 5% methanol-methylene chloride as
      eluting solvent. From the plate is obtained the PGF.sub.1.sub..beta. -type
      title compound (25 mg.); mass spectral peak for tris-trimethylsilyl
      derivative at 622.
PAR  Following the procedure of Example 4,
      dl-3-oxa-4,7inter-o-phenylene-5,6-dinor-PGE.sub.1 ethyl ester (Example 8
      hereinafter) is transformed to
      dl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGF.sub.1.sub..alpha. and
      -PGF.sub.1.sub..beta. ethyl esters.
PAR  Also following the procedure of Example 4,
      dl-5,6-dehydro-3-oxa-3,7-inter-m-phenylene-18-phenyl-4,19-20-trinor-PGE.su
     b.2  methyl ester (following Example 3) is transformed to the corresponding
      PGF.sub.2.sub..alpha. and PGF.sub.2.sub..beta. type compounds.
PAR  Also following the procedure of Example 4, the alkyl ester and free acid
      forms of formula-XX to -XXIII oxa-phenylene PGF compounds in their various
      spatial configurations, e.g., the PGF.sub.1.sub..alpha.,
      PGF.sub.1.sub..beta., PGF.sub.2.sub..alpha., PGF.sub.2.sub..beta.,
      trans-5,6-dehydro-PGF.sub.1.sub..alpha.  and -PGF.sub.1.sub..beta. type
      compounds and their 8-iso and 15-beta isomers, are prepared by reduction
      of the corresponding formula XVI-to -XIX PGE-type alkyl ester or free
      acid, including those described above after Example 3.
PAC  EXAMPLE 5
PAC  dl-3-O 3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 (Formula-XXIV: C.sub.g
      H.sub.2g and C.sub.p H.sub.2p are valence bonds in meta relationship, G is
      n-C.sub.5 H.sub.11 Q is
      ##EQU66##
PAC  R.sub.1 is hydrogen; and .about. is alpha).
PAR  Refer to Chart A. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 300 mg.), 4 ml. of tetrahydrofuran and 4 ml. of 0.5 N
      hydrochloric acid is left standing at 25.degree. for five days. Brine
      solution and dichloromethane-ether (1:3) are added and the mixture is
      stirred. The organic layer is separated, dried and concentrated. The
      residue is dissolved in ether which is washed with saturated aqueous
      sodium bicarbonate, dried and concentrated. The aqueous phase is quickly
      acidified with hydrochloric acid and extracted with dichloromethane which
      in turn is dried and concentrated. The residue is again dissolved in
      ether, extracted with aqueous sodium bicarbonate, and the aqueous phase is
      worked up as reported above. This procedure is repeated one additional
      time to yield the title compound (120 mg.). This material has mass
      spectral peaks at 372, 354, 189, and 185; and .lambda. max., in ethanol,
      215 m.mu. (.epsilon. 12,400), 272 (.epsilon. 2250) and 278 (.epsilon.
      2150).
PAR  Following the procedure of Example 5, the formula XIV-to -XIX PGE compounds
      in their various spatial configurations described after Example 3 are
      transformed to the corresponding formula XXIV-to -XXVII PGA compounds,
      either as esters or as free acids.
PAC  EXAMPLE 6
PAC  dl-Ethyl
      7-[Endo-6-(1-heptenyl)-3-oxobicyclo-[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-inte
     r-o-phenylene-5,6-dinor-heptanoate (Formula-XLIV: G is n-pentyl; R.sub.2,
      R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is ethyl; Z' is
      ##SPC124##
PAC  and .about. is alpha and endo).
PAR  The enamine of the formula-XLIII bicyclo-olefin is first prepared as
      follows. A mixture of endo-6-(cis- and
      trans-1-heptenyl)-bicyclo[3.1.0]hexan-3-one (10 g.), benzene (200 ml.),
      and pyrrolidine (15 ml.) is heated at reflux under a Dean-Stark water trap
      for 2 hrs. Thereafter about 140 ml. of distillate is taken off over a
      period of about 30 min. To the remaining liquid is added 100 ml. of
      toluene and the mixture is concentrated on a rotating evaporator under
      vacuum. A second portion of toluene (50 ml.) is added, and the mixture
      concentrated to give the enamine residue.
PAR  The above enamine, together with ethyl o-(bromomethyl)-benzyloxyacetate
      (Preparation 3 above, 15 g.), and dry tetrahydrofuran (200 ml.) is heated
      at reflux for 4 hrs. and thereafter stirred at about 25.degree. C. for 16
      hrs. Water (25 ml.) is added and the mixture heated for 20 min. on a steam
      bath. Thereafter, the volatiles are removed under vacuum, the residue is
      diluted with ether, and the organic solution is washed successively with
      dilute acid, water, dilute base, water, and brine, and finally dried and
      concentrated under vacuum. The residue is chromatographed on a column
      prepared by wet-packing 1300 g. of silica gel (E. Merck) with 2.5 l. of
      25% diethyl ether in Skellysolve B and 13 ml. of absolute ethanol. The
      column is eluted with 2 l. of 25% ether in Skellysolve B and then
      gradient-eluted with 8 l. of 25-50% ether-Skellysolve B. Fractions of
      about 200 ml. are combined on the basis of TLC data. From fractions 24-31
      there is obtained 2.9 g. of the desired formula-XLIV title compound as a
      mixture of cis and trans forms. This material has key absorptions in its
      NMR spectrum at about 7.21 (apparent singlet), 5.38-5.8 (multiplet), 4.62
      (singlet), 4.06 (singlet), and 4.0-4.35 (quartet) .delta.. It has mass
      spectral lines at 398 and 294.
PAC  EXAMPLE 7
PAC  dl-Ethyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     4,7-inter-o-phenylene-5,6-dinor heptanoate (Formula-XLV: G' is n-pentyl;
      R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is ethyl; Z' is
      ##SPC125##
PAC  and .about. is alpha and endo).
PAR  Refer to Chart E. To a solution of dl-ethyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-inter
     -o-phenylene-5,6-dinor-heptanoate, as a mixture of its isomers (Example 6,
      2.8 g.) in dry tetrahydrofuran (150 ml.) at 50.degree. C. is added 0.15 g.
      of osmium tetroxide followed by 2.8 g. of potassium chlorate in 60 ml. of
      water. The mixture is stirred vigorously at 50.degree. C. for about 1.5
      hrs. and is then concentrated under vacuum. The residue is extracted with
      dichloromethane. The extract is washed with water and brine, and then
      finally dried and concentrated under vacuum. The residue is
      chromatographed on a column prepared by wet-packing 500 g. of silica gel
      (E. Merck) with 1 liter of 50% ethyl acetate in Skellysolve B and 5 ml. of
      absolute ethanol. The column is eluted with 1 l. of 50% ethyl acetate in
      Skellysolve B and then gradient eluted with 4 l. of 50-75% ethyl acetate
      in Skellysolve B. Fractions of 100 ml. each are combined on the basis of
      TLC data. From fractions 12-29 there is obtained 2.6 g. of the title
      compound.
PAC  EXAMPLE 8
PAC  dl-3-Oxa-4,7-inter-o-phenylen-5,6-dinor-PGE.sub.1 Ethyl Ester (Formula-XIV:
      C.sub.g H.sub.2g is a valence bond, C.sub.p H.sub.2p are in ortho
      relationship, G is n-pentyl, Q is
      ##EQU67##
PAC  R.sub.1 is ethyl, and .about. is alpha) and
      dl-15-Beta-3-oxa-4,7-inter-o-pnenylene-5,6-dinor-PGE.sub.1 Ethyl Ester
      ##EQU68##
PAR  Refer to Chart E. The formula-XLVI bismesylate is first prepared as
      follows. To a mixture of dl-ethyl
      7-[endo-6-(1,2-dihydroxyhepthyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa
     -4,7-inter-o-phenylene-5,6-dinor-heptanoate (Example 7, 2.6 g.) and 30 ml.
      of dry pyridine at 0.degree. C. is added, with stirring 2.7 ml. of
      methanesulfonyl chloride over a one-minute period. The mixture is stirred
      at 0.degree. C. for 2.5 hrs., then cooled to about -10.degree. C. and
      diluted with 2 ml. of water added dropwise over a 5-minute period. Ice (20
      g.) is added, and, after stirring the mixture for 5 min., about 150 ml. of
      ether-dichloromethane (3:1) is added. The organic solution was washed
      successively with dilute hydrochloric acid, water, dilute sodium
      bicarbonate solution, and brine, and finally dried and concentrated under
      vacuum to yield a mixture of the mesylates.
PAR  The residue of mesylates is converted to the PGE-type product by contacting
      with a mixture of acetone (100 ml.) and water (50 ml.) at about 25.degree.
      C. for 16 hrs. Additional water (100 ml.) is added and the mixture
      concentrated under vacuum to remove acetone. The residue is extracted with
      a mixture of ether-dichloromethane (3:1) and the organic extract is washed
      with dilute sodium bicarbonate solution and brine, then dried and
      concentrated under vacuum. The residue (2.5 g.) is chromatographed on a
      column prepared by wet-packing 500 g. of silica gel (E. Merck) with one
      liter of ethyl acetate and 5 ml. of absolute ethanol. The column is eluted
      with 2.6 liters of ethyl acetate, then 400 ml. of 2% ethanol in ethyl
      acetate, then 500 ml. of 4% ethanol in ethyl acetate and finally with 2
      liters of 10% ethanol in ethyl acetate, collecting fractions of 100 ml.
      Fractions are combined on the basis of TLC data.
PAR  From fractions 8-14 is obtained 350 mg. of the 15-.beta. PGE.sub.1 title
      compound. This material has .lambda..sub.max. 279 m.mu. (.epsilon. 19,400)
      in alcoholic potassium hydroxide; key absorptions in the NMR spectrum at
      about 7.2 (apparent singlet), 5.25-5.48 (multiplet), 4.58 (singlet),
      5.25-5.48 (multiples), 4.58 (singles), 4.06) singlet, and 4.0-4.35
      (quartet) .delta.; and mass spectral peaks at 414, 396, 310, and 292.
PAR  From fractions 18-37 is obtained 496 mg. of the PGE.sub.1 title compound.
      This material has .lambda..sub.max. 279 m.mu. (.epsilon. 21,750) in
      alcoholic potassium hydroxide; key absorptions in the NMR spectrum at
      about 7.18 (apparent singlet), 5.25-5.41 (multiplet), 4.58 (singlet), 4.02
      (singlet), and 3.99-4.34 (quartet) .delta.; and mass spectral peaks at
      414, 396, 310, and 292.
PAC  EXAMPLE 9
PAC  dl-Methyl
      9-[Endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-y
     l]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate Acetonide
      (Formula-XXXVII, Chart D: G is n-pentyl; J' is cix-
      ##SPC126##
PAC  R.sub.9 and R.sub.26 are hydrogen; R.sub.2, R.sub.10, R.sub.11, and
      R.sub.12 are methyl; and .about. is endo and alpha).
PAR  Refer to the sequence of reactions from formula-L to formula XXVI, and to
      Chart D.
PAR  a. There is first prepared the formula-XLIII olefin. Following the
      procedure for the Wittig synthesis in Examples 27, 28, and 29 of West
      Germany Offlegungsschrift 1,937,912, cited above, but employing the
      tetrahydropyranyloxy ether of
      endo-bicyclo[3.1.0]hexan-3-ol-6-carboxyaldehyde and the Wittig ylide of
      2-chloroheptane, there is obtained
      dl-endo-6-(2-methyl-1-heptenyl)-3-oxobicyclo[3.1.0]-hexan-3-one.
PAR  b. To a solution of the product of step a above (approximately 10.0 g.) in
      water is added a solution of potassium chlorate (10.0 g.) and osmium
      tetroxide (0.65 g.) in 250 ml. of water. The mixture is stirred vigorously
      for 5 hrs. at 50.degree. C. Then, the cooled mixture is concentrated under
      reduced pressure, the residue is extracted repeatedly with
      dichloromethane, and the combined extracts are dried and evaporated. The
      residue is chromatographed on about 1000 g. of silica gel, and eluted
      successively with 3 l. of 10% ethyl acetate in a mixture of isomeric
      hexanes (Skellysolve B), with 5 l. of 25% ethyl acetate in Skellysolve B,
      and then with 50% ethyl acetate in Skellysolve B, collecting 500 ml.
      eluate fractions. Fractions shown by TLC to contain the desired product
      are combined and evaporated to dryness to give the formula-LI product,
      dl-endo-6-(1,2-dihydroxy-2-methylheptyl)bicyclo[3.1.0]hexan-3-one.
PAR  c. A solution of the product of step b above (about 8,0 g.) and 700 mg. of
      potassium bisulfate in 140 ml. of acetone is stirred at 25.degree. C. for
      64 hrs. Then, sodium carbonate monohydrate (710 mg.) is added, and the
      mixture is stirred 10 min. The acetone is evaporated at reduced pressure,
      and water is added. The aqueous solution is extracted respectedly with
      dichloromethane, and the extracts are combined, washed with water, dried,
      and evaporated. The residue is chromatographed on 400 g. of silica gel,
      being eluted with 2 l. of 10% ethyl acetate in Skellysolve B, and then
      with 4 l. of 15% ethyl acetate in Skellysolve B. The 15% ethyl acetate
      eluates are evaporated to give the formula-XXXVI ketal,
      dl-endo-6-(1,2-dihydroxy-2-methylheptyl)bicyclo[3.1.0]hexan-3-one
      acetonide.
PAR  d. To prepare the formula-XXXVII compound (Chart D), the ketal above is
      alkylated following the procedure of Example 1-B, but using the
      formula-XXXVI ketal above instead of the formula-XLIII bicyclo olefin,
      and, replacing methyl m-(chloromethyl)phenoxyacetate with methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate
      (Preparation 8, above), thereby yielding the desired formula-XXXVII title
      compound.
PAR  As shown in Chart D the formula-XXXVII alkylated ketal is transformed via
      the formula-XXXVIII glycol, thence the mesylate, to a PGE-type compound.
      Concentrated hydrochloric acid (2.5 ml.) is added to a solution of the
      formula-XXXVII product above (about 2.0 g.) in a mixture of 50 ml. of
      tetrahydrofuran and 2.5 ml. of water. The mixture is stirred at 25.degree.
      C. under nitrogen for 6 hrs. The resulting mixture is then concentrated
      under reduced pressure, and the residue is extracted with ethyl acetate.
      The extract is washed with brine, dried, and concentrated to
      dl-methyl-9[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0.]hex-
     2.alpha.-yl]-3-oxa-3,7- inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate
      (formula-XXXVIII). Thereafter, following the procedure of Example 3, there
      is obtained dl-15-methyl-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2
      methyl ester.
PAR  Following the procedure of Example 9, but using formula-XLIII exo reactants
      in place of the endo reactant, there are obtained exo products in each
      corresponding intermediate of Example 9.
PAR  With excess base (e.g., 26 g.) and a longer reaction time (e.g., 24 hrs. at
      25.degree. C.) during the alkylation step, the production of a substantial
      amount of the beta isomer is assured.
PAR  Following the procedures of Example 9-d, but using the trans-7-nonenoate of
      Preparation 9, above, instead of the cis-7-nonenoate, there is obtained
      the corresponding formula-XXXVII alkylated ketal wherein the carboxy side
      chain is in trans configuration instead of cis.
PAR  Also following the procedures of Example 9, but replacing the formula-XLIII
      olefin with each of the endo and exo forms of the formula-XLIII bicyclo
      olefins described in the paragraphs following Example 1, there are
      obtained the corresponding alpha and beta, exo and endo, alkylated ketals
      within the scope of formula XXXVII.
PAR  Also following the procedures of Example 9-d, but replacing methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6,-trinor-cis-7-nonenoate with
      the formula-LV compounds of the paragraphs following Preparations 8 and 9,
      viz. cis or trans methyl 9-bromo-3
      -oxa-4,7-inter-o-phenylene-5,6-dinor-7-nonenoate, methyl
      10-bromo-3-oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decenoate, and methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetranor-9-undecenoate, there
      are obtained the corresponding formula-XXXVII compounds. Thereafter, these
      alkylated ketals are transformed following the steps of Chart D as
      described in Example 9 to the corresponding PGE.sub.2 type compounds.
PAR  Also following the procedure of Example 9-d, but using in place of the
      nonenoate alkylating agent, methyl
      m-(chloromethyl)phenoxyacetate(Preparation 2), ethyl
      o-(bromoethyl)benzyloxyacetate (Preparation 3), methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Preparation
      7), and methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetranor-9-undecynoate
      (following Preparation 7), there are obtained alpha and beta, exo and
      endo, compounds corresponding to the product of Example 9 with
      ##SPC127##
PAL  in place of the
      ##SPC128##
PAL  moiety of the Example-9 formula-XXXVII product. In the same manner, but
      using formula LIII-to -LVI alkylating agents within the scope of the
      formula
      ##EQU69##
      there are obtained the corresponding formula-XXXVII products.
PAR  Also following Example 9-d, other esters of the nonenoate alkylating agent
      and of the other above-mentioned alkylating agents within the scope of
      R.sub.10 as above-defined, e.g., the methyl, isopropyl, tert-butyl, octyl,
      .beta.,.beta.,.beta.-trichloroethyl, cyclohexyl, benzyl, and phenyl
      esters, there are obtained the corresponding esters of these alpha and
      beta, exo and endo, formula-XXXVII bicyclo[3.1.0]hexane cyclic ketal
      alkylation products.
PAR  Also following the procedure of Example 9 but using in combination each of
      the above-described alternative formula-XLIII bicyclo[3.1.0]hexane olefin
      reactants (e.g. following Example 1) and each of the above-described
      omega-halo alkylation reactants within the scope of
      ##EQU70##
      (e.g. following Example 1) there are obtained formula-XXXVII compounds
      corresponding to the product of Example 9 but different therefrom with
      respect to both the carboxylate-terminated side chain and the side chain
      attached to the cyclopropane ring of the product, and in their respective
      alpha or beta and exo or endo configuration.
PAR  Following the procedure of Example 9 but using in place of the acetonide
      each of the specific formula-XXXVII exo and endo, alpha and beta,
      saturated, cis and trans ethylenic, and acetylenic bicyclo[3.1.0]hexane
      cyclic ketal esters defined above, there are obtained the corresponding
      formula-XXXVIII dihydroxy compounds, and thence the corresponding PGE type
      compounds.
PAC  EXAMPLE 10
PAC  dl-Methyl
      7-[Endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Formula-XLIV, Chart E; G
      is
      ##SPC129##
PAC  R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl; Z' is
      ##SPC130##
PAC  and .about. is endo and alpha).
PAR  Refer to Chart E. Following the procedures of Example 1-B, but replacing
      endo-6-(1-heptenyl)bicyclo[3.1.0]-hexan-3-one with
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one (Preparation 4),
      and replacing methyl m-(chloromethyl)phenoxyacetate with methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Preparation
      7), there is obtained the title compound.
PAC  EXAMPLE 11
PAC  dl-Methyl 7-[Endo-6-(4
      -phenyl-1,2-dimesyloxy-butyl)-3-oxobicyclo[3.1.0.]hex-2.alpha.-yl]-3-oxa-3
     ,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Formula-XLVI, Chart E; G' is
      ##SPC131##
PAC  R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 and R.sub.13 are
      methyl; Z' is
      ##SPC132##
PAC  and .about. is alpha and endo).
PAR  a. There is first prepared the formula-XLV dihydroxy compound. Following
      the procedures of Example 2, but replacing dl-methyl
      7-[endo-6-(1-heptenyl)-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-heptanoate
      with dl-methyl
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl-]-3-
     oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Example 10), there are
      obtained isomers of the desired formula-XLV compound, dl-methyl
      7-[endo-6-(4-phenyl-1,2-dihydroxybutyl)-3
      -oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trino
     r-7nonynoate.
PAR  b. Following the procedures of Example 3, but replacing that formula-XLV
      dihydroxy heptanoate compound with the formula-XLV nonynoate compound of A
      above, there is obtained the desired formula-LXVI dimesyloxy title
      compound.
PAC  EXAMPLE 12
PAC  dl-Methyl
      9-[Endo-6-(1,2-dihydroxy-4-phenyl-butyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-y
     l]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-trans-7-nonenoate Acetonide
      (Formula-XXVII, Chart D: G is
      ##SPC133##
PAL  J' is trans
      ##SPC134##
PAC  R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10, R.sub.11, and
      R.sub.12 are methyl; and .about. is endo and alpha)
PAR  Refer to the sequence of reactions from formula L to formula XXXVI, and to
      Chart D.
PAR  a. There is first prepared the formula-Ll dihydroxy compound. To a solution
      of the formula-XLIII olefin (Preparation 4, above, approximately 10.0 g.)
      in water is added a solution of potassium chlorate (10.0 g.) and osmium
      tetroxide (0.65 g.) in 250 ml. of water. The mixture is stirred vigorously
      for 5 hrs. at 50.degree. C. Then, the cooled mixture is concentrated under
      reduced pressure, the residue is extracted repeatedly with
      dichloromethane, and the combined extracts are dried and concentrated. The
      residue is chromatographed on about 1000 g. of silica gel, and eluted
      successively with 3 l. of 10% ethyl acetate in a mixture of isomeric
      hexanes (Skellysolve B), with 5 l. of 25% ethyl acetate in Skellysolve B,
      and then with 50% ethyl acetate in Skellysolve B, collecting 500 ml.
      eluate fractions. Fractions shown by TLC to contain the desired product
      are combined and evaporated to dryness to give
      dl-endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one
      (formula-LI).
PAC  b. A solution of the product of step a above (about 8.0 g.) and 700 mg. of
      potassium bisulfate in 140 ml. of acetone is stirred at 25.degree.  C. for
      64 hrs. Then, sodium carbonate monohydrate (710 mg.) is added, and the
      mixture is stirred 10 min. The acetone is concentrated at reduced
      pressure, and water is added. The aqueous solution is extracted repeatedly
      with dichloromethane, and the extracts are combined, washed with water,
      dried, and concentrated. The residue is chromatographed on 400 g. of
      silica gel, being eluted with 2 l. of 10% ethyl acetate in Skellysolve B,
      and then with 4 l. of 15% ethyl acetae in Skellysolve B. The 15% ethyl
      acetate eluates are concentrated to the formula-XXXVI ketal,
      dl-endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one
      acetonide.
PAR  c. To prepare the formula-XXXVII compound, the ketal above is alkylated
      following the procedure of Example 1-B, but replacing methyl
      m-(chloromethyl)phenoxyacetate with methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-trans-7-nonenoate
      (Preparation 9, above), thereby yielding the title compound.
PAR  Following the procedures of Example 9, the formula-XXXVII compound is
      transformed via the formula-XXXVIII and -XXXIX compounds to the
      corresponding formula-XL PGE-type compound.
PAC  EXAMPLE 13
PAC  9-[Endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl
     ]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoic Acid Acetonide
      (Formula-LXXX, Chart G: G is n-pentyl; J' is
      ##SPC135##
PAC  R.sub.9 and R.sub.26 are hydrogen; R.sub.2, R.sub.11, and R.sub.12 are
      methyl; and .about. is alpha and endo.
PAR  Refer to Chart G. A solution of sodium borohydride (1.5 g.) in 10 ml. of
      water is added with stirring to a solution of formula-LXXVI dl-methyl
      9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-y
     l]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate acetonide (5.0
      g.) in 110 ml. of absolute ethanol at 0.degree. C. The mixture is stirred
      for 2.5 hrs. at 0.degree. to 5.degree. C. Then, 40 ml. of acetone is
      added, and, after 5 min., the mixture is evaporated under reduced
      pressure. The residue is extracted with dichloromethane, and the extract
      is washed successively with dilute hydrochloric acid and brine, dried, and
      concentrated to the formula-LXXVII compound, dl-methyl
      9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo-[3.1.0]hex-2.alp
     ha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate acetonide.
PAR  This formula-LXXVII cyclic ketal hydroxy ester is dissolved in a mixture of
      methanol (100 ml.) and 45% aqueous potassium hydroxide solution (30 ml.),
      and the solution is stirred under nitrogen at 25.degree. C. for 15 hrs.
      Two volumes of water are then added, and the mixture is acidified with
      cold hydrochloric acid and then extracted with a mixture of
      dichloromethane and diethyl ether (1:3). The extract is washed with brine,
      dried, and concentrated to the formula-LXXVIII compound,
      dl-9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo[3.1.0]hex-2.a
     lpha.-yl]-there are obtained the corresponding formula-LXXVII, LXXVIII, and
      LXXX compounds.
PAC  EXAMPLE 14
PAC  dl-7-[Endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]-hex-2.alpha.-yl]-3-oxa-4,7-in
     ter-o-phenylene-5,6-dinor-heptanoic Acid (Formula-LXXXVI, Chart H: G is
      n-pentyl; Z' is
      ##SPC136##
PAC  R.sub.2, R.sub.9, and R.sub.26 are hydrogen; and .about. is alpha and
      endo).
PAR  Refer to Chart H. Following the procedure of Example 13, the formula-LXXXII
      compound, dl-ethyl
      7-[endo-6-(1-heptenty)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-inter
     o-phenylene-5,6-dinor-heptanoate is reduced with sodium borohydride to the
      formula-LXXXIII compound, dl-ethyl
      7-[endo-6-(1-heptenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-i
     nter-o-phenylene-5,6-dinor-heptanoate. That hydroxy ester is then
      saponified as described in Example 13 to the formula-LXXXIV compound,
      dl-7-[endo-6-(1-heptenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,
     7-intero-phenylene-5,6-dinor-heptanoic acid. That hydroxy acid is then
      oxidized as described in Example 13 to the title compound.
PAR  Following the procedure of Example 14 but substituting for that
      formula-LXXXII compound, the formula-LXXXII compound of Example 10, viz.
      dl-methyl
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xa-3,7inter-m-phenylene-4,5,6-trinor-7-nonynoate, there is obtained on
      reduction the corresponding formula-LXXXIII compound,
      dl-methyl-7-[endo-6-(cis-4-phenyl-1-butenyl)-3-hydroxybicyclo[
      3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoat
     e; there is likewise obtained on saponification the corresponding
      formula-LXXXIV compound,
      dl-7-[endo-6-(cis-4-phenyl-1-butenyl)-3-hydroxybicyclo[3.10]hex-2.alpha.-y
     l]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoic acid; and there is
      likewise obtained on oxidation the corresponding formula-LXXXVI compound,
      dl-7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxabicyclo[3.1.0]hex-2.alpha.-yl]-
     3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoic acid.
PAR  Following the procedure of Example 14, but using in place of the
      formula-LXXXII 3-oxobicyclo[3.1.0]hexane ester, each of the specific
      formula-LXXXII endo and exo, alpha and beta, saturated and acetylenic
      esters described in and following the Examples 1, 6, and 10 is reduced
      with sodium borohydride to give the corresponding formula-LXXXIII
      3-hydroxy-bicyclo[3.1.0]hexane ester. That hydroxy ester is then
      saponified as described in Example 13 to the corresponding formula-LXXXIV
      3-hydroxybicyclo-[3.1.0]hexane acid. That hydroxy acid is then oxidized as
      described in Example 13 to the corresponding formula-LXXXVI
      3-oxobicyclo[3.1.0]hexane acid.
PAC  EXAMPLE 15
PAC  dl-15-Dehydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. Methyl Ester (Formula-XCI, Chart J: E' is trans --CH=CH--, G
      is n-pentyl, J' is
      ##SPC137##
PAC  R.sub.1 is methyl, R.sub.26 is hydrogen, and .about. is alpha).
PAR  Refer to Chart J. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. methyl
      ester (Example 4, about 0.5 g.) in 24 ml. of dioxane is stirred at
      50.degree. C. under nitrogen and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
      (0.37 g.) is added. The mixture is stirred at 50.degree. C. for 24 hrs.,
      cooled to room temperature, and filtered. The filter cake is washed with
      tetrahydrofuran, and the filtrate and wash are combined and concentrated
      under reduced pressure. The residue is taken up in dichloromethane and
      washed with brine, then dried over sodium sulfate and concentrated under
      reduced pressure. The residue is chromatographed over 90 g. of silica gel
      wet-packed in 8% ethanol in dichloromethane, eluting with 300 ml. of 2%,
      300 ml. of 3%, 225 ml. of 7.5% and 245 ml. of 10% ethanol in
      dichloromethane, taking 15-ml. fractions. Fractions shown by TLC to
      contain the desired product are combined and concentrated to the title
      compound.
PAC  EXAMPLE 16
PAC  dl-15-Methyl-3-oxa-3,7-inter-m-phenylene4,5,6-trinor-PGF.sub.1 .sub..alpha.
      Methyl Ester (Formula-XX: C.sub.g H.sub.2q  and C.sub.p H.sub.2p are
      valence bonds in meta relationship, G is n-pentyl, Q is
      ##EQU71##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart J. A solution of 0.413 g. of
      dl-15-dehydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. methyl ester (Example 15, about 0.4 g.), hexamethyldisilazane
      (3 ml.) and trimethylchlorosilane (0.5 ml.) in 20 ml. of tetrahydrofuran
      is allowed to stand at about 25.degree. C. for 20 hrs. The mixture is
      filtered and the filtrate is concentrated under reduced pressure. Xylene
      (10 ml.) is added to the residue and removed by concentration under
      reduced pressure. The residue is dissolved in anhydrous ether and 110% of
      the theoretical amount of 3 M methyl magnesium bromide in ether is added.
      The mixture is allowed to stand 20 min. at about 25.degree. C. and poured
      into 100 ml. of saturated aqueous ammonium chloride. The ether layer is
      separated, the aqueous layer is extracted with ether, and the ether
      extracts are combined and washed with brine, dried over sodium sulfate,
      and concentrated under reduced pressure. The residue is dissolved in 300
      ml. of ethanol and 30 ml. of water containing 3 drops of glacial acetic
      acid, and the mixture is stirred for 2 hrs. at about 25.degree. C. The
      mixture is concentrated under reduced pressure to an aqueous residue and
      the residue is extracted with dichloromethane. The dichloromethane extract
      is concentrated under reduced pressure to give a residue which is
      chromatographed over 60 g. of silica gel wet-packed in 8% ethanol in
      dichloromethane, eluting with 200 ml. of 5% and 800 ml. of 10% ethanol in
      dichloromethane and taking 10-ml. fractions. Fractions shown by TLC to
      contain the desired product are combined and concentrated to yield the
      title compound. Other fractions yield the 15-epimer.
PAR  Likewise, using the corresponding
      3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGF.sub.1 .sub..alpha. or PGF.sub.1
      .sub..beta. compound instead of the above oxa-phenylene compounds, there
      are obtained the corresponding 15-dehydro PGF.sub.1 .sub..alpha. or
      PGF.sub.1 .sub..beta.-type compounds, and finally the
      dl-15-methyl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGF.sub.1 .sub..alpha.
      or -PGF.sub.1 .sub..beta. ethyl esters and their 15-epimers.
PAC  EXAMPLE 17
PAC  dl-13,14-Dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl
      Ester (Formula XIX C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds
      in meta relationship, G is n-pentyl, Q is
      ##EQU72##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart B. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 100 mg.) in 10 mg. of ethyl acetate is shaken with hydrogen at
      about one atmosphere pressure at 25.degree. C. in the presence of 5%
      rhodium on charcoal (15 mg.). After approximately one equivalent of
      hydrogen is absorbed, the hydrogenation is stopped, and the catalyst is
      removed by filtration. The filtrate is concentrated, aand the residue is
      chromatographed on 25 g. of silica gel, eluting with 50-100% ethyl acetate
      gradient in Skellysolve B. Those fractions shown by TLC to contain the
      desired product free of the starting product and hydrogenolysis products
      are combined and concentrated to the title compound.
PAR  Following the procedure of Example 17,
      dl-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester is reduced to
      dl-13,14-dihydro-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.1 ethyl ester.
      Likewise, dl-3-oxa-4,7-o-phenylene-5,6-dinor-PGE.sub.1 methyl ester is
      reduced to dl-13,14-dihydro-3-oxa-4,7-o-phenylene-5,6-dinor-PGE.sub.1
      methyl ester.
PAR  Also following the procedure of Example 17,
      dl-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.2,
      -trans-5,6-dehydro-PGE.sub.1, and -5,6-dehydro-PGE.sub.2 are each reduced
      to dl-13,14-dihydro-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.1, using
      two equivalents of hydrogen for the first two reactions, and three
      equivalents of hydrogen for the third. Likewise, the corresponding
      dl-3-oxa-4,7-o-phenylene-5,6-dinor- compounds are reduced to
      dl-13,-14,-dihydro-3-oxa-4,7-o-phenylene-5,6-dinor-PGE.sub.1.
PAR  Also following the procedure of Example 17, the ethyl ester and the free
      acid form of the formula XVI-to -XVIII PGE compounds in their various
      spatial configurations are transformed to the corresponding 13,14-dihydro
      PGE.sub.1 compound by catalytic hydrogenation, using equivalents of
      hydrogen appropriate to the degree of unsaturation of the reactant, i.e.,
      one equivalent for the PGE.sub.1 type, two equivalents for the PGE.sub.2
      type and trans-5,6-dehydro-PGE.sub.1 type, and three equivalents for the
      5,6-dehydro-PGE.sub.2 type.
PAR  Also following the procedure of Example 17,
      dl-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. and its ethyl
      ester are reduced to
      dl-13,14-dihydro-3-oxa-3,7-m-phenylene-4,5,6-PGF.sub.1 .sub..alpha. and
      its ethyl ester, respectively. -trinor-PGF.sub.
PAR  Also following the procedure of Example 17, the ethyl ester and the free
      acid form of the formula-XX to -XXII PGF compounds in their various
      spatial configurations are transformed to the corresponding 13,14-dihydro
      PGF.sub.1 .sub..alpha. or PGF.sub.1 .sub..beta. compound by catalytic
      hydrogenation, using equivalents of hydrogen appropriate to the degree of
      unsaturation of the reactant.
PAC  EXAMPLE 18
PAC  dl-13,14-Dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-pGF.sub.1
      (Formula-XXVII: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in
      meta relationship, G is n-pentyl, Q is
      ##EQU73##
PAC  R.sub.1 is hydrogen, and .about. is alpha).
PAR  Refer to Chart B. A suspension of disodium azodiformate (50 mg.) in 5 ml.
      of absolute ethanol is added to a stirred solution of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 (Example 5, 50 mg.) in
      10 ml. of absolute ethanol under nitrogen at 25.degree. C. The mixture is
      made acid with glacial acetic acid, and then is stirred under nitrogen at
      25.degree. C. for 8 hrs. The resulting mixture is concentrated under
      reduced pressure, and the residue is mixed with a mixture of diethyl ether
      and water (1:1). The diethyl ether layer is separated, dried, and
      concentrated to the title product.
PAR  Following the procedure of Example 18,
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 methyl ester is
      reduced to
      dl-13,14-dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 methyl
      ester.
PAR  Also following the procedure of Example 18,
      dl-3-oxa-3,7-inter-m-phenylene-PGA.sub.2, -trans-5,6-dehydro-PGA.sub.1,
      and 5,6-dehydro-PGA.sub.2 are each reduced to
      dl-13,14-dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1, using
      amounts of the disodium azodiformate reactant appropriate to the degree of
      unsaturation of the reactant.
PAR  Also following the procedure of Example 18, the methyl ester and the free
      acid form of the formula-XVI to -XVIII PGE type compounds, the formula-XX
      to -XXII PGF type compounds, the formula-XXIV to -XXVI PGA type compounds,
      and the formula-XXVIII to -XXX PGB type compounds are transformed to the
      corresponding 13,14-dihydro PGE.sub.1, PGF.sub.1, PGA.sub.1, or PGB.sub.1
      type compound by diimide reduction, using amounts of disodium azodiformate
      reactant appropriate to the degree of unsaturation of the PGE, PGF, PGA,
      or PGB type reactant.
PAC  EXAMPLE 19
PAC  dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 Methyl Ester
      (Formula-XXIV: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in
      meta relationship, G is n-pentyl, Q is
      ##EQU74##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart D. A solution of the formula-XXXIX bismesylate, dl-methyl
      7-[endo-6-(1,2-dimesyloxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa
     -3,7-inter-m-phenylene4,5,6-trinor-heptanoate (Example 3, about 10 g.) in
      75 ml. -inter-m-phenylene- of acetone is mixed with 10 ml. of water and 20
      ml. of saturated aqueous sodium bicarbonate solution. The mixture is
      refluxed under nitrogen for 4 hrs. Then, the mixture is cooled, acidified
      with 5% hydrochloric acid, and extracted with ethyl acetate. The extract
      is washed with brine, dried, and concentrated to give the title product.
PAR  Following the procedure of Example 19, each of the bismesylates defined in
      Example 3 is transformed to the corresponding PGA-type ester, including
      the .beta.,.beta.,.beta.-trichloroethyl esters. Thereafter, each of the
      .beta.,.beta.,.beta.-trichloroethyl esters is transformed to the
      corresponding PGA-type free acid by the procedure of Example 23, below.
PAC  EXAMPLE 20
PAC  dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGB.sub.1 (Formula-XXVIII:
      C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-pentyl, Q is
      ##EQU75##
PAC  R.sub.1 is hydrogen, and .about. is alpha).
PAR  Refer to Chart A. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 (200 mg.) in 100 ml.
      of 50% aqueous ethanol containing about one gram of potassium hydroxide is
      kept at 25.degree. C. for 10 hrs. under nitrogen. Then, the solution is
      cooled to 10.degree. C. and neutralized by addition of 3 N. hydrochloric
      acid at 10.degree. C. The resulting solution extracted repeatedly with
      ethyl acetate, and the combined ethyl acetate extracts are washed with
      water and then with brine, dried, and concentrated to give the title
      compound.
PAR  Following the procedure of Example 20,
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 is also transformed
      to the PGB.sub.1 -type title compound.
PAR  Following the procedure of Example 20, each of the formula XVI-to -XIX PGE
      compounds and formula XXIV-to -XXVII PGA compounds are transformed to the
      corresponding PGB compounds.
PAC  EXAMPLE 21
PAC  dl-15-Methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl
      Ester (Formula XVI: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence
      bonds in meta relationship, G is n-pentyl; Q is
      ##EQU76##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart I. A solution of
      dl-15-methyl-3-oxa3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. methyl ester (95 mg.) in 40 ml. of acetone is cooled to
      -10.degree. C. To it is added 110% of the theoretical amount of Jones
      reagent (in the proportions of 21 g. of chromic anhydride, 60 ml. of
      water, and 17 ml. of concentrated sulfuric acid), precooled to 0.degree.
      C., with vigorous stirring. After about 10 min., isopropyl alcohol (1 ml.)
      is added to the cold reaction mixture. After 5 min., the mixture is
      filtered and the filtrate is concentrated at reduced pressure, and the
      residue is mixed with 5 ml. of brine. The mixture is extracted repeatedly
      with ethyl acetate, and the combined extracts are washed with brine, dried
      with anhydrous sodium sulfate, and concentrated at reduced pressure. The
      residue is chromatographed on 20 g. of neutral silica gel, eluting with
      50% ethyl acetate in Skellysolve B. Concentration of the eluates gives the
      title product.
PAR  Following the procedure of Example 21, there is substituted for the
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. methyl ester, the free acid, the propyl ester, the octyl
      ester, the cyclopentyl ester, the benzyl ester, the phenyl ester, the
      2,4-dichlorophenyl ester, the 2-tolyl ester, of the
      .beta.,.beta.,.beta.-trichloroethyl ester, there is obtained the
      corresponding
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 compound.
PAR  Following the procedure of Example 21, but substituting for the
      15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha.
      methyl ester, the methyl ester of each of the
      15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..beta.,
      -PGF.sub.2 .sub..alpha., -PGF.sub.2 .sub..beta., -5,6-dehydro-PGF.sub.2
      .sub..alpha., -5,6-dehydro-PGF.sub.2 .sub..beta., -dihydro-PGF.sub.1
      .sub..alpha., and -dihydro-PGF.sub.1 .sub..beta. compounds in their
      various natural or 15-epi configurations and optical isomers is
      transformed to the corresponding PGE-type compound.
PAR  Following the procedure of Example 21, each of the various
      15-alkyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha.
      methyl ester compounds, including the 15-ethyl, 15 propyl, 15-butyl, and
      15-substituted isomeric forms of propyl and butyl, is transformed to the
      corresponding PGE type compound.
PAR  Also following the procedure of Example 21, each of the 15-alkyl PGF-type
      acids and esters within the scope of formula-LXXXVIII (Chart I) is
      transferred to a 15-alkyl PGE-type acid or ester encompassed by
      formula-LXXXIX.
PAC  EXAMPLE 22
PAC  dl-15-Methyl-3-oxa-4,7-inter-o-phenylene-5,6dinor-PGA.sub.1 Methyl Ester
      (Formula XXIV: C.sub.g H.sub.2g is a valence bond, C.sub.p H.sub.2p is
      methylene, C.sub.g H.sub.2g and C.sub.p H.sub.2p are in ortho
      relationship, G is n-pentyl, Q is
      ##EQU77##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart K. A mixture of the formula-XCV
      15-methyl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.1 methyl ester
      (Example 21, 6 mg.), dicyclohexylcarbodiimide (20 mg.), copper (II)
      chloride dihydrate (2 mg.), and diethyl ether (2 ml.) is stirred under
      nitrogen at 25.degree. C. for 16 hrs. Then, additional
      dicyclohexylcarbodiimide (20 mg.) is added, and the mixture is stirred an
      additional 32 hrs. at 25.degree. C. under nitrogen. The resulting mixture
      is filtered, and the filtrate is concentrated under reduced pressure. The
      residue is chromatographed by preparative thin layer chromatography with
      the A-IX system to give the title compound.
PAR  Following the procedure of Example 22, but substituting for the
      oxa-phenylene PGE.sub.1 compound, the methyl esters of
      dl-15-methyl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.2,
      -5,6-dehydro-PGE.sub.2, and -dihydro-PGE.sub.1, there are obtained the
      corresponding formula-XCVI compounds, viz., the methyl esters of
      dl-15-methyl 3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGA.sub.2,
      -5,6-dehydro-PGA.sub.2, and -dihydro-PGA.sub.1.
PAR  Also following the procedure of Example 22, but substituting for the
      phenyl-substituted PGE.sub.1 compound, the methyl esters of
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1,
      -PGE.sub.2, -5,6-dehydro-PGE.sub.2, and -dihydro-PGE.sub.1, there are
      obtained the corresponding formula-XCVI compounds, viz., the methyl esters
      of dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1,
      -PGA.sub.2 , -5,6-dehydro-PGA.sub.2, and -dihydro-PGA.sub.1.
PAR  Also following the procedure of Example 22, each of the formula-XCV (Chart
      K) compounds defined above in Example 21 is transformed to the
      corresponding formula-XCVI compound.
PAC  EXAMPLE 23
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1  (Formula XVI:
      C.sub.g H.sub.2q and C.sub.p H.sub.2p are valence bonds in metal
      relationship, G is n-pentyl, Q is
      ##EQU78##
PAC  R.sub.1 is hydrogen, and .about. is alpha).
PAR  Zinc dust (420 mg.) is added to a solution containing
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1
      .beta.,.beta.,.beta.-trichloroethyl ester (100 mg.) in 5 ml. of a mixture
      of acetic acid and water (9:1 v/v). This mixture is stirred under nitrogen
      2 hrs. at 25.degree. C. Ethyl acetate (4 volumes) is then added, followed
      by addition of 1 N. hydrochloric acid (one volume). The ethyl acetate
      later is separated, washed with water and then with brine, dried, and
      evaporated. The residue is chromatographed on 15 g. of acidwashed silica
      gel (Silicar CC4), being eluted with 100 ml. of 50%, 100 ml. of 80%, and
      200 ml. of 100% ethyl acetate in Skellysolve B, collecting 20-ml.
      fractions. The fractions containing the desired product and no starting
      material or dehydration products as shown by TLC are combined and
      concentrated to the title compound.
PAR  Following the procedure of Example 23, each of the
      .beta.,.beta.,.beta.-tribromoethyl, -triiodoethyl,
      .beta.,.beta.-dibromoethyl, -diiodoethyl, and the .beta.-iodoethyl esters
      of dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 is converted to
      the free acid of dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 by
      reaction with zinc dust and acetic acid.
PAR  Following the procedure of Example 23, the
      .beta.,.beta.,.beta.trichloroethyl ester of
      dl-15-methyl-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2 following Example
      9 above is converted to the respective free acid compound using zinc dust
      with either propionic, butyric, pentanoic, or hexanoic acid instead of
      acetic acid.
PAR  Following the procedure of Example 23, the
      .beta.,.beta.,.beta.-trichloroethyl ester of each of the PGE, PGF, PGA,
      and PGF type compounds represented by formulas XVI-XXXV in their various
      structural configurations and optical isomers is treated with zinc dust
      and acetic acid to obtain the corresponding free acid form of the
      compound. The esters are prepared by the procedures disclosed herein,
      using as intermediates formula-XXXVII cyclic ketals or formula-XLIV or
      -LXX olefins wherein R.sub.10 is haloethyl, e.g.,
      .beta.,.beta.,.beta.-trichloroethyl. These intermediates are prepared
      either by alkylation of the respective formula-XXXVI cyclic ketal (Chart
      D) or formula-XLIII or -LXIX olefin (Charts E and F) with the appropriate
      alkylating agent wherein R.sub.10 is haloethyl, or by the transformation
      of the alkylated cyclic ketal or olefin by the steps shown in Charts G and
      H using procedures disclosed herein, yielding intermediates LXXIX, LXXXI,
      LXXXV, or LXXXVII.
PAC  EXAMPLE 24
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. and
      -PGF.sub.1 .sub..beta. (Formula XX; C.sub.g H.sub.2g and C.sub.p H.sub.2p
      are valence bonds in meta relationship, G is n-pentyl, Q is
      ##EQU79##
PAC  R.sub.1 is hydrogen, and .about. is alpha or beta).
PAR  A solution of 146 mg. of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. ethyl
      ester in a mixture of 4.5 ml. of methanol and 1.5 ml. of water is cooled
      to 5.degree. C. and 0.6 ml. of 45% aqueous potassium hydroxide is added.
      The mixture is allowed to stand 3.5 hrs. at 25.degree. C., then is diluted
      with 75 ml. of water and extracted once with ethyl acetate to remove any
      neutral material. The aqueous layer is separated, made acid with dilute
      hydrochloric acid and extracted 4 times with ethyl acetate. The extracts
      are combined and washed 3 times with water, once with brine, dried over
      sodium sulfate, and concentrated to give the PGF.sub.1.sub..alpha. -type
      title compound.
PAR  Following the procedure of Example 24, the methyl ester of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinorPGF.sub.1.sub..beta.  is
      transformed to the free acid, i.e. the formula- XX PGF.sub.1.sub..beta.
      -type title compound.
PAR  Following the procedure of Example 24, the methyl or ethyl esters of the
      various oxa-phenylene PGF-type compounds and their isomers are transformed
      to the corresponding free-acid oxa-phenylene PGF-type compounds.
PAC  EXAMPLE 25
PAC  dl-3-Oxa-3,5-inter-m-phenylene-4-nor-PGF.sub.2.sub..alpha.  Methyl Ester
      (Formula XXI: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationship, G is n-pentyl, Q is
      ##EQU80##
PAC  R.sub.1 is methyl, R.sub.3 and R.sub.4 are hydrogen, and .about. is alpha
PAR  Refer to Chart C.
      dl-5,6-Dehydro-3-oxa-3,5-inter-m-phenylene-4-nor-PGF.sub.2.sub..alpha.
      methyl ester (200 mg.) in pyridine (4 ml.) and methanol (10 ml.) is
      hydrogenated in the presence of a 5%-palladium-on-barium sulfate catalyst
      (200 mg.) at 25.degree. and atmospheric pressure. The reaction is
      terminated when slightly more than one equivalent of hydrogen is absorbed.
      The mixture is filtered and evaporated. Ethyl acetate is added and
      residual pyridine is removed by addition of ice and 3 N. hydrochloric
      acid. The ethyl acetate layer is washed with 1 N. hydrochloric acid and
      then with brine, dried, and concentrated to yield the title product.
PAR  Following the procedure of Example 25, the 5,6-dehydro oxa-phenylene
      PGF.sub.2 compounds following Example 4 are reduced to the corresponding
      PGF.sub.2 compounds. Likewise, the 5,6-dehydro oxa-phenylene PGE, PGA, and
      PGB compounds disclosed herein are reduced to the corresponding PGE.sub.2,
      PGA.sub.2, and PGB.sub.2 compounds.
PAC  EXAMPLE 26
PAR  dl-.beta.,.beta.,.beta.-Trichloroethyl
      9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo[3.1.0]-hex-2.alp
     ha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6trinor-cis-7-nonenoate Acetonide
      (Formula LXXIX, Chart G: G is n-pentyl, J' is cis
      ##SPC138##
PAC  haloethyl is .beta.,.beta.,.beta.-trichloroethyl, R.sub.2, R.sub.11, and
      R.sub.12 are methyl, R.sub.9 and R.sub.26 are hydrogen, and .about. is
      alpha and endo).
PAR  Refer to chart G. Successively, .beta.,.beta.,.beta.-trichloroethanol (25
      ml.), pyridine (15 ml.), and dicyclohexylcarbodiimide (4.0 g.) are added
      to a solution of formula-LXXVIII compound
      dl-9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo[3.1.0]hex-2.a
     lpha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoic acid
      acetonide (Example 13, 2.0 g.) in 100 ml. of dichloromethane. This mixture
      is stirred 3 hrs. under nitrogen at 25.degree. C. Water (50 ml.) is then
      added, and the mixture is stirred 10 min. The dichloromethane is
      concentrated under reduced pressure, and the residue is extracted
      repeatedly with ethyl acetate. The combined extracts are washed with
      ice-cold 3 N. hydrochloric acid. Then, the extracts are washed
      successively with aqueous sodium bicarbonate solution and brine, dried,
      and concentrated under reduced pressure. The residue is chromatographed on
      600 g. of silica gel, eluting with 10 l. of a 20-100% ethyl
      acetate-Skellysolve B gradient, collecting 50ml. fractions. The middle
      fractions which show a product free of starting materials on TLC are
      combined and concentrated under reduced pressure to give the title
      compound.
PAR  Following the procedure of Example 26, but using in place of the
      formula-LXXVIII 3-hydroxybicyclo[3.1.0]hexane acid acetonide, each of the
      specific endo and exo, alpha and beta, saturated and unsaturated
      formula-LXXVIII hydroxy acid ketals defined after Example 13, there are
      obtained the corresponding .beta.,.beta.,.beta.-trichloroethyl esters of
      those 3-hydroxybicyclo[3.1.0]hexane acids.
PAR  Following the procedure of Example 26, but using in place of the
      formula-LXXVIII 3-hydroxybicyclo[3.1.0]hexane acid ketal, each of the
      specific formula-LXXX 3-oxo-acid ketals defined after Example 13, there
      are obtained the corresponding formula-LXXXI
      .beta.,.beta.,.beta.-trichloroethyl esters of those 3-oxo-acid ketals.
PAR  Following the procedure of Example 26 but using in place of the
      formula-LXXVIII 3-hydroxy-acid ketal, each of the specific formula-LXXXIV
      (Chart H) 3-hydroxy and formula-LXXXVI 3-oxo acids defined after Example
      14, there are obtained the corresponding formula-LXXXV and formulaLXXXVII
      .beta.,.beta.,.beta.-trichloroethyl esters of those acids, respectively.
PAR  Following the procedures of Examples 3 and 9, each of the formula-LXXXI
      cyclic ketal haloethyl esters of Example 26 is transformed to the
      corresponding formula-XL (Chart D) 3-oxa or 4-oxa phenyl-substituted
      PGE.sub.1 .beta.,.beta.,.beta.-trichloroethyl ester. Thence, following the
      procedure of Example 23, each of the esters is transformed to the
      oxaphenylene PGE.sub.1 acid compound wherein R.sub.10 of formula-XL is
      replaced with hydrogen.
PAR  Following the procedure of Examples 2 and 3 each of the formula-LXXXVII
      olefin haloethyl esters of Example 26 is transformed to the corresponding
      formula-XLVII (Chart E) oxa-phenylene PGE.sub.1
      .beta.,.beta.,.beta.-trichloroethyl ester. Thence, following the procedure
      of Example 23, each of the esters is transformed to the corresponding
      PGE.sub.1 -type acid compound wherein R.sub.10 of formula-XL is replaced
      with hydrogen.
PAC  EXAMPLE 27
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 Methyl Ester (Formula
      XXIV: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-pentyl, Q is
      ##EQU81##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  A solution of diazomethane (about 50% excess) in diethyl ether (25 ml.) is
      added to a solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-pGA.sub.1 (Example 5, 50 mg.)
      in 25 ml. of a mixture of methanol and diethyl ether (1:1). The mixture is
      allowed to stand at 25.degree. C. for 5 min. Then the mixture is
      concentrated to give the title compound.
PAR  Following the procedure of Example 27, each of the other specific
      phenyl-substituted PGB type, PGA type, PGE type, and PGF type free acids
      defined above is converted to the corresponding methyl ester.
PAR  Also following the procedure of Example 27, but using in place of the
      diazomethane, diazoethane, diazobutane, 1-diazo-2-ethylhexane, and
      diazocyclohexane, there are obtained the corresponding ethyl, butyl,
      2-ethylhexyl, and cyclohexyl esters of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1. In the same manner,
      each of the other specific phenyl-substituted PGB type, PGA type, PGE
      type, and PGF type free acids defined above is converted to the
      corresponding ethyl, butyl, 2-ethylhexyl, and cyclohexyl esters.
PAC  EXAMPLE 28
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl Ester
      Diacetate.
PAR  Acetic anhydride (5 ml.) and pyridine (5 ml.) are mixed with
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 20 mg.), and the mixture is allowed to stand at 25.degree. C.
      for 18 hrs. The mixture is then cooled to 0.degree. C., diluted with 50
      ml. of water, and acidified with 5% hydrochloric acid to pH 1. That
      mixture is extracted with ethyl acetate. The extract is washed
      successively with 5% hydrochloric acid, 5% aqueous sodium bicarbonate
      solution, water, and brine, dried and concentrated to give the title
      compound.
PAR  Following the procedure of Example 28 but replacing the acetic anhydride
      with propionic anhydride, isobutyric anhydride, and hexanoic acid
      anhydride, there are obtained the corresponding dipropionate,
      diisobutyrate and dihexanoate derivatives of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester.
PAR  Also following the procedure of Example 28, but replacing the
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 compound with
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha.  and
      -PGF.sub.1.sub..beta., and
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha
     .  and -PGF.sub.1 .sub..beta., there are obtained the corresponding
      triacetate derivatives of the 3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF
      compounds.
PAR  Also following the procedure of Example 28, each of the phenyl-substituted
      PGE type, PGF type, PGA type, and PGB type esters and free acids defined
      above is transformed to the corresponding acetates, propionates,
      isobutyrates, and hexanoates, the PGE-type derivatives being
      dicarboxyacylates, the PGF-type derivatives being tricarboxyacylates, and
      the PGA-type and PGB-type derivatives being monocarboxyacylates.
PAC  EXAMPLE 29
PAC  dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Sodium Salt.
PAR  A solution of dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1
      (Example 23, 100 mg.) in 50 ml. of a waterethanol mixture (1:1) is cooled
      to 5.degree. C. and neutralized with an equivalent amount of 0.1 N,
      aqueous sodium hydroxide solution. The neutral solution is concentrated to
      give the title compound.
PAR  Following the procedure of Example 29 but using potassium hydroxide,
      calcium hydroxide, tetramethylammonium hydroxide, and
      benzyltrimethylammonium hydroxide in place of sodium hydroxide, there are
      obtained the corresponding salts of dl-3-oxa-3,7l
      -inter-m-phenylene-4,5,6-trinor-PGE.sub.1.
PAR  Also following the procedure of Example 29 each of the phenyl-substituted
      PGE type, PGF type, PGA type, and PGB type acids defined above is
      transformed to the sodium, potassium, calcium, tetramethylammonium, and
      benzyltrimethylammonium salts.
PAR  The various Preparations and Examples given above describe the preparation
      of racemic intermediates and final products. Each of the intermediates and
      final products named and defined above is also obtained in each of the
      enantiomeric forms, d and l, by resolution that compound or by resolution
      of an intermediate used to prepare that compound. For example, natural
      configuration 3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 free acid
      is prepared by resolution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 free acid (Example
      5) or by dehydration as in Example 5 of optically active
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 free acid with the same
      absolute configuration. These resolutions are carried out by procedures
      known in the art, and may be used to obtain prostaglandin-like materials
      having the spatial configuration of the natural prostaglandins, as
      typified by the following Examples 30-32.
PAC  EXAMPLE 30
PAC  Natural Configuration 3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2 and
      PGF.sub.2 .sub..alpha. Methyl Esters (Formula-XVII and -XXI: wherein
      C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-pentyl, Q is
      ##EQU82##
PAC  R.sub.1 is methyl; R.sub.3 and R.sub.4 are hydrogen; and .about. is alpha).
PAR  The process shown in Chart D is used to prepare the PGE.sub.2 -type
      compound first. The formula-XXXVII cyclic ketal intermediate wherein G is
      n-pentyl; J' is
      ##SPC139##
PAL  R.sub.2, r.sub.9, and R.sub.26 are hydrogen; R.sub.10, R.sub.11, and
      R.sub.12 are methyl; and .about. is endo and alpha is prepared following
      the procedures of Example 9.
PAR  The formula-XXXVII compound is resolved as its optical isomers by the
      method of Corey et al., J. Am. Chem. Soc. 84, 2938 (1962), by reacting
      this keto compound with optically active L(+)-2,3-butanedithiol in the
      presence of p-toluene-sulfonic acid. The diastereomeric ketals are
      completely resolved on a preparative chromatographic column, and are then
      hydrolyzed separately, following the procedure of Example 9, to the
      formula-XXXVIII dihydroxy compounds. Transformation to the formula-XXXVII
      PGE.sub.2 -type compounds is accomplished by the procedures of Example 3.
      Of the separate diastereoisomers, one corresponds to the configuration of
      natural PGE.sub.2 and the other to its enantiomer. Conversion of the
      PGE.sub.2 -type compound having the configuration of the natural product
      to the PGE.sub.2.sub..alpha. -type methyl ester is done by borohydride
      reduction following the procedure of Example 4. The natural
      configuration-PGF.sub.2.sub..alpha. -type free acid is formed from the
      methyl ester by saponification, following the procedure of Example 24.
PAC  EXAMPLE 31
PAC  Natural Configuration 3-Oxa-3,5-inter-o-phenylene-4-nor-PGE.sub.1 Methyl
      Ester (Formula XVI: C.sub.g H.sub.2g is ethylene; C.sub.p H.sub.2p is a
      valence bond in ortho relationship to C.sub.g H.sub.2g, G is n-pentyl, Q
      is
      ##EQU83##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart E. A. Methyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo-[3.1.0]hex-2.alpha.-yl]-3-oxa-3,5-inte
     r-o-phenylene-4-nor-heptanoate (Formula-XLIV, Chart E: G is n-pentyl;
      R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl; Z' is
      ##SPC140##
PAL  and .about. is alpha and endo).
PAR  1. Methyl 2-(3-hydroxypropyl)phenoxyacetate. To a solution of potassium
      t-butoxide (11.2 g.) in 150 ml. of dry tetrahydrofuran at
      0.degree.-5.degree. C. is added with stirring 3-(o-hydroxyphenyl)propanol
      (15.2 g.) followed in a few minutes by methyl bromoacetate (20 g.). The
      cooling bath is removed and the mixture is stirred at ambient temperature
      until the reaction mixture becomes essentially neutral. The mixture is
      concentrated in vacuo at 30.degree. C. and the residue is shaken with
      ether and water. The organic layer is washed with dilute potassium
      hydroxide solution, water, brine, and is dried over sodium sulfate and
      then concentrated in vacuo. The residue is distilled in a high vacuum to
      afford methyl 2-(3-hydroxypropyl)phenoxyacetate. 2. Methyl
      2-(3-chloropropyl)phenoxyacetate. A mixture of methyl
      2-(3-hydroxypropyl)phenoxyacetate (step A-1, 25 g.) and thionyl chloride
      (20 ml.) is heated to reflux for 1-2 hrs. The excess thionyl chloride is
      removed in vacuo and the residue is distilled in a high vacuum to afford
      methyl 2-(3-chloropropyl)phenoxyacetate. 3. Methyl
      2-(3-iodopropyl)phenoxyacetate. A mixture of methyl
      2-(3-chloropropyl)phenoxyacetate (step A-2, 24.3 g.), acetone (250 ml.)
      and sodium iodide (30 g.) is heated to reflux with stirring for about 40
      hrs. The mixture is cooled, filtered and the filtrate is concentrated in
      vacuo at about 30.degree. C. The residue is diluted with ether and the
      solution is washed with water, dilute sodium thiosulfate solution, brine
      and is dried over magnesium sulfate and then concentrated in vacuo. The
      product, methyl 2-(3-iodopropyl)phenoxyacetate, is used directly in the
      next step. 4. Following the procedure of Example 1-B, but replacing the
      methyl m-(chloromethyl)phenoxyacetate with methyl 2-(3-iodopropyl)
      phenoxyacetate (step A-3, 18 g.) and allowing the alkylation reaction to
      proceed for about 5 min. before acidification with hydrochloric acid,
      there is obtained the desired formula-XLIV methyl
      7-]endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,5-inter
     -o-phenylene-4-nor-heptanoate.
PAR  Following the procedure of Example 30, the above racemic formula-XLIV
      compound is resolved as two optically active isomers. These are both
      transformed by the subseqeunt steps of this example to the formula-XVI
      PGE.sub.1 -type compounds, one of which corresponds to the configuration
      of natural PGE.sub.1 and the other to its enantiomer.
PAR  B. Methyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxo-bicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa
     -3,5-inter-o-phenylene-4-non-heptanoate (Formula-XLV, Chart E: G' is
      n-pentyl; R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl;
      Z' is
      ##SPC141##
PAL  and .about. is alpha and endo). --To a solution of methyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]-hex-2.alpha.-yl]-3-oxa-3,5-inte
     r-o-phenylene-4-nor-heptanoate (step A, above, 1.8 g.) in 30 ml. of
      tetrahydrofuran at 50.degree. is added, with stirring, osmium tetroxide
      (200 mg.) followed by potassium chlorate (1.2g.) and 15 ml. of water. The
      reaction mixture is maintained at 50.degree. for 2 hrs., cooled, the
      tetrahydrofuran is removed, and the aqueous phase is extracted with
      dichloromethane. The organic layer is dried and concentrated and the
      residue is chromatographed on 200 g. of silica gel. The column is eluted
      with 1 l. of 35% ethyl acetate-benzene and  1 l. of 40% ethyl
      acetate-benzene, collecting 30-ml. fractions. Those fractions containing
      the formula-XLV compound, in its isomeric erythro and threo forms, free of
      starting material and impurities, are combined and concentrated.
PAR  C. Title compound. To a solution of the formula-XLV dihydroxy compound
      (step B, above, 0.8 g.) in 10 ml. of pyridine, cooled to 0.degree., is
      added 1.2 ml. of methane-sulfonyl chloride. The reaction mixture is
      stirred for 2 hrs. and 20 g. of ice is added. The mixture is extracted
      with ether-dichloromethane (1:1) and the organic layer is washed
      successively with dilute hydrochloride acid, water, saturated aqueous
      sodium bicarbonate, and brine, dried, and concentrated. The residue,
      containing the bismesylate, is treated with 15 ml. of acetone and 10 ml.
      of water and stirred for 8-16 hrs. at 25.degree.. The acetone is removed
      in vacuo and the remaining solution is extracted with dichloromethane. The
      extract is dried and concentrated and the residue is chromatographed on
      150 g. of silica gel using 500 ml. ethyl acetate followed by 3% methanol
      ethyl acetate as eluting solvent while collecting 30-ml. fractions. Those
      fractions containing the formula-XLVII product, free of starting material
      and impurities, are combined and concentrated to give the title compound;
      principle NMR spectral peaks at  6.57-7.3 (multiplet); 5.42-5.65
      (multiplet); 4.60 (singlet) and 3.76 (singlet) .delta..
PAC  EXAMPLE 32
PAC  Natural Configuration
      3-Oxa-3,5-inter-o-phenylene-4-nor-PGF.sub.1.sub..alpha. Methyl Ester
      (Formula-XX: C.sub.g H.sub.2g is ethylene C.sub.p H.sub.2p is a valence
      bond in ortho relationship to C.sub.g H.sub.2g, G is n-pentyl, Q is
      ##EQU84##
PAC  R.sub.1 is methyl, and .about. is alpha for the carboxyl-containing moiety
      and for the ring hydroxyl).
PAR  Refer to Chart A. Following the procedure of Example 4, the formula-XVI
      PGE.sub.1 -type compound of Example 31 is transformed to the title
      compound; principle NMR spectral peaks at 6.57-7.3 (multiplet); 5.33-5.56
      (multiplet); 4.62 (singlet) and 3.75 (singlet) .delta..
PAC  EXAMPLE 33
PAC  dl-3-Oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.3 Methyl Ester (Formula-XXXII;
      C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in meta
      relationship, C.sub.n H.sub.2n is methylene, Q is
      ##EQU85##
PAC  R.sub.1 is methyl, R.sub.5 is ethyl, and .about. is alpha) and
      dl-15-Beta-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.3 Methyl Ester
      ##EQU86##
PAR  a. Refer to Chart F. Following the procedure of Preparation 4b, a solution
      of 100 g. of endo-bicyclo-[3.1.0]hexan-3-ol-6-carboxaldehyde
      3-tetrahydropyranyl ether in 200 ml. of benzene is reacted with 250 g. of
      (hex-3-ynyl)triphenylphosphonium bromide (Axen et al., Chem. Comm. 1970,
      602) in 3 l. of benzene at about -15.degree. C. The mixture is warmed to
      70.degree. C. for 2.5 hours., cooled and filtered. The crude product is
      hydrolyzed to the 3-hydroxy compound and then oxidized to the 3-oxo ketone
      with Jones reagent. The desired fromula-LXIX intermediate is isolated
      after silica gel chromatography.
PAR  b. There is next prepared the formula-LXX compound by alkylation. Following
      the procedures of Example 1-B, the product of step a above is reacted with
      methyl 9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate
      (Preparation 7) to yield
      7-[endo-6-(cis-1-hepten-4-ynyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate.
PAR  c. Glycol LXXI is next prepared, employing the product of step b and
      following the procedures of Example 2. Without separating the isomeric
      glycols, the bismesylate corresponding to formula-LXXII is then prepared
      following the procedures of Example 3. Thereafter, following hydrolysis of
      the bismesylate by the procedures of Example 3, the bisdehydro E.sub.3
      type compound corresponding to formula-LXXIII is recovered. Silica gel
      chromatography yields the respective C-15 epimers.
PAR  d. Following the procedures of Preparation 8, each of the C-15 epimers of
      step C above is hydrogenated to yield the corresponding title compounds.
PAC  EXAMPLE 34
PAC  1-Bicyclo[3.1.0]hex-2-ene-6-endocarboxaldehyde Neopentyl Glycol Acetal
      (Formula .sub.CIX : R.sub.31 and R.sub.32 taken together are --CH.sub.2
      --C(CH.sub.3).sub.2 --CH.sub.2 -- and .about. is endo).
PAR  A mixture of 2,2-dimethyl-1,3-propanediol (900 g.), 5 l. of benzene and 3
      ml. of 85% phosphoric acid is heated at reflux. To it is added, in 1.5
      hr., a solution of optically active
      bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde (Prep.10, 500 g.) in one
      liter of benzene. Provision is made to take off azeotropically distilled
      water with a Dean-Stark trap. After 3 hr. the mixture is cooled and
      extracted with 2 liters off 5% sodium bicarbonate. The organic phase is
      dried over sodium sulfate and concentrated under reduced pressure. The
      resulting semisolid residue is taken up in methanol and recrystallized,
      using a total of 1200 ml. of methanol to which 600 ml. of water is added,
      then chilled to -13.degree. C. to yield 300 g. of the title compound, m.p.
      52.degree.-55.degree. C., and having NMR peaks at 0.66, 1.20, 0.83-2.65,
      3.17-3.8, 3.96, and 5.47-5.88 .delta., [.alpha.].sub.D - 227.degree.
      (C=0.8976 in methanol), and R.sub.f 0.60 (TLC on silica gel in 25% ethyl
      acetate in mixed isomeric hexanes). Further work-up of the mother liquors
      yields 50-100 g. of additional product.
PAR  Following the procedures of Example 34 but replacing the aldehyde with
      optically active bicyclo[3.1.0]hex-2-ene-6-exo-carboxaldehyde (see U.S.
      Pat. No. 3,711,515), there is obtained the corresponding formula-CIX
      acetal.
PAR  Following the procedures of Example 34 but using either the endo or exo
      form of the aldehyde and substituting for 2,2-dimethyl-1,3-propanediol one
      of the following glycols: ethylene glycol, 1,2-propanediol,
      1,2-hexanediol, 1,3-butanediol, 2,3-pentanediol, 2,4-hexanediol,
      2,4-octanediol, 3,5-nonanediol, 3,3-dimethyl-2,4-heptanediol,
      4-ethyl-4-methyl-3,5-heptanediol, phenyl-1,2-ethanediol and
      1-pentyl-1,2-propanediol, there are obtained the corresponding formula-CIX
      acetals.
PAC  EXAMPLE 35
PAC  d-8-(m-Acetoxyphenyl)-7-oxa-tricyclo-[4.2.0.0.sup.2,4
      ]octane-6-endo-carboxaldehyde Neopentyl Glycol Acetal (Formual CX: C.sub.p
      H.sub.2p is a valence bond with attachment in the meta position, R.sub.31
      and R.sub.32 taken together are --CH.sub.2 --C(CH.sub.3).sub.2 -CH.sub.2,
      R.sub.39 is
      ##EQU87##
PAC  and .about. is endo).
PAR  Refer to Chart L, step (a). A solution of the formula-CIX
      l-bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde neopentyl glycol acetal
      (Example 34, 5.82 g.) and m-acetoxybenzaldehyde (1.64 g.) in 25 ml. of
      benzene is charged to a Pyrex photolysis vessel equipped with an
      immersible water-cooled cold-finger and a fritted gas inlet tube.
      Dissolved oxygen is removed by bubbling nitrogen through the solution. The
      mixture is then irradiated at 350 nm. with a Rayonet Type RS Preparative
      Photochemical Reacter (The Southern New England Ultraviolet Co.,
      Middletown, Conn.) equipped with six RUL 3500 A lamps. After 24 hr. the
      photolysate is concentrated under reduced pressure to a pale yellow oil,
      10 g., which is subjected to silica gel chromatography. Elution with
      10-70% ethyl acetate in Skellysolve B (mixture of isomeric hexanes) yields
      separate fractions of the recovered starting material and the formula-CX
      title compound, a pale yellow oil, 0.86 g., having NMR peaks at 0.68.
      1.20, 0.8-2.5, 2.28, 2.99, 3.12-3.88, 3.48, 4.97-5.52, and 6.78-7.60
      .delta.; infrared absorption bands at 3040, 2950, 2860, 2840, 1765, 1610,
      1590, 1485, 1470, 1370, 1205, 1115, 1020, 1005, 990, 790, and 700
      cm.sup.-.sup.1 ; mass spectral peaks at 358, 357, 116, 115, 108, 107, 79,
      70, 69, 45, 43, and 41; [.alpha.].sub.D + 55.degree. (C=0.7505 in 95%
      ethanol); and R.sub.f 0.18 (TLC on silica gel in 25% ethyl acetate in
      mixed isomeric hexanes).
PAR  Following the procedures of Example 35 but replacing the formula-CIX acetal
      with the formula-CIX compounds disclosed following Example 34, there are
      obtained the corresponding formula-CX compounds in their endo or exo forms
      and with corresponding exemplification of R.sub.31 and R.sub.32.
PAR  Likewise following the procedures of Example 35 but replacing
      m-acetoxybenzaldehyde with aldehydes within the scope of formula CXIX
      above, as to C.sub.p H.sub.2p, the attachment position of the phenyl ring,
      and the carboxyacyl group R.sub.39, or defined above, the corresponding
      formula-CX oxetanes are obtained wherein .about. is endo or exo, and
      R.sub.31 and R.sub.32 correspond to the glycols employed after Example 34
      above. Specifically, the following formula-CXIX aldehydes are employed:
      ##SPC142##
PAC  EXAMPLE 36
PAC  d-2-Exo-[m-(pivaloyloxy)benzyl]-3-exobicyclo[3.1.0]hexane-6-endo-carboxalde
     hyde Neopentyl Glycol Acetal (Formula XCII: C.sub.p H.sub.2p is a valence
      bond with attachment in the meta position, R.sub.31 and R.sub.32 taken
      together are --CH.sub.2 --C(CH.sub.3).sub.2 --CH.sub.2 --, R.sub.43 is
      ##EQU88##
PAC  and .about. is endo).
PAR  (I). Refer to Chart L, steps (b) and (c). A mixture of lithium (0.25 g.) in
      70 ml. of ethylamine is prepared at 0.degree. C. and cooled to -78.degree.
      C. A solution of the formula-CX
      d-8-(m-acetoxyphenyl)-7-oxa-tricyclo[4.2.0.0.sup.2,4
      ]-octane-6-endo-carboxaldehyde neopentyl glycol acetal (Example 35, 1.83
      g.) in 10 ml. of tetrahydrofuran is added dropwise in about 5 min. After
      stirring at -78.degree. C. for about 3.5 hr. the reaction is quenched with
      solid ammonium chloride and water-tetrahydrofuran. Unreacted lithium is
      removed, the mixture is warmed slowly to about 25.degree. C., and
      ethylamine is removed. The residue is neutralized with dilute acetic acid,
      mixed with 200 ml. of brine, and extracted with ethyl acetate. The organic
      phase is washed with brine and a mixture of brine and saturated aqueous
      sodium bicarbonate (1:1), and dried over sodium sulfate. Concentration
      under reduced pressure yields the formula-CXI diol as a pale tan foamed
      oil, 1.64 g., having R.sub.f 0.03 (TLC on silica gel in 25% ethyl acetate
      in mixed isomeric hexanes).
PAR  (II). The product of part (I) is dissolved in 30 ml. of pyridine and
      treated with 1.5 ml. of pivaloyl chloride over a period of 22 hr. at about
      25.degree. C. The reaction mixture is mixed with water, then brine and
      extracted with ethyl acetate. The organic phase is washed successively
      with brine, water, saturated aqueous copper (II) sulfate, saturated
      aqueous sodium bicarbonate, and brine, and dried over sodium sulfate.
      Concentration under reduced pressure yields a residue, 2.53 g., which is
      subjected to silica gel chromatography to yield the formula-CXII title
      compound, 1.87 g., having NMR peaks at 0.71, 1.20, 1.33, 0.9-3.1,
      3.28-4.00, 4.17, 4.7-5.2, and 6.77-7.53 .delta.; mass spectral peaks at
      486, 485, 115, 73, 72, 57, 44, 43, 42, 41, 30, 29, 15; [.alpha.].sub.D
      +10.degree. (C=0.8385 in ethanol); and R.sub.f 0.50 (TLC on silica gel in
      25% ethyl acetate in mixed isomeric hexanes).
PAC  EXAMPLE 37 cl d-2-Exo-(m-acetoxybenzyl)-3-exo-acetoxybicyclo]3.1.0]
      formula-CXII -endo-carboxaldehyde Neopentyl Glycol Acetal (Formula CXII:
      C.sub.p H.sub.2p is a valence bond with attachment in the meta position,
      R.sub.31 and R.sub.32 taken together are --CH.sub.2 C(CH.sub.3).sub.2
      --CH.sub.2 --, R.sub.43 is ethyl
      ##EQU89##
PAC  and .about. is endo).
PAR  Following the procedure of Example 36-(II) but replacing pivaloyl chloride
      with acetic anhydride, and using 1.01 g. of the formula-CXI diol, there is
      obtained the title compound, 0.75 g., having NMR peaks at 0.72, 1.22,
      1.98, 2.27, 0.8-3.0, 3.28-3.85, 4.17, 4.75-5.22, and 6.8-7.47 .delta.;
      mass spectral peaks at 402, 401, 115, 107, 73, 69, 45, 44, 43, 42, 41,
      30;[.alpha.].sub.D +7.degree. (C=0.7060 in ethanol); and R.sub.f 0.66 (TLC
      on silica gel in 50% ethyl acetate in mixed isomeric hexanes).
PAC  EXAMPLE 38
PAC  2-Exo-[m-(pivaloyloxy)benzyl]-3-exo-(pivaloyloxy)bicyclo[3.1.0]hexane-6-end
     o-carboxaldehyde (Formula CXIII: C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, R.sub.42 is
      ##EQU90##
PAC  and .about. is endo).
PAR  Refer to Chart L step (d). The formula-CXII acetal, i.e.
      d-2-exo-[m-(pivaloyloxy)benzyl]-3-exo-(pivaloyloxy)-bicyclo[3.1.0]hexane-6
     -endo-carboxaldehyde neopentyl glycol acetal (Example 36, 0.48 g.) is
      treated at 0.degree. C. with 25 ml. of 88% formic acid for 4 hr. The
      mixture is diluted with 200 ml. of brine and extracted with ethyl acetate.
      The organic phase is washed with brine and saturated aqueous sodium
      bicarbonate, and dried over magnesium sulfate. Concentration under reduced
      pressure yields an oil, 0.55 g., which is subjected to silica gel
      chromatography. Elution with 5-15% ethyl acetate in Skellysolve B yields
      the formula-CXIII title compound as an oil, 0.37 g., having NMR peaks at
      1.20, 1.33, 0.6-3.2, 5.1-5.5, 6.6-7.5, and 9.73 .delta.;  and R.sub.f 0.50
      (TLC on silica gel in 25% ethyl acetate in mixed isomeric hexanes).
PAC  EXAMPLE 39
PAC  2-Exo-[m-(pivaloyloxy)benzyl]-3-exo-(pivaloyloxy)-6-endo-(cis-
      1-heptenyl)-bicyclo[3.1.0]hexane (Formula CXIV: C.sub.p H.sub.2p is a
      valence bond with attachment in the meta position, G is n-pentyl, R.sub.42
      is
      ##EQU91##
PAC  R.sub.2 is hydrogen, and .about. is endo); and
      2-Exo-(m-hydroxybenzyl)-3-exo-hydroxy-6-endo-(cis-1-heptenyl)bicyclo[3.1.0
     ]hexane (Formula CXV : C.sub.p H.sub.2p is a valence bond in the meta
      position, G is n-pentyl, R.sub.2 and R.sub.42 are hydrogen, and .about. is
      endo).
PAR  (I). Refer to Chart L, steps (e) and (f). The Wittig ylid reagent is
      prepared in 10 ml. of benzene from n-hexyltriphenylphosphonium bromide
      (0.79 g.) and n-butyllithium (0.6 ml. of 2.32 M. solution in hexane) at
      about 25.degree. C. for 0.5 hr. After the precipitated lithium bromdie has
      settled, the solution is removed and added to a cold (0.degree. C.) slurry
      of the formula-CXIII aldehyde (Examples 38, 0.37 g.). After 15 min. there
      is added 1.0 ml. of acetone and the mixture is heated to 60.degree. C. for
      10 min. The mixture is concentrated under reduced pressure. The residue is
      washed with 10% ethyl acetate in Skellysolve B and these washings are
      concentrated to the formula-CXIV title compound, an oil, 0.33 g. having
      NMR peaks at 1.18, 1.33, 0.6-3.2, 4.5-6.0 and 6.67-7.62 .delta.; and
      R.sub.f 0.78 (TLC on silica gel in 25% ethyl acetate in Skellysolve B).
PAR  (II.) The above product of part (I) is transformed to the formula-CXV diol
      by treatment with sodium methoxide (2.5 ml. of a 25% solution in methanol)
      for 4 hr., followed by addition of 0.5 g. of solid sodium methoxide and
      further stirring for 15 hr. at 25.degree. C., then at reflux for 6 hr. The
      mixture is cooled, mixed with 300 ml. of brine, and extracted with ethyl
      acetate. The organic phase is washed with brine, dried over magnesium
      sulfate, and concentrated under reduced pressure to a residue, 0.27 g. The
      residue is subjected to silica gel chromatography, eluting with 25-35%
      ethyl acetate in Skellysolve B, to yield the formula-CXV title compound an
      an oil, 0.21 g., having NMR peaks at 0.87, 0.6-3.25, 3.88-4.35, 4.82-5.92,
      and 6.47-7.33 .delta.; and R.sub.f 0.13 (TLC on silica gel in 25% ethyl
      acetate in Skellysolve B).
PAR  Following the procedures of Examples 36, 38, and 39 but replacing the
      formula CX oxetane with each of those obtained following Example 35, there
      are obtained successively the corresponding formula-CXI, -CXII, -CXIII,
      and -CXIV compounds wherein C.sub.p H.sub.2p and its attachment position
      on the phenyl ring correspond to the specific aldehydes employed following
      Example 35. These are obtained in both their endo and exo forms.
PAR  Further following the procedures of Example 39, but replacing the Wittig
      ylid reagent with one prepared from a compound of the formula
EQU  Br--P(C.sub.6 H.sub.5).sub.3 --CHR.sub.2 --G
PAL  wherein --CHR.sub.2 --G is each of the following:
PA1  --(CH.sub.2).sub.3 --CH.sub.3
PA1  --(ch.sub.2).sub.4 --ch.sub.3
PA1  --(ch.sub.2).sub.6 --ch.sub.3
PA1  --(ch.sub.2).sub.7 --ch.sub.3
PA1  --ch(ch.sub.3)--(ch.sub.2).sub.5 --ch.sub.3
PA1  --ch.sub.2 --ch(ch.sub.3)--(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch.sub.2 --c(ch.sub.3).sub.2 --(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch(ch.sub.3)--c(c.sub.2 h.sub.5).sub.2 --(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch.sub.2 --chf--(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch.sub.2 --cf.sub.2 --(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch(ch.sub.3)--cf.sub.2 --(ch.sub.2).sub.3 --ch.sub.3
      ##SPC143##
PA1  --(ch.sub.2).sub.2 --c.tbd.c--c.sub.2 h.sub.5
PA1  --ch.sub.2 --ch(ch.sub.3)--c.tbd.c--c.sub.2 h.sub.5
PA1  --ch.sub.2 --c(ch.sub.3).sub.2 --c.tbd.c--c.sub.2 h.sub.5
PAL  or
PA1  --CH(CH.sub.3)--CH.sub.2 --C.tbd.C--C.sub.2 H.sub.5
PAL  there are obtained the corresponding compounds within the scope of formula
      CXIV wherein C.sub.p H.sub.2p and its attachment to the phenyl ring
      correspond to the specific compounds of Example 39 and those illustrated
      in the paragraph immediately thereafter, in both their endo and exo forms.
PAC  EXAMPLE 40
PAC  2-Exo-{m-[(carboxy)methoxy]}-3-exo-hydroxy-6-endo-(cis-1-heptenyl)bicyclo[3
     .1.0]hexane (Formula CXVI : C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, G is n-pentyl, R.sub.1, R.sub.2, and
      R.sub.42 are hydrogen, and .about. is endo).
PAR  Refer to Chart L, step (g). The formula-CXV diol, i.e.
      2-exo-(m-hydroxybenzyl)-3-exo-hydroxy-6-endo-(cis-1-hepentyl)bicyclo[3.1.0
     ]hexane (Example 39, 0.19 g.) is treated in 8 ml. of dioxane with
      bromoacetic acid (0.61 g.) and 6 ml. of 1N. aqueous sodium hydroxide.
      After the mixture has been heated at reflux for 3 hr., with sodium
      hydroxide solution added when necessary to maintain a pH of about 10, the
      mixture is cooled, diluted with 100 ml. of water, and extracted with
      diethyl ether. The aqueous phase is acidified to pH 1-2 and extracted with
      ethyl acetate to yield the formula-CXVI title compound, a pale yellow oil,
      0.20 g. Recovered formula- CXV diol is obtained from the diethyl ether
      organic phase on drying and concentrating, 0.025 g.
PAR  Following the procedures of Example 40 but replacing bromoacetic acid with
      a haloacetate within the scope of Hal--CH.sub.2 --COOR.sub.1 as defined
      herein and specifically illustrated as follows
PA1  Cl--CH.sub.2 --COOCH.sub.3
PA1  Br--CH.sub.2 --COOC.sub.2 H.sub.5
PA1  Cl--CH.sub.2 --COOC.sub.8 H.sub.17 (n)
PA1  I--ch.sub.2 --cooch.sub.2 c.sub.6 h.sub.5
PA1  cl--CH.sub.2 --COO(m-Cl--C.sub.6 H.sub.4)
PAL  there are obtained the corresponding formula-CXVI compounds wherein R.sub.1
      is respectively methyl, ethyl, n-octyl, benzyl, and m-chlorophenyl.
PAR  Likewise following the procedures of Example 40 with each of the
      formula-CXIV compounds disclosed following Example 39 and using each of
      the haloacetates specifically identified above, there are obtained the
      corresponding formula-CXVI compounds.
PAC  EXAMPLE 41
PAC  3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha.  (Formula
      CI: C.sub.p H.sub.2p is a valence bond with attachment in the meta
      position, R.sub.30 is n-pentyl, and R.sub.1 and R.sub.2 are hydrogen).
PAR  (I.) Refer to Chart L. The formula-CXVI alkene is transformed to the title
      compound applying the procedures disclosed in U.S. Pat. No. 3,711,515.
      Thus, compound CXVI (Example 40) is hydroxylated by the procedures of
      Example 39 of that patent to the formula-CXVII glycol of Chart L, using
      osmium tetroxide either alone or in combination with N-methylmorpholine
      oxide-hydrogen peroxide complex.
PAR  The glycol is then either (1) sulfonated, for example to yield the
      bismesylate, and then hydroyzed to a mixture of the title compound and its
      15-epimer, applying the procedures of Example 7 of that patent, or (2)
      treated with substantially 100% formic acid to form the diformate of CI
      and thereafter hydroyzed to a mixture of the title compound and its 15
      epimer, applying the procedures of Examples 20 and 21 of that patent. The
      epimers are separated by silica gel chromatography to yield the title
      compound and its 15-epimer.
PAR  (II). A third route from glycol CXVII to the title compound is by way of a
      formula-CXX cyclic ortho ester
      ##SPC144##
PAL  wherein C.sub.p H.sub.2p, R.sub.46, R.sub.47 and .about. are as defined
      above. The glycol CXVII is treated as a 1-20% solution in benzene with
      trimethyl orthoformate (1.5-10 molar equivalents) and a catalytic amount
      (1% of the weight of the glycol) of pyridine hydrochloride at about
      25.degree. C. The reaction is followed by TLC (thin layer chromatography)
      and is complete in a few minutes. There is thus obtained the formula-CXX
      cyclic ortho ester in 100% yield.
PAR  The cyclic ortho ester is then treated with 20 volumes of 100% formic acid
      at about 25.degree. C. In about 10 min. the reaction mixture is quenched
      in water or aqueous alkaline bicarbonate solution and extracted with
      dichloromethane. The organic phase is shaken with 5% aqueous sodium
      bicarbonate, dried over sodium sulfate, and concentrated to yield the
      formula CXXI diester, in this example identical with the diformate of
      compound CI. The diformate is contacted with 10-50 volumes of anhydrous
      methanol and 10-20% of its weight of potassium carbonate at about
      25.degree. C. until the formyl groups are removed. The mixture of
      15-epimers thus obtained is then separated to yield the formula-CI title
      compound and its 15-epimer.
PAR  Following the procedures of Example 41, each of the formula- CXVI alkenes
      disclosed following Example 40 is converted into the corresponding
      oxa-phenylene PGF.sub..alpha. analog and its 15-epimer. There are likewise
      formed the corresponding oxa-phenylene 17,18-didehydro-PGF.sub..alpha.
      analogs as shown in Chart N.
PAC  EXAMPLE 42
PAC  2-Exo-[m-(carboxymethoxy)benzyl]-3-exohydroxy-6-endo-(cis-1-heptenyl)bicycl
     o-[3.1.0]hexane (Formula CXXVII: C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, G is n-pentyl, R.sub.1 and R.sub.2 are
      hydrogen, and .about. is endo).
PAR  Refer to Chart M, steps (a)-(f). There is first prepared the formula-CXXII
      oxetane. Following the procedures of Examples 34 and 35 but replacing the
      m-acetoxybenzaldehyde of Example 35 with an aldehyde within the scope of
      ##SPC145##
PAL  as to C.sub.p H.sub.2p, the attachment position on the phenyl ring, and the
      carboxyl group R.sub.44, as defined above, the corresponding formula-CXXII
      oxetanes are obtained with a fully developed side chain. Specifically, the
      following formula-CXXXI aldehydes are employed:
      ##SPC146##
PAR  Thereafter, following the procedures of Examples 36, 38, and 39, but
      replacing the formula-XX ocetane of Example 36 with those obtained by the
      procedure disclosed in the above paragraph of this example, there are
      obtained the corresponding formula-CXXVI products. Likewise following
      those procedures of Examples 36, 38, and 39, but replacing the Wittig ylid
      reagent of Example 39 with each one disclosed after Example 39, and
      applying it to each of the above formula-CX compounds of this example,
      there are obtained the corresponding formula-CXXVI compounds with those
      specific sidechains.
PAR  Finally, the blocking groups on each CXXVI compound are removed by methods
      disclosed herein or known in the art to yield the formula-CXXVII title
      compound and the corresponding formula-CXXVII compounds from those
      formula-CXXVI compounds above.
PAC  EXAMPLE 43
PAC  2-Exo-{m-[(methoxycarbonyl)methoxy]benzyl}-3-exo
      hydroxy-6-endo-(cis-1-heptenyl)bicyclo[3.1.0]hexane (Formula CXXVII:
      C.sub.p H.sub.2p is a valence bond with attachment in the meta position, G
      is n-pentyl, R.sub.1 is methyl, R.sub.2 is hydrogen, and .about. is endo).
PAR  Refer to Chart M. The formula-CXXVII acid (Example 40, 0.20 g.) is treated
      in methanol solution at 0.degree. C. with a solution of diazomethane in
      diethyl ether (prepared from N-methyl-N-nitroso-N'-nitroguanidine (2.0 g.)
      and potassium hydroxide (6 ml. of 40% aqueous solution)) until a permanent
      yellow color is produced, and the mixture is concentrated to yield the
      title compound, a pale tan oil.
PAC  EXAMPLE 44
PAC  l-6-Endo-(cis-1-heptenyl)-2-exo-{m-[(methoxycarbonyl)methoxy]benzyl}bicyclo
     [3.1.0]hexan-3-one (Formula CXXVIII: C.sub.p H.sub.2p is a valence bond
      with attachment in the meta position, G is n-pentyl, R.sub.1 is methyl,
      R.sub.2 is hydrogen, and .about. is endo).
PAR  Refer to Chart M, step (g). The formula-CXXVII methyl ester is oxidized to
      the bicyclic hexanone as follows. The formula-CXXVII methyl ester (Example
      41, 0.21 g.) is added in 2 ml. of dichloromethane to a solution of Collins
      reagent (prepared from pyridine (0.53 g.) and chromium trioxide (0.34 g.)
      in 10 ml. of dichloromethane) at about 25.degree. C. for 15 min. The
      mixture is then shaken with a mixture of 60 ml. of diethyl ether, ice, and
      25 ml. of 1 N. aqueous sodium hydroxide, and the organic phase is
      separated. The organic phase is washed with 1 N. aqueous sodium hydroxide,
      1.2 N. aqueous hydrochloric acid, and brine, dried, and concentrated under
      reduced pressure. The residue, a colorless oil, 0.19 g., is subjected to
      silica gel chromatography, eluting with 5- 20% ethyl acetate in
      Skellysolve B. There is thus obtained the formula-CXXVIII title compound,
      a colorless oil, 0.13 g., having NMR peaks at 0.87, 0.6-3.3, 3.77, 4.60,
      4.5-5.1, 5.37-5.95, and 6.58-7.40 .delta.; [.alpha.].sub.D -39.degree.
      (C=0.8380 in 95% ethanol); and R.sub.f 0.42 (TLC on silica gel in 25%
      ethyl acetate in Skellysolve B).
PAR  Following the procedures of Examples 43 and 44, each of the
      above-identified formula-CXXVII compounds following Example 42 is oxidized
      to the corresponding formula-CXXVIII compound.
PAC  EXAMPLE 45
PAC  3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1, Methyl Ester (Formula
      CVII: C.sub.p H.sub.2p is a valence bond with attachment in the meta
      position, R.sub.1 is methyl, R.sub.30 is n-pentyl, and R.sub.2 is
      hydrogen).
PAR  Following the procedures of Example 41, the formula-CXXVIII alkene is
      transformed in several steps to the title compound.
PAR  Likewise, following the same procedures, each of the formula-CXXVIII
      alkenes disclosed following Example 44 is converted into the corresponding
      oxa-phenylene PGE analog and its 15 -epimer.
PAR  Following the procedures of Examples 34-45, each of the endo intermediates
      is replaced by the corresponding exo intermediate to yield the
      corresponding exo intermediate or the ultimate oxa-phenylene PG analog.
PAR  Likewise following the procedures of Examples 34-45, each of the optically
      active isomers is replaced by the corresponding racemic mixture to yield
      the corresponding racemic intermediate or ultimate oxa-phenylene PG
      analog.
CLMS
STM  I claim:
NUM  1.
PAR  1. An optically active compound of the formula:
      ##SPC147##
PAL  or a racemic mixture of that compound and the enantiomer thereof, wherein
      C.sub.g H.sub.2g represents a valence bond or alkylene of one or 4 carbon
      atoms, inclusive, with one or 2 chain carbon atoms between --CH.sub.2
      --and the ring; wherein C.sub.p H.sub.2p represents a valence bond or
      alkylene of one to 4 carbon atoms, inclusive; with one or 2 chain carbon
      atoms between the ring and --O--; wherein C.sub.g H.sub.2g and C.sub.p
      H.sub.2p together represent zero to 8 carbon atoms, inclusive, with total
      chain lengths zero to 3 carbon atoms, inclusive; wherein G is (1) alkyl of
      2 to 10 carbon atoms, inclusive, substituted with zero, one, 2, or 3
      fluoro or (2) a monovalent moiety of the formula
      ##SPC148##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of one to 10
      carbon atoms, inclusive, substituted with zero, one, or 2 fluoro, with one
      to 7 carbon atoms, inclusive, between
      ##EQU92##
      and the ring, wherein T is alkyl of one to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of one to 4 carbon atoms, inclusive, and wherein s is
      zero, one, 2, or 3, with the proviso that not more than two T's are other
      than alkyl; wherein Q is
      ##EQU93##
      wherein R.sub.2 is hydrogen or alkyl of one to 4 carbon atoms, inclusive;
      wherein R.sub.1 is hydrogen, alkyl of one to 12 carbon atoms, inclusive,
      cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive, wherein .about. indicates
      attachment of the side chain to the cyclopentane ring in alpha or beta
      configuration; including the lower alkanoates thereof and the
      pharamcologically acceptable salts thereof when R.sub.1 is hydrogen.
NUM  2.
PAR  2. A compound according to claim 1 wherein G is alkyl of 2 to 10 carbon
      atoms, inclusive, substituted with zero, one, 2, or 3 fluoro.
NUM  3.
PAR  3. A compound according to claim 2 wherein .about. indicates attachment of
      the side chain to the cyclopentane ring in alpha configuration.
NUM  4.
PAR  4. A compound according to claim 3 wherein Q is
      ##EQU94##
NUM  5.
PAR  5. A compound according to claim 4 wherein R.sub.1 is hydrogen or alkyl of
      one to 12 carbon atoms.
NUM  6.
PAR  6. A compound according to claim 4 wherein R.sub.1 is hydrogen, methyl or
      ethyl.
NUM  7.
PAR  7. A compound according to claim 5 wherein R.sub.2 is hydrogen.
NUM  8.
PAR  8. A compound according to claim 5 wherein R.sub.2 is methyl or ethyl.
NUM  9.
PAR  9. A compound according to claim 5 wherein C.sub.g H.sub.2g is ethylene.
NUM  10.
PAR  10. A compound according to claim 9 wherein G is
      ##EQU95##
      wherein a is one, 2, 3, 4, or 5, and wherein R.sub.21 and R.sub.22 are
      hydrogen, alkyl of one to 4 carbon atoms, inclusive, or fluoro, being the
      same or different, with the proviso that R.sub.22 is fluoro only when
      R.sub.21 is hydrogen or fluoro.
NUM  11.
PAR  11. A compound according to claim 10 wherein a is 2, 3, or 4, and wherein
      R.sub.21 and R.sub.22 are hydrogen, methyl, ethyl, or fluoro being the
      same or different.
NUM  12.
PAR  12. 3-Oxa-3,5-inter-o-phenylene-4-nor-PGE.sub.1, a compound according to
      claim 9.
NUM  13.
PAR  13. 3-Oxa-3,5-inter-o-phenylene-4-nor-PGE.sub.1, methyl ester, a compound
      according to claim 9.
NUM  14.
PAR  14. 15(S)-15-Methyl-3oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.1, a compound
      according to claim 9.
NUM  15.
PAR  15. 16,16-Dimethyl-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.1, a compound
      according to claim 9.
NUM  16.
PAR  16. A compound according to claim 5 wherein C.sub.g H.sub.2g is a valence
      bond.
NUM  17.
PAR  17. A compound according to claim 16 wherein C.sub.p H.sub.2p is methylene.
NUM  18.
PAR  18. A compound according to claim 17 wherein G is
      ##EQU96##
      wherein a is one, 2, 3, 4, or 5, and wherein R.sub.21 and R.sub.22 are
      hydrogen, alkyl of one to 4 carbon atoms, inclusive, or fluoro, being the
      same or different, with the proviso that R.sub.22 is fluoro only when
      R.sub.21 is hydrogen or fluoro.
NUM  19.
PAR  19. A compound according to claim 18 wherein a is 2, 3, or 4, and wherein
      R.sub.21 and R.sub.22 are hydrogen, methyl, ethyl or fluoro, being the
      same or different.
NUM  20.
PAR  20. 3-Oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.1, a compound according
      to claim 17.
NUM  21.
PAR  21. 3-Oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.1, ethyl ester, a
      compound according to claim 17.
NUM  22.
PAR  22. A compound according to claim 16 wherein C.sub.p H.sub.2p is a valence
      bond.
NUM  23.
PAR  23. A compound according to claim 22 wherein G is
      ##EQU97##
      wherein a is one, 2, 3, 4, or 5, and wherein R.sub.21 and R.sub.22 are
      hydrogen, alkyl of one to 4 carbon atoms, inclusive, or fluoro, being the
      same or different, with the proviso that R.sub.22 is fluoro only when
      R.sub.21 is hydrogen or fluoro.
NUM  24.
PAR  24. A compound according to claim 23 wherein a is 2, 3, or 4, and wherein
      R.sub.21 and R.sub.22 are hydrogen, methyl, ethyl, or fluoro, being the
      same or different.
NUM  25.
PAR  25. 3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1, a compound
      according to claim 22.
NUM  26.
PAR  26. 3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1, methyl ester, a
      compound according to claim 22.
NUM  27.
PAR  27. 15(S)-15-Methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1, a
      compound according to claim 22.
NUM  28.
PAR  28. 16,16-Dimethyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1, a
      compound according to claim 22.
NUM  29.
PAR  29. A compound according to claim 3 wherein Q is
      ##EQU98##
NUM  30.
PAR  30. A compound according to claim 29 wherein R.sub.1 is hydrogen or alkyl
      of one to 12 carbon atoms.
NUM  31.
PAR  31. A compound according to claim 29 wherein R.sub.1 is hydrogen, methyl,
      or ethyl.
NUM  32.
PAR  32. 15(R)-15-Methyl-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.1, a compound
      according to claim 30.
NUM  33.
PAR  33. 15(R)-3-Oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.1, a compound
      according to claim 30.
NUM  34.
PAR  34. 15(R)-3-Oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.1, ethyl ester, a
      compound according to claim 30.
NUM  35.
PAR  35. 15(R)-15-Methyl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.1, a
      compound according to claim 30.
NUM  36.
PAR  36. 15(R)-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1, a compound
      according to claim 30.
NUM  37.
PAR  37. 15(R)-4-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1, methyl ester,
      a compound according to claim 30.
NUM  38.
PAR  38. 15(R)-15-Methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1, a
      compound according to claim 30.
NUM  39.
PAR  39. A compound according to claim 1 wherein G is a monovalent moiety of the
      formula
      ##SPC149##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of one to 10
      carbon atoms, inclusive, substituted with zero, one, or 2 fluoro, with one
      to 7 carbon atoms, inclusive, between and the ring, wherein T is alkyl of
      one to 4 carbon atoms, inclusive, fluoro, chloro, trifluoromethyl, or
      --OR.sub.6, wherein R.sub.6 is hydrogen or alkyl of one to 4 carbon atoms,
      inclusive, and wherein s is zero, one, 2, or 3, with the proviso that not
      more than two T's are other than alkyl.
      ##EQU99##
NUM  40.
PAR  40. A compound according to claim 39 wherein .about. indicates attachment
      of the side chain to the cyclopentane ring in alpha configuration.
NUM  41.
PAR  41. A compound according to claim 40 wherein Q is
      ##EQU100##
NUM  42.
PAR  42. A compound according to claim 41 wherein R.sub.1 is hydrogen or alkyl
      of one to 12 carbon atoms.
NUM  43.
PAR  43. A compound according to claim 41 wherein R.sub.1 is hydrogen, methyl,
      or ethyl.
NUM  44.
PAR  44. A compound according to claim 42 wherein R.sub.2 is hydrogen.
NUM  45.
PAR  45. A compound according to claim 42 wherein R.sub.2 is methyl or ethyl.
NUM  46.
PAR  46. A compound according to claim 42 wherein C.sub.g H.sub.2g is ethylene.
NUM  47.
PAR  47. A compound according to claim 46 wherein G is
      ##SPC150##
PAL  wherein e is zero, one, 2, or 3; wherein R.sub.21 and R.sub.22 are
      hydrogen, alkyl of one to 4 carbon atoms, inclusive, or fluoro, being the
      same or different, with the proviso that R.sub.22 is fluoro only when
      R.sub.21 is hydrogen or fluoro; wherein T is alkyl of one to 4 carbon
      atoms, inclusive, fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein
      R.sub.6 is hydrogen or alkyl of one to 4 carbon atoms, inclusive, and
      wherein s is zero, one, 2, or 3, with the proviso that not more than two
      T's are other than alkyl.
NUM  48.
PAR  48. A compound according to claim 47 wherein R.sub.21 and R.sub.22 are
      hydrogen, methyl, ethyl, or fluoro, being the same or different.
NUM  49.
PAR  49. 3-Oxa-3,5-inter-m-phenylene-17-phenyl-4,18,19,20-tetranor-PGE.sub.1, a
      compound according to claim 46.
NUM  50.
PAR  50. 15(S)-15-Methyl-3-oxa-3,5-in
     ter-m-phenylene-17-phenyl-4,18,19,20-tetranor-PGE.sub.1, a compound
      according to claim 46.
NUM  51.
PAR  51. A compound according to claim 42 wherein C.sub.g H.sub.2g is a valence
      bond.
NUM  52.
PAR  52. A compound according to claim 51 wherein C.sub.p H.sub.2p is methylene.
NUM  53.
PAR  53. A compound according to claim 52 wherein G is
      ##SPC151##
PAL  wherein e is zero, one, 2, or 3; wherein R.sub.21 and R.sub.22 are
      hydrogen, alkyl of one to 4 carbon atoms, inclusive, or fluoro, being the
      same or different, with the proviso that R.sub.22 is fluoro only when
      R.sub.21 is hydrogen or fluoro; wherein T is alkyl of one to 4 carbon
      atoms, inclusive, fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein
      R.sub.6 is hydrogen or alkyl of one to 4 carbon atoms, inclusive, and
      wherein s is zero, one, 2, or 3, with the proviso that not more than two
      T's are other than alkyl.
NUM  54.
PAR  54. A compound according to claim 53 wherein R.sub.21 and R.sub.22 are
      hydrogen, methyl, ethyl, or fluoro, being the same or different.
NUM  55.
PAR  55. 3-Oxa-4,7-inter-m-phenylene-17-phenyl-5,6,18,19,20-pentanor-PGE.sub.1,
      a compound according to claim 52.
NUM  56.
PAR  56. 15(S)-15-Methyl-3-oxa-4,7-inte
     r-m-phenylene-17-phenyl-5,6,18,19,20-pentanor-PGE.sub.1, a compound
      according to claim 52.
NUM  57.
PAR  57. A compound according to claim 51 wherein C.sub.p H.sub.2p is a valence
      bond.
NUM  58.
PAR  58. A compound according to claim 57 wherein G is
      ##SPC152##
PAL  wherein e is zero, one, 2, or 3; wherein R.sub.21 and R.sub.22 are
      hydrogen, alkyl of one to 4 carbon atoms, inclusive, or fluoro, being the
      same or different, with the proviso that R.sub.22 is fluoro only when
      R.sub.21 is hydrogen or fluoro; wherein T is alkyl of one to 4 carbon
      atoms, inclusive, fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein
      R.sub.6 is hydrogen or alkyl of one to 4 carbon atoms, inclusive, and
      wherein s is zero, one, 2, or 3, with the proviso that not more than two
      T's are other than alkyl.
NUM  59.
PAR  59. A compound according to claim 58 wherein R.sub.21 and R.sub.22 are
      hydrogen, methyl, ethyl, or fluoro, being the same or different.
NUM  60.
PAR  60. 3-Oxa-3,7-inter-m-phenylene-17-phenyl-4,5,6,18,19,20-hexanor-PGE.sub.1,
      a compound according to claim 57.
NUM  61.
PAR  61. 15(S)-15-Methyl-3-oxa-3,7-inte
     r-m-phenylene-17-phenyl-4,5,6,18,19,20-hexanor-PGE.sub.1, a compound
      according to claim 57.
NUM  62.
PAR  62. A compound according to claim 40 wherein Q is
      ##EQU101##
NUM  63.
PAR  63. A compound according to claim 62 wheein R.sub.1 is hydrogen or alkyl of
      one to 12 carbon atoms.
NUM  64.
PAR  64. 15(R)-15-Methyl-3-ox
     a-3,5-inter-m-phenylene-17-phenyl-4,18,19,20-tetranor-PGE.sub.1, a compound
      according to claim 63.
NUM  65.
PAR  65. 15(R)-15-Methyl-3-o
     xa-4,7-inter-m-phenylene-17-phenyl-5,6,18,19,20-pentanor-PGE.sub.1, a
      compound according to claim 63.
NUM  66.
PAR  66. 15(R)-15-Methyl-3-oxa-3,7-in
     ter-m-phenylene-17-phenyl-4,5,6,18,19,20-hexanor-PGE.sub.1, a compound
      according to claim 63.
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ABST
PAL  This invention is a group of PGE.sub.2 -type oxa-phenylene compounds, and
      processes for making them. These compounds are useful for a variety of
      pharmacological purposes, including anti-ulcer, inhibition of platelet
      aggregation, increase of nasal patency, labor inducement at term, and
      wound healing.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 302,567, filed Oct. 30, 1972, which was a continuation-in-part of my
      then copending application Ser. No. 121,572, filed Mar. 5, 1971 both now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to compositions of matter, and to methods and
      intermediates for producing them. In particular, the several aspects of
      this invention relate to novel oxa-phenylene analogs of some of the known
      prostaglandins, for example prostaglandin E.sub.1 (PGE.sub.1),
      prostaglandin E.sub.2 (PGE.sub.3), prostaglandin F.sub.1
      (PGF.sub.1.sub..alpha.  and PGF.sub.1 .sub..beta.), prostaglandin F.sub.2
      (PGF.sub.2.sub..alpha.  and PGF.sub.2.sub..beta.), prostaglandin A.sub.1
      (PGA.sub.1), prostaglandin A.sub.2 (PGA.sub.2), prostaglandin B.sub.1
      (PGB.sub.1), prostaglandin B.sub.2 (PGB.sub.2), the corresponding PG.sub.3
      's, and the dihydro PG.sub.1 derivatives, to novel methods for producing
      those novel prostaglandin analogs, and to novel chemical intermediates
      useful in those novel methods.
PAR  Each of the above-mentioned known prostaglandins is a derivative of
      prostanoic acid which has the following structure and atom numbering:
      ##SPC1##
PAL  A systematic name for prostanoic acid is
      7-[(2.beta.-octyl)-cyclopent-1.alpha.-yl]heptanoic acid.
PAR  PGE.sub.1 has the following structure:
      ##SPC2##
PAR  PGF.sub.1 .sub..alpha.  has the following structure:
      ##SPC3##
PAL  Pgf.sub.1 .sub..beta.  has the following structure:
      ##SPC4##
PAL  Pga.sub.1 has the following structure:
      ##SPC5##
PAL  Pgb.sub.1 has the following structure:
      ##SPC6##
PAR  Each of the known prostaglandins PGE.sub.2, PGF.sub.2 .sub..alpha.,
      PGF.sub.2.sub..beta., PGA.sub.2, and PGB.sub.2 has a structure the same as
      that shown for the corresponding PG.sub.1 compound except that in each,
      C-5 and C-6 are linked with a cis carbon-carbon double bond. For example,
      PGE.sub.2 has the following structure:
      ##SPC7##
PAR  Each of the known PG.sub.3 prostaglandins has a structure the same as that
      of the PG.sub.2 compounds except that in each, C-17 and C-18 are linked
      with a cis carbon-carbon double bond. For example, PGE.sub.3 has the
      following structure:
      ##SPC8##
PAR  Each dihydro derivative of PGE.sub.1, PGF.sub.1.sub..alpha.,
      PGF.sub.1.sub..beta., PGA.sub.1, and PGB.sub.1 has a structure the same as
      that shown for the corresponding PG.sub.1 compound except that in each,
      C-13 and C-14 are linked with a carbon-carbon single bond. For example,
      dihydro-PGE.sub.1 has the following structure:
      ##SPC9##
PAR  The prostaglandin formulas mentioned above each have several centers of
      asymmetry. As drawn, formulas II to IX each represents the particular
      optically active form of the prostaglandin obtained from certain mammalian
      tissues, for example, sheet vesicular glands, swine lung, and human
      seminal plasma, or by reduction or dehydration of a prostaglandin so
      obtained. See, for example, Bergstrom et al., Pharmacol. Rev. 20, 1
      (1968), and references cited therein. The mirror image of each formula
      represents a molecule of the enantiomer of that prostaglandin. The racemic
      form of the prostaglandin consists of equal numbers of two types of
      molecules, one represented by one of the above formulas and the other
      represented by the mirror image of that formula. Thus, both formulas are
      needed to define a racemic prostaglandin. See Nature 212, 38 (1966) for
      discussion of the stereochemistry of the prostaglandins.
PAR  In formulas I-IX, as well as in the formulas given hereinafter, broken line
      attachments to the cyclopentane ring indicate substituents in alpha
      configuration, i.e., below the plane of the cyclopentane ring. Heavy solid
      line attachments to the cyclopentane ring indicate substituents in beta
      configuration, i.e., above the plane of the cyclopentane ring.
PAR  Prostaglandins with carboxyl-terminated side chains attached to the
      cyclopentane ring in beta configuration are also known. These are
      derivatives of 8-iso-prostanoic acid which has the following formula:
      ##SPC10##
PAL  A systematic name for 8-iso-prostanoic acid is
      7-[(2.beta.-octyl)-cyclopent-1.beta.-yl]heptanoic acid.
PAR  The side-chain hydroxy at C-15 in formulas II to IX is in alpha (S)
      configuration. See Nature 212, 38 (1966) for discussion of the
      stereochemistry of the prostaglandins.
PAR  PGE.sub.1, PGE.sub.2, dihydro-PGE.sub.1, and the corresponding
      PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds, and their esters,
      acylates, and pharmacologically acceptable salts, are extremely potent in
      causing various biological responses. For that reason, these compounds are
      useful for pharmacological purposes. See, for example, Bergstrom et al.,
      Pharmacol. Rev. 20, 1 (1968), and references cited therein. A few of those
      biological responses are stimulation of smooth muscle as shown, for
      example, by tests of strips of guinea pig ileum, rabbit duodenum, or
      gerbil colon; potentiation of other smooth muscle stimulants;
      antilipolytic activity as shown by antagonism of epinephrine-induced
      mobilization of free fatty acids or inhibition of the spontaneous release
      of glycerol from isolated rat fat pads; inhibition of gastric secretion in
      the case of the PGE and PGA compounds as shown in dogs with secretion
      stimulated by food or histamine infusion; activity on the central nervous
      system; controlling spasm and facilitating breathing in asthmatic
      conditions; decreasing blood platelet adhesiveness as shown by
      platelet-to-glass adhesiveness, and inhibition of blood platelet
      aggregation and thrombus formation induced by various physical stimuli,
      e.g., arterial injury, and various biochemical stimuli, e.g., ADP, ATP,
      serotonin, thrombin, and collagen; and in the case of the PGE and PGB
      compounds, stimulation of epidermal proliferation and keratinization as
      shown when applied in culture to embryonic chick and rat skin segments.
PAR  Because of these biological responses; these known prostaglandins are
      useful to study, prevent, control, or alleviate a wide variety of diseases
      and undesirable physiological conditions in birds and mammals, including
      humans, useful domestic animals, pets, and zoological specimens, and in
      laboratory animals, for example, mice, rats, rabbits, and monkeys.
PAR  For example, these compounds, and especially the PGE compounds, are useful
      in mammals, including man, as nasal decongestants. For this purpose, the
      compounds are used in a dose range of about 10 .mu.g. to about 10 mg. per
      ml. of a pharmacologically suitable liquid vehicle or as an aerosol spray,
      both for topical application.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., and PGA compounds are useful in
      the treatment of asthma. For example, these compounds are useful as
      bronchodilators or as inhibitors of mediators, such as SRS-A, and
      histamine which are released from cells activated by an antigen-antibody
      complex. Thus, these compounds control spasm and facilitate breathing in
      conditions such as bronchial asthma, bronchitis, bronchiectasis, pneumonia
      and emphysema. For these purposes, these compounds are administered in a
      variety of dosage forms, e.g., orally in the form of tablets, capsules, or
      liquids; rectally in the form of suppositories; parenterally,
      subcutaneously, or intramuscularly, with intravenous administration being
      preferred in emergency situations; by inhalation in the form of aerosols
      or solutions for nebulizers; or by insufflation in the form of powder.
      Doses in the range of about 0.01 to 5 mg. per kg. of body weight are used
      1 to 4 times a day, the exact dose depending on the age, weight, and
      condition of the patient and on the frequency and route of administration.
      For the above use these prostaglandins can be combined advantageously with
      other anti-asthmatic agents, such as sympathomimetics (isoproterenol,
      phenylephrine, ephedrine, etc); xanthine derivatives (theophylline and
      aminophylline); and corticosteroids (ACTH and predinisolone). Regarding
      use of these compounds see South African Pat. No. 681,055.
PAR  The PGE and PGA compounds are useful in mammals, including man and certain
      useful animals, e.g., dogs and pigs, to reduce and control excessive
      gastric secrection, thereby reducing or avoiding gastrointestinal ulcer
      formation, and accelerating the healing of such ulcers already present in
      the gastrointestinal tract. For this purpose, the compounds are injected
      or infused intravenously, subcutaneously, or intramuscularly in an
      infusion dose range about 0.1 .mu.g. to about 500 .mu.g. per kg. of body
      weight per minute, or in a total daily dose by injection or infusion in
      the range about 0.1 to about 20 mg. per kg. of body weight per day, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful whenever
      it is desired to inhibit platelet aggregation, to reduce the adhesive
      character of platelets, and to remove or prevent the formation of thrombi
      in mammals, including man, rabbits, and rats. For example, these compounds
      are useful in the treatment and prevention of myocardial infarcts, to
      treat and prevent post-operative thrombosis, to promote patency of
      vascular grafts following surgery, and to treat conditions such as
      atherosclerosis, arteriosclerosis, blood clotting defects due to lipemia,
      and other clinical conditions in which the underlying etiology is
      associated with lipid imbalance or hyperlipidemia. For these purposes,
      these compounds are administered systemically, e.g., intravenously,
      subcutaneously, intramuscularly, and in the form of sterile implants for
      prolonged action. For rapid response, especially in emergency situations,
      the intravenous route of administration is preferred. Doses in the range
      about 0.005 to about 20 mg. per kg. of body weight per day are used, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are especially
      useful as additives to blood, blood products, blood substitutes, and other
      fluids which are used in artificial extracorporeal circulation and
      perfusion of isolated body portions, e.g., limbs and organs, whether
      attached to the original body, detached and being preserved or prepared
      for transplant, or attached to a new body. During these circulations and
      perfusions, aggregated platelets tend to block the blood vessels and
      portions of the circulation apparatus. This blocking is avoided by the
      presence of these compounds. For this purpose, the compound is added
      gradually or in single or multiple portions to the circulating blood, to
      the blood of the donor animal, to the perfused body portion, attached or
      detached, to the recipient, or to two or all of those at a total steady
      state dose of about 0.001 to 10 mg. per liter of circulating fluid. It is
      especially useful to use these compounds in laboratory animals, e.g.,
      cats, dogs, rabbits, monkeys, and rats, for these purposes in order to
      develop new methods and techniques for organ and limb transplants.
PAR  PGE compounds are extremely potent in causing stimulation of smooth muscle,
      and are also highly active in potentiating other known smooth muscle
      stimulators, for example, oxytocic agents, e.g., oxytocin, and the various
      ergot alkaloids including derivatives and analogs thereof. Therefore,
      PGE.sub.2, for example, is useful in place of or in combination with less
      than usual amounts of these known smooth muscle stimulators, for example,
      to relieve the symptoms of paralytic ileus, or to control or prevent
      antonic uterine bleeding after abortion or delivery, to aid in expulsion
      of the placenta, and during the puerperium. For the latter purpose, the
      PGE compound is administered by intravenous infusion immediately after
      abortion or delivery at a dose in the range about 0.01 to about 50 .mu.g.
      per kg. of body weight per minute until the desired effect is obtained.
      Subsequent doses are given by intravenous, subcutaneous, or intramuscular
      injection or infusion during puerperium in the range 0.01 to 2 mg. per kg.
      of body weight per day, the exact dose depending on the age, weight, and
      condition of the patient or animal.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful in place
      of oxytocin to induce labor in pregnant female animals, including man,
      cows, sheep, and pigs, at or near term, or in pregnant animals with
      intrauterine death of the fetus from about 20 weeks to term. For this
      purpose, the compound is infused intravenously at a dose of 0.01 to 50
      .mu.g. per kg. of body weight per minute until or near the termination of
      the second stage of labor, i.e., expulsion of the fetus. These compounds
      are especially useful when the female is one or more weeks post-mature and
      natural labor has not started, or 12 or 60 hours after the membranes have
      ruptured and natural labor has not yet started. An alternative route of
      administration is oral.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful for
      controlling the reproductive cycle in ovulating female mammals, including
      humans and animals such as monkeys, rats, rabbits, dogs, cattle, and the
      like. By the term ovulating female mammals is meant animals which are
      mature enough to ovulate but not so old that regular ovulation has ceased.
      For that purpose PGF.sub.2.sub..alpha., for example, is administered
      systemically at a dose level in the range 0.01 mg. to about 20 mg. per kg.
      of body weight of the female mammal, advantageously during a span of time
      starting approximately at the time of ovulation and ending approximately
      at the time of menses or just prior to menses. Intravaginal and
      intrauterine are alternative routes of administration. Additionally,
      expulsion of an embryo or a fetus is accomplished by similar
      administration of the compound during the first third of the normal
      mammalian gestation period.
PAR  As mentioned above, the PGE compounds are potent antagonists of
      epinephrine-induced mobilization of free fatty acids. For this reason,
      this compound is useful in experimental medicine for both in vitro and in
      vivo studies in mammals, including man, rabbits, and rats, intended to
      lead to the understanding, prevention, symptom alleviation, and cure of
      diseases involving abnormal lipid mobilization and high free fatty acid
      levels, e.g., diabetes mellitus, vascular diseases, and hyperthyroidism.
PAR  The PGA compounds and derivatives and salts thereof increase the flow of
      blood in the mammalian kidney, thereby increasing volume and electrolyte
      content of the urine. For that reason, PGA compounds are useful in
      managing cases of renal dysfunction, especially those involving blockage
      of the renal vascular bed. Illustratively, the PGA compounds are useful to
      alleviate and correct cases of edema resulting, for example, from massive
      surface burns, and in the management of shock. For these purposes, the PGA
      compounds are preferably first administered by intravenous injection at a
      dose in the range of 10 to 1000 .mu.g. per kg. of body weight or by
      intravenous infusion at a dose in the range 0.1 to 20 .mu.g. per kg. of
      body weight per minute until the desired effect is obtained. Subsequent
      doses are given by intravenous, intramuscular, or subcutaneous injection
      or infusion in the range 0.05 to 2 mg. per kg. of body weight per day.
PAR  The PGE and PGB compounds promote and accelerate the growth of epidermal
      cells and keratin in animals, including humans, useful domestic animals,
      pets, zoological specimens, and laboratory animals. For that reason, these
      compounds are useful to promote and accelerate healing of skin which has
      been damaged, for example, by burns, wounds, and abrasions, and after
      surgery. These compounds are also useful to promote and accelerate
      adherence and growth of skin autografts, especially small, deep (Davis)
      grafts which are intended to cover skinless areas by subsequent outward
      growth rather than initially, and to retard rejection of homografts.
PAR  For these purposes, these compounds are preferably administered topically
      at or near the cite where cell growth and keratin formation is desired,
      advantageously as an aerosol liquid or micronized powder spray, as an
      isotonic aqueous solution in the case of wet dressings, or as a lotion,
      cream, or ointment in combination with the usual pharmaceutically
      acceptable diluents. In some instances, for example, when there is
      substantial fluid loss as in the case of extensive burns or skin loss due
      to other causes, systemic administration is advantageous, for example, by
      intravenous injection or infusion, separate or in combination with the
      usual infusions of blood, plasma, or substitutes thereof. Alternative
      routes of administration are subcutaneous or intramuscular near the site,
      oral, sublingual, buccal, rectal, or vaginal. The exact dose depends on
      such factors as the route of administration, and the age, weight, and
      condition of the subject. To illustrate, a wet dressing for topical
      application to second and/or third degree burns of skin area 5 to 25
      square centimeters would advantageously involve use of an isotonic aqueous
      solution containing 1 to 500 .mu.g./ml. of the PGB compound or several
      times that concentration of the PGE compound. Especially for topical use,
      these prostaglandins are useful in combination with antibiotics, for
      example, gentamycin, neomycin, polymyxin B, bacitracin, spectinomycin, and
      oxytetracycline, with other antibacterials, for example, mafenide
      hydrochloride, sulfadiazine, furazolium chloride, and nitrofurazone, and
      with corticoid steroids, for example, hydrocortisone, prednisolone,
      methylprednisolone, and fluprednisolone, each of those being used in the
      combination at the usual concentration suitable for its use alone.
PAR  The PGE and PGF compounds are useful in causing cervical dilation in
      pregnant and nonpregnant female mammals for purposes of gynecology and
      obstetrics. In labor induction and in clinical abortion produced by these
      compounds, cervical dilation is also observed. In cases of infertility,
      cervical dilation produced by PGE and PGF compounds is useful in assisting
      sperm movement to the uterus. Cervical dilation by prostaglandins is also
      useful in operative gynecology such as D and C (Cervical Dilation and
      Uterine Curettage) where mechanical dilation may cause performation of the
      uterus, cervical tears, or infections. It is also useful in diagnostic
      procedures where dilation is necessary for tissue examination. For these
      purposes, the PGE and PGF compounds are administered locally or
      systemically. PGE.sub.2, for example, is administered orally or vaginally
      at doses of about 5 to 50 mg. per treatment of an adult female human, with
      from one to five treatments per 24 hour period. PGE.sub.2 is also
      administered intramuscularly or subcutaneously at doses of about one to 25
      mg. per treatment. The exact dosages for these purposes depend on the age,
      weight, and condition of the patient or animal.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds are useful
      in reducing the undesirable gastrointestinal effects resulting from
      systemic administration of anti-inflammatory prostaglandin synthetase
      inhibitors, and are used for that purpose by concomitant administration of
      the prostaglandin and the anti-inflammatory prostaglandin synthetase
      inhibitor. See Partridge et al., U.S. Pat. No. 3,781,429, for a disclosure
      that the ulcerogenic effect induced by certain non-steroidal
      anti-inflammatory agents in rats is inhibited by concomitant oral
      administration of certain prostaglandins of the E and A series, including
      PGE.sub.1, PGE.sub.2, PGE.sub.3, 13,14-dihydro-PGE.sub.1, and the
      corresponding 11-deoxy-PGE and PGA compounds.
PAR  The anti-inflammatory synthetase inhibitor, for example, indomethacin,
      aspirin, or phenylbutazone is administered in any of the ways known in the
      art to alleviate an inflammatory condition, for example, in any dosage
      regimen and by any of the known routes of systemic administration. The
      prostaglandin is administered along with the anti-inflammatory
      prostaglandin synthetase inhibitor either by the same route of
      administration or by a different route. For example, if the
      anti-inflammatory substance is being administered orally, the
      prostaglandin is also administered orally or, alternatively, is
      administered rectally in the form of a suppository or, in the case of
      women, vaginally in the form of a suppository or a vaginal device for slow
      release, for example as described in U.S. Pat. No. 3,545,439.
      Alternatively, if the anti-inflammatory substance is being administered
      rectally, the prostaglandin is also administered rectally or,
      alternatively, orally or, in the case of women vaginally. It is especially
      convenient when the administration route is to be the same for both
      anti-inflammatory substance and prostaglandin, to combine both into a
      single dosage form.
PAR  The dosage regimen for the prostaglandin in accord with this treatment will
      depend upon a variety of factors, including the type, age, weight, sex and
      medical condition of the mammal, the nature and dosage regimen of the
      anti-inflammatory synthetase inhibitor being administered to the mammal,
      the sensitivity of the particular individual mammal to the particular
      synthetase inhibitor with regard to gastrointestinal effects, and the
      particular prostaglandin to be administered.
PAC  SUMMARY OF THE INVENTION
PAR  It is a purpose of this invention to provide novel oxa-phenylene
      prostaglandin analogs, and process for making them.
PAR  The novel prostaglandin analogs of this invention each have an oxa oxygen
      (--O--) and a divalent phenylene moiety
      ##SPC11##
PAL  in the carboxyl-terminated side chain of the prostanoic acid structure (I)
      or the 8-iso-prostanoic acid structure (X). These divalent groups are
      located between the carboxyl group and the cyclopentane ring, and are
      either in addition to the six methylene portions of said chain or in place
      of one to five of said methylene portions. Bonding to the phenylene ring
      is either ortho, meta, or para. The oxa group is between the phenylene
      moiety and the carboxyl group.
PAR  Some of the novel prostaglandin analogs of this invention also have, in
      addition, a benzene ring as part of the C-13 to C-20 chain of the
      prostanoic acid structure (I) or 8-iso-prostanoic acid structure (X). That
      benzene ring is present as a substituted or unsubstituted phenyl moiety
      attached as a substituent to one of the methylenes between C-15 and the
      terminal methyl of the prostanoic acid or 8-isoprostanoic acid structure.
      Alternatively, the substituted or unsubstituted phenyl moiety is attached
      to the terminal or omega carbon of the C-16 to C-20 portion of the chain,
      replacing one of the hydrogens of the terminal methyl, the entire terminal
      methyl, or the terminal methyl plus one to four of the methylenes adjacent
      to that terminal methyl.
PAR  For example, five of the novel prostaglandin analogs of this invention are
      represented by the formulas:
      ##SPC12##
PAL  Based on its relationship to PGE.sub.1 and prostanoic acid, the compound of
      formula XI is named 3-oxa-4,5-inter-p-phenylene-PGE.sub.1. Similarly, the
      compound of formula XII is named
      15(R)-3-oxa-3,6-inter-m-phenylene-4,5-dinor-13,14-dihydro-PGF.sub.1.sub..a
     lpha., the compound of formula XIII is named
      8-iso-3-oxa-19-phenyl-4,7-inter-m-phenylene-5,6-dinor-PGA.sub.1, the
      compound of the formula XIV is named
      3-oxa-16-(4-chloro-phenyl)-3,5-inter-o-phenylene-4,17,18,19,20-pentanor-PG
     F.sub.2 .sub..beta., and the compound of formula XV is named
      5,6-dehydro-4-oxa-4,5-inter-m-phenylene-PGB.sub.2.
PAR  These names for the compounds of formulas XI to XV are typical of the names
      used hereinafter for the novel compounds of this invention. These names
      can better be understood by reference to the structure and numbering
      system of prostanoic acid (Formula I, above). That formula has seven
      carbon atoms in the carboxy-terminated chain and eight carbon atoms in the
      hydroxy-containing chain. In these names, "3-oxa" and "4-oxa" indicate an
      oxa oxygen (--O--) in place of the 3-methylene and 4-methylene,
      respectively of the PG compound.
PAR  The use of "nor,"  "dinor," "trinor," "tetranor," "pentanor," "hexanor,"
      and the like in the names for the novel compounds of this invention
      indicates the absence of one or more of the chain carbon atoms and the
      attached hydrogen atoms. The number or numbers in front of nor, dinor,
      etc., indicate which of the original prostanoic acid carbon atoms are
      missing in the named compound.
PAR  Each of the names of the novel compounds of this invention contains
      (inter-p-phenylene), (inter-m-phenylene), or (inter-o-phenylene), preceded
      by two numbers. That indicates that p-phenylene, m-phenylene, or
      o-phenylene has been inserted between (inter) the two carbon atoms so
      numbered in the formula of prostanoic acid.
PAR  Thus, formula XIII differs from prostanoic acid in that an oxa oxygen
      replaces carbon 3, carbons 5 and 6 of prostanoic acid are missing,
      m-phenylene has been inserted between carbons 4 and 7 of prostanoic acid,
      and a phenyl has been attached to carbon 19 of prostanoic acid. Formula
      XIII also, of course, is an A type prostaglandin, having a carbonyl oxygen
      and a 10:11 double bond.
PAR  Novel compounds of this invention with the carboxyl-terminated chain
      attached to the cyclopentane ring in beta configuration are 8-iso
      compounds (formula X), and are so designated by using "8-iso" in the name.
      An example is the name given above for the compound of formula XIII. If
      8-iso does not appear in the name, attachment of the carboxy-terminated
      chain in alpha configuration is to be assumed.
PAR  Novel compounds of this invention with epi configuration for the hydroxy at
      C-15 are so designated by using "15(R)" in the name. See, for example, the
      name given above for the formula-XII compound. Alternately, "15-beta" is
      used. See. R. S. Cahn, Journal of Chemical Education Vol. 41, page 116
      (1964) for a discussion of S and R configurations. If "15(R)" or "15-beta"
      does not appear in the name, the natural configuration for the C-15
      hydroxy, identified as the "S" configuration for PGE.sub.1, is to be
      assumed.
PAR  Some of the novel compounds of this invention differ structurally in other
      ways from the known prostanoic acid derivatives, having for example, more
      or fewer carbon atoms in either chain, and having one or more alkyl and/or
      fluoro substituents in the chains.
PAR  The following formulas represent the novel oxaphenylene compounds of this
      invention.
      ##SPC13##
PAL  Formulas XVI-XIX, and XXXII represent oxa-phenylene compounds of the PGE
      type. Formulas XX-XXIII, and XXXIII represent oxa-phenylene compounds of
      the PGF type. Formulas XXIV-XXVIII, and XXXIV represent oxa-phenylene
      compounds of the PGA type. Formulas XXVIII-XXXI, and XXXV represent
      oxa-phenylene compounds of the PGB type.
PAR  In formulas XVI to XXXV, the wavy line .about. indicates attachment of the
      hydroxyl or the side chain to the cyclopentane ring in alpha or beta
      configuration;
PAR  G is (1) alkyl of 2 to 10 carbon atoms, inclusive, substituted with zero,
      one, 2, or 3 fluoro or (2) a monovalent moiety of the formula
      ##SPC14##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of 1 to 10
      carbon atoms, inclusive, substituted with zero, one, or 2 fluoro, with one
      to 7 carbon atoms, inclusive, between
      ##EQU1##
      and the ring, wherein T is alkyl of one to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of one to 4 carbon atoms, inclusive, and wherein s is
      zero, one, 2, or 3, with the proviso that not more than two T's are other
      than alkyl; R.sub.1 is hydrogen, alkyl of one to 12 carbon atoms,
      inclusive, cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to
      12 carbon atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3
      chloro or alkyl of one to 4 carbon atoms, inclusive, or ethyl substituted
      in the .beta.-position with 3 chloro, 2 or 3 bromo, or 1, 2, or 3 iodo; Q
      is
      ##EQU2##
      wherein R.sub.2 is hydrogen or alkyl of one to 4 carbon atoms, inclusive;
      R.sub.3 and R.sub.4 are hydrogen or methyl; and R.sub.5 is alkyl of one to
      4 carbon atoms, inclusive, substituted with zero, one, 2, or 3 fluoro.
PAR  Likewise, in formulas XVI to XXXV, C.sub.g H.sub.2g represents a valence
      bond or alkylene of one to 4 carbon atoms, inclusive, with one or 2 chain
      carbon atoms between --CH.sub.2 -- and the ring; C.sub.j H.sub.2j
      represents a valence bond or alkylene of one or 2 carbon atoms with one
      chain carbon atom between the chain unsaturation and the ring; C.sub.n
      H.sub.2n is alkylene of one to 4 carbon atoms, inclusive; C.sub.p H.sub.2p
      represents a valence bond or alkylene of one to 4 carbon atoms, inclusive,
      with one or 2 chain carbon atoms between the ring and --O--, wherein
      C.sub.g H.sub.2g and C.sub.p H.sub.2p together represent zero to 8 carbon
      atoms, inclusive, with total chain lengths zero to 3 carbon atoms,
      inclusive, and wherein C.sub.j H.sub.2j and C.sub.p H.sub.2p together
      represent zero to 6 carbon atoms, inclusive, with total chain lengths zero
      to 3 carbon atoms, inclusive.
PAR  Regarding the meaning of C.sub.g H.sub.2g, C.sub.j H.sub.2j, and C.sub.p
      H.sub.2p as defined above, the novel compounds of this invention include
      compounds wherein a carbon atom of the phenylene moiety is attached
      directly to the C-7 methylene or the C-5 =CR.sub.4 -- in ortho, meta, or
      para orientation relative to the oxa-containing portion of the carboxyl
      chain. When C.sub.g H.sub.2g represents alkylene, the chain of carbon
      atoms which connects the C-7 methylene to a carbon atom of phenylene will
      be one or 2 carbon atoms long. When C.sub.j H.sub.2j represents alkylene,
      the chain of carbon atoms which connects =CR.sub.4 -- to a carbon atom of
      phenylene will be one carbon atom long. C.sub.p H.sub.2p represents a
      valence bond or alkylene of one to 6 carbon atoms, inclusive, with one or
      2 carbon atoms between the ring and the --O--. Any or all of these
      alkylene chains are unsubstituted or substituted with alkyl carbons in the
      form of one or more alkyl groups within the total carbon content of each
      chain as specified above, i.e., a maximum of 4 carbon atoms of C.sub.g
      H.sub.2g, 2 carbons for C.sub.j H.sub.2j, and 4 carbons for C.sub.p
      H.sub.2p. When C.sub.g H.sub.2g or C.sub.j H.sub.2j is alkylene, it is the
      same as or different than C.sub.p H.sub.2p, 8 carbon atoms being the
      maximum total carbon content and 3 carbon atoms being the maximum total
      chain length for the combination of C.sub.g H.sub.2g and C.sub.p H.sub.2p,
      and 6 carbon atoms being the maximum total carbon content and 3 carbon
      atoms being the maximum total chain length for the combination of C.sub.j
      H.sub.2j and C.sub.p H.sub.2p. To illustrate these definitions, when
      C.sub.g H.sub.2g is ethylene, C.sub.p H.sub.2p is methylene, or one of
      them is a valence bond and the other is ethylene, but both are not
      ethylene. In this first illustration, where the total chain length of
      C.sub.g H.sub.2g and C.sub. p H.sub.2p is 3 carbon atoms, up to 5 carbon
      atoms are in the alkyl substituents.
PAR  Formulas XVI through XXXV include the separate isomers wherein Q is either
      ##EQU3##
      i.e. where the hydroxyl is in either alpha (natural) or beta
      configuration. Referring to the prostanoic acid atom numbering (formula I
      above), the point of attachment corresponds to C-15, and, herein,
      regardless of the variation in the C-1 to C-7 carboxy chain, these epimers
      are referred to as "C-15 epimers".
PAR  Formulas XX-XXIII, and XXXIII wherein the C-9 hydroxyl (following
      prostanoic acid atom numbering) is attached to the cyclopentane with a
      wavy line .about. include both PGF.sub..alpha.- and PGF.sub..beta.-type
      compounds.
PAR  Included in Formulas XVII, XXI, XXV, and XXIX, are both the cis and the
      trans compounds with respect to the C-5 to C-6 double bonds in the
      carboxyl-terminated side chain. In all of the compounds containing the
      C.sub.13 to C.sub.14 double bond, that double bond is in trans
      configuration, and the chain containing that moiety is attached to the
      cyclopentane ring in beta configuration in compounds encompassed by
      formulas XVI to XXXV.
PAR  The novel oxa-phenylene compounds of this invention include racemic
      compounds and both optically active enantiomeric forms thereof. As
      discussed hereinabove, two structural formulas are required to define
      accurately these racemic compounds. The formulas as drawn herein are
      intended to represent compounds with the same configuration as the
      naturally-occurring prostaglandins. However, for convenience in the charts
      herein only a single structural formula is used, for example in Chart D,
      to define not only the optically active form but also the racemic
      compounds which generally undergo the same reactions.
PAR  Formula XVI represents 3-oxa-4,5-inter-p-phenylene-PGE.sub.1 (formula XI
      hereinabove) when C.sub.g H.sub.2g is ethylene, C.sub.p H.sub.2p is
      methylene, G is n-pentyl, Q is
      ##EQU4##
      R.sub.1 is hydrogen, C.sub.g H.sub.2g and C.sub.p H.sub.2p are attached to
      the phenylene in para orientation, and the carboxyl-terminated side chain
      is attached to the cyclopentane ring in alpha configuration.
PAR  With regard to formulas XVI to XXXV, examples of alkyl of one to 4 carbon
      atoms, inclusive, are methyl, ethyl, propyl, butyl, and isomeric forms
      thereof. Examples of alkyl of 1 to 8 carbon atoms, inclusive, are those
      given above, and pentyl, hexyl, heptyl, octyl, and isomeric forms thereof.
      Examples of alkyl of one to 12 carbon atoms, inclusive, are those given
      above, and nonyl, decyl, undecyl, dodecyl, and isomeric forms thereof.
      Examples of cycloalkyl of 3 to 10 carbon atoms, inclusive, which includes
      alkyl-substituted cycloalkyl, are cyclopropyl, 2-methylcyclopropyl,
      2,2-dimethylcyclopropyl, 2,3-diethylcyclopropyl, 2-butylcyclopropyl,
      cyclobutyl, 2-methylcyclobutyl, 3-propylcyclobutyl,
      2,3,4-triethylcyclobutyl, cyclopentyl, 2,2-dimethylcyclopentyl,
      3-pentylcyclopentyl, 3-tert-butylcyclopentyl, cyclohexyl,
      4-tert-butylcyclohexyl, 3-isopropylcyclohexyl, 2,2-dimethylcyclohexyl,
      cycloheptyl, cyclooctyl, cyclononyl, and cyclodecyl. Examples of aralkyl
      of 7 to 12 carbon atoms, inclusive, are benzyl, phenethyl, 1-phenylethyl,
      2-phenylpropyl, 4-phenylbutyl, 3-phenylbutyl, 2-(1-naphthylethyl), and
      1-(2-naphthylmethyl). Examples of phenyl substituted by one to 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive, are p-chlorophenyl,
      m-chlorophenyl, o-chlorophenyl, 2,4-dichlorophenyl, 2,4,6-trichlorophenyl,
      p-tolyl, m-tolyl, o-tolyl, p-ethylphenyl, p-tert-butylphenyl,
      2,5-dimethylphenyl, 4-chloro-2-methylphenyl, and
      2,4-dichloro-3-methylphenyl.
PAR  Examples of alkyl of two to 10 carbon atoms, inclusive, substituted with
      one to 3 fluoro, are 2-fluoroethyl, 2-fluorobutyl, 3-fluorobutyl,
      4-fluorobutyl, 5-fluoropentyl, 4-fluoro-4-methylpentyl, 3-fluoroisoheptyl,
      8-fluorooctyl, 3,4-difluorobutyl, 4,4-difluoropentyl, 5,5-difluoropentyl,
      5,5,5-trifluoropentyl, and 10,10,10-trifluorodecyl.
PAR  Examples of alkylene within the various scopes of C.sub.g H.sub.2g, C.sub.j
      H.sub.2j, C.sub.p H.sub.2p, C.sub.n H.sub.2n, and C.sub.t H.sub.2t, as
      those are defined above, are methylene, ethylene, trimethylene,
      tetramethylene, pentamethylene, hexamethylene, and heptamethylene, and
      those alkylene with one or more alkyl substituents on one or more carbon
      atoms, thereof, e.g., --CH(CH.sub.3)--, --C(CH.sub.3).sub.2 --,
      --CH(CH.sub.2 CH.sub.3)--, --CH.sub.2 --CH(CH.sub.3)--,
      --CH(CH.sub.3)--CH(CH.sub.3)--, --CH.sub.2 --C(CH.sub.3).sub.2 --,
      --CH.sub.2 --CH(CH.sub.3)--CH.sub.2 --, --CH.sub.2 --CH.sub.2
      --CH(CH.sub.2 CH.sub.2 CH.sub.3)--, --CH(CH.sub.3)--CH(CH.sub.3)--CH.sub.2
      --CH.sub.2 --, --CH.sub.2 --CH.sub.2 --CH.sub.2 --C(CH.sub.3).sub.2
      --CH.sub.2 --, --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CH(CH.sub.3)--, --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2
      --C(CH.sub.3).sub.2 --, --CH(CH.sub.3)--CH.sub.2 --CH(CH.sub.3)--CH.sub.2
      --CH.sub.2 --CH(CH.sub.3)--, and --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CH.sub.2 --CH.sub.2 --CH.sub.2 --C(CH.sub.3).sub.2 --.
PAR  Examples of alkylene substituted with one or 2 fluoro and within the scope
      of C.sub.t H.sub.2t, as defined above, are --CHF--CH.sub.2 --, CHF--CHF--,
      --CH.sub.2 --CH.sub.2 --CF.sub.2 --, --CH.sub.2 --CHF--CH.sub.2 --,
      --CH.sub.2 --CH.sub.2 --CF(CH.sub.3)--, --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CF.sub.2 --, and --CHF--CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CH.sub.2 --CH.sub.2 --.
PAR  Examples of
      ##SPC15##
PAL  as defined above are phenyl, p-tolyl, m-tolyl, o-tolyl, p-fluorophenyl,
      m-fluorophenyl, o-fluorophenyl, p-chlorophenyl, m-chlorophenyl,
      o-chlorophenyl, p-trifluoromethylphenyl, m-trifluoromethylphenyl,
      p-trifluoromethylphenyl, p-hydroxyphenyl, m-hydroxyphenyl,
      o-hydroxyphenyl, p-methoxyphenyl, m-methoxyphenyl, o-methoxyphenyl,
      p-tetrahydropyranyloxyphenyl, m-tetrahydropyranyloxyphenyl,
      o-tetrahydropyranyloxyphenyl, o-ethylphenyl, m-isopropylphenyl,
      p-tert-butylphenyl, p-butoxyphenyl, 3,4-dimethylphenyl, 2,4-diethylphenyl,
      2,4,6-trimethylphenyl, 3,4,5-trimethylphenyl, 2,4-dichlorophenyl,
      3,4-difluorophenyl, 2-chloro-4-methylphenyl, 2-fluoro-4-methoxyphenyl,
      3,5-dimethyl-4-fluorophenyl, 2,6-dimethyl-4-hydroxyphenyl, and
      2,4-di(trifluoromethyl)phenyl.
PAR  The novel formula XVI-XIX, and XXXII PGE-type oxa-phenylene compounds, the
      novel formula XX-XXIII, and XXXIII PGF.sub..alpha.-type and
      PGF.sub..beta.-type oxa-phenylene compounds, the novel formula XXIV-XXVII,
      and XXXIV PGA-type oxa-phenylene compounds, and the novel formula
      XXVIII-XXXI, and XXXV PGB-type oxa-phenylene compounds each cause the
      biological responses described above for the PGE, PGF.sub..alpha.,
      PGF.sub..beta., PGA, and PGB compounds, respectively, and each of these
      novel compounds is accordingly useful for the above-described
      corresponding purposes, and is used for those purposes in the same manner
      as described above.
PAR  The known PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds
      uniformly cause multiple biological responses even at low doses. For
      example, PGE.sub.1 and PGE.sub.2 both cause vasodepression and smooth
      muscle stimulation at the same time they exert antilipolytic activity.
      Moreover, for many applications, these known prostaglandins have an
      inconveniently short duration of biological activity. In striking
      contrast, the novel prostaglandin analogs of formulas XVI to XXXV are
      substantially more specific with regard to potency in causing
      prostaglandin-like biological responses, and have a substantially longer
      duration of biological activity. Therefore, each of these novel
      prostaglandin analogs is useful in place of one of the corresponding
      above-mentioned known prostaglandins for at least one of the
      pharmacological purposes indicated above for the latter, and is
      surprisingly and unexpectedly more useful for that purpose because it has
      a different and narrower spectrum of biological activity than the known
      prostaglandin, and therefore is more specific in its activity and causes
      smaller and fewer undesired side effects than the known prostaglandin.
      Moreover, because of its prolonged activity, fewer and smaller doses of
      the novel prostaglandin analog can frequently be used to attain the
      desired result.
PAR  To obtain the optimum combination of biological response specificity,
      potency, and duration of activity, certain compounds within the scope of
      formulas XVI to XXXV are preferred. For example, in compounds of formulas
      XVI, XIX, XX, XXIII, XXIV, XXVII, XXVIII, and XXXI, it is preferred that
      the carboxyl-terminated side chain contain a total of 2 to 4 chain carbon
      atoms, inclusive, excluding the phenylene and --COOR.sub.1, and including
      the C-7 methylene. In other words, preferred compounds of these formulas
      are those wherein C.sub.g H.sub.2g and C.sub.p H.sub.2p together represent
      zero, one, or 2 chain carbon atoms. Especially preferred compounds of
      these formulas are those wherein C.sub.g H.sub.2g and C.sub.p H.sub.2p
      each represent a valence bond, and those wherein C.sub.g H.sub.2g
      represents a valence bond and C.sub.p H.sub.2p represents a single chain
      carbon atom, especially methylene.
PAR  In compounds of formulas XVII, XVIII, XXI, XXII, XXV, XXVI, XXIX, XXX,
      XXXII, XXXIII, XXXIV, and XXXV, it is preferred that the
      carboxyl-terminated side chain contain a total of 4 or 5 chain carbon
      atoms, excluding the phenylene and --COOR.sub.1, and including --CH.sub.2
      --CR.sub.3 =CR.sub.4 -- and --CH.sub.2 --C.tbd.C--. In other words,
      preferred compounds of these formulas are those wherein C.sub.j H.sub.2j
      and C.sub.p H.sub.2p together represent zero or one chain carbon atoms.
      Included in these coumpounds are those wherein C.sub.j H.sub.2j and
      C.sub.p H.sub.2p each represent a valence bond, and those wherein C.sub.j
      H.sub.2j represents a valence bond, and C.sub.p H.sub.2p represents a
      single chain carbon atom, especially methylene.
PAR  As used herein, a chain carbon atom is part of the direct chain carbon
      atoms linking the C-7 methylene or =CR.sub.4 -- to the phenylene, the
      phenylene to the oxa, and the oxa to --COOR.sub.1. Thus, the chain
      --CH(CH.sub.3)--C(CH.sub.3).sub.2 -- contains 5 carbon atoms but only 2
      chain atoms.
PAR  Another preference for the carboxy-terminated side chain in compounds of
      formulas XVI to XXXV is that the phenylene be a meta-phenylene.
PAR  Another preference for the compounds of formulas XVI to XXXV is that
      R.sub.2, R.sub.3, and R.sub.4 are hydrogen or methyl. All of those R
      groups can be hydrogen, all can be methyl, or there can be any of the
      possible combinations of hydrogen and methyl.
PAR  Certain variations in the nature of G in the compounds of formulas XVI to
      XXXV are especially important. In the known PG.sub.1 and PG.sub.2
      prostaglandins, e.g., PGE.sub.1, the portion of the molecule corresponding
      to G in formulas XVI to XXXI is n-pentyl. When G is unsubstituted alkyl or
      fluoro-substituted alkyl as defined above, there is a preference which
      results in compounds with optimum combinations of biological properties:
      namely that G is straight chain alkyl of 3 to 7 carbon atoms, inclusive,
      with or without a fluoro substituent at the 1-position , e.g.,
      --CHF--(CH.sub.2).sub.a --CH.sub.3, wherein a is one, 2, 3, 4, or 5.
      Especially preferred among these are n-pentyl and 1-fluoropentyl.
PAR  When G is substituted alkyl, it is preferred that the 1-position be mono-
      or di-substituted with one or two alkyl groups containing from one to 4
      carbon atoms, inclusive. Especially preferred are formula XVI-to-XXXV
      compounds wherein G is substituted at the 1-position with methyl and/or
      ethyl, e.g. --CH(CH.sub.3)--(CH.sub.2).sub.c --CH.sub.3, --CH(C.sub.2
      H.sub.5)--(CH.sub.2).sub.c --CH.sub.3, --C(CH.sub.3).sub.2
      --(CH.sub.2).sub.c --CH.sub.3, --C(C.sub.2 H.sub.5).sub.2
      --(CH.sub.2).sub.c --CH.sub.3, or --C(CH.sub.3)(C.sub.2
      H.sub.5)--(CH.sub.2).sub.c --CH.sub.3, wherein c is 2, 3, or 4.
PAR  When G represents
      ##SPC16##
PAL  as defined above, it is preferred for compounds with optimum combination of
      biological properties that C.sub.t H.sub.2t be a valence bond, i.e., t is
      zero, or alkylene of one to 4 carbon atoms, inclusive, i.e.,
      --(CH.sub.2).sub.d -- wherein d is one, 2, 3, or 4, with or without a
      fluoro or alkyl substituent on the carbon adjacent to the
      hydroxy-substituted carbon (C-15 in PGE.sub.1), e.g.,
      --CHF--(CH.sub.2).sub.e --, --CH(CH.sub.3)--(CH.sub.2).sub.e --, or
      --C(CH.sub.3).sub.2 --(CH.sub.2).sub.e --, wherein e is zero, one, 2, or
      3. Further, it is preferred that the phenyl ring when present and
      substituted, be substituted at least at the para position.
PAR  In compounds of formulas XXXII to XXXV, it is preferred that C.sub.n
      H.sub.2n be methylene and that R.sub.5 be ethyl.
PAR  Another way of expressing the above preferences for G is that when G is
      alkyl or fluoro-substituted alkyl it be a group represented by
      ##EQU5##
      wherein a is 2, 3, 4, or 5, and wherein R.sub.21 and R.sub.22 are
      hydrogen, alkyl of one to 4 carbon atoms, inclusive, or fluoro, being the
      same or different, with the proviso that R.sub.22 is fluoro only when
      R.sub.21 is hydrogen or fluoro.
PAR  Furthermore, when G is
      ##SPC17##
PAL  it is preferred that when C.sub.t H.sub.2t is alkylene or
      fluoro-substituted alkylene it be a group represented by
      ##EQU6##
      wherein e is zero, one, 2, or 3, and wherein R.sub.21 and R.sub.22 are as
      defined above.
PAR  Still another preference is that Q be
      ##EQU7##
      wherein R.sub.2 is as defined hereinabove.
PAR  Another advantage of the novel compounds of this invention, especially the
      preferred compounds defined hereinabove, compared with the known
      prostaglandins, is that these novel compounds are administered effectively
      orally, sublingually, intravaginally, buccally, or rectally, in addition
      to usual intravenous, intramuscular, or subcutaneous injection or infusion
      methods indicated above for the uses of the known prostaglandins. These
      qualities are advantageous because they facilitate maintaining uniform
      levels of these compounds in the body with fewer, shorter, or smaller
      doses, and make possible self-administration by the patient.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type oxa-phenylene
      compounds encompassed by formulas XVI to XXXV including the special
      classes of compounds described above, are used for the purposes described
      above in the free acid form, in ester form, or in pharmacologically
      acceptable salt form. When the ester form is used, the ester is any of
      those within the above definition of R.sub.1. However it is preferred that
      the ester be alkyl of one to 12 carbon atoms, inclusive. Of those alkyl,
      methyl and ethyl are especially preferred for optimum absorption of the
      compound by the body or experimental animal system; and straight-chain
      octyl, nonyl,, decyl, undecyl, and dodecyl are especially preferred for
      prolonged activity in the body or experimental animal.
PAR  Pharmacologically acceptable salts of these formula XVI-to-XXXV compounds
      useful for the purposes described above are those with pharmacologically
      acceptable metal cations, ammonium, amine cations, or quaternary ammonium
      cations.
PAR  Especially preferred metal cations are those derived from the alkali
      metals, e.g., lithium, sodium and potassium, and from the alkaline earth
      metals, e.g., magnesium and calcium, although cationic forms of other
      metals, e.g., aluminum, zinc, and iron, are within the scope of this
      invention.
PAR  Pharmacologically acceptable amine cations are those derived from primary,
      secondary, or tertiary amines. Examples of suitable amines are
      methylamine, dimethylamine, trimethylamine, ethylamine, dibutylamine,
      triisopropylamine, N-methylhexylamine, decylamine, dodecylamine,
      allylamine, crotylamine, cyclopentylamine, dicyclohexylamine, benzylamine,
      dibenzylamine, .alpha.-phenylethylamine, .beta.-phenylethylamine,
      ethylenediamine, diethylenetriamine, and like aliphatic, cycloaliphatic,
      and araliphatic amines containing up to and including about 18 carbon
      atoms, as well as heterocyclic amines, e.g., piperidine, morpholine,
      pyrrolidine, piperazine, and lower-alkyl derivatives thereof, e.g.,
      1-methylpiperidine, 4-ethylmorpholine, 1-isopropylpyrrolidine,
      2-methylpyrrolidine, 1,4-dimethylpiperazine, 2-methylpiperidine, and the
      like, as well as amines containing water-solubilizing or hydrophilic
      groups, e.g., mono-, di-, and triethanolamine, ethyldiethanolamine,
      n-butylethanolamine, 2-amino-1-butanol, 2-amino-2-ethyl-1,3-propanediol,
      2-amino-2-methyl-1-propanol, tris-(hydroxymethyl)aminomethane,
      N-phenylethanolamine, N-(p-tert-amylphenyl)-diethanolamine, galactamine,
      N-methylglucamine, N-methylglucosamine, ephedrine, phenylephrine,
      epinephrine, procaine, and the like.
PAR  Examples of suitable pharmacologically acceptable quaternary ammonium
      cations are tetramethylammonium, tetraethylammonium,
      benzyltrimethylammonium, phenyltriethylammonium, and the like.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type oxa-phenylene
      compounds encompassed by formulas XVI to XXXV including the special
      classes of compounds described above, are also used for the purposes
      described above in free hydroxy form or in the form wherein the hydroxy
      moieties are transformed to lower alkanoate moieties, e.g., --OH to
      --OCOCH.sub.3. Examples of lower alkanoate moieties are acetoxy,
      propionyloxy, butyryloxy, valeryloxy, hexanoyloxy, heptanoyloxy,
      octanoyloxy, and branched chain alkanoyloxy isomers of those moieties.
      Especially preferred among these alkanoates for the above described
      purposes are the acetoxy compounds. These free hydroxy and alkanoyloxy
      compounds are used as free acids, as esters, and in salt form all as
      described above.
PAR  As discussed above, the compounds of formulas XVI to XXXV are administered
      in various ways for various purposes; e.g., intravenously,
      intramuscularly, subcutaneously, orally, intravaginally, rectally,
      buccally, sublingually, topically, and in the form of sterile implants for
      prolonged action. For intravenous injection or infusion, sterile aqueous
      isotonic solutions are preferred. For that purpose, it is preferred
      because of increased water solubility that R.sub.1 in the formula
      XVI-to-XXXV compound be hydrogen or a pharmacologically acceptable cation.
      For subcutaneous or intramuscular injection, sterile solutions or
      suspensions of the acid, salt, or ester form in aqueous or non-aqueous
      media are used. Tablets, capsules, and liquid preparations such as syrups,
      elixirs, and simple solutions, with the usual pharmaceutical carriers are
      used for oral sublingual administration. For rectal or vaginal
      administration, suppositories prepared as known in the art are used. For
      tissue implants, a sterile tablet or silicone rubber capsule or other
      object containing or impregnated with the substance is used.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA and PGB type oxa-phenylene
      compounds encompassed by formulas XVI to XXXV are produced by the
      reactions and procedures described and exemplified hereinafter.
PAR  The various PGF.sub..alpha.-type and PGF.sub..beta.-type oxa-phenylene
      compounds encompassed by formulas XX-XXIII and XXXIII are prepared by
      carbonyl reduction of the corresponding PGE type compounds encompassed by
      formulas XVI-XIX and XXXII. For example, carbonyl reduction of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 gives a mixture of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. and
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..beta..
PAR  These ring carbonyl reductions are carried out by methods known in the art
      for ring carbonyl reductions of known prostanoic acid derivatives. See,
      for example, Bergstrom et al., Arkiv Kemi 19, 563 (1963), Acta Chem.
      Scand. 16, 969 (1962), and British Patent Specification No. 1,097,533. Any
      reducing agent is used which does not react with carbon-carbon double
      bonds or ester groups. Preferred reagents are
      lithium(tri-tert-butoxy)aluminum hydride, the metal borohydrides,
      especially sodium, potassium and zinc borohydrides, and metal trialkoxy
      borohydrides, e.g., sodium trimethoxyborohydride. The mixtures of alpha
      and beta hydroxy reduction products are separated into the individual
      alpha and beta isomers by methods known in the art for the separation of
      analogous pairs of known isomeric prostanoic acid derivatives. See, for
      example, Bergstrom et al., cited above, Granstrom et al., J. Biol. Chem.
      240, 457 (1965), and Green et al., J. Lipid Research 5, 117 (1964).
      Especially preferred as separation methods are partition chromatographic
      procedures, both normal and reversed phase, preparative thin layer
      chromatography, and countercurrent distribution procedures.
PAR  The various PGA-type oxa-phenylene compounds encompassed by formulas
      XXIV-XXVII and XXXIV are prepared by acidic dehydration of the
      corresponding PGE type compounds encompassed by formulas XVI-XIX and
      XXXII. For example, acidic dehydration of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 gives
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1.
PAR  These acidic dehydrations are carried out by methods known in the art for
      acidic dehydrations of known prostanoic acid derivatives. See, for
      example, Pike et al., Proc. Nobel Symposium II, Stockholm (1966),
      Interscience Publishers, New York, pp. 162-163 (1967); and British Patent
      Specification No. 1,097,533. Alkanoic acids of 2 to 6 carbon atoms,
      inclusive, especially acetic acid, are preferred acids for this acidic
      dehydration. Dilute aqueous solutions of mineral acids, e.g., hydrochloric
      acid, especially in the presence of a solubilizing diluent, e.g.,
      tetrahydrofuran, are also useful as reagents for this acidic dehydration,
      although these reagents may cause partial hydrolysis of an ester reactant.
PAR  The various PGB-type oxa-phenylene compounds encompassed by formulas
      XXVIII-XXXI and XXXV are prepared by basic dehydration of the
      corresponding PGE type compounds encompassed by formulas XVI-XIX and
      XXXII, or by contacting the corresponding PGA type compounds encompassed
      by formulas XXIV-XXVII and XXXIV with base. For example, both
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 and
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 give
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGB.sub.1 on treatment with base.
PAR  These basic dehydrations and double bond migrations are carried out by
      methods known in the art for similar reactions of known prostanoic acid
      derivatives. See, for example, Bergstrom et al., J. Biol. Chem. 238, 3555
      (1963). The base is any whose aqueous solution has pH greater than 10.
      Preferred bases are the alkali metal hydroxides. A mixture of water and
      sufficient of a water-miscible alkanol to give a homogeneous reaction
      mixture is suitable as a reaction medium. The PGE-type or PGA-type
      compound is maintained in such a reaction medium until no further PGB-type
      compound is formed, as shown by the characteristic ultraviolet light
      absorption near 278 m.mu. for the PGB type compound.
PAR  The various transformations of PGE-type oxa-phenylene compounds of formulas
      XVI-XIX to the corresponding PGF.sub..alpha., PGF.sub..beta., PGA and PGB
      type oxa-phenylene compounds are shown in Chart A, wherein G, Q, R.sub.1,
      and .about. are as defined above, wherein E' is --CH.sub.2 CHR.sub.9 -- or
      trans--CH=CR.sub.9 --, wherein R.sub.26 and R.sub.9 are hydrogen or alkyl
      of one to 4 carbon atoms, inclusive, and wherein J' is
      ##SPC18##
PAL  wherein V is C.sub.g H.sub.2g, cis or trans
      ##EQU8##
      or --C.tbd.C--C.sub.j H.sub.2j wherein C.sub.g H.sub.2g, C.sub.j H.sub.2j,
      C.sub.p H.sub.2p, R.sub.3, and R.sub.4 are as defined above, and wherein
      C.sub.q H.sub.2q represents alkylene of one to 6 carbon atoms, inclusive,
      with one, 2, or 3 carbon atoms between --O-- and --COOR.sub.1.
PAR  The various 13,14-dihydro-PGE.sub.1, -PGF.sub.1, -PGA.sub.1, and
      -PGB.sub.1, type oxa-phenylene compounds encompassed by formulas XIX,
      XXIII, XXVII, and XXXI are prepared by carbon-carbon double bond reduction
      of the corresponding PGE, PGF, PGA, and PGB type compound containing a
      trans double bond in the hydroxy-containing side chain. A cis or trans
      double bond or a triple bond can also be present in the carboxy-terminated
      side chain of the unsaturated reactant, and will be reduced at the same
      time to --CH.sub.2 CH.sub.2 --. For example,
      13,14-dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 is
      produced by reduction of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1,
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.2, or
      5,6-dehydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.2.
PAR  These reductions are carried out by reacting with the unsaturated PGE,
      PGF.sub..alpha., PGF.sub..beta., PGA, or PGB type oxa-phenylene compound
      with diimide, following the general procedure described by van Tamelen et
      al., J. Am. Chem. Soc. 83, 3725 (1961).
      ##SPC19##
PAL   See also Fieser et al., "Topics in Organic Chemistry," Reinhold Publishing
      Corp., New York, pp. 432-434 (1963) and references cited therein. The
      unsaturated acid or ester reactant is mixed with a salt azodiformic acid
      preferably an alkali metal salt such as disodium or dipotassium salt, in
      the presence of an inert diluent, preferably a lower alkanol such as
      methanol or ethanol, and preferably in the absence of substantial amounts
      of water. At least one molecular equivalent of the azodiformic acid salt
      is used for each multiple bond equivalent of the unsaturated reactant. The
      resulting suspension is then stirred, preferably with exclusion of oxygen,
      and the mixture is made acid, advantageously with a carboxylic acid such
      as acetic acid. When a reactant wherein R.sub.1 is hydrogen is used, the
      carboxylic acid reactant also serves to acidify an equivalent amount of
      the azodiformic acid salt. A reaction temperature in the range of about
      10.degree. to about 40.degree. C. is usually suitable. Within that
      temperature range, the reaction is usually complete within less than 24
      hours. The desired dihydro production is then isolated by conventional
      methods, for example, evaporation of the diluent, followed by separation
      from inorganic materials by solvent extraction.
PAR  In the case of the oxa-phenylene unsaturated PGE, PGF.sub..alpha., and
      PGF.sub..beta. type reactants, the reductions to the corresponding
      dihydro-PGE.sub.1, dihydro-PGF.sub.1 .sub..alpha., and dihydro-PGF.sub.1
      .sub..alpha. type oxa-phenylene compounds are also carried out by
      catalytic hydrogenation. For that purpose, palladium catalysts, especially
      on a carbon carrier, are preferred. It is also preferred that the
      hydrogenation be carried out in the presence of an inert liquid diluent,
      for example, methanol, ethanol, dioxane, ethyl acetate, and the like.
      Hydrogenation pressures ranging from about atmospheric to about 50 p.s.i.,
      and hydrogenation temperatures ranging from about 10.degree. to about
      100.degree. C. are preferred. The resulting dihydro product is isolated
      from the hydrogenation reaction mixture by conventional methods, for
      example, removal of the catalyst by filtration or centrifugation, followed
      by evaporation of the solvent.
PAR  Diimide reductions and catalytic hydrogenations to produce the various
      novel formula XIX, XXIII, XXVII, and XXXI 13,14-dihydro compounds of this
      invention from the corresponding PGE, PGF, PGA and PGB type oxa-phenylene
      compounds of the PG.sub.1, PG.sub.2, trans-5,6-dehydro-PG.sub.1, and
      5,6-dehydro-PG.sub.2 series are shown in Chart B. G, J', Q, R.sub.1,
      R.sub.9, R.sub.26, and .about. are as defined above, and L' is
      ##SPC20##
PAL  wherein C.sub.g H.sub.2g, C.sub.p H.sub.2p, and C.sub.q H.sub.2q are as
      defined above.
PAR  The oxa-phenylene compounds of the PGE.sub.2, PGF.sub.2, PGA.sub.2, and
      PGB.sub.2 type wherein the carbon-carbon double bond in the
      carboxy-terminated side chain is in cis configuration are prepared by
      reduction of the corresponding acetylenic oxa-phenylene compounds, i.e.,
      those with a carbon-carbon triple bond in place of said carbon-carbon
      double bond. For that purpose, there are used any of the known reducing
      agents which reduce an acetylenic linkage to a cis-ethylenic linkage.
      Especially preferred for that purpose are diimide, or hydrogen and a
      catalyst, for example, palladium (5%) on barium sulfate, especially in the
      presence of pyridine. See Fieser et al., "Reagents for Organic Synthesis,"
      pp. 566-567, John Wiley and Sons, Inc., New York, N.Y. (1967).
      ##SPC21##
PAL  These reductions are shown in Chart C, wherein G, Q, R.sub.1, R.sub.9,
      R.sub.26, and .about. are as defined above, and M' is
      ##SPC22##
PAL  wherein C.sub.j H.sub.2j, C.sub.p H.sub.2p, and C.sub.q H.sub.2q are
      defined above. These oxa-phenylene cis compounds of the PGE.sub.2,
      PGF.sub.2.sub..alpha., PGF.sub.2.sub..beta., PGA.sub.2, and PGB.sub.2 type
      are also prepared as described hereinafter.
PAR  The oxa-phenylene PGE-type compounds of formulas XVI-XIX except wherein
      R.sub.1 is hydrogen, and the oxa-phenylene PGA-type compounds of formulas
      XXIV-XXVII except wherein R.sub.1 is hydrogen, are prepared by the series
      of reactions shown in Chart D, wherein G, J', R.sub.2, R.sub.9, and
      R.sub.26 are as defined above; G' is the same as G except that T is
      replaced by T', wherein T' is the same as T above except that R.sub.9 is
      not hydrogen; R.sub.10 is the same as the above definition of R.sub.1
      except that R.sub.10 does not include hydrogen; R.sub.11 and R.sub.12 are
      alkyl of one to 4 carbon atoms, inclusive; R.sub.13 is alkyl of one to 5
      carbon atoms, inclusive; and .about. indicates attachment of --CHR.sub.26
      --J'--COOR.sub.10 to the cyclopentane ring in alpha or beta configuration,
      and attachment of the moiety to the cyclopropane ring in exo or endo
      configuration.
PAR  The oxa-phenylene PGE.sub.1 -type compounds of formula XVI, the
      oxa-phenylene 5,6-dehydro-PGE.sub.2 type compounds of formula XVIII, the
      oxa-phenylene PGA.sub.1 -type compounds of the formula XXIV and the
      oxa-phenylene 5,6-dehydro-PGA.sub.2 type compounds of formula XXVI are
      also prepared by the series of reactions shown in Chart E, wherein G, G',
      R.sub.2, R.sub.9, R.sub.10, R.sub.13, and R.sub.26 are as defined above;
      Z' is L' or --C.tbd.C--M'-- wherein L' and M' are as defined above; and
      .about. indicates attachment of --CHR.sub.26 --Z'--COOR.sub.10 to the
      cyclopentane ring in alpha or beta configuration, and attachment of the
      moiety to the cyclopropane
      ##SPC23##
      ##SPC24##
      ##SPC25##
PAL  cyclopropane ring in ex or endo configuration.
PAR  It should be observed regarding the series of reactions shown in Charts D
      and E, that the reactions starting with glycol XXXVIII in Chart D are
      similar to the reactions starting with glycol XLV in Chart E. The only
      differences here are the definitions of the divalent moieties J' (Chart D)
      and Z' (Chart E). J' includes saturated, cis and trans ethylenic, and
      acetylenic divalent moieties. Z' is limited to the saturated and
      acetylenic divalent moieties encompassed by J'. In other words, final
      oxa-phenylene PGE-type compounds of formula XL (Chart D) encompass
      compounds of formulas XVI to XVIII. Final oxa-phenylene PGA-type compounds
      of formula XLI (Chart D) encompass compounds of formulas XXIV to XXVI. On
      the other hand, final oxa-phenylene PGE-type compounds of formula XLVII
      (Chart E) encompass only compounds of formulas XVI and XVIII, and final
      oxa-phenylene PGA-type compounds of formula XLVIII (Chart E) encompass
      only compounds of formula XXIV and XXVI.
PAR  As will subsequently appear, an acetylenic intermediate of formulas XXXVII,
      XXXVIII, or XLV is transformed by step-wise reduction to the corresponding
      cis or trans ethylenic intermediates of formulas XXXVII or XXXVIII; and an
      acetylenic intermediate of formulas XXXVII, XXXVIII, or XLV or a cis or
      trans ethylenic intermediate of formulas XXXVII or XXXVIII is transformed
      by reduction to the corresponding saturated intermediate of formulas
      XXVII, XXXVIII, or XLV.
PAR  The initial bicyclo-ketone reactant of formula XLIII in Chart E is also
      used as an initial reactant to produce the initial bicyclo-ketone cyclic
      ketal reactant of formula XXXVI in Chart D. The following reactions will
      produce cyclic ketal XXXVI, wherein THP is tetrahydropyranol, and .phi.is
      phenyl:
      ##SPC26##
PAR  The bicyclo-ketone reactant of formula XLIII exists in four isomeric forms,
      exo and endo with respect to the attachment of the --CR.sub.9 =CR.sub.2 G
      moiety, and cis and trans with respect to the double bond in that same
      moiety. Each of those isomers separately or various mixtures thereof are
      used as reactants according to this invention to produce substantially the
      same final oxa-phenylene PGE or PGA type product mixture.
PAR  The process for preparing either the exo or endo configuration of the
      formula-XLIII bicyclo-ketone is known to the art. See. U.S. Pat. No.
      3,776,940 and Belgian Pat. No. 702,477,  Derwent Farmdoc No. 30,905.
PAR  See West Germany Offenlegungsschrift No. 1,937,912; reprinted in Farmdoc
      Complete Specifications, Book No. 14, No. 6869 R, Week R.sub.5, Mar. 18,
      1970.
PAR  In said U.S. Pat. No. 3,776,940 a reaction sequence capable of forming exo
      ketone XLIII is as follows: The hydroxy of 3-cyclopentenol is protected,
      for example, with a tetrahydropyranyl group. Then a diazoacetic acid ester
      is added to the double bond to give an exo-endo mixture of a
      bicyclo[3.1.0]hexane substituted at 3 with the protected hydroxy and at 6
      with an esterified carboxyl. The exo-endo mixture is treated with a base
      to isomerize the endo isomer in the mixture to more of the exo isomer.
      Next, the carboxylate ester group at 6 is transformed to an aldehyde group
      or ketone group,
      ##EQU9##
      wherein R.sub.9 is as defined above. Then, said aldehyde group or said
      keto group is transformed by the Wittig reaction, in this case to a moiety
      of the formula --CR.sub.9 =CR.sub.2 G which is in exo configuration
      relative to the bicyclo ring structure. Next, the protective group is
      removed to regenerate the 3-hydroxy which is then oxidized, for example,
      by the Jones reagent, i.e., chromic acid (see J. Chem. Soc. 39 (1946)), to
      give said exo ketone XLIII.
PAR  Separation of the cis-exo and trans-exo isomers of XLIII is described in
      said U.S. Pat. No. 3,776,940. However, as mentioned above, that separation
      is usually not necessary since the cis-trans mixture is useful as a
      reactant in the next process step.
PAR  The process described in said U.S. Pat. No. 3,776,940 for producing the exo
      form of bicyclo-ketone XLIII uses, as an intermediate, the exo form of a
      bicyclo [3.1.0]-hexane substituted at 3 with a protected hydroxy, e.g.,
      tetrahydropyranyloxy, and at 6 with an esterified carboxyl. When the
      corresponding endo compound is substituted for that exo intermediate, the
      process in said Offenlegungsschrift No. 1,937,912 leads to the endo form
      of bicyclo-ketone XLIII. That end compound to be used has the formula:
      ##SPC27##
PAL  Compound LII is prepared by reacting
      endo-bicyclo[3.1.0]-hex-2-ene-6-carboxylic acid methyl ester with diborane
      in a mixture of tetrahydrofuran and diethyl ether, a reaction generally
      known in the art, to give endo-bicyclo[3.1.0]-hexane-3-ol-6-carboxylic
      acid methyl ester which is then reacted with dihydropyran in the presence
      of a catalytic amount of POCl.sub.3 to give the desired compound. This is
      then used as described in said German Offenlegungsschrift No. 1,937,912 to
      produce the endo form of bicyclo-ketone XLIII.
PAR  As for exo XLIII, the above process produces a mixture of endo-cis and
      endo-trans compounds. These are separated as described for the separation
      of exo-cis and exo-trans XLIII, but this separation is usually not
      necessary since, as mentioned above, the cis-trans mixture is useful as a
      reactant in the next process step.
PAR  In the processes of said U.S. patent and said Offenlegungsschrift, certain
      organic halides, e.g., chlorides and bromides, are necessary to prepare
      the Wittig reagents used to generate the generic moiety, --CR.sub.9
      =CR.sub.2 G of bicyclo-ketone XLIII. These organic chlorides and bromides
      ##EQU10##
      are known in the art or can be prepared by methods known in the art.
PAR  To illustrate the availability of these organic chlorides consider first
      the above-described oxa-phenylene PGE-type compounds of formulas XVI to
      XIX wherein R.sub.2 is hydrogen and G is either (1) alkyl of one to 10
      carbon atoms, inclusive, substituted with zero, one, 2, or 3 fluoro or
      ##SPC28##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of one to 10
      carbon atoms, inclusive, substituted with zero, one, or 2fluoro, with one
      to 7 carbon atoms, inclusive, between
      ##EQU11##
      and the ring, wherein T is alkyl of one to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of one to 4 carbon atoms, inclusive, and s is zero, one,
      2, or 3, with the proviso that not more than two T's are other than alkyl.
PAR  For those products wherein G is alkyl of two to 10 carbon atoms,
      substituted with 0-3 fluoro atoms, there are available the monohalo
      hydrocarbons, e.g., bromo-(or chloro-) -ethane, -propane, -pentane,
      -octane, and -decane; and the monohalofluorohydrocarbons, e.g., CH.sub.2
      FCH.sub.2 Br, CHF.sub.2 CH.sub.2 Cl, CF.sub.3 CH.sub.2 Br,
      F(CH.sub.2).sub.3 Br, CH.sub.3 CF.sub.2 CH.sub.2 Cl, CF.sub.3
      (CH.sub.2).sub.2 Br, F(CH.sub.2).sub.4 Cl, CH.sub.3 CF.sub.2 CH.sub.2
      CH.sub.2 Cl, C.sub.4 H.sub.9 CFHCH.sub.2 Br, CF.sub.3 (CH.sub.2).sub.3 Cl,
      CF.sub.3 (CH.sub.2).sub.2 BrCH.sub.3, CH.sub.2 F(CH.sub.2).sub.4 Cl,
      C.sub.2 H.sub.5 CF.sub.2 (CH.sub.2).sub.2 Cl, CF.sub.3 (CH.sub.2).sub.4
      Cl, CH.sub.3 (CH.sub.2).sub.4 CF.sub.2 (CH.sub.2).sub.2 CH.sub.2 Cl, and
      CH.sub.3 (CH.sub.2).sub.3 CF.sub.2 (CH.sub.2).sub.3 CH.sub.2 Cl, as
      described in "Aliphatic Fluorine Compounds," A. M. Lovelace et al., Am.
      Chem. Soc. Monograph Series, 1958, Reinhold Publ. Corp. Those halides not
      available are prepared by methods known in the art by reacting the
      corresponding primery alcohol G--CH.sub.2 OH with PCl.sub.3 PBr.sub.3, or
      any of the other halogenating agents useful for this purpose. Available
      alcohols include CH.sub.2 CH(CF.sub.3)CH.sub.2 OH, (CH.sub.3).sub.2
      CHCH.sub.2 CH.sub.2 OH, (CH.sub.3).sub.3 CCH.sub.2 OH, CF.sub.3
      CH(CH.sub.3)CH.sub.2 CH.sub.2 OH, for example. For those halides of the
      formula G--CH.sub.2 --Hal wherein Hal is chloro or bromo, G is R.sub.27
      --(CH.sub.2).sub.h --, h being one, 2, 3, or 4, and R.sub.27 being
      isobutyl, tert-butyl, 3,3-difluorobutyl, 4,4-difluorobutyl, or
      4,4,4-trifluorobutyl, the intermediate alcohols are prepared as follows.
PAR  In the case of R.sub.27 being isobutyl or tert-butyl, known alcohols are
      converted to bromides, thence to nitriles with sodium cyanide, thence to
      the corresponding carboxylic acids by hydrolysis, and thence to the
      corresponding primary alcohols by reduction, e.g., with lithium aluminum
      hydride, thus extending the carbon chain one carbon atom at a time until
      all primary alcohols are prepared.
PAR  In the case of R.sub.27 being 3,3-difluorobutyl, the necessary alcohols are
      prepared from keto carboxylic acids of the formula, CH.sub.3
      --CO--(CH.sub.2).sub.r --COOH, wherein r is 2, 3, 4, 5, or 6. All of those
      acids are known. The methyl esters are prepared and reacted with sulfur
      tetrafluoride to produce the corresponding CH.sub.3 --CF.sub.2
      --(CH.sub.2).sub.r --COOCH.sub.3 compounds, which are then reduced with
      lithium aluminum hydride to CH.sub.3 --CF.sub.2 --(CH.sub.2).sub.r
      --CH.sub.2 OH. These alcohols are then transformed to the bromide or
      chloride by reaction with PBr.sub.3 or PCl.sub.3.
PAR  In the case of R.sub.27 being 4,4-difluorobutyl, the initial reactants are
      the known dicarboxylic acids, HOOC--(CH.sub.2).sub.f --COOH, wherein f is
      3, 4, 5, 6, or 7. These dicarboxylic acids are esterified to CH.sub.3
      OOC--(CH.sub.2).sub.f --COOCH.sub.3 and then half-saponified, for example
      with barium hydroxide, to give HOOC--(CH.sub.2).sub.f --COOCH.sub.3. The
      free carboxyl group is transformed first to the acid chloride with thionyl
      chloride and then to an aldehyde by the Rosenmund reduction. Reaction of
      the aldehyde with sulfur tetrafluoride then gives CHF.sub.2
      --(CH.sub.2).sub.f --COOCH.sub.3 which by successive treatment with
      lithium aluminum hydride and PBr.sub.3 or PCl.sub.3 gives the necessary
      bromides or chlorides, CHF.sub.2 --(CH.sub.2).sub.f --CH.sub.2 Br or
      CHF.sub.2 --(CH.sub.2).sub.f --CH.sub.2 Cl.
PAR  In the case of R.sub.27 being 4,4,4-trifluorobutyl, aldehydes of the
      formula CH.sub.3 OOC--(CH.sub.2).sub.f --CHO are prepared as described
      above. Reduction of the aldehyde with sodium borohydride gives the alcohol
      CH.sub.3 OOC--(CH.sub.2).sub.f --CH.sub.2 OH. Reaction with PBr.sub.3 or
      PCl.sub.3 then gives CH.sub.3 OOC--(CH.sub.2).sub.f -CH.sub.2 --Hal.
      Saponification of that ester gives the carboxylic acid which by reaction
      with sulfur tetrafluoride gives the necessary CF.sub.3 --(CH.sub.2).sub.f
      --CH.sub.2 Br or CF.sub.3 --(CH.sub.2).sub.f --CH.sub.2 --Cl.
PAR  For the above reactions of SF.sub.4, see U.S. Pat. No. 3,211,723 and J.
      Org. Chem. 27, 3164 (1962).
PAR  For those products wherein R.sub.2 is hydrogen and G is
      ##SPC29##
PAL  the halides necessary to prepare those compounds, if not readily available,
      are advantageously prepared by reacting the corresponding primary alcohol,
      ##SPC30##
PAL  with PCl.sub.3, PBr.sub.3, HBr, or any of the other halogenating agents
      known in the art to be useful for this purpose. Some of the readily
      available halides are shown in Table I wherein s, T, and t of the formula
      for the intermediate halides are as defined above, and Hal is chloro,
      bromo, or iodo. Thus, compound No. 1 of Table I is represented by the
      formula wherein s and t are zero, and Hal is chloro, i.e.
      ##SPC31##
PAL  namely .alpha.-chlorotoluene or benzyl chloride; compound No. 8 of Table I
      is represented by the formula wherein s is zero, t is 2, and Hal is bromo,
      i.e.
      ##SPC32##
PAL  namely 1-bromo-3-phenylpropane or 3-bromopropylbenzene; and compound No. 63
      of Table I represented by the formula wherein s is 3, T is methyl in the
      2-, 4- and 5-positions with respect to the C.sub.t H.sub.2t substitution,
      t is 2, and Hal is bromo, i.e.,
      ##SPC33##
PAL  namely 1 -(3-bromopropyl)-2,4,5-trimethylbenzene.
TBL                TABLE I                                                     

     ______________________________________                                    

     Intermediate Halides                                                      

     represented by the formula                                                

     No.        s       T             t      Hal                               

     ______________________________________                                    

     1          0       --            0      Cl                                

     2          0       --            0      Br                                

     3          0       --            0      l                                 

     4          0       --            1      Cl                                

     5          0       --            1      Br                                

     6          0       --            1      l                                 

     7          0       --            2      Cl                                

     8          0       --            2      Br                                

     9          0       --            2      l                                 

     10         0       --            3      Cl                                

     11         0       --            3*     Cl                                

     12         0       --            3      Br                                

     13         0       --            4      Cl                                

     14         1       2--CH.sub.3   0      Cl                                

     15         1       2--C.sub.2 H.sub.5                                     

                                      0      Cl                                

     16         1       4--C.sub.2 H.sub.5                                     

                                      0      Cl                                

     17         1       2--CF.sub.3   0      Cl                                

     18         1       4--OCH.sub.3  0      Cl                                

     19         1       3--CH.sub.3   0      Br                                

     20         1       4--CH.sub.3   0      Br                                

     21         1       4--C.sub.5 H.sub.11                                    

                                      0      Br                                

     22         1       4--Cl         0      Br                                

     23         1       2--CF.sub.3   0      Br                                

     24         1       3--CF.sub.3   0      Br                                

     25         1       4--CH.sub.3   0      l                                 

     26         1       4--F          1      Cl                                

     27         1       3--Cl         1      Br                                

     28         1       4--Cl         1      Br                                

     29         1       4--F          1      Br                                

     30         1       2--Cl         2      Br                                

     31         1       3--Cl         2      Br                                

     32         1       4--Cl         2      Br                                

     33         1       4--F          3*     Br                                

     34         1       2--Cl         4      Br                                

     35         1       2--CH.sub.3   0      Cl                                

                        4--CH.sub.3                                            

     36         2       2--CH.sub.3   0      Cl                                

                        5--CH.sub.3                                            

     37         2       2--CH.sub.3   0      Cl                                

                        6--CH.sub.3                                            

     38         2       3--CH.sub.2   0      Cl                                

                        4--CH.sub.3                                            

     39         2       2--CH.sub.3   0      Cl                                

                        4--Cl                                                  

     40         2       2--CH.sub.3   0      Br                                

                        5--CH.sub.3                                            

     41         2       2--CH.sub.3   0      Br                                

                        6--CH.sub.3                                            

     42         2       3--CH.sub.3   0      Br                                

                        5--t--butyl                                            

     43         2       3--CH.sub.3   0      Br                                

                        4--Cl                                                  

     44         2       2--CH.sub.3   0      Br                                

                        3--Br                                                  

     45         2       3--OCH.sub.3  0      Cl                                

                        4--OCH.sub.3                                           

     46         2       3--OCH.sub.3  0      Cl                                

                        5--OCH.sub.3                                           

     47         2       3--OCH.sub.3  0      Br                                

                        5--OCH.sub.3                                           

     48         2       2--CH.sub.3   1      Cl                                

                        4--CH.sub.3                                            

     49         2       2--CH.sub.3   1      Br                                

                        4--CH.sub.3                                            

     50         2       3--CH.sub.3   1      Br                                

                        4--CH.sub.3                                            

     51         2       3--OCH.sub.3  1      Br                                

                        4--OCH.sub.3                                           

     52         2       3--OCH.sub.3  1      Br                                

                        5--OCH.sub.3                                           

     53         2       3--OCH.sub.3  1      l                                 

                        4--OCH.sub.3                                           

     54         2       3--OCH.sub.3  2      Br                                

                        4--OCH.sub.3                                           

     55         2       3--OCH.sub.3  2      Br                                

                        5--OCH.sub.3                                           

     56         2       3--OCH.sub.3  4      Br                                

                        5--OCH.sub.3                                           

     57         3       2--CH.sub.3   0      Cl                                

                        4--CH.sub.3                                            

                        5--CH.sub.3                                            

     58         3       2--CH.sub.3   0      Cl                                

                        4--CH.sub.3                                            

                        6--CH.sub.3                                            

     59         3       4--CH.sub.3   0      Cl                                

                        2--OCH.sub.3                                           

                        5--OCH.sub.3                                           

     60         3       2--CH.sub.3   0      Br                                

                        3--CH.sub.3                                            

                        6--CH.sub.3                                            

     61         3       2--CH.sub.3   0      Br                                

                        4--CH.sub.3                                            

                        6--CH.sub.3                                            

     62         3       2--CH.sub.3   0      Br                                

                        3--OCH.sub.3                                           

                        6--OCH.sub.3                                           

     63         3       2--CH.sub.3   2      Br                                

                        4--CH.sub.3                                            

                        5--CH.sub.3                                            

     ______________________________________                                    

     --CH--                                                                    

     *-branched.vertline.                                                      

     Et                                                                        

PAR  Next, considering the intermediate halides for producing oxa-phenylene
      PGE-type compounds of formulas XIII to XVI wherein R.sub.2 is alkyl of one
      to 4 carbon atoms, inclusive (A), and G is either of the two types (1) or
      (2) above, these organic chlorides and bromides,
      ##EQU12##
      are known to the art or can be prepared by methods known in the art.
PAR  For type A-(1) above, i.e. wherein R.sub.2 is alkyl and G is alkyl of one
      to 10 carbon atoms and 0-3 fluoro atoms, there are available such
      monohalofluorohydrocarbons as CHF.sub.2 CHClCH.sub.3, CF.sub.3
      CHBrCH.sub.3, CF.sub.3 CH.sub.2 CHBrCH.sub.3, CH.sub.3 CF.sub.2
      CHClCH.sub.3, CF.sub.3 CHClC.sub.2 H.sub.5, and C.sub.2 H.sub.5 CF.sub.2
      CHClCH.sub.3, for example. Those not readily available are prepared from
      the corresponding secondary alcohol
      ##EQU13##
      wherein R.sub.2 is as defined above, with PCl.sub.3, PBr.sub.3, or any of
      the other halogenating agents known in the art to be useful for this
      purpose. Such alcohols include, for example, CH.sub.2 FCH(OH)CH.sub.2 F,
      CF.sub.3 (CH.sub.2).sub.2 CH(OH)CH.sub.3, CF.sub.3
      CH(OH)(CH.sub.2)CH.sub.3, CF.sub.3 CH(OH)(CH.sub.2).sub.3 CH.sub.3,
      CF.sub.3 CH(OH)C(CH.sub.3).sub.3, and CF.sub.3 CH(OH)(CH.sub.2).sub.5
      CH.sub.3. For those halides of the formula G--CHR.sub.2 --Hal, wherein G
      is R.sub.27 --(CH.sub.2).sub.h --, using the definitions of Hal, h,
      R.sub.2, and R.sub.27 above, the intermediate alcohols are prepared as
      follows.
PAR  In the case of R.sub.27 being isobutyl or tert-butyl, lower molecular
      weight primary alcohols are transformed to the corresponding longer-chain
      carboxylic acids and thence to the corresponding secondary alcohols by
      preparing the intermediate ketones,
      ##EQU14##
      by known procedures, for example G--COCl + (R.sub.2).sub.2 Cd, thereafter
      reducing the ketone to the secondary alcohol with sodium borohydride.
PAR  In the case of R.sub.27 being 3,3-difluorobutyl, the procedure described
      above is applicable to converting CH.sub.3 --CF.sub.2 --(CH.sub.2).sub.2
      --COOCH.sub.3 described above to
      ##EQU15##
      These alcohols are then transformed to the bromide or chloride by reaction
      with PBr.sub.3 or PCl.sub.3.
PAR  In the case of R.sub.27 being 4,4-difluorobutyl, the corresponding
      secondary alcohols are prepared as described above, using intermediates
      prepared for the primary alcohols of this type above.
PAR  In the case of R.sub.27 being 4,4,4-trifluorobutyl, corresponding secondary
      alcohols are prepared by transforming CH.sub.3 OOC--(CH.sub.2).sub.f --CHO
      to CH.sub.3 OOC--(CH.sub.2).sub.f --C(R.sub.2)O by known methods and then
      proceeding with that ketone as described above for the corresponding
      aldehyde.
PAR  For type A-(2) halides, i.e. R.sub.2 is alkyl and G is
      ##SPC34##
PAL  some of the readily available halides are shown in Table II. Thus, compound
      No. 1 of Table II is represented by the formula wherein s=0, R.sub.2
      =methyl, t=0, and Hal=Cl, i.e.
      ##SPC35##
PAL  namely (1-chloroethyl)benzene; and compound No. 13 of Table II is
      represented by the formula wherein s=2, T=methyl, R.sub.2 =methyl, t=1,
      and Hal=Br, i.e.
      ##SPC36##
PAL  namely 4-(2-bromopropyl)-o-xylene or
      1-(2-bromopropyl)3-methyl-4-methylbenzene.
TBL                TABLE II                                                    

     ______________________________________                                    

     Intermediate Halides                                                      

     represented by the Formula                                                

     Hal--CH--C.sub.t H.sub.2t --                                              

     .vertline.                                                                

     R.sub.2                                                                   

     No.      s      T          R.sub.2   t   Hal                              

     ______________________________________                                    

     1        0      --         CH.sub.3  0   Cl                               

     2        0      --         C.sub.2 H.sub.5                                

                                          0   Cl                               

     3        0      --         C.sub.2 H.sub.5                                

                                          0   Br                               

     4        0      --         CH.sub.3  0   l                                

     5        0      --         CH.sub.3  1   Cl                               

     6        0      --         n--C.sub.3 H.sub.7                             

                                          1   Cl                               

     7        0      --         CH.sub.3  1   Br                               

     8        0      --         C.sub.2 H.sub.5                                

                                          2   Cl                               

     9        1      4--C.sub.2 H.sub.5                                        

                                CH.sub.3  0   Cl                               

     10       1      4--F       CH.sub.3  0   Cl                               

     11       1      4--Cl      C.sub.2 H.sub.5                                

                                          0   Br                               

     12       1      4--F       C.sub.2 H.sub.5                                

                                          0   Br                               

     13       2      3--CH.sub.3                                               

                                CH.sub.3  1   Br                               

                     4--CH.sub.3                                               

     14       2      3--OCH.sub.3                                              

                                CH.sub.3  1   Br                               

                     4--OCH.sub.3                                              

     15       2      2--OCH.sub.3                                              

                                CH.sub.3  1   Br                               

                     6--OCH.sub.3                                              

     ______________________________________                                    

PAR  Other intermediate halides of the general formula
      ##SPC37##
PAL  may be obtained from the secondary alcohols as discussed above. The
      secondary alcohols, wherein R.sub.2 is alkyl, are prepared by transforming
      the --COOH of the corresponding carboxylic acid,
      ##SPC38##
PAL  to a ketone by known procedures, e.g. by way of acyl chloride and a
      dialkylcadmium. Reduction of the ketone with sodium borohydride then
      yields the secondary alcohol,
      ##SPC39##
PAR  Hydroxyl groups on the aromatic ring are suitably protected during these
      reactions by first forming the corresponding tetrahydropyranyl ethers with
      dihydropyran; the hydroxyl groups are restored by mild acid hydrolysis as
      is well known in the art.
PAR  In the case of C.sub.t H.sub.2t substituted with one or 2 fluoro atoms,
      there are a number of routes of the intermediate halides. The
      corresponding alcohols, for example .beta.-fluorophenethyl alcohol,
      .beta.-fluoro-.alpha.-methyl-phenethyl alcohol,
      .beta.-fluoro-.alpha.,.beta.-dimethyl-phenethyl alcohol and the like, are
      reacted with PCl.sub.3, PBr.sub.3 or HBr to form the halide.
      Alternatively, the carboxylic acid having one less carbon atom in the
      chain than the desired intermediate halide, i.e.
      ##SPC40##
PAL  where g = t-1, is converted by a series of known methods to the
      2,2-difluorohalide. Thus, the free carboxyl group is transformed first to
      the acid chloride with thionyl chloride and thence by way of the nitrile
      to the .alpha.-keto-acid. The carboxyl group is reduced to the alcohol
      with diborane and then converted to the .alpha.-keto halide. Finally, by
      reaction of the keto group with sulfur tetrafluoride, there is obtained
      ##SPC41##
PAR  As mentioned above, formula XVI-to-XXXI compounds with an alpha-fluoro
      substituent in a straight chain 3-to-7-carbon G, i.e., G being
      --CHF--(CH.sub.2).sub.a --CH.sub.3 wherein a is one, 2, 3, 4, or 5,
      represent embodiments among the novel oxa-phenylene compounds of this
      invention. Among those, for example, is
      3-oxa-16-fluoro-3-7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1. The
      formula-XLIII bicyclo-ketones necessary to produce those mono-fluoro
      compounds are advantageously prepared by reacting either of the
      above-mentioned bicyclo-aldehydes, exo or endo, with a Wittig reagent
      prepared from CH.sub.3 --CH.sub.2) a-- CO--CH.sub.2 --Br and
      triphenylphospine. The aldehyde group is thereby transformed to
      ##EQU16##
      The resulting unsaturated ketone is reduced to the corresponding
      ##EQU17##
      compound. Then --OH in that group is replaced with fluoro by known
      methods, for example, directly by reaction with
      2-chloro-1,1,2-trifluorotriethylamine or indirectly, for example, by
      transforming the hydroxy to tosyloxy or mesyloxy, and reacting the
      resulting compound with anhydrous potassium fluoride in diethylene glycol.
      Similarly, the oxa-phenylene PG-type compounds wherein G is
      ##SPC42##
PAL  having an alpha-fluoro substituent on the carbon adjacent to the
      hydroxy-substituted carbon (C-15 in PGE.sub.1) represent preferred
      embodiments of this invention. In preparing the formula-XLIII
      bicyclo-ketone intermediates, there is used a Wittig reagent prepared from
      ##SPC43##
PAL  and triphenylphosphine. Following the steps above, the resulting
      unsaturated ketone containing the moiety
      ##SPC44##
PAL  is reduced to the corresponding secondary alcohol. The --OH in that group
      is replaced by fluoro by known methods.
PAR  Another preference mentioned above is that the 1-position of G in the
      formula XVI-to-XXXI compounds be mono- or di-substituted with alkyl of one
      to 4 carbon atoms, particularly methyl or ethyl. In the steps of the
      synthesis shown in Charts D and E, G is then G'" --CR.sub.21 R.sub.22 --
      wherein R.sub.21 and R.sub.22 are methyl or ethyl and G'" is preferably
      alkyl of 2 to 6 carbon atoms or
      ##SPC45##
PAL  wherein k is zero, one, 2, or 3. Thus in preparing the formula-XLIII
      intermediate olefin, a Wittig reagent is prepared from a halo compound of
      the general formula G'" --CR.sub.21 R.sub.22 --CR.sub.2 H--Hal wherein Hal
      is chloro or bromo. These compounds are known in the art or can be
      prepared by methods known in the art, including those methods described
      above.
PAR  For example, when G'" is CH.sub.3 (CH.sub.2).sub.3 --, R.sub.2 and R.sub.21
      are hydrogen, and R.sub.22 is methyl, there is employed 1-bromo(or
      -chloro)-2-methylhexane. If the halo compound is not available, the
      corresponding carboxylic acid is transformed to the alcohol and thence to
      the halide. Thus, 2,2-diethylvaleric acid yields
      1-bromo-2,2-diethylpentane, wherein G'" is CH.sub.3 (CH.sub.2).sub.2 --,
      R.sub.2 is hydrogen, and R.sub.21 and R.sub.22 are ethyl.
PAR  2-Ethylhexanoic acid yields 3-chloromethylheptane, wherein G'" is CH.sub.3
      (CH.sub.2).sub.3 --, R.sub.2 and R.sub.21 are hydrogen, and R.sub.22  is
      ethyl. 2-Ethyl-2-methylhexanoic acid yields
      3-bromo-methyl-3-methylheptane, wherein G'" is CH.sub.3 (CH.sub.2).sub.3
      --, R.sub.2 is hydrogen, R.sub.21 is methyl, and R.sub.22 is ethyl.
      2-Phenylpropionic acid yields 1-bromo-2-phenylpropane, wherein G'" is
      phenyl, R.sub.2 and R.sub.21 are hydrogen, and R.sub.22 is methyl.
      2-Methyl-2-phenylbutyric acid yields 1-bromo-2-methyl-2-phenylbutane,
      wherein G'" is phenyl, R.sub.2 is hydrogen, R.sub.21 is methyl, and
      R.sub.22 is ethyl. 2-Methyl-4-(2,4,5-trimethoxyphenyl)butyric acid yields
      1-chloro-2-methyl-4-(2,4,5-trimethoxyphenyl)butane, wherein G'" is
      (2,4,5-trimethoxyphenyl)ethyl, R.sub.2 and R.sub.21 are hydrogen, and
      R.sub.22 is methyl.
PAR  Mono-alkyl substituted alkanoic acids useful for preparing the above halo
      intermediates are prepared by alkylation of an .alpha.-keto acid, G'"
      --CO--COOH, e.g.
      ##SPC46##
PAL  (prepared via the acid chloride and thence the nitrile) by means of a
      Grignard reagent, R.sub.22 MgHal for example.
PAR  The transformation of bicyclo-ketone-olefin XLIII to glycol LI is carried
      out by reacting olefin XLIII with a hydroxylation reagent. Hydroxylation
      reagents and procedures for this purpose are known in the art. See, for
      example, Gunstone, Advances in Organic Chemistry, Vol. I, pp. 103-147,
      Interscience Publishers, New York, N.Y. (1960). Especially useful
      hydroxylation reagents for this purpose are osmium tetroxide and performic
      acid (formic acid plus hydrogen peroxide). Various isomeric glycols are
      obtained depending on such factors as whether olefin XLIII is cis or trans
      and endo or exo, and whether a cis or a trans hydroxylation reagent is
      used. These various glycol mixtures can be separated into individual
      isomers by silica gel chromatography. However, this separation is usually
      not necessary, since all isomers of particularly glycol are equally useful
      as intermediates according to this invention and the processes outlined in
      Chart D to produce final products of formulas XL and XLI, and then,
      according to Chart A, B, and C to produce the other final products of this
      invention.
PAR  The transformation of glycol LI to the cyclic ketal of formula XXXVI (Chart
      D) is carried out by reacting said glycol with a dialkyl ketone of the
      formula
      ##EQU18##
      wherein R.sub.11 and R.sub.12 are alkyl of one to 4 carbon atoms,
      inclusive, in the presence of an acid catalyst, for example potassium
      bisulfate or 70% aqueous perchloric acid. A large excess of the ketone and
      the absence of water is desirable for this reaction. Examples of suitable
      dialkyl ketones are acetone, methyl ethyl ketone, diethyl ketone, methyl
      propyl ketone, and the like. Acetone is preferred as a reactant in this
      process.
PAR  Referring again to Chart D, cyclic ketal XXXVI is transformed to cyclic
      ketal XXXVII by alkylating with an alkylation agent of the formula
      ##EQU19##
      wherein R.sub.10, R.sub.26, and J' are as defined above, and Hal is
      chlorine, bromine, or iodine. Similarly, referring to Chart E, olefin
      XLIII is transformed to olefin XLIV by alkylating with an alkylation agent
      of the formula
      ##EQU20##
      wherein R.sub.10, R.sub.26, Z', and Hal are as defined above.
PAR  Any of the alkylation procedures known in the art to be useful for
      alkylating cyclic ketones with alkyl halides and haloalkanoic esters are
      used for the transformations of XXXVI to XXXVII and of XLIII to XLIV. See,
      for example, the above-mentioned Belgian Pat. No. 702,477 for procedures
      useful here and used there to carry out similar alkylations, e.g.,
      employing the bicyclo enamines.
PAR  For these alkylations, it is preferred that Hal be bromo or iodo. Any of
      the usual alkylation bases, e.g., alkali metal alkoxides, alkali metal
      amides, and alkali metal hydrides, are useful for this alkylation. Alkali
      metal alkoxides are preferred, especially tert-alkoxides. sodium and
      potassium are preferred alkali metals. Especially preferred is potassium
      tert-butoxide. Preferred diluents for this alkylation are tetrahydrofuran
      and 1,2-dimethoxyethane. Otherwise, procedures for producing and isolating
      the desired formula-XXXVII and -XLIV compounds are within the skill of the
      art.
PAR  These alkylation procedures produce mixtures of alpha and beta alkylation
      products, i.e. a mixture of formula XXXVII products wherein part has the
      --CHR.sub.26 --J'--COOR.sub.10 moiety attached in alpha configuration, and
      wherein part has that moiety attached in beta configuration, or a mixture
      of the formula-XLIV products with the --CHR.sub.26 --Z'--COOR.sub.10
      moiety in both alpha and beta configurations. When about one equivalent of
      base per equivalent of formula-XXXVI or -XLIII ketone is used, the alpha
      configuration usually predominates. Use of an excess of base and longer
      reaction times usually result in production of larger amounts of beta
      products. These alpha-beta isomer mixtures are separated at this stage or
      at any subsequent stage in the multi-step processes shown in Charts D and
      E. Silica gel chromatography is preferred for this separation.
PAR  The necessary alkylating agents for the above-described alkylations, e.g.
      compounds of the formulas
      ##EQU21##
      are prepared by methods known in the art. There are four groups of
      compounds encompassed by these two genera of alkylating agents.
PAR  Alkylating agents of the formula
      ##EQU22##
      include compounds of the formulas:
      ##SPC47##
PAR  Alkylating agents of the formula
      ##EQU23##
      include the above-listed compounds of formuls LIII and LIV, and also
      compounds of the following formulas
      ##SPC48##
PAL  These alkylating agents of formulas LIII to LVI are accessible to those of
      ordinary skill in the art. In one route, the
      ##EQU24##
      compounds are obtained from aldehyde or ketone reactants by a series of
      transformations as follows:
      ##EQU25##
      For example, methyl m-formylphenoxyacetate on reduction with sodium
      borohydride yields methyl m-(hydroxymethyl)-phenoxyacetate, which in turn
      is transformed to the formula-LIX compound, methyl
      m-(chloromethyl)phenoxyacetate, with thionyl chloride.
PAR  Those formula-LVII or formula-LVIII reactants which are not commercially
      available are advantageously prepared by adaptation of the Williamson
      ether syntheses, e.g. employing a hydroxy reactant and a halo-substituted
      acid or ester. Thus, the reaction
      ##SPC49##
PAL  wherein Hal is chloro, bromo, or iodo, preferably iodo, proceeds in the
      presence of strong base, for example sodium hydride when R.sub.1 is a
      carbon-containing group, and lithium diisopropyl amide when R.sub.1 is
      hydrogen. within the definitions of C.sub.g H.sub.2g, C.sub.p H.sub.2p,
      and C.sub.q H.sub.2q, suitable reactants are readily available or are
      prepared by methods known to those skilled in the art.
PAR  Thus, when R.sub.26 is hydrogen, and considering the variations of C.sub.g
      H.sub.2g and C.sub.p H.sub.2p, the aldehyde reactants include (o, m, or
      p)-hydroxybenzaldehyde, (o, m, or p-hydroxyphenyl)acetaldehyde, (o or
      p)-hydroxyhydrocinnamaldehyde, 4-(o or p-hydroxyphenyl)butyraldehyde,
      o-(2-hydroxyethyl)-benzaldehyde, and the like. Other aldehyde reactants
      are also accessible by methods known to those skilled in the art. For
      example, (o, m, or p-hydroxyethyl)benzaldehydes are obtained from (o, m,
      or p)-bromostyrene by the series of reactions:
      ##SPC50##
PAL  The reaction with ethylene oxide is carried out on a Grignard reagent
      prepared from the bromostyrene and magnesium. Substituted ethylene oxides
      are used to obtain substituted C.sub.p H.sub.2p chains, e.g. propylene
      oxide, 1,2-epoxy-2-methylpropane, 1,2-epoxybutane,
      1,2-epoxy-2,3-dimethylbutane, and the like. Instead of using ozone to form
      the aldehyde, hydroxylation and oxidation with osmium tetroxide and
      periodic acid are optional (see J. Org. Chem. 21, 478, 1956).
PAR  Compounds with C.sub.g H.sub.2g chains are obtained by replacing
PAL  with
      ##SPC51##
PAL  e.g. 1-allyl-4-bromobenzene 1-allyl-2-chlorobenzene, 4-(o, m, or
      p-chlorophenyl)-1-butene, and the like. Compounds with C.sub.p H.sub.2p
      chains are obtained by replacing ethylene oxide with suitable alkylating
      agents, e.g. trimethylene oxide, 1,3-epoxybutane, 1,3-epoxy-3-methylbutane
      and the like, or suitable reactions steps.
PAR  Other variations of the above reactions and reactants will be apparent to
      those skilled in the art. Thus, an alkene-substituted phenol is condensed
      with a halo-substituted acid or ester and thereafter transformed as an
      aldehyde to the halo alkylating agent within the scope of formula LIX by
      the following steps:
      ##SPC52##
PAR  Available for this series of reactions are (o, m, or p)-vinylphenol,
      p-allylphenol, 4-(o, m, or p-hydroxyphenyl)-1-butene, and the like.
PAR  Alternatively, a haloalkylphenol is condensed with a halo-substituted acid
      or ester by the reaction:
      ##SPC53##
PAL  Available are p-(2-bromoethyl)phenol, p-(3-bromobutyl)-phenol, and the
      like.
PAR  Considering the halo-substituted acid or ester reactants in the above ether
      syntheses and the variations of C.sub.q H.sub.2q, there are a wide variety
      of reactants available, which will lead to the desired formula-LIX
      alkylating agent. For example:
      ##EQU26##
      wherein R.sub.23 is hydrogen or alkyl of one to 5 carbon atoms, inclusive;
      Br--(CH.sub.2).sub.2 --COOH, Br--C(CH.sub.3).sub.2 --COOH, Br--C(C.sub.2
      H.sub.5).sub.2 --COOH, BrC(CH.sub.3)(C.sub.2 H.sub.5)--COOH,
      Br--CH(CH.sub.3)--CH.sub.2 --COOH, Br--(CH.sub.2).sub.3)--COOCH.sub.3,
      Cl--CH(C.sub.2 H.sub.5)--CH.sub.2 --COOCH.sub.3, Cl--CH(n--C.sub.3
      H.sub.7)--CH.sub.2 --COOCH.sub.3, Br--CH(CH.sub.3)--(CH.sub.2).sub.2
      --COOC.sub.2 H.sub.5, Br--CH(CH.sub.3)--CH.sub.2
      --CH(CH.sub.3)--COOC.sub.2 H.sub.5,
      Br--CH(CH.sub.3)--CH(CH.sub.3)--CH.sub.2 --COOC.sub.2 H.sub.5,
      Br--C(CH.sub.3).sub.2 --CH.sub.2 --CH(CH.sub.3)--COOC.sub.2 H.sub.5,
      Cl--CH(n--C.sub.4 H.sub.9)--CH.sub.2 --COOC.sub.2 H.sub.5,
      Cl--C(CH.sub.3).sub.2 --CH.sub.2 --COOC.sub.2 H.sub.5, Br--CH(n--C.sub.2
      H.sub.7)--(CH.sub.2).sub.2 --COOH, and Cl--CH(C.sub.2 H.sub.5)--(CH.sub.
      2).sub.2 --COOH are available. The preferred iodo reactants are obtained
      by methods known to those skilled in the art.
PAR  When C.sub.q H.sub.2q has two alkyl groups attached to the .omega. or
      .omega.-1 carbon atom of the halo-substituted acid or ester reactants, it
      is preferred that halo be replaced with mesyloxy or tosyloxy prior to the
      ether synthesis, and that relative mild bases and reaction conditions be
      used, for example, potassium tert-butoxide in dimethyl sulfoxide.
PAR  In another route to the formula-LIX alkylating agents, the Williamson ether
      synthesis employs hydroxy-esters or acids of the formula HO--C.sub.q
      H.sub.2q --COOR.sub.1 for condensation with halo-substituted reactants as
      follows:
      ##SPC54##
PAR  For example, .alpha.,.alpha.'-dibromo-o-xylene is contacted with ethyl
      glycolate in the presence of sodium hydride to yield ethyl
      O-(bromomethyl)-benzyloxyacetate.
PAR  Typical halo reactants which are useful for this reaction are
      .alpha.-bromo-(o, m, or p)-chlorotoluene, 1-bromo-(2 or
      3)-(2-bromoethyl)benzene, 1-(3-bromopropyl)-(1 or 2)-chlorobenzene, and
      1-(4-bromobutyl)-1-chlorobenzene.
PAR  When C.sub.p H.sub.2p has two alkyl groups attached to the carbon atom to
      which Hal is attached, it is preferred that this Hal be replaced with
      mesyloxy or tosyloxy prior to the ether synthesis and that relatively mild
      bases and reaction conditions be used.
PAR  Considering the hydroxy acid or ester reactants, there are available a wide
      range of suitable compounds within the scope of HO--C.sub.q H.sub.2q
      --COOR.sub.1 which will lead to the desired formula-LIX alkylating agent.
      For example: HOCH(CH.sub.3)--COOCH.sub.3, HOC(CH.sub.3).sub.2 --COOH,
      HOCH(C.sub.2 H.sub.5)--COOH, HOC(CH.sub.3)(C.sub.2 H.sub.5)--COOH,
      HO(CH.sub.2).sub.2 --COOC.sub.2 H.sub.5, HOCH(CH.sub.3)--CH.sub.2 --COOH,
      HOCH(n--C.sub.3 H.sub.7)--COOH, HOC(n--C.sub.3 H.sub.7)(CH.sub.3)--COOH,
      HOCH(C.sub.2 H.sub.5)--CH.sub.2 --COOH, HOCH(CH.sub.3)--(CH.sub.2).sub.2
      --COOH, HOCH(n-C.sub.4 H.sub.9)--COOH, HOC(n-C.sub.4
      H.sub.9)(CH.sub.3)--COOH, HOCH(n-C.sub.3 H.sub.7)--CH.sub.2
      --COOCH.sub.3,HOCH(C.sub.2 H.sub.5)--(CH.sub.2).sub.2 --COOH,
      HOCH(n-C.sub.5 H.sub.11)--COOH, HOCH(n-C.sub.4 H.sub.9)--CH.sub.2 --COOH,
      HOCH(n-C.sub.3 H.sub.7)--(CH.sub.2).sub.2 --COOH are available.
PAR  When a formula-LIX alkylating agent is desired in which there are two alkyl
      substituents on both carbon atoms attached to the oxa --O--, it is
      preferred that, if the halo-acid route be used, the halo atom on the acid
      be chloro and that freshly precipitated wet magnesium hydroxide in an
      inert solvent suspension be used as the base; and if the hydroxy-acid
      route be used, the --C.sub.p H.sub.2p --Hal group is preferrably --C.sub.p
      H.sub.2p --Cl. If the hydroxy-acid route is used with --C.sub.p H.sub.2p
      --l, silver oxide is used as the base.
PAR  The alkylating agents of formulas LIII to LVI are esters. Any of the above
      acid forms are readily converted to esters. Variations in R.sub.10 within
      the definition of R.sub.10 herein are readily made by methods known in the
      art. The ester moiety is chosen according to the desired type of final
      oxa-phenylene PG-type product.
PAR  Formula-LVII aldehyde reactants which lead to the formula LIX alkylating
      agents are also obtained by reaction of halo-substituted aldehydes with
      hydroxy acids or ester reactants. Thus, there are employed
      o-(bromomethyl)benzaldehyde, p-chlorohydratropaldehyde, and the like.
PAR  When R.sub.26 is alkyl, the formula-LIX
      ##EQU27##
      alkylating agents are prepared from the corresponding reactants wherein
      R.sub.26 is methyl, ethyl, propyl, or butyl, or their isomers. For example
      m-bromo-.alpha.-methylstyrene reacts as follows:
      ##SPC55##
PAL  Typical halo-substituted ketones available for this purpose include (2',
      3', or 4')-(bromo, chloro, or iodo)-acetophenone, (3' or
      4')-bromopropiophenone, (3' or 4')-chlorobutyrophenone, and 4'-(bromo or
      chloro)-valerophenone. Other reactants leading to the R.sub.26
      (alkyl)-substituted formula-LIX alkylating agents are accessible to those
      skilled in the art.
PAR  Although the above methods are generally useful for preparing alkylating
      agents within the scope of formulas
      ##EQU28##
      above, there are preferred methods for preparing the formula-LIV compounds
      containing the --C.tbd.C--C.sub.j H.sub.2j -- moiety.
PAR  Considering the compounds of the formula
      ##SPC56##
PAL  there is employed as starting material (o, m, or p-)vinylanisole in the
      following series of transformations:
      ##SPC57##
PAL  Herein, THP represents tetrahydropyranyl and R.sub.28 represents
      ##SPC58##
PAL  The reagents and conditions for bringing about these transformations are
      known to those skilled in the art. Thus, in step a, reacting first with
      bromine and then with sodium amide in liquid ammonia yields the acetylenic
      derivative (see J. Am. Chem. Soc. 56, 2064, 1934). Step b utilizes boron
      tribromide for example. Step c proceeds either with ethylene chlorohydrin
      and a strong base, e.g., NaOH or KOH, followed by dihydropyran in the
      presence of an acid catalyst, or with the tetrahydropyranyl ether of the
      chlorohydrin and a strong base. Step d utilizes R.sub.26 COCl in the
      presence of a strong base, e.g., sodium amide, phenyllithium, or sodium
      triphenylmethane. Alternatively, if R.sub.26 is desirably hydrogen,
      paraformaldehyde is employed (see J. Am. Chem. Soc. 92, 6314 (1970). The
      reaction in step e is done with a metal hydride, e.g., sodium borohydride.
      In step f thionyl chloride yields the formula-LX chloro compounds.
      Finally, in step g the THP moiety is selectively removed by mild
      hydrolysis in acid medium and the terminal --CH.sub.2 OH moiety is
      oxidized to --COOH, e.g. with the Jones reagent. The alkylating agent is
      converted by known means to an ester, as defined by R.sub.10, to yield the
      desired compounds.
PAR  Considering the compounds of the formula
      ##SPC59##
PAL  the above series of transformations are used, except that in step c
      ClCH.sub.2 CH.sub.2 OH is replaced by Cl--C.sub.q H.sub.2q --CH.sub.2 OH.
      There are obtained in step f compounds of the formula
      ##SPC60##
PAL  wherein C.sub.q H.sub.2q, Hal, R.sub.26 and THP are as defined above.
      Thereafter these formula-LXI compounds are transformed as in step g above
      to the desired compounds.
PAR  Considering the compounds of the formula
      ##SPC61##
PAL  there are employed as starting materials the ar-halostyrenes. These are
      transformed by the following steps:
      ##SPC62##
PAL  Thereafter, these formula-LXII compounds are transformed as in step g above
      to the desired compounds. In step a, the halo compounds are converted to a
      Grignard reagent with magnesium and thence reacted with ethylene oxide. In
      step b, the hydroxy group is converted to --OTHP with dihydropyran, the
      acetylenic moiety is formed as in step a leading to the formula-LX
      compounds above, and the THP moiety removed by mild acid hydrolysis. In
      step c, the chain is extended by reaction with Hal--CH.sub.2 CH.sub.2 OH,
      preferably the bromo or iodo derivatives, in the presence of strong base,
      e.g., phenyl lithium sodium triphenylmethane, or sodium hydride.
      Thereafter, in step d the transformations follow the general scheme of
      steps d-f leading to the formula-LX compound to yield the formula-LXII
      compounds. Transformation as in step g above yields the desired compounds.
PAR  Consdering the compounds of the formula
      ##SPC63##
PAL  the series of transformations in the paragraph immediately preceeding are
      used, except that in step c Hal--CH.sub.2 CH.sub.2 OH is replaced by
      Hal--C.sub.q H.sub.2q --CH.sub.2 OH. There are obtained in step d
      compounds of the formula
      ##SPC64##
PAL  These formula-LXIII compounds are transformed as in step g above to the
      desired esters.
PAL  Considering the compounds of the formula
      ##SPC65##
PAL  there are employed as starting materials anisolyl aliphatic acids, e.g.,
      anisolylacetic acid, in the following steps:
      ##SPC66##
PAL  In step a, the carboxyl group is reduced with a metal hydride, e.g. lithium
      aluminum hydride. In step b, where Ts represents the toluenesulfonyl
      ("tosyl") moiety, the reaction is carried out with toluenesulfonyl
      chloride and pyridine. In step c, the acetylenic moiety is introduced with
      lithium acetylide (see J. Am. Chem. Soc. 80, 6626, 1958) to yield the
      formula-LXIV intermediates. Subsequent steps in d to form the formula-LXV
      compounds follow from steps b-f for the formula-LX compounds above.
      Finally, the formula-LXV compounds are transformeda s in step g above to
      the desired esters.
PAR  Considering the compounds of the formula
      ##SPC67##
PAL  there are employed as starting materials benzenedialiphatic acids, e.g.,
      benzenediacetic acid, in the following steps:
      ##SPC68##
PAL  In step a, the carboxyl groups are reduced with a metal hydride, e.g.
      lithium aluminum hydride. In step b, reaction with toluenesulfonyl halide
      yields the bistosyl derivative. In step c one tosyloxy group is replaced
      by reaction with HO--C.sub.q H.sub.2q --CH.sub.2 OTHP in the presence of
      sodium hydride in an inert solvent, e.g. dimethyl formamide. In step d,
      the acetylenic moiety is introduced as in forming the formula-LXIV
      compounds above. Subsequent steps in e to form the formula-LXVI compounds
      follow from steps b-f for the formula-LX compounds above. Finally, the
      formula-LXVI compounds are transformed as in step g above to the desired
      esters.
PAR  Variations in the above formula LX-to-LXVI compounds and their
      corresponding ester alkylating agents as to chain length or branching in
      the C.sub.g H.sub.2g, C.sub.j H.sub.2j, C.sub.p H.sub.2p, and C.sub.q
      H.sub.2q moieties and as to the identity of R.sub.1 or R.sub.26, within
      the scope of these terms as herein defined, are available to those skilled
      in the art making use of the principles disclosed herein.
PAR  Other modifications which are encompassed within this disclosure include
      the use of alkylating agents wherein Hal is replaced by
      hydrocarbonsulfonyl, e.g. tosyl or mesyl (methanesulfonyl) groups.
      Furthermore, the formula-LX, -LXI, -LXII, -LXIII, -LXV, and -LXVI
      compounds are alternatively employed as alkylating agents, instead of the
      corresponding esters, and the alkylated formula-XXXVI and -XLIII compounds
      subsequently converted to the desired formula-XXXVII and -XLIV compounds
      by mild hydrolysis to remove the THP moiety, oxidation to convert the
      --CH.sub.2 OH moiety to --COOH, and, optionally, esterification to the
      desired R.sub.1 identity.
PAR  The cis and trans ethylenic alkylating agents of formulas LV and LVI above
      are preferably prepared by cis or trans reduction of the corresponding
      formula-LIV acetylenic compounds prepared as above, or by cis or trans
      reduction of any earlier acetylenic intermediate in which both ends of the
      acetylenic bond are substituted, i.e., not hydrogen as in the moiety
      HC.tbd.C--. Alternatively, this cis or trans reduction is carried out on
      any subsequent acetylenic reaction product leading up to and including the
      final acetylenic alkylating agent of formula LIV.
PAR  For these cis reductions of acetylenic bonds, it is advantageous to use
      hydrogen plus a catalyst which catalyzes hydrogenation of --C.tbd.C-- only
      to cis --CH=CH--. Such catalysts and procedures are well known to the art.
      See, for example, Fieser et al., "Reagents for Organic Syntheses", pp.
      566-567; John Wiley and Sons, Inc., New York, N.Y. (1967). Palladium (5%)
      on barium sulfate, especially in the presence of pyridine as a diluent, is
      a suitable catalyst for this purpose. Alternative reagents useful to
      transform these acetylenic compounds to cis-ethylenic compounds are
      bis(3-methyl-2-butyl)borane ("disiamylborane") and diisobutyl-aluminum
      hydride.
PAR  For trans reductions of the acetylenic bond, except for those compounds
      containing halogen, it is advantageous to use sodium or lithium in liquid
      ammonia or a liquid alkylamine, e.g., ethylamine. When the moiety
      HO--CH.sub.2 --C.tbd.C-- is present in the acetylenic compound being
      reduced, the use of lithium aluminum hydride gives trans reduction of the
      triple bond. Procedures for these trans reductions are known in the art.
      See, for example, Fieser et al., above cited, pp. 577, 592-594, and 603,
      and J. Am. Chem. Soc. 85, 622 (1963).
PAR  The alkylating agents of the formulas
      ##SPC69##
PAL  are available by methods known to those skilled in the art.
PAR  Thus, the above-described intermediates within the scope of
      ##SPC70##
PAL  are transformed to the phosphoranes and condensed with halo-substituted
      ketones of the formula
      ##EQU29##
      wherein THP is tetrahydropyranyl, by the Wittig reaction (Organic
      Reactions, Vol. 14, p. 270, Wiley, 1965). Mixtures of the cis and trans
      isomers of formulas LXVII and LXVIII are usually obtained, which are
      separable by methods known in the art. Higher proportions of the cis
      isomers are obtained in the presence of Lewis bases; higher proportions of
      the trans isomers result by employing the phosphonate modification (D. H.
      Wadsworth et al., J. Org. Chem. 30, 680 (1965)). Thereafter, hydrogen on
      the terminal carboxyl group is replaced with R.sub.10, THP is replaced
      with hydrogen, and the terminal hydroxyl group replaced with Hal, for
      example with PBr.sub.3 or PCl.sub.3.
PAR  Alternatively, an intermediate of the formula
      ##SPC71##
PAL  is condensed by the Wittig reaction with a phosphorane or phosphonate
      derived from
      ##EQU30##
      Subsequently, the terminal hydroxy group is replaced with Hal by suitable
      reagents, for example PBr.sub.3 or PCl.sub.3.
PAR  Concerning the alkylation of the cyclopentane ring, another useful
      alkylation procedure utilizes an intermediate enamine. That enamine is
      prepared by mixing either the formula-XXXVI ketal or the formula-XLIII
      olefin ketone with a secondary amine of the formula
      ##EQU31##
      wherein R.sub.24 and R.sub.25 are alkyl or alkylene linked together
      through carbon or oxygen to form together with a nitrogen a 5 to
      7-numbered heterocyclic ring. Examples of suitable amines are
      diethylamine, dipropylamine, dibutylamine, dihexylamine, dioctylamine,
      dicyclohexylamine, methylcyclohexylamine, pyrrolidine,
      2-methylpyrrolidine, piperidine, 4-methylpiperidine, morpholine,
      hexamethylenimine, and the like.
PAR  The enamine is prepared by heating a mixture of the formula-XXXVI ketal or
      the formula-XLIII olefin ketone with an excess of the amine preferably in
      the presence of a strong acid catalyst such as an organic sulfonic acid,
      e.g., p-toluenesulfonic acid, or an inorganic acid, e.g., sulfuric acid.
      It is also advantageous to carry out this reaction in the presence of a
      water-immiscible diluent, e.g., benzene or toluene, and to remove water by
      azeotropic distillation as it is formed during the reaction. Then, after
      water formation ceases, the enamine is isolated by conventional methods.
PAR  The enamine is then reacted with a haloester,
      ##EQU32##
      to give the desired formula-XXXVII or -XLIV product. This reaction of the
      enamine is carried out by the usual procedures. See "Advances in Organic
      Chemistry," Interscience Publishers, New York, N.Y., Vol. 4, pp. 25-47
      (1963) and references cited therein. In addition to halogen, R.sub.29 in
      ##EQU33##
      can also be tosylate, mesylate, and the like. It is especially preferred
      that R.sub.29 be bromine or iodine. Dimethylsulfoxide is especially useful
      as a diluent in the reaction of the enamine with the haloester.
PAR  Referring again to Chart D, after alkylation as discussed above, cyclic
      ketal XXXVII is transformed to glycol XXXVIII by reacting the cyclic ketal
      with an acid with pK less than 5. Suitable acids and procedures for
      hydrolyzing cyclic ketals to glycols are known in the art. Suitable acids
      are formic acid, hydrochloric acid, and boric acid. Especially preferred
      as diluents for this reaction are tetrahydrofuran and
      .beta.-methoxyethanol.
PAR  Referring again to Chart E, after alkylation as discussed above, olefin
      XLIV is hydroxylated to glycol XLV. As discussed above, the divalent
      moiety --Z'-- includes the moieties
      ##SPC72##
PAL  and
      ##SPC73##
PAL  wherein C.sub.g H.sub.2g, C.sub.j H.sub.2j and C.sub.q H.sub.2q are as
      defined above. When Z' is
      ##SPC74##
PAL  this hydroxylation of XLIV is carried out as described above for the
      hydroxylation of olefin XLIII to glycol LI, i.e., with any of the known
      reagents and procedures described in Gunstone, above cited. When Z' is
      ##SPC75##
PAL  some of the reagents and procedures described by Gunstone tend to attack
      the acetylenic linkage as well as the ethylenic linkage of the
      formula-XLIV olefin. Therefore it is preferred to use a hydroxylation
      reagent and procedure which attacks the ethylenic linkage preferentially.
      For this, it is preferred to carry out hydroxylation of these acetylenic
      formula-XLIV olefins with organic peracids, e.g., performic acid,
      peracetic acid, perbenzoic acid, and m-chloro-perbenzoic acid, as
      described by Gunstone, above cited, pp. 124-130.
PAR  As discussed above regarding the hydroxylation of unalkylated olefin XLIII
      to unalkylated glycol LI, various isomeric glycols are obtained by
      hydroxylation of the formula-XLIV alkylated olefin. The particular
      formula-XLV glycol or glycol mixture obtained depends on such factors as
      whether the olefin XLIV is cis or trans and endo or exo, and whether a cis
      or a trans hydroxylation takes place. However, all of the isomeric
      formula-XLIV glycols and the various glycol mixtures are equally useful as
      intermediates according to this invention and the processes of Chart E to
      produce final products of formulas XLVII and XLVIII, and then according to
      Charts A, B, and C, to produce the other final products of this invention.
      Therefore, it is usually not necessary to separate individual formula-XLV
      glycol isomers before proceeding further in the synthesis, although that
      separation can be accomplished by silica gel chromatography.
PAR  It is preferred that glycols XXXVIII and XLV of Charts D and E,
      respectively, be free of phenolic hydroxyl substituents before the
      alkanesulfonation step. If any of the intermediate formula-XXXVIII or
      formula-XLV compounds have phenolic hydroxyls, these hydroxyls are readily
      converted to tetrahydropyranyloxy (OTHP) by reaction with dihydropyran,
      e.g. in the presence of a catalytic amount of POCl.sub.3. The --OTHP group
      is subsequently replaced by OH under mildly acidic conditions.
PAR  Referring again to Charts D and E, bis(alkanesulfonic acid) esters XXXIX
      and XLVI are prepared by reacting glycols XXXVIII and XLV, respectively,
      with an alkanesulfonyl chloride or bromide, or with an alkanesulfonic acid
      anhydride, the alkyl in each containing one to 5 carbon atoms, inclusive.
      Alkanesulfonyl chlorides are preferred for this reaction. The reaction is
      carried out in the presence of a base to neutralize the byproduct acid.
      Especially suitable bases are tertiary amines, e.g., dimethylaniline or
      pyridine. It is usually sufficient merely to mix the two reactants and the
      base, and maintain the mixture in the range 0.degree. to 25.degree.C. for
      several hours. The formula-XXXIX and XLVI bis(sulfonic acid) esters are
      then isolated by procedures known to the art.
PAR  Referring now to Chart D, bis(sulfonic acid) esters XXXIX are transformed
      either to oxa-phenylene PGE-type compounds XL, or to oxa-phenylene
      PGA-type compounds XLI. Referring to Chart E, bis(sulfonic acid) esters
      XLVI are transformed either to oxa-phenylene PGE-type compounds XLVII, or
      to oxa-phenylene PGA-type compounds XLVIII.
PAR  The transformations of XXXIX and XLVI to the PGE-type compounds XL and
      XLVII, respectively, are carried out by reacting bis-esters XXXIX and XLVI
      with water in the range about 0.degree. to about 60.degree.C. In making
      the oxa-phenylene PGE.sub.1 compounds, 25.degree. C. is a suitable
      reaction temperature, the reaction then proceeding to completion in about
      5 to 20 hours. It is advantageous to have a homogenous reaction mixture.
      This is accomplished by adding sufficient of a water-soluble organic
      diluent which does not enter into the reaction. Acetone is a suitable
      diluent. The desired product is isolated by evaporation of excess water
      and diluent if one is used. The residue contains a mixture of formula-XL
      or formula-XLVII C-15 epimers which differ in the configuration of the
      side chain hydroxy, that being either "natural" or "epi," i.e. .alpha. or
      .beta.. These are separated from by-products and from each other by silica
      gel chromatography. A usual by-product is the mono-sulfonic acid ester of
      formula XLII (Chart D) or formula XLIX (Chart E). These mono-sulfonic acid
      esters are esterified to the formula-XXXIX or -XLVI bis(sulfonic acid)
      esters, respectively, in the same manner described above for the
      transformation of glycol XXXVIII or XLV to bis-ester XXXIX or XLVI and
      thus are recycled back to additional formula-XL or -XLVII final product.
PAR  The transformations of XXXIX and XLVI to the PGA type compounds XLI and
      XLVIII, respectively, are carried out by heating bis-esters XXXIX and XLVI
      in the range 40.degree. to 100.degree. C. with a combination of water, a
      base characterized by its water solution having a pH 8 to 12, and
      sufficient inert water-soluble organic diluent to form a basic and
      substantially homogenous reaction mixture. A reaction time of one to 10
      hours is usually used. Preferred bases are the water-soluble salts of
      carbonic acid, especially alkali metal bicarbonates, e.g., sodium
      bicarbonate. A suitable diluent is acetone. The products are isolated and
      separated as described above for the transformation of bis-esters XXXIX
      and XLVI to PGE-type products XL and XLVII. The same mono-sulfonic acid
      esters XLII and XLIX observed as by-products in those transformations are
      also observed during preparation of PGA-type products XLI and XLVIII.
PAR  For the transformations of bis(sulfonic acid) esters XXXIX and XLVI to
      final products XL, XLI, XLVII, and XLVIII, it is preferred to use the
      bis-mesyl esters, i.e., compounds XXXIX and XLVI wherein R.sub.13 is
      methyl.
PAR  Referring again to Charts D and E, the configuration of the
      ##EQU34##
      moiety in the formula-XXXIX bis-esters or the configuration of the
      ##EQU35##
      moiety in the formula-XLVI bis-esters does not change during these
      transformations of XXXIX to XL, XLI, and XLII and of XLVI to XLVII,
      XLVIII, and XLIX. Therefore, when in formula XXXIX for example, J' is
      ##SPC76##
PAL  G' is --(CH.sub.2).sub.4 --CH.sub.3, and R.sub.2, R.sub.9 and R.sub.26 are
      hydrogen, natural- and epi-configuration
      3-oxa-4,5-inter-o-phenylene-PGE.sub.1 esters (XL) are obtained when
      ##EQU36##
      is attached initially (XXXIX) in alpha configuration, and natural- and
      epi-configuration 8-iso-3-oxa-4,5-inter-o-phenylene-PGE.sub.1 esters (XL)
      are obtained when that moiety is attached in beta configuration.
      Similarly, when in formula XXXIX, J' is
      ##SPC77##
PAL  is --(CH.sub.2).sub.4 --CH.sub.3, and R.sub.2, R.sub.9, and R.sub.26 are
      hydrogen, natural- and epi-configuration
      5,6-dehydro-3-oxa-4,5-inter-p-phenylene-PGE.sub.2 esters are obtained when
      ##EQU37##
      is attached initially in alpha configuration, and the corresponding 8-iso
      compounds are obtained when that moiety is attached in beta configuration.
      The same retention of
      ##EQU38##
      configuration occurs when formula-XLI and XLII compounds are produced, and
      a similar retention bis-esters.
      ##EQU39##
      configuration occurs when formula-XLVII, XLVIII, and XLIX compounds are
      produced from formula-XLVI bis-esters
PAR  The PGE.sub.3 -type oxa-phenylene compounds encompassed by formula XXXII
      are prepared by the transformations shown in Chart F, wherein C.sub.n
      H.sub.2n, M', Q, R.sub.2, R.sub.5, R.sub.9 R.sub.10 R.sub.13, THP, and
      .about. are as defined above.
      ##SPC78##
PAR  Starting material, previously discussed, is converted to the formula-LXIX
      compound by several steps known in the art, employing first a Wittig
      reaction of a phosphonium salt of a haloalkyne of the formula
      BR--CHR.sub.2 --C.sub.n H.sub.2n --C.tbd.C--R.sub.5 wherein C.sub.n
      H.sub.2n, R.sub.2, and R.sub.5 are as defined above. See, for example, U.
      Axen et al., Chem. Comm. 1969, 303, and ibid. 1970, 602.
PAR  Compound LXIX is then alkylated with an alkylation agent of the formula
      Hal--CH.sub.2 --C.tbd.C--M'--COOR.sub.10 wherein M', R.sub.10, and Hal are
      as defined above, i.e. M' is
      ##SPC79##
PAL  wherein C.sub.j H.sub.2j, C.sub.p H.sub.2p, and C.sub.q H.sub.2q are as
      defined above,R.sub.10 is the same as the definition of R.sub.1 except
      that R.sub.10 does not include hydrogen, and Hal is chloro, bromo, or
      iodo. These alkylating agents have been discussed above in connection with
      Charts D and E and the procedures for alkylation are similar to those
      employed in preparing the acetylenic compounds above. See also Axen et
      al., references cited.
PAR  Accordingly, for the preparation of
      3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.3 compounds of formula XXXII
      wherein C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds, there is
      used an alkylating agent of the formula
      ##SPC80##
PAL  prepare, for example, from compound LX as discussed above.
PAR  Referring again to Chart F, after alkylation, compound LXX is hydroxylated
      to glycol LXXI. Hydroxylation reagents and procedures for this purpose are
      known in the art. See also Axen et al., references cited.
PAR  Bis(alkanesulfonic acid) esters LXXII are prepared by reacting glycol LXXI
      with an alkanesulfonyl chloride or bromide, for example methanesulfonyl
      chloride in the presence of a tertiary amine, by methods known in the art.
PAR  Referring again to Chart F, bis(sulfonic acid) esters LXXII are transformed
      to oxa-phenylene bisdehydro PGE.sub.3 -type compounds LXXIII by reaction
      with water in the range about 0.degree. to about 60.degree. C., preferably
      in an acetone-water mixture, as known in the art and discussed
      hereinabove. See also Axen, references cited.
PAR  Transformation of LXXIII to the PGE.sub.3 -type compounds LXXIV is
      accomplished by hydrogenation of LXXIII using a catalyst which catalyzes
      hydrogenation of --C.tbd.C-- only to cis--CH=CH--, as known in the art and
      discussed hereinabove. Preferred is Lindlar catalyst in the presence of
      quinoline, see Axen, references cited.
PAR  The product is a mixture of formula-LXXIV C-15 epimers which are separated
      from by-products and from each other by silica gel chromatography.
PAR  The transformations of the formula-LXXIV PGE.sub.3 -type products to the
      corresponding PGF.sub.3, PGA.sub.3, and PGB.sub.3 products are carried out
      by the steps shown in Chart A, discussed hereinabove.
PAR  The formula-LX and XLVII oxa-phenylene PGE-type compounds and the
      formula-XLI and XLVIII oxa-phenylene PGA-type compounds shown in Charts D
      and E and the formula-LXXIV oxa-phenylene PGE.sub.3 -type compounds shown
      in Chart F are all R.sub.10 carboxylic acid esters, wherein R.sub.10 is as
      defined above. Moreover when those PGE-type and PGA-type R.sub.10 esters
      are used to prepare the other oxa-phenylene prostaglandin-like compounds
      according to Charts A, B, and C, corresponding R.sub.10 esters are likely
      to be produced, especially in the case of the oxa-phenylene PGF-type
      compounds. For some of the uses described above, it is preferred that the
      novel formula XVI-to-XXXV oxa-phenylene prostaglandin-like compounds of
      this invention be in free acid form, or in salt form which requires the
      free acid as a starting material. Likewise, when a formula XVI-to-XXXV
      oxa-phenylene prostaglandin-like compound is available as an ester, say
      the methyl ester, and another ester is desired, it is usually necessary to
      convert the available ester to the free acid form and from it prepare the
      desired ester. Esters are prepared by methods known in the art or
      described herein, for example by reaction with diazohydrocarbons.
PAR  The PGF-type esters of formulas XX-XXIII and XXXIII and the PGB-type
      compounds of formulas XXVIII-XXXI and XXXV are easily hydrolyzed or
      saponified to the free acids by the usual known procedures, especially
      when R.sub.1 (R.sub.10) is alkyl of one to 4 carbons, inclusive,
      preferably methyl or ethyl.
PAR  On the other hand, the PGE type esters of formulas XVI-XIX and XXXII and
      the PGA type esters of formulas XXIV-XXVII and XXXIV are difficult to
      hydrolyze or saponify without causing unwanted structural changes in the
      desired acids. There are two other procedures to make the free acid forms
      of these PGE- and PGA-type compounds.
PAR  One of those procedures is applicable mainly in preparing the free acids by
      subjecting their alkyl esters to the acylase enzyme system of a
      microorganism species of Subphylum 2 of Phylum III, and thereafter
      isolating the acid. See West Germany Offenlegungsschrift No. 1,937,678;
      Derwent Farmdoc No. 6863R. This enzymatic hydrolysis is also applicable to
      the above PGF- and PGB-type alkyl esters. Another method using an esterase
      enzyme composition from P. homomalla is described in U.S. Pat. No.
      3,761,356.
PAR  Another procedure for making the free acids of the above PGE- and PGA-type
      compounds involves treatment of certain haloethyl esters of those acids
      with zinc metal and an alkanoic acid of 2 to 6 carbon atoms, preferably
      acetic acid. Those haloethyl esters are the esters wherein R.sub.10 is
      ethyl substituted in the .beta.-position with 3 chloro, 2 or 3 bromo, or
      one, 2, or 3 iodo. Of those haloethyl moieties,
      .beta.,.beta.,.beta.-trichloroethyl is preferred. Zinc dust is preferred
      as the physical form of the zinc. Mixing the haloethyl ester with the zinc
      dust at about 25.degree. C. for several hours usually causes substantially
      complete replacement of the haloethyl moiety of the formula XVI-XIX,
      XXXII, XXIV-XXVII, and XXXIV ester with hydrogen. The free acid is then
      isolated from the reaction mixture by procedures known to the art. This
      procedure is also applicable to the production of PGF- and PGB-type free
      acids.
PAR  Formula-XXXVII cyclic ketals and formula XLIV olefins wherein R.sub.10 is
      haloethyl as above defined are necessary as intermediates for this route
      to the final PGE, PGF, PGA, and PGB type free acids. These formula-XXXVII
      and -XLIV haloethyl ester intermediates can be prepared by alkylation of
      cyclic ketal XXXVI (Chart D) or olefin XLIII (Chart E), respectively, with
      the appropriate formula LIII-to-LVI or LXVII-LXVIII alkylating agent
      wherein R.sub.10 is haloethyl as above defined. However, preferred routes
      of the formula-XXXVII and -XLIV haloethyl ester intermediates are shown in
      Charts G and H.
PAR  In Charts G and H, G, J', R.sub.2, R.sub.9, R.sub.26, R.sub.11, R.sub.12,
      Z', and .about. are as defined above. Haloethyl represents ethyl
      substituted in the .beta.-position with 3 chloro, or 2 or 3 bromo, or 1,
      2, or 3 iodo, preferably --CH.sub.2 CCl.sub.3. R.sub.15 represents alkyl
      of one to 4 carbon atoms, inclusive, preferably methyl or ethyl.
      ##SPC81##
      ##SPC82##
PAR  Compound LXXVI in Chart G is within the scope of compound XXXVII in Chart
      D. Compound LXXXII in Chart H is within the scope of compound XLIV in
      Chart E. These ketones LXXVI and LXXXII are reduced to corresponding
      hydroxy compounds LXXVII and LXXXIII, respectively, with a carbonyl
      reducing agent, e.g., sodium borohydride, as described above in discussion
      of Chart A. Then, hydroxy esters LXXVII and LXXXIII are saponified by
      known procedures to hydroxy acids LXXVIII and LXXXIV, respectively. These
      two hydroxy acids are transformed to keto haloethyl esters LXXXI and
      LXXXVI, respectively, by oxidation of the hydroxy group to keto and
      esterification of the carboxyl group to --COO-haloethyl. As shown in
      Charts G and H, these two reactions are carried out in either order.
      However, it is preferred to oxidize first and then esterify.
PAR  Hydroxy acids LXXVIII and LXXXIV are oxidized to keto acids LXXX and
      LXXXVI, respectively, and hydroxy haloesters LXXIX and LXXXV are oxidized
      to keto haloesters LXXXI and LXXXVII, respectively, by reaction with an
      oxidizing agent which does not attack other parts of these molecules,
      especially the cyclic ketal group of compounds LXXVIII and LXXIX or
      ethylenic linkage of compounds LXXIV and LXXXV. An especially useful
      reagent for this purpose is the Jones reagent, i.e., acidic chromic acid.
      Acetone is a suitable diluent for this purpose, and a slight excess of
      oxidant and temperatures at least as low as about 0.degree. C., preferably
      about -10.degree. to about -20.degree. C. should be used. The oxidation
      proceeds rapidly and is usually complete in about 5 to about 30 minutes.
      Excess oxidant is destroyed, for example, by addition of a lower alkanol,
      advantageously isopropyl alcohol, and the aldehyde is isolated by
      conventional methods, for example, by extraction with a suitable solvent,
      e.g., diethyl ether. Other oxidizing agents can also be used. Examples are
      mixtures of chromium trioxide and pyridine or mixtures of
      dicyclohexylcarbodiimide and dimethyl sulfoxide. See, for example, J. Am.
      Chem. Soc. 87, 5661 (1965).
PAR  Haloethyl esters LXXIX, LXXXI, LXXXV, and LXXXVII are prepared by reacting
      agents LXXVIII, LXXX, LXXXIV, and LXXXVI respectively, with the
      appropriate haloethanol, e.g., .beta.,.beta.,.beta.-trichloroethanol, in
      the presence of a carbodiimide, e.g., dicyclohexylcarbodiimide, and a
      base, e.g., pyridine, preferably in the presence of an inert liquid
      diluent, e.g., dichloromethane, for several hours at about 25.degree. C.
PAR  As described above, the alkylations of cyclic ketal XXXVI to XXXVII (Chart
      D) and olefin XLIII and XLIV (Chart E) usually produce mixtures of alpha
      and beta alkylation products with respect to the
      ##EQU40##
      moities. Also as described above, those two isomers lead to different
      final products, alpha leading to the PG-type series and beta leading to
      the 8-iso-PG-type series. If a compound in one or the other of those two
      series is preferred, there are two methods for favoring production of the
      preferred final product.
PAR  One of those methods involves isomerization of the final product of
      formulas XVI to XXXV. Either the alpha isomer of a formula XVI-to-XXXV
      compound, ester or free acid, or the corresponding beta isomer is
      maintained in a inert liquid diluent in the range 0.degree. to 80.degree.
      C. and in the presence of a base characterized by its water solution
      having a pH below about 10 until a substantial amount of the isomer has
      been isomerized to the other isomer, i.e., alpha to beta or beta to alpha.
      Preferred bases for this purpose are the alkali metal salts of carboxylic
      acids, especially alkanoic acids of 2 to 4 carbon atoms, e.g., sodium
      acetate. Examples of useful inert liquid diluents are alkanols of one to 4
      carbon atoms, e.g., ethanol. This reaction at about 25.degree. takes about
      one to about 20 days. Apparently an equilibrium is established. The
      mixtures of the two isomers, alpha and beta, are separated from the
      reaction mixture by known procedures, and then the two isomers are
      separated from each other by known procedures, for example,
      chromatography, recrystallization, or a combination of those. The less
      preferred isomer is then subjected to the same isomerization to produce
      more of the preferred isomer. In this manner by repeated isomerizations
      and separations, substantially all of the less preferred isomer of the
      formula XVI-to-XXXV compound is transformed to more preferred isomer.
PAR  The second method for favoring production of a preferred formula
      XVI-to-XXXV isomer involves any one of the keto intermediates of formulas
      XXXVII, XXXVIII, XLIV, XLV, LXX, or LXXI (Charts D, E, and F). Either the
      alpha form or the beta form of one of those intermediates is transformed
      to a mixture of both isomers by maintaining one or the other isomer, alpha
      or beta, in an inert liquid diluent in the presence of a base and in range
      0.degree.to 100.degree. C. until a substantial amount of the starting
      isomer has been isomerized to the other isomer. Preferred bases for this
      isomerization are alkali metal amides, alkalie metal alkoxides, alkali
      metal hydrides, and triarylmethyl alkali metals. Especially preferred are
      alkali metal tert-alkoxides of 4 to 8 carbon atoms, e.g., potassium
      tert-butoxide. This reaction at about 25.degree. C. proceeds rapidly (one
      minute to several hours). Apparently an equilibrium mixture of both
      isomers is formed, starting with either isomer. The isomer mixtures in the
      equilibrium mixture thus obtained are isolated by known procedures, and
      then the two isomers are separated from each other by known procedures,
      for example, chromatography. The less preferred isomer is then subjected
      to the same isomerization to produce more of the preferred isomer. In this
      manner, by repeated isomerizations and separations, substantially all of
      the less preferred isomer of any of these intermediates in transformed to
      the more preferred isomer. Cyclic ketalketone intermediates of formula
      XXXVII are preferred over the other intermediates for this isomerization
      procedure.
PAR  The novel oxa-phenylene PGE, PGF, PGA and PGB type compounds of formula XVI
      to XXXV wherein R.sub.2 is alkyl of one to 4 carbon atoms, inclusive,
      preferably methyl or ehtyl, are preferred over the corresponding
      oxa-phenylene PGE, PGF, PGA, and PGB type compounds in which R.sub.2 is
      hydrogen for the above-described pharmacological purposes.
PAR  These 15-alkyl prostaglandin analogs are suprisingly and unexpectedly more
      useful than the corresponding 15-hydrogen compounds for the reason that
      they are substantially more specific with regard to potency in causing
      prostaglandin-like biological responses, and have substantially longer
      duration of biological activity. For that reason, fewer and smaller doses
      of these 15-alkyl prostaglandin analogs are needed to attain the desired
      pharmacological results.
PAR  Although the above-mentioned 15-alkyl compounds are produced by the methods
      outlined above in Charts A-F, the preferred methods are set forth in Chart
      I and J as follows.
PAR  In Chart I is shown the transformation of 15-alkyl PGF-type acids and alkyl
      esters to the corresponding PGE-type acids and alkyl esters by oxidation.
      For this purpose, and oxidizing agent is used which selectively oxidizes
      secondary hydroxy groups to carbonyl groups in the presence of
      carbon-carbon double bonds. Formula LXXXVIII in Chart I includes optically
      active compounds as shown and racemic compounds of that formula and the
      mirror images thereof, and also the 15-epimers of both of those, i.e.,
      wherein the configuration at C-15 is .beta. rather than .alpha. as shown.
      Also in Chart I, E', G, J', R.sub.1 and R.sub.26 are as defined above, and
      R.sub.16 is alkyl of one to 4 carbon atoms.
PAR  For the transformations of Chart I, the .beta.-hydroxy isomers of reactant
      LXXXVIII are preferred starting materials when the carboxyl side chain is
      alpha, although the corresponding .alpha.-hydroxy isomers are also useful
      for this purpose.
PAR  Oxidation reagents useful for the transformation set forth in Chart I are
      known to the art. An especially useful reagent for this purpose is the
      Jones reagent, i.e., acidified chromic acid. See J. Chem. Soc. 39 (1946).
      A slight excess beyond the amount necessary to oxidize one of the
      secondary hydroxy groups of the formula-LXXXVIII reactant is used. Acetone
      is a suitable diluent for this purpose. Reaction temperatures at least as
      low as about 0.degree. C. should be used.
      ##SPC83##
PAL  Preferred reaction temperatures are in the range -10.degree. to -50.degree.
      C. The oxidation proceeds rapidly and is usually complete in about 5 to 20
      minutes. The excess oxidant is destroyed, for example by addition of a
      lower alkanol, advantageously, isopropyl alcohol, and the formula-LXXXIX
      PGE-type product is isolated by conventional methods.
PAR  Examples of other oxidation reagents useful for the Chart H transformations
      are silver carbonate on Celite (Chem. Commun. 1102 (1969)), mixtures of
      chromium trioxide and pyridine (Tetrahedron Letters 3363 (1968), J. Am.
      Chem. Soc. 75, 422 (1953), and Tetrahedron, 18, 1351 (1962)), mixtures of
      sulfur trioxide in pyridine and dimethyl sulfoxide (J. Am. Chem. Soc. 89,
      5505 (1967)), and mixtures of dicyclohexylcarbodiimide and dimethyl
      sulfoxide (J. Am. Chem. Soc. 87, 5661 (1965)).
PAR  The novel 15-alkyl oxa-phenylene PGF.sub..alpha.- and PGF.sub..beta.-type
      acids and esters of formulas XX-XXIIII and XXXIII wherein R.sub.2 is one
      to 4 carbon atoms, inclusive, are preferably prepared from the
      corresponding 15-hydrogen compounds by the sequence of transformations
      shown in Chart J, wherein formulas XC through XCIV, inclusive, include
      optically active and racemic natural- and epi-configuration compounds of
      those formulas and the mirror images thereof. Also in Chart J, R.sub.16 is
      alkyl of one to 4 carbon atoms, inclusive, and E', G, Hal, J', R.sub.1,
      R.sub.26, and .about. are as heretofore defined; G" in formula XCII is the
      same as G except that T is replaced by T", wherein T" is the same as T
      above except that, in R.sub.6, --Si(R.sub.8).sub.3 replaces hydrogen. Also
      in Chart J, R.sub.8 is alkyl of one to 4 carbon atoms, inclusive, aralkyl
      of 7 to 12 carbon atoms, inclusive, phenyl, or phenyl substituted with one
      or 2 fluoro, chloro, or alkyl of one to 4 carbon atoms inclusive, and
      R.sub.17 is R.sub.1 as defined above or silyl of the
      formula-Si--(R.sub.8).sub.3 wherein R.sub.8 is as defined above. The
      various R.sub.8 's of a --Si(R.sub.8).sub.3 moiety are alike or different.
      For example, a --Si(R.sub.8).sub.3 can be trimethylsilyl,
      dimethylphenylsilyl, or methylphenylbenzylsilyl. Examples of alkyl of one
      to 4 carbon atoms, inclusive, are methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, sec-butyl, and tert-butyl. Examples of aralkyl of 7 to 12 carbon
      atoms, inclusive, are benzyl, phenethyl, .alpha.-phenylethyl,
      3-phenylpropyl, .alpha.-naphthylmethyl, and 2-(.beta.-naphthyl)ethyl.
      Examples of phenyl substituted with one or 2 fluoro, chloro, or alkyl of
      one to 4 carbon atoms, inclusive, are p-chlorophenyl, m-fluorophenyl,
      o-tolyl, 2,4-dichlorophenyl, p-tert-butylphenyl, 4-chloro-2-methylphenyl,
      and 2,4-dichloro-3- methylphenyl.
PAR  In Chart J, the final PGF.sub..alpha. and PGF.sub..beta.-type products are
      those encompassed by formulas XCIII and XCIV, respectively.
PAR  The initial optically active or racemic reactants of formula XC in Chart J
      i.e., the oxa-phenylene PGF.sub.1 -, PGF.sub.2 -, 5,6-dehydro-PGF.sub.2 -,
      and dihydro-PGF.sub.1 -type compounds in their .alpha. and .beta. forms,
      and their esters, are prepared by methods described herein. Thus, racemic
      oxa-phenylene dihydro-PGF.sub.1 .sub..alpha.- and -PGF.sub.1
      .sub..beta.-type compounds, and their esters are prepared by catalytic
      hydrogenation of the corresponding racemic oxa-phenylene PGF.sub.1
      .sub..alpha. or PGF.sub.2 .sub..beta., and PGF.sub.1 .sub..beta. or
      PGF.sub.2 .sub..beta.type compounds, respectively, e.g. in the presence of
      5% palladium-on-charcoal catalyst in ethyl acetate solution at 25.degree.
      C. and one atmosphere pressure of hydrogen.
PAR  The heretofore-described acids and esters of formula XC are transformed to
      the corresponding intermediate 15-dehydro acids and esters of formula XCI,
      by oxidation with reagents such as
      2,3-dichloro-5,6-dicyano-1,4-benzoquinone, activated manganese dioxide, or
      nickel peroxide (see Fieser et al., "Reagents for Organic Syntheses," John
      Wiley & Sons, Inc., New York, N.Y. pp. 215, 637, and 731). Alternatively,
      and especially for the formula-XC reactants wherein E' is --CH.sub.2
      CH.sub.2 and J' is L as defined above, these oxidations are carried out by
      oxygenation in the presence of the 15-hydroxyprostaglandin dehydrogenase
      of swine lung (see Arkiv for Kemi 25, 293 (1966)). These reagents are used
      according to procedures known in the art. See, for example, J. Biol. Chem.
      239, 4097 (1964).
PAR  Referring again to Chart J, intermediate compounds of formula XCI are
      transformed to silyl derivatives of formula XCII by procedures known in
      the art. See, for example, Pierce, "Silylation of Organic Compounds,"
      Pierce Chemical Co., Rockford, Ill. (1968). Both hyroxy groups of the
      formula-XCI reactants are thereby transformed to --O--Si(R.sub.8).sub.3
      moieties wherein R.sub.8 is as defined above, and sufficient of the
      silylating agent is used for that purpose according to known procedures.
      When R.sub.1 in the formula-XCI intermediate is hydrogen, the --COOH
      moiety thereby defined is simultaneously transformed to
      --COO--Si(R.sub.8).sub.3, additional silylating agent being used for this
      purpose. This latter transformation is aided by excess silylating agent
      and prolonged treatment. Likewise, when R.sub.6 in T of the formula-XCI
      intermediate is hydrogen, the phenolic hydroxyl thereby defined is
      simultaneously transformed to --O--Si(R.sub.8).sub.3 in the silylation
      step. G" in formula XCII, as defined above, therefore is the same as G
      except that T is replaced by T", wherein T" is the same as T above except
      that, in R.sub.6, --Si(R.sub.8).sub.3 replaces hydrogen. When R.sub.1 in
      formula XCI is alkyl, then R.sub.17 in formula XCII will also be alkyl.
      The necessary silylating agents for these transformations are known in the
      art or are prepared by methods known in the art. See, for example, Post,
      "Silicones and Other Organic Silicon Compounds," Reinhold Publishing
      Corp., New York, N.Y. (1949).
PAR  Referring again to Chart J, the intermediate silyl compounds of formula
      XCII are transformed to the final compounds of formulas XCIII and XCIV by
      first reacting the silyl compound with a Grignard reagent of the formula
      R.sub.16 MgHal wherein R.sub.16 is as defined above, and Hal is chloro,
      bromo, or iodo. For this purpose, it is preferred that Hal be bromo. This
      reaction is carried out by the usual procedure for Grignard reactions,
      using diethyl ether as a reaction solvent and saturated aqueous ammonium
      chloride solution to hydrolyze the Grignard complex. The resulting
      disilyl, trisilyl, or tetrasilyl tertiary alcohol is then hydrolyzed with
      water to remove the silyl groups. For this purpose, it is advantageous to
      use a mixture of water and sufficient of a water-miscible solvent, e.g.,
      ethanol to give a homogenous reaction mixture. The hydrolysis is usually
      complete in 2 to 6 hours at 25.degree. C., and is preferably carried out
      in an atmosphere of an inert gas, e.g., nitrogen or argon.
PAR  The mixture of 15-.alpha. and 15-.beta. isomers obtained by this Grignard
      reaction and hydrolysis is separated by procedures known in the art for
      separating mixtures of prostanoic acid derivatives, for example, by
      chromatography on neutral silica gel. In some instances, the lower alkyl
      esters, especially the methyl esters of a pair of 15-.alpha. and 15-.beta.
      isomers are more readily separated by silica gel chromatography than are
      the corresponding acids. In those cases, it is advantageous to esterify
      the mixture of acids as described below, separate the two esters, and
      then, if desired, saponify the esters by procedures known in the art for
      saponification of prostaglandins F.
PAR  Although formula-XCIII and -XCIV compounds wherein E' is --CH.sub.2
      CHR.sub.9 --and J' is L' as defined above may be produced according to the
      processes of Chart J, it is preferred to produce those novel
      dihydro-PGF.sub.1 analogs by hydrogenation of one of the corresponding
      unsaturated compounds, i.e., a compound of formula XCIII or XCIV wherein E
      is trans --CH=CR.sub.9 --and J' is either L', --CH=CH--M'--,
      --C.tbd.C--M'-, M' being defined above. This hydrogenation is
      advantageously carried out catalytically, for example, in the presence of
      a 5% palladium-on-charcoal catalyst in ethyl acetate solution at
      25.degree. C. and one atmosphere pressure of hydrogen.
PAR  The novel 15-alkyl oxa-phenylene PGA-type and PGB-type acids and esters of
      formula XXIV-XXXI and XXXIV-XXXV are prepared from the 15-alkyl
      oxa-phenylene PGE compounds, heretofore described, by dehydrations and
      double bond migrations previously described, as shown in Chart A. Likewise
      the 15-alkyl PGB-type compounds are prepared by contacting the 15-alkyl
      PGA-type compounds with base. For the transformation of the 15-alkyl
      PGE-type compounds to the 15-alkyl PGA-type compounds of this invention
      (Chart K), it is preferred that a dehydrating agent be used which removes
      ##SPC84##
PAL  the hydroxy group from the alicyclic ring in the presence of a hydroxy
      group on a tertiary carbon atom. In Chart K, E', G, J', R.sub.1, R.sub.2,
      R.sub.26, and .about. are as defined above. Formula XCV as shown includes
      optically active compounds and racemic compounds of that formula and the
      mirror images thereof, and also the 15-epimers of both of those. Any of
      the known substantially neutral dehydrating agents is used for these
      reactions. See Fieser et al., cited above. Preferred dehydrating agents
      are mixtures of at least an equivalent amount of a carbodiimide and a
      catalytic amount of a copper (II) salt. Especially preferred are mixtures
      of at least an equivalent amount of dicyclohexyl carbodiimide and a
      catalytic amount of copper (II) chloride. An equivalent amount of a
      carbodiimide means one mole of the carbodiimide for each mole of the
      formula-XCV reactant. To ensure completeness of the reaction, it is
      advantageous to use an excess of carbodiimide, i.e., 1.5 to 5 or even more
      equivalents of the carbodiimide.
PAR  The dehydration is advantageously carried out in the presence of an inert
      organic diluent which gives a homogeneous reaction mixture with respect to
      the formula-XCV reactant and the carbodiimide. Diethyl ether is a suitable
      diluent. It is advantageous to carry out the dehydration in an atmosphere
      of an inert gas, e.g., nitrogen, helium, or argon. The time required for
      the dehydration will depend in part on the reaction temperature. With the
      reaction temperature in the range 20.degree. to 30.degree.C., the
      dehydration usually takes place in about 40 to 60 hours. The formula-XCVI
      product is isolated by methods known in the art, e.g., filtration of the
      reaction mixture and evaporation of the filtrate. The product is then
      purified by methods known in the art, advantageously by chromatography on
      silica gel.
PAR  The final formula XVI-to-XXXV compounds prepared by the processes of this
      invention, in free acid form, are transformed to pharmacologically
      acceptable salts by neutralization with appropriate amounts of the
      corresponding inorganic or organic base, examples of which correspond to
      the cations and amines listed above. These transformations are carried out
      by a variety of procedures known in the art to be generally useful for the
      preparation of inorganic, i.e., metal or ammonium, salts, amine acid
      addition salts, and quaternary ammonium salts. The choice of procedure
      depends in part upon the solubility characteristics of the particular salt
      to be prepared. In the case of the inorganic salts, it is usually suitable
      to dissolve the formula XVI-to-XXXV acid in water containing the
      stoichiometric amount of a hydroxide, carbonate, or bicarbonate
      corresponding to the inorganic salt desired. For example, such use of
      sodium hydroxide, sodium carbonate, or sodium bicarbonate gives a solution
      of the sodium salt. Evaporation of the water or addition of a
      water-miscible solvent of moderate polarity, for example, a lower alkanol
      or a lower alkanone, gives the solid inorganic salt if that form is
      desired.
PAR  To produce an amine salt, the formula XVI-to-XXXV acid is dissolved in a
      suitable solvent of either moderate or low polarity. Examples of the
      former are ethanol, acetone, and ethyl acetate. Examples of the latter are
      diethyl ether and benzene. At least a stoichiometric amount of the amine
      corresponding to the desired cation is then added to that solution. If the
      resulting salt does not precipitate, it is usually obtained in solid form
      by addition of a miscible diluent of low polarity or by evaporation. If
      the amine is relatively volatile, any excess can easily be removed by
      evaporation. It is preferred to use stoichiometric amounts of the less
      volatile amines.
PAR  Salts wherein the cation is quaternary ammonium are produced by mixing the
      formula XVI-to-XXXV acid with the stoichiometric amount of the
      corresponding quaternary ammonium hydroxide in water solution, followed by
      evaporation of the water.
PAR  The final formula XVI-to-XXXV acids or esters prepared by the processes of
      this invention are transformed to lower alkanoates by interaction of the
      formula XVI-to-XXXV hydroxy compound with a carboxyacylating agent,
      preferably the anhydride of a lower alkanoic acid, i.e., an alkanoic acid
      of one to 8 carbon atoms, inclusive. For example, use of acetic anhydride
      gives the corresponding diacetate. Similar use of propionic anhydride,
      isobutyric anhydride, and hexanoic acid anhydride gives the corresponding
      carboxyacylates.
PAR  The carboxyacylation is advantageously carried out by mixing the hydroxy
      compound and the acid anhydride, preferably in the presence of a tertiary
      amine such as pyridine or triethylamine. A substantial excess of the
      anhydride is used, preferably about 10 to about 10,000 moles of anhydride
      per mole of the hydroxy compound reactant. The excess anhydride serves as
      a reaction diluent and solvent. An inert inorganic diluent, for example,
      dioxane, can also be added. It is preferred to use enough of the tertiary
      amine to neutralize the carboxylic acid produced by the reaction, as well
      as any free carboxyl groups present in the hydroxy compound reactant.
PAR  The carboxyacylation reaction is preferably carried out in the range about
      0.degree. to about 100.degree. C. The necessary reaction time will depend
      on such factors as the reaction temperature, and the nature of the
      anhydride and tertiary amine reactants. With acetic anhydride, pyridine,
      and a 25.degree. C. reaction temperature, a 12 to 24-hour reaction time is
      used.
PAR  The carboxyacylated product is isolated from the reaction mixture by
      conventional methods. For example, the excess anhydride is decomposed with
      water, and the resulting mixture acidified and then extracted with a
      solvent such as diethyl ether. The desired carboxyacylate is recovered
      from the diethyl ether extract by evaporation. The carboxyacylate is then
      purified by conventional methods, advantageously by chromatography.
PAR  By this procedure, the formula XVI-XIX and XXXII PGE-type compounds are
      transformed to dialkanoates, the formula XX-XXIII and XXXIII PGF-type
      compounds are transformed to trialkanoates, and the formula XXIV-XXXI and
      XXXIV-XXXV PGA-type and PGB-type compounds are transformed to
      monoalkanoates.
PAR  When a PGE-type dialkanoate is transformed to a PGF-type compound by
      carbonyl reduction as shown in Chart A, a PGF-type dialkanoate is formed
      and is used for the above-described purposes as such or is transformed to
      a trialkanoate by the above-described procedure. In the latter case, the
      third alkanoyloxy group can be the same as or different from the two
      alkanoyloxy groups present before the carbonyl reduction.
PAR  Molecules of each of the compounds encompassed by formulas XVI to XXXV and,
      except for XLIII and L, of each intermediate formula each have at least
      one center of asymmetry, and each can exist in racemic form and in either
      enantiomeric form, i.e., d and l. A formula accurately defining the d form
      would be the mirror image of the formula which defined the l form. Both
      formulas are necessary to define accurately the corresponding racemic
      form. The various formulas XVI-to-XXXV as drawn each represents the
      optically active form with the same configuration as the
      naturally-occurring prostaglandins.
PAR  When an optically active (d or l) final compound is desired, that is made
      by resolution of the racemic compound or by resolution of one of the
      asymmetric racemic intermediates. These resolutions are carried out by
      procedures known in the art. For example, when final compound XVI to XXXV
      is a free acid, the dl form thereof is resolved into the d and l forms by
      reacting said free acid by known general procedures with an optically
      active base, e.g., brucine or strychnine, to give a mixture of two
      diastereoisomers which are separated by known general procedures, e.g.,
      fractional crystallization, to give the separate diastereiosomeric salts.
      The optically active acid of formula XVI to XXXV is then obtained by
      treatment of the salt with an acid by known general procedures.
      Alternatively, the free acid form of cyclic ketal XXXVII, olefins XLIV or
      LXX, or glycols XXXVIII, XLV, or LXXI is resolved into separate d and l
      forms and then esterified and transformed further to the corresponding
      optically active form of the final product XVI to XXXV as described above.
PAR  In another method, bicyclo ketone reactants XXXVIII, XLV, or LXXI in exo or
      endo form, are transformed to ketals with an optically active 1,2-glycol,
      e.g., D-(--)-2,3-butanediol, by reaction of said 1,2-glycol with the
      formula-XXXVIII, XLV, or LXXI compound in the presence of a strong acid,
      e.g., p-toluenesulfonic acid. The resulting ketal is a mixture of
      diastereoisomers which is separated into the d and l diastereoisomers,
      each of which is then hydrolyzed with an acid, e.g., oxalic acid, to the
      original keto compound, now in optically active form. These reactions
      involving optically active glycols and ketals for resolution purposes are
      generally known in the art. See, for example, Chem. Ind. 1664 (1961) and
      J. Am. Chem. Soc. 84, 2938 (1962). Dithiols may be used instead of
      glycols.
PAR  Still another procedure for obtaining optically active oxa-phenylene
      PGF-type compounds is by stereoselective microbiological reduction of the
      racemic oxa-phenylene PGE compounds. For this purpose actively fermenting
      baker's yeast is employed. The PGE compound is contacted with a
      yeast-sugar-water mixture at about 25.degree. C. for 24-48 hours. There is
      produced by reduction a mixture of the PGF.sub..alpha. compound and the
      enantiomeric PGF.sub..beta. compound, which are separable by silica gel
      chromatography for example. Accompanying this transformation, carboxylic
      ester groups are removed by hydrolysis. Accordingly, from
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester, there
      are obtained natural configuration
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha. and
      enantiomeric
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..beta..
PAR  An alternate method of synthesis is provided hereinafter for a group of
      oxa-phenylene analogs within the scope of formulas XVI and XX above,
      represented by the following formulas XCVII-CIV;
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PAL  and the racemic mixtures of those compounds and their respective
      enantiomers represented by the mirror images of the above formulas. The
      terms C.sub.p H.sub.2p, C.sub.t H.sub.2t, R.sub.1, R.sub.2, T, and s are
      as defined above; R.sub.30 is alkyl of 2 to 10 carbon atoms, inclusive,
      substituted with zero, one, 2, or 3 fluoro.
PAR  The alternate method of synthesis disclosed hereinafter is also useful for
      preparing oxa-phenylene 17,18-didehydro prostaglandin analogs within the
      scope of formulas CV-CVIII:
      ##SPC86##
PAL  wherein C.sub.n H.sub.2n, C.sub.p H.sub.2p, R.sub.1, R.sub.2, and R.sub.5
      are as defined and used above.
PAR  These 17,18-didehydro analogs of formulas CV-CVIII together with compounds
      of formulas XXXII and XXXIII above are within the scope of 17,18-didehydro
      PGE- and PGF-type compounds represented by the formulas:
      ##SPC87##
PAL  wherein .about. indicates attachment of the hydroxyl or the side chain to
      the cyclopentane ring in alpha or beta configuration; wherein V is (1)
      C.sub.g H.sub.2g or (2) --CH=CH-- C.sub.j H.sub.2j --, wherein C.sub.g
      H.sub.2g represents a valence bond or alkylene of one to 4 carbon atoms,
      inclusive, with one or 2 chain carbon atoms between --CH.sub.2 -- and the
      phenylene ring, and wherein C.sub.j H.sub.2j represents a valence bond or
      alkylene of one or 2 carbon atoms with one chain carbon atom between
      --CH=CH-- and the phenylene ring; wherein C.sub.n H.sub.2n is alkylene of
      one to 4 carbon atoms, inclusive; wherein C.sub.p H.sub.2p represents a
      valence bond or alkylene of one to 4 carbon atoms, inclusive, with one or
      2 chain carbon atoms between the ring and --O--; wherein C.sub.g H.sub.2g
      and C.sub.p H.sub.2p together represent zero to 8 carbon atoms, inclusive,
      with total chain lengths zero to 3 carbon atoms, inclusive; wherein Q is
      ##EQU41##
      wherein R.sub.2 is hydrogen or alkyl of one to 4 carbon atoms, inclusive;
      wherein R.sub.1 is hydrogen, alkyl of one to 12 carbon atoms, inclusive,
      cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive; and wherein R.sub.5 is alkyl of
      one to 4 carbon atoms, inclusive, substituted with zero, one, 2, or 3
      fluoro.
PAR  The corresponding 17,18-didehydro PGA- and PGB-type compounds are available
      by methods disclosed herein or known in the art, for example by acid or
      base dehydration of the formula-CXXXVII PGE-type compounds.
PAR  The alternate method of synthesis utilizes oxetane intermediates having the
      grouping
      ##SPC88##
PAL  prepared from bicyclo hexene starting materials.
PAR  Reference to Chart L will make clear the steps by which starting material
      CIX is transformed to product CXVIII. The formula-CIX compound wherein
      R.sub.31 and R.sub.32 together are --CH.sub.2 --C(CH.sub.3).sub.2
      --CH.sub.2 -- and .about. is endo, i.e.
      bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde neopentyl glycol acetal, is
      available either in racemic or optically active form. See U.S. Pat. No.
      3,711,515.
PAR  In Chart L the symbols used therein have the same meanings as defined
      above, as to C.sub.p H.sub.2p, G, Q, R.sub.1, R.sub.2, R.sub.31, R.sub.32,
      R.sub.39, R.sub.42, and .about.. R.sub.43 represents hydrogen, carboxyacyl
      R.sub.39, benzoyl, substituted benzoyl, mono-esterified phthaloyl, and
      substituted naphthoyl. Furthermore, in Chart L and likewise in the other
      charts of this specification, the formulas as drawn represent specific
      optical isomers following the conventions applied herein to the end
      products. However, for purposes of convenience and brevity it is intended
      that such representations of the process steps for the optically active
      intermediates are applicable to those same process steps as used for the
      corresponding racemic intermediates.
PAR  Both the endo and exo forms of bicyclo hexene CIX are available or are made
      by methods known in the art, in either their racemic or optically active
      forms. See. U.S. Pat. No. 3,711,515.
      ##SPC89##
PAL  Either the endo or exo starting material will yield the ultimate analogs of
      formula CXVIII by the processes of Chart L.
PAR  In step (a) oxetane CX is obtained by reaction of the formula-CIX bicyclo
      hexene with an aldehyde of the formula
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PAL  wherein C.sub.p H.sub.2p represents a valence bond or alkylene of one to 4
      carbon atoms, inclusive, with one or 2 carbon atoms in the chain between
      the phenylene ring and --O--, and wherein R.sub.39 is carboxyacyl of the
      formula
      ##EQU42##
      wherein R.sub.40 is hydrogen, alkyl of one to 19 carbon atoms, inclusive,
      or aralkyl of 7 to 12 carbon atoms, inclusive, wherein alkyl or aralkyl
      are substituted with zero to 3 halo atoms.
PAR  The formula-CXIX aldehydes are available or readily prepared by methods
      known in the art. Examples of such compounds within the scope of formula
      CXIX are:
      ##SPC91##
PAR  The formation of oxetane CX is accomplished by photolysis of a mixture of
      the bicyclo hexene and the aldehyde in a solvent. The bicyclo hexene is
      preferably used in excess over the molar equivalent, for example 2 to 4
      times the theoretical equivalent amount. The solvent is a photochemically
      inert organic liquid, for example liquid hydrocarbons, including benzene
      or hexane, 1,4-dioxane, and diethyl ether. The reaction is conveniently
      done at ambient conditions, for example 25.degree. C., but may be done
      over a wide range of temperature, from about -78.degree. C. to the boiling
      point of the solvent. The irradiation is done with mercury vapor lamps of
      the low or medium pressure type, for example those peaking at 3500 A. Such
      sources are available from The Southern New England Ultraviolet Co.,
      Middletown, Conn. Alternatively, those lamps which emit a broad spectrum
      of wavelengths and which may be filtered to transmit only light of
      .lambda..about.3000-3700 A may also be used. For a review of photolysis
      see D. R. Arnold in "Advances in Photochemistry," Vol. 6, W. A. Noyes et
      al., Wiley-Interscience, New York, 1968, pp. 301-423.
PAR  In step (b) the cleavage of the oxetane ring to yield the formula-CXI
      compounds is accomplished with an alkali metal in the presence of a
      primary amine or alcohol. Preferred is lithium in ethylamine, or sodium in
      ethyl alcohol. See L. J. Altman et al., Synthesis 129 (1974). The cleavage
      transformation may also be accomplished by catalytic hydrogenation over an
      inert metal catalyst, e.g. Pd on carbon, in ethyl acetate or ethanol.
PAR  In step (c) the formula CXI diol is prepared for step (d) by preferably
      blocking the two hydroxyl groups with carboxyacyl groups within the scope
      of R.sub.39, i.e.
      ##EQU43##
      as defined above. For example, the diol is treated with an acid anhydride
      such as acetic anhydride, or with an acyl halide in a tertiary amine.
      Expecially preferred is pivaloyl chloride in pyridine.
PAR  Other carboxyacylating agents useful for this transformation are known in
      the art or readily obtainable by methods known in the art, and include
      carboxyacyl halides, preferably chlorides, bromides, or fluorides, i.e.
      R.sub.40 C(O)Cl, R.sub.40 C(O)Br, or R.sub.40 C(O)F, and carboxyacid
      anhydrides, (R.sub.40 C--).sub.2 O, wherein R.sub.40 is as defined above.
      The preferred reagent is an acid anhydride. Examples of acid anhydrides
      useful for this purpose are acetic anhydride, propionic anhydride, butyric
      anhydride, pentanoic anhydride, nonanoic anhydride, trideconoic anhydride,
      steric anhydride, (mono, di or tri) chloroacetic anhydride,
      3-chlorovaleric anhydride, 3-(2-bromoethyl)-4,8-dimethylnonanoic
      anhydride, cyclopropaneacetic anhydride, 3-cycloheptanepropionic
      anhydride, 13-cyclopentanetridecanoic anhydride, phenylacetic anhydride,
      (2 or 3)-phenylpropionic anhydride, 13-phenyltridecanoic anhydride,
      phenoxyacetic anhydride, benzoic anhydride, (o, m, or p)-bromobenzoic
      anhydride, 2,4 (or 3,4)-dichlorobenzoic anhydride,
      p-trifluoromethylbenzoic anhydride, 2-chloro-3-nitrobenzoic anhydride, (o,
      m, or p)-nitrobenzoic anhydride, (o, m, or p)-toluic anhydride,
      4-methyl-3-nitrobenzoic anhydride, 4-octylbenzoic anhydride, (2,3, or
      4)-biphenylcarboxylic anhydride, 3-chloro-4-biphenylcarboxylic anhydride,
      5-isopropyl-6-nitro-3-biphenylcarboxylic anhydride, and (1 or 2)-naphthoic
      anhydride. The choice of anhydride depends upon the identity of R.sub.40
      in the final acylated product, for example when R.sub.40 is to be methyl,
      acetic anhydride is used; when R.sub.40 is to be 2-chlorobutyl,
      3-chlorovaleric anhydride is used.
PAR  When R.sub.40 is hydrogen,
      ##EQU44##
      is formyl. Formylation is carried out by procedures known in the art, for
      example, by reaction of the hydroxy compound with the mixed anhydride of
      acetic and formic acids or with formylimidazole. See, for example, Fieser
      et al., Reagents for Organic Synthesis, John Wiley and Sons, Inc., pp. 4
      and 407 (1967) and references cited therein. Alternatively, the formula
      CXI diol is reacted with two equivalents of sodium hydride and then with
      excess ethyl formate.
PAR  In formula CXII, R.sub.43 may also represent a blocking group including
      benzoyl, substituted benzoyl, monoesterified phthaloyl and substituted
      naphthoyl. For introducing those blocking groups, methods known in the art
      are used. Thus, an aromatic acid of the formula R.sub.39 OH, wherein
      R.sub.39 is as defined above, for example benzoic acid, is reacted with
      the formula-CXI compound in the presence of a dehydrating agent, e.g.
      sulfuric acid, zinc chloride, or phosphoryl chloride; or an anhydride of
      the aromatic acid of the formula (R.sub.39).sub.2 O, for example benzoic
      anhydride, is used.
PAR  Preferably, however, an acyl halide, e.g. R.sub.39 Cl, for example benzoyl
      chloride, is reacted with the formula-CXI compound in the presence of a
      tertiary amine such as pyridine, triethylamine, and the like. The reaction
      is carried out under a variety of conditions using procedures generally
      known in the art. Generally, mild conditions are employed, e.g.
      20.degree.-60.degree. C., contacting the reactants in a liquid medium,
      e.g. excess pyridine or an inert solvent such as benzene, toluene or
      chloroform. The acylating agent is used either in stoichiometric amount or
      in excess.
PAR  As examples of reagents providing R.sub.39 for the purposes of this
      invention, the following are available as acids (R.sub.39 OH), anhydrides
      ((R.sub.39).sub.2 O), or acyl chlorides (R.sub.39 Cl): benzoyl;
      substituted benzoyl, e.g. (2-, 3-, or 4-)methylbenzoyl, (2-, 3-, or
      4-)ethylbenzoyl, (2-, 3-, or 4-)isopropylbenzoyl, (2-, 3-, or
      4-)tert-butylbenzoyl, 2,4-dimethylbenzoyl, 3,5-dimethylbenzoyl,
      2-isopropyltoluyl, 2,4,6-trimethylbenzoyl, pentamethylbenzoyl,
      .alpha.-phenyl-(2-, 3-, or 4-(toluyl, 2-, 3-, or 4-phenethylbenzoyl, 2-,
      3-, or 4-nitrobenzoyl, (2,4-, 2,5-, or 3,5-)dinitrobenzoyl,
      4,5-dimethyl-2-nitrobenzoyl, 2-nitro-6-phenethylbenzoyl,
      3-nitro-2-phenethylbenzoyl; mono-esterified phthaloyl, e.g.
      ##SPC92##
PAL  isophthaloyl, e.g.
      ##SPC93##
PAL  or terephthaloyl, e.g.
      ##SPC94##
PAL  (1- or 2-)naphthoyl; and substituted naphthoyl, e.g. (2-, 3-, 4-, 5-, 6-,
      or 7-)-methyl-1-naphthoyl, (2-or 4-)ethyl-1-naphthoyl,
      2-isopropyl-1-naphthoyl, 4,5-dimethyl-1-naphthoyl,
      6-isopropyl-4-methyl-1-naphthoyl, 8-benzyl-1-naphthoyl,
      8-benzyl-1-naphthoyl, (3-, 4-, 5-, or 8-)-nitro-1-naphthoyl,
      4,5-dinitro-1-naphthoyl, (3-, 4-, 6-, 7- or 8)-methyl-1-naphthoyl,
      4-ethyl-2-naphthoyl, and (5- or 8-)-nitro-2-naphthoyl. There may be
      employed, therefore, benzoyl chloride, 4-nitrobenzoyl chloride,
      3,5-dinitrobenzoyl chloride, and the like, i.e. R.sub.39 Cl compounds
      corresponding to the above R.sub.39 groups. If the acyl chloride is not
      available, it is made from the corresponding acid and phosphorus
      pentachloride as is known in the art.
PAR  In step (d), the formula -CXII acetal is converted to aldehyde CXIII by
      acid hydrolysis, known in the art, using dilute mineral acids, acetic or
      formic acids, and the like. Solvents such as acetone, dioxane, and
      tetrahydrofuran are used.
PAR  For steps (e) through (h) it is optional whether R.sub.42 be hydrogen or a
      "blocking group" as defined below. For efficient utilization of the Wittig
      reagent it is preferred that R.sub.42 be a blocking group. If the
      formula-CXII compound is used wherein R.sub.43 is hydrogen, the
      formula-CXIII intermediates will have hydrogen at R.sub.42. If R.sub.42 is
      to be a blocking group, that may be readily provided prior to step (e) by
      reaction with suitable reagents as discussed below.
PAR  The blocking group, R.sub.41, is any group which replaces hydrogen of the
      hydroxyl groups, which is not attacked by nor is reactive to the reagents
      used in the respective transformations to the extent that the hydroxyl
      group is, and which is subsequently replaceable by hydrogen at a later
      stage in the preparation of the prostaglandin-like products.
PAR  Several blocking groups are known in the art, e.g. tetrahydropyranyl,
      acetyl, and p-phenylbenzoyl (see Corey et al., J. Am. Chem. Soc. 93, 1491
      (1971)).
PAR  Those which have been found useful include (a) carboxyacyl within the scope
      of R.sub.39 above, i.e. acetyl, and also benzoyl, naphthoyl, and the like;
      (b) tetrahydropyranyl; (c) tetrahydrofuranyl; (d) a group of the formula
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      wherein R.sub.48 is alkyl of one to 18 carbon atoms, inclusive, cycloalkyl
      of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon atoms,
      inclusive, phenyl, or phenyl substituted with one, 2, or 3 alkyl of one to
      4 carbon atoms, inclusive, wherein R.sub.49 and R.sub.50 are the same or
      different, being hydrogen, alkyl of one to 4 carbon atoms, inclusive,
      phenyl or phenyl substituted with one, 2, or 3 alkyl of one to 4 carbon
      atoms, inclusive, or, when R.sub.49 and R.sub.30 are taken together,
      --(CH.sub.2).sub.u -- or --(CH.sub.2).sub.v --O--(CH.sub.2).sub.w
      --wherein u is 3, 4, or 5, v is one, 2, or 3, and w is one, 2, or 3 with
      the proviso that v plus w is 2, 3, or 4, and wherein R.sub.51 is hydrogen
      or phenyl; or (e) --Si(A).sub.3 wherein A is alkyl of one to four carbon
      atoms, inclusive, phenyl, phenyl substituted with one or 2 fluoro, chloro,
      or alkyl of one to four carbon atoms, inclusive, or aralkyl of 7 to 12
      carbon atoms, inclusive.
PAR  In replacing the hydrogen atoms of the hydroxyl groups with a carboxyacyl
      blocking group, methods known in the art are used. The reagents and
      conditions are discussed above for R.sub.43 on compound CXII.
PAR  When the blocking group is tetrahydropyranyl or tetrahydrofuranyl, the
      appropriate reagent, e.g. 2,3-dihydropyran or 2,3-dihydrofuran, is used in
      an inert solvent such as dichloromethane, in the presence of an acid
      condensing agent such as p-toluenesulfonic acid or pyridine hydrochloride.
      The reagent is used in slight excess, preferably 1.0 to 1.2 times theory.
      The reaction is carried out at about 20.degree.-50.degree. C.
PAR  When the blocking group is of the formula
      ##EQU46##
      as defined above, the appropriate reagent is a vinyl ether, e.g. isobutyl
      vinyl ether or any vinyl ether of the formula R.sub.48
      --O--C(R.sub.49)=CR.sub.50 R.sub.51 wherein R.sub.48, R.sub.49, R.sub.50,
      and R.sub.51 are as defined above; or an unsaturated cyclic or
      heterocyclic compound, e.g. 1-cyclohex-1-yl methyl ether
      ##SPC95##
PAL  or 5,6-dihydro-4-methoxy-2H-pyran
      ##SPC96##
PAL  See C. B. Reese et al., J. Am. Chem. Soc. 89, 3366 (1967). The reaction
      conditions for such vinyl ethers and unsaturates are similar to those for
      dihydropyran above.
PAR  When the blocking group is silyl of the formula --Si(A).sub.3, the
      formula-CXIII compound is transformed to a silyl derivative of formula
      CXIII by procedures known in the art. See, for example, Pierce,
      "Silylation or Organic Compounds," Pierce Chemical Co., Rockford, Ill.
      (1968). The necessary silylating agents for these transformations are
      known in the art or are prepared by methods known in the art. See, for
      example, Post "Silicones and Other Organic Silicon Compounds," Reinhold
      Publishing Corp., New York, N.Y. (1949). These reagents are used in the
      presence of a tertiary base such as pyridine at temperatures in the range
      of about 0.degree. to +50.degree. C. Examples of trisubstituted
      mono-chlorosilanes suitable for this purpose include
      chlorotrimethylsilane, chlorotriisobutylsilane, chlorotriphenylsilane,
      chlorotris(p-chlorophenyl)silane, chlorotri-m-tolylsilane, and
      tribenzylchlorosilane. Alternately, a chlorosilane is used with a
      corresponding disilazane. Examples of other silylating agents suitable for
      forming the formula-CXIII intermediates include pentamethylsilylamine,
      pentaethylsilylamine, N-trimethylsilydiethylamine,
      1,1,1-triethyl-N,N-dimethylsilylamine,
      N,N-diisopropyl-1,1,1,-trimethylsilylamine,
      1,1,1-tributyl-N,N-dimethylsilylamine
      N,N-dibutyl-1,1,1-trimethylsilylamine,
      1-isobutyl-N,N,1,1-tetramethylsilylamine,
      N-benzyl-N-ethyl-1,1,1-trimethylsilylamine,
      N,N,1,1-tetramethyl-1-phenylsilylamine,
      N,N-diethyl-1,1-dimethyl-1-phenylsilylamine,
      N,N-diethyl-1-methyl-1,1-diphenylsilylamine,
      N,N-dibutyl-1,1,1-triphenylsilylamine, and
      1-methyl-N,N,1,1-tetraphenylsilylamine.
PAR  In step (e) the aldehyde group is transformed by the Wittig reaction to a
      moiety of the formula --CH=CR.sub.2 G. For this purpose a phosphonium salt
      prepared from an organic chloride or bromide of the formula
      ##EQU47##
      is employed, wherein G and R.sub.2 are as defined above. These organic
      chlorides or bromides are known in the art or are readily prepared by
      methods known in the art. See for example the above-identified German
      Offenlegungsschrift No. 2,209,990. As to the Wittig reaction, see, for
      example, U.S. Pat. No. 3,776,941 and references cited therein.
PAR  In step (f) compound CXV is obtained by deblocking if necessary. When
      C.sub.p H.sub.2p is a valence bond, and R.sub.42 is a hindered
      carboxyacyl, e.g.
      ##EQU48##
      R.sub.41 on the phenolic hydroxy is selectively replaced with hydrogen by
      hydrolysis with sodium or potassium hydroxide in ethanol-water. Instead of
      ethanol, other water-miscible solvents may be substituted, for example
      1,4-dioxane, tetrahydrofuran, or 1,2-dimethoxyethane. The selective
      hydrolysis is preferably carried out at -15.degree. to 25.degree. C.
      Higher temperatures may be used but with some decrease in selectivity.
PAR  Total hydrolysis of R.sub.42 blocking groups on compound CXIV is
      accomplished, when R.sub.42 is carboxyacyl, with an alkali alkoxide in an
      alcoholic solvent, preferably sodium methoxide in methanol at a
      temperature from 25.degree. C. to reflux. When R.sub.42 is
      tetrahydropyranyl, aqueous acid, e.g. dilute acetic acid, is used at
      25.degree. to 50.degree. C. When R.sub.42 is trialkylsilyl, either aqueous
      acid or base are used at 25.degree. to 50.degree. C.
PAR  Continuing with Chart L, in step (g) a Williamson synthesis is employed to
      obtain compound CXVI. The formula-CXV alcohol or phenol is condensed with
      a haloacetate within the scope of Hal--CH.sub.2 --COOR.sub.1 wherein Hal
      is chloro, bromo, or iodo and R.sub.1 is as defined above. Normally the
      reaction is done in the presence of a base such as n-butyllithium,
      phenyllithium, triphenylmethyllithium, sodium hydride, potassium
      t-butoxide, sodium hydroxide, or potassium hydroxide.
PAR  The transformation from compound CXVI to product CXVIII may be accomplished
      by any of several routes known in the art. See U.S. Pat. No. 3,711,515.
      Thus, by step (h), the alkenene CXVI is hydroxylated to glycol CXVII. For
      this purpose osmium tetroxide is a suitable reagent, for example in
      conjunction with N-methylmorpholine oxide-hydrogen peroxide complex (see
      Fieser et al., "Reagents for Organic Synthesis," p. 690, John Wiley and
      Sons, Inc., New York (1967)). Thereafter, several methods are available
      for obtaining the formula-CXVIII product. In one method the glycol is
      converted to a bis(alkanesulfonic acid) ester and subsequently hydrolyzed
      to CXVIII by methods known in the art (see, for example German
      Offenlegungsschrift No. 1,937,676, Derwent Farmdoc No. 6862R). Another
      method is by way of a diformate by formolysis of the glycol (see U.S. Pat.
      No. 3,711,515).
PAR  Still another method is by way of a cyclic ortho ester. For this purpose,
      glycol CXVII is reacted with an ortho ester of the formula
      ##EQU49##
      wherein R.sub.46 is hydrogen, alkyl of one to 19 carbon atoms, inclusive,
      or aralkyl of 7 to 12 carbon atoms, inclusive, substituted with zero to 3
      halo atoms; and R.sub.47 is methyl or ethyl. There is then formed a cyclic
      ortho ester of the formula
      ##SPC97##
PAL  wherein C.sub.p H.sub.2p, G, R.sub.1, R.sub.2 R.sub.42, R.sub.46, R.sub.47,
      and .about. are as defined above. The reaction goes smoothly in a
      temperature range of -50.degree. C. to +100.degree. C., although for
      convenience 0.degree. C. to +50.degree. C. is generally preferred. From
      1.5 to 10 molar equivalents of the ortho ester are employed, together with
      an acid catalyst. The amount of the catalyst is usually a small fraction
      of the weight of the glycol, say 1%, and typical catalysts include
      pyridine hydrochloride, formic acid, hydrogen chloride, p-toluenesulfonic
      acid, trichloroacetic acid, or trifluoroacetic acid. The reaction is
      preferably run in a solvent, for example benzene, dichloromethane, ethyl
      acetate, or diethyl ether. It is generally completed within a few minutes
      and is conveniently followed by TLC (thin layer chromatography on basic
      silica gel plates).
PAR  The ortho ester reagents are known in the art or readily available by
      methods known in the art. See for example S. M. McElvain et al., J. Am.
      Chem. Soc. 64, 1925 (1942), starting with an appropriate nitrile. Examples
      of useful ortho esters include:
PA1  trimethyl orthoformate,
PA1  triethyl orthoacetate,
PA1  triethyl orthopropionate,
PA1  trimethyl orthobutyrate,
PA1  triethyl orthovalerate,
PA1  trimethyl orthooctanoate,
PA1  trimethyl orthophenylacetate, and
PA1  trimethyl ortho (2,4-dichlorophenyl)acetate.
PAL  Preferred are those ortho esters wherein R.sub.46 is alkyl of one to 7
      carbon atoms; especially preferred are those wherein R.sub.46 is alkyl of
      one to 4.
PAR  Next, the cyclic orthoester CXX is reacted with anhydrous formic acid to
      yield a diol diesters of the formula
      ##SPC98##
PAL  wherein C.sub.p H.sub.2p, G, R.sub.1 R.sub.2, R.sub.42, R.sub.46, and
      .about. are as defined above.
PAR  By "anhydrous formic acid" is meant that it contains not more than 0.5%
      water. The reaction is run with an excess of formic acid, which may itself
      serve as the solvent for the reaction. Solvents may be present, for
      example dichloromethane, benzene, or diethyl ether, usually not over 20%
      by volume of the formic acid. There may also be present organic acid
      anhydrides, for example acetic anhydride, or alkyl orthoesters, for
      example trimethyl orthoformate, which are useful as drying agents for the
      formic acid. Although the reaction proceeds over a wide range of
      temperatures, it is conveniently run at about 20.degree.-30.degree. C. and
      is usually completed within about 10 minutes.
PAR  Finally, the diol diester CXXI is converted to product CXVIII by methods
      known in the art, for example by hydrolysis in the presence of a base in
      an alcoholic medium. Examples of the base are sodium or potassium
      carbonate or sodium or potassium alkoxides including methoxides or
      ethoxides. The reaction is conveniently run in an excess of the solvolysis
      reagent, for example methanol or ethanol. The temperature range is from
      -50.degree. C. to 100.degree. C. The time for completion of the reaction
      varies with the nature of R.sub.46 and the base, proceeding in the case of
      alkali carbonates in a few minutes when R.sub.46 is hydrogen but taking up
      to several hours when R.sub.46 is ethyl, for example.
PAR  When the solvolysis proceeds too long or when conditions are too severe,
      ester groups at R.sub.1 may be removed. They are, however, readily
      replaced by methods known in the art. For example, the alkyl, cycloalkyl,
      and aralkyl esters are prepared by interaction of the formula-CXVIII acids
      with the appropriate diazohydrocarbon. For example, when diazomethane is
      used, the methyl esters are produced. Similar use of diazoethane,
      diazobutane, 1-diazo-2-ethylhexane, diazocyclohexane, and
      phenyldiazomethane, for example, gives the ethyl, butyl, 2-ethylhexyl,
      cyclohexyl, and benzyl esters, respectively.
PAR  Esterification with diazohydrocarbons is carried out by mixing a solution
      of the diazohydrocarbon in a suitable inert solvent, preferably diethyl
      ether, with the acid reactant, advantageously in the same or a different
      inert diluent. After the esterification reaction is complete, the solvent
      is removed by evaporation, and the ester purified if desired by
      conventional methods, preferably by chromatography. It is preferred that
      contact of the acid reactants with the diazohydrocarbon be no longer than
      necessary to effect the desired esterification, preferably about one to
      about ten minutes, to avoid undesired molecular changes. Diazohydrocarbons
      are known in the art or can be prepared by methods known in the art. See,
      for example Organic Reactions, John Wiley & Sons, Inc., New York, N.Y.
      Vol. 8, pp. 389-394 (1954).
PAR  An alternative method for esterification of the carboxyl moiety comprises
      transformation of the free acid to the corresponding silver salt, followed
      by interaction of that salt with an alkyl iodide. Examples of suitable
      iodides are methyl iodide, ethyl iodide, butyl iodide, isobutyl iodide,
      tere-butyl iodide, cyclopropyl iodide, cyclopentyl iodide, benzyl iodide,
      phenethyl iodide, and the like. The silver salts are prepared by
      conventional methods, for example, by dissolving the acid in cold dilute
      aqueous ammonia, evaporating the excess ammonia at reduced pressure, and
      then adding the stoichiometric amount of silver nitrate.
PAR  The phenyl and substituted phenyl esters are prepared by silylating the
      acid to protect the hydroxy groups, for example, replacing each --OH with
      --O--Si--(CH.sub.3).sub.3. Doing that may also change --COOH to
      --COO--Si--(CH.sub.3).sub.3. A brief treatment of the silylated compound
      with water will change --COO--Si--(CH.sub.3).sub.3 back to --COOH.
      Procedures for this silylation are known in the art. Then, treatment of
      the silylated compound with oxalyl chloride gives the acid chloride which
      is reacted with phenol or the appropriate substituted phenol to give a
      silylated phenyl or substituted phenyl ester. Then the silyl groups, e.g.,
      --O--Si--(CH.sub.3).sub.3 are changed back to --OH by treatment with
      dilute acetic acid. Procedures for these transformations are known in the
      art.
PAR  Referring to Chart M, there are shown process steps by which the
      formula-CIX bicyclo hexene is transformed first to an oxetane CXXII with a
      fully developed side chain.
      ##SPC99##
      ##SPC100##
PAL  and ultimately to a PGE analog. In Chart M, R.sub.44 is hydrogen or alkyl
      of one to 4 carbon atoms, inclusive, and R.sub.45 is hydrogen, alkyl of
      one to 4 carbon atoms, inclusive, or silyl of the formula (A).sub.3 Si--
      wherein A is as defined herein above.
PAR  In step (a) of Chart M, there is employed an aldehyde of the formula
      ##SPC101##
PAL  wherein C.sub.p H.sub.2p and R.sub.44 are as defined above. Such aldehydes
      are available or readily prepared by methods known in the art. Examples of
      such compounds include:
      ##SPC102##
PAR  The conditions for step (a) of Chart M are essentially the same as for step
      (a) of Chart L. Thereafter, step (b) for cleavage of the oxetane ring,
      steps (c) and (d) leading to the formula-CXXV aldehyde, and the Wittig
      reaction of step (e) are similar to and employ the same conditions as the
      corresponding steps of Chart L discussed above.
PAR  Referring to step (g) of Chart M, the hydroxyl on the cyclopentane ring at
      the C-9 position is oxidized to an oxo group.
PAR  Oxidation reagents useful for this transformation are known in the art. A
      useful reagent for this purpose is the Jones reagent, i.e., acidified
      chromic acid. See J. Chem. Soc. 39 (1946). A slight excess beyond the
      amount necessary to oxidize the C-9 secondary hydroxy groups of the
      formula-CXXVII reactant is used. Acetone is a suitable diluent for this
      purpose. Reaction temperatures at least as low as about 0.degree. C.
      should be used. Preferred reaction temperatures are in the range 0.degree.
      to -50.degree. C. An especially useful reagent for this purpose is the
      Collins reagent, i.e. chromium trioxide in pyridine. See J. C. Collins et
      al., Tetrahedron Lett., 3363 (1968). Dichloromethane is a suitable diluent
      for this purpose. Reaction temperatures of below 30.degree. C. should be
      used. Preferred reaction temperatures are in the range 0.degree. to
      +30.degree. C. The oxidation proceeds rapidly and is usually complete in
      about 5 to 20 minutes.
PAR  Examples of other oxidation reagents useful for this transformation are
      silver carbonate on Celite (Chem. Commun. 1102 (1969)), mixtures of
      chromium trioxide and pyridine (J. Am. Chem. Soc. 75, 422 (1953), and
      Tetrahedron, 18, 1351 (1962)), t-butylchromate in pyridine (Biochem. J.
      84, 195 (1962)), mixtures of sulfur trioxide in pyridine and
      dimethylsulfoxide (J. Am. Chem. Soc. 89, 5505 (1967)), and mixtures of
      dicyclohexylcarbodiimide and dimethyl sulfoxide (J. Am. Chem. Soc. 87,
      5661 (1965)).
PAR  Step (h) of Chart M and subsequent steps by which the product CXXX is
      obtained are similar to and employ the same conditions as the
      corresponding steps of Chart L discussed above.
PAR  Referring next to Chart N the process steps are shown whereby aldehyde
      CXIII of Chart L is transformed to a 17,18-tetradehydro-PG analog CXXXVI
      and a 17,18-didehydro-PG analog CXXXVII.
PAR  In step (a) of Chart N, a Wittig reagent is employed which is prepared from
      a phosphonium salt of a haloalkyne of the formula
EQU  Cl--CHR.sub.2 --C.sub.n H.sub.2n --C.tbd.C--R.sub.5
PAL  or
EQU  Br--CHR.sub.2 --C.sub.n H.sub.2n --C.tbd.C--R.sub.5
PAL  wherein C.sub.n H.sub.2n, R.sub.2, and R.sub.5 are as defined above. See,
      for example, U. Axen et al., Chem. Comm. 1969, 303, and ibid. 1970, 602.
PAR  Thereafter, in steps (b) to (d) and subsequent steps yielding the
      17,18-tetradehydro compound CXXVI, the reagents
      ##SPC103##
PAL  and conditions are similar to those employed for the corresponding
      reactions shown in Chart L.
PAR  Transformation of CXXXVI to the formula-CXXXVII compounds is accomplished
      by hydrogenation of CXXXVI using a catalyst which catalyzes hydrogenation
      of --C.tbd.C-- only to cis--CH=CH--, as known in the art. See, for
      example, Fieser et al., "Reagents for Organic Syntheses," pp. 566-567,
      John Wiley and Sons, Inc., New York (1967). Preferred is Lindlar catalyst
      in the presence of quinoline, see Axen, references cited.
PAR  The intermediates of Charts L, M, and N, including those compounds
      represented by formulas CX, CXI, CXII, CXIII, CXIV, CXV, CXVI, CXVII,
      CXXII, CXXIII, CXXIV, CXXV, CXXVI, CXXVII, CXXVIII, CXXIX, CXXXII,
      CXXXIII, CXXXIV, CXXXV, and CXXXVI are frequently not isolated but used
      directly for a subsequent process step. When they are isolated, they are
      purified by methods known in the art, for example partition extraction,
      fractional crystallization, and, preferably, silica gel column
      chromatography.
PAR  The products represented by formulas CXVIII, CXXX, and CXXXVII obtained
      from these intermediates are often a mixture of 15-.alpha. and 15-.beta.
      isomers. These are separated by methods known in the art, for example, by
      chromatography on neutral silica gel. In some instances, particularly
      where R.sub.2 is alkyl, the lower alkyl esters are more readily separated
      than are the corresponding acids. In those cases wherein R.sub.1 is
      hydrogen, it is advantageous to esterify the mixture of acids, as with
      diazomethane, to form the methyl esters, separate the two epimers, and
      then, if desired, replace the carboxyl methyl with hydrogen by methods
      known in the art.
PAR  When an optically active intermediate or starting material is employed,
      subsequent steps yield optically active intermediates or products. That
      optical isomer of bicyclo hexene CIX is used which will yield product
      CXVIII for example, in the configuration corresponding to that of the
      naturally occurring prostaglandins. When the racemic form of the
      intermediate or starting material is employed, the subsequent
      intermediates or products are obtained in their racemic form.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention can be more fully understood by the following examples and
      preparations:
PAR  All temperatures are in degrees centigrade.
PAR  Infrared absorption spectra are recorded on a Perkin-Elmer Model 421
      infrared spectrophotometer. Except when specified otherwise, undiluted
      (neat) samples are used.
PAR  Ultraviolet spectra are recorded on a Cary Model 15 spectrophotometer.
PAR  NMR spectra are recorded on a Varian A-60, A-60D, or T-60 spectrophotometer
      using deuterochloroform solutions with tetramethylsilane as an internal
      standard (downfield).
PAR  Mass spectra are recorded on a CEC Model 110B Double Focusing High
      Resolution Mass Spectrometer or an LKB Model 9,000 Gas Chromatograph-Mass
      Spectrometer (ionization voltage 70 ev).
PAR  Circular dichroism curves are recorded on a Cary 60 recording
      spectropolarimeter.
PAR  Specific rotations are determined for solutions of a compound in the
      specified solvent with a Perkin-Elmer Model 141 Automatic Polarimeter.
PAR  The collection of chromatographic eluate fractions starts when the eluant
      front reaches the bottom of the column.
PAR  "Brine," herein, refers to an aqueous saturated sodium chloride solution.
PAR  The A-IX solvent system used in thin layer chromatography is made up from
      ethyl acetate-acetic acid-2,2,4-trimethylpentane-water (90:20:50:100)
      according to M. Hamberg and B. Samuelsson, J. Biol. Chem. 241, 257 (1966).
PAR  "Skellysolve-B" refers to mixed isomeric hexanes.
PAR  Silica gel chromatography, as used herein, is understood to include
      elution, collection of fractions, and combination of those fractions shown
      by TLC (thin layer chromatography) to contain the desired product free of
      starting material and impurities.
PAC  PREPARATION 1
PAC  dl-Endo-6-(1-heptenyl)-3-(1-pyrrolidyl)-bicyclo[3.1.0]hex-2-ene.
PAR  A solution of formula-XLIII endo-6-(cis- and
      trans-1-heptenyl)bicyclo[3.1.0]hexan-3-one (see Example 29 of West Germany
      Offenlegungsschrift No. 1,937,912, cited above) (15 g.), 25 ml. of
      pyrrolidine, and 200 ml. of benzene is heated under reflux while removing
      the water formed by distillation. After 2 hrs. the benzene is replaced by
      50 ml. of toluene which is then removed in vacuo to give the title
      compound. This material gives an infrared spectrum having absorption
      attributable to the enamine double bond at 1610 cm.sup.-.sup.1 and free of
      carbonyl absorption.
PAC  PREPARATION 2
PAC  Methyl m-(Chloromethyl)phenoxyacetate (Formula LIII: C.sub.g H.sub.2g and
      C.sub.p H.sub.2p are valence bonds in meta relationship, C.sub.q H.sub.2q
      is methylene, Hal is chloro, R.sub.26 is hydrogen, and R.sub.10 is
      methyl).
PAR  a. m-Formylphenoxyacetic Acid. To a solution of m-hydroxybenzaldehyde (48.8
      g.) and sodium hydroxide (16.16 g.) in 500 ml. of water is added a
      solution prepared from chloroacetic acid (75 g.) and sodium hydroxide (32
      g.) in 100 ml. of water. The mixture is heated under reflux for 2 hrs.,
      cooled, and the pH is adjusted to pH 1 or 2. The mixture is extracted with
      dichloromethane-ether and the extract is dried and concentrated. The solid
      is taken up in saturated aqueous sodium bicarbonate, extracted with ether
      and the aqueous phase is made acidic. The aqueous phase is extracted with
      dichloromethane. The organic layer is concentrated and the residue is
      recrystallized from water to give m-formylphenoxyacetic acid (34.0 g.)
      m.p. 114.degree.-117.degree..
PAR  b. Methyl M-Formylphenoxyacetate. A solution of the product of step a (30.0
      g.) in 400 ml. of diethyl ethertetrahydrofuran is treated with an excess
      of ethereal diazomethane generated from
      N-methyl-N'-nitro-N-nitro-soguanidine (32.5 g.) and 200 ml. of 30%
      potassium hydroxide. The organic extract is washed with 5% sodium
      hydroxide, dried and concentrated to give methyl m-formylphenoxyacetate
      (17 g.), as a light yellow oil.
PAR  c. Methyl m-(Hydroxymethyl)phenoxyacetate. A solution of the product of
      step b (30.0 g.) in 200 ml. of methanol, cooled in an ice bath to
      0.degree., is treated with sodium borohydride (1.55 g.) in 30 ml. of cold
      water. After the addition, stirring is continued for 20 min., the methanol
      is removed, and 60 ml. of brine is added. The aqueous phase is extracted
      with ether and the ether solution is washed, first with 5% aqueous
      hydrochloric acid, then brine, and dried. Removal of the solvent yields
      methyl m-(hydroxymethyl)phenoxyacetate(27.0 g.).
PAR  d. Methyl m-(Chloromethyl)phenoxyacetate. To the product of step c (27.0
      g.) is added 20 ml. of thionyl chloride with stirring. Following the
      addition, the reaction mixture is stirred at 25.degree. for 30 min. and at
      reflux for 30 min. After cooling the reaction mixture, it is dissolved in
      ether and washed carefully with water, saturated aqueous sodium bicarbonte
      and brine. The organic layer is dried, concentrated and distilled to give
      the title compound (11.0 g.) b.p. 98.degree.-110.degree./0.03 mm.
PAR  Following the procedures of Preparation 2, but replacing chloroacetic acid
      with 3-chloropropionic acid, there is obtained, successively,
      3-(m-formylphenoxy)propionic acid and its methyl ester, methyl
      3-[m-(hydroxymethyl)phenoxy]-propionate, and the formula-LIII compound,
      methyl 3-[m-(chloromethyl)phenoxy]propionate.
PAR  Alternatively, Michael addition of m-hydroxy benzaldehyde to methyl
      acrylate, with base catalysis, and reduction of the product with sodium
      borohydride gives methyl 3-[m-(hydroxymethyl)phenoxy]propionate.
PAC  PREPARATION 3
PAC  Ethyl o-(Bromomethyl)benzyloxyacetate (Formula LIII: C.sub.g H.sub.2g is a
      valence bond, C.sub.p H.sub.2p and C.sub.q H.sub.2q are methylene, C.sub.g
      H.sub.2g and C.sub.p H.sub.2p are in ortho relationship, Hal is bromo,
      R.sub.26 is hydrogen, and R.sub.10 is ethyl).
PAR  To a mixture of .alpha.,.alpha.'-dibromo-o-xylene (100 g.), ethyl glycolate
      (47 g.), and dimethylformamide (500 ml.) is added with stirring over a
      1-hour period at 0.degree.-5.degree. C., 18 g. of 57% sodium hydride. The
      mixture is stirred for 16 hrs. at about 25.degree. C. and is then
      concentrated on a rotating evaporator at 40.degree.-50.degree. C. under
      vacuum. The residue is diluted with one liter of a mixture of isomeric
      hexanes (Skellysolve B) and diethyl ether (1:2 by volume) and the organic
      solution is washed successively with dilute hydrochloric acid, dilute
      potassium hydroxide solution, water, and brine, and is finally dried and
      concentrated. The residue is chromatographed on a column prepared by
      wet-packing 3 kg. of silica gel (Brinkman) with 6 l. of 15% ethyl acetate
      in Skellysolve B and 30 ml. of absolute ethanol. Gradient elution of the
      column with 16 l. of 15-35% ethyl acetate in Skellysolve B gives fractions
      of 400 ml. each of which are combined on the basis of thin layer
      chromatography (TLC). From fractions 18-27 there is obtained 35 g. of the
      title compound. This material has .lambda..sub.max. in ethanol at 231
      m.mu. (.epsilon. 7550) with shoulders at 272 (.epsilon. 700) and 278 m.mu.
      (.epsilon. 462). It has key absorptions in its NMR spectrum at about 7.3
      (apparent singlet), 4.7 (singlet), 4.64 (singlet), 4.06 (singlet),
      4.0-4.35 (quartet), and 1.1-1.34 (triplet) .delta.. It has mass spectral
      peaks at 206, 199, 201, 185, and 183.
PAC  PREPARATION 4
PAC  Endo-6-(cis-4-phenyl-1-butenyl)-bicyclo-[3.1.0]hexan-3-one (Formula XLIII:
      G is
      ##SPC104##
PAL  R.sub.3 and R.sub.4 are hydrogen; and .about. is endo).
PAR  a. There is first prepared (3-phenylpropyl)triphenylphosphonium bromide. A
      solution of 597.3 g. of 1-bromo-3-phenylpropane and 786 g. of
      triphenylphosphine in 1,500 ml. of toluene is heated at reflux under
      nitrogen for 16 hrs., then the mixture is cooled and the solid product is
      separated by filtration. The solid is then slurried with toluene in a
      Waring blender, separated by filtration, and dried for 18 hrs. at
      70.degree. C. under reduced pressure to give 1068 g. of
      (3-phenylpropyl)triphenylphosphonium bromide; m.p.
      210.5.degree.-211.5.degree. C.
PAR  b. A suspension of 314 g. of the product of step a in 3 l. of benzene is
      stirred at room temperature (25.degree. C.) under nitrogen, and 400 ml. of
      1.6 M butyllithium in hexane is added over a 20 min. period. The mixture
      is heated at 35.degree. C. for 30 minutes, then is cooled to -15.degree.
      C. and a solution of 100 g. of
      endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde 3-tetrahydropyranyl ether
      in 200 ml. of benzene is added over a 30-min. period. This mixture is
      heated at 70.degree. C. for 2.5 hrs., cooled, and filtered. The filtrate
      is washed three times with water, dried over sodium sulfate, and
      concentrated to 170 g. of crude
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-ol
      3-tetrahydropyranyl ether.
PAR  A solution of 340 g. (two runs) of this crude
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo-[3.1.0]hexan-3-ol
      3-tetrahydropyranyl ether and 20 g. of oxalic acid in 3600 ml. of methanol
      is heated at reflux for 3.5 hrs. The mixture is cooled and the methanol is
      evaporated under reduced pressure. The residue is mixed with
      dichloromethane, and the dichloromethane solution is washed with aqueous
      sodium bicarbonate, dried over sodium sulfate, and concentrated to 272 g.
      of the endo-6-(cis-4-phenyl-1-butenyl)bicyclo[3.1.0]-hexan-3-ol.
PAR  A solution of 93 g. of the above
      endo-6-(cis-4-phenyl-1-butenyl)bicyclo[3.1.0]hexan-3-ol in 2570 ml. of
      acetone is cooled to -5.degree. C. and 160 ml. of Jones reagent (in the
      proportions 42 g. of chromic anhydride, 120 ml. of water, and 34 ml. of
      concentrated sulfuric acid) is added over a period of 30 min. while
      cooling to maintain a temperature of -5.degree. C. The mixture is allowed
      to stand for 10 min. longer; then 100 ml. of isopropyl alcohol is added
      and the mixture is swirled for 5 min. The mixture is then diluted with 6
      l. of water and extracted several times with dichloromethane. The organic
      layers are separated, washed with dilute hydrochloric acid, water, dilute
      aqueous sodium bicarbonate, and brine, then are dried over sodium sulfate,
      combined and concentrated to 83 g. of crude
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one.
PAR  Crude endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]-hexan-3-one (162 g.,
      two runs) is dissolved in isomeric hexanes (Skellysolve B) and
      chromatographed over 5 kg. of silica gel wet-packed with Skellysolve B,
      eluting successively with 11 l. of Skellysolve B, 62 l. of 2.5% ethyl
      acetate in Skellysolve B, and 32 l. of 5% ethyl acetate in Skellysolve B.
      The last 8 l. of the 2.5% ethyl acetate in Skellysolve B eluates and the
      32 l. of 5% ethyl acetate in Skellysolve B eluates are combined and
      concentrated to 75.8 g. of the title compound; infrared absorption at
      3000, 1750, 1610, 1500, 1455, 1405, 1265, 1150, 778, 750 and 702
      cm.sup.-.sup.1., N.M.R. peaks at 7.18 (singlet) and 4.75-6.0 (broad
      multiplet) .delta..
PAC  PREPARATION 5
PAC  Endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo-[3.1.0]hexan-3-one. (Formula
      XLIII: G is
      ##SPC105##
PAL  R.sub.2 and R.sub.9 are hydrogen; and .about.  is endo).
PAR  a. There is first prepared (4-phenylbutyl)triphenylphosphonium bromide. A
      solution of 145 g. of 4-phenyl-1-bromobutane and 179 g. of
      triphenylphosphine in 350 ml. of toluene is heated at reflux under
      nitrogen for 16 hrs. The mixture is then cooled slowly and ether is added
      giving a precipitate of (4-phenylbutyl)triphenylphosphonium bromide which
      is washed throughly with benzene/ether and dried 18 hrs. at 50.degree. C.
      under reduced pressure, 268 g., m.p. 139.degree.-140.degree. C.
PAR  b. A suspension of 242 g. of the product of step a in 2.3 l. of dry benzene
      at 25.degree. C. is stirred and 300 ml. of 1.6 M butyllithium in hexane is
      added over a 15-min. period. The mixture is stirred at 30.degree. C. for
      one hour, then is cooled to 10.degree. C. and a solution of 75 g. of
      endobicyclo-[3.1.0]hexan-3-ol-6-carboxaldehyde 3-tetrahydropyranyl ether
      in 200 ml. of benzene is added over a 15-min. period. The mixture is
      heated at 65.degree.-70.degree. C. for 3 hours, cooled and filtered. The
      filtrate is washed with water and brine, dried over sodium sulfate, and
      concentrated under reduced pressure to give 117 g. of crude
      endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-ol
      tetrahydropyranyl ether showing a single spot, R.sub.f 0.75, on thin layer
      chromatography with silica gel plates developed with 20% ethyl acetate in
      cyclohexane.
PAR  A solution of 117 g. of the above crude
      endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-ol
      tetrahydropyranyl ether and 6 g. of oxalic acid in 2,500 ml. of methanol
      is heated under reflux for 2.5 hrs. The methanol is then removed by
      distillation under reduced pressure and the residue is diluted with water
      and extracted with dichloromethane. The dichloromethane extracts are
      combined, washed with aqueous sodium bicarbonate and brine, dried over
      sodium sulfate and concentrated under reduced pressure to give 95.7 g. of
      crude endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-ol. The
      entire crude product is chromatographed over 1.5 kg. of silica gel
      wet-packed with Skellysolve B, eluting successively with 5 l. of
      Skellysolve B, 4 l. of 2.5%, 6 l. of 5%, 9 l. of 7.5%, 12 l. of 10%, 8 l.
      of 15%, 10 l. of 20% and 10 l. of 30% ethyl acetate in Skellysolve B,
      taking 600 ml. fractions. The last fraction of 10% ethyl acetate in
      Skellysolve B, all the 15% and 20% ethyl acetate in Skellysolve B eluates,
      and the first 3 fractions of 30% ethyl acetate in Skellysolve B are
      concentrated to 60.5 g. of purified
      endo-6-(cis-5-phenyl-1-pentenyl)bicyclo[3.1.0]hexan-3-ol.
PAR  A solution of 60.5 g. of the above purified alcohol in 1,600 ml. of acetone
      is cooled to -10.degree. C. and 103 ml. of Jones reagent is added
      dropwise. After addition is complete the mixture is stirred for 10 min. at
      0.degree. C. and 65 ml. of isopropyl alcohol is added. The mixture is
      poured into 8 l. of water and extracted several times with
      dichloromethane. The dichloromethane extracts are combined, washed with
      dilute hydrochloric acid, aqueous sodium bicarbonate and brine, dried over
      sodium sulfate and concentrated under reduced pressure to give 56 g. of
      crude endo-6-(cis-5-phenyl-1-pentenyl)bicyclo[3.1.0]hexan-3-one. The crude
      ketone is slurried in Skellysolve B and chromatographed over 2,300 g. of
      silica gel wet packed in Skellysolve B, eluting successively with 6 l. of
      Skellysolve B, 16 l. of 2.5% ethyl acetate in Skellysolve B, then gradient
      elution with 5 l. of 2.5% and 5 l. of 5% ethyl acetate in Skellysolve B
      and finally 16 l. of 5% ethyl acetate in Skellysolve B, taking 625 ml.
      fractions. The last fraction of the gradient eluates and the first 19
      fractions of 5% ethyl acetate in Skellysolve B are concentrated to give
      23.6 of the title compound; infrared absorption at 2980, 1745, 1600, 1490,
      1450, 1260, 1145, 770, 750 and 702 cm.sup.-.sup.1., N.M.R. peaks at 7.17
      (singlet), 6.0-5.4 (multiplet), and 5.2-4.7 (broad multiplet) .delta..
PAC  PREPARATION 6
PAC  Endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one Acetonide
      (Formula XXXVI wherein G is
      ##SPC106##
PAC  R.sub.2 and R.sub.9 are hydrogen, R.sub.11 and R.sub.12 are methyl, and
      .about. is endo).
PAR  a. There is first prepared the formula-LI dihydroxy compound. To a solution
      of endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one (10.0 g.,
      Preparation 4) in about 100 ml. tetrahydrofuran is added, with stirring, a
      solution of potassium chlorate (10.0 g.) and osmium tetroxide (0.65 g.) in
      250 ml. of water. The mixture is stirred vigorously for 5 hrs. at
      50.degree. C. Then, the cooled mixture is concentrated under reduced
      pressure. The residue is extracted repeatedly with dichloromethane, and
      the combined extracts are dried and concentrated to an oil. This oil is
      chromatographed on about 1000 g. of silica gel, and eluted successively
      with 3 l. of 10% ethyl acetate in a mixture of isomeric hexanes
      (Skellysolve B), with 5 l. of 25% ethyl acetate in Skellysolve B, and then
      with 50% ethyl acetate in Skellysolve B, collecting 500 ml. eluate
      fractions. Fractions 13-19 (50% ethyl acetate) are combined and evaporated
      to dryness to give dl-endo-6
      (1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexane-3-one (Formula LI).
PAR  b. A solution of the product of step a (about 8.0 g.) and 700 mg. of
      potassium bisulfate in 140 ml. of acetone is stirred at 25.degree. C. for
      64 hrs. Then sodium carbonate monohydrate (710 mg.) is added, and the
      mixture is stirred 10 minutes. The acetone is evaporated at reduced
      pressure, and water is added. The aqueous solution is extracted repeatedly
      with dichloromethane, and the extracts are combined, washed with water,
      dried, and concentrated to about 9.3 g. of an oil. The oil is
      chromatographed on 400 g. of silica gel, being eluted with 2 l. of 10%
      ethyl acetate in Skellysolve B, and then with 4 l. of 15% ethyl acetate in
      Skellysolve B. The 15% ethyl acetate eluates are concentrated to about 7.4
      g. of the formula-XXXVI compound,
      endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one acetonide.
PAC  PREPARATION 7
PAC  Methyl 9-Bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate.
      (Formula LIV: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationship, C.sub.q H.sub.2q is methylene, Hal is bromo, R.sub.26
      is hydrogen and R.sub.10 is methyl).
PAR  a. To a cold, stirred solution of m-vinylanisole (13.4 g.) in 40 ml. of
      diethyl ether is slowly added a solution of bromine (15.9 g.) in 60 ml. of
      diethyl ether. The ether solution is used directly in converting the
      product, m-(1,2-dibromoethyl)anisole to m-methoxyphenylacetylene by
      dehydrohalogenation (see T. H. Vaughn, J. Am. Chem. Soc. 56, 2064, 1934).
      The ether solution above is slowly added, with vigorous stirring, to a
      mixture of sodium amide prepared from sodium (4.6 g.) in about 200 ml. of
      liquid ammonia. When the reaction is complete, the volume is reduced about
      one-half, and an equal volume of water is cautiously added. A layer
      containing the product is separated, washed with dilute hydrochloric acid,
      dried, and distilled.
PAR  b. To a solution of the product of step a above in 250 ml. of
      dichloromethane, maintained at 0.degree. C. under nitrogen, is added
      dropwise over about a 1-hour period with vigorous stirring a solution of
      about 15 ml. of boron tribromide in 200 ml. of dichloromethane. Cooling
      and stirring continue for one hour. When the reaction is complete as shown
      by TLC, there is added cautiously a solution of sodium carbonate in water
      to neutralize the mixture. Thereafter, the solution is saturated with
      sodium chloride (added as a solid), and the organic phase is separated and
      combined with additional ethyl acetate washings of the aqueous phase. The
      organic solutions are washed with brine, dried over sodium sulfate, and
      concentrated under reduced pressure to yield the acetylenic phenol.
PAR  c. To the product of step b (11.8 g.), is added gradually a solution of
      sodium ethoxide (prepared from sodium and absolute ethanol). Thereafter,
      ethylene chlorohydrin (8.0 g.) is added in small portions. When all has
      been added, the mixture is heated at reflux for about one hour or until
      completion, then filtered hot. The combined filtrate and ethanol washings
      are concentrated to remove alcohol, and the product distilled under
      reduced pressure.
PAR  To the hydroxyethyl ether (16.2 g.) as obtained above, cooled to
      15.degree.-20.degree. C., is added 20 ml. of dihydropyran and 100 ml. of
      diethylether, and, with stirring, 1 ml. of anhydrous diethyl ether
      saturated with hydrogen chloride. After the exothermic reaction has
      diminished, the mixture is kept at 25.degree. C. for 15 hours. The mixture
      is washed with aqueous sodium bicarbonate, water, and dried, then
      concentrated under reduced pressure to yield the tetrahydropyranyl ether.
PAR  d and e. To a solution of the product of step c (10 g.) in anhydrous
      tetranydrofuran (180 ml.) at -78.degree. C. under argon is added the
      equivalent molecular amount of n-butyllithium in hexane. The resulting
      solution is stirred at -78.degree. C. for an additional 30 minutes. A
      suspension of dry paraformaldehyde (two equivalents) in anhydrous
      tetrahydrofuran is added and the mixture warmed to room temperature over a
      30-min. period. It is stirred an additional 1 hour and poured into brine,
      then extracted with ether, dried, and concentrated to yield the hydroxy
      compound.
PAR  f. The hydroxy compound of step e is converted to the bromo compound by
      first forming the mesyl derivative by reaction with methanesulfonyl
      chloride (4 ml.) in pyridine (80 ml.) at -20.degree. C. The mixture is
      stirred 1 hour at -20.degree. C., and then is poured into a stirred
      mixture of 3 normal hydrochloric acid (300 ml.) and ice water (500 ml.).
      This mixture is extracted with diethyl ether, the extract is washed with
      cold one normal hydrochloric acid and brine, then dried and concentrated.
      To a solution of the residue (mesyl derivative) in dry acetone (100 ml.)
      is added lithium bromide (5 g.) and the mixture stirred and heated at
      reflux one hour, then kept at 25.degree. C. for 15 hours. The acetone is
      evaporated under reduced pressure, and the residue is extracted with
      diethyl ether. The extract is washed with water and brine, then dried and
      concentrated. The residue is chromatographed on silica gel, eluting with
      10% ethyl acetate in Skellysolve B. Fractions shown by TLC to contain the
      product are combined and concentrated to give the formula-LX intermediate.
PAR  g. The product of step f above is converted to the corresponding carboxylic
      acid and its methyl ester as follows. The tetrahydropyranyloxy group is
      replaced by hydroxyl by contacting the product of f with a mixture of
      acetic acid/water/tetrahydrofuran (20/10/3) at 40.degree. C. for 2 hours,
      thereafter removing solvents under reduced pressure.
PAR  The substituted glycol from above is oxidized to the acid in acetone
      solution, using a slight excess of Jones reagent (21 g. chromic
      anhydride/60 ml. water/17 ml. conc. sulfuric acid) while cooling to
      maintain a temperature of -5.degree. to 0.degree. C. After about 60 min.,
      isopropyl alcohol is added, the mixture is stirred for 10 min., and then
      poured into ice water. The acid product is isolated by extraction with
      chloroform, drying over sodium sulfate, and concentration under reduced
      pressure.
PAR  The acid from above is converted to the methyl ester by reaction with
      diazomethane in diethyl ether at about 10.degree.-25.degree. C., followed
      by concentration to yield the desired title compound.
PAR  Following the procedures of Preparation 7, but replacing m-vinylanisole
      with methyl (o, m, or p-)vinylbenzyl ether, there are obtained,
      respectively, methyl
      9-bromo-3-oxa-4,7-inter-o-phenylene-5,6-dinor-7-nonynoate, methyl
      10-bromo-3-oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decynoate, and methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetranor-9-undecynoate.
PAC  PREPARATION 8
PAC  Methyl 9-Bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate
      (Formula LV: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationships. C.sub.q H.sub.2q is methylene, Hal is bromo, R.sub.26
      is hydrogen and R.sub.10 is methyl).
PAR  A solution of methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (2.0 g.,
      Preparation 7) in 10 ml. of pyridine is hydrogenated in the presence of a
      5% palladium on barium sulfate catalyst (150 mg.) at 25.degree. C. and one
      atmosphere. The resulting mixture is filtered and evaporated to about
      one-third the original volume. Four volumes of ethyl acetate is added, and
      the remaining pyridine is removed by addition of ice and one N
      hydrochloric acid. The ethyl acetate layer is separated, washed
      successively with one N hydrochloric acid and brine, dried, and
      evaporated. The residue is chromatographed on 250 g. of silica gel which
      has previously been acid-washed to pH 4 (Silicar CC.sub.4, 100-200 mesh,
      Mallincrodt Co.), eluting with 3 l. of 25-75% ethyl acetate-Skellysolve B
      gradient, collecting 100 -ml. fractions. The fractions shown to have the
      desired product free of starting material by TLC are combined and
      concentrated under reduced pressure to give the title compound containing
      the cis --CH=CH moiety.
PAR  Following the procedures of Preparation 8, but replacing methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate with methyl
      9-bromo-3-oxa-4,7-inter-o-phenylene-5,6-dinor-7-nonynoate, methyl
      10-bromo-3-oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decynoate, or methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetra-nor-9-undecyanoate
      (from the paragraphs following Preparation 7), there is obtained the
      corresponding formula-LV enoate compounds in which cis--CH=CH-- has
      replaced --C.tbd.C--.
PAC  PREPARATION 9
PAC  Methyl 9-Bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-trans-7-nonenoate.
      (Formula LVI: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationship, C.sub.q H.sub.2q is methylene, Hal is bromo, R.sub.26
      is hydrogen and R.sub.10 is methyl).
PAR  A solution of the compound represented by the formula
      ##SPC107##
PAL  (1.0 g., Preparation 7, step e) in 20 ml. of tetrahydrofuran is cooled to
      -10.degree. C. This solution is added to a fresh solution of lithium
      aluminum hydride (110% of theory) in tetrahydrofuran. The reaction mixture
      is stirred for 16 hours at 25.degree. C. ambient temperature. Then, water
      (20 ml.) is added, and the resulting solution is acidified with one N
      hydrochloric acid, and then extracted with ethyl acetate. The extract is
      washed successively with aqueous sodium bicarbonate solution and brine,
      dried, and evaporated under reduced pressure. The residue is
      chromatographed on silica gel, eluting with a 25-75% ethyl
      acetate-Skellysolve B gradient, combining fractions shown to have the
      desired product by TLC, and removing solvent from those combined fractions
      under reduced pressure to yield a compound represented by the formula
      ##SPC108##
PAR  Thereafter, following the procedures of Preparation 7, steps f through g,
      there is obtained the title compound containing the trans--CH=CH-- moiety.
PAR  Following the procedures of Preparation 9, but replacing that nonynoate
      with the compound having the formula
      ##SPC109##
PAL  wherein the THP-terminated moiety is attached to the ring in ortho, meta,
      or para configuration, there is obtained the corresponding formula-LVI
      compound in which trans --CH=CH-- has replaced --C.tbd.C--.
PAC  PREPARATION 10
PAC  Optically Active Bicyclo[3.1.0]-hex-2-ene-6-endo-carboxaldehyde
PAR  Following the procedure of Preparation 1 of U.S. Pat. No. 3,711,515,
      racemic bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde is prepared from
      bicyclo[2.2.1]hepta-2,5-diene and peracetic acid.
PAR  The racemic compound is resolved by the procedure of Example 13 of U.S.
      Pat. No. 3,711,515, forming an oxazolidine as follows.
PAR  Racemic bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde (12.3 g.) and
      1-ephedrine (16.5 g.) are dissolved in about 150 ml. of benzene. The
      benzene is removed under vacuum and the residue taken up in about 150 ml.
      of isopropyl ether. The solution is filtered, then cooled to -13.degree.
      C. to yield crystals of
      2-endo-bicyclo-[3.1.0]hex-2-en-6-yl-3,4-dimethyl-5-phenyl-oxazolidine,
      11.1 g., m.p. 90.degree.-92.degree. C. Three recrystallizations from
      isopropyl ether, cooling each time to about -2.degree. C., yield crystals
      of the oxazolidine, 2.2 g., m.p. 100.degree.-103.degree. C., now
      substantially a single isomeric form as shown by NMR.
PAR  The above re-crystallized oxazolidine (1.0 g.) is dissolved in a few ml. of
      dichloromethane, charged to a 20 g. silica gel column and eluted with
      dichloromethane. The silica gel is chromatography-grade (Merck), 0.05-0.2
      mm. particle size, with about 4-5 g. of water per 100 g. Fractions of the
      eluate are collected, and those shown by thin layer chromatography (TLC)
      to contain the desired compound are combined and evaporated to an oil (360
      mg.). This oil is shown by NMR to be the desired title compound,
      substantially free of the ephedrine, in substantially a single
      optically-active isomeric form. Points on the circular dichroism curve are
      (.lambda. in nm.,.theta.): 350, 0; 322.5, -4,854; 312, -5,683; 302.5,
      -4,854; 269, 0; 250, 2,368; 240, 0; and 210, -34,600.
PAC  EXAMPLE 1
PAC   dl-Methyl
      7-[Endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter
     -m-phenylene-4,5,6-trinor-heptanoate (Formula XLIV, Chart E: G is n-pentyl;
      R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl; Z' is
      ##SPC110##
PAL  and .about. is alpha and endo).
PAR  A. A solution prepared from
      endo-6-(1-heptenyl)-3-(1-pyrrolidyl)-bicyclo[3.1.0]hex-2-ene (Preparation
      1, 5.0 g.) and methyl m-(chloromethyl)-phenoxyacetate (Preparation 2, 4.4
      g.) in 60 ml. of dioxane is stirred under a nitrogen atmosphere at about
      25.degree. C for 2 days and then heated under reflux for 7 hrs. To the
      reaction mixture is added water. The solution is heated on a steam bath,
      cooled and extracted with ether. The extract is washed, first with dilute
      (about 5% hydrochloric acid, then brine, and dried and concentrated. The
      residue is chromatographed on 700 g. of silica gel prepared with 20%
      ether-isomeric hexane mixture (Skellysolve B) and eluted with 1.5 l. of
      20% ether-Skellysolve B, 1.5 l. of 25% ether-Skellysolve B, and 1.5 l. of
      30% ether-Skellysolve B, collecting 100-ml. fractions. Fractions 25-31
      give the title compound (1.7 g.).
PAR  B. Alternate synthesis. - A solution of potassium tert-butoxide (9.0 g.) in
      500 ml. of nitrogen-purged tetrahydrofuran is added dropwise during 45
      min. to a stirred solution of the formula-XLIII bicyclo olefin,
      endo-6-(1-heptenyl)bicyclo[3.1.0]hexan-3-one (see Example 9 of West
      Germany Offenlegungsschrift No. 1,937,912, cited above) (10.0 g.), and
      methyl m-(chloromethyl)phenoxyacetate (Preparation 2, 13 g.) in 250 ml. of
      tetrahydrofuran under nitrogen at 25.degree. C. The resulting mixture is
      acidified at once with 120 ml. of 5% hydrochloric acid, and then is
      concentrated under reduced pressure below 40.degree. C. to remove most of
      the tetrahydrofuran. Water (400 ml.) is added to the residue, and the
      mixture is extracted with three 400-ml. portions of ethyl acetate. The
      combined extracts are washed successively with aqueous sodium thiosulfate
      solution and brine, dried, and concentrated under reduced pressure. The
      residue is chromatographed over 4 kg. of silica gel wet-packed with 20%
      ether-isomeric hexane mixture (Skellysolve B) and eluted with
      ether-Skellysolve B mixtures having 20-30% ether. Fractions shown by TLC
      to contain the desired alkylation product are combined to yield the
      formula-XLIV (Chart E) alkylated olefin title compound.
PAR  Following the procedure of Example 1-B but replacing the formula-XLIII
      (Chart E) endo-6-(1-heptenyl)bicyclo[3.1.0]hexan-3-one with the
      corresponding bicyclo olefins prepared by reaction of the
      -tetrahydropyranyl ether of endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde
      with intermediate quaternary phosphonium halides (see above-cited West
      Germany Offenlegungsschrift No. 1,937,912) prepared from 1-bromobutane,
      1-chloropentane, 1-bromoheptane, and 1-chlorooctane, there are obtained
      the corresponding formula-XLIV alkylated olefin compounds wherein G is
      straight chain alkyl of 3, 4, 6, and 7 carbon atoms, respectively.
PAR  Also following the procedure of Example 1-B but employing instead
      formula-XLIII bicyclo olefins prepared from 1-bromo-2-fluorobutane,
      1-chloro-2-fluoro-pentane, 1-bromo-2-fluorohexane,
      1-bromo-2-fluoroheptane, and 1-chloro-2-fluorooctane, there are obtained
      the corresponding formula-XLIV alkylated olefin compounds wherein G is
      straight chain alkyl of 3 to 7 carbon atoms, inclusive, with a fluoro
      substituent at the 1-position.
PAR  Also following the procedure of Example 1-B but employing, instead,
      formula-XLIII bicyclo olefins prepared from primary bromides of the
      formula R.sub.27 --(CH.sub.2).sub.b --CH.sub.2 Br, wherein b is one, 2, 3,
      or 4, and R.sub.27 is isobutyl, tert-butyl, 3,3-difluorobutyl,
      4,4-difluorobutyl, 4,4,4-trifluorobutyl, and 3,3,4,4,4-pentafluorobutyl,
      there are obtained compounds corresponding to the formula-XLIV product of
      Example 1-B with R.sub.27 --(CH.sub.2).sub.b --CH=CH-- in place of the
      1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B but employing, instead,
      formula-XLIII bicyclo olefins prepared from primary bromides of the
      formula CH.sub.3 --(CH.sub.2).sub.c --CR.sub.21 R.sub.22 --CH.sub.2 Br
      wherein c is 2, 3, or 4, and R.sub.21 and R.sub.22 are methyl or ethyl,
      e.g. CH.sub.3 --(CH.sub.2).sub.2 --C(C.sub.2 H.sub.5).sub.2 --CH.sub.2
      --Br, CH.sub.3 --(CH.sub.2).sub.3 --CH(CH.sub.3)--CH.sub.2 --Br, CH.sub.3
      --(CH.sub.2).sub.3 --CH(C.sub.2 H.sub.5)--CH.sub.2 Cl, CH.sub.3
      --(CH.sub.2).sub.3 --C(CH.sub.3).sub.2 --CH.sub.2 --Br, and CH.sub.3
      --(CH.sub.2).sub.3 --C(CH.sub.3)(C.sub.2 H.sub.5)--CH.sub.2 Br, there are
      obtained the corresponding formula-XLIV alkylated olefin compounds wherein
      G is mono- or di-substituted at the 1-position with methyl or ethyl.
PAR  Also following the procedure with Example 1-B but employing, instead,
      formula-XLIII bicyclo olefins prepared from .alpha.-bromotoluene,
      (2-bromoethyl)benzene, (5-chloropentyl)-benzene, (6-bromohexyl)benzene,
      and (7-iodoheptyl)benzene; from (1-chloroethyl)-benzene,
      (1-bromopropyl)benzene, (2-bromopropyl)benzene, (3-chloropentyl)benzene,
      (4-bromopentyl)benzene, (6-bromononyl)benzene and (7-bromononyl)benzene;
      from 1-bromo-2-phenylpropane, 1-bromo-2-methyl-2-phenylpropane,
      1-chloro-2-ethyl-3-phenylpropane, 1-bromo-2-methyl-4-phenylbutane, and
      1-bromo-2,2-dimethyl-5-phenylpentane; from .alpha.-bromo-m-xylene,
      .alpha.-chloro-p-ethyltoluene, .alpha.-bromo-p-chlorotoluene,
      .alpha.'-chloro-.alpha.,.alpha.,.alpha.-trifluoro-m-xylene,
      1-(2-bromoethyl)-4-fluorobenzene, 1-(5-bromopentyl)-2-chlorobenzene,
      4-(3-iodopropyl)-1,2-dimethoxybenzene, and
      1-(3-bromohexyl)-2,4,6-trimethylbenzene; and from
      (2-bromo-1-fluoroethyl)benzene, (2-bromo-1-fluoropropyl)benzene,
      (2-chloro-fluoro-1-methylpropyl)benzene, (5-bromo-4-fluoropentyl)benzene,
      (7-iodo-6-fluoropentyl)benzene, (4-bromo-3,3-difluorobutyl)benzene, and
      (6-bromo-5,5-difluorohexyl)benzene, there are obtained the corresponding
      formula-XLIV alkylated olefin compounds wherein G is
      ##SPC111##
PAL  including compounds wherein C.sub.t H.sub.2t is substituted with one or 2
      fluoro atoms.
PAR  Also following the procedure of Example 1-B, but using formula-XLIII
      bicyclo olefins obtained from the secondary bromides of the formula
      ##EQU50##
      wherein G and R.sub.2 are as defined above, R.sub.2 being alkyl, there are
      obtained formula-XLIV alkylated olefins corresponding to the product of
      Example 1-B with
      ##EQU51##
      in place of the 1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B, but using formula-XLIII
      bicyclo olefins obtained from bicyclo[3.1.0]-hexane reactants with
      ##EQU52##
      in place of
      ##EQU53##
      wherein R.sub.9 is as defined above, there is obtained formula-XLIII
      alkylated olefins corresponding to the product of Example 1-B with
      ##EQU54##
      in place of the 1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B, but using formula-XLIII
      bicyclo olefins obtained from bicyclo-[3.1.0]hexane reactants with
      ##EQU55##
      in place of
      ##EQU56##
      and primary and secondary bromides of the formula
      ##EQU57##
      (as above defined), there are obtained formula-LIV alkylated olefins
      corresponding to the product of Example 1-B with
      ##EQU58##
      in place of the 1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B but using a larger amount of
      potassium tert-butoxide (16 g.) and maintaining the reaction mixture for 8
      hrs. at 25.degree. C. before addition of hydrochloric acid, a product is
      obtained which contains substantial amounts of both the above described
      2.alpha.-yl isomer and the corresponding 2.beta.-yl isomer. These isomers
      are separated by the above-described silica gel chromatography.
PAR  Also following the procedure of Example 1-B but using exo formula-XLIII
      bicyclo olefins in place of the endo reactant of Example 1-B, there are
      obtained the corresponding exo formula-XLIV alkylated olefins.
PAR  Also following the procedure of Example 1-B but replacing the methyl
      m-(chloromethyl)phenoxyacetate alkylating agent with the formula-LIII and
      -LIV compounds, methyl 3-[m-chloromethyl)phenoxy]propionate, methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate, and methyl
      10-bromo-3 -oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decynoate, there are
      obtained alpha and beta, exo and endo, formula-XLIV alkylated olefins
      corresponding to the product of Example 1-B with
      ##SPC112##
PAL  replaced with
      ##SPC113##
      ##SPC114##
PAL  respectively. In the same manner, but using, according to Example 1-B,
      other esters of the above-described formula-LIII and -LIV alkylating
      agents within the scope of R.sub.10 as above-defined, e.g., the isopropyl,
      tert-butyl, octyl, cyclohexyl, benzyl, and phenyl esters, there are
      obtained the corresponding formula-XLIV esters.
PAR  Also following the procedure of Example 1-B, but using in combination each
      of the above-described alternative formula-XLIII bicyclo olefins and each
      of the above-described alternative formula-LIII or -LIV omega-halo
      alkylation agents, there are obtained formula-XLIV alkylated olefins
      corresponding to the product of Example 1-B but different therefrom with
      respect to both the carboxylate-terminated side chain and the side chain
      attached to the cyclopropane ring in the product.
PAR  Also following the procedure of example 1-B, but using in place of the
      formula-LIII halo alkylating agent of that Example, each of the other
      alkylating agents within the scope of
      ##EQU59##
      as above defined, i.e., alkylating agents of formulas LIII and LIV as
      above-described, there are obtained alpha and beta exo and endo
      formula-XLIV compounds corresponding to the product of Example 1-B with
      each of the other
      ##EQU60##
      side chains in place of the
      ##SPC115##
PAL  side chain of the Example 1-B product. For example, using as formula-LIII
      alkylating agents in the Example 1-B procedure, the following compounds
      wherein Et is ethyl;
      ##SPC116##
PAL  there are obtained exo and endo, alpha and beta, formula-XLIV alkylated
      bicyclo[3.1.0]hexanes each having a carboxylate-terminated side chain
      corresponding to one of the specific omega-halo alkylating agents. For
      example, the side chain will be alpha or beta
      ##SPC117##
PAL  when the alkylating agent is
      ##SPC118##
PAR  Also following the procedure of Example 1-B, but using in combination each
      of the alternative alkylating formula-LIII and -LIV agents within the
      scope of
      ##EQU61##
      including the specific examples of those just mentioned, and each of the
      above-described formula-XLIII alternative bicyclo[3.1.0]hexane olefin
      reactants, there are obtained formula-XLIV exo and endo, alpha and beta,
      compounds corresponding to the products of Example 1-B, but different
      therefrom with respect to both the carboxylate-terminated side chain and
      the side chain attached to the cyclopropane ring of the product. In the
      same manner, alternative alkylating agents within the scope of
      ##EQU62##
      wherein R.sub.10 is other than ethyl, e.g., methyl, isopropyl, tert-butyl,
      octyl, cyclohexyl, benzyl, phenyl, and .beta.,.beta.,.beta.-trichloroethyl
      are used.
PAC  EXAMPLE 2
PAC  dl-Methyl
      7-[Endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     3,7-inter-m-phenylene-4,5,6-trinor-heptanoate (Formula XLV, Chart E: G' is
      n-pentyl; R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl;
      Z' is
      ##SPC119##
PAL  and .about. is alpha and endo).
PAR  Refer to Chart E. To a solution of dl-methyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter
     -m-phenylene-4,5,6-trinor-heptanoate (Example 1, 1.7 g.) in 30 ml. of
      tetrahydrofuran at 50.degree. is added with stirring osmium tetroxide (200
      mg.) followed by potassium chlorate (1.2 g.) and 15 ml. of water. The
      reaction mixture is maintained at 50.degree. for 2 hrs., cooled, the
      tetrahydrofuran is removed, and the aqueous phase is extracted with
      dichloromethane. The organic layer is dried and concentrated and the
      residue is chromatographed on 200 g. of silica gel. The column is eluted
      with 1 l. of 35% ethyl acetate-benzene and 1 l. of 40% ethyl
      acetate-benzene, collecting 30-ml. fractions. Fractions 26-30 contain one
      isomer (faster moving, less polar) of the title compound (350 ml.).
      Fractions 32-37 contain the other slower-moving (more polar) isomer (450
      mg.). These materials show infrared spectral absorption at 330
      cm.sup.-.sup.1.
PAR  Following the procedure of Example 2 but using the hex-2.beta.-yl isomer in
      place of the hex-2.alpha.-yl isomer of the bicyclo reactant, dl-methyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.beta.-yl]-3-oxa-3
     ,7-inter-m-phenylene-4,5,6-trinor-heptanoate is obtained.
PAR  Also following the procedure of Example 2, each of the formula-XLIV exo and
      endo, alpha and beta, saturated and acetylenic bicyclo[3.1.0]hexane esters
      defined above after Example 1 is oxidized to mixtures of the corresponding
      isomeric formula-XLV dihydroxy compounds.
PAC  EXAMPLE 3
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl Ester (Formula
      XVI: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in metal
      relationship, G is n-pentyl,Q is
      ##EQU63##
PAC  R.sub.1 is methyl, and .about. is alpha) and
      dl-15-Beta-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl Ester
      ##EQU64##
PAR  Refer to Chart E. To a solution of the formula-XLV dihydroxy compound
      dl-methyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     3,7-inter-m-phenylene-4,5,6-trinor-heptanoate (800 mg. of a mixture of the
      slower and faster moving isomers of Example 2) in 10 ml. of pyridine,
      cooled to 0.degree., is added 1.2 ml. of methane-sulfonyl chloride. The
      reaction mixture is stirred for 2  hrs. and 20 g. of ice is added. The
      mixture is extracted with ether-dichloromethane (1:1) and the organic
      layer is washed successively with dilute hydrochloride acid, water,
      saturated aqueous sodium bicarabonate, and brine, dried, and concentrated.
      The residue, containing the bismesylate, is treated with 15 ml. of acetone
      and 10 ml. of water and stirred for 8-16 hrs. at 25.degree.. The acetone
      is removed in vacuo and the remaining solution is extracted with
      dichloromethane. The extract is dried and concentrated and the residue is
      chromatographed on 150 g. of silica gel using 500 ml. ethyl acetate
      followed by 3% methanol ethyl acetate as eluting solvent while collecting
      30-ml. fractions. Fractions 15-24 are combined and concentrated to yield
      the 15-.beta. PGE.sub.1 title compound (50 mg.); mass spectral peak at
      404; ultraviolet absorption at 216 (.epsilon. = 8100), 264 (.epsilon. =
      1100), 272 (.epsilon. = 1600) and 278  (.epsilon. = 1500) m.mu.. Fractions
      26-35 are combined and concentrated to yield a residue which is
      re-chromatographed on 10 g. of silica gel using the same solvent system
      and collecting 1.5 ml. fractions. Fractions 22-29 are combined and
      concentrated to give the PGE.sub.1 title compound (75 mg.); mass spectral
      peak at 404; ultraviolet absorption at 216 (.epsilon. = 7700), 264, 272
      (.epsilon. = 1500), and 278 (.epsilon. = 1400) m.mu..
PAR  Following the procedures of Example 3, each of the formula-XLV
      dl-endo-1,2-dihydroxy oxa-phenylene esters following Example 2 is
      transformed to the corresponding dl-endo-1,2-dimesyloxy oxa-phenylene
      ester, and thence to the corresponding PGE type compound or its isomers.
PAR  Also following the procedures of Example 3, each of the formula-XLV and
      dl-exo-1,2-dihydroxy-oxa-phenylene esters corresponding to the above
      dl-endo-1,2-dihydroxy esters is transformed to the corresponding
      dl-exo-1,2-dimesyloxy ester, and thence to the corresponding PGE type
      compound or its isomers.
PAR  By the above-outlined procedures, following the steps of Chart E, there are
      obtained the specific PGE-type esters represented by figures XVI and
      XVIII, e.g. the esters of the dl-oxa-phenylene PGE.sub.1 compounds and
      5,6-dehydro-PGE.sub.2 compounds, including their 8-iso and 15-epi (.beta.)
      forms. For example,
      dl-5,6-dehydro-3-oxa-3,7-inter-m-phenylene-18-phenyl-4,19,20-trinor-PGE.su
     b.2 methyl ester and its 15-epimer are obtained from dl-methyl
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Example 10 hereinafter)
      by way of the dihydroxy and bis(mesylate) intermediates of Chart E,
      following Example 3, as represented by the following formulas:
      ##SPC120##
PAR  Also following the procedure of Example 3, but replacing methanesulfonyl
      chloride with an alkanesulfonyl chloride or bromide or with an
      alkanesulfonic acid anhydride, wherein the alkane moiety contains 2 to 5
      carbon atoms inclusive, there is obtained from each dihydroxy compound the
      corresponding bis(sulfonic acid) esters encompassed by formula XLVI.
PAR  In each of the above the in Example 3, the monosulfonic acid ester is also
      obtained as a byproduct, which is reacted with additional alkanesulfonyl
      halide or alkanesulfonic acid anhydride to give the corresponding
      bis(sulfonic acid) ester and thence recycled back to additional
      formula-XLVII product.
PAR  For satisfactory yields of the bis-sulfonic acid ester, R.sub.10 is not
      hydrogen. Those intermediate compounds in which R.sub.10 is haloethyl,
      e.g., .beta.,.beta.,.beta.-trichloroethyl, are especially useful in the
      sequence of reactions leading to the acid form of the prostaglandin-like
      products. Each of the exo and endo, alpha and beta, saturated and
      unsaturated oxa-phenylene bis(alkanesulfonic acid) esters is transformed
      to the corresponding oxa-phenylene PGE type compound encompassed by
      formula-XLVII.
PAC  EXAMPLE 4
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha. Methyl
      Ester and dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..beta.
      Methyl Ester  (Formula XX: C.sub.g H.sub.2g and C.sub.p H.sub.2p are
      valence bonds in meta relationship, G is n-pentyl, Q is
      ##EQU65##
PAC  R.sub.1 is methyl, and .about. is alpha for the carboxyl-containing moiety
      and either alpha or beta for the ring hydroxyl).
PAR  Refer to Chart A. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 300 mg.), 20 ml. of tetrahydrofuran, 2.0 ml. of
      hexamethyldisilazane, and 0.15 ml. of trimethylsilyl chloride is stirred
      at 25.degree. for 20 hrs. The reaction mixture is concentrated in vacuo,
      benzene is added, the solution concentrated and this procedure is
      repeated. The residue is dissolved in 10 ml. of methanol, cooled in an
      ice-methanol bath, and sodium borohydride (60 mg.) in 20 ml. of cold water
      is added dropwise. The methanol is removed and the aqueous phase is
      extracted with dichloromethane, and the resulting dichloromethane solution
      is dried and concentrated in vacuo. The residue is chromatographed on 45
      g. of silica gel using 70 ml. of ethyl acetate and then a gradient of 0-8%
      methanol ethyl acetate as eluting solvent, collecting 10-ml. fractions.
      Fractions 22-36 are combined and concentrated to yield the
      PGF.sub.1.sub..alpha. -type title compound (100 mg.); mass spectral peak
      for tris-trimethylsilyl derivative at 622. Fractions 37-42 are combined
      and concentrated to yield a residue which is chromatographed on a
      preparative silica gel plate using 5% methanol-methylene chloride as
      eluting solvent. From the plate is obtained the PGF.sub.1.sub..beta. -type
      title compound (25 mg.); mass spectral peak for tris-trimethylsilyl
      derivative at 622.
PAR  Following the procedure of Example 4,
      dl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.1 ethyl ester (Example 8
      hereinafter) is transformed to
      dl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGF.sub.1.sub..alpha. and
      -PGF.sub.1.sub..beta. ethyl esters.
PAR  Also following the procedure of Example 4,
      dl-5,6-dehydro-3-oxa-3,7-inter-m-phenylene
      18-phenyl-4,19-20-trinor-PGE.sub.2  methyl ester (following Example 3) is
      transformed to the corresponding PGF.sub.2.sub..alpha. and
      PGF.sub.2.sub..beta. type compounds.
PAR  Also following the procedure of Example 4, the alkyl ester and free acid
      forms of formula-XX to -XXIII oxa-phenylene PGF compounds in their various
      spatial configurations, e.g., the PGF.sub.1.sub..alpha.,
      PGF.sub.1.sub..beta., PGF.sub.2.sub..alpha., PGF.sub.2.sub..beta.,
      trans-5,6-dehydro-PGF.sub.1.sub..alpha.  and -PGF.sub.1.sub..beta. type
      compounds and their 8-iso and 15-beta isomers, are prepared by reduction
      of the corresponding formula XVI-to -XIX PGE-type alkyl ester or free
      acid, including those described above after Example 3.
PAC  EXAMPLE 5
PAC  dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 formula-XXIV: C.sub.g
      H.sub.2g and C.sub.p H.sub.2p are valence bonds in meta relationship, G is
      n-C.sub.5 H.sub.11,Q is
      ##EQU66##
PAC  R.sub.1 is hydrogen; and .about. is alpha).
PAR  Refer to Chart A. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 300 mg.), 4 ml. of tetrahydrofuran and 4 ml. of 0.5 N
      hydrochloric acid is left standing at 25.degree. for five days. Brine
      solution and dichloromethane-ether (1:3) are added and the mixture is
      stirred. The organic layer is separated, dried and concentrated. The
      residue is dissolved in ether which is washed with saturated aqueous
      sodium bicarbonate, dried and concentrated. The aqueous phase is quickly
      acidified with hydrochloric acid and extracted with dichloromethane which
      in turn is dried and concentrated. The residue is again dissolved in
      ether, extracted with aqueous sodium bicarbonate, and the aqueous phase is
      worked up as reported above. This procedure is repeated one additional
      time to yield the title compound (120 mg.). This material has mass
      spectral peaks at 372, 354, 189, and 185; and .lambda. max., in ethanol,
      215 m.mu. (.epsilon. 12,400), 272 (.epsilon. 2250) and 278 (.epsilon.
      2150).
PAR  Following the procedure of Example 5, the formula XIV-to -XIX PGE compounds
      in their various spatial configurations described after Example 3 are
      transformed to the corresponding formula XXIV-to -XXVII PGA compounds,
      either as esters or as free acids.
PAC  EXAMPLE 6
PAC  dl-Ethyl
      7-[Endo-6-(1-heptenyl)-3-oxobicyclo-[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-inte
     r-o-phenylene-5,6-dinor-heptanoate (Formula-XLIV: G is n-pentyl; R.sub.2,
      R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is ethyl; Z' is
      ##SPC121##
PAL  and .about. is alpha and endo).
PAR  The enamine of the formula-XLIII bicyclo-olefin is first prepared as
      follows. A mixture of endo-6-(cis- and
      trans-1-heptenyl)-bicyclo[3.1.0]hexan-3-one (10 g.), benzene (200 ml.),
      and pyrrolidine (15 ml.) is heated at reflux under a Dean-Stark water trap
      for 2 hrs. Thereafter about 140 ml. of distillate is taken off over a
      period of about 30 min. To the remaining liquid is added 100 ml. of
      toluene and the mixture is concentrated on a rotating evaporator under
      vacuum. A second portion of toluene (50 ml.) is added, and the mixture
      concentrated to give the enamine residue.
PAR  The above enamine, together with ethyl o-(bromomethyl)-benzyloxyacetate
      (Preparation 3 above, 15 g.), and dry tetrahydrofuran (200 ml.) is heated
      at reflux for 4 hrs. and thereafter stirred at about 25.degree. C. for 16
      hrs. Water (25 ml.) is added and the mixture heated for 20 min. on a steam
      bath. Thereafter, the volatiles are removed under vacuum, the residue is
      diluted with ether, and the organic solution is washed successively with
      dilute acid, water, dilute base, water, and brine, and finally dried and
      concentrated under vacuum. The residue is chromatographed on a column
      prepared by wet-packing 1300 g. of silica gel (E. Merck) with 2.5 l. of
      25% diethyl ether in Skellysolve B and 13 ml. of absolute ethanol. The
      column is eluted with 2 l. of 25% ether in Skellysolve B and then
      gradient-eluted with 8 l. of 25-50% ether-Skellysolve B. Fractions of
      about 200 ml. are combined on the basis of TLC data. From fractions 24-31
      there is obtained 2.9 g. of the desired formula-XLIV title compound as a
      mixture of cis and trans forms. This material has key absorptions in its
      NMR spectrum at about 7.21 (apparent singlet), 5.38-5.8 (multiplet), 4.62
      (singlet), 4.06 (singlet), and 4.0-4.35 (quartet) .delta.. It has mass
      spectral lines at 398 and 294.
PAC  EXAMPLE 7
PAC  dl-Ethyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     4,7-inter-o-phenylene-5,6-dinor heptanoate (Formula-XLV: G' is n-pentyl;
      R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is ethyl; Z' is
      ##SPC122##
PAL  and .about. is alpha and endo).
PAR  Refer to one E. To a solution of dl-ethyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-inter
     -o-phenylene-5,6-dinor-heptanoate, as a mixture of its isomers (Example 6,
      2.8 g.) in dry tetrahydrofuran (150 ml.) at 50.degree. C. is added 0.15 g.
      of osmium tetroxide followed by 2.8 g. of potassium chlorate in 60 ml. of
      water. The mixture is stirred vigorously at 50.degree. C. for about 1.5
      hrs. and is then concentrated under vacuum. The residue is extracted with
      dichloromethane. The extract is washed with water and brine, and then
      finally dried and concentrated under vacuum. The residue is
      chromatographed on a column prepared by wet-packing 500 g. of silica gel
      (E. Merck) with 1 liter of 50% ethyl acetate in Skellysolve B and 5 ml. of
      absolute ethanol. The column is eluted with 1 l. of 50% ethyl acetate in
      Skellysolve B and then gradient eluted with 4 l. of 50-75% ethyl acetate
      in Skellysolve B. Fractions of 100 ml. each are combined on the basis of
      TLC data. From fractions 12-29 there is obtained 2.6 g. of the title
      compound.
PAC  EXAMPLE 8
PAC  dl-3-Oxa-4,7-inter-o-phenylen-5,6-dinor-PGE.sub.1 Ethyl Ester (Formula-XIV:
      C.sub.g H.sub.2g is a valence bond, C.sub.p H.sub.2p are in ortho
      relationship, G is n-pentyl, Q is
      ##EQU67##
PAC  R.sub.1 is ethyl, and .about. is alpha) and
      dl-15-Beta-3-oxa-4,7-inter-o-pnenylene-5,6-dinor-PGE.sub.1 Ethyl Ester
      ##EQU68##
PAR  Refer to Chart E. The formula-XLVI bismesylate is first prepared as
      follows. To a mixture of dl-ethyl
      7-[endo-6-(1,2-dihydroxyhepthyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa
     -4,7-inter-o-phenylene-5,6-dinor-heptanoate (Example 7, 2.6 g.) and 30 ml.
      of dry pyridine at 0.degree. C. is added, with stirring, 2.7 ml. of
      methanesulfonyl chloride over a one-minute period. The mixture is stirred
      at 0.degree. C. for 2.5 hrs., then cooled to about -10.degree. C. and
      diluted with 2 ml. of water added dropwise over a 5-minute period. Ice (20
      g.) is added, and, after stirring the mixture for 5 min., about 150 ml. of
      ether-dichloromethane (3:1) is added. The organic solution was washed
      successively with dilute hydrochloric acid, water, dilute sodium
      bicarbonate solution, and brine, and finally dried and concentrated under
      vacuum to yield a mixture of the mesylates.
PAR  The residue of mesylates is converted to the PGE-type product by contacting
      with a mixture of acetone (100 ml.) and water (50 ml.) at about 25.degree.
      C. for 16 hrs. Additional water (100 ml.) is added and the mixture
      concentrated under vacuum to remove acetone. The residue is extracted with
      a mixture of ether-dichloromethane (3:1) and the organic extract is washed
      with dilute sodium bicarbonate solution and brine, then dried and
      concentrated under vacuum. The residue (2.5 g.) is chromatographed on a
      column prepared by wet-packing 500 g. of silica gel (E. Merck) with one
      liter of ethyl acetate and 5 ml. of absolute ethanol. The column is eluted
      with 2.6 liters of ethyl acetate, then 400 ml. of 2% ethanol in ethyl
      acetate, then 500 ml. of 4% ethanol in ethyl acetate and finally with 2
      liters of 10% ethanol in ethyl acetate, collecting fractions of 100 ml.
      Fractions are combined on the basis of TLC data.
PAR  From fractions 8-14 is obtained 350 mg. of the 15-.beta. PGE.sub.1 title
      compound. This material has .lambda..sub.max. 279 m.mu. (.epsilon. 19,400)
      in alcoholic potassium hydroxide; key absorptions in the NMR spectrum at
      about 7.2 (apparent singlet), 5.25-5.48 (multiplet), 4.58 (singlet),
      5.25-5.48 (multiplet), 4.58 (singlet) 4.06 singlet, and 4.0-4.35 (quartet)
      .delta.; and mass spectral peaks at 414, 396, 310, and 292.
PAR  From fractions 18-37 is obtained 496 mg. of the PGE.sub.1 title compound.
      This material has .lambda..sub.max. 279 m.mu. (.epsilon. 21,750) in
      alcoholic potassium hydroxide; key absorptions in the NMR spectrum at
      about 7.18 (apparent singlet), 5.25-5.41 (multiplet), 4.58 (singlet), 4.02
      (singlet), and 3.99-4.34 (quartet) .delta.; and mass spectral peaks at
      414, 396, 310, and 292.
PAC  EXAMPLE 9
PAC  dl-Methyl
      9-[Endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-y
     l]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate Acetonide
      (Formula-XXXVII, Chart D: G is n-pentyl; J' is
      ##SPC123##
PAL  R.sub.9 and R.sub.26 are hydrogen; R.sub.2, R.sub.10, R.sub.11, and
      R.sub.12 are methyl; and .about. is endo and alpha).
PAR  Refer to the sequence of reactions from formula-L to formula XXVI, and to
      Chart D.
PAR  a. There is first prepared the formula-XLIII olefin. Following the
      procedure for the Wittig synthesis in Examples 27, 28, and 29 of West
      Germany Offlegungsschrift 1,937,912, cited above, but employing
      tetrahydropyranyloxy ether of
      endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde and the Wittig ylide of
      2-chloroheptane, there is obtained
      dl-endo-6-(2-methyl-1-heptenyl)-3-oxobicyclo[3.1.0]-hexan-3-one.
PAR  b. To a solution of the product of step a above (approximately 10.0 g.) in
      water is added a solution of potassium chlorate (10.0 g.) and osmium
      tetroxide (0.65 g.) in 250 ml. of water. The mixture is stirred vigorously
      for 5 hrs. at 50.degree. C. Then, the cooled mixture is concentrated under
      reduced pressure, the residue is extracted repeatedly with
      dichloromethane, and the combined extracts are dried and evaporated. The
      residue is chromatographed on about 1000 g. of silica gel, and eluted
      successively with 3 l. of 10% ethyl acetate in a mixture of isomeric
      hexanes (Skellysolve B), with 5 l. of 25% ethyl acetate in Skellysolve B,
      and then with 50% ethyl acetate in Skellysolve B, collecting 500 ml.
      eluate fractions. Fractions shown by TLC to contain the desired product
      are combined and evaporated to dryness to give the formula-LI product,
      dl-endo-6-(1,2-dihydroxy-2-methylheptyl)bicyclo[3.1.0]hexan-3-one.
PAR  c. A solution of the product of step b above (about 8,0 g.) and 700 mg. of
      potassium bisulfate in 140 ml. of acetone is stirred at 25.degree. C. for
      64 hrs. Then, sodium carbonate monohydrate (710 mg.) is added, and the
      mixture is stirred 10 min. The acetone is evaporated at reduced pressure,
      and water is added. The aqueous solution is extracted respectedly with
      dichloromethane, and the extracts are combined, washed with water, dried,
      and evaporated. The residue is chromatographed on 400 g. of silica gel,
      being eluted with 2 l. of 10% ethyl acetate in Skellysolve B, and then
      with 4 l. of 15% ethyl acetate in Skellysolve B. The 15% ethyl acetate
      eluates are evaporated to give the formula-XXXVI ketal,
      dl-endo-6-(1,2-dihydroxy-2-methylheptyl)bicyclo[3.1.0]hexan-3-one
      acetonide.
PAR  d. To prepare the formula-XXXVII compound (Chart D), the ketal above is
      alkylated following the procedure of Example 1-B, but using the
      formula-XXXVI ketal above instead of the formula-XLIII bicyclo olefin,
      and, replacing methyl m-(chloromethyl)phenoxyacetate with methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate
      (Preparation 8, above), thereby yielding the desired formula-XXXVII title
      compound.
PAR  As shown in Chart D, the formula-XXXVII alkylated ketal is transformed via
      the formula-XXXVIII glycol, thence the mesylate, to a PGE-type compound.
      Concentrated hydrochloric acid (2.5 ml.) is added to a solution of the
      formula-XXXVII product above (about 2.0 g.) in a mixture of 50 ml. of
      tetrahydofuran and 2.5 ml. of water. The mixture is stirred at 25.degree.
      C. under nitrogen for 6 hrs. The resulting mixture is then concentrated
      under reduced pressure, and the residue is extracted with ethyl acetate.
      The extract is washed with brine, dried, and concentrated to
      dl-methyl-9[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0.]hex-
     2.alpha.-yl]-3-oxa-3,7- inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate
      (formula-XXXVIII). Thereafter, following the procedure of Example 3, there
      is obtained dl-15-methyl-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2
      methyl ester.
PAR  Following the procedure of Example 9, but using formula-XLIII exo reactants
      in place of the endo reactant, there are obtained exo products in each
      corresponding intermediate of Example 9.
PAR  With excess base (e.g., 26 g.) and a longer reaction time (e.g., 24 hrs. at
      25.degree. C.) during the alkylation step, the production of a substantial
      amount of the beta isomer is assured.
PAR  Following the procedures of Examples 9-d, but using the trans-7-nonenoate
      of Preparation 9, above, instead of the cis-7-nonenoate, there is obtained
      the corresponding formula-XXXVII alkylated ketal wherein the carboxy side
      chain is in trans configuration instead of cis.
PAR  Also following the procedures of Example 9, but replacing the formula-XLIII
      olefin with each of the endo and exo forms of the formula-XLIII bicyclo
      olefins described in the paragraphs following Example 1, there are
      obtained the corresponding alpha and beta, exo and endo, alkylated ketals
      within the scope of formula XXXVII.
PAR  Also following the procedures of Example 9-d, but replacing methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6,-trinor-cis-7-nonenoate with
      the formula-LV compounds of the paragraphs following Preparations 8 and 9,
      viz. cis or trans methyl 9-bromo-3-
      oxa-4,7-inter-o-phenylene-5,6-dinor-7-nonenoate, methyl
      10-bromo-3-oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decenoate, and methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetranor-9-undecenoate, there
      are obtained the corresponding formula-XXXVII compounds. Thereafter, these
      alkylated ketals are transformed following the steps of Chart D as
      described in Example 9 to the corresponding PGE.sub.2 type compounds.
PAR  Also following the procedure of Example 9-d, but using in place of the
      nonenoate alkylating agent, methyl
      m-(chloromethyl)phenoxyacetate(Preparation 2), ethyl
      o-(bromoethyl)benzyloxyacetate (Preparation 3), methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Preparation
      7), and methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetranor-9-undecyanoate
      (following Preparation 7), there are obtained alpha and beta, exo and
      endo, compounds corresponding to the product of Example 9 with
      ##SPC124##
PAL  in place of the
      ##SPC125##
PAL  moiety of the Example-9 formula-XXXVII product. In the same manner, but
      using formula LIII-to -LVI alkylating agents within the scope of the
      formula
      ##EQU69##
      there are obtained the corresponding formula-XXXVII products.
PAR  Also following Example 9-d, other esters of the nonenoate alkylating agent
      and of the other above-mentioned alkylating agents within the scope of
      R.sub.10 as above-defined, e.g., the methyl, isopropyl, tert-butyl, octyl,
      .beta.,.beta.,.beta.-trichloroethyl, cyclohexyl, benzyl, and phenyl
      esters, there are obtained the corresponding esters of these alpha and
      beta, exo and endo, formula-XXXVII bicyclo[3.1.0]hexane cyclic ketak
      alkylation products.
PAR  Also following the procedure of Example 9 but using in combination each of
      the above-described alternative formula-XLIII bicyclo[3.1.0]hexane olefin
      reactants (e.g. following Example 1) and each of the above-described
      omega-halo alkylation reactants within the scope of
      ##EQU70##
      (e.g. following Example 1) there are obtained formula-XXXVII compounds
      corresponding to the product of Example 9 but different therefrom with
      respect to both the carboxylate-terminated side chain and the side chain
      attached to the cyclopropane ring of the product, and in their respective
      alpha or beta and exo or endo configuration.
PAR  Following the procedure of Example 9 but using in place of the acetonide
      each of the specific formula-XXXVII exo and endo, alpha and beta,
      saturated, cis and trans -phenyl-and acetylenic bicyclo[3.1.0]hexane
      cyclic ketal esters defined above, there are obtained the corresponding
      formula-XXXVIII dihydroxy compounds, and thence the corresponding PGE type
      compounds.
PAC  EXAMPLE 10
PAC  dl-Methyl
      7-[Endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Formula-XLIV, Chart E; G
      is
      ##SPC126##
PAL  R.sub.2, r.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl; Z' is
      ##SPC127##
PAC  and .about. is endo and alpha).
PAR  Refer to Chart E. Following the procedures of Example 1-B, but replacing
      endo-6-(1-heptenyl)bicyclo[3.1.0]-hexan-3-one with
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one (Preparation 4),
      and replacing methyl m-(chloromethyl)phenoxyacetate with methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Preparation
      7), there is obtained the title compound.
PAC  EXAMPLE 11
PAC  dl-Methyl 7-[Endo-6-(4
      -phenyl-1,2-dimesyloxy-butyl)-3-oxobicyclo[3.1.0.]hex-2.alpha.-yl]-3-oxa-3
     ,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Formula-XLVI, Chart E; G' is
      ##SPC128##
PAL  R.sub.2, r.sub.9, and R.sub.26 are hydrogen; R.sub.10 and R.sub.13 are
      methyl; Z' is
      ##SPC129##
PAL  and .about. is alpha and endo).
PAR  a. There is first prepared the formula-XLV dihydroxy compound. Following
      the procedures of Example 2, but replacing dl-methyl
      7-[endo-6-(1-heptenyl)-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-heptanoate
      with dl-methyl
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl-]-3-
     oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Example 10), there are
      obtained isomers of the desired formula-XLV compound, dl-methyl
      7-[endo-6-(4-phenyl-1,2-dihydroxybutyl)-3
      -oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trino
     r-7nonynoate.
PAR  b. Following the procedures of Example 3, but replacing that formula-XLV
      dihydroxy heptanoate compound with the formula-XLV nonynoate compound of A
      above, there is obtained the desired formula-LXVI dimesyloxy title
      compound.
PAC  EXAMPLE 12
PAC  dl-Methyl
      9-[Endo-6-(1,2-dihydroxy-4-phenyl-butyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-y
     l]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-trans-7-nonenoate Acetonide
      (Formula-XXVII, Chart D: G is
      ##SPC130##
PAL  J' is trans
      ##SPC131##
PAC  R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10, R.sub.11, and
      R.sub.12 are methyl; and .about. is endo and alpha)
PAR  Refer to the sequence of reactions from formula L to formula XXXVI, and to
      Chart D.
PAR  a. There is first prepared the formula-Ll dihydroxy compound. To a solution
      of the formula-XLIII olefin (Preparation 4, above, approximately 10.0 g.)
      in water is added a solution of potassium chlorate (10.0 g.) and osmium
      tetroxide (0.65 g.) in 250 ml. of water. The mixture is stirred vigorously
      for 5 hrs. at 50.degree. C. Then, the cooled mixture is concentrated under
      reduced pressure, the residue is extracted repeatedly with
      dichloromethane, and the combined extracts are dried and concentrated. The
      residue is chromatographed on about 1000 g. of silica gel, and eluted
      successively with 3 l of 10% ethyl acetate in a mixture of isomeric
      hexanes (Skellysolve B), with 5 l. of 25% ethyl acetate in Skellysolve B,
      and then with 50% ethyl acetate in Skellysolve B, collecting 500 ml.
      eluate fractions. Fractions shown by TLC to contain the desired product
      are combined and evaporated to dryness to give
      dl-endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one
      (formula-LI).
PAR  b. A solution of the product of step a above (about 8.0 g.) and 700 mg. of
      potassium bisulfate in 140 ml. of acetone is stirred at 25.degree.  C. for
      64 hrs. Then, sodium carbonate monohydrate (710 mg.) is added, and the
      mixture is stirred 10 min. The acetone is concentrated at reduced
      pressure, and water is added. The aqueous solution is extracted repeatedly
      with dichloromethane, and the extracts are combined, washed with water,
      dried, and concentrated. The residue is chromatographed on 400 g. of
      silica gel, being eluted with 2 l. of 10% ethyl acetate in Skellysolve B,
      and then with 4 l. of 15% ethyl acetae in Skellysolve B. The 15% ethyl
      acetate eluates are concentrated to the formula-XXXVI ketal,
      dl-endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one
      acetonide.
PAR  c. To prepare the formula-XXXVII compound, the ketal above is alkylated
      following the procedure of Example 1-B, but replacing methyl
      m-(chloromethyl)phenoxyacetate with methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-trans-7-nonenoate
      (Preparation 9, above), thereby yielding the title compound.
PAR  Following the procedures of Example 9, the formula-XXXVII compound is
      transformed via the formula-XXXVIII and -XXXIX compounds to the
      corresponding formula-XL PGE-type compound.
PAC  EXAMPLE 13
PAC  9-[Endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl
     ]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoic Acid Acetonide
      (Formula-LXXX, Chart G: G is n-pentyl; J' is
      ##SPC132##
PAL  R.sub.9 and R.sub.26 are hydrogen; R.sub.2, R.sub.11, and R.sub.12 are
      methyl; and .about. is alpha and endo.
PAR  Refer to Chart G. A solution of sodium borohydride (1.5 g.) in 10 ml. of
      water is added with stirring to a solution of formula-LXXVI dl-methyl
      9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-y
     l]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate acetonide (5.0
      g.) in 110 ml. of absolute ethanol at 0.degree. C. The mixture is stirred
      for 2.5 hrs. at 0.degree. to 5.degree. C. Then, 40 ml. of acetone is
      added, and, after 5 min., the mixture is evaporated under reduced
      pressure. The residue is extracted with dichloromethane, and the extract
      is washed successively with dilute hydrochloric acid and brine, dried, and
      concentrated to the formula-LXXVII compound, dl-methyl
      9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo-[3.1.0]hex-2.alp
     ha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate acetonide.
PAR  This formula-LXXVII cyclic ketal hydroxy ester is dissolved in a mixture of
      methanol (100 ml.) and 45% aqueous potassium hydroxide solution (30 ml.),
      and the solution is stirred under nitrogen at 25.degree. C. for 15 hrs.
      Two volumes of water are then added, and the mixture is acidified with
      cold hydrochloric acid and then extracted with a mixture of
      dichloromethane and diethyl ether (1:3). The extract is washed with brine,
      dried, and concentrated to the formula-LXXVIII compound,
      dl-9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo[3.1.0]hex-2.a
     lpha.-yl]-there are obtained the corresponding formula-LXXVII, LXXVIII, and
      LXXX compounds.
PAC  EXAMPLE 14
PAC  dl-7-[Endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]-hex-2.alpha.-yl]-3-oxa-4,7-in
     ter-o-phenylene-5,6-dinor-heptanoic Acid (Formula-LXXXVI, Chart H: G is
      n-pentyl; Z' is
      ##SPC133##
PAL  R.sub.2, r.sub.9, and R.sub.26 are hydrogen; and .about. is alpha and
      endo).
PAR  Refer to Chart H. Following the procedure of Example 13, the formula-LXXXII
      compound, dl-ethyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-inter
     o-phenylene-5,6-dinor-heptanoate is reduced with sodium borohydride to the
      formula-LXXXIII compound, dl-ethyl
      7-[endo-6-(1-heptenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-i
     nter-o-phenylene-5,6-dinor-heptanoate. That hydroxy ester is then
      saponified as described in Example 13 to the formula-LXXXIV compound,
      dl-7-[endo-6-(1-heptenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,
     7-intero-phenylene-5,6-dinor-heptanoic acid. That hydroxy acid is then
      oxidized as described in Example 13 to the title compound.
PAR  Following the procedure of Example 14 but substituting for that
      formula-LXXXII compound, the formula-LXXXII compound of Example 10, viz.
      dl-methyl
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xa-3,7inter-m-phenylene-4,5,6-trinor-7-nonynoate, there is obtained on
      reduction the corresponding formula-LXXXIII compound,
      dl-methyl-7-[endo-6-(cis-4-phenyl-1-butenyl)-3-hydroxybicyclo[
      3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoat
     e; there is likewise obtained on saponification the corresponding
      formula-LXXXIV compound,
      dl-7-[endo-6-(cis-4-phenyl-1-butenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-
     yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoic acid; and there is
      likewise obtained on oxidation the corresponding formula-LXXXVI compound,
      dl-7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxabicyclo-[3.1.0]hex-2.alpha.-yl]
     -3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoic acid.
PAR  Following the procedure of Example 14, but using in place of the
      formula-LXXXII 3-oxobicyclo[3.1.0]hexane ester, each of the specific
      formula-LXXXII endo and exo, alpha and beta, saturated and acetylenic
      esters described in and following the Examples 1, 6, and 10 is reduced
      with sodium borohydride to give the corresponding formula-LXXXIII
      3-hydroxy-bicyclo[3.1.0]hexane ester. That hydroxy ester is then
      saponified as described in Example 13 to the corresponding formula-LXXXIV
      3-hydroxybicyclo-[3.1.0]hexane acid. That hydroxy acid is then oxidized as
      described in Example 13 to the corresponding formula-LXXXVI
      3-oxobicyclo[3.1.0]hexane acid.
PAC  EXAMPLE 15
PAC  dl-15-Dehydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. Methyl Ester (Formula-XCI, Chart J: E' is trans --CH=CH--, G
      is n-pentyl, J' is
      ##SPC134##
PAL  R.sub.1 is methyl, R.sub.26 is hydrogen, and .about. is alpha).
PAR  Refer to Chart J. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. methyl
      ester (Example 4, about 0.5 g.) in 24 ml. of dioxane is stirred at
      50.degree. C. under nitrogen and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
      (0.37 g.) is added. The mixture is stirred at 50.degree. C. for 24 hrs.,
      cooled to room temperature, and filtered. The filter cake is washed with
      tetrahydrofuran, and the filtrate and wash are combined and concentrated
      under reduced pressure. The residue is taken up in dichloromethane and
      washed with brine, then dried over sodium sulfate and concentrated under
      reduced pressure. The residue is chromatographed over 90 g. of silica gel
      wet-packed in 8% ethanol in dichloromethane, eluting with 300 ml. of 2%,
      300 ml. of 3%, 225 ml. of 7.5% and 245 ml. of 10% ethanol in
      dichloromethane, taking 15-ml. fractions. Fractions shown by TLC to
      contain the desired product are combined and concentrated to the title
      compound.
PAC  EXAMPLE 16
PAC  dl-15-Methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. Methyl Ester (Formula-XX: C.sub.g H.sub.2g g and C.sub.p
      H.sub.2p are valence bonds in meta relationship, G is n-pentyl, Q is
      ##EQU71##
      R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart J. A solution of 0.413 g. of
      dl-15-dehydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. methyl ester (Example 15, about 0.4 g.), hexamethyldisilazane
      (3 ml.) and trimethylchlorosilane (0.5 ml.) in 20 ml. of tetrahydrofuran
      is allowed to stand at about 25.degree. C. for 20 hrs. The mixture is
      filtered and the filtrate is concentrated under reduced pressure. Xylene
      (10 ml.) is added to the residue and removed by concentration under
      reduced pressure. The residue is dissolved in anhydrous ether and 110% of
      the theoretical amount of 3 M methyl magnesium bromide in ether is added.
      The mixture is allowed to stand 20 min. at about 25.degree. C. and poured
      into 100 ml. of saturated aqueous ammonium chloride. The ether layer is
      separated, the aqueous layer is extracted with ether, and the ether
      extracts are combined and washed with brine, dried over sodium sulfate,
      and concentrated under reduced pressure. The residue is dissolved in 300
      ml. of ethanol and 30 ml. of water containing 3 drops of glacial acetic
      acid, and the mixture is stirred for 2 hrs. at about 25.degree. C. The
      mixture is concentrated under reduced pressure to an aqueous residue and
      the residue is extracted with dichloromethane. The dichloromethane extract
      is concentrated under reduced pressure to give a residue which is
      chromatographed over 60 g. of silica gel wet-packed in 8% ethanol in
      dichloromethane, eluting with 200 ml. of 5% and 800 ml. of 10% ethanol in
      dichloromethane and taking 10-ml. fractions. Fractions shown by TLC to
      contain the desired product are combined and concentrated to yield the
      title compound. Other fractions yield the 15-epimer.
PAR  Likewise, using the corresponding
      3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGF.sub.1 .sub..alpha. or PGF.sub.1
      .sub..beta. compound instead of the above oxa-phenylene compounds, there
      are obtained the corresponding 15-dehydro PGF.sub.1 .sub..alpha. or
      PGF.sub.1 .sub..beta.-type compounds, and finally the
      dl-15-methyl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGF.sub.1 .sub..alpha.
      or -PGF.sub.1 .sub..beta. ethyl esters and their 15-epimers.
PAC  EXAMPLE 17
PAC  dl-13,14-Dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl
      Ester (Formula XIX C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds
      in meta relationship, G is n-pentyl, Q is
      ##EQU72##
      R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart B. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 100 mg.) in 10 mg. of ethyl acetate is shaken with hydrogen at
      about one atmosphere pressure at 25.degree. C. in the presence of 5%
      rhodium on charcoal (15 mg.). After approximately one equivalent of
      hydrogen is absorbed, the hydrogenation is stopped, and the catalyst is
      removed by filtration. The filtrate is concentrated, aand the residue is
      chromatographed on 25 g. of silica gel, eluting with 50-100% ethyl acetate
      gradient in Skellysolve B. Those fractions shown by TLC to contain the
      desired product free of the starting product and hydrogenolysis products
      are combined and concentrated to the title compound.
PAR  Following the procedure of Example 17,
      dl-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester is reduced to
      dl-13,14-dihydro-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.1 ethyl ester.
      Likewise, dl-3-oxa-4,7-o-phenylene-5,6-dinor-PGE.sub.1 methyl ester is
      reduced to dl-13,14-dihydro-3-oxa-4,7-o-phenylene-5,6-dinor-PGE.sub.1
      methyl ester.
PAR  Also following the procedure of Example 17,
      dl-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.2,
      -trans-5,6-dehydro-PGE.sub.1, and -5,6-dehydro-PGE.sub.2 are each reduced
      to dl-13,14-dihydro-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.1, using
      two equivalents of hydrogen for the first two reactions, and three
      equivalents of hydrogen for the third. Likewise, the corresponding
      dl-3-oxa-4,7-o-phenylene-5,6-dinor- compounds are reduced to
      dl-13,-14,-dihydro-3-oxa-4,7-o-phenylene-5,6-dinor-PGE.sub.1.
PAR  Also following the procedure of Example 17, the ethyl ester and the free
      acid form of the formula XVI-to -XVIII PGE compounds in their various
      spatial configurations are transformed to the corresponding 13,14-dihydro
      PGE.sub.1 compound by catalytic hydrogenation, using equivalents of
      hydrogen appropriate to the degree of unsaturation of the reactant, i.e.,
      one equivalent for the PGE.sub.1 type, two equivalents for the PGE.sub.2
      type and trans-5,6-dehydro-PGE.sub.1 type, and three equivalents for the
      5,6-dehydro-PGE.sub.2 type.
PAR  Also following the procedure of Example 17,
      dl-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. and its ethyl
      ester are reduced to
      dl--13,14-dihydro-3-oxa-3,7-m-phenylene-4,5,6-PGF.sub.1 .sub..alpha. and
      its ethyl ester, respectively.
PAR  Also following the procedure of Example 17, the ethyl ester and the free
      acid form of the formula-XX to -XXII PGF compounds in their various
      spatial configurations are transformed to the corresponding 13,14-dihydro
      PGF.sub.1 301  or PGF.sub.1 .sub..beta. compound by catalytic
      hydrogenation, using equivalents of hydrogen appropriate to the degree of
      unsaturation of the reactant.
PAC  EXAMPLE 18
PAC  dl-13,14-Dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      (Formula-XXVII: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in
      meta relationship, G is n-pentyl, Q is
      ##EQU73##
      R.sub.1 is hydrogen, and .about. is alpha).
PAR  Refer to Chart B. A suspension of disodium azodiformate (50 mg.) in 5 ml.
      of absolute ethanol is added to a stirred solution of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 (Example 5, 50 mg.) in
      10 ml. of absolute ethanol under nitrogen at 25.degree. C. The mixture is
      made acid with glacial acetic acid, and then is stirred under nitrogen at
      25.degree. C. for 8 hrs. The resulting mixture is concentrated under
      reduced pressure, and the residue is mixed with a mixture of diethyl ether
      and water (1:1). The diethyl ether layer is separated, dried, and
      concentrated to the title product.
PAR  following the procedure of Example 18,
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 methyl ester is
      reduced to
      dl-13,14-dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 methyl
      ester.
PAR  Also following the procedure of Example 18,
      dl-3-oxa3,7-inter-m-phenylene-PGA.sub.2, -trans-5,6-dehydro-PGA.sub.1, and
      5,6-dehydro-PGA.sub.2 are each reduced to
      dl-13,14-dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1, using
      amounts of the disodium azodiformate reactant appropriate to the degree of
      unsaturation of the reactant.
PAR  Also following the procedure of Example 18, the methyl ester and the free
      acid form of the formula-XVI to -XVIII PGE type compounds, the formula-XX
      to -XXII PGF type compounds, the formula-XXIV to -XXVI PGA type compounds,
      and the formula-XXVIII to -XXX PGB type compounds are transformed to the
      corresponding 13,14-dihydro PGE.sub.1, PGF.sub.1, PGA.sub.1, or PGB.sub.1
      type compound by diimide reduction, using amounts of disodium azodiformate
      reactant appropriate to the degree of unsaturation of the PGE, PGF, PGA,
      or PGB type reactant.
PAC  EXAMPLE 19
PAC  dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 Methyl Ester
      (Formula-XXIV: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in
      meta relationship, G is n-pentyl, Q is
      ##EQU74##
      R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart D. A solution of the formula-XXXIX bismesylate, dl-methyl
      7-[endo-6-(1,2-dimesyloxyheptyl)-3-oxabicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa
     -3,7-inter-m-phenylene4,5,6-trinor-heptanoate (Example 3, about 10 g.) in
      75 ml. -inter-m-phenylene- of acetone is mixed with 10 ml. of water and 20
      ml. of saturated aqueous sodium bicarbonate solution. The mixture is
      refluxed under nitrogen for 4 hrs. Then, the mixture is cooled, acidified
      with 5% hydrochloric acid, and extracted with ethyl acetate. The extract
      is washed with brine, dried, and concentrated to give the title product.
PAR  Following the procedure of Example 19, each of the bismesylates defined in
      Example 3 is transformed to the corresponding PGA-type ester, including
      the .beta.,.beta.,.beta.-trichloroethyl esters. Thereafter, each of the
      .beta.,.beta.,.beta.-trichloroethyl esters is transformed to the
      corresponding PGA-type free acid by the procedure of Example 23, below.
PAC  EXAMPLE 20
PAC  dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGB.sub.1 (Formula-XXVIII:
      C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-pentyl, Q is
      ##EQU75##
      R.sub.1 is hydrogen, and .about. is alpha).
PAR  Refer to Chart A. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 (200 mg.) in 100 ml.
      of 50% aqueous ethanol containing about one gram of potassium hydroxide is
      kept at 25.degree. C. for 10 hrs. under nitrogen. Then, the solution is
      cooled to 10.degree. C. and neutralized by addition of 3 N. hydrochloric
      acid at 10.degree. C. The resulting solution extracted repeatedly with
      ethyl acetate, and the combined ethyl acetate extracts are washed with
      water and then with brine, dried, and concentrated to give the title
      compound.
PAR  Following the procedure of Example 20,
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 is also transformed
      to the PGB.sub.1 -type title compound.
PAR  Following the procedure of Example 20, each of the formula XVI-to -XIX PGE
      compounds and formula XXIV-to -XXVII PGA compounds are transformed to the
      corresponding PGB compounds.
PAC  EXAMPLE 21
PAC  dl-15-Methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl
      Ester (Formula XVI: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence
      bonds in meta relationship, G is n-pentyl; Q is
      ##EQU76##
      R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart I. A solution of
      dl-15-methyl-3-oxa3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. methyl ester (95 mg.) in 40 ml. of acetone is cooled to
      -10.degree. C. To it is added 110% of the theoretical amount of Jones
      reagent (in the proportions of 21 g. of chromic anhydride, 60 ml. of
      water, and 17 ml. of concentrated sulfuric acid), precooled to 0.degree.
      C., with vigorous stirring. After about 10 min., isopropyl alcohol (1 ml.)
      is added to the cold reaction mixture. After 5 min., the mixture is
      filtered and the filtrate is concentrated at reduced pressure, and the
      residue is mixed with 5 ml. of brine. The mixture is extracted repeatedly
      with ethyl acetate, and the combined extracts are washed with brine, dried
      with anhydrous sodium sulfate, and concentrated at reduced pressure. The
      residue is chromatographed on 20 g. of neutral silica gel, eluting with
      50% ethyl acetate in Skellysolve B. Concentration of the eluates gives the
      title product.
PAR  Following the procedure of Example 21, there is substituted for the
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. methyl ester, the free acid, the propyl ester, the octyl
      ester, the cyclopentyl ester, the benzyl ester, the phenyl ester, the
      2,4-dichlorophenyl ester, the 2-tolyl ester, of the
      .beta.,.beta.,.beta.-trichloroethyl ester, there is obtained the
      corresponding
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 compound.
PAR  Following the procedure of Example 21, but substituting for the
      15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha.
      methyl ester, the methyl ester of each of the
      15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..beta.,
      -PGF.sub.2 .sub..alpha., -PGF.sub.2 .sub..beta., -5,6-dehydro-PGF.sub.2
      .sub..alpha., -5,6-dehydro-PGF.sub.2 .sub..beta., -dihydro-PGF.sub.1
      .sub..alpha., and -dihydro-PGF.sub.1 .sub..beta. compounds in their
      various natural or 15-epi configurations and optical isomers is
      transformed to the corresponding PGE-type compound.
PAR  Following the procedure of Example 21, each of the various
      15-alkyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha.
      methyl ester compounds, including the 15-ethyl, 15 propyl, 15-butyl, and
      15-substituted isomeric forms of propyl and butyl, is transformed to the
      corresponding PGE type compound.
PAR  Also following the procedure of Example 21, each of the 15-alkyl PGF-type
      acids and esters within the scope of formula-LXXXVIII (Chart I) is
      transferred to a 15-alkyl PGE-type acid or ester encompassed by
      formula-LXXXIX.
PAC  EXAMPLE 22
PAC  dl-15-Methyl-3-oxa-4,7-inter-o-phenylene-5,6dinor-PGA.sub.1 Methyl Ester
      (Formula XXIV: C.sub.g H.sub.2g is a valence bond, C.sub.p H.sub.2p is
      methylene, C.sub.g H.sub.2g and C.sub.p H.sub.2p are in ortho
      relationship, G is n-pentyl, Q is
      ##EQU77##
      R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart K. A mixture of the formula-XCV
      15-methyl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.1 methyl ester
      (Example 21, 6 mg.), dicyclohexylcarbodiimide (20 mg.), copper (II)
      chloride dihydrate (2 mg.), and diethyl ether (2 ml.) is stirred under
      nitrogen at 25.degree. C. for 16 hrs. Then, additional
      dicyclohexylcarbodiimide (20 mg.) is added, and the mixture is stirred an
      additional 32 hrs. at 25.degree. C. under nitrogen. The resulting mixture
      is filtered, and the filtrate is concentrated under reduced pressure. The
      residue is chromatographed by preparative thin layer chromatography with
      the A-IX system to give the title compound.
PAR  Following the procedure of Example 22, but substituting for the
      oxa-phenylene PGE.sub.1 compound, the methyl esters of
      dl-15-methyl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.2,
      -5,6-dehydro-PGE.sub.2, and -dihydro-PGE.sub.1, there are obtained the
      corresponding formula-XCVI compounds, viz., the methyl esters of
      dl-15-methyl 3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGA.sub.2,
      -5,6-dehydro-PGA.sub.2, and -dihydro-PGA.sub.1.
PAR  Also following the procedure of Example 22, but substituting for the
      phenyl-substituted PGE.sub.1 compound, the methyl esters of
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1,
      -PGE.sub.2, -5,6-dehydro-PGE.sub.2, and -dihydro-PGE.sub.1, there are
      obtained the corresponding formula-XCVI compounds, viz., the methyl esters
      of dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1,
      -PGA.sub.2, -5,6-dehydro-PGA.sub.2, and -dihydro-PGA.sub.1.
PAR  Also following the procedure of Example 22, each of the formula-XCV (Chart
      K) compounds defined above in Example 21 is transformed to the
      corresponding formula-XCVI compound.
PAC  EXAMPLE 23
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1  (Formula XVI:
      C.sub.g H.sub.2q and C.sub.p H.sub.2p are valence bonds in metal
      relationship, G is n-pentyl, Q is
      ##EQU78##
      R.sub.1 is hydrogen, and .about. is alpha).
PAR  Zinc dust (420 mg.) is added to a solution containing
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1
      .beta.,.beta.,.beta.-trichloroethyl ester (100 mg.) in 5 ml. of a mixture
      of acetic acid and water (9:1 v/v). This mixture is stirred under nitrogen
      2 hrs. at 25.degree. C. Ethyl acetate (4 volumes) is then added, followed
      by addition of 1 N. hydrochloric acid (one volume). The ethyl acetate
      later is separated, washed with water and then with brine, dried, and
      evaporated. The residue is chromatographed on 15 g. of acidwashed silica
      gel (Silicar CC4), being eluted with 100 ml. of 50%, 100 ml. of 80%, and
      200 ml. of 100% ethyl acetate in Skellysolve B, collecting 20-ml.
      fractions. The fractions containing the desired product and no starting
      material or dehydration products as shown by TLC are combined and
      concentrated to the title compound.
PAR  Following the procedure of Example 23, each of the
      .beta.,.beta.,.beta.-tribromoethyl, -triiodoethyl,
      .beta.,.beta.-dibromoethyl, -diiodoethyl, and the .beta.-iodoethyl esters
      of dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 is converted to
      the free acid of dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 by
      reaction with zinc dust and acetic acid.
PAR  Following the procedure of Example 23, the
      .beta.,.beta.,.beta.trichloroethyl ester of
      dl-15-methyl-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2 following Example
      9 above is converted to the respective free acid compound using zinc dust
      with either propionic, butyric, pentanoic, or hexanoic acid instead of
      acetic acid.
PAR  Following the procedure of Example 23, the
      .beta.,.beta.,.beta.-trichloroethyl ester of each of the PGE, PGF, PGA,
      and PGF type compounds represented by formulas XVI-XXXV in their various
      structural configurations and optical isomers is treated with zinc dust
      and acetic acid to obtain the corresponding free acid form of the
      compound. The esters are prepared by the procedures disclosed herein,
      using as intermediates formula-XXXVII cyclic ketals or formula-XLIV or
      -LXX olefins wherein R.sub.10 is haloethyl, e.g.,
      .beta.,.beta.,.beta.-trichloroethyl. These intermediates are prepared
      either by alkylation of the respective formula-XXXVI cyclic ketal (Chart
      D) or formula-XLIII or -LXIX olefin (Charts E and F) with the appropriate
      alkylating agent wherein R.sub.10 is haloethyl, or by the transformation
      of the alkylated cyclic ketal or olefin by the steps shown in Charts G and
      H using procedures disclosed herein, yielding intermediates LXXIX, LXXXI,
      LXXXV, or LXXXVII.
PAC  EXAMPLE 24
PAL  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. and
      -PGF.sub.1 .sub..beta. (Formula XX; C.sub.g H.sub.2g and C.sub.p H.sub.2p
      are valence bonds in meta relationship, G is n-pentyl, Q is
      ##EQU79##
      R.sub.1 is hydrogen, and .about. is alpha or beta).
PAR  A solution of 146 mg. of
      dl-3-oxo-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. ethyl
      ester in a mixture of 4.5 ml. of methanol and 1.5 ml. of water is cooled
      to 5.degree. C. and 0.6 ml. of 45% aqueous potassium hydroxide is added.
      The mixture is allowed to stand 3.5 hrs. at 25.degree. C., then is diluted
      with 75 ml. of water and extracted once with ethyl acetate to remove any
      neutral material. The aqueous layer is separated, made acid with dilute
      hydrochloric acid and extracted 4 times with ethyl acetate. The extracts
      are combined and washed 3 times with water, once with brine, dried over
      sodium sulfate, and concentrated to give the PGF.sub.1.sub..alpha. -type
      title compound.
PAR  Following the procedure of Example 24, the methyl ester of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinorPGF.sub.1.sub..beta.  is
      transformed to the free acid, i.e. the formula-XX PGF.sub.1.sub..beta.
      -type title compound.
PAR  Following the procedure of Example 24, the methyl or ethyl esters of the
      various oxa-phenylene PGF-type compounds and their isomers are transformed
      to the corresponding free-acid oxa-phenylene PGF-type compounds.
PAC  EXAMPLE 25
PAC  dl-3-Oxa-3,5-inter-m-phenylene-4-nor-PGF.sub.2.sub..alpha.  Methyl Ester
      (Formula XXI: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationship, G is n-pentyl, Q is
      ##EQU80##
      R.sub.1 is methyl, R.sub.3 and R.sub.4 are hydrogen, and .about. is
      alpha).
PAR  Refer to Chart C.
      dl-5,6-Dehydro-3-oxa-3,5-inter-m-phenylene-4-nor-PGF.sub.2.sub..alpha.
      methyl ester (200 mg.) in pyridine (4 ml.) and methanol (10 ml.) is
      hydrogenated in the presence of a 5%-palladium-on-barium sulfate catalyst
      (200 mg.) at 25.degree. and atmospheric pressure. The reaction is
      terminated when slightly more than one equivalent of hydrogen is absorbed.
      The mixture is filtered and evaporated. Ethyl acetate is added and
      residual pyridine is removed by addition of ice and 3 N. hydrochloric
      acid. The ethyl acetate layer is washed with 1 N. hydrochloric acid and
      then with brine, dried, and concentrated to yield the title product.
PAR  Following the procedure of Example 25, the 5,6-dehydro oxa-phenylene
      PGF.sub.2 compounds following Example 4 are reduced to the corresponding
      PGF.sub.2 compounds. Likewise, the 5,6-dehydro oxa-phenylene PGE, PGA, and
      PGB compounds disclosed herein are reduced to the corresponding PGE.sub.2,
      PGA.sub.2, and PGB.sub.2 compounds.
PAC  EXAMPLE 26
PAR  dl-.beta.,.beta.,.beta.-Trichloroethyl
      9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo[3.1.0]-hex-2.alp
     ha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6trinor-cis-7-nonenoate Acetonide
      (Formula LXXIX, Chart G: G is n-pentyl, J' is cis
      ##SPC135##
PAL  haloethyl is .beta.,.beta.,.beta.-trichloroethyl, R.sub.2, R.sub.11, and
      R.sub.12 are methyl, R.sub.9 and R.sub.26 are hydrogen, and .about. is
      alpha and endo).
PAR  Refer to chart G. Successively, .beta.,.beta.,.beta.-trichloroethanol (25
      ml.), pyridine (15 ml.), and dicyclohexylcarbodiimide (4.0 g.) are added
      to a solution of formula-LXXVIII compound
      dl-9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo[3.1.0]hex-2.a
     lpha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoic acid
      acetonide (Example 13, 2.0 g.) in 100 ml. of dichloromethane. This mixture
      is stirred 3 hrs. under nitrogen at 25.degree. C. Water (50 ml.) is then
      added, and the mixture is stirred 10 min. The dichloromethane is
      concentrated under reduced pressure, and the residue is extracted
      repeatedly with ethyl acetate. The combined extracts are washed with
      ice-cold 3 N. hydrochloric acid. Then, the extracts are washed
      successively with aqueous sodium bicarbonate solution and brine, dried,
      and concentrated under reduced pressure. The residue is chromatographed on
      600 g. of silica gel, eluting with 10 l. of a 20-100% ethyl
      acetate-Skellysolve B gradient, collecting 50ml. fractions. The middle
      fractions which show a product free of starting materials on TLC are
      combined and concentrated under reduced pressure to give the title
      compound.
PAR  Following the procedure of Example 26, but using in place of the
      formula-LXXVIII 3-hydroxybicyclo[3.1.0]hexane acid acetonide, each of the
      specific endo and exo, alpha and beta, saturated and unsaturated
      formula-LXXVIII hydroxy acid ketals defined after Example 13, there are
      obtained the corresponding .beta.,.beta.,.beta.-trichloroethyl esters of
      those 3-hydroxybicyclo[3.1.0]hexane acids.
PAR  Following the procedure of Example 26, but using in place of the
      formula-LXXVIII 3-hydroxybicyclo[3.1.0]hexane acid ketal, each of the
      specific formula-LXXX 3-oxo-acid ketals defined after Example 13, there
      are obtained the corresponding formula-LXXXI
      .beta.,.beta.,.beta.-trichloroethyl esters of those 3-oxo-acid ketals.
PAR  Following the procedure of Example 26 but using in place of the
      formula-LXXVIII 3-hydroxy-acid ketal, each of the specific formula-LXXXIV
      (Chart H) 3-hydroxy and formula-LXXXVI 3-oxo acids defined after Example
      14, there are obtained the corresponding formula-LXXXV and formulaLXXXVII
      .beta.,.beta.,.beta.-trichloroethyl esters of those acids, respectively.
PAR  Following the procedures of Examples 3 and 9, each of the formula-LXXXI
      cyclic ketal haloethyl esters of Example 26 is transformed to the
      corresponding formula-XL (Chart D) 3-oxa or 4-oxa phenyl-substituted
      PGE.sub.1 .beta.,.beta.,.beta.-trichloroethyl ester. Thence, following the
      procedure of Example 23, each of the esters is transformed to the
      oxaphenylene PGE.sub.1 acid compound wherein R.sub.10 of formula-XL is
      replaced with hydrogen.
PAR  Following the procedure of Examples 2 and 3 each of the formula-LXXXVII
      olefin haloethyl esters of Example 26 is transformed to the corresponding
      formula-XLVII (Chart E) oxa-phenylene PGE.sub.1
      .beta.,.beta.,.beta.-trichloroethyl ester. Thence, following the procedure
      of Example 23, each of the esters is transformed to the corresponding
      PGE.sub.1 -type acid compound wherein R.sub.10 of formula-XL is replaced
      with hydrogen.
PAC  EXAMPLE 27
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 Methyl Ester (Formula
      XXIV: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-pentyl, Q is
      ##EQU81##
      R.sub.1 is methyl, and .about. is alpha).
PAR  A solution of diazomethane (about 50% excess) in diethyl ether (25 ml.) is
      added to a solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-pGA.sub.1 (Example 5, 50 mg.)
      in 25 ml. of a mixture of methanol and diethyl ether (1:1). The mixture is
      allowed to stand at 25.degree. C. for 5 min. Then the mixture is
      concentrated to give the title compound.
PAR  Following the procedure of Example 27, each of the other specific
      phenyl-substituted PGB type, PGA type, PGE type, and PGF type free acids
      defined above is converted to the corresponding methyl ester.
PAR  Also following the procedure of Example 27, but using in place of the
      diazomethane, diazoethane, diazobutane, 1-diazo-2-ethylhexane, and
      diazocyclohexane, there are obtained the corresponding ethyl, butyl,
      2-ethylhexyl, and cyclohexyl esters of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1. In the same manner,
      each of the other specific phenyl-substituted PGB type, PGA type, PGE
      type, and PGF type free acids defined above is converted to the
      corresponding ethyl, butyl, 2-ethylhexyl, and cyclohexyl esters.
PAC  EXAMPLE 28
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl Ester
      Diacetate. ,
PAR  Acetic anhydride (5 ml.) and pyridine (5 ml.) are mixed with
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 20 mg.), and the mixture is allowed to stand at 25.degree. C.
      for 18 hrs. The mixture is then cooled to 0.degree. C., diluted with 50
      ml. of water, and acidified with 5% hydrochloric acid to pH 1. That
      mixture is extracted with ethyl acetate. The extract is washed
      successively with 5% hydrochloric acid, 5% aqueous sodium bicarbonate
      solution, water, and brine, dried and concentrated to give the title
      compound.
PAR  Following the procedure of Example 28 but replacing the acetic anhydride
      with propionic anhydride, isobutyric anhydride, and hexanoic acid
      anhydride, there are obtained the corresponding dipropionate,
      diisobutyrate and dihexanoate derivatives of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester.
PAR  Also following the procedure of Example 28, but replacing the
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 compound with
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha.  and
      -PGF.sub.1.sub..beta., and
      dl-15-methyl-3-oxa13,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha
     .  and -PGF.sub.1 .sub..beta., there are obtained the corresponding
      triacetate derivatives of the 3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF
      compounds.
PAR  Also following the procedure of Example 28, each of the phenyl-substituted
      PGE type, PGF type, PGA type, and PGB type esters and free acids defined
      above is transformed to the corresponding acetates, propionates,
      isobutyrates, and hexanoates, the PGE-type derivatives being
      dicarboxyacylates, the PGF-type derivatives being tricarboxyacylates, and
      the PGA-type and PGB-type derivatives being monocarboxyacylates.
PAC  EXAMPLE 29
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Sodium Salt.
PAR  A solution of dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1
      (Example 23, 100 mg.) in 50 ml. of a water-ethanol mixture (1:1) is cooled
      to 5.degree. C. and neutralized with an equivalent amount of 0.1 N,
      aqueous sodium hydroxide solution. The neutral solution is concentrated to
      give the title compound.
PAR  Following the procedure of Example 29 but using potassium hydroxide,
      calcium hydroxide, tetramethylammonium hydroxide, and
      benzyltrimethylammonium hydroxide in place of sodium hydroxide, there are
      obtained the corresponding salts of dl-3-oxa-3,7l
      -inter-m-phenylene-4,5,6-trinor-PGE.sub.1.
PAR  Also following the procedure of Example 29 each of the phenyl-substituted
      PGE type, PGF type, PGA type, and PGB type acids defined above is
      transformed to the sodium, potassium, calcium, tetramethylammonium, and
      benzyltrimethylammonium salts.
PAR  The various Preparations and Examples given above describe the preparation
      of racemic intermediates and final products. Each of the intermediates and
      final products named and defined above is also obtained in each of the
      enantiomeric forms, d and l, by resolution that compound or by resolution
      of an intermediate used to prepare that compound. For example, natural
      configuration 3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 free acid
      is prepared by resolution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 free acid (Example
      5) or by dehydration as in Example 5 of optically active
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 free acid with the same
      absolute configuration. These resolutions are carried out by procedures
      known in the art, and may be used to obtain prostaglandin-like materials
      having the spatial configuration of the natural prostaglandins, as
      typified by the following Examples 30-32.
PAC  EXAMPLE 30
PAR  Natural Configuration 3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2 and
      PGF.sub.2 .sub..alpha. Methyl Esters (Formula-XVII and -XXI: wherein
      C.sub.j H.sub.2j and C.sub.p H.sub.2p following the valence bonds in meta
      relationship, G is n-pentyl, Q is
      ##EQU82##
      R.sub.1 is methyl; R.sub.3 and R.sub.4 are hydrogen; and .about. is
      alpha).
PAR  The process shown in Chart D is used to prepare the PGE.sub.2 -type
      compound first. formula-XXXVIII formula-XXXVII cyclic ketal intermediate
      wherein formula-XVII is n-pentyl; J' is
      ##SPC136##
      PFG.sub. -Oxa-
PAL  R.sub.2, r.sub.9, and R.sub.26 are hydrogen; R.sub.10, R.sub.11, and
      R.sub.12 are methyl; and .about. is endo and alpha is prepared following
      the procedures of Example 9.
PAR  The formula-XXXVII compound is resolved as its optical isomers by the
      method of Corey et al., J. Am. Chem. Soc. 84, 2938 (1962), by reacting
      this keto compound with optically active L(+)-2,3-butanedithiol in the
      presence of p-toluene-sulfonic acid. The diastereomeric ketals are
      completely resolved on a preparative chromatographic column, and are then
      hydrolyzed separately, following the procedure of Example 9, to the
      formula-XXXVII dihydroxy compounds. Transformation to the formula-XVII
      PGE.sub.2 -type compounds is accomplished by the procedures of Example 3.
      Of the separate diastereoisomers, one corresponds to the configuration of
      natural PGE.sub.2 and the other to its enantiomer. Conversion of the
      PGE.sub.2 -type compound having the configuration of the natural product
      to the PGF.sub.2.sub..alpha. -type methyl ester is done by borohydride
      reduction following the procedure of Example 4. The natural
      configuration-PGF.sub.2.sub..alpha. -type free acid is formed from the
      methyl ester by saponification, following the procedure of Example 24.
PAC  EXAMPLE 31
PAC  Natural Configuration 3-oxa-3,5-inter-o-phenylene-4-nor-PGE.sub.1 Methyl
      Ester (Formula XVI: C.sub.g H.sub.2g is ethylene; C.sub.p H.sub.2p is a
      valence bond in ortho relationship to C.sub.g H.sub.2g, G is n-pentyl, Q
      is
      ##EQU83##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAL  to Chart E. A. Methyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo-[3.1.0]hex-2.alpha.-yl]-3-oxa-3,5-inte
     r-o-phenylene-4-nor-heptanoate (Formula-XLIV, Chart E: G is n-pentyl;
      R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl; Z' is
      ##SPC137##
PAL  and .about. is alpha and endo).
PAR  1. Methyl 2-(3-hydroxypropyl)phenoxyacetate. To a solution of potassium
      t-butoxide (11.2 g.) in 150 ml. of dry tetrahydrofuran at
      0.degree.-5.degree. C. is added with stirring 3-(o-hydroxyphenyl)propanol
      (15.2 g.) followed in a few minutes by methyl bromoacetate (20 g.). The
      cooling bath is removed and the mixture is stirred at ambient temperature
      until the reaction mixture becomes essentially neutral. The mixture is
      concentrated in vacuo at 30.degree. C. and the residue is shaken with
      ether and water. The organic layer is washed with dilute potassium
      hydroxide solution, water, brine, and is dried over sodium sulfate and
      then concentrated in vacuo. The residue is distilled in a high vacuum to
      afford methyl 2-(3-hydroxypropyl)phenoxyacetate. 2. Methyl
      2-(3-chloropropyl)phenoxyacetate. A mixture of methyl
      2-(3-hydroxypropyl)phenoxyacetate (step A-1, 25 g.) and thionyl chloride
      (20 ml.) is heated to reflux for 1-2 hrs. The excess thionyl chloride is
      removed in vacuo and the residue is distilled in a high vacuum to afford
      methyl 2-(3-chloropropyl)phenoxyacetate. 3. Methyl
      2-(3-iodopropyl)phenoxyacetate. A mixture of methyl
      2-(3-chloropropyl)phenoxyacetate (step A-2, 24.3 g.), acetone (250 ml.)
      and sodium iodide (30 g.) is heated to reflux with stirring for about 40
      hrs. The mixture is cooled, filtered and the filtrate is concentrated in
      vacuo at about 30.degree. C. The residue is diluted with ether and the
      solution is washed with water, dilute sodium thiosulfate solution, brine
      and is dried over magnesium sulfate and then concentrated in vacuo. The
      product, methyl 2-(3-iodopropyl)phenoxyacetate, is used directly in the
      next step. 4. Following the procedure of Example 1-B, but replacing the
      methyl m-(chloromethyl)phenoxyacetate with methyl 2-(3-iodopropyl)
      phenoxyacetate (step A-3, 18 g.) and allowing the alkylation reaction to
      proceed for about 5 min. before acidification with hydrochloric acid,
      there is obtained the desired formula-XLIV methyl
      7-]endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,5-inter
     -o-phenylene-4-nor-heptanoate.
PAR  Following the procedure of Example 30, the above racemic formula-XLIV
      compound is resolved as two optically active isomers. These are both
      transformed by the subsequent steps of this example to the formula-XVI
      PGE.sub.1 -type compounds, one of which corresponds to the configuration
      of natural PGE.sub.1 and the other to its enantiomer.
PAR  B. Methyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxo-bicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa
     -3,5-inter-o-phenylene-4-nor-heptanoate (Formula-XLV, Chart E: G' is
      n-pentyl; R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl;
      Z' is
      ##SPC138##
PAL  and .about. is alpha and endo). To a solution of methyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]-hex-2.alpha.-yl]-3-oxa-3,5-inte
     r-o-phenylene-4-nor-heptanoate (step A, above, 1.8 g.) in 30 ml. of
      tetrahydrofuran at 50.degree. is added, with stirring, osmium tetroxide
      (200 mg.) followed by potassium chlorate (1.2g.) and 15 ml. of water. The
      reaction mixture is maintained at 50.degree. for 2 hrs., cooled, the
      tetrahydrofuran is removed, and the aqueous phase is extracted with
      dichloromethane. The organic layer is dried and concentrated and the
      residue is chromatographed on 200 g. of silica gel. The column is eluted
      with 1 l. of 35% ethyl acetate-benzene and  1 l. of 40% ethyl
      acetate-benzene, collecting 30-ml. fractions. Those fractions containing
      the formula-XLV compound, in its isomeric erythro and threo forms free of
      starting material and impurities, are combined and concentrated.
PAR  C. Title compound. To a solution of the formula-XLV dihydroxy compound
      (step B, above, 0.8 g.) in 10 ml. of pyridine, cooled to 0.degree., is
      added 1.2 ml. of methane-sulfonyl chloride. The reaction mixture is
      stirred for 2 hrs. and 20 g. of ice is added. The mixture is extracted
      with ether-dichloromethane (1:1) and the organic layer is washed
      successively with dilute hydrochloride acid, water, saturated aqueous
      sodium bicarbonate, and brine, dried, and concentrated. The residue,
      containing the bismesylate, is treated with 15 ml. of acetone and 10 ml.
      of water and stirred for 8-16 hrs. at 25.degree.. The acetone is removed
      in vacuo and the remaining solution is extracted with dichloromethane. The
      extract is dried and concentrated and the residue is chromatographed on
      150 g. of silica gel using 500 ml. ethyl acetate followed by 3% methanol
      ethyl acetate as eluting solvent while collecting 30-ml. fractions. Those
      fractions containing the formula-XLVII product, free of starting material
      and impurities, are combined and concentrated to give the title compound;
      principle NMR spectral peaks at  6.57-7.3 (multiplet); 5.42-5.65
      (multiplet); 4.60 (singlet) and 3.76 (singlet) .delta..
PAC  EXAMPLE 32
PAC  Natural Configuration
      3-Oxa-3,5-inter-o-phenylene-4-nor-PGF.sub.1.sub..alpha. Methyl Ester
      (Formula-XX: C.sub.g H.sub.2g is ethylene, C.sub.p H.sub.2p is a valence
      bond in ortho relationship to C.sub.g H.sub.2g, G is n-pentyl, Q is
      ##EQU84##
      R.sub.1 is methyl, and .about. is alpha for the carboxyl-containing moiety
      and for the ring hydroxyl).
PAR  Refer to Chart A. Following the procedure of Example 4, the formula-XVI
      PGE.sub.1 -type compound of Example 31 is transformed to the title
      compound; principle NMR spectral peaks at 6.57-7.3 (multiplet); 5.33-5.56
      (multiplet); 4.62 (singlet) and 3.75 (singlet) .delta..
PAC  EXAMPLE 33
PAC  dl-3-Oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.3 Methyl Ester (Formula-XXXII;
      C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in meta
      relationship, C.sub.n H.sub.2n is methylene, Q is
      ##EQU85##
      R.sub.1 is methyl, R.sub.5 is ethyl, and .about. is alpha) and
      dl-15-Beta-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.3 Methyl Ester
      ##EQU86##
PAR  a. Refer to Chart F. Following the procedure of Preparation 4b, a solution
      of 100 g. of endo-bicyclo-[3.1.0 ]hexan-3-ol-6-carboxaldehyde
      3-tetrahydropyranyl ether in 200 ml. of benzene is reacted with 250 g. of
      (hex-3-ynyl)triphenylphosphonium bromide (Axen et al., Chem. Comm. 1970,
      602) in 3 l. of benzene at about -15.degree. C. The mixture is warmed to
      70.degree. C. for 2.5 hours., cooled and filtered. The crude product is
      hydrolyzed to the 3-hydroxy compound and then oxidized to the 3-oxo ketone
      with Jones reagent. The desired fromula-LXIX intermediate is isolated
      after silica gel chromatography.
PAR  b. There is next prepared the formula-LXX compound by alkylation. Following
      the procedures of Example 1-B, the product of step a above is reacted with
      methyl 9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate
      (Preparation 7) to yield
      7-[endo-6-(cis-1-hepten-4-ynyl)-3-oxobicyclo[3.1.0]-hex-2.alpha.-yl]-3-oxa
     -3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate.
PAR  c. Glycol LXXI is next prepared, employing the product of step b and
      following the procedures of Example 2. Without separating the isomeric
      glycols, the bismesylate corresponding to formula-LXXII is then prepared
      following the procedures of Example 3. Thereafter, following hydrolysis of
      the bismesylate by the procedures of Example 3, the bisdehydro E.sub.3
      type compound corresponding to formula-LXXIII is recovered. Silica gel
      chromatography yields the respective C-15 epimers.
PAR  d. Following the procedures of Preparation 8, each of the C-15 epimers of
      step C above is hydrogenated to yield the corresponding title compounds.
PAC  EXAMPLE 34
PAC  1-Bicyclo[3.1.0]hex-2-ene-6-endocarboxaldehyde Neopentyl Glycol Acetal
      (Formula .sub.CIX : R.sub.31 and R.sub.32 taken together are --CH.sub.2
      --C(CH.sub.3).sub.2 --CH.sub.2 -- and .about. is endo).
PAR  A mixture of 2,2-dimethyl-1,3-propanediol (900 g.), 5 l. of benzene and 3
      ml. of 85% phosphoric acid is heated at reflux. To it is added, in 1.5
      hr., a solution of optically active
      bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde (Prep.10, 500 g.) in one
      liter of benzene. Provision is made to take off azeotropically distilled
      water with a Dean-Stark trap. After 3 hr. the mixture is cooled and
      extracted with 2 liters off 5% sodium bicarbonate. The organic phase is
      dried over sodium sulfate and concentrated under reduced pressure. The
      resulting semisolid residue is taken up in methanol and recrystallized,
      using a total of 1200 ml. of methanol to which 600 ml. of water is added,
      then chilled to -13.degree. C. to yield 300 g. of the title compound, m.p.
      52.degree.-55.degree. C., and having NMR peaks at 0.66, 1.20, 0.83-2.65,
      3.17-3.8, 3.96, and 5.47-5.88 .delta., [.alpha.].sub.D - 227.degree.
      (C=0.8976 in methanol), and R.sub.f 0.60 (TLC on silica gel in 25% ethyl
      acetate in mixed isomeric hexanes). Further work-up of the mother liquors
      yields 50-100 g. of additional product.
PAR  Following the procedures of Example 34 but replacing the aldehyde with
      optically active bicyclo[3.1.0]hex-2-ene-6-exo-carboxaldehyde (see U.S.
      Pat. No. 3,711,515), there is obtained the corresponding formula-CIX
      acetal.
PAR  Following the procedures of Example 34 but using either the endo or exo
      form of the aldehyde and substituting for 2,2-dimethyl-1,3-propanediol one
      of the following glycols: ethylene glycol, 1,2-propanediol,
      1,2-hexanediol, 1,3-butanediol, 2,3-pentanediol, 2,4-hexanediol,
      2,4-octanediol, 3,5-nonanediol, 3,3-dimethyl-2,4-heptanediol,
      4-ethyl-4-methyl-3,5-heptanediol, phenyl-1,2-ethanediol and
      1-pentyl-1,2-propanediol, there are obtained the corresponding formula-CIX
      acetals.
PAC  EXAMPLE 35
PAC  d-8-(m-Acetoxyphenyl)-7-oxa-tricyclo-[4.2.0.0.sup.2,4
      ]octane-6-endo-carboxaldehyde Neopentyl Glycol Acetal (Formula CX: C.sub.p
      H.sub.2p is a valence bond with attachment in the meta position, R.sub.31
      and R.sub.32 taken together are --CH.sub.2 --C(CH.sub.3).sub.2 -CH.sub.2,
      R.sub.39 is
      ##EQU87##
      and .about. is endo).
PAR  Refer to Chart L, step (a). A solution of the formula-CIX
      l-bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde neopentyl glycol acetal
      (Example 34, 5.82 g.) and m-acetoxybenzaldehyde (1.64 g.) in 25 ml. of
      benzene is charged to a Pyrex Photolysis vessel equipped with an
      immersible water-cooled cold-finger and a fritted gas inlet tube.
      Dissolved oxygen is removed by bubbling nitrogen through the solution. The
      mixture is then irradiated at 350 nm. with a Rayonet Type RS Preparative
      Photochemical Reacter (The Southern New England Ultraviolet Co.,
      Middletown, Conn.) equipped with six RUL 3500 A lamps. After 24 hr. the
      photolysate is concentrated under reduced pressure to a pale yellow oil,
      10 g., which is subjected to silica gel chromatography. Elution with
      10-70% ethyl acetate in Skellysolve B (mixture of isomeric hexanes) yields
      separate fractions of the recovered starting material and the formula-CX
      title compound, a pale yellow oil, 0.86 g., having NMR peaks at 0.68.
      1.20, 0.8-2.5, 2.28, 2.99, 3.12-3.88, 3.48, 4.97-5.52, and 6.78-7.60
      .delta.; infrared absorption bands at 3040, 2950, 2860, 2840, 1765, 1610,
      1590, 1485, 1470, 1370, 1205, 1115, 1020, 1005, 990, 790, and 700
      cm.sup.-.sup.1 ; mass spectral peaks at 358, 357, 116, 115, 108, 107, 79,
      70, 69, 45, 43, and 41; [.alpha.].sub.D + 55.degree. (C=0.7505 in 95%
      ethanol); and R.sub.f 0.18 (TLC on silica gel in 25% ethyl acetate in
      mixed isomeric hexanes).
PAR  Following the procedures of Example 35 but replacing the formula-CIX acetal
      with the formula-CIX compounds disclosed following Example 34, there are
      obtained the corresponding formula-CX compounds in their endo or exo forms
      and with corresponding exemplification of R.sub.31 and R.sub.32.
PAR  Likewise following the procedures of Example 35 but replacing
      m-acetoxybenzaldehyde with aldehydes within the scope of formula CXIX
      above, as to C.sub.p H.sub.2p, the attachment position of the phenyl ring,
      and the carboxyacyl group R.sub.39, or defined above, the corresponding
      formula-CX oxetanes are obtained wherein .about. is endo or exo, and
      R.sub.31 and R.sub.32 correspond to the glycols employed after Example 34
      above. Specifically, the following formula-CXIX aldehydes are employed:
      ##SPC139##
PAC  EXAMPLE 36
PAC  d-2-Exo-[m-(pivaloyloxy)benzyl]-3-exobicyclo[3.1.0]hexane-6-endo-carboxalde
     hyde Neopentyl Glycol Acetal (Formula CXII: C.sub.p H.sub.2p is a valence
      bond with attachment in the meta position, R.sub.31 and R.sub.32 taken
      together are --CH.sub.2 --C(CH.sub.3).sub.2 --CH.sub.2 --, R.sub.43 is
      ##EQU88##
      and .about. is endo).
PAR  (I). Refer to Chart L, steps (b) and (c). A mixture of lithium (0.25 g.) in
      70 ml. of ethylamine is prepared at 0.degree. C. and cooled to -78.degree.
      C. A solution of the formula-CX
      d-8-(m-acetoxyphenyl)-7-oxa-tricyclo[4.2.0.0.sup.2,4
      ]-octane-6-endo-carboxaldehyde neopentyl glycol acetal (Example 35, 1.83
      g.) in 10 ml. of tetrahydrofuran is added dropwise in about 5 min. After
      stirring at -78.degree. C. for about 3.5 hr. the reaction is quenched with
      solid ammonium chloride and water-tetrahydrofuran. Unreacted lithium is
      removed, the mixture is warmed slowly to about 25.degree. C., and
      ethylamine is removed. The residue is neutralized with dilute acetic acid,
      mixed with 200 ml. of brine, and extracted with ethyl acetate. The organic
      phase is washed with brine and a mixture of brine and saturated aqueous
      sodium bicarbonate (1:1), and dried over sodium sulfate. Concentration
      under reduced pressure yields the formula-CXI diol as a pale tan foamed
      oil, 1.64 g., having R.sub.f 0.03 (TLC on silica gel in 25% ethyl acetate
      in mixed isomeric hexanes).
PAR  (II). The product of part (I) is dissolved in 30 ml. of pyridine and
      treated with 1.5 ml. of pivaloyl chloride over a period of 22 hr. at about
      25.degree. C. The reaction mixture is mixed with water, then brine and
      extracted with ethyl acetate. The organic phase is washed successively
      with brine, water, saturated aqueous copper (II) sulfate, saturated
      aqueous sodium bicarbonate, and brine, and dried over sodium sulfate.
      Concentration under reduced pressure yields a residue, 2.53 g., which is
      subjected to silica gel chromatography to yield the formula-CXII title
      compound, 1.87 g., having NMR peaks at 0.71, 1.20, 1.33, 0.9-3.1,
      3.28-4.00, 4.17, 4.7-5.2, and 6.77-7.53 .delta.; mass spectral peaks at
      486, 485, 115, 73, 72, 57, 44, 43, 42, 41, 30, 29, 15; [.alpha.].sub.D
      +10.degree. (C=0.8385 in ethanol); and R.sub.f 0.50 (TLC on silica gel in
      25% ethyl acetate in mixed isomeric hexanes).
PAC  EXAMPLE 37
PAR  d-2-Exo-(m-acetoxybenzyl)-3-exo-acetoxybixyclo]3.1.0]hexane-6-endo-carboxal
     dehyde Neopentyl Glycol Acetal (Formula CXII: C.sub.p H.sub.2p is a valence
      bond with attachment in the meta position, R.sub.31 and R.sub.32 taken
      together are --CH.sub.2 C(CH.sub.3).sub.2 --CH.sub.2 --, R.sub.43 is
      ##EQU89##
      and .about. is endo).
PAR  Following the procedure of Example 36-(II) but replacing pivaloyl chloride
      with acetic anhydride, and using 1.01 g. of the formula-CXI diol, there is
      obtained the title compound, 0.75 g., having NMR peaks at 0.72, 1.22,
      1.98, 2.27, 0.8-3.0, 3.28-3.85, 4.17, 4.75-5.22, and 6.8-7.47 .delta.;
      mass spectral peaks at 402, 401, 115, 107, 73, 69, 45, 44, 43, 42, 41,
      30;[.alpha.].sub.D +7.degree. (C=0.7060 in ethanol); and R.sub.f 0.66 (TLC
      on silica gel in 50% ethyl acetate in mixed isomeric hexanes).
PAC  EXAMPLE 38
PAC  2-Exo-[m-(pivaloyloxybenzyl]-3-exo-(pivaloyloxy)bicyclo[3.1.0]hexane-6-endo
     -carboxaldehyde (Formula CXIII: C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, R.sub.42 is
      ##EQU90##
      and .about. is endo).
PAR  Refer to Chart L step (d). The formula-CXII acetal, i.e.
      d-2-exo-[m-pivaloyloxy)benzyl]-3-exo-(pivaloyloxy)-bicycly[3.1.0]hexane-6-
     endo-carboxaldehyde neopentyl glycol acetal (Example 36, 0.48 g.) is
      treated at 0.degree. C. with 25 ml. of 88% formic acid for 4 hr. The
      mixture is diluted with 200 ml. of brine and extracted with ethyl acetate.
      The organic phase is washed with brine and saturated aqueous sodium
      bicarbonate, and dried over magnesium sulfate. Concentration under reduced
      pressure yields an oil, 0.55 g., which is subjected to silica gel
      chromatography. Elution with 5-15% ethyl acetate in Skellysolve B yields
      the formula-CXIII title compound as an oil, 0.37 g., having NMR peaks at
      1.20, 1.33, 0.6-3.2, 5.1-5.5, 6.6-7.5, and 9.73 .delta.;  and R.sub.f 0.50
      (TLC on silica gel in 25% ethyl acetate in mixed isomeric hexanes).
PAC  EXAMPLE 39
PAL  2-exo-[m-(pivaloyloxy)benzyl]-3-exo-(pivaloyloxy)-6-endo-(cis-1-heptenyl)-b
     icyclo[3.1.0]hexane (Formula CXIV: C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, G is n-pentyl, R.sub.42 is
      ##EQU91##
PAC  R.sub.2 is hydrogen, and .about. is endo); and
      2-Exo-(m-hydroxybenzyl)-3-exo-hydroxy-6-endo-(cis-1-heptenyl)bicyclo[3.1.0
     ]hexane (Formula CXV : C.sub.p H.sub.2p is a valence bond in the meta
      position, G is n-pentyl, R.sub.2 and R.sub.42 are hydrogen, and .about. is
      endo).
PAR  (I). Refer to Chart L, steps (e) and (f). The Wittig ylid reagent is
      prepared in 10 ml. of benzene from n-hexyltriphenylphosphonium bromide
      (0.79 g.) and n-butyllithium (0.6 ml. of 2.32 M. solution in hexane) at
      about 25.degree. C. for 0.5 hr. After the precipitated lithium bromdie has
      settled, the solution is removed and added to a cold (0.degree. C.) slurry
      of the formula-CXIII aldehyde (Examples 38, 0.37 g.). After 15 min. there
      is added 1.0 ml. of acetone and the mixture is heated to 60.degree. C. for
      10 min. The mixture is concentrated under reduced pressure. The residue is
      washed with 10% ethyl acetate in Skellysolve B and these washings are
      concentrated to the formula-CXIV title compound, an oil, 0.33 g. having
      NMR peaks at 1.18, 1.33, 0.6-3.2, 4.5-6.0 and 6.67-7.62 .delta.; and
      R.sub.f 0.78 (TLC on silica gel in 25% ethyl acetate in Skellysolve B).
PAR  (II.) The above product of part (I) is transformed to the formula-CXV diol
      by treatment with sodium methoxide (2.5 ml. of a 25% solution in methanol)
      for 4 hr., followed by addition of 0.5 g. of solid sodium methoxide and
      further stirring for 15 hr. at 25.degree. C., then at reflux for 6 hr. The
      mixture is cooled, mixed with 300 ml. of brine, and extracted with ethyl
      acetate. The organic phase is washed with brine, dried over magnesium
      sulfate, and concentrated under reduced pressure to a residue, 0.27 g. The
      residue is subjected to silica gel chromatography, eluting with 25-35%
      ethyl acetate in Skellysolve B, to yield the formula-CXV title compound an
      an oil, 0.21 g., having NMR peaks at 0.87, 0.6-3.25, 3.88-4.35, 4.82-5.92,
      and 6.47-7.33 .delta.; and R.sub.f 0.13 (TLC on silica gel in 25% ethyl
      acetate in Skellysolve B).
PAR  Following the procedures of Examples 36, 38, and 39 but replacing the
      formula CX oxetane with each of those obtained following Example 35, there
      are obtained successively the corresponding formula-CXI, -CXII, -CXIII,
      and -CXIV compounds wherein C.sub.p H.sub.2p and its attachment position
      on the phenyl ring correspond to the specific aldehydes employed following
      Example 35. These are obtained in both their endo and exo forms.
PAR  Further following the procedures of Example 39, but replacing the Wittig
      ylid reagent with one prepared from a compound of the formula
EQU  Br--P(C.sub.6 H.sub.5).sub.3 --CHR.sub.2 --G
PAL  wherein --CHR.sub.2 --G is each of the following:
PA1  --(CH.sub.2).sub.3 --CH.sub.3
PA1  --(ch.sub.2).sub.4 --ch.sub.3
PA1  --(ch.sub.2).sub.6 --ch.sub.3
PA1  --(ch.sub.2).sub.7 --ch.sub.3
PA1  --ch(ch.sub.3)--(ch.sub.2).sub.5 --ch.sub.3
PA1  --ch.sub.2 --ch(ch.sub.3)--(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch.sub.2 --c(ch.sub.3).sub.2 --(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch(ch.sub.3)--c(c.sub.2 h.sub.5).sub.2 --(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch.sub.2 --chf--(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch.sub.2 --cf.sub.2 --(ch.sub.2).sub.3 --ch.sub.3
PA1  --ch(ch.sub.3)--cf.sub.2 --(ch.sub.2).sub.3 --ch.sub.3
      ##SPC140##
PA1  --(ch.sub.2).sub.2 --c.tbd.c--c.sub.2 h.sub.5
PA1  --ch.sub.2 --ch(ch.sub.3)--c.tbd.c--c.sub.2 h.sub.5
PA1  --ch.sub.2 --c(ch.sub.3).sub.2 --c.tbd.c--c.sub.2 h.sub.5
PAL  or
PA1  --CH(CH.sub.3)--CH.sub.2 --C.tbd.C--C.sub.2 H.sub.5
PAL  there are obtained the corresponding compounds within the scope of formula
      CXIV wherein C.sub.p H.sub.2p and its attachment to the phenyl ring
      correspond to the specific compounds of Example 39 and those illustrated
      in the paragraph immediately thereafter, in both their endo and exo forms.
PAC  EXAMPLE 40
PAC  2-Exo-{m-[(carboxy)methoxy]}-3-exo-hydroxy-6-endo-(cis-1-heptenyl)bicyclo[3
     .1.0]hexane (Formula CXVI : C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, G is n-pentyl, R.sub.1, R.sub.2, and
      R.sub.42 are hydrogen, and .about. is endo).
PAR  Refer to Chart L, step (g). The formula-CXV diol, i.e.
      2-exo-(m-hydroxybenzyl)-3-exo-hydroxy-6-endo-(cis-1-hepentyl)bicyclo[3.1.0
     ]hexane (Example 39, 0.19 g.) is treated in 8 ml. of dioxane with
      bromoacetic acid (0.61 g.) and 6 ml. of 1N. aqueous sodium hydroxide.
      After the mixture has been heated at reflux for 3 hr., with sodium
      hydroxide solution added when necessary to maintain a pH of about 10, the
      mixture is cooled, diluted with 100 ml. of water, and extracted with
      diethyl ether. The aqueous phase is acidified to pH 1-2 and extracted with
      ethyl acetate to yield the formula-CXVI title compound, a pale yellow oil,
      0.20 g. Recovered formula- CXV diol is obtained from the diethyl ether
      organic phase on drying and concentrating, 0.025 g.
PAR  Following the procedures of Example 40 but replacing bromoacetic acid with
      a haloacetate within the scope of Hal--CH.sub.2 --COOR.sub.1 as defined
      herein and specifically illustrated as follows
PA1  Cl--CH.sub.2 --COOCH.sub.3
PA1  Br--CH.sub.2 --COOC.sub.2 H.sub.5
PA1  Cl--CH.sub.2 --COOC.sub.8 H.sub.17 (n)
PA1  I--ch.sub.2 --cooch.sub.2 c.sub.6 h.sub.5
PA1  cl--CH.sub.2 --COO(m-Cl--C.sub.6 H.sub.4)
PAL  there are obtained the corresponding formula-CXVI compounds wherein R.sub.1
      is respectively methyl, ethyl, n-octyl, benzyl, and m-chlorophenyl.
PAR  Likewise following the procedures of Example 40 with each of the
      formula-CXIV compounds disclosed following Example 39 and using each of
      the haloacetates specifically identified above, there are obtained the
      corresponding formula-CXVI compounds.
PAC  EXAMPLE 41
PAC  3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha.  (Formula CI
      : C.sub.p H.sub.2p is a valence bond with attachment in the meta position,
      R.sub.30 is n-pentyl, and R.sub.1 and R.sub.2 are hydrogen).
PAR  (I.) Refer to Chart L. The formula-CXVI alkene is transformed to the title
      compound applying the procedures disclosed in U.S. Pat. No. 3,711,515.
      Thus, compound CXVI (Example 40) is hydroxylated by the procedures of
      Example 39 of that patent to the formula-CXVII glycol of Chart L, using
      osmium tetroxide either alone or in combination with N-methylmorpholine
      oxide-hydrogen peroxide complex.
PAR  The glycol is then either (1) sulfonated, for example to yield the
      bismesylate, and then hydroyzed to a mixture of the title compound and its
      15-epimer, applying the procedures of Example 7 of that patent, or (2)
      treated with substantially 100% formic acid to form the diformate of CI
      and thereafter hydroyzed to a mixture of the title compound and its 15
      epimer, applying the procedures of Examples 20 and 21 of that patent. The
      epimers are separated by silica gel chromatography to yield the title
      compound and its 15-epimer.
PAR  (II). A third route from glycol CXVII to the title compound is by way of a
      formula-CXX cyclic ortho ester
      ##SPC141##
PAL  wherein C.sub.p H.sub.2p, R.sub.46, R.sub.47 and .about. are as defined
      above. The glycol CXVII is treated as a 1-20% solution in benzene with
      trimethyl orthoformate (1.5-10 molar equivalents) and a catalytic amount
      (1% of the weight of the glycol) of pyridine hydrochloride at about
      25.degree. C. The reaction is followed by TLC (thin layer chromatography)
      and is complete in a few minutes. There is thus obtained the formula-CXX
      cyclic ortho ester in 100% yield.
PAR  The cyclic ortho ester is then treated with 20 volumes of 100% formic acid
      at about 25.degree. C. In about 10 min. the reaction mixture is quenched
      in water or aqueous alkaline bicarbonate solution and extracted with
      dichloromethane. The organic phase is shaken with 5% aqueous sodium
      bicarbonate, dried over sodium sulfate, and concentrated to yield the
      formula CXXI diester, in this example identical with the diformate of
      compound CI. The diformate is contacted with 10-50 volumes of anhydrous
      methanol and 10-20% of its weight of potassium carbonate at about
      25.degree. C. until the formyl groups are removed. The mixture of
      15-epimers thus obtained is then separated to yield the formula-CI title
      compound and its 15-epimer.
PAR  Following the procedures of Example 41, each of the formula- CXVI alkenes
      disclosed following Example 40 is converted into the corresponding
      oxa-phenylene PGF.sub..alpha. analog and its 15-epimer. There are likewise
      formed the corresponding oxa-phenylene 17,18-didehydro-PGF.sub..alpha.
      analogs as shown in Chart N.
PAC  EXAMPLE 42
PAC  2-Exo-[m-(carboxymethoxy)benzyl]-3-exohydroxy-6-endo-(cis-1-heptenyl)bicycl
     o-[3.1.0]hexane (Formula CXXVII: C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, G is n-pentyl, R.sub.1 and R.sub.2 are
      hydrogen, and .about. is endo).
PAR  Refer to Chart M, steps (a)-(f). There is first prepared the formula-CXXII
      oxetane. Following the procedures of Examples 34 and 35 but replacing the
      m-acetoxybenzaldehyde of Example 35 with an aldehyde within the scope of
      ##SPC142##
PAL  as to C.sub.p H.sub.2p, the attachment position on the phenyl ring, and the
      carboxyl group R.sub.44, as defined above, the corresponding formula-CXXII
      oxetanes are obtained with a fully developed side chain. Specifically, the
      following formula-CXXXI aldehydes are employed:
      ##SPC143##
PAR  Thereafter, following the procedures of Examples 36, 38, and 39, but
      replacing the formula-XX ocetane of Example 36 with those obtained by the
      procedure disclosed in the above paragraph of this example, there are
      obtained the corresponding formula-CXXVI products. Likewise following
      those procedures of Examples 36, 38, and 39, but replacing the Wittig ylid
      reagent of Example 39 with each one disclosed after Example 39, and
      applying it to each of the above formula-CX compounds of this example,
      there are obtained the corresponding formula-CXXVI compounds with those
      specific sidechains.
PAR  Finally, the blocking groups on each CXXVI compound are removed by methods
      disclosed herein or known in the art to yield the formula-CXXVII title
      compound and the corresponding formula-CXXVII compounds from those
      formula-CXXVI compounds above.
PAC  EXAMPLE 43
PAC  2-Exo-{m-[(methoxycarbonyl)methoxy]benzyl{-3-exo
      hydroxy-6-endo-(cis-1-heptenyl)bicyclo[3.1.0]hexane (Formula-CXXVII:
      C.sub.p H.sub.2p is a valence bond with attachment in the meta position, G
      is n-pentyl, R.sub.1 is methyl, R.sub.2 is hydrogen, and .about. is endo).
PAR  Refer to Chart M. The formula-CXXVII acid (Example 40, 0.20 g.) is treated
      in methanol solution at 0.degree. C. with a solution of diazomethane in
      diethyl ether (prepared from N-methyl-N-nitroso-N'-nitroguanidine (2.0 g.)
      and potassium hydroxide (6 ml. of 40% aqueous solution)) until a permanent
      yellow color is produced, and the mixture is concentrated to yield the
      title compound, a pale tan oil.
PAC  EXAMPLE 44
PAC  l-6-Endo-(cis-1-heptenyl)-2-exo-{m-[(methoxycarbonyl)methoxy]benzyl}bicyclo
     [3.1.0]hexan-3-one (Formula CXXVIII: C.sub.p H.sub.2p is a valence bond
      with attachment in the meta position, G is n-pentyl, R.sub.1 is methyl,
      R.sub.2 is hydrogen, and .about. is endo).
PAR  Refer to Chart M, step (g). The formula-CXXVII methyl ester is oxidized to
      the bicyclic hexanone as follows. The formula-CXXVII methyl ester (Example
      41, 0.21 g.) is added in 2 ml. of dichloromethane to a solution of Collins
      reagent (prepared from pyridine (0.53 g.) and chromium trioxide (0.34 g.)
      in 10 ml. of dichloromethane) at about 25.degree. C. for 15 min. The
      mixture is then shaken with a mixture of 60 ml. of diethyl ether, ice, and
      25 ml. of 1 N. aqueous sodium hydroxide, and the organic phase is
      separated. The organic phase is washed with 1 N. aqueous sodium hydroxide,
      1.2 N. aqueous hydrochloric acid, and brine, dried, and concentrated under
      reduced pressure. The residue, a colorless oil, 0.19 g., is subjected to
      silica gel chromatography, eluting with 5- 20% ethyl acetate in
      Skellysolve B. There is thus obtained the formula-CXXVIII title compound,
      a colorless oil, 0.13 g., having NMR peaks at 0.87, 0.6-3.3, 3.77, 4.60,
      4.5-5.1, 5.37-5.95, and 6.58-7.40 .delta.; [.alpha.].sub.D -39.degree.
      (C=0.8380 in 95% ethanol); and R.sub.f 0.42 (TLC on silica gel in 25%
      ethyl acetate in Skellysolve B).
PAR  Following the procedures of Examples 43 and 44, each of the
      above-identified formula-CXXVII compounds following Example 42 is oxidized
      to the corresponding formula-CXXVIII compound.
PAC  EXAMPLE 45
PAC  3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1, Methyl Ester (Formula
      XCVII: C.sub.p H.sub.2p is a valence bond with attachment in the meta
      position, R.sub.1 is methyl, R.sub.30 is n-pentyl, and R.sub.2 is
      hydrogen).
PAR  Following the procedures of Example 41, the formula-CXXVIII alkene is
      transformed in several steps to the title compound.
PAR  Likewise, following the same procedures, each of the formula-CXXVIII
      alkenes disclosed following Example 44 is converted into the corresponding
      oxa-phenylene PGE analog and its 15 -epimer.
PAR  Following the procedures of Examples 34-45, each of the endo intermediates
      is replaced by the corresponding exo intermediate to yield the
      corresponding exo intermediate or the ultimate oxa-phenylene PG analog.
PAR  Likewise following the procedures of Examples 34-45, each of the optically
      active isomers is replaced by the corresponding racemic mixture to yield
      the corresponding racemic intermediate or ultimate oxa-phenylene PG
      analog.
CLMS
STM  I claim:
NUM  1.
PAR  1. An optically active compound of the formula:
      ##SPC144##
PAL  or a racemic mixture of that compound and the enantiomer thereof, wherein
      C.sub.j H.sub.2j represents a valence bond or alkylene of one or 2 carbon
      atoms, with one chain carbon atom between --CH=CH-- and the phenylene
      ring; wherein C.sub.p H.sub.2p represents a valence bond or alkylene of
      one to 4 carbon atoms, inclusive, with one or 2 chain carbon atoms between
      the ring and --O--; wherein C.sub.j H.sub.2j and C.sub.p H.sub.2p together
      represent zero to 6 carbon atoms, inclusive, with total chain lengths zero
      to 3 carbon atoms, inclusive; wherein G is (1) alkyl of 2 to 10 carbon
      atoms, inclusive, substituted with zero, one, 2, or 3 fluoro or (2) a
      monovalent moiety of the formula
      ##SPC145##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of one to 10
      carbon atoms, inclusive, substituted with zero, one, or 2 fluoro, with one
      to 7 carbon atoms, inclusive, between
      ##EQU92##
      and the ring, wherein T is alkyl of one to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of one to 4 carbon atoms, inclusive, and wherein s is
      zero, one, 2, or 3, with the proviso that not more than two T's are other
      than alkyl; wherein Q is
      ##EQU93##
      wherein R.sub.2 is hydrogen or alkyl of one to 4 carbon atoms, inclusive;
      wherein R.sub.1 is hydrogen, alkyl of one to 12 carbon atoms, inclusive,
      cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive, wherein .about. indicates
      attachment of the side chain to the cyclopentane ring in alpha or beta
      configuration; including the lower alkanoates thereof and the
      pharmacologically acceptable salts thereof when R.sub.1 is hydrogen.
NUM  2.
PAR  2. A compound according to claim 1 wherein G is alkyl of 2 to 10 carbon
      atoms, inclusive, substituted with zero, one, 2, or 3 fluoro.
NUM  3.
PAR  3. A compound according to claim 2 wherein .about. indicates attachment of
      the side chain to the cyclopentane ring in alpha configuration.
NUM  4.
PAR  4. A compound according to claim 3 wherein Q is
      ##EQU94##
NUM  5.
PAR  5. A compound according to claim 4 wherein R.sub.1 is hydrogen or alkyl of
      one to 12 carbon atoms.
NUM  6.
PAR  6. A compound according to claim 4 wherein R.sub.1 is hydrogen, methyl, or
      ethyl.
NUM  7.
PAR  7. A compound according to claim 5 wherein R.sub.2 is hydrogen.
NUM  8.
PAR  8. A compound according to claim 5 wherein R.sub.2 is methyl or ethyl.
NUM  9.
PAR  9. A compound according to claim 5 wherein C.sub.j H.sub.2j is a valence
      bond.
NUM  10.
PAR  10. A compound according to claim 9 wherein C.sub.p H.sub.2p is methylene.
NUM  11.
PAR  11. A compound according to claim 9 wherein C.sub.p H.sub.2p is a valence
      bond.
NUM  12.
PAR  12. A compound according to claim 11 wherein G is
      ##EQU95##
      wherein a is one, 2, 3, 4, or 5, and wherein R.sub.21 and R.sub.22 are
      hydrogen, alkyl of one to 4 carbon atoms, inclusive, or fluoro, being the
      same or different, with the proviso that R.sub.22 is fluoro only when
      R.sub.21 is hydrogen or fluoro.
NUM  13.
PAR  13. A compound according to claim 12 wherein a is 2, 3, or 4, and wherein
      R.sub.21 and R.sub.22 are hydrogen, methyl, ethyl, or fluoro, being the
      same or different.
NUM  14.
PAR  14. 3-Oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2, a compound according to
      claim 11.
NUM  15.
PAR  15. 3-Oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2, methyl ester, a compound
      according to claim 11.
NUM  16.
PAR  16. 15(S)-15-Methyl-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2, a compound
      according to claim 11.
NUM  17.
PAR  17. 16,16-Dimethyl-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2, a compound
      according to claim 11.
NUM  18.
PAR  18. A compound according to claim 1 wherein G is a monovalent moiety of the
      formula
      ##SPC146##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of one to 10
      carbon atoms, inclusive, substituted with zero, one, or 2 fluoro, with one
      to 7 carbon atoms, inclusive, between
      ##EQU96##
      and the ring, wherein T is alkyl of one to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of one to 4 carbon atoms, inclusive, and wherein s is
      zero, one, 2, or 3, with the proviso that not more than two T's are other
      than alkyl.
NUM  19.
PAR  19. A compound according to claim 18 wherein .about. indicates attachment
      of the side chain to the cyclopentane ring in alpha configuration.
NUM  20.
PAR  20. A compound according to claim 19 wherein Q is
      ##EQU97##
NUM  21.
PAR  21. A compound according to claim 20 wherein R.sub.1 is hydrogen or alkyl
      of one to 12 carbon atoms.
NUM  22.
PAR  22. A compound according to claim 20 wherein R.sub.1 is hydrogen, methyl,
      or ethyl.
NUM  23.
PAR  23. A compound according to claim 21 wherein R.sub.2 is hydrogen.
NUM  24.
PAR  24. A compound according to claim 21 wherein R.sub.2 is methyl or ethyl.
NUM  25.
PAR  25. A compound according to claim 21 wherein C.sub.j H.sub.2j is a valence
      bond.
NUM  26.
PAR  26. A compound according to claim 25 wherein C.sub.p H.sub.2p is methylene.
NUM  27.
PAR  27. A compound according to claim 25 wherein C.sub.p H.sub.2p is a valence
      bond.
NUM  28.
PAR  28. A compound according to claim 27 wherein G is
      ##SPC147##
PAL  wherein e is zero, one, 2, or 3; wherein R.sub.21 and R.sub.22 are
      hydrogen, alkyl of one to 4 carbon atoms, inclusive, or fluoro, being the
      same or different, with the proviso that R.sub.22 is fluoro only when
      R.sub.21 is hydrogen or fluoro; wherein T is alkyl of one to 4 carbon
      atoms, inclusive, fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein
      R.sub.6 is hydrogen or alkyl of one to 4 carbon atoms, inclusive, and
      wherein s is zero, one, 2, or 3, with the proviso that not more than two
      T's are other than alkyl.
NUM  29.
PAR  29. A compound according to claim 28 wherein R.sub.21 and R.sub.22 are
      hydrogen, methyl, ethyl, or fluoro, being the same or different.
NUM  30.
PAR  30. 3-Oxa-3,7-inter-m-phenylene-17-phenyl-4,5,6,18,19,20-hexanor-PGE.sub.2,
      a compound according to claim 27.
NUM  31.
PAR  31. 15(S)-15-Methyl-3-oxa-3,7-inte
     r-m-phenylene-17-phenyl-4,5,6,18,19,20-hexanor-PGE.sub.2, a compound
      according to claim 27.
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ABST
PAL  This invention is a group of 13,14-dihydro-PGE.sub.1 -type (also referred
      to as PGE.sub.o -type) oxa-phenylene compounds, and processes for making
      them. These compounds are useful for a variety of pharmacological
      purposes, including anti-ulcer, inhibition of platelet aggregation,
      increase of nasal patency, labor inducement at term, and wound healing.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 302,567, filed Oct. 30, 1972, which was a continuation-in-part of my
      then copending application Ser. No. 121,572, filed Mar. 5, 1971 both now
      abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to compositions of matter, and to methods and
      intermediates for producing them. In particular, the several aspects of
      this invention relate to novel oxa-phenylene analogs of some of the known
      prostaglandins, for example prostaglandin E.sub.1 (PGE.sub.1),
      prostaglandin E.sub.2 (PGE.sub.3), prostaglandin F.sub.1
      (PGF.sub.1.sub..alpha.  and PGF.sub.1 .sub..beta.), prostaglandin F.sub.2
      (PGF.sub.2.sub..alpha.  and PGF.sub.2.sub..beta.), prostaglandin A.sub.1
      (PGA.sub.1), prostaglandin A.sub.2 (PGA.sub.2), prostaglandin B.sub.1
      (PGB.sub.1), prostaglandin B.sub.2 (PGB.sub.2), the corresponding PG.sub.3
      's, and the dihydro PG.sub.1 derivatives, to novel methods for producing
      those novel prostaglandin analogs, and to novel chemical intermediates
      useful in those novel methods.
PAR  Each of the above-mentioned known prostaglandins is a derivative of
      prostanoic acid which has the following structure and atom numbering:
      ##SPC1##
PAL  A systematic name for prostanoic acid is
      7-[(2.beta.-octyl)-cyclopent-1.alpha.-yl]heptanoic acid.
PAR  PGE.sub.1 has the following structure:
      ##SPC2##
PAL  Pgf.sub.1 .sub..alpha.  has the following structure:
      ##SPC3##
PAL  Pgf.sub.1 .sub..beta.  has the following structure:
      ##SPC4##
PAL  Pga.sub.1 has the following structure:
      ##SPC5##
PAL  Pgb.sub.1 has the following structure:
      ##SPC6##
PAR  Each of the known prostaglandins PGE.sub.2, PGF.sub.2 .sub..alpha.,
      PGF.sub.2.sub..beta., PGA.sub.2, and PGB.sub.2 has a structure the same as
      that shown for the corresponding PG.sub.1 compound except that in each,
      C-5 and C-6 are linked with a cis carbon-carbon double bond. For example,
      PGE.sub.2 has the following structure:
      ##SPC7##
PAR  Each of the known PG.sub.3 prostaglandins has a structure the same as that
      of the PG.sub.2 compounds except that in each, C-17 and C-18 are linked
      with a cis carbon-carbon double bond. For example, PGE.sub.3 has the
      following structure:
      ##SPC8##
PAR  Each dihydro derivative of PGE.sub.1, PGF.sub.1.sub..alpha.,
      PGF.sub.1.sub..beta., PGA.sub.1, and PGB.sub.1 has a structure the same as
      that shown for the corresponding PG.sub.1 compound except that in each,
      C-13 and C-14 are linked with a carbon-carbon single bond. For example,
      dihydro-PGE.sub.1 has the following structure:
      ##SPC9##
PAR  The prostaglandin formulas mentioned above each have several centers of
      asymmetry. As drawn, formulas II to IX each represents the particular
      optically active form of the prostaglandin obtained from certain mammalian
      tissues, for example, sheet vesicular glands, swine lung, and human
      seminal plasma, or by reduction or dehydration of a prostaglandin so
      obtained. See, for example, Bergstrom et al., Pharmacol. Rev. 20, 1
      (1968), and references cited therein. The mirror image of each formula
      represents a molecule of the enantiomer of that prostaglandin. The racemic
      form of the prostaglandin consists of equal numbers of two types of
      molecules, one represented by one of the above formulas and the other
      represented by the mirror image of that formula. Thus, both formulas are
      needed to define a racemic prostaglandin. See Nature 212, 38 (1966) for
      discussion of the stereochemistry of the prostaglandins.
PAR  In formulas I-IX, as well as in the formulas given hereinafter, broken line
      attachments to the cyclopentane ring indicate substituents in alpha
      configuration, i.e., below the plane of the cyclopentane ring. Heavy solid
      line attachments to the cyclopentane ring indicate substituents in beta
      configuration, i.e., above the plane of the cyclopentane ring.
PAR  Prostaglandins with carboxyl-terminated side chains attached to the
      cyclopentane ring in beta configuration are also known. These are
      derivatives of 8-iso-prostanoic acid which has the following formula:
      ##SPC10##
PAL  A systematic name for 8-iso-prostanoic acid is
      7-[(2.beta.-octyl)-cyclopent-1.beta.-yl]heptanoic acid.
PAR  The side-chain hydroxy at C-15 in formulas II to IX is in alpha (S)
      configuration. See Nature 212, 38 (1966) for discussion of the
      stereochemistry of the prostaglandins.
PAR  PGE.sub.1, PGE.sub.2, dihydro-PGE.sub.1, and the corresponding
      PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds, and their esters,
      acylates, and pharmacologically acceptable salts, are extremely potent in
      causing various biological responses. For that reason, these compounds are
      useful for pharmacological purposes. See, for example, Bergstrom et al.,
      Pharmacol. Rev. 20, 1 (1968), and references cited therein. A few of those
      biological responses are stimulation of smooth muscle as shown, for
      example, by tests of strips of guinea pig ileum, rabbit duodenum, or
      gerbil colon; potentiation of other smooth muscle stimulants;
      antilipolytic activity as shown by antagonism of epinephrine-induced
      mobilization of free fatty acids or inhibition of the spontaneous release
      of glycerol from isolated rat fat pads; inhibition of gastric secretion in
      the case of the PGE and PGA compounds as shown in dogs with secretion
      stimulated by food or histamine infusion; activity on the central nervous
      system; controlling spasm and facilitating breathing in asthmatic
      conditions; decreasing blood platelet adhesiveness as shown by
      platelet-to-glass adhesiveness, and inhibition of blood platelet
      aggregation and thrombus formation induced by various physical stimuli,
      e.g., arterial injury, and various biochemical stimuli, e.g., ADP, ATP,
      serotonin, thrombin, and collagen; and in the case of the PGE and PGB
      compounds, stimulation of epidermal proliferation and keratinization as
      shown when applied in culture to embryonic chick and rat skin segments.
PAR  Because of these biological responses; these known prostaglandins are
      useful to study, prevent, control, or alleviate a wide variety of diseases
      and undesirable physiological conditions in birds and mammals, including
      humans, useful domestic animals, pets, and zoological specimens, and in
      laboratory animals, for example, mice, rats, rabbits, and monkeys.
PAR  For example, these compounds, and especially the PGE compounds, are useful
      in mammals, including man, as nasal decongestants. For this purpose, the
      compounds are used in a dose range of about 10 .mu.g. to about 10 mg. per
      ml. of a pharmacologically suitable liquid vehicle or as an aerosol spray,
      both for topical application.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., and PGA compounds are useful in
      the treatment of asthma. For example, these compounds are useful as
      bronchodilators or as inhibitors of mediators, such as SRS-A, and
      histamine which are released from cells activated by an antigen-antibody
      complex. Thus, these compounds control spasm and facilitate breathing in
      conditions such as bronchial asthma, bronchitis, bronchiectasis, pneumonia
      and emphysema. For these purposes, these compounds are administered in a
      variety of dosage forms, e.g., orally in the form of tablets, capsules, or
      liquids; rectally in the form of suppositories; parenterally,
      subcutaneously, or intramuscularly, with intravenous administration being
      preferred in emergency situations; by inhalation in the form of aerosols
      or solutions for nebulizers; or by insufflation in the form of powder.
      Doses in the range of about 0.01 to 5 mg. per kg. of body weight are used
      1 to 4 times a day, the exact dose depending on the age, weight, and
      condition of the patient and on the frequency and route of administration.
      For the above use these prostaglandins can be combined advantageously with
      other anti-asthmatic agents, such as sympathomimetics (isoproterenol,
      phenylephrine, ephedrine, etc); xanthine derivatives (theophylline and
      aminophylline); and corticosteroids (ACTH and predinisolone). Regarding
      use of these compounds see South African Pat. No. 681,055.
PAR  The PGE and PGA compounds are useful in mammals, including man and certain
      useful animals, e.g., dogs and pigs, to reduce and control excessive
      gastric secrection, thereby reducing or avoiding gastrointestinal ulcer
      formation, and accelerating the healing of such ulcers already present in
      the gastrointestinal tract. For this purpose, the compounds are injected
      or infused intravenously, subcutaneously, or intramuscularly in an
      infusion dose range about 0.1 .mu.g. to about 500 .mu.g. per kg. of body
      weight per minute, or in a total daily dose by injection or infusion in
      the range about 0.1 to about 20 mg. per kg. of body weight per day, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful whenever
      it is desired to inhibit platelet aggregation, to reduce the adhesive
      character of platelets, and to remove or prevent the formation of thrombi
      in mammals, including man, rabbits, and rats. For example, these compounds
      are useful in the treatment and prevention of myocardial infarcts, to
      treat and prevent post-operative thrombosis, to promote patency of
      vascular grafts following surgery, and to treat conditions such as
      atherosclerosis, arteriosclerosis, blood clotting defects due to lipemia,
      and other clinical conditions in which the underlying etiology is
      associated with lipid imbalance or hyperlipidemia. For these purposes,
      these compounds are administered systemically, e.g., intravenously,
      subcutaneously, intramuscularly, and in the form of sterile implants for
      prolonged action. For rapid response, especially in emergency situations,
      the intravenous route of administration is preferred. Doses in the range
      about 0.005 to about 20 mg. per kg. of body weight per day are used, the
      exact dose depending on the age, weight, and condition of the patient or
      animal, and on the frequency and route of administration.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are especially
      useful as additives to blood, blood products, blood substitutes, and other
      fluids which are used in artificial extracorporeal circulation and
      perfusion of isolated body portions, e.g., limbs and organs, whether
      attached to the original body, detached and being preserved or prepared
      for transplant, or attached to a new body. During these circulations and
      perfusions, aggregated platelets tend to block the blood vessels and
      portions of the circulation apparatus. This blocking is avoided by the
      presence of these compounds. For this purpose, the compound is added
      gradually or in single or multiple portions to the circulating blood, to
      the blood of the donor animal, to the perfused body portion, attached or
      detached, to the recipient, or to two or all of those at a total steady
      state dose of about 0.001 to 10 mg. per liter of circulating fluid. It is
      especially useful to use these compounds in laboratory animals, e.g.,
      cats, dogs, rabbits, monkeys, and rats, for these purposes in order to
      develop new methods and techniques for organ and limb transplants.
PAR  PGE compounds are extremely potent in causing stimulation of smooth muscle,
      and are also highly active in potentiating other known smooth muscle
      stimulators, for example, oxytocic agents, e.g., oxytocin, and the various
      ergot alkaloids including derivatives and analogs thereof. Therefore,
      PGE.sub.2, for example, is useful in place of or in combination with less
      than usual amounts of these known smooth muscle stimulators, for example,
      to relieve the symptoms of paralytic ileus, or to control or prevent
      antonic uterine bleeding after abortion or delivery, to aid in expulsion
      of the placenta, and during the puerperium. For the latter purpose, the
      PGE compound is administered by intravenous infusion immediately after
      abortion or delivery at a dose in the range about 0.01 to about 50 .mu.g.
      per kg. of body weight per minute until the desired effect is obtained.
      Subsequent doses are given by intravenous, subcutaneous, or intramuscular
      injection or infusion during puerperium in the range 0.01 to 2 mg. per kg.
      of body weight per day, the exact dose depending on the age, weight, and
      condition of the patient or animal.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful in place
      of oxytocin to induce labor in pregnant female animals, including man,
      cows, sheep, and pigs, at or near term, or in pregnant animals with
      intrauterine death of the fetus from about 20 weeks to term. For this
      purpose, the compound is infused intravenously at a dose of 0.01 to 50
      .mu.g. per kg. of body weight per minute until or near the termination of
      the second stage of labor, i.e., expulsion of the fetus. These compounds
      are especially useful when the female is one or more weeks post-mature and
      natural labor has not started, or 12 or 60 hours after the membranes have
      ruptured and natural labor has not yet started. An alternative route of
      administration is oral.
PAR  The PGE, PGF.sub..alpha., and PGF.sub..beta. compounds are useful for
      controlling the reproductive cycle in ovulating female mammals, including
      humans and animals such as monkeys, rats, rabbits, dogs, cattle, and the
      like. By the term ovulating female mammals is meant animals which are
      mature enough to ovulate but not so old that regular ovulation has ceased.
      For that purpose PGF.sub.2.sub..alpha., for example, is administered
      systemically at a dose level in the range 0.01 mg. to about 20 mg. per kg.
      of body weight of the female mammal, advantageously during a span of time
      starting approximately at the time of ovulation and ending approximately
      at the time of menses or just prior to menses. Intravaginal and
      intrauterine are alternative routes of administration. Additionally,
      expulsion of an embryo or a fetus is accomplished by similar
      administration of the compound during the first third of the normal
      mammalian gestation period.
PAR  As mentioned above, the PGE compounds are potent antagonists of
      epinephrine-induced mobilization of free fatty acids. For this reason,
      this compound is useful in experimental medicine for both in vitro and in
      vivo studies in mammals, including man, rabbits, and rats, intended to
      lead to the understanding, prevention, symptom alleviation, and cure of
      diseases involving abnormal lipid mobilization and high free fatty acid
      levels, e.g., diabetes mellitus, vascular diseases, and hyperthyroidism.
PAR  The PGA compounds and derivatives and salts thereof increase the flow of
      blood in the mammalian kidney, thereby increasing volume and electrolyte
      content of the urine. For that reason, PGA compounds are useful in
      managing cases of renal dysfunction, especially those involving blockage
      of the renal vascular bed. Illustratively, the PGA compounds are useful to
      alleviate and correct cases of edema resulting, for example, from massive
      surface burns, and in the management of shock. For these purposes, the PGA
      compounds are preferably first administered by intravenous injection at a
      dose in the range of 10 to 1000 .mu.g. per kg. of body weight or by
      intravenous infusion at a dose in the range 0.1 to 20 .mu.g. per kg. of
      body weight per minute until the desired effect is obtained. Subsequent
      doses are given by intravenous, intramuscular, or subcutaneous injection
      or infusion in the range 0.05 to 2 mg. per kg. of body weight per day.
PAR  The PGE and PGB compounds promote and accelerate the growth of epidermal
      cells and keratin in animals, including humans, useful domestic animals,
      pets, zoological specimens, and laboratory animals. For that reason, these
      compounds are useful to promote and accelerate healing of skin which has
      been damaged, for example, by burns, wounds, and abrasions, and after
      surgery. These compounds are also useful to promote and accelerate
      adherence and growth of skin autografts, especially small, deep (Davis)
      grafts which are intended to cover skinless areas by subsequent outward
      growth rather than initially, and to retard rejection of homografts.
PAR  For these purposes, these compounds are preferably administered topically
      at or near the cite where cell growth and keratin formation is desired,
      advantageously as an aerosol liquid or micronized powder spray, as an
      isotonic aqueous solution in the case of wet dressings, or as a lotion,
      cream, or ointment in combination with the usual pharmaceutically
      acceptable diluents. In some instances, for example, when there is
      substantial fluid loss as in the case of extensive burns or skin loss due
      to other causes, systemic administration is advantageous, for example, by
      intravenous injection or infusion, separate or in combination with the
      usual infusions of blood, plasma, or substitutes thereof. Alternative
      routes of administration are subcutaneous or intramuscular near the site,
      oral, sublingual, buccal, rectal, or vaginal. The exact dose depends on
      such factors as the route of administration, and the age, weight, and
      condition of the subject. To illustrate, a wet dressing for topical
      application to second and/or third degree burns of skin area 5 to 25
      square centimeters would advantageously involve use of an isotonic aqueous
      solution containing 1 to 500 .mu.g./ml. of the PGB compound or several
      times that concentration of the PGE compound. Especially for topical use,
      these prostaglandins are useful in combination with antibiotics, for
      example, gentamycin, neomycin, polymyxin B, bacitracin, spectinomycin, and
      oxytetracycline, with other antibacterials, for example, mafenide
      hydrochloride, sulfadiazine, furazolium chloride, and nitrofurazone, and
      with corticoid steroids, for example, hydrocortisone, prednisolone,
      methylprednisolone, and fluprednisolone, each of those being used in the
      combination at the usual concentration suitable for its use alone.
PAR  The PGE and PGF compounds are useful in causing cervical dilation in
      pregnant and nonpregnant female mammals for purposes of gynecology and
      obstetrics. In labor induction and in clinical abortion produced by these
      compounds, cervical dilation is also observed. In cases of infertility,
      cervical dilation produced by PGE and PGF compounds is useful in assisting
      sperm movement to the uterus. Cervical dilation by prostaglandins is also
      useful in operative gynecology such as D and C (Cervical Dilation and
      Uterine Curettage) where mechanical dilation may cause performation of the
      uterus, cervical tears, or infections. It is also useful in diagnostic
      procedures where dilation is necessary for tissue examination. For these
      purposes, the PGE and PGF compounds are administered locally or
      systemically. PGE.sub.2, for example, is administered orally or vaginally
      at doses of about 5 to 50 mg. per treatment of an adult female human, with
      from one to five treatments per 24 hour period. PGE.sub.2 is also
      administered intramuscularly or subcutaneously at doses of about one to 25
      mg. per treatment. The exact dosages for these purposes depend on the age,
      weight, and condition of the patient or animal.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds are useful
      in reducing the undesirable gastrointestinal effects resulting from
      systemic administration of anti-inflammatory prostaglandin synthetase
      inhibitors, and are used for that purpose by concomitant administration of
      the prostaglandin and the anti-inflammatory prostaglandin synthetase
      inhibitor. See Partridge et al., U.S. Pat. No. 3,781,429, for a disclosure
      that the ulcerogenic effect induced by certain non-steroidal
      anti-inflammatory agents in rats is inhibited by concomitant oral
      administration of certain prostaglandins of the E and A series, including
      PGE.sub.1, PGE.sub.2, PGE.sub.3, 13,14-dihydro-PGE.sub.1, and the
      corresponding 11-deoxy-PGE and PGA compounds.
PAR  The anti-inflammatory synthetase inhibitor, for example, indomethacin,
      aspirin, or phenylbutazone is administered in any of the ways known in the
      art to alleviate an inflammatory condition, for example, in any dosage
      regimen and by any of the known routes of systemic administration. The
      prostaglandin is administered along with the anti-inflammatory
      prostaglandin synthetase inhibitor either by the same route of
      administration or by a different route. For example, if the
      anti-inflammatory substance is being administered orally, the
      prostaglandin is also administered orally or, alternatively, is
      administered rectally in the form of a suppository or, in the case of
      women, vaginally in the form of a suppository or a vaginal device for slow
      release, for example as described in U.S. Pat. No. 3,545,439.
      Alternatively, if the anti-inflammatory substance is being administered
      rectally, the prostaglandin is also administered rectally or,
      alternatively, orally or, in the case of women vaginally. It is especially
      convenient when the administration route is to be the same for both
      anti-inflammatory substance and prostaglandin, to combine both into a
      single dosage form.
PAR  The dosage regimen for the prostaglandin in accord with this treatment will
      depend upon a variety of factors, including the type, age, weight, sex and
      medical condition of the mammal, the nature and dosage regimen of the
      anti-inflammatory synthetase inhibitor being administered to the mammal,
      the sensitivity of the particular individual mammal to the particular
      synthetase inhibitor with regard to gastrointestinal effects, and the
      particular prostaglandin to be administered.
PAC  SUMMARY OF THE INVENTION
PAR  It is a purpose of this invention to provide novel oxa-phenylene
      prostaglandin analogs, and process for making them.
PAR  The novel prostaglandin analogs of this invention each have an oxa oxygen
      (--O--) and a divalent phenylene moiety
      ##SPC11##
PAL  in the carboxyl-terminated side chain of the prostanoic acid structure (I)
      or the 8-iso-prostanoic acid structure (X). These divalent groups are
      located between the carboxyl group and the cyclopentane ring, and are
      either in addition to the six methylene portions of said chain or in place
      of one to five of said methylene portions. Bonding to the phenylene ring
      is either ortho, meta, or para. The oxa group is between the phenylene
      moiety and the carboxyl group.
PAR  Some of the novel prostaglandin analogs of this invention also have, in
      addition, a benzene ring as part of the C-13 to C-20 chain of the
      prostanoic acid structure (I) or 8-iso-prostanoic acid structure (X). That
      benzene ring is present as a substituted or unsubstituted phenyl moiety
      attached as a substituent to one of the methylenes between C-15 and the
      terminal methyl of the prostanoic acid or 8-isoprostanoic acid structure.
      Alternatively, the substituted or unsubstituted phenyl moiety is attached
      to the terminal or omega carbon of the C-16 to C-20 portion of the chain,
      replacing one of the hydrogens of the terminal methyl, the entire terminal
      methyl, or the terminal methyl plus one to four of the methylenes adjacent
      to that terminal methyl.
PAR  For example, five of the novel prostaglandin analogs of this invention are
      represented by the formulas:
      ##SPC12##
PAL  Based on its relationship to PGE.sub.1 and prostanoic acid, the compound of
      formula XI is named 3-oxa-4,5-inter-p-phenylene-PGE.sub.1. Similarly, the
      compound of formula XII is named
      15(R)-3-oxa-3,6-inter-m-phenylene-4,5-dinor-13,14-dihydro-PGF.sub.1.sub..a
     lpha., the compound of formula XIII is named
      8-iso-3-oxa-19-phenyl-4,7-inter-m-phenylene-5,6-dinor-PGA.sub.1, the
      compound of the formula XIV is named
      3-oxa-16-(4-chloro-phenyl)-3,5-inter-o-phenylene-4,17,18,19,20-pentanor-PG
     F.sub.2 .sub..beta., and the compound of formula XV is named
      5,6-dehydro-4-oxa-4,5-inter-m-phenylene-PGB.sub.2.
PAR  These names for the compounds of formulas XI to XV are typical of the names
      used hereinafter for the novel compounds of this invention. These names
      can better be understood by reference to the structure and numbering
      system of prostanoic acid (Formula I, above). That formula has seven
      carbon atoms in the carboxy-terminated chain and eight carbon atoms in the
      hydroxy-containing chain. In these names, "3-oxa" and "4-oxa" indicate an
      oxa oxygen (--O--) in place of the 3-methylene and 4-methylene,
      respectively of the PG compound.
PAR  The use of "nor,"  "dinor," "trinor," "tetranor," "pentanor," "hexanor,"
      and the like in the names for the novel compounds of this invention
      indicates the absence of one or more of the chain carbon atoms and the
      attached hydrogen atoms. The number or numbers in front of nor, dinor,
      etc., indicate which of the original prostanoic acid carbon atoms are
      missing in the named compound.
PAR  Each of the names of the novel compounds of this invention contains
      (inter-p-phenylene), (inter-m-phenylene), or (inter-o-phenylene), preceded
      by two numbers. That indicates that p-phenylene, m-phenylene, or
      o-phenylene has been inserted between (inter) the two carbon atoms so
      numbered in the formula of prostanoic acid.
PAR  Thus, formula XIII differs from prostanoic acid in that an oxa oxygen
      replaces carbon 3, carbons 5 and 6 of prostanoic acid are missing,
      m-phenylene has been inserted between carbons 4 and 7 of prostanoic acid,
      and a phenyl has been attached to carbon 19 of prostanoic acid. Formula
      XIII also, of course, is an A type prostaglandin, having a carbonyl oxygen
      and a 10:11 double bond.
PAR  Novel compounds of this invention with the carboxyl-terminated chain
      attached to the cyclopentane ring in beta configuration are 8-iso
      compounds (formula X), and are so designated by using "8-iso" in the name.
      An example is the name given above for the compound of formula XIII. If
      8-iso does not appear in the name, attachment of the carboxy-terminated
      chain in alpha configuration is to be assumed.
PAR  Novel compounds of this invention with epi configuration for the hydroxy at
      C-15 are so designated by using "15(R)" in the name. See, for example, the
      name given above for the formula-XII compound. Alternately, "15-beta" is
      used. See. R. S. Cahn, Journal of Chemical Education Vol. 41, page 116
      (1964) for a discussion of S and R configurations. If "15(R)" or "15-beta"
      does not appear in the name, the natural configuration for the C-15
      hydroxy, identified as the "S" configuration for PGE.sub.1, is to be
      assumed.
PAR  Some of the novel compounds of this invention differ structurally in other
      ways from the known prostanoic acid derivatives, having for example, more
      or fewer carbon atoms in either chain, and having one or more alkyl and/or
      fluoro substituents in the chains.
PAR  The following formulas represent the novel oxaphenylene compounds of this
      invention.
      ##SPC13##
PAL  Formulas XVI-XIX, and XXXII represent oxa-phenylene compounds of the PGE
      type. Formulas XX-XXIII, and XXXIII represent oxa-phenylene compounds of
      the PGF type. Formulas XXIV-XXVII, and XXXIV represent oxa-phenylene
      compounds of the PGA type. Formulas XXVIII-XXXI, and XXXV represent
      oxa-phenylene compounds of the PGB type.
PAR  In formulas XVI to XXXV, the wavy line .about. indicates attachment of the
      hydroxyl or the side chain to the cyclopentane ring in alpha or beta
      configuration;
PAR  G is (1) alkyl of 2 to 10 carbon atoms, inclusive, substituted with zero,
      one, 2, or 3 fluoro or (2) a monovalent moiety of the formula
      ##SPC14##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of 1 to 10
      carbon atoms, inclusive, substituted with zero, one, or 2 fluoro, with one
      to 7 carbon atoms, inclusive, between
      ##EQU1##
      and the ring, wherein T is alkyl of one to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of one to 4 carbon atoms, inclusive, and wherein s is
      zero, one, 2, or 3, with the proviso that not more than two T's are other
      than alkyl; R.sub.1 is hydrogen, alkyl of one to 12 carbon atoms,
      inclusive, cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to
      12 carbon atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3
      chloro or alkyl of one to 4 carbon atoms, inclusive, or ethyl substituted
      in the .beta.-position with 3 chloro, 2 or 3 bromo, or 1, 2, or 3 iodo; Q
      is
      ##EQU2##
      wherein R.sub.2 is hydrogen or alkyl of one to 4 carbon atoms, inclusive;
      R.sub.3 and R.sub.4 are hydrogen or methyl; and R.sub.5 is alkyl of one to
      4 carbon atoms, inclusive, substituted with zero, one, 2, or 3 fluoro.
PAR  Likewise, in formulas XVI to XXXV, C.sub.g H.sub.2g represents a valence
      bond or alkylene of one to 4 carbon atoms, inclusive, with one or 2 chain
      carbon atoms between --CH.sub.2 -- and the ring; C.sub.j H.sub.2j
      represents a valence bond or alkylene of one or 2 carbon atoms with one
      chain carbon atom between the chain unsaturation and the ring; C.sub.n
      H.sub.2n is alkylene of one to 4 carbon atoms, inclusive; C.sub.p H.sub.2p
      represents a valence bond or alkylene of one to 4 carbon atoms, inclusive,
      with one or 2 chain carbon atoms between the ring and --O--, wherein
      C.sub.g H.sub.2g and C.sub.p H.sub.2p together represent zero to 8 carbon
      atoms, inclusive, with total chain lengths zero to 3 carbon atoms,
      inclusive, and wherein C.sub.j H.sub.2j and C.sub.p H.sub.2p together
      represent zero to 6 carbon atoms, inclusive, with total chain lengths zero
      to 3 carbon atoms, inclusive.
PAR  Regarding the meaning of C.sub.g H.sub.2g, C.sub.j H.sub.2j, and C.sub.p
      H.sub.2p as defined above, the novel compounds of this invention include
      compounds wherein a carbon atom of the phenylene moiety is attached
      directly to the C-7 methylene or the C-5 =CR.sub.4 -- in ortho, meta, or
      para orientation relative to the oxa-containing portion of the carboxyl
      chain. When C.sub.g H.sub.2g represents alkylene, the chain of carbon
      atoms which connects the C-7 methylene to a carbon atom of phenylene will
      be one or 2 carbon atoms long. When C.sub.j H.sub.2j represents alkylene,
      the chain of carbon atoms which connects =CR.sub.4 -- to a carbon atom of
      phenylene will be one carbon atom long. C.sub.p H.sub.2p represents a
      valence bond or alkylene of one to 6 carbon atoms, inclusive, with one or
      2 carbon atoms between the ring and the --O--. Any or all of these
      alkylene chains are unsubstituted or substituted with alkyl carbons in the
      form of one or more alkyl groups within the total carbon content of each
      chain as specified above, i.e., a maximum of 4 carbon atoms of C.sub.g
      H.sub.2g, 2 carbons for C.sub.j H.sub.2j, and 4 carbons for C.sub.p
      H.sub.2p. When C.sub.g H.sub.2g or C.sub.j H.sub.2j is alkylene, it is the
      same as or different than C.sub.p H.sub.2p, 8 carbon atoms being the
      maximum total carbon content and 3 carbon atoms being the maximum total
      chain length for the combination of C.sub.g H.sub.2g and C.sub.p H.sub.2p,
      and 6 carbon atoms being the maximum total carbon content and 3 carbon
      atoms being the maximum total chain length for the combination of C.sub.j
      H.sub.2j and C.sub.p H.sub.2p. To illustrate these definitions, when
      C.sub.g H.sub.2g is ethylene, C.sub.p H.sub.2p is methylene, or one of
      them is a valence bond and the other is ethylene, but both are not
      ethylene. In this first illustration, where the total chain length of
      C.sub.g H.sub.2g and C.sub. p H.sub.2p is 3 carbon atoms, up to 5 carbon
      atoms are in the alkyl substituents.
PAR  Formulas XVI through XXXV include the separate isomers wherein Q is either
      ##EQU3##
      i.e. where the hydroxyl is in either alpha (natural) or beta
      configuration. Referring to the prostanoic acid atom numbering (formula I
      above), the point of attachment corresponds to C-15, and, herein,
      regardless of the variation in the C-1 to C-7 carboxy chain, these epimers
      are referred to as "C-15 epimers".
PAR  Formulas XX-XXIII, and XXXIII wherein the C-9 hydroxyl (following
      prostanoic acid atom numbering) is attached to the cyclopentane with a
      wavy line .about. include both PGF.sub..alpha.- and PGF.sub..beta.-type
      compounds.
PAR  Included in Formulas XVII, XXI, XXV, and XXIX, are both the cis and the
      trans compounds with respect to the C-5 to C-6 double bonds in the
      carboxyl-terminated side chain. In all of the compounds containing the
      C.sub.13 to C.sub.14 double bond, that double bond is in trans
      configuration, and the chain containing that moiety is attached to the
      cyclopentane ring in beta configuration in compounds encompassed by
      formulas XVI to XXXV.
PAR  The novel oxa-phenylene compounds of this invention include racemic
      compounds and both optically active enantiomeric forms thereof. As
      discussed hereinabove, two structural formulas are required to define
      accurately these racemic compounds. The formulas as drawn herein are
      intended to represent compounds with the same configuration as the
      naturally-occurring prostaglandins. However, for convenience in the charts
      herein only a single structural formula is used, for example in Chart D,
      to define not only the optically active form but also the racemic
      compounds which generally undergo the same reactions.
PAR  Formula XVI represents 3-oxa-4,5-inter-p-phenylene-PGE.sub.1 (formula XI
      hereinabove) when C.sub.g H.sub.2g is ethylene, C.sub.p H.sub.2p is
      methylene, G is n-pentyl, Q is
      ##EQU4##
      R.sub.1 is hydrogen, C.sub.g H.sub.2g and C.sub.p H.sub.2p are attached to
      the phenylene in para orientation, and the carboxyl-terminated side chain
      is attached to the cyclopentane ring in alpha configuration.
PAR  With regard to formulas XVI to XXXV, examples of alkyl of one to 4 carbon
      atoms, inclusive, are methyl, ethyl, propyl, butyl, and isomeric forms
      thereof. Examples of alkyl of 1 to 8 carbon atoms, inclusive, are those
      given above, and pentyl, hexyl, heptyl, octyl, and isomeric forms thereof.
      Examples of alkyl of one to 12 carbon atoms, inclusive, are those given
      above, and nonyl, decyl, undecyl, dodecyl, and isomeric forms thereof.
      Examples of cycloalkyl of 3 to 10 carbon atoms, inclusive, which includes
      alkyl-substituted cycloalkyl, are cyclopropyl, 2-methylcyclopropyl,
      2,2-dimethylcyclopropyl, 2,3-diethylcyclopropyl, 2-butylcyclopropyl,
      cyclobutyl, 2-methylcyclobutyl, 3-propylcyclobutyl,
      2,3,4-triethylcyclobutyl, cyclopentyl, 2,2-dimethylcyclopentyl,
      3-pentylcyclopentyl, 3-tert-butylcyclopentyl, cyclohexyl,
      4-tert-butylcyclohexyl, 3-isopropylcyclohexyl, 2,2-dimethylcyclohexyl,
      cycloheptyl, cyclooctyl, cyclononyl, and cyclodecyl. Examples of aralkyl
      of 7 to 12 carbon atoms, inclusive, are benzyl, phenethyl, 1-phenylethyl,
      2-phenylpropyl, 4-phenylbutyl, 3-phenylbutyl, 2-(1-naphthylethyl), and
      1-(2-naphthylmethyl). Examples of phenyl substituted by one to 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive, are p-chlorophenyl,
      m-chlorophenyl, o-chlorophenyl, 2,4-dichlorophenyl, 2,4,6-trichlorophenyl,
      p-tolyl, m-tolyl, o-tolyl, p-ethylphenyl, p-tert-butylphenyl,
      2,5-dimethylphenyl, 4-chloro-2-methylphenyl, and
      2,4-dichloro-3-methylphenyl.
PAR  Examples of alkyl of two to 10 carbon atoms, inclusive, substituted with
      one to 3 fluoro, are 2-fluoroethyl, 2-fluorobutyl, 3-fluorobutyl,
      4-fluorobutyl, 5-fluoropentyl, 4-fluoro-4-methylpentyl, 3-fluoroisoheptyl,
      8-fluorooctyl, 3,4-difluorobutyl, 4,4-difluoropentyl, 5,5-difluoropentyl,
      5,5,5-trifluoropentyl, and 10,10,10-trifluorodecyl.
PAR  Examples of alkylene within the various scopes of C.sub.g H.sub.2g, C.sub.j
      H.sub.2j, C.sub.p H.sub.2p, C.sub.n H.sub.2n, and C.sub.t H.sub.2t, as
      those are defined above, are methylene, ethylene, trimethylene,
      tetramethylene, pentamethylene, hexamethylene, and heptamethylene, and
      those alkylene with one or more alkyl substituents on one or more carbon
      atoms, thereof, e.g., --CH(CH.sub.3)--, --C(CH.sub.3).sub.2 --,
      --CH(CH.sub.2 CH.sub.3)--, --CH.sub.2 --CH(CH.sub.3)--,
      --CH(CH.sub.3)--CH(CH.sub.3)--, --CH.sub.2 --C(CH.sub.3).sub.2 --,
      --CH.sub.2 --CH(CH.sub.3)--CH.sub.2 --, --CH.sub.2 --CH.sub.2
      --CH(CH.sub.2 CH.sub.2 CH.sub.3)--, --CH(CH.sub.3)--CH(CH.sub.3)--CH.sub.2
      --CH.sub.2 --, --CH.sub.2 --CH.sub.2 --CH.sub.2 --C(CH.sub.3).sub.2
      --CH.sub.2 --, --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CH(CH.sub.3)--, --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2
      --C(CH.sub.3).sub.2 --, --CH(CH.sub.3)--CH.sub.2 --CH(CH.sub.3)--CH.sub.2
      --CH.sub.2 --CH(CH.sub.3)--, and --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CH.sub.2 --CH.sub.2 --CH.sub.2 --C(CH.sub.3).sub.2 --.
PAR  Examples of alkylene substituted with one or 2 fluoro and within the scope
      of C.sub.t H.sub.2t, as defined above, are --CHF--CH.sub.2 --, CHF--CHF--,
      --CH.sub.2 --CH.sub.2 --CF.sub.2 --, --CH.sub.2 --CHF--CH.sub.2 --,
      --CH.sub.2 --CH.sub.2 --CF(CH.sub.3)--, --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CF.sub.2 --, and --CHF--CH.sub.2 --CH.sub.2 --CH.sub.2 --CH.sub.2
      --CH.sub.2 --CH.sub.2 --.
PAR  Examples of
      ##SPC15##
PAL  as defined above are phenyl, p-tolyl, m-tolyl, o-tolyl, p-fluorophenyl,
      m-fluorophenyl, o-fluorophenyl, p-chlorophenyl, m-chlorophenyl,
      o-chlorophenyl, p-trifluoromethylphenyl, m-trifluoromethylphenyl,
      p-trifluoromethylphenyl, p-hydroxyphenyl, m-hydroxyphenyl,
      o-hydroxyphenyl, p-methoxyphenyl, m-methoxyphenyl, o-methoxyphenyl,
      p-tetrahydropyranyloxyphenyl, m-tetrahydropyranyloxyphenyl,
      o-tetrahydropyranyloxyphenyl, o-ethylphenyl, m-isopropylphenyl,
      p-tert-butylphenyl, p-butoxyphenyl, 3,4-dimethylphenyl, 2,4-diethylphenyl,
      2,4,6-trimethylphenyl, 3,4,5-trimethylphenyl, 2,4-dichlorophenyl,
      3,4-difluorophenyl, 2-chloro-4-methylphenyl, 2-fluoro-4-methoxyphenyl,
      3,5-dimethyl-4-fluorophenyl, 2,6-dimethyl-4-hydroxyphenyl, and
      2,4-di(trifluoromethyl)phenyl.
PAR  The novel formula XVI-XIX, and XXXII PGE-type oxa-phenylene compounds, the
      novel formula XX-XXIII, and XXXIII PGF.sub..alpha.-type and
      PGF.sub..beta.-type oxa-phenylene compounds, the novel formula XXIV-XXVII,
      and XXXIV PGA-type oxa-phenylene compounds, and the novel formula
      XXVIII-XXXI, and XXXV PGB-type oxa-phenylene compounds each cause the
      biological responses described above for the PGE, PGF.sub..alpha.,
      PGF.sub..beta., PGA, and PGB compounds, respectively, and each of these
      novel compounds is accordingly useful for the above-described
      corresponding purposes, and is used for those purposes in the same manner
      as described above.
PAR  The known PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB compounds
      uniformly cause multiple biological responses even at low doses. For
      example, PGE.sub.1 and PGE.sub.2 both cause vasodepression and smooth
      muscle stimulation at the same time they exert antilipolytic activity.
      Moreover, for many applications, these known prostaglandins have an
      inconveniently short duration of biological activity. In striking
      contrast, the novel prostaglandin analogs of formulas XVI to XXXV are
      substantially more specific with regard to potency in causing
      prostaglandin-like biological responses, and have a substantially longer
      duration of biological activity. Therefore, each of these novel
      prostaglandin analogs is useful in place of one of the corresponding
      above-mentioned known prostaglandins for at least one of the
      pharmacological purposes indicated above for the latter, and is
      surprisingly and unexpectedly more useful for that purpose because it has
      a different and narrower spectrum of biological activity than the known
      prostaglandin, and therefore is more specific in its activity and causes
      smaller and fewer undesired side effects than the known prostaglandin.
      Moreover, because of its prolonged activity, fewer and smaller doses of
      the novel prostaglandin analog can frequently be used to attain the
      desired result.
PAR  To obtain the optimum combination of biological response specificity,
      potency, and duration of activity, certain compounds within the scope of
      formulas XVI to XXXV are preferred. For example, in compounds of formulas
      XVI, XIX, XX, XXIII, XXIV, XXVII, XXVIII, and XXXI, it is preferred that
      the carboxyl-terminated side chain contain a total of 2 to 4 chain carbon
      atoms, inclusive, excluding the phenylene and --COOR.sub.1, and including
      the C-7 methylene. In other words, preferred compounds of these formulas
      are those wherein C.sub.g H.sub.2g and C.sub.p H.sub.2p together represent
      zero, one, or 2 chain carbon atoms. Especially preferred compounds of
      these formulas are those wherein C.sub.g H.sub.2g and C.sub.p H.sub.2p
      each represent a valence bond, and those wherein C.sub.g H.sub.2g
      represents a valence bond and C.sub.p H.sub.2p represents a single chain
      carbon atom, especially methylene.
PAR  In compounds of formulas XVII, XVIII, XXI, XXII, XXV, XXVI, XXIX, XXX,
      XXXII, XXXIII, XXXIV, and XXXV, it is preferred that the
      carboxyl-terminated side chain contain a total of 4 or 5 chain carbon
      atoms, excluding the phenylene and --COOR.sub.1, and including --CH.sub.2
      --CR.sub.3 =CR.sub.4 -- and --CH.sub.2 --C.tbd.C--. In other words,
      preferred compounds of these formulas are those wherein C.sub.j H.sub.2j
      and C.sub.p H.sub.2p together represent zero or one chain carbon atoms.
      Included in these coumpounds are those wherein C.sub.j H.sub.2j and
      C.sub.p H.sub.2p each represent a valence bond, and those wherein C.sub.j
      H.sub.2j represents a valence bond, and C.sub.p H.sub.2p represents a
      single chain carbon atom, especially methylene.
PAR  As used herein, a chain carbon atom is part of the direct chain carbon
      atoms linking the C-7 methylene or =CR.sub.4 -- to the phenylene, the
      phenylene to the oxa, and the oxa to --COOR.sub.1. Thus, the chain
      --CH(CH.sub.3)--C(CH.sub.3).sub.2 -- contains 5 carbon atoms but only 2
      chain atoms.
PAR  Another preference for the carboxy-terminated side chain in compounds of
      formulas XVI to XXXV is that the phenylene be a meta-phenylene.
PAR  Another preference for the compounds of formulas XVI to XXXV is that
      R.sub.2, R.sub.3, and R.sub.4 are hydrogen or methyl. All of those R
      groups can be hydrogen, all can be methyl, or there can be any of the
      possible combinations of hydrogen and methyl.
PAR  Certain variations in the nature of G in the compounds of formulas XVI to
      XXXV are especially important. In the known PG.sub.1 and PG.sub.2
      prostaglandins, e.g., PGE.sub.1, the portion of the molecule corresponding
      to G in formulas XVI to XXXI is n-pentyl. When G is unsubstituted alkyl or
      fluoro-substituted alkyl as defined above, there is a preference which
      results in compounds with optimum combinations of biological properties:
      namely that G is straight chain alkyl of 3 to 7 carbon atoms, inclusive,
      with or without a fluoro substituent at the 1-position , e.g.,
      --CHF--(CH.sub.2).sub.a --CH.sub.3, wherein a is one, 2, 3, 4, or 5.
      Especially preferred among these are n-pentyl and 1-fluoropentyl.
PAR  When G is substituted alkyl, it is preferred that the 1-position be mono-
      or di-substituted with one or two alkyl groups containing from one to 4
      carbon atoms, inclusive. Especially preferred are formula XVI-to-XXXV
      compounds wherein G is substituted at the 1-position with methyl and/or
      ethyl, e.g. --CH(CH.sub.3)--(CH.sub.2).sub.c --CH.sub.3, --CH(C.sub.2
      H.sub.5)--(CH.sub.2).sub.c --CH.sub.3, --C(CH.sub.3).sub.2
      --(CH.sub.2).sub.c --CH.sub.3, --C(C.sub.2 H.sub.5).sub.2
      --(CH.sub.2).sub.c --CH.sub.3, or --C(CH.sub.3)(C.sub.2
      H.sub.5)--(CH.sub.2).sub.c --CH.sub.3, wherein c is 2, 3, or 4.
PAR  When G represents
      ##SPC16##
PAL  as defined above, it is preferred for compounds with optimum combination of
      biological properties that C.sub.t H.sub.2t be a valence bond, i.e., t is
      zero, or alkylene of one to 4 carbon atoms, inclusive, i.e.,
      --(CH.sub.2).sub.d -- wherein d is one, 2, 3, or 4, with or without a
      fluoro or alkyl substituent on the carbon adjacent to the
      hydroxy-substituted carbon (C-15 in PGE.sub.1), e.g.,
      --CHF--(CH.sub.2).sub.e --, --CH(CH.sub.3)--(CH.sub.2).sub.e --, or
      --C(CH.sub.3).sub.2 --(CH.sub.2).sub.e --, wherein e is zero, one, 2, or
      3. Further, it is preferred that the phenyl ring when present and
      substituted, be substituted at least at the para position.
PAR  In compounds of formulas XXXII to XXXV, it is preferred that C.sub.n
      H.sub.2n be methylene and that R.sub.5 be ethyl.
PAR  Another way of expressing the above preferences for G is that when G is
      alkyl or fluoro-substituted alkyl it be a group represented by
      ##EQU5##
      wherein a is 2, 3, 4, or 5, and wherein R.sub.21 and R.sub.22 are
      hydrogen, alkyl of one to 4 carbon atoms, inclusive, or fluoro, being the
      same or different, with the proviso that R.sub.22 is fluoro only when
      R.sub.21 is hydrogen or fluoro.
PAR  Furthermore, when G is
      ##SPC17##
PAL  it is preferred that when C.sub.t H.sub.2t is alkylene or
      fluoro-substituted alkylene it be a group represented by
      ##EQU6##
      wherein e is zero, one, 2, or 3, and wherein R.sub.21 and R.sub.22 are as
      defined above.
PAR  Still another preference is that Q be
      ##EQU7##
      wherein R.sub.2 is as defined hereinabove.
PAR  Another advantage of the novel compounds of this invention, especially the
      preferred compounds defined hereinabove, compared with the known
      prostaglandins, is that these novel compounds are administered effectively
      orally, sublingually, intravaginally, buccally, or rectally, in addition
      to usual intravenous, intramuscular, or subcutaneous injection or infusion
      methods indicated above for the uses of the known prostaglandins. These
      qualities are advantageous because they facilitate maintaining uniform
      levels of these compounds in the body with fewer, shorter, or smaller
      doses, and make possible self-administration by the patient.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type oxa-phenylene
      compounds encompassed by formulas XVI to XXXV including the special
      classes of compounds described above, are used for the purposes described
      above in the free acid form, in ester form, or in pharmacologically
      acceptable salt form. When the ester form is used, the ester is any of
      those within the above definition of R.sub.1. However it is preferred that
      the ester be alkyl of one to 12 carbon atoms, inclusive. Of those alkyl,
      methyl and ethyl are especially preferred for optimum absorption of the
      compound by the body or experimental animal system; and straight-chain
      octyl, nonyl,, decyl, undecyl, and dodecyl are especially preferred for
      prolonged activity in the body or experimental animal.
PAR  Pharmacologically acceptable salts of these formula XVI-to-XXXV compounds
      useful for the purposes described above are those with pharmacologically
      acceptable metal cations, ammonium, amine cations, or quaternary ammonium
      cations.
PAR  Especially preferred metal cations are those derived from the alkali
      metals, e.g., lithium, sodium and potassium, and from the alkaline earth
      metals, e.g., magnesium and calcium, although cationic forms of other
      metals, e.g., aluminum, zinc, and iron, are within the scope of this
      invention.
PAR  Pharmacologically acceptable amine cations are those derived from primary,
      secondary, or tertiary amines. Examples of suitable amines are
      methylamine, dimethylamine, trimethylamine, ethylamine, dibutylamine,
      triisopropylamine, N-methylhexylamine, decylamine, dodecylamine,
      allylamine, crotylamine, cyclopentylamine, dicyclohexylamine, benzylamine,
      dibenzylamine, .alpha.-phenylethylamine, .beta.-phenylethylamine,
      ethylenediamine, diethylenetriamine, and like aliphatic, cycloaliphatic,
      and araliphatic amines containing up to and including about 18 carbon
      atoms, as well as heterocyclic amines, e.g., piperidine, morpholine,
      pyrrolidine, piperazine, and lower-alkyl derivatives thereof, e.g.,
      1-methylpiperidine, 4-ethylmorpholine, 1-isopropylpyrrolidine,
      2-methylpyrrolidine, 1,4-dimethylpiperazine, 2-methylpiperidine, and the
      like, as well as amines containing water-solubilizing or hydrophilic
      groups, e.g., mono-, di-, and triethanolamine, ethyldiethanolamine,
      n-butylethanolamine, 2-amino-1-butanol, 2-amino-2-ethyl-1,3-propanediol,
      2-amino-2-methyl-1-propanol, tris-(hydroxymethyl)aminomethane,
      N-phenylethanolamine, N-(p-tert-amylphenyl)-diethanolamine, galactamine,
      N-methylglucamine, N-methylglucosamine, ephedrine, phenylephrine,
      epinephrine, procaine, and the like.
PAR  Examples of suitable pharmacologically acceptable quaternary ammonium
      cations are tetramethylammonium, tetraethylammonium,
      benzyltrimethylammonium, phenyltriethylammonium, and the like.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA, and PGB type oxa-phenylene
      compounds encompassed by formulas XVI to XXXV including the special
      classes of compounds described above, are also used for the purposes
      described above in free hydroxy form or in the form wherein the hydroxy
      moieties are transformed to lower alkanoate moieties, e.g., --OH to
      --OCOCH.sub.3. Examples of lower alkanoate moieties are acetoxy,
      propionyloxy, butyryloxy, valeryloxy, hexanoyloxy, heptanoyloxy,
      octanoyloxy, and branched chain alkanoyloxy isomers of those moieties.
      Especially preferred among these alkanoates for the above described
      purposes are the acetoxy compounds. These free hydroxy and alkanoyloxy
      compounds are used as free acids, as esters, and in salt form all as
      described above.
PAR  As discussed above, the compounds of formulas XVI to XXXV are administered
      in various ways for various purposes; e.g., intravenously,
      intramuscularly, subcutaneously, orally, intravaginally, rectally,
      buccally, sublingually, topically, and in the form of sterile implants for
      prolonged action. For intravenous injection or infusion, sterile aqueous
      isotonic solutions are preferred. For that purpose, it is preferred
      because of increased water solubility that R.sub.1 in the formula
      XVI-to-XXXV compound be hydrogen or a pharmacologically acceptable cation.
      For subcutaneous or intramuscular injection, sterile solutions or
      suspensions of the acid, salt, or ester form in aqueous or non-aqueous
      media are used. Tablets, capsules, and liquid preparations such as syrups,
      elixirs, and simple solutions, with the usual pharmaceutical carriers are
      used for oral sublingual administration. For rectal or vaginal
      administration, suppositories prepared as known in the art are used. For
      tissue implants, a sterile tablet or silicone rubber capsule or other
      object containing or impregnated with the substance is used.
PAR  The PGE, PGF.sub..alpha., PGF.sub..beta., PGA and PGB type oxa-phenylene
      compounds encompassed by formulas XVI to XXXV are produced by the
      reactions and procedures described and exemplified hereinafter.
PAR  The various PGF.sub..alpha.-type and PGF.sub..beta.-type oxa-phenylene
      compounds encompassed by formulas XX-XXIII and XXXIII are prepared by
      carbonyl reduction of the corresponding PGE type compounds encompassed by
      formulas XVI-XIX and XXXII. For example, carbonyl reduction of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 gives a mixture of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. and
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..beta..
PAR  These ring carbonyl reductions are carried out by methods known in the art
      for ring carbonyl reductions of known prostanoic acid derivatives. See,
      for example, Bergstrom et al., Arkiv Kemi 19, 563 (1963), Acta Chem.
      Scand. 16, 969 (1962), and British Patent Specification No. 1,097,533. Any
      reducing agent is used which does not react with carbon-carbon double
      bonds or ester groups. Preferred reagents are
      lithium(tri-tert-butoxy)aluminum hydride, the metal borohydrides,
      especially sodium, potassium and zinc borohydrides, and metal trialkoxy
      borohydrides, e.g., sodium trimethoxyborohydride. The mixtures of alpha
      and beta hydroxy reduction products are separated into the individual
      alpha and beta isomers by methods known in the art for the separation of
      analogous pairs of known isomeric prostanoic acid derivatives. See, for
      example, Bergstrom et al., cited above, Granstrom et al., J. Biol. Chem.
      240, 457 (1965), and Green et al., J. Lipid Research 5, 117 (1964).
      Especially preferred as separation methods are partition chromatographic
      procedures, both normal and reversed phase, preparative thin layer
      chromatography, and countercurrent distribution procedures.
PAR  The various PGA-type oxa-phenylene compounds encompassed by formulas
      XXIV-XXVII and XXXIV are prepared by acidic dehydration of the
      corresponding PGE type compounds encompassed by formulas XVI-XIX and
      XXXII. For example, acidic dehydration of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 gives
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1.
PAR  These acidic dehydrations are carried out by methods known in the art for
      acidic dehydrations of known prostanoic acid derivatives. See, for
      example, Pike et al., Proc. Nobel Symposium II, Stockholm (1966),
      Interscience Publishers, New York, pp. 162-163 (1967); and British Patent
      Specification No. 1,097,533. Alkanoic acids of 2 to 6 carbon atoms,
      inclusive, especially acetic acid, are preferred acids for this acidic
      dehydration. Dilute aqueous solutions of mineral acids, e.g., hydrochloric
      acid, especially in the presence of a solubilizing diluent, e.g.,
      tetrahydrofuran, are also useful as reagents for this acidic dehydration,
      although these reagents may cause partial hydrolysis of an ester reactant.
PAR  The various PGB-type oxa-phenylene compounds encompassed by formulas
      XXVIII-XXXI and XXXV are prepared by basic dehydration of the
      corresponding PGE type compounds encompassed by formulas XVI-XIX and
      XXXII, or by contacting the corresponding PGA type compounds encompassed
      by formulas XXIV-XXVII and XXXIV with base. For example, both
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 and
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 give
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGB.sub.1 on treatment with base.
PAR  These basic dehydrations and double bond migrations are carried out by
      methods known in the art for similar reactions of known prostanoic acid
      derivatives. See, for example, Bergstrom et al., J. Biol. Chem. 238, 3555
      (1963). The base is any whose aqueous solution has pH greater than 10.
      Preferred bases are the alkali metal hydroxides. A mixture of water and
      sufficient of a water-miscible alkanol to give a homogeneous reaction
      mixture is suitable as a reaction medium. The PGE-type or PGA-type
      compound is maintained in such a reaction medium until no further PGB-type
      compound is formed, as shown by the characteristic ultraviolet light
      absorption near 278 m.mu. for the PGB type compound.
PAR  The various transformations of PGE-type oxa-phenylene compounds of formulas
      XVI-XIX to the corresponding PGF.sub..alpha., PGF.sub..beta., PGA and PGB
      type oxa-phenylene compounds are shown in Chart A, wherein G, Q, R.sub.1,
      and .about. are as defined above, wherein E' is --CH.sub.2 CHR.sub.9 -- or
      trans--CH=CR.sub.9 --, wherein R.sub.26 and R.sub.9 are hydrogen or alkyl
      of one to 4 carbon atoms, inclusive, and wherein J' is
      ##SPC18##
PAL  wherein V is C.sub.g H.sub.2g, cis or trans
      ##EQU8##
      or --C.tbd.C--C.sub.j H.sub.2j wherein C.sub.g H.sub.2g, C.sub.j H.sub.2j,
      C.sub.p H.sub.2p, R.sub.3, and R.sub.4 are as defined above, and wherein
      C.sub.q H.sub.2q represents alkylene of one to 6 carbon atoms, inclusive,
      with one, 2, or 3 carbon atoms between --O-- and --COOR.sub.1.
PAR  The various 13,14-dihydro-PGE.sub.1, -PGF.sub.1, -PGA.sub.1, and
      -PGB.sub.1, type oxa-phenylene compounds encompassed by formulas XIX,
      XXIII, XXVII, and XXXI are prepared by carbon-carbon double bond reduction
      of the corresponding PGE, PGF, PGA, and PGB type compound containing a
      trans double bond in the hydroxy-containing side chain. A cis or trans
      double bond or a triple bond can also be present in the carboxy-terminated
      side chain of the unsaturated reactant, and will be reduced at the same
      time to --CH.sub.2 CH.sub.2 --. For example,
      13,14-dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 is
      produced by reduction of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1,
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.2, or
      5,6-dehydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.2.
PAR  These reductions are carried out by reacting with the unsaturated PGE,
      PGF.sub..alpha., PGF.sub..beta., PGA, or PGB type oxa-phenylene compound
      with diimide, following the general procedure described by van Tamelen et
      al., J. Am. Chem. Soc. 83, 3725 (1961).
      ##SPC19##
PAL   See also Fieser et al., "Topics in Organic Chemistry," Reinhold Publishing
      Corp., New York, pp. 432-434 (1963) and references cited therein. The
      unsaturated acid or ester reactant is mixed with a salt azodiformic acid
      preferably an alkali metal salt such as disodium or dipotassium salt, in
      the presence of an inert diluent, preferably a lower alkanol such as
      methanol or ethanol, and preferably in the absence of substantial amounts
      of water. At least one molecular equivalent of the azodiformic acid salt
      is used for each multiple bond equivalent of the unsaturated reactant. The
      resulting suspension is then stirred, preferably with exclusion of oxygen,
      and the mixture is made acid, advantageously with a carboxylic acid such
      as acetic acid. When a reactant wherein R.sub.1 is hydrogen is used, the
      carboxylic acid reactant also serves to acidify an equivalent amount of
      the azodiformic acid salt. A reaction temperature in the range of about
      10.degree. to about 40.degree. C. is usually suitable. Within that
      temperature range, the reaction is usually complete within less than 24
      hours. The desired dihydro production is then isolated by conventional
      methods, for example, evaporation of the diluent, followed by separation
      from inorganic materials by solvent extraction.
PAR  In the case of the oxa-phenylene unsaturated PGE, PGF.sub..alpha., and
      PGF.sub..beta. type reactants, the reductions to the corresponding
      dihydro-PGE.sub.1, dihydro-PGF.sub.1 .sub..alpha., and dihydro-PGF.sub.1
      .sub..alpha. type oxa-phenylene compounds are also carried out by
      catalytic hydrogenation. For that purpose, palladium catalysts, especially
      on a carbon carrier, are preferred. It is also preferred that the
      hydrogenation be carried out in the presence of an inert liquid diluent,
      for example, methanol, ethanol, dioxane, ethyl acetate, and the like.
      Hydrogenation pressures ranging from about atmospheric to about 50 p.s.i.,
      and hydrogenation temperatures ranging from about 10.degree. to about
      100.degree. C. are preferred. The resulting dihydro product is isolated
      from the hydrogenation reaction mixture by conventional methods, for
      example, removal of the catalyst by filtration or centrifugation, followed
      by evaporation of the solvent.
PAR  Diimide reductions and catalytic hydrogenations to produce the various
      novel formula XIX, XXIII, XXVII, and XXXI 13,14-dihydro compounds of this
      invention from the corresponding PGE, PGF, PGA and PGB type oxa-phenylene
      compounds of the PG.sub.1, PG.sub.2, trans-5,6-dehydro-PG.sub.1, and
      5,6-dehydro-PG.sub.2 series are shown in Chart B. G, J', Q, R.sub.1,
      R.sub.9, R.sub.26, and .about. are as defined above, and L' is
      ##SPC20##
PAL  wherein C.sub.g H.sub.2g, C.sub.p H.sub.2p, and C.sub.q H.sub.2q are as
      defined above.
PAR  The oxa-phenylene compounds of the PGE.sub.2, PGF.sub.2, PGA.sub.2, and
      PGB.sub.2 type wherein the carbon-carbon double bond in the
      carboxy-terminated side chain is in cis configuration are prepared by
      reduction of the corresponding acetylenic oxa-phenylene compounds, i.e.,
      those with a carbon-carbon triple bond in place of said carbon-carbon
      double bond. For that purpose, there are used any of the known reducing
      agents which reduce an acetylenic linkage to a cis-ethylenic linkage.
      Especially preferred for that purpose are diimide, or hydrogen and a
      catalyst, for example, palladium (5%) on barium sulfate, especially in the
      presence of pyridine. See Fieser et al., "Reagents for Organic Synthesis,"
      pp. 566-567, John Wiley and Sons, Inc., New York, N.Y. (1967).
      ##SPC21##
PAL  These reductions are shown in Chart C, wherein G, Q, R.sub.1, R.sub.9,
      R.sub.26, and .about. are as defined above, and M' is
      ##SPC22##
PAL  wherein C.sub.j H.sub.2j, C.sub.p H.sub.2p, and C.sub.q H.sub.2q are
      defined above. These oxa-phenylene cis compounds of the PGE.sub.2,
      PGF.sub.2.sub..alpha., PGF.sub.2.sub..beta., PGA.sub.2, and PGB.sub.2 type
      are also prepared as described hereinafter.
PAR  The oxa-phenylene PGE-type compounds of formulas XVI-XIX except wherein
      R.sub.1 is hydrogen, and the oxa-phenylene PGA-type compounds of formulas
      XXIV-XXVII except wherein R.sub.1 is hydrogen, are prepared by the series
      of reactions shown in Chart D, wherein G, J', R.sub.2, R.sub.9, and
      R.sub.26 are as defined above; G' is the same as G except that T is
      replaced by T', wherein T' is the same as T above except that R.sub.9 is
      not hydrogen; R.sub.10 is the same as the above definition of R.sub.1
      except that R.sub.10 does not include hydrogen; R.sub.11 and R.sub.12 are
      alkyl of one to 4 carbon atoms, inclusive; R.sub.13 is alkyl of one to 5
      carbon atoms, inclusive; and .about. indicates attachment of --CHR.sub.26
      --J'--COOR.sub.10 to the cyclopentane ring in alpha or beta configuration,
      and attachment of the moiety to the cyclopropane ring in exo or endo
      configuration.
PAR  The oxa-phenylene PGE.sub.1 -type compounds of formula XVI, the
      oxa-phenylene 5,6-dehydro-PGE.sub.2 type compounds of formula XVIII, the
      oxa-phenylene PGA.sub.1 -type compounds of the formula XXIV and the
      oxa-phenylene 5,6-dehydro-PGA.sub.2 type compounds of formula XXVI are
      also prepared by the series of reactions shown in Chart E, wherein G, G',
      R.sub.2, R.sub.9, R.sub.10, R.sub.13, and R.sub.26 are as defined above;
      Z' is L' or --C.tbd.C--M'-- wherein L' and M' are as defined above; and
      .about. indicates attachment of --CHR.sub.26 --Z'--COOR.sub.10 to the
      cyclopentane ring in alpha or beta configuration, and attachment of the
      moiety to the cyclopropane ring in exo and endo configuration.
      ##SPC23##
PAR  It should be observed regarding the series of reactions shown in Charts D
      and E, that the reactions starting with glycol XXXVIII in Chart D are
      similar to the reactions starting with glycol XLV in Chart E. The only
      differences here are the definitions of the divalent moieties J' (Chart D)
      and Z' (Chart E). J' includes saturated, cis and trans ethylenic, and
      acetylenic divalent moieties. Z' is limited to the saturated and
      acetylenic divalent moieties encompassed by J'. In other words, final
      oxa-phenylene PGE-type compounds of formula XL (Chart D) encompass
      compounds of formulas XVI to XVIII. Final oxa-phenylene PGA-type compounds
      of formula XLI (Chart D) encompass compounds of formulas XXIV to XXVI. On
      the other hand, final oxa-phenylene PGE-type compounds of formula XLVII
      (Chart E) encompass only compounds of formulas XVI and XVIII, and final
      oxa-phenylene PGA-type compounds of formula XLVIII (Chart E) encompass
      only compounds of formula XXIV and XXVI.
PAR  As will subsequently appear, an acetylenic intermediate of formulas XXXVII,
      XXXVIII, or XLV is transformed by step-wise reduction to the corresponding
      cis or trans ethylenic intermediates of formulas XXXVII or XXXVIII; and an
      acetylenic intermediate of formulas XXXVII, XXXVIII, or XLV or a cis or
      trans ethylenic intermediate of formulas XXXVII or XXXVIII is transformed
      by reduction to the corresponding saturated intermediate of formulas
      XXVII, XXXVIII, or XLV.
PAR  The initial bicyclo-ketone reactant of formula XLIII in Chart E is also
      used as an initial reactant to produce the initial bicyclo-ketone cyclic
      ketal reactant of formula XXXVI in Chart D. The following reactions will
      produce cyclic ketal XXXVI, wherein THP is tetrahydropyranol, and .phi.is
      phenyl:
      ##SPC24##
PAR  The bicyclo-ketone reactant of formula XLIII exists in four isomeric forms,
      exo and endo with respect to the attachment of the --CR.sub.9 =CR.sub.2 G
      moiety, and cis and trans with respect to the double bond in that same
      moiety. Each of those isomers separately or various mixtures thereof are
      used as reactants according to this invention to produce substantially the
      same final oxa-phenylene PGE or PGA type product mixture.
PAR  The process for preparing either the exo or endo configuration of the
      formula-XLIII bicyclo-ketone is known to the art. See. U.S. Pat. No.
      3,776,940 and Belgian Pat. No. 702,477,  Derwent Farmdoc No. 30,905.
PAR  See West Germany Offenlegungsschrift No. 1,937,912; reprinted in Farmdoc
      Complete Specifications, Book No. 14, No. 6869 R, Week R.sub.5, Mar. 18,
      1970.
PAR  In said U.S. Pat. No. 3,776,940 a reaction sequence capable of forming exo
      ketone XLIII is as follows: The hydroxy of 3-cyclopentenol is protected,
      for example, with a tetrahydropyranyl group. Then a diazoacetic acid ester
      is added to the double bond to give an exo-endo mixture of a
      bicyclo[3.1.0]hexane substituted at 3 with the protected hydroxy and at 6
      with an esterified carboxyl. The exo-endo mixture is treated with a base
      to isomerize the endo isomer in the mixture to more of the exo isomer.
      Next, the carboxylate ester group at 6 is transformed to an aldehyde group
      or ketone group,
      ##EQU9##
      wherein R.sub.9 is as defined above. Then, said aldehyde group or said
      keto group is transformed by the Wittig reaction, in this case to a moiety
      of the formula --CR.sub.9 =CR.sub.2 G which is in exo configuration
      relative to the bicyclo ring structure. Next, the protective group is
      removed to regenerate the 3-hydroxy which is then oxidized, for example,
      by the Jones reagent, i.e., chromic acid (see J. Chem. Soc. 39 (1946)), to
      give said exo ketone XLIII.
PAR  Separation of the cis-exo and trans-exo isomers of XLIII is described in
      said U.S. Pat. No. 3,776,940. However, as mentioned above, that separation
      is usually not necessary since the cis-trans mixture is useful as a
      reactant in the next process step.
PAR  The process described in said U.S. Pat. No. 3,776,940 for producing the exo
      form of bicyclo-ketone XLIII uses, as an intermediate, the exo form of a
      bicyclo [3.1.0]-hexane substituted at 3 with a protected hydroxy, e.g.,
      tetrahydropyranyloxy, and at 6 with an esterified carboxyl. When the
      corresponding endo compound is substituted for that exo intermediate, the
      process in said Offenlegungsschrift No. 1,937,912 leads to the endo form
      of bicyclo-ketone XLIII. That endo compound to be used has the formula:
      ##SPC25##
PAL  Compound LII is prepared by reacting
      endo-bicyclo[3.1.0]-hex-2-ene-6-carboxylic acid methyl ester with diborane
      in a mixture of tetrahydrofuran and diethyl ether, a reaction generally
      known in the art, to give endo-bicyclo[3.1.0]-hexane-3-ol-6-carboxylic
      acid methyl ester which is then reacted with dihydropyran in the presence
      of a catalytic amount of POCl.sub.3 to give the desired compound. This is
      then used as described in said German Offenlegungsschrift No. 1,937,912 to
      produce the endo form of bicyclo-ketone XLIII.
PAR  As for exo XLIII, the above process produces a mixture of endo-cis and
      endo-trans compounds. These are separated as described for the separation
      of exo-cis and exo-trans XLIII, but this separation is usually not
      necessary since, as mentioned above, the cis-trans mixture is useful as a
      reactant in the next process step.
PAR  In the processes of said U.S. patent and said Offenlegungsschrift, certain
      organic halides, e.g., chlorides and bromides, are necessary to prepare
      the Wittig reagents used to generate the generic moiety, --CR.sub.9
      =CR.sub.2 G of bicyclo-ketone XLIII. These organic chlorides and bromides
      ##EQU10##
      are known in the art or can be prepared by methods known in the art.
PAR  To illustrate the availability of these organic chlorides consider first
      the above-described oxa-phenylene PGE-type compounds of formulas XVI to
      XIX wherein R.sub.2 is hydrogen and G is either (1) alkyl of one to 10
      carbon atoms, inclusive, substituted with zero, one, 2, or 3 fluoro or
      ##SPC26##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of one to 10
      carbon atoms, inclusive, substituted with zero, one, or 2fluoro, with one
      to 7 carbon atoms, inclusive, between
      ##EQU11##
      and the ring; wherein T is alkyl of one to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of one to 4 carbon atoms, inclusive, and s is zero, one,
      2, or 3, with the proviso that not more than two T's are other than alkyl.
PAR  For those products wherein G is alkyl of two to 10 carbon atoms,
      substituted with 0-3 fluoro atoms, there are available the monohalo
      hydrocarbons, e.g., bromo-(or chloro-) -ethane, -propane, -pentane,
      -octane, and -decane; and the monohalofluorohydrocarbons, e.g., CH.sub.2
      FCH.sub.2 Br, CHF.sub.2 CH.sub.2 Cl, CF.sub.3 CH.sub.2 Br,
      F(CH.sub.2).sub.3 Br, CH.sub.3 CF.sub.2 CH.sub.2 Cl, CF.sub.3
      (CH.sub.2).sub.2 Br, F(CH.sub.2).sub.4 Cl, CH.sub.3 CF.sub.2 CH.sub.2
      CH.sub.2 Cl, C.sub.4 H.sub.9 CFHCH.sub.2 Br, CF.sub.3 (CH.sub.2).sub.3 Cl,
      CF.sub.3 (CH.sub.2).sub.2 BrCH.sub.3, CH.sub.2 F(CH.sub.2).sub.4 Cl,
      C.sub.2 H.sub.5 CF.sub.2 (CH.sub.2).sub.2 Cl, CF.sub.3 (CH.sub.2).sub.4
      Cl, CH.sub.3 (CH.sub.2).sub.4 CF.sub.2 (CH.sub.2).sub.2 CH.sub.2 Cl, and
      CH.sub.3 (CH.sub.2).sub.3 CF.sub.2 (CH.sub.2).sub.3 CH.sub.2 Cl, as
      described in "Aliphatic Fluorine Compounds," A. M. Lovelace et al., Am.
      Chem. Soc. Monograph Series, 1958, Reinhold Publ. Corp. Those halides not
      available are prepared by methods known in the art by reacting the
      corresponding primery alcohol G--CH.sub.2 OH with PCl.sub.3 PBr.sub.3, or
      any of the other halogenating agents useful for this purpose. Available
      alcohols include CH.sub.2 CH(CF.sub.3)CH.sub.2 OH, (CH.sub.3).sub.2
      CHCH.sub.2 CH.sub.2 OH, (CH.sub.3).sub.3 CCH.sub.2 OH, CF.sub.3
      CH(CH.sub.3)CH.sub.2 CH.sub.2 OH, for example. For those halides of the
      formula G--CH.sub.2 --Hal wherein Hal is chloro or bromo, G is R.sub.27
      --(CH.sub.2).sub.h --, h being one, 2, 3, or 4, and R.sub.27 being
      isobutyl, tert-butyl, 3,3-difluorobutyl, 4,4-difluorobutyl, or
      4,4,4-trifluorobutyl, the intermediate alcohols are prepared as follows.
PAR  In the case of R.sub.27 being isobutyl or tert-butyl, known alcohols are
      converted to bromides, thence to nitriles with sodium cyanide, thence to
      the corresponding carboxylic acids by hydrolysis, and thence to the
      corresponding primary alcohols by reduction, e.g., with lithium aluminum
      hydride, thus extending the carbon chain one carbon atom at a time until
      all primary alcohols are prepared.
PAR  In the case of R.sub.27 being 3,3-difluorobutyl, the necessary alcohols are
      prepared from keto carboxylic acids of the formula, CH.sub.3
      --CO--(CH.sub.2).sub.r --COOH, wherein r is 2, 3, 4, 5, or 6. All of those
      acids are known. The methyl esters are prepared and reacted with sulfur
      tetrafluoride to produce the corresponding CH.sub.3 --CF.sub.2
      --(CH.sub.2).sub.r --COOCH.sub.3 compounds, which are then reduced with
      lithium aluminum hydride to CH.sub.3 --CF.sub.2 --(CH.sub.2).sub.r
      --CH.sub.2 OH. These alcohols are then transformed to the bromide or
      chloride by reaction with PBr.sub.3 or PCl.sub.3.
PAR  In the case of R.sub.27 being 4,4-difluorobutyl, the initial reactants are
      the known dicarboxylic acids, HOOC--(CH.sub.2).sub.f --COOH, wherein f is
      3, 4, 5, 6, or 7. These dicarboxylic acids are esterified to CH.sub.3
      OOC--(CH.sub.2).sub.f --COOCH.sub.3 and then half-saponified, for example
      with barium hydroxide, to give HOOC--(CH.sub.2).sub.f --COOCH.sub.3. The
      free carboxyl group is transformed first to the acid chloride with thionyl
      chloride and then to an aldehyde by the Rosenmund reduction. Reaction of
      the aldehyde with sulfur tetrafluoride then gives CHF.sub.2
      --(CH.sub.2).sub.f --COOCH.sub.3 which by successive treatment with
      lithium aluminum hydride and PBr.sub.3 or PCl.sub.3 gives the necessary
      bromides or chlorides, CHF.sub.2 --(CH.sub.2).sub.f --CH.sub.2 Br or
      CHF.sub.2 --(CH.sub.2).sub.f --CH.sub.2 Cl.
PAR  In the case of R.sub.27 being 4,4,4-trifluorobutyl, aldehydes of the
      formula CH.sub.3 OOC--(CH.sub.2).sub.f --CHO are prepared as described
      above. Reduction of the aldehyde with sodium borohydride gives the alcohol
      CH.sub.3 OOC--(CH.sub.2).sub.f --CH.sub.2 OH. Reaction with PBr.sub.3 or
      PCl.sub.3 then gives CH.sub.3 OOC--(CH.sub.2).sub.f -CH.sub.2 --Hal.
      Saponification of that ester gives the carboxylic acid which by reaction
      with sulfur tetrafluoride gives the necessary CF.sub.3 --(CH.sub.2).sub.f
      --CH.sub.2 --Br or CF.sub.3 --(CH.sub.2).sub.f --CH.sub.2 --Cl.
PAR  For the above reactions of SF.sub.4, see U.S. Pat. No. 3,211,723 and J.
      Org. Chem. 27, 3164 (1962).
PAR  For those products wherein R.sub.2 is hydrogen and G is
      ##SPC27##
PAL  the halides necessary to prepare those compounds, if not readily available,
      are advantageously prepared by reacting the corresponding primary alcohol,
      ##SPC28##
PAL  with PCl.sub.3, PBr.sub.3, HBr, or any of the other halogenating agents
      known in the art to be useful for this purpose. Some of the readily
      available halides are shown in Table I wherein s, T, and t of the formula
      for the intermediate halides are as defined above, and Hal is chloro,
      bromo, or iodo. Thus, compound No. 1 of Table I is represented by the
      formula wherein s and t are zero, and Hal is chloro, i.e.
      ##SPC29##
PAL  namely .alpha.-chlorotoluene or benzyl chloride; compound No. 8 of Table I
      is represented by the formula wherein s is zero, t is 2, and Hal is bromo,
      i.e.
      ##SPC30##
PAL  namely 1-bromo-3-phenylpropane or 3-bromopropylbenzene; and compound No. 63
      of Table I represented by the formula wherein s is 3, T is methyl in the
      2-, 4- and 5-positions with respect to the C.sub.t H.sub.2t substitution,
      t is 2, and Hal is bromo, i.e.,
      ##SPC31##
PAL  namely 1 -(3-bromopropyl)-2,4,5-trimethylbenzene.
TBL                TABLE I                                                     

     ______________________________________                                    

     Intermediate Halides                                                      

     represented by the formula                                                

     No.        s       T             t      Hal                               

     ______________________________________                                    

     1          0       --            0      Cl                                

     2          0       --            0      Br                                

     3          0       --            0      l                                 

     4          0       --            1      Cl                                

     5          0       --            1      Br                                

     6          0       --            1      l                                 

     7          0       --            2      Cl                                

     8          0       --            2      Br                                

     9          0       --            2      l                                 

     10         0       --            3      Cl                                

     11         0       --            3*     Cl                                

     12         0       --            3      Br                                

     13         0       --            4      Cl                                

     14         1       2--CH.sub.3   0      Cl                                

     15         1       2--C.sub.2 H.sub.5                                     

                                      0      Cl                                

     16         1       4--C.sub.2 H.sub.5                                     

                                      0      Cl                                

     17         1       2--CF.sub.3   0      Cl                                

     18         1       4--OCH.sub.3  0      Cl                                

     19         1       3--CH.sub.3   0      Br                                

     20         1       4--CH.sub.3   0      Br                                

     21         1       4--C.sub.5 H.sub.11                                    

                                      0      Br                                

     22         1       4--Cl         0      Br                                

     23         1       2--CF.sub.3   0      Br                                

     24         1       3--CF.sub.3   0      Br                                

     25         1       4--CH.sub.3   0      l                                 

     26         1       4--F          1      Cl                                

     27         1       3--Cl         1      Br                                

     28         1       4--Cl         1      Br                                

     29         1       4--F          1      Br                                

     30         1       2--Cl         2      Br                                

     31         1       3--Cl         2      Br                                

     32         1       4--Cl         2      Br                                

     33         1       4--F          3*     Br                                

     34         1       2--Cl         4      Br                                

     35         1       2--CH.sub.3   0      Cl                                

                        4--CH.sub.3                                            

     36         2       2--CH.sub.3   0      Cl                                

                        5--CH.sub.3                                            

     37         2       2--CH.sub.3   0      Cl                                

                        6--CH.sub.3                                            

     38         2       3--CH.sub.2   0      Cl                                

                        4--CH.sub.3                                            

     39         2       2--CH.sub.3   0      Cl                                

                        4--Cl                                                  

     40         2       2--CH.sub.3   0      Br                                

                        5--CH.sub.3                                            

     41         2       2--CH.sub.3   0      Br                                

                        6--CH.sub.3                                            

     42         2       3--CH.sub.3   0      Br                                

                        5--t--butyl                                            

     43         2       3--CH.sub.3   0      Br                                

                        4--Cl                                                  

     44         2       2--CH.sub.3   0      Br                                

                        3--Br                                                  

     45         2       3--OCH.sub.3  0      Cl                                

                        4--OCH.sub.3                                           

     46         2       3--OCH.sub.3  0      Cl                                

                        5--OCH.sub.3                                           

     47         2       3--OCH.sub.3  0      Br                                

                        5--OCH.sub.3                                           

     48         2       2--CH.sub.3   1      Cl                                

                        4--CH.sub.3                                            

     49         2       2--CH.sub.3   1      Br                                

                        4--CH.sub.3                                            

     50         2       3--CH.sub.3   1      Br                                

                        4--CH.sub.3                                            

     51         2       3--OCH.sub.3  1      Br                                

                        4--OCH.sub.3                                           

     52         2       3--OCH.sub.3  1      Br                                

                        5--OCH.sub.3                                           

     53         2       3--OCH.sub.3  1      l                                 

                        4--OCH.sub.3                                           

     54         2       3--OCH.sub.3  2      Br                                

                        4--OCH.sub.3                                           

     55         2       3--OCH.sub.3  2      Br                                

                        5--OCH.sub.3                                           

     56         2       3--OCH.sub.3  4      Br                                

                        5--OCH.sub.3                                           

     57         3       2--CH.sub.3   0      Cl                                

                        4--CH.sub.3                                            

                        5--CH.sub.3                                            

     58         3       2--CH.sub.3   0      Cl                                

                        4--CH.sub.3                                            

                        6--CH.sub.3                                            

     59         3       4--CH.sub.3   0      Cl                                

                        2--OCH.sub.3                                           

                        5--OCH.sub.3                                           

     60         3       2--CH.sub.3   0      Br                                

                        3--CH.sub.3                                            

                        6--CH.sub.3                                            

     61         3       2--CH.sub.3   0      Br                                

                        4--CH.sub.3                                            

                        6--CH.sub.3                                            

     62         3       2--CH.sub.3   0      Br                                

                        3--OCH.sub.3                                           

                        6--OCH.sub.3                                           

     63         3       2--CH.sub.3   2      Br                                

                        4--CH.sub.3                                            

                        5--CH.sub.3                                            

     ______________________________________                                    

     --CH--                                                                    

     *-branched.vertline.                                                      

     Et                                                                        

PAR  Next, considering the intermediate halides for producing oxa-phenylene
      PGE-type compounds of formulas XIII to XVI wherein R.sub.2 is alkyl of one
      to 4 carbon atoms, inclusive (A), and G is either of the two types (1) or
      (2) above, these organic chlorides and bromides,
      ##EQU12##
      are known to the art or can be prepared by methods known in the art.
PAR  For type A-(1) above, i.e. wherein R.sub.2 is alkyl and G is alkyl of one
      to 10 carbon atoms and 0-3 fluoro atoms, there are available such
      monohalofluorohydrocarbons as CHF.sub.2 CHClCH.sub.3, CF.sub.3
      CHBrCH.sub.3, CF.sub.3 CH.sub.2 CHBrCH.sub.3, CH.sub.3 CF.sub.2
      CHClCH.sub.3, CF.sub.3 CHClC.sub.2 H.sub.5, and C.sub.2 H.sub.5 CF.sub.2
      CHClCH.sub.3, for example. Those not readily available are prepared from
      the corresponding secondary alcohol
      ##EQU13##
      wherein R.sub.2 is as defined above, with PCl.sub.3, PBr.sub.3, or any of
      the other halogenating agents known in the art to be useful for this
      purpose. Such alcohols include, for example, CH.sub.2 FCH(OH)CH.sub.2 F,
      CF.sub.3 (CH.sub.2).sub.2 CH(OH)CH.sub.3, CF.sub.3
      CH(OH)(CH.sub.2)CH.sub.3, CF.sub.3 CH(OH)(CH.sub.2).sub.3 CH.sub.3,
      CF.sub.3 CH(OH)C(CH.sub.3).sub.3, and CF.sub.3 CH(OH)(CH.sub.2).sub.5
      CH.sub.3. For those halides of the formula G--CHR.sub.2 --Hal, wherein G
      is R.sub.27 --(CH.sub.2).sub.h --, using the definitions of Hal, h,
      R.sub.2, and R.sub.27 above, the intermediate alcohols are prepared as
      follows.
PAR  In the case of R.sub.27 being isobutyl or tert-butyl, lower molecular
      weight primary alcohols are transformed to the corresponding longer-chain
      carboxylic acids and thence to the corresponding secondary alcohols by
      preparing the intermediate ketones,
      ##EQU14##
      by known procedures, for example G--COCl + (R.sub.2).sub.2 Cd, thereafter
      reducing the ketone to the secondary alcohol with sodium borohydride.
PAR  In the case of R.sub.27 being 3,3-difluorobutyl, the procedure described
      above is applicable to converting CH.sub.3 --CF.sub.2 --(CH.sub.2).sub.2
      --COOCH.sub.3 described above to
      ##EQU15##
      These alcohols are then transformed to the bromide or chloride by reaction
      with PBr.sub.3 or PCl.sub.3.
PAR  In the case of R.sub.27 being 4,4-difluorobutyl, the corresponding
      secondary alcohols are prepared as described above, using intermediates
      prepared for the primary alcohols of this type above.
PAR  In the case of R.sub.27 being 4,4,4-trifluorobutyl, corresponding secondary
      alcohols are prepared by transforming CH.sub.3 OOC--(CH.sub.2).sub.f --CHO
      to CH.sub.3 OOC--(CH.sub.2).sub.f --C(R.sub.2)O by known methods and then
      proceeding with that ketone as described above for the corresponding
      aldehyde.
PAR  For type A-(2) halides, i.e. R.sub.2 is alkyl and G is
      ##SPC32##
PAL  some of the readily available halides are shown in Table II. Thus, compound
      No. 1 of Table II is represented by the formula wherein s=O, R.sub.2
      =methyl, t=O, and Hal=Cl, i.e.
      ##SPC33##
PAL  namely (1-chloroethyl)benzene; and compound No. 13 of Table II is
      represented by the formula wherein s=2, T=methyl, R.sub.2 =methyl, t=1,
      and Hal=Br, i.e.
      ##SPC34##
PAL  namely 4-(2-bromopropyl)-o-xylene or
      1-(2-bromopropyl)3-methyl-4-methylbenzene.
TBL                TABLE II                                                    

     ______________________________________                                    

     Intermediate Halides                                                      

     represented by the Formula                                                

     Hal--CH--C.sub.t H.sub.2t --                                              

     .vertline.                                                                

     R.sub.2                                                                   

     No.      s      T          R.sub.2   t   Hal                              

     ______________________________________                                    

     1        0      --         CH.sub.3  0   Cl                               

     2        0      --         C.sub.2 H.sub.5                                

                                          0   Cl                               

     3        0      --         C.sub.2 H.sub.5                                

                                          0   Br                               

     4        0      --         CH.sub.3  0   l                                

     5        0      --         CH.sub.3  1   Cl                               

     6        0      --         n--C.sub.3 H.sub.7                             

                                          1   Cl                               

     7        0      --         CH.sub.3  1   Br                               

     8        0      --         C.sub.2 H.sub.5                                

                                          2   Cl                               

     9        1      4--C.sub.2 H.sub.5                                        

                                CH.sub.3  0   Cl                               

     10       1      4--F       CH.sub.3  0   Cl                               

     11       1      4--Cl      C.sub.2 H.sub.5                                

                                          0   Br                               

     12       1      4--F       C.sub.2 H.sub.5                                

                                          0   Br                               

     13       2      3--CH.sub.3                                               

                                CH.sub.3  1   Br                               

                     4--CH.sub.3                                               

     14       2      3--OCH.sub.3                                              

                                CH.sub.3  1   Br                               

                     4--OCH.sub.3                                              

     15       2      2--OCH.sub.3                                              

                                CH.sub.3  1   Br                               

                     6--OCH.sub.3                                              

     ______________________________________                                    

PAR  Other intermediate halides of the general formula
      ##SPC35##
PAL  may be obtained from the secondary alcohols as discussed above. The
      secondary alcohols, wherein R.sub.2 is alkyl, are prepared by transforming
      the --COOH of the corresponding carboxylic acid,
      ##SPC36##
PAL  to a ketone by known procedures, e.g. by way of acyl chloride and a
      dialkylcadmium. Reduction of the ketone with sodium borohydride then
      yields the secondary alcohol,
      ##SPC37##
PAR  Hydroxyl groups on the aromatic ring are suitably protected during these
      reactions by first forming the corresponding tetrahydropyranyl ethers with
      dihydropyran; the hydroxyl groups are restored by mild acid hydrolysis as
      is well known in the art.
PAR  In the case of C.sub.t H.sub.2t substituted with one or 2 fluoro atoms,
      there are a number of routes of the intermediate halides. The
      corresponding alcohols, for example .beta.-fluorophenethyl alcohol,
      .beta.-fluoro-.alpha.-methyl-phenethyl alcohol,
      .beta.-fluoro-.alpha.,.beta.-dimethyl-phenethyl alcohol and the like, are
      reacted with PCl.sub.3, PBr.sub.3 or HBr to form the halide.
      Alternatively, the carboxylic acid having one less carbon atom in the
      chain than the desired intermediate halide, i.e.
      ##SPC38##
PAL  where g = t-1, is converted by a series of known methods to the
      2,2-difluorohalide. Thus, the free carboxyl group is transformed first to
      the acid chloride with thionyl chloride and thence by way of the nitrile
      to the .alpha.-keto-acid. The carboxyl group is reduced to the alcohol
      with diborane and then converted to the .alpha.-keto halide. Finally, by
      reaction of the keto group with sulfur tetrafluoride, there is obtained
      ##SPC39##
PAR  As mentioned above, formula XVI-to-XXXI compounds with an alpha-fluoro
      substituent in a straight chain 3-to-7-carbon G, i.e., G being
      --CHF--(CH.sub.2).sub.a --CH.sub.3 wherein a is one, 2, 3, 4, or 5,
      represent embodiments among the novel oxa-phenylene compounds of this
      invention. Among those, for example, is
      3-oxa-16-fluoro-3-7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1. The
      formula-XLIII bicyclo-ketones necessary to produce those mono-fluoro
      compounds are advantageously prepared by reacting either of the
      above-mentioned bicyclo-aldehydes, exo or endo, with a Wittig reagent
      prepared from CH.sub.3 --CH.sub.2) a-- CO--CH.sub.2 --Br and
      triphenylphospine. The aldehyde group is thereby transformed to
      ##EQU16##
      The resulting unsaturated ketone is reduced to the corresponding
      ##EQU17##
      compound. Then --OH in that group is replaced with fluoro by known
      methods, for example, directly by reaction with
      2-chloro-1,1,2-trifluorotriethylamine or indirectly, for example, by
      transforming the hydroxy to tosyloxy or mesyloxy, and reacting the
      resulting compound with anhydrous potassium fluoride in diethylene glycol.
      Similarly, the oxa-phenylene PG-type compounds wherein G is
      ##SPC40##
PAL  having an alpha-fluoro substituent on the carbon adjacent to the
      hydroxy-substituted carbon (C-15 in PGE.sub.1) represent preferred
      embodiments of this invention. In preparing the formula-XLIII
      bicyclo-ketone intermediates, there is used a Wittig reagent prepared from
      ##SPC41##
PAL  and triphenylphosphine. Following the steps above, the resulting
      unsaturated ketone containing the moiety
      ##SPC42##
PAL  is reduced to the corresponding secondary alcohol. The --OH in that group
      is replaced by fluoro by known methods.
PAR  Another preference mentioned above is that the 1-position of G in the
      formula XVI-to-XXXI compounds be mono- or di-substituted with alkyl of one
      to 4 carbon atoms, particularly methyl or ethyl. In the steps of the
      synthesis shown in Charts D and E, G is then G'" --CR.sub.21 R.sub.22 --
      wherein R.sub.21 and R.sub.22 are methyl or ethyl and G'" is preferably
      alkyl of 2 to 6 carbon atoms or
      ##SPC43##
PAL  wherein k is zero, one, 2, or 3. Thus, in preparing the formula-XLIII
      intermediate olefin, a Wittig reagent is prepared from a halo compound of
      the general formula G'" --CR.sub.21 R.sub.22 --CR.sub.2 H--Hal wherein Hal
      is chloro or bromo. These compounds are known in the art or can be
      prepared by methods known in the art, including those methods described
      above.
PAR  For example, when G'" is CH.sub.3 (CH.sub.2).sub.3 --, R.sub.2 and R.sub.21
      are hydrogen, and R.sub.22 is methyl, there is employed 1-bromo(or
      -chloro)-2-methylhexane. If the halo compound is not available, the
      corresponding carboxylic acid is transformed to the alcohol and thence to
      the halide. Thus, 2,2-diethylvaleric acid yields
      1-bromo-2,2-diethylpentane, wherein G'" is CH.sub.3 (CH.sub.2).sub.2 --,
      R.sub.2 is hydrogen, and R.sub.21 and R.sub.22 are ethyl.
PAR  2-Ethylhexanoic acid yields 3-chloromethylheptane, wherein G'" is CH.sub.3
      (CH.sub.2).sub.3 --, R.sub.2 and R.sub.21 are hydrogen, and R.sub.22  is
      ethyl. 2-Ethyl-2-methylhexanoic acid yields
      3-bromo-methyl-3-methylheptane, wherein G'" is CH.sub.3 (CH.sub.2).sub.3
      --, R.sub.2 is hydrogen, R.sub.21 is methyl, and R.sub.22 is ethyl.
      2-Phenylpropionic acid yields 1-bromo-2-phenylpropane, wherein G'" is
      phenyl, R.sub.2 and R.sub.21 are hydrogen, and R.sub.22 is methyl.
      2-Methyl-2-phenylbutyric acid yields 1-bromo-2-methyl-2-phenylbutane,
      wherein G'" is phenyl, R.sub.2 is hydrogen, R.sub.21 is methyl, and
      R.sub.22 is ethyl. 2-Methyl-4-(2,4,5-trimethoxyphenyl)butyric acid yields
      1-chloro-2-methyl-4-(2,4,5-trimethoxyphenyl)butane, wherein G'" is
      (2,4,5-trimethoxyphenyl)ethyl, R.sub.2 and R.sub.21 are hydrogen, and
      R.sub.22 is methyl.
PAR  Mono-alkyl substituted alkanoic acids useful for preparing the above halo
      intermediates are prepared by alkylation of an .alpha.-keto acid, G'"
      --CO--COOH, e.g.
      ##SPC44##
PAL  (prepared via the acid chloride and thence the nitrile) by means of a
      Grignard reagent, R.sub.22 MgHal for example.
PAR  The transformation of bicyclo-ketone-olefin XLIII to glycol LI is carried
      out by reacting olefin XLIII with a hydroxylation reagent. Hydroxylation
      reagents and procedures for this purpose are known in the art. See, for
      example, Gunstone, Advances in Organic Chemistry, Vol. I, pp. 103-147,
      Interscience Publishers, New York, N.Y. (1960). Especially useful
      hydroxylation reagents for this purpose are osmium tetroxide and performic
      acid (formic acid plus hydrogen peroxide). Various isomeric glycols are
      obtained depending on such factors as whether olefin XLIII is cis or trans
      and endo or exo, and whether a cis or a trans hydroxylation reagent is
      used. These various glycol mixtures can be separated into individual
      isomers by silica gel chromatography. However, this separation is usually
      not necessary, since all isomers of particularly glycol are equally useful
      as intermediates according to this invention and the processes outlined in
      Chart D to produce final products of formulas XL and XLI, and then,
      according to Chart A, B, and C to produce the other final products of this
      invention.
PAR  The transformation of glycol LI to the cyclic ketal of formula XXXVI (Chart
      D) is carried out by reacting said glycol with a dialkyl ketone of the
      formula
      ##EQU18##
      wherein R.sub.11 and R.sub.12 are alkyl of one to 4 carbon atoms,
      inclusive, in the presence of an acid catalyst, for example potassium
      bisulfate or 70% aqueous perchloric acid. A large excess of the ketone and
      the absence of water is desirable for this reaction. Examples of suitable
      dialkyl ketones are acetone, methyl ethyl ketone, diethyl ketone, methyl
      propyl ketone, and the like. Acetone is preferred as a reactant in this
      process.
PAR  Referring again to Chart D, cyclic ketal XXXVI is transformed to cyclic
      ketal XXXVII by alkylating with an alkylation agent of the formula
      ##EQU19##
      wherein R.sub.10, R.sub.26, and J' are as defined above, and Hal is
      chlorine, bromine, or iodine. Similarly, referring to Chart E, olefin
      XLIII is transformed to olefin XLIV by alkylating with an alkylation agent
      of the formula
      ##EQU20##
      wherein R.sub.10, R.sub.26, Z', and Hal are as defined above.
PAR  Any of the alkylation procedures known in the art to be useful for
      alkylating cyclic ketones with alkyl halides and haloalkanoic esters are
      used for the transformations of XXXVI to XXXVII and of XLIII to XLIV. See,
      for example, the above-mentioned Belgian Pat. No. 702,477 for procedures
      useful here and used there to carry out similar alkylations, e.g.,
      employing the bicyclo enamines.
PAR  For these alkylations, it is preferred that Hal be bromo or iodo. Any of
      the usual alkylation bases, e.g., alkali metal alkoxides, alkali metal
      amides, and alkali metal hydrides, are useful for this alkylation. Alkali
      metal alkoxides are preferred, especially tert-alkoxides. Sodium and
      potassium are preferred alkali metals. Especially preferred is potassium
      tert-butoxide. Preferred diluents for this alkylation are tetrahydrofuran
      and 1,2-dimethoxyethane. Otherwise, procedures for producing and isolating
      the desired formula-XXXVII and -XLIV compounds are within the skill of the
      art.
PAR  These alkylation procedures produce mixtures of alpha and beta alkylation
      products, i.e. a mixture of formula XXXVII products wherein part has the
      --CHR.sub.26 --J'--COOR.sub.10 moiety attached in alpha configuration, and
      wherein part has that moiety attached in beta configuration, or a mixture
      of the formula-XLIV products with the --CHR.sub.26 --Z'--COOR.sub.10
      moiety in both alpha and beta configurations. When about one equivalent of
      base per equivalent of formula-XXXVI or -XLIII ketone is used, the alpha
      configuration usually predominates. Use of an excess of base and longer
      reaction times usually result in production of larger amounts of beta
      products. These alpha-beta isomer mixtures are separated at this stage or
      at any subsequent stage in the multi-step processes shown in Charts D and
      E. Silica gel chromatography is preferred for this separation.
PAR  The necessary alkylating agents for the above-described alkylations, e.g.
      compounds of the formulas
      ##EQU21##
      are prepared by methods known in the art. There are four groups of
      compounds encompassed by these two genera of alkylating agents.
PAR  Alkylating agents of the formula
      ##EQU22##
      include compounds of the formulas:
      ##SPC45##
PAR  Alkylating agents of the formula
      ##EQU23##
      include the above-listed compounds of formuls LIII and LIV, and also
      compounds of the following formulas
      ##SPC46##
PAL  These alkylating agents of formulas LIII to LVI are accessible to those of
      ordinary skill in the art. In one route, the
      ##EQU24##
      compounds are obtained from aldehyde or ketone reactants by a series of
      transformations as follows:
      ##EQU25##
      For example, methyl m-formylphenoxyacetate on reduction with sodium
      borohydride yields methyl m-(hydroxymethyl)-phenoxyacetate, which in turn
      is transformed to the formula-LIX compound, methyl
      m-(chloromethyl)phenoxyacetate, with thionyl chloride.
PAR  Those formula-LVII or formula-LVIII reactants which are not commercially
      available are advantageously prepared by adaptation of the Williamson
      ether syntheses, e.g. employing a hydroxy reactant and a halo-substituted
      acid or ester. Thus, the reaction
      ##SPC47##
PAL  wherein Hal is chloro, bromo, or iodo, preferably iodo, proceeds in the
      presence of strong base, for example sodium hydride when R.sub.1 is a
      carbon-containing group, and lithium diisopropyl amide when R.sub.1 is
      hydrogen. Within the definitions of C.sub.g H.sub.2g, C.sub.p H.sub.2p,
      and C.sub.q H.sub.2q, suitable reactants are readily available or are
      prepared by methods known to those skilled in the art.
PAR  Thus, when R.sub.26 is hydrogen, and considering the variations of C.sub.g
      H.sub.2g and C.sub.p H.sub.2p, the aldehyde reactants include (o, m, or
      p)-hydroxybenzaldehyde, (o, m, or p-hydroxyphenyl)acetaldehyde, (o or
      p)-hydroxyhydrocinnamaldehyde, 4-(o or p-hydroxyphenyl)butyraldehyde,
      o-(2-hydroxyethyl)-benzaldehyde, and the like. Other aldehyde reactants
      are also accessible by methods known to those skilled in the art. For
      example, (o, m, or p-hydroxyethyl)benzaldehydes are obtained from (o, m,
      or p)-bromostyrene by the series of reactions:
      ##SPC48##
PAL  The reaction with ethylene oxide is carried out on a Grignard reagent
      prepared from the bromostyrene and magnesium. Substituted ethylene oxides
      are used to obtain substituted C.sub.p H.sub.2p chains, e.g. propylene
      oxide, 1,2-epoxy-2-methylpropane, 1,2-epoxybutane,
      1,2-epoxy-2,3-dimethylbutane, and the like. Instead of using ozone to form
      the aldehyde, hydroxylation and oxidation with osmium tetroxide and
      periodic acid are optional (see J. Org. Chem. 21, 478, 1956).
PAR  Compounds with C.sub.g H.sub.2g chains are obtained by replacing
      ##SPC49##
PAL  e.g. 1-allyl-4-bromobenzene, 1-allyl-2-chlorobenzene, 4-(o, m, or
      p-chlorophenyl)-1-butene, and the like. Compounds with C.sub.p H.sub.2p
      chains are obtained by replacing ethylene oxide with suitable alkylating
      agents, e.g. trimethylene oxide, 1,3-epoxybutane, 1,3-epoxy-3-methylbutane
      and the like, or suitable reactions steps.
PAR  Other variations of the above reactions and reactants will be apparent to
      those skilled in the art. Thus, an alkene-substituted phenol is condensed
      with a halo-substituted acid or ester and thereafter transformed as an
      aldehyde to the halo alkylating agent within the scope of formula LIX by
      the following steps:
      ##SPC50##
PAR  Available for this series of reactions are (o, m, or p)-vinylphenol,
      p-allylphenol, 4-(o, m, or p-hydroxyphenyl)-1-butene, and the like.
PAR  Alternatively, a haloalkylphenol is condensed with a halo-substituted acid
      or ester by the reaction:
      ##SPC51##
PAL  Available are p-(2-bromoethyl)phenol, p-(3-bromobutyl)-phenol, and the
      like.
PAR  Considering the halo-substituted acid or ester reactants in the above ether
      syntheses and the variations of C.sub.q H.sub.2q, there are a wide variety
      of reactants available, which will lead to the desired formula-LIX
      alkylating agent. For example:
      ##EQU26##
      wherein R.sub.23 is hydrogen or alkyl of one to 5 carbon atoms, inclusive;
      Br--(CH.sub.2).sub.2 --COOH, Br--C(CH.sub.3).sub.2 --COOH, Br--C(C.sub.2
      H.sub.5).sub.2 --COOH, BrC(CH.sub.3)(C.sub.2 H.sub.5)--COOH,
      Br--CH(CH.sub.3)--CH.sub.2 --COOH, Br--(CH.sub.2).sub.3)--COOCH.sub.3,
      Cl--CH(C.sub.2 H.sub.5)--CH.sub.2 --COOCH.sub.3, Cl--CH(n--C.sub.3
      H.sub.7)--CH.sub.2 --COOCH.sub.3, Br--CH(CH.sub.3)--(CH.sub.2).sub.2
      --COOC.sub.2 H.sub.5, Br--CH(CH.sub.3)--CH.sub.2
      --CH(CH.sub.3)--COOC.sub.2 H.sub.5,
      Br--CH(CH.sub.3)--CH(CH.sub.3)--CH.sub.2 --COOC.sub.2 H.sub.5,
      Br--C(CH.sub.3).sub.2 --CH.sub.2 --CH(CH.sub.3)--COOC.sub.2 H.sub.5,
      Cl--CH(n--C.sub.4 H.sub.9)--CH.sub.2 --COOC.sub.2 H.sub.5,
      Cl--C(CH.sub.3).sub.2 --CH.sub.2 --COOC.sub.2 H.sub.5, Br--CH(n--C.sub.2
      H.sub.7)--(CH.sub.2).sub.2 --COOH, and Cl--CH(C.sub.2 H.sub.5)--(CH.sub.
      2).sub.2 --COOH are available. The preferred iodo reactants are obtained
      by methods known to those skilled in the art.
PAR  When C.sub.q H.sub.2q has two alkyl groups attached to the .omega. or
      .omega.-1 carbon atom of the halo-substituted acid or ester reactants, it
      is preferred that halo be replaced with mesyloxy or tosyloxy prior to the
      ether synthesis, and that relative mild bases and reaction conditions be
      used, for example, potassium tert-butoxide in dimethyl sulfoxide.
PAR  In another route to the formula-LIX alkylating agents, the Williamson ether
      synthesis employs hydroxy-esters or acids of the formula HO--C.sub.q
      H.sub.2q --COOR.sub.1 for condensation with halo-substituted reactants as
      follows:
      ##SPC52##
PAR  For example, .alpha.,.alpha.'-dibromo-o-xylene is contacted with ethyl
      glycolate in the presence of sodium hydride to yield ethyl
      O-(bromomethyl)-benzyloxyacetate.
PAR  Typical halo reactants which are useful for this reaction are
      .alpha.-bromo-(o, m, or p)-chlorotoluene, 1-bromo-(2 or
      3)-(2-bromoethyl)benzene, 1-(3-bromopropyl)-(1 or 2)-chlorobenzene, and
      1-(4-bromobutyl)-1-chlorobenzene.
PAR  When C.sub.p H.sub.2p has two alkyl groups attached to the carbon atom to
      which Hal is attached, it is preferred that this Hal be replaced with
      mesyloxy or tosyloxy prior to the ether synthesis and that relatively mild
      bases and reaction conditions be used.
PAR  Considering the hydroxy acid or ester reactants, there are available a wide
      range of suitable compounds within the scope of HO--C.sub.q H.sub.2q
      --COOR.sub.1 which will lead to the desired formula-LIX alkylating agent.
      For example: HOCH(CH.sub.3)--COOCH.sub.3, HOC(CH.sub.3).sub.2 --COOH,
      HOCH(C.sub.2 H.sub.5)--COOH, HOC(CH.sub.3)(C.sub.2 H.sub.5)--COOH,
      HO(CH.sub.2).sub.2 --COOC.sub.2 H.sub.5, HOCH(CH.sub.3)--CH.sub.2 --COOH,
      HOCH(n--C.sub.3 H.sub.7)--COOH, HOC(n--C.sub.3 H.sub.7)(CH.sub.3)--COOH,
      HOCH(C.sub.2 H.sub.5)--CH.sub.2 --COOH, HOCH(CH.sub.3)--(CH.sub.2).sub.2
      --COOH, HOCH(n-C.sub.4 H.sub.9)--COOH, HOC(n-C.sub.4
      H.sub.9)(CH.sub.3)--COOH, HOCH(n-C.sub.3 H.sub.7)--CH.sub.2 --COOCH.sub.3,
      HOCH(C.sub.2 H.sub.5)--(CH.sub.2).sub.2 --COOH, HOCH(n-C.sub.5
      H.sub.11)--COOH, HOCH(n-C.sub.4 H.sub.9)--CH.sub.2 --COOH, HOCH(n-C.sub.3
      H.sub.7)--(CH.sub.2).sub.2 --COOH are available.
PAR  When a formula-LIX alkylating agent is desired in which there are two alkyl
      substituents on both carbon atoms attached to the oxa --O--, it is
      preferred that, if the halo-acid route be used, the halo atom on the acid
      be chloro and that freshly precipitated wet magnesium hydroxide in an
      inert solvent suspension be used as the base; and if the hydroxy-acid
      route be used, the --C.sub.p H.sub.2p --Hal group is preferrably --C.sub.p
      H.sub.2p --Cl. If the hydroxy-acid route is used with --C.sub.p H.sub.2p
      --l, silver oxide is used as the base.
PAR  The alkylating agents of formulas LIII to LVI are esters. Any of the above
      acid forms are readily converted to esters. Variations in R.sub.10 within
      the definition of R.sub.10 herein are readily made by methods known in the
      art. The ester moiety is chosen according to the desired type of final
      oxa-phenylene PG-type product.
PAR  Formula-LVII aldehyde reactants which lead to the formula LIX alkylating
      agents are also obtained by reaction of halo-substituted aldehydes with
      hydroxy acids or ester reactants. Thus, there are employed
      o-(bromoethyl)benzaldehyde, p-chlorohydratropaldehyde, and the like.
PAR  When R.sub.26 is alkyl, the formula-LIX
      ##EQU27##
      alkylating agents are prepared from the corresponding reactants wherein
      R.sub.26 is methyl, ethyl, propyl, or butyl, or their isomers. For example
      m-bromo-.alpha.-methylstyrene reacts as follows:
      ##SPC53##
PAL  Typical halo-substituted ketones available for this purpose include (2',
      3', or 4')-(bromo, chloro, or iodo)-acetophenone, (3' or
      4')-bromopropiophenone, (3' or 4')-chlorobutyrophenone, and 4'-(bromo or
      chloro)-valerophenone. Other reactants leading to the R.sub.26
      (alkyl)-substituted formula-LIX alkylating agents are accessible to those
      skilled in the art.
PAR  Although the above methods are generally useful for preparing alkylating
      agents within the scope of formulas
      ##EQU28##
      above, there are preferred methods for preparing the formula-LIV compounds
      containing the --C.tbd.C--C.sub.j H.sub.2j -- moiety.
PAR  Considering the compounds of the formula
      ##SPC54##
PAL  there is employed as starting material (o, m, or p-)vinylanisole in the
      following series of transformations:
      ##SPC55##
PAL  Herein, THP represents tetrahydropyranyl and R.sub.28 represents
      ##SPC56##
PAL  The reagents and conditions for bringing about these transformations are
      known to those skilled in the art. Thus, in step a, reacting first with
      bromine and then with sodium amide in liquid ammonia yields the acetylenic
      derivative (see J. Am. Chem. Soc. 56, 2064, 1934). Step b utilizes boron
      tribromide for example. Step c proceeds either with ethylene chlorohydrin
      and a strong base, e.g., NaOH or KOH, followed by dihydropyran in the
      presence of an acid catalyst, or with the tetrahydropyranyl ether of the
      chlorohydrin and a strong base. Step d utilizes R.sub.26 COCl in the
      presence of a strong base, e.g., sodium amide, phenyllithium, or sodium
      triphenylmethane. Alternatively, if R.sub.26 is desirably hydrogen,
      paraformaldehyde is employed (see J. Am. Chem. Soc. 92, 6314 (1970). The
      reaction in step e is done with a metal hydride, e.g., sodium borohydride.
      In step f thionyl chloride yields the formula-LX chloro compounds.
      Finally, in step g the THP moiety is selectively removed by mild
      hydrolysis in acid medium and the terminal --CH.sub.2 OH moiety is
      oxidized to --COOH, e.g. with the Jones reagent. The alkylating agent is
      converted by known means to an ester, as defined by R.sub.10, to yield the
      desired compounds.
PAR  Considering the compounds of the formula
      ##SPC57##
PAL  the above series of transformations are used, except that in step c
      ClCH.sub.2 CH.sub.2 OH is replaced by Cl--C.sub.q H.sub.2q --CH.sub.2 OH.
      There are obtained in step f compounds of the formula
      ##SPC58##
PAL  wherein C.sub.q H.sub.2q, Hal, R.sub.26 and THP are as defined above.
      Thereafter these formula-LXI compounds are transformed as in step g above
      to the desired compounds.
PAR  Considering the compounds of the formula
      ##SPC59##
PAL  there are employed as starting materials the ar-halostyrenes. These are
      transformed by the following steps:
      ##SPC60##
PAL  Thereafter, these formula-LXII compounds are transformed as in step g above
      to the desired compounds. In step a, the halo compounds are converted to a
      Grignard reagent with magnesium and thence reacted with ethylene oxide. In
      step b, the hydroxy group is converted to --OTHP with dihydropyran, the
      acetylenic moiety is formed as in step a leading to the formula-LX
      compounds above, and the THP moiety removed by mild acid hydrolysis. In
      step c, the chain is extended by reaction with Hal--CH.sub.2 CH.sub.2 OH,
      preferably the bromo or iodo derivatives, in the presence of strong base,
      e.g., phenyl lithium, sodium triphenylmethane, or sodium hydride.
      Thereafter, in step d the transformations follow the general scheme of
      steps d-f leading to the formula-LX compound to yield the formula-LXII
      compounds. Transformation as in step g above yields the desired compounds.
PAR  Consdering the compounds of the formula
      ##SPC61##
PAL  the series of transformations in the paragraph immediately preceeding are
      used, except that in step c Hal--CH.sub.2 CH.sub.2 OH is replaced by
      Hal--C.sub.q H.sub.2q --CH.sub.2 OH. There are obtained in step d
      compounds of the formula
      ##SPC62##
PAL  These formula-LXIII compounds are transformed as in step g above to the
      desired esters.
PAR  Considering the compounds of the formula
      ##SPC63##
PAL  there are employed as starting materials anisolyl aliphatic acids, e.g.,
      anisolylacetic acid, in the following steps:
      ##SPC64##
PAL  In step a, the carboxyl group is reduced with a metal hydride, e.g. lithium
      aluminum hydride. In step b, where Ts represents the toluenesulfonyl
      ("tosyl") moiety, the reaction is carried out with toluenesulfonyl
      chloride and pyridine. In step c, the acetylenic moiety is introduced with
      lithium acetylide (see J. Am. Chem. Soc. 80, 6626, 1958) to yield the
      formula-LXIV intermediates. Subsequent steps in d to form the formula-LXV
      compounds follow from steps b-f for the formula-LX compounds above.
      Finally, the formula-LXV compounds are transformed as in step g above to
      the desired esters.
PAR  Considering the compounds of the formula
      ##SPC65##
PAL  there are employed as starting materials benzenedialiphatic acids, e.g.,
      benzenediacetic acid, in the following steps:
      ##SPC66##
PAL  In step a, the carboxyl groups are reduced with a metal hydride, e.g.
      lithium aluminum hydride. In step b, reaction with toluenesulfonyl halide
      yields the bistosyl derivative. In step c one tosyloxy group is replaced
      by reaction with HO--C.sub.q H.sub.2q --CH.sub.2 OTHP in the presence of
      sodium hydride in an inert solvent, e.g. dimethyl formamide. In step d,
      the acetylenic moiety is introduced as in forming the formula-LXIV
      compounds above. Subsequent steps in e to form the formula-LXVI compounds
      follow from steps b-f for the formula-LX compounds above. Finally, the
      formula-LXVI compounds are transformed as in step g above to the desired
      esters.
PAR  Variations in the above formula LX-to-LXVI compounds and their
      corresponding ester alkylating agents as to chain length or branching in
      the C.sub.g H.sub.2g, C.sub.j H.sub.2j, C.sub.p H.sub.2p, and C.sub.q
      H.sub.2q moieties and as to the identity of R.sub.1 or R.sub.26, within
      the scope of these terms as herein defined, are available to those skilled
      in the art making use of the principles disclosed herein.
PAR  Other modifications which are encompassed within this disclosure include
      the use of alkylating agents wherein Hal is replaced by
      hydrocarbonsulfonyl, e.g. tosyl or mesyl (methanesulfonyl) groups.
      Furthermore, the formula-LX, -LXI, -LXII, -LXIII, -LXV, and -LXVI
      compounds are alternatively employed as alkylating agents, instead of the
      corresponding esters, and the alkylated formula-XXXVI and -XLIII compounds
      subsequently converted to the desired formula-XXXVII and -XLIV compounds
      by mild hydrolysis to remove the THP moiety, oxidation to convert the
      --CH.sub.2 OH moiety to --COOH, and, optionally, esterification to the
      desired R.sub.1 identity.
PAR  The cis and trans ethylenic alkylating agents of formulas LV and LVI above
      are preferably prepared by cis or trans reduction of the corresponding
      formula-LIV acetylenic compounds prepared as above, or by cis or trans
      reduction of any earlier acetylenic intermediate in which both ends of the
      acetylenic bond are substituted, i.e., not hydrogen as in the moiety
      HC.tbd.C--. Alternatively, this cis or trans reduction is carried out on
      any subsequent acetylenic reaction product leading up to and including the
      final acetylenic alkylating agent of formula LIV.
PAR  For these cis reductions of acetylenic bonds, it is advantageous to use
      hydrogen plus a catalyst which catalyzes hydrogenation of --C.tbd.C-- only
      to cis --CH=CH--. Such catalysts and procedures are well known to the art.
      See, for example, Fieser et al., "Reagents for Organic Syntheses", pp.
      566-567; John Wiley and Sons, Inc., New York, N.Y. (1967). Palladium (5%)
      on barium sulfate, especially in the presence of pyridine as a diluent, is
      a suitable catalyst for this purpose. Alternative reagents useful to
      transform these acetylenic compounds to cis-ethylenic compounds are
      bis(3-methyl-2-butyl)borane ("disiamylborane") and diisobutyl-aluminum
      hydride.
PAR  For trans reductions of the acetylenic bond, except for those compounds
      containing halogen, it is advantageous to use sodium or lithium in liquid
      ammonia or a liquid alkylamine, e.g., ethylamine. When the moiety
      HO--CH.sub.2 --C.tbd.C-- is present in the acetylenic compound being
      reduced, the use of lithium aluminum hydride gives trans reduction of the
      triple bond. Procedures for these trans reductions are known in the art.
      See, for example, Fieser et al., above cited, pp. 577, 592-594, and 603,
      and J. Am. Chem. Soc. 85, 622 (1963).
PAR  The alkylating agents of the formulas
      ##SPC67##
PAL  are available by methods known to those skilled in the art.
PAR  Thus, the above-described intermediates within the scope of
      ##SPC68##
PAL  are transformed to the phosphoranes and condensed with halo-substituted
      ketones of the formula
      ##EQU29##
      wherein THP is tetrahydropyranyl, by the Wittig reaction (Organic
      Reactions, Vol. 14, p. 270, Wiley, 1965). Mixtures of the cis and trans
      isomers of formulas LXVII and LXVIII are usually obtained, which are
      separable by methods known in the art. Higher proportions of the cis
      isomers are obtained in the presence of Lewis bases; higher proportions of
      the trans isomers result by employing the phosphonate modification (D. H.
      Wadsworth et al., J. Org. Chem. 30, 680 (1965)). Thereafter, hydrogen on
      the terminal carboxyl group is replaced with R.sub.10, THP is replaced
      with hydrogen, and the terminal hydroxyl group replaced with Hal, for
      example with PBr.sub.3 or PCl.sub.3.
PAR  Alternatively, an intermediate of the formula
      ##SPC69##
PAL  is condensed by the Wittig reaction with a phosphorane or phosphonate
      derived from
      ##EQU30##
      Subsequently, the terminal hydroxy group is replaced with Hal by suitable
      reagents, for example PBr.sub.3 or PCl.sub.3.
PAR  Concerning the alkylation of the cyclopentane ring, another useful
      alkylation procedure utilizes an intermediate enamine. That enamine is
      prepared by mixing either the formula-XXXVI ketal or the formula-XLIII
      olefin ketone with a secondary amine of the formula
      ##EQU31##
      wherein R.sub.24 and R.sub.25 are alkyl or alkylene linked together
      through carbon or oxygen to form together with a nitrogen a 5 to
      7-numbered heterocyclic ring. Examples of suitable amines are
      diethylamine, dipropylamine, dibutylamine, dihexylamine, dioctylamine,
      dicyclohexylamine, methylcyclohexylamine, pyrrolidine,
      2-methylpyrrolidine, piperidine, 4-methylpiperidine, morpholine,
      hexamethylenimine, and the like.
PAR  The enamine is prepared by heating a mixture of the formula-XXXVI ketal or
      the formula-XLIII olefin ketone with an excess of the amine preferably in
      the presence of a strong acid catalyst such as an organic sulfonic acid,
      e.g., p-toluenesulfonic acid, or an inorganic acid, e.g., sulfuric acid.
      It is also advantageous to carry out this reaction in the presence of a
      water-immiscible diluent, e.g., benzene or toluene, and to remove water by
      azeotropic distillation as it is formed during the reaction. Then, after
      water formation ceases, the enamine is isolated by conventional methods.
PAR  The enamine is then reacted with a haloester,
      ##EQU32##
      to give the desired formula-XXXVII or -XLIV product. This reaction of the
      enamine is carried out by the usual procedures. See "Advances in Organic
      Chemistry," Interscience Publishers, New York, N.Y., Vol. 4, pp. 25-47
      (1963) and references cited therein. In addition to halogen, R.sub.29 in
      ##EQU33##
      can also be tosylate, mesylate, and the like. It is especially preferred
      that R.sub.29 be bromine or iodine. Dimethylsulfoxide is especially useful
      as a diluent in the reaction of the enamine with the haloester.
PAR  Referring again to Chart D, after alkylation as discussed above, cyclic
      ketal XXXVII is transformed to glycol XXXVIII by reacting the cyclic ketal
      with an acid with pK less than 5. Suitable acids and procedures for
      hydrolyzing cyclic ketals to glycols are known in the art. Suitable acids
      are formic acid, hydrochloric acid, and boric acid. Especially preferred
      as diluents for this reaction are tetrahydrofuran and
      .beta.-methoxyethanol.
PAR  Referring again to Chart E, after alkylation as discussed above, olefin
      XLIV is hydroxylated to glycol XLV. As discussed above, the divalent
      moiety --Z'-- includes the moieties
      ##SPC70##
PAL  wherein C.sub.g H.sub.2g, C.sub.j H.sub.2j and C.sub.q H.sub.2q are as
      defined above. When Z' is
      ##SPC71##
PAL  this hydroxylation of XLIV is carried out as described above for the
      hydroxylation of olefin XLIII to glycol LI, i.e., with any of the known
      reagents and procedures described in Gunstone, above cited. When Z' is
      ##SPC72##
PAL  some of the reagents and procedures described by Gunstone tend to attack
      the acetylenic linkage as well as the ethylenic linkage of the
      formula-XLIV olefin. Therefore it is preferred to use a hydroxylation
      reagent and procedure which attacks the ethylenic linkage preferentially.
      For this, it is preferred to carry out hydroxylation of these acetylenic
      formula-XLIV olefins with organic peracids, e.g., performic acid,
      peracetic acid, perbenzoic acid, and m-chloro-perbenzoic acid, as
      described by Gunstone, above cited, pp. 124-130.
PAR  As discussed above regarding the hydroxylation of unalkylated olefin XLIII
      to unalkylated glycol LI, various isomeric glycols are obtained by
      hydroxylation of the formula-XLIV alkylated olefin. The particular
      formula-XLV glycol or glycol mixture obtained depends on such factors as
      whether the olefin XLIV is cis or trans and endo or exo, and whether a cis
      or a trans hydroxylation takes place. However, all of the isomeric
      formula-XLIV glycols and the various glycol mixtures are equally useful as
      intermediates according to this invention and the processes of Chart E to
      produce final products of formulas XLVII and XLVIII, and then according to
      Charts A, B, and C, to produce the other final products of this invention.
      Therefore, it is usually not necessary to separate individual formula-XLV
      glycol isomers before proceeding further in the synthesis, although that
      separation can be accomplished by silica gel chromatography.
PAR  It is preferred that glycols XXXVIII and XLV of Charts D and E,
      respectively, be free of phenolic hydroxyl substituents before the
      alkanesulfonation step. If any of the intermediate formula-XXXVIII or
      formula-XLV compounds have phenolic hydroxyls, these hydroxyls are readily
      converted to tetrahydropyranyloxy (OTHP) by reaction with dihydropyran,
      e.g. in the presence of a catalytic amount of POCl.sub.3. The --OTHP group
      is subsequently replaced by OH under mildly acidic conditions.
PAR  Referring again to Charts D and E, bis(alkanesulfonic acid) esters XXXIX
      and XLVI are prepared by reacting glycols XXXVIII and XLV, respectively,
      with an alkanesulfonyl chloride or bromide, or with an alkanesulfonic acid
      anhydride, the alkyl in each containing one to 5 carbon atoms, inclusive.
      Alkanesulfonyl chlorides are preferred for this reaction. The reaction is
      carried out in the presence of a base to neutralize the byproduct acid.
      Especially suitable bases are tertiary amines, e.g., dimethylaniline or
      pyridine. It is usually sufficient merely to mix the two reactants and the
      base, and maintain the mixture in the range 0.degree. to 25.degree.C. for
      several hours. The formula-XXXIX and XLVI bis(sulfonic acid) esters are
      then isolated by procedures known to the art.
PAR  Referring now to Chart D, bis(sulfonic acid) esters XXXIX are transformed
      either to oxa-phenylene PGE-type compounds XL, or to oxa-phenylene
      PGA-type compounds XLI. Referring to Chart E, bis(sulfonic acid) esters
      XLVI are transformed either to oxa-phenylene PGE-type compounds XLVII, or
      to oxa-phenylene PGA-type compounds XLVIII.
PAR  The transformations of XXXIX and XLVI to the PGE-type compounds XL and
      XLVII, respectively, are carried out by reacting bis-esters XXXIX and XLVI
      with water in the range about 0.degree. to about 60.degree.C. In making
      the oxa-phenylene PGE.sub.1 compounds, 25.degree. C. is a suitable
      reaction temperature, the reaction then proceeding to completion in about
      5 to 20 hours. It is advantageous to have a homogenous reaction mixture.
      This is accomplished by adding sufficient of a water-soluble organic
      diluent which does not enter into the reaction. Acetone is a suitable
      diluent. The desired product is isolated by evaporation of excess water
      and diluent if one is used. The residue contains a mixture of formula-XL
      or formula-XLVII C-15 epimers which differ in the configuration of the
      side chain hydroxy, that being either "natural" or "epi," i.e. .alpha. or
      .beta.. These are separated from by-products and from each other by silica
      gel chromatography. A usual by-product is the mono-sulfonic acid ester of
      formula XLII (Chart D) or formula XLIX (Chart E). These mono-sulfonic acid
      esters are esterified to the formula-XXXIX or -XLVI bis(sulfonic acid)
      esters, respectively, in the same manner described above for the
      transformation of glycol XXXVIII or XLV to bis-ester XXXIX or XLVI and
      thus are recycled back to additional formula-XL or -XLVII final product.
PAR  The transformations of XXXIX and XLVI to the PGA type compounds XLI and
      XLVIII, respectively, are carried out by heating bis-esters XXXIX and XLVI
      in the range 40.degree. to 100.degree. C. with a combination of water, a
      base characterized by its water solution having a pH 8 to 12, and
      sufficient inert water-soluble organic diluent to form a basic and
      substantially homogenous reaction mixture. A reaction time of one to 10
      hours is usually used. Preferred bases are the water-soluble salts of
      carbonic acid, especially alkali metal bicarbonates, e.g., sodium
      bicarbonate. A suitable diluent is acetone. The products are isolated and
      separated as described above for the transformation of bis-esters XXXIX
      and XLVI to PGE-type products XL and XLVII. The same mono-sulfonic acid
      esters XLII and XLIX observed as by-products in those transformations are
      also observed during preparation of PGA-type products XLI and XLVIII.
PAR  For the transformations of bis(sulfonic acid) esters XXXIX and XLVI to
      final products XL, XLI, XLVII, and XLVIII, it is preferred to use the
      bis-mesyl esters, i.e., compounds XXXIX and XLVI wherein R.sub.13 is
      methyl.
PAR  Referring again to Charts D and E, the configuration of the
      ##EQU34##
      moiety in the formula-XXXIX bis-esters or the configuration of the
      ##EQU35##
      moiety in the formula-XLVI bis-esters does not change during these
      transformations of XXXIX to XL, XLI, and XLII and of XLVI to XLVII,
      XLVIII, and XLIX. Therefore, when in formula XXXIX for example, J' is
      ##SPC73##
PAL  G' is --(CH.sub.2).sub.4 --CH.sub.3, and R.sub.2, R.sub.9 and R.sub.26 are
      hydrogen, natural- and epi-configuration
      3-oxa-4,5-inter-o-phenylene-PGE.sub.1 esters (XL) are obtained when
      ##EQU36##
      is attached initially (XXXIX) in alpha configuration, and natural- and
      epi-configuration 8-iso-3-oxa-4,5-inter-o-phenylene-PGE.sub.1 esters (XL)
      are obtained when that moiety is attached in beta configuration.
      Similarly, when in formula XXXIX, J' is
      ##SPC74##
PAL  G' is --(CH.sub.2).sub.4 --CH.sub.3, and R.sub.2, R.sub.9, and R.sub.26 are
      hydrogen, natural- and epi-configuration
      5,6-dehydro-3-oxa-4,5-inter-p-phenylene-PGE.sub.2 esters are obtained when
      ##EQU37##
      is attached initially in alpha configuration, and the corresponding 8-iso
      compounds are obtained when that moiety is attached in beta configuration.
      The same retention of
      ##EQU38##
      configuration occurs when formula-XLI and XLII compounds are produced, and
      a similar retention of
      ##EQU39##
      configuration occurs when formula-XLVII, XLVIII, and XLIX compounds are
      produced from formula-XLVI bis-esters.
PAR  The PGE.sub.3 -type oxa-phenylene compounds encompassed by formula XXXII
      are prepared by the transformations shown in Chart F, wherein C.sub.n
      H.sub.2n, M', Q, R.sub.2, R.sub.5, R.sub.9 R.sub.10 R.sub.13, THP, and
      .about. are as defined above.
      ##SPC75##
PAR  Starting material, previously discussed, is converted to the formula-LXIX
      compound by several steps known in the art, employing first a Wittig
      reaction of a phosphonium salt of a haloalkyne of the formula
      BR--CHR.sub.2 --C.sub.n H.sub.2n --C.tbd.C--R.sub.5 wherein C.sub.n
      H.sub.2n, R.sub.2, and R.sub.5 are as defined above. See, for example, U.
      Axen et al., Chem. Comm. 1969, 303, and ibid. 1970, 602.
PAR  Compound LXIX is then alkylated with an alkylation agent of the formula
      Hal--CH.sub.2 --C.tbd.C--M'--COOR.sub.10 wherein M', R.sub.10, and Hal are
      as defined above, i.e. M' is
      ##SPC76##
PAL  wherein C.sub.j H.sub.2j, C.sub.p H.sub.2p, and C.sub.q H.sub.2q are as
      defined above,R.sub.10 is the same as the definition of R.sub.1 except
      that R.sub.10 does not include hydrogen, and Hal is chloro, bromo, or
      iodo. These alkylating agents have been discussed above in connection with
      Charts D and E and the procedures for alkylation are similar to those
      employed in preparing the acetylenic compounds above. See also Axen et
      al., references cited.
PAR  Accordingly, for the preparation of
      3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.3 compounds of formula XXXII
      wherein C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds, there is
      used an alkylating agent of the formula
      ##SPC77##
PAL  prepare, for example, from compound LX as discussed above.
PAR  Referring again to Chart F, after alkylation, compound LXX is hydroxylated
      to glycol LXXI. Hydroxylation reagents and procedures for this purpose are
      known in the art. See also Axen et al., references cited.
PAR  Bis(alkanesulfonic acid) esters LXXII are prepared by reacting glycol LXXI
      with an alkanesulfonyl chloride or bromide, for example methanesulfonyl
      chloride in the presence of a tertiary amine, by methods known in the art.
PAR  Referring again to Chart F, bis(sulfonic acid) esters LXXII are transformed
      to oxa-phenylene bisdehydro PGE.sub.3 -type compounds LXXIII by reaction
      with water in the range about 0.degree. to about 60.degree. C., preferably
      in an acetone-water mixture, as known in the art and discussed
      hereinabove. See also Axen, references cited.
PAR  Transformation of LXXIII to the PGE.sub.3 -type compounds LXXIV is
      accomplished by hydrogenation of LXXIII using a catalyst which catalyzes
      hydrogenation of --C.tbd.C-- only to cis--CH=CH--, as known in the art and
      discussed hereinabove. Preferred is Lindlar catalyst in the presence of
      quinoline, see Axen, references cited.
PAR  The product is a mixture of formula-LXXIV C-15 epimers which are separated
      from by-products and from each other by silica gel chromatography.
PAR  The transformations of the formula-LXXIV PGE.sub.3 -type products to the
      corresponding PGF.sub.3, PGA.sub.3, and PGB.sub.3 products are carried out
      by the steps shown in Chart A, discussed hereinabove.
PAR  The formula-LX and XLVII oxa-phenylene PGE-type compounds and the
      formula-XLI and XLVIII oxa-phenylene PGA-type compounds shown in Charts D
      and E and the formula-LXXIV oxa-phenylene PGE.sub.3 -type compounds shown
      in Chart F are all R.sub.10 carboxylic acid esters, wherein R.sub.10 is as
      defined above. Moreover when those PGE-type and PGA-type R.sub.10 esters
      are used to prepare the other oxa-phenylene prostaglandin-like compounds
      according to Charts A, B, and C, corresponding R.sub.10 esters are likely
      to be produced, especially in the case of the oxa-phenylene PGF-type
      compounds. For some of the uses described above, it is preferred that the
      novel formula XVI-to-XXXV oxa-phenylene prostaglandin-like compounds of
      this invention be in free acid form, or in salt form which requires the
      free acid as a starting material. Likewise, when a formula XVI-to-XXXV
      oxa-phenylene prostaglandin-like compound is available as an ester, say
      the methyl ester, and another ester is desired, it is usually necessary to
      convert the available ester to the free acid form and from it prepare the
      desired ester. Esters are prepared by methods known in the art or
      described herein, for example by reaction with diazohydrocarbons.
PAR  The PGF-type esters of formulas XX-XXIII and XXXIII and the PGB-type
      compounds of formulas XXVIII-XXXI and XXXV are easily hydrolyzed or
      saponified to the free acids by the usual known procedures, especially
      when R.sub.1 (R.sub.10) is alkyl of one to 4 carbons, inclusive,
      preferably methyl or ethyl.
PAR  On the other hand, the PGE type esters of formulas XVI-XIX and XXXII and
      the PGA type esters of formulas XXIV-XXVII and XXXIV are difficult to
      hydrolyze or saponify without causing unwanted structural changes in the
      desired acids. There are two other procedures to make the free acid forms
      of these PGE- and PGA-type compounds.
PAR  One of those procedures is applicable mainly in preparing the free acids by
      subjecting their alkyl esters to the acylase enzyme system of a
      microorganism species of Subphylum 2 of Phylum III, and thereafter
      isolating the acid. See West Germany Offenlegungsschrift No. 1,937,678;
      Derwent Farmdoc No. 6863R. This enzymatic hydrolysis is also applicable to
      the above PGF- and PGB-type alkyl esters. Another method using an esterase
      enzyme composition from P. homomalla is described in U.S. Pat. No.
      3,761,356.
PAR  Another procedure for making the free acids of the above PGE- and PGA-type
      compounds involves treatment of certain haloethyl esters of those acids
      with zinc metal and an alkanoic acid of 2 to 6 carbon atoms, preferably
      acetic acid. Those haloethyl esters are the esters wherein R.sub.10 is
      ethyl substituted in the .beta.-position with 3 chloro, 2 or 3 bromo, or
      one, 2, or 3 iodo. Of those haloethyl moieties,
      .beta.,.beta.,.beta.-trichloroethyl is preferred. Zinc dust is preferred
      as the physical form of the zinc. Mixing the haloethyl ester with the zinc
      dust at about 25.degree. C. for several hours usually causes substantially
      complete replacement of the haloethyl moiety of the formula XVI-XIX,
      XXXII, XXIV-XXVII, and XXXIV ester with hydrogen. The free acid is then
      isolated from the reaction mixture by procedures known to the art. This
      procedure is also applicable to the production of PGF- and PGB-type free
      acids.
PAR  Formula-XXXVII cyclic ketals and formula XLIV olefins wherein R.sub.10 is
      haloethyl as above defined are necessary as intermediates for this route
      to the final PGE, PGF, PGA, and PGB type free acids. These formula-XXXVII
      and -XLIV haloethyl ester intermediates can be prepared by alkylation of
      cyclic ketal XXXVI (Chart D) or olefin XLIII (Chart E), respectively, with
      the appropriate formula LIII-to-LVI or LXVII-LXVIII alkylating agent
      wherein R.sub.10 is haloethyl as above defined. However, preferred routes
      of the formula-XXXVII and -XLIV haloethyl ester intermediates are shown in
      Charts G and H.
PAR  In Charts G and H, G, J', R.sub.2, R.sub.9, R.sub.26, R.sub.11, R.sub.12,
      Z', and .about. are as defined above. Haloethyl represents ethyl
      substituted in the .beta.-position with 3 chloro, or 2 or 3 bromo, or 1,
      2, or 3 iodo, preferably --CH.sub.2 CCl.sub.3. R.sub.15 represents alkyl
      of one to 4 carbon atoms, inclusive, preferably methyl or ethyl.
      ##SPC78##
PAR  Compound LXXVI in Chart G is within the scope of compound XXXVII in Chart
      D. Compound LXXXII in Chart H is within the scope of compound XLIV in
      Chart E. These ketones LXXVI and LXXXII are reduced to corresponding
      hydroxy compounds LXXVII and LXXXIII, respectively, with a carbonyl
      reducing agent, e.g., sodium borohydride, as described above in discussion
      of Chart A. Then, hydroxy esters LXXVII and LXXXIII are saponified by
      known procedures to hydroxy acids LXXVIII and LXXXIV, respectively. These
      two hydroxy acids are transformed to keto haloethyl esters LXXXI and
      LXXXVI, respectively, by oxidation of the hydroxy group to keto and
      esterification of the carboxyl group to --COO-haloethyl. As shown in
      Charts G and H, these two reactions are carried out in either order.
      However, it is preferred to oxidize first and then esterify.
PAR  Hydroxy acids LXXVIII and LXXXIV are oxidized to keto acids LXXX and
      LXXXVI, respectively, and hydroxy haloesters LXXIX and LXXXV are oxidized
      to keto haloesters LXXXI and LXXXVII, respectively, by reaction with an
      oxidizing agent which does not attack other parts of these molecules,
      especially the cyclic ketal group of compounds LXXVIII and LXXIX or
      ethylenic linkage of compounds LXXIV and LXXXV. An especially useful
      reagent for this purpose is the Jones reagent, i.e., acidic chromic acid.
      Acetone is a suitable diluent for this purpose, and a slight excess of
      oxidant and temperatures at least as low as about 0.degree. C., preferably
      about -10.degree. to about -20.degree. C. should be used. The oxidation
      proceeds rapidly and is usually complete in about 5 to about 30 minutes.
      Excess oxidant is destroyed, for example, by addition of a lower alkanol,
      advantageously isopropyl alcohol, and the aldehyde is isolated by
      conventional methods, for example, by extraction with a suitable solvent,
      e.g., diethyl ether. Other oxidizing agents can also be used. Examples are
      mixtures of chromium trioxide and pyridine or mixtures of
      dicyclohexylcarbodiimide and dimethyl sulfoxide. See, for example, J. Am.
      Chem. Soc. 87, 5661 (1965).
PAR  Haloethyl esters LXXIX, LXXXI, LXXXV, and LXXXVII are prepared by reacting
      agents LXXVIII, LXXX, LXXXIV, and LXXXVI respectively, with the
      appropriate haloethanol, e.g., .beta.,.beta.,.beta.-trichloroethanol, in
      the presence of a carbodiimide, e.g., dicyclohexylcarbodiimide, and a
      base, e.g., pyridine, preferably in the presence of an inert liquid
      diluent, e.g., dichloromethane, for several hours at about 25.degree. C.
PAR  As described above, the alkylations of cyclic ketal XXXVI to XXXVII (Chart
      D) and olefin XLIII and XLIV (Chart E) usually produce mixtures of alpha
      and beta alkylation products with respect to the
      ##EQU40##
      moieties. Also as described above, those two isomers lead to different
      final products, alpha leading to the PG-type series and beta leading to
      the 8-iso-PG-type series. If a compound in one or the other of those two
      series is preferred, there are two methods for favoring production of the
      preferred final product.
PAR  One of those methods involves isomerization of the final product of
      formulas XVI to XXXV. Either the alpha isomer of a formula XVI-to-XXXV
      compound, ester or free acid, or the corresponding beta isomer is
      maintained in a inert liquid diluent in the range 0.degree. to 80.degree.
      C. and in the presence of a base characterized by its water solution
      having a pH below about 10 until a substantial amount of the isomer has
      been isomerized to the other isomer, i.e., alpha to beta or beta to alpha.
      Preferred bases for this purpose are the alkali metal salts of carboxylic
      acids, especially alkanoic acids of 2 to 4 carbon atoms, e.g., sodium
      acetate. Examples of useful inert liquid diluents are alkanols of one to 4
      carbon atoms, e.g., ethanol. This reaction at about 25.degree. takes about
      one to about 20 days. Apparently an equilibrium is established. The
      mixtures of the two isomers, alpha and beta, are separated from the
      reaction mixture by known procedures, and then the two isomers are
      separated from each other by known procedures, for example,
      chromatography, recrystallization, or a combination of those. The less
      preferred isomer is then subjected to the same isomerization to produce
      more of the preferred isomer. In this manner by repeated isomerizations
      and separations, substantially all of the less preferred isomer of the
      formula XVI-to-XXXV compound is transformed to more preferred isomer.
PAR  The second method for favoring production of a preferred formula
      XVI-to-XXXV isomer involves any one of the keto intermediates of formulas
      XXXVII, XXXVIII, XLIV, XLV, LXX, or LXXI (Charts D, E, and F). Either the
      alpha form or the beta form of one of those intermediates is transformed
      to a mixture of both isomers by maintaining one or the other isomer, alpha
      or beta, in an inert liquid diluent in the presence of a base and in range
      0.degree. to 100.degree. C. until a substantial amount of the starting
      isomer has been isomerized to the other isomer. Preferred bases for this
      isomerization are alkali metal amides, alkali metal alkoxides, alkali
      metal hydrides, and triarylmethyl alkali metals. Especially preferred are
      alkali metal tert-alkoxides of 4 to 8 carbon atoms, e.g., potassium
      tert-butoxide. This reaction at about 25.degree. C. proceeds rapidly (one
      minute to several hours). Apparently an equilibrium mixture of both
      isomers is formed, starting with either isomer. The isomer mixtures in the
      equilibrium mixture thus obtained are isolated by known procedures, and
      then the two isomers are separated from each other by known procedures,
      for example, chromatography. The less preferred isomer is then subjected
      to the same isomerization to produce more of the preferred isomer. In this
      manner, by repeated isomerizations and separations, substantially all of
      the less preferred isomer of any of these intermediates in transformed to
      the more preferred isomer. Cyclic ketalketone intermediates of formula
      XXXVII are preferred over the other intermediates for this isomerization
      procedure.
PAR  The novel oxa-phenylene PGE, PGF, PGA and PGB type compounds of formula XVI
      to XXXV wherein R.sub.2 is alkyl of one to 4 carbon atoms, inclusive,
      preferably methyl or ehtyl, are preferred over the corresponding
      oxa-phenylene PGE, PGF, PGA, and PGB type compounds in which R.sub.2 is
      hydrogen for the above-described pharmacological purposes.
PAR  These 15-alkyl prostaglandin analogs are suprisingly and unexpectedly more
      useful than the corresponding 15-hydrogen compounds for the reason that
      they are substantially more specific with regard to potency in causing
      prostaglandin-like biological responses, and have substantially longer
      duration of biological activity. For that reason, fewer and smaller doses
      of these 15-alkyl prostaglandin analogs are needed to attain the desired
      pharmacological results.
PAR  Although the above-mentioned 15-alkyl compounds are produced by the methods
      outlined above in Charts A-F, the preferred methods are set forth in Chart
      I and J as follows.
PAR  In Chart I is shown the transformation of 15-alkyl PGF-type acids and alkyl
      esters to the corresponding PGE-type acids and alkyl esters by oxidation.
      For this purpose, and oxidizing agent is used which selectively oxidizes
      secondary hydroxy groups to carbonyl groups in the presence of
      carbon-carbon double bonds. Formula LXXXVIII in Chart I includes optically
      active compounds as shown and racemic compounds of that formula and the
      mirror images thereof, and also the 15-epimers of both of those, i.e.,
      wherein the configuration at C-15 is .beta. rather than .alpha. as shown.
      Also in Chart I, E', G, J', R.sub.1 and R.sub.26 are as defined above, and
      R.sub.16 is alkyl of one to 4 carbon atoms.
PAR  For the transformations of Chart I, the .beta.-hydroxy isomers of reactant
      LXXXVIII are preferred starting materials when the carboxyl side chain is
      alpha, although the corresponding .alpha.-hydroxy isomers are also useful
      for this purpose.
PAR  Oxidation reagents useful for the transformation set forth in Chart I are
      known to the art. An especially useful reagent for this purpose is the
      Jones reagent, i.e., acidified chromic acid. See J. Chem. Soc. 39 (1946).
      A slight excess beyond the amount necessary to oxidize one of the
      secondary hydroxy groups of the formula-LXXXVIII reactant is used. Acetone
      is a suitable diluent for this purpose. Reaction temperatures at least as
      low as about 0.degree. C. should be used.
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PAL  Preferred reaction temperatures are in the range -10.degree. to -50.degree.
      C. The oxidation proceeds rapidly and is usually complete in about 5 to 20
      minutes. The excess oxidant is destroyed, for example by addition of a
      lower alkanol, advantageously, isopropyl alcohol, and the formula-LXXXIX
      PGE-type product is isolated by conventional methods.
PAR  Examples of other oxidation reagents useful for the Chart H transformations
      are silver carbonate on Celite (Chem. Commun. 1102 (1969)), mixtures of
      chromium trioxide and pyridine (Tetrahedron Letters 3363 (1968), J. Am.
      Chem. Soc. 75, 422 (1953), and Tetrahedron, 18, 1351 (1962)), mixtures of
      sulfur trioxide in pyridine and dimethyl sulfoxide (J. Am. Chem. Soc. 89,
      5505 (1967)), and mixtures of dicyclohexylcarbodiimide and dimethyl
      sulfoxide (J. Am. Chem. Soc. 87, 5661 (1965)).
PAR  The novel 15-alkyl oxa-phenylene PGF.sub..alpha.- and PGF.sub..beta.-type
      acids and esters of formulas XX-XXIIII and XXXIII wherein R.sub.2 is one
      to 4 carbon atoms, inclusive, are preferably prepared from the
      corresponding 15-hydrogen compounds by the sequence of transformations
      shown in Chart J, wherein formulas XC through XCIV, inclusive, include
      optically active and racemic natural- and epi-configuration compounds of
      those formulas and the mirror images thereof. Also in Chart J, R.sub.16 is
      alkyl of one to 4 carbon atoms, inclusive, and E', G, Hal, J', R.sub.1,
      R.sub.26, and .about. are as heretofore defined; G" in formula XCII is the
      same as G except that T is replaced by T", wherein T" is the same as T
      above except that, in R.sub.6, --Si(R.sub.8).sub.3 replaces hydrogen. Also
      in Chart J, R.sub.8 is alkyl of one to 4 carbon atoms, inclusive, aralkyl
      of 7 to 12 carbon atoms, inclusive, phenyl, or phenyl substituted with one
      or 2 fluoro, chloro, or alkyl of one to 4 carbon atoms, inclusive, and
      R.sub.17 is R.sub.1 as defined above or silyl of the
      formula-Si--(R.sub.8).sub.3 wherein R.sub.8 is as defined above. The
      various R.sub.8 's of a --Si(R.sub.8).sub.3 moiety are alike or different.
      For example, a --Si(R.sub.8).sub.3 can be trimethylsilyl,
      dimethylphenylsilyl, or methylphenylbenzylsilyl. Examples of alkyl of one
      to 4 carbon atoms, inclusive, are methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, sec-butyl, and tert-butyl. Examples of aralkyl of 7 to 12 carbon
      atoms, inclusive, are benzyl, phenethyl, .alpha.-phenylethyl,
      3-phenylpropyl, .alpha.-naphthylmethyl, and 2-(.beta.-naphthyl)ethyl.
      Examples of phenyl substituted with one or 2 fluoro, chloro, or alkyl of
      one to 4 carbon atoms, inclusive, are p-chlorophenyl, m-fluorophenyl,
      o-tolyl, 2,4-dichlorophenyl, p-tert-butylphenyl, 4-chloro-2-methylphenyl,
      and 2,4-dichloro-3- methylphenyl.
PAR  In Chart J, the final PGF.sub..alpha. and PGF.sub..beta.-type products are
      those encompassed by formulas XCIII and XCIV, respectively.
PAR  The initial optically active or racemic reactants of formula XC in Chart J
      i.e., the oxa-phenylene PGF.sub.1 -, PGF.sub.2 -, 5,6-dehydro-PGF.sub.2 -,
      and dihydro-PGF.sub.1 -type compounds in their .alpha. and .beta. forms,
      and their esters, are prepared by methods described herein. Thus, racemic
      oxa-phenylene dihydro-PGF.sub.1 .sub..alpha.- and -PGF.sub.1
      .sub..beta.-type compounds, and their esters are prepared by catalytic
      hydrogenation of the corresponding racemic oxa-phenylene PGF.sub.1
      .sub..alpha. or PGF.sub.2 .sub..beta., and PGF.sub.1 .sub..beta. or
      PGF.sub.2 .sub..beta.type compounds, respectively, e.g. in the presence of
      5% palladium-on-charcoal catalyst in ethyl acetate solution at 25.degree.
      C. and one atmosphere pressure of hydrogen.
PAR  The heretofore-described acids and esters of formula XC are transformed to
      the corresponding intermediate 15-dehydro acids and esters of formula XCI,
      by oxidation with reagents such as
      2,3-dichloro-5,6-dicyano-1,4-benzoquinone, activated manganese dioxide, or
      nickel peroxide (see Fieser et al., "Reagents for Organic Syntheses," John
      Wiley & Sons, Inc., New York, N.Y. pp. 215, 637, and 731). Alternatively,
      and especially for the formula-XC reactants wherein E' is --CH.sub.2
      CH.sub.2 and J' is L as defined above, these oxidations are carried out by
      oxygenation in the presence of the 15-hydroxyprostaglandin dehydrogenase
      of swine lung (see Arkiv for Kemi 25, 293 (1966)). These reagents are used
      according to procedures known in the art. See, for example, J. Biol. Chem.
      239, 4097 (1964).
PAR  Referring again to Chart J, intermediate compounds of formula XCI are
      transformed to silyl derivatives of formula XCII by procedures known in
      the art. See, for example, Pierce, "Silylation of Organic Compounds,"
      Pierce Chemical Co., Rockford, Ill. (1968). Both hyroxy groups of the
      formula-XCI reactants are thereby transformed to --O--Si(R.sub.8).sub.3
      moieties wherein R.sub.8 is as defined above, and sufficient of the
      silylating agent is used for that purpose according to known procedures.
      When R.sub.1 in the formula-XCI intermediate is hydrogen, the --COOH
      moiety thereby defined is simultaneously transformed to
      --COO--Si(R.sub.8).sub.3, additional silylating agent being used for this
      purpose. This latter transformation is aided by excess silylating agent
      and prolonged treatment. Likewise, when R.sub.6 in T of the formula-XCI
      intermediate is hydrogen, the phenolic hydroxyl thereby defined is
      simultaneously transformed to --O--Si(R.sub.8).sub.3 in the silylation
      step. G" in formula XCII, as defined above, therefore is the same as G
      except that T is replaced by T", wherein T" is the same as T above except
      that, in R.sub.6, --Si(R.sub.8).sub.3 replaces hydrogen. When R.sub.1 in
      formula XCI is alkyl, then R.sub.17 in formula XCII will also be alkyl.
      The necessary silylating agents for these transformations are known in the
      art or are prepared by methods known in the art. See, for example, Post,
      "Silicones and Other Organic Silicon Compounds," Reinhold Publishing
      Corp., New York, N.Y. (1949).
PAR  Referring again to Chart J, the intermediate silyl compounds of formula
      XCII are transformed to the final compounds of formulas XCIII and XCIV by
      first reacting the silyl compound with a Grignard reagent of the formula
      R.sub.16 MgHal wherein R.sub.16 is as defined above, and Hal is chloro,
      bromo, or iodo. For this purpose, it is preferred that Hal be bromo. This
      reaction is carried out by the usual procedure for Grignard reactions,
      using diethyl ether as a reaction solvent and saturated aqueous ammonium
      chloride solution to hydrolyze the Grignard complex. The resulting
      disilyl, trisilyl, or tetrasilyl tertiary alcohol is then hydrolyzed with
      water to remove the silyl groups. For this purpose, it is advantageous to
      use a mixture of water and sufficient of a water-miscible solvent, e.g.,
      ethanol to give a homogenous reaction mixture. The hydrolysis is usually
      complete in 2 to 6 hours at 25.degree. C., and is preferably carried out
      in an atmosphere of an inert gas, e.g., nitrogen or argon.
PAR  The mixture of 15-.alpha. and 15-.beta. isomers obtained by this Grignard
      reaction and hydrolysis is separated by procedures known in the art for
      separating mixtures of prostanoic acid derivatives, for example, by
      chromatography on neutral silica gel. In some instances, the lower alkyl
      esters, especially the methyl esters of a pair of 15-.alpha. and 15-.beta.
      isomers are more readily separated by silica gel chromatography than are
      the corresponding acids. In those cases, it is advantageous to esterify
      the mixture of acids as described below, separate the two esters, and
      then, if desired, saponify the esters by procedures known in the art for
      saponification of prostaglandins F.
PAR  Although formula-XCIII and -XCIV compounds wherein E' is --CH.sub.2
      CHR.sub.9 --and J' is L' as defined above may be produced according to the
      processes of Chart J, it is preferred to produce those novel
      dihydro-PGF.sub.1 analogs by hydrogenation of one of the corresponding
      unsaturated compounds, i.e., a compound of formula XCIII or XCIV wherein E
      is trans --CH=CR.sub.9 --and J' is either L', --CH=CH--M'--,
      --C.tbd.C--M'-, M' being defined above. This hydrogenation is
      advantageously carried out catalytically, for example, in the presence of
      a 5% palladium-on-charcoal catalyst in ethyl acetate solution at
      25.degree. C. and one atmosphere pressure of hydrogen.
PAR  The novel 15-alkyl oxa-phenylene PGA-type and PGB-type acids and esters of
      formula XXIV-XXXI and XXXIV-XXXV are prepared from the 15-alkyl
      oxa-phenylene PGE compounds, heretofore described, by dehydrations and
      double bond migrations previously described, as shown in Chart A. Likewise
      the 15-alkyl PGB-type compounds are prepared by contacting the 15-alkyl
      PGA-type compounds with base. For the transformation of the 15-alkyl
      PGE-type compounds to the 15-alkyl PGA-type compounds of this invention
      (Chart K), it is preferred that a dehydrating agent be used which removes
      the hydroxy group from the alicyclic ring in the presence of a hydroxy
      group on a tertiary carbon atom.
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PAL  In Chart K, E', G, J', R.sub.1, R.sub.2, R.sub.26, and .about. are as
      defined above. Formula XCV as shown includes optically active compounds
      and racemic compounds of that formula and the mirror images thereof, and
      also the 15-epimers of both of those. Any of the known substantially
      neutral dehydrating agents is used for these reactions. See Fieser et al.,
      cited above. Preferred dehydrating agents are mixtures of at least an
      equivalent amount of a carbodiimide and a catalytic amount of a copper
      (II) salt. Especially preferred are mixtures of at least an equivalent
      amount of dicyclohexyl carbodiimide and a catalytic amount of copper (II)
      chloride. An equivalent amount of a carbodiimide means one mole of the
      carbodiimide for each mole of the formula-XCV reactant. To ensure
      completeness of the reaction, it is advantageous to use an excess of
      carbodiimide, i.e., 1.5 to 5 or even more equivalents of the carbodiimide.
PAR  The dehydration is advantageously carried out in the presence of an inert
      organic diluent which gives a homogeneous reaction mixture with respect to
      the formula-XCV reactant and the carbodiimide. Diethyl ether is a suitable
      diluent. It is advantageous to carry out the dehydration in an atmosphere
      of an inert gas, e.g., nitrogen, helium, or argon. The time required for
      the dehydration will depend in part on the reaction temperature. With the
      reaction temperature in the range 20.degree. to 30.degree.C., the
      dehydration usually takes place in about 40 to 60 hours. The formula-XCVI
      product is isolated by methods known in the art, e.g., filtration of the
      reaction mixture and evaporation of the filtrate. The product is then
      purified by methods known in the art, advantageously by chromatography on
      silica gel.
PAR  The final formula XVI-to-XXXV compounds prepared by the processes of this
      invention, in free acid form, are transformed to pharmacologically
      acceptable salts by neutralization with appropriate amounts of the
      corresponding inorganic or organic base, examples of which correspond to
      the cations and amines listed above. These transformations are carried out
      by a variety of procedures known in the art to be generally useful for the
      preparation of inorganic, i.e., metal or ammonium, salts, amine acid
      addition salts, and quaternary ammonium salts. The choice of procedure
      depends in part upon the solubility characteristics of the particular salt
      to be prepared. In the case of the inorganic salts, it is usually suitable
      to dissolve the formula XVI-to-XXXV acid in water containing the
      stoichiometric amount of a hydroxide, carbonate, or bicarbonate
      corresponding to the inorganic salt desired. For example, such use of
      sodium hydroxide, sodium carbonate, or sodium bicarbonate gives a solution
      of the sodium salt. Evaporation of the water or addition of a
      water-miscible solvent of moderate polarity, for example, a lower alkanol
      or a lower alkanone, gives the solid inorganic salt if that form is
      desired.
PAR  To produce an amine salt, the formula XVI-to-XXXV acid is dissolved in a
      suitable solvent of either moderate or low polarity. Examples of the
      former are ethanol, acetone, and ethyl acetate. Examples of the latter are
      diethyl ether and benzene. At least a stoichiometric amount of the amine
      corresponding to the desired cation is then added to that solution. If the
      resulting salt does not precipitate, it is usually obtained in solid form
      by addition of a miscible diluent of low polarity or by evaporation. If
      the amine is relatively volatile, any excess can easily be removed by
      evaporation. It is preferred to use stoichiometric amounts of the less
      volatile amines.
PAR  Salts wherein the cation is quaternary ammonium are produced by mixing the
      formula XVI-to-XXXV acid with the stoichiometric amount of the
      corresponding quaternary ammonium hydroxide in water solution, followed by
      evaporation of the water.
PAR  The final formula XVI-to-XXXV acids or esters prepared by the processes of
      this invention are transformed to lower alkanoates by interaction of the
      formula XVI-to-XXXV hydroxy compound with a carboxyacylating agent,
      preferably the anhydride of a lower alkanoic acid, i.e., an alkanoic acid
      of one to 8 carbon atoms, inclusive. For example, use of acetic anhydride
      gives the corresponding diacetate. Similar use of propionic anhydride,
      isobutyric anhydride, and hexanoic acid anhydride gives the corresponding
      carboxyacylates.
PAR  The carboxyacylation is advantageously carried out by mixing the hydroxy
      compound and the acid anhydride, preferably in the presence of a tertiary
      amine such as pyridine or triethylamine. A substantial excess of the
      anhydride is used, preferably about 10 to about 10,000 moles of anhydride
      per mole of the hydroxy compound reactant. The excess anhydride serves as
      a reaction diluent and solvent. An inert inorganic diluent, for example,
      dioxane, can also be added. It is preferred to use enough of the tertiary
      amine to neutralize the carboxylic acid produced by the reaction, as well
      as any free carboxyl groups present in the hydroxy compound reactant.
PAR  The carboxyacylation reaction is preferably carried out in the range about
      0.degree. to about 100.degree. C. The necessary reaction time will depend
      on such factors as the reaction temperature, and the nature of the
      anhydride and tertiary amine reactants. With acetic anhydride, pyridine,
      and a 25.degree. C. reaction temperature, a 12 to 24-hour reaction time is
      used.
PAR  The carboxyacylated product is isolated from the reaction mixture by
      conventional methods. For example, the excess anhydride is decomposed with
      water, and the resulting mixture acidified and then extracted with a
      solvent such as diethyl ether. The desired carboxyacylate is recovered
      from the diethyl ether extract by evaporation. The carboxyacylate is then
      purified by conventional methods, advantageously by chromatography.
PAR  By this procedure, the formula XVI-XIX and XXXII PGE-type compounds are
      transformed to dialkanoates, the formula XX-XXIII and XXXIII PGF-type
      compounds are transformed to trialkanoates, and the formula XXIV-XXXI and
      XXXIV-XXXV PGA-type and PGB-type compounds are transformed to
      monoalkanoates.
PAR  When a PGE-type dialkanoate is transformed to a PGF-type compound by
      carbonyl reduction as shown in Chart A, a PGF-type dialkanoate is formed
      and is used for the above-described purposes as such or is transformed to
      a trialkanoate by the above-described procedure. In the latter case, the
      third alkanoyloxy group can be the same as or different from the two
      alkanoyloxy groups present before the carbonyl reduction.
PAR  Molecules of each of the compounds encompassed by formulas XVI to XXXV and,
      except for XLIII and L, of each intermediate formula each have at least
      one center of asymmetry, and each can exist in racemic form and in either
      enantiomeric form, i.e., d and l. A formula accurately defining the d form
      would be the mirror image of the formula which defined the l form. Both
      formulas are necessary to define accurately the corresponding racemic
      form. The various formulas XVI-to-XXXV as drawn each represents the
      optically active form with the same configuration as the
      naturally-occurring prostaglandins.
PAR  When an optically active (d or l) final compound is desired, that is made
      by resolution of the racemic compound or by resolution of one of the
      asymmetric racemic intermediates. These resolutions are carried out by
      procedures known in the art. For example, when final compound XVI to XXXV
      is a free acid, the dl form thereof is resolved into the d and l forms by
      reacting said free acid by known general procedures with an optically
      active base, e.g., brucine or strychnine, to give a mixture of two
      diastereoisomers which are separated by known general procedures, e.g.,
      fractional crystallization, to give the separate diastereiosomeric salts.
      The optically active acid of formula XVI to XXXV is then obtained by
      treatment of the salt with an acid by known general procedures.
      Alternatively, the free acid form of cyclic ketal XXXVII, olefins XLIV or
      LXX, or glycols XXXVIII, XLV, or LXXI is resolved into separate d and l
      forms and then esterified and transformed further to the corresponding
      optically active form of the final product XVI to XXXV as described above.
PAR  In another method, bicyclo ketone reactants XXXVIII, XLV, or LXXI in exo or
      endo form, are transformed to ketals with an optically active 1,2-glycol,
      e.g., D-(--)-2,3-butanediol, by reaction of said 1,2-glycol with the
      formula-XXXVIII, XLV, or LXXI compound in the presence of a strong acid,
      e.g., p-toluenesulfonic acid. The resulting ketal is a mixture of
      diastereoisomers which is separated into the d and l diastereoisomers,
      each of which is then hydrolyzed with an acid, e.g., oxalic acid, to the
      original keto compound, now in optically active form. These reactions
      involving optically active glycols and ketals for resolution purposes are
      generally known in the art. See, for example, Chem. Ind. 1664 (1961) and
      J. Am. Chem. Soc. 84, 2938 (1962). Dithiols may be used instead of
      glycols.
PAR  Still another procedure for obtaining optically active oxa-phenylene
      PGF-type compounds is by stereoselective microbiological reduction of the
      racemic oxa-phenylene PGE compounds. For this purpose actively fermenting
      baker's yeast is employed. The PGE compound is contacted with a
      yeast-sugar-water mixture at about 25.degree. C. for 24-48 hours. There is
      produced by reduction a mixture of the PGF.sub..alpha. compound and the
      enantiomeric PGF.sub..beta. compound, which are separable by silica gel
      chromatography for example. Accompanying this transformation, carboxylic
      ester groups are removed by hydrolysis. Accordingly, from
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester, there
      are obtained natural configuration
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha. and
      enantiomeric
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..beta..
PAR  An alternate method of synthesis is provided hereinafter for a group of
      oxa-phenylene analogs within the scope of formulas XVI and XX above,
      represented by the following formulas XCVII-CIV;
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PAL  and the racemic mixtures of those compounds and their respective
      enantiomers represented by the mirror images of the above formulas. The
      terms C.sub.p H.sub.2p, C.sub.t H.sub.2t, R.sub.1, R.sub.2, T, and s are
      as defined above; R.sub.30 is alkyl of 2 to 10 carbon atoms, inclusive,
      substituted with zero, one, 2, or 3 fluoro.
PAR  The alternate method of synthesis disclosed hereinafter is also useful for
      preparing oxa-phenylene 17,18-didehydro prostaglandin analogs within the
      scope of formulas CV-CVIII:
      ##SPC82##
PAL  wherein C.sub.n H.sub.2n, C.sub.p H.sub.2p, R.sub.1, R.sub.2, and R.sub.5
      are as defined and used above.
PAR  These 17,18-didehydro analogs of formulas CV-CVIII together with compounds
      of formulas XXXII and XXXIII above are within the scope of 17,18-didehydro
      PGE- and PGF-type compounds represented by the formulas:
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PAL  and
      ##SPC84##
PAL  wherein .about. indicates attachment of the hydroxyl or the side chain to
      the cyclopentane ring in alpha or beta configuration; wherein V is (1)
      C.sub.g H.sub.2g or (2) --CH=CH-- C.sub.j H.sub.2j --, wherein C.sub.g
      H.sub.2g represents a valence bond or alkylene of one to 4 carbon atoms,
      inclusive, with one or 2 chain carbon atoms between --CH.sub.2 -- and the
      phenylene ring, and wherein C.sub.j H.sub.2j represents a valence bond or
      alkylene of one or 2 carbon atoms with one chain carbon atom between
      --CH=CH-- and the phenylene ring; wherein C.sub.n H.sub.2n is alkylene of
      one to 4 carbon atoms, inclusive; wherein C.sub.p H.sub.2p represents a
      valence bond or alkylene of one to 4 carbon atoms, inclusive, with one or
      2 chain carbon atoms between the ring and --O--; wherein C.sub.g H.sub.2g
      and C.sub.p H.sub.2p together represent zero to 8 carbon atoms, inclusive,
      with total chain lengths zero to 3 carbon atoms, inclusive; wherein Q is
      ##EQU41##
      wherein R.sub.2 is hydrogen or alkyl of one to 4 carbon atoms, inclusive;
      wherein R.sub.1 is hydrogen, alkyl of one to 12 carbon atoms, inclusive,
      cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive; and wherein R.sub.5 is alkyl of
      one to 4 carbon atoms, inclusive, substituted with zero, one, 2, or 3
      fluoro.
PAR  The corresponding 17,18-didehydro PGA- and PGB-type compounds are available
      by methods disclosed herein or known in the art, for example by acid or
      base dehydration of the formula-CXXXVII PGE-type compounds.
PAR  The alternate method of synthesis utilizes oxetane intermediates having the
      grouping
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PAL  prepared from bicyclo hexene starting materials.
PAR  Reference to Chart L will make clear the steps by which starting material
      CIX is transformed to product CXVIII. The formula-CIX compound wherein
      R.sub.31 and R.sub.32 together are --CH.sub.2 --C(CH.sub.3).sub.2
      --CH.sub.2 -- and .about. is endo, i.e.
      bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde neopentyl glycol acetal, is
      available either in racemic or optically active form. See U.S. Pat. No.
      3,711,515.
PAR  In Chart L the symbols used therein have the same meanings as defined
      above, as to C.sub.p H.sub.2p, G, Q, R.sub.1, R.sub.2, R.sub.31, R.sub.32,
      R.sub.39, R.sub.42, and .about.. R.sub.43 represents hydrogen, carboxyacyl
      R.sub.39, benzoyl, substituted benzoyl, mono-esterified phthaloyl, and
      substituted naphthoyl. Furthermore, in Chart L and likewise in the other
      charts of this specification, the formulas as drawn represent specific
      optical isomers following the conventions applied herein to the end
      products. However, for purposes of convenience and brevity it is intended
      that such representations of the process steps for the optically active
      intermediates are applicable to those same process steps as used for the
      corresponding racemic intermediates.
PAR  Both the endo and exo forms of bicyclo hexene CIX are available or are made
      by methods known in the art, in either their racemic or optically active
      forms. See. U.S. Pat. No. 3,711,515.
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PAL  Either the endo or exo starting material will yield the ultimate analogs of
      formula CXVIII by the processes of Chart L.
PAR  In step (a) oxetane CX is obtained by reaction of the formula-CIX bicyclo
      hexene with an aldehyde of the formula
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PAL  wherein C.sub.p H.sub.2p represents a valence bond or alkylene of one to 4
      carbon atoms, inclusive, with one or 2 carbon atoms in the chain between
      the phenylene ring and --O--, and wherein R.sub.39 is carboxyacyl of the
      formula
      ##EQU42##
      wherein R.sub.40 is hydrogen, alkyl of one to 19 carbon atoms, inclusive,
      or aralkyl of 7 to 12 carbon atoms, inclusive, wherein alkyl or aralkyl
      are substituted with zero to 3 halo atoms.
PAR  The formula-CXIX aldehydes are available or readily prepared by methods
      known in the art. Examples of such compounds within the scope of formula
      CXIX are:
      ##SPC88##
PAR  The formation of oxetane CX is accomplished by photolysis of a mixture of
      the bicyclo hexene and the aldehyde in a solvent. The bicyclo hexene is
      preferably used in excess over the molar equivalent, for example 2 to 4
      times the theoretical equivalent amount. The solvent is a photochemically
      inert organic liquid, for example liquid hydrocarbons, including benzene
      or hexane, 1,4-dioxane, and diethyl ether. The reaction is conveniently
      done at ambient conditions, for example 25.degree. C., but may be done
      over a wide range of temperature, from about -78.degree. C. to the boiling
      point of the solvent. The irradiation is done with mercury vapor lamps of
      the low or medium pressure type, for example those peaking at 3500 A. Such
      sources are available from The Southern New England Ultraviolet Co.,
      Middletown, Conn. Alternatively, those lamps which emit a broad spectrum
      of wavelengths and which may be filtered to transmit only light of
      .lambda..about.3000-3700 A may also be used. For a review of photolysis
      see D. R. Arnold in "Advances in Photochemistry," Vol. 6, W. A. Noyes et
      al., Wiley-Interscience, New York, 1968, pp. 301-423.
PAR  In step (b) the cleavage of the oxetane ring to yield the formula-CXI
      compounds is accomplished with an alkali metal in the presence of a
      primary amine or alcohol. Preferred is lithium in ethylamine, or sodium in
      ethyl alcohol. See L. J. Altman et al., Synthesis 129 (1974). The cleavage
      transformation may also be accomplished by catalytic hydrogenation over an
      inert metal catalyst, e.g. Pd on carbon, in ethyl acetate or ethanol.
PAR  In step (c) the formula CXI diol is prepared for step (d) by preferably
      blocking the two hydroxyl groups with carboxyacyl groups within the scope
      of R.sub.39, i.e.
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      as defined above. For example, the diol is treated with an acid anhydride
      such as acetic anhydride, or with an acyl halide in a tertiary amine.
      Expecially preferred is pivaloyl chloride in pyridine.
PAR  Other carboxyacylating agents useful for this transformation are known in
      the art or readily obtainable by methods known in the art, and include
      carboxyacyl halides, preferably chlorides, bromides, or fluorides, i.e.
      R.sub.40 C(O)Cl, R.sub.40 C(O)Br, or R.sub.40 C(O)F, and carboxyacid
      anhydrides, (R.sub.40 C--).sub.2 O, wherein R.sub.40 is as defined above.
      The preferred reagent is an acid anhydride. Examples of acid anhydrides
      useful for this purpose are acetic anhydride, propionic anhydride, butyric
      anhydride, pentanoic anhydride, nonanoic anhydride, trideconoic anhydride,
      steric anhydride, (mono, di or tri) chloroacetic anhydride,
      3-chlorovaleric anhydride, 3-(2-bromoethyl)-4,8-dimethylnonanoic
      anhydride, cyclopropaneacetic anhydride, 3-cycloheptanepropionic
      anhydride, 13-cyclopentanetridecanoic anhydride, phenylacetic anhydride,
      (2 or 3)-phenylpropionic anhydride, 13-phenyltridecanoic anhydride,
      phenoxyacetic anhydride, benzoic anhydride, (o, m, or p)-bromobenzoic
      anhydride, 2,4 (or 3,4)-dichlorobenzoic anhydride,
      p-trifluoromethylbenzoic anhydride, 2-chloro-3-nitrobenzoic anhydride, (o,
      m, or p)-nitrobenzoic anhydride, (o, m, or p)-toluic anhydride,
      4-methyl-3-nitrobenzoic anhydride, 4-octylbenzoic anhydride, (2,3, or
      4)-biphenylcarboxylic anhydride, 3-chloro-4-biphenylcarboxylic anhydride,
      5-isopropyl-6-nitro-3-biphenylcarboxylic anhydride, and (1 or 2)-naphthoic
      anhydride. The choice of anhydride depends upon the identity of R.sub.40
      in the final acylated product, for example when R.sub.40 is to be methyl,
      acetic anhydride is used; when R.sub.40 is to be 2-chlorobutyl,
      3-chlorovaleric anhydride is used.
PAR  When R.sub.40 is hydrogen,
      ##EQU44##
      is formyl. Formylation is carried out by procedures known in the art, for
      example, by reaction of the hydroxy compound with the mixed anhydride of
      acetic and formic acids or with formylimidazole. See, for example, Fieser
      et al., Reagents for Organic Synthesis, John Wiley and Sons, Inc., pp. 4
      and 407 (1967) and references cited therein. Alternatively, the formula
      CXI diol is reacted with two equivalents of sodium hydride and then with
      excess ethyl formate.
PAR  In formula CXII, R.sub.43 may also represent a blocking group including
      benzoyl, substituted benzoyl, monoesterified phthaloyl and substituted
      naphthoyl. For introducing those blocking groups, methods known in the art
      are used. Thus, an aromatic acid of the formula R.sub.39 OH, wherein
      R.sub.39 is as defined above, for example benzoic acid, is reacted with
      the formula-CXI compound in the presence of a dehydrating agent, e.g.
      sulfuric acid, zinc chloride, or phosphoryl chloride; or an anhydride of
      the aromatic acid of the formula (R.sub.39).sub.2 O, for example benzoic
      anhydride, is used.
PAR  Preferably, however, an acyl halide, e.g. R.sub.39 Cl, for example benzoyl
      chloride, is reacted with the formula-CXI compound in the presence of a
      tertiary amine such as pyridine, triethylamine, and the like. The reaction
      is carried out under a variety of conditions using procedures generally
      known in the art. Generally, mild conditions are employed, e.g.
      20.degree.-60.degree. C., contacting the reactants in a liquid medium,
      e.g. excess pyridine or an inert solvent such as benzene, toluene or
      chloroform. The acylating agent is used either in stoichiometric amount or
      in excess.
PAR  As examples of reagents providing R.sub.39 for the purposes of this
      invention, the following are available as acids (R.sub.39 OH), anhydrides
      ((R.sub.39).sub.2 O), or acyl chlorides (R.sub.39 Cl): benzoyl;
      substituted benzoyl, e.g. (2-, 3-, or 4-)methylbenzoyl, (2-, 3-, or
      4-)ethylbenzoyl, (2-, 3-, or 4-)isopropylbenzoyl, (2-, 3-, or
      4-)tert-butylbenzoyl, 2,4-dimethylbenzoyl, 3,5-dimethylbenzoyl,
      2-isopropyltoluyl, 2,4,6-trimethylbenzoyl, pentamethylbenzoyl,
      .alpha.-phenyl-(2-, 3-, or 4-(toluyl, 2-, 3-, or 4-phenethylbenzoyl, 2-,
      3-, or 4-nitrobenzoyl, (2,4-, 2,5-, or 3,5-)dinitrobenzoyl,
      4,5-dimethyl-2-nitrobenzoyl, 2-nitro-6-phenethylbenzoyl,
      3-nitro-2-phenethylbenzoyl; mono-esterified phthaloyl, e.g.
      ##SPC89##
PAL  isophthaloyl, e.g.
      ##SPC90##
PAL  or terephthaloyl, e.g.
      ##SPC91##
PAL  (1- or 2-)naphthoyl; and substituted naphthoyl, e.g. (2-, 3-, 4-, 5-, 6-,
      or 7-)-methyl-1-naphthoyl, (2-or 4-)ethyl-1-naphthoyl,
      2-isopropyl-1-naphthoyl, 4,5-dimethyl-1-naphthoyl,
      6-isopropyl-4-methyl-1-naphthoyl, 8-benzyl-1-naphthoyl,
      8-benzyl-1-naphthoyl, (3-, 4-, 5-, or 8-)-nitro-1-naphthoyl,
      4,5-dinitro-1-naphthoyl, (3-, 4-, 6-, 7- or 8)-methyl-1-naphthoyl,
      4-ethyl-2-naphthoyl, and (5- or 8-)-nitro-2-naphthoyl. There may be
      employed, therefore, benzoyl chloride, 4-nitrobenzoyl chloride,
      3,5-dinitrobenzoyl chloride, and the like, i.e. R.sub.39 Cl compounds
      corresponding to the above R.sub.39 groups. If the acyl chloride is not
      available, it is made from the corresponding acid and phosphorus
      pentachloride as is known in the art.
PAR  In step (d), the formula -CXII acetal is converted to aldehyde CXIII by
      acid hydrolysis, known in the art, using dilute mineral acids, acetic or
      formic acids, and the like. Solvents such as acetone, dioxane, and
      tetrahydrofuran are used.
PAR  For steps (e) through (h) it is optional whether R.sub.42 be hydrogen or a
      "blocking group" as defined below. For efficient utilization of the Wittig
      reagent it is preferred that R.sub.42 be a blocking group. If the
      formula-CXII compound is used wherein R.sub.43 is hydrogen, the
      formula-CXIII intermediates will have hydrogen at R.sub.42. If R.sub.42 is
      to be a blocking group, that may be readily provided prior to step (e) by
      reaction with suitable reagents as discussed below.
PAR  The blocking group, R.sub.41, is any group which replaces hydrogen of the
      hydroxyl groups, which is not attacked by nor is reactive to the reagents
      used in the respective transformations to the extent that the hydroxyl
      group is, and which is subsequently replaceable by hydrogen at a later
      stage in the preparation of the prostaglandin-like products.
PAR  Several blocking groups are known in the art, e.g. tetrahydropyranyl,
      acetyl, and p-phenylbenzoyl (see Corey et al., J. Am. Chem. Soc. 93, 1491
      (1971)).
PAR  Those which have been found useful include (a) carboxyacyl within the scope
      of R.sub.39 above, i.e. acetyl, and also benzoyl, naphthoyl, and the like;
      (b) tetrahydropyranyl; (c) tetrahydrofuranyl; (d) a group of the formula
      ##EQU45##
      wherein R.sub.48 is alkyl of one to 18 carbon atoms, inclusive, cycloalkyl
      of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon atoms,
      inclusive, phenyl, or phenyl substituted with one, 2, or 3 alkyl of one to
      4 carbon atoms, inclusive, wherein R.sub.49 and R.sub.50 are the same or
      different, being hydrogen, alkyl of one to 4 carbon atoms, inclusive,
      phenyl or phenyl substituted with one, 2, or 3 alkyl of one to 4 carbon
      atoms, inclusive, or, when R.sub.49 and R.sub.30 are taken together,
      --(CH.sub.2).sub.u -- or --(CH.sub.2).sub.v --O--(CH.sub.2).sub.w
      --wherein u is 3, 4, or 5, v is one, 2, or 3, and w is one, 2, or 3 with
      the proviso that v plus w is 2, 3, or 4, and wherein R.sub.51 is hydrogen
      or phenyl; or (e) --Si(A).sub.3 wherein A is alkyl of one to four carbon
      atoms, inclusive, phenyl, phenyl substituted with one or 2 fluoro, chloro,
      or alkyl of one to four carbon atoms, inclusive, or aralkyl of 7 to 12
      carbon atoms, inclusive.
PAR  In replacing the hydrogen atoms of the hydroxyl groups with a carboxyacyl
      blocking group, methods known in the art are used. The reagents and
      conditions are discussed above for R.sub.43 on compound CXII.
PAR  When the blocking group is tetrahydropyranyl or tetrahydrofuranyl, the
      appropriate reagent, e.g. 2,3-dihydropyran or 2,3-dihydrofuran, is used in
      an inert solvent such as dichloromethane, in the presence of an acid
      condensing agent such as p-toluenesulfonic acid or pyridine hydrochloride.
      The reagent is used in slight excess, preferably 1.0 to 1.2 times theory.
      The reaction is carried out at about 20.degree.-50.degree. C.
PAR  When the blocking group is of the formula
      ##EQU46##
      as defined above, the appropriate reagent is a vinyl ether, e.g. isobutyl
      vinyl ether or any vinyl ether of the formula R.sub.48
      --O--C(R.sub.49)=CR.sub.50 R.sub.51 wherein R.sub.48, R.sub.49, R.sub.50,
      and R.sub.51 are as defined above; or an unsaturated cyclic or
      heterocyclic compound, e.g. 1-cyclohex-1-yl methyl ether
      ##SPC92##
PAL  or 5,6-dihydro-4-methoxy-2H-pyran
      ##SPC93##
PAL  See C. B. Reese et al., J. Am. Chem. Soc. 89, 3366 (1967). The reaction
      conditions for such vinyl ethers and unsaturates are similar to those for
      dihydropyran above.
PAR  When the blocking group is silyl of the formula --Si(A).sub.3, the
      formula-CXIII compound is transformed to a silyl derivative of formula
      CXIII by procedures known in the art. See, for example, Pierce,
      "Silylation or Organic Compounds," Pierce Chemical Co., Rockford, Ill.
      (1968). The necessary silylating agents for these transformations are
      known in the art or are prepared by methods known in the art. See, for
      example, Post "Silicones and Other Organic Silicon Compounds," Reinhold
      Publishing Corp., New York, N.Y. (1949). These reagents are used in the
      presence of a tertiary base such as pyridine at temperatures in the range
      of about 0.degree. to +50.degree. C. Examples of trisubstituted
      mono-chlorosilanes suitable for this purpose include
      chlorotrimethylsilane, chlorotriisobutylsilane, chlorotriphenylsilane,
      chlorotris(p-chlorophenyl)silane, chlorotri-m-tolylsilane, and
      tribenzylchlorosilane. Alternately, a chlorosilane is used with a
      corresponding disilazane. Examples of other silylating agents suitable for
      forming the formula-CXIII intermediates include pentamethylsilylamine,
      pentaethylsilylamine, N-trimethylsilydiethylamine,
      1,1,1-triethyl-N,N-dimethylsilylamine,
      N,N-diisopropyl-1,1,1,-trimethylsilylamine,
      1,1,1-tributyl-N,N-dimethylsilylamine
      N,N-dibutyl-1,1,1-trimethylsilylamine,
      1-isobutyl-N,N,1,1-tetramethylsilylamine,
      N-benzyl-N-ethyl-1,1,1-trimethylsilylamine,
      N,N,1,1-tetramethyl-1-phenylsilylamine,
      N,N-diethyl-1,1-dimethyl-1-phenylsilylamine,
      N,N-diethyl-1-methyl-1,1-diphenylsilylamine,
      N,N-dibutyl-1,1,1-triphenylsilylamine, and
      1-methyl-N,N,1,1-tetraphenylsilylamine.
PAR  In step (e) the aldehyde group is transformed by the Wittig reaction to a
      moiety of the formula --CH=CR.sub.2 G. For this purpose a phosphonium salt
      prepared from an organic chloride or bromide of the formula
      ##EQU47##
      is employed, wherein G and R.sub.2 are as defined above. These organic
      chlorides or bromides are known in the art or are readily prepared by
      methods known in the art. See for example the above-identified German
      Offenlegungsschrift No. 2,209,990. As to the Wittig reaction, see, for
      example, U.S. Pat. No. 3,776,941 and references cited therein.
PAR  In step (f) compound CXV is obtained by deblocking if necessary. When
      C.sub.p H.sub.2p is a valence bond, and R.sub.42 is a hindered
      carboxyacyl, e.g.
      ##EQU48##
      R.sub.41 on the phenolic hydroxy is selectively replaced with hydrogen by
      hydrolysis with sodium or potassium hydroxide in ethanol-water. Instead of
      ethanol, other water-miscible solvents may be substituted, for example
      1,4-dioxane, tetrahydrofuran, or 1,2-dimethoxyethane. The selective
      hydrolysis is preferably carried out at -15.degree. to 25.degree. C.
      Higher temperatures may be used but with some decrease in selectivity.
PAR  Total hydrolysis of R.sub.42 blocking groups on compound CXIV is
      accomplished, when R.sub.42 is carboxyacyl, with an alkali alkoxide in an
      alcoholic solvent, preferably sodium methoxide in methanol at a
      temperature from 25.degree. C. to reflux. When R.sub.42 is
      tetrahydropyranyl, aqueous acid, e.g. dilute acetic acid, is used at
      25.degree. to 50.degree. C. When R.sub.42 is trialkylsilyl, either aqueous
      acid or base are used at 25.degree. to 50.degree. C.
PAR  Continuing with Chart L, in step (g) a Williamson synthesis is employed to
      obtain compound CXVI. The formula-CXV alcohol or phenol is condensed with
      a haloacetate within the scope of Hal--CH.sub.2 --COOR.sub.1 wherein Hal
      is chloro, bromo, or iodo and R.sub.1 is as defined above. Normally the
      reaction is done in the presence of a base such as n-butyllithium,
      phenyllithium, triphenylmethyllithium, sodium hydride, potassium
      t-butoxide, sodium hydroxide, or potassium hydroxide.
PAR  The transformation from compound CXVI to product CXVIII may be accomplished
      by any of several routes known in the art. See U.S. Pat. No. 3,711,515.
      Thus, by step (h), the alkenene CXVI is hydroxylated to glycol CXVII. For
      this purpose osmium tetroxide is a suitable reagent, for example in
      conjunction with N-methylmorpholine oxide-hydrogen peroxide complex (see
      Fieser et al., "Reagents for Organic Synthesis," p. 690, John Wiley and
      Sons, Inc., New York (1967)). Thereafter, several methods are available
      for obtaining the formula-CXVIII product. In one method the glycol is
      converted to a bis(alkanesulfonic acid) ester and subsequently hydrolyzed
      to CXVIII by methods known in the art (see, for example German
      Offenlegungsschrift No. 1,937,676, Derwent Farmdoc No. 6862R). Another
      method is by way of a diformate by formolysis of the glycol (see U.S. Pat.
      No. 3,711,515).
PAR  Still another method is by way of a cyclic ortho ester. For this purpose,
      glycol CXVII is reacted with an ortho ester of the formula
      ##EQU49##
      wherein R.sub.46 is hydrogen, alkyl of one to 19 carbon atoms, inclusive,
      or aralkyl of 7 to 12 carbon atoms, inclusive, substituted with zero to 3
      halo atoms; and R.sub.47 is methyl or ethyl. There is then formed a cyclic
      ortho ester of the formula
      ##SPC94##
PAL  wherein C.sub.p H.sub.2p, G, R.sub.1, R.sub.2 R.sub.42, R.sub.46, R.sub.47,
      and .about. are as defined above. The reaction goes smoothly in a
      temperature range of -50.degree. C. to +100.degree. C., although for
      convenience 0.degree. C. to +50.degree. C. is generally preferred. From
      1.5 to 10 molar equivalents of the ortho ester are employed, together with
      an acid catalyst. The amount of the catalyst is usually a small fraction
      of the weight of the glycol, say 1%, and typical catalysts include
      pyridine hydrochloride, formic acid, hydrogen chloride, p-toluenesulfonic
      acid, trichloroacetic acid, or trifluoroacetic acid. The reaction is
      preferably run in a solvent, for example benzene, dichloromethane, ethyl
      acetate, or diethyl ether. It is generally completed within a few minutes
      and is conveniently followed by TLC (thin layer chromatography on basic
      silica gel plates).
PAR  The ortho ester reagents are known in the art or readily available by
      methods known in the art. See for example S. M. McElvain et al., J. Am.
      Chem. Soc. 64, 1925 (1942), starting with an appropriate nitrile. Examples
      of useful ortho esters include:
PA1  trimethyl orthoformate,
PA1  triethyl orthoacetate,
PA1  triethyl orthopropionate,
PA1  trimethyl orthobutyrate,
PA1  triethyl orthovalerate,
PA1  trimethyl orthooctanoate,
PA1  trimethyl orthophenylacetate, and
PA1  trimethyl ortho (2,4-dichlorophenyl)acetate.
PAL  Preferred are those ortho esters wherein R.sub.46 is alkyl of one to 7
      carbon atoms; especially preferred are those wherein R.sub.46 is alkyl of
      one to 4.
PAR  Next, the cyclic orthoester CXX is reacted with anhydrous formic acid to
      yield a diol diester of the formula
      ##SPC95##
PAL  wherein C.sub.p H.sub.2p, G, R.sub.1 R.sub.2, R.sub.42, R.sub.46, and
      .about. are as defined above.
PAR  By "anhydrous formic acid" is meant that it contains not more than 0.5%
      water. The reaction is run with an excess of formic acid, which may itself
      serve as the solvent for the reaction. Solvents may be present, for
      example dichloromethane, benzene, or diethyl ether, usually not over 20%
      by volume of the formic acid. There may also be present organic acid
      anhydrides, for example acetic anhydride, or alkyl orthoesters, for
      example trimethyl orthoformate, which are useful as drying agents for the
      formic acid. Although the reaction proceeds over a wide range of
      temperatures, it is conveniently run at about 20.degree.-30.degree. C. and
      is usually completed within about 10 minutes.
PAR  Finally, the diol diester CXXI is converted to product CXVIII by methods
      known in the art, for example by hydrolysis in the presence of a base in
      an alcoholic medium. Examples of the base are sodium or potassium
      carbonate or sodium or potassium alkoxides including methoxides or
      ethoxides. The reaction is conveniently run in an excess of the solvolysis
      reagent, for example methanol or ethanol. The temperature range is from
      -50.degree. C. to 100.degree. C. The time for completion of the reaction
      varies with the nature of R.sub.46 and the base, proceeding in the case of
      alkali carbonates in a few minutes when R.sub.46 is hydrogen but taking up
      to several hours when R.sub.46 is ethyl, for example.
PAR  When the solvolysis proceeds too long or when conditions are too severe,
      ester groups at R.sub.1 may be removed. They are, however, readily
      replaced by methods known in the art. For example, the alkyl, cycloalkyl,
      and aralkyl esters are prepared by interaction of the formula-CXVIII acids
      with the appropriate diazohydrocarbon. For example, when diazomethane is
      used, the methyl esters are produced. Similar use of diazoethane,
      diazobutane, 1-diazo-2-ethylhexane, diazocyclohexane, and
      phenyldiazomethane, for example, gives the ethyl, butyl, 2-ethylhexyl,
      cyclohexyl, and benzyl esters, respectively.
PAR  Esterification with diazohydrocarbons is carried out by mixing a solution
      of the diazohydrocarbon in a suitable inert solvent, preferably diethyl
      ether, with the acid reactant, advantageously in the same or a different
      inert diluent. After the esterification reaction is complete, the solvent
      is removed by evaporation, and the ester purified if desired by
      conventional methods, preferably by chromatography. It is preferred that
      contact of the acid reactants with the diazohydrocarbon be no longer than
      necessary to effect the desired esterification, preferably about one to
      about ten minutes, to avoid undesired molecular changes. Diazohydrocarbons
      are known in the art or can be prepared by methods known in the art. See,
      for example Organic Reactions, John Wiley & Sons, Inc., New York, N.Y.,
      Vol. 8, pp. 389-394 (1954).
PAR  An alternative method for esterification of the carboxyl moiety comprises
      transformation of the free acid to the corresponding silver salt, followed
      by interaction of that salt with an alkyl iodide. Examples of suitable
      iodides are methyl iodide, ethyl iodide, butyl iodide, isobutyl iodide,
      tere-butyl iodide, cyclopropyl iodide, cyclopentyl iodide, benzyl iodide,
      phenethyl iodide, and the like. The silver salts are prepared by
      conventional methods, for example, by dissolving the acid in cold dilute
      aqueous ammonia, evaporating the excess ammonia at reduced pressure, and
      then adding the stoichiometric amount of silver nitrate.
PAR  The phenyl and substituted phenyl esters are prepared by silylating the
      acid to protect the hydroxy groups, for example, replacing each --OH with
      --O--Si--(CH.sub.3).sub.3. Doing that may also change --COOH to
      --COO--Si--(CH.sub.3).sub.3. A brief treatment of the silylated compound
      with water will change --COO--Si--(CH.sub.3).sub.3 back to --COOH.
      Procedures for this silylation are known in the art. Then, treatment of
      the silylated compound with oxalyl chloride gives the acid chloride which
      is reacted with phenol or the appropriate substituted phenol to give a
      silylated phenyl or substituted phenyl ester. Then the silyl groups, e.g.,
      --O--Si--(CH.sub.3).sub.3 are changed back to --OH by treatment with
      dilute acetic acid. Procedures for these transformations are known in the
      art.
PAR  Referring to Chart M, there are shown process steps by which the
      formula-CIX bicyclo hexene is transformed first to an oxetane CXXII with a
      fully developed side chain.
      ##SPC96##
      ##SPC97##
PAL  and ultimately to a PGE analog. In Chart M, R.sub.44 is hydrogen or alkyl
      of one to 4 carbon atoms, inclusive, and R.sub.45 is hydrogen, alkyl of
      one to 4 carbon atoms, inclusive, or silyl of the formula (A).sub.3 Si--
      wherein A is as defined herein above.
PAR  In step (a) of Chart M, there is employed an aldehyde of the formula
      ##SPC98##
PAL  wherein C.sub.p H.sub.2p and R.sub.44 are as defined above. Such aldehydes
      are available or readily prepared by methods known in the art. Examples of
      such compounds include:
      ##SPC99##
PAR  The conditions for step (a) of Chart M are essentially the same as for step
      (a) of Chart L. Thereafter, step (b) for cleavage of the oxetane ring,
      steps (c) and (d) leading to the formula-CXXV aldehyde, and the Wittig
      reaction of step (e) are similar to and employ the same conditions as the
      corresponding steps of Chart L discussed above.
PAR  Referring to step (g) of Chart M, the hydroxyl on the cyclopentane ring at
      the C-9 position is oxidized to an oxo group.
PAR  Oxidation reagents useful for this transformation are known in the art. A
      useful reagent for this purpose is the Jones reagent, i.e., acidified
      chromic acid. See J. Chem. Soc. 39 (1946). A slight excess beyond the
      amount necessary to oxidize the C-9 secondary hydroxy groups of the
      formula-CXXVII reactant is used. Acetone is a suitable diluent for this
      purpose. Reaction temperatures at least as low as about 0.degree. C.
      should be used. Preferred reaction temperatures are in the range 0.degree.
      to -50.degree. C. An especially useful reagent for this purpose is the
      Collins reagent, i.e. chromium trioxide in pyridine. See J. C. Collins et
      al., Tetrahedron Lett., 3363 (1968). Dichloromethane is a suitable diluent
      for this purpose. Reaction temperatures of below 30.degree. C. should be
      used. Preferred reaction temperatures are in the range 0.degree. to
      +30.degree. C. The oxidation proceeds rapidly and is usually complete in
      about 5 to 20 minutes.
PAR  Examples of other oxidation reagents useful for this transformation are
      silver carbonate on Celite (Chem. Commun. 1102 (1969)), mixtures of
      chromium trioxide and pyridine (J. Am. Chem. Soc. 75, 422 (1953), and
      Tetrahedron, 18, 1351 (1962)), t-butylchromate in pyridine (Biochem. J.
      84, 195 (1962)), mixtures of sulfur trioxide in pyridine and
      dimethylsulfoxide (J. Am. Chem. Soc. 89, 5505 (1967)), and mixtures of
      dicyclohexylcarbodiimide and dimethyl sulfoxide (J. Am. Chem. Soc. 87,
      5661 (1965)).
PAR  Step (h) of Chart M and subsequent steps by which the product CXXX is
      obtained are similar to and employ the same conditions as the
      corresponding steps of Chart L discussed above.
PAR  Referring next to Chart N the process steps are shown whereby aldehyde
      CXIII of Chart L is transformed to a 17,18-tetradehydro-PG analog CXXXVI
      and a 17,18-didehydro-PG analog CXXXVII.
PAR  In step (a) of Chart N, a Wittig reagent is employed which is prepared from
      a phosphonium salt of a haloalkyne of the formula
EQU  Cl--CHR.sub.2 --C.sub.n H.sub.2n --C.tbd.C--R.sub.5
PAL  or
EQU  Br--CHR.sub.2 --C.sub.n H.sub.2n --C.tbd.C--R.sub.5
PAL  wherein C.sub.n H.sub.2n, R.sub.2, and R.sub.5 are as defined above. See,
      for example, U. Axen et al., Chem. Comm. 1969, 303, and ibid. 1970, 602.
      ##SPC100##
PAR  Thereafter, in steps (b) to (d) and subsequent steps yielding
      17,18-tetradehydro compound CXXXVI, the reagents and conditions are
      similar to those employed for the corresponding reactions shown in Chart
      L.
PAR  Transformation of CXXXVI to the formula-CXXXVII compounds is accomplished
      by hydrogenation of CXXXVI using a catalyst which catalyzes hydrogenation
      of --C.tbd.C-- only to cis--CH=CH--, as known in the art. See, for
      example, Fieser et al., "Reagents for Organic Syntheses," pp. 566-567,
      John Wiley and Sons, Inc., New York (1967). Preferred is Lindlar catalyst
      in the presence of quinoline, see Axen, references cited.
PAR  The intermediates of Charts L, M, and N, including those compounds
      represented by formulas CX, CXI, CXII, CXIII, CXIV, CXV, CXVI, CXVII,
      CXXII, CXXIII, CXXIV, CXXV, CXXVI, CXXVII, CXXVIII, CXXIX, CXXXII,
      CXXXIII, CXXXIV, CXXXV, and CXXXVI are frequently not isolated but used
      directly for a subsequent process step. When they are isolated, they are
      purified by methods known in the art, for example partition extraction,
      fractional crystallization, and, preferably, silica gel column
      chromatography.
PAR  The products represented by formulas CXVIII, CXXX, and CXXXVII obtained
      from these intermediates are often a mixture of 15-.alpha. and 15-.beta.
      isomers. These are separated by methods known in the art, for example, by
      chromatography on neutral silica gel. In some instances, particularly
      where R.sub.2 is alkyl, the lower alkyl esters are more readily separated
      than are the corresponding acids. In those cases wherein R.sub.1 is
      hydrogen, it is advantageous to esterify the mixture of acids, as with
      diazomethane, to form the methyl esters, separate the two epimers, and
      then, if desired, replace the carboxyl methyl with hydrogen by methods
      known in the art.
PAR  When an optically active intermediate or starting material is employed,
      subsequent steps yield optically active intermediates or products. That
      optical isomer of bicyclo hexene CIX is used which will yield product
      CXVIII for example, in the configuration corresponding to that of the
      naturally occurring prostaglandins. When the racemic form of the
      intermediate or starting material is employed, the subsequent
      intermediates or products are obtained in their racemic form.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention can be more fully understood by the following examples and
      preparations:
PAR  All temperatures are in degrees centigrade.
PAR  Infrared absorption spectra are recorded on a Perkin-Elmer Model 421
      infrared spectrophotometer. Except when specified otherwise, undiluted
      (neat) samples are used.
PAR  Ultraviolet spectra are recorded on a Cary Model 15 spectrophotometer.
PAR  NMR spectra are recorded on a Varian A-60, A-60D, or T-60 spectrophotometer
      using deuterochloroform solutions with tetramethylsilane as an internal
      standard (downfield).
PAR  Mass spectra are recorded on a CEC Model 110B Double Focusing High
      Resolution Mass Spectrometer or an LKB Model 9,000 Gas Chromatograph-Mass
      Spectrometer (ionization voltage 70 ev).
PAR  Circular dichroism curves are recorded on a Cary 60 recording
      spectropolarimeter.
PAR  Specific rotations are determined for solutions of a compound in the
      specified solvent with a Perkin-Elmer Model 141 Automatic Polarimeter.
PAR  The collection of chromatographic eluate fractions starts when the eluant
      front reaches the bottom of the column.
PAR  "Brine," herein, refers to an aqueous saturated sodium chloride solution.
PAR  The A-IX solvent system used in thin layer chromatography is made up from
      ethyl acetate-acetic acid-2,2,4-trimethylpentane-water (90:20:50:100)
      according to M. Hamberg and B. Samuelsson, J. Biol. Chem. 241, 257 (1966).
PAR  "Skellysolve-B" refers to mixed isomeric hexanes.
PAR  Silica gel chromatography, as used herein, is understood to include
      elution, collection of fractions, and combination of those fractions shown
      by TLC (thin layer chromatography) to contain the desired product free of
      starting material and impurities.
PAC  PREPARATION 1
PAC  dl-Endo-6-(1-heptenyl)-3-(1-pyrrolidyl)-bicyclo[3.1.0]hex-2-ene.
PAR  A solution of formula-XLIII endo-6-(cis- and
      trans-1-heptenyl)bicyclo[3.1.0]hexan-3-one (see Example 29 of West Germany
      Offenlegungsschrift No. 1,937,912, cited above) (15 g.), 25 ml. of
      pyrrolidine, and 200 ml. of benzene is heated under reflux while removing
      the water formed by distillation. After 2 hrs. the benzene is replaced by
      50 ml. of toluene which is then removed in vacuo to give the title
      compound. This material gives an infrared spectrum having absorption
      attributable to the enamine double bond at 1610 cm.sup.-.sup.1 and free of
      carbonyl absorption.
PAC  PREPARATION 2
PAC  Methyl m-(Chloromethyl)phenoxyacetate (Formula LIII: C.sub.g H.sub.2g and
      C.sub.p H.sub.2p are valence bonds in meta relationship, C.sub.q H.sub.2q
      is methylene, Hal is chloro, R.sub.26 is hydrogen, and R.sub.10 is
      methyl).
PAR  a. m-Formylphenoxyacetic Acid. To a solution of m-hydroxybenzaldehyde (48.8
      g.) and sodium hydroxide (16.16 g.) in 500 ml. of water is added a
      solution prepared from chloroacetic acid (75 g.) and sodium hydroxide (32
      g.) in 100 ml. of water. The mixture is heated under reflux for 2 hrs.,
      cooled, and the pH is adjusted to pH 1 or 2. The mixture is extracted with
      dichloromethane-ether and the extract is dried and concentrated. The solid
      is taken up in saturated aqueous sodium bicarbonate, extracted with ether
      and the aqueous phase is made acidic. The aqueous phase is extracted with
      dichloromethane. The organic layer is concentrated and the residue is
      recrystallized from water to give m-formylphenoxyacetic acid (34.0 g.)
      m.p. 114.degree.-117.degree..
PAR  b. Methyl M-Formylphenoxyacetate. A solution of the product of step a (30.0
      g.) in 400 ml. of diethyl ethertetrahydrofuran is treated with an excess
      of ethereal diazomethane generated from
      N-methyl-N'-nitro-N-nitro-soguanidine (32.5 g.) and 200 ml. of 30%
      potassium hydroxide. The organic extract is washed with 5% sodium
      hydroxide, dried and concentrated to give methyl m-formylphenoxyacetate
      (17 g.), as a light yellow oil.
PAR  c. Methyl m-(Hydroxymethyl)phenoxyacetate. A solution of the product of
      step b (30.0 g.) in 200 ml. of methanol, cooled in an ice bath to
      0.degree., is treated with sodium borohydride (1.55 g.) in 30 ml. of cold
      water. After the addition, stirring is continued for 20 min., the methanol
      is removed, and 60 ml. of brine is added. The aqueous phase is extracted
      with ether and the ether solution is washed, first with 5% aqueous
      hydrochloric acid, then brine, and dried. Removal of the solvent yields
      methyl m-(hydroxymethyl)phenoxyacetate(27.0 g.).
PAR  d. Methyl m-(Chloromethyl)phenoxyacetate. To the product of step c (27.0
      g.) is added 20 ml. of thionyl chloride with stirring. Following the
      addition, the reaction mixture is stirred at 25.degree. for 30 min. and at
      reflux for 30 min. After cooling the reaction mixture, it is dissolved in
      ether and washed carefully with water, saturated aqueous sodium bicarbonte
      and brine. The organic layer is dried, concentrated and distilled to give
      the title compound (11.0 g.) b.p. 98.degree.-110.degree./0.03 mm.
PAR  Following the procedures of Preparation 2, but replacing chloroacetic acid
      with 3-chloropropionic acid, there is obtained, successively,
      3-(m-formylphenoxy)propionic acid and its methyl ester, methyl
      3-[m-(hydroxymethyl)phenoxy]-propionate, and the formula-LIII compound,
      methyl 3-[m-(chloromethyl)phenoxy]propionate.
PAR  Alternatively, Michael addition of m-hydroxy benzaldehyde to methyl
      acrylate, with base catalysis, and reduction of the product with sodium
      borohydride gives methyl 3-[m-(hydroxymethyl)phenoxy]propionate.
PAC  PREPARATION 3
PAC  Ethyl o-(Bromomethyl)benzyloxyacetate (Formula LIII: C.sub.g H.sub.2g is a
      valence bond, C.sub.p H.sub.2p and C.sub.q H.sub.2q are methylene, C.sub.g
      H.sub.2g and C.sub.p H.sub.2p are in ortho relationship, Hal is bromo,
      R.sub.26 is hydrogen, and R.sub.10 is ethyl).
PAR  To a mixture of .alpha.,.alpha.'-dibromo-o-xylene (100 g.), ethyl glycolate
      (47 g.), and dimethylformamide (500 ml.) is added with stirring over a
      1-hour period at 0.degree.-5.degree. C., 18 g. of 57% sodium hydride. The
      mixture is stirred for 16 hrs. at about 25.degree. C. and is then
      concentrated on a rotating evaporator at 40.degree.-50.degree. C. under
      vacuum. The residue is diluted with one liter of a mixture of isomeric
      hexanes (Skellysolve B) and diethyl ether (1:2 by volume) and the organic
      solution is washed successively with dilute hydrochloric acid, dilute
      potassium hydroxide solution, water, and brine, and is finally dried and
      concentrated. The residue is chromatographed on a column prepared by
      wet-packing 3 kg. of silica gel (Brinkman) with 6 l. of 15% ethyl acetate
      in Skellysolve B and 30 ml. of absolute ethanol. Gradient elution of the
      column with 16 l. of 15-35% ethyl acetate in Skellysolve B gives fractions
      of 400 ml. each of which are combined on the basis of thin layer
      chromatography (TLC). From fractions 18-27 there is obtained 35 g. of the
      title compound. This material has .lambda..sub.max. in ethanol at 231
      m.mu. (.epsilon. 7550) with shoulders at 272 (.epsilon. 700) and 278 m.mu.
      (.epsilon. 462). It has key absorptions in its NMR spectrum at about 7.3
      (apparent singlet), 4.7 (singlet), 4.64 (singlet), 4.06 (singlet),
      4.0-4.35 (quartet), and 1.1-1.34 (triplet) .delta.. It has mass spectral
      peaks at 206, 199, 201, 185, and 183.
PAC  PREPARATION 4
PAC  Endo-6-(cis-4-phenyl-1-butenyl)-bicyclo-[3.1.0]hexan-3-one (Formula XLIII:
      G is
      ##SPC101##
PAC  R.sub.3 and R.sub.4 are hydrogen; and .about. is endo).
PAR  a. There is first prepared (3-phenylpropyl)triphenylphosphonium bromide. A
      solution of 597.3 g. of 1-bromo-3-phenylpropane and 786 g. of
      triphenylphosphine in 1,500 ml. of toluene is heated at reflux under
      nitrogen for 16 hrs., then the mixture is cooled and the solid product is
      separated by filtration. The solid is then slurried with toluene in a
      Waring blender, separated by filtration, and dried for 18 hrs. at
      70.degree. C. under reduced pressure to give 1068 g. of
      (3-phenylpropyl)triphenylphosphonium bromide; m.p.
      210.5.degree.-211.5.degree. C.
PAR  b. A suspension of 314 g. of the product of step a in 3 l. of benzene is
      stirred at room temperature (25.degree. C.) under nitrogen, and 400 ml. of
      1.6 M butyllithium in hexane is added over a 20 min. period. The mixture
      is heated at 35.degree. C. for 30 minutes, then is cooled to -15.degree.
      C. and a solution of 100 g. of
      endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde 3-tetrahydropyranyl ether
      in 200 ml. of benzene is added over a 30-min. period. This mixture is
      heated at 70.degree. C. for 2.5 hrs., cooled, and filtered. The filtrate
      is washed three times with water, dried over sodium sulfate, and
      concentrated to 170 g. of crude
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-ol
      3-tetrahydropyranyl ether.
PAR  A solution of 340 g. (two runs) of this crude
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo-[3.1.0]hexan-3-ol
      3-tetrahydropyranyl ether and 20 g. of oxalic acid in 3600 ml. of methanol
      is heated at reflux for 3.5 hrs. The mixture is cooled and the methanol is
      evaporated under reduced pressure. The residue is mixed with
      dichloromethane, and the dichloromethane solution is washed with aqueous
      sodium bicarbonate, dried over sodium sulfate, and concentrated to 272 g.
      of the endo-6-(cis-4-phenyl-1-butenyl)bicyclo[3.1.0]-hexan-3-ol.
PAR  A solution of 93 g. of the above
      endo-6-(cis-4-phenyl-1-butenyl)bicyclo[3.1.0]hexan-3-ol in 2570 ml. of
      acetone is cooled to -5.degree. C. and 160 ml. of Jones reagent (in the
      proportions 42 g. of chromic anhydride, 120 ml. of water, and 34 ml. of
      concentrated sulfuric acid) is added over a period of 30 min. while
      cooling to maintain a temperature of -5.degree. C. The mixture is allowed
      to stand for 10 min. longer; then 100 ml. of isopropyl alcohol is added
      and the mixture is swirled for 5 min. The mixture is then diluted with 6
      l. of water and extracted several times with dichloromethane. The organic
      layers are separated, washed with dilute hydrochloric acid, water, dilute
      aqueous sodium bicarbonate, and brine, then are dried over sodium sulfate,
      combined and concentrated to 83 g. of crude
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one.
PAR  Crude endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]-hexan-3-one (162 g.,
      two runs) is dissolved in isomeric hexanes (Skellysolve B) and
      chromatographed over 5 kg. of silica gel wet-packed with Skellysolve B,
      eluting successively with 11 l. of Skellysolve B, 62 l. of 2.5% ethyl
      acetate in Skellysolve B, and 32 l. of 5% ethyl acetate in Skellysolve B.
      The last 8 l. of the 2.5% ethyl acetate in Skellysolve B eluates and the
      32 l. of 5% ethyl acetate in Skellysolve B eluates are combined and
      concentrated to 75.8 g. of the title compound; infrared absorption at
      3000, 1750, 1610, 1500, 1455, 1405, 1265, 1150, 778, 750 and 702
      cm.sup.-.sup.1., N.M.R. peaks at 7.18 (singlet) and 4.75-6.0 (broad
      multiplet) .delta..
PAC  PREPARATION 5
PAC  Endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo-[3.1.0]hexan-3-one. (Formula
      XLIII: G is
      ##SPC102##
PAC  R.sub.2 and R.sub.9 are hydrogen; and .about.  is endo).
PAR  a. There is first prepared (4-phenylbutyl)triphenylphosphonium bromide. A
      solution of 145 g. of 4-phenyl-1-bromobutane and 179 g. of
      triphenylphosphine in 350 ml. of toluene is heated at reflux under
      nitrogen for 16 hrs. The mixture is then cooled slowly and ether is added
      giving a precipitate of (4-phenylbutyl)triphenylphosphonium bromide which
      is washed throughly with benzene/ether and dried 18 hrs. at 50.degree. C.
      under reduced pressure, 268 g., m.p. 139.degree.-140.degree. C.
PAR  b. A suspension of 242 g. of the product of step a in 2.3 l. of dry benzene
      at 25.degree. C. is stirred and 300 ml. of 1.6 M butyllithium in hexane is
      added over a 15-min. period. The mixture is stirred at 30.degree. C. for
      one hour, then is cooled to 10.degree. C. and a solution of 75 g. of
      endobicyclo-[3.1.0]hexan-3-ol-6-carboxaldehyde 3-tetrahydropyranyl ether
      in 200 ml. of benzene is added over a 15-min. period. The mixture is
      heated at 65.degree.-70.degree. C. for 3 hours, cooled and filtered. The
      filtrate is washed with water and brine, dried over sodium sulfate, and
      concentrated under reduced pressure to give 117 g. of crude
      endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-ol
      tetrahydropyranyl ether showing a single spot, R.sub.f 0.75, on thin layer
      chromatography with silica gel plates developed with 20% ethyl acetate in
      cyclohexane.
PAR  A solution of 117 g. of the above crude
      endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-ol
      tetrahydropyranyl ether and 6 g. of oxalic acid in 2,500 ml. of methanol
      is heated under reflux for 2.5 hrs. The methanol is then removed by
      distillation under reduced pressure and the residue is diluted with water
      and extracted with dichloromethane. The dichloromethane extracts are
      combined, washed with aqueous sodium bicarbonate and brine, dried over
      sodium sulfate and concentrated under reduced pressure to give 95.7 g. of
      crude endo-6-(cis-5-phenyl-1-pentenyl)-bicyclo[3.1.0]hexan-3-ol. The
      entire crude product is chromatographed over 1.5 kg. of silica gel
      wet-packed with Skellysolve B, eluting successively with 5 l. of
      skellysolve B, 4 l. of 2.5%, 6 l. of 5%, 9 l. of 7.5%, 12 l. of 10%, 8 l.
      of 15%, 10 l. of 20% and 10 l. of 30% ethyl acetate in Skellysolve B,
      taking 600 ml. fractions. The last fraction of 10% ethyl acetate in
      Skellysolve B, all the 15% and 20% ethyl acetate in Skellysolve B eluates,
      and the first 3 fractions of 30% ethyl acetate in Skellysolve B are
      concentrated to 60.5 g. of purified
      endo-6-(cis-5-phenyl-1-pentenyl)bicyclo[3.1.0]hexan-3-ol.
PAR  A solution of 60.5 g. of the above purified alcohol in 1,600 ml. of acetone
      is cooled to -10.degree. C. and 103 ml. of Jones reagent is added
      dropwise. After addition is complete the mixture is stirred for 10 min. at
      0.degree. C. and 65 ml. of isopropyl alcohol is added. The mixture is
      poured into 8 l. of water and extracted several times with
      dichloromethane. The dichloromethane extracts are combined, washed with
      dilute hydrochloric acid, aqueous sodium bicarbonate and brine, dried over
      sodium sulfate and concentrated under reduced pressure to give 56 g. of
      crude endo-6-(cis-5-phenyl-1-pentenyl)bicyclo[3.1.0]hexan-3-one. The crude
      ketone is slurried in Skellysolve B and chromatographed over 2,300 g. of
      silica gel wet packed in Skellysolve B, eluting successively with 6 l. of
      Skellysolve B, 16 l. of 2.5% ethyl acetate in Skellysolve B, then gradient
      elution with 5 l. of 2.5% and 5 l. of 5% ethyl acetate in Skellysolve B
      and finally 16 l. of 5% ethyl acetate in Skellysolve B, taking 625 ml.
      fractions. The last fraction of the gradient eluates and the first 19
      fractions of 5% ethyl acetate in Skellysolve B are concentrated to give
      23.6 of the title compound; infrared absorption at 2980, 1745, 1600, 1490,
      1450, 1260, 1145, 770, 750 and 702 cm.sup.-.sup.1., N.M.R. peaks at 7.17
      (singlet), 6.0-5.4 (multiplet), and 5.2-4.7 (broad multiplet) .delta..
PAC  PREPARATION 6
PAC  Endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one Acetonide
      (Formula XXXVI wherein G is
      ##SPC103##
PAC  R.sub.2 and R.sub.9 are hydrogen, R.sub.11 and R.sub.12 are methyl, and
      .about. is endo).
PAR  a. There is first prepared the formula-LI dihydroxy compound. To a solution
      of endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one (10.0 g.,
      Preparation 4) in about 100 ml. tetrahydrofuran is added, with stirring, a
      solution of potassium chlorate (10.0 g.) and osmium tetroxide (0.65 g.) in
      250 ml. of water. The mixture is stirred vigorously for 5 hrs. at
      50.degree. C. Then, the cooled mixture is concentrated under reduced
      pressure. The residue is extracted repeatedly with dichloromethane, and
      the combined extracts are dried and concentrated to an oil. This oil is
      chromatographed on about 1000 g. of silica gel, and eluted successively
      with 3 l. of 10% ethyl acetate in a mixture of isomeric hexanes
      (Skellysolve B), with 5 l. of 25% ethyl acetate in Skellysolve B, and then
      with 50% ethyl acetate in Skellysolve B, collecting 500 ml. eluate
      fractions. Fractions 13-19 (50% ethyl acetate) are combined and evaporated
      to dryness to give dl-endo-6
      (1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexane-3-one (Formula LI).
PAR  b. A solution of the product of step a (about 8.0 g.) and 700 mg. of
      potassium bisulfate in 140 ml. of acetone is stirred at 25.degree. C. for
      64 hrs. Then, sodium carbonate monohydrate (710 mg.) is added, and the
      mixture is stirred 10 minutes. The acetone is evaporated at reduced
      pressure, and water is added. The aqueous solution is extracted repeatedly
      with dichloromethane, and the extracts are combined, washed with water,
      dried, and concentrated to about 9.3 g. of an oil. The oil is
      chromatographed on 400 g. of silica gel, being eluted with 2 l. of 10%
      ethyl acetate in Skellysolve B, and then with 4 l. of 15% ethyl acetate in
      Skellysolve B. The 15% ethyl acetate eluates are concentrated to about 7.4
      g. of the formula-XXXVI compound,
      endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one acetonide.
PAC  PREPARATION 7
PAC  Methyl 9-Bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate.
      (Formula LIV: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationship, C.sub.q H.sub.2q is methylene, Hal is bromo, R.sub.26
      is hydrogen and R.sub.10 is methyl).
PAR  a. To a cold, stirred solution of m-vinylanisole (13.4 g.) in 40 ml. of
      diethyl ether is slowly added a solution of bromine (15.9 g.) in 60 ml. of
      diethyl ether. The ether solution is used directly in converting the
      product, m-(1,2-dibromoethyl)anisole to m-methoxyphenylacetylene by
      dehydrohalogenation (see T. H. Vaughn, J. Am. Chem. Soc. 56, 2064, 1934).
      The ether solution above is slowly added, with vigorous stirring, to a
      mixture of sodium amide prepared from sodium (4.6 g.) in about 200 ml. of
      liquid ammonia. When the reaction is complete, the volume is reduced about
      one-half, and an equal volume of water is cautiously added. A layer
      containing the product is separated, washed with dilute hydrochloric acid,
      dried, and distilled.
PAR  b. To a solution of the product of step a above in 250 ml. of
      dichloromethane, maintained at 0.degree. C. under nitrogen, is added
      dropwise over about a 1-hour period with vigorous stirring a solution of
      about 15 ml. of boron tribromide in 200 ml. of dichloromethane. Cooling
      and stirring continue for one hour. When the reaction is complete as shown
      by TLC, there is added cautiously a solution of sodium carbonate in water
      to neutralize the mixture. Thereafter, the solution is saturated with
      sodium chloride (added as a solid), and the organic phase is separated and
      combined with additional ethyl acetate washings of the aqueous phase. The
      organic solutions are washed with brine, dried over sodium sulfate, and
      concentrated under reduced pressure to yield the acetylenic phenol.
PAR  c. To the product of step b (11.8 g.), is added gradually a solution of
      sodium ethoxide (prepared from sodium and absolute ethanol). Thereafter,
      ethylene chlorohydrin (8.0 g.) is added in small portions. When all has
      been added, the mixture is heated at reflux for about one hour or until
      completion, then filtered hot. The combined filtrate and ethanol washings
      are concentrated to remove alcohol, and the product distilled under
      reduced pressure.
PAR  To the hydroxyethyl ether (16.2 g.) as obtained above, cooled to
      15.degree.-20.degree. C., is added 20 ml. of dihydropyran and 100 ml. of
      diethylether, and, with stirring, 1 ml. of anhydrous diethyl ether
      saturated with hydrogen chloride. After the exothermic reaction has
      diminished, the mixture is kept at 25.degree. C. for 15 hours. The mixture
      is washed with aqueous sodium bicarbonate, water, and dried, then
      concentrated under reduced pressure to yield the tetrahydropyranyl ether.
PAR  d and e. To a solution of the product of step c (10 g.) in anhydrous
      tetranydrofuran (180 ml.) at -78.degree. C. under argon is added the
      equivalent molecular amount of n-butyllithium in hexane. The resulting
      solution is stirred at -78.degree. C. for an additional 30 minutes. A
      suspension of dry paraformaldehyde (two equivalents) in anhydrous
      tetrahydrofuran is added and the mixture warmed to room temperature over a
      30-min. period. It is stirred an additional 1 hour and poured into brine,
      then extracted with ether, dried, and concentrated to yield the hydroxy
      compound.
PAR  f. The hydroxy compound of step e is converted to the bromo compound by
      first forming the mesyl derivative by reaction with methanesulfonyl
      chloride (4 ml.) in pyridine (80 ml.) at -20.degree. C. The mixture is
      stirred 1 hour at -20.degree. C., and then is poured into a stirred
      mixture of 3 normal hydrochloric acid (300 ml.) and ice water (500 ml.).
      This mixture is extracted with diethyl ether, the extract is washed with
      cold one normal hydrochloric acid and brine, then dried and concentrated.
      To a solution of the residue (mesyl derivative) in dry acetone (100 ml.)
      is added lithium bromide (5 g.) and the mixture stirred and heated at
      reflux one hour, then kept at 25.degree. C. for 15 hours. The acetone is
      evaporated under reduced pressure, and the residue is extracted with
      diethyl ether. The extract is washed with water and brine, then dried and
      concentrated. The residue is chromatographed on silica gel, eluting with
      10% ethyl acetate in Skellysolve B. Fractions shown by TLC to contain the
      product are combined and concentrated to give the formula-LX intermediate.
PAR  g. The product of step f above is converted to the corresponding carboxylic
      acid and its methyl ester as follows. The tetrahydropyranyloxy group is
      replaced by hydroxyl by contacting the product of f with a mixture of
      acetic acid/water/tetrahydrofuran (20/10/3) at 40.degree. C. for 2 hours,
      thereafter removing solvents under reduced pressure.
PAR  The substituted glycol from above is oxidized to the acid in acetone
      solution, using a slight excess of Jones reagent (21 g. chromic
      anhydride/60 ml. water/17 ml. conc. sulfuric acid) while cooling to
      maintain a temperature of -5.degree. to 0.degree. C. After about 60 min.,
      isopropyl alcohol is added, the mixture is stirred for 10 min., and then
      poured into ice water. The acid product is isolated by extraction with
      chloroform, drying over sodium sulfate, and concentration under reduced
      pressure.
PAR  The acid from above is converted to the methyl ester by reaction with
      diazomethane in diethyl ether at about 10.degree.-25.degree. C., followed
      by concentration to yield the desired title compound.
PAR  Following the procedures of Preparation 7, but replacing m-vinylanisole
      with methyl (o, m, or p-)vinylbenzyl ether, there are obtained,
      respectively, methyl
      9-bromo-3-oxa-4,7-inter-o-phenylene-5,6-dinor-7-nonynoate, methyl
      10-bromo-3-oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decynoate, and methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetranor-9-undecynoate.
PAC  PREPARATION 8
PAC  Methyl 9-Bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate
      (Formula LV: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationships. C.sub.q H.sub.2q is methylene, Hal is bromo, R.sub.26
      is hydrogen and R.sub.10 is methyl).
PAR  A solution of methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (2.0 g.,
      Preparation 7) in 10 ml. of pyridine is hydrogenated in the presence of a
      5% palladium on barium sulfate catalyst (150 mg.) at 25.degree. C. and one
      atmosphere. The resulting mixture is filtered and evaporated to about
      one-third the original volume. Four volumes of ethyl acetate is added, and
      the remaining pyridine is removed by addition of ice and one N
      hydrochloric acid. The ethyl acetate layer is separated, washed
      successively with one N hydrochloric acid and brine, dried, and
      evaporated. The residue is chromatographed on 250 g. of silica gel which
      has previously been acid-washed to pH 4 (Silicar CC.sub.4, 100-200 mesh,
      Mallincrodt Co.), eluting with 3 l. of 25-75% ethyl acetate-Skellysolve B
      gradient, collecting 100 -ml. fractions. The fractions shown to have the
      desired product free of starting material by TLC are combined and
      concentrated under reduced pressure to give the title compound containing
      the cis --CH=CH moiety.
PAR  Following the procedures of Preparation 8, but replacing methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate with methyl
      9-bromo-3-oxa-4,7-inter-o-phenylene-5,6-dinor-7-nonynoate, methyl
      10-bromo-3-oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decynoate, or methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetra-nor-9-undecyanoate
      (from the paragraphs following Preparation 7), there is obtained the
      corresponding formula-LV enoate compounds in which cis--CH=CH-- has
      replaced --C.tbd.C--.
PAC  PREPARATION 9
PAC  Methyl 9-Bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-trans-7-nonenoate.
      (Formula LVI: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationship, C.sub.q H.sub.2q is methylene, Hal is bromo, R.sub.26
      is hydrogen and R.sub.10 is methyl).
PAR  A solution of the compound represented by the formula
      ##SPC104##
PAL  (1.0 g., Preparation 7, step e) in 20 ml. of tetrahydrofuran is cooled to
      -10.degree. C. This solution is added to a fresh solution of lithium
      aluminum hydride (110% of theory) in tetrahydrofuran. The reaction mixture
      is stirred for 16 hours at 25.degree. C. ambient temperature. Then, water
      (20 ml.) is added, and the resulting solution is acidified with one N
      hydrochloric acid, and then extracted with ethyl acetate. The extract is
      washed successively with aqueous sodium bicarbonate solution and brine,
      dried, and evaporated under reduced pressure. The residue is
      chromatographed on silica gel, eluting with a 25-75% ethyl
      acetate-Skellysolve B gradient, combining fractions shown to have the
      desired product by TLC, and removing solvent from those combined fractions
      under reduced pressure to yield a compound represented by the formula
      ##SPC105##
PAR  Thereafter, following the procedures of Preparation 7, steps f through g,
      there is obtained the title compound containing the trans--CH=CH-- moiety.
PAR  Following the procedures of Preparation 9, but replacing that nonynoate
      with the compound having the formula
      ##SPC106##
PAL  wherein the THP-terminated moiety is attached to the ring in ortho, meta,
      or para configuration, there is obtained the corresponding formula-LVI
      compound in which trans --CH=CH-- has replaced --C.tbd.C--.
PAC  PREPARATION 10
PAC  Optically Active Bicyclo[3.1.0]-hex-2-ene-6-endo-carboxaldehyde
PAR  Following the procedure of Preparation 1 of U.S. Pat. No. 3,711,515,
      racemic bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde is prepared from
      bicyclo[2.2.1]hepta-2,5-diene and peracetic acid.
PAR  The racemic compound is resolved by the procedure of Example 13 of U.S.
      Pat. No. 3,711,515, forming an oxazolidine as follows.
PAR  Racemic bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde (12.3 g.) and
      1-ephedrine (16.5 g.) are dissolved in about 150 ml. of benzene. The
      benzene is removed under vacuum and the residue taken up in about 150 ml.
      of isopropyl ether. The solution is filtered, then cooled to -13.degree.
      C. to yield crystals of
      2-endo-bicyclo-[3.1.0]hex-2-en-6-yl-3,4-dimethyl-5-phenyl-oxazolidine,
      11.1 g., m.p. 90.degree.-92.degree. C. Three recrystallizations from
      isopropyl ether, cooling each time to about -2.degree. C., yield crystals
      of the oxazolidine, 2.2 g., m.p. 100.degree.-103.degree. C., now
      substantially a single isomeric form as shown by NMR.
PAR  The above re-crystallized oxazolidine (1.0 g.) is dissolved in a few ml. of
      dichloromethane, charged to a 20 g. silica gel column and eluted with
      dichloromethane. The silica gel is chromatography-grade (Merck), 0.05-0.2
      mm. particle size, with about 4-5 g. of water per 100 g. Fractions of the
      eluate are collected, and those shown by thin layer chromatography (TLC)
      to contain the desired compound are combined and evaporated to an oil (360
      mg.). This oil is shown by NMR to be the desired title compound,
      substantially free of the ephedrine, in substantially a single
      optically-active isomeric form. Points on the circular dichroism curve are
      (.lambda. in nm.,.theta.): 350, 0; 322.5, -4,854; 312, -5,683; 302.5,
      -4,854; 269, 0; 250, 2,368; 240, 0; and 210, -34,600.
PAC  EXAMPLE 1
PAC   dl-Methyl
      7-[Endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter
     -m-phenylene-4,5,6-trinor-heptanoate (Formula XLIV, Chart E: G is n-pentyl;
      R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl; Z' is
      ##SPC107##
PAL  and .about. is alpha and endo).
PAR  A. A solution prepared from
      endo-6-(1-heptenyl)-3-(1-pyrrolidyl)-bicyclo[3.1.0]hex-2-ene (Preparation
      1, 5.0 g.) and methyl m-(chloromethyl)-phenoxyacetate (Preparation 2, 4.4
      g.) in 60 ml. of dioxane is stirred under a nitrogen atmosphere at about
      25.degree. C for 2 days and then heated under reflux for 7 hrs. To the
      reaction mixture is added water. The solution is heated on a steam bath,
      cooled and extracted with ether. The extract is washed, first with dilute
      (about 5% hydrochloric acid, then brine, and dried and concentrated. The
      residue is chromatographed on 700 g. of silica gel prepared with 20%
      ether-isomeric hexane mixture (Skellysolve B) and eluted with 1.5 l. of
      20% ether-Skellysolve B, 1.5 l. of 25% ether-Skellysolve B, and 1.5 l. of
      30% ether-Skellysolve B, collecting 100-ml. fractions. Fractions 25-31
      give the title compound (1.7 g.).
PAR  B. Alternate synthesis. - A solution of potassium tert-butoxide (9.0 g.) in
      500 ml. of nitrogen-purged tetrahydrofuran is added dropwise during 45
      min. to a stirred solution of the formula-XLIII bicyclo olefin,
      endo-6-(1-heptenyl)bicyclo[3.1.0]hexan-3-one (see Example 9 of West
      Germany Offenlegungsschrift No. 1,937,912, cited above) (10.0 g.), and
      methyl m-(chloromethyl)phenoxyacetate (Preparation 2, 13 g.) in 250 ml. of
      tetrahydrofuran under nitrogen at 25.degree. C. The resulting mixture is
      acidified at once with 120 ml. of 5% hydrochloric acid, and then is
      concentrated under reduced pressure below 40.degree. C. to remove most of
      the tetrahydrofuran. Water (400 ml.) is added to the residue, and the
      mixture is extracted with three 400-ml. portions of ethyl acetate. The
      combined extracts are washed successively with aqueous sodium thiosulfate
      solution and brine, dried, and concentrated under reduced pressure. The
      residue is chromatographed over 4 kg. of silica gel wet-packed with 20%
      ether-isomeric hexane mixture (Skellysolve B) and eluted with
      ether-Skellysolve B mixtures having 20-30% ether. Fractions shown by TLC
      to contain the desired alkylation product are combined to yield the
      formula-XLIV (Chart E) alkylated olefin title compound.
PAR  Following the procedure of Example 1-B but replacing the formula-XLIII
      (Chart E) endo-6-(1-heptenyl)bicyclo[3.1.0]hexan-3-one with the
      corresponding bicyclo olefins prepared by reaction of the
      -tetrahydropyranyl ether of endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde
      with intermediate quaternary phosphonium halides (see above-cited West
      Germany Offenlegungsschrift No. 1,937,912) prepared from 1-bromobutane,
      1-chloropentane, 1-bromoheptane, and 1-chlorooctane, there are obtained
      the corresponding formula-XLIV alkylated olefin compounds wherein G is
      straight chain alkyl of 3, 4, 6, and 7 carbon atoms, respectively.
PAR  Also following the procedure of Example 1-B but employing instead
      formula-XLIII bicyclo olefins prepared from 1-bromo-2-fluorobutane,
      1-chloro-2-fluoro-pentane, 1-bromo-2-fluorohexane,
      1-bromo-2-fluoroheptane, and 1-chloro-2-fluorooctane, there are obtained
      the corresponding formula-XLIV alkylated olefin compounds wherein G is
      straight chain alkyl of 3 to 7 carbon atoms, inclusive, with a fluoro
      substituent at the 1-position.
PAR  Also following the procedure of Example 1-B but employing, instead,
      formula-XLIII bicyclo olefins prepared from primary bromides of the
      formula R.sub.27 --(CH.sub.2).sub.b --CH.sub.2 Br, wherein b is one, 2, 3,
      or 4, and R.sub.27 is isobutyl, tert-butyl, 3,3-difluorobutyl,
      4,4-difluorobutyl, 4,4,4-trifluorobutyl, and 3,3,4,4,4-pentafluorobutyl,
      there are obtained compounds corresponding to the formula-XLIV product of
      Example 1-B with R.sub.27 --(CH.sub.2).sub.b --CH=CH-- in place of the
      1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B but employing, instead,
      formula-XLIII bicyclo olefins prepared from primary bromides of the
      formula CH.sub.3 --(CH.sub.2).sub.c --CR.sub.21 R.sub.22 --CH.sub.2 Br
      wherein c is 2, 3, or 4, and R.sub.21 and R.sub.22 are methyl or ethyl,
      e.g. CH.sub.3 --(CH.sub.2).sub.2 --C(C.sub.2 H.sub.5).sub.2 --CH.sub.2
      --Br, CH.sub.3 --(CH.sub.2).sub.3 --CH(CH.sub.3)--CH.sub.2 --Br, CH.sub.3
      --(CH.sub.2).sub.3 --CH(C.sub.2 H.sub.5)--CH.sub.2 Cl, CH.sub.3
      --(CH.sub.2).sub.3 --C(CH.sub.3).sub.2 --CH.sub.2 --Br, and CH.sub.3
      --(CH.sub.2).sub.3 --C(CH.sub.3)(C.sub.2 H.sub.5)--CH.sub.2 Br, there are
      obtained the corresponding formula-XLIV alkylated olefin compounds wherein
      G is mono- or di-substituted at the 1-position with methyl or ethyl.
PAR  Also following the procedure with Example 1-B but employing, instead,
      formula-XLIII bicyclo olefins prepared from .alpha.-bromotoluene,
      (2-bromoethyl)benzene, (5-chloropentyl)-benzene, (6-bromohexyl)benzene,
      and (7-iodoheptyl)benzene; from (1-chloroethyl)-benzene,
      (1-bromopropyl)benzene, (2-bromopropyl)benzene, (3-chloropentyl)benzene,
      (4-bromopentyl)benzene, (6-bromononyl)benzene and (7-bromononyl)benzene;
      from 1-bromo-2-phenylpropane, 1-bromo-2-methyl-2-phenylpropane,
      1-chloro-2-ethyl-3-phenylpropane, 1-bromo-2-methyl-4-phenylbutane, and
      1-bromo-2,2-dimethyl-5-phenylpentane; from .alpha.-bromo-m-xylene,
      .alpha.-chloro-p-ethyltoluene, .alpha.-bromo-p-chlorotoluene,
      .alpha.'-chloro-.alpha.,.alpha.,.alpha.-trifluoro-m-xylene,
      1-(2-bromoethyl)-4-fluorobenzene, 1-(5-bromopentyl)-2-chlorobenzene,
      4-(3-iodopropyl)-1,2-dimethoxybenzene, and
      1-(3-bromohexyl)-2,4,6-trimethylbenzene; and from
      (2-bromo-1-fluoroethyl)benzene, (2-bromo-1-fluoropropyl)benzene,
      (2-chloro-fluoro-1-methylpropyl)benzene, (5-bromo-4-fluoropentyl)benzene,
      (7-iodo-6-fluoropentyl)benzene, (4-bromo-3,3-difluorobutyl)benzene, and
      (6-bromo-5,5-difluorohexyl)benzene, there are obtained the corresponding
      formula-XLIV alkylated olefin compounds wherein G is
      ##SPC108##
PAL  including compounds wherein C.sub.t H.sub.2t is substituted with one or 2
      fluoro atoms.
PAR  Also following the procedure of Example 1-B, but using formula-XLIII
      bicyclo olefins obtained from the secondary bromides of the formula
      ##EQU50##
      wherein G and R.sub.2 are as defined above, R.sub.2 being alkyl, there are
      obtained formula-XLIV alkylated olefins corresponding to the product of
      Example 1-B with
      ##EQU51##
      in place of the 1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B, but using formula-XLIII
      bicyclo olefins obtained from bicyclo[3.1.0]-hexane reactants with
      ##EQU52##
      in place of
      ##EQU53##
      wherein R.sub.9 is as defined above, there is obtained formula-XLIII
      alkylated olefins corresponding to the product of Example 1-B with
      ##EQU54##
      in place of the 1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B, but using formula-XLIII
      bicyclo olefins obtained from bicyclo-[3.1.0]hexane reactants with
      ##EQU55##
      in place of
      ##EQU56##
      and primary and secondary bromides of the formula
      ##EQU57##
      (as above defined), there are obtained formula-LIV alkylated olefins
      corresponding to the product of Example 1-B with
      ##EQU58##
      in place of the 1-heptenyl moiety.
PAR  Also following the procedure of Example 1-B but using a larger amount of
      potassium tert-butoxide (16 g.) and maintaining the reaction mixture for 8
      hrs. at 25.degree. C. before addition of hydrochloric acid, a product is
      obtained which contains substantial amounts of both the above described
      2.alpha.-yl isomer and the corresponding 2.beta.-yl isomer. These isomers
      are separated by the above-described silica gel chromatography.
PAR  Also following the procedure of Example 1-B but using exo formula-XLIII
      bicyclo olefins in place of the endo reactant of Example 1-B, there are
      obtained the corresponding exo formula-XLIV alkylated olefins.
PAR  Also following the procedure of Example 1-B but replacing the methyl
      m-(chloromethyl)phenoxyacetate alkylating agent with the formula-LIII and
      -LIV compounds, methyl 3-[m-(chloromethyl)phenoxy]propionate, methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate, and methyl
      10-bromo-3 -oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decynoate, there are
      obtained alpha and beta, exo and endo, formula-XLIV alkylated olefins
      corresponding to the product of Example 1-B with
      ##SPC109##
PAL  replaced with
      ##SPC110##
PAL  respectively. In the same manner, but using, according to Example 1-B,
      other esters of the above-described formula-LIII and -LIV alkylating
      agents within the scope of R.sub.10 as above-defined, e.g., the isopropyl,
      tert-butyl, octyl, cyclohexyl, benzyl, and phenyl esters, there are
      obtained the corresponding formula-XLIV esters.
PAR  Also following the procedure of Example 1-B, but using in combination each
      of the above-described alternative formula-XLIII bicyclo olefins and each
      of the above-described alternative formula-LIII or -LIV omega-halo
      alkylation agents, there are obtained formula-XLIV alkylated olefins
      corresponding to the product of Example 1-B but different therefrom with
      respect to both the carboxylate-terminated side chain and the side chain
      attached to the cyclopropane ring in the product.
PAR  Also following the procedure of Example 1-B, but using in place of the
      formula-LIII halo alkylating agent of that Example, each of the other
      alkylating agents within the scope of
      ##EQU59##
      as above defined, i.e., alkylating agents of formulas LIII and LIV as
      above-described, there are obtained alpha and beta exo and endo
      formula-XLIV compounds corresponding to the product of Example 1-B with
      each of the other
      ##EQU60##
      side chains in place of the
      ##SPC111##
PAL  side chain of the Example 1-B product. For example, using as formula-LIII
      alkylating agents in the Example 1-B procedure, the following compounds
      wherein Et is ethyl;
      ##SPC112##
PAL  there are obtained exo and endo, alpha and beta, formula-XLIV alkylated
      bicyclo[3.1.0]hexanes each having a carboxylate-terminated side chain
      corresponding to one of the specific omega-halo alkylating agents. For
      example, the side chain will be alpha or beta
      ##SPC113##
PAL  when the alkylating agent is
      ##SPC114##
PAR  Also following the procedure of Example 1-B, but using in combination each
      of the alternative alkylating formula-LIII and -LIV agents within the
      scope of
      ##EQU61##
      including the specific examples of those just mentioned, and each of the
      above-described formula-XLIII alternative bicyclo[3.1.0]hexane olefin
      reactants, there are obtained formula-XLIV exo and endo, alpha and beta,
      compounds corresponding to the products of Example 1-B, but different
      therefrom with respect to both the carboxylate-terminated side chain and
      the side chain attached to the cyclopropane ring of the product. In the
      same manner, alternative alkylating agents within the scope of
      ##EQU62##
      wherein R.sub.10 is other than ethyl, e.g., methyl, isopropyl, tert-butyl,
      octyl, cyclohexyl, benzyl, phenyl, and .beta.,.beta.,.beta.-trichloroethyl
      are used.
PAC  EXAMPLE 2
PAC  dl-Methyl
      7-[Endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     3,7-inter-m-phenylene-4,5,6-trinor-heptanoate (Formula XLV, Chart E: G' is
      n-pentyl; R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl;
      Z' is
      ##SPC115##
PAC  and .about. is alpha and endo).
PAR  Refer to Chart E. To a solution of dl-methyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter
     -m-phenylene-4,5,6-trinor-heptanoate (Example 1, 1.7 g.) in 30 ml. of
      tetrahydrofuran at 50.degree. is added with stirring osmium tetroxide (200
      mg.) followed by potassium chlorate (1.2 g.) and 15 ml. of water. The
      reaction mixture is maintained at 50.degree. for 2 hrs., cooled, the
      tetrahydrofuran is removed, and the aqueous phase is extracted with
      dichloromethane. The organic layer is dried and concentrated and the
      residue is chromatographed on 200 g. of silica gel. The column is eluted
      with 1 l. of 35% ethyl acetate-benzene and 1 l. of 40% ethyl
      acetate-benzene, collecting 30-ml. fractions. Fractions 26-30 contain one
      isomer (faster moving, less polar) of the title compound (350 ml.).
      Fractions 32-37 contain the other slower-moving (more polar) isomer (450
      mg.). These materials show infrared spectral absorption at 330
      cm.sup.-.sup.1.
PAR  Following the procedure of Example 2 but using the hex-2.beta.-yl isomer in
      place of the hex-2.alpha.-yl isomer of the bicyclo reactant, dl-methyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.beta.-yl]-3-oxa-3
     ,7-inter-m-phenylene-4,5,6-trinor-heptanoate is obtained.
PAR  Also following the procedure of Example 2, each of the formula-XLIV exo and
      endo, alpha and beta, saturated and acetylenic bicyclo[3.1.0 hexane esters
      defined above after Example 1 is oxidized to mixtures of the corresponding
      isomeric formula-XLV dihydroxy compounds.
PAC  EXAMPLE 3
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl Ester (Formula
      XVI: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in metal
      relationship, G is n-pentyl, Q is
      ##EQU63##
PAC  R.sub.1 is methyl, and .about. is alpha) and
      dl-15-Beta-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl Ester
      ##EQU64##
PAR  Refer to Chart E. To a solution of the formula-XLV dihydroxy compound
      dl-methyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     3,7-inter-m-phenylene-4,5,6-trinor-heptanoate (800 mg. of a mixture of the
      slower and faster moving isomers of Example 2) in 10 ml. of pyridine,
      cooled to 0.degree., is added 1.2 ml. of methane-sulfonyl chloride. The
      reaction mixture is stirred for 2  hrs. and 20 g. of ice is added. The
      mixture is extracted with ether-dichloromethane (1:1) and the organic
      layer is washed successively with dilute hydrochloride acid, water,
      saturated aqueous sodium bicarabonate, and brine, dried, and concentrated.
      The residue, containing the bismesylate, is treated with 15 ml. of acetone
      and 10 ml. of water and stirred for 8-16 hrs. at 25.degree.. The acetone
      is removed in vacuo and the remaining solution is extracted with
      dichloromethane. The extract is dried and concentrated and the residue is
      chromatographed on 150 g. of silica gel using 500 ml. ethyl acetate
      followed by 3% methanol ethyl acetate as eluting solvent while collecting
      30-ml. fractions. Fractions 15-24 are combined and concentrated to yield
      the 15-.beta. PGE.sub.1 title compound (50 mg.); mass spectral peak at
      404; ultraviolet absorption at 216 (.epsilon. = 8100), 264 (.epsilon. =
      1100), 272 (.epsilon. = 1600) and 278  (.epsilon. = 1500) m.mu.. Fractions
      26-35 are combined and concentrated to yield a residue which is
      re-chromatographed on 10 g. of silica gel using the same solvent system
      and collecting 1.5 ml. fractions. Fractions 22-29 are combined and
      concentrated to give the PGE.sub.1 title compound (75 mg.); mass spectral
      peak at 404; ultraviolet absorption at 216 (.epsilon. = 7700), 264, 272
      (.epsilon. = 1500), and 278 (.epsilon. = 1400) m.mu..
PAR  Following the procedures of Example 3, each of the formula-XLV
      dl-endo-1,2-dihydroxy oxa-phenylene esters following Example 2 is
      transformed to the corresponding dl-endo-1,2-dimesyloxy oxa-phenylene
      ester, and thence to the corresponding PGE type compound or its isomers.
PAR  Also following the procedures of Example 3, each of the formula-XLV and
      dl-exo-1,2-dihydroxy-oxa-phenylene esters corresponding to the above
      dl-endo-1,2-dihydroxy esters is transformed to the corresponding
      dl-exo-1,2-dimesyloxy ester, and thence to the corresponding PGE type
      compound or its isomers.
PAR  By the above-outlined procedures, following the steps of Chart E, there are
      obtained the specific PGE-type esters represented by figures XVI and
      XVIII, e.g. the esters of the dl-oxa-phenylene PGE.sub.1 compounds and
      5,6-dehydro-PGE.sub.2 compounds, including their 8-iso and 15-epi (.beta.)
      forms. For example,
      dl-5,6-dehydro-3-oxa-3,7-inter-m-phenylene-18-phenyl-4,19,20-trinor-PGE.su
     b.2 methyl ester and its 15-epimer are obtained from dl-methyl
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Example 10 hereinafter)
      by way of the dihydroxy and bis(mesylate) intermediates of Chart E,
      following Example 3, as represented by the following formulas:
      ##SPC116##
PAR  Also following the procedure of Example 3, but replacing methanesulfonyl
      chloride with an alkanesulfonyl chloride or bromide or with an
      alkanesulfonic acid anhydride, wherein the alkane moiety contains 2 to 5
      carbon atoms, inclusive, there is obtained from each dihydroxy compound
      the corresponding bis(sulfonic acid) esters encompassed by formula XLVI.
PAR  In each of the above transformations in Example 3, the monosulfonic acid
      ester is also obtained as a byproduct, which is reacted with additional
      alkanesulfonyl halide or alkanesulfonic acid anhydride to give the
      corresponding bis(sulfonic acid) ester and thence recycled back to
      additional formula-XLVII product.
PAR  For satisfactory yields of the bis-sulfonic acid ester, R.sub.10 is not
      hydrogen. Those intermediate compounds in which R.sub.10 is haloethyl,
      e.g., .beta.,.beta.,.beta.-trichloroethyl, are especially useful in the
      sequence of reactions leading to the acid form of the prostaglandin-like
      products. Each of the exo and endo, alpha and beta, saturated and
      unsaturated oxa-phenylene bis(alkanesulfonic acid) esters is transformed
      to the corresponding oxa-phenylene PGE type compound encompassed by
      formula-XLVII.
PAC  EXAMPLE 4
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha. Methyl
      Ester and dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..beta.
      Methyl Ester  (Formula XX: C.sub.g H.sub.2g and C.sub.p H.sub.2p  are
      valence bonds in meta relationship, G is n-pentyl, Q is
      ##EQU65##
PAC  R.sub.1 is methyl, and .about. is alpha for the carboxyl-containing moiety
      and either alpha or beta for the ring hydroxyl).
PAR  Refer to Chart A. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 300 mg.), 20 ml. of tetrahydrofuran, 2.0 ml. of
      hexamethyldisilazane, and 0.15 ml. of trimethylsilyl chloride is stirred
      at 25.degree. for 20 hrs. The reaction mixture is concentrated in vacuo,
      benzene is added, the solution concentrated and this procedure is
      repeated. The residue is dissolved in 10 ml. of methanol, cooled in an
      ice-methanol bath, and sodium borohydride (60 mg.) in 20 ml. of cold water
      is added dropwise. The methanol is removed and the aqueous phase is
      extracted with dichloromethane, and the resulting dichloromethane solution
      is dried and concentrated in vacuo. The residue is chromatographed on 45
      g. of silica gel using 70 ml. of ethyl acetate and then a gradient of 0-8%
      methanol ethyl acetate as eluting solvent, collecting 10-ml. fractions.
      Fractions 22-36 are combined and concentrated to yield the
      PGF.sub.1.sub..alpha. -type title compound (100 mg.); mass spectral peak
      for tris-trimethylsilyl derivative at 622. Fractions 37-42 are combined
      and concentrated to yield a residue which is chromatographed on a
      preparative silica gel plate using 5% methanol-methylene chloride as
      eluting solvent. From the plate is obtained the PGF.sub.1.sub..beta. -type
      title compound (25 mg.); mass spectral peak for tris-trimethylsilyl
      derivative at 622.
PAR  Following the procedure of Example 4,
      dl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.1 ethyl ester (Example 8
      hereinafter) is transformed to
      dl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGF.sub.1.sub..alpha. and
      -PGF.sub.1.sub..beta. ethyl esters.
PAR  Also following the procedure of Example 4,
      dl-5,6-dehydro-3-oxa-3,7-inter-m-phenylene-18-phenyl-4,19-20-trinor-PGE.su
     b.2  methyl ester (following Example 3) is transformed to the corresponding
      PGF.sub.2.sub..alpha. and PGF.sub.2.sub..beta. type compounds.
PAR  Also following the procedure of Example 4, the alkyl ester and free acid
      forms of formula-XX to -XXIII oxa-phenylene PGF compounds in their various
      spatial configurations, e.g., the PGF.sub.1.sub..alpha.,
      PGF.sub.1.sub..beta., PGF.sub.2.sub..alpha., PGF.sub.2.sub..beta.,
      trans-5,6-dehydro-PGF.sub.1.sub..alpha.  and -PGF.sub.1.sub..beta. type
      compounds and their 8-iso and 15-beta isomers, are prepared by reduction
      of the corresponding formula XVI-to -XIX PGE-type alkyl ester or free
      acid, including those described above after Example 3.
PAC  EXAMPLE 5
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 (Formula-XXIV:
      C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-C.sub.5 H.sub.11, Q is
      ##EQU66##
PAC  R.sub.1 is hydrogen; and .about. is alpha).
PAR  Refer to Chart A. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 300 mg.), 4 ml. of tetrahydrofuran and 4 ml. of 0.5 N
      hydrochloric acid is left standing at 25.degree. for five days. Brine
      solution and dichloromethane-ether (1:3) are added and the mixture is
      stirred. The organic layer is separated, dried and concentrated. The
      residue is dissolved in ether which is washed with saturated aqueous
      sodium bicarbonate, dried and concentrated. The aqueous phase is quickly
      acidified with hydrochloric acid and extracted with dichloromethane which
      in turn is dried and concentrated. The residue is again dissolved in
      ether, extracted with aqueous sodium bicarbonate, and the aqueous phase is
      worked up as reported above. This procedure is repeated one additional
      time to yield the title compound (120 mg.). This material has mass
      spectral peaks at 372, 354, 189, and 185; and .lambda. max., in ethanol,
      215 m.mu. (.epsilon. 12,400), 272 (.epsilon. 2250) and 278 (.epsilon.
      2150).
PAR  Following the procedure of Example 5, the formula XIV-to -XIX PGE compounds
      in their various spatial configurations described after Example 3 are
      transformed to the corresponding formula XXIV-to -XXVII PGA compounds,
      either as esters or as free acids.
PAC  EXAMPLE 6
PAC  dl-Ethyl
      7-[Endo-6-(1-heptenyl)-3-oxobicyclo-[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-inte
     r-o-phenylene-5,6-dinor-heptanoate (Formula-XLIV: G is n-pentyl; R.sub.2,
      R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is ethyl; Z' is
      ##SPC117##
PAC  and .about. is alpha and endo).
PAR  The enamine of the formula-XLIII bicyclo-olefin is first prepared as
      follows. A mixture of endo-6-(cis- and
      trans-1-heptenyl)-bicyclo[3.1.0]hexan-3-one (10 g.), benzene (200 ml.),
      and pyrrolidine (15 ml.) is heated at reflux under a Dean-Stark water trap
      for 2 hrs. Thereafter about 140 ml. of distillate is taken off over a
      period of about 30 min. To the remaining liquid is added 100 ml. of
      toluene and the mixture is concentrated on a rotating evaporator under
      vacuum. A second portion of toluene (50 ml.) is added, and the mixture
      concentrated to give the enamine residue.
PAR  The above enamine, together with ethyl o-(bromomethyl)-benzyloxyacetate
      (Preparation 3 above, 15 g.), and dry tetrahydrofuran (200 ml.) is heated
      at reflux for 4 hrs. and thereafter stirred at about 25.degree. C. for 16
      hrs. Water (25 ml.) is added and the mixture heated for 20 min. on a steam
      bath. Thereafter the volatiles are removed under vacuum, the residue is
      diluted with ether, and the organic solution is washed successively with
      dilute acid, water, dilute base, water, and brine, and finally dried and
      concentrated under vacuum. The residue is chromatographed on a column
      prepared by wet-packing 1300 g. of silica gel (E. Merck) with 2.5 l. of
      25% diethyl ether in Skellysolve B and 13 ml. of absolute ethanol. The
      column is eluted with 2 l. of 25% ether in Skellysolve B and then
      gradient-eluted with 8 l. of 25-50% ether-Skellysolve B. Fractions of
      about 200 ml. are combined on the basis of TLC data. From fractions 24-31
      there is obtained 2.9 g. of the desired formula-XLIV title compound as a
      mixture of cis and trans forms. This material has key absorptions in its
      NMR spectrum at about 7.21 (apparent singlet), 5.38-5.8 (multiplet), 4.62
      (singlet), 4.06 (singlet), and 4.0-4.35 (quartet) .delta.. It has mass
      spectral lines at 398 and 294.
PAC  EXAMPLE 7
PAC  dl-Ethyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     4,7-inter-o-phenylene-5,6-dinor heptanoate (Formula-XLV: G' is n-pentyl;
      R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is ethyl; Z' is
      ##SPC118##
PAC  and .about. is alpha and endo).
PAR  Refer to Chart E. To a solution of dl-ethyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-inter
     -o-phenylene-5,6-dinor-heptanoate, as a mixture of its isomers (Example 6,
      2.8 g.) in dry tetrahydrofuran (150 ml.) at 50.degree. C. is added 0.15 g.
      of osmium tetroxide followed by 2.8 g. of potassium chlorate in 60 ml. of
      water. The mixture is stirred vigorously at 50.degree. C. for about 1.5
      hrs. and is then concentrated under vacuum. The residue is extracted with
      dichloromethane. The extract is washed with water and brine, and then
      finally dried and concentrated under vacuum. The residue is
      chromatographed on a column prepared by wet-packing 500 g. of silica gel
      (E. Merck) with 1 liter of 50% ethyl acetate in Skellysolve B and 5 ml. of
      absolute ethanol. The column is eluted with 1 l. of 50% ethyl acetate in
      Skellysolve B and then gradient eluted with 4 l. of 50-75% ethyl acetate
      in Skellysolve B. Fractions of 100 ml. each are combined on the basis of
      TLC data. From fractions 12-29 there is obtained 2.6 g. of the title
      compound.
PAC  EXAMPLE 8
PAC  dl-3-Oxa-4,7-inter-o-phenylen-5,6-dinor-PGE.sub.1 Ethyl Ester (Formula-XIV:
      C.sub.g H.sub.2g is a valence bond, C.sub.p H.sub.2p are in ortho
      relationship, G is n-pentyl, Q is
      ##EQU67##
PAC  R.sub.1 is ethyl, and .about. is alpha) and
      dl-15-Beta-3-oxa-4,7-inter-o-pnenylene-5,6-dinor-PGE.sub.1 Ethyl Ester
      ##EQU68##
PAR  Refer to Chart E. The formula-XLVI bismesylate is first prepared as
      follows. To a mixture of dl-ethyl
      7-[endo-6-(1,2-dihydroxyhepthyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa
     -4,7-inter-o-phenylene-5,6-dinor-heptanoate (Example 7, 2.6 g.) and 30 ml.
      of dry pyridine at 0.degree. C. is added, with stirring, 2.7 ml. of
      methanesulfonyl chloride over a one-minute period. The mixture is stirred
      at 0.degree. C. for 2.5 hrs., then cooled to about -10.degree. C. and
      diluted with 2 ml. of water added dropwise over a 5-minute period. Ice (20
      g.) is added, and, after stirring the mixture for 5 min., about 150 ml. of
      ether-dichloromethane (3:1) is added. The organic solution was washed
      successively with dilute hydrochloric acid, water, dilute sodium
      bicarbonate solution, and brine, and finally dried and concentrated under
      vacuum to yield a mixture of the mesylates.
PAR  The residue of mesylates is converted to the PGE-type product by contacting
      with a mixture of acetone (100 ml.) and water (50 ml.) at about 25.degree.
      C. for 16 hrs. Additional water (100 ml.) is added and the mixture
      concentrated under vacuum to remove acetone. The residue is extracted with
      a mixture of ether-dichloromethane (3:1) and the organic extract is washed
      with dilute sodium bicarbonate solution and brine, then dried and
      concentrated under vacuum. The residue (2.5 g.) is chromatographed on a
      column prepared by wet-packing 500 g. of silica gel (E. Merck) with one
      liter of ethyl acetate and 5 ml. of absolute ethanol. The column is eluted
      with 2.6 liters of ethyl acetate, then 400 ml. of 2% ethanol in ethyl
      acetate, then 500 ml. of 4% ethanol in ethyl acetate and finally with 2
      liters of 10% ethanol in ethyl acetate, collecting fractions of 100 ml.
      Fractions are combined on the basis of TLC data.
PAR  From fractions 8-14 is obtained 350 mg. of the 15-.beta. PGE.sub.1 title
      compound. This material has .lambda..sub.max. 279 m.mu. (.epsilon. 19,400)
      in alcoholic potassium hydroxide; key absorptions in the NMR spectrum at
      about 7.2 (apparent singlet), 5.25-5.48 (multiplet), 4.58 (singlet),
      5.25-5.48 (multiplet), 4.58 (singlet), 4.06 singlet, and 4.0-4.35
      (quartet) .delta.; and mass spectral peaks at 414, 396, 310, and 292.
PAR  From fractions 18-37 is obtained 496 mg. of the PGE.sub.1 title compound.
      This material has .lambda..sub.max. 279 m.mu. (.epsilon. 21,750) in
      alcoholic potassium hydroxide; key absorptions in the NMR spectrum at
      about 7.18 (apparent singlet), 5.25-5.41 (multiplet), 4.58 (singlet), 4.02
      (singlet), and 3.99-4.34 (quartet) .delta.; and mass spectral peaks at
      414, 396, 310, and 292.
PAC  EXAMPLE 9
PAC  dl-Methyl
      9-[Endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-y
     l]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate Acetonide
      (Formula-XXXVII, Chart D: G is n-pentyl; J' is cis-
      ##SPC119##
PAC  R.sub.9 and R.sub.26 are hydrogen; R.sub.2, R.sub.10, R.sub.11, and
      R.sub.12 are methyl; and .about. is endo and alpha).
PAR  Refer to the sequence of reactions from formula-L to formula XXVI, and to
      Chart D.
PAR  a. There is first prepared the formula-XLIII olefin. Following the
      procedure for the Wittig synthesis in Examples 27, 28, and 29 of West
      Germany Offlegungsschrift 1,937,912, cited above, but employing the
      tetrahydropyranyloxy ether of
      endo-bicyclo[3.1.0]hexan-3-ol-6-carboxaldehyde and the Wittig ylide of
      2-chloroheptane, there is obtained
      dl-endo-6-(2-methyl-1-heptenyl)-3-oxobicyclo[3.1.0]-hexan-3-one.
PAR  b. To a solution of the product of step a above (approximately 10.0 g.) in
      water is added a solution of potassium chlorate (10.0 g.) and osmium
      tetroxide (0.65 g.) in 250 ml. of water. The mixture is stirred vigorously
      for 5 hrs. at 50.degree. C. Then, the cooled mixture is concentrated under
      reduced pressure, the residue is extracted repeatedly with
      dichloromethane, and the combined extracts are dried and evaporated. The
      residue is chromatographed on about 1000 g. of silica gel, and eluted
      successively with 3 l. of 10% ethyl acetate in a mixture of isomeric
      hexanes (Skellysolve B), with 5 l. of 25% ethyl acetate in Skellysolve B,
      and then with 50% ethyl acetate in Skellysolve B, collecting 500 ml.
      eluate fractions. Fractions shown by TLC to contain the desired product
      are combined and evaporated to dryness to give the formula-LI product,
      dl-endo-6-(1,2-dihydroxy-2-methylheptyl)bicyclo[3.1.0]hexan-3-one.
PAR  c. A solution of the product of step b above (about 8,0 g.) and 700 mg. of
      potassium bisulfate in 140 ml. of acetone is stirred at 25.degree. C. for
      64 hrs. Then, sodium carbonate monohydrate (710 mg.) is added, and the
      mixture is stirred 10 min. The acetone is evaporated at reduced pressure,
      and water is added. The aqueous solution is extracted respectedly with
      dichloromethane, and the extracts are combined, washed with water, dried,
      and evaporated. The residue is chromatographed on 400 g. of silica gel,
      being eluted with 2 l. of 10% ethyl acetate in Skellysolve B, and then
      with 4 l. of 15% ethyl acetate in Skellysolve B. The 15% ethyl acetate
      eluates are evaporated to give the formula-XXXVI ketal,
      dl-endo-6-(1,2-dihydroxy-2-methylheptyl)bicyclo[3.1.0]hexan-3-one
      acetonide.
PAR  d. To prepare the formula-XXXVII compound (Chart D), the ketal above is
      alkylated following the procedure of Example 1-B, but using the
      formula-XXXVI ketal above instead of the formula-XLIII bicyclo olefin,
      and, replacing methyl m-(chloromethyl)phenoxyacetate with methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate
      (Preparation 8, above), thereby yielding the desired formula-XXXVII title
      compound.
PAR  As shown in Chart D, the formula-XXXVII alkylated ketal is transformed via
      the formula-XXXVIII glycol, thence the mesylate, to a PGE-type compound.
      Concentrated hydrochloric acid (2.5 ml.) is added to a solution of the
      formula-XXXVII product above (about 2.0 g.) in a mixture of 50 ml. of
      tetrahydrofuran and 2.5 ml. of water. The mixture is stirred at 25.degree.
      C. under nitrogen for 6 hrs. The resulting mixture is then concentrated
      under reduced pressure, and the residue is extracted with ethyl acetate.
      The extract is washed with brine, dried, and concentrated to
      dl-methyl-9[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0.]hex-
     2.alpha.-yl]-3-oxa-3,7- inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate
      (formula-XXXVIII). Thereafter, following the procedure of Example 3, there
      is obtained dl-15-methyl-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2
      methyl ester.
PAR  Following the procedure of Example 9, but using formula-XLIII exo reactants
      in place of the endo reactant, there are obtained exo products in each
      corresponding intermediate of Example 9.
PAR  With excess base (e.g., 26 g.) and a longer reaction time (e.g., 24 hrs. at
      25.degree. C.) during the alkylation step, the production of a substantial
      amount of the beta isomer is assured.
PAR  Following the procedures of Example 9-d, but using the trans-7-nonenoate of
      Preparation 9, above, instead of the cis-7-nonenoate, there is obtained
      the corresponding formula-XXXVII alkylated ketal wherein the carboxy side
      chain is in trans configuration instead of cis.
PAR  Also following the procedures of Example 9, but replacing the formula-XLIII
      olefin with each of the endo and exo forms of the formula-XLIII bicyclo
      olefins described in the paragraphs following Example 1, there are
      obtained the corresponding alpha and beta, exo and endo, alkylated ketals
      within the scope of formula XXXVII.
PAR  Also following the procedures of Example 9-d, but replacing methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6,-trinor-cis-7-nonenoate with
      the formula-LV compounds of the paragraphs following Preparations 8 and 9,
      viz. cis or trans methyl 9-bromo-3
      -oxa-4,7-inter-o-phenylene-5,6-dinor-7-nonenoate, methyl
      10-bromo-3-oxa-4,8-inter-m-phenylene-5,6,7-trinor-8-decenoate, and methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetranor-9-undecenoate, there
      are obtained the corresponding formula-XXXVII compounds. Thereafter, these
      alkylated ketals are transformed following the steps of Chart D as
      described in Example 9 to the corresponding PGE.sub.2 type compounds.
PAR  Also following the procedure of Example 9-d, but using in place of the
      nonenoate alkylating agent, methyl
      m-(chloromethyl)phenoxyacetate(Preparation 2), ethyl
      o-(bromoethyl)benzyloxyacetate (Preparation 3), methyl
      9-bromo-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Preparation
      7), and methyl
      11-bromo-3-oxa-4,9-inter-p-phenylene-5,6,7,8-tetranor-9-undecynoate
      (following Preparation 7), there are obtained alpha and beta, exo and
      endo, compounds corresponding to the product of Example 9 with
      ##SPC120##
PAL  in place of the
      ##SPC121##
PAL  moiety of the Example-9 formula-XXXVII product. In the same manner, but
      using formula LIII-to -LVI alkylating agents within the scope of the
      formula
      ##EQU69##
      there are obtained the corresponding formula-XXXVII products.
PAR  Also following Example 9-d, other esters of the nonenoate alkylating agent
      and of the other above-mentioned alkylating agents within the scope of
      R.sub.10 as above-defined, e.g., the methyl, isopropyl, tert-butyl, octyl,
      .beta.,.beta.,.beta.-trichloroethyl, cyclohexyl, benzyl, and phenyl
      esters, there are obtained the corresponding esters of these alpha and
      beta, exo and endo, formula-XXXVII bicyclo[3.1.0]hexane cyclic ketal
      alkylation products.
PAR  Also following the procedure of Example 9 but using in combination each of
      the above-described alternative formula-XLIII bicyclo[3.1.0]hexane olefin
      reactants (e.g. following Example 1) and each of the above-described
      omega-halo alkylation reactants within the scope of
      ##EQU70##
      (e.g. following Example 1) there are obtained formula-XXXVII compounds
      corresponding to the product of Example 9 but different therefrom with
      respect to both the carboxylate-terminated side chain and the side chain
      attached to the cyclopropane ring of the product, and in their respective
      alpha or beta and exo or endo configuration.
PAR  Following the procedure of Example 9 but using in place of the acetonide
      each of the specific formula-XXXVII exo and endo, alpha and beta,
      saturated, cis and trans ethylenic, and acetylenic bicyclo[3.1.0]hexane
      cyclic ketal esters defined above, there are obtained the corresponding
      formula-XXXVIII dihydroxy compounds, and thence the corresponding PGE type
      compounds.
PAC  EXAMPLE 10
PAC  dl-Methyl
      7-[Endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Formula-XLIV, Chart E; G
      is
      ##SPC122##
PAC  R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl; Z' is
      ##SPC123##
PAC  and .about. is endo and alpha).
PAR  Refer to Chart E. Following the procedures of Example 1-B, but replacing
      endo-6-(1-heptenyl)bicyclo[3.1.0]-hexan-3-one with
      endo-6-(cis-4-phenyl-1-butenyl)-bicyclo[3.1.0]hexan-3-one (Preparation 4),
      and replacing methyl m-(chloromethyl)phenoxyacetate with methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Preparation
      7), there is obtained the title compound.
PAC  EXAMPLE 11
PAC  dl-Methyl 7-[Endo-6-(4
      -phenyl-1,2-dimesyloxy-butyl)-3-oxobicyclo[3.1.0.]hex-2.alpha.-yl]-3-oxa-3
     ,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Formula-XLVI, Chart E; G' is
      ##SPC124##
PAC  R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 and R.sub.13 are
      methyl; Z' is
      ##SPC125##
PAC  and .about. is alpha and endo).
PAR  a. There is first prepared the formula-XLV dihydroxy compound. Following
      the procedures of Example 2, but replacing dl-methyl
      7-[endo-6-(1-heptenyl)-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-heptanoate
      with dl-methyl
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl-]-3-
     oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate (Example 10), there are
      obtained isomers of the desired formula-XLV compound, dl-methyl
      7-[endo-6-(4-phenyl-1,2-dihydroxybutyl)-3
      -oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trino
     r-7nonynoate.
PAR  b. Following the procedures of Example 3, but replacing that formula-XLV
      dihydroxy heptanoate compound with the formula-XLV nonynoate compound of A
      above, there is obtained the desired formula-LXVI dimesyloxy title
      compound.
PAC  EXAMPLE 12
PAC  dl-Methyl
      9-[Endo-6-(1,2-dihydroxy-4-phenyl-butyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-y
     l]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-trans-7-nonenoate Acetonide
      (Formula-XXVII, Chart D: G is
      ##SPC126##
PAC  J' is trans
      ##SPC127##
PAC  R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10, R.sub.11, and
      R.sub.12 are methyl; and .about. is endo and alpha)
PAR  Refer to the sequence of reactions from formula L to formula XXXVI, and to
      Chart D.
PAR  a. There is first prepared the formula-Ll dihydroxy compound. To a solution
      of the formula-XLIII olefin (Preparation 4, above, approximately 10.0 g.)
      in water is added a solution of potassium chlorate (10.0 g.) and osmium
      tetroxide (0.65 g.) in 250 ml. of water. The mixture is stirred vigorously
      for 5 hrs. at 50.degree. C. Then, the cooled mixture is concentrated under
      reduced pressure, the residue is extracted repeatedly with
      dichloromethane, and the combined extracts are dried and concentrated. The
      residue is chromatographed on about 1000 g. of silica gel, and eluted
      successively with 3 l. of 10% ethyl acetate in a mixture of isomeric
      hexanes (Skellysolve B), with 5 l. of 25% ethyl acetate in Skellysolve B,
      and then with 50% ethyl acetate in Skellysolve B, collecting 500 ml.
      eluate fractions. Fractions shown by TLC to contain the desired product
      are combined and evaporated to dryness to give
      dl-endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one
      (formula-LI).
PAR  b. A solution of the product of step a above (about 8.0 g.) and 700 mg. of
      potassium bisulfate in 140 ml. of acetone is stirred at 25.degree.  C. for
      64 hrs. Then, sodium carbonate monohydrate (710 mg.) is added, and the
      mixture is stirred 10 min. The acetone is concentrated at reduced
      pressure, and water is added. The aqueous solution is extracted repeatedly
      with dichloromethane, and the extracts are combined, washed with water,
      dried, and concentrated. The residue is chromatographed on 400 g. of
      silica gel, being eluted with 2 l. of 10% ethyl acetate in Skellysolve B,
      and then with 4 l. of 15% ethyl acetae in Skellysolve B. The 15% ethyl
      acetate eluates are concentrated to the formula-XXXVI ketal,
      dl-endo-6-(1,2-dihydroxy-4-phenylbutyl)-bicyclo[3.1.0]hexan-3-one
      acetonide.
PAR  c. To prepare the formula-XXXVII compound, the ketal above is alkylated
      following the procedure of Example 1-B, but replacing methyl
      m-(chloromethyl)phenoxyacetate with methyl
      9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-trans-7-nonenoate
      (Preparation 9, above), thereby yielding the title compound.
PAR  Following the procedures of Example 9, the formula-XXXVII compound is
      transformed via the formula-XXXVIII and -XXXIX compounds to the
      corresponding formula-XL PGE-type compound.
PAC  EXAMPLE 13
PAC  9-[Endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl
     ]-3-oxa-3,7-inter-m-phenylene 4,5,6-trinor-cis-7-nonenoic Acid Acetonide
      (Formula-LXXX, Chart G: G is n-pentyl; J' is
      ##SPC128##
PAC  R.sub.9 and R.sub.26 are hydrogen; R.sub.2, R.sub.11, and R.sub.12 are
      methyl; and .about. is alpha and endo.
PAR  Refer to Chart G. A solution of sodium borohydride (1.5 g.) in 10 ml. of
      water is added with stirring to a solution of formula-LXXVI dl-methyl
      9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-y
     l]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate acetonide (5.0
      g.) in 110 ml. of absolute ethanol at 0.degree. C. The mixture is stirred
      for 2.5 hrs. at 0.degree. to 5.degree. C. Then, 40 ml. of acetone is
      added, and, after 5 min., the mixture is evaporated under reduced
      pressure. The residue is extracted with dichloromethane, and the extract
      is washed successively with dilute hydrochloric acid and brine, dried, and
      concentrated to the formula-LXXVII compound, dl-methyl
      9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo-[3.1.0]hex-2.alp
     ha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate acetonide.
PAR  This formula-LXXVII cyclic ketal hydroxy ester is dissolved in a mixture of
      methanol (100 ml.) and 45% aqueous potassium hydroxide solution (30 ml.),
      and the solution is stirred under nitrogen at 25.degree. C. for 15 hrs.
      Two volumes of water are then added, and the mixture is acidified with
      cold hydrochloric acid and then extracted with a mixture of
      dichloromethane and diethyl ether (1:3). The extract is washed with brine,
      dried, and concentrated to the formula-LXXVIII compound,
      dl-9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo[3.1.0]hex-2.a
     lpha.-yl]-there are obtained the corresponding formula-LXXVII, LXXVIII, and
      LXXX compounds.
PAC  EXAMPLE 14
PAC  dl-7-[Endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]-hex-2.alpha.-yl]-3-oxa-4,7-in
     ter-o-phenylene-5,6-dinor-heptanoic Acid (Formula-LXXXVI, Chart H: G is
      n-pentyl; Z' is
      ##SPC129##
PAC  R.sub.2, R.sub.9, and R.sub.26 are hydrogen; and .about. is alpha and
      endo).
PAR  Refer to Chart H. Following the procedure of Example 13, the formula-LXXXII
      compound, dl-ethyl
      7-[endo-6-(1-hepteny)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-intero
     -phenylene-5,6-dinor-heptanoate is reduced with sodium borohydride to the
      formula-LXXXIII compound, dl-ethyl
      7-[endo-6-(1-heptenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,7-i
     nter-o-phenylene-5,6-dinor-heptanoate. That hydroxy ester is then
      saponified as described in Example 13 to the formula-LXXXIV compound,
      dl-7-[endo-6-(1-heptenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-4,
     7-intero-phenylene-5,6-dinor-heptanoic acid. That hydroxy acid is then
      oxidized as described in Example 13 to the title compound.
PAR  Following the procedure of Example 14 but substituting for that
      formula-LXXXII compound, the formula-LXXXII compound of Example 10, viz.
      dl-methyl
      7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-o
     xa-3,7inter-m-phenylene-4,5,6-trinor-7-nonynoate, there is obtained on
      reduction the corresponding formula-LXXXIII compound,
      dl-methyl-7-[endo-6-(cis-4-phenyl-1-butenyl)-3-hydroxybicyclo[
      3.1.0]hex-2.alpha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoat
     e; there is likewise obtained on saponification the corresponding
      formula-LXXXIV compound,
      dl-7-[endo-6-(cis-4-phenyl-1-butenyl)-3-hydroxybicyclo[3.1.0]hex-2.alpha.-
     yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoic acid; and there is
      likewise obtained on oxidation the corresponding formula-LXXXVI compound,
      dl-7-[endo-6-(cis-4-phenyl-1-butenyl)-3-oxabicyclo-[3.1.0]hex-2.alpha.-yl]
     -3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoic acid.
PAR  Following the procedure of Example 14, but using in place of the
      formula-LXXXII 3-oxobicyclo[3.1.0]hexane ester, each of the specific
      formula-LXXXII endo and exo, alpha and beta, saturated and acetylenic
      esters described in and following the Examples 1, 6, and 10 is reduced
      with sodium borohydride to give the corresponding formula-LXXXIII
      3-hydroxy-bicyclo[3.1.0]hexane ester. That hydroxy ester is then
      saponified as described in Example 13 to the corresponding formula-LXXXIV
      3-hydroxybicyclo-[3.1.0]hexane acid. That hydroxy acid is then oxidized as
      described in Example 13 to the corresponding formula-LXXXVI
      3-oxobicyclo[3.1.0]hexane acid.
PAC  EXAMPLE 15
PAC  dl-15-Dehydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. Methyl Ester (Formula-XCI, Chart J: E' is trans --CH=CH--, G
      is n-pentyl, J' is
      ##SPC130##
PAC  R.sub.1 is methyl, R.sub.26 is hydrogen, and .about. is alpha).
PAR  Refer to Chart J. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. methyl
      ester (Example 4, about 0.5 g.) in 24 ml. of dioxane is stirred at
      50.degree. C. under nitrogen and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
      (0.37 g.) is added. The mixture is stirred at 50.degree. C. for 24 hrs.,
      cooled to room temperature, and filtered. The filter cake is washed with
      tetrahydrofuran, and the filtrate and wash are combined and concentrated
      under reduced pressure. The residue is taken up in dichloromethane and
      washed with brine, then dried over sodium sulfate and concentrated under
      reduced pressure. The residue is chromatographed over 90 g. of silica gel
      wet-packed in 8% ethanol in dichloromethane, eluting with 300 ml. of 2%,
      300 ml. of 3%, 225 ml. of 7.5% and 245 ml. of 10% ethanol in
      dichloromethane, taking 15-ml. fractions. Fractions shown by TLC to
      contain the desired product are combined and concentrated to the title
      compound.
PAC  EXAMPLE 16
PAC  dl-15-Methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. Methyl Ester (Formula-XX: C.sub.g H.sub.2g  and C.sub.p
      H.sub.2p are valence bonds in meta relationship, G is n-pentyl, Q is
      ##EQU71##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart J. A solution of 0.413 g. of
      dl-15-dehydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. methyl ester (Example 15, about 0.4 g.), hexamethyldisilazane
      (3 ml.) and trimethylchlorosilane (0.5 ml.) in 20 ml. of tetrahydrofuran
      is allowed to stand at about 25.degree. C. for 20 hrs. The mixture is
      filtered and the filtrate is concentrated under reduced pressure. Xylene
      (10 ml.) is added to the residue and removed by concentration under
      reduced pressure. The residue is dissolved in anhydrous ether and 110% of
      the theoretical amount of 3 M methyl magnesium bromide in ether is added.
      The mixture is allowed to stand 20 min. at about 25.degree. C. and poured
      into 100 ml. of saturated aqueous ammonium chloride. The ether layer is
      separated, the aqueous layer is extracted with ether, and the ether
      extracts are combined and washed with brine, dried over sodium sulfate,
      and concentrated under reduced pressure. The residue is dissolved in 300
      ml. of ethanol and 30 ml. of water containing 3 drops of glacial acetic
      acid, and the mixture is stirred for 2 hrs. at about 25.degree. C. The
      mixture is concentrated under reduced pressure to an aqueous residue and
      the residue is extracted with dichloromethane. The dichloromethane extract
      is concentrated under reduced pressure to give a residue which is
      chromatographed over 60 g. of silica gel wet-packed in 8% ethanol in
      dichloromethane, eluting with 200 ml. of 5% and 800 ml. of 10% ethanol in
      dichloromethane and taking 10-ml. fractions. Fractions shown by TLC to
      contain the desired product are combined and concentrated to yield the
      title compound. Other fractions yield the 15-epimer.
PAR  Likewise, using the corresponding
      3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGF.sub.1 .sub..alpha. or PGF.sub.1
      .sub..beta. compound instead of the above oxa-phenylene compounds, there
      are obtained the corresponding 15-dehydro PGF.sub.1 .sub..alpha. or
      PGF.sub.1 .sub..beta.-type compounds, and finally the
      dl-15-methyl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGF.sub.1 .sub..alpha.
      or -PGF.sub.1 .sub..beta. ethyl esters and their 15-epimers.
PAC  EXAMPLE 17
PAC  dl-13,14-Dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl
      Ester (Formula XIX C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds
      in meta relationship, G is n-pentyl, Q is
      ##EQU72##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart B. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 100 mg.) in 10 mg. of ethyl acetate is shaken with hydrogen at
      about one atmosphere pressure at 25.degree. C. in the presence of 5%
      rhodium on charcoal (15 mg.). After approximately one equivalent of
      hydrogen is absorbed, the hydrogenation is stopped, and the catalyst is
      removed by filtration. The filtrate is concentrated, aand the residue is
      chromatographed on 25 g. of silica gel, eluting with 50-100% ethyl acetate
      gradient in Skellysolve B. Those fractions shown by TLC to contain the
      desired product free of the starting product and hydrogenolysis products
      are combined and concentrated to the title compound.
PAR  Following the procedure of Example 17,
      dl-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester is reduced to
      dl-13,14-dihydro-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.1 ethyl ester.
      Likewise, dl-3-oxa-4,7-o-phenylene-5,6-dinor-PGE.sub.1 methyl ester is
      reduced to dl-13,14-dihydro-3-oxa-4,7-o-phenylene-5,6-dinor-PGE.sub.1
      methyl ester.
PAR  Also following the procedure of Example 17,
      dl-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.2,
      -trans-5,6-dehydro-PGE.sub.1, and -5,6-dehydro-PGE.sub.2 are each reduced
      to dl-13,14-dihydro-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGE.sub.1, using
      two equivalents of hydrogen for the first two reactions, and three
      equivalents of hydrogen for the third. Likewise, the corresponding
      dl-3-oxa-4,7-o-phenylene-5,6-dinor- compounds are reduced to
      dl-13,-14,-dihydro-3-oxa-4,7-o-phenylene-5,6-dinor-PGE.sub.1.
PAR  Also following the procedure of Example 17, the ethyl ester and the free
      acid form of the formula XVI-to -XVIII PGE compounds in their various
      spatial configurations are transformed to the corresponding 13,14-dihydro
      PGE.sub.1 compound by catalytic hydrogenation, using equivalents of
      hydrogen appropriate to the degree of unsaturation of the reactant, i.e.,
      one equivalent for the PGE.sub.1 type, two equivalents for the PGE.sub.2
      type and trans-5,6-dehydro-PGE.sub.1 type, and three equivalents for the
      5,6-dehydro-PGE.sub.2 type.
PAR  Also following the procedure of Example 17,
      dl-3-oxa-3,7-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. and its ethyl
      ester are reduced to
      dl-13,14-dihydro-3-oxa-3,7-m-phenylene-4,5,6-PGF.sub.1 .sub..alpha. and
      its ethyl ester, respectively.
PAR  Also following the procedure of Example 17, the ethyl ester and the free
      acid form of the formula-XX to -XXII PGF compounds in their various
      spatial configurations are transformed to the corresponding 13,14-dihydro
      PGF.sub.1 .sub..alpha. or PGF.sub.1 .sub..beta. compound by catalytic
      hydrogenation, using equivalents of hydrogen appropriate to the degree of
      unsaturation of the reactant.
PAC  EXAMPLE 18
PAC  dl-13,14-Dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      (Formula-XXVII: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in
      meta relationship, G is n-pentyl, Q is
      ##EQU73##
PAC  R.sub.1 is hydrogen, and .about. is alpha).
PAR  Refer to Chart B. A suspension of disodium azodiformate (50 mg.) in 5 ml.
      of absolute ethanol is added to a stirred solution of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 (Example 5, 50 mg.) in
      10 ml. of absolute ethanol under nitrogen at 25.degree. C. The mixture is
      made acid with glacial acetic acid, and then is stirred under nitrogen at
      25.degree. C. for 8 hrs. The resulting mixture is concentrated under
      reduced pressure, and the residue is mixed with a mixture of diethyl ether
      and water (1:1). The diethyl ether layer is separated, dried, and
      concentrated to the title product.
PAR  Following the procedure of Example 18,
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 methyl ester is
      reduced to
      dl-13,14-dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 methyl
      ester.
PAR  Also following the procedure of Example 18,
      dl-3-oxa-3,7-inter-m-phenylene-PGA.sub.2, -trans-5,6-dehydro-PGA.sub.1,
      and 5,6-dehydro-PGA.sub.2 are each reduced to
      dl-13,14-dihydro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1, using
      amounts of the disodium azodiformate reactant appropriate to the degree of
      unsaturation of the reactant.
PAR  Also following the procedure of Example 18, the methyl ester and the free
      acid form of the formula-XVI to -XVIII PGE type compounds, the formula-XX
      to -XXII PGF type compounds, the formula-XXIV to -XXVI PGA type compounds,
      and the formula-XXVIII to -XXX PGB type compounds are transformed to the
      corresponding 13,14-dihydro PGE.sub.1, PGF.sub.1, PGA.sub.1, or PGB.sub.1
      type compound by diimide reduction, using amounts of disodium azodiformate
      reactant appropriate to the degree of unsaturation of the PGE, PGF, PGA,
      or PGB type reactant.
PAC  EXAMPLE 19
PAC  dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 Methyl Ester
      (Formula-XXIV: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in
      meta relationship, G is n-pentyl, Q is
      ##EQU74##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart D. A solution of the formula-XXXIX bismesylate, dl-methyl
      7-[endo-6-(1,2-dimesyloxyheptyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa
     -3,7-inter-m-phenylene-4,5,6-trinor-heptanoate (Example 3, about 10 g.) in
      75 ml. of acetone is mixed with 10 ml. of water and 20 ml. of saturated
      aqueous sodium bicarbonate solution. The mixture is refluxed under
      nitrogen for 4 hrs. Then, the mixture is cooled, acidified with 5%
      hydrochloric acid, and extracted with ethyl acetate. The extract is washed
      with brine, dried, and concentrated to give the title product.
PAR  Following the procedure of Example 19, each of the bismesylates defined in
      Example 3 is transformed to the corresponding PGA-type ester, including
      the .beta.,.beta.,.beta.-trichloroethyl esters. Thereafter, each of the
      .beta.,.beta.,.beta.-trichloroethyl esters is transformed to the
      corresponding PGA-type free acid by the procedure of Example 23, below.
PAC  EXAMPLE 20
PAC  dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGB.sub.1 (Formula-XXVIII:
      C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-pentyl, Q is
      ##EQU75##
PAC  R.sub.1 is hydrogen, and .about. is alpha).
PAR  Refer to Chart A. A solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 (200 mg.) in 100 ml.
      of 50% aqueous ethanol containing about one gram of potassium hydroxide is
      kept at 25.degree. C. for 10 hrs. under nitrogen. Then, the solution is
      cooled to 10.degree. C. and neutralized by addition of 3 N. hydrochloric
      acid at 10.degree. C. The resulting solution extracted repeatedly with
      ethyl acetate, and the combined ethyl acetate extracts are washed with
      water and then with brine, dried, and concentrated to give the title
      compound.
PAR  Following the procedure of Example 20,
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 is also transformed
      to the PGB.sub.1 -type title compound.
PAR  Following the procedure of Example 20, each of the formula XVI-to -XIX PGE
      compounds and formula XXIV-to -XXVII PGA compounds are transformed to the
      corresponding PGB compounds.
PAC  EXAMPLE 21
PAC  dl-15-Methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl
      Ester (Formula XVI: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence
      bonds in meta relationship, G is n-pentyl; Q is
      ##EQU76##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart I. A solution of
      dl-15-methyl-3-oxa3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. methyl ester (95 mg.) in 40 ml. of acetone is cooled to
      -10.degree. C. To it is added 110% of the theoretical amount of Jones
      reagent (in the proportions of 21 g. of chromic anhydride, 60 ml. of
      water, and 17 ml. of concentrated sulfuric acid), precooled to 0.degree.
      C., with vigorous stirring. After about 10 min., isopropyl alcohol (1 ml.)
      is added to the cold reaction mixture. After 5 min., the mixture is
      filtered and the filtrate is concentrated at reduced pressure, and the
      residue is mixed with 5 ml. of brine. The mixture is extracted repeatedly
      with ethyl acetate, and the combined extracts are washed with brine, dried
      with anhydrous sodium sulfate, and concentrated at reduced pressure. The
      residue is chromatographed on 20 g. of neutral silica gel, eluting with
      50% ethyl acetate in Skellysolve B. Concentration of the eluates gives the
      title product.
PAR  Following the procedure of Example 21, there is substituted for the
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1
      .sub..alpha. methyl ester, the free acid, the propyl ester, the octyl
      ester, the cyclopentyl ester, the benzyl ester, the phenyl ester, the
      2,4-dichlorophenyl ester, the 2-tolyl ester, of the
      .beta.,.beta.,.beta.-trichloroethyl ester, there is obtained the
      corresponding
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 compound.
PAR  Following the procedure of Example 21, but substituting for the
      15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha.
      methyl ester, the methyl ester of each of the
      15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..beta.,
      -PGF.sub.2 .sub..alpha., -PGF.sub.2 .sub..beta., -5,6-dehydro-PGF.sub.2
      .sub..alpha., -5,6-dehydro-PGF.sub.2 .sub..beta., -dihydro-PGF.sub.1
      .sub..alpha., and -dihydro-PGF.sub.1 .sub..beta. compounds in their
      various natural or 15-epi configurations and optical isomers is
      transformed to the corresponding PGE-type compound.
PAR  Following the procedure of Example 21, each of the various
      15-alkyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha.
      methyl ester compounds, including the 15-ethyl, 15 propyl, 15-butyl, and
      15-substituted isomeric forms of propyl and butyl, is transformed to the
      corresponding PGE type compound.
PAR  Also following the procedure of Example 21, each of the 15-alkyl PGF-type
      acids and esters within the scope of formula-LXXXVIII (Chart I) is
      transferred to a 15-alkyl PGE-type acid or ester encompassed by
      formula-LXXXIX.
PAC  EXAMPLE 22
PAC  dl-15-Methyl-3-oxa-4,7-inter-o-phenylene-5,6dinor-PGA.sub.1 Methyl Ester
      (Formula XXIV: C.sub.g H.sub.2g is a valence bond, C.sub.p H.sub.2p is
      methylene, C.sub.g H.sub.2g and C.sub.p H.sub.2p are in ortho
      relationship, G is n-pentyl, Q is
      ##EQU77##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart K. A mixture of the formula-XCV
      15-methyl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.1 methyl ester
      (Example 21, 6 mg.), dicyclohexylcarbodiimide (20 mg.), copper (II)
      chloride dihydrate (2 mg.), and diethyl ether (2 ml.) is stirred under
      nitrogen at 25.degree. C. for 16 hrs. Then, additional
      dicyclohexylcarbodiimide (20 mg.) is added, and the mixture is stirred an
      additional 32 hrs. at 25.degree. C. under nitrogen. The resulting mixture
      is filtered, and the filtrate is concentrated under reduced pressure. The
      residue is chromatographed by preparative thin layer chromatography with
      the A-IX system to give the title compound.
PAR  Following the procedure of Example 22, but substituting for the
      oxa-phenylene PGE.sub.1 compound, the methyl esters of
      dl-15-methyl-3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGE.sub.2,
      -5,6-dehydro-PGE.sub.2, and -dihydro-PGE.sub.1, there are obtained the
      corresponding formula-XCVI compounds, viz., the methyl esters of
      dl-15-methyl 3-oxa-4,7-inter-o-phenylene-5,6-dinor-PGA.sub.2,
      -5,6-dehydro-PGA.sub.2, and -dihydro-PGA.sub.1.
PAR  Also following the procedure of Example 22, but substituting for the
      phenyl-substituted PGE.sub.1 compound, the methyl esters of
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1,
      -PGE.sub.2, -5,6-dehydro-PGE.sub.2, and -dihydro-PGE.sub.1, there are
      obtained the corresponding formula-XCVI compounds, viz., the methyl esters
      of dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1,
      -PGA.sub.2, -5,6-dehydro-PGA.sub.2, and -dihydro-PGA.sub.1.
PAR  Also following the procedure of Example 22, each of the formula-XCV (Chart
      K) compounds defined above in Example 21 is transformed to the
      corresponding formula-XCVI compound.
PAC  EXAMPLE 23
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1  (Formula XVI:
      C.sub.g H.sub.2q and C.sub.p H.sub.2p are valence bonds in metal
      relationship, G is n-pentyl, Q is
      ##EQU78##
PAC  R.sub.1 is hydrogen, and .about. is alpha).
PAR  Zinc dust (420 mg.) is added to a solution containing
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1
      .beta.,.beta.,.beta.-trichloroethyl ester (100 mg.) in 5 ml. of a mixture
      of acetic acid and water (9:1 v/v). This mixture is stirred under nitrogen
      2 hrs. at 25.degree. C. Ethyl acetate (4 volumes) is then added, followed
      by addition of 1 N. hydrochloric acid (one volume). The ethyl acetate
      later is separated, washed with water and then with brine, dried, and
      evaporated. The residue is chromatographed on 15 g. of acidwashed silica
      gel (Silicar CC4), being eluted with 100 ml. of 50%, 100 ml. of 80%, and
      200 ml. of 100% ethyl acetate in Skellysolve B, collecting 20-ml.
      fractions. The fractions containing the desired product and no starting
      material or dehydration products as shown by TLC are combined and
      concentrated to the title compound.
PAR  Following the procedure of Example 23, each of the
      .beta.,.beta.,.beta.-tribromoethyl, -triiodoethyl,
      .beta.,.beta.-dibromoethyl, -diiodoethyl, and the .beta.-iodoethyl esters
      of dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 is converted to
      the free acid of dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 by
      reaction with zinc dust and acetic acid.
PAR  Following the procedure of Example 23, the
      .beta.,.beta.,.beta.trichloroethyl ester of
      dl-15-methyl-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2 following Example
      9 above is converted to the respective free acid compound using zinc dust
      with either propionic, butyric, pentanoic, or hexanoic acid instead of
      acetic acid.
PAR  Following the procedure of Example 23, the
      .beta.,.beta.,.beta.-trichloroethyl ester of each of the PGE, PGF, PGA,
      and PGF type compounds represented by formulas XVI-XXXV in their various
      structural configurations and optical isomers is treated with zinc dust
      and acetic acid to obtain the corresponding free acid form of the
      compound. The esters are prepared by the procedures disclosed herein,
      using as intermediates formula-XXXVII cyclic ketals or formula-XLIV or
      -LXX olefins wherein R.sub.10 is haloethyl, e.g.,
      .beta.,.beta.,.beta.-trichloroethyl. These intermediates are prepared
      either by alkylation of the respective formula-XXXVI cyclic ketal (Chart
      D) or formula-XLIII or -LXIX olefin (Charts E and F) with the appropriate
      alkylating agent wherein R.sub.10 is haloethyl, or by the transformation
      of the alkylated cyclic ketal or olefin by the steps shown in Charts G and
      H using procedures disclosed herein, yielding intermediates LXXIX, LXXXI,
      LXXXV, or LXXXVII.
PAC  EXAMPLE 24
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. and
      -PGF.sub.1 .sub..beta. (Formula XX; C.sub.g H.sub.2g and C.sub.p H.sub.2p
      are valence bonds in meta relationship, G is n-pentyl, Q is
      ##EQU79##
PAC  R.sub.1 is hydrogen, and .about. is alpha or beta).
PAR  A solution of 146 mg. of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha. ethyl
      ester in a mixture of 4.5 ml. of methanol and 1.5 ml. of water is cooled
      to 5.degree. C. and 0.6 ml. of 45% aqueous potassium hydroxide is added.
      The mixture is allowed to stand 3.5 hrs. at 25.degree. C., then is diluted
      with 75 ml. of water and extracted once with ethyl acetate to remove any
      neutral material. The aqueous layer is separated, made acid with dilute
      hydrochloric acid and extracted 4 times with ethyl acetate. The extracts
      are combined and washed 3 times with water, once with brine, dried over
      sodium sulfate, and concentrated to give the PGF.sub.1.sub..alpha. -type
      title compound.
PAR  Following the procedure of Example 24, the methyl ester of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinorPGF.sub.1.sub..beta.  is
      transformed to the free acid, i.e. the formula-XX PGF.sub.1.sub..beta.
      -type title compound.
PAR  Following the procedure of Example 24, the methyl or ethyl esters of the
      various oxa-phenylene PGF-type compounds and their isomers are transformed
      to the corresponding free-acid oxa-phenylene PGF-type compounds.
PAC  EXAMPLE 25
PAC  dl-3-Oxa-3,5-inter-m-phenylene-4-nor-PGF.sub.2.sub..alpha.  Methyl Ester
      (Formula XXI: C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in
      meta relationship, G is n-pentyl, Q is
      ##EQU80##
PAC  R.sub.1 is methyl, R.sub.3 and R.sub.4 are hydrogen, and .about. is alpha).
PAR  Refer to Chart C.
      dl-5,6-Dehydro-3-oxa-3,5-inter-m-phenylene-4-nor-PGF.sub.2.sub..alpha.
      methyl ester (200 mg.) in pyridine (4 ml.) and methanol (10 ml.) is
      hydrogenated in the presence of a 5%-palladium-on-barium sulfate catalyst
      (200 mg.) at 25.degree. and atmospheric pressure. The reaction is
      terminated when slightly more than one equivalent of hydrogen is absorbed.
      The mixture is filtered and evaporated. Ethyl acetate is added and
      residual pyridine is removed by addition of ice and 3 N. hydrochloric
      acid. The ethyl acetate layer is washed with 1 N. hydrochloric acid and
      then with brine, dried, and concentrated to yield the title product.
PAR  Following the procedure of Example 25, the 5,6-dehydro oxa-phenylene
      PGF.sub.2 compounds following Example 4 are reduced to the corresponding
      PGF.sub.2 compounds. Likewise, the 5,6-dehydro oxa-phenylene PGE, PGA, and
      PGB compounds disclosed herein are reduced to the corresponding PGE.sub.2,
      PGA.sub.2, and PGB.sub.2 compounds.
PAC  EXAMPLE 26
PAR  dl-.beta.,.beta.,.beta.-Trichloroethyl
      9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo[3.1.0]-hex-2.alp
     ha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoate Acetonide
      (Formula LXXIX, Chart G: G is n-pentyl, J' is cis
      ##SPC131##
PAC  haloethyl is .beta.,.beta.,.beta.-trichloroethyl, R.sub.2, R.sub.11, and
      R.sub.12 are methyl, R.sub.9 and R.sub.26 are hydrogen, and .about. is
      alpha and endo).
PAR  Refer to chart G. Successively, .beta.,.beta.,.beta.-trichloroethanol (25
      ml.), pyridine (15 ml.), and dicyclohexylcarbodiimide (4.0 g.) are added
      to a solution of formula-LXXVIII compound
      dl-9-[endo-6-(1,2-dihydroxy-2-methylheptyl)-3-hydroxybicyclo[3.1.0]hex-2.a
     lpha.-yl]-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-cis-7-nonenoic acid
      acetonide (Example 13, 2.0 g.) in 100 ml. of dichloromethane. This mixture
      is stirred 3 hrs. under nitrogen at 25.degree. C. Water (50 ml.) is then
      added, and the mixture is stirred 10 min. The dichloromethane is
      concentrated under reduced pressure, and the residue is extracted
      repeatedly with ethyl acetate. The combined extracts are washed with
      ice-cold 3 N. hydrochloric acid. Then, the extracts are washed
      successively with aqueous sodium bicarbonate solution and brine, dried,
      and concentrated under reduced pressure. The residue is chromatographed on
      600 g. of silica gel, eluting with 10 l. of a 20-100% ethyl
      acetate-Skellysolve B gradient, collecting 50ml. fractions. The middle
      fractions which show a product free of starting materials on TLC are
      combined and concentrated under reduced pressure to give the title
      compound.
PAR  Following the procedure of Example 26, but using in place of the
      formula-LXXVIII 3-hydroxybicyclo[3.1.0]hexane acid acetonide, each of the
      specific endo and exo, alpha and beta, saturated and unsaturated
      formula-LXXVIII hydroxy acid ketals defined after Example 13, there are
      obtained the corresponding .beta.,.beta.,.beta.-trichloroethyl esters of
      those 3-hydroxybicyclo[3.1.0]hexane acids.
PAR  Following the procedure of Example 26, but using in place of the
      formula-LXXVIII 3-hydroxybicyclo[3.1.0]hexane acid ketal, each of the
      specific formula-LXXX 3-oxo-acid ketals defined after Example 13, there
      are obtained the corresponding formula-LXXXI
      .beta.,.beta.,.beta.-trichloroethyl esters of those 3-oxo-acid ketals.
PAR  Following the procedure of Example 26 but using in place of the
      formula-LXXVIII 3-hydroxy-acid ketal, each of the specific formula-LXXXIV
      (Chart H) 3-hydroxy and formula-LXXXVI 3-oxo acids defined after Example
      14, there are obtained the corresponding formula-LXXXV and formulaLXXXVII
      .beta.,.beta.,.beta.-trichloroethyl esters of those acids, respectively.
PAR  Following the procedures of Examples 3 and 9, each of the formula-LXXXI
      cyclic ketal haloethyl esters of Example 26 is transformed to the
      corresponding formula-XL (Chart D) 3-oxa or 4-oxa phenyl-substituted
      PGE.sub.1 .beta.,.beta.,.beta.-trichloroethyl ester. Thence, following the
      procedure of Example 23, each of the esters is transformed to the
      oxaphenylene PGE.sub.1 acid compound wherein R.sub.10 of formula-XL is
      replaced with hydrogen.
PAR  Following the procedure of Examples 2 and 3 each of the formula-LXXXVII
      olefin haloethyl esters of Example 26 is transformed to the corresponding
      formula-XLVII (Chart E) oxa-phenylene PGE.sub.1
      .beta.,.beta.,.beta.-trichloroethyl ester. Thence, following the procedure
      of Example 23, each of the esters is transformed to the corresponding
      PGE.sub.1 -type acid compound wherein R.sub.10 of formula-XL is replaced
      with hydrogen.
PAC  EXAMPLE 27
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 Methyl Ester (Formula
      XXIV: C.sub.g H.sub.2g and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-pentyl, Q is
      ##EQU81##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  A solution of diazomethane (about 50% excess) in diethyl ether (25 ml.) is
      added to a solution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-pGA.sub.1 (Example 5, 50 mg.)
      in 25 ml. of a mixture of methanol and diethyl ether (1:1). The mixture is
      allowed to stand at 25.degree. C. for 5 min. Then the mixture is
      concentrated to give the title compound.
PAR  Following the procedure of Example 27, each of the other specific
      phenyl-substituted PGB type, PGA type, PGE type, and PGF type free acids
      defined above is converted to the corresponding methyl ester.
PAR  Also following the procedure of Example 27, but using in place of the
      diazomethane, diazoethane, diazobutane, 1-diazo-2-ethylhexane, and
      diazocyclohexane, there are obtained the corresponding ethyl, butyl,
      2-ethylhexyl, and cyclohexyl esters of
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1. In the same manner,
      each of the other specific phenyl-substituted PGB type, PGA type, PGE
      type, and PGF type free acids defined above is converted to the
      corresponding ethyl, butyl, 2-ethylhexyl, and cyclohexyl esters.
PAC  EXAMPLE 28
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Methyl Ester
      Diacetate.
PAR  Acetic anhydride (5 ml.) and pyridine (5 ml.) are mixed with
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester
      (Example 3, 20 mg.), and the mixture is allowed to stand at 25.degree. C.
      for 18 hrs. The mixture is then cooled to 0.degree. C., diluted with 50
      ml. of water, and acidified with 5% hydrochloric acid to pH 1. That
      mixture is extracted with ethyl acetate. The extract is washed
      successively with 5% hydrochloric acid, 5% aqueous sodium bicarbonate
      solution, water, and brine, dried and concentrated to give the title
      compound.
PAR  Following the procedure of Example 28 but replacing the acetic anhydride
      with propionic anhydride, isobutyric anhydride, and hexanoic acid
      anhydride, there are obtained the corresponding dipropionate,
      diisobutyrate and dihexanoate derivatives of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 methyl ester.
PAR  Also following the procedure of Example 28, but replacing the
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 compound with
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1 .sub..alpha.  and
      -PGF.sub.1.sub..beta., and
      dl-15-methyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha
     .  and -PGF.sub.1 .sub..beta., there are obtained the corresponding
      triacetate derivatives of the 3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF
      compounds.
PAR  Also following the procedure of Example 28, each of the phenyl-substituted
      PGE type, PGF type, PGA type, and PGB type esters and free acids defined
      above is transformed to the corresponding acetates, propionates,
      isobutyrates, and hexanoates, the PGE-type derivatives being
      dicarboxyacylates, the PGF-type derivatives being tricarboxyacylates, and
      the PGA-type and PGB-type derivatives being monocarboxyacylates.
PAC  EXAMPLE 29
PAC  dl-3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 Sodium Salt.
PAR  A solution of dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1
      (Example 23, 100 mg.) in 50 ml. of a water-ethanol mixture (1:1) is cooled
      to 5.degree. C. and neutralized with an equivalent amount of 0.1 N,
      aqueous sodium hydroxide solution. The neutral solution is concentrated to
      give the title compound.
PAR  Following the procedure of Example 29 but using potassium hydroxide,
      calcium hydroxide, tetramethylammonium hydroxide, and
      benzyltrimethylammonium hydroxide in place of sodium hydroxide, there are
      obtained the corresponding salts of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1.
PAR  Also following the procedure of Example 29 each of the phenyl-substituted
      PGE type, PGF type, PGA type, and PGB type acids defined above is
      transformed to the sodium, potassium, calcium, tetramethylammonium, and
      benzyltrimethylammonium salts.
PAR  The various Preparations and Examples given above describe the preparation
      of racemic intermediates and final products. Each of the intermediates and
      final products named and defined above is also obtained in each of the
      enantiomeric forms, d and l, by resolution that compound or by resolution
      of an intermediate used to prepare that compound. For example, natural
      configuration 3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 free acid
      is prepared by resolution of
      dl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGA.sub.1 free acid (Example
      5) or by dehydration as in Example 5 of optically active
      3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1 free acid with the same
      absolute configuration. These resolutions are carried out by procedures
      known in the art, and may be used to obtain prostaglandin-like materials
      having the spatial configuration of the natural prostaglandins, as
      typified by the following Examples 30-32.
PAC  EXAMPLE 30
PAC  Natural Configuration 3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.2 and
      PGF.sub.2 .sub..alpha. Methyl Esters (Formula-XVII and -XXI: wherein
      C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in meta
      relationship, G is n-pentyl, Q is
      ##EQU82##
PAC  R.sub.1 is methyl; R.sub.3 and R.sub.4 are hydrogen; and .about. is alpha).
PAR  The process shown in Chart D is used to prepare the PGE.sub.2 -type
      compound first. The formula-XXXVII cyclic ketal intermediate wherein G is
      n-pentyl; J' is
      ##SPC132##
PAL  R.sub.2, r.sub.9, and R.sub.26 are hydrogen; R.sub.10, R.sub.11, and
      R.sub.12 are methyl; and .about. is endo and alpha is prepared following
      the procedures of Example 9.
PAR  The formula-XXXVII compound is resolved as its optical isomers by the
      method of Corey et al., J. Am. Chem. Soc. 84, 2938 (1962), by reacting
      this keto compound with optically active L(+)-2,3-butanedithiol in the
      presence of p-toluene-sulfonic acid. The diastereomeric ketals are
      completely resolved on a preparative chromatographic column, and are then
      hydrolyzed separately, following the procedure of Example 9, to the
      formula-XXXVIII dihydroxy compounds. Transformation to the formula-XVII
      PGE.sub.2 -type compounds is accomplished by the procedures of Example 3.
      Of the separate diastereoisomers, one corresponds to the configuration of
      natural PGE.sub.2 and the other to its enantiomer. Conversion of the
      PGE.sub.2 -type compound having the configuration of the natural product
      to the PFG.sub.2.sub..alpha. -type methyl ester is done by borohydride
      reduction following the procedure of Example 4. The natural
      configuration-PGF.sub.2.sub..alpha. -type free acid is formed from the
      methyl ester by saponification, following the procedure of Example 24.
PAC  EXAMPLE 31
PAC  Natural Configuration 3-Oxa-3,5-inter-o-phenylene-4-nor-PGE.sub.1 Methyl
      Ester (Formula XVI: C.sub.g H.sub.2g is ethylene; C.sub.p H.sub.2p is a
      valence bond in ortho relationship to C.sub.g H.sub.2g, G is n-pentyl, Q
      is
      ##EQU83##
PAC  R.sub.1 is methyl, and .about. is alpha).
PAR  Refer to Chart E. A. Methyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo-[3.1.0]hex-2.alpha.-yl]-3-oxa-3,5-inte
     r-o-phenylene-4-nor-heptanoate (Formula-XLIV, Chart E: G is n-pentyl;
      R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl; Z' is
      ##SPC133##
PAL  and .about. is alpha and endo).
PAR  1. Methyl 2-(3-hydroxypropyl)phenoxyacetate. To a solution of potassium
      t-butoxide (11.2 g.) in 150 ml. of dry tetrahydrofuran at
      0.degree.-5.degree. C. is added with stirring 3-(o-hydroxyphenyl)propanol
      (15.2 g.) followed in a few minutes by methyl bromoacetate (20 g.). The
      cooling bath is removed and the mixture is stirred at ambient temperature
      until the reaction mixture becomes essentially neutral. The mixture is
      concentrated in vacuo at 30.degree. C. and the residue is shaken with
      ether and water. The organic layer is washed with dilute potassium
      hydroxide solution, water, brine, and is dried over sodium sulfate and
      then concentrated in vacuo. The residue is distilled in a high vacuum to
      afford methyl 2-(3-hydroxypropyl)phenoxyacetate. 2. Methyl
      2-(3-chloropropyl)phenoxyacetate. A mixture of methyl
      2-(3-hydroxypropyl)phenoxyacetate (step A-1, 25 g.) and thionyl chloride
      (20 ml.) is heated to reflux for 1-2 hrs. The excess thionyl chloride is
      removed in vacuo and the residue is distilled in a high vacuum to afford
      methyl 2-(3-chloropropyl)phenoxyacetate. 3. Methyl
      2-(3-iodopropyl)phenoxyacetate. A mixture of methyl
      2-(3-chloropropyl)phenoxyacetate (step A-2, 24.3 g.), acetone (250 ml.)
      and sodium iodide (30 g.) is heated to reflux with stirring for about 40
      hrs. The mixture is cooled, filtered and the filtrate is concentrated in
      vacuo at about 30.degree. C. The residue is diluted with ether and the
      solution is washed with water, dilute sodium thiosulfate solution, brine
      and is dried over magnesium sulfate and then concentrated in vacuo. The
      product, methyl 2-(3-iodopropyl)phenoxyacetate, is used directly in the
      next step. 4. Following the procedure of Example 1-B, but replacing the
      methyl m-(chloromethyl)phenoxyacetate with methyl 2-(3-iodopropyl)
      phenoxyacetate (step A-3, 18 g.) and allowing the alkylation reaction to
      proceed for about 5 min. before acidification with hydrochloric acid,
      there is obtained the desired formula-XLIV methyl
      7-]endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-3,5-inter
     -o-phenylene-4-nor-heptanoate.
PAR  Following the procedure of Example 30, the above racemic formula-XLIV
      compound is resolved as two optically active isomers. These are both
      transformed by the subsequent steps of this example to the formula-XVI
      PGE.sub.1 -type compounds, one of which corresponds to the configuration
      of natural PGE.sub.1 and the other to its enantiomer.
PAR  B. Methyl
      7-[endo-6-(1,2-dihydroxyheptyl)-3-oxo-bicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa
     -3,5-inter-o-phenylene-4-nor-heptanoate (Formula-XLV, Chart E: G' is
      n-pentyl; R.sub.2, R.sub.9, and R.sub.26 are hydrogen; R.sub.10 is methyl;
      Z' is
      ##SPC134##
PAL  and .about. is alpha and endo). To a solution of methyl
      7-[endo-6-(1-heptenyl)-3-oxobicyclo[3.1.0]-hex-2.alpha.-yl]-3-oxa-3,5-inte
     r-o-phenylene-4-nor-heptanoate (step A, above, 1.8 g.) in 30 ml. of
      tetrahydrofuran at 50.degree. is added, with stirring, osmium tetroxide
      (200 mg.) followed by potassium chlorate (1.2g.) and 15 ml. of water. The
      reaction mixture is maintained at 50.degree. for 2 hrs., cooled, the
      tetrahydrofuran is removed, and the aqueous phase is extracted with
      dichloromethane. The organic layer is dried and concentrated and the
      residue is chromatographed on 200 g. of silica gel. The column is eluted
      with 1 l. of 35% ethyl acetate-benzene and 1 l. of 40% ethyl
      acetate-benzene, collecting 30-ml. fractions. Those fractions containing
      the formula-XLV compound, in its isomeric erythro and threo forms, free of
      starting material and impurities, are combined and concentrated.
PAR  C. Title compound. To a solution of the formula-XLV dihydroxy compound
      (step B, above, 0.8 g.) in 10 ml. of pyridine, cooled to 0.degree., is
      added 1.2 ml. of methane-sulfonyl chloride. The reaction mixture is
      stirred for 2 hrs. and 20 g. of ice is added. The mixture is extracted
      with ether-dichloromethane (1:1) and the organic layer is washed
      successively with dilute hydrochloride acid, water, saturated aqueous
      sodium bicarbonate, and brine, dried, and concentrated. The residue,
      containing the bismesylate, is treated with 15 ml. of acetone and 10 ml.
      of water and stirred for 8-16 hrs. at 25.degree.. The acetone is removed
      in vacuo and the remaining solution is extracted with dichloromethane. The
      extract is dried and concentrated and the residue is chromatographed on
      150 g. of silica gel using 500 ml. ethyl acetate followed by 3% methanol
      ethyl acetate as eluting solvent while collecting 30-ml. fractions. Those
      fractions containing the formula-XLVII product, free of starting material
      and impurities, are combined and concentrated to give the title compound;
      principle NMR spectral peaks at  6.57-7.3 (multiplet); 5.42-5.65
      (multiplet); 4.60 (singlet) and 3.76 (singlet) .delta..
PAC  EXAMPLE 32
PAC  Natural Configuration
      3-Oxa-3,5-inter-o-phenylene-4-nor-PGF.sub.1.sub..alpha. Methyl Ester
      (Formula-XX: C.sub.g H.sub.2g is ethylene, C.sub.p H.sub.2p is a valence
      bond in ortho relationship to C.sub.g H.sub.2g, G is n-pentyl, Q is
      ##EQU84##
PAC  R.sub.1 is methyl, and .about. is alpha for the carboxyl-containing moiety
      and for the ring hydroxyl).
PAR  Refer to Chart A. Following the procedure of Example 4, the formula-XVI
      PGE.sub.1 -type compound of Example 31 is transformed to the title
      compound; principle NMR spectral peaks at 6.57-7.3 (multiplet); 5.33-5.56
      (multiplet); 4.62 (singlet) and 3.75 (singlet) .delta..
PAC  EXAMPLE 33
PAC  dl-3-Oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.3 Methyl Ester (Formula-XXXII;
      C.sub.j H.sub.2j and C.sub.p H.sub.2p are valence bonds in meta
      relationship, C.sub.n H.sub.2n is methylene, Q is
      ##EQU85##
PAC  R.sub.1 is methyl, R.sub.5 is ethyl, and .about. is alpha) and
      dl-15-Beta-3-oxa-3,5-inter-m-phenylene-4-nor-PGE.sub.3 Methyl Ester
      ##EQU86##
PAR  a. Refer to Chart F. Following the procedure of Preparation 4b, a solution
      of 100 g. of endo-bicyclo-[3.1.0]hexan-3-ol-6-carboxaldehyde
      3-tetrahydropyranyl ether in 200 ml. of benzene is reacted with 250 g. of
      (hex-3-ynyl)triphenylphosphonium bromide (Axen et al., Chem. Comm. 1970,
      602) in 3 l. of benzene at about -15.degree. C. The mixture is warmed to
      70.degree. C. for 2.5 hours., cooled and filtered. The crude product is
      hydrolyzed to the 3-hydroxy compound and then oxidized to the 3-oxo ketone
      with Jones reagent. The desired fromula-LXIX intermediate is isolated
      after silica gel chromatography.
PAR  b. There is next prepared the formula-LXX compound by alkylation. Following
      the procedures of Example 1-B, the product of step a above is reacted with
      methyl 9-chloro-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate
      (Preparation 7) to yield
      7-[endo-6-(cis-1-hepten-4-ynyl)-3-oxobicyclo[3.1.0]hex-2.alpha.-yl]-3-oxa-
     3,7-inter-m-phenylene-4,5,6-trinor-7-nonynoate.
PAR  c. Glycol LXXI is next prepared, employing the product of step b and
      following the procedures of Example 2. Without separating the isomeric
      glycols, the bismesylate corresponding to formula-LXXII is then prepared
      following the procedures of Example 3. Thereafter, following hydrolysis of
      the bismesylate by the procedures of Example 3, the bisdehydro E.sub.3
      type compound corresponding to formula-LXXIII is recovered. Silica gel
      chromatography yields the respective C-15 epimers.
PAR  d. Following the procedures of Preparation 8, each of the C-15 epimers of
      step C above is hydrogenated to yield the corresponding title compounds.
PAC  EXAMPLE 34
PAC  1-Bicyclo[3.1.0]hex-2-ene-6-endocarboxaldehyde Neopentyl Glycol Acetal
      (Formula .sub.CIX : R.sub.31 and R.sub.32 taken together are --CH.sub.2
      --C(CH.sub.3).sub.2 --CH.sub.2 -- and .about. is endo).
PAR  A mixture of 2,2-dimethyl-1,3-propanediol (900 g.), 5 l. of benzene and 3
      ml. of 85% phosphoric acid is heated at reflux. To it is added, in 1.5
      hr., a solution of optically active
      bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde (Prep.10, 500 g.) in one
      liter of benzene. Provison is made to take off azeotropically distilled
      water with a Dean-Stark trap. After 3 hr. the mixture is cooled and
      extracted with 2 liters off 5% sodium bicarbonate. The organic phase is
      dried over sodium sulfate and concentrated under reduced pressure. The
      resulting semisolid residue is taken up in methanol and recrystallized,
      using a total of 1200 ml. of methanol to which 600 ml. of water is added,
      then chilled to -13.degree. C. to yield 300 g. of the title compound, m.p.
      52.degree.-55.degree. C., and having NMR peaks at 0.66, 1.20, 0.83-2.65,
      3.17-3.8, 3.96, and 5.47-5.88 .delta., [.alpha.].sub.D - 227.degree.
      (C=0.8976 in methanol), and R.sub.f 0.60 (TLC on silica gel in 25% ethyl
      acetate in mixed isomeric hexanes). Further work-up of the mother liquors
      yields 50-100 g. of additional product.
PAR  Following the procedures of Example 34 but replacing the aldehyde with
      optically active bicyclo[3.1.0]hex-2-ene-6-exo-carboxaldehyde (see U.S.
      Pat. No. 3,711,515), there is obtained the corresponding formula-CIX
      acetal.
PAR  Following the procedures of Example 34 but using either the endo or exo
      form of the aldehyde and substituting for 2,2-dimethyl-1,3-propanediol one
      of the following glycols: ethylene glycol, 1,2-propanediol,
      1,2-hexanediol, 1,3-butanediol, 2,3-pentanediol, 2,4-hexanediol,
      2,4-octanediol, 3,5-nonanediol, 3,3-dimethyl-2,4-heptanediol,
      4-ethyl-4-methyl-3,5-heptanediol, phenyl-1,2-ethanediol and
      1-pentyl-1,2-propanediol, there are obtained the corresponding formula-CIX
      acetals.
PAC  EXAMPLE 35
PAC  d-8-(m-Acetoxyphenyl)-7-oxa-tricyclo-[4.2.0.0.sup.2,4
      ]octane-6-endo-carboxaldehyde Neopentyl Glycol Acetal (Formula CX: C.sub.p
      H.sub.2p is a valence bond with attachment in the meta position, R.sub.31
      and R.sub.32 taken together are --CH.sub.2 --C(CH.sub.3).sub.2 -CH.sub.2,
      R.sub.39 is
      ##EQU87##
PAC  and .about. is endo).
PAR  Refer to Chart L, step (a). A solution of the formula-CIX
      l-bicyclo[3.1.0]hex-2-ene-6-endo-carboxaldehyde neopentyl glycol acetal
      (Example 34, 5.82 g.) and m-acetoxybenzaldehyde (1.64 g.) in 25 ml. of
      benzene is charged to a Pyrex photolysis vessel equipped with an
      immersible water-cooled cold-finger and a fritted gas inlet tube.
      Dissolved oxygen is removed by bubbling nitrogen through the solution. The
      mixture is then irradiated at 350 nm. with a Rayonet Type RS Preparative
      Photochemical Reacter (The Southern New England Ultraviolet Co.,
      Middletown, Conn.) equipped with six RUL 3500 A lamps. After 24 hr. the
      photolysate is concentrated under reduced pressure to a pale yellow oil,
      10 g., which is subjected to silica gel chromatography. Elution with
      10-70% ethyl acetate in Skellysolve B (mixture of isomeric hexanes) yields
      separate fractions of the recovered starting material and the formula-CX
      title compound, a pale yellow oil, 0.86 g., having NMR peaks at 0.68.
      1.20, 0.8-2.5, 2.28, 2.99, 3.12-3.88, 3.48, 4.97-5.52, and 6.78-7.60
      .delta.; infrared absorption bands at 3040, 2950, 2860, 2840, 1765, 1610,
      1590, 1485, 1470, 1370, 1205, 1115, 1020, 1005, 990, 790, and 700
      cm.sup.-.sup.1 ; mass spectral peaks at 358, 357, 116, 115, 108, 107, 79,
      70, 69, 45, 43, and 41; [.alpha.].sub.D + 55.degree. (C=0.7505 in 95%
      ethanol); and R.sub.f 0.18 (TLC on silica gel in 25% ethyl acetate in
      mixed isomeric hexanes).
PAR  Following the procedures of Example 35 but replacing the formula-CIX acetal
      with the formula-CIX compounds disclosed following Example 34, there are
      obtained the corresponding formula-CX compounds in their endo or exo forms
      and with corresponding exemplification of R.sub.31 and R.sub.32.
PAR  Likewise following the procedures of Example 35 but replacing
      m-acetoxybenzaldehyde with aldehydes within the scope of formula CXIX
      above, as to C.sub.p H.sub.2p, the attachment position of the phenyl ring,
      and the carboxyacyl group R.sub.39, or defined above, the corresponding
      formula-CX oxetanes are obtained wherein .about. is endo or exo, and
      R.sub.31 and R.sub.32 correspond to the glycols employed after Example 34
      above. Specifically, the following formula-CXIX aldehydes are employed:
      ##SPC135##
PAC  EXAMPLE 36
PAC  d-2-Exo-[m-(pivaloyloxy)benzyl]-3-exobicyclo[3.1.0]hexane-6-endo-carboxalde
     hyde Neopentyl Glycol Acetal (Formula CXII: C.sub.p H.sub.2p is a valence
      bond with attachment in the meta position, R.sub.31 and R.sub.32 taken
      together are --CH.sub.2 --C(CH.sub.3).sub.2 --CH.sub.2 --, R.sub.43 is
      ##EQU88##
PAC  and .about. is endo).
PAR  (I). Refer to Chart L, steps (b) and (c). A mixture of lithium (0.25 g.) in
      70 ml. of ethylamine is prepared at 0.degree. C. and cooled to -78.degree.
      C. A solution of the formula-CX
      d-8-(m-acetoxyphenyl)-7-oxa-tricyclo[4.2.0.0.sup.2,4
      ]-octane-6-endo-carboxaldehyde neopentyl glycol acetal (Example 35, 1.83
      g.) in 10 ml. of tetrahydrofuran is added dropwise in about 5 min. After
      stirring at -78.degree. C. for about 3.5 hr. the reaction is quenched with
      solid ammonium chloride and water-tetrahydrofuran. Unreacted lithium is
      removed, the mixture is warmed slowly to about 25.degree. C., and
      ethylamine is removed. The residue is neutralized with dilute acetic acid,
      mixed with 200 ml. of brine, and extracted with ethyl acetate. The organic
      phase is washed with brine and a mixture of brine and saturated aqueous
      sodium bicarbonate (1:1), and dried over sodium sulfate. Concentration
      under reduced pressure yields the formula-CXI diol as a pale tan foamed
      oil, 1.64 g., having R.sub.f 0.03 (TLC on silica gel in 25% ethyl acetate
      in mixed isomeric hexanes).
PAR  (II). The product of part (I) is dissolved in 30 ml. of pyridine and
      treated with 1.5 ml. of pivaloyl chloride over a period of 22 hr. at about
      25.degree. C. The reaction mixture is mixed with water, then brine and
      extracted with ethyl acetate. The organic phase is washed successively
      with brine, water, saturated aqueous copper (II) sulfate, saturated
      aqueous sodium bicarbonate, and brine, and dried over sodium sulfate.
      Concentration under reduced pressure yields a residue, 2.53 g., which is
      subjected to silica gel chromatography to yield the formula-CXII title
      compound, 1.87 g., having NMR peaks at 0.71, 1.20, 1.33, 0.9-3.1,
      3.28-4.00, 4.17, 4.7-5.2, and 6.77-7.53 .delta.; mass spectral peaks at
      486, 485, 115, 73, 72, 57, 44, 43, 42, 41, 30, 29, 15; [.alpha.].sub.D
      +10.degree. (C=0.8385 in ethanol); and R.sub.f 0.50 (TLC on silica gel in
      25% ethyl acetate in mixed isomeric hexanes).
PAC  EXAMPLE 37
PAC  d-2-Exo-(m-acetoxybenzyl)-3-exo-acetoxybicyclo]3.1.0]hexane-6-endo-carboxal
     dehyde Neopentyl Glycol Acetal (Formula CXII: C.sub.p H.sub.2p is a valence
      bond with attachment in the meta position, R.sub.31 and R.sub.32 taken
      together are --CH.sub.2 C(CH.sub.3).sub.2 --CH.sub.2 --, R.sub.43 is
      ##EQU89##
PAC  and .about. is endo).
PAR  Following the procedure of Example 36-(II) but replacing pivaloyl chloride
      with acetic anhydride, and using 1.01 g. of the formula-CXI diol, there is
      obtained the title compound, 0.75 g., having NMR peaks at 0.72, 1.22,
      1.98, 2.27, 0.8-3.0, 3.28-3.85, 4.17, 4.75-5.22, and 6.8-7.47 .delta.;
      mass spectral peaks at 402, 401, 115, 107, 73, 69, 45, 44, 43, 42, 41,
      30;[.alpha.].sub.D +7.degree. (C=0.7060 in ethanol); and R.sub.f 0.66 (TLC
      on silica gel in 50% ethyl acetate in mixed isomeric hexanes).
PAC  EXAMPLE 38
PAC  2-Exo-[m-(pivaloyloxy)benzyl]-3-exo-(pivaloyloxy)bicyclo[3.1.0]hexane-6-end
     o-carboxaldehyde (Formula CXIII: C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, R.sub.42 is
      ##EQU90##
PAC  and .about. is endo).
PAR  Refer to Chart L step (d). The formula-CXII acetal, i.e.
      d-2-exo-[m-pivaloyloxy)benzyl]-3-exo-(pivaloyloxy)-bicycly[3.1.0]hexane-6-
     endo-carboxaldehyde neopentyl glycol acetal (Example 36, 0.48 g.) is
      treated at 0.degree. C. with 25 ml. of 88% formic acid for 4 hr. The
      mixture is diluted with 200 ml. of brine and extracted with ethyl acetate.
      The organic phase is washed with brine and saturated aqueous sodium
      bicarbonate, and dried over magnesium sulfate. Concentration under reduced
      pressure yields an oil, 0.55 g., which is subjected to silica gel
      chromatography. Elution with 5-15% ethyl acetate in Skellysolve B yields
      the formula-CXIII title compound as an oil, 0.37 g., having NMR peaks at
      1.20, 1.33, 0.6-3.2, 5.1-5.5, 6.6-7.5, and 9.73 .delta.;  and R.sub.f 0.50
      (TLC on silica gel in 25% ethyl acetate in mixed isomeric hexanes).
PAC  EXAMPLE 39
PAC  2-Exo-[m-(pivaloyloxy)benzyl]-3-exo-(pivaloyloxy)-6-endo-(cis-
      1-heptenyl)-bicyclo[3.1.0]hexane (Formula CXIV: C.sub.p H.sub.2p is a
      valence bond with attachment in the meta position, G is n-pentyl, R.sub.42
      is
      ##EQU91##
PAC  R.sub.2 is hydrogen, and .about. is endo); and
      2-Exo-(m-hydroxybenzyl)-3-exo-hydroxy-6-endo-(cis-1-heptenyl)bicyclo[3.1.0
     ]hexane (Formula CXV : C.sub.p H.sub.2p is a valence bond in the meta
      position, G is n-pentyl, R.sub.2 and R.sub.42 are hydrogen, and .about. is
      endo).
PAR  (I). Refer to Chart L, steps (e) and (f). The Wittig ylid reagent is
      prepared in 10 ml. of benzene from n-hexyltriphenylphosphonium bromide
      (0.79 g.) and n-butyllithium (0.6 ml. of 2.32 M. solution in hexane) at
      about 25.degree. C. for 0.5 hr. After the precipitated lithium bromdie has
      settled, the solution is removed and added to a cold (0.degree. C.) slurry
      of the formula-CXIII aldehyde (Examples 38, 0.37 g.). After 15 min. there
      is added 1.0 ml. of acetone and the mixture is heated to 60.degree. C. for
      10 min. The mixture is concentrated under reduced pressure. The residue is
      washed with 10% ethyl acetate in Skellysolve B and these washings are
      concentrated to the formula-CXIV title compound, an oil, 0.33 g. having
      NMR peaks at 1.18, 1.33, 0.6-3.2, 4.5-6.0 and 6.67-7.62 .delta.; and
      R.sub.f 0.78 (TLC on silica gel in 25% ethyl acetate in Skellysolve B).
PAR  (II.) The above product of part (I) is transformed to the formula-CXV diol
      by treatment with sodium methoxide (2.5 ml. of a 25% solution in methanol)
      for 4 hr., followed by addition of 0.5 g. of solid sodium methoxide and
      further stirring for 15 hr. at 25.degree. C., then at reflux for 6 hr. The
      mixture is cooled, mixed with 300 ml. of brine, and extracted with ethyl
      acetate. The organic phase is washed with brine, dried over magnesium
      sulfate, and concentrated under reduced pressure to a residue, 0.27 g. The
      residue is subjected to silica gel chromatography, eluting with 25-35%
      ethyl acetate in Skellysolve B, to yield the formula-CXV title compound an
      an oil, 0.21 g., having NMR peaks at 0.87, 0.6-3.25, 3.88-4.35, 4.82-5.92,
      and 6.47-7.33 .delta.; and R.sub.f 0.13 (TLC on silica gel in 25% ethyl
      acetate in Skellysolve B).
PAR  Following the procedures of Examples 36, 38, and 39 but replacing the
      formula CX oxetane with each of those obtained following Example 35, there
      are obtained successively the corresponding formula-CXI, -CXII, -CXIII,
      and -CXIV compounds wherein C.sub.p H.sub.2p and its attachment position
      on the phenyl ring correspond to the specific aldehydes employed following
      Example 35. These are obtained in both their endo and exo forms.
PAR  Further following the procedures of Example 39, but replacing the Wittig
      ylid reagent with one prepared from a compound of the formula
EQU  Br--P(C.sub.6 H.sub.5).sub.3 --CHR.sub.2 --G
PAL  wherein --CHR.sub.2 --G is each of the following:
EQU  --(CH.sub.2).sub.3 --CH.sub.3
EQU  --(CH.sub.2).sub.4 --CH.sub.3
EQU  --(CH.sub.2).sub.6 --CH.sub.3
EQU  --(CH.sub.2).sub.7 --CH.sub.3
EQU  --CH(CH.sub.3)--(CH.sub.2).sub.5 --CH.sub.3
EQU  --CH.sub.2 --CH(CH.sub.3)--(CH.sub.2).sub.3 --CH.sub.3
EQU  --CH.sub.2 --C(CH.sub.3).sub.2 --(CH.sub.2).sub.3 --CH.sub.3
EQU  --CH(CH.sub.3)--C(C.sub.2 H.sub.5).sub.2 --(CH.sub.2).sub.3 --CH.sub.3
EQU  --CH.sub.2 --CHF--(CH.sub.2).sub.3 --CH.sub.3
EQU  --CH.sub.2 --CF.sub.2 --(CH.sub.2).sub.3 --CH.sub.3
EQU  --CH(CH.sub.3)--CF.sub.2 --(CH.sub.2).sub.3 --CH.sub.3
      ##SPC136##
EQU  --(CH.sub.2).sub.2 --C.tbd.C--C.sub.2 H.sub.5
EQU  --CH.sub.2 --CH(CH.sub.3)--C.tbd.C--C.sub.2 H.sub.5
EQU  --CH.sub.2 --C(CH.sub.3).sub.2 --C.tbd.C--C.sub.2 H.sub.5
PAL  or
EQU  --CH(CH.sub.3)--CH.sub.2 --C.tbd.C--C.sub.2 H.sub.5
PAL  there are obtained the corresponding compounds within the scope of formula
      CXIV wherein C.sub.p H.sub.2p and its attachment to the phenyl ring
      correspond to the specific compounds of Example 39 and those illustrated
      in the paragraph immediately thereafter, in both their endo and exo forms.
PAC  EXAMPLE 40
PAC  2-Exo-{m-[(carboxy)methoxy]}-3-exo-hydroxy-6-endo-(cis-1-heptenyl)bicyclo[3
     .1.0]hexane (Formula CXVI : C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, G is n-pentyl, R.sub.1, R.sub.2, and
      R.sub.42 are hydrogen, and .about. is endo).
PAR  Refer to Chart L, step (g). The formula-CXV diol, i.e.
      2-exo-(m-hydroxybenzyl)-3-exo-hydroxy-6-endo-(cis-1-hepentyl)bicyclo[3.1.0
     ]hexane (Example 39, 0.19 g.) is treated in 8 ml. of dioxane with
      bromoacetic acid (0.61 g.) and 6 ml. of 1N. aqueous sodium hydroxide.
      After the mixture has been heated at reflux for 3 hr., with sodium
      hydroxide solution added when necessary to maintain a pH of about 10, the
      mixture is cooled, diluted with 100 ml. of water, and extracted with
      diethyl ether. The aqueous phase is acidified to pH 1-2 and extracted with
      ethyl acetate to yield the formula-CXVI title compound, a pale yellow oil,
      0.20 g. Recovered formula- CXV diol is obtained from the diethyl ether
      organic phase on drying and concentrating, 0.025 g.
PAR  Following the procedures of Example 40 but replacing bromoacetic acid with
      a haloacetate within the scope of Hal--CH.sub.2 --COOR.sub.1 as defined
      herein and specifically illustrated as follows
EQU  Cl--CH.sub.2 --COOCH.sub.3
EQU  Br--CH.sub.2 --COOC.sub.2 H.sub.5
EQU  Cl--CH.sub.2 --COOC.sub.8 H.sub.17 (n)
EQU  I--CH.sub.2 --COOCH.sub.2 C.sub.6 H.sub.5
EQU  Cl--CH.sub.2 --COO(m-Cl--C.sub.6 H.sub.4)
PAL  there are obtained the corresponding formula-CXVI compounds wherein R.sub.1
      is respectively methyl, ethyl, n-octyl, benzyl, and m-chlorophenyl.
PAR  Likewise following the procedures of Example 40 with each of the
      formula-CXIV compounds disclosed following Example 39 and using each of
      the haloacetates specifically identified above, there are obtained the
      corresponding formula-CXVI compounds.
PAC  EXAMPLE 41
PAC  3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGF.sub.1.sub..alpha.  (Formula CI
      : C.sub.p H.sub.2p is a valence bond with attachment in the meta position,
      R.sub.30 is n-pentyl, and R.sub.1 and R.sub.2 are hydrogen).
PAR  (I.) Refer to Chart L. The formula-CXVI alkene is transformed to the title
      compound applying the procedures disclosed in U.S. Pat. No. 3,711,515.
      Thus, compound CXVI (Example 40) is hydroxylated by the procedures of
      Example 39 of that patent to the formula-CXVII glycol of Chart L, using
      osmium tetroxide either alone or in combination with N-methylmorpholine
      oxide-hydrogen peroxide complex.
PAR  The glycol is then either (1) sulfonated, for example to yield the
      bismesylate, and then hydroyzed to a mixture of the title compound and its
      15-epimer, applying the procedures of Example 7 of that patent, or (2)
      treated with substantially 100% formic acid to form the diformate of CI
      and thereafter hydroyzed to a mixture of the title compound and its 15
      epimer, applying the procedures of Examples 20 and 21 of that patent. The
      epimers are separated by silica gel chromatography to yield the title
      compound and its 15-epimer.
PAR  (II). A third route from glycol CXVII to the title compound is by way of a
      formula-CXX cyclic ortho ester
      ##SPC137##
PAL  wherein C.sub.p H.sub.2p, R.sub.46, R.sub.47 and .about. are as defined
      above. The glycol CXVII is treated as a 1-20% solution in benzene with
      trimethyl orthoformate (1.5-10 molar equivalents) and a catalytic amount
      (1% of the weight of the glycol) of pyridine hydrochloride at about
      25.degree. C. The reaction is followed by TLC (thin layer chromatography)
      and is complete in a few minutes. There is thus obtained the formula-CXX
      cyclic ortho ester in 100% yield.
PAR  The cyclic ortho ester is then treated with 20 volumes of 100% formic acid
      at about 25.degree. C. In about 10 min. the reaction mixture is quenched
      in water or aqueous alkaline bicarbonate solution and extracted with
      dichloromethane. The organic phase is shaken with 5% aqueous sodium
      bicarbonate, dried over sodium sulfate, and concentrated to yield the
      formula CXXI diester, in this example identical with the diformate of
      compound CI. The diformate is contacted with 10-50 volumes of anhydrous
      methanol and 10-20% of its weight of potassium carbonate at about
      25.degree. C. until the formyl groups are removed. The mixture of
      15-epimers thus obtained is then separated to yield the formula-CI title
      compound and its 15-epimer.
PAR  Following the procedures of Example 41, each of the formula- CXVI alkenes
      disclosed following Example 40 is converted into the corresponding
      oxa-phenylene PGF.sub..alpha. analog and its 15-epimer. There are likewise
      formed the corresponding oxa-phenylene 17,18-didehydro-PGF.sub..alpha.
      analogs as shown in Chart N.
PAC  EXAMPLE 42
PAC  2-Exo-[m-(carboxymethoxy)benzyl]-3-exohydroxy-6-endo-(cis-1-heptenyl)bicycl
     o-[3.1.0]hexane (Formula CXXVII: C.sub.p H.sub.2p is a valence bond with
      attachment in the meta position, G is n-pentyl, R.sub.1 and R.sub.2 are
      hydrogen, and .about. is endo).
PAR  Refer to Chart M, steps (a)-(f). There is first prepared the formula-CXXII
      oxetane. Following the procedures of Examples 34 and 35 but replacing the
      m-acetoxybenzaldehyde of Example 35 with an aldehyde within the scope of
      ##SPC138##
PAL  as to C.sub.p H.sub.2p, the attachment position on the phenyl ring, and the
      carboxyl group R.sub.44, as defined above, the corresponding formula-CXXII
      oxetanes are obtained with a fully developed side chain. Specifically, the
      following formula-CXXXI aldehydes are employed:
      ##SPC139##
PAR  Thereafter, following the procedures of Examples 36, 38, and 39, but
      replacing the formula-XX ocetane of Example 36 with those obtained by the
      procedure disclosed in the above paragraph of this example, there are
      obtained the corresponding formula-CXXVI products. Likewise following
      those procedures of Examples 36, 38, and 39, but replacing the Wittig ylid
      reagent of Example 39 with each one disclosed after Example 39, and
      applying it to each of the above formula-CX compounds of this example,
      there are obtained the corresponding formula-CXXVI compounds with those
      specific sidechains.
PAR  Finally, the blocking groups on each CXXVI compound are removed by methods
      disclosed herein or known in the art to yield the formula-CXXVII title
      compound and the corresponding formula-CXXVII compounds from those
      formula-CXXVI compounds above.
PAC  EXAMPLE 43
PAC  2-Exo-{m-[(methoxycarbonyl)methoxy]benzyl}-3-exo
      hydroxy-6-endo-(cis-1-heptenyl)bicyclo[3.1.0]hexane (Formula-CXXVII:
      C.sub.p H.sub.2p is a valence bond with attachment in the meta position, G
      is n-pentyl, R.sub.1 is methyl, R.sub.2 is hydrogen, and .about. is endo).
PAR  Refer to Chart M. The formula-CXXVII acid (Example 40, 0.20 g.) is treated
      in methanol solution at 0.degree. C. with a solution of diazomethane in
      diethyl ether (prepared from N-methyl-N-nitroso-N'-nitroguanidine (2.0 g.)
      and potassium hydroxide (6 ml. of 40% aqueous solution)) until a permanent
      yellow color is produced, and the mixture is concentrated to yield the
      title compound, a pale tan oil.
PAC  EXAMPLE 44
PAC  l-6-Endo-(cis-1-heptenyl)-2-exo-{m-[(methoxycarbonyl)methoxy]benzyl}bicyclo
     [3.1.0]hexan-3-one (Formula CXXVIII: C.sub.p H.sub.2p is a valence bond
      with attachment in the meta position, G is n-pentyl, R.sub.1 is methyl,
      R.sub.2 is hydrogen, and .about. is endo).
PAR  Refer to Chart M, step (g). The formula-CXXVII methyl ester is oxidized to
      the bicyclic hexanone as follows. The formula-CXXVII methyl ester (Example
      41, 0.21 g.) is added in 2 ml. of dichloromethane to a solution of Collins
      reagent (prepared from pyridine (0.53 g.) and chromium trioxide (0.34 g.)
      in 10 ml. of dichloromethane) at about 25.degree. C. for 15 min. The
      mixture is then shaken with a mixture of 60 ml. of diethyl ether, ice, and
      25 ml. of 1 N. aqueous sodium hydroxide, and the organic phase is
      separated. The organic phase is washed with 1 N. aqueous sodium hydroxide,
      1.2 N. aqueous hydrochloric acid, and brine, dried, and concentrated under
      reduced pressure. The residue, a colorless oil, 0.19 g., is subjected to
      silica gel chromatography, eluting with 5- 20% ethyl acetate in
      Skellysolve B. There is thus obtained the formula-CXXVIII title compound,
      a colorless oil, 0.13 g., having NMR peaks at 0.87, 0.6-3.3, 3.77, 4.60,
      4.5-5.1, 5.37-5.95, and 6.58-7.40 .delta.; [.alpha.].sub.D -39.degree.
      (C=0.8380 in 95% ethanol); and R.sub.f 0.42 (TLC on silica gel in 25%
      ethyl acetate in Skellysolve B).
PAR  Following the procedures of Examples 43 and 44, each of the
      above-identified formula-CXXVII compounds following Example 42 is oxidized
      to the corresponding formula-CXXVIII compound.
PAC  EXAMPLE 45
PAC  3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-PGE.sub.1, Methyl Ester (Formula
      XCVII: C.sub.p H.sub.2p is a valence bond with attachment in the meta
      position, R.sub.1 is methyl, R.sub.30 is n-pentyl, and R.sub.2 is
      hydrogen).
PAR  Following the procedures of Example 41, the formula-CXXVIII alkene is
      transformed in several steps to the title compound.
PAR  Likewise, following the same procedures, each of the formula-CXXVIII
      alkenes disclosed following Example 44 is converted into the corresponding
      oxa-phenylene PGE analog and its 15 -epimer.
PAR  Following the procedures of Examples 34-45, each of the endo intermediates
      is replaced by the corresponding exo intermediate to yield the
      corresponding exo intermediate or the ultimate oxa-phenylene PG analog.
PAR  Likewise following the procedures of Examples 34-45, each of the optically
      active isomers is replaced by the corresponding racemic mixture to yield
      the corresponding racemic intermediate or ultimate oxa-phenylene PG
      analog.
CLMS
STM  I claim:
NUM  1.
PAR  1. An optically active compound of the formula:
      ##SPC140##
PAL  or a racemic mixture of that compound and the enantiomer thereof, wherein
      C.sub.g H.sub.2g represents a valence bond or alkylene of one to 4 carbon
      atoms, inclusive, with one or 2 chain carbon atoms between --CH.sub.2 --
      and the phenylene ring; wherein C.sub.p H.sub.2p represents a valence bond
      or alkylene of one to 4 carbon atoms, inclusive, with one or 2 chain
      carbon atoms between the ring and the --O--; wherein C.sub.g H.sub.2g and
      C.sub.p H.sub.2p together represent zero to 8 carbon atoms, inclusive,
      with total chain lengths zero to 3 carbon atoms, inclusive; wherein G is
      (1) alkyl of 2 to 10 carbon atoms, inclusive, substituted with zero, one,
      2, or 3 fluoro or (2) a monovalent moiety of the formula
      ##SPC141##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of one to 10
      carbon atoms, inclusive, substituted with zero, one, or 2 fluoro, with one
      to 7 carbon atoms, inclusive, between
      ##EQU92##
      and the ring, wherein T is alkyl of one to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, --OR.sub.6, wherein R.sub.6 is hydrogen
      or alkyl of one to 4 carbon atoms, inclusive, and wherein s is zero, one,
      2, or 3, with the proviso that not more than two T's are other than alkyl;
      wherein Q is
      ##EQU93##
      wherein R.sub.2 is hydrogen or alkyl of one to 4 carbon atoms, inclusive;
      wherein R.sub.1 is hydrogen, alkyl of one to 12 carbon atoms, inclusive,
      cycloalkyl of 3 to 10 carbon atoms, inclusive, aralkyl of 7 to 12 carbon
      atoms, inclusive, phenyl, phenyl substituted with one, 2, or 3 chloro or
      alkyl of one to 4 carbon atoms, inclusive; wherein .about. indicates
      attachment of the side chain to the cyclopentane ring in alpha or beta
      configuration; including the lower alkanoates thereof and the
      pharmacologically acceptable salts thereof when R.sub.1 is hydrogen.
NUM  2.
PAR  2. A compound according to claim 1 wherein G is alkyl of 2 to 10 carbon
      atoms, inclusive, substituted with zero, one, 2, or 3 fluoro.
NUM  3.
PAR  3. A compound according to claim 2 wherein .about. indicates attachment of
      the side chain to the cyclopentane ring in alpha configuration.
NUM  4.
PAR  4. A compound according to claim 3 wherein Q is
      ##EQU94##
NUM  5.
PAR  5. A compound according to claim 4 wherein R.sub.1 is hydrogen or alkyl of
      one to 12 carbon atoms.
NUM  6.
PAR  6. A compound according to claim 4 wherein R.sub.1 is hydrogen, methyl, or
      ethyl.
NUM  7.
PAR  7. A compound according to claim 5 wherein R.sub.2 is hydrogen.
NUM  8.
PAR  8. A compound according to claim 5 wherein R.sub.2 is methyl or ethyl.
NUM  9.
PAR  9. A compound according to claim 5 wherein C.sub.g H.sub.2g is a valence
      bond.
NUM  10.
PAR  10. A compound according to claim 9 wherein C.sub.p H.sub.2p is methylene.
NUM  11.
PAR  11. A compound according to claim 9 wherein C.sub.p H.sub.2p is a valence
      bond.
NUM  12.
PAR  12. A compound according to claim 11 wherein G is
      ##EQU95##
      wherein a is one, 2, 3, 4, or 5, and wherein R.sub.21 and R.sub.22 are
      hydrogen, alkyl of one to 4 carbon atoms, inclusive, or fluoro, being the
      same or different, with the proviso that R.sub.22 is fluoro only when
      R.sub.21 is hydrogen or fluoro.
NUM  13.
PAR  13. A compound according to claim 12 wherein a is 2, 3, or 4, and wherein
      R.sub.21 and R.sub.22 are hydrogen, methyl, ethyl, or fluoro, being the
      same or different.
NUM  14.
PAR  14. 3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-13,14-dihydro-PGE.sub.1, a
      compound according to claim 11.
NUM  15.
PAR  15. 3-Oxa-3,7-inter-m-phenylene-4,5,6-trinor-13,14-dihydro-PGE.sub.1,
      methyl ester, a compound according to claim 11.
NUM  16.
PAR  16. 15(S)-15-Methyl-3-oxa-3,7-inter-m-phenylene-
     4,5,6-trinor-13,14-dihydro-PGE.sub.1, a compound according to claim 11.
NUM  17.
PAR  17. 16,16-Dimethyl-3-oxa-3,7-inter-m-phenylene-4,5,6-trinor-13,14-dihydro-P
     GE.sub.1, a compound according to claim 11.
NUM  18.
PAR  18. A compound according to claim 1 wherein G is a monovalent moiety of the
      formula
      ##SPC142##
PAL  wherein C.sub.t H.sub.2t represents a valence bond or alkylene of one to 10
      carbon atoms, inclusive, substituted with zero, one, or 2 fluoro, with one
      to 7 carbon atoms, inclusive, between
      ##EQU96##
      and the ring, wherein T is alkyl of one to 4 carbon atoms, inclusive,
      fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein R.sub.6 is
      hydrogen or alkyl of one to 4 carbon atoms, inclusive, and wherein s is
      zero, one, 2, or 3, with the proviso that not more than two T's are other
      than alkyl.
NUM  19.
PAR  19. A compound according to claim 18 wherein .about. indicates attachment
      of the side chain to the cyclopentane ring in alpha configuration.
NUM  20.
PAR  20. A compound according to claim 19 wherein Q is
      ##EQU97##
NUM  21.
PAR  21. A compound according to claim 20 wherein R.sub.1 is hydrogen or alkyl
      of one to 12 carbon atoms.
NUM  22.
PAR  22. A compound according to claim 20 wherein R.sub.1 is hydrogen, methyl,
      or ethyl.
NUM  23.
PAR  23. A compound according to claim 21 wherein R.sub.2 is hydrogen.
NUM  24.
PAR  24. A compound according to claim 21 wherein R.sub.2 is methyl or ethyl.
NUM  25.
PAR  25. A compound according to claim 21 wherein C.sub.g H.sub.2g is a valence
      bond.
NUM  26.
PAR  26. A compound according to claim 25 wherein C.sub.p H.sub.2p is methylene.
NUM  27.
PAR  27. A compound according to claim 25 wherein C.sub.p H.sub.2p is a valence
      bond.
NUM  28.
PAR  28. A compound according to claim 27 wherein G is
      ##SPC143##
PAL  wherein e is zero, one, 2, or 3; wherein R.sub.21 and R.sub.22 are
      hydrogen, alkyl of one to 4 carbon atoms, inclusive, or fluoro, being the
      same or different, with the proviso that R.sub.22 is fluoro only when
      R.sub.21 is hydrogen or fluoro; wherein T is alkyl of one to 4 carbon
      atoms, inclusive, fluoro, chloro, trifluoromethyl, or --OR.sub.6, wherein
      R.sub.6 is hydrogen or alkyl of one to 4 carbon atoms, inclusive, and
      wherein s is zero, one, 2, or 3, with the proviso that not more than two
      T's are other than alkyl.
NUM  29.
PAR  29. A compound according to claim 28 wherein R and R are hydrogen, methyl,
      ethyl, or fluoro, being the same or different.
NUM  30.
PAR  30. 3-Oxa-3,7-inter-m-phenylene-17-phenyl-4,5,6
     ,18,19,20-hexanor-13,14-dihydro-PGE.sub.1, a compound according to claim
      27.
NUM  31.
PAR  31. 15(S)-15-Methyl-3-oxa-3,7-inter-m-phenylene-17-phenyl-4,5,6,18,19,20-he
     xanor-13,14-dihydro-PGE.sub.1, a compound according to claim 27.
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ABST
PAL  This case relates to the synthesis of novel precursors of prostaglandin
      E.sub.1, particularly the intermediate 4-hydroxy-3
      .alpha.-methyl-1.alpha., 2.alpha.-dilower-alkanoyloxymethylcyclohexene.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates to a new and novel synthesis of precursors of
      prostaglandin E.sub.1 and particularly to the important intermediate
      4-hydroxy-3a-methyl-1a,2a-diloweralkanoyloxymethyl cyclohexane. The
      synthesis involves an initial starting material already bearing a
      loweralkoxy functionality at one site of the eventual double bond. This
      invention relates further to a synthesis in which the yields are high in
      the several reaction steps. The invention relates still further to the
      novel compounds obtained as intermediates in the synthesis of the critical
      intermediate and to the processes for making such intermediates.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Prostaglandin E.sub.1, which may be depicted structurally as:
      ##SPC1##
PAL  Is one of a group of naturally occurring compounds known generally as
      prostaglandins. These prostaglandins have interesting and important
      biological activity, the precise biological properties varying with the
      individual members of the prostaglandin family, as described in the
      article Prostaglandins, by P. W. Ramwell et al., Progress in the Chemistry
      of Fats and other Lipids, Vol. IX, Polyunsaturated Acids, Part 2, pp.
      231-273, Pergamon Press (1968).
PAR  One of the more important prostaglandins is prostaglandin E.sub.1, also
      known as PGE.sub.1. It has an effect on the contractility of smooth muscle
      and is useful in the induction of labor in pregnant females and for the
      termination of pregnancy by therapeutic abortion, M. P. Embrey, British
      Medical Journal, 1970, 2, 256-258; 258-260. Other uses, besides
      stimulation of smooth muscle, are described in the literature and include
      lowering of blood pressure, effect on mobilization of free fatty acids
      from adipose tissue, inhibition of lipolysis, and bronchodilating effect.
PAR  Heretofore, the supply of prostaglandin E.sub.1, as well as of other
      prostaglandins, has been severly limited because only minute amounts of
      naturally occurring material are available, and partial biosynthesis by
      enzymes present in mammalian seminal vesicles has only afforded limited
      amounts of the products.
PAR  An object of this invention is to provide a stereoselective total synthesis
      of a racemic precursor of (.+-.) prostaglandin E.sub.1, which compound has
      one-half the biological activity of the naturally occurring PGE.sub.1, and
      an optically active precursor of (-) prostaglandin E.sub.1, which compound
      has 100% of the biological activity of naturally occurring PGE.sub.1 and
      which may be used for the same biological effects as the natural
      compounds.
PAR  A further object of the invention is to provide novel intermediate
      compounds some of which, in addition to being useful in the synthesis of
      (.+-.) and (-) PGE.sub.1, may themselves exhibit prostaglandin-like
      activity. An additional object is to provide a stereoselective total
      synthesis of other racemic or optically active members of the
      prostaglandin group which may be prepared by known methods from (.+-.) and
      (-) prostaglandin E.sub.1. Thus, for instance, (.+-.) prostaglandin
      F.sub.1.sub..alpha. may be obtained by reduction of (.+-.) PGE.sub.1.
      Other objects will become evident from the following description of the
      invention.
PAR  The novel process and intermediates of our invention are shown structurally
      in the following flow diagram, and immediately following this diagram the
      chemical names of the compounds are set forth.
      ##SPC2##
PAR  In the foregoing formulae the substituents are defined as follows:
PA1  R.sub.1 = loweralkoxy
PA1  R.sub.2 = hydrogen or loweralkanoyl
PA1  R.sub.3 = loweralkanoyl
PAR  The loweralkyl groups of this invention are those containing from 1 to 6
      carbon atoms such as methyl, ethyl, propyl, butyl, and hexyl. The
      loweralkoxy groups of this invention also contain 1 to 6 carbon atoms such
      as methoxy, ethoxy, propoxy, butoxy, and hexoxy. The loweralkanoyl groups
      of this invention contain from 2 to 6 carbon atoms such as acetyl,
      propionyl, butyryl, and hexanoyl.
PAR  As a matter of convenience for understanding the foregoing flowsheet and
      the following description of the invention, there follows a list of names
      of the chemical compounds I to VI inclusive.
PA1  I. 3-loweralkoxy-1,3-pentadiene
PA1  Ii. maleic anhydride
PA1  Iii.
      4-loweralkoxy-3.alpha.-methyl-4-cyclohexene-1.alpha.,2.alpha.-dicarboxylic
      acid anhydride
PA1  Iv. 4-loweralkoxy-3.alpha.-methyl-1.alpha.,2.alpha.
      -di(hydroxymethyl)-4-cyclohexene
PA1  Iv.
      4-loweralkoxy-3.alpha.-methyl-1.alpha.,2.alpha.-diloweralkanoyl-oxymethyl-
     4-cyclohexene
PA1  V. 2.alpha.-methyl-3.alpha.,4.alpha.-diloweralkanoyloxymethyl cyclohexanone
PA1  Vi. 4-hydroxy-3.alpha.-methyl-1.alpha.,2.alpha.-diloweralkanoyl-oxymethyl
      cyclohexane
PA1  Ix. 3-methyl-1.alpha.,2.alpha.-dicyanomethyl-3-cyclohexene
PA1  X. 3-methyl-3-cyclohexene-1.alpha.,2.alpha.-diacetic acid.
PAR  In the first step of this invention a 3-lower-alkoxy-1,3-pentadiene (I) is
      condensed with Maleic anhydride (II) in a Diels-Alder reaction to form a
      4-loweralkoxy-3.alpha.-methyl-4-cyclohexene-1.alpha.,2.alpha.-dicarboxylic
      acid anhydride (III). The reaction is run initially at a temperature of
      from 20.degree. to 40.degree.C. but after an initial period of from 1 to
      24 hours, the temperature is raised to from 50.degree. to 100.degree.C.
      for from 1 to 10 hours to complete the reaction. On cooling and removal of
      the solvent the product (III) is obtained which is purified using
      techniques known to those skilled in this art. The reaction is run in an
      inert solvent such as aliphatic and aromatic hydrocarbons and the like.
      The Diels-Alder adduct is somewhat unstable and will turn from white to
      yellow at 0.degree.C. in a very few days. As a result it is beneficial if
      the product is used in the next synthetic step without delay.
PAR  In the next step the
      4-loweralkoxy-3.alpha.-methyl-4-cyclohexene-1.alpha.,2.alpha.-dicarboxylic
      acid anhydride (III) is treated with a hydride reducing agent to form a
      4-lower-alkoxy-3.alpha.-methyl-1.alpha.,2.alpha.-di(hydroxymethyl)-4-cyclo
     hexene (IV R.sub.2 =H). The hydride reducing agents such as lithium
      aluminum hydride, lithium borohydride are superior. The hydride reducing
      agents are capable of opening the anhydride ring and forming the
      di(hydroxymethyl) (hydroxxymethyl) groups but will not affect any other
      positions of the molecule. The reaction is run in a dry inert atmosphere,
      such as nitrogen and in a dry solvent inert to the effects of the reducing
      agent. Initially the reaction is run at a temperature of from 0.degree.C.
      to room temperature to prevent any rapid temperature rise due to the
      possible exothermicity of the reaction. When the initial reaction
      subsides, the reaction is heated at from 50.degree.C. to the reflux
      temperature of the reaction mixture for from 1 to 6 hours. The reaction is
      cooled and any excess reducing agent is destroyed by the addition of a
      substance which will not react with the product. Generally a dilute
      solution of water or a loweralkanol is employed. The solvent is removed
      and the product (IV R.sub.2 =H) isolated. The material as initially
      isolated is generally of sufficient purity to be used without further
      purification in the next step.
PAR  The dihydroxy compound IV (R.sub.2 =H) is acylated with any of the known
      acylating agents. The preferred acyl group is acetyl and the preferred
      acylating agent is acetic anhydride. However, other acyl groups such as
      propionyl, benzoyl, and the like; and other acylating agents such as the
      corresponding acyl halide, may be used. The reaction is catalyzed by the
      presence of a basic catalyst, however, a preferred method is to employ a
      solvent which has basic characteristics in and of itself such as pyridine.
      The reaction is generally run substantially at room temperature for from 1
      to 24 hours. When the reaction is complete, the excess acylating agent is
      destroyed by the addition of an inorganic base such as an alkali metal
      carbonate or bicarbonate and the product 4-loweralkoxy
      3.alpha.-methyl-1.alpha.,2.alpha.-diloweralkanoyloxymethyl-4-cyclohexanone
      (IV, R.sub.2 = loweralkanoyl) isolated therefrom.
PAR  The enol ether structure of compound IV (R.sub.2 = loweralkanoyl) is
      removed by hydrolysis with an acid catalyst. Any mineral acid may be
      employed. The preferred method is to use perchloric acid as the acid
      catalyst. The reaction is initially cooled to from -10.degree. to
      10.degree.C. to prevent the exothermic reaction from increasing the
      temperature too rapidly. When the initial exothermic reaction subsides,
      usually after about 10 to 30 minutes, the reaction is stirred at from
      5.degree.C. to room temperature for from 1 to 5 hours. The reaction
      mixture is neutralized to a pH of 6-8 and the product
      2.alpha.-methyl-3.alpha.,4.alpha.-dilower-alkanoyloxymethyl cyclohexanone
      (V) is isolated.
PAR  In the final step of this reaction sequence the keto diacetate (V) is
      reduced to the hydroxy compound VI.
PAR  The reduction may be affected with any of the mild reducing agents known to
      those skilled in this art. It is preferred, however, to use sodium
      borohydride. The reaction is run in a solvent, preferably one that will
      not be reduced by the reducing agent as a loweralkanol. Methanol has
      proven to give the best results. The reaction is run at from -10.degree.
      to 15.degree.C. for from 10 minutes to 2 hours. Any excess reducing agent
      is destroyed with a suitable reagent such as sodium dihydrogen phosphate
      and the product
      4-hydroxy-3.alpha.-methyl-1.alpha.,2.alpha.-diloweralkanoyloxymethyl
      cyclo-hexane (VI, R.sub.5 = H) is isolated by techniques known to those
      skilled in this art.
PAR  The chemical procedures necessary for the preparation of prostaglandin
      E.sub.1 from
      4-hydroxy-3.alpha.-methyl-1.alpha.,2.alpha.-diloweralkanoyloxymethyl
      cyclohexane (VI) are set forth in our copending applications U.S. Ser.
      Nos. 201,959, now U.S. Pat. No. 3,870,747 and 201,979 filed Nov. 24, 1971,
      now U.S. Pat. No. 3,833,612.
DETD
PAR  The following examples are provided in order that the invention will be
      more fully understood. They should not be construed as limitative of the
      invention.
PAC  EXAMPLE 1
PAC  4-Ethoxy-3.alpha.-methyl-4-cyclohexene-1.alpha., 2.alpha.-dicarboxylic acid
      anhydride
PAR  A solution of 1.8 g. (0.016 moles) of 3-ethoxy-1,3-pentadiene in 14 ml. of
      benzene is added dropwise to a solution of 1.0 g. (0.010 moles) maleic
      anhydride in 12 ml. of benzene. The color changes from colorless to pale
      yellow and the temperature raises from 24.degree. to 34.5.degree.C. during
      the reaction. The reaction mixture is stirred at room temperature for 18
      hours and at 80.degree.-85.degree.C. for 4 hours. The reaction mixture is
      cooled and evaporated to dryness whereupon the product precipitate as
      white needles melting at 96.5.degree.-100.degree.C. The product is dried
      in vacuo affording 2.05 g. of
      4-ethoxy-3.alpha.-methyl-4-cyclohexene-1.alpha.,2.alpha.-dicarboxylic acid
      anhydride.
PAC  EXAMPLE 2
PAC  4-Ethoxy-3.alpha.-methyl-1.alpha.,2.alpha.-di(hydroxymethyl)-4-cyclohexene
PAR  A solution of 1.696 g. (0.008 moles) of
      4-ethoxy-3.alpha.-methyl-4-cyclohexene-1.alpha.,2.alpha.-dicarboxylic acid
      anhydride in 9.5 ml. of tetrahydrofuran is added to a suspension of 0.62
      g. of lithium aluminum hydride in 9.5 ml. of tetrahydrofuran. The reaction
      is maintained at a gentle reflux during the addition and for 3 hours
      thereafter. The reaction mixture is allowed to stand overnight at room
      temperature and the excess lithium aluminum hydride decomposed by the
      cautious addition of a 1:1 tetrahydrofuran water mixture. 8 Ml. of
      chloroform is added and the suspension filtered and the solid material
      washed with 3 portions of chloroform. The combined filtrates and washings
      are dried, evaporated to dryness, and the residue dissolved in 20 ml. of
      benzene, dried, and evaporated to dryness affording 1.709 g. of
      4-ethoxy-3.alpha.-methyl-1.alpha.,2.alpha.-di(hydroxymethyl)-4-cyclohexene
     .
PAC  EXAMPLE 3
PAC  4-Ethoxy-3.alpha.-methyl-1.alpha.,2.alpha.-diacetoxymethyl-4-cyclohexene
PAR  3.0 G. of
      4-ethoxy-3.alpha.-methyl-1.alpha.,2.alpha.-di(hydroxy-methyl)-4-cyclohexen
     e is combined with 3 ml. of pyridine and 5 ml. of acetic anhydride. The
      reaction mixture is stirred overnight at room temperature. The clear
      solution is then added to an excess of saturated potassium carbonate
      solution and stirred for 1 hour in order to decompose the excess acetic
      anhydride. The aqueous solution is extracted with ether and the ether
      extracts washed with water and 2.5N hydrochloric acid to remove traces of
      pyridine. The ether extracts are also washed with water and a saturated
      sodium chloride solution. The ether layer is dried and evaporated to
      dryness affording 3.78 g. of
      4-ethoxy-3.alpha.-methyl-1.alpha.,2.alpha.-diacetoxymethyl-4-cyclohexene
      as a pale yellow oil.
PAC  EXAMPLE 4
PAC  2.alpha.-Methyl-3.alpha. ,4.alpha.-diacetoxymethyl cyclohexanone
PAR  3.8 G. of
      4-ethoxy-3.alpha.-methyl-1.alpha.,2.alpha.-diacetoxymethyl-4-cyclohexene
      is dissolved in 36 ml. of tetrahydrofuran. A 1.5M perchloric acid solution
      in water is added dropwise at 5.degree.C. over a period of 15 minutes.
      When the addition is complete, the reaction mixture is stirred at
      10.degree.-15.degree.C. for 2 hours. The reaction mixture is poured with
      vigorous stirring into a saturated aqueous potassium bicarbonate solution.
      The aqueous mixture is filtered, the solid material washed with
      tetrahydrofuran, and the filtrate concentrated to remove the
      tetrahydrofuran. The condensed solution is extracted with ethyl acetate
      and the combined extracts washed with saturated sodium chloride solution.
      The extracts are dried and evaporated to dryness affording
      2.alpha.-methyl-3.alpha.,4.alpha.-diacetoxymethyl cyclohexanone as an
      orange oil weighing 3.18 g.
PAC  EXAMPLE 5
PAC  4-Hydroxy-3.alpha.-methyl-1.alpha., 2.alpha.-diacetoxymethyl cyclohexane
PAR  A solution of 3 g. (0.0117 moles) of
      2.alpha.-methyl-3.alpha.,4.alpha.-diacetoxymethyl cyclohexanone in 30 ml.
      of methanol is added to a suspension of 0.4429 g. (0.0117 moles) of sodium
      borohydride in 35 ml. of methanol at 0.degree.C. The reaction mixture is
      stirred at 0.degree.C. for 1/2 hour. The reaction mixture is then poured
      into 25 ml. of water containing 3 ml. of saturated sodium dihydrogen
      phosphate solution. The product is extracted with ether and the combined
      extracts washed twice with saturated sodium chloride solution, dried, and
      evaporated to dryness affording 2.461 g. of
      4-hydroxy-3.alpha.-methyl-1.alpha.,2.alpha.-diacetoxymethyl cyclohexane as
      a colorless oil.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC3##
PAL  wherein R.sub.1 is lower alkoxy, and R.sub.2 is hydrogen or lower alkanoyl.
NUM  2.
PAR  2. 4-Loweralkoxy-3.alpha.-methyl-1.alpha.,2.alpha.-diloweralkanoyl-oxymethy
     l-4-cyclohexene.
NUM  3.
PAR  3. The compound of claim 2 wherein the lower-alkanoyloxymethyl group is
      acetoxymethyl.
NUM  4.
PAR  4. 4-Loweralkox
     y-3.alpha.-methyl-1.alpha.,2.alpha.-di(hydroxymethyl)-4-cyclohexene.
NUM  5.
PAR  5. The compound of claim 4 wherein the lower-alkoxy group is ethoxy.
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ABST
PAL  A method for obtaining an optically active .alpha.-phenylglycine
      benzenesulfonate by optical resolutions which comprises dissolving
      DL-.alpha.-phenylglycine benzenesulfonate in an aqueous solution of
      benzenesulfonic acid, cooling the resulting solution to a temperature
      sufficient to render the solution supersaturated, selectively
      crystallizing either optically active D- or L-.alpha.-phenylglycine
      benzenesulfonate in the presence of a seed of either D- or
      L-.alpha.-phenylglycine benzenesulfonate corresponding to the optically
      active .alpha.-phenylglycine benzenesulfonate to be crystallized out, and
      separating the resulting crystals from the liquid phase is disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method for the optical resolution of
      DL-.alpha.-phenylglycine. More particularly, this invention relates to a
      method for obtaining D-.alpha.-phelglycine by the optical resolution of
      DL-.alpha.-phenylglycine.
PAR  2. Description of the Prior Art
PAR  D-.alpha.-phenylglycine is known to be a useful starting material for
      preparing synthetic penicillins, in particular, ampicillin which has a
      broad antimicrobial spectrum, and a demand for a method for producing
      D-.alpha.-phenylglycine in large amounts and at low cost has increased in
      the field of synthetic penicillins as disclosed in J. Chem. Soc., 1962, pp
      1440-1453 and U.S. Pat. No. 2,985,648.
PAR  The compound .alpha.-phenylglycine, one of the .alpha.-amino acids, is not
      a naturally occuring compound and is obtainable only by chemical
      synthesis. In conventional processes for the production of
      .alpha.-phenylglycine the product is usually a mixture of DL-forms
      comprising an equal proportion of the D-form and the L-form. It is well
      known that synthetic penicillin having an antimicrobial activity can be
      obtained only from the D-form and, therefore, the above DL-mixture should
      be optically separated to obtain only the D-form of .alpha.-phenylglycine.
PAR  Various procedures for the optical resolution of DL-.alpha.-phenylglycine
      have heretofore been proposed. Typical procedures include a method
      comprise reacting DL-.alpha.-phenylglycine with d-camphor sulfonic acid
      and fractionally crystallizing the two resulting diastereoisomers by
      taking advantage of the difference in their solubilities, a method
      comprising converting DL-.alpha.-phenylglycine into an N-formyl derivative
      thereof, reacting the thus obtained N-formyl derivative with brucine and
      separating the resulting diastereoisomers by taking advantage of the
      difference in their solubilities and a method comprising converting the
      DL-.alpha.-phenylglycine into an N-acyl derivative thereof, reacting the
      thus obtained N-formyl derivative with brucine and separating the
      resulting diastereoisomers by taking advantage of the difference in their
      solubilities and a method comprising converting the
      DL-.alpha.-phenylglycine into an N-acyl derivative thereof and separating
      the N-acyl derivative into the optically active components by the activity
      of microorganisms.
PAR  However, the above conventional procedures are disadvantageous in that they
      require complicated resolution operations and, when the resolution is
      conducted via diastereoisomers, they require specific reagents which must
      be optically active, and further recovery of the reagents using an acid or
      an alkali is necessary.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a method for easily producing
      D-.alpha.-phenylglycine on an industrial scale at low cost by the optical
      resolution of DL-.alpha.-phenylglycine.
PAR  Another object of this invention is to provide a method for continously
      obtaining D-.alpha.-phenylglyine from DL-.alpha.-phenylglycine without any
      substantial loss of raw materials.
PAR  These objects are accomplished by a process wherein
      DL-.alpha.-phenylglycine in the form of a benzensulfonate salt is
      subjected to resolution to give the D-.alpha.-phenylglycine salt and the
      L-.alpha.-phenylglycine salt, the D-salt is purified and neutralized to
      give D-.alpha.-phenylglycine (salt free) and the L-salt is subjected to
      racemization and reused as a raw material in the processing sequence.
PAR  The above objects and other objects of this invention will be understood
      with greater clarity from the descriptions given hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS
PAR  FIG. 1 is a flow chart of the method of this invention wherein BSAS stands
      for .alpha.-phenylglycine benzenesulfonate, BSA stands for benzenesulfonic
      acid the abbreviations DL-, D- and L- indicate the racemic (DL-) and
      optically active forms (D- or L-) of .alpha.-phenyglycine and the term
      "free" indicates the DL-, D- or L- form is not in the salt form.
PAR  FIG. 2 is a flow chart showing detailed procedures for the conversion of
      D-BSAS into D-free, wherein BSAS, BSA and the term "free" are as defined
      previously.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The inventors, as a result of research to accomplish the above objects
      discovered the following facts.
PAR  1. DL-.alpha.-phenylglycine forms a salt with benzenesulfonic acid. (For
      simplicity, the DL-.alpha.-phenylglycine benzenesulfonic acid salt is
      hereinafter referred to as DL-BSAS.) The infrared absorption spectrum and
      X-ray diffraction pattern of the crystalline DL-BSAS are fully consistent
      with those of an optically active .alpha.-phenylglycine benzenesulfonate
      crystal (hereinafter referred to as an optically active BSAS, or as D-BSAS
      or L-BSAS), indicating that the DL-BSAS is in the form of a crystalline
      racemic mixture.
PAR  2. .alpha.-phenylglycine differs from other .alpha.-amino acids in that it
      exhibits a weak ability to form salts due to the specific electronic
      structure of .alpha.-phenylglycine. In forming .alpha.-phenylglycine
      benzenesulfonate, .alpha.-phenylglycine can form a stable benzenesulfonate
      salt only when a stoichiometric excess of benzenesulfonic acid is present,
      that is, more than 1 mole of benzenesulfonic acid is present per mole of
      .alpha.-phenylglycine. More specifically, .alpha.-phenylglycine can form a
      stable salt with benzenesulfonic acid in a system having a concentration
      more than 5 g of benzenesulfonic acid per 100 g of water (at a pH less
      than 1.0). If the above condition is not satisfied, a partial dissociation
      of the salt which is formed will occur and free .alpha.-phenylglycine can
      be crystallized out. In accordance with the present invention, any pH
      lower than 1 can be utilized.
PAR  3. The solubility of DL-BSAS in an aqueous benzenesulfonic acid having a
      concentration within the above range is greater than that of an optically
      active BSAS, the ratio of solubility being approximately 2 times.
PAR  4. The optically active BSAS is not dissolved in a saturated aqueous
      solution of DL-BSAS. The heterogeneous equilibrium of the aqueous solution
      consisting of DL-BSAS, L-BSAS and BSA (benzenesulfonic acid) are shown in
      Table 1 below.
TBL                Table 1                                                     

     ______________________________________                                    

     Heterogeneous Equilibrium of Aqueous Solution                             

     consisting of DL-BSAS, L-BSAS and BSA                                     

     (determined at 10.degree.C and 30.degree.C)                               

     ______________________________________                                    

     Concentration                                                             

               Type of      Solubility   Optical                               

     of BSA    solid        g/100g solvent*                                    

                                         Rotation                              

     g/100g water                                                              

               precipitated 10.degree.C                                        

                                     30.degree.C                               

                                           Deter-                              

               crystals                    mined                               

     ______________________________________                                    

     20        L-BSAS        4.55    10.8  --                                  

     20        DL-BSAS       7.44    18.7  --                                  

     20 (Racemic)                                                              

               DL-BSAS L-BSAS                                                  

                            7.41     18.7  0                                   

     ______________________________________                                    

     10        L-BASA        5.95    14.1  --                                  

     10        DL-BSAS      10.20    24.2  --                                  

     10(Racemic)                                                               

               DL-BSAS+L-BSAS                                                  

                            10.21    24.2  .apprxeq.0                          

     ______________________________________                                    

       *When 20 g of BSA is used, the solvent consists of 83.4 weight percent o

      water (100 g water/120 g total weight) and 16.6 weight percent of BSA (20

      g BSA/120 g total weight) and, when 10 g BSA is used, the solvent consist

      of 90.9 weight percent of water (100 g water/110 g total weight) and 9.1 

      weight percent of BSA (10 g BSA/110 g total weight).                     

PAR  The invariable point of the above heterogeneous system is consistent with
      the equilibrium value of an aqueous solution consisting of DL-BSAS and
      BSA. This indicates that the crystals of DL-BSAS are a racemic mixture of
      L-BSAS crystals and D-BSAS crystals.
PAR  5. When a liquid phase containing a mixture of DL-BSAS and an optically
      active BSAS (for example, L-BSAS) in a solvent, which does not react with
      the above salts (DL-BSAS and L-BSAS) and which does not dissociate the
      salts i.e., an aqueous solution of BSA having a concentration more than 5
      g of BSA per 100 g of water, which may contain a small amount (less than
      50% by volume) of a lower alkanol having 1 to 3 carbon atoms, acetone or
      dioxane, or a mixture thereof, is brought into a state of saturation (the
      terms saturation and equilibrium will be used interchangeably) with
      respect to DL-BSAS, L-BSAS separates as a solid phase from DL-BSAS as a
      liquid phase. Thus, the above two compounds can be separated
      quantitatively from each other by solid-liquid separation to obtain each
      of the compounds having a high optical purity. Although L-BSAS was
      exemplified above, the same effect is encounted with D-BSAS.
PAR  6. When a solution having dissolved therein DL-BSAS and an optically active
      BSAS (for example, L-BSAS) is combined with crystals of DL-BSAS in an
      amount of at least two times the amount of L-BSAS by weight and the
      resulting solution is maintained in a state of saturation with respect to
      the total DL-BSAS, only D-BSAS (an antipode to L-BSAS which has been
      dissolved in the solution) of the added DL-BSAS is selectively dissolved
      in the solution and L-BSAS which has the same optical activity as that of
      the optically active component which has been dissolved in the solution is
      not dissolved in the solution and remains as crystals.
PAR  7. When one of the optically active BSAS forms, for example, L-BSAS, is
      heated at a temperature in the range of from 110.degree. to 200.degree.C
      under pressurized conditions, i.e., 1 to 30 atmospheres, in an aqueous
      solution of benzenesulfonic acid having a concentration greater than 5 g
      of BSA per 100 g of water, the L-BSAS is converted into a racemic mixture
      of DL-BSAS. Also, free .alpha.-phenylglycine can be converted into the
      DL-form in the presence of water by merely heating .alpha.-phenylglycine
      at a temperature in the range of from 180.degree. to 220.degree.C under
      pressurized condition, i.e., 1 to 30  atmospheres.
PAR  8. When the conditions recited in (2) above are not satisfied,
      .alpha.-phenylglycine benzenesulfonate in either the D- or L-form
      dissociates into the free D- or L-form of 60 -phenylglycine and
      benzenesulfonic acid. The degree of dissociation generally increases as
      the amount of water present increase, but the amount of water can
      appropriately be adjusted, i.e., use a small amount of water sufficient to
      avoid excess dissolution of free .alpha.-phenylglycine which is slightly
      soluble in water, to obtain free .alpha.-phenylglycine. For example, the
      amount of free D-.alpha.-phenyglycine obtained from 10 g of
      D-.alpha.-phenyglycine benzenesulfonate by adding 50, 100, 200 and 500 ml
      of water at a temperature of 15.degree.C is 1.8, 2.4, 2.9 and 2.6 g,
      resepctively.
PAR  When the dissociation of BSAS is incomplete, the solution from the
      dissociation step may be rendered neutral with an alkali such as an
      aqueous sodium hydroxide solution or aqueous ammonia, etc. The alkali is
      generally used in an amount equal to the amount of BSAS present.
PAR  The present invention is based on the discoveries summarized in (1) to (8)
      above, and the purposes of the present invention can be accomplished by a
      combination of the above discoveries. That is, as shown in the flow charts
      described hereinafter, this invention provides not only a method for
      resolving DL-.alpha.-phenylglycine into the D-form and the L-form
      (Resolution Steps I and II), but also a method for obtaining the desired
      D-form in a highly purified state (Purification Step III) as well as a
      method for the racemization of the undersirable L-form for reuse as a
      starting material in the separation step of this invention and a method
      for converting D-.alpha.-phenylglycine benzenesulfonate into free
      D-.alpha.-phenylglycine.
PAR  The above steps of the present invention are described hereinafter in
      greater detail.
PAC  RESOLUTION STEP (I)
PAC  Recovery of D-BSAS
PAR  The resolution may be conducted by either first crystallizing the D-form
      and then crystallizing the L-form or first crystallizing the L-form and
      then crystallizing the D-form. Substantially the same procedure can be
      used in these alternative separations. The procedure for the separation
      will be described hereinafter by referring to the procedure where the
      D-form is first crystallized, keeping in mind that the procedure can be
      equally applied to the case where the L-form is first crystallized merely
      by altering the initial seed composition to that of the L-form.
PAR  Briefly, the resolution comprises first converting DL-.alpha.-phenylglycine
      into the benzenesulfonic acid salt thereof by mixing
      DL-.alpha.-phenylglycine with benzenesulfonic acid under the conditions
      heretofore described at point (2), dissolving DL-.alpha.-phenylglycine
      benzenesulfonate in an aqueous solution of benzenesulfonic acid to the
      extent of supersaturation and selectively crystallizing D-BSAS using a
      seed crystal of D-BSAS. Again, the aqueous solution of benzenesulfonic
      acid may contain less than 50% by volume of a lower alkanol having 1 to 3
      carbon atoms, acetone, dioxane, or a mixture thereof. When the
      super-saturated DL-BSAS solution is seeded with crystals of D-BSAS,
      crystallization of only D-BSAS selectively occurs and crystals of D-BSAS
      are formed over a period of time. Then, after that period of time,
      crystallization of the L-form begins and crystals of the L-form
      precipitate. Ultimately, crystallization of both the D- and L-forms
      simultaneously occurs until the crystallization system reaches its
      equilibrium at the resolution temperature. To attain an efficient
      resolution of the D-form, it is necessary to conduct a solid-liquid
      separation during the crystallization of only D-BSAS, i.e., prior to the
      commencement of the crystallization of L-BSAS. The phase during which
      crystals having the same optical activity as that of the seed cyrstals are
      predominantly crystallized is referred to as the "resolution time". The
      resolution time is determined mainly depending upon the degree of
      supersaturation and the amount of seed crystals used. The higher the
      degree of supersaturation, the higher the rate of separation. Also, the
      larger the amount of seed crystals, the higher the rate of resolution.
      When the degree of supersaturation is excessively high, crystallization
      sometimes occurs not only in the seeded optical form but also in the
      non-seeded optical form of .alpha.-phenylglycine. For this reason, in the
      method of this invention, a suitable degree of supersaturation as defined
      hereinafter is from 105% to 200%, preferably about 105 to 150%.
      ##EQU1##
PAR  As previously described, the higher the amount of seed crystals, the higher
      the rate of resolution. The proportion of the seed crystals can be from
      100% to 5% by weight based on the weight of DL-BSAS dissolved in the
      solution to be separated, but generally the proportion is less than 20%,
      preferably from 5% to 20% by weight based on the weight of DL-BSAS
      dissolved.
PAR  It is also possible to add additional seed crystals after the initiation of
      the crystallization of the D- or L- form, and this may be done either in
      seed crystal-initiated crystallization or in those crystallization where
      seed crystals are not used.
PAR  The resolution can be carried out at a temperature in the range of from
      0.degree. to 100.degree.C when water is used as a solvent, but in order to
      minimize the loss of water in the filtration of the crystals and to avoid
      economic disadvantages, such as additional heating means, it is
      advantageous to carry out the resolution near room temperature.
PAR  Stirring can advantageously be used during the resolution so as to
      uniformly disperse the seed crystals which are used as an aid for the
      crystallization in the liquid phase. However, vigorous agitation or
      friction which would lead to the crystallization of L-BSAS (in the case
      where the crystallization of D-BSAS only is desired) should be avoided.
PAR  The supersaturation may be accomplished by any conventional procedure such
      as by cooling or by evaporation of the solvent, but cooling is generally
      preferred since the composition of the solvent can be maintained constant.
PAR  Seed crystals can be used in either the dried state or in the wet state,
      i.e., moistened with the same solvent as that used in the separation. In
      particular, wet seeds are advantageous in that they tend to uniformly
      disperse in the separation solution.
PAR  In some cases, the seeds may be added as a solution sufficiently
      concentrated to upset the saturation of the system to be crystallized or
      may be previously dissolved in a solution of the DL-BSAS to be separated
      prior to the saturation thereof. This means that the mother liquor from
      which the D-BSAS has been separated may be reused in another batch of
      starting resolution solution with or without adding additional DL-BSAS
      crystals to the recycled solution so long as the solution is
      supersaturated with respect to DL-BSAS.
PAR  Any aqueous solution of benzenesulfonic acid having a concentration greater
      than 5 g per 100 g can be used in principle as a separation solvent.
      However, at higher concentrations, the increased viscocity of the solution
      tends to prevent the formation of the desired crystals, and further the
      amount of DL-BSAS dissolved is decreased whereby an effective separation
      cannot be obtained. For this reason, a concentration of benzenesulfonic
      acid from 5 to 30 g per 100 g of water is advantageous with the preferred
      range being from 10 g to 20 g per 100 g of water.
PAR  When the supersaturation, the type of seed crystals and the separation
      temperature are selected appropriately in the manner described above, the
      separation is generally completed within the range of from 1 to 60
      minutes. Under the above conditions, D-BSAS can be selectively
      crystallized from the resolution solution of DL-BSAS, and the solid phase
      separated from the liquid phase.
PAR  The above resolution step can be carried out in a batch manner or a
      continuous manner.
PAC  RESOLUTION STEP (II)
PAC  Recovery of D-BSAS
PAR  The mother liquor from which D-BSAS has been separated as described above
      is rich L-BSAS and L-BSAS can be recovered therefrom by taking advantage
      of the discovery previously described at (5). In greater detail, the
      mother liquor is first maintained at a temperature at which DL-BSAS is
      saturated followed by stirring gently to crystallize L-BSAS. After
      substantially all L-BSAS has been crystallized as evidenced by the O value
      of optical rotation of the mother liquor, the crystals of L-BSAS
      precipitated are recovered by an appropriate procedure, e.g., filtration.
PAR  The DL-BSAS solution obtained after separation of L-BSAS can be used as a
      starting solution in the resolution step (I) after additional DL-BSAS
      crystals have been added to the solution, i.e., in an amount equal to the
      total amount of D-BSAS plus L-BSAS previously recovered in Resolution Step
      (I) and Resolution Step (II).
PAR  Alternatively, when DL-BSAS is dissolved in an aqueous solution of
      benzenesulfonic acid at a benzenesulfonic acid concentration greater than
      5 g per 100 g of water having dissolved therein L-BSAS (the L-rich mother
      liquor from Resolution Step (I)) without causing the precipitation of
      L-BSAS and the mixture is brought into supersaturation with respect to
      DL-BSAS, the dissolved L-BSAS can be crystallized predominantly over
      DL-BSAS whereby the resolution is commenced. The crystallization of only
      L-BSAS is followed by separation of the crystals. This results in
      producing a mother liquor which is rich in D-form and the mother liquor
      can be worked up to obtain D-BSAS in a manner similar to that used to
      obtain L-BSAS merely by adding DL-BSAS crystals as a starting material
      equal to the amount of the D- and L-forms removed in Resolution Step (I)
      and Resolution Step (II), whereby the separation can be continued without
      using seed crystals. For instance, DL-BSAS crystals are added to the
      L-rich mother liquor from Resolution Step (I), from which D-BSAS has been
      removed, in an amount equal to the total amount of D-BSAS removed and
      L-BSAS present in the mother liquor whereafter the resolution is
      commenced. These separations can be operated alternately to separate
      L-BSAS and D-BSAS crystals from the racemic DL-BSAS starting material
      without using seed crystals of L-BSAS or D-BSAS.
PAR  Further, the result previously described in (6) can be used in this
      separation step. In this case, the separation can be attained by merely
      adding DL-BSAS as a raw material without using seed crystals. This method
      is more advantageous from the standpoint of the heat source than the case
      where all the added DL-BSAS is dissolved since much heat will be required
      for dissolving all the added DL-BSAS as compared with the case where only
      either one of the optically active salts is dissolved. This method is also
      advantageous in that the method utilizes the tendency of only one of the
      optically active components of DL-BSAS to dissolve and, therefore, this
      method makes it possible to control the grain size of the crystals
      produced by adjusting the grain size of the DL-BSAS crystals used as a
      starting material.
PAC  PURIFICATION STEP (III)
PAR  When the crystals of D-BSAS obtained in resolution step (I) contain an
      unacceptable amount of DL-BSAS, an appropriate solvent, i.e., an aqueous
      solution of BSA, in an amount sufficient to dissolve the DL-BSAS
      contaminant is added to the impure D-BSAS and the mixture is brought to
      the equilibrium state with respect to DL-BSAS according to the principle
      previously described in (5) whereby D-BSAS is separated as crystals from
      the contaminant DL-BSAS which remains in the liquid phase. This
      purification can be carried out at the same temperatures as is used in the
      separation step, i.e., at a temperature in the range of from 0.degree. to
      100.degree.C, but is advantageously carried out at approximately room
      temperature. The solvent used in the purification is an aqueous
      benzenesulfonic acid solution (the mixed solvent systems heretofore
      described may also be used) having a concentration as recited in (2). If
      the above equilibrium cannot be attained in view of the fact that the
      DL-BSAS contaminant is present in a small amount and the solvent is used
      in a small amount which is not sufficient to stir the mixture efficiently,
      an appropriate amount of a saturated solution of DL-BSAS may be added to
      the mixture to be purified at a temperature where the purification is
      conducted, i.e., an amount which permits the system to be adequately mixed
      or stirred in order to bring the system to equilibrium between the solid
      and liquid phases.
PAR  A purification utilizing the same principles may be performed on crystals
      of L-BSAS when necessary or desired, but since L-BSAS is generally
      racemized in the present process, such a purification will seldom, if
      ever, be used.
PAC  RACEMIZATION STEP (IV)
PAR  Among the optically active components obtained from resolution steps (I)
      and (II), L-BSAS can be used as a starting material after it is racemized.
      The racemization of L-BSAS can be carried out, without dissociating
      benzenesulfonic acid, by heating L-BSAS at a temperature in the range of
      from 110.degree. to 200.degree.C, preferably 180.degree.C, in a solvent,
      i.e., an aqueous solution of BSA having a concentration more than 5 g of
      BSA per 100 g of water, for a period of from 2 to 10 hours thereby
      yielding a racemic DL-BSAS. The L-BSAS to be racemized and the solvent can
      be used in any proportions, but a ratio of from about 0.5 to about 6 parts
      by weight of solvent per 1 part by weight of L-BSAS can advantageously be
      used since the above recited ratio makes it possible to obtain racemic
      DL-BSAS as a crystalline solid by merely cooling the racemization mixture
      and to reuse the reaction mother liquor repeatedly.
PAR  There is a close correlation between the racemization temperature and the
      racemization time, but generally the racemization is completed under
      pressurized conditions, i.e., 1 to 30 atmospheres at a temperature of
      160.degree.C for about 6 hours or at a temperature of 180.degree.C for
      about 2 hours.
PAR  The desired racemization product, DL-BSAS, can be isolated as crystals by
      cooling the racemization mixture, crystallizing DL-BSAS and conducting a
      solid-liquid separation, and the resulting mother liquor can then be
      recycled to the separation step after additional starting DL-BSAS is added
      thereto.
PAR  As shown in FIG. 2, free L-.alpha.-phenylglycine obtained from resolution
      Step II can also be subjected to the racemization step to obtain a racemic
      DL-free form. This racemization can be carried out in a manner similar to
      that described for the racemization of L-BSAS. However, for the
      racemization of free L-.alpha.-phenylglycine, it is advantageous to use a
      temperature in a range of from 150.degree. to 220.degree.C under a
      pressure of from 1 to 30 atmospheres for a period of from 2 to 10 hours
      and a ratio of from 0.5 to about 10 parts by weight of the solvent per 1
      part by weight of free L-.alpha.-phenylglycine.
PAC  RECOVERY OF FREE D-.alpha.-PHENYLGLYCINE FROM D-BSAS (V)
PAR  According to the principle previously described in (8), free
      D-.alpha.-phenylglycine in crystalline form can be obtained by merely
      dissolving D-BSAS in water, thereby dissociating the anion portion of the
      salt. However, there is a problem in this step in that the dissociation of
      the anion portion of the salt cannot be accomplished completely, i.e.,
      while the neutralization may be effected without using acids or alkalis,
      the resulting neutralized solution may contain BSA and L- (or D-) BSAS.
      When this solution is recycled to the Resolution Step, the resolution
      system would be rich in L- (or D-) BSAS. To avoid this unbalance, the
      procedure illustrated in FIG. 2 is applied so that all the BSA can be
      recycled to the resolution system without causing an unbalance in the
      amount of D- and L-BSAS. The procedure illustrated in FIG. 2 will now be
      explained in greater detail.
PAR  The optically active BSAS materials obtained from resolution step (I),
      followed by Purification Step (III), if necessary, and resolution step
      (II), i.e., D-BSAS and L-BSAS, are separately dissolved in an equal amount
      of water to obtain crystals of the free .alpha.-phenylglycine form in each
      solution. In this case, D-BSAS and L-BSAS are used in an equal amount and
      dissolve in an equal amount. After separation of the resulting crystals
      from each of the solutions, the solutions containing BSA and either D-BSAS
      or L-BSAS which remained undissociated are combined to form a solution
      containing DL-BSAS and BSA. The resulting solution can then be recycled to
      resolution step (I). In this manner, the amount of BSA in the separation
      system can be maintained constant.
DETD
PAR  The present invention is further illustrated by the following examples but
      they are not to be construed as limiting the scope of this invention.
PAC  EXAMPLE 1
PAC  Resolution Step (I)
PAR  43.6 g of DL-BSAS was dissolved in 205 g of an aqueous solution of
      benzenesulfonic acid having a concentration of 10 g of benzenesulfonic
      acid per 100 g of water, and the resulting solution was cooled to a
      temperature of 18.degree.C. 0.8 g of wet crystals of D-BSAS were then
      added to the solution and the mixture was allowed to crystallize at that
      temperature for a period of 8 minutes by allowing the solution to stand
      following by filtration. The resulting crystals of D-BSAS were then washed
      with a small amount of an aqueous solution of benzenesulfonic acid having
      the same benzenesulfonic acid concentration as above which had been cooled
      to 5.degree.C to yield 3.58 g of crystals. The resulting crystals had a
      specific rotatory power of -78.2.degree. (c=1.0 in an aqueous
      benzenesulfonic acid, 20 g/100 g water) and were found to be approximately
      100% D-BSAS.
PAC  Neutralization Step
PAR  3.5 g of the above obtained crystalline D-BSAS was suspended in 20 ml of
      water and 1N aqueous ammonia was added to the suspension in an amount
      sufficient to adjust the pH to 6.8. The mixture was stirred for 3 hours at
      a temperature of 15.degree.C, and filtered to separate the precipitated
      crystals. The crystals were then washed with a small amount of cold water
      and then dried to yield 1.7 g of crystals. The crystals showed a specific
      rotatory power of [.alpha.].sub.D.sup.20 =- 158.degree. (c=1 in 6N.HCl)
      and were found to be pure D-.alpha.-phenylglycine (D-free crystals).
PAC  Resolution Step (II)
PAR  To 234 g of the mother liquor from the resolution step (I), which contained
      38 g of DL-BSAS and 2.8 g of L-BSAS in an aqueous benzenesulfonic acid
      having a concentration of 10 g of benzenesulfonic acid per 100 g of water,
      there was added 5.6 g of crystals of DL-BSAS while maintaining the
      temperature at 30.degree.C. The mixture was then stirred for 30 minutes at
      that temperature to bring the mixture to equilibrium, and a solid-liquid
      separation performed by filtration under reduced pressure using a suction
      flash to obtain 2.86 g of crystals. The resulting crystals had a specific
      rotatory power of +78.1.degree. (c=0.51 in an aqueous benzenesulfonic acid
      solution, 20 g/100 g water) and were found to be L-BSAS. The liquid
      obtained from the above solid-liquid separation had a specific rotatory
      power of 0.degree. and it was confirmed that the liquid contained a
      racemic salt.
PAR  This liquor may be used as a starting solution in resolution step (I) by
      adding additional starting material, DL-BSAS crystals, which is to be
      subjected to optical resolution.
PAC  Racemization Step (IV)
PAR  2.5 g of the L-.alpha.-phenylglycine benzenesulfonate obtained in the
      resolution step (II) above were suspended in 50 ml of an aqueous solution
      of benzenesulfonic acid having a concentration of 20 g of benzenesulfonic
      acid per 100 g of water, and the suspension was heated at 160.degree.C for
      8 hours in a closed autoclave under autogenous pressure. After being
      cooled, the reaction mixture was found to have a specific rotatory power
      of approximately 0 indicating that the .alpha.-phenylglycine in the
      reaction mixture was completely converted into the racemic form.
PAC  EXAMPLE 2
PAC  Resolution Step (I) and Resolution Step (II)
PAR  250 g of DL-BSAS was dissolved in 1 Kg of an aqueous solution of
      benzenesulfonic acid having a concentration of 10 g per 100 g of water at
      a temperature 35.degree.C, and the resulting solution was cooled to a
      temperature of 25.5.degree.C. 4.5 g of wet crystals of L-BSAS was then
      added to the solution and the mixture was stirred gently at 25.5.degree.C
      for 13 minutes. The precipitated crystals of L-BSAS which formed were
      filtered and the filtrate was then stirred gently for an additional 5
      hours at 25.5.degree.C to allow the precipitation of crystals of D-BSAS.
      The yield of the two crystals was 29.8 g (L-BSAS) and 24.4 g (D-BSAS),
      respectively, and the specific rotatory power of the crystals was found to
      be +78.1.degree. and -78.0.degree., respectively (c=0.5 in an aqueous
      benzenesulfonic acid solution, 20 g/100 g water).
PAC  Neutralization Step (V)
PAC  Preparation of free D-.alpha.-phenylglycine from D-BSAS
PAR  400 ml of water was added to 28.0 g of crystals of D-BSAS obtained from the
      above resolution step (II), and the mixture was stirred for 1.5 hours at a
      temperature of 15.degree.C. The precipitated crystals were then filtered
      to obtain 10.5 g of crystalline D-.alpha.-phenylglycine having a specific
      rotatory power of -158.1.degree. (at 20.degree.C, c=0.5 in 6N.HCl).
PAC  Racemization Step (IV)
PAR  100 ml of a saturated aqueous solution of DL-BSAS at a temperature of
      15.degree.C was added to 23.0 g of L-BSAS obtained from the above
      resolution step (II), and the mixture was heated at a temperature of
      180.degree.C for 3 hours in an autoclave under autogenous pressure to
      complete the racemization. After completion of the racemization, the
      resulting reaction product was transferred to a beaker and allowed to
      stand overnight, and the crystals formed were then filtered to obtain 28.8
      g of crystals. The thus obtained crystals had a specific rotatory power of
      0, indicating that the product is completely in the racemic form.
PAC  EXAMPLE 3
PAC  Resolution Step (I)
PAR  30 g of crystals of DL-BSAS were dissolved in 300 g of an aqueous solution
      of benzenesulfonic acid having a concentration of 30 g of benzenesulfonic
      acid per 100 g of water and the solution was cooled to 15.degree.C. To the
      resulting supersaturated aqueous solution was then added 0.5 g of crystals
      of D-BSAS, and the crystals were allowed to grow while stirring at that
      temperature. After crystallization for 3 minutes, the precipitated
      crystals were filtered to obtain 5.0 g of D-BSAS crystals having a
      specific rotatory power of -54.6.degree. (c=1 in an aqueous
      benezenesulfonic acid solution, 20 g/100 g water) and a 70% optical
      purity.
PAC  Purification Step (III)
PAR  To 5.0 g of the above obtained crystals there was added 100 ml of an
      aqueous solution of benzenesulfonic acid having a concentration of 10 g of
      benzenesulfonic acid per 100 g of water, and the mixture was stirred for 1
      hour at a temperature of 18.degree.C to bring the solution to equilibrium.
      The solution was filtered to obtain 3.3 g of D-BSAS having an optical
      rotatory power of -71.degree. (c=0.97 in an aqueous benzenesulfonic acid
      solution, 20 g/100 g water).
PAC  Neutralization Step (V)
PAR  To 3.0 g of the crystals obtained above there was added 50 ml of water
      (undissolved crystals were partially present in the resulting solution),
      and the mixture was adjusted to a pH of 6.8 with 1N aqueous ammonia. After
      standing for 30 minutes, the precipitated crystals were filtered to obtain
      1.2 g of crystalline D-.alpha.-phenylglycine having a specific rotatory
      power of +147.degree. (c=1 in 6N hydrochloric acid).
PAC  Resolution Step (II)
PAR  To the mother liquor obtained from the resolution step (I) above was added
      8.0 g of DL-BSAS followed by heating to dissolve the DL-BSAS. The
      resulting solution was slowly cooled to 15.degree.C over a 10 minute
      period. During the cooling a number of crystal nuclei were produced and
      grown, and immediately thereafter the crystals formed were filtered to
      obtain 8.6 g of crystalline L-BSAS having a specific rotatory power of
      +77.8.degree. (c=0.87 in an aqueous benzenesulfonic acid solution, 20
      g/100 g water).
PAC  Racemization Step (IV)
PAR  8.0 g of L-BSAS crystals obtained above was added to 100 ml of a saturated
      solution of DL-BSAS in an aqueous benzenesulfonic acid having a
      concentration of 20 g benzenesulfonic acid per 100 g of water, and the
      mixture was heated in an autoclave under autogeous pressure at a
      temperature of 170.degree.C for 5 hours followed by standing overnight at
      15.degree.C. There was obtained 7.8 g of crystals of DL-BSAS having an
      optical rotation of [.alpha.].sub.D.sup.20  = 0 (c=0.5 in an aqueous
      benzenesulfonic acid solution, 20 g/100 g water).
PAC  EXAMPLE 4
PAR  5 g of crystals of L-BSAS was dissolved in 100 ml of an aqueous solution of
      benzenesulfonic acid having a concentration of 10 g per 100 g of water.
      The solution was then separated into three portions, and these solutions
      were heated at temperatures of 120.degree.C, 140.degree.C and
      160.degree.C, respectively, under autogenous pressure in an autoclave for
      a period of 5 hours. After cooling, the optical rotation of the resulting
      solutions was determined and the percent racemization was found to be
      222%%, 50% and 95%, respectively.
PAC  EXAMPLE 5
PAR  32 g of crystals of L-BSAS were added to 100 ml of an aqueous solution of
      benzenesulfonic acid having a concentration of 20 g of benzenesulfonic
      acid per 100 g of water. The mixture was then heated in an autoclave at a
      temperature of 160.degree.C for 6 hours under autogenous pressure. After
      cooling, the solution was allowed to stand overnight at room temperature
      and the precipitated crystals were filtered to obtain 15.8 g of crystals.
      The optical rotation was found to be 0, indicating complete racemization.
PAC  EXAMPLE 6
PAR  To the mother liquor obtained in Example 5 were added 32 g of crystals of
      L-BSAS, and the mixture was heated in an autoclave at a temperature of
      180.degree.C for 3 hours followed by racemization in the same manner as
      described in Example 5. There was obtained 31.8 g of crystals having an
      optical rotation of 0,  indicating complete racemization.
PAC  EXAMPLE 7
PAR  To 5.0 g of L-.alpha.-phenylglycine there were added 200 ml of water, and
      the resulting solution was divided into four portions. These solutions
      were then heated in an autoclave at temperatures of 110.degree.C,
      150.degree.C, 180.degree.C and 220.degree.C, respectively. After allowing
      the solutions to cool to room temperature, water was removed under reduced
      pressure to dryness and the optical rotation of the thus obtained residues
      was determined. The results indicated that the percent racemization in
      each of the residue was 0%, 21%, 36% and 88%, respectively.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for obtaining an optically active .alpha.-phenylglycine
      benzenesulfonate by optical resolution which comprises dissolving
      DL-.alpha.-phenylglycine benzenesulfonate in an aqueous solution of
      benzenesulfonic acid having a concentration greater than 5g of
      benzenesulfonic acid per 100 g of water, rendering the solution
      supersaturated, selectively crystallizing either optically active D- or
      L-.alpha.-phenylglycine benzenesulfonate, crystallization at least being
      initiated in the presence of a seed of either D- or
      L-.alpha.-phenylglycine benzensulfonate corresponding optically to the
      optically active .alpha.-phenylglycine benzenesulfonate to be crystallized
      out, and separating the resulting crystals from the liquid phase before
      initiation of crystallization of the optically active
      .alpha.-phenylglycine benzenesulfonate having an optical activity opposite
      to that of the crystallized optically active .alpha.-phenylglycine
      benzenesulfonate.
NUM  2.
PAR  2. A method according to claim 1, wherein said aqueous solution of
      benzenesulfonic acid has a concentration in the range of 5 g to 30 g
      benzenesulfonic acid per 100 g of water.
NUM  3.
PAR  3. A method according to claim 1, wherein said supersaturation is greater
      than 105% saturation.
NUM  4.
PAR  4. A process according to claim 1, wherein said supersaturation is in the
      range of from 105% to 150% saturation.
NUM  5.
PAR  5. A method according to claim 1, wherein said seed is prepared by adding
      crystals of DL-.alpha.-phenylglycine to an aqueous solution of an
      optically active .alpha.-phenylglycine benzenesulfonate, saturating the
      resulting solution with respect to total DL-.alpha.-phenylglycine
      benzenesulfonate, thereby crystallizing .alpha.-phenylglycine
      benzenesulfonate having the same optical activity as that of the
      .alpha.-phenylglycine benzenesulfonate initially present in the solution
      and separating the resulting crystals, said crystals of
      DL-.beta.-phenylglycine being added in an amount of at least 2 times the
      amount of the optically active .alpha.-phenylglycine initially present in
      the solution.
NUM  6.
PAR  6. A method according to claim 1, wherein said seed is used in an amount of
      from 5 to 100% by weight based on the weight of the dissolved
      DL-.alpha.-phenylglycine benzenesulfonate.
NUM  7.
PAR  7. A method according to claim 1, wherein said crystallized product
      comprises optically active .alpha.-phenylglycine benzenesulfonate
      contaminated with DL-.alpha.-phenylglycine benzenesulfonate, and said
      method comprises the additional step of dissolving the contaminated
      optically active .alpha.-phenylglycine benzenesulfonate in an aqueous
      solution of benzenesulfonic acid having a concentration greater than 5 g
      per 100 g of water, substantially saturating the solution with respect to
      DL-.alpha.-phenylglycine benzenesulfonate contained therein, thereby
      crystallizing out said optically active .alpha.-phenylglycine
      benzenesulfonate, and separating the resulting optically purified crystals
      of .alpha.-phenylglycine benzenesulfonate.
NUM  8.
PAR  8. A method according to claim 1, wherein said method further comprises
      saturating said liquid phase containing an optically active
      .alpha.-phenylglycine benzenesulfonate and DL-.alpha.-phenylglycine
      benzenesulfonate with respect to DL-.alpha.-phenylglycine benzenesulfonate
      without adding additional DL-.alpha.-phenylglycine benzenesulfonate
      thereby crystallizing out said optically active .alpha.-phenylglycine
      benzenesulfonate.
NUM  9.
PAR  9. A method according to claim 1, wherein said saturation is carried out by
      cooling the liquid phase.
NUM  10.
PAR  10. A method according to claim 1, which further comprises heating the
      resulting optically active .alpha.-phenylglycine benzenesulfonate having
      an undesired optical activity in an aqueous solution of benzenesulfonic
      acid having a concentration greater than 5 g per 100 g of water at a
      temperature in the range of from 110.degree. to 200.degree.C under
      pressurized condition in a sealed vessel to obtain a racemic
      DL-.alpha.-phenylglycine benzenesulfonate.
NUM  11.
PAR  11. A method for the racemization of L-.alpha.-phenylglycine which
      comprises heating L-.alpha.-phenylglycine at a temperature in the range of
      from 180.degree. to 220.degree.C in the presence of water in an amount of
      from 0.5 to 50 parts by weight per 1 part by weight of said
      L-.alpha.-phenylglycine.
NUM  12.
PAR  12. A method according to claim 1, wherein said method further comprises
      adding the resulting crystals of optically active .alpha.-phenylglycine
      benzenesulfonate to water in an amount of from 0.5 to 50 parts by weight
      per 1 part by weight of said .alpha.-phenylglycine benzenesulfonate to
      obtain an optically active free .alpha.-phenylglycine and benzenesulfonic
      acid.
NUM  13.
PAR  13. A method according to claim 1, wherein said seed is used in an amount
      of from 5 to 20% by weight based on the weight of the dissolved
      DL-.alpha.-phenylglycine benzenesulfonate.
NUM  14.
PAR  14. A method according to claim 1, wherein said method further comprises
      saturating said liquid phase containing an optically active
      .alpha.-phenylglycine benzenesulfonate and DL-.alpha.-phenylglycine
      benzenesulfonate with respect to DL-.alpha.-phenylglycine benzenesulfonate
      by adding additional DL-.alpha.-phenylglycine benzenesulfonate thereby
      crystallizing out said optically active .alpha.-phenylglycine
      benzenesulfonate.
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PAL  A process is disclosed for effectively producing a cycloalkylalkane
      carboxylic acid by reacting a cyclic ketone or a cyclic alcohol with a
      molten alkali metal hydroxide using a two step temperature treatment
      during the reaction wherein the first step temperature ranges from
      200.degree. to 270.degree.C and the second step temperature ranges from
      290.degree. to 350.degree.C. The alkali metal soap is then converted to
      the free acid. The process is especially directed to the manufacture of
      cyclopentylpropionic acid.
BSUM
PAR  The present invention relates to a process for the preparation of a
      cycloalkylalkane carboxylic acid by reacting a cyclic ketone or a cyclic
      alcohol with a molten alkali metal hydroxide.
PAR  It is known that alcohols and ketones can be converted into carboxylic acid
      soaps with molten caustic soda. For example, in U.S. Pat. No. 3,121,728
      there is described the preparation of caproic acid by reacting
      cyclohexanol with molten caustic soda. However, U.S. Pat. No. 1,961,623
      shows that the oxidation of cyclohexanol or cyclohexanone with a molten
      alkali metal hydroxide does not lead to a distinct product, but rather to
      a mixture of caproic acid, cyclohexylbutyric acid and a higher carboxylic
      acid having the empirical formula C.sub.12 H.sub.20 O.sub.21, the latter
      acid being identified in J. Am. Chem. Soc., 72, (1950) 2039 as
      6-(2-cyclohexenyl) caproic acid. According to the latter patent, this
      cyclohexenylcaproic acid, after having been isolated, can be converted
      into cyclohexylbutyric acid by reaction with molten alkali metal
      hydroxide.
PAR  Consequently, it is not attractive to prepare cyclohexylbutyric acid by
      means of a caustic soda melt reaction from cyclohexanol or cyclohexanone,
      as the yield of the desired cyclohexylbutyric acid is low due to
      by-product formation. As improvement in this yield can only be obtained by
      isolating the cyclohexenylcaproic acid formed as an intermediate and then
      converting same into cyclohexylbutyric acid.
PAR  Surprisingly it has now been found that starting from cyclopentanone or
      cyclopentanol, cyclopentylpropionic acid may be obtained in good yields by
      reacting cyclopentanone or cyclopentanol with molten alkali metal
      hydroxide in two successive heating steps at temperatures ranging from
      200.degree. to 270.degree.C and from 290.degree. to 350.degree.C
      respectively and subsequently converting the alkali metal soap formed into
      the cyclopentylpropionic acid in a conventional manner by acidifying the
      reaction mixture with a mineral acid.
PAR  Potassium hydroxide or an alkali metal hydroxide consisting essentially of
      potassium hydroxide is preferably used as the alkali metal hydroxide. The
      first heating step is preferably carried out at a temperature ranging from
      240.degree. to 260.degree.C.
PAR  In order to improve the stirrability of the reaction mixture, the oxidation
      of the ketone or the alcohol is preferably carried out in the presence of
      an alkali metal soap of a different alkane carboxylic acid, such as, for
      example, diethyl acetic acid, 2-ethylhexanoic acid and
      3,5,5-trimethylhexanoic acid, preferably isobutyric acid. These metal
      soaps may be formed in situ, if desired. They are added or formed in
      quantities ranging from 5 to 50 mol %, calculated on the total quantity of
      base.
PAR  The cyclopentylpropionic acid prepared according to the process of the
      invention may be used in its ester form in the cosmetic or pharmaceutical
      industry.
DETD
     The following Examples I to III illustrate the process of the invention,
      Examples IV and V being given for comparative purposes only.
PAC  EXAMPLE I
PAR  To 77.5 g (0.92 mol) of cyclopentanone were added, with stirring, a mixture
      of 33 g of 98% by weight NaOH, 99 g of 85% by weight KOH (totally 2.30 mol
      of base) and 61 g (0.69 mol) of isobutyric acid at a temperature of
      220.degree.C over a period of 1 hour.
PAR  After all the cyclopentanone had been added, the temperature of the
      reaction mixture was raised to 315.degree.C and kept at this temperature
      until no more hydrogen was formed.
PAR  After cooling, the melt was diluted with about 0.51 of water and acidified
      with 200 ml of 360% by weight HCl (2.40 mol). After separation the organic
      layer was washed with water and fractionally distilled, after which 39.4 g
      of 3-cyclopentylpropionic acid were obtained (yield 60.2%).
PAC  EXAMPLE II
PAR  To 1008 g of (12 mol) of cyclopentanone were added a mixture of 548 g of
      97% by weight NaOH, 1096 g of 85% by weight KOH (totally 30 mol of base)
      and 792 g (9 mol) of isobutyric acid at a temperature of 250.degree.C for
      1 hour.
PAR  After all the cyclopentanone had been added, the temperature of the
      reaction mixture was raised to 310.degree. - 315.degree.C and kept at this
      temperature until no more hydrogen was formed.
PAR  After cooling, the melt was diluted with 41 of water and acidified with
      2.61 of 36% by weight HCL (31 mol). After separating, the organic layer
      was washed with water and distilled fractionally to give 631 g of
      3-cyclopentylpropionic acid (yield 74.0%).
PAC  EXAMPLE III
PAR  To 1008 g of (12 mol) of cyclopentanone were added a mixture of 1980 g of
      85% by weight KOH (30 mol) and 792 g (9 mol) of isobutyric acid at a
      temperature of 250.degree.C over 1 hour.
PAR  After all the cyclopentanone had been added, the temperature of the
      reaction mixture was raised to 305.degree.-310.degree.C and kept at this
      temperature until no more hydrogen was formed.
PAR  In order to isolate the acid desired, the melt was worked up in the manner
      described in Example II giving 675 g of 3-cyclopentylpropionic acid (yield
      79.2%). In a similar way, 3-cyclopentylpropionic acid was obtained from
      cyclopentanol in a yield of 72%.
PAC  COMPARATIVE EXAMPLES
PAC  EXAMPLE IV
PAR  To 82 g (0.98 mol) of cyclopentanone were added a mixture of 60 g of 85% by
      weight KOH, 20 g of 98% by weight NaOH (totally 1.40 mol of base) and 37 g
      (0.42 mol) of isobutyric acid at a temperature of 310.degree.C over a 1
      hour period.
PAR  Immediately thereafter the melt was diluted with about 0.51 of water and
      acidified with 125 ml of 36% by weight HC1 (1.50 mol). After separating,
      the organic layer was washed with water and distilled fractionally to give
      12.4 g of 3-cyclopentylpropionic acid (yield 17.8%).
PAC  EXAMPLE V
PAR  To 73.5 g (0.87.sup.5 mol) of cyclopentanone were added a mixture of 84 g
      of 98% by weight NaOH, 84 g of 85% by weight KOH (totally 3.33 mol of
      base) and 40.69 g (0.35 mol) of diethylacetic acid at a temperature of
      340.degree.C for 1 hour.
PAR  Immediately thereafter, the melt was diluted with about 11 of water and
      acidified with 300 ml of 36% by weight HC1 (3.60 mol). After separating,
      the organic layer was washed with water and distilled fractionally.
PAR  3-Cyclopentylpropionic acid in an amount of 8.6 g was obtained (yield
      13.8%). What is claimed is:
CLMS
NUM  1.
PAR  1.  A process for preparing cyclopentylpropionic acid comprising reacting
      cyclopentanone or cyclopentanol
PA1  with molten alkali metal hydroxide in two successive heating steps at
      temperatures ranging from 200.degree. to 270.degree.C and from 290.degree.
      to 350.degree.C respectively and
PA1  subsequently converting the alkali metal soap of cyclopentylpropionic acid
      formed into the free acid.
NUM  2.
PAR  2. The process of claim 1 wherein the first heating step is carried out at
      a temperature ranging from 240.degree. to 260.degree.C.
NUM  3.
PAR  3. The process of claim 1 wherein said alkali metal hydroxide is
      predominantly potassium hydroxide.
NUM  4.
PAR  4. The process of claim 1 wherein the reaction is carried out in the
      presence of an alkali metal soap of an acid different from
      cyclopentylpropionic acid.
NUM  5.
PAR  5. The process of claim 4, wherein the reaction is carried out in the
      presence of isobutyric acid.
NUM  6.
PAR  6. The process of claim 4 wherein said alkali metal soap is formed in situ.
NUM  7.
PAR  7. A process for preparing cyclopentylpropionic acid comprising reacting
      cyclopentanone or cyclopentanol with molten potassium or sodium hydroxide
      or a mixture of said hydroxides in two successive heating steps at a
      temperature ranging from 200.degree. 270.degree.C. and from 290.degree. to
      350.degree.C., respectively, and subsequently converting the metal soap of
      cyclopentylpropionic acid formed into the free acid.
NUM  8.
PAR  8. A process for preparing cyclopentylpropionic acid comprising reacting
      cyclopentanone or cyclopentanol with molten potassium or sodium hydroxide
      or mixture of said hydroxides in two successive heating steps at a
      temperature ranging from 200.degree. to 270.degree.C. and from 290.degree.
      to 350.degree.C., respectively, in the presence of isobutyric acid or
      diethylacetic acid and subsequently converting the alkali metal soap of
      cyclopentylpropionic acid formed into the free acid.
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PAL  Derivatives are prepared from 10,11.alpha.-epoxy-PGA.sub.2. The derivatives
      are new compounds, such as 9,10-dehydro-9-deoxy-PGF.sub.2, not heretofore
      found in nature which possess various pharmacological activities, one of
      which is bronchodilation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The prostaglandins are a group of hormone-like substances which may be
      viewed as derivatives of prostanoic acid. Several prostaglandins are found
      widely distributed in mammalian tissue and have been isolated from this
      source. These prostaglandins have been shown to possess a variety of
      biological properties such as bronchodilation and the ability to reduce
      gastric secretion.
PAR  The present invention concerns PGF.sub.1 and PGF.sub.2 derivatives in which
      the 9 and 10-positions, (using the prostanoic acid numbering system) have
      together lost the elements of water with addition of a new 9,10-carbon to
      carbon bond, i.e. the 9,10-positions of PGF.sub.1 and PGF.sub.2 have
      suffered the equivalent of a selective dehydration. The preparation of the
      starting material for this series, 10,11.alpha.-epoxy-PGA.sub.2, is
      reported in J. Org. Chem. 38, 3187 (1973).
PAC  Summary of the Invention
PAR  The invention sought to be patented in a first composition aspect resides
      in the concept of a chemical compound of the structure
      ##SPC1##
PAL  Wherein R is hydrogen or alkyl of from 1 to 6 carbon atoms.
PAR  The tangible embodiments of the first composition aspect of the invention
      possess the inherent general physical properties of being clear to yellow
      oils, are substantially insoluble in water and are generally soluble in
      organic solvents such as ethyl acetate and ether. Examination of compounds
      produced according to the hereinafter described process reveals, upon
      infrared, nuclear magnetic resonance, and mass spectrographic analysis,
      spectral data supporting the molecular structures herein set forth. The
      aforementioned physical characteristics, taken together with the nature of
      the starting materials, and the mode of synthesis, confirm the structures
      of the compositions sought to be patented.
PAR  The tangible embodiments of the first composition aspect of the invention
      possess the inherent applied use characteristic of exerting gastric
      anti-secretory and bronchodilating effects, upon administration to
      warm-blooded animals. In addition, they inhibit blood platelet
      adhesiveness, in vitro, which indicates their usefulness as blood platelet
      anti-aggregation agents. These effects are evidenced by pharmacological
      evaluation according to standard test procedures.
PAR  The invention sought to be patented in a second composition aspect resides
      in the concept of a chemical compound of the structure
      ##SPC2##
PAL  Wherein R is H or alkyl of from 1 to 6 carbon atoms.
PAR  The tangible embodiments of the second composition aspect of the invention
      possess the inherent general physical properties of being either
      crystalline solids or clear to yellow oils, are substantially insoluble in
      water and are generally soluble in polar solvents such as ethyl acetate
      and ether. Examination of compounds produced according to the hereinafter
      described process reveals, upon infra-red, nuclear magnetic resonance, and
      mass spectrographic analysis, spectral data supporting the molecular
      structures herein set forth. The aforementioned physical characteristics,
      taken together with the nature of the starting materials, and the mode of
      synthesis, confirm the structure of the compositions sought to be
      patented.
PAR  The tangible embodiments of the second composition aspect of the invention
      possess the inherent applied use characteristic of exerting hypotensive,
      gastric anti-secretory, and bronchodilating effects upon administration to
      warm-blooded animals. In addition, they inhibit blood platelet
      adhesiveness, in vitro, which indicates their usefulness as blood platelet
      anti-aggregation agents. These effects are evidenced by pharmacological
      evaluation according to standard test procedures.
PAR  The invention sought to be patented in a third composition aspect resides
      in the concept of a chemical compound of the structure
      ##SPC3##
PAL  wherein R is hydrogen or alkyl of from 1 to 6 carbon atoms.
PAR  The tangible embodiments of the third composition aspect of the invention
      possess the inherent general physical properties of being clear to yellow
      oils, are substantially insoluble in water and are generally soluble in
      polar solvents such as ethyl acetate and ether. Examination of compounds
      produced according to the hereinafter described process reveals, upon
      infrared, nuclear magnetic resonance, and mass spectrographic analysis,
      spectral data supporting the molecular structures herein set forth. The
      aforementioned physical characteristics, taken together with the nature of
      the starting materials, and the mode of synthesis, confirm the structure
      of the compositions sought to be patented.
PAR  The tangible embodiments of the third composition aspect of the invention
      possess the inherent applied use characteristic of being intermediates in
      the synthesis of the embodiments of the second composition aspect of the
      invention.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In describing the synthesis of the compositions of the invention, reference
      will be made to FIG. 1, wherein is illustrated the preparation of specific
      embodiments of the invention, and wherein the formulae representing the
      various aspects of the invention are assigned Roman numerals for purposes
      of identification. Additionally, in order to designate the stereochemistry
      of various substituents on the prostaglandin skeleton, different types of
      lines are utilized when representing the bonds of said substituents. Thus,
      with reference to the plane of the paper, when a dashed line (----) is
      used, the substituent will be understood to be in the .alpha. (down)
      configuration. For purposes of convenience, the formulae in FIG. 1 are all
      free carboxylic acids; however, it will be obvious to those skilled in the
      art that these free acids may readily be esterified as for example with
      diazomethane, or with an alkanol and the proper catalyst. These esters are
      considered to be full equivalents to the free acids for the purposes of
      the invention. Finally, the use of specific embodiments in FIG. 1 to
      illustrate the invention is merely descriptive and is not intended to
      delimit the scope of the invention.
PAR  The starting material for the synthesis of the compounds of the invention
      is 10,11.alpha.-epoxy-PGA.sub.2 (I) which may be prepared synthetically as
      described, for example, in J. Org. Chem., 38, 3187 (1973). Referring now
      to FIG. 1, the 5,6-double bond of 10,11.alpha.-epoxy-PGA.sub.2 (I) may
      first be selectively reduced by reaction with tris(triphenyl)rhodium (I)
      chloride. This reaction is best carried out by prehydrogenating a solution
      of tris(triphenyl)rhodium (I) chloride in 1:1 benzene:ethanol, adding I in
      1:1 benzene:ethanol solution and further hydrogenating at atmospheric
      pressure until 1 equivalent of hydrogen is absorbed. The resulting
      mono-ene II is next treated with hydrazine to produce the allylic alcohol
      III (see for example, J. Org. Chem., 26, 3615 [1961]). Alternatively, the
      diene I, may be reacted with hydrazine producing the allylic alcohol IV.
PAR  Various compounds of the invention bear carboxyl groups and can be readily
      converted to their respective alkali metal salts or a salt of a
      pharmacologically acceptable cation derived from ammonia of a basic amine.
      All such salts are full equivalents of the subject matter particularly
      claimed.
PAR  In using the compounds of the invention to produce bronchodilating effects
      in warm-blooded animals, they may be administered in a variety of dosage
      forms: oral, injectable, and aerosol inhalation. Aerosol inhalation is a
      preferred method because of its rapid onset of action, great potency, and
      specificity of action. The particular dosage to obtain the bronchodilating
      effect will vary with the particular compound employed, the particular
      animal involved, and the degree of bronchodilation desired. In the guinea
      pig, by aerosol inhalation, the dose to produce bronchodilation is from
      about 1.5 micrograms to about 100 micrograms, and preferably from about
      1.5 to about 50 micrograms. The bronchodilation produced upon aerosol
      inhalation can be observed by the method of Rosenthale et al., J.
      Pharmacol. Exp. Ther., 178, 541 (1971). Using this procedure the following
      result was obtained.
TBL  __________________________________________________________________________

                                Percent Inhibition of                          

                                the bronchoconstricting                        

                                effects of a standard                          

     Compound            Dose (.mu.g)                                          

                                dose of acetylcholine                          

     __________________________________________________________________________

     7-(4.alpha.-hydroxy-5.beta.-[(3S)-3-hydroxy-                              

                         15     44                                             

     trans-1-octenyl]-2-cyclopenten-1.alpha.-                                  

     yl)-cis-5-heptenoic acid                                                  

     4.alpha.-hydroxy-5.beta.-[(3S)-3-hydroxy-                                 

                         1.5    60                                             

     trans-1-octenyl]-2-cyclopentene-1.alpha.-                                 

     heptanoic acid                                                            

     __________________________________________________________________________

PAR  In the use of the compounds of the invention to produce hypotensive effects
      in warm-blooded animals, administration by the injectable route is
      preferred, preferably the intravenous route.
PAR  Thus in the anesthetized dog by the intravenous route the dose to produce
      hypotension is from about 1 .mu.g/kg. to about 200 .mu.g/kg. and
      preferably from about 10 .mu.g/kg. to about 100 .mu.g/kg. Using this
      procedure the following results were obtained.
TBL  ______________________________________                                    

                                     .DELTA.b.p.                               

     Compound            Dose (.mu.g/kg)                                       

                                     (mm. Hg)                                  

     ______________________________________                                    

     4.alpha.-hydroxy-5.beta.-[(3S)-3-hydroxy-                                 

                         100         -34                                       

     trans-1-octenyl]-2-cyclopentene-                                          

     1.alpha.-heptanoic acid                                                   

     ______________________________________                                    

PAR  In the rat by the subcutaneous route the dose to inhibit gastric secretion
      is from about 0.1 mg/kg. to about 25 mg/kg. and preferably from about 1.0
      mg/kg. to about 10 mg/kg. The reduction in gastric secretion can be
      observed by a modification of the method of Shay et al., Gastroenterology,
      26, 906 (1954). Using this procedure the following results were obtained.
TBL  ______________________________________                                    

     Compound        Dose (mg/kg.) Results                                     

     ______________________________________                                    

     7-(4.alpha.-hydroxy-5.beta.-[(3S)-3-                                      

                     4           Statistically                                 

     hydroxy-trans-1-octenyl]-   significant de-                               

     2-cyclopenten-1.alpha.-yl)-cis-                                           

                                 crease in hydro-                              

     5-heptenoic acid            gen ion concen-                               

                                 tration and in                                

                                 total hydrogen                                

                                 ion secreted                                  

     4.alpha.-hydroxy-5.beta.-[(3S)-3-hy-                                      

                     4           Statistically                                 

     droxy-trans-1-octenyl]-2    significant de-                               

     cyclopentene-1.alpha.-heptanoic                                           

                                 crease in hydro-                              

     acid                        gen ion concen-                               

                                 tration and in                                

                                 total hydrogen                                

                                 ion secreted                                  

     ______________________________________                                    

PAR  Platelet aggregation is the initial step in thrombus formation and it is
      considered that compounds which prevent aggregation or reduce platelet
      adhesiveness may inhibit the initiation of the arteriosclerotic process.
      The effect of drugs on aggregation is measured in platelet rich plasma
      (PRP) containing adenosine diphosphate (ADP) which markedly increases
      aggregation in vitro and may be a physiological agent for doing so in
      vivo.
PAR  To demonstrate utility as blood platelet anti-aggregation agents for
      following procedure is followed (modification of the procedure of Born, G.
      V. R., and Cross, M. J., J. Physiol. 168, 178-195, 1963).
PAR  Human blood is collected from fasted normal blood donors in siliconized 50
      ml. Vacutainers that contain 3.8% sodium citrate. Centrifugation at 500 G.
      for 3 minutes at 5.degree. C. separates the red blood cells from the PRP.
      The supernatant PRP is pipetted off and the remainder is centrifuged at
      1000 G. for 10 minutes at 25.degree. C. to obtain platelet poor plasma for
      standardization of the automated Payton aggregometer. In the running of
      the platelet aggregation test a cell containing 1.0 ml. of PRP is stirred
      at 1,100 rpm and the test compound is added in 0.2 ml. of buffered saline
      to give an initial concentration of 5 .times. 10.sup.-.sup.3 M, or 5
      .times. 10.sup.-.sup.4 M. After 3 minutes, a concentration of ADP
      predetermined to yield marked platelet aggregation (2 to 4 .mu.M) is added
      in 0.1 ml. of buffered saline. The curve of light transmission at 610
      m.mu. is followed for 6  minutes. Compounds found to be active at the
      initial concentration are run at lower concentrations. The results are
      expressed as the concentration which gives 50% inhibition of the ADP
      induced aggregation.
PAR  Using this procedure the following results are obtained for the compounds
      of the invention.
TBL  __________________________________________________________________________

                   Inhibition of ADP                                           

                              Concentration which                              

                   Induced platelet                                            

                              inhibits 50% of plate-                           

                   aggregation (at con-                                        

                              let aggregation                                  

     Compound      centration                                                  

     __________________________________________________________________________

     7-(4.alpha.-hydroxy-5.beta.-[(3S)-                                        

                   50% (2.6 .times. 10.sup.-.sup.6 M)                          

                              2.6 .times. 10.sup.-.sup.6 M                     

     3-hydroxy-trans-1-octen-                                                  

     yl]-2-cyclopenten-1.alpha.-yl)-                                           

     cis-5-heptenoic acid                                                      

     4.alpha.-hydroxy-5.beta.-[(3S)-3-                                         

                   63% (1.5 .times. 10.sup.-.sup.6 M)                          

                              1.2 .times. 10.sup.-.sup.6 M                     

     hydroxy-trans-1-octenyl]-                                                 

     2-cyclopentene-1.alpha.-heptan-                                           

     oic acid                                                                  

     __________________________________________________________________________

DETD
PAR  The following examples further illustrate the best mode contemplated by the
      inventor for the practice of the invention.
PAC  EXAMPLE 1
PAC  2.beta.-[(3S)-3-Hydroxy-Trans-1-Octenyl]-4-Oxo-6-Oxabicyclo[3.1.0]hex-3.alp
     ha.-Ylheptanoic Acid (II)
PAR  A solution of 2.58 g. of
      7-(2.beta.-[(3S)-3-hydroxy-trans-1-octenyl]-4-oxo-6-oxabicyclo[3.1.0]hex-3
     .alpha.-yl)-cis-5-heptenoic acid in 135 ml. of 1:1 benzene:ethanol was
      added to a prehydrogenated solution of 1.27 g. of tris(triphenyl)rhodium
      (I) chloride in 135 ml. of 1:1 benzene:ethanol and the mixture
      hydrogenated at atmospheric pressure and 25.degree. until 1 equivalent of
      hydrogen was absorbed. The solvent was evaporated and the residue
      chromatographed on silica with 30% ethyl acetate-hexane to obtain 1.297 g.
      of
      2.beta.-[(3S)-3-hydroxy-trans-1-octenyl]-4-oxo-6-oxabicyclo[3.1.0]hex-3.al
     pha.-ylheptanoic acid as an oil, .lambda..sub.max.sup.film 3.0 (shoulder),
      3.45, 5.75, 8.5, 10.25, 11.9 .mu. NMR: .delta. 5.65 (m, 2, 13 and 14-H),
      4.15 (m, 1, 15-H), 3.78 (m, 1, 10-H), 3.45 (m,  1, 9-H) ppm. Mass
      spectrum: M.sup.+ at m/e 352.
PAC  EXAMPLE 2
PAC  4.alpha.-Hydroxy-5.beta.-[(3S)-3-Hydroxy-Trans-1-Octenyl]-2-Cyclopentene-1.
     alpha.-Heptanoic Acid (III)
PAR  Treat a solution of 1.175 g. of
      2.beta.-[(3S)-3-hydroxy-trans-1-octenyl]-4-oxo-6-oxabicyclo[3.1.0]hex-3.al
     pha.-ylheptanoic acid in 45 ml. of methanol with 0.44 ml. of 95% hydrazine
      and 0.055 ml. of acetic acid and stir the mixture at 25.degree. for 0.5
      hours under nitrogen. Dilute the reaction mixture with water, acidify with
      acetic acid and extract with ether. After washing and drying, evaporate
      the ether extract and chromatograph the residue on silica with 50% ethyl
      acetate in hexane to obtain 0.26 g. of
      4.alpha.-hydroxy-5.beta.-[(3S)-3-hydroxy-trans-1-octenyl]-2-cyclopentene-1
     .alpha.-heptanoic acid as an oil, .lambda..sub.max.sup.film 3.0, 3.4, 5.8,
      6.8, 10.25 .mu.. NMR: .delta. 5.5-6.0 (m, 4, olefinic H), 4.55 (m, 1,
      11-H), 4.10 (m, 1, 15-H) ppm. Mass spectrum: M.sup.+  --H.sub.2 O at m/e
      320.2340 (theory 320.2350).
PAC  EXAMPLE 3
PAC  7-(4.alpha.-Hydroxy-5.beta.-[(3S)-3-Hydroxy-Trans-1-Octenyl]-2-Cyclopenten-
     1.alpha.-Yl)-Cis-5-Heptenoic Acid (IV)
PAR  A solution of 0.644 g. of
      7-(2.beta.-[(3S)-3-hydroxy-trans-1-octenyl]-4-oxo-6-oxabicyclo[3.1.0]hex-3
     .alpha.-yl)-cis-5-heptenoic acid in 25 ml. of methanol was treated with
      0.25 ml. of hydrazine and 0.03 ml. of acetic acid and the mixture stirred
      at 25.degree. for 1/2 hour under nitrogen. The mixture was diluted with
      water, acidified with acetic acid and extracted with ether. After washing
      and drying, the extract was evaporated and the residue chromatographed on
      silica with 50% ethyl acetate-hexane to obtain 0.198 g. of
      7-(4.alpha.-hydroxy-5.beta.-[(3S)-3-hydroxy-trans-1-octenyl]-2-cyclopenten
     -1.alpha.-yl)-cis-5-heptenoic acid as an oil, .lambda..sub.max.sup.film
      3.05, 3.45, 5.85, 8.1, 10.3 .mu.. NMR: .delta. 5.2-6.0 (m, 6, olefinic H),
      4.6 (m, 1, 11-H), 4.1 (m, 1, 15-H) ppm. Mass spectrum: MH.sup.+ --H.sub.2
      O at m/e 319.
CLMS
PAR  The subject matter which the applicant regards as his invention is
      particularly pointed out and distinctly claimed as follows:
NUM  1.
PAR  1. A chemical compound of the structure:
      ##SPC4##
NUM  2.
PAR  2. The compound of claim 1 wherein R is hydrogen.
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ABST
PAL  Dibenzo[a,d]cycloheptene derivatives of the formula:
      ##SPC1##
PAL  Wherein X represents hydrogen, halogen, alkyl, alkoxy, alkylthio or
      trifluoromethyl, R.sub.1 and R.sub.2 represent hydrogen or alkyl, and
      R.sub.3 represents hydroxy, alkoxy,
      4-(2,2-dimethyl-1,3-dioxolanyl)-methoxy, or a group --NR.sub.4 R.sub.5 in
      which R.sub.4 and R.sub.5 represent hydrogen, alkyl, hydroxyalkyl or
      phenyl, or --NR.sub.4 R.sub.5 represents a mononuclear 5- or 6-membered
      heterocyclic group optionally containing a second hetero atom selected
      from oxygen, sulphur, and nitrogen which is optionally substituted by
      alkyl, said alkyl, alkoxy, alkylthio and hydroxyalkyl radicals containing
      1 to 4 carbon atoms, are new compounds possessing pharmacological
      properties, more particularly analgesic, antipyretic and anti-inflammatory
      properties.
BSUM
PAR  This invention relates to new therapeutically useful
      dibenzo[a,d]cycloheptene derivatives, to processes for their preparation
      and to pharmaceutical compositions containing them.
PAR  The dibenzo[a,d]cycloheptene derivatives of the present invention are those
      compounds of the general formula:
      ##SPC2##
PAL  Wherein X represents a hydrogen or halogen atom, or an alkyl, alkoxy or
      alkylthio radical, each such radical containing 1 to 4 carbon atoms, or
      the trifluoromethyl radical, R.sub.1 and R.sub.2, which may have the same
      of different significances, each represent a hydrogen atom or an alkyl
      radical containing 1 to 4 carbon atoms, and R.sub.3 represents a hydroxy
      radical, an alkoxy radical containing 1 to 4 carbon atoms, a
      4-(2,2-dimethyl-1,3-dioxolanyl)-methoxy radical, or a group --NR.sub.4
      R.sub.5 in which R.sub.4 and R.sub.5, which may have the same or different
      significances, each represent a hydrogen atom, or an alkyl or hydroxyalkyl
      radical, each such radical containing 1 to 4 carbon atoms, or a phenyl
      radical, or R.sub.4 and R.sub.5, together with the nitrogen atom to which
      they are attached, represent a mononuclear 5- or 6-membered heterocyclic
      group optionally containing a second hetero atom selected from oxygen,
      sulphur, and nitrogen which is optionally substituted by an alkyl radical
      containing 1 to 4 carbon atoms (for example pyrrolid-1-yl, piperidino,
      morpholino, piperazin-1-yl and 4-methylpiperazin-1yl), and salts thereof.
PAR  According to a feature of the invention, the compounds of general formula
      I, wherein R.sub.3 represents a group --NR.sub.4 R.sub.5 in which R.sub.4
      and R.sub.5 both represent hydrogen atoms, are prepared by the process
      which comprises the cyclisation and partial hydrolysis of a compound of
      the general formula:
      ##SPC3##
PAL  Wherein X, R.sub.1 and R.sub.2 are as hereinbefore defined and Y represents
      a hydroxy radical or a chlorine atom.
PAR  When in general formula II Y represents a hydroxy radical, the cyclisation
      and the partial hydrolysis can be carried out simultaneously to give a
      dibenzo[a,d]cycloheptene derivative of the general formula:
      ##SPC4##
PAL  Wherein X, R.sub.1 and R.sub.2 are as hereinbefore defined. The reaction is
      generally carried out by heating the compound of general formula II (Y=OH)
      in polyphosphoric acid, preferably at a temperature of about 100.degree.C.
PAR  When in general formula II Y represents a chlorine atom, the starting
      material is first cyclised to yield a dibenzo[a,d]cycloheptene derivative
      of the general formula:
      ##SPC5##
PAL  (wherein X, R.sub.1 and R.sub.2 are as hereinbefore defined) by means of a
      Friedel-Crafts reaction, and then the compound of general formula IV
      obtained is hydrolysed to convert the cyano radical to the carbamoyl
      (--CONH.sub.2) radical and yield a dibenzo[a,d]cycloheptene derivative of
      general formula I wherein R.sub.3 represents the amino (--NH.sub.2)
      radical.
PAR  The Friedel-Crafts reaction is carried out, for example, by means of
      aluminium chloride in a solvent such as carbon disulphide, methylene
      chloride or nitrobenzene, or by means of antimony pentafluoride in
      nitromethane or nitrobenzene, working at approximately +5.degree.C.
PAR  Hydrolysis of the intermediate product of general formula IV to yield a
      dibenzo[a,d]cycloheptene derivative of general formula I wherein R.sub.3
      represents the amino group may be carried out by heating the intermediate
      product in polyphosphoric acid, preferably at a temperature of about
      80.degree.-100.degree.C.
PAR  According to another feature of the invention, the dibenzo[a,d]cycloheptene
      derivatives of general formula I, wherein R.sub.3 represents a hydroxy
      radical, are prepared by the process which comprises the hydrolysis of a
      compound of the general formula:
      ##SPC6##
PAL  wherein X, R.sub.1 and R.sub.2 are as hereinbefore defined, and T
      represents the cyano or carbamoyl radical, i.e. by hydrolysis of a
      compound of general formula III or IV by methods known per se for
      converting the cyano or carbamoyl radical to a carboxy radical.
PAR  The hydrolysis is generally carried out by heating the compound of formula
      V in an aqueous solution of a strong inorganic acid, for example sulphuric
      acid, preferably at a temperature of about 100.degree.C.
PAR  According to another feature of the invention, the dibenzo[a,d]cycloheptene
      derivatives of general formula I, wherein R.sub.3 represents an alkoxy
      radical containing 1 to 4 carbon atoms, a
      4-(2,2-dimethyl-1,3-dioxolanyl)-methoxy radical or a group --NR.sub.4
      R.sub.5 in which R.sub.4 and R.sub.5 are as hereinbefore defined, are
      prepared by the process which comprises reacting a compound of the general
      formula:
EQU  R.sub.3 -- H                                               VI
PAL  (wherein R.sub.3 is as defined above in relation to general formula I with
      the exclusion of the hydroxy radical) with an acid halide of the general
      formula:
      ##SPC7##
PAL  Wherein X, R.sub.1 and R.sub.2 are as hereinbefore defined, and z
      represents a halogen (preferably chlorine) atom. The reaction is generally
      carried out in an organic solvent such as methylene chloride at a
      temperature of from -10.degree. to +50.degree.C. When R.sub.3 represents
      an alkoxy radical or a 4-(2,2-dimethyl-1,3-dioxolanyl)-methoxy radical, it
      is preferable to work in the presence of a basic condensation agent such
      as pyridine.
PAR  The compounds of general formula II wherein Y represents a hydroxy radical
      can be obtained by reacting a nitrile of the general formula:
      ##EQU1##
      (wherein R.sub.1 and R.sub.2 are as hereinbefore defined) with a benzoic
      acid derivative of the general formula:
      ##SPC8##
PAL  (wherein X is as hereinbefore defined, and Hal represents a chlorine or
      bromine atom in the 2- or 4-position) in accordance with the method of
      E.R. Biehl, J. Org. Chem., 31, 602 (1966). The reaction is generally
      carried out in anhydrous liquid ammonia in the presence of sodamide and at
      a temperature of about -30.degree.C.
PAR  From the resulting compounds of general formula II (Y represents the
      hydroxy radical) there may be obtained corresponding compounds wherein Y
      represents a chlorine atom by methods known per se for the preparation of
      acid chlorides from acids, for example by reaction of the acids with
      thionyl chloride.
PAR  The reaction of a nitrile of the general formula VIII with a benzoic acid
      derivative of general formula IX can lead to a mixture of the compound of
      general formula II with its isomers, and particularly with a compound of
      the general formula:
      ##SPC9##
PAL  wherein X, R.sub.1 and R.sub.2 are as hereinbefore defined. The compounds
      of genneral formula II can be isolated from these mixtures by applying the
      usual methods for the separation of constituents of such mixtures, and
      particularly by crystallisation or chromatography.
PAR  The benzoic acid derivatives of general formula IX can be obtained by
      reacting 2- or 4-chloro- or 2- or 4-bromo-phenylacetic acid with an
      anhydride of the general formula:
      ##SPC10##
PAL  (wherein X is as hereinbefore defined), followed by reduction and
      hydrolysis of the product obtained.
PAR  The acid halides of the general formula VII can be obtained from dibenzo
      [a,d]cycloheptene-alkanoic acids conforming to general formula I, wherein
      R.sub.3 represents a hydroxy radical, in accordance with the usual methods
      for the prepartion of acid halides. For example, by reaction of thionyl
      chloride with the acid, preferably at the boiling point of the reaction
      mixture.
PAR  The new compounds of general formula I wherein R.sub.3 represents a hydroxy
      radical can be converted into metal salts or addition salts with
      nitrogenous bases by application of methods known per se. Thus, these
      salts can be prepared by the action of an alkali metal or alkaline earth
      metal base, ammonia or an amine, on an acid of general formula I in a
      suitable solvent such as an alcohol, an ether, a ketone or water; the salt
      formed is precipitated, if necessary after concentration of the solution,
      and is separated by filtration or decantation.
PAR  When the meaning of R.sub.3 as a group --NR.sub.4 R.sub.5 (R.sub.4 and
      R.sub.5 being as hereinbefore defined) make this possible, the compounds
      of general formula I can also be converted into acid addition salts e.g.
      hydrochlorides.
PAR  The new dibenzo[a,d]cycloheptene derivatives of general formula I and their
      salts possess particularly valuable pharmacological properties; they are
      powerful analgesic, antipyretic and anti-inflammatory agents.
PAR  In rats, the compounds of general formula I and their salts have proved to
      be active when administered orally at doses of between 0.1 and 50 mg./kg.
      animal body weight, particularly in the following tests:
PAL  i. suppression of the pain phenomenon caused by mechanical compression at
      the site of an inflamed tissue in accordance with the technique of L. O.
      Randall and J. J. Selitto [Arch. Int. Pharmacodyn., 111, 409 (1957)]
      modified by K. F. Swingle et al. [Proc. Soc. Exp. Biol. Med., 137, 536
      (1971)],
PAL  ii. antipyretic activity in which hyperthermia has been induced by
      subcutaneous injection of brewers yeast in accordance with the technique
      of R. Domenjoz [Ann. N.Y. Acad. Sci., 86, 263 (1960)], and
PAL  iii. anti-inflammatory activity in accordance with the technique of K. F.
      Benitz and L. M. Hall [Arch. Int. Pharmacodyn., 144, 185 (1963)].
PAR  Preferred compounds of general formula I are those wherein X represents a
      hydrogen atom, R.sub.1 represents a hydrogen atom or a methyl or ethyl
      radical and R.sub.2 represents a hydrogen atom.
PAR  The toxicity of the compounds to mice when administered orally is greater
      than 300 mg./kg. animal body weight.
PAR  For use in human or veterinary therapy, the dibenzo[a,d]cycloheptene
      derivatives of general formula I can be employed as such or, when
      appropriate, in the form of pharmaceutically-acceptable salts, i.e. salts
      which are non-toxic to the animal organism in therapeutic doses of the
      salts.
DETD
PAR  The following non-limitative Examples illustrate the invention.
PAC  EXAMPLE 1
PAR  2-[3-(2-Carboxyphenethyl)phenyl]propionitrile (26 g.) is added to
      polyphosphoric acid (135 g.) [prepared from orthophosphoric acid (d = 1.7;
      430 g.) and phosphorus pentoxide (500 g.)] and the emulsion obtained is
      heated for 1 hour at 100.degree.C. After cooling, the reaction mixture is
      taken up in water (200 cc.) and methylene chloride (200 cc.). The organic
      layer is decanted, washed with a saturated solution of sodium bicarbonate
      (2 .times. 100 cc.) and then with water (2 .times. 100 cc.) and is finally
      dried over anhydrous sodium sulphate (50 g.). After evaporation of the
      solvent under reduced pressure (20 mm.Hg) at 60.degree.C., the oil
      obtained is taken up in ethyl acetate (80 cc.). The product which
      crystallises is filtered off to give 2-(5-oxo-10,
      11-dihydrodibenzo[a,d]cyclohepten-2-yl)propionamide (6 g.), melting at
      175.degree.C. After recrystallisation from ethanol, the product melts at
      181.degree.C.
PAR  2-[3-(2-Carboxyphenethyl)phenyl]propionitrile is prepared in the following
      way:
PAR  Propionitrile (286.5 g.) is added over the course of 40 minutes and with
      vigorous stirring to a suspension of sodamide (248 g.) [prepared from
      sodium (139.5 g.) and liquid ammonia (4 litres)] and then
      4-(2-carboxyphenethyl)chlorobenzene (117 g.) is added over the course of
      10 minutes. The ammonia is allowed to evaporate during a period of 16
      hours. The brown residue is taken up in anaesthetic grade diethyl ether (1
      litre) and then in water (2 litres) with care. The alkaline aqueous
      solution is decanted, extracted with diethyl ether (2 .times. 400 cc.) and
      then acidified by adding sulphuric acid (d = 1.36; 350 cc.) whilst
      cooling. The oil which separates out is extracted with methylene chloride
      (2 .times. 500 cc.). The organic extracts are dried over anhydrous sodium
      sulphate (100 g.) and concentrated to dryness under reduced pressure (20
      mm.Hg) at 60.degree.C. The residual oil is dissolved in hot disopropyl
      ether (120 cc.); on cooling, a product crystallises and is filtered off.
      2-[4-(2-Carboxyphenethyl)phenyl]propionitrile (55 g.), melting at
      73.degree.C., is thus obtained; after three recrystallisations from ethyl
      acetate, the product melts at 129.degree.C.
PAR  On concentrating the di-isopropyl ether mother liquors of the above product
      under reduced pressure (20 mm.Hg) at 60.degree.C., an oil (62 g.) is
      obtained, the major portion of which consists of
      2-[3-(2-carboxyphenethyl)phenyl]propionitrile.
PAC  EXAMPLE 2
PAR  3-(2-Carboxyphenethyl)phenylacetonitrile (2 g.) is added to polyphosphoric
      acid (20 g.) [prepared from orthophosphoric acid (d = 1.7; 1,120 g.) and
      phosphorus pentoxide (1,300 g.)], and the mixture is heated for 2 hours at
      100.degree.C. After cooling, the reaction mixture is poured into water
      (250 cc.); the oil which separates out is extracted twice with methylene
      chloride (total 150 cc.). The combined organic extracts are washed and
      dried over anhydrous sodium sulphate (10 g.) and the solvent is evaporated
      under reduced pressure (20 mm.Hg) at 60.degree.C. to give
      (5-oxo-10,11-dihydrodibenzo-[a,d]cyclohepten-2-yl)acetamide (1.8 g.)
      melting at 174.degree.C. After recrystallisation from ethanol, the product
      melts at 185.degree.C.
PAR  3-(2-Carboxyphenethyl)phenylacetonitrile is prepared in the following way:
PAR  Acetonitrile (128 g.) is added with vigorous stirring and over the course
      of 35 minutes to a suspension of sodamide (146 g.) [prepared from sodium
      (84 g.) and ammonia (4 litres)], and then
      4-(2-carboxyphenethyl)-chlorobenzene (70 g.) is added over the course of
      10 minutes. The ammonia is allowed to evaporate for 16 hours. The reaction
      mixture is carefully taken up in water (2 litres) and diethyl ether (500
      cc.). The alkaline aqueous solution is decanted, extracted twice with
      diethyl ether (total 1,000 cc.), and then acidified by adding concentrated
      sulphuric acid (d = 1.83, 150 cc.) whilst cooling. The oil which separates
      out is extracted three times with methylene chloride (total 1,500 cc.).
      The combined organic extracts are washed and dried over anhydrous sodium
      sulphate (200 g.) and the solvent is evaporated under reduced pressure (20
      mm.Hg) at 60.degree.C.
PAR  A mixture (81.6 g.) of 3-(2-carboxy-phenethyl)phenylacetonitrile and
      4-(2-carboxyphenethyl)phenylacetonitrile in about equal proportions is
      thus obtained. This mixture (36 g.) is taken up in boiling ethyl acetate
      (45 cc.). The product which crystallises on cooling is isolated.
      3-(2-Carboxyphenethyl)phenylacetonitrile (12 g.), melting at
      113.degree.-120.degree.C., is thus obtained. After two successive
      recrystallisations from ethyl acetate, the product melts at 130.degree.C.
PAC  EXAMPLE 3
PAR  A suspension of 2-(5-oxo-
      10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)propionamide (15 g.) in a
      mixture of sulphuric acid (d = 1.36; 50 cc.) and water (60 cc.) is heated
      with vigorous stirring for 3 hours at 110.degree.C. After cooling, the
      product which precipitates is filtered off and then added to N sodium
      hydroxide solution (55 cc.). The alkaline solution, clarified by
      filtration, is acidified by adding N hydrochloric acid (60 cc.). The
      product which precipitates is filtered off, dried and then recrystallised
      from carbon tetrachloride (170 cc.) to give
      2-(5-oxo-10,11-dihydrodibenzo[a,d]cyclohepten2-yl)propionic acid (7.4 g.)
      melting at 122.degree.C.
PAC  EXAMPLE 4
PAR  A suspension of (5-oxo- 10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)acetamide
      (17.4 g.) in a mixture of concentrated sulphuric acid (d = 1.83; 70 cc.)
      and water (70 cc.) is heated with vigorous stirring for 3 hours at
      100.degree.C. After cooling, the product which precipitates is filtered
      off and then added to 2N sodium hydroxide solution (200 cc.). The alkaline
      solution is extracted with diethyl ether and then acidified by adding 2N
      sulphuric acid (250 cc.). The product which precipitates is filtered off,
      dried and then recrystallised from ethyl acetate (100 cc.) to give
      (5-oxo-10,11 -dihydrodibenzo[a,d]cyclohepten-2-yl)acetic acid (11.5 g.)
      melting at 154.degree.C.
PAC  EXAMPLE 5
PAR  Following the procedure of Example 4 but starting with
      2-(5-oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)butyramide (11.8 g.),
      2-(5-oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)butyric acid (7.35 g.),
      melting at 125.degree.C., is obtained.
PAC  EXAMPLE 6
PAR  A 2.6N solution of methylamine in methylene chloride (250 cc.) is added at
      0.degree.C. and over the course of 30 minutes to a solution of
      2-(5-oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)propionyl chloride (10
      g.) in methylene chloride (100 cc.). The reaction mixture is concentrated,
      and the residue taken up in distilled water (100 cc.) and benzene (300
      cc.). The organic layer is decanted, dried over anhydrous sodium sulphate
      and evaporated at 60.degree.C. under reduced pressure (20 mm.Hg). The
      product obtained is recrystallised from di-isopropyl ether (100 cc.) to
      give
      2-(5-oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)-N-methylpropionamide
      (5.8 g.) melting at 140.degree.C.
PAR  2-(5-Oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)propionyl chloride is
      obtained by heating
      2-(5-oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)propionic acid (28 g.)
      in thionyl chloride (280 cc.) for one hour. After cooling, the thionyl
      chloride is evaporated at 60.degree.C. under reduced pressure (20 mm.Hg).
      2-(5-Oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)propionyl chloride
      (28.8 g.) is thus obtained in the form of an oil.
PAR  Following the same procedure but replacing the methylamine with
      isopropylamine,
      2-(5-oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)-N-isopropylpropionamid
     e, melting at 142.degree.C., is obtained.
PAC  EXAMPLE 7
PAR  Following the procedure of Example 6 but starting with
      2-(5-oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)propionyl chloride (10
      g.) and dimethylamine (4.5 g.),
      2-(5-oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)-N,N-dimethylpropionami
     de (10 g.) is obtained in the form of an oil.
PAR  Rf = 0.55 (silica; chloroform - ethyl acetate: 80-20 by volume).
PAC  EXAMPLE 8
PAR  Following the procedure of Example 6 but starting with
      2-(5-oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)propionyl chloride (8
      g.) and aniline (7.5 g.),
      2-(5-oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)-N-phenylpropionamide
      (6.7 g.), melting at 149.degree.C., is obtained after recrystallisation
      from isopropanol (100 cc.).
PAC  EXAMPLE 9
PAR  Following the procedure of Example 6 but starting with
      2-(5oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)propionyl chloride (8
      g.) and 1-methylpiperazine (8.2 g.),
      4-[2-(5-oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)propionyl]-1-methylp
     iperazine (10 g.) is obtained in the form of an oil.
PAR  This oil is dissolved in diethyl ether (100 cc.), and a 3.1N solution of
      hydrogen chloride in diethyl ether (8.5 cc.) is added. The product which
      crystallises is filtered off and recrystallised from acetone (10 cc.) to
      give
      4-[2-(5-oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)propionyl]-1-methylp
     iperazine hydrochloride (4.3 g.) melting at 216.degree.C.
PAC  EXAMPLE 10
PAR  Following the procedure of Example 6 but starting with
      2-(5-oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)propionyl chloride (1
      g.) and 2-aminoethanol (2 g.),
      2-(5-oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)-N-2-hydroxyethyl-propi
     onamide (11 g.), melting at 118.degree.C., is obtained.
PAC  EXAMPLE 11
PAR  A solution of 2-(5-oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)propionyl
      chloride (10 g.) in methylene chloride (100 cc.) is added at 20.degree.C.
      and over the course of 10 minutes to a mixture of methanol (100 cc.) and
      anhydrous pyridine (10 cc.). On concentrating the reaction mixture to
      dryness, a paste-like residue (weighing 14 g.) is obtained and the latter
      is taken up in diethyl ether (500 c.) and water (100 cc.). The ether phase
      is decanted, washed twice with water (total 100 cc.) and dried over
      potassium carbonate. On concentrating to dryness, methyl
      2-(5-oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)propionate (8.6 g.) is
      obtained.
PAR  Rf = 0.83 (silica; ethyl acetate).
PAC  EXAMPLE 12
PAR  Following the procedure of Example 11 but starting with
      2,2-dimethyl-4-hydroxymethyl-1,3-dioxolane (0.5 g.), anhydrous pyridine
      (0.6 cc.) and 2-(5-oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)propionyl
      chloride (1 g.), a residue (1 g.) is obtained after concentrating the
      reaction mixture. This residue is taken up in chloroform (20 cc.), and the
      resulting solution chromatographed on a column of height 17 cm. containing
      silica (10 g.). Elution is carried out with chloroform, and fractions (10
      cc.) of eluate are collected. The first two fractions of eluate are
      combined and, after concentrating to dryness,
      4-[2-(5-oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)propionyloxymethyl]-
     2,2-dimethyl-1,3-idoxolane, form A (0.2 g.), melting at 80.degree.C., is
      obtained.
PAR  The third fraction of eluate (10 cc.) gives, after concentration to
      dryness, 4-[2-(5-oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)propionylox
     ymethyl]2,2-dimethyl-1,3-dioxolane, form B (0.2 g.), in the form of an oil.
PAR  Rf = 0.84 (silica; chloroform - ethyl acetate: 80-20 by volume).
PAR  The present invention includes within its scope pharmaceutical compositions
      which comprise, as active ingredient, at least one
      dibenzo[a,d]cycloheptene derivative of general formula I, or when
      appropriate a pharmaceutically-acceptable salt thereof, in association
      with a pharmaceutical carrier or coating. The invention includes
      especially such compositions made up for oral, rectal or parenteral
      administration.
PAR  Solid compositions for oral administration include tablets, pills, powders
      or granules. In such solid compositions, the active compound is admixed
      with at least one inert diluent such as sucrose, lactose or starch. The
      compositions may also comprise, as is normal practice, additional
      substances other than inert diluents, e.g. lubricating agents such as
      magnesium stearate. Liquid compositions for oral administration include
      pharmaceutically-acceptable emulsions, solutions, suspensions, syrups and
      elixirs containing inert diluents commonly used in the art such as water
      or liquid paraffin. Besides inert diluents such compositions may also
      comprise adjuvants, such as wetting, emulsifying and suspending agents,
      and sweetening, flavouring and aromatizing agents. Compositions according
      to the invention for oral administration also include capsules of
      absorbable material such as gelatin containing the active substance with
      or without the addition of diluents or excipients.
PAR  Compositions according to the invention for parenteral administration
      include sterile aqueous or nonaqueous solutions, suspensions or emulsions.
      Examples of non-aqueous solvents or vehicles are propylene glycol,
      polyethylene glycol, vegetable oils such as olive oil, and injectable
      organic esters such as ethyl oleate. The compositions may also contain
      adjuvants, such as wetting, emulsifying and dispersing agents. They may be
      sterilised by, for example, filtration through a bacteria-retaining
      filter, by incorporation in the compositions of sterilising agents, by
      irradiation or by heating. They may also be manufactured in the form of
      sterile solid compositions which can be dissolved in sterile water or some
      other sterile injectable medium immediately before use.
PAR  Compositions for rectal administration are suppositories which contain, in
      addition to the active substance, excipients such as cacao butter or a
      suppository wax.
PAR  The percentage of active ingredient in compositions of the invention may be
      varied, it being necessary that it should constitute a proportion such
      that a suitable dosage shall be obtained. In human therapy, the dosages
      depend on the desired therapeutic effect, on the route of administration
      and on the duration of the treatment; they are generally between 50 and
      1,000 mg. per day when administered orally to an adult.
PAR  The compositions according to the invention are particularly useful as
      analgesic agents. They can be used in the treatment of actue or chronic
      algias of rheumatic or dental origin or the like.
PAR  In every case, the doctor will decide the most suitable posology, taking
      into account the age, weight and all other factors relating to the patient
      to be treated.
PAR  The following Examples illustrate pharmaceutical compositions according to
      the invention.
PAC  EXAMPLE 13
PAR  Tablets containing 250 mg. of active substance and having the following
      composition are prepared in accordance with the usual technique:
     2-(5-oxo-10,11-dihydrodibenzo[a,d]-                                       

     cyclohepten-2-yl)propionic acid                                           

                                 250 mg.                                       

     starch                      190 mg.                                       

     colloidal silica            50 mg.                                        

     magnesium stearate          10 mg.                                        

PAC  EXAMPLE 14
PAR  Tablets containing 250 mg. of active substance and having the following
      composition are prepared in accordance with the usual technique:
TBL  2-(5-oxo-10,11-dihydrodibenzo[a,d]-                                       

     cyclohepten-2-yl)propionamide                                             

                                 250 mg.                                       

     starch                      190 mg.                                       

     colloidal silica            50 mg.                                        

     magnesium stearate          10 mg.                                        

PAC  EXAMPLE 15
PAR  Tablets containing 250 mg. of active substance and having the following
      composition are prepared in accordance with the usual technique:
TBL  2-(5-oxo-10,11-dihydrodibenzo[a,d]-                                       

     cyclohepten-2-yl)-N-methylpropionamide                                    

                                 250 mg.                                       

     starch                      190 mg.                                       

     colloidal silica            50 mg.                                        

     magnesium stearate          10 mg.                                        

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A dibenzo[a,d]cycloheptene of the formula:
      ##SPC11##
PAL  wherein R.sub.1 is hydrogen, methyl or ethyl, or the pharmaceutically
      acceptable non-toxic alkali metal, alkaline earth metal, ammonium and
      amine salts thereof.
NUM  2.
PAR  2. A dibenzo[a,d]cycloheptene compound according to claim 1, which is
      2-(5-oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)propionic acid, or its
      pharmaceutically acceptable non-toxic alkali metal, alkaline earth metal,
      ammonium and amine salts.
NUM  3.
PAR  3. A dibenzo[a,d]cycloheptene compound according to claim 1, which is
      (5-oxo-10,11-dihydrodibenzo[a,d]cyclohepten-2-yl)acetic acid, or its
      pharmaceutically acceptable non-toxic alkali metal, alkaline eath metal,
      ammonium and amine salts.
NUM  4.
PAR  4. A dibenzo[a,d]cycloheptene compound according to claim 1 which is
      2-(5-oxo-10,11-dihydrodibeno[a,d]cyclohepten-2-yl)butyric acid, or its
      pharmaceutically acceptable non-toxic alkali metal, alkaline earth metal,
      ammonium and amine salts.
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ABST
PAL  3-Amino-4-anilino-5-sulfamoylbenzoic acids, e.g. those of the formula
      ##SPC1##
PA1  R = an aliphatic or araliphatic radical
PA1  R' = h, alkyl, or aminophenyl
PAL  Alkyl esters or salts thereof are diuretic agents.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of application Ser. No. 297,531, filed Oct.
      13, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Pursuant to the discovery of the diuretic 4-halo-5-sulfamoyl-anthranilic
      acids, substituted at the sulfamoyl moiety by an araliphatic or aromatic
      radical, described in my U.S. Pat. Nos. 3,565,920 or 3,658,990, there was
      generated a new class of primary amino compounds herein described, which
      members surprisingly do not require a halogen atom or a tertiary amino
      group at the aromatic nucleus, thought to be essential for diuretics, such
      as the chlorothiazides, hydrochlorothiazides or said anthranilic acids, or
      the sulfamoylbenzoic acids described in U.S. Pat. Nos. 2,937,169 and
      3,163,645 or Belgian Pat. No. 743,744 respectively.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention concerns and has for its object the provision of new
      3-amino-4-anilino-5-sulfamoylbenzoic acids, the lower alkyl esters and
      therapeutically acceptable salts thereof, more particularly of those
      corresponding to Formula I
      ##SPC2##
PAL  in which R.sub.1 is an aliphatic or araliphatic radical, R.sub.2 is
      hydrogen or an aliphatic radical, each of R.sub.3 and R.sub.4 is hydrogen
      or lower alkyl, Ph is a phenylene radical and R.sub.5 is hydrogen, lower
      alkyl or Ph--NH.sub.2, or the lower alkyl esters or therapeutically useful
      ammonium, alkali or alkaline earth metal or acid addition salts thereof,
      as well as of corresponding pharmaceutical compositions and of methods for
      the preparation and application of these products, which are useful,
      orally applicable diuretic, natri- and chloriuretic agents.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  An aliphatic radical R.sub.1 or R.sub.2 is, for example, lower alkyl, e.g.
      methyl, ethyl, n- or i-propyl, n-, i- or sec. butyl, n- or i-pentyl,
      neopentyl, n-hexyl or n-heptyl; lower alkenyl, e.g. allyl, methallyl or
      2-butenyl; lower alkynyl, e.g. propargyl; mono- or bicyclic cycloalkyl,
      cycloalkenyl, cycloalkyl-lower alkyl or cycloalkenyl-lower alkyl with
      preferably 3 to 7 ring-carbon atoms, 1 to 4 chain carbon atoms and
      optional, e.g. up to 4, lower alkyl groups, e.g. cyclopropyl,
      2,3-dimethyl-cyclopropyl, cyclobutyl, cyclopentyl, 2- or
      3-methyl-cyclopentyl, 2,5- or 3,4-dimethylcyclopentyl, cyclohexyl, 2-, 3-
      or 4-methyl-cyclohexyl, 2,3-, 2,4- or 3,5-dimethyl-cyclohexyl,
      2,4,6-trimethyl-cyclohexyl, cycloheptyl, cyclooctyl, 2- or 7-norbornanyl,
      1- or 2-decahydronaphthyl; 1- or 2-cyclopentenyl, 2,4-cyclopentadienyl, 2-
      or 3-methyl-2-cyclopentenyl, 4,5-dimethyl-2-cyclopentenyl, 1-, 2- or
      3-cyclohexenyl, 2,5-cyclohexadienyl, 2-, 3- or 4-methyl-1- or
      2-cyclohexenyl, 2,4- or 3,5-dimethyl-1- or 2-cyclohexenyl,
      2,4,6-trimethyl-2,5-cyclohexadienyl, 1-, 2- or 3-cycloheptenyl,
      2,6-cycloheptadienyl, 2-cyclooctenyl or 2-norborn-5-enyl, as well as the
      corresponding cycloalkyl- or cycloalkenyl-lower alkyl groups in which the
      chain especially represents methyl, but also ethyl n- or i-propyl, n-, i-
      or sec. butyl; it contains in any of the positions available for
      substitution one of the specific cycloalkyl or cycloalkenyl groups listed
      above. The term "lower", referred to above and hereinafter in connection
      with organic radicals or compounds respectively, defines such with up to
      7, preferably up to 4, carbon atoms.
PAR  Said aliphatic radicals, especially the lower alkyl groups, can be
      substituted, e.g. by free or functionally converted hydroxy, mercapto or
      carboxy groups and/or interrupted by heteratoms, e.g. one oxygen, sulfur
      and/or nitrogen atom, and are represented, for example, by lower
      haloalkyl, e.g. 2-(chloro, bromo or iodo)-ethyl, 3,3-difluoro- or
      dichloropropyl, 3,3,3-trichloropropyl, 3- or 4-chlorobutyl, 4,4- or
      3,4-dichlorobutyl or 4,4,4-trifluorobutyl; unsubstituted or halogenated
      lower alkoxy- or alkylmercapto-lower alkyl, such as 2-ethoxyethyl,
      3-methoxy-propyl, 2-ethylmercapto-ethyl, 2-(2,2-dichloroethoxy)-ethyl,
      2-(2-chloroethoxy)-ethyl, 2-(2,2,2-trifluoroethylmercapto)-ethyl or
      2-(2,2-dichloroethylmercapto)-ethyl; carbamyl-lower alkyl or N,N-di-lower
      alkylcarbamyl-lower alkyl, such as carbamyl-methyl,
      N,N-dimethylcarbamyl-methyl, 2-carbamyl-ethyl or
      2-N,N-diethylcarbamyl-ethyl; sec. or tert. amino-lower alkyl, such as
      mono- or di-lower alkylamino-lower alkyl, lower alkyleneimino-lower alkyl,
      lower monoaza-, -oxa- or -thiaalkyleneimino-lower alkyl or N-lower
      alkyl-lower monoazaalkyleneimino-lower alkyl, e.g. 2-ethylaminoethyl,
      2-dimethylamino-ethyl, 3-diethylamino-propyl, 2-pyrrolidinoethyl,
      2-piperidino-ethyl, 2-(4-methyl-piperazino)-ethyl or 2-morpholino-ethyl; 5
      to 7 ring-membered oxa-cycloalkyl or -cycloalkenyl, oxa-cycloalkyl- or
      -cycloalkenyl-lower alkyl, such as 3-tetrahydrofuryl,
      tetrahydrofuryl-2-methyl, (2-methyl-tetrahydrofuryl-2)-methyl,
      2,3-dihydro- or tetrahydropyranyl-2-methyl.
PAR  An araliphatic radical R.sub.1 preferably represents H-Ph-lower alkyl or
      -alkenyl or Hc-lower alkyl or -alkenyl, in which the alkyl or alkenyl
      moiety preferably has up to 4 chain carbon atoms. Ph is a phenylene
      radical, which is either unsubstituted or substituted by one or more than
      one, preferably one or two substituents selected, for example, from lower
      alkyl, e.g. that mentioned above, free or functionally converted hydroxy
      or mercapto, such as lower alkoxy, lower alkylenedioxy, lower
      alkylmercapto or halogeno, e.g. methoxy, ethoxy, n- or i-propoxy or
      -butoxy; methylenedioxy, 1,1- or 1,2-ethylenedioxy; methyl- or
      ethylmercapto; fluoro, chloro or bromo; (hydroxy or halogeno)-lower alkyl
      or -alkoxy, e.g. 2-hydroxyethyl, trifluoromethyl or 2-hydroxyethoxy;
      nitro; amino, especially di-lower alkylamino, e.g. dimethylamino or
      diethylamino; or free or functionally converted carboxy or sulfo, e.g.
      lower carbalkoxy, carbamoyl, cyano or sulfamoyl. Hc is either
      unsubstituted pyridyl, furyl, or thienyl, or such radical substituted by
      one or more than one, preferably one or two lower alkyl groups.
PAR  Preferred araliphatic or aromatic radicals R.sub.1, R.sub.5 and H.sub.2
      N--Ph are represented by the formulae H--Ph'--C.sub.m H.sub.2m,
      Hc'--C.sub.m H.sub.2m and H.sub.2 N--Ph'--C.sub.m H.sub.2m respectively,
      wherein Ph' is unsubstituted 1,2-phenylene, advantageously 1,3-phenylene
      or preferably 1,4-phenylene, or such radicals substituted by one member of
      the group consisting of lower alkyl, hydroxy, lower alkoxy, halogeno or
      trifluoromethyl; Hc' is unsubstituted 2-, 3-, or 4-pyridyl, 2- or 3-furyl
      or -thienyl, or such radicals substituted by one or two lower alkyl groups
      and m is an integer from 0 to 4.
PAR  Each of R.sub.2, R.sub.3, R.sub.4 and R.sub.5 is preferably hydrogen, but
      also lower alkyl, e.g. that mentioned above, advantageously methyl.
      R.sub.2, moreover, represents lower alkenyl or alkynyl, also mentioned
      above, especially 2-butenyl, and R.sub.5 may also represent Ph'--NH.sub.2.
PAR  Preferred esters of the acids of Formula I are the methyl, ethyl, n- or
      i-propyl or -butyl esters and of the salts the ammonium, sodium,
      potassium, magnesium or calcium salts are preferred. Due to the amino
      groups present, also acid addition salts can be prepared, e.g. such of the
      therapeutically useful acids listed below.
PAR  The compounds of the invention exhibit valuable pharmacological properties.
      Primarily they show diuretic, natri- and chloriuretic activity with rapid
      onset of action, high urine but low potassium excretion levels. This can
      be demonstrated in animal tests using, for example mammals, e.g. rats or
      dogs, as test objects. Such tests are performed, for example, by
      administering the compounds of the invention within a gelatin capsule to
      dogs, or in the form of aqueous solutions or starch suspensions by stomach
      tube to rats, in an oral dosage range between about 0.01 and 50 mg/kg/day,
      preferably between about 0.1 and 10 mg/kg/day, advantageously between
      about 0.5 and 5 mg/kg/day. Simultaneously the test animals may receive
      various salt loads enterally or parenterally, for example, various amounts
      of subcutaneously applied 0.9% saline, e.g. 100 ml thereof per
      medium-sized dog (beagle). Urine is then collected, e.g. at 2 hour
      intervals, with or without catheterization, and its volume, sodium,
      potassium and chloride content estimated and compared with that of the
      same untreated or saline-treated animals. Besides the anti-edematous
      utility, the compounds of the invention can also be used as intermediates
      in the preparation of other valuable products, primarily, of
      pharmacologically active compounds or compositions, e.g. such useful in
      the management of hypertension.
PAR  Preferred and highly diuretic are those compounds of Formula I in which
      R.sub.1 is lower alkyl, lower alkenyl, lower alkynyl, (monocyclic, 3 to 7
      ring-membered cycloalkyl, cycloalkenyl, oxacycloalkyl, 2- or 7-norbornanyl
      or 2-norborn-5-enyl)-C.sub.m H.sub.2m, H--Ph'--C.sub.n H.sub.2n,
      H--Ph'--CH=CH--CH.sub.2 or Hc'--C.sub.n H.sub.2n wherein Ph' is 1,2-, 1,3-
      or 1,4-phenylene, unsubstituted or substituted by one member of lower
      alkyl, hydroxy, lower alkoxy, halogeno or trifluoromethyl, Hc' is 2-, 3-
      or 4-pyridyl, 2- or 3-furyl or -thienyl, unsubstituted or substituted by
      one or two lower alkyl groups, m is an integer from 0 to 4 and n is an
      integer from 1 to 4, R.sub.2 is hydrogen, lower alkyl, lower alkenyl or
      lower alkynyl, each of R.sub.3 and R.sub.4 is hydrogen or lower alkyl, Ph
      is the above Ph', and R.sub.5  is hydrogen, lower alkyl or Ph'--NH.sub.2,
      or the lower alkyl esters or therapeutically useful ammonium, alkali or
      alkaline earth metal or acid addition salts thereof.
PAR  Especially valuable and suitable for said utility are the compounds of
      Formula II
      ##SPC3##
PAL  wherein R is alkyl or alkenyl with 3 to 7 carbon atoms, (3 to 7
      ring-membered cycloalkyl, tetrahydrofuryl, 2- or 7-norbornanyl,
      2-norborn-5-enyl, phenyl, tolyl, anisyl, halophenyl, furyl or
      thienyl)-methyl or -ethyl, or cinnamyl, R' is hydrogen or aminophenyl, or
      therapeutically useful ammonium alkali metal, or acid addition salts
      thereof.
PAR  Outstandingly active compounds are those of Formula II, wherein R is alkyl
      or 2-alkenyl with 4 or 5 carbon atoms, cyclopropylmethyl,
      2-tetrahydrofurylmethyl, 2-norborn-5-enylmethyl, benzyl, furfuryl or
      cinnamyl and R' is hydrogen, or therapeutically useful ammonium, alkali
      metal or acid addition salts thereof.
PAR  Most preferred are the 4-(4-aminophenylamino)-3-(n-butyl, benzyl or
      furfuryl)-amino-5-sulfamoylbenzoic acids which, when given to rats or dogs
      at oral doses as low as 0.3 mg/kg/day, exhibit outstanding diuretic,
      natri- and chloriuretic effects.
PAR  The compounds of the invention are prepared according to methods in
      themselves known. Advantageously they are obtained by:
PA1  a. converting in a compound of Formula III
      ##SPC4##
PA1   wherein X is an (acylamino, nitro or arylazo)-Ph radical, and Y is R.sub.5
      or X, or a lower alkyl ester or salt thereof, X and Y into the
      corresponding aminophenyl group by hydrolysis or hydrogenation
      respectively or
PA1  b. converting in a compound of Formula IV
      ##SPC5##
PA1   wherein Z is a carbamoyl or aminocarbamoyl group, or a salt thereof, Z
      into carboxy, carbalkoxy or salified carboxy by hydrolysis or alcoholysis
      and, if desired, converting any resulting compound into another compound
      of the invention.
PAR  In said compounds of Formula III containing the (acylamino, nitro or
      arylazo)-Ph radical X and, as the case may be, Y also, the acylamino group
      is advantageously derived from either a lower alkanoic or a carbonic acid
      lower alkyl ester and the arylazo group is preferably that of the formula
      H--Ph--N=N--. Said acylaminophenyl compounds, preferably the (low
      alkanoyl- or lower alkoxycarbonylamino)-Ph, e.g. the (acetyl-, propionyl-
      or ethoxycarbonylamino)-Ph compounds, are converted into the compounds of
      the invention by hydrolysis, for example, with the use of aqueous bases,
      such as aqueous alkali metal hydroxides or carbonates or quaternary
      ammonium hydroxides, e.g. sodium hydroxide, potassium carbonate or
      trimethylbenzyl-ammonium hydroxide. In case X and Y stand for said (nitro
      or arylazo)-Ph group, it is converted into aminophenyl by conventional
      reduction, for example, with the use of catalytically activated or nascent
      hydrogen, e.g. hydrogen in the presence of platinum, palladium or nickel
      catalysts, e.g. Raney nickel, or generated by the action of non-precious
      metals, e.g. zinc or iron, on acids, such as mineral acids, e.g.
      hydrochloric or sulfuric acid, or with the use of reducing agents,
      preferably salts of elements of the 4th to 6th group of the Periodic Table
      and being in a low oxidation state, such as stannous or chromous halides,
      ammonium polysulfides or alkali metal hydrosulfites.
PAR  The carbamoyl or aminocarbamoyl group Z in said compounds of Formula IV is
      preferably unsubstituted, but may also be substituted by lower alkyl,
      aralkyl or aryl radicals, e.g. R.sub.1, Ph--NH.sub.2 or X. The
      corresponding amides or hydrazides, e.g. the mono- or dimethylamide,
      diethylamide, i-propylamide; benzylamide or acetylaminophenylamide, or the
      corresponding hydrazides, are hydrolyzed or alcoholized to the compounds
      of Formula I, their lower alkyl esters or salts, according to conventional
      methods, advantageously with the use of aqueous or corresponding alcoholic
      bases, such as those described above, or lower alkanoic alkali metal lower
      alkoxides, e.g. ethanolic sodium ethoxide.
PAR  The compounds of the invention so obtained can be converted into each other
      according to known methods. For example, resulting compounds in which
      R.sub.2, R.sub.3 and/or R.sub.4 stand for hydrogen, may be reacted with a
      reactive ester of the corresponding alcohol, e.g. that of a lower alkanol,
      for example, derived from a hydrohalic or sulfonic acid, to yield the
      corresponding mono-, di- or tri-lower alkyl compounds. Resulting
      unsaturated compounds, e.g. lower alkenyl, alkynyl or furfuryl compounds,
      can be hydrogenated as shown above, to yield the corresponding saturated,
      e.g. lower alkyl or tetrahydrofurfuryl compounds. Resulting lower alkyl
      esters may also be hydrolyzed or transesterified, for example, with the
      use of the above alkaline hydrolyzing or alcoholizing agents.
PAR  The compounds of the invention are obtained in the free form or in the form
      of their salts, depending on the conditions under which the process is
      carried out, the salts are also included in the present invention. These
      are particularly derived from the free acids and therapeutically useful
      inorganic or organic bases, primarily the alkali metal, alkaline earth
      metal, e.g. sodium, potassium, magnesium or calcium salts, or ammonium
      salts derived from ammonia or amines, such as those corresponding to the
      amino group R.sub.1 --N--R.sub.2, e.g. mono-, di- or tri-lower
      alkylamines, -cycloalkylamines, -cycloalkyl-lower alkylamines or
      -aralkylamines, mixed amines or tertiary nitrogen bases, such as pyridine,
      collidine or lutidine. Said compounds of Formula I also form acid addition
      salts, preferably with therapeutically useful acids, such as mineral
      acids, e.g. hydrochloric, hydrobromic, sulfuric, phosphoric, nitric or
      perchloric acid; aliphatic or aromatic carboxylic or sulfonic acids, e.g.
      formic, acetic, propionic, succinic, glycollic, lactic, malic, tartaric,
      citric, ascorbic, maleic, hydroxymaleic, pyroracemic, phenylacetic,
      benzoic, 4-aminobenzoic, anthranilic, 4-hydroxybenzoic, salicylic,
      4-aminosalicylic, embonic, nicotinic, methanesulfonic, ethanesulfonic,
      hydroxyethanesulfonic, ethylenesulfonic, halogen-benzenesulfonic,
      toluenesulfonic, napthalenesulfonic or sulfanilic acid; methionine,
      tryptophane, lysine or arginine.
PAR  The invention further includes any variant of the present process in which
      an intermediate product obtainable at any stage of the process is used as
      starting material and any remaining steps are carried out, or the process
      is discontinued at any stage thereof, or in which the starting materials
      are formed under the reaction conditions, for example, amides of Formula
      IV from nitriles, or in which the reaction components are used in the form
      of their salts. Mainly those starting materials should be used in the
      reactions of the invention that lead to the formation of those compounds
      indicated above as being especially valuable.
PAR  The starting material is obtained according to known methods, preferably
      those, illustrated by the examples herein. For example, the compounds of
      Formula III are obtained by condensing reactive esters of the alcohols
      R.sub.1 --OH, e.g. those mentioned above, or corresponding aldehydes, with
      compounds of the formula
      ##SPC6##
PAL  (obtainable according to the methods disclosed in J. Med. Chem., 1971, Vol.
      14, No. 5, page 432) and hydrogenating any Schiff's base obtained, e.g. as
      shown above, or with the use of complex light metal hydrides, such as
      alkali metal borohydrides, e.g. sodium borohydride. Compounds of Formulae
      III and IV can also be prepared by condensing amines of the formula
      R.sub.3 --NH--X or R.sub.3 --NH--Ph--NH.sub.2 and
      ##SPC7##
PAL  respectively, wherein Ha1 is a halogen atom, such as fluorine, chlorine,
      bromine or iodine, Z.degree. is a free or correspondingly esterified or
      amidated carboxy group or cyano and Y.degree. is either Y or R.sub.5,
      preferably at elevated temperature and/or pressure. Representative members
      of said halogenated acids, or lower alkyl esters thereof, are described in
      J. Med. Chem., 1970, Vol. 13, No. 6, page 1071, showing also various
      methods according to which the above intermediates can be prepared. The
      corresponding amides or hydrazides are obtainable from said esters by
      amino- or hydrazinolysis, which process may take place simultaneously in
      the above condensation, when using compounds in which Z.degree. is lower
      carbalkoxy.
PAR  Resulting mixtures of isomers, e.g. of compounds of Formulae I to III, can
      be separated into the single isomers by methods in themselves known, e.g.
      by fractional distillation, crystallization and/or chromatography. Racemic
      products can likewise be resolved into the optical antipodes, for example
      by separation of diastereomeric salts thereof, e.g. by the fractional
      crystallization of d- or 1-tartrates or d-.alpha.-(phenyl or
      1-naphthyl)ethylamine or 1-cinchonidine salts.
PAR  The above reactions are carried out according to standard methods, in the
      presence or absence of diluents, preferably such as are inert to the
      reagents and are solvents thereof, of catalysts, condensing or
      neutralizing agents and/or inert atmospheres, at low temperatures, room
      temperature or advantageously elevated temperatures, at atmospheric or
      superatmospheric pressure.
PAR  The pharmacologically active compounds of the invention are useful in the
      manufacture of pharmaceutical compositions containing an effective amount
      thereof in conjunction or admixture with excipients suitable for either
      enteral or parenteral application. Preferred are tablets and gelatin
      capsules comprising the active ingredient together with (a) diluents, e.g.
      lactose, dextrose, sucrose, mannitol, sorbitol, cellulose and/or glycine,
      (b) lubricants, e.g. silica, talcum, stearic acid, its magnesium or
      calcium salt and/or polyethyleneglycol, for tablets also (c) binders, e.g.
      magnesium aluminum silicate, starch paste, gelatin, tragacanth,
      methylcellulose, sodium carboxymethylcellulose and/or
      polyvinylpyrrolidone, if desired, (d) disintegrants, e.g. starches, agar,
      alginic acid or its sodium salt, enzymes of the binders or effervescent
      mixtures and/or (e) adsorbents, colorants, flavors and sweeteners.
      Injectable compositions are preferably aqueous isotonic solutions or
      suspensions, and suppositories are advantageously fatty emulsions or
      suspensions. They may be sterilized and/or contain adjuvants, such as
      preserving, stabilizing, wetting or emulsifying agents, solution
      promoters, salts for regulating the osmotic pressure and/or buffers. They
      may also contain other therapeutically valuable substances, e.g.
      antihypertensives and/or psychotherapeutics, as illustrated by U.S. Pat.
      Nos. 3,288,678, 3,379,612, 3,499,082 and 3,515,786. Said pharmaceutical
      compositions are prepared according to conventional mixing, granulating or
      coating methods respectively and contain about 0.1 to 75%, preferably
      about 1 to 50% of the active ingredient.
DETD
PAR  The following examples illustrating the invention are not to be construed
      as being limitations thereon. Temperatures are given in degrees Centigrade
      and all parts wherever given are parts by weight.
PAC  EXAMPLE 1
PAR  The mixture of 2 g of
      4-(4-acetamidophenylamino)-3-n-butylamino-5-sulfamoylbenzoic acid and 50
      ml of 2N aqueous sodium hydroxide is refluxed for one hour under nitrogen.
      It is cooled, filtered and the filtrate acidified with glacial acetic acid
      to a pH of 4-5. The mixture is cooled in an ice bath, the precipitate
      formed filtered off and recrystallized from 50% aqueous ethanol, to yield
      the 4-(4-aminophenylamino)-3-n-butylamino-5-sulfamoylbenzoic acid of the
      formula
      ##SPC8##
PAL  melting at 210.degree. with decomposition.
PAR  The starting material is prepared as follows: The mixture of 5.6 g of
      4-chloro-3-nitro-5-sulfamoylbenzoic acid, 200 ml of water and 9 g of
      4-aminoacetanilide is refluxed for four hours while stirring under
      nitrogen. It is cooled to room temperature and the precipitate formed
      filtered off, to yield the
      4-(4-acetamidophenylamino)-3-nitro-5-sulfamoylbenzoic acid, melting above
      275.degree..
PAR  The mixture of 9.9 g thereof, 100 ml of water, 1 g of sodium hydroxide and
      2.5 g of 10% palladium on charcoal is hydrogenated at room temperature and
      2.8 atm until the theoretical amount of hydrogen has been absorbed. It is
      filtered, the filtrate acidified with concentrated hydrochloric acid, the
      precipitate formed filtered off, washed with water and recrystallized from
      aqueous ethanol, to yield, the
      4-(4-acetamidophenylamino)-3-amino-5-sulfamoylbenzoic acid melting at
      280.degree. with decomposition.
PAR  The mixture of 6.4 g thereof, 120 ml of methanol and 1.4 g of
      n-butyraldehyde is refluxed for one hour while stirring under nitrogen. It
      is cooled in an ice bath and 1.2 g of sodium borohydride are added to the
      solution while stirring under nitrogen. After stirring overnight at room
      temperature, the mixture is evaporated and the residue taken up in 50 ml
      of water. The solution is acidified with glacial acetic acid to a pH of
      4-5, the precipitate formed filtered off and dissolved in 60 ml of 2N
      aqueous sodium hydroxide. The solution is washed with ethyl acetate,
      filtered, the filtrate acidified with concentrated hydrochloric acid and
      the precipitate formed filtered off, to yield the
      4-(4-acetamidophenylamino)-3-n-butylamino-5-sulfamoylbenzoic acid.
PAC  EXAMPLE 2
PAR  The mixture of 3.9 g of
      4-(4-acetamidophenylamino)-3-benzylamino-5-sulfamoylbenzoic acid and 39 ml
      of 2N aqueous sodium hydroxide is refluxed for 1 hour under nitrogen.
      After cooling to room temperature it is filtered and the filtrate
      acidified with glacial acetic acid to pH = 4. The precipitate formed is
      filtered off and recrystallized from aqueous ethanol, to yield the
      4-(4-aminophenylamino)-3-benzylamino-5-sulfamoylbenzoic acid melting at
      244.degree. with decomposition.
PAR  The starting material is prepared as follows: To the mixture of 3.6 g of
      4-(4-acetamidophenylamino)-3-amino-5-sulfamoylbenzoic acid, 20 ml of water
      and the sufficient amount of N aqueous sodium hydroxide to reach a pH =
      7.4, 1.3 g of benzyl chloride are added while stirring at 30.degree.. The
      mixture is stirred for 16 hours at room temperature, during which time 4N
      aqueous sodium hydroxide is added dropwise to keep said pH value. It is
      filtered, the filtrate acidified with 2 ml of glacial acetic acid and the
      precipitate formed filtered off, to yield the
      4-(4-acetamidophenylamino)-3-benzylamino-5-sulfamoylbenzoic acid which is
      used as such without further purification.
PAC  EXAMPLE 3
PAR  The mixture of 0.9 g of
      4-(4-acetamidophenylamino)-3-furfurylamino-5-sulfamoylbenzoic acid and 9
      ml of 2N aqueous sodium hydroxide is refluxed for one hour under nitrogen,
      cooled, filtered and the filtrate acidified with glacial acetic acid to
      pH= 4-5. The precipitate formed is filtered off, washed with water and
      recrystallized from 50% aqueous ethanol, to yield the
      4-(4-aminophenylamino)-3-furfurylamino-5-sulfamoylbenzoic acid melting at
      232.degree. with decomposition.
PAR  The starting material is prepared as follows: The mixture of 6.6 g of
      4-(4-acetamidophenylamino)-3-amino-5-sulfamoylbenzoic acid, 120 ml of
      methanol and 1.8 g of furfural is refluxed for one hour while stirring
      under nitrogen. It is cooled with ice, and 1.2 g of sodium borohydride are
      added portionwise while stirring and cooling. After stirring at room
      temperature overnight the mixture is evaporated under reduced pressure,
      the residue taken up in 50 ml of water, the solution acidified with
      glacial acetic acid to pH = 4.5, the precipitate formed filtered off and
      washed with water. It is taken up in 60 ml of 2N sodium hydroxide, the
      solution washed with ethyl acetate, filtered and the filtrate acidified
      with hydrochloric acid. The precipitate formed is filtered off, washed
      with water and recrystallized from 50% aqueous ethanol, to yield the
      4-(4-acetamidophenylamino-3-furfurylamino-5-sulfamoylbenzoic acid melting
      at 250.degree. with decomposition.
PAC  EXAMPLE 4
PAR  The mixture of 1 g of
      (4-acetamidophenylamino)-3-but-2-enylamino-5-sulfamoylbenzoic acid and 10
      ml of 2N aqueous sodium hydroxide is refluxed for 1 hour under nitrogen.
      It is cooled, filtered, the pH of the filtrate adjusted to 4 with glacial
      acetic acid and the precipitate formed filtered off. It is washed with
      water and recrystallized from aqueous ethanol, to yield the
      4-(4-aminophenylamino)-3-but-2-enylamino-5-sulfamoylbenzoic acid of the
      formula
      ##SPC9##
PAL  melting at 208.degree. with decomposition.
PAR  The starting material is prepared as follows: To the stirred mixture of 5.5
      g of 4-(4-acetamidophenylamino)-3-amino-5-sulfamoylbenzoic acid, 2.0 g of
      1-bromo-2-butene, 30 ml of water and 10 ml of N aqueous sodium hydroxide,
      4N aqueous sodium hydroxide is added dropwise in order to keep the pH of
      the mixture at 7.4 for 17 hours. It is filtered, the filtrate acidified
      with glacial acetic acid to pH = 4 and the precipitate formed filtered
      off. It is recrystallized from aqueous ethanol, to yield the
      4-(4-acetamidophenylamino)-3-but-2-enylamino-5-sulfamoylbenzoic acid
      melting at about 230.degree. with decomposition.
PAC  EXAMPLE 5
PAR  The mixture of 5.1 g of
      4-(4-acetamidophenylamino)-3-(2-norborn-5-enylmethyl)-5-acetylsulfamoylben
     zoic acid and 50 ml of 2N aqueous sodium hydroxide is refluxed for 2 hours
      under nitrogen. It is cooled, filtered, the filtrate acidified with
      glacial acetic acid to a pH of 4-5 and the precipitate formed filtered
      off. It is washed with water, dissolved in 40 ml of hot ethanol, the
      solution filtered and the filtrate diluted with water. After standing the
      precipitate formed is filtered off and again recrystallized from aqueous
      ethanol, to yield the
      4-(4-aminophenylamino)-3-(2-norborn-5-enylmethyl)-5-sulfamoylbenzoic acid
      of the formula
      ##SPC10##
PAL  melting at 245.degree. with decomposition.
PAR  The starting material is prepared as follows: The mixture of 20 g of
      4-(4-acetamidophenylamino)-3-nitro-5-sulfamoylbenzoic acid and 200 ml of
      acetic anhydride is refluxed for ten minutes while stirring under
      nitrogen. It is evaporated under reduced pressure, the residue triturated
      with water and dissolved in 200 ml of 2N aqueous sodium hydroxide. The
      solution is washed with diethyl ether, filtered and acidified with
      concentrated hydrochloric acid to pH of 1- and the precipitate filtered
      off, to yield the
      4-(4-acetamidophenylamino)-3-nitro-5-acetylsulfamoylbenzoic acid melting
      at 175.degree.-185.degree..
PAR  The solution of 19.5 g thereof in 225 ml of water and 3.4 g of sodium
      hydroxide is hydrogenated over 5 g of 10% palladium on charcoal. After the
      theoretical amount of hydrogen has been absorbed, the mixture is filtered,
      the residue washed with water, the filtrate acidified with concentrated
      hydrochloric acid and cooled with ice. The precipitate formed is filtered
      off, washed with water and recrystallized from aqueous ethanol to yield
      the 4-(4-acetamidophenylamino)-3-amino-5-acetylsulfamoylbenzoic acid
      melting above 280.degree..
PAR  The mixture of 5 g thereof, 3 g of 2-norborn-5-enecarboxaldehyde and 50 ml
      of diethylene glycol dimethyl ether is stirred at 105.degree.-110.degree.
      for 5 hours under nitrogen. It is evaporated under reduced pressure at
      about 100.degree. and the residue taken up in 100 ml of ethanol. The
      solution is cooled with ice and 5 g of sodium borohydride are added during
      5 minutes while stirring and cooling. After stirring for 16 hours at room
      temperature the mixture is evaporated under reduced pressure and the
      residue taken up in 25 ml of water. The mixture is acidified with
      concentrated hydrochloric acid, diluted with 50 ml of water and heated to
      the boil. The precipitate formed after cooling is filtered off and
      recrystallized from 50% aqueous ethanol to yield the
      4-(4-acetamidophenylamino)-3-(2-norborn-5-enylmethyl)-5-acetylsulfamoylben
     zoic acid melting at 270.degree. with decomposition.
PAC  EXAMPLE 6
PAR  The mixture of 2 g of
      4-(4-acetamidophenylamino)-3-benzylamino-5-(2-acetamidophenylsulfamoyl)-be
     nzoic acid and 20 ml of 2 N aqueous sodium hydroxide is refluxed for 6
      hours under nitrogen. After cooling to room temperature it is filtered,
      the filtrate acidified with glacial acetic acid to a pH of 4-5 and the
      precipitate formed filtered off. It is washed with water, taken up in 50
      ml of 505 hot aqueous ethanol, the precipitate formed after cooling is
      filtered off and again recrystallized from 25 ml of 50% aqueous ethanol,
      to yield the
      4-(4-aminophenylamino)-3-benzylamino-5-(2-aminophenylsulfamoyl)-benzoic
      acid of the formula
      ##SPC11##
PAL  melting at 225.degree. with decomposition.
PAR  The starting material is prepared as follows: The mixture of 38.8 g
      4-chloro-5-chlorosulfonyl-3-nitrobenzoic acid, 39.9 g of
      2-aminoacetanilide and 150 ml of dimethylformamide is stirred for 21/2
      hours at room temperature. It is poured into 1.7 lt of water and 20 ml of
      concentrated hydrochloric acid while stirring, the precipitate formed is
      filtered off and washed with water. It is dissolved in 600 ml of hot
      ethanol, 900 ml of hot water are added, the mixture filtered and the
      filtrate left in the cold, to yield the
      4-chloro-5-(2-acetamidophenylsulfamoyl)-3-nitrobenzoic acid melting at
      225.degree.-227.degree. with decomposition. [In the analogous manner the
      5-(4-acetamidophenylsulfamoyl)-isomer is prepared, m.p.
      245.degree.-246.degree. (dec.).]
PAR  The mixture of 8.3 g thereof, 9 g of 4-aminoacetanilide and 200 ml of water
      is refluxed for 4 hours while stirring under nitrogen. It is cooled to
      room temperature, acidified with concentrated hydrochloric acid to a pH of
      1-2, the precipitate collected and recrystallized from 100 ml of 50%
      aqueous ethanol, to yield the
      4-(4-acetamidophenylamino)-5-(2-acetamidophenylsulfamoyl)-3-nitrobenzoic
      acid, melting at 276.degree. with decomposition. [In the analogous manner
      the 5-(4-acetamidophenylsulfamoyl)-isomer is prepared, m.p. 307.degree.
      (dec.)].
PAR  The mixture of 12.1 g thereof, 150 ml of water, 23 ml of 2 N sodium
      hydroxide and 2.3 g of 10% palladium on charcoal is hydrogenated at room
      temperature until the theoretical amount of hydrogen has been adsorbed. It
      is filtered, the filtrate acidified with concentrated hydrochloric acid,
      the precipitate formed filtered off, washed with water and recrystallized
      from 110 ml of 50% aqueous ethanol, to yield the
      4-(4-acetamidophenylamino)-3-amino-5-(2-acetamidophenylsulfamoyl)-benzoic
      acid melting at 252.degree.-253.degree.. [Similarly the
      5-(4-acetamidophenylsulfamoyl)-isomer is prepared, m.p.
      238.degree.-239.degree..]
PAR  The mixture of 3 g thereof, 60 ml of diethyleneglycol dimethyl ether and 30
      ml of benzaldehyde is heated to 105.degree. for 4 hours and evaporated
      under reduced pressure. The residue is taken up in 100 ml of anhydrous
      ethanol, the solution cooled with an ice bath and 4.5 g of sodium
      borohydride are added portionwise while stirring. After 1 hour the ice
      bath is removed and the mixture stirred overnight at room temperature.
      Thereupon another 2.25 g of sodium borohydride are added, stirring is
      continued for 90 minutes and 150 ml of water are added. The mixture is
      filtered, the filtrate concentrated, the concentrate strongly acidified
      with hydrochloric acid, the precipitate collected and recrystallized from
      50 ml of aqueous ethanol, to yield the
      4-(4-acetamidophenylamino)-3-benzylamino-5-(2-acetamidophenylsulfamoyl)-be
     nzoic acid melting at 268.degree. with decomposition. [Analogously the
      5-(4-acetamidophenylsulfamoyl)-isomer is prepared, m.p. 282.degree.
      (dec.).]
PAC  EXAMPLE 7
PAR  The mixture of 1 g of
      4-(4-acetamidophenylamino)-3-benzylamino-5-(4-acetamidophenylsulfamoyl)-be
     nzoic acid and 10 ml of 2 N aqueous sodium hydroxide is refluxed for 1 hour
      under nitrogen. After cooling it is filtered, the filtrate acidified with
      glacial acetic acid to a pH of 4-5, the precipitate collected and
      recrystallized from 30 ml of 50% aqueous ethanol, to yield the
      4-(4-aminophenylamino)-3-benzylamino-5-(4-aminophenylsulfamoyl)-benzoic
      acid melting at 238.degree. with decomposition.
PAC  EXAMPLE 8
PAR  The mixture of 1.2 g of
      4-(4-aminophenylamino)-3-furfurylamino-5-sulfamoylbenzoic acid (Example
      3), 0.6 g of 10% palladium on charcoal and 120 ml of dioxane is
      hydrogenated at room temperature and atmospheric pressure until the
      theoretical amount of hydrogen has been absorbed (about 2 hours). It is
      filtered, the filtrate evaporated under reduced pressure, the residue is
      triturated with water, dissolved in 40 ml of 50% hot aqueous ethanol, the
      solution filtered hot, the filtrate cooled and the precipitate formed
      filtered off, to yield the
      4-(4-aminophenylamino)-3-(2-tetrahydrofurylmethylamino)-5-sulfamoylbenzoic
      acid, melting at 253.degree. with decomposition.
PAC  EXAMPLE 9
PAR  The mixture of 1.8 g of
      4-(4-acetamidophenylamino-3-furfurylamino-5-(2-acetamidophenylsulfamoyl)-b
     enzoic acid and 18 ml of 2 N aqueous sodium hydroxide is refluxed for 6
      hours under nitrogen. After cooling to room temperature it is acidified
      with glacial acetic acid to a pH of 4-5, the precipitate collected and
      recrystallized from 6 ml of 50% aqueous ethanol, to yield the
      4-(4-aminophenylamino)-3-furfurylamino-5-(2-aminophenylsulfamoyl)-benzoic
      acid melting at 182.degree. with decomposition.
PAR  Similarly the
      4-(4-aminophenylamino)-3-furfurylamino-5-(4-aminophenylsulfamoyl)-benzoic
      acid is prepared, m.p. 193.degree. (dec.).
PAR  The starting material is prepared as follows: The mixture of
      4-(4-acetamidophenylamino)-3-amino-5-(2-acetamidophenylsulfamoyl)-benzoic
      acid, 60 ml of diethyleneglycol diethyl ether and 30 ml of furfural is
      heated to 110.degree. for 4 hours and evaporated under reduced pressure.
      The residue is taken up in 100 ml of anhydrous ethanol, the solution
      cooled with an ice bath and 4.5 g of sodium borohydride are added
      portionwise while stiring. After one hour the ice bath is removed and the
      mixture stirred overnight at room temperature. Thereupon 2.25 g of sodium
      borohydride are added, the mixture stirred for 90 minutes and diluted with
      150 ml of water. It is filtered, the filtrate concentrated and the
      concentrate strongly acidified with hydrochloric acid. The precipitate
      formed is collected and recrystallized twice from 50% aqueous ethanol, to
      yield the
      4-(4-acetamidophenylamino)-3-furfurylamino-5-(2-acetamidophenylsulfamoyl)-
     benzoic acid melting at 258.degree. with decomposition. [Analogously the
      5-(4-acetamidophenylsulfamoyl)-isomer is prepared m.p. 266.degree.
      (dec.)].
PAC  EXAMPLE 10
PAR  The mixture of 1.3 g of
      4-(4-acetamidophenylamino)-3-but-2-enylamino-5-(4-acetamidophenylsulfamoyl
     )-benzoic acid and 13 ml of 2 N aqueous sodium hydroxide is refluxed for 1
      hour under nitrogen. After cooling to room temperature it is filtered, the
      filtrate acidified with glacial acetic acid to a pH of 4-5 and the
      precipitate formed filtered off and washed with water, to yield the
      4-(4-aminophenylamino-3-but-2-enylamino-5-(4-aminophenylsulfamoyl)-benzoic
      acid melting at about 130.degree..
PAR  The starting material is prepared as follows: To the solution of 2.5 g of
      4-(4-acetamidophenylamino)-3-amino-5-(4-acetamidophenylsulfamoyl)-benzoic
      acid in 60 ml of water and 5 ml of N potassium hydroxide, 0.7 g of
      1-bromo-2-butene are added dropwise while stirring. The pH of the mixture
      is kept at 7.4 by subsequent addition of 4 N aqueous potassium hydroxide.
      After about 15 minutes the mixture is filtered, the filtrate acidified
      with glacial acetic acid to pH = 4, the precipitate formed filtered off
      and recrystallized from 50% aqueous ethanol, to yield the
      4-(4-acetamidophenylamino)-3-but-2-enylamino-5-(4-acetamidophenylsulfamoyl
     )-benzoic acid melting at 265.degree. with decomposition.
PAC  EXAMPLE 11
PAR  Preparation of 10,000 tablets each containing 5 mg of the active
      ingredient:
TBL  Formula:                                                                  

     ______________________________________                                    

     4-(4-aminophenylamino)-3-                                                 

     furfurylamino-5-sulfamoyl-                                                

     benzoic acid        50.0 g                                                

     Lactose             1,207.0 g                                             

     Corn starch         75.0 g                                                

     Polyethylene glycol 6.000                                                 

                         75.0 g                                                

     Talcum powder       75.0 g                                                

     Magnesium stearate  18.0 g                                                

     Purified water      q.s.                                                  

     ______________________________________                                    

PAC  Procedure
PAR  All the powders are passed through a screen with openings of 0.6 mm. Then
      the drug substance, lactose, talcum, magnesium stearate and half of the
      starch are mixed in a suitable mixer. The other half of the starch is
      suspended in 40 ml of water and the suspension added to the boiling
      solution of the polyethylene glycol in 150 ml of water. The paste formed
      is added to the powders which are granulated, if necessary, with an
      additional amount of water. The granulate is dried overnight at
      35.degree., broken on a screen with 1.2 mm openings and compressed into
      tablets using concave punches with 6.4 mm diameter, uppers bisected.
PAR  Similarly, 5 mg tablets are prepared from the remaining compounds of the
      invention, e.g. those illustrated by the previous examples.
CLMS
STM  I claim:
NUM  1.
PAR  1. A compound corresponding to the formula
      ##SPC12##
PAL  in which R.sub.1 is lower alkyl, lower alkenyl, lower alkynyl, (monocyclic,
      3 to 7 ring-membered cycloalkyl, cycloalkenyl, 2- or 7-norbornanyl or
      2-norborn-5-enyl)-C.sub.m H.sub.2m, Ph is 1,2-, 1,3- or 1,4-phenylene,
      unsubstituted or substituted by one member of lower alkyl, hydroxy, lower
      alkoxy, halogeno or trifluoromethyl, m is an integer from 0 to 4, R.sub.2
      is hydrogen, lower alkyl, lower alkenyl or lower alkynyl, each of R.sub.3
      and R.sub.4 is hydrogen or lower alkyl, and R.sub.5 is hydrogen, lower
      alkyl or Ph-NH.sub.2, or the therapeutically useful ammonium, alkali or
      alkaline earth metal or acid addition salts thereof.
NUM  2.
PAR  2. A compound as claimed in claim 1 and corresponding to the formula
      ##SPC13##
PAL  wherein R is alkyl or alkenyl with 3 to 7 carbon atoms, (3 to 7
      ring-membered cycloalkyl, 2- or 7-norbornanyl or 2-norborn-5-enyl -methyl
      or -ethyl, R' is hydrogen or aminophenyl, or therapeutically useful
      ammonium, alkali metal or acid addition salts thereof.
NUM  3.
PAR  3. A compound as claimed in claim 2, in which formula R is alkyl or
      2-alkenyl with 4 or 5 carbon atoms, cyclopropylmethyl,
      2-norborn-5-enylmethyl, and R' is hydrogen, or therapeutically useful
      ammonium, alkali metal or acid addition salts thereof.
NUM  4.
PAR  4. A compound as claimed in claim 2 and being the
      4-(4-aminophenylamino)-3-n-butylamino-5-sulfamoylbenzoic acid or a
      therapeutically useful alkali metal, ammonium or acid addition salt
      thereof.
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ABST
PAL  Amides of phosphorus-containing thioacids are reacted with sulphenyl
      halides to give phosphorus-containing thioacid amides in which one or more
      of the nitrogen atoms carries a substituent attached through a sulphur
      atom. These substituted amides are inhibitors of premature vulcanisation
      in rubbers. The most effective compounds carry a secondary alkylthio or
      cycloalkylthio on each nitrogen atom.
BSUM
PAR  This invention relates to amides of phosphorothioic acids of value as
      inhibitors of premature vulcanisation in rubbers.
PAR  It is customary in the manufacture of vulcanised rubbers to incorporate
      into the unvulcanised rubber various additives such as antioxidants,
      antiozonants, fillers, vulcanisation activators, etc., and lastly
      vulcanisation accelerators and a vulcanising agent such as sulphur. The
      compounded rubber is then shaped and finally raised to vulcanisation
      temperature. Before the final stage, however, some premature vulcanisation
      may take place, especially during the compounding stage in a mill or
      Banbury mixer when heat is generated, or during handling such as
      calendering or extruding, or in some cases even during storage. Premature
      vulcanisation causes the rubber to become lumpy with the result that
      subsequent processing or vulcanising operations cannot be carried out
      satisfactorily. Premature vulcanisation may be reduced by using delayed
      action accelerators of for example the benzthiazylsulphenamide type and
      also by the use of retarders such as N-nitrosodiphenylamine or salicylic
      acid, but these retarders frequently introduce other difficulties. No
      satisfactory means of preventing premature vulcanisation has hitherto been
      found and the increasing use of furnace carbon blacks and of antioxidants
      and antiozonants based on p-phenylenediamine has exacerbated the problem.
      It has now been found that certain novel N-substituted amides of
      phosphorothioic acids are powerful inhibitors of premature vulcanisation.
PAR  According to the invention there are provided amides of the formula:
      ##EQU1##
      wherein R is an optionally substituted hydrocarbyl group, R.sup.1 is a
      hydrogen atom, an optionally substituted hydrocarbyl group or a group of
      the formula R.sup.6 --CO--, R.sup.6 --SO.sub.2 -- or
      ##EQU2##
      wherein R.sup.6 is a hydrogen atom or a group R, and R.sup.2 and R.sup.3,
      which may be the same or different, are each a group R--S--NR.sup.1 --, a
      halogen atom or an optionally substituted alkyl, alkenyl, cycloalkyl,
      alkoxy, alkenoxy, cycloalkyloxy, aryl or aryloxy group or a substituted
      amino group or R.sup.2 and R.sup.3 together with the phosphorus atom form
      a heterocyclic ring or R.sup.1 and R.sup.2 together with the phosphorus
      and nitrogen atoms form a heterocyclic ring.
PAR  As examples of groups which may be represented by R or R.sup.1 there are
      mentioned alkyl groups such as methyl, ethyl, propyl, isopropyl, butyl,
      isobutyl, tert-butyl, hexyl, n-octyl, tert-octyl, n-dodecyl, tert-dodecyl
      and n-octadecyl, alkenyl groups such as propenyl, n-but-1-enyl,
      isobutenyl, n-pent-1-enyl, dodecenyl and n-octadecenyl, cycloalkyl groups
      such as cyclopentyl and cyclohexyl, aryl groups such as phenyl, o-, m- and
      p-tolyl and naphthyl, and substituted hydrocarbyl groups such as
      .beta.-methoxyethyl, alkyloxycarbonylethyl, .beta.-cyanoethyl,
      2-formylprop-2-yl, 4-chlorophenyl, 4-methoxyphenyl, 4-dimethylaminophenyl,
      2-nitrophenyl, 4-nitrophenyl, 2,3,4,5,6-pentachlorophenyl,
      2-methoxycarbonylphenyl and 4-phenylsulphonylphenyl.
PAR  As examples of groups which may be represented by R.sup.1 there are also
      mentioned groups of the formula R.sup.6 --CO-- or R.sup.6 --SO.sub.2 --
      wherein R.sup.6 is especially an alkyl group such as a methyl group or an
      aryl group such as a phenyl or tolyl group, and alkylidene imine groups
      such as CH.sub.3 --CH=N-- .
PAR  It is preferred that R be an alkyl group, especially a secondary alkyl, or
      a cycloalkyl group.
PAR  It is preferred that R.sup.1 be an alkyl group such as a methyl or n-butyl
      group or a cycloalkyl group.
PAR  As a halogen atom which may be represented by R.sup.2 or R.sup.3 there is
      mentioned bromine and, especially, chlorine.
PAR  As examples of groups which may be represented by R.sup.2 or R.sup.3 there
      are mentioned the alkyl, alkenyl, cycloalkyl and aryl groups and
      substituted derivatives thereof which may be represented by R or R.sup.1
      and alkoxy, alkenyloxy, cycloalkyloxy, and aryloxy groups and substituted
      derivatives thereof derived from such groups.
PAR  As examples of substituted amino groups which may be represented by R.sup.2
      or R.sup.3 there are mentioned ethylamino, diethylamino, dimethylamino,
      phenylamino, methylphenylamino and ethylphenylamino.
PAR  As examples of heterocyclic rings which may be formed from R.sup.2 and
      R.sup.3 together with the phosphorus atom there are mentioned
      2-thiono-1,3,2-diazaphospholane, 2-thiono-4,5-benzo-1,3,2-diazaphospholane
      2-thiono-1,3,2-oxazaphospholane and
      2-thiono-4,5-benzo-1,3,2-oxazaphospholane.
PAR  As examples of heterocyclic rings which may be formed from R.sup.1 and
      R.sup.2 together with the phosphorus and nitrogen atoms there are
      mentioned 1,3,2-oxaza-2-thionophospholane and
      1,3,2-diaza-2-thiono-4,5-benzophospholane.
PAR  As examples of amides of the invention there may be mentioned:
PA1  N,n',n"-trimethyl-N,N',N"-tris(isopropylthio)phosphorothioic triamide,
PA1  N,n',n"-tri-n-butyl-N,N',N"-tris(cyclohexylthio)phosphorothioic triamide,
PA1  N,n',n"-tricyclohexyl-N,N',N"-tris(isopropylthio)phosphorothioic triamide,
PA1  N,n',n"-trimethyl-N,N',N"-tris(phenylthio)phosphorothioic triamide,
PA1  N,n',n" ,-triethyl-N,N',N"-tris(n-butylthio)phosphorothioic triamide,
PA1  N,n',n"-triphenyl-N,N',N"-tris(cyclohexylthio)phosphorothioic triamide,
PA1  N,n',n"-trimethyl-N,N',N"-tris(t.-butylthio)phosphorothioic triamide,
PA1  N,n',n"-tri-n-butyl-N,N',N"-tris(benzylthio)phosphorothioic triamide,
PA1  N,n'-diethyl-N,N'-bis(isopropylthio)phosphorodiamidothioic chloride,
PA1  1,3-bis(phenylthio)-2-thiono-2-ethoxy-1,3,2-diazaphospholane,
PA1  N,n'-diphenyl-N,N'-bis(4-methoxyphenylthio)phosphorodiamidothioic chloride
PA1  O,n,n'-trimethyl-N,N'-bis(isopropylthio)phosphorodiamido thionate,
PA1  O-methyl-N,N'-dicyclohexyl-N,N'-bis(2-chlorophenylthio)phosphorodiamido
      thionate,
PA1  O-methyl-N,N'-di-n-butyl-N,N'-bis(chloromethylthio)phosporodiamido
      thionate,
PA1  O-phenyl-N,N'-dimethyl-N,N'-bis(methylthio)phosphorodiamido thionate,
PA1  N,n',n"-tris(n-dodecylthio)-2-thiono-2-phenylamino-1,3,2-diazaphospholane,
PA1  O,o',n-trimethyl-N-t,-hexadecylthiophosphoroamido thionate,
PA1  O,o',n-trimethyl-N-isopropylthiophosphoroamido thionate,
PA1  O,o'-dimethyl-N-cyclohexyl-N-isopropylthiophosphoroamido thionate,
PA1  O,o'-diethyl-N-n-butyl-N-cyclohexylthiophosphoroamido thionate,
PA1  O,o'-diethyl-N-benzyl-N-methylthiophosphoroamido thionate,
PA1  N,n'-dimethyl-N,N'-bis(isopropylthio)phenylphosphonothioic diamide,
PA1  N,n'-di-n-butyl-N,N'-bis(phenylthio)-p-tolylphosphorothioic diamide,
PA1  P,p,n-trimethyl-N-t.-butylthiophosphinothioic amide and
PA1  P,p,n-diphenyl-N-cyclohexyl-N-benzylthiophosphinothioic amide.
PAR  According to the invention there is also provided a process for the
      manufacture of amides of the formula I which comprises reacting a compound
      of the formula:
      ##EQU3##
      with a sulphenyl halide of the formula R--S--Halogen wherein R.sup.1,
      R.sup.2 and R.sup.3 have the meanings given hereinbefore and R.sup.4 and
      R.sup.5 are each a group of the type represented by R.sup.2 and R.sup.3.
PAR  The process is conveniently carried out at a temperature preferably between
      -10.degree. and 100.degree.C, preferably in an inert solvent such as
      cyclohexane, carbon tetrachloride or toluene, and in presence of an acid
      binding agent such as pyridine, triethylamine, N,N-dimethylaniline or
      potassium carbonate.
PAR  The amount of sulphenyl halide, preferably sulphenyl chloride or bromide,
      is preferably about 1 molar proportion for each --NHR.sup.1 group. In
      these circumstances a group R.sup.4 or R.sup.5 which represents a
      --NHR.sup.1 group will be converted into a group --NR.sup.1 --SR. If a
      deficiency of sulphenyl halide is used only a corresponding proportion of
      the groups of the type --NHR.sup.1 will be converted into groups
      --NR.sup.1 --SR.
PAR  The amide of formula I may be conveniently isolated by removal of most of
      the solvent under reduced pressure and crystallisation in the case of
      solids. Suitable solvents for crystallisation include alcohol, hexane,
      chloroform and toluene. Where the products are liquids purification is
      most readily effected by chromatography over silica gel or alumina.
PAR  As compounds of formula II which may be used in the process of the
      invention there may be mentioned phosphoric triamides, e.g.
PA1  N,n',n"-trimethylphosphorothioic triamide, phosphorothioic triamide,
PA1  N,n',n"-tri-n-butyl phosphorothioic triamide,
PA1  N,n',n"-tricyclohexyl phosphorothioic triamide,
PA1  N,n',n"-tri-t.-butyl phosphorothioic triamide,
PA1  N,n',n"-tri-n-dodecyl phosphorothioic triamide,
PA1  N,n',n"-triphenyl phosphorothioic triamide,
PA1  N,n'-dimethyl phosphorodiamidothioic chloride,
PA1  N,n'-di-n-butyl phosphorodiamidothioic chloride,
PA1  N,n'-di-cyclohexyl phosphorodiamidothioic chloride,
PA1  N,n'-diphenyl phosphorodiamidothioic chloride,
PA1  N,n'-di-n-hexadecyl phosphorodiamidothioic chloride,
PA1  N-methyl phosphoroamido thioic dichloride,
PA1  N-n-propyl phosphoroamidothioic dichloride,
PA1  N-t.-butyl phosphoroamidothioic dichloride,
PA1  N-phenyl phosphoroamidothioic dichloride,
PA1  O,n,n'-trimethyl phosphorodiamido thionate,
PA1  O-methyl-N,N'-dicyclohexyl phosphorodiamido thionate,
PA1  O-methyl-N,N'-diphenyl phosphorodiamido thionate,
PA1  O,n,n'-triethyl phosphorodiamido thionate,
PA1  O-ethyl-N,N'-diphenyl phosphorodiamido thionate,
PA1  O-ethyl-N,N-dicyclohexyl phosphorodiamido thionate,
PA1  O,n,n'-triphenyl phosphorodiamido thionate,
PA1  O,o',n-trimethyl phosphoramido thionate,
PA1  O,o'-dimethyl-N-n-butyl phosphoroamido thionate,
PA1  O,o'-dimethyl-N-cyclohexyl phosphoramido thionate,
PA1  O,o'-diethyl-N-phenyl phosphoramido thionate,
PA1  O,o'-diphenyl-N-methyl phosphoramido thionate,
PA1  O,o',n-triphenyl phosphoramido thionate,
PA1  N,n'-dimethyl-n-butyl phosphorothioic diamide,
PA1  N,n'-di-n-butyl methyl phosphorothioic diamide,
PA1  N,n'-dicyclohexyl phenylphosphorothioic diamide,
PA1  N,n'-diphenyl p-tolyl phosphorothioic diamide,
PA1  P,p,n-trimethyl phosphinothioic amide,
PA1  P,p-diphenyl-N-methyl phosphinothioic amide and P,P,N-diphenyl-N-cyclohexyl
      phosphinothioic amide.
PAR  According to the invention there is further provided a process for reducing
      the premature vulcanisation of a rubber containing a vulcanising agent and
      a vulcanisation accelerator which comprises incorporating in the rubber an
      amide of the formula I.
PAR  The vulcanising agent used in this second process of the invention may be a
      sulphur donor, such as N,N'-dithiobismorpholine,
      N,N'-dithiobis-caprolactam, tetramethylthiuram disulphide,
      diethylthiophosphoryl disulphide or diethylthiophosphoryl trisulphide or
      preferably elemental sulphur, or for example a peroxide or other type of
      vulcanising agent.
PAR  The vulcanisation accelerator used in the second process of the invention
      is preferably a sulphenamide such as
      N-cyclohexylbenzothiazole-2-sulphenamide,
      N-t-butylbenzothiazole-2-sulphenamide,
      N-diethyleneoxybenzothiazole-2-sulphenamide or
      N-dicyclohexylbenzothiazole-2-sulphenamide, a thiazole such as
      mercaptothiazole, 2-mercaptobenzothiazole or dibenzothiazyl disulphide or
      a thiuram such as tetramethylthiuram monosulphide, tetramethylthiuram
      disulphide, tetramethylthiuram tetrasulphide, tetraethylthiuram
      monosulphide, tetraethylthiuram disulphide, or a metal salt of a
      dithiocarbamate such as zinc dimethyldithiocarbamide or sodium
      diethyldithiocarbamate.
PAR  Other types of accelerator may however be used such as diaryl guanidines,
      thioureas, xanthates or aldehyde-amine condensates, or mixtures of any of
      these and the above accelerators.
PAR  The amount of vulcanisation accelerator may be that conventionally used in
      the manufacture of rubber vulcanisates.
PAR  The amount of amide may be from 0.01  to 5% and preferably from 0.05 to
      2.5% of the weight of the rubber.
PAR  Rubbers which may be used in the second process of the invention include
      both natural and synthetic rubbers and mixtures thereof. The synthetic
      rubber may in general be any polymeric material containing olefinic
      unsaturation and capable of being cross-linked by for example sulphur,
      peroxide or other cross-linking agents. Examples of synthetic rubbers
      include cispolybutadiene, butyl rubber, ethylene-propylene terpolymer,
      polymers of 1,3-butadienes such as isoprene and chloroprene and copolymers
      of 1,3-butadiene with other monomers such as styrene, acrylonitrile and
      isobutylene.
PAR  The amide may be incorporated into the rubber mix by any conventional dry
      rubber or latex compounding procedure, for example on a rubber mill, in an
      internal mixer, through a screw type extruder blender, as a solution in an
      organic solvent or as an aqueous dispersion. The process of incorporation
      may be assisted if the amide is first blended with an inert inorganic
      diluent such as Fullers earth.
PAR  The rubber mix may also contain conventional rubber adjuvants such as
      antioxidants, antiozonants, fillers, peptising agents, pigments, blowing
      agents, and accelerator activators such as zinc oxide and stearic acid.
PAR  The invention is of particular value when the rubber mix is reinforced with
      a furnace black or contains a p-phenylene diamine-based antiozonant since
      such rubber mixes are especially prone to premature vulcanisation.
PAR  By the second process of the invention there are obtained vulcanisable
      rubber compositions which can be handled on conventional rubber processing
      machines or stored for long periods with little tendency to premature
      vulcanisation but which will cure readily at conventional vulcanisation
      temperatures to give vulcanisates of excellent physical properties. These
      unvulcanised rubber compositions, their vulcanisation by heating to
      vulcanisation temperatures, and the vulcanisates so obtained are further
      features of this invention.
DETD
PAR  The invention is illustrated but not limited by the following Examples in
      which all parts and percentages are by weight unless otherwise stated.
PAC  EXAMPLE 1
PAR  A solution of 16.55 parts of isopropyl sulphenyl chloride in 150 parts of
      carbon tetrachloride is added slowly to a stirred solution of 17.8 parts
      of N,N',N"-tricyclohexyl phosphorothioic triamide and 15.2 parts of
      triethylamine in 150 parts of carbon tetrachloride. After stirring for 30
      minutes at 25.degree.C the mixture is filtered and the solvent is removed
      under reduced pressure to leave a viscous yellow oil which on trituration
      with petroleum ether (b.p. 40.degree.-60.degree.C) gives 11.6 parts of
      N,N',N"-tris(isopropylthio)-N,N',N"-triscyclohexyl phosphorothioic
      triamide as a colourless solid melting at 125.degree.-126.degree.C. The
      n.m.r. spectrum is in accordance with the expected structure.
PAC  EXAMPLE 2
PAR  A solution of 18.9 parts of isopropyl sulphenyl chloride in 150 parts of
      carbon tetrachloride is added slowly to a stirred mixture of 16 parts of
      N,N',N"-tris-n-butyl phosphorothioic triamide and 17.1 parts of
      triethylamine in 150 parts of carbon tetrachloride. The mixture is
      filtered and the solvent is removed under reduced pressure to leave a
      yellow oil which is purified by chromatography over silica gel. Elution
      with chloroform gives 23 parts of
      N,N',N"-tris-isopropylthio-N,N',N"-tris-n-butyl phosphorothioic triamides
      as a pale yellow oil. The structure is confirmed by its n.m.r. and i.r.
      spectra.
PAC  EXAMPLE 3
PAR  A solution of 21.6 parts of isopropyl sulphenyl chloride in 150 parts of
      cyclohexane is added slowly to a stirred mixture of 25 parts of N,N',N"
      -tribenzyl phosphorothioic triamide and 20.2 parts of triethylamine in 100
      parts of cyclohexane. After stirring for 30 minutes at 25.degree.C the
      mixture is filtered and the solvent removed under reduced pressure to
      leave a viscous yellow oil which is purified by chromatography over silica
      gel. Elution with chloroform gives a colourless oil which on trituration
      with petroleum ether (b.p. 40.degree.-60.degree.C) gives 5.6 parts of
      N,N',N"-tris (isopropylthio)-N,N',N"-tribenzyl phosphorothioic triamide as
      a colourless solid melting at 92.degree.-93.degree.C. The structure
      expected is confirmed by n.m.r. spectroscopy.
PAC  EXAMPLE 4
TBL                          Parts by weight                                   

     Natural Rubber (Smoked Sheets)                                            

                             100                                               

     Zinc Oxide              3.5                                               

     Stearic acid            3                                                 

     High Abrasion Furnace Black                                               

                              45                                               

     Process Oil             3.5                                               

     Sulphur                 2.5                                               

     N-Cyclohexyl-2-benzthiazyl sulphenamide                                   

                             0.5                                               

     Retarder                As given below                                    

PAR  The above ingredients were mixed on a 2-roll laboratory rubber mill in
      conventional manner and the mixed sheet stock was treated for scorch
      characteristics in a Mooney rotating disc plastometer and for cure
      characteristics in an oscillating disc Rheometer. The results are
      tabulated in Table 1.
TBL  __________________________________________________________________________

                                       RHEOMETER CURE CHARACTERISTICS AT       

                                       150.degree.C                            

                            Mooney Scorch                Time to reach         

     RETARDER               Minimum +10                                        

                                       Induction time                          

                                                Torque at 95%                  

                                                         95% Peak Torque       

                            (Minutes at 120.degree.C)                          

                                       T.sub.2 (Minutes)                       

                                                Peak (inch lbs)                

                                                         (Minutes)             

     __________________________________________________________________________

     None                   23.5       6.4      74.5     19.3                  

     0.3 parts of N,N',N"-tri-isopropylthio                                    

                            54         10.3     61       21.3                  

     N,N',N"-tribenzylphosphorothioic triamide                                 

     0.6 parts "            58.4       11.9     74.8     25                    

     0.25 parts of N,N',N"-tri-isopropylthio                                   

                            47.5       9.1      70.7     22.7                  

     N,N',N"-n-butylphosphorothioic triamide                                   

     0.25 parts of O,O'-dimethyl-N-cyclohexyl-                                 

                            28         7.4      69.5     22.6                  

     N-isopropylthiophsophoramido thionate                                     

     0.25 parts of N,N',N"-triallyl-N,N',N"-                                   

                            47         9.8      67       23.5                  

     tris(isopropylthio)phosphorothioic                                        

     triamide                                                                  

     __________________________________________________________________________

PAC  EXAMPLE 5
PAR  Using the same basic rubber composition as in preceding example Mooney
      scorch data was obtained at 130.degree.C for the following retarders:
TBL  Retarder                Mooney scorch at 130.degree.C                     

                             Minimum +10 (Minutes)                             

     __________________________________________________________________________

     None                    11                                                

     0.25 parts of N,N',N"-tri-isopropylthio-                                  

                             19                                                

     N,N',N"-tricyclohexyl phosphorothioic triamide                            

     0.25 parts of N,N',N"-tribenzylthio-                                      

                             14.5                                              

     N,N',N"-tricyclohexyl phosphorothioic triamide                            

     0.25 parts of O,O'-dimethyl-N-phenylthio-                                 

                             14                                                

     N-cyclohexylphosphoramidothionate                                         

     0.25 parts of N,N',N"-trimethyl-N,N',N"-                                  

                             18                                                

     tris(isopropylthio)phosphorothioic triamide                               

     0.25 parts of O,O'-dimethyl-N-isopropylthio-                              

                             18                                                

     N-n-butylphosphoramidothionate                                            

     __________________________________________________________________________

PAC  EXAMPLE 6
PAR  A solution of 7.25 parts of phenylsulphenyl chloride in 50 parts of
      cyclohexane is added to a stirred solution of 11.15 parts of
      O,O'-dimethyl-N-cyclohexylphosphoramidothionate and 8 parts of
      triethylamine in 50 parts of cyclohexane. After stirring for 1 hour at
      room temperature the solid is removed by filtration, the filtrate
      collected and solvent removed under reduced pressure to leave an oil which
      is purified by chromatography over silica gel. Elution with chloroform
      gives 2.8 parts of
      o,o'-dimethyl-N-phenylthio-N-cyclohexylphosphoramidothionate as a
      colourless solid m.p. 68.degree.-69.degree.C.
PAC  EXAMPLE 7
PAR  A solution of 23.78 parts of benzyl sulphonyl chloride in 150 parts of
      cyclohexane is added slowly to a stirred suspension of 17.65 parts of
      N,N',N" -tricyclohexyl phosphorothioic triamide and 15.15 parts of
      triethylamine in 150 parts of cyclohexane. After stirring for 1 hour the
      mixture is filtered and the solvent is removed under reduced pressure to
      leave a red oil, which is purified by chromatography over silica gel.
      Elution with chloroform gives 22.2 parts of
      N,N',N"-tricyclohexyl-N,N',N"-tribenzylthiophosphorothioic triamide as a
      red oil.
PAC  EXAMPLE 8
PAR  A solution of 33.1 parts of isopropylsulphenyl chloride in 100 parts of
      cyclohexane is slowly added to a stirred solution of 15.3 parts of
      N,N',N"-trimethylphosphorothioic triamide and 30.3 parts of triethylamine
      in 200 parts of cyclohexane. After stirring for 1 hour solid is removed by
      filtration and solvent evaporated from the filtrate under reduced pressure
      to leave a red oil which is purified by chromatography over silica gel.
      Elution with chloroform gives 2.63 parts of
      N,N',N"-trimethyl-N,N',N"-triisopropylthiophosphorothioic triamide. The
      structure is confirmed by i.r. and n.m.r spectra.
PAC  EXAMPLE 9
PAR  A solution of 33.1 parts of isopropyl sulphenyl chloride in 150 parts of
      cyclohexane is added slowly to a stirred solution of 23.1 parts of
      N,N',N"-triallylphosphorothioic triamide and 30.3 parts of triethylamine
      in 150 parts of cyclohexane. After stirring for a further 1 hour at
      ambient temperature the mixture is filtered and the solvent removed at
      reduced pressure to leave a yellow oil which is purified by chromatography
      over silica gel. Elution with chloroform gives 24.5 parts of N,N',N"
      -triallyl-N,N',N" -tris(isopropylthio)phosphorothioic triamide as a
      colourless oil. The n.m.r. and i.r. spectra are in accord with the
      expected structure.
PAC  EXAMPLE 10
PAR  A solution of 5.50 parts of isopropylsulphenyl chloride in cyclohexane (100
      parts) is added dropwise to a stirred mixture of
      O,O'-dimethyl-N-n-butylphosphoramidothionate (9.85 parts) and
      triethylamine (6.0 parts) in cyclohexane (100 parts). Triethylamine
      hydrochloride is filtered off and the filtrate evaporated under reduced
      pressure to leave 11.5 parts of
      O,O'-dimethyl-N-isopropylthio-N-n-butylphosphoramidothionate as a
      colourless oil.
PAC  EXAMPLE 11
PAR  A solution of 5.50 parts of isopropylsulphenyl chloride in 50 parts of
      cyclohexane is added to a stirred suspension of
      O,O'-dimethyl-N-cyclohexylphosphoramidothionate (11.15 parts) and
      triethylamine (6 parts) in cyclohexane (50 parts). When the addition is
      complete triethylamine hydrochloride is removed by filtration and the
      filtrate evaporated under reduced pressure to leave a sticky solid which
      on crystallisation from petroleum ether (b.p. 40.degree.-60.degree.) gives
      O,O'-dimethyl-N-isopropylthio-N-cyclohexylphosphoramidothionate (3.2
      parts) as a colourless solid m.p. 34.degree.C.
CLMS
STM  We claim:
NUM  1.
PAR  1. An amide of the formula:
      ##EQU4##
      wherein R is alkyl of up to 18 carbon atoms, alkenyl of up to 18 carbon
      atoms, cycloalkyl containing 5-6 carbon atoms, phenyl, naphthyl, tolyl,
      .beta.-methoxyethyl, .beta.-cyanoethyl, 2-formylprop-2-yl, 4-chlorophenyl,
      4-methoxyphenyl, 4-dimethylaminophenyl, 2-nitrophenyl, 4-nitrophenyl,
      2,3,4,5,6-pentachlorophenyl, 2-methoxycarbonylphenyl or
      4-phenylsulphonylphenyl, R.sup.1 is hydrogen, alkyl of up to 18 carbon
      atoms, alkenyl of up to 18 carbon atoms, cycloalkyl containing 5-6 carbon
      atoms, phenyl, naphthyl, tolyl, .beta.-methoxyethyl, .beta.-cyanoethyl,
      2-formylprop-2-yl, 4-chlorophenyl, 4-methoxyphenyl, 4-dimethylaminophenyl,
      2-nitrophenyl, 4-nitrophenyl, 2,3,4,5,6-pentachlorophenyl,
      2-methoxycarbonylphenyl or 4-phenylsulphonylphenyl or a group of the
      formula
      ##EQU5##
      wherein R.sup.6 is hydrogen or one of the values of R given above, one of
      R.sup.2 and R.sup.3 is R -- S -- NR.sup.1 -- and the other is R -- S --
      NR.sup.1 --, halogen, a value as recited for R or --OR wherein R and
      R.sup.1, in each instance, have the meaning given above.
NUM  2.
PAR  2. An amide according to claim 1 wherein R is a secondary alkyl or
      cycloalkyl and R.sup.1 is alkyl or cycloalkyl.
NUM  3.
PAR  3. An amide according to claim 1 wherein both R.sup.2 and R.sup.3 are R --
      S -- NR.sup.1 --.
NUM  4.
PAR  4. An amide according to claim 1 wherein R is methyl, ethyl, propyl,
      isopropyl, butyl, isobutyl, tert-butyl, hexyl, n-octyl, tert-octyl,
      n-dodecyl, tert-dodecyl, n-octadecyl, propenyl, n-but-1-enyl, isobutenyl,
      n-pent-1-enyl, dodecenyl, n-octadecenyl, cyclopentyl, cyclohexyl, phenyl,
      o-, m- and p-tolyl, naphthyl, .beta.-methoxyethyl, .beta.-cyanoethyl,
      2-formylprop-2-yl, 4-chlorophenyl, 4-methoxyphenyl, 4-dimethylaminophenyl,
      2-nitrophenyl, 4-nitrophenyl, 2,3,4,5,6-pentachlorophenyl,
      2-methoxycarbonylphenyl or 4-phenylsulphonylphenyl; R.sup.1 is hydrogen,
      one of the values recited for R, CH.sub.3 --CH=N--, R.sup.6 --CO-- or
      R.sup.6 --SO.sub.2 --  wherein R.sup.6 is hydrogen, methyl, phenyl or
      tolyl and both R.sup.2 and R.sup.3 are R -- S -- NR.sup.1 --.
NUM  5.
PAR  5. An amide selected from the group consisting of
PA1  N,n',n"-trimethyl-N,N',N"-tris(isopropylthio)phosphorothioic triamide,
PA1  N,n',n"-tri-n-butyl-N,N' ,N"-tris(cyclohexylthio)phosphorothioic triamide,
PA1  N,n',n"-tricyclohexyl-N,N',N"-tris(isopropylthio)phosphorothioic triamide
PA1  N,n',n" -trimethyl-N,N' ,N"-tris(phenylthio)phosphorothioic triamide,
PA1  N,n',n"-triethyl-N,N',N" -tris(n-butylthio)phosphorothioic triamide,
PA1  N,n',n"-triphenyl-N,N',N"-tris(cyclohexylthio)phosphorothioic triamide,
PA1  N,n',n" -trimethyl-N,N',N"-tris(t.-butylthio)phosphorothioic triamide,
PA1  N,n',n" -tri-n-butyl-N,N',N"-tris(benzylthio)phosphorothioic triamide,
PA1  N,n'-diethyl-N,N'-bis(isopropylthio)phosphorodiamidothioic chloride,
PA1  1,3-bis(phenylthio)-2-thiono-2-ethoxy-1,3,2-diazaphospholane,
PA1  N,n'-diphenyl-N,N'-bis(4-methoxyphenylthio)phosphorodiamidothioic chloride
PA1  O,n,n'-trimethyl-N,N'-bis(isopropylthio)phosphorodiamido thionate,
PA1  O-methyl-N,N'-dicyclohexyl-N,N'-bis(2-chlorophenylthio)phosphorodiamido
      thionate,
PA1  O-methyl-N,N'-di-n-butyl-N,N'-bis(chloromethylthio)phosphorodiamido
      thionate,
PA1  O-phenyl-N,N'-dimethyl-N,N'-bis(methylthio)phosphorodiamido thionate,
PA1  N,n',n" -tris(n-dodecylthio)-2-thiono-2-phenylamino-1,3,2-diazaphospholane.
PA1  O,o'-dimethyl-N-cyclohexyl-N-isopropylthiophosphoroamido thionate,
PA1  O,o'-diethyl-N-n-butyl-N-cyclohexylthiophosphoroamido thionate,
PA1  O,o'-diethyl-N-benzyl-N-methylthiophosphoroamido thionate,
PA1  N,n'-dimethyl-N,N'-bis(isopropylthio)phenylphosphonothioic diamide,
PA1  N,n'-di-n-butyl-N,N'-bis(phenylthio)-p-tolylphosphorothioic diamide,
PA1  P,p,n-drimethyl-N-t.-butylthiophosphinothioic amide and
PA1  P,p,n-diphenyl-N-cyclohexyl-N-benzylthiophosphinothioic amide.
NUM  6.
PAR  6. The amide of claim 1 which is N, N', N" -tris
      (isopropylthio)-N,N',N"-tris cyclohexyl phosphorothioic triamide.
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PAL  New organic compounds derived from urea or thiourea, insecticidal
      preparations on the basis of the new substances and methods of producing
      the substances.
PARN
PAR  This is a division of application Ser. No. 143,668, filed May 14, 1971, now
      U.S. Pat. No. 3,748,356.
BSUM
PAR  U.S. Pat. No. 3,450,747 describes that the compound
      N-(3,4-dichlorobenzoyl)-N'-(3,4-dichlorophenyl) urea has a herbicidal
      and/or insecticidal activity.
PAR  It has now been found that a group of new compounds indicated hereinafter
      have a strong insecticidal activity.
PAR  The above-mentioned known substance proves not to have such activity.
PAR  We are concerned here with new compounds of the formula
      ##SPC1##
PAL  Where
PAR  A is a hydrogen atom, a halogen atom, a methyl group or a methoxy group,
PAR  B also represents a hydrogen atom, a halogen atom, a methyl group or a
      methoxy group, with the proviso that A and B do not both represent a
      hydrogen atom,
PAR  X and Y each represent an oxygen atom or a sulfur atom,
PAR  R is a hydrogen atom, an alkyl group, a hydroxy group, an alkoxy group, an
      alkoxymethyl group, an acyl group or an alkoxycarbonyl group,
PAR  R.sub.1 is a hydrogen atom, an alkyl group which may be substituted with
      halogen, with alkoxy, with alkylthio or with cyano, a 1-cycloalkenyl
      group, a benzyl group which may be substituted with halogen, a hydroxy
      group, an alkoxy group, an acyl group, an alkoxycarbonyl group, an
      alkoxythiocarbonyl group, an alkylsulfonyl group or a phenylsulfonyl
      group, whilst furthermore R and R.sub.1 together with the group
      ##EQU1##
      indicated in the above formula may form a ring system, and
PAR  R.sub.2 represents a substituted or non-substituted phenyl group or a
      pyridyl group which may be substituted with halogen, with nitrocyano or
      with halogenated alkyl. The aforementioned ring system may be represented
      by any of the following formulae
      ##EQU2##
PAR  In these formulae Y and R.sub.2 have the aforementioned meanings, alk is an
      alkyl group and alkylene is a bivalent saturated alkylene group.
PAR  If R.sub.2 is a substituted phenyl group, the phenyl group contains at
      least one substituent chosen from the group consisting of:
PA1  A. 1-3 halogen atoms,
PA1  B. 1-2 alkyl groups, possibly substituted with halogen, hydroxy, alkoxy,
      alkylthio, dialkyl amino, alkylsulfonyl and phenyl,
PA1  c. tri- or tetramethylene,
PA1  d. a cycloalkyl group, possibly substituted with halogen or cyano,
PA1  e. 1-2 nitro groups or cyano groups or alkoxy groups,
PA1  f. a dioxymethylene or dioxyethylene group,
PA1  g. an acyl group, which may be substituted with halogen,
PA1  h. an alkyl sulfonyl, phenyl sulfonyl, alkylthio, phenylthio or phenoxy
      group, which groups may be substituted with halogen,
PA1  i. a sulfonamide group, which may be alkylated, and
PA1  k. a phenyl group, which may be substituted with halogen, nitro, cyano and
      halogenated alkyl.
PAR  The insecticidal activity of the above group of substances has been found
      in a biological evaluation investigation in which test solutions and test
      suspensions of the active substances have been examined for biocidal
      activity with respect to inter alia Aedes aegypti, Leptinotarsa
      decemlineata, Pieris brassica, Musca domestica and Schistocerca gregaria.
      Each active compound has been tested in various concentrations, starting
      from a maximum concentration of 100 mg of active substance per litre of
      test liquid and then, according the activity found, reducing the
      concentration successively to 30, 10, 3, 1, 0.3 and 0.1 mg of active
      substance per litre of test liquid.
PAR  The results of the evaluation investigation show that the aforementioned
      compounds according to the invention are active against insects in the
      larval stage, and that the active substance is to be absorbed by the larva
      via its stomach.
PAR  The compounds according to the invention are active against, amongst other
      pests, caterpillars and larvae of flies, beetles, mosquitoes, locusts,
      cockroaches and bugs.
PAR  More particularly it has been found that the substances according to the
      invention have a completely new and hitherto unknown mechanism of
      activity, for it has been found that the substances according to the
      invention interfere with the mechanism of metamorphoses which occur in
      insects. Hence the substances according to the invention are specifically
      active against insects. Owing to this specificity and because of the
      absence of phytotoxicity effects the compounds according to the invention
      are of prism importance.
PAR  From the biological evaluation investigation on which the invention is
      based it has been found that especially the compounds of the following
      formula have a strong insecticidal activity:
      ##SPC2##
PAL  where
PAR  P and Q may be equal or different and each represent a chlorine atom, a
      fluorine atom or a methyl group, R.sub.3 represents a hydrogen atom, an
      alkyl group, a benzyl group, an acyl group or an alkoxycarbonyl group,
      R.sub.4 represents from 0 - 3 substituents selected from the group
      comprising from 1 to 3 halogen atoms, an alkyl group which contains from 1
      to 15 carbon atoms and may be substituted with one or more halogen atoms
      or with a phenyl group, a cycloalkyl group which may be substituted with
      at least one halogen atom a nitro group, a cyano group, a phenyl group, a
      thiophenyl group, a benzoyl group, a thioalkyl group and an alkylsulfonyl
      group.
PAR  This applies in particular to the substances of the above formula in which
      R.sub.3 represents a hydrogen atom or a lower alkyl group.
PAR  A highly potent insecticidal activity has been found in compounds according
      to the invention which satisfy the formulae
      ##SPC3##
PAL  where
PAR  P and Q may be equal or different and each represent a chlorine atom, a
      fluorine atom or a methyl group, R.sub.6 is a hydrogen atom or a lower
      alkyl group and R.sub.5 represents 1 - 3 substituents selected from the
      group comprising 1 - 3 halogen atoms, an alkyl group which contains from 1
      to 15 carbon atoms and may be substituted with at least one halogen atom,
      and a cycloalkyl group which may be substituted with at least one halogen
      atom. More particularly it has been ascertained that the highest activity
      is found in the compounds of the above formulae in which R.sub.5
      represents one or two substituents in the position 3 or the position 4 or
      the positions 3 and 4 of the phenyl group.
PAR  It has further been found that a strong insecticidal activity is also
      present in the substances according to the invention which may be
      represented by the formula
      ##SPC4##
PAL  where
PAR  R.sub.6 is a hydrogen atom or a lower alkyl group and R.sub.7 represents a
      phenyl group which may be substituted. Representatives of this group of
      substances possessing the highest activity may be indicated by the formula
      ##SPC5##
PAL  where
PAR  R.sub.9 is a hydrogen atom or a methyl group and R.sub.8 represents a
      phenyl group which may be substituted with 1 - 3 halogen atoms, with an
      alkyl group, with a cyclo-alkyl group, with a nitro group, with a
      tetramethylene group, with a methylenedioxy group or with a methylsulfonyl
      group.
PAR  Examples of compounds having the highest activity are:
PA0  N-(2,6-dichlorobenzoyl)-N'-(3,4-dichlorophenyl)urea, melting point
      238.degree.C,
PA0  N-(2,6-difluorobenzoyl)-N'-(3,4-dichlorophenyl)urea, melting point
      253.degree.C,
PA0  N-(2,6-dimethylbenzoyl)-N'-(3,4-dichlorophenyl)urea, melting point
      197.degree.C,
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-chlorophenyl)urea, melting point
      236.degree.C,
PA0  N-(2,6-dimethylbenzoyl)-N'-(4-chlorophenyl)urea, melting point
      190-191.5.degree.C,
PA0  N-(2,6-dichlorobenzoyl)-N'-(2,4-dichlorophenyl)urea, melting point
      238.degree.C,
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-cyclopropylphenyl)urea, melting point
      208.degree.C,
PA0  N-(2,6-dichlorobenzoyl)-N'-(3-chloro-4-iodophenyl)urea, melting point
      254.degree.C,
PA0  N-(2,6-dichlorobenzoyl)-N'-(3-chloro-4-bromophenyl)urea, melting point
      240.degree.C,
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-isopropylphenyl)urea, melting point
      204.degree.C,
PA0  N-(2,6-dichlorobenzoyl)-N'-(3,4-dibromophenyl)urea, melting point
      252.degree.C,
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-fluorophenyl)urea, melting point
      212.degree.C,
PA0  N-(2,6-dichlorobenzoyl)-N'-(3-trifluoromethylphenyl)urea, melting point
      230.degree.C,
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-n.butylphenyl)urea, melting point
      190.degree.C,
PA0  N-(2,6-dichlorobenzoyl)-N'-(3-chloro-4-methylsulfonylphenyl)urea, melting
      point 245.degree.C,
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-t.butylphenyl)urea, melting point
      212.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(3,4-difluorophenyl)urea, melting point
      216.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(2,4-difluorophenyl)urea, melting point
      248.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-bromophenyl)urea, melting point 236.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(2,5-difluoro-4-bromophenyl)urea, melting point
      270.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-iodophenyl)urea, melting point 215.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(3-fluoro-4-chlorophenyl)urea, melting point
      225.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-phenylphenyl)urea, melting point
      260.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-cyanophenyl)urea, melting point 248.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(3-fluoro-4-bromophenyl)urea, melting point
      228.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(3-fluoro-4-iodophenyl)urea, melting point
      220.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(2-fluoro-4-iodophenyl)urea, melting point
      256.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-n.propylphenyl)urea, melting point
      194.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-trifluoromethylphenyl)urea, melting point
      214.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(3-cyclopropylphenyl)urea, melting point
      208.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(2-methyl-4-chlorophenyl)urea, melting point
      206.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-sec.butylphenyl)urea, melting point
      168.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-iso-butylphenyl)urea, melting point
      215.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-ethylphenyl)urea, melting point 228.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-n.dodecylphenyl)urea, melting point
      117.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-4-benzylphenyl)urea, melting point 207.degree.C.
PA0  N-(2,6-dibromobenzoyl)-N'-(3,4-dichlorophenyl)urea, melting point
      250.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(methyl)-N'-(3,4-dichlorophenyl)urea, melting
      point 178.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(ethyl)-N'-(3,4-dichlorophenyl)urea, melting
      point 154.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(methyl)-N'-(4-t.butylphenyl)urea, melting point
      158.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(methyl)-(4-bromophenyl)urea, melting point
      182.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(ethyl)-N'-(4-bromophenyl)urea, melting point
      148.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(ethyl)-N'-4-isopropylphenyl)urea, melting point
      135.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(ethyl)-N'-(4-n.butylphenyl)urea, melting point
      130.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(methyl)-N'-(4-chlorophenyl)urea, melting point
      176.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(ethyl)-N'-(4-chlorophenyl)urea, melting point
      146.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(ethyl)-N'-(4-t.butylphenyl)urea, melting point
      130.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(methyl)-N'-(4-nitrophenyl)urea, melting point
      195.degree.C.
PA1  3-(2,6-dichlorobenzoyl)-1-(4-chlorophenyl)-parabanesaure, melting point
      157.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(2,4,5-trichlorophenyl)urea, melting point
      270.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(phenyl)urea, melting point 195.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-nitrophenyl)urea, melting point 256.degree.C.
PA0  N-(2,6-difluorobenzoyl)-N'-(4-trifluoromethylphenyl)urea, melting point
      255.degree.C.
PA0  N-(2,6-difluorobenzoyl)-N'-(4-n.butylphenyl)urea, melting point
      193.degree.C.
PA0  N-(2,6-difluorobenzoyl)-N'-(4-t.butylphenyl)urea, melting point
      214.degree.C.
PA0  N-(2,6-difluorobenzoyl)-N'-(4-isopropylphenyl)urea, melting point
      196.degree.C.
PA0  N-(2,6-difluorobenzoyl)-N'-(3-fluoro-4-iodobenzyl)urea, melting point
      253.degree.C.
PA0  N-(2,6-difluorobenzoyl)-N'-(3-fluoro-4-chlorophenyl)urea, melting point
      237.degree.C.
PA0  N-(2,6-difluorobenzoyl)-N'-(3-trifluoromethylphenyl)urea, melting point
      201.degree.C.
PA0  N-(2,6-difluorobenzoyl)-N'-(4-isobutylphenyl)-N'-(methyl)urea, melting
      point 92.degree.C.
PA0  N-(2,6-difluorobenzoyl)-N'-(4-chlorophenyl)urea, melting point
      239.degree.C.
PA0  N-(2,6-difluorobenzoyl)-N'-(4-bromophenyl)urea, melting point 247.degree.C.
PA0  N-(2,6-difluorobenzoyl)-N'-(4-fluorophenyl)urea, melting point
      211.degree.C.
PA0  N-(2,6-difluorobenzoyl)-N'-(4-thiomethylphenyl)urea, melting point
      202.degree.C.
PA0  N-(2,6-difluorobenzoyl)-N'-(methyl)-N'-(4-chlorphenyl)urea, melting point
      124.degree.C.
PA0  N-(2,6-difluorobenzoyl)-N-(methoxymethyl)-N'-(3,4-dichlorophenyl)urea,
      melting point 145.degree.C.
PAR  to illustrate the high activity of these substances we will mention that
      nearly all the above individually enumerated compounds according to the
      invention when used in a concentration of 10 ppm (parts per million)
      result in a 90-100% kill of larvae of Pieris brassica. Many of the above
      substances even produce a 90-100% kill in a concentration of 3 ppm. Some
      compounds, such as
PA0  N-(2,6-dichlorobenzoyl)-N'-(3,4-dichlorophenyl)urea,
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-chlorophenyl)urea,
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-butylphenyl)urea,
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-bromophenyl)urea,
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-iodophenyl)urea,
PA0  N-(2,6-dichlorobenzoyl)-N'-(3-fluoro-4-chlorophenyl)urea,
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-trifluoromethylphenyl)urea,
PA0  N-(2,6-dichlorobenzoyl)-N'-(3-fluoro-4-bromophenyl)urea,
PA0  N-(2,6-dichlorobenzoyl)-N'-(2-fluoro-4-iodophenyl)urea,
PA0  N-(2,6-difluorobenzoyl)-N'-(3,4-dichlorophenyl)urea,
PA0  N-(2,6-dichlorobenzoyl)-N'- (ethyl)-N'-(4-bromophenyl)urea,
PA0  N-(2,6-difluorobenzoyl)-N'-(4-trifluoromethylphenyl)urea,
PA0  N-(2,6-difluorobenzoyl)-N'-(4-n butylphenyl)urea,
PA0  N-(2,6-difluorobenzoyl)-N'-(4-t.butylphenyl)urea,
PA0  N-(2,6-difluorobenzoyl)-N'-(4-isopropylphenyl)urea,
PA0  N-(2,6-difluorobenzoyl)-N'-(3-fluoro-4-jodophenyl)urea,
PA0  N-(2,6-difluorobenzoyl)-N'-(3-fluoro-4-chlorophenyl)urea,
PA0  N-(2,6-difluorobenzoyl)-N'-(3-trifluoromethylphenyl)urea,
PA0  N-(2,6-difluorobenzoyl)-N'-(4-isobutylphenyl)-N'-(methyl) urea,
PA0  N-(2,6-difluorobenzoyl)-N'-(4-chlorophenyl)urea,
PA0  N-(2,6-difluorobenzoyl)-N'-(4-bromophenyl)urea,
PA0  N-(2,6-difluorobenzoyl)-N'-(4-fluorophenyl)urea,
PAL  cause a 90--100% kill of Pieris brassica larvae in a dosage concentration
      of from 0.1 - 1 ppm- This exceptionally high activity is of prime
      importance and is to be considered as extremely surprising.
PAR  A very satisfactory biocidal activity against larvae of the yellow fever
      mosquito (Aedes aegypti), i.e. a sufficiently killing effect in a
      concentration of 0.1 ppm or even less, has been found inter alia in
      respect of the following compounds:
PA0  N-(2,6-dichlorobenzoyl)-N'-(3,4-dichlorophenyl)urea, melting point
      238.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-dichlorophenyl)-urea, melting point
      236.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(2,4-dichlorophenyl)urea, melting point
      238.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-cyclopropylphenyl)urea, melting point
      208.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-methylphenyl)urea, melting point
      242.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(fluorophenyl)urea, melting point 212.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(3-trifluoromethylphenyl)urea, melting point
      230.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(2,5-difluoro-4-bromophenyl)urea, melting point
      270.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(3-fluoro-4-chlorophenyl)urea, melting point
      225.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-phenylphenyl)urea, melting point
      260.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-cyanophenyl)urea, melting point 248.degree.C.
      N-(2,6-dichlorobenzoyl)-N'-(4-pentylthiophenyl)urea, melting point
      130.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(3-fluoro-4-iodophenyl)urea, melting point
      220.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(2-fluoro-4-iodophenyl)urea, melting point
      256.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-n.propylphenyl)urea, melting point
      194.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-sec.butylphenyl)urea, melting point
      168.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-isobutylphenyl)urea, melting point
      215.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-ethylphenyl)urea, melting point 228.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-n.dodecylphenyl)urea, melting point
      117.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-benzylphenyl)urea, melting point
      207.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-trifluoromethylphenyl)urea, melting point
      214.degree.C.
PA0  N-(2-chlorobenzoyl)-N'-(3,4-dichlorophenyl)urea, melting point
      209.degree.C.
PA0  N-(2-bromobenzoyl)-N'-(3,4-dichlorophenyl)urea, melting point 217.degree.C.
PA0  N-(2,6-dibromobenzoyl)-N'-(3,4-dichlorophenyl)urea, melting point
      250.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(methyl)-N'-(3,4-dichlorophenyl)urea, melting
      point 178.degree.C.
      N-(2,6-dichlorobenzoyl)-N-(methyl)-N'-(3,4-dichlorophenyl)urea, melting
      point 182.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(ethyl)-N'-(3,4-dichlorphenyl)urea, melting
      point 153.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(methyl)-N'-(4-bromophenyl)urea, melting point
      182.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(ethyl)-N'-(4-bromophenyl)urea, melting point
      148.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N-(methyl)-N'-(4-chlorophenyl)urea, melting point
      124.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N-(methoxymethyl)-N'-(4-chlorophenyl)urea, melting
      point 122.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N-(methoxymethyl)-N'-(3,4-dichlorophenyl)urea,
      melting point 145.degree.C.
PA0  3-(2,6-dichlorobenzoyl)-1-(4-chlorophenyl)parabanic acid, melting point
      157.degree.C.
PA0  N-(2,6-dichlorothiobenzoyl)-N'-(3,4-dichlorophenyl)urea, melting point
      168.degree.C.
PA0  N-(2,6-dichlorothiobenzoyl)-N'-(3,4-dichlorophenyl)thiourea, melting point
      169.degree.C.
PAR  examples of other active substances according to the invention are:
PA0  N-(2,6-dichlorobenzoyl)-N'-(3-chlorophenyl)urea, melting point
      237.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(2,3-dimethylphenyl)urea, melting point
      238.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(5,6,7,8-tetrahydro-2-naphthyl)urea, melting
      point 196.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(3,4-dioxymethylenephenyl)urea, melting point
      242.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-dichlorocyclopropylphenyl)urea, melting point
      245.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-methylsulphonyl)urea, melting point
      222.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(3-bromo-4-chlorophenyl)urea, melting point
      254.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-[4-(p-chlorophenoxy)phenyl]urea, melting point
      205.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(3,5-dicyanophenyl)urea, melting point
      255.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(3,4,5-trichlorophenyl)urea, melting point
      270.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(3-chloro-4-methylphenyl)urea, melting point
      228.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-acetylphenyl)urea, melting point
      212.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(3-chloro-4-thiomethylphenyl)urea, melting point
      242.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(2,5-difluorophenyl)urea, melting point
      225.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-thiomethylphenyl)urea, melting point
      216.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(3-chloro-4-nitrophenyl)urea, melting point
      300.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(3,4-dimethylphenyl)urea, melting point
      202.degree.C. N-(2,6-dichlorobenzoyl)-N'-(2-fluorophenyl)urea, melting
      point 205.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(3-fluorophenyl)urea, melting point
      222.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-dimethylaminosulphonylphenyl)urea, melting
      point 232.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(3-nitro-4-methylphenyl)urea, melting point
      256.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(3-methoxyphenyl)urea, melting point
      194.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-phenylthiophenyl)urea, melting point
      196.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-benzoylphenyl)urea, melting point
      198.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(3-dichlorocyclopropylphenyl)urea, melting point
      220.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-pentylsulphonylphenyl)urea, melting point
      167.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-n.octylphenyl)urea, melting point
      124.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-methylthiomethylphenyl)urea, melting point
      214.degree.C.
PA0  N-(2-methoxybenzoyl)N'-(3,4-dichlorophenyl)urea, melting point
      170.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(methyl)-N'-(phenyl)urea, melting point
      138.degree.C.
      N-(2,6-dichlorobenzoyl)-N'-(hydroxy)-N'-(2,4,5-trichlorophenyl)urea,
      melting point 220.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(pentyl)-N'-(3,4-dichlorophenyl)urea, melting
      point 160.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(acetyl)-N'-(3,4-dichlorophenyl)urea, melting
      point 180.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(ethoxycarbonyl)-N'-(3,4-dichlorophenyl)urea,
      melting point 185.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(pentyl)-N'-(4-bromophenyl)urea, melting point
      145.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(methyl)-N'-(4-isopropylphenyl)urea, melting
      point 124.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(pentyl)-N'-(4-chlorophenyl)urea, melting point
      138.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(ethyl)-N'-(4-n.propylphenyl)urea, melting point
      110.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(ethyl)-N'-(4-sec.butylphenyl)urea, melting
      point 118.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(ethyl-N'-(4-isobutylphenyl)urea, melting point
      154.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(pentyl)-N'-(4-t.butylphenyl)urea, melting point
      82.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(benzyl)-N'-(4-chlorophenyl)urea, melting point
      188.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(methyl)-N'-(4-n.butylphenyl)urea, melting point
      152.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(n.pentyl)-N'-(4-n.butylphenyl)urea, melting
      point 104.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N-(methyl)-N'-(methyl)-N'-(3,4-dichlorophenyl)urea,
      melting point 130.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'(methyl)-N'-(4-sec.butylphenyl)urea, melting
      point 131.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(methyl)-N'-(4-isobutylphenyl)urea, melting
      point 163.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(methyl)-N'-(4-n.propylphenyl)urea, melting
      point 146.degree.C.
PA0  3-(2,6-dichlorobenzoyl)-1-(p-chlorophenyl)hydantoine urea, melting point
      183.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(pyridyl-2)urea, melting point 216.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(4-chloropyridyl-2)urea, melting point
      197.degree.C.
PA0  N-(2,6-dichlorobenzoyl)-N'-(3,4-dichlorophenyl)thiourea, melting point
      240.degree.C.
PAR  by virtue of their activity the substances according to the invention may
      be used to control insects found in agriculture and horticulture, such as
      caterpillars and beetles, and to preserve textile fabrics, such as, for
      example, to protect furs, carpets and textile stocks against attack by,
      for example, moths and carpet beetles.
PAR  For practical use the compounds according to the invention are worked up
      into preparations. In these preparations the active substance is mixed
      with a solid carrier material or dissolved or dispersed in a liquid
      carrier material, if desired combined with adjuvants, such as
      surface-active substances and stabilizers.
PAR  Examples of preparations according to the invention are aqueous solutions
      and dispersions, oil solutions and oil dispersions, pastes, dusts,
      wettable powders, miscible oils, granules, invert emulsions, aerosol
      preparations and fumigating candles.
PAR  Wettable powders, pastes and miscible oils are preparations in concentrated
      form which are diluted with water before or during use.
PAR  The invert emulsions are mainly used in air application, large surface
      areas being treated with a comparatively small amount of preparation. A
      short time before, or even during, the spraying the invert emulsion may be
      prepared in the spraying apparatus by emulsifying water in an oil solution
      or an oil dispersion of the active substance. Some forms of preparations
      will now be described in greater detail by way of example.
PAR  Granular preparations are produced by, for example, taking up the active
      substance in a solvent, after which granular carrier material, such as
      porous granules (for example pumice and attaclay), mineral non-porous
      granules (sand or ground marl) and organic granules (for example dried
      coffee grounds and cut tobacco stems), is impregnated with the solution,
      as the case may be in the presence of a binder.
PAR  A granular preparation may also be produced by compressing the active
      substance together with powdered minerals in the presence of lubricants
      and binders and disintegrating and straining the comprimate to the desired
      grain size.
PAR  Dusts are obtainable by intimately mixing the active substance with an
      inert solid carrier material in a concentration of, for example, from
      1-50% by weight. Examples of suitable solid carrier materials are talc,
      kaolin, pipeclay, diatom earth, dolomite, gypsum, chalk, bentonite,
      attapulgite and colloidal SiO.sub.2 or mixtures of these and similar
      substances. Alternatively organic carrier materials may be used such as,
      for example, ground walnut shells.
PAR  Wettable powders are produced by mixing from 10-80 parts by weight of a
      solid inert carrier such as, for example, one of the aforementioned
      carrier materials with from 10-80 parts by weight of the active subatance,
      from 1-5 parts by weight of a dispersing agent such, for example, as the
      lignin sulfonates or alkyl naphthalene sulfonates known for this purpose,
      and preferably also with from 0.5-5 parts by weight of a wetting agent
      such as one of the fatty alcohol sulfates, alkylaryl sulfonates or fatty
      acid condensation products, for example those known under the trade mark
      Igepon.
PAR  To produce miscible oils the active substance is dissolved or finely
      divided in a suitable solvent which preferably is poorly miscible with
      water after which an emulsifier is added to the solution. Examples of
      suitable solvents are xylene, toluene, high-aromatic petroleum distilles,
      for example solvent naphtha, distilled tar oil and mixtures of these
      liquids. Examples of emulsifiers are alkylphenoxypolyglycol ethers,
      polyoxyethylene sorbitan esters of fatty acids or polyoxyethylene sorbital
      esters of fatty acids. In these miscible oils the concentration of the
      active compound is not restricted within narrow limits and may vary
      between, say, 2% and 50% by weight. In addition to being a miscible oil
      the liquid and highly concentrated primary composition may be a solution
      of the active substance in a satisfactorily water-miscible liquid, for
      example acetone, to which solution a dispersing agent and possibly a
      wetting agent has or have been added. Dilution with water shortly before
      or during the spraying operation results in an aqueous dispersion of the
      active substance.
PAR  An aerosol preparation according to the invention is obtained in the usual
      manner by incorporating the active substance, as the case may be in a
      solvent, in a volatile liquid suitable for use as a propellant, for
      example the mixture of chlorine and fluorine derivatives of methane and
      ethane commercially available under the trademark "Freon".
PAR  Fumigating candles or fumigating powders, i.e. preparations which when
      burning are capable of emitting a pesticidal smoke, are obtained by taking
      up the active substance in a combustible mixture which may contain, for
      example, a sugar or a wood, preferably in ground form, as a fuel, a
      substance to maintain combustion such, for example, as ammonium nitrate or
      potassium chlorate, and furthermore a substance to retard the combustion,
      for example kaolin, bentonite and/or colloidal silicic acid.
PAR  Besides the above-mentioned ingredients the preparations according to the
      invention may contain other substances known for use in preparations of
      this type.
PAR  For example, a lubricant such as calcium stearate or magnesium stearate may
      be added to a wettable powder or to a mixture to be granulated. Also,
      "adhesives" such as polyvinylalcoholcellulose derivatives or other
      colloidal materials, such as casein, may be added to improve the adherence
      of the pesticide to the surface to be protected.
PAR  The preparations according to the invention may also include other, known
      pesticidal compounds. This broadens the spectrum of activity of the
      preparation and may produce synergism.
PAR  The following known insecticidal, fungicidal and acaricidal compounds are
      suitable for use in such a combined preparation:
PAR  Insecticides such as:
PAR  1. chlorinated hydrocarbons, for 2,2-bis(p-chlorophenyl)-1, 1,
      1-trichloroethane and hexachloro-epoxyoctahydrodimethanonaphthalene;
PAR  2. carbamates, for example N-methyl-1-naphthylcarbamate;
PAR  3. dinitrophenois, for example 2-methyl-4,6-dinitrophenol and
      2-(2-butyl)-4,6-dinitrophenyl-3,3-dimethylacrylate;
PAR  4. organic phosphor compounds, such as
      dimethyl-2-methoxy-carbonyl-1-methylvinyl phosphate, o,o-diethyl
      o-p.nitrophenylphosphorthionate, N-monomethylamide of
      o,o-dimethyl-dithiophosphoryl acetic acid.
PAR  Acaricides such as:
PAR  5. diphenylsulfides, for example p-chlorobenzyl and p-chlorophenyl sulfide
      and 2, 4, 4', 5-tetrachlorodiphenylsulfide;
PAR  6. diphenylsulfonates, for example p-chlorophenylbenzene sulfonate;
PAR  7. methylcarbinols, for example 4,4-dichloro-a-trichloromethylbenzhydrol;
PAR  8. quinoxaline compounds, such as methylquinoxaline dithiocarbonate.
PAR  Fungicides such as:
PAR  9. organic mercury compounds, for example phenyl mercury acetate and methyl
      mercury cyanoguanide;
PAR  10. organic tin compounds, for example, triphenyl tin hydroxide and
      triphenyl tin acetate;
PAR  11. alkylene bisdithiocarbamates, for example zinc ethylene
      bisdithiocarbamate and manganese ethylene bisdithiocarbamate;
PAR  12. and further:
PA0  2,4-dinitro-6-(2-octylphenylcrotonate),
PA0  1-[bis(dimethylamino)phosphoryl] -3-phenyl-5-amino-1,2,4-triazole,
      6-methyl-quinoxaline-2,3-dithiocarbonate,
PAR  1,4-dithiocanthraquinone-2,3-dicarbonitrile,
PA0  N-trichloromethylthiophthalimide,
PA0  N-trichloromethylthiotetrahydrophthalimide,
PA0  N-(1,1,2,2-tetrachloro-ethylthio)-tetrahydrophthalimide,
PA0  N-dichlorofluoromethylthio-N-phenyl-N'-dimethylsulfonyldiamide and
      tetrachloroisophthalonitrile.
PAR  The dosage desirable for practical use of the preparation according to the
      invention will naturally depend on various factors, such as the field of
      use, the active substance chosen, the form of preparation, the nature and
      the degree of the infection.
PAR  For agricultural use in general a dosage corresponding to from 10 - 5,000 g
      of active substance per hectare will yield the desired effect.
PAR  The compounds according to the invention are new substances which may be
      produced by methods known for the production of similar substances or by
      analogous methods. For example, the substances may be produced by
PAR  a. reacting a compound of the formula
      ##SPC6##
PAL  where A, B, X and Y have the aforementioned meanings, with a compound of
      the formula
      ##EQU3##
      where R.sub.1 and R.sub.2 have the aforementioned meanings, so as to
      obtain a compound of the formula
      ##SPC7##
PAR  b. reacting a compound of the formula
      ##SPC8##
PAL  where A, B and R have the aforementioned meanings, with a compound of the
      formula
EQU  R.sub.2 --N=C=O
PAL  where R.sub.2 has the aforementioned meaning, so as to obtain a compound of
      the formula
      ##SPC9##
PAR  c. reacting a compound of the formula
      ##SPC10##
PAL  where A and B have the aforementioned meanings, with a compound of the
      formula
EQU  R.sub.2 --NH.sub.2
PAL  where R.sub.2 has the aforementioned meaning, and by subsequently
      hydrolising the resulting reaction product, which may be shown by the
      formula
      ##SPC11##
PAL  so as to obtain a final product of the formula
      ##SPC12##
PAR  d. reacting a compound of the formula
      ##SPC13##
PAL  where A and B have the aforementioned meanings, with a compound of the
      formula
EQU  R.sub.2 --NH.sub.2
PAL  where R.sub.2 has the aforementioned meaning, so as to obtain a compound of
      the formula
      ##SPC14##
PAR  e. reacting a compound of the formula
      ##SPC15##
PAL  where A and B have the aforementioned meanings, with a compound of the
      formula
      ##EQU4##
      where R.sub.2 has the aforementioned meanings and a represents a hydrogen
      atom or an alkyl group, whilst furthermore the substituents a together
      with the carbon atom bound to them may form a cycloalkyl group containing
      from 3-6 carbon atoms, and subsequently acidifying the resulting reaction
      product, which may be represented by the formula
      ##SPC16##
PAL  so as to obtain a compound of the formula
      ##SPC17##
PAR  f. reacting a compound of the formula
      ##SPC18##
PAL  where A, B and R.sub.2 have the aforementioned meanings, with
      oxalylchloride, so as to obtain a compound of the formula
      ##SPC19##
PAR  g. reacting a compound of the formula
      ##SPC20##
PAL  where A and B have the aforementioned meanings, with a compound of the
      formula
      ##EQU5##
      where R.sub.1 and R.sub.2 have the aforementioned meanings, so as to
      obtain a compound of the formula
      ##SPC21##
PAR  h. reacting a compound of the formula
      ##SPC22##
     where A, B, R.sub.1 and R.sub.2 have the aforementioned meanings, with a
      compound of the formula
EQU  R.sub.10 --Hal
PAL  where R.sub.10 is an alkyl group or an alkoxymethyl group and Hal is a
      halogen atom, so as to obtain a compound of the formula
      ##SPC23##
PAR  i. reacting a compound of the formula
      ##SPC24##
PAL  where A and B have the aforementioned meanings, with a compound of the
      formula
      ##SPC25##
PAL  where R.sub.2 has the aforementioned meaning, so as to obtain a compound of
      the formula
      ##SPC26##
PAR  k. reacting a compound of the formula
      ##SPC27##
PAL  where A, B and R.sub.2 have the aforementioned meanings, with a compound of
      the formula
EQU  Cl -- CH.sub.2 --O--CH.sub.2 --Cl
PAL  so as to obtain a compound of the formula
      ##SPC28##
PAR  Amongst these methods the method a is preferably used. The efficiency of
      the method a is satisfactory.
PAR  The method a is carried out in the presence of a solvent at a reaction
      temperature which may vary from 0.degree.C to the boiling point of the
      solvent used. Examples of suitable solvents are aromatic hydrocarbons,
      such as benzene, chlorinated hydrocarbons, such as chloroform, methylene
      chloride or ethylene chloride, or another inert solvent, such as
      acetonitrile.
PAR  The starting product for the method a is obtainable by treating the
      corresponding benzamide with oxalylchloride in the presence of a solvent
      such as a chlorinated hydrocarbon, for example, methylene chloride.
PAR  Examples of other methods of synthesizing the starting products for the
      process a are:
PAR  I. reacting a compound of the formula
      ##SPC29##
PAL  with ammoniumhodanide, so as to obtain a compound of the formula
      ##SPC30##
PAR  II. heating a solution of a compound of the formula
      ##SPC31##
PAL  so as to obtain a substance of the formula
      ##SPC32##
PAR  The method b is preferably carried out in a reaction medium containing
      pyridine and sodium. The reaction is effected at an elevated temperature,
      for example 100.degree.C.
PAR  The method c is performed in the presence of a base capable of binding the
      HCl evolved. Examples of suitable bases are triethylamine and
      3,4-dichloroaniline. The condensation reaction is carried out in the
      presence of a solvent, such as benzene, toluene, chlorobenzene, methylene
      chloride, chloroform or carbontetrachloride. The reaction temperature may
      vary between 0.degree.C and the boiling point of the solvent used. The
      hydrolysis of the intermediate product of the method c may simply be
      effected. For example the intermediate product may be exposed to moist air
      or agitated with water.
PAR  The reaction described in the method d takes place in the presence of a
      solvent. Examples of suitable solvents are xylene, toluene, chlorobenzene
      and other similar inert solvents having a boiling point higher than about
      100.degree.C. The reaction is carried out at a temperature which is about
      equal to the boiling point of the solvent used. The reaction time is
      several hours.
PAR  In the method e the first step is effected in the presence of a solvent
      such as dry benzene. During the reaction, the reaction mixture is slightly
      cooled. The intermediate product obtained in the first step is acidified
      by a treatment with, for example, a solution of an inorganic acid in
      acetic acid. Suitable inorganic acids are HBr, H.sub.2 SO.sub.4, HCl and
      the like.
PAR  The reaction with oxalylchloride according to the method f is performed in
      the presence of a solvent. Suitable solvents are aromatic hydrocarbons,
      such as benzene and toluene, and chlorinated hydrocarbons, such as
      chloroform, carbon tetrachloride and dichloroethane. The reaction is
      carried out an elevated temperature, for example at the boiling point of
      the solvent used.
PAR  The reaction according to the method g proceeds in the presence of a
      solvent, such as a hydrocarbon, for example toluene, and at a reaction
      temperature which may vary between room temperature and the boiling point
      of the solvent used.
PAR  The process described under the heading h is performed in the presence of a
      solvent and a basic substance. A suitable reaction medium is, for example,
      dimethylformamide containing an alkalihydroxide.
PAR  The reaction according to the method i is performed in the presence of a
      solvent, such as an ether, for example, diethyl ether. The reaction
      temperature is preferably about equal to room temperature.
PAR  The reaction conditions in performing the method k are the same as those
      described for the method h.
DETD
PAR  The invention will now be described more fully with reference to the
      following Examples.
PAR  1. Production of N-(2,6-dichlorobenzoyl)-N'-(3,4-dichlorophenyl)-urea.
PAR  9.5 g of 2,6-dichlorobenzamide and 10.34 g of 3,4-dichlorophenylisocyanate
      in 25 ml of pyridine to which 1 g of sodium has been added are heated on a
      steam bath (100.degree.C+) for 24 hours. The reaction mixture is poured on
      ice which contains concentrated hydrochlorid acid and the solid
      precipitate is thoroughly washed with successively water and alcohol. The
      substance is recristallized from acetonitrile. Melting point 232.degree.C.
PAR  2. Production of N-(2,6-dichlorobenzoyl)-N'-(3,4-dichlorophenyl)-urea.
PAR  a. Production of 2,6-dichlorobenzoylisocyanate.
PAR  95 g of 2,6-dichlorobenzamide are suspended in from 250 to 300 ml of dry
      methylene chloride. After the addition of 56 ml of oxalyl chloride the
      mixture is slowly heated to boiling point, at which temperature the
      starting material rapidly dissolves with a strong evolution of
      hydrochloric acid. After boiling for from 15-18 hours the mixture is
      concentrated by evaporation in a vacuum. The resulting
      2,6-dichlorobenzoylisocyanide is used for the next reaction step without
      further purification.
PAR  b. Production of N-(2,6-dichlorobenzoyl)-N'-(3,4-dichlorophenyl)-urea.
PAR  35 g of 2,6-dichlorobenzoylisocyanate in 100 ml of dry benzene are added
      drop by drop, with stirring and cooling, to a solution of 24.3 g of
      3,4-dichloroaniline in 200 ml of dry benzene. Much heat is evolved and a
      precipitate is formed which is drawn off while hot and then is washed with
      hot benzene. The resulting
      N-(2,6-dichlorobenzoyl)-N'-(3,4-dichlorophenyl)-urea is pure, as is shown
      by thin layer chromatography (with ethylacetate as the solvent). If
      desired, the product may be recristallized from acetonitrile. Melting
      point 238.degree.K.
PAR  3. Production of Ni-(2,6-dichlorothiobenzoyl)-N'-(3,4-dichlorophenyl)-urea.
PAR  26.0 g of 2-(2,6-dichlorophenyl)-thiazoline-4,5-dione are suspended in 250
      ml of dry toluene and heated to 90.degree.C while stirring. Gas is evolved
      and a violet solution is obtained, to which is added 16.2 g of
      3,4-dichloroaniline dissolved in 30 ml of toluene. After stirring for 15
      minutes the solution is cooled and the precipitate obtained is drawn off.
      Yield 20.1 g. Melting point 168.degree.C.
PAR  4. Production of N-(2,6-dichlorobenzoyl)-N'-(3,4-dichlorophenyl)-thiourea.
PAR  10.5 g of 2.6-dichlorobenzoylchloride are added drop by drop with stirring
      to a solution of 3.8 g of ammonium rhodanide in 15 ml of acetone. After
      boiling for 15 minutes the reaction mixture is added drop by drop to a
      solution of 8.1 g of 3,4-dichloroaniline in 15 ml of acetone. After
      stirring for 30 minutes the reaction mixture is poured in water and
      extracted with ether. The ethereal solution is dried and concentrated by
      evaporation and the residue is taken up in benzene. After working up and
      decrystallizing from benzene 1.3 g of the superscribed substance is
      obtained. Melting point 240.degree.C.
PAR  5. Production of
      N-(2,6-dichlorothiobenzoyl)-N'-(3,4-dichlorophenyl)-thiourea.
PAR  3.0 g of N-(2,6-dichlorothiobenzoyl)-S-methyldithiocarbamate and 1.6 g of
      3,4-dichloroaniline are dissolved in 25 ml of toluene and subsequently
      heated while refluxing for 5 hours. The resulting yellow precipitate is
      worked up in the usual manner. Yield 2.1 g. Melting point
      168.degree.-170.degree.C.
PAR  6. Production of
      N-(2,6-dichlorobenzoyl)-N-(methyl)-N'-(4-chlorophenyl)-urea.
PAR  10.3 g of N-(2,6-dichlorobenzoyl)-N'-(4-chlorophenyl)-urea and 1.88 g of
      powdered potassium hydroxide (90%) are dissolved 40 ml of dimethyl
      formamide, after which 4.7 g of methyl iodide are added drop by drop to
      the clear solution. The resulting reaction is exothermic. After stirring
      for two hours the solution is diluted with ice water and the solid
      substance is isolated. Yield 10.3 g. Melting point
      124.degree.-126.degree.C. In a completely similar manner but using
      methoxymethylchloride instead of methyliodide,
      N-(2,6-dichlorobenzoyl)-N-(methoxymethyl)-N'-(4-chlorophenyl)-urea is
      produced. Melting point 121.5.degree.-122.5.degree.C.
PAR  7. Production of
      3-p-chlorophenyl-5-(2,6-dichlorobenzoyl)-2,3,5,6-tetrahydro-4H-1,3,5-oxadi
     azinone-4.
PAR  6.5 g of N-(2,6-dichlorobenzoyl)-N'-(4-chlorophenyl)-urea and 1.3 g of 90%
      powdered potassium hydroxide are dissolved in 25 ml of dimethylformamide,
      after which 2.18 g of dichlorodimethylether are added to the solution.
      After stirring for two hours at 0.degree.C, another portion of 1.3 g of
      90% powdered potassium hydroxide is added, after which the mixture is
      stirred for 24 hours at room temperature. After dilution with ice water
      the obtained solid substance is isolated and chromatographed. Yield 2.1 g.
      Melting point 164.degree.-168.degree.C.
PAR  8. Production of
      N-(2,6-dichlorobenzoyl)-N'-(4-chlorophenyl)-N'-(cyclohexenyl-1)-urea.
PAR  3.1 g of 1-(4-chloroaniline)-cyclohexane are dissolved in 50 ml of absolute
      ether and to this solution is added a solution of 3.25 g of
      2,6-dichlorobenzoylisocyanate in 10 ml of absolute ether. After a short
      time a precipitate is produced which is drawn off and washed with ether.
      Yield 5.1 g. Melting point 156.degree.-158.degree.C.
PAR  9. Production of N-(2,6-dichlorobenzoyl)-N'-(3,4-dichlorophenyl)-urea.
PAR  A solution of 1.62 g of 3,4-dichloroaniline and 1.01 g of triethylamine in
      20 ml of benzene was added drop by drop to a solution of 2.71 g of
      2,6-dichlorobenzoyl-isocyanineedichloride in 25 ml of benzene while
      stirring at 20.degree.C. There is a slight rise in temperature and a white
      precipitate is produced. After stirring for two hours the white substance
      is drawn off and the filtrate is exposed to moist air. After 24 hours
      almost perfect crystals are produced, which are isolated. Melting point
      236.degree.C. Yield 1.3 g.
PAR  10. Production of N-(2,6-dichlorobenzoyl)-N'-(3,4-dichlorophenyl)-urea.
PAR  2.62 g of N-(2,6-dichlorobenzoyl)-ethylurethane and 1.62 g of
      3,4-dichloroaniline are added to 10 ml of xylene and heated at boiling
      point for two hours, the alcohol formed being distilled off. After
      cooling, the crystals formed are filtered off. Yield 3.4 g. Melting point
      236.degree.C.
PAR  11. Production of 3-(2,6-dichlorobenzoyl)-1-(p-chlorophenyl)-hydantoin.
PAR  a. Preparation of
      N-(2,6-dichlorobenzoyl)-N'-(cyanomethyl)-N'-(p-chlorophenyl)-urea.
PAR  16.0 g of 2,6-dichlorobenzoylisocyanate are added in small portions to a
      solution of 11.66 g of p-chloroanilino-acetonitrile in 100 ml of dry
      benzene with moderate cooling. After some time a substance crystallizes
      out, which after about 12 hours is drawn off and washed with benzene.
      After drying the weight is 25.25 g, i.e. 93.7% the melting point being
      185.degree.C with spontaneous decomposition on the Kofler heating bench.
      Thin-layer chromatography (solvent either ethylacetate or chloroform)
      shows that the substance is pure, however, if desired, it may be
      recrystallized from 250 ml of benzene with a yield of 80%.
PAR  b. Preparation of 3-(2,6-dichlorobenzoyl)-1-(p-chlorophenyl)-hydantoin.
PAR  25 g of the substance prepared by the method described in 11 a were stirred
      at room temperature in 150 ml of about 15% HBr solution in acetic acid,
      the substance dissolving almost completely with the rapid formation of a
      thick precipitate. After being heated (at 40.degree.C) for a short time
      and being allowed to stand for for some hours, the suspension is poured in
      half a litre of water, drawn off, washed with water and dried. Yield 24 g.
      Melting point 176.degree.-180.degree.C.
PAR  12. Production of 3-(2,6-dichlorobenzoyl)-1-(p-chlorophenyl)-parabanic
      acid.
PAR  10.3 g of N-(2,6-dichlorobenzoyl)-N'-(p-chlorophenyl)-urea are boiled in
      100 ml of dry 1,2-dichloroethane containing 3 ml of oxalylchloride for 24
      hours. The urea dissolves with the evolution of hydrochloric acid. After
      concentration by evaporation and after the addition of 25 ml of ligroin
      the residue becomes crystalline. The substance may be recrystallized from
      30 mls of benzene. Melting point 157.degree.C. Yield 8 g.
PAR  It should be noted that the substances enumerated in the specification were
      produced in a manner which is entirely analogous to the methods
      illustrated in the above Examples. In producing the large number of
      compounds according to the invention especially the above described method
      a), which is illustrated by the Examples 2, 3, 4 and 5, is frequently
      used.
PAR  13. From the substances enumerated in this specification wettable powders
      have been prepared by mixing 25 parts by weight of the active substance
      with 3 parts by weight of calciumlignin sulfonate, 2 parts by weight of
      dibutylnaphthalenesulfonate and 70 parts by weight of kaolin.
PAR  14. Liquid concentrates of the active substances according to the invention
      have been prepared by dissolving 10 parts by weight of the active
      substance in dimethylformamide to which a small amount of cyclohexanone
      may be added and by subsequently adding to the obtained solution from 6 to
      7 parts by weight of an emulsifier, such as a mixture of
      nonylphenolpolyglycolether and alkaline-earth alkylbenzenesulfonate.
PAR  15. The active substances according to the invention have been dispersed in
      water in concentrations of 100. 30, 10, 3, 1, 0.3 and 0.1 mg of the active
      substance per litre of aqueous dispersion. Young Brussels sprout plants
      are sprayed with an aqueous dispersion of the substance according to the
      invention to be investigated, until the dispersion drops off. After the
      plants have dried they are placed in Perspex cylinders and then each
      infected with 5 larvae of Pieris brassica (caterpillars of the White
      cabbage butterfly). The cylinders are then covered with gauze and stored
      at a temperature of 24.degree.C and a relative humidity of from 60-70%.
      After 5 days the mortality percentage is ascertained. Each test is
      conducted in triplicate. The results of the tests are given in the
      following Table. The meanings of the symbols used in the Table are: + =
      from 90 - 100% mortality .+-. = from 50 - 90% mortality - = less than 50%
      mortality.
TBL                                    TABLE                                   

     __________________________________________________________________________

     Biocidal activity on larvae of Pieris brassica                            

                      Activity                                                 

     Compound         concentration expressed in mg of                         

                      active substance per liter                               

                      100 30 10 3  1  0,3 0,1                                  

     __________________________________________________________________________

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3,4-dichlorophenyl)                                                   

                      +   +  +  +  +  .+-.                                     

                                          -                                    

     urea                                                                      

     N-(2,6-difluorobenzoyl)-                                                  

     N'-(3,4-dichlorophenyl)                                                   

                      +   +  +  +  +  +   -                                    

     urea                                                                      

     N-(2,6-dimethylbenzoyl)                                                   

     N'-(3,4-dichlorophenyl)                                                   

                      +   .+-.                                                 

                             .+-.                                              

                                .+-.                                           

                                   .+-.                                        

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-chlorophenyl)                                                       

                      +   +  +  +  +  +   +                                    

     urea                                                                      

     N-(2,6-dimethylbenzoyl)                                                   

     N'-(4-chlorophenyl)                                                       

                      +   +  +                                                 

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(2,4-dichlorophenyl)                                                   

                      +   +  +  -                                              

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-cyclopropylphenyl)                                                  

                      +   +  +  +  .+-.                                        

                                      -                                        

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3-chloro-4-iodo-                                                      

                      +   +  +  .+-.                                           

                                   -                                           

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3-chloro-4-bromo-                                                     

                      +   +  +  -                                              

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-isopropylphenyl)                                                    

                      +   +  +  .+-.                                           

                                   -                                           

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3,4-dibromophenyl)                                                    

                      +   +  +  -                                              

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-fluorophenyl)                                                       

                      +   +  +  .+-.                                           

                                   -                                           

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3-trifluoromethyl-                                                    

                      +   +  +  -                                              

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-n.butylphenyl)                                                      

                      +   +  +  +  +  -                                        

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3-chloro-4-methyl-                                                    

                      +   +  +  .+-.                                           

                                   -                                           

     sulfonylphenyl) urea                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-t.butylphenyl)                                                      

                      +   +  +  +  +  .+-.                                     

                                          -                                    

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3,4-difluorophenyl)                                                   

                      +   +  +  +  +  .+-.                                     

                                          -                                    

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(2,4-difluorophenyl)                                                   

                      +   +  +  +  .+-.                                        

                                      -                                        

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-bromophenyl)                                                        

                      +   +  +  +  +  +   -                                    

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(2,5-difluro-4-bromo-                                                  

                      +   +  +  +  -                                           

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-iodophenyl)                                                         

                      +   +  +  +  +  .+-.                                     

                                          -                                    

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3-fluoro-4-chloro-                                                    

                      +   +  +  +  +  +   -                                    

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-phenylphenyl)                                                       

                      +   +  +  -                                              

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-cyanophenyl)                                                        

                      +   +  +  +  .+-.                                        

                                      -                                        

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3-fluoro-4-bromo-                                                     

                      +   +  +  +  +  +   -                                    

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3-fluoro-4-iodo-                                                      

                      +   +  +  +  +                                           

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(2-fluoro-4-iodo-                                                      

                      +   +  +  +  +  +   -                                    

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-n.propylphenyl)                                                     

                      +   +  +  -                                              

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-trifluoromethyl-                                                    

                      +   +  +  +  +  +   +                                    

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3-cyclopropylphenyl)                                                  

                      +   +  +  -                                              

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(2-methyl-4-chloro-                                                    

                      +   +  +  -                                              

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-sec.butylphenyl)                                                    

                      +   +  +                                                 

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-isobutylphenyl)                                                     

                      +   +  +                                                 

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-ethylphenyl)                                                        

                      +   +  +                                                 

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-n.dodecylphenyl)                                                    

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-benzylphenyl)                                                       

                      +   +  +                                                 

     urea                                                                      

     N-(2,6-dibromobenzoyl)                                                    

     N'-(3,4-dichlorophenyl)                                                   

                      +   +  .+-.                                              

                                .+-.                                           

                                   -                                           

     urea                                                                      

     N-(3,6-dichlorobenzoyl)                                                   

     N'-(methyl)-N'-(3,4-di-                                                   

                      +   +  +  +  .+-.                                        

                                      -                                        

     chlorophenyl) urea                                                        

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(ethyl)-N'-(3,4-di-                                                    

                      +   +  +  +  .+-.                                        

                                      -                                        

     chlorophenyl) urea                                                        

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(methyl)-N'-(4-t.                                                      

                      +   +  +  +  .+-.                                        

                                      -                                        

     butylphenyl) urea                                                         

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(methyl)-N'-(4-bromo-                                                  

                      +   +  +  +  +  -                                        

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(ethyl)-N'-(4-bromo-                                                   

                      +   +  +  +  +  +   .+-.                                 

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(ethyl)-N'-(4-iso-                                                     

                      +   +  +  -                                              

     propylphenyl) urea                                                        

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(ethyl)-N'-(4-n.                                                       

                      +   +  +  +  -                                           

     butylphenyl) urea                                                         

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(methyl)-N'-(4-chloro-                                                 

                      +   +  +  +  .+-.                                        

                                      -                                        

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(ethyl)-N'-4-chloro-                                                   

                      +   +  +                                                 

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(ethyl)-N'-(4-t.                                                       

                      +   +  +                                                 

     butylphenyl) urea                                                         

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(methyl)-N'-(4-nitro-                                                  

                      +   +  +                                                 

     phenyl) urea                                                              

     3-(2,6-dichlorobenzoyl)                                                   

     1-(4-chlorophenyl)-para-                                                  

                      +   +  +                                                 

     banic acid                                                                

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(2,4,5-trichloro-                                                      

                      +   +  .+-.                                              

                                -                                              

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N' -(phenyl) urea                                                         

                      +   +  .+-.                                              

                                -                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-nitrophenyl)                                                        

                      +   +  .+-.                                              

                                -                                              

     urea                                                                      

     N-(2,6-difluorbenzoyl)                                                    

     N'-(4-trifluoromethyl-                                                    

                      +   +  +  +  +                                           

     phenyl) urea                                                              

     N-(2,6-difluorobenzoyl)                                                   

     N'-(4-n.butylphenyl) +                                                    

                      +   +  +  +                                              

     urea                                                                      

     N-(2,6-difluorobenzoyl)                                                   

     N'-(4-t.butylphenyl)                                                      

                      +   +  +  +  +                                           

     urea                                                                      

     N-(2,6-difluorobenzoyl)                                                   

     N'-(4-isopropylphenyl)                                                    

                      +   +  +  +  +                                           

     urea                                                                      

     N-(2,6-difluorobenzoyl)                                                   

     N'-(3-fluoro-4-iodo-                                                      

                      +   +  +  +  +                                           

     phenyl) urea                                                              

     N-(2,6-difluorobenzoyl)                                                   

     N'-(3-fluoro-4-chloro-                                                    

                      +   +  +  +  +                                           

     phenyl) urea                                                              

     N-(2,6-difluorobenzoyl)                                                   

     N'-(3-trifluoromethyl-                                                    

                      +   +  +  +  +                                           

     phenyl) urea                                                              

     N-(2,6-difluorobenzoyl)                                                   

     N'-(4-isobutylphenyl)                                                     

                      +   +  +  +  +                                           

     N'-(methyl) urea                                                          

     N-(2,6-difluorobenzoyl)                                                   

     N'-(4-chlorophenyl)                                                       

                      +   +  +  +  +                                           

     urea                                                                      

     N-(2,6-difluorobenzoyl)                                                   

     N'-(4-bromophenyl)                                                        

                      +   +  +  +  +                                           

     urea                                                                      

     N-(2,6-difluorobenzoyl)                                                   

     N'-(4-fluorophenyl)                                                       

                      +   +  +  +  +                                           

     urea                                                                      

     N-(2,6-difluorobenzoyl)                                                   

     N'-(4-thiomethylphenyl)                                                   

                      +   +  +  .+-.                                           

                                   -                                           

     urea                                                                      

     N-(2,6-difluorobenzoyl)                                                   

     N-(methyl)-N'-(4-chloro-                                                  

                      +   +  +                                                 

     phenyl) urea                                                              

     N-(2,6-difluorobenzoyl)                                                   

     N-(methoxymethyl)-N'-                                                     

                      +   +  +                                                 

     (3,4-dichlorophenyl) urea                                                 

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3-chlorophenyl)                                                       

                      +   .+-.                                                 

                             .+-.                                              

                                -                                              

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(5,6,7,8-tetrahydro-                                                   

                      +   -                                                    

     2-naphthyl) urea                                                          

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3,4-dioxymethylene-                                                   

                      +   .+-.                                                 

                             -                                                 

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-dichlorocyclo-                                                      

                      +   +  .+-.                                              

                                -                                              

     propylphenyl) urea                                                        

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-methylsulfonyl)                                                     

                      +   .+-.                                                 

                             -                                                 

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3-bromo-4-chloro-                                                     

                      +   -                                                    

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-4-(p-chlorophenoxy-                                                    

                      +   .+-.                                                 

                             -                                                 

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3,5-dicyanophenyl)                                                    

                      +   .+-.                                                 

                             -                                                 

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(2,5-difluorphenyl)                                                    

                      +   -                                                    

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3,4-dimethylphenyl)                                                   

                      +   -                                                    

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-dimethylaminosul-                                                   

                      .+-.                                                     

                          .+-.                                                 

                             .+-.                                              

                                -                                              

     fonylphenyl) urea                                                         

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-phenylthiophenyl)                                                   

                      +   +  -                                                 

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-benzoylphenyl)                                                      

                      +   +  .+-.                                              

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-pentylthiophenyl)                                                   

                      +   +  -                                                 

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3-dichlorocyclopro-                                                   

                      .+-.                                                     

                          -                                                    

     pylphenyl) urea                                                           

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-pentylsulfonyl-                                                     

                      +   .+-.                                                 

                             -                                                 

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-n.ochtylphenyl)                                                     

                      +   .+-.                                                 

                             -                                                 

     urea                                                                      

     N-(2-methoxybenzoyl)                                                      

     N'-(3,4-dichlorophenyl)                                                   

                      +   .+-.                                                 

                             -                                                 

     urea                                                                      

     N-(2-chlorobenzoyl)                                                       

     N'-(3,4-dichlorophenyl)                                                   

                      +   .+-.                                                 

                             .+-.                                              

                                -                                              

     urea                                                                      

     N-(2-bromobenzoyl)-N'-                                                    

     (3,4-dichlorophenyl)                                                      

                      +   +  -                                                 

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(hydroxy)-N'-(2,4,5,-                                                  

                      .+-.                                                     

                          -                                                    

     thrichlorophenyl) urea                                                    

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(pentyl)-N'-(3,4-di-                                                   

                      +   +  -                                                 

     chlorophenyl) urea                                                        

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(acetyl)-N'-(3,4-di-                                                   

                      +   +  -                                                 

     chlorophenyl) urea                                                        

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(ethoxycarbonyl)-N'-                                                   

                      +   +  -                                                 

     (3,4-dichlorophenyl) urea                                                 

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(pentyl)-N'-(4-bromo-                                                  

                      +   +  .+-.                                              

                                -                                              

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(methyl)-N'-(4-iso-                                                    

                      +   .+-.                                                 

                             -                                                 

     propylphenyl) urea                                                        

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(pentyl)-N'-(4-chloro-                                                 

                      +   +  .+-.                                              

                                -                                              

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(ethyl)-N'-(4-n.pro-                                                   

                      +   +  .+-.                                              

                                -                                              

     pylphenyl) urea                                                           

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(ethyl)-N'-(4.sec.bu-                                                  

                      +   .+-.                                                 

                             .+-.                                              

     tylphenyl) urea                                                           

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(ethyl)-N'-(4-isobu-                                                   

                      +   +  -                                                 

     tylphenyl) urea                                                           

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(pentyl)-N'-(4-t.bu-                                                   

                      +   .+-.                                                 

                             -                                                 

     tylphenyl) urea                                                           

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(benzyl)-N'-(4-chloro-                                                 

                      +   +  .+-.                                              

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N-(methoxymethyl)-N'-(4-                                                  

                      +                                                        

     chlorophenyl) urea                                                        

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(methyl)-N'-(4-n.bu-                                                   

                      +   +  .+-.                                              

     tylphenyl) urea                                                           

     N-(2,6-dichlorobenzoyl)                                                   

     N-(methyl)-N'-(3,4-dichlo-                                                

                      +   +  .+-.                                              

     rophenyl) urea                                                            

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(methyl)-N'-(4-sec.                                                    

                      +   .+-.                                                 

                             .+-.                                              

     butylphenyl) urea                                                         

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(methyl)-N'-(4-isobu-                                                  

                      +   .+-.                                                 

                             -                                                 

     tylphenyl) urea                                                           

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(methyl)-(4-n.propyl-                                                  

                      +   -                                                    

     phenyl) urea                                                              

     (3-(2,6-dichlorobenzoyl)                                                  

     1-(p-chlorophenyl)                                                        

                      +   -                                                    

     hydantoin                                                                 

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-chloropyridyl-2)                                                    

                      +   +  .+-.                                              

                                -                                              

     urea                                                                      

     __________________________________________________________________________

PAC  EXAMPLE 16
PAR  The substances according to the invention are dispersed in water in
      concentrations of 1, 0.3, 0.1, 0.03 and 0.01 mg of active substance per
      litre of dispersion.
PAR  The aqueous dispersions are then inoculated with 20 one day old larvae of
      the yellow fever mosquito (aedes aegypti) and maintained at a temperature
      of 25.degree.C. The larvae are fed with malt yeast. After 6 days the
      mortality percentage is determined, taking account of the natural
      mortality. The results of this test are given in the following Table. The
      meanings of the symbols are: + = from 90-100% mortality .+-. = from 50-90%
      mortality - = less than 50% mortality
PAR  It should be noted that when the mortality percentage is not determined
      after 6 days but after 14 days it is much higher. The mortality percentage
      after 14 days may be derived reasonably satisfactorily from the following
      Table, which relates to a waiting period of 6 days, by changing the ".+-."
      results to "+" results.
TBL                                    TABLE                                   

     __________________________________________________________________________

     Biocidal activity on larvae of Aedes aegypti                              

                      Activity                                                 

     Compound         Concentration expressed in mg of                         

                      active substance per liter                               

                      1  0,3 0,1 0,03                                          

                                     0,01                                      

     __________________________________________________________________________

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3,4-dichlorophenyl)                                                   

                      .+-.                                                     

                         .+-.                                                  

                             .+-.                                              

                                 .+-.                                          

                                     .+-.                                      

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-chlorophenyl)                                                       

                      .+-.                                                     

                         .+-.                                                  

                             .+-.                                              

                                 .+-.                                          

                                     -                                         

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(2,4-dichlorophenyl)                                                   

                      .+-.                                                     

                         .+-.                                                  

                             .+-.                                              

                                 -                                             

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-cyclopropylphenyl)                                                  

                      +  .+-.                                                  

                             .+-.                                              

                                 -                                             

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3-chloro-4-bromo-                                                     

                      +  .+-.                                                  

                             -                                                 

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-fluorphenyl)                                                        

                      +  +   .+-.                                              

                                 -                                             

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3-trifluormethyl-                                                     

                      +  +   +   .+-.                                          

                                     .+-.                                      

     phenyl( urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-n.butylphenyl)                                                      

                      .+-.                                                     

                         .+-.                                                  

                             -                                                 

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(2,5-difluoro-4-bromo-                                                 

                      +  +   +   +   +                                         

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3-fluoro-4-chloro-                                                    

                      +  +   +   +   +                                         

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-phenylphenyl)                                                       

                      +  +   +   +   +                                         

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-cyanophenyl)                                                        

                      +  +   +   -                                             

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-trifluoromethyl-                                                    

                      +  +   .+-.                                              

                                 .+-.                                          

                                     .+-.                                      

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3-fluoro-4-iodo-                                                      

                      +  +   +   +   +                                         

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(2-fluoro-4-iodo-                                                      

                      +  +   +   +   +                                         

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4.n.propylphenyl)                                                     

                      +  +   +   +   +                                         

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3-cyclopropylphenyl)                                                  

                      +  +   -                                                 

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(2-methyl-4-chloro-                                                    

                      +  +   -                                                 

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-sec.butylphenyl)                                                    

                      +  +   +                                                 

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-iso.butylphenyl)                                                    

                      +  +   .+-.                                              

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-ethylphenyl)                                                        

                      +  +   .+-.                                              

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-n.docecylphenyl)                                                    

                      +  +   +                                                 

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-benzylphenyl)                                                       

                      .+-.                                                     

                         .+-.                                                  

                             .+-.                                              

     urea                                                                      

     N-(2,6-dibromobenzoyl)                                                    

     N'-(3,4-dichlorophenyl)                                                   

                      .+-.                                                     

                         .+-.                                                  

                             .+-.                                              

                                 .+-.                                          

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(methyl)-N'-(3,4-di-                                                   

                      .+-.                                                     

                         .+-.                                                  

                             .+-.                                              

                                 -                                             

     chlorophenyl) urea                                                        

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(ethyl)-N'-(3,4-dichlo-                                                

                      .+-.                                                     

                         .+-.                                                  

                             .+-.                                              

                                 -                                             

     rophenyl) urea                                                            

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(methyl)-N'-(4-bromo-                                                  

                      +  +   +   -                                             

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(ethyl)-N' -(4-bromo-                                                  

                      +  +   +   -                                             

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(ethyl-n'-(4-n.butyl-                                                  

                      .+-.                                                     

                         .+-.                                                  

                             -                                                 

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(methyl)-N'-(4-chloro-                                                 

                      +  +   -                                                 

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(ethyl)-N'-(4-chloro-                                                  

                      +  +   -                                                 

     phenyl) urea                                                              

     3-(2,6-dichlorobenzoyl)                                                   

     1-(4-chlorophenyl)-para-                                                  

                      +  +   +                                                 

     banic acid                                                                

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-methylphenyl)                                                       

                      .+-.                                                     

                         .+-.                                                  

                             .+-.                                              

                                 -                                             

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-acetylphenyl)                                                       

                      .+-.                                                     

                         -                                                     

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3-chloro-4-thiomethyl-                                                

                      .+-.                                                     

                         -                                                     

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-thiomethylphenyl)                                                   

                      +  .+-.                                                  

                             -                                                 

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3-chloro-4-nitro-                                                     

                      .+-.                                                     

                         -                                                     

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3,4-dimethylphenyl)                                                   

                      .+-.                                                     

                         -                                                     

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(2-fluorophenyl)                                                       

                      +  +   -                                                 

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3-fluorphenyl)                                                        

                      .+-.                                                     

                         .+-.                                                  

                             -                                                 

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-pentylthiophenyl)                                                   

                      +  +   +   -                                             

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(4-methylthiomethyl-                                                   

                      .+-.                                                     

                         .+-.                                                  

                             -                                                 

     phenyl)                                                                   

     N-(2-chlorobenzoyl)                                                       

     N'-(3,4-dichlorophenyl)                                                   

                      .+-.                                                     

                         .+-.                                                  

                             .+-.                                              

     urea                                                                      

     N-(2-bromobenzoyl)                                                        

     N'-(3,4-dichlorophenyl)                                                   

                      .+-.                                                     

                         .+-.                                                  

                             .+-.                                              

                                 -                                             

     urea                                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N-(methyl)-N'-(3,4-di-                                                    

                      .+-.                                                     

                         .+-.                                                  

                             .+-.                                              

                                 .+-.                                          

                                     .+-.                                      

     chlorophenyl) urea                                                        

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(pentyl)-N'-(4-bromo-                                                  

                      +  +   -                                                 

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(benzyl)-N'-(4-chloro-                                                 

                      +  +   -                                                 

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N-(methyl)-N'-(4-chloro-                                                  

                      +  +   +                                                 

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N-(methoxymethyl)-N'-                                                     

                      +  +   +                                                 

     4-chlorophenyl) urea                                                      

     N-(2,6-dichlorobenzoyl)                                                   

     N-(methoxymethyl)-N'-                                                     

                      +  +   +                                                 

     (3,4-dichlorophenyl) urea                                                 

     N-(2,6-dichlorobenzoyl)                                                   

     N-(methyl)-N'-(methyl)-                                                   

                      +  +   -                                                 

     N'-(3,4-dichlorophenyl)                                                   

     urea                                                                      

     N-(2,6-dichlorothioben-                                                   

     zoyl)-N'-(3,4-dichloro-                                                   

                      .+-.                                                     

                         .+-.                                                  

                             .+-.                                              

                                 -                                             

     phenyl) urea                                                              

     N-(2,6-dichlorobenzoyl)                                                   

     N'-(3,4-dichlorophenyl)                                                   

                      .+-.                                                     

                         .+-.                                                  

     thiourea                                                                  

     N-(2,6-dichlorothiobenzoyl)                                               

     N'-(3,4-dichlorophenyl)                                                   

                      +  +   +   .+-.                                          

     thiourea                                                                  

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##SPC33##
PAL  wherein A and B are each moieties selected from the group consisting of
      hydrogen and halogen with the proviso that A and B do not both represent
      hydrogen, R.sub.1 is a moiety selected from the group consisting of
      hydrogen and lower alkyl and R.sub.2 is a moiety selected from the group
      consisting of phenyl, halogen substituted phenyl and halogenated alkyl
NUM  2.
PAR  2. As a compound of claim 1,
NUM  3.
PAR  3. As a compound of claim 1,
NUM  4.
PAR  4. As a compound of claim 1,
NUM  5.
PAR  5. As a compound of claim 1,
NUM  6.
PAR  6. As a compound of claim 1,
NUM  7.
PAR  7. As a compound of claim 1, N-(2,6-dichlorobenzoyl)-N'-(3,4-dibromophenyl)
NUM  8.
PAR  8. As a compound of claim 1,
NUM  9.
PAR  9. As a compound of claim 1,
NUM  10.
PAR  10. As a compound of claim 1,
NUM  11.
PAR  11. As a compound of claim 1,
NUM  12.
PAR  12. As a compound of claim 1,
NUM  13.
PAR  13. As a compound of claim 1,
NUM  14.
PAR  14. As a compound of claim 1,
NUM  15.
PAR  15. As a compound of claim 1,
NUM  16.
PAR  16. As a compound of claim 1,
NUM  17.
PAR  17. As a compound of claim 1,
NUM  18.
PAR  18. As a compound of claim 1,
NUM  19.
PAR  19. As a compound of claim 1, N-(2,6-dichlorobenzoyl)-N'
NUM  20.
PAR  20. As a compound of claim 1,
NUM  21.
PAR  21. As a compound of claim 1, N-(2,6-dichlorobenzoyl)-N'-(phenyl) urea.
NUM  22.
PAR  22. As a compound of claim 1,
NUM  23.
PAR  23. As a compound of claim 1,
NUM  24.
PAR  24. As a compound of claim 1,
NUM  25.
PAR  25. As a compound of claim 1,
      N-(2,6-difluorobenzoyl)-N'-(3-trifluoromethylphenyl) urea.
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PAL  Chemical Abstracts, Vol. 65, col. 1853yc.
ABST
PAL  A new synthetic route to sulfonyl semicarbazides wherein an azobisformamide
      is reacted with a free sulfinic acid.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a new synthesis for sulfonyl semicarbazides which
      are a class of thermally labile compounds currently finding use as blowing
      agents.
PAR  2. Description of the Prior Art
PAR  Sulfonyl semicarbazides are presently produced by reacting the
      corresponding sulfonyl hydrazide with a source of cyanic acid as
      exemplified in U.S. Pat. No. 3,152,176-Hunter. Another method for
      synthesizing sulfonyl semicarbazides is disclosed in assignee's copending
      application Ser. No. 490,040, filing date July 19, 1974, entitled
      Synthesis of Sulfonyl Semicarbazides by John E. Herweh.
PAC  SUMMARY OF THE INVENTION
PAR  The process involved is the reaction of a free sulfinic acid with an
      alpha-carbonyl azo compound, in particular, with an azobisformamide. The
      yields of the sulfonyl semicarbazides are high, in fact essentially
      quantitative, and offer economical advantages over presently used
      preparatory routes for which the yields described in the literature are
      considerably smaller.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The reaction of an alpha-carbonyl azo compound with a free sulfinic acid
      may be expressed by the following formula:
      ##SPC1##
PAR  A free sulfinic acid, p-acetamidobenzenesulfinic acid is combined with a
      dimethyl sulfoxide solution of 1,1' azobisformamide. Addition of the
      reaction mixture to water, several hours after mixing, and allowing the
      clear, pale yellow aqueous-dimethyl sulfoxide solution to cool to ice bath
      temperature results in the precipitation of a white gelatinous solid
      identified as l,p-acetamidobenzenesulfonyl-1,2-bis(formamoyl)hydrazine The
      yield is 87.5 percent. Purification of
      l,p-acetamidobenzenesulfonyl-1,2-bis(formamoyl)-hydrazine by dissolution
      in aqueous alkali followed by neutralization with diluted 3N hydrochloric
      acid results in deformamoylation and the formation (77 percent conversion)
      of l,p-acetamidobenzenesulfonyl semicarbazide. Structural assignment for
      l,p-acetamidobenzenesulfonyl semicarbazide was based upon elemental
      analysis, molecular weight, and its nuclear magnetic resonance spectrum.
PAR  As indicated above the reaction will normally be carried out in dipolar
      aprotic solvents inert to the starting ingredients. The dipolar aprotic
      solvent simply must be nonreactive with the starting ingredients. The two
      most commonly used dipolar aprotic solvents are dimethyl sulfoxide and
      dimethyl formamide although dimethyl sulfoxide is preferred, primarily due
      to its greater solvency for 1,1' azobisformamide. However, any inert
      dipolar aprotic solvent may be used, except water, as long as it does not
      react with the starting ingredients since the role of a dipolar aprotic
      solvent is to dissolve or disperse one or more of the reactants without
      effecting any change in chemical composition.
PAR  The reaction should be carried out in a temperature range from 20.degree.
      to 60.degree. C. and preferably in the range of 25.degree. to 35.degree.
      C.
PAR  The concentration of the reactants in the inert dipolar aprotic solvent is
      usually in the range of 5 percent to 30 percent by weight of the solvent
      and preferably 8 percent to 15 percent by weight of the solvent.
PAR  Generally, the concentration of the reactant will depend on the solubility
      of the reactant in the solvent. The reaction may be carried out in any
      convenient manner utilizing suitable vessels or containers. One of the
      outstanding advantages of the present process is its simplicity, requiring
      mere mixing of the reactive solution, and separating out the product.
PAR  The following example illustrates the embodiment of the invention.
DETD
PAC  EXAMPLE 1
PAC  Reaction of 1,1' azobisformamide with p-acetamidobenzenesulfinic Acid
PAR  Solutions of 1,1' azobisformamide (2.32 g., 0.02 mol) in 50 ml of dimethyl
      sulfoxide and p-acetamidobenzenesulfinic acid (3.98 g., 0.02 mol) in 25 ml
      of dimethyl sulfoxide are combined. After several hours at room
      temperature, the clear, pale orange reaction mixture is added to 300 ml of
      water. The resulting clear, pale yellow solution is cooled to ice bath
      temperatures and after about 0.5 hour the mixture becomes a solid
      gelatinous mass.
PAR  The reaction mixture is filtered in a solid filter-cake and washed
      consecutively with water, alcohol, and ether to give 5.5 g. of a white
      solid, identified as l,p-acetamidobenzenesulfonyl-1,2-bis(formamoyl)
      hydrazine. A portion (1.5 g.) of the dried reaction product (5.5 g.) is
      dissolved in aqueous 10 percent sodium hydroxide. Neutralization of the
      filtered, cleared alkaline solution with diluted 3N hydrochloric acid
      gives a crystalline solid, l,p-acetamidobenzenesulfonyl semicarbazide.
CLMS
NUM  1.
PAR  1. A process for the manufacture of a sulfonyl semicarbazide of the formula
      ##SPC2##
PAL  which comprises forming a precipitate by reacting in a dipolar aprotic
      solvent an azobisformamide of the formula H.sub.2 NCON = NCONH.sub.2 with
      a free sulfinic acid of the formula
      ##SPC3##
PAL  dissolving said precipitate in aqueous alkali, filtering said alkaline
      solution formed thereby, neutralizing said alkaline solution and
NUM  2.
PAR  2. The process according to claim 1 wherein said dipolar aprotic solvent is
      dimethyl sulfoxide.
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ABST
PAL  A process for the production of ketazine corresponding to the general
      formula
      ##EQU1##
       in which: R.sub.1 and R.sub.2 are independently linear or branched alkyl
      radicals of from 1 to 8 carbon atoms or a phenyl radical, or taken
      together with the carbon atom to which they are attached represent a
      carbocyclic ring with 5 to 8 carbon atoms or a cyclic alkyl radical with 5
      to 8 carbon atoms, comprising reacting ammonia, hydrogen peroxide and a
      ketone of the general formula
EQU  R.sub.1 - CO - R.sub.2
PAL  in which R.sub.1 and R.sub.2 are as defined above, in the presence of
      hydrocyanic acid.
BSUM
PAR  This invention relates to a new process for the production of ketazines.
PAR  Processes for the production of ketazines are known. According to German
      Offenlegungsschrift 2,143,516 for example, ammonia, hydrogen peroxide, a
      ketone and a nitrile are reacted to form particular ketazines together
      with the acid amide corresponding to the nitrile used and other secondary
      products. One major disadvantage of this process is that the corresponding
      acid amide formed as the secondary product from the nitrile is
      undesirable.
PAR  It has now been found that ketazines corresponding to the general formula
      ##EQU2##
      in which: R.sub.1 and R.sub.2 are independently linear or branched alkyl
      radicals of from 1 to 8 carbon atoms such as methyl or ethyl, which may
      optionally be attached to form a carbocyclic ring with 5 to 8 ring carbon
      atoms or a cyclic alkyl radical with 5 to 8 carbon atoms or a phenyl
      radical can be obtained by reacting ammonia, hydrogen peroxide and a
      ketone of the general formula R.sub.1 -CO-R.sub.2, in which R.sub.1 and
      R.sub.2 are as defined above, by an improved process which is
      distinguished by the fact that the reaction is carried out in the presence
      of hydrocyanic acid.
PAR  The ammonia which is used as the starting product may be liquid or gaseous.
      The hydrogen peroxide may be used either in an aqueous or a non-aqueous
      solution of any concentration. Among the non-aqueous solvents, phosphonic
      acid esters, phosphoric acid esters, N-methyl pyrrolidone or C.sub.4
      -C.sub.6 -alkyl acetic acid esters or C.sub.4 -C.sub.6 -alkyl propionic
      acid esters, have proved to be of particular advantage. In general, the
      hydrogen peroxide is used in the form of a 30 to 90 percent weight aqueous
      solution and preferably in the form of a 50 to 70 percent by weight
      aqueous solution.
PAR  The ketones may be symmetrical or asymmetrical, preferably those of the
      kind whose radicals R.sub.1 and R.sub.2 do not sterically hinder the
      carbonyl group. The following ketones are mentioned by way of example:
      acetone, butanone, 2-pentanone, 3-pentanone, methyl isopropylketone,
      methyl isobutylketone, methyl cyclohexylketone, dicyclohexylketone,
      2-hexanone, 3-hexanone, 2-heptanone, benzophenone, cyclopentanone,
      cyclohexanone and cycloheptanone. Acetone and butanone are particularly
      preferred.
PAR  The process according to the invention is generally carried out at
      temperatures of from -20.degree. to +100.degree.C, and preferably at
      temperatures of from 0.degree.C to +50.degree.C.
PAR  The pressure applied in the process according to the invention is not a
      critical parameter. The reaction is generally carried out under
      atmospheric pressure, although in some cases it has proved to be of
      advantage to carry out the reaction at an elevated pressure, for example
      under pressures of from 2 to 10 bars, in order to increase the
      concentration of the volatile reaction components present in the reaction
      mixture.
PAR  The molar ratios of the reactants can vary within wide limits. In general,
      ketone and ammonia are both reacted in quantities of from 1 to 10 moles,
      preferably in quantities of from 2 to 4 moles, per mole of hydrogen
      peroxide.
PAR  The hydrocyanic acid used for the reaction can be used in equimolecular
      quantities, based on hydrogen peroxide. Particularly good results are
      obtained where approximately 2 to 4 moles of hydrocyanic acid are used per
      mole of hydrogen peroxide.
PAR  The reaction can be carried out in the presence or absence of solvents. In
      general, it has proved to be of advantage to carry out the reaction in an
      alcoholic reaction medium, for example in methanol, ethanol or
      isopropanol.
PAR  In practice, the process according to the invention can be carried out for
      example by initially introducing ketone and hydrogen peroxide and
      successively adding ammonia and hydrocyanic acid. However, it is also
      possible to initially introduce the ketone and hydrocyanic acid and then
      successively to add ammonia and hydrogen peroxide.
PAR  The individual reaction components can of course also be reacted with one
      another beforehand to form defined intermediate products, for example
      ketone peroxides or amino peroxides of the ketones, and the intermediate
      products thus formed may be used in the reaction.
PAR  The reaction mixture is sensitive to decomposition catalysts for peroxides,
      so that it is best to stabilize them with peroxide stabilizers known per
      se, for example the sodium salt of ethylenediamine tetracetic acid or
      sodium phosphates.
PAR  The process according to the invention does not impose any particular
      requirements upon the type of reaction vessel used and, in view of the
      presence of hydrogen peroxide in the reaction mixture, can be carried out
      for example in stirrer-equipped vessels, bubble reactors, residence-time
      tubes or the like. The reaction vessel used is preferably made of such
      materials as, for example, enamels, Cr-Ni fine steels or passivated
      aluminum.
PAR  The reaction may be carried out continuously or in batches. The process is
      eminently suitable for large-scale working, because all the unreacted
      fractions can be recycled without any losses.
PAR  The ketazines obtained by the process according to the invention are
      important intermediate products which can be hydrolyzed by methods known
      per se to form hydrazine in the form of the free base or in the form of a
      salt of hydrazine.
PAR  The mixture is worked up by methods known per se. The azines can be
      isolated by, for example distillation or extraction. It is also possible,
      however, to further react the reaction mixture without prepurifying to
      form a hydrazine.
PAR  The process according to the invention is of particular value because the
      required ketazines are obtained in a yield of up to 90 percent, based on
      hydrogen peroxide. Depending upon the reaction conditions, the
      corresponding hydrazine is formed as a derivative product in a yield of
      from 0 to 30 percent in competition with the ketazines, although this is
      by no means a disadvantage in view of the use of the reaction product
      obtained by the process according to the invention for the production of
      hydrazine, because both products give substantially quantitative yields of
      hydrazine as hydrolysis product.
PAR  .alpha.-Amino carboxylic acid amides are simultaneously formed as
      co-products in the process according to the invention. These amides
      contain the radicals R.sub.1 and R.sub.2 of the ketone which was used for
      the reaction, on the a-carbon.
PAR  .alpha.-Amino carboxylic acid amides are valuable intermediate products
      because they can be transformed in known manner to form the corresponding
      .alpha.,.beta. -unsaturated carboxylic acid amides. .alpha.,.beta.
      -unsaturated carboxylic acid amides are valuable components in copolymers
      (Ullmans Enzyklopadie der techn. Chemie 1960, Vol. 12, pages 391 - 397).
PAR  Accordingly, the advanced nature of the process according to the invention
      is embodied in the fact that, by comparison with conventional process,
      hydrazine can be obtained by way of the ketazines in high yields, based on
      the hydrogen peroxide used.
PAR  Further particular advantages are the fact that hydrocyanic acid can be
      used as an inexpensive starting component and the fact that the extremely
      valuable intermediate products, .alpha.-amino carboxylic acids and the
      corresponding .alpha.,.beta. -unsaturated carboxylic acid amides, which
      can readily be separated off from the reaction mixture, are formed instead
      of undesirable secondary products.
PAR  The invention is illustrated by the following examples:
DETD
PAC  EXAMPLE 1
PAR  NH.sub.3 -gas was introduced up to saturation into a mixture of 58 g (1
      mole) of acetone, 7.2 g (0.15 mole) of 70 percent by weight aqueous
      hydrogen peroxide, 0.2 g of the sodium salt of ethylenediamine tetracetic
      acid and 24 g of methanol, which had been cooled with ice water to
      13.degree.C. 10 g of anhydrous hydrocyanic acid was then added dropwise
      over a period of 10 minutes. The reaction mixture thus obtained was heated
      to +40.degree.C over a period of 30 minutes and stirred at that
      temperature for another 2 hours.
PAR  The reaction mixture obtained contained 11.5 g of acetoneazine and 2.5 g of
      acetonehydrazone (according to analysis by gas chromatography). In
      addition, it was found to contain 10 g of a mixture of .alpha.-amino
      isobutyric acid amide and methacryl-amide. The acetone azine was
      identified from the NMR-spectrum after working up by distillation. The
      selectivity for acetoneazine amounted to 68.3 percent and for acetone
      hydrazone to 23.1 percent, based on H.sub.2 O.sub.2 used.
PAR  Accordingly, the overall selectivity for hydrazine derivatives amounted to
      91.4 percent, based on H.sub.2 O.sub.2 used.
PAC  EXAMPLE 2
PAR  4 g (0.147 mole) HCN were added to a mixture of 80 ml of methanol, 26.5 g
      (0.457 mole) of acetone and 18 g of water. A vigorous stream of ammonia
      was then introduced at room temperature up to the saturation point. The
      mixture was then heated to 45.degree.C, followed by the addition, over a
      period of 15 minutes, of 7.15 g. (0.147 mole) of 70 percent aqueous
      hydrogen peroxide. The reaction mixture underwent a spontaneous increase
      in temperature to 54.degree.C. The reaction mixture was then kept at
      55.degree. to 60.degree.C for another 2 hours, during which more ammonia
      was introduced. 10.86 g of acetone azine and 1.45 g of acetone hydrazone
      were obtained, corresponding to 96.2 percent of the hydrogen peroxide
      reacting. The selectivity for ketazine amounts to 68.5 percent and for
      hydrazone to 14.2 percent, based on H.sub.2 O.sub.2 reacted.
PAR  In addition, 4.68 g (0.0454 mole) of .alpha.-amino isobutyramide and 4.9 g
      (0.0576 mole) of methacrylamide were formed. This corresponds to a
      selectivity for these two products of 70.1 percent, based on the acetone
      used.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the production of a ketazine corresponding to the general formula
      ##EQU3##
      in which R.sub.1 and R.sub.2 are independently linear or branched alkyl
      radicals of from 1 to 8 carbon atoms, a phenyl radical, a cyclic alkyl
      radical with 5 to 8 carbon atoms, or taken together with the carbon atoms
      to which they are attached represent a carbocyclic ring with 5 to 8 carbon
      atoms, by reacting ammonia, hydrogen peroxide, a -CN containing compound
      and a ketone of the general formula
EQU  R.sub.1 - CO - R.sub.2
PAL  in which R.sub.1 and R.sub.2 are as defined above, the improvement which
      comprises using hydrocyanic acid as said -CN containing compound and
      effecting said reaction at from -20.degree.C to 100.degree.C, whereby said
      ketazine is produced along with an .alpha.-amino carboxylic acid amide of
      the formula
      ##EQU4##
NUM  2.
PAR  2. A process as claimed in claim 1, in which R.sub.1 and R.sub.2 are
      selected from the group consisting of methyl and ethyl radicals.
NUM  3.
PAR  3. A process as claimed in claim 1, in which the ketone is at least one
      ketone selected from the group consisting of acetone and butanone.
NUM  4.
PAR  4. A process as claimed in claim 1, comprising adjusting the temperature
      from about 0.degree.C to 50.degree.C.
NUM  5.
PAR  5. A process as claimed in claim 1, comprising using 1 to 10 moles of
      ketone, 1 to 10 moles of ammonia and 1 to 4 moles of hydrocyanic acid per
      mole of hydrogen peroxide.
NUM  6.
PAR  6. A process as claimed in claim 5, comprising using from 2 to 4 moles of
      each of the ketone, ammonia and hydrocyanic acid per mole of hydrogen
      peroxide.
NUM  7.
PAR  7. A process as claimed in claim 1, comprising using hydrogen peroxide and
      ketone in the form of ketone peroxides.
NUM  8.
PAR  8. A process as claimed in claim 1, comprising using ammonia, ketones and
      hydrogen peroxide in the form of ketone aminoperoxides.
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ABST
PAL  Novel 1-hydroxyaryl-2-amidoalkylaminoethanol derivatives, processes for
      their manufacture, pharmaceutical compositions containing them and methods
      of using them in the treatment of heart failure and other diseases. The
      compounds possess .beta.-adrenergic stimulant activity. Representative of
      the compounds disclosed is
      1-p-hydroxyphenyl-2-(.beta.-isobutyramidoethyl)aminoethanol.
BSUM
PAR  This invention relates to new phenylethylamine derivatives which possess
      cardiac or peripheral .beta.-adrenergic stimulant activity.
PAR  According to the invention there is provided a new phenylethylamine
      derivative of the formula:-
      ##SPC1##
PAL  Wherein A stands for an alkylene radical of up to 6 carbon atoms, wherein Q
      stands for the carboxyl (-CO-) or hydroxymethylene (-CHOH-) radical,
      wherein R.sup.1 stands for an alkyl or cycloalkyl radical each of up to 6
      carbon atoms, or for an aryl radical of the formula:-
      ##SPC2##
PAL  Wherein R.sup.2, R.sup.3, R.sup.12 and R.sup.13, which may be the same or
      different, each stands for a hydrogen or halogen atom, a hydroxy, amino or
      hydroxymethyl radical, an alkyl, alkoxy, acylamino or alkanesulphonamido
      radical each of up to 6 carbon atoms, or an aryl radical of up to 12
      carbon atoms, wherein X stands for an amidic linkage and wherein Y stands
      for a direct link, or for an alkylene, alkyleneoxy or
      iminoalkylenecarbonyloxy radical each of up to 6 carbon atoms, or for the
      imino (-NH-) radical, or for a radical of the formula -NR.sup.1 -, wherein
      R.sup.1 has the meaning stated above, or an acid-addition salt thereof.
PAR  It will be observed that a phenylethylamine derivative of the invention
      wherein Q stands for the -CHOH- radical possesses an asymmetric carbon
      atom, namely the carbon atom of the said -CHOH- group, and it can
      therefore exist in racemic and optically-active forms. It is to be
      understood that this invention encompasses the racemic form of such a
      phenylethylamine derivative and any optically-active form which possesses
      .beta.-adrenergic stimulant activity, it being a matter of common general
      knowledge how a racemic compound may be resolved into its optically-active
      forms and how the .beta.-adrenergic stimulant activity of these forms may
      be determined. It is to be understood that .beta.-adrenergic stimulant
      activity usually predominates in that optically-active form which has the
      "R" absolute configuration of the said -CHOH- group.
PAR  A suitable value for the alkylene radical A is, for example, the ethylene,
      trimethylene, tetramethylene, hexamethylene or 1-methylethylene radical. A
      is preferably the ethylene or 1-methylethylene radical.
PAR  A suitable value for R.sup.1 when it stands for an alkyl or cycloalkyl
      radical is, for example, the methyl, ethyl, n-propyl, isopropyl, n-butyl,
      isobutyl, t-butyl, cyclopropyl, cyclopentyl or cyclohexyl radical.
PAR  A suitable value for R.sup.2, R.sup.3, R.sup.12 or R.sup.13 when it stands
      for a halogen atom is, for example, the fluorine, chlorine, bromine or
      iodine atom.
PAR  A suitable value for R.sup.2, R.sup.3, R.sup.12 or R.sup.13 when it stands
      for an alkyl, alkoxy, acylamino or alkanesulphonamido radical is, for
      example, the methyl, ethyl, n-propyl, methoxy, isopropoxy, acetamido or
      methanesulphonamido radical.
PAR  A suitable value for R.sup.2, R.sup.3, R.sup.12 or R.sup.13 when it stands
      for an aryl radical is, for example, the phenyl radical.
PAR  The amidic linkage X may be a carbonamido radical of the formula -CONH- or
      -NHCO- or a sulphonamido radical of the formula -NHSO.sub.2 -.
PAR  A suitable value for Y when it stands for an alkylene, alkyleneoxy or
      iminoalkylenecarbonyloxy radical is, for example, the methylene, ethylene,
      methyleneoxy, ethyleneoxy, trimethyleneoxy or iminomethylenecarbonyloxy
      radical. A suitable value for Y when it stands for a radical of the
      formula -NR.sup.1 - is, for example, the methylimino radical.
PAR  A suitable acid-addition salt of a phenylethylamine derivative of the
      invention is, for example, a salt derived from an inorganic acid, for
      example, a hydrochloride, hydrobromide, phosphate or sulphate, or a salt
      derived from an organic acid, for example, an oxalate, lactate, tartrate,
      fumarate, acetate, salicylate, citrate, benzoate, .beta.-naphthoate,
      adipate or 1,1-methylene-bis-(2-hydroxy-3-naphthoate), or a salt derived
      from an acidic synthetic resin, for example, a sulphonated polystyrene
      resin.
PAR  A preferred phenylethylamine derivative of the invention is a compound of
      the formula given above wherein A stands for the ethylene or
      1-methylethylene radical, wherein Q stands for the hydroxymethylene
      radical, wherein R.sup.1 stands for an alkyl or cycloalkyl radical each of
      up to 6 carbon atoms or for an unsubstituted phenyl radical, wherein
      R.sup.2 stands for hydrogen or for the hydroxy or methyl radical and
      R.sup.3 stands for hydrogen, wherein X stands for the -NHCO- or
      -NHSO.sub.2 - radical and wherein Y stands for the direct link or the
      imino, methylene or methyleneoxy radical, or an acid-addition salt
      thereof. A particularly preferred phenylethylamine derivative is such a
      compound wherein the essential hydroxy radical is in the 4-position of the
      benzene ring and R.sup.2 stands for hydrogen or for a hydroxy radical in
      the 3-position of the benzene ring, or an acid-addition salt thereof.
PAR  Specific phenylethylamine derivatives of the invention are those
      hereinafter described in the Examples. Of these, preferred compounds by
      virtue of their high, orally-active, cardioselective .beta.-adrenergic
      stimulant activity are
PAL  1-p-hydroxyphenyl-2-(.beta.-isobutyramidoethyl)aminoethanol;
PAL  1-p-hydroxyphenyl-2-(.beta.-pivalamidoethyl)aminoethanol;
PAL  1-p-hydroxyphenyl-2-(.beta.-phenoxyacetamidoethyl)aminoethanol;
PAL  1-p-hydroxyphenyl-2-(.beta.-propionamidoethyl)aminoethanol;
PAL  1-m-hydroxyphenyl-2-(.beta.-isobutyramidoethyl)aminoethanol;
PAL  1-p-hydroxyphenyl-2-(.beta.-phenylacetamidoethyl)aminoethanol;
PAL  1-p-hydroxyphenyl-2-(.beta.-benzenesulphonamidoethyl)aminoethanol;
PAL  1-(3,4-dihydroxyphenyl)-2-(.beta.-isobutyramidoethyl)aminoethanol;
PAL  1-(4-hydroxy-3-methylphenyl)-2-(.beta.-isobutyramidoethyl)aminoethanol;
PAL  1-p-hydroxyphenyl-2-(1-methyl-2-phenylacetamidoethyl)aminoethanol;
PAL  1-p-hydroxyphenyl-2-(.beta.-N-isopropylcarbamoylethyl)aminoethanol;
PAL  1-p-hydroxyphenyl-2-(.beta.-3-methoxymethylureidoethyl)aminoethanol;
PAL  1-p-hydroxyphenyl-2-(.beta.-3-n-butoxycarbonylmethylureidoethyl)-aminoethan
     ol;
PAL  1-(3,4-dihydroxyphenyl)-2-(.beta.-3-phenylureidoethyl)aminoethanol;
PAL  1-(4-hydroxy-3-hydroxymethylphenyl)-2-(.beta.-3-phenylureidoethyl)-aminoeth
     anol; and
PAL  1-(p-hydroxyphenyl)-2-(.beta.-3-phenylureidoethyl)aminoethanol; and the
      acid-addition salts thereof.
PAR  The phenylethylamine derivative of the invention may be manufactured by any
      chemical process known to be useful for the manufacture of
      chemically-analogous compounds.
PAR  According to a further feature of the invention there is provided a process
      for the manufacture of the phenylethylamine derivative of the invention
      which comprises assembling in sequence, by chemical synthesis, the four
      radicals:
PA0  i. a 2-phenylethyl radical of the formula:-
      ##SPC3##
PAL  wherein Q.sup.1 stands for the carbonyl radical or for a radical of the
      formula:-
      ##EQU1##
      wherein R.sup.2 and R.sup.3 have the meanings stated above and wherein
      R.sup.4 and R.sup.5, which may be the same or different, each stands for
      hydrogen or for a protecting group;
PA0  ii. an imino radical of the formula -NR.sup.6 -, wherein R.sup.6 stands for
      the hydrogen or for a protecting group;
PA0  iii. a radical of the formula -A-X.sup.1 - and
PA0  iv. a radical of the formula -X.sup.2 -Y-R.sup.1, wherein A, R.sup.1 and Y
      have the meanings stated above and wherein X.sup.1 and X.sup.2 together
      form the amidic linkage X, wherein X has the meaning stated above;
      whereafter if one or more of R.sup.4, R.sup.5 and R.sup.6 stands for a
      protecting group, the one or more protecting groups are removed.
PAR  The various stages of the assembly may be carried out in any possible
      order. Thus, for example:
PAR  a. For the manufacture of a phenylethylamine derivative wherein Q stands
      for the carbonyl radical, a compound of the formula:-
      ##SPC4##
PAL  wherein R.sup.2, R.sup.3 and R.sup.4 have the meanings stated above and
      wherein Z stands for a displaceable radical, may be reacted with an amine
      of the formula:-
EQU  HNR.sup.6 A-X-Y-R.sup.1
PAL  wherein A, R.sup.1, R.sup.6, X and Y have the meanings stated above, or
      with a precursor of such an amine.
PAR  A suitable value for Z is, for example, a halogen atom, for example the
      chlorine or bromine atom, or a sulphonyloxy radical, for example, an
      alkanesulphonyloxy radical of up to 6 carbon atoms or an arenesulphonyoxy
      radical of up to 10 carbon atoms, for example the methanesulphonyloxy,
      benzenesulphonyloxy or toluene-p-sulphonyloxy radical.
PAR  The reaction may be carried out at ambient temperature and it may be
      carried out in a diluent or solvent, for example, ethanol, dioxan or
      acetonitrile. It may also be carried out in the presence of an
      acid-binding agent, for example, an alkali metal carbonate.
PAR  The starting material may be obtained from the corresponding acetophenone
      derivative either directly by halogenation, when Z stands for a halogen
      atom, or via the corresponding hydroxy compound of the formula:-
      ##SPC5##
PAL  wherein R.sup.2, R.sup.3 and R.sup.4 have the meanings stated above. b. For
      the manufacture of a phenylethylamine derivative wherein Q stands for the
      hydroxymethylene radical, a compound of the formula:-
      ##SPC6##
PAL  wherein A, R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.6, X and Y have the
      meanings stated above, may be reduced.
PAR  The reduction may be carried out by means of a metal borohydride, for
      example, sodium borohydride, in an appropriate diluent or solvent, for
      example, methanol or ethanol, or by means of catalytic hydrogenation, for
      example with hydrogen in the presence of a palladium, platinum or nickel
      catalyst, in a diluent or solvent, for example ethanol or acetic acid.
PAR  The starting material may be obtained by the process described under (a)
      above or under (c) below. c. A compound of the formula:-
      ##SPC7##
PAL  wherein R.sup.2, R.sup.3, R.sup.4 and Q.sup.1 have the meanings stated
      above and wherein either R.sup.7 and R.sup.8 together form the oxo (=O)
      radical, or wherein R.sup.7 and R.sup.8, which may be the same or
      different, each stands for the hydroxy radical or for an alkoxy radical of
      up to 6 carbon atoms, may be reacted with an amine of the formula:
EQU  H.sub.2 N-A-X-Y-R.sup.1
PAL  wherein A, R.sup.1, X and Y have the meanings stated above, under reducing
      conditions.
PAR  Suitable reducing conditions are provided by, for example, an alkali metal
      borohydride, for example sodium borohydride, in an appropriate diluent or
      solvent, for example methanol or ethanol, or by, for example, hydrogen in
      the presence of a catalyst, for example a platinum, palladium or nickel
      catalyst, in a diluent or solvent, for example ethanol.
PAR  It is to be understood that by varying the reducing conditions a
      phenylethylamine derivative of the invention wherein Q stands for the
      carbonyl radical or for the hydroxymethylene radical may be obtained by
      this process if in the starting material Q.sup.1 stands for the carbonyl
      radical. In particular, if hydrogen and a catalyst are used to provide the
      reducing conditions, the -CH=N- group in the intermediate product formed,
      which has the formula:-
      ##SPC8##
PAL  wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4, A, X and Y have the meanings
      stated above, is reduced more readily than the carbonyl group and by
      stopping the reduction at an appropriate state a phenylethylamine
      derivative of the invention wherein Q stands for the carbonyl radical may
      be obtained. By continuing the reduction a phenylethylamine derivative of
      the invention wherein Q stands for the hydroxymethylene radical may be
      obtained.
PAR  The starting material wherein Q.sup.1 stands for the carbonyl radical may
      be obtained by the oxidation of an acetophenone derivative of the
      formula:-
      ##SPC9##
PAL  wherein R.sup.2, R.sup.3, and R.sup.4 have the meanings stated above, with
      selenium dioxide in an appropriate solvent, for example aqueous dioxan,
      optionally followed by acetal or hemiacetal formation. The starting
      material wherein Q.sup.1 stands for a radical of the formula -CHOH- may be
      obtained by the reduction of the acetal of the corresponding compound
      wherein Q.sup.1 stands for the carbonyl radical. d. For the manufacture of
      a phenylethylamine derivative wherein Q stands for the hydroxymethylene
      radical, a phenethyl derivative of the formula:-
      ##SPC10##
PAL  wherein R.sup.2, R.sup.3, R.sup.4, R.sup.5 and Z have the meanings stated
      above, or a mixture of such compounds, may be reacted with an amine of the
      formula:
EQU  HNR.sup.6 -A-X-Y-R.sup.1
PAL  wherein A, R.sup.1, R.sup.6, X and Y have the meanings stated above, or
      with a precursor of such an amine.
PAR  The reaction may be carried out at ambient temperature or it may be
      accelerated or completed by the application of heat, for example by
      heating to a temperature of 90.degree.-110.degree.C.; it may be carried
      out at atmospheric or at an elevated pressure, for example by heating in a
      sealed vessel; and it may be carried out in an inert diluent or solvent,
      for example methanol, ethanol or isopropanol, or an excess of the amine
      may be used as diluent or solvent.
PAR  Either phenethyl derivative used as starting material, or a mixture
      thereof, may be obtained by the reduction, for example by means of sodium
      borohydride or aluminium isopropoxide, of a compound of the formula:-
      ##SPC11##
PAL  wherein R.sup.2, R.sup.3, R.sup.4 and Z have the meanings stated above. e.
      The series of reaction described under (a), (b), (c) or (d) above may be
      carried out except that an amine of the formula R.sup.6 NH.sub.2 is used
      in place of an amine of the formula:-
EQU  HNR.sup.6 -A-X-Y-R.sup.1
PAL  it being understood that when R.sup.6 stands for hydrogen the amine is
      ammonia. The final product obtained, which has the formula:-
      ##SPC12##
PAL  wherein R.sup.2, R.sup.3, R.sup.4, R.sup.6 and Q.sup.1 have the meanings
      stated above, may alternatively be obtained, when R.sup.6 stands for
      hydrogen, by the reduction of, for example, a compound of the formula:
      ##SPC13##
PAL  wherein R.sup.2, R.sup.3, R.sup.4 and Q.sup.1 have the meanings stated
      above (which compound may be obtained, when Q.sup.1 stands for the -CHOH-
      radical, by the reaction of the corresponding benzaldehyde derivative
      with, respectively, hydrogen cyanide or nitromethane), or by the reduction
      of an oxime of the formula:
      ##SPC14##
PAL  wherein R.sup.2, R.sup.3, R.sup.4 and Q.sup.1 have the meanings stated
      above (which oxime may be obtained by conventional means from the
      corresponding aldehyde), or by the reduction of any other suitable
      compound which contains a group reducible to a primary amino group, for
      example, a diazo or azido group.
PAR  The radical -A-X-Y-R.sup.1 may then be inserted as a separate step, for
      example either by the reaction of the final product from the series of
      reactions described under (a), (b), (c) or (d) above with a compound of
      the formula:
EQU  Z-A-X-Y-R.sup.1
PAL  wherein A, R.sup.1, X, Y and Z have the meanings stated above, or, when
      R.sup.6 stands for hydrogen, by the reaction under reducing conditions of
      the final product from the series of reactions described under (a), (b),
      (c) or (d) above with a carbonyl compound of the formula:
EQU  A.sup.1 -CO-A.sup.2 -X-Y-R.sup.1
PAL  wherein R.sup.1, X and Y have the meanings stated above and wherein A.sup.1
      stands for hydrogen or for an alkyl radical and A.sup.2 stands for an
      alkylene radical such that the radical
      ##EQU2##
      has the same meaning as is stated above for A.
PAR  The reaction involving a compound of the formula:
EQU  Z-A-X-Y-R.sup.1
PAL  may conveniently be carried out in the presence of a base, for example
      sodium or potassium carbonate, in a diluent or solvent, for example
      ethanol or isopropanol, at an elevated temperature, for example at the
      boiling point of the diluent or solvent.
PAR  Suitable reducing conditions for the reaction involving the carbonyl
      compound are those provided by the presence of hydrogen and a
      hydrogenation catalyst, for example palladium or platinum, in an inert
      diluent or solvent, for example in one or more solvents selected from
      water and ethanol; or by the presence of an alkali metal borohydride, for
      example sodium borohydride or lithium cyanoborohydride, in an inert
      diluent or solvent, for example in one or more solvents selected from
      water, ethanol and methanol. f. The series of reactions described under
      (a), (b), (c), (d) or (e) above may be carried out except that an amine
      containing a radical of the formula:
EQU  HNR.sup.6 -A-X.sup.1 -
PAL  wherein A, R.sup.6 and X.sup.1 have the meanings stated above, is used in
      place of an amine of the formula:
EQU  NHR.sup.6 -A-X-Y-R.sup.1
PAL  or the reaction described under (e) above may be carried out except that
      the radical -A-X.sup.1 - is inserted in place of the radical
      -A-X-Y-R.sup.1. The amidic linkage X may then be formed as a separate step
      by insertion of a radical of the formula -X.sup.2 -Y-R.sup.1, wherein
      R.sup.1, X.sup.2 and Y have the meanings stated above.
PAR  X.sup.1 may be, for example, an imino radical of the formula -NR.sup.6 -,
      wherein R.sup.6 has the meaning stated above, in which case X.sup.2 may be
      the carbonyl (-CO-) or sulphonyl (-SO.sub.2 -) radical. Alternatively,
      X.sup.1 may be the carbonyl or sulphonyl radical, in which case X.sup.2
      may be the imino radical. When X.sup.1 is an imino radical, an amine
      containing the radical of the formula HNR.sup.6 -A-X.sup.1 may be, for
      example, an amine of the formula HNR.sup.6 -A-NHR.sup.6, wherein R.sup.6,
      the two values of which may be the same or different, and A have the
      meanings stated above, and the radical of the formula -X.sup.2 -Y-R.sup.1
      may be inserted by reaction with a compound of the formula Z.sup.1
      CO-Y-R.sup.1 or Z.sup.1 SO.sub.2 -Y-R.sup.1, wherein R.sup.1 and Y have
      the meanings stated above and wherein Z.sup.1 stands for a displaceable
      radical, for example a halogen atom or a lower alkoxy radical, or with an
      anhydride of the formula (R.sup.1 -Y-CO).sub.2 O, or, when Y stands for
      the imino radical, with an isocyanate of the formula R.sup.1 NCO.
PAR  When X.sup.1 is the carbonyl or sulphonyl radical an amine containing the
      radical of the formula HNR.sup.6 -A-X.sup.1 may be, for example, an amino
      of the formula HNR.sup.6 -A-COZ.sup.2, wherein A and R.sup.6 have the
      meanings stated above and wherein Z.sup.2 stands for a displaceable
      radical or for a radical capable of being converted into a displaceable
      radical. The radical of the formula -X.sup.2 -Y-R.sup.1 may then be
      inserted by reaction with a compound of the formula HNR.sup.6 -Y-R.sup.1,
      wherein R.sup.1, R.sup.6 and Y have the meanings stated above.
PAR  When Z.sup.2 stands for a displaceable radical this radical must be such
      that the compound of the formula HNR.sup.6 -A-COZ.sup.2 is relatively
      stable. Z.sup.2 may be, for example, an alkoxy radical of up to 6 carbon
      atoms, for example the methoxy or ethoxy radical. If a more reactive
      displaceable radical is desired, Z.sup.2 must be a relatively inert
      radical such as the hydroxy radical or an alkoxy radical which may be
      converted into a reactive displaceable radical such as a radical of the
      formula -Z.sup.1, wherein Z.sup.1 has the meaning stated above, for
      example the chloro radical.
PAR  The starting material for the last mentioned reaction, which is a compound
      containing the radical
      ##SPC15##
PAL  wherein R.sup.2, R.sup.3, R.sup.4, R.sup.6, A, Q.sup.1 and X.sup.1 have the
      meanings stated above, may alternatively be obtained by the hydrolysis,
      for example with an alcoholic alkali metal hydroxide solution, of the
      amide linkage X in a compound of the formula:
      ##SPC16##
PAL  wherein R.sup.1, R.sup.2, R.sup.3, R.sup.4, R.sup.6, A, Q.sup.1, X and Y
      have the meanings stated above, which may be obtained as described under
      (a), (b), (c), (d), or (e) above. g. A compound wherein one or more of
      R.sup.4, R.sup.5 and R.sup.6 stands for a protecting group may be prepared
      by the series of reactions described under (a), (b), (c), (d), (e) or (f)
      above. Alternatively, a suitable protecting group may be introduced by
      conventional means into an intermediate compound at any state preceding
      the final stage.
PAR  A suitable value for R.sup.4 or R.sup.5 when it stands for a protecting
      group is, for example, a hydrogenolysable radical, for example an
      .alpha.-arylalkyl, .alpha.-arylalkoxy-carbonyl or .alpha.-arylalkoxymethyl
      radical, for example the benzyl, benzyloxycarbonyl or benzyloxymethyl
      radical, or an acyl radical, for example an alkanoyl radical of up to 20
      carbon atoms, for example the acetyl, t-butoxycarbonyl or
      2,2,2-trichloroethoxycarbonyl radical, or an aroyl radical of up to 10
      carbon atoms, for example the benzoyl radical, or an .alpha.-alkoxyalkyl
      radical (that is, a radical which forms with the adjacent oxygen atom an
      acetal radical), for example the tetrahydropyranyl radical, or a tertiary
      alkyl radical, for example the t-butyl radical.
PAR  A suitable value for R.sup.6 when it stands for a protecting group is, for
      example, a hydrogenolysable or tertiary alkyl radical as defined for
      R.sup.4 or R.sup.5, or a relatively easily hydrolysable acyl radical, for
      example the 2,2,2-trichloroethyoxycarbonyl or t-butoxycarbonyl radical. It
      is to be understood that when R.sup.6 stands for an acyl radical, this
      radical must be removable under conditions which will not destroy the
      amidic linkage X.
PAR  Alternatively, R.sup.5 and R.sup.6 may be joined together so that one
      protecting group serves to protect both the oxygen and nitrogen atoms.
      Such protecting group may be, for example, a radical of the formula
      -CHR.sup.9 -, wherein R.sup.9 stands for hydrogen, or for an alkyl radical
      of up to 4 carbon atoms or an aryl radical of up to 10 carbon atoms, such
      that it forms, together with the adjacent oxygen and nitrogen atoms and
      the two adjacent carbon atoms, an oxazolidine nucleus.
PAR  The hydrogenolysable protecting group R.sup.4, R.sup.5 or R.sup.6 may be
      removed, for example, by catalytic hydrogenation, for example by
      hydrogenation in the presence of a palladium-on-charcoal catalyst, in an
      inert diluent or solvent, for example ethanol, aqueous ethanol or acetic
      acid. The process may be accelerated or completed by the presence of an
      acidic catalyst, for example hydrochloric or oxalic acid.
PAR  The acyl protecting group R.sup.4, R.sup.5 or R.sup.6 may be removed by
      hydrolysis in the presence of a base, for example an alkali metal
      hydroxide, in a diluent or solvent, for example water, methanol, ethanol
      or a mixture thereof. It is to be understood that the hydrolytic
      conditions used must be sufficiently mild to avoid hydrolysis of the
      amidic linkage X.
PAR  The .alpha.-alkoxyalkyl protecting group R.sup.4 or R.sup.5 or the
      protecting group -R.sup.9 CH- formed by R.sup.5 and R.sup.6 taken together
      may be removed by hydrolysis in the presence of an acid, for example a
      mineral acid, for example aqueous hydrochloric acid, and the hydrolysis
      may be carried out at a moderate temperature such that the amidic linkage
      X is not also hydrolysed.
PAR  The tertiary alkyl protecting group R.sup.4, R.sup.5 or R.sup.6 or the acyl
      protecting group R.sup.4, R.sup.5 or R.sup.6 when it stands for a tertiary
      alkoxycarbonyl radical, for example the t-butoxycarbonyl radical, may be
      removed by treatment with an acid, for example hydrogen chloride, in
      anhydrous conditions, for example in ethereal solution.
PAR  One preferred process for the manufacture of a preferred phenylethylamine
      derivative of the invention wherein Q stands for the hydroxymethylene
      radical comprises the reaction of a compound of the formula:
      ##SPC17##
PAL  wherein R.sup.2 and R.sup.3 have the meanings stated above, wherein R.sup.4
      stands for hydrogen or the benzyl radical and wherein Z stands for a
      halogen atom, preferably the bromine atom, with an amine of the formula:
EQU  HNR.sup.6 -A-X-Y-R.sup.1
PAL  wherein A, R.sup.1, X and Y have the meanings stated above and wherein
      R.sup.6 stands for hydrogen or for the benzyl radical, followed by the
      reduction of the carbonyl radical with an alkali metal borohydride or by
      catalytic hydrogenation, and either the simultaneous or subsequent
      conversion by catalytic hydrogenolysis of a compound wherein, if
      appropriate, R.sup.4 and/or R.sup.6 stands for the benzyl radical to the
      corresponding compound wherein R.sup.4 and R.sup.6 both stand for
      hydrogen. In this process preferably R.sup.4 and R.sup.6 in the starting
      material both stand for the benzyl radical.
PAR  A second preferred process for the manufacture of a preferred
      phenylethylamine derivative of the invention wherein Q stands for the
      hydroxymethylene radical comprises the reaction of a compound of the
      formula:
      ##SPC18##
PAL  wherein R.sup.2 and R.sup.3 have the meanings stated above and wherein
      R.sup.4 stands for hydrogen or the benzyl radical, or a hydrate thereof,
      with an amine of the formula:
EQU  H.sub.2 N-A-X-Y-R.sup.1
PAL  wherein A, R.sup.1, X and Y have the meanings stated above, in the presence
      of hydrogen and a hydrogenation catalyst.
PAR  A third preferred process for the manufacture of a preferred
      phenylalkylamine derivative of the invention wherein Q stands for the
      hydroxymethylene radical and X stands for the -NHCO- or -NHSO.sub.2 -
      radical comprises the reaction of a compound of the formula:
      ##SPC19##
PAL  wherein R.sup.2, R.sup.3 and A have the meanings stated above and wherein
      R.sup.4 and R.sup.6 both stand for protecting groups, preferably both
      being benzyl radicals, with a compound of the formula:
EQU  O(CO-Y-R.sup.1).sub.2 or Z.sup.1 -CO-Y-R.sup.1 or Z.sup.1 SO.sub.2
      -Y-R.sup.1 or OCN-R.sup.1
PAL  wherein R.sup.1, Y and Z.sup.1 have the meanings stated above, whereafter
      both protecting groups R.sup.4 and R.sup.6 are removed, preferably if both
      are benzyl radicals by catalytic hydrogenolysis.
PAR  Optically-active forms of a phenylethylamine derivative of the invention
      wherein Q stands for the hydroxymethylene radical may be obtained by the
      resolution by conventional means of the corresponding racemic
      phenylethylamine derivative of the invention.
PAR  The said resolution may be carried out by reacting the racemic
      phenylethylamine derivative with an optically-active acid, followed by
      fractional crystallisation of the diastereoisomeric mixture of salts thus
      obtained from a diluent or solvent, for example ethanol, whereafter the
      optically-active phenylethylamine derivative is liberated from the salt by
      treatment with a base. A suitable optically-active acid is, for example,
      (+)- or (-)-O, O-di-p-toluoyltartaric acid.
PAR  The resolution process may be facilitated by treating the partially
      resolved phenylethylamine derivative in free base form obtained after a
      single fractional crystallisation of the diastereoisomeric mixture of
      salts with a solubilising agent, for example a primary amine, for example
      allylamine, in a relatively non-polar diluent or solvent, for example
      petroleum ether.
PAR  The phenylethylamine derivative of the invention in free base form may be
      converted into an acid-addition salt thereof by reaction with an acid by
      conventional means.
PAR  As stated above, the phenylethylamine derivative of the invention or an
      acid-addition salt thereof possesses cardiac or peripheral
      .beta.-adrenergic stimulant activity. This may be demonstrated in either
      conscious or pentobarbitoneanaesthetised dogs, where a cardiac
      .beta.-stimulant phenylethylamine derivative or salt thereof produces an
      increase in heart rate, an increase in force of contraction of the heart
      and an increase in the speed of conduction of electrical activity through
      the tissues of the heart, or where a peripheral .beta.-stimulant
      phenylethylamine derivative produces a fall in blood pressure. These
      effects are prevented by the administration of a .beta.-adrenergic
      blocking agent such as propranolol. Unlike isoprenaline, a known
      .beta.-adrenergic stimulating agent, a phenylethylamine derivative of the
      invention or a salt thereof is well absorbed when administered orally and
      has a substantial duration of action. At doses of a phenylethylamine
      derivative of the invention which produce effective .beta.-adrenergic
      stimulation in dogs, no symptoms of toxicity are apparent.
PAR  Many of the phenylethylamine derivatives of the invention possess, in
      addition to .beta.-adrenergic stimulant activity, considerable
      .beta.-adrenergic blocking activity as measured by the inhibition of
      isoprenaline-induced tachycardia in rats or cats.
PAR  The phenylethylamine derivative of the invention may be administered to
      warm-blooded animals, including man, in the form of a pharmaceutical
      composition comprising as active ingredient at least one phenylethylamine
      derivative of the invention, or an acid-addition salt thereof, in
      association with a pharmaceutically-acceptable diluent or carrier
      therefor.
PAR  A suitable composition is, for example, a tablet, capsule, aqueous or oily
      solution or suspension, emulsion, injectable aqueous or oily solution or
      suspension, dispersible powder, spray or aerosol formulation.
PAR  The pharmaceutical composition may contain, in addition to the
      phenylethylamine derivative of the invention, one or more drugs selected
      from sedatives, for example phenobarbitone, meprobamate, chlorpromazine
      and the benzodiazepine sedative drugs, for example chlordiazepoxide and
      diazepam; vasodilators, for example glyceryl trinitrate, pentaerythritol
      tetranitrate and isosorbide dinitrate; diuretics, for example
      chlorothiazide; hypotensive agents, for example reserpine, bethanidine and
      guanethidine; cardiac membrane stabilising agents, for example quinidine;
      agents used in the treatment of Parkinson's disease and other tremors, for
      example benzhexol; cardiotonic agents, for example digitalis preparations;
      .alpha.-adrenergic blocking agents, for example phentolamine; and
      sympathomimetic bronchodilators, for example isoprenaline, orciprenaline,
      adrenaline and ephedrine.
PAR  When used for the treatment of acute or chronic heart failure, or
      hypertension or bronchospasm in man, it is expected that the
      phenylethylamine derivative would be given to man at a total oral or
      intravenous dose of between 1 mg. and 100 mg. daily, preferably between 1
      mg. and 10 mg. daily, at doses spaced at 6-8 hourly intervals. Preferred
      oral dosage forms are tablets or capsules containing between 1 and 10 mg.
      and preferably 1 mg. or 5 mg. of active ingredient. Preferred intravenous
      dosage forms are sterile aqueous solutions of the phenylethylamine
      derivative or of a non-toxic acid-addition salt thereof, containing
      between 0.05 percent and 1 percent w/v of active ingredient, and more
      particularly containing 0.1 percent w/v of active ingredient.
PAR  The invention is illustrated but not limited by the following Examples:
DETD
PAC  EXAMPLE 1
PAR  A mixture of 1.30 g. of N-(.beta.-aminoethyl)isobutyramide, 20 ml. of
      ethanol and 0.5 g. of a 30 percent palladium-on-charcoal catalyst is
      stirred at laboratory temperature under an atmosphere of hydrogen, and a
      solution of 1.68 g. of p-hydroxyphenylglyoxal in 15 ml. of ethanol is
      added dropwise during 50 minutes. Hydrogen (220 ml.) is rapidly absorbed
      during this time, and the mixture is stirred for a further 40 hours during
      which time a further 275 ml. of hydrogen are absorbed. The mixture is
      filtered, the filtrate is evaporated to dryness under reduced pressure and
      the residue is dissolved in a mixture of ethanol and ethyl acetate. An
      excess of ethereal oxalic acid solution is added, and the mixture is
      filtered. The solid residue is crystallised from water and there is thus
      obtained 1-p-hydroxyphenyl-2-(.beta.-isobutyramidoethyl)aminoethanol
      hydrogen oxalate, m.p. 215.degree.-216.degree.C.
PAR  The process described above is repeated except that an equivalent amount of
      N-(.beta.-aminoethyl)pivalamide or N-(.beta.-aminoethyl)phenoxyacetamide
      is used as starting material in place of
      N-(.beta.-aminoethyl)isobutyramide, and that in the former case the
      product is isolated as free base. There are thus obtained respectively
      1-p-hydroxyphenyl-2-(.beta.-pivalamidoethylamino)-ethanol, m.p.
      144.degree.C. and
      1-p-hydroxyphenyl-2-(.beta.-phenoxyacetamidoethyl)aminoethanol hydrogen
      oxalate hemihydrate, m.p. 185.5.degree.-185.5.degree.C.
PAC  EXAMPLE 2
PAR  The process described in Example 1 is repeated except that an equivalent
      amount of 1-.beta.-aminoethyl-3-phenylurea or
      p-acetamido-N-(.beta.-aminoethyl)benzamide is used as starting material,
      that the hydrogenation is interrupted after the addition of amide is
      complete and acetic acid is added to dissolve the precipitated
      p-hydroxyacetophenone derivative formed as intermediate, a further 0.5 g.
      of catalyst also being added, and that in the latter case the product is
      isolated as an acetate instead of an oxalate. There is thus obtained
      respectively 1-p-hydroxyphenyl-2-(.beta.- 3-phenylureido -ethyl)amino
      ethanol hydrogen oxalate hemihydrate, m.p. 160.degree.-162.degree.C., and
      2-.beta.-(p-acetamidobenzamido)ethylamino-1-p-hydroxyphenylethanol
      acetate, m.p. 175.degree.-176.degree.C.
PAC  EXAMPLE 3
PAR  A mixture of 1.32 g. of N-(.beta.-aminoethyl)-2-methoxyacetamide, 20 ml. of
      ethanol and 0.5 g. of a 30 percent palladium-on-charcoal catalyst is
      stirred at laboratory temperature under an atmosphere of hydrogen, and a
      solution of 1.68 g. of p-hydroxyphenylglyoxal in 15 ml. of ethanol is
      added dropwise during 50 minutes. The mixture is stirred until rapid
      absorption of hydrogen ceases, and is then filtered. The filtrate is
      evaporated to dryness under reduced pressure, the residue is dissolved in
      methanol and an ethereal solution of oxalic acid is added. The mixture is
      filtered and the solid product is crystallised from water. There is thus
      obtained
      N-.beta.-(2-p-hydroxyphenyl-2-oxoethylamino)ethyl-2-methoxyacetamide
      hydrogen oxalate hemihydrate, m.p. 199.degree.-200.degree.C. with
      decomposition.
PAR  The process described above is repeated except that
      N-(.beta.-aminoethyl)benzamide or N-(.beta.-aminoethyl)benzenesulphonamide
      is used as starting material in place of
      N-(.beta.-aminoethyl)-2-methoxyacetamide. There are thus obtained
      respectively N-.beta.-(2-p-hydroxyphenyl-2-oxoethylamino)ethylbenzamide
      oxalate, m.p. 225.degree.-227.degree.C. (with decomposition) after
      crystallisation from ethanol, and
      N-.beta.-(2-p-hydroxyphenyl-2-oxoethylamino)ethylbenzenesulphonamide
      oxalate, m.p. 176.degree.-179.degree.C. (with decomposition) after
      crystallisation from water.
PAC  EXAMPLE 4
PAR  A mixture of p-benzyloxyphenacyl bromide (12.2 g.),
      N-benzyl-N-.beta.-isobutyramidoethylamine hydrochloride (10.28 g.),
      anhydrous potassium carbonate (13.8 g.) and ethanol (200 ml.) is stirred
      at laboratory temperature for 16 hours. An excess of sodium borohydride
      (approximately 4.0 g.) is then added and the mixture is stirred for a
      further 1 hour and then diluted with 300 ml. of water and extracted with
      ethyl acetate. The extract is dried and evaporated to dryness and there is
      thus obtained as solid residue
      1-p-benzyloxyphenyl-2-(N-benzyl-N-.beta.-isobutyramidoethylamino)ethanol.
      A solution of this compound in a mixture of 25 ml. of ethanol and 75 ml.
      of acetic acid is shaken with hydrogen and a 30 percent
      palladium-on-charcoal catalyst at atmospheric pressure and laboratory
      temperature until uptake of hydrogen ceases. The mixture is filtered, the
      filtrate is evaporated to dryness and the residue is dissolved in ethanol.
      An excess of a solution of oxalic acid in ether is added, the mixture is
      filtered and the solid product is crystallised from water. There is thus
      obtained 1-p-hydroxyphenyl-2-(.beta.-isobutyramidoethylamino)ethanol
      hydrogen oxalate, m.p. 215.degree.-216.degree.C.
PAR  The process described above is repeated except that the appropriate
      N-benzyl-N-.beta.-amidoethylamine is used as starting material in place of
      N-benzyl-N-.beta.-isobutyramidoethylamine. There are thus obtained the
      compounds shown in the following table:
      ##SPC20##
TBL                                      crystallisation                       

     X       YR.sup.1   salt    m.p..degree.C.                                 

                                         solvent                               

     ______________________________________                                    

     --NHCO--                                                                  

             p-methoxy- oxalate 103-105  ethanol/ether                         

             benzyl                                                            

     --NHSO.sub.2 --                                                           

             phenyl     oxalate  139-140(d)                                    

                                         ethanol                               

     --CONH--                                                                  

             isopropyl  oxalate 49-50    isopropanol                           

                        hydrate                                                

     --CONH--                                                                  

             p-acetamido-                                                      

                        oxalate 173      water                                 

             phenyl                                                            

     --CONH--                                                                  

             .beta.-phenyl-                                                    

                        oxalate  99-101  isopropanol                           

             ethyl                                                             

     ______________________________________                                    

PAR  The process described above is repeated except that 3,4-dibenzyloxyphenacyl
      bromide and N-benzyl-N-(.beta.-3-phenylureidoethyl)amine are used as
      starting materials. There is thus obtained
      1-(3,4-dihydroxyphenyl)-2-(.beta.-3-phenylureidoethyl)aminoethanol
      oxalate, m.p. 98.degree.-100.degree.C. (with decomposition) after
      crystallisation from acetonitrile.
PAC  EXAMPLE 5
PAR  A mixture of m-benzyloxyphenacyl bromide (7.0 g.)
      N-benzyl-N-.beta.-isobutyramidoethylamine (8.8 g.) and dioxan (150 ml.) is
      stirred at laboratory temperature for 16 hours and then evaporated to
      dryness under reduced pressure. The residue is shaken with a mixture of
      water and ethyl acetate and the ethyl acetate solution is separated,
      washed with water, dried and evaporated to dryness. The residue is
      dissolved in 200 ml. of ethanol, an excess of sodium borohydride
      (approximately 3.0 g.) is added and the mixture is stirred at laboratory
      temperature for 1 hour, diluted with 300 ml. of water and extracted with
      ethyl acetate. The ethyl acetate solution is washed with water, dried and
      evaporated to dryness and the residual oil is dissolved in a mixture of 25
      ml. of ethanol and 75 ml. of acetic acid. The solution is shaken with
      hydrogen and a 30 percent palladium-on-charcoal catalyst at atmospheric
      pressure and laboratory temperature until uptake of hydrogen is complete.
      The mixture is filtered, the filtrate is evaporated to dryness and the
      residue is dissolved in ethanol. An excess of a solution of oxalic acid in
      ether is added, the mixture is filtered and the solid product is
      crystallised from a mixture of ether and ethanol. There is thus obtained
      1-m-hydroxyphenyl-2-(.beta.-isobutyramidoethyl)aminoethanol hydrogen
      oxalate hemihydrate, m.p. 164.degree.-166.degree.C. (with decomposition).
PAR  The process described above is repeated except that either
      3,4-dibenzyloxyphenacyl bromide or o-benzyloxyphenacyl bromide is used in
      place of m-benzyloxyphenacyl bromide. There are thus obtained respectively
      1-(3,4-dihydroxyphenyl)-2-(.beta.-isobutyramidoethyl)aminoethanol,
      characterised either as the oxalate, m.p. 150.degree.-151.degree.C. (with
      decomposition) or the hydrogen oxalate hemihydrate, m.p. 175.degree.C.
      (with decomposition), and
      1-o-hydroxyphenyl-2-(.beta.-isobutyramidoethyl)aminoethanol oxalate
      hemihydrate, m.p. 74.degree.-76.degree.C., all three salts being
      crystallised from ethanol.
PAR  The process described above is repeated except that
      N-benzyl-N-(.beta.-3-phenylureidoethyl)amine is used as starting material
      in place of N-benzyl-N-.beta.-isobutyramidoethylamine. There is thus
      obtained 1-m-hydroxyphenyl-2-(.beta.-3-phenylureidoethyl)aminoethanol
      oxalate hemihydrate, m.p. 111.degree.-112.degree.C. after crystallisation
      from a mixture of ethanol and ether.
PAR  The o-benzyloxyphenacyl bromide used as starting material may be obtained
      as follows:
PAR  A stirred mixture of o-hydroxyacetophenone (136 g.), benzyl chloride (172
      ml.), anhydrous potassium carbonate (276 g.) and ethanol (1 litre) is
      heated under reflux for 65 hours, cooled, diluted with water and extracted
      with ethyl acetate. The extract is washed with water, dried and evaporated
      to dryness. A solution of the crude residual o-benzyloxyacetophenone (49.7
      g.) in chloroform (160 ml.) is added to a stirred suspension of cupric
      bromide (89.2 g.) in ethyl acetate (160 ml.) which is heated under reflux,
      and heating is continued until the green colour of the cupric bromide is
      discharged. The mixture is cooled and filtered and the filtrate is shaken
      with a mixture of toluene, ether and water. The organic layer is
      separated, washed with water, dried and evaporated to dryness and the
      residual oil (30 g.) is chromatographed on a column of 400 g. of silica
      gel (Hopkin & Williams M.F.C., 100-200 mesh) using chloroform as eluant.
      The eluate is evaporated to dryness and there is thus obtained as residue
      o-benzyloxyphenacyl bromide, which is a low-melting solid used without
      further purification.
PAC  EXAMPLE 6
PAR  The process described in Example 5 is repeated using the appropriate
      benzyloxyphenacyl bromide and the appropriate
      N-benzyl-N-.beta.-amidoethylamine as starting materials, and also using
      acetonitrile in place of dioxan as solvent. There are thus obtained the
      compounds described in the following table:
      ##SPC21##
TBL                                          crystal-                          

     Position                                lisation                          

     of HO  R.sup.2   Y.sup.1 R                                                

                               salt   m.p..degree.C.                           

                                             solvent                           

     ______________________________________                                    

     3--    5-hydroxy anilino  hydrogen                                        

                                      203-205                                  

                                             methanol                          

                               oxalate                                         

                               hemi-                                           

                               hydrate                                         

     3--    5-hydroxy isopropyl                                                

                               oxalate                                         

                                      118-120                                  

                                             (wash                             

                                             with                              

                               hydrate       ether)                            

     4--    3-methyl  isopropyl                                                

                               hydrogen                                        

                                      176    ethanol                           

                               oxalate                                         

     4--    3-methyl  anilino  hydrogen                                        

                                      150-153                                  

                                             ethanol                           

                               oxalate                                         

                               hemi-                                           

                               hydrate                                         

     ______________________________________                                    

PAR  The 4-benzyloxy-3-methylphenacyl bromide used as starting material may be
      obtained as follows:
PAR  A stirred mixture of 4-hydroxy-3-methylacetophenone (50 g.), benzyl
      chloride (52.7 g.), anhydrous potassium carbonate (57.5 g.) and acetone
      (400 ml.) is heated under reflux for 72 hours and then poured into 1 litre
      of water. The mixture is extracted three times with ethyl acetate and the
      extract is washed successively with aqueous 2N-sodium hydroxide solution
      (twice) and water, dried and evaporated to dryness.
PAR  A solution of the 4-benzyloxy-3-methylacetophenone (64 g.) thus obtained in
      hot chloroform (250 ml.) is added to a stirred suspension of cupric
      bromide (99 g.) in ethyl acetate (250 ml.) which is heated under reflux in
      a current of nitrogen, and the mixture is stirred and heated under reflux
      until the green colour of the cupric bromide is discharged. The mixture is
      cooled and filtered, the filtrate is evaporated to dryness and the residue
      is partitioned between ethyl acetate and aqueous 2N-sodium hydroxide
      solution. The organic phase is separated, washed with water, dried over
      magnesium sulphate and evaporated to dryness, and the residual purple
      solid is crystallised from ethanol. There is thus obtained
      4-benzyloxy-3-methylphenacyl bromide, m.p. 100.degree.-102.degree.C.
PAC  EXAMPLE 7
PAR  A mixture of 4-benzyloxy-3-methanesulphonamidophenacyl bromide (3.98 g.),
      N-benzyl-N-.beta.-isobutyramidoethylamine (4.36 g.) and acetonitrile (25
      ml.) is stirred at laboratory temperature for 30 minutes, diluted with 150
      ml. of ether and filtered. The filtrate is evaporated to dryness and the
      solid residue, which is the salt of
      N-benzyl-N-.beta.-isobutyramidoethylamine with
      N-.beta.-[N-benzyl-N-(2-4'-benzyloxy-3'-methanesulphonamidophenyl-2-oxoeth
     yl)amino]ethylisobutyramide, is shaken with a mixture of 100 ml. of aqueous
      2N-hydrochloric acid and 100 ml. of ethyl acetate. The mixture is filtered
      and the solid residue is washed with water and with ethyl acetate and
      dissolved in 50 ml. acetic acid. The solution is shaken with hydrogen and
      a 30 percent palladium-on-charcoal catalyst at atmospheric pressure and
      laboratory temperature until uptake of hydrogen ceases. The mixture is
      filtered and an excess of a solution of oxalic acid in ether is added to
      the filtrate. The mixture is filtered and the solid residue is
      crystallised from a mixture of methanol and ether. There is thus obtained
      1-(4-hydroxy-3-methanesulphonamidophenyl)-
      2-(.beta.-isobutyramidoethyl)aminoethanol oxalate hydrate, m.p.
      213.degree.-215.degree.C.
PAR  The process described above is repeated except that
      N-benzyl-N-(.beta.-3-phenylureidoethyl)amine is used as starting material
      in place of N-benzyl-N-.beta.-isobutyramidoethylamine. There is thus
      obtained
      1-(4-hydroxy-3-methanesulphonamidophenyl)-2-(.beta.-3-phenylureidoethyl)am
     inoethanol oxalate hydrate, m.p. 120.degree.C after crystallisation from a
      mixture of ethanol and ether.
PAC  EXAMPLE 8
PAR  A mixture of 1-(4-benzyloxy-3-ethoxycarbonylphenyl)-2-bromoethanol (11.3
      g.), N-benzyl-N-(.beta.-3-phenylureidoethyl)-amine hydrochloride (9.15 g.)
      aqueous 2N-sodium hydroxide solution (30 ml.) and isopropanol (100 ml.) is
      heated under reflux for 16 hours, diluted with water and extracted with
      ethyl acetate. The extract is washed with water, dried and evaporated to
      dryness and the residue is dissolved in a small volume of ethanol. An
      excess of a solution of oxalic acid in ether is added, the mixture is
      rapidly filtered, the solid being discarded, and the filtrate is allowed
      to stand, when crystallisation slowly takes place. The mixture is filtered
      and there is thus obtained as solid residue
      1-(4-benzyloxy-3-ethoxycarbonylphenyl)-2-N-benzyl-N-(.beta.-3-phenylureido
     ethyl)-aminoethanol oxalate.
PAR  Sodium borohydride (8.3 g.) is slowly added to a stirred solution of the
      above compound (4.7 g.) in a mixture of 15 ml. of tetrahydrofuran and 7
      ml. of methanol and the mixture is stirred for 4 hours at laboratory
      temperature. Further sodium borohydride (5 g.) is added and the mixture is
      stirred for a further 8 days and then diluted with water and extracted
      with ethyl acetate. The extract is washed with water, dried and evaporated
      to dryness and the residue is dissolved in acetic acid and shaken with
      hydrogen and a 30 percent palladium-on-charcoal catalyst at atmospheric
      pressure and laboratory temperature until uptake of hydrogen ceases. The
      mixture is filtered and the filtrate is evaporated to dryness under
      reduced pressure. The residue is dissolved in ethanol, an excess of a
      solution of oxalic acid in ether is added and the mixture is filtered. The
      solid product is crystallised from a mixture of ethanol and ether and
      there is thus obtained
      1-(4-hydroxy-3-hydroxymethylphenyl)-2-(.beta.-3-phenylureidoethyl)-aminoet
     hanol oxalate, m.p. 132.degree.-134.degree.C.
PAC  EXAMPLE 9
PAR  The process described in Example 5 is repeated except that
      4-benzyloxy-3-ethoxycarbonylphenacyl bromide is used as starting material
      in place of m-benzyloxyphenacyl bromide, and that the hydrogenation step
      is not carried out. There is thus obtained crude
      1-(4-benzyloxy-3-ethoxycarbonylphenyl)-2-(N-benzyl-N-.beta.-isobutyramidoe
     thylamino)ethanol. This compound is treated with sodium borohydride and
      methanol in tetrahydrofuran by a similar process to that described in
      Example 8, and the intermediate product thus obtained is treated with
      hydrogen and a 30 percent palladium-on-charcoal catalyst also as described
      in Example 8. There is thus obtained
      1-(4-hydroxy-3-hydroxymethylphenyl)-2-(.beta.-isobutyramidoethyl)-aminoeth
     anol hydrogen oxalate hemihydrate, m.p. 176.degree.-178.degree.C. (with
      decomposition) after crystallisation from a mixture of ethanol and ether.
PAC  EXAMPLE 10
PAR  A mixture of N-(2-oxopropyl)phenylacetamide (28.65 g.)
      1-p-benzyloxyphenyl-2-aminoethanol (36.45 g.), Molecular Sieve Type 4A
      (B.D.H.; 600 g.) and ethanol (450 ml.) is heated under reflux for 24
      hours, cooled and filtered and an excess of sodium borohydride
      (approximately 10.0 g.) is added. The mixture is stirred for 1 hour and
      then evaporated to dryness, and the residue is shaken with a mixture of
      water and ethyl acetate. The organic layer is separated, washed with
      water, dried and evaporated to dryness. The residue is stirred with ether
      and the ethereal solution decanted off. The residue is dissolved in
      ethanol and an excess of a solution of oxalic acid in ether is added. The
      mixture is filtered and the solid residue is dissolved in acetic acid and
      shaken with hydrogen and a 30 percent palladium-on-charcoal catalyst at
      atmospheric pressure and laboratory temperature until uptake of hydrogen
      ceases. The mixture is filtered, the filtrate is evaporated to dryness and
      the residue is crystallised from a mixture of isopropanol and ether. There
      is thus obtained 1-p-hydroxyphenyl-2-(
     1-methyl-2-phenylacetamidoethyl)aminoethanol oxalate, m.p.
      69.degree.-72.degree.C. (with decomposition).
PAR  The N-(2-oxopropyl)phenylacetamide used as starting material may be
      obtained as follows:
PAR  Jones reagent (2.67N-chromium trioxide in aqueous sulphuric acid; 480 ml.)
      is added during 45 minutes to a stirred solution of
      1-phenylacetamidopropan-2-ol (306.4 g.) in chloroform (1600 ml.) which is
      maintained at 20.degree.C. The chloroform layer is separated, the aqueous
      layer is washed with chloroform and the combined chloroform solutions are
      dried and evaporated to dryness. The residue is stirred with ethyl acetate
      and the mixture is filtered. There is thus obtained as solid product
      N-(2-oxopropyl)phenylacetamide, m.p. 126.degree.C.
PAC  EXAMPLE 11
PAR  Isopropyl isocyanate (0.85 g.) is added to a solution of
      1-p-benzyloxyphenyl-2-(N-benzyl-N-.beta.-aminoethylamino)ethanol (3.76 g.)
      in toluene (40 ml.) and the mixture is kept at laboratory temperature for
      16 hours, heated until all solid has dissolved, diluted with petroleum
      ether (b.p. 60.degree.-80.degree.C.) and cooled. The mixture is filtered
      and the solid product is washed with ether and dissolved in acetic acid.
      The solution is shaken with hydrogen and a 30 percent
      palladium-on-charcoal catalyst at atmospheric pressure and laboratory
      temperature until uptake of hydrogen ceases, and is then filtered. The
      filtrate is evaporated to dryness, the residue is dissolved in ethanol and
      an excess of a solution of oxalic acid in ether is added. The mixture is
      filtered and the solid product is crystallised from ethanol. There is thus
      obtained 1-p-hydroxyphenyl-2-(.beta.-3-isopropylureidoethyl)aminoethanol
      hydrogen oxalate hemihydrate, m.p. 194.degree.-195.degree.C. (with
      decomposition).
PAR  The 1-p-benzyloxyphenyl-2-(N-benzyl-N-.beta.-aminoethylamino)ethanol used
      as starting material may be obtained as follows:
PAR  A mixture of 1-p-benzyloxyphenyl-2-(.beta.-isobutyramidoethyl)aminoethanol
      (88 g.; Example 4) and potassium hydroxide (200 g.) in ethanol (400 ml.)
      is heated under reflux for 96 hours, diluted with water (1500 ml.) and
      extracted with ether. The extract is washed with water, dried over
      potassium carbonate and evaporated to dryness. There is thus obtained as
      oily residue
      1-p-benzyloxyphenyl-2-(N-benzyl-N-.beta.-aminoethylamino)ethanol which is
      used without further purification.
PAR  The process described above is repeated except that the appropriate
      isocyanate is used in place of isopropyl isocyanate. There are thus
      obtained the compounds described in the following table:
      ##SPC22##
TBL                                 crystallisation                            

     R          salt     m.p..degree.C.                                        

                                    solvent                                    

     ______________________________________                                    

     methoxymethyl                                                             

                oxalate  60-63(d)   (stir with acetone                         

     cyclohexyl oxalate  97-100     ethanol/ether                              

                sesqui-                                                        

                hydrate                                                        

                oxalate                                                        

     4-biphenylyl                                                              

                hemi-    128-130    methanol                                   

                hydrate                                                        

     butoxy                                                                    

     carbonyl-  oxalate  65         ethanol/ether                              

     methyl     hydrate                                                        

                hydrogen                                                       

     o-tolyl    oxalate  146-148(d) ethanol/ether                              

                hydrate                                                        

     ______________________________________                                    

PAC  EXAMPLE 12
PAR  A mixture of
      1-p-benzyloxyphenyl-2-(N-benzyl-N-.beta.-aminoethylamino)ethanol (3.76
      g.), phenylacetyl chloride (2.32 g.), anydrous potassium carbonate (2.76
      g.) and toluene (40 ml.) is stirred at laboratory temperature for 16 hours
      and then filtered. The filtrate is washed with water, dried and evaporated
      to dryness and the residue is dissolved in acetic acid. The solution is
      shaken with hydrogen and a 30 percent palladium-on-charcoal catalyst until
      uptake of hydrogen ceases, and is then filtered. The filtrate is
      evaporated to dryness and the resiue is dissolved in ethanol and treated
      with an excess of a solution of oxalic acid in ether. The mixture is
      filtered and the residue is crystallised from ethanol. There is thus
      obtained 1-p-hydroxyphenyl-2-(.beta. -phenylacetamidoethylamino)ethanol
      oxalate, m.p. 100.degree.-102.degree.C. (with decomposition).
PAR  The proces described above is repeated except that the appropriate acid
      chloride is used in place of phenylacetyl chloride. There are thus
      obtained the compounds described in the following table;
      ##SPC23##
TBL                                  crystallisation                           

     R.sup.1   salt       m.p. .degree.C.                                      

                                     solvent                                   

     ______________________________________                                    

     phenyl  hydrogen oxalate                                                  

                          218 (d)    ethanol/ether                             

             hemihydrate                                                       

     cyclohexyl                                                                

             hydrogen oxalate                                                  

                           189-190(d)                                          

                                     ethanol/ether                             

             hemihydrate                                                       

     ethyl*  oxalate      192        (stir with ethanol)                       

     ______________________________________                                    

       *Propionic anhydride is used instead of propionyl chloride.             

CLMS
STM  What we claim is:
NUM  1.
PAR  1. A phenylethylamine derivative selected from compounds of the formula:
      ##SPC24##
PAL  wherein A is alkylene of up to 6 carbon atoms, wherein Q is carbonyl or
      hydroxymethylene, wherein R.sup.1 is alkyl or cycloalkyl each of up to 6
      carbon atoms, or aryl of the formula:
      ##SPC25##
PAL  wherein R.sup.2, R.sup.3, R.sup.12 and R.sup.13, which may be the same or
      different, each is hydrogen, halogen, hydroxy, amino or hydroxymethyl,
      alkyl, alkoxy or acylamino each of up to 6 carbon atoms, or aryl of up to
      12 carbon atoms, wherein X is NHCO and wherein Y is a direct link, or is
      alkylene or alkyleneoxy each of up to 6 carbon atoms; and the
      acid-addition salts thereof.
NUM  2.
PAR  2. A phenylethylamine derivative as claimed in claim 1 selected from
      compounds of the formula given in claim 1 wherein A is ethylene,
      trimethylene, tetramethylene, hexamethylene or 1-methylethylene, wherein
      R.sup.1 is methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, t-butyl,
      cyclopropyl, cyclopentyl or cyclohexyl or is aryl of the formula:
      ##SPC26##
PAL  wherein R.sup.2, R.sup.3, R.sup.12 and R.sup.13, which may be the same or
      different, each is hydrogen, fluorine, chlorine, bromine, iodine, hydroxy,
      amino, hydroxymethyl, methyl, ethyl, n-propyl, allyl, methoxy, isopropoxy,
      allyloxy, acetamido, or phenyl, wherein y is a direct link or is,
      methylene, ethylene, methyleneoxy, ethyleneoxy or trimethyleneoxy or and
      wherein Q and X are as stated in claim 1; and the acid-addition salts
      thereof.
NUM  3.
PAR  3. A phenylethylamine derivative as claimed in claim 1 selected from
      compounds of the formula given in claim 1 wherein A is ethylene or
      1-methylethylene, wherein Q is hydroxymethylene, wherein R.sup.1 is alkyl
      or cycloalkyl each of up to 6 carbon atoms or unsubstituted phenyl,
      wherein R.sup.2 is hydrogen, hydroxy or methyl, wherein R.sup.3 is
      hydrogen, wherein X is -NHCO- and wherein Y is a direct link, methylene or
      methyleneoxy; and the acid-addition salts thereof.
NUM  4.
PAR  4. A phenylethylamine derivative selected from compounds of the formula
      given in claim 1 wherein the essential hydroxy is in the 4-position of the
      benzene ring and R.sup.2 is hydrogen or hydroxy in the 3-position of the
      benzene ring; and the acid-addition salts thereof.
NUM  5.
PAR  5. A compound as claimed in claim 1 selected from
      1-p-hydroxyphenyl-2-(.beta.-isobutyramidoethyl)aminoethanol;
PA1  1-p-hydroxyphenyl-2-(.beta.-pivalamidoethyl)aminoethanol;
PA1  1-p-hydroxyphenyl-2-(.beta.-phenoxyacetamidoethyl)aminoethanol;
PA1  1-p-hydroxyphenyl-2-(.beta.-propionamidoethyl)aminoethanol;
PA1  1-m-hydroxyphenyl-2-(.beta.-isobutyramidoethyl)aminoethanol;
PA1  1-p-hydroxyphenyl-2-(.beta.-phenylacetamidoethyl)aminoethanol;
PA1  1-(3,4-dihydroxyphenyl)-2-(.beta.-isobutyramidoethyl)aminoethanol;
PA1  1-(4-hydroxy-3-methylphenyl)-2-(.beta.-isobutyramidoethyl)aminoethanol;
PA1  1-p-hydroxyphenyl-2-(1-methyl-2-phenylacetamidoethyl)aminoethanol; and the
      acid-addition salts thereof.
NUM  6.
PAR  6. An acid-addition salt as claimed in claim 1 which is a hydrochloride,
      hydrobromide, phosphate, sulphate, oxalate, lactate, tartrate, fumatrate,
      acetate, salicylate, citrate, benzoate, .beta.-naphthoate, adipate or
      1,1-methylene-bis(2-hydroxy-3-naphthoate), or a salt derived from a
      sulphonated polystyrene resin.
NUM  7.
PAR  7. A phenylethylamine derivative as claimed in claim 1 selected from the
      group consisting of
      1-p-hydroxyphenyl-2-(.beta.-isobutyramido-ethyl)aminoethanol and its
      acid-addition salts.
PATN
WKU  039339122
SRC  5
APN  486705&
APT  1
ART  126
APD  19740708
TTL  Substituted phenylthioamidines
ISD  19760120
NCL  2
ECL  1
EXP  Schwartz; Gerald A.
INVT
NAM  Bockstahler; Earl R.
CTY  Indianapolis
STA  IN
ASSG
NAM  The Dow Chemical Company
CTY  Midland
STA  MI
COD  02
RLAP
COD  74
APN  401475
APD  19730927
PSC  04
RLAP
COD  84
APN  257940
APD  19720530
PSC  01
PNO  3775478
CLAS
OCL  260564G
XCL  26050114
EDF  2
ICL  C07C12300
FSC  260
FSS  564 G;501.14
UREF
PNO  3334137
ISD  19670800
NAM  Bruderlein
OCL  260564G
LREP
FR2  Johnson; Maynard R.
ABST
PAL  Substituted phenylthioamidine compounds such as
      2-(4-chlorophenylthio)acetamidine; 2-(4-chlorophenylthio)-acetamidoxime;
      and their pharmaceutically acceptable salts are prepared by the reaction
      of a substituted phenylthioacetonitrile with hydroxylamine hydrochloride
      or with methanol followed by ammonium chloride. The compounds have
      antimicrobial activity and also inhibit ADP-induced aggregation of blood
      platelets.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a division, of application Ser. No. 401,475 filed Sept. 27, 1973,
      which in turn is a division of application Ser. No. 257,940 filed May 30,
      1972, now U.S. Pat. No. 3,775,478.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Description of the Prior Art
PAR  The substituted phenylthioamidine compounds of the invention can be
      prepared by procedures analogous to known methods. Typical methods which
      can be employed include the reaction of an arylthioacetonitrile with
      hydroxylamine hydrochloride in a procedure similar to that of Bruderlein,
      U.S. Pat. No. 3,334,137, or the reaction of a phenylthioacetonitrile with
      methanol in the presence of sodium methylate, followed by reaction with
      ammonium chloride, in a procedure analogous to that of Schaefer and
      Peters, J. Org. Chem. 26, 412 (1961).
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed to substituted arylthioamidine compounds and is
      particularly directed to substituted phenylthioacetamidine compounds and
      their pharmaceutically acceptable salts, the compounds corresponding to
      the formula:
      ##SPC1##
PAL  Wherein R represents tertiary butyl (tert-butyl) or halo and X represents
      hydrogen or hydroxyl. The compounds of the invention are solids or viscous
      liquids at ordinary temperatures, and are variously soluble in
      conventional solvents such as water, alcohols, ether, benzene, chlorinated
      hydrocarbons and the like. The free base compounds are generally less
      soluble in water than the salts, particularly under alkaline conditions,
      while the pharmaceutically acceptable salts are generally of moderate to
      good solubility in water and alcohols.
PAR  In the present specification, the term "halo" is employed to designate one
      of the halogen moieties, fluoro, chloro, bromo or iodo. The compounds of
      the invention wherein X is hydroxyl are named as acetamidoximes. For
      convenience, both the acetamidines and corresponding oximes can be
      referred to generically as "substituted amidines." The term
      "pharmaceutically acceptable salt" as herein employed refers to salts of a
      substituted amidine which are substantially non-toxic at dosages
      consistent with good pharmacological activity. Such pharmaceutically
      acceptable salts include non-toxic acid addition salts with inorganic
      acids such as hydrochloric, hydrobromic, sulfuric or phosphoric acid, or
      with organic acids such as acetic, succinic, malic, maleic, tartaric or
      citric acid, or with organic sulfonic acids such as methanesulfonic or
      p-toluenesulfonic acid.
PAR  The substituted amidines of the invention have been found to be useful for
      administration to laboratory animals in the study of drug effects on the
      cardiovascular system, and have been found to be particularly useful in
      inhibiting aggregation of blood platelets. The compounds wherein R is halo
      are highly active against bacterial organisms commonly involved in
      infections of the urinary tract, and can be administered orally to animals
      to impart antimicrobial activity to the urine in combatting microorganisms
      such as Ps. aeruginosa, E. coli and Proteus vulgaris, organisms commonly
      involved in urinary tract infections.
PAR  The substituted amidines of the invention are prepared by the reaction of
      the corresponding substituted phenylthioacetonitrile with hydroxylamine in
      aqueous alcohol (to prepare the acetamidoximes), or with methanol in the
      presence of sodium methylate to prepare the corresponding imidate followed
      by reaction of the imidate intermediate with aqueous ammonium carbonate.
PAR  In preparing the acetamidoximes, the reaction proceeds when the substituted
      phenylthioacetonitrile and hydroxylamine are contacted and mixed in the
      presence of a base such as sodium carbonate, and an inert liquid reaction
      medium such as aqueous ethanol. The reaction proceeds at temperatures from
      about 50.degree. to about 75.degree.C. and is preferably carried out at
      temperatures of from about 65.degree. to about 70.degree.C. The exact
      proportions of the reactants to be employed can be varied, however, the
      reaction consumes the reactants in equimolar proportions and the use of
      the reactants in such proportions, or with a slight excess of the
      hydroxylamine reactant, is preferred. Greater than two fold molar excesses
      of hydroxylamine is neither necessary nor desirable. The reaction is
      generally complete in about 6 to 12 hours, depending on the temperature
      employed. The product can be separated by evaporation of the reaction
      medium under reduced pressure, taking up the residue in water and aqueous
      acid to neutralize remaining base, washing with organic solvents, and
      adding base to make the mixture alkaline. The amidoxime separates as a
      solid or an oil which solidifies on treatment by conventional techniques
      such as cooling, trituration, scratching, etc. The solid product can be
      purified by recrystallization from water, alcohols or the like.
      Alternatively, the product can be converted to a pharmaceutically
      acceptable salt and purified as the salt.
PAR  The acetamidines of the invention are conveniently prepared by a two-step
      process illustrated below:
      ##SPC2##
PAL  in the above formulae, the moiety R has the significance first set out
      above.
PAR  The first step proceeds when the substituted phenylthioacetonitrile is
      intimately mixed with methanol and a catalytic amount of sodium methylate.
      The reaction proceeds at temperatures of from about 0.degree. to
      70.degree.C., and is conveniently carried out at room temperature. After
      the reaction mixture has been held for a period sufficient for the
      production of sufficient amount of the imidate intermediate (generally
      from about 3 to about 12 hours), an ammonium salt is added to the mixture
      and the mixture is maintained at a temperature within the same reaction
      temperature range until the second step is substantially complete,
      generally about 12 to 24 hours at room temperature. The product can be
      separated by evaporation of the reaction medium, and is obtained as the
      salt with the anion furnished by the ammonium salt reactant. Ammonium
      chloride is a preferred ammonium salt reactant, although ammonium salts
      with other pharmaceutically acceptable anions can also be employed to
      produce other salts, such as the hydrobromide, sulfate, carbonate, etc.
      The product can be purified by conventional techniques such as washing and
      recrystallization from water, alcohols, dioxane and alcohols, and the
      like. Alternatively, it can be converted to the free base.
PAR  The pharmaceutically acceptable salts of the free base substituted amidines
      can be prepared by dissolving the free base in a minimal amount of alcohol
      or ether and adding an alcohol solution of an acid such as hydrochloric
      acid, hydrobromic acid, malic acid, maleic acid or succinic acid until
      precipitation of the corresponding salt is complete. The salt can further
      be purified by recrystallization or converted to the free base form.
PAR  The free base substituted amidine can be prepared by hydrolysis of the salt
      in aqueous base. The salt is mixed with a molar equivalent amount of
      sodium hydroxide in aqueous solution, excess aqueous sodium carbonate or
      the like, after which the free base can be separated by extraction with an
      organic solvent. The solvent can be removed by conventional methods such
      as evaporation or distillation. The product can be purified by
      conventional procedures such as washing or recrystallization.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The following examples illustrate the invention but are not to be construed
      as limiting the same.
PAC  EXAMPLE 1
PAR  10.6 Grams (0.1 mole) of sodium carbonate is dissolved in 40 milliliters of
      water and 16.7 grams (0.24 mole) of hydroxylamine hydrochloride are added.
      The mixture is then added to a solution of 36.7 grams of
      4-chlorophenylthioacetonitrile in 350 milliliters of aqueous 95 percent
      ethanol. The resulting mixture is heated with stirring for about 5 hours
      at a temperature of 65.degree.-70.degree.C., then evaporated to dryness
      under reduced pressure. The residue is taken up in water and hydrochloric
      acid is added to make the aqueous mixture slightly acid to litmus. The
      mixture is filtered, and the filtrate is concentrated by evaporation under
      reduced pressure, whereupon the 2-(4-chlorophenylthio)acetamidoxime
      hydrochloride product crystallizes. The product is separated by
      filtration, and the 2-(4 -chlorophenylthio)acetamidoxime hydrochloride
      product is purified by recrystallization twice from a mixture of methanol
      and dioxane, and once from water, and found to melt at a temperature of
      153.degree.-155.degree.C. The product is found by elemental analysis to
      have carbon and hydrogen contents of 38.2 and 4.3 percent, respectively,
      as compared to the theoretical contents of 38.0 and 4.0 percent,
      respectively, calculated for the named structure.
PAR  In a similar procedure, the following acetamidoximes can be prepared:
      2-(4-bromophenylthio)acetamidoxime, melting at 82.degree.-85.degree.C.;
      2-(4-fluorophenylthio)acetamidoxime hydrochloride (molecular weight 236);
      2-(4-iodophenylthio)acetamidoxime hydrochloride (molecular weight 345);
      and 2-(4-tert-butylphenylthio)acetamidoxime hydrochloride, melting at
      138.degree.-140.degree.C.
PAC  EXAMPLE 2
PAR  0.23 Gram (0.01 mole) of sodium is dispersed carefully in 50 milliliters
      absolute methanol to prepare a mixture of sodium methylate in methanol.
      0.1 Mole (18.4 grams) of 2-(4chlorophenylthio)acetonitrile is added to the
      mixture and the resulting mixture is stirred at room temperature for about
      four hours. The methyl 2-(4-chlorophenylthio)acetamidate intermediate thus
      produced is not separated. 5.9 Grams (0.11 mole) of ammonium chloride is
      added directly to the mixture, and stirring at room temperature is
      continued for about 18 hours. The mixture is evaporated under reduced
      pressure, and the residue is purified by recrystallization from water and
      then from ethanol, and dried. The 2-(4-chlorophenylthio)acetamidine
      hydrochloride product is found to melt at a temperature of
      194.degree.-196.degree.C. By elemental analysis, the product is found to
      have carbon and hydrogen contents of 40.4 and 4.5 percent, respectively,
      as compared to the contents of 40.5 and 4.3 percent, respectively,
      calculated for the named structure.
PAR  In a substantially similar procedure, 2-(4-tert-butylphenylthio)acetamidine
      hydrochloride, melting at 181.degree.-182.degree.C.;
      2-(4-bromophenylthio)acetamidine hydrochloride, melting at
      186.degree.-188.degree.C., and the corresponding 4-fluoro and 4-iodo
      compounds are prepared.
PAR  In employing the substituted amidine compounds of the invention in the
      control of microorganisms such as bacteria, protozoa and fungi, an
      antimicrobial amount of one or more of the compounds is applied to the
      organisms, their habitats or to substrates subject to microbial attack.
      The compounds can be applied by conventional procedures such as dusting,
      drenching, impregnation, spraying, or the like. They can be formulated by
      conventional procedures to provide antimicrobial compositions by admixture
      of one or more acetamidine compounds of the invention with an adjuvant
      such as surface active dispersing agents, inert liquid carriers, finely
      divided solid carriers, and the like.
PAR  In representative operations, complete inhibition and control of
      Staphylococcus aureus, Bacillus subtilis, Trichophyton mentagrophytes,
      Candida pelliculosa, Pullularia pullulans, Ceratocystis ips and
      Cephaloascus fragrans is obtained when nutrient agar containing either 500
      parts of 2-(4-tert-butylphenylthio)acetamidine hydrochloride or
      2-(4-tert-butylphenylthio)acetamidoxime hydrochloride per million parts of
      ultimate composition are inoculated with said organisms and incubated
      under conditions conducive to microbial growth.
PAR  In other representative operations, 2-(4-chlorophenylthio)acetamidine
      hydrochloride, 2-(4-chlorophenylthio)acetamidoxime hydrochloride, and
      2-(4-tert-butylphenylthio)acetamidine hydrochloride are found effective in
      inhibiting the adenosine diphosphate (ADP)-induced aggregation of sheep
      platelets in a method similar to that of Zucker et al., Thromb, Diath.
      Haemorrh. 18, 713 (1967). Said compounds are also found to protect mice
      from thrombitic response induced by intravenous administration of 0.25
      millimoles per kilogram of ADP, when the compounds are administered
      intragastrically 1 hour before administration of the ADP challenge. The
      above-named compounds are found to have ED-50's (dosage protecting 50
      percent of the mice from ADP challenge) of 40, 71, 160, 57, and 47
      milligrams, respectively, of test compound per kilogram of animal body
      weight.
PAR  In other operations 2-(4-chlorophenylthio)acetamidine hydrochloride and
      2-(4-chlorophenylthio)acetamidoxime hydrochloride are administered orally
      to separate groups of mice at a dosage rate of 60 milligrams of test
      compound per kilogram of animal body weight. Urine is collected in sterile
      vessels during the 24 hour period following administration of the test
      compound, and sterile paper discs are saturated in the urine and allowed
      to dry. The discs are then placed on the surface of nutrient agar media
      seeded with one of E. coli, Ps. aeruginosa and Proteus species and the
      plates are incubated under conditions conducive to microbial growth Zones
      of inhibition of microbial growth 12, 8 and 8 millimeters in radial length
      are observed for E. coli, Ps. aeruginosa and Proteus vulgaris with test
      compound 2-(4-chlorophenylthio)acetamidine hydrochloride, and zones 20, 24
      and 19 millimeters in radial length are observed with the corresponding
      oxime test compound. In identical operations, no inhibition of any of the
      test organisms is observed with 2-(4-chlorophenoxy)acetamidine
      hydrochloride of Cummings et al. Chemical Abstracts 44, 8397, (1950) or
      its corresponding oxime; with the 2-(4-methylphenylthio)acetamidine
      hydrochloride of Craver et al., J. Pharmacol. Exptl. Therap. 99, 353
      (1950), or the corresponding oxime.
PAR  The substituted phenylthioacetonitrile starting materials can be prepared
      by the reaction of the corresponding thiophenol with chloroacetonitrile in
      alcoholic sodium hydroxide. In a representative procedure, a solution of
      100 grams of 4-tert-butylthiophenyl and 45.3 grams chloroacetonitrile in
      225 milliliters of 95 percent ethanol is stirred at room temperature while
      a solution of 24 grams sodium hydroxide in 36 milliliters water is added
      dropwise until the mixture remains alkaline to phenolphthalein. Slight
      spontaneous warming occurs during the addition. The mixture is then
      diluted with an equal volume of water and extracted twice with ether. The
      ether extract is washed with water, dried over sodium sulfate, and
      distilled, yielding the 2-(4-tert-butylphenylthio)acetonitrile as a liquid
      boiling at 153.degree.-6.degree.C. under a pressure of 4 millimeters of
      mercury.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A substituted phenylthio amidine compound selected from the group
      consisting of compounds corresponding to the formula
      ##SPC3##
PAL  wherein R represents tertiary butyl and X represents hydroxyl, and the
      salts thereof of pharmaceutically acceptable acids.
NUM  2.
PAR  2. A compound of claim 1 wherein the compound is
      2-(4-tert-butylphenylthio)acetamidoxime hydrochloride.
PATN
WKU  039339130
SRC  5
APN  2873990
APT  1
ART  117
APD  19720908
TTL  N,N'-bis[3-substituted-4-hydroxypheyl)-2-hydroxyethyl)]
     -polymethylenediamines
ISD  19760120
NCL  2
ECL  1
EXP  Hines; R. V.
INVT
NAM  Colella; Donald F.
CTY  Philadelphia
STA  PA
INVT
NAM  Kaiser; Carl
CTY  Haddon Heights
STA  NJ
ASSG
NAM  SmithKline Corporation
CTY  Philadelphia
STA  PA
COD  02
PRIR
CNT  ZA
APD  19720525
APN  72/3611
RLAP
COD  72
APN  148912
APD  19710601
PSC  03
CLAS
OCL  2605706
XCL  2603437
XCL  260453AR
XCL  260471A
XCL  2605011
XCL  26050112
XCL  26050118
XCL  26050119
XCL  2605012
XCL  260553A
XCL  260556A
XCL  260556N
XCL  260559R
XCL  260559D
XCL  260562R
XCL  2605705C
XCL  2605705P
XCL  2605708R
XCL  260575
XCL  260592
XCL  424280
XCL  424316
XCL  424320
XCL  424321
XCL  424322
XCL  424330
EDF  2
ICL  C07C 9122
FSC  260
FSS  570.6;570.5;501.1
UREF
PNO  3329709
ISD  19670700
NAM  Schmid et al.
OCL  260570.6
FREF
PNO  85,197
ISD  19570500
CNT  NL
OCL  260570.6
LREP
FR2  Foggio; Richard D.
FR2  Edgerton; William H.
ABST
PAL  N,N'-Bis[2-(3-substituted-4-hydroxyphenyl)-ethyl
      or-2-hydroxyethyl]-polymethylenediamines having .beta.-adrenergic
      stimulant activity particularly as selective bronchodilators, are prepared
      generally by condensation of an N-benzylphenethylamine with a
      polymethylene dihalide or by reaction of an .alpha.-bromoacetophenone with
      an N,N'-dibenzyl-polymethylenediamine, with further operations depending
      on the nature of the 3-substituent, and subsequently hydrogenating
      catalytically with for example palladium-on-carbon. The key intermediates
      are also part of the invention.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 148,912
      filed June 1, 1971 and now abandoned.
BSUM
PAR  This invention relates to novel
      N,N'-bis[2-(3-substituted-4-hydroxyphenyl)-ethyl or
      -2-hydroxyethyl]-polymethylenediamines which have useful pharmacodynamic
      activity. More specifically the compounds of this invention have utility
      as .beta.-adrenergic stimulants with relatively greater activity on
      respiratory smooth muscle than on cardiac muscle. Therefore these
      compounds have direct bronchodilator action with minimal cardiac
      stimulation.
PAR  Two in vitro pharmacological test procedures used for determining selective
      .beta.-stimulant activity are: (1) effect on spontaneous tone of guinea
      pig tracheal chain preparations as a measure of .beta.-stimulant (direct
      relaxant) effect on airway smooth muscle, and (2) effect on rate of
      spontaneously beating right atria of the quinea pig as a measure of
      .beta.-stimulant effect on cardiac muscle. Compounds having selective
      bronchodilating properties are active in (1) above at a dose lower than is
      required in (2) above resulting in a positive separation ratio.
PAR  The compounds of this invention are represented by the following general
      structural formula:
      ##EQU1##
PAC  FORMULA I
PAL  in which:
PAR  N REPRESENTS A POSITIVE WHOLE INTEGER OF FROM 4 TO 8, PREFERABLY 6;
PAR  Z represents hydrogen or hydroxy;
PAR  Y represents NH.sub.2, NHCHO, NHCOCH.sub.3, NHCONH.sub.2, NHSO.sub.2 R,
      NHCO.sub.2 R, NHCONHR, NHSO.sub.2 NH.sub.2, NHSO.sub.2 N(CH.sub.3).sub.2,
      CH.sub.2 OH, CH.sub.2 NH.sub.2, CH.sub.2 NHSO.sub.2 R, CH.sub.2
      NHCONH.sub.2 or CH.sub.2 SO.sub.2 R; and
PAR  R represents lower alkyl of from 1 to 5 carbon atoms, straight or branched
      chain, preferably methyl. In the above formula, each of the Y and Z terms
      are identical.
PAR  The compounds of this invention may be used in the form of a
      pharmaceutically acceptable acid addition salt having the utility of the
      free base. Such salts, prepared by methods well known to the art, are
      formed with both inorganic or organic acids, for example: maleic, fumaric,
      benzoic, ascorbic, pamoic, succinic, bismethylenesalicylic,
      methanesulfonic, ethanedisulfonic, acetic, oxalic, propionic, tartaric,
      salicylic, citric, gluconic, aspartic, stearic, palmitic, itaconic,
      glycolic, p-aminobenzoic, glutamic, benzenesulfonic, hydrochloric,
      hydrobromic, sulfuric, cyclohexylsulfamic, phosphoric and nitric acids.
PAR  The compounds of formula I above in which Z is hydroxy may be present as
      diastereoisomers which may be resolved into d, l optical isomers.
      Resolution of the optical isomers may be conveniently accomplished by
      fractional crystallization of their salts with optically active acids such
      as, for example, tartaric, camphor-10-sulfonic, 0,0-di-benzoyltartaric,
      0,0-di(p-toluoyl)tartaric, menthyloxyacetic, camphoric, or
      2-pyrrolidone-5-carboxylic acids or N-acetyl-tryptophane from appropriate
      solvents. Unless otherwise specified herein or in the claims, it is
      intended to include all isomers, whether separated or mixtures thereof.
PAR  The compounds of this invention where Z is hydrogen are conveniently
      prepared from intermediates of the following formula:
      ##EQU2##
PAC  FORMULA II
PAL  in which X is NO.sub.2, CO.sub.2 CH.sub.3 or CH.sub.2 SO.sub.2 R, R is as
      defined above and R.sub.1 is benzyl or methyl, by reaction with an
      appropriate polymethylene dihalide, preferably dibromide, in the presence
      or absence of a solvent with the ratio of phenalkylamine to dihalide at
      least 2:1. Nonreactive organic solvents which may be used are alcohols
      such as methanol, ethanol or isopropanol and hydrocarbons such as benzene,
      toluene or xylene. The reaction is carried out at temperatures from about
      20.degree. to 150.degree.C. and for about 2 to 12 hours. The resulting
      polymethylenediamines of the following formula:
      ##EQU3##
PAC  FORMULA III
PAL  in which X, R.sub.1 and n are as defined above, are subjected to further
      operations to provide the desired benzene ring substituents as set forth
      in formula I. For example, compounds of formula III wherein X is NO.sub.2,
      R.sub.1 is benzyl and n is 4 to 8 are reduced with Raney nickel and
      hydrazine hydrate or platinum oxide to give the amino compounds of the
      formula:
      ##EQU4##
PAC  FORMULA IV
PAR  These key intermediates are (a) hydrogenated catalytically, preferably with
      palladium-on-carbon, to give the debenzylated phenethylamines of formula I
      wherein Y is NH.sub.2 ; (b) treated with acetic anhydride or ethyl formate
      to give the N-acyl derivatives; (c) reacted with phosgene, then heated to
      give the isocyanates which are reacted with ammonia or a monosubstituted
      alkyl amine to yield the ureido derivatives, or reacted with a lower
      alkanol to yield the carboalkoxyamino derivatives; (d) reacted with an
      alkyl sulfonyl chloride to give the sulfonamido derivatives; or (e)
      treated with sulfamyl chloride or N,N-dimethyl sulfamyl chloride to yield
      the corresponding sulfamoylamino derivatives. The compounds prepared
      according to the procedures (b) through (e) above are subsequently
      debenzylated by catalytic hydrogenation, preferably with
      palladium-on-carbon, to furnish the phenethyl-amines of formula I wherein
      Y is NHCHO, NHCOCH.sub.3, NHCONH.sub.2, NHCONHR, NHCO.sub.2 R, NHSO.sub.2
      R, NHSO.sub.2 NH.sub.2 and NHSO.sub.2 N(CH.sub.3).sub.2, respectively.
PAR  Likewise, compounds of formula III above wherein X is CO.sub.2 CH.sub.3,
      R.sub.1 is methyl and n is 4 to 8 are (a) treated with hydrobromic acid to
      give the corresponding salicylic acid derivatives which are first
      debenzylated by catalytic hydrogenation, preferably with
      palladium-on-carbon, and then reduced with for example diborane to yield
      the phenethylamines of formula I wherein Y is CH.sub.2 OH; or (b) treated
      with ammonia to give the corresponding amide derivatives, followed by
      reduction with for example lithium aluminum hydride to obtain the
      aminomethyl compounds which in turn are demethylated with for example
      boron tribromide or sodium ethyl mercaptide and then debenzylated by
      catalytic hydrogenation, preferably with palladium-on-carbon, to yield the
      phenethylamines of formula I wherein Y is CH.sub.2 NH.sub.2 ; or the
      aminomethyl compounds are first reacted with an alkyl sulfonyl chloride to
      give the sulfonamidomethyl derivatives or reacted with sodium cyanate in
      acid to obtain the ureidomethyl compounds, and subsequently demethylated
      and debenzylated as described above to yield, respectively, the
      phenethylamines of formula I wherein Y is CH.sub.2 NHSO.sub.2 R and
      CH.sub.2 NHCONH.sub.2.
PAR  The compounds of this invention where Z is hydroxy are conveniently
      prepared from intermediates of the following formula:
      ##EQU5##
PAC  FORMULA V
PAL  in which Y' is NO.sub.2, NHCHO, NHCOCH.sub.3, NHCONH.sub.2, NHSO.sub.2 R,
      NHCO.sub.2 R, NHCONHR, NHSO.sub.2 NH.sub.2, NHSO.sub.2 N(CH.sub.3).sub.2,
      CO.sub.2 CH.sub.3, CH.sub.2 CO.sub.2 CH.sub.3 or CH.sub.2 SO.sub.2 R, R is
      as defined above and R.sub.2 is benzyl, acetyl or hydrogen, by reaction
      with an appropriate N,N'-dibenzyl poly-methylenediamine in equimolar
      quantities, or with the bromo-ketone being present in excess amount, and
      in the presence of a nonreactive organic solvent such as acetonitrile at a
      temperature up to the boiling point of the solvent employed for about 1 to
      4 hours. Alternatively the reaction may be carried out in the presence of
      a condensing agent such as an alkali metal carbonate, for example
      potassium carbonate. The thus formed polymethylenediamines of the
      following formula:
      ##EQU6##
PAC  FORMULA VI
PAL  in which Y', R.sub.2 and n are as defined above, are reacted further to
      furnish the phenethanolamine products of formula I. For example, compounds
      of formula VI wherein Y' is NO.sub.2, R.sub.2 is benzyl and n is 4 to 8
      are reduced with platinum oxide to give the corresponding aminoalcohols
      which are then hydrogenated catalytically, preferably with
      palladium-on-carbon, to yield the debenzylated phenethanolamine products
      of formula I wherein Y is NH.sub.2.
PAR  The compounds of formula VI wherein Y' is NHCHO, NHCOCH.sub.3,
      NHCONH.sub.2, NHSO.sub.2 R, NHCO.sub.2 R, NHCONHR, NHSO.sub.2 NH.sub.2,
      NHSO.sub.2 N(CH.sub.3).sub.2 or CH.sub.2 SO.sub.2 R, R.sub.2 is benzyl and
      n is 4 to 8 are catalytically hydrogenated to reduce the ketone groups and
      remove the benzyl protective groups, preferably with palladium-on-carbon,
      or alternatively the ketone groups are first reduced with for example
      sodium borohydride, followed by debenzylation by similar catalytic
      hydrogenation, to yield in each instance the phenethanolamine products of
      formula I wherein Y is NHCHO, NHCOCH.sub.3, NHCONH.sub.2, NHSO.sub.2 R,
      NHCO.sub.2 R, NHCONHR, NHSO.sub.2 NH.sub.2, NHSO.sub.2 N(CH.sub.3).sub.2
      and CH.sub.2 SO.sub.2 R.
PAR  Compounds of formula VI above wherein Y' is CH.sub.2 CO.sub.2 CH.sub.3,
      R.sub.2 is acetyl and n is 4 to 8 are treated with a mineral acid such as
      hydrochloric or hydrobromic acid to give the corresponding
      3-hydroxymethyl-4-hydroxy derivatives which are hydrogenated
      catalytically, preferably with palladium-on-carbon to obtain the
      phenethanolamine products of formula I wherein Y is CH.sub.2 OH.
PAR  The compounds of formula VI wherein Y' is CO.sub.2 CH.sub.3, R.sub.2 is
      hydrogen and n is 4 to 8 are treated with ammonia to give the amide
      derivatives of the formula:
      ##EQU7##
PAC  FORMULA VII
PAL  These intermediates are (a) reduced with for example lithium aluminum
      hydride to give the aminomethyl phenethanol derivatives which are then
      debenzylated by catalytic hydrogenation, preferably with
      palladium-on-carbon, to yield the phenethanolamine products of formula I
      wherein Y is CH.sub.2 NH.sub.2 ; or (b) treated with benzyl chloride to
      give the benzyloxy protected compounds which are in turn reduced with for
      example lithium aluminum hydride to obtain the corresponding benzyloxy
      aminomethyl phenethanol compounds and the latter are reacted with sodium
      cyanate in acid to yield the ureidomethyl derivatives or reacted with an
      alkyl sulfonyl chloride to give the sulfonamidomethyl derivatives,
      subsequently debenzylated by catalytic hydrogenation, preferably with
      palladium-on-carbon, to furnish the phenethanolamine products of formula I
      wherein Y is CH.sub.2 NHCONH.sub.2 and CH.sub.2 NHSO.sub.2 R,
      respectively.
PAR  The starting materials used herein of formulas II and V are either known or
      are prepared by methods well-known in the art from readily available
      materials. Further it will be appreciated that the intermediates described
      hereinabove, particularly those of formulas III, IV, VI and VII, are
      valuable intermediates and as such form a part of this invention.
PAR  The compounds of this invention may be administered orally or parenterally
      in conventional dosage unit forms such as tablets, capsules, injectables
      or the like, by incorporating the appropriate dose of a compound of
      formula I, with carriers according to accepted pharmaceutical practices.
      Preferably a compound or an acid addition salt thereof is administered
      orally to an animal organism in a tablet or capsule comprising an amount
      sufficient to produce .beta.-adrenergic stimulant activity.
PAR  The pharmaceutical carrier employed may be, for example, either a solid or
      liquid. Exemplary of solid carriers are lactose, terra alba, sucrose,
      talc, gelatin, agar, pectin, acacia, magnesium stearate, stearic acid and
      the like. Exemplary of liquid carriers are syrup, peanut oil, olive oil,
      water and the like. Similarly the carrier or diluent can include any time
      delay material well known to the art, such as glyceryl monostearate or
      glyceryl distearate alone or with a wax.
PAR  A wide variety of pharmaceutical forms can be employed. Thus, if a solid
      carrier is used the preparation can be tableted, placed in a hard gelatin
      capsule in powder or pellet form, or in the form of a troche or lozenge.
      The amount of solid carrier will vary widely but preferably will be about
      25 mg. to about 1 g. If a liquid carrier is used, the preparation will be
      in the form of a syrup, emulsion, soft gelatin capsule, sterile injectable
      liquid such as an ampule, or an aqueous or nonaqueous liquid suspension.
PAR  Of particular applicability is an aerosol dispensing system wherein the
      active medicament is incorporated with Freon (fluorohydrocarbon) or other
      inert propellant in an aerosol container. Such an aerosol system will
      deliver a metered dose, administered once or twice at a time as needed.
PAR  The foregoing is a general description of how to prepare the compounds of
      this invention. The following examples illustrate the preparation of
      specific compounds having .beta.-adrenergic stimulant activity. However
      this should not be construed as a limitation of the invention since
      appropriate variations in the starting materials will produce other
      products set forth hereinabove.
DETD
PAC  EXAMPLE 1
PAR  A solution of 17.1 g. (0.1 m.) of benzyl bromide in 100 ml. of
      dimethylsulfoxide is added slowly to a stirred mixture of 18.2 g. (0.1 m.)
      of 4-hydroxy-3-nitrophenethylamine in 1 l. of dimethylsulfoxide and 60 ml.
      of 2N sodium hydroxide at 85.degree.C. After addition is complete the
      reaction mixture is stirred at 85.degree.C. for an additional two hours,
      poured into ice-water, saturated with sodium chloride and extracted with
      ethyl acetate. The organic extract is dried and concentrated to give
      4-benzyloxy-3-nitrophenethylamine. The latter (2.72 g., 0.01 m.) in 50 ml.
      of toluene is rfluxed azeotropically with 1.27 g. (0.012 m.) of
      benzaldehyde until water formation is completed (about one hour). Solvent
      is removed by distillation to leave the crude imine. Sodium borohydride
      (0.38 g., 0.01 m.) is then added to a solution of the above imine in 30
      ml. of methanol over a period of 30 minutes and after stirring for an
      additional hour the reaction mixture is evaporated. The residue is treated
      with 2N hydrochloric acid and ether. The solid obtained is filtered and
      washed to give N-benzyl-4-benzyloxy-3-nitrophenethylamine hydrochloride.
PAR  A mixture of 145 g. (0.4 m.) of N-benzyl-4-benzyloxy-3-nitrophenethylamine
      (obtained from the above hydrochloride) and 24.4 g. (0.1 m.) of
      1,6-dibromohexane is heated on a steam bath for three hours. The cooled
      reaction mixture is extracted with water to remove
      N-benzyl-4-benzyloxy-3-nitro-phenethylamine hydrobromide. The residue is
      dissolved in 10% aqueous hydrochloric acid and the acid solution is made
      basic with 40% aqueous sodium hydroxide. This mixture is extracted with
      ether and the dried ether extract is concentrated in vacuo to leave a
      residue of
      N,N'-dibenzyl-N,N'-bis[2-(4-benzyloxy-3-nitrophenyl)-ethyl]-hexamethylened
     iamine.
PAR  A suspension of Raney nickel (approximately 25 g.) in ethanol is added to a
      solution of 30.3 g. (0.0375 m.) of the above prepared diamine in 500 ml.
      of ethanol and then 25 ml. of hydrazine hydrate is added dropwise. The
      resulting mixture is heated at reflux for one hour, filtered and
      evaporated to dryness. The residue is extracted with ether and the washed
      and dried extract is acidified with hydrochloric acid to precipitate the
      tetrahydrochloride salt of
      N,N'-dibenzyl-N,N'-bis[2-(3-amino-4-benzyloxyphenyl)-ethyl]-hexa-methylene
     diamine.
PAR  A solution of 9.7 g. (0.0109 m.) of the above prepared tetrahydrochloride
      in 65 ml. of methanol and 25 ml. of water is added to a suspension of 1.5
      g. of 10% palladium-on-carbon in 10 ml. of water. The mixture is
      hydrogenated on the Parr apparatus at room temperature using an initial
      pressure of 60 psi of hydrogen. After four hours the mixture is filtered,
      an additional 1.5 g. of 10% palladium-on-carbon is added and the
      hydrogenation is continued. After four hours the reaction mixture is
      filtered and the filtrate is concentrated in vacuo to give
      N,N'-bis[2-(3-amino-4-hydroxyphenyl)-ethyl]-hexamethylenediamine
      tetrahydrochloride.
PAR  Similarly, by employing 1,8-dibromooctane in the above condensation with
      N-benzyl-4-benzyloxy-3-nitrophenethyl-amine as described above there is
      obtained the corresponding
      N,N'-dibenzyl-N,N'-bis[2-(4-benzyloxy-3-nitrophenyl)-ethyl]-octamethylened
     iamine which is carried through the same sequence of reactions, namely
      reduction with Raney nickel and hydrogenation with palladium-on-carbon, to
      yield N,N'-bis[2-(3-amino-4-hydroxyphenyl)-ethyl]-octamethylenediamine.
PAC  EXAMPLE 2
PAR  A mixture of 31.0 g. (0.0415 m.) of
      N,N'-dibenzyl-N,N'-bis[2-(3-amino-4-benzyloxyphenyl)-ethyl]-hexamethylene-
     diamine (from the tetrahydrochloride salt prepared as in Example 1) and 50
      ml. of acetic anhydride is heated on the steam bath for one hour. The
      reaction mixture is concentrated in vacuo, the residue is suspended in
      water and made alkaline with 10% sodium hydroxide. The product is
      extracted with methylene chloride and the dried extract is concentrated to
      give
      N,N'-dibenzyl-N,N'-bis[2-(3-acetamido-4-benzyloxyphenyl)-ethyl]-hexamethyl
     enediamine.
PAR  The above prepared compound is treated with ethereal hydrogen chloride to
      obtain the corresponding dihydrochloride. The latter (6.95 g., 0.0077 m.)
      with 1.0 g. of 10% palladium-on-carbon in 30 ml. of water and 70 ml. of
      ethanol is hydrogenated on the Parr apparatus using an initial hydrogen
      pressure of 60 psi at room temperature. After hydrogen uptake is complete
      the reaction mixture is filtered and the filtrate concentrated in vacuo to
      yield N,N'-bis[2-(3-acetamido-4-hydroxyphenyl)-ethyl]-hexamethylenediamine
      dihydrochloride.
PAC  EXAMPLE 3
PAR  A mixture of 31.0 g. (0.0415 m.) of
      N,N'-dibenzyl-N,N'-bis[2-(3-amino-4-benzyloxyphenyl)-ethyl]-hexamethylene-
     diamine in 230 ml. of ethyl formate is stirred and refluxed for 24 hours.
      The reaction mixture is evaporated in vacuo and the residue is dissolved
      in methylene chloride, then washed with dilute hydrochloric acid and
      saturated sodium chloride solution. The dried solution is evaporated in
      vacuo to give
      N,N'-dibenzyl-N,N'-bis[2-(4-benzyloxy-3-formamido-phenyl)-ethyl]-hexamethy
     lenediamine.
PAR  The thus prepared compound is treated with ethereal hydrogen chloride and
      the resulting dihydrochloride (2.75 g., 0.00314 m.) is hydrogenated in 70
      ml. of ethanol and 30 ml. of water with 1.0 g. of palladium-on-carbon
      using 60 psi of hydrogen at room temperature. The mixture is filtered and
      the filtrate evaporated to yield
      N,N'-bis[2-(3-formamido-4-hydroxyphenyl)-ethyl]-hexamethylenediamine
      dihydrochloride.
PAC  EXAMPLE 4
PAR  A stirred solution of 40 g. (0.41 m.) of phosgene in 150 ml. of toluene is
      held at 25.degree.C. while a mixture of 39.3 g. (0.0525 m.) of
      N,N'-dibenzyl-N,N'-bis[2-(3-amino-4-benzyloxyphenyl)-ethyl]-hexamethylened
     iamine and 300 ml. of toluene is added slowly. The resulting mixture is
      heated to reflux and continued for 30 minutes. Concentration in vacuo
      gives the bis isocyanate. The latter (40 g.) in 500 ml. of dry benzene is
      saturated with ammonia. After one hour, the mixture is cooled to give
      N,N'-dibenzyl-N,N'-bis[2-(4-benzyloxy-3-ureidophenyl)-ethyl]-hexamethylene
     diamine.
PAR  The above prepared compound is treated with ethereal hydrogen chloride to
      yield the dihydrochloride. A solution of 9.5 g. (0.0109 m.) of the
      dihydrochloride in 75 ml. of methanol and 25 ml. of water is added to a
      suspension of 1.5 g. of 10% palladium-on-carbon in 10 ml. of water. The
      mixture is hydrogenated on the Parr apparatus at room temperature, using
      an initial pressure of 60 psi of hydrogen. After four hours the mixture is
      filtered, an additional 1.5 g. of 10% palladium-on-carbon is added and the
      hydrogenation is continued. After three hours the mixture is filtered and
      the filtrate is concentrated in vacuo to give
      N,N'-bis[2-(4-hydroxy-3-ureidophenyl)-ethyl]-hexamethylenediamine
      dihydrochloride.
PAR  Similarly, employing methyl amine, n-butylamine or isopropylamine in the
      initial reaction with the bis isocyanate and proceeding with the
      hydrogenation as described above yields the corresponding products, as
      follows:
      N,N'-bis[2-(4-hydroxy-3-N'-methylureidophenyl)-ethyl]-hexamethylenediamine
     , N,N'-bis[2-(3-N'-n-butylureido-4-hydroxyphenyl)-ethyl]-hexamethyl-enediam
     ine and
      N,N'-bis[2-(4-hydroxy-3-N'-isopropylureidophenyl)-ethyl]-hexamethylenediam
     ine.
PAC  EXAMPLE 5
PAR  A solution of 12.5 g. of the bis isocyanate prepared from
      N,N'-dibenzyl-N,N'-bis[2-(3-amino-4-benzyloxyphenyl)-ethyl]-hexamethylened
     iamine as described in Example 4, in 200 ml. of ethanol is refluxed for two
      hours. The reaction mixture is concentrated to give
      N,N'-dibenzyl-N,N'-bis[2-(4-benzyloxy-3-carboethoxyaminophenyl)-ethyl]-hex
     amethylenediamine.
PAR  The dihydrochloride of the above prepared compound (2.2 g., 0.0025 m.), 0.5
      g. of 10% palladium-on-carbon and 100 ml. of ethanol is hydrogenated on
      the Parr apparatus at room temperature, using an initial pressure of 60
      psi of hydrogen. When hydrogen uptake is complete the reaction mixture is
      filtered and the filtrate is concentrated in vacuo to yield
      N,N'-bis[2-(3-carboethyoxyamino-4-hydroxyphenyl)-ethyl]-hexamethylenediami
     ne dihydrochloride.
PAR  Similarly, refluxing a solution of the bis isocyanate in methanol or
      isopropanol and continuing as described above yields as final products
      N,N'-bis[2-(3-carbomethoxy-amino-4-hydroxyphenyl)-ethyl]-hexamethylenediam
     ine and
      N,N'-bis[2-(3-carboisopropoxyamino-4-hydroxyphenyl)-ethyl]-hexamethylenedi
     amine, respectively.
PAC  EXAMPLE 6
PAR  To a solution of 7.5 g. (0.01 m.) of
      N,N'-dibenzyl-N,N'-bis[2-(3-amino-4-benzyloxyphenyl)-ethyl]-hexamethylene-
     diamine in 30 ml. of pyridine is added 2.5 g. of methanesulfonyl chloride.
      The reaction mixture is allowed to stand at room temperature overnight and
      is then added to excess water to yield
      N,N'-dibenzyl-N,N'-bis[2-(4-benzyloxy-3-methanesulfonamidophenyl)-ethyl]-h
     examethylenediamine.
PAR  The dihydrochloride of the above prepared compound is hydrogenated as
      described in Example 1 to furnish the product
      N,N'-bis[2-(4-hydroxy-3-methanesulfonamidophenyl)-ethyl]-hexamethylenediam
     ine dihydrochloride.
PAC  EXAMPLE 7
PAR  To a solution of 36.6 g. (0.049 m.) of
      N,N'-dibenzyl-N,N'-bis[2-(3-amino-4-benzyloxyphenyl)-ethyl]-hexamethylened
     iamine in 250 ml. of dry pyridine is added 28.6 g. (0.2 m.) of
      dimethylsulfamoyl chloride in 40 ml. of pyridine at 0.degree.-10.degree.C.
      The reaction mixture is stirred in the cold overnight, then poured into
      water and extracted with ether. The ether extract is washed with water and
      extracted with dilute aqueous potassium hydroxide. The latter extract is
      washed with ether, acidified with hydrochloric acid and extracted with
      methylene chloride. The dried extract is evaporated in vacuo to give
      N,N'-dibenzyl-N,N'-bis[2-(4-benzyloxy-3-N,N-dimethylsulfamoylaminophenyl)-
     ethyl]-hexamethylenediamine.
PAR  The dihydrochloride of the thus prepared compound (9.26 g., 0.01 m.) is
      hydrogenated in 30 ml. of water and 70 ml. of ethanol with 0.5 g. of
      palladium-on-carbon at room temperature for two hours in the Parr
      apparatus. The reaction mixture is filtered, an additional 1 g. of
      palladium-on-carbon is added and the hydrogenation is continued for two
      hours. The mixture is filtered and the filtrate evaporated to yield
      N,N'-bis[2-(3-N,N-dimethylsulfamoylamino-4-hydroxyphenyl)-ethyl]-hexamethy
     lenediamine dihydrochloride.
PAC  EXAMPLE 8
PAR  To a stirred solution of 5.8 g. (0.05 m.) of sulfamyl chloride in 75 ml. of
      dry benzene at 10.degree.C. is added, in small portions, 37.4 g. (0.05 m.)
      of
      N,N'-dibenzyl-N,N'-bis[2-(3-amino-4-benzyloxyphenyl)-ethyl]-hexamethylened
     iamine. After the mixture is stirred at 10.degree.-20.degree.C. for 30
      minutes, it is extracted with 5% aqueous sodium hydroxide. Adding dilute
      hydrochloric acid to the basic extract precipitates the product,
      N,N'-dibenzyl-N,N'-bis[2-(4-benzyloxy-3-sulfamoylaminophenyl)-ethyl]-hexam
     ethylenediamine.
PAR  Proceeding as described in Example 7, namely hydrogenation of the
      corresponding dihydrochloride yields
      N,N'-bis[2-(4-hydroxy-3-sulfamoylaminophenyl)-ethyl]-hexamethylenediamine
      dihydrochloride.
PAC  EXAMPLE 9
PAR  A solution of 2.44 g. (0.01 m.) of 3-carbomethoxy-4-methoxyphenethylamine
      (prepared from 3-carbomethoxy-4-methoxybenzyl chloride by reaction with
      sodium cyanide followed by catalytic reduction of the resulting benzyl
      nitrile) in 25 ml. of toluene is refluxed azeotropically with 1.27 g.
      (0.012 m.) of benzaldehyde for one hour, then the solution is concentrated
      to give the N-benzal derivative. Sodium borohydride (0.38 g., 0.01 m.) is
      then added to a solution of the N-benzal derivative in 25 ml. of methanol
      over a period of 30 minutes. After being stirred for an additional hour at
      25.degree.C. the reaction mixture is evaporated. The residue is treated
      with 2N hydrochloric acid and ether to precipitate
      N-benzyl-3-carbomethoxy-4-methoxyphenethylamine hydrochloride.
PAR  A mixture of 119.5 g. (0.4 m.) of
      N-benzyl-3-carbomethoxy-4-methoxyphenethylamine (obtained from the above
      hydrochloride) and 24.4 g. (0.1 m.) of 1,6-dibromohexane in 250 ml. of
      acetonitrile is refluxed for three hours. The cooled reaction mixture is
      diluted with ether to precipitate
      N-benzyl-3-carbomethoxy-4-methoxyphenethylamine hydrobromide. The mixture
      is filtered and the filtrate is concentrated in vacuo to leave a residue
      of N,N'-dibenzyl-N,N'-bis[2-(3-carbomethoxy-4-methoxyphenyl)-ethyl]-hexame
     thylenediamine.
PAR  A solution of 3.1 g. (0.0041 m.) of the dihydrochloride of the above
      prepared diamine in 30 ml. of methanol and 25 ml. of an aqueous solution
      of ammonia (d. 0.880) is allowed to stand at room temperature about 20
      hours. The mixture is evaporated under reduced pressure to give a residue
      which with methanolic hydrochloric acid yields the dihydrochloride of
      N,N'-dibenzyl-N,N'-bis[2-(3-carboxamido-4-methoxyphenyl)-ethyl]-hexamethyl
     enediamine.
PAR  A solution of the above carboxamido free base liberated by aqueous ammonia
      from 3.61 g. (0.005 m.) of the dihydrochloride is added to a warm, stirred
      suspension of 1.5 g. of lithium aluminum hydride in 20 ml. of
      tetrahydrofuran. After stirring at reflux for about 17 hours the cooled
      reaction mixture is treated with 5 ml. of water, filtered and the filtrate
      is evaporated. The residue is dissolved in ethanol and ethereal hydrogen
      chloride is added to precipitate the tetrahydrochloride of
      N,N'-dibenzyl-N,N'-bis[2-(3-aminomethyl-4-methoxyphenyl)-ethyl]-hexamethyl
     enediamine.
PAR  To a suspension of 12 g. (0.0177 m.) of the free base derived from the
      above tetrahydrochloride in 75 ml. of methylene chloride is added
      gradually 9.0 ml. of boron tribromide, with stirring in an ice bath. The
      ice bath is removed and the mixture is stirred for one hour. The reaction
      mixture is evaporated in vacuo, excess methanol is added gradually and the
      solution evaporated. The residue is dissolved in water and the solution is
      neutralized with sodium bicarbonate to give
      N,N'-dibenzyl-N,N'-bis[2-(3-aminomethyl-4-hydroxyphenyl)-ethyl]-hexamethyl
     enediamine.
PAR  A solution of 17.3 g. (0.0218 m.) of the tetrahydrochloride prepared from
      the above free base in 75 ml. of methanol and 25 ml. of water is
      hydrogenated with palladium-on-carbon as described in Example 1 to give
      N,N'-bis[2-(3-aminomethyl-4-hydroxyphenyl)-ethyl]-hexamethylenediamine
      tetrahydrochloride.
PAC  EXAMPLE 10
PAR  Following the procedure of Example 6, 2.5 g. of methanesulfonyl chloride is
      added to a solution of 6.78 g. (0.01 m.) of
      N,N'-dibenzyl-N,N'-bis[2-(3-aminomethyl-4-methoxyphenyl)-ethyl]-hexamethyl
     enediamine in 30 ml. of pyridine and the mixture is allowed to stand at
      room temperature overnight to yield
      N,N'-dibenzyl-N,N'-bis[2-(3-methanesulfonamidomethyl-4-methoxyphenyl)-ethy
     l]-hexamethylenediamine. The latter as the dihydrochloride is demethylated
      and then debenzylated as described in Example 9 to furnish the product
      N,N'-[2-(4-hydroxy-3-methanesulfonamidomethylphenyl)-ethyl]-hexamethylened
     iamine dihydrochloride.
PAC  EXAMPLE 11
PAR  A solution of 54.2 g. (0.08 m.) of
      N,N'-dibenzyl-N,N'-bis[2-(3-aminomethyl-4-methoxyphenyl)-ethyl]-hexamethyl
     enediamine in 500 ml. of acetic acid and 175 ml. of water is stirred at
      40.degree.C. while a slurry of 23.5 g. of 90% sodium cyanate (21.2 g.,
      0.32 m.) in 160 ml. of water is added in portions. The resulting mixture
      is stirred at 40.degree.C. for one hour, diluted with 1600 ml. of water
      and extracted with methylene chloride. The extract is washed with sodium
      carbonate, dried and evaporated in vacuo to give
      N,N'-dibenzyl-N,N'-bis[2-(4-methoxy-3-ureidomethylphenyl)-ethyl]-hexamethy
     lenediamine. The latter as the dihydrochloride is demethylated and
      debenzylated as described in Example 9 to give
      N,N'-bis[2-(4-hydroxy-3-ureidomethylphenyl)-ethyl]-hexamethylenediamine
      dihydrochloride.
PAC  EXAMPLE 12
PAR  A mixture of 1.56 g. (0.0023 m.) of
      N,N'-dibenzyl-N,N'-bis[2-(3-carbomethoxy-4-methoxyphenyl)-ethyl]-hexamethy
     lenediamine and 40 ml. of 48% aqueous hydrobromic acid is refluxed for four
      hours. The cooled reaction mixture is filtered to give
      N,N'-dibenzyl-N,N'-bis[2-(3-carboxy-4-hydroxyphenyl)-ethyl]-hexamethylened
     iamine dihydrobromide. The latter is hydrogenated with palladium-on-carbon
      as described in Example 1 to yield
      N,N'-bis[2-(3-carboxy-4-hydroxyphenyl)-ethyl]-hexamethylenediamine
      dihydrobromide. The free base obtained from this dihydrobromide (0.8 g.,
      0.0018 m.) is added to an ice cold solution of 40 ml. of 1M borane in
      tetrahydrofuran (0.04 m.) while stirring under nitrogen. The temperature
      is maintained at 0.degree.C. for 20 hours, the solution is then refluxed
      for one hour and concentrated in vacuo. Several portions of methanol are
      added, the solution is concentrated and the residue is dissolved in
      ethanol and filtered. Sulfuric acid is added to pH 2.0 to give
      N,N'-bis[2-(4-hydroxy-3-hydroxymethylphenyl)-ethyl]-hexamethylenediamine
      sulfate.
PAC  EXAMPLE 13
PAR  To a stirred solution of 5.42 g. (0.02 m.) of
      4-benzyloxy-3-nitroacetophenone in 100 ml. of chloroform is added 3.2 g.
      (0.02 m.) of bromine. The mixture is stirred at room temperature for about
      45 minutes and the solution is concentrated in vacuo at
      25.degree.-30.degree.C. to leave
      4-benzyloxy-.alpha.-bromo-3-nitroacetophenone. The latter (35.0 g., 0.1
      m.) in 250 ml. of acetonitrile is stirred at 25.degree.C. with 29.6 g.
      (0.1 m.) of N,N'-dibenzyl-hexamethylenediamine for two hours. The cooled
      reaction mixture is filtered to remove the dihydrobromide of
      N,N'-dibenzyl-hexamethylenediamine. Acidification of the filtrate with
      ethereal hydrogen chloride gives
      N,N'-dibenzyl-N,N'-bis[2-(4-benzyloxy-3-nitrophenyl)-2-oxoethyl]-hexamethy
     lenediamine dihydrochloride.
PAR  The above prepared dihydrochloride is hydrogenated in methanol solution
      with platinum oxide catalyst to obtain the dihydrochloride of
      N,N'-dibenzyl-N,N'-bis[2-(3-amino-4-benzyloxyphenyl)-2-hydroxyethyl]-hexam
     ethylenediamine. The latter is debenzylated as described in Example 1 with
      palladium-on-carbon and a methanolic solution of the product is treated
      with ethereal hydrogen chloride to yield
      N,N'-bis[2-(3-amino-4-hydroxyphenyl)-2-hydroxyethyl]-hexamethylenediamine
      tetrahydrochloride, m.p. 202.degree.-205.degree.C.
PAC  EXAMPLE 14
PAR  A mixture of 20.0 g. (0.083 m.) of 3-amino-4-benzyl-oxyacetophenone and 50
      ml. of acetic anhydride is heated on the steam bath for one hour. The
      resulting solution is concentrated in vacuo, the residual solid is
      suspended in water and the mixture made alkaline with 10% sodium
      hydroxide. The crystalline product is extracted with methylene chloride,
      and the dried extract is concentrated to give
      3-acetamido-4-benzyloxyacetophenone, m.p. 132.degree.-134.degree.C.
PAR  To a stirred solution of 8.6 g. (0.03 m.) of
      3-acetamido-4-benzyloxyacetophenone and 2.6 g. (0.03 m.) of 2-pyrrolidone
      in 300 ml. of tetrahydrofuran is added dropwise a solution of 15.0 g.
      (0.03 m.) of pyrrolidone hydrotribromide in 300 ml. of tetrahydrofuran.
      The mixture is stirred at room temperature for 18 hours, filtered and the
      filtrate concentrated in vacuo to yield
      3-acetamido-4-benzyloxy-.alpha.-bromoacetophenone, m.p.
      163.degree.-166.degree.C.
PAR  A mixture of 3.48 g. (0.01 m.) of
      3-acetamido-4-benzyloxy-.alpha.-bromoacetophenone and 2.96 g. (0.01 m.) of
      N,N'-dibenzyl-hexamethylenediamine in 50 ml. of acetonitrile is stirred at
      25.degree.C. for two hours. The cooled reaction mixture is filtered and
      the filtrate acidified with ethereal hydrogen chloride to give
      N,N'-dibenzyl-N,N'-bis[2-(3-acetamido-4-benzyloxyphenyl)-2-oxoethyl]-hexam
     ethylenediamine dihydrochloride. The latter is hydrogenated with 10%
      palladium-on-carbon to yield
      N,N'-bis[2-(3-acetamido-4-hydroxyphenyl)-2-hydroxyethyl]-hexamethylenediam
     ine dihydrochloride, m.p. 218.degree.-219.degree.C.d.
PAR  Similarly, equimolar amounts of
      3-acetamido-4-benzyloxy-.alpha.-bromoacetophenone and
      N,N'-dibenzyl-tetramethylene-diamine are condensed as described above to
      give the
      N,N'-dibenzyl-N,N'-bis[2-(3-acetamido-4-benzyloxyphenyl)-2-oxoethyl]-tetra
     methylenediamine which is likewise hydrogenated to furnish
      N,N'-bis[2-(3-acetamido-4-hydroxyphenyl)-2-hydroxyethyl]-tetramethylenedia
     mine.
PAC  EXAMPLE 15
PAR  A solution of 20 g. (0.083 m.) of 3-amino-4-benzyl-oxyacetophenone in 230
      ml. of ethyl formate is stirred and refluxed for 24 hours. The reaction
      mixture is evaporated in vacuo and the residue is dissolved in methylene
      chloride, then washed with dilute hydrochloric acid and saturated sodium
      chloride solution. The dried solution is evaporated in vacuo to give a
      residue which upon trituration with ether gives
      4-benzyloxy-3-formamidoacetophenone, m.p. 121.degree.-123.degree.C.
PAR  To a solution of 17.5 g. (0.0648 m.) of 4-benzyloxy-3-formamidoacetophenone
      and 5.51 g. (0.0648 m.) of 2-pyrrolidone in 650 ml. of tetrahydrofuran,
      stirred at room temperature, is added dropwise a solution of 32.2 g.
      (0.0648 m.) of pyrrolidone hydrotribromide in 650 ml. of tetrahydrofuran.
      The mixture is stirred overnight at room temperature, filtered and the
      filtrate evaporated. The residue is dissolved in methylene chloride,
      washed with water, dried and evaporated to leave
      4-benzyloxy-.alpha.-bromo-3-formamidoacetophenone, m.p.
      124.degree.-128.degree.C.
PAR  Following the procedures of Example 14, equimolar amounts of
      4-benzyloxy-.alpha.-bromo-3-formamidoacetophenone and
      N,N'-dibenzyl-hexamethylenediamine are stirred in acetonitrile at
      25.degree.C. for two hours to give
      N,N'-dibenzyl-N,N'-bis[2-(4-benzyloxy-3-formamidophenyl)-2-oxoethyl]-hexam
     ethylenediamine which is similarly hydrogenated to furnish
      N,N'-bis[2-(3-formamido-4-hydroxyphenyl)-2-hydroxyethyl]-hexamethylenediam
     ine.
PAC  EXAMPLE 16
PAR  A stirred solution of 40 g. (0.41 m.) of phosgene in 150 ml. of toluene is
      held at 25.degree.C. with a cooling bath while a mixture of 25.2 g. (0.105
      m.) of 3-amino-4-benzyloxy-acetophenone and 220 ml. of toluene are added
      slowly. The mixture is heated to reflux and continued for 30 minutes.
      Nitrogen is passed through the mixture and then concentrated in vacuo to
      give a crystalline isocyanate, m.p. 105.degree.-106.degree.C.
PAR  A stirred solution of the isocyanate (28.0 g.) in 500 ml. of dry benzene is
      saturated with ammonia. After one hour, the mixture is cooled to give the
      crystalline 4-benzyloxy-3-ureidoacetophenone, m.p. 184.degree.-186.degree.
      C.
PAR  To a stirred solution of 5.7 g. (0.02 m.) of
      4-benzyloxy-3-ureidoacetophenone in 100 ml. of chloroform is added 3.2 g.
      (0.02 m.) of bromine. The mixture is stirred at room temperature for about
      45 minutes and the solution is concentrated in vacuo at
      25.degree.-30.degree.C. to give
      4-benzyloxy-.alpha.-bromo-3-ureidoacetophenone.
PAR  Following the procedures of Example 14, the above prepared acetophenone and
      N,N'-dibenzyl-hexamethylenediamine are refluxed in acetone for 12 hours
      and the resulting
      N,N'-dibenzyl-N,N'-bis[2-(4-benzyloxy-3-ureidophenyl)-2-oxoethyl]-hexameth
     ylenediamine is hydrogenated to yield
      N,N'-bis[2-(4-hydroxy-3-ureidophenyl)-2-hydroxyethyl]-hexamethylenediamine
     .
PAR  Similarly, 4-benzyloxy-.alpha.-bromo-3-(N'-methylureido)-acetophenone,
      prepared from the above isocyanate by reacting with methyl amine followed
      by bromination as described above, is refluxed in acetone for 12 hours
      with N,N'-dibenzyl-hexamethylenediamine to give the corresponding
      N,N'-dibenzyl-N,N'-bis[2-(4-benzyloxy-3-N'-methylureidophenyl)-2-oxoethyl]
     -hexamethylenediamine which in turn is hydrogenated with
      palladium-on-carbon to furnish the product
      N,N'-bis[2-(4-hydroxy-3-N'-methylureidophenyl)-2-hydroxyethyl]-hexamethyle
     nediamine.
PAC  EXAMPLE 17
PAR  A solution of the isocyanate (12.5 g.), prepared as in Example 16, in 170
      ml. of ethanol is refluxed for two hours. The reaction mixture is
      concentrated and the residue is triturated with hexane to give the
      crystalline 4-benzyloxy-3-carboethoxyaminoacetophenone, m.p.
      84.degree.-86.degree.C.
PAR  To a stirred solution of 1.6 g. (0.005 m.) of
      4-benzyloxy-3-carboethoxyaminoacetophenone in 20 ml. of chloroform and 0.2
      g. of benzoyl peroxide is added 0.84 g. (5% excess) of bromine in 2 ml. of
      chloroform. The mixture is stirred at room temperature for about 45
      minutes in the presence of a spotlight and the solution is concentrated in
      vacuo at 35.degree.-45.degree.C. to give
      4-benzyloxy-.alpha.-bromo-3-carboethoxyaminoacetophenone, m.p.
      98.degree.-100.degree.C.
PAR  By employing the procedures described in Example 14 the above prepared
      bromoketone and N,N'-dibenzyl-hexamethylenediamine are stirred at
      25.degree.C. in acetone for two hours to yield
      N,N'-dibenzyl-N,N'-bis[2-(4-benzyloxy-3-carboethoxyaminophenyl)-2-oxoethyl
     ]-hexamethylenediamine which in turn is similarly hydrogenated to give
      N,N'-bis[2-(3-carboethoxyamino-4-hydroxyphenyl)-2-hydroxyethyl]-hexamethyl
     enediamine; m.p. dihydrochloride 227.degree.-228.degree.C.d.
PAC  EXAMPLE 18
PAR  A mixture of 3.98 g. (0.01 m.) of
      4-benzyloxy-3-methanesulfonamido-.alpha.-bromoacetophenone (U.S. Pat. No.
      3,478,149) and 2.96 g. (0.01 m.) of N,N'-dibenzyl-hexamethylenediamine in
      50 ml. of acetonitrile is stirred at 25.degree.C. for two hours. The
      cooled reaction mixture is filtered and the filtrate is acidified with
      ethereal hydrogen chloride to give
      N,N'-dibenzyl-N,N'-bis[2-(4-benzyloxy-3-methanesulfonamidophenyl)-2-oxoeth
     yl]-hexamethylenediamine dihydrochloride. The latter is hydrogenated with
      10% palladium-on-carbon to yield
      N,N'-bis[2-(4-hydroxy-3-methanesulfonamidophenyl)-2-hydroxyethyl]-hexameth
     ylenediamine dihydrochloride, m.p. 194.degree.-195.degree.C.
PAC  EXAMPLE 19
PAR  A solution of 23.6 g. (m.) of 3-amino-4-benzyloxyacetophenone in 200 ml. of
      dry pyridine is treated with 28.6 g. (0.2 m.) of dimethylsulfamoyl
      chloride in 40 ml. of pyridine at 0.degree.-10.degree.C. The reaction
      mixture is stirred in the cold overnight, then poured into water and
      extracted with ether. The ether extract is washed with water and extracted
      with dilute aqueous potassium hydroxide. The latter extract is washed with
      ether, acidified with hydrochloric acid and extracted with methylene
      chloride. The dried methylene chloride solution is evaporated in vacuo to
      give 4-benzyloxy-3-(N,N-dimethylsulfamoylamino)-acetophenone, m.p.
      108.degree.-109.5.degree.C.
PAR  To a stirred solution of 1.74 g. (0.005 m.) of
      4-benzyloxy-3-(N,N-dimethylsulfamoylamino)-acetophenone in 25 ml. of
      chloroform is added a solution of 0.9 g. (0.0056 m.) of bromine in 25 ml.
      of chloroform. The mixture is stirred at room temperature for about 30
      minutes and the solution is concentrated to leave
      4-benzyloxy-.alpha.-bromo-3-(N,N-dimethylsulfamoylamino)-acetophenone,
      m.p. 80.degree.-85.degree.C.
PAR  Following the procedures of Example 14, the above prepared acetophenone is
      reacted with N,N'-dibenzyl-hexamethylenediamine in acetonitrile at
      25.degree.C. to give
      N,N'-dibenzyl-N,N'-bis[2-(4-benzyloxy-3-N,N-dimethylsulfamoylaminophenyl)-
     2-oxoethyl]-hexamethylenediamine which is similarly hydrogenated to yield
      N,N'-bis[2-(3-N,N-dimethylsulfamoylamino-4-hydroxy-phenyl)-2-hydroxyethyl]
     -hexamethylenediamine.
PAR  Similarly, 4-benzyloxy-.alpha.-bromo-3-sulfamoylaminoacetophenone, prepared
      from 3-amino-4-benzyloxyacetophenone by reacting with sulfamyl chloride in
      dry benzene at 10.degree.-20.degree.C. followed by bromination as
      described above, is refluxed in acetone for 12 hours with
      N,N'-dibenzyl-hexamethylenediamine to give
      N,N'-dibenzyl-N,N'-bis[2(4-benzyloxy-3-sulfamoylaminophenyl)-2-oxoethyl]-h
     examethylenediamine which is then hydrogenated with palladium-on-carbon to
      yield
      N,N'-bis[2-(4-hydroxy-3-sulfamoylaminophenyl)-2-hydroxyethyl]-hexamethylen
     ediamine.
PAC  EXAMPLE 20
PAR  A mixture of 3.29 g. (0.01 m.) of
      4-acetoxy-3-acetoxymethyl-.alpha.-bromoacetophenone (South African Pat.
      No. 67/5591) and 2.96 g. (0.01 m.) of N,N'-dibenzyl-hexamethylenediamine
      in 50 ml. of acetonitrile is stirred at 25.degree.C. for two hours. The
      cooled reaction mixture is filtered, the filtrate is acidified with
      concentrated hydrochloric acid and the solution is allowed to stand for 18
      hours to precipitate
      N,N'-dibenzyl-N,N'-bis[2-(4-hydroxy-3-hydroxymethylphenyl)-2-oxoethyl]-hex
     amethylenediamine dihydrochloride. The latter is hydrogenated with 10%
      palladium-on-carbon to yield
      N,N'-bis[2-(4-hydroxy-3-hydroxymethylphenyl)-2-hydroxyethyl]-hexamethylene
     diamine dihydrochloride, m.p. 155.degree.-160.degree.C.D.
PAC  EXAMPLE 21
PAR  A mixture of 2.73 g. (0.01 m.) of
      3-carbomethoxy-4-hydroxy-.alpha.-bromoacetophenone (South African Pat. No.
      67/5591) and 2.96 g. (0.01 m.) of N,N'-dibenzyl-hexamethylenediamine in 50
      ml. of acetonitrile is stirred at 25.degree.C. for two hours. The cooled
      reaction mixture is filtered and the filtrate is acidified with ethereal
      hydrogen chloride to give
      N,N'-dibenzyl-N,N'-bis[2-(3-carbomethoxy-4-hydroxyphenyl)-2-oxoethyl]-hexa
     methylenediamine dihydrochloride.
PAR  A solution of 15 g. (0.02 m.) of the above prepared dihydrochloride in 125
      ml. of methanol and 125 ml. of aqueous ammonia (d. 0.880) is allowed to
      stand in a stoppered flask for six days. The mixture is then evaporated to
      dryness and the residue is extracted with ether. Treatment of the ethereal
      mixture with hydrogen chloride gives
      N,N'-dibenzyl-N,N'-bis[2-(3-carboxamido-4-hydroxyphenyl)-2-oxoethyl]-hexam
     ethylenediamine dihydrochloride.
PAR  Following the procedure outlined in Example 9, a solution of the above
      carboxamido free base liberated by aqueous ammonia from 0.0025 m. of the
      dihydrochloride is added to a suspension of 1.5 g. of lithium aluminum
      hydride to yield after treating the product with ethereal hydrogen
      chloride the tetrahydrochloride of
      N,N'-dibenzyl-N,N'-bis[2-(3-aminomethyl-4-hydroxyphenyl)-2-hydroxyethyl]-h
     examethylenediamine. Hydrogenation with palladium-on-carbon gives
      N,N'-bis[2-(3-aminomethyl-4-hydroxyphenyl)-2-hydroxyethyl]-hexamethylenedi
     amine tetrahydrochloride.
PAC  EXAMPLE 22
PAR  A mixture of 28.7 g. of
      N,N'-dibenzyl-N,N'-bis[2-(3-carboxamido-4-hydroxyphenyl)-2-oxoethyl]-hexam
     ethylenediamine (obtained from the dihydrochloride as prepared in Example
      21), 12.0 g. of potassium carbonate, 3.0 g. of sodium iodide and 9.1 ml.
      of benzyl chloride in 50 ml. of methyl-ethylketone is heated at reflux for
      four hours. The cooled reaction mixture is filtered and the filtrate is
      evaporated to dryness to leave
      N,N'-dibenzyl-N,N'-bis[2-(4-benzyloxy-3-carboxamidophenyl)-2-oxoethyl]-hex
     amethylenediamine.
PAR  A mixture of 15 g. (0.0175 m.) of the above carboxamido compound and 6 g.
      of lithium aluminum hydride in 400 ml. of tetrahydrofuran is heated at
      reflux for 22 hours. After water is added, the reaction mixture is
      evaporated to dryness and the residue is partitioned between ether and
      water. The ether extract is treated with hydrogen chloride to give the
      tetrahydrochloride of
      N,N'-dibenzyl-N,N'-bis[2-(3-aminomethyl-4-benzyloxyphenyl)-2-hydroxyethyl]
     -hexamethylenediamine.
PAR  A solution of 3.9 g. (0.004 m.) of the above tetrahydrochloride in 50 ml.
      of ethanol containing 2.3 g. of potassium cyanate is heated for two hours.
      The reaction mixture is evaporated to dryness and the residue is
      partitioned between ether and aqueous sodium carbonate. The ether extract
      is washed with water, dried and evaporated to yield
      N,N'-dibenzyl]-N,N'-bis[2-(4-benzyloxy-3-ureidomethylphenyl)-2-hydroxyethy
     l]-hexamethylenediamine. The latter, as the dihydrochloride, is
      hydrogenated with 10% palladium-on-carbon to give N,N'-bis
      [2-(4-hydroxy-3-ureidomethylphenyl)-2-hydroxyethyl]-hexamethylenediamine
      dihydrochloride.
PAC  EXAMPLE 23
PAR  To a solution of 9.35 g. of
      N,N'-dibenzyl-N,N'-bis[2-(3-aminomethyl-4-benzyloxyphenyl)-2-hydroxyethyl]
     -hexamethylenediamine in 50 ml. of pyridine is added 2.5 ml. of
      methanesulfonyl chloride at room temperature. After 18 hours the reaction
      mixture is added to an excess of 2N hydrochloric acid and extracted with
      chloroform. The extract is neutralized with sodium bicarbonate, washed,
      dried and evaporated to give
      N,N'-dibenzyl-N,N'-bis[2-(4-benzyloxy-3-methanesulfonamido-methylphenyl)-2
     -hydroxyethyl]-hexamethylenediamine. The latter, as the dihydrochloride, is
      hydrogenated with palladium-on-carbon to yield
      N,N'-bis[2-(4-hydroxy-3-methanesulfonamido-methylphenyl)-2-hydroxyethyl]-h
     examethylenediamine dihydrochloride.
PAC  EXAMPLE 24
PAR  To a mixture of 260 cc. of 37% formaldehyde and 1800 cc. of concentrated
      hydrochloric acid is added 400 g. of p-hydroxyacetophenone at a
      temperature of about 45.degree.C. The mixture is maintained at
      50.degree.C. for two hours, filtered, and washed with water to give
      3-chloromethyl-4-hydroxyacetophenone, m.p. 154.degree.C. dec.
PAR  A mixture of 40 g. of 3-chloromethyl-4-hydroxyacetophenone and 26 g. of
      magnesium methyl sulfinate in 500 ml. of ethanol is refluxed with stirring
      for 3 hours. The reaction mixture is then concentrated in vacuo. The
      resultant oil is redissolved in chloroform and washed with water. The
      chloroform is dried and evaporated to give
      4-hydroxy-3-methyl-sulfonylmethylacetophenone, m.p.
      206.5.degree.-208.5.degree.C.
PAR  A mixture of 14.0 g. of 4-hydroxy-3-methylsulfonylmethylacetophenone, 9.3
      g. of potassium carbonate, 7.8 ml. of benzyl chloride and a catalytic
      amount of sodium iodide in 250 ml. of acetone and 250 ml. of water is
      refluxed with stirring for 16 hours. The acetone is removed and the
      aqueous phase is extracted with chloroform, washed with water, dried and
      evaporated to yield an oil which is recrystallized in isopropyl alcohol to
      give crystalline 4-benzyloxy-3-methyl-sulfonylmethylacetophenone, m.p.
      94.degree.-97.degree.C.
PAR  To a stirred solution of 7.7 g. of
      4-benzyloxy-3-methylsulfonylmethylacetophenone and 2.15 g. of
      2-pyrrolidone in 300 ml. of tetrahydrofuran is added 12.5 g. of
      pyrrolidone hydrotribromide (PHT) and the stirring is continued for 56
      hours at room temperature. The mixture is filtered and the filtrate
      concentrated in vacuo to give an oil which crystallizes upon standing. The
      crystals are redissolved in chloroform. The chloroform solution is washed
      with water, dried and concentrated to yield a solid which is
      recrystallized from acetonitrile to give
      4-benzyloxy.alpha.-bromo-3-methylsulfonylmethylacetophenone, m.p.
      143.degree.-144.degree.C.
PAR  Following the procedures of Example 14, equimolar amounts of
      4-benzyloxy-.alpha.-bromo-3-methylsulfonylmethylacetophenone and
      N,N'-dibenzyl-hexamethylenediamine are stirred in acetonitrile at
      25.degree.C. for two hours to give
      N,N'-dibenzyl-N,N'-bis[2-(4-benzyloxy-3-methylsulfonylmethylphenyl)-2-oxoe
     thyl]-hexamethylenediamine which is similarly hydrogenated to furnish
      N,N'-bis[2-(4-hydroxy-3-methylsulfonylmethylphenyl)-2-hydroxyethyl]-hexame
     thylenediamine; m.p. dihydrochloride 177.degree.-179.degree.C.
PAC  EXAMPLE 25
PAR  A solution of 10.0 g. (0.0252 m.) of
      4-benzyloxy-.alpha.-bromo-3-methylsulfonylmethylacetophenone in 50 ml. of
      dimethyl-sulfoxide is allowed to stand for 40 hours and then is poured
      into water. The mixture is extracted with chloroform and the extract is
      washed with water, dried and evaporated to give
      4-benzyloxy-3-methylsulfonylmethylphenyl glyoxal, m.p.
      108.degree.-110.degree.C.
PAR  To a warm slurry of 3.32 g. (0.01 m.) of the above prepared phenyl glyoxal
      in 40 ml. of methanol is added a solution of 0.58 g. (0.005 m.) of
      1,6-diaminohexane in methanol. After warming for 20 minutes the reaction
      mixture is filtered to give
      N,N'-bis[2-(4-benzyloxy-3-methylsulfonylmethylphenyl)-2-oxoethylidene]-hex
     amethylenediamine, m.p. 162.degree.-163.degree.C.
PAR  The above diamine is slurried in absolute ethanol and 1.0 g. of sodium
      borohydride is added. The mixture is refluxed for two hours and filtered
      hot to yield
      N,N'-bis[2-(4-benzyloxy-3-methylsulfonylmethylphenyl)-2-hydroxyethyl]-hexa
     methylenediamine, m.p. 146.degree.-148.5.degree.C.
PAR  This bis aminoalcohol (2.0 g., 0.0027 m.) is hydrogenated as a slurry in
      methanol on a Parr shaker over 1.0 g. of palladium-on-carbon for about
      five hours. The reaction mixture is filtered, evaporated and the residue
      in methanol is treated with ethereal-hydrogen chloride to give
      N,N'-bis[2-(4-hydroxy-3-methylsulfonylmethylphenyl)-2-hydroxyethyl]-hexame
     thylenediamine dihydrochloride, m.p. 177.degree.-179.degree.C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A chemical compound of the formula:
      ##EQU8##
      or a pharmaceutically acceptable acid addition salt of said compound,
      wherein:
PA1  n is a positive whole integer from 4 to 8; and
PA1  Z is hydroxy.
NUM  2.
PAR  2. A chemical compound according to claim 1 in which n is 6.
PATN
WKU  039339149
SRC  5
APN  3007529
APT  1
ART  124
APD  19721025
TTL  Organic dye having fluoroaliphatic substituent
ISD  19760120
NCL  8
ECL  1
EXA  Williams; S. P.
EXP  Roberts; Elbert L.
INVT
NAM  Coles; Robert F.
CTY  Lake Elmo
STA  MN
INVT
NAM  Skoog; Ivan H.
CTY  Lake Elmo
STA  MN
ASSG
NAM  Minnesota Mining and Manufacturing Company
CTY  St. Paul
STA  MN
COD  02
CLAS
OCL  260577
XCL  26032612R
XCL  26032613R
XCL  2603452
XCL  2603462R
XCL  2604655R
XCL  260470
XCL  260471R
XCL  260471A
XCL  260473F
XCL  2605709
XCL  260576
XCL  260578
XCL  260607A
XCL  260518R
XCL    8162R
XCL  117 333
EDF  2
ICL  C07C 8752
FSC  260
FSS  576;577;57 A;570.9
OREF
PAL  yagu pol'skii  et al., "Chem. Abstracts", Vol. 65, p. 642(a), (1966).
LREP
FRM  Alexander, Sell, Steldt and DeLaHunt
ABST
PAL  Dyes of the formula
      ##EQU1##
      WHEREIN R.sub.c is a monovalent chromophoric radical, M is a sulfonyl,
      carbonyl, or carbonyloxy bridging radical, R.sub.f is a monovalent
      saturated fluoroaliphatic radical, and R is a monovalent organic radical
      selected from cyano, MR.sub.f, or aryl sulfonyl. A wide spectrum of
      unusually brilliant colors is available.
BSUM
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  This invention relates to novel synthetic organic dyes.
PAR  The dyes of the invention are basically composed of a chromophoric radical
      that is chemically bonded in a novel chemical arrangement to a
      fluoroaliphatic moiety. The presence of the fluoroaliphatic moiety in the
      new dye compound produces several unexpected advantages. The foremost
      advantage produced in many of these new chemical compounds is their narrow
      spectral absorbence bands, thought to be caused by the presence of the
      fluoroaliphatic moiety, producing dyes with extremely brilliant hues.
      Another unexpected advantage is the bathochromatic spectral shift, also
      thought to be caused by the presence of the fluoroaliphatic moiety. With
      such a spectral shift, it is possible to produce dyes having spectral
      absorbences at wave lengths longer than corresponding non-fluoroaliphatic
      substituted dyes. Utilizing this advantage, it is additionally possible to
      produce dyes ranging in color from yellow to magenta to cyan by merely
      extending the structure of any dye by addition of more units capable of
      providing chemical conjugation, e.g., C=C units, thereby producing dyes
      having a multitude of colors from similar reactants. Still another
      advantage is seen in the ability of some of the dyes of the invention to
      display "heat transfer" properties.
PAR  The term heat transfer as herein used means the ability of a mass of the
      dye to be transformed, from a solid or liquid state after it is heated on
      one surface, to a gaseous state, and to return to the previous state on
      another surface.
PAR  The dyes of the present invention can be used in light filters,
      photographic and textile dyes, and in other applications where organic
      dyes are presently used. The heat-transferable dyes of the invention can
      be used in thermographic copying processes.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Briefly, the dyes of the present invention are represented by the formula
      ##EQU2##
      WHEREIN R.sub.c represents a monovalent chromophoric radical, M represents
      ##EQU3##
      R.sub.f represents a fluoroaliphatic radical, and R represents a
      monovalent electron-withdrawing radical such as a cyano, arylcarbonyl,
      alkylcarbonyl, perfluoroalkyl, alkylsulfonyl, arylsulfonyl, nitro,
      sulfonyl fluoride, sulfonyl chloride radical or MR.sub.f (wherein M and
      R.sub.f are as defined above). Radicals preferred for R include cyano,
      fluoroalkylsulfonyl or fluoroalkylcarbonyloxy (for example having from
      1-18 carbon atoms -- preferably 1-8 carbon atoms), and arylsulfonyl
      (preferably phenylsulfonyl).
PAR  The preferred chromophoric radicals that are represented by R.sub.c in the
      general formula are radicals having chemical structures shown in Formulae
      II-V as follows:
      ##SPC1##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen, monovalent alkyl (preferably
      methyl or ethyl), cyanoalkyl (preferably cyanomethyl or cyanoethyl), aryl
      (preferably phenyl), or aralkyl (preferably benzyl); n is the integer 0,
      1, or 2, X is halogen (preferably chlorine or bromine), lower alkyl (e.g.,
      having 1-3 carbon atoms), cyano, nitro, lower alkoxy (preferably having
      1-3 carbon atoms), hydrogen, hydroxyl, sulfonate, or carboxyl; and m is
      the integer 1-3;
      ##SPC2##
PAL  wherein X is as defined above, A is a trivalent alkenylene radical having
      from 2-3 carbon atoms, and Q is a divalent substituted nitrogen atom such
      as a hydrogen, alkyl, or aryl (e.g., phenyl), substituted nitrogen, or a
      divalent oxygen;
EQU   (R.sub.3 O).sub.a Ar--                                    IV.
PAL  wherein R.sub.3 is an alkyl group having from 1-4 carbon atoms, a is the
      integer 1-5 and Ar is a naphthylene group having a valency of a+1; and
      ##SPC3##
PAL  wherein X is as defined above, p is the integer 1-3, and R.sub.4 is
      hydrogen or a monovalent alkyl group (preferably having from 1-3 carbon
      atoms).
PAR  R.sub.f is preferably a saturated fluoroaliphatic radical, for example
      containing 1 to 18 carbon atoms (preferably 1 to 8 carbon atoms) with the
      majority of the carbon atoms most preferably being perfluorinated.
PAR  The term "perfluorinated" is employed to denote substitution of all
      carbon-bonded hydrogen atoms by fluorine atoms, in accord with the
      recognized usage of the term such as may bee seen in U.S. Pat. No.
      2,732,398. This usage carries no implication of similarities in properties
      between corresponding groups and compounds of hydrocarbon and fluorocarbon
      systems; hydrogen and fluorine are not chemically equivalent or similar.
PAR  The above mentioned fluoroaliphatic groups can contain chlorine atoms
      bonded to the carbon atoms (preferably not more than one chlorine for two
      adjacent carbons) as well as having fluorine and hydrogen atoms bonded to
      carbon atom. The fluoroaliphatic radical may be a straight or branched
      chain, cyclic, or a straight chain including a cyclic portion.
      Additionally, the fluoroaliphatic group may contain an oxygen atom linking
      two carbon atoms, e.g., --CF.sub.2 OCF.sub.2 --, or a nitrogen atom
      linking three carbon atoms e.g., (R.sub.f CH.sub.2).sub.2 NCF.sub.2 --.
      Exemplary fluoroaliphatic groups include 1,1,1,tris-trifluoroethyl,
      perfluoromethyl, perfluorobutyl, perfluorooctyl, perfluorododecyl,
      perfluoroisopropyl, perfluoro-(2-cyclohexylethyl),
      omega-chloroperfluorohexyl, 2-hydroperfluoropropyl,
      perfluoro(3-morpholinopropyl), and perfluoro(3-piperidinopropyl).
PAR  The dyes of the present invention may for the most part be prepared by
      chemical condensation of suitably substituted precursor methanes with
      aldehydes that contain the desired chromophoric radical. The substituted
      precursor methanes are characterized by having at least one methylene
      group that contains two reactive hydrogen atoms, i.e., that are capable of
      undergoing reaction with an aldehyde group to produce the condensation
      product. The substituted precursor methanes are also characterized by
      having substituents which provide the chemical functionality described
      above. For example, preparation of dyes having a fluoroaliphatic-sulfonyl
      functionality, i.e., where M in Formula I is
      ##EQU4##
      the precursor methanes will be fluoroaliphaticsulfonyl methanes having the
      general formula R--CH.sub.2 --SO.sub.2 --R.sub.f, where R and R.sub.f are
      as defined above, and most preferably the fluoroaliphaticsulfonyl methanes
      have the general formula R.sub.f ' SO.sub.2 CH.sub.2 SO.sub.2 R.sub.f
      where R.sub.f ' is a fluoroaliphatic radical according to the definition
      of R.sub.f, including R.sub.f ' and R.sub.f being identical. One of the
      simplest useful fluoroaliphaticsulfonyl methane precursors of the dyes of
      the invention of this type, (CF.sub.3 SO.sub.2).sub.2 CH.sub.2, is
      described in U.S. Pat. No. 3,586,616. Some higher homologs are described
      in U.S. Pat. No. 3,281,472.
PAR  For preparation of dyes having a fluoroaliphatic carbonyloxy functionality,
      i.e., where M in Formula I is
      ##EQU5##
      the precursor methanes will be fluoroaliphatic carbonyloxy methanes having
      the general formula
      ##EQU6##
      where R and R.sub.f are as defined above. Examples of useful
      fluoroaliphatic carbonyloxy methanes include
      ##EQU7##
      etc., which are described in assignee's copending application U.S. Ser.
      No. 172,603, filed Aug. 17, 1971.
PAR  For preparation of dyes having a fluoroaliphatic carbonyl functionality,
      i.e., where M in Formula I is
      ##EQU8##
      precursor methanes will have the general formula
      ##EQU9##
      wherein R and R.sub.f are as defined above. Examples of these precursor
      methanes include
      ##EQU10##
      and others which are prepared according to the method described in Henne
      et al, The Alkaline Condensation of Fluorinated Esters and Ketones, Vol.
      69 JACS, pp. 1819-20 (1947).
PAR  The aldehydes with which the substituted methane precursor compounds react
      to form the dyes of invention may be represented by the general formula
      R.sub.c --CHO where R.sub.c is a monovalent chromophoric radical as
      described above.
PAR  Aldehydes which provide the chromophoric radical, illustrated by Formula II
      as shown above, will have the general formula
      ##SPC4##
PAL  wherein R.sub.1, R.sub.2, X, m and n are defined above. Such aldehydes can
      be prepared by the method described by Vikmeier and Haak, Ber. 60, 119
      (1927) or by methods outlined in U.S. Patent Nos. 2,766,233; 2,789,125;
      and 3,260,737. Useful examples of this type include
      4-dimethylaminobenzaldehyde, 4-diethylaminocinnamaldehyde,
      4(N-methyl-N2'-cyanoethyl) aminobenzaldehyde,
      2-chloro-4-dimethyl-aminobenzaldehyde, etc.
PAR  Likewise, aldehydes which provide the chromophoric radical, illustrated by
      Formula III as shown above, will have the general formula
      ##SPC5##
PAL  wherein X, A, and Q are as defined above. Such aldehydes are well known
      chemical compounds, including, e.g., .beta.-indole aldehyde, coumarin
      carboxaldehyde and .beta.-coumarone aldehyde.
PAR  Aldehydes which provide the chromophoric radical represented by Formula IV
      are also well known compounds; e.g., 2-methoxy-1-naphthaldehyde.
PAR  The aldehydes which provide the chromophoric radical represented by Formula
      V can be prepared by the method disclosed in Ann. Chem. 606, pp 79-89
      (1957). An example of aldehydes of this type is
      5--(N--methyl--N--phenyl)amino--2,4-pentadienal.
PAR  The chemical condensation reaction which produces the dyes of the invention
      through reaction of suitably substituted methane precursors and aldehydes
      that contain the desired chromophoric radical is of the type described in
      co-pending application Ser. No. 300,754 filed concurrently herewith by
      Robert J. Koshar and can be illustrated as follows:
      ##EQU11##
      wherein R, R.sub.f and M are as defined above.
PAR  One convenient method for preparing the dyes of this inventon consists in
      bringing a substituted methane precursor compound into intimate contact
      with a suitable aldehyde in a liquid reaction medium which is non-reactive
      with the reactants and the product, at a suitable temperature which is
      generally in the range of about 20.degree. to 150.degree.C., and
      maintaining the mixture at the temperature until the reaction is
      essentially complete. The liquid reaction medium is preferably a solvent
      for the reactants but not the product, giving a convenient means of
      removing the product from the reaction mixture. Examples of suitable
      reaction media include alkanols such as ethanol, methanol and isopropanol,
      aromatic liquids such as benzene, toluene, xylene, mesitylene, and other
      liquids such as acetone, acetic acid, water, water/alkanol mixtures, and
      chloroform. The reaction can also proceed in the absence of a reaction
      medium or in a medium which merely suspends rather than dissolves the
      reactants. Strongly basic solutions such as aqueous sodium hydroxide or
      sodium methoxide are generally to be avoided because they may degrade the
      condensation product.
PAR  Upon completion of the reaction, th condensation product is separated from
      the reaction mixture, e.g., by evaporation of reaction medium or
      filtration, with further purification, if desired, by recrystallization of
      the dye.
PAR  Temperature is not a critical factor in the practice of this invention.
      Although the preferred range is from about 20.degree.C. to about
      150.degree.C.; other temperatures as low as 0.degree.C. and as high as
      200.degree.C. or even higher can be used.
PAR  The reaction, to proceed satisfactorily, may require the presence of a
      catalytic amount of an organic base such as piperidine, triethylamine, or
      the organic salt of piperidine or triethylamine. Use of a catalyst should
      be avoided, however, where the substituted methane precursor compound is a
      difluoroaliphaticsulfonyl methane. For convenience, the reactions of this
      invention are conducted at normal atmospheric pressure but pressures above
      and below atmospheric pressure can be used. The reactor can be a vessel of
      simple design constructed of any non-reactive materials such as glass,
      ceramic ware or stainless steel, and is preferably provided with means for
      agitation, cooling and heating.
PAR  The molar ratio of the substituted methane precursor compound to the
      aldehyde used in the method may be varied. Best results, however, are
      obtained when equimolar amounts of aldehyde and substituted methane
      precursor are used.
PAR  The dyes of the present invention can, as previously stated, be used in
      applications where conventional organic dyes are used, and because of
      their novel characteristics can be used in other new applications. For
      example, certain of the dyes can be coated, using a suitable transparent
      organic binder (e.g., gelatin), upon photographic film to provide a
      colored filter layer which can be rendered colorless during the processing
      of the film.
PAR  Certain of the dyes can be used to permanently dye both natural and
      synthetic fabrics such as fabrics made of cotton, wool, nylon, silk,
      polyester (e.g., "Dacron"), cellulose acetate (e.g., "Arnel"),
      acrylonitrile (e.g., "Acrilan"), viscose rayon, polyacrylonitrile (e.g.,
      "Orlon"), and the like.
PAR  Certain of the dyes are also heat-transferable; therefore, they can be used
      in thermographic copying processes, e.g., in a color copying apparatus
      such as is disclosed in U.S. Pat. No. 3,601,484.
PAR  For use in thermographic copying processes the dyes are generally coated
      (either neat or in a suitable film-forming binder) upon a suitable carrier
      sheet bearing heat absorbing indicia. A receptor sheet is then stacked
      upon the carrier sheet and the dye-coated carrier is heated -- usually by
      infrared heating --  to cause volatization of the dye adjacent the
      indicia. The volatilized dye is permitted to deposit upon the surface of
      the receptor to produce indicia in the dye thereon. The degree of heating
      required to cause volatilization of the dye may vary depending upon the
      molecular weight of the dye and/or its chemical structure. Therefore, some
      experimentation may be required to determine optimum process conditions,
      that being within the skill of the art.
PAR  Receptors and carriers made of paper are generally preferred in the
      thermographic copying process but a considerable variety of other sheet
      goods will also function adequately, e.g., polymeric resin sheets such as
      polyester, polyethylene, poly-perfluoroethylene, etc., metal sheets such
      as aluminum, copper, steel, etc., inorganic non-metallic materials such as
      glass, ceramic, etc.
PAR  Useful film-forming binders include normally solid organic polymeric
      materials and organic compounds which are transparent to infra-red
      radiation. Suitable binders include nitrocellulose; "Saran" resins;
      "Bakelite" resins (i.e., polyvinyl chloride, polyvinyl acetate, and
      copolymers thereof); polymethylmethacrylates; polyethylmethacrylates;
      polyvinyl alcohol/vinyl acetate/vinyl chloride copolymers; silicone
      resins; fluorocarbon resins. A preferred binder is a
      1,1-dihydro-perfluorooctylmethacrylate homopolymer containing about 0.5%
      acrylic acid. Concentrations of dyes in the binders will vary, of course,
      depending upon their mutual compatibility.
PAR  The dyes are usually coated on the carrier surface from a solvent solution.
      The solvent is an organic liquid that is chemically inert with respect to
      the dye and carrier and evaporates at a reasonable low temperature, e.g.,
      preferably less than 100.degree.C. Useful organic solvents include
      alkanols such as methanol, ethanol or propanol, aromatic liquids such as
      benzene, toluene or xylene, and others such as acetone, chloroform etc.
PAR  The dye can be dissolved in any convenient concentration in the solvent,
      depending upon the application and the solubility of the dye. The
      concentration of dye in the coating composition for most applications will
      be from 0.1% to about 25% by weight.
DETD
PAC  ILLUSTRATIVE EXAMPLES
PAC  EXAMPLE 1
PAR  To a moderately stirred solution consisting of 1.75 g. (0.01 mole) of
      p-dimethylaminocinnamaldehyde dissolved in about 5 ml. of isopropyl
      alcohol, contained in an open glass vessel equipped with a stirrer, was
      slowly added a solution consisting of 2.8 g. (0.01 mole)
      bis(trifluoromethylsulfonyl) methane, causing immediate precipitation of a
      purple solid. The contents of the flask were heated for about ten minutes;
      thereafter, heating was terminated and the flask contents allowed to cool
      to room temperature, causing additional precipitation. The purple solid
      was collected by filtration, recrystallized from acetonitrile and dried,
      giving 3.97 g. of purple dye having the formula
      ##SPC6##
PAL  and the following properties:
TBL  Absorbence maximum (in methanol)                                          

                             537 /m/u                                          

     Melting point           205-207.degree.C.                                 

PAC  Thermographic Imaging
PAR  A sheet of white bond paper having black infrared absorbing printing
      thereon was soaked in a dilute solution (about 1%) of the dye in methyl
      alcohol, dried in air to remove the methyl alcohol, and stacked on a sheet
      of undyed unprinted bond paper of the same type as the sheet described
      above. The stacked sheets were passed through a thermographic copy device
      having an elongate infrared heat source to cause heating of the dyed
      sheet. Heating caused dye to transfer from the printed areas of the dyed
      sheet to the undyed bond sheet, producing a copy of the print in brilliant
      magenta on the undyed sheet. No dye transferred from the unprinted areas
      of the dyed sheet.
PAC  Fabric Dyeing
PAR  A small piece of "Dacron" polyester fabric was dyed by immersing it into a
      dye solution prepared as follows: 0.25 g. of the above-described dye was
      dissolved in 60 ml. CH.sub.3 OCH.sub.2 CH.sub.2 OH with moderate heating
      which solution was then dissolved in 450 ml. water containing 0.25 g.
      sodium alkylnaphthalene sulfonate ("Alkanol B") and an additional 50 ml.
      CH.sub.3 OCH.sub.2 CH.sub.2 OH. The fabric-containing solution was boiled
      and stirred for 10 minutes, after which time the fabric was removed,
      washed with aqueous detergent, rinsed and dried, producing a magenta dyed
      fabric.
PAC  EXAMPLES 2-35
PAR  Using a procedure similar to that set forth in Example 1 (unless otherwise
      specified), the following dyes according to the invention were prepared.
      The reactants used to prepare each of the dyes will become apparent upon
      seeing the chemical structure of the dye; therefore, for the sake of
      brevity, the chemical structures of the reactants are not shown.
TBL                                               Absorbence  Melting          

                                                  Max (m.mu.) Point            

     No.    Dye                                   (in Methanol)                

                                                          Color                

                                                              (.degree.C.)     

     __________________________________________________________________________

     2.                                           --      yellow               

                                                              --               

     3.                                           --      yellow               

                                                              --               

     4.                                           --      magenta              

                                                              --               

     5.                                           402     yellow               

                                                              257              

     6.                                           453     yellow               

                                                              168-169          

     7.                                           627     cyan                 

                                                              190-191          

     8.                                           448     yellow               

                                                              --               

     9.                                           --      yellow               

                                                              --               

                                                          orange               

     10.                                          535     magenta              

                                                              --               

     11.                                          --      magenta              

                                                              --               

     12.                                          461 338 yellow               

                                                              119-120          

     13.                                          638     cyan                 

                                                              158-160          

     14.                                          548     magenta              

                                                              186-187          

     15.                                          --      cyan                 

                                                              75-77            

     16.                                          --      yellow               

                                                               113-114.5       

     17.                                          453     yellow               

                                                              153              

     18.                                          543     magenta              

                                                              132-133          

     19.                                          420     yellow               

                                                              oil              

     20.                                          --      yellow               

                                                              149-150          

     21.                                          --      orange-              

                                                              --               

                                                          yellow               

     22.                                          477     orange               

                                                              --               

     23.                                          --      red 188-190          

     24.                                          482     orange               

                                                              154-155          

     25.                                          423     yellow               

                                                              --               

     26.                                          --      magenta              

                                                              --               

     27.                                          545     magenta              

                                                              --               

     28.                                          --      yellow               

                                                              --               

                                                          orange               

     29.                                          --      red --               

     30.                                          --      orange-              

                                                              --               

                                                          red                  

     31.                                          436     yellow               

                                                              153-7            

     32.                                          --      yellow               

                                                              147-149          

     33.                                          --      yellow               

                                                              --               

     __________________________________________________________________________

      ##SPC7##
PAL  red-brown color melting point 136.degree.-7.degree.C.
PAR  1,1,1,5,5,5-hexafluoro-2,4- pentanedione (0.48 g.) and
      N,N-dimethylaminocinnamaldehyde (0.35 g.) were dissolved with heating in 5
      ml. of isopropyl alcohol to produce a yellow solution to which was added 5
      drops of piperidine which caused the yellow solution to turn dark
      reddish-blue. After 5 minutes of additional heating, the solution was
      cooled to cause precipitation of a reddish-brown lustrous solid weighing
      0.23 g. on drying. The solid had the chemical structure shown above.
      ##SPC8##
PAL  yellow color
PAR  Sulfonate p-dibenzylaminobenzaldehyde (0.69 g.) and 1'-trifluoromethylethyl
      cyanoacetate (0.40 g.) were dissolved in 50 ml. of methyl alcohol
      containing 12 drops of piperidine. The resultant yellow solution was
      refluxed for about 5 minutes and then cooled. Saturated potassium acetate
      solution (2 ml.) was added to cause precipitation of 0.87 g. (on drying)
      of the yellow dye shown above.
      ##SPC9##
PAL  yellow color
PAR  Prepared according to the method described in Example 35.
PAR  This dye was used as a filter dye by first dissolving 0.2 grams of dye in 8
      ml. of warm water and adding 3 to 12 grams aqueous gelatin and 1 ml.
      aqueous sodium alkylnaphthalene sulfonate ("Alkanol" B), coating the
      solution on cellulose triacetate film base, and permitting the coating to
      dry to a non-tacky state by solvent evaporation. The coated base film was
      then color processed in the usual manner using a developer consisting of
      800 ml. water 1.8 g. sodium sulfate, 1.4 g. sodium bromide, 5 grams of
      N,N-diethylaminoaniline hydrochloride, 12.5 g. sodium hydroxide and 58 g.
      sodium tetraborate decahydrate (borax), and a hardener consisting of 5.0
      g. sodium bisulphite, 20 ml. formalin, 3.8 g. sodium tetraborate
      decahydrate (borax), 4.5 g. sodium hydroxide and sufficient water to make
      the volume 1 liter.
PAR  The coating became colorless after 4 minutes of processing in the developer
      solution. Subsequent washing and drying gave a colorless film strip.
      ##SPC10##
PA1  1. In acetonitrile 550 m.mu.
PA1  2. Magenta color
PA1  3. Melting point 134.degree.-136.degree.C.
TBL                                               Absorbence  Melting          

                                                  Max (m.mu.) Point            

     No. Dye                                      (in Methanol)                

                                                          Color                

                                                              (.degree.C.)     

     __________________________________________________________________________

     38.                                          510     red 89-90            

     39.                                          488     red-                 

                                                              122-124          

                                                          orange               

     40.                                          560     violet               

                                                              148.5-149.5      

     41.                                          --      red-                 

                                                              136.5-138        

                                                          orange               

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound having the general formula
      ##SPC11##
PAL  wherein R.sub.1 and R.sub.2 are hydrogen, alkyl, haloalkyl, phenyl, or
      benzyl, n is the integer zero, 1 or 2, X is hydrogen, halogen, alkyl
      having from 1-3 carbon atoms, nitro, or alkoxy having from 1-3 carbon
      atoms, and m is the integer 1 to 3, M is a divalent bridging radical
      selected from the group consisting of sulfonyl, carbonyl, and carbonyloxy,
      R.sub.f is a monovalent saturated perfluoroalkyl radical having from 1 to
      8 carbon atoms, R is a monovalent radical selected from the group
      consisting of, alkylcarbonyl, perfluoroalkyl, alkylsulfonyl,
      phenylsulfonyl, nitro, sulfonyl fluoride, sulfonyl chloride, and MR.sub.f
      wherein M and R.sub.f are as defined above.
NUM  2.
PAR  2. A compound having the general formula
      ##SPC12##
PAL  wherein R.sub.5 and R.sub.6 are ethyl or methyl radicals, n is 0-2, and
      R.sub.f is a monovalent pefluoroalkyl having from 1-8 carbon atoms.
NUM  3.
PAR  3. The compound of claim 2 wherein said R.sub.f groups are
EQU  CF.sub.3 groups.
NUM  4.
PAR  4. The compound of claim 2 wherein said R.sub.f groups are
EQU  C.sub.4 F.sub.9 groups.
NUM  5.
PAR  5. The compound of claim 2 wherein said R.sub.f groups are
EQU  C.sub.8 F.sub.17 groups.
NUM  6.
PAR  6.
      ##SPC13##
NUM  7.
PAR  7.
      ##SPC14##
NUM  8.
PAR  8.
      ##SPC15##
PATN
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TTL  Insect repellent compositions and process having an N-substituted
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ABST
PAL  Lower hydroxyalkyl amines in which at least one of the amino hydrogens is
      replaced by an acyclic monoterpenyl radical or hydrogenated acyclic
      monaterpenyl radical are useful repellents for insect repelling
      compositions.
PARN
PAR  This application is a continuation of Ser. No. 265,673, filed June 23,
      1972, and now abandoned, which in turn was a continuation-in-part of Ser.
      No. 189,464, filed Oct. 14, 1971, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to compositions containing secondary and tertiary
      hydroxyalkylamines which are effective insect repellents.
PAC  SUMMARY OF THE INVENTION
PAR  One aspect of the present invention is our discovery that secondary and
      tertiary amines of the formula RR'R"N wherein R is a lower hydroxyalkyl
      radical containing from 2 to 6 carbon atoms, R' is a acyclic monoterpenyl
      or hydrogenated acyclic monoterpenyl radical, and R" is the hydrogen atom
      or is the same as R' are effective insect repellents. These
      hydroxyalkylamine compounds are believed to be novel chemicals.
PAR  Another aspect is an insect repellent composition comprising an inert
      carrier and from about 0.1 to about 90 weight percent of an lower
      hydroxyalkylamine falling within the class of amines described above and
      an inert carrier.
PAR  A further aspect is a process for repelling insects from a substrate which
      comprises depositing on or in said substrate an insect repelling
      proportion of such hydroxyalkylamine. Application dosages are suitably
      about 5 to 500 mg. per square foot of substrate exposed to insects, and
      can vary somewhat from this depending upon the degree of repellency
      desired, the insect to be repelled, the climate, and the expected
      exposure.
PAR  Generally speaking, one important mechanism of activity of insect
      repellency of compounds resides in their having relatively high vapor
      pressure; that is, they diffuse into the atmosphere from the substrate or
      composition in which they are incorporated and are fugitive in character.
      Thus, the insect repellent activity of an insect repellent compound or
      composition applied to a substrate is often in the nature of only a few
      hours' time.
PAR  Surprisingly, the compositions of the present invention provide insect
      activity for prolonged periods of time, even up to one month or longer.
PAR  In the foregoing formula R' is selected from the group consisting of
      acyclic monoterpenyl radicals and their hydrogenated counterparts.
      Examples of acyclic monoterpenyl radicals are myrcenyl, linalyl, neryl,
      citronellyl, bupleuryl, geranyl, lavandulyl, and like radicals. Examples
      of hydrogenated acyclic terpenyl radicals are 3,7-dimethyloctyl and the
      like as can be obtained from the acyclic monoterpenyl radicals by partial
      or complete hydrogenation thereof. The 3,7-dimethyloctyl radical is
      commonly referred to as the tetrahydrogeranyl radical.
PAR  Examples of lower hydroxyalkyl radicals include those residues derived by
      removing a hydrogen atoms from an unhydroxylated carbon atom in ethanol,
      n-propanol, i-propanol, n-butanol, secbutyl alcohol, tert-butyl alcohol,
      2-methyl-propanol-1, pentanol, and its isomeric alcohols, and hexanol and
      its isomeric alcohols. The 2-methyl-propanol-1 group sometimes is referred
      to as 1-hydroxy- 2-methyl-2-propyl radical; its connection to the amino
      nitrogen in the compounds concerned herein can be illustrated by way of
      example as follows:
      ##EQU1##
PAR  This particular hydroxyalkyl moiety depicted is preferably named as the
      2-hydroxy-1,1-dimethylethyl radical in accord with Chemical Abstracts
      nomenclature when such amino alcohols are named with the amine as the
      principle component.
PAR  Compounds in which R is the 2-hydroxy-1,1dimethylethyl radical have been
      found to provide particularly advantageous insect repellent compounds.
PAR  In the above described process for repelling insects from a substrate which
      comprises depositing on or in said substrate an insect repelling amount of
      a lower hydroxyalkylamine, particularly effective for our invention are
      the compounds substituted with geranyl and geranyl derived groups.
PAR  The term "depositing on or in said substrate" is defined as any method of
      process by which the said repellent is brought into contact with the said
      substrate either substantially or superficially and includes direct and
      indirect application to the substrate or surface. Such surfaces include,
      for example, the bodies of animals and man, growing plants, manufactured
      products, clothing, webs, and similar devices which might be used in an
      insect environment. Implied herein are the typical applications,
      techniques, and formulations commonly employed by those skilled in the use
      and formulation of insect repellents and pesticides including areas of
      medicine and veterinary applications to animals and the like and to the
      locus and surroundings where pesticidal protection is desired. Further, by
      definition, the term includes the designations contact, deposit, soak,
      place, permeate, impregnate, invest, coat, treat, surround, cover and like
      terms. Such deposits would include sprays, lotions, powders, coatings,
      paints, varnishes, lacquers, and would also imply the finished substrate
      whether or not other prior or subsequent treatment are commonly made
      thereto.
PAR  Specific compounds which are secondary amines wherein R' is acyclic
      monoterpenyl and R" is H, and which is useful in the practice of this
      invention include the following listed amines and their neryl, linalyl,
      and citronellyl counterparts.
PA1  N-(2-hydroxyethyl)-geranylamine
PA1  N-(2-hydroxypropyl)-geranylamine
PA1  N-(2-hydroxy-1-methylethyl)-geranylamine
PA1  N-(3-hydroxybutyl)-geranylamine
PA1  N-(2-hydroxy-1,1-dimethylethyl)-geranylamine.
PAR  Specific compounds which are tertiary amines wherein R' and R" are acyclic
      monoterpenyl and which are useful in the practice of this invention are
      the following listed amines and their neryl, linalyl, and citronellyl
      counterparts.
PA1  N-(2-hydroxyethyl) digeranylamine
PA1  N-(2-hydroxy-1,1-dimethylethyl) digeranylamine
PA1  N-(2-hydroxypropyl) digeranylamine
PA1  N-(1-hydroxymethyl-propyl) digeranylamine.
PAR  Specific secondary amines where R' is tetrahydrogeranyl and R" is H, and
      which are useful in the practice of this invention are:
PA1  N-(2-hydroxyethyl) 3,7-dimethyloctylamine
PA1  N-(2-hydroxy-1,1-dimethylethyl) 3,7-dimethyloctylamine
PA1  N-(2-hydroxy-1-methylethyl) 3,7-dimethyloctylamine
PA1  N-(2-hydroxybutyl) 3,7-dimethyloctylamine
PA1  N-(3-hydroxypropyl) 3,7-dimethyloctylamine.
PAR  Specific tertiary amines wherein R' and R" are fully hydrogenated acyclic
      monoterpenyl radicals derived by the addition of hydrogen to the
      unsaturated position of the corresponding neryl, linalyl, citronellyl, and
      the like compounds described above or from mixtures thereof are:
PA1  N-(2-hydroxyethyl) di(3,7-dimethyloctyl)amine
PA1  N-(2-hydroxyethyl) di(3,7dimethyloctyl)amine
PA1  N-(2-hydroxy-1,1-dimethylethyl) di(3,7-dimethyloctyl)amine.
PAC  SYNTHESIS
PAR  The compounds of this invention may be prepared by modification of methods
      well known in the literature. Common general methods for the preparation
      of substituted aminoalkanols are shown in U.S. Pat. No. 2,363,081 as
      intermediates for the preparation of various local anesthetic esters and
      in the Journal of the American Chemical Society publications by Ringk, et
      al. (65, p. 1222; 1943), Cope, et al. (66 pp. 1733-1747; 1944), Pierce, et
      al. (71 p. 1765; 1949) among others listed in the prior art references.
PAR  Other synthetic approaches occasionally used are preparation of the
      corresponding amino ketone followed by reduction of the keto group to
      yield the desired alcohol and hydrogenation of the corresponding
      oxazolidines as described by Cope and Hancock (J. Am. Chem. Soc. 66, p.
      1453; 1944).
PAR  A preferred synthetic method for the preparation of the compounds of this
      invention comprises heating the corresponding acylic monoterpenyl or
      hydrogenated terpenyl halide with the hydroxy acyclic lower alkylamines
      such as, for example, 2-hydroxyethylamine,
      2-hydroxy-1,1-dimethylethylamine, 2-hydroxypropylamine, and
      3-hydroxypropylamine at a temperature in the range from 40.degree. to
      160.degree.C. in the presence of an acid acceptor.
PAR  If desired an excess of the lower hydroxyalkyl amine can be used as the
      acid acceptor. The reaction is preferably carried out in an organic
      solvent inert under the conditions of the reaction. For example, methanol,
      ethanol, propanol, and higher alcohol and ethers may be used but
      hydrocarbons such as benzene, xylene, and the like are generally
      preferred. The acid acceptor generally is a basic substance which forms
      water soluble by-products with the evolved hydrogen halide which is easily
      separable from the main reaction product. Alternatives to using an excess
      of the amine as the hydrogen halide acceptor include the use of tertiary
      amines such as triethylamine or pyridine. Frequently when a hydrocarbon
      solvent is used the byproduct amine hydrochloride will be an insoluble
      solid which can be easily removed from the reaction product by filtration.
      Work-up in this case is conveniently carried out by filtering the amine
      hydroclhoride, washing the remaining organic phase with water, evaporating
      the solvent and distilling the product. In some cases where the products
      are solids, recrystallization is preferred to distillation.
PAR  The hydrogenateed terpenyl compounds also can be prepared by first
      isolating the terpenyl and the aminoalkanols and subjecting these to
      hydrogenation procedures commonly used to add hydrogen to unsaturated
      linkages.
PAR  The foregoing compounds range from high-boiling liquids to low-melting
      solids and have limited water solubility. They can be made water soluble
      by reacting them with a suitable acid such as, for example, hydrochloric,
      sulfuric, phosphoric acid, to convert the compounds into the corresponding
      amine acid salt. Under such circumstances the carrier can be water. It is
      contemplated that both the hydroxyalkylamine and their water soluble salts
      will be useful in the practice of this invention.
PAR  The novel compounds of this invention are effective in repelling for
      prolonged periods of time; e.g., up to a month or in some cases longer, a
      wide spectrum of insects including ticks, flour beetles, moths, house
      flies, stable and other biting flies such as black flies, horn flies,
      horse flies, and deer flies, chiggers, ants, cockroaches, mosquitoes, and
      the like. Typical repellent compositions will contain advantageously
      between 0.1 and 50 and usually 0.1-25 weight percent of one or more of the
      compounds herein defined in intimate admixture with a carrier.
PAR  The carrier employed can be any carrier conventionally used in
      insect-repellent formulations with the proviso that the carrier should be
      inert; that is, it should be incapable of undergoing a chemical reaction
      with the compound employed. The carrier should also be one that will not
      be harmful to the environment in which it is employed. Hence
      intermediates, unreacted excess reactants and reagents, by-products of
      reaction and solvents containing such generally extraneous chemical
      material definitely are not a part of the inventive compositions, the
      latter being fairly commercially pure compounds; e.g., 85% or about with
      only innocuous diluents, admixed with acceptable carriers for the use.
      Thus, some agricultural applications can tolerate the common commercially
      pure admixtures, while applications to animal or human skin demand quite
      high purities of admixture.
PAR  When it is desired to render packaging material, such as for example,
      boxes, repellent to cockroaches or beetles, the insect-repellent compounds
      or compositions should be used in sufficient amount to leave an effective
      layer or residue on the surface of the packaging material. The effective
      amount of compound to be deposited on the substrate to be made repellent
      will depend to some extend on the character of carrier used and on the
      substrate to be protected.
PAR  It the repellent is to be applied to a domestic animal such as, for
      example, a dog to repel biting flies (which are often unaffected by
      conventional repellents), the carrier should be non-toxic to such animals.
      Especially preferred are those bland carriers commonly accepted as
      suitable for veterinary, cosmetic, and medicinal preparations.
PAR  Admixtures with non-toxic and non-irritating alcohols, such as isopropanol,
      hexanols, and other commonly used adjuvants are preferred. Some of the
      useful adjuvants may themselves possess some measure of repellent activity
      and such combinations may exhibit synergistic effects providing activity
      beyond that expected from individual components. Also contemplated in
      certain repellent usage are combinations of the subject hydroxyalkylamines
      with which are mixed other useful insecticidally active compounds such as,
      for example, natural and synthetic pyrethrins. It is expected that the
      novel compounds of this invention will afford more economical use of such
      synergizable substances.
PAR  The carrier can be any one of a variety of organic or inorganic liquid,
      solid, or semisolid carriers or carrier formulations conventionally used
      in the art and can be a mixture of such carriers or carrier formulations.
PAR  Examples of liquid hydrocarbon carriers which are widely used for economic
      reasons include oils produced by the distillation of coal and the
      distillation of various types and grades of petro-chemical stocks.
      Petroleum oils which are especially useful and economical include kerosene
      oils, light and medium agricultural spray oils, and heavy paraffin oils
      for use in emulsions. Generally preferred are highly refined oils which
      contain only minute amounts of unsaturated materials as measured by
      standard sulfonation tests. Such paraffin oils can be emulsified with
      water and an emulsifier and diluted to lower concentrations and used in
      conventional aerosol spray devices. Tall oils obtained from the sulfate
      digestion of wood pulp, like paraffin oils, can also be employed.
PAR  In addition to the above-mentioned liquid hydrocarbons, and often employed
      in conjunction therewith, a carrier can contain conventional emulsifying
      agents; for example, a nonionic surfactant such as the ethylene oxide
      condensate of octyphenol or an anionic surfactant such as, for example, an
      alkali metal salt of an alkylbenzenesulfonic acid. Such emulsifiers permit
      the composition to be dispersed in and diluted with water for end-use
      applications.
PAR  Paraffin oils are generally employed as carriers in the insect-repellent
      compositions of this invention, in conjunction with an emulsifier, the
      mixture being diluted with water immediately prior to end-use application.
      By way of example, when a compound falling within the scope of the formula
      hereinbefore described is dissolved in paraffin oil containing an
      emulsifier and such composition is subsequently diluted with water to form
      an oil-in-water emulsion, the emulsion when atomized and spraye in
      insect-infested areas or in areas which are likely to become
      insect-infested, is a highly effective repellent against such insects and
      will retain its repellent activity for prolonged periods of time.
PAR  Other advantageous organic liquid carriers can include liquid terpene
      hydrocarbons and terpene alcohols; for example, .alpha.-pinene, dipentene,
      terpineol, and the like. Still other liquid carriers can include organic
      solvents such as volatile aliphatic and aromatic alcohols, esters,
      aldehydes, and ketones. Aliphatic monohydric alcohols which can be
      employed inclide methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl,
      and t-butyl alcohols. Suitable polyhydric alcohols such as ethylene glycol
      and propylene glycol, glycerine, and the pinacols may be employed.
PAR  It is anticipated that creams and lotions containing the novel
      hydroxyalkylamines of this invention will be preferred applications for
      human protection against certain insects including mosquitoes. These
      preparations which will generally contain other adjuvants commonly used in
      the art may be applied directly to the skin or exposed body portions in
      humans or animals or, alternatively, be applied to articles of clothing.
PAR  The above described repellents can be formulated in creams and lotions
      using by way of example 0.5 to about 10 parts of the said
      hydroxyalkylamine in conjunction with about 7 parts dimethyl phthalate and
      about 3.5 parts magnesium stearate.
PAR  Solid carriers which can be used in the compositions include finely divided
      inorganic solid materials, examples of such materials include finely
      divided siliceous minerals such as clays; e.g., bentonite, attapulgite,
      fullers earth, diatomaceous earth, kaolin, mica, talc, finely divided
      quartz, etc., as well as synthetically prepared siliceous materials
      including silica aerogels and precipitates and fume silicas. Examples of
      finely divided solid organic materials include starch, flour, sugar,
      sawdust, gelatin, and the like.
PAR  Examples of semisolid carriers include petroleum jelly, lanolin, and the
      like and mixtures of liquid and solid carriers which provide semisolid end
      products.
PAR  The above-described compositions can be employed without further dilution,
      or can be diluted with suitable liquids or solids to repel common insect
      pests such as roaches, termites, beetles, flies including biting flies,
      mosquitoes, weevils, moths, ticks, chinch bugs, lice, mites, and the like.
      Such compositions, when used to contact an insect environment, can
      effectively repel the insects. By way of example, one advantageous
      embodiment of a composition of this invention comprises from about 0.1 to
      40 percent, preferably 1 to about 25 percent by weight, of a
      hydroxyalkylamine compound of this invention. Other formulations include
      up to 10 parts of the lower hydroxyalkylamine, 25 parts dimethyl
      phthalate, 20 parts white wax, and 50 parts peanut oil.
PAR  Granaries and silos can be treated with the compositions of this invention
      prior to grain storage to prevent beetle, weevil, and other insect
      infestation in the grain to be subsequently stored.
DETD
PAR  The following examples are intended to illustrate the invention, but not to
      limit the scope thereof, parts and percentages being by weight unless
      otherwise indicated.
PAC  EXAMPLE 1
PAC  N-(2-hydroxy-1,1-dimethylethyl) Geranylamine
PAR  Commercial myrcene hydrochloride, 290 grams (1.12 moles containing about
      67% by weight useable geranyl and neryl chlorides) was slowly added with
      stirring over a 4 hour period to 220 grams (2.25 moles) of molten
      2-amino-2-methyl-1-propanol maintained at 55-60.degree.C., and the
      stirring was continued at this temperature for an additional 21/2 hours
      after completion of the addition. The reaction mixture was made alkaline
      with 20% aqueous sodium hydroxide and further heated under reflux for 1
      hour. After cooling, the organic oil was separated, washed with water, and
      dried with anhydrous magnesium sulfate. The oil was distilled under vacuum
      through a short Vigreaux column and the fraction boiling over the range
      100.degree.-125.degree.C. at 0.07 mm Hg absolute was collected and
      identified as 99% pure N-(2-hydroxy-1,1-dimethylethyl) geranylamine (41%
      yield). NMR spectroscopy identified the product as a mixture containing
      both the geranyl and neryl isomers.
PAC  EXAMPLE 2
PAC  N-(2-hydroxy-1,1-dimethylethyl) Digeranylamine
PAR  The vacuum distillation described in Example 1 was continued after removing
      the monogeranylamine. After discarding an intermediate fraction,
      N-(2-hydroxy-1,1-dimethylethyl) digeranylamine was isolated in 21% yield,
      b.p. 170.degree.-190.degree. at 0.07 mm Hg absolute. NMR spectroscopy
      showed this fraction to be 98% pure (mixture of both digeranyl and dineryl
      isomers).
PAC  EXAMPLE 3
PAC  N-(2-hydroxy-1,1-dimethylethyl) Tetrahydro-Geranylamine
PAR  A solution of 20 grams of N-(2-hydroxy-1,1-dimethylethyl) geranylamine in
      25 milliliters of glacial acidic acid was treated with 0.4 grams of
      platinum oxide ("Adams catalyst") and subjected to hydrogenation at 60 psi
      hydrogen pressure for three hours. The resultant solution was filtered to
      remove the catalyst, diluted with aqueous sodium hydroxide and the crude
      product was allowed to solidify. The crude product when recrystallized for
      acetone yielded a white solid, melting at 59.degree.-61.degree.C.
      Alternatively, purification could be effected by distillation under
      reduced pressure (b.p. 108.degree.-155.degree.C. at 0.17 mm Hg absolute).
      The structure of the product was verified by NMR spectroscopy.
PAC  EXAMPLE 4
PAR  N-(2-hydroxyethyl) geranylamine was prepared in a manner similar to the
      procedure of Example 1 except that the alcohol used was 2-aminoethanol.
PAC  EXAMPLE 5
PAR  N-(2-hydroxyethyl digeranylamine was prepared in a manner similar to the
      procedure described in Example 2 after isolating the compound described in
      Example 4.
PAC  EXAMPLE 6
PAR  N-(2-hydroxypropyl) geranylamine was prepared in a manner similar to the
      procedure of Example 1 except that amino alcohol used was
      2-hydroxypropylamine.
PAC  EXAMPLE 7
PAR  N-(2-hydroxypropyl) digeranylamine was obtained as a higher boiling
      fraction after isolating the compound of Example 6 in that process.
PAC  EXAMPLE 8
PAR  N-(1-hydroxymethyl-propyl) 3,7-dimethyloctylamine was prepared in a manner
      similar to the procedure of Example 3 except that the starting material
      used was N-(1-hydroxymethyl-propyl) geranylamine.
PAC  EXAMPLE 9
PAR  Two separate acetone solutions were prepared. Each solution contained 1.5
      weight percent of one of the following compounds:
PA1  N-(2-hydroxyethyl)digeranylamine
PA1  N-(2-hydroxyethyl)geranylamine.
PAR  Each solution was used to treat two sheets of brown kraft paper, and the
      sheets were treated with an amount of solution sufficient to obtain a
      concentration of 20 mg. of compound per square foot of paper. The test
      solutions were applied to the paper sheets and allowed to dry overnight,
      after which they were cut into strips having a 6-inch by 12-inch length
      for test purposes.
PAR  The long edges of a treated and untreated piece of kraft paper of the same
      dimensions were joined with transparent tape.  Plastic cylinders were
      placed over the treated and untreated papers so that the joined edges
      constituted the diameter of the test cylinder. Mineral oil was applied to
      the walls of the plastic cylinders to force the insects onto the paper
      surface. The test insect was the confused flour beetle (Tribolium
      confusum), and 3-inch diameter cylinders were employed. Untreated control
      sheets were provided as a negative control, and a standard sheet which had
      been treated with acetone solutions of 2-hydroxyethyl-n-octylsulfide,
      applied to kraft paper sheets at the same level were used as the standard
      positive control. Results are given in Table I. Ten insects were used in
      each cylinder.
PAR  The number of insects on the treated and untreated surfaces of the paper
      were recorded at one-hour intervals. The percent repellency was determined
      by the formula u-t/u .times. 100
PAL  where "u" is the number of insects on the untreated paper, and "t" is the
      number of insects on the treated paper. As is evident from the table,
      N-(2-hydroxyethyl)digeranylamine was substantially equivalent to the
      standard, and the N-(2-hydroxyethyl)geranylamine was significantly above
      the standard. Four replicate tests were run for each compound and the
      controls.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Observation Periods -- Hours*                                             

                   Rep.                                                        

                      1.0   2.0  3.0  4.0  Total Count                         

                                                  Percent                      

     Chemical Treatment                                                        

                   Nos.                                                        

                      T U   T U  T U  T U  T  U   Repellency                   

     __________________________________________________________________________

     N-(2-hydroxyethyl)Diger-                                                  

                   1  1 9   0 10 0 10 0 10                                     

       anylamine   2  1 9   0 10 1  9 0 10                                     

                   3  5 5   0 10 0 10 0 10                                     

                   4  4 6   0 10 0 10 0 10 12 148 92                           

     N-(2-hydroxyethyl)Ger-                                                    

                   1  0 10  0 10 0 10 0 10                                     

       anylamine   2  0 10  0 10 0 10 0 10                                     

                   3  0 10  0 10 0 10 0 10                                     

                   4  0 10  0 10 0 10 0 10  0 160 100                          

     2-Hydroxyethyl n-octyl                                                    

                   1  0 10  0 10 0 10 1  9                                     

       sulfide (Standard)                                                      

                   2  0 10  0 10 0 10 0 10                                     

                   3  1 9   1  9 0 10 0 10                                     

                   4  4 6   0 10 0 10 1  9  8 152 95                           

     Untreated     1  7 3   3  7 4  6 1  9                                     

                   2  4 6   9  1 3  7 9  2                                     

                   3  7 3   0 10 9  1 8  2                                     

                   4  1 9   8  2 4  6 5  5 81  79 --                           

     __________________________________________________________________________

      *T= Treated;                                                             

       U= Untreated specimens                                                  

PAC  EXAMPLE 10
PAR  The procedure of Example 9 was repeated with an amount of solution
      sufficient to obtain a concentration of 14 milligrams of compound per
      square foot of paper except that N-(2-hydroxy-1,1-dimethylethyl)
      geranylamine and N-(2-hydroxy-1,1-dimethylethyl) digeranylamine were
      employed in place of the compounds employed in Example 9. The results
      given in Table II demonstrate that these products equal or surpass the
      insect repellency provided by the control.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Observation Periods -- Hours                                              

                      Rep.                                                     

                         1.0   2.0  3.0  4.0  Total Count                      

                                                     Percent                   

     Chemical Treatment                                                        

                      Nos.                                                     

                         T U   T U  T U  T U  T  U   Repellency                

     __________________________________________________________________________

     N-(2-hydroxy-1,1-dimethyl-                                                

                      1  0 10  0 10 0 10 0 10                                  

       ethyl) Geranylamine                                                     

                      2  0 10  0 10 0 10 0 10                                  

                      3  0 10  0 10 0 10 0 10                                  

                      4  0 10  0 10 0 10 0 10  0 160 100                       

     N-(2-hydroxy-1,1-dimethyl-                                                

                      1  6 4   1  9 0 10 0 10                                  

       ethyl)Digeranylamine                                                    

                      2  1 9   0 10 0 10 1  9                                  

                      3  1 9   0 10 0 10 0 10                                  

                      4  0 10  0 10 0 10 0 10 10 150 93                        

     2-Hydroxyethyl-n-octylsulfide                                             

                      1  0 10  0 10 0 10 1  9                                  

       (Standard)     2  0 10  0 10 0 10 0 10                                  

                      3  1 9   0 10 0 10 0 10                                  

                      4  4 6   0 10 0 10 1  9  8 152 95                        

     Untreated        1  7 3   3  7 4  6 1  9                                  

                      2  4 6   9  1 3  7 8  2                                  

                      3  7 3   0 10 9  1 8  2                                  

                      4  1 9   8  2 4  6 5  5 81  79 --                        

     __________________________________________________________________________

PAC  EXAMPLE 11
PAR  The procedure of Example 9 was repeated except that the kraft paper strips
      were treated with an amount of material equal to 7 milligrams per square
      foot of kraft paper, and the same compounds were employed. The results are
      given in Table III.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Observation Periods -- Hours                                              

                    Rep.                                                       

                       1.0     2.0   3.0   4.0   Total Count                   

                                                        Percent                

     Chemical Treatment                                                        

                    Nos.                                                       

                       T   U   T U   T U   T U   T  U   Repellency             

     __________________________________________________________________________

     N-(2-hydroxy-1,1-dimethyl-                                                

                    1  1   9   1 9   1 9   0 10                                

       ethyl) Geranylamine                                                     

                    2  0   10  1 9   2 8   2 8                                 

                    3  0   10  4 6   0 10  5 5                                 

                    4  8   2   7 3   1 9   2 8   35 125 72                     

     N-(2-hydroxy-1,1-dimethyl-                                                

                    1  5   5   0 10  0 10  1 9                                 

       ethyl)Digeranylamine                                                    

                    2  2   8   0 10  1 9   2 8                                 

                    3  8   2   0 10  1 9   1 9                                 

                    4  5   5   0 10  1 9   6 4   33 127 74                     

     Untreated      1  2   8   7 3   4 6   2 8                                 

                    2  8   2   6 4   2 8   9 1                                 

                    3  1   9   5 5   7 3   0 10                                

                    4  10  0   3 7   5 5   4 6   75  85 12                     

     __________________________________________________________________________

PAC  EXAMPLE 12
PAR  The procedure of Example 9 was repeated to determine test duplicability of
      14 milligrams of compound per square foot of paper in all instances. The
      results are set forth in Table IV and shown that the two compounds
      employed; i.e., N-(2-hydroxy-1,1-dimethylethyl) geranylamine and
      N-(2-hydroxy-1,1-dimethylethyl) digeranylamine, are again equivalent to or
      better than the standard control.
TBL                                    TABLE IV                                

     __________________________________________________________________________

     Observation Periods -- Hours*                                             

                    Rep.                                                       

                       1.0 2.0  3.0  4.0   Total Count                         

                                                   Percent                     

     Chemical Treatment                                                        

                    Nos.                                                       

                       T U T U  T U  T U   T   U   Repellency                  

     __________________________________________________________________________

     N-(2-hydroxy-1,1-dimethyl-                                                

                    1  0 10                                                    

                           0 10 1  9 2 8                                       

     ethyl) geranylamine                                                       

                    2  0 0 0 10 0 10 2 8                                       

                    3  0 10                                                    

                           0 10 0 10 1 9                                       

                    4  0 10                                                    

                           0 10 0 10 0 10  6   154 96                          

     N-(2-hydroxy-1,1-dimethyl-                                                

                    1  0 10                                                    

                           0 10 0 10 1 9                                       

     ethyl) Digeranylamine                                                     

                    2  0 10                                                    

                           0 10 0 10 1 9                                       

                    3  0 10                                                    

                           0 10 0 10 0 10                                      

                    4  0 10                                                    

                           0 10 0 10 0 10  2   158 99                          

     2-hydroxyethyl-n-octyl-                                                   

                    1  1  9                                                    

                           5  5 0 10 0 10                                      

     sulfide (Standard)                                                        

                    2  1  9                                                    

                           0 10 1  9 1 9                                       

                    3  0 10                                                    

                           0 10 1  9 1 9                                       

                    4  0 10                                                    

                           0 10 0 10 0 10  11  149 93                          

     __________________________________________________________________________

      *T = Treated;                                                            

       U= Untreated                                                            

PAC  EXAMPLE 13
      ##EQU2##
PAR  N-(2-hydroxy-1,1-dimethylethyl) geranylamine was screened for its repellent
      activity against the German cockroach Blattella germanica using the
      following procedure:
PAR  Five milliliters of a 2.0 percent solution of
      N-(2-hydroxy-1,1-dimethylethyl) geranylamine in acetone was applied to the
      inside of a one-half pint, cylindrical paperboard carton. An opening 3/4
      inch in diameter was cut into the carton to give the roaches access to
      food and water which were placed inside. The treated carton was placed in
      the center of a 10-inch evaporating dish having side walls greased to
      prevent escape. Twenty-five adult roaches were placed in the dish. The
      number of roaches found in the treated carton as well as the number of
      roaches in the control carton which has been treated with acetone only was
      observed at daily intervals. The effectiveness is based on the length of
      time elapsing before 50 percent or more of the insects consistently
      entered the treated carton. The dead insects were replaced at least 24
      hours before a count was made. All tests were run in duplicate. The data
      in Table V show that N-(2-hydroxy-1,1-dimethylethyl) geranylamine is
      effective for at least 4 days under test conditions.
TBL                TABLE V                                                     

     ______________________________________                                    

     Insect Repellency to Blattella germanica                                  

     USDA House Test                                                           

                  % Roaches inside treated cartons                             

                  on indicated days after treatment                            

     Chemical Treatment                                                        

                    2            4                                             

     ______________________________________                                    

     N-(2-hydroxy-1,1-dimethyl-                                                

     ethyl)geranyl amine                                                       

                     0           36                                            

     None           96           92                                            

     ______________________________________                                    

PAC  EXAMPLE 14
PAR  N-(2-hydroxy-1-propyl) digeranylamine was evaluated for effectiveness
      against Blattella germanica using a procedure described in the preceding
      example. The test indicates that this compound repels the German cockroach
      effectively for 4 days.
PAC  EXAMPLE 15
PAR  N-(2-hydroxy-1-propyl) geranylamine was screened for its effectiveness
      against Blattella germanica using the procedure described in Example 13.
      The results indicate that this compound is effective for 6 days under the
      conditions of the tests. The test was repeated using the same procedure
      hereinbefore described except that the treated carton was aged for 6 days
      before testing, and the compound was shown to be effective for an
      additional 7 days.
PAC  EXAMPLE 16
PAR  The procedure of the preceding example was repeated except that the
      paperboard cylinders were treated and aged for 10 days prior to testing
      and the material; i.e., N-(2-hydroxy-1,1-dimethylethyl)
      3,7-dimethyl-1-octylamine, was found to be an effective repellent for over
      twelve days thereafter.
PAC  EXAMPLE 17
      ##EQU3##
PAR  The procedure of the preceding example was repeated except that 80
      milligrams of N-(2-hydroxy-1,1-dimethylethyl) 3,7-dimethyl-1-octylamine
      per square foot of inside carton surface was employed and the treated
      materials were aged for 15 days before testing at this level. The compound
      was found to be still effectively repellent after 24 days.
PAC  EXAMPLE 18
PAR  The procedure of Example 9 was repeated except that the compound
      N-(2-hydroxy-1,1-dimethylethyl) 3,7-dimethyl-1-octylamine was tested
      against the flour beetle Tribolium confusum. The compound was placed on
      paper in an acetone carrier in a manner to deposit 16 milligrams of
      compound per square foot of brown kraft paper. The results given in Table
      VI show the percent repellency to be 92 percent.
TBL                                    TABLE VI                                

     __________________________________________________________________________

     Observation Periods -- Hours*                                             

                       Rep.                                                    

                          1.0   2.0  3.0  4.0  Total Count                     

                                                      Percent                  

     Chemical Treatment                                                        

                       Nos.                                                    

                          T U   T U  T U  T U  T  U   Repellency               

     __________________________________________________________________________

     N-(2-hydroxy-1,1-diemthyl-                                                

                       1  0 10  0 10 0 10 0 10                                 

       ethyl)3,7-dimethyl-1-octyl-                                             

                       2  0 10  0 10 0 10 0 10                                 

       amine           3  6 4   0 10 0 10 0 10                                 

                       4  6 4   0 10 0 10 0 10 12 148 92                       

     Untreated         1  9 1   3  7 6  4 9  1                                 

                       2  0 10  8  2 6  4 9  1                                 

                       3  9 1   7  3 9  1 0 10                                 

                       4  1 9   7  3 3  7 7  3 92  68  0                       

     __________________________________________________________________________

      *T = Treated;                                                            

       U = Untreated                                                           

PAC  EXAMPLE 19
PAR  1.5 grams of N-(2-hydroxy-1,1-dimethylethyl) 3,7-dimethyl-1-octylamine
      dissolved in acetone was used to treat 1 square foot of two cotton
      stockings. The same amount of the standard commercially available,
      N,N-diethyl-m-toluamide, was used to treat two additional stockings. The
      treatments were exposed to caged mosquitoes and stable flies by pulling
      the stockings over the forearm of a human technician and inserting the arm
      into the cage. The procedure was repeated until five bites were received
      in a 1-minute exposure of treatment. The insects used in this repellency
      experiment were yellow fever mosquitoes, Aedes aegypti, and the stable
      flies Stomoxys calcitrans. The results are given in Table VII.
TBL                TABLE VII                                                   

     ______________________________________                                    

                       Protection Time in Weeks                                

     Compound            Stable Flies                                          

                                   Mosquitoes                                  

     ______________________________________                                    

     N-(2-hydroxy-1,1-dimethylethyl)                                           

      3,7-dimethyl-1-octylamine                                                

                         13        5                                           

     N,N-diethyl-m-toluamide                                                   

      Control             5        5                                           

     ______________________________________                                    

PAL  The results show that the test compound protected the arms from bites for a
      period of 13 weeks in the case of stable flies and for 5 weeks in the case
      of the mosquitoes. The standard protected the arm against bites for stable
      flies and mosquitoes for 5 weeks in each instance.
CLMS
NUM  1.
PAR  1. A hydroxyalkyl amine selected from the group consisting of:
      N-(2-hydroxy-1,1-dimethylethyl)-di(3,7-dimethyloctyl) amine,
      N-(2-hydroxy-1,1-dimethylethyl) geranyl amine,
      N-(2-hydroxy-1,1-dimethylethyl) digeranyl amine, and N-(2-hydroxyethyl)
NUM  2.
NUM  3.
NUM  4.
NUM  5.
PAR  5. N-(2-hydroxyethyl) geranyl amine.
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PAL  Lorette, "J. Org. Chem." Vol. 22, pp. 346-347 (1957).
LREP
FRM  Connolly and Hutz
ABST
PAL  Object of the invention is a process for the purification of cyclohexanone
      which comprises removing impurities from the crude product by adding
      inorganic or organic acids or ion exchangers. The impurities are degraded
      and can now be readily separated off by distillation.
BSUM
PAR  This invention relates to a process for the purification of cyclohexanone
      which can be obtained, for example, by oxidising cyclohexane in air or by
      hydrogenating phenols.
PAR  The cyclohexanone obtained by conventional processes contains impurties
      which, in the past, it has never been possible to remove completely
      inspite of all the efforts that have been made. For example, Belgian
      patent specification No. 714,128 describes one attempt in which the
      mixture of cyclohexanol and cyclohexanone formed during the oxidation of
      cyclohexane with air is subjected to gas-phase dehydrogenation in the
      absence of pressure before further dehydrogenation. In this way, some of
      the cyclohexanone formed is reduced into cyclohexanol. However, other
      secondary products are formed at the same time and also have to be
      removed. Furthermore, this process involves considerable energy and
      investment costs. It is known from DAS No. 1,188,584 that troublesome
      impurities can be removed from the crude mixtures containing cyclohexanone
      by adding alkali hydroxides, alcoholates, phenolates or carbonates to the
      dehydrogenation mixture, followed by rectification. Unfortunately, the
      presence of alkali causes uncontrollable aldol condensations which lead to
      further impurities and, in some cases, to considerable losses of yield. In
      addition, Belgian patent specification No. 661,116 discloses the use of an
      aqueous alkaline solution for separating off impurities. An additional
      disadvantage of this measure is that cyclohexanone is soluble in water to
      a not inconsiderable extent and, as a result, is lost so far as further
      working up is concerned. Japanese patent application No. 03184/68
      describes a process for purifying cyclohexanone formed by oxidation in air
      by treating the cyclohexanone solution with basic ion exchangers before
      distillation. As can be seen from the Example, however, approximately 16%
      of the crude cyclohexanone used are lost as a resuslt of this measure,
      presumably because of condensation reactions.
PAR  The cyclohexanone solutions accumulating for example after the oxidation of
      cyclohexanone in air or after the hydrogenation of phenols contains
      impurities which cannot be separated off at all, or only to an inadequate
      extent, by conventional methods. Accordingly, there is still a
      considerable need to develop a purification method which, without
      excessive outlay on apparatus, enables troublesome impurities to be
      removed from the cyclohexanone mixture without reducing the yield,
      especially since these impurities have a considerable influence upon any
      further reaction to form caprolactam. In addition, these impurities can no
      longer be separated off after further reaction stages. For these reasons,
      an extremely pure cyclohexanone is required as starting material for the
      production of caprolactam because the caprolactam has to satisfy stringent
      quality requirements.
PAR  It has now surprisingly been found that the impurities in the cyclohexanone
      solution formed for example by the oxidation of cyclohexane in air and by
      the hydrogenation of phenols can readily be removed to a very considerable
      extent by adding acids to the solution before it is separated by
      distillation.
PAR  Where the cyclohexanone is produced by the oxidation of cyclohexane in air
      the acid can be added both before dehydrogenation and also on completion
      of dehydrogenation.
PAR  In the context of the invention, acids include any inorganic and organic
      compounds which act as acids. Preferred inorganic acids are mineral acids
      which do not have an oxidising effect under the process conditions, for
      example, hydrochoric acidic, sulphuric acid and their acidic salts, nitric
      acidic phosphoric acid and their acidic salts, also mixtures thereof.
      Suitable organic acids include compounds containing carboxyl and sulphonyl
      groups, such as aliphatic, cycloaliphatic, aromatic and/or araliphatic
      mono-, di and/or polycarboxylic and/or sulphonic acids, also mixtures
      thereof or acid ion exchangers. It is preferred to use acid ion exchangers
      because they can readily be separated off from the solution. The following
      compounds are mentioned as examples of organic acids, although the process
      according to the invention is by no means confined to these compounds:
      formic acid, acetic acid, propionic acid, caproic acid, oxalic acid,
      malonic acid, succinic acid, cyclohexyl carboxylic acid, benzoic acid,
      methyl benzoic acid, phthalic acid, terephthalic acid, maleic acid, citric
      acid, lactic acid, cyanoacetic acid, nitroacetic acid, methyl sulphonic
      acid, ethyl sulphonic acid, propyl sulphonic acid, cyclohexyl sulphonic
      acid, benzene sulphonic acid, paratoluene sulphonic acid, naphthyl
      sulphonic acids, polyacrylic acid and polymethacrylic acid. Ion exchangers
      known per se based on synthetic resins containing sulphonyl or carboxyl
      groups are used as the acid ion exchangers. Particularly suitable
      synthetic resins include cross-linked polymers and copolymers based on
      aromatic vinyl compounds such as styrene, vinyl toluene, ethyl styrene,
      vinyl naphthalene, also copolymers of aromatic monovinyl compounds with
      other mono-olefinically saturated compounds such as ethylene, propylene or
      compounds with conjugated carbon-carbon double bonds such as butadiene or
      chloroprene. Suitable crosslinking agents include aromatic or aliphatic
      compounds which several vinyl groups, for example, divinyl benzene,
      substituted divinyl benzenes such as, for example, divinyl toluene,
      divinyl xylene, divinyl ethyl benzene, and also such compounds as trivinyl
      benzene, divinyl ethers, divinyl ketones. These copolymers can have both a
      gel structure and also a sponge structure. The quantity in which the
      crosslinking agent is used can vary within wide limits. In the case of the
      gel-structure copolymers, the crosslinking agent is preferably used in
      quantities of from 0.5 to 20%, based on the monomer total, and, in the
      case of the sponge-structure copolymers, preferably in quantities of from
      2 to 50%, based on the monomer total.
PAR  The concentration of the inorganic or organic acid in the cyclohexanone
      solution can fluctuate within very wide limits. Relatively high
      concentrations naturally accelerate the purification process. The
      concentration preferably amounts to from 1 ppm to 1 part by weight and,
      with particular preference, to from 10 ppm to 0.1 part by weight, based on
      100 parts by weight of cyclohexanone solution.
PAR  For the same reasons, the ratio of acid ion exchangers to the cyclohexanone
      solution can vary greatly according to the impurity level.
PAR  The acid ion exchangers can be introduced into the cyclohexanone solution
      and stirred with the solution for a while. However, the cyclohexanone
      solution can also run through a column filled with acid ion exchangers.
      The specific load is not critical. The ratio of cyclohexanone solution to
      ion exchanger is preferably from 100 to 0.1 : 1, and most preferably from
      30 to 0.3 : 1. The ion exchangers used can be regenerated by the usual
      processes.
PAR  It is also necessary in accordance with the invention to dissolve
      cyclohexanone in an organic solvent. This solvent should not contain any
      carboxyl groups in the molecule and should be able to be readily separated
      off from the cyclohexanone by distillation. In general, suitable solvents
      include aromatic, aliphatic and cycloaliphatic hydrocarbons having from 5
      to 15 carbon atoms, for example, pentane, hexane, heptane, octane, nonane,
      decane, undecane, dodecane, tridecane, tetradecane and pentadecane, as
      well as their isomers, cyclopentane, cyclohexane, cycloheptane, benzene
      and benzenes substituted once or several times by alkyl groups, aliphatic
      and cycloaliphatic alcohols having 1 to 10 carbon atoms for example,
      methanol, ethanol, propanol, butanol, pentanol, hexanol, heptanol,
      octanol, nonanol, and decanol and, optionally, their isomers,
      cyclopentanol and cyclohexanol and their alkyl-substitution products and
      linear or cyclic ethers having 4 to 15 carbon atoms, for example, dioxane
      and tetrahydrofuran. Preferred solvents are those products which are
      present in any event as reactants or as secondary products during or
      before oxidation or hydrogenation, for example, cyclohexane or
      cyclohexanol.
PAR  The concentration of cyclohexanone in the solvent can amount to from 30
      parts by weight, preferably 10 parts by weight, based on 100 parts by
      weight of the solution.
PAR  The temperature at which the process according to the invention is carried
      out can fluctuate between the melting point of the solution and
      150.degree.C, although it is preferably 55.degree.C.
PAR  In the process according to the invention, the impurities are degraded and
      can be readily separated off by distillation.
DETD
PAR  The purification process according to the invention is illustrated by but
      by no means limited to the following Examples:
PAC  EXAMPLE 1
PAR  A solution of cyclohexanone in cyclohexanol, containing approximately 9% of
      cyclohexanone and 1.47% of impurities, was partially dehydrogenated and
      then distilled. A certain quantity of first runnings was removed and the
      cyclohexanone further distilled off until the sump product contained
      approximately 9% of cyclohexanone. This second fraction is referred to as
      pure anon. The sump product was concentrated by distillation to 95% and
      the head product added to the fresh product before dehydrogenation. The
      cyclohexanone produced in this way still contained 178 ppm of impurities
      which could be detected by gas chromatography. The separating column was
      coated with apiezone and the product isothermally eluted at 110.degree.C.
      A flame ionisation detector was used for the investigations.
PAR  When the same solution of cyclohexanone in cyclohexanol was heated with 100
      ppm of HCl for 10 minutes to 70.degree.C before dehydrogenation, followed
      by dehydrogenation and distillation as described above, only 85 ppm of
      impurities detectable by gas chromatography were obtained in the
      cyclohexanone.
PAC  EXAMPLE 2
PAR  A cyclohexanone solution of the kind described in Example 1 was heated for
      30 minutes to 150.degree.C with 1 part by weight of caproic acid, followed
      by dehydrogenation and distillation as described in Example 1. Instead of
      178 ppm 94 ppm of impurities detectable by gas chromatography were
      obtained in the cyclohexanone.
PAC  EXAMPLE 3
PAR  A cyclohexanone solution of the kind described in Example 1 was heated for
      5 minutes to 70.degree.C with 0.1 part by weight of paratoluene sulphonic
      acid, followed by dehydrogenation and distillation as in Example 1. 85 ppm
      of of impurities were detected by gas chromatography.
PAC  EXAMPLE 4
PAR  Before hydrogenation, a 9% solution of cyclohexanone in cyclohexanol was
      treated for 5 minutes at 55.degree.C with an acid ion exchanger (Lewatit
      SP 100) and then dehydrogenated and distilled in the same way as in
      Example 1. Thereafter, only 107 ppm of impurities could be detected by gas
      chromatography in the cyclohexanone distilled off.
PAC  EXAMPLE 5
PAR  A 9% solution of cyclohexanol is treated before dehydrogenizing for 5
      minutes with an acid ion exchanger which is prepared according to Example
      3 of the German patent No. 1,113,570 at 55.degree.C and then
      dehydrogenized in the same manner as in Example 1 and distilled.
      Thereafter, only 109 ppm of impurities can be detected gas
      chromatographically in the distilled cyclohexanone.
PAC  EXAMPLE 6
PAR  A 9% solution of cyclohexanone in cyclohexanol is treated before
      dehydrogenizing for 5 minutes with an acid ion exchanger which is prepared
      according to Example 4 of the German Pat. No. 1,113,570 at 55.degree.C and
      then dehydrogenized in the same manner as in Example 2 and distilled.
      Thereafter, only 105 ppm of impurities can be detected gas
      chromatographically in the distilled cyclohexanone.
CLMS
NUM  1.
PAR  1. A process for recovering cyclohexanone produced by the air oxidation of
      cyclohexane or by the hydrogenation of phenol which comprises the steps of
      dissolving the reaction product of the aforesaid oxidation or
      hydrogenation in a solvent for cyclohexanone which is readily separated
      from cyclohexanone by distillation and which is selected from the group
      consisting of aromatic, aliphatic and cycloaliphatic hydrocarbons of 5 to
      15 carbon atoms, alkanols and cycloalkanols of 1 to 10 carbon atoms and
      their corresponding linear and cyclic ethers having a total of 4 to 15
      carbon atoms, treating said solvent solution for up to 30 minutes with an
      acid at a temperature which is above the solidification point of the
      solution and up to 150.degree.C. in an amount of from 1 ppm to 1 part by
      weight of acid per 100 parts by weight of cyclohexanone solution, said
      acid being selected from the group consisting of mineral acids which do
      not have an oxidizing effect under said treatment conditions; acidic salts
      thereof; aliphatic, cycloaliphatic, aromatic and araliphatic carboxylic
      acids; aliphatic, cycloaliphatic, aromatic and araliphatic sulfonic acids;
      acid ion exchange resins containing carboxyl groups and acid ion exchange
      resins containing sulfonyl groups and subsequently distilling said treated
NUM  2.
PAR  2. The process of claim 1 wherein said acid is one of said mineral acids or
NUM  3.
PAR  3. The process of claim 1 wherein said acid is an acid ion exchange resin
      containing carboxyl groups or sulfonyl groups and the ratio of
      cyclohexanone solution to said acid ion exchange resin is from 100 to
NUM  4.
PAR  4. The process of claim 1 wherein the concentration of cyclohexanone in
NUM  5.
PAR  5. The process of claim 1 wherein said solvent is cyclohexanol, cyclohexane
      or a mixture thereof.
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ABST
PAL  The production of anthraquinone-1-carboxylic acid by reacting a benzoyl
      halide with a tert.-butylxylene in the presence of ferric chloride, adding
      aluminum chloride, oxidizing the dimethylbenzophenone formed and cyclizing
      the resulting benzophenonedicarboxylic acid. The product is a starting
      material for the production of dyes and pesticides.
BSUM
PAR  The invention relates to a process for the production of
      anthraquinone-1-carboxylic acid by the reaction of a benzoyl halide with a
      tert.-butylxylene in the presence of ferric chloride and then with an
      addition of aluminum chloride, followed by oxidation of the
      dimethylbenzophenone formed and cyclization of the resultant
      benzophenonedicarboxylic acid.
PAR  It is known that anthraquinone-1-carboxylic acid can be prepared from
      3-benzoylphthalic acid or from 2-benzoylisophthalic acid by heating for a
      short time in sulfuric acid (Ann. 290 (1896), 231 et seq.; Ber. 30 (1897),
      1115 et seq.) or by oxidation of 1-methylanthraquinone (J. Prakt.Chem.(2),
      83 (1911), page 205, and German Pat. Nos. 259,365 259.365 and 539,100).
PAR  It is known from Ullmanns Encyklopadie der technischen Chemie, volume 7,
      pages 689 et seq. that the production of aromatic ketones can be carried
      out by Friedel-Crafts reaction of an acylatable aromatic compound with an
      acyl chloride in the presence of a stoichiometric amount or advantageously
      with an excess of aluminum chloride. Contrasted with alkylation with an
      alkyl halide, catalytic amounts are not sufficient and this is expressly
      stated on page 690, second paragraph. Other metal halides may be used
      instead of aluminum chloride, for example stannic chloride, boron fluoride
      and ferric chloride; reference is made however to the oxidizing and
      chlorinating side effects of ferric chloride which often occur (loc.cit.
      page 683).
PAR  It is known from Rec.Trav.Chim.Pays-Bas 79 (1960), pages 790 et seq. that
      1,3-dimethyl-5-tert.-butylbenzene reacts with benzoyl chloride in
      nitrobenzene in the presence of aluminum chloride to form
      2,6-dimethyl-4-tert.-butylbenzophenone. Similarly 2,6-dimethylbenzophenone
      can be prepared from 2,6-dimethyl-4-tert.-butyl-benzophenone by
      dealkylation in the presence of aluminum chloride in benzene. Reference is
      expressly made to the fact that benzoylation and elimination of the butyl
      group cannot be carried out in a combined two-stage process (page 791, 3rd
      paragraph). A single vessel process is also not achieved when another
      solvent, for example benzene, is used instead of nitrobenzene and varying
      amounts for aluminum chloride are used; side reactions, for example
      varying substitution of the benzoyl radical, migration of the alkyl group,
      incomplete elimination of the butyl group, result in a reaction mixture
      containing many heterogeneous components.
PAR  It is an object of the present invention to provide a novel process for
      producing anthraquinone-1-carboxylic acid, 2,3-dimethylbenzophenone and
      2,6-dimethylbenzophenone in a simpler and more economical way and in
      better yields and higher purity.
PAR  We have found that anthraquinone-1-carboxylic acid is obtained
      advantageously by reacting a benzoyl halide in a first stage with a
      tert.-butylxylene of the general formula (I):
      ##SPC1##
PAL  in which one of the two radicals R.sup.1 and R.sup.2 is hydrogen and the
      other radical is methyl in the presence of ferric chloride, and reacting
      the reaction mixture thus formed in the presence of aluminum chloride,
      oxidizing the dimethylbenzophenone of the general formula (II):
      ##SPC2##
PAL  in which R.sup.1 and R.sup.2 have the above meanings in a second stage to
      form the benzophenone dicarboxylic acid and cyclizing this in a third
      stage.
PAR  We have further found that dimethylbenzophenones of the general formula
      (II) in which one of the two radicals R.sup.1 and R.sup.2 is hydrogen and
      the other methyl are obtained advantageously by reacting a benzoyl halide
      with a tert.-butylxylene of the general formula (I) in which one of the
      two radicals R.sup.1 and R.sup.2 is hydrogen and the other methyl in the
      presence of ferric chloride and reacting the reaction mixture thus formed
      in the presence of aluminum chloride.
PAR  The reaction may be represented by the following formulae:
      ##SPC3##
PAR  As compared with prior art methods the process of the invention gives
      anthraquinone-1-carboxylic acid, 2,3-dimethylbenzophenone and
      2,6-dimethylbenzophenone in better yields and higher purity by a simpler
      and more economical method. It is surprising that it is possible to carry
      out a single-liquor benzoylation/debutylation process and that not only
      nitrobenzene but other solvents as well may be used for the first stage of
      the reaction. Difficulties by additional chlorination or oxidation of the
      starting material, due to the presence of ferric chloride, do not occur to
      any appreciable extent if at all. Nor do side reactions which result in
      mixtures of heterogeneous components in the first stage. The combination
      of the three said reaction stages in the said sequence provides a simpler
      and more economical method, especially on a commercial scale, which
      permits continuous operation. This sequence of the stages moreover results
      in end products of good purity without the need for special purification.
      All these advantages of the process are surprising having regard to the
      prior art.
PAR  The starting material (I) may be 5-butyl-m-xylene, 4-tert.-butyl-o-xylene
      or a mixture of the two. Benzoyl iodide, benzoyl bromide and particularly
      benzoyl chloride are preferred benzoyl halides. The benzoyl halide and the
      starting material (I) may be reacted in the molar ratio or one component
      may be used in excess, as a rule the component to be acylated. The
      starting materials are preferably reacted in a ratio of from 1 to 6 moles
      and particularly from 1 to 4 moles of starting material (I) per mole of
      benzoyl halide.
PAR  The first stage of the reaction is generally carried out at a temperature
      of from -10.degree.C to 300.degree.C at atmospheric or superatomospheric
      pressure continuously or batchwise. A cascade of vessels may conveniently
      be used for continous reaction, although a pressure reactor is preferred.
      The range of temperature preferably chosen for the acylation step is from
      -10.degree. to 220.degree.C and particularly from -10.degree. to
      100.degree.C, and that for the dealkylation is preferably from 30.degree.
      to 150.degree.C and particularly from 70.degree. to 120.degree.C. The
      first stage may be carried out with or without adding a solvent. If it is
      convenient to use a solvent it should be inert under the reaction
      conditions such as an aromatic hydrocarbon, for example benzene,
      nitrobenzene, trichlorobenzene, a chlorohydrocarbon such as methylene
      chloride, ethylene chloride, carbon tetrachloride or chloroform; carbon
      disulfide or an aliphatic hydrocarbon such as ligroin or petroleum ether.
      A suitable amount of solvent is from 1 to 20% by weight based on the
      starting material (I). The benzoylation may also be carried out in the
      absence of solvents or in the starting mixture itself as the solvent
      medium, solvent not being added until carrying out the debutylation.
      Accordingly solvent may be used at the beginning of the first stage and a
      further amount of the same or another solvent added when the debutylation
      is carried out or the debutylation may be carried may be carried out
      without such addition. When solvent is added both in the benzoylation and
      in the debutylation convenient amounts are from 40 to 60% by weight of
      solvent for the benzoylation and 400 to 700% by weight of solvent for the
      debutylation, based on starting material (I).
PAR  Ferric chloride and aluminum chloride may be used in an excess with
      reference to starting material (I) or in a stoichiometric amount, and
      conveniently in an amount of from 1 to 1.5 moles of ferric chloride and
      from 1 to 1.5 moles of aluminum chloride based on 1 mole of starting
      material (I) in the first stage. In a preferred embodiment the
      benzoylation is carried out with ferric chloride in a catalytic amount,
      preferably in the presence of from 0.5 to 7 and particularly from 1 to 3%
      weight of ferric chloride based on benzoyl halide. Amounts lying between
      the stoichiometric amount and the abovementioned catalytic amounts of
      ferric chloride may however be used. When a catalytic amount of ferric
      chloride is used temperatures of from -10.degree. to +220.degree.C,
      preferably from 80.degree. to 220.degree.C and particularly from
      100.degree. to 150.degree.C are advantageous.
PAR  The procedure when carrying out the first stage batchwise may be that the
      reactants, the catalyst and any solvent are mixed in any sequence and as a
      rule the components are caused to react by heating. The benzoylation is
      usually over after from five to seven hours. The whole is then cooled if
      necessary to the preferred debutylation temperature, aluminum chloride and
      any solvent are added and the mixture is debutylated for from three to
      eight hours. In a preferred embodiment hydrogen chloride is added as well
      as aluminum chloride and conveniently in an amount of from 10 to 80 and
      preferably from 15 to 30% by weight based on aluminum chloride. It is
      advantageous to add the hydrogen chloride continuously up to the end of
      the debutylation. Dimethylbenzophenone formed is then isolated from the
      reaction mixture by a conventional method, for example by washing with
      water followed by distillation or by direct distillation of the reaction
      mixture. The debutylation mixture may also be poured onto a mixture of ice
      and mineral acid or onto ice-water, extracted with the said solvents and
      the extract distilled.
PAR  Elimination of the tert.-butyl group may also be carried out in the
      presence of an acceptor for the tert.-butyl group and aluminum chloride
      and the solvent itself may be the acceptor. Examples of acceptors for the
      tert.-butyl group are benzene, phenol or a phenol ether such as anisol or
      phenetol. Benzene is particularly preferred because it is cheap. The
      acceptor is generally used in an amount of from 200 to 1000, preferably
      from 400 to 700% by weight, based on starting material (I). The first
      stage of the reaction and the processing of the reaction mixture are
      carried out in the manner described above.
PAR  In the second stage of the reaction the 2,3-dimethylbenzophenone (II) or
      2,6-dimethylbenzophenone (II) is oxidized with an oxidizing agent. The
      preferably inorganic oxidizing agent may be gaseous, solid or liquid. The
      following compounds may be used with advantage: chromium compounds such as
      potassium bichromate, ammonium bichromate, chromic acid, chromyl chloride;
      permanganates such as potassium permanganate, nitric acid and salts
      thereof, for example sodium nitrate, silver nitrate, potassium nitrate,
      lithium nitrate, calcium nitrate, magnesium nitrate, nickel nitrate,
      chromium nitrate, copper nitrate, cobalt nitrate, cerium nitrate, thorium
      nitrate, bismuth nitrate, iron nitrate and mercury nitrate. Oxygen or
      gases containing it, for example air, alone or using a catalyst, for
      example an oxide of iron, chromium, aluminum, molybdenum, vanadium,
      tungsten or zinc if desired together with an alkali metal oxide, and
      appropriate mixtures; bromine or bromides; cobalt, copper, manganese,
      lead, cerium, mercury, barium salts, for example the appropriate acetates,
      sulfates and chlorides; nickel, palladium, platinum, silver and zinc are
      also suitable as oxidizing agents. The oxidizing agent is advantageously
      used in a ratio of from 0.001 to 0.5 mole and preferably from 0.05 to 0.1
      mole of starting material (II) and when oxygen is used as oxidizing agent
      in a ratio of from 0.05 to 2 moles of oxygen per mole of starting material
      (II). The oxidation is generally carried out at a temperature of from
      +40.degree. to +250.degree.C and preferably at from +50.degree.C at
      atmospheric or superatomospheric pressure, continously or batchwise.
      Organic solvents which are inert under the reaction conditions may be used
      in the oxidation; examples are aliphatic hydrocarbons such as n-pentane,
      n-heptane, cycloaliphatic hydrocarbons such as cyclohexane, aliphatic
      carboxylic acids such as acetic acid, propionic acid, valeric acid,
      aromatic hydrocarbons such as chlorobenzene, dichlorobenzene,
      trichlorobenzene or mixtures of two or more of these.
PAR  The second stage of the reaction may be carried out as follows: Any
      apparatus in which the starting material can be brought into intimate
      contact with the starting material and if necessary with the catalyst may
      be used as the reactor, in the case of liquid mixtures such as the said
      solutions for example a trickling tower, a bubble column, a cascade
      reactor, packed column, sieve-plate column, Oldershaw column, glass tray
      column, bubble tray column or valve plate column. A mixture of starting
      material (II), oxidizing agent and if desired solvent may also be reacted
      continuously or batchwise for from 6 to 8 hours in a stirred vessel or
      cascade of stirred vessels at the reaction temperature. In the case of
      solid oxidizing agents and any solid catalysts used the starting material
      (II) may be passed in liquid or gaseous condition at the reaction
      temperature for example over a bed of catalyst in a tubular reactor.
      Batchwise mixtures of starting material (II) and solid oxidizing agent may
      be reacted in a similar way to that used in the case of liquid mixtures.
      Oxidizing agent and any catalyst used may be suspended in liquid starting
      material (II) of fluidized (fluidized bed). After the oxidation the
      benzophenone dicarboxylic acid formed is isolated from the oxidation
      mixture by a conventional method, for example by dissolving it in caustic
      alkali solution, precipitation by acidifying the solution with a dilute
      mineral acid and filtration.
PAR  An advantageous embodiment of the second stage makes use of chromium (VI)
      compounds and/or nitric acid as oxidizing agents. The oxidation is carried
      out as a rule at a temperature of from 50.degree. to 250.degree.C and
      preferably at from 90.degree. to 110.degree.C. Atmospheric pressure or
      superatmospheric pressure may be used, for example a pressure of up to 100
      atmospheres, generally the autogeneous pressure set up under the reaction
      conditions. The reaction may be carried out continuously or batchwise.
PAR  The starting material (II) is reacted with chromium (VI) compounds in less
      than eight times, preferably from four to six times, the stoichiometric
      amount with reference to the starting material (II). The following
      chromium (VI) compounds are suitable: monochromic acid, polychromic acid,
      for example dichromic acid, trichromic acid, tetrachromic acid and their
      anhydrides and salts. The salts used are advantageously alkali metal or
      alkaline earth metal chromates and bichromates, particularly sodium or
      potassium chromate or bichromate.
PAR  The reaction is carried out as a rule in the presence of a solvent such as
      an organic acid and preferably an inorganic acid. It is advantageous to
      use sulfuric acid, conveniently in the form of a from 10 to 80% by weight
      aqueous solution and/or nitric acid, conveniently in the form of a from 10
       to 65% by weight aqueous solution. The reaction is generally carried out
      in a ratio of from 1.5 to 50 moles of sulfuric acid (calculated as 100% )
      per mole of chromium (VI) compound.
PAR  Oxidation with nitric acid is conveniently carried out at a temperature of
      from 50.degree. to 250.degree.C and preferably from 110.degree. to
      230.degree.C. The starting material (II) is reacted with nitric acid in a
      stoichiometric amount or in excess, preferably in a molar ratio of 1 mole
      of starting material to from 6 to 30 and particularly from 6 to 20 moles
      of nitric acid. Aqueous nitric acid solutions containing from 2 to 50,%
      preferably from 5 to 40% and particularly from 5 to 30% by weight of
      nitric acid are generally used for the reaction. The optimum concentration
      and amount of nitric acid for a given temperature can easily be determined
      by preliminary tests. The oxidation may be carried out as follows: a
      mixture of starting material (II) and nitric acid of the said
      concentration is kept at the reaction pressure in an autoclave for about
      15 minutes to 2 hours at the oxidation temperature. The reaction mixture
      is then cooled and processed in the manner described above.
PAR  In another preferred embodiment of stage 2 the starting material is reacted
      with oxygen alone or mixed with gas inert under the reaction conditions,
      for example nitrogen or carbon dioxide, the oxygen as a rule being used in
      a ratio of from 3 to 50 moles, preferably from 4 to 20 moles of oxygen to
      1 mole of starting material (II). The oxidation is carried out in the
      presence of a heavy metal catalyst, in many cases of compounds of metals
      of group 7 or 8 of the Periodic Table. Preferred catalyst are salts of
      iron, nickel, chromium, tin, vanadium, molybdenum, cadmium, lead, cerium,
      palladium and particularly cobalt or manganese. These metal salts may be
      of inorganic or organic nature, for example perchlorates, chlorides,
      bromates, propionates, butyrates, phthalates, naphthenates or particularly
      bromides or acetates. Mixtures of the said catalysts may also be used, for
      example manganese bromide or acetate together with ammonium molybdate,
      tungstic acid or cobalt acetate. The catalyst is generally used in an
      amount of from 0.1 to 10% by weight based on starting material (II).
PAR  In addition to the heavy metal catalyst use is made in many cases of
      bromine or bromides as activators. Examples of such bromides are those of
      sodium, potassium, ammonium, calcium, barium, antimony, tin, aluminum and
      magnesium or particularly of cobalt, lead or manganese. Mixtures of the
      same or compounds which form such bromides with the heavy metal catalyst
      during the reaction may also be used, for example hydrogen bromide or
      tetrabromoethane. Combinations of a cobalt or manganese acetate with a
      cobalt or manganese bromide are preferred. Generally the reaction is
      carried out in the presence of from 0.1 to 15% by weight of bromine or a
      bromide based on the starting material (II).
PAR  Peroxides or compounds which form peroxides may be present in the reaction
      as activators in addition to heavy metal catalysts and possibly bromides;
      examples are cobalt acetate and acetaldehyde or cobalt bromide, manganese
      bromide and methyl ethyl ketone. Examples of preferred peroxides are
      ozone, xylene hydroperoxide, perbenzoic acid and preferred compounds which
      form peroxides are for example methyl ethyl ketone, acetaldehyde,
      cyclohexanone, propionaldehyde, n-butyraldehyde, isobutyraldehyde, methyl
      n-propyl ketone, diethyl ketone, 2,4-pentane-dione, 2,5-hexanedione,
      toluic aldehyde, butanols, and butane. They are used as a rule in an
      amount of from 0 to 100% molar based on starting material (II).
PAR  The reaction is carried out batchwise or continuously at elevated
      temperature, generally of from 50.degree. to 250.degree.C and preferably
      from 80.degree. to 200.degree.C and at superatmospheric pressure,
      generally at from 1 to 100 and preferably from 1.3 to 25 atmospheres.
      Alkanoic acids, preferably of two to four carbon atoms are used as
      solvents, for example acetic acid or propionic acid, generally in an
      amount of from 100 to 10,000% molar based on starting material (II). The
      oxidation is carried out as follows: starting material (II), heavy metal
      catalyst, solvent and activator are introduced into a reactor and oxidized
      for 3 to 5 hours at the said temperature and at the oxidation pressure.
      Oxygen or air is conveniently supplied uniformly over the entire reaction
      period or replenished in the reactor at the rate at which oxygen is used
      up. The reaction mixture of the preferred embodiment of the second
      reaction stage is then processed in the manner described above.
PAR  In the third stage of the reaction the 2,3-benzophenone dicarboxylic acid
      or 2,6-benzophenone dicarboxylic acid of the general formula (III):
      ##SPC4##
PAL  in which R.sup.3 is in one case hydrogen and in the other case carboxyl,
      which has been formed is cyclized, conveniently in the presence of a
      mineral acid such as sulfuric acid or polyphosphoric acid.
PAR  Suitable polyphosphoric acids are the linear polyphosphoric acids of the
      general formula H.sub.n.sub.+2 P.sub.2n O.sub.3n.sub.+1 obtainable by the
      thermal dehydration of orthophosphoric acid and having a degree of
      condensation of up to n = 15, preferably those having from 72 to 88% and
      particularly from 76 to 83% by weight of P.sub.2 O.sub.5. Amounts of from
      300 to 1000% by weight of polyphosphoric acid of the said P.sub.2 O.sub.5
      -content, based on starting material (III) are suitable. Solvents such as
      N-methylpyrrolidone, nitrobenzene or high boiling point alkanols such as
      glycol monomethyl ether may be used, conveniently in an amount of from 200
      to 500% by weight (based on starting material (III) in addition to the
      polyphosphoric acid.
PAR  Cyclization is generally carried out in the presence of sulfuric acid
      conveniently of from 95 to 98% by weight strength. Suitable amounts based
      on starting material (III) are from 300 to 1000% and particularly from 400
      to 600% by weight of sulfuric acid. Cyclization is generally carried out
      at a temperature of from 40.degree. to 220.degree.C and preferably from
      120.degree. to 160.degree.C at atmospheric or superatmospheric pressure,
      continuously or batchwise, Cyclization may be carried out as follows: a
      mixture of starting material (III) and acid is kept for 1 hour to 2 hours
      at cyclization temperature. Then the end product is separated from the
      reaction in a conventional way, for example by mixing with water and
      filtration.
PAR  Anthraquinone-1-carboxylic acid which can be prepared according to the
      process of the invention is a valuable starting material for the
      production of dyes and pesticides. Reference may be made to Ullmanns
      Encyklopadie der technischen Chemie, 3, pages 681 et seq for details of
      such use.
DETD
     The following Examples illustrate the invention. Parts specified in the
      Examples are by weight.
PAC  EXAMPLE 1
PAL  a. Benzoylation and dealkylation
PAR  81 parts of 5-tert.-butyl-m-xylene and 70 parts of benzoyl chloride are
      kept with 2.4 parts of ferric chloride for three hours at from 100.degree.
      to 120.degree.C. The whole is cooled to 25.degree.C and 600 parts of
      benzene and 100 parts of aluminum chloride are added. 20 parts of hydrogen
      chloride is passed into the mixture during six hours at 70.degree. to
      80.degree.C. The mixture is poured onto 1000 parts of ice-water. The
      organic phase which forms is separated and 77 parts (73.3% of theory) of
      2,6-dimethylbenzophenone having a boiling point of 122.degree. to
      125.degree.C is isolated by distillation at 0.3 mm Hg.
PAL  b. Oxidation
PAR  A mixture of 10 parts of 2,6-dimethylbenzophenone, 80 parts of propionic
      acid, 0.5 part of cobalt acetate and 0.25 part of cobalt bromide is
      oxidized at 125.degree.C and 1.3 atmospheres with 36 parts of air during
      three hours. The mixture is concentrated and the residue is extracted with
      80 parts of dilute caustic soda solution (8% by weight). After filtration
      the benzophenone-2,6-dicarboxylic acid is precipitated from the filtrate
      with 100 parts of hydrochloric acid (7% by weight). 11 parts of
      benzophenone-2,6-dicarboxylic acid is obtained having a melting point of
      233.degree. to 235.degree.C.
PAL  a. Cyclization
PAR  5 parts of benzophenone-2,6-dicarboxylic acid is heated in 25 parts of 97%
      by weight sulfuric acid for 90 minutes at 145.degree. to 150.degree.C.
      After the solution has been cooled it is poured onto 150 parts of water.
      Anthraquinone-1-carboxylic acid is precipitated. It is suction filtered,
      washed with water and dried. 3.8 parts of end product is obtained with a
      melting point of 288.degree. to 290.degree.C.
PAC  EXAMPLE 2
PAL  a. Benzoylation and dealkylation
PAR  81 parts of 5-tert.-butyl-m-xylene, 140.5 parts of benzoyl chloride and 2.4
      parts of ferric chloride are heated for 3 hours at 100.degree.C. 70 parts
      of benzoyl chloride is distilled off at 20 mm. 500 parts of benzene and
      100 parts of aluminum chloride are added and hydrogen chloride is passed
      in for five hours at 70.degree. to 80.degree.C. After having been
      processed analogously to Example 1, 85 parts (81% of the calculated
      amount) of 2,6-dimethylbenzophenone having a boiling point of 110.degree.
      to 114.degree.C at 0.25 mm is obtained.
PAL  b. Oxidation
PAR  21 parts of 2,6-dimethylbenzophenone in 120 parts of water has 40 parts of
      100% by weight nitric acid added to it and the whole is heated in an
      autoclave for 6 hours at 170.degree.C. It is then evaporated. The residue
      is taken up with 200 parts of dilute caustic soda solution (8% by weight).
      The solution is filtered and the benzophenone-2,6-dicarboxylic acid is
      precipitated from the filtrate with 220 parts of dilute hydrochloric acid
      (7% by weight). It is suction filtered, washed with water and dried. 23.2
      parts of the dicarboxylic acid is obtained, melting point 228.degree. to
      231.degree.C.
PAL  c. Ring closure
PAR  Cyclization is carried out analogously to Example 1. 3.8 parts of end
      product having a melting point of 288.degree. to 290.degree.C is obtained.
PAC  EXAMPLE 3
PAL  a. Benzoylation and dealkylation
PAR  This is carried out as described in Example 2.
PAR  4.2 parts of 2,6-dimethylbenzophenone is suspended in 21 parts of glacial
      acetic acid and 30 parts 0f 60% by weight sulfuric acid and at 70.degree.C
      12 parts of sodium bichromate (dissolved in 40 parts by volume of 50% by
      weight sulfuric acid) is gradually added within 2 hours. After another 2
      hours at 80.degree.C the mixture is poured onto 200 parts of ice. The
      organic phase formed is separated and taken up in 100 parts of dilute
      caustic soda solution (8% by weight). The solution is filtered and
      acidified with 150 parts of dilute hydrochloric acid (7% by weight). The
      precipitated acid is filtered off, washed with water and dried. 3.6 parts
      of benzophenone-2,6-dicarboxylic acid is obtained having a melting point
      of 235.degree. to 237.degree.C.
PAL  c. Cyclization
PAR  Cyclization is carried out as described in Example 1. 3.8 parts of end
      product is obtained having a melting point of 288.degree. to 290.degree.C.
CLMS
NUM  1.
PAR  1. A process for the production of dimethylbenzophenone of the formula
      ##SPC5##
PAL  in which one of the two radicals R.sup.1 and R.sup.2 is hydrogen and the
      other is methyl, which process comprises:
PA1  a. reacting a benzoyl halide in a first benzoylation step with a
      tert.-butylxylene of the formula
      ##SPC6##
PAL  in which one of R.sup.1 and R.sup.2 is hydrogen and the other is methyl, in
      the presence of a catalytic amount of about 0.5 to 7% by weight of ferric
      chloride, with reference to the benzoyl halide, at a temperature of
      -10.degree.C. to +220.degree.C.; and
PA1  b. reacting in a second dealkylation step the reaction mixture thus formed
      in said first step in the presence of about 1 to 1.5 moles of aluminum
      chloride per mole of the initial compound (I) at a temperature of
NUM  2.
PAR  2. A process as claimed in claim 1 in which both steps (a) and (b) are
NUM  3.
PAR  3. A process as claimed in claim 1 wherein the benzoylation step (a) is
      carried out with 1 to 3% by weight of ferric chloride with reference to
NUM  4.
PAR  4. A process as claimed in claim 1 wherein the dealkylation step (b) is
      carried out in the additional presence of an acid acceptor for the
      tert.-butyl group, said acceptor being selected from the group consisting
NUM  5.
PAR  5. A process as claimed in claim 1 wherein the benzoylation step (a) is
      carried out at about -10.degree.C. to 100.degree.C. and the dealkylation
NUM  6.
PAR  6. A process as claimed in claim 1 carried out with from 1 to 6 moles of
      starting material (I) per mole of benzoyl halide.
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ABST
PAL  2-Allyloxy-4-chloro-.beta.-piperidinopropiophenone is prepared by reacting
      2-allyloxy-4-chloroacetophenone with piperidine and formaldehyde.
      2-Allyloxy-4-chloro-.beta.-piperidinopropiophenone is useful as an
      antitussive.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to
      2-allyloxy-4-chloro-.beta.-piperidinopropiophenone and to a process for
      producing same. 2-Allyloxy-4-chloro-.beta.-piperidinopropiophenone shows a
      strong antitussive action.
PAR  Heretofore, various antitussives, either centrally acting or peripherally
      acting, have been proposed. However, there have been no reports on
      antitussives which act on both central nerve and peripheral nerve at a
      usual effective dose.
PAR  2-Allyloxy-4-chloro-.beta.-piperidinopropiophenone of the present invention
      has been found to act not only centrally but also peripherally,
      particularly on the pulmonary stretch receptor. Therefore, the compound is
      expected to be useful as a new type of an antitussive.
PAR  2-Allyloxy-4-chloro-.beta.-piperidinopropiophenone which is the subject of
      the present invention is a new compound and has the formula:
      ##SPC1##
PAL  The compound is usually employed in the form of a pharmaceutically
      acceptable salt. Suitable salts are the acid addition salts such as, for
      example, the salts of inorganic acids such as the hydrochloride,
      hydrobromide and sulfate and the organic acid salts such as the maleate,
      fumarate, citrate, tartrate and succinate.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, the desired
      2-allyloxy-4-chloro-.beta.-piperidinopropiophenone is prepared by
      condensation of 2-allyloxy-4-chloroacetophenone with piperidine and
      formaldehyde. Such condensation reaction is known as Mannich reaction. The
      reaction is schematically shown as follows.
      ##SPC2##
PAR  2-Allyloxy-4-chloroacetophenone which is the starting compound for the
      preparation of 2-allyloxy-4-chloro-.beta.-piperidinopropiophenone is also
      a new compound. The compound is prepared, for example, by O-allylating
      2-hydroxy-4-chloroacetophenone. The compound is also prepared by
      simultaneous hydrolyzation and decarboxylation of
      2-allyloxy-4-chlorobenzoylmalonate which is prepared from
      2-allyloxy-4-chlorobenzoylchloride and magnesium derivative of malonate.
      Of course, it is to be understood that the compound may further be
      prepared by any of other known methods.
PAR  Describing the preparation of 2-allyloxy-4-chloroacetophenone more in
      detail, the compound is prepared by reacting
      2-hydroxy-4-chloroacetophenone with an allylating agent in a solvent in
      the presence of an acid binding agent.
PAR  2-Hydroxy-4-chloroacetophenone can be prepared according to any of the
      methods known in the art, for example, the method of Pawar et al. [Pawar,
      R.A., et al: Indian Journal of Chemistry, Vol. 8, pp. 522-528 (1970)].
PAR  As the allylating agent, allyl halides such as allyl chloride and allyl
      bromide and allyl sulfonates such as allyl p-toluenesulfonate, allyl
      benzenesulfonate and allyl methanesulfonate may be used.
PAR  Any acid-binding agent that reacts with 2-hydroxy-4-chloroacetophenone to
      form the phenolate may be used. For example, alkaline carbonate such as
      sodium carbonate and potassium carbonate, alkaline bicarbonate such as
      sodium bicarbonate and potassium bicarbonate and alkali hydroxide such as
      sodium hydroxide and potassium hydroxide may be mentioned.
PAR  As the solvent, polar solvents such as methanol, ethanol, butanol, acetone,
      methyl ethyl ketone and water and mixtures thereof may be used.
PAR  Reaction is carried out with heating preferably at 40.degree.C to a reflux
      temperature of the solvent. The reaction time varies depending upon the
      reaction conditions, for example, the kind and the amount of solvents to
      be used, reaction temperature, etc. but usually the reaction is complete
      in several hours.
PAR  After the completion of reaction, the reaction mixture is subjected to
      filtration. The filtrate is concentrated and cooled to give crude
      crystals. The cyrstals are separated by filtration, washed and dried to
      obtain crude product of 2-allyloxy-4-chloroacetophenone. In this manner,
      the crude product of 2-allyloxy-4-chloroacetophenone is obtained in a
      yield of 85-95%. The thus obtained crude product can be purified by
      recrystallization from a mixture of methanol and water (1-2:1 by volume).
PAR  Alternatively, 2-allyloxy-4-chloroacetophenone is prepared from
      2-allyloxy-4-chlorobenzoylchloride. In this method,
      2-allyloxy-4-chlorobenzoylchloride is reacted with magnesium derivative of
      malonate to prepare 2-allyloxy-4-chlorobenzoylmalonate, which is then
      converted to 2-allyloxy-4-chloroacetophenone by simultaneous elimination
      of alkyl group and carbon dioxide.
PAR  More specifically, first, 2-allyloxy-4-chlorobenzoylchloride is reacted
      with magnesium derivative of malonate.
PAR  2-Allyloxy-4-chlorobenzoylchloride can be prepared from p-aminosalicylic
      acid in a known manner (Japanese patent publication No. 13857/1965)
      through several steps of reactions.
PAR  Usually, the magnesium derivative of malonate is prepared by reacting
      malonate with metal magnesium in the presence of ethanol, but the product
      can, of course, be prepared according to any of other known methods. As
      the malonate, dimethylmalonate and diethylmalonate are suitable for an
      industrial operation.
PAR  Reaction of 2-allyloxy-4-chlorobenzoylchloride and the magnesium derivative
      of malonate is carried out in an organic solvent such as ether, etc.
      usually with heating at 30.degree. to 50.degree.C for half an hour to 3
      hours. After the completion of reaction, the reaction mixture is
      neutralized with a dilute acid such as sulfuric acid. The mixture is
      separated into a water layer and an organic solvent layer. The water layer
      is extracted with the same organic solvent. The organic solvent layer and
      the organic solvent extract are combined and washed with water. After
      removing the solvent by distillation under reduced pressure,
      2-allyloxy-4-chlorobenzoylmalonate is obtained.
PAR  Then, 2-allyloxy-4-chlorobenzoylmalonate prepared above is converted to
      2-allyloxy-4-chloroacetophenone by simultaneous hydrolyzation and
      decarboxylation. Such reaction is carried out in an aqueous medium at
      40.degree.C to a reflux temperature of the solvent in the presence of an
      acid such as acetic acid, sulfuric acid, etc. Generally, the reaction is
      complete in 4 to 24 hours.
PAR  After the completion of reaction, the reaction mixture is cooled and
      neutralized with an alkaline solution such as an aqueous solution of
      sodium hydroxide. The mixture is then extracted with an organic solvent
      such as ether and benzene. The extract is dried with anhydrous sodium
      sulfate and the solvent is distilled off to give crude crystals of
      2-allyloxy-4-chloroacetophenone. The crystals are separated by filtration.
      The total yield corresponds to 85-95%.
PAR  It is to be understood that in the above-described method, similar results
      can be obtained when compounds functionally equivalent to malonate such as
      cyanoacetate are used in place of malonate.
PAR  Now, describing more in detail the preparation of
      2-allyloxy-4-chloro-.beta.-piperidinopropiophenone which is the desired
      compound of the present invention, the compound is prepared by condensing
      2-allyloxy-4-chloroacetophenone with piperidine and formaldehyde.
PAR  2-Allyloxy-4-chloroacetophenone can be prepared in a manner such as
      described above. As the reactant formaldehyde, the use of paraformaldehyde
      is preferred but an aqueous solution of formaldehyde may also be used.
      Further, it is preferred to use a mineral acid salt form of piperidine,
      such as piperidine hydrochloride, etc.
PAR  Generally, 1.0-1.2 mols of piperidine and 1.0-2.0 mols of formaldehyde are
      used per 1 mol of 2-allyloxy-4-chloroacetophenone.
PAR  Reaction is carried out in a solvent. Suitable solvents are polar solvents,
      for example, alcohols such as ethanol, etc. and nitromethane.
PAR  Reaction is carried out with heating generally at 40.degree.C to a reflux
      temperature under a strongly acidic condition in the presence of a strong
      acid such as hydrochloric acid, etc. Reaction is complete in one to
      several hours. In order to obtain a high yield of the product, water
      formed during the reaction is removed by azeotropic distillation in
      mixture with, for example, benzene, hexane or toluene.
PAR  After the completion of reaction, the resulting reaction mixture is cooled
      to room temperature. To the mixture is then added an appropriate
      precipitant such as ether, benzene and cyclohexane to give crude crystals
      of the desired compound. The crude crystals are separated by filtration,
      washed with an organic solvent such as ether and dried. Thus, crude
      product of 2-allyloxy-4-chloro-.beta.-piperidinopropiophenone is obtained
      in an acid salt form such as hydrochloride, etc. in a yield of 80-90%. The
      crude crystals can be purified by recrystallization from water or
      alcohols.
PAR  According to the above procedures, the desired compound is obtained in the
      form of an acid addition salt. The product may be converted into the free
      form in a conventional manner. For example, the compound in the salt form
      is dissolved in water and the pH of the solution is adjusted to 8.0-11.0,
      preferably 9.0-10.0 with an alkali such as caustic soda. The solution is
      subjected to an extraction with an organic solvent such as ether, benzene,
      etc. The solvent is distilled off to produce the compound in the free
      form. Further, where an acid addition salt other than the one obtained is
      desired, to the above-mentioned organic solvent extract of the free form
      compound is added a solution of the desired acid in an organic solvent
      such as ether, alcohol and water. The mixture is concentrated and to the
      concentrate is added an appropriate precipitant such as acetone, ethyl
      acetate and benzene to give crystals. The crystals are separated by
      filtration, washed and dried. In this manner, an acid addition salt of the
      compound can be obtained.
PAR  2-Allyloxy-4-chloro-.beta.-piperidinopropiophenone and its acid addition
      salts are found to have antitussive activity. The pharmacological action
      of the compounds is apparent from the following experiments. In each test,
      2-allyloxy-4-chloro-.beta.-piperidinopropiophenone hydrochloride is used
      as the test compound and codeine phosphate, a well-known antitussive is
      used as a standard compound.
PAC  EXPERIMENT I
PAC  Acute Toxicity in Mice and in Rats -- Determined as LD.sub.50
PAR  a. More than 5 groups of male ddy-strain mice, each consisting of 10
      animals weighing 18-20 g are used. The animals are given graded doses of
      the test compound or the standard compound by subcutaneous injection and
      are observed for 72 hours.
PAR  b. More than 6 groups of male dd-strain mice, each consisting of 20 animals
      weighing 18-20 g are used. The animals are given graded doses of the test
      compound or the standard compound orally and are observed for one week.
PAR  c. More than 5 groups of male Wistar strain rats, each consisting of 15
      animals weighing 110-150 g are used. The animals are given graded doses of
      the test compound and the standard compound orally and are observed for
      one week.
PAR  The LD.sub.50 is calculated according to the method of Litchfield and
      Wilcoxon [J. Pharmacol. & Exper. Therap. 96, 99 (1949)].
PAR  The results are shown in Table 1 below.
TBL                Table 1                                                     

     ______________________________________                                    

                  LD.sub.50 (mg/kg)                                            

     Drug           a) Mouse  b) Mouse  c) Rat                                 

                    (S.C.)    (P.O.)    (P.O.)                                 

     ______________________________________                                    

     2-Allyloxy-4-chloro-.beta.-                                               

     piperidinopropiophenone                                                   

                    105       240       1,025                                  

     hydrochloride                                                             

     Codeine phosphate                                                         

                    191       729        807                                   

     ______________________________________                                    

PAC  EXPERIMENT II
PAC  Antitussive Effect
PAL  a. Effect on coughs induced by mechanical stimulation of the tracheal
      mucosa in dogs
PAR  More than 4 groups of dogs, each consisting of 5 animals of either sex
      weighing 6-10 kg are used. The test is conducted according to "Coughing
      dog" method [Jap. J. Pharmacol. 2, 7-13 (1952); Pharm. Bull. (Japan) 2 298
      (1954); and Jap. J. Pharmacol. 4 130 (1955)]. Coughs are induced by
      mechanical stimulation with a bristle stimulator made of pig bristles on
      the tracheal bifurcation through a chronically-built tracheal fistula.
PAR  Stimulation is applied by constantly and intensely moving the stimulator up
      and down 10 times for 20 seconds and the stimulation is repeated every 5
      minutes. The changes of the inner pressure of the trachea brought about by
      coughs are recorded on a smoked paper. The animals are given graded doses
      of the test compound or the standard compound by intravenous injection.
PAR  The antitussive effect of the compounds is determined by the changes in
      both the amplitude and frequency of the cough curves on the smoked paper
      and the duration of such changes. When the amplitude and/or the frequency
      are decreased by more than 20% as compared with those before
      administration of the drug and when the decrease lasts for more than 20
      minutes, the effect is determined to be significant. On the basis of the
      criteria of evaluation, the 50% antitussive dose (hereinafter referred to
      as AtD.sub.50) is calculated according to the method of Litchfield and
      Wilcoxon.
PAL  b. Effect on coughs induced by mechanical stimulation of the tracheal
      mucosa in anesthetized cats
PAR  More than 4 groups of cats, each consisting of 6 animals of either sex
      weighing 2-3 kg are used. The animals are lightly anesthetized by
      intraperitoneal injection of 20 mg/kg of pentobarbital sodium. The test is
      conducted according to "Coughing cat" method [Folia Pharmacol japon. 55 99
      (1959)].
PAR  Coughs are induced in the same manner as described above except that a
      bristle stimulator made of whiskers of rabbit is used. The AtD.sub.50 is
      calculated in the same manner as described above.
PAL  c. Effect on coughs induced by electrical stimulation of central stump of
      the superior laryngeal nerve in anesthetized cats
PAR  More than 4 groups of cats, each consisting of 6 animals of either sex
      weighing 2-3 kg are used. The animals are lightly anesthetized by
      intraperitoneal injection of 20 mg/kg of pentobarbital sodium. The test is
      conducted according to the method of Domenjoz (Arch. Exp. Path. u.
      Pharmakol, 215, 19 (1952)].
PAR  Coughs are induced by electrically stimulating the central stump of the
      superior laryngeal nerve under the following conditions: wave, rectangular
      wave; pulse duration, 1 msec.; frequency, 5-10 cps.; voltage, 0.5-1.5
      Volt; and duration of stimulation, 10 sec. The changes of inner pressure
      of the trachea brought about by coughs are recorded. The animals are given
      graded doses of the test compound or the standard compound by intravenous
      injection.
PAR  The antitussive effect of the compounds is determined by the changes in
      both the amplitude and frequency of the cough curves and the duration of
      the changes. When the amplitude and/or the frequency of the coughs induced
      by a stimulus of moderate intensity are decreased by more than 20% as
      compared with those before administration of the drug and when the
      decrease lasts for more than 20 minutes, the effect is determined to be
      significant. On the basis of the criteria of evaluation, the AtD.sub.50 is
      calculated according to the method of Lichfield and Wilcoxon.
PAR  The results of the above three tests are shown in Table 2 below.
TBL                Table 2                                                     

     ______________________________________                                    

              AtD.sub.50 (mg/kg i.v.)                                          

              Dog       Cat                                                    

     Drug       Mechanical  Mechanical Electrical                              

                stimulation stimulation                                        

                                       stimulation                             

     ______________________________________                                    

     2-Allyloxy-4-                                                             

     chloro-.beta.-                                                            

                3.3         4.8        4.2                                     

     piperidino-                                                               

                 (2.8-3.6)* (3.9-5.8)  (3.6-4.9)                               

     propiophenone                                                             

     hydrochloride                                                             

     Codeine    2.5         2.3        2.1                                     

     phosphate  (2.3-2.7)   (1.9-2.6)  (1.6-2.7)                               

     ______________________________________                                    

      *The values within the parentheses indicate the fiducial limits.         

      (Significance: P = 0.05)                                                 

PAR  From the results of the above experiments, it can be seen that the
      hydrochloride of 2-allyloxy-4-chloro-.beta.-piperidinopropiophenone shows
      an antitussive effect equal to codeine phosphate in dogs and cats.
PAR  Further, the following experiments are conducted to examine the sites of
      antitussive action of the compound.
PAC  EXPERIMENT III
PAL  a. Comparison of equi-active doses for various routes of administration
PAR  Five dogs weighing 8-10 kg are used. Polyethylene tubes are previously
      installed in the animals in the femoral vein, the vertebral artery and the
      cerebello-medullary cistern. The animals are lightly anesthetized by
      intraperitoneal injection of 20 mg/kg of pentobarbital sodium. The
      hydrochloride of 2-allyloxy-4-chloro-.beta.-piperidinopropiophenone is
      given through the polyethylene tubes. Coughs are induced by mechanical
      stimulation on the mucosa of the tracheal bifurcation. The doses necessary
      to obtain the same degree of antitussive effect as that obtained by the
      administration through the femoral vein are determined.
PAR  Nearly the same antitussive effect is obtained by the following doses
      (mg/kg):
PA1  Femoral vein:vertebral artery:cerebello-medullary cistern =
      4.30:0.4-0.8:0.06-0.1.
PA1  Where the dose through the femoral vein is taken as 1.0, the ratio is
      1:1/5-1/10:1/40-1/65.
PA1  When the same test is conducted using codeine phosphate which is known as a
      centrally acting antitussive, the ratio of 1:1/8-1/12:1/50-1/80 is
      obtained.
PAR  As shown by the above experiment results, the ratio of the effective doses
      for the three administration routes obtained by using the present compound
      is almost the same as that obtained by using codeine. Thus, it is
      understood that the present compound exerts its action on the central
      nerve.
PAL  b. Effect on the pulmonary stretch receptor impulses
PAR  Five guinea pigs weighing 400-600 g are used. The animals are anesthetized
      by subcutaneous injection of 1.2 g/kg of urethane and disposed in a supine
      position. The chest is opened under artificial ventilation. The left vagus
      nerve is sectioned at the cervical region and the peripheral stumps is
      placed on a bipolar platinum electrode. The impulses from the pulmonary
      stretch receptors are observed on an oscilloscope and recorded with a
      long-recording camera.
PAR  The animals are given graded doses of the hydrochloride of
      2-allyloxy-4-chloro-.beta.-piperidinopropiophenone by intravenous
      injection.
PAR  The action of the compound on a peripheral nerve is determined by the
      change of the voltage of the stretch receptor impulses.
PAR  As a control, the same test is conducted using benzonatate which is known
      as a peripherally acting antitussive.
PAR  The results are shown in Table 3 below.
TBL                Table 3                                                     

     ______________________________________                                    

                         Change of                                             

                         voltage of  Time                                      

                         stretch recep-                                        

                                     required to                               

     Drug      Dose      tor impulses                                          

                                     return to                                 

               (mg/kg)   (as compared                                          

                                     the level                                 

                         with that   before                                    

                         before treat-                                         

                                     treatment                                 

                         ment with drug                                        

                                     with drug (min.)                          

     ______________________________________                                    

               1.0-2.0   none                                                  

     2-Allyloxy-                                                               

     4-chloro-.beta.-                                                          

     piperidino-                                                               

               5.0       reduced to  10-20                                     

     propiophenone       1/2-3/4                                               

     hydrochloride       reduced to  about                                     

               10.0      1/2         30                                        

               0.1-0.5   none                                                  

               1.0       reduced to  10                                        

                         3/4                                                   

     Benzonatate                                                               

                         reduced to                                            

               2.0       less than   30                                        

                         1/2                                                   

               4.0       reduced to  30-40                                     

                         zero                                                  

     ______________________________________                                    

PAR  From the experiment results, it can be seen that the effect of the present
      compound is to repress the impulses of the pulmonary stretch receptor.
PAR  Thus, it is concluded that
      2-allyloxy-4-chloro-.beta.-piperidinopropiophenone of the invention acts
      centrally but it also exerts a considerable action on peripheral nerves.
PAR  2-Allyloxy-4-chloro-.beta. -piperidinopropiophenone may be administered
      orally in an appropriate form such as tablet, powder and syrup at a dose
      of about 25 mg-50 mg per day.
PAR  The present invention is further illustrated by the following
      representative examples.
PAC  EXAMPLE 1
PAC  2-Allyloxy-4-Chloroacetophenone
PAR  15.2 g of anhydrous potassium carbonate is suspended in 50 ml of acetone.
      To the suspension is added 17.0 g of 2-hydroxy-4-chloroacetophenone. To
      the mixture is added dropwise 13.2 g of allyl bromide while refluxing.
      After 6 hours of reaction, the precipitates formed are removed by
      filtration and the filtrate is concentrated under reduced pressure. As the
      result, 18.3 g of 2-allyloxy-4-chloroacetophenone is obtained in a yield
      of 87%. Melting point: 69.degree.-70.degree.C.
PAL  Elementary analysis:
PA1  Calculated for C.sub.11 H.sub.11 O.sub.2 Cl: C = 62.71%; H = 5.26%: Cl =
      16.83%
PA1  Found: C = 62.53%; H = 5.33%; Cl = 16.80%
PA1  Ir spectrum: shown in FIG. 3
PA1  Nmr spectrum: shown in FIG. 4
PAC  2-Allyloxy-4-Chloro-.beta.-Piperidinopropiophenone Hydrochloride
PAR  7.5 g of paraformaldehyde, 29.5 g of piperidine hydrochloride and 51.2 g of
      2-allyloxy-4-chloroacetophenone are dissolved in 100 ml of nitromethane.
      To the solution are added 15 ml of absolute alcohol, 30 ml of toluene and
      1 ml of concentrated hydrochloric acid. The mixture is refluxed with
      heating for about one hour while removing water by azeotropic
      distillation. After the completion of reaction, the mixture is cooled to
      room temperature. To the mixture is added 1 l of ether to give crude
      crystals. The crystals are separated by filtration, washed with ether and
      dried. Thus, 67.3 g of crude crystals are obtained. The crystals are then
      subjected to recrystallization from 270 ml of water and dried under
      reduced pressure. As the result, 59.2 g of the hydrochloride of
      2-allyloxy-4-chloro-.beta.-piperidinopropiophenone is obtained in a yield
      of 71%. Melting point: 133.degree.-135.degree.C.
PAR  Elementary analysis:  Calculated for C.sub.17 H.sub.23 NO.sub.2 Cl.sub.2 :
      C = 59.31%; H = 6.73%:  N = 4.07%: Cl = 20.60%.  Found: C = 59.22%: H =
      7.02%: N = 4.18%; Cl = 20.68%.
PAR  IR spectrum: shown in FIG. 1.
PAR  NMR spectrum: shown in FIG. 2.
PAC  EXAMPLE 2
PAC  2-Allyloxy-4-Chlorobenzoyldiethylmalonate
PAR  4.9 g of magnesium and 4.5 ml of ethanol are mixed and to the mixture are
      added 0.5 ml of carbon tetrachloride and then 136 ml of ether. To the
      resulting mixture is added a mixture of 31.9 g of diethylmalonate, 18.1 ml
      of ethanol and 22.6 ml of ether while refluxing. After two hours of
      reflux, a solution of 42 g of 2-allyloxy-4-chlorobenzoylchloride in 45.2
      ml of ether is added dropwise to the reaction mixture and the mixture is
      refluxed for one hour further. After the completion of reaction, the
      mixture is cooled. To the mixture is then added a dilute sulfuric acid
      prepared by diluting 22.6 g of concentrated sulfuric acid with 181 ml of
      water, while cooling the mixture with ice water. The mixture is separated
      into a water layer and an ether layer. The water layer is extracted with
      70 ml of ether. The ether layer and the ether extract are combined and
      washed with 100 ml of water. Ether is distilled off under reduced
      pressure. As a result, 64 g of 2-allyloxy-4-chlorobenzoyldiethylmalonate
      is obtained as an oily matter.
PAC  2-Allyloxy-4-Chloroacetophenone
PAR  64 g of 2-allyloxy-4-chlorobenzoyldiethylmalonate is added to a mixture of
      55 ml of acetic acid, 6.9 ml. of concentrated sulfuric acid and 36 ml of
      water. The mixture is refluxed with heating for 22 hours. The mixture is
      then cooled and neutralized with 170 ml of an aqueous 20% sodium hydroxide
      solution. The resulting mixture is extracted for three times each with 100
      ml of ether. The ether extract is dried with anhydrous sodium sulfate and
      ether is distilled off. As the result, 33.1 g of light yellow crystals are
      obtained in a yield of 87%. Melting point: 69.degree.-70.degree.C.
PAC  2-Allyloxy-4-Chloro-.beta.-Piperidinopropiophenone
PAR  3.7 g of paraformaldehyde, 14.8 g of piperidine hydrochloride and 25.6 g of
      2-allyloxy-4-chloroacetophenone are used as the starting meterials and the
      procedure to prepare 2-allyloxy-4-chloro-.beta.-piperidinopropiophenone
      described in Example 1 is repeated. As a result, 29.0 g of the
      hydrochloride of 2-allyloxy-4-chloro-.beta.-piperidinopropiophenone is
      obtained in a yield of 70%.
PAL  Melting point: 133.degree.-134.degree.C.
PAR  Elementary analysis:  Calculated for C.sub.17 H.sub.23 NO.sub.2
PAC  .sub.2 : C = 59.31%: H = 6.73%;  N = 4.07%; Cl = 20.60%.  Found: C =
      59.13%; H = 6.92%; N = 4.21%; Cl = 20.72%.
PAR  12.3 g of the thus obtained product is dissolved in 100 ml of water. The
      solution is adjusted to a pH of 9.9 with sodium hydroxide and extracted
      with 100 ml of ether. The ether layer is dried with anhydrous sodium
      sulfate and ether is distilled off. As the result, 7.4 g of
      2-allyloxy-4-chloro-.beta.-piperidinopropiophenone is obtained in a yield
      of 66%. Boiling point: 135.degree.-140.degree.C/0.7 mmHg.
PAR  Elementary analysis:  Calculated for C.sub.17 H.sub.22 NO.sub.2 Cl: C =
      66.33%; H = 7.21%;  N = 4.55%: Cl = 11.52%.  Found: C = 66.19%; H = 7.50%;
      N = 4.32%; Cl = 11.50%.
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ABST
PAL  This invention relates to improvements in certain catalytic reactions,
      namely, hydrogenation, hydroformylation and carbonylation reactions.
PARN
PAR  This is a continuation, of application Ser. No. 821,521, filed Dec. 10,
      1968, which application is a divisional of Ser. No. 514,118, filed Dec.
      15, 1965.
BSUM
PAR  Hydrogenation reactions have hitherto mainly employed heterogeneous
      catalysts, particularly various forms of metallic nickel, platinum or
      palladium to promote the reaction, while hydroformylation and
      carbonylation reactions have usually involved the use as catalyst of
      dicobalt octacarbonyl. The use of all such catalysts often requires
      considerable reaction pressure and elevated temperature and in many
      instances the catalyst rapidly becomes poisoned, probably because if the
      catalyst is a solid the catalysis is due to a surface effect which becomes
      inhibited by the presence of impurities. Other heterogeneous catalysts
      such as copper chromite or mixed oxide catalysts have been employed for
      hydrogenation but they suffer from the need for frequent replenishment
      and, if practicable, regeneration of the spent catalyst for re-use. There
      has thus existed a need for a catalyst which enables the desired reactions
      to be carried out at temperatures and pressures that are no more then
      moderate and which is homogeneous with the reaction medium. These
      desiderata have, however, hitherto been largely unfulfilled.
PAR  In French patent specification No. 1,300,404, recently published, it is
      claimed that hydroformylation reactions may be carried out at moderate
      temperatures and pressures in the presence as catalyst of a complex
      containing in the molecule a transition metal having an atomic number from
      23 to 32, 40 to 51 or 57 to 84 and at least one molecule of a biphyllic
      ligand containing trivalent phosphorus, arsenic or antimony. However, the
      experimental work described therein is limited to complexes formed from
      dicobalt octacarbonyl and a phosphine or arsine ligand and it can be shown
      that other complexes within the above generic definition are ineffective
      in promoting a hydroformylation reaction.
PAR  It has now been discovered that certain readily-prepared soluble halogen-
      or pseudo-halogen-containing complexes of platinum group metal halides or
      pseudo-halides are effective when employed in a homogeneous liquid
      reaction medium as catalysts both for the hydrogenation of unsaturated
      organic linkages and for the hydroformylation and carbonylation of
      olefins. These complexes are formed in part from a halide or pseudo-halide
      of a platinum group metal and are distinguished from the complexes
      described in French patent specification No. 1,300,404 by the fact that
      they contain at least one halogen or pseudo-halogen atom in the molecule
      of the complex; such complexes are hereinafter termed "halogen containing
      platinum group metal complexes". The term "halide" is used throughout this
      present specification to refer preferably to chlorides, bromides or
      iodides and "pseudo-halides" to refer to cyanides, cyanates and
      thiocyanates. The other moieties of the "halogen-containing platinum group
      metal" complexes with which the present invention is concerned are derived
      from an organic ligand which is an isocyanide or a compound having a
      coordinating atom which has a lone pair of electrons and which is of an
      element.
PAR  Accordingly, the invention provides a hydrogenation, hydroformylation or
      carbonylation process in which an unsaturated organic compound (as
      hereinafter defined) is reacted with hydrogen and/or carbon monoxide in
      the presence of a liquid medium which contains dissolved therein a
      catalytic quantity of a catalyst which is a halogen or
      pseudo-halogen-containing complex that has been formed from a halide or
      pseudo-halide of a platinum group metal and at least one ligand which is
      either: (a) an organic isocyanide; or (b) an organic compound having in
      its molecule an atom of an element selected from Groups VB or VIB of the
      Periodic Table, said atom possessing a long pair of electrons.
PAR  The platinum group metal may (except when otherwise specified) be
      ruthenium, rhodium, palladium, osmium, iridium or platinum and the halide
      may be any conveniently available halide or pseudo-halide thereof, usually
      the chloride, though the bromides and cyanides may be preferred in some
      instances. If desired, the halide or pseudo-halide may be in a hydrated
      form. The platinum group metal may be in any convenient oxidation state,
      but it may be in some instances that the metal becomes reduced to a lower
      valency state during the formation of the complex, some of the ligand or
      the solvent acting as a reducing agent.
PAR  The ligand for present use is defined as a compound which is either (a) an
      organic isocyanide or (b) an organic compound having in the molecule an
      atom of an element selected from Groups VB or VIB of the Periodic Table,
      that is usually a nitrogen, phosphorus, arsenic, sulphur or selenium atom,
      such atom being in such valency state that it possesses a lone pair of
      electrons. The preferred ligands within the definition of categories (a)
      and (b) include: tertiary amines, phosphines, arsines and stibines;
      tertiary phosphite esters; organic nitriles; and isocyanides; as well as
      sulphoxides, phosphine oxides, dialkyl sulphides and mercaptans. For
      example, there may be employed pyridine, quinoline or dimethylaniline,
      though more neutral compounds are preferred, such as for example, tributyl
      or triphenyl phosphine; trimethyl, tributyl or triphenyl phosphite;
      dimethylphenylarsine; triphenyl arsine or stibine; dibutyl sulphide;
      dimethyl sulphoxide; triphenyl phosphine oxide; phenyl isocyanide or
      acetonitrile. Also to be treated as organic compounds for present purposes
      are such ligands within category (b) as phosphorus triisocyanate and
      phosphorus triisothiocyanate.
PAR  The complex may be represented by the empirical formula L.sub.n M.sup.v
      X.sub.y, where each L represents a ligand of the type hereinbefore
      described, M is the platinum group metal and each X represents a halogen
      atom or pseudo-halogen group and where n is the number of ligand molecules
      present, y is the number of halogen atoms and/or pseudo-halogen groups
      present and is at least one, and v is the valency state of the metal M. It
      is preferred that the complex should be electronically neutral, so that v
      = y, but it may be a positively charged ion in which case v can be greater
      than y. The preferred valency states of the platinum group metals in the
      complex depends on the metal employed. For ruthenium and osmium it is 2, 3
      or 4; for rhodium it is 1 or 3; for iridium it is 1, 3 or 4; and for
      platinum and palladium it is 2 or 4. The complex normally has an
      octahedral structure, that is the sum of n and y is 6, when the metal and
      its valency is Rh.sup.III, Ir.sup.III, Ru.sup.II, Os.sup.II or Pt.sup.IV,
      though with ruthenium it may have a 5-coordinate quesi-octahedral
      structure. However, when the metal and its valency is Rh.sup.I, Pt.sup.II
      or Pd.sup.II, the complex is normally of tetragonal structure, that is the
      sum of n and y is 4. If desired, the complex solution may contain a little
      hydrogen chloride which in certain circumstances may promote the stability
      of the complex, for example when chloride ions are required for
      association with the complex when this is a cation.
PAR  A particularly effective species of catalyst for present use, particularly
      for use in the hydrogenation processes of the present invention, is one
      represented by the formula (R.sub.3 Z).sub.3 Rh.sup.I X where the donor
      ligand R.sub.3 Z is a tertiary phosphine, arsine or stibine, that is a 1:3
      molar complex of a rhodium-I halide and the specified donor ligand. Such
      complexes have not, it is believed, hitherto been reported and, therefore,
      constitute a further aspect of the present invention. These complexes of
      formula (R.sub.3 Z).sub.3 Rh.sup.I X may be prepared by refluxing an
      excess, for example from 3 to 10 times the stoichiometric quantity, of the
      tertiary phosphine with a rhodium trihalide in a solvent, preferably an
      alcoholic solvent, such as ethanol. On cooling the complex often
      crystallizes from the solution in a yield which is virtually quantitative.
      The crystals may be separated and washed to remove the excess phosphine
      which may adhere. Alternatively, the complexes may be made by using
      tertiary phosphines, arsines or stibines to displace other ligands from
      rhodium-I complexes. The preferred catalysts of this type have the formula
      (R'.sub.3 P).sub.3 Rh.sup.I X' wherein each R' represents an aryl group,
      preferably phenyl, and each X' represents a chlorine, bromine or iodine
      atom, preferably chlorine. The complexes of formula (R.sub.3 Z).sub.3
      Rh.sup.I X are particularly effective as hydrogenation catalysts and at a
      hydrogen pressure of 1 atmosphere very rapidly effect reduction of
      olefinic and acetylenic compounds to the corresponding saturated
      compounds. At this hydrogen pressure they also more readily effect
      reduction of aldehydes to the corresponding primary alcohols than do the
      other catalysts specifically described herein. Furthermore, reduction of
      olefinic halogen compounds, such as allyl bromide, does not affect the
      halogen substituent, the product being the corresponding saturated halogen
      compound.
PAR  It is preferred to form the complex by mixing in the presence of a suitable
      solvent the platinum group halide or pseudo-halide and ligand molecules in
      substantially the appropriate stoichiometric proportions according to the
      molecular formula of the complex, bearing in mind that a calculated excess
      of the ligand may be necessary if it is also to serve as a reducing agent
      for the platinum group metal. For example, methods of preparation of some
      of the complexes are given in J. Chem. Soc. 1964, 2508-2513. The said
      liquid reaction medium conveniently comprises a lower alkanol, having up
      to about 4 carbon atoms, such as ethanol or methanol; ethers, such as
      diethyl ether or tetrahydrofuran are also suitable. Other suitable
      solvents and co-solvents include aliphatic and aromatic hydrocarbons, such
      as hexane and benzene. The stoichiometry of the complex formed is usually
      readily determined by conventional analytical procedures and in many cases
      the complex can be crystallized, if desired, from suitable concentrated
      solutions such as alcoholic solution.
PAR  Many of the ruthenium-containing complexes described generally above are
      particularly suitable for use in the hydrogenation reactions of the
      invention, but it has been found that these are often much less suitable
      for hydroformylation and carbonylation reactions. This appears to result
      from the fact that when many of the ruthenium-containing complexes are
      contacted with carbon monoxide an interaction occurs and the complex may
      become largely or completely insolubilized in the reaction mixture. The
      reaction mixture may then not contain the necessary soluble complex and
      accordingly the yield of product from a hydroformylation or carbonylation
      process using such a ruthenium complex is much reduced. It is therefore to
      be appreciated that, while the specified ruthenium-containing complexes
      are very effective as catalysts in the hydrogenation reaction of the
      invention, their use in the present hydroformylation and carbonylation
      processes is not particularly advocated since, due to insolubilization,
      there may be present in solution insufficient of the catalyst complex to
      permit a satisfactory yield from the process.
PAR  With the complexes described herein, particularly with the ruthenium
      complexes, the presence of an alcoholic solvent or cosolvent may enhance
      their activity. This appears to result from displacement of some, but not
      all, of the ligands from the complex and replacement thereof with one or
      more alcoholic solvent materials. The presence of such an alcoholic
      solvent or co-solvent, particularly a lower alkyl (C.sub.1-4) monohydric
      alcohol in the reaction mixture is preferred.
PAR  If the reaction to be carried out is a hydrogenation reaction, in which
      case, of course, no carbon monoxide, is employed, the said "unsaturated
      organic compound" is one containing a multi-bond linkage from a carbon
      atom to another carbon atom or to an oxygen, sulphur or nitrogen atom. If
      the reaction to be carried out is a hydroformylation reaction involving
      reaction with both hydrogen and carbon monoxide or a carbonylation
      reaction involving reaction with carbon monoxide only the "unsaturated
      organic compound" is an olefinic compound, that is an
      ethylenically-unsaturated or acetylenically-unsaturated hydrocarbon or
      substituted hydrocarbon. The substituents present should be inert to the
      reaction and such substituents include, for example, halogen and hydroxyl
      substituents. Although not bound by an theory, the hydroformylation of
      acetylenic compounds, which as been found to occur with the catalyst
      described herein, may be considered as an initial hydrogenation to the
      corresponding ethylenically-unsaturated compound followed by
      hydroformylation of this so that the product is an aldehyde, or alcohol
      obtained by subsequent hydrogenation thereof.
PAR  Thus, by the hydrogenation process of the present invention: olefinic and
      acetylenic linkages may be hydrogenated; aldehydes, ketones or their
      thio-analogues reduced to the corresponding alcohols or thiols; or
      nitriles or Schiff's bases reduced to amines. In such hydrogenation
      reactions, the unsaturated reactant may contain any substituents which do
      not interfere with the course of the reaction, for example the reactant
      may contain cyclo-aliphatic, aryl or hydroxyl groups. The hydrogenation
      reaction of the invention is also particularly effective for the reduction
      of aldehydes and ketones to the corresponding alcohols, for example
      preparing heptanol from heptaldehyde, butanol-2 from methyl ethyl ketone,
      cyclohexanol from cyclohexanone; and for the hydrogenation of olefinic
      double bonds, for example the preparation of saturated fatty acids and
      their derivatives from the naturally-occurring unsaturated acids such as
      oleic, linoleic and ricinoleic acid, and the hydrogenation of terpenoid
      double bonds such as the production of methanol from isopulegol.
      Acetylenic compounds, e.g. phenyl acetylene and more particularly
      acetylenic alcohols, are also reduced, usually to a mixture of the
      corresponding alkene and alkane, with any hydroxyl group remaining as such
      in the product. Use of excess hydrogen results in the product being mainly
      the alkane at the expense of the alkene. It has also been found that
      acetylenic alcohols are more readily reduced than acetylenic hydrocarbons.
PAR  By the present hydroformylation reaction olefins or acetylenic hydrocarbons
      may be converted to aldehydes which may subsequently be reduced according
      to the hydrogenation process of the invention; and by the carbonylation
      reaction of the invention olefins or acetylenic hydrocarbons may be
      converted into carboxylic acids or, in the presence of alcohols, into
      esters thereof.
PAR  The hydroformylation reaction of the invention is particularly effective.
      In this an olefinic compound is reacted in the presence of a catalyst as
      defined with a mixture of hydrogen and carbon monoxide. Theoretically this
      mixture should be an equimolecular one, but it is normally preferably to
      have present an excess of carbon monoxide and a molar ratio of hydrogen:
      carbon monoxide of from 1:1 to 1:5 is normally employed. In this way the
      concurrent hydrogenation reaction is usually inhibited. The reaction
      temperature during hydroformylation is normally kept below 110.degree.C,
      since the hydrogenation reaction appears to be favored above this. The
      temperature can be raised to 200.degree.C. In some instances, the yield of
      resulting aldehyde appears to be virtually quantitative. Preferably, but
      not necessarily, the olefinic compound is an .alpha.-olefin, for example,
      ethylene, propylene, butene-1, hexene-1, octene-1, the higher
      .alpha.-olefins produced by the thermal cracking of paraffin wax and
      dienes such as butadiene (when normally only one of the double bonds
      reacts). As substituted olefinic compounds there may be employed, for
      example, allyl alcohol, methallyl alcohol, isopropenylbenzene, styrene,
      vinyl cyclohexene, cyclohexene or cyclooctene.
PAR  The aldehydes which result from the above-described hydroformylation
      reaction may conveniently be subjected to a subsequent hydrogenation
      reaction wherein the aldehydes are reduced, that is hydrogenated, to the
      corresponding primary alcohol; a little of the corresponding alkane
      usually results. In such hydrogenation reaction the same or different
      complex catalysts may be used as in the hydroformylation reaction, the
      hydrogenation reaction being thus, for example, conducted in a homogeneous
      reaction mixture under a hydrogen pressure of up to 60 atmospheres and at
      temperatures up to about 120.degree.C. Such a two-step hydroformylation
      and subsequent hydrogenation process, particularly when the same complex
      catalyst is employed in each step, provides a convenient synthetic route
      for obtaining tridecyl alcohol from dodecant-1, nonanols from the
      corresponding octenes and n-heptanol from n-hexene-1. The two-step
      reaction using the complex as catalyst in each step is conveniently
      carried out as a single reaction sequence making use of higher reaction
      temperatures, for example 90.degree. to 120.degree.C. and more prolonged
      reaction duration so that the hydrogenation reaction can occur in the same
      reaction zone after that of hydroformylation.
PAR  The carbonylation process of the invention is conducted in similar fashion
      to the hydroformylation reaction though the hydrogen reactant is, of
      course, not present. The product is a carboxylic acid unless an alcohol
      solvent, such as ethanol, is employed when the resulting product may be
      the alkyl ester of the carboxylic acid primary reaction product. In
      general, the preferred olefins for use in the hydroformylation reaction
      are also the preferred olefins for use in the carbonylation reaction and
      the invention therefore provides a convenient process for the production
      of, for example, heptoic acid (from hexene-1) and cyclohexanecarboxylic
      acid (from cyclo-hexene) or ester derivatives thereof.
PAR  The hydroformylation and carbonylation reactions primarily result in the
      product formed by .alpha.-addition of the elements of formaldehyde or
      formic acid respectively to the olefinic bond, i.e. anti-Markownikow
      addition. However, a little .beta.-addition also occurs so that the
      product is usually a mixture of isomeric aldehydes or acids, but this is
      often no real disadvantage as the mixture can often be used as such, for
      example in making alcohols for use in the production of plasticizers or
      acids for use in paint driers where mixed compounds are not
      disadvantageous; or alternatively the mixture can be separated.
PAR  The process is carried out in a liquid reaction medium which usually
      comprises a solvent or co-solvent for the catalytic complex but may be
      contributed by the unsaturated organic compound reactant, or as the
      reaction proceeds, the resulting product. The complex must be dissolved in
      the liquid reaction medium. The reaction is preferably conducted at
      moderately elevated temperatures and pressures, for example, temperatures
      of 50.degree. - 150.degree.C., particularly 60.degree. - 100.degree.C.,
      and pressures of 5 to 100 atmospheres are very suitable. The conditions
      shall be such that the reaction mixture remains liquid throughout the
      reaction and autogenous pressure is therefore conveniently employed. The
      progress of the reaction can be followed in the normal way by observing
      the consumption of hydrogen and/or carbon monoxide.
PAR  The amount of catalyst present does not appear to be critical but an amount
      of from 0.1 to 5.0 percent, preferably 0.5 to 3 percent, by weight based
      on the weight of the unsaturated compound is normally employed.
PAR  When reaction is complete the product is separated from the reaction
      mixture, usually by fractional distillation. This may, if necessary,
      conveniently be carried out under reduced pressure. The separation is
      preferably not carried out to the extent that all the solvent is removed
      from the involatile complex. The distillation "heel" comprising the
      residual catalyst may then be passed for re-use in a further process of
      the invention, often after the addition to it of a further quantity of
      solvent. Since separation of the product from excess pyridine may not be
      too easily accomplished, pyridine is for this reason less desired for
      forming the complex for present use.
DETD
PAR  The invention is now illustrated by the following examples.
PAC  EXAMPLE 1
PAC  n-Hexane from hexene-1.
PAR  A complex of formula (Ph.sub.3 P).sub.3 RhCl.sub.3 was pre-formed by mixing
      three molecular proportions of triphenyl phosphine with one molecular
      proportion of rhodium trichloride in ethanol. To this complex (0.25 g)
      dissolved in ethanol (30 ml) was added benzene (20 ml) and hexene-1 (10
      ml). Hydrogen was passed into the solution and the complex maintained in a
      closed vessel at 25.degree.C. for 20 hours while the gauge pressure was
      0.5 atmosphere. Distillation of the reaction mixture gave n-hexane in 95
      percent yield.
PAC  EXAMPLE 2
PAC  n-Heptanol from n-heptaldehyde.
PAR  To the complex (0.1 g) prepared in Example 1 dissolved in ethanol (2 ml)
      was added benzene (2 ml) and n-heptaldehyde (3 ml). Hydrogen was passed
      into the solution of the complex maintained in a closed vessel at
      110.degree.C. for 12 hours with a gauge pressure of 60 atmospheres.
      Distillation of the reaction mixture gave n-heptanol in 95 percent yield.
PAC  EXAMPLE 3
PAC  Hydrogenation of hexyne-1.
PAR  A complex of formula (Ph.sub.3 As).sub.3 RhCl.sub.3 was formed by mixing
      triphenylarsine (3 mols. and rhodium trichloride (1 mole) in ethanol
      followed by crystallization of the complex from the solution. This complex
      (4 mg.) was dissolved in benzene (4 ml) to which hexyne-1 (3.2 g.) was
      added. To this mixture in an autoclave at room temperature hydrogen was
      admitted at 65 atmospheres for 12 hours. Distillation of the resulting
      mixture yielded a quantitative yield of n-hexane.
PAC  EXAMPLE 4
PAC  Hydroformylation of hexene-1.
PAR  To the complex (0.15 g) prepared as in Example 1 dissolved in a mixture of
      ethanol (2 ml) and benzene (2 ml) was added hexene-1 (4 ml). With the
      reaction mixture in an autoclave, hydrogen and carbon monoxide were
      separately passed in at gauge pressures of 40 and 50 atmospheres
      respectively during 12 hours while the temperature of the reaction mixture
      was maintained at 55.degree.C. Subsequent distillation of the reaction
      mixture gave n-heptaldehyde in 70 percent yield and 2-methylcaproic
      aldehyde in 15 percent yield, the latter compound arising from
      .beta.-addition of the elements of formaldehyde in the hydroformylation
      reaction.
PAC  EXAMPLE 5
PAC  Hydroformylation of hexene-1.
PAR  A complex of formula (Ph.sub.3 As).sub.2 PtCl.sub.2 was formed by mixing
      and crystallizing in ethanol triphenylarsine (3 mols.) and platinic
      chloride (PtCl.sub.4). This complex (100 mg.) was dissolved in benzene (4
      ml) and hexene-1 (3.2 g) added. This mixture was heated in an autoclave
      for 12 hours at 70.degree.C. under a hydrogen pressure of 40 atmospheres
      and a carbon monoxide pressure of 45 atmospheres. Fractional distillation
      of the resulting mixture yielded n-heptaldehyde and 2-methyl caproic
      aldehyde.
PAC  EXAMPLE 6
PAC  Hydroformylation of hexene-1.
PAR  A complex of formula [(Ph.sub.2 EtP).sub.c Ru.sub.2 Cl.sub.3 ]Cl was
      crystallized from a mixture in ethanol of ethyldiphenylphosphine (4 mols.)
      and ruthenium trichloride (1 mol.). To a mixture of this complex (50 mg.)
      dissolved in ethanol (2 ml.) was added hexene-1 (4 ml.) at 70.degree.C.
      under a hydrogen pressure of 40 atmospheres and a carbon monoxide pressure
      of 40 atmospheres. Distillation of the resulting mixture yielded
      n-heptaldehyde and 2-methyl caproic aldehyde.
PAC  EXAMPLE 7
PAC  Hydrogenation of acetylenic compounds.
PAR  A (1:1) molar complex of triphenyl phosphine and rhodium trichloride was
      prepared as catalyst by suspending finely ground rhodium trichloride
      trihydrate (2.0 g.) and triphenyl phosphine (12 g.) in methanol (40 ml.)
      and stirring the mixture at room temperature for 90 minutes, after which
      the formed brown precipitate of the complex was filtered off and washed
      with ethanol (50 ml.) and diethyl ether (50 ml.) to remove unchanged
      reactants; no further purification was necessary.
PAR  The catalyst (0.25 g.) was dissolved in benzene (25 ml.) at 30.degree. -
      50.degree.C. and ethanol (25 ml.) added, followed by the acetylenic
      compound (0.1 mol) as specified below. The solution was deaerated by a
      stream of nitrogen and hydrogen admitted to the reaction system at a total
      pressure of about 50 cm. mercury while the mixture was agitated. After
      about 12 hours no further absorption of hydrogen occurred. The resulting
      mixture was analyzed chromatographically and it was found the acetylenic
      compound had been reduced to a mixture of the corresponding olefinic and
      saturated hydrocarbons. The reaction mixture could be separated by
      fractional distillation.
PAR  Many acetylenic compounds were subjected to the above procedure. It was
      found that they were reduced in the following order of decreasing
      rapidity:
PA1  3-methylbut-1-yne-3-ol;
PA1  3-methylpent-1-yne-3-ol;
PA1  hex-1-yne;
PA1  1-ethynylcyclohexan-1-ol;
PA1  pent-2-yn-1,5-diol; and
PA1  acetylene.
PAL  It was also found that higher pressure of hydrogen could be conveniently
      used, for example, at pressures of 50-100 atmospheres and that when excess
      hydrogen was present the final reduced product was substantially the
      saturated hydrocarbon.
PAC  EXAMPLE 8
PAC  Hydroformylation of hexyne-1.
PAR  The catalyst as prepared in Example 7 (0.1 g.) was dissolved in benzene (4
      ml.) and hexyne-1 (4 ml.) was added. The solution was placed in a small
      autoclave which was filled with a mixture of hydrogen and carbon monoxide
      (molar ratio 1:4) at a total pressure of 120 atmospheres. After 16 hours
      at 110.degree.C. reaction was complete. From the product there was
      isolated n-heptaldehyde (yield 10 percent) and 2-methylhexaldehyde (yield
      10 percent).
PAC  EXAMPLE 9
PAC  Reduction of hexene-1 with (Ph.sub.3 P).sub.3 Rh.sup.I Cl catalyst.
PAR  Triphenyl phosphine and rhodium trichloride in approximately 5:1 molar
      ratio were refluxed in ethanol for 2-3 hours. On cooling purple crystals
      of the complex (Ph.sub.3 P).sub.3 Rh.sup.I Cl were obtained in virtually
      quantitative yield based on the rhodium value. The crystals were
      separated, washed with a little cold ethanol to remove excess triphenyl
      phosphine and dried.
PAR  The catalyst (0.25 g.) was dissolved in benzene (25 mol.) and ethanol (25
      ml.) and hexene-1 (5 ml.) added to the mixture. The solution was deaerated
      by evacuation and hydrogen admitted to the system at a pressure of 50 cm.
      mercury. A smooth take-up of hydrogen was observed and was virtually
      complete after 2 hours at 20.degree.C. The resulting solution was shown to
      contain n-hexane.
PAC  EXAMPLE 10
PAC  Reduction of allyl bromide with (Ph.sub.3 P).sub.3 Rh.sup.I Cl catalyst.
PAR  The procedure of Example 9 was repeated but using allyl bromide (12.1 g.)
      instead of the hexene-1. Up-take of hydrogen was complete after 6 hours at
      20.degree.C. and the resulting solution was shown to contain
      1-bromopropane.
PAC  EXAMPLES 11-16
PAC  Hydrogenations with ruthenium-containing complexes.
PAR  A solution of a complex of formula as stated in Table 1 below in a mixture
      of ethanol and benzene using the amounts there specified was placed in a
      stainless steel autoclave together with hexene-1 (4 ml.). The autoclave
      was then charged with hydrogen to the stated pressure and after the stated
      period at room temperature the contents of the autoclave were analyzed and
      the percentage of hexene-1 which had been hydrogenated to hexane was
      determined, the results being given in the said Table 1.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

                       Amount                                                  

                       of   Solvent   Hydrogen                                 

                                           Reaction                            

                       Complex                                                 

                            Ethanol                                            

                                 Benzene                                       

                                      Pressure                                 

                                           Time Conversion                     

     Example                                                                   

          Formula of Complex                                                   

                       (g.) (ml) (ml) (atmos.)                                 

                                           (hours)                             

                                                (per cent)                     

     __________________________________________________________________________

     11   Ru(Ph.sub.3 P).sub.2 Cl.sub.3.MeOH (a)                               

                       0.1  2    2    55   15   70                             

     12   [Ru(Ph.sub.2 EtP).sub.6 Cl.sub.3 ]Cl (b)                             

                       0.1  3    3    90   15   90                             

     13   Ru(Ph.sub.3 P).sub.3 Cl.sub.3                                        

                       0.05 2    2    60   18   95                             

     14   Ru(Ph.sub.3 P).sub.4 Cl.sub.2                                        

                       0.1  4    2    80   15   100                            

     15   Ru(Ph.sub.2 PCH.sub.2 CH.sub.2 PPh.sub.2).sub.2 Cl.sub.2             

                       0.05 2    2    60   18   65                             

          (b)                                                                  

     16   Ru(Ph.sub.3 As).sub. 2 Cl.sub.3.MeOH                                 

                       0.05 2    2    70   15   60                             

     __________________________________________________________________________

      (a) Complex prepared according to the procedure of Vasko (Chem. and Ind.,

      1961, 1402)                                                              

      (b) Complex prepared according to the procedure of Chatt and Hayter (J.  

      Chem. Soc., 1961, 896)                                                   

PAC  EXAMPLES 17-21
PAC  Hydroformylation with ruthenium-containing complexes.
PAR  These examples illustrate the reduced yields of product that are obtained
      when certain ruthenium complexes are employed in hydro-formylation
      reactions. The reduced yield is due to the marked insolubilization in the
      reaction medium of the complex after treatment with carbon monoxide.
PAR  The same apparatus and general procedure was employed as in Examples 11-16
      but the autoclave was charged with both hydrogen and carbon monoxide and
      was heated during the reaction. In each example a solution of the stated
      complex (0.05 g.) in a 1:1 mixture of ethanol and benzene (4 ml.) and
      hexene-1 (4 ml.) were employed. Details of the complex, gas pressures,
      temperatures and reaction time employed are given in Table II below. In
      each instance some insolubilization of the complex in the reaction mixture
      was noted and though hydroformylation of the hexene-1 to a mixture of
      n-heptaldehyde and 2-methylhexaldehyde was observed, the yields were not
      high; further reduction of these aldehydes to the corresponding alcohols
      were not observed under the reaction conditions employed.
TBL                                    TABLE II                                

     __________________________________________________________________________

                                              Total                            

                     Gas Pressure (Atmos.)                                     

                                  Reaction                                     

                                       Reaction                                

                                              Yield of                         

                           Carbon Time Temperature                             

                                              Aldehydes                        

     Example                                                                   

          Formula of Complex                                                   

                     Hydrogen                                                  

                           Monoxide                                            

                                  (hours)                                      

                                       (.degree.C.)                            

                                              (per cent)                       

     __________________________________________________________________________

     17   [Ru(PhEt.sub.2 P).sub.6 Cl.sub.3 ]Cl                                 

                     40    40     30    70    20                               

     18   Ru(Ph.sub.3 P).sub.2 Cl.sub.3.MeOH                                   

                     30    80     15   110    25                               

     19   Ru(Ph.sub.3 P).sub.3 Cl.sub.3                                        

                     35    50     18   110    10                               

     20   Ru(Ph.sub.3 P).sub.4 Cl.sub.2                                        

                     35    80     18   110     5                               

     __________________________________________________________________________

PAR  In summary, there are five major embodiments of this invention:
PA1  1. New catalytic compounds,
PA1  2. A method for the preparation of the new compounds,
PA1  3. A novel hydrogenation reaction,
PA1  4. A novel hydroformylation reaction, and
PA1  5. A novel carbonylation reaction.
PAR  Turning to the new compounds, a preferred type is represented by the
      formula
      ##EQU1##
      In this formula R.sup.1 - R.sup.9 inclusive are organic radicals,
      preferably aryl having from 6 to about 10 carbon atoms. By "aryl" is meant
      a radical embodying a benzenoid nucleus. Typical radicals of this type are
      phenyl, tolyl (including the o, m and p radicals), xylyl (all isomers),
      mesityl, durenyl, butylphenyl, etc.
PAR  Z.sub.1 -Z.sub.3, inclusive, in the above formula are phosphorus, arsenic
      or antimony atoms; preferably phosphorus or arsenic, and most preferably
      phosphorus.
PAR  X in the above formula is a halogenoid moiety selected from the class
      consisting of chlorine, bromine and iodine, and pseudo-halogen groups
      selected from cyanide, cyanate and thiocyanate.
PAR  It is immediately apparent to a skilled practitioner that the novel
      compounds represented by the above generic formula may have as many as 9
      aryl groups and as many as three Group VB elements. Preferably, the three
      organic radicals bonded to each Group VB element are the same. More
      preferably, all 9 organic radicals bonded to the Group VB elements are
      identical. In a most preferred embodiment all three Group VB elements in
      these compounds are the same.
PAR  Thus, a most preferred embodiment of this invention encompasses compounds
      having the formula
EQU  (R.sub.3 Z).sub.3 RhX                                      (II)
PAL  wherein R is an aryl radical having from 6 to 10 carbon atoms, Z is a Group
      VB element having an atomic number of at least 15 and not more than 51,
      and X is a halogen atom having an atomic number of at least 17 and not
      more than 53. Of the halogen atoms, chlorine (atomic number 17), is
      especially preferred.
PAR  An important feature of this invention is that the rhodium atoms within the
      novel compounds above described are in the uni-positive valence state.
      Another important feature is that these novel compounds are useful as
      catalysts for hydrogenation, hydro-formylation and carbonylation reactions
      as described above and summarized below.
PAR  As mentioned above, the preparation of the novel compounds of this
      invention is a major embodiment of this invention. The process is readily
      carried out, it being only necessary to contact the ligand molecule to be
      contained in the catalytic complex with the metal halide or pseudo-halide
      reactant. When preparing the novel complexes defined by formulas I or II
      above, it is only necessary to contact a phosphine, arsine, stibine or
      mixture thereof with a rhodium halide or pseudo-halide wherein the rhodium
      is in the tripositive state. For the complex having a unipositive rhodium
      atom to occur, a reduction of rhodium must take place when a trivalent
      rhodium salt is used as a reactant, hence a material to be oxidized must
      be present in the reaction system. The material to be oxidized can be an
      excess of the phosphine, arsine or stibine reactant. In other words, the
      reaction of an excess of phosphine, arsine, stibine or mixture thereof
      with a rhodium(III)halide or pseudo-halide yields a compound of Formula I
      or II. Thus, more than three to about 10 moles of phosphine, arsine or
      stibine are used for each mole of rhodium(III)halide or pseudo-halide
      employed. As stated above, the process is preferably carried out in a
      solvent such as a lower alkanol.
PAR  The reaction temperature is not critical. Preferred reaction temperatures
      are those which give an acceptable reaction rate and are not so high as to
      have a deleterious effect on the products or the reactants. Mild
      temperatures, e.g. those within the range of from about -5.degree. to
      about 100.degree.C. can be used. However, temperatures within the range of
      from about 40.degree. to about 85.degree.C. are preferably employed.
PAR  The reaction pressure is not critical and the process for the preparation
      of the compound of this invention proceeds well under ambient pressures.
      Usually pressures less than atmospheric offer no material advantage, but
      they can be used if desired. Pressures above atmospheric, e.g., up to
      about 50 or 100 atmospheres, can be used. These elevated pressures are
      especially efficacious when it is desired to use a reaction temperature
      which is above the normal boiling point of the solvent employed.
PAR  The reaction time is not a truly independent variable and it depends to
      some extent on the inherent reactivity of the reactants employed and other
      process conditions used. In most instances, a reaction temperature in the
      order of from one minute to 24 hours is sufficient. Preferred times are
      less than ten hours.
PAR  The reaction can be carried out under a blanket of an inert gas. However,
      it is not necessary to do so. Nitrogen is the cheapest and most readily
      available inert gas and, therefore, it is preferred. However, argon, xenon
      and the other rare gases may be used if desired.
PAR  The following example, where all parts are by weight, further illustrates
      the formation of the compounds of this invention.
PAC  EXAMPLE 21
PAR  Triphenylphosphine (which was freshly recrystallized from ethanol), 12
      parts, was dissolved in about 280 parts of hot ethanol. Another solution
      consisting of 56 parts of hot ethanol and two parts of rhodium trichloride
      trihydrate was also prepared. The two solutions were mixed and the
      resultant reaction mixture refluxed for 30 minutes. The hot solution was
      filtered and burgundy-red crystals were obtained. The crystals were
      obtained. The crystals were washed with two portions of 35 parts of
      diethylether and then dried in vacuum.
PAR  The crystals were the product, tris(triphenylphosphine) rhodium(I)chloride,
      m.p. 157.degree.-158.degree.C. Analysis indicated: C, 70.1; H, 4.9; Cl,
      4.3. C.sub.56 H.sub.45 ClP.sub.3 Rh requires: C, 70.1; H, 4.9; Cl, 3.8.
      The total yield of product isolated was 6.25 parts, i.e., 85 percent based
      on rhodium.
PAR  If more concentrated solutions are used; that is, 160 parts or less of
      ethanol in total, orange crystals of the product rhodium complex are
      obtained at once on refluxing. On continued refluxing, gradual conversion
      of these orange crystals to the normal deep red form occurs.
PAR  In a similar manner, a reaction of two moles of triphenylphosphine, two
      moles of triphenylarsine, and two moles of triphenylstibine with one mole
      of rhodium trichloride yields a mixture of
      tris(triphenylphosphine)rhodium(I)chloride,
      tris(triphenylarsine)-rhodium(I)chloride,
      tris(triphenylstibine)rhodium(I)chloride, triphenylphosphine
      bis(triphenylarsine)rhodium(I)chloride, triphenylarsine
      bis(triphenylphosphine)rhodium(I)chloride, triphenylarsine
      bis(triphenylstibine)rhodium(I)chloride, triphenylstibine
      bis(triphenylstibine)rhodium(I)chloride, triphenylstibine
      bis(triphenylarsine)rhodium(I)chloride, triphenylstibine
      bis(triphenylphosphine)-rhodium(I)chloride,
      (triphenylphosphine)(triphenylarsine)(triphenylstibine)rhodium(I)chloride
      and triphenylphosphine bis(triphenylstibine)rhodium(I)chloride. Similar
      bromine compounds are prepared by using rhodium tribromide in place of
      rhodium trichloride.
PAR  Three major embodiments of this invention are new hydrogenation,
      hydroformylation and carbonylation processes. In other words, this
      invention encompasses the reaction of an unsaturated organic compound
      having a multi-bond linkage with (a) hydrogen, (b) hydrogen and carbon
      monoxide and (c) carbon dioxide, in the presence of a liquid reaction
      medium having dissolved therein a catalytic quantity of a catalyst having
      the formula L.sub.n M.sup.v X.sub.y, wherein L is a ligand molecule having
      a donor atom selected from the class consisting of nitrogen, phosphorus,
      arsenic and antimony, said donor atom having a pair of electrons available
      for donation to metal atom M; n is the number of ligand molecules present
      and is a positive integer having a value of at least one and less than 4;
      M is a metal atom selected from the class consisting of ruthenium, osmium,
      rhodium, iridium, palladium and platinum, v is the valence of said metal
      atom and is a positive integer having a value of from 1 to 4; X is a
      halogenoid moiety selected from the class consisting of halogen atoms and
      pseudo-halogen groups; y is the number of halogenoid moieties present and
      is an integer having a value of from 1 to 3.
PAR  The hydrogenation process of this invention can be used to add hydrogen to
      multiple bonds in polymers such as olefinic bonds in rubber and latex.
      Furthermore, other compounds can be hydrogenated according to the process
      of this invention as described above.
PAR  In general, stable unsaturated organic compounds are useful in the
      hydrogenation, hydroformylation and carbonylation processes of this
      invention. The unsaturated compounds are stable if the radicals bonded to
      the atoms connected by the multiple bond reacted in the process are not
      detrimentally altered during the course of the reaction. Furthermore,
      compounds having isolated multiple bonds are also preferred. A multiple
      bond is isolated if it is not in such juxtaposition with other groups or
      radicals in the molecule so that the reactivity of the multiple bond is
      materially altered by a chemical effect or steric hindrance. The
      unsaturated compounds may have non-hydrocarbon substituents appended to
      the radicals bonded to the atoms connected by the multiple bond.
      Preferably, these non-hydrocarbon substituents are unaltered during the
      process, e.g., hydroxy or halogen radicals. Preferably, the unsaturated
      compounds have up to about 24 carbon atoms. More preferably the radicals
      bonded to the atoms connected by the multiple bond are hydrocarbon
      radicals, that is, they are solely composed of carbon and hydrogen. In a
      preferred embodiment the multiple bond to be reacted is at the end of a
      chain, e.g., aldehydes having the formula R--CHO wherein R is a
      hydrocarbon radical. However, the multiple bond may be within a chain.
      Thus, alpha as well as internal olefins and acctylenes can be reacted.
      Both straight and branched chain compounds can be employed. However,
      straight chain compounds are preferred.
CLMS
STM  I claim:
NUM  1.
PAR  1. A hydroformylation process comprising reacting hydrogen and carbon
      monoxide with a mono-.alpha.-olefinically or mono-.alpha.-acetylenically
      unsaturated aliphatic hydrocarbon, said process being carried out at a
      temperature in the range of 50.degree. -150.degree. C at a pressure of 5
      to 100 atmospheres and in the presence of a liquid reaction medium having
      dissolved therein a catalytic quantity of a catalyst having the formula
      L.sub.n M.sup.v X.sub.y, wherein L is a ligand molecule having a donor
      atom selected from the class consisting of phosphorus and arsenic, said
      donor atom having a pair of electrons available for donation to metal atom
      M; n is the number of ligand molecules present and is a positive integer
      having a value of at least one and less than 4; M is a metal atom selected
      from the class consisting of ruthenium, osmium, rhodium, iridium,
      palladium and platinum, v is the valency state of said metal atom and is a
      positive integer having a value of from 1 to 4; X is a halogenoid moiety
      selected from the class consisting of halogen, cyanide, cyanate and
      thiocyanate; Y is the number of halogenoid moieties present and is an
      integer having a value of from 1 to 3.
NUM  2.
PAR  2. A process of claim 1 wherein said unsaturated organic compound is
      hexene-1, and said catalyst is defined as follows:
PA1  L is triphenylphosphine,
PA1  n is equal to 3,
PA1  M is rhodium,
PA1  v is equal to 1,
PA1  X is chlorine, and
PA1  y is equal to 1.
NUM  3.
PAR  3. The process of claim 1 wherein the hydrocarbon is hexene-1 or hex-1-yne.
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PAL  An improved process for the production of .alpha.,.omega.-dialdehydes by
      reaction of linear .alpha.,.omega.-diolefins having isolated double bonds
      with carbon monoxide and hydrogen at elevated temperature and at
      superatmospheric pressure in the presence of a cobalt carbonyl complex in
      which the improvement consists in supplying the cobalt to the reaction as
      cobalt carbonyl hydride dissolved in the .alpha.,.omega.-diolefin to be
      used or in an inert organic solvent and carrying out the reaction at a
      temperature of from 70.degree. to 130.degree.C.
BSUM
PAR  This application discloses and claims subject matter described in German
      patent application No. P 23 14 694.3, filed March 24, 1973, which is
      incorporated herein by reference.
PAR  The invention relates to an improved process for the production of an
      .alpha.,.omega.-dialdehyde by reaction of a linear
      .alpha.,.omega.-diolefin having isolated double bonds with carbon monoxide
      and hydrogen at elevated temperature and superatmospheric pressure in the
      presence of a cobalt carbonyl complex.
PAR  The double hydroformylation of diolefins has been investigated in a number
      of instances but hitherto has not led to unambiguous results. Thus it is
      known from the dissertation "Hydroformylierung mehrfach ungesattigter
      Kohlenwasserstoffe mit isolierten Doppelbindungen" ("Hydroformylation of
      plurally unsaturated hydrocarbons having isolated double bonds") by A.
      Lamping, Aachen, 1971, page 69, that experiments for plural
      hydroformylation of olefins having isolated double bonds with cobalt
      carbonyl and tertiary phosphines as catalyst have been abortive. Only
      monohydroformylation products could be isolated. Moreover in
      Chemie-Ingenieur-Technik, volume 44, 1972, pages 711 and 712 it is stated
      that dienes having isolated double bonds can only be hydroformylated into
      the corresponding diols in good yields by using rhodium-carbonyl complexes
      which have been modified with tertiary amines. The use of complicated
      rhodium catalysts which moreover are very expensive is avoided as far as
      possible in industry. In "Chemie und Technologie der Monoolefine"
      "Chemistry and Technology of the Monoolefins" by A. Singer, 1957, page
      655, reference is made to the fact that branched diolefins having isolated
      double bonds can be hydroformylated twice, but yields of only 35% of
      bishydroformylated products are obtained. Adoption of this procedure for
      .alpha.,.omega.-diolefins, which are easily isomerizable, does not appear
      to be indicated because isomerization readily takes place under the
      influence of cobalt catalysts.
PAR  The object of the invention is to provide a process in which inexpensive
      cobalt catalysts are used for the hydroformylation of
      .alpha.,.omega.-diolefins and in which nonetheless isomerization occurs
      only to a negligible extent. Another object of the invention is to provide
      a process in which .alpha.,.omega.-bishydroformylation products are
      obtained in high yields.
PAR  In accordance with this invention these and other objects and advantages
      are achieved in an improved process for the production of
      .alpha.,.omega.-dialdehydes by reaction of a linear
      .alpha.,.omega.-diolefin having isolated double bonds with carbon monoxide
      and hydrogen at elevated temperature and at superatmospheric pressure in
      the presence of a cobalt carbonyl complex wherein the improvement
      comprises supplying the cobalt to the reaction as cobalt carbonyl hydride
      dissolved in the .alpha.,.omega.-diolefin to be used or in an inert
      organic solvent and carrying out the reaction at a temperature of from
      70.degree. to 130.degree.C.
PAR  It is preferred to use as the starting material a linear
      .alpha.,.omega.-diolefin of 5 to 20 and particularly from 5 to 12 carbon
      atoms. Examples of suitable diolefins are hexadiene-1,5, octadiene-1,7,
      decadiene-1,9 and hexadecadiene-1,15.
PAR  Carbon monoxide and hydrogen are used as a rule in the stoichiometric ratio
      with respect to the diolefin. It is advantageous however to use the gas
      mixture in excess, for example of up to 100 mole%. The ratio of carbon
      monoxide to hydrogen in the gas mixture used is generally from 4:1 to 1:4
      and preferably from 2:1 to 1:2.
PAR  The reaction is carried out at a temperature of from 70.degree. to
      130.degree.C. Particularly good results are obtained by maintaining a
      temperature of from 100.degree. to 120.degree.C. It is advantageous to
      maintain a pressure of from 100 to 400 atmospheres during the reaction.
      Pressures of from 200 to 300 atmospheres have proved to be particularly
      suitable.
PAR  Cobalt is supplied to the reaction in the form of cobalt carbonyl hydride
      dissolved in the .alpha.,.omega.-diolefin to be used or in an inert
      solvent. The cobalt is advantageously used in an amount of from 0.1 to 1%
      by weight, calculated as cobalt and based on the reaction mixture, as
      cobalt carbonyl hydride.
PAR  In addition to the .alpha.,.omega.-diolefin used as the starting material,
      hydrocarbons, alkanols, alkanals, esters or ethers are preferably used as
      inert solvents.
PAR  Suitable hydrocarbons include saturated paraffin hydrocarbons, for example
      paraffins of 3 to 20 carbon atoms such as propane, butanes or C.sub.8 to
      C.sub.10 C.sub.10 to C.sub.12 or C.sub.16 to C.sub.18 distillation cuts,
      and also cycloalkanes of 6 to 12 carbon atoms, particularly cyclohexane
      and aromatic hydrocarbons of 6 to 8 carbon atoms such as benzene, toluene,
      xylenes or ethylbenzene.
PAR  Alkanols and alkanals of 4 to 20 carbon atoms are preferred. Acetals of the
      said alkanals are also suitable.
PAR  Further suitable solvents are fatty acid esters of alkanols provided they
      are liquid under the reaction conditions, and also dialkyl ethers such as
      dibutyl ether.
PAR  It is preferred to use aliphatic and aromatic hydrocarbons as solvents.
PAR  It has proved to be particularly suitable to use solutions of cobalt
      carbonyl hydride which have been prepared by treating, in a first stage,
      an aqueous cobalt salt solution with carbon monoxide and hydrogen at a
      temperature of from 80.degree. to 160.degree.C and at a pressure of from
      200 to 400 atmospheres in the presence of activated carbon, a zeolite or a
      basic ion exchanger which has been loaded with cobalt carbonyl, extracting
      the resulting solution of cobalt carbonyl hydride either together with the
      gas mixture or after separating the gas mixture in a second stage at a
      temperature of from 20.degree. to 100.degree.C and at a pressure of from 1
      to 400 atmospheres with the above solvents provided they are insoluble in
      water or are only partly miscible with water, and separating the aqueous
      phase. The solution of cobalt carbonyl hydride in an organic solvent thus
      obtained is outstandingly suitable for hydroformylation.
PAR  Examples of suitable types of activated carbon are peat charcoal, animal
      charcoal or sugar charcoal. Peat carbon has proved to be particularly
      suitable. Preferred basic ion exchanges are those which contain primary,
      secondary or tertiary amino groups. Basic ion exchangers based on
      polystyrene and which contain tertiary amino groups or quaternary amino
      groups are of particular significance. Weakly to strongly basic ion
      exchangers, for example those known under registered Trade Marks AMBERLIT
      IR 45 or DOWEX 4 are particularly suitable. Macroreticular types such as
      those known under registered Trade Marks AMBERLYST A 21, LEWATIT MP 62,
      LEWATIT MP 64, IMAC A 20, CEROLIT G, AMBERLIT IRA 93 and AMBERLYST A 26
      are of special industrial importance. The activated carbon, zeolites or
      basic ion exchangers are conveniently loaded with cobalt carbonyl to the
      point of saturation. This is generally achieved by passing the aqueous
      solution of the cobalt salt together with the said gas mixture of carbon
      monoxide and hydrogen under the said reaction conditions over the active
      carbon, zeolite or basic ion exchanger until it is saturated, i.e. until
      cobalt carbonyl and cobalt carbonyl hydride are detected analytically in
      the discharge.
PAR  When an active carbon or zeolite is used temperatures of from 100.degree.
      to 160.degree.C have proved to be particularly favorable. On the other
      hand it is advisable to maintain temperatures of from 100.degree. to
      120.degree.C when using basic ion exchangers. Pressures of from 2 to 300
      atmospheres have proved to be particularly advantageous.
PAR  The treatment is generally carried out in a treatment zone which
      conveniently has a ratio of length to diameter of from 5:1 to 50:1. It is
      advantageously effected at a rate of from 1.5 to 50 g of cobalt in the
      form of the salt used per hour per kilogram of activated carbon, zeolite
      or basic ion exchanger.
PAR  The aqueous cobalt salt solution is one of a fatty acid salt which is
      soluble in water and particularly of a formate, acetate, propionate or
      butyrate. Cobalt acetate and formate have proved to be particularly
      suitable. It is convenient to start from solutions which contain from 0.5
      to 3% by weight of cobalt calculated as metal.
PAR  The aqueous solution containing cobalt salt and cobalt carbonyl hydride
      obtained in the first stage is extracted together with the gas mixture or
      after the separation of the same with one of the above solvents which is
      insoluble in water or only slightly miscible with water in a second stage
      at a temperature of from 20.degree. to 100.degree.C. Extraction may be
      carried out cocurrently or countercurrently. Cocurrent extraction has
      proved to be particularly suitable, a turbulent flow being maintained in
      the extraction zone, for example by Raschig rings or similar tower
      packing.
PAR  The extraction may be carried out without separation of the mixture of
      carbon monoxide and hydrogen at the same temperature as in the first
      stage. When the mixture of carbon monoxide and hydrogen is separated the
      extraction may be carried out at atmospheric pressure or slightly
      superatmospheric pressure, for example up to 10 atmospheres, with the use
      of a gas rich in carbon monoxide.
PAR  After the extraction the organic phase is separated from the aqueous phase
      by conventional methods. The organic phase generally contains from 0.05 to
      2% by weight of cobalt, mainly in the form of cobalt carbonyl hydride.
PAR  From the .alpha.,.omega.-dialdehydes prepared according to the process of
      the invention it is possible to obtain, by reaction with ammonia in the
      presence of a hydrogenation catalyst and hydrogen,
      .alpha.,.omega.-diamines which are known as starting materials for highly
      polymerized polyamides. The .alpha.,.omega.-dialdehydes obtained may also
      be readily hydrogenated to the corresponding .alpha.,.omega.-diols or
      oxidized to dicarboxylic acids which are also starting materials for
      polymers.
DETD
PAR  The process according to the invention is illustrated by the following
      Examples.
PAC  EXAMPLE 1
PAR  100 ml of a precarbonylated cobalt formate solution (which contains 0.75 g
      of cobalt as cobalt carbonyl hydride) is passed per hour into a flask
      (capacity 400 ml) which is flushed with carbon monoxide. The flask is also
      charged hourly with a mixture of 98 g of octadiene-1,7 and 350 g of
      benzene. The mixture leaving the flask separates into two phases in a
      dwell tank. The organic phase is separated and contains 0.15% by weight of
      cobalt as a cobalt carbonyl complex.
PAR  450 g of the organic phase is hydroformylated with an equimolar mixture of
      carbon monoxide and hydrogen at a temperature of 120.degree.C and a total
      pressure of 280 bar in an autoclave provided with a stirrer. It is 3 hours
      before all the gas has been absorbed.
PAR  The hydroformylation discharge has 5 ml of phosphoric acid added to it and
      is then freed from cobalt with steam. Since the aldehydes obtained are
      fairly unstable they are converted for easier identification into the
      corresponding diols by adding 1 liter of ethanol and hydrogenating with
      hydrogen at 150.degree.C and a total pressure of 280 bar with 50 g of
      Raney nickel. The crude alcohol mixture is fractionally distilled after
      separation of the hydrogenation catalyst and the diluent. A first runnings
      passing over at up to 144.degree.C at 3 mm Hg and consisting of
      hydrocarbon and nonanol (22 g), a decanediol fraction (110 g) which passes
      over at from 144.degree. to 145.degree.C at 3 mm Hg and 5 g of residue are
      obtained. The decanediol fraction consists, according to gas
      chromatographic analysis, of 70% of decanediol-1,10 and 30% of other
      isomers and particularly of 2-methylnonanediol-1,9.
PAR  70 g of decanediol-1,10 of a purity of 98% is recovered from the diol
      mixture by fractional crystallization from ether. EXAMPLE 2
PAR  The procedure of Example 1 is followed but the reaction mixture obtained
      after removal of cobalt is investigated without having been hydrogenated.
      The following composition is established by gas chromatography:
PA1  hydrocarbon (C.sub.8) less than 1%;
PA1  mixture of isononanol and an unknown compound (probably a cycloketone)
      7.8%;
PA1  n-nonanol 8.2%;
PA1  branched decanedials 23.8%;
PA1  decanedial-1,10 56.8%;
PA1  mixed decanolals and formates of the same 2.5%.
PAR  Fractional distillation after removal of the solvent gives a first runnings
      (26 g) passing over at 100.degree.C at 0.5 mm Hg, a dialdehyde main
      runnings (86 g) passing over at from 100.degree. to 130.degree.C at 0.5 mm
      Hg and 21 g of substances of higher boiling point and residue. The residue
      has for the most part been formed by decomposition of the very sensitive
      dialdehyde during the distillation as comparison with Example 1 shows.
CLMS
STM  We claim:
NUM  1.
PAR  1. An improved process for the production of an .alpha.,.omega.-dialdehyde
      by reaction of a linear .alpha.,.omega.-diolefin having isolated double
      bonds with carbon monoxide and hydrogen at elevated temperature and at
      superatmospheric pressure in the presence of a cobalt carbonyl complex,
      wherein the improvement comprises supplying the cobalt to the reaction in
      the form of cobalt carbonyl hydride which is dissolved in the
      .alpha.,.omega.-diolefin to be used or in an inert organic solvent and
      carrying out the reaction at a temperature of from 70.degree. to
      130.degree.C.
NUM  2.
PAR  2. A process as claimed in claim 1 wherein a temperature of from
      100.degree. to 120.degree.C is maintained.
NUM  3.
PAR  3. A process as claimed in claim 1 wherein a pressure of from 100 to 400
      atmospheres is maintained.
NUM  4.
PAR  4. A process as claimed in claim 1 wherein the .alpha.,.omega.-diolefin
      used has five to twenty carbon atoms.
NUM  5.
PAR  5. A process as claimed in claim 1 wherein the amount of cobalt used is
      from 0.1 to 1% by weight of cobalt, calculated as metal and based on the
      reaction mixture, the cobalt being used in the form of cobalt carbonyl
      hydride.
NUM  6.
PAR  6. A process as claimed in claim 1 wherein said diolefin is a linear
      .alpha.,.omega.-diolefin hydrocarbon having 5 to 20 carbon atoms.
NUM  7.
PAR  7. A process as claimed in claim 1 wherein said diolefin is a linear
      .alpha.,.omega.-diolefin hydrocarbon having 5 to 20 carbon atoms and the
      pressure is 100 to 400 atmospheres.
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ABST
PAL  In a process for the production of hydroperoxides by the oxidation of an
      aromatic hydrocarbon having at least one tertiary carbon atom with oxygen
      or an oxygen containing gas in the presence of an aqueous alkaline
      solution, an improvement is made in that the oxidation is effected in an
      emulsion phase which is caused by powerfully mixing all or a part of the
      materials to be brought into the oxidation reaction only by the aid of the
      hydroperoxides formed in the reaction, whereby enhancing the reaction rate
      with safety.
BSUM
PAR  The present invention relates to a method for producing a hydroperoxide of
      an aromatic hydrocarbon having at least one tertiary carbon atom.
PAR  An aromatic hydrocarbon hydroperoxide (referred to as HPO hereinafter) has
      been obtained by the following known methods.
PAR  1. An aromatic hydrocarbon is oxidized at 80.degree. to 150.degree.C in a
      liquid phase with an oxygen gas or air.
PAR  2. A mixture of an aromatic hydrocarbon and water is emulsified with the
      aid of emulsifier and then oxidized at 80.degree. to 150.degree.C with
      oxygen or air.
PAR  The former process can give the above mentioned HPO at a high reaction rate
      because the hydrocarbon is subjected directly to a high-temperature
      oxidation in a liquid phase, but there are such drawbacks in the process
      as rendering the product colored and necessify of controlling the reaction
      condition in order to avoid the formation of explosive mixture gases.
PAR  The latter process, on the contrary, can safely give a high-quality HPO,
      but there are drawbacks, too, such as a lower reaction rate and the
      difficulty of separating the oil and aqueous layers of the reaction
      mixture due to the emulsifier remaining therein, thereby causing a
      troublesome problem of after-treatment. Therefore the both processes
      should be said to have an advantage on one side but a disadvantage on the
      other side.
PAR  The inventors have made a study on the improvement of the latter process to
      increase the reaction rate without losing its superior advantages, and
      found that firstly hydroperoxides and/or hydroperoxide group-containing
      compounds resulting from an oxidation of aromatic hydrocarbon with an
      oxygen gas or air can act on oil and water as an emulsifier, secondly
      their emulsifying-effect can be best displayed by a mechanical forced
      mixing and therefore the addition of any emulsifier is not always
      necessary, and lastly the oxidation reaction in the emulsion phase thus
      formed can show very superior selectivity and reactivity, as compared with
      that of the conventional processes using emulsifiers. In other words,
      according to the present invention involving the use of a part of
      oxidation products as an emulsifier, there is provided a process for
      producing hydroperoxides safely and economically wherein the oxidation
      reaction is carried out in emulsion phase formed by mechanically and
      violently mixing all or a part of the reaction mixture consisting of an
      oily and an aqueous layers, and wherein the emulsion phase may be prepared
      in a reaction vessel, or in other apparatus followed by recycling to the
      reaction vessel.
PAR  In order to carry out efficiently an oxidation reaction involving oil,
      water and an oxygen-containing gas, it is necessary to prepare a uniform
      reaction mixture and to bring the gas and liquid into intimate contact. A
      conventional process for this purpose is to prepare an emulsion of oil and
      water by the aid of addition of emulsifier, or to violently mix the
      reaction mixture, both of which need a very large power of stirring.
      However, the inventors' study showed that the most important point of the
      oxidation reaction in emulsion phase is to renew and renovate interfaces
      rather than to form so much a stable emulsion state as formed with
      emulsifier.
PAR  Thus, the present invention is to provide a process for the production of
      hydroperoxides by the oxidation of an aromatic hydrocarbon having at least
      one tertiary carbon atom with oxygen or an oxygen containing gas in the
      presence of an aqueous alkaline solution, which comprises conducting the
      oxidation by powerfully mixing all or a part of a mixture containing the
      reaction mixture obtained from the aromatic hydrocarbon, oxygen or the
      oxygen containing gas and the alkaline aqueous solution, or all or a part
      of a mixture containing the aromatic hydrocarbon and the alkaline aqueous
      solution together with a part of oxygen or the oxygen containing gas or
      without oxygen or the oxygen containing gas, to emulsify the mixture.
PAR  Aromatic hydrocarbons of the present invention having at least one tertiary
      carbon atom include cumene, cymene, butylbenzene, diisopropyltoluenes,
      diisopropylbenzenes, isopropylnaphthalenes, diisopropylnaphthalenes and
      the like.
PAR  The feature of the present invention resides in to carry out the oxidation
      reaction in an emulsion of oil and the minimum amount of water being
      formed by means of powerful mechanical mixing, whereby increasing the
      oxidation rate to produce HPO with a high purity and preventing any danger
      of explosion.
PAR  The amount of an aqueous layer to be mixed with an aromatic hydrocarbon (an
      oily layer) is more than one-thirtieth based on the oily layer, and
      preferably more than one-tenth. Although one of the features of the
      invention is to make it possible to decrease the amount of aqueous layer
      to be used, when it is less than one-thirtieth an emulsion state thus
      formed is not suitable for the oxidation in some cases. A remarkably
      increased proportion of the aqueous layer to the oily layer, on the
      contrary, makes the formed emulsion state unstable thereby separating the
      aqueous layer therefrom, and a retention time of the oily layer is
      shortened, whereby a loss of products increases due to the transfer of
      oxidation products into the aqueous layer and a problem of waste water
      treatment occurs. Therefore, from an economical point of view, the
      preferred amount of the aqueous layer is within a range of from one-tenth
      to equal to the amount of the oily layer.
PAR  A mechanical powerful mixing may be carried out to such an extent that a
      formed emulsion state is stable enough to make possible the formation of
      fresh or active interfaces, but not unstable enough not to permit the
      oxidation reaction to proceed.
PAR  The mechanical powerful mixing to prepare the emulsion state may be
      performed, for example, by the following mixers: a mixing pump, a
      two-fluid nozzle, an immovable type mixer (e.g., commercially available
      "static mixer" or "dynamic mixer"), a double-arm heavy duty dispersion
      mixer such as various types of masticator machine which includes a
      pressure type (e.g., a Banbury mixer, dispersion mixer or MS-type heavy
      duty pressure kneader) and a normal type (e.g., a heavy duty double-arm
      kneader, universal kneader or heavy duty kneader), and a cavitator.
PAR  The mixture to be mechanically mixed may be all or a part of the materials
      to be brought into the oxidation reaction. More concretely speaking, the
      mixture may be a mixture of oily layer and aqueous layer, or a mixture
      containing an oxygen-containing gas together with the both layers. The
      emulsified mixture prepared by those means is different from a
      conventional one prepared chemically by the addition of emulsifier, and so
      it has not disadvantages that the aqueous layer is difficultly separable
      from the oily layer in an after-treatment, and that the resulting
      by-products are transferred into the oily layer. As to the general
      conditions of the oxidation reaction such as the kind of alkali used, the
      concentration thereof in the aqueous layer, pH of the aqueous layer
      containing emulsified aromatic hydrocarbons, reaction time and reaction
      temperature, well known conditions may be used. For example, the oxidation
      can be effected at a temperature of 80.degree. to 150.degree.C, preferably
      at 90.degree. to 120.degree.C, for 1 to 30 hours, usually 5 to 20 hours,
      while pH of the mixture being kept to 5 to 12, preferably  9 to 10 by use
      of an alkali, such as sodium hydroxide and sodium carbonate, in an amount
      of 0.1 to 5 % by weight based on the amount of the oily layer.
PAR  One of the features of the present invention is, as clearly described
      above, to prepare an emulsion by using the products resulting from the
      reaction, and so the process according to the present invention becomes
      more advantageous as the conversion in the reaction becomes higher.
      Therefore it is a matter of course that the process becomes more effective
      in a continuous operation of this type of oxidation reaction.
PAR  A conventional mixing process in this kind of reaction is intended to bring
      a gas and a liquid (an oily and an aqueous layers) into contact. For this
      purpose, it has hitherto been tried to obtain a good dispersion of gas in
      liquid by use of various apparatus such as a perforated plate or a
      dispersion plate, or by improvements of a stirrer, a blowing technique or
      a mixing nozzle. Alternatively, it has also been tried by modification of
      the oxidation conditions such as a pressure, and a volume, linear velocity
      and bubble size of gas to be blowed. Contrary to this, the mechanical
      powerful mixing of the present invention is intended to mix an oily layer
      and an aqueous layer constituting a mixture to be reacted, but not to
      disperse a gas into the mixture. Therefore, as a matter of course, there
      exists a large difference between the procedures of the two processes, and
      the conventional process involves a gas as an essential factor, on the
      other hand what is important in the process of the invention is the mixing
      of an oily layer with an aqueous layer, but not the dispersion of gas.
      Because of this difference, the mixing may be carried out anywhere, e.g.,
      in a reactor, or out of a reactor, irrespective of the presence of gas.
      With a conventional mean which is intended to disperse a gas in a liquid,
      it will be impossible or substantially impossible to expect the mixing
      effect comparable to that of a mechanical powerful mixing without using a
      mean which is not economical. In this way, the inventors have found that
      the most important point for carrying out the oxidation reaction
      effectively is to mix the two layers, each constituting the reaction
      liquid, so as to reveal constantly fresh or active interfaces and not
      necessarily to disperse a gas in a liquid, and that products themselves
      resulting from the oxidation reaction is most suitable for the formation
      of the emulsion state. The inventors have accomplished the mechanical
      powerful mixing process of the invention based on the above discovery.
PAR  One example of the reaction system according to the mechanical powerful
      mixing of the invention will be explained by referring to the attached
      drawing, in which FIG. 1 shows a schematic flow-sheet of an example of the
      invention. A liquid material I and a gaseous material II are fed to
      oxidation zone III, the material I comprising as major components an
      aromatic hydrocarbon (oily layer) having at least one tertiary carbon atom
      and an aqueous layer, and in addition a catalyst and a small amount of
      additives, and the material II comprising an oxygen gas or/and air in most
      cases. The oxidation reaction mixture and all or a part of the gas are fed
      from the oxidation zone III to a powerful mixing zone IV where they are
      subjected to a mechanical powerful mixing by the apparatus previously
      mentioned. The resulting emulsion is fed back to the oxidation zone III.
      In addition to the main stream of the materials as shown herein, all or a
      part of the material I may be fed to the powerful mixing zone IV together
      with a part of the material II or without the material II (that is, all of
      the material II is fed to the oxidation zone). Alternatively, one zone may
      have the combined function of the oxidation zone III and the mechanical
      mixing zone, IV, i.e., the function of the oxidation and emulsification.
      The process of the invention can most effectively be applied to the
      production of hydroperoxides from alkylbenzenes in order to prepare
      resorcin and hydroquinone.
DETD
PAR  The present invention will be illustrated in more detail with reference to
      the following examples, which are only illustrative, but not limitative.
PAC  EXAMPLE 1
PAR  To 150 kg. of cymene were added 50 kg. of water dissolving 3 kg. of caustic
      soda, and then 3 kg. of oxidized cymene oil containing 60 %
      cymenehydroperoxide as a reaction initiator, and 800 g. of stearic acid as
      an emulsifier, were added thereto. The resulting mixture was oxidized at
      100.degree.C. by passing therethrough a compressed air of 5 atoms, at a
      rate of 20 Nm.sup.3 /hr.
PAR  The reaction was carried out in a 500-l cylindrical vessel made of
      stainless equipped with a gas-dispersion apparatus, a thermometer, an
      air-introducing pipe and an overhead condenser for the vapour of reaction
      mixture leaving the vessel with air. Test samples of reaction mixture were
      withdrawn at the regular time intervals and analyzed according to a normal
      procedure. The results were as follows:
     Reaction time (hr.) HPO content in oxidation                              

                         solution (concentration                               

                         by weight)                                            

     ______________________________________                                    

     2                    3.9 %                                                

     4                    7.1 %                                                

     6                   11.1 %                                                

     8                   14.9 %                                                

     10                  19.4 %                                                

     ______________________________________                                    

PAL  An oxidation yield after 10 hours (a percentage by mol of HPO produced
      based on cymene consumed) was 62.8 %.
PAR  Next, the reaction was carried out in such a recycle process that a part of
      reaction mixture in the vessel was passed to a circulating pump at a rate
      of 20 l/min. where it was forced to be mixed mechanically, and then was
      passed back to the vessel. All other reaction conditions were the same as
      defined above except that an emulsifier was not used. The results obtained
      were as follows:
TBL  Reaction time (hr.)     HPO %                                             

     ______________________________________                                    

     2                        4.6                                              

     4                       11.4                                              

     6                       19.8                                              

     8                       24.6                                              

     ______________________________________                                    

PAL  An oxidation yield after 8 hours was 78.3 %.
PAC  EXAMPLE 2
PAR  To 160 kg. of cumene, were added 50 kg. of water containing 5.4 kg. of
      sodium carbonate, 2.1 kg. of oxidized cumene oil containing 80 % of cumene
      hydroperoxide and 1.2 kg. of stearic acid. The resulting mixture was
      oxidized in the same vessel (without a circulating pump) as in Example 1
      at 120.degree.C by passing therethrough a compressed air of 7 atoms, at a
      rate of 30 Nm.sup.3 /hr. Test samples of reaction solution were withdrawn
      at the regular time intervals and analyzed. The results were as follows:
TBL                       HPO (%) in oxidation                                 

     Reaction time (hr.)  solution                                             

     ______________________________________                                    

      4                    8.1                                                 

      8                   15.4                                                 

     12                   22.2                                                 

     16                   31.2                                                 

     20                   40.5                                                 

     ______________________________________                                    

PAL  An oxidation yeild after 20 hours was 84.2 %.
PAR  The reaction mixture (containing no stearic acid) prepared similarly as in
      the above case was charged in the vessel equipped with a circulating pump,
      and was oxidized under the same conditions as defined above while it was
      recycled through pump to the vessel at a rate of 25 l/min. The results
      obtained were as follows:
TBL  Reaction time (hr.)  HPO (%)                                              

     ______________________________________                                    

      4                    7.9                                                 

      6                   15.4                                                 

      8                   21.5                                                 

     10                   28.8                                                 

     12                   35.3                                                 

     14                   41.7                                                 

     ______________________________________                                    

PAL  An oxidation yield after 12 hours was 89.1 %.
PAC  REFERENTIAL EXAMPLE
PAR  The following experimental results were obtained with a liquid-phase
      oxidation using no emulsifier. From the results it can be observed that
      the liquid-phase oxidation process gives a high rate of production of HPO
      but a low yield thereof, and that the process according to the invention
      gives the same rate as that obtained with the liquid-phase oxidation.
PAR  The reaction was carried out under the same conditions as in Example 2
      except that water was not used. The results were as follows:
TBL  Reaction time (hr.)     HPO (%)                                           

     ______________________________________                                    

     4                        8.1                                              

     6                       18.4                                              

     8                       31.9                                              

     10                      35.2                                              

     12                      32.7                                              

     ______________________________________                                    

PAL  An oxidation yield after 10 hours was 77.4 %.
PAC  EXAMPLE 3
PAR  To the same vessel were added 150 kg. of sec. butylbenzene, 70 kg. of water
      containing 2.5 kg. of caustic soda, 1.4 kg. of an emulsifier and some
      amount of a reaction-initiator. The resulting mixture was oxidized at
      120.degree.C while a compressed air of 6 atoms was passed therethrough in
      an amount of more than two times that required to produce hydroperoxide.
      The results obtained were as follows.
TBL  ______________________________________                                    

                          HPO % in oxidation                                   

     Reaction time (hr.)  solution                                             

     ______________________________________                                    

      4                   3.2                                                  

      8                   7.5                                                  

     12                   13.1                                                 

     16                   20.9                                                 

     20                   25.4                                                 

     ______________________________________                                    

PAL  An oxidation yield after 20 hours was 65.8 %.
PAR  The oxidation reaction was carried out in such a recycle process that part
      of the reaction mixture withdrawn from the vessel and part of the
      compressed air were mixed mechanically through a two-liquid nozzle and a
      line connecting thereto, and then passed back to the vessel. The amount of
      the solution which was passed through the nozzle was 20 l/min. All other
      conditions were the same as discribed above. The results obtained were as
      follows:
TBL  Reaction time (hr.)     HPO (%)                                           

     ______________________________________                                    

      4                       3.2                                              

      8                      13.3                                              

     12                      25.4                                              

     16                      31.8                                              

     ______________________________________                                    

PAL  An oxidation yield after 12 hours was 74.7 %.
PAC  EXAMPLE 4
PAR  To 150 kg. of diisopropylbenzene were added 15 kg. of water containing 200
      g. of caustic soda, 200 g. of stearic acid as an emulsifier, and 2 kg. of
      oxidized oil containing 70 % of hydroperoxide as a reaction-initiator. The
      reaction was carried out in the same way as in Example 1. And the effects
      of emulsification by an emulsifier and by a mechanical forced mixing on
      the oxidation reaction were observed. In the latter case, stearic acid was
      not used. The results obtained were as follows:
TBL  Emulsifier           Mechanical mixing                                    

     Reaction                                                                  

             Total     di-HPO*.sup.2                                           

                                  Total   di-HPO*.sup.2                        

     time    HPO*.sup.1           HPO*.sup.1                                   

     ______________________________________                                    

             (% by                                                             

     (hour)  weight)   (")        (")     (")                                  

      3      28.14      2.63      34.09    2.60                                

      6      48.71      8.97      74.19   22.81                                

      8      57.99     12.02      96.06   27.50                                

     10      66.41     16.20      115.41  30.90                                

     12      77.04     22.62                                                   

     ______________________________________                                    

      Remarks:                                                                 

      *.sup.1 All hydroperoxides contained in the oxidation solution were      

      converted to a monohydroperoxide basis.                                  

      *.sup.2 Dihydroperoxide contained in the oxidation mixture.              

CLMS
STM  What we claim is:
NUM  1.
PAR  1. In a process for the production of hydroperoxides by the oxidation of an
      aromatic hydrocarbon having at least one tertiary carbon atom selected
      from the group consisting of cumene, cymene, butylbenzene,
      diisopropyltoluene, diisopropylbenzene, isopropylnaphthalenes and
      diisopropylnaphthalenes with oxygen or an oxygen containing gas in the
      presence of an aqueous alkaline solution, at a temperature of 80.degree.
      to 150.degree.C and at pH of 5 to 12, the improvement which comprises
      conducting the oxidation by forming an emulsion phase by powerfully mixing
      at least part of said aromatic hydrocarbons and said aqueous alkaline
      solution, said mixing being performed by powerfully mixing an intermediate
      reaction mixture obtained after the oxygen has initially reacted with the
      aromatic hydrocarbon and containing said aqueous alkaline solution.
NUM  2.
PAR  2. In a process for the production of hydroperoxides by the oxidation of a
      mononuclear or binuclear aromatic hydrocarbon having at least one tertiary
      carbon atom with oxygen or an oxygen containing gas in the presence of an
      aqueous alkaline solution at a temperature of 80.degree. to 150.degree.C
      and at pH of 5-12, the improvement which comprises conducting the
      oxidation by forming an emulsion phase by powerfully mixing at least part
      of said aromatic hydrocarbon and said aqueous alkaline solution, said
      mixing being performed by powerfully mixing an intermediate reaction
      mixture obtained after the oxygen has initially reacted with the aromatic
      hydrocarbon and containing said aqueous alkaline solution.
NUM  3.
PAR  3. In a process for the production of hydroperoxides by the oxidation of an
      aromatic hydrocarbon having at least one tertiary carbon atom selected
      from the group consisting of cumene, cymene, butylbenzene,
      diisopropyltoluene, diisopropylbenzene, isopropylnaphthalenes and
      diisopropylnaphthalenes with oxygen or an oxygen containing gas in the
      presence of an aqueous alkaline solution, at a temperature of 80.degree.
      to 150.degree.C and at pH of 5 to 12, the improvement comprising
      conducting the oxidation upon an emulsion phase formed by powerfully
      mixing at least part of said aromatic hydrocarbon and said aqueous
      alkaline solution, said mixing being performed by powerfully mixing a
      mixture of the unreacted aromatic hydrocarbon, the aqueous alkaline
      solution and the oxygen.
NUM  4.
PAR  4. In a process for the production of hydroperoxides by the oxidation of an
      aromatic hydrocarbon having at least one tertiary carbon atom selected
      from the group consisting of cumene, cymene, butylbenzene,
      diisopropyltoluene, diisopropylbenzene, isopropylnaphthalenes and
      diisopropylnaphthalenes with oxygen or an oxygen containing gas in the
      presence of an aqueous alkaline solution at a temperature of 80.degree. to
      150.degree.C and at pH of 5 to 12, the improvement comprising conducting
      the oxidation upon an emulsion phase formed by powerfully mixing at least
      part of said aromatic hydrocarbon and said aqueous alkaline solution, said
      mixing being performed by powerfully mixing a mixture of the unreacted
      aromatic hydrocarbon and the aqueous alkaline solution.
NUM  5.
PAR  5. In a process for the production of hydroperoxides by the oxidation of a
      mononuclear or binuclear aromatic hydrocarbon having at least one tertiary
      carbon atom with oxygen or an oxygen containing gas in the presence of an
      aqueous alkaline solution at a temperature of 80.degree. to 150.degree.C
      and at pH of 5 to 12, the improvement which comprises conducting the
      oxidation by forming an emulsion phase by powerfully mixing at least part
      of said aromatic hydrocarbon and said aqueous alkaline solution, said
      mixing being performed by powerfully mixing a mixture of the unreacted
      aromatic hydrocarbon, the aqueous alkaline solution and the oxygen.
NUM  6.
PAR  6. In a process for the production of hydroperoxides by the oxidation of a
      mononuclear or binuclear aromatic hydrocarbon having at least one tertiary
      carbon atom with oxygen or an oxygen containing gas in the presence of an
      aqueous alkaline solution at a temperature of 80.degree. to 150.degree.C
      and at pH of 5-12, the improvement which comprises conducting the
      oxidation by forming an emulsion phase by powerfully mixing at least part
      of said aromatic hydrocarbon and said aqueous alkaline solution, said
      mixing being performed by powerfully mixing a mixture of the unreacted
      aromatic hydrocarbon and the aqueous alkaline solution.
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ABST
PAL  Compounds of the formula
      ##SPC1##
PAL  Wherein Y is independently selected from the group consisting of methyl,
      hydrogen and a halogen of atomic weight between 35 and 80 with at least
      four of the Y substituents being said halogen; each R is independently
      selected from the group consisting of alkyl having at least one and a
      maximum of 12 carbon atoms, alkenyl having at least 2 and a maximum of 5
      carbon atoms, alkoxyalkyl having at least 2 and a maximum of 6 carbon
      atoms and cycloalkyl having at least 5 and a maximum of 6 carbon atoms,
      and n is one of the integers one or two.
PAL  These compounds possess insecticidal activity and are valuable
      intermediates for the preparation of insecticides having low mammalian
      toxicity.
PARN
PAR  This is a division, of application Ser. No. 135,391, filed Apr. 19, 1971
      now U.S. Pat. No. 3,799,994 which in turn is a continuation-in-part of
      application Ser. No. 786,429, filed Dec. 23, 1968 and now abandoned, which
      in turn is a continuation-in-part of application Ser. No. 44,890, filed
      July 25, 1960, now issued as U.S. Pat. No. 3,478,117.
BSUM
PAR  This invention relates to novel substituted polyhalogenated
      cyclopentadienes which possess insecticidal properties and which are
      valuable intermediates for the preparation of insecticides having low
      mammalian toxicity.
PAR  The compounds of the present invention are of the formula
      ##SPC2##
PAL  Wherein Y is independently selected from the group consisting of methyl,
      hydrogen and a halogen of atomic weight between 35 and 80 with at least
      four of the Y substituents being said halogen; each R is independently
      selected from the group consisting of alkyl having at least 1 and a
      maximum of 12 carbon atoms, alkenyl having at least 2 and a maximum of 5
      carbon atoms, alkoxyalkyl having at least 2 and a maximum of 6 carbon
      atoms and cycloalkyl having at least 5 and a maximum of 6 carbon atoms,
      and n is one of the integers 1 or 2.
PAR  In a preferred embodiment of this invention Y is chlorine or bromine; R is
      selected from the group consisting of alkyl having at least 1 and a
      maximum of 8 carbon atoms; alkenyl having at least 3 and a maximum of 5
      carbon atoms, alkoxyalkyl having at least 2 and a maximum of 4  carbon
      atoms, cycloalkyl having at least 5 and a maximum of 6 carbon atoms; and n
      is 1.
PAR  The preparation of the compounds of this invention, illustrated in the
      following examples, is fully discussed in my earlier application Ser. No.
      44,890, filed July 25, 1960, now U.S. Pat. No. 3,478,117. The preparation
      of the starting polyhalogenated cyclopentadienes and the phosphorous acid
      esters are by known methods.
DETD
PAC  EXAMPLE 1
PAC  Preparation of 1,2,3,4,5-pentachloro-5-ethylcyclopentadiene
PAR  A solution of 272.8 g. (1.0 mole) of hexachlorocyclopentadiene in 300 ml.
      of petroleum ether (pentane range) was charged to a 2 liter 3 neck flask
      equipped with stirrer, thermometer, dropping funnel and an exit line
      protected with a drying tube. The flask was immersed in ice-water and
      triethyl phosphite (182.8 g., 1.1 mole) was added slowly from the dropping
      funnel at such a rate that the temperature of the reaction mixture did not
      exceed +15.degree.C. After the addition was completed (which required 5
      hours) the clear, brown solution was, after the stripping of the solvent,
      fractionated in vacuum through a 20 inch column, filled with glass
      helices. A lower boiling fraction, 161 g., b.p. 39.degree.C. at 0.4 mm.,
      n.sub.D.sup.25 1.4253 consisted of pure ethyl phosphorochloridate,
      Cl(EtO).sub.2 PO, which, accordingly, was obtained in 93.4% yield. Then
      the temperature rose fast in the column and a pale yellow oil distilled
      over sharply at 50.degree.C. and 0.18 mm. Infrared and elemental analyses
      indicated that the yellow oil, n.sub.D.sup.25 1.5394, is pure
      1,2,3,4,5-pentachloro-5-ethylcyclopentadiene.
PAR  Analysis for C.sub.7 H.sub.5 Cl.sub.5 : Calculated: C, 31.56%; H, 1.89%;
      Cl, 66.55%. Found: C, 31.49%; H, 1.91%; Cl, 66.69%.
PAC  EXAMPLE 2
PAC  1,2,3,4,5-pentachloro-5-ethylcyclopentadiene
PAR  A solution of triethyl phosphite (182.8 g., 1.1 mole) in 200 ml. of
      petroleum ether (pentane range) was charged to the equipment of the
      preceding example, which was immersed into a rock-salt-ice mixture. When
      the temperature of the solution reached 0.degree.C.
      hexachlorocyclopentadiene (272.8 g., 1.0 mole), dissolved in 100 ml. of
      light petroleum ether, was added slowly to the well stirred solution at
      such a rate that the temperature of the mixture did not exceed
      +5.degree.C. The addition required 10 hours. The clear, brown solution was
      poured with good stirring into a 5 liter 3 neck flask containing 2 liters
      of water and, after 1 hour of stirring, the product was steam distilled.
      After the separation of the low boiling petroleum ether
      1,2,3,4,5-pentachloro-5-ethyl-cyclopentadiene, completely free of any
      phosphorus compound, distilled over as a pale yellow heavy oil,
      n.sub.D.sup.25 1.5398, the infrared spectrum of which matched perfectly
      that of the previous example. The product weighed 257.0 g., which
      corresponds to a 96.4% yield.
PAC  EXAMPLE 3
PAC  1,2,3,4,5-pentachloro-5-isopropylcyclopentadiene
PAR  Substituting triisopropyl phosphite (208.2 g., 1.0 mole) for triethyl
      phosphite but maintaining otherwise identical conditions with those of
      Example 1 resulted in the formation of isopropyl phosphorochloridate,
      Cl(iso-PrO).sub.2 PO (b.p. 48.degree.C. at 0.55 mm., n.sub.D.sup.25
      1.4198, 197 g. or 98.5% yield) and of
      1,2,3,4,5-pentachloro-5-isopropylcyclopentadiene, which had b.p.
      67.5.degree.C. at 0.42 mm., n.sub.D.sup.25 1.5397 and which was obtained
      in 96% yield (269.0 g.).
PAR  Analysis for C.sub.8 H.sub.7 Cl.sub.5 : Calculated: C, 34.26%; H, 2.52%;
      Cl, 63.22%. Found: C, 33.78%; H, 2.80%; Cl, 63.53%.
PAC  EXAMPLE 4
PAC  1,2,3,4,5-pentachloro-5-methylcyclopentadiene
PAR  When trimethyl phosphite, 175.7 g. (1.4 mole), was substituted for triethyl
      phosphite in the procedure described in Example 2 and the reaction was
      carried out at around 20.degree.C. 224.0 g. of
      1,2,3,4,5-pentachloro-5-methylcyclopentadiene was isolated by distillation
      between 42.5 and 44.0.degree.C. at 0.27 mm.; n.sub.D.sup.25 1.5460, in 89%
      yield.
PAR  Analysis for C.sub.6 H.sub.3 Cl.sub.5 : Calculated: C, 28.56%; H, 1.19%;
      Cl, 70.25%. Found: C, 28.06%; H, 1.26%; Cl, 69.08%.
PAR  When the workup of the reaction mixture was carried out by fractionation
      instead of hydrolysis, 140.0 g. (97%) of methyl phosphorochloridate,
      Cl(CH.sub.3 O).sub.2 PO, (b.p. 75.degree.C. at 15 mm. n.sub.D.sup.25
      1.4194) was isolated in addition to the alkylated product.
PAC  EXAMPLE 5
PAC  5-n-butyl-1,2,3,4,5-pentachlorocyclopentadiene
PAR  The replacement of triethyl phosphite with tri-n-butyl phosphite (250.3 g.,
      1.0 mole) in Example 1 resulted in the formation of
      5-n-butyl-1,2,3,4,5-pentachlorocyclopentadiene, b.p. 72.5.degree.C. at
      0.28 mm., n.sub.D.sup.25 1.5270 in 84% yield.
PAR  Analysis for C.sub.9 H.sub.9 Cl.sub.5 : Calculated: C, 36.71%; H, 3.08%;
      Cl, 60.21%. Found: C, 36.24%, H, 3.08%; Cl, 60.20%.
PAC  EXAMPLE 6
PAC  1,2,3,4,5-pentachloro-5(2-ethylhexyl)cyclopentadiene
PAR  The substitution of tris(2-ethylhexyl) phosphite (418.6 g., 1.0 mole) for
      triethyl phosphite in Example 1 resulted in the formation of
      1,2,3,4,5-pentachloro-5(2-ethylhexyl)cyclopentadiene, which boiled between
      106.degree. and 107.degree. C. at 0.31 mm., n.sub.D.sup.25 1.5172 and
      which was obtained in 91% yield (320 g.).
PAR  Analysis for C.sub.13 H.sub.17 Cl.sub.5 : Calculated: C, 44.53%; H, 4.90%;
      Cl, 50.57%. Found: C, 43.72%; H, 4.83%; Cl, 50.50%.
PAC  EXAMPLE 7
PAC  1,2,3,4,5-pentachloro-5-cyclohexylcyclopentadiene
PAR  When triethyl phosphite of Example 2 was replaced with the equivalent
      amount of tricyclohexyl phosphite and the reaction was carried out between
      17.degree. and 35.degree.C.
      1,2,3,4,5-pentachloro-5-cyclohexylcyclopentadiene was isolated by
      distillation between 95.degree. and 98.degree.C. at 0.15 mm.;
      n.sub.D.sup.25 1.5564.
PAR  Analysis for C.sub.11 H.sub.11 Cl.sub.5 : Calculated: C, 41.22%; H, 3.46%;
      Cl, 55.32%. Found: C, 41.40%; H, 3.45%; Cl, 54.39%.
PAC  EXAMPLE 8
PAC  5-allyl-1,2,3,4,5-pentachlorocyclopentadiene
PAR  Carrying out the procedure of Example 2 between 4.degree. and 25.degree.C.
      and replacing triethyl phosphite with triallyl phosphite (280 g., 1.39
      mole) resulted in the formation of 211 g. (0.76 mole 76% yield) of
      5-allyl-1,2,3,4,5-pentachlorocyclopentadiene, b.p. 63.degree.C. at 0.48
      mm., n.sub.d.sup.25 1.5450.
PAR  Analysis for C.sub.8 H.sub.5 Cl.sub.5 : Calculated: C, 34.51%; H, 1.81%;
      Cl, 63.68%. Found: C, 34.41%; H, 2.01%; Cl, 63.23%.
PAR  When the workup of the reaction mixture was carried out by fractionation
      instead of steam distillation, allyl phosphorochloridate was obtained as a
      colorless liquid, b.p. 49.degree.C. at 0.27 mm., n.sub.D.sup.21 1.4410.
PAC  EXAMPLE 9
PAC  1,2,3,4,5-pentachloro-5(2-methoxyethyl)cyclopentadiene
PAR  The replacement of triethyl phosphite was tris-(2-methoxyethyl) phosphite
      (307.2 g., 1.2 mole) in Example 2 and the raising of the reaction
      temperature to 25.degree.-43.degree.C. resulted in the formation of
      1,2,3,4,5-pentachloro-5(2-methoxyethyl)cyclopentadiene, b.p. 71.degree.C.
      at 0.22 mm., n.sub.D.sup.25 1.5326.
PAR  Analysis for C.sub.8 H.sub.7 Cl.sub.5 O: Calculated: C, 32.41%; H, 2.38%;
      Cl, 59.81%. Found: C, 31.34%; H, 2.56%; Cl, 60.49%.
PAC  EXAMPLE 10
PAC  1,2,3,4,5-pentachloro-5-ethylcyclopentadiene via phosphonites
PAR  When diethyl phenylphosphonite (200.0 g., 1.1 mole) was substituted for
      triethyl phosphite in the procedure of Example 1 a substantial yield of
      1,2,3,4,5-pentachloro-5-ethylcyclopentadiene was obtained, the infrared
      spectrum of which matched perfectly that of Example 1.
PAC  EXAMPLE 11
PAC  1,2,3,4,5-pentachloro-5-ethylcyclopentadiene via phosphinites
PAR  When ethyl diphenylphosphinite (232 g., 1.0 mole) was substituted for
      triethyl phosphite and the reaction temperature was raised to 25.degree.
      to 40.degree.C. in the procedure of Example 1 a substantial yield of
      1,2,3,4,5-pentachloro-5-ethylcyclopentadiene was obtained, identical in
      every respect with the product of Example 1.
PAC  EXAMPLE 12
PAC  1,2,3,4,5-pentabromo-5-ethylcyclopentadiene
PAR  The procedure of Example 1 was duplicated except that
      hexabromocyclopentadiene (539.6 g., 1.0 mole) was used in place of
      hexachlorocyclopentadiene and hexane (2.5 l.) was used in place of
      petroleum ether. A 93% yield of 1,2,3,4,5-pentabromo-5-ethylphosphite was
      obtained as a heavy oil n.sub.D.sup.25 1.6423, which decomposes above
      130.degree.C. Isolated was also, through fractionation, ethyl
      phosphorobromidate, Br(C.sub.2 H.sub.5 O).sub.2 PO, b.p.
      58.degree.-59.degree.C. at 0.25 mm., n.sub.D.sup.25 1.4443, in better than
      78% yield.
PAC  EXAMPLE 13
PAC  Tetrachloroethylcyclopentadienes
PAR  The replacement of hexachlorocyclopentadiene with
      1,2,3,4,5-pentachlorocyclopentadiene (238.4 g., 1.0 mole) in the procedure
      of Example 1 while raising the temperature to 22.degree. to 52.degree.C.
      yielded a mixture of 3 isomeric components identified as
      1,2,4,5-tetrachloro-5-ethylcyclopentadiene,
      1,2,3,5-tetrachloro-5-ethylcyclopentadiene,
      1,2,3,4-tetrachloro-5-ethylcyclopentadiene, b.p. 49.degree.-52.degree.C.
      at 0.22 mm., n.sub.D.sup.25 1.5325 in better than 80% yield.
PAR  Analysis for C.sub.7 H.sub.6 Cl.sub.4 : Calculated: C, 36.24%, H, 2.61%;
      Cl, 61.15%. Found: C, 35.20%; H, 2.60%; Cl, 61.70%.
PAC  EXAMPLE 14
PAC  Tetrachlorodimethylcyclopentadienes
PAR  1,2,3,4,5-pentachloro-5-methylcyclopentadiene (252.4 g., 1.0 mole) was
      placed in the 3 neck flask described in Example 1 and, after being heated
      to 50.degree.C., trimethyl phosphite (145.0 g., 1.17 mole) was added
      slowly from the dropping funnel at such a rate as to maintain the
      temperature of the exothermic reaction close to 50.degree.C. After the
      addition of the phosphite was completed (in 1.5 hour) the clear, brown
      solution was heated for 3 more hours between 50.degree. and 53.degree.C.
      Hydrolysis of the reaction mixture and subsequent steam distillation
      yielded a mixture of 1,2,3,4-tetrachloro-5,5-dimethylcyclopentadiene,
      2,3,4,5-tetrachloro-1,5-dimethylcyclopentadiene,
      1,3,4,5-tetrachloro-2,5-dimethylcyclopentadiene in 94% yield (218.0 g.,
      0.94 mole) in form of a pale yellow oil, b.p. 40.degree. to 47.degree.C.
      at 9.42 mm., n.sub.D.sup.25 1.5287-1.5321.
PAR  Analysis for C.sub.7 H.sub.6 Cl.sub.4 : Calculated: C, 36.24%; H, 2.61%;
      Cl, 61.15%. Found: C, 36.24%; H. 2.83%; Cl, 61.17%.
PAR  Infrared spectrum of the reaction product indicated the presence of all
      three isomeric dimethyltetrachlorocyclopentadienes. Fractionation through
      a good column separated the mixture into pure components, each of which
      had a characteristic infrared spectrum.
PAC  EXAMPLE 15
PAC  1,2,3,4,5-pentabromo-5-methylcyclopentadiene
PAR  The substitution of trimethyl phosphite (136.5 g., 1.1 mole) for triethyl
      phosphite, of hexebromocyclopentadiene (539.6 g., 1.0 mole) for
      hexachlorocyclopentadiene and of hexane (2.5 1.) for petroleum ether in
      Example 1 and raising the reaction temperature to 30.degree.C. resulted in
      the formation of 1,2,3,4,5-pentabromo-5-methylcyclopentadiene in better
      than 90% yield; n.sub.D.sup.25 1.6618, melting point
      60.degree.-61.degree.C.
PAR  Analysis for C.sub.6 H.sub.3 Br.sub.5 : Calculated: C, 15.18%; H, 0.64%;
      Br, 84.18%. Found: C, 14.67%; H, 1.09%; Br, 84.54%.
PAR  When fractionation instead of hydrolysis was used in the workup of the
      reaction products a substantial yield of methyl phosphorobromidate,
      Br(CH.sub.3 O).sub.2 PO, b.p. 54.degree.-57.degree.C. at 0.7-0.9 mm.,
      n.sub.D.sup.25 1.4462 was obtained as a second product.
PAR  The use of the compounds of the present invention as intermediates for the
      preparation of insecticides having low mammalian toxicity is illustrated
      by the following examples:
PAC  EXAMPLE 16
PAR  A mixture 2 mole proportions of 5-methylpentachlorocyclopentadiene and 3
      mole proportions of bicyclo (2,2,1)hepta-2,5-diene was charged to a closed
      reaction vessel provided with thermometer and a reflux condenser. The
      reaction mixture was refluxed at the initial temperature of
      106.5.degree.C. The pale yellow mixture gradually darkened and the reflux
      temperature increased to 141.degree.C. in about 23 hours. A vacuum was
      applied and the excess of bicyclo(2,2,1)hepta-2,5-diene was distilled,
      removed by distillation. The residue was then fractionated and the
      Diels-Alder adduct was recovered at 117.degree.-120.degree.C. at 0.22 mm.
      which solidified upon cooling. The product was then recrystallized from
      n-hexane as white crystals (m.p. 96.degree.-98.degree.C.). This was
      identified as:
      ##SPC3##
PAR  This product had insecticide activity providing 100% kill of mosquito
      larvae at 0.1 ppm, and on red flour beetle at 0.5% concentration.
PAC  EXAMPLE 17
PAR  The procedure of Example A above was repeated except that
      pentachloro-5-ethylcyclopentadiene was used in place of
      pentachloro-5-methylcyclopentadiene. The product
      1,2,3,4,10-pentachloro-10-ethyl-1,4,4a,5,8,8a
      -hexahydro-1,4,5,8-dimethanonaphthalene (b.p. 107.degree.C. at 0.06 mm.
      n.sub.D.sup.25 1.5628) was identified as a compound of the structure:
      ##SPC4##
PAR  This compound had insecticide activity providing 90% kill of mosquito
      larvae at 1.3 ppm., 90% kill flour beetle at 0.5% concentration and 100%
      kill curculio at 0.1% concentration.
PAR  The mammalian toxicity of this compound LD.sub.50 (mgm/kg) was more than
      794 but less than 1260 as compared to an LD.sub.50 50 (mgm/kg) of 81.5 for
      the related compound in which the ethyl group is replaced by a chlorine
      atom.
PAR  It will be observed in the compounds of Examples 16 and 17 that the alkyl
      substituent is on the bridge carbon atom of the norborene ring. This
      occurs because the halogenated cyclopentadiene intermediates of this
      invention have the alkyl or other R group on the saturated carbon, i.e.,
      at position 5 of the ring. This is in contrast to halogenated
      cyclopentadienes of the prior art wherein the 5 position is fully
      halogenated and R groups when present are elsewhere on the ring. When such
      compounds are employed as intermediates to produce insecticides as
      illustrated in Examples 17 and 18, it is not possible to place the organic
      R group on the bridge carbon atom. As shown, the presence of an organic R
      group substituent on the bridge carbon atom greatly reduces mammalian
      toxicity without serious reduction in toxicity to lower forms of animal
      life.
PAR  While the illustrative embodiments of the invention have been described
      hereinbefore with particularity, it will be understood that various other
      modifications will be apparent to and can readily be made by those skilled
      in the art without departing from the scope and spirit of the invention.
      Accordingly, it is not intended that the scope of the claims appended
      hereto be limited to the examples and description set forth herein but
      rather the claims be construed as encompassing all the features of
      patentable novelty which reside in the present invention including all
      features which would be treated as equivalents thereof by those skilled in
      the art to which the invention pertains.
CLMS
STM  I claim:
NUM  1.
PAR  1. Compound of the formula
      ##SPC5##
PAL  wherein Y is a halogen of atomic weight between 35 and 80; R is alkoxyalkyl
      having at least 2 and a maximum of 6 carbon atoms.
NUM  2.
PAR  2. A compound in accordance with claim 1 in which R is 2-methoxyethyl.
NUM  3.
PAR  3. A compound in accordance with claim 2 which is
      1,2,3,4,5-pentachloro-5-(2-methoxy ethyl) cyclopentadiene.
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PAL  A process for the manufacture of higher vicinal diols or polyols by
      hydrolysis of the corresponding mono- or poly-epoxides, characterized in
      that the hydrolysis is carried out using aqueous solutions of salts of
      aliphatic mono- and/or polycarboxylic acids and temperatures above
      100.degree.C, preferably 200.degree. to 350.degree.C, and if necessary, in
      the presence of dissolving intermediaries.
BSUM
PAC  THE PRIOR ART
PAR  It is known that lower-molecular weight water-soluble epoxides, for
      example, ethylene oxide, can be hydrolyzed to the corresponding diols when
      they are subjected to acid-catalyzed saponification under normal pressure
      at moderate temperatures or when they are subjected to neutral hydrolysis
      in water at high temperatures and high pressure. Both processes are not
      suitable for the hydrolysis of higher molecular weight water-insoluble
      epoxides, because these processes produce mediocre yields of the diol or
      because large quantities of side reaction by-products are produced or
      because lengthy reaction times are required even when the reaction
      conditions are modified. In addition, hydrolysis with sodium hydroxide at
      temperatures of about 200.degree.C has been described as specially
      suitable for the hydrolysis of branched epoxides. The maximum yields
      obtained by the use of this process are 76%. It is also known that higher
      linear epoxides do not give any higher yield when this process is used.
PAR  According to J. Am. Chem. Soc. 66, 1925 (1944), another possibility for the
      conversion of long-chain epoxides to diols consists in that first the
      epoxides are converted to hydroxyacetoxy compounds by heating with glacial
      acetic acid and then the esters thusly formed are saponified with alkalis.
      As a rule, such a two-step procedure is too expensive for a technical
      process.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide a process for the
      manufacture of higher vicinal diols or polyols by hydrolysis of the
      corresponding mono- or poly-epoxides, characterized in that the hydrolysis
      is carried out using aqueous solutions of salts of aliphatic mono- and/or
      polycarboxylic acids and temperatures above 100.degree.C, preferably
      200.degree. to 350.degree.C, and if necessary, in the presence of
      dissolving intermediaries.
PAR  This and further objects of the invention will become apparent as the
      description thereof proceeds.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention concerns a process for the manufacture of vicinal
      glycols by the hydrolysis of alkylene oxides.
PAR  The advance in the art according to the present invention is that before
      now no process was known, according to which epoxides could be converted
      to vicinal glycols by the use of a single-step process resulting in yields
      of over 90%.
PAR  Concerning the manufacture of higher vicinal diols and polyols by the
      hydrolysis of the corresponding epoxides, it has now been discovered that
      the above-described drawbacks of the prior art can be obviated by the use
      of a process which is characterized by carrying out the hydrolysis of the
      epoxides by using aqueous solutions of salts of aliphatic mono- and/or
      polycarboxylic acids at temperatures above 100.degree.C and, if necessary,
      in the presence of dissolving intermediaries.
PAR  The temperature range of 200.degree. to 350.degree.C is preferred.
PAR  More particularly, the present invention provides a development in the
      process for the preparation of higher vicinal diols and/or higher vicinal
      polyols which comprises hydrolyzing the corresponding epoxides of the
      formula
      ##EQU1##
      in which R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are each selected from the
      group consisting of hydrogen, alkyl having 1 to 28 carbon atoms, haloalkyl
      having 1 to 28 carbon atoms, alkoxyalkyl having 2 to 28 carbon atoms,
      epoxyalkyl having 3 to 28 carbon atoms, haloepoxyalkyl having 3 to 28
      carbon atoms, alkoxyepoxyalkyl having from 4 to 28 carbon atoms, and
      mixtures thereof, with the proviso that the total number of carbon atoms
      in the epoxide is from 4 to 30 carbon atoms, with a solution of a
      catalyst, and recovering said diols and/or polyols; wherein the
      improvement comprises carrying out said hydrolysis with a catalyst
      comprising an aqueous solution of salts of an aliphatic carboxylic acid
      having 1 to 24 carbon atoms selected from the group consisting of a
      monocarboxylic acid having 1 to 24 carbon atoms, a polycarboxylic acid
      having 3 to 24 carbon atoms and mixtures of a monocarboxylic acid having 1
      to 24 carbon atoms with a polycarboxylic acid having 3 to 24 carbon atoms,
      at a temperature above 100.degree.C, optionally in the presence of
      dissolving intermediaries, said carboxylic acid salts being stable under
      the reaction conditions and being soluble in the form of their salts.
PAR  Suitable salts for carrying out the process of the invention are the salts
      of carboxylic acids which are stable under the reaction conditions and are
      soluble in the form of their salts. The respective aliphatic
      monocarboxylic acids or polycarboxylic acids can be saturated or
      unsaturated, linear or branched compounds, and if so desired, can also be
      heterosubstituted compounds which can be used individually or as a
      mixture. When monocarboxylic acid salts are used exclusively, then
      consideration as to sufficient solubility restricts the main choice to
      compounds having up to 10 carbon atoms, if a dissolving intermediary is
      not utilized. However, if a dissolving intermediary is utilized in the
      amount of at least 0.5 parts by weight per part by weight of epoxide to be
      hydrolyzed, then only mono-carboxylic acid salts of acids having more than
      10 carbon atoms up to 24 carbon atoms may be utilized in lower
      concentrations of from 1% to 5% by weight, preferably from 2% to 4% by
      weight, of the aqueous solution. Preferred are the monocarboxylic acid
      salts of acids having 8 to 22 carbon atoms such as alkanoic acids having
      12 to 16 carbon atoms, such as lauric acid, myristic acid and palmitic
      acid.
PAR  Examples of suitable salts of carboxylic acids are preferably the monosalts
      and polysalts of alkali metals, such as the lithium salt, dilithium salt,
      sodium salt, disodium salt, potassium salt, and dipotassium salt, and
      preferably the monosalts and polysalts of alkaline earth metals such as
      the calcium salt, dicalcium salt, barium salt and dibarium salt. The
      respective sodium salts are especially preferred.
PAR  Examples of suitable carboxylic acids whose abovenamed salts can be
      utilized according to the present invention include linear or branched
      aliphatic monocarboxylic acids having 1 to 24 carbon atoms, preferably 1
      to 10 carbon atoms, for example, alkanoic acids having 1 to 24 carbon
      atoms, preferably 1 to 10 carbon atoms, such as acetic acid, propionic
      acid, butyric acid, capronic acid, caprylic acid, pelargonic acid, lauric
      acid, myristic acid, palmitic acid, stearic acid, and arachic acid, and,
      for example, alkenoic acids having 3 to 24 carbon atoms, preferably 3 to
      10 carbon atoms, such as acrylic acid, methacrylic acid and allylacetic
      acid, lauroleic acid, myristoleic acid, palmitoleic acid, oleic acid,
      gadoleic acid and erucic acid. Other suitable examples include linear or
      branched aliphatic polycarboxylic acids having 3 to 24 carbon atoms,
      preferably 3 to 10 carbon atoms, for example, alkanedioic acids having 3
      to 24 carbon atoms, preferably 3 to 10 carbon atoms, such as malonic acid,
      succinic acid, adipic acid, azelaic acid and sebacic acid, and, for
      example, alkenedioic acids having 4 to 24 carbon atoms, preferably 4 to 10
      carbon atoms, such as maleic acid and fumaric acid.
PAR  The salts of dicarboxylic acids having 3 to 24 carbon atoms are preferred
      and can be used either by themselves or mixed with monocarboxylic acids.
      In such mixtures, salts of monocarboxylic acids having more than 10 carbon
      atoms, for example, up to 24 carbon atoms can likewise be present.
PAR  More particularly the salts of aliphatic carboxylic acids having 1 to 24
      carbon atoms which may be utilized are salts of carboxylic acids selected
      from the group consisting of an alkanoic acid having 1 to 24 carbon atoms,
      an alkenoic acid having 3 to 24 carbon atoms, an alkanedioic acid having 3
      to 24 carbon atoms, an alkenedioic acid having 4 to 24 carbon atoms, and a
      mixture of at least one monocarboxylic acid selected from the group
      consisting of an alkanoic acid having 1 to 24 carbon atoms and an alkenoic
      acid having 3 to 24 carbon atoms with at least one dicarboxylic acid
      selected from the group consisting of an alkanedioic acid having 3 to 24
      carbon atoms and an alkenedioic acid having 4 to 24 carbon atoms.
PAR  For hydrolysis, the salts of the carboxylic acids are used as aqueous
      solutions containing 1% to 20% of said salts, preferably as 2% to 5% of
      said salts.
PAR  It is assumed that the epoxide ring is split by hydroxyl ions which arise
      from the hydrolytic splitting in aqueous solution of the hydrolyzing
      salts. It is to be regarded as completely surprising that there is no
      reaction of the oxirane ring with the anions of the carboxylic acid salts
      nor is there any homopolymerization of the epoxide taking place.
PAR  The hydrolysis is preferably carried out in the presence of solution aids,
      such as dissolving intermediaries, suitable examples of which are all
      water-soluble alkanones and water-soluble cyclic hydrocarbon ethers, for
      example, acetone, dioxane, and dioxolane. The quantities of dissolving
      intermediaries to be used are at least 0.5 parts by weight per part by
      weight of epoxide to be hydrolyzed. Especially preferred is the proportion
      of 2 parts by weight of dissolving intermediary to 1 part by weight of the
      epoxide. The proportion of the salt solution to the epoxide to be
      hydrolyzed should be at least 0.5 parts by weight of salt solution per
      part by weight of epoxide. In general, it is preferred to use 2 to 5 parts
      by weight of salt solution per part by weight of epoxide.
PAR  Epoxides having the following formula are to be utilized in the process of
      the invention:
      ##EQU2##
      in which R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are each selected from the
      group consisting of hydrogen, alkyl having 1 to 28 carbon atoms,
      preferably having 1 to 16 carbon atoms, haloalkyl having 1 to 28 carbon
      atoms, preferably having 1 to 16 carbon atoms, alkoxyalkyl having 2 to 28
      carbon atoms, preferably having 2 to 16 carbon atoms, epoxyalkyl having 3
      to 28 carbon atoms, preferably having 3 to 16 carbon atoms, haloepoxyalkyl
      having 3 to 28 carbon atoms, preferably having 3 to 16 carbon atoms,
      alkoxyepoxyalkyl having 4 to 28 carbon atoms, preferably having 4 to 16
      carbon atoms, and mixtures thereof, with the proviso that the total number
      of carbon atoms in the epoxide is from 4 to 30 carbon atoms.
PAR  In the substituents R.sub.1, R.sub.2, R.sub.3 and R.sub.4 the epoxides can
      contain branched chains and hetero atoms or hetero atom groups which do
      not participate in the reactions for the preparation of the epoxides nor
      in the hydrolysis reaction, for example, halogen atoms or ether groups.
      Suitable examples of the epoxides to be hydrolyzed according to the
      process of the invention include: epoxyalkanes having 4 to 30 carbon
      atoms, preferably 4 to 20 carbon atoms, for example, 1,2-epoxybutane,
      2,3-epoxybutane, 1,2-epoxyhexane, 1,2-epoxyoctane, 3,4-epoxyoctane,
      1,2-epoxydodecane, 1,2-epoxyhexadecane, 1,2-epoxyoctadecane,
      1,2-epoxyheptadecane; and diepoxyalkanes having 4 to 30 carbon atoms,
      preferably 8 to 20 carbon atoms, such as 1,2,7,8-diepoxyoctane, as well as
      mixtures of epoxides which can be prepared by the known epoxidation of
      olefin fractions having a statistical distribution of the double bond and
      having 4 to 30 carbon atoms, preferably 15 to 18 carbon atoms.
PAR  The reaction can be carried out in such a manner that the mixture of
      epoxide, salt solution and, if necessary, dissolving intermediary is
      stirred in the autoclave and heated to the respective reaction temperature
      whereby especially in the case of 1,2-epoxides, additional heating is for
      the most part not required, and immediate cooling can be applied. In case
      that internal epoxides are to be converted, such as, for example, the
      epoxidation products of olefin fractions, this conversion required
      somewhat longer reaction times at the above-quoted reaction temperatures.
PAR  It is easy to work up the hot reaction mixture by phase separation, if
      necessary, after any optionally present solvent or dissolving intermediary
      has been distilled off.
PAR  The advantages of the present invention include, in general, that yields
      obtained by using the process of the invention exceed 90%, and especially
      when 1,2-epoxides are converted, yields of 100% are readily attainable. As
      a rule, the conversion of the epoxide utilized amounts to 100%.
DETD
PAR  The following examples are merely illustrative of the present invention
      without being deemed limitative in any manner thereof.
PAC  EXAMPLES
PAR  The Examples summarized in the following Table are based on experiments
      which were carried out as follows:
PAR  The mixture of epoxide and aqueous solution of the carboxylic salt and
      sometimes acetone as reported in the Table was introduced into a nickel
      autoclave equipped with a stirrer and was heated to the reported reaction
      temperature under an inert nitrogen atmosphere at a pressure of 10 atm.
      gauge. In the case of 1,2-epoxides, the mixture was cooled immediately
      after the reported reaction temperature had been reached.
PAR  The stated yields were determined as follows:
PAR  The reaction products were quantitatively extracted with cold or hot
      chloroform, depending upon their respective solubility, the solvent was
      distilled off, and the residue was analyzed. The conversion was measured
      by determination of the residual epoxide content in the reaction product,
      and the yield of vicinal glycols was determined by titration with periodic
      acid.
PAR  For a check of the results, the diols were distilled or recrystallized and
      then analyzed again. This second determination was more necessary in the
      case where there was non-converted epoxide present in the reaction
      product, because in that case the determination of the diol content could
      be faulty.
TBL                                    TABLE                                   

     __________________________________________________________________________

     Exam-              Conditions                                             

     ple   Reaction     T(.degree.C)/t                                         

                              Conver-                                          

                                   Yield                                       

     No.   Mixture      (min.)**                                               

                              sion %                                           

                                   % Theor.                                    

     __________________________________________________________________________

     1   1,2-Epoxydodecane                                                     

                        260/15                                                 

                              100  90                                          

         (200 gm), 2% aqueous                                                  

         solution of Disodium                                                  

         Azelate (600 gm)                                                      

     2   1,2-Epoxydodecane                                                     

                        250/A*                                                 

                              100  99                                          

         (100 gm), 2% aqueous                                                  

         solu. of Disodium                                                     

         Azelate (300 gm),                                                     

         Acetone (200 ml)                                                      

     3   1,2-Epoxyoctane (100 gm),                                             

                        250/A*                                                 

                              100  97                                          

         2% aqueous solu. of                                                   

         Disodium Adipate (300                                                 

         gm), Acetone (200 ml)                                                 

     4   1,2-Epoxyhexadecane                                                   

                        250/A*                                                 

                              100  100                                         

         (100 gm), 2% aqueous                                                  

         solu. of Sodium Pelar-                                                

         gonate (300 gm),                                                      

         Acetone (200 ml)                                                      

     5   1,2-Epoxyoctadecane                                                   

                        250/A*                                                 

                              100  97                                          

         (100 gm), 2% aqueous                                                  

         solu. of Disodium                                                     

         Sebacate (300 gm),                                                    

         Acetone (200 ml)                                                      

     6   C.sub.15 to C.sub.16 Epoxide Mix-                                     

                         250/120                                               

                               99  93                                          

         ture with statistically                                               

         distributed oxirane ring                                              

         (100 gm), 2% aqueous                                                  

         solu. of Disodium Adipate                                             

         (300 gm), Acetone (200 ml)                                            

     7   C.sub.15 to C.sub.18 Mixture of                                       

                        250/A*                                                 

                              100  97                                          

         1,2-Epoxides (100 gm),                                                

         2% aq. solu. of Disodium                                              

         Azelate (300 gm),                                                     

         Acetone (200 ml)                                                      

     8   1,2-Epoxyheptadecane (100                                             

                        250/A*                                                 

                              100  96                                          

         gm), 2% aq. solu. of                                                  

         Sodium Laurate (300 gm),                                              

         Acetone (200 ml)                                                      

     9   1,2,7,8-Diepoxyoctane                                                 

                        250/A*                                                 

                              100  100                                         

         (100 gm), 2% aq. solu.                                                

         of Disodium Azelate (300                                              

         gm), Acetone (200 ml)                                                 

     __________________________________________________________________________

      *A=After heating to the reaction temperature, cooling was applied        

      immediately.                                                             

      **t=Reaction time after the stated temperature had been reached.         

PAR  The vicinal diol reaction products produced according to the process of the
      present invention may be utilized as intermediates for further reaction
      processes to produce aldehydes as disclosed in copending U.S. patent
      application Ser. No. 150,222, filed June 4, 1971, or to produce carboxylic
      acids as disclosed in copending U.S. patent application Ser. No. 166,309,
      filed July 26, 1971, now U.S. Pat. No. 3,865,856.
PAR  Further advantages attainable by the process of the invention especially
      include the fact that long-chain epoxides can be hydrolyzed to the
      corresponding vicinal diols using a one-step process and that high yields
      can be obtained which hitherto have not been possible to achieve.
PAR  Although the present invention has been disclosed in connection with a few
      preferred embodiments thereof, variations and modifications may be
      resorted to by those skilled in the art without departing from the
      principles of the new invention. All of these variations and modifications
      are considered to be within the true spirit and scope of the present
      invention as disclosed in the foregoing description and defined by the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In the process for the preparation of higher vicinal diols and/or higher
      vicinal polyols comprising hydrolyzing the corresponding epoxides of the
      formula
      ##EQU3##
      in which R.sub.1, R.sub.2, R.sub.3 and R.sub.4 are each selected from the
      group consisting of hydrogen, alkyl having 1 to 28 carbon atoms, haloalkyl
      having 1 to 28 carbon atoms, alkoxyalkyl having 2 to 28 carbon atoms,
      epoxyalkyl having 3 to 28 carbon atoms, haloepoxyalkyl having 3 to 28
      carbon atoms, alkoxyepoxyalkyl having from 4 to 28 carbon atoms, and
      mixtures thereof, with the proviso that the total number of carbon atoms
      in the epoxide is from 4 to 30 carbon atoms, with an aqueous solution of a
      catalyst, and recovering said diols and/or polyols; the improvement which
      comprises carrying out said hydrolysis with a catalyst consisting of an
      aqueous solution of salts selected from the group consisting of alkali
      metal salts, alkaline earth salts and mixtures thereof, of carboxylic
      acids selected from the group consisting of (a) alkanoic acids having from
      8 to 22 carbon atoms with at least 0.5 parts by weight per part by weight
      of said epoxides of dissolving intermediaries, (b) alkanedioic acids
      having 3 to 24 carbon atoms, (c) alkenedioic acid having 4 to 24 carbon
      atoms, and (d) a mixture of at least one monocarboxylic acid selected from
      the group consisting of an alkanoic acid having 1 to 24 carbon atoms and
      an alkenoic acid having 3 to 24 carbon atoms with at least one
      dicarboxylic acid selected from the group consisting of an alkanedioic
      acid having 3 to 24 carbon atoms and an alkenedioic acid having 4 to 24
      carbon atoms, at a temperature above 100.degree.C, optionally in the
      presence of further dissolving intermediaries, said aqueous solution of
      said salts containing 1% to 20% of said salts and being present in an
      amount of at least 0.5 parts by weight of said salt solution per part by
      weight of said epoxide, said dissolving intermediaries being selected from
      the group consisting of water-soluble alkanones and water-soluble cyclic
      hydrocarbon ethers,.
NUM  2.
PAR  2. The process of claim 1, in which said salts of carboxylic acids are
      salts of alkanoic acids having from 8 to 22 carbon atoms with at least 0.5
      parts by weight per part by weight of said epoxide of said dissolving
      intermediaries.
NUM  3.
PAR  3. The process of claim 1, in which said temperature ranges between
      200.degree. to 350.degree.C.
NUM  4.
PAR  4. The process of claim 1, in which said salts of carboxylic acids are
      salts of alkanedioic acids having 3 to 24 carbon atoms.
NUM  5.
PAR  5. The process of claim 1, in which said salts of carboxylic acids are
      mixtures of at least one monocarboxylic acid selected from the group
      consisting of an alkanoic acid having 1 to 24 carbon atoms and an alkenoic
      acid having 3 to 24 carbon atoms with at least one dicarboxylic acid
      selected from the group consisting of an alkanedioic acid having 3 to 24
      carbon atoms and an alkenedioic acid having 4 to 24 carbon atoms.
NUM  6.
PAR  6. The process of claim 1, in which the concentration of the salt solutions
      used for the hydrolysis ranges from 2% to 5%.
NUM  7.
PAR  7. The process of claim 1, in which the salts to be used for the hydrolysis
      are the sodium salts.
NUM  8.
PAR  8. The process of claim 1, in which the amount of dissolving intermediaries
      used is from 0.5 to 2 parts by weight per part by weight of epoxide.
NUM  9.
PAR  9. The process of claim 1, in which the dissolving intermediaries used are
      selected from the group consisting of acetone, dioxane, dioxolane and the
      mixtures thereof.
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ABST
PAL  Hydroxydiphenyl is prepared by dehydrogenating a starting material
      comprising completely and/or partly hydrogenated hydroxydiphenyl in a
      gaseous phase in the presence of a dehydrogenation catalyst and a compound
      having the formula
      ##SPC1##
PAL  Wherein
PA1  R.sup.1, r.sup.2 and R.sup.3, which may be the same or different, each
      represents a linear or optionally branched alkyl radical having up to 6
      carbon atoms, in addition to which R.sup.3 can also represent a hydrogen
      atom,
PAL  Is added as a stabilizer to the starting material before it comes into
      contact for the first time with and and/or other oxygen-containing gases.
BSUM
PAC  BACKGROUND
PAR  This invention relates to a process for the production of hydroxydiphenyl.
PAR  Hydroxydiphenyl is known to be obtained by catalytically dehydrogenating
      compounds or mixtures of compounds comprising completely and/or partially
      hydrogenated hydroxydiphenyl, in the gaseous phase. The dehydrogenation
      catalysts used for this purpose contain nickel, chromium, aluminium,
      copper and alkali oxide or carbonate and, in some cases, silver and are
      described, for example, in German Patent No. 1,108,221 and DOS No.
      2,049,809.
PAR  In addition to hydroxydiphenyl, a number of secondary products and
      intermediate products, principally phenol, diphenyl and cyclohexylphenol
      and, to some extent, diphenylene oxide, are formed in this dehydrogenation
      process and have to be removed by special purification processes, for
      example the process described in DOS No. 2,102,476. However, the reaction
      product to be purified must satisfy certain qualitative requirements if a
      purification process of this kind is to be carried out successfully both
      from the technical and the economic standpoint. The main requirement is
      that the reaction product to be purified should have as uniform a
      qualitative and quantitative composition as possible.
PAR  On the other hand, the activity of the dehydrogenation catalyst is known to
      decrease with time so that the conversion is reduced and the composition
      of the reaction product is altered accordingly. Although this change in
      composition can be counteracted by reducing the catalyst load and/or by
      increasing the reaction temperature, reduction of the catalyst load
      involves a reduction in throughput and, hence, has an adverse effect upon
      the dehydrogenation process, whilst increasing the reaction temperature
      promotes secondary reactions to a greater extent than the main reaction,
      resulting in a deterioration in the composition of the reaction product.
PAR  For this reason, the continuous process has to be interrupted after a
      certain time in order to regenerate or replace the catalyst. However, this
      again involves a reduction in the output of the installation in which the
      process is carried out, quite apart from increased costs.
PAR  It has also proved to be advantageous to use a crude dehydrogenation
      product of substantially constant composition for purification. As already
      mentioned, however, it is not possible to obtain a crude product of this
      kind by conventional dehydrogenation processes. Although it is possible,
      by storing and mixing dehydrogenation products of different composition in
      an intermediate stage, to prepare a product of constant composition for
      the purification process, this involves more work and additional costs.
PAR  In order to obviate the disadvantages attending conventional
      dehydrogenation processes, there is an urgent need for a dehydrogenation
      process which gives a dehydrogenation product remaining uniform in its
      composition over prolonged periods without any appreciable change in the
      activity and selectivity of the dehydrogenation catalyst, which, in
      addition, should have a long service life.
PAC  SUMMARY
PAR  We have now found that, in the catalytic gaseous phase dehydrogenation of
      completely and/or partially hydrogenated hydroxydiphenyl, in the presence
      of dehydrogenation catalysts containing nickel, chromium aluminum, copper
      and alkali sulphate and/or alkali carbonate, the service life of these
      dehydrogenation catalysts can be considerably lengthened by using as a
      starting material compounds or mixtures of compounds to which compounds
      corresponding to the general formula (I):
      ##SPC2##
PAL  in which
PA1  R.sup.1, r.sup.2 and R.sup.3, which are the same or different, each
      represents a linear or optionally branched alkyl radical having up to 6
      carbon atoms, in addition to which R.sup.3 can also represent hydrogen,
PA1  are added as stabilisers before they are exposed for the first time to air
      and/or other oxygen-containing gases.
DETD
PAC  DESCRIPTION
PAR  Examples of radicals R.sup.1, R.sup.2 and R.sup.3 are methyl, ethyl,
      propyl, isopropyl, butyl, isobutyl, tert.-butyl, the isomeric pentyl and
      hexyl radicals. The following are mentioned as examples of the stabilisers
      which can be used in the process according to the invention:
PAR  2,6-dimethyl-p-cresol, 2,6-dimethylphenol, 2,6-diethyl-p-cresol,
      2,6-diisopropyl-p-cresol, 2,6-di-tert.-butyl-p-cresol and
      2,6-di-tert.-butyl-p-ethylphenol, of which 2,6-di-tert.-butyl-p-cresol is
      particularly preferred.
PAR  According to the invention, the aforementioned stabilisers are generally
      added to the compounds or mixtures of compounds comprising completely
      and/or partially hydrogenated hydroxydiphenyl, which are used for
      dehydrogenation, in a quantity of less than 0.1% by weight of the total
      starting material. They are preferably added in a quantity of from 0.01%
      by weight to 0.09% by weight and, in particular, in a quantity of from
      0.02 to 0.05% by weight.
PAR  Apart from their influence, according to the invention, upon the stability
      of the starting material and the service life of the dehydrogenation
      catalyst used, these small quantities of stabiliser generally have no
      negative effect upon the quality of the dehydrogenation product so that
      they do not have to be subsequently removed. If, however, their subsequent
      removal is required, for example, in order to obtain a particularly pure
      hydroxydiphenyl, they can be removed by purification processes known per
      se, for example by the process described in DOS No. 2,102,476. In this
      process, the stabiliser accumulates during distillation in the first
      runnings and during crystallisation in the mother liquor, and can be
      removed with them.
PAR  Starting compounds for the process according to the invention which are
      stabilised during the period of storage preceding their use and during
      their use by the addition of stabilisers of general formula (I) in
      accordance with the invention, are for example:
PA1  2-cyclohexylidene cyclohexanone,
PA1  2-cyclohexenyl cyclohexanone,
PA1  2-cyclohexyl cyclohexanone,
PA1  2-cyclohexyl cyclohexanol,
PA1  2-cyclohexylphenol,
PA1  3-cyclohexylphenol,
PA1  4-cyclohexylphenol,
PA1  2-phenylcyclohexanone, and
PA1  2-phenylcyclohexanol.
PAL  These compounds are known and are readily obtainable. Thus,
      2-cyclohexylidene cyclohexanone and 2-cyclohexenyl cyclohexanone, for
      example, are obtained by condensing cyclohexanone in the presence of acid
      or basic catalysts by conventional methods. In addition, these two
      compounds are formed alongside 2-cyclohexyl cyclohexanone, 2-cyclohexyl
      cyclohexanol etc. as secondary products in the catalytic dehydrogenation
      of cyclohexanol. They can readily be separated off from the
      dehydrogenation mixture by distillation and can be used in admixture for
      the production of 2-hydroxydiphenyl.
PAR  Cyclohexylphenol is obtained in accordance with known methods by the
      catalytic alkylation of phenol. In addition, 2-cyclohexylphenol is formed
      as a secondary product alongside 2-phenyl cyclohexanone and 2-phenyl
      cyclohexanol, 2-cyclohexyl cyclohexanol and 2-cyclohexyl cyclohexanone in
      the synthesis of 2-hydroxydiphenyl.
PAR  Compounds of general formula (I) which can be used as stabilisers in the
      process according to the invention are also known.
PAR  The addition of these compounds, in accordance with the invention, to the
      starting material, which has preferably been prepared in the absence of
      air and/or other oxygen-containing gases or purified by distillation in
      the absence of such gases, is carried out as known per se.
PAR  The stabilisers can be added to the starting material in the required
      quantity either continuously or in batches, for example after preparation
      or distillation, for example by introduction, pouring in, stirring in or
      by other measures known per se, followed by thorough admixture and/or
      dissolution, for example by stirring, shaking, ultrasonics or other
      methods known per se. However, it is also possible to add in batches to a
      certain quantity of stabiliser the quantity of starting material required
      to obtain the required concentration, for example by distillation,
      followed by thorough admixture and/or dissolution as described above, or
      alternatively a correspondingly selected component stream of the
      stabiliser can be added, for example, to a liquid or gaseous stream of the
      starting material and the two streams can be thoroughly admixed by
      suitable measures, for example by generating turbulence in the main
      stream, tangentially introducing the side stream or installing a mixing
      chamber.
PAR  In general, the process according to the invention is carried out by
      passing the starting material stabilised in accordance with the invention
      in the vapour phase over dehydrogenation catalysts known per se and
      prepared, for example, by the process described in DOS No. 2,049,809 or in
      DOS No. 2,146,052, as known per se at temperatures of from 300.degree. to
      400.degree.C, more particularly at temperatures of from 320.degree. to
      350.degree.C under normal or reduced pressure.
PAR  The resulting crude hydroxydiphenyl can be used directly or after it has
      been purified. Purification can be carried out by methods known per se,
      for example by distillation and/ or crystallisation. Crude
      o-hydroxydiphenyl is best purified by the process described in DOS No.
      2,102,476.
PAR  o-Hydroxydiphenyl is a known preservative for citrus fruits and is also
      used in known manner as a carrier for dyeing with dispersion dyes.
PAR  It is surprising that, by using a starting product stabilised with
      compounds of formula (I) in accordance with the invention, the activity of
      the dehydrogenation catalyst used remains intact much longer than is the
      case where a non-stabilised starting product is used. Although the
      stabilising effect of compounds of formula (I) against the action of
      oxygen-containing gases is known, per se, their influence through the
      starting product stabilised in accordance with the invention on the
      activity and service life of the dehydrogenation catalysts was neither
      known nor obvious, especially since it cannot be obtained with similar
      compounds of the kind present to some extent in the starting material
      normally used, for example o-cyclohexylphenol.
PAR  This effect of stabilisation, which is crucial to the process of the
      invention, affords a number of advantages to the aforementioned
      dehydrogenation process which represent a considerable improvement over
      the prior art. These advantages over the prior art include, for example,
      the fact that, by virtue of its longer service life, the catalyst does not
      have to be renewed as early as it did before, and the fact that, on the
      other hand, there is no longer any need for catalyst regeneration which
      would interrupt the continuous dehydrogenation process and, hence, would
      also result in breaks in production.
PAR  Another advantage is, for example, the fact that the reaction product has a
      more uniform composition over much longer periods of operation, which
      makes the product much simpler and less expensive to purify.
PAR  The percentages quoted in the following Examples relate to weight unless
      otherwise stated.
PAC  EXAMPLES
PAR  A catalyst prepared as follows in accordance with DOS No. 2,049,809 was
      used in the following Examples:
PAR   8580 g of a catalyst starting material containing 42.7% by weight of
      nickel, 9.5% by weight of chromium, 3.2% by weight of aluminium and 0.2%
      by weight of copper, obtained as known per se by precipitating a
      carbonate-hydroxide mixture containing the elements nickel, aluminium and
      copper from an aqueous solution comprising the corresponding nitrates and
      sulphates (50% : 50%) with sodium carbonate solution, and subsequently
      reacting the precipitate, after it had been washed, with ammonium
      bichromate solution, are made into a paste in a solution of 225 g of
      potassium sulphate in 7900 ml of water. The resulting catalyst paste is
      dried at 120.degree.C, ground and mixed with 3% of graphite and the
      resulting mixture is processed in a tabletting press into tablets 5 mm in
      diameter and approximately 4-6 mm thick.
PAR  1000 g of the tablets thus obtained are treated for 2.5 hours at
      390.degree.C with 100 litres of hydrogen per hour and then for 6 hours at
      around 20.degree. to 40.degree.C with 100 litres/hour of a mixture of 2%
      by volume of air and 98% by volume of CO.sub.2.
PAR  The tablets are then ground up and mixed with 2% of graphite, and the
      resulting mixture is re-tabletted, reduced for 2.5 hours at 390.degree.C
      with 730 litres of hydrogen per hour and subsequently tempered in a
      CO.sub.2 -atmosphere for 30 hours at 100.degree.C:
     Powder density:  1.16 g/ml                                                

     Specific surface:                                                         

                      136 m.sup.2 /g                                           

     Ni (metallic):   25.6%, Ni (total) 56.2%.                                 

PAR  In all the Examples, the process was carried out as described below:
PAR  Using a vertically arranged tube reactor approximately 550 mm long with a
      tube diameter of 17 mm, which is filled with 30 ml of the catalyst
      prepared as described above and the upper part of which serves as an
      evaporation zone, 6.0 g/h of a mixture of 2-cyclohexenyl cyclohexanone and
      2-cyclohexylidene cyclohexanone, hereinafter referred to as dianone,
      obtained by condensing cyclohexanone in the presence of an ion-exchange
      resin containing sulphonic acid groups, followed by distillation (cf.
      Chem. Abstr. 75,5344 y (1971), are introduced at 330.degree.C at the upper
      end of the reactor and the reaction product is run off from the lower end
      of the reactor.
PAC  EXAMPLE 1
PAR  0.1% of 2,6-di-tert.-butyl-p-cresol was added to a dianone immediately
      after preparation before contact with air, followed by stirring for 8
      hours at 50.degree.C in the presence of air. The product has an acid
      number of from 0.4 to 0.5.
PAR  After a start-up period of a few hours, the reaction product contains:
PA1  82 % of 2-hydroxydiphenyl,
PA1  7 % of 2-cyclohexylphenol and 2-phenyl cyclohexanone,
PA1  1 % of 2-cyclohexyl cyclohexanone and dianone,
PA1  5.5% of diphenylene oxide, and
PA1  3.5% of diphenyl.
PAR  After 1300 hours' operation, the reaction product contains:
PA1  70 % of 2-hydroxydiphenyl,
PA1  19 % of 2-cyclohexylphenol and 2-phenyl cyclohexanone,
PA1  3 % of 2-cyclohexyl cyclohexanone and dianone,
PA1  4 % of diphenylene oxide, and
PA1  2 % of diphenyl,
PAL  and, after a further 1300 hours,
PA1  65 % of 2-hydroxydiphenyl,
PA1  22 % of 2-cyclohexylphenol and phenyl cyclohexanone,
PA1  7 % of 2-cyclohexyl cyclohexanone and dianone,
PA1  3.5% of diphenylene oxide, and
PA1  1.5% of diphenyl.
PAC  EXAMPLE 2 (comparison Example)
PAR  A dianone is used which, although having been stored in a closed vessel
      after preparation, had not been completely protected against air during
      storage and handling. The product has an acid number of 0.3.
PAR  After a start-up period of a few hours, the reaction product contains:
PA1  81 % of 2-hydroxydiphenyl,
PA1  7 % of 2-cyclohexylphenol and 2-phenyl cyclohexanone,
PA1  2 % of 2-cyclohexyl cyclohexanone and dianone,
PA1  4 % of diphenylene oxide,
PA1  3 % of diphenyl, and
PA1  3 % of other products.
PAL  After approximately 1000 hours' operation, however, the reaction product
      contains:
PA1  65 % of 2-hydroxydiphenyl,
PA1  22 % of 2-cyclohexylphenol and 2-phenyl cyclohexanone,
PA1  5 % of 2-cyclohexyl cyclohexanone and dianone, and
PA1  2.5% of diphenyl,
PAL  and, after a further 800 hours,
PA1  60 % of 2-hydroxydiphenyl,
PA1  24 % of 2-cyclohexylphenol and 2-phenyl cyclohexanone,
PA1  8 % of 2-cyclohexyl cyclohexanone and dianone,
PA1  3.5% of diphenylene oxide, and
PA1  2 % of diphenyl.
PAC  EXAMPLE 3 (comparison Example)
PAR  A dianone is used which had been in contact with air for 8 hours at room
      temperature while stirring. The product has an acid number of 0.5.
PAR  After a start-up period of a few hours, the reaction product contains:
PA1  77 % of 2-hydroxydiphenyl,
PA1  7 % of 2-cyclohexylphenol and 2-phenyl cyclohexanone,
PA1  6 % of 2-cyclohexyl cyclohexanone and dianone,
PA1  6 % of diphenylene oxide, and
PA1  2 % of diphenyl,
PAL  and, after 500 hours' operation,
PA1  58 % of 2-hydroxydiphenyl,
PA1  23 % of 2-cyclohexylphenol and 2-phenyl cyclohexanone,
PA1  8 % of 2-cyclohexyl cyclohexanone and dianone,
PA1  4.5% of diphenylene oxide, and
PA1  2 % of diphenyl.
PAC  EXAMPLE 4 (comparison Example)
PAR  A dianone is used which had been in contact with air for 8 hours at
      50.degree.C while stirring. The product has an acid number of 5.7.
PAR  A reaction product, the 2-hydroxydiphenyl content of which falls over 200
      hours from 69 to 49%, is obtained.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the process for the production of hydroxydiphenyl, which comprises
      dehydrogenating a starting material comprising completely or partly
      hydrogenated hydroxydiphenyl in the gaseous phase in the presence of a
      dehydrogenation catalyst containing nickel, chromium, aluminum, copper and
      an alkali compound selected from the group of alkali metal sulfate and
      alkali metal carbonate, the improvement which comprises adding a
      stabilizer having the formula (I):
      ##SPC3##
PAL  wherein:
PA1  R.sup.1, r.sup.2 and R.sup.3, which may be the same or different, each
      represents a linear or optionally branched alkyl radical having up to 6
      carbon atoms, in addition to which R.sup.3 can also represent a hydrogen
      atom, to the starting material before it comes into contact for the first
      time with oxygen-containing gases and the dehydrogenation catalyst.
NUM  2.
PAR  2. Process of claim 1 wherein the formula (I) compound is
      2,6-di-tert.-butyl-p-cresol.
NUM  3.
PAR  3. Process of claim 1 wherein the formula (I) compound is added in a
      quantity of less than 0.1% by weight.
NUM  4.
PAR  4. Process of claim 1 wherein the formula (I) compound is added in a
      quantity of from 0.01 to 0.09% by weight.
NUM  5.
PAR  5. Process of claim 1 wherein the formula (I) compound is added in a
      quantity of from 0.02 to 0.5% by weight.
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ABST
PAL  Methyl resorcinols are produced by the hydrolysis of toluene diamines in an
      aqueous excess of ammonium bisulfate. The reactants are contacted at an
      elevated temperature for a period of time sufficient to hydrolyze the
      toluene diamines to methyl resorcinols. The methyl resorcinols so produced
      are separated from the reaction mixture. The ammonium sulfate is
      regenerated to ammonium bisulfate by removing the water and thermally
      decomposing the by-product ammonium sulfate at an elevated temperature.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my copending application Ser.
      No. 267,525 filed June 29, 1972 now U.S. Pat. No. 3,862,247 which, in
      turn, is a continuation-in-part of application Ser. No. 16,545 filed Mar.
      4, 1970 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the production of methyl resorcinol and more
      particularly to the hydrolysis of toluene diamines with ammonium bisulfate
      to produce methyl resorcinols.
PAR  Methyl resorcinols have mild germicidal and antiseptic properties and
      consequently find use in skin lotions and hair tonics.
PAR  Toluene is readily nitrated to the dinitro stage. This stage is reached as
      a mixture of two isomers 2,4-dinitrotoluene and 2,6-dinitrotoluene. The
      predominate isomer is the 2,4-dinitrotoluene. These isomers can be readily
      reduced to the corresponding amines. The amine isomers can be separated,
      for example, by distillation and are commercially available. While the
      separate isomers can be used in the practice of this invention, it has
      been found that for many uses of the methyl resorcinols, it is not
      necessary to separate the isomers but the mixture of amines may be used to
      obtain a mixture of methyl resorcinol isomers.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention, methyl resorcinol is made by the
      ammonium bisulfate hydrolysis of toluene diamine by contacting the toluene
      diamine with at least 4 but preferably 6 moles of ammonium bisulfate per
      mole of toluene diamine in aqueous solution at a temperature of about
      200.degree. to 300.degree.C., preferably 220.degree.C., for a time
      sufficient to hydrolyze the toluenediamine to methyl resorcinol. The
      aqueous solution is then cooled and the product methyl resorcinol
      extracted using a suitable organic inert solvent. The reaction may be
      expressed as
      ##SPC1##
PAL  Hydrolysis may be repeated by reheating the reaction mixture after
      extraction, or the ammonium sulfate can be regenerated for reuse in the
      reaction by evaporating the water and heating the melt of the mixed
      ammonium sulfates at a temperature of 310.degree. to 450.degree.C. Upon
      cooling the resulting ammonium bisulfate is dissolved in water, adjusted
      to the desired concentration and recycled to the reaction zone. The
      solvent solution from the extraction step is evaporated to give
      substantially pure methyl resorcinol.
PAC  DETAILED DESCRIPTION
PAR  In accordance with this invention, toluene diamine is hydrolyzed in an
      aqueous medium through the use of ammonium bisulfate to produce methyl
      resorcinol. The by-product salt can be regenerated to ammonium bisulfate
      for reuse in the process.
PAR  The composition of the hydrolysis medium is of particular importance. A
      minimum of 4 but preferably 6 moles of ammonium bisulfate based on the
      number of moles of toluene diamine is necessary in order to provide a
      reasonable yield of methyl resorcinol in a single hydrolysis reaction. The
      hydrolysis can be carried out in one step or it can be continued
      sequentially by terminating the reaction, cooling, extracting the product
      and reheating the hydrolysis mixture without further addition of
      reactants. A one-step hydrolysis is desirable from the standpoint of ease
      and efficiency of operation, although an increase in yield can be achieved
      by a second hydrolysis of the reaction mixture after removing the product
      from the first hydrolysis. From the standpoint of obtaining high yields in
      a single hydrolysis step, the use of high concentrations of ammonium
      bisulfate up to the point of saturation of the aqueous solution is
      desirable. With high concentrations, a practical problem arises in the
      handling of large quantities of salt.
PAR  Water must be present in an amount sufficient to provide for hydrolysis and
      also to serve as a diluent or solvent for the toluene diamine ammonium
      bisulfate and the methyl resorcinol and ammonium sulfate formed during the
      course of the reaction. At least 40, but preferably 60, moles of water per
      mole of toluene diamine must be present to dissolve sufficient quantities
      of ammonium bisulfate. As the concentration of ammonium bisulfate is
      increased, more water, up to about 120 moles, is required. The use of
      excess water results in a practical problem of water removal during the
      ammonium bisulfate regeneration step.
PAR  The reaction temperature can vary over a wide range between about
      200.degree. to 300.degree.C. At temperatures below about 200.degree.C. an
      unduly long reaction time is required and the yields are generally low. As
      the temperature is increased the pressure must be correspondingly
      increased to maintain the reaction medium in the aqueous phase. At
      temperatures as high as 300.degree.C. a steam pressure of up to about 1500
      psig is required for this purpose and there is some danger of resin
      formation if the contact time is too long. No advantage is obtained by
      increasing or decreasing the pressure to a value other than that
      sufficient to provide for a liquid reaction medium. To avoid the use of
      considerable pressure, with the corresponding equipment requirements,
      temperatures in the range of 220.degree. to 260.degree.C. are preferred.
PAR  The reaction time or contact time varies primarily with the temperature and
      to a lesser extent with the mole ratio of the reactants. At a minimum
      temperature, e.g., 200.degree.C., a per pass reaction time of 8 hours is
      ordinarily required. At 220.degree.C. effective results from the
      standpoint of yield are obtained using a two pass hydrolysis reaction and
      a reaction time of 5 hours per pass. Also at 220.degree.C. good results
      are obtained in a single pass hydrolysis step if the reaction time is
      extended to 7 or 8 hours. At temperatures about 250.degree.C., hydrolysis
      can occur in 5 minutes to a half hour. From a practical standpoint an
      overall per pass hydrolysis time can be considered to be from 5 minutes to
      8 hours.
PAR  Hydrolysis is carried out in a zone which is resistant to any substantial
      attack by the ammonium bisulfate or toluene diamine. At very low
      temperatures within the useful range an ordinary glass lined Pfaudler
      kettle can be used. When higher temperatures are required, other
      construction materials become necessary. At temperatures up to
      220.degree.-230.degree.C. Teflon lined reactors are effective. Higher
      temperature ranges require the use of more durable equipment, such as
      tantalum lined reactors.
PAR  After the period of hydrolysis, the reaction mixture is cooled to prevent
      resinification of the product in the acidic aqueous reaction mixture and
      to enable the separation of the by-product of organic solvent extraction.
      Any substantially water-immiscible solvent which will dissolve the methyl
      resorcinol is useful. Ethyl ether is the preferred solvent.
PAR  The organic solvent phase is then separated from the reaction mixture by
      decantation and the product is removed from the solvent by distillation or
      evaporation of the solvent.
PAR  After removal of the methyl resorcinol product, the remaining aqueous
      reaction mixture can be reheated to the hydrolysis temperature for a
      second or even a third hydrolysis step. The second and subsequent
      hydrolysis steps are carried out as before by heating the reaction mixture
      to the appropriate temperature of hydrolysis for the desired period of
      time, cooling and removing the product resorcinol by solvent extraction.
PAR  Ammonium sulfate by-product is regenerated for reuse in the process by
      removing the residual water from the remaining reaction mixture and
      heating the molten salt, primarily mixed ammonium sulfate, and ammonium
      bisulfate at atmospheric pressure at a temperature between 310.degree. to
      450.degree.C. At temperatures below 310.degree.C. an unduly long time is
      required to effect decomposition. No practical advantages are seen in
      using temperatures higher than 450.degree.C. and above this temperature
      the bisulfate tends to decompose. At 330.degree.C., 75 to 95 percent of
      the ammonium sulfate is converted in a few minutes to ammonium bisulfate.
      Slightly higher conversions are obtained at higher temperatures although
      this advantage is offset by the increased equipment cost required. During
      the decomposition of the ammonium sulfate, residual organic materials may
      be pyrolyzed to black granules resembling activated charcoal. This
      charcoal-like material is easily removed by dissolving the product in
      water followed by a filtration step. The ammonia formed during the
      decomposition can be recovered and used in other chemical processes. The
      clear, filtered salt solution, the salt portion of which 75 to 95  percent
      ammonium bisulfate, is adjusted to the desired concentration and is
      recycled to the reaction mixture for hydrolysis of additional toluene
      diamine.
PAR  My invention is further illustrated by the following examples.
DETD
PAC  EXAMPLE I
PAR  A commercially available mixture of toluene diamine isomers was hydrolyzed
      to methyl resorcinol using ammonium bisulfate. To this end, a reactor was
      charged with toluene diamine (24.2 g, 0.2 mole) analyzing 20 % of the 2,6
      diamino toluene isomer and 80% of the 2,4 diamino toluene isomer, ammonium
      bisulfate (138 g., 1.2 moles) and water (216 g., 12 moles) was heated to
      220.degree.C. for 5 hours. The amber colored reaction mixture was cooled
      and was shaken with ethyl ether twice for two extractions (2 .times. 200
      ml). The aqueous solution after boiling to remove dissolved ether was
      heated again for 5 more hours at 220.degree.C. The reaction mixture was
      cooled and was extracted with ether in two extractions (2 .times. 200 ml).
      The ether solutions were stripped to dryness on a steam bath leaving the
      nearly white solid of mixed methyl resorcinol isomers. The first ether
      extract gave 16.0 g. of methyl resorcinol and the second ether extract
      gave 3.6 g. of methyl resorcinol for a total yield of 81.4 percent. The
      mixture was purified by strip distillation through a 30 inch by 5/8 inch
      stainless steel cannon packed column (bp 139.degree.C. at 5 min.). The
      distillate was subjected to V.P.C. analysis and was found to be a mixture
      of 19 percent of the 2-methyl resorcinol and 81 percent of the 4-methyl
      resorcinol.
PAR  The aqueous reaction medium remaining after the ether extraction was
      decomposed to provide bisulfate for recycling. The inorganic sulfates
      present after evaporating the effluent to a dry salt then was heated in an
      oil bath and could be stirred easily after reaching 146.degree.C. which is
      the melting point of ammonium bisulfate. Heating was continued until a
      temperature of 312.degree.C. was reached and the melt was held at
      312.degree.C. for about 15 minutes. Any organic material in the effluent
      was converted to fine carbonaceous particles during the heating of the
      melt. The thermally treated salt mixture was taken up in water and the
      black mixture filtered. After filtering, the ammonium bisulfate solution
      was clear. Evaporation of the filtrate gave light yellow ammonium
      bisulfate crystals for reuse in further hydrolysis.
PAC  EXAMPLE II
PAR  The reactor was charged with the following:
PA1  24.2 g. (0.2 m) 2,4-toluenediamine
PA1  216 g. H.sub.2 O (12.0 m)
PA1  138 g. NH.sub.4 HSO.sub.4 (1.2 m) The charge was heated at 220.degree.C.
      for 6 to 7 hours for the hydrolysis. The product was filtered and the
      filtrate extracted twice with 200 ml each of ethyl ether. Evaporation of
      the ether to dryness gave 17.1 g. (69 percent) of nearly white 4-methyl
      resorcinol. The aqueous phase remaining after the ether extraction was
      subjected to a second hydrolysis treatment like the first and gave 33 g.
      more of methyl resorcinol for a total of 20.4 g. a 82.5% yield of 4-methyl
      resorcinol (99+ percent purity by gas chromatography).
PAC  EXAMPLE III
PAR  The following was charged to a reactor:
PA1  24.2 g. of (0.2 m.) 2,6 toluenediamine
PA1  216 g. (12.0 m.) of H.sub.2 O
PA1  138 g. (1.2 m.) of NH.sub.4 HSO.sub.4
PAL  The solution was heated at 220.degree.C. for 5 hours for the hydrolysis
      reaction. Then the reaction mixture was filtered to remove a small amount
      of tar. The filtrate extracted twice with 200 ml of ethyl ether each time
      and the ether evaporated to dryness to give 15 g. of nearly white solid of
      2-methyl resorcinol. The aqueous phase remaining after the ether
      extraction was again heated in the reactor for further hydrolysis for 5
      hours more and the methyl resorcinol removed by ether extraction in the
      same manner as the first hydrolysis to give 4.1 g. more of 2-methyl
      resorcinol. The total yield on two passes at hydrolysis was 77 percent.
      Analysis by gas chromatography showed it to be 99+ percent pure.
PAR  The foregoing has provided a convenient process for the production of
      methyl resorcinol.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of making methyl resorcinol comprising:
PA1  a. contacting toluene diamine with ammomium bisulfate in an aqueous
      solution that contains 4 to 12 moles of ammonium bisulfate per mole of
      toluene diamine and 40 to 120 moles of water per mole of toluene diamine
      and that is at a temperature of 200.degree. to 300.degree.C. for a period
      of one-half to eight hours to hydrolyze said toluene diamine to methyl
      resorcinol,
PA1  b. cooling said hydrolysis reaction mixture, and
PA1  c. extracting said methyl resorcinol from said solution with a
      water-immiscible organic solvent.
NUM  2.
PAR  2. The method of claim 1 wherein the solution from which the methyl
      resorcinol has been extracted is maintained at a temperature of
      200.degree. to 260.degree.C. for an additional period of time to hydrolyze
      residual of said toluene diamine to methyl resorcinol.
NUM  3.
PAR  3. The method of making methyl resorcinol comprising:
PA1  a. contacting toluene diamine with ammonium bisulfate in an aqueous
      solution that contains 4 to 12 moles of ammonium bisulfate per mole of
      toluene diamine and 40 to 120 moles of water per mole of toluene diamine
      and that is at a temperature of 200.degree. to 260.degree.C. for a period
      of one-half to eight hours to hydrolyze said toluene diamine to methyl
      resorcinol.
PA1  b. cooling said hydrolysis reaction mixture,
PA1  c. extracting said methyl resorcinol from said solution with an inert
      water-immiscible organic solvent, thereafter
PA1  d. evaporating the water from said solution to obtain a residue consisting
      essentially of ammonium sulfate and ammonium bisulfate, and
PA1  e. heating said residue to an elevated temperature of 210.degree. to
      450.degree.C. to convert said ammonium sulfate to ammonium bisulfate for
      reuse to hydrolyze more toluene diamine to methyl resorcinol.
NUM  4.
PAR  4. A method of making 4-methyl resorcinol comprising:
PA1  a. contacting 2,4-toluene diamine with ammonium bisulfate in an aqueous
      solution that contains 4 to 12 moles of ammonium bisulfate per mole of
      2,4-toluene diamine and 40 to 120 moles of water per mole of 2,4-toluene
      diamine and that is at a temperature of 200.degree. to 300.degree.C. for a
      period of one-half to eight hours to hydrolyze said 2,4-toluene diamine to
      4-methyl resorcinol,
PA1  b. cooling said hydrolysis reaction mixture, and
PA1  c. extracting said 4-methyl resorcinol from said solution with a
      water-immiscible organic solvent.
NUM  5.
PAR  5. The method of claim 4 wherein the solution from which the 4-methyl
      resorcinol has been extracted is maintained at a temperature of
      200.degree. to 260.degree.C. for an additional period of time to hydrolyze
      residual of said toluene diamine to 4-methyl resorcinol.
NUM  6.
PAR  6. A method of making 2-methyl resorcinol comprising:
PA1  a. contacting 2,6 toluene diamine with ammonium bisulfate in an aqueous
      solution that contains 4 to 12 moles of ammonium bisulfate per mole of
      toluene diamine and 40 to 120 moles of water per mole of toluene diamine
      and that is at a temperature of 200.degree. to 300.degree.C. for a period
      of one-half to eight hours to hydrolyze said 2,6-toluene diamine to 2
      -methyl resorcinol,
PA1  b. cooling said hydrolysis reaction mixture, and
PA1  c. extracting said 2-methyl resorcinol from said solution with a
      water-immiscible organic solvent.
NUM  7.
PAR  7. The method of claim 6 wherein the solution from which the 2-methyl
      resorcinol has been extracted is maintained at a temperature of
      200.degree. to 260.degree.C. for an additional period of time to hydrolyze
      residual of said toluene diamine to 2-methyl resorcinol.
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PAL  A process for the preparation of nitrophenols by adding over a period of
      time a suspension containing from about 4 to about 20 per cent
      weight/volume of nitrosated phenol to a nitric acid solution containing
      between 45 and 100 per cent by weight of nitric acid, said solution being
      maintained at a temperature in the range from about 45.degree. to
      100.degree.C.
PARN
PAR  This application is a continuation of Ser. No. 880,981 filed Nov. 28, 1969,
      now abandoned.
BSUM
PAR  The invention relates to improvements in or relating to processes for the
      preparation of nitrophenols.
PAR  The direct nitration of phenols to produce mono- and polynitro derivatives
      is a highly exothermic and vigorous reaction which can be controlled only
      with great difficulty. As a consequence, this operation is hazardous and,
      in addition, the purity of the product may be variable. It has, therefore,
      been found necessary in the preparation of nitrophenols to avoid the
      direct nitration of the phenol and to employ processes which initially
      form an intermediate compound which may then be nitrated. Phenol, for
      instance, is first sulphonated to form a mixture of phenolsulphonic acids
      which are then nitrated to produce picric acid (2, 4, 6strinitrophenol).
      Resorcinol is treated similarly to give styphnic acid, and phloroglucinol
      is firstly converted to a triacetoxy derivative which is nitrated to
      produce trinitrophloroglucinol. These additional steps in the process are
      both time-consuming and costly as they involve the preparation and
      separation of intermediate compounds and sometimes introduce other
      difficulties associated with the use of mixed mineral acids.
PAR  Another method of preparing nitro-phenols is by hydrolysis of an
      appropriate halogeno derivative. Thus 2,4-dinitrochlorbenzene is
      hydrolysed by aqueous alkali to give, 2,4-dinitrophenol, which may be
      subsequently nitrated to picric acid. Similarly, tribromo-trinitro-benzene
      may be hydrolysed to give trinitro-phloroglucinol. These processes do not
      offer significant savings in time and labour, and the action of the alkali
      on the nitro groups may be such as to introduce unwanted decomposition
      products thus giving impure products.
PAR  It has now been found that nitrophenols may be prepared in a cheap and
      convenient way in a high state of purity, uncontaminated with sulphate or
      chloride anions, by passing a suspension or slurry of the nitroso
      derivative of the phenol into nitric acid to provide the required
      nitrophenol.
PAR  According to the invention, there is provided a process for the preparation
      of nitrophenols comprising, adding over a period of time, a liquid
      suspension containing from about 4 to about 20 percent weight/volume of
      the nitrosated phenol to a nitric acid solution containing between 45 and
      100 percent by weight of nitric acid, said solution being maintained at a
      temperature in the range from about 45.degree. to 100.degree.C preferably
      between 45.degree. and 75.degree.C.
PAR  The oxidation of the nitrosophenol is finally completed by maintaining the
      reactants at a temperature normally between about 80.degree. and
      100.degree.C for a sufficient time normally 1 to 3 hours to ensure the
      complete conversion of the nitrosophneol to the required nitro compound.
PAR  For the preparation of styphnic acid, it has been found that a liquid
      suspension containing about 5 to about 15 percent weight/volume of the
      nitroso resorcinol may be used and a preferred temperature range of the
      nitric acid solution is between about 55.degree. to 60.degree.C.
PAR  Nitrosophenols which may be nitrated by the process of the invention may be
      derived from mono- and polyhydric phenols with a single or multi-ring
      nucleus. The hydrogen atoms of the nucleus may be substituted in positions
      other than those in which it is desired to insert a nitro-group. Such
      substituents include alkyl groups, ether groups or a group capable of
      polymerising to produce a polymeric compound.
PAR  The nitrosophenol for use in the process of the invention may contain one
      or more nitroso groups. Thus, for instance, mono-nitroso phenol may be
      used as the starting material for mono-nitrophenol or dinitrophenol - the
      final product being dependent on the reaction conditions -- and
      2,4-dinitrosoresorcinol may be used in the preparation of styphnic acid
      (2,4,6 -trinitroresorcinol).
PAR  The process of the invention is particularly suitable for the preparation
      of the trinitro derivatives of phenol, resorcinol, phloroglucinol, anisole
      and phenetole from mono-nitrosophenol, dinitrosoresorcinol,
      trinitrosophloroglucinol, mono-nitroso anisole and mono-nitrosophenetole
      respectively.
PAR  The term liquid suspension in the specification includes suspensions in
      water and in mineral acids diluted with water and the proportion in the
      suspension or slurry quoted as percentage weight/volume is defined as the
      number of grammes of solid in 100 ml. of liquid.
PAR  It will be appreciated that the temperature and concentration of the acid
      and the concentration of the suspension or slurry are inter-related. Thus,
      for instance, the temperature of the acid may be at the lower end of the
      range when the acid concentration is relatively high and especially when
      the slurry concentration is also relatively high. It is essential,
      however, that the critical temperature of the acid and hence the reaction
      temperature is sufficiently high to ensure that the reaction takes place
      soon after the admixture of the reactants without an induction period to
      avoid a violent uncontrolled reaction. The temperature of the acid bath
      may be controlled by any known means such as an external bath and/or
      variations in the rate of addition of the slurry. The dilution of nitric
      acid solution by water, especially those solutions containing 70 or more
      percent by weight of nitric acid is accompanied by an evolution of heat
      and the addition of the nitrosophenol slurries into such solutions should
      be made slowly to avoid an uncontrollable rise in temperature.
PAR  It has been found that the nitroso derivatives may be more easily oxidised
      when there are a plurality of hydroxyl groups on the phenol nucleus. Thus,
      the nitroso derivatives of phloroglucinol are conveniently converted to
      trinitrophloroglucinol by the action of 65 percent nitric acid over 30
      minutes at 50.degree.C whereas dinitrosophenol requires stronger acid over
      a period of several hours at 90.degree.C to effect complete conversion to
      picric acid.
PAR  Intermediate nitrophenols such as mono- and di-nitrophenols, for instance
      dinitroresorcinol and dinitrophenol, may be prepared by the process of the
      invention by variation of one or more of the reaction conditions of acid
      concentration, temperature and time. In particular, the lower reactivity
      of the monohydric phenols permits the isolation of such intermediates, for
      instance, 2,4-dinitrophenol, in a high state of purity.
PAR  Whereas, it is normally more convenient to add the nitrosophenol slurry to
      the acid bath in conditions of maximum temperature and acid concentration
      to give, with safety, the minimum reaction time, the process of the
      invention may be adapted in certain circumstances to allow the
      nitrosophenol slurry to be passed into nitric acid of low acid strength
      and at a low temperature to effect a partial nitration of the phenol. This
      partially nitrated product may then be separated from the mother liquor by
      filtration or any other means and subsequently further nitrated using
      highly concentrated acid at a higher temperature. For instance,
      2,4-dinitrophenol produced by such a nitrosation/oxidation process is in
      the form of small spherical granules. These granules are particularly
      suitable for decantation of filtration and, in addition, markedly reduce
      the danger of inhalation of toxic dust thus reducing the health hazard
      which is normally present in the manufacture of this material.
PAR  In one aspect of the invention, the phenol is nitrosated by known means as
      for instance a mixture of acid and sodium nitrite and the resultant slurry
      of the nitroso-compound is passed into a nitration/oxidation bath of the
      required concentration and temperature. The proportions of the initial
      reactants may be so chosen to ensure that the suspension contains from
      about 4 to about 20 percent of the nitrosophenol. Using this method, 1
      mole styphnic acid has been prepared from resorcinol in 85 percent yield
      in four hours in a simple plant as the solution contains only one mineral
      acid and not a mixture of at least two.
PAR  By comparison a similar yield by the sulphonation/nitration process
      required ten hours and, as sulphuric acid was also present, there were
      also problems associated with the use of mixed mineral acids.
PAR  Alternatively, the aqueous suspension may be reduced in volume by
      filtration, decantation or any other known means.
PAR  Similarly, this method has been used successfully to prepare picric acid
      and trinitrophloroglucinol from phenol and phloroglucinol respectively. It
      is well known that there are distinctive differences in the rate of
      nitrosation of phenols. It is therefore possible by the limitation of the
      amount of nitrosating agent to prepare mono- , di- or tri-nitrose
      compounds. Thus by the careful selection of the nitroso compound and the
      reaction condition of acid concentration and temperature; it is possible
      to prepare mono- or other nitrophenols.
PAR  Phenols for use in this aspect of the invention may be added to the
      solution as such or when the phenol to be used in relatively insoluble in
      aqueous solutions, e.g. phenol itself or phloroglucinol, it may be added
      as a salt, preferably the sodium or potassium salt.
PAR  In another aspect of the invention, there is provided a process for the
      preparation of nitrophenols wherein the phenol is firstly sulphonated,
      then nitrosating the sulphonated product and passing the resultant slurry
      into nitric acid of the required concentration. For instance, resorcinol
      may be firstly sulphonated and then nitrosated to give
      2,4-dinitrosoresorcinol. The latter compound may then be passed as a
      slurry into nitric acid to give styphnic acid.
PAR  The nitrophenols made by the process of the invention may be used as
      explosives or propellants or may be used in the preparation of dye stuffs.
PAR  The invention is illustrated by the following examples:-
DETD
PAC  EXAMPLE 1
PAR  47 gm. phenol was dissolved at room temperature in a solution of 21 gm.
      sodium hydroxide and 43 gm. sodium nitrite in 500 ml water with stirring
      in a suitable flask. 500 gm. crushed ice was added, and then 400 ml of
      nitric acid (26 percent w/v) added slowly at a rate such that the
      temperature remained below 40.degree.C. The addition took about 20
      minutes. The solution was held at about 5.degree.C for 30 minutes, and
      then the resultant slurry of nitrosophenol (4.4 percent w/v) was pumped in
      to a reaction vessel containing 200 ml of hot nitric acid (60 percent
      w/v). The temperature of the oxidizing mixture was kept at
      60.degree.-70.degree.C by sparging steam into an external bath, and by
      adjusting the rate of the addition to the cold slurry. The addition took
      about 15 minutes. During the first part of the addition there was a
      moderate evolution of nitrous fumes, and these were removed by passing a
      stream of air through the vessel. The mixture was held at 90.degree.C for
      1.5 hours, then cooled to ambient temperature and the 2,4-dinitrophenol
      filtered, washed with water, and dried m.p. 113.5.degree.C. Yield 79
      percent.
PAC  EXAMPLE 2
PAR  47 gm. phenol was dissolved at room temperature in a solution of 21 gm
      sodium hydroxide and 43 gm sodium nitrite in 100 ml of water, and the
      resultant solution added slowly to a mixture of 150 ml nitric acid (70
      percent w/v) and 400 gm crushed ice, while keeping the temperature below
      5.degree.C. The addition took about 40 minutes. The mixture was held at
      15.degree.C for 30 minutes and then treated with 200 ml nitric acid (70
      percent w/v). The mixture was held at 65.degree.C for 1 hour and at
      91.degree.C for 2 hours, then cooled and the 2,4-dinitrophenol filtered,
      washed with water, and dried. Yield 70 percent.
PAC  EXAMPLE 3
PAR  The conditions and quantities used were identical with those of Example 1,
      except that 21.5 gm of sodium nitrite were used. The yield of
      2,4-dinitrophenol was 71 percent.
PAC  EXAMPLE 4
PAR  The conditions and quantities used were identical with those of Example 1,
      except that 86 gm of sodium nitrite were used. The yield of
      2,4-dinitrophenol was 74 percent.
PAC  EXAMPLE 5
PAR  47 gm. phenol was dissolved at room temperature in a solution of 21 gm.
      sodium hydroxide and 43 gm. sodium nitrite in 500 ml water in a suitable
      flask. 400 ml nitric acid (26 percent w/v) were added slowly, using
      external cooling to keep the temperature below 0.degree.C. The solution
      was held at about 5.degree.C for 30 minutes and the resultant slurry of
      nitrosophenol (6.9 percent w/v) was pumped into a vessel containing 1
      litre of hot fuming nitric aicd (d 1.49). The temperature was held at
      50.degree.-60.degree.C by alternate use of external heating and cooling
      and by adjustment of the rate of addition. The mixture was heated at
      96.degree.C for 3 hours, then cooled, and the picric acid filtered, washed
      with water, and dried, m.p. 121.degree.C. Yield 65 percent.
PAC  EXAMPLE 6
PAR  The conditions and quantities used were identical with those of Example 1,
      except that after filtration the 2,4-dinitrophenol was added to 200 ml of
      nitric acid (84 percent w/v) and heated at 95.degree.C for 3 hours before
      being cooled and filtered to give pure picric acid, m.p. 123.1.degree.C.
      Yield 60 percent.
PAC  EXAMPLE 7
PAR  The conditions and quantities used were identical with those of Example 6,
      except that 350 ml of nitric acid (60 percent w/v) were used for the
      second stage. Yield of picric acid 76.5 percent, m.p. 123.0.degree.C.
PAC  EXAMPLE 8
PAR  92 gm of crude picric acid, m.p. 113.2.degree.C was dissolved in 100 ml of
      fuming nitric acid (d 1.49) at room temperature. The solution was held at
      20.degree.C for 10 minutes, and then diluted slowly with 100 ml ice-water
      to precipitate pure poric acid, m.p. 123.1.degree.C, recovery 89 percent.
PAC  EXAMPLE 9
PAR  The conditions and quantities used were identical with those of Example 6,
      except that 150 ml of recrystallization liquor (of. Example 8) were used
      for the second stage. Yield of picric acid 93.0 percent, m.p.
      117.3.degree.C; after recrystallization m.p. 122.3.degree.C, recovery 86
      percent.
PAC  EXAMPLE 10
PAR  The conditions and quantities used were identical with those of Example 6,
      except that a solution of recrystallization liquor in water was used for
      the first stage. Yield of picric acid 79.1 percent, m.p. 105.8.degree.C;
      after recrystallization m.p. 122.8.degree.C, recovery 87 percent.
PAC  EXAMPLE 11
PAR  The conditions and quantities were identical with those of Example 1,
      except that the oxidation was made with 300 ml of nitric acid (60 percent
      w/v) over 3 hours at 95.degree.C. The product was a mixture of
      2,4-dinitrophenol and picric acid, m.p. 80.degree.C.
PAC  EXAMPLE 12
PAR  10.8 gm m-Cresol was dissolved at room temperature in a solution of 7.5 gm
      sodium nitrite and 4.0 gm sodium hydroxide in 20 ml water, and added
      dropwise to a mixture of 10 ml fuming nitric acid and 50 gm crushed ice,
      keeping the temperature below 0.degree.C. The mixture was held at
      5.degree.C for 15 minutes, and then as a 10.5 percent w/v slurry pumped
      into 50 ml of hot nitric acid (60 percent w/v). The mixture was held at
      95.degree.C for 1.5 hours, then cooled to ambient temperature, and the
      methylpicric acid filtered, washed with water, and dried. Yield 55
      percent.
PAC  EXAMPLE 13
PAR  22 Kgm of resorcinol, 84 litres of nitric acid (16.5 percent w/v) and 190
      Kgm of crushed ice were placed in a suitable stainless steel vessel fitted
      with a stirrer. When the resorcinol had dissolved, a solution of 30 Kgm
      sodium nitrite in 183 litres of water was added over 35 minutes, vigorous
      stirring being used to prevent local overheating. The resultant ice-cold
      slurry of dinitrosorescorcinol monohydrate (8.2 percent w/v) was pumped
      into 80 litres of hot nitric acid (60 percent w/v) over 2 hours, while the
      temperature was maintained at 60 .+-.  5.degree.C and adequate stirring
      was used. The reaction mixture was then heated to 82.degree.C over 15
      minutes and stirred for a further 45 minutes while the temperature was
      slowly raised to 97.degree.C. The mixture was then cooled to 15.degree.C
      over 5 minutes and the styphnic acid filtered off, washed with water and
      dried. Yield 46 Kgm (94 percent),
PAC  EXAMPLE 14
PAR  The conditions and quantities were identical to those used in Example 13,
      except 300 Kgm crushed ice were added, to give a slurry of 6.4 percent
      w/v. The yeidlwas 87.2 percent.
PAC  EXAMPLE 15
PAR  110 gm resorcinol were dissolved at room teperature in 68 ml of fuming
      nitric acid and 1,650 ml water with stirring in a suitable flask. 2,000 gm
      crushed ice were added and then a solution of 150 gm sodium nitrite in 370
      ml water was added at such a rate that the temperature of the vigorously
      stirred mixture remained between 0.degree. and 5.degree.C. The addition
      took about 20 minutes. Ice in an external bath was used for temperature
      control. The reactants were held at about 5.degree.C for 30 minutes and
      2750 ml of nitrosation liquor were filtered off -- filtration being easy.
      The remaining slurry of dinitrosoresorcinol monohydrate (14.1 percent w/v)
      was pumped into a reaction vessel containing 370 ml of nitric acid (60
      percent w/v) held at a temperature of 55.degree.-60.degree.C. The addition
      took about 30 minutes. After the addition, the mixture was held at a
      temperature of 60.degree.C for a further 30 minutes and then heated to
      95.degree.C over 45 minutes. The mixture was cooled to ambient
      temperature, and the styphnic acid was filtered, water washed and dried.
      Yield 85 percent.
PAC  EXAMPLE 16
PAR  110 gm resorcinol were dissolved at room temperature in a solution of 68 ml
      of fuming nitric acid (d 1.50) in 325 ml water in a three litre flask.
      1,500 gm crushed ice were added and then a solution of 150 gm of sodium
      nitrite in 370 ml water at such a rate that the temperature of the
      vigorously stirred mixture remained between 0.degree. and 5.degree.C. The
      addition took about 30 minutes. The mixture was held at about 5.degree.C
      for 30 minutes and then the resultant slurry of dinitrosoresorcinol
      monohydrate (8.3 percent w/v) was pumped into a reaction vessel containing
      400 ml nitric acid (60 percent w/v). The temperature of the oxidizing
      mixture was kept at 55.degree.-60.degree.C by sparging steam into an
      external bath and by adjusting the rate of the addition of the cold
      slurry. The addition took about 30 minutes. Copious nitrous fumes were
      evolved during the first part of the addition and these were removed by a
      stream of air passing through the flask. The mixture was held at
      60.degree.C for a further 30 minutes and then heated to 95.degree.C over a
      period of 45 minutes. The mixture was then cooled to ambient temperature,
      filtered and the styphnic acid washed with water and dried. Yield 90
      percent.
PAC  EXAMPLE 17
PAR  16.2 gm of phloroglucinol was dissolved at 30.degree.C in a solution of
      27.6 gm sodium nitrite and 8.0 gm sodium hydroxide in 25 ml water, and
      added slowly to a mixture of 21 ml fuming nitric acid (d 1.51) and 108 gm
      crushed ice, vigorous stirring being used to ensure that the temperature
      remained below 5.degree.C. The mixture was held at 15.degree.C for 20
      minutes, and then pumped as a 14.6 percent w/v slurry into 100 ml of hot
      nitric acid (65 percent w/v) at 50.degree.C. The mixture was cooled to
      0.degree.C and trinitrophloroglucinol filtered, washed with a little
      water, and dried. Yield 73 percent.
PAC  EXAMPLE 18
PAR  A solution of 690 ml nitric acid (70 percent w/v) in 750 ml ice-water was
      slowly pumped into a vigorously stirred solution of 324 gm phloroglucinol,
      160 gm sodium hydroxide and 455 gm sodium nitrite in 1500 ml water. The
      temperature was maintained at 0.degree.-5.degree.C by an external cooling
      bath. The resultant slurry (17.6 percent w/v) of trinitrosophloroglucinol
      was held at 15.degree.C for 15 minutes, then pumped into 2,000 ml nitric
      acid (65 percent w/v) while keeping the temperature at 50.degree.C. The
      mixture was held at 50.degree.C for 45 minutes then cooled to 10.degree.C
      and the trinitrophloroglucinol filtered and washed with a little water.
      Yield 78.2 percent.
PAC  EXAMPLE 19
PAR  The conditions and quantities used were identical with those of Example 18,
      except that 2500 ml of nitric acid (65 percent w/v) was used for
      oxidation, and the oxidation temperature was 45.degree.C. Yield 74
      percent.
PAC  EXAMPLE 20
PAR  A solution of 130 ml nitric acid (70 percent w/v) in 200 ml ice-water was
      added slowly to a vigorously stirred solution of 75 gm 3-tertbutylphenol,
      20 gm sodium hydroxide and 37 gm sodium nitrite in 250 ml water. The
      temperature was maintained at 0.degree.-5.degree.C by an external cooling
      bath. The mixture was held at 10.degree.C for 30 minutes, then heated at
      100.degree.C for 1 hour to produce a suspension of a red-brown tar in an
      aqueous medium. The mixture was cooled, the aqueous phase decanted and
      replaced with 210 ml of nitric acid (50 percent w/v). This mixture was
      stirred at 100.degree.C for three hours then cooled to precipitate
      tertbutylpicric acid. Yield 70 percent.
PAC  EXAMPLE 21
PAR  A solution of 26 ml nitric acid (70 percent w/v) in 50 ml ice-water was
      added slowly to a solution of 12.6 gm 3-ethyl-5-methylphenol, 4 gm sodium
      hydroxide and 7.6 gm sodium nitrite in 75 ml water. The temperature was
      maintained at 0.degree.-5.degree.C by an external cooling bath. The
      resultant mixture was held at 10.degree.C for 10 minutes, then heated at
      100.degree.C for 90 minutes before being allowed to cool overnight. The
      aqueous phase was then decanted from the oil present, and replaced with 80
      ml nitric acid (60 percent w/v). The mixture was stirred at 65.degree.C
      for 1 hour, then cooled to precipitate crude ethylmethylpicric acid, which
      was purified by recrystallization from petroleum ether. Yield 45 percent.
PAC  EXAMPLE 22
PAR  A solution of 12.6 ml nitric acid (70 percent w/v) in 100 ml water was
      added slowly to a solution of 12.2 gm 3,5-dimethylphenol, 4 gm sodium
      hydroxide and 7 gm sodium nitrite in 150 ml water. The temperature was
      maintained at 0.degree.-5.degree.C by an external cooling bath. The
      mixture was held at 5.degree.C for 2.5 hours, and then concentrated by
      filtration. The resultant slurry (15 percent w/v) was added slowly to 100
      ml nitric acid (45 percent w/v) at 80.degree.C with vigorous stirring. The
      mixture was held at 80.degree.C for 45 minutes then cooled and filtered to
      give dimethyl-picric acid. Yield 72 per cent. percent. 23
PAR  A solution of 13 ml nitric acid (70 percent w/v) in 35 ml water was added
      slowly to a solution of 11.2 gm 3-methoxyphenol, 4 gm sodium hydroxide and
      7.5 gm sodium nitrite in 60 ml water, using vigorous stirring. The
      temperature was maintained at 0.degree.-5.degree.C by an external cooling
      bath. The resultant mixture (13.4 percent w/v slurry) was held at
      10.degree.C for 10 minutes, then pumped into 125 ml nitric acid (65
      percent w/v) at 50.degree.C. The mixture was stirred at 85.degree.C for 30
      minutes, then cooled to precipitate 4,6-dinitro-3-methoxyphenol as pink
      crystals, m.p. 110.degree.C. The mother liquor was decanted and the
      crystals added to hot nitric acid (98 percent w/v) on a steam bath; after
      10 minutes the solution was drowned to precipitate methyoxypicric acid,
      m.p. 85.degree.C. Yield 64 percent.
PAC  EXAMPLE 24
PAR  A solution of 72 gm 1-naphthol, 20 gm hydroxide and 38 gm sodium nitrite in
      250 ml water was added slowly to a well stirred solution of 70 ml nitric
      acid (70 percent w/v) in 200 ml water. The mixture was maintained at
      0.degree.-5.degree.C by an external cooling bath. The mixture (8.1 percent
      w/v slurry) was held at 10.degree.C for 30 minutes, then pumped into a
      solution of 200 ml nitric acid (70 percent w/v) in 200 ml water at
      45.degree.C. The mixture was held at 50.degree.C for 1.5 hours then cooled
      to precipitate a mixture of 2-nitro-1-naphthol and 2,4-dinitro-1-naphthol,
      which was separated by chromatography.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the preparation of polynitrophenols comprising adding over
      a period of time sufficient to form said polynitrophenols, a liquid
      suspension containing from about 4 to about 20 percent weight/volume of a
      nitrosated phenol selected from the group consisting of nitrosated phenol,
      nitrosated m-cresol, nitrosated resorcinol, nitrosated phloroglucinol,
      nitrosated 3,5,dimethyl phenol, nitrosated 3-methoxy phenol and nitrosated
      naphthol to a nitric acid solution containing between 45 and 100 percent
      by weight of nitric acid, said solution being maintained at a temperature
      in the range from about 45.degree. to 100.degree.C., said nitrosated
      compound containing at least one nitroso group, said polynitrophenol
      containing at least the same number of nitro groups as nitroso groups on
      said nitrosated compound.
NUM  2.
PAR  2. The process according to claim 1, wherein the temperature of the
      reactants is subsequently raised to and maintained at a temperature
      between about 80.degree. and about 100.degree.C. for a sufficient time
      whereby the complete conversion of the nitrosophenol to the nitrophenol is
      ensured.
NUM  3.
PAR  3. The process according to claim 1, wherein the phenol is selected from
      the group consisting of phenol, resorcinol and phloroglucinol.
NUM  4.
PAR  4. The process according to claim 1, wherein the phenol is added to the
      initial reactants as a soluble salt.
NUM  5.
PAR  5. The process according to claim 4, wherein the soluble salt is selected
      from the group consisting of sodium and potassium salts.
NUM  6.
PAR  6. A process for the preparation of styphnic acid comprising adding a
      liquid suspension containing from about 4 to about 20 percent
      weight/volume of 2,4-dinitroso resorcinol over a period of time sufficient
      to form styphnic acid to a nitric acid solution containing between 45 and
      100 percent by weight of nitric acid, said solution being maintained at a
      temperature in the range from about 45.degree. to 100.degree.C.
NUM  7.
PAR  7. The process according to claim 6, wherein the liquid suspension contains
      from about 5 to about 15 percent weight/volume of dinitroso resorcinol and
      the nitric acid solution is maintained at a temperature in the range from
      about 45.degree. to about 75.degree.C.
NUM  8.
PAR  8. The process according to claim 7, wherein the nitric acid solution is
      maintained at a temperature in the range from about 55.degree. to about
      60.degree.C.
NUM  9.
PAR  9. A process for the production of picric acid comprising adding a liquid
      suspension containing from about 4 to about 20 percent weight/volume of
      mono-nitroso phenol over a period of time sufficient to form picric acid
      to a nitric acid solution containing between 45 and 100 percent by weight
      of nitric acid, said solution being maintained at a temperature in the
      range from about 45.degree. to 100.degree.C.
NUM  10.
PAR  10. A process for the production of trinitrophloroglucinol comprising
      adding a liquid suspension containing from about 4 to about 20 percent
      weight/volume of trinitrosophloroglucinol over a period of time sufficient
      to form trinitrophloroglucinol to a nitric acid solution containing
      between 45 and 100 percent by weight of nitric acid, said solution being
      maintained at a temperature in the range from about 45.degree. to
      100.degree.C.
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ABST
PAL  Phenols having an unsubstituted ortho position are transalkylated in the
      ortho position by mixing them with an ortho-alpha-branched alkylphenol
      (e.g., 2,6-di-sec-butylphenol) and an aluminum phenoxide catalyst and
      heating the mixture to 100.degree.-350.degree.C., preferably in a closed
      system and in the presence of olefin corresponding in structure to the
      ortho-alpha-branched alkyl group.
PARN
     This application is continuation-in-part of application Ser. No. 20,115,
      filed Mar. 16, 1970.
BSUM
PAC  BACKGROUND
PAR  A number of methods are available to alkylate phenols with alpha-branched
      alkyl groups. For example, the reaction of an olefin, such as propylene,
      isobutylene or butene, with phenol in the presence of an acid catalyst
      leads to a mixture of alpha-branched alkylphenols. In another method,
      described in U.S. Pat. No. 2,831,898, an aluminum phenoxide catalyst is
      employed which leads to selective orthoalkylation of the phenol. In either
      case, it frequently occurs that some of the coponents in the product
      mixture contain more alkyl groups than desired or have the alkyl groups
      substituted in the wrong position. For example, in the alkylation of
      phenol with butene using an aluminum phenoxide catalyst the product in
      greatest demand is generally o-sec-butyl-phenol. This is an intermediate
      in the production of 2,4-di-nitro-6-sec-butylphenol, a valuable selective
      herbicide. In the aluminum phenoxide catalyzed alkylation of phenol to
      prepare o-sec-butylphenol some polyalkylation occurs leading to, for
      example, 2,6-di-sec-butylphenol. In the past, unless some market could be
      found, the 2,6-di-sec-butylphenol was either discarded or, at best,
      subjected to a separate dealkylation process such as described by Kolka et
      al., J. Org. Chem., 22, 1957, or in British Pat. No. 940,378. The Kolka et
      al. dealkylation process is shown to be applicable to
      ortho-tert-butylphenol and the British Pat. No. 940,378 dealkylation
      process is said to be applicable to para alkylphenols. These methods of
      recovering phenol valve not only require a separate process step but also
      result in loss of dealkylated olefin.
PAR  Other related processes which are acknowledged are U.S. Pat. No. 3,418,380
      disclosing transalkylation of tert-butyl groups employing a sulfuric acid
      catalyst. Dealkylation of 4,6-di-tert-alkyl-m-cresol using an aluminum
      phenoxide catalyst is disclosed in U.S. Pat. No. 3,091,646.
      Transalkylation of p-cresol by 2,6-di-tert-butyl-p-cresol using a
      polystyrene sulfonic acid catalyst is disclosed in U.S. Pat. No.
      2,802,884. Other pertinent prior art is U.S. Pat. No. 2,578,597; U.S. Pat.
      No. 3,417,149; U.S. Pat No. 3,519,692; British Pat. No. 776,204 and
      British Pat. No. 1,062,298. Accordingly, a need exists for a process that
      can convert di-ortho-sec-alkylated phenols co-produced in alkylation
      processes to lower alkylated phenols and, at the same time, transfer the
      ortho-sec-alkyl group removed from the di-alkylated phenol to another
      phenolic compound to yield a more desirable product.
PAC  SUMMARY
PAR  According to the present invention, there is provided a process for
      transalkylating a phenol having an open ortho position by mixing this
      recipient phenol with an alpha-branched alkylphenol having at least one,
      and preferably two, alpha-branched alkyl groups in an ortho position, and
      then heating this mixture to about 100.degree.-350.degree.C. in the
      presence of an aluminum phenoxide catalyst.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A preferred embodiment of this invention is a process for transalkylating a
      phenol in a position ortho to a phenolic hydroxyl group, said phenol
      having at least one position on its phenolic benzene ring ortho to said
      phenolic hydroxyl group unsubstituted except for hydrogen, said process
      comprising mixing said phenol with an alpha-branched alkylphenol in which
      at least one alpha-branched alkyl group is bonded to the phenolic benzene
      ring of said alpha-branched alkylphenol ortho to its phenolic hydroxyl
      group and a catalytic amount of an aluminum phenoxide and heating the
      mixture to a temperature of from about 100.degree.-350.degree.C. In a
      simple form the transalkylation can be shown as follows:
      ##SPC1##
PAR  The phenol having an unsubstituted ortho position is referred to as the
      recipient phenol and is a phenol in which at least one position on the
      phenolic benzene ring ortho to the phenolic hydroxyl group is
      unsubstituted except for hydrogen. Some examples of these are:
PA1  o-cresol
PA1  2,4-xylenol
PA1  4-tert-butylphenol
PA1  2-n-eicosylphenol
PA1  p-phenylphenol
PA1  2-n-octyl-p-cresol
PA1  4-chloro-o-cresol
PA1  .alpha.-naphthol
PA1  o-isopropylphenol
PA1  2,4-di-sec-butylphenol
PA1  .beta.-naphthol
PA1  2,4-dinitrophenol
PA1  2,4-dibromophenol
PA1  p-methoxy-o-cresol
PA1  o-eicosyloxyphenol
PAR  The benefits of the process are most appreciated when the recipient phenol
      has both an unsubstituted ortho and para position because, under these
      circumstances, the process not only transalkylates but does so selectively
      in an ortho position. In the past, similar processes conducted on
      ortho-para unsubstituted phenols employing other catalysts such as
      sulfuric acid or Friedel-crafts catalysts have not resulted in selective
      ortho transalkylation, but rather, have given a mixture of products. Some
      examples of the preferred recipient phenols are as follows:
PA1  o-cresol
PA1  o-chlorophenol
PA1  o-bromophenol
PA1  o-nitrophenol
PA1  o-methoxyphenol
PA1  o-phenylphenol
PA1  o-n-butylphenol
PA1  o-isooctylphenol
PA1  o-n-eicosylphenol
PA1  o-isopropylphenol
PA1  o-sec-amylphenol
PA1  and the like
PAL  The most preferred recipient phenol is the compound phenol C.sub.6 H.sub.5
      OH.
PAR  The donor phenol is an ortho-alpha-branched alkylphenol which may be
      substituted in the remaining nuclear position with other groups. These can
      be illustrated by the formula:
      ##SPC2##
PAL  in which R.sub.1 is an alpha-branched alkyl group containing from 3 to
      about 50 carbon atoms, n is an integer from 0-4, and R.sub.2 can be a
      C.sub.1-20 aklyl, C.sub.6-20 cycloalkyl, C.sub.6-20 aryl, C.sub.7-20
      aralkyl, or a non-hydrocarbon group such as a halogen, nitro, C.sub.1-20
      alkoxy, or any other radical which does not interfere with the course of
      the reaction. The migrating or transalkylating group in the donor phenol
      of Formula I is represented by R.sub.1, the alpha-branched alkyl group. In
      a highly preferred embodiment R.sub.1 is a C.sub.3-50 -sec-alkyl group.
PAR  The donor phenol is preferably a polysubstituted phenol. The reason that
      the process is generally carried out with at least one substituuent other
      than R.sub.1, represented by R.sub.2 in Formula I, is not that the process
      won't operate without the further substituents but, rather, that there is
      generally no practical reason to carry out the process when the donor
      phenol has but a single substituent. For example, if the recipient phenol
      was phenol itself and the donor phenol was o-sec-butylphenol (a donor
      phenol unsubstituted except for the single ortho-alpha-branched alkyl
      group) then, even after the alpha-branched alkyl group
      ortho-transalkylated the recipient phenol, the final state would be the
      same as the initial state because the donor phenol would be converted to
      phenol. However, there may exist circumstances when a simple
      mono-substituted ortho-alpha-branched alkylphenol might be desired as the
      donor phenol. This could occur when the recipient phenol is a compound
      other than phenol itself.
PA1  Some examples of useful donor phenols are:
PA1  2-tert-butyl-p-cresol
PA1  2,4-diisopropylphenol
PA1  o-sec-butylphenol
PA1  o-tert-butylphenol
PA1  2,6-dicyclohexylphenol
PA1  2,6-di-sec-butyl-p-nitrophenol
PA1  2,4-di-tert-eicosylphenol
PA1  2,4-di(.alpha.-methylbenzyl)phenol
PA1  o-(.alpha.,.alpha.-dimethylbenzyl)phenol
PA1  2,4-di-tert-butylphenol
PA1  2,4,6-tri-sec-butylphenol
PA1  2-tert-eicosylphenol
PA1  2,4-di-sec-triacontylphenol
PA1  2-sec-tetracontylphenol
PA1  2-sec-pentacontylphenol
PA1  2,4,6-tri-tert-butylphenol
PA1  2-tert-butyl-4-methoxyphenol
PA1  2-sec-butyl-4-isopropoxyphenol
PA1  2-tert-octyl-4-eicosyloxyphenol
PA1  2,4-dichloro-6-tert-butylphenol
PA1  2-tert-butyl-4-chlorophenol
PA1  2-tert-butyl-6-bromophenol
PA1  2,6-diisopropyl-p-cresol
PA1  2,6-di-tert-butyl-p-nitrophenol
PA1  2-tert-amyl-p-phenylphenol
PAL  Of the above, the preferred are the hydrocarbon-substituted phenols.
PAR  A more preferred donor phenol is one in which there are at least two
      alpha-branched alkyl groups substituted in the phenol ring, at least one
      of which is ortho to the phenolic hydroxyl. In other words, at least one
      R.sub.2 in Formula I is an alpha-branched alkyl group containing about
      3-20 carbon atoms and n is at least 1. Some examples of these preferred
      donor phenols are:
PA1  2,4-di-tert-butylphenol
PA1  2,4,6-tri-tert-butylphenol
PA1  2,4-di-sec-butylphenol
PA1  2,4,6-tri-sec-butylphenol
PA1  2,4-dicyclohexylphenol
PA1  2,6-di-tert-octylphenol
PA1  2,6-di-tert-butyl-p-cresol
PA1  2,6-di-sec-butyl-p-chlorophenol
PA1  2,4-di-tert-butyl-p-methoxyphenol
PA1  2,4-di-sec-dodecylphenol
PA1  2,4-di-sec-eicosylphenol
PAR  A more preferred donor phenol is one having both positions ortho to the
      phenolic hydroxyl substituted with an alpha-branched alkyl group. Some
      examples of these are:
PA1  2,6-di-tert-butyl-p-cresol
PA1  2,4-di-tert-butyl-6-sec-butylphenol
PA1  2,6-di-sec-butyl-p-chlorophenol
PA1  2,6-diisopropyl-p-nitrophenol
PA1  2,4,6-tri-tert-octylphenol
PA1  2,6-di-tert-eicosyl-p-cresol
PAR  In the most preferred case the donor phenol is a 2,6-di-sec-alkylphenol.
      Some examples of this class of donor phenol are:
PA1  2,6-di-sec-pentylphenol
PA1  2,6-diisopropylphenol
PA1  2,6-di-sec-butylphenol
PA1  2,6-dicyclohexylphenol
PA1  2,6-di-sec-octylphenol
PA1  2,6-di-sec-dodecylphenol
PA1  2,6-di-sec-eicosylphenol
PA1  2,6-di-sec-triacontylphenol
PA1  2,6-di-sec-tetracontylphenol
PA1  2,6-di-sec-pentacontylphenol
PA1  2-isopropyl-6-sec-butylphenol
PAR  In a most highly preferred embodiment the donor phenol is
      2,6-di-sec-butylphenol and the recipient phenol is phenol itself. A very
      useful form of the 2,6-di-sec-butylphenol is as a mixture consisting
      essentially of about 0-15 weight percent o-sec-butylphenol, 50-90 weight
      percent 2,6-di-sec-butylphenol, 0-15 weight percent p-sec-butylphenol,
      1-15 weight percent 2,4-di-sec-butylphenol and 0-5 weight percent
      2,4,6-tri-sec-butylphenol obtained by distilling phenol and
      o-sec-butylphenol from the reaction product obtained by reacting phenol
      with butene in the presence of an aluminum phenoxide catalyst at a
      temperature of from about 100.degree.-500.degree.C., preferably from
      200.degree.-300.degree.C., in the manner described in U.S. Pat. No.
      2,831,898.
PAR  In general, from about 0.001 to 10 moles of donor phenol can be uitlized
      per mole of recipient phenol. Preferably, the recipient phenol is in molar
      excess. In other words, a more preferred range is from about 0.001 to 1
      mole of donor phenol per mole of recipient phenol.
PAR  The aluminum phenoxide catalyst is a compound having at least one phenoxide
      group bonded to an aluminum atom. The phenoxide radical may be derived
      from phenol or any of the donor or recipient phenols. For example, if the
      recipient phenol is paracreasol the aluminum phenoxide can be aluminum
      tris (p-methyl-phenoxide). Likewise, the aluminum phenoxide may correspond
      to the donor phenol. Frequently, because of the manner in which it is
      made, it is a mixture derived from both donor and recipient phenol.
      Furthermore, as the transalkylation proceeds, the nature of the aluminum
      phenoxide, being in dynamic equilibrium with the composition of the
      mixture, changes. This does not affect the operability of the process and
      is inherent in the process.
PAR  The aluminum phenoxide can be made by a variety of methods. For example,
      aluminum metal, either granular or ribbon, can be heated with a phenol to
      about 150.degree.-200.degree.C., causing the aluminum to react with
      evolution of hydrogen, forming an aluminum phenoxide. A small amount of
      mercuric chloride catalyzes this reaction. If desired, an aluminum alkyl
      such as triethyl aluminum can be added to the phenol, forming an aluminum
      phenoxide.
PAR  Generally, the aluminum phenoxide is an aluminum tris phenoxide, but this
      is not required. For example, the aluminum phenoxide can be made by adding
      aluminum chloride to the phenol and venting evolved hydrogen chloride,
      forming an aluminum phenoxide having the empirical formula: diphenoxy
      aluminum chloride. Likewise, small amounts of water in the phenol result
      in the formation of a phenoxy aluminum hydroxide such as diphenoxy
      aluminum hydroxide, which is also an active catalyst.
PAR  The amount of aluminum phenoxide should be sufficient to cause the
      transalkylation to proceed at a reasonable rate. Good results are achieved
      when from about 0.01 to 0.1 mole parts of aluminum are present as an
      aluminum phenoxide for each mole part of phenol (both donor and
      recipient). A preferred catalyst concentration range is from about 0.02 to
      0.04 mole parts of aluminum as an aluminum phenoxide per mole part of
      phenol.
PAR  The transalkylation can be conducted in a temperature range of from about
      100.degree.-350.degree.C. When the transalkylating group is a tertiary
      alkyl radical the preferred temperature range is from about
      100.degree.-200.degree.C., especially around 110.degree.-150.degree.C.
      When the transalkylating radical is a secondary alkyl group the preferred
      temperature range is from about 200.degree.-350.degree.C., especially
      about 225.degree.-275.degree.C.
PAR  The process is best carried out in a substantially closed system to prevent
      olefin and phenol from escaping and to give a higher transalkylation
      yield. When carried out in this manner, the donor and recipient phenol
      plus the catalyst can be merely mixed and heated in the closed system,
      allowing the pressure to seek its level under the particular conditions.
      In a more preferred embodiment from about 0.1-100 moles per mole of donor
      and recipient phenol of olefin corresponding in structure to the
      transalkylating alkyl group (R.sub.1 in Formula I) is added to further
      minimize the amount of escaping olefin. By corresponding in structure is
      meant having the same structure that the migrating alkyl would have if
      removed from the donor phenol and an olefinic double bond placed between
      the carbon atom formerly bonded to the phenol ring and an adjoining carbon
      atom. A few examples of representative alkyls and corresponding olefins
      are as follows: isopropyl-propylene; sec-butyl-butene-1or -2;
      tert-butyl-isobutylene.
PAR  The pressure in the closed system depends on the temperature and vapor
      pressure of the reactants, especially the olefin. A useful range to be
      anticipated is from 50 to about 1000 psig.
PAR  An especially facile method to carry out the process is to mix the donor
      and recipient phenols and the catalyst (or, alternatively, to form the
      catalyst in situ by adding aluminum or an aluminum alkyl and heating) and
      then heating the mixture in a closed system until the transalkylation has
      proceeded to a substantial degree and then adding olefin corresponding in
      structure to the desired alkyl group and continuing the alkylation in the
      manner prescribed in U.S. Pat. No. 2,831,898 until the yield of desired
      product is optimized.
PAR  The manner in which the process is carried out is illustrated by the
      following examples. All parts are by weight unless otherwise specified.
PAC  EXAMPLE 1
PAR  In a pressure reaction vessel equipped with stirrer and heating means was
      placed 188 parts of phenol and 6.4 parts of granular aluminum. The vessel
      was flushed with nitrogen, sealed and heated. At 182.degree.C., a reaction
      initiated, causing the temperature to rise sharply to 262.degree.C. This
      was the reaction of the aluminum with the phenol to form the aluminum
      phenoxide catalyst. The vessel was then cooled and evolved hydrogen
      vented. Then, 356.4 parts of 2,6-diisopropylphenol were added and the
      vessel again sealed and heated to 250.degree.C. The mixture was stirred at
      this temperature for 11 hours and then cooled and hydrolyzed with dilute
      hydrochloric acid. The product was washed with water until neutral and
      analyzed by vapor phase chromatography. The results showed that phenol had
      been consumed with the formation of 106.5 parts of o-isopropylphenol.
PAC  EXAMPLE 2
PAR  In the reaction vessel of Example 1 place 190 parts of phenol and 2.4 parts
      of granular aluminum. Flush with nitrogen and heat to 180.degree.C. to
      form aluminum phenoxide. Cool and vent. Add 206 parts of
      2,6-di-sec-butylphenol and again seal the vessel. Heat to 275.degree.C.
      and stir at this temperature for 2 hours. Then pressurized with butene-1
      to 1000 psig and stir the reaction mixture under these conditions for an
      additional 4 hours. Cool and discharge the reaction mixture into a dilute
      aqueous hydrochloric acid solution to hydrolyze the catalyst. Wash with
      water until neutral and then distill the reaction mixture to recover
      o-sec-butylphenol. Residual 2,6-di-sec-butylphenol remaining is recycled
      to a subsequent reaction carried out in the same manner as the foregoing.
      The net result is that the 2,6-di-sec-butylphenol formed in each reaction
      is consumed in a subsequent reaction as the donor phenol forming
      o-sec-butylphenol, thus, avoiding accumulation of 2,6-di-sec-butylphenol
      and giving higher yields of o-sec-butylphenol.
PAC  EXAMPLE 3
PAR  In the reaction vessel of Example 1 place 1 mole part of p-cresol and 0.025
      moles of aluminum turnings. Heat to 185.degree.C. to form an aluminum
      phenoxide catalyst. Cool, vent hydrogen, and add 5 moles of
      2,4,6-tri-tert-butylphenol. Heat to 130.degree.C. and stir for 4 hours.
      Cool to 100.degree.C., vent, and hydrolyze with dilute hydrochloric acid.
      Distill recover from the reaction product a mixture of
      2-tert-butyl-p-cresol and 2,6-di-tert-butyl-p-cresol, a useful
      antioxidant.
PAC  EXAMPLE 4
PAR  In the reaction vessel of Example 1 place 1 mole part of phenol and 0.05
      moles of aluminum chloride. Heat to 120.degree.C. and vent. Pass nitrogen
      through the mixture at this temperature to remove residual hydrogen
      chloride. Continue this until about two-thirds of the chlorine added as
      aluminum chloride has been removed. The catalyst at this point corresponds
      to the composition diphenoxy aluminum chloride. Cool and add 5 mole parts
      2,4,6-tri-tert-butylphenol, seal and heat to 125.degree.-13.degree.C. and
      hold at this temperature while stirring for 4 hours. Following this, cool
      to below 100.degree.C., vent and hydrolyze the mixture with dilute
      hydrochloric acid, wash with water until neutral, and distill to recover
      from the mixture o-tert-butylphenol and 2,6-di-tert-butylphenol, both
      valuable antioxidants.
PAC  EXAMPLE 5
PAR  In a pressure vessel of Example 1 place 1 mole of phenol and 0.03 moles of
      aluminum. Seal and heat to 190.degree.C. to form the aluminum phenoxide
      catalyst. Cool to 100.degree.C. and vent hydrogen, seal and heat to
      240.degree.C. and pressurize to 1000 psig with butene-1. Hold 4 hours
      while stirring at 230.degree.-250.degree.C. and then cool to below
      100.degree.C., vent, and hydrolyze the reaction mixture. Wash with water
      until neutral and then distill the mixture to recover the principal
      product, o-sec-butylphenol. The distillation bottoms contain a mixture
      consisting mainly of about 80 percent 2,6-di-sec-butylphenol, 8 percent
      2,4-di-sec-butylphenol, 6 percent 4-sec-butylphenol, 2 percent
      2-sec-butylphenol, and 4 percent 2,4,6-tri-sec-butylphenol. Transfer these
      bottoms to a second pressure reaction vessel containing one mole part of
      phenol. Then add 0.3 moles of aluminum and heat to 200.degree.C. to form
      an aluminum phenoxide catalyst. Cool to 100.degree.C. and vent. Seal and
      heat to 275.degree.C. and stir at this temperature for one hour. The
      pressurize to 500 psig with butene-1 and stir an additional 4 hours at
      250.degree.-275.degree.C. Cool the mixture and vent residual pressure.
      Hydrolyze the product and wash with water until neutral. Distill the
      resultant misture to recover, as the principal product, o-sec-butylphenol,
      and then recycle the bottoms to a subsequent transalkylation-alkylation
      process carried out in the same manner as above.
PAC  EXAMPLE 6
PAR  In a pressure reaction vessel place one mole of p-chlorophenol and 0.02
      moles of triethyl aluminum. Stir and heat to 100.degree.C. Cool, vent, and
      then add one mole of 2,4-di-tert-butylphenol. Seal and heat to
      125.degree.C. and stir at 125.degree.-135.degree.C. for 2 hours. Cool,
      hydrolyze with dilute hydrochloric acid and wash with water. Distill to
      recover a substantial portion of 2-tert-butyl-p-chlorophenol, a useful
      bactericide.
PAC  EXAMPLE 7
PAR  In a pressure reaction vessel of Example 1 place one mole of phenol and 0.1
      mole of aluminum. Seal and heat to 200.degree.C. to form an aluminum
      phenoxide catalyst. Cool to below 100.degree.C., vent, and add two moles
      of 2,4,6-tri(.alpha.-methylbenzyl)phenol. Reseal and heat to 150.degree.C.
      Stir at 130-150.degree.C. for one hour and then cool to below
      100.degree.C. and discharge the mixture into dilute hydrochloric acid.
      Wash the product until neutral and distill under vacuum to recover both
      o-(.alpha.-methylbenzyl)phenol and 2,6-di-(.alpha.-methylbenzyl)phenol.
PAC  EXAMPLE 8
PAR  In a pressure reaction vessel as in Example 1 place 1 mole of phenol and
      0.15 moles of diethyl aluminum chloride. Then add 2 moles of
      2,4-dicyclohexylphenol, seal the vessel, and heat to 150.degree.C. Stir at
      this temperature for 3 hours and then cool. Hydrolyze with dilute
      hydrochloric acid and recover by distillation, as the principal product,
      o-cyclohexylphenol.
PAC  EXAMPLE 9
PAR  In a pressure reaction vessel as in Example 1 place 1 mole of
      p-methoxyphenol. Add 0.2 moles of triethyl aluminum and heat to
      50.degree.C., allowing ethane to evolve. Then add 5 moles of
      2,4,6-tri-tert-butylphenol and seal. Heat to 130.degree.C. and stir at
      this temperature for 4 hours. Cool to below 100.degree.C. and hydrolyze.
      Distill the mixture to recover 2-tert-butyl-4-methoxyphenol and
      2,6-di-tert-butyl-4-methoxyphenol, both valuable antioxidants useful in
      food and animal feed.
PAC  EXAMPLE 10
PAR  Into an autoclave is placed 19,650 parts of phenol and 43,350 parts of a
      mixture containing 2 weight percent o-sec-butylphenol, 69 weight percent
      2,6-di-sec-butylphenol, 4 weight percent 4-sec-butylphenol, 9 weight
      percent 2,4-di-sec-butylphenol and 7 weight percent
      2,4,6-tri-sec-butylphenol. This mixture is obtained by alkylating phenol
      with n-butene using an aluminum phenoxide catalyst and distilling out
      unreacted phenol and o-sec-butylphenol (as described in U.S. Pat. No.
      2,831,898, incorporated herein by reference). The aluminum phenoxide used
      to catalyze the alkylation is not removed from the resultant distillation
      bottoms. The autoclave is sealed and heated to 280.degree.C. and
      maintained at this temperature for six hours. At the end of this time it
      is cooled and discharged. The product is then distilled to recover 15,000
      parts of o-sec-butylphenol.
PAR  From the foregoing, the manner in which the process is carried out is
      clear. The procedures can readily be extended to other donor and recipient
      phenols by substituting these in the above examples as previously
      described.
PAR  The phenols made by this invention are useful for a number of purposes such
      as antioxidants and bactericides. One especially useful phenol is
      o-sec-butylphenol, made by transalkylating phenol with
      2,6-di-sec-butylphenol, 2,4-di-sec-butylphenol, 2,4,6-tri-sec-butylphenol,
      or mixtures of these. This compound may be readily converted to
      2,4-dinitro-6-sec-butylphenol following the general procedure described in
      U.S. Pat. No. 2,810,767. The nitrated product is a very useful herbicide.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for selectively ortho-transalkylating phenol, said process
      comprising mixing said phenol with 2,6-di-sec-butylphenol and about 0.01
      to 0.1 mole parts per mole part of phenol and 2,6-di-sec-butylphenol of an
      aluminum phenoxide and heating the mixture in a closed system to a
      temperature of about 100.degree.-350.degree.C whereby a sec.-butyl group
      from the 2,6-di-sec-butyl phenol is thereby transferred selectively to an
      ortho position of the phenol.
NUM  2.
PAR  2. A process of claim 1 carried out in the presence of added butene.
PATN
WKU  039339289
SRC  5
APN  4995465
APT  1
ART  126
APD  19740821
TTL  Method for producing 2,6-di-tert.-butyl-4-cumyl phenol
ISD  19760120
NCL  6
ECL  1
EXA  Lone; W. B.
EXP  Thomas, Jr.; James O.
INVT
NAM  Hanauye; Kunio
CTY  Nagoya
CNT  JA
INVT
NAM  Takase; Tsutomu
CTY  Nagoya
CNT  JA
INVT
NAM  Iwasa; Mitsuhiro
CTY  Tokai
CNT  JA
INVT
NAM  Ito; Mizuo
CTY  Nagoya
CNT  JA
ASSG
NAM  Mitsui Toatsu Chemicals, Incorporated
CTY  Tokyo
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730827
APN  48-95139
CLAS
OCL  260626R
XCL  260624R
XCL  260624C
EDF  2
ICL  C07C 3906
FSC  260
FSS  624 R;624 C;626 R;619 A;626 T;624 A;624 E
UREF
PNO  3116336
ISD  19631200
NAM  Van Winkle
OCL  260624
UREF
PNO  3177259
ISD  19650400
NAM  Van Winkle
OCL  260624
UREF
PNO  3711559
ISD  19730100
NAM  Ensvr
OCL  260619A
LREP
FRM  Fisher, Christen & Sabol
ABST
PAL  2,6-DI-TERT.-BUTYL-4-CUMYL PHENOL IS PRODUCED BY REACTING P-CUMYL PHENOL
      WITH ISOBUTYLENE, AT A REACTION TEMPERATURE OF FROM 40.degree. TO
      120.degree.C. in the presence of from 0.01 to 20% by weight of p-toluene
      sulfonic acid based on the weight of the p-cumyl phenol. Isobutylene is
      charged into the reaction system at a high rate and is always present in
      the reaction system during the reaction. A substantially 100% conversion
      of p-cumyl phenol is attained and the weight ratio of
      2,6-di-tert.-butyl-4-cumyl phenol/2-tert.-butyl-4-cumyl phenol in the
      reaction product is greater than 10, while splitting off of the cumyl
      group at the para position is suppressed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a method for producing
      2,6-di-tert.-butyl-4-cumyl phenol by reacting p-cumyl phenol with
      isobutylene. More particularly, the present invention relates to such a
      method wherein p-toluene sulfonic acid is used as a catalyst in the
      reaction.
PAR  2,6-DI-TERT.-BUTYL-4-CUMYL PHENOL PRODUCED ACCORDING TO THE PRESENT
      INVENTION IS A WHITE CRYSTALLINE COMPOUND USEFUL AS ANTIOXIDANT FOR
      VARIOUS PLASTIC MATERIALS AND AS AN INSECTICIDE HAVING PARTICULAR
      EFFECTIVENESS UPON MOSQUITO LARVAE.
PAR  2. Description of the Prior Art
PAR  Many methods have hitherto been known for introducing the tert.-butyl
      radical into the nucleus of phenols. There are known, for example, a
      method in which phenols are reacted with tert.-butyl chloride using
      aluminum chloride or phosphoric acid-boron trifluoride as catalyst, and a
      method in which phenols are reacted with isobutylene using a catalyst such
      as sulfuric acid, aluminum chloride, boron trifluoride-phosphoric acid, a
      cation exchange resin, phosphoryl trichloride, zinc oxide or Japanese acid
      clayzinc chloride. However, most of these known reactions are effective
      for introducing the tert.-butyl radical into the para position to the
      hydroxyl group of the phenol and are inadequate for introducing two
      tert.-butyl radicals into the ortho positions. Applicants are unaware of
      any prior art disclosure regarding application of these reactions for
      ortho position di-tert.-butylation of p-cumyl phenol. This has also been
      verified in investigations made by applicants which show the above
      reactions to be unfavorable, since the splitting off of the cumyl group at
      the para position has, due to the high activities of the catalysts,
      proceeded considerably under reaction conditions otherwise favorable for
      the tert.-butylation to take place. In addition, while the splitting off
      of the cumyl group can be repressed when the reaction conditions are
      moderated, for example, by decreasing the amount of catalyst, it is only
      possible to introduce one tert.-butyl radical into the ortho position, so
      that such measures also fail to introduce two tert.-butyl radicals into
      the nucleus of the phenol.
PAR  In addition to the reactions described above, other reactions have been
      known for introducing alkyl groups selectively into the ortho positions of
      phenols. For example, there is proposed in U.S. Pat. No. 2,831,898, an
      ortho-alkylation of phenols with olefins using a phenoxide of aluminum or
      magnesium as catalyst and it is known from the examples of Japanese
      published patent application Sho-47-3322 to introduce a tert.-butyl
      radical into the ortho position of a phenol with tert.-butyl alcohol using
      tellurium dioxide as catalyst. However, since both of these references
      teach a method in which either a mixture of mono- and de- substitution of
      the ortho position or mono-substitution alone is produced, they are not
      suited for obtaining solely the ortho-di-substitution. Moreover, if the
      catalyst of U.S. Pat. No. 3,831,898 is used to achieve ortho-alkylation of
      p-cumyl phenol, then the catalyst should be in the form of
      aluminum-p-cumyl phenoxide, which has been found by research of applicants
      to have very low catalytic activity so that the di-substituted product has
      not been obtained in suitable yield.
PAR  Furthermore, it is proposed in Bull. Soc. Chem. Belg., 26, 308 (1912) as
      well as in U.S. Pat. No. 2,865,966, to use p-toluene sulfonic acid as a
      catalyst for the alkylation of phenols. However, in these reactions, the
      para position of the phenol is alkylated. Furthermore, it is disclosed in
      U.S. Pat. No. 3,082,258 to use a hydrated product of methane disulfonic
      acid or methane trisulfonic acid as catalyst in producing
      2,6-di-tert.-butyl-4-methyl phenol by the alkylation of p-cresol with
      isobutylene. Here, it was also taught that when p-toluene sulfonic acid or
      sulfuric acid is used as catalyst in such a disubstitution reaction, a
      product of inferior quality such as with coloration and odor will be
      obtained. However, if methane disulfonic acid or methane trisulfonic acid
      is used as catalyst in the alkylation of p-cumyl phenol with isobutylene,
      even though the splitting off of the cumyl group at the para position is
      considerably suppressed, the formation of 2-tert.-butyl-4-cumyl phenol,
      which is especially difficult to separate from 2,6-di-tert.-butyl-4-cumyl
      phenol as will be described hereinafter, can not sufficiently be reduced,
      so that the after treatment of the reaction product becomes very difficult
      and purification methods are uneconomical. In addition, the yield of the
      reaction may be lowered unfavorably, since p-cumyl phenol remains
      unreacted or the etherified product of p-cumyl phenol, i.e. tert.-butyl
      ether, is formed, both in considerable amounts.
PAR  As described above, it is impossible to obtain the disubstituted product at
      a high yield by the methods taught by the prior art because a considerable
      amount of mono-substitution product is formed and, at the same time, the
      splitting off of the cumyl group at the para position occurs.
PAR  Moreover, according to research by applicants, when the mono-substituted
      product is contained in the reaction product, it can hardly be removed by
      usual purification procedure such as recrystallization or distillation. In
      this case, the selective salt formation of the mono-substituted product by
      an alkali such as sodium hydroxide is also found ineffective. When the
      mono-substituted product is contained in the final product in a
      substantial amount, difficulties may arise; for example, it will cause a
      marked coloration of the product with the passage of time, because the
      mono-substituted product will be more readily oxidized when compared to
      2,6-di-tert.-butyl-4-cumyl phenol and, therefore, lowering of the
      mono-substituted product during the reaction is very important.
PAC  SUMMARY OF THE INVENTION
PAR  Applicants herein, under the background described above, have invented a
      method for producing 2,6-di-tert.-butyl-4-cumyl phenol economically and at
      high yield by the reaction of p-cumyl phenol with isobutylene in the
      presence of p-toluene sulfonic acid as a catalyst. The invention is
      further characterized in that the reaction is carried out at a reaction
      temperature of from 40.degree. to 120.degree.C. in the presence of
      p-toluene sulfonic acid in an amount of 0.01 to 20% by weight based upon
      the amount of p-cumyl phenol. By selecting the above reaction conditions
      and using p-toluene sulfonic acid as catalyst, a substantially 100%
      conversion of p-cumyl phenol can be attained and, at the same time, a
      weight ratio of [2,6-di-tert.-butyl-4-cumyl phenol]/[2-tert.-butyl-4-cumyl
      phenol] in the reaction product of more than 10 can be reached, while the
      splitting off of the cumyl group from the para position is represented to
      the utmost. Since the weight ratio of di-substituted
      product/mono-substituted product in the reaction product is greater than
      10, a product having sufficient quality for practical use as an
      antioxidant for plastics as well as for an insecticide can be obtained by
      merely removing the catalyst from the reaction product and, in the case of
      a reaction in a solvent, by further removal of the solvent.
PAC   DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The p-toluene sulfonic acid is used as catalyst in an amount of from 0.01
      to 20% by weight based upon the amount of p-cumyl phenol, and an amount
      ranging from 0.1 to 5% weight is preferred. Use of the catalyst in an
      amount below 0.01% by weight will result in a very low reaction velocity
      and is not only impractical but it also becomes increasingly difficult to
      attain a weight ratio of di-substituted product/mono-substituted product
      of greater than 10. On the other hand, use of the catalyst in an amount
      above 20% by weight is also unfavorable because splitting off of the cumyl
      group at the para position will tend to occur and this will lower the
      yield of the reaction as well as of purified reaction product. While the
      reaction can be conducted without a solvent, it is also possible to use an
      inert organic solvent such as, for example, an aliphatic hydrocarbon,
      e.g., a-heptane, or an aromatic hydrocarbon, e.g., benzene or toluene.
      Since the melting point of p-cumyl phenol is 74.degree.C., it is suitable
      to conduct the reaction without solvent at a temperature above
      74.degree.C. However, it is also possible to carry out the reaction at a
      lower temperature when a solvent is used. The reaction temperature may
      thus be from 40.degree. to 120.degree.C. and preferably from 50.degree.C
      to 80.degree.C. Below 40.degree.C. the alkylation reaction becomes too
      slow to be practical and above 120.degree.C. splitting off of the cumyl
      group at the para position will occur to a substantial degree even when
      the other reaction conditions are varied in any manner, sothat the yield
      of reaction as well as of refined product is markedly lowered.
PAR  The reaction can be carried out either at normal pressure or under elevated
      pressure, e.g., of from 0.2 to 3.5 kg/cm.sup.2 gauge, and the supply of
      isobutylene may be charged by blasting it into the reaction liquid in a
      continuous or batchwise manner or by compressing it onto the surface of
      the reaction liquid. The amount of isobutylene to be charged should be
      greater, and preferably substantially greater, than that required
      stoichiometrically for the reaction, and it is essential that isobutylene
      is always present in the reaction system during the reaction.
PAR  Since the rate of reaction which takes place according the present
      invention is very rapid and accompanied by substantial heat evolution, it
      is necessary to either adopt a cooling operation, because of necessity of
      keeping the reaction temperature at below 120.degree.C., or to control the
      rate of charging the isobutylene. However, the present inventors have
      found that the charging rate of isobutylene in the initial phase of the
      reaction should preferably be maintained as high as possible by the use of
      external cooling means, because the higher the rate of charging
      isobutylene at the initial stage of the reaction, the smaller the amount
      of the by-product concomitant to the splitting off of the cumyl group at
      the para position. The temperature of the reaction is maintained at
      120.degree.C. or below by the usual cooling means.
PAR  Using the reaction conditions described above, it has now become possible
      to convert substantially 100% of the p-cumyl phenol and, at the same time,
      to decrease the amount of mono-substituted product formed, which is
      particularly difficult to separate from 2,6-di-tert.-butyl-4-cumyl phenol,
      to an extent of 1 part by weight or below per 10 parts by weight of the
      di-substituted product.
PAR  To refine the reaction mixture, it is first necessary to remove the
      catalyst, and neutralization with an alkali or a water wash is preferred.
      When the reaction is conducted without solvent, the reaction product may
      at times be a solid, and in such a case, it is possible to convert the
      reaction product into a solution by using a suitable solvent before it is
      subjected to water wash or neutralization.
PAR  According to the reaction of the present invention, it is possible to
      obtain 2,6-di-tert.-butyl-4-cumyl phenol of sufficient purity for
      practical use by removal of the catalyst only, as the amount of
      by-products is small. However, if a higher quality is desired, it is
      possible to remove substantially all the low boiling by-products such as
      oligomers of isobutylene, dimers of .alpha.-methyl styrene and di- and
      tri-tert.-butylated compounds of the phenol as well as the higher boiling
      by-products, such as 2,4-di-cumyl phenol, 2,4-di-cumyl-6-tert.-butyl
      phenol, etc. by distillation or recrystallization after the catalyst is
      removed.
PAR  As seen from the foregoing, according to the method of the present
      invention, a tert.-butyl radical can be introduced into each of the two
      ortho positions of p-cumyl phenol with simultaneous suppression of
      splitting off of the para position cumyl group and this cannot be attained
      by any prior art method of di-tert.-butylation of the ortho position of
      p-cumyl phenol. Furthermore, the method according to the present invention
      is most efficient and economical for producing 2,6-di-tert.-butyl-4-cumyl
      phenol. This will be more fully understood from the examples and
      comparison examples which follow. In all of the examples, the stated
      reaction temperatures were maintained with external cooling wherever
      necessary.
DETD
PAC  EXAMPLE 1
PAR  100 grs. of p-cumyl phenol and 1 gr. of p-toluene sulfonic acid were placed
      in a 200 ml flask having four mouths and isobutylene was charged thereinto
      at the rate of 200 ml/min. at 80.degree.C. under agitation. All of the
      p-cumyl phenol had been reacted after 2 hours. After the agitation was
      further continued for 1 hour, the reaction mixture was colorless and
      transparent, and the composition thereof was 92.2% of
      2,6-di-tert.-butyl-4-cumyl phenol (hereinafter called di-substituted
      product), 5.4% of 2-tert.-butyl-4-cumyl phenol (hereinafter called
      mono-substituted product) and 2% of other by-products. Total amount of
      isobutylene charged was 56.7 grs (7.8% excess). The p-toluene sulfonic
      acid in the reaction mixture was neutralized by adding an excess
      equivalence of a 50% solution of sodium hydroxide and then distillation
      was carried out under a reduced pressure of 1 mm Hg. 137 grs. of a
      distillation fraction of 145.degree.-148.degree.C. b.p./1mm Hg were
      obtained (total yield 89.5%). This converted into a white crystalline mass
      on cooling and the content of the di-substituted product was 98.8%.
PAC  EXAMPLE 2
PAR  A reaction mixture obtained in the same manner as in Example 1 was poured
      into a dilute aqueous solution of sodium hydroxide and agitated vigorously
      to neutralize the p-toluene sulfonic acid. The reaction product was
      converted into a finely dispersed slurry, which was then filtered, water
      washed and dried under reduced pressure. 141 grs. of slightly yellowish
      crystals were obtained (total yield 92.9%). The content of di-substituted
      product was 95.1%.
PAC  EXAMPLE 3
PAR  100 grs. of p-cumyl phenol, 100 grs. of benzene and 5 grs. of p-toluene
      sulfonic acid were placed in a 300 ml flask having four mouths and
      isobutylene was charged at a rate of 200 ml/min. at
      50.degree.-60.degree.C. under agitation. The composition of the reaction
      mixture after 4.5 hours was 56.6% of di-substituted product, 1.3% of
      mono-substituted product and 2% of other by-products with the remainder
      benzene. Total amount of isobutylene charged was 62 grs (17% excess). This
      reaction mixture was neutralized with a 10% aqueous solution of sodium
      hydroxide in equal equivalence with the p-toluene sulfonic acid and, after
      a water wash, distillation was carried out under vacuum with addition of a
      fiarly small amount of solid sodium hydroxide. 136 grs. of a fraction of
      146.degree.-148.degree.C. b.p./1mm Hg were obtained (total yield 89.0%).
      The di-subsituted product obtained had a purity of more than 99.5% and it
      was a white crystalline mass having a melting point of  73.degree.C.
PAC  EXAMPLE 4
PAR  A reaction mixture obtained by the same method as in Example 3 was
      neutralized and water washed, also in the same manner, and then benzene
      and water were removed therefrom under vacuum. The low boiling by-products
      were removed at the same time and there were obtained 145 grs. of slightly
      yellowish crystals after cooling (total yield 94.8%). The content of
      di-substituted product was 95.4%.
PAC  EXAMPLE 5
PAR  100 grs. of p-cumyl phenol, 100 grs. of benzene and 5 grs. of p-toluene
      sulfonic acid were placed in a 300 ml autoclave made of glass and
      isobutylene was charged thereinto at 40.degree.-55.degree.C. with
      agitation and maintained under a pressure of 0.5- 1.7 kg/cm.sup.2 gauge.
      The composition of the reaction mixture after 6 hours was 56.3% of
      di-substituted product, 2.1% of mono-substituted product and 1% of other
      by-products with the remainder benzene. Total amount of isobutylene
      charged was 68 grs (30% excess). Neutralization of p-toluene sulfonic acid
      was conducted as in Example 3 and, after distillation, 136 grs. of a
      fraction of 145.degree.-148.degree.C. b.p./1mm Hg were obtained (total
      yield 89.0%). The content of di-substituted product was 99.0%.
PAC  EXAMPLE 6
PAR  10 grs. of p-cumyl phenol and 0.5 gr. of p-toluene sulfonic acid were
      placed in a 50 ml flask having four mouths and isobutylene was charged
      thereinto at a rate of 53 ml/min. at 80.degree.C. under agitation. All the
      p-cumyl phenol was reacted within 30 minutes and the agitation was further
      maintained for 1 additional hours. The ratio of formation of the main
      products in the reaction mixture, i.e. the ratio of di-substituted
      product/mono-substituted product (hereinafter referred to as production
      ratio), was found to be 15 and about 5% of a by-product concomitant to the
      splitting off of the para position cumyl group was recognized.
PAC  EXAMPLE 7
PAR  The reaction was carried out as in Example 6 with the exception that the
      amount of p-toluene sulfonic acid was 0.05 gr. Most of the p-cumyl phenol
      was reacted within 2 hours and the production ratio of the main products
      after agitation was further continued for 2 hours was 11. After standing
      one night at room temperature, the production ratio of the reaction
      mixture was raised to 15. No by-product concomitant to splitting off of
      the para position cumyl group was recognized.
PAC  EXAMPLE 8
PAR  The reaction was carried out as in Example 6 , with the exception that the
      amount of p-toluene sulfonic acid was changed to 0.1 gr. and the
      temperature was 100.degree.C. All the p-cumyl phenol had reacted within
      1.5 hours and the production ratio of main products after further
      agitation for 2 hours was 10. About 3% of by-product concomitant to
      splitting off of the para position group was recognized.
PAC  Comparison Example 1
PAR  10 grs. of p-cumyl phenol, 10 grs. of benzene and 0.5 gr. of methane
      disulfonic acid di-hydrate as catalyst in place of p-toluene sulfonic acid
      were placed in a 50 ml flask with four mouths and isobutylene was
      introduced at the rate of 53 ml/min. under agitation at 40.degree.C.,
      which is equal to the reaction temperature given examples of U.S. Pat. No.
      3,082,258. The reaction rate was slow compared to that when using
      p-toluene sulfonic acid and it was necessary to slow down the rate of
      introduction of isobutylene due to an incresase of recovery of unreacted
      isobutylene. The composition of the reaction mixture became nearly
      constant after 5 hours and, after further agitation for 2 hours, was 37.7%
      of di-substituted product, 7.3% of mono-substituted product (the
      production ratio was therefore 5.2) and 4.6% of unreacted p-cumyl phenol
      and tert.-butyl ether of p-cumyl phenol with the remainder benzene. Some
      by-products concomitant to the splitting off of the cumyl group at the
      para position were recognized.
PAC  Comparison Example 2
PAR  The reaction in Comparison Example 1 was repeated at a reaction temperature
      of 60.degree.C. However, the reaction rate was still slow and the reaction
      temperature was raised to 70.degree.C. after 2 hours and was further
      raised to 80.degree.C. after 1 hour. The composition of the reaction
      mixture became nearly constant after the agitation was continued for 0.5
      hour at 80.degree.C. After the agitation was further continued for 1 hour,
      the composition of the reaction mixture was found to be 49.3% of
      di-substituted product, 6.1% of mono-substituted product (the production
      ratio was therefore 8.1) and 1.6% of unreacted p-cumyl phenol and
      tert.-butyl ether of p-cumyl phenol with the remainder benzene. The
      by-product concomitant to the splitting off of the para position cumyl
      group was in a greater amount than in Comparison Example 1.
PAC  Comparison Example 3
PAR  The reaction of Comparison Example 1 was repeated with the exception that
      1.0 gr. of methane disulfonic acid dihydrate was used as catalyst and the
      reaction temperature was maintained at 70.degree.-80.degree.C. The
      reaction rate was slow as in Comparison Example 1 and the composition of
      the reaction mixture became substantially constant after 6 hours. After
      the agitation was continued for 7.5 hours, the composition of the reaction
      mixture was found to be 41.4% of di-substituted product, 8.6% of
      mono-substituted product (the production ratio was therefore 4.8) and 3.3%
      of unreacted p-cumyl phenol and tert.-butyl ether of p-cumyl phenol with
      the remainder benzene. The amount of by-product concomitant to the
      splitting off of the para position cumyl group was greater than in
      Comparison Example 1.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for producing 2,6-di-tert.-butyl-4-cumyl phenol by reacting
      p-cumyl phenol with isobutylene which comprises conducting the reaction in
      the presence of p-toluene sulfonic acid in an amount of from 0.01 to 20%
      by weight based upon the amount of p-cumyl phenol and at a reaction
      temperature of from 40.degree. to 120.degree.C.
NUM  2.
PAR  2. The method according to claim 1 wherein the p-toluene sulfonic acid is
      present in an amount of from 0.1 to 5% by weight based upon the amount of
      p-cumyl phenol.
NUM  3.
PAR  3. The method according to claim 1 wherein the reaction temperature is from
      50.degree.to 80.degree.C.
NUM  4.
PAR  4. The method according to claim 1 wherein the p-toluene sulfonic acid is
      present in an amount of from 0.1 to 5% by weight based upon the amount of
      p-cumyl phenol and the reaction temperature is between 50.degree. and
      80.degree.C.
NUM  5.
PAR  5. The method according to claim 1 wherein, after said reaction, the
      p-toluene sulfonic acid is neutralized by adding an excess equivalence of
      alkali to the reaction mixture and thereafter subjecting the reaction
      mixture to a distillation under reduced pressure.
NUM  6.
PAR  6. The method according to claim 1 wherein the isobutylene is charged into
      the reaction system in an amount in excess of that stoichiometrically
      required and at a rate wherebby isobutylene is always present in the
      reaction system for the duration of the reaction.
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PAL  In a purification process for p-nitrophenol obtained by nitration of
      phenol, separation of crude nitrophenols, steam distillation to remove
      o-nitrophenol, and cooling the broth obtained when it contains more than
      0.5% sodium bisulphite and is at pH 5.4 to 6.4 to deposit crystals of
      p-nitrophenol, an improvement consists in stirring the crystals with water
      at 55.degree.-85.degree.C to give a mixture containing 10-40% excess of
      p-nitrophenol over the solubility at that temperature, separating the
      upper layer of p-nitrophenol in water obtained, cooling it to
      40.degree.-50.degree.C and separating the layer of water in p-nitrophenol,
      cooling the latter to below 30.degree.C and collecting the crystals
      deposited.
BSUM
PAR  This invention relates to a process for the purification of
      para-nitrophenol obtained by nitration of phenol.
PAR  Nitration of phenol by means of dilute or concentrated nitric acid is
      generally carried out in a solvent medium (e.g. an aromatic hydrocarbon)
      and it leads eventually to a mixture of ortho-nitrophenol and
      para-nitrophenol in variable proportions depending on the process used.
      After nitration, the residual nitric acid is decanted, the solvent is
      removed and, preferably after neutralisation of the organic layer
      containing the nitro-phenols, the ortho-nitrophenol is separated by steam
      distillation from the para-nitrophenol. Para-nitrophenol is thus obtained
      in the form of a crude aqueous broth. It is then necessary to purify the
      nitrophenols. This purification is generally carried out by converting the
      nitrophenols into their sodium derivatives, isolating the latter and then
      converting them once again into nitrophenols [Gatterman: Practical Manual
      of Organic Chemistry, p. 2,478 (1946)]. It is also possible to crystallize
      para-nitrophenol by cooling the crude aqueous broth containing
      para-nitrophenol in solution when it contains more than 0.5% of sodium
      bisulphite and is at pH 5.4 to 6.4, and washing the crystals of
      para-nitrophenol with water. This latter process is described and claimed
      in our U.S. Pat. application Ser. No. 340,903 filed March 13, 1973 by
      Andre Perrin, the disclosure of which is incorporated herein by this
      reference.
PAR  The present invention provides a process for the preparation and
      purification of p-nitrophenol which comprises the steps of:
PAR  A. NITRATING PHENOL WITH NITRIC ACID;
PAR  B. SEPARATING THE CRUDE MIXTURE OF NITROPHENOLS FROM THE RESIDUAL AQUEOUS
      SOLUTION OF NITRIC ACID;
PAR  C. STEAM DISTILLING ORTHO-NITROPHENOL FROM THE CRUDE MIXTURE TO PRODUCE A
      CRUDE AQUEOUS BROTH CONTAINING DISSOLVED P-NITROPHENOL;
PAR  D. TREATING AT LEAST ONE OF THE CRUDE AQUEOUS BROTH OF P-NITROPHENOL AND
      THE CRUDE MIXTURE OF NITROPHENOLS SO THAT THE CRUDE BROTH OR CRUDE MIXTURE
      CONTAIN MORE THAN 0.5% BY WEIGHT OF SODIUM BISULPHITE AND IS AT PH 5.4 to
      6.4;
PAR  E. CRYSTALLISING P-NITROPHENOL BY COOLING THE TREATED BROTH OF STEP (D);
PAR  F. STIRRING THE P-NITROPHENOL FROM STEP (E) IN WATER AT A TEMPERATURE OF
      55.degree. TO 85.degree.C, the proportions of water and p-nitrophenol
      being such that, at that temperature there is a 10 to 40% by weight excess
      of p-nitrophenol relative to the amount of p-nitrophenol which is soluble
      in the water at that temperature,
PAR  g. separating by decantation, the liquid mixture resulting from step (f),
      at a temperature of 550.degree. to 85.degree.C, into a solution of water
      in p-nitrophenol which forms the lower layer, and a solution of
      p-nitrophenol in water,
PAR  h. cooling the solution of p-nitrophenol in water, obtained in step (g) to
      a temperature of 40.degree. to 50.degree.C, separating the resulting
      liquid mixture by decantation into two non-miscible phases and separating
      the liquid phase, which is rich in p-nitrophenol, and is a solution of
      water in p-nitrophenol, from the liquid phase containing p-nitrophenol
      dissolved in water,
PAR  i. cooling the liquid phase, which is rich in p-nitrophenol from step (h),
      to below 30.degree.C, to cause p-nitrophenol to crystallise, and then
      filtering off and drying the crystals of p-nitrophenol.
PAR  During step (f) of the process, which is carried out with stirring and
      preferably at 65.degree. to 75.degree.C, the impurities are concentrated
      in the solution of water in p-nitrophenol. The excess of p-nitrophenol,
      which is preferably 20 to 30%, can be calculated easily from the
      solubility curve of p-nitrophenol in water, defined by N. V. SIDGWICH,
      Journal of Chemical Society, p. 1003 (1921). The following table gives the
      solubility of p-nitrophenol in water at different temperatures:
TBL  Temperature    Solubility of p-nitrophenol                                

     .degree.C     in 100 g of water (in g)                                    

     ______________________________________                                    

     55            5.1                                                         

     65            7.0                                                         

     75            10.0                                                        

     85            16.0                                                        

     ______________________________________                                    

PAL  In order to adjust the ratio of p-nitrophenol to water to a value as
      defined in step (f), it is possible to place crude p-nitrophenol crystals
      in pure water, or to mix solutions of p-nitrophenol at different
      concentrations.
PAR  The duration of step (f) of the process is not critical. It is connected,
      firstly, with the efficiency of stirring, which must be sufficient to
      ensure intimate mixing of the two liquid phases formed, and secondly, with
      the way in which the mixture is heated to the desired temperature. It is
      possible either to pre-heat the water and/or the solutions of
      p-nitrophenol to the temperature chosen for step (f), or to carry out the
      mixing at ambient temperature and then to regulate the temperature whilst
      stirring. In the latter case, the duration of the temperature regulation
      is very largely sufficient to achieve a suitable dispersion of the phases.
PAR  Step (g) of the process consists of a decanting operation. For simplicity,
      this decanting is carried out at the same temperature as that reached by
      the mixture of water and p-nitrophenol at the end of step (f) of the
      process. It is possible nevertheless to alter the temperature of the
      mixture, after stopping the stirring and before decanting, subject to the
      condition of the mixture remaining within the temperature range
      55.degree.-85.degree.C. The lower layer, consisting of a solution of water
      in p-nitrophenol, is collected by decanting. This solution, which is rich
      in impurities, is preferably then recycled to the crude aqueous broth of
      p-nitrophenol resulting from the steam distillation of the o-nitrophenol
      contained in the crude mixture of nitrophenols.
PAR  The solution of p-nitrophenol in water, resulting from the decanting and
      obtained during step (g) of the process, is then cooled in step (h) to a
      temperature of 40.degree. to 50.degree.C, and preferably 40.degree. to
      45.degree.C e.g. 43.degree.C resulting in further separation into two
      distinct phases. The lower layer consisting of a solution of water in
      p-nitrophenol is separated from the upper layer containing p-nitrophenol
      dissolved in water. This upper aqueous layer is then advantageously
      recycled in order to dissolve crude p-nitrophenol during step (f) of the
      process.
PAR  During step (i) of the process, the organic layer, consisting of a solution
      of water in p-nitrophenol, which was collected during the step (h), is
      cooled below 30.degree.C in order to cause p-nitrophenol to crystallise.
      The final crystallisation temperature is not critical, is usually between
      10.degree. and 30.degree.C and is generally about 20.degree.C.
      p-Nitrophenol is then filtered off and dried according to the techniques
      of the prior art.
PAR  The process according to the invention can be carried out discontinuously
      or continuously. It is however particularly valuable to choose a
      continuous process, with recycling of the solution of p-nitrophenol in
      water, obtained during step (h) of the process, in order to dissolve
      during step (f) the p-nitrophenol to be purified. By also recycling the
      solution of water in p-nitrophenol, obtained during step (g) of the
      process to the bisulphite treatment step (d), practically quantitive
      purification yields of p-nitrophenol are achieved.
PAR  The crystals of p-nitrophenol obtained according to the 4-stage water
      extraction process, as defined above, do not contain o-nitrophenol,
      phenol, hydroquinone, or dinitrophenols in amounts greater than the lower
      limits of the detectability of these compounds by thin layer
      chromatography. They are only very slightly coloured and can be used
      directly for the production of pharmaceutical compounds of Codex quality,
      such as para-(acetylamino)-phenol.
PAR  In the following examples, crude p-nitrophenol is obtained in the following
      way: phenol dissolved in benzene is nitrated continuously by means of 58%
      nitric acid, and the organic layer containing the mixture of ortho- and
      para-nitrophenol is separated, after decanting, from the residual nitric
      acid. The acidic organic layer is successively neutralised by means of an
      aqueous solution of sodium bisulphite, distilled until the benzene has
      been removed and subjected to a steam distillation in order to remove the
      ortho-nitrophenol. An aqueous broth of crude para-nitrophenol, containing
      approximately 18% of p-nitrophenol, is thus obtained, 2,100 g of this
      aqueous broth, kept at 70.degree.C, are removed, 40 g of a solution of
      sodium bisulphite containing 12 g of bisulphite are added, and 10 g of 50%
      sulphuric acid are introduced at this temperature so as to adjust the pH
      to 6. After stirring and cooling to 20.degree.C, the crystals of crude
      p-nitrophenol are filtered off.
DETD
PAC  EXAMPLE 1:
PAR  A solution of p-nitrophenol in water (containing 3.85% of p-nitrophenol) is
      supplied continuously, at the rate of 13 kg/hour, to a flask (useful
      volume: 2 l), which is stirred, heated to 71.degree.C and kept at that
      temperature. A solution of water in crude p-nitrophenol (containing 69.5%
      of p-nitrophenol) is also supplied continuously to the flask at the rate
      of 1.215 kg/hour. The heterogeneous mixture, which results therefrom, is
      passed to a decanter of useful volume 4.5 l, kept at 71.degree.C, from
      which 0.319 kg/hour of the solution of water is crude p-nitrophenol
      (p-nitrophenol contained: 66.5%) is removed. This solution, which contains
      the majority of the impurities of the p-nitrophenol employed, is then
      purified, in the presence of sodium bisulphite at pH 6, before recycling.
PAR  At the outlet of the decanter, the solution of p-nitrophenol in water is
      cooled to 43.degree. and is then introduced in the form of a heterogeneous
      mixture into a second decanter (capacity: 3 l) kept at 43.degree.C. 0.870
      kg/hour of a solution of water in p-nitrophenol (containing 71.3% of
      p-nitrophenol) is removed. The solution of p-nitrophenol in water
      (containing 3.85% of p-nitrophenol) which forms the upper layer is
      collected and is recycled in part, in order to dilute, the solution of
      water in crude p-nitrophenol (containing 69.5% of p-nitrophenol) used at
      the start of the process.
PAR  The solution of water in p-nitrophenol, containing 71.3% of p-nitrophenol),
      is then cooled to 20.degree.C. The p-nitrophenol, which has precipitated,
      is filtered off, drained and dried. The rate of production of dry
      p-nitrophenol is 625 g/hour.
PAR  The purified p-nitrophenol (melting point: 115.degree.C) is analysed by
      thin layer chromatography. No spots corresponding to the following
      compounds are detected: hydroquinone, phenol, 2,4- or 2,6-dinitro-phenol
      and ortho-nitrophenol. The proportions of any one of the abovementioned
      compounds is hence much less than 0.0250%, this being the limiting
      proportion corresponding to the sensitivity of the method.
PAC  EXAMPLE 2:
PAR  Following the procedure of Example 1, a solution of p-nitrophenol in water
      (containing 3.80% of p-nitrophenol) is supplied continuously at the rate
      of 13 kg/hour to the flask of useful volume 2 l, at 61.degree.C, and a
      solution of water in crude p-nitrophenol (containing 69% of p-nitrophenol)
      is also supplied continuously at the rate of 0.6 kg/hour to the flask. The
      resulting heterogeneous mixture is decanted at 61.degree.C and a solution
      of water in crude p-nitrophenol (containing 67% of p-nitrophenol) is
      removed at the rate of 0.23 kg/hour for subsequent purification by means
      of sodium bisulphite.
PAR  The solution of p-nitrophenol in water, resulting from the decanting, is
      cooled to 43.degree.C and is then introduced in the form of a
      heterogeneous mixture into the second decanter. A solution of water in
      p-nitrophenol, containing 71.4% of p-nitrophenol, is removed at the rate
      of 0.353 kg/hour. The solution of p-nitrophenol in water (containing 3.8%
      of p-nitrophenol), which forms the upper layer, is recycled in part as in
      Example 1.
PAR  The solution of water in p-nitrophenol containing 71.4% of p-nitrophenol is
      cooled to 20.degree.C. The p-nitrophenol which has precipitated is
      filtered off, drained and dried. Purified p-nitrophenol is obtained at the
      rate of 258 g/hour, the characteristics of which are identical to those of
      the product of Example 1.
PAC  EXAMPLE 3:
PAR  Following the procedure of Example 1, a solution of p-nitrophenol in water
      containing 3.80% of p-nitrophenol is supplied continuously at the rate of
      13 kg/hour to the flask kept at 80.5.degree.C, and a solution of water in
      crude p-nitrophenol (containing 69.5% of p-nitrophenol) is also supplied
      continuously to the flask at the rate of 2.65 kg/hour. The resulting
      heterogeneous mixture is decanted at 81.degree.C and a solution of water
      in crude p-nitrophenol (p-nitrophenol content: 67%) is isolated by
      removing it at the rate of 0.880 kg/hour for subsequent purification by
      means of sodium bisulphite.
PAR  The solution of p-nitrophenol in water, resulting from the decanting, is
      cooled to 43.degree.C and is then introduced in the form of a
      heterogeneous mixture into the second decanter. The solution of water in
      p-nitrophenol, containing 71% of p-nitrophenol, is removed at the rate of
      1.820 kg/hour. The solution of p-nitrophenol in water (containing 3.8% of
      p-nitrophenol), which forms the upper layer, is recycled in part as in
      Example 1.
PAR  The solution of water in p-nitrophenol, containing 71% of p-nitrophenol, is
      cooled to 20.degree.C. The p-nitrophenol, which has precipitated, is
      filtered off, drained and dried. Purified p-nitrophenol is obtained at the
      rate of 1,230 g/hour, the characteristics of which are identical to those
      of the product of Example 1.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a process for the purification of p-nitrophenol resulting from the
      nitration of phenol with nitric acid which comprises the steps of:
PA1  i. separating the crude mixture of nitrophenols from the residual aqueous
      solution of nitric acid;
PA1  ii. steam distilling ortho-nitrophenol from the crude mixture to produce a
      crude aqueous solution of impure p-nitrophenol;
PA1  iii. treating at least one of the crude aqueous solution of p-nitrophenol
      and the crude mixture of nitrophenols with an aqueous solution of sodium
      bisulphite under condition such that the crude solution or crude mixture
      contains more than 0.5% by weight of sodium bisulphite and is at pH 5.4 to
      6.4;
PA1  iv. crystallising p-nitrophenol by cooling the treated solution of step
      (iii), the improvement which comprises:
PA1  v. stirring the crystalline p-nitrophenol from step (iv) in water at a
      temperature of 55.degree. to 85.degree.C., the proportions of water and
      p-nitrophenol being such that, at that temperature there is a 10 to 40% by
      weight excess of p-nitrophenol relative to the amount of p-nitrophenol
      which is soluble in the water at that temperature,
PA1  vi. separating by decantation the liquid mixture resulting from step (v) at
      a temperature of 55.degree. to 85.degree.C., into a more concentrated
      solution of p-nitrophenol in water, which forms the lower layer, and a
      less concentrated solution of p-nitrophenol in water, which forms the
      upper layer,
PA1  vii. cooling the upper layer, obtained in step (vi) to a temperature of
      40.degree. to 50.degree.C., separating the resulting liquid mixture by
      decantation into two non-miscible phases and separating the more
      concentrated solution of p-nitrophenol in water, from the less
      concentrated solution of p-nitrophenol in water,
PA1  viii. cooling the more concentrated solution from step (vii), to below
      30.degree.C. to cause p-nitrophenol to crystallise, and then filtering off
      and drying the crystals of p-nitrophenol.
NUM  2.
PAR  2. A process according to claim 1, wherein the less concentrated solution
      of p-nitrophenol in water, obtained in step (vii) is recycled to step (v)
      in order to dissolve the p-nitrophenol from step (iv).
NUM  3.
PAR  3. A process according to claim 1, wherein the more concentrated solution
      of p-nitrophenol in water obtained in step (vi) is recycled to step (iii).
NUM  4.
PAR  4. A process according to claim 1 wherein the temperature of step (v) is
      65.degree.-75.degree.C.
NUM  5.
PAR  5. A process according to claim 1 wherein the nitrophenol in step (v) is
      present in 20-30% excess.
NUM  6.
PAR  6. A process according to claim 1 wherein the temperature of step (vii) is
      40.degree.-45.degree.C.
NUM  7.
PAR  7. A process according to claim 1 wherein the liquid phase in step (viii)
      is cooled to about 20.degree.C.
NUM  8.
PAR  8. A process according to claim 1 wherein the crude aqueous solution from
      step (ii) is treated in step (iii).
NUM  9.
PAR  9. A process according to claim 1 wherein steps (v) and (vi) are carried
      out at a temperature of about 61.degree.-81.degree.C., step (vii) at about
      43.degree.C. and step (viii) at about 20.degree.C. with recycle of the
      less concentrated solution of p-nitrophenol in water from step (vii) to
      step (v) and recycle of the more concentrated solution of p-nitrophenol in
      water from step (vi) to step (iii).
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ABST
PAL  In the production of 1,6-hexanediol by oxidation of cyclohexane to produce
      an acidic oxidation product comprising adipic acid, followed by
      esterification of the acidic oxidation product and a subsequent
      hydrogenolysis of the ester, the improvement which comprises a
      prehydrogenation of the acidic oxidation product prior to esterification
      thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the production of 1,6-hexanediol from
      cyclohexane. The basic process for such is well known by the following
      general procedure: cyclohexane is oxidized to produce an acid product
      including predominantly adipic acid and 6-hydroxyhexanoic acid; the acid
      product is esterified with an alkanediol and the esters are hydrogenolyzed
      to 1,6-hexanediol and the said alkanediol. 1,6-hexanediol is useful in
      that it may be aminated to produce hexamethylenediamine, the latter being
      a starting reagent for 6,6 nylon. Production of 1,6-hexanediol from
      cyclohexane is, for example, more particularly described in U.S. Pat. No.
      3,524,892 issued Aug. 18, 1970 to Horlenko et al.
PAR  In the oxidation of cyclohexane, the main oxidation products consist of
      cyclohexanone, cyclohexanol, adipic acid, epsilon-caprolactone and
      6-hydroxyhexanoic acid. However, various other oxygenated hydrocarbons are
      also formed such as 1,4-dihydroxycyclohexane; various aldehydes such as
      adipaldehydic acid, adipaldehyde; various ketones such as levulinic acid;
      and various C.sub.1 -C.sub.6 monocarboxylic and dicarboxylic acids other
      than those already mentioned, such as glutaric, succinic, formic, and
      3-hydroxyadipic. As hereinafter explained, a non-acid fraction comprising
      the cyclohexanone and cyclohexanol is separated from the reaction product
      and may be recycled to the oxidation reactor if desired.
PAR  In the oxidation of the cyclohexane, air is suitably utilized as the source
      of molecular oxygen, but other suitable oxygencontaining gaseous mixtures,
      or substantially pure oxygen itself, may be utilized. The oxidation takes
      place at elevated temperatures and superatmospheric pressures sufficient
      to maintain a liquid phase of the cyclohexane as well as any recycled
      cyclohexanol and cyclohexanone.
PAR  Although it is not absolutely necessary, it is convenient to use an
      oxidation catalyst of any of the well known types generally employed in
      oxidation. Catalyst systems which work particularly well contain a metal
      which exists in at least two valence states, such as for example, cobalt,
      manganese, iron, chromium, nickel or copper. It is preferred to employ
      these metals in compound form, salts for example, although they can be
      used in the uncombined state. Cobalt naphthenate and cobalt acetate have
      been found to be particularly useful in the practice of the invention.
      Catalysts can be used in the proportion of metal to reaction mixture of 1
      to 500 parts per million, preferably less than about 100 parts per
      million, e.g. 5 to 15 ppm. Of these catalysts, the naphthenate is the more
      hydrocarbon-soluble.
PAR  Since there is some tendency for some of the oxidation reaction products to
      polymerize, it is best to inhibit this propensity where possible. The
      extent of polymerization of both 6-hydroxyhexanoic acid and
      epsilon-caprolactone can be reduced by the addition of a minor amount of
      water to the reaction mass. This water can be suitably retained in the
      reaction mass by means of a reflux condenser which will return volatilized
      water to the reaction mass. This condenser also serves to retain
      volatilized constituents of the reaction mass, cyclohexane, cyclohexanone
      and cyclohexanol, in the reaction zone. It has been found that about 2 to
      10 percent by weight of water in the reaction mass is convenient to reduce
      polymerization of the reaction products.
PAR  The oxidation reaction temperature is suitably maintained between about
      100.degree. and 200.degree.C. Temperatures below about 160.degree.C and
      preferably below about 140.degree.C have been found to be best for
      oxidation according to this invention. Oxidation reaction pressure is
      conveniently in the range of 4 to 50 atmospheres absolute, preferably
      about 8 to 40 atmospheres absolute, which pressure is suitably maintained
      by bubbling the oxidizing gas through a liquid reaction mass while
      permitting spent oxidizing gases to escape at such a rate as to maintain
      the desired pressure.
PAR  It is practical to pass the desired oxidation products, including
      6-hydroxyhexanoic acid, adipic acid, adipaldehydic acid and
      epsilon-caprolactone, directly into an esterification stage. It is also
      convenient to separate the oxidation product into an acid fraction
      suitable for esterification and a nonacid fraction for recycle. This can
      be accomplished by extracting the reaction products with water to form an
      aqueous phase containing the desired oxidation products to be esterified
      and a hydrocarbon phase containing the oxidation products and reactants to
      be recycled. The aqueous phase is then distilled to recover cyclohexanol
      and cyclohexanone for recycle or as salable products. While it is
      preferred to extract the oxidation product with water, it is within the
      scope of this invention to subject the oxidation products to distillation
      without first water extracting the 6-hydroxyhexanoic acid, adipic acid and
      epsilon-caprolactone therefrom. The ratio of water to reaction mixture in
      the extraction operation should be at least 1 to 4, preferably from about
      1 to 4 to about 5 to 6. Extraction is conveniently carried out above room
      temperature, 30 to 150.degree.C being adequate and 50 to 100.degree.C
      being preferred.
PAR  The water extract is permitted to settle into an aqueous phase and a
      hydrocarbon phase, the hydrocarbon phase containing cyclohexanone,
      cyclohexanol and cyclohexane and the aqueous phase containing
      6-hydroxyhexanoic acid, adipic acid, cyclohexanone, cyclohexanol and
      epsilon-caprolactone. The hydrocarbon phase is recycled to the oxidation
      reactor and the aqueous phase is distilled to remove any cyclohexanone and
      cyclohexanol as water azeotropes, which distillate may be returned to the
      oxidation reaction, leaving 6-hydroxyhexanoic acid, adipic acid,
      epsilon-caprolactone, and other acid and ester oxidation products to be
      esterified.
PAR  In the alternative, the above described water extraction operation can be
      foregone and the oxidation reaction products can be passed directly to a
      distillation step in which the water, cyclohexane, cyclohexanone and
      cyclohexanol are stripped off overhead, preferably azeotropically, and
      returned to the oxidation operation leaving behind an aqueous residue
      containing 6-hydroxyhexanoic acid, adipic acid, epsilon-caprolactone and
      other acid products. In this alternative procedure, it is desirable to add
      water to the distillation operation with the oxidation reaction products
      in order to have sufficient water present to azeotrope with the fraction
      to be recycled. Additionally, the excess water present in the distillation
      operation tends to inhibit the polymerization of 6-hydroxyhexanoic acid
      and epsilon-caprolactone and also reduces the extent of esterification of
      the acid products such as adipic, glutaric or succinic acid by the
      cyclohexanol which is present. It is practical to use either atmospheric
      or reduced pressure at temperatures ranging from about 50.degree. to
      100.degree.C in the distillation discussed above.
PAR  Another alternative procedure for removing the cyclohexanone and
      cyclohexanol in the aqueous phase of the extracted oxidation product is by
      liquid-liquid extraction with cyclohexane at about 25.degree. to
      100.degree.C. The cyclohexanone and cyclohexanol in the cyclohexane
      extraction product are suitably removed, e.g. by distillation or other
      techniques.
PAR  Although it is possible to produce adipic acid, 6-hydroxyhexanoic acid and
      epsilon-caprolactone by batch oxidation of cyclohexane, cyclohexanol and
      cyclohexanone, it is much more desirable to operate continuously. It is
      convenient to use a "back-mixing" type of reactor wherein there is
      thorough agitation of the reaction mixture while an oxidizing gas is being
      bubbled through the reaction mixture and wherein cyclohexane is being
      continuously fed into the reactor, reaction product is continuously being
      tapped off and cyclohexanone, cyclohexanol and cyclohexane are
      continuously being recycled to the reactor.
PAR  The esterification of the acid fraction of the oxidation product (e.g.
      6-hydroxyhexanoic acid, epsilon-caprolactone, adipic acid, glutaric acid
      and succinic acid) can be carried out catalytically or non-catalytically.
      In the instant invention, it is preferred to esterify non-catalytically.
      The esterification is suitably carried out with substantially any
      monohydric or polyhydric hydroxyl containing compound which is thermally
      stable at temperatures in excess of 150.degree.C, a C.sub.2 -C.sub.10
      monohydric or dihydric alkane alcohol generally being used. The hydroxyl
      containing compound must have a boiling point high enough to be
      non-volatile during the non-catalytic esterification reaction at the
      pressure being used. Hydroxyl containing compounds which are useful in
      this invention are exemplified by n-decyl alcohol, propylene glycol,
      1,6-hexanediol (especially preferred), 1,4-butanediol, 1,5-pentanediol,
      ethanol, methanol, and n-butanol, the latter three alcohols being
      esterified under pressure. It is preferred to use a C.sub.3 -C.sub.10
      alkanediol, for example 1,6-hexanediol or 1,5-pentanediol or mixtures
      thereof.
PAR  It is convenient to carry out the esterification operation in one or more
      distillation columns. In one embodiment of this invention, the acid
      products of oxidation referred to above are mixed with an esterifying
      alcohol, glycol or polyol and introduced into a distillation column which
      operates at about atmospheric pressure until a pot temperature of about
      160.degree. to 200.degree.C is realized whereupon the temperature is
      maintained by reducing the pressure to about 100 mm. Hg absolute and then
      the temperature is permitted to climb to about 250.degree.C. The product
      is taken as a liquid stream from the base of the column and the water and
      other volatiles are taken overhead. Part of the base product is recycled
      to the first column and part introduced into a second column where further
      esterification takes place. The product of the second column is taken as a
      base stream, part refluxed and part passed to a third column where the
      ester product and any unreacted esterification alcohol or polyol are
      separated from any water present. The water is taken overhead, part
      refluxed to the column and part taken out of the process to be sewered or
      used elsewhere. The ester product and unreacted esterification alcohol are
      taken as a base stream and sent to a column in which the unreacted alcohol
      or polyol is separated from the esterification product.
PAR  Where 1,6-hexanediol is the esterifying alcohol, noncatalytic
      esterification takes place at about 100 mm. Hg absolute to atmospheric
      pressure, at a temperature of about 150.degree. to 250.degree.C, and a
      mole ratio of about 0.5 to 1 to 10 to 1 alcohol to acid. It is preferred
      to operate at about 200.degree.C at an alcohol to acid ratio of about 3 to
      1. In the first embodiment set forth above wherein a two column series
      esterification is utilized in combination with a third column separation
      unit, the first 80% or so of the esterification takes place in these first
      two columns, the combined residence times in these columns being about 2
      hours. Conversions as high as 95%, based upon acids fed, have been
      realized in the esterification operation. In this embodiment, the third
      esterification column operates at a reflux ratio of 2 to 1 and the water
      overhead is taken at 100 mm. Hg absolute. The column used to separate
      unreacted alcohol from ester product is conveniently operated at a 1 to 1
      reflux ratio of about 10 mm. Hg absolute. The product of esterification
      generally contains about 60% ester, 35% alcohol, 0.8% acid and 0.2% water.
      The ester has a high viscosity and an amber color.
PAR  The ester product, is hydrogenolyzed to break the ester bond thereby
      regenerating the esterifying hydroxyl compound and hydrogenolyzing the
      carboxyl moieties to their corresponding alcohols, e.g. 1,6-hexanediol,
      1,5-pentanediol, 1,4-butanediol, n-hexanol and cyclohexanol. The
      hydrogenolysis can be advantageously carried out by feeding the
      esterification product and hydrogen to a reactor maintained at about
      200.degree. to 350.degree.C and 70 to 900 atmospheres absolute, preferably
      250.degree. to 290.degree.C and 250 to 350 atmospheres absolute. The
      reactor contains a hydrogenolysis catalyst. Substantially any of the
      catalysts known for hydrogenation or hydrogenolysis are operable such as
      those of copper, cobalt, platinum, palladium, or nickel; however, copper
      chromite, barium stablized copper chromite, Raney copper and barium oxide
      promoted copper chromite have been found to be particularly well suited to
      this process since they are not poisoned to any great extent during the
      process. Suitably, the catalyst may be supported by an inert carrier, e.g.
      pumice or inactive alumina. Inactive alumina is alumina hydrate which has
      been calcined at between about 1000.degree.C and the melting point of
      alumina. In investigating the parameters of this invention, it was found
      that barium oxide stabilized copper chromite catalyzed the hydrogenolysis
      to 80% or higher conversions. It is practical to carry out the
      hydrogenolysis either with or without a solvent. Where a solvent is used,
      dioxane has been found to work well as have butanol and ethanol. The
      solvent is admixed with the esters at about 100.degree. to 150.degree.C;
      the mixture then heated to about 190.degree.C in a closed vessel; and then
      fed into the hydrogenolysis reactor. The proportion of solvent to ester in
      the feed is about 1 to 4 to 2 to 1, preferably about 1 to 1.
PAR  The hydrogenolysis reaction can be carried out in either a fixed, flooded
      catalyst bed, a slurry catalyst bed or a trickle catalyst bed. In any
      case, the heat of reaction brings the reaction mass up to a temperature of
      about 245.degree. to 250.degree.C and the feed hydrogen supplies the
      pressure necessary for hydrogenolysis. A fixed, flooded catalyst bed is
      one in which the particles of catalyst are substantially pelletized or in
      some other relatively large form wherein the liquid phase material being
      acted on by the catalyst is a continuous phase which completely submerges
      the catalyst bed. A fixed trickle catalyst bed is one in which the
      particles of catalyst are generally pelletized and placed in a relatively
      fixed position with the liquid phase material being acted on by the
      catalyst being fed at the top of the bed and forming a relatively
      discontinuous phase. A slurry bed catalyst consists of powdered catalyst,
      e.g. about 60 microns or less, with the liquid phase being acted upon
      flooding the catalyst bed and floating the powdered catalyst. In the
      slurry bed catalyst it is usual to introduce the liquid at the bottom of
      the bed; in the trickle bed catalyst, it is usual to introduce the liquid
      at the top of the catalyst bed; and in the flooded fixed bed catalyst the
      liquid can conveniently be fed at top or bottom although the bottom is
      preferred. In each case, the gas phase is introduced at the bottom of the
      catalyst bed and bubbled through a slurry or fixed flooded bed catalyst,
      or forms a continuous phase through which liquid trickles. In bubbling gas
      through liquid, it is best to keep the gas bubbles small in order to
      maximize the ratio of surface area to volume of each bubble.
PAR  It is preferred that the hydrogenolysis catalyst life is such as to produce
      at least about 100 pounds of alcohol hydrogenolysis product per pound of
      catalyst. A catalyst life such that 200 pounds of diol product per pound
      of catalyst is made would of course be greatly desirable.
PAR  The hydrogenolysis product is taken as a base stream from the reactor and
      passed through a purification operation to separate the various products.
      Before the hydrogenolysis product is passed to the purification operation,
      it is let down in pressure to a pressure within the range of about
      atmospheric pressure to 10 atmospheres absolute in order to permit
      dissolved hydrogen to escape, which hydrogen may be recycled. The
      hydrogenolysis reactor is vented overhead thereby maintaining the required
      pressure with the hydrogen thus passed off either being permitted to
      escape to the atmosphere, recycled into the hydrogen feed or used
      elsewhere.
PAR  Where a solvent is used, the hydrogenolysis product is distilled to remove
      the solvent overhead with the alcohol products being taken as a base
      stream. In either case, where solvent is used and distilled off or where
      no solvent is used, the hydrogenolysis product alcohols substantially free
      of solvent are subjected to successive distillations to separate the
      products. The first column is preferably operated at about 20 to 10 mm. Hg
      absolute and 160.degree. to 200.degree.C to remove the substantially pure
      mixture of alcohols from undesirable high boilers. The mixed alcohols are
      taken overhead and passed into a second column which operates at about 20
      mm. Hg absolute with a pot temperature of about 200.degree.C and a vapor
      temperature of about 145.degree. to 146.degree.C to remove 1,5-pentanediol
      and 1,4-butanediol overhead. The base stream from this column is passed
      into a third distillation column operating at about 155.degree. to
      170.degree.C and 20 to 44 mm. Hg absolute to purify the 1,6-hexanediol
      which is taken overhead and surged to heated vessels and thence part
      recycled to the esterification operation referred to above and part
      recovered as product. The base stream from the third still can be sewered
      or separated and purified to recover any valuable products therefrom.
PAR  Although the above described procedure for production of 1,6-hexanediol
      from cyclohexane is utilized commercially, it undesirably results in a
      1,6-hexanediol which is contaminated with various undesirable impurities
      that are not readily separable therefrom. Further, some of these
      impurities are produced at the expense of otherwise obtainable
      1,6-hexanediol. The cyclohexane oxidation itself is the source of the
      impurities, there being produced in the cyclohexane oxidation such
      undesirable impurities as 1,4-dihydroxycyclohexane, various aldehydes such
      as adipaldehyde, various ketones such as levulinic acid and other
      components such as 3-hydroxyadipic acid. Such impurities eventually end up
      in the acid fraction which is esterified and they (or some derivative
      thereof) ultimately end up, in part, in the 1,6-hexanediol product.
      1,4-dihydroxycyclohexane and its precursors are perhaps the most prevalent
      and most troublesome impurities produced in the oxidation. These latter
      impurities are about 50% destroyed in the esterification process but the
      remainder largely winds up in the 1,6-hexanediol product as
      1,4-dihydroxycyclohexane.
PAR  The aldehydes and ketones produced in the oxidation go, respectively, to
      acetals and ketals during the esterification. Except for cyclohexanone
      derivatives, ketals are probably formed to a much smaller extent than
      acetals. Both acetals and ketals are converted to undesirable esters
      during hydrogenolysis. The 3-hydroxyadipic acid produced in the oxidation
      may be converted during the process to a triol or other high boiler which
      is undesired.
PAR  It is thus an object of the present invention to provide an improved
      process for the production of 1,6-hexanediol from cyclohexane. It is a
      particular object of the present invention to provide a processing step
      which, in a process for producing 1,6-hexanediol from cyclohexane, will
      result in a purer 1,6-hexanediol product. It is also an object of the
      present invention to provide a process for producing 1,6-hexanediol from
      cyclohexane wherein a greater efficiency is obtained. Additional objects
      will become apparent from the following description of the present
      invention.
PAC  SUMMARY
PAR  The foregoing and additional objects are accomplished by the present
      invention which in one of its aspects is an improvement in a process for
      the production of 1,6-hexanediol from cyclohexane wherein: (a) cyclohexane
      is oxidized in the liquid phase in the presence of molecular oxygen and an
      oxidation catalyst at elevated temperatures and superatmospheric pressures
      to produce an oxidation product; (b) said oxidation product is separated
      into a non-acid fraction comprising cyclohexanol or cyclohexanone or
      mixtures thereof and an acid fraction comprising substantially adipic acid
      and 6-hydroxyhexanoic acid, said acid fraction also containing C.sub.1 to
      C.sub.6 monocarboxylic and dicarboxylic acids as well as
      1,4-dihydroxycyclohexane and/or precursors thereof; (c) said acid fraction
      is esterified by reacting same in the liquid phase with a C.sub.2
      -C.sub.10 monohydric or dihydric alkane alcohol under esterification
      conditions so as to esterify at least a portion of the adipic acid and
      6-hydroxyhexanioc acid contained in said acid fraction; (d) the ester
      product obtained by esterifying said acid fraction is reacted while in a
      liquid phase with molecular hydrogen under hydrogenolysis conditions
      including elevated temperature and superatmospheric pressure and in the
      presence of a catalytic amount of a hydrogenolysis catalyst to
      hydrogenolyze the esters of adipic acid and 6-hydroxyhexanoic acid so as
      to form 1,6-hexanediol and said alkane alcohol; and (e) separating
      1,6-hexanediol from the product of said hydrogenolysis; which improvement
      comprises a prehydrogenation of said acid fraction prior to esterification
      thereof by reacting said acid fraction while in a liquid phase with
      molecular hydrogen under hydrogenation conditions including elevated
      temperature and superatmospheric pressure and in the presence of a
      catalytic amount of a hydrogenation catalyst to a degree sufficient to
      convert a substantial portion of said 1,4-dihydroxycyclohexane to
      cyclohexanol, cyclohexane and/or cyclohexene, but insufficient to
      appreciably hydrogenolyze the adipic acid and 6-hydroxyhexanoic acid
      therein.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The improvement of the present invention comprises a prehydrogenation of
      the acid fraction sent to esterification. It has been discovered that this
      prehydrogenation improves the efficiency to an ultimate product of
      improved purity by converting the above mentioned impurities to compounds
      which may be easily removed or to components which are subsequently
      converted to product. For example, in the prehydrogenation
      1,4-dihydroxycyclohexane is converted to cyclohexanol, cyclohexane and
      cyclohexene, which may readily be separated. A compound such as
      3-hydroxyadipic acid is converted during the prehydrogenation to adipic
      acid or perhaps to a hexenedioic acid, which are desired compounds.
      Prehydrogenation of the acid fraction also converts the aldehydes and
      ketones, such as adipaldehydic acid and levulinic acid, to
      6-hydroxyhexanoic acid and (probably) valeric acid or gamma-valerolactone,
      respectively, which are either desirable compounds or generate impurities
      which are easily removed.
PAR  The prehydrogenation is not as severe or carried out to the same degree as
      the hydrogenolysis step wherein the adipic acid esters are hydrogenolyzed
      to 1,6-hexanediol. Since the purpose of the prehydrogenation is to remove
      components which undergo undesirable reactions in the esterification or
      generate difficulty removable impurities, it should only be carried out to
      a degree sufficient to convert a substantial portion of the
      1,4-dihyroxycyclohexane to cyclohexanol, cyclohexane and cyclohexene, but
      insufficient to appreciably hydrogenolyze the adipic acid present.
      Carrying the prehydrogenation to such degree will also result in the
      desired effect on the other impurities such as 3-hydroxyadipic acid and
      the like.
PAR  The prehydrogenation can generally be carried out by the same general
      methods already disclosed for the hydrogenolysis of the ester product, and
      generally the same type catalysts may be used except that nickel catalysts
      are not desirable. Preferably the catalyst is of copper, cobalt, platinum
      or palladium or mixtures thereof. In the prehydrogenation, a metallic
      copper or metallic platinum catalyst is especially preferred. In some
      instances, the catalyst may be prepared in situ, such as by reduction of a
      metal salt under hydrogenation conditions, although an ex situ reduction
      will also provide a suitable catalyst. Metal salts that may be reduced
      include the acetates, nitrates, various complexes and the like, for
      example, copper acetate. The actual metal itself, such as a screen of
      copper wire, is also effective, though not preferred. A substantially
      completely activated (that is at least 90% aluminum removal) Raney metal
      catalyst is also suitable.
PAR  The prehydrogenation should be carried out at temperatures within the range
      of 100.degree. to 350.degree.C, preferably 150.degree. to 275.degree.C,
      and at pressures within the range of 50 to 400 atmospheres absolute,
      preferably 70 to 300 atmospheres absolute. Residence times may vary widely
      depending on the amount and type of catalyst used, etc. In general the
      residence times will be on the order of from 30 to 240 minutes.
PAR  Following the prehydrogenation of the acid fraction, it can be passed
      directly to the esterification.
DETD
PAC  EXAMPLE 1
PAR  A hydrogenation reduction system was employed which comprised a two-liter
      stainless steel rocking autoclave, provided with means for measuring and
      controlling the internal temperature and hydrogen pressure.
PAR  The autoclave was packed with 100 grams of copper strips (0.0127 .times.
      0.4 .times. 46 cm). A copper coating was deposited on the interior of the
      reactor and on the copper strips by charging the autoclave with
      approximately 0.5 liter of a 10% by weight copper acetate solution in
      water and then, with the autoclave being rocked, subjecting its contents
      to hydrogen at a pressure of about 200 atmospheres absolute and a
      temperature of 180.degree.C for 4 hours. At the end of this time, the
      reactor was opened and drained. Visual examination indicated that the
      copper strips and the internal walls of the reactor were coated with a
      reddish layer of copper crystals.
PAR  The reactor was next charged with 0.5 liter sample of a water-diluted (40%
      total water by weight) acid fraction obtained from the oxidation product
      of a cyclohexane oxidation wherein cyclohexane had been oxidized in the
      liquid phase with air in the presence of a cobalt naphthenate catalyst at
      a temperature of about 145.degree.C and a pressure of about 35 atmospheres
      absolute. Except for the 40% water of dilution, the sample comprised
      mainly adipic acid and 6-hydroxyhexanoic acid, although minor amounts of
      undesirable impurities such as 3-hydroxyadipic acid, formic acid, various
      formates, 1,4-dihydroxycyclohexane and various organic carbonyl compounds
      were present. A hydrogen atmosphere at approximately 300 atmospheres
      absolute pressure was applied, the internal temperature was adjusted to
      approximately 265.degree.C, and the reactor was agitated by rocking under
      these conditions for approximately four hours. At the end of this period,
      the reactor was allowed to cool, the hydrogen atmosphere was released, and
      liquid product solution was analyzed. Analysis indicated that the
      3-hydroxyadipic acid, formic acid, formates, and 1,4-dihydroxycyclohexane
      were substantially completely removed. The carbonyl content was reduced by
      greater than 90%. Adipic and 6-hydroxyhexanoic acids (1,6-hexanediol
      potential) increased 20%.
PAR  After such prehydrogenation, 500 grams of the liquid product solution of
      the prehydrogenation was mixed with 300 grams of 1,5-pentanediol. The
      mixture was charged to a 30-tray Oldershaw distillation column and allowed
      to esterify noncatalytically at 240.degree.C and 1 atmosphere of pressure
      for 2 hours. During this time, water and some volatiles were taken
      overhead. At the end of two hours, the pressure was reduced to 180 mm Hg
      absolute and additional water of esterification removed. The product of
      esterification contained by weight about 60% ester, 35% alcohol, 0.8% acid
      (all at molecular weight 100), and 0.2% H.sub.2 O.
PAR  500 grams of this ester product was blended with 500 grams of 1,4-dioxane
      and 80 grams of barium stabilized copper chromite. This mixture was
      charged to a stainless steel rocking autoclave provided with means for
      measuring and controlling the internal temperature and pressure and was
      allowed to react with hydrogen at 250.degree.C and 4500 psig for 6 hours
      so as to hydrogenolyze the ester. At the end of this time, the reaction
      was essentially complete. The diol product was removed and centrifuged to
      remove the hydrogenolysis catalyst.
PAR  The catalyst-free diol product is fed continuously to a three-column
      Oldershaw distillation system. The first column provides for removal of
      the light ends overhead. The residue is fed to a second column where diols
      are removed overhead and high boilers are removed in the base. The
      overhead product, containing diols, is fed to the lower-middle of a third
      tower. 1,6-Hexanediol is removed as a vapor side stream; other diols are
      removed overhead. Per gram of the ester product above, 0.50 gram of
      1,6-hexanediol is isolated in the product side stream. This is
      approximately a 20% increase in 1,6-hexanediol yield when compared to a
      process wherein the water-diluted acid fraction sample is not hydrogenated
      prior to esterification and hydrogenolysis.
PAC  EXAMPLE II
PAR  The procedure described in Example I was repeated, except, in place of
      copper strips, the autoclave was packed with carbon pellets. Copper
      plating procedure, feedstock, and hydrogenation procedures were the same
      as in Example I. Results were essentially the same.
PAC  EXAMPLE III
PAR  Example I was repeated except the catalyst was changed to 100 grams of 5%
      by weight platinum on carbon. Results were the same.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. In a process for the production of 1,6-hexanediol from cyclohexane
      wherein:
PA1  a. cyclohexane is oxidized in the liquid phase in the presence of molecular
      oxygen and an oxidation catalyst at elevated temperatures and
      superatmospheric pressures to produce an oxidation product;
PA1  b. said oxidation product is separated into a non-acid fraction comprising
      cyclohexanol or cyclohexanone or mixtures thereof and an acid fraction
      comprising C.sub.1 to C.sub.6 monocarboxylic and dicarboxylic acids,
      substantially adipic acid and 6-hydroxyhexanoic acid and also
      1,4-dihydroxycyclohexane and/or precurrors thereof;
PA1  c. said acid fraction is esterified by reacting same in the liquid phase
      with a C.sub.2 -C.sub.10 monohydric or dihydric alkane alcohol under
      esterification conditions so as to esterify at least a portion of the
      adipic acid and 6-hydroxyhexanoic acid contained in said acid fraction;
PA1  d. the ester product obtained by esterifying said acid fraction is reacted
      while in a liquid phase with molecular hydrogen under hydrogenolysis
      conditions including elevated temperature and superatmospheric pressure
      and in the presence of a catalytic amount of a hydrogenolysis catalyst to
      hydrogenolyze the esters of adipic acid and 6-hydroxyhexanoic acid so as
      to form 1,6-hexanediol and said alkane alcohol; and
PA1  e. separating 1,6-hexanediol from the product of said hydrogenolysis;
PA2  the improvement which comprises a prehydrogenation of said acid fraction
      prior to esterification thereof by reacting said acid fraction while in a
      liquid phase with molecular hydrogen at temperatures within the range of
      about 100.degree. to 350.degree.C and pressures within the range of about
      50 to 400 atmospheres absolute, and in the presence of a metallic
      hydrogenation catalyst of copper, cobalt, platinum or palladium or
      mixtures thereof sufficient to convert a substantial portion of said
      1,4-dihydroxycyclohexane to cyclohexanol, cyclohexane and/or cyclohexene,
      but insufficient to appreciably hydrogenolyze the adipic acid and
      6-hydroxyhexanoic acid therein.
NUM  2.
PAR  2. The process of claim 1 wherein said prehydrogenation of said acid
      fraction is accomplished at temperatures within the range of about
      150.degree. to 275.degree.C and at pressures within the range of about 70
      to 300 atmospheres absolute, and wherein said alkane alcohol is a C.sub.3
      -C.sub.10 alkanediol.
NUM  3.
PAR  3. The process of claim 1 wherein the hydrogenation catalyst used for the
      prehydrogenation of said acid fraction is a metallic copper catalyst.
NUM  4.
PAR  4. The process of claim 1 wherein the hydrogenation catalyst used for the
      prehydrogenation of said acid fraction is a metallic platinum catalyst.
NUM  5.
PAR  5. The process of claim 2 wherein the hydrogenation catalyst used for the
      prehydrogenation of said acid fraction is a metallic copper catalyst.
NUM  6.
PAR  6. The process of claim 2 wherein the hydrogenation catalyst used for the
      prehydrogenation of said acid fraction is a metallic platinum catalyst.
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ABST
PAL  Perfluoroaklyl iodides are prepared by reacting iodine, iodine
      pentafluoride and tetrafluoroethylene in the presence of a fluoride
      catalyst selected from the group consisting of niobium fluoride, tantalum
      fluoride, boron fluoride, and molybdenum fluoride.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention:
PAR  This invention relates to a process for preparing perfluoroalkyl iodides,
      and more particularly to a new and improved process for preparing
      perfluoroalkyl iodides by reacting iodine, iodine pentafluoride and
      tetrafluoroethylene in the presence of a novel fluoride catalyst.
PAR  2. Description of the Prior Art:
PAR  It is known that perfluoroalkyl iodides can be prepared by the reaction of
      tetrafluoroethylene with iodine and iodine pentafluoride, and the prior
      art describes various catalysts which may be used for promoting such a
      reaction. British Pat. Specification No. 930,758 (corresponding to U.S.
      Pat. No. 3,006,973), for instance discloses that the metals aluminum,
      magnesium, thorium, beryllium, calcium, strontium, or the iodides thereof,
      can be used as catalysts for this reaction and U.S. Pat. No. 3,132,185
      (corresponding to British Pat. No. 998,235) discloses that antimony
      pentafluoride, antimony trifluoride, or anhydrous stannous fluoride may be
      used to promote this reaction. None of the prior art processes, however,
      are entirely satisfactory, because the yield of the perfluoroalkyl iodides
      obtained is low, unless antimony catalysts are used, but these catalysts
      are difficulty to handle and hence, are not satisfactory from an
      industrial point of view.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that perfluoroalkyl iodides can be prepared in
      exceptionally high yields by the use of certain metal fluorides, including
      niobium fluoride, tantalum fluoride, boron fluoride, and molybdenum
      fluoride, in the reaction of tetrafluoroethylene with iodine and iodine
      pentafluoride. These catalysts are capable of attaining exceptionally high
      yields with essentially no undesirable side reactions. Moreover, they are
      safer and provide a higher reaction rate, than the conventional catalysts
      described in the prior art.
PAR  In the process of the present invention, iodine and iodine pentafluoride
      are introduced into a closed reactor system together with an effective
      amount of the catalyst. Tetrafluoroethylene is also fed into the reactor,
      and, if the reaction is not self-initiating, the contents are gently
      heated. Since the reaction is exothermic, however, once, it is initiated,
      it will be self-sustaining without the need for additional heat.
PAR  The reaction temperature should be maintained within the range of
      0.degree.C to 150.degree.C, and the reaction is preferably carried out
      under autogeneous pressure.
PAR  The perfluoroalkyl iodides prepared according to the present invention may
      be used directly without further purification as telogens for the
      production of telomers according to such known processes, as thermic
      telomerization, telomerization catalyzed by peroxides or by actinic
      radiation. The perfluoroethyl iodide prepared according to the present
      invention, for example, can be used to produce perfluoroalkyl iodides of
      the formula
EQU  C.sub.2 F.sub.5 (C.sub.2 F.sub.4).sub.n I
PAL  by telomerization with tetrafluoroethylene. They are also important raw
      materials for providing perfluorocarbonaceous molecules having chemical
      functional groups. The longer chain perfluoroalkyl iodides may be
      converted to perfluoro acids, which are well-known surface-active agents.
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The reaction of the present invention, proceeds as follows:
EQU  5C.sub.2 F.sub.4 +1I.sub.2 +IF.sub.5 .fwdarw.5C.sub.2 F.sub.5 I
PAL  In this reaction, the mixture of iodine and iodine pentafluoride should be
      used in a molar ratio of I.sub.2 : IF.sub.5 of at least 1 : 1. The upper
      limit of the I.sub.2 : IF.sub.5 molar ratio is not critical, but from a
      practical stand point, it should not exceed 5 : 1. Best results are
      generally obtained, when the I.sub.2 : IF.sub.5 molar ratio is in the
      range of from 1.8 : 1 to 2.5 : 1, the optimum ratio being approximately 2
      : 1. When this molar ratio is at least 2 : 1,  the tetrafluoroethylene
      should be used in an amount of at least 5 moles for each mole of IF.sub.5.
      Excess tetrafluoroethylene may be used, but the reaction will stop after
      the 5 moles of the tetrafluoroethylene have been reacted. Moreover, excess
      tetrafluoroethylene will be lost, if excess iodine is present. Generally,
      the molar ratio of tetrafluoroethylene to iodine pentafluoride is not
      critical, although it is preferred to employ a stoichiometric excess of
      tetrafluoroethylene. The tetrafluoroethylene: iodine pentafluoride molar
      ratio, should generally be in the range of from 3 : 1 to 10 : 1 and
      preferably in the range of from 5 : 1 to 8 : 1.
PAR  The end products prepared in the reaction according to the present
      invention are dependent upon the molar ratio of iodine to iodine
      pentafluoride. When the I.sub.2 : IF.sub.5 ratio is at least 2 : 1, the
      end product of the reaction will be essentially perfluoroethyl iodine. If
      the molar ratio of I.sub.2 : IF.sub.5 is less than 2 : 1, products of the
      formula C.sub.2 F.sub.5 (CF.sub.2 CF.sub.2).sub.n I may also be produced,
      usually in conjunction with varying amounts of C.sub.2 F.sub.5 I,
      depending on the I.sub.2 : IF.sub.5 ratio and the amount of
      tetrafluoroethylene used.
PAR  Products having the formula C.sub.2 F.sub.5 (CF.sub.2 CF.sub.2).sub.n I are
      produced as mixtures, and therefore there may be several values for n in
      the same reaction product.
PAR  The particular value of N and the number of products obtained having the
      formula C.sub.2 F.sub.5 (CF.sub.2 CF.sub.2).sub.n I will vary depending
      upon the amount of tetrafluoroethylene used. Almost any amount of
      tetrafluoroethylene will provide some product.
PAR  The selection of the molar ratio of tetrafluoroethylene to IF.sub.5 is
      governed by the molecular weight desired in the end products.
PAR  It has now been found that the most effective catalysts are niobium
      fluoride, tantalum fluoride, boron fluoride, titanium fluoride, molybdenum
      fluoride or tungsten fluoride. It is also possible to use metallic
      niobium, metallic tantalum, or molybdenum or others which are convertible
      to the fluorides, as the catalyst, in the reaction system. Moreover,
      combinations of two or more of the catalysts may be used, or combinations
      of any of these catalysts with a conventional catalyst, may be used, so
      far as the conventional catalyst does not adversely affect the functioning
      of the primary catalyst. Since the niobium fluoride and tantalum fluoride
      will provide high reaction rates, it is possible to attain a high degree
      of conversion in a short period of time and a high selectivity of the
      reaction toward the intended product, perfluoroalkyl iodide. Moreover, it
      is possible to reuse these fluoride catalysts without significant loss in
      their catalytic activity.
PAR  Since both niobium fluoride and tantalum fluoride are effective in smaller
      amounts than any of the boron fluoride or molybdenum fluoride, it is
      preferable to use either the niobium fluoride or the tantalum fluoride.
PAR  If niobium, tantalum, or molybdenum is added in the form of metal to the
      reaction system, it will be reacted with IF.sub.5 to yield the desired
      metal fluoride. Accordingly, separate synthesis of these fluoride
      catalysts may be eliminated and difficulties which might otherwise occur
      during synthesis can be advantageously minimized. It is therefore,
      advantageous to use the metal per se for catalyzing the reaction.
PAR  The concentration of the catalyst is not critical. They can effectively be
      used in very small amounts, e.g., 0.0005 moles per mole of IF.sub.5, or in
      larger amounts, e.g., up to 0.3 moles per mole of IF.sub.5. Usually, the
      catalyst will be used in amounts ranging from 0.001 to 0.2 mole for each
      mole of IF.sub.5. Preferably the catalyst should be used within the range
      of from 0.003 to 0.1 mole per mole of IF.sub.5.
PAR  The reaction of the present invention will occur at relatively low
      temperatures, as low as -20.degree.C. Furthermore, higher temperatures,
      however, even as high as 200.degree.C are possible. For practical
      considerations, however, the reaction is preferably carried out at a
      temperature within the range of between 0.degree.C and 150.degree.C. The
      preferred reaction temperature in the present invention will lie within
      the range of from 10.degree. to 100.degree.C, particularly from 40.degree.
      to 80.degree.C.
PAR  The reaction pressure is not critical. The reaction may be conducted at
      atmospheric pressure, although in many cases the reactants will be
      volatile at the reaction temperature used so that it will be desirable to
      conduct the reaction under moderate superatmospheric pressures, ranging
      for example, from 3 to 50 atms. depending upon the pressure autogeneously
      developed during the reaction. Higher pressures, however, up to any
      practical limit, e.g., 200 atms. may be used.
PAR  Reaction time is not critical. The usual reaction period to obtain a
      reasonable to good conversion, will generally be from about one to thirty
      hours.
PAR  The procedure for carrying out the present invention is relatively simple.
      For example, iodine, iodine pentafluoride, and the catalyst may be placed
      in an agitated pressure vessel and heated to the reaction temperature. The
      reaction vessel should also be equipped with means for cooling the
      reaction mixture. The tetrafluoroethylene should be added slowly, since
      the reaction is rather exothermic and a considerable temperature rise may
      occur. If tetrafluoroethylene is added, either in bulk initially or too
      rapidly during the reaction, the process may become uncontrollable. The
      rate of tetrafluoroethylene addition is controlled mainly by the ability
      of the reaction equipment used to remove heat from the reaction mixture.
      It is also desirable to keep the temperature as low as possible, since
      iodine pentafluoride tends to be much more corrosive at higher
      temperatures. When a small proportion of tetrafluoroethylene is added to
      the iodine, iodine pentafluoride mixture, there is usually an almost
      immediate release of heat. The pressure due to the added
      tetrafluoroethylene will decrease as it is consumed. After the added
      tetrafluoroethylene has reacted, additional increments are introduced
      until the desired amount of tetrafluoroethylene has been added.
      Alternatively, the tetrafluoroethylene may be added slowly, in a
      continuous manner, at a rate such that the reaction temperature is
      maintained approximately constant, by removing heat from the reaction.
PAR  All of the materials used in the process of the present invention are
      commercially available materials. The iodine pentafluoride can be
      conveniently formed in situ in the mixing vessel by charging solid iodine
      into the vessel and introducing fluorine gas through the inlet tube to
      produce liquid IF.sub.5. This product may include unreacted iodine. The
      preparation of iodine pentafluoride is described in a review article by
      Booth and Pinkston, Chem. Rev., vol. 41, page 421 (1947), or in the U.S.
      Pat. No. 3,367,745.
PAR  Iodine pentafluoride is very corrosive, particularly to metals, if the
      anhydrous condition is not maintained. Under anhydrous conditions,
      corrosion is not severe and metals, such as stainless steel, "Hastelloy-C"
      (trade mark), "Inconel" (trade mark), and ordinary steel, can be used in
      forming the reaction equipment. Steel is more severely attacked than the
      others, but not enough to prevent its use.
PAR  In the process according to the present invention, the reaction of
      tetrafluoroethylene with iodine and iodine pentafluoride may be carried
      out in a liquid inert medium. The medium employed according to the process
      of the invention may be any solvent which is inert to the reactants, the
      reaction products, and the equipment utilized. Perfluoroethyl iodine is
      the preferred solvent, since it is also one of the principal reactants.
PAR  In the process according to the present invention, the perfluoroethyl
      iodide, employed as an inert medium, may be added in amounts ranging from
      0.5 to 20 parts by weight per part by weight of iodine pentafluoride.
PAR  Preferably, the medium is used in amounts of from 2 to 10 parts by weight
      for each part of iodine pentafluoride. The perfluoroethyl iodide medium
      may be introduced into the reaction vessel by any suitable procedure known
      in the art. For example, the perfluoroethyl iodide produced according to
      the process of the present invention may be circulated into the reaction
      vessel as the medium.
PAR  Prior to reaction with tetrafluoroethylene, it is preferable to let the
      mixture of iodine, iodine pentafluoride and catalyst remain in contact
      with one another for several hours, preferably while maintaining the
      mixture at an elevated temperature, ranging up to about 200.degree.C.
      Usually, heating the mixture between temperatures of 100.degree.C and
      200.degree.C for a period of 0.5 to 24 hours will give optimum results.
      Where a liquid inert medium is employed, such as perfluoroethyl iodide, it
      is preferred to conduct the pre-heating of the mixture of iodine, iodine
      pentafluoride and catalyst in the presence of the inert medium.
      Apparently, the activity of the catalyst is improved by such pre-heating
      in the presence of the medium, since more reproducible results are
      obtainable, and generally higher yields and conversions result by this
      procedure.
PAR  Where a liquid inert medium is employed, it is preferred to conduct the
      pre-heating of the mixture between temperatures of 100.degree.C and
      200.degree.C for a period of 0.5 to 24 hours, particularly between
      temperatures of 110.degree.C and 140.degree.C for a period of 1 to 12
      hours.
PAR  For a clearer understanding of the invention, the following specific
      examples are given. These examples are intended to be merely illustrative
      of the invention and not in limitation thereof. Unless otherwise
      specified, all parts are by weight.
DETD
PAC  EXAMPLE 1
PAR  A 0.1 litre stainless steel autoclave was charged with 16.8 grams (66
      millimoles) of iodine, 7.3 grams (33 millimoles) of iodine pentafluoride
      and 25 milligrams (0.27 millimoles) of granular metallic niobium. The
      autoclave was sealed and cooled to -60.degree.C, evacuated to remove air,
      and then heated at 75.degree.C with agitation. 19.3 grams (193 millimoles)
      of tetrafluoroethylene was added intermittently, with agitation, to the
      autoclave, and the temperature was maintained at approximately 75.degree.C
      and the pressure between 4 and 12 kgs/cm.sup.2 gauge for 1.5 hours.
PAR  At the end of the reaction, 39.0 grams (159 millimoles of C.sub.2 F.sub.5
      I) was obtained. The selectivity of C.sub.2 F.sub.5 I was 99% based on the
      quantity of tetrafluoroethylene consumed. The yield of C.sub.2 F.sub.5 I
      was 96% based on IF.sub.5 used.
PAR  In Examples 2 to 4 and References 1 to 5, Example 1 was repeated except
      using different types of catalysts as stated in the following table:
TBL          Catalyst                                                          

                     Amount of Reaction Yield of                               

                     Cat. (g)  period   C.sub.2 F.sub.5 I(%)                   

                               (hr)                                            

     ______________________________________                                    

     Example 2 Nb        0.10      2.0    97                                   

     Example 3 NbF.sub.5 0.10      2.0    97                                   

     Example 4 Ta        0.10      1.5    98                                   

     ______________________________________                                    

     Reference 1                                                               

                Bi-BiF.sub.3                                                   

                         0.10      5.5    35                                   

     Reference 2                                                               

               AgF       0.10      8.0    53                                   

     Reference 3                                                               

               CaF.sub.2 0.10      4.5    34                                   

     Reference 4                                                               

               AlF.sub.3 0.10      6.7    66                                   

     Reference 5                                                               

               None      --        3.5    35                                   

     ______________________________________                                    

PAC  Comparative Example
PAR  A 0.1 litre stainless steel autoclave was charged with 16.8 g (66
      millimoles) of iodine, 7.3 g (33 millimoles) of iodine pentafluoride, and
      100 mg (2.1 millimoles) of granular metallic titanium. The autoclave was
      sealed and cooled to -60.degree.C, and evacuated to remove air and then
      heated at 75.degree.C.
PAR  18.2 g (182 millimoles) of tetrafluoroethylene was intermittently added to
      the autoclave while stirring, and was then reacted at about 75.degree.C
      for 4.5 hours under a gauge pressure of 4-12 kg/cm.sup.2.
PAR  After the reaction, the contents were separated to yield 36.4 g (148
      millimoles) of C.sub.2 F.sub.5 I. The selectivity of C.sub.2 F.sub.5 I
      based on C.sub.2 F.sub.4 was 100% and the yield of C.sub.2 F.sub.5 I based
      on IF.sub.5 was 95%.
PAC  EXAMPLE 5
PAR  The process of Example 5 was repeated except using different types of
      catalyst.
PAR  The results are summarized in Table 2.
TBL                TABLE 2                                                     

     ______________________________________                                    

            Catalyst                                                           

                   Amount of Reaction  C.sub.2 F.sub.5 I                       

                   Cat. (g)  period (hr)                                       

                                       yield %                                 

                                       (based on                               

                                       IF.sub.5)                               

     ______________________________________                                    

     Example 6                                                                 

              BF.sub.3 0.36      4.5     91                                    

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  A 0.1 litre stainless autoclave was charged with 16.8 g (66 millimoles) of
      iodine, 7.4 g (33 millimoles) of iodine pentafluoride, and 100 g (1.0
      millimole) of granules of metallic molybdenum.
PAR  The autoclave was sealed, evacuated, and cooled to -60.degree.C. 19.5 g
      (195 millimoles) of C.sub.2 F.sub.4 was then intermittently added to the
      autoclave at 75.degree.C and was reacted under a gauge pressure of 4-12
      kg/cm.sup.2 for 2.3 hours.
PAR  After the reaction, the contents were separated, to yield 38.3 g (156
      millimoles) of C.sub.2 F.sub.5 I based on C.sub.2 F.sub.4 was 99% and the
      yield of C.sub.2 F.sub.5 I based on IF.sub.5 was 93%.
PAC  EXAMPLE 7
PAR  The process of Example 1 was repeated except using 13 milligrams of
      metallic niobium and reacting for 2.5 hours.
PAR  The yield of C.sub.2 F.sub.5 I based on IF.sub.5 was 93%.
PAC  EXAMPLE 8
PAR  A 0.1 litre stainless steel autoclave was charged with 16.8 g (66
      millimoles) of iodine, 7.3 g (33 millimoles) of iodine pentafluoride, and
      43.8 g (178 millimoles) of perfluoroethyl iodide and 0.050 g (0.53
      millimoles) of metallic niobium. The autoclave was sealed and was kept at
      120.degree.C for 1 hour while stirring. 18.2 g (182 millimoles) of
      tetrafluoroethylene was then added to the autoclave at 75.degree.C, and
      was reacted under a gauge pressure of 5-12 kg/cm.sup.2 for 1.5 hours.
      After the reaction, the contents were separated to yield 83.4 g (339
      millimoles) of C.sub.2 F.sub.5 I.
PAR  The yield of C.sub.2 F.sub.5 I based on IF.sub.5 was 98%.
PAC  EXAMPLE 9
PAR  After the reaction of Example 2, C.sub.2 F.sub.5 I was separated from the
      reaction mixture, and 16.8 g of iodine and 7.3 g of IF.sub.5 were added to
      0.5 g of residue containing niobium fluoride and a small amount of iodine.
PAR  The reaction of Example 10 was then further conducted for 1.5 hours.
PAR  As a result, the yield of C.sub.2 F.sub.5 I based on IF.sub.5 was 94%. This
      example shows the reusability of the catalyst of this invention.
PAC  EXAMPLE 10
PAR  A 0.1 litre stainless steel autoclave was charged with 16.8 g (66
      millimoles) of iodine, 7.3 g (33 millimoles) of iodine pentafluoride and
      0.10 g (0.55 millimoles) of metallic tantalum. The autoclave was sealed
      and was kept at 118.degree.C for 2 hours while stirring. 18.5 g (185
      millimoles) of tetrafluoroethylene was then intermittently charged at
      75.degree.C, and was reacted under the gauge pressure of 5-12 kg/cm.sup.2
      for 2 hours. After the reaction, the content was separated to yield 64.2 g
      (261 millimoles) of C.sub.2 F.sub.5 I. The yield of C.sub.2 F.sub.5 I
      based on IF.sub.5 was 41%.
PAR  Having now fully described the invention, it will be apparent to one of
      ordinary skill in the art that many changes and modifications can be made
      thereto without departing from the spirit or scope of the invention.
CLMS
STM  What is claimed and desired to be secured by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A process for preparing perfluoroethyl iodide by the reaction of iodine,
      iodine pentafluoride and tetrafluoroethylene, in which the molar ratio of
      iodine to iodine pentafluoride is at least 1 : 1 and the molar ratio of
      tetrafluoroethylene to iodine pentafluoride is at least 3 : 1 and the
      reaction is carried out in the presence of a catalyst selected from the
      group consisting of niobium fluoride, tantalum fluoride, boron fluoride,
      and molybdenum fluoride and at a temperature of from 0.degree.C to
      150.degree.C. and a pressure of from atmospheric pressure to 200
      atmospheres, and wherein said reaction is carried out in the liquid phase
      in a liquid inert medium wherein liquid iodine pentafluoride or
      perfluoroalkyl iodide and catalysts are first introduced into the reaction
      zone and then tetrafluoroethylene is added.
NUM  2.
PAR  2. A process according to claim 1, in which the reaction is carried out at
      a temperature of from 40.degree. to 80.degree.C.
NUM  3.
PAR  3. A process according to claim 1, in which the reaction is carried out
      under autogenous pressure.
NUM  4.
PAR  4. A process according to claim 1, in which the catalyst is present in the
      amount of from 0.001 to 0.2 moles per mole of iodine pentafluoride.
NUM  5.
PAR  5. A process according to claim 1, in which the catalyst is niobium
      fluoride or tantalum fluoride.
NUM  6.
PAR  6. A process according to claim 1, in which the molar ratio of I.sub.2 :
      IF.sub.5 is in the range of from 1.8 : 1 to 2.5 : 1.
NUM  7.
PAR  7. A process according to claim 1, in which the molar ratio of
      tetrafluoroethylene : iodine pentafluoride is in the range of from 5 : 1
      to 7 : 1.
NUM  8.
PAR  8. A process according to claim 1, in which the reaction is carried out in
      a liquid inert medium.
NUM  9.
PAR  9. A process according to claim 1 hwerein the reaction is carried out in
      perfluoroethyl iodide.
NUM  10.
PAR  10. A process according to claim 9, in which the perfluoroethyl iodide
      medium is used in amounts ranging from 0.5 to 20 parts by weight per part
      of iodine pentafluoride.
NUM  11.
PAR  11. A process according to claim 9, in which the mixture of iodine, iodine
      pentafluoride, catalyst and perfluoroethyl iodide medium is pre-heated
      between temperatures of 100.degree.C and 200.degree.C for a period of 0.5
      to 24 hours prior to reaction with tetrafluoroethylene.
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ABST
PAL  Lanthanum phosphate, lanthanum pyrophosphate and rare earth phosphates and
      pyrophosphates containing a major portion of that lanthanum compound are
      good catalysts for oxydehydrogenating alkyl aromatic compounds, including
      nitrogen heterocyclics having at least one C.sub.2 -C.sub.6 alkyl side
      chain to form derivatives having side chain unsaturation. The alkyl
      aromatic compound can have 1-2 rings. The process is carried out at
      450.degree.-640.degree.C. and a space velocity of 55-2500.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  An object of this invention is the provision of a superior catalyst for
      oxydehydrogenation of an alkyl aromatic compound. Another object is to
      provide a process for oxydehydrogenating alkyl aromatic compounds in which
      process superior conversions with high selectivities of the alkyl group to
      an alkene group are obtained.
PAC  SUMMARY OF THE INVENTION
PAR  This invention concerns a catalytic method of oxydehydrogenating alkyl
      aromatic compounds having at least one C.sub.2 -C.sub.6 alkyl group and
      1-2 rings in the aromatic moiety, including alkyl substituted nitrogen
      heterocyclics, to form derivatives having aliphatic unsaturation in the
      side chain. More particularly, the catalysts are lanthanum phosphate,
      lanthanum pyrophosphate or rare earth phosphates containing a major
      portion of lanthanum phosphates and pyrophosphates. The catalyst can also
      contain small amounts of chromium oxide. The method comprises passing a
      mixture of an oxygen containing gas, and vapors of the alkyl aromatic
      compounds, with or without an inert diluent vapor, over the catalyst at a
      temperature of from about 450.degree.C. to about 650.degree.C., at a space
      velocity of from about 55 to about 2500.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The catalysts used in this invention are prepared by reacting an acidic
      solution of lanthanum or a rare earth containing a predominant amount of
      lanthanum with a phosphate in such a ratio that either the phosphate or
      pyrophosphate of the lanthanum or rare earth is formed.
PAR  The molar ratio of oxygen to alkyl aromatic compound can range from about
      0.5 to about 4.0 moles of O.sub.2 per mole of alkyl aromatic compound, but
      a preferred range is from about 0.5 to about 1.5 and most preferred is a
      range of about 0.9 to about 1.1 mole O.sub.2 per mole of aromatic
      compound.
PAR  The oxygen can be pure oxygen, air, or air enriched with oxygen.
PAR  The space velocity (vol./vol./hr.) can range from about 55 to 2500, but a
      preferred range is from about 250 to about 1800. Most preferred is a range
      of from about 800 to about 1800.
PAR  Diluents when used can be the noble gases, nitrogen, carbon dioxide or
      steam. These can range from about 4-16 volumes per volume of alkyl
      aromatic compound, but preferably range from about 4 to about 11 volumes.
PAR  The pressure at which the reaction can be run ranges from 0.5 to about 5
      atmospheres, but it is preferable to operate at autogenous pressure which
      is generally the range of about 1 to about 2 atmospheres.
PAR  The reaction can be effected in a temperature range of from about
      450.degree.C. to about 650.degree.C., but a preferred range is from about
      500.degree.C. to about 650.degree.C.
PAR  Care should be exercized to avoid explosive mixtures when feeding the alkyl
      aromatic compound and oxygen into the reactor.
PAR  The examples which follow are intended to illustrate, but not to limit the
      invention. All parts are by weight unless specifically indicated
      otherwise.
PAR  The reactor for this and subsequent examples was a high silica glass tube
      15 mm I.D. and 45 cm. long, with an inlet for the compound to be
      dehydrogenated and another for a premixed feed of oxygen and an inert
      diluent. After loading the reactor with catalyst, coarse, high silica
      chips were placed above the catalyst layer to serve as a mixing and
      preheating area. The reactor was heated by placing it in an electric
      resistance furnace.
PAR  The reactor was loaded with 20 ml. of the lanthanum or rare earth phosphate
      or pyrophosphate, and then high silica ships were loaded on top of the
      catalyst.
PAR  The reactor outlet was connected to a valved line which was connected to a
      vapor phase chromatograph in which O.sub.2, N.sub.2, CO and CO.sub.2 and
      benzene, toluene alkyl aromatic and alkenyl aromatic hydrocarbons were
      separated and analyzed. The column for separating the hydrocarbons
      contained carbowax 20M (2% KOH) on Chromasorb P (60-80M).
DETD
PAC  EXAMPLE 1
PAR  A lanthanum pyrophosphate catalyst was prepared by dissolving 97.8 g. of
      La.sub.2 O.sub.3 in 120 ml. of concentrated nitric acid, and diluting to
      500 ml. with distilled water. This solution was added slowly, with
      vigorous stirring, to an aqueous solution containing 114 g. of NH.sub.4
      H.sub.2 PO.sub.4 in 500 ml. distilled water and acidified to a pH of 0.9
      with nitric acid. The white gelatinous precipitate was dried by heating in
      an oven at 150.degree.C. for 18 hours, and then gradually raising the oven
      temperature to 380.degree.C. over a period of 91/2 hours. The dried
      material was crushed and screened. The 8-20 mesh portion was then heated
      for 2 hours at 550.degree.C. The product contained predominantly La.sub.4
      (P.sub.2 O.sub.7).sub.3, as confirmed by infra-red analysis.
PAR  A feed containing a ratio of 6.25:1.04:1 of nitrogen, oxygen and ethyl
      benzene, respectively, was reacted at 550.degree.C at a GHSV of 241
      hr.sup.-.sup.1. The conversion of ethyl benzene was 65.2%, acid
      selectivity to styrene was 87.9%.
PAC  EXAMPLE 2
PAR  A rare earth carbonate mixture analyzing 65% lanthanum, 27% of neodymium
      and 7% praseodymium, as oxides, was used for the preparation of the
      catalyst. 140 g. of the carbonated mixture were dissolved in 500 ml. of
      3.7M nitric acid. The pH was adjusted to 0.9 with ammonium hydroxide and
      then the rare earth-containing solution was added to an aqueous solution
      containing 114 g. of NH.sub.4 H.sub.2 PO.sub.4 which had previously been
      adjusted to a pH of 0.9 with nitric acid.
PAR  The precipitate was dried in the manner described in example 1, by periodic
      increases in temperature up to 550.degree.C. The dried catalyst was
      crushed and screened. The 8-20 mesh portion was used for
      oxydehydrogenating ethyl benzene. The catalyst contained a high proportion
      of pyrophosphates.
PAR  The feed ratio of nitrogen, oxygen and ethyl benzene, the reaction
      temperature and flow rate through the reactor were similar to those
      described for example 1.
PAR  The conversion of ethyl benzene was 66.4% and selectivity to styrene was
      86.3%.
PAC  EXAMPLE 3
PAR  A lanthanum phosphate (LaPO.sub.4) catalyst was prepared by dissolving
      162.9 g. of La.sub.2 O.sub.3 in 200 ml. of concentrated nitric acid and
      diluting to one liter. This solution was added to one liter of a solution
      containing 205 g. of concentrated H.sub.3 PO.sub.4. To the combined
      mixture was slowly added, with rapid stirring, 4.35 liters of 1.5N
      NH.sub.4 OH. The final pH was 3. The precipitate was filtered and dried at
      room temperature over calcium chloride. It was then heated to
      550.degree.C. for 4 hours. Infra-red analysis confirmed that the catalyst
      was predominantly LaPO.sub.4.
PAR  When tested for its ability to dehydrogenate ethyl benzene, using the ratio
      of ingredients, the temperature and feed rate described in example 1, it
      was found that conversion of ethyl benzene was 39.8% and selectivity to
      styrene was 73.6%.
PAR  The data shows that LaPO.sub.4 is an effective catalyst for
      oxydehydrogenating alkyl aromatic compounds to alkenyl aromatic
      derivatives, but that lanthanum pyrophosphate and the mixed rare earth
      pyrophosphates whose metal is predominantly lanthanum are superior to the
      orthophosphate.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of oxydehydrogenating ethyl benzene to styrene comprising
      feeding a mixture of from about 0.5 to about 4.0 moles of oxygen per mole
      of ethyl benzene, into admixture with a catalyst consisting essentially of
      lanthanum phosphate, lanthanum pyrophosphate, a rare earth phosphate
      having a predominant amount of lanthanum in the metal moiety or a rare
      earth pyrophosphate having a predominant amount of lanthanum in the metal
      moiety, at a reaction temperature of from about 450.degree. to about
      650.degree.C., and a space velocity of from about 55 to about 2500 and
      recovering styrene from the effluent.
NUM  2.
PAR  2. The method of claim 1 in which the reaction temperature is from about
      500.degree.C. to about 650.degree.C.
NUM  3.
PAR  3. The method of claim 1 in which the molar ratio of oxygen is from about
      0.5 to 1.5 mols per mol of ethyl benzene.
NUM  4.
PAR  4. The method of claim 3 in which molar ratio of oxygen is from about 0.9
      to about 1.1 per mole of ethyl benzene.
NUM  5.
PAR  5. The method of claim 1 in which the catalyst is lanthanum pyrophosphate,
      the feed contains 6.25 volumes of nitrogen and 1.04 volumes of oxygen per
      volume of vaporized ethyl benzene and the space velocity GSHV is about 240
      hr..sup.-.sup.1.
NUM  6.
PAR  6. The method of claim 1 in which the catalyst is a rare earth
      pyrophosphate which has 65% lanthanum, about 27% neodymium and about 7%
      praseodymium, calculated as oxides, in the metal moiety.
NUM  7.
PAR  7. The method of claim 1 in which the catalyst is lanthanum phosphate.
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ABST
PAL  Organic compounds, particularly hydrocarbons, are oxidatively
      dehydrogenated to more unsaturated compounds by contact, under reaction
      conditions, with air, steam and a calcined solid catalyst composition
      comprising titanium, at least one component selected from the group
      consisting of tungsten or molybdenum, and at least one component selected
      from the group consisting of phosphorus, bismuth, lead, antimony or
      arsenic. Representative of such oxidative dehydrogenation processes is the
      conversion of butane to butenes and butadienes.
PARN
     This is a division of copending application Ser. No. 245,382 filed Apr. 19,
      1972 now U.S. Pat. No. 3,821,324
BSUM
PAR  The present invention relates to chemical processes. More particularly, the
      invention relates to catalytic processes for the dehydrogenation of
      organic compounds, particularly hydrocarbon compounds. Still more
      particularly, the invention relates to novel catalyst composites and their
      use in the catalytic dehydrogenation of organic compounds.
PAR  A widely used conversion method in the chemical processing industry is the
      dehydrogenation of organic compounds to compounds containing a higher
      degree of unsaturation, and which might be less plentiful and therefore
      more valuable. A number of catalytic dehydrogenation processes have been
      developed which have attained some measure of commercial success. Some of
      these are oxidative dehydrogenation processes.
PAR  The ultimate, utopian dehydrogenation process has not yet been discovered.
      As a consequence, it is still a continuing goal of the chemical processing
      industry to find alternative catalytic dehydrogenation methods. Such
      alternative methods become valuable on occasion because they can,
      depending upon the specific circumstances, provide conveniences and
      economies that can make the difference in whether a specific chemical
      processing scheme is practical or not. For any given combination of
      starting feed material and desired product, it is desirable to have a
      large number of alternative catalyst systems to consider. From these a
      catalyst and process can be chosen which provide the most acceptable
      combination of results in terms of minimum side reactions, high conversion
      rates, high yields, and high selectivities to the desired product. Also of
      importance are catalysts which have a low susceptibility to deactivation,
      and which can be operated for long periods of time without regeneration
      and/or which can be readily regenerated to an activity approaching that of
      the freshly prepared catalysts. Each of these process aspects can vary
      with the specific situation.
PAR  A number of oxidative dehydrogenation systems which include halogens or
      halogen-releasing compounds are known in the art. Most of these include
      solid inorganic contact masses which give improved results apparently by
      promoting the oxidation of halides, thereby regenerating elemental halogen
      which is the primary dehydrogenation agent. Such processes exhibit many
      disadvantages in regard to equipment corrosion and the expense of
      continuously feeding, recovering and recycling the relatively expensive
      halogen materials. Halogen-free dehydrogenation systems remain the most
      desirable for use in dehydrogenation processes, particularly in oxidative
      dehydrogenation processes.
PAR  It is an object of this invention to provide a process for the
      dehydrogenation of organic compounds to compounds having a greater degree
      of unsaturation.
PAR  Another object of the invention is to provide a process for the
      dehydrogenation in the presence of oxygen of a hydrocarbon feedstock to
      more unsaturated compounds.
PAR  Still another object of the invention is to provide catalyst composites for
      use in oxidative dehydrogenation processes.
PAR  Other objects, aspects, and advantages of the invention will become
      apparent to those skilled in the art upon consideration of the
      accompanying disclosure.
PAR  Broadly speaking, according to this invention, dehydrogenatable organic
      compounds, particularly hydrocarbons, are oxidatively dehydrogenated to
      compounds having a greater degree of unsaturation by contact, under
      reaction conditions, with a free oxygen-containing gas, steam, and a
      calcined solid catalyst composition comprising titanium, at least one of
      the group consisting of tungsten or molybdenum, and at least one of the
      group consisting of phosphorus, bismuth, lead, antimony or arsenic.
PAR  The catalysts of the present invention are compositions which can be
      represented by the empirical formula
EQU  TiMe.sub.x Me'.sub.y O.sub.z,
PAL  wherein Ti is titanium; Me represents at least one member selected from the
      group consisting of tungsten (W) or molybdenum (Mo); Me' represents at
      least one member selected from the group consisting of phosphorus (P),
      bismuth (Bi), lead (Pb), antimony (Sb) or arsenic (As); wherein x and y
      are numbers in the range of 0.01 to about 5, preferably about 0.1 to about
      1, and wherein z is a number determined by the proportions and by the
      valence requirements of the calcined elements of the mixture, i.e., z is a
      fixed number representing the amount of oxygen necessary to satisfy any
      unsatisfied valences of the calcined metallic elements of the mixture. The
      elements contained in the catalysts are not necessarily present in the
      elemental state but can be combined with each other or with sufficient
      oxygen to form one or more neutral compounds such as titanium oxide,
      tungsten oxide, molybdenum phosphate, bismuth phosphate, lead molybdate,
      antimony oxide, arsenic oxide, and the like, and mixtures of these,
      depending upon the identity and proportions of the elements present.
PAR  These catalysts can also be supported on, or diluted with, a conventional
      catalytic support material such as silica, alumina, boria, magnesia,
      titania, zirconia, and the like, and combinations thereof, as well as with
      other similar conventional catalyst support materials known in the art.
PAR  Some preferred catalyst compositions can be represented by Ti/Mo/P/O,
      Ti/W/Bi/O, Ti/Mo/Pb/O, Ti/W/P/O, Ti/Mo/Bi/O, Ti/W/As/O, Ti/W/Sb/O, and
      Ti/Mo/Sb/O. Particularly effective are catalyst compositions represented
      by Ti/Mo/P/O, Ti/W/Bi/O, Ti/Mo/Pb/O, wherein the atomic ratios of
      Mo,P,W,Bi, and Pb to titanium is in the range of 0.01-5, preferably 0.1-1.
PAR  The catalysts of the present invention can be prepared by any suitable
      method. Conventional methods such as coprecipitation, impregnation, dry
      mixing, wet mixing, and combinations thereof, can be used. In general, any
      method can be used which will provide an intimately-mixed and calcined
      composition containing the above-described elements in the above-described
      atomic proportions and preferably having a catalytic surface of at least
      about 1 square meter per gram.
PAR  Substantially any titanium compound, or tungsten or molybdenum compound, or
      phosphorus, bismuth, lead, antimony, or arsenic compound can be employed
      in the preparation of these catalysts so long as none of the compounds are
      detrimental to the final oxidative dehydrogenation catalyst, and so long
      as essentially all of the elements in the compounds used, other than
      oxygen and the elements listed above, are removed from the final catalyst
      either by a prior washing step or by a volatilization such as during
      calcination. However, small amounts of some other elements involved in the
      preparation of the catalyst can be tolerated in the final catalytic
      composition. For example, if alkali metal or alkaline earth metal
      hydroxides are used in the procedure involving precipitation, small
      residual amounts of such alkali or alkaline earth metals are not damaging
      to the final catalyst composition. Similarly, if some of the elements of
      the catalyst are originally in the sulfate form, small residual amounts of
      sulfur in the final catalyst composition can also be tolerated. Halogen
      residues, on the other hand, are generally considered undesirable and
      these should be minimized.
PAR  Generally, the preferred titanium compounds, Me compounds, and Me'
      compounds are either oxides of these elements or compounds which are
      convertible to the oxide on calcination. Some examples of these are
      titanium oxide, ammonium metatungstate, ammonium molybdate, phosphoric
      acid, bismuth nitrate, lead dioxide, aresenic acid, antimony oxide, and
      the like, and mixtures thereof.
PAR  In one method of catalyst preparation, compounds of the desired metals can
      simply be mixed, in a finely divided state, in the presence of sufficient
      water to form a slurry or paste. The compounds need not necessarily be
      soluble in water. The slurry or paste is then dried, and calcined to form
      an intimate mixture of the ingredients. The calcined mixture can, if
      desired, be formed into pellets, tablets, or other suitable catalyst
      shapes using suitable forming methods.
PAR  In another alternative catalyst preparation method, solutions of suitable
      catalyst preparation compounds are coprecipitated from aqueous solutions
      by the addition of alkali metal, or alkaline earth metal, or ammonium
      hydroxides. The resulting precipitates are then filtered, washed, dried,
      and calcined. In another modification, two or more of such metal compounds
      can be coprecipitated and the resulting precipitate, either in the wet gel
      stage or in the calcined state, can be impregnated with a solution of
      another catalyst ingredient.
PAR  Still another catalyst preparation method is to boil a solution containing
      soluble compounds of the catalyst preparation elements until sufficient
      water has been removed and the mixture becomes viscous or syrupy and can
      then be dried and calcined. Regardless of the method used to prepare the
      catalyst and regardless of the specific sequence of steps used, the last
      stage of the preparation is generally activation by calcination in an
      oxygen-containing gas such as air, or air and steam, at a temperature in
      the range of 900.degree. to about 1800.degree.F. for about 0.1 to about 24
      hours or until the catalyst is active for oxidative dehydrogenation.
PAR  The feedstocks which are applicable for the oxidative dehydrogenation
      process of the present invention comprise dehydrogenatable organic
      compounds having from about 2 to about 12 carbon atoms per molecule and at
      least one
      ##EQU1##
      grouping, that is, adjacent carbon atoms each being bonded to at least one
      hydrogen atom. Hydrocarbons have been found to be particularly suitable as
      feedstock. Particularly applicable are acyclic paraffins and monoolefins,
      preferably having from 4 to about 12 carbon atoms. These can be branched
      or unbranched. Acyclic monoolefins having 4 to 12 carbon atoms are
      particularly responsive. Conversion of butane to butenes and butadiene,
      conversion of isopentane to isoamylenes and isoprene, the conversion of
      butenes to butadiene, and the conversion of isoamylenes to isoprene are
      presently considered most advantageous with the process and catalysts of
      the present invention. Product mono- and diolefins such as these are
      useful as monomers which can be polymerized to moldable resins and
      elastomers.
PAR  Some examples of other feeds include ethane, propane, isobutane, pentane,
      hexane, 2-methylhexane, octane, dodecane, 2,4-dimethyloctane,
      2-methylbutene-1, hexene-2, octene-1, 3-methylnonene-4, dodecene-1, and
      the like, including mixtures thereof.
PAR  The dehydrogenatable feedstocks can be oxidatively converted according to
      the process of the present invention under any suitable conditions. In
      general, these conditions comprise a temperature in the range of aaout
      800.degree.to about 1300.degree.F., preferably 950.degree.to
      1200.degree.F.; a convenient pressure such as 7 to 250 psia; and a
      volumetric oxygen-hydrocarbon ratio of about 0.1:1 to about 4:1. The
      presence of added steam is generally beneficial and volumetric
      steam:hydrocarbon ratios of 0.1:1 to 50:1 can be used. The hydrocarbon
      feed rate will generally be in the range of from about 50 to about 5000
      GHSV, volume of gas per volume of catalyst per hour. The fixed catalyst
      bed is the preferred mode of contact, but other modes such as a fluidized
      bed can also be used.
PAR  The dehydrogenation process is ordinarily carried out by forming a mixture,
      preferably a preheated mixture, of the dehydrogenatable feed, the
      oxygen-containing gas, and the steam, passing this mixture over the
      catalyst at the desired temperature and pressure. The effluent from the
      reaction zone is subjected to any suitable separation method, such as
      fractionation, to isolate and recover the desired products. Unconverted
      feeds or partially converted materials can be recycled.
PAR  Generally, at least trace amounts of oxygenated by-products are also formed
      in these reactions. For example, compounds such as furan, acetaldeyhde,
      furfural, and acetic acid can be obtained. Some carbon oxides will be
      formed as well as some cracking products.
PAR  The catalyts of the present invention can be utilized for long periods of
      time without regeneration. However, when regeneration has become
      necessary, this can be accomplished by merely cutting off the flow of
      dehydrogenatable feedstock and allowing the catalyst to be contacted with
      the oxygen and steam for a sufficient period of time to restore activity
      to the catalyst.
PAR  The following examples are illustrative of the invention.
DETD
PAC  EXAMPLE I
PAR  Several invention catalysts were prepared. This was carried out by dry
      mixing compounds containing the desired elements, adding sufficient water
      to make a slurry, and drying the slurry at 300.degree.F. followed by
      calcination at 1200.degree.F. for 3 hours. The catalysts were then
      crushed, and screened to an 8/40 mesh. The following Table I shows the
      catalyst ingredients and the atomic proportions of the elements within the
      catalyst composition based upon the amounts of the ingredients used.
TBL                TABLE I                                                     

     ______________________________________                                    

                                        Atomic                                 

     Catalyst                                                                  

             25 g   20 g       10 g     Proportions                            

     ______________________________________                                    

     Ti/Mo/P/O                                                                 

             TiO.sub.2                                                         

                    MoO.sub.3  H.sub.3 PO.sub.4 (85%)                          

                                        TiMo.sub.0.44 P.sub.0.33               

     Ti/W/Bi/O                                                                 

             TiO.sub.2                                                         

                    H.sub.2 WO.sub.4                                           

                               Bi(NO.sub.3).sub.3.5H.sub.2 O                   

                                        TiW.sub.0.25 Bi.sub.0.06               

     Ti/Mo/Pb/O                                                                

             TiO.sub.2                                                         

                    MoO.sub.3  PbCO.sub.3                                      

                                        TiMo.sub.0.44 Pb.sub.0.12              

     Ti/W/P/O                                                                  

             TiO.sub.2                                                         

                    H.sub.2 WO.sub.3                                           

                               H.sub.3 PO.sub.4 (85%)                          

                                        TiW.sub.0.25 P.sub.0.33                

     Ti/Mo/Bi/O                                                                

             TiO.sub.2                                                         

                    MoO.sub.3  Bi(NO.sub.3).sub.3.5H.sub.2 O                   

                                        TiMo.sub.0.44 Bi.sub.0.06              

     Ti/W/As/O                                                                 

             TiO.sub.2                                                         

                    H.sub.2 WO.sub.4                                           

                               H.sub.3 AsO.sub.4                               

                                        TiW.sub.0.25 As.sub.0.22               

     Ti/W/Sb/O                                                                 

             TiO.sub.2                                                         

                    H.sub.2 WO.sub.4                                           

                               Sb.sub.2 O.sub.3                                

                                        TiW.sub.0.25 Sb.sub.0.21               

     Ti/Mo/Sb/O                                                                

             TiO.sub.2                                                         

                    MoO.sub.3  Sb.sub.2 O.sub.3                                

                                        TiMo.sub.0.44 Sb.sub.0.21              

     ______________________________________                                    

PAC  EXAMPLE II
PAR  Several catalysts, prepared in Example I above, were tested for activity in
      the oxidative dehydrogenation of isopentenes to isoprene. The catalysts
      were charged into fixed bed reactors and contacted with a mixture of
      isopentenes, air and steam at 1050.degree.F. and at atmospheric pressure.
      After being on-stream for 12 hours, the effluents were sampled and
      analyzed by gas-liquid chromatography. The results of these runs, together
      with other operating conditions are shown in Table II below.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Oxidative Dehydrogenation of Isopentenes to Isoprene                      

     Catalyst        Ti/Mo/P/O                                                 

                            Ti/W/Bi/O                                          

                                   Ti/Mo/Pb/O                                  

     __________________________________________________________________________

     Isopentenes, GHSV                                                         

                     400    400    400                                         

     Oxygen, GHSV    660    660    660                                         

     Steam:Isopentenes Vol. Ratio                                              

                     27.4   23.1   27.7                                        

     Conversion, %   47.7   60.7   56.9                                        

     Modivity to Isoprene.sup.(1), %                                           

                     60.9   67.7   57.3                                        

     __________________________________________________________________________

      .sup.(1) Modivity is a modified selectivity based on the analysis of only

      gas phase products which include isoprene, unconverted feed, cracked     

      products, and carbon oxides.                                             

PAR  The data in the table above demonstrate that the catalyst of the present
      invention shows substantial activity for oxidative dehydrogenation of
      iospentenes to isoprene.
PAC  EXAMPLE III
PAR  Several catalysts prepared in Example I above were tested for the oxidative
      dehydrogenation of butane to butenes and/or butadiene. Each of the
      catalysts was charged into a fixed bed reactor and contacted with a
      mixture of normal butane, air and steam. The butane was passed in at 50
      GHSV, oxygen at 50 GHSV and the steam:butane volumetric ratio was 10:1.
      After 15 minutes onstream at 900.degree.F., the reactor effluents were
      sampled and analyzed by gasliquid chromatography. The temperature was then
      increased to 1050.degree.F. After 1 hour at 1050.degree.F., the effluents
      were sampled and analyzed again.
PAR  The results of these tests are shown in Table III below.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Oxidative Dehydrogenation of Butane to Butenes and Butadiene              

                        900.degree. F. (15 min.)                               

                                   1050.degree. F. (1 hr.)                     

     __________________________________________________________________________

     Ti/W/P/O Catalyst                                                         

     __________________________________________________________________________

     Conversion, %      0.6        21.3                                        

     Modivity to Butenes + Butadiene, %                                        

                        50.1       19.2                                        

     Modivity to Butadiene only, %                                             

                        0          7.8                                         

     Ti/Mo/P/O Catalyst                                                        

     __________________________________________________________________________

     Conversion, %      15.6       14.6                                        

     Modivity to Butenes + Butadiene, %                                        

                        0          9.9                                         

     Modivity to Butadiene only, %                                             

                        0          --                                          

     Ti/W/Bi/O Catalyst                                                        

     __________________________________________________________________________

     Conversion, %      2.0        7.4                                         

     Modivity to Butenes + Butadiene, %                                        

                        0          17.5                                        

     Modivity to Butadiene only, %                                             

                        0          --                                          

     Ti/Mo/Bi/O Catalyst                                                       

     __________________________________________________________________________

     Conversion, %      1.5        17.7                                        

     Modivity to Butenes + Butadiene, %                                        

                        81.4       23.8                                        

     Modivity to Butadiene only, %                                             

                        0          8.5                                         

     Ti/W/As/O Catalyst                                                        

     __________________________________________________________________________

     Conversion, %      7.6        35.1                                        

     Modivity to Butenes + Butadiene, %                                        

                        49.9       38.6                                        

     Modivity to Butadiene only, %                                             

                        --         --                                          

     Ti/W/Sb/O Catalyst                                                        

     __________________________________________________________________________

     Conversion, %      0.1        24                                          

     Modivity to Butenes + Butadiene, %                                        

                        0          27.1                                        

     Modivity to Butadiene only, %                                             

                        0          0.8                                         

     Ti/Mo/Sb/O Catalyst                                                       

     __________________________________________________________________________

     Conversion, %      14.5       20.4                                        

     Modivity to Butenes + Butadiene, %                                        

                        0          8.6                                         

     Modivity to Butadiene only, %                                             

                        0          2.4                                         

     __________________________________________________________________________

PAR  The data in the foregoing table demonstrate that the catalysts of the
      present invention also exhibit activity for the oxidative dehydrogenation
      of butane, although the level of activity appears lower with this paraffin
      and reaction temperatures somewhat higher than 900.degree.F. are
      apparently required for best results.
PAR  As will be apparent to those skilled in the art from the above discussion,
      various modifications can be made in my invention without departing from
      the spirit or scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the oxidative dehydrogenation of a dehydrogenatable
      hydrocarbon feedstock having from 2 to 12 carbon atoms which comprises
      contacting said feedstock under dehydrogenation conditions in the presence
      of molecular oxygen with a catalyst consisting of titanium, molybdenum,
      lead and combined oxygen, said catalyst characterized by the expression
EQU  TiMo.sub. x Pb.sub. y O.sub.z
PAL  wherein x and y are numbers in the range of about 0.01 to about 5 and z is
      a number determined by the valence requirements of said titanium,
      molybdenum and lead.
NUM  2.
PAR  2. The process of claim 1 wherein the values of x and y are in the
      approximate range of 0.1 to 1.
NUM  3.
PAR  3. The process of claim 1 wherein said feedstock is isopentene.
NUM  4.
PAR  4. The process of claim 1 wherein said catalyst is characterized by the
      expression
EQU  TiMo.sub.0.44 Pb.sub.0.12 O.sub.z.
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ABST
PAL  Atactic waxes and method for preparing same by polymerization of polyolefin
      alone or in combination with other monoolefins of the formula CH.sub.2 =
      CHR in which R is hydrogen or an alkyl radical having from 2 to 8 carbon
      atoms in which the polymerization is carried out at low pressure and in a
      hydrocarbon solvent in the presence of a catalyst formed of the product of
      the reaction of magnesium or a compound thereof, a compound of a
      transition metal selected from the sub-groups IVa, Va and VIa of the
      periodic classification of elements and an alkyl halide, and a co-catalyst
      in the form of an organometallic compound of a metal selected of groups II
      and III of the periodic classification of elements.
BSUM
PAR  The invention relates to a process for the manufacture of atactic waxes
      from polyolefins by polymerization of propylene with or without the
      addition of other olefins, and it relates to waxes produced by same.
PAR  It is known to manufacture polypropylene waxes by a polymerization
      technique known as a "low pressure" technique, which consists in solution
      polymerizing propylene in a saturated hydrocarbon solvent and in the
      presence of certain catalytic systems of the Ziegler type consisting of a
      soluble or finely divided compound of a heavy metal and an organometallic
      compound. The polypropylene waxes prepared according to this technique may
      have a more or less considerable crystallinity depending on the nature of
      the catalytic system employed. Among the various types of waxes, those
      having average or low crystallinity, generally referred to as "atactic"
      waxes, have wide industrial applications.
PAR  During the course of the manufacture of these atactic waxes, crystalline
      polymers having a molecular weight generally higher than that of the waxes
      likewise form in more or less substantial quantities. These crystalline
      polymers remain in suspension in the saturated hydrocarbon solvent, in
      contrast to the atactic waxes which are dissolved therein and they give
      rise to considerable heterogeneity in the waxes after evaporation of the
      solvent and cooling. It is then necessary to separate such crystalline
      polymers but this separation is generally difficult due to the more or
      less colloidal nature of these crystalline polymers suspended in the
      viscous solution of the atactic waxes. These difficulties mean that
      separation of the crystalline polymers is generally incomplete. This
      affects both the quality of the prepared atactic waxes and also the
      efficiency of their production.
PAR  Moreover, during the course of manufacture of these atactic waxes, rather
      large quantities of oily polymers frequently form. These oils have the
      drawback of being difficult to separate from the atactic waxes and of
      affecting their quality.
PAR  We have now found that it is possible, by polymerization of propylene or
      mixtures of propylene and other monoolefins, such as ethylene and/or
      butene-1, to produce atactic waxes of polyolefins which are virtually free
      from both oily polymers and crystalline polymers which are insoluble when
      hot in the hydrocarbon solvents, which makes it possible to eliminate the
      difficult separation processes previously described. The process according
      to the invention is likewise characterized by very high productivity of
      waxes in proportion to the catalyst used, which makes it possible to avoid
      the elimination of catalytic residues after polymerization.
PAR  The object of the invention therefore is a process for manufacturing
      atactic waxes from propylene by polymerization under low pressure and
      within a hydrocarbon solvent, or mixtures of propylene, possible with
      other olefins having the formula CH.sub.2 = CHR in which R is hydrogen or
      an alkyl radical having 2 to 8 carbon atoms, such other olefins being
      employed in an amount less than 30% by weight and preferably below 10% by
      weight with respect to the propylene, followed by separation of the waxes
      from the solvents, but in which the polymerization is carried out in the
      presence of a catalytic system consisting of:
PAR  a solid compound of magnesium and a transition metal of sub-groups IVa, Va
      and VIa of the periodic classification of elements, this catalyst being
      obtained by reaction of (a) the metallic magnesium, (b) a compound of the
      said transition metal, and (c) an alkyl halide;
PAR  and also, as a co-catalyst, of one or a plurality of organometallic
      compounds of the metals of groups II and III of the classification of
      elements.
PAR  Catalysts suitable for the process of this invention are described in
      copending application Ser. No. 205,382, filed Dec. 6, 1971, entitled
      "Magnesium based catalyst for use in the polymerization of olefins", now
      abandoned.
PAR  The transition metals of sub-groups IVa, Va and IVa of the periodic
      classification of elements, which may be used in making up the catalyst
      comprise titanium, vanadium, chromium, zirconium, niobium, molybdenum,
      hafnium, tantalum, tungsten, thorium and uranium.
PAR  The catalysts used are preferably prepared from compounds of transition
      metals having the general formula TiX.sub.4.sub.-m (OR), in which Ti
      represents a titanium atom, X represents a halogen atom, generally
      chlorine, R represents an alkyl radical which may contain 2 to 8 carbon
      atoms and m represents a whole number or a fraction of any value of from 0
      to 4. It has been observed that the catalysts derived from titanium
      compounds of the above formula in which the m is a number of from 1 to 4,
      and preferably 1.5 to 2.5, are particularly advantageous since they result
      in the formation, with a high productivity with respect to the catalyst
      employed, of atactic waxes which are virtually free of crystalline
      polymers.
PAR  The organometallic compounds of the metals of groups II and III of the
      periodic classification of elements, used as co-catalysts, are preferably
      formed of organoaluminic compounds of the general formula AlR.sub.n
      X.sub.3.sub.-n, in which R represents an alkyl group having 1 to 12 carbon
      atoms, in which a portion of these alkyl groups may be replaced by
      hydrogen atoms, X represents a halogen atom, generally chlorine, and n
      represents a whole number or a fraction of from 1 to 3.
PAR  In the implementation of the process of this invention, the quantity of
      catalyst is such that the concentration of compound based on the
      transition metal is advantageously between 0.5 and 2 millimoles per liter
      of solvent. The co-catalyst is introduced in quantities such that the
      atomic ratio:
PAR  of metal in the co-catalyst to transition metal in the catalyst is
      advantageously between 2 and 10 and is preferably between 3 and 5.
PAR  The saturated hydrocarbon solvent in which polymerization is carried out is
      selected of a plurality of hydrocarbons such as petroleum solvents which
      are liquid under the conditions of polymerization. Paraffin hydrocarbons
      such as n-heptane or petroleum dilutions essentially consisting of
      paraffins having from 6 to 8 carbon atoms, are particularly suitable for
      the process according to the invention because they are satisfactory
      solvents of atactic waxes.
PAR  In accordance with the practice of this invention, polymerization is
      carried out at a pressure which is generally below 20 bars and at a
      temperature between 40.degree. and 150.degree.C, and preferably at a
      temperature of about 80.degree. to 90.degree.C. When polymerization is
      carried out in the presence of one or more olefins in addition to
      propylene, it is possible to introduce into the reactor either a mixture
      of constant composition of propylene and the other olefin or olefins, or
      to vary the composition of this mixture during the course of
      polymerization. It is possible to vary the mean molecular weight of
      polymer formed, on the one hand by varying the concentration of catalytic
      substances in the solvent and on the other hand, by using, during the
      course of polymerization, a chain limiter such as hydrogen which is
      introduced into the reaction mixture in molecular proportions of between
      10% and 80% with respect to the olefins to be polymerized. The use of a
      chain limiter is recommended particularly when polymerization is carried
      out with propylene alone; on the other hand, when polymerization is
      carried out with propylene plus other olefins, the addition of a chain
      limiter is generally unnecessary, the presence of olefins other than
      propylene being conducive to chain limitation.
PAR  Polymerization is arrested when the quantity of waxes to be formed is
      attained. However, in order to facilitate agitation during the course of
      polymerization, it is desirable not to exceed a concentration of around
      500 g/liter of solvent in terms of waxes dissolved in the reaction
      solvent.
PAR  The obtained atactic waxes form with the solvent a very homogeneous
      solution which may be withdrawn from the reactor simply by pouring. The
      waxes are then separated from the solvent, for example by distillation or
      by steam stripping.
PAR  The atactic waxes which are thus obtained generally contain less than 100
      parts per million (ppm) by weight titanium and therefore do not require
      any purification treatment for elimination of catalytic residues.
      Generally, therefore, they may be used directly.
PAR  The atactic waxes produced according to the process of the present
      invention take the form of plastic, homogeneous and white substances.
      Their specific mass is between 0.85 and 0.9 g/cc at 20.degree.C. Their
      pasty fusion point is between 90.degree. and 135.degree.C. The fraction
      extracted by boiling n-heptane is greater than 95%, generally virtually
      100%. Their crystallinity, determined by infra-red spectroscopy, is
      generally less than 15% and usually does not exceed 10%. Their molecular
      mass is between 10,000 and 200,000 and is usually close to 50,000.
PAR  By virtue of their properties, these atactic waxes can be used in various
      industrial applications, particularly in the manufacture of adhesives.
DETD
PAC  EXAMPLE 1
PAC  a. Preparation of the catalyst.
PAR  Into a 5-liter stainless steel reactor, fitted with a mechanical agitator
      and a means for heating or cooling by circulation of fluid in a double
      jacket, there are introduced, in sequence, and in a nitrogen atmosphere:
PA1  12.2 g (500 millimoles) of powdered magnesium;
PA1  24 g (125 millimoles) of titanium tetrachloride;
PA1  1.3 g iodine;
PA1  and dry n-heptane to a volume of 800 ml.
PAR  The whole is heated to 75.degree.C. When the reactor is closed, 93 g (1
      mole) of n-butyl chloride is gradually introduced over a period of
      approximately 2 hours. The reaction medium is then maintained for 1 hour
      at 90.degree.C, with agitation.
PAR  A brown-black precipitate is collected and washed repeatedly with
      n-heptane. Its weight composition is as follows:
EQU  Ti : 10.3% Mg : 19.2% Cl : 70.5%
PAC  b. Polymerization of propylene.
PAR  A 5-liter stainless steel reactor of the same type as described in a) is
      purged with nitrogen after which, in a stream of nitrogen, 2 liters of
      n-heptane, 0.96 g (8 millimoles) of monochlorodiethylaluminum and 0.93 g
      of the catalyst prepared in a), corresponding to 2 milliatoms/g of
      titanium, are introduced. When the reaction medium has been raised to
      80.degree.C, gaseous propylene is introduced in an amount to maintain a
      pressure of 5 bars for 31/2 hours in the reactor. During the course of
      polymerization, small amounts of hydrogen, representing in toto a volume
      of 6 standard liters, are introduced.
PAR  After the polymer obtained has been extracted by being simply poured off
      and the solvent evaporated, a yield of 900 g of an atactic wax is
      obtained, which is 98% soluble in boiling n-heptane. Its mean molecular
      weight is 42,000.
PAC  EXAMPLE 2
PAC  a. Preparation of the catalyst.
PAR  Into a 5-liter stainless steel reactor fitted with a mechanical agitator
      and a means of heating and cooling, there are successively introduced, at
      ambient temperature and in a nitrogen atmosphere:
PA1  24.3 g (1,000 millimoles) of powdered magnesium;
PA1  35.55 g (125 millimoles) of n-propyl titanate;
PA1  23.75 g (125 millimoles) of titanium tetrachloride
PA1  and n-heptane in order to make up the volume to 800 ml.
PAR  The reaction medium is heated to 80.degree.C under agitation. Then, by
      means of a pump, 185 g (2 moles) of n-butyl chloride are introduced over a
      period of 6 hours. The reaction medium is then maintained at 90.degree.C
      for one-half hour.
PAR  The brown-black precipitate obtained has the following composition by
      weight:
EQU  TI : 8% Mg : 16% Cl : 57% Organic residue: 19%
PAC  b. Polymerization of the propylene.
PAR  A 5-liter stainless steel reactor of the same type described under a) is
      purged with nitrogen. Then, under a stream of nitrogen, 2 liters of
      n-heptane, 0.91 g (3 millimoles) of triethylaluminum and 1.20 g of the
      catalyst prepared at a), corresponding to 2 milliatoms-gram of titanium,
      are then introduced into the reactor. When the reaction medium has been
      raised to 80.degree.C, 6 liters of hydrogen are added, and gaseous
      propylene is introduced at a rate such that the total pressure of the
      reactor remains equal to 10 bars for 2 hours.
PAR  The polymer is extracted from the reactor by simply being poured off. After
      evaporation of the solvent, 850 g of an atactic propylene wax are
      obtained, 99% soluble in boiling n-heptane, with a mean molecular mass of
      30,000 and of less than 10% crystallinity measured by infra-red
      spectroscopy.
PAC  EXAMPLE 3
PAC  a. Preparation of the catalyst.
PAR  The same procedure is adopted as in Example  2a except that 71.1 g (250
      millimoles) of n-propyl titanate are used instead of the equimolecular
      mixture of titanium tetrachloride and n-propyl-titanate.
PAR  After washing with n-heptane, the brown-black precipitate obtained has the
      following composition by weight:
EQU  Ti : 8.3% Mg : 15.7% Cl : 46.4% Organic residue: 29.6%
PAC  b. Polymerization of the propylene.
PAR  The conditions of polymerization are identical to those described in
      Example 2 b). The catalytic system comprises 1.15 g of catalyst prepared
      under 3 a), corresponding to 2 milliatoms/g of titanium and 0.96 g (3
      millimoles) of monochlorodiethylaluminum. After 2 hours of polymerization,
      400 g of an atactic polypropylene wax are obtained, 96% soluble in boiling
      n-heptane, with a mean molecular mass of 46,000 and less than 15% rate of
      crystallinity measured by infra-red spectroscopy.
PAC  EXAMPLE 4
PAC  a. Preparation of the catalyst.
PAR  The same procedure is adopted as in Example 2a.
PAC  b. Polymerization of a propylene-ethylene mixture with 20% by weight of
      ethylene.
PAR  The process takes place under the general conditions described in Example
      2b. The catalytic system consists of 0.91 g (8 millimoles) of
      triethylaluminum and 0.90 g of the solid compound described in Example 2a,
      corresponding to 1.5 milliatoms/g of titanium.
PAR  After having raised the reaction medium to 80.degree.C, 2 liters of
      hydrogen are introduced, then the propylene-ethylene mixture containing
      20% by weight of ethylene, at a rate of 160 g/hour for 6 hours. 900 g of
      an atactic wax, with a mean molecular mass of 60,000, completely soluble
      in boiling n-heptane, are then recovered from the reactor. The composition
      of this wax, determined by infra-red spectroscopy, is that of a
      statistical copolymer of propylene and ethylene containing 20% by weight
      of ethylene.
PAC  EXAMPLE 5
PAC  a. Preparation of the catalyst.
PAR  As in Example 2 a).
PAC  b. Polymerization of a mixture of propylene-butene-1 containing 5% by
      weight of butene-1.
PAR  The same procedure is adopted as in Example 4b except that a mixture of
      propylene and butene-1 in the amount of 5% by weight of butene-1 is
      introduced into the reactor instead of the mixture of propylene and
      ethylene.
PAR  After 4 hours of polymerization at 5 bars pressure, 470 g of an atactic wax
      are recovered with a mean molecular mass of 58,000, 99% soluble in boiling
      n-heptane. Its structure, determined by infra-red spectroscopy, is that of
      a statistical propylene-butene-1 copolymer.
PAR  It will be understood that changes may be made in the details of
      formulation and preparation without departing from the spirit of the
      invention, especially as defined in the following claims.
CLMS
NUM  1.
PAR  1.  A process for the manufacture of atactic waxes which are substantially
      completely soluble in boiling n-heptane by polymerizing propylene alone or
      with the addition of not more than 30% by weight monoolefins having the
      general formula CH.sub.2 = CHR in which R is hydrogen or an alkyl radical
      containing 2 to 8 carbon atoms in which the polymerization is carried out
      at low pressure and in a hydrocarbon solvent in the presence of a
      catalytic system formed of (a) a catalyst prepared in a one step reaction
      between magnesium, an alkyl halide and a titanium compound having the
      general formula TiX.sub.4.sub.-m (OR').sub.m in which Ti represents
      titanium, X represents a halogen atom, R' represents an alkyl radical
      having from 2 to 8 carbon atoms and m is a number within the range of 1 to
      4, in which the titanium compound is present in an amount to provide 0.5
      to 2 milligram-atoms of titanium per liter of solvent, and (b) a
      co-catalyst in the form of an organo aluminum compound having the formula
      AlR".sub.n X.sub.3.sub.-n, in which R" represents an alkyl radical having
      from 1 to 12 carbon atoms, some of which may be replaced by hydrogen
      atoms, X is a halogen atom and n is a number within the range of 1 to 3,
      the organo aluminum compound being present in an amount such that the
      atomic ratio of aluminum to titanium in the catalyst is within the range
      of 2 to 10.
NUM  2.
PAR  2. The process as claimed in claim 1 in which the monoolefin is present in
      an amount less than 10% by weight of the propylene.
NUM  3.
PAR  3. The process as claimed in claim 1 in which the halogen atom is chlorine.
NUM  4.
PAR  4. The process as claimed in claim 1 in which m is a value between 1.5 and
      2.5.
NUM  5.
PAR  5. The process as claimed in claim 1 in which the halogen is chlorine.
NUM  6.
PAR  6. The process as claimed in claim 1 in which the amount of co-catalyst is
      such that the atomic ratio of aluminum in the co-catalyst to titanium in
      the catalyst is within the range of 3 to 5.
NUM  7.
PAR  7. The process as claimed in claim 1 in which the polymerization is carried
      out at a pressure below 20 bars at a temperature within the range of
      40.degree. to 150.degree.C and in which the solvent is a paraffinic
      hydrocarbon.
NUM  8.
PAR  8. The process as claimed in claim 7 in which the paraffinic hydrocarbon is
      selected from the group consisting of n-heptane and a petroleum fraction
      consisting essentially of paraffin having from 6 to 8 carbon atoms.
NUM  9.
PAR  9. The process as claimed in claim 1 which includes the step of separating
      the formed waxes from the hydrocarbon solvent after polymerization.
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ABST
PAL  Thermosettable vinyl ester resins which provide improved flexibility and
      abrasion resistance are prepared by reacting a polyepoxide with a
      dicarboxylic acid half ester of a monomer having the formula
      ##EQU1##
      where R is H or methyl, R.sub.1 is a two to four carbon alkylene group,
      R.sub.2 is H, methyl or ethyl and n has an average value of 3 to 6.
BSUM
PAC  BACKGROUND
PAR  Terminally unsaturated vinyl ester resins prepared by reacting a
      polyepoxide with a dicarboxylic acid half ester of a hydroxyalkyl acrylate
      or methacrylate are disclosed in U.S. Pat. No. 3,367,992. While these
      resins have many useful properties, their use in applications which
      require flexibility in the thermoset resin is limited. Those applications
      where flexibility is important include coatings, binders and adhesives.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly this invention is an improvement over the previously described
      resins in that coatings, binders and adhesives with greatly improved
      flexibility or elongation may be obtained. In addition, coatings prepared
      from the resins of this invention provide additional advantages in
      abrasion resistance and resistance to yellowing under exposure to
      ultraviolet light.
PAR  The resins are prepared by reacting a polyepoxide with a dicarboxylic acid
      half ester of a hydroxyl containing vinyl monomer of the formula
      ##EQU2##
      where R is H or methyl, R.sub.1 is an alkylene group of two to four
      carbons, R.sub.2 is H, methyl or ethyl and n has an average value of 3 to
      6.
DETD
PAC  DESCRIPTION
PAR  The hydroxy containing vinyl monomer employed in this invention is
      essential to the attainment of flexibility in coatings, adhesives and the
      like. Monomers of the formula above are conveniently prepared by reacting
      an alkylene oxide such as ethylene oxide, propylene oxide or butylene
      oxide with a hydroxyalkyl acrylate or methacrylate. Typical of the latter
      are hydroxyethyl, hydroxypropyl and hydroxybutyl acrylate or methacrylate.
      The reaction is normally catalyzed by a Lewis acid such as BF.sub.3 and
      the like.
PAR  The reaction of an alkylene oxide with hydroxyl containing compounds is
      well known, e.g. see chapter 2 on the mechanism of ethylene oxide
      condensation in "Nonionic Surfactants" edited by M. J. Schick as well as
      pages 92-100 in chapter 4. The general procedure used to prepare th
      monomers described by the above formula consisted of placing a
      hydroxyalkyl acrylate or methacrylate (e.g. hydroxyethyl acrylate) in a
      clean, dry, nitrogen flushed kettle along with an inhibitor such as the
      methyl ether of hydroquinone and 0.5% of BF.sub.3 -etherate as a catalyst.
      Three to six moles of an alkylene oxide per mole of hydroxyalkyl acrylate
      was then fed to the kettle at room temperature allowing the exotherm to
      raise the temperature to 50.degree.-55.degree.C. Cooling was used to
      maintain the reaction in this temperature range. After completion of the
      reaction the contents were allowed to digest for 1 hour. A vacuum was then
      applied to remove traces of unreacted oxide and other volatiles. The
      BF.sub.3 -etherate was neutralized with a small amount of triethanol
      amine. After cooling 1% acrylic acid was added as a stabilizer.
PAR  The monomers obtained have a molecular weight distribution directly
      proportional to the amount of alkylene oxide employed, i.e., to the mole
      ratio of oxide to hydroxyalkyl acrylate or methacrylate. The reaction
      product will be a monomer mixture of various mole ratio oxide adducts.
      Such monomer mixtures may be used here, as is, provided that the monomers
      have an average mole ratio adduct of oxide to hydroxyalkyl acrylate or
      methacrylate of 3:1 to 6:1. Lower mole ratios do not provide sufficient
      improvement in flexibility and higher mole ratios result in poor
      properties. The value for n in the formula indicates the above average
      mole ratio.
PAR  Monomers having the above formula are reacted with a dicarboxylic acid to
      form the half ester. Conveniently the acid anhydride, when available, is
      used to prepared the half ester. Suitable examples of the latter include
      unsaturated cyclic anhydrides such as maleic, citraconic, itaconic and
      like anhydrides as well as saturated anhydrides such as phthalic,
      succinic, dodecenyl succinic and like anhydrides. The diacids, themselves,
      may be used employing known esterification procedures.
PAR  The preparation of the vinyl ester resins by reaction of the half esters
      with a polyepoxide is disclosed in U.S. Pat. No. 3,367,992, which is
      hereby incorporated by reference. The cited patent discloses conditions
      for the resin reaction as well as suitable polyepoxides.
PAR  Briefly the polyepoxide and half ester are reacted in about stoichiometric
      amounts (i.e., about one epoxide group per each carboxylic acid group)
      generally with heating. Vinyl polymerization inhibitors are usually added
      along with a catalyst for the epoxide-carboxylic acid reaction such as
      trivalent chromium salts or a tertiary amine such as tris(N,N-dimethyl
      aminomethyl) phenol (DMP-30).
PAR  A variety of polyepoxides having more than one epoxide group per molecule
      are disclosed in U.S. Pat. No. 3,367,992 and may be used herein. More
      preferred are the polyglycidyl ethers of polyhydric phenol based
      polyepoxides such as those based on bisphenol A. Also included are the
      epoxy novolac resins. Other usable polyepoxides include aliphatic and
      halogenated polyepoxides. Further details can be found in said patent.
PAR  The novel flexible resins of this invention are thermosettable. Free
      radical yielding catalysts such as peroxides, azo catalysts and
      persulfates may be and usually are added to increase the rate of
      polymerization (cure). Alternately the resins are polymerizable by
      exposure to ionizing radiation or to ultraviolet light. In the latter
      instance photoinitiators are usually added to increase the rate of cure. A
      large variety of photoinitiators are well known and readily available.
PAR  While the resin may be cured, as is, it is usually combined with a
      copolymerizable vinyl monomer in order to alter the viscosity of the
      resin, to vary the properties of the cured coating, etc. Most any vinyl
      monomer may be employed which is copolymerizable with the unsaturated
      groups of the resin (principally acrylate and methacrylate groups).
PAR  Such monomers include both monovinyl and polyvinyl monomers. Typical
      monomers include the alkenyl aromatic monomers such as styrene, vinyl
      toluene, t-butyl styrene and the like; and alkyl and hydroxyalkyl esters
      of acrylic and methacrylic acid such as methyl, ethyl, propyl, butyl,
      cyclohexyl and hydroxyethyl, hydroxypropyl and hydroxybutyl acrylates and
      methacrylates. In addition to the above, other monomers especially useful
      for ultraviolet light curable systems such as 2-acetoxyalkyl acrylates,
      pentaerythritol di-, tri or tetra acrylate and the like may be used.
PAR  The monomer and resin may be combined in any proportion which provides a
      compatible mixture. Preferably the resin comprises about 25 to 75 weight
      percent and more preferable about 40 to 60 weight percent of the mixture
      with the balance to make 100 percent of the monomer.
PAR  The following non-limiting examples will further illustrate the invention.
PAC  EXAMPLE 1
PAR  A series of oxyalkylated monomers was prepared by reacting propylene oxide
      (PO) in varying mole ratios with hydroxyethyl acrylate (HEA). The average
      experimental molecular weights were determined by gel permeation curve
      analysis with the results below.
TBL  ______________________________________                                    

     No. of moles of                                                           

                   Exptl. Avg.    Theor.                                       

     PO/mole of HEA                                                            

                   Mol. Wt.       Mol. Wt.                                     

     ______________________________________                                    

     0             116            116                                          

     1             165-175        174                                          

     3             275-300        290                                          

     6             420-520        464                                          

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  The preparation of flexible vinyl ester resins according to this invention
      is illustrated as follows. A three necked 500 ml flask equipped with a
      stirrer was charged with 148 grams (1 mole) of phthalic anhydride and 300
      grams (1 mole) of an acrylate monomer which was a reaction product of HEA
      and three mole of propylene oxide. To the mixture was added 0.1 gram of
      hydroquinone inhibitor. The mixture was heated slowly to 118.degree.C. and
      reacted for about 6 hours. The half ester produced can be illustrated by
      the following formula.
      ##SPC1##
PAL  The mixture was then cooled to 100.degree.C and 200 grams of a polyglycidyl
      ether of bisphenol A having an epoxide equivalent weight (EEW) of 190
      (D.E.R. 331) was added along with 0.4 gram of DMP-30 catalyst. The mixture
      was slowly heated to 115.degree.C. and reacted for four hours until the
      residual acid and epoxy value was less than about 0.6%. The resin may then
      be diluted with a copolymerizable monomer and cooled. The resin can be
      illustrated by the following formula:
      ##SPC2##
PAC  EXAMPLE 3
PAR  By the procedure of example 2 a vinyl ester resin was prepared using an
      acrylate monomer which was a reaction product of HEA and 1 mole of
      propylene oxide having an average molecular weight of 174.
PAC  EXAMPLE 4
PAR  By the procedure of example 2 a vinyl ester resin was prepared from
      hydroxyethyl acrylate (HEA) corresponding to the teaching of U.S. Pat. No.
      3,367,992.
PAC  EXAMPLE 5
PAR  By the procedure of example 2 a vinyl ester resin was prepared using an
      acrylate monomer which was a reaction product of HEA and 6 moles of
      propylene oxide having an average molecular weight of 510.
PAC  EXAMPLE 6
PAR  An acrylate monomer was prepared as in example 1 by reacting 3 moles of
      ethylene oxide with HEA. This monomer having an average molecular weight
      of 272 was used to prepare a vinyl ester resin according to the procedure
      of example 2.
PAC  EXAMPLE 7
PAR  The vinyl ester resins previously prepared were diluted with 45 weight
      percent hydroxypropyl acrylate (HPA) and cured with 1% benzoyl peroxide
      for 16 hours at 80.degree.C. and for 45 minutes at 125.degree.C. Physical
      properties were determined as follows. In all instances the resin cured to
      a tack-free state.
TBL  __________________________________________________________________________

     Viscosity at Room Temp.                                                   

                  Av. no. of moles of PO                                       

                             Tensile                                           

                                   % Elongation                                

     Base Resin                                                                

           45% HPA                                                             

                  per mole of HEA                                              

                             Strength                                          

                                   at Failure                                  

     __________________________________________________________________________

     semi-solid                                                                

           1,100 cps                                                           

                  0          8000 psi                                          

                                    9                                          

     semi-solid                                                                

           1,250 cps                                                           

                  1          7000 psi                                          

                                    10                                         

     600,000 cp                                                                

            500 cps                                                            

                  3          2500 psi                                          

                                   110                                         

      35,000 cp                                                                

            700 cps*                                                           

                  6          rubbery                                           

                                   rubbery                                     

     __________________________________________________________________________

      *Resin diluted to 25% HPA                                                

PAR  The improvement in elongation when the average number of moles of alkylene
      oxide reacted with the hydroxyalkyl acrylate reaches 3:1 is evident.
      Further comparative evidence showing little or no flexibility can be found
      in examples 8-12 of U.S. Pat. No. 3,367,992 where the elongation varied
      from 3.2 to 8.0%. In the examples hydroxypropyl and hydroxyethyl acrylate
      were used to make the half esters which were in turn reacted with a
      polyepoxide to produce the resin.
PAC  EXAMPLE 8
PAR  The curability of the vinyl ester resins of this invention by exposure to
      ultraviolet light is shown in the following tests. The resin of example 2
      (3 PO/HEA) and example 6 (3 EO/HEA) were each diluted with 45%
      acetoxypropyl acrylate, coated on Bonderite 37 steel panels and cured by
      exposure to U.V. light. In each case 2% of n-butyl benzoin ether (Trigonal
      14) was added as a photoinitiator. The coated steel panel was passed at a
      speed of 100 ft/min under a 200 watt lamp and the number of passes
      required to cure to a tack-free state was determined. The results are
      shown below.
TBL  ______________________________________                                    

            No. of passes                                                      

                        Pencil    MEK     Taped                                

     Resin  to cure     Hardness  Resistance                                   

                                          Adhesion                             

     ______________________________________                                    

     Ex. 2  8           HB        Pass 20 Excellent                            

     Ex. 6  5           H         Pass 20 Excellent                            

     ______________________________________                                    

PAR  In a similar manner the resin of example 5 (6 PO/HEA) and a comparable
      resin prepared with ethylene oxide instead of propylene oxide (6 EO/HEA)
      were cured by exposure to U.V. light. In each case no copolymerizable
      monomer was employed.
TBL  ______________________________________                                    

                 No. of passes  MEK                                            

     Resin       to cure        Resistance                                     

     ______________________________________                                    

     6 PO/HEA    8              Pass 30                                        

     6 EO/HEA    4              Pass 45                                        

     ______________________________________                                    

PAL  The above results show that the resins, per se, are curable and do not
      require the presence of a copolymerizable monomer.
PAC  EXAMPLE 9
PAR  A vinyl ester resin prepared as in example 2 was diluted with 45% by weight
      acetoxypropyl acrylate monomer. The resin was coated to a 1 mil thickness
      on a flexible vinyl web. An electrostatic gun applicator was used to apply
      fabric flocking material to the coated side of the web which was then
      irradiated with 6 megarads of ionizing ratiation to cure the resin and
      anchor the flocked material to the web. The fabric produced exhibited a
      soft, velvety hand and good adhesion.
PAC  EXAMPLE 10
PAR  Using a resin similar to that of example 9 tests were made on gloss
      retention when coated on vinyl floor tile. For comparison tests were made
      with a resin made by reacting 2 moles of acrylic acid with a diglycidyl
      ether of bisphenol A. Each resin (45% monomer) was coated to a thickness
      of about 2 mils and cured by exposure to U. V. light (2% T-14
      photoinitiator added). The cured tiles were then measured for gloss
      retention after various cycles of scrubbing.
PAR  A Gardner Heavy Duty Wear Tester is used to wet-abrade the sample with a
      reciprocating, rectilinear motion. The abradant is normally a prewet nylon
      brush used with an abrasive powder along the abrasion path. Specifically,
      an attached disperser releases 0.75-1.0 g blue and white Ajax/50 cycles
      and 1 drop H.sub.2 O/cycle.
PAR  Gloss retention is measured against a gloss standard of highly polished
      opaque black glass after calibration of the glossmeter with standards of
      lower gloss. The specimen being tested is always illuminated at the same
      position to reduce the effect of any nonuniformity of the coating. The
      "gloss retention" is simply the fraction of incident light reflected from
      a surface in the mirror direction within a specified angular tolerance.
TBL  ______________________________________                                    

     Scrub Abrasion Resistance,                                                

     60.degree. Gloss Retention                                                

     No. of    Resin of this   Comparative                                     

     Cycles    Invention       Resin                                           

     ______________________________________                                    

      0        86              88                                              

      50       73              59                                              

     100       67              48                                              

     150       65              40                                              

     200       65              26                                              

     ______________________________________                                    

PAL  These tests under similar conditions show the resin coatings of this
      invention provide improved abrasion resistance and gloss retention.
PAC  EXAMPLE 11
PAR  Similar to example 10 coatings were made on Morest Pentration Opacity Paper
      and exposed to U.V. light under similar conditions. The degree of
      yellowness was determined after various cycles of exposure according to
      ASTM D 1925.
PAR  Specimens are exposed to U.V. light for various lengths of time and the
      change in yellowness is determined. The degree of yellowness is based upon
      tristimulus values calculated from data obtained from a 400-700 nm scan
      using the G. E. type recording spectrophotometer. Yellowness index thus
      obtained correlates reasonably well with the magnitude of yellowness
      perceived under normal daylight illumination.
PAR  The magnitude of yellowness of the untreated specimen is determined
      relative to either a magnesium oxide layer (ASTM recommended Practice
      E259) or a calibrated white structural gloss standard. By the test method
      employed, postive(+) yellowness index describes the presence and magnitude
      of yellowness and negative (-) yellowness index notes lack of yellowness
      or presence of blueness. Correspondingly, the same notation holds for the
      change in yellowness index determined after exposure of the specimen to
      U.V. light.
TBL  ______________________________________                                    

     Changes in Yellowness Index                                               

     No. of   Resin of this   Comparative                                      

     Cycles   Invention       Resin                                            

     ______________________________________                                    

              YI        .DELTA.YI YI      .DELTA.YI                            

     0        11.98     --        9.44    --                                   

     25       14.73     2.75      19.10   9.66                                 

     50       21.08     9.10      29.59   20.15                                

     75       21.52     9.54      28.68   19.24                                

     175      23.12     11.14     35.36   25.92                                

     ______________________________________                                    

PAR  Again, improved results are shown by the resins of this invention.
PAC  EXAMPLE 12
PAR  The flexibility of U.V. cured films was tested with an Erichson bump
      tester. A resin similar to example 2 was diluted with 45% by weight
      hydroxypropyl acrylate and 2% of Trigonal 14 was added. The resin was
      applied as a 0.5-0.6 mil film onto a Bonderite 37 panel and cured by U.V.
      light. For comparison purposes a resin similar to example 4 was tested in
      the same manner. The cured film was subjected to a reverse deformation
      force applied at a constant rate. The value given is the millimeters of
      deformation required before film failure.
TBL  ______________________________________                                    

     Resin           Distance, mm                                              

     ______________________________________                                    

     Ex. 2           6.8-6.9                                                   

     Ex. 4           6.2-6.3                                                   

     ______________________________________                                    

PAR  Similar results to the previous examples may be obtained by using suitable
      equivalents for the specific materials employed. For example, phthalic
      anhydride may be replaced by an equivalent amount of maleic anhydride or
      succinic anhydride; hydroxyethyl acrylate may be replaced with
      hydroxypropyl or hydroxybutyl acrylate or methacrylate; the polyglycidyl
      ether of bisphenol A (D.E.R. 331) may be replace with higher molecular
      weight polyglycidyl ethers of bisphenol A (high EEW) or by epoxy novolacs;
      and the monomer used may be replaced by any of the previously mentioned
      monomers.
CLMS
STM  What is claimed is;
NUM  1.
PAR  1. A thermosettable resin composition which comprises the reaction about
      equivalent proportions of a polyepoxide and a dicarboxylic acid half ester
      of a monomer having the formula
      ##EQU3##
      where R is H or methyl, R.sub.1 is an alkylene group having two to four
      carbon atoms, R.sub.2 is H, methyl or ethyl and n has an average value of
      3 to 6.
NUM  2.
PAR  2. The composition of claim 1 wherein R.sub.1 is --CH.sub.2 CH.sub.2 -- and
      R.sub.2 is methyl.
NUM  3.
PAR  3. The composition of claim 2 wherein n is 3 and R is H.
NUM  4.
PAR  4. The composition of claim 3 wherein said dicarboxylic acid is phthalic,
      maleic or succinic acid.
NUM  5.
PAR  5. The composition of claim 1 where R.sub.1 is --CH.sub.2 CH.sub.2 -- and
      R.sub.2 is H.
NUM  6.
PAR  6. The composition of claim 5 wherein n is 3 and R is H.
NUM  7.
PAR  7. The composition of claim 6 wherein said dicarboxylic acid is phthalic,
      maleic or succinic acid.
NUM  8.
PAR  8. The composition of claim 1 further comprising a mixture of said resin
      with a copolymerizable vinyl monomer.
PATN
WKU  039339360
SRC  5
APN  3340597
APT  1
ART  142
APD  19730220
TTL  Rapid setting adhesive compounds
ISD  19760120
NCL  11
ECL  1
EXA  Ziegler; J.
EXP  Tillman; Murray
INVT
NAM  Smith; Harry A.
CTY  Midland
STA  MI
INVT
NAM  Kobel; Erwin H.
CTY  Midland
STA  MI
ASSG
NAM  The Dow Chemical Company
CTY  Midland
STA  MI
COD  02
CLAS
OCL  260841
XCL  156331
XCL  156335
XCL  260  2EN
XCL  260 775R
XCL  260 78R
XCL  260838
XCL  428424
XCL  428458
EDF  2
ICL  C08L 6300
FSC  260
FSS  839;841;838;239 E;2 EN;78 R;77.5 R
UREF
PNO  3115474
ISD  19631200
NAM  Smith
OCL  260 78R
UREF
PNO  3115482
ISD  19631200
NAM  Smith
OCL  260 78R
UREF
PNO  3461099
ISD  19690800
NAM  Muzyczko et al.
OCL  260841
LREP
FR2  Thurston; David T.
FR2  Baker; Glwynn R.
ABST
PAL  Mixtures of a curable phenolic resin and an organic diaziridine are strong
      adhesives curable in a relatively short time at moderate temperatures to
      make strong bonds with wood, metal, and plastics.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention concerns new and advantageous adhesive compositions which
      are particularly useful for bonding wood, metal, and plastics.
PAR  Phenolic-formaldehyde resins and modifications thereof have long been used
      as strong, water-resistant adhesives for making plywood and other bonded
      wood products. The curable intermediate stage resins useful in adhesive
      compositions comprise two general types, those basically of novolac or
      bisphenol kind of structure but which have reactive methylol groups on the
      aromatic rings, prepared by reacting a phenol with formaldehyde in the
      presence of an acidic condensation catalyst, and resoles, especially those
      having a preponderance of methylol groups in ortho relationship to a
      phenolic hydroxyl group, which are made by reacting a phenol with
      formaldehyde in the presence of a neutral or basic catalyst. Both types
      are curable to insoluble, infusible resins, usually by application of heat
      and, particularly in the case of those having a methylolated novolac
      structure, by reaction with additional formaldehyde.
PAR  Aziridine resins of various types are known to be good adhesives, but these
      also generally require heat curing at an elevated temperature.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that the combination of a curable
      phenolic-formaldehyde resin as described above with about 0.5 to about 20
      parts by weight of an organic diaziridine constitutes a strongly adhesive
      composition which cures rapidly at moderate temperatures, often at room
      temperature. Any novolac or resole made by reacting formaldehyde in the
      presence of a basic, neutral, or acidic condensation catalyst with a
      monohydric or dihydric phenol having at least two of the aromatic ring
      positions ortho or para to a phenolic hydroxyl group unsubstituted and
      capable of reaction with formaldehyde can be used as the phenolic resin
      component. Such resins modified by further reaction with one or more
      aromatic amines can also be used.
PAR  Diaziridines suitable for use in the adhesive composition have the general
      formula
      ##EQU1##
      where R is an organic dicarbamoyl or a bis(carbamoyloxyalkylene) radical
      with can be represented by the formula
      ##EQU2##
      WHEREIN M IS ZERO OR ONE, N IS TWO OR THREE, AND R' is an alkylene radical
      of 2-10 carbon atoms, an arylene hydrocarbon radical of 6-14 carbon atoms,
      or the residue of the compound obtained by the reaction of two moles of an
      aromatic or aliphatic diisocyanate with a diol, the diol being ethylene
      glycol, propylene, glycol, a corresponding polyglycol of molecular weight
      up to about 1000, Bisphenol A, or the adduct of Bisphenol A with two to
      about 20 moles of ethylene oxide or propylene oxide.
DETD
PAC  DETAILED DESCRIPTION
PAR  The diaziridine component is preferably the product of reaction of
      ethylenimine or an aziridinyl alkanol of the formula
      ##EQU3##
      wherein A is an alkylene radical of 2-3 carbon atoms with an organic
      diisocyanate such as used in making polyurethane resins. Thus, where
      ethylenimine is used, the diaziridine product is a dicarbamide and when
      1-aziridine ethanol is reacted with a diisocyanate, the diaziridine
      produced is a bis(aziridinylethyl) dicarbamate. Diisocyanates preferred as
      intermediates for making such diaziridines are aliphatic and aromatic
      hydrocarbon diisocyanates such as hexamethylene diisocyanate, phenylene
      diisocyanate, naphthalene diisocyanate, tolylene diisocyanate, and
      bitolylene diisocyanate; diisocyanates produced by reacting an alkylene
      glycol or polyglycol with such a diisocyanate, see U.S. Pat. No. 3,245,827
      and U.S. Pat. No. 3,260,687; and similar diisocyanates derived from a
      bisphenol or the alkylene oxide adduct of a bisphenol, preferably
      Bisphenol A.
PAR  Substantially any resole or alkylolated novolac type of curable resin
      produced by reacting phenol with up to about 2.5 mole equivalents of
      aldehyde in the presence of an acidic, basic, or essentially neutral
      catalyst can be used as the phenolic resin component. The term
      "essentially neutral catalyst" is used to define those catalysts whose
      water solutions have a pH of about 4-7, for example, divalent metal salts
      of weak organic acids. These catalysts are generally ortho-directing in
      their effect. Typical examples are calcium acetate, zinc benzoate,
      manganese acetate, and similar salts of magnesium, cadmium, and ferrous
      iron. Basic catalysts include the alkali and alkaline metal oxides and
      hydroxides and also organic bases such as amines. Acidic catalysts include
      inorganic and organic acids conventionally used to make
      phenol-formaldehyde condensation products, for example, hydrochloric acid,
      sulfuric acid, phosphoric acid, and organic acids such as oxalic acid,
      p-toluenesulfonic acid, methanesulfonic acid and trichloroacetic acid.
      Phenol, a substituted phenol, or a mixture thereof is useful as the phenol
      reactant in making the intermediate resin. Substituted phenols having at
      least two of the positions ortho and para to the phenolic hydroxyl group
      unsubstituted and capable of reaction with an aldehyde are suitable.
      Examples of these include lower alkyl substituted phenols such as
      p-tert-butylphenol and m-cresol, and polyhydric phenols such as
      resorcinol, hydroquinone, pyrocatechol, and bisphenols.
PAR  A preferred resole is obtained by reacting phenol with about 0.5-2.5 moles
      of formaldehyde in the presence of a neutral or basic catalyst while a
      preferred methylolated novolac is obtained by reacting about 0.5-1.1 moles
      of phenol with formaldehyde in the presence of an acidic catalyst. Such
      modified novolacs have the characteristics of both resoles and novolacs,
      i.e., they have molecular structures containing substantial proportions of
      the reactive methylol groups typical of resoles on the basic bisphenol
      structure of true novolacs.
PAR  Intermediate phenolic resins of particular interest are those prepared by
      reacting a resole or a methylolated novolac as previously described at
      about 50.degree.C. to the boiling point of the mixture with one or more of
      aniline, ar-(lower alkyl)aniline, and ar-(lower alkoxy)aniline, for
      example, toluidine or anisidine, or a difunctional arylamine such as
      m-hydroxyaniline, methylenedianiline, oxydianiline, or phenylenediamine.
      The intermediate resin can also be reacted with a combination of amines of
      both these classes. Total amine reactants should be about 0.05-0.5 g.
      mole, preferably 0.25-0.45 g. mole per 100 g. of phenolic resin. Where the
      intermediate resin is a methylolated novolac, of course, it is assumed
      that there is a sufficient number of reactive methylol groups in the
      modified novolac molecule to enable reaction with the aromatic amine. In
      one embodiment, these reactive groups can be incorporated as needed by an
      additional reaction step wherein formaldehyde is condensed with a
      conventional novolac.
PAR  The terms "weight of phenolic resin" or "parts by weight of resin" as used
      above and in the claims in defining proportions refer to the weight of the
      reaction mixture obtained by reacting formaldehyde and the phenol in the
      presence of a small amount of catalyst and a minor amount of water. Such
      reaction mixtures are normally used as such and typically they contain
      about 90% by weight of resin solids.
PAR  The adhesive compositions described herein are particularly valuable for
      bonding wood, in which application they provide strong, water-resistant
      bonds which are rapidly cured at moderate temperatures. They are also
      effective adhesives for bonding metal, ceramic materials and various
      plastics.
PAC  EXAMPLE 1
PAR  A resole with a high proportion of ortho substitution was prepared by
      reacting phenol with aqueous formaldehyde in 1:2.2 molar proportions at
      reflux temperature in the presence of 1% by weight of calcium acetate as
      the condensing catalyst. A portion of 1.17 g. of the resulting resole
      resin reaction product was mixed wtih 2.18 g. of the diaziridine prepared
      by adding two moles of ethylenimine to a urethane prepolymer (the reaction
      product of excess tolylene diisocyanate and polypropylene glycol of 300
      average molecular weight) and the mixture was placed between two pieces of
      chromic acid-etched 0.063 inch sheet aluminum 1 by 5 inches in size. The
      bonded pieces were cured at 125.degree.C. for five minutes. The lap shear
      adhesion of the cured bond was 1600 p.s.i. as determined by ASTM D 1002-64
      test procedure.
PAR  Similar experiments using the phenolic resole or the aziridine compound
      alone or the aziridine in combination with a bisphenol A based epoxy resin
      showed little or no adhesion because no cure was obtained under these
      conditions.
PAC  EXAMPLES 2-3
PAR  The procedure of Example 1 was repeated using a resorcinol-formaldehyde
      resin (1.18:1 molar ratio) in place of the phenol-formaldehyde resole and
      two other diaziridines in different proportions. An experiment was also
      run using a 1:72 ratio of resin to diaziridine to show the effect of
      operating outside the proportions of this invention. These mixtures gelled
      and cured at room temperature as shown in Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

               Weight Ratio    Gel         Cure                                

     Diaziridine                                                               

               Resin:Diaziridine                                               

                               Time        Time                                

     ______________________________________                                    

     A         1:1             26 min.     7 hrs.                              

     B         1:1             30 sec.     30 sec.                             

     B         1:2             30 sec.     30 sec.                             

     B          1:3.3          2 min.      ca.12 hrs.                          

     B         1:9             30 min.     24 hrs.                             

     B          1:18           130 min.    24 hrs.                             

     B          1:72           82 hrs.     --                                  

     ______________________________________                                    

     A-  Adduct of two moles of ethylenimine to the                            

         reaction product of dipropylene glycol and                            

         tolylene diisocyanate                                                 

     B-  Bis(2-aziridinylethyl)ester of 2,2,4-trimethyl-                       

         1,6-hexane dicarbamic acid                                            

PAR  The above mixtures when cured provided strong bonds for wood and moderately
      strong bonds for metals and reinforced plastics.
PAC  EXAMPLES 4-12
PAR  The procedure of Example 1 was repeated using an aromatic amine-modified
      phenolic resin combined with a number of different diaziridines in equal
      proportions by weight. The modified phenolic resin was made by reacting a
      resole with m-hydroxyaniline and aniline as follows.
PAR  A predominantly ortho substituted resole was first prepared by refluxing
      for about two hours a mixture of phenol and formaldehyde, mole ratio about
      1.18:1, about 10% of water, and about 1% calcium acetate monohydrate, both
      based on the weight of reaction mixture. A mixture of 10 parts by weight
      of this reaction product and 1.42 parts of aniline was stirred at reflux
      temperature for 2 hours, then 1.67 parts of m-hydroxyaniline was added and
      refluxing was continued for another hour.
PAR  The gel times at room temperature for mixtures of this resin product with
      an equal weight of various aziridine compounds are listed in Table 2. All
      of these mixtures made strong bonds to wood and moderately strong bonds to
      reinforced plastics.
TBL                Table 2                                                     

     ______________________________________                                    

     Aziridine        Gel Time                                                 

     ______________________________________                                    

     C                10 min.                                                  

     D                13 min.                                                  

     E                13 min.                                                  

     F                20 min.                                                  

     G                 6 min.                                                  

     H                 9 min.                                                  

     I                24 min.                                                  

     J                17 min.                                                  

     K                17 min.                                                  

     ______________________________________                                    

     C, D, E-                                                                  

            Adduct of two moles of ethylenimine to the                         

            reaction product of tolylene diisocyanate                          

            and dipropylene glycol, tripropylene glycol,                       

            and polypropylene glycol of about 360 average                      

            molecular weight respectively.                                     

     F, G-  Bis(2-aziridinylethyl)esters corresponding to                      

            C and E respectively.                                              

     H-     Adduct of two moles ethylenimine to the                            

            reaction product of tolylene diisocyanate with                     

            the Bisphenol A adduct of 6 moles of propylene                     

            oxide.                                                             

     I-     Same as H except 6 moles of ethylene oxide                         

            added to the Bisphenol A starting material.                        

     J-     Bis(2-aziridinylethyl)ester corresponding to H.                    

     K-     Bis(2-aziridinylethyl)ester corresponding to I.                    

CLMS
STM  We claim:
NUM  1.
PAR  1. An adhesive composition comprising a curable phenolic-formaldehyde resin
      and from about 0.5 to about 20 parts by weight of an organic diaziridine,
      wherein said phenolic-formaldehyde resin is a novolac or a resole obtained
      by reacting formaldehyde with a monohydric or dihydric phenol or mixture
      thereof having at least two aromatic ring positions ortho or para to a
      phenolic hydroxyl group unsubstituted and capable of reaction with
      formaldehyde in the presence of a basic, neutral, or acidic condensation
      catalyst wherein said diaziridine has the formula
      ##EQU4##
      and R is a radical represented by the formula
      ##EQU5##
      wherein m is zero or one, n is two or three, and R' is an alkylene radical
      of 2--10 carbon atoms, an arylene hydrocarbon radical or 6-14 carbon
      atoms, or the residue of the compound obtained by the reaction of two
      moles of an aromatic or aliphatic diisocyanate with a diol, the diol being
      ethylene glycol, propylene glycol, a corresponding polyglycol or molecular
      weight up to about 1000, Bisphenol A, or the adduct of Bisphenol A with
      two to about 20 moles of ethylene oxide or propylene oxide.
NUM  2.
PAR  2. The composition of claim 1 wherein the diaziridine is defined by the
      formula when R' is the residue of the compound obtained by the reaction of
      two moles of aromatic hydrocarbon diisocyanate with a mole of an alkylene
      glycol or polyalkylene glycol of molecular weight up to about 1000 wherein
      the term alkylene is defined as ethylene or propylene and wherein m is
      zero.
NUM  3.
PAR  3. The composition of claim 2 wherein the phenolic resin is obtained by
      reacting phenol with about 0.5-2.5 moles of formaldehyde in the presence
      of an essentially neutral catalyst.
NUM  4.
PAR  4. The composition of claim 3 wherein the phenolic resin is first modified
      by reacting it at about 50.degree.C. to about the boiling point of the
      reaction mixture with about 0.05-0.5 g. mole per 100 g. of resin of at
      least one aromatic amine of the group consisting of aniline, ar-(lower
      alkyl)aniline, ar-(lower alkoxy)aniline, m-hydroxyaniline,
      phenylenediamine, oxydianiline, and methylene dianiline.
NUM  5.
PAR  5. The composition of claim 4 wherein the phenolic resin has been modified
      by reaction with aniline and m-hydroxyaniline and R' in the diaziridine
      formula is the residue of the product of reaction of two moles of tolylene
      diisocyanate with a mole of propylene glycol or polypropylene glycol of
      molecular weight up to about 1000.
NUM  6.
PAR  6. The composition of claim 5 wherein the glycol reactant is polypropylene
      glycol with an average molecular weight of about 360.
NUM  7.
PAR  7. The composition of claim 2 wherein the phenolic resin is a
      resorcinol-formaldehyde resin.
NUM  8.
PAR  8. The composition of claim 1 wherein the diaziridine is defined by the
      formula when R' is the residue of the compound obtained by the reaction of
      two moles of aromatic hydrocarbon diisocyanate with a mole of an alkylene
      glycol or polyalkylene glycol or molecular weight up to about 1000 wherein
      the term alkylene is defined as ethylene or propylene and wherein m is one
      and n is two.
NUM  9.
PAR  9. The composition of claim 8 wherein the phenolic resin is obtained by
      reacting phenol with about 0.5-2.5 moles of formaldehyde in the presence
      of an essentially neutral catalyst.
NUM  10.
PAR  10. The composition of claim 9 wherein the phenolic resin is first modified
      by reacting it at about 50.degree.C. to about the boiling point of the
      reaction mixture with about 0.05-0.5 g. mole per 100 g. of resin of at
      least one aromatic amine of the group consisting of aniline, ar-(lower
      alkyl)aniline, ar-(lower alkoxy)aniline, m-hydroxyaniline,
      phenylenediamine, oxydianiline and methylene dianiline.
NUM  11.
PAR  11. The composition of claim 8 wherein the phenolic resin is a
      resorcinol-formaldehyde resin.
PATN
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TTL  Molding-grade polyurethane
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EXP  Welsh; M. J.
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STA  MI
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CLAS
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XCL  293 60
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ABST
PAL  A relatively inexpensive injection molding-grade thermoplastic polyurethane
      is based on a modified polyether diol. This elastomer has improved
      toughness, abrasion resistance and good mechanical properties. Its
      temperature insensitivity and low temperature flexability are exceptional.
      It is flexible to impact at -50.degree.F and stiff enough at 250.degree.F
      to allow painting without distortion. Of special interest is the fact that
      this grafted PPG-based polymer is injection moldable and possesses
      properties adequate for exterior automobile trim components and the like.
PAL  The modified polyether polyol is a poly (oxypropylene) diol reacted with a
      50/50 styrene/acrylonitrile monomer mixture using a free radical catalyst.
      While a one shot method of preparation can be used, the capped polyol is
      preferably reacted with an aromatic diisocyanate to form a prepolymer in a
      known manner. The prepolymer is thereafter reacted with a C.sub.2 to
      C.sub.6 alkane diol, pan cast, cured and aged, followed by grinding to
      give the molding composition.
BSUM
PAC  RELATED APPLICATION
PAR  This application is related to an application entitled "Thermoplastic
      Polyurethane", Ser. No. 469,959 by the present inventors and filed
      simultaneously herewith, the process illustrated therein being applicable
      to the present invention.
DETD
PAC  DESCRIPTION
PAR  Thermoplastic polyurethanes have been prepared from polyether and polyester
      polyols. The polyester polymers are relatively expensive and have good to
      excellent physical properties overall but such polymers have generally
      poor humidity resistance and low temperature properties. Injection
      moldable polyether-based polymers have been based on the PTMEG polyols
      which are expensive. Conventional PPG ether based polymers are not
      amenable to injection molding and have physical properties unacceptable
      for use in demanding applications such as automobile exterior trim parts.
PAR  It has now been found that a polyether diol-based urethane elastomer of
      injection molding quality and with good to excellent overall physical
      properties can be prepared from a polyether diol reacted with a 50/50
      mixture of a styrene/acylonitrile monomer mixture.
PAR  This modified polyether polyol is preferably reacted in the usual manner
      with an aromatic diisocyanate to prepare a prepolymer have a free NCO
      content in the range of 7 to 15%.
PAR  The prepolymer is thereafter reacted with a short chain alkane diol and
      cast in slab form or extruded and pelletized. After curing and aging for a
      few days the resulting elastomer is ground to prepare the molding
      composition. Materials such as colorants and stabilizers may be blended
      into the ground elastomer to give a complete molding composition.
PAR  The molding composition can be molded in any conventional manner such as
      injection molding to 400.degree. to 500.degree.F in a plunger-type
      machine. The molded product is generally tough and abrasion resistance
      and, somewhat surprisingly, has superior humidity and aging resistance,
      and exceptional low temperature flexability.
PAR  For example, an elastomer of this invention having a flex modulus
      (ASTMD-790) of 15,000 psi will consistently pass a -20.degree. F painted
      Dart Impact (FBMS-2-23) and cold flex test (FBTM-58-5)
PAR  The following table gives the ingredients and the preferred proportions
      that can be used to prepare the present polyurethane:
TBL  modified polyol, PBW*    100                                              

     Aromatic polyisocyanate, to FNCO of:                                      

                              7 to 15                                          

     C.sub.2 -C.sub.6 alkane diol, PBW                                         

                              5 to 30                                          

      *parts by weight                                                         

PAR  The modified polyol is a 2000 to 5000 molecular weight reaction product of:
PA1  a. 70 to 90 weight percent of a 1000 to 4000, preferably 2400 to 3200,
      molecular weight poly (oxy C.sub.1 -C.sub.4 alkene) diol, reacted by a
      free radical polymerization with
PA1  b. 10 to 30 weight percent of a monomer mixture of 1 part by weight of a
      vinylaromatic and, 0.1 to 9, preferably 0.3 to 3 parts of an olefinic
      C.sub.2 -C.sub.6 nitrile.
PAR  The aromatic polyisocyanate is any of the commercially used ones and is
      preferably selected from the group consisting of 4, 4' -diphenylmethane
      diisocyanate (MDI); tolylene diisocyanate (TDI); 1, 5 naphthalene
      diisocyanate; dianisidine diisocyanate (DADI); 3, 3' -demethyl 4, 4'
      -bipheneyl diisocyanate (XDI).
PAR  The straight-chain alkane diol is preferably end-terminated with the
      hydroxy groups.
PAR  The prepolymer process is quite straightforward but if the following
      procedure is not followed with reasonable care a thermoset and sometimes
      microcellular elastomer may result. The index of the mixture, the reaction
      temperatures, and water contents of the ingredients should be closely
      controlled, as it known.
PAR  The grafted polyol is degassed and heated, for example, to 235.degree.F and
      the aromatic diisocyanate is added with the mixture being allowed to
      exotherm, for example, to 250.degree.F. It is then degassed and the free
      NCO content obtained. Preferably the free NCO is in the range of 8 to 12.
      In the example it was 8.35. The prepolymer can be stored in readiness for
      the next step.
PAR  The short chain diol such as 1,4 -butanediol (BDO), is separately prepared,
      and dried if necessary, and mixed with the wax release agent, if a wax is
      to be used. The diol mixture and the prepolymer are preferably brought
      together in a casting machine in a continuous manner at about
      230.degree.F. After thorough mixing of the two ingredients, the mixture is
      cast out in a casting pan, which is preferably maintained at a temperature
      above 210.degree.F. The cast layer can for example be 1 inch thick and
      after being allowed to set 4 or 5 minutes, can be cut into 3 .times. 3
      inch chunks, removed and placed in containers. After aging for a week or
      so the elastomer can be ground to the size desired for molding and mixed
      with whatever additional materials may be desired. Alternatively, the
      mixture of diol and prepolymer can be extruded and pelletized to give a
      moldable composition.
PAR  It has also been found that by the addition of catalyst to the mixture, the
      reactions can be speeded up so that polyurethane can be directly cast into
      a mold to produce a molded product. The catalyst used can be of the
      dibutyl-tin-dilaurate, mercaptide or other known type and the casting
      temperature can be substantially lower, say 105.degree.F, with the mold
      being at 160.degree.-180.degree.F.
PAR  The following gives an example of the invention:
PAC  EXAMPLE
TBL                          Equivalent                                        

                                   PBW                                         

     __________________________________________________________________________

     Modified polyol         1.0   100                                         

     MDI                     5     35.68                                       

     BDO                     4.02  12.89                                       

     Wax, phr.                     0.2                                         

     Specific Gravity              1.15                                        

     Hardness, Shore D (5 secs)    25                                          

     Tensile Strength (orig.)      1169                                        

      after 70 hrs.212.degree.F    (+2.6%)1199                                 

      after 7 da/175.degree.F/100%RH                                           

                                   (+1.5%)1187                                 

     Elongation (orig.)            253                                         

      after 70 hrs./212.degree.F   (-28.8%)180%                                

      after 7 da./175.degree.F/100% RH                                         

                                   (-26.1%)187%                                

     Tear Strength (Die C)         210                                         

     Stiffness                                                                 

      at 72.degree.F 0.5 in lbs. (orig.)                                       

                                   5819                                        

      at -20.degree.F 3.0 in lbs.  9855                                        

      after 70 hrs./212.degree.F 0.5 in/lbs                                    

                                   (+14.3%)6650                                

      at 160.degree.F 0.25 in lbs  4839                                        

     Tensile set at 200% elongation                                            

                                   61.0%                                       

     Dart impact-flex at -20.degree.F (Fisher Body Test)                       

      as received    (no fracture) Penetrate no shatter                        

      after 70 hrs./212.degree.F                                               

                     (no fracture) Pass                                        

     Stretch test at 250.degree.FF                                             

                     (4% max.)     No change                                   

     __________________________________________________________________________

PAR  The grafted polyol was Union Carbide Company's NIAX D-432, a polymer of
      about 4000 molecular weight made by reacting 80 weight percent of a 2800
      molecular weight poly (oxyalkylene) diol with 20 weight percent of a 50/50
      (by weight) styrene/acrylonitrile monomer mixture in the presence of a
      free radical catalyst (azobisisobutronitrile), as described in Union
      Carbide's Belgian Pat. No. 788,115. The poly (oxyalkylene) diol is made by
      first reacting propylene glycol with propylene oxide and then subsequently
      with ethylene oxide so that the chains terminate in ethylene oxide units.
PAR  The "MDI" was 4, 4' diphenylmethane diisocyanate.
PAR  The "BDO" was 1, 4-butanediol.
PAR  The wax was an ethylene-bis-stearamide, Advawax 280.degree.F, sold by
      Cincinnati Milacron Chemical, Inc., Reading, Ohio, 45215.
PAR  The interesting point made by the above table is that while the
      -20.degree.F stiffness value of 9855 psi is outstanding there is not an
      unacceptable loss in physical properties at the higher temperatures. For
      example, the 160.degree.F stiffness value is 4839 psi.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An injection molding-grade thermoplastic polyurethane having good low
      temperature properties made by reacting the following:
     Grafted polyol, PBW       100                                             

     Aromatic Polyisocyanate, to FNCO of                                       

                               7 to 15                                         

     C.sub.2 -C.sub.6 alkane diol, PBW                                         

                               5 to 30                                         

PAL  wherein:
PA1  said grafted polyol is a 2000 to 5000 molecular weight copolymer of:
PA1  a. 70 to 90 weight percent of a 1000 to 4000 molecular weight poly (oxy
      C.sub.1 -C.sub.4 alkene) diol, reacted by free radical polymerization with
PA1  b. 10 to 30 weight percent of a monomer mixture of 1 part by weight of a
      vinylaromatic and 0.1 to 9 parts of an olefinic C.sub.2 -C.sub.6 nitrile.
NUM  2.
PAR  2. The polyurethane of claim 1 wherein said grafted polyol and aromatic
      polyisocyanate are first reacted to form a prepolymer having a free NCO in
      the range of 8 to 12, followed by addition of said C.sub.2 -C.sub.6 alkane
      diol.
NUM  3.
PAR  3. The polyurethane of claim 2 wherein:
PA1  said grafted polyol is composed of a 2400 to 3200 molecular weight poly
      (oxypropylene-ethylene) diol and a 50/50 styrene/acrylonitrile monomer
      mixture reacted therewith by a free radical polymerization.
PA1  said aromatic polyisocyanate is MDI, and
PA1  said C.sub.2 -C.sub.6 alkane diol is 1, 4 butanediol.
NUM  4.
PAR  4. The polyurethane of claim 3 wherein the mixture is cast as a slab at a
      termperature above 210.degree.F, cured for a few days and ground to size
      for injection molding.
NUM  5.
PAR  5. An automobile exterior trim component made from the polyurethane of
      claim 1.
PATN
WKU  039339386
SRC  5
APN  4699599
APT  1
ART  141
APD  19740515
TTL  Grafted polyether diol-based thermoplastic urethane elastomer
ISD  19760120
NCL  5
ECL  1
EXP  Welsh; M. J.
NDR  1
NFG  1
INVT
NAM  Rhodes, Jr.; Richard D.
CTY  Somersworth
STA  NH
INVT
NAM  Humphrey, Jr.; William M.
CTY  Dover
STA  NH
ASSG
NAM  McCord Corporation
CTY  Detroit
STA  MI
COD  02
CLAS
OCL  260859R
XCL  260 775AP
XCL  293 60
EDF  2
ICL  C08L 2700
FSC  260
FSS  859 R;77.5 AP
FSC  293
FSS  60
UREF
PNO  3304273
ISD  19670200
NAM  Stamberger
OCL  260  2.5AM
UREF
PNO  3420796
ISD  19690100
NAM  Matsubayashi et al.
OCL  260 77.5AP
UREF
PNO  3652639
ISD  19720300
NAM  Pizzini et al.
OCL  260859R
UREF
PNO  3744835
ISD  19730700
NAM  Carbone et al.
OCL  293 60
LREP
FRM  McGlynn and Milton
ABST
PAL  A relatively inexpensive injection molding-grade thermoplastic polyurethane
      is based on a modified polyether diol. This elastomer has the inherent
      toughness, abrasion resistance and general good mechanical properties of
      the ether-based urethanes. Its temperature insensitivity and low
      temperature flexability are, however, exceptional. It is flexible to
      impact at -50.degree.F and stiff enough at 250.degree.F to allow painting
      without distortion.
PAL  The modified polyether polyol is a poly (oxypropylene) diol reacted with a
      50/50 styrene/acrylonitrile monomer mixture using a free radical catalyst.
      This grafted polyol is preferably blended with a minor amount of a poly
      alkene ether diol and reacted with an aromatic diisocyanate to form a
      prepolymer in a known manner. The prepolymer is thereafter reacted with a
      C.sub.2 to C.sub.6 alkane diol, pan cast, cured and aged, followed by
      grinding to one-fourth and three-eighth inch granules to give the molding
      composition.
BSUM
PAR  Thermoplastic polyurethanes have been prepared from polyether and polyester
      polyols. The polyester polymers are relatively expensive and have good to
      excellent physical properties overall but such polymers have generally
      poor humidity resistance and low temperature properties. The only
      polyetherbased polymers which are of a quality adequate for use in
      demanding applications such as automobile exterior trim parts are the
      PTMEG-based polymers which are expensive. Other polyether-based systems,
      while less expensive, have poor molding and physical properties.
PAR  It has now been found that a polyether diol-based urethane elastomer of
      injection molding quality and with good to excellent overall physical
      properties can be prepared from a polyether diol grafted with or which has
      been reacted with a styrene/acylonitrile monomer mixture using a free
      radical catalyst. See U.S. Pat. Nos. 3,304,273; 3,383,351 and 3,418,354.
PAR  This modified polyether polyol is preferably admixed with a minor amount of
      a poly alkane ether diol and the mixture reacted in the usual manner with
      an aromatic polyisocyanate, preferably an aromatic diisocyanate to prepare
      a prepolymer having a free NCO content in the range of 7 to 15%.
PAR  The prepolymer is thereafter reacted with a short chain alkane diol and
      cast in slab form or extruded and pelletized. After curing and aging for a
      few days the resulting cast elastomer is ground to prepare the molding
      composition. Materials such as colorants and stabilizers may be blended
      into the ground elastomer to give a complete molding composition.
PAR  The molding composition can be molded in any conventional manner such as
      injection molding at 400.degree. to 500.degree.F in a screw-type machine.
      The molded product is generally tough and abrasion resistant and, somewhat
      surprisingly, has superior humidity and aging resistance, and superior low
      temperature flexability.
PAR  For, example, an elastomer of this invention having a flex modulus
      (ASTMD-790) of 15000 psi will consistently pass a -20.degree.F painted
      Dart Impact (FBMS-2-23) and cold flex test (FBTM-58-5).
PAR  Generally speaking the properties of the elastomers of this invention will
      fall within the following ranges:
TBL                               Test Method                                  

     __________________________________________________________________________

     Specific Gravity 1.14.+-. 0.02                                            

                                  ASTMD-792                                    

     Tensile Strength, psi                                                     

                      2500 (minimum)                                           

                                  ASTMD-412                                    

     Elongation, %    400 (minimum)                                            

                                  ASTMD-412                                    

     Tear Strength, pi                                                         

                      400 (minimum)                                            

                                  ASTMD-624                                    

     Hardness, Shore D, 5 sec.                                                 

                      41.+-. 3    ASTMD-2240                                   

     Modulus of Elasticity, psi                                                

     (Flexual Modulus)                                                         

                      11,000 (minimum)                                         

                                  ASTMD-790                                    

     Tensile, Set, % (at 200%                                                  

     Elongation)      60 (maximum)                                             

                                  ASTMD-412                                    

     Aged Properties                                                           

     Heat Aging:                                                               

                70 hrs/212.degree.F,                                           

                %change                                                        

                Tensile strength                                               

                           -15 (maximum)                                       

                                     ASTMD-412                                 

                Elongation -20 (maximum)                                       

                                     ASTMD-412                                 

                Dart Impact                                                    

                           Pass      FBMS-2-23                                 

     Humidity Aging:                                                           

                7 days/                                                        

                175.degree.F/100% R.H.,                                        

                %change                                                        

                Tensile strength                                               

                           -15 (maximum)                                       

                                     ASTMD-412                                 

                Elongation -15 (maximum)                                       

                                     ASTMD-412                                 

     __________________________________________________________________________

PAR  Examples of automobile parts that have been made using the elastomer of
      this invention and tested with satisfactory results are: General Motors
      1974: (1)Riviera Center Sight Shield, Part No. 9694424-439 and (2)
      Oldsmobile "B" corner Sight Shield, Part No. 9694662-693.
DRWD
PAC  DRAWING
PAR  The drawing attached to and forming a part of this invention is a schematic
      illustration of the process of this invention. The elastomer can be
      prepared by the one shot or prepolymer procedure, the latter being
      illustrated.
PAR  The following table gives the ingredients and the preferred proportions
      that can be used:
TBL                        Parts by Weight                                     

     Modified polyol       100                                                 

     Poly alkane ether diol                                                    

                            5-50                                               

     Aromatic polyisocyanate                                                   

                           40 to 100                                           

     C.sub.2 -C.sub.6 alkane diol                                              

                           10 to 40                                            

PAR  The modified polyol is a 2000 to 5000 molecular weight reaction product of:
PA1  a. 70 to 90 weight percent of a 1000 to 4000, preferably 2400 to 3200,
      molecular weight poly (oxy C.sub.1 -C.sub.4 alkene) diol, reacted by a
      free radical polymerization with
PA1  b. 10 to 30 weight percent of a monomer mixture of 1 part by weight of a
      vinylaromatic and, 0.1 to 9, preferably 0.3 to 3 parts of an olefinic
      C.sub.2 -C.sub.6 nitrile.
PAR  The polyalkane ether diol has a molecular weight in the range of 500 to
      2500, preferably 650 to 1500. While quantities as low as 2 parts by weight
      will have an observable and desirable effect on the final polymer and
      quantities as high as 70 parts by weight will produce a useful
      thermoplastic polymer, for demanding automotive applications the physical
      properties given by the above range of 5-50 parts by weight of the poly
      alkene ether diol are preferred.
PAR  The aromatic polyisocyanate is any of the commercially used ones and is
      preferably selected from the group consisting of 4, 4' -diphenylmethane
      diisocyanate (MDI); tolylene diisocyanate (TDI); 1,5 naphthalene
      diisocyanate; dianisidine diisocyanate (DADI); 3, 3' -dimethyl 4, 4'
      -biphenyl diisocyanate (TODI); phenylene diisocyanate (PDI) and 4, 4'
      -bipheneyl diisocyanate (XDI).
PAR  The straight-chain alkane diol is preferably endterminated with the hydroxy
      groups.
PAR  The prepolymer process is quite straightforward but if the following
      procedure is not followed with reasonable care a thermoset and sometimes
      microcellular elastomer may result. The index of the mixture, the reaction
      temperatures, and water contents of the ingredients should be closely
      controlled, as is known.
PAR  With reference to the drawing, the two polyols, the grafted polyol via line
      11 and the poly alkene ether diol via line 13, are brought together in a
      reactor 10 degassed and heated, for example, to 235.degree.F.
PAR  The aromatic polyisocyanate is then added to the reactor via line 12 and
      the mixture is allowed to exotherm, for example, to 250.degree.F. It is
      then degassed and the free NCO content obtained. Preferably the free NCO
      is in the range of 4 to 15, preferably 8 to 10. In the following examples,
      A and B, it was 11.27 and 9.55 respectively. The prepolymer can then be
      stored in readiness for the next step.
PAR  The short chain diol such as 1,4 -butanediol (BDO), is separately prepared,
      and dried if necessary, and mixed with the wax release agent, if a wax is
      to be used. The diol mixture and the prepolymer, by lines 15 and 14
      respectively, are brought together in a casting machine 20 in a continuous
      manner at about 230.degree.F. After thorough mixing of the two
      ingredients, the mixture is cast out via line 16 into a casting pan, 30
      which is preferably maintained at a temperature above 210.degree.F. The
      cast layer can for example be 1 inch thick and, after being allowed to set
      4 or 5 minutes, can be cut into 3 inches .times. 3 inches chunks, removed
      and placed in containers, as indicated by line 17 and block 40. After
      having been aged at 40 for a week or so the elastomer can be ground to the
      size desired for molding and mixed with whatever additional materials may
      be desired. Alternatively, the mixture from line 16 can be extruded and
      pelletized to give a moldable composition.
PAR  It has also been found that by the addition of catalyst to the mixture in
      the casting machine 20, the reactions can be speeded up so that
      polyurethane can be directly cast into a mold to produce a molded product.
      The catalysts used can be of the dibutyl-tin-dilaurate, mercaptide or
      other known type and the casting temperature can be substantially lower,
      say 105.degree.F, with the mold being at 160.degree.-180.degree.F.
PAR  The following table gives examples of the invention prepared according to
      the illustrated process.
PAC  EXAMPLES
TBL                    A                B                                      

                       E       PBW      E   PBW                                

     __________________________________________________________________________

     Modified polyol   0.5     100      0.75                                   

                                            100                                

     PTMEG             0.5     28.24    0.25                                   

                                            9.42                               

     MDI               6.0     85.64    6.0 57.0                               

     BDO                5.02   26.20    5.02                                   

                                            17.4                               

     Wax               0.3     0.63     0.3 0.55                               

     Specific Gravity          1.15         1.14                               

     Hardness, Shore D (5 secs)                                                

                               45           40                                 

     Tensile Strength (orig.)  2995         2624                               

      after 70 hrs./212.degree.F                                               

                               (-5.0%)2846  (-10.5%)234                        

      after 7 da/175.degree.F/100%RH                                           

                               (-11.1%)     (-13.3%)227                        

     Elongation (orig.)        537%         503%                               

      after 70 hrs./212.degree.F                                               

                               (-13.8%)463% (-14.5%)430                        

      after 7 da./175.degree.F/100%RH                                          

                               (-8.2%)493%  (-4.6%)480%                        

     Tear Strength (Die C)     507          416                                

     Stiffness                                                                 

      at 72.degree.F 0.5 in lbs. (orig.)                                       

                       Exceeded scale limit 9855                               

      at -20.degree.F 3.0 in lbs.                                              

                       35041                20787                              

      after 70 hrs./212.degree.F 0.5 in/lbs                                    

                       Exceeded scale limit (+2.0%)10060                       

      at 160.degree.F 0.25 in lbs                                              

                       Exceeded scale limit 5595                               

     Tensile set at 200% elongation                                            

                       62.5%                 53.1%                             

     Dart impact-flex at -20.degree.F (FB)                                     

      as received      (no fracture)                                           

                               pass         pass                               

      after 70 hrs./212.degree.F                                               

                       (no fracture)                                           

                               pass         pass                               

     Stretch test at 250.degree.F                                              

                       (4% max.)                                               

                               No change    1.6%                               

     __________________________________________________________________________

      In the table:                                                            

      E=number of equivalents                                                  

      PBW=parts by weight                                                      

      FB=a Fisher Body specification                                           

PAR  The grafted polyol was Union Carbide Company's NIAX D-432, a polymer of
      about 4000 molecular weight made by reacting 80 weight percent of a 2800
      molecular weight poly (oxyalkylene) diol with 20 weight percent of a 50/50
      (by weight) styrene/acrylonitrile monomer mixture in the presence of a
      free radical catalyst (azobisisobutronitrile), as described in Union
      Carbide's Belgian Patent No. 788,115. The poly (oxyalkylene) diol is made
      by first reacting propylene glycol with propylene oxide and then
      subsequently with ethylene oxide so that the chains terminate in ethylene
      oxide units.
PAR  The poly alkylene ether diol was a polytetramethylene ether glycol,
      (PTMEG), Polymeg 1000, sold by the Quaker Oats Company, Chemical Division,
      Merchandise Mart Plaza, Chicago, Ill., 60545. It has a molecular weight of
      1000. E. I. duPont de Nemours Polyglycol 1000 can also be used.
PAR  The "MDI" was 4, 4' diphenylmethane diisocyanate. The "BDO" was 1,
      4-butanediol.
PAR  The wax was an ethelyne-bis-stearamide, Advawax 280.degree.F, sold by
      Cincinnati Milacron Chemical Inc., Reading, Ohio, 45215.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An injection molding-grade thermoplastic polyurethane having good low
      temperature properties made by reacting the following:
TBL                       Parts by weight                                      

     Grafted polyol       100                                                  

     poly alkane ether diol                                                    

                          2 to 70                                              

     Aromatic polyisocyanate                                                   

                          40 to 100                                            

     C.sub.2 -C.sub.6 alkane diol                                              

                          10 to 40                                             

PAL  Wherein:
PA1  said grafted polyol is a 2000 to 5000 molecular weight copolymer of:
PAR  a. 70 to 90 weight percent of a 1000 to 4000 molecular weight poly (oxy
      C.sub.1 -C.sub.4 alkene) diol, reacted by a free radical polymerization
      with
PA1  b. 10 to 30 weight percent of a monomer mixture of 1 part by weight of a
      vinylaromatic and 0.1 to 9 parts of an olefinic C.sub.2 -C.sub.6 nitrile,
      and
PA1  said polyalkylane ether diol has a molecular weight in the range of 500 to
      2500.
NUM  2.
PAR  2. The polyurethane of claim 1 wherein said grafted polyol, poly alkane
      ether diol and aromatic polyisocyanate are first reacted to form a
      prepolymer having a free NCO in the range of 9 to 10, followed by addition
      of said C.sub.2 -C.sub.6 alkane diol.
NUM  3.
PAR  3. The polyurethane of claim 2 wherein:
PA1  said grafted polyol is made with a 2400 to 3200 poly
      (oxypropylene-ethylene) diol and a 50/50 styrene/acrylonitrile monomer
      mixture.
PA1  said poly alkane ether diol is a 650 to 1500 molecular weight
      polytetramethylene ether glycol;
PA1  said aromatic polyisocyanate is MDI and
PA1  said C.sub.2 -C.sub.6 alkane diol is 1, 4 butanediol.
NUM  4.
PAR  4. The polyurethane of claim 3 wherein the mixture is cast as a slab at a
      temperature above 210.degree.F, broken up, cured for a few days and ground
      to size for injection molding.
NUM  5.
PAR  5. An automobile exterior trim component made from the polyurethane of
      claim 1.
PATN
WKU  039339394
SRC  5
APN  4776429
APT  1
ART  142
APD  19740610
TTL  Polyester with epoxy monomer, and a cross-linking monomer
ISD  19760120
NCL  9
ECL  1
EXA  Ziegler; J.
EXP  Tillman; Murray
INVT
NAM  Isozaki; Osamu
CTY  Hiratsuka
CNT  JA
INVT
NAM  Iwase; Seigo
CTY  Hiratsuka
CNT  JA
ASSG
NAM  Kansai Paint Company, Ltd.
CNT  JA
COD  03
PRIR
CNT  JA
APD  19730613
APN  48-65795
CLAS
OCL  260872
XCL  20415916
XCL  260 312XA
XCL  260 328R
XCL  260 334R
XCL  260 75UA
XCL  260 75A
XCL  260 75EP
XCL  260348A
EDF  2
ICL  C08L 6706
FSC  260
FSS  867;869;872;871;75;75 VA;75 EP;75 A
UREF
PNO  3485732
ISD  19691200
NAM  D'Alelio
OCL  204159.15
UREF
PNO  3660371
ISD  19720500
NAM  Johnson et al.
OCL  260672
LREP
FRM  Ostrolenk, Faber, Gerb & Soffen
ABST
PAL  A liquid unsaturated resin composition for coating material which comprises
      (A) 60 to 95 parts by weight of liquid resin and (B) 5 to 40 parts by
      weight of polyvinyl monomer, having high boiling point, in which said
      liquid resin is produced by adding a compound having both epoxy group and
      polymerizable unsaturated group to a linear polyester having terminal
      carboxyl groups and said linear polyester is produced by condensation of
      (a) aromatic dibasic acid or its acid anhydride and (b) aliphatic
      saturated compounds consisting of saturated aliphatic dibasic acid and
      saturated aliphatic glycol.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a liquid unsaturated resin composition. More
      particularly, the invention relates to said resin composition which is
      used for coating material and forms an excellent coating film having
      superior water resistance, chemical resistance, solvent resistance and so
      forth. Furthermore, the present invention relates to said liquid
      unsaturated resin composition for coating material which contains little
      easily volatilizable component thus forming an excellent finished surface
      and causing no air pollution.
PAR  2. Description of Prior Art
PAR  In the conventional art, with respect to coating material, almost all sorts
      of resins such as polyesters, acrylic resins, epoxy resins and urethane
      resins are employed as the vehicles for electron beam-, ultraviolet ray-
      or catalyst-curable coating materials, the reactive unsaturated groups of
      which are introduced to the molecules of said resins through a variety of
      methods. They are, however, used by dilution with monovinyl monomer or
      several solvents. When the monovinyl monomer is used, the coating
      composition as formed is cured as it is, while in case solvents are used,
      the coating composition may be cured after setting or evaporation of the
      solvents by heat. Further, for convenience of the coating work, the
      coating compositions are usually diluted to 30 - 60% in resin content. In
      such circumstances, most of the monovinyl monomer evaporates during the
      coating step and curing step as it has a high vapor pressure, while in the
      use of solvent-type composition, the solvents should be forcibly
      evaporated. Nuisances to workers or others by bad odors and air pollution
      occur around the coating works, and, therefore the coating lines should be
      installed in a closed system. In addition, it is poor economy to exhaust
      the evaporated vinyl monomer, and it is impossible to completely eliminate
      the solvents from the waste gas.
PAR  In view of the above facts, the principal object of the present invention
      is to provide a novel and improved liquid resin composition for coating
      materials. A further object of the present invention is to provide a
      liquid unsaturated resin composition which forms an excellent coating
      film. A still further object of the present invention is to provide a
      liquid unsaturated resin composition which contains little easily
      volatilizable component to produce offensive odors and is cured by the
      application of electron beam or ultraviolet ray or catalytic reaction.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, said liquid unsaturated resin
      composition comprises 60 to 95% by weight of liquid resin and 5 to 40% by
      weight of polyvinyl monomer having a high boiling point, in which said
      liquid resin is produced by adding 1.5 to 2 molecules, as an average, of a
      monomer having both epoxy group and polymerizable unsaturated group to
      each molecule of a linear polyester of about 500 to about 5000, preferably
      1,000 to 3,000, in number average molecular weight and having terminal
      carboxy groups, and the latter liner polyester is produced by condensation
      of a composition consisting essentially of (a) 10 to 25% by weight of
      aromatic dibasic acid or its anhydride and (b) 75 to 90% by weight of
      aliphatic saturated compounds consisting essentially of saturated
      aliphatic dibasic acid or its anhydride and saturated aliphatic glycol,
      wherein 10 to 60% by weight of said aliphatic saturated compounds is
      alicyclic saturated dibasic acid or its acid anhydride.
PAR  In the preparation of the resin composition of the present invention, 75 to
      90% by weight of the aliphatic compounds and 10 to 25% by weight of the
      aromatic dibasic acid or its anhydridge are used and the molecular weight
      of the obtained liner polyester is restricted to a range of about 500 to
      about 5,000, thereby producing a liquid resin. The composition comprises
      almost 100% by weight of resin film forming ingredients. It may be cured
      by the irradiation of electron beam or ultraviolet ray, or catalystic
      reaction, which is the characteristic feature of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The aromatic dibasic acids or their acid anhydrides which may be used in
      the present invention include, for example, phthalic acid, phthalic
      anhydride, terephthalic acid and isophthalic acid, which may be used alone
      or in admixture with one another. Said saturated aliphatic dibasic acids
      include succinic acid, succinic anhydride, adipic acid and sebacic acid,
      which may be used alone or in admixture with one another, and said
      aliphatic glycols include ethylene glycol, pentyl glycol, isopentyl
      glycol, neopentyl glycol, 1,3-butylene glycol and 1,6-hexanediol which may
      be used alone or in admixture with one another. Further, said alicyclic
      saturated dibasic acids include hexahydrophthalic anhydride and esterified
      compounds of one molecule of cyclodecanediol with 2 molecules of succinic
      anhydride or hexahydrophthalic anhydride which may be used alone or in
      admixture with one another. As said compounds having both epoxy group and
      polymerizable unsaturated group, glycidyl acrylate, glycidyl methacrylate,
      and glycidyl allyl ether may be exemplified. They may be used alone or in
      admixture with one another.
PAR  The unsaturated resin as used in the present invention is prepared by the
      following method. In the first place, the monomer composition of raw
      materials for the polyester in the above-mentioned ratio is caused to
      react at 180.degree. to 240.degree.C under dehydration to carry out an
      esterification until the acid value becomes 10 to 1 higher than the
      theoretical final acid value. Then the temperature is lowered, and the
      addition reaction with the monomer having both epoxy group and
      polymerizable unsaturated group is then carried out at 100.degree. to
      140.degree.C. Usually, the above esterification takes 3 to 8 hours and the
      addition reaction takes 1 to 5 hours. In the addition reaction, 100 to
      1000 ppm of polymerization inhibitor such as hydroquinone or
      p-benzoquinone may be used. Further, about 0.1 to about 5% by weight,
      based on the total weight of the resin composition, of epoxy-ring opening
      catalyst may be added in order to accelerate said addition reaction.
      Examples of the catalyst are amines such as diethylamine, triethyl-amine,
      etc. Then, 60 to 95% by weight of thus obtained liquid unsaturated resin
      is mixed with 5 to 40% by weight of polyvinyl monomer having a high
      boiling point to prepare a vehicle for coating material.
PAR  As said polyvinyl monomers having a high boiling point, there are
      trimethylolpropane triacrylate, trimethylolethane trimethacrylate,
      ethylene glycol diacrylate, ethylene glycol dimethacrylate, 1,3-butylene
      glycol diacrylate, 1,3-butylene glycol dimethacrylate, 1,6-hexanediol
      diacrylate and 1,6-hexanediol dimethacrylate which may be used singly or
      at least two of which may be used in admixture.
PAR  In addition, 1 to 10% by weight, based on the total weight of the resin
      composition, of the saturated solvents conventionally used, for example,
      ketones, esters, alcohols or the like may be added to said resin
      composition if they cause no inconvenience. In the unsaturated resin
      composition of the present invention, when the amount of said aromatic
      dibasic acid is less than 10%, the resin is liable to become a
      paraffin-like solid, and even when the composition remains liquid, the
      water resistance and solvent resistance of the cured coating film are
      seriously lowered. If the amount of aromatic dibasic acid or its anhydride
      is more than 25%, the composition has too high a viscosity so that the
      coating operation of the composition becomes difficult.
PAR  The use of the aliphatic saturated compounds are indispensable in order to
      liquefy the resin composition, but 10 to 25% by weight of said aromatic
      dibasic acid or its anhydride are also necessary so as to break the
      configuration of --CH.sub.2 -- chain. Thus, the resin composition becoming
      waxy is avoided. The use of compounds having many ether linkages is most
      effective for the lowering of viscosity of the resin without the use of
      the conventional saturated solvents, however, when a raw material having
      ether linkages such as diethylene glycol is used, the water resistance of
      the obtained coating film is seriously reduced. Generally speaking, if the
      compounding ratio of aliphatic compounds is high, it becomes difficult to
      form a hard coating film. Accordingly, said alicyclic compounds in the
      amount of 10 to 60% by weight of said aliphatic compounds must be used so
      as to reduce the resin viscosity and simultaneously to increase the
      hardness of coating film. When the number average molecular weight of said
      linear polyester is less than about 500, the resin becomes crystalline and
      thus is liable to become solid, and in addition the properties, for
      example, gloss, flexibility, etc., of the obtained coating film are poor.
      On the other hand, when the molecular weight is more than about 5,000, the
      viscosity of the linear polyester becomes too high, and a long time is
      required for the cross linking reaction because cross linking points
      become few when it is allowed to react with the above-mentioned polyvinyl
      monomer. In case less than 1.5 molecules of the monomer having both epoxy
      group and polymerizable unsaturated group are added to one molecule of
      said linear polyester molecule, the cross linking is insufficient because
      cross linking points become few and thus the water resistance of the
      obtained film becomes poor.
PAR  Further, when less than 5 parts of said polyvinyl monomer is used, not only
      the cross linking is insufficient but also lowering of viscosity can be
      expected. When more than 40 parts of polyvinyl monomer is used, it may be
      good for the lowering of viscosity, however, the physical properties of
      the obtained film become inferior.
PAR  The polyvinyl monomer as used in the present invention lowers the resin
      viscosity, and at the same time, acts as a cross linking agent. However,
      it may be desirable that the amount of addition of the polyvinyl monomer
      be decreased as small as possible in view of the properties of obtained
      coating film. Taking the viscosity of the resin composition and film
      properties after curing into consideration, using the polyvinyl monomer in
      the range of 5 to 40% by weight to 60 to 95% by weight of the liquid
      unsaturated resin is desirable.
PAR  The unsaturated resin composition of the present invention can be applied
      on heating at a temperature of 40 to 100.degree.C, if it is highly
      viscous. When the composition is cured by the irradiation of ultraviolet
      ray, 1 to 4% by weight, based on the total weight of the resin
      composition, of a photopolymerization initiator such as benzoin methyl
      ether, benzoin ethyl ether, benzoin propyl ether, etc. may be added, and
      in case of catalyst curing, 1 to 5% by weight, based on the total weight
      of the resin composition, of catalysts conventionally used such as the
      combination of benzoyl peroxide and cobalt salt may be added, and also in
      case of electron beam curing, the composition is cured without the
      addition of the above mentioned initiator and catalyst.
PAR  The coating film which is formed by using the composition of the present
      invention through the electron beam, ultraviolet ray-, or catalyst-curing
      is excellent in hardness, flexibility, water resistance, chemical
      resistance and solvent resistance, so that it may be used for coating
      materials on metal works, wood works, plastic articles and so forth. The
      surface state of the coating film is extremely fine which is considered to
      be the result of elimination of the use of solvents.
PAR  The following examples are included merely to aid in the understanding of
      the invention, and variations may be made by one skilled in the art
      without departing from the spirit and scope of the invention.
PAC  EXAMPLE 1
PAR  A polyester having terminal carboxyl group was prepared by condensing 90g
      of hexahydrophthalic anhydride, 202 g of adipic acid, 148g of phthalic
      anhydride, 104g of neopentyl glycol and 90g of 1,3-butylene glycol. The
      peak molecular weight in gel permeation chromatography (hereinafter
      referred to as "GPC") of said polyester was about 600. Then, 220g of
      glycidyl acrylate was added to said polyester and caused to react for 5
      hours at 140.degree.C. Further, 85g of thus obtained resin was mixed with
      15g of 1,6-hexanediol diacrylate. Hereinafter this mixture is referred to
      as "Composition (1)".
PAR  One gram of benzoin methyl ether was added to 50g of said Composition (1),
      and this was applied to the surface of an iron plate to form a coating of
      50 microns in thickness. Then this plate was irradiated by a 2 KW high
      pressure mercury lamp in nitrogen flow to cure the coated film. The cured
      film thus obtained is referred to as "Sample (1)-A".
PAR  In the meantime, 30g of titanium white was added to 50g of the Composition
      (1) and mixed well to prepare a coating material. This coating material
      was applied to the surface of an iron plate forming a film of 15 microns
      in thickness, and irradiated 10 MR of electron beam to obtain a cured
      coating which is referred to as "Sample (1)-B".
PAC  EXAMPLE 2
PAR  A polyester (GPC peak molecular weight: about 2,300) was prepared by
      condensing 123g of hexahydrophthalic anhydride, 17g of isophthalic acid
      and 94g of 1,6-hexanediol, and 28g of glycidyl methacrylate and 0.1g of
      triethylamine were mixed to the above product, and then this mixture was
      caused to react for 5 hours at 100.degree.C. Further, 60g of the thus
      obtained liquid resin and 40g of 1,3-butylene glycol dimethacrylate were
      well mixed to form a Composition (2).
PAR  Said Composition (2) was applied to the surface of an iron plate to form a
      coating of 30 microns in thickness. This coating film was then cured by 10
      MR of electron beam, and the cured film is referred to as "Sample (2)-A".
PAC  EXAMPLE 3
PAR  A polyester (GPC peak molecular weight: about 4,500) was prepared by
      condensing 149g of cyclodecanediol disuccinic ester, 30g of phthalic
      anhydride, 60g of sebacic acid, 25g of ethylene glycol and 47g of
      1,6-hexanediol, then 30g of glycidyl methacrylate was added to the above
      condensation product and caused to react for 3 hours at 120.degree.C.
      Then, 60g of the thus obtained liquid resin and 40g of trimethylolpropane
      triacrylate were mixed well to form a Composition (3).
PAR  This Composition (3) was applied to the surface of an iron plate to form a
      coating film of 30 microns in thickness. The coating film was cured by 10
      MR of electron beam, and the thus cured film is referred to as "Sample
      (3)-A".
PAR  Further, several tests and measurements were carried out with regard to the
      above-mentioned Compositions and Samples, the results of which will be
      shown in the following.
TBL  ______________________________________                                    

     Viscosity:   Composition (1)     400 cp                                   

                  Composition (2)    1,800 cp                                  

                  Composition (3)    2,200 cp                                  

     ______________________________________                                    

TBL  ______________________________________                                    

     Properties of Cured Films                                                 

               Water     Acid         Impact                                   

     Samples   Resistance                                                      

                         Resistance   Resistance                               

     ______________________________________                                    

     (1)-A                            1 kg, 1/2 inch                           

                                      35 cm                                    

     (1)-B                             40 cm                                   

     (2)-A                            &gt; 50 cm                                  

     (3)-A                            &gt; 50 cm                                  

     Test Method                                                               

               40.degree.C,                                                    

                         Electrolytic Du Pont Impact                           

               20 days   solution of  tester                                   

                         electric                                              

                         battery,                                              

                         Spot, 24 hrs.                                         

     ______________________________________                                    

      Note:                                                                    

         : Excellent                                                           

         : Good                                                                

PAR  According to the above-disclosed detailed explanation and examples, it will
      be understood that the liquid unsaturated resin composition of the present
      invention is very useful and the properties of the obtained coating film
      are excellent. It should be emphasized, however, that the examples
      described herein are intended as merely illustrative and in no way
      restrictive of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A liquid unsaturated resin composition which comprises (A) 60 to 95% by
      weight of liquid resin and (B) 5 to 40% by weight of polyvinyl monomer
      having high boiling point, wherein said liquid resin is produced by adding
      1.5 to 2 molecules of a compound having both epoxy group and polymerizable
      unsaturated group to each molecule of a linear polyester of 500 to 5000 in
      number average molecular weight and having terminal carboxyl groups, and
      said linear polyester is produced by condensation of (a) 10 to 25% by
      weight of aromatic dibasic acid or its acid anhydride and (b) 75 to 90% by
      weight of aliphatic saturated compounds which consist of saturated
      aliphatic dibasic acid and saturated aliphatic glycol, and further 10 to
      60% by weight of said aliphatic saturated compounds are alicyclic
      saturated dibasic acid or its acid anhydride, and wherein said polyvinyl
      monomer is at least one member selected from the group consisting of
      trimethylolpropane triacrylate, trimethylolethane trimethacrylate,
      ethylene glycol diacrylate, ethylene glycol dimethacrylate, 1,3-butylene
      glycol diacrylate, 1,3-butylene glycol dimethacrylate, 1,6-hexanediol
      diacrylate and 1,6-hexanediol dimethyacrylate.
NUM  2.
PAR  2. A liquid unsaturated resin composition as claimed in claim 1, in which
      said aromatic dibasic acid or its acid anhydride is at least one member
      selected from the group consisting of phthalic acid, phthalic anhydride,
      terephthalic acid and isophthalic acid; said saturated aliphatic dibasic
      acid is at least one member selected from the group consisting of succinic
      acid, succinic anhydride, adipic acid and sebacic acid; said saturated
      aliphatic glycol is at least one member selected from the group consisting
      of ethylene glycol, pentyl glycol, isopenthyl glycol, neopentyl glycol,
      1,3-butylene glycol and 1,6-hexanediol; and said alicyclic saturated
      dibasic acid is at least one member selected from the group consisting of
      hexahydrophthalic anhydride and esterified compounds of one molecule of
      cyclodecanediol with 2 molecules of succinic anhydride or
      hexahydrophthalic anhydride.
NUM  3.
PAR  3. A liquid unsaturated resin composition as claimed in claim 1, in which
      said compound having epoxy group and polymerizable unsaturated group is at
      least one member selected from the group consisting of glycidyl
      methacrylate, glycidyl acrylate and glycidyl allyl ether.
NUM  4.
PAR  4. A liquid unsaturated resin composition as claimed in claim 1, in which
      said polyester has a number average molecular weight of 1000 to 3000.
NUM  5.
PAR  5. A liquid unsaturated resin composition as claimed in claim 1, further
      comprising 1-5% by weight of a crosslinking catalyst.
NUM  6.
PAR  6. A liquid unsaturated resin composition as claimed in claim 1, further
      comprising 1-4% by weight of a photo-polymerization initiator.
NUM  7.
PAR  7. A liquid unsaturated resin composition as claimed in claim 1, in which
      said polyester is of ingredients comprising hexahydrophthalic anhydride,
      adipic acid, phthalic anhydride, neopentyl glycol and 1,3-butylene glycol,
      said compound having both epoxy group and polymerizable unsaturated group
      is glycidyl acrylate and in which said polyvinyl monomer is 1,6-hexanediol
      diacrylate.
NUM  8.
PAR  8. A liquid unsaturated resin composition as claimed in claim 1, in which
      said polyester is of ingredients comprising hexahydrophthalic anhydride,
      isophthalic acid and 1,6-hexanediol, said compound having both epoxy group
      and polymerizable unsaturated group is glycidyl methacrylate, and in which
      said polyvinyl monomer is 1,3-butylene glycol dimethacrylate.
NUM  9.
PAR  9. A liquid unsaturated resin composition as claimed in claim 1, in which
      said polyester is of ingredients comprising cyclodecanediol disuccinic
      ester, phthalic anhydride, sebacic acid, ethylene glycol and
      1,6-hexanediol, said compound having both epoxy group and polymerizable
      unsaturated group is glycidyl methacrylate, and in which said polyvinyl
      monomer is trimethylolpropane triacrylate.
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ABST
PAL  Block copolymers are prepared by reacting a polyester resin or polyol with
      a hydroxyl or carboxyl functional mercaptan and subsequently reacting the
      blocked polyester or polyol in the presence of oxygen, with selected vinyl
      monomers such as diacetone acrylamide, acrylic acid, 2-hydroxyethyl
      acrylate and the like. Such block copolymers provide for coating
      compositions having physical properties which render them useful as
      protective and/or decorative films.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The preparation of block copolymers are well known in the art and can be
      prepared by employing a number of syntheses, e.g., multifunctional
      initiators, radical and irradiation synthesis, mechanochemical syntheses,
      coupling reactions, alkylene oxides syntheses, and ionic reactions. One of
      the most versatile laboratory syntheses of block copolymers makes use of
      polymeric phthaloyl peroxide as the initiator. The first monomer is
      polymerized at as low a temperature as possible and to a low degree of
      conversion to give a polymer which, when isolated, contains segments of
      the polymeric initiator. By dissolving the isolated polymer in the second
      monomer and polymerizing at a higher temperature, block copolymeric
      macromolecules are synthesized. The first method of synthesizing block
      copolymers reported was a photoinitiation study of the vapor phase
      polymerization of monomers. A film of poly(methylmethacrylate) was
      deposited on the walls of an evacuated reaction vessel and then
      chloroprene vapor is admitted. This was block copolymerized by the
      unterminated radicals of the polymer that were first formed. The "flow
      method" of synthesizing block copolymers has also been employed, which
      consists of subjecting a photosensitized monomer to ultraviolet radiation
      as it passes through a capillary tube into a reservoir of a second
      monomer, wherein mixing takes place, Likewise, block copolymers can be
      synthesized by subjecting a mixture of two compatible polymers to
      mechanical degradation, by subjecting a mixture of two polymers to
      mechanical degradation in the presence of a crosslinking agent, by
      subjecting a polymer plasticized with a polymerizable vinyl monomer to
      mechanical degradation or by mechanically degrading a polymer in the
      presence of oxygen to introduce peroxidic groups that can be then used to
      initiate block copolymerization at a later stage. Degradative process
      takes place during mastication, milling, calendering, vibro-milling,
      cavitational ultrasonic irradiation, high-speed stirring and the like.
      Condensation reactions have been utilized to couple together polymer
      molecules containing hydroxyl, carboxyl, amine, thiol and certain esters
      to give block copolymers which are essentially linear in structure. Also
      employed in the art are ionic reactions to provide "living" polymers,
      e.g., sodium complex of naphthalene, when formed in a moisture-free
      tetrahydrofuran solution, is a stable green ion radical that may be used
      to polymerize styrene at low temperatures. These living polymers are well
      suited to the synthesis of block copolymers by the addition of a second
      monomer species which was also polymerized by an anionic mechanism.
      Poly(styrene-b-isoprene) poly(styrene-b-acrylonitrile), poly(styrene-b- 1
      vinylnaphthalene) and the like have been synthesized in this manner. Still
      another method employed provides for the polymerization of ethylene oxide
      by hydroxylcontaining compounds. Since poly(propylene oxide) has a
      terminal hydroxyl group, it can be used to initiate the block
      copolymerization of ethylene oxide to give poly(propylene oxide-b-ethylene
      oxide).
PAR  In the past the use of mercaptans has been limited. For example, ethyl
      mercaptan has been used as a starting material for making sulfonal and the
      lower mercaptans have been employed as odorants for natural gas. Perhaps
      the most important use of mercaptans is to control the polymerization in
      the manufacture of resin polymers and rubber compositions, large amounts
      of dodecyl mercaptans and other higher mercaptans are consumed in such
      processes. 2-mercaptobenzothiozale is an important rubber accelerator.
      Mercaptans are useful as oxidation inhibitors, for example, mercaptoacetic
      acid has been employed in hair waving processes. Mercaptans have shown to
      be efficacious in the treatment of wounds. Methyl mercaptan is now
      becoming important for the synthesis of amino acid methionine and
      mercaptans have also been employed as initiators for the polymerization of
      unsaturated carboxylic acid amides with other ethylenically unsaturated
      monomers.
PAC  DESCRIPTION OF THE INVENTION
PAR  Now it has been discovered that a mercaptan can be reacted with a polyester
      resin or polyol to form a mercapto(sulfhydryl)terminated reaction product
      which may subsequently be reacted in the presence of molecular oxygen,
      with selected vinyl monomers to provide block copolymer compositions. More
      particularly, this invention relates to a novel method of producing block
      copolymers which comprise reacting a hydroxyl or carboxyl-containing
      mercaptan with a polyester resin or polyol in such a manner as to provide
      for a mercaptoterminated reaction product that may be subsequently reacted
      with reactive vinyl monomers such as diacetone acrylamide, acrylic acid,
      2-hydroxyethyl acrylate, and the like. The said block copolymers may be
      readily employed in formulating coating compositions which are useful as
      protective and/or decorative films.
PAR  The polyester component of this invention may be saturated, unsaturated or
      oil-modified, such as those polyesters well known in the art. Polyesters
      are prepared by reacting a polyhydric alcohol (polyol) and a polybasic
      acid. Such polyols include ethylene glycol, propylene glycol, butylene
      glycol, diethylene glycol, dipropylene triethylene glycol, neopentyl
      glycol, trimethylene glycol, polyethylene glycol, polypropylene glycol,
      1,5-pentanediol, trimethylolethane, trimethylolpropane, glycerol,
      1,2,6-hexanetriol, pentaerythritol, sorbitol, mannitol, methyl glycoside,
      2,2-bis(hydroxyethoxyphenyl)propane, 2,2-bis
      (beta-hydroxypropoxyphenyl)propane, and the like. Monofunctional alcohols
      may also be employed to supplement the other polyols and to provide for a
      particular characteristic which is undesirable. Useful alcohols include
      those having a hydrocarbon chain comprising from about 13 to about 18
      carbon atoms.
PAR  Generally suitable diols include glycols of the formula HO(CH.sub.2).sub.n
      OH in which n equals 2 to 10 glycols of the formulae HO(CH.sub.2 O).sub.n
      H and HO[CH(CH.sub.3)CH.sub.2 O].sub.n H in which n equals 1 to 40, such
      2,2-dimethyl-1,3-propanediol, 2,2-diethyl-1,3-propanediol,
      3-methyl-1,5-pentanediol, N-methyl and N-ethyldiethanolamines. Others
      include 4,4'-methylenebiscyclohexanol, 4,4'-isopropylidenebiscyclohexanol
      and various xylenediols, hydroxymethyl phenethyl alcohols,
      hydroxymethylphenylpropanols, phenylenediethanols, phenylene-dipropanols,
      and heterocyclic diols such as 1,4-piperazine diethanol and the like. Some
      of the preferred diols include 2-methyl-2-ethyl-1,3-propanediol,
      2-ethyl-1,3-hexanediol and
      2,2-dimethyl-3-hydroxypropyl-2,2-dimethyl-3-hydroxypropionate. Various
      other trifunctional polyols known in the art may be used.
PAR  The acid component of such polyesters may include unsaturated acids such as
      maleic acid, fumaric acid, itaconic acid, citraconic acid, glutaconic
      acid, mesaconic acid and the like and their corresponding anhydrides,
      where such anhydrides exist. Other polycarboxylic acids which may be
      utilized in addition to the above-mentioned acids include saturated
      polycarboxylic acids, such as succinic acid, glutaric acid, adipic acid,
      pimelic acid, suberic acid, azelaic acid, sebacic acid and the like.
      Certain aromatic polycarboxylic acids and derivatives thereof may also be
      useful, for example, phthalic acid, isophthalic acid, tetrahydroxyphthalic
      acid, hexahydroxyphthalic acid, endomethylenetetrahydroxyphthalic
      anhydride, tetrachlorophthalic anhydride,
      hexachloroendomethylenetetrahydrophthalic and the like. The term "acid"
      used in this specification and appended claims includes the corresponding
      anhydrides where such anhydrides exist.
PAR  In many instances it is optional to include a fatty acid. These include
      saturated fatty acids such as decanoic, dodecanoic, tetradecanic,
      hexadecanic, octadecanic, licosanic, docosanoic and the like; and, in
      addition, unsaturated fatty acids may be used, such as 9-octadecenoic,
      9,12-octadecadienoic, 9,12,15-octadecatrienoic, 9,11,13-octadecatrienoic,
      4-keto-9,11,13-octadecatrienoic, 12-hydroxy-9-octadecenoic, 13-docosenic,
      and the like.
PAR  Oil-modified polyesters are likewise suitable for purposes of this
      invention.
PAR  In the preparation of the oil-modified polyester resins, it is possible to
      replace the saturated and/or unsaturated fatty acids with monocarboxylic
      acids and thus further modify the properties of the end groups. Suitable
      monocarboxylic acids are, for example, natural resin acids such as abietic
      acid, neoabietic acid, laevo-pimaric acid, hydrogenated and particularly
      hydrogenated resin acids, such as dihydro- and tetrahydroabietic acid,
      also benzoic acid and p-tert.-butylbenzoic acid as well as technical
      mixtures of fatty and resinic acids known by the name of tall oil.
PAR  The preparation of the oil-modified polyester resin can be carried out
      either by the use of the free fatty acids or by re-esterifying the natural
      oils and fats, in a first step, with an equivalent quantity of polyalcohol
      to form the monoglycerides and then, after adding the polycarboxylic acid,
      completing the polycondensation. The re-esterification is suitably carried
      out in the presence of catalysts. Sutiable catalysts are: lithium
      ricinoleate, sodium alcoholates, such as sodium methylate, lead oxide,
      zinc oxide and zinc acetate, calcium oxide and calcium acetate.
PAR  In the preparation of the oil-modified polyester resins in accordance with
      the re-esterification process, it is possible to use non-drying,
      half-drying and drying fatty oils and fats, such as peanut oil, coconut
      oil, palm-kernel oil, palm oil, castor oil, hemp oil, cottonseed oil,
      safflower oil, soy bean oil, sunflower oil, linseed oil, wood oil,
      oiticica oil, perilla oil and fish oils.
PAR  In the oil-modified alkyd polyester, the percent of the oil component is
      between 20 and 80 percent, preferably between 30 and 65 percent. More
      particularly, the oil component of the resins that contain non-drying
      oils, such as peanut oil, coconut oil, palm-kernel oil, palm oil and
      castor oil is preferably between 30 and 50 percent, whereas the oil
      component of the resins that contain half-drying and drying oils, such as
      hemp oil, cottonseed oil, safflower oil, soy bean oil, sunflower oil,
      linseed oil, wood oil, perilla oil and fish oil is preferably between 30
      and 65 percent.
PAR  Generally, in the manufacture of polyester resin, an esterification
      catalyst is employed. Inorganic tin salts, such as stannous halides,
      stannous acrylates, and stannous alkoxides, and stannic salts; and organic
      tin compounds. Illustrative compounds include the following:
PA1  a. stannous salts such as stannous hydroxide, stannous bromide, stannous
      chloride, stannous fluoride, stannous iodide and the like;
PA1  b. stannic slats such as stannic chloride, stannic bromide, stannic
      fluoride and the like;
PA1  c. dialkyl tin salts of carboxylic acids, such as dibutyltin diacetate,
      dibutyltin dilaurate, dibutyltin maleate, and the like;
PA1  d. dialkyltin oxides such as dibutyltin oxide dioctyltin oxide, dilauryltin
      oxide and the like; and
PA1  e. trialkyltin hydroxides such as trimethyltin hydroxide, tributyltin
      hydroxide, and the like.
PAR  The requisite equipment and conditions employed in the preparation of
      polyester resins are well known and documented in the art. Generally, the
      esterification reaction conducted in the presence of a suitable solvent,
      such as xylene, toluene, and the like. Temperatures commonly employed are
      from about 350.degree.F. to about 450.degree.F.
PAR  In addition to the polyesters described herein, a polyol alone may be
      blocked and subsequently reacted with vinyl monomers according to the
      method of this invention. Useful polyols include those mentioned
      hereinabove. Likewise, diols such as 2-methyl-2-ethyl-1,3-propanediol,
      2-ethyl-1,3-hexanediol, polycaprolactone,
      2,2-dimethyl-3-hydroxypropyl-2,2-dimethyl-3-hydroxypropionate,
      4,4'-methylenebiscyclohexanol, and various xylenediols,
      hydroxymethyl-phenethyl alcohols, phenylenediethanols,
      phenylenedipropanols, heterocyclic diols and the like may be utilized.
PAR  It will be observed that the polyester or polyol herein may first be
      reacted with an organoalkoxysilane and then with the hydroxyl or carboxyl
      functional mercaptan to provide a mercapto-terminated reaction product.
      Suitable organoalkoxysilanes includes
      alpha-methacryloxypropyltrimethoxysilane,
      alpha-acryloxypropyltrimethoxysilane,
      alpha-methacryloxyethyltrimethoxysilane and the like. The amount of the
      organoalkoxysilane is not critical and can be varied depending on the
      desired results, however, the product should have at least two functional
      groups present for reaction with the mercaptan.
PAR  The mercaptans employed in this invention can be any carboxyl or hydroxyl
      mercaptan having a hydrocarbon chain which may be a saturated or
      unstaurated aliphatic, saturated or unsaturated alicyclic, saturated or
      unsaturated aliphaticaromatic, or saturated or unsaturated aromatic. The
      said hydrocarbon chain may contain up to about 18 carbon atoms. These
      hydrocarbon chains contain other substituents such as halogens, ester
      groups, ether groups, and the like. The only requirement is the additional
      substituents do not interfere with the desired reaction. Some specific
      examples of useful mercaptans include mercaptoacetic acid,
      2-mercaptoethanol, 2,3-dimercapto-1-propanol, 2,2'-dimercaptoisobutyric
      acid, cysteine, o-mercaptobenzoic acid, 3-mercaptopropanol and the like.
PAR  The amount of mercaptan employed is not critical and may vary depending
      upon the reactivity of the mercaptan, the functionality of the polyester
      or polyols employed, and upon the reaction conditions. However, it is
      desirable to employ a molar amount sufficient to block at least two of the
      polyester functional groups in order to provide for a symmetrically
      propagated block copolymer. The blocking reaction may be conducted in
      solvents such as toluene, xylene, butanol, and the like. Likewise,
      catalysts such as those described hereinabove can be employed to
      accelerate the esterification reaction. The temperatures necessary to
      conduct this blocking reaction are generally low, for example, from about
      100.degree.C. to about 200.degree.C. Of course, such temperature
      requirements will change depending on use of a catalyst and the reactivity
      of the components.
PAR  The mercapto blocked polyester or polyol is subsequently reacted, in the
      presence of molecular oxygen, with a variety of vinyl monomers to provide
      the blocked copolymers of the invention herein. Any available source of
      molecular oxygen, for example, air, is sufficient to initiate the
      polymerization reaction. It is believed that the mercaptan radical is
      produced by oxygen abstracting a mercaptan hydrogen (-SH) from the
      mercaptan, thus freeing the mercaptan radical to attach across the double
      bond of the particular unsaturated monomer(s) employed.
PAR  Generally, the monomers polymerized include an unsaturated carboxylic acid
      amide and at least one other ethylenically-unsaturated monomer; however,
      any desired monomer combination may be employed.
PAR  The amount of the particular monomers utilized is not critical and will
      depend on the characteristics desired to be imparted to the final block
      copolymer.
PAR  Amides that may be utilized include acrylamide, diacetone acrylamide,
      methacrylamide, itaconic acid diamide, alpha-ethyl acrylamide,
      crotonamide, maleamic acid and esters, maleuric acid and esters and other
      amides of alpha,beta-ethylenically unsaturated carboxylic acids containing
      up to, for example, about 10 carbon atoms. However, an acrylamide is
      preferred, this term being utilized to include acrylamide, diacetone
      acrylamide, methacrylamide and similar alpha-substituted acrylic amides,
      and N-substituted acrylamides, such as N-butoxymethylacrylamide and
      N-butoxymethylmethacrylamide.
PAR  The monomer or monomers with which the amide may be interpolymerized can be
      any ethylenic compound copolymerizable with the unsaturated amide, the
      polymerization taking place through the ethylenically unsaturated bonds.
      These include monoolefinic and diolefinic hydrocarbons, halogenated
      monoolefinic and diolefinic hydrocarbons, unsaturated esters of organic
      and inorganic acids, esters of unsaturated acids, nitrile, unsaturated
      acids, and the like. The interpolymer compositions described in U.S. Pat.
      No. 3,037,963 exemplifies the types of amide interpolymers to which the
      invention is applicable.
PAR  Examples of such monomers include the following:
PAR  1. monoolefinic hydrocarbons, such as styrene, alpha-methyl styrene,
      alpha-ethyl styrene, alpha-butyl styrene, and the like;
PAR  2. halogenated monoolefinic and diolefinic hydrocarbons, such as
      alpha-bromostyrene, 2,5-dichlorostyrene, 2,5-dibromostyrene,
      3,4-dichlorostyrene, 3,4-difluorostyrene, ortho-, meta-, and
      parafluorostyrenes, 2,6-dichlorostyrene, 2,6-difluorostyrene,
      3-fluoro-4-chlorostyrene, 3-chloro-4-fluorostyrene,
      2,4,5-trichlorostyrene, dichloro-monofluorostyrenes, 1,1-dichloroethylene
      (vinylidene chloride, 1,1-dibromoethylene and other halogenated diolefinic
      compounds;
PAR  3. esters of organic and inorganic acids, such as vinyl acetate, vinyl
      propionate, vinyl butyrate, vinyl isobutyrate, vinyl valerate, vinyl
      caproate, vinyl enanthate, vinyl benzoate, vinyl toluate, vinyl
      p-chlorobenzoate, vinyl-o-chlorobenzoate, vinyl-m-chlorobenzoate and
      similar vinyl habenzoates, vinyl-p-methoxybenzoate,
      vinyl-o-methoxybenzoate, vinyl-p-ethoxybenzoate, methyl methacrylate,
      ethyl methacrylate, propyl methacrylate, butyl methacrylate, amyl
      methacrylate, hexyl methacrylate, heptyl methacrylate, octyl methacrylate,
      decyl methacrylate, methyl crotonate, ethyl crotonate, and ethyl tiglate;
PAR  methyl acrylate, ethyl acrylate, propyl acrylate, isopropyl acrylate butyl
      acrylate, isobutyl acrylate, amyl acrylate, hexyl acrylate, 2-ethylhexyl
      acrylate, heptyl acrylate, octyl acrylate, 3,5-5-trimethylhexyl acrylate,
      decyl acrylate, and dodecyl acrylate;
PAR  isopropenyl acetate, isopropenyl propionate, isopropenyl butyrate,
      isopropenyl isobutyrate, isopropenyl valerate, isopropenyl caproate,
      isopropenyl onanthate, isopropenyl benzoate, isopropenyl p-chlorobenzoate,
      isopropenyl o-chlorobenzoate, isopropenyl o-bromobenzoate, isopropenyl
      m-chlorobenzoate, isopropenyl toluate, isopropenyl alpha-chloroacetate and
      isopropenyl alpha-bromopropionate;
PAR  vinyl alpha-chloroacetate, vinyl alpha-bromoacetate, vinyl
      alphachloropropionate, vinyl alpha-bromopropionate, vinyl
      alpha-iodopropionate, vinyl alpha-chlorobutyrate, vinyl
      alpha-chlorovalerate and vinyl alphabromovalerate;
PAR  allyl chloride, allyl cyanide, allyl bromide, allyl fluoride, allyl iodide,
      allyl chlorocarbonate, allyl nitrate, allyl thiocyanate, allyl formate,
      allyl acetate, allyl propionate, allyl butyrate, allyl valerate, allyl
      caproate, allyl 3,5,5-trimethyl-hexoate, allyl benzoate, allyl acrylate,
      allyl crotonate, allyl oleate, allyl chloroacetate, allyl
      trichloroacetate, allyl chloropropionate, allyl chlorovalerate, allyl
      lactate, allyl pyruvate, allyl aminoacetate, allyl acetoacetate, allyl
      thioacetate, as well as methallyl esters corresponding to the above allyl
      esters;
PAR  methyl alpha-chloroacrylate, methyl alpha-bromoacrylate, methyl
      alpha-fluoroacrylate, methyl alpha-iodoacrylate, ethyl
      alphachloroacrylate, propyl alpha-chloroacrylate, isopropyl
      alpha-bromoacrylate, amyl alpha-chloroacrylate, octyl
      alpha-chloroacrylate, octyl alphachloroacrylate, 3,5,5-trimethylhexyl
      alpha-chloroacrylate, decyl alphachloroacrylate, methyl
      alpha-cyanoacrylate, ethyl alpha-cyanoacrylate, amyl alpha-cyanoacrylate
      and decyl alpha-cyanoacrylate;
PAR  dimethyl maleate, diethyl maleate, diallyl maleate, dimethyl fumarate,
      diethyl fumarate, dimethallyl fumarate and diethyl glutaconate;
PAR  4. organic nitriles such as acrylonitrile, methacrylonitrile,
      ethacrylonitrile, 3-octenenitrile, crotonitrile, oleonitrile, and the
      like;
PAR  5. acid monomers such as acrylic acid, methacrylic acid, crotonic acid,
      3-butenoic acid, angelic acid, tiglic acid, and the like.
PAR  It is understood that the above polymerizable olefinic monomers are
      representative only, and do not include all of the CH.sub.2 = C&lt;
      containing monomers which may be employed.
PAR  However, for purposes of the invention, the preferred monomers include
      acrylates, methacrylates, vinyl aromatic hydrocarbons, unsaturated acids,
      and unsaturated esters of organic acids.
PAR  Generally, the blocked copolymers of the invention may be prepared by any
      of the techniques know in the art, however, for purpose of this invention,
      the batch type process and continuous addition method are preferred.
PAR  The polymerization generally requires no external heat source, but the
      preferred temperature of operation depends somewhat on the reactivity of
      the monomer(s) employed and the amount of the mercaptan utilized.
      Generally, however, the polymerization of this invention may be carried
      out at as low as about 20.degree.C. to as high as about 300.degree.C.
      Thus, depending on the desired end results, amides, mercaptans and
      unsaturated monomers utilized, the use of an external heat source may be
      negated or such heat source may be employed to accelerate the reaction.
PAR  The reaction generally is carried out in an organic solvent in which the
      monomers are soluble at reaction temperature. Butanol or other lower
      alkanols, the Cellosolves and Carbitols, e.g., ethyl Cellosolve and butyl
      carbitol, are satisfactory for this purpose. Butyl or ethyl acetate or
      other ester solvents can also be included in the reaction medium, as can
      aliphatic and aromatic hydrocarbons, such as toluene, xylene, naphthas and
      the like. Ketones may also be utilized, for instance, methyl ethyl ketone.
PAR  The block copolymers of this invention may be blended or admixed with other
      co-curing or crosslinking resins or reactive materials such as vinyl
      chloride; the alkyd resins, both oil-modified and non-oil modified;
      epoxidized oils, that is, epoxidized fatty acid esters, preferably
      containing at least 8 carbon atoms; amide resins, such as
      urea-formaldehyde resins and melamine-formaldehyde resins; nitrocellulose
      resins; hydrocarbon resins, such as polyethylene and polypropylene;
      phenolic resins, as well as any other resinous materials compatible with
      the block copolymers herein.
PAR  When the block copolymer and blends described above are utilized in forming
      coating compositions, pigments, such as titanium dioxide, carbon black,
      talc, barytes, zinc sulfate, strontium chromate, barium chromate, ferric
      iron oxide, as well as color pigments, such as cadmium yellow, cadmium
      red, toluidine red, hydrated iron oxide, and the like may be added to form
      any desired color and to enhance the film properties. The coating
      compositions are produced by blending the resinous vehicle and desired
      pigment composition and grinding in accordance with wellknown practice.
PAR  The coating compositions so produced can be applied by ordinary methods of
      application, for example, by reverse roll coat, spraying, and dipping or
      by similar conventional techniques, and then baked to form a hard, tough,
      adherent film. Typical baking schedules include 30 minutes at
      300.degree.F. to 1 minute at 500.degree.F.
PAR  The mechanical apparatus utilized in the manufacture of the block polymers
      consists of that commonly known in the art. Generally, the ingredients are
      admixed and charged into a reaction vessel equipped with continuously
      operating electrical or air-operated stirrer, a thermometer, a heating
      jacket or mantle, and a distilling column.
PAR  To illustrate the manner of producing the blocked copolymers of this
      invention, there are set forth below several examples of their
      preparation. The parts and percentages are by weight and are based upon
      non-volatile resin solids content.
DETD
PAC  EXAMPLE I
PAR  A blocked intermediate was prepared in the following manner:
PAC  Blocked Intermediate A
PAR  A three-necked round-bottom reactor vessel was equipped with a thermometer,
      reflux condenser, mechanical stirrer and a means to provide an inert
      blanket of nitrogen gas. Into the said vessel the following components
      were charged:
TBL                     Parts by Weight                                        

     Mercaptoacetic acid (98% pure)                                            

                          184.00                                               

     Polycaprolactone     125.0                                                

     Toluene              50.0                                                 

     Phosphoric acid (85% pure)                                                

                          0.7                                                  

PAR  The above components were heated over one hour period to a temperature of
      150.degree.C. and 50.0 parts of toluene were added. The reaction continued
      for 25 minutes and an additional 40.0 parts of toluene were added and 20
      minutes later a further addition of 40.0 parts of toluene were added.
      Again, the reaction was permitted to continue for 31/4 hours and
      thereafter 18.0 parts of mercapto acetic acid were added, the reaction
      temperature was maintained at 150.degree.C. for about 6 hours. During the
      reaction time, a total of 34.0 parts were collected as a byproduct of the
      esterification process.
PAR  This intermediate was employed in the following manner to provide a blocked
      copolymer.
TBL  ______________________________________                                    

                        Parts by Weight                                        

     Diacetone acrylamide 300.0                                                

     2-hydroxyethyl acrylate                                                   

                          60.0                                                 

     Acrylic acid         60.0                                                 

     Methyl methacrylate  780.0                                                

     Blocked intermediate A (above)                                            

                          750.0                                                

     ______________________________________                                    

PAR  A total of 500.0 parts of the above mixture was charged into a four-necked
      round bottom reactor vessel equipped with a thermometer, reflux condenser,
      mechanical stirrer and a dropping funnel into which the remainder of the
      above mixture was charged.
PAR  Initially the 500.0 parts were heated to a temperature of about
      125.degree.C. under a blanket of air. After about 25 minutes, the stopcock
      of the dropping funnel was opened and the remainder of the above mixture
      was permitted to slowly enter the reaction vessel over a 2 hour period.
      Thereafter, the reaction was allowed to continue for about 6 hours while
      the temperature was maintained at about 112.degree.C. Finally, the blocked
      copolymer was cooled and reduced with 200.0 perts butyl Cellosolve. The
      blocked copolymer produced in Example I had the following characteristics:
TBL  Total solids content (percent)                                            

                            74.1                                               

     Viscosity (Gardner-Holdt)                                                 

                             Z-6                                               

     Color (Gardner)         3                                                 

     Acid number            25.33                                              

PAC  EXAMPLE II
PAR  A blocked intermediate similar to that provided in Example I except that
      the polycaprolactone was first reacted with an organoalkoxysilane.
TBL  ______________________________________                                    

                        Parts by Weight                                        

     Polycaprolactone     1060.0                                               

     Alpha-methacryloxypropyltri-                                              

     methoxysilane        1060.0                                               

     Xylene                600.0                                               

     ______________________________________                                    

PAR  The above components were charged into a reactor vessel as in Example I and
      heated to 90.degree.C. under an inert atmosphere of nitrogen. A 75 percent
      solution of butanol containing 1.0 part phenyl acid phosphate was added
      and the reaction temperature rose to about 150.degree.C. and was
      maintained there for 4 hours. Then 93 parts of Thiovanic Acid (98.6
      percent pure) were added when the temperature was lowered to about
      110.degree.C. and the temperature was permitted to rise over a 2 hour
      period to 148.degree.C. A total of 55 parts of water were azeotropically
      distilled off. The intermediate provided had the following
      characteristics:
TBL  Total solids content (percent)                                            

                             78.4                                              

     Viscosity (Gardner-Holdt)                                                 

                              R+                                               

     Color (Gardner)          1-                                               

     Acid number             15.1                                              

PAR  The intermediate herein was employed to provide the following block
      copolymer.
TBL                Monomer Mixture                                             

     ______________________________________                                    

                      Parts by Weight                                          

     Diacetone acrylamide                                                      

                        375.0                                                  

     2-Hydroxyethyl acrylate                                                   

                        75.0                                                   

     Methacrylic acid   30.0                                                   

     Ethyl acrylate     270.0                                                  

     ______________________________________                                    

PAR  A total of 975.0 parts of the intermediate above and 3750 parts of the
      monomer mixture above were charged into a reactor vessel and the contents
      were heated to reflux, 112.degree.C., and the remaining portion of the
      monomer mixture was added over 11/2 hours as the temperature rose to
      127.degree.C. The reaction was maintained at reflux (127.degree.C.) for
      61/2 hours, then 20.0 parts of the Thiovanic Acid were added as the
      reaction was permitted to continue for 11 hours. The blocked copolymer
      produced had the following characteristics:
TBL  Total solids content (percent)                                            

                            71.6                                               

     Viscosity (Gardner-Holdt)                                                 

                             Z-1                                               

     Color (Gardner)        11                                                 

     Acid number            21.8                                               

PAR  The blocked intermediates of Example I and Example II may be reacted with
      monomer mixtures other than the ones shown to provide suitable block
      copolymers. Examples of useful monomer mixtures are set forth below:
TBL              MIXTURE A                                                     

                        Parts by Weight                                        

     Ethyl acrylate       160.0                                                

     Diacetone acrylamide 160.0                                                

     2-Hydroxyethyl acrylate                                                   

                          40.0                                                 

     Acrylic acid         40.0                                                 

                 MIXTURE B                                                     

     Ethyl acrylate       300.0                                                

     Diacetone acrylamide 60.0                                                 

     Acrylic acid         40.0                                                 

                 MIXTURE C                                                     

     Ethyl acrylate       900.0                                                

     Diacetone acrylamide 450.0                                                

     Acrylic acid         180.0                                                

     2-Hydroxyethyl acrylate                                                   

                          186.0                                                

     Butyl acrylate       90.0                                                 

                 MIXTURE D                                                     

     Diacetone acrylamide 50.0                                                 

     Acrylic acid         20.0                                                 

     2-Ethylhexyl acrylate                                                     

                          60.0                                                 

     Vinyl acetate        40.0                                                 

     2-Hydroxyethyl acrylate                                                   

                          30.0                                                 

PAR  These monomer mixtures, when reacted with the blocked intermediates provide
      compositions that can readily be formulated into coatings that are useful
      for many purposes.
PAR  Polyesters and polyols other than those employed hereinabove may be
      utilized where desired. For example, any saturated, unsaturated, or
      oil-modified polyester known in the art may be employed. Likewise, other
      polyols such as propylene glycol, 1,5-pentanediol, trimethylolethane,
      pentaerythritol and the like can be substituted for those hereinabove.
PAR  Other mercaptans that are useful and can be readily employed include
      cysteine, 2,2'-dimercapto-1-propanol, 0-mercaptobenzoic acid, and the
      like.
PAR  In addition, some of the other ethylenically unsaturated monomers that may
      be utilized include methacrylamide, acrylamide, styrene, alpha-methyl
      styrene, alpha-bromo styrene, vinyl acetate, vinyl propionate, dimethyl
      maleate methacrylonitrile, acrylic acid and the like.
PAR  Also the block copolymers can be blended or admixed with reactive materials
      such as amino resins like hexamethoxymethyl melamine, ethoxymethoxymethyl
      melamine, and the like, as well as phenolic resins and alkyd resins.
PAR  Various properties and desirable characteristics can be imparted to the
      block copolymers or blends by grinding pigments such as titanium dioxide,
      carbon black, ferric iron oxide, cadmium red, toluidine red and the like.
PAR  According to the provisions of the patent statutes, there are described
      above the invention and what are now considered to be its best
      embodiments. However, within the scope of the appended claims, it is to be
      understood that the invention can be practiced otherwise than as
      specifically described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method which comprises the steps of:
PA1  A. esterifying a polyester resin with a hydroxyl functional mercaptan
      having a hydrocarbon chain containing up to about 18 carbon atoms or a
      carboxyl functional mercaptan having a hydrocarbon chain containing up to
      about 18 carbon atoms in a molar amount sufficient to block at least two
      polyester functional groups of said polyester resin to provide a
      mercapto-terminated reaction product; and
PAR  B. reacting said mercapto-terminated reaction product in the presence of
      molecular oxygen with one or more ethylenically-unsaturated monomers to
      produce a thermosetting block copolymer coating composition.
NUM  2.
PAR  2. The method in claim 1 wherein the polyester resin is prepared by
      reacting a polyhydric alcohol and a polybasic acid.
NUM  3.
PAR  3. The method in claim 2 wherein the polyhydric alcohol is a member of the
      group consisting of ethylene glycol, trimethylolpropane, neopentyl glycol,
      glycerol, and pentaerylthritol.
NUM  4.
PAR  4. The method in claim 2 wherein the polybasic acid is a member of the
      group consisting of maleic acid, isophthalic acid, adipic acid and fumaric
      acid.
NUM  5.
PAR  5. The method in claim 1 wherein the mercaptan is a member of the class
      consisting of mercaptoacetic acid, 2-mercaptoethanol, and
      2,3-dimercapto-1-propanol.
NUM  6.
PAR  6. The method in Claim 1 wherein the ethylenically unsaturated monomer is a
      member of the class consisting of acrylates, methacrylates, vinyl aromatic
      hydrocarbons, unsaturated acids and unsaturated esters of organic acids.
NUM  7.
PAR  7. A method which comprises the steps of:
PA1  A. esterifying a polyol with a carboxyl functional mercaptan having a
      hydrocarbon chain containing up to about 18 carbon atoms to provide a
      mercapto-terminated reaction product; and
PA1  B. reacting said mercapto-terminated reaction product in the presence of
      molecular oxygen with one or more ethylenically unsaturated monomers to
      produce a thermosetting block copolymer coating composition.
NUM  8.
PAR  8. The method in claim 7 wherein the polyol is a member of the group
      consisting of polycaprolactone,
      2,2-dimethyl-3-hydroxypropyl-2,2-dimethyl-3-hydroxypropionate and
      2-methyl-2-ethyl-1,3-propanediol.
NUM  9.
PAR  9. The method in claim 7 wherein the ethylenically unsaturated monomer is a
      member of the class consisting of acrylates, methacrylates, vinyl aromatic
      hydrocarbons, unsaturated acids and unsaturated esters of organic acids.
NUM  10.
PAR  10. A method of producing a thermosetting block copolymer coating
      composition which comprises the steps of:
PA1  A. esterifying polycaprolactone polyal with mercaptoacetic acid to provide
      a mercapto-terminated reaction product; and
PA1  B. reacting said reaction product of (A) in the presence of molecular
      oxygen with diacetone acrylamide, 2-hydroxy-ethyl acrylate, acrylic acid
      and methyl methacrylate to provide a block copolymer.
NUM  11.
PAR  11. The method which comprises the steps of:
PA1  A. reacting a polyester resin or polyol with an organoalkoxysilane selected
      from the group consisting of alpha-acryloxyalkoxysilane and
      alpha-methacryloxyalkoxysilane to produce a product having at least two
      functional groups present for reaction with a hydroxyl functional
      mercaptan or a carboxyl functional mercaptan;
PA1  B. reacting said product with a hydroxyl functional mercaptan having a
      hydrocarbon chain containing up to about 18 carbon atoms or a carboxyl
      functional mercaptan having a hydrocarbon chain containing up to about 18
      carbon atoms in an amount sufficient to block at least two polyester
      functional groups to provide a mercapto-terminated reaction product; and
PAR  C. reacting said mercapto-terminated reaction product in the presence of
      molecular oxygen with one or more ethylenically-unsaturated monomers to
      produce a thermosetting block copolymer coating composition.
NUM  12.
PAR  12. The method in claim 11 wherein the mercaptan is a member of the class
      consisting of mercaptoacetic acid, 2-mercapto-ethanol, and
      2,3-dimercapto-1-propanol.
NUM  13.
PAR  13. The method in claim 11 wherein the organoalkoxysilane is
      alpha-methacryloxypropyltrimethoxysilane.
NUM  14.
PAR  14. A method which comprises the steps of:
PA1  A. reacting polycaprolactone polyol with an organoalkoxysilane selected
      from the group consisting of alpha-acryloxyalkoxysilane and
      alpha-methacryloxyalkoxysilane and reacting the product with
      mercaptoacetic acid to provide a mercapto-terminated reaction product; and
PA1  B. reacting said reaction product of (A) in the presence of molecular
      oxygen with diacetone acrylamide, 2-hydroxyethyl acrylate, methacrylic
      acid, and ethyl acrylate to provide a block copolymer coating composition.
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ABST
PAL  A thermoplastic blended composition comprising 15-80% by weight of
      polyphenylene ether, 5-60% by weight of a styrene resin and 2-15% by
      weight of an aromatic polycarbonate. The composition has superior heat
      resistance, fatigue resistance and processability.
PARN
PAR  This application is a continuation-in-part application of our copending
      application, Ser. No. 269,891, filed July 7, 1972, now abandoned.
BSUM
PAR  This invention relates to a modified polyphenylene ether resin composition
      having excellent thermal stability, fatigue resistance and processability.
PAR  Polyphenylene ether resins are thermoplastic resins having excellent
      mechanical properties such as tensile strength and electrical properties
      such as volume inherent resistivity, dielectric constant or dielectric
      strength and also having a high heat distortion temperature, but have the
      defect of having poor processability and low resistance to oxidation with
      heat. In order to remove these defects, it is known to mix polystyrene
      with polyphenylene ether (see U.S. Pat. Nos. 3,384,682 and 3,383,435).
PAR  It has also been attempted to add a polyamide (U.S. Pat. No. 3,379,792) and
      a polyolefin (U.S. Pat. No. 3,351,851) in order to modify polyphenylene
      ether, but only a combination of polyphenylene ether and polystyrene is
      now in commercial use.
PAR  This polystyrene-modified polyphenylene ether composition has improved
      processability at the sacrifice of the high heat distortion temperature
      possessed by polyphenylene ether, but does not hold a satisfactory level
      in resistance to fatigue as is required of a commercial-grade resin
      material. Generally, fatigue resistance is a very important property
      required of resin materials that are used under repeated mechanical or
      electrical fatigues such as those used as metal substitutes, electrical
      component parts, and component parts of precision machinery. Resins having
      low resistance to fatigue are hardly practical for industrial use.
PAR  Accordingly, an object of this invention is to provide a thermoplastic
      blended composition having improved processability while retaining a
      feasible level of the high heat distortion temperature of polyphenylene
      ether.
PAR  Another object of this invention is to provide a polyphenylene ether
      thermoplastic blended composition of improved fatigue resistance which is
      useful as engineering plastics.
PAR  The objects of this invention can be achieved by a thermoplastic blended
      composition comprising:
PAR  1. 15 TO 80% BY WEIGHT OF A POLYPHENYLENE ETHER HAVING A POLYMER UNIT OF
      THE GENERAL FORMULA
      ##SPC1##
PAL  Wherein R.sub.1 and R.sub.2 may be the same or different and represent a
      methyl or ethyl group, and n is a positive integer of at least 50;
PAR  2. 5 TO 60% BY WEIGHT OF A STYRENE RESIN CONTAINING AT LEAST 70% OF
      STRUCTURAL UNITS OF THE GENERAL FORMULA
      ##SPC2##
PAL  Wherein R.sub.3 is a hydrogen atom or a lower alkyl group, X is a halogen
      atom selected from chlorine and bromine, and m is zero or a positive
      integer of 1 or 2; and
PAR  3. 2 TO 15% BY WEIGHT OF AN AROMATIC POLYCARBONATE COMPOSED OF RECURRING
      UNITS OF THE GENERAL FORMULA
      ##SPC3##
PAL  Wherein R.sub.4 and R.sub.5 may be the same or different, and represent a
      hydrogen atom or a lower alkyl group, and X and m are the same as defined
      above; the total amount of (1), (2) and (3) being 100% by weight.
PAR  Generally, in order to improve the properties of a resin, it has been one
      of the most common practices to blend it with other resins. However, when
      different kinds of resins are mixed, the compatibility of these resins
      poses a problem. Especially in the case of mechanical mixing, the
      properties of the respective resins may frequently be lost depending upon
      the types of the resins, blend ratios, blending temperatures, etc., and
      the resulting blended composition becomes useless for practical purposes.
      Especially when three or more kinds of resins are mixed with each other,
      it is extremely difficult to predict the properties of the resulting
      blended resin composition.
PAR  The inventors of the present application conducted extensive work on
      three-component blended resins in order to obtain a thermoplastic resin
      composition based on polyphenylene ether and having improved
      processability and resistance to fatigue without impairing the properties
      of the polyphenylene ether. As a result, it was found that a composition
      comprising polyphenylene ether, a styrene resin and an aromatic
      polycarbonate dispersed in a specific ratio has very superior resistance
      to fatigue which cannot be ordinarily anticipated.
PAR  It is known to mix polyphenylene ether with an aromatic polycarbonate
      produced by reacting a dihydric phenol such as
      2,2-bis-(4-hydroxyphenyl)-propane and a carbonate precursor such as
      phosgene in the presence of an acid acceptor, in order to impart
      resistance to cracks caused by concentrated stress and a high heat
      distortion temperature to the polycarbonate (see U.S. Pat. No. 3,221,080).
      However, this resin mixture composition has extremely poor processability,
      and an article obtained by fabricating this composition has poor
      properties on the whole as compared with those of the resin composition
      before fabrication. Thus, this resin mixture composition has poor
      feasibility as extrusion molding and injection molding materials.
PAR  A mixture of polycarbonate and polystyrene results in the reduced softening
      point of the polycarbonate and its increased processability, but possesses
      extremely poor bending properties and fatigue resistance. Other properties
      also become poor.
PAR  Therefore, a resin composition consisting of polycarbonate and polystyrene
      has poor feasibility.
PAR  It is surprising therefore that the composition of this invention has
      fatigue resistance 4-15 times as high as that of the polystyrene-modified
      polyphenylene ether and other properties same as or better than those of
      the latter. These excellent properties cannot be anticipated from the
      polycarbonate-modified polyphenylene ether or the
      polycarbonate/polystyrene mixed resin or the polystyrene-modified
      polyphenylene ether.
PAR  The polyphenylene ether used in this invention is a polymer having a
      structure expressed by the general formula
      ##SPC4##
PAL  wherein R.sub.1 and R.sub.2 may be the same or different and represent a
      methyl group or an ethyl group, and n is a positive integer of at least
      50. Typical examples of this polymer are
      poly(2,6-dimethyl-1,4-phenylene)ether,
      poly(2-methyl-6-ethyl-1,4-phenylene)ether, and
      poly(2,6-diethyl-1,4-phenylene)ether. These polyphenylene ethers are
      produced, for example, by the methods disclosed in U.S. Pat. Nos.
      3,306,874, 3,306,875, 3,257,357 and 3,257,348.
PAR  The styrene resin used in the present invention is a polymer containing at
      least 70% of structural units of formula (II)
      ##SPC5##
PAL  wherein R.sub.3 is a hydrogen atom or a lower alkyl group, X is a halogen
      atom selected from chlorine and bromine, and m is zero or positive integer
      of 1 or 2.
PAR  By the term "styrene resin," as used in the present specification and
      claims, is meant not only a homopolymer of styrene, but also copolymers of
      styrene and copolymerizable monomers and also modified polystyrene
      obtained by incorporating rubber in said homopolymer or copolymers.
      Examples of the styrene resin that can be used in the invention are
      styrene homopolymers such as polystyrene, poly-.alpha.-methylstyrene or
      polychlorostyrene, styrene copolymers such as a styrene-acrylonitrile
      copolymer, a styrenebutadiene copolymer, a styrene-chlorostyrene copolymer
      or a chlorostyrene-bromostyrene copolymer, rubber-modified polystyrenes
      such as polystyrene blended with rubber, and high impact polystyrene.
      These styrene resins may be used alone or in admixture. Styrene resins
      known to those skilled in the art as high impact polystyrene can be used
      especially conveniently.
PAR  The aromatic polycarbonate used in this invention is a polymer having
      structural units expressed by formula
      ##SPC6##
PAL  wherein R.sub.4 and R.sub.5 may be the same or different, and represent a
      hydrogen atom or a lower alkyl group, X is a halogen atom selected from
      chlorine and bromine, and m is zero, 1 or 2. This polymer can be produced,
      for example, by reacting a dihydric phenol or an alkaline salt thereof
      with a carbonate precursor such as phosgene, haloformate or a carbonate
      ester.
PAR  Examples of the dihydric phenol that can give the aromatic polycarbonate
      used conveniently in the present invention are
      2,2-bis(4-hydroxyphenyl)propane (bisphenol A),
      2,2-bis(4-hydroxyphenyl)butane (bisphenol B),
      2,2-bis(4-hydroxyphenyl)pentane, 2,4'-dihydroxydiphenylmethane,
      bis-(2-hydroxyphenyl)methane, bis(4-hydroxyphenyl)methane,
      2,2-bis(3,5-dichloro-4-hydroxyphenyl)propane,
      2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane, and
      bis(3,5-dichloro-4-hydroxyphenyl)methane. These dihydric phenols have at
      least two aromatic rings which are bonded to each other through an
      alkylene linkage, in which two hydroxyl groups are directly bonded to the
      carbon atoms of the separate aromatic rings. In this invention, an
      aromatic carbonate copolymer composed of a mixture of these dihydric
      phenols can also be used as an aromatic polycarbonate. A mixture of an
      aromatic polycarbonate and the copolymer may also be used.
PAR  The polyphenylene ether, styrene resin and aromatic polycarbonate may be
      mixed by a method comprising mixing solutions of them dissolved in a
      common, good solvent, and then coprecipitating them by addition of a
      precipitating agent, for example a poor solvent therefor, a method
      comprising mixing the powders or pellets of these components by a blender,
      and melt-extruding the blend through an extruder, or a method comprising
      kneading them by a roll.
PAR  The proportions of the resin components of the composition of this
      invention are: polyphenylene ether 15 - 80% by weight, preferably 35 - 70
      % by weight, styrene resin 5-60% by weight, preferably 30-60% by weight,
      and aromatic polycarbonate 2-15% by weight, the total proportion being
      100% by weight. If the proportions are outside this range, the properties
      of the shaped article obtained by extrusion molding or injection molding
      are deteriorated.
PAR  If desired, the composition of this invention may further contain a
      stabilizer such as alkylphenol compounds, mercaptan compounds, organic
      disulfide compounds, or phosphorous acid esters, a pigment (organic or
      inorganic), a flame-retardant such as phosphoric acid esters, halogen
      compounds or mixtures of these with antimony compounds, a plasticizer such
      as phosphates and phthalates, an ultraviolet absorbant, a lubricant, or a
      filler, which are conventionally used as additives for resins.
PAR  The following Examples will illustrate the present invention.
PAR  The properties of the resin compositions obtained in the following Examples
      were measured in accordance with the following methods.
PAC  Melt flow value
PAR  Using Koka-type flow tester (product of Shimazu Seisakusho), the polymer
      melted at 290.degree.C. was extruded from a nozzle having a diameter of 1
      mm and a length of 2 mm at a pressure of 60 Kg/cm.sup.2, and the amount of
      flow per unit time was measured.
PAC  Softening point
PAR  A square test piece having a thickness of 2 mm and an area of about 1
      cm.sup.2 was prepared by press molding. A push needle with a load of 5
      Kg/cm.sup.2 was placed on this test piece, and the test piece was heated
      at a rate of about 3.degree.C. per minute to make the needle penetrate
      into the test piece. (method in accordance with ASTM D 1525-65 T).
PAC  Heat distortion temperature
PAR  ASTM D 648. The test piece was not annealed.
PAC  Tensile strength
PAR  ASTM D 638-68 using an autograph (IS-5000 of Shimazu Seisakusho).
PAC  Elongation
PAR  ASTM D 638-68.
PAC  Impact strength
PAR  ASTM D 286, notched Izod method.
PAC  Fatigue resistance
PAR  The fatigue resistance was evaluated by the following three test methods
      which were all carried out at 20.degree.C.
PAR  1. Repeated bending test
PAR  Using a bending resistance tester (MIT type, Toyo Seiki), a test piece
      having a width of 5 mm, a length of 110 mm and a thickness of 0.22 mm was
      placed under a load of 450 Kg/cm.sup.2, and repeatedly bended to left and
      right at an angle of 135.degree. at a rate of 175 times per minute. The
      number of cycles required to cause breakage of the test piece was
      measured.
PAR  2. Repeated tensile stress test
PAR  Using an autograph (IS-5000, Shimazu Seisakusho), a test piece (type I)
      described in ASTM D 638-68 was placed repeatedly under a maximum load of
      630 Kg/cm.sup.2 and a minimum load of 63 Kg/cm.sup.2 at a cycle of 20
      times per minute. The number of cycles required to cause breakage of the
      test piece by the variations in the load in the tensile state was
      measured.
PAR  3. Repeated fatigue test
PAR  Using a universal fatigue tester (UF-IS type, Shimazu Seisakusho), a test
      piece (S-type) described in ASTM D 1822-68 was subjected repeatedly to the
      reciprocal state of tension and compression at a speed of 1800 times per
      minute under a specific load, and the number of cycles required to cause
      breakage of the test piece was measured.
DETD
PAC  EXAMPLE 1
PAR  Poly(2,6-dimethyl-1,4-phenylene)ether having an inherent viscosity, as
      measured in chloroform at 25.degree.C., of 0.5 dl/g and high impact
      polystyrene (DIAREX HT-90, registered trademark for polystyrene modified
      with Synthetic rubber) and poly(2,2-diphenylpropane) carbonate were
      dissolved in methylene chloride in the proportions indicated in Table 1.
      The solution was gradually added to a large excess of methanol to form a
      precipitate. The precipitate was recovered from the solution, and dried to
      form a powdery resin composition. The powders were shaped into a 0.22 mm
      thick film by press molding (pressure 180 Kg/cm.sup.2, temperature
      260.degree. - 290.degree.C.), and subjected to a repeated bending test.
      Furthermore, by press molding, a test piece having a thickness of 2 mm and
      an area of about 1 cm.sup.2 was prepared, and the softening point was
      measured. The melt flow value was measured using a Koka-type flow tester
      as disclosed above. The results are shown in Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Poly- Styrene                                                             

                Aromatic                                                       

                      Melt  Tensile                                            

                                  Repeated                                     

                                         Softening                             

     phenylene                                                                 

           resin                                                               

                poly- flow  strength                                           

                                  bending test                                 

                                         point                                 

     ether (parts)                                                             

                carbonate                                                      

                      value (Kg/cm.sup.2)                                      

                                  (the number                                  

                                         (.degree.C.)                          

     (parts)    (parts)                                                        

                      (cc/sec.)   of cycles)                                   

     __________________________________________________________________________

     40    55   5     95 .times. 10.sup.-.sup.3                                

                            665   120    135                                   

     40    50   10    82 .times. 10.sup.-.sup.3                                

                            670   140    135                                   

      47.5  47.5                                                               

                5     --    670   120    142                                   

     50     47.5                                                               

                2.5   45 .times. 10.sup.-.sup.3                                

                            661   100    141                                   

     50    45   5     53 .times. 10.sup.-.sup.3                                

                            697   190    142                                   

     50    40   10    45 .times. 10.sup.-.sup.3                                

                            682   148    145                                   

     55    35   10    55 .times. 10.sup.-.sup.3                                

                            683   150    152                                   

     60    35   5     35 .times. 10.sup.-3                                     

                            687   125    157                                   

     __________________________________________________________________________

PAR  It is seen from the results shown in Tables 1 and 2 that the incorporation
      of the aromatic polycarbonate substantially contributed to an improvement
      in resistance to bending fatigue. When the amount of the polyphenylene
      ether is relatively small, the melt flow value becomes large. Larger
      amounts of polyphenylene ether and aromatic polycarbonate result in a
      marked improvement in resistance to bending fatigue, but on the other
      hand, bring about a high softening point.
PAC  Comparative Example 1
PAR  Poly(2,6-dimethyl-1,4-phenylene)ether having an inherent viscosity
      [.eta.]=dl/g in chloroform at 25.degree.C. of 0.50 and high impact
      polystyrene (DIAREX HT-90) were dissolved in methylene chloride at
      proportions indicated in Table 2. The solution obtained was gradually
      added to a large excess of methanol to form a precipitate. The precipitate
      was recovered from the solution, and dried to form a powdery resin
      composition.
PAR  Test pieces were prepared from the powdery resin composition obtained in
      the same way as in Example 1, and the various physical properties were
      measured. The results are given in Table 2.
TBL                                    Table 2                                 

     __________________________________________________________________________

     Poly-       Melt       Repeated                                           

     phenylene                                                                 

           Styrene                                                             

                 flow Tensile                                                  

                            bending                                            

                                 Softening                                     

     ether resin value                                                         

                      strength                                                 

                            test point                                         

     (parts)                                                                   

           (parts)                                                             

                 (cc/sec.)                                                     

                      (Kg/cm.sup.2)                                            

                            (times)                                            

                                 (.degree.C.)                                  

     __________________________________________________________________________

     0     100   --   --     0   --                                            

     25    75    220.times.10.sup.-.sup.3                                      

                      495   25   --                                            

     50    50     65.times.10.sup.-.sup.3                                      

                      609   40   136                                           

     75    25     13.times.10.sup.-.sup.3                                      

                      755   50   164                                           

     100   0     2.3.times.10.sup.-.sup.3                                      

                      --    55   198                                           

     __________________________________________________________________________

     Noryl                                                                     

      SE-1            563   62   121                                           

     Noryl                                                                     

      731             591   38   118                                           

     __________________________________________________________________________

PAR  "Noryl" is a registered trademark for polyphenylene ether resins, and Noryl
      SE-1 and Noryl 731 represent a styrene-modified polyphenylene ether.
PAR  It is seen from the results of Table 2 that the polystyrene-modified
      polyphenylene ethers (Noryl SE-1 and Noryl 731) and the resin composition
      obtained by blending polyphenylene ether and high impact polystyrene are
      both inferior in resistance to bending fatigue.
PAC  EXAMPLE 2
PAR  The same polyphenylene ether, styrene resin and aromatic polycarbonate as
      those used in Example 1 were used in a ratio of 47.5 : 47.5 : 5 (parts by
      weight). These compounds were mixed by a blender, and further 2 parts of
      2-mercaptobenzothiazole zinc salt as a heat stabilizer and 1.5 parts of
      titanium oxide were added to mix them thoroughly. The powdery mixture
      obtained was melt kneaded and extruded using a biaxial extruder, and
      pelletized. The pellets were injection-molded at a pressure of 1320
      Kg/cm.sup.2 with the temperatures of the cylinder and the mold being
      maintained at 260.degree.-280.degree.C. and 90.degree.C., respectively, to
      form test pieces. These molded products had a tensile strength of 665
      Kg/cm.sup.2 and elongation of 35%, an Izod impact strength (notched) of 9
      Kg.cm/cm, and a heat distortion temperature (18.4 Kg/cm.sup.2, not
      annealed) of 130.degree.C. In the repeated tensile stress test, the test
      piece was not broken even after 1200 cycles.
PAR  Noryl SE-1 used in a Reference Example was injection molded under the same
      conditions as above to form test pieces. The properties of these test
      pieces were measured, and it was found that this molded product had a
      tensile strength of 600 Kg/cm.sup.2, an elongation 21.1%, an Izod impact
      strength of 11 Kg.cm/cm, and a heat distortion temperature of
      121.degree.C. In the repeated tensile stress test, it was broken after 100
      - 300 cycles.
PAR  It is seen from the above results that the resin composition of this
      invention has mechanical strength and thermal properties equivalent to
      those of Noryl SE-1, and superior properties in repeated tensile stress
      test, showing a marked improvement in fatigue resistance.
PAC  EXAMPLE 3
PAR  50 Parts of poly (2,6-dimethyl-1,4-phenylene)-ether having an inherent
      viscosity, as measured in chloroform at 25.degree.C., of 0.48, 47.5 parts
      of pellets of high impact polystyrene (DIAREX HT-190) and 2.5 parts of
      poly(2,2-diphenylpropane) carbonate were mixed, and 2 parts of
      2-mercaptobenzothiazole zinc salt as a heat stabilizer and 1.5 parts of
      titanium dioxide were further mixed using a blender. The mixture obtained
      was melt-kneaded and extruded using an extruder, and pelletized. The
      pellets were shaped in the test pieces using an injection molder at an
      injection pressure of 1320 Kg/cm.sup.2 with the temperatures of the
      cylinder and the die being maintained at 260.degree. - 270.degree.C. and
      90.degree.C, respectively. The molded article had a tensile strength of
      670 Kg/cm.sup.2, an elongation of 32%, an Izod impact strength of 13.0
      Kg.cm/cm, and a heat distortion temperature of 126.degree.C. When the
      molded article was tested as to repeated fatigue, it was not yet broken
      after 5.33 million cycles.
PAR  When an injection molded article obtained from Noryl SE-1 used in a
      Reference Example, under the same conditions as mentioned above, was
      subjected to the same repeated fatigue test as mentioned above, it was
      broken after 430,000 cycles.
PAR  It is seen from the above results that the resin composition of this
      invention exhibited excellent performance in the repeated fatigue test in
      which tension and compression were reciprocally repeated, thus showing
      excellent resistance to fatigue.
PAC  EXAMPLE 4
PAR  50 Parts of polyphenylene ether (same as that used in Example 3), 47.5
      parts of styrene resin (same as that used in Example 3), and 2.5 parts of
      an aromatic carbonate copolymer derived from bisphenol A and nuclearly
      tetrabromated bisphenol A were mixed in a powder state with one another,
      and test pieces were prepared from the mixture by the same procedure as
      set forth in Example 2. The test pieces had a tensile strength of 665
      Kg/cm.sup.2, an Izod impact strength of 9.5 Kg.cm/cm, an elongation of 32%
      and a heat distortion temperature of 125.degree.C. In the repeated fatigue
      test under a load of 130 Kg/cm.sup.2, the test piece was not broken after
      5 million cycles. In the repeated tensile stress test, it was not broken
      after 1100 cycles. In the repeated bending test, it was broken after 100
      cycles.
PAC  EXAMPLE 5
PAR  80 Parts of poly(2,6-dimethyl-1,4-phenylene)ether (an intrinsic viscosity,
      measured in a chloroform solution at 25.degree.C., of 0.48), 17.5 parts of
      high impact polystyrene (DIAREX HT-190) and 2.5 parts of
      poly(2,2-diphenylpropane) carbonate were mixed with each other. Further,
      0.5 part of 2-mercaptobenzothiazole zinc salt as a heat stabilizer and 5.0
      parts of titanium oxide were added, and these compounds were sufficiently
      mixed by a blender. The resulting mixture was melted and kneaded, and
      extruded using an extruder to form pellets. The pellets were molded in the
      same way as in Example 3 to form test pieces. The test pieces had a
      tensile strength of 773 Kg/cm.sup.2, an elongation of 31%, an Izod impact
      strength (notched) of 6.2 Kg.cm/cm, and a heat distortion temperature of
      (18.4 Kg/cm.sup.2, no annealing) of 167.degree.C. Under a load of 180
      Kg/cm.sup.2, the test pieces broke after more than 2 million cycles in a
      tensile fatigue test, after more than 1,000 cycles in a repeated tensile
      test, and after 100 cycles in a repeated bending test.
PAR  The above procedure was repeated except that the amounts of the
      poly(2,6-dimethyl-1,4-phenylene) ether and the high impact polystyrene
      were changed to 80 parts and 20 parts, respectively, and the polycarbonate
      was not mixed. The molded article broke after 220,000 cycles in a tensile
      fatigue test, and after 150 cycles in a repeated tensile test.
PAC  EXAMPLE 6
PAR  68 Parts of poly(2,6-diethyl-1,4-phenylene)ether, having an inherent
      viscosity, as measured in chloroform at 25.degree.C., of 0.48, 30 parts of
      styrene resin (same as that used in Example 3), and 2 parts of aromatic
      polycarbonate (same as that used in Example 3) were mixed in the powdery
      state and by the same procedure as set forth in Example 2, test pieces
      were prepared. These test pieces had a tensile strength of 730
      Kg/cm.sup.2, and Izod impact strength of 9.0 Kg.cm/cm, a heat distortion
      temperature of 153.degree.C., and an elongation of 20%. The test piece was
      broken after 2.5 million cycles in a repeated fatigue test under a load of
      130 Kg/cm.sup.2, after 950 cycles in a repeated tensile stress test, and
      after 95 cycles in a repeated bending test.
PAR  On the other hand, a molded product produced from a powder mixture of 68
      parts of poly(2,6-diethyl-1,4-phenylene)ether and 32 parts of styrene
      resin was broken after 570,000 cycles in the repeated fatigue test, after
      210 cycles in the repeated tensile stress test, and after 65 cycles in the
      repeated bending test.
PAC  EXAMPLES 7 TO 11
PAR  50 Parts of polyphenylene ether (same as that used in Example 3), 5 parts
      of aromatic polycarbonate (same as that used in Example 3), and 45 parts
      of a styrene resin indicated below were mixed in the powdery state, and
      test pieces were prepared from the mixture in the same way as set forth in
      Example 2. Various properties of the test pieces were measured, and the
      results obtained are shown in Table 3.
PAC  EXAMPLE 7
PAR  a copolymer of chlorostyrene and bromostyrene in a weight ratio of 75:25
      having impact resistance.
PAC  EXAMPLE 8
PAR  a blend of polystyrene and polybutadiene in a weight ratio of 6:4.
PAC  EXAMPLE 9
PAR  a blend of ordinary polystyrene (DIAREX HF-77, registered trademark) and
      high impact polystyrene (ESBRITE-800, registered trademark) in a ratio of
      15:30.
PAC  EXAMPLE 10
PAR  a blend of ordinary polychlorostyrene and high impact polystyrene
      (ESBRITE-800, registered trademark) in a ratio of 10:35.
PAC  EXAMPLE 11
PAR  an acrylonitrole/styrene copolymer (TYRIL-783, registered trademark).
PAC  EXAMPLE 12
PAR  The procedure of Example 9 was repeated except that a polycarbonate derived
      from bisphenol B was used instead of the polycarbonate from bisphenol A.
      The physical properties of an article molded from the resulting
      composition are shown in Table 3.
TBL                                    Table 3                                 

     __________________________________________________________________________

     Properties                   Fatigue resistance                           

     __________________________________________________________________________

                                          Repeated                             

                                                 Repeated                      

                     Izod  Heat   Repeated                                     

                                          tensile                              

                                                 bending                       

          Tensile    impact                                                    

                           distortion                                          

                                  fatigue test                                 

                                          stress test                          

                                                 test                          

     Example                                                                   

          strength                                                             

               Elon- strength                                                  

                           temperature                                         

                                  (number of                                   

                                          (number of                           

                                                 (number of                    

     Nos. (Kg.cm.sup.2)                                                        

               gation(%)                                                       

                     (Kg.cm/cm)                                                

                           (.degree.C.)                                        

                                  cycles) cycles)                              

                                                 cycles)                       

     __________________________________________________________________________

      7   685  24    10    133    4.5 million                                  

                                          950    105                           

      8   430  41    31    118     3   million*                                

                                          --     --                            

      9   670  33    10    128    more than                                    

                                          more than                            

                                                 120                           

                                  5   million                                  

                                          1000                                 

     10   665  32    9.4   128    4.2 million                                  

                                          more than                            

                                                 106                           

                                          1000                                 

     11   --   --    --     135** --      --     120                           

     12   --   --    --    123    more than                                    

                                          more than                            

                                                 --                            

                                  5   million                                  

                                          1000                                 

     __________________________________________________________________________

      *Value under a load of 160 Kg/cm.sup.2. In other Examples, the repeated  

      fatigue test was conducted under a load of 130 Kg/cm.sup.2.              

      **This shows the softening point.                                        

PAC  COMPARATIVE EXAMPLE 2
PAR  Poly (2,6-dimethyl-1,4-phenylene) ether having an intrinsic viscosity,
      measured in a chloroform solution at 25.degree.C., of 0.50 dl/g and poly
      (2,2-diphenylpropane) carbonate were mixed in the proportions shown in
      Table 4. The resulting mixture was extruded using a biaxial extruder to
      form pellets. The pellets were molded by an injection-molding machine at
      340.degree. to 360.degree.C. to form test pieces.
PAR  The above procedure was repeated except that polyphenylene ether having an
      intrinsic viscosity of 0.40 dl/g was used in the proportion shown in Table
      4, and the molding temperature was lowered.
PAR  The properties of the resulting test pieces were measured, and the results
      are shown in Table 4. In the table, the fatigue limit denotes the maximum
      load under which the test piece does not break after repeated tension and
      compression for 10.sup.6 times at a speed of 1800 times per minute in the
      repeated fatigue test.
TBL                                    Table 4                                 

     __________________________________________________________________________

            Raw   Raw   Compo-                                                 

                              Raw   Compo-                                     

            material                                                           

                  material                                                     

                        sition 1                                               

                              material                                         

                                    sition 2                                   

     __________________________________________________________________________

     Viscosity                                                                 

     of poly-                                                                  

            --    0.50        0.40                                             

     phenylene                                                                 

     ether                                                                     

     Poly-                                                                     

     carbonate                                                                 

            100   0     35    0     35                                         

     (wt%)                                                                     

     Poly-                                                                     

     phenylene                                                                 

            0     100   65    100   65                                         

     ether                                                                     

     (wt%)                                                                     

     Injection                                                                 

     molding                                                                   

            280   360   340   330   300                                        

     tempera-                                                                  

     ture (.degree.C)                                                          

     Fatigue                                                                   

     limit  150   125   110   101   95                                         

     (Kg/cm.sup.2)                                                             

     Izod impact                                                               

     strength                                                                  

            75.3  4.4   2.0   2.0   1.5                                        

     (Kg.cm/cm)                                                                

     Elongation                                                                

     (%)    70-100                                                             

                  27.0  less  35.9  less                                       

                        than 6      than 6                                     

                        (broken)    (broken)                                   

     __________________________________________________________________________

PAR  It is seen from Table 4 that the composition consisting of polyphenylene
      ether and polycarbonate has poor moldability, and when the viscosity of
      the polyphenylene ether is 0.50, it should be injection-molded at a
      temperature above the heat decomposition temperature (330.degree.C.) of
      the polyphenylene ether. If the viscosity of the polyphenylene ether is
      reduced, the molding of the composition can be performed at a lower
      temperature. However, in both of these cases, the molded products did not
      show any improvement resulting from the blending, but had poor
      feasibility.
PAR  On the other hand, the composition in accordance with this invention
      consisting of 50% by weight of polyphenylene ether (the same material as
      the composition 1), 5% by weight of polycarbonate (the same material as
      composition 1), and 45% by weight of high impact polystyrene (STYRON-492,
      tradename for the product produced by Asahi Dow) could be injection molded
      at 280.degree.C., and the test pieces had a fatigue limit of 190
      Kg/cm.sup.2, an Izod impact strength of 14 Kg.cm/cm, and an elongation of
      30%.
PAC  COMPARATIVE EXAMPLE 3
PAR  High impact polystyrene (STYRON-492) and poly (2,2-diphenylpropane)
      carbonate were mixed, and the mixture was extruded using a biaxial
      extruder to form pellets. The pellets were molded by an injection molding
      machine to form test pieces. The various properties of the resulting test
      pieces were measured. The results are shown in Table 5.
TBL                Table 5                                                     

     ______________________________________                                    

              Raw material                                                     

                       Composition                                             

                                  Raw material                                 

     ______________________________________                                    

     Polycarbonate                                                             

      (wt.%)    0          20         100                                      

     Polystyrene                                                               

      (wt.%)    100        80         0                                        

     Injection                                                                 

     molding 230                                                               

                230        280                                                 

     temperature                                                               

      (.degree.C)                                                              

     Fatigue limit                                                             

      (Kg/cm.sup.2)                                                            

                130        112        150                                      

     Izod impact                                                               

     strength   6.8        1.5        75.3                                     

      (Kg. cm/cm)                                                              

     Elongation 38.4       6.5        70-100                                   

     (%)                                                                       

     ______________________________________                                    

PAR  It is clear from the results shown in Table 5 that when polycarbonate is
      blended with polystyrene, its properties are deteriorated, and inferior to
      those of the polystyrene alone or the polycarbonate alone. This blend
      therefore has poor feasibility.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A thermoplastic blended resin composition comprising the following resin
      components:
PA1  1. 15 to 80% by weight of a polyphenylene ether having a polymer unit of
      the general formula
      ##SPC7##
PAL  wherein R.sub.1 and R.sub.2 may be in the same or different and represent a
      methyl or ethyl group and n is a positive integer of at least 50;
PA1  2. 5 to 60% by weight of a styrene resin of at least one member selected
      from the group consisting of styrene homopolymers, styrene copolymers,
      rubber-modified polystyrenes and high impact polystyrenes and containing
      at least 70% of structural units of the general formula
      ##SPC8##
PAL  wherein R.sub.3 is a hydrogen atom or lower alkyl group, X is a halogen
      atom selected from chlorine and bromine, and m is zero or integer of 1 or
      2; and
PA1  3. 2-15% by weight of an aromatic polycarbonate composed of recuring units
      of the general formula
      ##SPC9##
PAL  wherein R.sub.4 and R.sub.5 may be the same or different, and represent a
      hydrogen atom or a lower alkyl group, and X and m are the same as defined
      above; the total amount of (1), (2) and (3) being 100% by weight based on
      the total weight of the resin.
NUM  2.
PAR  2. The composition of claim 1 wherein said polyphenylene ether is selected
      from the group consisting of poly(2,6-dimethyl-1,4-phenylene)ether and
      poly(2,6-diethyl-1,4-phenylene)ether, said aromatic polycarbonate is
      derived from a bisphenol selected from the group consisting of bisphenol
      A, bisphenol B and nuclearly halogenated bisphenols A, and said styrene
      resin is at least one member selected from the group consisting of styrene
      homopolymers, styrene copolymers, rubber-modified polystyrenes and high
      impact polystyrene.
NUM  3.
PAR  3. The composition of claim 1, wherein said aromatic polycarbonate is a
      carbonate copolymer derived from a mixture of bisphenol A and nuclearly
      brominated bisphenol A.
NUM  4.
PAR  4. The composition of claim 1, wherein said styrene resin includes
      halogenated polystyrene.
NUM  5.
PAR  5. The composition of claim 2, wherein said styrene resin is a
      rubber-modified polystyrene consisting of a mixture of polybutadiene and
      polystyrene.
NUM  6.
PAR  6. The composition of claim 2, wherein said styrene resin is a styrene
      copolymer.
NUM  7.
PAR  7. The composition of claim 6, wherein said styrene copolymer is a
      styrene-acrylonitrile copolymer or a styrene-butadiene copolymer.
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BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  It has been previously disclosed (see P. H. Plesch, Chem. and Ind., page
      954, July 26, 1958) that graft copolymers can be prepared by the "grafting
      from method" using AlCl.sub.3, TiCl.sub.4, etc. catalysts to abstract
      chlorides from a polyvinyl chloride backbone and subsequently to introduce
      a monomer such as styrene which polymerizes at the carbonium ion site
      created on the backbone. There are many difficulties and disadvantages to
      this prior art technique. Some of these are: (a) only minor quantities and
      yields of the graft polymerization can be obtained even under the best
      circumstances since the kinetics of the reaction strongly favor the
      production of homopolymer rather than graft polymer; (b) the backbone
      polymer is seriously degraded; (c) the catalyst solubility is incompatible
      with the backbone polymer solubility, and (d) the physical properties of
      the resulting materials are unsatisfactory.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a process for synthesizing graft polymers from
      halogenated polymer backbones and the products produced thereby which can
      include the complete reaction product or selected portions thereof. Even
      more particularly, the invention relates to the graft polymerization of
      halogenated polymers with cationically polymerizable monomers and the
      resulting graft polymers.
PAR  It has now been discovered and forms the substance of this invention, that
      graft copolymers can be obtained using the process set forth herein in
      substantial yields and with only moderate amounts of homopolymer
      formation. Moreover, the resulting blends of graft copolymers and
      homopolymers are also useful compositions. Therefore, it is not necessary
      in every instance to separate the graft polymer from the polymeric
      reaction product.
PAR  In brief, the process of the invention involves dissolving a halogenated
      polymer in an inert solvent incorporating an Al(m).sub.2 R compound and
      introducing a cationically polymerizable monomer at a temperature of from
      about -90.degree. to +70.degree.C. with agitation for period sufficient to
      complete the reaction. The contacting of these starting materials with
      each other can be done in any order. However, it is least preferred to
      premix the halogenated polymer with the Al(M).sub.2 R compound. The
      halogenated polymer and the Al(M).sub.2 R compound when used together act
      as the active catalyst system.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The polymers suitable for use as backbone polymers include any halogenated,
      i.e. chlorinated, brominated, iodinated, or fluorinated polymer in which
      the halogen atoms are on an allylic, tertiary or benzylic carbon atom. By
      allylic it is meant
      ##EQU1##
      and the like; by tertiary it is meant
      ##EQU2##
      and the like; by benzylic, it is meant
      ##EQU3##
      and the like, all when X is halogen. Chlorine-containing polymers are
      preferred. The polymers can be prepared from halogenated monomers or the
      halogen functionality can be introduced with any suitable
      post-polymerization technique. Thus, most hydrocarbon high polymers can be
      used as the backbone polymer for the synthesis after a suitable
      postpolymerization treatment. The invention also includes the concept of
      using halogenated low molecular weight materials such as chlorinated
      liquid paraffins, chlorinated waxes and the like. These liquid materials
      can be regarded as being halogenated oligomers. They should have at least
      6 repeating units. If the functionality of the backbone polymer or
      oligomer is at the end of the chain, it is possible to obtain block
      copolymers of the A-B type.
PAR  Suitable examples of polymers which can be used in the backbone are
      polyvinyl chloride, polyvinylidene chloride, polyvinylbromide,
      polyvinylfluoride, polychloroprene, as well as polymers which have been
      modified by post-polymerization treatment to introduce functionality, for
      example, chlorobutyl, chlorinated polyethylene, chlorinated polypropylene,
      chlorinated ethylene-propylene copolymer, chlorinated or hydrochlorinated
      natural rubber, halogenated poly-cis-isoprene, halogenated
      poly-cis-butadiene, halogenated t-butyl polystyrene, halogenated
      polypiperylene, hydrochlorinated butyl rubber, etc.
PAR  However, it must be noted that it is important that the polymer backbone or
      starting oligomer material must not contain groups which would interfere
      with the catalyst or deactivate it. Groups which would tend to have this
      effect are -CO, -COOR, -NH-, -SH, OH, and -NO.sub.2. Thus, polymers such
      as polyacrylonitrile, polyacrylates, polyesters, nylons, polysulfides and
      the like are unsuitable for the purposes of this invention.
PAR  It will be noted that some of the halogenated polymers specifically set
      forth above are not normally thought to contain allylic, tertiary or
      benzylic functionality, i.e. polyvinyl chloride. However, only a very
      small amount of such functionality is necessary, i.e. about 0.01 to 5 mole
      percent, preferably 0.1 to 3 mole percent, and most preferably, 0.5 to 3
      mole percent is necessary. For some reason, such polymers contain adequate
      amounts of the requisite functionality to be suitable for the purposes of
      this invention.
PAR  Although polymers such as polyvinyl chloride and polyvinylidene chloride
      are considered saturated polymers, they do contain a minor amount of
      unsaturation and hence contain allylic halogens additionally polyvinyl
      chloride contains tertiary chlorines. The term "substantially saturated"
      as used in the specification and claims means polymers having less than
      0.2  mole percent unsaturation. The reactive halogen, e.g., must be
      present at at least 0.01 mole percent; preferably at at least 0.05 mole
      percent; more preferable at at least 0.1 mole precent. The term "reactive
      halogen" as used in the specification and claims means allylic, tertiary
      or benzylic halogens. The preferred halogens are chlorine and bromine. The
      term "substantially saturated polymer" as used in the specification and
      claims fixes not only the maximum level of unsaturation but also denotes
      that the polymer does not include groups known to deactivate the catalyst
      in a cationic polymerization. The preferred polymers are substantially
      saturated hydrocarbon polymers. Illustrative examples of these
      deactivating groups are listed above. Hence the term substantially
      unsaturated polymer does not include such polymers as polyamides,
      polyesters, polyacrylates, etc.
PAR  Illustrative examples of substantially saturated polymers suitable for use
      in the practice of this invention are: (1) allylic halogen containing
      polymers; polyvinyl chloride, polyvinylidene chloride, etc.; (2) tertiary
      halogen containing polymers; halogenated polyethylene, halogenated
      polypropylene; halogenated ethylene-propylene rubber, etc.; (3) benzylic
      halogen containing polymers; halogenated t-butyl styrene, halogenated
      polyvinyl toluene, etc.
PAR  Suitable cationically polymerizable monomers which can be used in the
      process of the invention include isobutylene, styrene and its derivatives,
      propene, 1-pentene, 2-ethyl-1-hexene, butadiene, isoprene, chloroprene,
      dimethyl butadiene, piperylene, cyclopentadiene, cyclohexadiene,
      .beta.-pinene, methylene norbornene, etc. The list of cationically
      polymerizable monomers on page 286 of a book entitled "Copolymerizations"
      edited by G. E. Ham, published by Interscience Publishers, New York (1964)
      is further illustrative of the monomers which can be used in the process
      of the invention. This portion of the book is incorporated herein by
      reference.
PAR  The catalyst system, which is an essential feature of the present novel
      process, comprises (1) a catalyst of the type Al(M).sub.2 R, where M is a
      branched or straight chain C.sub.1 to C.sub.12 alkyl radical and R is
      selected from the group consisting of M, hydrgoen and halogen, and (2) a
      halogen containing polymer with the requisite functionality. For purposes
      of brevity, the compounds represented by the formula Al(M).sub.2 R will be
      referred to as the "catalyst" though it should be realized that these
      compounds will, by themselves, not act as a catalyst in the graft
      polymerizations of this invention. The halogenated polymer is also part of
      the catalyst system and really is a macro coinitiator.
PAR  Catalyst components which are not operable in the process of the invention
      can be represented by the formula: MeZX.sub.n where Me is any metal
      (including boron). Z can either be X or an alkyl radical. X is halogen and
      n is a number from 2 to 5. Therefore, compounds of the type MeZX.sub.n
      should not be present in the reaction in quantities sufficient to exert
      catalytic effects.
PAR  The catalyst components utilized in the present novel catalyst system are
      those compounds represented by the general formula Al(M).sub.2 R, where M
      is a branched or straight chain alkyl group having from 1 to 12 carbon
      atoms and R is selected from the group consisting of M, hydrogen and
      halogen. Suitable catalyst compounds coming within the scope of the above
      general formula include: diethyl aluminum chloride, dipropyl aluminum
      chloride, diisopropyl aluminum chloride, dibutyl aluminum chloride,
      dissobutyl aluminum chloride, dipentyl aluminum chloride, dihexyl aluminum
      chloride, didecyl aluminum chloride, diethyl aluminum bromide, diisobutyl
      aluminum bromide, dioctyl aluminum brimide, didodecyl aluminum bromide,
      diethyle aluminum iodide, dibutyl aluminum iodide, diheptyl aluminum
      iodide, dinonyl aluminum iodide, ethyl propyl aluminum chloride, propyl
      butyl aluminum chloride, ethyl propyl aluminum bromide, diethyl aluminum
      hydride, dibutyl aluminum hydride, dihexyl aluminum hydride, trimethyl
      aluminum, triethyl aluminum, methyl diethyl aluminum, dimethyl ethyl
      aluminum, triisobutyl aluminum, trihexyl aluminum, etc. The compounds of
      the subclass illustrated by the formulas AlR.sub.3 and AlR.sub.2 X where R
      is a straight chain alkyl group having 1-12 carbon atoms and X is halogen,
      are preferred. Particularly preferred are triethyl aluminum and diethyl
      aluminum chloride, which will be used here for illustrative purposes.
PAR  Diethyl aluminum chloride, which is commerically available, is a clear
      colorless liquid with a melting point of -74.degree.C., and a boiling
      point of 208.degree.C. The substance is highly reactive with oxygen and
      will burst into flames in air and react violently with water. It is
      miscible with saturated aliphatic and alicyclic hydrocarbons, chlorinated
      hydrocarbons, carbon disulfide, etc. Diethyl aluminum chloride may be
      prepared from aluminum triethyl and aluminum chloride according to the
      following formula: 2Al(C.sub.2 H.sub.5).sub.3 + AlCl.sub.3 3Al(C.sub.2
      H.sub.5).sub.2 Cl
PAR  In general, any inert solvent can be used. For the purpose of this
      invention inert solvents are defined as those which will not deactivate
      the catalyst. Suitable examples of such solvents are aliphatic
      hydrocarbons, e.g., pentane, hexane, or chlorinated hydrocarbons, e.g.,
      methyl chloride, ClCH.sub.2 CH.sub.2 Cl, o-chloro-toluene, carbon
      disulfide, methylene dichloride, carbon tetrachloride, chlorobenzene,
      toluene, cyclohexane, methylcyclohexane, etc.
PAR  The temperature at which the synthesis is carried out will range from
      +70.degree. to -90.degree., preferably +40.degree. to -80.degree., and
      most preferably +30.degree. to -70.degree.C.
PAR  Moreover, in certain situations, the process of the invention can be
      carried out with no solvents. In these instances, the unreacted monomers
      would act as the solvent. For instance, certain low molecular weight
      polyvinyl chlorides can be dissolved in liquid styrene monomer. Upon
      addition of the catalyst, the grafting reaction will be initiated and will
      be limited only by the disappearance of the monomer, i.e., liquid phase.
PAR  Using the technique of this invention, great control can be exercised over
      the type of branches which are synthesized on the backbone polymer. These
      grafted branches can be long, high molecular weight chains or low
      molecular weight oligomers having only a few units. Moreover, it is
      possible to form graft polymers where the branches are copolymers. An
      example of this is the grafting of a copolymer of isobutene and a diene
      onto polyvinyl chloride or chlorinated ethylene-propylene rubber.
PAR  It is one of the advantages of this invention that great scope is afforded
      to the synthesizer to produce products of widely varying properties. For
      instance, materials such as polyvinyl chloride can be grafted with
      monomers such as isobutylene to produce clear pliable films and pads on
      compression molding. Thus, by utilizing the technique of the invention,
      polyvinyl chloride, normally a brittle material, can be superplasticized
      by the graft branches so that the addition of extraneous plasticizers
      which are normally absolutely essential can be dispensed with or the
      required quantity can be greatly reduced. The materials which have been
      plasticized by grafting according to the process of this invention, are
      referred to as "internally plasticized polymers."
PAR  The versatility of the invention is also evident in a completely different
      aspect. Thus, it is possible to graft cationically polymerizable diene
      monomers to a polymer backbone to produce sulfur vulcanizable materials.
      For example isoprene was grafted onto a halogenated ethylene-propylene
      copolymer rubber. The resulting product was sulfur cured using a standard
      vulcanization recipe. Its volume swell and per cent insoluble
      characteristics were almost identical to that of a sulfur vulcanizable
      ethylene-propylene terpolymer obtainable commercially from DuPont as
      Nordel.
PAR  It is also possible to obtain unusual polymers having both the properties
      of a thermoplastic resin and of an elastomer. Thus, when styrene is
      grafted onto a halogenated butyl rubber backbone, the resulting graft
      polymers have an unusual molecular configuration in which the butyl rubber
      backbone elastic phase is chemically bound to a repeated glasslike polymer
      phase, i.e., the polystyrene glass, to result in a material which is
      schematically illustrated in FIG. 1. This material may be thought of as
      analogous to a cured rubber where the cross-links are the glass-like phase
      and the backbone is the elastic phase. Thus, elastic properties in a
      thermoplastic material can be obtained.
PAR  In a typical polymer of this type, the stress relaxation was investigated
      at 30.degree.C. under a variety of extensions (from 10-100%) and over a
      variety of times (from 1 day to 2 weeks). The unvulcanized sample did not
      show permanent set after one month of testing, i.e., it completely
      recovered its original length and shape. Apparently, the rigid polystyrene
      areas are held together by strong enough bonds so that the overall system
      behaves like a vulcanized unit. However, the cohesion between the rigid
      areas can be disrupted by solvents, i.e., the system is soluble. Moreover,
      these graft copolymers have very peculiar solubility properties. For
      example, a particular butylpolystyrene graft containing about 40 mole
      percent polystyrene was soluble in methyl ethyl ketone (MEK) and in
      n-heptane, solvents which do not dissolve both individual components,
      i.e., butyl is insoluble in MEK and polystyrene is insoluble in n-heptane.
      Nevertheless, the graft is soluble in both of these systems, possibly
      because the soluble moiety drags the insoluble moiety into solution.
PAR  Thus, it will be apparent from the above and the Examples which follow that
      the physical properties of the graft polymers will be determined from a
      variety of factors including the choice of the starting backbone material,
      the cationically polymerizable monomers used, the backbone to graft
      branching ratios, etc. The graft polymers will have properties ranging
      from materials which have elastomeric properties to materials which have
      plastic properties and those with properties therebetween.
PAR  Not wishing to be bound by theory, to account for these unique phenomena, a
      theory has been proposed. It is, in its basic aspect, the supposition that
      the halogenated polymer or halogenated oligomer is in reality a
      macromolecular cocatalyst in conjunction with Al(M).sub.2 R. Thus, the
      macromolecular cocatalyst is in effect an initiator which is itself
      incorporated into the new graft polymer. Schematically, the concept can be
      expressed as follows.
PA1  AlEt.sub.2 Cl + Polymer-Cl .fwdarw. Polymer.sup.+ AlEt.sub.2 Cl.sub.2.sup.-
PAC  (functional polymer containing very few functional sites)
PA1  Polymer.sup.+ AlEt.sub.2 Cl.sub.2 .sup.- + nM* .fwdarw. Polymer-MMM - -
      -MMM.sup.+ AlEt.sub.2 Cl.sub.2.sup.-
PAL  *M is the cationically polymerizable monomer.
PAR  Thus, under this theory, the AlEt.sub.2 Cl catalyst removes the halogen,
      i.e., chlorine, from the polymer thereby generating a carbonium ion site
      on the polymer backbone. This carbonium ion can then initiate the
      polymerization of cationically polymerizable monomers. The polymer which
      is used as a cocatalyst becomes the backbone and the monomer whose
      polymerization is initiated by the polymeric cocatalyst then forms
      repeating units which become a branch of the new graft copolymer.
PAR  The invention will be further illustrated by the following Examples. In
      these Examples, all syntheses were carried out in dry glass equipment in a
      stainless steel dry box under a nitrogen atmosphere.
DETD
PAC  EXAMPLE 1
PAC  Grafting Styrene Onto Chlorobutyl Rubber
PAR  Chlorobutyl having a viscosity average molecular weight of 406,000 and
      containing 1.21 percent of Cl was purified by dissolving in n-pentane and
      precipitating in acetone; this procedure being repeated 3 times. The final
      pure polymer, free of stabilizers, etc., was dried in vacuum at
      50.degree.C. overnight.
PAL  Cocatalyst Solution
PAR  1 g. of the purified chlorobutyl was dissolved in 30 ml. n-pentane at room
      temperature. When this solution was cooled to -50.degree.C., the volume
      contracted to 26 ml.
PAL  Charge
PAR  10 ml. styrene
PAR  10 ml. n-pentane
PAR  0.13 ml. AlEt.sub.2 Cl
PAL  The charge was stored at -50.degree.C. It was a perfectly clear solution.
PAL  1st. Control Experiment
PAR  3 ml. of the charge solution was placed in a test tube and stored at
      -50.degree.C. for a period of 3 hours. During this time no change was
      noticeable in the system.
PAL  2nd Control Experiment
PAR  2 ml. of the charge solution was placed into a test tube and 0.003 ml.
      tert.-butyl chloride was introduced at -50.degree.C. Immediately vigorous,
      almost explosive polymerization took place and large amounts of
      polystyrene formed. Conversion was complete. (This experiment indicates
      that the catalyst system is active.)
PAL  Experiment (A)
PAR  Into the remaining 15 ml. of charge solution at -50.degree.C.. was
      introduced 2 ml. of the chlorobutyl solution. Immediate cloudiness
      indicated a reaction. After 30 seconds large amounts of white polymer
      filled the tube. The reaction was terminated by adding a few mls. of
      methanol.
PAL  Polymer Characterization
PAR  The reaction product was placed in 1000 ml. of acetone for 15 hours at room
      temperature. Acetone is a solvent for homopolystyrene so that this
      treatment removed this constituent. A small amount of acetone soluble
      homopolystyrene was removed. After acetone extraction, the polymer was
      dried in vacuum at 50.degree.C. Yield 2.572 g. of brittle white powder.
PAR  Thus, the reaction product contains 0.077 g. chlorobutyl backbones and
      2.505 g. polystyrene branches.
PAR  A small sample of the reaction product was placed in acetone, an excellent
      solvent for high molecular weight homopolystyrene but a nonsolvent for
      chlorobutyl. The sample did not dissolve in acetone indicating the
      presence of chlorobutyl.
PAR  Another small amount of this product was placed in toluene, an excellent
      solvent for both, chlorobutyl and polystyrene. The sample dissolved in
      toluene.
PAR  These solubility tests indicate the presence of a graft copolymer. Infrared
      spectra confirmed this.
PAR  The thermal behavior of the graft copolymer and a control polystyrene
      sample was investigated on a hot-stage microscope under polarized light.
      Thus, a small amount of graft copolymer and a similar amount of
      polystyrene (from control experiment 2) were placed side-by-side on a
      microscope cover plate and the heating was turned on. Simultaneous
      observations were made as follows:
     Temp. .degree.C.                                                          

              Graft Copolymer Control Polystyrene                              

     ______________________________________                                    

     65       Unchanged       Starts to melt                                   

     75       Unchanged       Strong melting                                   

     95       Softens under pressure                                           

                              Flows under pressure                             

     97       No change       Completely molten                                

     100      Birefringence appears                                            

                              --                                               

     110      Birefringence   --                                               

     122      Birefringence, starts                                            

                              --                                               

              to lose shape                                                    

     127      Birefringence, starts                                            

                              --                                               

              to disappear                                                     

     130      Melts under pressure                                             

                              --                                               

     137      Flows under pressure                                             

                              --                                               

     ______________________________________                                    

PAL  Experiment (B)
PAR  This experiment was carried out under identical conditions to Experiment
      (A) except a more dilute styrene was used. Thus
PAL  Charge:
PAR  10 ml. styrene
PAR  210 ml. n-pentane
PAR  0.13 ml. AlEt.sub.2 Cl
PAL  The charge was stirred in a breaker at -50.degree.C. It was a completely
      clear solution. At 0 time, 22 ml. of chlorobutyl solution (containing
      0.845 g. chlorobutyl) was introduced into the styrene charge at
      -50.degree.C.) Soon haziness developed and after about 6 minutes of
      chlorobutyl addition the solution became cloudy. After 15 minutes, fluffy
      white polymer appeared. The reaction was terminated 41 minutes after
      chlorobutyl introduction. At this time, large amounts of polymer were
      visible. It was extracted with acetone and dried. The yield after drying,
      etc. was 1.7707 g. of pliable springy transparent film. Thus, this graft
      copolymer contained 0.845 g. chlorobutyl backbones and 0.925 g.
      polystyrene branches.
PAR  The thermal history of the product produced in Experiment (B) observed on a
      hot stage microscope, together with a control homopolystyrene was as
      follows:
TBL  Temp. .degree.C.                                                          

                Graft Copolymer     Control                                    

     ______________________________________                                    

     65       --                  Starts to melt                               

     81       Contours essentially unchanged                                   

                                  Contours gone                                

     88       Substantially unmolten                                           

                                  Substantially                                

                                  molten                                       

     104      Substantially unmolten                                           

                                  Completely                                   

                                  molten                                       

     109      Melts under pressure                                             

                                  Clear melt                                   

     111      Substantially unmolten                                           

                                  Clear melt                                   

              without pressure                                                 

     122      Starts to melt without                                           

                                  Clear melt                                   

              pressure                                                         

     130      Major melting, flows under                                       

                                  Clear melt                                   

              pressure, not shape retaining                                    

     ______________________________________                                    

PAR  Products obtained in these two experiments contain different amounts of
      styrene which explains their different physical appearance. The product
      obtained in Experiment (A) contains large amounts of styrene branches and
      is a brittle powder. The other obtained in Experiment (B) contains much
      less styrene branches and is a springy, pliable film.
PAR  Other monomers which can be used with chlorobutyl include isobutylene,
      butadiene, isoprene, piperylene, etc., vinyl ethers, benzyl chloride, and
      the like.
PAR  Other backbone polymers that can be used include polyvinyl chloride,
      poly-2-chloroethyl vinyl ether, etc. Final polymer properties would be
      determined by the two parent materials, i.e., backbone and branch, as well
      as by the relative concentration of the two parent components.
PAC  EXAMPLE 2
PAC  Grafting Styrene Onto Chlorobutyl Rubber
PAR  Commercially available chlorobutyl (visc. average mol. wt. 406,000, % Cl =
      1.21, I.sub.2 number 9.1 corresponding to 1.34 mole percent unsaturation)
      was dissolved in dry n-pentane, precipitated into acetone, redissolved in
      n-heptane, reprecipitated into acetone and dried for about 3 hours in a
      vacuum oven at 60.degree.C. Fifty g. of the cleaned material was dissolved
      in 450 ml. dry n-pentane (.about.10% solution) and cooled to -50.degree.C.
      This solution was somewhat cloudy but it was pourable at -50.degree.C.
PAR  In the meantime, a charge was prepared by mixing 100 ml. of freshly
      distilled styrene with 900 ml. dry n-heptane at -50.degree.C. in a 1 l.
      beaker equipped with stirrer and thermocouple. To this charge was added
      2.6 ml. AlEt.sub.2 Cl. The whole operation was carried out in a stainless
      steel dry-box under a nitrogen atmosphere.
PAR  At 0 time 455 ml. chlorobutyl solution (or 45 g. chlorobutyl) was added
      into the charge under vigorous stirring. A 1.degree.C. temperature rise
      was observed on mixing of these solutions. After about 23 minutes of
      stirring at -50.degree.C., the reaction mixture became noticeably thicker.
      After about 28  minutes a heavy gel mass filled the reactor and stirring
      became very difficult. The color of the reaction mixture turned gradually
      to orange. At this point, a few mls. of methanol and about 1 l. of acetone
      were added to the mixture and the system removed from the dry-box. The
      product was stirred and kneaded with 3 liters of acetone until it became
      snow white. The acetone was decanted and the product was washed by
      kneading with 1 l. of acetone 5 times. Finally, the acetone was filtered
      off and the acetone solutions discarded. The acetone insoluble product was
      extracted with hot methyl ethyl ketone (MEK) by stirring it in this
      solvent over night and filtering. Subsequently, the MEK soluble product
      was precipitated into acetone, filtered and dried. The process yielded
      49.5 g. of white tough polymer.
PAR  The graft copolymer was analyzed as follows:
PAL  Solubility studies
PAR  The product was soluble in methyl ethyl ketone, n-heptane and toluene. This
      indicates grafting since chlorobutyl is insoluble in MEK and polystyrene
      is insoluble in n-heptane. The fact that the product dissolved in both of
      these solvents indicates the presence of a copolymer and that the soluble
      part of the copolymer "pulls into solution" the insoluble moiety. Toluene
      is a good solvent for both components. Solubility in this solvent was
      expected.
PAL  Differential Thermal Analysis
PAR  The DTA spectrum of the material shows the presence of butyl (second order
      transition point at -74.degree.) and polystyrene (second order transition
      point at about +100.degree.C.). This again indicates graft
      copolymerization.
PAL  Infrared Analysis
PAR  The infrared spectrum of the product was carefully analyzed. Comparison of
      this spectrum with those of pure components (a) chlorobutyl and (b)
      polystyrene indicated the presence of 59 wt. percent butyl and 41 wt.
      percent polystyrene in the graft.
PAL  Differential Refractometry
PAR  The composition of the graft copolymer was analyzed by differential
      refractometry. According to these results, the graft copolymer contained
      39.7 wt. percent polystyrene and 60.3 wt. percent butyl species.
PAL  Nuclear Magnetic Resonance Analysis
PAR  The NMR spectra of the graft was analyzed by comparing it to spectra of
      pure chlorobutyl and homopolystyrene. This analysis indicated the presence
      of about 60 mole percent isobutylene and 40 mole percent styrene in the
      graft copolymer.
PAL  Elemental Analysis
PAR  The chlorine content of the graft copolymer was less than 0.2 percent. The
      original chlorobutyl backbone contained 1.21 percent Cl. This data
      indicates that grafting was quite extensive.
PAL  Physical Properties
PAC  Melting Properties on a Heat Stage Microscope
PAR  Visual observations were made as to the physical appearance of the polymer
      on a microscope equipped with a heated stage. The following record was
      obtained. Heating rate was about 40.degree.C./min.
TBL  ______________________________________                                    

     Temp. .degree.C.                                                          

                   Observation                                                 

     ______________________________________                                    

     25       Compresses under pressure, rubbery.                              

     57       Soft, recovers shape after pressure released.                    

     72       Clear, recovers shape after pressure released.                   

     87       Clear, recovers shape after pressure released.                   

     97       Clear, recovers shape after pressure released.                   

     110      Clear, recovers shape after pressure released.                   

     125      Clear, flattens, does not return to original                     

              shape after pressure released.                                   

     135      Clear, flattens, does not return to original - shape after       

              pressure released.                                               

     195      Clear liquid.                                                    

     ______________________________________                                    

PAL  Compression Molding
PAR  The graft polymer was milled on a small cold rubber mill and subsequently
      compression molded at 320.degree.F. for 60 minutes in a rubber press. The
      following data were obtained on physical properties testing:
TBL  Modulus, psi          Tensile, Elong-                                     

     100%  200%    300%    400%  500%  psi    ation, %                         

     ______________________________________                                    

     492   678     857     952   1190  1238   580                              

     ______________________________________                                    

PAR  The compression molded test pieces were clear transparent products. All the
      products remained soluble in toluene after compression in the press.
PAL  Casting from Solvents
PAR  The graft polymer was dissolved in MEK, n-heptane and toluene and films
      were cast on a mercury surface. All these films were optically clear and
      tough.
PAL  Stress Relaxation
PAR  Rings were molded from the graft polymer and its stress relaxation was
      determined at 30.degree.C. from 10 to 100 percent extension from 1 day to
      2 weeks. Data show that the graft copolymer did not exhibit permanent set
      after 1 month of testing, i.e., it completely recovered its original
      length and shape. In contrast, uncrosslinked homopolyisobutene "flows
      apart" under identical testing conditions.
PAC  EXAMPLE 3
PAC  Grafting Styrene Onto Chlorobutyl Rubber
PAR  The purpose of this experiment was to prepare graft copolymer at
      -70.degree.C. using a higher styrene/chlorobutyl ratio than previously.
PAR  Chlorobutyl was purified by dissolving and reprecipitation as described in
      Example 2. Then 23.04 g. of chlorobutyl was dissolved in 438 ml. of dry
      n-pentane (about 5 percent solution), cooled to -70.degree.C. and
      introduced into a charge consisting of 100 ml. styrene, 900 ml. n-pentane
      and 1.3 ml. AlEt.sub.2 Cl at -70.degree.C. under the general conditions
      described in Example 2. The temperature of the mixturue rose by
      1.degree.C. upon mixing the ingredients.
PAR  After 10 minutes of stirring at -69.degree.C. the content of the reactor
      started to thicken; after 12 minutes it was a very viscous system; after
      17 minutes it was hardly possible to stir and a yellow color appeared.
      Significantly, after 20 minutes of stirring the viscous system loosened up
      and after 22 minutes of stirring the pale yellow system became completely
      fluid. After 24 minutes the system started to thicken again and the color
      deepened to light orange. After 38 minutes of stirring, 2 ml. cold
      methanol was added and subsequently 400 ml. acetone was introduced.
PAR  A white slurry was obtained which was poured into 2 l. of acetone. The
      slurry was allowed to settle and the clear acetone was decanted, washed
      twice with 1 l. of acetone and decanted, then centrifuged and washed twice
      with acetone. Subsequently, the product was extracted with refluxing
      acetone under a N.sub.2 atmosphere over night and filtered.
PAR  The acetone insoluble product was extracted with methyl ethyl ketone on the
      steam bath, filtered and precipitated with methanol, washed with acetone
      and dried. Yield 1.470 g. of white hard solid.
PAR  This product was analyzed as follows:
PAL  Solubility
PAR  clear solution in toluene, opalescent solutions in n-heptane and methyl
      ethyl ketone.
PAL  Melting behavior (hot stage microscope)
PAR  48.degree.C. softens under pressure
PAR  70.degree.C. starts to melt
PAR  100.degree.C. largely melted
PAR  147.degree.C. completely molten
PAL  Infrared analysis
PAR  Comparison with pure chlorobutyl and polystyrene indicates the presence of
      37.5 wt. percent chlorobutyl and 62.5 wt. percent of polystyrene.
PAL  Nmr analysis Comparison with the pure components indicates 52 mole percent
      isobutylene and 48 mole percent styrene.
PAL  Chlorine analysis shows less than 0.2 percent Cl.
PAC  EXAMPLES 4 to 6
PAC  Grafting Styrene Onto Chlorobutyl Rubber
PAR  The purpose of these three experiments was to see the effect of temperature
      on graft copolymer properties. Thus, grafting of styrene onto chlorobutyl
      was carried out at +11.degree., -20.degree. and -50.degree.C. under
      essentially identical conditions.
PAR  A chlorobutyl (30 g.) solution in n-hexane (600 ml.) was prepared. The
      chlorobutyl was purified as described in Example 2. The chlorobutyl
      solution was divided into 3 parts and to each part was added 39 ml. (35.36
      g. or 0.34 moles) styrene and 350 ml. n-hexane. Thus, in these 3
      experiments the charge consisted of 10 g. chlorobutyl in 39 ml. styrene
      and 550 ml. n-hexane and to these charges was added at different
      temperatures the catalyst solution (0.43 ml. AlEt.sub.2 Cl in 10 ml.
      n-hexane).
PAL  The run at +11.degree.C.
PAR  Upon addition of the catalyst, the clear reaction mixture became cloudy
      then milky and an orange color developed. The temperature rose to
      +29.degree.C. for a short while. The reaction was terminated 33 minutes
      after catalyst introduction by the addition of 2 ml. methanol in 100 ml.
      acetone. After acetone extraction, centrifuging and drying the yield was
      17.8 g. graft copolymer; a tough white material. The acetone soluble part
      was 21.7 g. (pure polystyrene).
PAL  The run at -20.degree.C.
PAR  The solution turned orange on catalyst addition and the temperature rose to
      -4.degree.C. for a short while. The reaction was terminated 30 minutes
      after catalyst introduction by adding 2 ml. methanol and then 3 l.
      acetone. After acetone extraction, filtration and drying in a vacuum oven
      at 60.degree.C., the yield was 18.4 g. graft copolymer, a tough
      transparent material. The combined acetone extracts yielded 27.80 g.
      acetone soluble product, (pure polystyrene).
PAL  The run at -50.degree.C.
PAR  The system suddenly gelled 10 seconds after catalyst addition and turned
      orange. Stirring became almost impossible and the temperature rose to
      -38.degree.C. The gel was broken up by working with a spatula and
      introducing 100 ml. n-hexane. The reaction was terminated 30 minutes after
      catalyst introduction by adding 2 ml. methanol and then 3 l. acetone.
      After acetone extraction, filtration and drying in a vacuum oven at
      60.degree.C. the yield was 17.5 g. graft copolymer. The acetone extracts
      yielded 26.56 g. pure homopolystyrene.
PAR  The following table summarizes analytical results obtained with these three
      runs:
TBL       Temp.,  Yield, g.         I.R.    N.M.R.                             

     No.  .degree.C                                                            

                  (acetone  Cl, wt.%                                           

                                    (wt.%)  (mole %)                           

                  insoluble)                                                   

     ______________________________________                                    

     4    +11     17.8      0.1    55.5 ClBu                                   

                                            63 isobu                           

                                   44.5 pSt 32 St                              

     5    -20     18.4      0.1    55.5 ClBu                                   

                                            59 isobu                           

                                   44.5 pSt 38 St                              

     6    -50     17.5      0.1    53.5 ClBu                                   

                                            65 isobu                           

                                   46.5 pSt 36 St                              

     ______________________________________                                    

PAC  EXAMPLE 7
PAC  Grafting Styrene Onto Chlorobutyl Rubber
PAR  The purpose of this experiment was to observe the effect of catalyst
      concentration on graft copolymer properties.
PAR  A charge was prepared consisting of 10 g. chlorobutyl (0.0034 moles Cl) in
      200 ml. n-hexane, 39 ml. (35.36 g. = 0.034 moles) styrene and 350 ml.
      n-hexane and stirred at -50.degree.C. To this solution was added at
      -50.degree. the catalyst solution 0.043 ml. (0.041 g.=0.00034 moles)
      AlEt.sub.2 Cl in 10 ml. n-hexane. After 138 minutes of stirring the
      reaction was terminated by introducing methanol and the product was
      extracted with 3 liters of acetone. However, chemical and spectroscopic
      analysis indicated that under these conditions, i.e., using a low catalyst
      concentration no substantial grafting had taken place. Thus, the acetone
      insoluble product had a molecular weight of 371,500 (original chlorobutyl
      373,000), chlorine content of 1.14 wt. percent (original chlorobutyl 1.15
      wt. percent ) and iodine number 6.18 (original chlorobutyl 5.77). Infrared
      and NMR spectroscopy showed no evidence for polystyrene in the spectra of
      this product.
PAR  The acetone extract was evaporated. It was found that this extract
      contained only traces of a white polymeric product.
PAC  EXAMPLE 8
PAC  Grafting Styrene Onto Chlorobutyl Rubber
PAR  In this series of experiments an AlEt.sub.3 catalyst was used for grafting.
      However, before the grafting experiment, several preliminary experiments
      were carried out to establish the activity of the catalyst, and the fact
      that AlEt.sub.3 will not initiate a reaction unless in the presence of a
      co-catalyst.
PAR  A. In the first preliminary experiment, a solution was first prepared of
      35.4 g (39 ml) styrene in 350 ml of carefully purified n-hexane and
      maintained at -50.degree.C. From this solution a 10 ml aliquot was removed
      and 0.5 ml AlEt.sub.3 was added to it at -50.degree.C. No reaction
      occurred for 2 hours at this temperature. This experiment indicated the
      complete inactivity of AlEt.sub.3 toward styrene.
PAR  The experiment was continued by introducing into the quiescent mixture
      slowly 0.3 ml tert.-butyl chloride, which is a powerful co-catalyst in
      conjunction with AlEt.sub.3 as disclosed in U.S. Ser. No. 364,295. Shortly
      after co-catalyst introduction, the clear solution became hazy, then
      increasingly cloudy. Since polystyrene is insoluble in cold n-hexane the
      cloudiness in this experiment indicated the polystyrene formation and
      consequently it indicated the activation of AlEt.sub.3 by the tert.-butyl
      chloride co-catalyst. An identical experiment was also carried out at
      -.sub..fwdarw.20.degree. C. In these experiments a small molecule
      (tert.-butyl chloride) was used as a co-catalyst to initiate the
      polymerization of styrene. In the following experiment, a polymer molecule
      (chlorobutyl) was used as the co-catalyst to induce polymerization.
PAR  B. A charge was prepared of 50 ml styrene and 1 ml AlEt.sub.3 and stirred
      at -20.degree.C. in the dry box under nitrogen atmosphere. To this charge
      was introduced a prechilled 10 g. chlorobutyl in analysis: mol. wt:
      373,000, 1.15 percent Cl, iodine number : 5.77. Immediately the system
      became cloudy, then milky and the temperature rose sharply to +1.degree.C.
      Stirring became difficult. Twenty minutes after the introduction of the
      chlorobutyl solution the reaction was terminated by introducing 2 ml
      methanol and 2 liters acetone. Subsequently, the product was exhaustively
      extracted with large amounts of acetone, filtered; the filtrate dissolved
      in toluene and reprecipitated into methanol. After drying in vacuo at
      50.degree.C., 17.1 g. of hard plastic product was obtained. Infrared
      analysis indicated that the graft copolymer consisted of 55 wt. percent
      chlorobutyl and 45 percent polystyrene. Chlorine analysis of the sample
      indicated the presence of 0.58 wt. percent Cl and the iodine number was
      4.88.
PAR  The acetone extracts were combined, evaporated and precipitated into
      methanol. A total of 22.8 g. of product was obtained which on infrared
      analysis was found to be pure polystyrene.
PAR  The acetone insoluble graft copolymer was compression molded and a clear,
      rubbery sheet was obtained. When this sheet is stretched opalescence
      appears which disappears when the stretching force is released and the
      film retracts to its original shape. Similar sheet was obtained by casting
      from toluene solution.
PAC  EXAMPLE 9
PAC  Grafting p-Chloro Styrene Onto Chlorobutyl Rubber
PAR  In this experiment, p-chloro styrene was grafted onto chlorobutyl. The
      purpose of the experiment was to change the second order transition
      temperature of the branch from +100.degree.C. for polystyrene to
      +127.degree.C. for poly-p-chlorostyrene.
PAR  24.54 g. of chlorobutyl (representing 6.05 .times. 10.sup.-.sup.5 mole
      chlorobutyl or 0.0083 mole Cl) was dissolved (purification as in Example
      2) in 181 ml dry n-pentane and 100 ml methylene chloride and the solution
      was thermoequilibrated at -50.degree.C. The chlorobutyl molecular weight
      was 406,000, 1.21 wt. percent Cl, iodine number 9.1. The chlorobutyl
      solution was added to a charge consisting of 10 g. (0.072 moles)
      p-chlorostyrene, 3 ml (2.87 g. =0.024 moles) AlEt.sub.2 Cl in 100 ml
      methylene chloride at -50.degree.C. The temperature rose to -46.degree.C.
      on catalyst addition and the reaction mixture turned yellow. Thirty-five
      minutes after cocatalyst (i.e., chlorobutyl) solution introduction an
      aliquot of 100 ml of the reaction mixture was removed from the reactor. To
      terminate the reaction in this 100 ml sample this aliquot was introduced
      into a beaker containing 3 ml diethyl amine in 30 ml methyl chloride. The
      product was extracted with hot acetone, centrifuged washed with acetone,
      dissolved in toluene, centrifuged, reprecipitated into acetone, washed
      again with acetone, and dried in vacuum oven at 60.degree.C. The yield was
      7.168 g. graft copolymer; a white tough material. Infrared analysis
      indicated the presence of 74.5 wt. percent chlorobutyl and 25.5 wt.
      percent poly-p-chlorostyrene. NMR analysis showed about 82 mole percent
      isobutylene and 14 mole percent p-chlorostyrene. The acetone soluble
      portion, 0.149 g., pure chloropoly-p-chlorostyrene.
PAR  The remaining solution in the reactor was stirred at -50.degree.C. for a
      total of 165 mins. after cocatalyst introduction. Then the reaction was
      terminated by introducting a diethyl amine in methylene chloride solution,
      extracted with acetone and worked up as described above. The yield of
      acetone insoluble graft copolymet was 19.164 g.; a tough white material.
      Infrared analysis indicated the presence of 75.0 wt. percent chlorobutyl
      and 25 wt. percent poly-p-chlorostyrene, NMR spectra showed about 88 mole
      percent isobutylene and 12 mole percent p-chlorostyrene. The acetone
      soluble portion was 0.505 g. homopoly-p-chlorostyrene.
PAR  These data indicate that under these conditions p-chlorostyrene can be
      grafted onto chlorobutyl and that continued stirring did not increase the
      efficiency of the grafting reaction. Apparently, grafting is a rather fast
      reaction and is completed in less than 35 minutes.
PAR  These results also show that the amount of homo poly-p-chlorostyrene formed
      under these conditions is very low (0.654 g.) as compared to the total
      graft copolymer obtained (26.332 g.)
PAR  The graft copolymers were dissolved in toluene and films were cast. These
      films are optically clear, flexible and strong.
PAC  Example 10
PAC  Grafting .alpha.-Methyl Styrene Onto Chlorobutyl Rubber
PAR  The purpose of this run was to prepare a graft copolymer with poly-
      .alpha.-methyl styrene branches on a chlorobutyl backbone. The second
      order transition temperature of poly-.alpha.-methyl styrene is
      +170.degree.C., that of chlorobutyl is about -74.degree.C.
PAR  The backbone polymer solution was prepared by dissolving 15 g. chlorobutyl
      (commercial product HT 1066, purification described in Example 2) in 250
      ml dry n-hexane and cooling to -50.degree.C. This solution was added to a
      charge consisting of 63 ml (57.3g.) freshly distilled .alpha.-methyl
      styrene in 250 ml n-hexane and 0.61 ml AlEt.sub.2 Cl at -50.degree.C. Upon
      polymer introduction the system immediately thickened considerably,
      stirring became extremely difficult, and the color turned orange. Stirring
      was impossible after 4 mins. of polymer addition. Consequently, the
      reaction was terminated by introducing 100 ml. methanol. Subsequently, the
      product was kneaded in 2l. methanol, filtered and dried in a vacuum oven
      at 60.degree.C. Yield 63.7 g. white powder. Acetone extraction removed
      6.74 g. of material. The acetone extracted material, 56.5 g., was
      completely soluble in methylene chloride and mostly soluble in dioxane.
      Since pure chlorobutyl is largely insoluble in methylene chloride and is
      completely insoluble in dioxane and poly- .alpha.-methyl styrene is
      readily soluble in these two solvents, the acetone extracted product is a
      graft copolymer. The graft copolymer was dissolved in toluene and films
      were cast. These films were slightly hazy and brittle.
PAC  EXAMPLE 11
PAR  Grafting Styrene Onto Chlorinated Ethylene Propylene Rubber
PAR  The purpose of this run was to demonstrate the grafting with a chlorinated
      EP rubber backbone. The chlorines in EP rubber are probably in the
      tertiary position in the chain:
      ##EQU4##
      Therefore, it appeared to be possible to graft the cationically initiable
      styrene monomer onto this chain using the AlEt.sub.2 Cl catalyst.
PAR  4 g. chlorinated EP rubber was dissolved (3.85% Cl) in 50 ml n-hexane.
      (This solution represented 5.9 .times.10.sup.-.sup.6 moles polymer or
      0.004 moles chlorine). To this solution was added 35 ml (31.7 g = 0.305
      moles) styrene and 125 ml n-hexane and cooled to -46.degree.C. This
      solution was quite viscous at this temperature level but it could be
      stirred readily.
PAR  At O time was added the catalyst solution 0.5 ml (0.48g = 0.004 mole)
      AlEt.sub.2 Cl in 10 ml n-hexane to the stirred system at -46.degree.C. The
      reaction mixture became gradually more viscous and opalescent. After 33
      mins. of stirring the reaction was terminated by introducing about 100 ml
      toluene containing a few mls of methanol. To the viscous liquid system was
      added about 1 l. acetone and a rubbery white mass was obtained. The
      rubbery product was removed from the acetone, squeezed dry and dissolved
      in toluene. Some toluene insoluble material was centrifuged off (0.106 g).
      The toluene solution was precipitated into methanol, dried in a vacuum
      oven at 60.degree.C. Yield 5.66 g graft copolymer. The acetone soluble
      extract contained 28.03 g solid homo polystyrene.
PAR  The toluene soluble material is a white very tough plastic. This is a graft
      copolymer as indicated by infrared spectroscopy, i.e., infrared shows 33
      wt. percent ethylene-propylene copolymer and 67 wt. percent polystyrene.
PAR  The graft copolymer was dissolved in toluene and a film was cast on a
      mercury surface. This film was clear, transparent, pliable, and strong.
      The product was compression molded to clear transparent tough films.
PAC  EXAMPLE 12
PAC  Grafting Styrene Onto Polyvinyl chloride
PAR  The purpose of this experiment was to investigate the feasibility of
      grafting polystyrene branches onto a polyvinylchloride (PVC) backbone.
PAR  23.73 g of PVC (Geon 103) was dissolved in 1200 ml (BaO dried and
      distilled) o-chlorotoluene (2% solution) and the solution was cooled to
      -30.degree.C. This solution was introduced at -30.degree. into a charge
      consisting of 100 ml styrene and 2.25 ml AlEt.sub.2 Cl under vigorous
      stirring. The temperature rose to -27.degree.C. and the system became
      yellow. The reaction was terminated 46 mins. after cocatalyst (PVC)
      addition by introducing a few mls of methanol and then transferring the
      whole system into 6 l. of methanol. The white precipitate was settled over
      night, filtered, washed with methanol, and then with n-pentane to remove
      last traces of o-chlorotoluene. Yield 44.15 g white powder.
PAR  Since PVC is insoluble in cyclohexane whereas polystyrene (PS) is readily
      soluble in this solvent, the product was extracted with 1800 mil refluxing
      cyclohexane for 1 hour and then stirred for 3 days at ambient temperature.
      Then it was filtered, washed with cyclohexane, and dried in vacuo at
      60.degree.C. Yield 25.14 g graft copolymer, a white powder.
PAR  The cyclohexane soluble part was recovered by precipitating into methanol.
      Yield 11.48 g pure homopolystyrene.
PAR  The cyclohexane insoluble graft copolymer contains 92.7 wt. percent PVC and
      7.3 wt. percent PS by infrared analysis. This material was compression
      pressed and a homogeneous, clear, transparent, and pliable film was
      obtained.
PAR  Elemental analysis of the graft copolymer gave 43.84% C., 5.36% H and
      50.55% Cl. PVC (Geon 103) gave 38.67% C, 4.85% H and 55.93% Cl.
PAR  When a physical mixture was prepared from 93% PVC (Geon 103) and 7 percent
      cationically polymerized polystyrene and the physical mixture was
      compression pressed, a hazy, heterogeneous film was obtained.
PAC  EXAMPLE 13
PAC  Preparation of Graft Polymer with Polyvinyl Chloride Backbone with
      Polyisobutylene Branches
PAR  10 g of polyvinyl chloride (commercially available Vinylchlon 3000-35H
      (4000)) was dissolved in 900 ml 1,2-dichloroethane under gentle refluxing.
      The solution was cooled to -30.degree.C. and at this temperature 95 ml
      isobutene monomer was gradually added to it until the initially completely
      homogeneous system became faintly hazy (maximum amount of isobutene in the
      system under these particular conditions). To this system at -30.degree.C.
      was added the catalyst solution prepared by diluting 2 ml AlEt.sub.2 Cl
      with 9 1,2-dichloroethane. Grafting commenced instantaneously on catalyst
      introduction and was noticeable by a rise in temperature (T = 10.degree.)
      and by milkiness developing in the reactor. About 13 mins. after catalyst
      introduction 2 ml methanol was added to the reactor to quench the reaction
      and the content of the reactor was transferred into 21/2 l. of n-pentane.
      The slurry was allowed to settle overnight. At this point, the system was
      centrifuged, the pasty product washed thrice with n-pentane and
      centrifuged again. Finally, the product was dried in vacuo at 50.degree.C.
      Yield 12.538 g of white powdery material (graft).
PAR  The pentane solutions were combined (about 4000 ml), concentrated by
      evaporation of the solvent on a steam bath to about 500 ml and
      precipitated into a large amount of methanol. This pentane soluble
      fraction was then collected and dried in vacuo at 50.degree.C. and 55.4 g
      of rubbery polymer was obtained polyisobutylene (PIB).
PAR  The graft polymer was placed into 400 ml tetrahydrofuran (a solvent for
      PVC). A slightly hazy solution was obtained. This solution was heated
      (reflux) on a steam bath overnight and precipitated into 6 l. of methanol.
      The fluffy precipitate was filtered, dried in vacuo at 50.degree.C. and
      11.0 g white powdery product was obtained.
PAR  Concurrently with the graft polymerization the following control runs were
      carried out.
PAR  Control I: 1 ml 1,2-dichloroethane and 0.6 ml AlEt.sub.2 Cl were mixed at
      -30.degree.C. To this mixture 1 ml isobutene was added. No polymerization
      occurred even after 30 mins. standing at this temperature.
PAR  Control II: 1 ml isobutene and 0.6 ml AlEt.sub.2 Cl were mixed at
      -30.degree.C. then 1 ml 1,2-dichloroethane was added to the solution. The
      system remained clear and no polymerization occurred even after 30 mins.
PAR  Control III: To 5 ml solution of PVC in 1,2-dichloroethane (as prepared
      above) was added 0.6 ml AlEt.sub.2 Cl, but the system remained unchanged
      (homogeneous solution) even after 30 mins.
PAC  Characterization of the Graft Copolymer
PAL  Infrared Analysis
PAR  The infrared analysis of the graft copolymer indicated the presence of 6.5
      wt. % polyisobutylene branches and 93.5 wt. percent polyvinylchloride
      backbone (in the pentane insoluble fraction).
PAL  Elemental Analysis
PAR  Chlorine analysis of the graft copolymer showed 43.29 percent Cl down from
      56.8 wt. percent Cl in pure PVC indicating that a large amount of grafting
      has taken place.
PAL  Solubility Studies
PAR  The graft copolymer was studied in various hot solvents:
TBL  Non-Solvents:                                                             

                CS.sub.2 :  swells, cloudy gel                                 

                CCl.sub.4 : slight swelling                                    

                CHCl.sub.3 :                                                   

                            fluffy gel                                         

                Toluene:    swells, cloudy gel                                 

     Solvents:  THF:        mostly soluble, hazy                               

                            solution                                           

                Benzaldehyde:                                                  

                            soluble, clear                                     

                Acetophenone:                                                  

                            soluble, clear                                     

                1,2-Ethylene                                                   

                            soluble                                            

                dichloride:                                                    

PAL  Melting Behavior
PAR  The graft copolymer and some PVC were placed side-by-side on a microscope
      cover glass and their melting behavior was noted on a hot stage microscope
      as follows:
TBL         Observations                                                       

     Temp.  Graft           Observations PVC                                   

     ______________________________________                                    

     110.degree.                                                               

            softens         softens                                            

     132    compresses      compresses                                         

     165    further softening                                                  

                            further softening                                  

     178    further softening                                                  

                            clear spots showing                                

     191    becoming plastic                                                   

                            becoming plastic                                   

     195    plastic but still                                                  

                            melted, clear                                      

            shows dark areas                                                   

     ______________________________________                                    

PAL  Pliability Studies
PAR  About 5 g of the graft copolymer was compression pressed (about 6000
      lb./inch.sup.2 at 390.degree.F. for 30 sec.) and a pliable strong film was
      obtained. The film could be bent around a cylindrical pencil without
      breaking.
PAR  A film obtained from pure PVC under the same conditions was brittle and
      could not be wrapped around a pencil without crumbling and breaking.
PAC  EXAMPLE 14
PAR  In this experiment 45 g. PVC (Geon 103) was dissolved under heating in 3000
      ml 1,2-dichloroethane and the solution cooled to -30.degree.C.
      Subsequently, 50 ml isobutylene was added to the solution at -30.degree.C.
      which became slightly hazy. The following is a time log of the experiment:
TBL  Time   Action                                                             

     ______________________________________                                    

     0 mins.                                                                   

            Catalyst introduced. The catalyst is 2 ml AlEt.sub.2 Cl in         

            10 ml 1,2-dichloroethane.                                          

     8      Reactor content hazy, temperature -29.degree.C.                    

     48     Catalyst introduction continued: 4 ml AlEt.sub.2 Cl in 10 ml       

            1,2-dichloroethane.                                                

     56     Catalyst introduction continued: 3.3 ml AlEt.sub.2 Cl in 10        

            ml 1,2-dichloroethane.                                             

     63     Catalyst introduction continued: 1.1 ml AlEt.sub.2 Cl in 5 ml      

            1,2-dichloroethane.                                                

     76     Catalyst introduction continued: 4 ml AlEt.sub.2 Cl in 10 ml       

            1,2-dichloroethane.                                                

     128    Catalyst introduction continued: 4 ml AlEt.sub.2 Cl in 10 ml       

            1,2-dichloroethane.                                                

     153    Reaction terminated by introducing 10 ml methanol, then the whole  

            mixture was poured into about 8 l. methanol. White fluffy          

            precipitate forms and settled overnight. The precipitate was       

            filtered, transferred into a 5 l. flask and n-pentane was added    

            (4000 ml). The precipitate was refluxed with n-pentane for 3 hrs., 

            cooled off, allowed to settle, the pentane decanted off and fresh  

            pentane was added to the insoluble precipitate which was then      

            again refluxed for 2 hours. This pentane extraction was repeated   

            once more at which point a test showed that the pentane did not    

            contain any soluble material (i.e., when the pentane solution was  

            added to methanol it remained clear). The product was then         

            filtered, dried in vacuo overnight and weighed: 47.1 g white,      

            static powder. - Pentane soluble fraction recovered by             

            precipitation in methanol and drying in vacuo: 5.754               

     ______________________________________                                    

            g.                                                                 

PAC  Characterization of Graft Polymer
PAL  Infrared Analysis
PAR  Indicated 11 wt. percent polyisobutylene branches and 89 wt. percent PVC
      backbones present in the graft polymer (pentane insoluble fraction).
PAL  Elemental Analysis
PAR  Chlorine analysis of the graft copolymer shows 48.02 percent Cl against
      55.93 percent Cl in the PVC used as the backbone.
PAL  Solubility Studies
PAR  As with Example 1.
PAL  Melting Behavior
PAR  As with Example 1.
TBL  ______________________________________                                    

     Observations                                                              

     Temp., .degree.C.                                                         

                  Graft          PVC                                           

     ______________________________________                                    

      96.degree.F.                                                             

               slightly compressed                                             

                               unchanged                                       

     105       compresses      softens                                         

     112       starts to melt  compresses                                      

     120       melting         compresses                                      

     145       melting, clear  compresses, clear                               

                               in the middle                                   

     180       soft plastic    compresses, clear                               

     ______________________________________                                    

PAL  Pliability Studies
PAR  As in Example 13. The graft copolymer gave a clear pliable film which could
      be easily wrapped around a pencil.
PAL  Tensile Impact
PAR  Test method: ASTM No. D 1822-61T. Sample preparation: 20 g resin mixed with
      0.8 g Thermolite 31 stabilizer (i.e., 4 percent stabilizer in resin) and
      compression molded pads at 370.degree.F. for 30-60 seconds with 7000
      lb./inch.sup.2 pressure.
TBL  __________________________________________________________________________

                       Graft:    PVC (Geon 103):                               

     Tensile impact (Ft.-lbs./inch.sup.2):                                     

                       160 (aver. of 3)                                        

                                 150 (aver. of 4)                              

     __________________________________________________________________________

PAR  Importantly the surface of the cut of the graft was ragged and "blushed" --
      the neck was strongly elongated -- in comparison the PVC showed a clean
      cut and no blushing.
PAL  Flexural Stiffness
PAR  ASTM (Stiffness of Plastics by Cantilever Beam) D747-63.
PAL  Resin compound (in g):
PAR  (Compression molded pads as in Tensile Impact Test)
TBL             I   II     III    IV    V   VI                                 

     ______________________________________                                    

     Graft       10     --     10   --   --   --                               

     Geon 103    --     10     --   10   10   10                               

     Thermolite 31*                                                            

                 0.4    0.4    0.4  0.4  0.4                                   

     Dioctylphthalate                                                          

                 --     --     --   --   1.5  2.5                              

     Stearic Acid                                                              

                 --     --     0.05 0.05 0.05 0.05                             

     Stiffness in                                                              

                 2.07   2.76   1.83 2.71 1.84 1.83                             

     Flexure (10.sup.5)                                                        

     (psi)                                                                     

     ______________________________________                                    

      *Organo-tin stabilizer made by M&T Chemicals, Inc.                       

PAR  These novel graft polymers are useful materials in more than one respect
      and represent substantial improvements above existing products. Some
      useful applications are: internally plasticized PVC-s, i.e., PVC from
      which the plasticizer cannot ooze out, pliable films, tough molding
      compounds, thermoplastics. Another fruitful application is in
      poly-blending: Polyvinyl dichloride can be blended with polyisobutylene
      using the graft polymer as a phase soluble in or compatible with both
      components.
PAC  EXAMPLE 15
PAC  Grafting Isobutylene Onto Polyvinyl Chloride
PAR  For comparison purposes there was prepared a physical mixture of polyvinyl
      chloride (PVC) and polyisobutene (PIB). The polyvinyl chloride used in
      these studies was the same as that used in the grafting experiment, i.e.,
      Vinylchlon and Geon 103. The homopolyisobutenes were obtained from the
      pentane extracts of the above grafting experiments and subsequently were
      for all practical purposes identical to the polyisobutene grafted onto the
      PVC. Both polymers, PVC and PIB were dissolved in a common solvent, e.g.,
      chlorobenzene, and coprecipitated into methanol. The relative amounts of
      these two polymers in the common solvent were 89 percent PVC and 11
      percent PIB to correspond with the relative amounts in the graft copolymer
      as determined by infrared analysis. This coprecipitate represents an
      intimate physical mixture of these two materials.
PAR  The physical mixture of PVC-PIB was compression molded. A badly discolored,
      heterogenous completely unacceptable product was obtained.
PAR  Under identical conditions the graft copolymer of 89% PVC/11 percent PIB
      gave optically clear, transparent, pliable, homogeneous films.
PAC  EXAMPLE 16
PAR  In this example a series of runs was carried out in which AlEtCl.sub.2
      catalyst was used. The purpose of this experiment was to distinguish
      between AlEtCl.sub.2 catalyst, which is a borderline representative of the
      conventional Friedel-Crafts type catalyst which does not require the
      extraneous and purposeful addition of a cocatalyst to acquire
      polymerization activity, and the catalysts of the invention. AlEtCl.sub.2
      and similar catalysts, e.g., AlCl.sub.3, SnCl.sub.4, BF.sub.3, TiCl.sub.4,
      etc. when contacted with styrene, isobutene and other cationically
      initiable monomers under ordinary low temperature conditions immediately
      initiate the polymerization of these monomers and do not need extraneous
      cocatalysts introduction.
PAR  A few polymerization runs were carried out with AlEtCl.sub.2 under
      conditions identical to those used in Example 2 except AlEtCl.sub.2 was
      used in place of AlEtCl.sub.2. In Example 2, the introduction sequence of
      components were: 1. monomer (i.e., sytrene), 2. catalyst (i.e., AlEt.sub.2
      Cl) and 3. cocatalyst (i.e., chlorobutyl). When this experiment was
      carried out with AlEtCl.sub.2 and the AlEtCl.sub.2 was introduced into the
      styrene charge at -50.degree.C. immediate and vigorous polymerization
      occurred and large amounts of polystyrene formed. It was useless to add to
      this system the chlorobutyl solution because the styrene monomer had
      already been largely consumed n the homopolymerization reaction.
      Consequently, this system only yielded a mixture of two homopolymers,
      homopolystyrene and unchanged chlorobutyl.
PAR  In another run with AlEtCl.sub.2 the styrene and chlorobutyl were mixed in
      a common solvent and to this solution the AlEtCl.sub.2 catalyst was added.
      Thus, 3.5 g styrene in 350 ml n-hexane and 10 g chlorobutyl in 200 ml
      n-hexane were mixed and equilibrated at -50.degree.C. Then 0.35 ml
      AlEtCl.sub.2 catalyst in 10 ml n-hexane was introduced gradually.
      Immediately polymerization started and the temperature rose to
      -46.5.degree.C. After 30 minutes of stirring the reaction was terminated
      with a small amount of methanol, and the reaction mixture was exhaustively
      extracted with acetone. The acetone extracts gave 21.3 g product which on
      infrared analysis was found to be pure homopolystyrene, having a number
      average molecular weight of 4,188. The acetone insoluble material was
      extracted with toluene yielding 8.7 g toluene soluble and 7.4 g toluene
      insoluble cross-linked gel. Both the toluene soluble and insoluble
      materials contained chlorobutyl and polystyrene species separately.
PAR  The toluene soluble fraction (8.2 g) was a white powdery product which on
      compression molding under the conditions described in Example 2 resulted
      in strongly hazy and very brittle films which tenaciously adhered to the
      aluminum foil used in the mold of the press. Due to the brittleness of the
      sample, it was impossible to handle it without breaking and no physical
      testing could be carried out. The haze and cloudiness of the films were a
      distinct indication of an inhomogeneous material, i.e., individual and
      separate homopolystyrene and chlorobutyl species in the product.
PAR  In an effort to improve the physical properties of this product, the
      toluene soluble fraction was separated into two fractions by extraction
      with methyl ethyl ketone. Both the methyl ethyl ketone soluble (3.85 g)
      and insoluble (4.01 g) fractions were white powders which on compression
      molding again gave brittle and hazy films strongly adhering to the
      aluminum foil.
PAR  The melting properties of the toluene and methyl ethyl ketone soluble
      fraction were investigated on a hot stage microscope. The following
      observations were made:
TBL  Temperature .degree.C.                                                    

                 Observations                                                  

     ______________________________________                                    

     76          Part slightly compresses under pressure                       

     82          Partly compresses under pressure                              

     95          Most compresses under pressure                                

     103         Compression progressing under pressure                        

     111         Softer, still dark on edges                                   

     115         Plastic, still dark on edges                                  

     130         Soft plastic, clear throughout                                

     137         Flows under pressure                                          

     ______________________________________                                    

PAR  The toluene soluble, methyl ethyl ketone insoluble fraction (4.0l g) was a
      white powder. On compression molding, hazy and brittle films were obtained
      whose physical properties were completely unacceptable.
PAR  The toluene insoluble fraction (7.4 g) was also a powdery material.
      Compression molding attempts failed and cloudy, inhomogeneous brittle
      films were obtained.
PAR  These experiments demonstrate that none of the fractions obtained from
      polymers prepared with AlEtCl.sub.2 catalyst containing polystyrene and
      chlorobutyl gives acceptable physical properties.
PAR  A similar series of experiments were carried out with AlCl.sub.3 catalyst.
      If the sequence of introduction of components is: 1. monomer, 2. catalyst
      and 3. cocatalyst, the monomer immediately polymerizes on AlCl.sub.3
      catalyst addition and homopolymer (i.e., homopolystyrene) is formed.
PAR  Thus, the experiment with AlCl.sub.3 can be only carried out by introducing
      the catalyst last which severly limits the flexibility of the process. In
      addition, the physical properties of the products obtained in this manner
      with AlCl.sub.3 were completely unsatisfactory and unacceptable.
PAR  Another factor which severely limits the scope of the process with
      AlCl.sub.3 is due to the insolubility of AlCl.sub.3 in hydrocarbon
      solvents. In other words, the AlCl.sub.3 must be dissolved in methyl
      chloride or ethyl chloride, etc. to render it usable at all.
PAR  However, in contrast to hydrocarbon solvents which readily dissolve
      chlorobutyl, chlorobutyl is largely insoluble in methyl chloride; is
      sparingly soluble in ethyl chloride, which fact again strongly limits the
      applicability of the process with AlCl.sub.3.
PAR  Keeping in mind the above limitation, reaction conditions were worked out
      to establish the most favorable conditions for a polymerization trial
      using AlCl.sub.3 as the catalyst.
PAR  A charge consisting of 39 ml (35.4 g) of styrene in 350 ml ethyl chloride
      and 10 g chlorobutyl in 200 ml ethyl chloride was mixed and stirred at
      -11.degree.C. The temperature could not be lowered below -11.degree.C.
      because of the insolubility of chlorobutyl in the system. The catalyst
      solution was 11 ml of a 4 percent AlCl.sub.3 solution in ethyl chloride
      (containing 0.45 g or 3.4 .times. 10.sup.-.sup.3 mole dissolved
      AlCl.sub.3). The reaction was started by adding the AlCl.sub.3 solution to
      the charge. The temperature rose to -2.degree.C. indicating the onset of
      the polymerization of styrene. After 30 minutes of stirring the reaction
      was terminated by the introduction of methanol. The product was extracted
      with acetone, precipitated into methanol, filtered and dried. Acetone
      removed 17.2 g product, which was substantially pure polystyrene, having a
      molecular weight of 4,383. The acetone insoluble product was dissolved in
      toluene. Most of the product dissolved in toluene (only 0.462 g toluene
      insoluble gel was recovered) and the toluene soluble fraction was found to
      be soluble in methyl ethyl ketone also.
PAR  The latter fraction was a powdery, off white product. Its melting
      properties were investigated on a hot stage microscope. The following
      observations were made:
TBL  Temperature .degree.C.                                                    

                 Observations                                                  

     ______________________________________                                    

     100         Compresses under pressure                                     

     102         Clearing, softening                                           

     107         Clear when compressed                                         

     110         Soft plastic                                                  

     119         Clear soft plastic, does not flow                             

     130         Clear soft plastic, does not flow                             

     140         Very soft plastic                                             

     148         Liquid                                                        

     ______________________________________                                    

PAR  Attempts were made to compression mold the methyl ethyl ketone and toluene
      soluble product, however, only very brittle and hazy films and pads were
      obtained which strongly adhered to the aluminum foil. The physical
      properties of these specimens could not be determined because of the
      extreme brittleness of the materials.
PAC  EXAMPLE 17
PAC  Grafting Isobutylene Onto Neoprene
PAR  The purpose of this experiment was to graft isobutylene onto neoprene
      (polychloroprene). To 20 ml isobutene at -10.degree.C. there was added
      0.25 ml (10 drops, 0.002 moles) AlEt.sub.2 Cl. As expected, no reaction
      occurred. After 6 minutes of agitation at -10.degree. there was introduced
      0.473 g neoprene in 10 ml chlorobenzene (5 percent neoprene in
      chlorobenzene) solution. The system immediately turned yellow and the
      temperature increased to +20.degree.C. The isobutene started to boil for a
      short while. Twenty minutes after the neoprene addition, the reaction was
      terminated by introducing methanol. The white, rubbery product was washed
      with methanol and dried in a vacuum oven at 50.degree.C. Yield 5.955 g.
      The product was extracted with 200 ml refluxing n-pentane for 24 hrs.,
      centrifuged, washed with n-pentane. Neoprene is insoluble in n-pentane
      whereas polyisobutene is readily soluble in this solvent. The result was:
      pentane insoluble fraction 0.580 g; pentane soluble fraction, after
      precipitation in methanol, drying, etc., 5.282 g. Both fractions were
      analyzed by infrared spectroscopy. The pentane insoluble fraction showed
      60 wt. percent neoprene and 40 wt. percent polyisobutene whereas the
      pentane soluble fraction shows 7 wt. percent neoprene and 93 wt. percent
      polyisobutene. These data show that extensive grafting occurred and that a
      small amount of neoprene rich (polyisobutylene poor) and a relatively
      large amount of neoprene poor (polyisobutylene rich) graft copolymer was
      obtained.
PAC  EXAMPLE 18
PAC  Grafting Isobutene Onto Neoprene
PAR  In this embodiment 5 ml isobutene and 10 ml chlorobenzene were stirred in
      the presence of 0.1 ml (0.0008 mole) AlEt.sub.2 Cl at -50.degree.C. To
      this quiescent solution 0.166 g neoprene in 10 ml chlorobenzene (1.66%
      neoprene) solution was added. Immediately after the mixing of these
      components the temperature of the system started to rise until it reached
      -10.degree.C.; yellow color developed, and the viscosity started to
      increase. About 11 minutes later, the reaction was terminated by
      introducing cold methanol containing a small amount of .beta.-phenyl
      naphthylamine stabilizer. The product was dissolved in chlorobenzene and
      reprecipitated into methanol. A portion of the methanol insoluble product
      was extracted with refluxing n-pentane and 0.792 g white, rubbery material
      was obtained which on infrared analysis showed 9 w. percent neoprene and
      91 wt. percent polyisobutene. The other portion of the methanol insoluble
      product 2.377 g was not extracted with pentane; it was only washed several
      times with methanol. The latter product was also analyzed by infrared
      spectroscopy which showed the presence of 7 wt. percent neoprene and 93
      wt. percent polyisobutylene. This experiment showed that when the grafting
      is carried out at relatively low temperatures, an essentially homogeneous
      soluble graft copolymer is obtained which consists of .about.8 percent
      neoprene backbone and .about.92 percent polyisobutene branches.
PAC  EXAMPLE 19
PAC  Grafting Isobutylene Onto Neoprene
PAR  In this experiment 150 ml isobutene in 300 ml ethyl chloride solution was
      stirred in the presence of 3 ml (2.87 g or 0.23 mole) AlEt.sub.2 Cl
      catalyst at -78.degree.C. To this system a 4.2 g neoprene in 600 ml ethyl
      chloride solution was introduced at -78.degree.C. After 15 minutes of
      stirring, the temperature slowly rose to -77.degree.C. and after another
      33 minutes, it rose to -76.degree.C. After 37 minutes of stirring the
      content of the reactor suddenly became rather viscous and the temperature
      rose to -74.degree.C. At this point the reaction was terminated by
      introducing chilled methanol containing .beta.-phenyl naphthylamine, and
      the product was transferred into 1 of n-pentane. After exhaustive
      extraction in 1.5 1 pentane, filtration from a small amount of ash (0.135
      g), precipitation into methanol containing .beta.-phenyl naphthylamine and
      drying in a vacuum oven at 50.degree.C. yield was 30.5 g white, rubbery
      product. Infrared analysis indicated 6 wt. percent neoprene backbones and
      94 wt. percent polyisobutene branches. Differential refractometry
      confirmed this analysis showing 5.5 wt. percent neoprene and 94.5 wt.
      percent polyisobutene.
PAR  This graft copolymer was subsequently cured using the following recipe (in
      parts): product 100, stearic acid 0.5, phenyl - .alpha.-naphthylamine 2.0,
      MgO 2,0, ZnO 5.0 and 2-mercapto imidazoline 0.5. The blends were
      compounded on a cold mill and cured for 20 and 60 minutes at 307.degree.F.
      to give satisfactorily cured pads.
PAC  EXAMPLE 20
PAC  Grafting Butyl Rubber Onto Neoprene
PAR  These experiments demonstrate that a copolymer branch can be grafted onto a
      backbone polymer. Thus, butyl rubber, a copolymer of isobutylene and
      isoprene was grafted onto neoprene.
PAR  A charge was prepared consisting of 142.5 ml isobutylene and 7.5 ml
      isoprene in 300 ml ethyl chloride and 3 ml (2.87 g or 0.23 mole)
      AlEt.sub.2 Cl catalyst and stirred at -78.degree.C. in the dry box under
      nitrogen atmosphere. The cocatalyst solution was 5 g Neoprene WRT
      (commercial product, thrice dissolved in chloroform and reprecipitated
      into methanol) dissolved in 720 ml ethyl chloride. The grafting reaction
      was started by introducing 600 precooled neoprene "cocatalyst" solution
      (containing 4.2 neoprene) into the quiescent charge at -78.degree.C. The
      system became cloudy immediately upon the introduction of neoprene
      solution and the temperature rose to -76.degree.C. The reaction was
      terminated 76 minutes after neoprene solution addition by introducing 20
      ml methanol containing a small amount (about 0.1 g) of .beta.-phenyl
      naphthylamine stabilizer. During the course of the reaction, several small
      aliquot samples were withdrawn to constantly check the solubulity of the
      product. After termination with methanol the product was poured into a 5 1
      vessel and contacted with a mixture of 1500 ml n-pentane and 1500 ml
      n-heptane. A cloudy solution was obtained. Filtration was attempted but
      the cloudy solution went through the filter paper. The solubility of this
      cloudy solution was tested by dissolving a 10 ml aliquot in a small amount
      of toluene. A clear solution was obtained. These facts indicate that the
      neoprene which per se is completely insoluble in normal aliphatic
      hydrocarbons, e.g., n-pentane or n-heptane, was solubilized by the pentane
      soluble butyl chains attached to it. When the cloudy graft solution was
      contacted with toluene, which is a good solvent for both components, i.e.,
      neoprene and butyl, a clear system was obtained.
PAR  Then the entire cloudy graft solution was reprecipitated into .about.9000
      ml acetone, let settle, decanted, washed with acetone, collected, and
      dried in a vacuum oven at 50.degree.C. Weight: 36.5 g rubbery product.
      Repeated solubility tests show that the rubber was soluble in ortho chloro
      toluene, toluene and gave a cloudy solution in n-heptane indicating the
      presence of graft copolymer.
PAR  The following control experiments as correlaries to Example 20 were carried
      out:
PAR  (A) Butyl control. When 3 ml of a feed containing 2.43 ml isobutylene and
      0.67 ml isoprene was stirred in 18 ml ethyl chloride in the presence of
      0.06 ml AlEt.sub.2 Cl at -78.degree.C. no reaction occurred even after 2
      hours of stirring at this temperature. This control experiment indicates
      that the AlEt.sub.2 Cl catalyst alone is inactive.
PAR  (B) Neoprene control. 12 ml Neoprene solution in ethyl chloride containing
      0.0835 g. neoprene was diluted with 9 more ml of ethyl chloride solvent
      and stirred in the presence of 0.06 ml AlEt.sub.2 Cl. No crosslinking,
      i.e., gelation occurred even after 2 hours at -78 .degree.C. However,
      gelation occurred in the presence of AlEtCl.sub.2.
PAC  EXAMPLE 21
PAC  Grafting Styrene Onto Neoprene
PAR  This example and example 22 show that graft copolymers can be obtained with
      polystyrene branches on neoprene backbones.
PAR  A charge was prepared of 5 ml styrene in 15 ml ethyl chloride and stirred
      in the presence of 0.1 ml (0.096 g or 0.0008 mole) AtEt.sub.2 Cl at
      -50.degree.C. The grafting reaction was started by introducing a precooled
      solution of 0.125 g. neoprene in 20 ml ethyl chloride. Immediately upon
      contacting the solutions the content of the reactor started to get more
      viscous and the temperature started to climb until after 3 minutes it
      reached -30.degree.C. At this point, the reaction was terminated by
      introducing 500 mls of methanol. A white polymer settled out. The product
      was soluble in toluene and methyl ethyl ketone. The methanol was decanted
      and the product was extracted with acetone and washed with acetone. The
      acetone soluble fraction was 0.149 g white, powdery product,
      homopolystyrene. The rest of the product 3.124 g was completely soluble in
      methyl ethyl ketone.
PAR  Since neoprene is insoluble in methyl ethyl ketone (whereas polystyrene is
      readily soluble in this solvent) this solubility characteristic indicates
      the presence of a graft copolymer.
PAC  EXAMPLE 22
PAC  Grafting Styrene Onto Neoprene
PAR  Example 21 was repeated with larger amounts of materials. Thus, a charge of
      55 ml (50 g) styrene in 200 ml ethyl chloride and 0.5 ml (0.48 g or 0.004
      mole) AlEt.sub.2 Cl catalyst was stirred at -50.degree.C. A grafting
      reaction was initiated by introducing a solution of 5 g neoprene in 200 ml
      ethyl chloride. Immediately after the introduction of the latter solution,
      the temperature rose to -36.degree.C. and the content of the reactor
      became very viscous. The reaction was terminated by introducing a few mls
      of methanol containing 0.1 g .beta.-phenyl naphthylamine stabilizer and
      then pouring the entire mixture into 2000 ml acetone. Acetone extraction
      yielded 8.924 g white powder which was homopolystyrene. The rest was
      dissolved in 700 ml methyl ethyl ketone, centrifuged from some insoluble
      material, precipitated in methanol and dried; 29.2 g fluffy, solid product
      was recovered. The methyl ethyl ketone insoluble centrifuged product was
      dissolved in chlorobenzene, precipitated into methanol and dried: 9.6  g
      of product was obtained.
PAC  EXAMPLE 23
PAC  Grafting Chloroprene Onto Chlorobutyl Rubber
PAR  In this and subsequent experiments, chloroprene was grafted onto
      chlorobutyl backbones. A charge was prepared of 1.5 ml freshly distilled
      chloroprene (2-chloro-1,3-butadiene) in 50 ml n-hexane and stirred in the
      presence of 0.17 ml (0.15 g or 0.0012 moles) AlEt.sub.2 Cl catalyst at
      -10.degree.C. To start the reaction, a solution of 2.52 g chlorobutyl in
      45 ml n-hexane at -10.degree.C. was added to this quiescent system. Upon
      introduction of the chlorobutyl solution the system turned yellow and the
      color deepened in the course of the reaction. After 257 minutes of
      stirring, the reaction was terminated by introducing methanol containing
      .beta.-phenyl naphthylamine stabilizer. The graft copolymer was recovered
      from the methanol and dried in a vacuum oven at 40.degree.C. The product,
      2.711 g white, rubbery material was completely soluble in toluene.
PAC  EXAMPLE 24
PAC  Grafting Chloroprene Onto Chlorobutyl Rubber
PAR  In this experiment, a solution of 7.2 g chloroprene in 50 ml n-hexane was
      stirred in the presence of 0.33 ml (0.32 g or 0.0025 moles) AlEt.sub.2 Cl
      catalyst at -50.degree.C. To this system a solution of 7.2 g chlorobutyl
      in 150 ml n-hexane solution was added to initiate reaction. The system
      became yellow. The reaction was terminated 31 minutes after chlorobutyl
      solution addition. In the course of the reaction, numerous samples were
      withdrawn to check the solubility of the system and for other purposes.
      Thus, after working with methanol and drying, only 6.590 g of a rubbery
      product was recovered. Of this product 5.576 g was extracted with 250 ml
      n-hexane by stirring for 60 hours. The hexane soluble fraction was
      precipitated into methanol, dried in a vacuum oven at 50.degree.C. and
      weighed: 5.394 g white, rubbery product was recovered and analyzed for
      chlorine. Chlorine analysis indicated the presence of 2.70 wt. percent Cl.
      This indicates the presence of grafting since polychloroprene is insoluble
      in n-hexane, nevertheless the hexane soluble fraction recovered contained
      more chlorine than the chlorobutyl backbone used to initiate the graft
      copolymerization. Chlorine analysis of the original chlorobutyl indicated
      1.15 wt. percent Cl. Thus, the difference, 1.55 wt. percent Cl, was due to
      polychloroprene branches in the product. Monomeric chloroprene could not
      be entrapped in the rubber because it was recovered by reprecipitation
      into methanol and dried in a vacuum oven at 50.degree.C. The boiling point
      of chloroprene monomer is very low (59.4.degree.C.)
PAR  The presence of polychloroprene branches in the hexane soluble rubber was
      also indicated by the increased iodine numbers as compared to the
      chlorobutyl starting material. Thus, the hexane soluble graft copolymer
      showed an iodine number of 10.28 whereas the iodine number of the
      chlorobutyl used to initiate the grafting reaction was only 7.54.
PAC  EXAMPLE 25
PAC  Grafting Chloroprene Onto Chlorobutyl Rubber
PAR  The charge, 7.5 ml (7.2 g) chloroprene in 50 ml n-hexane in the presence of
      0.33 ml (0.32 g or 0.0025 moles) AlEt.sub.2 Cl, was stirred at
      -40.degree.C. To this system a precooled solution of 7.5 g chlorobutyl in
      150 ml hexane was introduced. The system immediately became yellow. The
      reaction was terminated after 30 minutes of stirring by introducing
      methanol containing a stabilizer. In the course of the reaction, numerous
      samples were withdrawn for analytical purposes and to check the
      solubilities. All the samples were soluble in toluene. After washing the
      product thoroughly in methanol the polymer product was extracted with
      n-hexane and after reprecipitation in methanol and drying in vacuum at
      50.degree.C. a total of 5.730 g hexane soluble material was recovered.
      This product was analyzed for chlorine. The analysis showed the presence
      of 1.91 wt percent Cl. The chlorobutyl used to initiate the grafting
      reaction contained 1.40 wt. percent Cl. These data indicated grafting
      since polychloroprene is insoluble in n-hexane, however, the hexane
      soluble fraction contained 0.51 wt. percent more chlorine than the
      original chlorobutene introduced. Iodine number analysis also corroborated
      the presence of graft copolymer. Thus, whereas the iodine number of the
      original chlorobutyl was 7.93, the iodine number of the hexane soluble
      product was 10.66. Finally, the intrinsic viscosity of chlorobutyl in
      diisobutylene solution was 1.247 corresponding to a viscosity average
      molecular weight of 371,500, the intrinsic viscosity of the hexane soluble
      graft copolymer under the same conditions was 1.536 corresponding to a
      viscosity average molecular weight of 515,000.
PAC  EXAMPLE 26
PAC  Polymer Degradation Studies
PAR  A series of experiments were carried out with the AlCl.sub.3, AlEtCl.sub.2,
      AlEt.sub.2 Cl, AlEt.sub.3 catalyst series to (a) to study polymer, e.g.,
      chlorobutyl, and butyl degradation and (b) to distinguish AlEt.sub.2 Cl
      and AlEt.sub.3 from the conventional AlEtCl.sub.2 and AlCl.sub.3
      catalysts. Briefly, it was found that under these experimental conditions,
      AlEtCl.sub.2 and AlCl.sub.3 severely and immediately degraded chlorobutyl,
      whereas AlEt.sub.2 Cl was much milder and under suitable reaction
      conditions dis not degrade chlorobutyl. AlEt.sub.3 did not degrade
      chlorobutyl at all.
PAR  The experimental procedure was as follows: A 5 wt. percent chlorobutyl or
      butyl rubber solution was prepared in n-hexane and stirred at the selected
      temperature (e.g., -10 or -50.degree. C.) in the dry-box under nitroger
      atmosphere. The precooled catalyst solution was introduced at 0 minute and
      aliquots of samples were removed 1/2, 1, 2, 3, 5, 10, 15, 20 and 30
      minutes after catalyst introduction. The amount of catalyst added was
      calculated to correspond to a 1:1 stoichiometric ratio i.e., 1 mole of
      catalyst was added per atom of chlorine in chlorobutyl and the same
      quantity of catalyst was added to the butyl solutions as well. The aliquot
      (withdrawn) samples were introduced into test tubes containing methanol to
      terminate degradation and to precipitate the polymer. After drying, the
      molecular weights were determined.
PAR  Butyl rubber was not degraded at all in the presence of AlEt.sub.2 Cl
      catalyst at -10.degree. or -50.degree.C. However, severe molecular weight
      degradation occurred under essentially identical experimental conditions
      in the presence of AlEtCl.sub.2 at -10.degree. and -50.degree.C.
PAR  FIG. 2 shows experiments carried out with chlorobutyl. As the figure
      indicates, chlorobutyl did not degrade at all in the presence of
      AlEt.sub.3 at -10.degree.C. Little degradation occurred with AlEt.sub.2 Cl
      at -50.degree.C. In contrast, chlorobutyl very severely degraded in the
      presence of AlEt.sub.2 Cl at -10.degree.C. and in the presence of
      AlEtCl.sub.2 and AlCl.sub.3 at -50.degree. and at -10.degree.C.
PAR  These experiments show that under suitable conditions, little, if any,
      degradation occurs with the catalysts of the invention used in graft
      copolymerization. However, in the presence of conventional Friedel-Crafts
      catalysts, e.g., AlCl.sub.3, AlEtCl.sub.2 severe molecular weight
      breakdown occurs and even if grafting would be possible with these
      catalysts, the backbones would be severely damaged resulting in much
      inferior products.
PAR  Although the invention has been described with some degree of
      particularity, it will be understood that variations and modifications can
      be made therein without departing from the spirit of the invention as
      hereinafter claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A graft polymer comprising a cationically polymerizable monomer grafted
      to a halogen containing polymer backbone wherein said halogen containing
      polymer is a substantially saturated polymer containing before grafting at
      least 0.01 mole % reactive halogen, said monomer being polymerized and
      grafted to the backbone at the original location of said reactive halogen.
NUM  2.
PAR  2. The composition of claim 1 wherein the reactive halogen is chlorine or
      bromine.
NUM  3.
PAR  3. The composition of claim 1 wherein the polymer is a polyvinyl halide,
      polyvinylidene halide, halogenated polyethylene, halogenated
      polypropylene, halogenated poly-t-butylstyrene or halogenated polyvinyl
      toluene.
NUM  4.
PAR  4. The composition of claim 1 wherein the cationically polymerizable
      monomer is propene isobutene, 1-pentene, 2-ethyl-1-hexene, butadine,
      isoprene, chloroprene, dimethylbutadiene, piperylene, cyclopentadiene,
      cyclohexadiene, beta-pinene, styrene, t-butylstyrene, alpha-methylstyrene,
      p-chlorostyrene or methylene norbornene.
NUM  5.
PAR  5. A graft polymer comprising a cationically polymerizable monomer grafted
      to a polymer backbone wherein said polymer is polychloroprene, halogenated
      polyisoprene, halogenated polybutadiene, halogenated polypropylene or
      halogenated butyl rubber; said polymer containing in its structure at
      least 0.01 mole percent of a reactive halogen and said monomer is propene,
      1-pentene, 2-ethyl-1-hexane, butadiene, isoprene, chloroprene,
      dimethylbutadiene, piperylene, cyclopentadiene, beta-pinene or methylene
      norborene; said monomer being polymerized and grafted to the backbone at
      the original location of said halogen.
NUM  6.
PAR  6. A graft copolymer according to claim 1 wherein said monomer is styrene
      and said polymer is chlorinated ethylene propylene rubber.
NUM  7.
PAR  7. A graft copolymer according to claim 1 wherein said monomer is
      isobutylene and said polymer is chlorinated ethylene propylene rubber.
NUM  8.
PAR  8. A graft copolymer according to claim 1 wherein said monomer is styrene,
      isobutylene, 1-pentene, 2-ethyl-1-hexene, butadiene, isoprene,
      chloroprene, dimethylbutadiene, piperylene, cyclopentadiene,
      cyclooxadiene, beta-pinene, methylene norbornene and ethylene norborene.
NUM  9.
PAR  9. The graft copolymer of claim 8 wherein the monomer is butadiene and the
      polymer is polyvinylchloride.
NUM  10.
PAR  10. A process for preparing a graft copolymer which comprises reacting a
      cationically polymerizable monomer selected from the group consisting of
      styrene, .alpha.methyl styrene; p-chlorostyrene, isobutene, propene,
      1-pentene, vinylalkyl ether and 2-ethyl-1-hexene with a reactive halogen
      containing, substantially saturated, hydrocarbon polymer having at least
      six repeating monomer units in the presence of a catalyst consisting
      essentially of a compound having the general formula AlM.sub.2 R wherein M
      is a C.sub.1 to C.sub.12 alkyl radical and R is M, hydrogen or halogen,
      wherein said polymer is the backbone of said graft copolymer, said
      reaction being carried out on an inert solvent at a temperature of about
      -90.degree. to about +70.degree.C.
NUM  11.
PAR  11. The process of claim 10 wherein the polymer is polyvinyl chloride,
      polyvinylidene chloride, polyvinyl bromide, polyvinyl fluoride,
      halogenated polyethylene, halogenated polypropylene, or halogenated
      ethylene propylene rubber.
NUM  12.
PAR  12. The process of claim 10 wherein the polymer contains at least 0.01 mole
      percent halogen.
NUM  13.
PAR  13. The process of claim 10 wherein the polymer contains at least 0.1 mole
      percent halogen.
NUM  14.
PAR  14. The process of claim 10 wherein the polymer is polyvinyl chloride, or
      halogenated ethylene propylene rubber.
NUM  15.
PAR  15. The process of claim 10 wherein the catalyst is AlR.sub.3 or AlR.sub.2
      X wherein R is a straight chain C.sub.1 -C.sub.12 alkyl group and X is
      halogen.
NUM  16.
PAR  16. The process of claim 15 wherein the catalyst is diethyl aluminum
      chloride or triethyl aluminum.
NUM  17.
PAR  17. A process of preparing a graft copolymer which comprises reacting a
      cationically polymerizable monomer selected from the group consisting of
      styrene, .alpha.methyl styrene, t-butylstyrene, p-chlorostyrene,
      isobutylene, 1-pentene, 2-ethyl-1-hexene, butadiene, isoprene,
      chloroprene, dimethylbutadiene, piperylene, cyclopentadiene,
      cyclohexadiene, beta-pinene and methylene norbornene with a reactive
      halogen containing substantially saturated hydrocarbon polymer wherein
      said polymer is polyvinyl chloride, polyvinyllidene chloride, polyvinyl
      bromide, polyvinyl floride, halogenated polyethylene, halogenated
      polypropylene, halogenated ethylene-propylene rubber, halogenated
      poly-t-butylstyrene or halogenated polyvinyl toluene in the presence of a
      catalyst consisting essentially of a compound having the general formula
      AlM.sub.2 R wherein M is a C.sub.1 -C.sub.12 alkyl radical and R is M,
      hydrogen or halogen, wherein said polymer is the backbone of said graft
      copolymer, said reaction being carried out at at temperature of about
      -90.degree. to about +70.degree.C.
NUM  18.
PAR  18. The process of claim 17 wherein the catalyst is AlR.sub.3 or AlR.sub.2
      X wherein R is a C.sub.1 -C.sub.12 straight chain alkyl group and X is a
      halogen.
NUM  19.
PAR  19. The process of claim 18 wherein the catalyst is triethyl aluminum or
      diethyl aluminum chloride.
NUM  20.
PAR  20. A graft copolymer comprising a cationically polymerizable monomer
      selected from the groups consisting of styrene, methyl styrene,
      p-chlorostyrene, isobutylene, 1-pentene, 2-ethyl-1-hexene, isoprene,
      chloroprene butadiene, dimethyl butadiene, piperylene cyclopentadiene,
      beta-pinene and methylene norbornene with a reactive halogen containing
      polymer wherein said polymer is polychloroprene, halogenated polyisoprene,
      halogenated polybutadiene, halogenated polypiperylene and halogenated
      butyl rubber said cationically polymerizable monomer being polymerized and
      grafted to the polymer at the original location of said halogen.
NUM  21.
PAR  21. A graft copolymer according to claim 20 wherein said monomer is
      chloroprene and said polymer is chlorinated butyl rubber.
NUM  22.
PAR  22. A graft copolymer according to claim 20 wherein said monomer is
      parachlorostyrene and said polymer is chlorinated butyl rubber.
NUM  23.
PAR  23. A graft copolymer according to claim 20 wherein said monomer is alpha
      methyl styrene and said halogenated polymer is chlorinated butyl rubber.
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ABST
PAL  This invention relates to a process for the manufacture of graft copolymers
      based on methyl methacrylate polymers. The methyl methacrylate polymer is
      reacted with a high molecular weight organic compound containing at least
      one alkylene oxide unit having an alkali metal alcoholate end group,
      during which reaction transesterification occurs to eliminate alkali metal
      methoxide and cause chain joining. The graft copolymers may be used for
      the production of shaped articles or coating compositions and as
      additives, antistatic agents or adhesion promoters for plastics materials.
BSUM
PAR  Polymers containing methyl methacrylate units and polyalkylene oxide groups
      are transparent, tough plastics materials. They may be prepared, for
      example, by the method described in German Published Application No.
      2,023,303 involving copolymerization of methyl methacrylate with
      unsaturated esters of polyalkylene oxides. This method, however, requires
      prior manufacture and purification of the esters, this being a very
      complicated operation.
PAR  It is an object of the invention to provide a simple process for the
      manufacture of said polymers.
PAR  It is further object of the invention to manufacture polymers in which
      diolefin polymers are combined with methyl methacrylate polymers in order
      to combine the high elasticity of the polydiolefin with the good optical
      properties of polymethyl methacrylate. Such polymers can be manufactured
      only at very poor yields if attempts are made to effect direct grafting of
      anionically polymerized polybutadiene to the living chain end of the
      polymethyl methacrylate. Free-radical grafting of methyl methacrylate onto
      polybutadiene gives non-transparent products.
PAR  We have now found that graft copolymers based on methyl methacrylate
      polymers may be manufactured in a simple manner by reacting a polymer of
      methyl methacrylate (A) containing at least 10% by weight of polymerized
      units of methyl methacrylate with a high molecular weight organic compound
      (B) containing at least one alkylene oxide unit having an alkali metal
      alcoholate end group and also optionally containing polymer blocks of
      diolefin and/or vinyl aromatic units, said reaction being carried out in
      an anhydrous inert organic solvent.
PAR  The component A is a methyl methacrylate polymer containing at least 10%
      and preferably more than 25% by weight of polymerized units of methyl
      methacrylate. It may contain usual comonomers such as acrylates or
      methacrylates of alcohols having from 1 to 8 carbon atoms in the alkyl
      radical, acrylonitrile and methacrylonitrile, and also styrene or diene
      monomers. In the reaction of the invention, the methyl methacrylate
      polymer is used as a solution in an anhydrous inert solvent. This solution
      may be prepared, for example, by dissolving polymethyl methacrylate in
      toluene or tetrahydrofuran. The traces of water contained in the
      polymethyl methacrylate must be removed thoroughly. Alternatively, the
      methyl methacrylate polymer may be manufactured by solution
      polymerization, in which case the resulting solution will be used
      directly. This polymerization may be initiated ionically or with free
      radicals. In the case of ionic polymerization, initiators which are
      suitable include lithium alkyl such butyl lithium or addition complexes of
      alkali metals such as cumyl potassium, naphthalene potassium and
      tetrameric .alpha.-methylstyrene dipotassium. Suitable free-radical
      initiators are the usual peroxides and azo compounds. Suitable solvents in
      both cases are hydrocarbons such as benzene, toluene and ethyl benzene,
      whilst in the case of ionic polymerizations use may also be made of ethers
      such as diethyl ether, dioxane and tetrahydrofuran.
PAR  Component B is a high molecular weight organic compound containing at least
      one alkylene oxide unit having an alkali metal alcoholate end group and
      also optionally containing polymer blocks of diolefin and/or vinyl
      aromatic units.
PAR  In the simplest case it is a polyalkylene oxide, preferably polyethylene
      oxide or polypropylene. In this case it should have a degree of
      polymerization of at least approximately 100. It is prepared in known
      manner by polymerization of ethylene oxide of propylene oxide in,
      preferably, polar solvents with addition complexes of sodium or potassium
      with for example .alpha.-methylstyrene, naphthalene, diphenyl, stilbene or
      other fused ring systems. These initiators have a difunctional action and
      give polymers having two living chain ends. Initiators having a
      monofunctional action are for example cumyl potassium, phenyl potassium
      and benzyl potassium. The initiators are generally used in amounts of from
      0.001 to .5% by weight. Particularly suitable solvents are ethers.
      Alternatively, polymerization may - particularly where initiators having a
      monofunctional action are used - be carried out in non-polar hydrocarbon
      solvents. The polymerization temperature is generally between -120.degree.
      and +70.degree.C.
PAR  Component B may also consist of block copolymers of polyalkylene oxide as
      one block with diolefin and/or vinyl aromatic polymers as the other block.
      Such block copolymers may be prepared for example as described in U.S.
      Patent 3,050,511 or German Patent Application No. P 2,230,277 (now German
      Laid-Open Application Dos. 2,230,277) filed May 13, 1970 by polymerizing
      butadiene or styrene either alone or together, or one after the other,
      using the said alkali metal addition complexes as initiators, whereupon
      ethylene oxide is added to the living chain end. Where butadiene is used,
      there are produced polybutadiene blocks having a relatively high content
      of 1,2-vinyl double bonds.
PAR  If organolithium compounds are used in the manufacture of the diolefin
      polymers or vinyl aromatic polymers, no block copolymers are formed in the
      reaction with ethylene oxide, as the growth rate of the ethylene oxide
      polymerization is very low in this case. Thus an alcoholate group tends to
      be formed at the chain end due to addition of one ethylene oxide unit.
      Consequently, this method also falls within the scope of the present
      invention. Where butadiene is used, there are formed polybutadiene blocks
      having a high content of 1,4 double bonds, provided polymerization is not
      carried out in polar solvents.
PAR  Depending on whether monofunctional or difunctional initiators are used in
      the manufacture of such block copolymers, the resulting polymers have one
      or two living chain ends. In all cases the resulting polymers are high
      molecular weight organic compounds containing one or two alkali metal
      alcoholate end groups. In the reaction of component A with component B
      according to the present invention, this end group reacts with an ester
      group of the methyl methacrylate polymer to cause transesterification and
      elimination of alkali metal methoxide and to cause joining of the two
      polymer chains. This transesterification is an equilibrium reaction which,
      due to the excess of ester groups, is shifted well over to the grafting
      side. This reaction is carried out by mixing the solutions containing
      components A and B, preferably at temperatures of between -50.degree. and
      +100.degree.C. The reaction may take place in a variety of ways:
PAR  If component B has only one alkali metal alcoholate end group, i.e. if it
      was prepared using initiators having a monofunctional action, then pure
      graft polymers are formed. These are britttle but, due to the freely
      mobile polyalkylene oxide chain, they are water-soluble.
PAR  If, however, the component B contains two alkali metal alcoholate end
      groups, i.e. if it has been prepared using initiators having a
      difunctional action, it can react with the methyl methacrylate polymer A
      at both ends, in which case complete grafting leads to crosslinking. The
      resulting products are tough and water-insoluble.
PAR  The degree of grafting may be varied by allowing the attack of of the
      living alkali metal alcoholate groups to take place on more than one ester
      group of the methyl methacrylate polymer. This will particularly be the
      case when the number of chains of component B in the reaction is greater
      than that of the chains of component A. In this way it is possible to
      product graft polymers in which a number of side chains B are grafted to a
      main chain A.
PAR  If, as explained above, organolithium compounds are used as initiators in
      the manufacture of the butadiene polymers, graft copolymers can be
      prepared which consist of
PAR  A. a main chain containing more than 25% and preferably more than 50% of
      polymerized units of methyl methacrylate and
PAR  B. at least one and preferably from two to twenty side chains per main
      chain, which side chains contain more than 25% and preferably more than
      50% of polymerized units of butadiene and having 1,4 configuration to the
      extent of from 75 to 95%.
PAR  In this case, if initiators having a difunctional action are used, there
      are obtained wholly or partially crosslinked graft copolymers in which
      some of the side chains form bridging chains between two main chains.
PAR  Following the reaction of the components, it is convenient to first stop
      the living chain ends by adding proton-active substances such as organic
      acids, e.g. acetic acid. The graft copolymers may then be precipitated
      from the solution with petroleum ether, where the alkylene oxide content
      is high, or with alcohol or water, where the alkylene oxide content is
      low. The graft copolymer is then isolated by filtration or by evaporation
      of the solvent.
PAR  The polymer chain A has a hydrophobic character, whilst the polyalkylene
      oxide blocks B are generally hydrophilic. By varying the ratio of
      components A to B, it is possible to adjust the combination of hydrophilic
      and hydrophobic properties in a desired manner. This forms the basis of a
      number of applications.
PAR  The graft copolymers of the invention may be used for the production of
      shaped articles or coating compositions. They are usually transparent and,
      when initiators having a difunctional action are used, they are also
      tough. They may be used as additives to a number of plastics materials.
      When monomeric organic compounds are polymerized in the presence of graft
      copolymers containing diene polymers, grafting may occur at the double
      bonds. In such polymer mixtures or graft polymers, the hydrophilic
      polyalkylene oxide blocks suppress static electrification. This fact may
      be utilized for example when rendering styrene or methyl methacrylate
      polymers antistatic and impact-resistant, in which case the antistatic
      agent will be present as an integral part of the polymer and thus will not
      be able to migrate or be dissolved out. Particularly advantageous is the
      low glass temperature of the diene polymer blocks having a high 1,4
      content, since such block copolymers are rubber-elastic over a wide
      temperature range.
PAR  Due to their high water absorption properties, the graft copolymers are
      suitable for use as coating materials on non-woven webs of fibrous
      material. They may also be used as adhesion promoters for bonding
      purposes, for example for bonding polystyrene and polymethyl methacrylate,
      or as compatibility promoters when blending various plastics. The
      combination of hydrophilic and hydrophobic properties makes the
      water-soluble graft copolymers suitable for use as surfactants, protective
      colloids or emulsifiers.
DETD
PAC  EXAMPLE 1
PAR  Grafting of monofunctionally living polyethylene oxide on polymethyl
      methacrylate
PAR  A. 1,500 ml of tetrahydrofuran (distilled over .alpha.-methylstyrene
      dipotassium) and 226 g of methyl methacrylate (distilled over calcium
      hydride) are placed in a vessel. This solution is mixed, at -40.degree.C,
      with 40 ml of a 0.5M solution of .alpha.-methyl-styrene dipotassium in
      tetrahydrofuran. Polymerization is complete after 1 hour and the molecular
      weight of the product is found to be 37,000 by measuring the viscosity.
PAR  B. 1,500 ml of tetrahydrofuran and 25 ml of cumyl potassium (as 0.5M
      suspension in cumene) are placed in a separate reaction vessel. 220 g of
      ethylene oxide (distilled over lithium butyl) are added at 0.degree.C and
      polymerization is then effected for 4 hours at 40.degree.C. There is
      obtained 100% conversion and the molecular weight of the product is 9,500.
PAR  C. The contents of the two vessels are mixed together. It is found that the
      molecular weight of the polymethyl methacrylate is approximately doubled
      after only 25 minutes at room temperature. The addition of methanol causes
      no further precipitation of polymethyl methacrylate. The grafting yield is
      substantially 100%. The graft copolymer is soluble in methanol and water
      and panels compression molded therefrom are transparent and brittle.
PAC  EXAMPLE 2
PAR  Grafting of difunctionally living polyethylene oxide on anionically
      polymerized polymethyl methacrylate
PAR  A. 1,500 ml of tetrahydrofuran and 320 g of methyl methacrylate are placed
      in a vessel and polymerization is effected at -40.degree.C by the addition
      of 30 ml of a 0.5M solution of tetrameric .alpha.-methylstyrene
      dipotassium, a conversion of 100% being obtained after 1 hour. The
      molecular weight is 37,000.
PAR  B. 1,500 ml of tetrahydrofuran and 60 ml of a 0.5M solution of tetrameric
      .alpha.-methylstyrene dipotassium in tetrahydrofuran are placed in a
      vessel and 310 g of ethylene oxide (distilled over butyl lithium) are
      added at 10.degree.C, whereupon polymerization is effected for 4 hours by
      heating at 40.degree.C. The molecular weight is 9,500.
PAR  C. The two solutions are mixed together at room temperature and stirred.
      After 1 hour there is obtained a soluble graft copolymer having a
      molecular weight of 150,000. This product crosslinks over the next few
      hours but is still readily meltable. Compression-molded panels made
      therefrom are transparent and very tough.
PAC  EXAMPLE 3
PAR  Grafting of difunctionally living polyethylene oxide on polymethyl
      methacrylate obtained by free-radical polymerization
PAR  A. 500 ml of toluene and 320 g of methyl methacrylate are polymerized at
      from 80.degree. to 90.degree.C for 6 hours by the addition of 1.0 g of
      azodiisobutyronitrile. The molecular weight is 42,000.
PAR  B. 200 ml of tetrahydrofuran and 60 ml of a 0.5M solution of
      .alpha.-methylstyrene dipotassium in tetrahydrofuran are placed in a
      vessel. 310 g of ethylene oxide are added at 10.degree.C and
      polymerization is effected for 4 hours at 40.degree.C. The molecular
      weight is 9,500.
PAR  C. These two solutions are mixed together at room temperature and stirred
      for 2 hours. The properties of the graft copolymer are the same as given
      in Example 2.
PAC  EXAMPLE 4
PAR  Grafting of living styrene/ethylene oxide 3-block copolymer on polymethyl
      methacrylate
PAR  A. 1,500 of tetrahydrofuran and 376 g of methyl methacrylate are placed in
      a vessel and polymerization is initiated at -40.degree.C by the addition
      of 6 ml of a 15% butyl lithium solution in hexane. Polymerization is
      complete after 1 hour and the molecular weight of the product is 80,000.
PAR  B. 1,500 ml of tetrahydrofuran and 80 ml of a 0.5M .alpha.-methylstyrene
      dipotassium solution in tetrahydrofuran are placed together in a vessel.
      136.5 g of styrene are then added at from 0.degree. to 30.degree.C,
      polymerization being complete after a few minutes. The molecular weight of
      the product is 8,500.
PAR  To this solution there are added 356 g of ethylene oxide and a conversion
      of 100% is achieved after from 4 to 5 hours at 40.degree.C. The resulting
      3-block copolymer has an ethylene oxide content of 73.5% by weight and a
      molecular weight of 29,000.
PAR  C. The two solutions are mixed together and stirred for several hours at
      room temperature. The molecular weight of the graft copolymer is found to
      be 210,000, the grafting yield being 100%. The degree of grafting is
      approximately 4, the theoretical maximum being 6. The degree of grafting
      can be forced to approximately 6 by heating the reaction, but this causes
      marked crosslinking and the products become insoluble. By degree of
      grafting we mean the ratio of the number of active ends of the living
      ethylene oxide polymer to the number of polymethyl methacrylate chains.
      For example, when 3 chains of ethylene oxide polymer having 2 active ends
      per methyl methacrylate chain are used, the maximum degree of grafting is
      6. The composition of the graft copolymer is as follows:
PAR  17% w/w of styrene,
PAR  40% w/w of ethylene oxide,
PAR  43% w/w of methyl methacrylate.
PAR  Compression-molded panels made from this copolymer are transparent and very
      tough.
PAC  EXAMPLE 5
PAR  Grafting of living butadiene/ethylene oxide 3-block copolymer on polymethyl
      methacrylate
PAR  A. 1,500 ml of tetrahydrofuran and 163 g of methyl methacrylate are placed
      in a vessel. Polymerization is initiated at -40.degree.C by the addition
      of 30 ml of a 0.5M solution of .alpha.-methylstyrene dipotassium in
      tetrahydrofuran. The reaction is complete after 1 hour. The molecular
      weight is 42,000.
PAR  B. 1,500 ml of tetrahydrofuran and 163 g of butadiene are placed in a
      vessel. Polymerization is initiated at -20.degree.C by the addition of 30
      ml of a 0.5M solution of tetrameric .alpha.-methylstyrene dipotassium. The
      temperature rises to 40.degree.C and a conversion of 100% is achieved
      after a few minutes. The molecular weight is 35,000 and the content of
      1,2-vinyl double bonds is 65%.
PAR  To this solution there are added 17.5 g of dry ethylene oxide and the
      mixture is stirred for 1 hour at 50.degree.C. The molecular weight shows
      no substantial increase.
PAR  C. The two solutions are mixed together and stirred at room temperature for
      a few hours. Extraction tests carried out on the final product with hexane
      show that only 4% of ungrafted polybutadiene is present. Panel compression
      molded from this graft copolymer are transparent and flexible.
PAC  EXAMPLE 6
PAR  Grafting of anionically polymerized polybutadiene (of high 1,4 content) on
      polymethyl methacrylate obtained by free-radical polymerization
PAR  A. 500 ml of toluene and 320 g of methyl methacrylate are caused to react
      at from 80.degree. to 90.degree.C by the addition of 0.5 g of
      azodiisobutyronitrile, the reaction being carried out for 6 hours. The
      molecular weight is 81,000.
PAR  B. 2,000 ml of toluene and 335 g of butadiene (distilled over butyl
      lithium) are placed in a vessel. Polymerization is initiated at
      60.degree.C by the addition of 45 ml of a 1.5% lithium butyl solution in
      hexane. Polymerization is complete after 2 hours and the molecular weight
      is 46,000, the 1,4 content being 90%.
PAR  To this living polymer solution there are added 4.5 g of dry ethylene oxide
      and stirring is continued for 2 hours at 50.degree.C. The molecular weight
      shows no change. Only one ethylene oxide unit reacts per living
      polybutadiene chain to give a lithium ethoxide end group. No
      polymerization of the ethylene oxide takes place under these conditions.
PAR  C. The two solutions are mixed together and stirred for 2 hours at
      40.degree.C. 45% of the ethoxylated polybutadiene reacts with methyl
      methacrylate units. The average degree of grafting is 2. The molecular
      weight is found to be about 140,000. The graft copolymer of butadiene and
      methyl methacrylate contains, on average, 2 polybutadiene chains and 1
      polymethyl methacrylate chain per molecule.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the manufacture of graft copolymers based on methyl
      methacrylate polymers, wherein a polymer of methyl methacrylate (A)
      containing at least 10% by weight of polymerized units of methyl
      methacrylate is reacted with a high molecular weight organic compound (B)
      produced by reacting at least one alkylene oxide unit having an alkali
      metal alcoholate end group and at least one polymer block selected from
      the group consisting of polydiolefin, polyvinyl aromatic and
      diolefin-vinyl aromatic copolymer, said reaction being carried out in an
      anhydrous inert organic solvent by mixing solutions of components A and B
      at from -50.degree. to +100.degree.C.
NUM  2.
PAR  2. Graft copolymers consisting essentially of
PAR  A. a main chain consisting of polymerized units of methyl methacrylate or a
      copolymer of methyl methacrylate and a comonomer selected from the group
      consisting of acrylates or methacrylates of alcohols having from 1 to 8
      carbon atoms in the alkyl radical, acrylonitrile, methacrylonitrile, and
      butadiene, said copolymer containing at least 25% by weight of methyl
      methacrylate units, and
PAR  B. at least one side chain per main chain, which side chain consists of
      more than 25% of polymerized units of butadiene and have 1,4-configuration
      to the extent of from 75 to 95%, each of said polybutadiene side chains
      being linked via an alkylene oxide unit with the main chains consisting of
      methyl methacrylate.
NUM  3.
PAR  3. Graft copolymers as set forth in claim 2, wherein some of the side
      chains act as bridging chains between two main chains.
NUM  4.
PAR  4. Graft copolymers as set forth in claim 2 wherein from 2 to 20 side
      chains are present per main chain.
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ABST
PAL  Derivatives of dicarboxylic acids containing a phosphono group in the alpha
      and alpha prime position have been made. These have a wide variety of uses
      as intermediates. Specifically, one of the new compounds is useful in
      imparting wrinkle resistance as well as flame retardance to cellulosic
      textiles.
GOVT
PAR  A non-exclusive, irrevocable, royalty-free license in the invention herein
      described, throughout the world for all purposes of the United States
      Government, with the power to grant sublicenses for such purposes, is
      hereby granted to the Government of the United States of America.
BSUM
PAR  This invention relates to dicarboxylic acid derivatives which contain a
      phosphono group in the .alpha. and .alpha.' positions. More specifically,
      this invention relates to the preparation of .alpha.,.alpha.'-bis
      phosphono dicarboxylic acid derivatives with more than four carbon atoms
      in the dicarboxylic acid chain. These have never been prepared by the
      Michaelis-Arbuzov reaction of the .alpha.,.alpha.'-dibromo dicarboxylic
      acid or its derivatives. These compounds have a wide variety of uses, of
      which of special interest is in textile applications wherein these serve
      as intermediates. Of the new compounds, the methylol derivatives of
      .alpha.,.alpha.'-bis(diethylphosphono)adipamide is specifically useful for
      imparting wrinkle resistance and flame retardance to cellulosic fabrics
      when used alone or in combination with a resin.
PAR  The primary object of this invention is to disclose the preparation of new
      dicarboxylic acid derivatives containing a phosphono group in the .alpha.
      and .alpha.' positions.
PAR  A second object of this invention is to provide a method of preparing these
      new compounds so that they may be made available to the areas of textile
      finishing, synthetic fibers, lubricants, and surface active agents.
PAR  Another object of this invention is to make this method of preparing these
      new derivatives available so that these compounds may be prepared and used
      as intermediates in the preparation of other new and useful compounds and
      polymers.
PAR  The novelty of the invention lies in the fact that .alpha.,.alpha.'-bis
      phosphono dicarboxylic acid derivatives have never been prepared in which
      there are more than four carbon atoms in the dicarboxylic acid chain; and
      also by the fact that they have never been prepared by the
      Michaelis-Arbuzov reaction of the .alpha.,.alpha.' dibromo dicarboxylic
      acid or its derivative. As a consequence of the preparation of these new
      compounds, they may be used in themselves or as intermediates in the
      preparation of other compounds and polymers which may in turn be used in
      many areas such as textile finishing, lubrication, surface activity, and
      synthetic fibers.
PAR  Compounds of this invention comprise .alpha.,.alpha.'-bis phosphono
      dicarboxylic acid derivatives of the general formula:
      ##EQU1##
      where N = 0 TO 30
PA1  Z=  OR, NH.sub.2, NH-R', NR'.sub.2
PA1  R = r', h, na, K, NH.sub.4, R'NH.sub.3
PA1  R' = alkyl radical, haloalkyl radical, aryl radical, or hydroxy alkyl
      radical
PAR  Some examples of the reactions used to prepare specific compounds of the
      general formula I, are shown in the following equations:
      ##EQU2##
PAR  A dicarboxylic acid such as adipic acid (A), may be reacted with bromine
      and red phosphorus by the Hell-Volhard-Zelinskii reaction to produce the
      .alpha.,.alpha.' dibromo diacylbromide (B). (B) may then be reacted with
      methanol to give dimethyl .alpha.,.alpha.'-dibromoadipate (C). The
      .alpha.,.alpha.'-bis phosphono ester (D) may be prepared by the
      Michaelis-Arbuzov reaction by reacting (C) with triethyl phosphite.
      Finally, (D) may be reacted with ammonia in aqueous solution to give the
      .alpha.,.alpha.'-bis phosphono adipamide (E).
PAR  Other chemicals and reactions may be used in order to obtain the same or
      similar compounds shown in FIG. 1. In equation (1), any other known method
      may be used for brominating in the .alpha.,.alpha.'- positions. For
      example, thionyl chloride and bromine may be used to give the
      .alpha.,.alpha.' bromo diacylchloride, which in turn may be used to obtain
      compound (C).
PAR  In equation (2), various alcohols may be used such as ethyl, propyl,
      isoproyl, amyl, etc. to give different .alpha.,.alpha.' dibromo
      dicarboxylic esters before proceeding to equation (3). Water may also be
      used to give the .alpha.,.alpha.' dibromo dicarboxylic acid.
PAR  Before proceeding to equation (3), the bromine atoms in the
      .alpha.,.alpha.' positions may be replaced with iodine in order that
      subsequent substitution or reaction in the .alpha.,.alpha.' positions will
      be easier.
PAR  Reaction (3) may also be accomplished by the Michaelis-Becker reaction
      using the metal salt, such as sodium or potassium, of a dialkyl phosphite.
PAR  Reaction (4) may be performed using aqueous ammonia, alcholic ammonia, or
      liquid ammonia with and without pressure.
PAR  Compounds containing the phosphono group in the .alpha.,.alpha.' positions
      such as (D) may be used as intermediates in the preparation of other
      useful compounds as shown by the following reactions:
      ##EQU3##
PAR  The carboxyl ester groups of (D) may be reacted with primary aliphatic and
      aromatic amines in the presence of a molar equivalent of sodium methoxide
      to give the respective secondary amides as shown in equation (5). The
      carboxyl ester groups of (D) may be hydroyzed with dilute alcoholic KOH as
      shown in equation (6). The alkali salt is then reacted with an acid such
      as HCl, with little effect on the phosphono ester groups, to give compound
      (G).
PAR  On the other hand, as shown in equation (7), all ester groups may be
      hydrolyzed with 20-35% aqueous HCl to give compound (H).
PAR  Compound (H) may then be reacted with an appropriate alcohol, using H.sub.2
      SO.sub.4 as a catalyst, to esterify the carboxyl acid groups and give
      compound (I).
PAR  Compound (H) may also be hydrolyzed with dilute alcoholic NaOH at pH of
      approximately 5.0, where the first acidic hydrogen of the phosphono groups
      are replaced with Na to give the di Na salt of (H); and at pH of
      approximately 8.0 where the carboxylic hydrogens are replaced with Na to
      give the tetra Na salt of (H); and at pH of approximately 11 where the
      hexa Na salt of (H) is formed.
PAR  Compound (I) may also be hydrolyzed with dilute alcoholic NaOH (at pH of
      approximately 6.5) to give di- and (at pH of approximately 10) to give
      tetra- phosphono salts of dicarboxylic acid esters. Other than alkali
      metal salts, salts of ammonia, amines, and alkanolamines may also be
      prepared.
PAR  Other useful reactions involving compounds such as
      .alpha.,.alpha.'-bis(diethylphosphono)adipamide, (E), are shown in FIG. 3.
      ##EQU4##
PAR  Equation 10 shows the reaction of compound (E) with formaldehyde to give
      the dimethylol compound (J). Possibly more formaldehyde could be used to
      give the tetramethylol derivative as well.
PAR  Primary amide groups such as those present in compound (E) could also be
      subjected to a dehydration reaction, as shown by equation (II), to give
      the dinitrile (K).
PAC  UTILITY OF COMPOUNDS OF THE PRESENT INVENTION
PAR  Compounds of the type shown in FIGS. 1, 2, and 3 have wide utility in many
      fields of interest. Firstly, compounds of this type can be used as
      intermediates in the preparation of many other new and unusual useful
      compounds and polymers.
PAR  Salts as prepared in equation (9) would have wetting, foaming, detergent
      and other surface active properties.
PAR  Esters such as those prepared in equation (3) could be used as plasticizers
      and lubricants particularly if a long chain dicarboxylic acid derivative
      were used.
PAR  All of the compounds containing a phosphono group in the .alpha.,.alpha.'
      positions of the dicarboxylic acid derivative may be useful insecticides
      and have physiological activity as well.
PAR  The formaldehyde derivatives as prepared in equation (10)-- a process of
      the present invention--would be useful in the chemical finishing of
      cellulosic materials and textiles, such as cotton and rayon, to impart
      such properties as crosslinking, rot resistance, and flame retardancy.
      Compounds such as (J) can be used by themselves or copolymerized with
      other methylol derivatives to impart desirable properties to textiles and
      cellulosic materials.
PAR  Another important use of .alpha.,.alpha.'-bis phosphono derivatives of
      dicarboxylic acids is in the preparation of polymers for use in the
      production of synthetic fibers as shown in equations (12) and (13).
      ##EQU5##
      Compounds such as .alpha.,.alpha.'-bis(diethylphosphono)adipic acid, (G),
      may be used in place of adipic acid to react with amines in the
      preparation of polyamide fibers. Compounds such as (G) may also be reacted
      with glycols to produce polyester fibers. Polymers such as (L) and (M) may
      be used to produce synthetic fibers having flame retardant properties
      because of the presence of phosphorus atoms in the polymer backbone.
PAR  Polyesters such as (M) would also be more hydrolytically stable since a
      carboxylate group containing a phosphono group in the .alpha. position is
      known to be much more stable toward hydrolysis than an ester which is
      unsubstituted in the .alpha. position. This is the reason why polyesters
      prepared from terephthalic acid are preferred over polyesters prepared
      from adipic acid.
PAR  Another important feature of the .alpha.,.alpha.'-bis phosphono
      dicarboxylic acid derivatives of this invention is the presence of
      stereoisomers, which is of practical as well as theoretical interest.
      Compounds such as (D) and (E) contain two assymetrical carbon atoms in the
      same molecule and therefore in their preparation may be obtained in many
      different isomeric forms or as a mixture of stereoisomers. Possibly they
      could be prepared and isolated as optically active compounds and/or used
      in the preparation of other optically active compounds. These compounds
      would be of practical value since certain optically active compounds are
      effective as bactericides whereas their isomers are not effective.
PAR  The possible existence of stereoisomers of .alpha.,.alpha.'-bis phosphono
      dicarboxylic acid derivatives stems from the fact that stereoisomers are
      obtained in the preparation of compound (C), a known compound. Compound
      (C) has been isolated as the meso- form, as the d,l- racemate and as a
      mixture of meso- form and the d,l- racemate. Therefore, these isomers
      could be isolated and purified before proceeding to the preparation of the
      .alpha.,.alpha.'-bis phosphono derivative such as shown in equations (3)
      and (4).
PAR  The compounds of this invention and the methods of preparation are beyond
      the scope of the prior art in that the only .alpha.,.alpha.'-bis phosphono
      derivatives of a dicarboxylic acid ever reported are those for succinic
      acid, in which case acetylenedicarboxylic acid was used as the starting
      material. In this prior method, a dialkyl or trialkyl phosphite was added
      to the triple bond of the C.sub.4 dicarboxylic acid, or its derivative, to
      give the respective .alpha.,.alpha.'-bis phosphono compounds. However,
      such a method would be impractical if not impossible with dicarboxylic
      acids (or their derivatives) containing more than four carbon atoms in the
      chain. Also, the .alpha.,.alpha.'-bis phosphono derivatives of the C.sub.4
      dicarboxylic acid were prepared by addition of the phosphono groups across
      a triple bond and not by the Michaelis-Arbuzov reaction of the
      .alpha.,.alpha.'-dibromo dicarboxylic acid derivative as in this invention
     .
DETD
PAR  The following examples illustrate procedures that have been successfully
      used in the application of this invention and are not meant as a
      limitation thereof.
PAC  EXAMPLE 1
PAC  Preparation of Dimethyl .alpha.,.alpha.'-bis(Diethylphosphono) adipate (D).
PAR  The isomeric meso- form of dimethyl .alpha.,.alpha.'-dibromoadipate (C)
      (100 grams, 0.3 mole) and triethyl phosphite (150 grams, 0.9 mole) were
      heated at 150.degree.-180.degree.C. Nitrogen was swept through the system
      to facilatate the removal of ethyl bromide. The reaction mixture was
      heated for three hours, after which the evolution of ethyl bromide ceased.
      This occurred after collecting ca. 90% of the theoretical amount of ethyl
      bromide.
PAR  The reaction mixture was fractionally distilled to give (D) (90 grams, 0.2
      mole); b.p. 192.degree.C (0.09 mm); n.sub.D.sup.20 1.4572. Additional (D)
      can be obtained from the adjacent fractions to give a total yield of
      75-80%. (D) solidified to a waxy white solid.
PAR  The NMR spectrum in CDCl.sub.3 showed a triplet centered at .delta. = 1.35,
      (CH.sub.3 CH.sub.2 O-.sub.2 ; a complex multiplet centered at .delta. =
      2.00 -CH.sub.2 -; two complex multiplet centered at .delta. =3.00,
      -CH(P)-; a singlet at .delta. =3.80, CH.sub.3 O-; and a complex multiplet
      centered at .delta. 4.20,3CH.sub.2 O).sub.2, with ratios of 6:2:1:3:4.
PAR  The IR spectrum as a smear on a KBr plate showed absprption bands at 1740
      cm.sup..sup.-1, (C=O) ester; 1250 cm.sup..sup.-1, P=O; 1160
      cm.sup..sup.-1, P-OEt; and 1020 cm.sup..sup.-1, P-O-C.
PAR  Anal. Calcd. for C.sub.16 H.sub.32 O.sub.10 P.sub.2 : C, 43.05; H, 7.23; P,
      13.88; M.W., 446. Found: C, 43.01; H, 7.14; P, 14.00, M.W., 436 (benzene).
PAC  EXAMPLE 2
PAC  Preparation of .alpha.,.alpha.'-bis(Diethylphosphono) adipamide (E).
PAR  D, from Example 1 (45 grams, 0.1 mole) was dissolved in absolute methanol
      (30 grams) and conc. ammonium hydroxide (170 grams, 29% NH.sub.3) was
      added. The solution was cooled to 5 C while saturating with ammonia gas,
      then allowed to stand at room temperature for two weeks. The white
      crystalline solid, which began to precipitate after the second day, was
      filtered and washed with cold water and then with acetone to give a 55%
      yield of (E) (23 grams, 0.055 mole); m.p. 232.degree.-4.degree.C. From a
      smaller run, a 44% yield of (E) was obtained with m.p.
      235.degree.-235.5.degree.C.
PAR  The NMR spectrum in DMSO-d.sub.6 showed a triplet centered at .delta.
      =1.23, CH.sub.3 CH.sub.2 O- .sub.2 ; a complex multiplex centered at
      .delta. -1.67, (-CH.sub.2 -; a complex multiplet centered at .delta.
      =3.17, -CH(P)-; a complex multiplet centered at .delta. -4.06, CH.sub.3
      CH.sub.2 O-.sub.2 ; and two signals at .delta. =7.17 and 7.50, coalesing
      at 80.degree.C, attributed to hindered rotation of H.sub.2 N-, with ratios
      of 6:2:1:4:2.
PAR  The IR spectrum in KBr disc showed absorption bands at 3280 cm.sup..sup.-1
      and 3120 cm.sup..sup.-1, NH.sub.2 stretching; 1680 cm.sup..sup.-1, (C=O)
      amide I; 1630 cm.sup..sup.-1, amide II; 1230 cm.sup..sup.-1, P=O; 1160
      cm.sup..sup.-1, P-O-Et; and 1020 cm.sup..sup.-1, P-O-C.
PAR  Anal. Calcd. for C.sub.14 H.sub.30 N.sub.2 O.sub.8 P.sub.2 : C, 40.39; H,
      7.26 N, 6.73; P, 14.88 Found: C, 40.37, H, 7.34; N, 6.70, P, 14.96.
PAC  EXAMPLE 3
PAR  Reaction of (E) with formaldehyde yields
      bis(N,N'-hydroxymethyl).alpha.,.alpha.'-bis(diethylphosphono)Adipamide (J)
      -E, from Example 2 (2.08 grams, 0.005 mole), was slowly added to 37%
      formaldehyde (1.00 grams, 0.01 mole) at approximately 75.degree.C while
      trying to maintain pH above 7 with 3% Na.sub.2 CO.sub.3. It took
      approximately 45 minutes to add compound E and Na.sub.2 CO.sub.3 and get
      everything in solution. The solution was then heated an additional one and
      one-half hours above 50.degree.C then the solution was concentrated under
      vacuum below 50.degree.C to give a clear glass-like solid. The solid was
      dispersed in hot acetone,cooled and the liquid decanted from a semi-solid
      white residue. The white residue was shaken in a mixture of acetone and
      benzene then finally shaken three times with benzene alone. Solvent was
      removed under vacuum to give a white fluffy solid residue (1.07 gms) which
      was hygroscopic and had a m.p. of approximately 150.degree.C. Analyses on
      the material was 5.65% N and 13.28% P. Theoretical analyses for compound
      (J) is 5.88% N and 13.00% P.
PAC  EXAMPLE 4
PAC  Application of a methylol derivative of (E) to Cotton.
PAR  A methylol derivative of compound (E) was prepared in a similar manner as
      described in Example 3 except 5 moles of formaldehyde was used for each
      mole of compound (E). This methylol derivative was not isolated but simply
      diluted with water to give a solution containing 20% solids calculated as
      the concentration of compound (E) used. Approximately 2%
      Zn(NO.sub.3).sub.2.6H.sub.2 O was added as a catalyst. This solution was
      used to treat a sample of 100% cotton printcloth by a paddry-care
      technique. The treated printcloth had a dry weight add-on of approximately
      11% and showed flame retardant properties as measured by a 90.degree.
      match test angle. [Reeves, W.A., et al., Text. Res. J. 23, 529 (1953)] The
      sample also showed wash-wear properties as measured by a conditioned
      wrinkle recovery angle (ASTM Method D 1295-60T) of 251.degree. as compared
      to the control which was only 179.degree..
PAC  EXAMPLE 5
PAC  Application of Methylol derivative of (E) to cotton and inclusion of a
      resin.
PAR  A methylol derivative of compound (E) was prepared in a similar manner as
      described in Example 3 except a slight excess of 2 moles of formaldehyde
      was used for each mole of compound (E). This methylol derivative was not
      isolated but was diluted with water. Trimethylol melamine (TMM) resin and
      Zn(NO.sub.3).sub.2.sup.. 6H.sub.2 O was then added to this solution. This
      solution was diluted to give a final solution containing 20% compound (E),
      7.5% TMM and 2% catalyst.
PAR  This solution was used to treat a sample of 100% cotton sateen by a
      pad-dry-cure technique. The treated sample had a final weight add-on of
      16.3% and had flame retardant properties as measured by a match test angle
      of 105.degree.. The same sample also had good wash-wear properties as
      measured by a 272.degree. conditioned wrinkle recovery angle as compared
      to the control which measured 192.degree..
PAR  Similar experiments were conducted as described above but using various
      commercial resins such as: Aerotex 23 special, Valmet HM, Resloom HP,
      Aerotex P225 etc.
PAR  The properties of flame retardancy and wrinkle recovery were also varied by
      changing the weight ratio of the methylol derivative of compound (E) used
      with respect to the weight of resin used.
CLMS
STM  We claim:
NUM  1.
PAR  1. Dimethyl .alpha.,.alpha.'-bis(diethylphosphono)adipate.
NUM  2.
PAR  2. .alpha.,.alpha.'-Bis(diethylphosphono)adipamide.
NUM  3.
PAR  3. Bis(N,N'-hydroxymethyl).alpha.,.alpha.'-bis(diethylphosphono)adipamide.
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ABST
PAL  S-carbamoylalkyl-O-ethyl-S-(n)-propyldithiophosphoric esters having the
      formula
      ##EQU1##
      wherein R.sub.1 respresents hydrogen, methyl or allyl and R.sub.2
      represents --CH.sub.2 OCH.sub.3, --C.sub.2 H.sub.4 OCH.sub.3, --C.sub.3
      H.sub.6 OCH.sub.3, --CH.sub.2 CN, C.sub.2 H.sub.4 CH, --OCH.sub.3 or allyl
      a process for their manufacture and their use in pest control.
PARN
PAR  This is a division of application Ser. No. 315,973, filed on Dec. 18, 1972,
      now U.S. Pat. No. 3,845,171.
BSUM
PAR  The present invention relates to
      S-carbamoylalkyl-O-ethyl-S(n)-propyl-dithiophosphoric esters, a process
      for their manufacture and their use in pest control.
PAR  The S-carbamoylalkyl-O-ethyl-S-(n)-propyl-dithiophosphoric esters have the
      formula
      ##EQU2##
      wherein R.sub.1 represents hydrogen, methyl or allyl and R.sub.2
      represents --CH.sub.2 OCH.sub.3, --C.sub.2 H.sub.4 OCH.sub.3, --C.sub.3
      H.sub.6 OCH.sub.3, --CH.sub.2 CN, C.sub.2 H.sub.4 CN, --OCH.sub.3 or
      allyl.
PAR  The compounds of the formula I can be manufactured by methods which are
      known per se, e.g. as follows:
      ##EQU3##
PAR  In the formulae II to XV, R.sub.1 and R.sub.2 have the meanings given for
      the formula I and R.sub.4 represents a lower alkyl radical, X represents
      oxygen or sulphur, Hal represents fluorine, chlorine, bromine or iodine,
      in particular chlorine, and Me represents ammonium, alkylammonium or an
      alkali metal. Processes 1, 2 and 3 can be carried out at normal pressure,
      at a temperature of 0.degree.-80.degree.C, preferably
      20.degree.-50.degree.C, and in solvents and diluents which are inert
      towards the reactants.
PAR  Examples of suitable solvents or diluents are: ether and ethereal
      compounds, such as diethyl ether, dipropyl ether, dioxan, tetrahydrofuran;
      amides, such as N, N-dialkylated carboxylic amides; aliphatic, aromatic
      and halogenated hydrocarbons, in particular benzene, toluene, xylenes,
      chloroform, chlorobenzene; nitriles, such as acetonitrile.
PAR  Some of the starting materials of the formulae II, III and IV are known or
      they can be manufactured by methods analogous to those known in the art.
PAR  The active substances of the formula I are suitable for combating animal
      and plant pests of the most diverse kinds and can be used partly as well
      for regulating growth, as abscission agents anad defoliants.
PAR  The insecticidal action of analogous compounds is disclosed in the
      literature, but by comparison the compounds of the formula I have
      surprisingly a markedly stonger and more lasting action against all
      development stages, such as eggs, nymphs, pupae and adults, of insects,
      such for example as those of the families: Acrididae, Blattidae,
      Gryllidae, Gryllotalpidae, Tettigoniidae, Cimicidae, Phyrrhocoridae,
      Reduviidae, Aphididae, Delphacidae, Diaspididae, Pseudococcidae,
      Chrysomelidae, Coccinellidae, Bruchidae, Scarabaeidae, Dermestidae,
      Tenebrionidae, Curculionidae, Tineidae, Noctuidae, Lymantriidae,
      Pyralidae, Galleriidae, Culicidae, Tipulidae, Stomoxydae, Muscidae,
      Calliphoridae, Trypetidae, Pulicidae.
PAR  The compounds of the formula I also act against eggs, larvae and adults of
      representatives of the order Acarina, such as mites, spider mites and
      ticks, e.g. of the families Ixodidae, Argasidae, Tetranychidae and
      Demanyssidae.
PAR  By addition of other insecticides and/or acaricides it is possible to
      broaden substantially the insecticidal or acaricidal action and to adapt
      it to given circumstances.
PAR  The following active substances are examples of suitable additives:
PA0  Organic phosphorus compounds
PA1  Bis-0,0-diethylphosphoric acid anhydride (TEPP)
PA1  Dimethyl-(2,2,2-trichloro-1-hydroxyethyl)-phosphonate (TRICHLORFON)
PA1  1,2-dibromo-2,2-dichloroethyldimethylphosphate (NALED)
PA1  2,2-dichlorovinyldimethylphosphate (DICHLORVOS)
PA1  2-methoxycarbamyl-1-methylvinyldimethylphosphate (MEVINPHOS)
PA1  Dimethyl-1-methyl-2-(methylcarbamoyl)-vinylphosphate cis (MOROCROTOPHOS)
PA1  3-(dimethoxyphosphinyloxy)-N,N-dimethyl-cis-crotonamide (DICROTOPHOS)
PA1  2-chloro-2-diethylcarbamoyl-1-methylvinyldimethylphosphate (PHOSPHAMIDON)
PA1  0,0-diethyl-0(or S)-2-(ethylthio)-ethylthiophosphate (DEMETON)
PA1  S-ethylthioethyl-0,0-dimethyl-dithiophosphate (THIOMETON)
PA1  0,0-diethyl-S-ethylmercaptomethyldithiophosphate (PHORATE)
PA1  0,0-diethyl-S-2-(ethylthio)ethyldithiophosphate (DISULFOTON)
PA1  0,0-dimethyl-S-2-(ethylsulphinyl)ethylthiophosphate (OXYDEMETON METHYL)
PA1  0,0-dimethyl-S-(1,2-dicarbethoxyethyldithiophosphate (MALATHION)
PA1  0,0,0,0-tetraethyl-S,S'-methylene-bis-dithiophosphate (ETHION)
PA1  0-ethyl-S,S-dipropyldithiophosphate
PA1  0,0-dimethyl-S-(N-methyl-N-formylcarbamoylmethyl)-dithiophosphate
      (FORMOTHION)
PA1  0,0-dimethyl-S-(N-methylcarbamoylmethyl)dithiophosphate (DIMETHOATE)
PA1  0,0-dimethyl-0-p-nitrophenylthiophosphate (PARATHION-METHYL)
PA1  0,0-diethyl-0-p-nitrophenylthiophosphate (PARATHION)
PA1  0-ethyl-0-p-nitrophenylphenylthiophosphate (EPN)
PA1  0,0-dimethyl-0-(4-nitro-m-tolyl)thiophosphate (FENITROTHION)
PA1  0,0-dimethyl-0-2,4,5-trichlorophenylthiophosphate (RONNEL)
PA1  0-ethyl-0,2,4,5-trichlorophenylethiophosphate (TRICHLORONATE)
PA1  0,0-dimethyl-0-2,5-dichloro-4-bromophenylthiophosphate (BROMOPHOS)
PA1  0,0-dimethyl-0-(2,5-dichloro-4-iodophenyl)-thiophosphate (JODOFENPHOS)
PA1  4-tert.butyl-2-chlorophenyl-N-methyl-0-methylamidophosphate (CRUFOMATE)
PA1  0,0-dimethyl-0-(3-methyl-4-methylmercaptophenyl)thiophosphate (FENTHION)
PA1  Isopropylamino-0-ethyl-0-(4-methylmercapto-3-methylphenyl)phosphate
PA1  0,0-diethyl-0-p-(methylsulphinyl)phenyl-thiophosphate (FENSULFOTHION)
PA1  0-p-(dimethylsulphamido)phenyl-0,0-dimethylthiophosphate (FAMPHUR)
PA1  0,0,0',0'-tetramethyl-0,0'-thiodi-p-phenylenethiophosphate
PA1  0-ethyl-S-phenyl-ethyldithiophosphate
PA1  0,0-dimethyl-0-(.alpha.-methylbenzyl-3-hydroxycrotonyl)phosphate
PA1  2-chloro-1-(2,4-dichlorophenyl)vinyl-diethylphosphate (CHLORFENVINPHOS)
PA1  1-chloro-1-(2,4,5-trichlorophenyl)vinyl-dimethylphosphate
PA1  0-[2-chloro-1-(2,5-dichlorophenyl)]vinyl-O,O-diethylthiophosphate
PA1  Phenylglyoxylonitriloxim-0,0-diethylthiophosphate (PHOXIM)
PA1  0,0-diethyl-0-(3-chloro-4-methyl-2-oxo-2-H-1-benzopyran-7-yl)thiophosphate
      (COUMAPHOS)
PA1  2,3-p-dioxandithiol-S,S-bis(0,0-diethyldithiophosphate) (DIOXATHION)
PA1  5-[(6-chloro-2-oxo-3-benzoxazolinyl)methyl]0,0-diethyldithiophosphate
      (PHOSALONE)
PA1  2-(diethoxyphosphinylimino)-1,3-dithiolane
PA1  0,0-dimethyl-S-[2-methoxy-1,3,4-thiadiazol-5-(4H)-onyl-(4)-methyl]dithiopho
     sphate
PA1  0,0-dimethyl-S-phthalimidomethyl-dithiophosphate (IMIDAN)
PA1  0,0-diethyl-0-(3,5,6-trichloro-2-pyridyl)thiophosphate
PA1  0,0-diethyl-0-2-pyrazinylthiophosphate (THIONAZIN)
PA1  0,0-diethyl-0-(2-isopropyl-4-methyl-6-pyrimidyl)thiophosphate (DIAZINON)
PA1  0,0-diethyl-0-(2-quinoxalyl)thiophosphate
PA1  0,0-dimethyl-S-(4-oxo-1,2,3-benzotriazin-3(4H)-ylmethyl)-dithiophosphate
      (AZINPHOSMETHYL)
PA1  0,0-diethyl-S-(4-oxo-1,2,3-benzotriazin-3(4H)-ylmethyl)-dithiophosphate
      (AZINPHOSETHYL)
PA1  S-[(4,6-diamino-s-triazin-2-yl)methyl]-0,0-dimethyldithiophosphate
      (MENAZON)
PA1  0,0-dimethyl-0-(3-chloro-4-nitrophenyl)thiophosphate (CHLORTHION)
PA1  0,0-dimethyl-0(or S)-2-(ethylthioethyl)thiophosphate (DEMETON-S-METHYL)
PA1  2-(0,0-dimethyl-phosphoryl-thiomethyl)-5-methoxy-pyrone-4-3,4-dichlorobenzy
     l-triphenylphosphoniumchloride
PA1  0,0-diethyl-S-(2,5-dichlorophenylthiomethyl)dithiophosphate (PHENKAPTON)
PA1  0,0-diethyl-0-(4-methyl-cumarinyl-7-)-thiophosphate (POTASAN)
PA1  5-amino-bis(dimethylamido)phosphinyl-3-phenyl-1,2,4-triazole (TRIAMIPHOS)
PA1  N-methyl-5-(0,0-dimethylthiolphosphoryl)-3-thiavaleramide (VAMIDOTHION)
PA1  0,0-diethyl-0-[2-dimethylamino-4-methylpyrimidyl-(6)]-thiophosphate
      (DIOCTHYL)
PA1  0,0-dimethyl-S-(methylcarbamoylmethyl)-thiophosphate (OMETHOATE)
PA1  0-ethyl-0-(8-quinolinyl)-phenylthiophosphonate (OXINOTHIOPHOS)
PA1  0-methyl-S-methyl-amidothiophosphate (MONITOR)
PA1  0-methyl-0-(2,5-dichloro-4-bromophenyl)-benzothiophosphate (PHOSVEL)
PA1  0,0,0,0-tetrapropyldithiophosphate
PA1  3-(dimethoxyphosphinyloxy)-N-methyl-N-methoxy-cis-crotonamide
PA1  0,0-dimethyl-S-(N-ethylcarbamoylmethyl)dithiophosphate (ETHOATE-METHYL)
PA1  0,0-diethyl-S-(N-isopropylcarbamoylmethyl)-dithiophosphate (PROTHOATE)
PA1  S-n-(1-cyano-1-methylethyl)carbamoylmethyldiethylthiolphosphate
      (CYANTHOATE)
PA1  S-(2-acetamidoethyl)-0,0-dimethyldithiophosphate
PA1  Hexamethylphosphoric acid triamide (HEMPA)
PA1  0,0-dimethyl-0-(2-chloro-4-nitrophenyl)thiophosphate (DICAPTHON)
PA1  0,0-dimethyl-0-p-cyanophenyl thiophosphate (CYANOX)
PA1  0-ethyl-0-p-cyanophenylthiophosphonate
PA1  0,0-diethyl-0-2,4-dichlorophenylthiophosphate (DICHLORFENTHION)
PA1  0,2,4-dichlorophenyl-0-methylisopropylamidothiophosphate
PA1  0,0-diethyl-0-2,5-dichloro-4-bromophenylthiophosphate (BROMOPHOS-ETHYL)
PA1  dimethyl-p-(methylthio)phenylphosphate
PA1  0,0-dimethyl-0-p-sulphamidophenylthiophosphate
PA1  0-]p-chlorophenyl)azophenyl]0,0-dimethylthiophosphate (AZOTHOATE)
PA1  0-ethyl-S-chlorophenyl-ethyldithiophosphate
PA1  0-isobutyl-S-p-chlorophenyl-ethyldithiophosphate
PA1  0,0-dimethyl-S-p-chlorophenylthiophosphate
PA1  0,0-dimethyl-S-(p-chlorophenylthiomethyl)dithiophosphate
PA1  0,0-diethyl-p-chlorophenylmercaptomethyl-dithiophosphate (CARBOPHENOTHION)
PA1  0,0-diethyl-S-p-chlorophenylthiomethyl-thiophosphate
PA1  0,0-dimethyl-S-(carbethoxy-phenylmethyl)dithiophosphate (PHENTHOATE)
PA1  0,0-dimethyl-S-(carbethoxy-phenylmethyl)dithiophosphate
PA1  0,0-dimethyl-S-carboisopropoxy-phenylmethyl)-dithiophosphate
PA1  0,0-diethyl-7-hydroxy-3,4-tetramethylene-coumarinyl-thiophosphate
      (COUMITHOATE)
PA1  2-methoxy-4-H-1,3,2-benzodioxaphosphorin-2-sulphide
PA1  0,0-diethyl-0-(5-phenyl-3-isooxazolyl)thiophosphate
PA1  2-(diethoxyphosphinylimino)-4-methyl-1,3-dithiolane
PA1  tris-(2-methyl-1-aziridinyl)-phosphine oxide (METEPA)
PA1  S-(2-chloro-1-phthalimidoethyl)-0,0-diethyldithiophosphate
PA1  N-hydroxynaphthalimido-diethylphosphate
PA1  dimethyl-3,5,6-trichloro-2-pyridylphosphate
PA1  0,0-dimethyl-0-(3,5,6-trichloro-2-pyridyl)thiophosphate
PA1  S-2-(ethylsulphonyl)ethyl dimethylthiolphosphate (DIOXYDEMETON-S-METHYL)
PA1  diethyl-S-2-(ethylsulphinyl)ethyl dithiophosphate (OXIDISULFOTON)
PA1  bis-0,0-diethylthiophosphoric acid anhydride (SULFOTEP)
PA1  dimethyl-1,3-di(carbomethoxy)-1-propen-2-yl-phosphate
PA1  dimethyl-(2,2,2-trichloro-1-butyroyloxyethyl)phosphate (BUTONATE)
PA1  0,0-dimethyl-0-(2,2-dichloro-1-methoxy-vinyl)phosphate
PA1  bis-(dimthylamido)fluorphosphate (DIMEFOX)
PA1  3,4-dichlorobenzyl-triphenylphosphoniumchloride
PA1  dimethyl-N-methoxymethylcarbamoylmethyl-dithiophosphate (FORMOCARBAM)
PA1  0,0-diethyl-0-(2,2-dichloro-1-chloroethoxyvinyl)phosphate
PA1  0,0-dimethyl-0-(2,2-dichloro-1-chloroethoxyvinyl)phosphate
PA1  0-ethyl-S,S-diphenyldithiolphosphate
PA1  0-ethyl-S-benzyl-phenyldithiophosphonate
PA1  0,0-diethyl-S-benzyl-thiolphosphate
PA1  0,0-dimethyl-S-(4-chlorophenylthiomethyl)dithiophosphate
      (METHYLCARBOPHENOTHION)
PA1  0,0-dimethyl-S-(ethylthiomethyl)dithiophosphate
PA1  diisopropylaminofluorophosphate (MIPAFOX)
PA1  0,0-dimethyl-S-(morpholinylcarbamoylmethyl)dithiophosphate (MORPHOTHION)
PA1  bismethylamido-phenylphosphate
PA1  0,0-dimethyl-S-(benzenesulphonyl)dithiophosphate
PA1  0,0-dimethyl-(S and O)-ethylsulphinylethylthiophosphate
PA1  0,0-diethyl-0-4-nitrophenylphosphate
PA1  triethoxy-isopropoxy-bis(thiophosphinyl)disulphide
PA1  2-methoxy-4H-1,3,2-benzodioxaphosphorin-2-oxide
PA1  octamethylpyrophosphoramide (SCHRADAN)
PA1  bis-(dimethoxythiophosphinylsulphido)-phenylmethane
PA1  N,n,n',n'-tetramethyldiamidofluorophosphate (DIMEFOX)
PA1  0-phenyl-0-p-nitrophenyl-metharethiophosphonate (COLEP)
PA1  0-methyl-0-(2-chloro-4-tert.butyl-phenyl)-N-methylamidothiophosphate
      (NARLENE)
PA1  0-ethyl-0-(2,4-dichlorophenyl)-phenylthiophosphonate
PA1  0,0-diethyl-0-(4-methylmercapto-3,5-dimethylphenyl)-thiophosphate
PA1  4,4'-bis-(0,0-dimethylthiophosphoryloxy)-diphenyl disulphide
PA1  0,0-di-(.beta.-chloroethyl)-0-(3-chloro-4-methyl-ocumarinyl-7)-phosphate
PA1  S-(1-phthalimidoethyl)-0,0-d ethyldithiophosphate
PA1  0,0-dimethyl-0-(3-chloro-4-diethylsulphamylphenyl)-thiophosphate
PA1  0-methyl-0-(2-carbisopropoxyphenyl)-amidothiophosphate
PA1  5-(0,0-dimethylphosphoryl)-6-chloro-bicyclo(3.2.0)-heptadiene(1,5)
PA1  0-methyl-0-(2-i-propoxycarbonyl-1-methylvinyl)-ethylamidothiophosphate.
PA0  Nitrophenols and derivatives
PA1  4,6-dinitro-6-methylphenol, sodium salt [Dinitrocresol]
PA1  dinitrobutylphenol-(2,2',2")-triethanolamine salt
PA1  2-cyclohexyl-4,6-dinitrophenyl [Dinex]
PA1  2-(1-methylheptyl)-4,6-dinitrophenyl-crotonate [Dinocap]
PA1  2-sec.-butyl-4,6-dinitrophenyl-3-methyl-butenoate [Binapacryl]
PA1  2-sec.-butyl-4,6-dinitrophenyl-cyclopropionate
PA1  2-sec. -butyl-4,6-dinitrophenylisopropylcarbonate [Dinobuton]
PA0  Miscellaneous
PA1  pyrethin I
PA1  pyrethin II
PA1  3-allyl-2-methyl-4-oxo-2-cyclopentan-1-yl-chrysanthemumate (Allethrin)
PA1  6-chloropiperonyl-chrysanthemumate (Barthrin)
PA1  2,4-dimethylbenzyl-chrysanthemumate (Dimethrin)
PA1  2,3,4,5-tetrahydrophthalimidomethylchrysanthemumate
PA1  4-chlorobenzyl-4-chlorophenylsulphide [chlorobensid]
PA1  6-methyl-2-oxo-1,3-dithiolo-[4,5-b]-quinoxaline (Quinomethionate)
PA1  (1)-3-(2-furfuryl)-2-methyl-4-oxocyclopent-2-enyl(I)-(cis+trans)chrysanthem
     um-monocarboxylate [Furethrin]
PA1  2-pivaloyl-indane-1,3-dione [Pindon]
PA1  N'-(4-chloro-2-methylphenyl)-N,N-dimethylformamidine [Chlorophenamidin]
PA1  4-chlorobenzyl-4-fluorophenyl-sulphide [Fluorobenside]
PA1  5,6-dichloro-1-phenoxycarbamyl-2-trifluoromethyl-benzimidazole [Fenozaflor]
PA1  p-chlorophenyl-p-chlorobenzenesulphonate [Ovex]
PA1  p-chlorophenyl-benzenesulphonate [Fenson]
PA1  p-chlorophenyl-2,4,5-trichlorophenylsulphone [Tetradifon]
PA1  p-chlorophenyl-2,4,5-trichlorophenylsulphide [Tetrasul]
PA1  p-chlorobenzyl-p-chlorophenylsulphide [Chlorobenside]
PA1  2-thio-1,3-dithiolo-(5,6)-quinokaline [Thiochinox]
PA1  prop-2-ynyl-(4-t-butylphenoxy)-cyclohexylsulphite [Propargil].
PA0  Formamidines
PA1  1-dimethyl-2-(2'-methyl-4'-chlorophenyl)-formamidine (CHLORPHENAMIDIN)
PA1  1-methyl-2-(2'-methyl-4'-chlorophenyl)-formamidine
PA1  1-methyl-2-(2'-methyl-4'-bromophenyl)-formamidine
PA1  1-methyl-2-(2',4'-dimethylphenyl)-formamidine
PA1  1-n-butyl-1-methyl-2-(2'-chlorophenyl)-formamidine
PA1  1-methyl-1-(2'-methyl-4'-chloroaniline-methylene)-formamidine
PA1  2-(2"-methyl-4"-chlorophenyl-formamidine
PA1  1-n-butyl-2-(2'-methyl-4'-chlorophenyl-imino)-pyrolidine.
PA0  Urea
PA1  N-2-methyl-4-chlorophenyl-N',N'-dimethyl-thiourea.
PA0  Carbamates
PA1  1-naphthyl-N-methylcarbamate (CARBARYL)
PA1  2-butinyl-4-chlorophenylcarbamate
PA1  4-dimethylamino-3,5-xylyl-N-methylcarbamate
PA1  4-dimethylamino-3-tolyl-N-methylcarbamate (AMINOCARB)
PA1  4-methylthio-3,5-xylyl-N-methylcarbamate (METHIOCARB)
PA1  3,4,5-trimethylphenyl-N-methylcarbamate
PA1  2-chlorophenyl-N-methylcarbamate (CPMC)
PA1  5-chloro-6-oxo-2-norborane-carbonitrile-0-(methylcarbamoyl)-oxime
PA1  1-(dimethylcarbamoyl)-5-methyl-3-pyrazolyl-N,N-dimethylcarbamate
      (DIMETILAN)
PA1  2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate (CARBOFURAN)
PA1  2-methyl-2-methylthio-propionaldehyde-0-(methylcarbamoyl)-oxime (ALDICARB)
PA1  8-quinaldyl-N-methylcarbamate and its salts
PA1  methyl-2-isopropyl-4-(methylcarbamoyloxy)carbanilate
PA1  m-(1-ethylpropyl)phenyl-N-methylcarbamate
PA1  3,5-di-tert.butyl-N-methylcarbamate
PA1  m-(1-methylbutyl)phenyl-N-methylcarbamate
PA1  2-isopropylphenyl-N-methylcarbamate
PA1  2-sec.butylphenyl-N-methylcarbamate
PA1  m-tolyl-N-methylcarbamate
PA1  2,3-xylyl-N-methylcarbamate
PA1  3-isopropylphenyl-N-methylcarbamate
PA1  3-tert.butylphenyl-N-methylcarbamate
PA1  3-secbutylphenyl-N-methylcarbamate
PA1  3-isopropyl-5-methylphenyl-N-methylcarbamate (PROMECARB)
PA1  3,5-diisopropylphenyl-N-methylcarbamate
PA1  2-chloro-5-isopropylphenyl-N-methylcarbamate
PA1  2-chloro-4,5-dimethylphenyl-N-methylcarbamate
PA1  2-(1,3-dioxolan-2-yl)phenyl-N-methylcarbamate (DIOXACARB)
PA1  2-(4,5-dimethyl-1,3-dioxolan-2-yl)phenyl-N-methylcarbamate
PA1  2-(1,3-dioxolan-2-yl)phenyl-N,N-dimethylcarbamate
PA1  2-(1,3-dithiolan-2-yl)-N,N-dimethylcarbamate
PA1  2-(1,3-dithiolan-2-yl)phenyl-N,N-dimethylcarbamate
PA1  2-isopropoxyphenyl-N-methylcarbamate (APROCARB)
PA1  2-(2-propinyloxy)phenyl-N-methylcarbamate
PA1  3-(2-propinyloxy)phenyl-N-methylcarbamate
PA1  2-dimethylaminophenyl-N-methylcarbamate
PA1  2-diallylaminophenyl-N-methylcarbamate
PA1  4-diallylamino-3,5-xylyl-N-methylcarbamate (ALLYXICARB)
PA1  4-benzothienyl-N-methylcarbamate
PA1  2,3-dihydro-2-methyl-7-benzofuranyl-N-methylcarbamate
PA1  3-methyl-1-phenylpyrazol-5-yl-N,N-dimethylcarbamate
PA1  1-isopropyl-3-methylpyrazol-5-yl-N,N-dimethylcarbamate (ISOLAN)
PA1  2-dimethylamino-5,6-dimethylpyrimidin-4-yl-N,N-dimethyl-carbamate
PA1  3-methyl-4-dimethylaminomethyleneiminophenyl-N-methylcarbamate
PA1  3,4-dimethylphenyl-N-methylcarbamate
PA1  2-cyclopentylphenyl-N-methylcarbamate
PA1  3-dimethylamino-methyleneiminophenyl-N-methylcarbamate (FORMETANATE) and
      its salts
PA1  1-methylthio-ethylimino-N-methylcarbamate (METHOMYL)
PA1  2-methylcarbamoyloximino-1,3-dithiolane
PA1  5-methyl-2-methylcarbamoyloximino-1,3-oxythiolane
PA1  2-(1-methoxy-2-propoxy)phenyl-N-methylcarbamate
PA1  2-(1-butin-3-yl-oxy)phenyl-N-methylcarbamate
PA1  1-dimethylcarbamyl-1-methylthio-0-methylcarbamyl-formoxime
PA1  1-(2'-cyanoethylthio)-0-methylcarbamyl-acetaldoxime
PA1  1-methylthio-0-carbamyl-acetaldoxime
PA1  0-(3-sec.butylphenyl)-N-phenylthio-N-methylcarbamate
PA1  2,5-dimethyl-1,3-dithiolane-2 -(0-methylcarbamyl)-aldoxime
PA1  0-2-diphenyl-N-methylcarbamate
PA1  2-(N-methylcarbamyl-oximino)-3-chloro-bicyclo[2.2.1]heptane
PA1  2-(N-methylcarbamyl-oximino)-bicyclo[2.2.1]heptane
PA1  3-isopropylphenyl-N-methyl-N-chloroacetal-carbamate
PA1  3-isopropylphenyl-N-methyl-N-methylthiomethyl-carbamate
PA1  0-(2,2-dimethyl-4-chloro-2,3-dihydro-7-benzofuranyl)-N-methylcarbamate
PA1  0-(2,2,4-trimethyl-2,3-dihydro-7-benzofuranyl)-N-methylcarbamate
PA1  0-naphthyl-N-methyl-N-acetal-carbamate
PA1  0-5,6,7,8-tetrahydronaphthyl-N-methyl-carbamate
PA1  3-isopropyl-4-methylthio-phenyl-N-methylcarbamate
PA1  3,5-dimethyl-4-methoxy-phenyl-N-methylcarbamate
PA1  3-methoxymethoxy-phenyl-N-methylcarbamate
PA1  3-allyloxyphenyl-N-methylcarbamate
PA1  2-propargyloxymethoxy-phenyl-N-methyl-carbamate
PA1  2-allyloxyphenyl-N-methyl-carbamate
PA1  4-methoxycarbonylamino-3-isopropylphenyl-N-methyl-carbamate
PA1  3,5-dimethyl-4-methoxycarbonylamino-phenyl-N-methyl-carbamate
PA1  2-.gamma.-methylthiopropylphenyl-N-methyl-carbamate
PA1  3-(.alpha.-methoxymethyl-2-propenyl)-phenyl-N-methyl-carbamate
PA1  2-chloro-5-tert.-butyl-phenyl-N-methyl-carbamate
PA1  4-(methyl-propargylamino-3,5-xylyl-N-methyl-carbamate
PA1  4-(methyl-.gamma.-chloroallylamino)-3,5-xylyl-N-methyl-carbamate
PA1  4-(methyl-.beta.-chloroallylamino)-3,5-xylyl-N-methyl-carbamate
PA1  1-(.beta.-ethoxycarbonylethyl)-3-methyl-5-pyrazolyl-N,N-dimethylcarbamate
PA1  3-methyl-4-(dimethylamino-methylmercapto-methyleneimino)phenyl-N-methylcarb
     amate
PA1  1,3-bis(carbamoylthio)-2-(N,N-dimethylamino)-propanehydrochloride
PA1  5,5-dimethylhydroresorcinoldimethylcarbamate
PA1  2-[ethyl-propargylamino]-phenyl-N-methylcarbamate
PA1  2-[methyl-propargylamino]-phenyl-N-methylcarbamate
PA1  4-[dipropargylamino]-3-tolyl-N-methylcarbamate
PA1  4-[dipropargylamino]-3,5-xylyl-N-methylcarbamate
PA1  2-[allyl-isopropylamino]-phenyl-N-methylcarbamate
PA1  3-[allyl-isopropylamino]-phenyl-N-methylcarbamate
PA0  Chlorinated Hydrocarbons
PA1  .gamma.-hexachlorocyclohexane [GAMMEXANE: LINDAN: .gamma. HCH]
PA1  1,2,4,5,6,7,8,8-octachloro-3.alpha.,4,7,7.alpha.'tetrahydro-4,7-methylene
      indane [CHLORDAN]
PA1  1,4,5,6,7,8,8-heptachloro,3.alpha.,4,7,7.alpha.-tetrahydro-4,7-methylene
      indane [HEPTACHLOR]
PA1  1,2,3,4,10,10-hexachloro-1,4,4.alpha.,5,8,8.alpha.-hexahydro-endo-1,4-exo-5
     ,8-dimethanonaphthalene [ALDRIN]
PA1  1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4.alpha.,5,6,7,8,8.alpha.-octahydro-
     exo-1,4,endo-5,8-dimethanonaphthalene [DIFLORIN]
PA1  1,2,3,4,10,10-hexachloro-5,7-epoxy-1,4,4.alpha.,5,6,7,8,8.alpha.-octyhydro-
     endo-endo-5,8-dimethanonaphthalene [ENDRIN]
PAR  In addition to the properties cited hereinabove, the compounds of the
      formula I also act against representatives of the division Thallophyta.
      Thus a number of these compounds display bactericidal action; but they are
      also active against fungi, e.g. against phytopathogenic fugi belonging to
      the following calsses: Oomycetes, Zygomycetes, Ascomycetes,
      Basidiomycetes, Denteromycetes. The compounds of the formula I are also
      suitable for combating plant pathogenic nematodes.
PAR  The compounds of the formula I also possess in part herbicidal properties
      and are suitable in particular for combating grass-like and latifoliate
      weeds in various crop plant cultures. When used in high concentrations the
      new compounds act as total herbicides; on the other hand, when used in
      lower concentrations they act as selective herbicides. Deep rooted,
      difficultly combattable weeds which are one or more years old are
      successfully damaged in their growth or destroyed by the active substances
      of the formula I. The new active substances can be applied with the same
      good success before germination (preemergence) and after germination
      (postemergence). Thus meadow weeds, for example millet species (Panicum
      spp.), mustard species (Chenopodiaceae), slender foxtail (alopecurus spp.)
      and other foxtail species e.g. Amarantus spp., grasses, e.g. Lolium spp.,
      Compositae, e.g. Taracacum spp., camomile species (Matricaria spp.), are
      destroyed or hindered in their growth without damage being caused to
      cultivated plants, such as cereals, maize, cotton, sorghum, soya beans and
      sugar beet. The rates of application vary and are dependent on the time of
      application; they are between 0.1 to 10 kg of active substance per
      hectare, on preemergence application up to 1 kg per hectare and on
      postemergence 3 to 10 kg of active substance per hectare. In order to
      totally destroy entire crops of weeds, for example on fallow land
      neighbouring on the cultivated areas, it is necessary to use more than 10
      kg per hectare. The usual crop rotation may proceed on application of the
      new active substances without any detrimental effects.
PAR  In order to broaden the activity spectrum it is also possible to admix the
      active substances of the formula I with other herbicides, for example from
      the series of the triazines, such as halogeno-diamino-s-triazines, alkoxy-
      and alkylthio-diamino-s-triazines, triazoles, diazines, such as uraciles,
      aliphatic carboxylic acids and halocarboxylic acids, halogenated benzoic
      acids and phenylacetic acids, aryloxyalkanecarbocylic acids, hydrazides,
      amides, nitriles, esters of such carboxylic acids, carbamic and
      thiocarbamic esters, ureas etc.
PAR  The compounds of the formula I may be used as pure active substance or
      together with suitable carriers and/or additives. Suitable carriers and
      additives can be solid or liquid and correspond to the substances
      conventionally used in formulation technique such, for example, as
      solvents, dispersants, wetting agents, adhesives, thickeners, binders
      and/or fertilisers.
PAR  For application, the compounds of the formula I may be processed to dusts,
      emulsion concentrates, granules, dispersions, sprays, to solutions, or
      suspensions, in the conventional formulation which is commonly employed in
      application technology. Mention may also be made of cattle dips and spray
      races, in which aqueous preparations are used.
PAR  The agents according to the invention are manufactured in known manner by
      intimately mixing and/or grinding active substances of the formula I with
      the suitable carriers, optionally with the addition of dispersants or
      solvents which are inert towards the active substances. The active
      substances may take, and be used in the following forms.
PA0  Solid forms:
PA1  Dusts, tracking agents, granules, coated granules, impregnated granules and
      homogeneous granules.
PA0  Liquid forms:
PA1  a. active substances which are dispersible in water: wettable powders,
      pasts, emulsions;
PA1  b. solutions.
PAR  To manufacture solid forms (dusts, tracking agents), the active substances
      are mixed with solid carriers. Suitable carriers are, for example: kaolin,
      talcum, bolus, loess, chalk, limestone, ground limestone, attaclay,
      dolomite, diatomaceous earth, precipitated silica, alkaline earth
      silicates, sodium and potassium aluminum silicates (feldspar and mica),
      calcium and magnesium sulphates, magnesium oxide, ground synthetic
      materials, fertilisers, for example ammonium sulphate, ammonium phosphate,
      ammonium nitrate, urea, ground vegetable products, such as corn meal, bark
      dust, sawdust, nutshell meal, cellulose powder, residues of plant
      extractions activated charcoal etc. These substances can either be used
      singly or in admixture with one another.
PAR  Granules can be very easily manufactured by dissolving an active substance
      of the formula I in an organic solvent and applying the resulting solution
      to a granulated material, for example attapulgite, SIO.sub.2,
      granicalcium, bentonite etc. and then evaporating the solvent.
PAR  Polymer granules can also be manufactured by mixing the active substances
      of the formula I with polymerisable compounds (urea/formaldehyde;
      dicyandiamide/formaldehyde; melamine/formaldehyde or others), whereupon a
      mild polymerisation is carried out that does not affect the active
      substances and in the process of which the granulation is carried out
      during the gel formation. It is more advantageous to impregnate finished,
      porous polymer granules (urea/formaldehyde, polyacrylonitrile, polyester
      or others) which have a specific surface area and a favourable
      predeterminable adsorption/desorption ratio, with the active substances,
      for example in the form of their solutions (in a low boiling solvent) and
      to remove the solvent. Polymer granules of this kind in the form of
      microgranules having a bulk density of 300 g/liter to 600 g/liter can also
      be manufactured with the aid of atomisers. The dusting can be carried out
      from aircraft over extensive areas of cultures of useful plants.
PAR  It is also possible to obtain granules by compacting the carrier with the
      active substance and carriers and subsequently comminuting the product.
PAR  To these mixtures can also be added additives which stabilise the active
      substance and/or non-ionic, anionic and cationic surface active
      substances, which, for example, improve the adhesion of the active
      ingredients on plants or parts of plants (adhesives and agglutinants)
      and/or ensure a better wettability (wetting agents) and dispersibility
      (dispersing agents). Examples of suitable adhesives are the following:
      olein/chalk mixture, cellulose derivatives (methyl cellulose,
      carboxymethyl cellulose), hydroxyethyl glycol ethers of monoalkyl and
      dialkyl phenols having 5 to 15 ethylene oxide radicals per molecule and 8
      to 9 carbon atoms in the alkyl radical, lignin sulphonic acids, their
      alkali metal and alkaline earth metal salts, polyethylene glycol ethers
      (carbowaxes), fatty alcohol polyethylene glycol ethers having 5 to 20
      ethylene oxide radicals per molecule and 8 to 18 carbon atoms in the fatty
      alcohol moiety, condensation products of ethylene oxide/ propylene oxide,
      polyvinyl pyrrolidones, polyvinyl alcohols, condensation products of urea
      and formaldehyde, and also latex products.
PAR  The water-dispersible concentrates of the active substance, i.e. wettable
      powders, pastes and emulsifiable concentrates, are agents which can be
      diluted with water to any concentration desired. They consist of active
      substance, carrier, optionally additives which stabilise the active
      substance, surface-active substance and anti-foam agents and, optionally,
      solvents.
PAR  Wettable powders and pastes are obtained by mixing and grinding the active
      substances with dispersing agents and pulverulent carriers in suitable
      apparatus until homogeneity is attained. Suitable carriers are, for
      example, those mentioned for the solid forms of application. In some cases
      it is advantageous to use mixtures of different carriers. As dispersing
      agents there can be used, for example, condensation products of
      sulphonated naphthalene and sulphonated naphthalene derivatives with
      formaldehyde, condensation products of naphthalene or naphthalene
      sulphonic acids with phenol and formaldehyde, as well as alkali, ammonium
      and alkaline earth metal salts of lignin sulphonic acid, in addition,
      alkylaryl sulphonates, alkali and alkaline earth metal salts of dibutyl
      naphthalene sulphonic acid, fatty alcohol sulphates such as salts of
      sulphated hexadecanols, heptadecanols, octadecanols, and salts of
      sulphated fatty alcohol glycol ethers, the sodium salt of oleoyl
      ethionate, the sodium salts of oeloyl methyl tauride, ditertiary acetylene
      glycols, dialkyl dilauryl ammonium chloride and fatty acid alkali and
      alkaline earth metal salts.
PAR  Suitable anti-foam agents are silicones.
PAR  The active substances are mixed, ground, sieved and strained with the
      additives cited hereinabove in such a manner that, the size of the solid
      particles does not exceed 0.02 to 0.04 .mu. in wettable powders, and 0.03
      .mu. in pastes. To produce emulsifiable concentrates and pastes,
      dispersing agents such as those cited above, organic solvents, and water
      are used. Examples of suitable solvents are: alcohols, benzene, xylene,
      toluene, dimethyl sulphoxide, and mineral oil fractions which boil between
      120.degree. and 350.degree.C. The solvents must be practically odourless,
      not phytotoxic, and inert to the active substances.
PAR  Furthermore, the agents according to the invention can be applied in the
      form of solutions. For this purpose the active substances, or several
      active substances of the general formula I, are dissolved in suitable
      organic solvents, mixtures or in water. Aliphatic and aromatic
      hydrocarbons, chlorinated derivatives thereof, alkyl naphthalenes, and
      mineral oils, singly or in admixture with each other, can be used as
      organic solvents.
PAR  The content of active substance in the above described agents is between
      0.1% to 95%, in which connection it should be mentioned that, in the case
      of application from aircraft or some other suitable means of application,
      it is possible to use concentrations of up to 99.5% or even pure active
      substance.
PAR  The active substances of the formula I can, for example, be formulated as
      follows:
PA0  Dusts
PAR  The following substances are used to manufacture (a) a 5% and (b) a 2%
      dust:
PA1  a. 5 parts of active substance
PA2  95 parts of talcum
PA1  b. 2 parts of active substance
PA2  1 part of highly disperse silicic acid
PA2  97 parts of talcum.
PAR  The active substances are mixed with the carriers and ground.
PA0  Granules
PAR  The following substances are used to produce 5% granules:
PA1  5 parts of active substance,
PA1  0.25 parts of epichlorohydrin,
PA1  0.25 parts of cetyl polyglycol ether,
PA1  3.50 parts of polyethylene glycol,
PA1  91 parts of kaolin (particle size 0.3 - 0.8 mm).
PAR  The active substance is mixed with epichlorohydrin and dissolved with 6
      parts of acetone; the polyethylene glycol and cetyl polyglycol ether are
      then added. The thus obtained solution is sprayed on kaolin, and the
      acetone subsequently evaporated in vacuo.
PA0  Wettable powder:
PAR  The following constituents are used for the preparation of (a) a 40%, (b)
      and (c) a 25%, and (d) a 10% wettable powder:
PA1  a. 40 parts of active substance,
PA2  5 parts of sodium lignin sulphonate,
PA2  1 part of sodium dibutyl-naphthalene sulphonate,
PA2  54 parts of silicic acid.
PA1  b. 25 parts of active substance,
PA2  4.5 parts of calcium lignin sulphonate,
PA2  1.9 parts of Champagne chalk/hydroxyethyl cellulose mixture (1:1),
PA2  1.5 parts of sodium dibutyl naphthalene sulphonate,
PA2  19.5 parts of silicic acid,
PA2  19.5 parts of Champagne chalk,
PA2  28.1 parts of kaolin.
PA1  25 parts of active substance,
PA2  2.5 parts of isooctylphenoxy-polyoxyethylene-ethanol,
PA2  1.7 parts of Champagne chalk/hydroxyethyl cellulose mixture (1:1),
PA2  8.3 parts of sodium aluminum silicate,
PA2  16.5 parts of kieselguhr,
PA2  46 parts of kaolin.
PA1  d. 10 parts of active substance,
PA2  3 parts of a mixture of the sodium salts of saturated fatty alcohol
      sulphates,
PA2  5 parts of naphthalenesulphonic acid/formaldehyde condensate,
PA2  82 parts of kaolin.
PAR  The active substances are intimately mixed, in suitable mixers, with the
      additives, the mixture being then ground in the appropriate mills and
      rollers. Wettable powders are obtained which can be diluted with water to
      give suspensions of any desired concentration.
PA0  Emulsifiable concentrates:
PAR  The following substances are used to produce (a) a 10% and (b) a 25%
      emulsifiable concentrate:
PA1  a. 10 parts of active substance,
PA2  3.4 parts of epoxidised vegetable oil,
PA2  13.4 parts of a combination emulsifier consisting of fatty alcohol
      polyglycol ether and alkylarylsulphonate calcium salt.
PA2  40 parts of dimethylformamide,
PA2  43.2 parts of xylene.
PA1  b. 25 parts of active substance,
PA2  2.5 parts of epoxidised vegetable oil,
PA2  10 parts of an alkylarylsulphonate/fatty alcohol-polyglycol ether mixture
PA2  5 parts of dimethylformamide,
PA2  57.5 parts of xylene.
PAR  From these concentrates it is possible to produce, by dilution with water,
      emulsions of any desired concentration.
PA0  Spray:
PAR  The following constituents are used to prepare a 5% spray:
PA1  5 parts of active substance,
PA1  1 parts of epichlorohydrin,
PA1  94 parts of benzine (boiling limits 160.degree. - 190.degree.C).
DETD
PAC  EXAMPLE 1
PAC  0-ethyl-S-propyl-S-(2-methoxyethylcarbamoylmethyl)-dithiophosphoric ester
      ##EQU4##
PAR  30.3 g of chloroacetic-N-(2-methoxyethyl)-amide and 41 g of the potassium
      salt of 0-ethyl-S-propyl-thio-phosphoric acid are stirred overnight at
      room temperature in 200 ml of acetonitrile and the mixture is subsequently
      heated to the boil under reflux for 3 hours. After the mixture has cooled,
      the salts are filtered off with suction, the solvent is evaporated in
      vacuo and the residue is taken up in 100 ml of methylene chloride and
      washed in succession with 30 ml of normal sodium hydroxide solution and 30
      ml of water. The solvent is distilled off in vacuo at
      40.degree.-50.degree.C bath temperature to leave as residue 41.5 g of
      phosphorous ester of the above described formula with a refraction of
      n.sub.D.sup.26 = 1.5115.
PAR  The following compounds are also manufactured in analogous manner:
      ##EQU5##
PAC  EXAMPLE 2
PAC  Insecticidal ingest poison action
PAR  Cotton plants were sprayed with a 0.05% aqueous active substance emulsion
      (obtained from 10% emulsifiable concentrate).
PAR  After the spray coating had dried, the cotton plants were populated with
      Spodoptera littoralis or Heliothis virescens larvae (L.sub.3). The test
      was carried out at 24.degree.C and 60% relative humidity.
PAR  In the above test, the compounds according to Example 1 displayed good
      insecticidal ingest poison action against Spodoptera and Heliothis larvae.
PAC  EXAMPLE 3
PAC  Action against Chilo suppressalis
PAR  Six rice plants at a time of the variety Caloro were transplanted in
      plastic pots (diameter at the top = 17 cm) and reared to a height of about
      60 cm. Infestation with Chilo suppressalis larvae (L.sub.1 ; 3-4 mm in
      length) took place 2 days after the active substance had been applied in
      granule form to the paddy water (rate of application: 8 kg of active
      substance per hectare). Evaluation of the insecticidal action ensued 10
      days after application of the granules.
PAR  In the above test, the compounds according to Example 1 acted against Chilo
      suppressalis.
PAC  EXAMPLE 4
PAC  Action against ticks
PA0  A. rhipicephalus bursa
PAR  Five adult ticks or 50 tick larvae were counted into a test tube and
      immersed for 1 to 2 minutes in 2 ml of an aqueous emulsion series each
      containing 100, 10, 1 and 0.1 ppm of test substance. The tube was then
      sealed with a standardised cotton wool plug and stood on its head so as to
      enable the cotton wool to absorb the active substance emulsion.
PAR  In the case of the adults evaluation took place after 2 weeds, and in that
      of the larvae after 2 days. Each test was repeated twice.
PA0  B.boophilus microplus(larvae)
PAR  Tests were carried out with 20 sensitive and 20 OP resistent larvae with a
      dilution series analogous to that used in Test A. (The resistance refers
      to the tolerability of diazinon).
PAR  In these tests, the compounds according to Example 1 acted against adults
      and larvae of Rhipicephalus bursa and sensitive and OP-resistant larvae of
      Boophilus microplus.
PAC  EXAMPLE 5
PAC  Acaricidal action
PAR  Phaseolus vulgaris (plants) were overlaid with an infested piece of leaf
      from a mass culture of Tetranychus urticae 12 hours before the test for
      acaricidal action. The mobile stages which had spread over the plants were
      sprayed with the emulsified test preparations from a chromatography
      atomiser so that the spray broth did not run off. The number of living and
      dead larvae, adults and eggs were evaluated after 2 to 7 days under a
      stereoscopic microscope and the result was expressed in percentages.
      During the "interim", the treated plants were kept in greenhouse
      compartments at 25.degree.C.
PAR  In the above test, the compounds according to Example 1 acted against
      adults larvae and eggs of Tetranychus urticae.
PAC  EXAMPLE 6
PAC  Action against soil nematodes
PAR  To test the action against soil nematodes, the active substances were
      applied to, and intimately mixed with, soil infected with root gall
      nematodes (Meloidgyne Avenaria), in the specifically indicated
      concentrations. Immediately afterwards, tomato cuttings were planted in
      the thus prepared soil in a series of tests, and after a waiting time of 8
      days tomato seeds were sown in another test series.
PAR  In order to assess the nematocidal action, the galls present on the roots
      were counted 28 days after planting and sowing respectively.
PAR  In this test, the active substances according to Example 1 display good
      action against Meloidgyne Avenaria.
CLMS
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      ##EQU6##
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ABST
PAL  This disclosure relates to certain novel triesters of
      N-hydroxy-N-phosphonomethylglycine which are useful as herbicides for
      undesired plants and as growth regulators for desired plants.
BSUM
PAR  This invention relates to a new class of organic chemical compounds. More
      particularly, this invention is concerned with a limited group of novel
      esters of N-hydroxy-N-phosphonomethylglycine. The specific derivatives
      herein are those wherein the methyl glycinate is also esterified at the
      phosphonic acid end of the molecule. This class of compounds has been
      found to display useful herbicidal activity when applied to certain
      varieties of weeds or undesired plants. Such compounds further display
      non-lethal, growth-regulating properties when applied to certain desired
      crop plants.
PAR  The compounds of the present invention may be represented by the structural
      formula
      ##EQU1##
      wherein R represents methyl or allyl. These novel compounds are prepared
      by reacting the appropriate triester of N-phosphonomethylglycine with
      peracetic acid as illustrated in the following examples.
DETD
PAC  PREPARATION I
PAR  A 6.3 gm. (0.03 mole) portion of trimethyl N-phosphonomethylglycinate is
      stirred at 20.degree.C. in a water bath, and 4.8 gm. (0.0315 mole) of 40%
      peracetic acid in acetic acid is slowly added dropwise. The stirring is
      continued overnight. The mixture is then transferred to a beaker
      containing a magnetic stirring bar. The beaker is placed in the bottom of
      a large vacuum dessicator and is surrounded with commercial pellets of
      potassium hydroxide. The liquid is stirred magnetically and cautiously
      evacuated to &lt;1 mm. Stirring is again continued overnight to remove
      volatiles including unconverted peroxides.
PAR  The resultant amber oil is distilled in a wiped-wall molecular still at
      146.degree.-160.degree.C. (wall temperature) and 2.5-4.5.mu.. The product
      obtained is trimethyl N-hydroxy-N-phosphonomethylglycinate, n.sub.D.sup.22
      1.4606. Elemental analysis gives 33.05% carbon and 6.07% hydrogen as
      against calculated values of 31.73% and 6.21% respectively for C.sub.6
      H.sub.14 NO.sub.6 P.
PAC  PREPARATION II
PAR  A 26.3 gm. portion of methyl N-(diallyloxyphosphinylmethyl)glycinate is
      stirred at 15.degree.-20.degree.C. in a water bath, and 15.1 gm. of 40%
      peracetic acid in acetic acid is added dropwise over a 3-hour period. The
      mixture is stirred overnight. A starch-potassium iodide test for peroxide
      is positive, and a small amount of rhodium-on-alumina catalyst is added to
      destroy the peroxide. After 4 hours of further stirring, the mixture is
      then stirred magnetically and evacuated to &lt;1 mm. in a vacuum dessicator
      over potassium hydroxide pellets to remove volatiles.
PAR  Distillation in a wiped-wall molecular still at 125.degree.-140.degree.C.
      (wall temperature) and 5-7.mu. yields methyl
      N-hydroxy-N-(diallyloxyphosphinylmethyl)glycinate, n.sub.D.sup.22 1.4730,
      as a viscous yellow oil. Elemental analysis gives 41.02% carbon, 6.40%
      hydrogen and 12.17% phosphorus as against calculated values of 43.0%,
      6.50% and 11.1% respectively for C.sub.10 H.sub.18 NO.sub.6 P.
PAR  The post-emergent or contact herbicidal activity of the compounds of this
      invention is demonstrated by means of greenhouse testing. A good grade of
      top soil is placed in aluminum pans and compacted to a depth of 3/8 to 1/2
      inch (.95 to 1.27 cm.) from the top of the pan. A pre-determined number of
      seeds of each of several broadleaf and grassy plant species are placed on
      top of the soil in the pans. The seeds are covered with soil and the pans
      leveled. The pans are then placed on a sand bench in the greenhouse and
      watered from below as needed. After the plants are the desired age, each
      pan of plants is sprayed with a given volume of a 0.2% concentration
      solution of the candidate chemical, corresponding to application rates
      recited below. This solution is prepared from an aliquot of a 2% solution
      of the candidate compound in acetone, a known amount of
      cyclohexanone-emulsifying agent mix, and sufficient water to make up to
      volume. The emulsifying agent is a mixture comprising 35 wt. percent
      butylamine dodecylbenzene sulfonate and 65 wt. percent of a tall
      oil-ethylene oxide condensate having about 6 moles of ethylene oxide per
      mole of tall oil. The injuries to the plants are then observed
      approximately 14 days later and the results are recorded.
PAR  The spectrum of plants employed in this test included six broadleaf species
      and five grass species. Identification of individual species will be noted
      in the results which follow. At a rate of 4 lbs./acre (4.48 kg./hectare),
      Compound I caused 26-49% kill on morning glory and barnyard grass, but was
      not effective against any of the remaining species in this test. Using the
      same compound at a rate of 20 lbs./acre (22.4 kg./hectare) caused a kill
      of 26-49% on Canada thistle, cocklebur, morning glory, lambsquarters,
      johnson grass and downy brome, while the kill on barnyard grass increased
      to 50-74%. At the latter rate, additional observations of the plants were
      made four weeks after treatment. No change in results was noted for Canada
      thistle, cocklebur, morning glory and downy brome. The kill on
      lambsquarters and johnson grass increased to 50-74% and on barnyard grass
      to 75-99%. Further, 26-49% kill was noted on nutsedge and 50-74% kill was
      noted on quackgrass. The only two plant species on which this latter test
      was ineffective were velvet leaf and smartweed.
PAR  Using Compound II at a rate of 4 lbs./acre (4.48 kg./hectare), no effect
      was noted on lambsquarters. This compound caused 50-74% kill on morning
      glory and quackgrass and 75-99% kill on barnyard grass. All of the
      remaining species showed 26-49% kill. The plants treated at this 4
      lbs./acre (4.48 kg./hectare) rate were again observed four weeks after
      treatment at which time 26-49% kill was noted on lambsquarters. Six of the
      other plant species showed an increase in the percent kill, while the
      remaining four species stayed at the same level of activity.
PAR  The non-lethal growth regulating activity of the compounds of this
      invention is also demonstrated by means of greenhouse testing. Since this
      type of activity is only sought after on desired crop plants, the tests
      were conducted on corn, a representative cereal grain and on soybeans, a
      representative legume.
PAR  A number of corn plants of the Pioneer 3567 variety are grown from seeds in
      an aluminum pan for a period of one week. The height of each corn plant is
      then measured to the top of the whorl. A 1% solution of each compound of
      the invention in acetone is prepared, and a 2.0 ml. portion of each
      solution is mixed with 0.8 ml. of acetone and 2.8 ml. of a water mixture
      with 0.05% of Aerosol OT. The resultant solution is then sprayed over the
      plants in the pan at an application rate equivalent to about 6.0 lbs./acre
      (6.72 kg./hectare). A control pan, planted at the same time as the test
      pan, also has its plants measured, but receives no chemical application.
      The pans are transferred to a greenhouse and watered from below in a sand
      bench. Each pan is fertilized with 40 ml. of a 1.5% solution of Rapid-Gro
      about 2 days after treatment.
PAR  Two weeks after treatment the height of each plant in the pans is again
      measured to the top of the whorl. After determining the average height
      increase of the plants in the untreated control pan, it is found that at
      least two-thirds of the corn plants treated with each compound of this
      invention show 26% or more stature reduction by direct comparison.
PAR  A number of soybean plants of the Wayne variety are grown from seeds in an
      aluminum pan for a period of one week. The height of each soybean plant is
      then measured to the top of the terminal bud. A solution of each compound
      of the invention is prepared and applied to the soybean plants in the same
      manner as described in the corn test. An untreated control pan is also
      prepared, and both pans are thereafter handled as described in said corn
      test.
PAR  Two weeks after treatment the height of each plant in the pans is again
      measured to the top of the terminal bud. After determining the average
      height increase of the plants in the untreated control pan, it is found
      that at least two-thirds of the soybean plants treated with each compound
      of this invention show 26% or more stature reduction by direct comparison.
PAR  While the invention has been described herein with regard to certain
      representative examples for the purpose of illustrating its practice, it
      is not to be construed as limited thereto. Those skilled in the art will
      readily recognize the variations and modifications which can be made
      without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A compound of the formula
      ##EQU2##
      wherein R represents methyl or allyl.
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ABST
PAL  O-ethyl-S-n-propyl-S-optionally
      substituted-benzyl-phosphoro(thiono)dithiolates of the formula
      ##EQU1##
      in which X stands for an oxygen or sulfur atom,
PA1  Y stands for a halogen atom or a lower alkyl, lower alkoxy, lower
      alkylmercapto, lower alkylsulfinyl, nitro or cyano group, and
PA1  m is 0, 1, 2 or 3,
PAL  Which possess insecticidal, acaricidal and nematocidal properties.
PARN
PAR  This is a division of application Ser. No. 127,415 filed Mar. 23, 1971, now
      abandoned.
BSUM
PAR  The present invention relates to and has for its objects the provision of
      particular new O-ethyl-S-n-propyl-S-optionally substituted
      benzyl-phosphoro(thiono) dithiolates which possess insecticidal,
      acaricidal and nematocidal properties, active compositions in the form of
      mixtures of such compounds with solid and liquid dispersible carrier
      vehicles, and methods for producing such compounds and for using such
      compounds in a new way especially for combating pests, e.g. insects,
      acarids and nematodes, especially insects and acarids, with other and
      further objects becoming apparent from a study of the within specfication
      and accompanying examples.
PAR  In agriculture, especially the cultivation of rice plants the damage caused
      by larvae of insects belonging to the Lepidoptera, such as the rice stem
      borer (Chilo suppressalis) and yellow rice borer (Tryporyza incertulas),
      and mites is a serious problem. Much research has been directed to the
      control of these harmful creatures but only several pesticides among the
      commercially available pesticides are effective against them; almost all
      of these pesticides comprise organic phosphorus compounds.
PAR  Further, since the same insecticides have been used in great amounts, there
      has been a tendency for harmful insects to acquire resistance to them.
PAR  The present invention provides phosphoric acid esters of the general
      formula
      ##EQU2##
      in which X stands for an oxygen or sulfur atom,
PA1  Y stands for a halogen atom or a lower alkyl, lower alkoxy, lower
      alkylmercapto, lower alkylsulfinyl, nitro or cyano group, and
PA1  m is 0, 1, 2 or 3.
PAR  Although Y may stand for a fluorine or iodine atom, the preferred halogens
      are chlorine and bromine. Preferred lower alkyl and alkoxy groups include
      those with an alkyl of 1 to 4 carbon atoms, namely methyl, ethyl, n- and
      iso-propyl, and n-, iso-, sec- and tert-butyl.
PAR  The compounds of the general formula (I) have been found to exhibit a
      pronounced pesticidal activity against Lepidoptera and Tetranychus,
      especially, against insects. As compared with active compounds of similar
      structure which have been described in the literature or known compounds
      exhibiting similar directions of activity, the novel compounds of this
      invention exhibit substantially improved effects and very low toxicity of
      warm-blooded animals.
PAR  The compounds of this invention can be used for controlling harmful insects
      of a broad range such as harmful sucking insects, biting insects and plant
      parasites. They are effective as insecticides against insects harmful to
      agriculture, such as insects belonging to the Coleoptera, Lepidoptera,
      Aphidae, Orthoptera, Isoptera and Acarina, as well as Nematodes living on
      plant and in the soil; accordingly, then can be used as agents for
      protecting plants from such pests.
PAR  The compounds of this invention exhibit an especially high insecticidal
      activity against insects belonging to the Lepidoptera, whose control has
      been difficult by conventional insecticides. Further, they exhibit a very
      high insecticidal activity against insects which have acquired resistance
      to organic phosphorus insecticides of the prior art. Still further, they
      are effective for controlling the rice stem borer. The compounds of the
      invention do not exhibit such an acute toxicity to humans as is possessed
      by parathion and methylparathion. Nevertheless, the insecticidal activity
      of the compounds of this invention is comparable or superior to that of
      parathion and, therefore, they can safely be used as agricultural
      chemicals.
PAR  The present invention provides a process for the preparation of a compound
      of the formula (I) in which
PAR  a. an O-ethyl-S-n-propylhalophosphorothionothiolate of the general formula
      ##EQU3##
      in which Hal is a halogen atom, preferably a chlorine atom, is reacted
      with a benzyl mercaptan of the general formula
      ##SPC1##
PAL  in which M.sup.1 stands for a hydrogen atom or a salt-forming cation,
PAR  or b. an O-ethyl-S-n-propyldithiophosphate of the general formula
      ##EQU4##
      in which M.sup.2 stands for a metal equivalent or an ammonium radical, is
      reacted with a benzyl halide of the general formula
      ##SPC2##
PAL  in which
PA1  Hal stands for a halogen atom,
PAR  or c. a phosphite of the general formula
      ##EQU5##
      is reacted with sulfur,
PAR  or d. a phosphite of the general formula (VI) above is reacted with
      hydrogen peroxide.
PAR  The symbols X, Y and m have, in the above formulae, the meanings given for
      formula (I).
PAR  In the synthesis of the compounds of this invention according to any of the
      above process variants, the reaction is preferably conducted in a solvent,
      which term includes a mere diluent.
PAR  An inert solvent may be used for this purpose, for example water, aliphatic
      and aromatic hydrocarbons which may be halogenated, such as methylene
      chloride, di-, tri- and tetrachloroethylenes, chloroform, carbon
      tetrachloride, benzine, benzene, chlorobenzene, toluene and xylene; ethers
      such as diethyl ether, di-n-butyl ether, dioxane and tetrahydrofuran;
      low-boiling aliphatic ketones and nitriles such as acetone,
      methylethylketone, methylisopropylketone, methylisobutylketone,
      acetonitrile and propionitrile; and low-boiling aliphatic alcohols such as
      methanol, ethanol and isopropanol.
PAR  The reaction of any process variant may be effected at temperatures within
      a fairly broad range, but generally the reaction is carried out at a
      temperature of from -20.degree.C to the boiling point of the reaction
      mixture, preferably at from 10.degree. to 100.degree.C.
PAR  The reactants are advantageously used in substantially equimolar
      proportions.
PAR  M.sup.1, in formula (III), stands preferably for a hydrogen or alkali
      metal, for example, sodium or potassium, atom. As benzylmercaptans which
      can be used in reaction variant (a), the following may be cited:
PA1  benzylmercaptan,
PA1  2-(or 4-)chloro-(or bromo-)benzylmercaptan,
PA1  2,4-(or 3,4- or 2,6-)dichloro-benzylmercaptan,
PA1  2,4,5-(or 2,3,6-)trichloro-benzylmercaptan,
PA1  2,4-(or 2,5-)dimethyl-benzylmercaptan,
PA1  4-methoxy-benzylmercaptan,
PA1  3-chloro-4-methoxy-benzylmercaptan,
PA1  4-methylthio-benzylmercaptan,
PA1  4-methylsulfinyl-benzylmercaptan,
PA1  4-nitro-benzylmercaptan,
PA1  4-cyano-benzylmercaptan, and
PA1  the sodium or potassium salts of these mercaptans.
PAR  The reaction of process variant (a) may be carried out in the presence of
      an acid-binder according to need (usually when M.sup.1 is a hydrogen
      atom). Suitable acid-binders include hydroxides, carbonates, bicarbonates
      and alcoholates of alkali metals, and tertiary amines such as
      triethylamine, dimethylaniline and pyridine.
PAR  When the reaction is carried out in the absence of an acid-binder, the
      intended product of high purity can be obtained in high yield by first
      forming a salt, preferably a metal salt, of the appropriate
      benzylmercaptan, and then reacting the salt with the phosphoric acid
      diester monohalide.
PAR  Process variant (b) results in a compound of the formula (I) in which X is
      an oxygen atom. In formula (IV) M.sup.2 stands preferably for an alkali
      metal atom, such as sodium or potassium, or an ammonium group, and in
      formula (V) Hal stands preferably for a chlorine or bromine atom.
PAR  As benzyl halides which may be used in the reaction of process variant (b),
      the following may be cited:
PA1  benzyl chloride (or bromide),
PA1  2-(or 4 -)chloro(or bromo) benzyl chloride (or bromide),
PA1  2,4-(or 3,4- or 2,6-)dichlorobenzyl chloride (or bromide),
PA1  2,4,5-(or 2,3,6-)trichlorobenzyl chloride (or bromide)
PA1  2,4-(or 2,5-) dimethylbenzyl chloride (or bromide),
PA1  4-methoxybenzyl chloride (or bromide),
PA1  3-chloro-4-methoxybenzyl chloride (or bromide),
PA1  4-methylthiobenzyl chloride (or bromide),
PA1  4-methylsulfinylbenzyl chloride (or bromide),
PA1  4-nitrobenzyl chloride (or bromide), and
PA1  4-cyanobenzyl chloride (or bromide).
PAR  Process variant (c) results in compounds of the formula (I) in which X is a
      sulfur atom whereas process variant (d) gives rise to those in which X is
      an oxygen atom.
PAR  The phosphite of the general formula (VI) is conveniently prepared by the
      reaction between the compound of the formula
      ##EQU6##
      and a benzyl mercaptan of the formula
      ##SPC3##
PAL  in the presence of an acid-binder and an inert solvent or diluent.
PAR  The active compounds according to the instant invention can be utilized, if
      desired, in the form of the usual formulations or compositions with
      conventional inert (i.e. plant compatible or herbicidally inert) pesticide
      diluents or extenders, i.e. diluents, carriers or extenders of the type
      usable in conventional pesticide formulations, preparations or
      compositions, e.g. conventional pesticide formulations, preparations or
      compositions such as sulutions, emulsions, suspensions, emulsifiable
      cocentrates, wettable powders, soluble powders, oils, aerosols, pastes,
      fumigating powders, dusting powders, granules, pellets and tablets, etc..
      These are formulated or prepared in known manner, for instance by mixing
      the active compounds with conventional pesticide dispersible liquid or
      solid diluent, carriers or extenders optionally with the use of carrier
      vehicle assistants, e.g. conventional pesticide surface-active agents,
      including emulsifying agents adhesive agent and/or dispersing agents,
      whereby, for example, in the case where water is used as diluent, organic
      solvents and/or surfactants may be added as auxiliary solvents. The
      following may be chiefly considered for use as conventional carrier
      vehicles for this purpose: aerosol propellants which are gaseous at normal
      temperatures and pressures, such as freon; inert dispersible liquid
      diluent carriers, including inert organic solvents, such as aromatic
      hydrocarbons (e.g. benzene, toluene, xylene, aromatic naphtha, dimethyl
      naphthalene, etc.), halogenated, especially chlorinated aromatic
      hydrocarbons (e.g. chlorobenzenes etc.), aliphatic hydrocarbons (e.g.
      benzine, cyclohexane, paraffins, petroleum fractions), chlorinated
      aliphatic hydrocarbons (e.g. methylene chloride, ethylene chloride, etc.),
      alcohols (e.g. methanol, ethanol, propanol, butanol, etc.), amines (e.g.
      ethanolamine, etc.), ethers, ether-alcohols, (e.g. glycol monomethyl
      ether, etc.), amides (e.g. dimethyl formamide, etc.), sulfoxides (e.g.
      dimethyl sulfoxide, etc.), ketones (e.g. acetone, methylethyl ketone,
      cyclohexanone, etc.) and/or water; as well as inert dispersible finely
      divided solid carriers, such as ground natural minerals (e.g. clays, talc,
      pyrophyllite, mica, gypsum, calcite, vermiculite, dolomite, apatite,
      calucium or magnesium lime, diatomaceous earth, inorganic salts i.e.
      calcium carbanate, pumice, etc.) and ground synthetic minerals (e.g.
      highly dispersed silicic acid, silicates e.g. alkali silicates, etc.);
      whereas the following may be chiefly considered for use as conventional
      carrier vehicle assistants, e.g. surface-active agents, for this purpose:
      emulsifying agents, such as non-ionic and/or anionic and/or cationic
      emulsifying agents, (e.g. polyethyleneoxide esters of fatty acids,
      polyethylene oxide ethers of fatty alcohols, alkyl sulfonates, aryl
      sulfonates, alkyl dimethyl benzyl ammonium chloride, etc., and especially
      alkyl arylopolyglycol ethers, magnesium stearate, sodium oleate, etc.);
      and/or dispersing agents, such as lignin, sulfite waste liquors, methyl
      cellulose etc..
PAR  Such active compounds may be employed alone or in the form of mixtures with
      one another and/or with such solid and/or liquid dispersible carrier
      vehicles, optionally with the use of carrier vehicle assistants and/or
      with other known compatible active agents, especially plant protection
      agents, such as other insecticides, acaricides, nematocides, fungicides,
      bactericides, herbicides, rodenticides, fertilizers or plant
      growth-regulating agents, etc., if desired, or in the form of particular
      dosage preparations for specific application made therefrom, such as
      solutions, emulsions, suspensions, powders, pastes, and granules which are
      thus ready for use.
PAR  As concerns commercially marketed formulations, these generally contemplate
      carrier composition mixtures in which the active compound is present in an
      amount substantially between about 0.1 - 95% by weight, and preferably 0.5
      - 90% by weight, of the mixture, whereas carrier composition mixtures
      suitable for direct application or field application generally contemplate
      those in which the active compound is present in an amount substantially
      between about 0.0001 - 20%, preferably 0.001 - 5%, by weight of the
      mixture. Thus, the present invention contemplates over-all compositions
      which comprise mixtures of a conventional dispersible carrier vehicle such
      as (1) a dispersible inert finely divided carrier solid, and/or (2) a
      dispersible carrier liquid such as an inert organic solvent and/or water
      preferably including a surface-active effective amount of a carrier
      vehicle assistant, e.g. a surface-active agent, such as an emulsifying
      agent and/or a dispersing agent, and an amount of the active compound
      which is effective for the purpose in question and which is generally
      between about 0.0001 - 95%, and preferably 0.001 - 95%, by weight of the
      mixture.
PAR  The amount of active compound applied per unit area is usually about 150 to
      10000 grams, preferably 400 to 6000 grams of active compound per hectare.
      However, in special cases, it may be possible to use more or less,
      sometimes such variations may be required.
PAR  The active compounds can also be used in accordance with the well known
      ultra-low-volume process with good success, i.e. by applying such compound
      if normally a liquid, or by applying a liquid composition containing the
      same, via very effective atomizing equipment, in finely divided form, e.g.
      average particle diameter of from 50 - 100 microns, or even less, i.e.
      mist form, for example by airplane crop spraying techniques. Only up to at
      most about a few liters/hectare are needed, and often amounts only up to
      about 150 to 10000g/hectare preferably 400 to 6000g/hectare, are
      sufficient. In this process it is possible to use highly concentrated
      liquid compositions with said liquid carrier vehicles containing from
      about 20 to about 95% by weight of active compound or even the 100% active
      substance alone, e.g. about 20 - 100% by weight of the active compound.
PAR  Furthermore, the present invention contemplates methods of selectively
      killing, combating or controlling pests, e.g. arthropods, i.e. insects and
      acarids, and more particularly methods of combating at least one of
      insects and acarids which comprises applying to at least one of
      correspondingly (a) such insects, (b) such acarids, and (c) the
      corresponding habitat thereof, i.e. the locus to be protected, a
      correspondingly combative or toxic amount, i.e. an arthropodically,
      especially insecticidally or acaricidally, effective amount of the
      particular active compound of the invention alone or together with a
      carrier vehicle as noted above. The instant formulations or compositions
      are applied in the usual manner, for instance by spraying, atomizing,
      vaporizing, scattering, dusting, watering, squirting, sprinkling, pouring,
      fumigating, and the like.
PAR  It will be realized, of course, that the concentration of the particular
      active compound utilized in admixture with the carrier vehicle will depend
      upon the intended application. Therefore, in special cases it is possible
      to go above or below the aforementioned concentration ranges.
DETD
PAR  The unexpected superiority and outstanding activity of the particular new
      compounds of the present invention are illustrated, without limitation, by
      the following examples.
PAC  EXAMPLE 1
PAR  24 g of potassium O-ethyl-S-n-propyldithiophosphate are dissolved in 100 ml
      of alcohol, and 19.5 g of 2,4-dichlorobenzyl chloride are added to the
      solution dropwise, followed by agitation at 70.degree.C for 2 hours. The
      alcohol is removed from the reaction mixture by distillation, and the
      residue is dissolved in benzene, washed with water and sodium carbonate,
      and dried over anhydrous sulfuric acid. Benzene is removed by distillation
      and the residue is subjected to vacuum distillation. There are obtained 30
      g of O-ethyl-S-n-propyl-S-(2,4-dichlorobenzyl) phosphorodithiolate of the
      formula
      ##SPC4##
PAL  The product has a boiling point of 155.degree.-157.degree.C under 0.02 mm
      Hg and a refractive index n.sub.D.sup.20 of 1.5791. This compound is
      hereinafter designated as compound No. 5.
PAC  EXAMPLE 2
PAR  19 g of 3,4-dichlorobenzyl mercaptan are dissolved in 100 ml of benzene and
      10 g of triethylamine are added to the solution. Then 19 g of
      O-ethyl-S-n-propylchlorophosphorothiolate (boiling at 70.degree.C under
      0.5 mm Hg) is added to the solution under cooling, following which
      agitation is continued at room temperature for a while. Then the mixture
      is heated at 60.degree.-65.degree.C to complete the reaction. The reaction
      mixture is washed with water, 1% hydrochloric acid and then with 1% sodium
      carbonate, and dried over anhydrous sodium sulfate. Distillation of the
      benzene gives 27 g of a colorless oil,
      O-ethyl-S-n-propyl-S-(3,4-dichlorobenzyl(phosphorodithiolate of the
      formula
      ##SPC5##
PAL  The product has a boiling point of 163.degree.-165.degree.C under 0.03 mm
      Hg and a refractive index n.sub.D.sup.20 of 1.5796. This compound is
      hereinafter designated compound No. 7.
PAC  EXAMPLE 3
PAR  8 g of pyridine are added to a solution of 16 g of 4-chlorobenzyl mercaptan
      in 70 ml of toluene. While nitrogen gas is being introduced into the
      solution, 19 g of O-ethyl-S-n-propylchloro-phosphite (boiling at
      48.degree.-50.degree.C under 1 mm Hg) are added thereto dropwise at room
      temperature. After completion of the addition, the mixture is agitated at
      40.degree.C for one hour, followed by the addition of 3.2 g of sulfur.
      Then the mixture is heated at 90.degree.C for one hour and cooled to room
      temperature. The reaction liquor is diluted with 80 ml of benzene, washed
      with 1% hydrochloric acid and 4% sodium bicarbonate and dried over
      anhydrous sodium sulfate. Distillation of the solvent gives 24 g of a
      colorless oil, O-ethyl-S-n-propyl-S- (4-chlorobenzyl)
      phosphorthionodithiolate of the formula
      ##EQU7##
      The product has a boiling point of 186.degree.-190.degree.C under 0.15 mm
      Hg and a refractive index n.sub.D.sup.20 of 1.6029. This compound is
      hereinafter designated compound No. 4.
PAC  EXAMPLE 4
PAR  The following compounds may be synthesized by methods analogous to those of
      Examples 1-3.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     C.sub.2 H.sub.5 OX                                                        

     .parallel.                                                                

     .angle.P--S--CH.sub.2 --                                                  

     n--C.sub.3 H.sub.7 S       (I)                                            

                    Physical Properties                                        

     Compound                   Refractive                                     

     No.  X Ym      Boiling Point                                              

                                Index                                          

     __________________________________________________________________________

     1    S (m=O)   166-170.degree.C/0.08 mmHg,                                

                                n.sub.D.sup.20 1.6028                          

     2    O 2--Cl   149-151.degree.C/0.2 mmHg,                                 

                                n.sub.D.sup.20 1.5707                          

     3    O 4--Cl   150-153.degree.C/0.1 mmHg,                                 

                                n.sub.D.sup.20 1.5710                          

     6    S 2,4--Cl.sub.2       n.sub.D.sup.20 1.6060                          

     8    S 3,4--Cl.sub.2                                                      

                    174-177.degree.C/0.1 mmHg,                                 

                                n.sub.D.sup.20 1.6087                          

     9    O 2,6--Cl.sub.2                                                      

                    156-158.degree.C/0.05 mmHg,                                

                                n.sub.D.sup.20 1.5783                          

     10   O 2,4,5--Cl.sub.3                                                    

                    160-162.degree.C/0.08 mmHg,                                

                                n.sub.D.sup.20 1.5863                          

     11   S 2,4,5--Cl.sub.3     n.sub.D.sup.20 1.6167                          

     12   O 2,3,6--Cl.sub.3                                                    

                    161-165.degree.C/0.1 mmHg,                                 

                                n.sub.D.sup.20 1.5878                          

     13   S 2,3--6--Cl.sub.3    n.sub.D.sup.20 1.6067                          

     14   O 4--Br   143-146.degree.C/0.08 mmHg,                                

                                n.sub.D.sup.20 1.5834                          

     15   O 2,4--(CH.sub.3).sub.2                                              

                    162-167.degree.C/0.15 mmHg,                                

                                n.sub.D.sup.20 1.5589                          

     16   O 2,5--(CH.sub.3).sub.2                                              

                    163-167.degree.C/0.18 mmHg,                                

                                n.sub.D.sup.20 1.5578                          

     17   O 4--CH.sub.3 O       n.sub.D.sup.20 1.5544                          

     18   S 4--CH.sub.3 O       n.sub.D.sup.20 1.5933                          

     19   O 3--Cl,4--CH.sub.3 O n.sub.D.sup.20 1.5720                          

     20   O 4--CH.sub.3 S       n.sub.D.sup.20 1.5950                          

     21   S 4--CH.sub.3 S       n.sub.D.sup.20 1.6210                          

            O                                                                  

            .parallel.                                                         

     22   O 4--CH.sub.3 S--     n.sub.D.sup.20 1.5897                          

            O                                                                  

            .parallel.                                                         

     23   S 4--CH.sub.3 S--     n.sub.D.sup.20 1.6164                          

     24   O 4--NO.sub.2                                                        

                    170-173.degree.C/0.17 mmHg,                                

                                n.sub.D.sup.20 1.5800                          

     25   O 4--CN   174-176.degree.C/0.1 mmHg,                                 

                                n.sub.D.sup.20 1.5721                          

     __________________________________________________________________________

PAC  EXAMPLE 5
PAR  15 parts of compound (24 ), 80 parts of diatomaceous earth and clay and 5
      parts of the emulsifier RUNNOX (product of Toho Kagaku Kogyo K.K., Japan)
      are ground and mixed together to form a wettable powder. It is diluted
      with water for actual application. [diatomaceous earth and clay (3:2);
      RUNNOX: polyoxyethylenealkylarylether]
PAC  EXAMPLE 6
PAR  30 parts of compound (5), 30 parts of xylene, 30 parts of KAWAKAZOL
      (product of Kawasaki Kasei Kogyo K.K., Japan), and 10 parts of the
      emulsifier SORPOL (product of Toho Kagaku Kogyo K.K., Japan) are mixed
      with stirring to form an emulsifiable concentration. It is diluted with
      water for actual application. [KAWAKAZOL: : aliphatic hydrocarbons with
      high boiling point; SORPOL: polyoxyethylenealkylarylether]
PAC  EXAMPLE 7
PAR  10 parts of compound (20), 10 parts of bentonite, 78 parts of talc and 2
      parts of lignin sulfonate are formed into a mixture and it is intimately
      mixed with 25 parts of water. The mixture is finely divided by means of an
      extruding granulator to give particles of 20 - 40 mesh, followed by drying
      at 40.degree.- 50.degree.C.
PAC  EXAMPLE 8
PAR  2 parts of compound No. 3 and 98 parts of a mixture of talc and clay were
      ground and mixed together to form a dust. [talc and clay (3:1)]
PAL  Note: The term "parts" used in the Example (5) to (8) means weight.
PAC  EXAMPLE 9
PA0  Preparation of Test compound
PA1  Solvent: 3 parts by weight of dimethylformamide
PA1  Emulsifier: 0.1 part by weight of alkyl aryl polyglycol ether
PAR  In order to prepare a suitable preparation of an active compound, one part
      by weight of the active compound is mixed with the above amount of the
      solvent containing the above amount of the emulsifier, and the mixture is
      diluted with water to form an aqueous preparation containing the active
      compound at a prescribed concentration.
PA0  Test 1: Test on tobacco cutworm (Prodenia litura) larvae:
PAR  Test procedure
PAR  Sweet-potato leaves are dipped in a preparation of the active compound
      prepared in Example 9, and they are dried in air and placed in a 9 cm
      diameter Petri dish. Then 10 of third-instar tobacco cutworm larvae are
      put into the dish and the dish is kept in a thermostat chamber maintained
      at 28.degree.C. After 24 hours have passed, the number of the dead larvae
      is counted and the killing ratio is calculated.
PA0  Test 2: Test on almond moth (Ephestia cautella):
PAR  Test procedure
PAR  20 almond-moth mature larvae are put into a wire gauze vessel of 7 cm
      diameter and 0.9 cm height. The vessel is dipped for 10 seconds in a
      preparation of the active compound prepared in Example 9 at a prescribed
      concentration, and then the vessel is allowed to stand for 24 hours in a
      thermostat chamber. The number of dead larvae is counted and the killing
      ratio is calculated.
PA0  Test 3: Test of effects against common cabbage worm (Pieris rapae
      crucivora)
PAR  Test procedure
PAR  Cabbage seedling leaves are dipped in an aqueous formulation containing the
      active compound at a prescribed concentration, which is prepared in the
      same manner as in Test 1, and dried in the air. Then they are placed in a
      Petri dish of 9 cm diameter, and 10 common cabbage worm mature larvae are
      placed therein. Then the dish is kept for 24 hours in a thermostat chamber
      maintained at 28.degree.C. The number of the dead larvae is counted and
      the killing ratio is calculated.
PAR  The results of the tests of effects against the tobacco cutworm, almond
      moth and green caterpillar are shown in Table 2, in which results of
      comparative tests using analogous compounds, identified by the letters A-L
      inclusive, are also shown. The entries in the Table are killing ratios
      expressed as percentage values.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

     HARMFUL INSECTS:    Tobacco Cutworm                                       

                                        Almond Moth    Common cabbage worm     

                         Concentration  Concentration  Concentration           

     Active Compound     1000 300  100  1000 300  100  1000 100                

                         ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm                

     __________________________________________________________________________

     C.sub.2 H.sub.5 OS  25   0    0    0    0    0    0    0                  

     .parallel.                                                                

     .angle.P--S--CH.sub.2                                                     

     C.sub.2 H.sub.5 S                                                         

     (A)                                                                       

     C.sub.2 H.sub.5 OS  100  100  100  100  100  90   100  100                

     .parallel.                                                                

     .angle.P--S--CH.sub.2                                                     

     n--C.sub.3 H.sub.7 S                                                      

     (1)                                                                       

     C.sub.2 H.sub.5 OS  80   25   0    10   0    0    10   0                  

     P--S--CH.sub.2                                                            

     n--C.sub.4 H.sub.9 S                                                      

     (B)                                                                       

     C.sub.2 H.sub.5 OS  45   0    0    0    0    0    0    0                  

     .parallel.                                                                

     .angle.P--S--CH.sub.2                                                     

     C.sub.2 H.sub.5 S                                                         

     (C)                                                                       

     C.sub.2 H.sub.5 OS  100  100  100  100  100  60   100  100                

     .parallel.                                                                

     .angle.P--S--CH.sub.2                                                     

     n--C.sub.3 H.sub.7 S                                                      

     C.sub.2 H.sub.5 OS  90   75   0    50   0    0    20   0                  

     .parallel.                                                                

     .angle.P--S--CH.sub.2                                                     

     n--C.sub.4 H.sub.9 S                                                      

     (D)                                                                       

     C.sub.2 H.sub.5 OO  15   0    0    0    0    0    0    0                  

     .parallel.                                                                

     .angle.P--S--CH.sub.2                                                     

     CH.sub.3 S                                                                

     (E)                                                                       

     C.sub.2 H.sub.5 OO  60   0    0    30   0    0    5    0                  

     .parallel.                                                                

     .angle.P--S--CH.sub.2                                                     

     C.sub.2 H.sub.5 S                                                         

     (F)                                                                       

     C.sub.2 H.sub.5 OO  100  100  100  100  100  90   100  100                

     .parallel.                                                                

     .angle.P--S--CH.sub.2                                                     

     n--C.sub.3 H.sub.7 S                                                      

     (3)                                                                       

     C.sub.2 H.sub.5 OO  100  35   0    50   0    0    15   0                  

     .parallel.                                                                

     .angle.P--S--CH.sub.2                                                     

     n--C.sub.4 H.sub.9 S                                                      

     .sub..sqroot.(G)                                                          

     C.sub.2 H.sub.5 OO  20   0    0    0    0    0    0    0                  

     .parallel.                                                                

     .angle. P--S--CH.sub.2                                                    

     n--C.sub.3 H.sub.11 S                                                     

     (H)                                                                       

     C.sub.2 H.sub.5 OO  0    0    0    0    0    0    0    0                  

     .parallel.-.angle.P--C--CH.sub.2                                          

     C.sub.2 H.sub.5 O                                                         

     (J)                                                                       

     C.sub.2 H.sub.5 OO  30   0    0    0    0    0    0    0                  

     .parallel.                                                                

     .angle.P--S--CH.sub.2                                                     

     C.sub.2 H.sub.5 S                                                         

     (K)                                                                       

     C.sub.2 H.sub.5 OO  100  100  95   100  100  60   100  90                 

     .parallel.                                                                

     .angle.P--S--CH.sub.2                                                     

     n--C.sub.3 H.sub.7 S                                                      

     (5)                                                                       

     C.sub.2 H.sub.5 OO  90   25   0    20   0    0    30   0                  

     .parallel.                                                                

     .angle.P--S--CH.sub.2                                                     

     n--C.sub.4 H.sub.9 S                                                      

     (L)                                                                       

     __________________________________________________________________________

PAR  From the results shown in Table 2 it can be seen that the phosphoric acid
      esters of the general formula (I) exhibit particularly excellent effects
      against harmful insects belonging to the Lepidoptera as compared with
      analogous compounds.
PAC  EXAMPLE 10
PA0  Test of effects against tobacco cutworm:
PAR  Test procedure
PAR  The test is conducted in the same manner as in Test 1 of Example 9. The
      results are shown in Table 3.
TBL                TABLE 3                                                     

     ______________________________________                                    

     Results of Tests of Effects Against the Tobacco Cutworm                   

                Killing Ratio(%)                                               

     Compound No. 300 ppm       100 ppm                                        

     ______________________________________                                    

     1            100           100                                            

     2            100           80                                             

     3            100           90                                             

     4            100           95                                             

     5            100           95                                             

     6            100           80                                             

     7            100           87                                             

     8            100           70                                             

     9            100           90                                             

     10           100           65                                             

     11           100           90                                             

     12           100           90                                             

     13           100           85                                             

     14           100           87                                             

     15           100           50                                             

     16           100           60                                             

     17           100           65                                             

     18           100           60                                             

     19           100           65                                             

     20           100           85                                             

     21           100           65                                             

     22           100           85                                             

     23           100           55                                             

     24           100           93                                             

     25           100           95                                             

     Papthion.sup.1                                                            

                   80           35                                             

     (comparison)                                                              

     Sumithion.sup.2                                                           

                   60           20                                             

     (comparison)                                                              

     ______________________________________                                    

      Papthion.sup.1 dimethyldithiophosphorylphenyl-acetic acid ethyl ester    

      Smithion.sup.2 dimethyl (3-methyl-4-nitrophenyl) thiophosphate           

PAL  The compound numbers in the Table correspond to those in Example 1, 2 and 3
      and Table 1.
PAC  EXAMPLE 11
PA0  Test on carmine mites imagines (Tetranychus telarius):
PAR  Test Procedure
PAR  A haricot plant having two developing leaves planted in a 6 cm diameter pot
      is placed with 50-100 carmine mite imagines and nymphs. Two days after the
      infection, emulsions containing the active compound at a prescribed
      concentration, which is prepared in the same manner as in Example 9, is
      sprayed in an amount of 40 ml per pot. The pot is kept in a greenhouse for
      10 days, and the control effect is evaluated. The evaluation is expressed
      by an index on the following scale:
PA0  Index:
PA1  3: No living imago or nymph.
PA1  2: less than 5% of living imagines and nymphs based on the untreated
      control
PA1  1: 5 - 50% of living imagines and nymphs based on the untreated control
PA1  0: more than 50% of living imagines and nymphs based on the untreated
      control.
PAL  The results are shown in Table 4.
TBL                TABLE 4                                                     

     ______________________________________                                    

     Results of Tests of Effects Against Carmine Mites                         

                Control effect index                                           

     Compound No. 300 ppm       100 ppm                                        

     ______________________________________                                    

     1            3             2                                              

     3            3             3                                              

     5            3             3                                              

     7            3             2                                              

     8            3             3                                              

     12           3             3                                              

     14           3             1                                              

     19           3             2                                              

     20           3             3                                              

     24           3             1                                              

     Phenkapton.sup.1                                                          

                  3             1                                              

     (comparison)                                                              

     CPCBS.sup. 2 2             0                                              

     (comparison)                                                              

     ______________________________________                                    

      Phenkapton.sup.1 O,O-diethyl-S-(2,5-dichlorophenylmercapto-methyl)       

      dithiophosphate                                                          

      CPCBS.sup.2 p-chlorophenyl-p'-chlorobenzenesulfonate                     

PAL  The compound numbers in the Table correspond to those in Example 1, 2 and 3
      and Table 1.
PAC  EXAMPLE 12
PAC  Preparation of test compound
PAR  2 parts by weight of an active compound is mixed with 98 parts by weight of
      talc, and the mixture is ground to form a dust.
PA0  Test on root knot nematode disease (Meloidogyne hapla):
PAR  Test Procedure
PAR  The so-prepared dust is mixed with soil tainted with sweet-potato root knot
      nematodes in an amount such that a prescribed concentration of the active
      compound is attained in the soil. The treated soil is uniformly stirred
      and mixed, and then it is packed into pots each having an area of 1/5000
      are. About 20 tomato seeds (Kurihara variety) are sowed per pot and
      cultivated for 4 weeks in a greenhouse. Each root is then drawn out from
      the soil without harming it. The damage degree is evaluated as the average
      of 10 roots for each group, based on the following scale.
PAC  Damage Degree
PA1  0 ... no knot (perfect control)
PA1  1 ... knots are formed slightly
PA1  2 ... knots are formed appreciably
PA1  3 ... knots are formed considerably
PA1  4 ... formation of knots is extreme (same as in untreated control).
PAL  The knot index is determined by the following equation:
      ##EQU8##
      The results are shown in Table 5.
TBL                TABLE 5                                                     

     ______________________________________                                    

     Results of Tests of Effects Against Root Knot Nematodes                   

                 Root Knot Index (%)                                           

     Compound No.  100 ppm       10 ppm                                        

     ______________________________________                                    

     3             0             1.6                                           

     5             0             5.8                                           

     14            0             3.2                                           

     20            0             0.5                                           

     24            0             8.8                                           

     VC.sup.1                                                                  

     (comparison)  0             15.1                                          

     ______________________________________                                    

      VC.sup.1 O,O-diethyl-O-dichlorophenyl-thionophosphate                    

PAL  The compound numbers in the Table correspond to those in Example 1, 2 and 3
      and Table 1.
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Phosphoric acid esters of the general formula
      ##EQU9##
      in which X stands for an oxygen or sulfur atom,
PA1  Y stands for lower alkyl mercapto or lower alkylsulfinyl group, and
PA1  m is 0, 1, 2 or 3.
NUM  2.
PAR  2. Compounds according to claim 1 in which m is 1, 2 or 3 and each Y stands
      for C.sub.1 -C.sub.4 alkylmercapto or C.sub.1 -C.sub.4 alkylsulfinyl.
NUM  3.
PAR  3. Compound according to claim 1 wherein such compound is
      O-ethyl-S-n-propyl-S-(4-methylmercaptobenzyl) phosphorodithiolate of the
      formula
      ##EQU10##
NUM  4.
PAR  4. Compound according to claim 1 wherein such compound is
      O-ethyl-S-n-propyl-S-(4-methylmercaptobenzyl) phosphorothionodithiolate of
      the formula
      ##EQU11##
NUM  5.
PAR  5. Compound according to claim 1 wherein such compound is
      O-ethyl-S-n-propyl-S-4-methylsulfinylbenzyl)phosphorodithiolate of the
      formula
      ##SPC6##
NUM  6.
PAR  6. Compound according to claim 1 wherein such compound is
      O-ethyl-S-n-propyl-S-4-methylsulfinylbenzyl)phosphorothionodithiolate of
      the formula
      ##SPC7##
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ABST
PAL  Dienylphosphates of the formula
      ##SPC1##
PAL  Wherein each of R.sub.1 and R.sub.1 ' is lower alkyl, aryl or benzyl and
      each of R.sub.2,
PA1  R.sub.3 and R.sub.4 is hydrogen or lower alkyl,
PAL  Are useful as anthelmintic agents and as intermediates for enolphosphates
      having anthelmintic activity.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a series of compounds, referred to as
      dienylphosphates, represented by the formula
      ##SPC2##
PA1  Wherein each of R.sub.1 and R.sub.1 ' is lower alkyl, aryl or benzyl and
      each of R.sub.2, R.sub.3 and R.sub.4 is hydrogen or lower alkyl.
PAR  As used herein, the term "lower alkyl" refers to a monovalent substituent
      consisting solely of carbon and hydrogen having a straight chain of from 1
      to 5 carbon atoms. The term "aryl" refers to phenyl or phenyl substituted
      with one or more lower alkyl, halo (fluorine, chlorine or bromine), nitro
      or lower alkoxy (lower alkyl linked through an ether oxygen) groups.
PAR  Depiction of dienes in the s-cis conformation is for convenience only, and
      does not necessarily represent the actual geometrical conformation at any
      particular time.
PAR  Preferred compounds falling within the above genus are those where R.sub.1
      and R.sub.1 ' are methyl or ethyl and R.sub.2, R.sub.3 and R.sub.4 are
      hydrogen. Thus, particularly preferred compounds of the present invention
      are dimethyl (1,3-butadien-2-yl) phosphate [alternate nomenclature -
      dimethyl 1-vinylvinylphosphate]; and diethyl (1,3-butadien-2-yl) phosphate
      [alternate nomenclature - diethyl 1-vinylvinylphosphate].
PAR  Compounds of formula I may be prepared from readily available starting
      materials by simple chemical procedures.
PAR  Compounds of formula I where R.sub.2, R.sub.3 and R.sub.4 are hydrogen and
      where R.sub.1 and R.sub.1 ' are identical are prepared from
      3,4-dichlorobutanone by reaction with a phosphite of the formula
EQU  P(OR.sub.1).sub.3                                          II
PA1  wherein R.sub.1 is as above.
PAL  Representative phosphites include trimethylphosphite, triethylphosphite,
      tri(n-propyl)phosphite, tri-(n-butyl)phosphite, tri(n-pentyl)phosphite,
      triphenylphosphite and tribenzylphosphite. Particularly preferred
      phosphites are trimethylphosphite and triethylphosphite.
PAR  The reaction is conveniently performed in the absence of solvents other
      than the reactants. However, if desired, inert organic solvents may be
      employed. Suitable inert organic solvents include, for example,
      hydrocarbons such as hexane, benzene and toluene; halogenated hydrocarbons
      such as dichloromethane, and the like.
PAR  The reaction appears to occur in two stages. The first stage occurs readily
      at temperatures from about 0.degree. to about 50.degree.C, preferably
      about 20.degree. to 30.degree.C, with the evolution of an alkyl chloride,
      R.sub.1 Cl. The final stage of the reaction involves the elimination of
      hydrogen chloride. This occurs by heating at a temperature of from about
      50.degree. to about 150.degree.C, and is most conveniently carried out by
      distillation of the reaction mixture, preferably under reduced pressure.
      There is thus obtained the final product of formula I wherein R.sub.2,
      R.sub.3 and R.sub.4 are each hydrogen.
PAR  To enhance the elimination of the hydrogen chloride during the distillation
      step, it is preferable to add a small quantity (for example, less than 1
      mole %) of a Lewis acid such as aluminum chloride. To prevent
      polymerization of the diene of formula I during distillation, the addition
      of a small quantity (for example, 1 mole % or less) of a polymerization
      inhibitor such as hydroquinone is preferred.
PAR  The preparation of dienylphosphates from 3,4-dichlorobutanone and
      phosphites is indeed unexpected, since the identical reaction utilizing
      3,4-dibromobutanone is known to afford exclusively methyl vinyl ketone, J.
      P. Schroeder, et al., J. Org. Chem. 35, 3181 (1970).
PAR  The full scope of compounds of formula I may be prepared by a different
      procedure, starting with a conjugated ketone of the formula
      ##SPC3##
PA1  wherein R.sub.2, R.sub.3 and R.sub.4 are as above.
PAR  This procedure involves, first, the conversion of the compound of formula
      III to its enolate of the formula
      ##SPC4##
PA1  wherein R.sub.2, R.sub.3 and R.sub.4 are as above and M.sup.+ is the cation
      of sodium, potassium or lithium.
PAR  Conversion of the compound of formula III to its enolate is carried out by
      reaction of the ketone with a strong organic soluble alkali metal amide
      base in an inert organic solvent at a low temperature. Preferred bases are
      alkali metal alkyl or cycloalkyl amides such as lithium N-cyclohexyl
      N-isopropylamide, lithium cyclohexylamide; and alkali metal silylamides,
      such as sodium bis(trimethylsilyl)amide. The amide bases utilized in the
      present process amy be prepared by methods well known in the art.
PAR  Suitable inert organic solvents for the present reaction include, for
      example, organic ethers, e.g., diethyl ether, dioxane and tetrahydrofuran;
      hydrocarbons such as hexane and heptane; and so forth.
PAR  The enolate, prepared in situ as hereinabove described, is then reacted
      with a halophosphate of the formula
      ##EQU1##
      wherein R.sub.1 and R.sub.1 ' are as above and Y is chlorine, bromine or
      iodine.
PAL  Both the formation of the enolate and the subsequent reaction with the
      halophosphate may be suitably conducted at a reduced temperature, for
      example, from about -80.degree. to about -20.degree.C. A particularly
      preferred temperature range is from about -65.degree. to about
      -75.degree.C.
PAR  After standard workup conditions, the product of formula I is isolated and
      purified. A particularly preferred purification method involves
      distillation at reduced pressure. Among the compounds of formula I that
      may be prepared by this method there may be mentioned:
PA1  dimethyl (1,3-butadien-2-yl) phosphate
PA1  diethyl (1,3-butadien-2-yl) phosphate
PA1  dimethyl (1,3-pentadien-3-yl) phosphate
PA1  diethyl (1,3-pentadien-3-yl) phosphate
PA1  dimethyl (1,3-pentadien-2-yl) phosphate
PA1  diethyl (1,3-pentadien-2-yl) phosphate
PA1  dimethyl (3-methyl-1,3-butadien-2-yl) phosphate
PA1  diethyl (3-methyl-1,3-butadien-2-yl) phosphate
PA1  dimethyl (3-methyl-1,3-pentadien-2-yl) phosphate
PA1  diethyl (3-methyl-1,3-pentadien-2-yl) phosphate
PA1  dimethyl (2-methyl-1,3-pentadien-3-yl) phosphate
PA1  diethyl (2-methyl-1,3-pentadien-3-yl) phosphate
PA1  dimethyl (3-ethyl-1,3-hexadien-2-yl) phosphate
PA1  diethyl (3-ethyl-1,3-hexadien-2-yl) phosphate
PA1  dimethyl (2-ethyl-1,3-hexadien-3-yl) phosphate
PA1  diethyl (2-ethyl-1,3-hexadien-3-yl) phosphate
PA1  dimethyl (4-methyl-3,5-decadien-5-yl) phosphate
PA1  diethyl (5-ethyl-3,5-nonadien-4-yl) phosphate
PA1  dimethyl (4-methyl-2,4-decadien-3-yl) phosphate
PA1  diethyl (4-propyl-3,5-nonadien-5-yl) phosphate
PAR  The compounds of formula I are substituted dienes and are highly reactive
      towards dienophiles in Diels-Alder reactions to form 1,4-cycloadducts
      (enolphosphates) of the formula
      ##SPC5##
PA1  wherein R.sub.1, R.sub.1 ', R.sub.2, R.sub.3 and R.sub.4 are as above and Z
      is the residue of a dienophile moiety.
PAR  For the purposes of this specification, a dienophile is defined as an
      unsaturated organic compound which will take part in a 1,4-cycloaddition
      reaction with a conjugated diene. Most dienophiles have a nonaromatic
      unsaturated (double or triple bond) linkage upon which there is directly
      substituted at least one electron withdrawing group. Among the types of
      dienophiles which may be mentioned are: nitriles, e.g., tetracyanoethylene
      and acrylonitrile; aldehydes, e.g., crotonaldehyde and acrolein; acids,
      e.g., acrylic acid, cinnamic acid, maleic acid and fumaric acid; esters,
      e.g., ethyl acrylate, dimethyl maleate, dimethyl fumarate, diethyl
      acetylenedicarboxylate, diethylazodicarboxylate; anhydrides, e.g., maleic
      anhydride and citraconic anhydride; imides, e.g., N-phenylmaleimide,
      4-phenyl-1,2,4-triazoline-3,5-dione and p-phenylazomaleinanil; nitroso
      compounds, e.g., nitrosobenzene; nitro compounds, e.g.,
      .beta.-nitrostyrene and 1-nitropropene; ketones, e.g., methyl vinyl
      ketone; and so forth.
PAR  Preparation of Diels-Alder adducts from compounds of formula I is carried
      out according to the usual methods well known in the art for such
      reactions. Thus, the Diels-Alder reaction is conveniently performed by
      admixture of a diene (the compound of formula I) with a dienophile.
PAR  The reaction may be carried out in the absence of any solvent, or an inert
      organic solvent may be utilized. Suitable inert organic solvents that may
      be mentioned include, for example, hydrocarbons such as hexane, heptane,
      benzene and toluene; halogenated hydrocarbons, such as dichloromethane;
      organic ethers, such as diethyl ether, tetrahydrofuran and dioxane; and
      the like. The Diels-Alder reaction may be carried out over a wide range of
      temperature conditions from about 0 to about +150.degree.C. A preferred
      temperature range is from about 20.degree. to about 70.degree.C.
PAR  The dienylphosphates of formula I are useful as anthelmintic agents.
      Furthermore, the enolphosphates of formula V also have anthelmintic
      properties. Thus, the compounds of formula I are additionally valuable as
      intermediates for the preparation of compounds of formula V.
PAR  Specifically, these compounds are effective, upon oral administration (0.1%
      in feed) in the control of Ascaris suum infection in mice.
PAR  Compounds of formula I, as has been demonstrated hereinabove, are also
      useful as reagents in organic synthesis as diene moieties for use in
      Diels-Alder reactions for the construction of more complex organic
      molecules.
PAR  Additionally, dienes of formula I serve as valuable monomers which may be
      either self-polymerized, or co-polymerized with monomers well known in the
      art, to prepare complex polymeric structures having a variety of useful
      properties, for example as flame retardants.
PAR  The preparation of compounds of formulas I and V, as well as processes
      therefor, are illustrated by the following specific examples. These
      examples are illustrative only of the invention and are not to be
      construed as limitative thereof in any manner.
DETD
PAC  EXAMPLE 1
PAC  3,4-Dichlorobutanone
PAR  Chlorine was introduced into a solution of 140 g (1 mole) of methyl vinyl
      ketone in 600 ml of chloroform with ice-cooling. When 142 g of chlorine (1
      mole) had been absorbed, the chloroform was evaporated (bath temperature
      &lt;35.degree.) leaving 290 g of slightly impure 3,4-dichlorobutanone which
      was used without further purification.
PAC  EXAMPLE 2
PAC  Diethyl 1-vinylvinylphosphate hemihydrate
PAR  Triethyl phosphite (166 g, 1 mole) was cooled in an ice bath and
      3,4-dichlorobutanone (140 g, 1 mole) was added. The mixture was stirred
      under nitrogen atmosphere for 2 hr at 0.degree. then for 20 hr at room
      temperature. After 0.5 g of hydroquinone and 0.5 g of aluminum chloride
      had been added, the mixture was distilled in vacuo to give 34.4 g of pure
      diethyl 1-vinylvinylphosphate hemihydrate, bp 91.degree.-92.degree./2 mm.
PAR  Anal. Calcd for C.sub.8 H.sub.8 PO.sub.4.1/2 H.sub.2 O (215.19): C, 44.75;
      H, 7.49. Found: C, 45.14; H, 7.40.
PAC  EXAMPLE 3
PAC  Dimethyl 1-vinylvinylphosphate
PAR  Trimethyl phosphite (28.6 g) was treated with 3,4-dichlorobutanone (32 g)
      using the identical procedure as in Example 2. Distillation gave pure
      dimethyl 1-vinylvinylphosphate, bp 79.degree.-83.degree./1.5 mm.
PAR  Anal. Calcd. for C.sub.6 H.sub.11 PO.sub.4 (178.13): C, 40.46; H, 6.23.
      Found: C, 39.83; H, 6.25. UV 220 nm (.epsilon. 16520) in methanol.
PAC  EXAMPLE 4
PAC  1,1,2,2Tetracyano--4 -(O,O-diethylphosphoryloxy)cyclohex-4-ene
PAR  To a solution of 2.15 g (0.01 mole) of diethyl 1-vinylvinylphosphate in 10
      ml of tetrahydrofuran was added under a nitrogen atmosphere 1.28 g (0.01
      mole) of tetracyanoethylene. The yellow solution was left standing at room
      temperature for 2 days before it was evaporated. The residual syrup was
      taken up in ethyl acetate. Petroleum ether was added to incipient
      turbidity and the mixture was stored at 0.degree. for 5 days. Filtration
      gave 2.10 g of
      1,1,2,2-tetracyano-4-(0,0-diethylphosphoryloxy)cyclohex-4-ene, mp
      97.degree.-98.degree.. Recrystallization from ethyl acetate-petroleum
      ether afforded long prisms and short plates of pure material both having
      mp 98.degree..
PAR  Anal. Calcd for C.sub.14 H.sub.14 N.sub.4 O.sub.4 P (333.27): C, 50.46; H,
      4.23; N, 16.81. Found: C, 50.61; H, 4.54; N, 16.98. IR (Nujol mull):
      .nu.max 1665, 1260 and 1045 cm.sup.-.sup.1.  NMR (CDCl.sub.3), .tau.: 8.61
      (triplet, 6H); 6.69 (multiplet, 4H);  5.75 (quintet, 4H), 4.12 (multiplet,
      1H).
PAC  EXAMPLE 5
PAC  4 -(O,O-Dimethylphosphoryloxy)-cyclohex-4-en-cis-1,2-carboxylic anhydride
PAR  A mixture of 0.98 g (0.01 mole) of maleic anhydride and 1.78 g (0.01 mole)
      of dimethyl 1-vinylvinylphosphate in 50 ml of benzene was stirred at room
      temperature for 20 hr. Evaporation gave a syrup which crystallized from
      ethyl acetate-petroleum ether to give 0.810 g of 4
      -(O,O-dimethylphosphoryloxy)-cyclohex-4-en-cis-1,2-carboxylic anhydride,
      mp 71.degree.-72.degree.. Recrystallization from the same solvent system
      gave prisms, mp 73.degree.-74.degree..
PAR  Anal. Calcd for C.sub.10 H.sub.13 O.sub.7 P (276.18): C, 43.49; H, 4.74.
      Found: C, 43.44; H, 4.71. IR (Nujol mull): 1850, 1785, 1670, 1275 and 1045
      cm.sup.-.sup.1.
PAC  EXAMPLE 6
PAC  2-Phenyl-4(0,0-diethylphosphoryloxy)-3,6-dihydro-2H-1,2-oxazine
PAR  To a solution of 3.24 g (0.03 mole) of nitrosobenzene in 150 ml of
      methylene chloride was added 6.25 g (0.029 mole) of diethyl
      1-vinylvinylphosphate. The mixture was left standing at room temperature
      for 20 hr before it was evaporated. The remaining crude product was
      purified on a silica gel column and eluted with ethyl acetate-petroleum
      ether, 1:2 to give 7.1 g of slightly colored
      2-phenyl-4(0,0-diethylphosphoryloxy)-3,6-dihydro-2H-1,2-oxazine.
PAR  Anal. Calcd for C.sub.14 H.sub.20 NO.sub.5 P (313.30): C, 53.67; H, 6.43;
      N, 4.47.  Found: C, 53.52; H, 6.57;  N, 4.26.  UV (ethanol); 240
      (.epsilon. 7880), 282 nm (.epsilon. 850).  NMR (CDCl.sub.3), .tau.: 6.15
      (s), 5.50 (m), 4.25 (m).
PAC  EXAMPLE 7
PAC  1-Acetyl-3-(0,0-dimethylphosphoryloxy)cyclohex-3-ene and
      1-acetyl-4-(0,0-dimethylphosphoryloxy)cyclohex-3-ene
PAR  Dimethyl 1-vinylvinylphosphate (1.78 g) was dissolved in 30 ml of methyl
      vinyl ketone and stirred for 20 hr at 65.degree. under an atmosphere of
      nitrogen. The excess methyl vinyl ketone was evaporated off to give 3.60 g
      of crude product which was purified by column chromatography.
PAR  Anal. Calcd for C.sub.10 H.sub.17 PO.sub.5 (248.22): C, 48.39; H, 6.91.
      Found: C, 48.58; H, 7.00.
PAR  The position of the acetyl peaks in the NMR spectrum indicated that the
      product was a mixture of isomers.
PAC  EXAMPLE 8
PAC  Preparation of
      2-phenyl-6(0,0-diethylphosphoryloxy)-2,3,5,8-tetrahydro-1H-s-triazolo[1,2a
     ]pyridazine-1,3-dione
PAR  A benzene solution of equivalent amounts of diethyl-1-vinylvinylphosphate
      and 4-phenyl-1,2,4-triazoline-3,5-dione is allowed to stand at room
      temperature for 10-20 hrs. The solvent is separated, and the residue is
      crystallizeid from benzene-hexane to give colorless crystals of product,
      m.p. 84.degree.-85.degree..
PAR  Anal. Calcd. for C.sub.16 H.sub.20 H.sub.3 O.sub.6 P (381.33): C, 50.40; H,
      5.29; N, 11.01; P, 8.12. Found: C, 50.58; H, 5.27; N, 11.14; P, 8.10.
PAC  EXAMPLE 9
PAC  Preparation of diethyl 1-vinylvinylphosphate from methyl vinyl ketone
PAR  A solution of 31 g (0.22 moles) of N-cyclohexyl N-isopropylamine in 400 ml
      of tetrahydrofuran is cooled to -70.degree.. To the stirred solution, 0.22
      moles of n-butyllithium in hexane are added dropwise over a 5 min. period,
      followed by 14 g (0.20 moles) of methyl vinyl ketone during a 20 min.
      period, follwed by 37.8 g (0.22 moles) of diethyl chlorophosphate during a
      10 min. period. After an additional 90 min. at -70.degree., the solution
      is allowed to warm to room temperature. It is diluted with methylene
      chloride, and then washed sequentially with 5% aqueous NaHCO.sub.3, 1 N
      aqueous HCl, and 10% aqueous NaCl solution. The organic phase is dried and
      evaporated, and the residue distilled to yield 22-25 g diethyl
      1-vinylvinylphosphate, b.p. 74.degree./0.5 mm.
CLMS
STM  We claim:
NUM  1.
PAR  1. A compound of the formula
      ##SPC6##
PA1  wherein each of R.sub.1 and R.sub.1 ' is lower alkyl, aryl or benzyl, and
      each of R.sub.2, R.sub.3 and R.sub.4 is hydrogen or lower alkyl.
NUM  2.
PAR  2. The compound of claim 1 wherein R.sub.1 is methyl or ethyl.
NUM  3.
PAR  3. The compound of claim 1 wherein each of R.sub.2, R.sub.3 and R.sub.4 is
      hydrogen.
NUM  4.
PAR  4. The compound of claim 3 which is dimethyl (1,3-butadien-2-yl) phosphate.
NUM  5.
PAR  5. The compound of claim 3 which is diethyl (1,3-butadien-2-yl) phosphate.
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PAL  The disclosure embraces a charge forming apparatus or carburetor and method
      of operation thereof wherein the charge forming apparatus is of modular
      construction comprising a body construction and a fluid flow control
      system including a laminar means or member having perforate fuel conveying
      regions including a channel for conveying fuel from a fuel chamber to an
      engine idling and low speed orifice system in association with a passage
      arranged to receive pressure pulses from the engine crankcase under open
      throttle conditions for discharging fuel in the channel through an
      aperture means independent of the main and engine idling fuel delivery
      aperture means into the air induction system of the charge forming
      apparatus for engine acceleration purposes, the fuel conveying channel
      being of substantial length and of a cross sectional area to effect
      delayed fuel flow to the engine idling system to avoid formation of an
      overrich mixture which would result in stalling the engine.
BSUM
PAR  The invention embraces a charge forming apparatus of modular construction
      embodying a laminate or fuel flow control member fashioned with perforate
      regions arranged to convey fuel into an air induction zone of the charge
      forming apparatus for normal and high speed engine operation and for
      engine idling and low speed operation, the charge forming apparatus
      including an independent aperture means opening into the air induction
      zone for delivering fuel for engine accelerating purposes under the
      influence of pressure pulses from the crankcase of a two cycle engine.
PAR  The invention has for an object the provision of a charge forming apparatus
      or carburetor having a fuel and air mixing passage, main fuel delivery
      aperture means for delivering fuel into the mixing passage for normal and
      high speed engine operation, aperture means for delivering fuel into the
      mixing passage for engine idling and low speed operation, and additional
      aperture means opening into the mixing passage for delivering fuel into
      the mixing passage for engine acceleration purposes.
PAR  An object of the invention is the provision of a charge forming apparatus
      or carburetor having a fuel and air mixing passage and main and
      supplemental fuel delivery aperture means or orifices, the arrangement
      including a fuel flow system for delivering fuel through additional
      aperture means or orifice for engine acceleration wherein the fuel for
      engine acceleration is projected through the additional aperture means or
      orifice by engine crankcase pressures controlled by valving associated
      with or brought into operation during movement of the throttle valve
      toward open or high speed position.
PAR  Another object of the invention resides in the provision of an aspirated
      type of diaphragm carburetor having a fuel channel system effective upon
      opening of the throttle valve whereby fuel is aspirated through a main
      orifice means into the mixing passage and additional fuel delivered into
      the mixing passage for engine accelerating purposes through an orifice
      means independently of the delivery of fuel through the main orifice means
      and engine idling orifice means.
PAR  Another object of the invention is the provision of a charge forming
      apparatus or carburetor comprising a body construction having two
      components with a laminate or member associated with the body components
      having a perforation or channel for conveying fuel in one direction from a
      fuel chamber to the engine idling aperture means or orifice, and upon
      opening of the throttle in the mixing passage to convey fuel in the
      opposite direction to an orifice or aperture means opening into the mixing
      passage and independent of the main and engine idling aperture means or
      orifices.
PAR  Another object of the invention is the provision of a carburetor of the
      aspirated diaphragm type having a fuel and air mixing passage and main
      fuel delivery and engine idling aperture means, the carburetor embodying a
      fuel channel adapted to be filled with fuel from a fuel chamber and the
      fuel delivered into the mixing passage through engine idling aperture
      means for engine idling operation, and when the throttle valve is opened
      the fuel in the fuel channel is scavenged from the fuel channel and
      delivered into the mixing passage independently of fuel delivered through
      the main aperture means to promote acceleration of the engine. When the
      throttle valve is moved to engine idling position, the fuel channel is
      replenished with fuel from the fuel chamber, the fuel channel being of a
      configuration and size requiring a period of time to be filled with fuel
      so as to delay delivery of fuel through the engine idling aperture means
      and thereby avoid an overrich mixture which would tend to cause stalling
      of the engine.
DRWD
PAR  Further objects and advantages are within the scope of this invention such
      as relate to the arrangement, operation and function of the related
      elements of the structure, to various details of construction and to
      combinations of parts, elements per se, and to economies of manufacture
      and numerous other features as will be apparent from a consideration of
      the specification and drawing of a form of the invention, which may be
      preferred, in which:
PAR  FIG. 1 is a side elevational view of a charge forming apparatus or
      carburetor and fuel pump construction embodying the invention;
PAR  FIG. 2 is an elevational view of the opposite side of the construction
      illustrated in FIG. 1;
PAR  FIG. 3 is a top plan view of the carburetor and fuel pump construction;
PAR  FIG. 4 is an elevational view of the air inlet end of the construction
      shown in FIG. 1;
PAR  FIG. 5 is an elevational view of the mixture outlet end of the construction
      shown in FIG. 1;
PAR  FIG. 6 is a bottom plan view of the carburetor construction;
PAR  FIG. 7 is a transverse sectional view through the carburetor construction,
      the view being taken substantially on the line 7--7 of FIG. 6;
PAR  FIG. 8 is a longitudinal sectional view taken substantially on the line
      8--8 of FIG. 6;
PAR  FIG. 9 is a detailed sectional view taken substantially on the line 9--9 of
      FIG. 6 illustrating the high speed fuel adjusting valve;
PAR  FIG. 10 is a detailed sectional view taken substantially on the line 10--10
      of FIG. 6 illustrating the engine idling fuel adjusting valve;
PAR  FIG. 11 is a detailed sectional view taken substantially on the line 11--11
      of FIG. 6;
PAR  FIG. 12 is a fragmentary sectional view taken substantially on the line
      12--12 of FIG. 11;
PAR  FIG. 13 is a fragmentary view of a portion of a carburetor illustrating a
      pulse pressure channel system for effecting delivery of fuel for engine
      acceleration purposes;
PAR  FIG. 14 is a detailed sectional view taken substantially on the line 14--14
      of FIG. 13;
PAR  FIG. 15 is a detailed sectional view taken substantially on the line 15--15
      of FIG. 14;
PAR  FIG. 16 is a plan view illustrating a form of fluid flow control member or
      laminate showing a pattern of open areas or passages accommodating fluid
      flow;
PAR  FIG. 17 is a plan view of a flexible laminate or member provided with a
      fluid flow control valve means;
PAR  FIG. 18 is a semischematic sectional view illustrating air and fuel flow
      paths in passages in the body construction and in the fluid flow control
      means and the fuel regulating valve means, and
PAR  FIG. 19 is a view similar to FIG. 11 illustrating another form of valve
      means controlling fuel flow in an engine idling fuel system.
DETD
PAR  The carburetor construction embodying the fluid flow control system of the
      invention is preferably of a character particularly usable with an
      internal combustion engine of the two-cycle or two-stroke type, the
      carburetor embodying as aspirated diaphragm for regulating fuel flow from
      a supply to the fluid flow control system, the pressure pulsations from
      the engine crankcase or other pressure source being employed for pumping
      fuel from a supply to the carburetor and for flowing fuel through the flow
      control system for engine accelerating purposes.
PAR  Referring to the drawings in detail and initially to FIGS. 1 through 8, the
      charge forming apparatus or carburetor 10, which is of the aspirated
      diaphragm type, is inclusive of a body construction comprising a first
      body member or main body 12 and a second body member or supplemental body
      14. The body components or body members 12 and 14 are preferably fashioned
      as die castings of metal, but it is to be understood that the bodies may
      be formed of substantially rigid plastic or other suitable material.
PAR  Associated with or disposed between the body members 12 and 14 is a fluid
      flow control means including a laminar means or member, laminate or plate
      16, shown in detail in FIG. 16. The laminate or plate 16 is fashioned with
      perforate regions, channels or passages hereinafter described for
      conveying, accommodating and controlling flow of fluids, such as liquid
      fuel, air, or a mixture of fuel and air.
PAR  The plate or member 16 is fashioned of a material resistant to
      deterioration by hydrocarbon fuels, such as fibrous or other gasket
      material, semihard synthetic rubber, resinous plastic material, such as
      Mylar (a condensation reaction product of terephthalic acid and ethylene
      glycol), Teflon (polytetrafluoroethylene) or suitable metals, such as
      copper, brass, aluminum or stainless steel.
PAR  Disposed between the plate or laminate 16 and the body member 14 is a
      comparatively thin member or gasket 18 fashioned with a flap valve, shown
      in detail in FIG. 16. The gasket or member 18 is fashioned of flexible or
      resilient resinous plastic, such as Teflon (polytetrafluoroethylene),
      Kel-F (polytrifluorochloroethylene) or similar material. The resinous body
      or gasket 18 may be reinforced with glass fibers or other fibers.
PAR  The main body or member 12 of the carburetor 10 is fashioned with a fuel
      and air mixing passage 20, the passage including an air inlet region or
      induction zone 22 defined by a cylindrical wall 23, a mixture outlet
      region 24 defined by a cylindrical wall 25, a member 26 providing a
      Venturi or Venturi configuration 27 having a choke band region 28 or
      region of minimum diameter and a fuel dispersion zone.
PAR  The Venturi member 26 is removable so that a similar member having a
      different size or configuration of Venturi may be utilized for changing or
      varying the flow capacity of the mixing passage to enable the use of the
      carburetor with engines of different size or horsepower. As shown in FIGS.
      4 and 8, the member 26 is held against relative rotation by a lug or key
      31 on the member which is received in a short slot provided in the
      cylindrical surface 25.
PAR  A wall region of the body or member 12 is fashioned with a bore 33 into
      which is press-fitted a cylindrical member or fitting 34 which provides an
      aperture means or main orifice construction hereinafter described. The
      fitting 34 extends into a transverse bore 36 formed in the Venturi member
      26. The inter-engagement of the key 31 in the slot in the cylindrical
      surface 25 effects alignment of the bores 33 and 36 to properly
      accommodate the fitting 34.
PAR  The mixture outlet end of the carburetor body 12 is fashioned with a
      uniplanar surface 38 adapted to engage a heat insulating gasket 40, shown
      in broken lines in FIGS. 3, 8, 14 and 15. The gasket 40 is adapted to
      engage a boss portion 41 on a crankcase of a two-cycle engine or a similar
      boss portion on an engine cylinder of a two-cycle engine of the three-port
      type. Where the carburetor is utilized with a reed valve type of two-cycle
      engine, a conventional reed valve construction (not shown) may be disposed
      between the gasket 40 and the boss portion 41. The mixture outlet 24 of
      the mixing passage registers with openings in the gasket 40 and the boss
      portion 41 for delivering fuel and air mixture to the engine.
PAR  The air inlet end of the body 12 may be fitted with an air filter or air
      cleaner (not shown) of conventional construction. The body member 12 is
      fashioned with bores 43 extending through the body accommodating bolts or
      studs (not shown) for securing the carburetor and heat insulating gasket
      40 in assembly with the boss 41 on the engine crankcase or cylinder wall.
PAR  Extending across the air inlet region 22 and journaled in bores provided in
      the body 12 is a rotatable shaft 45 mounting a conventional choke valve
      46. Secured upon an end of the shaft 45 projecting beyond the body 12 is a
      manipulating arm 47 for opening and closing the choke valve 46. Journaled
      in bores in the body 12 adjacent the mixture outlet region 24 is a
      rotatable throttle shaft 49 mounting a disctype throttle valve 50 secured
      to the shaft by a screw 51.
PAR  A portion of the throttle shaft 49 extending exteriorly of the body 12 has
      a noncircular portion 52 on which is pressfitted a manipulating member 53,
      the member having a projection 54, shown in FIGS. 1, 3, 4 and 5. A plate
      or member 55 forming a component of a diaphragm-type fuel pump
      construction 56 is secured to the upper region of the carburetor by means
      of securing screws 64. The plate 55 is fashioned with a projection 65
      having a threaded opening accommodating an engine idling adjusting screw
      66, the tapered end portion 67 of the adjusting screw being engaged by the
      projection 54 on the member 53 secured to the throttle shaft 49.
PAR  The screw 66 is adjustable for regulating the engine idling position of the
      throttle valve 50. An expansive coil spring 68 provdes friction for
      holding the screw 66 in adjusted position. Surrounding the throttle shaft
      49 adjacent the member 53 is a coil spring 69 having one end 70 engaging
      the member 53 for normally biasing the throttle valve 50 toward engine
      idling position. The member 53 is fashioned with several openings 71 to
      selectively accommodate a rod (not shown) for actuating the throttle valve
      50.
PAR  The body member or component 14 is formed with a generally circular shallow
      recess providing a fuel chamber 74, particularly shown in FIGS. 7 and 8,
      containing liquid fuel. A flexible membrane or diaphragm 76 extends across
      the recess and forms a wall of the fuel chamber 74. A sealing gasket 77 is
      disposed between the peripheral region of the diaphragm 76 and the body
      14. A cover member 79 is disposed beneath the diaphragm 76, the peripheral
      region 80 of the cover member 79 engaging the peripheral region of the
      diaphragm 76.
PAR  The laminate or plate 16, the gasket or laminate 18, the body 14, the
      gasket 77, the peripheral region of the diaphragm 76 and the peripheral
      region 80 of the cover 79 are provided with registering openings
      accommodating securing screws 82 which are engaged in threaded openings in
      the carburetor body or member 12 to secure these elements or members in
      assembled relation. The cover member 79, as shown in FIGS. 7 and 8, is
      configurated with a depressed central region to accommodate flexing
      movements of the diaphragm 76. The cover member 79 has an opening 84 to
      vent the space or chamber 85 at the dry side of the diaphragm to the
      atmosphere.
PAR  The diaphragm 76 is adapted to be actuated or flexed by aspiration or
      reduced pressure established in the mixing passage 20 by engine operation,
      the relative position of the diaphragm regulating the flow or delivery of
      liquid into the fuel chamber 74. The fuel chamber 74 is unvented except
      through the fuel flow channels or passages establishing communication
      between the fuel chamber 74 and the mixing passage 20.
PAR  The body member or component 14 is provided with an upwardly extending
      portion 87, shown in FIG. 7, the plate or laminate member 16 having an
      opening 88, shown in FIGS. 6, 7 and 16, accommodating the portion 87. The
      body member or component 12 is fashioned with a recess or chamber 90,
      shown in FIG. 7, which accommodates liquid fuel delivered from the
      diaphragm fuel pump construction 56.
PAR  The fuel pump 56 includes fuel inlet and outlet ports provided in the body
      member 12 and a pumping diaphragm 57 having integral flap valves 58 and 59
      cooperating with the inlet and outlet ports. The pumping diaphragm 57
      extends across a cavity providing a pulse chamber 60 in a laminate member
      or gasket 55' and a fuel chamber 61 in the body member 12, the fuel
      chamber receiving fuel through a fitting or nipple 62 and a flexible tube
      (not shown) connected with a fuel tank or fuel supply. The pulse or
      pumping chamber 60 is connected by a pulse passage 63 and passages 63'
      with the engine crankcase whereby pressure pulsations in the engine
      crankcase cause flexing or pumping movements of the pumping diaphragm 57.
      The fuel pump construction forms no part of the present invention.
PAR  Fuel from the fuel pump 56 flows through a filter screen 92 and a passage
      93 into the chamber 90. The chamber 90 serves as a surge chamber for
      absorbing or dissipating energy of momentum of the fuel delivered from the
      fuel pump to promote smooth flow of fuel into the chamber 90. As shown in
      FIG. 7, the upwardly extending portion 87 of the body member 14 is
      provided with a bore in which is pressed or snugly fitted a tubular member
      or sleeve 95, the sleeve providing a valve cage or guide means slidably
      accommodating an inlet valve or valve body 96.
PAR  The upper end of the valve guide or sleeve 95 is conically shaped as at 97,
      the apex portion being provided with a fuel inlet port or passage 98. The
      valve member or body 96 may be fashioned of metal or resinous material and
      is of conventional polygonally-shaped cross section facilitating flow of
      liquid fuel from the chamber 90 along the valve member into the diaphragm
      fuel chamber 74. The valve body 96 is provided with a cone-shaped valve or
      valve portion 99 for controlling or regulating fuel flow through the port
      98.
PAR  Means is provided for transmitting flexing movements of the diaphragm 76 to
      the inlet valve body 96 for regulating fuel flow into the fuel chamber 74,
      the diaphragm being responsive to aspiration in the mixing passage. The
      body member 14 is configurated with a recess 100 forming a portion of the
      fuel chamber 74. The recess 100 accommodates a lever 102 fulcrumed
      intermediate its ends on a fulcrum pin 103 mounted by the body member 14.
PAR  The central region of the diaphragm 76 is equipped with a headed member 105
      which has a tenon portion extending through registering openings in the
      diaphragm and reinforcing discs disposed at each side of the diaphragm,
      the member being swaged as at 106 to secure the diaphragm and reinforcing
      discs in assembled relation. The long arm 108 of the lever 102 is arranged
      to be engaged by the headed member 105. The short arm 109 of the lever is
      articulately connected with the lower end region of the inlet valve body
      96.
PAR  The articulate connection comprises a bifurcated end portion on the short
      arm of the lever engaging in an annular recess provided in the valve body
      whereby swinging movements of the lever 102 control the relative position
      of the inlet valve 96. An expansive coil spring 110 engages the long arm
      108 of the lever 102, the spring exerting a biasing force normally urging
      the inlet valve 96 to port-closing position.
PAR  Aspiration established in the mixing passage 20 effects flexing movements
      of the diaphragm 76 through fuel passages and channels as hereinafter
      described, the aspiration or reduced pressure flexing the diaphragm 76
      upwardly as viewed in FIG. 7 whereby the headed member 105 swings the
      lever 102 in a counterclockwise direction to withdraw the inlet valve
      portion 99 from the port 98 to valve in fuel from the chamber 90 into the
      diaphragm fuel chamber 74.
PAR  A fuel dispersion zone is provided for the mixing passage which is
      inclusive of a main or primary fuel delivery aperture means or orifice for
      discharging fuel for intermediate and high speed engine operation, a
      secondary or supplemental fuel delivery aperture means including
      supplementary fuel discharge orifices for engine idling and low speed
      operation, and an additional aperture means or orifice for delivering fuel
      into the mixing passage for engine accelerating purposes.
PAR  The main or primary fuel delivery aperture means or system comprises a main
      orifice or aperture means 112 which is the outlet of a counterbore 114
      provided in the fitting 34, shown in FIGS. 7, 8 and 18. The counterbore
      114 accommodates a check valve means such as a ball valve 116 loosely
      disposed in the counterbore which is prevented from dislodgment by a grid
      118 extending across the outlet providing the main orifice 112. The ball
      valve 116 is adapted to seat against a ledge at the end of a bore or
      passage 120 in the fitting 34 when the engine idling system is delivering
      fuel into the mixing passage to prevent back bleeding of air into the fuel
      chamber 74.
PAR  Referring particularly to FIG. 9, the body member 14 is provided with a
      bore 122 having a threaded region accommodating the threaded portion of a
      valve means or valve 124, the latter constituting a high speed fuel
      adjusting valve member or restrictor. The valve 124 has a tenon portion
      126 terminating in a needle valve portion 127 cooperating with a
      restricted passage 128 in communication with a fuel passage or channel 129
      which opens into and receives fuel from the fuel chamber 74. A coil spring
      130 is associated with the valve or valve body 124 providing friction for
      holding the valve body and needle valve portion 127 in adjusted position.
PAR  A valve means for regulating fuel for the secondary or supplemental fuel
      delivery or discharge system for engine idling and low speed operation is
      illustrated in FIG. 10. The body member or component 14 is fashioned with
      a bore 132 having a threaded region accommodating the threaded portion of
      an adjustable valve member or restrictor 134. The valve member 134 has a
      tenon portion 135 terminating in a needle valve portion 136 extending into
      and cooperating with a restricted passage 137 which opens into a chamber
      or bore 138 in the body member 14. A coil spring 139 is associated with
      the valve body 134 providing friction for holding the valve body and
      needle valve portion 136 in adjusted position.
PAR  The carburetor body member 14 is fashioned with a passage 142 which opens
      into a chamber or passage 144, shown in FIGS. 6 and 7, the passage 144
      being in registration with a perforate region or opening 146 in the gasket
      18 and with a similar perforate region or opening 147 in the plate or
      laminate 16. The bore 120 in the main orifice fitting 34 is in
      communication with the opening or passage 147 in the laminate or plate 16.
PAR  The flow path of the fuel for delivery through the main orifice or aperture
      means 112 from the chamber 74 is as follows: The fuel is aspirated into
      the mixing passage and flows from the diaphragm fuel chamber 74 through
      the passage 129, past the restrictor or needle valve 127 through passage
      128, bore 122, passage 142, chamber 144, opening 146 in the gasket 18,
      opening 147 in the plate or laminate 16, through the bore or passage 120
      in the fitting 34 past the check valve means or ball valve 116 and is
      delivered into the mixing passage from the main orifice or aperture means
      112.
PAR  The fuel flow and delivery system is inclusive of an arrangement for
      delivering fuel from a channel into the mixing passage through engine
      idling and low speed orifices or aperture means and delivering fuel from
      the channel into the mixing passage for engine accelerating purposes
      through an orifice or aperture means independent of the fuel delivery
      orifices or aperture means for engine idling and low speed purposes and
      the aperture means or orifice for high speed operation.
PAR  As shown in FIGS. 6 and 8, the body member 12 is fashioned with a chamber
      148 which is in communication with the mixing passage 20 by way of an
      engine idling orifice or aperture means 149 and low speed orifices or
      aperture means 150 and 151. With particular reference to FIGS. 6, 11 and
      16, the plate or laminate 16 is fashioned with a generally U-shaped
      perforate region or channel 152, the adjacent surface 154 of the
      carburetor body component or member 12 and the adjacent surface of the
      gasket 18 defining the opposite walls of the channel 152.
PAR  The channel 152 is adapted at engine idling and low speeds to convey fuel
      into the mixing passage through engine idling and low speed aperture
      means. The channel 152, in association with valve means, is scavenged of
      fuel which is delivered into the mixing passage through an independent
      aperture means for engine accelerating purposes when the throttle valve 50
      is moved to full open position. One end 156 of the fuel channel 152 is in
      registration with a fuel passage 158, shown in FIG. 10, whereby fuel may
      flow from the channel 152 through the fuel passage 158 into the bore 132,
      thence past the adjustable needle valve 136 into passage 138 through open
      area 161 thence into a substantially rectangular perforate region or open
      area 160 into the chamber 148.
PAR  The generally rectangular opening or perforation 160 in the laminate 16 is
      in communication with an arcuately-shaped perforation or open area 161,
      shown in FIGS. 6 and 16, which is in registration with the passage 138 in
      the body member 14, as shown in FIG. 10. The gasket 18 has a generally
      rectangular opening 160' which registers with the open area or perforation
      160 when in assembled relation.
PAR  Referring to FIGS. 6 and 11, the main carburetor body or member 12 is
      fashioned with an aperture means or fuel delivery orifice 164 which is
      independent of the main fuel delivery aperture means and the engine idling
      and low speed aperture means. The aperture means or orifice 164 is in
      registration with a counterbore 166. A capillary seal screen 167 is
      disposed in the counterbore for a purpose hereinafter explained.
PAR  The channel 152 receives fuel from the fuel chamber 74 through an
      arrangement particularly illustrated in FIGS. 11 and 18. The body member
      14 is provided with a bore or fuel port 169 opening into a counterbore
      171. Pressed or otherwise secured in the counterbore 171 is a cup-like
      fitting 173 which is provided with a fuel metering orifice or restrictor
      174. The fuel metering orifice or restrictor 174 admits fuel from the
      chamber 74, the fuel flowing through the port 169 into the channel 152
      under engine idling and low speed conditions.
PAR  A valve means or check valve construction is associated with the fuel port
      169 for preventing reverse flow of fuel from the channel 152 through the
      port 169 into the fuel chamber 74. One form of valve means is illustrated
      in FIGS. 6, 11, 12, 17 and 18. The gasket or laminate 18 is provided with
      a generally semiannularly shaped blanked out or open region 176 which
      forms or defines a flap valve or flap valve portion 178 which is integral
      with the gasket 18, the valve or valve portion 178 being adapted to be
      flexed at its integral connection with the gasket. The laminate 18 has an
      open area 156' which, in assembly with the laminate 16, is in registration
      with the end region 156 of the channel 152.
PAR  Referring particularly to FIG. 16, the fuel channel 152 at one end is
      fashioned with a generally semicircular perforate region or enlarged area
      180 of a dimension to accommodate flexing movements of the valve 178 and
      to facilitate flow of fuel from port 169 into portion 180 of the fuel
      channel 152 past the flap valve 178 when the latter is in open position,
      as shown in FIG. 12.
PAR  The arrangement or system for delivering fuel from the fuel chamber for
      engine idling and low speed operation functions in the following manner:
      With the throttle valve 50 in near closed or engine idling position, as
      shown in FIG. 8, exposing the engine idling orifice or aperture means 149
      to the downstream or engine side of the throttle valve, or if the throttle
      is partially opened exposing one or both low speed orifices 150 and 151 to
      the downstream side of the throttle valve, engine aspiration or reduced
      pressure is effective on the engine idling or low speed orifices or
      apertures to aspirate fuel into the mixing passage.
PAR  The engine aspiration causes fuel from the chamber 74 to flow through the
      metering restriction or restrictor 174 in the fitting 173, shown in FIGS.
      11 and 12, through the port 169 past the flap valve 178 through the
      generally U-shaped channel 152 to the end region 156 of the channel thence
      through the passage 158, shown in FIG. 10, into the bore 132 past the
      engine idling adjusting needle valve 136 through the passage or chamber
      138 into the rectangular perforate region 160 of the laminate or plate 16
      and chamber 148 provided in the body member 12 and through one or more of
      the apertures or orifices 149, 150 and 151 depending upon the relative
      position of the throttle valve 50.
PAR  The capillary seal screen 167 adjacent the orifice or aperture means 164,
      shown in FIGS. 11 and 18, is wetted with liquid fuel and, being a fine
      mesh screen, the fuel in the screen forms a capillary seal to prevent air
      back bleeding from the mixing passage 20 through the orifice or aperture
      means 164 into the fuel channel 152 during engine idling or low speed
      operation.
PAR  The arrangement is inclusive of a method and means for utilizing fuel
      contained in the channel 152 for accelerating the engine when the throttle
      is opened from engine idling position and also utilizing the channel for
      delaying delivery of fuel upon sudden closing of the throttle valve to
      prevent a surge of fuel for engine idling which may cause the engine to
      stall. In such arrangement, pressure pulses of gases from the engine
      crankcase are utilized to scavenge or rapidly force the fuel in the
      channel 152 through the orifice or aperture means 164 into the mixing
      passage 20 for accelerating the engine, the fuel delivery aperture means
      164 being independent of the main fuel delivery orifice or aperture means
      and the engine idling and low speed orifices or aperture means.
PAR  The establishing of crankcase pulse pressure on the fuel in the channel 152
      is controlled through valve means associated with the throttle mechanism,
      the arrangement being illustrated in FIGS. 13 through 15 and in the
      schematic view, FIG. 18. The mounting face or surface 38 of the carburetor
      body 12 is provided with a pulse passage or channel 183 which is in
      communication with a recess 185 formed in the body 12.
PAR  Disposed in the recess 185 is a filter screen 187, which is preferably of
      fine mesh metal screening, to prevent passage of sludge or crankcase
      contaminates into the pulse channel system. The recess 185 is in
      communication with a passage means 189 in the body 12, the throttle shaft
      49 having a transverse passage 191 which, upon rotation of the throttle
      shaft 49, is adapted to be moved into or out of registration with the
      passage means 189. The passage means 189 is in communication with a bore
      or passage 193 in the body 12.
PAR  Fixedly disposed in the passage 193 is a cup-like member or metering
      fitting 195 provided with a restricted opening or passage 196 for metering
      gas flow from the engine crankcase. The gases from the crankcase may be
      air or a mixture of fuel vapor and air. The end region of the passage 193
      containing the fitting 195 is in registration with an end region 198 of a
      perforate region or channel 199 provided in the laminate or plate 16 as
      shown in FIG. 16. The perforation or channel 199 is in communication with
      the rectangularly-shaped open area or perforate region 160 in the plate
      16, as shown in FIGS. 6 and 16.
PAR  When the throttle is moved to full open position, the valve passage 191 in
      the throttle shaft 49 is in registration with the passage means 189, shown
      in FIGS. 14 and 15, whereby pressure pulses from the crankcase of the
      two-cycle engine with which the carburetor is used are transmitted through
      the passage 193 into the perforate region or channel 199 and into the
      rectangularly-shaped perforate region or chamber 160 to effect delivery of
      fuel in the channel 152 into the mixing passage as hereinafter described.
PAR  Means is provided for relieving pressure in the channel 199 and the
      perforate region or chamber 160 when the throttle valve 50 is in engine
      idling position shown in FIG. 8. As shown in FIGS. 14 and 15, the throttle
      shaft 49 is fashioned with a cutaway portion providing a vent passage 201
      defined by a contour 202 in the throttle shaft.
PAR  As will be seen from FIG. 15, when the throttle valve 50 is in near closed
      or engine idling position, one end region of the vent space or passage 201
      is in registration with the adjacent passage means 189 and the passage
      193, the other end region of the vent space or passage 201 opening into
      the mixing passage 20 whereby pulse pressure in chamber 160, channel 199
      and passage 193 will be relieved through the vent provided by the space
      201.
PAR  FIG. 18 illustrates schematically the perforate regions in the laminate or
      plate 16 for conveying fuel to the main fuel delivery aperture means or
      orifice, the engine idling and low speed aperture means or orifices, the
      aperture means independent of the other aperture means for delivering fuel
      into the mixing passage for engine accelerating purposes, and the pulse
      pressure conveying passages for ejecting fuel through the engine
      accelerating aperture means.
PAR  The operation of the carburetor with the engine running and the throttle in
      engine idling position, as shown in FIGS. 8 and 15, is as follows: Fuel is
      aspirated into the mixing passage through the engine idling orifice or
      aperture means 149 at the downstream side of the throttle valve as shown
      in FIG. 8. The engine aspiration is communicated through the channel
      system to the fuel chamber 74 setting up reduced pressure in the fuel
      chamber 74 causing a flexing of the metering diaphragm 76 upwardly, as
      viewed in FIG. 7, swinging the lever 102 in a counterclockwise direction
      to move the inlet valve 99 away from the port 98 to valve in fuel into the
      fuel chamber 74.
PAR  The fuel in the chamber 90 is under comparatively low pressure of from
      about 3 to 7 pounds per square inch from the fuel pump construction 56.
      The engine aspiration is effective through the engine idling orifice 149,
      supplemental chamber 148, the perforate rectangular region 160 and
      perforate region 161 in the laminate or plate 16, and, as shown in FIG.
      10, through bore 138, passage 137, past the needle valve 136, bore 132,
      bore 158, region 156 of channel 152, through channel 152, to the
      enlargement 180 at the other end of the channel 152, past the flap valve
      178 which is opened by the aspiration, through the metering restriction
      174 in the fitting 173 to the fuel chamber 74.
PAR  Thus, the aspiration effective upon the above described engine idling fuel
      delivery system establishes fuel flow from the fuel chamber 74 through the
      metering restriction 174 in the cup-like member 173 and into the channel
      152 filling the channel with fuel, the rate of delivery of fuel through
      the engine idling orifice 149 being regulated by the needle portion 136 of
      the adjustable valve 134. The fuel metering restriction 174 in the member
      173 is of a size to admit the passage of sufficient fuel to satisfy the
      engine requirements for idling and low speed operation and control the
      "come down" by metering fuel flow from the fuel chamber into the elongated
      channel 152.
PAR  The aspiration through the engine idling aperture means or orifice 149
      fills the channel 152 with liquid fuel. The capillary seal screen 167,
      wetted with liquid fuel, prevents back bleeding of air from the mixing
      passage through the fuel discharge aperture means 164 into the channel 152
      during the delivery of fuel through the engine idling aperture means 149.
PAR  During the functioning of the engine idling fuel delivery system, the
      transverse passage 191 in the throttle shaft 49, shown in FIGS. 14 and 15,
      is out of registry with the passage means 189 so that there is no
      crankcase pulse pressure transmitted into the passage 193, channel 199 or
      the perforate region 160 in the laminate or plate 16. As shown in FIG. 15,
      the space or passage 201 vents the passage 193 to the mixing passage 20
      during engine idling.
PAR  The operation of the fuel delivery system of the carburetor when the
      throttle valve 50 is quickly moved to open position is as follows: The
      circuitous channel or perforate region 152 in the laminate or plate 16 is
      already filled with liquid fuel. As the throttle valve is moved toward
      open position, the initial aspiration in the mixing passage is of
      comparatively low amplitude and until the engine speed increases and the
      amplitude of aspiration in the mixing passage is increased, the rate of
      delivery of fuel through the main aperture means or orifice 112 is
      comparatively low.
PAR  Thus, normally the establishment of a high power mixture is delayed until
      reduced pressure is developed in the mixing passage sufficient to aspirate
      fuel from the main orifice in an amount to provide a proper fuel and air
      mixture.
PAR  In the arrangement herein described, as the throttle valve 50 is opened,
      fuel flows from the fuel chamber 74 into the bore or passage 129 in the
      body component 14 thence through the restricted passage 128 past the
      adjustable needle valve 127 through the passage 142, shown in FIGS. 6, 9
      and 18, into the passage 144, shown in FIGS. 6 and 7, through the
      perforate region 147 in the plate 16, through the bore 120 in the fitting
      34 past the check valve 116, the fuel being then discharged through the
      main aperture means or orifice 112 into the mixing passage at the choke
      band region 28 of the Venturi 27.
PAR  Concomitantly with the opening of the throttle valve 50, fuel for
      accelerating the engine is provided as follows: The throttle shaft 49 is
      rotated to a position wherein the channel or passage 191 in the throttle
      shaft is in registration with the passage means 189, the gases in the
      crankcase, being under pressure, flow through the channel 183 through the
      filter screen 187 and to the passage or bore 193. The gases flow through
      the restricted passage 196, shown in FIG. 14, into the end region 198 of
      the channel 199 shown in FIG. 6.
PAR  The gases flow through the chamber or perforation 160 and the open area
      161, shown in FIGS. 6 and 10, through the passage 138 and the restricted
      passage 137, past the adjustable needle valve 136. The bore 132,
      containing the tenon 135 of the engine idling adjusting valve body 134,
      the passage 158 and the circuitous channel 152 are already filled with
      fuel.
PAR  The pressure of the crankcase gases is effective to force the fuel in the
      channel 152 in a direction opposite to its direction of flow for engine
      idling purposes, the fuel being projected or injected through the screen
      167 and aperture means 164 into the mixing passage 20 providing adequate
      fuel to effect rapid acceleration of the engine to a high speed.
PAR  The gas pressure on the fuel in the channel 152 exerts pressure on the flap
      valve 178 closing the port 169 so that fuel in the channel 152 is not
      returned to the fuel chamber 74 but is positively injected through the
      aperture means or engine accelerating orifice 164 into the mixing passage
      20.
PAR  Thus, the engine is rapidly accelerated in speed as it is supplied with
      fuel not only through the main aperture means or orifice 122 but also
      through the engine accelerating aperture means or orifice 164 so that a
      rich power mixture is conveyed to the engine. When crankcase pressure is
      effective in the channel 199, some of the crankcase air or gas is
      discharged through the engine idling and low speed aperture means into the
      mixing passage 20. However, there is sufficient high pulse pressure at the
      passage 137, shown in FIG. 10, to force the crankcase air or gas past the
      needle valve 136 and force or scavenge the fuel in the channel 152 through
      the orifice or aperture means 164 for engine acceleration purposes.
PAR  The fuel in the channel 152 is thus rapidly injected through the aperture
      means or orifice 164 into the mixing passage 20 for accelerating the
      engine. During normal or high speed operation of the engine after the fuel
      in the channel 152 has been injected into the mixing passage, the engine
      operates on fuel delivered from the main aperture means or orifice 112
      and, during such operation, crankcase gases in a limited amount as
      permitted by the metering restriction 196 in the fitting 195, shown in
      FIG. 14, continue to be discharged through the engine idling and low speed
      aperture means and through the engine accelerating aperture means or
      orifice 164 into the mixing passage.
PAR  Such continued discharge of air or gas from the engine crankcase through
      the system does not appreciably modify the fuel and air mixture supplied
      for normal and high speed engine operation.
PAR  When the throttle valve 50 is returned to engine idling position, engine
      aspiration then becomes effective through the engine idling aperture means
      or orifice 149 and the engine idling and low speed channel system to open
      the flap valve 178 and fuel aspirated from the chamber 74 through the
      restriction 174 to replenish or fill the channel 152 with fuel. As the
      channel 152 must be filled with fuel before fuel is delivered into the
      mixing passage through the engine idling orifice 149, a time delay occurs
      before fuel is delivered from the engine idling orifice 149.
PAR  This delay is referred to as a slow build-up so that the engine will use up
      excess fuel that accumulates in the engine crankcase during open throttle
      operation. If the engine idling system discharges fuel too quickly through
      the engine idling orifice 149 upon closing the throttle valve 50, this
      fuel is superimposed on a flash vaporization of the residual or
      accumulated fuel in the engine crankcase, a condition which often results
      in stalling of the engine. The larger the channel 152, the greater the
      time delay as it requires a longer time for the channel 152 to fill with
      fuel. The smaller the channel 152, the less the time delay in which fuel
      is supplied to the engine idling orifice 149.
PAR  Thus, the time delay in the delivery of fuel through the engine idling
      orifice 149 after the closing of the throttle valve 50 may be regulated or
      controlled by varying the length or width of the channel 152 or the
      thickness of the laminate or plate 16, or the size of the flow passage or
      metering restriction 174. As the plate 16 is formed by shearing or
      blanking dies, the metering characteristics of the carburetor may be
      quickly changed by substituting one plate 16 having one pattern of
      perforations for a plate of the same size having a different pattern of
      perforations.
PAR  It should be noted that the fluid flow channels or passages are contained
      within the laminate or plate 16 so that the metering characteristics of
      the carburetor may be modified through the use of laminates or plates 16
      having various fluid flow perforate regions without modifying the
      carburetor body components.
PAR  The carburetor body construction is configurated so that it may be equipped
      with an overspeed governor of the character disclosed in U.S. Pat. No.
      3,738,608. With reference to FIGS. 6 and 7, the body component or member
      14 is provided with a fuel passage 205 which is in registration with a
      perforate region or opening 207 in the plate 16, also shown in FIG. 16.
PAR  The perforate region or open area 207 in the plate 16 registers with an
      opening 207' in the flexible member 18, shown in FIG. 17, when the gasket
      18 and the laminate or plate 16 are in assembled relation. The open area
      207 is normally blocked by a lower surface portion 208 of the carburetor
      body 12 as shown in FIG. 7. A cylindrical recess 210 is cored in the body
      12 which is adapted to be machined or threaded to accommodate an overspeed
      governor construction.
PAR  Where the carburetor body 12 is equipped with a governor construction, a
      passage is drilled in the body connecting the perforate region 207 in the
      plate or laminate 16 with the recess 210 and a passage drilled from the
      bottom of the recess 210 into the mixing passage to convey excess fuel
      into the mixing passage when the engine attains a predetermined speed, the
      excess fuel providing an overrich slow burning mixture for reducing or
      governing the speed of the engine as described in U.S. Pat. No. 3,738,608.
PAR  Through the utilization of the laminate or plate 16, the fuel conveying
      channels or passages are contained within the laminate, and by
      interchanging laminates having different patterns of perforate regions,
      the metering characteristics of the carburetor may be varied utilizing the
      same body components 12 and 14 and thus reduce the cost of producing the
      carburetor.
PAR  FIG. 19 illustrates another form of check valve means that may be used in
      lieu of the flap valve 178, shown in FIG. 12, for preventing return flow
      of fuel from the channel 152 into the fuel chamber 74 when the fuel in the
      channel 152 is being injected into the mixing passage through the engine
      accelerating aperture means 164. As shown in FIG. 19, the body component
      14' is provided with a bore 212 in which is pressed a fitting 214 having a
      restricted opening or restriction 216 which corresponds with the
      restricted opening 174 shown in FIG. 12. The fitting 214 has a counterbore
      218 in which is loosely disposed a valve member or ball valve 220. A
      narrow bar 222 extends across the upper end of the fitting 214 to prevent
      dislodgment of the ball valve 220.
PAR  During engine idling operation, fuel flows from the fuel chamber 74 through
      the metering passage or restriction 216, past the ball valve 220 into the
      channel 152, the fuel from the channel 152 being delivered through the
      engine idling orifice 149 into the mixing passage. When the fuel in the
      channel 152 flows in a reverse direction for delivery through the engine
      accelerating aperture means or orifice 164, the ball valve 220 prevents
      the return of fuel from the channel 152 to the fuel chamber 74. Where the
      check valve construction shown in FIG. 19 is utilized, it is unnecessary
      to employ the gasket or laminate 18.
PAR  It is apparent that, within the scope of the invention, modifications and
      different arrangements may be made other than as herein disclosed, and the
      present disclosure is illustrative merely, the invention comprehending all
      variations thereof.
CLMS
STM  I claim:
NUM  1.
PAR  1. Charge forming apparatus for use with a two cycle internal combustion
      engine including a body construction provided with a fuel and air mixing
      passage and a fuel chamber, a fuel inlet valve, means for controlling the
      inlet valve, a throttle valve in the mixing passage, the mixing passage
      having an air induction zone and a fuel dispersion zone, the fuel
      dispersion zone including main aperture means for delivering fuel into the
      mixing passage, an engine idling aperture means for delivering fuel into
      the mixing passage, a supplemental chamber in said body construction in
      communication with the engine idling aperture means, additional aperture
      means independent of the main aperture means and engine idling aperture
      means for delivering fuel into the mixing passage, laminar means
      associated with the body construction having perforate regions, one of
      said perforate regions providing an elongated fluid flow channel, said
      elongated channel being in communication with the supplemental chamber, a
      port in said body construction establishing communication between the fuel
      chamber and the elongated channel accommodating flow of fuel from the fuel
      chamber into the elongated channel, said additional aperture means being
      in communication with said elongated channel, a a pulse pressure passage
      means establishing communication between the crankcase of the engine and
      the supplemental chamber, valve means associated with said throttle valve
      operable when the throttle valve is moved to open position for
      establishing pulse pressure in said elongated channel for projecting fuel
      through the additional aperture means into the mixing passage, and check
      valve means associated with said port for preventing reverse flow of fuel
      from the elongated channel into the fuel chamber.
NUM  2.
PAR  2. Charge forming apparatus for use with a two-cycle internal combustion
      engine including a body construction comprising first and second members,
      the first member having a fuel and air mixing passage, a movable throttle
      valve in said mixing passage, the second member having a fuel chamber, a
      fuel inlet valve for the fuel chamber, means responsive to engine
      aspiration for controlling flow of fuel from a supply into the chamber,
      said first member having an air induction zone and fuel dispersion zones,
      said fuel dispersion zones including an engine idling fuel delivery
      aperture means and a high speed fuel delivery aperture means and an engine
      accelerating fuel delivery aperture means, fluid flow control laminar
      means associated with said body members, a fluid flow channel in said
      laminar means for establishing communication between said engine idling
      aperture means and said engine accelerating aperture means, a fuel passage
      between said fuel chamber and said fluid flow channel, check valve means
      associated with said fuel passage adapted in open position to admit fuel
      from the chamber to said fluid flow channel for engine idling, a pulse
      passage means for establishing communication between the engine crankcase
      and the engine idling aperture means, and valve means for said pulse
      passage means associated with said throttle valve to open the pulse
      passage means when said throttle valve is moved to open position whereby
      pulse pressure moves the fuel in said fluid flow channel through the
      engine accelerating fuel delivery aperture means into the mixing passage.
NUM  3.
PAR  3. Charge forming apparatus including a body construction comprising first
      and second body members, the first member having a fuel and air mixing
      passage, a movable throttle valve in said mixing passage, the second
      member having a fuel chamber, a fuel inlet valve for the fuel chamber, a
      diaphragm forming a wall of the fuel chamber responsive to engine
      aspiration for controlling the fuel inlet valve to regulate flow of fuel
      from a supply into the fuel chamber, said first member having an air
      induction zone and fuel dispersion zones, said fuel dispersion zones
      including an engine idling fuel delivery aperture means and a high speed
      fuel delivery aperture means, fluid flow control laminar means disposed
      between said body members, an elongated fluid flow channel in said laminar
      means, a first bore in said second body member in communication with the
      high speed fuel delivery aperture means, a first passage between said fuel
      chamber and said first bore, a first adjustable valve means in said first
      bore for regulating fuel flow from the fuel chamber to the high speed fuel
      delivery aperture means, a supplemental chamber in said first body member
      in communication with the engine idling fuel delivery aperture means, a
      second bore in said second body member, fuel passage means establishing
      communication between one end region of the elongated fuel flow channel
      and the second bore in said second body member, a fuel passage between
      said second bore and said supplemental chamber, second adjustable valve
      means in said second bore for regulating fuel flow to said supplemental
      chamber, a fuel port in said second body member establishing communication
      between the fuel chamber and the other end region of the elongated fuel
      flow channel, and check valve means associated with said port adapted in
      open position to admit fuel flow from the chamber to the elongated channel
      and in closed position preventing reverse flow of fuel from the elongated
      channel into the fuel chamber.
NUM  4.
PAR  4. Charge forming apparatus for use with an internal combustion engine
      including a body construction provided with a fuel and air mixing passage
      and a fuel chamber, a fuel inlet valve, means for controlling the inlet
      valve, a throttle valve in the mixing passage, the mixing passage having
      an air induction zone and a fuel dispersion zone, the fuel dispersion zone
      including main aperture means for delivering fuel into the mixing passage,
      an engine idling aperture means for delivering fuel into the mixing
      passage, additional aperture means independent of the main aperture means
      and engine idling aperture means for delivering fuel into the mixing
      passage, a laminar means associated with the body construction having
      perforate regions providing fluid conveying channels, the perforate
      regions arranged to receive fuel from the fuel chamber, one of said
      perforate regions being an elongated channel adapted to convey fuel to the
      said additional aperture means for delivery into the mixing passage for
      engine acceleration, a passage in the body construction in communication
      with the fuel chamber and the elongated channel for admitting fuel into
      the elongated channel under the influence of engine aspiration at the
      engine idling aperture means for delivery through the engine idling
      aperture means, and check valve means associated with the said passage
      establishing communication between the fuel chamber and the elongated
      channel for preventing reverse flow of fuel from the elongated channel
      into the fuel chamber.
NUM  5.
PAR  5. Charge forming apparatus according to claim 4 including means associated
      with the additional aperture means to prevent back bleeding of air from
      the mixing passage into the elongated fuel channel when the latter is
      conveying fuel for discharge through the engine idling aperture means.
NUM  6.
PAR  6. Charge forming apparatus according to claim 5 wherein the means to
      prevent back bleeding of air through the additional aperture means
      comprises a capillary seal screen.
NUM  7.
PAR  7. Charge forming apparatus according to claim 4 including a gasket member
      disposed contiguous with the laminar means, the check valve means
      comprising a flexible flap valve integral with the gasket member, said
      flap valve adapted to close the passage establishing communication between
      the fuel chamber and the elongated channel when fuel is being delivered
      from the elongated channel through the additional aperture means.
NUM  8.
PAR  8. Charge forming apparatus according to claim 4 including a restrictor
      associated with the passage for conveying fuel from the fuel chamber into
      the elongated channel for metering the flow of fuel into the elongated
      channel.
NUM  9.
PAR  9. Charge forming apparatus according to claim 4 including a fitting
      disposed in the passage establishing communication between the fuel
      chamber and the elongated channel, and a ball check valve in said fitting
      facilitating flow of fuel from the fuel chamber to the elongated channel
      but preventing reverse flow of fuel from the elongated channel into the
      fuel chamber, said fitting having a restriction for metering the flow of
      fuel from the fuel chamber into the elongated channel.
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ABST
PAL  In an air valve carburetor having a diaphragm positioning the air valve to
      maintain a constant pressure drop thereacross, a small calibrated hole is
      provided in the diaphragm to create a continuous flow of air through the
      diaphragm chamber and thereby purge fuel from and inhibit accumulation of
      fuel in the diaphragm chamber.
BSUM
PAR  This invention relates to a carburetor having a pressure responsive member
      positioning an air valve to create a controlled metering signal.
PAR  Among the well-known carburetors are those in which an air valve is
      disposed in the inlet to the mixture conduit and is positioned against the
      bias of a spring by a pressure responsive member to maintain a constant
      depression in the mixture conduit. The position of the air valve thus is
      determined by and is a measure of the rate of air flow through the mixture
      conduit. The constant pressure drop across the air valve is also applied
      across the fuel in the fuel bowl to create a constant metering head, and a
      fuel metering rod linked to the air valve controls fuel flow to the
      mixture conduit. This construction permits close control of the air-fuel
      ratio supplied by the carburetor over a wide range of air flow rates.
PAR  We have found that, in some situations, pressure fluctuations in the
      mixture conduit can transmit fuel into the chamber behind the pressure
      responsive member and that this can result in undesirable accumulation of
      fuel in the chamber and in the tube or passage between the chamber and the
      mixture conduit. We also have found that fuel can be purged from the
      chamber and accumulation of fuel in the chamber can be inhibited by
      providing a small hole in the pressure responsive member to allow a low
      flow of clean air through the chamber into the mixture conduit.
PAR  Therefore, in a preferred embodiment of this invention, the air valve is
      positioned by a diaphragm, an opening is provided in the diaphragm, and a
      pair of identical diaphragm backing plates disposed on opposite sides of
      the diaphragm overlying the opening are provided with calibrated holes to
      allow a low flow of purge air through the diaphragm chamber.
DRWD
PAR  The details as well as other objects and advantages of this invention are
      set forth in the remainder of the specification and are shown in the
      drawings in which:
PAR  FIG. 1 is a sectional elevational view of an air valve carburetor embodying
      this invention;
PAR  FIG. 2 is a view of a portion of FIG. 1, enlarged to show details of the
      diaphragm assembly; and
PAR  FIG. 3 is a view taken along the line 3--3 of FIG. 2 to show the
      disposition of the purge holes in the diaphragm and the backing plates.
DETD
PAR  Referring first to FIG. 1, the carburetor 10 has a mixture conduit 12
      including an air inlet 14 and a mixture outlet 16 which discharges to the
      engine. A throttle 18 is disposed in mixture outlet 16 in the usual manner
      on a throttle shaft 20.
PAR  An air valve 22 is disposed in air inlet 14 on an air valve shaft 24. A
      spring 26 is secured to the downstream edge 28 of air valve 22 and extends
      to a bracket 30 to bias air valve 22 to the position shown.
PAR  A tang 32 reaches upwardly from air valve 22 and is connected by a link 34
      to a diaphragm 36. A chamber 38, formed between the right side of
      diaphragm 36 and a cover member 40, is connected by a tube 42 to a region
      44 of mixture conduit 12 defined between air valve 22 and throttle 18.
PAR  A chamber 46, defined between the left side of diaphragm 36 and a cover
      member 48, is subjected to substantially atmospheric pressure, present in
      air inlet 14 and in the air cleaner (not shown), through openings such as
      50, 51 and 52. (The air cleaner seats on a rim 53 disposed about the upper
      portion of carburetor 10.) Cover member 48 is welded to a bracket 54 which
      is secured to the air horn 55, and a grommet 56 is disposed between
      bracket 54 and air horn 55.
PAR  In operation, chamber 38 is subjected to the subatmospheric pressure
      created in region 44 as throttle 18 is opened, and diaphragm 36 acts
      through link 34 to pull air valve 22 clockwise to an open position. Spring
      26 is effective to balance the opening force of diaphragm 36, thereby
      creating in region 44 a substantially constant pressure about 10 inches of
      water less than the substantially atmospheric pressure above air valve 22.
      By thus establishing a generally constant pressure drop across air valve
      22, the area about air valve 22 and thus the rotative position of air
      valve 22 is determined by and is a measure of the rate of air flow through
      mixture conduit 12.
PAR  A tab 58 extends upwardly from air valve 22 and is connected through a link
      60 to one end 62 of a lever 64. The opposite end 66 of lever 64 is pivoted
      about a pin 68. Intermediate ends 62 and 66, a hanger 70 extends from
      lever 64 into the carburetor fuel bowl 72. The lower end 74 of hanger 70
      has a hook 76 which is received in a recess 78 formed in a metering rod
      80.
PAR  It may be noted that hanger 70 extends through an opening 82 in the fuel
      bowl cover portion 84 of air horn 55. Opening 82 is closed by a slider 86
      which shifts horizontally during movement of hanger 70.
PAR  Metering rod 80 is disposed in a fuel passage 88 having its lower end 90
      disposed to receive fuel from a well 92 formed in the bottom of fuel bowl
      72. The upper end 94 of fuel passage 88 has an opening 96 through which
      fuel is discharged into region 44 of mixture conduit 12. It will be
      appreciated, therefore, that the fuel in fuel bowl 72 is subjected to a
      substantially constant metering head -- from the substantially atmospheric
      pressure in the upper portion of the fuel bowl to the generally constant
      pressure in region 44.
PAR  A metering jet or orifice 98 is disposed in fuel passage 88 around the tip
      99 of metering rod 80. Metering rod 80 has flat tapered surfaces 100 on
      opposite sides which, upon reciprocation of metering rod 80 in jet 98,
      varies the area available for fuel flow through jet 98.
PAR  In operation, as air valve 22 opens by clockwise rotation, link 60 rotates
      lever 64 in a clockwise direction. Lever 64 then lifts hanger 70 to move
      metering rod 80 generally upwardly and rightwardly in fuel passage 88.
      Thus as air valve 22 is opened to increase the area available for air flow
      through air inlet 14, metering rod 80 is shifted to increase the area
      available for fuel flow through metering orifice 98. By this means, a
      substantially constant air-fuel ratio may be maintained -- the precise
      proportion being controlled by the geometry of tapered surfaces 100 and of
      the linkage between air valve 22 and metering rod 80. Modifications of
      this linkage to provide cold enrichment, power enrichment, and inlet air
      temperature and pressure compensation are set forth in copending
      application Ser. No. 343,553 filed Mar. 21, 1973, now U.S. Pat. No.
      3,882,206, and the disclosure of that application is incorporated herein
      by reference.
PAR  A spring 102 extends from a ledge 104 formed in fuel passage 88 to the
      lower end 106 of metering rod 80 to take up any slack in the linkage and
      to load metering rod 80 against jet 98.
PAR  It may be noted that the thickness of metering rod 80 increases from the
      end of surfaces 100 most closely adjacent passage inlet 90 to tip 99. Tip
      99 is therefore enlarged and assists in discharging fuel from fuel passage
      88 as air valve 22 and metering rod 80 are moved to increase air and fuel
      flow. This offsets the greater inertia of the fuel which otherwise could
      create a mixture temporarily leaner than desired.
PAR  As best shown in FIG. 2, diaphragm 36 has a pair of identical backing
      plates 108 and 110 clamped on opposite sides thereof by enlarged portions
      112 and 114 of link 34. The backing plates are formed to provide annular
      recesses 116 and 118 between the backing plates and diaphragm 36.
PAR  Backing plate 108 has a pair of diametrally disposed calibrated holes 120
      and 122 opening into recess 116, and backing plate 110 has a pair of
      diametrally disposed calibrated holes 124 and 126 opening into recess 118.
      Although the drawing shows holes 120 and 122 in alignment with holes 124
      and 126, this disposition is unnecessary with the construction shown.
PAR  Diaphragm 36 has a plurality of holes 128 opening from recess 116 to recess
      118. Although diaphragm 36 is shown in FIG. 3 as having three holes 120,
      the size and number of holes 128 is not critical as long as the total area
      provided by holes 128 is greater than the area of the holes provided in
      either of backing plates 108 and 110. Further, although the drawing shows
      one of holes 128 aligned with hole 122 in backing plate 108 and hole 126
      in backing plate 110, this disposition is unnecessary with the
      construction shown.
PAR  In operation, the substantially atmospheric pressure in chamber 46 and the
      subatmospheric pressure in chamber 38 creates a continuous flow of air
      from chamber 46 through holes 120 and 122 into recess 116, through holes
      128 into recess 118, through holes 124 and 126 into chamber 38, and
      through chamber 38 and tube 42 to region 44. This continuous flow of air
      purges fuel from and inhibits accumulation of fuel in chamber 38.
PAR  In the construction shown, each of holes 120, 122, 124 and 126 has a
      diameter of 0.030 inch. In some constructions, however, we would prefer to
      provide only one hole with a diameter of 0.050 inch in each plate. These
      constructions provide purge air flow through chamber 38 equivalent to that
      which would occur through a single 0.052 inch hole.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      priviledge is claimed are defined as follows:
NUM  1.
PAR  1. A carburetor comprising a mixture conduit having an air inlet and a
      mixture outlet, a throttle disposed in said outlet for controlling flow
      therethrough, an air valve disposed in said air inlet and movable between
      closed and open positions, means biasing said air valve toward said closed
      position, a diaphragm connected to said air valve for moving said air
      valve toward said open position against the bias of said biasing means,
      one side of said diaphragm being exposed to the pressure in said air inlet
      upstream of said air valve, and means associated with the other side of
      said diaphragm for defining therewith an enclosed chamber connected to
      said mixture conduit between said air valve and said throttle, whereby
      said diaphragm and said biasing means are effective to position said air
      valve to establish a selected pressure differential thereacross, and
      wherein said diaphragm has an opening extending therethrough to permit air
      to flow continuously from said air inlet upstream of said air valve
      through said opening and said chamber to said mixture conduit downstream
      of said air valve to thereby purge fuel from said chamber and inhibit
      accumulation of fuel in said chamber and a plate overlying said opening
      and having a calibrated hole restricting air flow through said opening to
      control the rate thereof.
NUM  2.
PAR  2. A carburetor comprising a mixture conduit having an air inlet and a
      mixture outlet, a throttle disposed in said outlet for controlling flow
      therethrough, an air valve disposed in said air inlet and movable between
      closed and open positions, a spring biasing said air valve toward said
      closed position, a diaphragm having a link extending to said air valve for
      moving said air valve toward said open position against the bias of said
      spring, one side of said diaphragm being exposed to the pressure in said
      air inlet upstream of said air valve, a cover associated with the opposite
      side of said diaphragm to define an enclosed chamber therebetween, means
      defining a passage connecting said chamber to said mixture conduit between
      said air valve and said throttle, whereby said diaphragm and said spring
      are effective to position said air valve to establish a selected pressure
      differential thereacross, a backing plate secured on one side of said
      diaphragm and defining a recess therebetween, said diaphragm having a hole
      opening to said recess, and said backing plate having a calibrated hole
      opening to said recess whereby air may flow from said air inlet upstream
      of said air valve through said diaphragm, said recess, said backing plate,
      said chamber and said passage to said mixture conduit downstream of said
      air valve at a rate determined by the size of said calibrated hole to
      thereby purge fuel from said chamber and inhibit accumulation of fuel in
      said chamber.
NUM  3.
PAR  3. A carburetor comprising a mixture conduit having an air inlet and a
      mixture outlet, a throttle disposed in said outlet for controlling flow
      therethrough, an air valve disposed in said air inlet and movable between
      closed and open positions, a spring biasing said air valve toward said
      closed position, a diaphragm having a link extending to said air valve for
      moving said air valve toward said open position against the bias of said
      spring, one side of said diaphragm being exposed to the pressure in said
      air inlet upstream of said air valve, a cover associated with the opposite
      side of said diaphragm to define an enclosed chamber therebetween, means
      defining a passage connecting said chamber to said mixture conduit between
      said air valve and said throttle, whereby said diaphragm and said spring
      are effective to position said air valve to establish a selected pressure
      differential thereacross, a first backing plate secured on said one side
      of said diaphragm and defining a first annular recess therebetween, a
      second backing plate identical to said first backing plate secured on said
      opposite side of said diaphragm and defining a second annular recess
      therebetween, said first backing plate having a calibrated opening
      extending from said air inlet upstream of said air valve to said first
      recess, said diaphragm having an opening extending between said recesses,
      and said second backing plate having a calibrated opening extending from
      said second recess to said chamber, whereby air may flow from said air
      inlet upstream of said air valve through said first backing plate and
      recess, said diaphragm, said second recess and backing plate, and said
      chamber and passage to said mixture conduit below said air valve at a rate
      determined by the size of said calibrated openings to purge fuel from said
      chamber and to inhibit accumulation of fuel in said chamber.
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ABST
PAL  In a carburetor having a two-stage power valve and an off-idle air bleed, a
      lean air-fuel mixture may be supplied when it is desirable to operate in a
      lean mode for optimizing an exhaust gas oxidizing reactor while a rich
      air-fuel mixture may be provided when it is desirable to operate in a rich
      mode for optimizing an exhaust gas reducing converter. In the rich mode
      means comprising a selectively energizable solenoid control closes the
      off-idle air bleed and opens the first stage of the power valve thereby
      enriching both off-idle and open throttle air-fuel mixtures. The power
      valve is also operated by an induction pressure responsive piston, and at
      high induction pressures both stages may be opened during lean mode
      operation and the second stage may be opened during rich mode operation
      for wide open throttle enrichment.
BSUM
PAR  This invention relates to a carburetor having a twostage power valve and an
      off-idle air bleed wherein means energizable to open the first stage of
      that power valve and to close the air bleed are provided for enriching the
      off-idle and open throttle air-fuel mixtures.
PAR  Internal combustion engine carburetors are often provided with a power
      enrichment system comprising an induction pressure responsive piston which
      opens a power valve during wide open throttle operation to increase fuel
      flow from the fuel bowl to the engine. In one carburetor model, the
      pressure signal is communicated from the induction passage to the top of
      the piston so that when the signal is below a selected level the piston is
      raised and a spring closes the valve to reduce fuel flow to the engine.
      However, when the pressure signal is above that selected level -- during
      wide open throttle operation -- a return spring lowers the piston which
      then opens the valve to increase fuel flow to the engine.
PAR  Also, prior art power enrichment systems on occasion include two-stage
      power valves which sequentially open when the induction pressure signal
      achieves different selected levels. For example, when that pressure signal
      is below both levels the piston is raised and a pair of springs close both
      valves to curtail fuel flow to the engine. However, when that pressure
      signal increases above the first signal level but does not attain the
      second level the return spring lowers the piston a selected first amount
      which then opens the first stage valve to increase fuel flow to the engine
      for partial enrichment. When that pressure signal further increases above
      both selected levels, for example, during wide open throttle operation,
      the return spring lowers the piston an additional amount to open both
      power valves and further increase fuel flow to the engine.
PAR  It is well to point out that carburetors are often provided with an
      adjustable off-idle air bleed passage which opens into the idle fuel
      passage. Control of the air flow through the off-idle air bleed passage
      determines the air-fuel mixture ratio when the throttle is in an off-idle
      position.
PAR  Now that increased emphasis has been directed toward emission control,
      various exhaust gas conversion means have been proposed for oxidizing or
      reducing undesirable exhaust gas constituents. For example, both catalytic
      converters and thermal reactors have been proposed as particularly
      effective means of oxidizing such unburned exhaust constituents as carbon
      monoxide and unburned hydrocarbons. The lean exhaust air-fuel mixture
      required by such units for satisfactory oxidation reactions is most
      economically achieved by delivering a lean induction airfuel mixture to
      the engine.
PAR  It is also well known that catalytic converters for reducing oxides of
      nitrogen require a rich exhaust air-fuel mixture to maintain a reducing
      atmosphere in the converter; such a mixture is most economically achieved
      by delivering a rich induction air-fuel mixture to the engine.
PAR  This invention provides a carburetor which selectively controls the exhaust
      gas composition by curtailing fuel flow to change the carburetted air-fuel
      ratio, delivered to the engine, to lean during the oxidizing catalytic
      converter or thermal reactor mode of operation and by supplying additional
      fuel flow to enrich the carburetted air-fuel mixture during the reducing
      catalytic converter mode of operation. In addition, the carburetor
      provided by this invention allows for conventional power enrichment during
      wide open throttle operation of the engine.
PAR  This invention is especially suited for use in a system, such as that set
      forth in copending Ser. No. 312,574 filed Dec. 6, 1972, now U.S. Pat. No.
      3,824,788 which combines oxidizing and reducing exhaust devices for most
      effective operation. During a rich-carburetted mode of operation exhaust
      gases first pass through a reducing catalyst bed, air is then added to the
      exhaust gases, and the exhaust gases are thereafter passed through an
      oxidizing catalyst bed. During an alternative lean-carburetted mode of
      operation, exhaust gases including excess oxygen pass through only an
      oxidizing thermal reactor, and the catalyst beds are bypassed to extend
      their effective life. As indicated above, the desired exhaust gas
      composition can be provided most economically by controlling the
      carburetted air-fuel mixture.
PAR  Specifically, this invention provides a carburetor having an energizable
      control which mechanically moves a slightly modified power enrichment
      piston to a first stage position to open the first stage of a two-stage
      power valve. This increases fuel flow when it is desirable to go from a
      lean mode to a rich mode. The power piston remains responsive to the
      pressure signal from the induction passage to open the second stage of the
      power valve and thereby further enrich the air-fuel mixture for
      conventional power enrichment. When energized, this control simultaneously
      closes the off-idle air bleed passage to enrich the off-idle air-fuel
      mixture ratio so that the rich mode of operation may be maintained from
      off-idle to open throttle operation.
PAR  When it is desirable to switch from the rich mode to the lean mode of
      operation, the energizable control is deenergized to allow the power
      enrichment piston to respond only to variation in induction pressure.
      During low induction pressure operation the two stages of the power valve
      close and curtail fuel flow to the engine, while during high induction
      pressure operation either or both stages may be opened to provide power
      enrichment. In addition, upon deenergization the control opens the
      off-idle bleed passage to allow air to lean the off-idle air-fuel mixture
      ratio.
PAR  It should be pointed out that in both the leandeenergized and the
      rich-energized modes of operation, transient power enrichment may be
      effected when desirable to operate at wide open throttle during, for
      example, acceleration.
DRWD
PAR  The foregoing and other objects and advantages of this invention will be
      made apparent by referring to the remainder of the specification and to
      the drawings in which:
PAR  FIG. 1 is a sectional view of this invention incorporating the selectively
      energizable fuel control and power enrichment system;
PAR  FIG. 2 is an enlarged view of a portion of the FIG. 1 carburetor showing
      details of the selectively energizable solenoid and fuel control;
PAR  FIG. 3 is a view of the two-stage power valve further enlarged to show the
      details of its construction and showing the positions of the first stage
      valve when the solenoid is deenergized and energized; and
PAR  FIG. 4 shows the carburetted air-fuel ratio versus induction pressure
      characteristics of this carburetor.
DETD
PAR  Referring to FIG. 1, a carburetor 10 comprises a primary air inlet 12 which
      inducts air from the ambient atmosphere, a mixture outlet 14 for supplying
      an air-fuel mixture to the engine and a conventional venturi 16 for
      providing an air flow pressure signal to the main fuel metering system (to
      be described). A throttle valve 18 is rotatably disposed on a throttle
      shaft 20 for controlling air flow through air inlet 12. A conventional
      choke valve 22 is rotatably disposed on a choke valve shaft 24.
PAR  The conventional main metering system comprises a main metering jet 26, a
      main fuel well 28, a main well tube 30, a nozzle 32, an aspirator bleed
      passage 33 (shown schematically), and an associated boost venturi 34 for
      supplying fuel from fuel bowl 36 to air inlet 12 in a conventional manner.
      Idle fuel is drawn from main well 28 through an idle metering tube 38, a
      crossover passage 40, a restriction 42, and a vertical passage 44 to a
      curb-idle discharge port 46 and an off-idle discharge port 48. When the
      throttle is closed, all idle fuel flow is directed through port 46 at a
      rate controlled by a metering valve 50. As throttle 18 is opened, it
      traverses port 48 and subjects that port to subatmospheric induction
      passage pressure. Additional idle fuel is then discharged into mixture
      conduit 14 from port 48. Conventional impact and velocity air bleeds 52
      and 54 are provided in the crossover passage 40 and a conventional lower
      idle air bleed 56 is provided into vertical passage 44; these air bleeds
      52, 54, and 56 allow air to be mixed with the fuel drawn from main well 28
      to provide an air-fuel emulsion in vertical passage 44 and to control its
      discharge from ports 46 and 48.
PAR  Referring now to FIGS. 1 and 2, an off-idle air bleed 58 has a passage 60
      extending to crossover passage 40 and a passage 61 extending to the
      atmosphere. An adjustable valve 62, having a tapered portion 63 associated
      with air bleed 58, controls the amount of air bled past portion 63 to
      passage 60 to control off-idle fuel flow and thus control the off-idle
      air-fuel ratio.
PAR  Valve 62 is formed as a portion of an adjusting screw 64 threadedly
      received in a threaded bore 66 in carburetor 10. Rotation of screw 64
      results in axial movement of valve 62 and tapered portion 63 and
      regulation of the amount of air bled through air bleed adjusting screw 58.
PAR  A power enrichment piston assembly 70 provides the means of actuation of
      power valve assembly 84 to provide extra fuel to meet power requirements
      under heavy engine load and wide open throttle operation. The power piston
      stem 72, urged downwardly by a spring 74, has a piston portion 75 and
      uppermost ramp portion 75a located in a cavity 76 formed in the cover 78
      of the fuel bowl 36. A guide end 79 closes the lower end of cavity 76 and
      admits atmospheric pressure to the bottom of piston portion 75. Piston
      portion 75 also defines an upper signal chamber 82 within cavity 76.
      Chamber 82 receives an induction passage pressure signal through a passage
      83 extending from mixture outlet 14 below throttle 18. Power piston 70 is
      held in the uppermost position as shown during idle and cruise conditions,
      since the relatively low induction pressure signal in chamber 82 raises
      and holds the power piston against the downward urging of spring 74.
PAR  A two-stage power valve assembly 84 is shown in FIGS. 1 through 3 and
      comprises a first-stage valve member 90 having an upwardly extending stem
      92. It is important to note that piston stem 72 does not engage stem 92
      when the piston is in the raised position shown. A pin 96 extends
      downwardly from the center of the first-stage valve member 90 and rides in
      an inner wall 98 of a lower, second-stage valve member 100 to provide a
      lost-motion connection between valves 90 and 100. A bottom 99 of well 98
      is adapted to be engaged by stem 96 for moving valve 100 downwardly.
PAR  Associated with first-stage valve 90 and second-stage valve 100, are
      respectively, a first-stage valve seat 102 and a lower, second-stage valve
      seat 104. Seats 102 and 104 are, respectively, formed and pressed into a
      threaded insert member 106, having a transverse installation slot 107.
      Insert 106 is carried by a threaded well 108 in the bottom of the fuel
      bowl 36. An annular relief 109 is formed as part of threaded well 108 and
      surrounds insert member 106 for fuel flow therearound. A pair of axially
      disposed springs 110, 112 urges first-stage valve member 90 and
      second-stage valve member 100 upwardly against their respective seats 102,
      104. A channel 113 down one side of relief 109 receives fuel from the
      bottom of well 108.
PAR  First-stage valve member 90 and second-stage valve member 100 provide fuel
      flow to main well 28 through a fuel supply passage 114 having a rich limit
      restriction 116. When first-stage valve member 90 is unseated from seat
      102, fuel flow is provided through a plurality of restrictive apertures
      118 formed in insert member 106, through restriction 116 and main well 28,
      and thus to the mixture conduit 14. It should be noted that restriction
      116 is larger than apertures 118, which thus limit this first stage of
      fuel flow. When second-stage valve member 100 is also opened, additional
      fuel flow is provided through a plurality of unrestrictive apertures 120
      whereby restriction 116 thus controls flow from both the first and the
      second stages of power valve 84.
PAR  It is well known that increases in engine load increase the pressure in the
      induction passage. When a selected pressure signal level in chamber 82 is
      attained power piston spring 74 becomes effective to move stem 72
      downwardly and lowers first-stage valve member 90 to allow additional fuel
      to flow through calibrated restrictions 118 to main well 28. When a higher
      or second selected signal level is attained in chamber 82, indicative of
      an increased power requirement as the throttle is opened completely, stem
      92 is lowered further by spring 74. In this manner, stem portion 96
      engages the bottom 99 of well portion 98 and moves valve member 100 away
      from seat 104 so that additional fuel is provided. Restriction 116 will be
      effective to limit that flow of fuel so that the carburetted air-fuel
      ratio does not become overly rich. Thus, the cumulative fuel flow provided
      by the combined, staged operation of this two-stage power enrichment
      system supplements the fuel passing through main metering jet 26 to give
      the proper mixture ratio required for different levels of power operation.
      It should be made apparent that the construction heretofore described is
      conventional and is shown in the prior art.
PAR  Referring again to FIG. 2, a solenoid actuator 121 is provided to engage
      ramp 75a of piston portion 75 and thus lower power piston assembly 70 the
      amount necessary to lower valve member 90 from seat 102 and provide
      additional fuel through restrictions 118 to main well 28. Solenoid
      actuator 121 is energized when required to change the carburetted air-fuel
      ratio from a lean mixture to a rich mixture.
PAR  Solenoid actuator 121 comprises a threaded portion 121a adapted to engage a
      threaded well 122 formed in carburetor 10, and includes a movable central
      armature member 123 reciprocable therein. Armature 123 carries an
      adjustable contoured member 124 which extends rightwardly, but a spring
      126 urges armature 123 and member 124 leftwardly into the deenergized
      position as shown in FIG. 2. Adjustable member 124 comprises a large first
      portion 128 for engaging ramp 75a and a smaller valve portion 130 for
      closing passage 68. For improved sealing of passage 68 valve portion 130
      may have an associated seat 132 formed in the wall of passage 68. Thus,
      when valve portion 130 engages seat 132 passage 68 is closed off to
      prevent air flow therethrough. Accordingly, no air bleeds past adjustable
      off-idle bleed 58 to lean the off-idle air-fuel mixture when valve portion
      130 closes passage 68.
PAR  An annular solenoid coil 133 is connected to an external power source 134
      for moving a core portion 135 of central armature 123. A series switch 136
      controls the energization of coil 133 and is selectively operated by a
      sensor device 138 which closes switch 136 when it is desirable to change
      the carburetted air-fuel ratio from lean to rich. Sensor 138 may be
      responsive to, for example, exhaust gas temperature, reactor wall
      temperature or catalyst temperature. Alternatively, it may be
      preprogrammed to selectively operate switch 136 when a variation in the
      carburetted air-fuel ratio is desired.
PAR  For operating in the lean mode, solenoid actuator 121 is deenergized by
      opening switch 136 so that spring 126 moves armature 123 to the position
      shown in FIG. 2. Thus, passage 68 is unrestricted by valve portion 130 and
      air may bleed into the fuel in passage 40. This leans the off-idle
      air-fuel mixture. Simultaneously, piston portion 75 of power piston 70,
      when raised, abuts only valve portion 130 of solenoid actuator 121. This
      permits power valve 84 to close, thus curtailing fuel flow to main well
      28.
PAR  The operation of this carburetor and its associated fuel control is shown
      in FIG. 4, which illustrates the effect of increasing induction pressure
      (increasing load) on the carburetted air-fuel ratio. During off-idle and
      light load open throttle operation, the air-fuel mixture is maintained at
      a lean ratio A dictated by the size of main jet 26. Above a selected
      pressure signal level B power piston assembly 70 is lowered by spring 74
      and opens first-stage valve member 90 to the position 140 indicated by the
      dotted lines in FIG. 3. The increased fuel flow provided through
      restrictions 118 provides medium load power enrichment, decreasing the
      air-fuel mixture ratio from A to C. When second signal level D is
      exceeded, stem 96 of first-stage valve member 90 engages bottom 99 of well
      98 and thus opens second-stage valve member 100. The increased fuel flow
      provided through apertures 120 provides a wide open throttle power
      enrichment by decreasing the mixture ratio from C to E.
PAR  Thus, it should be apparent that while operating in the lean reactor mode
      this invention proportions fuel flow to air flow in a manner which not
      only normally maintains the exhaust at a lean air-fuel ratio for optimum
      oxidation efficiency in the reactor, but also meets engine power
      requirements throughout the operating range.
PAR  For operation in a rich converter mode switch 136 is closed and solenoid
      actuator 121 is energized to shift armature 123 rightwardly. Portion 128
      engages ramp 75a and lowers power piston assembly 70 to a first stage
      position in which valve member 90 is opened as indicated by the dashed
      lines 140 in FIG. 3. The increased fuel flow provided through restrictions
      118 enriches the mixture from ratio A to ratio C throughout the range of
      light and medium load engine operation. In the converter mode of operation
      this rich air-fuel ratio C optimizes the conversion efficiency of the
      reducing catalytic converter.
PAR  As the induction pressure signal increases above level D, power piston
      assembly 70 is further lowered by spring 74 to open valve member 100. The
      increased fuel flow thereby provided through apertures 120 will meet heavy
      load or power requirements of the engine. This is shown in FIG. 4, wherein
      increasing the induction pressure signal from D to F decreases the
      carburetted air-fuel mixture ratio from C to E.
PAR  It should also be noted that when solenoid actuator 121 is energized for
      operation in the rich converter mode, valve portion 130 sealingly engages
      seat 132 in passage 68 and closes the air supply to off-idle bleed 58.
      This reduces the air bled into the fuel in passage 40 and thus increases
      fuel flow through ports 46, 48 to the mixture conduit 14. Accordingly, the
      off-idle air-fuel mixture to the engine is enriched to assure that a rich
      mixture is maintained during off-idle operation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A carburetor comprising an air inlet for air flow to an engine, a
      throttle disposed in said air inlet for controlling flow therethrough, a
      fuel bowl, an idle fuel passage extending from said fuel bowl to said air
      inlet adjacent said throttle for delivering fuel thereto, a bleed passage
      opening from the atmosphere to said idle fuel passage for bleeding air to
      said idle fuel passage to create an air-fuel emulsion therein, a main fuel
      passage extending from said fuel bowl to said air inlet upstream of said
      throttle for delivering fuel thereto, valve means in said main fuel
      passage, said valve means having a lean position permitting the rate of
      fuel flow through said main fuel passage to said air inlet which will
      create a part throttle air-fuel mixture leaner than stoichiometric, an
      intermediate position permitting the rate of fuel flow through said main
      fuel passage to said air inlet which will create a part throttle air-fuel
      mixture slightly richer than stoichiometric, and a rich position
      permitting the rate of fuel flow through said main fuel passage to said
      air inlet which will create a full throttle air-fuel mixture substantially
      richer than stoichiometric, a pressure responsive piston for positioning
      said valve means, a spring biasing said piston to position said valve
      means in said rich position, a signal passage subjecting said piston to
      the pressure in said air inlet downstream of said throttle whereby said
      piston overcomes the bias of said spring to position said valve means in
      said lean position when such pressure is below a selected value and to
      position said valve means in said intermediate position when such pressure
      is above said selected value but below another value, an arm reciprocable
      between lean and rich modes, said arm having an actuator portion
      engageable with said piston when said arm is in said rich mode for causing
      said piston to position said valve means in said intermediate position
      even through the pressure in said air inlet downstream of said throttle
      may be below said selected value, said arm further having a valve portion
      receivable in said bleed passage when said arm is in said rich mode for
      obstructing air flow therethrough to thereby enrich the off-idle air-fuel
      mixture created by fuel flow through said idle fuel passage to said air
      inlet, and means for reciprocating said arm between said lean mode and
      said rich mode whereby when said arm is in said rich mode said actuator
      portion causes said piston to position said valve means in said
      intermediate position to provide a part throttle air-fuel mixture slightly
      richer than stoichiometric and said valve portion obstructs said bleed
      passage to provide an enriched off-idle air-fuel mixture, whereby when
      said arm is in said lean mode said actuator portion permits said piston to
      position said valve means in said lean position to provide a part throttle
      air-fuel mixture leaner than stoichiometric and said valve portion permits
      air flow through said bleed passage to provide a leaned off-idle air-fuel
      mixture, and whereby said piston may position said valve means in said
      rich position to provide a full throttle air-fuel mixture substantially
      richer than stoichiometric irrespective of the mode of said arm.
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ABST
PAL  A fuel-air vaporizing apparatus including fuel metering means discharging a
      regulated fuel flow into a heated airflow within a conduit for subsequent
      and remote discharge into the air induction system of an engine. A nozzle
      structure, subjected to vacuum pressure, discharges fuel below an
      induction regulating valve. Fuel and air linkage, jointly operated by the
      driver's throttle, actuate said fuel metering means and the air induction
      regulating valve in a synchronized manner to provide an optimum,
      completely vaporized fuel-air mixture to the engine. An idle assembly
      controls engine operation during both idling and other closed throttle
      conditions. Said idle assembly functions to cut off fuel flow during
      vehicle deceleration with fuel flow resuming upon certain engine
      conditions being reached. Temperature responsive means are associated with
      both the idle assembly and the fuel-air linkage to assure optimum fuel-air
      ratios throughout a range of engine temperatures.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The instant invention pertains to a multiple stage fuel-air mixing
      apparatus affording both primary mixing of the fuel-air charge within a
      conduit with secondary mixing of the charge taking place within the
      regulated induction airflow of an engine. Means responsive to engine
      conditions terminates fuel flow during vehicle deceleration.
PAR  The present apparatus is a substantial departure from existing automotive
      carburetion systems and dispenses with the need for standard carburetor
      components such as jets, floats, and intricate adjustment means therefor.
      The highly complex nature of automotive carburetors renders them costly to
      manufacture, install and service, the latter requiring the services of a
      highly skilled technician. While existing automotive carburetors are
      highly refined and do provide satisfactory economy of operation in most
      applications, they do not accomplish objectives of fuel economy and
      servicing ease associated with the present fuel-air apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is embodied within a fuel-air mixing apparatus which
      includes fuel metering means dispensing a fuel flow into a conduit airflow
      whereat first stage mixing occurs with the fuel-air mixture being
      discharged at a remote nozzle for second stage mixing with induction air
      in an intake barrel serving the engine intake manifold.
PAR  A fuel-air linkage includes both fuel and air regulating components both
      responsive to throttle linkage to regulate fuel flow and the flow of
      induction air. Temperature responsive means reduces induction airflow
      during cold engine operation. An idle assembly controls fuel flow both
      during idling and periods of high vacuum in the intake manifold and in the
      latter instance serves to terminate all fuel flow during certain engine
      conditions associated with deceleration. A vacuum dash pot is responsive
      to intake manifold vacuum and regulates fuel metering means during closed
      throttle high vacuum conditions to cut off fuel flow for economy purposes
      with fuel flow recommencing upon a lesser manifold pressure being reached.
      A heat sensitive member in the idle linkage modifies vacuum dash
      pot-armature operation to best suit hot and cold engine idle conditions.
      Similarly, the fuel-air linkage includes temperature responsive means for
      limiting induction air during cold engine operation.
PAR  Important objectives of the present apparatus include: the provision of a
      fuel-air mixing apparatus providing dual stage mixing with the first stage
      occurring within a conduit airflow with second stage mixing occurring as
      the fuel-air admixture is discharged into an induction airflow to fully
      vaporize the fuel; the provision of a fuel-air mixing apparatus using
      heated air during first stage mixing with the admixture being cooled prior
      to second stage mixing for purposes of volumetric efficiency; the
      provision of a fuel-air mixing apparatus achieving a higher air to fuel
      ratio than is attainable with conventional fuel-air mixing devices to
      affect increased mileage and a reduction in unburned hydrocarbons and
      other engine emissions; the provision of a fuel-air mixing apparatus
      capable of cutting off the fuel flow during certain engine conditions
      associated with periods of vehicle deceleration for fuel conservation and
      a reduction of engine emissions; the provision of a fuel-air mixing
      apparatus of substantially less complexity than existing carburetors yet
      one fully capable of compensating during open throttle and idling for high
      and low engine operating temperatures; and the provision of a fuel-air
      mixing apparatus of low manufacturing cost having uncomplicated, readily
      accessible components for ease of installation and servicing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the accompanying drawing:
PAR  FIG. 1 is a side elevational view of the apparatus with certain related
      vehicle components being shown in a schematic manner,
PAR  FIG. 2 is a top plan view of FIG. 1,
PAR  FIG. 3 is an elevational view taken along line 3--3 of FIG. 2 showing
      details of the fuel nozzle assembly, and
PAR  FIG. 4 is a plan view taken along line 4--4 of FIG. 1 showing thermostatic
      means for regulating induction air.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With continuing reference to the accompanying drawings wherein applied
      reference numerals indicate parts similarly identified in the following
      specification, the reference numeral 10 indicates an intake manifold of an
      internal combustion engine having passageways serving each of the engine
      combustion chambers. The intake manifold may be of the type including
      additional passageways for the flow of heated air or exhaust to accomplish
      heating of the fuel-air mixture prior to combustion chamber entry.
      Reference numeral 11 indicates a cylindrical structure, hereinafter termed
      a barrel, suitably secured to the intake manifold by means of a bolted
      flange 12. The upper end of barrel 11 is adapted to mount the base of an
      air cleaner assembly at AC in a manner not dissimilar to the mounting
      arrangement for conventional carburetors. The air cleaner base may be
      recessed for assuring adequate under hood clearance, however such
      clearance is not critical as the overall height of the present apparatus
      is approximately equal to existing carburetor and air cleaner
      combinations. While only a single barrel is shown, it is to be understood
      that in some engine applications of the present apparatus it may be
      desirable to use multiple barrels. Such adaptation of the apparatus is
      believed to be within the scope of one skilled in the art and accordingly
      comes within the scope of the appended claims.
PAR  Fuel metering means is indicated generally at 15 and is embodied within a
      valve assembly including a valve housing 16 served interiorly by a
      pressurized fuel line 17. Valve housing 16 receives a core 18 mounted for
      reciprocal movement with a spring 20 biasing the core lower end at 18A
      downwardly towards a closed or seated position in a valve seat 19 having
      an orifice 19A. Details of the valve and valve seat are hereinafter
      elaborated upon with present purposes served by identifying the valve as
      of the needle valve type. The upper end of valve housing 16 is sealed by a
      suitable packing and nut assembly 21. An exterior segment of core 18 is
      pivotally coupled by a pair of links 23 to a fuel lever 24 the latter
      constituting core positioning means having a slotted area at 24A to permit
      selective reception of a fastener assembly 25 and hence the effective
      throw of lever 24 to be varied with respect to the rectilinear travel of
      core 18. A bracket 27 permits repositioning of valve housing 16 on barrel
      11. From the foregoing it will be seen that upward movement of lever 24
      will unseat the lower end segment 18A of core 18 resulting in the metered
      discharge of fuel inot an airflow delivered to the metering means via an
      air conduit 26. A flow of filtered air originates at air cleaner AC and is
      routed past a heat exchanger arrangement such as along an exhaust header
      shroud S. A fuel-air mixture conduit is indicated at 29.
PAR  Fuel and air linkage is indicated generally at 30 and includes a fuel-air
      control 34 mounted for rotatable movement about a shaft 32 suitably
      journalled in bearing sleeves 33. Shaft 32 projects through barrel 11 to
      support an air induction butterfly valve 28. Integral with fuel-air
      control 34 is a laterally projecting fuel-air arm 35 which serves the dual
      purpose of actuating both fuel and air regulating components. A projection
      36 on fuel-air arm 35 mounts an adjustment screw 37 for fuel flow
      regulating purposes while a like projection at 38 mounts an adjustment
      screw 39 for actuation of butterfly 28 as later explained. The lower end
      of fuel-air control lever 34 is in pivotal connection with throttle
      linkage at 40 with movement of the linkage 40 in the applied arrow
      direction associated with an increase in engine speed.
PAR  For actuation of fuel metering means 15 and regulating fuel discharge
      therefrom for first stage fuel-air mixing, upward motion is imparted to
      fuel lever 24 by a tang 41A formed on a ring 41 rotatably mounted about
      butterfly shaft 32. Also integral with ring 41 is a fuel arm 42 extending
      laterally from the ring into subjacent relationship with projection 36 of
      fuel-air arm 35. Ring 41 and its appurtenances constitute a fuel
      regulating component of the fuel and air linkage. Accordingly, adjustment
      screw 37 carried by projection 36 on fuel-air arm 35 is contactable with
      arm 42 to rock tang 41A upwardly about the axis of shaft 32 with resulting
      core lifting movement of lever 24 occurring about the axis of a lever
      supporting spindle 43. A set screw 44 secures a collar 24A of the lever to
      a spindle 43 which, in turn, is journalled within a bracket mounted sleeve
      45.
PAR  For regulating butterfly 28 and hence induction air into barrel 11, a
      second ring at 46 is secured by a set screw 47 to butterfly shaft 32 said
      ring having an air arm 48 disposed subjacent projection 38 of fuel-air arm
      35. Adjustment screw 39 on projection 38 is contactable with arm 48 upon
      counterclockwise travel (FIG. 1) of control 34 during engine acceleration
      to rotate shaft 32 and butterfly 28 towards an open position. Ring 46 and
      its arm 48 constitute an air regulating component.
PAR  For the purpose of altering the fuel-air ratio during cold engine operation
      above idle speeds, I provide a bimetallic spring 50, as best viewed in
      FIG. 4, supported on arm 48 by means of a bracket 51 in place on said arm.
      A pivot pin 52 formed on the bracket rotatably mounts a plate 53 the
      latter positionable by the distal end 50A of bimetallic spring 50. Said
      spring is of the type expanding in the presence of cold engine
      temperatures to retract plate 53 about the axis of pin 52 whereby air
      adjustment screw 39 will have delayed contact with the upper surface of
      arm 48 resulting in reduced travel of butterfly 28. With plate 53
      positioned outwardly from between adjustment screw 39 and arm 48,
      counterclockwise travel of control lever 34 will result in fuel metering
      in the normal manner as above described but with a lag occurring in the
      imparting of movement to butterfly 28 thereby lowering the ratio of air to
      fuel to enrich the mixture in barrel 11 until such time as engine
      temperature results in expansion of spring 50 to relocate plate 53
      intermediate adjustment screw 39 and arm 48.
PAR  An idle control assembly is indicated generally at 54 which also is in
      operative association with lever 24 to control fuel metering during both
      idling and other high intake manifold vacuum periods of engine operation.
      An idle arm indicated at 55 is of angular configuration and rotatably
      mounted on spindle 43 to impart clockwise or lifting movement to lever 24
      via an ear 55A. Indicated at 57 is a solenoid in circuit with the primary
      circuit of an automobile ignition system with a solenoid armature at 58
      extensible upon the energizing of the primary circuit. Mounting a threaded
      solenoid collar 57A is a support 59 which in turn is slidably mounted on a
      bracket 60 by means of elongate openings 59A. Also supported by bracket 60
      is a vacuum dash pot 61 having substantially conventional spring and
      diaphragm components positioning a stem 62 acting on slidably mounted
      solenoid support 59. A vacuum line 63 is in communication with the intake
      manifold and during conditions of high vacuum manifold pressures causes
      stem 62 to retract to reposition solenoid 57 and its armature 58 somewhat
      rearwardly (to the right) from the full line FIG. 1 position.
PAR  During a cold engine start, extension of armature 58 occurs to meter an
      initial fuel flow into conduit 26 with subsequent cold engine idling
      resulting in the rearward displacement of solenoid 57 and its armature
      permitting partial seating of core end 18A to provide a metered flow of
      fuel for idling.
PAR  An idle arm component 64 is pivoted at 65 while its upper end is responsive
      to the action of a bimetallic spring 66 carried by a flange 55B of the
      idle arm which spring contracts in the presence of elevated engine
      temperatures to mitigate the action of solenoid 57 and vacuum dash pot 61
      on idle arm 55 thereby providing a reduced idle fuel flow during hot
      engine conditions. A hot idle adjustment screw is indicated at 67. A cold
      idle adjustment screw at 68 limits forward travel of bracket 58. Idle air
      intake is determined by the inclination of butterfly 28 which may be
      adjusted by backing off set screw 47 and repositioning shaft 32.
PAR  With attention to FIG. 1, details of the core end 18A are shown with the
      end 18A in the form of a needle valve having approximately a 21/2.degree.
      taper seated or closed within orifice 19A having a seating diameter of
      0.128 thousandths of an inch. In a closed position, core spring 20 acts on
      a cruciform carrier 18B to seat end 18A within said orifice. Fuel
      discharged from orifice 19 enters the heated airflow from conduit 26 with
      the admixture of fuel particles and heated air passing into conduit 29
      which may be of copper or other good heat conductive metal. Heat loss by
      conduction as well as by evaporation of fuel molecules into a vapor state
      reduces the admixture temperature prior to passage into a fuel nozzle
      arrangement generally at 71. Accordingly, undesirable loss of volumetric
      efficiency is avoided as induction air moving through barrel 11 remains
      substantially at its ambient temperature.
PAR  With attention to FIG. 3, the nozzle arrangement includes an adjustably
      mounting plate 72 on barrel 11 on which is secured a nozzle 73 of airfoil
      section. A crosspiece 74 mounts laterally spaced venturi members 75. The
      trailing or lower surfaces of the upright airfoil are perforate for
      discharge of the fuel-air mixture into induction air in barrel 11. While a
      negative pressure exists within barrel 11, to induce an airflow in
      conduits 29 and 26, an increase in negative pressure adjacent nozzle 73 is
      accomplished by venturi members 75 laterally spaced from nozzle 73. An
      annular venturi ring is indicated at 76.
PAR  With attention to FIG. 1, a source of filtered air is in communication with
      a heat exchanger arrangement as with an exhaust shroud S to provide a
      heated, filtered airflow to fuel metering means 15. The airflow through
      conduit 26 is induced by a negative pressure within barrel 11 through
      which an induction airflow passes as regulated by butterfly 28. As earlier
      mentioned, fuel is metered from orifice 19A upon core 18 being elevated in
      a needle valve like manner. Fuel in housing 16 is pressurized to 3 PSI by
      a pressure regulating device in line 17. Fuel entering the heated airflow
      in conduit 26 immediately atomizes with the mixture being carried toward
      the barrel nozzle via conduit 29. The atomization of fuel in conduit 29
      results in a heat loss resulting in the atomized flow discharged by nozzle
      73 being at a temperature substantially below the temperature of heated
      air in conduit 26 to provide a desired density within barrel 11.
      Accordingly, the two stage mixing takes advantage of a heated airflow for
      initial mixing purposes but avoids the undesirable aspects of discharging
      a heated fuel-air mixture flow into induction air. The induction air
      passing through barrel 11 may be heated by routing past an exhaust
      manifold prior to entry into conventional air filter means. If desired, an
      idle air adjustment may be applied to the free end of shaft 32, said
      adjustment including an arm and adjustment screw the latter abutting a
      stop on barrel 11 to permit adjustment of the butterfly position.
PAR  During engine operation, other than idle, the fuel-air linkage 30 and
      specifically arm 42, ring 41, tang 41A and lever 24 will regulate fuel
      flow from metering means 15. Simultaneous actuation of air arm 48 and
      butterfly 28 will regulate the flow of induction air into the upper end of
      barrel 11 with the flow being synchronized with the metered fuel flow.
PAR  During periods of deceleration with the vehicle throttle closed, the
      regulating of fuel flow is accomplished by the idle assembly 54, in
      addition to its normal idle flow regulating function. Vacuum dash pot 61
      during high engine R.P.M. will be subjected to a high manifold vacuum
      resulting in stem 62 withdrawing solenoid 57 and its armature 58 out of
      biased contact with idler arm component 64 whereupon spring 20 of the fuel
      metering means will act to seat core end 18A to terminate fuel flow. The
      internal spring member within vacuum dash pot 61 is calibrated to
      reposition stem 62 forwardly or the left in FIG. 1 upon reduced manifold
      vacuum being reestablished as occurs when the automobile decelerates to a
      speed of approximately 25 miles per hour. In addition to a fuel savings
      the cut off during deceleration prevents any buildup of unburned
      hydrocarbons.
PAR  While I have shown but one embodiment of the invention it will be apparent
      to those skilled in the art that the invention may be embodied still
      otherwise without departing from the spirit and scope of the invention.
CLMS
STM  Having thus described the invention what is claimed and desired to be
      secured under Letters Patent is:
NUM  1.
PAR  1. A fuel-air mixing apparatus for an internal combustion engine providing
      for the initial mixing of fuel with an airflow with the mixture
      subsequently being discharged into an induction airflow whereat final
      mixing occurs to vaporize the fuel, said apparatus comprising,
PA1  fuel metering means including a positionable core,
PA1  air conduit means in communication with said metering means providing a
      heated airflow into which fuel is metered to accomplish first stage
      mixing, said conduit means in downstream communication at a remote point
      with an induction airflow to the engine,
PA1  a nozzle arrangement discharging the fuel-air mixture into the induction
      airflow,
PA1  fuel and air linkage including a fuel-air control lever operated by the
      vehicle driver via throttle linkage, fuel and air regulating components
      actuated by said control, said fuel regulating component operable during
      open throttle conditions to regulate said fuel metering means, said air
      regulating component associated with an induction regulation valve whereby
      actuation of the fuel-air control will simultaneously regulate both a
      metered flow of fuel into the heated airflow and the flow of induction air
      with second stage mixing occurring in the induction airflow,
PA1  an idle assembly regulating said fuel metering means during both idling and
      other closed throttle conditions, said idle assembly comprising,
PA2  an idle arm for actuation of said positionable core of the fuel metering
      means,
PA2  combination solenoid and vacuum responsive means acting on said idle arm to
      sequentially position the core for regulating fuel discharge during engine
      starting and the subsequent engine idling,
PA2  temperature responsive means modifying the action of said combination of
      said idle arm under different temperature conditions, and
PA2  said vacuum responsive means operable under closed throttle, high intake
      manifold vacuum conditions occurring during vehicle deceleration to close
      said fuel metering means to affect fuel conservation.
NUM  2.
PAR  2. The fuel-air mixing apparatus as claimed in claim 1 wherein said fuel
      and air linkage includes temperature responsive means to lessen the air to
      fuel ratio during cold engine operation above idle speeds.
NUM  3.
PAR  3. The fuel-air mixing apparatus as claimed in claim 2 wherein the
      temperature responsive means of the fuel and air linkage includes a
      bimetallic spring, a plate actuated by said spring into and out of
      positions between linkage components to provide differential travel of the
      linkage components under varying temperature conditions to alter the
      fuel-air ratio.
NUM  4.
PAR  4. The fuel-air mixing apparatus as claimed in claim 1 additionally
      including core positioning means comprising a lever coupled to said core
      and positionable in response to movement of the fuel regulating component
      of the fuel and air linkage and also to movement of the idle arm of said
      idle assembly.
NUM  5.
PAR  5. The fuel-air mixing apparatus as claimed in claim 4 including means
      enabling selective coupling of the valve core to said lever for the
      purpose of varying the effective stroke of said lever and hence core
      travel.
NUM  6.
PAR  6. The fuel-air mixing apparatus as claimed in claim 1 wherein said idle
      arm includes a component positioned by the temperature responsive means of
      the idle assembly, said idle arm component disposed intermediate said
      combination solenoid and vacuum responsive means and the idle arm to
      modify the travel of said idle arm for different fuel-air ratios during
      hot and cold idling conditions.
NUM  7.
PAR  7. The fuel-air mixing apparatus as claimed in claim 6 wherein said
      solenoid is slidably mounted, said vacuum responsive means includes a stem
      coupled to the solenoid to reposition same rearwardly to unload the idle
      arm during high intake manifold vacuum conditions permitting the
      positionable core to seat preventing fuel discharge until a reduction in
      manifold vacuum.
NUM  8.
PAR  8. The fuel-air mixing apparatus as claimed in claim 1 wherein said nozzle
      arrangement includes a fuel nozzle of airfoil configuration section
      disposed transversely within the induction airflow, said nozzle defining
      fuel-air discharging perforations on opposed side surfaces.
NUM  9.
PAR  9. The fuel nozzle arrangement as claimed in claim 8 additionally including
      venturi members oppositely spaced from a fuel nozzle to contribute towards
      the formation of reduced pressure areas in the induction airflow adjacent
      each of the nozzle sides.
NUM  10.
PAR  10. The fuel-air mixing apparatus as claimed in claim 8 wherein said nozzle
      arrangement additionally includes mounting means adjustably secured to an
      air induction member enabling the positioning of the fuel nozzle relative
      to a superjacent air induction valve.
NUM  11.
PAR  11. The fuel-air mixing apparatus as claimed in claim 1 wherein said
      fuel-air control lever includes a fuel-air arm jointly mounting fuel and
      air adjustment means thereon, each of said fuel-air adjustment means
      contactable respectively with said fuel and air regulating components upon
      arcuate positioning of the control lever by driver controlled throttle
      linkage.
NUM  12.
PAR  12. The fuel-air mixing apparatus as claimed in claim 11 wherein said
      fuel-air control lever is supported for independent rotatable movement
      about a shaft mounting a butterfly valve regulating induction airflow.
NUM  13.
PAR  13. The fuel-air mixing apparatus as claimed in claim 12 wherein said fuel
      regulating component is also supported for independent rotatable movement
      about the shaft mounting said butterfly valve.
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PAL  Webster's New World Dictionary, World Pub. Co., N. Y. 1968, pp. 254, 917.
LREP
FR2  Ruano; William J.
ABST
PAL  Apparatus and method for stripping fatty acids and removing objectionable
      odors or flavors from oils and fats comprising a chamber which encloses a
      stack of horizontal, parallel disposed plates, each plate having a
      plurality of apertures defined by chimneys and extending downwardly from
      the plates. Thin films of heated oil collect on the plates while
      superheated steam is passed upwardly through said chimneys and over said
      films to boil out fatty acids and volatile, odor-forming matter.
      Preferably a separate oil-sealed lower compartment is provided for cooling
      the oil, stripped and deodorized, which enters through traps into a sealed
      lower section before the oil is removed from the chamber. It is also
      preferable to pass heated oil, before introduction into said chamber,
      through a preliminary flash chamber of similar construction to said
      chamber. Inert gas, such as nitrogen or steam, is passed upwardly of the
      chimneys to strip fatty acids from the films of oil.
BSUM
PAR  This invention pertains to apparatus and a method for refining edible oils
      and fats and particularly for removing objectionable odors or flavors from
      oils and fats and fatty acids and gylcerine. These oils and fats may
      either be of vegetable origin, such as soybean oil, peanut oil sunflower
      oil, palmoil, etc. just to mention a few, or they may be of animal origin,
      such as, for instance, fish oils, tallow or lard. Depending on the normal
      temperature of usage of these materials, they may either be liquid or
      semi-solid. Generally, speaking, these oils and fats are principally
      composed of glyceryl esters of fatty acids, which may either be saturated
      or unsaturated as far as their chemical bondings is concerned. The
      following discussion is about oils, however, it should be understood that
      this includes fats as well.
PAR  After the general processing of these oils in the course of their
      manufacture, they will usually contain greater or lesser amounts of free
      fatty acid, as well as other volatile odoriferous and flavorous materials,
      which are generally very distinct and are the cause of the objectionable
      odor of these oils. In their undeodorized state, these oils are,
      therefore, not readily palatable for food purposes and their odors and
      tastes must be improved.
PAR  Generally speaking, the objectionable odoriferous materials are quite
      volatile when compared to the usually much less volatile character of the
      oils in which they are found, and it is this particular property which
      permits the removal of the odoriferous substances from the oils by a
      relatively simple step of stripping these oils with a gas or vapor.
      Frequently, the stripping agent may be steam and the operation is then
      better known as steam distillation. When, therefore, in the following
      discussion reference is merely being made to steam as the stripping agent,
      it is understood that thereby other inert agents, such as, for instance,
      nitrogen gas or other gases are not excluded and may, under the proper
      conditions of temperature and pressure, be used as well.
PAR  The actual deodorization is most frequently achieved by contacting the oils
      with open steam at elevated temperatures and sub-atmospheric pressures.
      Depending on the operating pressure, these temperatures may range from
      about 300.degree.F., at very low pressures, to perhaps 550.degree.F. at
      higher pressures.
PAR  Under normal circumstances, the oils will contain greater or lesser amounts
      of dissolved oxygen. Thus, a typical oil to be deodorized may initially
      contain from 2 to 3 percent of oxygen, by volume, at ordinary room
      temperature of 60.degree.F. and under atmospheric pressure. If an oil with
      such an oxygen content is subjected to the temperatures that are normally
      required for deodorization with steam, the oil may suffer great damage as
      far as color and composition is concerned. Hence, it is necessary that
      oils of high oxygen content be first deaerated before they are deodorized.
      It is, therefore, the general practice to reduce the oxygen content in the
      oil well below 0.1 percent, by volume, and preferably below 0.05 percent,
      by volume, before the oil is deodorized. The deaeration step is generally
      accomplished by subjecting the oil to a temperature of about
      175.degree.-250.degree.F. and applying a moderate vacuum of say 5 to 100
      millimeter of mercury. Frequently an inert vapor, such as steam, may be
      injected into the hot oil (up to 0.25 percent of the oil) which acts as a
      purge for the release of oxygen.
PAR  After the oil has been properly deodorized, it must be cooled before it can
      be exposed to air, as otherwise renewed degeneration of the oil will set
      in. For most oils, the final temperature before handling and packaging
      should preferably be less than 150.degree.F. It is extremely important
      that during the oil cooling process all air contact is avoided.
PAR  The most frequently used equipment for the above-mentioned three steps were
      vertically arranged confining vessels into which were suspended relatively
      deep tanks, in such a manner that an annular free area was around each
      tank and the vessel wall. The tanks were arranged vertically above each
      other and connected by piping for the downward transport of the oil. A
      typical unit of this type may have contained as many as four, five or more
      such vertically arranged tanks, and the entire confining vessel was
      evacuated down to a very low operating pressure of perhaps a few
      millimeters of mercury or even less. The upper one or two tanks were
      fitted with closed heating coils, using either steam, dowtherm or some
      other heating medium, and the oil entered the top tank and was heated to
      the proper deaeration temperature by the closed heating coils. In order to
      achieve the release of the dissolved air, a very high retention time of
      usually much more than an hour was required. After the proper deaeration,
      the oil would enter the second tank where its temperature would be
      increased to near the deodorization temperature. This was accomplished
      after a similarly high retention time as used in the deaeration step and
      the oil would flow further down to successive tanks, fitted with open
      spargers where steam would enter the charge and drive the odoriferous
      materials out of the oil. The steam now carrying the odoriferous material
      escaped through the annular passageway into the vacuum system and out. For
      proper deodorization and depending on the oil in question, several such
      deodorization tanks in series may be required. Finally, the deodorized oil
      would flow into a final tank in which would be submerged cooling coils for
      properly chilling the deodorized oil to a safe discharge temperature.
PAR  The system just described has the very serious disadvantage of requiring
      for its operation a very large hold-up of oil, and hence a very long
      contact time is required. Moreover, due to generally deep layers of oil
      processed in each stage, the contacting efficiencies are very poor, and
      the cost of equipment material required per unit weight of oil processed
      is very unsatisfactory. This is especially so since in this type of
      operation, expensive stainless steels and similar metals are required.
      Finally, with the very high hold-ups, the equipment is not satisfactory to
      permit readily changeovers to different oils and unusually awkward and
      time consuming cleaning cycles are required if product contamination is to
      be reduced to an acceptable level.
PAR  In order to attempt to overcome the inherent difficulties of the equipment,
      just discussed, vertical towers have been proposed which were equipped
      with the usual type of contacting plates, such as of the bubble cap, sieve
      or valve type. It is well known that in these plates the relative liquid
      and vapor flow is such that the vapor must bubble through a relatively
      deep liquid layer in order to make contact with the liquid. Since the
      liquid viscosities of the oils processed are normally quite high and since
      the type of plates considered here are notoriously ineffective gas-liquid
      contactors when viscous liquids are involved, it has been found that the
      poor contact efficiencies had to be compensated for by additional large
      auxiliary liquid hold zones. Hence, the total hold-up of the equipment was
      not much improved over that of the abovementioned vertical tank units.
PAR  A further attempt at reducing the liquid hold-up and the resulting
      processing time and consequently improved process flexibility was
      attempted by proposing equipment that uses tubular equipment that employs
      vertical falling films or packings. Vertical films are notorious for their
      instability of operation, lack of homogeneity of thickness and sensitivity
      to deposits of impurities on the surfaces carrying the films. Vertical
      liquid films along tubes have for these reasons, therefore, not found any
      widespread usage in oil deodorization by themselves, and still large
      hold-up areas are required to compensate for the low contacting
      efficiencies. Packings contained in towers may perhaps provide more
      reliable vertical contacting if the packing can be effectively wetted. But
      here again the relatively high liquid viscosity makes effective wetting
      nearly impossible. This results then in poor contacting efficiencies which
      must be compensated for by using very great packed tower heights. Thus,
      for ordinary oil deodorizations and using the usual conventional tower
      packings, such as say 1-inch Pall rings, for example, packed heights of 20
      feet or more are required. This will lead to very large liquid hold-ups
      again and all the disadvantages that are inherent with the units so far
      mentioned.
PAR  Now besides deaeration and deodorization, oil and fat refining also
      involves the removal of appreciable amounts of free fatty acids that occur
      in an oil or fat in the course of its general processings. Reference is
      being made to appreciable amounts of free fatty acid, namely, quantities
      of several percent, by weight, of the neutral oil or fat that may be
      contained, -- in other words, quantities that may range from a percent or
      two to perhaps 10 percent. Most frequently, these free fatty acids have,
      in the past, been recovered from the oils or fats by washing the acid oil
      with a weak solution of caustic soda, thus forming a sodium soap in
      solution, that is then separated from the oil, and the oil must then be
      refined further. This caustic washing while, of course, serviceable for
      removing the free fatty acid, is very awkward, hence special distillation
      methods which are mostly steam stripping processes have been proposed
      using the conventional packings and types of plates of bubble cap, sieve
      and valve construction for removing the free fatty acids from the neutral
      oil.
PAR  An object of the present invention is to overcome the abovementioned
      disadvantages of conventional apparatus and methods for deodorization and
      fatty acid stripping by providing very low liquid hold-up and low pressure
      drops, features which are particularly well suited to save on process
      steam, when compared with the conventional methods of distillation, using
      the variously known common contacting plates and tower packings.
PAR  Another aspect of oil and fat refining involves the removal of free
      glycerine from the neutral glycerides. Just as the removal of free fatty
      acid from a neutral fat or oil, this operation also uses open steam as a
      diluent, which contacts the oil or fat containing the free glycerine.
      Normally the amounts of glycerine which are in such oils or fats are of
      the order of magnitude of 3 to 10 percent and removal to less than 0.1
      percent is generally desirable.
PAR  Another object of the invention is to provide a novel apparatus and method
      for handling these steam carried glycerine distillations as effectively as
      it does the fatty acid separations, where open steam is used as well as
      diluent and temperature depressant. When, therefore, in the following
      description, reference data are merely given for the new equipment and how
      it handles free fatty acid removal it is tactily understood that this
      information also applies especially well to the case where free glycerine
      is to be separated from neutral oils or fats.
PAR  All these aforementioned operations where oils or fats are being contacted
      by steam, which is usually superheated, are here referred to as
      steamrefining of the oils or fats.
DRWD
PAR  Other objects and advantages will become more apparent from a study of the
      following description, taken with the accompanying drawing wherein:
PAR  FIG. 1 is an elevational view, with parts shown broken away and others
      illustrated somewhat schematically, illustrating apparatus, embodying the
      present invention for removing objectionable odors or flavors as well as
      fatty acid and glycerine from oils and fats; and,
PAR  FIG. 2 is a fragmentary, cross-sectional view of a modification of the
      depending chimneys.
DETD
PAR  In accordance with the invention, it has now been found, quite
      unexpectedly, that by using plates that will generate a horizontal film
      flow through the tower, the liquid hold-up may be drastically reduced and,
      at the same time, the efficiency of contacting is maintained at such a
      very high level that for contact times of generally less than a minute,
      the height of the contacting zone may be drastically shortened over that
      of the other units discussed. The type of plate equipment to which
      reference is made is described in detail in U.S. Pat. Nos. 3,075,752 and
      3,367,638. The plates present perfectly flat, unobstructed horizontal
      surfaces from which short chimneys depend downwardly.
PAR  Reference is made to FIG. 1 of the drawing which shows a system for
      removing oils and fats and embodying the principles of the present
      invention.
PAR  The raw oil is pumped into the system at A and passed through heater 11
      where its temperature is raised to about 175.degree. to 250.degree.F. The
      flow rate of the oil is controlled by valve 32. The oil enters then,
      through pipe 17, into flash chamber 12. The top 16 of the chamber is
      connected to a reduced pressure zone and the pressure maintained in the
      chamber may vary from about 5 to perhaps 100 mm Hg., or more.
PAR  Up to now the practice has been to permit the oil to expand into the low
      pressure chamber by carefully controlling valve 32. In the course of this
      expansion, the dissolved oxygen is generally given off and drawn off
      through the pipe 16 by the vacuum. The disadvantages of such an expansion
      process into a partially evacuated vessel are, however, firstly,
      substantial oil mist is formed and is lost through 16 into the vacuum
      system, and secondly the partly deaerated oil cannot be purged by an inert
      gas. In order to attempt to minimize the mist loss and permit simultaneous
      purging, packings have, on occasion, been suggested inside the flash
      chamber 12. However, with packings the hold-up in the flash chamber is
      very much increased and the rate of oxygen release correspondingly
      retarded.
PAR  It has now been found, unexpectedly, that if flash chamber 12 is fitted
      with horizontal flat plates 13, as described in earlier U.S. Pat. Nos.
      3,075,752, and 3,367,638, the plates being supported on lugs 14, and
      equipped with depending short chimneys 35, and if the oil coming from pipe
      17 is allowed to impinge on the uppermost plate of such a stack, the oil
      will form a thin film 36 across the plates and the oil will move on
      downwardly. At the same time an inert purge gas, such as nitrogen, steam
      or other inerts, may be admitted into the bottom inlet pipe 15 of the
      flash chamber and in its travel upwardly through the chimneys 35 and over
      the liquid film 36 will sweep the released oxygen upwardly and out into
      the vacuum system.
PAR  With the aid of such a flash chamber 12, when fitted with the horizontal
      plates 13, it is thus found that the release of the dissolved oxygen is
      much more complete than when ordinary packings are used over which the oil
      drops randomly and forms relatively thick streams. The amounts of inert
      gas, such as nitrogen or superheated steam, that may be introduced at 15
      may vary from about 0.1 to 1.0 percent of the weight of the oil, and
      preferably from 0.25 to 0.50 percent of the oil. The original oxygen
      content of an oil that enters the flash chamber 12 may be about 2 to 3
      percent, by volume, of the oil and the deaerated oil leaving through 18
      will normally contain of the order of magnitude of 0.1 percent, by volume,
      or less of oxygen. The horizontal plates 13 in the chamber 12 may be
      spaced between 0.25 to 6 inches apart, the preferred distance being 0.50
      to 3 inches. The diameter of the depending chimneys 35 may vary similarly
      from 0.25  to 4 inches, -- the preferred diameter being, however, between
      0.5 and 2 inches. As will be seen from FIG. 1, the chimneys 35 in the
      plates 13 are spaced relatively far apart. Thus if the diameter of the
      chimneys 35 is denoted by d, the distance between the centers of two
      adjoining chimneys in these plates should generally be larger than 2d for
      best results. The number of horizontal trays that are usually required for
      effective release of the dissolved oxygen are relatively few in number,
      say between 3 and 12, and the resulting liquid hold-up on these plates is
      virtually negligible.
PAR  After effective deaeration, valve 33 is manipulated and the now deaerated
      oil leaves the flash chamber 12 through pipe 18. The oil now enters heater
      19 where its temperature is raised to about 370.degree. to 550.degree.F..
      From the heater the oil passes through pipe 3 into the deodorization
      chamber 1. The deodorization chamber is generally under a considerably
      lower pressure than the flash chamber 12. Hence, for transporting the oil
      to chamber 1, it suffices, therefore, to merely manipulate carefully valve
      33 to permit the oil to flow into chamber 1. In order to make sure that
      none of the gaseous deaeration products released in flash chamber 12 are
      sucked into the deodorization chamber 1, it is recommended that a slight
      liquid level 34 be always maintained in flash chamber 12. This is very
      simply achieved by permitting valve 33 to be actuated by the liquid level
      34 in the flash chamber 12 by some sort of liquid level control mechanism
      (not shown in FIG. 1), of which there are many suitable kinds in the
      equipment market.
PAR  As will be seen, the deodorization chamber 1 consists essentially of two
      separate sections. The upper section 37, in which the deodorization proper
      takes place, is above flanges 38. Below flanges 38 there is a lower
      section 39 which serves merely the purpose of cooling the deodorized oil.
      Both sections are separated from each other by separating membrane 22, the
      function of which will be discussed later.
PAR  The upper section of the deodorization chamber 1 is fitted with horizontal
      contact plates 6, generally in accord with the disclosures in the
      abovementioned U.S. patents. These plates are arranged in close proximity
      to each other and are mounted on lugs 7 by means of rods 8 that pass
      through the stacks and hold the plates properly spaced together. In actual
      practice, usually between 5 to perhaps as many as 50 horizontal plates may
      be assembled in one stack, though the generally preferred number per stack
      ranges from 15 to 35. The plate spacing varies from about 0.25 to 6 inches
      and the preferred distance is between 0.75 to 3 inches. It is preferred
      that the depending chimneys 43 should be conically shaped, as shown in
      FIG. 2, with the wide part pointing downwardly but they may also be
      straight, cylindrical, short pieces, or of other shapes. The lengths of
      the chimneys will vary between about 1/8 inch to about 3 inches with 1/4
      to 11/2 inches long preferred.
PAR  As will be seen from FIG. 1, in contrast to the horizontal plates 13 in the
      flash chamber 12, the chimneys 6a, depending from the plates 6 in the
      deodorization chamber 1, are spaced relatively closely together. Thus if
      we designate the average diameter of a chimney by d it has been found that
      for best deodorization as well as fatty acid removal, the distance between
      the centers of adjacent chimneys should preferably be less than 2d. It has
      been found further that for deodorization as well as stripping of fatty
      acids and glycerine, the diameter of the chimneys should not be smaller
      than 0.5 inch and not larger than 4 inches for best results.
PAR  In all instances it is, however, quite essential from the point of view of
      cleanliness that these chimneys 6a be made in one single piece, preferably
      by stamping out from metal strip. In this way there will be no welded seam
      in the chimneys. Since the material to be processed on these plates are
      primarily foods which are wholly organic matter, they are very prone to
      deterioration by bacteria. The utter absence of any welds will therefore
      enhance the ease of keeping the equipment clean and sanitary. Furthermore,
      the chimneys 6a are expanded tightly into a carefully extruded orifice
      hole with no welding around the perimeter of the chimneys, so that the
      equipment will drain clean with the least liquid flows and prevent
      contaminations.
PAR  The oil coming from the flash chamber 12 through heater 19, pipe 3 and
      delivery elbow 20, as already described, enters the deodorization chamber
      1 by emptying on top of a liquid distributor 21. This can be any kind of
      suitable liquid distributor, -- however the kind described in U.S. Pat.
      No. 3,446,489, is preferred. From the liquid distributor the oil empties
      on the horizontal plate stacks below. As the oil flows through the plate
      stacks, it does so by forming a multitude of very thin continuous films 6b
      across the horizontal plates. The order of magnitude of the thickness of
      these films is between 0.25 to perhaps 2 millimeters, depending somewhat
      on the oil flow rates as well as the viscosity of the oil under operating
      conditions.
PAR  While the oil thus passes down the plate stacks, superheated steam is
      generally admitted into the tower, normally through nozzle 2. As will be
      seen from FIG. 1, this nozzle is attached to an inner sparger which
      diverts the steam downwardly and thus equalizes the flow of the steam
      before it rises upwardly into the horizontal plates.
PAR  Also shown in FIG. 1 are several other nozzles, 2a and 2b. Under certain
      conditions of operation, particularly where difficult deodorizations or
      fatty acid stripping is required, it may be desirable to introduce the
      steam in stages through the various nozzles as shown. Although only three
      nozzles are shown serving three separate plate stacks, a typical plant
      may, of course, have many more of such nozzles, the number depending on
      the severity of the service required and the partial pressure buildup of
      the components to be removed from the oil.
PAR  As will be seen from this description, the ascending steam contacts the
      downward flowing liquid countercurrently. However, the steam passes over
      the liquid film on the horizontal plates, boils out the volatile matters
      responsible for the odors as well as the free fatty acids or glycerine,
      mixes with them and as mixed vapors sweeps them upwardly through the
      liquid distributor, then through another stack of generally three to five
      horizontal trays 9 that will remove from the vapor any entrained oil
      droplets that it may contain. As will be seen in contrast to horizontal
      plates 6, the horizontal plates 9 are not attached to the column shell 40.
      Hence there is actually a clearance 9a between these horizontal plates and
      the inside shell surface. As the droplet-laden vapor passes upwardly
      through horizontal plates 9, the droplets are deposited on the underside
      of the horizontal tray above. The liquid droplets will coalesce into
      larger drops and run along the underside to the edge of the plates 9,
      where they make contact with the inside column shell and are returned
      downwardly to the liquid distributor and hence the horizontal contacting
      plates 6. In order to facilitate this running over of the drops to the
      inside column, it is actually desirable to arrange the entrainment
      separation plates in the tower very slightly slanted. This is contrary to
      the horizontal contacting plates 6 which require that they be generally
      arranged in a reasonably horizontal position.
PAR  After an oil is properly deodorized, it must be cooled before it can be
      re-exposed to the atmosphere, because deodorized oil which is exposed to
      the air while still hot will tend to deteriorate and may reform
      odoriferous substances. In general, oils are rendered stable towards such
      degradation if they are cooled below about 150.degree.F. in the total
      absence of air.
PAR  The cooling of the oil is in most instances done by pumping the oil out of
      the base of the deodorizing chamber through outside heat exchangers. Since
      in the deodorizer, and hence also still in the pump, the oil is generally
      under a high vacuum, there exists the constant danger that air will leak
      through the pump stuffing boxes into the oil and cause deterioration
      before effective cooling can be achieved and the oil thus safeguarded
      against this danger.
PAR  Now there are known ways by which the oil is cooled while it is still in
      the base of the deodorizer. Generally this is done by allowing the oil to
      form a deep pool, usually several feet deep, into which cooling coils are
      placed. The oil is held in this reservoir for a certain length of time to
      permit it to cool and it is then pumped out to storage. This method has
      obvious disadvantages. Firstly, due to the generally deep liquid pool and
      dependence on natural convection in a relatively high viscous fluid, the
      rates of heat transfer are very slow and cooling is tedious. Secondly, due
      to the large liquid hold-up, the method lacks flexibility and makes
      changeovers from one stack of oil to another difficult. Next due to the
      difficulty of purging the equipment properly, in a reasonable time after
      it has housed such a large hold-up of oil, contaminations are unavoidable.
      Finally due to the fact that the relatively cool liquid pool is at its
      upper boundary in contact with the superheated steam that enters just
      above for the deodorization, there will be a certain amount of cooling of
      the steam and there may even be condensation on the surface of the colder
      liquid pool in the base. This clearly is an uneconomical situation which
      should be avoided if at all possible.
PAR  The present invention embodies, in the lower section 39 of the deodorizer
      chamber, a novel feature which overcomes all of the aforementioned
      disadvantages. As will be seen, section 39 is separated from the upper
      section 37 by flanges 38 which hold in place the separating partition 22.
      This separating partition is, in essence, a flat trough, dished slightly
      downwardly so that it can accomodate a thin liquid pool 23 of perhaps an
      inch depth or so. On the lower side of the separating partition are
      attached pipe traps 24 that open into the thin shallow liquid pool above.
      As liquid drops from above into the liquid pool, it will fill the traps
      24. Since the lower section 39 is essentially evacuated to the same
      pressure as the upper section 37, by connecting section 39 through nozzle
      25 to the vacuum system, the traps 24 will deliver the liquid by gravity
      from the upper section 37 to the lower section 39, and the liquid once in
      the lower section, is wholly removed and separated from the steam entering
      at 2.
PAR  As the oil exits from traps 24, it will fill the liquid distributor plate
      26, which has short feed nipples on its lower bottom side that are placed
      exactly over cooling pipe coils 27, that are connected to headers 29 to
      permit cooling water to enter through pipe 30 and leave through pipe 31
      and pass through the coils. Instead of cooling coils, a special
      construction flat horizontal plate 28 may be used that is made of
      essentially the same horizontal plates as shown above 6 and 9, but where
      two plates have been welded together to form a flow chamber for carrying
      cooling water. After the oil has thus been cooled, it is safely pumped at
      B through outlet pipe 5 to storage.
PAR  It will be noted that by this arrangement all the inherent disadvantages of
      the conventional method of cooling have been eliminated. By virtue of
      using the separating partition 22, the entering hot steam is separated
      from the cooler liquid in the bottom and no steam is wasted. Furthermore,
      by letting the oil drop over the cooling coils, there is no oil hold-up
      and no time lag in case of changing stock. The rate of heat transfer is
      rapid because the oil flows over the cooling surface as a thin film.
      Finally, the equipment will drain clean in a minimum of time and will not
      lead to contamination.
PAR  The quality of a deodorized oil is generally judged by the observed flavor
      grade. Numerical values ranging from 1 to 10 are normally assigned to the
      flavor grades. An oil of best flavor would approach flavor grade 10. Oils
      of flavor grades 7.5 to 8.5 are generally quite acceptable. Whereas oils
      of less than 7.0 would require additional refining to meet general
      consumption standards.
PAR  In fatty acid stripping, the resulting oils can be tested very accurately
      for fatty acid content by the standard chemical methods. A typical oil
      requiring fatty acid stripping may initially contain as much as 8 to 10
      percent of free fatty acid. Generally it is required to produce an oil of
      less than 0.1 percent fatty acid.
PAR  Frequently the deodorization may be achieved along with the fatty acid
      stripping, although there may be cases where the fatty acid removal must
      preceed the deodorization. In a typical deodorization, the oil would enter
      the top of the deodorizer chamber at 450.degree.-490.degree.F.. The
      ascending steam is essentially of the same temperature or perhaps
      30.degree. to 40.degree.F. cooler. There is an approximate upper limit of
      temperature for conducting the deodorization. Thus, generally speaking, it
      is advisable to remain below 575.degree. to 600.degree.F. as otherwise
      damage to the oil may occur.
PAR  The more precise temperatures of the oil and steam to be used in the
      deodorizer chamber depends, of course, also on the pressure. Generally
      speaking this may vary for the horizontal plate equipment from 1 to 50
      millimeters in the top of the column with a most frequently used range of
      3 to 10 millimeters.
PAR  For fatty acid stripping, the temperature situation is generally similar to
      that in deodorization. However, whereas in deodorization the amount of
      deodorizing steam used may be only equal to 1 to 2 percent, by weight, of
      the oil or less, -- with fatty acid stripping the steam consumption is
      generally of the order of magnitude of 3 to 5 percent, or occassionally
      higher. The exact steam requirement for the steam stripping can be
      accurately calculated by applying the usual chemical engineering
      principles. Suffice to say that the steam requirement will depend chiefly
      on such factors as the extent of fatty acid removal desired, the operating
      pressure, the vapor pressures of the fatty acids to be removed, the
      operating temperature and, of course, the number of horizontal contacting
      plates that are used.
PAR  The number of horizontal plates for deodorization and fatty acid stripping
      may vary from a minimum of perhaps 10 plates for very simple cases to
      perhaps 200 plates or more for very difficult combinations of fatty acid
      stripping and deodorization. For most cases of deodorization or fatty acid
      stripping, between 50 to 100 horizontal plates will give acceptable
      results.
PAR  The height of such a plate arrangement accomodating perhaps 50 to 100
      horizontal contacting plates, and bearing in mind the various loadings by
      oil and steam and the resulting pressure drops that can be tolerated, is
      between about 3 and 15 feet with the average usually employed being about
      8 feet. This is very much lower than the height required for
      semicontinuous equipment or for packed towers where normally heights in
      excess of 20 to 25 feet are needed for similar duties.
PAR  The typical oil hold-up, for example, for a 75 horizontal plate unit having
      an oil film thickness of 0.35 millimeter will on a square foot basis be
      equal to
      ##EQU1##
      With a liquid density of, for example, 57 pounds per cubic foot this will
      be only 0.086 .times. 57 = 4.9 pounds.
PAR  In a comparable packed tower carrying 20 feet of 1-inch Pall rings, the
      hold-up is about 0.075 cubic foot of oil per cubic foot of packing, and
      the total hold-up will be equal to 0.075 .times. 20 = 1.5 cubic feet or
      1.5 .times. 57=  85.5 pounds.
PAR  It will be noted that this will be more than 17 times as much as with the
      horizontal plates. For the semi-continuous equipment referred to earlier,
      the hold-up would be even higher.
PAR  The residence times or contact times of the oil flowing through the
      horizontal plate tower is similarly very much shorter than through the
      other units. Thus for the semi-continuous unit, the contact time is of the
      order of magnitude of 1 to 2 hours, which reduce to perhaps 10 minutes for
      the packed tower. In the horizontal plate tower, on the other hand, the
      contact time will be of the order of magnitude of about a minute only.
PAR  Typical liquid loadings for deodorization as well as fatty acid and
      glycerine stripping that may be applied to the horizontal plate towers
      vary roughly from as low as 2 to perhaps 500 pounds of oil per hour per
      chimney in the plates. The preferred range of loading is, however, between
      5 and 250 pounds per chimney per hour. The steam flows are normally such
      that the towers operate usually at pressure drops of about 0.05 to 5.0
      millimeters of water per contacting plate, the preferred range of pressure
      drop per contacting plate being between 0.10 to 3.0 millimeters of water.
PAR  For some applications, the heated oil need not be passed through a flash
      chamber, such as 12, but may be introduced directly into the deodorizing
      chamber 1, either with or without the lower cooling section.
PAR  Thus it will be seen that I have provided a highly efficient apparatus and
      method for removing objectional odors or flavors from oils and fats, which
      apparatus is extremely compact and of such construction as to greatly
      minimize liquid hold-up, therefore greatly decreasing the production time
      and expense.
PAR  While I have illustrated and described a single specific embodiment of my
      invention, it will be understood that this is by way of illustration only,
      and that various changes and modifications may be contemplated in my
      invention and within the scope of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. Apparatus for stripping volatile materials, such as fatty acids and
      glycerine, and for removing objectionable odors or flavors from oils and
      fats, comprising, a chamber enclosing a plurality of vertically stacked,
      parallely disposed, horizontally extending plates, means for introducing
      relatively oxygen-free heated oil at the top of said plates, each plate
      having a plurality of apertures wherein the distance between said
      apertures is less than the maximum width of said apertures, chimneys
      extending only downwardly from the perimeters of said apertures, the top
      surfaces of said plates being devoid of upwardly extending projections,
      said apertures being devoid of obstructions, whereby thin films of heated
      oil are formed on said plates, means for introducing superheated steam in
      the lower portion of said chamber so as to rise through said chimneys and
      apertures counter-currently of said oil and flow over said films of heated
      oil to boil out fatty acids and volatile odor-forming matter, and means
      for evacuating said fatty acids and odor-forming matter from the upper
      portion of said chamber.
NUM  2.
PAR  2. Apparatus as recited in claim 1 wherein said apertures are circular.
NUM  3.
PAR  3. Apparatus as recited in claim 1 wherein said chimneys are
      frusto-conically shaped, tapering downwardly and outwardly from said
      plates and being integral therewith.
NUM  4.
PAR  4. Apparatus as recited in claim 1 wherein said first mentioned means
      comprises a flash chamber at sub-atmospheric pressure into which heated
      oil is passed before introduction into said stripping and deodorizing
      chamber, said flash chamber comprising vertically stacked horizontal plate
      means having a plurality of downwardly depending chimneys means through
      which said heated oil flows downwardly, means for introducing an inert gas
      into the bottom portion of said flash chamber and over films of said oil
      on said horizontal plate means to release oxygen from said oil, and means
      for evacuating said oxygen from said flash chamber.
NUM  5.
PAR  5. Apparatus as recited in claim 2 wherein said apertures are at least 0.5
      inch in diameter and not greater than 4 inches.
NUM  6.
PAR  6. Apparatus as recited in claim 4 wherein said plates in said flash
      chamber are vertically spaced apart between 0.25 to 6 inches and have
      diameters of between 0.25 and 4 inches.
NUM  7.
PAR  7. Apparatus as recited in claim 1 in combination with a partition
      extending across an intermediate portion of said chamber and including
      means for allowing the oil to slowly flow therethrough but continuously
      maintain a reserve film of oil on said partition, thereby forming oil
      sealed upper and lower sections of said chamber of substantially the same
      pressure and through which partition stripped and deodorized oil flows
      downwardly, cooling means in said lower section onto which said stripped
      and deodorized oil will flow, and means for conducting cooled deodorized
      oil from said lower section.
NUM  8.
PAR  8. Apparatus as recited in claim 7 wherein said means for allowing oil to
      flow slowly through said partition comprises trap means depending from
      said partition.
NUM  9.
PAR  9. Apparatus as recited in claim 7 wherein said cooling means comprises
      coils through which cooling fluid is circulated and onto which coils said
      stripped and deodorized oil is deposited and forms a thin oil film before
      falling to the bottom portion of said chamber to provide a rapid rate of
      heat transfer.
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PAL  Method whereby spherical-shaped copolymer particles having a rough surface
      are produced. In a closed shear zone of a shear device under positive
      pressure water, at least 0.6% by weight of ammonia, and up to 50% by
      weight of copolymers of alpha-olefins and alpha, beta-ethylenically
      unsaturated carboxylic acids having from 3 to 8 carbon atoms, and
      optionally an additional monoethylenically unsaturated monomer, the
      copolymer having from 0% to 90% of the carboxylic acid groups ionized by
      neutralization with metal ions, are sheared at a temperature above the
      melting point but below the thermal degradation point of the copolymer to
      form a homogeneous aqueous slurry wherein the copolymer particles have an
      average particle size of less than 100 microns. The slurry is maintained
      with agitation at a temperature above the copolymer melting point for at
      least 0.5 minute until substantially all the copolymer particles become
      spherical. Agitation is continued and the slurry is cooled to a
      temperature below about the copolymer freezing point over a period of at
      least 0.3 minute while the pressure is maintained at sufficient level to
      keep the water in the liquid state. The pressure of the cooled slurry is
      reduced to atmospheric pressure and the copolymer particles are separated
      from the aqueous component of the slurry. The spherical-shaped particles
      have an average diameter of 10 to 100 microns and the surface thereof is
      covered with hemispherical shaped bumps about 0.1 micron in diameter. The
      particles form a free-flowing powder useful in preparing clear,
      protective, shatter-resistant coatings for glass, and protective coatings
      for metals and other materials.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of producing spherical-shaped polymer
      particles of ionic copolymers and copolymer or terpolymer base resin of
      the ionic copolymers and to spherical-shaped polymer particles having a
      rough surface.
PAR  2. Description of the Prior Art
PAR  It is known that thermoplastic polymers are useful in a finely divided or
      powder state for certain industrial applications such as coatings. In dry
      form the polymeric powders have been used to coat articles by dip coating
      in either a static or fluidized bed, by powder coating wherein the powder
      is applied by spraying or dusting, and by flame spraying. For this
      purpose, it is desirable to use polymer particles having optimum free flow
      properties. The prior art teaches that various polymers possess good free
      flow properties, if the particles consist of smooth spheres of fairly
      narrow size distribution. The smooth spherical particles may be produced
      by various methods, e.g., (1) formation of a dispersion of a thermoplastic
      polymer in a nonsolvent by mechanical or other means usually at a
      temperature above the softening point followed by cooling and recovery of
      the product, and (2) conversion of roughened and irregular particles to
      smooth generally spherical particles by a thermal or attritional means. In
      many instances the processes for production of the spherical particles
      involves the simultaneous comminution of the polymer and its dispersion in
      water at an elevated temperature and pressure followed by cooling and
      release of the pressure.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that spherical-shaped polymer particles having a
      rough surface, can be prepared by a method which comprises shearing in a
      closed shear zone of a shear device under positive pressure water, ammonia
      and copolymer of .alpha.-olefins of the formula R--CH=CH.sub.2, where R is
      a radical of hydrogen or an alkyl radical having from 1 to 8 carbon atoms,
      and .alpha.,.beta.-ethylenically unsaturated carboxylic acids having from
      3 to 8 carbon atoms, said copolymer having from 0% to 90% of the
      carboxylic acid groups ionized by neutralization with metal ions, said
      copolymer being a direct copolymer of the .alpha.-olefins and the
      unsaturated carboxylic acid in which the carboxylic acid groups are
      randomly distributed over all molecules and in which the .alpha.-olefin
      content of the copolymer is at least 50 mol percent, based on the
      .alpha.-olefin-acid copolymer, the unsaturated carboxylic acid content of
      the copolymer is from 0.2 to 25 mol percent, based on the
      .alpha.-olefin-acid copolymer, and any other monomer component optionally
      copolymerized in said copolymer is monoethylenically unsaturated, and said
      metal ions having an ionized valence of from one to three inclusive when
      the unsaturated acid is a monocarboxylic acid and an ionized valence of
      one when the unsaturated acid is a dicarboxylic acid and said metal ions
      consisting of uncomplexed and complexed metal ions, at a temperature above
      the melting point but below the thermal degradation point of the polymer
      to form a homogeneous slurry wherein the polymer particles have an average
      particle size of less than 100 microns in diameter, the slurry containing
      at least 0.6% by weight ammonia and up to 50% by weight of said polymer;
      after completion of shearing, maintaining the slurry with agitation at a
      temperature above the polymer melting point for at least 0.5 minute until
      essentially all the polymer particles become spherical; while continuing
      agitation cooling the slurry to a temperature below about 80.degree.C. in
      a period of at least 0.3 minute, the pressure maintained being sufficient
      to keep the water in the liquid state; simultaneous with or subsequent to
      cooling the slurry reducing the pressure of said cooled slurry to
      atmospheric pressure; and separating the polymer particles.
PAR  The spherical-shaped particles have an average diameter of 10 to 100
      microns and are characterized in that the surface of the particles is
      rough and is covered with hemispherical bumps about 0.1 micron in
      diameter. The particles have a packed density of greater than 32
      lbs./ft..sup.3.
PAR  The preferred copolymers are ionic copolymers having from 10% to 90% by
      weight of the carboxylic acid groups ionized by neutralization with metal
      ions, preferably Na.sup.+ and Zn.sup..sup.+2.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an electron micrograph at 10,000X magnification showing a portion
      of the rough surface of a spherical particle prepared as described in
      Example 1.
PAR  FIG. 2 is an electron micrograph at 10,000X magnification showing a portion
      of the rough surface of a spherical particle prepared as described in
      Example 15.
PAR  FIG. 3 is an electron micrograph at 10,000X magnification showing a portion
      of the surface of a spherical particle prepared as described in Example
      21.
PAR  FIG. 4 is a graph illustrating the hold-up time required at 140.degree.C.
      to prepare spherical polymer particles having rough surfaces prepared as
      described in Examples 15, 16 and 17.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  To prepare the spherical-shaped, polymer particles of this invention a
      slurry mixture of water, ammonia and either an ionic copolymer, e.g., as
      defined in U.S. Pat. No. 3,264,272 and Assignee's U.S. application Ser.
      No. 280,861, filed Aug. 15, 1972, now abandoned or the respective
      unneutralized copolymer and terpolymer base resin of the ionic copolymer,
      e.g., as described in Canadian Pat. No. 655,298, is sheared in a closed
      shear zone under positive pressure. The mixture is sheared in a shear
      device at a temperature above the melting point of the particular polymer
      used until the polymer particle size is reduced to within the desired size
      range, less than or equal to 100 microns. The slurry of polymer particles
      is maintained, either in the shear device or external to the shear device,
      at a temperature above the polymer melting point for a time sufficient for
      essentially all the particles to become spherical. The process can be
      continuous or performed in a batch operation. In the continuous operation
      the slurry is maintained external to the shear device. Examples 1 and 2
      illustrate continuous operations illustrating an extruder based feed
      system and pellet/water slurry feed system, respectively. In the batch
      operation the slurry, after the shearing operation, is generally
      maintained in the shear device although this is not necessary. Example 3
      illustrates an embodiment of a batch operation. The slurry of particles is
      cooled from a temperature above the melting point of the polymer to a
      temperature below the polymer freezing point. Sufficient pressure is
      maintained throughout the system to prevent boiling of the aqueous
      ammonia. The water, ammonia, polymer mixture is constantly agitated in
      regions of the process where turbulent flow conditions do not exist
      thereby preventing separation of the polymer and aqueous ammonia into two
      layers. The polymer particles are separated from the aqueous ammonia by
      conventional techniques such as filtration or centrifugation. The wet
      particles (powder) are then dried by conventional methods, e.g., in flash
      driers, rotary driers, etc.
PAR  The raw materials used in this invention, i.e., water, ammonia and polymer
      can be fed into the shear device either premixed or fed as separate
      streams into the shear zone. When the polymer is fed separately into the
      shear device it can be continuously melt extruded (injected) as a ribbon
      or monofilament into the shearing zone. The ammonia concentration must be
      sufficient for adequate formation of the reaction product of ammonia with
      the polymer to prevent coalescence of particles formed in the shear
      device. Ammonia is present in an amount of at least about 0.6% by weight
      based on the weight of slurry. Up to about 5% by weight of ammonia can be
      used but preferably 2% by weight is the upper useful limit. Increased
      amounts of ammonia are undesirable because of possible air pollution by
      ammonia escaping during isolation and drying of the particles.
PAR  The polymer concentration may range from about 0.5 to about 50% by weight,
      based on the weight of the slurry. An amount of polymer below 40% by
      weight is preferred since the viscosity of the slurry increases rapidly as
      the concentration of polymer approaches that at which the mixture would
      behave as a wet cake rather than a liquid.
PAR  An important aspect of this invention is that there has been developed a
      continuous method for making particles of ionic copolymers in a closed
      system under positive pressure wherein the constituents, i.e., water,
      ammonia and copolymers of .alpha.-olefins and .alpha.,.beta.-ethylenically
      unsaturated carboxylic acid as described above are fed into the shear zone
      of a shearing device either premixed or as separate streams wherein the
      constituents are sheared to form a homogeneous slurry containing copolymer
      particles of less than 100 microns; the slurry is removed from the shear
      zone and is fed with agitation, first through a high temperature hold-up
      zone where the particles become spherical and then through a cool-down
      zone into a neutralizing tank wherein 10% to 90% by weight of the
      carboxylic acid groups are ionized by neutralization with metal ions to
      form the ionic copolymer; simultaneous with or after cooling the pressure
      is reduced to atmospheric pressure, the slurry containing ionic copolymer
      is passed into a receiver, and the particles are separated from the
      aqueous ammonia, e.g., by filtration or centrifugation.
PAR  Polymers suitable for use in this invention are disclosed in U.S. Pat. No.
      3,264,272, Canadian Pat. No. 655,298 the disclosures of which are
      incorporated by reference. The polymers are copolymers of .alpha.-olefins
      of the formula R--CH=CH.sub.2, where R is hydrogen or an alkyl radical of
      1 to 8 carbon atoms; and .alpha.,.beta.-ethylenically unsaturated
      carboxylic acids having from 3 to 8 carbon atoms; and, optionally, a
      monoethylenically unsaturated monomer. Suitable olefins include ethylene,
      propylene, butene-1, pentene-1, hexene-1, heptene-1, 3-methylbutene-1,
      4-methylpentene-1, etc. Ethylene is the preferred olefin. Although
      polymers of olefins having higher carbon numbers can be employed in the
      present invention, they are not materials which are readily obtained or
      available. The concentration of the .alpha.-olefin is at least 50 mol
      percent in the copolymer and is preferably greater than 80 mol percent.
      Examples of .alpha.,.beta.-ethylenically unsaturated carboxylic acids are
      acrylic acid, methacrylic acid, ethacrylic acid, itaconic acid, maleic
      acid, fumaric acid, monoesters of said dicarboxylic acids, such as methyl
      hydrogen maleate, methyl hydrogen fumarate, ethyl hydrogen fumarate and
      maleic anhydride. Although maleic anhydride is not a carboxylic acid in
      that it has no hydrogen attached to the carboxyl groups, it can be
      considered an acid for the purposes of the present invention because of
      its chemical reactivity being that of an acid. Similarly, other
      .alpha.,.beta.-monoethylenically unsaturated anhydrides of carboxylic
      acids can be employed. The preferred unsaturated carboxylic acids are
      methacrylic and acrylic acids. As indicated, the concentration of acidic
      monomer in the copolymer is from 0.2  mol percent to 25 mol percent, and,
      preferably, from 1 to 10 mol percent.
PAR  The copolymer base need not necessarily comprise a two component polymer.
      Thus, although the olefin content of the copolymer should be at least 50
      mol percent, more than one olefin can be employed to provide the
      hydrocarbon nature of the copolymer base. Additionally, other
      copolymerizable monoethylenically unsaturated monomers, illustrative
      members of which are mentioned below in this and the following paragraph,
      can be employed in combination with the olefin and the carboxylic acid
      comonomer. The scope of base copolymers suitable for use in the present
      invention is illustrated by the following two component examples:
      Ethylene/acrylic acid copolymers, ethylene/methacrylic acid copolymers,
      ethylene/itaconic acid copolymers, ethylene/methyl hydrogen maleate
      copolymers, and ethylene/maleic acid copolymers, etc. Examples of
      tricomponent copolymers include: ethylene/acrylic acid/methyl methacrylate
      copolymers, ethylene/methacrylic acid/ethyl acrylate copolymers,
      ethylene/itaconic acid/methyl methacrylate copolymers, ethylene/methyl
      hydrogen maleate/ethyl acrylate copolymers, ethylene/methacrylic
      acid/vinyl acetate copolymers, ethylene/acrylic acid/vinyl alcohol
      copolymers, ethylene/propylene/acrylic acid copolymers, ethylene/styrene/
      acrylic acid copolymers, ethylene/methacrylic acid/acrylonitrile
      copolymers, ethylene/fumaric acid/vinyl methyl ether copolymers,
      ethylene/vinyl chloride/acrylic acid copolymers, ethylene/vinylidene
      chloride/acrylic acid copolymers, ethylene/vinyl fluoride/methacrylic acid
      copolymers, and ethylene/chlorotrifluoroethylene/methacrylic acid
      copolymers.
PAR  In addition to the third monomer component of the ionic copolymer stated
      above, additional third monomeric components can be an alkyl ester of an
      .alpha.,.beta.-ethylenically unsaturated carboxylic acid of 3 to 8 carbon
      atoms where the alkyl radical has 4 to 18 carbon atoms. Particularly
      preferred are the terpolymers obtained from the copolymerization of
      ethylene, methacrylic acid, and alkyl esters of methacrylic acid or
      acrylic acid with butanol. The concentration of this optional component is
      0.2 to 25 mol percent, based on the weight of copolymer, preferably from 1
      to 10 mol percent. Representative examples of the third component include
      n-butyl acrylate, isobutyl acrylate, secondary butyl acrylate, tertiary
      butyl acrylate, n-butyl methacrylate, isobutyl methacrylate, sec-butyl
      methacrylate, t-butyl methacrylate, n-pentyl acrylate, n-pentyl
      methacrylate, isopentyl acrylate, isopentyl methacrylate, n-hexyl
      acrylate, n-hexyl methacrylate, 2-ethyl-hexyl acrylate, 2-ethyl-hexyl
      methacrylate, stearyl acrylate, stearyl methacrylate, n-butyl ethacrylate,
      2-ethyl hexyl ethacrylate. Also, the third component includes mono- and
      di-esters of 4 to 8 carbon atom di-carboxylic acids such as n-butyl
      hydrogen maleate, sec-butyl hydrogen maleate, isobutyl hydrogen maleate,
      t-butyl hydrogen maleate, 2-ethyl hexyl hydrogen maleate, stearyl hydrogen
      maleate, n-butyl hydrogen fumarate, sec-butyl hydrogen fumarate, isobutyl
      hydrogen fumarate, t-butyl hydrogen fumarate, 2-ethyl hexyl hydrogen
      fumarate, stearyl hydrogen fumarate, n-butyl fumarate, sec-butyl fumarate,
      isobutyl fumarate, t-butyl fumarate, 2-ethyl hexyl fumarate, stearyl
      fumarate, n-butyl maleate, sec-butyl maleate, isobutyl maleate, t-butyl
      maleate, 2-ethyl hexyl maleate, stearyl maleate. The preferred alkyl
      esters contain alkyl groups of 4 to 8 carbon atoms. The most preferred
      contain 4 carbon atoms. Representative examples of the most preferred
      esters are n-butyl acrylate, isobutyl acrylate, butyl methacrylate,
      isobutyl methacrylate, tertiary butyl acrylate, tertiary butyl
      methacrylate.
PAR  The copolymers may also, after polymerization but prior to ionic
      crosslinking, be further modified by various reactions to result in
      polymer modifications which do not interfere with the ionic crosslinking.
      Halogenation of an olefin acid copolymer is an example of such polymer
      modification.
PAR  The preferred base copolymers, however, are those obtained by the direct
      copolymerization of ethylene with a monocarboxylic acid comonomer.
PAR  Metal ions which are suitable in forming the ionic copolymers of the
      present invention can be divided into two categories, uncomplexed metal
      ions and complexed metal ions. In the uncomplexed metal ions the valence
      of the ion corresponds to the valence of the metal. These metal ions are
      obtained from the commonly known and used metal salts. The complexed metal
      ions are those in which the metal is bonded to more than one type of salt
      group, at least one of which is ionized and at least one of which is not.
      Since the formation of the ionic copolymers requires only one ionized
      valence state, it will be apparent that such complexed metal ions are
      equally well suited in the present invention. The term "metal ion having
      one or more ionized valence states" means a metal ion having the general
      formula Me.sup..sup.+n X.sub.m, where n is the ionic charge and is at
      least one, X is a nonionized groups and n+m equal the valence of the
      metal. The utility of complexed metal ions employed in the formation of
      ionic copolymers corresponds in their ionized valences to those of the
      uncomplexed metal ions. The monovalent metals are, of course, excluded
      from the class of complexed metal ions but higher valent metals may be
      included depending on how many metal valences are complexed and how many
      can be ionized. The preferred complexed metal ions are those in which all
      but one metal valences are complexed and one is readily ionized. Such
      compounds are in particular the mixed salts of very weak acids, such as
      oleic and stearic acid, with ionizable acids, such as formic and acetic
      acid.
PAR  The uncomplexed metal ions which are suitable in forming the ionic
      copolymers of the present invention, therefore comprise for the
      .alpha.-olefin-monocarboxylic acid copolymers, mono-, di- and trivalent
      ions of metals in Groups I, II, III, IV-A and VIII of the Periodic Table
      of Elements (see page 392, Handbook of Chemistry and Physics, Chemical
      Rubber Publishing Co., 37th ed.). Uncomplexed monovalent metal ions of the
      metals in the stated groups are also suitable in forming the ionic
      copolymers of the present invention with copolymers of olefins and
      ethylenically unsaturated dicarboxylic acids. Suitable monovalent metal
      ions are Na.sup.+, K.sup.+, Li.sup.+, Cs.sup.+, Ag.sup.+, Hg.sup.+ and
      Cu.sup.+. Suitable divalent metal ions are Be.sup.+.sup.2, Mg.sup.+.sup.2,
      Ca.sup.+.sup.2, Sr.sup.+.sup.2, Ba.sup.+.sup.2, Cu.sup.+.sup.2,
      Cd.sup.+.sup.2, Hg.sup.+.sup.2, Sn.sup.+.sup.2, Pb.sup.+.sup.2,
      Fe.sup.+.sup.2, Co.sup.+.sup.2, Ni.sup.+.sup.2 and Zn.sup.+.sup.2.
      Suitable trivalent metal ions are Al.sup.+.sup.3, Sc.sup.+.sup.3,
      Fe.sup.+.sup.3 and Y.sup.+.sup.3.
PAR  The preferred metals, regardless of the nature of the base copolymer are
      Na.sup.+  and Zn.sup.+.sup.2. These metals are preferred because they
      result in ionic copolymers having the best combination of improvement in
      solid state properties with retention of melt fabricability. It is not
      essential that only one metal ion be employed in the formation of the
      ionic copolymers and more than one metal ion may be preferred in certain
      applications.
PAR  The melt index of the polymer ranges from 0.1 g./10 minutes to 1000 g,/10
      minutes, preferably 10 to 200 g./10 minutes.
PAR  The temperature of the polymer as it is fed into the shear device must be
      above the melting point of the polymer but below the thermal degradation
      point thereof. Useful temperatures depend on the particular polymer used
      and include temperatures as low as 90.degree.C. and as high as
      228.degree.C. The polymer feed temperature within the required range has
      essentially no effect on the final product.
PAR  The temperature of the water must also be above the melting point of the
      polymer. The maximum temperature available at reasonable pressure, i.e.,
      about 500 psi is 240.degree.C. Temperatures from about 90.degree.C. to
      160.degree.C. have proved to be useful in producing particles of the
      required size.
PAR  The pressure of the system throughout the process must be above the vapor
      pressure of the slurry to prevent boiling of the liquid phase. The
      specific shear rate used has little effect on particle size, provided that
      the water/ammonia/polymer slurry remains in the shear zone for a
      sufficient time for the polymer particles to reach equilibrium size. This
      size is determined by the interactions of the constituents. The
      equilibrium size is reached quickly at high shear rates but long exposure
      of the slurry to shear is required when the shear rate is low. By way of
      example, in Example 5 below, approximately 2 hours in a low shear zone
      (&lt;100 sec..sup.-.sup.1) converted only about 25 percent of the polymer to
      particles of less than 100 microns in diameter. When the shear rate was
      increased to about 180 sec..sup.-.sup.1 at temperatures above the polymer
      melting point, about 30 to 45 minutes in the shear zone reduced
      essentially all the product to a size of 100 microns or less. At a shear
      rate of 10,000 sec..sup.- .sup.1 about 12 seconds hold time in the shear
      zone has been found to be satisfactory. As the shear rate is increased to
      23,000 sec..sup.-.sup.1 or greater, e.g., in excess of 30,600
      sec..sup.-.sup.1, the time in the shear zone can be reduced to about 4
      seconds. Of course, longer times can be used without effect on the
      particles.
PAR  After completion of the shearing the slurry passes or is removed from the
      shearing zone. In the batch process the slurry can be maintained in the
      shear device although it could be placed in another vessel, provided that
      the slurry temperature was maintained above the polymer freezing
      temperature. In the continuous process the slurry is maintained external
      to the shear device. It has been found that high temperature hold-up time
      is necessary for surface tension to pull melted particles into spherical
      shapes. The water/ammonia/polymer slurry must be agitated sufficiently to
      prevent the separation of polymer and the aqueous layer and to minimize
      particle to particle contact. It is undesirable that the particles become
      agglomerated. Separation of the slurry into two layers can also be
      prevented by maintaining turbulent flow of the slurry during hold-up. The
      high temperature hold-up time is generally kept to a minimum, but hold-up
      time in excess of that required for all particles to become spherical has
      no observable effect on the product. For example, a hold-up time of up to
      1 hour had no obvious effect other than the particles initially becoming
      spherical; whereas, 0.5 minute hold-up of the slurry above the polymer
      freezing point resulted in essentially all particles being spherical. If
      the product does not become spherical during the hold-up time, additional
      hold-up time can be used at the same or different temperature. FIG. 4
      represents a graph for determination of the time (minutes) required for
      particles to become spherical at a given melt flow (g./10 minutes). The
      viscosities of the materials were measured by a flow index (g./10 minutes
      at 2160 g. stress apparatus of ASTM D 1238) measured at 140.degree.C. The
      correlation of flow index versus time should not be temperature dependent,
      i.e., the time required for a polymer particle to become spherical at any
      specified temperature above its melting point (assuming surface tension is
      relatively independent of temperature) should be predicted by its flow
      index at that temperature.
PAR  The slurry is cooled to a temperature below the polymer freezing point,
      i.e., about 70 to 80.degree.C. in a period of at least 0.3 minute with
      agitation, preferably mild, to prevent separation of the polymer and
      aqueous layer and agglomeration of the particles. The cooling down of the
      slurry permits easy product isolation by filtration or other means. The
      cool down of the slurry must take place in such a manner that particle
      surfaces are formed which are covered with hemispherical bumps about 0.1
      micron in diameter. The cool down can occur in 0.3 minute up to about 4
      minutes or more. The pressure on the system can be reduced simultaneous
      with or immediately after cooling or may be accomplished at any convenient
      rate, time or location after the high temperature hold-up, provided that
      the product is maintained in a single phase, i.e., no boiling.
PAR  The flow properties of powders of dry ionic copolymer particles correlate
      well with the surface characteristics of the particles. Without exception,
      powders of particles with smooth surfaces fluidize poorly with extensive
      channeling and bubbling of the fluidizing gas and with low volume
      expansion of the powders (compared to its settled or packed volume when
      not fluidized). Powers of particles with rough surfaces fluidize well,
      with very little channeling and bubbling and with large volume expansion
      of the powder. Examples of particles with rough, moderately rough and
      smooth surfaces, respectively, are shown in FIGS. 1, 2 and 3.
PAR  The illustration of the effect of particle surface characteristics upon
      fluidized bed characteristics and particle density are presented in Table
      II. The results show that the powders of the particles fluidize better
      with less channeling and bubbling, and with greater volume expansion of
      the particle as the surface roughness of the particles increases. Also,
      the "packed" densities (important since the "packed density" determines
      the weight of powder which can be shipped per unit volume) of the two
      powders with rough particles in Table II were considerably greater than
      the density of the smooth powder.
PAR  The outstanding flow properties of the powders as determined by the high
      bulk densities of the particles and good fluidization properties of the
      powder are achieved primarily because of two features of the process. The
      surfactant required to prevent particle coalescence is generated in situ
      by the reaction of ammonia with the free carboxylic acid in the ionic
      copolymer or copolymer base resin; however, this reaction product
      decomposes when the temperature and pressure are reduced and hence is
      essentially absent in the final powder. The escape of ammonia from the
      polymer during the cool down sequence is believed to generate the unique
      surface characteristics of the particle.
PAR  While not limited to any theory the mechanism for the formation of the
      particle surface structure apparent in FIGS. 1 and 2 is believed to be
      that NH.sub.3 gas (from NH.sub.4 OH) disrupts the particle surfaces as it
      escapes from the polymer during cool-down of the slurry from about
      100.degree.C. to 70.degree.-80.degree.C. Smooth particle surfaces have
      been found to result when NH.sub.3 is not used. Conventional surfactants
      perform satisfactorily as surfactants for the water/surfactant/polymer
      system, but do not produce rough particle surfaces. Specific
      temperature/pressure changes are required to produce the rough surface
      structure. These changes (reducing slurry temperatures from 100.degree.C.
      to 70.degree.-80.degree.C. with or without pressure let-down) are
      precisely those which result in decreasing the NH.sub.3 concentration in
      the polymer, presumably with disruption of the particle surfaces.
PAR  Rough particle surfaces are formed when the slurry is quenched (temperature
      change from about 125.degree.-140.degree.C. to 0.degree.C. in 5 to 10
      seconds) with simultaneous pressure reduction to 1 atmosphere in Example
      20. Rough surfaces are not formed when the slurry is quick-quenched but
      the pressure is held constant as in Example 19. However, pressure
      reduction below the equilibrium value is not required when the slurry
      cool-down is accomplished slowly. Rough particle surfaces are formed when
      the pressure is held constant or reduced when the cool-down of the slurry
      from 100.degree.C. to 70.degree.-80.degree.C. occurs in time periods of
      0.3 minute up to 4 minutes, as in Example 1 and Example 20, respectively.
      Longer cool-down times are not required to produce satisfactory surface
      roughness.
PAR  If the copolymer introduced with the ammonia and water is a base polymer,
      it is possible to prepare an ionic copolymer at the time the powder is
      made. During the process neutralization of the base polymer may be
      accomplished by adding a source of the appropriate metal ion as described
      above to the slurry, preferably after the slurry cool-down step. Generally
      the neutralization is completed after about 15 to 30 minutes hold-up at
      about 70.degree.C.
PAR  The resultant product may be either ionic copolymer or unneutralized
      ethylene/carboxylic acid copolymer or terpolymer, depending upon the
      polymer used and upon whether or not the slurry is treated with a
      neutralizing agent. The particles have unique fluidization properties by
      virtue of the surface structure of the particles characterized by
      hemispherical shaped bumps approximately 0.1 micron in diameter which
      completely surround the particle. The product may be used to prepare a
      clear, protective, shatter-resistant coating for glass bottles and
      protective coatings for both metallic and other nonmetallic substrates,
      e.g., steel, paper, wood, etc.
PAR  The particles may be applied by electrostatic spray coating equipment,
      electrostatic fluidized bed equipment, or fluidized bed equipment, with
      virtually no air pollution since organic solvents or carriers are not
      present in the particles.
PAR  The following Examples further illustrate the invention. All percentages
      are by weight unless otherwise indicated. Process conditions such as
      water, ammonium hydroxide and copolymer base resin feed rates, temperature
      and pressure are set forth in Table I. The melt flow (melt index) (g./10
      minutes) was measured as in ASTM D 1238, Condition E, except that the
      temperature was 140.degree.C.
PAC  EXAMPLES OF THE INVENTION
PAC  Example 1
PAR  Water and ammonium hydroxide were pumped through a heat exchanger to attain
      a temperature (1) and passed into a shear device, an Oakes 4MHA mixer
      manufactured by E. T. Oakes Corp., Islip, New York. The temperature (3)
      and pressure (1) were taken at a point prior to where the water and
      ammonium hydroxide entered the shear device. Into the shear device from an
      extruder was melt injected at temperature (2) an ethylene/methacrylic acid
      copolymer base resin containing 11% methacrylic acid (Melt Index 100).
      After shearing at 23,000 sec..sup.-.sup.1 for about 19 seconds to form a
      homogeneous slurry containing polymer particles of less than 100 microns
      in diameter, the slurry was fed through high temperature hold-up and
      cool-down zones. Temperature (4) was taken prior to entry into a 20 foot
      by 0.5 inch O.D. coil in a water bath at temperature (8); temperature (5)
      was taken at the exit from the first coil; temperature (6) was taken after
      passing the slurry through a 20 foot by 0.5 inch O.D. coil in air and
      temperature (7) was taken after passing through another 20 foot by 0.5
      inch O.D. coil also in air. Pressure (2) was taken at a point after the
      slurry had passed through the cool-down zone. From the cool-down zone the
      slurry was pumped into a neutralizing tank, and the base resin was
      partially neutralized with a 2.5% NaOH solution at 30 ml./minute to form
      an ionic copolymer which passed into a receiver. The melt index of the
      copolymer particles at the exit was 20.4 g./10 minutes (ASTM D-1238,
      Condition E). The volume average particle size was 37 microns determined
      by a Quantimet Image Analyzing Computer. The particles were air dried to
      about 0.5% water in a fluidized bed drier, the particles becoming a free
      flowing powder. The powder had a
      ##EQU1##
      at a fluidizing gas velocity of 1.3 cm./sec. and a packed density of 35
      lb./ft..sup.3. Individual particles of the powder had a rough appearance,
      as shown in the scanning electron micrograph at 10,000X magnification as
      shown in FIG. 1. The surface structure as shown in FIG. 1 appears as
      hemispherical bumps about 0.1 micron in diameter at the base.
PAC  Example 2
PAR  Polymer pellets, 1/8 inch in diameter, of the copolymer described in
      Example 1, and water, were mixed in a slurry pump. Ammonium hydroxide was
      added to the slurry which was heated to temperature (1) in a mixing
      vessel, and the slurry was passed into a shear device, an Oakes 4MHA
      mixer. The pressure (1) was taken at the slurry heater. The rate of shear
      was 23,000 sec..sup.-.sup.1, with 4 seconds hold-up time in the shear
      zone, thereby forming a slurry with particles of less than 100 microns in
      diameter. Temperature (2) was taken at a point where the slurry passed
      high temperature hold-up, cool-down zones which can be described as
      follows: A 20 foot by 0.5 inch O.D. coil in an insulated container [exit
      temperature (4)], an agitator equipped tank 4 foot by 3 inch O.D. pipe,
      traced externally with 1/4 inch piping carrying cooling water. Temperature
      (5) was measured at 10 inches, temperature (6) 18 inches, temperature (7)
      at 25.5 inches and temperature (8) at 33.5 inches from the tank entrance.
      The cooled slurry was pumped into a neutralizing tank at temperature (9),
      and the base resin was partially neutralized with a 10% NaOH solution at a
      rate of 15 ml./min. to form an ionic copolymer which passed into a
      receiver. The melt index of the copolymer particles at the exit was 23
      g./10 minutes determined by the ASTM procedure of Example 1. The volume
      average particle size was 35 microns determined by the apparatus described
      in Example 1. The powder was dried in a lab fluidized bed drier to 0.5%
      H.sub.2 O. The dry powder fluidized well with a 185% fluidization at a
      fluidizing gas velocity of 1.3 cm./sec. and a packed density of 34
      lb./ft..sup.3.
PAC  Example 3
PAR  An autoclave (volume of about 3 liters, 41/8  inch in diameter and 153/4
      inch in depth) was charged with 2000 ml. of water, 580 g. of the
      ethylene/methacrylic acid copolymer base resin described in Example 1, and
      160 ml. of NH.sub.4 OH(30% NH.sub.3). The pressure was 0 psig at
      22.degree.C. The charge was well agitated at 1200 rpm (shear rate of 220
      sec..sup.-.sup.1) by means of a vertical agitator having four sets of
      blades at roughly equal spacing along the vertical axis of the agitator.
      Each individual set had four blades, pitched at 45.degree. to the vertical
      axis of the autoclave, and with each blade having a projected horizontal
      width of about 11/32 inch. The blades of each set were set at 90.degree.
      around the agitator axis and circumscribed at 2-1/6 inch diameter circle.
      The autoclave was sealed and the temperature of the slurry was raised to
      137.degree.C. in 30 minutes. The internal pressure of the vessel was 90
      psig. The mixture was maintained at 137.degree.-143.degree.C. for 30
      minutes and then was cooled from 140.degree.C. to 50.degree.C. in 7
      minutes. At this point, the agitator was stopped and the product was
      removed from the autoclave. The product was wet powder composed of
      spherical particles in the range of 10 to 100 microns. After the wet
      powder was dried in a lab fluidized bed drier, it was a free flowing
      powder which fluidized well. Its packed density was 33.5 lb./ft..sup.3 and
      the % fluidization of the powder was 188% at a fluidizing gas rate of 1.3
      cm./sec. This example illustrates a batch process.
PAC  Example 4
PAR  The process of Example 1 was repeated except that the shear device was a
      pair of Eastern 3J centrifugal pumps, the shear rate was about 12,000
      sec..sup.-.sup.1 and hold-up time in the shear zone was about 81 seconds.
      Water and ammonia and base resin were fed into the first pump with
      temperature (2) being taken at the exit; the slurry was heated to
      temperature (3) and passed into the second pump and the high temperature
      hold-up and cool-down zones [slurry in at temperature (4), passing through
      a 20 foot by 0.5 inch O.D. coil in a water bath, slurry out at temperature
      (5)]. The copolymer base resin was 330 melt index sodium neutralized ionic
      copolymer prepared from a 10% methacrylic acid and 500 melt index
      ethylene/methacrylic acid copolymer base resin. The powder obtained was
      neutralized with 5% NaOH at 7 ml./minute to a melt index of 128 g./10
      minutes. The powder was composed of spherical particles in the 5 to 50
      micron size range.
PAC  Example 5
PAR  A pressure bottle was charged with 20 g. of pellets described in Example 2,
      10 ml. of NH.sub.4 OH(28% NH.sub.3), 180 ml. of H.sub.2 O and a Teflon
      coated magnetic stirring bar. Subsequently the bottle was capped and
      heated to 115.degree.-119.degree.C. The temperature was maintained for 2
      hours, with the mixture being constantly agitated. The bottle and its
      contents were then cooled to room temperature. The polymer had been
      reduced in size from nominal 1/8 inch pellets to a mixture of (a)
      spherical particles in the 20-100 micron size range and (b) elongated
      particles ranging in size from about 50 microns up to about 500 microns
      (roughly 76 weight percent of the material). Most of the elongated
      particles appeared to have been forming nodes which would have resulted in
      further reduction of the particle into smaller particles with continued
      agitation.
PAC  Example 6
PAR  Example 1 was repeated using the shear device described in Example 1. The
      shear rate was 10,000 sec..sup.-.sup.1 and the hold-up time in the shear
      device was about 12 seconds. The slurry high temperature hold-up and
      cool-down zones can be described as follows: slurry in at temperature (4)
      passing through a straight 40 inch by 1.5 inch O.D. pipe, temperature (5)
      into a 1.5 inch tee where part of the slurry was fed through a 20 foot by
      0.5 inch O.D. coil in a water bath and pumped to reunite with the slurry
      passing through the tee, exit temperature (6). There was no neutralization
      of the polymers. The powder particle size was 37 microns determined by the
      apparatus described in Example 1.
PAC  Example 7
PAR  Example 1 was repeated using the shear device described in Example 1. The
      shear rate was 30,600 sec..sup.-.sup.1 and the hold-up time in the shear
      device was about 10 seconds. The slurry high temperature hold-up and
      cool-down zones are described in Example 2. The product was not
      neutralized. The powder obtained consisted of spherical particles with a
      volume average particle size of 28 microns determined by the apparatus
      described in Example 1.
PAC  Example 8
PAR  Example 2 was repeated using the same shear device and slurry hold-up and
      cool-down zones. The shear rate was 17,200 sec..sup.-.sup.1 and the
      hold-up time in the shear device was about 5 seconds. The temperature of
      the water entering the shear device was decreased until the system
      plugged, at an inlet temperature of 90.degree.C. The product was not
      neutralized. Microscopic examination of 100X showed that there was no
      notable change in the powder obtained as the inlet temperature was
      decreased. The volume average particle size of the powder was 64 microns
      determined by the apparatus described in Example 1.
PAC  Example 9
PAR  Example 2 was repeated except that the slurry hold-up and cool-down zones
      were the same as for Example 1. The shear rate was 23,000 sec..sup.-.sup.1
      and the hold-up time in the shear device was about 5 seconds. The product
      was not neutralized. The volume average particle size of the powder was 34
      microns determined by the apparatus described in Example 1.
PAC  Example 10
PAR  Example 3 was repeated. The autoclave was charged with 1,000 g. of
      copolymer base resin; 1500 ml. of water and 80 ml. of concentrated (30%
      NH.sub.3) NH.sub.4 OH. The autoclave was sealed and agitated at 1000 rpm
      while the temperature of the mixture was raised to about 140.degree.C.
      over a 40 minute period. The temperature was maintained at about
      140.degree.C. for 30 minutes and then was decreased to 78.degree.C. in
      about 5 minutes. The sample was then neutralized by addition of NaOH with
      continued agitation at 76.degree.-82.degree.C. for 15 minutes. Finally the
      sample was cooled and removed from the vessel. Examination by scanning
      electron micrographs revealed that the particles were spherical and in the
      10-100 micron size range.
PAC  Example 11
PAR  Example 1 was repeated utilizing the shear device described in Example 4
      modified by adding a 1.5 inch O.D. by 8 inch cylinder in the line between
      the shear device and the hold-up and cool-down zones which are also
      described in Example 4. The shear rate was about 12,000 sec..sup.-.sup.1
      and the hold-up time in the shear device was about 192 to 384 seconds. The
      product was not neutralized. The powder consisted of spherical particles
      which, by microscopic examination, were in the 1 to 60 micron size range.
      No change in the powder was noted when the water flow was reduced from 100
      to 50 ml./minute.
PAC  Example 12
PAR  Example 2 was repeated except that the slurry hold-up and cool-down zones
      were described in Example 1. The shear rate was 23,000 sec..sup.-.sup.1
      and the hold-up time in the shear device was about 6 seconds. The product
      was not neutralized. The volume average particle size of the powder was 65
      microns determined by the apparatus described in Example 1.
PAC  Example 13
PAR  Example 1 was repeated except that the shear device and slurry hold-up and
      cool-down zones used are described in Example 4. The shear rate was about
      12,000 sec..sup.-.sup.1 and the hold-up time in the shear device was about
      55 seconds. The powder consisted of spherical particles in the 1 to 60
      micron size range. The powder product was neutralized by the addition of
      1.0 ml./minute of 10% NaOH to the water feed and further neutralized at
      65.degree.-78.degree.C. in the neutralization tank with 7.5 ml. of 10%
      ZnCO.sub.3 /minute to produce a Zn.sup.+.sup.+/Na.sup.+ neutralized ionic
      copolymer powder with a melt index of 19 g./10 minutes.
PAC  Example 14
PAR  Example 13 was repeated except that the copolymer was a 10 melt index
      sodium neutralized ionic copolymer prepared from a 100 melt index, 11%
      methacrylic acid base resin. The shear rate was about 12,000
      sec..sup.-.sup.1 and the hold-up time in the shear device was about 38
      seconds. The product was not neutralized. The product obtained consisted
      of spherical particles in the 1 to 80 micron size range, a few fibers not
      exceeding 80 microns in diameter and of lengths up to about 300 microns.
PAC  Example 15
PAR  Example 1 was repeated except that the shear device used is described in
      Example 4, and the slurry hold-up and cool-down zones used are described
      in Example 6 with the exception that the 1.5 inch pipe was not present.
      The shear rate was about 12,000 sec..sup.-.sup.1 and the hold-up time in
      the shear device was about 95 seconds. The ammonia addition rate was
      decreased gradually over three runs until the system plugged. This
      occurred immediately after the NH.sub.3 concentration was reduced from 0.7
      weight percent to 0.35 weight percent of the slurry, due to agglomeration
      of the polymer in the system. At the highest NH.sub.3 concentration used,
      1.0 weight percent, the maximum particle size was 80 microns (visual
      inspection). The product was not neutralized. A 400 micron particle was
      observed at the low NH.sub.3 concentration, 0.35 weight percent. FIG. 2
      shows the product of this Example. The melt flow was determined as 15
      g./10 minutes. As shown in FIG. 4, a little under one minute at
      140.degree.C. was necessary for essentially all the particles to become
      spherical.
PAC  Example 16
PAR  Example 1 was repeated except that the shear device and slurry hold-up and
      cool-down zones used are described in Example 4. The shear device was
      further modified in replacing the first pump by a Gifford-Woods single
      stage mixer operated at 6000 rpm. The shear rate was about 12,000
      sec..sup.-.sup.1 and the hold-up time in the shear device was about 95
      seconds. The copolymer base resin was an ethylene/methacrylic acid
      copolymer having a melt index of 35 prepared from 10% methacrylic acid.
      The hold-up time between the shear device and the slurry cool-down to
      60.degree.C. was about 2.3 minutes. The product was not neutralized. The
      powder consisted of a mixture of spheres and elongated particles.
PAR  The powder was mixed with water and NH.sub.4 OH to produce a slurry with
      the composition: 89.1% H.sub.2 O/1.4% NH.sub.3 /9.5% polymer. The mixture
      was sealed in glass capillary tubes; the tubes were then placed in a
      preheated oil bath at elevated temperatures; and the tubes were removed
      successively at about 1 minute intervals and quick quenched in cold water.
      The powder was removed, examined and photographed. The melt flow at the
      oil bath temperature was determined as 5 g./10 minutes. The results showed
      that 5 minutes at 140.degree.C. was required for essentially all the
      particles to become spherical. This is illustrated in FIG. 4. Shorter
      times resulted in some particles being non-spherical.
PAC  Example 17
PAR  A sample of the powder prepared in the first paragraph of Example 16, was
      neutralized at 70.degree.C. with dilute NaOH to produce a powder with a 10
      g./10 minutes melt index. This neutralized sample appeared, at 100X
      magnification to have the same size and geometry as the original sample.
      The neutralized powder sample was mixed with NH.sub.4 OH and H.sub.2 O in
      the same composition as in the second paragraph of Example 16, sealed into
      capillary tubes, and processed at elevated temperatures as described in
      Example 11. The melt flow at the oil bath temperature was determined as
      1.2 g./10 minutes. Examination of the powder showed that about 10 minutes
      hold-up time at 140.degree.C. was needed for essentially all the
      nonspherical particles to become spherical. This is illustrated in FIG. 4.
PAC  Example 18
PAR  A sample of powder prepared as described in the first paragraph of Example
      16 was mixed with water and NH.sub.4 OH to give a mixture with the same
      composition as the mixture described in the second paragraph of Example
      16. The copolymer base resin used was described in Example 1 but was not
      neutralized and the slurry was quick quenched immediately after it left
      the shear device. Microscopic examination showed that the product was a
      mixture of spherical and elongated particles. The mixture of powder, water
      and NH.sub.3 was placed in a pressure bottle. The temperature of the
      mixture was raised to 115.degree.C. with constant, mild agitation. After 1
      hour, the mixture was cooled to room temperature and the product examined.
      The powder obtained consisted of spherical particles in the 5-100 micron
      size range.
PAC  Example 19
PAR  The copolymer base resin described in Example 1, but not neutralized, was
      mixed with water and NH.sub.3 to form a slurry having the same composition
      as the slurry described in the second paragraph of Example 16. This
      mixture was sealed in a capillary tube and treated in the following
      manner: placed in 125.degree.-140.degree.C. oil bath for 5 minutes, and
      then quick quenched in ice water. The powder product was examined at
      10,000X with a scanning electron microscope. The particles were spherical
      and showed relatively little surface structure.
PAC  Example 20
PAR  A slurry was prepared as described in Example 19. The slurry was sealed in
      a capillary tube, and the tube was heated in a 125.degree.-140.degree.C.
      oil bath for 5 minutes. The capillary tube was quick quenched in ice water
      and simultaneously broken so that the pressure on the mixture was reduced
      quickly to 1 atmosphere. The powder obtained, at 10,000X magnification,
      had surface structure that appeared to be entirely covered with
      hemispherical bumps about 0.1 micron in diameter.
PAR  The example was repeated except that the capillary tube was quenched in
      water at 95.degree.C. and broken. The water was cooled from 95.degree.C.
      to 70.degree.C. in about 4 minutes. The appearance of the powder was
      similar to the surface appearance of the above powder sample.
PAC  Example 21
PAR  Example 1 was repeated except that no NH.sub.4 OH was used and the shear
      device and slurry hold-up and cool-down zones used were described in
      Example 4. The shear rate was about 12,000 sec..sup.-.sup.1 and the
      hold-up time in the shear device was about 30 to 38 seconds. The base
      resins was the ionic copolymer base resin used in Example 4. There was no
      neutralization of the ionomer resin at the exit from which the resin
      passed into the receiver. Pluronic F-98, a nonionic surfactant, was
      present to prevent particle reagglomeration after the shear device. The
      powder product consisted essentially of spherical particles and had no
      definite surface structure, observed at 10,000X, other than minor isolated
      imperfections as shown in FIG. 3.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     PROCESS CONDITIONS                                                        

               NH.sub.4 OH                                                     

                       Polymer                              Pressure           

        H.sub.2 O                                                              

               NH.sub.3 Conc./                                                 

                       Rate             Temperature, .degree.C.                

                                                            psi                

     Example                                                                   

        ml./min.                                                               

               ml./min.                                                        

                       g./min.                                                 

                            1  2  3  4  5   6   7   8   9   1   2              

     __________________________________________________________________________

     1  340    15%/34  50   126-                                               

                               182-                                            

                                  112-                                         

                                     133-                                      

                                        93-98                                  

                                            81-87                              

                                                79-83                          

                                                    98-100                     

                                                        --  63-64              

                                                                50             

                            130                                                

                               196                                             

                                  117                                          

                                     144                                       

     2  1730   6%/210  88   110                                                

                               158-                                            

                                  -- 153-                                      

                                        133-                                   

                                            118-                               

                                                98-99                          

                                                    88-89                      

                                                        73-77                  

                                                            95  --             

                               158   155                                       

                                        137 119                                

     4  200    30%/22  45   146                                                

                               134                                             

                                  139                                          

                                     125                                       

                                        74  163 --  --  --  118 55             

     6  600    30%/25  54   150                                                

                               183                                             

                                  142                                          

                                     129                                       

                                        136 52  --  --  --  61  50             

     7  832    30%/28  50   -- 193                                             

                                  137                                          

                                     152                                       

                                        138 111 80  64  59  139 97             

     8  1610   6%/210  90   158                                                

                               -- 157                                          

                                     144                                       

                                        121 100 89  73  120 --                 

     9  1610   12%/250 70   155                                                

                               144                                             

                                  -- -- --  102 --  --  69  --  --             

     11 100    30%/20  50   143                                                

                               137                                             

                                  131                                          

                                     113                                       

                                        57  166 --  --  --  118 55             

        down to 50                                                             

     12 1330   12%/210  8   145                                                

                               139                                             

                                  -- -- --  135 --  --  52  76  --             

     13 350    30%/12  30   153-                                               

                               143-                                            

                                  150-                                         

                                     100-                                      

                                        46-61                                  

                                            218-                               

                                                --  --  --  --  56-58          

                            156                                                

                               146                                             

                                  152                                          

                                     150    228                                

     14 500    30%/6.2 6-7  164                                                

                               148                                             

                                  144                                          

                                     135                                       

                                        35  215 --  --  --  --  --             

     15 270    30%/12, 53   147-                                               

                               141-                                            

                                  123                                          

                                     -- --  75  --  --  --  --  48-52          

               8, 4         148                                                

                               143                                             

     16 200    30%/20  26   144                                                

                               131                                             

                                  138                                          

                                     134                                       

                                        62  210 --  --  154 --  --             

     21 400-   None    28-35                                                   

                            135-                                               

                               121-                                            

                                  126-                                         

                                     125-                                      

                                        34-35                                  

                                            181-                               

                                                --  --  --  --  --             

        500    2 ml./min.   149                                                

                               131                                             

                                  137                                          

                                     137                                       

               of 20%                                                          

               Pluronic F98                                                    

               in H.sub.2 O                                                    

     __________________________________________________________________________

TBL                                    TABLE II                                

     __________________________________________________________________________

              % Volume Expansion                                               

                         Packed Density.sup.2                                  

                                  Particle Surface                             

                                            Approx.                            

     Example                                                                   

          Figure                                                               

              of Fluidized Bed.sup.1                                           

                         (lb./ft..sup.3)                                       

                                  Characteristics                              

                                            Cool-Down Time.sup.3               

                                                         NH.sub.3              

                                                         Concentration,        

     __________________________________________________________________________

                                                         %                     

     1    1   206        35.0     "very rough"                                 

                                            3.0          1.0                   

     2    --  185        34.0     --        1.5          0.65                  

     3    --  188        33.5     --        .about.2.3   1.7                   

     15   2   185        32.4     "moderately                                  

                                            0.3          1.5                   

                                  rough"                                       

     21   3   Would not fluidize                                               

                         17.5     "smooth"  0.2          0.0                   

     __________________________________________________________________________

      .sup.1 Ratio of the volume of the powder in the fluidized state (1.3     

      cm./sec. fluidizing gas velocity, 24.degree.C., 50% RH nitrogen) compared

      to the volume of the same quantity of powder when packed to minimum volum

      by vigorous vibration.                                                   

      .sup.2 Density of powder packed to a minimum volume by vigorous vibration

      .sup.3 Time in which slurry is cooled from about 100.degree.C. to        

      70-80.degree.C.                                                          

CLMS
STM  We claim:
NUM  1.
PAR  1. A method of producing spherical-shaped copolymer particles having a
      surface covered with hemispherical bumps which comprises
PA1  a. shearing under pressure sufficient to keep water in the liquid state in
      a closed shear zone of a shear device water, ammonia and a copolymer of
      alpha-olefins of the formula R--CH=CH.sub.2, where R is a radical selected
      from the class consisting of hydrogen and alkyl radicals having from 1 to
      8 carbon atoms, and alpha, beta-ethylenically unsaturated carboxylic acids
      having from 3 to 8 carbon atoms, said copolymer having from 0% to 90% of
      the carboxylic acid groups ionized by neutralization with metal ions, and
      said metal ions having an ionized valence of from one to three inclusive
      when the unsaturated acid is a monocarboxylic acid and an ionized valence
      of one when the unsaturated acid is a dicarboxylic acid and said metal
      ions being selected from the group consisting of uncomplexed and complexed
      metal ions, said copolymer being a direct copolymer of the alpha-olefins
      and unsaturated carboxylic acid in which the carboxylic acid groups are
      randomly distributed over all molecules and in which
PA2  1. the alpha-olefin content of the copolymer is at least 50 mol percent,
      based on the alpha-olefin-acid copolymer,
PA2  2. the unsaturated carboxylic acid content of the copolymer is from 0.2 to
      25 mol percent, based on the alpha-olefin-acid copolymer, and
PA2  3. any other monomer component optionally copolymerized in said copolymer
      is monoethylenically unsaturated,
PA1  at a temperature above the melting point, but  below the thermal
      degradation point, of the copolymer until a homogeneous aqueous slurry is
      formed wherein the copolymer particle size has been reduced to an average
      particle size of less than 100 microns, the slurry containing at least
      0.6% by weight ammonia as NH.sub.3 and up to 50% by weight of said
      copolymer;
PA1  b. agitating the slurry under pressure at a temperature above the copolymer
      freezing point for at least 0.5 minute to make the copolymer particles
      spherical;
PA1  c. agitating while under said pressure and cooling the slurry to below the
      copolymer freezing point in a period of at least 0.3 minute, thereby
      forming on the surface of said particles hemispherical bumps about 0.1
      micron in diameter;
PA1  d. reducing said pressure of said slurry to atmospheric pressure; and
PA1  e. separating the copolymer particles.
NUM  2.
PAR  2. A method according to claim 1 wherein the separated copolymer particles
      are dried.
NUM  3.
PAR  3. A continuous method for making particles of an ionic copolymer having
      surfaces covered with hemispherical bumps, said particles being prepared
      in a closed system under pressure which comprises
PA1  a. feeding water, ammonia and a copolymer of an alpha-olefin and an
      alpha,beta-ethylenically unsaturated acid into the shear zone of a
      shearing device with shearing at a temperature above the melting point,
      but below the thermal degradation point of the copolymer until a
      homogeneous aqueous slurry is formed containing copolymer particles having
      an average particle size of less than 100 microns, the slurry containing
      at least 0.6% by weight ammonia as NH.sub.3 ;
PA1  b. removing the slurry from the shear zone;
PA1  c. feeding said slurry with agitation
PA2  1. through a zone where the slurry is maintained for at least 0.5 minute at
      a temperature above the copolymer freezing point and where the particles
      become spherical, and
PA2  2. through a zone where the slurry is cooled to a temperature below the
      copolymer freezing point in a period of at least 0.3 minute to form on the
      surface of the copolymer particles hemispherical bumps about 0.1 micron in
      diameter;
PA1  d. feeding said copolymer particles into a neutralizing tank wherein 10 to
      90 percent by weight of the carboxylic acid groups are ionized by
      neutralization with metal ions to form the ionic copolymer, the pressure
      being maintained during steps (a) through at least (c) (1) at a pressure
      above the vapor pressure of the aqueous slurry formed in step (a);
PA1  e. reducing the pressure to atmospheric pressure simultaneous with or after
      cooling in step (c)(2) and passing the slurry containing ionic copolymer
      into a receiver; and
PA1  f. separating the particles.
NUM  4.
PAR  4. A method according to claim 3 wherein the water, ammonia and copolymer
      are premixed.
NUM  5.
PAR  5. A method according to claim 1 wherein the slurry is maintained in the
      shear device during steps (b) and (c).
NUM  6.
PAR  6. A method according to claim 1 wherein ammonia concentration in the
      slurry ranges from about 0.6 to 5% by weight of slurry.
NUM  7.
PAR  7. A method according to claim 6 wherein the copolymer concentration in the
      slurry ranges from 0.5 to 42% by weight of slurry.
NUM  8.
PAR  8. A method according to claim 7 wherein the slurry is cooled to below
      about 80.degree.C. in a period of from 0.3 to 4.0 minutes.
NUM  9.
PAR  9. A method according to claim 8 wherein the shearing in the shear zone is
      conducted at a rate of at least 10,000 reciprocal seconds for a period of
      at least 12 seconds.
NUM  10.
PAR  10. A method according to claim 9 wherein the shear rate is from 10,000 to
      30,600 reciprocal seconds.
NUM  11.
PAR  11. A method according to claim 1 wherein the water, ammonia and copolymer
      are premixed.
NUM  12.
PAR  12. A method according to claim 1 wherein the water, ammonia and copolymer
      are fed as separate streams into the shear zone.
NUM  13.
PAR  13. A method according to claim 12 wherein the copolymer is fed into the
      shear zone by continuous melt extrusion as a ribbon.
NUM  14.
PAR  14. A method according to claim 12 wherein the copolymer is fed into the
      shear zone by continuous melt extrusion as a monofilament.
NUM  15.
PAR  15. A method according to claim 1 wherein after step (c) the copolymer is
      neutralized by adding metal ions having an ionized valence of from one to
      three inclusive when the unsaturated acid is a monocarboxylic acid and an
      ionized valence of one when the unsaturated acid is a dicarboxylic acid
      and said metal ion is selected from the group consisting of uncomplexed
      and complexed metal ions.
NUM  16.
PAR  16. A method according to claim 1 wherein the copolymer is an ionic
      copolymer having from 10 to 90% by weight of the carboxylic acid groups
      ionized by neutralization with metal ions.
NUM  17.
PAR  17. A method according to claim 16 wherein the metal ions are taken from
      the group consisting of Na.sup.+ and Zn.sup.+.sup.2.
NUM  18.
PAR  18. A method according to claim 16 wherein the copolymer is
      ethylene/methacrylic acid ionic copolymer.
NUM  19.
PAR  19. A method according to claim 1 wherein the copolymer is a copolymer of
      .alpha.-olefins of the formula R--CH=CH.sub.2, where R is a radical
      selected from the class consisting of hydrogen and alkyl radicals having
      from 1 to 8 carbon atoms, and .alpha.,.beta.-ethylenically unsaturated
      carboxylic acids having from 3 to 8 carbon atoms, said copolymer having
      none of the carboxylic acid groups neutralized with metal ions.
NUM  20.
PAR  20. A method according to claim 19 wherein the copolymer is
      ethylene/methacrylic acid.
NUM  21.
PAR  21. A method according to claim 19 wherein the copolymer is
      ethylene/methacrylic acid/isobutyl acrylate.
NUM  22.
PAR  22. A method according to claim 1 wherein step (d) is accomplished
      simultaneously with the cooling in step (c).
NUM  23.
PAR  23. A method according to claim 1 wherein step (d) is accomplished
      subsequent to the cooling in step (c).
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PAL  Process for producing microspheres comprises immersing a lower portion of a
      generally vertical, sol-gel feed tube having a lower microsphere formation
      needle in an alcohol drying column, feeding sol-gel at a predetermined
      rate into the upper end of the feed tube, and vibrating the feed tube in a
      generally horizontal direction at a predetermined amplitude and frequency
      to produce microspheres from the formation needle of a uniform and
      predetermined size. An electromagnetic transducer drive for vibrating the
      feed tube is used in one illustrative embodiment of apparatus for
      practicing the invention, and an electric motor offset drive is used in
      another illustrative embodiment of such apparatus. A feed tube having
      multiple microsphere formation needles at its lower end can be used for
      producing microspheres in quantity.
PARN
PAR  This is a division of application Ser. No. 98,975 filed Dec. 17, 1970, now
      U.S. Pat. No. 3,729,278.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  My present invention relates generally to radioisotope microspheres. More
      particularly, the invention relates to a novel process and associated
      apparatus for rapidly and efficiently producing uniformly sized
      microspheres.
PAR  Radioisotope microspheres are normally formed by the sol-gel process which
      is a wet-chemistry technique. A starting (nitrate) compound is suitably
      dissolved, the metal hydroxide precipitate is washed, and crystallite
      (oxide) growth is controlled and concentrated by heat and evaporation. The
      resulting sol-gel of a suitable consistency or viscosity is formed into
      microspheres which are then calcined in a furnace at approximately
      1500.degree. C to achieve near-theoretical density. The sol-gel process
      has proven advantages including high density microsphere formation
      capability, reasonable economy, wide reproducible size range, and minimal
      airborne scattering or loss of radioactive particles.
PAR  In the conventional process of forming sol-gel microspheres, the sol-gel is
      fed at a flow rate according to its consistency or viscosity along with a
      flow of alcohol. The sol-gel is contained in an ordinary syringe mounted
      on an infusion pump which can be varied to drive the syringe plunger at a
      desired rate. The sol-gel output from the syringe is fed through a
      flexible tubing into a squared tip hypodermic needle, the end of the
      tubing being connected to the upper end of the needle by a suitably
      tapered connector. The tapered connector is installed in a coupling collar
      at the top of a relatively long microsphere formation nozzle so that the
      hypodermic needle is concentrically mounted and extends down within the
      tubular nozzle. The length of the needle is, for example, about 2 inches
      long and the nozzle is about 6 inches long, with the lower 1 inch of the
      nozzle immersed in a microsphere drying alcohol column.
PAR  The coupling collar has a laterally connecting passageway opening adjacent
      to the tapered wall of the tapered connector. Alcohol is fed in the
      passageway and flows around the tapered wall of the tapered connector and
      down the outside of its connected needle. The alcohol flows pass the end
      of the hypodermic needle and generally keeps the surrounding tubular
      nozzle filled with its flow. Microsphere formation is accomplished by the
      alcohol flow acting on the sol-gel emitted at the end of the needle. The
      alcohol flow inevitably fluctuates, however, and produces a considerable
      effect on the formation of the microspheres. Size variation is a major
      result and this causes a high rejection rate of unsuitably sized
      microspheres. Provision of a proper alcohol feed with the sol-gel feed
      precludes the satisfactory use of more than one needle within a
      microsphere formation nozzle. Thus, production of microspheres in quantity
      is infeasible with this equipment. The inherent static operating
      conditions of the equipment also account for a certain amount of the
      variations in sol-gel viscosity and needle plugging by the sol-gel.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, and in general terms, my invention is preferably practiced by
      utilizing apparatus for producing microspheres including a vertically
      mounted sol-gel feed tube having at least one microsphere formation needle
      suitably coupled to its lower end, an infusion pump having a variable
      drive for feeding sol-gel from its driven syringe at a predetermined rate
      into the upper end of the feed tube, a container providing an alcohol
      column in which the lower end of the feed tube is immersed, drive means
      for vibrating the feed tube such that the lower end of the formation
      needle is generally displaced horizontally at a predetermined amplitude
      and frequency to produce microspheres from the needle immersed in the
      alcohol column of a uniform and predetermined size, and a circulating pump
      for providing a flow of alcohol up through the container at a
      predetermined flow rate for suspending a quantity of drying microspheres
      in the alcohol column.
PAR  Uniform microspheres of a predetermined size can be produced with a fixed
      sol-gel feed rate according to the size of the formation needle used and
      its vibrated amplitude and frequency. The size of the formation needle and
      its vibration amplitude normally need not be changed for different
      production runs so that microsphere size can be essentially a function of
      vibration frequency. An electromagnetic transducer (Low Frequency Audio
      Driver) for vibrating the feed tube is used in one illustrative embodiment
      of the apparatus for practicing this invention, and an electric motor
      offset (crank) drive is used in another illustrative embodiment of such
      apparatus. A feed tube having multiple microsphere formation needles at
      its lower end can be used to produce microspheres in quantity by vibrating
      the needles perpendicularly to the sol-gel feed direction. The number of
      needles used is limited only by the feed tube size.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  My invention will be more fully understood, and other features and
      advantages thereof will become apparent, from the following description of
      two exemplary embodiments of apparatus for practicing the invention. The
      description is to be taken in conjunction with the accompanying drawings,
      in which:
PAR  FIG. 1 is a diagrammatic representation of an illustrative embodiment of
      the apparatus for practicing this invention wherein an electromagnetic
      transducer drive is used to actuate a sol-gel feed tube to produce
      microspheres in accordance with my invention;
PAR  FIG. 2 is a fragmentary and enlarged sectional view of the sol-gel feed
      tube used in the embodiment of FIG. 1;
PAR  FIG. 3 is a generally perspective view of another illustrative embodiment
      of the apparatus for practicing this invention wherein an electric motor
      offset drive is utilized to actuate a pivotally mounted sol-gel feed tube;
PAR  FIG. 4 is a fragmentary cross sectional view of the pivotally mounted
      sol-gel feed tube as taken along the line 4--4 indicated in FIG. 3; and
PAR  FIG. 5 is another cross sectional view of the pivotally mounted sol-gel
      feed tube as taken along the line 5--5 indicated in FIG. 3.
DETD
PAC  DESCRIPTION OF THE PRESENT EMBODIMENTS
PAR  FIG. 1 is a diagrammatic representation of an illustrative embodiment of
      apparatus for practicing my invention. This embodiment utilizes an
      electromagnetic transducer drive and can be appropriately designated as
      the electromagnetic transducer microsphere production system 10. The
      system 10 includes a function generator 12 having an alternating current
      output, a power amplifier 14 for amplifying the generator output signal,
      an electromagnetic transducer 16 which is energized by the amplifier
      output signal to produce a mechanical output, a vertical sol-gel feed tube
      18 which is driven (horizontally vibrated) by the transducer output to
      produce microspheres 20 therefrom, a container 22 providing an alcohol
      column 24 for receiving and drying the microspheres, and a pump 25 for
      circulating the alcohol at a proper flow rate for suspension of a quantity
      of the formed microspheres therein. An alcohol reservoir 26 and a flow
      meter 27 are respectively located before and after the circulating pump
      25, as shown.
PAR  The function generator 12 can be, for example, a Model 202A Low Frequency
      Function Generator manufactured by the Hewlett Packard Company of Palo
      Alto, California for providing a sine wave output signal which can be
      adjusted in amplitude and varied in frequency. The output signal of the
      function generator 12 can be varied from 50 to 150 c.p.s., for example.
      The power amplifier 14 is conventional and can provide output power of 75
      to 100 watts audio for energizing the electromagnetic transducer 16. The
      electromagnetic transducer 16 can be essentially an ordinary loud-speaker
      wherein the output signal of the power amplifier 14 is applied to speaker
      audio coil 28. The coil 28 is wound on and bonded to a tubular hub 30
      which is attached at its right end to the periphery of a central circular
      opening in diaphragm 32. The radially outer periphery of the diaphragm 32
      is supported by the right end of transducer casing 34 through a flexible
      connection 36. The ends of the coil 28 are connected to respective
      connectors 38 suitably mounted to the casing 34, and the output of the
      power amplifier 14 is connected to the connectors as shown in FIG. 1.
PAR  The tubular hub 30 is supported so that it is concentrically positioned
      about the cylindrical end of the permanent field magnet core 40. The right
      end of the hub 30 is closed normally by disc 42 which has been modified to
      be centrally affixed to the left end of a connecting rod 44. The right end
      of the connecting rod 44 is suitably affixed to clamp means 46 which
      directly mounts vertical sol-gel feed tube 18. The feed tube 18 includes
      an upper portion 48 into which sol-gel is normally fed, and a lower
      portion 50 which is conically tapered at its lower end to join with a
      hollow microsphere forming needle 52. The lower portion 50 of the feed
      tube 18 is immersed in the alcohol column 24 which is held in the
      container 22. The alcohol is circulated by pump 25 through a circulating
      passageway 54 at a microsphere suspension flow rate which is determined by
      the size of the drying column 24 and the quantity of formed microspheres
      20 held in suspension. The alcohol needs to be at room temperature only,
      and a flow rate must be maintained to allow suspension of the formed
      microspheres until an adequate drying time has elapsed (about 30 minutes,
      for example). Some trial and error is necessarily involved in establishing
      the proper alcohol flow rate, of course.
PAR  FIG. 2 is a fragmentary and enlarged sectional view of the sol-gel feed
      tube 18 portion of the system 10 shown in FIG. 1. An infusion pump (with a
      variable feed rate drive) and syringe 56 designed to accommodate an
      ordinary syringe with sufficient sol-gel for a prolonged run time has the
      syringe output coupled by flexible tubing 58 to the upper end of feed tube
      18. The infusion pump and syringe 56 is, for example, a Model 975 Compact
      Infusion Pump manufactured by the Harvard Apparatus Company of Dover,
      Massachusetts mounting an ordinary syringe thereon in its bracket so that
      the pump drive engages the syringe plunger. The feed tube 18 can have an
      upper portion 48 inner diameter of approximately 1/4-inch and a lower
      portion 50 tapered length of about 3/8-inch, for example. The microsphere
      forming needle 52 can be a No. 22 hypodermic needle having a 1/32-inch
      outer diameter, a 12 to 15 mils inner diameter or bore, and a length of
      about 1/2-inch with a squared tip. The needle 52 length must not be too
      long (and should be less than 1 inch in length) to be adequately rigid in
      order to avoid any tendency towards higher harmonic frequency motions. The
      particular models of equipment and types of materials, and specific rates
      and dimensions noted above and elsewhere herein are, of course, merely
      given by way of example only and are not to be considered as limiting on
      this invention in any manner.
PAR  In operation, the function generator 12 (FIG. 1) is adjusted to provide an
      output signal of, for example, a frequency of 90 c.p.s. and an amplitude
      which produces a horizontal or lateral displacement of the needle 52 of
      approximately 1/16-inch total. The infusion pump (and syringe) 56 (FIG. 2)
      is adjusted to provide a feed rate of, for example, 46 c.c. per minute of
      samarium hydroxide [Sm(OH).sub.3 ] sol-gel. Of course, the sol-gel
      consistency or viscosity determines the flow rate to be provided for
      microsphere formation and the size is determined by needle size,
      displacement amplitude and frequency. It is not always possible to obtain
      a sol-gel solution of the same consistency; therefore, some trial and
      error is employed in establishing the proper feed rate for uniform
      microsphere formation. The sol-gel used is an aqueous colloidal solution
      or system wherein the solid material mixed and suspened therein is
      samarium hydroxide having a molar constituent varying from 1 to 4, for
      example. Other solid materials that have been used in the sol-gel solution
      to form microspheres include neodymia (Nd.sub.2 O.sub.3), promethia
      (Pm.sub.2 O.sub.3) and most of the rare earths.
PAR  FIG. 3 is a generally perspective view of another illustrative embodiment
      of the apparatus for practicing this invention. This embodiment utilizes
      an electric motor offset drive and can be appropriately designated as the
      electric motor microsphere production system 60. The system 60 includes a
      variable speed motor 62, a flywheel 64 suitably coupled centrally to the
      drive shaft 66 of the motor, a normally vertical sol-gel feed tube 68
      rotatably mounted directly on an adjustable pivot point 70, and a
      connecting rod 72 attached at its left end to an off-center crankpin 74 on
      the flywheel and at its right end to the web 76 of a U-shaped bracket 78
      rotatably attached on its arms 80 to an upper connection point 82 directly
      on the feed tube. The motor 62 can be either an alternating or direct
      current motor variable in speed from 3000 to 6000 r.p.m., for example.
PAR  The adjustable pivot point 70 can be set on the feed tube 68 by moving it
      in the clamp 84 and then tightening the clamp at a desired pivot point
      along the length of the feed tube. The clamp 84 has diametrically
      extending pivot pins 86 which are rotatably mounted and secured to
      respective arms 88 of U-shaped bracket 90. The web 92 of the bracket 90 is
      connected by a mounting rod 94 to fixed structure as indicated. A suitable
      sol-gel solution is fed to the upper end 96 of the feed tube 68 by an
      infusion pump and its syringe (not shown) in the same manner as that shown
      in FIG. 2. The lower end 98 of the feed tube 68 is, of course, also
      suitably immersed in a circulated alcohol drying column (not shown) in the
      same manner as that illustrated in FIG. 1. While four hollow, squared end,
      microsphere forming needles 100 are actually joined to and extend from the
      lower end 98 of the feed tube 68 is this particular embodiment of
      apparatus for practicing the invention, the number of needles that can be
      used is limited only by the size of the feed tube.
PAR  FIG. 4 is a fragmentary cross sectional view of the pivotally mounted
      sol-gel feed tube 68, as taken along the line 4--4 indicated in FIG. 3. In
      this cross sectional view, the connection point 82 is seen to be a
      diametrical line which is perpendicular to the arms 80 of the U-shaped
      bracket 78. The arms 80 are rotatably mounted and secured to respective
      attachment pins 102 which extend diametrically from a clamp 104. The clamp
      104 is, of course, fastened to the feed tube 68 at the desired connection
      point 82 along the length thereof. The relative positions of the pivot and
      connection points 70 and 82 are chosen to provide a predetermined
      horizontal or lateral displacement of the ends of the needles 100 as
      indicated by the arrow 106 shown in FIG. 3. The actual movement of the
      ends of the needles 100 is, of course, along an arc which is centered on
      the pivot point 70. The vertical displacement, as contrasted with the
      horizontal displacement, of the ends of the needles 100 is, however,
      virtually imperceptible over the normal displacement range of travel (of
      the order of 1/16-inch) involved.
PAR  FIG. 5 is another cross sectional view of the pivotally mounted sol-gel
      feed tube 68, as taken along the line 5--5 indicated in FIG. 3. The lower
      end 98 (FIG. 3) of the feed tube 68 is generally flattened and tapered
      inwardly towards the needles 100. The upper ends of the needles are thus
      joined to a closed, narrow width, rectangular end of the feed tube 68. In
      this instance, the needles 100 are arranged in a row as shown in FIG. 5.
      While the needles 100 are vibrated laterally in the direction of the solid
      line arrow 106, they can also be suitably vibrated laterally in the
      direction of the broken line arrow 108 which is perpendicular to the solid
      line arrow. This can be easily accomplished by loosening the clamps 84 and
      104 and rotating the feed tube 68 (FIG. 3) on its axis 90 degrees, and
      then tightening the clamps again. The needles 100 can, of course, be
      arranged in patterns or configurations other than a straight row as
      illustrated in FIGS. 3 and 5. Further, the needles 100 can, if desired,
      have different diameter bores to produce different sized microspheres
      simultaneously during a production run.
PAR  A fairly wide range of microsphere sizes can be produced with needles of a
      given bore diameter by varying their vibration frequency. Other ranges can
      be similarly obtained by using needles of larger or smaller bore
      diameters, of course. It should also be noted that the needles 100 (FIGS.
      3 and 5) must be adequately spaced apart so that there is no interference
      in microsphere formation between adjacent needles. Using No. 22 needles,
      for example, the needles 100 are preferably spaced at approximately
      1/8-inch intervals.
PAR  The operation with multiple feed needles 100 is similar to that (FIGS. 1
      and 2) with a single feed needle 52, in that uniform microspheres are
      formed by a breaking action as the feed needles vibrate perpendicularly to
      the direction of sol-gel flow. The apparatus for practicing this invention
      can be built as a small scale, single needle, unit or as a large scale,
      multiple needle, unit which is feasible for production of microspheres in
      quantity. Alcohol feed used conventionally with sol-gel feed is eliminated
      in this invention, such that the usual fluctuating alcohol feed acting on
      the sol-gel feed is not present to affect the resulting microsphere size.
      The consequential variation in microsphere size is greatly reduced to a
      very small rejection rate. Illustratively, in a "worst embodiment" case,
      the yield from a 50 c.c. syringe supply of sol-gel exceeded 80% in the 600
      micron size range for a permissible variation of .+-. 50 microns with a
      pneumatically vibrated seven-needle embodiment of the multiple needle
      version of the apparatus for practicing this invention. This pneumatically
      or air-actuated vibrator embodiment of apparatus for practicing the
      invention has not been shown herein because of the presently better
      performance and more precise control available from the electromagnetic
      transducer and electric motor microsphere production embodiments. The
      operations or processes performed by the exemplary, and delete [and
      process]; apparatus and process described above are unique in their
      concept to produce microspheres without the need for complicated control
      of simultaneous alcohol and sol-gel feeds required in the conventional
      apparatus and process. Microsphere production by (lateral) vibration
      eliminates the need for a simultaneous alcohol flow and assures a more
      homogeneous solution prior to microsphere formation, thereby greatly
      reducing any needle plugging due to variations in sol-gel consistency or
      viscosity; and by this very action produces uniformly sized spheres. The
      results include apparatus having a considerable simplification over the
      equipment conventionally required and vastly greater reliability in
      forming very accurately sized microspheres. The man-hours required in
      monitoring sol-gel microspheres production runs have been very
      significantly reduced with the apparatus for practicing this invention.
PAR  While certain exemplary embodiments of apparatus for practicing this
      invention and their operations or processes have been described above and
      shown in the accompanying drawings, it is to be understood that the
      operations or processes performed by such embodiments are merely
      illustrative of, and not restrictive on, the broad invention and that I do
      not desire to be limited in my invention to the specific processes, or
      operations or procedures shown and described, for obvious modifications
      may occur to persons skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for producing microspheres, which comprises the steps of:
PA1  immersing a lower portion of a generally vertical sol-gel feed tube
      comprising a lower end portion including a generally vertical microsphere
      formation nozzle in a column of drying liquid of predetermined viscosity,
      said nozzle being hollow and having an open bottom end;
PA1  feeding a sol-gel solution at a predetermined rate into an upper end
      portion of said feed tube and axially out said bottom end of said nozzle,
      said drying liquid being a nonsolvent of said sol-gel; and
PA1  vibrating said nozzle at a predetermined amplitude and frequency whereby
      said bottom end of said nozzle is displaced over a predetermined travel in
      a generally horizontal direction and said sol-gel being emitted in a
      generally vertical direction therefrom coacts functionally with said
      drying liquid in a breaking action to produce formed microspheres which
      are uniform in size and at least partially dried in falling through said
      column.
NUM  2.
PAR  2. The invention as defined in claim 1 further comprising the step of
      circulating said drying liquid in said column to provide an upward flow of
      drying liquid at a predetermined flow rate for suspending a quantity of
      said formed microspheres therein until an adequate drying time has
      elapsed.
NUM  3.
PAR  3. The invention as defined in claim 1 wherein said feed tube comprises a
      lower end portion including multiple, generally vertical, microsphere
      formation nozzles arranged in a spaced pattern whereby vibrating said
      nozzles to displace them over a predetermined travel in a generally
      horizontal direction can produce formed microspheres from said feed tube
      in quantity.
NUM  4.
PAR  4. The invention as defined in claim 3 further comprising the step of
      circulating said drying liquid in said column to provide an upward flow or
      drying liquid at a predetermined flow rate for suspending a quantity of
      said formed microspheres therein until an adequate drying time has
      elapsed.
NUM  5.
PAR  5. A process for producing high yields of microspheres of a very uniform
      and predetermined size, which comprises the steps of:
PA1  freely supporting a generally vertical sol-gel feed tube on one end of a
      connecting element, the other end of said element being connected to an
      electrical drive device which can be electrically energized to reciprocate
      said feed tube laterally at a predetermined amplitude and frequency, and
      said feed tube comprising a lower end portion including a generally
      vertical microsphere formation nozzle having a bottom end of a
      predetermined hollow cross sectional open area;
PA1  immersing a lower portion of said feed tube in a column of drying liquid of
      predetermined viscosity;
PA1  feeding a sol-gel solution at a predetermined rate into an upper end
      portion of said feed tube and axially out said bottom end of said nozzle,
      said drying liquid being a nonsolvent of said sol-gel;
PA1  energizing said drive device with an electrical signal to reciprocate said
      feed tube laterally whereby said nozzle is reciprocally displaced over a
      predetermined travel in a generally horizontal direction and said sol-gel
      being emitted in a generally vertical direction from said bottom end of
      said nozzle coacts functionally with said drying liquid in a breaking
      action to produce formed microspheres therefrom of a predetermined size
      according to said hollow cross sectional open area of said nozzle and its
      horizontal reciprocation amplitude and frequency; and
PA1  circulating said drying liquid in said column to provide an upward flow of
      drying liquid at a predetermined flow rate for suspending a quantity of
      said formed microspheres therein until an adequate drying time has
      elapsed.
NUM  6.
PAR  6. The invention as defined in claim 5 wherein said drive device is
      responsive in reciprocation frequency according to the frequency of said
      electrical signal, and further comprising the step of varying said
      frequency of said electrical signal and hence similarly of said feed tube
      nozzle whereby microsphere size is essentially a function of said nozzle
      reciprocation frequency alone and said nozzle of the same said
      predetermined hollow cross sectional open area can be used without
      altering its reciprocation amplitude for production runs of different
      sizes of microspheres.
NUM  7.
PAR  7. A process for producing high yields of microspheres of a very uniform
      and predetermined size, which comprises the steps of:
PA1  pivotally mounting a sol-gel feed tube directly on a longitudinal pivot
      point in a normally vertical position, said feed tube being freely
      rotatable and solely supported on said pivot point, and said feed tube
      comprising a lower end portion including a normally vertical microsphere
      formation nozzle having a bottom end of a predetermined hollow cross
      sectional open area;
PA1  immersing a lower portion of said feed tube in a column of drying liquid of
      predetermined viscosity;
PA1  feeding a sol-gel solution at a predetermined rate into an upper end
      portion of said feed tube and axially out said bottom end of said nozzle,
      said drying liquid being a nonsolvent of said sol-gel; and
PA1  oscillating a drive point directly on said feed tube above its pivot point
      through reciprocating drive means to oscillate said feed tube
      independently on said pivot point, said feed tube being thereby oscillated
      at a predetermined amplitude and frequency whereby said nozzle is
      reciprocally displaced over a predetermined travel in a generally
      horizontal direction, with minor travel in a generally vertical direction,
      and said sol-gel being emitted in a generally vertical direction from said
      bottom end of said nozzle coacts functionally with said drying liquid in a
      breaking action to produce formed microspheres therefrom of a
      predetermined size according to said hollow cross sectional open area of
      said nozzle and its horizontal reciprocation amplitude and frequency, and
      which are uniform in size and at least partially dried in falling through
      said column.
NUM  8.
PAR  8. The invention as defined in claim 7 further comprising the step of
      circulating said drying liquid in said column to provide an upward flow of
      drying liquid at a predetermined flow rate for suspending a quantity of
      said formed microspheres therein until an adequate drying time has
      elapsed.
NUM  9.
PAR  9. The invention as defined in claim 8 further comprising the step of
      varying the reciprocation frequency of said drive means and hence
      similarly of said feed tube nozzle whereby microsphere size is essentially
      a function of said nozzle reciprocation frequency alone and said nozzle of
      the same said predetermined hollow cross sectional open area can be used
      without altering its reciprocation amplitude for production runs of
      different sizes of microspheres.
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ABST
PAL  Urea is prilled by spraying urea droplets downwardly into a solidification
      zone where it is contacted with a substantially inert gas. Prills are
      directed into a collector by diverting their flow by directing a gas
      through a perforated, inverted cone or pyramid located at the bottom of
      and in communication with said zone.
PARN
PAC  RELATED APPLICATIONS:
PAR  This application is a continuation of application Ser. No. 255,760, filed
      May 22, 1972 (now U.S. Pat. No. 3,836,611) which, in turn, is a
      continuation-in-part of abandoned application Ser. No. 104,998, filed Jan.
      8, 1971. The instant application is also related to application Ser. No.
      255,726, filed May 22, 1972, which has matured into U.S Pat. No.
      3,819,310.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention is related to the processing of an aqueous urea solution to
      anhydrous solid urea of the shape of small spherical particles usually
      called urea prills.
PAC  BACKGROUND OF THE INVENTION
PAR  Urea is commercially obtained by reacting NH.sub.3 and CO.sub.2 at elevated
      pressure and temperature to form ammonium carbamate and to simultaneously
      dehydrate ammonium carbamate to urea. The aqueous urea solution produced
      in a urea synthesis plant usually contains about one mole of water per
      mole of urea formed in the urea synthesis reactor. The aqueous urea
      product solution (generally 75-76 weight percent) is usually processed to
      a solid anhydrous form by means of the following sequential steps:
PA1  1. Practically all of the water contained in the aqueous urea product
      solution is evaporated to form a more or less pure urea melt;
PA1  2. The resulting urea melt at about 270.degree.-300.degree.F. is finely
      divided into small droplets either by means of a spray head, a spinning
      conical basket, or a vibrating plate, such devices usually being located
      at the top of a tall, vertical, cylindrical, rectangular or square tower
      100-150 feet high;
PA1  3. The molten urea droplets are allowed to fall freely inside the tower
      countercurrently to an uprising stream of ambient air;
PA1  4. The finely divided urea droplets in their free fall inside the tower are
      cooled by the uprising stream of ambient air and they are frozen into the
      shape of small spherical particles (prills);
PA1  5. The frozen prills are usually cooled further to about
      100.degree.-150.degree.F. and are collected at the bottom of the tower.
PAR  Alternate techniques can be used to produce molten urea in step 1 described
      above. One is the crystal-melting technique, which consists of
      crystallizing the aqueous urea product solution to produce pure crystal
      urea, which is washed, dried and remelted to produce a substantially pure
      urea melt.
PAR  Referring to the step 5 described above, various methods of collecting
      solid urea prills at the bottom of the prilling tower have been proposed
      according to the prior art. In general these methods, mainly listed below,
      have certain specific disadvantages.
PAR  One method consists of collecting the solid urea prills by means of a
      prilling tower bottom of the shape of a truncated inverted cone or
      pyramid, with steep, flat sides with an opening at the bottom apex of the
      inverted cone, through which the prilled urea product is withdrawn. This
      type of prill collecting bottom has the drawback of frequent solid urea
      build up on the conical sides and on the bottom section of the inverted
      cone, with consequent plant shut downs for cleaning operation. Another
      drawback of this type of prill collecting bottom is the fact that
      relatively taller and thus more expensive prilling towers are required due
      to the very steep angle with the horizontal, 60.degree. or more, at which
      the sides of the inverted cone must be designed in order to facilitate the
      sliding of the solid prilled urea product towards the bottom opening.
PAR  Still another commonly used method consists of collecting the solid prilled
      urea product by means of a flat horizontal prill tower bottom, which is
      provided with a collecting rake travelling in a circular motion and thus
      pushing the solid prilled urea product toward the center of the horizontal
      prill tower bottom for discharge onto a belt conveyor. Such a prilling
      tower usually has the drawback of solid urea build up on the prilling
      tower bottom and on the collecting rake, and the drawback of a relatively
      higher product degradation due to attrition with a consequent greater air
      pollution problem in the subsequent solid handling steps.
PAR  A third method commonly used in the industry consists of collecting the
      solid prilled urea product by means of a horizontal fluidized bed of solid
      urea prills of several inches in depth, which is maintained fluidized by
      blowing a substantial amount of air through a perforated horizontal
      metallic surface upwardly into the prilling tower. The excess solid
      prilled urea product collected in the bottom fluidized bed is overflowed
      from the fluidized bed over a weir and into a collecting trough. Such a
      method has the drawback of the instability of the operation due to the
      collapsing of the fluidized bed of urea prills at the slightest variation
      in air flow through the perforated horizontal surface. Another drawback of
      this method is the relatively high electrical power consumption by the
      large air blowers required to maintain the bed of solid urea prills
      properly fluidized throughout the full horizontal cross sectional area of
      the prilling tower bottom section.
PAR  For example, in U.S. Pat. No. 3,615,142 (Dahlbom), a prilling tower with an
      inverted frustum trough bottom exit is described. A louver construction is
      employed in the trough for the purpose of air being passed through the
      louvers to cool the prills falling through the tower. This construction
      has the disadvantage of offering relatively large surface areas of the
      louvers on which prills can collect. With a louvered construction, there
      is a substantial build up of prills upon the individual louvers and large
      dead air areas. With this build up of prills, it is difficult to remove
      the prills from the bottom section of the tower. With excessive prill
      build up on the louvers, air flow is seriously reduced; then, hot soft
      prills fall to the bottom and aggregate and cause physical failure of the
      louvers. Further, the air is not finely dispersed passing through the
      louvers.
PAR  In U.S. Pat. No. 3,457,336 (Harris), urea or other droplets of molten
      material are passed through a zone containing a dust bearing gas in order
      to obtain substantially spherical granules. In all of the arrangements
      described, a primary source of air is introduced directly into the bottom
      exit of the system. Secondary, and even tertiary, air sources are
      employed, particularly to maintain a fluidized bed of dust particles.
PAR  With the primary air introduced through the prill exit, there is no control
      of the falling prills and they tend to build up upon the walls of the
      tower directly above or in the vicinity of the exit. Then, as the prills
      stick to the tower walls, they plug the tower completely above the exit
      and the tower must be taken out of service for cleaning.
PAR  A fluidized bed requires a tremendous amount of power for the fluidizing
      air flow required to maintain such a bed. Fluctuation of air supply will
      lead to collapse of the bed.
PAR  It has been found that by operating a prilling tower bottom according to
      the process described further below, all the drawbacks which are inherent
      to the prior art described above are greatly reduced, if not completely
      eliminated.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided a process for
      prilling urea and other substances. With regard to urea, molten
      substantially anhydrous urea is sprayed and falls freely downwardly
      through a solidification zone in the form of droplets which are contacted
      with a substantially inert and relatively cooler gas passed into said
      zone. The droplets are cooled thereby and are solidified as substantially
      anhydrous prills. The prills are collected in a collecting trough located
      at the bottom of the solidification zone. A gas is passed through the
      collecting trough countercurrently to the downwardly flowing prills, the
      collecting trough comprising an inverted cone or pyramid the apex of which
      defines an open discharge zone and the sides of which are perforated and
      oblique and which allow said gas to pass therethrough as a fine dispersion
      to the solidification zone. The amount of gas is sufficient to divert the
      downwardly flowing prills from their substantially vertical path to the
      discharge zone to substantially prevent the downwardly flowing prills from
      contacting the perforated oblique sides, and to avoid build-up of the
      prills upon said perforated oblique sides.
DRWD
PAC  DRAWING
PAR  The FIGURE is an elevational view of a prilling tower illustrative of the
      invention.
DETD
PAC  SPECIFIC EMBODIMENT OF THE INVENTION
PAR  Referring to the drawing, stream 1 containing substantially molten urea at
      about 280.degree.F. is passed through spray heads 2, located in top
      section 3 of prilling tower 4. The molten urea sprayed into a stream of
      small liquid droplets through spray heads 2 is allowed to fall freely
      inside the prilling tower 4 countercurrently to an uprising stream of
      ambient air introduced into the prilling tower at its bottom section 5.
      This ambient air, introduced into the prilling tower through lines 6 and
      7, in its upwardly flow picks up heat from the molten urea which
      crystallizes in the shape of small spherical particles (prills). The hot
      solid urea prills are further cooled to about 10.degree.-20.degree.F.
      above the ambient temperature of the air in lines 6 and 7 during their
      free fall inside the tower 4.
PAR  The ambient air introduced into the prilling tower 4 is heated up by the
      equivalent amount of heat released by the urea prills during their free
      fall, and it is discharged from the prilling tower 4 through lines 8
      located in or near top section 3.
PAR  The bottom section 5 of prilling tower 4 is provided with a hollow
      collecting trough 9 in the form of an inverted cone or frustum with sides
      10 made of suitable material as concrete or metal. The sides 10 of the
      inverted trough 9 are solid and are at an approximate angle of about
      20.degree.-30.degree. with the horizontal, and they are covered from the
      inside with fine wire mesh 11, which is held in place by means of spacers
      12. The wire mesh is provided to disperse the air which is passed
      therethrough; it has little surface area such that product cannot collect
      thereon. The surface area of the solid portion of the mesh is
      substantially smaller than the surface area of the openings therein. The
      dead air areas of the mesh are minimal. Spacers 12 are positioned in such
      a manner as to maintain the wire mesh cover 11 at an approximate distance
      of about 1-2 inches from the sides 10.
PAR  Free space 13 between the wire mesh 11 and the sides 10 is sealed at its
      ends 14 and 15, respectively, so as to form a sealed chamber all around
      the total surface of the sides 10. Further, vertical walls 16 and flat
      bottom 17 of the bottom section 5 of prilling tower 4 form a sealed
      chamber 18 with the sides 10 of the inverted trough 9. As shown in this
      preferred embodiment, a minor portion, from about 5 to about 30 percent by
      volume, of the total amount of ambient air fed to the prilling tower 4 is
      passed into sealed chamber 18 through line 7 and thence through openings
      19 provided on the sides 10 into space 13 between the wire mesh 11 and the
      sides 10. It is to be understood that all of the air employed can be fed
      through line 7. The ambient air of line 7 is evenly distributed along the
      whole surface of the trough 9 by being passed through the wire mesh 11 and
      is finely dispersed as it passes through the wire mesh. As it leaves the
      wire mesh surface, the air is sufficient to divert the free falling solid
      urea prills from their vertical path to an oblique path which is
      converging toward bottom opening 20, located at the apex of the inverted
      trough 9. Thus, substantially all of the prills do not impinge upon mesh
      11, but are diverted toward bottom 20. This prevents undesirable build up
      of the prills on the surface of mesh 11, which would impede upward air
      flow and reduce the efficiency of tower operation. Due to the fact that
      there is practically no upward air flow in the section just above the
      bottom opening 20, the solid urea prilled product falls through the bottom
      opening 20 onto belt conveyor 21, from which it is discharged at 22 ready
      for storage or bagging. As indicated, air is not introduced into bottom
      opening 20 countercurrent to the product passing therethrough. A rubber or
      other flexible skirt (not shown) can be located around the bottom opening
      20 to seal the bottom product discharge area, and to minimize leakage of
      air from solididification zone 23.
PAR  Urea dust present in the tower is removed through bottom opening 20 and can
      be separated from urea prills as undersized material in a commercial
      shaker or the like (not shown). In contrast to prior art towers, the dust
      is not blown upwardly and out of the tower. Thus, pollution problems are
      minimized with the method of this invention.
PAR  In this preferred embodiment, a major portion, from about 95 to about 70
      percent by volume, of the ambient air fed to the prilling tower 4 is
      introduced into the bottom section 5 through lines 6 located above and
      preferably just above the inverted trough 9. This air is mixed with the
      smaller portion of the ambient air introduced into the prilling tower 4
      through line 7; the total mixture of the two streams of ambient air rises
      through the prilling tower 4 and it is exhausted from the top section 3 of
      the prilling tower 4 through lines 8.
PAR  Since the urea droplets are solidified in tower 4, the portion of the tower
      below spray heads 2 and above trough 9 is considered to comprise
      solidification zone 23.
PAR  In another embodiment, the major portion of ambient air can be introduced
      into the upper section 3 of the prilling tower 4 through the lines 8,
      passed downwardly and co-currently to the stream of free falling product
      and exhausted from the prilling tower 4 through the lines 6 on the bottom
      section 5 of the prilling tower 4 together with the minor portion of air
      introduced into the prill collecting inverted trough 9 through line 7.
PAC  EXAMPLE
PAR  Referring to the FIGURE, a stream of 25,000 lbs/hr of molten urea, at about
      280.degree.F., containing about 0.2 weight percent of water and about 0.3
      weight percent of biuret, is passed through line 1 and is sprayed through
      a system of spray heads 2 inside a prilling tower 4 having a circular
      cross-section about 25 feet in diameter. The fine droplets of molten urea
      thus formed are allowed to fall freely inside the prilling tower 4 for its
      full height of about 140 feet countercurrently to a stream of uprising
      air, which is exhausted at about 95.degree.F. to the atmosphere through
      lines 8 located in the upper section 3 of the prilling tower 4.
PAR  The total amount of air exhausted to the atmosphere through the lines 8 is
      an amount of about 200,000 standard cubic feet per minute (scfm), of which
      amount about 170,000 scfm is introduced into the bottom section 5 of the
      prilling tower 4 through lines 6 at about 70.degree.F.
PAR  By the time the free falling urea particles reach the bottom section 5 of
      prilling tower 4 they are solidified into the shape of small spheres of
      about 1.5 mm is diameter and are cooled to about 100.degree.F.
PAR  About 30,000 scfm of ambient air at about 70.degree.F. is introduced into
      the sealed chamber 18 of the prill collecting inverted trough 9; through
      openings 19, the air is passed through a 50 mesh wire cloth 11 covering
      the sides 10. This amount of ambient air forced through the wire mesh 11
      at a relatively high velocity diverts the free falling urea prills from
      their vertical path into an oblique path converging toward the bottom
      circular opening (circular) 20 of about 3 feet in diameter located in the
      center of the tower cross-section.
PAR  The solid urea prills at about 100.degree.F. are discharged through bottom
      opening 20 onto belt conveyor 21 and are delivered to storage or bagging
      at 22. Stream 22 consists of 25,000 lbs/hr of solid prilled urea
      containing about 0.2 weight percent of water and about 0.3 weight percent
      of biuret.
PAR  Air is shown as a suitable gas for cooling and diverting free falling solid
      material in tower 4. It is to be understood that any gas substantially
      inert to the solid material, as urea, can be employed. In addition to dry
      or humid air, or in admixture therewith, there can be used: nitrogen and
      carbon dioxide. SO.sub.2 and SO.sub.3 can also be employed with urea, some
      sulfur or sulfur compound forming on urea prills as a coating therefor.
      Steam is not suitable, since it would increase the moisture content in the
      prilled product.
PAR  Instead of forming urea prills, the process can be used to form and collect
      such fertilizer substances as ammonium nitrate, ammonium phosphate,
      calcium nitrate, calcium phosphate, potassium chloride, etc., from molten
      streams thereof charged to tower 4 from line 1. A mixture of two or more
      of such substances, including urea, can be so charged through line 1.
PAR  Mesh 11 can be replaced by other suitable elements which provide desired
      fine air dispersions. A substitute can be, for example, a perforated plate
      preferably having a total opening area larger than plate surface area.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a process for prilling urea, comprising:
PA1  a. spraying molten, substantially anhydrous urea downwardly as droplets in
      a prilling tower through a solidification zone therein generally toward
      the bottom of said tower;
PA1  b. contacting said droplets with a substantially inert gas passed into said
      zone to cool and solidify said droplets as anhydrous prills; and
PA1  c. collecting said prills at a centrally located bottom of said zone;
PAL  the improvement comprising:
PA1  d. passing said gas through a hollow, perforated, inverted frustum trough
      countercurrently to said downwardly falling prills and maintaining gas
      flow, gas velocity and the angle of said trough through which said gas is
      so passed as a fine dispersion, so as to divert said downwardly flowing
      prills from a substantially vertical path to an oblique path toward said
      bottom of said zone and to prevent substantially all of said prills from
      contacting said trough.
NUM  2.
PAR  2. The process of claim 1, wherein said inert gas is air.
NUM  3.
PAR  3. In a process for producing substantially spherical fertilizer particles,
      comprising:
PA1  a. spraying molten, substantially anhydrous fertilizer in finely divided
      particle form downwardly in a tower through a solidification zone
      generally toward the bottom of said tower;
PA1  b. contacting said particles with a substantially inert gas passed into
      said zone to cool and solidify said particles; and
PA1  c. collecting the resulting cooled and solidified particles at a centrally
      located bottom of said zone;
PAL  the improvement comprising:
PA1  d. passing said gas through a hollow, perforated, inverted frustum trough
      countercurrently to said downwardly falling cooled and solidified
      particles and maintaining gas flow, gas velocity and the angle of said
      trough through which said gas is so passed as a fine dispersion, so as to
      divert said downwardly flowing cooled and solidified particles from a
      substantially vertical path to an oblique path toward said bottom of said
      zone and to prevent substantially all of said cooled and solidified
      particles from contacting said trough.
NUM  4.
PAR  4. The process of claim 3, wherein said inert gas is air.
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ABST
PAL  When a hot, homogeneous solution containing at least 4 percent by weight of
      a copolymer of a diethynylbenzene and a dipropargyl ether of a dihydric
      phenol in nitrobenzene or a liquid halobenzene solvent is allowed to cool
      in contact with a shaping surface, a shaped gel is formed. Contacting the
      shaped article with a lower alkyl ketone which is a nonsolvent for the
      acetylenic polymer but in which the halobenzene is soluble and then
      allowing the shaped object to dry causes the gel to shrink isotropically
      so that it retains the shape, although diminished in size, which it
      assumed on solidifying. If the halobenzene solvent is crystalline at room
      temperature, the solvent crystallizes in the polymer matrix as it cools.
      Extraction with a lower alkyl ketone or sublimation of the solvent
      crystals produces a shaped article having a microporous structure. The
      shaped articles are readily converted by heating in an inert atmosphere to
      the same shaped carbon articles which can be amorphous, vitreous or
      graphitic depending on the heating schedule and the maximum temperature to
      which the articles are heated.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a process for producing articles having a desired
      shape, e.g. tubes, rods, plates, crucibles, gaskets, etc., from acetylenic
      polymers and, where desired, thermolyzing such shaped objects to produce
      carbon objects having the same shape. More particularly, this invention
      relates to a process which involves preparing a hot solution of the
      polyacetylene in nitrobenzene or a halobenzene solvent having a boiling
      point greater than 100.degree.C., allowing the hot solution to cool in
      contact with at least one shaping surface, for example, a mold, a casting
      surface, etc., to a temperature where the solution solidifies to produce
      either the desired final shape or to produce an intermediate shape which
      is then converted to a final shape, for example, by cutting, carving, heat
      forming, boring etc., and thereafter removing the solvent from the
      solidified final shape. On heating these shaped articles to an elevated
      temperature the acetylenic polymer decomposes to carbon without changing
      shape and little, if any, change in size. Once carbonized, the articles
      can be converted to either vitreous carbon or graphite articles without
      change in shape and little, if any, change in size, by heating using known
      vitrifying or graphitizing conditions.
PAR  2. Description of the Prior Art
PAR  Polyacetylenes are relatively new polymers having many interesting and
      desirable properties. They were first described by Allen S. Hay in J. Org.
      Chem. 25, 1275 (1960) and 27, 2320 (1962). Subsequently, a much broader
      class of polyacetylenes was disclosed and claimed in Hay's U.S. Pat. Nos.
      3,300,456, 3,332,916 and 3,594,175. Using Hay's process of oxidatively
      coupling compounds having two acetylenic groups, Sladkov et al. likewise
      prepared polyacetylenes which they describe in Bull. Acad. Sci. U.S.S.R.
      -- Div. Chem. Sci., English Translation [7] 1220 (1963). All these
      polymers and copolymers described in this prior art have, as a common
      property, a butadiynylene group, i.e., --C.tbd.C--C.tbd.C--, dispersed
      along the polymer backbone. They also have in common the fact that they
      are formed by oxidative coupling of organic compounds having two ethynyl
      groups, i.e., --C.tbd.CH. In the oxidative coupling reaction, thoroughly
      described by Hay in his above patents and publications, the hydrogen is
      removed from the ethynyl groups by the oxidation reaction to form water
      and one of the resulting ethynylene groups of one molecule is joined to
      one of the resulting ethynylene groups of another molecule to form the
      butadiynylene groups of the polymer molecule. It is these latter groups
      which cause the polymers to be very thermally unstable and photosensitive
      and which tend to make the polymer difficulty soluble in common solvents
      for polymers.
PAR  It is obvious that these polyacetylenes are entirely different in kind than
      polymers containing isolated ethynylene groups in the polymer molecule.
      Typical of such polymers are the polyesters obtained by esterification of
      an acetylenic dicarboxylic acid and a glycol or esterification of a
      polycarboxylic acid with an alkynediol and polyethers obtained by the
      reaction of acetylenic glycols with dialkyl acetals or with
      alkylhalohydrins. These polymers have ethynylene, but not butadiynylene
      groups, along the polymer backbone. Such polymers are not included in the
      term polyacetylenes.
PAR  Because of their thermal instability, it is impossible to mold articles
      from the polyacetylenes using heat and pressure. Those polyacetylenes
      which are at least soluble in hot solvents can be cast into films by well
      known solution-casting techniques, spun into fibers by spinning a solution
      of the polymer by well-known solution-spinning techniques or by extruding
      the powdered polymer which has been blended with a sufficient amount of a
      plasticizing solvent so that the polymer can be extruded at a temperature
      below its thermal decomposition temperature. Any of these shaped articles
      can be thermally decomposed to convert them into a carbon film or fiber
      which can be graphitized. It would be highly desirable to be able to form
      the acetylenic polymers into articles having their shapes which also could
      be converted to carbon articles of the same shape, especially those having
      substantial mass or cross-section.
PAC  DESCRIPTION OF THE INVENTION
PAR  I have now found that a hot homogeneous solution containing at least 4% by
      weight of an acetylenic polymer, whose composition on a weight basis is
      5-20% of a dipropargyl ether of a dihydric phenol and 80-95% of a
      diethynyl benzene, of which 0-12% is the para-isomer and the balance is
      the meta-isomer, in nitrobenzene or a halobenzene solvent which, at room
      temperature, is entirely liquid or crystalline and has a boiling point
      higher than 100.degree.C. at atmospheric pressure can be cooled in contact
      with at least one shaping surface, for example, a mold, a rotating
      surface, e.g., a disk or cylinder, a casting plate or belt, etc., to a
      temperature where the solution congeals to a solid containing the polymer
      and the solvent. The shape of any surface area in contact with the shaping
      surface, is a negative of the shape of the shaping surface. If
      nitrobenzene or a halobenzene solvent is used, which is liquid at room
      temperature, a gel is formed whereas a polymer matrix having crystals of
      the halobenzene solvent dispersed throughout is formed if a crystalline
      halobenzene solvent is used.
PAR  The size or shape of these articles can be still further modified, if
      desired, by cutting, carving, slicing, boring, etc., to yield the desired
      final shape, for example, crucibles, pans, sheets, plates, rods, tubes,
      gaskets, beakers, etc. When the solvent is nitrobenzene or a halobenzene
      which is a liquid at room temperature, it can be extracted from the shaped
      article with a wide variety of liquids which are a solvent for the
      halobenzene but a non-solvent for the acetylenic polymer but it is only
      when a lower alkyl ketone is used as this liquid that the shaped article
      shrinks isotropically so that it retains the same shape, although
      diminished in size, that it had prior to extraction. The amount of
      shrinkage is directly related to the percent of solvent removed and the
      percentage of solvent initially present.
PAR  When the halobenzene is a crystalline solid at room temperature, it can
      also be removed by extraction with a lower alkyl ketone or by sublimation,
      leaving the polymer as a porous mass whose shape and porosity is retained
      even upon carbonization, vitrification or graphitization. The degree of
      porosity increases as the amount of removable solvent increases.
PAR  Crystallization of the solvent tends to cause cracking of very thick
      sections. The tendency to crack increases as the ratio of volume of
      crystals per unit volume of the congealed solid increases and therefore is
      minimized by using high concentrations of the polymer in the solvent.
      Because of the tendency to crack, the use of solutions where the solvent
      is a halobenzene which is crystalline at room temperature, from a
      practical standpoint, is limited to forming shapes having large surface
      area to volume ratios generally shapes having a maximum material thickness
      of ca. 200-250 mils but the material thickness need not be uniform and
      there is no limitation on the other dimensions. By "material thickness" I
      mean the thickness of the material in any section forming a part of the
      structural configuration of the article, e.g., the thickness of any walls,
      including, partitions, dividers, etc., of a volume-defining shape (for
      example, the wall thickness of a tube, a partitioned pan, etc.), the
      thickness of any non-volume defining shape (for example, the thickness of
      a flat or corrugated sheet) etc. The material thickness does not need to
      be uniform throughout the solid, i.e., the thickness of one section can be
      different from that of another section of the same article or even the
      thickness of one wall can vary or be non-uniform, as long as the maximum
      is not exceeded.
PAR  As would be expected from the porous nature of these articles, the amount
      of shrinkage which occurs on removal of the solvent is less than that
      which occurs when the solvent is extracted to produce the previously
      described non-porous articles and is not isotropic. Shrinkage is greater
      in the material thickness dimension than it is in the other directions.
PAR  For some unexplained reason, solvent extraction of the crystals of solvent
      results in greater shrinkage in all dimensions than when the crystals are
      removed by sublimation. Therefore, the latter method of solvent removal is
      to be preferred when it is desired to minimize shrinkage and maximize the
      porosity for any given concentration of polymer in the hot solution used
      to form the shaped article. As will be obvious, the ratio of the volume of
      crystals per volume of congealed solid will increase as the concentration
      of the polymer in the hot solution used to form the solid decreases.
PAR  The porous articles, before or after carbonization, can be used as filters,
      diffusion barriers or they can be impregnated either before or after
      carbonization with various impregnants, either liquids or solids, resins,
      waxes, combustible fuels, solutions of noble metals which upon heating
      (simultaneously with carbonization of the polymer, if desired) are reduced
      to metals thereby providing a metal impregnated porous carbon structure
      useful as supported catalyst structure, or as an electrode in such devices
      as fuel cells and batteries.
PAR  The sublimation of the solvents which are crystalline at room temperature
      from the shaped articles can be carried out at any desired temperature
      below that temperature where the crystals melt or the mass liquefies. The
      rate of sublimation can be increased by increase in temperature, use of a
      vacuum, increase in rate of gas flow over the article, combinations
      thereof, etc.
PAR  The extraction of the nitrobenzene or halobenzene solvents from the shaped
      articles can be done by immersion in a lower alkyl ketone which is
      replaced periodically until no more solvent is extracted and it can be
      carried out at any temperature below the temperature where any solvent
      remaining in the polymer, would cause the polymer to dissolve. Where this
      temperature is above the boiling point of the particular ketone
      extractant, then the condensing vapor technique can be used as exemplified
      by the use of a Soxhlet extractor. The lower alkyl ketones are unique in
      causing the congealed solid to shrink isotropically. Some shrinkage occurs
      on extraction but most occurs on evaporation of the ketone. Other closely
      related extractants such as alcohols, ethers, etc., cause non-uniform
      shrinkage, distortion and, quite often, crack formation.
PAR  Although there are other known solvents for the particular acetylenic
      copolymer other than nitrobenzene or the halobenzenes, for example,
      tetrachloroethane, etc., they can not be extracted even with lower alkyl
      ketones without causing nonumiform shrinkage and, in many cases, crack
      formation. Halobiphenyls and halobisphenyl ethers can be used in place of
      the nitrobenzene or halobenzenes, but require longer extraction time and,
      therefore, are much less desirable.
PAR  Nitrobenzene or any halobenzene which is liquid at room temperature can be
      used as the extractable solvent and any halobenzene which is crystalline
      at room temperature can be used as the extractable or sublimable solvent.
      From a practical standpoint, only the p-dihalobenzenes have a sufficiently
      high vapor pressure that they are easily removed by sublimation. The
      liquid halobenzene may be either the pure liquid halobenzene or a mixture
      of two or more. In addition, the mixtures may include one or more
      halobenzenes which, per se, are crystalline solids but are liquid in
      admixture with the other halobenzene or halobenzenes present in the
      mixture.
PAR  Typical of the liquid halobenzenes which I can use are chlorobenzene,
      bromobenzene, iodobenzene, the ortho and meta isomers of (a)
      dichlorobenaene, (b) dibromobenzene, (c) fluoroiodobenzene, (d)
      chlorofluorobenzene, (e) fluorobromobenzene, (f) bromofluorobenzene, the
      para isomers of (a) bromofluorobenzene, (b) fluoroiodobenzene,
      1,2,4-trichlorobenzene, etc., and mixtures thereof. Typical examples of
      the crystalline halobenzene that I may use are the para isomers of: (a)
      dichlorobenzene, (b) dibromobenzene, (c) diiodobenzene, (d)
      bromochlorobenzene, (e) bromoiodobenzene, (f) chloroiodobenzene, 1,2,3-
      and 1,3,5-trichlorobenzene, etc. Only the fluorobenzenes, i.e. mono- to
      hexafluorobenzene are halobenzenes having boiling points below
      100.degree.C. at 760 mm pressure. They are poor solvents for the polymer.
PAR  A typical example of a mixture of crystalline and liquid halobenzene which
      is a liquid at room temperature and therefore can be used as the liquid
      halobenzene solvent is the mixture of meta and para dichlorobenzene having
      no more than about 55% of the para isomer.
PAR  The various tri-, tetra-, penta- and hexahalobenzenes can also be used
      alone or as mixtures. However, they do not offer any advantage over the
      dihalobenzenes so the latter are generally preferred. Since the particular
      solvent chosen has no effect on the results obtained in the final product
      other than the difference between liquids and crystalline solvents
      previously discussed, and since nitrobenzene and the chlorobenzenes, both
      the mono and dichlorobenzenes, are more readily available, cheaper and
      very satisfactory, I perfer to use them as the solvent. The
      dichlorobenzenes are better solvents than the monochlorobenzene. The
      ortho- and meta- isomers are preferred when it is desired to use most
      concentrated solutions in forming the objects which shrink the least when
      the solvent is extracted. The para-isomer is the preferred solvent which
      is crystalline at room temperature since it has a relatively high vapor
      pressure for a solid which is of advantage in its removal by sublimation.
PAR  The acetylenic polymer is best prepared by oxidatively coupling with oxygen
      or an oxygen containing gas, a mixture of from 5-20% of a dipropargyl
      ether of a dihydric phenol and 80-95% of a diethynylbenzene, of which
      0-12% is the para-isomer and the balance is the metaisomer, in the
      presence of a basic cupric-amine complex in a suitable solvent according
      to the method disclosed by Hay in his above-referenced patents or in my
      U.S. Pat. No. 3,709,863 which are hereby incorporated by reference for
      more complete disclosure of the method used in forming the acetylenic
      polymers.
PAR  The diethynylbenzenes which I can use are those having the formula
      ##SPC1##
PAL  where R.sup.a is hydrogen, halogen or lower alkyl. When polymerized, they
      produce repeating units having the formula
      ##SPC2##
PAL  This latter formula can be condensed to ---C.tbd.C--R--C.tbd.C-- where R is
      phenylene having from 0-4 halo or lower alkyl substituents, said phenylene
      being 0-12% p-phenylene and the balance being m-phenylene.
PAR  The dipropargyl ethers of dihydric phenols which I can use have the formula
EQU  HC.tbd.C--CH.sub.2 --O--R'--X--R'--.sub.n O--CH.sub.2 --C.tbd. CH
PAL  where n is 0 or 1, R' is phenylene, i.e. o m or p-phenylene having from 0-4
      halo or lower alkyl substituents, and X is a direct bond joining the two
      R' groups, --0--,
      ##EQU1##
      where R" is hydrogen or lower alkyl. When polymerized, they produce
      repeating units having the formula
EQU  --C.tbd.C--CH.sub.2 --O--R'--X--R' --.sub.n --O--CH.sub.2 --C.tbd.C-- .
PAL  In order for the polymer to have any useful properties, it must have at
      least 10 and preferably at least 50 repeating units.
PAR  Examples of the diethynylbenzenes which I can use in preparing the
      acetylenic polymers are m-diethynylbenzene, p-diethynylbenzene, and these
      same diethynylbenzenes having from 1-4 halo or lower alkyl substituents,
      for example, chlorine, bromine, iodine, fluorine, methyl, ethyl, propyl,
      isopropyl, the various butyl groups, i.e., n-butyl, sec-butyl, tert-butyl,
      2-methylpropyl, cyclobutyl, etc., the various pentyl groups, the various
      hexyl groups, the various heptyl groups, the various octyl groups. Typical
      examples of such diethynyl benzenes are the diethynyltoluenes, the
      diethynylxylenes, the diethynylethylbenzenes, the diethynylbutylbenzenes,
      the diethynylchlorobenzenes, the diethynylchlorotoluenes, the
      diethynyldichlorobenzenes, the diethynylbromobenzenes, etc., wherein the
      diethynyl groups are in the meta or para relationship to each other. The
      meta- and paraisomers of diethynyl benzene are preferred because they are
      cheapest, most readily available, have the highest carbon content and are
      very satisfactory.
PAR  The dipropargyl ethers of this invention are readily prepared by reacting
      the desired dihydric phenol with a propargyl halide in the presence of a
      base, e.g., alkali metal and alkaline earth metal hydroxides, carbonates,
      bicarbonates, etc. Since an alkali metal hydroxide reacts with the phenol
      to produce a salt of the phenol, the preformed alkali metal salt of the
      hydric phenol also can be used.
PAR  The dihydric phenols, which can be used to form the dipropargyl ethers can
      be dihydric phenols of the benzene series, e.g., hydroquinone, resorcinol,
      catechol; dihydroxy-substituted biphenyls, e.g., 2,2'-biphenol,
      2,3'-biphenol, 2,4'-biphenol, 3,3'-biphenol, 3,4'-biphenol, 4,4'biphenol;
      bis(hydroxyphenyl) ethers, e.g., bis(2-hydroxyphenyl) ether,
      bis(3-hydroxyphenyl) ether, bis(4-hydroxyphenyl) ether,
      2-(3-hydroxyphenoxy)phenol, 2-(4-hydroxyphenoxy)phenol,
      3-(2-hydroxyphenoxy-phenol, 3-(4hydroxyphenoxy)phenol;
      bis(hydroxyphenol)sulfones, e.g., bis(2-hydroxyphenyl)sulfone,
      bis(3-hydroxyphenyl)sulfone, bis(4-hydroxyphenyl)sulfone or the various
      dihydric phenols known as alkylene- or alkylidenediphenols, e.g.,
      4,4'-isopropylidenediphenol, 2,2'-isopropylidenediphenol,
      2,4'-isopropylidenediphenol, methylenediphenol, ethylenediphenol,
      ethylidenediphenol, 4,4'-(isopropylethylene)diphenol, etc., including the
      above dihydric phenols wherein from 1 up to the total number of hydrogens
      on the benzene ring are replaced by halogen or a lower alkyl group, e.g.,
      chlorohydroquinone, bromohydroquinone, tetrachlorohydroquinone,
      methylhydroquinone, ethylhydroquinone, isopropylhydroquinone,
      butylhydroquinone, pentylhydroquinone, hexylhydroquinone, including
      cyclohexylhydroquinone, heptylhydroquinone, octylhydroquinone, etc., the
      corresponding halo and lower alkyl substituted catechols and resorcinols,
      the halogen and lower alkyl substituted biphenols, the halogen and lower
      alkyl substituted bis(hydroxyphenyl)sulfones, the halogen and lower alkyl
      substituted alkylene- and alkylidenebiphenols, etc. The dipropargyl ether
      of 4,4'-isopropylidenediphenol is preferred since its diphenol is the
      cheapest, most readily available and the dipropargyl ether is very
      satisfactory in preparing the copolymers of this invention.
PAR  The acetylenic groups of the monomers are not destroyed during the
      polymerization process, which is actually an oxidative coupling reaction
      in which the hydrogen on the terminal acetylenic groups of the monomer are
      removed and oxidized to water and the acetylenic group of one monomer unit
      is joined to the acetylenic group of another monomer unit. Monoacetylenic
      compounds, e.g. phenylacetylene, methylacetylene, etc., can be used as
      chain stoppers to modify and control the molecular weight.
PAR  In carrying out the polymerization, a solvent is used in which the basic
      cupric-amine complex and the monomeric acetylenes are soluble. If the
      polymer is not soluble, it precipitates at that point where its molecular
      weight has increased sufficiently that it is no longer soluble. If the
      polymer is soluble in the solvent or partially soluble, that remaining in
      solution can be recovered by pouring the solution into an excess of a
      liquid which is miscible with the solvent used for polymerization but in
      which the polymer is insoluble. Methyl or ethyl alcohol are readily
      available liquids suitable for this purpose. The precipitated polymer,
      whether formed during polymerization or by dilution with nonsolvent, is
      readily removed by filtration.
PAR  Since the halobenzenes are excellent solvents for the polymer, they can be
      used as the solvent system for carrying out the polymerization of the
      monomer mixture to form the polymers of this invention. In this case, the
      polymerization reaction mixture can be used directly to form the shaped
      articles without any necessity for isolating the polymer from the
      polymerization reaction mixture. When this is done, it is obvious that the
      amount of monomer and solvent are so chosen to give the desired
      concentration of polymer in the polymerization reaction mixture and the
      polymerization is carried out at a temperature sufficiently high that the
      reaction mixture stays fluid, but not necessarily clear and homogeneous,
      although the latter is preferable.
PAR  I have found that it is not necessary to remove the catalyst system from
      the polymerization reaction mixture prior to forming the shaped article.
      In the case where a halobenzene solvent is used which is liquid at room
      temperature, extraction of the solvent from the congealed solid with the
      lower alkyl ketone simultaneously extracts the catalyst system. In the
      case where the halobenzene is a crystalline solid at room temperature,
      sublimation removes the amine moiety of the catalyst but not the copper
      moiety. Many of the applications for the foam structure made by this
      process can take advantage of the copper residue in the shaped object.
      Where it is desirable to remove the copper residue, this can be done
      either by extracting it from the solution prior to casting or from the
      final structure using, for example, an aqueous mineral acid solution for
      the extraction. Another alternative, is to use a catalyst-free polymer
      which has been isolated from the polymerization reaction mixture and then
      dissolved in the solvent.
PAR  Within the composition range of the polymers of this invention, those
      having the maximum amount of the meta isomer of the diethynylbenzene and
      the minimum amount of the dipropargyl ether are the least soluble. The
      solubility increasing as both the amount of the para isomer of the
      diethynylbenzene and the amount of the dipropargyl ether increases so that
      the polymer having the maximum amount of the dipropargyl ether and the
      maximum amount of para isomers of diethynylbenzene and the minimum amount
      of the meta isomer of the diethynylbenzene are the most soluble.
PAR  One method of measuring the solubility which I have found quite convenient
      to use is to prepare a 1% by weight solution of the polymer in
      o-dichlorobenzene. The solution is heated to a temperature where it is
      clear and homogeneous and then permitted to cool slowly with stirring to
      maintain the entire mass at a uniform temperature. The temperature at
      which haziness is first noted is a measure of the solubility of the
      polymer with the polymer having the highest haze temperature being the
      least soluble. With the polymers of this invention, further cooling causes
      an increase in haziness, but no actual separation of a solid phase. By at
      least the time the solution has reached room temperature, the solution has
      become a solid, nonflowig gel.
PAR  As illustrations of the variation of solubility of the polymers within the
      composition range of this invention, the haze temperature of the polymer
      obtained by copolymerizing 95% m-diethynylbenzene and 5% by weight of the
      dipropargyl ether of 4,4'-isopropylidenediphenol is about 90.degree.C.
      Keeping the concentration of the dipropargyl ether constant and changing
      the diethynylbenzene from the pure meta isomer to a mixture of 83.6% of
      the meta isomer and 11.4% of the para isomer (12% of the total
      diethynylbenzene) lowers the haze temperature to 50.degree.C. For a
      copolymer made by copolymerizing a mixture of 80% m-diethynylbenzene and
      20% of the dipropargyl ether of 4,4'-isopropylidenediphenol, the haze
      temperature is 60.degree.C. which is reduced to 25.degree.C. by changing
      the diethynylbenzene from pure meta isomer to a mixture of 70.4% of the
      meta isomer and 9.6% of the para isomer (12% of the total
      diethynylbenzene).
PAR  Those polymers having the lower haze temperature when used with a
      halobenzene solvent which is liquid at room temperature will produce
      shaped articles after extraction of the solvent which are more translucent
      than a polymer having a higher haze temperature. However, this becomes
      unimportant for those shaped articles which are later converted into
      carbon articles.
PAR  When a halobenzene solvent is used which is crystalline at room
      temperature, the hot solution remains clear until the melting point of the
      halobenzene is reached at which point the crystals of the solvent start to
      form simultaneously with the formation of the gel structure so that a gel
      is formed having crystals of the solvent uniformly dispersed throughout.
PAR  Regardless of which type of halobenzene is used as a solvent, sufficient
      polymer must be dissolved in the polymer to give a 4% by weight solution
      of the polymer in the solvent in order that the gel structure which forms
      has sufficient firmness and strength to it that it can be removed from the
      shaping surface and subsequently handled during the solvent removal step
      without fracturing. During cooling a slight contraction occurs which
      greatly facilitates removal from the shaping surface. As wil be readily
      apparent to anyone skilled in the art, the amount of the acetylenic
      polymer dispersed in the solvent should not be such as to exceed the
      solubility limit of the polymer in the particular solvent for the
      particular temperature to which it is to be heated, i.e., the amount of
      polymer should not exceed that amount which would give a saturated
      solution of the polymer at the maximum temperature to which the solution
      is to be heated.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  In order that those skilled in the art may more readily understand my
      invention, the following examples are given by way of illustration and not
      by way of limitation. In all the examples, percentages are by weight and
      temperatures are degrees Celsius.
DETD
PAC  EXAMPLE 1
PAR  A terpolymer was prepared from a mixture of 82% m-diethynylbenzene, 8%
      p-diethynylbenzene and 10% of the dipropargyl ether of
      4,4'-isopropylidenediphenol by the following procedure. A solution of 0.5
      g. of the dipropargyl ether of 4,4'-isopropylidenediphenol, 4.1 g. of
      m-diethynylbenzene and 0.4 g. of p-diethynylbenzene in 25 g. of
      o-dichlorobenzene was added with stirring to a solution of 0.15 g. of
      cuprous chloride, 0.18 g. of N,N,N',N'-tetramethylethylenediamine, 1.7 g.
      of pyridine and 75 g. of o-dichlorobenzene heated to 60.degree. and
      through which a dispersed stream of oxygen was being passed. Over a period
      of two minutes, the temperature rose to 88.5.degree. and became extremely
      viscous. After 10 minutes, heating and the flow of oxygen was stopped.
      After cooling to room temperature, the solution was poured into an excess
      of methanol containing a trace of hydrochloric acid to precipitate the
      acetylenic polymer.
PAR  Two solutions, one 5% the other 10%, of this polymer in p-dichlorobenzene
      were made by heating the mixtures with stirring to 120.degree. until clear
      solutions were formed. These solutions were poured onto glass casting
      surfaces to form plates approximately 2 inches .times. 3 inches .times. 20
      mils. During cooling, the layer became opaque and the paradichlorobenzene
      crystallized. At room temperature, each plate was opaque and had
      sufficient strength that it was readily removed from the casting surface
      on which it had been formed. Some shrinkage occurred when the samples
      solidified and during the cooling to 25.degree. but no cracks or other
      destruction of the cast plate occurred. These plates were subjected to 0.1
      millimeter vacuum at room temperature to remove the p-dichlorobenzene
      leaving the polymer as a porous structure. Data on the two porous plates
      obtained are as shown in Table 1.
TBL                TABLE I                                                     

     ______________________________________                                    

     Weight % Polymer                                                          

     in Solution      5%            10%                                        

     Weight of Original                                                        

     Mixture          4.8g.         5.45g.                                     

     Weight After 5 Hrs.                                                       

     in Vacuum        1.1g.         2.3g.                                      

     Weight After 30 Hrs.                                                      

     in Vacuum        0.245g.       0.58g.                                     

     Density of Porous                                                         

                      0.10g./ml.    0.20g./ml.                                 

     Plate                                                                     

     Calculated Density                                                        

     with no Shrinkage                                                         

                      0.07g./ml.    0.14g./ml                                  

     Shrinkage in Width                                                        

     and Length       7%            5-6%                                       

     ______________________________________                                    

PAR  Electron scanning micrographs show a predominantly open pore structure
      composed of fibrous polymer strands which are interconnected. Two portions
      of each porous plate were heated under nitrogen from 25.degree. to
      200.degree.  over a 1 hour period and then one sample from each porous
      plate was rapidly heated to 350.degree. and maintained at that
      temmperature for 1 hour and one sample from each porous plate was heated
      rapidly to 900.degree. and held at that temperature for 12 hours. No
      change in dimensions were noted during the heating. The samples heated to
      350.degree. were bronze in color due to incomplete carbonization whereas
      the samples heated to 900.degree. were black and displayed electrical
      conductivity. All samples were rigid and could be handled easily without
      fracture.
PAR  A sample of the 10 weight percent solution was poured onto a glass casting
      surface. When cool, the cast plate was placed in acetone bath for 16 hours
      at 25.degree.. The plate was removed from the bath and dried in a slow
      25.degree. air stream. The observed shrinkage in length and width was
      approximately 15%, which was a larger value than was found after removal
      of the dichlorobenzene by sublimation (5-6%) yet sufficiently low to
      produce a highly porous plate.
PAC  EXAMPLE 2
PAR  A solution of 0.70 g. of the polymer of Example 1 in 9.0 g. of
      p-dibromobenzene was prepared by heating the mixture with rapid stirring
      in an oil bath held at 160.degree.. When the mixture had reached
      115.degree., it had become a clear light yellow solution which was poured
      while still hot onto a glass casting surface which had been preheated to
      110.degree.. The coated glass casting surface was placed in a fume hood in
      a slow 25.degree. air stream. Crystallization of the dibromobenzene
      occurred radidly as the solution cooled to form an almost white solid
      plate on the casting surface. During the crystallization, a "front" moved
      across the solid surface apparently due to the change in reflectivity as
      the p-dibromobenzene-polyacetylene phase solidified.
PAR  Since the p-dibromobenzene does not sublime as readily as
      p-dichlorobenzene, it was removed from the cast plate by placing the plate
      in a vacuum chamber heated to 65.degree.C. and evacuated to 10 mm. Hg.
      Within four hours, 70% of the dibromobenzene had sublimed and after 8
      hours essentially all of the dibromobenzene was gone. The sample size had
      decreased by 5% in each long dimension and 30% in thickness. The porous
      plate had a density of approximately 0.25 g./ml.
PAC  EXAMPLE 3
PAR  A polymer having the same composition as Example 1 was prepared in the same
      way except the amount of monomer was adjusted so that the concentration of
      the final polymer solution was 17% by weight of the polymer per volume of
      the solvent. Without isolating the polymer from the solution and while
      still hot, it was poured into a cylindrical mold having an inside diameter
      of 20 mm. On cooling to room temperature, it formed a rubbery, solid mass
      which was opaque and had a green-brown color due, in part, to the copper
      catalyst.
PAR  Some shrinkage had occurred during cooling so that the cast cylinder was
      easily removed from the mold giving a smooth, solid cylindrical piece with
      a diameter of 19 mm. This cylinder was easily cut with a knife. After
      dividing into two portions, one portion was left to dry in air over a
      several-day period, during which time considerable shrinkage occurred and
      small copper salt crystals formed at the surface with some additional
      copper salts remaining in the sample. The second portion was soaked in 500
      ml. of acetone for 3 days with the acetone become bright green indicating
      substantial extraction of copper salts.
PAR  Measurements made immediately after removing from the acetone while the
      sample was still wet showed that the weight had decreased from 35.3 g. to
      17 g. while the diameter had only decreased from 19 to 17 mm. Further
      soaking in fresh, hot acetone reduced the weight to 16 g. without any
      detectable additional shrinkage. The still-wet sample was divided into
      three portions weighing 4.9 g., 5.6 g. and 5.3 g., respectively. The first
      was dried in vacuum overnight and the second sample was air dried
      overnight. They both shrank isotropically with the diameter decreasing to
      9.5 mm. The first sample weighed 1.1 g. and the second sample 1.4 g. Their
      volumes correspond to 15% of the original volume and are equal to the
      initial volume percent of the polymer in the reaction mixture. The color
      of the samples indicated that almost all of the copper salt had been
      removed although further extraction could have removed the additional
      trace amount remaining. The third sample was placed in a Soxhlet extractor
      and extracted with hot acetone for 20 hours and then heated for 20 hours
      at 120.degree.C. in toluene to crosslink the resin. The sample was then
      divided into two portions and one portion heated an additional 5 hours at
      110.degree. in toluene. After air drying, the two cylinders had diameters
      of 9.8 and 9.9 mm., respectively,, showing that the crosslinked material
      had undergone almost as much shrinkage as the uncrosslinked material.
PAC  EXAMPLE 4
PAR  To study the effect of different solvents, identical samples were cast in a
      20 mm. inside diameter mold from a solution so that each cylinder
      contained 1 g. of the copolymer described in Example 1, dissolved in 7 ml.
      of o-dichlorobenzene. After extraction of one sample for four hours in a
      Soxhlet apparatus with acetone, the sample, after drying, weighed 14% of
      the original, had a length 54% of the original and a diameter 53% of the
      original. Its density was 1.14 g./ml. showing that at this point not all
      of the o-dichlorobenzene had been extracted. Two samples where methanol
      and n-hexane were used in place of acetone shrank nonuniformly. In
      addition, the n-hexane did not extract any of the copper salt. A sample
      where tetrahydrofuran was used in place of the acetone gave a wet
      extracted sample which was very soft and difficult to handle and on drying
      the cylinder shrank more in the center than it did at its two ends with
      the surface of the center shrinking nonuniformly to form a wrinkled
      surface with axially oriented creases.
PAC  EXAMPLE 5
PAR  In view of the results in the preceding examples showing that the
      o-dichlorobenzene had not been all removed by the acetone, tests were run
      using cylindrical samples as described in Example 4 and various extraction
      times with acetone with the following results:
TBL                TABLE II                                                    

     ______________________________________                                    

     Ex-                                                                       

     trac- Wt. after Ex-                                                       

                        Diameter                                               

     tion  traction (% of                                                      

                        (mm.)            Final                                 

     Time  Initial wt.) Initial   Extracted                                    

                                           Density                             

     (hr.) Wet     Dry      (wet)   (dry)    (g./cc)                           

     ______________________________________                                    

      3    49      15.6     19.1    10.8     1.219                             

      5.5  49      11.9     19.1    10.2     1.112                             

     22    44      11.3     19.1    10.0     1.098                             

     46.sup.a                                                                  

           46      11.3     19.1    9.9      1.098                             

     ______________________________________                                    

      .sup.a Fresh acetone after 24 hours.                                     

PAC  EXAMPLE 6
PAR  Two hot solutions of the polymer described in Example 1, in
      o-dichlorobenzene, were cooled in a 20 mm. I.D. cylindrical mold. The
      solid products were removed carefully to retain the cylindrical shape,
      then extracted for 18 hours with acetone in a Soxhlet apparatus, dried for
      5 hours in air and finally 20 hours in a vacuum. A description of each
      follows:
TBL  Initial Polymer Conc.                                                     

                        4%         6%                                          

     Initial Consistency                                                       

                      Soft, easily Mod-                                        

      (DCB Present)   broken       erately                                     

                                   firm,                                       

                                   rubbery                                     

     Sample weight                                                             

      Initial (DCB present)                                                    

                      17g.         17g.                                        

      Extracted (acetone                                                       

      present)         6.8g.        7.5g.                                      

      Dried            0.73g.       1.04g.                                     

     Sample Diameter                                                           

      Initial         19mm.        19mm.                                       

      Extracted       15.5mm.      17mm.                                       

      Dried            7.4mm.      8.4mm.                                      

     Density (dried)   1.09g./cm.sup.3                                         

                                   1.08g./cm.sup.3                             

PAL  The 4% concentration represents the minimum concentration which allows
      convenient handling of the sample. In each of these examples the
      shrinkage, although considerable, was isotropic.
PAR  When the above example at the higher concentration was repeated using
      nitrobenzene and monochlorobenzene as solvents in place of the
      o-dichlorobenzene, similar results were obtained.
PAR  From the above results, it is readily seen that my process permits the
      making of shaped articles which would be extremely difficult if not
      impossible to make from these acetylenic polymers by the usual techniques
      of shaping polymeric materials. In addition to the above specific
      acetylenic polymers used in the examples, other acetylenic polymers
      falling within the compositional range of this invention can be used in
      the same manner to likewise produce useful objects of a particular disired
      shape and thereafter, if desired, thermolyzed to produce the same shaped
      article in the form of a carbon object which then can be heated to still
      higher temperatures to convert the carbon object into either vitreous
      carbon or into graphite objects of the same shape.
PAR  Although the above examples have illustrated many modifications of my
      invention, obviously, other modifications and variations of the present
      invention are possible in light of the above teachings. For example, in
      addition to the above shaped articles, I can make tubes by rotational
      casting of a hot solution of any of the polymers of this invention in a
      cylindrical mold rotated on its cylindrical axis, using sufficient
      solution to coat the inside walls of the mold to the desired thickness
      during rotation at a sufficient speed that centrifugal force causes the
      solution to uniformly coat the walls. After the mixture congeals, the
      solvent is removed in the usual manner. The hot solution can be generated
      or introduced, for example, by injection or extrusion, into a mold cavity
      between male and female mold members. After congealing the solutions the
      molded part is removed from the cavity and the solvent extracted. Where
      holes are desired in any of the shaped articles, these are readily cut,
      punched or drilled prior to or after partial removal of the solvent. These
      as well as many other modifications will be readily apparent to those
      skilled in the art in light of the above teachings. It is, therefore, to
      be understood that changes may be made in the particular embodiments of
      the invention described which are within the full intended scope of the
      invention as defined by the appended claims.
CLMS
STM  What i claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. The process of making a shaped object from a mixture consisting
      essentially of:
PA1  A. an acetylenic polymer having at least 10 repeating units which are
PA2  a. 80-95% units having the formula
EQU  --C.tbd.C--R--C.tbd.C-- ,
PA2   and
PA2  b. 5-20% units having the formula
EQU  --C.tbd.C--CH.sub.2 --O--R'--X--R').sub.n 0--CH.sub.2 --C.tbd.C--
PA2   where n is 0or 1, R is phenylene having from 0-4 halo or lower alkyl
      substituents, said phenylene being 0-12% p-phenylene, and the balance
      being m-phenylene and R' is phenylene having 0-4 halo or lower alkyl
      substituents and X is a direct bond joining the two R' groups, --0--,
      ##EQU2##
       where R" is lower alkyl, and B. a nitrobenzene, a halobenzene, or a
      mixture thereof solvent having a boiling point greater than 100.degree.C.
      at 760 mm., which at room temperature, is entirely
PA2  a. liquid, or
PA2  b. crystalline,
PA1   which comprises
PAR  1. heating a mixture of (A) and (B) to a temperature where the mixture
      forms a stable, homogeneous solution contaning at least 4% by weight of
      (A) and thereafter cooling the hot mixture in contact with at least one
      shaping surface to a temperature where the mixture congeals to a solid
      containig both (A) and (B), subject to the proviso that said solid have a
      maximum material thickness of 250 mils when (B) is crystalline at room
      temperature, and thereafter
PA2  2.removing the nitrobenzene, the halobenzene, or the mixture thereof
      contained in said solid by contacting said mixture of (A) and (B) with
PA1  C. an acetone extraction solvent which is (a) a nonsolvent for said
      acetylenic polymer (A), and (b) a solvent for said (B) solvent, or by
      sublimating said (B) solvent wherein the resulting shaped object is
      isotropically shrunk during said removing.
NUM  2.
PAR  2. The process of claim 1, wherein the halobenzene is a dichlorobenzene
      which is liquid at room temperature.
NUM  3.
PAR  3. The process of claim 1, wherein the halobenzene is essentially pure
      p-dichlorobenzene.
NUM  4.
PAR  4. The process of claim 1, wherein the dipropargyl ether is the dipropargyl
      ether of 4,4'-isopropylidenediphenol.
NUM  5.
PAR  5. The process of claim 1, wherein the polymer is an acetylenic polymer of
      80-85% m-diethynylbenzene, 5-10% p-diethynylbenzene and 10-15% of the
      dipropargyl ether of 4,4'-isopropylidenediphenol, the percentages of the
      three components totaling 100%.
NUM  6.
PAR  6. The process of claim 1, wherein said (B) solvent at room temperature is
      crystalline.
NUM  7.
PAR  7. The process of claim 6, wherein said (B) solvent is selected from the
      group consisting of p-dichlorobenzene, p-dibromobenzene, p-diiodobenzene,
      p-bromochlorobenzene, p-bromoiodobenzene, p-chloroiodobenzene,
      1,2,3-trichlorobenzene or 1,3,5-trichlorobenzene.
NUM  8.
PAR  8. The process of producing a shaped article consisting essentially of
      carbon which comprises forming the desired shape from an acetylenic
      polymer by the process of claim 1 and thereafter thermally decomposing the
      shaped acetylenic polymer to the shaped carbon article.
NUM  9.
PAR  9. The process of claim 8, wherein the halobenzene, is a dichlorobenzene
      which is liquid at room temperature.
NUM  10.
PAR  10. The process of claim 8, wherein the halobenzene is essentially pure
      p-dichlorobenzene.
NUM  11.
PAR  11. The process of claim 8, wherein the dipropargyl ether is a dipropargyl
      ether of 4,4'-isopropylidenediphenol.
NUM  12.
PAR  12. The process of claim 8, wherein the polymer is the acetylenic polymer
      of 80-85% m-diethynylbenzene, 5-10% p-diethynylbenzene, and 10-15% of the
      diporpargyl ether of 4,4'-isopropylidenediphenol, the percentages of the
      three components totaling 100%.
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ABST
PAL  Plastic film is made using a heat transfer liquid circulated through the
      film extrusion die to control (by either heating or cooling, as required)
      the temperature of the plastic melt flowing through such die. A plastic
      bubble emerging at the outlet of the die is inflated and ventilated by
      continuously circulated gas which is controlled in temperature as it
      enters and leaves the bubble so that it does not adversely affect the
      temperature of the melt in the die.
PARN
PAR  This application is a divisional of applicant's copending patent
      application Ser. No. 126,831, filed Mar. 22, 1971, now U.S. Pat. No.
      3,752,635.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Plastic film has long been made by inflating a tubular section being
      extruded from an annular orifice in a die to define a tubular film bubble
      and then collapsing the tube between a pair of cooperating rollers to
      define a double thickness film which is rolled on a take-up roll. Control
      of the temperature of a plastic melt flowing through an extrusion die has
      been a problem. Degradation of the melt within the die or build-up of
      solidified melt along the inner lip of the die outlet can have adverse
      effects on film quality and shorten the operating cycle of the die before
      the die must be shut down for recleaning of the die passages. Temperature
      control is important for achieving uniform gauge across the width of the
      film strip after slitting of the extruded tube. Any lack of uniform gauge
      is magnified when the film is subsequently stretched, as it frequently is
      for purposes of making oriented heat-shrinkable film.
PAC  SUMMARY
PAR  This invention provides an improved apparatus and method for extruding
      plastic film in a more economical manner, due to longer operating cycles
      between shutdowns, and with improved uniformity of gauge transversely of
      the direction of extrusion. This apparatus and method employs a
      temperature and flow controlled heat transfer liquid which is circulated
      through the extrusion die to control (by either heating or cooling, as
      required) the temperature of the plastic melt flowing through the die. Air
      or other gas used to inflate and ventilate the plastic bubble emerging
      from the die outlet is also controlled in temperature when it passes
      through the die so as to not adversely affect the temperature of the melt
      in the die.
DRWD
PAR  Other details, uses, and advantages of this invention will become apparent
      as the following description of the embodiment thereof presented in the
      accompanying drawings proceeds.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings show a present preferred embodiment of this
      invention, in which
PAR  FIG. 1 is a schematic side elevation, partly sectioned and partly broken
      away, of a film extrusion die and associated temperature control
      apparatus, including the emerging tubular film bubble and pinch rolls;
PAR  FIG. 2 is a perspective view schematically illustrating the overall flow of
      fluids through the extrusion die of FIG. 1;
PAR  FIG. 3 is a schematic and partially broken away fragmentary cross-section
      view taken on the axis of the film extrusion die shown in FIG. 1;
PAR  FIG. 4 is a cross-sectional view taken essentially on the line 4--4 of FIG.
      1;
PAR  FIG. 5 is a schematic and partially broken away fragmentary cross-section
      view taken approximately on the line 5--5 of FIG. 4 to show the flow
      passages of the liquid and gas between the channels carrying the plastic
      melt;
PAR  FIG. 6 is an enlarged fragmentary perspective view particularly
      illustrating the detailed construction of a stranding chamber and a
      combining chamber comprising the exemplary extrusion die of this
      invention;
PAR  FIG. 7 is a fragmentary cross-sectional view taken essentially on the line
      7--7 of FIG. 4;
PAR  FIG. 8 is a greatly enlarged fragmentary view particularly illustrating the
      cross-sectional configuration of a part of the stranding chamber; and
PAR  FIG. 9 is a view similar to FIG. 8 of the combining chamber.
DETD
PAC  DESCRIPTION OF ILLUSTRATED EMBODIMENT
PAR  The apparatus shown in FIG. 1 of the drawings is designated generally by
      the reference numeral 10 and is adapted for extruding polyvinyl chloride,
      nylon, or other polymeric or like plastic material to produce a thin
      plastic film.
PAR  The apparatus 10 comprises an extrusion die 11 having an inlet 12 and an
      annular outlet 13 and an extruder 14 supplies a hot plastic melt 15 under
      pressure to the inlet 12. A supply bin 16 feeds the extruder 14 with a
      suitable plastic material 17 in flowable particulate form; and, the
      extruder 14 has heating means for melting the plastic material 17 and a
      helical screw 20 for forcing the molten material or melt 15 through an
      outlet 21 and through a supply conduit 22 to the die inlet 12. The plastic
      melt 15 is supplied to the inlet 12 at a controlled and substantially
      constant temperature suitable for the physical and chemical properties of
      the plastic material 17.
PAR  The apparatus 10 has means indicated generally at 23 for supplying air or
      other suitable gas (designated by dotted arrows 24) through the die 11 to
      inflate a tube produced by extrusion of the plastic melt 15 through the
      annular die outlet 13, and such tube is pinched by rollers 26 to trap a
      moving film bubble 25 between the die outlet and the rollers. The double
      thickness of film passing from the rollers 26 may be wound on a supply
      roll or further processed in any suitable manner known in the art. The
      tube is split and the film is stretched to increase its area and then
      chilled to retain it in stretched condition. It is then a condition for
      subsequent heat shrinking for packaging purposes.
PAR  The air 24 is suitably supplied to the die 11 and is conveyed axially
      therethrough using circumferentially spaced passages 27, see FIG. 3. The
      air is then conveyed by radially inwardly directed passages to a central
      cylindrical passage 30 which extends substantially axially through the
      upper end portion of the die 11 into the film bubble 25. The air 24 is
      supplied at a controlled temperature and pressure to cause expansion of
      the film bubble 25 in a precisely controlled manner.
PAR  The air 24 flows into the center of bubble 25 through passage 30 and
      initially flows upwardly into such bubble as indicated by the arrows 31.
      It then flows downwardly along the sides of the bubble (as indicated by
      the arrows 32) into a plurality of passages 33 through the die which
      extend in spaced parallel relation to each other and are arranged
      concentrically around the central passage 30. The passages 33 communicate
      with an annular chamber 34 and one or more passages 36 are provided in die
      11 in flow communication with chamber 34 for conveying the air in such
      chamber out of the die.
PAR  Volatile substances from the plastic melt pass into the air in the bubble,
      and tend to build up in concentration as more film passes around the
      bubble. Moreover, cold air is blown (by conventional means, not shown)
      against the outside of the emerging extruded film to chill and solidify
      it. These effects can lead to condensation of the volatile substances and
      consequent damage to the film upon being contacted by the condensate.
      Continuous withdrawal of air in the bubble 25 prevents such build up of
      concentration of volatiles and, thus, protects the film from the damaging
      effects of excessive concentration of volatiles.
PAR  The apparatus and method of this invention uses a heat transfer fluid in
      the form of a liquid designated by solid arrows 35. The liquid 35 provides
      efficient temperature control of the melt 15 in the die by either heating
      or cooling the melt, as required in different parts of the die. In
      addition, the liquid 35 is also used (as will be described subsequently),
      to control the temperature of the air 24 entering and leaving the bubble
      25 to further assure precise control of the temperature and, hence, even
      flow of the melt through the die 11. The liquid 35 is supplied to the die
      from a manifold 123 which encircles the die.
PAR  While the liquid 35 might for heating purposes be replaced by fluids in
      other phases, such as gases or gaseous vapors (e.g., steam), a liquid is
      far superior because it can function efficiently both for heating and
      cooling, which is part of the intended operation of the apparatus and
      method of the invention. Steam and like vapors may be suitable for heating
      but are unsuitable for cooling in dies of the kind in question. Gases like
      air are inefficient for both heating and cooling in dies of the kind in
      question, because of poor heat absorption and heat transfer capacity.
PAR  During operation of the apparatus 10, the melt 15 enters inlet 12 and
      travels vertically upwardly through a cylindrical passage 44 in a lower
      portion 11A of die 11. The melt 15 flares outwardly from the top of
      passage 44 into an annular conically extending passage 45 in the die lower
      portion 11A. The die 11 has a stranding chamber 46 in flow communication
      with the peripheral edge of the passage 45; and a plurality of spaced
      parallel channels 47 extend through a central portion 11C of die 11 and at
      their lower ends communicate with the peripheral edge of the stranding
      chamber 46 and convey the melt therefrom in a plurality of separated
      plastic strands 48 through the central die portion 11C. The strands 48 are
      recombined in a combining chamber 49 in the upper portion 11B of the die
      where the upper ends of channels 47 communicate with chamber 49. The
      chamber 49 communicates with the lower end of an annular cylindrical
      passage 50 through the upper die portion 11B. The upper end of passage 50
      terminates in the annular die outlet orifice 13.
PAR  Die 11 has integral heat transfer means comprising a plurality of
      cooperating passages in the die body. The lower portion 11A of the die 11
      has passages 51 to provide circulation of liquid 35 closely adjacent the
      melt passing into and through conical passage 45. A plurality of
      interconnected passages 52 provide flow of liquid 35 through parts of the
      central die portion 11C and circumferentially around portion 11C where it
      extends around the outside of the strand channels 47. Other interconnected
      passages 53 provide circulation of liquid 35 through the upper die portion
      11B where it extends around the outside of the annular passage 50. In
      addition, interconnected passages 54 provide flow of liquid 35 through the
      central and upper die portions 11C and 11B and have portions which pass
      closely adjacent to the strand channels 47 and annular passage 50. The
      passages 54 also extend closely adjacent to return air-conveying passages
      33. The interconnected passages 54 of this example are placed in flow
      communication with the passages 52 through the use of radial passages 55.
      The passages 55 extend radially through the central die portion 11C and
      provide flow of liquid 35 between pairs of strand channels 47 and both to
      and from passages 54. The liquid 35 is collected from the die in manifold
      124 which encircles the die.
PAR  The liquid-conveying passages 51-55 have been shown schematically in FIG.
      2; and, it will be appreciated that this has been done for simplicity of
      presentation. Further, in some applications it may be desired to provide
      liquid to the passages 54 independently of the passages 52.
PAR  FIG. 5 shows a schematic arrangement of air and liquid passages in the die
      as air and liquid pass continuously between the strand channels 47. In the
      present preferred embodiment of the invention, a series of strand channels
      designated 47A, 47B, 47C and 47A' have different flow passages for air and
      liquid between them, and the flow passage pattern is repeated for each
      succeeding set of four channels (channel 47A' being the first channel of
      the next series of four) and so on around the die. Between channels 47A
      and 47B there is a radially extending air outflow passage (indicated by
      flow arrows designated 36A) connecting passages 33 and 36. About midway
      between channels 47B and 47C there are radially extending liquid outflow
      and inflow passages (indicated by flow arrows 55). The liquid outflow and
      inflow passages are displaced vertically to avoid interference with each
      other. Incoming preheated air 27A is fed between channels 47B and 47C
      (shown close to channel 47C for convenience in the figure, but actually
      midway between channels 47B and 47C and displaced vertically to avoid
      interference with the liquid passages 55). The arrangement of air and
      liquid passages between channels 47B and 47C is repeated between channels
      47C and 47A'. The pattern is repeated for the next series of four channels
      as explained above, wherein 47A' is the first channel of the next series.
PAR  The liquid 35 thus passing back and forth between strand channels 47
      controls the temperature of the metal between strand channels 47 to
      thereby control the temperature and flow of the melt 15. The liquid 35
      also flowing through those portions of passages 54 arranged adjacent air
      passages 33 supplements the reheating of cooled returning bubble air in
      passages 33 for purposes of suppressing undue local cooling effect on the
      melt of the returning air as it passes between strand channels 47.
PAR  The incoming air 24 provided to the die 11 is preheated to a temperature
      close to the temperature of the melt and the liquid 35 flowing through the
      various interconnected liquid-conveying passages 51-55 assures that the
      preheated air temperature is equalized with that of the melt as they both
      flow through die 11. In addition, these liquid-conveying passages are
      supplied with liquid 35 at the same predetermined temperature, preferably
      by being connected to a common preheated reservoir and this tends to
      equalize temperatures throughout the die.
PAR  In extruding melt through an associated die the temperature of the melt
      adjacent the die outlet is greater than the temperature of such melt at
      the die inlet. To prevent the melt outlet temperature from becoming
      excessive, which would cause rapid degradation and possible charring of
      the melt resulting in blockage of the melt passages, the temperature of
      the liquid 35 flowing through passages 53 and 54 in the upper die portion
      11B, for example, is relatively cooler than the temperature of the melt as
      it flows through die portion 11B whereby such liquid serves to locally
      cool the melt.
PAR  The exemplary apparatus 10 has its supply of heat transfer liquid 35
      contained in a reservoir 56, see FIG. 1, and a system is provided for
      supplying the liquid 35 to the die 11 and returning such liquid to the
      reservoir 56 and such system comprises a supply conduit system 57, a
      return conduit system 58, and suitable pressure means in the form of a
      pump 60 driven by a motor 61 for flowing or circulating the liquid 35
      through the conduit systems 57 and 58 and, hence, die 11. The apparatus 10
      also has a heat transfer assembly 62 which is provided with heat
      exchangers and suitable controls for controlling the temperature and flow
      of liquid 35.
PAR  The air 24 supplied to the die 11 for inflating the bubble 25 is preheated
      in a heat exchanger 64 which is supplied with liquid 35 at a controlled
      temperature from the assembly 62. The heat exchanger 64 is in the form of
      an oil-to-air heat exchanger and is supplied with air from a compressor
      65. However, the air 24 may be preheated using any suitable technique or
      may be partially heated prior to being introduced into the heat exchanger
      64. An adjustable air pressure regulator 66 is also provided in a supply
      conduit 67 which provides the air 24 to the inlet passages 27 of the die
      and the regulator 66 may be adjusted to assure proper inflation of the
      bubble 25.
PAR  In this example, liquid 35 at a predetermined temperature and from
      reservoir 56 is supplied to all parts of the die 11. The die 11 may be
      supplied with suitable external conduits so that the flow of liquid
      through its portions 11A, 11B, and 11C may be in series, parallel, or in
      series through certain die portions and in parallel through the other
      portion and vice versa. In addition, the use of parallel flow paths
      through the die makes it possible to supply liquid at different
      temperatures and, if desired, from separate reservoirs through each flow
      path whereby in one portion of the die the liquid 35 provides heating
      while in another portion of the die such liquid provides cooling. However,
      regardless of whether a liquid 35 is supplied to each die portion from a
      single reservoir or a plurality of reservoirs, by having parallel flow
      paths through the die the rate of liquid flow through each parallel path
      may be controlled by the configurations and sizes of the flow passages and
      the use of suitable valves and restrictors whereby the desired amount of
      heating or cooling provided by the liquid 35 in the associated die portion
      may be precisely controlled.
PAR  To enable easy comprehension of the overall operations of the die 11 the
      above description has been made referring to only FIGS. 1 and 3 of the
      drawings. The presentation will now proceed with a more detailed
      description of the construction and operation of the component parts
      comprising the exemplary die 11.
PAR  As best seen in FIG. 4, the die 11 has a fixed lower or bottom portion
      comprised of a die stator 70 and a slip ring assembly 73, to be
      subsequently described in more detail, which allow rotation of the entire
      remaining upper portion of die 11 relative to the nonrotating film bubble
      25 and this compensates for any irregularities or defects which might be
      present in the annular orifice 13, for example, thereby assuring that
      rolls wound from the film will have uniform thickness throughout. Uneven
      flow of the plastic melt through the die 11 is substantially eliminated
      due to the unique design of its melt flow passages and the precise control
      of the temperature of the flowing melt.
PAR  The die stator 70 has a catch basin 71 suitably fixed thereto by bolts 72.
      The slip ring assembly 73 is comprised of a central slip ring 74, drive
      bars 75, and an upper segmented ring 76, with the members 75 and 76 being
      fixed to the central ring 74 by bolts 77 and 78 respectively.
PAR  The stator 70 and assembly 73 are restrained from rotating by a suitable
      frame or supporting structure and the heat transfer liquid 35 for the die
      11 is provided through an inlet 79 in the stator 70 which communicates
      with an annular chamber 79A. The air 24 used to expand the bubble 25 is
      provided to the die 11 through an inlet connection 27A in the assembly 73
      which supplies air to an annular chamber 27B and the previously described
      passages 27 are in flow communication with chamber 27B. With this
      arrangement it is possible to provide continuous rotation of the upper
      part of the die 11 without concern for the air and heat transfer liquid
      connections.
PAR  The die 11 has an insert and hub portion designated generally by the
      reference numeral 80 which is comprised of a central member 81 which has
      passage 44 extending axially therethrough in the form of a right circular
      cylindrical opening. A member 82 is fastened concentrically around member
      81 to define an annular cylindrical passage 83 used to convey liquid 35
      closely adjacent the column of melt 15 in passage 44. The lower portion of
      the member 82 is suitably threadedly fastened to a ring 84.
PAR  A die rotor 85 is threadedly fastened to the member 82 as indicated at 86
      and the die rotor 85 with the insert and hub assembly 80 fixed thereto is
      provided with rotary bearing assembly 87. The upper part of die 11 may be
      easily rotated (while keeping the die stator 70, catch basin 71, and
      assembly 73 stationary, as previously mentioned) merely by rotating member
      82 through a threaded connection 90 provided in the lower portion of the
      die 11. Although means have not been shown for rotating the upper portion
      of the die 11, it will be appreciated that any suitable means known in the
      art may be used for this purpose.
PAR  Suitable fluid seals are also provided, as shown in FIG. 4, to assure that
      neither air 24 nor heat transfer liquid 35 leaks out of the die 11 between
      the die stator 70, assembly 73, and adjacent rotating components.
PAR  The die 11 has what will be referred to as a die base 91 suitably fixed to
      the die rotor 85 and, hence, assembly 80 by a plurality of bolts 92 and a
      roughly frustoconical female surface 93 defines the top surface of the die
      base 91. The surface 93 cooperates with a substantially frustoconical male
      surface 94 comprising a member which will be referred to as a mandrel
      shell 95 to define the previously mentioned passage 45. The mandrel shell
      95 comprises a part of both the upper die portion 11B and the central die
      portion 11C.
PAR  The die 11 has a member 96 supported in the central portion of the mandrel
      shell 95 and member 96 comprising the upper portion 11B of such die and
      has the passages or bores 33 defined therein. The member 96 also has the
      right circular cylindrical air passage 30 defined substantially centrally
      therethrough and the passages 33 are arranged in spaced relation
      concentrically around the central passage 30, see FIGS. 3-5. The member 96
      is held in position by a mandrel cap 100 which is attached to the mandrel
      shell 95 by a plurality of threaded bolts 101. Suitable fluid sealing
      rings are provided between the members 95, 96 and 100 to assure that the
      heat transfer liquid 35 and air 24 do not leak into each other's passages.
PAR  The die 11 has a pad ring 102 supported concentrically around the lower
      portion of the mandrel shell 95 so as to define the annular cylindrical
      volume or passage 50 therebetween; and, the die 11 also has a cup ring
      assembly 104 comprised of a top cup ring 105A and a bottom cup ring 105B
      fixed together by a plurality of bolts 106. The assembly 104 is fixed to
      the die rotor 85 by a plurality of bolts 107 which have plain central
      portions of extended lengths and threaded end portions. Each central
      portion of each bolt extends through aligned bores 108, 109, and 110 in
      the die rotor 85, die base 91, and mandrel shell 95 respectively which
      have larger diameters than the outside diameter of an associated bolt 107
      whereby an annular air discharge passage 36 of extended length is defined
      between each bolt 107 and its associated aligned bores.
PAR  The die 11 had radially extending air discharge passages 36A in member 95,
      which are shown by dotted lines in FIG. 4 and schematically in FIG. 5, and
      such passages communicate chamber 34 and the upper ends of passages 36.
      The lower ends of air passages 36 communicate with an annular chamber 36B
      through radially extending passages and an outlet connection 36C is
      provided for discharging the air 24 out of the die.
PAR  The threaded end portions of bolts 107 are threadedly fastened in the
      bottom cup ring 105B. Thus, it is seen that the top outer portion 11B of
      the die is held to the die rotor 85 by bolts 107 and unique air discharge
      passages 36 are provided around the outside surfaces of such bolts.
PAR  The top cup ring 105A has an inside cylindrical surface 112 which
      cooperates with an outside cylindrical surface 113 of the mandrel shell 95
      to define the upper portion of annular passage 50 and such upper portion
      terminates in the annular die orifice 13.
PAR  A header ring 115 is provided at the top of the die 11 and is fixed in
      position at the top of and concentrically around the shell 95 by welding.
      The previously mentioned interconnected passages 53 are provided in the
      assembly 104 comprising the upper die portion 11B and circulate heat
      transfer liquid 35 adjacent the outside surface of the melt 15 as it is
      extruded in tubular form through the passage 50.
PAR  The die 11 has a manifold assembly or manifold 120 comprised of a ring 121
      having a roughly T-shaped cross-sectional configuration and an outer
      cylindrical ring 122 which is fixed to ring 121 in a fluid-tight manner as
      by welding, or the like. The manifold 120 is held in position between the
      die base 91 and the cup ring assembly 104 and suitable fluid seals are
      provided between the mandrel shell 95 and manifold 120 to prevent escape
      of liquid 35 from the manifold 120.
PAR  The manifold 120 has a pair of substantially toroidal chambers 123 and 124
      provided therein which provide flow of heat transfer liquid 35
      circumferentially around the central die portion 11C. The chambers 123 and
      124 communicate with passages 123A and 124A respectively and the chambers
      123-124 and passages 123A-124A comprise the previously described
      interconnected passages 52.
PAR  The previously mentioned radially extending liquid conveying passages 55
      communicate with passages 123A and 124B and assure that liquid 35 is
      provided adjacent each strand channel 47. In particular, reference is made
      to FIG. 5 of the drawings where it is seen that a plurality of four strand
      channels 47 have been shown defining three zones X, Y, and Z between
      immediately adjacent pairs of channels. Heat transfer liquid 35 flows both
      inwardly and outwardly between channels 47 defining zone X with air 24
      being supplied from passage 27 through radial passages 27C, also see FIG.
      4, and into passage 30. The flow of liquid 35 and air 24 between the
      channels 47 defining zone Y as similar to the flow in zone X. Only air
      flow is provided between the channels 47 defining zone Z and such air 24
      is from the bubble 25 and has passed through passages 33 and chamber 34
      whereupon it is conveyed by radial air passages 34A to air discharge
      passages 36. Following zone Z, zones X, Y and Z are repeated around the
      entire circumference of the die.
PAR  As will be apparent particularly from FIGS. 2 and 4 of the drawings, the
      passage 45 is provided with a plurality of radially inwardly directed
      passages 125 adjacent thereto which are angularly spaced only a few
      degrees apart, essentially as shown in FIG. 2. The passages 125 are
      supplied with liquid 35 from an annular chamber 126 which is in turn
      supplied with liquid from inlet 79. The passages 125 communicate with a
      chamber 127 which supplies liquid to passage 83. The passages 83 and 125
      together with chambers 126 and 127 comprise the plurality of
      interconnected passages 51 previously described in connection with FIG. 3
      and such interconnected passages assure precise temperature control of the
      melt 15 in passages 44 and 45.
PAR  As previously mentioned, the die 11 has a stranding chamber 46 and a
      combining chamber 49 and such chambers are arranged to opposite ends of
      the strand channels 47, see FIGS. 6-9. The chamber 46 is defined by
      cooperating surfaces in the die base 91 and the mandrel shell 95. The
      chamber 49 is defined by cooperating surfaces in the mandrel shell 95 and
      the lower inside portion of the pad ring 102. The chambers 46 and 49 are
      very similar and fragmentary portions of these chambers are shown in FIGS.
      8 and 9 respectively; therefore, similar component parts thereof will be
      given identical reference numerals and subsequently described only in
      connection with the stranding chamber 46 with it being understood that a
      similar description is fully applicable to the combining chamber 49.
PAR  The chambers 46 and 48 help assure smooth flow of viscoelastic material
      through the die at a substantially constant shear rate, even though the
      melt 15 is being stranded or separated into a plurality of spaced strands
      in the chamber 46 and combined in a tubular form in chamber 49. The flow
      of melt 15 at a substantially constant shear rate is also made possible
      through the use of the integral heat transfer passages provided in the die
      11 which assure that the melt flowing through such die is kept at a
      substantially constant temperature by the action of the liquid 35
      providing either heating or cooling, as required, and by heating the air
      24 which flows out of the bubble 25 to prevent cooling of the plastic melt
      by such air as it exits the die 11.
PAR  Each chamber 46 and 49 has a pair of opposed walls or surfaces 133 and 134
      and those portions of walls 133-134 which are arranged nearer the center
      of the die 11 are arranged approximately horizontally and in substantially
      parallel relation. The chamber 46 also has an undulating peripheral
      surface which is designated generally by the reference numeral 131 in FIG.
      6 and extends approximately vertically between walls 133 and 134. The
      surface 131 is defined by a plurality of spikes or substantially V-shaped
      surfaces 135 interconnected at their bases by arcuate surfaces 136 which
      may be substantially semicylindrical in some applications.
PAR  The V-shaped surfaces 135 are provided with a fillet 137 extending in a
      smooth arc between surface 133 and surface 134. A fillet 137 is also
      provided between arcuate surface 136 and surface 133 and in this latter
      instance, such fillet has a substantially elliptical cross-sectional
      configuration. The fillet 137 further assures smooth flow of melt through
      its associated chamber. As will be apparent from FIG. 6, each of the
      surfaces 136 is aligned with an associated roughly semicylindrical wall
      portion of a strand channel 47 whereby the projections 135, arcuate
      surface 136, and fillet surfaces 137 provide smooth converging flow of
      melt from stranding chamber 46 into the strand channels 47. Similar
      surfaces in the combining chamber 49 provide smooth diverging flow of the
      melt into the annular passage 50 which communicates with the discharge
      orifice 13.
PAR  The spaced bores 47 preferably have circular cross-sectional configurations
      throughout their lengths and, in this example, each of these bores has a
      tapered or frustoconical configuration. The frustoconical configuration
      may be precisely finished using tapered helical reamers to provide a
      smooth surface which assures the plastic melt will flow through the die
      with minimum resistance and stagnation.
PAR  The heat transfer liquid 35 is of the type which has a relatively high
      thermal conductivity and a high boiling point. One liquid which has been
      successfully used is sold under the trade name of THERMINOL FR-1 and is
      manufactured by the Monsanto Company, St. Louis, Missouri.
PAR  The improved apparatus and method of this invention has been presented in
      connection with the making of polyvinyl chloride film using an associated
      melt; however, it is to be understood that this invention may be used to
      make film using any suitable viscoelastic material capable of being
      extruded through an extrusion die.
PAR  It has also been found that temperatures of the die 11 at most melt-wetted
      surfaces are within one or two degrees Fahrenheit of the temperature of
      the heat transfer liquid 35 flowing through the die, as determined by
      actual measurements. Further, the melt-wetted surfaces have been found to
      very no more than roughly plus or minus 1.degree.F. over the range of heat
      loads normally encountered in processing.
PAR  The apparatus and method of this invention assures precisely controlled
      flow of viscoelastic material through the die 11 under optimum conditions
      and such controlled flow is provided because the shear rate of the melt at
      the wall of the channel is maintained substantially constant due to the
      unique design of the melt flow channels and the precise control of the
      temperature of the melt. Thus, the plastic film extruded from the die 11
      is of optimum quality and hence substantially free of thickness buildups,
      striations, imperfections, discolorations, or holes.
PAR  In a typical application using the apparatus and method of this invention
      to make polyvinyl chloride film, the die 11 had an outlet orifice diameter
      of 10 inches and the die had 72 strand channels. Melt was provided from
      extruder 14 so that it entered the inlet 12 of die 11 at a flow rate of
      approximately 400 lbs. per hour, at a temperature of approximately
      420.degree.F., and a pressure of approximately 3,500 psi. The melt
      extruding from the outlet orifice 13 was at a temperature of approximately
      435.degree.F.
PAR  It has been found by tests that the melt temperature rises in the die due
      to dissipation of the pressure at the rate of about 6.5.degree.F. per
      1,000 psi. Although some of the heat is lost to the cooler die surfaces,
      it will be readily apparent that there is generally a need to provide for
      local cooling of the melt particularly in local hot spots near the die
      outlet.
PAR  The heat transfer liquid 35 in this application entered the die at a
      temperature of approximately 420.degree.F. and a pressure of approximately
      20 psi and exited the die at approximately 420.degree.F. and 15 psi.
PAR  The air 24 to the die was controlled so that it was heated by the heat
      exchanger 64 and entered the die 11 at a temperature of approximately
      390.degree.F. and a flow rate of about 10 cfm. The air 24 exited the die
      at essentially the same temperature and flow rate. The air entered the
      bubble 25 at a temperature of approximately 380.degree.F. and 10 cfm and
      exited the bubble at an estimated temperature of 200.degree.F. and 10 cfm
      whereupon it was reheated in the die so that it exited the die at the
      previously mentioned temperature of about 390.degree.F. and flow rate of
      10 cfm so as not to adversely affect the temperature of the melt.
PAR  It has been found that polyvinyl chloride film made using the apparatus and
      method of this invention has film thickness variations which are regularly
      and significantly less than one-half the thickness variations found in
      polyvinyl chloride film made using previously proposed apparatus and
      methods.
PAR  While present exemplary embodiments of this invention, and methods of
      practicing the same, have been illustrated and described, it will be
      recognized that this invention may be otherwise variously embodied and
      practiced within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of extruding plastic film through a die having a central
      longitudinal axis comprising the steps of, feeding a plastic melt under
      pressure to a die inlet, dividing the melt using parallel bores in said
      die into a plurality of spaced melt strands arranged parallel to said axis
      and thereafter recombining it at the outlets of said bores in a single
      combining chamber to form an annulus of plastic melt concentrically around
      said axis, extruding the melt annulus through a die orifice and
      solidifying the melt into a plastic tube, and heating and continuously
      feeding a heat transfer fluid through the die and circulating part of the
      fluid adjacent the outside of the melt annulus and part of the fluid
      adjacent the inside of the melt annulus with that part of the fluid
      circulating adjacent the inside of the melt annulus passing through
      passages which extend substantially radially through said die between
      several adjacent pair of said plurality of melt strands to reach and
      return from adjacent the inside of the melt annulus, said fluid passing
      between adjacent pairs of strands toward the inside of the melt annulus
      passing on it least one side of each of said strands, said fluid passing
      through said substantially radially extending passages serving to control
      the temperature of said die between said strands to thereby control the
      temperature and flow of the melt defining said strands.
NUM  2.
PAR  2. A method of making plastic film comprising the steps of, feeding a
      plastic melt under pressure to an inlet of an extrusion die having a
      central longitudinal axis, dividing the melt using parallel bores in said
      die into a plurality of spaced melt strands arranged parallel to said axis
      and thereafter recombining it at the outlets of said bores in a single
      combining chamber to form an annulus of plastic melt concentrically around
      said axis, extruding the melt annulus through a die orifice to define a
      plastic tube, closing said tube at a position spaced from said outlet,
      supplying a gas through said die into said tube causing inflation thereof
      to form a plastic bubble which is used to define said film, and heating
      and continuously feeding a heat transfer fluid through the die and
      circulating part of the fluid adjacent the outside of the melt annulus and
      part of the fluid adjacent the inside of the melt annulus with that part
      of the fluid circulating adjacent the inside of the melt annulus passing
      through passages which extend substantially radially through said die
      between several adjacent pair of said plurality of melt strands to reach
      and return from adjacent the inside of the melt annulus, said fluid
      passing between adjacent pairs of strands toward the inside of the melt
      annulus passing on at least one side of each of said strands, said fluid
      passing through said substantially radially extending passages serving to
      control the temperature of said die between said strands to thereby
      control the temperature and flow of the melt defining said strands.
NUM  3.
PAR  3. A method as set forth in claim 2 and further comprising the steps of
      circulating the gas in said bubble and removing the gas exiting therefrom
      through passages in said die which are arranged so that said exiting gas
      is heated to a temperature which is sufficiently high to prevent cooling
      of said melt upon following said exiting gas out of said die.
NUM  4.
PAR  4. A method as set forth in claim 3 in which said supplying step comprises
      supplying a preheated gas through said die.
NUM  5.
PAR  5. A method as set forth in claim 3 in which said supplying step comprises
      supplying preheated air and said heating and continuously feeding step
      comprises heating and continuously feeding of heat transfer liquid.
NUM  6.
PAR  6. A method as set forth in claim 5 in which said heating and continuously
      feeding step comprises providing said liquid from a reservoir thereof and
      said supplying step comprises supplying said air which has been preheated
      by said liquid.
NUM  7.
PAR  7. A method of making polyvinyl chloride film comprising the steps of,
      feeding a plastic melt under pressure to an inlet of an extrusion die
      having a central longitudinal axis, dividing the melt using parallel bores
      in said die into a plurality of spaced melt strands arranged parallel to
      said axis and thereafter recombining it at the outlets of said bores in a
      single combining chamber to form an annulus of plastic melt concentrically
      around said axis, extruding the melt annulus through a die orifice to
      define a plastic tube, closing said tube at a position spaced from said
      outlet, supplying a gas through said die into said tube causing inflation
      thereof to form a plastic bubble which is used to define said film, and
      heating and continuously feeding a heat transfer fluid through the die and
      circulating part of the fluid adjacent the outside of the melt annulus and
      part of the fluid adjacent the inside of the melt annulus with that part
      of the fluid circulating adjacent the inside of the melt annulus passing
      through passages which extend substantially radially through said die
      between several adjacent pairs of said plurality of melt strands to reach
      and return from adjacent the inside of the melt annulus, said fluid
      passing between adjacent pairs of strands toward the inside of the melt
      annulus passing on at least one side of each of said strands, said fluid
      passing through said substantially radially extending passages serving to
      control the temperature of said die between said strands to thereby
      control the temperature and flow of the melt defining said strands.
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ABST
PAL  Generally linear foamable strandular particles which are asymmetrical about
      a plane generally containing the longitudinal axis provide a desired
      curled dunnage material when heated to cause foaming. A wide variety of
      methods may be used to introduce the desired asymmetry.
PARN
PAR  This application is a continuation-in-part of our co-pending application
      Ser. No. 95,705, filed Dec. 7, 1970 and now abandoned, which in turn is a
      divisional application of our co-pending application Ser. No. 732,270,
      filed May 27, 1968 now U.S. Pat. No. 3,723,240.
BSUM
PAR  This invention relates to an improved method for the preparation of dunnage
      producing material.
PAR  Foamed plastic particles or strands are known to be highly desirable for
      packaging articles for protection in shipping by absorption of shock and
      isolation of the article from the walls of the shipping container. Typical
      materials are set forth in U.S. letters Pat. No. 3,066,382; 3,188,264 and
      3,251,728. Short hollow cylinders of foam plastic are also employed as a
      dunnage or packing material. Although such packing materials are highly
      desirable, they suffer from a substantial and significant problem and that
      is the high cost of shipping expanded particles due to their very low bulk
      density. It is, therefore, very desirable to ship a product having a
      maximum bulk density and subsequently expanded at the point of use into
      the desired form. Two general types of foamed particulate plastic packing
      are employed. One is typified by the particles of U.S. Pat. No. 3,188,264
      which is a pourable packing; that is, it flows readily. The other variety
      of packing is depicted in U.S. Pat. Nos. 3,066,382 and 3,251,728. Such
      packing generally is not free-flowing and has a very strong tendency to
      interlock by virtue of the fact that the strands have a curled and twisted
      configuration. In general, a formable strand or particle on foaming will
      assume a configuration which is not an exact replica of the unfoamed
      configuration, but generally the foamed configuration will be similar to
      the unfoamed configuration. Thus, if a cylindrical strand is foamed, minor
      distortion from a cylindrical configuration occurs.  Frequently, such
      distortion is relatively minor and is insufficient to provide bulking and
      curling of the strand into a configuration desirable for packing. For
      example, short helical segments of from one to four or five turns are
      often desirable as such a configuration provides a dunnage material of
      minimal bulk density and a reasonable degree of interlocking under
      pressure. Such particles are quite unsatisfactory to ship in quantity and
      the unfoamed precursor of such a strand or particle also has a relatively
      low bulk density and is similarly undesirable.
PAR  It would be advantageous if there were available a method for the
      preparation of elongate generally linear foamable plastic bodies which, on
      expansion, would distort, twist and curl to a desired degree.
PAR  It would also be beneficial if there were available an improved method for
      the preparation of generally linear expandable synthetic resinous particle
      which, on heating to a foaming temperature, would curl to form a generally
      helical configuration.
PAR  It would further be desirable if there were available a simple process for
      the preparation of dunnage material employing an elongate generally linear
      strand as a transportable intermediate.
PAR  These benefits and other advantages in accordance with the present
      invention are achieved in a method for the preparation of foamable
      particles, the method comprising providing a heat plastified mass of a
      synthetic resinous material containing an expanding agent, the heat
      plastified mass being capable of expansion to form a plurality of closed
      gas-filled cells, maintaining the heat plastified foamable material under
      pressure, subsequently cooling the heat plastified mass, forming the mass
      into a plurality of elongate strands, discharging the strands from a
      shaping configuration without significant foaming occurring in the
      strands, subsequently severing the strands to form a plurality of elongate
      elements of relatively high bulk density, subsequently heating the
      elongate elements or strand portions to an elevated temperature sufficient
      to cause them to expand and form a plurality of gas-filled cells therein,
      the improvement which comprises introducing radial asymmetrical
      foamability into the strandular material prior to foaming to thereby cause
      curling to a desired degree upon foaming.
PAR  Strands or particles in accordance with the present invention are readily
      prepared from a wide variety of synthetic resinous materials including
      polymers which comprise, in chemically combined form, at least about 70
      percent by weight of at least one alkenyl aromatic compound having the
      general formula
      ##EQU1##
      wherein Ar represents an aromatic hydrocarbon or a nuclear halohydrocarbon
      radical of the benzene series, and R is hydrogen or the methyl radical.
      Examples of such alkenyl aromatic polymers are homopolymers of styrene,
      .alpha.-methylstyrene, o-, m-, and p-methylstyrene, ar-ethylstyrene,
      tertiary butylstyrene and ar-chlorostyrene; the copolymers of two or more
      of such alkenyl aromatic compounds with one another; and copolymers of one
      or more of such alkenyl aromatic compounds with minor amounts of other
      readily polymerizable olefinic compounds such as divinylbenzene,
      methylmethacrylate, or acrylonitrile, etc. Also suitable are aliphatic
      olefin polymers which are normally solid polymers obtained by polymerizing
      at least one .alpha.-monolefinic aliphatic hydrocarbon containing from 2
      to 8 carbon atoms, such as ethylene, propylene, butene-1, pentene-1,
      3-methylbutene-1, 4-methylpentene-1, 4-methylhexene-1, or
      5-methylhexene-1, alone, with one another, or with various other
      polymerizable compounds, but the polymers of ethylene or propylene alone
      are preferred because they produce tough resilient and fine-celled
      chemically inert products. Examples of suitable polymerizable organic
      compounds which can be polymerized with ethylene or propylene are vinyl
      acetate, C.sub.1 -C.sub.4 alkyl acrylates, such as ethyl acrylate,
      styrene, lower alkyl esters of methacrylic acid, such as
      methylmethacrylate, tetrafluoroethylene and acrylonitrile. Copolymers
      containing in chemically combined form a predominant amount; e.g., 75
      percent by weight or more, of ethylene or propylene with not more than 25
      percent of one or more of such other polymerizable compounds can be used.
      The aliphatic olefin polymers can be modified by blending with polymeric
      materials; e.g., polyisobutylene, acrylonitrile/butadiene rubbers,
      poly(2-chlorobutadiene-1,3), polyisoprene, or ethylene/vinylacetate
      copolymers. Halogenated aliphatic olefin polymers can also be used, as
      well as polymers of a wide variety of ethylenically unsaturated monomers
      which produce foamable thermoplastic compositions including polymers of
      isopropenyl toluene, vinyl naphthalene, and the esters of
      .alpha.-methylene aliphatic monocarboxylic acids, such as methyl acrylate,
      ethyl acrylate, n-butyl acrylate, isobutyl acrylate, dodecyl acrylate,
      2-chloroethyl acrylate, 2-chloropropyl acrylate, 2,2'-dichloroisopropyl
      acrylate, phenyl acrylate, cyclohexyl acrylate, methyl
      .alpha.-chloroacrylate, methylmethacrylate, ethylmethacrylate,
      methylethacrylate, acrylonitrile, methacrylonitrile; vinyl esters, such as
      vinyl acetate, vinyl chloroacetate, vinly propionate, vinyl butyrate,
      vinyl laurate, vinyl stearate, vinyl ethers such as vinyl methyl ether,
      vinyl isobutyl ether, vinyl 2-chloroethyl ether; vinyl ketones, such as
      vinyl methyl ketone, vinyl hexyl ketone, methyl isopropenyl ketone,
      isobutylene, vinylidene halides, such as vinylidene chloride, vinylidene
      chlorofluoride, N-vinyl compounds such as N-vinyl pyrrole, N-vinyl
      carbazole, N-vinyl indole, N-vinyl succinimide, acrolein, methacrolein,
      acrylamide, methacrylamide, N-methylol acrylamide; and allyl compounds
      such as allyl alcohol, methallyl alcohol, allyl acetate, allyl
      methacrylate, allyl lactate, allyl .alpha.-hydroxyisobutyrate, allyl
      trichlorosilane, allyl acrylate, methallyl phosphate, and the like.
PAR  Foamable compositions of polymers are well known in the art and are
      prepared by incorporating therein a gas, volatile liquid or combinations
      of gas, volatile liquid or solid gas releasing blowing agents which cause
      expansion of the polymeric material on heating. It is well known in the
      art to extrude foamable particles by cooling the viscous melt below the
      blowing temperature under pressure, subsequently passing the strand into
      atmospheric pressure and rapidly cooling the strand to a solid or non-heat
      plastified state.
PAR  It is essential and critical to the present invention that at the expanding
      temperature asymmetry exist in the particle or strand portion to be
      expanded; that is, one side of the particle should expand to a lesser
      degree, if at all, than the other. The degree of asymmetry controls the
      tendency of the particle to twist and curl and form a generally non-linear
      configuration. Such asymmetry may be introduced into a foamable resinous
      material in a number of ways. For example, a generally linear strand of
      synthetic resin can be scraped to remove a few percent of its
      cross-sectional area; for example, about 5 percent, and when subjecting it
      to foaming conditions on expansion, the strand curls. Depending on the
      particular scraping pattern, a wide variety of coiled shapes are obtained.
      Another method of introducing asymmetry into the strand is by subjecting
      one side of the strand to heat sufficient to deform the strand without
      introducing significant foaming or slight foaming and subsequently foaming
      the remainder of the strand or particle. Oftentimes the region which has
      been previously heat treated will foam to a greater extent than the
      non-heat treated portion if the heating has been sufficient merely to
      soften a portion of the strand. Prolonged heating or repeated heating of
      one side of a foamed strand or particle sometimes will introduce curling
      in the opposite direction wherein the treated portion lies on the inside
      of the curve of the particle, presumably because removal or deactivation
      of a portion of the blowing agent results in non-uniform distribution.
      Localized plasticization also causes dissymmetry. Exposure of one side of
      a foamable strand to a plasticizer or fugitive plasticizer will also
      result in curling. Particularly acceptable are solvents or swelling agents
      applied in a relatively small quantity to one side of the particle or
      strand. Asymmetry is also introduced into strands by including as a minor
      portion of the strand an element which is non-foaming or relatively low
      foaming. Such strands can be prepared by use of a wire coating crosshead
      die wherein a strandular element such as a cotton thread is coated with
      the expandable material and the thread positioned within the strand and
      adjacent one edge thereof rather than centrally disposed as is normally
      done with wire coating on expansion.
PAR  The well known process of simultaneous extrusion may be used wherein a
      strand is extruded; a major portion of the strand is expandable and a
      minor portion of the strand exposed along one side thereof is relatively
      non-expandable. By the term "simultaneous extrusion" is meant the
      simultaneous extrusion of polymers, having different physical
      characteristics, through a single orifice to provide a unitary article.
PAR  Asymmetry is also introduced to the strand by coating one side or a portion
      of a side of the strand with a second material that has a peripheral
      modulus at a higher temperature. This is readily accomplished by solution
      or melt coating or by lamination of either a non-expanding or poorly
      expanding material. For example, the coating of one side of a strand with
      a lacquer which does not contain a blowing agent or contains relatively
      little blowing agent and has a different modulus at the expansion
      temperature of the strand is sufficient to cause curling when the strand
      is heated.
PAR  When foamable compositions containing volatile or fugacious liquids as
      expanding agents are utilized, foaming asymmetry is readily introduced by
      selecting the proper die geometry for extrusion. Thus, if a die orifice is
      utilized which introduces substantial asymmetry such as by providing a
      narrow ridge adjacent one edge of the strand, the volatile foaming agent
      will tend to diffuse from the ridge more rapidly than from the main body
      of the strand, and therefore when foamed, will expand less and cause the
      strand to curl and twist.
PAR  Regardless of how foaming asymmetry is introduced into the strand, many
      different foamed shapes are obtained depending upon the position of the
      asymmetry. If a non-foaming or low foaming region is introduced into a
      strand which is uniform in nature and extends along one side thereof from
      end to end, the usual tendency is to foam to a helical shape. If such a
      strand is twisted or the foaming asymmetry disposed in more or less of a
      helical manner about its outer surface, a wide variety of curled shapes
      are obtained, depending on the degree of foaming asymmetry, the relative
      length of the strand portion being foamed and the like. By intermittently
      or periodically reducing foaming asymmetry, foamed strands having a number
      of bent and straight sections will result, the simplest form of such a
      strand being a foamable strand having a length of three units and having
      foaming asymmetry introduced over a longitudinal distance of 1/4 to 1/2
      unit of length in the center of the strand. On foaming, the strand will
      have a generally centrally disposed bend and relatively straight leg or
      end portions. By introducing foaming asymmetry wherever a bend is desired,
      square shapes such as square U's, squares, rectangles and the like are
      obtained if the asymmetry is introduced along one side of the strand.
      However, if selective asymmetry is introduced to a strand in such a way
      that the asymmetry does not lie in a single plane containing the
      longitudinal axis of the strand, three dimensional bending occurs on
      foaming; that is, when foamed, portions of the strand adjacent each bend
      are generally coplanar and each of the portions of adjacent bends may lie
      in planes which are angularly disposed relative to any other plane
      containing a pair of strand portions. The method of the invention
      therefore permits the foaming of a relatively straight strand into almost
      any desired configuration.
DRWD
PAR  Further features and advantages of the present invention will become more
      apparent from the following specification taken in conjunction with the
      drawing wherein:
PAR  FIG. 1 depicts a view of a generally linear elongate strand in accordance
      with the present invention.
PAR  FIGS. 2, 3 and 4 depict views of a curled strand.
PAR  FIGS. 5, 6 and 7 depict schematic cross-sectional configurations of
      asymmetric strands in accordance with the invention.
DETD
PAR  In FIG. 1 there is schematically depicted a strand generally designated by
      the reference numeral 10 having a first end 11 and a second end 12, a
      first side 13 and a second side 14. The sides 13 and 14 differ in modulus.
      The strand is composed of expandable synthetic resinous thermoplastic
      material.
PAR  FIG. 2 depicts a foamed strand 10a which forms a generally spiral pattern
      and results from the expansion under heat of a strand such as the strand
      10 of FIG. 1.
PAR  FIG. 3 depicts a foamed strand 10b having a generally helical
      configuration.
PAR  FIG. 4 depicts a foamed spiral having a generally spiral helical
      configuration.
PAR  FIG. 5 depicts a sectional view of a strand 20 having a first side 21 and a
      second side 22. The strand 20 has a major portion 23 of readily foamable
      thermoplastic material and a second or minor portion 24 of a high modulus
      or non-foamable material extending along the second side 22.
PAR  FIG. 6 depicts a cross-sectional view of a strand 25 having a first side 26
      and a second side 27 and a major portion 28 of a readily foamable
      synthetic resinous material. A non-expandable elongate material 29 is
      encapsulated within the strand 25 and extends along the second side 27.
      The material 29 beneficially is a material of a synthetic resinous
      thermoplastic nature or a non-thermoplastic nature such as a textile fiber
      as hereinbefore described.
PAR  FIG. 7 depicts a sectional view of a strand 30. The strand 30 comprises a
      generally cylindrical foamable portion 31, having a first side 32 and a
      second side 33. Disposed on the side 33 is a layer of a non-expandable
      material 34 generally conforming to the external surface of the portion
      31.
PAR  The invention is further illustrated but not limited by the following
      examples:
PAC  EXAMPLE 1
PAR  A plurality of foamable generally linear polystyrene strands are prepared
      employing the procedure set forth in U.S. Pat. No. 3,066,382. The strands
      are cut to provide a plurality of portions about 5.6 centimeters in length
      and 2.5 millimeters in diameter. A lacquer is prepared by dissolving a
      polymer of 85 weight percent vinylidene chloride and 15 weight percent
      acrylonitrile in nitromethane to provide a lacquer containing 15 weight
      percent solids. A number of strands are coated on one side with the
      lacquer generally in the manner depicted in FIG. 5 and the lacquer allowed
      to dry overnight. A number of the coated strands and uncoated strands are
      heated by exposing to steam under 10 pounds of pressure per square inch
      gauge for about 30 seconds. The coated strands expand to a diameter of
      about 7 millimeters and form a generally U-shaped particle having an
      outside length of about 9.5 centimeters and an inside length of about 6.4
      centimeters. The uncoated particles expand to form generally linear pieces
      about 7 millimeters in diameter and having a length of about 9.3
      centimeters.
PAC  EXAMPLE 2
PAR  Portions of foamable polystyrene strands of Example 1 are adhered to a 5
      mil thick polyester film employing the vinylidene chloride lacquer
      utilized in Example 1. The strand portions are coated on one side with
      lacquer and placed on the polyester film. When the lacquer is dry,
      portions of the polyester film which are not adhered to the strand are
      trimmed away to provide a configuration generally similar to that shown in
      FIG. 7 wherein the polyester film has a width of about 5 millimeters.
      Exposure of the composite strand to steam at 10 pounds per square inch
      gauge for 30 seconds provides a foamed coiled strand of about 1-1/2 turns
      in a generally helical configuration.
PAC  EXAMPLE 3
PAR  Polydichlorostyrene which becomes fluid at about 225.degree.C. is heated on
      a hot bar until it becomes molten. A strand of expandable polystyrene of
      Example 1 is rapidly drawn across the molten surface of the
      polydichlorostyrene to provide a thin coating of the polydichlorostyrene
      adhered to one side of the strand. Exposure of the
      polydichlorostyrene-coated strand to steam at 10 pounds per square inch
      guage for 30 seconds results in the formation of a loop.
PAC  EXAMPLE 4
PAR  A portion of the foamable uncoated strands of Example 1 are scraped with
      the sharp edge of a knife to remove about 5 percent of the original
      cross-sectional area of the strand. The strands are exposed to steam at 10
      pounds per square inch gauge for a period of 1 minute, the strands bent
      and curled at the locations where the strands are scraped. The scraped
      side of the strand lies on the outside of the foamed strand and the
      curvature becomes greater as the amount of material removed by scraping
      increases. Depending on the scraping pattern; that is, the material
      removed from the strand, gental curves, helices, pretzel strands, tightly
      coiled balls are obtained on foaming.
PAC  EXAMPLE 5
PAR  An untreated polystyrene strand of Example 1 is passed across the surface
      of a metal bar which is heated to about 175.degree.C. The surface of the
      strand is flattened where it has been in contact with the heated surface.
      The strand is subsequently exposed to steam at a pressure of 10 pounds per
      square inch gauge for a period of 1 minute; the strand foams and curls.
PAC  EXAMPLE 6
PAR  An untreated polystyrene strand as employed in Example 1 is coated with
      xylene to wet one side of the strand. The strand is then treated with
      steam at a pressure of 10 pounds per square inch gauge for a period of one
      minute. A tightly curled foam strand is obtained.
PAC  EXAMPLE 7
PAR  A foamable strand is prepared by the extrusion of a heat purified foamable
      polystyrene mixture containing about 5 weight percent pentane as an
      expanding agent. A polymer of 25 weight percent acrylonitrile and 75
      weight percent styrene is simultaneously extruded to provide a composite
      strand which is about 95 weight percent expandable polystyrene and about 5
      weight percent styrene/acrylonitrile polymer. The styrene/acrylonitrile
      polymer is disposed adjacent one edge of the strand generally in the
      manner depicted in FIG. 6. The strand is severed into lengths of about 10
      centimeters and subjected to steam at about 10 pounds per square inch
      gauge for about 1 minute. A tightly coiled generally helical configuration
      is obtained.
PAC  EXAMPLE 8
PAR  Expandable strands of Example 1 are wet with benzene on one side thereof at
      a location about midway between the ends and exposed to steam at a
      pressure of 10 pounds per square inch gauge for 30 seconds to provide a
      plurality of foamed strands having a centrally disposed bend of about
      60.degree.. Repetition of the foregoing procedure wherein a longitudinal
      central side portion of a strand wet with xylene instead of benzene
      provides a plurality of strands having centrally disposed bends of from
      about 80.degree. to 120.degree.. When the strands are wet with xylene at
      locations about 1.5 centimeters from their ends, a U-shaped configuration
      results. By wetting a strand with xylene at a location about 2 centimeters
      from each end, each dampened support being radially displaced about
      90.degree., a strand is obtained having two bends of about 90.degree. and
      the terminal leg portions are displaced about 90.degree. from being
      coplanar.
PAC  EXAMPLE 9
PAR  A plurality of foamable generally linear polystyrene strands are prepared
      employing the procedure as generally set forth in U.S. Pat. No. 3,066,382
      employing normal pentane as a blowing agent. The strands are extruded from
      a die having a plurality of generally circular openings having a diameter
      of about 0.142 inch. A V-shaped notch is formed in one side of the die
      openings and the notch has a depth of about 0.022 inch and a width of
      about 0.015 inch at its point of contact with a projected circle of the
      die opening. The extruded strands have a small narrow ridge along one side
      thereof. The strands when cut to a length of about 6 centimeters and
      exposed to steam under 10 pounds of pressure per square inch for about one
      minute, foam to provide a plurality of curled strands. Twisting of the
      strand on emergence from the die and subsequent foaming results in highly
      convoluted foamed strands.
PAR  In a manner similar to the foregoing illustrations, other foamable
      synthetic resinous compositions are readily formed into curled foamed
      strands.
PAR  As is apparent from the foregoing specification, the present invention is
      susceptible of being embodied with various alterations and modifications
      which may differ particularly from those that have been described in the
      preceding specification and description. For this reason, it is to be
      fully understood that all of the foregoing is intended to be merely
      illustrative and is not to be construed or interpreted as being
      restrictive or otherwise limiting of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the preparation of foamed dunnage in the form of particles,
      the method comprising
PA1  providing a heat plastified mass of synthetic resinous material containing
      an expanding agent, the heat plastified mass being capable of expansion to
      form a mass containing a plurality of closed gas-filled cells,
PA1  maintaining the heat plastified foamable material under pressure,
      subsequently
PA1  cooling the heat plastified mass below the foaming temperature thereof, to
      provide a cooled heat plastified mass
PA1  extruding the cooled heat plastified mass to form elongate strands, the
      mass being extruded from a shaping configuration without significant
      foaming occurring in the strands, subsequently
PA1  severing the strands to form a plurality of elongate elements of relatively
      high bulk density
PA1  the elongate elements being heatable to an elevated temperature sufficient
      to cause them to expand and form foamed strandular particles having a
      plurality of gas-filled cells therein, the improvement which comprises
PA1  introducing, prior to severing, asymmetric foamability into the strandular
      particles involving altering the cross-sectional expansibility of these
      particles to cause one side of the strand to expand to a lesser degree, if
      at all, than the other, to thereby cause curling to a desired degree to
      form a generally nonlinear configuration upon subjecting the elements to
      foaming conditions.
NUM  2.
PAR  2. The method of claim 1 wherein asymmetric foamability is introduced by
      deforming one side of the strands by contact with a heated surface without
      introducing significant foaming of the elements obtained therefrom.
NUM  3.
PAR  3. The method of claim 1 wherein asymmetric foamability is introduced into
      the strands by disposing a non-foaming body at a location adjacent one
      side of a strand.
NUM  4.
PAR  4. The method of claim 3 wherein the non-foaming body is a strandular
      material and is asymmetrically encapsulated within the strands.
NUM  5.
PAR  5. The method of claim 1 where assymetric foamability is introduced by
      scraping the strands longitudinally to remove a portion of the
      crosssection of the strand.
NUM  6.
PAR  6. The method of claim 1 where foaming asymmetric foamability is introduced
      periodically to the strands.
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ABST
PAL  The specification discloses a method of making a reinforced tube comprising
      continuously extruding at least one viscous material having reinforcing
      fibres therein through two concentric sets of discrete passages, producing
      laminar flow in the passages by causing the material to accelerate on
      entry into the passages and preventing deceleration thereof within the
      passages whereby the fibres orientate themselves in the material
      lengthwise of the passages, and bringing together the extruded material
      from the respective passages so as to form two layers of material one
      within the other having fibres lying on helices of opposite hands
      respectively and simultaneously hauling-off the extruded layers at a
      regulated rate to control the angle of the helices on which the fibres
      lie, and allowing said layers to consolidate into a single tube.
PARN
PAC  CROSS REFERENCE TO RELATES APPLICATION
PAR  This application relates to methods and apparatus for making reinforced
      tubes and is a continuation-in-part application to our co-pending
      application Ser. No. 178,610 filed on Sept. 8, 1971 entitled "Methods and
      apparatus for making tubes", and now abandoned.
BSUM
PAC  BACKGROUND TO THE INVENTION
PAR  Mercer discloses in his U.S. Pat. No. 3,281,897 an extrusion apparatus for
      extruding plastics tubing having two concentric sets of contra-rotating
      passages through which a plastics material flows during extrusion of the
      tubing. Mercer, however, unlike the applicants is not concerned with
      extruding a viscous material containing reinforcing fibres. When such
      fibres are included it has been found to be desirable that they should be
      orientated lengthwise of the extrusion passages so that when material
      issuing from the passages is wound helically the fibres will lie on
      helices of the opposite hand, the angles of which helices are controlled
      to give optimum burst strength and resistance to axial deformation of the
      finished tube. However, in Mercer's apparatus as shown in his FIGS. 5 and
      6, the die entries comprise sharp edges and produce a sudden contraction
      of the flow at the entries of extrusion passages. The edges will generate
      vortices and hence cause turbulence in the viscous material due to the
      flow path of the material through the dies. Further, the sharp contraction
      of the flow on entry to the passages will produce a Vena Contracta in the
      flow downstream of the die entries which results in deceleration of the
      flow beyond the Vena Contracta with the result that the flow becomes
      turbulent. Moreover when fibres are included in the viscous material, they
      tend to engage the sharp edges and may be rotated to bridge the entry to
      the dies or tumble as they flow through the passages. Therefore the method
      and apparatus disclosed by Mercer although suitable for extruding a
      plastics material is not suitable for extruding such material when
      containing reinforcing fibres to produce a tube in which the fibres are
      orientated on helices of opposite hands having critical angles to give
      optimum strength to the tube.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a method of making a reinforced tube comprising
      continuously extruding at least one viscous material having reinforcing
      fibres therein through two concentric sets of converging discrete
      passages, producing laminar flow in the passages by causing the material
      to accelerate on entry into the passages and preventing deceleration
      thereof within the passages whereby the fibres orientate themselves in the
      material lengthwise of the passages, and bringing together the extruded
      material from the respective passages so as to form two layers of material
      one within the other having fibres lying on helices of opposite hands
      respectively and simultaneously hauling-off the extruded layers at a
      regulated rate to control the angle of the helices on which the fibres
      lie, and allowing said layers to consolidate into a single tube.
PAR  The Applicants have found that it is advantageous if the length/diameter
      ratio of the extrusion passages does not exceed 10 in order to preserve
      the orientation of the fibres in the passages.
PAR  The Applicants have further found that it is advantageous for the volume
      flow rate of material through, the inner set of passages to be equal to or
      greater than that through the outer set of passages so that the two
      oppositely wound layers of the final tube have similar strengths and
      resistance to deformation which balance one another and provide the tube
      with the required burst strength and resistance to axial deformation. This
      is achieved by making the total cross-sectional areas of the passages of
      the inner set of passages equal to or greater than that of the passages of
      the outer set.
PAR  In order to achieve the required laminar flow in the extrusion passages,
      the Applicants have found it desirable to gradually constrict the viscous
      material into the openings of the passages.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-section through an apparatus for making tubes having
      rotatable concentric extrusion dies;
PAR  FIG. 1A is a cross-section taken through the concentric dies of the
      apparatus of FIG. 1;
PAR  FIG. 1B shows in its upper part a cross-section along the line A--A in FIG.
      1A and in its lower part a similar cross-section showing an alternative
      design of extrusion passages;
PAR  FIG. 1C is a view similar to FIG. 1 except that two inlets are shown for
      extruding two different materials;
PAR  FIG. 2 is a cross-section through a tube made by the apparatus of FIG. 1;
PAR  FIG. 3 is a cross-section through a second embodiment;
PAR  FIG. 3A is a cross-section along the line A--A in FIG. 3;
PAR  FIG. 4 is a cross-section through a third embodiment;
PAR  FIG. 4A is a cross-section through a fourth embodiment;
PAR  FIG. 4B is a cross-section along the line A--A in FIG. 4A;
PAR  FIG. 5 is a cross-section through a fifth embodiment;
PAR  FIG. 5A is a cross-section along the line A--A in FIG. 5; and
PAR  FIG. 6 shows diagrammatically a device for use with any of the above
      apparatus for applying an external barrier layer to a formed tube.
DETD
PAC  DETAILED DESCRIPTION
PAR  The extruding apparatus shown in FIGS. 1, 1A and 1B comprises a housing 10
      having a screw extruder assembly 11 connected to one side of the housing.
      The housing has a duct 12 communicating with the screw extruded and
      leading to an annular extrusion gallery 13. A shaft 14 extends axially
      through the housing and is rotatably supported in a bore of an elongate
      end cap 15 which closes the right hand end of the housing bore. The shaft
      extends beyond the end cap and has a sprocket wheel 16 fixed on it so that
      the shaft can be rotated by an electric motor.
PAR  An inner extrusion die 17 is secured to the left hand end of the shaft to
      rotate therewith. The die 17 is formed with a plurality of elongate
      passages 18 extending therethrough and having a length/diameter ratio of
      less than 10 parallel to the shaft 14.
PAR  An outer extrusion die 19 is fixed to an annular part 20 mounted in an
      enlarged diameter end portion of the housing bore for rotation on the
      inner die 17. The part 20 is located axially by an end plate 21 secured to
      the housing with a thrust bearing 22 provided between the plate 21 and the
      part 20. The part 20 has an annular axial extrusion protruding from the
      housing on which a sprocket wheel 23 is fixed so that the outer die can be
      rotated on the inner die 17 in the opposite direction to the inner die.
PAR  A plurality of generally cylindrical elongate passages 24 are formed
      through the die 19 extending parallel to the passages 18 on the inner die
      and have a length/diameter ratio of less than 10. The passages 18 and 24
      define paths from the extrusion gallery 13 to a cylindrical tube forming
      gallery 25.
PAR  Referring to FIG. 1A, balanced volume flow rates of material through the
      inner sets of passages 18 and the outer sets of passages 24 respectively
      is produced by providing more passages in the outer set each of which has
      a smaller cross-sectional area to that of each passage in the inner set
      such that the total cross-sectional area of the inner set of passages is
      the same or, if desired, greater than that of the outer set of passages.
PAR  The upper half of FIG. 1B shows the embodiment of FIG. 1 while the lower
      half of FIG. 1B shows another embodiment in which the length of the
      streamlining walls downstream of passages 18 and 24 are reduced.
PAR  In order to use the above described apparatus, the screw-extruder 11
      delivers a matrix of a viscous material having reinforcing fibres
      distributed through its bulk to gallery 13. The reinforcing fibres are in
      approximately equal discrete lengths.
PAR  The dies 17 and 19 are rotated, and the material is extruded into the tube
      forming gallery 25 from the gallery 13 through the passages 18 and 24. The
      shape of the passages 18 and 24 is such that the viscous material is in a
      state of laminar flow through them so that the fibres in the material are
      accelerated into the passages and do not decelerate in the passages, and
      therefore the fibres in the viscous material tend to orientate themselves
      along the length of the passages. The two sets of passages 18 and 24 each
      extrude into the gallery 25 a set of lengths of the viscous material, the
      lengths being wound to form two multi-start helically wound tubes, one
      within the other, and the strands lying in the material of each tube on a
      helix, the helix of one tube being of an opposite hand to that of the
      other. As the two tubes pass through the annular passage 25 they are urged
      into contact with one another, and as the viscous material sets, are
      bonded together. The product emerging from the apparatus is a single tube
      26 (FIG. 2) having reinforcement in the form of discrete fibres in two
      discrete layers, an inner layer 27 and an outer layer 28 of oppositely
      handed helices.
PAR  The extruding apparatus comprises a housing 29 (FIG. 3) having a duct 30
      leading from a reservoir. At the end 31 of the duct 30 is a conical
      projection 32, and further ducts (not shown) leading to an annular
      extrusion gallery 33. A shaft 34 is secured to the end 31 of the duct 30
      by means of a nut 35 located behind the projection 32, there being an
      inner extrusion die 36 mounted for rotation on the shaft.
PAR  The die 36 has a toothed portion 37 adjacent the end 31, which is engaged
      by a worm wheel 38 carried on a shaft 39 mounted for rotation in the wall
      of the housing 29. A bevel gear 40 is carried on the outer extremity of
      shaft 39, and is engaged by a similar bevel gear 41 secured to a driving
      shaft 42 extending parallel to the shaft 39. Means (not shown), such as an
      electric motor, is drivingly connected to the driving shaft 42, and has a
      variable output speed.
PAR  The die 36 has a cylindrical portion 43 the outer part 44 of which projects
      into the gallery 33, and is formed with a plurality of elongated generally
      cylindrical passages 45 extending therethrough parallel to the shaft 34.
PAR  An outer extrusion die 46 is mounted for rotation on the cylindrical outer
      surface of outer part 44 of the die 36, and is located axially by means of
      a channel 47 formed in the wall of the housing 29. The outer surface of
      the second die 46 is toothed, which toothed portion is engaged by a gear
      wheel 48 attached to the end of the driving shaft 42.
PAR  A plurality of generally cylindrical elongated passages 49 are formed
      through the die 46 extending parallel to the passages 45 in the inner die
      43. The passages 45 and 49 define converging paths from the extrusion
      gallery 33 to a cylindrical tube forming gallery 50, which has an annular
      die 50a leading axially away therefrom. The passages 45 and 49 have a
      length/diameter of less than 10 to preserve the orientation of the fibres
      in the passages.
PAR  The pitch of the worm, and the numbers of teeth on the gear wheels may be
      so arranged that when shaft 42 is driven by the means therefor, the die 43
      rotates at a speed equal to or greater than that of die 46 but in the
      opposite direction.
PAR  The above described apparatus is used in a manner similar to that described
      for the FIG. 1 embodiment. The reservoir (not shown) is filled with a
      matrix of a viscous material having reinforcing fibres distributed
      throughout its bulk. The reservoir is pressurised by means (not shown) so
      that the material is forced into the extrusion gallery 33 and then through
      passages 45 and 49 which are rotated. The material is extruded into the
      tube forming gallery 50 in which the layers of material extruded through
      the passages 45 and 49 are consolidated into a single tube having
      reinforcement in the form of discrete fibres arranged in two discrete
      layers, an inner layer and an outer layer 42 of oppositely handed helixes.
PAR  FIG. 3A shows that the same number of passages 45, 49 having the same
      cross-sectional diameter are provided in the inner and outer sets of
      passages respectively. This provides balanced flow rates through the inner
      set of passages and the outer set of passages.
PAR  Referring now to FIG. 4, a third embodiment of extruder is shown, in which
      parts common to the extruder shown in FIG. 3 are given like reference
      numerals. The inner and outer extrusion dies 51 and 52 extend downwardly,
      and are shaped so that together the annular die 50, 50a through which the
      extruded material passes is defined thereby. The inner extrusion die 51 is
      rotatably mounted on a bolt 53 which is attached to the housing 29, and
      has a plurality of extrusion passages 54 formed adjacent an outer
      cylindrical wall 55. The outer extrusion die 52 is provided with a
      plurality of extrusion passages 56 formed adjacent an inner cylindrical
      wall 57 which fits closely around the wall 55 of the die 51 such that the
      die 52 may rotate with respect to the die 51 and is located radially
      thereby. The die 52 is located axially by means of a lip 58 engaging with
      an annular groove 59 formed around the outer periphery of the die. Drive
      means similar to that provided for the first described embodiment of
      extruder are provided for the dies 51 and 52.
PAR  The apparatus is used in a manner substantially similar to that of the
      embodiment of FIG. 3. However, during winding of the tubes, the helical
      orientation of the fibres is created in the forming gallery 50, and is
      then maintained, and improved insofar as the surfaces of the tube is
      concerned, by the shear of material against the walls of the annular die
      50a.
PAR  In a modification of the above apparatus (not shown), the two pluralities
      of passages 54 and 56 are replaced by two annular passageways, one in each
      die respectively.
PAR  The annular passageways are substantially continuous except for bridging
      strips to connect the walls 55 and 57 to the respective dies 51 and 52.
      Alternatively, the passages 54 and 56 may be arcuately elongated.
PAR  Referring to FIGS. 4A and 4B, there is shown an apparatus similar to FIG. 4
      in which a further annular series of passages 60 are provided in the inner
      die 51. A material different from the tube material is introduced from a
      separate extruder into inlet passage 61 and collects in an annular space
      62 from which it passes into passages 60. The material extruded through
      passages 60 collects in a further annular space 63 from which it is fed
      through passage 64 to form a barrier layer on the inside of the formed
      tube.
PAR  Referring to FIGS. 5 and 5A, a further embodiment of extruder is shown, and
      parts common to the extruders of FIGS. 3 and 4 are given like reference
      numerals. The two sets of extrusion passages 65 and 66 are provided in a
      die block 67 which is held stationary with respect to the housing 29. The
      annular forming gallery 50 and the annular die 50a are defined by the
      outer and inner walls 68 and 69 respectively of the inner and outer dies
      70 and 71, there being drive means to rotate the two dies in opposite
      senses as in the previously described embodiments. The passages 65 and 66
      need not be disposed parallel to the dies as shown, but may be helically
      formed or at an angle to the axis of the dies. In use, the material is
      extruded through the two sets of passages 65 and 66, and the extruded
      material formed into two tubes within the forming gallery 50 by virtue of
      the shear between the extruded material and the contra-rotating walls 68
      and 69 of the two dies 70 and 71. As seen in FIG. 5A, the same number of
      passages having the same cross-sectional area are provided in the inner
      set and outer set of passages respectively.
PAR  It will be appreciated that in any of the above embodiments of extrusion
      apparatus, the angle of the helixes is a function of the number of
      passages in each die, the extrusion speed, and the rate of rotation of the
      dies, and by the use of a haul-off means (not shown). The extrusion speed
      may be controlled by altering the pressure difference across the dies. As
      the tube is extruded and pulled away from the dies by the haul-off means
      the tube extends and decreases in cross-section, and the change in
      cross-section of the tube causes the angle of the helix to alter. By
      selection of dies, reservoir pressure, rotation rate and haul-off speed,
      any angle of helix may be produced, but the optimum angle is 54.degree.
      44'.
PAR  After leaving the annular die 50a, the formed tube may pass through a
      cooling and/or sizing apparatus, and then on to the haul-off means, and
      finally to a coiling machine or a cut-off machine.
PAR  In a tube manufactured as above, during use shear strains and stresses
      transfer the tensile loads in a composite to the fibre. As a result of the
      shear strains around a fibre the tensile stress within the fibre is low at
      the end of the fibre and increases to a maximum towards the middle of the
      fibre length. Conversely the shear stress is at a maximum at the fibre
      ends but decreases to a minimum towards the centre of the fibre length.
      The total length of fibre does not therefore carry the maximum stress. The
      ineffective end portion summed over both ends of the fibre is known as the
      critical fibre length.
PAR  It has been shown that if the total length of the fibre is about 20 times
      as great as the critical fibre length then the fibre will behave as if
      continuous fibre were present in the composite. Experimentally determined
      values of critical fibre length are generally greater than 20 times the
      fibre diameter so that to be fully effective in this case fibres should
      have a total length at least 400 times the diameter.
PAR  Adhesion of the fibres to the material is also important in allowing
      maximum fibre stresses to be developed. Special precautions may therefore
      need to be taken to ensure that adhesion is adequate.
PAR  The material to be extruded is initially in a viscous state, and may be of
      any conventional extrusion material, such as thermoplastics materials,
      thermosetting materials or rubber compounds. In the case of thermosetting
      and rubber materials, vulcanisation or curing has to be effected in
      conventional known methods.
PAR  It will be appreciated that the passages formed through the dies must be
      such that the fibres have sufficient time to orientate themselves
      correctly while the material flows through the dies. The passages in the
      dies should be designed to avoid plug flow and turbulent flow, and have
      entry conditions to induce laminar flow early on to avoid bridging of
      fibres across the entry. Furthermore, the laminar flow conditions should
      be maintained as the material is extruded and consolidated into a single
      tube. In addition it has been found that a large number of fibres are
      orientated at and during entry into a passage, and hence it is desirable
      that the entry to the passages is smooth and rounded.
PAR  FIG. 6 shows a structure 80 which surrounds the formed tube. The structure
      has radial passages 81 which lead to an annular collection chamber 82.
      Material is fed into chamber 82 through passages 81 from a separate
      extruder and issues from the chamber 82 to form an external barrier layer
      around the tube. The structure 80 can be used in conjunction with any of
      the above described apparatus to apply an external barrier layer on the
      formed tubes issuing from the outlet passage 50 and in the case of the
      FIG. 4A embodiment the tube will have an internal and external barrier
      layer. The structure 80 may be spaced from the apparatus as shown in the
      drawing or may be immediately adjacent the outlet passage 50a or indeed
      the passages 81 and chamber 82 may be formed directly in the wall
      surrounding the outlet passage 50a instead of being a separate structure.
PAR  In a further design of extruder, shown in FIG. 1C the feed to the dies is
      taken from two separate reservoirs one arranged to feed one die
      respectively by means of screw extruder assemblies 11 and 11A. The tube
      thus extruded comprises two different materials bonded together. In this
      latter arrangement, only one of the materials may contain reinforcing
      fibres.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of making a reinforced tube comprising continuously extruding
      under laminar flow conditions at least one viscous material having
      reinforcing fibres through two concentric sets of converging discrete
      passages, said passages dividing said material flow into two spaced apart
      concentric sets of plural spaced streams having a lineal flow and causing
      the lineal flow rate of viscous material to gradually increase as it
      enters the passages to orient the fibres along the length of the passages,
      while maintaining laminar flow and bringing together said material from
      the respective passages so as to form two layers of material one within
      the other having fibres lying on helices of opposite hands respectively
      extruding the layers as a tube and hauling-off the extruded tube through a
      resizing die at a regulated rate to control the angle of the helices on
      which the fibres lie, and allowing said layers to consolidate into a
      single tube.
NUM  2.
PAR  2. A method as claimed in claim 1 wherein the material is extruded through
      passages having a maximum length/diameter ratio of 10.
NUM  3.
PAR  3. A method as claimed in claim 1 wherein the volume flow rate of material
      through the inner set of passages is at least the same as the volume flow
      rate of material through the outer set of passages.
NUM  4.
PAR  4. A method as claimed in claim 1 wherein said viscous material is
      gradually constricted into the openings of said passages to thereby avoid
      any turbulent flow during extrusion.
NUM  5.
PAR  5. A method as claimed in claim 1 wherein the hauling-off of the extruded
      layers is regulated to maintain said helix angles at 54.degree. 44'.
NUM  6.
PAR  6. A method as claimed in claim 1, wherein the viscous material is
      continuously extruded through a plurality of passages arranged in two
      annular sets, one set disposed within the other, so that two layers each
      comprising several side-by-side helically wound portions are formed one
      within the other by the material extruded through the passages of the two
      sets respectively.
NUM  7.
PAR  7. A method as claimed in claim 1 wherein the material extruded is caused
      to be formed into said two layers by rotating the passages in opposite
      directions about a common axis.
NUM  8.
PAR  8. A method as claimed in claim 1 wherein said passages are held
      stationary, the extruded material being passed through an annular die the
      inner wall of which is rotated in one direction and the outer wall of
      which is rotated in another opposite direction such that the extruded
      material is formed into two tubes.
NUM  9.
PAR  9. A method as claimed in claim 1 wherein the material is extruded through
      two annular passageways one within the other, which are rotated in
      opposite directions about a common axis so that two layers are formed one
      within the other by the material extruded through the passageways.
NUM  10.
PAR  10. A method as claimed in claim 1 wherein the two layers are caused to
      consolidate at least in part by passing them through a die having an
      annular orifice.
NUM  11.
PAR  11. A method as claimed in claim 1 wherein the at least partly consolidated
      tube is pulled axially through a sizing die to form the tube into a
      predetermined size and cross-section.
NUM  12.
PAR  12. A method as claimed in claim 1 wherein two separate viscous materials,
      at least one of which contains discrete lengths of fibres, are
      continuously extruded each through at least one passage respectively
      whereby the two layers are wound from different materials.
NUM  13.
PAR  13. A method as claimed in claim 1 wherein a barrier layer of a further
      material is formed on at least one of the walls of the single tube.
NUM  14.
PAR  14. A method as claimed in claim 13 wherein said barrier layer is formed by
      an additional step of co-extruding while the two layers are being
      consolidated into a single tube.
NUM  15.
PAR  15. A method as claimed in claim 13 wherein said barrier layer is formed by
      an additional step of co-extruding before the two layers are consolidated
      into a single tube.
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ABST
PAL  A process is provided for tabletting spherical dental amalgam alloy. The
      process comprises treating the particles of spherical alloy by contacting
      them with a hydrochloric acid solution of cupric chloride, separating the
      acidic cupric chloride solution from the spherical alloy particles,
      washing the spherical alloy particles with water, drying the spherical
      alloy particles to remove residual water and then compacting the treated
      spherical alloy particles into a solid form such as a tablet.
BSUM
PAC  BRIEF DESCRIPTION OF INVENTION
PAR  Dental amalgam alloy in spherical form is desired for its homogeneity of
      composition and for its low ratio of mercury to alloy required for
      amalgamation. The latter is due to the fact that a sphere represents the
      solid shape of least surface area, therefore less mercury is required to
      wet the surface of the spheres.
PAR  For convenience in handling and for accuracy of measurement dentists prefer
      to have their amalgam alloy in the form of a tablet which is generally
      cylindrical in shape and of uniform weight. The dentist then adds a
      predetermined amount of mercury to the alloy and it is then triturated in
      an amalgamator. Unfortunately for tabletting purposes spherical alloy
      particles are extremely difficult to compact. Even at pressures of 80 tons
      per square inch it is difficult to obtain spherical alloy tablets which do
      not thereafter break on handling and shipping.
PAR  I have now discovered a process for treating the spherical shaped alloy
      particles which permits them to be compacted into tablets at forces as low
      as 2 to 4 tons. My treatment process comprises first contacting the
      spherical alloy particles with a hydrochloric acid solution of cupric
      chloride for a time sufficient to react with the alloy surface and grow
      cubical crystals containing copper thereon. Thereafter, the spherical
      alloy particles are separated from the acidic cupric chloride solution,
      washed with water, dried and compacted into tablets. Tabletting is readily
      accomplished in a STOKES tabletting machine.
PAC  DETAILED DESCRIPTION OF INVENTION
PAR  Dental amalgam alloy is generally prepared from silver, tin, copper and
      zinc. As hereinafter used in the specification and claims, the term
      "dental amalgam alloys" refers to alloys of this composition. Dental alloy
      composition may vary in percent by weight from 50 to 75% silver, 20 to 30%
      tin, 2 to 20% copper and from 0 to 2% zinc. Until about 1966, dental
      amalgam alloy was supplied in the form of a lathe cut. Lathe cut alloy is
      of irregular size and shape and readily forms tablets when compacted by
      compression. On the other hand, atomized spheres of alloy lack this
      irregularity of shape which permits compacting at reasonable pressures.
PAR  One approach to the tabletting of spherical shaped alloy particles is to
      add special lubricants and/or binders to the alloy particles. For example,
      most powders before compaction are mixed with lubricants such as zinc
      stearate, stearic acid, or waxes. The lubricant is added primarily to
      reduce die friction and interparticle friction. Following compaction the
      lubricant must be removed. With spherical alloy particles, especially
      recent dental formulations, additives such as the above do not enhance
      tablettability.
PAR  Another approach has been to provide special treatments for the surface of
      the particles to produce irregularity. These are several classic
      treatments given to spherical alloy particles for the sole purpose of
      forming compacts, in general these consist of the following:
PA1  Pickling -- Surface pickling with acid solutions e.g., sulfuric acid
      (40-90%) and water, generates an irregular surface on each sphere but
      interferes with the reaction of the alloy when combined with mercury to
      form the end product, dental amalgam;
PA1  Plating -- Generally, plating baths consist of cyanide, pyrophosphate, or
      acid solutions requiring temperatures from 70.degree. to 180.degree.F and
      the application of an electric current for plating to occur. The extensive
      manipulation and handling leads to high costs;
PA1  Oxidation -- Surface oxidation requires judicious heat treatments and
      occasionally, acid treatments, which may or may not contribute to the
      formation of a metal powder compact. In addition this process is extremely
      time consuming and also expensive;
PA1  polymer Coating -- This process entails a multiphase operation, and in most
      instances, tablets or compacts can not be formed. It is also very
      difficult to obtain uniform coatings on 25 micron diameter particles;
PA1  Boric Acid Solutions -- This process involves those metal powders requiring
      sintering and repressing for high densification.
PAR  In addition to having the capability of being compacted into a tablet a
      satisfactory alloy for dentistry must be capable of being amalgamated with
      no more than about 55 percent mercury. Preferably the amount of mercury
      required will be about 50 percent by weight while a superior amalgam alloy
      will amalgamate with about 45 percent by weight mercury. This mercury
      ratio limits the amount of etching that can be done on the surface of an
      alloy merely to obtain tabletting capability at reasonable pressures.
PAR  In contrast to the elaborate treatment processes of the prior art, I have
      discovered a simple chemical process for treating the surface of spherical
      alloy particles which produces sufficient surface irregularity to enable
      the formation of tablets by compacting at reasonable pressures.
PAR  Spherical Alloy particles vary in diameter from about 5 to about 60 microns
      with a mean diameter of about 25 microns. Generally about two-thirds of
      the particles have a diameter between 15 and 35 microns.
PAR  The surface of these spherical alloy particles prior to the treatment of my
      invention are essentially smooth and at a magnification of 10,000 .times.
      have a surface appearance which resembles that of the outer surface of an
      orange peel.
PAR  In accordance with my invention the spherical alloy particles are contacted
      with a hydrochloric acid solution of cupric chloride. The acid
      concentration can range from about 5 volume percent concentrated
      hydrochloric acid in water to about 30 volume percent concentrated
      hydrochloric acid in water. Preferably, the acid concentration will be
      about 10 volume percent concentrated hydrochloric acid in water. These
      hydrochloric acid concentrations are based on diluting concentrated
      hydrochloric acid containing about thirty seven percent by weight hydrogen
      chloride in water.
PAR  Concentrations of hydrochloric acid which are greater than 30 volume
      percent of concentrated acid give the alloy surface too much porosity so
      that an excessive amount of mercury will be required for amalgamation. For
      the same reasons if the spherical alloy particles are in contact with the
      acid solution of cupric chloride for too long a period excessive etching
      and excessive porosity of the alloy particles take place.
PAR  The concentration of cupric chloride measured as CuCl.sub.2.2 H.sub.2 O
      will range from about 1 gram per liter of acid to about 10 grams per liter
      of hydrochloric acid solution.
PAR  The spherical alloy particles are contacted with the hydrochloric acid
      solution of cupric chloride in any convenient manner to insure intimate
      contact of the solution with every particle. A simple manner of contacting
      the alloy particles with the solution of cupric chloride is to place the
      alloy particles in a container equipped with an agitator, cover the alloy
      particles with cupric chloride solution and agitate the mixture.
PAR  The spherical alloy particles can also be contacted with the acidic cupric
      chloride solution in a tower wherein the alloy particles can drop through
      the acid solution. In another aspect of the treatment the alloy particles
      can move through a treating tower either in concurrent or counter-current
      flow with the acid solution. This manner of contacting the particles with
      the acid solution lends itself to continuous processing.
PAR  The quantity of the hydrochloric acid solution of cupric chloride used in
      contacting the alloy is not critical. Sufficient acid solution must be
      used to cover the alloy particles. A satisfactory volume of solution is
      about 10 volumes of hydrochloric acid solution of cupric chloride per gram
      of alloy. Any amount greater than this can be used. Ambient temperature is
      suitable for the chemical treatment.
PAR  The time of contact of the hydrochloric acid solution of cupric chloride
      with the spherical alloy particles must be at least 10 minutes. Too long a
      contact time must be avoided as this leads to excessive etching of the
      alloy with an undesirable increase in porosity with a resulting increase
      in the mercury to alloy ratio required for amalgamation. In general, the
      time of contact will be from about ten minutes to about 40 minutes.
PAR  The effect of the contact of the hydrochloric acid solution of cupric
      chloride on the spherical alloy under optimum conditions is to grow
      cubical crystals containing copper on the surface of the alloy. These
      cubical crystals provide the necessary interlocking points on the alloy
      particle to permit compacting at reasonable pressures. These cubical
      crystals containing copper have been observed by electron microscope
      examination at magnifications of 10,000 .times.. Chemical analysis by the
      microprobe technique shows that the cubical crystals are rich in copper.
PAR  After the spherical alloy particles have been in contact with the
      hydrochloric acid solution of cupric chloride for at least about 10
      minutes the solution is separated from the alloy particles. This is
      conveniently and efficiently done by vacuum filtering although other means
      of separating solids from liquids such as by centrifuging or by settling
      are satisfactory.
PAR  The residual acidic cupric chloride solution is removed from the spherical
      alloy particles by washing with potable water. Water washing is continued
      until nearly all of the residual acid has been displaced. Generally, about
      three or more displacement water washes are required.
PAR  The water washed spherical alloy particles are then dried in any convenient
      way to remove residual water left on the particles by the washing step.
      This is conveniently done in a vacuum shell dryer or rotary vacuum dryer
      or even in dryers at atmospheric pressure. Drying temperatures are not
      critical and temperatures of about 80.degree. to about 100 .degree.C. are
      used. Drying is continued until the moisture content is about 1% or less.
      Preferably the drying will be continued until the moisture content
      approaches atmospheric humidity conditions.
PAR  The dried powder is then compacted into solid shapes, preferably in the
      form of cylindrical tablets. This is accomplished by compacting in
      tabletting, briquetting, molding, pelletizing or other type of compacting
      machine. Conveniently, tabletting is accomplished in a STOKES tabletting
      machine producing tablets of about 0.25 inches diameter, about 0.07 inches
      thick and weighing about 0.4 grams.
PAR  After tabletting the tablets are analyzed for any signs of strain
      introduced by the compaction. Such strains will generally reveal
      themselves when the tablets are measured for their green strength which
      should be within the range of about 3 to about 5 kilograms. The green
      strength is the resistance to fracture when the tablet is subjected to
      compaction pressure on its edge. Green strengths of about 2 to about 5
      kilograms are desired for easy amalgamation.
PAR  If the tablets require stress relief this is conveniently done by heating
      the tablets in an oven at about 90 .degree. to about 100 .degree.C. for
      about 1 to 4 hours. An inert gas atmosphere such as nitrogen is used to
      minimize surface oxidation.
DETD
PAR  The best mode of practicing my invention will be apparent from a
      consideration of the following examples.
PAC  EXAMPLE 1
PAR  Twenty grams of spherical alloy particles were placed in a glass beaker.
      The alloys had the following composition: Silver -- 59.5%, Tin-- 27.1%,
      Copper -- 14.3% and Zinc -- 0.05%. One hundred milliliters of various
      hydrochloric acid-water-cupric chloride solutions were added to the beaker
      as shown in Table I. The alloy in solution was stirred for a period of ten
      minutes after which the acid solution was separated from the alloy
      particles by vacuum filtration on filter paper. Approximately 300
      milliliters of water were then passed through the alloy particles to
      remove the residual hydrochloric acid-cupric chloride solution. Following
      the wash water, the spherical alloy particles were again placed in a
      beaker, stirred and heated to about 100.degree.C. until the water was
      evaporated.
PAR  After cooling to room temperature, samples of the particles weighing about
      0.389 grams were compressed in a cylindrical mold at 4 tons for less than
      one second. The force was removed and the cylindrical tablets were
      examined under 70 .times. magnification for continuity of surface. The
      ratio of mercury required for amalgamation was also determined.
TBL                TABLE I                                                     

     ______________________________________                                    

     Hydrochloric Acid - Cupric Chloride Treatment of Spherical Alloy          

     Particles                                                                 

     Water    Hydrochloric Acid                                                

                               Cupric Chloride.2H.sub.2 O                      

     (cc)     (37% conc.)      (grams)                                         

              (cc)                                                             

     ______________________________________                                    

      0       100              0.25                                            

     10       90               0.25                                            

     25       75               0.25                                            

     50       50               0.25                                            

     70       30               0.25                                            

     75       25               0.25                                            

     90       10               0.25                                            

     ______________________________________                                    

PAR  In the runs using hydrochloric acid at a volume ratio greater than 30%
      hydrochloric acid to 70% water the surfaces of the alloy particles were
      etched excessively so that even though tablets were obtained having
      satisfactory green strength, the amount of mercury required for
      amalgamation exceeded 55% and the tablets were deemed unsatisfactory for
      this reason. Volume ratios of hydrochloric acid from about 30% to about
      10% produced satisfactory tablets.
PAC  EXAMPLE 2
PAR  Using a hydrochloric acid to water ratio of 10 volume percent, the cupric
      chloride dihydrate concentration was varied as shown in Table 2.
TBL                TABLE II                                                    

     ______________________________________                                    

     Concentration of Cupric Chloride Dihydrate in Spherical Alloy Tablets     

     Water    Hydrochloric Acid                                                

                               CuCl.sub.2.2H.sub.2 O                           

     (cc)     (37% conc.)      (grams)                                         

              (cc)                                                             

     ______________________________________                                    

     90       10               0.10                                            

     90       10               0.25                                            

     90       10               0.50                                            

     90       10               1.00                                            

     90       10               5.00                                            

     90       10               10.00                                           

     ______________________________________                                    

PAR  Satisfactory tablets were prepared after treatment with hydrochloric acid
      solutions having from about 0.1 gram to about 1 gram of CuCl.sub.2
      .2H.sub.2 O per 100 milliliters of acid solution. At higher concentrations
      tablets could not be formed.
PAC  EXAMPLE 3
PAR  Following the procedure described in Example 1, the time of contact of a 10
      volume hydrochloric acid (37% conc.) 90 volume water solution containing
      0.25 grams of CuCl.sub.2 H.sub.2 O was varied from ten minutes to 40
      minutes. All of the tablets produced from the treated spherical alloy
      particles were satisfactory.
PAC  EXAMPLE 4
PAR  Spherical alloy particles having alloy compositions as set forth below were
      treated in the manner described in Example 1 and in all cases produced
      satisfactory tablets.
TBL  ______________________________________                                    

     Silver     Tin         Copper       Zinc                                  

     ______________________________________                                    

     59.4       27.1        14.3         0.05                                  

     59.7       26.6        14.3         0.05                                  

     59.2       26.9        14.1         0.05                                  

     59.1       26.5        13.9         0.01                                  

     59.4       27.6        12.9         0.01                                  

     71.7       25.2        2.1          1.0                                   

     71.1       25.8        1.4          0.6                                   

     71.5       26.5        2.0          0.2                                   

     ______________________________________                                    

CLMS
STM  I claim:
NUM  1.
PAR  1. The process for treating spherical alloy particles to enable them to be
      tabletted in a compacting press comprising:
PA1  contacting spherical dental amalgam alloy particles with a hydrochloric
      acid solution of cupric chloride for a time sufficient to react with the
      alloy surface and grow cubical crystals containing copper thereon said
      hydrochloric acid ranging in concentration from about 10 volume percent to
      about 30 volume percent concentrated hydro chloric acid and said cupric
      chloride ranging in concentration from about 0.1 grams to about 1 gram per
      100 milliliters of hydrochloric acid solution;
PA1  separating the hydrochloric acid solution of cupric chloride from the
      spherical alloy particles;
PA1  washing the separated spherical alloy particles with water to remove the
      residual hydrochloric acid solution of cupric chloride;
PA1  drying the washed spherical alloy particles to remove residual water; and
      finally
PA1  compacting the dried spherical alloy particles into a solid form.
NUM  2.
PAR  2. The process of claim 1 in which the compacting is done by a tabletting
      machine.
NUM  3.
PAR  3. The process of claim 1 in which the spherical alloy particles are a
      silver, tin, copper and zinc alloy.
NUM  4.
PAR  4. The process of claim 1 in which the hydrochloric acid solution of cupric
      chloride is in contact with the spherical alloy particles for a period
      ranging from about 10 minutes to about 40 minutes.
NUM  5.
PAR  5. The process for treating spherical alloy particles to enable them to be
      tabletted in a compacting press comprising:
PA1  contacting spherical dental amalgam alloy particles with a hydrochloric
      acid solution of cupric chloride for a time sufficient to react with the
      alloy surface and grow crystals containing copper thereon said
      hydrochloric acid ranging in concentration from about 10 volume percent to
      about 30 volume percent concentrated hydrochloric acid and said cupric
      chloride ranging in concentration from about 0.1 grams to about 1 gram per
      100 milliliters of hydrochloric acid solution;
PA1  separating the hydrochloric acid solution of cupric chloride from the
      spherical alloy particles;
PA1  washing the separated spherical alloy particles with water to remove the
      residual hydrochloric acid solution of cupric chloride; and
PA1  drying the washed spherical alloy particles to remove residual water.
NUM  6.
PAR  6. The process of claim 5 in which the spherical alloy particles are a
      silver, tin, copper and zinc alloy.
NUM  7.
PAR  7. The process of claim 5 in which the hydrochloric acid solution of cupric
      chloride is in contact with the spherical alloy particles for a period
      ranging from about 10 minutes to about 40 minutes.
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ABST
PAL  A structural component, such as a load-bearing column or a floor panel, is
      initially made undersize between two opposed faces and is brought to
      accurate size and the angularity of said faces made accurate, by locating
      the component relative to a reference surface, with a gap between that
      surface and one of the faces, that face is provided in the gap with a
      layer of settable material capable of adhering to the face, and this
      material is squeezed by relative adjustment between the reference surface
      and an abutment to give the component the desired accuracy. A load-bearing
      structure of room height, consisting of two such columns spaced apart with
      a cross-member between them, for rigid attachment to such a floor panel,
      is made by adjusting the two columns in such manner that they are
      parallel, the distance between them conforms substantially to an
      accurately predetermined value, bearing surfaces at their corresponding
      upper and lower ends are level with one another, and rigidly connecting
      eachh column to the cross-member by tolerance-accommadating joints spaced
      apart in the height of each column.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to the manufacture of transportable prefabricated
      room elements, and components thereof, and has for an object to provide a
      method of manufacturing such components with close linear and angular
      tolerances in at least one direction.
PAR  In this Specification `transportable prefabricated room element` means a
      prefabricated structure, consisting of part of a storey of a building,
      which is transportable and capable of being built and substantially
      finished in a factory and comprises a prefabricated floor panel and the
      whole of the vertical load-bearing structures (e.g. end structures and/or
      intermediate structures) associated with it in the completed room element,
      which prefabricated structure is capable of withstanding all forces
      imposed on it during transport, and during and after erection into the
      building, and is adapted to be mounted face-to-face with a further room
      element in building up a storey or part of a storey of a building. The
      expression `face-to-face` includes side-by-side, end-to-end and
      end-to-side. The expression `vertical load bearing structure` includes a
      vertical load-bearing wall, a vertical load-bearing pillar or column, and
      spaced load-bearing pillars or columns. These columns may support `fill-in
      panelling` to close or partly close a face of the structure and the
      expression `fill-in panelling` includes a wall panel, a door or a window,
      and in the case of a wall panel the latter may be integral with two
      columns between which it extends or may be attached to them.
PAR  The columns are preferably prefabricated (e.g. of reinforced concrete) and
      are disposed at the perimeter of the floor panel, some or all of them
      being permanently and rigidly fixed thereto (as for example in British
      Patents Nos. 1101579 and 1109873). For example there may be a column at
      each corner, or at a plurality of the corners, of the floor panel.
PAR  Such room elements are intended to be fabricated in a substantially
      complete manner at a factory remote from the building site. In particular
      such electrical wiring, plumbing and heating installations, doors,
      partitions, glazing and interior finish, as are required in the completed
      building are applied to the room elements at the factory so as to bring
      them to a substantially finished condition. The room elements are then
      transported to the building site and there assembled into a building to
      which only the minimum finishing work such for example as concealing joint
      lines, and the assembly and connection of the services, needs to be
      carried out.
PAR  This system of building construction has recognised advantages but it also
      has its limitations. It will be appreciated that the size of the room
      elements is governed by transport considerations, and thus the maximum
      floor area of an individual room element is limited. Moreover, the mere
      bulk of the room elements renders special mechanical handling equipment
      necessary.
PAR  The floor panels should be made of reinforced concrete and hence their size
      and weight brings problems in their casting and handling. Also, the system
      does not readily permit room elements of various sizes to be constructed,
      for that would entail the use of a number of expensive moulds for the
      floor panels.
PAR  Moreover, the use of a single prefabricated floor panel imposes a
      limitation on the size in which the room elements can be economically
      constructed.
PAR  Finally, it will be appreciated that the room elements have to be
      prefabricated and finished whilst they are travelling along a production
      line. Their mere bulk renders transport along a production line difficult
      and the operations which have to be carried out in that production line
      render progress along it very slow. A further drawback is the limited
      access of workmen which renders it difficult for two teams to work
      simultaneously.
PAR  A high degree of linear and angular accuracy is required in the room
      elements, for a plurality of room elements are mounted face-to-face,
      tolerance errors are cumulative:--  yet each room element ought to have
      its vertical and horizontal surfaces substantially flush with those of the
      next room element.
PAR  An object of the present invention is to make it possible to avoid some or
      all of the above-mentioned drawbacks.
PAR  A further object of the present invention is to provide a method of
      imparting, to a constructional component of a room element, a high degree
      of accuracy. Another object is the manufacture of a floor panel of
      increased length but having a high degree of dimensional accuracy.
PAR  British Patent No. 1350599  describes a transportable prefabricated room
      element in which the floor panel comprises a plurality of prefabricated
      floor panel components or sections rigidly connected together edge-to-edge
      by structural means and forming the bases of the corresponding regions of
      the completed room element, and at least one of these floor panel
      components forms the base of a transportable unit built into the room
      element, which unit comprises any upstanding load-bearing structure and/or
      upstanding non-load-bearing structure provided in the corresponding region
      of the completed room elements and is prefabricated in unit form prior to
      incorporation in the room element. Such a unit may also incorporate any
      installations required, at that region, in the completed room element. It
      will be appreciated that the angular and linear dimensional accuracy of
      the panel components is important, since errors are cumulative and result
      in variation in the floor panels. A high degree of accuracy in the end
      wall structures attached to the floor panel is also necessary. The present
      invention enables each component to be manufactured to close tolerances
      and it will be appreciated that any structural component such as a beam,
      column or panel may be accurately manufactured according to the method of
      the invention.
PAR  The present invention provides a method of imparting to a constructional
      component for a room element as hereinbefore defined, dimensional accuracy
      between opposed faces of the component, the component having been
      initially manufactured undersize as regards said dimension, which method
      comprises locating the component relative to at least one reference
      surface with a space between one of said faces and the reference surface,
      and providing a layer of settable material in said space so as to close
      the gap between said face and the reference surface, the settable material
      being capable of adhering to the component on setting so that said
      component, together with its added set material, possesses said accurate
      dimension, said dimension being determined by the distance between said
      face of the component and the reference surface.
PAR  The invention also provides a method of imparting, to a constructional
      component for a room element as hereinbefore defined, dimensional accurary
      between opposed faces of the component, the component having been
      initially manufactured undersize as regards said dimension, which method
      comprises, (a) applying to at least a part of at least one of the said
      faces, a layer of settable material capable of adhering to that face, (b)
      disposing the component with the applied settable material between opposed
      abutments, at least one of which constitutes a reference surface, with the
      settable material between said one face and the reference surface, (c)
      effecting relative approach between the abutments so as to squeeze and
      reduce in thickness the layer of settable material, (d) terminating said
      approach at a position giving the desired dimensional accuracy, and (e)
      allowing or causing the material to set before removal of the component.
PAR  The required dimensional accuracy may be a linear accuracy between opposed
      faces of the component. Alternatively or in addition, the required
      accuracy may be an angular accuracy (e.g. parallelism) between said
      opposed faces and/or between at least one of them and another surface or
      face of the component (e.g. a right angle).
PAR  One of the opposed faces of the component may be positioned against an
      abutment so as to locate the opposite face of the component relative to
      the reference surface.
PAR  There may be employed two reference surfaces between which the component is
      disposed with a space between each reference surface and an adjacent face
      of the component, the reference surfaces being relatively movable towards
      and away from one another, the settable material being disposed between
      each reference surface and the adjacent face of the component, and said
      relative movement being terminated at a stage producing the required
      accuracy.
PAR  In one embodiment of this method, a third face of the component, transverse
      to the said opposed faces, is located in a plane having a predetermined
      angular relation to the first said reference surface. This third face may
      be located in spaced relation to a third reference surface, and the
      settable material occupies the gap between said third face and third
      reference surface, the width of the gap being determined by the location
      of the said third face.
PAR  Alternatively or in addition, a fourth face of the component, opposite said
      third face, is disposed in spaced relation to a fourth reference surface,
      and the settable material occupies the gap between said fourth face and
      the fourth reference surface, the width of the gap being determined by the
      location of said fourth face.
PAR  In one embodiment, a still further face of the component, transverse to all
      said faces, is disposed in spaced relation to a still further reference
      surface, and the settable material occupies the gap between said further
      face and further reference surface.
PAR  It will be appreciated that the invention is applicable to producing a
      plurality of accurate dimensions in a single component of a room element,
      such as length, breadth, depth or thickness, and the angular relation of
      faces. The invention is especially applicable to columns, load-bearing
      structures, and panels (e.g. floor panels, or components for assembly to
      form a floor panel).
PAR  In the case of a column the method may be employed to adjust the length of
      the column and the angularity of at least one of its end faces.
PAR  In the case of a panel, the method may be employed to adjust the distance
      between, and the angularity of, opposed end faces of the panel.
      Furthermore, the method may be employed to adjust the thickness or depth,
      and/or width of the panel.
PAR  The settable material may be disposed on the appropriate face of the
      component before or after the component has been disposed in an initial
      space relationship to the appropriate reference surface, being
      subsequently squeezed between said face and surface.
PAR  The dimensions of the room elements may conform to Highway Codes in order
      that the room elements may be economically transported without special
      escort, the length not exceeding about 40 ft. and the width being about 8
      to 10 ft; the height is not usually a critical factor in transportation
      but may be about 8 ft. or 10 ft. These dimensions may also conform to
      I.S.O. container standards, which are presently 8 feet .times. 8 feet
      .times. 40 feet (2.435 m..times.2.435 m..times.12.180m.).
PAR  It is known to prefabricate the aforesaid load-bearing structure as a
      monolithic cast concrete structure comprising two spaced reinforced
      concrete uprights integrally connected by a concrete cross member or
      members (i.e. at the base or the top, or both the base and the top of the
      uprights) the load-bearing structure being rigidly secured to the floor
      panel with two columns at the corners of an end of the panel.
PAR  Casting the load-bearing structure as a monolith presents certain
      difficulties or disadvantages. Among these may be ennumerated the size and
      shape of the mould, the difficulty to make this mould rigid and making it
      accurate, its expense, the fact that it occupies a relatively large amount
      of floor space, the reinforcing armature is difficult to prefabricate, the
      pouring of the concrete is difficult to industrialise and is slow, and the
      monolithic structure is difficult to extract from the mould. This
      monolithic structure is heavy and fragile, difficult to handle, transport,
      store and use; it is flexible so that it must be supported carefully
      during the curing stage to prevent permanent warping; it requires a large
      amount of storage space and must exist in its full size from the beginning
      of its manufacture. It is difficult to maintain the requisite dimensional
      tolerances of the overall height, relative height between the two columns,
      rectangularity and parallelism and it is also difficult to avoid warping.
      Only one size and shape of structure can be made with each mould. There is
      limited opportunity for pre-finishing it (i.e. applying installations,
      cladding, etc.), and the structure requires a long curing time.
PAR  It is convenient now to refer to FIG. 11 of the accompanying drawings,
      which illustrates in front and side elevation a monolithic load-bearing
      structure 200 (e.g. an end structure), and the linear and angular
      dimensions in which inaccuracies occur. This structure 200 comprises two
      vertical load-bearing columns or pillars 200a and 200b connected at the
      top by an integral cross member or lintel 200c and having fill-in
      panelling 200d extending between them near their bases.
PAR  The important dimensions are:
PA1  1. The vertical height between the bearing surfaces at the top and bottom
      of each of the columns, which should be equal for the two columns with
      these bearing surfaces on the same level and constant for each structure
      produced.
PA1  2. The angle between datum line DL and the level of the upper and lower
      bearing surfaces (said angle being 90.degree.).
PA1  3. The width between the outer faces of the two columns.
PA1  4. The parallelism between the outer faces of the two columns.
PA1  5. The parallelism of the load-bearing surfaces to one another.
PAR  To these may be added:
PA1  6. Whether all four corners lie in a plane.
PAR  The order of importance in one or two storey buildings is 1, 2, 4, 3, 5 and
      6, but in the case of higher buildings 1, 2 and 5 assume greater
      importance.
PAR  Discrepancies in these dimensions are cumulative in the completed building
      and can produce divergencies in the vertical stacking of the room elements
      on one another, and render it difficult or impossible to ensure that each
      floor panel is level and that all the floor panels of a storey are at the
      same height. Divergencies in the vertical stacking lead to ill-distributed
      vertical loading on the columns, with overloading of some columns, and
      eccentric loading on the columns with a consequent danger of buckling or
      structural failure. The discrepancies can further lead to a reduction in
      the resistance of the building to lateral loads, and to undesirable
      bending stresses being set up at the joints between the columns and floor
      panels.
PAR  An object of this invention is to avoid or minimise at least some of the
      disadvantages or draw-backs hereinbefore discussed, primarily in relation
      to multi-storey buildings, (e.g. three or more storeys), by providing a
      method of manufacturing the aforesaid vertical load-bearing structure to a
      higher degree of accuracy than heretofore achieved, while at the same time
      rationalising their production.
PAR  The invention therefore provides a method of prefabricating a vertical
      load-bearing structure for the frame of a transportable prefabricated room
      element as hereinbefore defined, which comprises taking initially separate
      subcomponents viz. two prefabricated reinforced concrete columns and at
      least one prefabricated cross member, the height of the two columns being
      predetermined and equal, disposing the cross member (or members) between
      the two columns and rigidly connecting the columns to the cross member (or
      members) in such manner that (a) the columns are parallel, (b) the
      distance between them conform substantially to a predetermined value, (c)
      bearing surfaces at their lower ends are level with one another, and (d)
      bearing surfaces at their upper end are level with one another, the
      connection being effected at two regions spaced apart in the height of
      each column by joints which accommodate manufacturing tolerances in the
      two components.
PAR  The invention also includes a method of prefabricating a vertical
      load-bearing structure for the frame of a transportable prefabricated room
      element as hereinbefore defined, which comprises assembling said structure
      from initially separate sub-components viz. two prefabricated reinforced
      concrete columns and at least one prefabricated cross member, the height
      of the columns being predetermined and equal, disposing the cross member
      (or members) between the two columns, adjusting the columns in such a
      manner that (a) they are mutually parallel, (b) the distance between them
      conforms substantially to a predetermined value, (c) bearing surfaces at
      their lower ends are level with one another and occupy a common plane, and
      (d) bearing surfaces at their upper ends are level with one another and
      occupy another common plane, and rigidly connecting the two columns to the
      cross member (or members) in their adjusted relation by
      tolerance-accommodating joints in each column which are spaced apart in
      the height of the column.
PAR  The foregoing method avoids difficulties and disadvantages inherent in, and
      consequent upon, casting the load-bearing end structure as a monolith. The
      columns are precast as essentially one-dimensional components. This
      simplifies numerous factors in their production such as the reinforcement,
      pouring, moulding, extracting, curing and the dimensional control. The
      moulds by which the components are produced are simple and robust and
      require little floor space.
PAR  The built-up structure has a linear and angular accuracy which cannot be
      achieved in a monolithic structure; uniformity in linear and angular
      dimensions, as between a number of the structures is also achieved.
PAR  The method is flexible in that the cross section and/or height of the
      columns can readily be varied: so can the shape of the structure in that
      it is possible to make it open for substantially its whole height (for
      example to provide an opening or to accommodate a door), or for part of
      its height (for example to accommodate a window) or so as to be fully
      closed by fill-in panelling. If the cross member is a lintel, its position
      may be variable; if it is a panel the type and thickness of the panel may
      readily be changed. The panel can be substantially completely finished
      before assembly into the structure; that is to say, any required
      installations, exterior or interior finish, or paintwork may be applied.
PAR  The columns may be manufactured to a predetermined height by any suitable
      manufacturing step and specifically by the method first described herein.
      The floor panel may also be manufactured by that method.
PAR  A gap may be initially left between the inner face of a column and an end
      face of the cross member, said gap being initially occupied by settable
      material or caulking material and the relative position of the column and
      cross member is adjusted to squeeze the settable material and reduce the
      gap. Preferably a gap is left between each end face of the cross member
      and the adjacent side face of the adjacent column, each gap being occupied
      by said material.
DRWD
PAR  The invention is particularly described hereafter with reference to the
      accompanying drawings, wherein:
PAR  FIG. 1 is a longitudinal sectional view through apparatus for carrying out
      the method of the invention, showing a panel component in position before
      jaws of the apparatus are closed in operation;
PAR  FIG. 2 is a perspective view of the apparatus, with the component removed;
PAR  FIG. 3 is an enlarged elevation (partly in section) of the panel component
      after treatment in the apparatus according to the present invention;
PAR  FIG. 4 is a longitudinal sectional view of an alternative form of apparatus
      for carrying out the invention, showing a panel component in position in
      the apparatus before operation of the apparatus.
PAR  FIG. 5 is a diagrammatic elevation of a modification of the apparatus shown
      in FIG. 4;
PAR  FIG. 6 is a diagrammatic plan view of a further modification, applicable to
      FIG. 4 or FIG. 5;
PAR  FIG. 7 is a perspective view of a panel component after treatment in the
      apparatus of FIG. 4 or FIG. 5 as modified according to FIG. 6.
PAR  FIG. 8 shows apparatus for producing a hole through the panel workpiece or
      component;
PAR  FIG. 9 is a perspective view showing apparatus for use in constructing a
      room element from components as shown in FIG. 7;
PAR  FIG. 10 is a perspective diagrammatic view showing apparatus corresponding
      to that shown in FIG. 9 for constructing a room element from components
      treated in apparatus according to the FIG. 1 embodiment.
PAR  FIG. 11 shows a monolithic load-bearing structure (of room height) in front
      and side elevation;
PAR  FIG. 12 is a perspective side view illustrating the assembly of
      sub-components for a loadbearing structure (of room height) according to
      this invention.
PAR  FIG. 13 is a cross-sectional plan through one of the columns and the
      adjacent part of a cross member of FIG. 12.
PAR  FIG. 14 is a side elevation and FIG. 15 is a perspective view of a modified
      load-bearing column.
DETD
PAR  Referring to FIGS. 1 and 2, the apparatus shown comprises a base 8 provided
      with first and second spaced uprights 5a and 5b and a bed 7 between the
      uprights. The bed has a raised upper surface 7a and a lower surface 7b.
      Reference surfaces to define a required accurate dimension between the
      surfaces of the component are provided in the form of a pair of jaws. A
      first jaw 1 is carried by a slide 6 mounted on the upper surface 7a and a
      second jaw 2 is mounted on upright 5b, the slide serving to move the first
      jaw towards and away from the second jaw. A platen 3 is slidably mounted
      on the lower surface 7b of the bed 7 and has on its upper surface a set
      (e.g. two pairs) of supports 13. A panel workpiece 4 may be seated, as
      shown, on the supports, so that its end faces are positioned directly
      between the jaws 1, 2. These supports are shown as cones, but they may be
      pads which are preferably mounted on ball-and-socket joints. Their
      function is to locate the under surface of the component 4 in a plane
      having a predetermined angular relation (at a right angle) to the
      reference surface.
PAR  A hydraulic piston and cylinder unit 9 is mounted on the first upright 5a,
      the piston being pivotally connected to a one-armed lever 10, the lever
      being fulcrummed at 14 on the base 8. A first connecting rod 11 connects
      the slide 6 to the lever and a second connecting rod 12 connects the
      platen 3 to the lever. The arrangement is such that the horizontal
      movement imparted to the slide 6 by the lever is twice that imparted to
      the platen 3.
PAR  A cover 15 (FIG. 2) is provided over the piston and cylinder unit and the
      lever and partially overlying the slide 6. A stop (not shown) is provided
      to limit movement of the second jaw towards the first jaw and the stop may
      be adjustable.
PAR  To manufacture a panel component to a desired accurate longitudinal
      dimension, the component is first manufactured basically so as to be
      smaller than said dimension, i.e. between the limits A-B, as shown in FIG.
      1. The component will typically be made of concrete, which may be
      reinforced. A layer of settable, for example curable, filling material 23
      is provided on both end faces of the basic component, so as to extend the
      length of the component beyond the desired accurate dimension, i.e. beyond
      the limits X-Y. The component is then positioned in the apparatus, as
      shown in FIG. 1 and the piston and cylinder unit 9 is operated to move the
      first jaw 1 towards the second jaw 2 and to move the platen 3 in the same
      direction. Movement of the platen serves to centralise the component
      between the jaws as the additional movement of the first jaw 1 causes the
      curable material to be compressed towards the basic component. The
      movement of the first jaw is limited by the stop, at which limit position
      the spacing of the jaws is equal to the desired accurate dimension. Any
      extruded excess curable material is removed and the remaining material is
      allowed to cure. Curing may be accelerated for example by application of
      heat, conveniently through the jaws, or high frequency generators may be
      provided in the jaws for this purpose. After curing, the component is
      removed from the apparatus. It is within the scope of the invention to
      further enhance the accuracy of the component by machining (e.g. grinding)
      the face of the set material. To prevent sticking of the cured material to
      the jaws, the latter may be coated with polytetrefluoroethylene, or an
      expendible film, such as paper, may be interposed between the material and
      each jaw.
PAR  Any shrinkage or creep (i.e. contraction over a long period) of the curable
      material would be so small due to the thinness of the added layer as to be
      negligible. It is envisaged that a basic panel component may be 4 mm to 8
      mm undersized in respect of the desired accurate dimension, whereas the
      completed panel component may be several metres long. Tolerances of 0.05
      mm/m may be met by the above method. The basic component must, of course,
      not be liable to shrinkage and, for example, must be fully cured, if
      composed of concrete, before the above method is carried out.
PAR  To meet desirable characteristics of strength, durability and fast curing,
      it is envisaged that epoxy resins may be used as the curable material,
      although refractory mortar and alumina cements may alternatively be used,
      as may quick-setting Portland cement such as TRICOVIT.
PAR  The curable material may be painted, sprayed or trowelled on the ends of
      the basic component, or the material may be a polymerisable sheet solid or
      may be contained in a heat disentegratable bag. It is also envisaged that,
      to support the curable material (which may be in a thixotropic form)
      during setting, metal foil may be provided on each basic component and
      held in place by dimples registering with or engaging in corresponding
      recesses in the basic component.
PAR  In the above description, linear accuracy has been considered, but the
      angular relationship between the two end faces of the panel component is
      also important i.e. the two end faces of the panel component should be
      parallel to each other and perpendicular to a major surface (e.g. the
      upper and/or the lower surface). By carrying out the above method, this
      desired angular accuracy is also achieved if the two jaws have parallel
      operative faces and the component is located in the apparatus at a right
      angle to said faces. FIG. 3 shows a panel component 4, wherein the added
      material 23 is shown both to correct the angular relationship between the
      end faces of the component and to lengthen the component to the desired
      accurate dimension.
PAR  Referring now to FIG. 4, the embodiment shown therein again comprises a bed
      107 and a pair of spaced uprights, only one numbered 106 being shown in
      FIG. 4. A slide 105 and a first platen 103 are both slidably mounted on
      the bed. The slide 105 carries a first jaw 101 and the upright 106 carries
      a second jaw 102. Each first and second jaw has a flange defining a
      horizontal shoulder 78, 79 respectively. The slide 105 and the first
      platen 103 are both movable by a hydraulic piston and cylinder unit (not
      shown) in a two-to-one relationship as in the previous embodiment.
PAR  The first platen has in its upper surface a plurality of recesses each
      receiving a spigot 126 provided with a cone-shaped head 126a defining a
      support point. Each support point is biased upwardly by a helical spring
      125 provided in the corresponding recesses and seating against the head
      126a. A downwardly moving second platen 130 is provided having downwardly
      projecting cones 128 and abutment surfaces 129. A piston and cylinder unit
      131 is provided to urge the second platen downwardly. The top surfaces 132
      of the first and second jaws 101 and 102 serve as stops which co-operate
      with the abutment surfaces 129.
PAR  This embodiment is used to control the linear dimensions of a panel
      component 104 in both horizontal and vertical directions, the angular
      dimensions being simultaneously controlled. The horizontal dimensions are
      controlled as described in relation to the first described embodiment. The
      vertical dimensions are controlled by lowering the second platen 130 until
      the abutment surfaces 129 rest on the stops 132. During such lowering the
      bottom of the basic component 104 presses down horizontally against the
      reference points 126a which provide an upward bias. The desired vertical
      dimension is determined by the vertical distance from the points of the
      cones 128 to the shoulders 78, 79 and the depth of the basic component is
      undersized with respect to this distance. Curable material is squeezed
      between the bottom of the basic component 104 and the shoulders 78, 79 and
      allowed to cure in situ. The component is then removed from the apparatus.
      In the horizontal direction the added cured material will not, of course,
      cover the entire bottom face of the basic component, but only two opposite
      marginal regions, or alternatively only each corner part of the bottom of
      the basic component. FIG. 7 shows a panel component when treated in
      apparatus as just described but a further treatment, which is described
      below, has been carried out on the component shown. The cured material
      added in the horizontal direction is shown by the numerals 123 and the
      material added in the vertical direction is shown by the numerals 145.
      Material 146 has also been added to control the width of the component, as
      described below.
PAR  A modification of the apparatus of FIG. 4 is diagrammatically illustrated
      in FIG. 5. In this modification, both jaws 134 and 135 are movable
      horizontally towards one another along guide or slideways. The downwardly
      movable upper platen 130 is replaced by a fixed platen 130A provided with
      downwardly projecting stops 128A. A piston and cylinder unit 123 is
      provided and serves to move upwardly a support 133A for the component 104,
      so as to urge the top surface of the component against the stops 128A. The
      curable material is inserted between the end faces of the component 104
      and the faces of the jaws 134, 135 and between the shoulders 136 of the
      jaws 134, 135 and the margins of the bottom surface of the component 104.
      In this construction, each of the stops 128A and the support 133A is
      constituted by a pair of rollers mounted on a rockable carriage.
PAR  FIG. 6 shows an adaptation of the embodiment shown in FIGS. 4 or 5 for
      controlling the width of the component. This adaptation may be used
      additionally to the apparatus shown in FIGS. 4 or 5 or additionally to (a
      slightly modified version of) the apparatus of FIG. 1. In this adaptation,
      each jaw 140, 141 is provided with side flanges 142 and a side support 137
      is provided having reference points 138. A piston and cylinder unit is
      provided to urge the component against the points 138. Curable material is
      inserted between the sides of the component and the flanges 142, so as to
      provide a finished component with side pieces 146, as shown in FIG. 7. In
      the component shown in FIG. 7, holes 147 are left for receiving
      prestressed members.
PAR  The panel component 104 shown in FIG. 7 is designed for building up room
      elements as described in British Patent No. 1,350,599. A series of such
      components may be aligned for connection with one another using apparatus
      as shown in FIG. 9. The components may be arranged with their faces 146
      against a reference wall 172 of the apparatus and their bottom faces 145
      seating on reference planes 173. These reference planes need not be full
      surfaces, but may be defined by relatively small pads, bosses or rails.
      Additionally, the apparatus may include a pressure shoe 174 mounted on a
      carriage 175 (slidable along a guide way 176) and urged against faces 146
      of adjacent components 104 while being supported on surface 177 and
      operated by suitable means such as a hydraulic piston-and-cylinder device
      178. The shoe 174 is further provided with guide rods 179 mounted by
      trunnions on carriage 175 and having adjustable stop nuts 180 to limit
      advance. The apparatus includes a plurality of these devices, which serve
      to position successive panel components against reference surface 172.
      While being lightly held against this surface, the components are
      post-tensioned together (ensuring lateral and vertical alignment) the
      post-tensioning cables extending through holes 147. Reference 181
      indicates a room element, or a section thereof according to British Patent
      No. 1,350,599 incorporating a series of end-to-end panel components. The
      vertical load-bearing structure (FIG. 12) may stand on surfaces 173 which
      may be stepped down slightly to fix its height during attachment to the
      floor panel components.
PAR  Alternatively, each of the devices may include a plurality of bell-crabk
      levers mounted on a base 171 of the apparatus with their fulcra arranged
      parallel to the reference surface 172. A hydraulic piston and cylinder
      unit 178 is connected to each bell-crank lever and is operable to move the
      corresponding lever so as to urge the faces 146 of the component against
      the reference surface.
PAR  Before the panel components 104 are interconnected, one or more of them may
      be provided with further components such as a vertical wall, column or
      house fittings, as described in the said co-pending application. The
      further components may be located relative to the panel components using
      apparatus wherein the panel component is urged against a reference
      surface, the apparatus including stop or guide means for precisely
      locating the further component on top of the panel component or the panel
      component within the apparatus.
PAR  FIG. 8 illustrates one form of apparatus (shown by way of example as a
      drilling machine 185) for piercing a hole 184 in a component 104, for
      mounting pipes or other fittings. The base 8 has a platen or carriage 186
      slideable along guides 186a and carrying a rocking cradle 187. The cradle
      has support rollers 187a for the component 104, and a side face of the
      latter is urged against vertical locating rollers 187b by a pressure
      device 143a incorporating a pressure roller. Thus the component 104 is
      adjustable endwise and is accurately located. A bush 188 for guiding a
      drill is shown in FIG. 4.
PAR  Referring to FIG. 9, that apparatus is primarily applicable to workpieces
      having accurate locating surfaces, so that simple locating devices will
      suffice.
PAR  FIG. 10 illustrates apparatus for locating successive workpieces lacking
      accurate reference surfaces on the sides and bottom, so that these
      workpieces (i.e. floor panel components) can be located and fixed
      end-to-end and to a load-bearing end structure (such as is shown in FIG.
      12).
PAR  The base 171a has a fixed jaw 189 carrying vertical locating rollers 189a
      and/or locating points diagrammatically respresented by cones 123a, and an
      opposed movable jaw 190 carrying vertical locating rollers 190a. Jaw 190
      is slidable along suitable guides 171b by suitable pressure means (not
      shown) so as to press the components 104 against the locating means 189a
      or 123a. In this movement, the under surface of the components is
      positioned on rollers 191a on wheeled trolleys 191 movable widthwise of
      the base (or on suitable reference points 123b) and on rollers 192a on
      identical wheeled trolleys 192 movable lengthwise of the base, horizontal
      support surfaces being provided for these trolleys to rest and move on.
PAR  At an end of the base there is an upstanding stop frame 193 having a
      limited degree of rocking movement about a horizontal fulcrum 193a. Frame
      193 also carries locating means (shown as rollers 193b) for engaging a
      load-bearing end structure of a room element or a section of a room
      element, and locating pressure pads 193c for engaging faces of the columns
      of the end structure. These pads have holes through which the
      post-tensioning cables are threaded through the holes 211, 212 (FIG. 12)
      of the end structure and through the holes 147 of successive floor panel
      components mounted in the apparatus. The centre lines of these cables are
      indicated by lines 194. Alternatively, rigid tie rods may be inserted
      through the holes 147, 211 and 212.
PAR  Suitable support surfaces (e.g. trolleys) may be provided on the base 171a
      for positioning the end structure at the required height.
PAR  The apparatus of FIG. 10 is primarily applicable to the connection of
      unitary prefabricated (and pre-finished) sub-assemblies (or sections of a
      room element) according to British Patent No. 1350599, in direct contact,
      at least some of said units comprising a prefabricated floor panel section
      such as 4 or 104. Since the preferred embodiment employs post-tensioning
      for the connection, the settable material or filler applied to the panel
      sections should be capable of withstanding post-tensioning forces when set
      (about 15 tons on the total cross-sectional area). This material should be
      capable of withstanding at least a significant portion of the structural
      load:- that is, must constitute a member of a moment resistant connection
      between adjacent panel sections and between a panel section and a
      load-bearing structure. It will also have to transmit significant vertical
      shear forces, but because of the compressive forces due to the
      post-tensioning its coefficient of friction need not be high. The modulus
      of elasticity should be of the same order as that of the compound.
PAR  In FIG. 10, adjacent pre-finished units are indicated at 181a, 181b, and
      181c, the joint faces between them being indicated at 195a, 195b. The
      units are not necessarily of the same length.
PAR  Referring now to FIGS. 12 - 15, the cross member 200d is shown in FIG. 12
      as a prefabricated window-breast panel consisting of a rigid interior
      panel 201, an outer panel 202, and an intermediate layer 203 of rigid
      insulating material such as for example a foamed plastic or cork. The
      inner panel 201 is preferably of reinforced concrete while the outer layer
      or panel 202 may be made of weather resistant material, concrete being
      preferred. This member 200d can be prefinished before the assembly of the
      load-bearing structure. For example, the outer face of the panel 202 can
      be painted, glazed, tiled, or otherwise prefinished and if necessary can
      be covered with a protective layer. The inner surface of the structural
      panel 201 can be plastered, papered, tiled, veneered, or panelled or
      otherwise prefinished and protected. A window opening 200e is provided
      above panel 200d and may be finished and glazed before assembly of the
      structure in a room element or in a section of a room element.
PAR  At each of its end faces the inner structural panel 201 is provided with
      protruding metal dowels 205, 206 spaced apart vertically, and each of the
      columns 200a, 200b is provided with corresponding holes, 207, 208
      constituted by cast-in metal bushes the diameter of the bores of which is
      greater than the diameter or the dowels 205, 206 so as to provide a
      clearance.
PAR  The dowels 205, 206 may form a part of or be attached to the reinforcement
      of the inner panel 201 when the latter is made of reinforced concrete, and
      the metal bushes are preferably welded or otherwise secured to the
      reinforcement of the columns 200a and 200b.
PAR  The columns 200a, 200b are offered to the ends of the panel 200d so that
      the dowels 205, 206 enter the clearance holes 207, 208, and are so
      adjusted as to give the required accuracy or values of the linear and
      angular dimensions of the load-bearing structure. This adjustment is
      possible because of the fact that the dowels 205, 206 are clearance fit in
      their holes 207, 208. The three sub-components are held in their desired
      attitudes, for example by means of a jig, and the dowels 205, 206 are
      permanently fixed in their clearance holes. A rigid union between the
      dowels and the metal bushes may be achieved by a setting adhesive,
      conveniently an epoxy resn such as that made and sold under the name
      "Aderit Special" by Firma Meynadier. To form a quick setting cement this
      resin is mixed with quartz sand as an aggregate substantially in the
      proportion of 1 to 1 by weight. Alternatively, the bond may be produced by
      thermit welding, the thermit metal bond being indicated at 209 in FIG. 13.
      209 may also indicate a filling produced by molten lead.
PAR  In the adjusted position of the sub-components there will be a narrow gap
      210 between one or each of the end faces of the inner panel 201 and the
      adjacent inner face of the associated column. This gap may be wholly or in
      part occupied by an adhesive filling such for example as a quick setting
      cement or the aforesaid setting adhesive, but is preferably sealed with a
      caulking material, such as butyl putty or neoprene rubber.
PAR  The joints thus formed between the columns and the cross member accommodate
      the manufacturing tolerances of the sub-components, and permit an accuracy
      in the finished load-bearing structure that is impossible in a monolithic
      cast structure.
PAR  The fact that each column is rigidly secured to the cross member at regions
      spaced apart in the height of the column ensures that the structure is
      very rigid and is resistant to side loads. It also reduces the danger of
      buckling by reducing the unbraced length of the column, thus permitting
      higher loads. However, instead of securing the two columns to a single
      cross member, they may be secured to two cross-members at regions spaced
      apart in their height, for example at the top and bottom, being secured to
      a lintel at the top and a spandrel beam at the bottom by one or more of
      the dowel and socket joints.
PAR  In rigidly joining the columns to the floor panel, there may be employed a
      joint which permits of initial adjustment between the column and the floor
      panel so that the columns have the required angular altitude and the
      completed structure has the required dimensional accuracy. For this
      purpose, each column is provided, near its base, with two
      vertically-spaced holes 211, 212 for use in rigidly joining the end
      structure to the end of a rigid floor panel by, for example, the method
      described in British Patent No. 1 101 597 or No. 1 109 873.
PAR  Such a joint is tolerance-insensitive or tolerance-accommodating.
PAR  It may here be mentioned that inclination of either or each of the columns,
      from the vertical, in the lengthwise direction of the floor panel is
      detrimental, especially in the case of multi-storey buildings. The
      avoidance of this inclination is one of the advantages of the aforesaid
      joint.
PAR  Particularly if a face at the base of a column makes direct contact with a
      face on the end of the floor panel the presence or absence of such
      inclination is a function of the angular attitude of said contact faces.
      Thus for example, if a vertical face in a column fits against an end face
      of the floor panel, the angular attitude of the column depends on the
      angle of said end face. If a horizontal bottom face of a column sits on
      the upper face of the floor panel, the angular attitude of the column
      depends on the angle of said bottom face.
PAR  The columns may be brought to their required height after casting but
      before or after assembly, and one or each end face adjusted by machining
      one or both end faces or by the method first described herein.
PAR  Each column of reinforced concrete is initially made slightly shorter than
      required and is disposed lengthwise between two jaws or reference faces
      with a gap between one or each face of the column and the adjacent jaw.
      The reinforcement of a column is indicated at 214 in FIG. 13. A settable
      material, capable of adhering to the concrete, is introduced into this gap
      (or is applied to the column before the latter is placed between the two
      jaws) and the jaws are caused to approach, by movement of one or each of
      them thereby squeezing the layer and reducing its thickness. This approach
      movement is terminated by at least one pre-set stop at a distance, between
      the jaws, which gives the required length to the composite column. By this
      procedure, not only is accuracy in length achieved, but the end faces of
      the finished column lie in parallel planes at right angles to the length
      of the column.
PAR  The height of the columns may be about 3.5 m and their cross sectional
      dimensions about 200 mm by 350 mm: the distance between their outer faces
      in the finished structure may be about 2.5 m.
PAR  Referring now to FIGS. 14 and 15, the column 300 therein illustrated has a
      vertical part 300a and a horizontal foot 300b. The base length N, the
      angle of the end face 300c and the height H of the column, the foot height
      H.T., and the angles of its upper surface 300d and bottom surface 300e,
      are adjusted. Thereby the face 300c is brought to be parallel with the
      column part 300a and the faces 300d, 300e to be at a right angle thereto.
      The end face 300c is intended to be fixed against the end face of a floor
      panel or floor panel component made as hereinbefore described. This
      ensures that each column is of the correct neight and stands at a right
      angle to the floor panel, the two columns at an end of the floor panel are
      vertical and parallel to one another, the faces 300d and 300e are
      horizontal, and that the length of the frame (comprising the floor panel
      and the added load-bearing structure) is accurate.
PAR  It will be understood that the face 300e of each column rests on the upper
      end of the corresponding face of a column or a lower storey, or (in the
      case of a bottom storey) on a foundation, thus ensuring accuracy in the
      height and level of the floor panels and the vertical registration of
      superimposed columns.
PAR  A roof or ceiling may be mounted on or between the upper ends of spaced
      columns (e.g. columns at corners of the room element. FIG. 14 shows a hole
      301 near the top of the column, for use in connecting the upper ends of
      two columns of an end structure to a cross member (e.g. by
      dowel-and-socket joints as in FIG. 12).
PAR  In all embodiments of the present invention, it may be desirable to allow
      for shrinkage of the settable material while it is permitted or caused to
      set.
PAR  It is pointed out that the present invention permits components, subject to
      initial manufacturing variation or tolerances, as regards their major
      surfaces, to be brought to a high degree of accuracy in respect of their
      linear dimensions between major surfaces and the angular relations of the
      major surfaces.
PAR  The term "major surface" when related to a column means the top or bottom
      surface thereon. When related to a panel it means (a) and end surface at
      which said panel is to make contact with another panel or with a
      load-bearing structure, (b) the top or bottom surface of the panel, and
      (c) a side face of the panel, which requires to be aligned with the like
      side face of an adjacent panel.
PAR  Room elements, and buildings incorporating them form the subject of British
      Patent No. 1,019,628, 1,027,241, 1,027,242, 1,034,101, 1,068,172,
      1,101,385, 1,101,597, 1,250,883, and 1,271,024, to which reference may be
      made for further particulars of constructions to which the present
      invention is applicable.
PAR  The invention includes the apparatus for carrying out the foregoing methods
     .
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of imparting, to a constructional component for a room element,
      dimensional accuracy between opposed faces of the component, the component
      having been initially manufactured undersize as regards said dimension,
      which method comprises, (a) applying to at least part of both of said
      opposed faces, a layer of settable material capable of adhering to said
      opposed faces, (b) disposing the component with the applied settable
      material between opposed abutments, two of said abutments constituting
      reference surfaces, with the settable material disposed between each
      reference surface and a different adjacent one of the opposed faces of the
      component, (c) effecting relative approach between the abutments so as to
      squeeze and reduce in thickness the layers of settable material, (d)
      terminating said approach at a position giving desired dimensional
      accuracy, and (e) allowing or causing the material to set before removal
      of the component from between the opposed abutments.
NUM  2.
PAR  2. A method of imparting dimensional accuracy to a substantially rigid
      constructional component for a room element, which method comprises, (a)
      manufacturing the component undersize, at least as regards a dimension
      measured between opposed faces of the component, (b) applying to at least
      part of both of said opposed faces a layer of settable material capable of
      adhering to said opposed faces, (c) disposing the component with the
      applied settable material between opposed abutments, two of said abutments
      constituting reference surfaces, with the settable material disposed
      between each reference surface and an adjacent one of the opposed faces of
      the component, (d) effecting relative approach between the abutments so as
      to squeeze and reduce in thickness the layers of settable material, (e)
      terminating said approach at a position giving desired dimensional
      accuracy, and (f) allowing or causing the settable material to set and
      become rigid before removal of the component from between the opposed
      abutments.
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ABST
PAL  Amine-ended poly(p-phenylene terephthalamide) gives improved spinning
      results.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The spinning of poly(p-phenylene terephthalamide) into high strength fibers
      is taught in U.S. Pat. No. 3,767,756. The polymer may be prepared for
      example by the technique described in U.S. Pat. No. 3,850,888. The
      procedure described in said patent suggests the use of substantially
      stoichiometric amounts of reactants.
PAR  Normally, in order to obtain the highest molecular weight polymer under
      given conditions, stoichiometric amounts of the monomers are used in the
      polymerization and the polymer should contain about equal amounts of amine
      and acid end groups or their derivatives.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides an improvement in the process for the
      formation of a filamentary structure of poly(p-phenylene terephthalamide)
      (PPD-T). It is based on the discovery that poly(p-phenylene
      terephthalamido) with an inherent viscosity of at least 3 and preferably
      from about 5 to 6 containing at least 90 -[ 10 (I.V.)] milliequivalents of
      amine end groups per kg. of polymer gives better spinning performance than
      polymers lacking such amine end content. It is believed that the
      improvement is due to the reduction of carboxyl and/or dimethylcarboxamide
      end groups.
DETD
PAC  DETAILED DESCRIPTION OF THE EMBODIMENTS
PAR  End groups in a condensation polymer such as a polyamide may be (a) amine
      or carboxyl from unreacted monomer ends, or (b) other end groups derived
      from monofunctional amine or acid present as impurities or resulting from
      reaction with a solvent used in the polymerization.
PAR  The total number of end groups in a given weight of polymer is inversely
      proportional to the number average molecular weight (Mn) of the polymer.
      Thus, a poly(p-phenylene terephthalamide) (PPD-T) with a Mn of ca 20,000
      (inherent viscosity of 5.0) has an average of 2 end groups per 20,000
      grams [or 100 milliequivalents of end groups per kilogram (meq./kg.) of
      polymer]. A PPD-T polymer with a Mn of ca 24,000 (inherent viscosity of
      6.0) has ca 83 meq. of end groups/kg.
PAR  In accordance with the present invention, PPD-T with an inherent viscosity
      of at least 3 and preferably about 5 to 6 and containing at least 90 -[10
      (I.V.)] milliequivalents of amine end groups per kg. of polymer is
      prepared by using an excess of p-phenylene diamine in the preparation of
      the polymer. The polymer is isolated from the polymerization mixture and
      dissolved (preferably about 18 to 20 percent by weight) in concentrated
      sulfuric acid (preferably from about 96 to 101 percent) to produce the
      anisotropic spinning dope. Optically anisotropic spin dopes are the
      subject of U.S. Pat. No. 3,671,542, which teaches how such dopes are
      prepared. The spin dope prepared from the amine-ended PPD-T of the present
      invention is spun by the dry-jet wet spinning process described in the
      aforementioned U.S. Pat. No. 3,767,756. The spinning solution passes
      through a filter of sintered metal prior to entering the spinneret pack.
      Improvements are seen in extended filter life, spinneret pack life and
      spinneret life when the amine-ended polymer is employed as compared to the
      use of balanced polymer. Less degradation of the polymer while in solution
      is also noted.
PAC  TEST PROCEDURES
PAL  Amine End Analysis
PAR  Weigh 0.2 g. of dry polymer into a 50 ml. Erlenmeyer flask. Add 10 ml.
      deionized water, 10 ml. acetone, 0.050 ml. of pure
      2,4-dinitrofluorobenzene and stopper loosely. Stir on a magnetic
      stirrer-hot plate at low heat so the solution refluxes on the flask walls
      gently for two hours. Add acetone as needed to keep the original liquid
      level.
PAR  Allow the suspended polymer to settle and decant off excess liquid. Add
      about 25 ml. acetone, suspend the polymer in the liquid and again decant
      off the liquid. Continue this extraction procedure until the decanted
      liquid fails to form a color when treated with several drops of 15% NaOH.
      Dry the remaining polymer in a vacuum oven for one hour at 100.degree.C.
PAR  Weigh 0.125 g. dried, treated polymer into a 50 ml. Erlenmeyer flask. Add
      chips of polytetrafluoroethylene to give a layer 1/4-1/2 inch thick. Pipet
      25 ml. of 96% H.sub.2 SO.sub.4 into the flask, add a magnetic stirring bar
      and stir for four hours. Inspect the flask to insure that no significant
      amount of undissolved polymer remains.
PAR  Measure the absorbance (A) of the polymer solution at 450 nanometers (nm)
      in a 1 cm. cell vs. 96% H.sub.2 SO.sub.4 in a 1 cm. cell as reference with
      a spectrophotometer (e.g. Beckman Acta-CII).
PAR  The amine end group content in meq./kg. of polymer is calculated from the
      equation:
      ##EQU1##
      where W is the polymer weight in the solution in grams (0.125)
PA1  B is the absorbance/gram of polymer (which has not been treated with
      2,4-dinitrofluorobenzene) (0.832 g. .sup.-.sup.1)
PA1  V is the volume in ml. of the H.sub.2 SO.sub.4 in the solution (25 ml.)
PA1  l is the cell thickness in cm. (1 cm.) and
PA1  K is the absorption coefficient determined at 450 nm on the model compound
      [p-(2,4-dinitrophenyl amino)benzanilide]  after 4 hours in 96% H.sub.2
      SO.sub.4. K has a value of 1.69 .times. 10.sup.3 ml./meq. cm.
PAR  In addition to free amine end groups, polymers may contain some derivatives
      of amine end groups that are not measured by the above test. Polymers of
      I.V. from 5-6 made using hexamethylphosphoramide as a solvent normally
      contain from ca. 5 to ca. 10 meq./kg. of tetramethylphosphoramide groups
      --NHPO[N(CH.sub.3).sub.2 ].sub.2, as determined by total P analysis.
PAR  Free carboxyl groups are determined by titration with a base. The carboxyl
      end group derivative N,N'-dimethyl carboxamide (primarily from a reaction
      with the impurity dimethyl amine) is determined by hydrolysis and a
      Kjeldahl N analysis with correction for any tetramethylphosphoramide
      groups.
PAR  A typical polymer of this invention with an I.V. of 5.2 contains the
      following end groups.
TBL  ______________________________________                                    

     Acid                                                                      

      --COOH              12.5 meq./kg.                                        

      --CON(CH.sub.3).sub.2                                                    

                          19.0 meq./kg.                                        

     Amine                                                                     

      --NH.sub.2          47.0 meq./kg.                                        

      --NHPO[N(CH.sub.3).sub.2 ].sub.2                                         

                           8.0 meq./kg.                                        

     ______________________________________                                    

PAL  Inherent Viscosity
PAR  Inherent viscosity (I.V.) is calculated from the equation:
      ##EQU2##
      where c is the concentration (0.5 gram of polymer in 100 ml. of
      concentrated sulfuric acid, 95 to 98 percent) and .eta.rel is the ratio
      between the flow times of the polymer solution and the acid as measured at
      30.degree.C. in a capillary viscometer.
PAC  EXAMPLE 1
PAR  Poly(p-phenylene terephthalamide) (PPD-T) is made using the general process
      of U.S. Pat. No. 3,850,888. A stream of molten terephthaloyl chloride at
      90.degree.C. is impinged in a chamber on a stream of a solution (ca.
      16.degree.C.) of 6.2 percent by weight of p-phenylene diamine in
      hexamethylphosphoramide and the mixture dropped into the entrance of a
      continuous screw mixer jacketed with cooling liquid. The viscous product
      of the mixer is fed to a second continuous screw mixer with cooling means.
      The mixture is sheared as it is forwarded through the mixer and a portion
      of the mixture is backmixed at several points along the mixer.
PAR  The polymerization product (a dry crumb-like material containing about 12
      percent polymer) is mixed with an aqueous solution of
      hexamethylphosphoramide in a pug mill. The mixture is neutralized with
      aqueous NaOH and then ground in mills. The resulting polymer slurry is
      filtered, washed with water and the polymer dried. The polymers described
      below were made by this general process.
PAR  A. PPD-T polymer of 5.3 inherent viscosity (I.V.) containing 22 meq./kg. of
      amine end groups is made using essentially stoichiometric amounts of the
      monomers.
PAR  B. PPD-T polymer of 5.3 I.V. containing 48 meq./kg. of amine end groups is
      made by using 0.5 to 1% excess PPD (p-phenylenediamine).
PAR  C. PPD-T polymers are made (three runs) using excess PPD in the range of
      0.3 to 0.8 percent with the following results:
TBL                             Amine end groups                               

     (Sample No.)                                                              

                Inherent Viscosity                                             

                                meq./kg.                                       

     ______________________________________                                    

     1          5.5             60                                             

     2          5.6             52                                             

     3          5.8             37                                             

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  This example shows the advantage of using spinning solutions of amine-ended
      polymer.
PAR  Solutions containing about 19% PPD-T are made from PPD-T and H.sub.2
      SO.sub.4 (about 100 percent) by mixing at a maximum temperature of about
      100.degree.C. The solutions are then stirred under vacuum and then pumped
      in sequence to a filter of a sintered metal, a spinning pump, a spinneret
      pack consisting of a sintered metal felt and a spinneret using the general
      spinning process of U.S. Pat. No. 3,767,756 to Blades.
PAR  The filter is changed when the pressure drop between the inlet and outlet
      of the filter reaches 700 pounds/inch.sup.2 (psi). The spinneret pack is
      changed for the most part because of solution "dripping" from the
      spinneret rather than jetting. The spinnerets are changed because of
      plugged holes or dripping. The process is operated continuously except for
      interruptions due to changing one of the above components.
PAR  Spin A is conducted using a blend of polymers similar to A of Example 1
      with an I.V. ranging from 5.0 to 5.6.  Spin B is conducted using polymer
      similar to B of Example 1 (made with excess PPD and containing 50-80
      meq./kg. of amine ends) with an I.V. ranging from 5.0 to 5.6. Other
      conditions of both spins are the same. The following results are obtained:
PAR  1. Three times the amount of solution passed through the filter in Spin B
      as compared with Spin A before the filter had to be changed, i.e., the
      pressure drop reached 700 psi.
PAR  2. The spinneret pack life in Spin B was twice that of Spin A.
PAR  3. The average spinneret life in Spin B was 50% greater than that in Spin
      A.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the spinning of an anisotropic spin dope of poly(p-phenylene
      terephthalamide) in concentrated sulfuric acid wherein the spin dope is
      passed through a filter and a spinneret pack and extruded, the improvement
      comprising using a polymer having an inherent viscosity of at least 3 and
      containing at least 90 -[10 (I.V.)] meq. of amine end groups per kg. of
      polymer, wherein (I.V.) is the inherent viscosity of the polymer whereby
      filter and spinneret pack life is extended.
NUM  2.
PAR  2. The process of claim 1 wherein the polymer inherent viscosity is from 5
      to 6.
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ABST
PAL  A resin product is produced as an extrudate made up of two or more layers
      of different resin materials that retain desirable characteristics of each
      type of material. The layers are molecularly bonded or fully adhered in a
      face-to-face relation without an adverse modification of the
      characteristics of the individual materials. The extrudate is produced in
      the form of a longitudinal strip or sheet by simultaneously separately
      forcing or co-extending two or more different resin materials in a liquid
      or molten condition through separate die passageways while forming or
      shaping each material into a desired shape and applying the shaped
      materials as laminates in a face-to-face relation upon each other, while
      advancing them and thereafter solidifying them as adhering layers or plys
      of a unitized strip or sheet length.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an improved resin product of laminate
      construction and to procedure for attaining it. It relates particularly to
      a composite extrudate resin product having an improved combination of
      properties and to procedure for forming it.
PAR  2. Description of the Prior Art
PAR  In the application for use of resins or so-called plastic materials, it is
      advantageous to provide panel or glazing members with a portion having one
      set of characteristics and another portion having other characteristics,
      all without adversely modifying or effecting the characteristics or
      features of each. It is impossible to, for example, successfully laminate
      solidified acrylic sheet material to a solidified polycarbonate sheet
      material. In other words, difficulty is encountered in attempting to
      combine two resin materials having different rates of thermo expansion,
      since delamination will result. Also, it has been found impractical to
      combine two or more materials in the hopper before extruding them, since
      they contaminate one another and result in an extrudate having entirely
      different characteristics that are undesirable as compared to those of the
      separate resins.
PAC  SUMMARY OF THE INVENTION
PAR  In the field of glazing applications or particularly in the field of
      producing a resin material product that has the most desirable
      characteristics for light transmission and without adverse reaction, for
      example, under ultraviolet light, I have found that two plastic materials
      are particularly suitable if their individual desirable characteristics or
      properties can be effectively utilized in combination. One of these is an
      acrylic which has the characteristic of being visually clear, resistant to
      attack from ultraviolet light, and of greater toughness than glass. It
      has, however, been found to be fairly fragile. To offset this weakness, a
      resin material such as polycarbonate that is almost unbreakable makes a
      good plying material, however, it is somewhat softer than acrylic, can be
      scratched easily and is less stable against ultraviolet light. Thus, a
      much better glazing material could be obtained if an acrylic can be
      combined with a polycarbonate so as to make use of the advantageous
      characteristics of both. However, only a milky white amalgam is produced
      if the two materials are combined in the hopper, melted and moved from an
      extruder through a die.
PAR  The problem has been met by a so-called co-extrusion technique that enables
      a flowing stream of acrylic to be simultaneously produced with a flowing
      stream of polycarbonate, and while both resins are in a molten condition,
      forming them into relatively planar or strip-like lengths and applying
      them in a face-to-face relation with respect to each other. The forming
      and plying of the molten strip-like or planar lengths is accomplished
      while enclosing them within the bore of a die and actively and
      simultaneously moving them as extrusions therefrom. Thereafter, the plied
      product is cooled to produce a unitary extrudate which can be shaped,
      formed and used without danger of separating the layers or plys with
      respect to each other. The composite product as formed can be utilized in
      such a manner as to take advantage of the good properties of the different
      resin material content thereof. For example, it has been determined that
      where colors are desired that an acrylic has much better white translucent
      color than a polycarbonate, and it is possible to extrudate a sheet using
      a white translucent color of acrylic resin as an outer layer that has a
      better whitish color than can be obtained by coloring a carbonate resin
      alone.
PAR  It has thus been an object of the invention to devise a solution to the
      problem of providing resin material suitable for glazing and other
      applications that embodies advantageous characteristics of different
      resins in a unitary structure or body.
PAR  Another object of the invention has been to devise a laminated extrudate in
      the nature of a strip-like product that contains resin materials of
      different characteristics.
PAR  A further object has been to develop a procedure for producing a resin
      laminate product whose layers, although constituting different resins
      having different characteristics such as different coefficients of
      expansion, will have a substantially molecular type of surface or
      face-to-face bond with respect to each other.
PAR  A still further object of the invention has been to produce a resin
      strip-like product of at least two different resin materials by
      simultaneously extruding the materials and employing them in an initial,
      heat-retaining, heat-softened condition, applying them upon each other as
      forwardly moving layers, and effectively adhering them while solidifying
      them as a unitary composite extruded product.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings, FIG. 1 is a somewhat fragmental top plan view illustrating
      processing apparatus and a system embodying the invention and suitable for
      producing an improved resin product in accordance therewith.
PAR  FIG. 2 is a somewhat fragmental front end view in elevation on the scale of
      and taken along the line II--II of FIG. 1.
PAR  FIG. 3 is an end section in elevation on the scale of and taken along the
      line III--III of FIG. 1.
PAR  FIG. 4 is a side sectional view in elevation on the scale of and taken
      along the line IV--IV of FIG. 1.
PAR  FIG. 5 is a side sectional view in elevation on the scale of FIG. 4 and
      taken in the same direction as line IV--IV of FIG. 1, but illustrating a
      modified apparatus arrangement that may be used for producing a three-ply
      resin product as distinguished from the two-ply product of FIG. 4; in this
      view, air jet cooling means has been shown as alternate to the roll pass
      means of FIGS. 1 and 4.
PAR  And, FIGS. 6 and 7 are enlarged end sections through two forms of laminates
      or products produced in accordance with the invention. In this connection,
      FIG. 6 shows a two-ply or layer product such as produced in accordance
      with FIG. 4, while FIG. 7 shows a three-ply product such as produced in
      accordance with FIG. 5 of the drawings.
DETD
PAR  In accordance with the invention, at least two unlike resin materials as in
      pellet form are melted-down into a molten or substantially liquid
      condition and moved as pressure-energized continuous streams from
      extruders in an enclosed relation into passageways of a common forming
      die. Passageways in the die are adapted to individually receive each
      stream of resin material and, while the heat of the initial formation is
      being retained, shape or form each stream into a strip-like advancing
      stream. The streams are applied to each other in a face-to-face abutting
      relationship adjacent an exit port or passageway from which they issue as
      a molten, composite, strip-like continuous length. The existing plied
      stream, is substantially immediately adjacent the exit point from the die,
      subjected to a cooling and solidifying action. The plies, on solidifying,
      have a substantially molecularly bonded, cohesive, adhering relation with
      respect to each other along their opposed abutting faces. The bonded
      relation is such that each layer has the characteristics of its resin
      material and, irrespective of this fact and particularly of different
      coefficients of expansion of the materials, the bonded relation will be
      retained when the formed strip or continuous length is to be utilized as a
      glazing medium, such as in a light reflecting unit in a door, a window,
      etc.
PAR  Referring particularly to the drawings, a pair of extruders A and B are
      shown provided with fluid-actuated piston rods 11 and 14 that respectively
      operate within pressure cylinders 10 and 13. Hot, extruded resin material,
      such as a and b of FIG. 1, is forced outwardly under positive pressure
      from each extruder A and B, through a closed-off passageway 12a or 15a in
      a connecting collar or conduit 12 or 15 into a die D. As shown in FIGS. 3
      and 4, one resin material, such as a that is to become a base metal layer
      or ply, may be moved into one die opening or passageway 20a and the other
      layer or ply, such as b that is to be an outer layer, is introduced into
      the die through another opening or passageway 20b. Each resin material a
      and b is then formed or shaped into a substantially flat or strip-like
      cross-sectional shape and advanced within the die D into a planar, wide
      face-to-face abutting relationship while still retaining the heat of its
      melting or preliminary forming operation. In the case of a polycarbonate
      resin, the forming temperature may be in the neighborhood of about
      450.degree. to 500.degree. F and in the case of an acrylic resin may be in
      the neighborhood of about 400.degree. F.
PAR  Thereafter, as shown in FIG. 4, the plied strip or continuous length is
      moved out of the die D and into the pass of a pair of smoothing and
      cooling rolls 22a and 22b. These rolls may have a stainless steel surface
      coating to simultaneously smooth and cool-solidify the layers into a
      composite strip. The now adherent layered composite strip comprising
      solidified layers a' and b' may then be moved along a conveyor table 25
      having spaced idler, supporting rollers 26 therealong, into and through
      the pass of a motor-driven pinch roll station represented by rolls 30a and
      30b (see particularly FIGS. 1 and 4). FIG. 2 shows the molten plied strip
      as it issues from the die D and passes through the assembly of rolls 22a
      and 22b. From this figure it will also be noted that the rolls 22a and 22b
      are journaled within a pair of side-positioned stands 21. The rolls may be
      idler or driven rolls, since movement of the composite strip is assured by
      the end-positioned positively driven pinch roll assembly 30a and 30b.
PAR  In the embodiment of FIG. 5, an additional extruder C is shown for
      providing a third stream of resin material c to be applied to the other or
      opposite outer face of the strip. In this connection, the extruder C is of
      the same construction as extruders A and B to advance the molten or liquid
      resin material c through the passageway 15a of a connecting conduit or
      collar 15 into another passageway 20c within die D'. In the die D', the
      resin materials b and c are applied as substantially flat or strip-like
      streams to the strip-like or flat stream of the base layer material a to
      form a composite which, when solidified, is represented by cohesively
      bonded together layers a', b' and c'. To illustrate a further method of
      cooling, opposed air jets 23 are shown positioned adjacent the open exit
      mouth portion of the die D' to take the place of the roll assembly 22a,
      22b. However, the use of the roll assembly is preferred, since it
      simultaneously accomplishes a smoothing compressing action on the layers
      as they emerge from the die.
PAR  In FIG. 6, a section through a formed two-ply strip or piece E is
      illustrated while in FIG. 7 a three-ply product F is illustrated.
      Ordinarily, in making a glazing product, the resin materials b' and c' may
      be of the same type, such as an acrylic resin, although different types
      may be used. This invention makes possible a cohesive type of bonding
      between resin material layers and a composite product such that
      irrespective of different properties of each layer and the fact that such
      properties are retained, there is no danger of a separation of the bonded
      relation between such layers under aging, forming or other stresses and
      strains.
PAR  With reference to the thickness of respective layers, the base or
      polycarbonate layer a or a' may have a thickness of about 0.240 inch and
      outer plies or layers b, b' and c' may each have a thickness of about
      0.005 inch in the composite member. The polycarbonate layer, both by
      reason of its greater thickness and the physical characteristics of its
      resin material content, is employed as the primary or base layer of the
      composite member.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process of the character shown and described for forming an improved
      extrudate resin laminate for glazing utilizations that is relatively
      unbreakable, that has the property of toughness and visual clearness and
      of light transmission without adverse reaction to ultraviolet light, and
      that is capable of being shaped, formed and used without danger of
      separating its layers with respect to each other which comprises,
      pressure-energizing and advancing a continuous flowing stream of acrylic
      resin in a molten condition as a strip-like section within and along an
      extrusion flow path within a die, simultaneously pressure-energizing and
      advancing a continuous flowing stream of a polycarbonate resin in a fully
      molten condition as a strip-like section of greater thickness than the
      acrylic strip-like section within and along a second extrusion flow path
      within the die; as the resins issue from the first and second-mentioned
      flow paths and without exposing them to the atmosphere, applying the
      acrylic resin as a strip-like flat face layer of lesser thickness upon the
      polycarbonate resin as a strip-like flat base layer of greater thickness
      within a final extrusion flow path within the die, pressure-energizing and
      advancing the two molten resin streams in wide face abutment with respect
      to each other within and along the final extrusion flow path to outwardly
      exit from the die as an extruded layered flow stream, and substantially
      immediately adjacent the exit of the layered stream from the die
      subjecting it to cooling and solidification and forming a molecularly
      bonded-together composite strip-like member; in furtherance of the
      process, advancing the polycarbonate resin material as a centrally
      disposed streamlike base layer; advancing the acrylic resin material in
      the form of two streamlike layers of strip-like section, each of lesser
      thickness than the polycarbonate strip-like section within the die and
      applying them in an aligned abutting relation to opposite faces of the
      base layer; and forming a composite resin member length having a base
      layer of the polycarbonate resin material and opposed facing layers of the
      acrylic resin material.
NUM  2.
PAR  2. In a process as defined in claim 1, employing a pair of positively
      forwardly driven pinch rolls for advancing the composite member outwardly
      from the exit, and effecting the cooling and solidification-forming of the
      composite strip-like member before subjecting the member to the pinch
      rolls.
NUM  3.
PAR  3. In a process as defined in claim 1, forming the polycarbonate as a base
      layer having a thickness of about 0.240 of an inch, and forming the
      acrylic layer as a surface facing layer having a thickness of about 0.005
      of an inch.
NUM  4.
PAR  4. In a process as defined in claim 3, advancing the polycarbonate base
      layer a molten temperature of about 450.degree. to 500.degree. F. and the
      acrylic layer at a temperature of about 400.degree. F. into and in wide
      face abutment with respect to each other within and along the die.
NUM  5.
PAR  5. In a process as defined in claim 1, applying each acrylic face layer of
      a thickness of about 0.005 of an inch and at a temperature of about
      400.degree. F to the polycarbonate base layer of a thickness of about
      0.240 of an inch and at a temperature of about 450.degree. to 500.degree.
      F.
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ABST
PAL  Pen nibs are made by extruding rods from fused thermoplastic material, with
      a cavity in the rod of star-shaped cross-sectional configuration. The
      extruded rod is then cooled and mechanically drawn to reduce its diameter
      about 50%, which closes the inner ends of the arms of the star and brings
      them together at the center of the rod, while leaving the outer ends of
      the arms relatively large. The resulting product is then sharpened at both
      ends for use as a pen nib.
BSUM
PAR  The present invention relates to a process for the manufacture of rods of
      thermoplastic material having internal capillary ducts, for the
      preparation of pen nibs, e.g. styli having, capillary ink ducts.
PAR  Pen nibs are known consisting of a small rod of thermoplastic material of
      circular outer profile, having internally a longitudinal capillary duct of
      star-shaped cross-section; the two ends of the rod are tapered to serve
      one for normal writing purposes and the other to allow the rod to
      penetrate into an ink-impregnated pad or similar reservoir.
PAR  Pen nibs of this type are made from an extruded rod, preferably of circular
      outer profile, having inside a longitudinal duct of star-shaped
      cross-section.
PAR  Various pen nibs of the type in question are already known from the earlier
      state of the art but, as will subsequently be explained, they all have a
      certain number of disadvantages.
PAR  In order that a pen nib of the type in question can perform its function,
      which is that of obtaining ink flow from the pad or other reservoir in
      which one of the tips of the pen nib shank is inserted, to the other tip
      for writing purposes, the internal duct must have a good capillary
      attraction.
PAR  As is known, a duct has a higher capillary force, i.e. it exerts much
      stronger "suction" power on a liquid, the smaller its bore. In particular,
      in the case of a duct of star-shaped cross-section, to ensure a strong
      capillary force, it is necessary that the radially arranged ducts bounded
      by the "arms" of the cross-section be as narrow as possible.
PAR  A pen nib having a capillary duct of (star-shaped) cross-section is
      described in U.S. Pat. No. 3,338,216 of Frank W. Roller Sr. on Aug. 29,
      1967. The ducts, arranged radially in this pen nib, are all equal in size,
      distributed symmetrically around the axis and have substantially parallel
      sides. The cross-section of the completed star-shaped duct of the required
      dimensions, is finally shaped directly at the outlet of an extrusion die
      having a corresponding star-shaped configuration.
PAR  In the Roller patent, it is stated that the width of the capillary ducts
      may be of the order of 0.005 to 0.0025 inches, i.e. 0.127 to 0.0635 mm. It
      is probable that these dimensions can be obtained directly by extrusion,
      but the resulting capillary force is comparatively poor. Furthermore, with
      the star-shaped configuration of the duct according to the Roller patent,
      there is a longitudinal bore in the centre of the pen nib, into which all
      the radially-arranged longitudinal ducts discharge. For geometrical
      reasons, this cavity has of necessity a cross-section of a higher order of
      magnitude than that of the individual ducts, which means that its
      capillary force is less than that of the ducts. The reduced capillary
      force of the central cavity entirely or partially reduces the benefit of
      the capillary force of the ducts and, furthermore, the presence of this
      cavity is a real and actual barrier, in practice separating the radially
      arranged ducts from each other, for which reason, if one of these is
      blocked at the end, due, for instance, to defective manufacture or to a
      foreign body or a clot in the ink, ink is no longer supplied to this duct
      by the other ducts downstream of the obstruction. The blocked duct, which
      could still function if it could receive ink downstream of the
      obstruction, therefore remains inoperative and this makes the pen nib
      "asymmetrical" in the sense that it fails to operate when the pen nib is
      angularly rotated about its longitudinal axis in the direction of the
      blocked duct. Obviously, the greater the number of blocked ducts, the more
      serious is the degree of asymmetry.
PAR  The fact that the capillary force of the star-shaped duct is of modest
      proportion does not constitute a serious drawback if the pen nib is to be
      coupled with a normal cartridge of very fluent ink, such as is used in
      fountain pens. In fact, since a cartridge of this type has no inherent
      capillary effect, the pen nib duct only requires to have a modest
      capillary force to ensure smooth transfer of the ink to the paper. This
      solution is only permissible, however, in the case of comparatively
      expensive rechargeable pens, when the ink consumption is a relatively
      unimportant factor.
PAR  The pen nibs here in question are, however, intended especially for cheap,
      widely-used pens of the throw-away type, in which the filler ink is
      contained in a very cheap long pad of porous material (e.g. polyester
      chips or threads) enclosed in an impermeable sheath.
PAR  If a pen nib having a modest capillary force is coupled with an
      ink-impregnated pad, drawbacks arise inasmuch as the pad itself has an
      inherent capillary force which is frequently of the same or even a higher
      order of magnitude than that of the pen-nib duct. The capillary force of
      the pad acts counter to that of the pen nib, due to which the pad tends to
      hold back the ink. Accordingly, it sometimes happens that the counter
      force of the pad interrupts the flow of ink in the pen nib duct while it
      is being used for writing, so that writing with it is no longer possible,
      or that a pen which has remained unused for some time is no longer ready
      for use, inasmuch as the pad has reabsorbed the ink or has drawn it too
      far back from the tip of the pen nib.
PAR  Another drawback with pen nibs having a capillary duct with a star-shaped
      cross-section in accordance with the Roller patent lies in the fact that
      at the point where the central cavity opens into the tapered tip intended
      for writing on paper, this tip, instead of being as sharp as possible, as
      would be desirable to ensure a very fine script, is blunted, i.e. the
      tapered end point is really a truncated cone and the diameter of its minor
      base determines the width of the script.
PAR  It is therefore impossible, with pen nibs having a duct of star-shaped
      cross-section, in accordance with the existing state of the art, such as
      the pen nib according to the Roller patent, to obtain a very fine script,
      even when the pen nib is new, and this drawback increases with use,
      insofar as the "segments" of material forming the boundaries between the
      radially arranged channels do not support one another and, apart from
      becoming worn, they yield appreciably.
PAR  Yet another drawbacks lies in the fact that the said "segments", projecting
      beyond the inner rim of the pen nib contour, and being elastic, vibrate
      during the writing process and often cause the ink to splutter on the
      paper, still further impairing the appearance of the script.
PAR  In the prior state of the art, to eliminate these drawbacks, a pen nib
      having a "filled" tip has been designed, i.e., having, instead of a single
      duct of star-shaped cross-section, a crown of longitudinal ducts arranged
      symmetrically around the longitudinal axis of the pen nib. With this
      solution, although it is possible to obtain a very fine tip and therefore
      a very fine script, because the ducts do not intercommunicate,
      nevertheless, blocking of one or more of the ducts inevitably makes the
      pen nib asymmetrical.
PAR  In the prior state of the art, in order to obtain star-shaped ducts of
      smaller cross-section and therefore having a capillary force greater than
      could be obtained by direct extrusion, it was sought to subject the rod of
      thermoplastic material to stretching immediately after extrusion.
      Solutions of this kind are disclosed, e.g. in U.S. Pat. Nos. 3,518,019
      granted on June 30, 1970 to Kinichi Nakamura and No. 3,538,208 granted on
      Nov. 3, 1970 to Katsumi Ohtsuka.
PAR  The stretching of the thermoplastic material must necessarily take place
      while it is still at a high temperature and plastically deformable and
      therefore will be denoted as the "sealing or fusing temperature". As will
      be realised, if, under these conditions, the rod is stretched until it is
      reduced to a diameter such that the tips of the material segments bounding
      the radially arranged ducts make mutual contact, which would be desirable
      in order to eliminate the central cavity, this would cause them to fuse
      together and would eliminate the advantage of inter-channel communication
      which, as already stated, is essential, to ensure that the pen nib
      functions reliably and symmetrically.
PAR  According to the Nakamura patent, stretching is effected between an
      extrusion die and a drawplate gauging the outer diameter and it can be
      assumed that this stretching process terminates in accordance with the
      drawplate. Therefore, the final spacing between the internal segments is
      that arrived at when the drawplate is reached. Should this spacing gap be
      zero, i.e. if the tips of the segments have already made mutual contact,
      they will become welded together, unless they have reached a temperature
      sufficiently low to prevent mutual fusion or welding precisely at the
      instant when they make mutual contact.
PAR  It is hardly imaginable that in a continuous industrial process it is
      possible reliably to find a controllably variable point between the
      extrusion die and the gauging drawplate at which the segments make mutual
      contact precisely at the instant when their temperature has fallen below
      the sealing temperature. If the temperature has already fallen below this
      value, this implies that the entire rod is already cooled to such an
      extent as to be no longer stretchable and therefore it is no longer
      possible for the tips of the segments subsequently to make close mutual
      contact. If, on the other hand, the tips of the segments make mutual
      contact before the temperature has dropped to the said value, as already
      stated, they fuse together.
PAR  External cooling of the rod, as effected in accordance with U.S. Pat. No.
      3,518,019, Nakamura, is ineffective for cooling the segments since the
      core of the rod inevitably remains hotter than the outside, and therefore
      the latter reaches the state in which it can no longer be stretched before
      the segments have cooled sufficiently to prevent mutual fusion.
PAR  The ideal solution would be to cool the bar from the inside, so as to cool
      the segments before the outside, but this is not a practicable
      proposition. In U.S. Pat. Nos. 3,518,019, Nakamura and 3,538,208, Ohtsuka,
      it is stated that the extrusion process is effected by passing a fluid
      (air according to the Nakamura patent, a liquid or gas according to the
      Ohtsuka patent) into the rod from the upstream side of the extruding die.
      This should serve to preserve the original configuration of the ducts and
      prevent their walls fusing together after extrusion and during the
      stretching process, but it does not cool the inside parts of the rod. In
      point of fact, the thermoplastic material in the die is at a high
      temperature (with an acetal resin, this is of the order of 170.degree.C)
      and if a liquid is introduced inside, the liquid is liable to boil and the
      resulting steam inhibits the extrusion process, which is extremely
      sensitive at the die outlet and can even be adversely effected by the
      draught caused by a hand waved near it.
PAR  It is not possible to obtain a better result by admitting air since the
      latter could not be appreciably above atmospheric pressure and the
      extruded product at the die outlet is very hot and liable to burst if
      subjected to even the least internal overpressure.
PAR  Apart from this, any fluid introduced into the extruded plastic material
      from the upstream side of the die, which is the only possible point at
      which it could be introduced, could never be fed in at a sufficient rate
      to effect cooling and would, on the contrary, be heated to a temperature
      almost as high as that of the molten material.
PAR  From the abovesaid, it will be understood, in particular in accordance with
      the Nakamura patent, that it is quite essential to stop the process of
      drawing the thermoplastic material before the segment tips make contact,
      i.e., a central bore, however small, must be left, in spite of all the
      resulting drawbacks.
PAR  Irrespective of the drawbacks involved in the stretching of the plastic
      rod, the Nakumura patent seeks to solve the problem of obtaining a greater
      capillary force in the radially arranged ducts by proposing that the ducts
      shall have a width gradually reducing towards the centre of the radial
      arrangement, i.e. having a capillary force which increases towards the
      centre. For this purpose, the thermoplastic rod is extruded through a die,
      the star-shaped cross-section of which has partitions tapered according to
      a configuration similar to that desired for the ducts. Thus, as directly
      provided at the die outlet, the star-shaped duct still has a central bore,
      in accordance with the Roller patent. This cavity is reduced to a
      theoretical minimum during the drawing process which, as seen above,
      cannot be continued to the point when the tips of the segments make
      contact.
PAR  The solution according to the Nakamura patent would be acceptable, but for
      the difficulty, if not the impossibility of applying it practically and
      safely by means of the drawing process and would make it possible to
      obtain a strong capillary force in the star-shaped duct, particularly in
      the centre of its full cross-section, both as a result of the converging
      cross-section of the ducts and as a result of the almost total elimination
      of the central cavity. Moreover, the great reduction in the size of the
      central cavity permits a very fine script.
PAR  However, the thermoplastic segments, all of the same radial length, in
      consequence of the reduced cross-sectional area, approach each other at
      their tips substantially at the centre, without making contact and thus,
      while not abutting, still overlap the rim of the pen nib cross-section and
      can thus vibrate during the waiting process, so that there is still the
      drawback of spluttering of the ink.
PAR  In view of the above-indicated disadvantages, as far as is known the
      solutions proposed in the Nakamura patent, in spite of their advantages,
      do not appear to have found any practical application.
PAR  The only pen nibs with a capillary feed duct of star-shaped cross-section
      at present available on the market, although not very popular, are still
      those of the type according to U.S. Pat. No. 3,338,216, granted to Roller,
      the capillary force of which has been somewhat improved probably by means
      of a fairly moderate stretching process to avoid in great measure the risk
      of fusion of the duct walls. In these commercially available pen nibs, the
      width of the ducts is of the order of 0.020 to 0.010 mm, but there is
      still a central bore, the diameter of which is of the order of 0.05 mm,
      for which reason the comparatively high advantages of the capillary force
      of the ducts are lost.
PAR  The objects of the present invention are, therefore, to eliminate the
      drawbacks described above, i.e. to provide a pen-nib of the type
      considered which:
PA1  has a far stronger capillary force than that of pen nibs in accordance with
      the prior state of the art, due to the reduced cross-section of the
      various parts of its internal duct;
PA1  does not have a central cavity but nevertheless has inter-communicating
      radially arranged cavities.
PAR  In accordance with the invention, these purposes are attained by means of a
      process for manufacturing a thermoplastic rod having internal capillary
      ducts, for making pen nibs with capillary ink passages. The process is
      characterised in that it essentially comprises stages consisting of
      extruding the rod from a molten mass of the thermoplastic material through
      a die so shaped as to form inside the extruded rod longitudinal ducts, in
      drawing the rod, if necessary, to reduce the width of the ducts, and then
      cooling the extruded rod to a temperature lower than that at which the
      thermoplastic material fuses, further subjecting the cooled rod to a
      mechanical drawing process reducing its outside diameter and,
      simultaneously, the width of the internal ducts, to increase the capillary
      force.
PAR  In accordance with a preferred form of embodiment, the process in question
      essentially comprises the stages of extruding the rod from a molten mass
      of thermoplastic material through a die so shaped as to form inside the
      extruded rod, a longitudinal duct of star-shaped cross-section such that
      neither the tips of the segments delimiting the radially arranged ducts,
      bounded by the "arms" of the star-shaped cross-section, nor the sides of
      these segments come into contact in any drawing process necessary to
      reduce the width of the ducts, thereafter cooling the extruded rod to a
      temperature below that which the thermoplastic material fuses, and then
      subjecting the cooled rod to a mechanical drawing process which reduces
      the outside diameter at least by an amount such that, if the said
      reduction were obtained by stretching whilst hot, the tips and/or the
      sides of the segments would fuse together.
PAR  By means of the mechanical drawing process, the outside diameter of the
      cooled rod is advantageously reduced to such an extent as to cause at
      least some of the tips of the segments to come together substantially at
      the centre of the cross-section and/or to overlap this centre, in such a
      way that the tips and/or the sides of the segments thus brought into
      mutual contact without fusing, delimit capillary intercommunication
      between all the radially arranged ducts.
PAR  These final results could clearly not have been obtained by means of a
      stretching process which, as has been seen above, since it has to be
      carried out at a high temperature, at which the thermoplastic material
      fuses, would not make it possible to obtain a "solid" centre but having
      intercommunicating ducts between the channel ducts.
PAR  However, one form of application of the process adopted in practice makes
      it possible to start with an extruded rod of large cross-section, which is
      advantageous inasmuch as it facilitates the manufacture of the extrusion
      die; after extrusion and prior to cooling, the rod is subjected to a
      preliminary stretching operation which reduces the outside diameter to
      such an extent that neither the tips nor the sides of the segments make
      mutual contact.
PAR  In this way, with a suitable configuration of the star-shaped crosssection,
      it is possible, as will subsequently become more apparent, to effect a
      preliminary reduction of the outside diameter of the rod down to 60% and
      then draw the stretched and cooled rod mechanically, reducing its diameter
      by a further 50%, i.e. attaining an overall reduction in the diameter of
      80%, compared with the original value.
PAR  The invention further relates to a pen nib made from a rod subjected to the
      above-described process and with a highly advantageous internal
      configuration. This pen nib is characterised in that the radially arranged
      capillary channels, bounded by the "arms" of the star-shaped cross-section
      are separated from each other by segments of thermoplastic material, the
      tips of at least some of which, as a result of reduction of the external
      diameter of the extruded rod, effected by means of a mechanical drawing
      process at a temperature lower than the fusion temperature of the
      thermoplastic material, have been crowded substantially into the centre of
      the cross-section and/or overlap this centre, whereas at the same time,
      between the tips and/or the sides of the segments which in this way are
      brought into mutual contact without fusing, capillary ducts are formed
      between all the radially arranged channels.
PAR  In accordance with a preferred form of embodiment of the invention, the pen
      nib is made from an extruded rod, the radially arranged channels in the
      star-shaped cross-section whereof have a substantially constant width
      radially and are separated from each other by thermoplastic segments, the
      tips of some of which, designated "long segments" are nearer the centre of
      the cross-section than the remaining segments, designated "short segments"
      the outside diameter of the said extruded rod having been reduced by the
      said mechanical drawing process by an amount such as to crowd the tips of
      the long segments and the parts adjacent to the tips of these segments
      substantially into the centre of the cross-section in a deformed
      condition, delimiting between them intercommunicating capillary ducts
      between the aforesaid channels, while other capillary ducts are formed
      between the sides of each adjacent pair of segments and, simultaneously,
      the said channels are decreased in width, tapering down to virtually zero
      width of the ducts in the central part of the overall cross-section.
PAR  As will be seen, to obtain the advantageous tapering cross-section with a
      greatly increased strength of the capillary force in the central region of
      the pen nib, by means of a mechanical drawing process, it is not necessary
      to use an extrusion die having a geometrical configuration similar to that
      of the desired overall cross-section, as is the case, however, with the
      stretching process.
PAR  The process now described makes it possible to obtain good results but
      still has certain disadvantages in the case of large-scale, continuous
      industrial production.
PAR  As the extrusion process is carried out with the customary blast of air or
      another gas inside the rod, it may happen that small uncontrolled
      variations in the blast temperature or in the temperature of the
      thermoplastic material give rise to local thickening of the outside
      cross-section of the extruded rod.
PAR  When a thickened portion of the continuous rod reaches the first mechanical
      drawing stage, the part of the rod located downstream is subjected to a
      stretch which frequently results in rupture and interrupts production
      which is not permissible in a continuous industrial process.
PAR  One of the primary aims of a later improvement in accordance with the
      present invention is precisely to prevent tearing of the rod by thickening
      of its cross-section which, in practice, is inevitable.
PAR  Another drawback is due to the fact that, with a thermoplastic rod having
      an external cross-section which is cylindrical or other than concave, the
      internal segments, when cooling from the extrusion temperature, are
      subjected to a shrinkage process which tends to shorten the radial
      dimensions in a manner not easily controlled. As is known, the overall
      shrinkage to which a material, in process of cooling, is subject in a
      particular direction depends above all, if there is a direct proportional
      relationship, on the thickness of the material in this particular
      direction. In the case of the said thermoplastic segments, the contraction
      experienced by these segments in the radial direction is therefore
      substantially proportional to the radial distance from the tip of the
      segment to the outer surface of the rod.
PAR  To take full advantage of the benefits of the process in question, the
      segments, after the shrinkage following the extrusion process, must retain
      a radial dimension such that the said segments, as a result of the
      mechanical drawing process, touch one another without fusing together and
      form capillary ducts in the centre of the bar. It may happen, however,
      that even small variations in the extrusion temperature or in the quality
      of the thermoplastic material, or in its coefficient of contraction result
      in rather significant variations in the shrinkage of the segments in the
      radial direction, with the result that, even if the extrusion die has been
      manufactured to high precision dimensions, bearing in mind the final
      radial dimensions required for the segments, with a givan coefficient of
      contraction, if the latter decreases, after the mechanical drawing
      process, the segments will be excessively "crowded" in the centre of the
      rod, while if the coefficient of contraction increases, the segments will
      not succeed in making contact in the centre of the rod and will not form
      capillary ducts. In either case, it will not be possible to obtain a
      sufficiently strong flow of ink in the pen nibs manufactured from the rod.
PAR  In this connection, it should be noted that one purpose of the present
      invention is to eliminate the detrimental bore which was present in the
      centre of the ring of segments in pen nibs in accordance with the earlier
      state of the art and the diameter of which was of the order of only 5
      hundredths of a millimeter. This gives an idea of the smallness of the
      dimensions to which it is necessary to work in order to control the
      process.
PAR  A second purpose of the invention is to check the shrinkage of the
      segments, or, in other words, to ensure that this shrinkage, apart from
      being very small in extent, is influenced as little as possible by
      variations in the extrusion temperature and in the coefficient of
      contraction of the thermoplastic material.
PAR  The above-mentioned two aims are achieved in accordance with a further
      improvement in the invention by a single, simple and original device
      consisting in that, during the extrusion process, several external
      longitudinal grooves are made in the thermoplastic rod, the spacing of
      which is so adjusted that they are filled, at least partially, by part of
      the material which is plastically deformed during the mechanical drawing
      process, thus receiving also any excess of material which may be contained
      in a local thickening of the external cross-section of the extruded rod.
PAR  In accordance with a preferred form of embodiment, the cross-section of
      these external longitudinal grooves is centred in the radial axis of the
      internal segments and the number of grooves is equal to that of the
      segments.
PAR  The cross-section of each of the grooves is preferably symmetrical and
      elongated in the radial direction of the rod and its axis coincides with
      the radial axis of a segment. The simplest shapes are to be preferred for
      this cross-sectional profile, such as rectangular or trapezoidal but there
      is nothing to prevent the use of grooves with e.g. convex or concave
      sides.
PAR  By means of these devices, when, during the first drawing pass, a thickened
      part of the rod appears, the material forming the excess thickness,
      instead of causing seizing of the rod with consequent rupture, is able to
      flow plastically to occupy the space suitably provided by the external
      grooves.
PAR  These external grooves, if they are made to correspond with the segments,
      make it possible to control the shrinkage of the latter far more
      effectively, inasmuch as behind the root of each segment there is a
      smaller quantity of material, which is equivalent to a reduction in the
      distance from the tip of the segment to the external surface of the rod.
      The shrinkage to which the segment is subjected is therefore less than it
      would experience in the absence of the grooves arranged behind them, on
      account of which the dimensioning is less sensitive to variations in the
      extrusion temperature and the coefficient of contraction of the
      thermoplastic material.
PAR  Another possibility offered by the improved process is that of checking
      quantitatively in project or experimental stages the shrinkage of the
      segments in the radial direction by adjusting the depth of the grooves, or
      by varying the height of the ribs with which the extrusion (die) root is
      provided to produce these grooves.
PAR  The longitudinal grooves are made in the outside of the extruded rod in
      accordance with the invention for a purpose which is entirely different
      from that for which, in the earlier state of the art, longitudinal grooves
      were made on the outside of pen nibs or styli, as in French Pat. No.
      2,027,587 (Telbow Company Limited) or in U.S. Pat. No. 3,538,208 (Katsumi
      Ohtsuka). Those grooves in fact, served only to provide additional ducts,
      capillary or not, on the outside of the pen nib, to improve more or less
      successfully, the ink flow. It was not intended that the external grooves
      should receive part of the material from a plastic flow, as, moreover, is
      logical, inasmuch as there was absolutely no provision for a mechanical
      drawing process which, on the other hand, represents one of the most
      important features of the present invention.
PAR  The longitudinal grooves provided according to the invention, on the
      contrary, in no way serve the purpose of conducting ink, since they are
      designed to be completely closed by the material which is under plastic
      flow. Should their closure not be complete, it could happen that the
      partially closed grooves might participate in conducting the ink, but that
      would be accidental and somewhat undesirable.
DRWD
PAR  The invention will be more clearly explained by the following description
      which refers to the attached drawings in which:
PAR  FIG. 1 is a longitudinal section of a conventional pen equipped with a nib
      or stylus of thermoplastic material of prior construction or according to
      the invention;
PAR  FIG. 2 is a cross-section, greatly enlarged, of the thermoplastic rod as it
      appears after extrusion;
PAR  FIG. 3 is a cross-section, similar to FIG. 2, of the same rod after it has
      been reduced to the final diameter. This cross-section is also that of the
      finished pen nib;
PAR  FIG. 4 shows on a greatly enlarged scale the part of the cross-section
      enclosed by the circle 4 in FIG. 3;
PAR  FIG. 5 is a block diagram of the process carried out according to the
      invention to produce a rod and a pen nib in accordance with said invention
      with a cross-section e.g. similar to that of FIGS. 3 and 4;
PAR  FIG. 6 shows a cross-section, greatly enlarged, of the thermoplastic rod
      with external grooves, as it appears after extrusion; and
PAR  FIG. 7 shows a cross-section similar to FIG. 6 of the same rod after it has
      been reduced to its final diameter by mechanical drawing.
DETD
PAR  To clarify the picture, we shall first refer to FIG. 1 which shows a
      conventional arrangement of a pen equipped with a pen nib or stylus P of
      plastic material in accordance with the earlier state of the art or in
      accordance with the invention.
PAR  The pen consists of a hollow tubular barrel C, e.g. made of moulded plastic
      material. The lower end of the barrel C is, as it were, "solid" and has a
      longitudinal bore in which the pen nib P is inserted, with a force fit.
      The pen nib consists of a small rod of plastic material, of circular
      profile, having internally a capillary duct or capillary duct system for
      the passage of the ink.
PAR  The diameter of the small rod P is usually of the order of from 1.5 to 2.5
      mm and its length is usually of the order of from 10 to 20 mm. The two
      ends of the rod P are tapered, preferably with the same degree of taper to
      overcome the problem of orientation when the pen is assembled. Thus
      obviously the outer end of the rod P will form the actual stylus, intended
      for writing on paper, while the end located inside the barrel C is
      designed to penetrate into an ink-impregnated pad R. The pad R, of
      elongated cylindrical shape, is coupled to the pen nib P to which it
      transmits ink by the slight pressure exerted, if necessary through a
      spacer D, by a plug T inserted with a force fit into the end of the
      tubular barrel C opposite the pen nib P.
PAR  We shall now refer to FIGS. 2, 3 and 4 to explain the configuration of the
      internal channel of a pen nib P in accordance with a preferred form of
      embodiment of the invention.
PAR  As in the manufacture of pen nibs or styli in accordance with the earlier
      state of the art, first a thermoplastic rod of circular external profile
      is extruded. The thermoplastic material preferred is a polyacetal resin,
      such as e.g. that available commercially under the Trade Mark "Delrin",
      but it would be possible to use alternatively any other resins having
      similar characteristics.
PAR  The die used to extrude the thermoplastic rod has a configuration such as
      to form inside the rod a channel of star-shaped cross-section similar to
      that shown in FIG. 2. The cross-section of the internal channel comprises
      a number of radial arms defining a corresponding number of longitudinal
      ducts of substantially rectangular cross-section, radially arranged.
      Unlike the embodiments according to the earlier state of the art, the
      thermoplastic segments separating the channels 1 are not all of the same
      radial length, i.e. there are long segments 2, 2a, alternating with short
      segments 3, the tips of the latter being considerably further from the
      centre of the cross-section, i.e. from the central axis of the channel
      than those of the long segments 2, 2a. Two diametrically opposed long
      segments, denoted by 2a, are slightly longer than the other segments 2,
      for a reason to be explained later.
PAR  In the form of embodiment shown in the drawing, the arms or ducts 1
      arranged radially are twelve in number, regularly distributed around the
      axis, since it has been found that this is the solution by which, in
      practice, without excessively complicating the manufacture of the
      extrusion die, a highly satisfactory distribution and a flow of ink is
      obtained in the finished pen nib
PAR  The manufacture of the die is further simplified by the fact that the
      segments intended to form the ducts 1 do not require to be tapered. As
      will be seen, the ducts 1 which, as they are produced by means of
      extrusion, have parallel sides, automatically acquire a wedge-like shape,
      converging towards the longitudinal axis of the rod or pen nib, when the
      rod is subjected to a reduction of cross-sectional area by means of the
      mechanical drawing process.
PAR  A pen nib having a cross-section similar to that shown in FIG. 1 is not,
      however, satisfactory, inasmuch as the configuration of its star-shaped
      channel is similar to that of pen nibs in accordance with the earlier
      state of the art, having a wide central bore 4 which would give rise to
      the drawbacks already mentioned in the introduction. However, the rod the
      section of which is shown in FIG. 1 has been extruded with a far greater
      diameter than that required for the finished pen nib. Without any
      restricting purpose, and to clarify the general picture, it should be
      stated that, in a preferred practical embodiment, a rod of 10 mm diameter
      is extruded which by a preliminary stretching process, carried out without
      causing the tips and/or the sides of the segments to make contact with
      each other, is reduced to 4 mm, whereas it is desired to obtain finished
      pen nibs of 2 mm diameter.
PAR  The rod having a cross-section as shown in FIG. 2 is then subjected to a
      reduction of diameter by means of a mechanical cold-drawing operation or
      one conducted at a temperature considerably lower than that of the hot
      plastic deformation of the thermoplastic material, which takes place
      substantially at its sealing or fusion temperature. This operation
      represents an important feature of the present invention and will be
      described more clearly at a later stage.
PAR  As a result of the mechanical drawing process, the cross-section of the rod
      acquires the configuration shown in FIGS. 3 and 4, in which it can be seen
      that, whilst the tips of the short segments 3, after the deformation
      caused by the drawing, have not yet reached the centre, those of the long
      segments 2 and 2a have not only reached the cross-sectional centre point
      but have made contact with each other and, due to mutual interference,
      have been distorted by bending from one side to the other. Finally, the
      centre part of the rod cross-section has been substantially "filled", thus
      eliminating the central bore 4.
PAR  Due to inevitable defects in the manufacture of the extrusion die, in the
      case of long segments, all of the same nominal length, there will always
      be one or more of a slightly greater length than the others and the tips
      of these segments will be the first to reach the cross-sectional centre
      point during the drawing process. These segments, with their tips, may
      overlap the centre, whereupon the tips of the other long segments will be
      crushed against the sides of the segments which have overlapped the
      centre. This procedure is somewhat random, however, and it cannot be
      prevented that the long segments of greater effective length, will not all
      be grouped to one side which might result in a somewhat asymmetrically
      deformed final configuration, with filling of part of the cross-sectional
      area which might be somewhat off-centre.
PAR  It is precisely for this reason that the two diammetrically opposed long
      segments 2a are given a radial length slightly exceeding that of the other
      long segments 2. The segments 2a will thus undoubtedly be the first to
      reach the centre and to overlap it with their tips, riding one over the
      other during the drawing process, whereupon the tips of segments 2 will be
      crushed against the sides of segments 2a, resulting in an overall
      configuration as shown in FIG. 4. In this way, it is ensured that the part
      of the cross-sectional area which is filled lies substantially in the
      center, as desired.
PAR  To explain the general picture, in the case of pen nibs of 2 mm diameter,
      obtained by drawing a rod of 4 mm diameter, obtained in its turn by
      preliminarily stretching of a rod of 10 mm diameter, the longest segments
      2a are extruded with an excess length of 2/10 mm compared with that of the
      other segments 2.
PAR  Moreover, due to the high degree of reduction obtained during the drawing
      process, the sides of the short segments 3 have come into contact, in the
      region near their tips, with the adjacent sides of the long segments 2 and
      2a.
PAR  On completion of the mechanical drawing process, the rod drawn down to the
      final cross-sectional area is then cut into pieces of the required length,
      e.g. 18 mm, and simultaneously or successively, the two ends of the pieces
      are tapered to points, e.g. by grinding, as in the manufacturing processes
      according to the earlier state of the art.
PAR  In this way, finsiehd pen nibs P are obtained, having the advantages sought
      in accordance with the invention:viz:
PAR  The extensive "filling" of the centre of the cross-sectional area of the
      pen nib P provides an, as it were, "solid" tip, i.e. a tapered shape which
      can be finely pointed at the end of the pen nib, to be used for the
      purpose of writing on paper. The pen nib is thus capable of tracing a very
      fine line on paper.
PAR  The fact that the tip is "solid" gives it an enhanced resistance to wear
      since there is a greater quantity of material to be worn away by abrasion
      on the paper than in the case of tips of the truncated cone type with a
      central cavity in accordance with the earlier state of the art.
PAR  The mutual contact of the tips of the long segments 2 and 2a which, as a
      result of deformation, have come to bear one against the other either with
      their sides or with their edges, as well as the contact between the
      adjacent sides of all the segments 2, 2a and 3, cause these segments to
      support each other mutually and no longer act as if centilevered, for
      which reason they are no longer subject to vibrations likely to cause
      "spluttering" of the ink in the script.
PAR  Nevertheless, because the deformation has taken place at a temperature
      below the sealing temperature of the thermoplastic material, the segments
      have not become integrated and can therefore easily yield when the pen nib
      is pressed down on the paper, thus making it possible to produce a thicker
      script in proportion to the pressure exerted on the pen nib, which is
      precisely what is desirable to obtain a "personalized" script and for many
      other purposes on which it is unnecessary to dwell.
PAR  The fact that the segments offer mutual support further confers on them an
      increased yield strength, due to which the fineness of the script, for a
      given bearing pressure on the pen nib, remains substantially the same from
      the beginning to the end of the useful life of a pen nib in a pen of
      throw-away type, i.e. to be disposed of when the ink supply is exhausted.
PAR  Another highly important advantage of the invention arises from the fact
      that the reduction of cross-sectional area in the ducts 1 obtained by
      means of the mechanical drawing process automatically imparts to these
      ducts, originally having parallel sides, a wedge-like shape tapering
      towards the central axis of the pen nib. As the cross-section gradually
      converges upon the centre, the capillary force of the ducts 1 increases in
      like measure, until, in the centre of the pen nib, it reaches a very high
      maximum value.
PAR  In fact, at the point where the segments unite together, in reality, the
      surfaces of their sides or of their tips are only apparently in contact
      with each other, since between these surfaces, there still remain
      interstices carrying a very thin film of ink and having a very high
      capillary force. Unlike a pen nib with a duct of star-shaped cross-section
      with a central bore, in accordance with the earlier state of the art, the
      centre of the pen nib in accordance with the invention is thus the part
      with the highest capillary force and, furthermore, the interstices no
      longer constitute a discontinuity, isolating the radially arranged ducts
      from each other, but on the contrary establish optimum intercommunication
      between these ducts, thanks to which, if blocking of one or more ducts 1
      occurs due to a clot or foreign body in the ink, or due to undesirable
      fusion of the parts as a result of defective extrusion or drawing, the
      blocked duct or ducts will again receive, downstream of the obstruction
      point, ink from the other free ducts, for which reason the ink flow always
      remains symmetrically distributed around the axis of the pen nib and the
      latter is no loger liable to suffer from the symmetry which has been
      discussed in the introduction.
PAR  Finally, as a result of the mechanical drawing process which makes it
      possible to obtain a high degree of reduction without danger of sealing or
      fusing, ducts 1 are obtained the capillary force of which is greater than
      that of similar ducts in the embodiments according to the earlier state of
      the art.
PAR  As will have been understood, the configuration with long segments 2, 2a
      and short segments 3 has been adopted in accordance with the preferred
      arrangement of the invention because, if all the segments were of the same
      radial length, the mechanical drawing process, the purpose of which is to
      eliminate the central bore 4, would result in all their tips joining
      tightly at the centre without overlapping it and it would not be possible
      for some of the tips to become distorted with the resulting advantageous
      tight packing at the actual centre.
PAR  As a result of the reduction in the cross-sectional area, the ducts 1 as
      can be seen in the drawing acquire a characteristic S-shaped contour, but
      this is only a minor consideration.
PAR  The high capillary force of the pen nib obtained according to the invention
      which has been confirmed by the comparative tests already mentioned
      represents yet another advantage, which is to make the behaviour
      irregularities, since the percentage fluctuations in the capillary force
      due to these causes will always be quite insignificant.
PAR  A preferred manner of carrying out the process will now be described
      whereby a rod is produced continuously having a cross-section similar to
      that shown in FIGS. 3 and 4 and whereby from this rod pen nibs according
      to the invention are produced.
PAR  This process and the appropriate equipment are shown in the block diagram
      in FIG. 5.
PAR  An extrusion machine 10, equipped with a suitable die, continuously
      extrudes a rod B.sub.1 of thermoplastic material, having a cross-section
      as shown in FIG. 2 and a diameter which for practical purposes, as stated
      above, may be 10 mm. The rod B.sub.1 on leaving the extrusion die,
      immediately passes into a cooling water basin, 11, which reduces the
      temperature to a value substantially below that of hot plastic
      deformability, and thus below the sealing or fusing temperature.
      Downstream of the basin 11 there is a drawing unit 12 which pulls the rod
      B.sub.1 from the extrusion die 10, through the basin 11. The tractive
      force exerted by the drawing unit 12 subjects the rod B.sub.1 between the
      extruder 10 and the basin 11 to a preliminary stretching which reduces the
      diameter by an amount suitable for the purposes of the subsequent
      mechanical drawing stage but such that the internal segments do not come
      into contact with each other and become sealed or fused. As already
      stated, starting from a diameter of 10 mm, in practice, stretching reduces
      the rod diameter to 4 mm.
PAR  Immediately downstream of the drawing unit 12, the rod B.sub.2 passes
      through a heater 13, e.g. an electric resistance heater, which raises the
      temperature to a value below the sealing or fusion temperature of the
      thermoplastic material, but such as to normalise or anneal the said
      material, eliminating any brittleness caused by the preceding cooling
      process.
PAR  After passing through the heater 13, the rod B.sub.2 is subjected to a
      first mechanical drawing operation, which is an important feature of the
      process according to the invention. This drawing process is effected by
      passing the bar through a unit 14 consisting of a series of drawplates of
      circular cross-section and of diameter progressively decreasing until the
      cross-section is substantially as shown in FIGS. 3 and 4, which reduce the
      rod diameter substantially to the final value, which may be approximately
      half that of the extruded and preliminarily stretched rod B.sub.2. In the
      practical application already mentioned, a rod of 4 mm diameter is thus
      reduced to a diameter a little greater than 2 mm.
PAR  In an installation already successfully used in practice, the mechanical
      drawing unit 14 consists of a set of six drawplates, each of which is
      equipped, downstream, with its own drawing device.
PAR  The rod B.sub.3 of reduced cross-section, issuing from the drawing unit 14,
      passes into a second cooling basin 15 which absorbs the heat generated by
      the drawing process from the thermoplastic material, whereupon it is
      passed into a unit 16 of well-known type caused a "Turk's head",
      consisting of four grooved rollers, arranged in a cross-shaped pattern, in
      such a manner that the four grooves delimit a circular passage. During the
      passage through this circular passage, an almost perfect circular
      cylindrical shape is imparted to the outer surface of the rod B.sub.3 or,
      in better terms, this shape is restored when it has been lost by the rod
      during its passage downstream of the drawing unit 14, e.g., due to
      ovalization caused by possible deflection, if the track is not rectilinear
      but reverses, as shown diagrammatically in the drawing.
PAR  After passing through the "Turk's head" 16, the rod B.sub.3 is again
      subjected to a mechanical finishing or gauging drawing, in a unit 17,
      which, like unit 14, consists of a series of drawplates of circular
      cross-section.
PAR  In the unit 17, by a slight reduction, the rod B3 is given the exact
      diameter required, within the permissible tolerances, for inserting the
      pen nib P, with a force fit, into the hole, e.g. in the barrel C of the
      pen shown in FIG. 1, which forms its seating.
PAR  In the equipment used in practice, which has already been discussed above,
      the final mechanical drawing unit 17 consists of a series of three
      drawplates, each of which is equipped downstream with its own drawing
      means.
PAR  Downstream of the final drawing unit 17, the rod B.sub.3, finally gauged to
      the desired diameter, e.g. 2 mm in the practical embodiment instanced as
      an example, again passes into a third cooling basin 18 having the same
      purpose as that of the basin 15.
PAR  This terminates the continuous process for manufacturing a rod having an
      internal capillary duct of star-shaped cross-section in accordance with
      the invention.
PAR  On leaving the basin 18, the rod B.sub.3 passes into a cutting device 19
      which divides it into pieces or small rods substantially of the length
      desired for the pen nibs P to be produced.
PAR  These small rods are pointed at both ends to the tapered shape already
      previously discussed, by a suitable grinding machine, providing in this
      way pen nibs P similar to that shown in FIG. 1.
PAR  Alternatively, the operation of shaping the tapered tips at the two ends of
      the small rods could be effected simultaneously with the cutting thereof
      from the bar, e.g. by means of suitably tapered grinders.
PAR  In the above description, a continuous process has been considered, but it
      will be obvious that, while still remaining within the scope of the
      invention, it would be possible to produce extruded rods (and possibly
      subject them to the preliminary stretching operation) and store them, e.g.
      in rolls, subjecting them later to the mechanical drawing process and the
      other accompanying operations.
PAR  To evaluate the behaviour and advantages of the pen nibs in accordance with
      the invention, some comparative tests have been made.
PAR  Samples of pen nibs according to the invention (A) and commercially
      available samples of pen nibs of type (B) with an internal capillary duct
      of star-shaped cross-section were subjected to these tests.
PAR  The characteristics of the samples were as follows:
PAL  Pen Nibs According to the Invention
PAR  Capillary duct of star-shaped cross-section with 12 arms similar to that
      shown in FIGS. 3 and 4.
TBL  __________________________________________________________________________

     Outside diameter of pen nib:                                              

                       2 mm                                                    

     Length of pen nib:                                                        

                       12.5 mm                                                 

     Width of radially arranged                                                

                       about 0.6 mm at the peripheral end                      

     capillary ducts   and about 0 mm at the centre                            

     Diameter of outside envelope                                              

     circle for the radial arrangement                                         

     of capillary ducts:                                                       

                       1.3 mm                                                  

     __________________________________________________________________________

PAL  Commercially Available Pen Nibs B
PAR  Capillary duct of star-shaped cross-section with 6 straight radial arms
      opening into a central bore
TBL  Outside diameter of pen nib:                                              

                       2 mm                                                    

     Length of pen nib 12.5 mm                                                 

     Width of capillary ducts:                                                 

                       about 0.02 mm at the peripheral end                     

                       and about 0.01 mm at the opening                        

                       into the central bore                                   

     Diameter of central bore:                                                 

                       about 0.5 mm                                            

     Diameter of outside envelope                                              

     circle for the radial arrangement                                         

     of capillary ducts.                                                       

                       1.3 mm.                                                 

PAR  A first test consisted in estimating the ink rising time in the two pen
      nibs as a result of the capillary force, using for this purpose the
      appropriate "Kruss" meter and carrying out the test according to the
      Kelber method.
PAR  With an ink having a surface tension of 55 dynes/cm, the following results
      were obtained:
TBL  Pen nib A:            1 sec.                                              

     Pen nib B:            10 sects.                                           

PAR  With an ink having a surface tension of 32 dynes/cm, on the other hand, the
      following values were obtained:
TBL  Pen nib A:              1 sec.                                            

     Pen nib B:              5 secs.                                           

PAR  As can be seen, pen nib A according to the invention has a far greater
      capillary force than that of the commercially available pen nib B and,
      moreover, while pen nib B is highly sensitive to variations in the surface
      tension of the ink, pen nib A is practically insensitive to these
      variations.
PAR  It is obvious from this that with a pen nib according to the invention, the
      choice of a suitable composition for the ink is of no practical
      importance.
PAR  In another test, pen nibs A and B, filled with ink and arranged
      horizontally were put in contact by one of their tips with blotting paper
      for an interval of 2 seconds in order to estimate the tensile strength of
      the ink flow contained in the capillary duct.
PAR  Before the test was made, the pen nibs A and B were weighed empty, i.e.
      before they were filled with ink and then in the filled state.
PAR  After the test, the pen nibs were again weighed to determine the amounts of
      ink retained or lost to the blotting paper respectiely.
PAR  The results are given in the following table:
TBL  Pen weight                                                                

             Weight                                                            

                   Weight                                                      

                         Weight                                                

                               Quantity                                        

                                     Residual ink                              

                                            % ink                              

     nib when                                                                  

             when  of ink                                                      

                         after of ink                                          

                                     in pen nib                                

                                            loss                               

     empty   filled                                                            

                   charge                                                      

                         ink loss                                              

                               lost                                            

     g       g     g     g     g     g                                         

     __________________________________________________________________________

     A 0.0714                                                                  

             0.0770                                                            

                   0.0056                                                      

                         0.0720                                                

                               0.0050                                          

                                     0.0006 89.3                               

     B 0.0665                                                                  

             0.0723                                                            

                   0.0058                                                      

                         0.0685                                                

                               0.0038                                          

                                     0.0020 65.5                               

     __________________________________________________________________________

PAR  These figures show that pen nib A according to the invention loses
      practically all the ink, inasmuch as the ink flow is not interrupted owing
      to the high capillary force available whereas the commercially available
      pen nib B is able to release only a small percentage of ink, in view of
      its comparatively weak capillary force, which allows the ink flow inside
      the duct to be interrupted.
PAR  A pen nib according to the invention will therefore always be ready for
      writing purposes even after long periods of disuse, unlike the pen nibs at
      present available on the market, which, even if special inks are used,
      which thanks to the present invention are no longer necessary, can
      frequently not be reused for writing purposes because of the interrupted
      ink flow.
PAR  Finally, an ink consumption test was carried out on pen nibs A and B.
PAR  With a stock of 1.5 gr ink, pen nibs A according to the invention could be
      used to draw a line of length from 2500 to 3000 meters, while the line
      drawn with pen nibs B, in the same conditions, measured only 1200 meters.
PAR  Thus it can be seen from the foregoing that a pen or similar writing means
      equipped with a pen nib according to the invention has substantial
      advantages with respect to the previous state of the art, which can be
      briefly summed up as follows:
PA1  greater reliability in operation;
PA1  practically constant fineness of script, far superior to that possible with
      pen nibs according to the previous state of the art, for the whole
      duration of the ink stock, but with the possibility of thickening the
      script at will by pressing down on the pen;
PA1  a smoother script, free from vibrations and therefore "cleaner";
PA1  greater utilisation of the ink stock, making it possible to write to a
      longer period with a quantity of ink equal to that contained in a pen
      fitted with a pen nib according to to the previous state of the art, or
      with a smaller ink stock, to have the same writing period, i.e. pen life
      as that obtained with pen nibs according to the previous state of the art.
PAR  Referring to FIGS. 6 and 7, the star-shaped cross-section of the internal
      duct of the thermoplastic rod is similar to the cross-section previously
      discussed and consists of a number of radial arms 1 delimiting
      longitudinal channels separated by long segments 2 and short segments 3.
PAR  The improvement which will now be described consists in the fact that
      during the extrusion process, slots or grooves 4 (FIG. 6) are made on the
      periphery of the rod, in this case of substantially rectangular
      cross-section but which, as stated above, could alternatively have another
      type of section, e.g. trapezoidal. The grooves 4 have a symmetrical shape
      with reference to their major axis which coincides with the radial axis of
      the respective segments 2 and 3. The radial depth of the grooves 4 is such
      that their base lies at a distance, outwards, from the root of the
      segments 2, 3 of the same order of magnitude as the width of this root, in
      order to obtain, in addition to the reduction which is obtained as a
      result of shrinkage of the segments 2, 3, more uniform processes during
      this shrinkage. In FIG. 7, it can be seen how the grooves 4 have closed,
      since the space has been occupied at least partially by adjacent parts of
      the material which has been plastically deformed in the cold drawing
      process, receiving also any existing excess material due to a local
      thickening of the outside diameter of the extruded rod.
PAR  It will be clear that the grooves 4 should have before the drawing process
      (FIG. 6) dimensions (particularly in the direction of the width) such as
      to permit reduction of the rod by extrusion to the required final
      diameter, even if localised thickening of the outside cross-section takes
      place in the extruded rod.
PAR  Naturally, while the basic principles of the invention remain unchanged its
      detailed execution can be widely varied as compared with what has been
      shown and described as a non-restrictive example, without thereby
      transgressing the scope of the invention.
CLMS
STM  Having described our invention, we claim:
NUM  1.
PAR  1. A process for manufacturing a pen nib with capillary ink passages which
      is capable of providing a fine script without vibration, comprising
      heating a mass of thermoplastic material to a temperature higher than that
      at which it fuses, extruding from said mass of thermoplastic material a
      rod through a die so shaped as to form inside the rod a longitudinal
      opening of star-shaped cross section characterized by a plurality of
      substantially parallel sided ducts that communicate with each other at the
      center of said cross section, said ducts being separated by wedge-shaped
      segments of said thermoplastic material, said segments being spaced from
      each other and being alternately long and short and at least two
      diametrically opposed long segments being even longer than the other long
      segments, said variations in segment length resulting in the disposition
      of the inner points of said segments at different distances from the
      center of said rod, cooling the extruded rod to a temperature lower than
      at which the thermoplastic material fuses, and mechanically drawing the
      cooled rod to reduce its outside diameter and also to reduce the width of
      said channels until said channels have a wedge-like shape tapering toward
      the central axis of the rod and at least said two segments contact each
      other.
NUM  2.
PAR  2. A process as claimed in claim 1, in which the outside diameter of said
      rod is reduced by said mechanical drawing by about 50%.
NUM  3.
PAR  3. A process as claimed in claim 1, and cooling the rod a second time after
      it has been subjected to said mechanical drawing, and then rolling said
      twice-cooled rod through a passage of circular cross-section defined by
      grooved rollers thereby to rectify any defects in the circularity of the
      outside profile of the rod, and then subjecting the rod to a second
      drawing process to gauge the rod to a predetermined diameter, and
      thereafter cooling the gauged rod.
NUM  4.
PAR  4. A process as claimed in claim 1, and annealing the rod at a temperature
      lower than said fusing temperature after said cooling but prior to said
      mechanical drawing.
NUM  5.
PAR  5. A process as claimed in claim 1, in which said cooling is effected by
      passing the rod through water.
NUM  6.
PAR  6. A process as claimed in claim 1, and stretching said rod prior to
      cooling.
NUM  7.
PAR  7. A process as claimed in claim 6, in which the outside diameter of said
      rod is reduced by said stretching by about 60%.
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ABST
PAL  In a device for feeding fiber suspension to the web-forming part of a paper
      machine the tendency of the fibers in the suspension to flocculate and
      form fiber clusters, before being fed onto the web-forming wire, is
      eliminated by spraying jets of water or steam or both into the head box
      which is supplied with a fiber suspension of a consistency greater than
      the desired. The jets cause strong turbulences in the head box and thereby
      effectively disperse the fiber clusters.
PARN
PAR  This application is a continuation-in-part of U.S. Ser. No. 369,853, filed
      June 14, 1973, now abandoned.
BSUM
PAR  This invention relates generally to the feeding of fiber suspension to the
      web-forming part of a paper machine and particularly to the feeding
      wherein the fiber suspension is distributed into a flow which extends over
      the entire width of the web-forming part and is stirred, whereafter the
      suspension is allowed to settle before being fed into the web-forming
      part.
PAR  It is known that the fibers in a suspension tend to flocculate and form
      fiber clusters. To prevent this, paper machines have in the past been
      provided with rotating perforated rollers through which the fiber
      suspension flows in order to disperse the fiber clusters. The dispersing
      effect of the perforated rollers on fiber clusters is, however, limited
      for the following reasons: fibers tend to accumulate in the perforated
      rollers which create a long scale turbulence due to the dimensions of the
      perforations, and the size of the gaps between the perforated rollers and
      the head box walls is not sufficiently small to prevent suspension from
      escaping as a laminar flow containing fiber clusters. This being the case,
      it has not been possible to maintain the desired high consistency in the
      head box because the clustering tendency of the fibers is greatly
      intensified when the fiber content, i.e. consistency of the suspension,
      increases and therefore it has been difficult to manufacture good paper.
PAR  In accordance with the present invention a method is provided for feeding
      fiber suspension to the web-forming part of a paper machine or the like, a
      method by which an evenly distributed fiber suspension, which does not
      contain clusters but has a relatively high concentration, can be fed to
      the web-forming part of a paper machine or the like.
PAR  Further in accordance with this invention a structurally simple head box is
      provided for the application of the method according to the invention.
PAR  According to the invention, a fiber suspension at a greater than the
      desired consistency is fed into the head box, where it is diluted into the
      final desired consistency by spraying a fluid, water and/or steam into it.
      The density of the suspension exceeds 1% and is for instance, 1.5%. The
      desired density for paper making purposes is lower than 1%. The water and
      steam jets cause strong turbulences in the head box, thereby effectively
      dispersing all fiber clusters. In the method according to the invention
      the initial consistency of the fiber suspension is so high that fiber
      clusters are likely to be formed, but the dispersion of the fibers in the
      head box is so effective due to the steam or water sprays that all fiber
      clusters are dispersed. For this reason, the distribution means feeding
      the fiber suspension into the head box can be very simple and small,
      because the unusually thick suspension also contains less water than usual
      and therefore the pumping rate and the sizes of the pumps and other
      auxiliary devices can be respectively diminished.
PAR  In order to obtain an even basic weight profile across the paper web, the
      fiber suspension must also be evenly distributed over the width of the
      machine. In the method according to the invention the amount of dilution
      liquid is great in proportion to the amount of fiber suspension fed into
      the distribution system and the mixing is so effective that any possible
      local variations in the amount of fiber are leveled. Because the mixing is
      so effective, additives such as chemicals and fillers can be fed into the
      head box together with the dilution water. A turbulence must be created
      which has a sufficient vortex size and intensity in the head box to
      disperse the fiber clusters but is so small in the outflow gap of the lip
      part of the head box that the suspension is fed calmly on the wire. It has
      been noted that the perforated roller generally used in head boxes does
      not faultlessly meet either requirement, for fibers tend to accumulate in
      the rollers and the perforated roller creates a large scale turbulence
      depending on the dimensions of the perforations.
DRWD
PAR  FIG. 1 shows a schematic side view of a device according to the invention,
      in which the supply box for the dilution fluid is located parallel to the
      direction of flow of the fiber suspension.
PAR  FIG. 2 shows a front view of the same device;
PAR  FIG. 3 shows sections along lines b--b  and c--c  in FIG. 1.
PAR  FIG. 4 illustrates the embodiment in which the supply box for the dilution
      fluid is divided into more than one successive partition. Numeral 12
      designates the partition or baffle arranged transversely to the flow of
      the suspension.
PAR  FIGS. 5 and 7, illustrate the embodiment in which the perforations in the
      upper plate, designated by numeral 9 are not in alignment with the
      perforations in the lower plate, designated by numeral 11.
PAR  FIG. 6 illustrates the embodiment in which the size of the perforations and
      the distance between the perforations decreases towards the head box lip
      part.
PAR  FIG. 8 illustrates the embodiment in which the two perforated plates form a
      flow channel which diverges towards the lip part.
PA1  Fig. 9 illustrates the embodiment in which the perforations are oblong
      transversely to the direction of the fiber suspension.
DETD
PAR  In FIGS. 1 and 2, number 1 refers to the fiber suspension feeder and 2, 3
      to a dilution water supply box. The wall between the dilution water supply
      box 2, 3 and the head box consists of a perforated plate 4, 5, through
      which the dilution water flows. Number 6 refers to the head box lip part.
      The holes in the perforated plates are preferably out of alignment in
      relation to each other, as shown in FIG. 3. Perforation 7 is that of upper
      plate 4 and perforation 8 that of lower plate 5.
PAR  The pressure prevailing in the water box is higher than in the head box.
      The water which flows through the perforations at a high rate forms dense
      spray curtains which create a turbulence in the fiber suspension flowing
      through the head box. The intensity of the turbulence can be regulated by
      changing the pressure of the dilution water.
PAR  FIG. 4 illustrates the embodiment in which a plurality of supply boxes for
      the dilution fluids and a plurality of head boxes may be used. FIG. 4
      illustrates the use of two head boxes and two supply boxes with one
      partition designated by numeral 12. Water box 2, 3 may comprise one or
      more partitions or baffles 12 and in the latter case each partition is
      provided with its own inlet pipe, in which case the inlet pressures of the
      partitions can also be different, preferably so that the pressure of the
      partitions decreases towards the lip part. Perforations 7, 8 of the
      perforated plate can be evenly distributed on the surface of the plate 4,
      5 in FIG. 3 or distributed as perforations 9, 11 in FIG. 5 so that the
      distances between them are different points, for example, so that the
      distances between the perforations decrease towards lip part 6. The size
      of perforations 7, 8 can also be varied as perforations 9, 11 in FIG. 6,
      for example so that the diameter changes in the longitudinal direction of
      the head box from 10 mm to 0.5 mm, in which case the smallest perforations
      are situated closest to lip part 6. The direction of perforations 7, 8 in
      FIG. 3 in opposite perforated plates 4, 5 can be the same or they can form
      an angle with each other as perforations 9, 11 in FIG. 7. The perforations
      can be cylindrical or conical. They must be relatively close to each other
      to obtain a homogeneous mixing. Distance L between the centers of the
      perforations is usually less than 5 d, d being the diameter of a
      perforation.
TBL  ______________________________________                                    

               Example: H = 80 mm                                              

               L = 12 mm                                                       

               d =  4 mm                                                       

               l = 20 mm                                                       

     ______________________________________                                    

PAR  Perforated plates 4, 5 can be parallel or form a flow channel which
      diverges towards the lip part. FIG. 8 illustrates the embodiment in which
      the two perforated plates 4 and 5 form a flow channel which diverges
      towards the lip part 6 of the head box. The shape of the perforated plates
      can naturally be other than plane-like. One perforated plate may be
      absent. The perforations can also be replaced with oblong gaps such as
      perforations 9, 11 in FIG. 9 which are transversal in relation to the
      direction of the flow.
PAR  Steam can be fed instead of water or in addition to water through openings
      7, 8, in which case the fiber suspension is heated and water removal on
      the wire is improved. The fed water can be re-circulated water or pure
      water.
PAR  For example, stock with a fiber concentration of 2.5 % can be fed into the
      head box where it is diluted to 0.5 %.
PAR  In one embodiment, the perforated roller situated immediately before the
      lip part in a conventional head box is replaced with a spray zone where
      the holes are small, in which case the main purpose is to create a
      turbulence, and the dilution effect is without significance.
PAR  The fibers fed by this method and with the device according to the
      invention are preferably cellulose fibers, but the invention may be
      adapted also to artificial fibers, such as silicate fibers.
PAR  Paper having the weight of 50 g/m.sup.2 was manufactured at the rate of 400
      m/min. by the method according to the invention, whereby stock having the
      density of 2.5 % fiber concentration was fed at the rate of 800 l/min. . m
      into the head box and water was fed simultaneously into it at the rate of
      3200 l/min. . m so that the outflow of water from the perforated plates
      was 4.8 m/s. At this time the fiber concentration in the lip part of the
      head box decreased to 0.5 % and the flow rate increased to 4000 l/min.
      Thus, the obtained flow rate of the stock was 26 m/min. before dilution
      with water and 130 m/min. after dilution with water.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of feeding fiber suspension to the web-forming part of a paper
      machine while avoiding flocculation and avoiding the use of rollers, which
      comprises (1) feeding a thick suspension of fibers to a head box, (2)
      spraying a fluid which is at least one of water and steam into said thick
      suspension in order to dilute the same to the desired thickness before
      feeding it to the web-forming part and create turbulence therein to mix
      the suspension and thereby disperse fiber clusters, the supply box for
      spraying said fluid being mounted immediately adjacent to the head box
      wall and being separated from the inner part of the center portion of the
      head box by a perforated plate, the turbulence being of such intensity in
      the head box to disperse the fiber clusters, (3) then allowing the
      suspension to settle, under a turbulence of small intensity, in the lip
      part of the head box whereby said suspension is fed essentially free from
      the large scale turbulence to the web-forming part, said lip part being of
      sufficient length to reduce the turbulence of the suspension and (4)
      distributing the fiber suspension into a flow extending over the entire
      width of the web-forming part.
NUM  2.
PAR  2. A method as recited in claim 1, wherein the diluting of the suspension
      is performed with water containing additives such as chemicals and
      fillers.
NUM  3.
PAR  3. A method as recited in claim 1, wherein the diluting is performed with
      recirculated water separated at the web-forming stage.
NUM  4.
PAR  4. A method as recited in claim 1, wherein the dilution is performed with
      steam.
NUM  5.
PAR  5. A method as recited in claim 1, wherein the intensity of spraying of the
      dilution fluid is regulated to decrease in the direction of the suspension
      flow.
NUM  6.
PAR  6. An apparatus for feeding fiber suspension to the web-forming part of a
      paper machine of the type having a head box and a fiber suspension feeder
      supplying the head box with said suspension, comprising means mounted to
      at least one of the upper and lower wall of the head box to extend between
      the suspension feeder and the lip part of the head box for spraying a
      dilution fluid into the fiber suspension to dilute and agitate the same
      and wherein the feeding device for the dilution fluid is a supply box
      mounted immediately adjacent to the head box wall and separated from the
      inner part of the head box by a perforated plate, said head box having a
      center portion and a converging lip portion, said lip portion being of
      sufficient length to reduce the turbulence of the suspension to a small
      intensity, said supply box being connected to said center portion.
NUM  7.
PAR  7. An apparatus as recited in claim 6, wherein the supply box for the
      dilution medium is divided into more than one successive partitions, each
      of which is provided with its own inlet pipe and controls for individual
      regulation of the pressures in the partitions.
NUM  8.
PAR  8. An apparatus as recited in claim 6, wherein the distances between the
      holes in the perforated plate decrease towards the head box lip part.
NUM  9.
PAR  9. An apparatus as recited in claim 6, wherein the size of the holes in the
      perforated plate decreases toward the head box lip part.
NUM  10.
PAR  10. An apparatus as recited in claim 6, wherein the holes in the perforated
      plate of opposite walls are not in alignment in relation to each other.
NUM  11.
PAR  11. An apparatus as recited in claim 6, wherein the distance between the
      center points of adjacent holes in the perforated plate is shorter than
      five times a hole diameter.
NUM  12.
PAR  12. An apparatus as recited in claim 6, wherein the two perforated plates
      form a flow channel diverging toward the lip part.
NUM  13.
PAR  13. An apparatus as recited in claim 6, wherein the holes in the perforated
      plate are oblong gaps transversal to the fiber suspension flow direction.
NUM  14.
PAR  14. An apparatus as recited in claim 6, wherein said center portion of the
      head box has parallel walls.
NUM  15.
PAR  15. An apparatus as recited in claim 6, wherein said center portion of the
      head box has diverging walls.
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ABST
PAL  Seamless hollow molding rubber articles are produced by concurrently
      molding two article halves with mateable edges which extend toward each
      other. Portions of the mold plates and core are maintained continuously at
      the full vulcanizing heat until the halves of the articles have been
      vulcanized to about 60 percent of the optimum vulcanization of the
      material, except for thin strata defining the mateable edges. By cooling
      at the portions which form these strata, these portions are maintained at
      a lesser temperature to cause the reaction in these strata to progress
      slightly beyond the scorching or blowing stage to dimensional and
      volumetric stability. At this stage, the mateable faces of the edges are
      substantially free from the usual "skin" effect which effect would render
      them non-fusible. The mold is then opened, the core is removed, and the
      mold is reclosed. The article halves are resilient, but firm enough to
      force the strata of the mateable edges into firm pressure bonding and
      fusing contact without distortion of the remainder of the halves. Due to
      the limited amount of material in the strata, only a small total amount of
      heat is required to carry the vulcanization reaction of the strata to the
      same stage as that of the halves. Consequently, the heat of the mold and
      of the remainder of the halves is sufficient to fuse and vulcanize the
      mateable edge strata quickly and fully. The resultant bond of the edges
      and adjacent strata is homogeneous with the remainder of the halves.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This invention relates to a method for molding seamless hollow articles,
      and particularly hollow spheres, such as tennis ball cores, golf ball
      cores, and the like, and includes improvements on the method disclosed in
      my copending applications, Ser. No. 143,919, filed May 17, 1971 now U.S.
      Pat. No. 3,832,437, and entitled "Method and Apparatus for Forming Hollow
      Articles," and Ser. No. 333,872, filed Feb. 20, 1973, now abandoned and
      entitled "Hollow Molded Articles" and is a continuation-in-part Ser. No.
      333,872.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  Molding of thermally curable organic plastic materials.
PAR  2. Description of Prior Art
PAR  For purposes of illustration, the present invention is described herein as
      applied to tennis ball cores of elastomeric material such, for example, as
      conventional natural or synthetic rubber compositions, its application to
      other hollow articles, whether of spherical or other shape, and to other
      elastomeric materials and compositions, being apparent from the
      illustrative example. It is difficult, by prior methods, to mold seamless
      hollow spherical articles to precise shapes and dimensions, both
      internally and externally, while providing walls of uniform thickness and
      quality throughout and a joint comparable to the strength of the remainder
      of the article. Generally, such articles are molded as mating halves which
      subsequently are joined together along a diametral plane.
PAR  One of the earlier methods is to mold and fully vulcanize two halves of the
      article separately and, after full vulcanization and cooling of the
      halves, to cement them together to form the finished article by applying
      cementitious material to the exposed edge surfaces of the halves. This
      method is the one most commonly used at present despite the fact that
      bonding the joint by extraneous cementitious material renders the juncture
      non-homogeneous, and weak compared to the walls.
PAR  In later methods, such as disclosed in U.S. letters Pat. No. 1,575,388 to
      F. T. Roberts, issued Mar. 22, 1926, devised to provide a fused and
      improved edge bond, the mating halves of an article are formed by molding
      raw material to shape about a core. The mold is then opened, the core
      removed, and all excess raw material is removed for immediate reuse
      without any reconditioning in the next production cycle. While the molds
      are open a gassing agent is introduced into the raw molded halves. The
      mold is then closed to press the raw halves together to form the assembled
      raw article and the raw articles is then vulcanized. During the initial
      stage of heating, the gassing agent evolves sufficient gaseous pressure
      within the raw article to assure that the material maintains its position
      and shape in the mold cavity and remains in firm contact with the cavity
      walls during vulcanization. This later method has some advantages. For
      example, the molding and removal of the core are effected while the
      material remains in its raw condition so that the excess raw material
      surrounding the mold cavity can be removed, when the mold is opened and
      the core is removed, and immediately reused in the next succeeding molding
      operation. It had disadvantages in that generally beads or flash of
      substantial amount are formed at the seam or juncture of the two halves.
      Further, the seam tends to be weak due to the fact that the raw material
      of the halves cannot transfer substantial bonding pressure to the mating
      edges, upon closure of the mold after removal of the core, and cannot
      maintain substantial pressure on the edges during vulcanization.
PAR  Another disadvantage is that the gassing agent necessarily develops
      pressure for holding the raw rubber in contact with the mold walls during
      initial vulcanization subsequent to removal of the core. If the mold is
      opened and the vulcanized articles are exposed or removed from the mold
      while still hot, the internal gaseous pressure expands the balls or
      articles unpredictably so that they are out of round and otherwise
      distorted. This can be overcome only the time consuming step of cooling
      the articles in the mold sufficiently to cool the gases therein while the
      articles remain in the closed mold, or by forming a perforation in each
      article sufficient to vent and permit the excape of the warm expanded gas
      and relief of the internal pressure before or immediately upon opening of
      the mold.
PAR  This method and similar earlier methods are not in general use today
      because it is economically impractical to obtain properly shaped products
      with properly fused edges consistently. The difficulties reside first in
      the complexities involved in the internal pressurizing and depressurizing.
      Second, to avoid the "skin effect," the raw elastomer must be exposed
      initially to very moderate, substantially non-vulcanizing temperatures,
      which, in turn, makes it necessary in each cycle to cool the mold from the
      optimum vulcanizing temperature to a substantially non-vulcanizing
      temperature, and then raise the mold temperature from substantially
      non-vulcanizing temperature up to optimum vulcanizing temperature and hold
      the latter temperature until the cycle is completed. This complicates the
      equipment required and extends unduly the process time.
PAR  The inventions disclosed in my copending applications provide solutions to
      many of these problems by forming on the two halves, respectively,
      mateable aligned edged which are shaped and arranged to extend a
      preselected small distance beyond the parting surface of the two mold
      plates so that after the core is removed, better contact between these
      edges upon reclosure of the mold is assured. While the mold remains closed
      with the core therein, the vulcanization reaction is initiated and caused
      to progress to a generally uniform degree throughout the charge such that
      the halves of the article in the mold cavity, including the mateable
      edges, are sufficiently firm to retain their configuration and remain in
      contact with the cavity walls without the need for internal gas producing
      agents after removal of the core and reclosure of the mold. After the
      removal of the core, the mold is closed and vulcanization of all portions
      is carried to the optimum selected degree. This uniform degree of
      vulcanization is less than that which the material is to have in the
      finished product, which latter is referred to herein as the "optimum
      vulcanization" and which is about 95 percent of the ultimate vulcanization
      of which the material is capable.
PAR  This prior method is a compromise between the desirability of having the
      parts fully vulcanized before removal of the core and having the surface
      strata at and adjacent the mateable edges substantially free from skin
      effect and at a sufficiently low degree of vulcanization so that, upon
      removal of the core and reclosure of the mold, these strata can fuse and
      bond together properly into a homogeneous juncture upon completion of the
      vulcanization stage of the remainder of the halves of the article in the
      mold cavity. This generally requires that the initial vulcanization before
      core removal be below 250.degree. F., much less than the optimum
      vulcanizing temperature.
PAC  SUMMARY
PAR  In accordance with the present invention, the mold and core, except for the
      portions which are to form the mateable edges, are maintained continuously
      at the temperature required for effecting the optimum vulcanization. While
      the mold is closed with the core therein the vulcanization reaction of the
      material forming the article havles, except for thin strata at and
      adjacent the mateable edges, at which localized areas the core is cooled
      to eliminate the skin effect, is caused to proceed to a high degree of
      about 60 percent of the optimum vulcanization. During this high degree of
      vulcanization of the halves, the strata at and adjacent the mateable
      edges, because of the localized core and mold cooling, are subjected to
      less heat so that instead of the vulcanizing reaction thereof being
      carried to the same high degree, it is carried to a lesser degree which is
      just above the "blow" or "scorch" stage. This blow or scorch stage is that
      at which the material being vulcanized would foam if it were unconfined or
      not held under molding pressure by the mold. As a result, the strata have
      volumetric and dimensional stability while retaining their fusing and
      bonding capabilities to a very high degree, or substantialy unimpaired.
      The skin effect is prevented. Therefore, when the molding pressure is
      relieved, the halves except for the strata, are resilient, but firm, and
      the strata, instead of foaming and expanding, are dimensionally stable and
      free from the skin effect, so that upon reclosure of the mold the halves
      apply sufficient pressure to the strata to cause them to intermingle,
      fuse, and bond into a juncture homogeneous with the halves.
PAR  The method has the advantages that the time cycle is very greatly reduced.
      Since gassing agents are not required in the halves, the mold can be
      opened and the molded articles removed, and the mold cavities recharged
      with material, immediately upon completion of the vulcanization to the
      optimum degree, without the usual time delay for cooling necessary in
      prior methods to prevent distortion by the contained gas.
PAR  No extraneous cementitious material is required, nor is any transfer of the
      articles or parts thereof from one mold to another necessary, thus other
      time consuming steps are eliminated.
PAR  The mold cavities and core are continuously heated, at the optimum
      vulcanizing temperature selected for the particular elastomer, even during
      charging of the material and removal of the article, whereby the need for
      repeated cooling and reheating during each cycle are eliminated and the
      time cycle is greatly shortened, thereby effecting great economies. The
      initial vulcanization of the halves is carried so far that distortion is
      eliminated while the edge strata to be bonded are made dimensionally
      stable, yet retain their fusing and bonding capabilities substantially
      unimpaired and remain free from skin effect, thus assuring consistent
      quality.
PAR  Various specific objects and advantages of the invention will become
      apparent from the following description wherein reference is made to the
      drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front elevation illustrating a mold and core combination of the
      present invention installed in a conventional press;
PAR  FIG. 2 is an enlarged fragmentary side elevation of the mold and core
      combination shown in FIG. 1, part of the press being indicated for
      clearness in illustration;
PAR  FIG. 3 is an enlarged fragmentary top plan view of the lower section or
      plate of the mold of FIG. 1, showing a typical cavity arrangement;
PAR  FIG. 4 is an enlarged fragmentary vertical sectional view of the mold and
      core, taken on the line 4--4 in FIG. 3, showing the mold and core in
      molding position, the molded article being shown in part only for
      clearness in illustration;
PAR  FIG. 5 is a fragmentary front elevation of the mold and core showing the
      mold in fully open position and the core in a partial molding position;
PAR  FIG. 6 is an enlarged fragmentary vertical sectional view of the mold,
      similar to FIG. 4, showing one cavity of the mold in the closed position
      of the mold and after removal of the core;
PAR  FIG. 7 is an enlarged vertical fragmentary sectional view of the upper mold
      plate and core showing a sprue and ring gate thereof;
PAR  FIG. 8 is a view similar to FIG. 4, showing a modification of the core for
      injection molding;
PAR  FIG. 9 is a front elevation, partly in section, showing the two premolded
      and vulcanized halves of a tennis ball core in position after the core has
      been removed and before the mold is closed; and
PAR  FIG. 10 is a side elevation, partly in section, of a complete tennis ball
      core.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Most elastomeric materials, when brought into direct contact, under molding
      pressure, with a mold, or core, which is heated to the high degree
      subscribed or to the opimum vulcanizing temperature, develops a so-called
      "skin cure" or "skin effect." This skin effect is a surface or superficial
      vulcanization, initial or partial, which causes a change in the chemical
      and physical characteristics in the material to a slight depth, resulting
      in a thin superficial film which is deterimental to proper surface fusing
      with other like material. This skin effect is generally produced almost
      immediately upon contact of the material with a mold or core preheated to
      optimum vulcanizing temperature.
PAR  Without reaching the optimum vulcanizing temperature of the composition,
      however, the vulcanization reaction at the edges can be carried to
      slightly above the so-called blow or scorch stage of the composition. The
      blow or scorch stage is that at which time the reaction has proceeded to a
      degree such that if the molding pressure were relieved, the material would
      expand and foam into a closed cell or a reticulated porous structure.
PAR  In the present invention, degrees of vulcanization less than the optimum
      vulcanization, which is preselected in accordance with the use to which
      the article is to be put, are employed at different portions of the
      article. These degrees are obtained by subjecting portions of the
      material, while it is confined under molding pressure in the mold, to
      differentials in temperature by maintaining the mold and core heated to
      different degrees at different localized areas.
PAR  The vulcanization reaction, except at the mateable edges, may be carried to
      a high degree which is much beyond the blow or scorch stage of the
      material, being sufficiently far thereabove so that the fusing and bonding
      capabilities of the material with like material in the same condition is
      substantially eliminated. Usually this is about 60 percent or more of the
      degree to which the reaction is to be carried for the selected optimum
      vulcanization of the finished article. The optimum vulcanization, in turn,
      is usually from 75 to 95 percent of the ultimate degree of vulcanization
      of which the material is capable.
PAR  Again, the material may be partially vulcanized, in which condition the
      reaction has been constrained to less than this high degree by subjecting
      it to less than full vulcanization temperature initially. To control this
      degree of vulcanization by initially subjecting the material to full
      temperature for a lesser time generally produces the skin effect and is
      impractical.
PAR  Quite often a limited vulcanization is the result of causing the chemical
      reaction to proceed slightly beyond the scorch or blow stage, but high
      enough so that the material has reached volumetric and dimensional
      stability while retaining substantially unimpaired its capabilities of
      fusing and bonding with like material in like condition.
PAR  In the present method the reaction at the edges is caused to proceed
      slightly beyond this blow or scorch stage, as otherwise the material would
      foam or expand upon opening of the mold and removal of the core, instead
      of retaining the material in the proper molded shape and condition imposed
      by the core and mold cavity.
PAR  The article is produced by concurrently molding about a core in aligned
      companion mold cavities under conventional molding pressure, for example,
      about 1000 pounds per square inch, two article halves with mateable edges
      which, as described in my copending applications, extend toward each other
      beyond the parting surfaces of the mold plates. A controlled differential
      in the degree of vulcanization of the different portions of the halves is
      maintained by differential heating of the mold and cooling of the core
      such that the article halves are first formed about the core, the core is
      removed without changing the shape of the halves, and the mold is reclosed
      to join the halves and produce the final article. This differential is
      such that the article halves, beginning at a very slight depth from the
      outer end faces of the mateable edges and continuing throughout the
      remainder of the halves are vulcanized to a high degree less than the
      optimum, as hereinbefore defined.
PAR  To carry the reaction too close to optimum vulcanization would require such
      precision in temperatures at different portions of the mold and core and
      such precision in timing that the operating costs would more than offset
      the conomies of the method. This is because a vulcanizing reaction cannot
      be stopped instantly at a precise degree. When the reaction is one
      initiated, then, due to the inherent characteristics of the composition,
      the persistence of residual heat in the mold and core, and the lag in heat
      transfer to, or dissipation of heat from, the material tends toward
      overrun of the desire degree of vulcanization.
PAR  Accordingly, the vulcanization reaction of the halves, except for a thin
      stratum of the material at and adjacent the outer end of the mateable edge
      of each half, and extending from the mateable end face of the mateable
      edge to a slight depth, preferably of one or a few thousandths of an inch,
      is caused to proceed to a high degree of vulcanization of about 60 percent
      of the optimum. Concurrently, by maintaining a proper lower temperature at
      the end edge surfaces, the reaction is reduced to a degree so that it
      proceeds only slightly beyond the blow or scorch point. Due to this lower
      or limited degree of vulcanization, the edge strata retain substantially
      their full capabilities of fusion and bonding with each other into a
      homogeneous mass even though the halves otherwise have reached a high
      degree of vulcanization. At this stage, the margins of the halves adjacent
      the surface strata of the mateable edges are resilient, but sufficiently
      firm and set so that, upon closure of the mold after removal of the core,
      they can apply on these strata sufficient pressure to force them against
      each other into optimum fusing and bonding relation and thereby to cause
      the strata to coalesce and fuse and bond together. These strata are very
      thin and therefore they quickly reach the temperature of the remainder of
      the article and become vulcanized substantially concurrently with the
      remainder. The result is that the finished article is substantially
      seamless, these strata having the same consistency and characteristics in
      the finished article as the reminder of the article halves and the
      juncture being homogeneous with the remainder of the halves, and free from
      beads and from appreciable flash. The article is homogeneous throughout.
      These effects are accomplished as mentioned, by differential heating,
      preferably by differential heating and cooling at selected portions of the
      mold core.
PAR  The invention has the distinct advantages of producing in a shorter and
      more efficient cycle a better quality product with greater precision in
      dimension, shape, and consistency, and a more effective bond and fusion at
      the mateable edges to each other. The mold and core can be heated at
      selected localized locations to a high curing or vulcanization preparatory
      to charging, and thereafter maintained thereat continuously throughout
      successive work cycles. At the same time, other localized portions are
      cooled to the lower temperature required to cause the limited
      vulcanization and the localized portions of the core are maintained
      continuously at this lower temperature throughout the work cycles. There
      is no interruption in the degree of heat of the mold cavities between
      cycles, or during any cycle, and there is no internal differential in
      pressure within and outside of the article. Consequently no cooling time
      is required for the molds and core between and during successive work
      cycles.
PAR  Referring to FIG. 1, the molding operation is performed in a conventional
      press having an upper fixed platen A, a lower movable platen or bolster B
      which is lifted and lowered by a piston C, operating in a hydraulic
      cylinder D. As more fully disclosed in my above identified copending
      application, Ser. No. 143,919, now U.S. Pat. No. 3,832,437, a piston and
      cylinder assemblage E is provided for sliding the bottom plate of the mold
      onto a support F for purposes of removing molded articles and recharging
      the mold. A piston and cylinder assemblage G is provided for sliding the
      core assemblage from between the mold plates. The core is supported on
      suitable vertically floatable trackage for facilitating this operation
      with the specific mold and core arrangement herein disclosed.
PAR  The mold, indicated generally at 1, comprises a multi-cavity upper mold
      plate 2 and a companion multi-cavity lower mold plate 3. The upper mold
      plate 2 is secured to the upper platen A, and the lower mold plate 3 is
      supported on the bolster or lower platen B for movement therewith toward
      and away from the upper platen and mold plate 2. This structure is known
      in the art and forms no characterizing part of the present invention. A
      specialized core 4 for cooperation with the mold plates is provided.
PAR  In general, the upper and lower mold plates are essentially the same. As
      best illustrated in FIG. 3, the upper mold plate 2 carries a plurality of
      hardened inserts 5, each of which has a downwardly open hemispherical mold
      cavity 6. Correspondingly, the lower mold plate 3 carries a plurality of
      inserts 7 each of which has an upwardly opening hemispherical mold cavity
      8 in alignment with an associated one of the mold cavities 6.
PAR  Assuming first that the mold 1 is to be used in the conventional
      compression molding operation employing about 1000 pounds per square inch
      mold closing pressure, the core 4, on its upper face, carries a cooling
      plate 11 and, on its lower face, carries a cooling plate 12. These plates
      are essentially the same in form and function.
PAR  Mounted on the upper face of the plate 11, and forming therewith part of
      the core, are metal core elements 14, arranged one for each cavity 6. Each
      core element 14 comprises a head 14a and a neck 14b. Each head 14a is
      convex and spherical upwardly, and arranged to be concentric with its
      associated cavity 6 when the mold is closed onto the core so as to define
      with the wall of its associated cavity 6 a hemispherical portion of a
      hollow article. However, as described in my copending application, it is
      desirable that the hemispherical portion have a mateable peripheral edge
      at its open side and for this purpose, as best illustrated in FIG. 7, the
      plate 11 is provided with an annular groove 15 which is coaxial with the
      core element 14. The peripheral margin of the head 14a, at the open side
      of the cavity, extends downwardly beyond the diametral plane of the
      hemisphere to the bottom of the groove 15 so that, along with one side
      wall and the bottom wall of the groove, the peripheral margin defines an
      annular edge-forming channel 16 which is coextensive in radial width with
      the space between the cavity wall 6 and the exterior spherical wall of the
      head 14a at the parting surface of the mold plate 2 and the core cooling
      plate 11. As a result, the molded half of the article has an annular
      mateable edge which, when the core assembly 10 is removed from the mold,
      extends downwardly beyond the parting plane, or line of the plate 2 a
      slight distance, for example, about 0.005 to 0.020 inches. As described
      more fully in my copending application, this protruding mateable edge
      portion is such that when the core is removed and the mold plates are
      brought together, the surface stratum at the end of the mateable edge in
      the article half in the upper mold cavity 6 and the surface stratum at the
      end of the mateable edge in the lower mold cavity 8 will be brought into
      contact prior to final closure of the mold and, upon closure, the strata
      of the mateable edges will be pressed against each other under adequate
      pressure to assure compressing, fusing, and bonding of the mateable edges,
      as is later described herein.
PAR  As mentioned, the mold plates 2 and 3, and the core elements 14 are to be
      maintained at all times at the optimum vulcanizing temperature of the
      material necessary so that the material in the cavities is subjected
      thereto throughout the molding operation, beginning immediately upon the
      initial introduction of the material into the cavity. This is to assure
      that the material reaches the optimum degree of vulcanization in the
      shortest possible time. At the same time, the mateable edges are
      maintained at the lower temperature for the limited degree of
      vulcanization and free from any skin effect, throughout the strata
      extending from the outer end faces of the mateable edges inwardly normal
      to the faces for a very limited depth. For this purpose, the plates 2 and
      3, and the core elements 14, are maintained continuously at their selected
      high temperature in any conventional manner, the core elements 14 being
      individually heated usually to the same temperature as the plates 2 and 3.
      To this latter end, the necks 14b have central bores 14c, respectively, in
      which electrical heating elements 17 are arranged. Each bore 14c extends
      from the bottom of its associated neck 14b almost to the top surface of
      the associated head 14a. By means of these heating elements, the core
      elements 14 are heated to the temperatures required for optimum
      vulcanization.
PAR  There remains the problem of maintaining the localized areas of the mold
      plates 2 and 3 and the core elements 14 at the optimum temperature
      throughout the entire operation, so as to vulcanize the articles to about
      60 percent of the optimum vulcanized condition in a minimum time cycle
      before removing the core, yet retain the mateable edges in plastic and
      readily fusible condition. This requires that a differential in
      temperature be maintained between the walls of the cavities 6 and heads
      14a of the core elements 14, on the one hand, and the side walls and
      bottoms of the channels 16, on the other hand. Accordingly, the plate 11
      is provided with a plurality of coolant passages 18 so arranged that a
      coolant or media at a lower temperature than that of the cavities can be
      circulated therethrough to maintain the temperature of the plate 11 at and
      adjacent the channels 16 at the required lower temperature to effect only
      limited vulcanization to just above scorch or blow condition while the
      remainder of the mold plate 2 and the heads of the core elements 14 are
      maintained at the temperature for optimum vulcanization.
PAR  For rubber compositions such as used in tennis ball cores, the temperature
      for optimum vulcanization may be from 320.degree. F. to 400.degree. F.
      while the temperature for the limited vulcanization may be about
      250.degree. F. or less. The specific arrangement of the passages 18 is not
      critical except to the extent that they should be placed so as to cause
      the reduced heating effect at the bases of the channels 16 in the plate 11
      and closely adjacent portions of the mold plate 2.
PAR  Further, to assist in maintaining the proper differential in temperature at
      the mateable edges relative to the temperature in the major portion of the
      cavity 6, the head 14a of each core element 14 is undercut, as indicated
      at 19, so that only its outer peripheral marginal edge 20 engages the
      plate 11.
PAR  Each element 14 is aligned with an enlarged opening 21 in the plate 11. The
      neck 14b extends into the associated opening 21 and is very much less in
      diameter than the open 21 so as to provide an air insulating space for
      eliminating the direct metal to metal conduction of heat from the core
      element 14 to the plate 11. Each core element is secured in place by means
      of a nut 22 which engages a washer 23 of heat insulating material. The
      washer 23 isolates the upper portion of the opening 21 from the remainder.
      Thus, the only direct metal to metal contact between the core element 14
      and the plate 11 is at the peripheral edge 20 of the head 14a. To isolate
      the plate 11 further from heat transfer from the mold plate 2, the mold
      plate 2 has undercut portions 24 circumscribing the inserts 5. With this
      arrangement substantially all of the material in the cavity 6 can be
      brought to the temperature for the optimum vulcanization while the
      peripheral margin formed in the channel 16 is maintained at the lower
      temperature for limited vulcanization so as to be free from any skin
      effect which normally would form very quickly were the channels 16 heated
      to the same degree as the remainder of the mold and core.
PAR  It is desirable for a very rapid cycle that the transfer method, rather
      than the straight compression method, be utilized. For this purpose, the
      core 4 is arranged so that the material to be molded can be preheated and
      partially plasticized within the core 4 and then, upon closure of the
      mold, transferred into the mold cavities by the hydrostatic pressure built
      up in the charge of material by the press itself.
PAR  For this purpose, the core 4 includes a cylinder plate 26 having a cavity
      27 therein into which the raw material is placed for heating to a
      preselected temperature prior to driving it into the mold cavities 6.
      Carried by the cylinder plate 26, in telescoping relation to the side
      walls of the cavity 27, is an upper or plunger plate 28. The plate 26 is
      provided with conventional heating passages 29, and the plate 28 is
      provided with conventional heating passages 30. The passages 29
      accommodate electric heating elements 31, respectively, and the passages
      30 accommodate heating elements 32, respectively. The passages are
      disposed so as to obtain as near as may be uniform heat of the material in
      the cavity 27. The heating elements, of course, may be controlled by the
      usual thermostatic or other controls so that the temperature of the
      material in the cavity 27 can be controlled accurately. Each of the plates
      26 and 28 carries a plurality of injection nozzles 34. These injection
      nozzles are connected at their inner ends to the cavity 27 for receiving
      the material therefrom. At their outer ends, the nozzles 34 are arranged
      for connection to the cavities 6, respectively, upon closure of the mold.
      As best illustrated in FIGS. 6 and 7, each cavity 6 is provided with a
      restricted full ring gate 36 having a rine cavity 37. Each gate 36 is
      about 0.002 to 0.005 inches deep. A sprue 38 associated one with each
      nozzles 34, discharges into the associated ring gate 36. It is to be noted
      that the nozzles 34 of the plate 11 extend through passages 39 in the
      plate 11, and that these passages are larger in diameter than the nozzles
      to provide air insulating spaces between the plate 11 and the nozzles. The
      passages 39 are closed adjacent the discharge ends of the nozzles, as
      indicated at 40, by enlarged heads 41 on the nozzles 34, as best
      illustrated in FIG. 7, so that the spaces are dead ended, thus increasing
      the insulating effect and preventing the entry of the injected material
      into the passages 39. The plate 26 is provided with like nozzles related
      in like manner to the plate 26, cooling plate 12, molding plate 3, as
      illustrated.
PAR  Assume that a charge of raw material has been placed in the cavity 27 and
      brought to plasticizing temperature. As illustrated in FIG. 3, the lower
      plate B is raised, causing the mold plate 3 to engage the underside of the
      cooling plate 12 of the core 4 and lift the core until the cooling plate
      11 engages the underface of the mold plate 2. As the platen B continues to
      rise, the reactive force imposed on the plate 11 by the upper stationary
      mold plate 2 causes downward movement of the plunger plate 28. The
      resultant reduction in the effective size of the cavity 27 develops
      sufficient pressure to expel the contents of cavity 27 through the nozzles
      and into the cavities 6 and 8. The ring gates 36 may be so shallow and
      restricted that frictional heat is created in the material passing
      therethrough in addition to that imparted in the cavity 27. As mentioned,
      the ring gates may be from about 0.002 to 0.005 inches deep. This assures
      that the material entering the cavities 6 and 8 is at a sufficient
      temperature so that it can flow readily and fill the cavities and channels
      16 and, where not cooled locally as in the channels 16, can be brought
      rapidly to the optimum vulcanization temperature and so held throughout
      the molding operation. During molding and vulcanizing the material is
      confined in the cavities under sufficient pressure to prevent the material
      from blowing or expanding to form a foamed or reticulated structure.
      Meanwhile, the surface strata of material at the mateable edges, due to
      the cooling of the cooling plates 11 and 12, are maintained at the
      temperature for the limited vulcanization just above scorch or blow point
      and in the time cycle selected, no skin effect is produced on the faces of
      the edges which are to be engaged with each other. Instead, the material
      of these strata retain their capability of fusing and bonding into a
      homogeneous mass.
PAR  After the preselected time interval, during which the article halves,
      except for these strata, reach the high degree of vulcanization of about
      60 percent of the optimum selected, the mold is opened sufficiently and
      the core, including the plates 11 and 12, is removed. Upon its removal,
      the mold is immediately closed, forcing the mateable edges, which have
      remained at the limited vulcanization and free from skin effect, into firm
      contact with each other. At this stage in the cycle, the portions in the
      cavities 6, which have been vulcanized to about 60 percent of the optimum
      and have sufficient firmness and resistance to assure that the less
      vulcanized or raw fusible strata of the mateable edges are forced and held
      together under pressure necessary for fusing and bonding into a
      homogeneous mass with the remainder of the material.
PAR  The temperature of the mold plates 2 and 3 for optimum vulcanization is
      continued after the core 4 has been removed and since the amount of
      material in the shallow or thin strata at the mateable edges is very
      small, upon reclosure of the mold, this material very rapidly rises to the
      temperature of the optimum degree of vulcanization and, after a time
      interval, becomes vulcanized to the optimum degree concurrently with the
      remainder of the article.
PAR  To further insulate the cooling plates 11 and 12, the cooling plate 11 is
      provided with cut-outs 42 which, since the plate 11 is bolted to the plate
      28, provides insulating air pockets therebetween. Correspondingly, the
      cooling plate 12 is provided with cut-outs 43 which provide insulating
      pockets between it and the plate 26.
PAR  Upon opening the mold, the material remaining in the cavity 27 after
      vulcanization is readily accessible for removal in one piece. Due to the
      taper of the passages in the nozzles, the material therein, being integral
      with the material remaining in the cavity, is also removed therewith.
PAR  If the core 4 is to be used only for the conventional compression molding,
      the nozzles 34 are eliminated and the plates 26 and 28 are in the form of
      a single rigid plate, the cavities being individually charged with slugs
      of raw material.
PAR  In the present method, as mentioned, the mold plates 2 and 3 and the heads
      14a of the core elements 14 are maintained at a temperature of, for
      example, 320.degree. to 400.degree. F., for the particular charge of
      material. This advanced state of heating to optimum vulcanization
      temperature provides a minimum of time period for a complete charging and
      vulcanization cycle. The compression molding cycle may be as low as 4
      minutes.
PAR  As illustrated in FIG. 8, if injection molding is desired, the core may be
      in the form of two base plates 45 and 46 and cooling plates 47 and 48, and
      nozzles 49 corresponding to the nozzles 34. The plates 45 and 46 are
      provided at their parting line with runners 50 which lead to the nozzles
      47 and which are connected by a sprue 51 to a conventional plasticizing
      and injecting cylinder C which supplies pre-plasticized heated material to
      the cavities. In other respects, this modification is functionally the
      same as the preferred form of the invention.
PAR  The injection cycle of this modified method may be as low as 30 seconds.
PAR  Thus, in all cases, full advantage is taken of the fact that the mold
      plates are continuously being heated to the temperature required for
      optimum vulcanization so as to provide a much shorter period of
      confinement of the material in the mold cavities for causing the material
      to reach a state of stability and retain its shape and contact with the
      cavity walls without the necessity for introducing any gassing agent or
      interior pressure medium for producing a high pressure differential within
      the article.
PAR  The localized areas of the cooling plates near the mateable edge forming
      channels may be cooled by the usual circulating water or other cooling
      media. For a particular charge, as mentioned, this lower temperature at
      the mateable edges can be within the ranges of 200.degree. F. to
      225.degree. F.,. which is adequate to prevent any skin effect from
      developing at the mateable edges, while the cavity walls are maintained at
      from 320.degree. F. to 400.degree. F. for this same material. Thus
      vulcanization of the material in the cavity is carried far beyond the blow
      or scorch stage while the strata of the edges are in a state of limited
      vulcanization only slightly beyond the blow of scorch stage.
PAR  During opening of the mold and removal of the core, the molded parts retain
      their positions in the cavity due to frictional adherence to the cavity
      walls greater than the pull required for releasing the core from the
      molded parts. Upon reclosing the mold, the companion halves of the
      articles are brought together toward each other in alignment and their
      mateable edges, which are in a readily fusible state and free from skin
      effect, interpenetrate and bond together forming a unitary and homogeneous
      structure with the remainder of the parts of the article.
PAR  As mentioned above, the vulcanization period required during molding about
      the core is about four minutes for compression molding and about thirty
      seconds for injection molding, with the result that the entire cycle for
      producing the finished products is about 6 minutes for the transfer type
      of molding and 90 seconds for the injection type of molding.
CLMS
STM  Having thus described my invention, I claim:
NUM  1.
PAR  1. The method of forming a hollow article from moldable settable material
      by molding the material about a core in a segmental pressure mold having
      complementary parting surfaces, respectively, and comprising:
PA1  charging with unset settable moldable material a segmental mold having a
      cavity shaped to impart a predetermined exterior configuration to the
      article and in which cavity a removable core having a shape to impart a
      predetermined interior configuration to the article is supported, said
      core having a portion disposed between at least a portion of said parting
      surfaces and shaped to impart to at least part of the article at its
      periphery, aligned spaced mateable edges, respectively, from between which
      the core can be withdrawn from the article when mold pressure is relieved
      and the mold is opened sufficiently, and at least one of which edges, at
      each aligned unit of the length of said edges, is disposed beyond the
      adjacent complementary parting surfaces of the mold segments themselves,
      after removal of the core, a distance sufficient so that after removal of
      the core, the spaced mateable edges will be juxtaposed in face to face
      relation under pressure by movement of the mold segments to fully closed
      positions;
PA1  confining and molding the material by the mold segments and core under
      predetermined molding pressure in the space between the walls of the
      cavity and core;
PA1  subjecting the confined material, except for a small edge forming portion,
      which edge portion begins at the mateable faces of said edges and
      continues therefrom for a slight depth, to a predetermined temperature
      required for effecting the setting reaction of the material, continuously
      until the reaction has proceeded to a high degree which is beyond the
      scorch stage of the material and is sufficient to create a skin over the
      molding surfaces and impart structural and dimensional stability thereto;
PA1  concurrently maintaining said edge forming portion of the material at a
      lesser temperature so as to initiate the setting reaction thereof and
      carry said setting reaction to a lesser degree, which lesser degree is
      below the skin forming stage so that the mateable edges are free from skin
      effect, are firm enough to transmit substantial pressure upon closure of
      the mold, and are fusible and bondable;
PA1  then opening the mold and immediately removing the core therefrom, and
      immediately reclosing the mold under molding pressure;
PA1  immediately after reclosure of the mold, subjecting all of said material,
      including said edge forming portion, to said predetermined temperature;
PA1  continuing the application of heat until the setting reaction of all of the
      material is carried to completion; and
PA1  then opening the mold and removing the molded material from the mold.
NUM  2.
PAR  2. The method according to claim 1 wherein said lesser degree to which the
      reaction of the edge forming material is carried is slightly above that at
      which the edge forming material would foam if the molding pressure were
      released.
NUM  3.
PAR  3. The method according to claim 1 wherein the material is a vulcanizable
      elastomeric material and said setting reaction is a vulcanizing reaction,
      and said high degree of vulcanization is about 60 percent of the optimum
      vulcanization.
NUM  4.
PAR  4. The method according to claim 1 wherein the temperature of said edge
      forming portion is maintained at the lower temperature by the application
      of cooling media to the material at said edge forming portion.
NUM  5.
PAR  5. The method according to claim 4 wherein said cooling media are applied
      by applying the same to the core adjacent the edge forming portions.
NUM  6.
PAR  6. The method according to claim 1 whereby, after removal of the core, the
      mold sections are reclosed and said edges fused and bonded in the absence
      of any pressurizing agent in the interior of the article.
NUM  7.
PAR  7. The method according to claim 1 wherein the material is molded to form
      concurrently separately shaped, disconnected, concavo-convex companion
      parts of an article which are to be joined together with their concavities
      open toward, and aligned with, each other; which parts, in molded
      condition, have the final shape they are to have in the article except at
      said mateable edges; said aligned mateable edges are at the open sides of
      the cavities, respectively; each of said edges is substantially
      coextensive in length with the entire juncture to be formed between the
      parts, and is coextensive in width with the thickness of the wall of the
      article adjacent thereto; and said mateable edges are disposed relative to
      the parting surfaces so that, after the core is removed, they can
      initially engage throughout the entire length of the juncture upon partial
      closure, and before final closure, of the mold segments.
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ABST
PAL  A method of moulding articles from a paste like material is disclosed in
      which a moulding tunnel having a composite piston movable therein is
      closed at one end by means of a separable mould insert. The moulding
      material is supplied into the tunnel between the composite piston and the
      mould insert by a suitable hopper and a plurality of transversely operable
      pistons are movable into the tunnel from the sides and bottom thereof.
      Upon a two-stage movement of the composite piston and the transversely
      movable pistons the mouldable material is forced into the mould insert to
      form an article. The mould insert and the article are then ejected from
      the mould tunnel and conveyed through a curing tunnel in contiguous
      relationship to a plurality of other mould inserts having moulded articles
      therein. At the end of the curing tunnel, the mould inserts are separated
      and the moulded article ejected. The mould inserts are then conveyed back
      to the tunnel for a new moulding operation.
PARN
PAR  This is a Continuation application of Ser. No. 204,660 filed Dec. 3, 1971,
      now abandoned, which is a Division of application Ser. No. 794,631 filed
      Jan. 28, 1969, now U.S. Pat. No. 3,664,797.
BSUM
PAR  This invention relates to a method of moulding articles from paste-like
      material such as reconstituted wood, and to a moulding press for carring
      out the method. The invention is particularly intended to be used in the
      moulding of articles from a mixture containing a high proportion of pulped
      wood and a weak percentage of binder. In addition, this invention is
      specially designed to allow the moulding of articles which have large
      differences in thickness between one part and another.
PAR  The invention likewise concerns articles of reconstituted wood moulded by
      the method or on a press in accordance with the invention.
PAR  It should be understood however, that the invention is not restricted to
      its application to articles made of reconstituted wood. Any paste-like
      substance including plastics could be moulded by the method and apparatus
      of the invention.
PAR  According to this invention a method of moulding an article from a
      paste-like substance comprising the steps of delivering a charge of
      material into a moulding tunnel one end of which is closed by a removable
      insert which forms a first part of the mould, and advancing a composite
      piston in two stages within the tunnel towards the insert, the composite
      piston forming a complementary part of the mould.
PAR  According to a preferred feature of the invention, a moulding press
      comprises a feed hopper, a moulding tunnel adapted to receive material
      from the hopper, a composite piston slidable within the tunnel in two or
      more stages, and means for locating a removable insert which forms a part
      of the mould complementary to the composite piston in the tunnel.
PAR  Preferably, there are two or more pistons movable into the tunnel in
      directions normal to the movement of the composite piston.
PAR  It will be understood that such a press permits the compression of the
      charge of mixture admitted in front of the insert in accordance with a
      regulable setting which depends on the movement chosen for the different
      pistons. In particular, this allows the possibility of maintaining a
      constant density within articles of moulded wood which have parts of very
      different thickness, or else of varying as desired the local density of
      the various parts of the same article of reconstituted wood.
PAR  According to another preferred feature, the press includes a drying or
      polymerisation tunnel, and means for moving a removable insert and a
      moulded article from the moulding tunnel together through the drying or
      polymerisation tunnel. The inserts travel along the inside of the drying
      tunnel for a sufficiently long time to ensure a suitable degree of setting
      of the hardenable mixture. At the end of this tunnel, the articles can be
      removed from the inserts and the latter are transferred on to a return
      conveyor belt which takes them back to the vicinity of the press. The
      introduction of successive inserts to this press may be carried out by a
      transverse push-rod.
PAR  The invention is particularly suitable for the case of the manufacture of
      the ends of a packing box. Then to obtain complete box, it is necessary to
      take two ends of this kind and to staple them together with sides and a
      common base.
PAR  According to another possible feature of the invention, it is proposed
      still further to reduce the cost price of a packing box by making it in a
      single piece on a specially adapted press.
PAR  A moulding press according to this feature is of the type already described
      above, but it is in addition noteworthy in that on the one hand the feed
      hopper is offset further from the drying tunnel than the vertical plane
      formed by the transverse pistons to which is added a further piston above
      them in the same vertical plane, whilst on the other hand, each insert
      carries on its vertical face furthest from the drying tunnel, an
      impression defining the interior shape of the bottom of a packaging, its
      opposite vertical face carrying a complementary impression corresponding
      to the outer profile of the bottom of another packaging, whilst a moving
      ejector sliding within the insert and having a shape corresponding to the
      upper rim of a moulded packaging, is capable of being pushed back at the
      drying tunnel exit in the direction opposite to the direction of travel of
      the insert which is held at this moment, in order to cause an automatic
      removal from the mould of a complete packaging.
PAR  In a preferred arrangement, there are two pairs of rotatable pawl wheels
      one wheel of each pair being disposed at each side of the drying tunnel
      and one pair being arranged near to each end of that tunnel, all four
      wheels having resiliently loaded brake means, the wheels being adapted to
      engage with lugs formed on the inserts. Owing to these braked pawl wheels,
      it is ensured that the stacking of the inserts and the packagings in
      course of setting shall remain compressed, even if the thickness
      dimensions of the inserts vary appreciably from one component to another.
      In this way, each packaging is guaranteed to have a shape well-formed and
      exempt from distortion even if the packaging is of large size.
DRWD
PAR  The invention will be better understood from the following description of
      several practical embodiments of the invention which are described by way
      of examples only, with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a perspective view of the forward face of an article made in wood
      and moulded on a press, the article in question being the top of a
      packaging which in itself constitutes a new industrial product,
PAR  FIG. 2 shows the rear part of this packaging top,
PAR  FIG. 3 is a longitudinal section of the press before an insert is latched
      in place for moulding,
PAR  FIG. 4 is a plan view of the press shown in FIG. 3,
PAR  FIG. 5 is a part sectional view corresponding to FIG. 3, after the moulding
      insert is latched in place,
PAR  FIG. 6 is a corresponding plan view,
PAR  FIG. 7 is a section along the line VII--VII in FIG. 5, showing the two
      pistons which slide independently in the moulding tunnel,
PAR  FIG. 8 is a schematic view showing in perspective the moulding insert and
      the different pistons used for compressing the mixture according to the
      required setting,
PAR  FIGS. 9, 10 and 11 show the succesive phases of the compression process.
PAR  FIG. 12 shows the phase of withdrawal of the lateral pistons and advance of
      the main pistons to eject the moulded article and its unlatched insert,
PAR  FIG. 13 is a longitudinal section showing on a larger scale a detail of
      FIG. 3, namely the stack of the inserts and the moulded articles
      travelling within the drying or polymerisation tunnel,
PAR  FIG. 14 is a section along the line XIV--XIV in FIG. 13,
PAR  FIG. 15 is a part plan view corresponding to FIG. 4 and showing to a larger
      scale the detail of the device for removal from the mould provided at the
      exit of the drying tunnel to detach the first insert,
PAR  FIG. 16 shows to a larger scale a detail of FIG. 3, namely the vertical
      push-rod ready to remove the first article from the mould at the exit of
      the drying tunnel,
PAR  FIG. 17 shows this same push-rod lowered for the removal,
PAR  FIG. 18 is a plan view showing a detail of FIG. 4 during the transfer of an
      insert on to the return conveyor belt after the removal of the
      corresponding moulded article,
PAR  FIG. 19 likewise corresponds to a detail of FIG. 4 during the transfer of
      an insert from the conveyor belt on the press,
PAR  FIG. 20 is a section along the line XX--XX in FIG. 4, showing the inserts
      on the return conveyor of which the belt is slipping and remaining
      motionless while it is held by the first insert,
PAR  FIG. 21 is a view similar to FIG. 20 showing the transfer of the first
      insert to the press by means of a transverse push-rod which still holds
      the belt of the conveyor,
PAR  FIG. 22 shows the conveyor advancing by one step after the withdrawal of
      the transfer push-rod,
PAR  FIG. 23 is a longitudinal section of a variant of the press at the moment
      of moulding a packaging,
PAR  FIG. 24 is a plan view of the press shown in FIG. 23,
PAR  FIG. 25 is a plan view of one of the four braking pawl-wheels which are
      fitted to the entrance or the exit of the tunnel,
PAR  FIG. 26 is a section along the line XXVI--XXVI in FIG. 25,
PAR  FIG. 27 is a view showing the forward face of an insert during its traverse
      of the tunnel,
PAR  FIGS. 28, 29, 30, 31, 32 and 33 show schematically in perspective the
      successive steps of the process of compression and moulding of the
      reconstituted wood,
PAR  FIGS. 34, 35 and 36 are elevations showing the process of removal of a
      packaging from an insert,
PAR  FIG. 37 is a plan view showing the operation of the removal extractor,
PAR  FIG. 38 is an exploded view showing in perspective successively the
      extractor, an insert, the slide of this insert and a packaging removed
      from the mould, and
PAR  FIG. 39 is a perspective view of a packaging moulded in a single piece of
      reconstituted wood.
DETD
PAR  In the example shown in FIGS. 1 to 22, it is proposed to mould an article 1
      from reconstituted wood (FIGS. 1 and 2). This article consists of an end
      of a packing box, and it has parts of varied thicknesses. More
      specifically, it is formed by a thin rectangular panel 2 surrounded on
      three sides by stiffening ribs 3, 4 and 5. The back of the article 1 is in
      addition formed with a longitudinal groove 6 situated at the junction of
      the panel 2 and the lower rib 4 (FIG. 2). This groove, which is in the
      upper part of the article 1, when the latter is turned over into the
      normal position for fitting to a packing box, is intended to facilitate
      the handling of the packaging; in fact, the user can engage his finger
      tips in the groove 6 below the rib 4. On the press which forms part of the
      invention the articles 1 are moulded in the position shown in FIGS. 1 and
      2, that is to say, that the rib 4 is at the bottom.
PAR  The press shown in the drawings comprises a horizontal moulding tunnel 7
      surmounted by a feed hopper 8. The latter opens into the tunnel near one
      end by an opening 9 (FIG. 3) through which a charge of the mixture to be
      moulded can pour from the hopper into the tunnel. The charge mixture in
      question is constituted by pulped wood to which is added a binder which
      may be dried or polymerised.
PAR  Inside the tunnel 7 slide two compression pistons 10 and 11 (FIGS. 3, 7 and
      8). The piston 10 is of a rectangular cross section which corresponds to
      the shape of the thin panel 2 (FIG. 2). A transverse beading 12,
      projecting forwardly of the lower part of the piston 10, forms the groove
      6. The piston 11 has the form of a channel of U section which embraces the
      piston 10 and produces the back of the ribs 3, 4 and 5 of the article 1
      (FIG. 2).
PAR  Opposite the pistons 10 and 11, the moulding tunnel 7 receives in
      succession some components which are given the general name of inserts,
      and which are indicated by the overall reference A. Indices 1, 2, 3 `etc`
      are added to this reference A to differentiate inserts which are all
      identical to one another. Each insert A has a rearward flat face 13
      provided with a beading 12 similar to that on the piston 10, and with two
      lateral rebates 14 (FIGS. 8 and 12) intended to receive two moving locking
      latches 15 which slide vertically. When these latches are lowered behind
      the insert A1 which is in the operative position in the tunnel 7 (FIGS. 5,
      6, 8, 9, 10 and 11), this insert A1 constitutes the fixed part of a mould
      against which the pistons 10 and 11 can compress the moulding mixture. For
      this purpose the forward face of each insert A is hollowed out in such a
      way as to form an impression corresponding to the profile of the front of
      the article 1 (FIG. 1).
PAR  Into the tunnel 7, between the pistons 10 and 11 and the insert A1, there
      open in addition some transverse tunnels situated in the same vertical
      plane as the opening 9 of the hopper. These tunnels act as guides for
      three moving pistons, namely a lower piston 16 sliding vertically, and two
      lateral pistons 17 and 18 which slide in a horizontally opposed manner
      (FIGS. 8 to 12).
PAR  The operation of the apparatus so far described is as follows:
PAR  The latches 15 being lowered behind the insert A1 in the operative
      position. (FIG. 5, arrow 19), and the pistons 10, 11, 16, 17 and 18 being
      all withdrawn, the charge of mixture contained in the hopper is allowed to
      flow through the opening 9. The assembly occupies the position shown
      schematically in FIG. 8. Previously, some movable stops 27, which will be
      described later, have separated two inserts at the exit of a drying tunnel
      24. The hopper 8 releases at each operation the amount of mixture required
      for the moulding of an article 1.
PAR  The piston 10 then thrusts in the direction of the arrow 20 (FIG. 9), which
      in the first place compresses the central panel 2 and expels laterally the
      excess of the material 21. Then the pistons 16, 17 and 18 thrust and form
      the exterior shape of the article to be moulded and to bring the excess of
      material around the central piston 10 (FIG. 10). Finally, the piston 11
      thrusts as shown by the arrow 22 (FIG. 11) which compresses the mixture to
      the final form of the article 1.
PAR  To terminate the cycle, the pistons 16, 17 and 18 are withdrawn (FIG. 12)
      the latches 15 are raised in the direction shown by the arrows 25, the two
      removal stops 27 are withdrawn, and the pistons 10 and 11 are pushed
      forward simultaneously (arrow 24) to expel the assembly of the insert A1,
      and the article 1. This assembly moves forward by an amount equal to its
      overall thickness.
PAR  This expulsion forces the insert A1 into a drying or polymerisation tunnel
      24 (FIGS. 3, 4, 13 and 14) where it bears on the moulded article 1 of the
      preceding insert A2. The latter itself follows other inserts A3, A4,
      etcetera, each with its moulded article 1 (FIG. 13).
PAR  The progression of the inserts A1 - A2 - A3, inside the tunnel 24 is
      carried out by successive advances at each ejection stroke of the pistons
      10 and 11. The length of the tunnel 24 is calculated in such a way that
      the moulded articles 1 remain trapped between two inserts for a
      sufficiently long time to ensure the drying or the polymerisation of their
      binder.
PAR  Each insert A carries in addition two lateral lugs (FIGS. 4, 14 and 15)
      formed by inclined lateral faces 26. These lugs are used to separate the
      first insert A 6 which reaches the exit of the tunnel 24 from the
      following insert A5. For this purpose, two lateral stops 27 are used which
      approach one another with a horizontal transverse movement as shown by the
      arrow 28 of FIG. 5. Since the stops 27 each engage between two lugs 25
      belonging respectively to the inserts A5 and A6, it will be understood
      that the insert A6 will be forced in the direction of the arrow 29, along
      with its moulded article 1 which adheres to it. Simultaneously, the stops
      27 hold back the inserts remaining in the drying tunnel. The insert A6 is
      checked by a fixed stop 30 (FIGS. 3, 4 and 15) whilst a vertical push rod
      31 is lowered to detach the moulded article 1 (FIGS. 16 and 17) which
      falls on to a delivery conveyor 32. The vertical push rod 31 rises again
      immediately after the article 1 is removed from the mould.
PAR  The insert A6 is then ejected by lateral movement under the action of a
      transverse push rod 33 (FIGS. 4 and 18) which forces it in the direction
      shown by the arrow 34 to transfer it on to a return conveyor belt 35. This
      belt 35 is placed parallel to the tunnel 24 and its upper side circulates
      in the direction shown in FIGS. 3 and 4 by the arrows 36, in order to
      bring back the inserts A to the level of the latches 15. The endless belt
      35 has transverse partitions 37 each intended to come between two adjacent
      inserts such as A7 and A8 (FIG. 20).
PAR  When an insert A9 reaches the required position in relation to the latches
      15 of the press, it bears against afixed partition 38 which stops further
      progress (FIG. 20). The insert A9 thus blocks the partition 37
      corresponding to it, which immobilises the endless belt 35 and the driving
      roller 39 then slips. As soon as the insert A1 has been pushed into the
      tunnel 34 as previously described, and after the withdrawal of the pistons
      10, 11, 16, 17 and 18, a horizontal transverse push rod 40 (FIG. 19) is
      advanced to force the insert A9 in the direction of the arrow 41 and
      introduce it into the operative position in the press. The push rod 40 is
      thus engaged above the endless belt 35 which it continues to hold back by
      the same partition 37 (FIG. 21). During the duration of the preceding
      immobilisations, the endless belt 35 is used to receive an insert such as
      A6 after the removal of the moulded article. Once the insert A9 is in
      place in the press (FIG. 19), the push rod 40 is drawn back in the
      direction opposite to the arrow 41, thus freeing the belt 35 which
      advances by one step until the insert A8 comes in its turn to bear on the
      fixed partition 38 (FIG. 22). The latches 15 and 27 are lowered and the
      compression chamber is filled because of the withdrawal of the pistons 10,
      11, 16, 17 and 18.
PAR  It suffices to supply the hopper 8 with measured quantities of moulding
      mixture to ensure the continuous and automatic manufacture of the articles
      1. There is no dead time since an article 1 is made at each stroke of the
      pistons 10 and 11. The articles are dried or polymerised in the tunnel 34,
      then removed automatically from the mould by means of the push rods 27
      (FIG. 4) and 31 (FIG. 3). The re-cycling of the inserts such as A7, A8 and
      A9 is also carried out automatically.
PAR  The invention therefore allows the continuous and automatic manufacture of
      articles of reconstituted wood, even if the latter have parts of very
      different thicknesses.
PAR  There is shown on FIGS. 23 to 39 an alternative apparatus intended to mould
      in a single piece the whole of a packing box. Here it is proposed to mould
      packagings 101 of the type shown in FIG. 39. For this purpose a series of
      inserts B is used and these are composite inserts. In fact, each insert B
      comprises a body 102 within which a slide 103 can move (FIG. 38) as will
      be described later.
PAR  On the press, the packagings 101 are moulded in the position shown in FIGS.
      37 and 38, that is to say the exterior face of their bases is turned in
      the direction opposite to the direction of travel (arrow 104) in the
      tunnel 24.
PAR  A packaging 101 comprises a base 105 surrounded by two longitudinal sides
      106 and by two ends 107. Each side 106 has the form of a flat panel,
      whilst each end 107 is corrugated. In addition, the height 108 of an end
      107 is greater than the height 109 of a side 106. The change in height is
      made by slopes 110 in the upper rim of the packaging. Finally the exterior
      shape of the base 105 is rectangular, that is to say that this base 105
      projects beyond the level of the hollows of the corrugations of the ends
      107, as is shown in FIG. 39 by the reference 105a. In this way it is
      possible to stack several packagings 101 according to the invention
      without damaging, for example, the fruit or vegetables which they may
      contain. In addition, the ventilation of the contents is ensured by
      lateral openings formed at the level of the lower central part of the
      sides 106 between the slopes 110. Transverse reinforcing ribs 111 may be
      provided below the base 105, as well as ventilation holes 112 if required:
      the use of these details depends on the density and the nature of the
      contents for which the packagings 101 are designed.
PAR  As in the preceding example, the press comprises a horizontal moulding
      tunnel 7 surmounted by a feed hopper 8 (FIGS. 23 and 24). Inside the
      tunnel 7 slide two concentric pistons 113 and 114. The piston 113 is made
      with a rectangular shape with corrugated sides to correspond to the
      interior shape of a packaging 101. The piston 114 is formed by a
      rectangular sleeve, with two sides likewise corrugated, which completely
      surrounds the piston 113 and slides on it. This piston 114 has an exterior
      shape which corresponds to that of a packaging 101. If the base 105 of the
      packaging 101 must have ribs 111 (FIG. 38), these are arranged as hollows
      on the forward face of the central piston 113.
PAR  As in the case of the example described with reference to FIGS. 1 to 22,
      the inserts B are presented in turn in front of the pistons 113 and 114,
      and they are introduced transversely at the entrance of the polymerisation
      tunnel 24. For example, in FIGS. 28 to 33 the insert which is latched in
      the injection position is shown by the reference B1.
PAR  In the tunnel 7, between the pistons 113, 114 and the insert B1, there open
      in addition four transverse tunnels situated in the same vertical plane.
      Three of their pistons are as described with reference to FIGS. 1 to 22,
      namely, the lower piston 16 and the lateral pistons 17 and 18. In
      addition, this apparatus has also a further vertical piston 115 intended
      to compress the reconstituted material to form one of the sides 106 of the
      packaging 101. It may be advantageous also to corrugate the compression
      face of the pistons 17 and 18 so as exactly to match the exterior profile
      of the ends 107 of the packagings 101.
PAR  In accordance with another characteristic of this alternative apparatus the
      hopper 8 is offset away from the drying tunnel 24 in relation to the
      common vertical plane of the four pistons 16, 17, 18 and 115.
      Additionally, a transverse feed piston 116 is provided between the opening
      9 of the hopper 8 and the peripheral piston 114, to transfer the moulding
      material from a storage position (FIG. 28) to the interior of the moulding
      chamber (FIG. 29). A fixed horizontal partition is provided between the
      pistons 114 and 116.
PAR  The operation of this apparatus is as follows:
PAR  The insert B1 being latched in the operative position (FIG. 28), and the
      pistons 16, 17 and 18 being all withdrawn, the charge of mixture contained
      in the hopper 8 is poured through the opening 9. During this time the
      piston 116 is drawn back, whilst the piston 115 is lowered (FIG. 28).
PAR  In the following step (FIG. 29, the piston 116 thrusts forward (arrow 117)
      whilst the piston 115 is raised (arrow 118). The moulding material is then
      transferred under the piston 115, above the compression chamber.
PAR  Next, the piston 115 is lowered to send the material down in front of the
      insert B1, then the piston 113 is advanced alone, whilst the piston 114
      remains retracted (FIG. 30). Thus the base of the packaging is moulded
      against the insert B1.
PAR  During the following step (FIG. 31) the three pistons 16, 17 and 18 are
      advanced simultaneously as shown by the arrows, which has the effect of
      driving the material around the central piston 113, in order to prepare
      for the forming of the sides 106 and 107 of the packaging.
PAR  During a final step (FIG. 32) the annular piston 114 is advanced (arrow
      119) which compacts the material of the sides of the packaging inside the
      annular space formed in the insert B1.
PAR  Finally, the pistons 16, 17 and 18 are withdrawn, the latches 15 of the
      insert are retracted, and the assembly of the two pistons 113 and 114 is
      advanced to push the assembly of the insert B1 and the moulded packaging
      which it contains into the entrance of the tunnel 24 (arrow 120).
PAR  The apparatus is then ready to begin a new cycle. It is important to note
      in comparing FIGS. 28 and 33 that the pouring of the material from the
      hopper 8 through the opening 9 is carried out above the piston 114 when
      the piston 115 is lowered, so that for this a long pouring time is
      available corresponding to the total moulding cycle time proper, as
      indicated in the FIGS. 29 to 32. This characteristic is essential, for the
      material used, formed of pulped wood to which is added a small percentage
      of binder, constitutes a mass which does not flow instantaneously. It will
      be seen that the arrangement according to the invention cuts out all dead
      time, the period necessary for the pouring of the feed material not
      intervening to slow down the moulding cycle proper.
PAR  As has been previously show, each insert B comprises a body 102 and a
      cursor 103 (FIG. 38). The cursor 103 is constituted by a sliding component
      of which the shape and thickness correspond to the arrangement of the
      sides 106 and the corrugated ends 107 of a packaging 101. At its end which
      is towards the pistons 113 and 114 the cursor forms the sloping faces 110
      of the upper rim of the packaging. At its opposite end, it carries four
      angle feet 121, each having the shape of an angle post. The whole of the
      cursor 101 fits inside a peripheral groove 122 in the body 102, the feet
      121 being then able to receive from the face of the body 102 towards the
      drying tunnel 24, the thrust of the fingers 123 of an ejector 124.
PAR  The operation of the insert is as follows:-
PAR  After moulding each insert B is pushed inside the tunnel 24 with the
      packaging 101 which it contains. At the entrance of the tunnel, each
      insert B causes by its latching lugs 25 the rotation of two pawl-wheels
      125 between which it passes (FIGS. 24 to 26). Each pawl wheel 125
      comprises a revolving upper part with four arms attached to a vertical
      shaft 126 of which the rotation is braked by a spring 127 bearing on a
      friction lining 128. Inside the tunnel, the inserts such as B2 and B3
      travel in the direction of the arrow 104 until they reach the exit where
      they again pass between two braking pawl-wheels 129. The latter are made
      in the same way as the pawl-wheels 125. Owing to this arrangement, it is
      certain that all the inserts such as B2 and B3 within the tunnel 24 remain
      compressed as do the packagings 101 which they contain, and this is true,
      even if differences in thickness appear between one insert and another.
PAR  At the exit, movable stops 27 intervene as in the case of the arrangement
      shown in FIGS. 1 to 22 to separate from the stack an insert B4 and its
      packaging. A slide 130 provided with lateral pawls 131 which come to bear
      behind the lugs 25 of the insert B4 (FIGS. 34 and 35) draws this insert in
      the direction shown by the arrow 132. It brings it against a fixed
      ejecttion support 133 (FIG. 36) whilst the ejector 124 advances in the
      direction of the arrow 134 (FIG. 37). This movement drives the cursor 103
      inside the body 102 of the insert B4 so that the packaging 101 is ejected
      and falls by its own weight on to an output conveyor.
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STM  I claim:
NUM  1.
PAR  1. A method of moulding an article from a paste-like substance comprising
      the steps of:
PA1  a. automatically placing an insert in an open end of a moulding tunnel so
      as to close the end of said tunnel,
PA1  b. locking said insert in its closing position,
PA1  c. delivering a charge of material into said moulding tunnel,
PA1  d. advancing a first part of a composite piston toward said insert to
      compress the material between said first part of said piston and said
      insert to perform a first moulding operation,
PA1  e. advancing a plurality of additional pistons into said moulding tunnel
      adjacent said insert in directions normal to the direction of movement of
      said composite piston so as to compress the material disposed between said
      composite piston and said additional pistons,
PA1  f. advancing a second part of the composite piston toward said insert to
      compress the material between said second part of said piston and said
      insert to perform a second moulding operation,
PA1  g. unlocking said insert,
PA1  h. pushing the moulded article and insert into a curing tunnel by further
      advancement of said composite piston,
PA1  i. automatically separating said moulded article from said insert after
      traversing said curing tunnel, and
PA1  j. automatically returning said insert to said moulding tunnel.
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ABST
PAL  A wire reinforced hollow core concrete fence post is made by injecting
      concrete into a form in which is centrally supported a longitudinally
      extending mandrel having a plurality of radially extending spacers
      extending longitudinally along its surface, the spacers being adapted to
      support a cylindrical tube of wire mesh reinforcing remote from the
      surface of the mandrel. A pallet board is disposed in the bottom of the
      form for supporting the concrete injected therein. Means are provided to
      rotate the manadrel and the tube of wire mesh reinforcing while the
      concrete is being injected into the form. Means are also provided to
      withdraw the mandrel from the form after the concrete has been injected,
      while retaining the concrete and the reinforcing within the form. After
      the mandrel has been withdrawn, a pusher is engaged with the end of the
      mandrel to push the pallet board and the concrete in the shape of the post
      with the tube of wire mesh reinforcing disposed therein, out of the form
      and onto a pallet mounted on a movable carriage. Means are provided to
      move the pallet and the carriage transversely of the form to allow space
      for receiving a subsequent post.
PAL  An apparatus for forming the wire mesh reinforcing into a tube is also
      disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to hollow reinforced concrete fence posts and a
      method and apparatus for making the same.
PAR  Fence posts have traditionally been made of wood or metal. Wooden fence
      posts are combustible and are also subject to rot. Wooden posts thus
      require painting and other periodic maintenance, which is costly and time
      consuming. Metal fence posts often bend in use and if made of iron as is
      usually the case, require periodic painting to prevent rust.
PAR  Fence posts have been made from concrete, but those available have been
      solid and thus quite heavy. Solid concrete posts are made by pouring
      concrete into a mold, and this method of manufacture is, of course, slow
      and costly.
PAR  It is thus the primary object of the present invention to provide a fence
      post that does not rot, rust or burn, that is strong and durable and
      requires a minimum of maintenance.
PAR  It is a further object of the present invention to provide a concrete fence
      post that is hollow, wire reinforced, light in weight, strong and durable.
PAR  It is a still further object of the present invention to provide a wire
      reinforced hollow core concrete fence post that can be quickly and
      inexpensively manufactured.
PAR  It is a still further object of the present invention to provide a method
      and apparatus for making such fence posts.
PAC  SUMMARY OF THE INVENTION
PAR  Our reinforced concrete fence post comprises a rectangular parallelepiped
      of concrete having a central longitudinal cylindrical hollow core and a
      cylindrical tube of wire mesh reinforcement disposed between the core and
      the exterior surfaces of the post. The post further comprises a plurality
      of radial slots extending outwardly from said core into said post to about
      the location of the wire reinforcement. Optionally, our fence post may be
      provided with a plurality of transversely extending ridges on one of its
      exterior surfaces, and these ridges may be used to support barbed or other
      wire extending between adjacent fence posts.
PAR  Our apparatus for making wire reinforced hollow concrete fence posts
      comprises a form having the general external shape of a fence post to be
      made and a longitudinally extending mandrel centrally supported in the
      form and having a plurality of radially extending spacers extending
      longitudinally along its surface. The spacers are adapted to support a
      cylindrical tube of wire mesh in a manner such that the mesh is remote
      from the generally cylindrical surface of the mandrel.
PAR  Means are provided to inject concrete into the form between the mandrel and
      the form, and means are provided simultaneously to rotate the mandrel and
      the tube of wire mesh while the concrete is being injected into the form.
PAR  Means are further provided to withdraw the mandrel from the form after the
      concrete has been injected while retaining the concrete and the tube of
      wire mesh within the form. Finally, means are provided to push the
      concrete with the tube of wire mesh disposed therein out of the form and
      onto a receiving means.
PAR  Our invention further provides a method and apparatus for making the
      required wire reinforcing. Such apparatus comprises a spindle having a
      longitudinally extending slot disposed in its exterior surface, the slot
      being adapted to receive a longitudinal edge of a sheet of such wire mesh
      reinforcing. Guide means are provided adjacent the spindle and means are
      provided to rotate the spindle to cause the slot to bend the sheet and
      form an interiorly extending projection and the guide means to wrap or
      form the sheet of wire mesh around the spindle and partially overlap the
      same.
PAR  Spot welding of the overlapped portions of the mesh at spaced intervals
      provides a cylindrical tube having a radially and interiorly extending
      projection extending longitudinally of the tube. After an end cap of wire
      mesh is spot welded on one end of the tube so constructed, the latter is
      pulled off the spindle and is then ready for use in making a fence post.
PAR  Our method of making wire reinforced hollow concrete fence posts comprises
      placing a mandrel in a form having the general external shape of a fence
      post to be made, placing a cylindrical tube of wire mesh over the mandrel
      and supporting the tube on a plurality of radially extending spacers which
      extend longitudinally along the surface of the mandrel. Concrete is then
      injected into the form between the mandrel and the form while
      simultaneously rotating both the mandrel and the tube of wire mesh
      reinforcing, the injecting of concrete continuing until the space between
      the mandrel and the form is filled. The method further comprises
      withdrawing the mandrel from the form while retaining the concrete and the
      tube of wire mesh in the form, and then pushing the concrete and the tube
      of wire mesh out of the form onto a receiving means.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 illustrates a perspective view of a wire reinforced hollow core
      concrete fence post made according to the present invention;
PAR  FIG. 2 is a cross-sectional view of the fence post taken on line 2--2 of
      FIG. 1;
PAR  FIG. 3 is a plan view of our fence post making apparatus;
PAR  FIG. 4 is a side elevational view of the apparatus of FIG. 3;
PAR  FIG. 5 is an elevational view taken on line 5--5 of FIG. 4;
PAR  FIG. 6 is a perspective view of apparatus used to push the concrete post
      out of the form box;
PAR  FIG. 6A is a perspective view to an enlarged scale of a removable end plate
      used in the apparatus;
PAR  FIG. 7 is a plan view of the wire wrapping apparatus;
PAR  FIG. 8 is a side elevational view of the apparatus of FIG. 7;
PAR  FIG. 9 is an end elevational view of the apparatus shown in FIGS. 7 and 8;
PAR  FIG. 10 is a schematic view illustrating the method of wrapping the wire
      around the spindle in the apparatus of FIGS. 7-9;
PAR  FIG. 11 is a further schematic view illustrating the sheet of wire mesh
      reinforcing completely wrapped around the spindle of the apparatus of
      FIGS. 7-9 and in position to be spot welded along its overlapped portions;
      and
PAR  FIG. 12 is a perspective view of the completed wire mesh reinforcing for
      the fence post of the instant invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  Fence Post Making Machine
PAR  Our fence post making machine comprises a form box 10 having sides 11 and a
      lid 12 attached to one of the sides 11 by hinges 13 and secured by a latch
      14 operated by a lever 15. The box 10 is mounted on a five inch square
      metal tube 16 supported by legs in the form of metal channel members 17
      adjacent its ends. The box 10 is preferably made to have interior
      dimensions four and one-half inches square by 84 inches long, as such is a
      desired size for fence posts.
PAR  A removable wooden pallet board 18, preferably four and one-half inches
      wide, one and one-quarter inches thick and 84 inches long, is provided for
      insertion in the bottom of the form box 10 between the sides 11. The board
      18 may be smooth on both sides or it may have transversely extending
      grooves 19 at any desired spacing on one side so to form transversely
      extending ridges 83 on the corresponding exterior surface of the post 75
      which rests adjacent the board 18 when the concrete is injected into the
      form box 10. See FIG. 1. A desired construction for the pallet board 18 is
      to have one side smooth and the opposite side grooves as aforesaid, such
      that either a ridged surface or a smooth surface may selectively be
      provided for the post.
PAR  A two and one-half inch nominal diameter steel mandrel 20 disposed
      centrally of the form box 10 is mounted in bearings 21 on a bracket 22
      supported on a four inch square metal tube 23. The tube 23 is slidably
      received within the five inch tube 16 and is supported by roller bearings
      29 inside the tube 16 and by an external roller 24 journaled on a shaft 25
      supported by arms 26 attached to the sides of the tube 16. The four inch
      tube 23 is itself attached to a bracket 27 mounted on the end of a piston
      rod 28 received in a hydraulic cylinder 30 mounted underneath the tube 16
      and operated by a control lever 37 which actuates a hydraulic control box
      31 to cause flow from a hydraulic pump 32 selectively through hydraulic
      lines 33, 34 to extend and retract the rod 28 and thus the tube 23 and
      mandrel 20 as required. The hydraulic pump 32 is operated by an electric
      motor 35 through a power transmission belt 36, power for the motor 35
      being supplied through a power box 38 and controlled by a switch 39.
PAR  A second electric motor 40 mounted on the bracket 22 and controlled by a
      switch 44 transmits power by a one-to-one belt drive 41 through a
      15.5-to-1 link belt reduction gear box 42 and thence to a one-to-one chain
      drive 43 to rotate the mandrel 20 in the bearings 21.
PAR  Four one-half inch by one-eighth inch thick radially extending metal
      spacers 46 are attached at 90 degree intervals to the surface of the
      mandrel 20 and extend longitudinally along its entire length except for a
      small interruption or space 47 adjacent the outboard end of the mandrel.
      The spacers 46 are adapted to support the wire mesh reinforcing away from
      the surface of the mandrel 20. A removable end plate 48 having a centrally
      disposed circular aperture 49 of a size to receive the mandrel 20 and four
      radially extending slots 51 to accommodate the spacers 46 is positioned in
      the form box 10 abutting a pair of stops 52 adjacent the end thereof, the
      stops 52 being so located that when the mandrel 20 is fully disposed
      within the form box 10, the end plate 48 is received in the spaces 47
      within the spacers 46 to permit rotation of the mandrel 20 inside the form
      box 10 free of obstruction by the end plate 48. The spacers 46 on the
      mandrel 20, of course, must be aligned with the slots 51 in the end plate
      48 when it is desired to withdraw the mandrel 20 out of the form box 10.
PAR  A removable end plate 54 is provided for the other end of the form box 10
      and is received in brackets 55 attached thereto. The plate 54 has a
      centrally disposed aperture 56 adapted to receive the outlet hose 57 of a
      concrete pump (not shown) for injecting concrete into the form between the
      mandrel 20 and the sides 11 upon actuation of a switch 58. Slop shields 59
      are provided to protect the apparatus from concrete spillage.
PAR  A push out shoe 61 is provided for reception on the end of the mandrel 20
      when the same is fully withdrawn from the form box 10. See FIG. 6. The
      shoe 61 is adapted to push on the end plate 48 to push the pallet board 18
      with a concrete post thereon out of the form box when the hydraulic
      control level 37 is positioned so as to reverse the flow of hydraulic
      fluid through the lines 33, 34 and cause the piston rod 28 to be retracted
      into the hydraulic cylinder 30.
PAC  CONCRETE POST RECEIVING APPARATUS
PAR  A receiving means in the form of apparatus 62 comprising a movable pallet
      63 is positioned adjacent the egress end 64 of the form box 10 for
      receiving the pallet board 18 and concrete post when the same have been
      pushed out of the form box 10 as above described. The apparatus 62
      includes a roller mounted carriage 65 mounted on guide rails 66 and
      supporting the pallet 63 which is positioned between guide brackets 67. A
      skid plate 68 is mounted on the pallet 63 to facilitate removal of the
      pallet boards 18 and posts.
PAR  A second hydraulic cylinder 70 is mounted adjacent the apparatus 62 and is
      connected to the hydraulic control box 31 by hydraulic lines 71, 72 as
      shown. Operation of a control lever 73 causes the control box 31 to cause
      flow from the hydraulic pump 32 selectively through the lines 71, 72 to
      move the pallet 63 and the carriage 65 on the rails 66 transversely of the
      form box 10 a distance of approximately five inches to allow space for a
      subsequent concrete post to be pushed out of the form box 10.
PAC  OPERATION OF THE FENCE POST MAKING MACHINE
PAR  To make a hollow core concrete fence post 75 in our fence post making
      machine, the end plate 54 is removed from its holding brackets 55 and the
      lid 12 is opened by releasing the lid latch lever 15. The removable end
      plate 48 is slid along the mandrel 20 and positioned against the stops 52
      at the left-hand end of the machine as seen in the drawings. A pallet
      board 18 is slid into the bottom of the form box 10 between its sides 11
      and underneath the mandrel 20 for supporting the post that is formed
      thereon. As previously mentioned, the board 18 may have a smooth side up
      or a grooved side up, depending whether a smooth or a ridged surface is
      ultimately desired for the post under construction.
PAR  A tube 76 of wire mesh reinforcing constructed as hereinafter to be
      described and having an end cap 79 is pushed onto the mandrel 20 with its
      inner surface 77 in contact with the spacers 46 until the tube 76 hits the
      end plate 48. The lid 12 is shut and latched and the end plate 54 is slid
      down into its receiving brackets 55 to close the form box 10.
PAR  The switch 44 for the motor 40 is turned on causing the mandrel 20 to
      rotate in the bearings 21. This also causes the reinforcing tube 76 to
      rotate by virtue of the fact that an interiorly extending projection 78
      engages one of the spacers 46 on the mandrel 20 as the latter is caused to
      rotate. Switch 58 is actuated to turn the concrete pump "on" and pump
      concrete into the form box 10 between the mandrel 20 and the form itself.
      Rotation of the reinforcing tube 76 together with the mandrel 20 causes
      the concrete thoroughly to fill the interstices in the reinforcing mesh.
      When the form is full, the concrete pump is shut off and the motor 40 is
      shut off next, thus stopping rotation of the mandrel 20 and reinforcing
      tube 76.
PAR  The motor 35 is then started to actuate the hydraulic pump 32. The control
      lever 37 is moved to extend the rod 28 out of its cylinder 30 and thus
      pull the mandrel 20 out of the form box 10. The spacers 46 as mentioned
      previously must be aligned with the slots 51 in the end plate 48 so that
      the mandrel 20 freely can slip through the end plate 48. The stops 52
      restrain the end plate 48 from being similarly withdrawn from the form box
      and the end plate 48 keeps the concrete and reinforcing tube 76 inside on
      the pallet board 18.
PAR  When the piston rod 28 is fully extended and the mandrel 20 fully extracted
      from the form box, the push out shoe 61 is slipped over the right-hand end
      of the mandrel. The end plate 54 is slipped up out of its brackets 55 and
      the concrete hose 57 is removed. The control lever 37 for the hydraulic
      system is then actuated to retract the piston rod 28 into its cylinder 30
      and thus cause the mandrel 20 and the push out shoe 61 to push on the end
      plate 48, thereby to push the fence post that has been formed (with the
      wire mesh reinforcing 76 in place) and the pallet board 18 which is
      underneath, out of the form box and onto the movable pallet 63. The
      hydraulic control lever 73 is actuated to move the pallet carriage 65 an
      incremental distance of approximately five inches to clear a space for the
      next post to be made, thus completing a manufacturing cycle.
PAR  We have found that a desirable cement mix to use is one consisting of one
      bag of Kaiser Permanent High Early Strength Portland Cement Type III mixed
      with one bag of Flint Coat Calaverous Base Type IIA Plastic Cement. One
      part of this cement mixture is mixed with three parts of sand, using just
      enough water to make the mix plastic but with a minimum slump. The plastic
      cement contains an air entraining agent which makes it resistant to freeze
      damage, and we have found this especially desirable for fence posts.
PAR  We cure our fence posts preferably in a steam room (not shown) having
      aluminum siding on the inside and one inch thick sheet Styrofoam brand
      plastic on the outside for insulation. The steam room we use is large
      enough to accommodate 100 concrete posts on a steel rack. Our curing
      consists of an initial delay after casting of from 2 to 5 hours. Such
      allows an initial hydration to start. The steam is then turned on in the
      steam room such that the temperature does not rise more than about
      30.degree. to 45.degree.  per hour up to a maximum of between about
      145.degree. and 165.degree.F. We maintain this temperature for about 8
      hours. The steam is then shut off and the posts are allowed to cool. This
      curing gives at least 65 percent of 28-day strength in 24 hours.
PAR  Operation of the machine as described makes concrete posts 75 up to 7 feet
      long and four and one-half inches square with a two and three-fourth inch
      hollow core 80 in the middle and a reinforced end 85 on one end as shown.
      The posts weigh between about 75 and 80 pounds each and have been found to
      be extremely strong and durable. Use of the spacers 46 on the mandrel 20
      causes the wire mesh reinforcement 76 to be disposed between the core 80
      and the exterior surfaces 81 of the post where it does the most good. The
      spacers 46 also cause the formation of radial slots 82 extending outwardly
      from the core 80 into the post to about the location of the wire
      reinforcement 76. If a grooved pallet board 18 is used, a plurality of
      transversely extending ridges 83 are formed on one of the exterior
      surfaces 84 of the post, and these ridges may be used to support barbed or
      other wire extending between adjacent posts.
PAC  WIRE WRAPPING MACHINE
PAR  Our wire wrapping machine 87 (see FIGS. 7-9) comprises a support frame 88
      in which a wire wrapping spindle 89 is journaled in end support bearings
      90 as shown. The spindle 89 is rotated by a gear head motor 91 through a
      disc clutch and brake 92 and chain drive 93. A foot operated treadle 94
      pivotally connected to a clutch arm 95 by a link 96 and restrained by a
      return spring 97 causes engagement of the clutch and rotation of the
      spindle 89. Release of the treadle 94 causes the spring 97 to release the
      clutch and cause the spring loaded brake automatically to restrain the
      spindle in the released position.
PAR  Guide means in the form of a channel iron support 98 pivotally mounted at
      100 supports a removable end support bearing 102 on which the spindle 89
      rotates. A presser bar 103 having longitudinally disposed access openings
      104 for spot welding access is mounted on the top of the channel iron
      support 98, thereby to be able to rotate with the channel iron support 98
      away from the spindle 89 when the end support bearing 102 is removed from
      a receiving aperture 105 in the end of the spindle 89. This allows the
      channel iron support 98 and the presser bar 103 to swing back against the
      stop 101 so that wire mesh reinforcing wrapped around the spindle 89 and
      spot welded together can be removed.
PAR  The spindle 89 is provided with an embedded longitudinally extending copper
      strip 107 to facilitate the spot welding above mentioned and a
      longitudinally extending radial slot 108 positioned about 30 degrees from
      the copper strip 107 to receive the longitudinal edge of a sheet 109 of
      wire mesh reinforcing for wrapping about the spindle 89 as will be
      described. Spot welding controls including a solenoid 110 are provided for
      spot welding apparatus, not shown.
PAC  OPERATION OF THE WIRE WRAPPING MACHINE
PAR  The gear head motor 91 is turned "on" and a longitudinal edge of a sheet
      109 of wire mesh reinforcing approximately 131/2 inches by 84 inches in
      size is inserted into the slot 108 in the wire wrapping spindle 89, which
      slot 108 has previously been rotated sufficiently from top dead center to
      clear the presser bar 103. The clutch treadle 94 is pushed down to cause
      the clutch 92 to engage and rotate the spindle 89 in the direction of the
      arrow 112 in FIGS. 9-11. This causes the sheet 109 to rotate around the
      spindle 89, impinging upon the channel iron support 98 and presser bar
      103, and being formed into the tube 76, the slot 108 bending the sheet to
      form the interiorly extending projection 78. See FIGS. 10 and 11.
PAR  When the sheet of wire mesh has rotated sufficiently to cause an overlap
      113 to be formed, as shown in FIG. 11, and the copper strip 107 is at top
      dead center of the spindle 89, the clutch treadle 94 is released and the
      spring loaded brake automatically applied to hold the spindle 89 in the
      released position. A spot welder is then used to spot weld the overlapped
      mesh at spaced intervals corresponding to the access openings 104 in the
      presser bar 103, the copper strip 107 directly underneath permitting
      fusion of the wire mesh but protecting the spindle 89. We have found that
      placing the tips of the spot welder approximately two inches apart on top
      of the lapped material creates an adequate joining of the mesh to form the
      tube 76. Spot welding is repeated all along the presser bar 103 in each of
      the access openings 104 from one end of the spindle 89 to the other.
PAR  After the spot welding operation is completed, the end support bearing 102
      is pulled out of the aperture 105 in the end of the spindle 89, and this
      permits the channel iron support 98 and presser bar 103 to be swung back
      against the stop 101. An end cap 79 of wire mesh is spot welded on one end
      of the tube 76 and the assembly is then pulled off the spindle. The
      channel iron support 98 and presser bar 103 are then rotated adjacent to
      the spindle 89, the end support bearing 102 is replaced in the aperture
      105, and the apparatus is ready to wrap another sheet of wire mesh into a
      tube.
PAR  We have found that a desirable type of wire mesh reinforcing material is
      provided by the Western Metal Lath Division of Republic Corporation and is
      sold under the brand name Diamond. It is a painted copper alloy steel mesh
      and we have found either 2.5 or 3.4 pounds per square yard to be a
      satisfactory weight. The mesh comes in sheets 27 inches by 96 inches in
      size, which are cut down to the required 131/2 inch by 84 inch sheets to
      make the 7 foot long posts.
PAR  The tube 76 of wire mesh reinforcing which is thus formed has an interiorly
      extending projection 78 caused by the slot 108, which projection can then
      be used to engage one of the spacers 46 on the mandrel 20, thereby to
      cause the tube to rotate with the mandrel 20 during injection of the
      concrete. The provision of the end cap 79 allows the formation of a post
      with a reinforced end 85 as above described.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of making wire reinforced hollow concrete fence posts,
      comprising
PA1  placing a mandrel in an elongated horizontally positioned form having the
      general external shape of a fence post to be made;
PA1  placing a cylindrical tube of wire mesh over said mandrel and supporting
      said tube remote from the surface of said mandrel on spacers attached
      longitudinally to said surface of said mandrel, said tube being formed
      with means for engaging said spacers on said surface of said mandrel upon
      rotation thereof;
PA1  injecting concrete into said form between said mandrel and said form while
      simultaneously rotating said mandrel together with said tube of wire mesh,
      said tube being rotated with said mandrel by positive engagement of one of
      said spacers on said surface of said mandrel with said engaging means on
      said tube,
PA1  said form remaining stationary, to cause said concrete thoroughly to fill
      the interstices in said mesh, said injecting and said rotating continuing
      until the space between said mandrel and said form is filled with said
      concrete;
PA1  longitudinally withdrawing said mandrel from said form while retaining said
      concrete and said tube of wire mesh within said form; and
PA1  pushing said concrete and said tube of wire mesh longitudinally out of said
      form onto a receiving means, said mesh supporting said concrete until the
      same has set.
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ABST
PAL  A polycrystalline shaped article useful as a light-transmitting body or
      scintillation phosphor is formed from an essentially monocrystalline
      melt-grown macrocrystal ingot by pressing the ingot between opposed
      surfaces with no radial restraint, at a temperature below its melting
      point and under sufficient pressure to transform the ingot, in situ, into
      a fully dense, homogeneous, polycrystalline mass of unrestricted width.
PAL  A polycrystalline shaped article useful as a light-transmitting and/or
      light-generating body may also be formed from a fully dense, homogeneous,
      optically integral polycrystalline mass by pressing the polycrystalline
      mass between opposed surfaces with no radial constraint, at a temperature
      below its melting point, but greater than one-half its melting point
      measured in degrees centigrade, under sufficient pressure to form a
      relatively larger polycrystalline mass of lesser height.
PAL  Wherever trace impurities in the order of about one part per million are
      detrimental, as in a scintillation phosphor, or where it is essential that
      a theoretically fully dense material, with no voids, be formed, as for
      example in a laser window, no method, other than press-forging a fully
      dense crystalline mass will suffice.
PAL  In particular, windows may be press-forged which permit the transmittance
      of laser beams with less than 0.1% absorption, or no more absorption than
      is displayed by the archetype monocrystalline ingot, whichever is greater.
      In addition, press-forged windows are characterized by several times
      greater strength than that obtained with essentially single crystal
      ingots. Similarly, optically integral scintillation phosphors may be
      formed having large diameters which are theoretically not limited by the
      size of the largest essentially monocrystalline ingot which may be grown.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Single crystal and multiple crystal shaped articles are used in a host of
      applications. For example, windows transparent to radiation in the range
      from microwave through infrared and ultraviolet radiation are used in
      instruments of various kinds, including the transmission of laser beams
      and infrared and ultraviolet light where the crystals are used as domes or
      windows in missiles and related devices, communication transmission
      stations and the like. Doped crystals effective as scintillation phosphors
      are used for the detection of ionizing radiation in conjunction with a
      photomultiplier tube in devices ranging from simple scintillation counters
      to sophisticated camera plates for medical use in connection with the
      analysis of gamma radiation emanating from patients who are injected with
      specific active isotopes.
PAR  In the applications mentioned hereinbefore, as well as in many others,
      shaped articles transparent to the aforementioned wave length range have
      been limited in size by the peculiar physical properties of ionic
      crystals. The demanding requirements of windows, domes and lenses large
      enough for modern commercial and military requirements are antithetical to
      the well-known size limitation of shaped articles made from optically
      integral ionic crystals. Relatively large shaped articles have been
      prepared from hot-pressed powders of calcium fluoride and other alkali
      metal and alkaline earth metal halides. In addition to finely divided
      powders of polycrystalline materials in the range from about 20 to about
      500  microns, single crystal fragments the average particle size of which
      ranged from less than 10 microns to several millimeters have also been
      used. The hot-pressed shaped articles formed have included lenses, windows
      and the like which are radiation-permeable, though with varying degrees of
      permeability depending upon the wavelength of radiation.
      Characteristically, these hotpressed articles are incapable of
      transmitting radiation coherently. The deficiency of hot-pressed crystals
      and powders, formed into articles as described in U.S. Pat. No. 3,359,066
      are known to have markedly inferior properties as compared to lenses,
      domes and windows made from single crystals, or macrocrystal artificially
      melt-grown ingots. More refined hot-pressed polycrystalline materials,
      with random orientations of the grains, have been made as disclosed in
      U.S. Pat. No. 3,453,215. The method includes many purification steps of
      fine powder which is then hot-pressed into a laser host material. Despite
      the refinements, these materials are generally not fully dense, that is,
      they are less than 100 percent theoretical density and have an
      unacceptably high absorption coefficient for the transmittance of
      high-power laser beams in excess of about 1,000 watts/cm.sup.2.
PAR  Macrocrystal ingots are presently grown in sizes up to about 36 inches in
      diameter and about 1 foot long, wherein individual crystal grains may
      range in size up to a nominal diameter of about 8 inches or more. Large as
      these ingots are, they are not large enough; more important, were these
      ingots large enough, they would not have sufficient strength.
PAR  Thus, as of the present time, where a high quality, optically integral
      shaped article is required, whether it is for use as a scintillation
      phosphor, laser window, or an infrared or ultraviolet transmitting lens,
      when a relatively large shaped article is required, several individual
      single crystal pieces, or sections from a macrocrystal ingot are
      individually sawed off the melt-grown ingot and then adhesively bonded
      together to form the larger shaped composite. Notwithstanding the arduous
      devotion which is a perquisite of successful fabrication of a relatively
      large shaped article having superior radiation transmission properties,
      the end result was an article of determined fragility and transmission
      properties so marginally superior to those of hot-pressed articles as to
      negate the use of such relatively large composites for all but those
      applications where cost is not a factor. Moreover, a composite formed in
      this manner suffers from the drawbacks of degradation of light output due
      to the optical interfaces. No matter how carefully the faces of sections
      are polished before they are bonded into a composite, there is no way of
      eliminating the undesirable effects of the interface. Particularly in the
      case of windows for lasers, where it is essential that the radiation be
      maintained in coherent form, it is impractical to use a composite of
      macrocrystal sections. Assuming that adjacent macrocrystal sections were
      cleaved along matching planes, no matter how carefully the faces are
      polished, there would exist between the faces some macroscopic voids,
      however small, which would interrupt the transmission of coherent light.
      If the faces are adhesively bonded, the energy level of the laser to be
      transmitted would be predicated upon the temperature sensitivity of the
      energy-absorptive adhesive used. Assuming it is possible to maintain the
      adhesive at a relatively low temperature, there would still be the problem
      of matching the refractive index of the adhesive with that of the crystal.
      The slightest difference in refractive index would generate reflections
      that would destroy the usefulness of the composite as a laser window.
PAR  In pending applications Ser. Nos. 180,087; 179,787; 139,217; and 166,725
      are described the formation of scintillation phosphors formed as
      extrudates of unrestricted length and arbitrary cross sections by
      extrusion of a single crystal or macro-crystal ingot at a temperature
      below its melting point and under sufficient pressure to form a coherent,
      homogeneous, fully dense polycrystalline material; stated differently, the
      shaped polycrystalline scintillation phosphors are formed by a process of
      extrusion or extruding, defined as: "to shape (as metal, plastic, rubber)
      by forcing through a specially designed opening often after a previous
      heating of the material or of the opening or of both" (see Webster's 3rd
      New International Dictionary, G. & C. Merriam Company, publishers,
      Springfield, Mass. 1966). In a more technical sense, extrusion is defined
      as "shaping (metal) into a chosen continuous form by forcing it through a
      die of appropriate shape" (see Definitions of Metallurgical Terms, p. 6,
      Metals Handbook, 1946 Edition, published by The American Society for
      Metals).
PAR  Extrusion of normally frangible macrocrystal ingots as disclosed in the
      aforementioned patent applications, and in the prior art, is effected in a
      confined zone and is distinct from press-forging as claimed in this
      invention. For example, it is known that a single crystal billet of sodium
      chloride may be fitted tightly into an extrusion chamber and forced
      through an extrusion dye maintained at various temperatures above
      300.degree.C. to yield a rod of polycrystalline sodium chloride which is
      completely clear and free from porosity and therefore, optically integral.
      (See "Mechanical Properties of Polycrystalline Sodium Chloride" by R. J.
      Stokes, Proceedings of the British Ceramic Society, Vol. 6, p. 192, June,
      1966). This work was done in connection with a study of the mechanical
      properties of polycrystalline sodium chloride in relation to those of
      polycrystalline magnesium oxide which has a similar lattice structure but
      a melting point so high (2,650.degree.C.) as to make the direct study of
      the "more technologically significant material," namely magnesium oxide,
      all but impossible. This study is not directly related to the press-forged
      crystals of this invention.
PAR  It is also known that an almost completely transparent polycrystalline
      cesium bromide disk can be made under pressure in a steel mold from a
      single crystal pressed at 8,000 PSI at 300.degree.C. under vacuum, heated
      to 400.degree.C. and then cooled to 100.degree.C. while being maintained
      under pressure. The single crystal was maintained in a confined mold,
      under radial constraint, presumably to ensure the formation of a disk
      without fractures. The reported study entitled "The Mechanical Behavior of
      Single Crystal and Polycrystalline Cesium Bromide" by L. D. Johnson and J.
      A. Pask, J. Am. Ceram. Soc., 47, 9, 437-444, 1964, was undertaken because
      CsBr has an interpenetrating simple cubic structure rather than an
      interpenetrating face-centered cubic structure characteristic of rock salt
      or lithium fluoride. The authors reported that single crystals of cesium
      bromide were found to be "soft" and ductile if they were favorably
      oriented relative to the loading axis to activate the 110 slip systems.
      There is no indication that any deformation of the single crystal was
      effected. Neither is there any indication that if there was any
      deformation, that the deformation of the crystal was effected without
      fracture, or, whether any fracture that occurred was reconstituted or
      `healed` under the particular conditions of temperature, pressure and
      constraint. Having formed an almost completely transparent polycrystalline
      disk from a monocrystalline disk in a confined mold, the authors studied
      the polycrystalline structure so formed and stated "Because of the lack of
      5 independent slip systems for this crystal structure, general plastic
      deformation of polycrystalline cesium bromide cannot occur without
      formation of voids or gaps between the grains unless some other
      deformation mechanism can operate. Kinking, the only other possible
      mechanism observed, required considerably higher stress levels than were
      attained in these specimens" (bottom of p. 443). It is hypothesized that
      the lack of radial constraint in the press-forged crystals of this
      invention provides the basis for the `some other deformation mechanism`
      which permits total optical integrity and transparency, rather than almost
      complete transparency, whether the starting material is an essentially
      single macrocrystal ingot or a polycrystalline mass. This unexpected
      transparency or unhindered permeability extends not only to light in the
      infra-red, visible and ultra-violet regions where it is greatly desirable,
      but to high-energy coherent laser beams in excess of 1,000 watts/cm.sup.2
      where it is a necessity.
PAC  SUMMARY OF THE INVENTION
PAR  It has been discovered that a normally frangible inorganic single crystal,
      or melt-grown essentially monocrystalline macrycrystal ingot, may be
      press-forged between opposed surfaces with no radial constraint at a
      temperature below the melting point of the ingot, but above one-half its
      melting point, measured in degrees centigrade, and under sufficient
      pressure to progressively diminish the thickness of the ingot. This
      pressforging of a melt-gown crystal ingot is accomplished by
      simultaneously maintaining an unconfined but gradually diminishing annular
      zone between the opposed surfaces pressingly deforming the crystal so as
      to effect a complete transformation of the essentially monocrystalline
      ingot to a polycrystalline, optically integral, solid having the same
      density.
PAR  It has also been discovered that an optically integral, fully dense, first
      polycrystalline mass, produced by extrusion from a melt-grown essentially
      monocrystalline macrocrystal ingot, may be deformed by gradual compressive
      deformation between opposed surfaces, without radial constraint, at a
      temperature below the melting point of the first polycrystalline mass, but
      above one-half its melting point in degrees centigrade to form a second
      polycrystalline mass of relatively larger diameter than the first.
PAR  The melt-grown crystals of the instant invention include the ionic salts of
      the alkali metals and the alkaline earth metals and particularly the
      halides thereof. The ionic salts may be pure single salts, or solutions of
      one in another. For use as a scintillation phosphor, a pure single salt
      may be doped with an activator, as for example, cesium iodide doped with
      thallium.
PAR  A polycrystalline, press-forged window, no less transparent than the
      essentially single crystal, normally frangible alkali metal halide and/or
      alkaline earth metal halide, most unexpectedly permits transmittance of a
      high-power laser beam in excess of 1,000 watts/cm.sup.2, with less than
      0.1 percent absorption, or no more absorption than that exhibited by the
      original or archetype essentially monocrystalline ingot. A laser window
      press-forged from the aforementioned halides, or an alloy of one halide
      and another, may additionally be doped with minor quantities, in the range
      from about 1 part per million to about 10 mol percent, of a dopand which
      does not materially diminish the transmittance of a beam of coherent
      light, but significantly increases the strength of the window.
PAR  A shaped, press-forged normally frangible optical body of the instant
      invention characteristically displays crystallites which are not random in
      orientation even after two successive general deformations, each having a
      deformation ratio greater than 1.5. After having undergone a general
      deformation, the orientation of the crystallites or grains is angularly
      disposed to the direction of the deformation force. Moreover, the size of
      grains in the central portion of the press-forged mass is substantially
      greater than the size of grains near the periphery which unexpectedly
      provides the press-forged mass with greater strength near its boundaries
      where the strength is most desirable. This size gradation, diminishing
      radially outwards, is easily discernible in an essentially pure alkali
      metal halide or alkaline earth metal halide single crystal ingot which has
      been press-forged. However, where a relatively high level of dopand, in
      excess of about 100 ppm, is present, the radially diminishing grain size
      is less apparent because the presence of the dopand has been found
      generally to decrease the size of all the grains or crystallites in the
      polycrystalline mass.
PAC  PREFERRED EMBODIMENT OF THE INVENTION
PAR  The simplest forging operation is upsetting, which may be carried out, for
      the purposes of this invention, by compressing an essentially single
      macrocrystal ingot or optically integral polycrystalline body between two
      flat parallel platens and working the body. From this simple operation,
      the process can be developed into more complicated geometries with the use
      of dies. A number of variables are involved in forging a normally
      frangible crystal; among the major variables are properties of the
      particular macrocrystal, the die materials, temperature, friction, speed
      of deformation, die geometry, the deformation ratio and dimensions of the
      work piece. Since in practice, forgeability is normally related to the
      material's strength, ductility and frictional characteristics, and since
      normally frangible essentially monocrystalline materials generally have,
      under ordinary room temperature, little strength, no ductility and
      unpredictable frictional characteristics that may vary over a wide range,
      it is unexpected and surprising that such a crystalline body may be
      press-forged into any desirable shape without cleaving and with no loss of
      transmittance.
PAR  Normally frangible melt-grown essentially single macrocrystal ingots of the
      ionic salts of alkali metals and alkaline earth metals are particularly
      adapted to being press-forged into optically integral fully dense
      polycrystalline bodies. Shaped press-forged crystals of the instant
      invention are specifically directed to applications where extremely high
      optical quality is mandatory such as in the formation of laser windows and
      scintillation phosphors. Press-forged crystals have higher optical quality
      than those formed by prior hot-pressed polycrystalline optical materials
      of the same composition. In fact, optical integrity which permits
      essentially 100 percent transmittance of a laser beam is possible since no
      trace impurities and no voids are introduced into the crystal. Optical
      integrity achieved by a polycrystalline press-forged crystal is defined as
      that characterized by absorption of less than 0.1 percent of a laser beam
      of 1,000 watts/cm.sup.2 power, or no more than the absorption of an
      essentially monocrystalline window formed of the same composition,
      whichever is greater. This characteristic is of the utmost importance,
      since it is well-known that, without single crystal optical quality, a
      practical window for high power lasers, namely those in excess of 1,000
      watts/cm.sup.2, would be out of the question.
PAR  Because of the excellent optical properties of the press-forged crystals,
      large scintillation phosphors usable as camera plates and other radiation
      detector windows may be made which are optically indistinguishable from a
      single crystal window. Similarly, large camera lenses, transparent to
      infrared and ultraviolet rays, may be easily fabricated without the
      enormous effort involved in prior art hot-pressing processes which,
      despite an extensive purification procedure before hotpressing the
      purified fine powder, are incapable of providing essentially 100 percent
      transmittance. Moreover, press-forged crystals of the instant invention
      are uniformly of 100 percent theoretical density, completely transparent
      and therefore optically integral in the true sense of the term.
PAR  The term polycrystalline as used with reference to a press-forged crystal
      refers in general to a crystalline material in which, for a sample 1
      centimeter thick, the plane orientation as evidenced by X-ray diffraction
      may or may not be random, depending upon the history of the crystalline
      mass prior to being press-forged. Where the starting crystal to be
      press-forged is a polycrystalline extrudate, it will be found that the
      extrudate is formed of linearly oriented crystals, the direction of
      orientation being such that the crystallites or individual grains are
      aligned in such a way that a particular cyrstallographic direction in each
      grain is parallel to the extruding direction. For example, a preferred
      orientation of cubic crystallites in a longitudinal extrusion results in
      an orientation of the crystallites in a 100 direction with the linear axis
      parallel to the 100 direction. When such an extruded polycrystalline
      material is press-forged, a compressive force being exerted in the
      longitudinal direction of the extrusion, the orientation of the
      crystallites after pressforging indicates that the orientation is not
      random but angularly disposed relative to the direction in which the
      compressive force is exerted. Where the ionic crystal to be press-forged
      is an essentially single macrocrystal ingot, the direction of orientation
      of the crystallites in the press-forged polycrystalline material is not
      random, but angularly disposed relative to the direction of compressive
      force during press-forging as well as to the particular orientation of the
      ingot while it is being press-forged. It will be appreciated, that with
      multiple press-forgings, starting with a very thick crystal, whether it be
      essentially monocrystalline or polycrystalline, plural deformations by
      pressforging will tend to obfuscate the history of the press-forged
      polycrystalline material, particularly if it is to be determined solely
      from X-ray diffractions indicating the general orientation of the
      crystallites. Crystals or grains in a polycrystalline mass are usually
      referred to as crystallites to distinguish from very large single crystals
      which may constitute an essentially monocrystalline melt-grown ingot.
PAR  It is essential that a crystal be worked while it is undergoing a general
      deformation, if it is to be successfully press-forged. By this is meant
      that the deformation of the crystal while being press-forged is not
      restricted to a particular plane of orientation, but occurs in all planes
      without exhibiting any fractures or intergranular voids which would
      interfere with the essentially 100 percent transmittance of, or exhibit
      more than 0.1 percent absorption with, a high-power laser. The extent of
      working required to provide a general deformation while a crystalline body
      is press-forged will vary depending upon the physical properties of the
      body and the particular conditions of pressforging. In general, a
      deformation ratio of at least 1.5 is required for effecting the necessary
      transformation of an essentially single crystal to polycrystalline form,
      or of changing the crystallite orientation of a previously oriented
      polycrystalline material. By deformation ratio is meant the ratio of the
      height of the crystal prior to press-forging as compared to the final
      thickness after it is press-forged.
PAR  It will also be appreciated that the orientation of crystallites in
      press-forged polycrystalline materials will depend to some extent on the
      peculiar properties of the crystalline material itself, since even among
      normally frangible crystalline materials, several gradations in
      frangibility exist. Normally frangible crystalline materials are defined
      as those crystalline materials which normally break, shatter or cleave
      along cleavage planes when subjected to a compressive force at ambient
      temperature, that is, under substantially room temperature. Such materials
      which shatter easily are exemplified by macrocrystal ingots of ionic salts
      such as the Group I alkali metals exemplified by sodium chloride, and the
      alkaline earth metals exemplified by magnesium fluoride. These normally
      frangible materials are distinguished from those which are not, as for
      example, silver chloride in Group I and mercurous chloride in Group II,
      each of which has sufficient plasticity to permit the rolling of a single
      crystal into sheets at ambient temperature conditions without annealing.
PAR  Press-forging of inorganic crystals is preferably done on a conventional
      hydraulic forging press which comprises a hydraulic cylinder supported by
      two pairs of steel columns which are anchored to a single base casting of
      great weight and strength. The piston or ram of the cylinder usually
      points vertically downward and carries the upper forging die which is
      directly above a stationary anvil die resting on the base casting to which
      the columns are attached. By admitting a liquid under high pressure to the
      cylinder at its top, the ram carrying the upper die is forced down upon
      the material to be forged, which rests upon the lower forging die. Small
      auxiliary cylinders lift the ram after each application of pressure;
      additional features, all well-known, may be utilized depending upon the
      work to be done by the press, and require no elaboration.
PAR  To press-forge a melt-grown ingot or section thereof, the hydraulic press
      is usually equipped with open dies so that a general deformation of the
      crystalline mass being press-forged is accomplished without any radial
      constraint of the mass. The open dies may be any convenient shape, such as
      dish or bowl shaped, or V-shaped, so as to effect a simple compression of
      the crystalline mass without initiating any fractures or voids within it.
      It is essential that the annular region between the dies be open and that
      the essentially monocrystalline mass be free from radial restraint while
      it is undergoing a general deformation with a deformation ratio greater
      than 1.5.
PAR  In certain instances it may be desirable to confine a portion of the
      annular zone for the purpose of direction and guiding the flow of a
      polycrystalline mass being press-forged, since the mass will not usually
      flow isotropically, that is, at the same rate in all directions. When such
      guiding of the flow of the deformed polycrystalline mass is practiced, the
      guiding constraint is effective only after the general deformation is
      essentially complete. In other words, the functioning of the guiding
      constraint is a "finishing" one; it is both ineffective and unnecessary to
      reconstitute a crystalline mass which has fractured during pressforging.
PAR  Depending upon the composition of the inorganic crystal and its size, and
      depending upon the temperature at which the forging is effected, the
      forging press may be required to develop high pressures up to about 10
      tons per square inch. The pressure is preferably increased gradually and
      maintained until the hot crystal yields. In general, both the upper
      forging die and the lower forging dies are preheated to a suitable
      temperature so as not to cool the crystal to be press-forged.
PAR  The upper temperature limit for the deformation and working of ionic
      crystals depends upon the composition of the crystal. In general,
      press-forging is preferably carried out at a safe temperature below the
      melting point of the particular crystal, but at a temperature above
      one-half the melting point measured in degrees centigrade.
PAR  It is an unexpected and peculiar benefit of the instant invention that
      press-forged polycrystalline articles formed as disclosed herein,
      characteristically have crystallites of larger size near the central
      portion of the deformed polycrystalline mass than near the periphery. The
      fine grain size near the boundaries of a press-forged mass contributes to
      the strength of the mass near the edges, where it is a necessity. This
      characteristic radially diminishing size gradation of grains in a
      polycrystalline mass is apparent even when a polycrystalline extrudate is
      press-forged. It will be apparent that after plural deformations, each
      having a deformation ratio of at least 1.5, the grain size of the
      press-forged mass becomes so small as to make it difficult to detect the
      radial gradation in grain size.
PAR  The use of a dopand in an alkali metal halide, an alkaline earth metal
      halide, or a solid solution of one halide in another, depends upon the
      proposed particular use of the pressforged polycrystalline article.
      Factors affecting the choice of dopand and its concentration, are related
      to the end use of the crystal and are well-known to those skilled in the
      art. In general, the level of dopand is less than about 10 mole percent,
      and most preferably is in the range from about 1 part per million to about
      1 mole percent. Where the press-forged polycrystalline article is to be
      used as a laser window, the dopand is chosen so as not to interfere with
      the transmittance of the laser beam, and particularly to keep the level of
      absorption of a high energy laser beam, in excess of 1,000 watts/cm.sup.2,
      below about 0.1 percent. The level of a dopand used in the aforementioned
      press-forged articles is chosen so as to contribute strength of the window
      without affecting its transmittance.
PAR  Where the end use of the article is for a scintillation phosphor, preferred
      dopands are elements of Group III A of the Periodic Table for example
      thallium, and elements of the lanthanum series, for example europium. Most
      preferably, the concentration of dopand in a scintillation crystal is such
      as to have essentially no measurable effect on the melting point of the
      pure alkaline metal halide, alkaline earth metal halide, or alloy of one
      halide and another halide, in which it is dispersed.
PAR  For polycrystalline articles used as windows for infra-red and ultraviolet
      light, which windows are completely transparent to radiation in these wave
      lengths, a dopand may be chosen from Groups I, II, III, IV, V and VII of
      the Periodic Table. The level of doping is such as not to impair the
      optical integrity of the window in the sense that there is no noticeable
      impairment of the essentially perfect optical coupling between the parts
      of the whole polycrystalline body which provide an infinite number of
      light paths with essentially the same very high efficiency throughout the
      integral body. Optical integrity in this true sense, where the light is
      transmitted from one surface of the body to another, as in a window, or
      from a point within the body to a surface of the body, as in a
      scintillator, is the crucial difference between press-forged articles of
      the instant invention as compared to hot-pressed prior art articles.
PAR  The speed at which press-forging is effected depends upon several factors
      including the composition of the crystalline material to be press-forged,
      the melting point of the material, the temperature at which the
      press-forging is to be effected, the size of the crystal to be
      press-forged and the deformation ratio of the forging. In general, the
      closer the press-forging temperature is to the melting point of the
      crystal, the more quickly the press-forging may be effected. At relatively
      high temperatures, it is desirable to press-forge as quickly as possible
      to obtain a relatively fine grain structure for strength. If the
      temperature is near the melting point, and the rate of compressive
      deformation is too slow, regrowth of crystals may occur which may
      adversely affect the strength of the press-forging. As the temperature of
      press-forging is lowered, the rate at which press-forging may be effected
      is substantially decreased. A lower forging temperature is conducive to
      the formation of crystallites of very small diameter. However, as the
      temperature is lowered to below about one-half the melting point of the
      crystal, measured in degrees Centigrade, the ease of formation and
      propagation of fractures is progressively enhanced.
PAR  It will be appreciated that, though, as indicated hereinabove, a
      deformation ratio of at least 1.5 is required to pressforge an essentially
      monocrystalline ingot so as to obtain the desired polycrystalline
      characteristics of the articles of this invention, this ratio may be
      lower, but greater than one, for press-forging a first optically integral
      polycrystalline mass to obtain a second optically integral polycrystalline
      mass.
PAR  It will also be appreciated that the terms `restraint` and `constraint` are
      used synonymously in the mechanical sense to describe a restriction of the
      motion of the polycrystalline mass by confining means which serve to
      restrain the mass from further movement. No reference is intended to ionic
      forces within either a monocrystalline or polycrystalline mass which may
      act as restraints on a molecular or microscopic scale.
PAR  The following examples serve to illustrate the invention without intending
      to limit its scope.
DETD
PAC  EXAMPLE 1
PAR  An essentially single crystal cylindrical section of a macrocrystal ingot
      of sodium iodide doped with about 0.07 weight percent thallium iodide
      having a diameter of 2 inches and a length of 6 inches, is sawn from a
      melt-grown ingot. This cylindrical section is placed on end between
      graphite-coated support plates of Inconel held between the platens of a
      750-ton hydraulic press. The assembly of platens, support plates and
      crystal is surrounded by an electrically heated furnace to raise the
      assembly to and maintain it at a desired temperature, of about
      500.degree.C. The temperature is recorded by a recorder controller in
      cooperation with a thermocouple inserted in one of the support plates.
      There is no radial constraint on the cylindrical crystal section. When the
      assembly reaches the desired temperature, the press is started and
      commences to descend slowly, flattening the cylindrical crystal. When the
      support plates are about 1.25 inches apart, as read on an indicator on the
      press, the press is shut off, the ram raised and a flat polycrystalline
      disc 5 inches in diameter and approximately 1.125 inches thick is removed
      from the press. Scintillation tests conducted with the single crystal
      cylindrical section prior to being press-forged, and the polycrystalline
      press-forged disc showed that the scintillation properties of each were
      identical. The following Table is a record of the run.
TBL                TABLE I                                                     

     ______________________________________                                    

                       Recorded                                                

                       Temp. of Ram Travel                                     

     Clock   Controller                                                        

                       Support  Indicator                                      

     Time    Setting   Plate    Reading on                                     

     Hours   .degree.C.                                                        

                       .degree.C.                                              

                                Press   Remarks                                

     ______________________________________                                    

     0830    400       361                                                     

     0915    500       467                                                     

     1000    550       510                                                     

     1030    540       505                                                     

     1230    535       500                                                     

     1300    535       500      6.00    Start press-                           

                                        lower ram                              

     1303    "         "        5.5                                            

     1304    "         "        5.0                                            

     1305    "         "        4.5                                            

     1306    "         "        3.5                                            

     1307    "         "        3.0                                            

     1308    "         "        2.5                                            

     1309    "         "        2.0                                            

     1310    "         "        1.75                                           

     1311    "         "        1.50                                           

     1312    "         "        1.375                                          

     1313    "         "        1.375                                          

      1313.5 "         "        1.250   Shut off press                         

     ______________________________________                                    

                   Initial height of macrocrystal section                      

     Deformation ratio =                                                       

                   Final thickness of polycrystalline disc                     

     =             5.325                                                       

PAR  The disc is completely transparent when the graphite coating has been
      cleaned off the surfaces. There are no voids in the disc, no incipient
      fractures, and no discontinuities. The deformation ratio was effected in a
      time of 13.5 minutes. The central portion of the polycrystalline disc is
      found to consist of individual crystallites of relatively larger size than
      those crystallites near the periphery of the disc. An examination of the
      polycrystalline structure of the disc indicates that the fine grain
      structure of crystallites near the periphery of the disc are angularly
      disposed relative to the direction of compression, with a regular
      orientation in all directions radially, i.e., the grain orientation is not
      random.
PAC  EXAMPLE 2
PAR  A female die is centered on the anvil die or bed of a 300-ton hydraulic
      press. To minimize heat loss, the female die is preferably insulated from
      the bed with an asbestos sheet. A melt-grown single crystal cylindrical
      section of an ingot of calcium fluoride 2.5 in diameter .times. 0.75 thick
      is placed in a bowl-shaped depression of the female die. The surface of
      the depression matches the exterior surface of a spherical section or
      dome-shaped window to be press-forged from the cylindrical section. The
      upper surface of the female die is provided with a groove adapted to
      snugly accommodate an upstanding cylindrical ring having a bore
      corresponding to the inside diameter of the female die. A cylindrical male
      die is provided which may be slidably disposed within the ring and
      thereafter snugly inserted into the female die. The male die has a convex
      surface which matches the interior surface of the dome-shaped window to be
      forged. The convex surface of the male die terminates in a circumferential
      shoulder, the width of which corresponds to the thickness of the
      dome-shaped window to be forged. The shoulder prevents material between
      the dies from being squeezed out. The volume of the cylindrical crystal
      section corresponds essentially identically with that of the volume of the
      dome-shaped cavity defined by the male and female dies when they are
      concentrically disposed so as to form a spherical section of essentially
      constant thickness defined by the width of the shoulder which provides a
      finishing restraint.
PAR  The female and male die surfaces are preferably coated with graphite, or
      any suitable release agent, or are covered with graphite cloth impregnated
      with graphite to prevent sticking of the press-forged crystal within the
      die assembly. The ring is positioned in the groove on the upper surface of
      the female die which is centered on the bed of the press. The male die is
      then lowered through the ring and into the female die so that the apex of
      the convex surface of the male die rests upon the single crystal
      cylindrical section.
PAR  The die assembly is surrounded by a furnace provided with heating elements
      of sufficient capacity to raise the temperature of the crystal and the die
      assembly to a predetermined temperature below the melting point of the
      crystal but above a temperature at least one-half the melting point of the
      crystal measured in degrees centigrade. Thermocouples may be affixed to
      either the male or female die, or both, and are preferably connected to a
      recorder controller. After the crystal and die assembly have been heated
      for a sufficient period to reach a temperature of about 730.degree. C.,
      the space within the furnace is flooded with hot nitrogen to reduce
      contamination of the crystal by the atmosphere. The press is started and
      the ram carrying the upper forging die of the press commences its downward
      movement until it rests against the upper surface of the male die.
      Increasing the load transmitted by the ram causes the male die to squeeze
      the crystal against the concave surface of the female die. When the
      indicator on the press indicates that a dome about 0.375 inch thick has
      been formed, the press is stopped and the ram lifted. The experimental run
      is set forth hereinbelow in Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

           Con-                                                                

     Hour- troller  Recorded Indicated                                         

     Clock Setting  Temp. of Load Reading                                      

     Time  .degree.C.                                                          

                    Die, .degree.C.                                            

                             on Press,Tons                                     

                                        Remarks                                

     ______________________________________                                    

     1030  800      750                                                        

     1130  800      800                                                        

     1230  800      775                                                        

     1243  800      775                 Start press                            

     1245  800      775      14                                                

     1247  800      780      15                                                

     1249  800      785      17.5                                              

     1251  800      790      20                                                

     1253  800      795      25                                                

     1255  800      795      30                                                

     1258  800      800      35         Stop press                             

     1300  800      800                 Male die removed                       

                                         from die                              

                                         assembly                              

     ______________________________________                                    

PAL  The single crystal is transformed into a polycrystalline dome, the
      periphery of which is squeezed up unevenly against the shoulder of the
      male die. Complete transformation of the single crystal to polycrystalline
      form is accomplished prior to the periphery of the dome being stopped by
      the shoulder of the male die, as is evidenced by sections near the
      periphery which did not contact the shoulder. The dome is easily removed
      from the female die, shows no fractures or voids, and is completely
      transparent after the graphite is cleaned off the surfaces. The thickness
      of the dome is not uniform, the center being slightly thicker than the
      periphery. Thickness is in the range from about 0.3866 in. in the center
      to about 0.3575 in. near the edge. The size of individual crystallites
      near the center of the polycrystalline dome is substantially larger than
      those near the periphery, being from about 2 to about 5 times as large. A
      radial gradation in size is apparent. Orientation of crystallites near the
      periphery of the dome is in the direction of flow of the polycrystalline
      material and angularly disposed with respect to the direction of
      application of the compressive force on the material. The uneven thickness
      of the dome-shaped spherical sector, due to the press being prematurely
      stopped, serves to demonstrate that the complete transformation from
      essentially single crystal to fully dense polycrystalline form is
      accomplished prior to the imposition of the finishing restraint. It is
      also noted that the size range of crystallites along the lip of the dome
      is the same against the restraint as it is where the lip did not abut the
      restraint.
PAC  EXAMPLE 3
PAR  The press-forged calcium fluoride polycrystalline dome produced in Example
      2 hereinabove referred to as "unfinished" because of its uneven thickness,
      is given a `finished` press-forging as follows: The surfaces of the same
      die assembly used in the previous Example 2 are brushed with a
      graphite-based release agent and lubricant, and the unfinished dome
      positioned between the female and male dies. The same procedure outlined
      in Example 2 is followed to bring the die assembly and dome to a
      temperature of about 800.degree.C.; the furnace is flooded with hot
      nitrogen prior to lowering the ram against the dome; the load on the dome
      is increased until the ram-position indicator on the press indicates a
      constant reading. The press is stopped, the ram raised and the die
      assembly insulated to cool gradually overnight. When the die assembly is
      disassembled, a finished dome of constant thickness is found to have been
      produced. The lip of the dome is seen to have abutted the shoulder of the
      male die uniformly.
PAR  In the above finished press-forging of a first polycrystalline mass to form
      a second polycrystalline mass, it will be apparent the deformation ratio
      is only slightly greater than unity. Though the deformation ratio in most
      finishing operations will be greater than 1.0, but less than about 1.5,
      the limits of the deformation ratio for the press-forging of a
      polycrystalline, fully dense, optically integral mass are established only
      by the practical limitations of the physical equipment and the ability to
      control the operating conditions. In general, it will be found that a
      deformation ratio of about 10 is the practical limit of most relatively
      large press-forgings. It will be appreciated that the difficulties
      encountered with press-forging an article 1 inch thick from an optically
      integral relatively large mass 10 inches thick will be considerably
      greater than those encountered with an article 1 mm. thick press-forged
      from an optically integral relatively small mass 10 mm. thick, though the
      deformation ratio in each case is the same, namely, 10. This relative ease
      of forming relatively small, thin articles, less than about 1 inch thick,
      is apparent whether the archetype optically integral mass is
      polycrystalline or essentially monocrystalline. Similarly, the relative
      difficulty of utilizing a deformation ratio greater than about 10 for the
      formation of relatively large, thick articles, equal to or greater than
      about 1 inch thick, is also experienced with essentially single crystals
      to be press-forged into polycrystalline articles. As with polycrystalline
      articles to be press-forged, the physical equipment and ability to control
      forging conditions precisely, are the real limitations which determine the
      upper limit of the deformation ratio in a single crystal to be
      press-forged. It will be recognized that the lower limit of 1.5 is
      necessary to effect the transformation of an essentially single crystal,
      melt-grown ingot, or section thereof, to a polycyrstalline mass. Since, in
      the case of a first polycyrstalline mass to be press-forged into a second
      polycrystalline mass, this transformation has already been accomplished,
      it is sufficient that the deformation ratio be greater than unity.
PAR  Other press-forged polycrystalline domes, formed from calcium chloride,
      calcium bromide, calcium iodide, magnesium fluoride, magnesium chloride,
      magnesium iodide, magnesium bromide, barium fluoride, barium chloride and
      barium iodide, in a manner analogous to that described in Example 2
      hereinabove are likewise finish press-forged as described in this Example
      3. Due precautions must be taken to accommodate the particular
      characteristics of certain halides; for example, highly hygroscopic
      calcium iodide must be press-forged in a moisture-free environment.
PAC  EXAMPLE 4
PAR  An essentially single crystal, optically integral, transparent cylindrical
      section of a macrocrystal ingot of pure potassium chloride (KCl) having a
      diameter of 1.75 and a length of 4 inches is sawn from a melt-grown ingot.
      This cylindrical section is placed on end between graphite-coated support
      plates of Inconel held between the platens of a conventional manual
      hydraulic press having a 25-ton capacity, such as a Model 37-R made by K.
      R. Wilson Company. As in Example 1, hereinabove, an electrical furnace is
      used to heat the support plates and crystal and to maintain it at a
      desired temperature above one-half the melting point of pure KCl measured
      in degrees Centigrade (776.degree.C.). A press-forging temperature of
      about 500.degree.C. is selected. When this temperature is reached, as
      measured by a thermocouple embedded in the upper support plate, just above
      the crystal, the radially unconstrained zone around the crystal is flooded
      with an inert gas such as argon or nitrogen, preferably pre-heated to
      about 500.degree.C. The ram of the press is placed against the upper
      support plate and the ram is thereafter gradually lowered by manual
      operation of the press.
PAR  It will be noted that at 500.degree.C., pure potassium chloride is easily
      deformed and press-forged. In fact, during the initial stages of the
      press-forging, the load required is so low as to be difficult to read on
      the 25-ton gauge. Thus, the deformation of the crystal may be effected
      rapidly. However, too rapid a deformation may result in fracture or in an
      undue amount of strain being incorporated in the press-forged article. In
      general, the rate of deformation should be fast enough so as to preclude
      grain growth which is likely to occur at relatively high press-forging
      temperatures near the melting point of the crystal, but slow enough so as
      to prevent the incorporation of an undue amount of strain in the
      press-forged article. Undue strain is such as to cause fracture, or grain
      growth. The amount of strain incorporated in a pressforged article will
      vary depending upon the alkali metal halide or alkaline earth metal halide
      being press-forged, the size of the press-forging, the deformation ratio
      as well as the rate of deformation. Most relatively large press-forged
      articles may be produced at deformation rates in the range from about
      0.015 in./min. to about 0.5 in./min. measured in the direction of the
      compressive force applied, that is, as a change of thickness. A more
      preferred rate of deformation is in the range from about 0.0625 to about
      0.125 in./min. The particular speed or rate of deformation for any
      particular press-forged article is easily chosen with a few trial runs.
PAR  It will be recognized that in the manually operated hydraulic press, the
      rate of deformation is not constant. At press-forging temperatures in
      excess of about one-half the melting point of the crystalline mass, it is
      not essential that the rate of deformation be constant, or that the load
      be applied constantly. During the run, however, it is attempted to lower
      the ram as uniformly as possible at a rate of about 1/16 in./min. as
      indicated by an indicator on the ram. It will be noted that after the ram
      has been lowered about one-half inch, the load required to effect a
      further deformation increases the guage reading about 1-2 tons. Manual
      operation of the press is continued until the ram is lowered about 2
      inches, indicating that the archetype single crystal has beem compressed
      to one-half its original height, that is, with a deformation ratio of 2.
      The compressive deformation of 2 inches is effected in about 32 minutes.
      The ram is thereafter raised and it is noted that the temperature of the
      crystal as read by the thermocouple is about 490.degree.F. The electric
      furnace is shut off, and the assembly of support plates and crystal is
      permitted to cool overnight. It is found that the press-forged disc which
      is formed without any radial constraint, is not precisely circular, some
      portions being deformed outwardly, further than others. When the graphite
      coating is removed, it is found that the press-forged disc is
      polycrystalline, entirely free of fractures or voids, and completely
      transparent. Transparency to a laser beam of relatively high power,
      indicates no greater absorption than that of the essentially single
      crystal from which the disc is formed.
PAR  A variety of alkaline earth metal halides and alkali metal halides
      including cesium fluoride, cesium chloride, cesium iodide, cesium bromide,
      potassium bromide, potassium iodide, potassium fluoride, sodium bromide,
      sodium chloride, sodium flouride, lithium iodide and lithium fluoride,
      essentially single crystal sections cut from a melt-grown ingot are
      press-forged in a manner analogous to that described in this Example 4 and
      yield optically integral, fully dense polycrystalline press-forgings which
      are as transparent to radiation as the original single crystal. Similarly,
      single crystal sections of ingots of alkali metal halides alloyed with
      alkaline earth metal halides, or with dopands selected from Groups I, II,
      III, IV, V and VII are also press-forged into polycrystalline shaped
      articles which are free from cracks, fully dense and optically integral.
PAC  EXAMPLE 5
PAR  A polycrystalline, optically integral, transparent cylindrical section of
      pure potassium chloride (KCl) having a diameter of 1.75 and a length of 4
      inches is sawn from a polycrystalline extrudate formed by the extrusion of
      a melt-grown single crystal ingot. The polycrystalline cylindrical section
      of extrudate is placed on end between graphite-coated support plates in
      the same hydraulic press as used in Example 4 described hereinabove. It
      will be noted that the direction of orientation of the crystallites in the
      cylindrical extrudate section is along the longitudinal axis, that is, in
      the direction in which the extrusion was effected. This polycrystalline
      cylindrical section is press-forged in the same press, in the same manner
      as the essentially single crystal described in Example 4 hereinabove at a
      press-forging temperature of 500.degree.C. Compression of the cylindrical
      section along its longitudinal axis is discontinued when a deformation
      ratio of 2 is obtained. Deformation is effected at the same rate as in
      Example 4, namely, about 1/16 in./min.
PAR  When the press-forged crystal and support plates are permitted to cool
      overnight, a shaped polycrystalline press-forged article is removed from
      between the plates. The lubricant is washed off and it is found that the
      article is free of fractures, cracks or voids, is almost even around the
      periphery, and completely transparent. It is noted that the direction of
      orientation of the crystallites in the press-forged article is radially
      angularly inclined to the direction of compression. The size of the
      crystallites in the press-forged article are slightly smaller than those
      in the polycrystalline extrudate, the crystallites near the periphery
      being slightly larger than those near the center of the press-forged disc.
      It is found that the disc is transparent to a relatively high power laser
      beam and there is no noticeable heating of the disc during transmission of
      the laser beam. The transparency of the disc is the same as that of the
      essentially single crystal from which the disc originated.
PAC  EXAMPLE 6
PAR  An essentially single crystal, optically integral, transparent cylindrical
      section 1.75 dia. .times. 4 inches long, of pure KCl is placed on end
      between graphite-coated support plates of Inconel held between platens of
      a conventional 300-ton hydraulic press. As in Example 1 hereinabove, the
      assembly of platens, support plates and crystal is surrounded by an
      electrical furnace to raise the assembly to and maintain it at a
      temperature lower than one-half the melting point of pure KCl measured in
      degrees Centigrade. When a pre-selected temperature 300.degree.C. is
      attained by the crystal, the ram is lowered against the upper
      support-plate and continues to descend slowly, at a rate of about 1/16
      in./min., flattening the cylindrical crystal. When the support plates are
      about 1 inch apart, as read on an indicator on the press, the press is
      shut off and the ram is raised. A flat, polycrystalline disc with an
      uneven periphery is obtained. When the release agent and lubricant is
      washed off the disc, it is found that there is a fracture in the disc. It
      appears that, at press-forging temperatures lower than about one-half the
      melting point measured in degrees C., a fracture-free disc is not obtained
      at the rate of deformation set forth hereinabove.
PAR  It is noted that the orientation of crystallites in the polycrystalline
      disc of this example is similar to that of crystallites in the shaped
      polycrystalline articles of the foregoing Examples 1-5, namely, radially
      angularly disposed to the direction in which the press-forging force is
      exerted; that is, the orientation of the crystallites in a press-forged
      polycrystalline article may be compared with the orientation of radial
      brick in plural layers (as used in a chimney), except that the `layers` of
      crystallites are not uniformly horizontal but have their major axes,
      assumed to be in a generally radial direction, angularly disposed to the
      vertical axis or direction of compression. The angular disposition of the
      crystallites varies depending on the lattice characteristics of the
      archetype crystal, the shape of the polycrystalline article press-forged,
      the specific location in the article, the temperature and rate of
      deformation, and the characteristics and quantity of dopand incorporated.
      A record of the run follows:
TBL                TABLE III                                                   

     ______________________________________                                    

           Con-     Recorded       Ram Travel                                  

     Clock troller  Temp. of       Indicator                                   

     Time- Setting, Support  Load, Reading on                                  

     Hour  .degree.C.                                                          

                    Plate,   Tons  Press   Remarks                             

                    .degree.C.                                                 

     ______________________________________                                    

     1300  225      252                    Start press,                        

                                           lower ram                           

     1310  "        247                                                        

     1313  "        "              5-5/8                                       

     1315  "        "        13    5-9/16                                      

     1316  "        "        "     5-1/2                                       

     1317  "        "        "     5-7/16                                      

     1318  "        "        "     5-3/8                                       

     1319  "        "        15    5-3/16                                      

     1320  "        "        "     5                                           

     1321  "        "        "     4-7/8                                       

     1322  "        245      "     4-13/16                                     

     1323  "        "        "     4-3/4                                       

     1324  "        "        "     4-11/16                                     

     1325  "        "        "     4-5/8                                       

     1326  "        "        "     4-1/2                                       

     1327  "        "        "     4-3/8                                       

     1328  "        "        "     4-1/4                                       

     1329  "        "        "     4-3/16                                      

     1330  "        "        17    4                                           

     1331  "        "        "     3-13/16                                     

     1332  "        "        "     3-3/4                                       

     1333  "        "        "     3-11/16                                     

     1334  250      "        18    3-1/2                                       

     1335  "        "        "     3-3/8                                       

     1336  "        "        "     3-5/16                                      

     1337  "        "        "     3-1/4                                       

     1338  "        "        19    3-1/8                                       

     1339  "        "        "     3                                           

     1340  "        "        20    2-15/16                                     

     1341  "        "        "     2-7/8                                       

     1342  "        "        22    2-3/4                                       

     1343  "        "        "     2-11/16                                     

     1344  "        "        "     2-5/8                                       

     1345  "        "        24    2-9/16                                      

     1346  "        242      "     2-1/2   Press stopped,                      

                                           ram raised                          

     ______________________________________                                    

PAC  EXAMPLE 7
PAR  An optically integral, transparent, polycrystalline section 2 .times.
      `.times. 1.1 inches, cut from a polycrystalline extrudate of pure
      potassium chloride is placed between graphite-coated Inconel support
      plates in the same 300-ton hydraulic press as used in Example 6
      hereinabove, to be press-forged at a temperature lower than one-half the
      melting point measured in degrees Centigrade. The smallest dimension is
      the vertical dimension. As before, there is no radial constraint and an
      electric furnace is used to raise the entire assembly, including the
      rectangular parallelepiped section, or first polycrystalline mass, to a
      temperature of about 300.degree.C. As before, hot inert gas is used to
      flood the zone around the crystal just prior to press-forging it. When the
      crystal temperature is 300.degree.C., as measured by the thermocouple, the
      ram is lowered until an indicator on the ram indicates that the thickness
      of the first polycrystalline mass is reduced to about three-fourths inch.
      The rate of deformation is 1/16 in./min. and the load is applied to give a
      relatively uniform rate of deformation. The force required for the
      deformation is approximately 15 tons. When the assembly is cooled
      overnight, a second polycrystalline mass is obtained which is
      approximately 2.5 square and about 0.8 inch thick. After the release agent
      and lubricant is washed off, it is found that there are fracture visible
      in the second polycrystalline pressforged mass. It is apparent that, at
      the temperature selected for press-forging, namely 300.degree.C., a fully
      dense, optically integral mass free from fractures or voids is not
      obtained.
PAC  EXAMPLE 8
PAR  An optically integral, transparent, single crystal section 2 .times. 3
      .times. 4 inches, is cut from an arbitrarily selected portion of a
      melt-grown ingot of pure potassium chloride, with no regard to the
      orientation of the lattice axes of the single crystal or to the
      relationship of the lattice axes to the proposed direction of compression.
      The crystal is placed between graphite-coated Inconel support plates in
      the same 25-ton manual hydraulic press as used in Example 4 hereinabove,
      with the longest dimension 4 inches of the rectangular parallelepiped as
      the vertical dimension. As in Example 4 hereinabove, an electrical furnace
      is used to heat the support plates and crystal to a temperature of
      500.degree.C., which is above one-half the melting point of pure KCl
      measured in degrees Centigrade. When the single crystal section reaches
      500.degree.C. as measured by a thermocouple embedded in the upper support
      plate, just above the crystal, the radially unconstrained zone around the
      crystal is flooded with pre-heated inert gas, as before. The ram of the
      press is placed against the upper support plate and the ram is thereafter
      gradually lowered, by manual operation of the press, at a rate of 1/16
      in./min. Manual operation is continued until the support plate surfaces,
      spaced apart by the crystal therebetween, are approximately 1 inch apart,
      thus effecting a deformation ratio of 4. A completely transparent, fully
      dense polycrystalline sheet is obtained which is entirely free from
      fractures or cracks.
PAR  In a manner corresponding to that described in this Example hereinabove,
      two additional rectangular parallelepiped crystal sections, each 2 .times.
      3 .times. 4 inches and cut in an arbitrary direction from arbitrarily
      selected portions of a melt-grown ingot, as above, are similarly
      press-forged at a temperature of 500.degree.C., at a rate of 1/16
      in./min., and with a deformation ratio of 4. One crystal is placed in the
      press with the smallest dimension 2 inches being the vertical, and the
      other with the intermediate dimension 3 inches being the vertical. In each
      case, a fully dense sheet of polycrystalline KCl is obtained which, when
      cleaned, is completely transparent and exhibits less than 0.1 percent
      absorption of a relatively high power laser beam.
PAR  Regardless of the orientation of each rectangular parallelepiped single
      crystal section between the support plates in the press, a polycrystalline
      sheet is formed which, from the center, has radially diminishing grain
      size, and in which substantially all the individual crystallites assume an
      orientation radially angularly disposed to the direction in which the
      compression force is exerted. It is noted that the radial gradation in
      grain size is much the same in each press-forged polycrystalline article
      ranging in size from about 1 mm. near the center and diminishing radially
      outwards to about 50 microns near the periphery. It is expected that
      variation in grain size of a particular pressforged material may be
      influenced both by the actual number of definable single crystals in an
      essentially single crystal ingot section, as well as by the actual area of
      the crystalline mass in contact with the support plates.
PAR  It is also noted that the angular disposition of crystallites is similar in
      each of the three press-forged polycrystalline sheets formed in this
      Example, regardless of the orientation of the crystal between the support
      plates, or the orientation of the lattice axes in the crystal. It will be
      appreciated that, because of the microscopic size of the individual
      crystallites, it is difficult to define precisely the angles of the
      crystallites, even on a statistical basis. Those skilled in the art,
      however, will recognize that the orientation of the crystallites is
      clearly not random, is recognizably similar at equidistant locations from
      the vertical central axis of the archetype crystal, and, for a
      monocrystalline essentially single crystal section press-forged into a
      polycrystalline sheet, ranges from about 10.degree. to about 80.degree. to
      the vertical axis.
PAC  EXAMPLE 9
PAR  An optically integral, transparent, polycrystalline section 2 .times. 3
      .times. 4 inches, cut from a polycrystalline extrudate of pure potassium
      chloride extruded through a 2 .times. 3 inches opening, is placed between
      graphite-coated Inconel support plates in the same 300-ton hydraulic press
      as used in Example 6 hereinabove. The largest dimension 4 inches is the
      vertical dimension, which is also the direction in which the
      polycrystalline extrudate was extruded (vertically downwards). As before,
      there is no radial constraint and an electric furnace is used to raise the
      assembly, including the extrudate, to a temperature of about 500.degree.C.
      As before, pre-heated inert gas is used to flood the zone around the
      extrudate just prior to press-forging it. When the extrudate temperature
      is 500.degree.C., as measured by a thermocouple, the extrudate is
      press-forged with a rate of deformation of 1/16 in./min. until a
      deformation ratio of 4 is obtained. The compressive force required for
      deformation is approximately 25 tons and is in the same direction as the
      direction of extrusion of the extrudate. The polycrystalline extrudate is
      transformed into a polycrystalline sheet in which the grain size is
      ralatively uniform, but in which, starting from center, a radial outward
      diminution in grain size is still noticeable. The orientation of the
      crystallites of the polycrystalline sheet range from about 5.degree. near
      the center to 90.degree. near the periphery of the sheet.
PAR  In a manner analogous to that described hereinabove, two additional
      polycrystalline rectangular parallelepiped extrudate sections, each 2
      .times. 3 .times. 4 inches, are similarly press-forged at 500.degree.C.,
      at a deformation rate of 1/16 in./min. and with a deformation ratio of 4.
      In one instance, the smallest dimension 2 inches is the vertical
      dimension, and in the other, the intermediate dimension 3 inches is the
      vertical dimension. In each of these two instances, the compressive force
      exerted at right angles to the direction of extrusion of the extrudate
      section produces a completely transparent, fully dense polycrystalline
      sheet entirely free from cracks and voids. It is noted that the angular
      orientation of crystallites in the two sheets, formed by deformation
      orthogonal to the direction of extrusion, is relatively uniform and the
      layers of crystallites are relatively horizontal, that is, the angle of
      the major axes of the crystallites to the vertical direction of
      compression is in the range from about 50.degree. to 90.degree.. It is
      noted that, with pure potassium chloride, a first fully dense
      polycrystalline mass may be press-forged to obtain a second fully dense
      polycrystalline mass which is completely transparent to visible radiation
      regardless of the orientation of the first mass relative to the axes of
      crystallites between the support plates.
PAC  EXAMPLE 10
PAR  An optically integral, transparent, polycrystalline extrudate section, 2
      dia. .times. 4 inches long, of pure potassium chloride is placed
      horizontally in the center of a graphite-coated rectangular mold cavity
      2.25 .times. 4.25 inches in a female die. A male die, which is a
      rectangular block of Inconel, also coated with a release agent, is
      slidably disposed within the cavity with a close-clearance fit, and rests
      on the extrudate. The die assembly is placed in the same 300-ton hydraulic
      press used hereinbefore in Example 8 and the extrudate is heated to a
      temperature of 500.degree.C. by an electric furnace as before. When the
      temperature is steady, the ram is gradually lowered, flattening the
      horizontal extrudate, at a rate of about 1/16 in./min. When the load on
      the press begins to rise sharply and no downward movement of the ram is
      indicated, the press is shut off and the ram raised. When the assembly is
      allowed to cool overnight, a pressforged rectangular window 2.25 .times.
      4.25 .times. 1.134 inches, formed with a deformation ratio of 1.47, is
      removed from the mold cavity and cleaned. It is found that the window is
      completely transparent, fully dense and free of cracks or fractures. The
      window is transparent to both visible light and laser beams.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for press-forging a melt-grown ingot of an ionic salt selected
      from an alkali metal halide and an alkaline earth metal halide comprising
      maintaining said ingot at a temperature below its melting point, but
      greater than one-half its melting point measured in degrees Centigrade,
      gradually pressing said ingot at said temperature between opposed
      spaced-apart surfaces exerting sufficient pressure to move one surface
      closer to the other to provide a deformation ratio of at least 1.5,
      maintaining the physical and optical integrity of said ingot, effecting a
      general deformation of said ingot regardless of the theoretical number of
      individual slip systems characteristic of its lattice structure or the
      orientation of said ingot between said surfaces, and simultaneously
      effecting transformation of the essentially monocrystalline ingot to a
      polycrystalline form.
NUM  2.
PAR  2. A process for press-forging an optically integral polycrystalline
      extrudate of an ionic salt selected from an alkali metal halide and an
      alkaline earth metal halide comprising maintaining said polycrystalline
      extrudate at a temperature below its melting point but greater than
      one-half its melting point measured in degrees Centigrade, gradually
      pressing said extrudate at said temperature between opposed spaced-apart
      surfaces so as to provide an unconfined space between said surfaces,
      exerting sufficient pressure to move one surface closer to the other
      without fracturing said extrudate, so as to effect a compressive
      deformation of said extrudate regardless of the theoretical number of
      individual slip systems characteristic of the lattice structure of said
      extrudate or the orientation of said extrudate between said surfaces, and,
      simultaneously effecting a change of the original generally linear
      orientation of crystallites in said extrudate to a radial orientation in
      said article, said orientation being generally angularly disposed to the
      direction in which said pressure is exerted.
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PAL  A process for the recovery of metal values, principally molybdenum, by
      contacting an acidic aqueous solution containing iron, copper and sulfate
      ions in addition to the metal values to be recovered with an alkyl amine
      dissolved in a water-insoluble liquid hydrocarbon and subsequently
      contacting the resultant organic phase in multiple stages at controlled
      pH.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my application U.S. Ser. No.
      436,949, filed on Jan. 28, 1974, now abandoned entitled "Molybdenum
      Recovery."
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved process for the recovery of
      metal values present at low concentration in acidic aqueous solutions and
      more particularly to a process for the extraction of molybdenum values and
      the like which are present at concentrations relatively lower than other
      metal values, e.g. copper and iron or ions, e.g. sulfate which are
      undesirable in the recovered metal.
PAC  PRIOR ART
PAR  The extraction of metal values from aqueous streams using complexing agents
      such as amines, e.g. tertiary amines, in organic solvents has been
      practiced for some time. In certain systems the efficiency of extraction
      is improved by incorporating certain promoters in the amine-organic. For
      example, U.S. Pat. No. 2,558,288, issued on Jan. 26, 1971 teaches the use
      of a carboxylic acid as a promoter and U.S. Pat. No. 3,576,595 teaches the
      use of an alkyl phosphate promoter. It has been recognized that the ratios
      of organic extractant to aqueous solution as well as the pH of the aqueous
      solution affect the extraction as set forth in U.S. Pat. No. 3,598,519,
      issued on Aug. 10, 1971 and U.S. Pat. No. 3,458,277, issued on July 29,
      1969.
PAR  Various extractants, e.g. quaternary ammonium compounds (U.S. Pat. No.
      3,244,475, issued on Apr. 5, 1961), di-2-ethylhexyl phosphoric acid (U.S.
      Pat. No. 3,607,008, issued on Sept. 21, 1971) and difatty hydroxyalkyl
      amines (U.S. Pat. No. 3,341,305, issued on Sept. 12, 1967) have also been
      disclosed.
PAR  The separation of molybdenum from other metal values using amine
      extractants is disclosed in U.S. Pat. No. 3,681,016, issued on Aug. 1,
      1972 while the purification of molybdenum salts by selective
      crystallization is described in U.S. Pat. No. 3,357,821, issued on Dec.
      12, 1967 and U.S. Pat. No. 3,681,016, issued on Aug. 1, 1972.
      Amine-organic extraction has been applied to a variety of streams
      including those obtained by the roast leaching of sulfide-containing ore
      bodies as illustrated in U.S. Pat. No. 3,455,677, issued on July 15, 1969.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is directed to a process for recovering metal values,
      principally molybdenum, from acidic aqueous solutions wherein the
      concentration of molybdenum is low relative to other ions, e.g. copper,
      iron and sulfate. As employed herein the term iron means the ferric ion
      while the term sulfate includes the sulfate ion (SO.sub.4 .sup.=) as well
      as other forms of sulfate, e.g. bisulfate. The present process comprises
      contacting the aqueous acidic solution with an alkyl amine dissolved in a
      substantially water-insoluble liquid hydrocarbon while maintaining the
      solution at a pH less than about 4.5 and less than about 1.5 if
      significant quantities of iron ions are present. If the pH of the aqueous
      was maintained at less than 1.5 the aqueous and organic phases are
      separated and the organic phase thereafter contacted with a second aqueous
      solution maintained at a pH in the range of about 3.0-4.5 to strip the
      anions which are extracted by the amine along with the metal values. The
      organic and aqueous phases from either the one-stage or two-stage
      extraction as described above are separated and thereafter the organic
      phase is contacted with an aqueous solution maintained at a pH greater
      than about 4.5 to extract substantially all of the molybdenum values in
      the organic phase.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic of the present process. FIG. 2 is a plot of the
      concentration of sulfate and molybdenum in the aqueous stripping solution
      vs. pH of the solution.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The extraction process of the present invention is particularly useful in
      the extraction of molybdenum ions although ions of other transition metals
      such as chromium, tungsten and uranium can also be extracted. Typically
      these metal ions are obtained in acidic aqueous solution from conventional
      hydrometallurgical processes which leach metal values from ores or ore
      concentrates using acids at elevated temperature. More particularly, the
      present process can recover molybdenum from a leach solution obtained by
      countercurrently contacting an ore concentrate, e.g. chalcopyrite, with an
      aqueous solution of nitric and sulfuric acids at a temperature in the
      range 100.degree.-110.degree.C. In a typical process the leach solution
      initially contains, based upon the iron and copper in the chalcopyrite,
      about 1.4-1.7 parts of sulfuric acid per part of copper, about 2.0-3.0
      parts of sulfuric acid per part of iron, and about 2.0-4.0 parts of nitric
      acid per part of copper and water to produce a final solution containing
      about 4-9 parts of copper per 100 parts of solution. After the leaching,
      the nitrate in the solution is then reduced to less than about  10 grams
      per liter in the presence of fresh concentrate and ferrous ion is
      generated.
PAR  After separating the liquid and solids from the leaching step, the liquid
      which contains at least 2.7 parts of ferrous ion per part of nitrate ion
      is then heated to a temperature in the range 160.degree.-180.degree.C.
      wherein the ferrous and nitrate ions react with the result that the
      nitrate concentration is reduced to less than about one gram per liter.
      This solution may be treated according to the process of the present
      invention. After molybdenum recovery the resultant solution is contacted
      with ammonia and molecular oxygen at a temperature in the range
      160.degree.-180.degree.C. to precipitate iron as ammonojarosite. After the
      precipitate is removed the solution now containing less than 5 grams/liter
      or iron is directed to conventional electrolytic cells where 40-75 percent
      of the copper is recovered by conventional techniques. For example, the
      solution (electrolyte) can be introduced into cells having a high internal
      rate of circulation of electrolyte such as those disclosed in U.S. Pat.
      No. 3,483,568 issued on Dec. 16, 1969 and U.S. Pat. No. 3,558,466 issued
      on Jan. 26, 1971. Conventionally a current density of 10-20 amps/ft.sup. 2
      is employed and the copper in solution is reduced to about 1-4 parts per
      100 parts of solution while maintaining a temperature of
      25.degree.-60.degree.C. A portion of this spent electrolyte, e.g. 2-15
      percent of the total stream, is removed as purge and treated according to
      the process of this invention. It should be apparent that the present
      process can also be applied to hydrometallurgical processes which do not
      employ nitric acid to leach the ore or which provide a leach solution
      having low levels of nitrate.
PAR  A more complete understanding of the present invention may be had by
      referring to the drawing of FIG. I attached hereto and made a part of the
      present specification which shows a continuous process for recovering
      molybdenum values from a leach liquor such as that described hereinabove.
      The leach liquor is introduced via line 1 into mixer 2 where it is
      thoroughly contacted with a solution of an amine in an organic liquid
      introduced via line 25. The mixture then passes to separator 3 where the
      aqueous phase is removed via line 4 and optionally directed to a suitable
      device here illustrated as char column 5 to remove residual organic before
      returning the aqueous stream to the leaching process. The organic phase in
      separator 3 flows over weir 6 and is continuously withdrawn via line 7
      where a portion is recycled via line 8 to mixer 2 and thereby increases
      the molybdenum content of the organic. The remaining portion of the
      organic is directed via line 10 to mixer 9 where it is thoroughly
      contacted with aqueous stream 11 whose pH is controlled by aqueous ammonia
      introduced via line 12. The mixture is then directed to separator 13 and
      the resultant aqueous phase is removed via line 14 and a portion thereof
      recycled to mixer 9 via line 15 to increase the sulfate ion concentration.
      The remaining portion of the aqueous stream may be discarded or treated in
      char column 16 for return to the leaching process. The organic phase from
      separator 13 is directed to mixer 21 via line 20 where it is contacted
      with a recycle stream 22 where pH is maintained sufficiently high for
      efficient stripping of the molybdenum by the introduction of ammonia from
      line 23. The mixture is then passed to separator 24 where the organic
      phase, now substantially free of molybdenum values, is recycled via line
      25 to mixer 2. As set forth above, a portion of the aqueous phase from
      separator 24 is recycled to mixer 21 via line 22 to increase the
      concentration of molybdenum therein while the remainder is directed to
      mixer-settler 26 where, if desired, undesirable heavy metals such as
      phosphorus and arsenic may be removed as precipitate by the introduction
      of magnesium sulfate. The liquid is then directed to evaporator 27 and
      resultant vapors (principally ammonia) are recycled via line 23 to mixer
      21. Ammonium molybdate crystallizes in evaporator 27 and is removed while
      the mother liquor is recycled to mixer 9 via line 19.
PAR  The water-insoluble amines employed in the recovery process of the present
      invention contain sufficient aliphatic hydrocarbon to impart water
      insolubility while maintaining satisfactory solubility in the organic.
      Primary, secondary, tertiary and quaternary amines can be employed as well
      as mono- and polyamines. Examples of the latter include
      tetradecylhexamethylenediamine, sym. didodecyldioctylhexamethylenediamine
      and sym. octyltetradecyl-bis hexamethylenetriamine. Tertiary amines of the
      general formula
      ##EQU1##
      are preferred because of superior iron rejection wherein the R.sub.1,
      R.sub.2 and R.sub.3 substituents are the same or mixed aliphatic
      hydrocarbon radicals such that the average number of carbon atoms in the
      amine is in the range 18-54 and preferably 18-39. Examples of such
      preferred tertiary amines include the amines tricapryl, triisooctyl,
      triisodecyl, trilaural, tristridecyl, tridecyl, propyldioctyl,
      dihexyldodecyl and butyldidecyl. The amine is present at a concentration
      of 0.15-0.4 and preferably 0.2-0.3 moles per mole of the hydrocarbon
      solvent therefor.
PAR  The substantially water-insoluble solvent for the amine can be any of the
      hydrocarbon petroleum distillates such as kerosene,, naphtha, benzene,
      toluene and the like, including mixtures of the foregoing organics.
      Hydrocarbons having 6-18 carbon atoms are preferred. Also operable as
      solvents in the present invention are aliphatic hydrocarbons and
      preferably mixtures thereof with the above aromatics to obtain the
      advantages of the lower cost and toxicity of the aliphatics while
      minimizing the disadvantage of lower solubility of the molybdenum amine
      complex. Readily available aromatic solvents include branched chain
      benzenes having an average molecular weight of about 150 e.g., those sold
      under the terms "Hi SOL 15" which contains at least 83 percent aromatics
      and has a boiling range of 182.degree.-204.degree.C. and a flash point of
      about 45.degree.C. and "Aromatic 150" which contains about 97 percent
      aromatics and has a boiling range of 184.degree.-213.degree.C., a flash
      point of 66.degree.C. and a specific gravity of 0.89. Available aliphatic
      hydrocarbons include those sold under the term "Napoleum 470" which is a
      distillate of sweet midcontinent crudes and has a specific gravity of
      0.81, a distillation range of 210.degree.-240.degree.C., an average
      molecular weight of about 175 and a flash point of 83.degree.C. The
      selection of the organic solvent is not critical provided that the amine
      is sufficiently soluble therein and the resultant organic solution is
      readily separable from the aqueous streams being treated.
PAR  Control of the pH of the various aqueous streams which contact the
      amine-organic and the maintenance of a minimum nitrate concentration are
      important to the efficient practice of the process of the present
      invention. In one embodiment of this process the pH of the aqueous stream
      in the initial extraction is controlled to prevent iron pickup by the
      amine which can occur to an appreciable extent at a pH above about 1.1 at
      normally employed amine concentration. Iron interferes with phase
      separation and more sophisticated separation procedures are required if it
      is present. Slightly higher pH, i.e. 1.2- 1.3 is acceptable at lower amine
      concentrations, however, the extraction efficiency or distribution
      coefficient for molybdenum decreases with at least about the second or
      third power of the amine concentration whereas the iron extraction
      decreased only by the first power with decreasing amine concentration.
      Although iron extraction decreases with decreasing pH, a commercially
      acceptable degree of molybdenum extraction is not realized at a pH below
      about 0.5. Thus the initial extraction of aqueous solution containing
      significant amounts of iron, i.e., above about 0.5 grams/liter, should be
      conducted at a pH in the range 0.5- 1.3. If the concentration of iron is
      greater than about 15 grams per liter in the aqueous solution, it is
      preferred to conduct the initial extraction at a pH in the range 0.8- 1.0.
      As will be apparent to those skilled in the art, the above pH range can
      vary somewhat depending principally upon the concentration of amine, iron,
      sulfate and molybdenum in the aqueous stream and the temperature and ratio
      of organic to aqueous solutions. The adjustment of the foregoing variables
      to realize satisfactory iron rejection at a pH somewhat outside of the
      above range is possible without departing from the spirit of the present
      invention. Sulfate is extracted by the amine-organic along with desired
      metal values, principally molybdenum, making it necessary to control the
      concentration of sulfate in the present system to minimize contamination
      of the molybdenum with sulfur. In accord with the present invention
      sulfate is controlled after the initial extraction by stripping a
      substantial portion thereof from the metal rich organic phase under
      controlled pH. It has been found that the sulfate retained in the organic
      phase decreases more rapidly than molybdenum with increasing pH. This
      function is illustrated graphically in FIG. 2 attached hereto and made a
      part of the present specification. The values depicted were generated by
      contacting 100 parts by volume of an organic solution containing 10
      percent "Alamine 336" (a tertiary amine wherein the number of carbon atoms
      in the substituent groups averages about 8) in "Aromatic-150" with 80
      parts by volume of an aqueous stream initially containing 200 grams per
      liter SO.sub.4.sup.=  and 6 grams per liter of Mo and then separating the
      aqueous and organic phases. Approximately 100 parts of the organic phase
      was then contacted with 70 parts of an aqueous solution containing 12
      grams/liter SO.sub.4.sup.=  while varying pH by the addition of sodium
      hydroxide to the mixture. The system was maintained at room temperature
      during the test. It may be seen that under the above conditions the
      concentration of sulfate in the organic decreases rapidly in the pH range
      of about 1.3 to 4.5 while the concentration of molybdenum is substantially
      unchanged. The decrease in sulfate above a pH 4.5 is more gradual,
      however, the concentration of molybdenum begins to decrease above pH 4.5
      to about 5.0 where the decrease becomes rather abrupt. Thus it was found
      that the undesirable sulfate may be preferentially stripped from the
      organic phase to acceptable low levels without stripping a significant
      amount of molybdenum. It is preferred to strip the sulfate at a pH in the
      range 3.5- 4.5.
PAR  After the desired amount of sulfate is stripped the organic can be
      recovered and then contacted with an aqueous solution having a pH greater
      than about 4.5 and preferably greater than 5.5 and most preferably in the
      range 7.0 -10.0 to strip molybdenum without stripping unacceptable amounts
      of sulfate.
PAR  Nitrate is extracted along with the sulfate but is not conveniently removed
      when the sulfate is stripped. Any nitrate which is taken up by the amine
      is subsequently stripped along with the molybdenum with the result that
      greater amounts of ammonium nitrate are formed which must be removed
      before the final recovery of molybdenum.
PAR  The following examples are presented to illustrate but not to restrict the
      present invention.
PAC  EXAMPLE 1
PAR  The apparatus employed to practice the process of the present invention
      consisted of five mixer-settler tanks of stainless steel having dimensions
      of 10 inches .times. 3 inches .times. 3 inches, with each tank being
      divided into a mixing, settling and overflowing compartment with the
      settling compartment occupying approximately twice the volume of the
      mixing or overflow compartments. The liquid transfer is arranged to
      provide countercurrent flow of organic and aqueous phases in each of the
      three extraction stages. More particularly, the organic phase or solution
      is introduced into the mixing section of the first extractor and the
      aqueous phase or solution is introduced in the mixing section of the third
      extractor. Spent aqueous solution is withdrawn as the lower layer from the
      first extractor and molybdenum rich organic phase is withdrawn from the
      overflow compartment of the third extractor. The aqueous solution from the
      lower layer of the settling compartment of the second extractor is
      directed to the mixing compartment of the first extractor and the aqueous
      solution from the lower layer of the settling compartment in the third
      extractor is directed to the mixing compartment of the second extractor.
      The organic phase passes from the overflow compartment of the first
      extractor to the mixing compartment of the second extractor and from the
      overflow compartment of the second extractor to the mixing compartment of
      the first extractor. The organic phase from the overflow compartment of
      the third extractor is passed to the mixing section of the first stripping
      stage and from the overflow compartment of the first stripping stage to
      the mixing compartment of the second stripping stage. The organic phase
      from the overflow compartment of the second stripping stage is recycled to
      the mixing stage of the first extraction stage. The unit is started up by
      filling the extraction and stripping stages with an organic solution of 11
      percent "Alamine 336" in "HiSOL 15" following which an aqueous solution
      having the following composition
TBL  pH               -- 0.8                                                   

     Fe.sup.2.sup.+   -- 2.0 g/l                                               

     Fe.sup.3.sup.+   -- 33.0 g/l                                              

     Cu               -- 70.0 g/l                                              

     Mo               -- 0.40 g/l                                              

     Se               -- 0.024 g/l                                             

     As               -- 0.020 g/l                                             

     P                -- 0.017 g/l                                             

     Sb               -- 0.013 g/l                                             

     Te               -- 0.012 g/l                                             

     NO.sub.3.sup.-   -- &lt;1 g/l                                                

     SO.sub.4.sup.2.sup.-                                                      

                      -- balance of anions                                     

PAL  is introduced at a rate of 60 ml/min. into the mixing compartments of the
      third extraction stage. After the settling compartments contained about 50
      percent by volume of the aqueous solution the above described organic
      solution is introduced at 15 ml/minute into the mixing compartment of the
      first extraction stage. All solutions are maintained at approximately
      55.degree.C. in the apparatus. The organic phase entering the separating
      compartment from the third extraction stage is introduced into the mixing
      compartment of the first stripper where it is contacted with 10 ml/min. of
      a solution containing two moles per liter acetic acid and 1.5 moles per
      liter of ammonium acetate (pH 4.6). The emulsion is permitted to separate
      and settle in the settling compartment of the first stripping stage and
      the aqueous phase is removed and recycled to the mixing stage at the
      above-mentioned rate. The organic phase from the overflow compartment of
      the first stripping stage is then directed to the mixing compartment of
      the second stripping stage where it is contacted with 10 ml/min. of an
      aqueous solution containing two moles per liter of ammonium carbonate (pH
      10). The emulsion produced thereby is permitted to separate in the
      settling compartment of the second stripping stage and the organic phase
      which is removed from the overflow compartment of the second stripping
      stage is returned to the mixing compartment of the first extraction stage
      at the above indicated rate. Periodically ammonium hydroxide is introduced
      in the recycle stream of the first stripping stage to maintain the pH at
      approximately 4.6. The depleted aqueous solution is removed from the
      settling compartment of the first extraction stage and returned to a
      reservoir where concentrated solutions of sulfuric acid and molybdenum are
      introduced to maintain the molybdenum and sulfate concentrations and pH
      substantially constant in the system and to maintain a substantially
      constant total volume. The recycle organic is analyzed for molybdenum
      after extended periods of operation and is found to be substantially free
      of molybdenum, i.e. less than 0.5 percent, while the first stripping stage
      recycle contains 4.0 grams/liter molybdenum and 3 grams/liter of sulfate.
      The overall extraction averages approximately 80 percent in the first
      extraction stage and 94 percent in overall in three stages with three
      minutes holdup time in each mixing compartment.
PAC  EXAMPLE 2
PAR  Approximately 50 ml. of aqueous solution which was introduced into the
      mixing section of the third extraction stage of Example 1 and which
      contained 6.0 grams per liter of molybdenum was mixed at room temperature
      with 50 ml. of an organic solution of "Aromatic 150" containing 10 percent
      of "Alamine 336" (a tertiary amine having chains of 8-10 carbon atoms).
      The mixture was permitted to settle and the organic phase which contained
      5.9 grams/liter of molybdenum and 7 grams/liter of SO.sub.4.sup.2- was
      stirred with 61.5 ml. of 0.81 molar ammonium sulfate while maintaining the
      pH at approximately 4.7. The phases were then permitted to separate and
      the organic was clarified by filtration and then stirred with 50 ml. of 6
      molar aqueous ammonia. The aqueous phase which contained 5.9 grams/liter
      of molybdenum and 1.1 grams/liter of SO.sub.4.sup.2- was analyzed for
      arsenic, phosphorus, tellurium, selenium and copper and assuming that all
      the foregoing would be contained in the molybdenum eventually recovered as
      the oxide, the oxide would contain 66.7 percent of molybdenum, 0.14
      percent arsenic, 0.15 percent phosphorus, 0.005 percent selenium, less
      than 0.2 percent copper, 0.002 percent antimony and less than 0.007
      percent tellurium. Most of the foregoing impurities can be reduced to
      trace amounts if the aqueous phase is treated with magnesium sulfate
      before the molybdenum is recovered.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for the recovery of metal values from acidic aqueous solutions
      comprising ions of molybdenum, iron and sulfate and wherein nitrate is
      less than one gram per liter of solution comprising (a) contacting said
      aqueous solution with an extractant consisting essentially of a
      substantially water-insoluble liquid hydrocarbon having at least 0.15
      moles per liter of hydrocarbon of an alkyl amine dissolved therein while
      maintaining said aqueous solution at a pH of less than about 1.3 to
      selectively extract molybdenum and sulfate ions into the organic phase and
      thereafter separating the aqueous phase from the organic phase, (b)
      contacting the organic phase from step (a) with an aqueous solution
      maintained at a pH in the range of about 1.3 to about 4.5 to selectively
      strip sulfate ions from the organic phase and thereafter separating the
      aqueous phase from the organic phase, (c) contacting the organic phase
      from step (b) with an aqueous solution maintained at a pH of at least
      about 4.5 to strip the molybdenum values from said organic phase.
NUM  2.
PAR  2. The process of claim 1 wherein the alkyl amine is a tertiary amine
      containing 18-54 carbon atoms and the liquid hydrocarbon is an aromatic
      hydrocarbon containing 6-18 carbon atoms.
NUM  3.
PAR  3. The process of claim 2 wherein said amine is present in said hydrocarbon
      at a concentration of 0.15 -0.4 moles per mole of hydrocarbon.
NUM  4.
PAR  4. The process of claim 3 wherein said concentration is in the range
      0.2-0.3 moles per mole of hydrocarbon.
NUM  5.
PAR  5. The process of claim 3 wherein the tertiary amine contains 18-39 carbon
      atoms.
NUM  6.
PAR  6. The process of claim 1 wherein the pH of the aqueous solution is
      maintained in the following ranges
TBL  1. Step (a)       -- 0.5-1.3                                              

     2. Step (b)       -- 1.3-4.5                                              

     3. Step (c)       -- greater than 5.5                                     

NUM  7.
PAR  7. The process of claim 6 wherein said amine is present in said hydrocarbon
      at a concentration of 0.15-0.4 moles per mole of hydrocarbon.
NUM  8.
PAR  8. The process of claim 7 wherein said tertiary amine contains 18-39 carbon
      atoms.
NUM  9.
PAR  9. The process of claim 8 wherein the pH of the aqueous solution is
      maintained in the following ranges
TBL  1. Step (a)         -- 0.8-1.0                                            

     2. Step (b)         -- 3.5-4.5                                            

     3. Step (c)         -- 7.0-10.0.                                          

NUM  10.
PAR  10. The process of claim 9 wherein the amine is present in said hydrocarbon
      at a concentration of 0.2-0.3 moles per mole of hydrocarbon.
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ABST
PAL  Processes for preparing vanadium- and chlorine-free sodium bichromate which
      comprises concentration of a sodium chromate liquor so as to cause
      formation of crystals of neutral sodium chromate tetrahydrate, separation
      of these crystals from their mother liquor, treatment thereof with
      sulfuric acid, concentration of the acid solution obtained, and after
      separation of insoluble sodium sulfate so formed, crystallization of
      sodium bichromate.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to processes for producing crystallized
      sodium bichromate and more particularly to an improvement of the classical
      procedure of preparing crystallized sodium bichromate dihydrate, Na.sub.2
      Cr.sub.2 O.sub.7. 2H.sub.2 O, to permit production of a very pure product
      free from chlorine and vanadium impurities, such impurities arising either
      from the original chrome ore or from materials used in the treatment of
      such ore.
PAR  It is known to produce sodium bichromate by various methods. Industrially,
      the preparation is carried out starting with chrome-containing minerals of
      which the most usual is chromite. The ore is subjected to an alkaline
      oxidation to form sodium chromate, and the chromate is separated from the
      mineral gangue by lixiviation or leaching with water. The resulting sodium
      chromate solution is freed of alumina by precipitation using partial
      acidification to a pH of about 9. The solution or wash liquor of neutral
      sodium chromate obtained is converted to bichromate liquor by treatment
      with sulfuric acid. The insoluble sodium sulfate formed during the acid
      treatment is separated, and the remaining liquor is concentrated to cause
      crystallization of the sodium bichromate. One such process is shown in
      German Pat. No. 113,086, issued July 20, 1900.
PAR  The sodium bichromate obtained by the foregoing classical process is not
      pure. Chlorine and vanadium impurities are present, and these are
      particularly troublesome for uses in which the products derived from
      sodium bichromate are generally destined. These products are, for example,
      chromic acid and the basic sulfates of chromium. In particular, the
      presence of vanadium is totally prohibited in chromium sulfate utilized in
      tanneries because it causes the appearance of brownish stains on the
      tanned leather.
PAR  In the past the chemical methods to eliminate the vanadium contained in
      sodium bichromate or in its solutions have not been economical. It has
      been proposed to obtain vanadium-free sodium bichromate by subjecting the
      chromate solution to a special treatment for removing the vanadium, for
      example by a lime treatment which eliminates the vanadium in the form of
      insoluble calcium metavanadate. This treatment presents cost difficulties
      because it occasions a loss of chrome values in insoluble forms,
      especially increasing with high content of trioxide, C.sub.r O.sub.3, in
      the chromate wash.
PAC  THE INVENTION
PAR  The process of the present invention permits preparation in a simple and
      efficient manner of pure sodium bichromate without losses to appreciably
      increase the cost of obtaining a product. The invention rests on the
      surprising discovery that, starting with the sodium chromate wash liquor
      containing the impurities, it is possible to obtain crystals of this
      chromate salt which do not contain any of the aforesaid impurities and to
      concentrate the wash liquor in a manner so as to cause crystallization of
      sodium chromate tetrahydrate. This discovery is especially surprising when
      it is considered that concentration of the impure bichromate wash liquor
      always leads to impure crystals of sodium bichromate.
PAR  The process of the present invention for preparation of sodium bichromate
      accordingly consists of concentrating the sodium chromate liquor in such a
      manner that the formation of crystals of the tetrahydrate of neutral
      chromate of sodium is caused, separating such crystals from the mother
      liquor, treating these crystals with the sulfuric acid and concentrating
      the aqueous solution obtained after separation of the insoluble sodium
      sulfate formed to cause sodium bichromate crystallization.
PAR  The present invention is further described with reference to FIG. 1.
PAR  The sodium chromate wash liquor utilized in the present invention can be
      prepared by any of the known procedures. Such processes are described, for
      example, by Paul Pascal in Traite de Chimie Minerale (1933 edition) Volume
      10, page 545.
PAR  The operating conditions for intermediate crystallization of the neutral
      sodium chromate according to the present invention are set forth
      hereinafter.
PAR  The concentration of the sodium chromate wash liquor is carried out to
      provide crystallization of the neutral sodium chromate tetrahydrate by
      operation in a temperature range where this salt is stable, more
      specifically, at a temperature below about 60.degree.C. It is desirable in
      carrying out the present invention to operate at a temperature between
      26.degree. and 60.degree.C. It can be advantageous to provide evaporation
      of the wash liquor very rapidly below atmospheric pressure. This can be
      carried out at reduced pressure, preferably at a pressure between 10 and
      100 mm Hg. For example, when the concentration is carried out at a
      temperature between 30.degree. and 40.degree.C, a pressure between 10 and
      30 mm Hg is utilized.
PAR  It has also been discovered that the purity of the neutral sodium chromate
      tetrahydrate crystals, and accordingly of the sodium bichromate prepared
      starting with the tetrahydrate, is optimum when the pH of the sodium
      chromate wash liquor is adjusted, depending on its concentration, to a
      value between about 7 and about 8.5, and preferably between about 7.2 and
      about 7.4. In the case where the sodium chromate wash liquor is provided
      by alkaline oxidation of chromite minerals, its pH, which is in the
      neighborhood of 9 after the alumina removal step is lowered. This can
      readily be carried out by the addition of an acid, desirably a mineral
      acid such as sulfuric acid, in appropriate quantity, but it is preferred
      to utilize for this purpose the mother liquor remaining from a preceding
      crystallization of sodium bichromate.
PAR  Concentration of the chromate wash liquor may be pushed sufficiently far to
      have a higher yield of tetrahydrate crystals. However, beyond a certain
      limit, the mass obtained becomes difficult to handle and the crystals,
      even if they are well drained, retain a certain amount of the mother
      liquor and this lowers the purity of the final salt obtained. It has been
      found that it is possible to obtain good purity of chromate crystals and
      at the same time an easy-to-handle mass by concentrating the wash liquor
      so that between 30 and 50 percent of the quantity of C.sub.r O.sub.3
      values initially contained in the wash liquor is crystallized. The mother
      liquor accordingly contains from about 50 to about 70 percent of the
      initial C.sub.r O.sub.3 value after crystallization, and its concentration
      of C.sub.r O.sub.3 is then between about 28 and 29 percent. All parts,
      percentages, proportions and ratios herein are by weight, unless otherwise
      indicated.
PAR  It is possible to obtain a very high crystallization efficiency which may
      reach 96 percent, without experiencing the difficulties mentioned above in
      connection with the prior art methods by diluting the mass with chromate
      mother liquor obtained from previous operation of the process.
PAR  Even under these conditions, the purity of the chromate tetrahydrate
      crystals obtained may be found to be greatly reduced if there is a large
      amount of impurities in the initial chromate wash liquor. In this case it
      is possible to rid the crystals of such impurities by subjecting them to a
      wash with an aqueous solution of pure sodium chromate prepared by
      dissolving in water a portion of the crystals obtained in previous
      operation of the process. The wash solution should have a C.sub.r O.sub.3
      concentration substantially equal to that of the mother liquor, that is,
      28 to 29 percent of C.sub.r O.sub.3. The wash can be carried out at a
      temperature between 25.degree. and 60.degree.C, and it is preferably
      carried out between 30.degree. and 40.degree.C.
PAR  The sodium bichromate dihydrate is obtained by treating an aqueous sodium
      chromate solution prepared in the manner described hereinafter by
      treatment with concentrated sulfuric acid.
PAR  It may be equally advantageous to operate with recycle of the bichromate
      mother liquor. By way of example, it has been found that about ten parts
      of chrome, in the form of sodium chromate tetrahydrate crystals, can be
      dissolved in a volume of recycled sodium bichromate solution corresponding
      to about 15 parts of the chrome. The mixture is acidified down to a pH of
      between about 3.9 and 4.3, preferably to about 4, with sulfuric acid while
      maintaining the temperature between 50.degree. and 60.degree.C. The
      quantity of chrome values entrained by the precipitating sodium sulfate
      which is separated is very small, in general less than about 0.25 percent
      of the sodium sulfate. The solution is thereafter concentrated in any
      convenient manner known in the art to cause crystallization of the sodium
      bichromate dihydrate.
PAR  The mother liquor from the crystallization of the neutral sodium chromate
      still contains a certain quantity of C.sub.r O.sub.3. This can be utilized
      for the preparation of sodium bichromate intended for uses which can
      tolerate the presence of chlorine and vanadium, such as the preparation of
      pigments. Nevertheless it may be noted that the residual liquor is
      susceptible to treatment by any appropriate method, for example, treatment
      with lime to reduce the amount of vanadium contained therein. The volume
      of mother liquor is small by comparison to the amount of the initial
      chromate wash liquor and thus the equipment required for its treatment is
      not considerable and the cost of such purification minimal, in comparison
      with that where all the chromate wash solution is purified according to
      the prior art technique.
DRWD
PAR  The process of the present invention can be carried out continuously or
      batchwise. FIG. 1 of the single drawing attached hereto schematically
      shows by way of example one way for the continuous operation of the stage
      for formation of sodium chromate tetrahydrate crystals, and the present
      invention will be further described with reference to the drawing.
DETD
PAR  A chromate wash liquor is introduced through conduit 1 into an evaporator 2
      equipped with cooling means and operating under reduced (i.e.,
      subatmospheric) pressure. Recycled mother liquor is simultaneously
      introduced into evaporator 2 through conduit 3, and the chromate liquor
      used to wash the sodium chromate crystals can be supplied through conduit
      4. The slurry of chromate crystals leaving evaporator 2 is conducted to
      the crystallizer 5 where it is cooled to between 25.degree. and
      30.degree.C, then through drainer 6 maintained at the same temperature.
PAR  The mother liquor issuing from the drainer through line 11 is divided into
      two fractions, the more important fraction is recycled to evaporator 2 via
      conduit 3; the othe fraction is removed or sent through line 13 to reactor
      7 for devandization treatment to provide devanadated liquor which issues
      through conduit 15. The crystals of sodium chromate tetrahydrate, Na.sub.2
      C.sub.r O.sub.4. 4H.sub.2 O formed in drainer 6 are washed with a solution
      of pure sodium chromate introduced through line 17 and having a chromium
      trioxide content of 28 to 29 percent, the pure chromate solution being
      made up in dissolver 8 with water introduced into dissolver 8 through line
      19 and part of the pure sodium chromate crystals. The washed chromate
      crystals leaving drainer 6 are withdrawn through line 12. One part of the
      pure crystals is introduced through line 14 to the dissolver to provide
      the aqueous wash solution; the other part is removed from the cycle as
      product through line 16. In controlling the proportion of recycled mother
      liquor through line 3, the proportion of chromate obtained in the form of
      crystals, i.e., the crystallization yield, can be varied at will. The
      yield can be as high as 96 percent and in this case the volume of mother
      liquor removed through conduit 13 (and optionally subjected to
      devanadization) is found to be reduced to the neighborhood of 4 percent of
      the initial volume of wash liquor.
PAR  The following examples describe preparation of pure sodium chromate
      starting with an impure solution of sodium chromate according to the
      procedure of this invention. The chromate wash utilized in these examples
      is one provided by alkaline oxidative roasting of chromate minerals.
PAR  The following examples are given to illustrate embodiments of the invention
      as it is presently preferred to practice it. It will be understood that
      these examples are illustrative, and the invention is not to be considered
      as restricted thereto except as indicated in the appended claims.
PAC  EXAMPLE I
PAR  A 174 g quantity of chromate wash solution, from which the alumina has been
      removed is adjusted to a pH of 8 by the addition of a small quantity of
      sodium bichromate and is found to have the following composition:
PA1  C.sub.r O.sub.3, 250 g/liter or 19 percent C.sub.r O.sub.3 ;
PA1  vanadium, 60 mg/liter or 240 ppm based on the C.sub.r O.sub.3 content;
PA1  sodium chloride, 1 g/liter or 0.4 g for 100 g of C.sub.r O.sub.3.
PAR  This is concentrated by evaporation under vacuum at a pressure of 20 mm Hg
      with constant agitation and at a temperature of between 30.degree. and
      40.degree.C up to a 33 percent C.sub.r O.sub.3 concentration, this being
      obtained when the total weight is about 100 g. Then a few crystals of
      sodium chromate tetrahydrate are added to serve as seeds and the solution
      is allowed to stand while it is maintained at a temperature of
      26.degree.C. After 12 hours the crystals formed are drained in a Buchner
      funnel and are washed with a pure sodium chromate solution containing 28
      percent C.sub.r O.sub.3 prepared from pure crystals provided by a previous
      operation. These various steps are carried out at a temperature of
      26.degree.C.
PAR  There are thus obtained two parts, the first comprising 32.4 g of sodium
      chromate crystals containing 41.9 percent C.sub.r O.sub.3, or 98 percent
      sodium chromate tetrahydrate (the theoretical amount of C.sub.r O.sub.3
      being 42.7 percent). This corresponds to a crystallization yield of 41
      percent of the chromium trioxide values contained in the initial wash
      liquor. The other part is 67.6 g of mother liquor containing 28.5 percent
      C.sub.r O.sub.3. The quantity of vanadium in the tetrahydrate crystals so
      obtained is 5 ppm, based on C.sub.r O.sub.3. Sodium chloride is present
      only in trace amounts.
PAC  EXAMPLE II
PAR  A three-liter vessel supplied with an agitator, heated by means of a steam
      coil and having vacuum-producing means, is charged with 1353 g of sodium
      chromate wash liquor from which alumina has been removed and which is
      adjusted to a pH of 8 by addition of sodium bichromate mother liquor. This
      starting material has 18.5 percent C.sub.r O.sub.3 and 44 mg/kg of
      vanadium, corresponding to 240 ppm based on the quantity of C.sub.r
      O.sub.3, corresponding to 250 g of C.sub.r O.sub.3 and 0.060 g of
      vanadium. The vessel is further charged with 1249 g of mother liquor
      enriched in vanadium from a previous operation so that it contains 28.6
      percent C.sub.r O.sub.3 and 0.14 percent vanadium. Finally, the vessel is
      also charged with 100 g of a chromate wash liquor containing 28 percent
      C.sub.r O.sub.3, this liquor having been used to wash sodium chromate
      crystals.
PAR  The solution is concentrated, with heating to a temperature of between
      30.degree. and 40.degree.C under a pressure of 20 mm Hg, to a weight of
      1950 g, which corresponds to an average quantity of 33 percent C.sub.r
      O.sub.3. The mixture of crystals and liquor is allowed to set for 12 hours
      at a temperature between 26.degree. and 30.degree.C and the crystals are
      then separated from the mother liquor by filtration or drainage in a
      Buchner funnel.
PAR  There is obtained 1292 g of mother liquor containing 28.6 percent C.sub.r
      O.sub.3 and about 0.14 percent vanadium from which is removed 43 g
      containing 12 g of C.sub.r O.sub.3 and 0.060 g of vanadium. The remaining
      1249 g of mother liquor is introduced to a concentration step carried out
      as previously described. The crystals are washed in the Buchner utilizing
      100 g of pure sodium chromate solution containing 28 percent C.sub.r
      O.sub.3, obtained by dissolving 68 g of previously purified crystals in 32
      g of water. The washing is effected at a temperature between 26.degree.
      and 30.degree.C. The wash solution is separately removed and returned to
      the evaporator.
PAR  After the draining operation, 648 g of sodium chromate crystals are
      obtained (68 g of them are deducted for preparation of the solution
      serving to wash the crystals). The remaining 580 g constitutes the
      production of sodium chromate tetrahydrate having the composition
      determined on the washed, undried, salt, and the material is found to
      contain 41 percent C.sub.r O.sub.3 (the theoretical amount being 42.7
      percent) and 10 ppm of vanadium, based upon the amount of C.sub.r O.sub.3.
      This corresponds to 96 percent pure Na.sub.2 C.sub.r O.sub.4. 4H.sub.2 O.
PAR  The recovery yield of chrome values in the form of pure crystals of sodium
      chromate tetrahydrate if 95 percent. These crystals can be utilized as is
      for the production of pure sodium bichromate by known techniques.
PAR  It will be understood from the present description that the term "draining"
      used herein includes methods of separating solid particles from a liquid.
      The various operations which can be used are filtration such as in a
      Buchner funnel, screening, classification, centrifugation, and such
      similar methods known to those skilled in the art.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for preparing sodium bichromate substantially free of vanadium
      and chlorine which comprises concentrating a sodium chromate liquor
      obtained from chrome-bearing minerals to form crystals of sodium chromate
      tetrahydrate, separating the tetrahydrate crystals from the liquor and
      recovering the crystals, treating the separated crystals with sulfuric
      acid to form the bichromate and recovering the sodium bichromate after
      separation of insoluble sodium sulfate formed.
NUM  2.
PAR  2. A process according to claim 1 wherein the bichromate solution formed by
      acid treatment of the separated crystals is concentrated to form insoluble
      sodium sulfate and the sulfate is separated prior to recovery of the
      bichromate.
NUM  3.
PAR  3. A process according to claim 1 wherein the sodium bichromate is
      recovered by crystallization.
NUM  4.
PAR  4. A process according to claim 1 wherein the sodium chromate liquor is
      concentrated at a temperature between about 26.degree. and 60.degree.C.
NUM  5.
PAR  5. A process according to claim 1 wherein the sodium chromate liquor is
      concentrated under a pressure between about 10 and 100 mm Hg.
NUM  6.
PAR  6. A process according to claim 1 wherein the pH of the sodium chromate
      liquor is adjusted to a pH between about 7 and 8.5.
NUM  7.
PAR  7. A process according to claim 1 wherein the tetrahydrate crystallization
      is carried out from a solution containing from about 30 to 50 percent
      C.sub.r O.sub.3.
NUM  8.
PAR  8. A process according to claim 1 wherein the tetrahydrate crystals of
      sodium chromate are, before treating with sulfuric acid, dissolved in
      recycled mother liquor of sodium bichromate in the proportion of from
      about ten parts of C.sub.r O.sub.3 from the tetrahydrate crystals of
      sodium chromate to about 15 parts of C.sub.r O.sub.3 from the mother
      liquor of sodium bichromate.
NUM  9.
PAR  9. A process according to claim 8 wherein the treatment with sulfuric acid
      of the solution of tetrahydrate of sodium chromate in recycled solution of
      sodium bichromate is carried out at a pH between about 3.9 and 4.3 and a
      temperature between about 50.degree. and 60.degree.C.
NUM  10.
PAR  10. A process according to claim 1 wherein the sodium chromate liquor is
      obtained from the alkaline oxidation of a chrome-containing mineral.
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ABST
PAL  A method is disclosed for leaching finely divided lead sulphide bearing
      material to convert contained lead values to soluble lead acetate with
      concurrent conversion of sulphur values associated with the lead sulphide
      to an elemental state. The method involves forming a slurry consisting of
      the material dispersed in an aqueous medium containing free acetate ions
      and having a pH below 5.1. The slurry is reacted at a temperature of
      60.degree. to 120.degree.C. with a free oxygen-bearing gas under a partial
      pressure of oxygen of 20 to 60 p.s.i. in order to convert lead sulphide to
      soluble lead acetate with concurrent production of insoluble elemental
      sulphur.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to the treatment of lead sulphide-bearing material
      and more particularly to a leaching process for converting lead values in
      such material to a soluble form with concurrent conversion of sulphur
      values associated with the lead values to an elemental state.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Processes known for recovering lead from lead-bearing material involve
      leaching the material in a basic aqueous leach solution containing water
      soluble alkylene or alkanol amines. Canadian Pat. No. 616,515 issued Mar.
      14, 1961 describes this method in detail. It is also known to leach such
      material in solutions of ammoniacal ammonium sulphate, sodium chloride or
      calcium chloride.
PAR  One of the essential requirements of such processes is that the lead be
      present as a sulphate, basic sulphate or an oxide (PbO). Thus, in order
      that the processes may be applied to sulphide ores, means must be provided
      for converting lead sulphide to one of the forms mentioned. The conversion
      can be effected in any number of ways such as by roasting, by aqueous
      oxidation under pressure in acid media in the manner described in the
      Canadian patent referred to above or by aqueous oxidation in an ammoniacal
      ammonium sulphate solution in the manner described in Canadian Pat. No.
      701,449, issued Jan. 5, 1965.
PAR  There are a number of problems associated with these conversion methods.
      For example, if the lead sulphide is roasted, the temperature required to
      convert it to the forms mentioned is so high that there is a strong
      probability that some of the lead present will, on oxidizing, form
      silicates or other compounds which are not soluble in the amine leach
      solutions. In addition, the smoke and fume problems associated with lead
      sulphide roasting necessitates that the plant be located in areas remote
      from centres of population. Alternatively, costly smoke and fume treating
      equipment must be provided.
PAR  If the lead sulphide is converted by treatment in aqueous sulphuric acid
      under pressure and at a temperature at about 100.degree.C. conversion
      takes place very rapidly. However, the reaction must be closely monitored
      and terminated when acid oxidation is complete. If the reaction is allowed
      to continue there is tendency for amine-insoluble compounds of lead and
      iron to form, especially if much zinc is present in the leach solution.
PAR  The conversion step required for treatment of lead sulphide-bearing
      material was necessitated by the fact that heretofore, there appeared to
      be no convenient leach solution for the simultaneous extraction and
      dissolution of lead values from such material. We have found however that
      there in fact exists a leach solution in which, under certain conditions,
      lead values may be so extracted and dissolved. There is no necessity first
      to convert the lead sulphide to lead sulphate or to the other forms
      mentioned and accordingly none of the problems associated with the
      conversion step are encountered. Furthermore, sulphur values associated
      with the lead convert to elemental form and may be readily separated as
      such from the leach solution.
PAR  The broad object of this present invention is to provide a method by which
      lead values in a lead sulphide ore may be extracted and dissolved directly
      in a leach solution with concurrent conversion of contained sulphur value
      to an insoluble elemental state without the necessity of first converting
      the lead sulphide to a lead sulphate, basic lead sulphate or a lead oxide.
PAR  A further object is to provide a process by which in a simple leaching
      operation lead in a lead sulphide-bearing ore is converted to a state such
      that it may be easily separated from sulphur values in a conventional
      liquid-solid separation step.
PAR  A still further and more specific object of the invention is a method by
      which lead values in a lead sulphide-bearing ore may be leached in an
      acetate-containing solution from which lead values may be recovered
      substantially free from impurities. Concurrently, sulphur values
      associated with the lead sulphide-bearing ore are converted to an
      insoluble elemental state and may be separated by, for example, filtering
      and may be readily recovered as such in a substantially pure state.
PAC  SUMMARY OF THE INVENTION
PAR  Broadly stated, the process which fulfills these objects involves
      dispersing finely divided lead sulphide-bearing material in an aqueous
      medium to form a slurry, providing in the slurry free acetate ions and
      adjusting the pH of the slurry to below about 5.1. The slurry is reacted
      at a temperature of between about 60.degree.C. and about 120.degree.C.
      with a free oxygen-bearing gas under a partial pressure of oxygen of
      between about 20 and about 60 p.s.i. The reaction is continued to oxidize
      the lead sulphide and to convert it to soluble lead acetate with
      concurrent production of insoluble elemental sulphur. Since the lead
      values are dissolved in solution and the sulphur values are in an
      insoluble elemental state, they may be readily separated from one another
      by means of a simple liquid-solid separation step.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The method of the present invention is described in detail hereinafter as
      it is applied to the treatment of commercial lead sulphide concentrates
      with varying lead and other metal contents. It is not, however, intended
      to limit the invention to the treatment of only such concentrates since
      the process of the invention may be applied to all ores containing
      economically recoverable amounts of lead sulphides.
PAC  OXIDATION LEACH
PAR  In the treatment of commercial concentrates, the mineral sulphides,
      preferably comminuted to particles predominantly of a size smaller than
      325 mesh standard Tyler screen, are dispersed in an aqueous solution to
      form a slurry. The solution is acidic and must contain sufficient free
      acetate ions to combine with all lead values in the mineral sulphide to
      form lead acetate.
PAR  Preferably, a portion of the acetate ions required in solution is derived
      from acetic acid which acidifies the solution without, at the same time,
      contaminating it. It is however, undesirable to make use solely of acetic
      acid as a source of acetate ions since a high free acetic acid
      concentration in the slurry may interfere with the recovery of lead values
      from solution. For example, where the acetic acid concentration is
      relatively low, lead values may be easily converted to insoluble lead
      carbonate by means of carbon dioxide and may be precipitated from solution
      as such in the manner described in detail below. However, the presence of
      acetic acid in large concentrations in the solution seriously inhibits
      precipitation of lead carbonate by such method.
PAR  Preferably the acetic acid to lead molar ratio in the slurry is set about
      3.0:1. Higher concentrations of acetic acid result, as indicated above, in
      poorer recovery of lead values using carbon dioxide. Furthermore, while
      the proportion of lead values which are extracted and converted to lead
      acetate increases where the molar ratio is over 3.0:1, the increase is so
      slight as usually not to justify the cost of additional capacity of
      autoclave required to contain the greater volume of acetic acid in the
      slurry. As the molar ratio of acetic acid to lead in the slurry decreases
      below about 3.0:1, the extraction and conversion of lead values falls off
      markedly.
PAR  The stoichiometric deficiency of acetate ions supplied by acetic acid over
      that required to combine with the lead values is preferably made up by
      means of ammonium acetate since it is readily available and does not
      introduce contaminants into solution. liter
PAR  The rate of conversion and dissolution of lead values is dependent on the
      total acetate concentration and preferably to ensure a rapid conversion
      rate, a stoichiometric excess of acetate ions should be provided in
      solution. However, it is usually uneconomic to provide more than about 2
      moles each of acetic acid and ammonium acetate per litre of solution since
      the increased rate of conversion and dissolution of lead values brought
      about by greater acetate concentrations can also and more economically be
      achieved by operating at higher temperatures or by increasing the acetic
      acid/ammonium acetate molar ratio.
PAR  The pH of the acetate-containing solution should be adjusted to about 5.1
      or lower. At a higher pH, sulphur values associated with the starting lead
      sulphide material tend to convert to an oxidized form and not to an
      elemental state as is the case where the solution pH is 5.1 or lower. The
      formation of sulphate ions is undesirable because they tend to react with
      lead ions to produce lead sulphate which is distributed between the lead
      solution and the residue. Thus, separation of the lead values from sulphur
      values by means of a liquid-solid separation step becomes impossible.
PAR  Solution pH varies with the molar ratio of acetic acid to ammonium acetate
      and adjustment of the pH at the required level may be most easily
      accomplished by appropriate control of this molar ratio.
PAR  The slurry which contains dissolved acetate and finely divided lead
      sulphides is reacted in a reaction vessel such as an autoclave at a
      temperature between about 60.degree.C. and about 120.degree.C. preferably
      about 100.degree.C. with a free oxygen-bearing gas such as air under a
      partial pressure of oxygen of above about 20 p.s.i. to about 60 p.s.i.
      preferably about 60 p.s.i. Higher temperatures can be used and will result
      in more rapid conversion and dissolution of lead values. However, at
      higher temperatures, there is a somewhat higher concentration of oxidized
      sulphur species in solution. In general, the increase in operating and
      equipment cost and the higher sulphate concentrations as a result of
      higher temperatures is not offset by an increase in lead conversion that
      may be obtained. Partial pressures of oxygen higher than 60 p.s.i. are
      usually not recommended since the proportion of lead in solution is
      diminished at the expense of formation of insoluble lead sulphate. At
      temperatures and pressures below the indicating ranges, the oxidation
      reaction does not occur at a practical rate.
PAR  The solids to solution ratio is preferably adjusted to provide a slurry
      containing from about 20 wt. percent to about 25 wt. percent solids. In
      most cases, a plup density above about 50% is undesirable because at such
      densities the slurry becomes difficult to agitate and to oxygenate.
PAR  Under these conditions the oxidation proceeds at a rapid rate, being
      essentially complete in about 2 hours.
PAR  The reaction may be represented as follows:
EQU  PbS + 2HAc + 0.50.sub.2 = Pb(Ac).sub.2 + S.degree. + H.sub.2 O
PA1  (ac = acetate)
PAR  At the completion of the reaction, the solution is separated from the leach
      residue by a conventional liquid-solid separation, such as by filtration.
PAC  TREATMENT OF LEACH RESIDUE
PAR  The separated leach residue contains in addition to elemental sulphur, lead
      sulphate, unreacted galena and impurities associated with the starting
      sulphide concentrate such as sphalerite and pyrite. Ammonium sulphide is
      an excellent solvent for elemental sulphur but before use may be made of
      it, lead sulphate, basic lead sulphate and lead oxide should be removed
      from the residue. Should such values not be removed, they will react with
      the solvent with resulting formation of lead sulphide. Since large
      quantities of relatively expensive ammonium sulphide solvent are consumed,
      the reaction is undesirable and should be prevented from taking place by
      removal of lead values before the solvent is combined with the residue.
PAR  The lead values may be removed from the residue using an ethylene diamine
      reagent according to the procedure described in Canadian Pat. No. 616,515,
      referred to above. The lead-containing amine solution is separated from
      residue by a conventional liquid-solid separation step after which
      elemental sulphur values may be separated from the resulting residue using
      the ammonium sulphide solvent.
PAR  The lead values may also be removed from the leach residue by means of
      ammonia. To this end, the leach residue is mixed with a dilute aqueous
      solution of ammonia. Preferably, the concentration of ammonia in solution
      or, alternatively, the solid:liquid ratio in the charge, is adjusted so
      that the NH.sub.3 : PbSO .sub.4 mole ratio in the charge is in the optimum
      range of 8 to 10. The resulting mixture is charged to an autoclave and
      maintained at a temperature of preferably about 100.degree.C for one to 2
      hours in the presence of air preferably at atmospheric pressure. Carrying
      out this reaction in an autoclave prevents excessive loss of ammonia from
      solution.
PAR  The reaction involved is the reconversion of lead sulphate or lead oxide,
      in the leach residues, to lead sulphide. The reaction depends upon the
      tendency of elemental sulphur to disproportionate into sulphide and
      thiosulphate ions in basic solutions as shown by the following equation:
EQU  4S.degree. + 6NH.sub.3 + 3H.sub.2 O = 2(NH.sub.4).sub.2 S +
      (NH.sub.4).sub.2 S.sub.2 O.sub.3
PAR  The sulphide ion so formed acts as a so-called "sulphidizing agent" which
      converts PbSO.sub.4 and PbO to PbS and sulphate ions. The overall equation
      for the reaction of aqueous ammonia with lead sulphate in the leach
      residue is believed to be as follows:
EQU  4S.degree. + 2PbSO.sub.4 + 3H.sub.2 O + 6NH.sub.3 = 2PbS + (NH.sub.4).sub.2
      S.sub.2 O.sub.3 +.... ... 2(NH).sub.4 SO.sub.4
PAR  The residue from this reaction (PbS) is removed from solution by a
      conventional liquid solid separation step and may be recycled to the
      oxidation leach step described before for extraction and dissolution of
      lead values therefrom. Alternatively, the residue can be passed to a
      second oxidation leach stage which can be conducted under the same
      conditions as the aforesaid oxidation step.
PAR  The solution from the above reaction contains ammonium thiosulphate and
      ammonium sulphate. The solution can be oxidized to give an ammonium
      sulphate solution from which the ammonium sulphate can be readily
      recovered.
PAC  TREATMENT OF LEACH SOLUTION
PAR  The solution from the oxidation step after separation of the leach residue
      may be treated by one of several ways for recovery of lead values. Lead
      values may be recovered by electrolysis using, for example, stainless
      steel cathodes and anodes. Lead values migrate to both the cathode and the
      anode. At the anode the lead oxidizes to PbO.sub.2 and at the cathode the
      lead stabilizes in an elemental state. The net electrowinning reaction is
      represented by the following equation:
EQU  2Pb(Ac).sub.2 + 2H.sub.2 O = Pb.degree. + PbO.sub.2 + 4HAc
PAR  The acetic acid (HAc) generated during electrowinning may be recirculated
      to the oxidation step. A subsequent reduction step must be provided to
      convert lead dioxide to metallic lead.
PAR  As an alternative to electrolysis, lead values may be recovered by reacting
      the solution with carbon dioxide. According to this procedure, the leach
      solution is passed to a reaction vessel such as a splash tower and carbon
      dioxide is fed into the solution, preferably under a pressure of about 200
      p.s.i.g., to combine with dissolved lead values as insoluble lead
      carbonate. Preferably, the carbonation operation is conducted at room
      temperature. At higher temperatures, the recovery of lead is lower.
PAR  Precipitated lead carbonate can be separated from the leach solution by a
      conventional liquid-solid separation step such as by filtration. The
      separated lead carbonate solids are substantially free from the impurities
      with which the lead was associated in the starting lead-bearing material.
      This lead carbonate can be reduced to metallic lead of high purity e.g.
      99.9% or higher by reacting it at a temperature of about 800.degree.C.
      with a reducing agent such as natural gas in the presence of carbon in
      such form as graphite or petroleum coke.
PAR  Complete precipitation of lead carbonate cannot be achieved using carbon
      dioxide as aforesaid. It is difficult to decrease the concentration of
      lead in solution below 40-50 g.p.l. Following separation from the solution
      of the basic lead carbonate precipitate, the solution which contains lead
      acetate, acetic acid and ammonium acetate may be recycled to the oxidation
      leaching stage or may be passed to a second oxidation leaching stage. The
      feasibility of this method is demonstrated in Example 4.
PAC  EXAMPLE 1
PAR  Tests were carried out to determine the effect of temperature and oxygen
      pressure on the rate of conversion of lead sulphide to lead acetate. The
      starting ore concentrate analysed 72.85% Pb, 3.55% Zn, 0.002% Cu, 2.80%
      Fe, 16.0% S, trace insolubles and less than 0.05 ozs. Ag per ton. The
      concentrate was wet-ground in a ceramic ball mill to 98% minus 325 mesh
      standard Tyler screen. 568 gram samples of the ground material were
      combined with 2000 ml. samples of a solution containing 3.0 moles/l.
      acetic acid and 1.0 moles/l. ammonium acetate. The samples of lead
      containing solution were charged in turn into an autoclave.
PAR  In one set of experiments, the temperature of the resulting slurry was
      varied from 60.degree. to 120.degree.C. and another set of experiments,
      the oxygen pressure was varied from 20 p.s.i. to 60 p.s.i. The total
      proportion of lead converted from a sulphide to an acetate or an
      acetate/sulphate mixture was monitored over a period of time and the
      results are set out in the following tables.
TBL                                    TABLE 1(a)                              

     __________________________________________________________________________

     EFFECT OF TEMPERATURE                                                     

     Time (hrs)                                                                

           Oxygen pressure (p.s.i.g.)                                          

                         Lead conversion (%) when temperature                  

                         maintained at following values                        

     __________________________________________________________________________

                         60.degree.C.                                          

                              80.degree.C.                                     

                                   100.degree.C.                               

                                        120.degree.C.                          

     1/2   20            --   42   52   50                                     

     1     20            --   56   62   58                                     

     2     20            --   71   75   71                                     

     3     20            --   81   84   80                                     

     1/2   60            40   62   84   --                                     

     1     60            54   84   91   --                                     

     2     60            75   96   95   --                                     

     3     60            93   99   98   --                                     

     __________________________________________________________________________

TBL                                    TABLE 1(b)                              

     __________________________________________________________________________

     EFFECT OF PRESSURE                                                        

     Time (Hrs.)                                                               

             Temperature (.degree.C.)                                          

                        Lead conversion (%) when oxygen pressure               

                        maintained at following values                         

     __________________________________________________________________________

                        20 p.s.i.g.                                            

                                40 p.s.i.g.                                    

                                        60 p.s.i.g.                            

     1/2      80        42      50      63                                     

     1        80        58      67      82                                     

     2        80        71      90      95                                     

     3        80        81      95      99                                     

     1/2     100        51      68      84                                     

     1       100        62      82      91                                     

     2       100        75      92      95                                     

     3       100        84      98      98                                     

     __________________________________________________________________________

PAR  The results set out in Table 1(a) show that extensive oxidation of lead
      values requires an oxygen overpressure of greater than 20 p.s.i.g. since
      20 p.s.i.g. O.sub.2 is generally insufficient for the oxidation reaction
      to occur at a practical rate. With an adequate oxygen overpressure,
      extensive oxidation of galena can occur even at temperatures as low as
      60.degree.C. provided the reaction is continued for 3 hours. The results
      in Table 1(b) indicate that the optimum oxygen pressure and temperature
      are 60 p.s.i. and 100.degree.C. respectively.
PAC  EXAMPLE 2
PAR  284 gram samples from the same wet-ground concentrate used as the starting
      material of Example 1 were added to 2000 ml. samples of a leach solution
      containing both acetic acid and ammonium acetate. The total acetate/lead
      molar ratio in each mixture was 8.0. The initial pH of the sample
      solutions was controlled by the acetic acid/ammonium acetate molar ratio.
      The sample mixtures were charged in turn into an autoclave and maintained
      at a temperature of 100.degree.C. for four hours under an overpressure of
      O.sub.2 of 20 p.s.i. The results are as follows:
TBL                                    TABLE 2                                 

     __________________________________________________________________________

     Leaching Solution                                                         

                   Product Solution                                            

     NH.sub.4 Ac                                                               

          HAc Initial                                                          

                   Final                                                       

                       HAc Pb    S.sub.T                                       

                                      Pb    S                                  

                                      Conversion                               

                                            Conversion                         

     M    M   pH   pH  M   gpl   gpl  %     to S.degree.                       

     __________________________________________________________________________

     1    3   4.40 4.50                                                        

                       1.80                                                    

                           99.6  0.27 99.5  72.5                               

     2    2   5.05 5.25                                                        

                       1.04                                                    

                           101.8 1.54 98.0  74.0                               

     3    1   5.70 6.00                                                        

                       0.35                                                    

                           77.5  2.88 77.0  49.0                               

     4    0   7.65 7.5 --  63.8  11.2 66.3  2.1                                

     __________________________________________________________________________

PAR  Optimum lead dissolution and elemental sulphur formation occurs at pH 5.1
      or less. The effect of increasing the solution pH by lowering the acetic
      acid/ammonium acetate molar ratio is striking. It is evident that in
      neutral ammonium acetate leach solutions there is considerable oxidation
      of sulphur beyond the elemental sulphur stage leading to high
      concentrations of sulphur species in solution. The formation of elemental
      sulphur is therefore drastically reduced at the higher pH's.
PAC  EXAMPLE 3
PAR  Tests were carried out to determine the effect of the acetic acid/lead
      suulphide molar ratio in the leach slurry on the proportion of contained
      lead sulphide which converted to lead acetate and dissolved in solution.
      The proportion of sulphur values which converted to an elemental state was
      also determined. Varying amounts of the same wet-ground concentrates used
      as the starting material in Examples 1 and 2 were combined with 2000 ml.
      samples of a leach solution containing 3.0 moles/l. acetic acid and 1.0
      moles/l. ammonium acetate with an initial pH of 4.40. The mixtures were
      charged in turn into an autoclave and maintained at a temperature of
      100.degree.c. for two hours under an overpressure of oxygen of 40 p.s.i.
      The results are as follows:
TBL                                    TABLE 3                                 

     __________________________________________________________________________

     Amount of                                                                 

             HAc/PbS                                                           

     Concentrate                                                               

             (HAc/Pb)                                                          

     in Initial                                                                

             Mole  Product                                                     

     Leach Slurry                                                              

             Ratio Solution                                                    

     g   %         Final                                                       

                       HAc Pb  Pb Con-                                         

                                     Pb Dis-                                   

                                           S Con-                              

         Solids    pH  M   gpl version (a)                                     

                                     solution                                  

                                           version                             

                               %     %     to S.degree. %                      

     __________________________________________________________________________

     284 12.5                                                                  

             6.0   4.65                                                        

                       1.90                                                    

                           95  99.2  94.9  73.3                                

     568 22.0                                                                  

             3.0   4.85                                                        

                       1.09                                                    

                           175 98.0  91.0  67.7                                

     852 30.0                                                                  

             2.0   5.05                                                        

                       0.71                                                    

                           218 84.4  74.8  58.6                                

     1136                                                                      

         36.0                                                                  

             1.5   5.05                                                        

                       0.69                                                    

                           233 70.4  62.3  42.9                                

     __________________________________________________________________________

      (a) Pb conversion is the total of the lead sulphide converted to soluble 

      lead acetate and insoluble lead sulphate.                                

PAR  The optimum acetic acid/lead sulphide molar ratio for a high lead
      extraction and a high concentration of lead values in solution is 3.0:1.
      While a slightly higher lead extraction is obtained when the HAc/PbS ratio
      is 6.0:1, the concentration of lead in solution is half of that at a ratio
      of 3.0:1. In order therefore to realize the benefit of the slightly higher
      lead extraction, an autoclave is required having twice the volume of an
      autoclave required where the HAc/PbS molar ratio is 3.0:1.
PAR  Although higher concentrations of lead values in solution can be obtained
      by decreasing the HAc/PbS molar ratio to below 3.0:1, the proportion of
      lead values which convert to a soluble form is less.
PAR  Table 3 shows that an excess of acetic acid over the stoichiometric
      requirements is necessary for extensive dissolution of lead.
PAC  EXAMPLE 4
PAR  The example demonstrates the feasibility of leaching the lead
      sulphide-bearing material with recycle solution after precipitation and
      removal of most of the lead values from the leach solution by means of
      carbon dioxide. A leach recycle solution having the following composition
      was prepared.
TBL  ______________________________________                                    

     Pb as Pb(Ac).sub.2                                                        

                      50 g.p.l.                                                

     HAc              2.42 M                                                   

     NH.sub.4 Ac      1.00 M                                                   

     pH               4.6                                                      

     ______________________________________                                    

PAR  Two different amounts of the same wet-ground concentrate used as the
      starting material in the previous examples were combined with the recycle
      solution. The two mixtures were charged in turn into an autoclave and
      maintained at a temperature of 100.degree.C. under an overpressure of
      oxygen of 40 p.s.i. Other leaching conditions and the results of leaching
      are set out below:
TBL                                    TABLE 4                                 

     __________________________________________________________________________

     Charge    HAc/PbS                                                         

                     Leach Product                                             

                                Pb Dis-                                        

                                     Pb Con-                                   

                                           S Con-                              

               (HAc/Pb)                                                        

                     Retention                                                 

                           Solution                                            

                                Solution                                       

                                     version                                   

                                           verted                              

     Concen-                                                                   

          Recycle                                                              

               Mole  Time  Pb              to S.degree.                        

     trate                                                                     

          Solution                                                             

               Ratio                                                           

     g    ml         hr    gpl  %    %     %                                   

     __________________________________________________________________________

     385  2000 3.6   2.0   174.8                                               

                                88.0 96.0  67.1                                

     800  4000 3.4   2.5   178.1                                               

                                86.9 98.5  66.9                                

     __________________________________________________________________________

PAR  The recycle solutions contain less free acetic acid than the solutions
      employed in Example 3. Therefore, the amounts of concentrate slurried with
      the recycle solution must be less than what was found to be optimum in
      Table 3 in order to give a HAc/PbS mole ratio of 3.0:1 or higher. A
      comparison of the data in Table 4 with that in Table 3 shows this to be
      the case. The results using recycle solution and a charge consisting of
      400 g concentrate/2000 ml solution are equivalent to the results obtained
      using a solution with no initial lead content and a charge consisting of
      568 g concentrate/2000 ml solution.
PAC  EXAMPLE 5
PAR  In this example, a number of tests were run to determine the optimum
      NH.sub.3 : PbSO.sub.4 mole ratio for the reaction in which lead sulphate
      values in the oxidation leach residue are converted to lead sulphide by
      means of ammonia.
PAR  Leach residues, containing about 10 to 30 wt per cent lead as lead
      sulphate, were mixed with ammonia solutions varying from 0.75 to 6.0 M
      ammonia. The resulting mixtures were charged to an autoclave and heated to
      100.degree.C. for one to 2 hours with air in the autoclave head space.
PAR  The results are shown in Table 5 following.
PAR  Table 5 shows the effect of the NH.sub.3 /PbSO.sub.4 mole ratio on
      conversion of lead values to lead sulphide over a wide range of pulp
      densities and initial ammonia concentrations. At high NH.sub.3 /PbSO.sub.4
      molar ratios (&gt;  10), the extent of conversion is satisfactory but the
      consumption of sulphur is high. At low NH.sub.3 /PbSO.sub.4 molar ratios
      (&lt; 8), the reaction does not proceed to completion and the proportion of
      lead values which convert to lead sulphide is low. The optimum molar ratio
      appears to be 8.5 to 10.
TBL                                    TABLE 5                                 

     __________________________________________________________________________

     Sulphidization of Leach Residues -                                        

     Effect of NH.sub.3 : PbSO.sub.4 Mole Ratio                                

     Charge                          Products                                  

     Leach Residue    Solution       Sulphidized Residue                       

                                               PbSO.sub.4                      

                                                     S.degree. Con-            

                      Initial NH.sub.3                                         

                              NH.sub.3 /PbSO.sub.4                             

                                               Converted                       

                                                     sumed/Pb                  

            Pb.sub.T                                                           

                Pb (as                                                         

                      Concentra-                                               

                              M.R. in                                          

                                     Pb.sub.T                                  

                                         Pb (as                                

                                               to PbS                          

                                                     Reconverted               

     g solids/1                                                                

            %   PbSO.sub.4) %                                                  

                      tion, mole/1                                             

                              Slurry %   PbSO.sub.4) %                         

                                               %     Mole Ratio                

     __________________________________________________________________________

     148    33.2                                                               

                10.6  2.62    34.5   36.3                                      

                                         1.39  88.4  5.6                       

     200    32.4                                                               

                30.8  6.0     20.1   40.1                                      

                                         5.02  87.1  2.54                      

     146    28.7                                                               

                14.4  1.3     12.7   31.4                                      

                                         1.50  93.1  3.34                      

     200    32.4                                                               

                30.8  3.0     10.1   38.9                                      

                                         3.22  91.5  1.84                      

     300    27.3                                                               

                25.0  3.08    8.5    33.2                                      

                                         1.51  95.0  2.35                      

     225    35.9                                                               

                32.5  3.0     8.5    45.8                                      

                                         2.40  96.4  1.98                      

     200    32.4                                                               

                30.8  1.5     5.0    36.9                                      

                                         13.8  61.7  1.99                      

     200    32.4                                                               

                30.8  0.75    2.52   35.6                                      

                                         17.7  48.5  1.85                      

     __________________________________________________________________________

CLMS
STM  What we claim as new and desire to protect by Letters Patent of the United
      States is:
NUM  1.
PAR  1. A method of leaching finely divided material containing predominantly
      lead sulphide to convert lead values to soluble lead acetate with
      concurrent conversion of sulphur values associated with said lead sulphide
      to elemental form which method comprises the steps of: dispersing said
      finely divided material in an aqueous medium to form a slurry; providing
      in said slurry free acetate ions; reacting said slurry at a temperature of
      between about 60.degree.C and about 120.degree.C with a free
      oxygen-bearing gas under a partial pressure of oxygen of between about 20
      and about 60 p.s.i.; continuing said reaction to oxidize said lead
      sulphide and to convert it to soluble lead acetate with concurrent
      production of insoluble elemental sulphur; and separating solids from
      solution containing said soluble lead acetate; and adjusting the pH of
      said slurry during said reaction and up to said separation step to below
      about 5.1.
NUM  2.
PAR  2. The method as claimed in claim 1 wherein at least a portion of the
      acetate ions are provided in said slurry by adding thereto acetic acid.
NUM  3.
PAR  3. The method as claimed in claim 2 wherein the molar ratio of acetic acid
      to lead in said slurry is adjusted to about 3.0:1.
NUM  4.
PAR  4. The method as claimed in claim 1 wherein acetate ions are provided in
      said slurry by adding thereto acetic acid and ammonium acetate.
NUM  5.
PAR  5. The method as claimed in claim 4 wherein said slurry contains acetate
      ions in excess of that required to combine with all lead values but the
      ratio of acetate ions to lead ions does not exceed 6, said acetate ions
      being provided by adding to said slurry no more than about 2 moles each of
      acetic acid and ammonium acetate per liter of solution.
NUM  6.
PAR  6. The method as claimed in claim 1, wherein the temperature of which said
      slurry is reacted is about 100.degree.C.
NUM  7.
PAR  7. The method as claimed in claim 1 wherein the partial pressure of oxygen
      over said slurry is about 60 p.s.i.
NUM  8.
PAR  8. The method as claimed in claim 1 wherein the solids to solution weight
      ratio of said slurry prior to said reaction is about 1/5 to 1/4.
NUM  9.
PAR  9. A method of treating finely divided material containing predominantly
      lead sulphide which comprises the steps of: dispersing said material in an
      aqueous medium to form a slurry; providing in said slurry free acetate
      ions; reacting said slurry at a temperature of between about 60.degree.C.
      and about 120.degree.C. with a free oxygen-bearing gas under a partial
      pressure of oxygen of between about 20 and 60 p.s.i.; continuing said
      reaction to oxidize said lead sulphide and to convert it to soluble lead
      acetate with concurrent production of insoluble elemental sulphur;
      separating solids from solution containing soluble lead acetate; adjusting
      the pH of said slurry during said reaction and up to said separation step
      to below about 5.1; and reacting said solution with a free carbon
      dioxide-bearing gas to convert contained lead acetate to insoluble lead
      carbonate thence recovering said lead carbonate.
NUM  10.
PAR  10. The method as claimed in claim 9 wherein said solution is reacted with
      said free carbon dioxide-bearing gas at ambient temperature and under a
      positive partial pressure of carbon dioxide of about 200 p.s.i.
NUM  11.
PAR  11. A method of treating finely divided material containing predominantly
      lead sulphide which comprises the steps of: dispersing said material in an
      aqueous medium to formm a first slurry; providing in said first slurry
      free acetate ions; reacting said first slurry at a temperature of between
      about 60.degree.C. and about 120.degree.C. with a free oxygen-bearing gas
      under a partial pressure of oxygen of between about 20 and 60 p.s.i.;
      continuing said reaction to oxidize said lead sulphide and to convert it
      to soluble lead acetate with concurrent production of insoluble elemental
      sulphur; separating solids from solution containing soluble lead acetate;
      adjusting the pH of said first slurry during said reaction and up to said
      separation step to below about 5.1; forming a second slurry of said solids
      in an aqueous ammoniacal solution in the presence of a free oxygen-bearing
      gas and adjusting the molar ratio of ammonia to any lead sulphate in said
      second slurry to between about 8 to about 10 to convert any lead values
      contained in said solids to lead sulphides; thence separating undissolved
      residue from said second slurry and recycling said undissolved residue to
      said first slurry.
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ABST
PAL  Ferrierite is prepared by maintaining at a temperature from about
      170.degree. to 215.degree.C an aqueous mixture of amorphous silica-alumina
      and sodium and potassium compounds wherein from about 65 to about 90 mol %
      of the alkali metal as X.sub.2 O wherein X represents Na and K originates
      from salts of at least one polybasic acid having a pK value greater than
      10.degree. at 18.degree.C for the highest dissociation step, and the molar
      fraction of potassium to total sodium and potassium content is from about
      10 to 45%, until ferrierite crystals are formed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for preparing ferrierite; more
      particularly, the invention relates to a method of crystallizing
      ferrierite at relatively low temperatures from reaction mixtures having
      compositions within specified ranges.
PAR  Crystalline alumino-silicates such as ferrierite in naturally occurring and
      synthetic forms have been shown to have catalytic capabilities for
      hydrocarbon conversion and highly selective adsorption properties.
PAR  These crystalline materials exhibit ordered structures having passages,
      cavities, or pores of definite ranges of sizes, characteristic for each
      variety. Such materials have been referred to as "molecular sieves" since
      the dimensions of the pores are such as to preferentially adsorb molecules
      of certain dimensions while rejecting those of larger dimension.
PAR  Ferrierite is the preferred crystalline alumino-silicate product of the
      method of the present invention. It is a naturally occuring zeolite
      mineral having a composition varying somewhat with the particular source.
      A typical elemental composition has been reported (D. W. Breck, Zeolite
      Molecular Sieves, John Wiley & Sons, 1974, p219) to have a composition
      corresponding to the formula: Na.sub.1.5 Mg.sub.2 [(AlO.sub.2).sub.5.5
      (SiO.sub.2).sub.30.5 ] . 18H.sub.2 O.
PAR  The prominent structural features of ferrierite have been found by X-ray
      crystal determination to be parallel channels in the alumino-silicate
      framework. These channels, which are roughly elliptical in cross section,
      are of two sizes: larger channels having major and minor axes of 5.5 and
      4.3A respectively, and smaller parallel channels having major and minor
      axes of 4.8 and 3.4A, respectively. Generally speaking ferrierite adsorbs
      molecules small enough to penetrate the channels of its porous structure,
      such as e.g. lower normal paraffin hydrocarbons such as methane, ethane,
      and in it's hydrogen form larger molecules such as propane, n-hexane and
      n-octane. Both alkali metal and hydrogen forms reject branched chain and
      cyclic hydrocarbon molecules.
PAR  Synthesis of ferrierite has been reported by Coombs et al, Geochimica
      Cosmochimica Acta Vol 17 P53 et seq (1959); Barrer et al, Journal Chemical
      Society, 1964, p485 et seq; Hawkins, Materials Research Bulletin; Vol 2
      p951 et seq (1967) and Kibby et al, Journal of Catalysis, Vol 35 p256 et
      seq (1974). A disadvantage of these procedures is that relatively high
      reaction temperatures of about 300.degree. to 400.degree.C are employed;
      these high temperatures generate high pressures and require expensive
      process equipment.
PAR  An element of the instant invention is the use of sodium and potassium
      salts of certain polybasic acids. The use of sodium salts of polybasic
      acids in the preparation of another aluminosilicate, mordenite, is known
      from U.S. Pat. No. 3,758,667.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, a simple low temperature method has been found
      for the production of crystalline ferrierite employing aqueous mixtures of
      certain amounts of potassium salts together with certain amounts of sodium
      salts and amorphous silica-alumina at temperatures from about
      170.degree.-215.degree.C.
PAR  The invention provides a method for the preparation of ferrierite which
      comprises maintaining at a temperature from about 170.degree. to
      215.degree.C an aqueous starting mixture of amorphous silica-alumina
      having a silica/alumina mole ratio from about 9 to about 25 and a mixture
      of sodium and potassium compounds until ferrierite crystals are formed,
      provided that: the amount of total sodium and potassium concentration in
      the starting mixture expressed as Na.sub.2 O + K.sub.2 O = X.sub.2 O when
      expressed as the molar ratio X.sub.2 O/Al.sub.2 O.sub.3 is from about 2.5
      to about 7.5; provided that from about 65 mol % to about 90 mol %, and
      preferably from about 70 to about 85 mol % of the total sodium and
      potassium present in the starting mixture expressed is X.sub.2 O
      originates from sodium and/or potassium salts of polybasic acids having a
      pK value greater than 10.degree. at 18.degree.C for the highest
      dissociation step; that the potassium ion fraction is from about 0.1 to
      about 0.45; and the molar ratio H.sub.2 O/Al.sub.2 O.sub.3 is from about
      225 to about 315.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  According to the invention, ferrierite forms in compositions containing
      both potassium and sodium ions. The amount of potassium required is
      conveniently expressed in terms of a "potassium ion fraction" which is the
      potassium ion content expressed in moles divided by the total sodium and
      potassium ion content expressed in moles i.e. K/(Na + K). It has been
      found that the absence of potassium and the presence of only low potassium
      fractions results in the formation of mordenite as principal product. At
      high potassium fractions, adularia, KAlSi.sub.3 O.sub.8 , is formed. When
      only potassium is present, adularia is the sole product. The use of other
      alkali metals such as lithium, rubidium and cesium in place of potassium
      in the starting mixture has been found to not result in significant
      amounts of ferrierite.
PAR  The potassium ion fraction in the starting mixture according to the
      invention can vary from about 0.1 to about 0.45, and preferably from 0.15
      to about 0.40. The precise limits within the range will vary somewhat with
      the ratio of silica to the amount of alumina present. For example in a
      starting mixture of the sodium phosphate, potassium fluoride and amorphous
      silica-alumina having a silica to alumina mole ratio of 11, a potassium
      ion fraction from about 0.11 to 0.32 may be used. When employing
      silica-aluminas having a higher silica to alumina ratio e.g. about 20
      potassium ion fractions of about 0.40 have resulted in high purity
      ferrierite.
PAR  Sodium and potassium salts suitable for the preparation of ferrierite
      according to the invention include salts of both inorganic acids and
      organic acids, provided that these acids have a pK value larger than 10
      for their highest dissociation step measured at 18.degree.C. Examples of
      suitable inorganic acids are arsenic acid, carbonic acid, telluric acid
      and ortho-phosphoric acids. Exemplary organic acids include
      orthohydroxybenzoic acid and ascorbic acid. It was found that when the
      sodium salt of e.g. citric acid was employed in the starting mixture no
      ferrierite was produced. Preferred salts include the sodium and potassium
      phosphates, particularly Na.sub.3 PO.sub.4 and K.sub.3 PO.sub.4.
PAR  The starting mixture comprising amorphous silica-alumina, water and sodium
      and potassium salts as described above must also contain minor amounts of
      other sodium and potassium compounds, provided however that from about 65
      mol % to about 90 mol % and preferably from about 70 mol % to about 85 mol
      % of the alkali metals present expressed as X.sub.2 O, wherein X
      represents sodium and potassium originates from salts of the above
      described polybasic acids. Examples of the other compounds which must be
      present in minor amounts include e.g. sodium or potassium salts of
      moderate or strong inorganic acids, i.e. halides such as sodium chloride
      or potassium fluoride; nitrates, chromates, thiocyanates, molybdates and
      the like. Potassium and sodium fluoride have been found particularly
      suitable. Although small amounts of strongly basic compounds such as
      hydroxides can be tolerated, it is necessary that the pH of the starting
      mixtures be from about 10.3 to about 11.8 and preferably from about 10.5
      to about 11.5. The total sodium and potassium content of the starting
      mixture expressed as X.sub.2 O within which ferrierite forms can vary
      within relatively narrow limits of from about 2.5 to about 7.5 mols per
      mole of alumina, and preferably is from about 3.5 to about 6.5 mols per
      mole of alumina.
PAR  The amount of water present in the starting mixture has been found to be
      critical with the limits from about 225 to about 315 mols of water for
      each mole of alumina present therein, and preferably is from about 240 to
      about 300 mols of water per mole of alumina to obtain highest purity
      ferrierite.
PAR  The amorphous silica-alumina may have a silica/alumina molar ratio from
      about 9 to about 25 and preferably has a molar ratio from about 10 to
      about 24. The amorphous silica-alumina is preferably a cogel of aluminum
      hydroxide on silica hydrogel. The term "cogel" herein refers to an
      amorphous silica-alumina obtained by precipitating an aluminum hydroxide
      gel together with or onto a silica hydrogel. The amorphous silica-alumina
      may very suitably be a commercial silica-alumina cracking catalyst with a
      low alumina content. Preferred are cracking catalysts having an alumina
      content from about 11 to about 15 % w.
PAR  The preparation of ferrierite according to the invention is a hydrothermal
      process carried out by maintaining the starting mixture critically at a
      temperature from about 170.degree. to 215.degree.C and preferably from
      about 175.degree. to 210.degree.C for sufficient time for the ferrierite
      to crystallize. Preferably the process is carried out at autogenous
      pressures. During the preparation, the reaction mixture is preferably
      agitated, for example by stirring or shaking. Typically time required for
      completion of crystallization without seeding is about 60 hours or more at
      e.g. 210.degree.C. With seeding shorter times may be required.
PAR  After formation of the ferrierite, the crystals are separated from the
      mother liquor by any convenient solid-liquid separation technique such as
      for example filtration, decanting, centrifuging and the like. The
      separated crystals are then washed with water and dried at an elevated
      temperature e.g. within the range of 100.degree.-200.degree.C.
PAR  Ferrierite prepared according to the invention may be used for various
      applications, such as an adsorbent, as a molecular sieve for the
      separation of gases or hydrocarbon mixtures, as a catalyst carrier and the
      like. For use as a catalyst carrier the ferrierite may be mixed with an
      inert binder and shaped into particles of desired shape or size. Exemplary
      binders include natural clays such as bentonite and kaolin as well as
      synthetic inorganic oxides such as alumina, silica, zirconia, boria, and
      mixtures of these.
DETD
PAR  The following examples will serve to further illustrate the invention:
PAC  EXAMPLE I
PAR  This example illustrates the effect of water content on crystalline
      products. Seven reaction mixtures of the molar composition 2.07 Na.sub.3
      PO.sub.4. 1.74 KF . 11SiO.sub.2 . Al.sub.2 O.sub.3 . XH.sub.2 O prepared
      by dissolving Na.sub.3 PO.sub.4.12H.sub.2 O in the required amount of
      water, followed by addition of anhydrous potassium fluoride with stirring
      until dissolved and finally the addition of a commercially available low
      alumina fluid cracking catalyst comprising (13.3% w Al.sub.2 O.sub.3,
      86.7% w SiO.sub.2 dry basis), as amorphous silica-alumina. The starting
      mixture was stirred until the silica-alumina was well dispersed and was
      then sealed in an autoclave and maintained at 210.degree.C for 65 hours
      with agitation. The solid product was recovered by filtration, washed with
      6 to 8 liters of deionized water, and was dried at 120.degree.C. The
      composition of the products was established with the aid of X-ray
      analysis. The molar compositions and results of these experiments are
      summarized in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     EXP NO                                                                    

          Molar Composition         Products                                   

     Na.sub.3 PO.sub.4                                                         

               KF   SiO.sub.2                                                  

                         Al.sub.2 O.sub.3                                      

                              H.sub.2 O                                        

     __________________________________________________________________________

     1    2.07 1.74 11.0 1.0  150 Ferrierite, with significant                 

                                  amounts of Mordenite, Adularia               

     2    2.07 1.74 11.0 1.0  200 Ferrierite, Mordenite, Adularia              

     3    2.07 1.74 11.0 1.0  246 Ferrierite                                   

     4    2.07 1.74 11.0 1.0  275 Ferrierite                                   

     5    2.07 1.74 11.0 1.0  300 Ferrierite                                   

     6    2.07 1.74 11.0 1.0  325 Mostly amorphorus material, some             

                                  Ferrierite                                   

     7    2.07 1.74 11.0 1.0  350 Mostly amorphous material, some              

                                  Ferrierite                                   

     __________________________________________________________________________

PAR  It may be seen that although ferrierite was produced at water
      concentrations of 150-350 moles per mole of alumina, highest purity
      ferrierite was produced when the amount of water is from about 240 to
      about 300 moles of water per mole of alumina.
PAC  EXAMPLE II
PAR  This example illustrates the effect of sodium and potassium content on
      crystalline products. Eight mixtures of the molar composition 2.07
      Na.sub.3 PO.sub.4 . XKF . 11SiO.sub.2 . Al.sub.2 O.sub.3 . 246H.sub.2 O
      were prepared according to the procedure of Example I with varying amounts
      of potassium salt as shown in the table below. In addition two starting
      mixtures were prepared according to the above procedure, except that
      amorphous silica-aluminas having a silica/alumina mole ratio of 18.4 to 1
      and 20.4 to 1, respectively were used. These mixtures too were heated at
      210.degree.C in rolling autoclaves for 65 hours. Molar compositions and
      results of these experiments are summarized in Table II.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Exp No.                                                                   

          Molar Composition               Products                             

                                  Potassium                                    

     Na.sub.3 PO.sub.4                                                         

               KF   SiO.sub.2                                                  

                         Al.sub.2 O.sub.3                                      

                              H.sub.2 O                                        

                                  Ion Fraction                                 

     __________________________________________________________________________

      8   2.07 0    11.0 1    246 0       Mordenite                            

      9   2.07 0.78 11.0 1    246 0.11    Mordenite,                           

                                          Ferrierite                           

     10   2.07 1.55 11.0 1    246 0.20    Ferrierite                           

     11   2.07 1.74 11.0 1    246 0.22    Ferrierite                           

     12   2.07 1.94 11.0 1    246 0.24    Ferrierite                           

     13   2.07 2.13 11.0 1    246 0.26    Ferrierite                           

     14   2.07 2.32 11.0 1    246 0.27    Ferrierite                           

     15   2.07 3.0  18.4 1    246 0.33    Ferrierite                           

     16   2.07 4.0  20.4 1    246 0.39    Ferrierite                           

     17   2.07 3.87 11.0 1    246 0.38    Ferrierite,                          

                                          Adularia                             

     __________________________________________________________________________

PAR  As may be seen ferrierite is produced when the potassium ion fraction
      varies from about 0.1 to about 0.45, preferably from about 0.15 to about
      0.40; the precise limits varying with silica-alumina ratio.
PAC  EXAMPLE III
PAR  To determine the necessity for the presence of potassium ions in the
      starting mixture a series of four mixtures containing only sodium ions
      were tested according to the procedure of Example I. These mixtures which
      had the molar composition 2.07 Na.sub.3 PO.sub.4 . 1.55- 6.0 NaF .
      11SiO.sub.2 . Al.sub.2 O.sub.3 . 246H.sub.2 O after 65 hours at
      210.degree.C failed to produce any significant amount of ferrierite; the
      product was essentially mordenite.
PAC  EXAMPLE IV
PAR  To determine the necessity for the presence of sodium ion in the starting
      mixture, a starting mixture containing only potassium ions was tested
      according to the procedure of Example I. The mixture which had the molar
      composition 2.07 K.sub.3 PO.sub.4 . 11SiO.sub.2 . Al.sub.2 O.sub.3 .
      246H.sub.2 O after 65 hours at 210.degree.C failed to produce any
      significant amount of ferrierite; the product was essentially amorphous.
PAC  EXAMPLE V
PAR  The procedure of Example IV was repeated except that the starting mixture
      additionally contained two moles of potassium fluoride. Again the starting
      mixture containing only potassium ions failed to produce any significant
      amount of ferrierite; the product was essentially adularia.
PAC  EXAMPLE VI
PAR  To investigate crystallization of ferrierite from compositions with varying
      silica/alumina ratios a series of amorphous silica-alumina gels was
      prepared by dissolving sodium aluminate (Na.sub.2 O . Al.sub.2 O.sub.3 .
      3H.sub.2 O, "Purified" grade available from Fisher Scientific Co.) in
      water, then adding the required amount of silica source. Gels were
      prepared using either sodium silicate solutions ("N" solution available
      from Philadelphia Quartz Co.), or colloidal silica (Ludox SM-30, Du Pont).
      The mixture of sodium aluminate and silica source was heated with stirring
      for 1-2 hours, filtered, washed with deionized H.sub.2 O and heated for an
      additional hour in one molar NH.sub.4 Cl solution to obtain the ammonium
      form of gel. The gel was separated from the mother liquor by filtration,
      washed with deionized water, dried at 120.degree.C, crushed to finer than
      20 mesh, and calcined at 500.degree.C.
PAR  Sixteen mixtures of the molar composition 2.07 Na.sub.3 PO.sub.4 . XKF .
      XSiO.sub.2 . Al.sub.2 O.sub.3 . 246H.sub.2 O were prepared according to
      the procedure of Example I with varying amounts of potassium salt and
      employing in place of the cracking catalyst the amorphous silica-alumina
      prepared according to the above procedure. These mixtures too were heated
      at 210.degree.C in rolling autoclaves for 65 hours. Molar compositions and
      results of these experiments are summarized in Table III.
TBL                                    TABLE III                               

     __________________________________________________________________________

     Exp No                                                                    

          Molar Composition        Products                                    

     Na.sub.3 PO.sub.4                                                         

               KF  SiO.sub.2                                                   

                        Al.sub.2 O.sub.3                                       

                             H.sub.2 O                                         

     __________________________________________________________________________

     26   2.07 1.0 7.2  1.0  246 Adularia                                      

     27   2.07 1.0 11.4 1.0  246 Ferrierite                                    

     28   2.07 1.0 21.0 1.0  246 Ferrierite                                    

     29   2.07 1.0 24.1 1.0  246 Ferrierite, Mordenite                         

     30   2.07 2.3 7.2  1.0  246 Adularia                                      

     31   2.07 2.3 11.4 1.0  246 Ferrierite, Mordenite                         

     32   2.07 2.3 21.0 1.0  246 Ferrierite                                    

     33   2.07 2.3 24.1 1.0  246 Amorphous                                     

     34   2.07 3.0 7.2  1.0  246 Adularia                                      

     35   2.07 3.0 12.2 1.0  246 Ferrierite                                    

     36   2.07 3.0 21.0 1.0  246 Ferrierite                                    

     37   2.07 3.0 24.1 1.0  246 Ferrierite                                    

     38   2.07 4.0 7.2  1.0  246 Adularia                                      

     39   2.07 4.0 11.4 1.0  246 Adularia                                      

     40   2.07 4.0 21.0 1.0  246 Ferrierite, Adularia, Mordenite               

     41   2.07 4.0 24.1 1.0  246 Ferrierite, Adularia, Mordenite               

     __________________________________________________________________________

PAC  EXAMPLE VII
PAR  To determine the effect of crystallization temperature the starting
      mixtures prepared according to the general procedure of Example I and
      having the various compositions shown below in Table IV were heated at the
      temperature shown in the table in stirred or rolling autoclaves for a time
      varying from about 65 to 90 hours; results of the experiments are
      summarized in Table IV.
TBL                                    TABLE IV                                

     __________________________________________________________________________

     Exp No                                                                    

          Molar Composition          Temperature                               

                                            Products                           

     K.sub.3 PO.sub.4                                                          

               Na.sub.3 PO.sub.4                                               

                    KF  SiO.sub.2                                              

                            Al.sub.2 O.sub.3                                   

                                 H.sub.2 O                                     

                                     .degree.C                                 

     __________________________________________________________________________

     42   --   4.0  1.94                                                       

                        11.0                                                   

                            1.0  246 100    Mordenite                          

     43   --   2.07 1.94                                                       

                        11.0                                                   

                            1.0  246 135    Amorphous Material                 

     44   --   2.30 1.94                                                       

                        11.0                                                   

                            1.0  246 165    Amorphous Material                 

     45   --   2.30 2.32                                                       

                        11.0                                                   

                            1.0  246 175    Mostly Amorphous                   

                                            material, some                     

                                            Ferrierite                         

     46   0.41 1.66 1.94                                                       

                        11.0                                                   

                            1.0  246 175    Ferrierite                         

     47   --   2.07 1.74                                                       

                        11.0                                                   

                            1.0  246 195    Ferrierite                         

     48   --   2.07 1.94                                                       

                        11.0                                                   

                            1.0  300 200    Ferrierite                         

     49   --   2.07 1.74                                                       

                        11.0                                                   

                            1.0  289 210    Ferrierite                         

     50   --   2.07 1.94                                                       

                        11.0                                                   

                            1.0  246 225    Mordenite, Adularia                

     51   --   2.07 1.94                                                       

                        11.0                                                   

                            1.0  246 250    Adularia, Mordenite                

     __________________________________________________________________________

PAR  Of the experiments 42-51, only experiments 45-49 are according to the
      present invention. The other experiments are given for comparison.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the preparation of ferrierite which comprises maintaining
      at a temperature from about 170.degree. to about 215.degree.C an aqueous
      starting mixture of amorphous silica-alumina having a silica/alumina ratio
      from about 9 to about 25 and a mixture of sodium and potassium compounds
      until ferrierite crystals are formed, provided that in the starting
      mixture:
PA1  a. the amount of total sodium and potassium concentration expressed as
      Na.sub.2 O + K.sub.2 O = X.sub.2 O, when expressed as the molar ratio
      X.sub.2 O/Al.sub.2 O.sub.3 is from about 2.5 to about 7.5;
PA1  b. from about 65 to about 90 mol % of the total sodium and potassium,
      expressed as X.sub.2 O, originates from sodium and/or potassium salts of
      polybasic acids having a pK value greater than 10.degree. at 18.degree.C
      for the highest dissociation step;
PA1  c. the potassium ion fraction is from about 0.1 to about 0.45; and
PA1  d. the molar ratio H.sub.2 O/Al.sub.2 O.sub.3 is from about 225 to about
      315.
NUM  2.
PAR  2. A method as in claim 1 wherein the amorphous silica-alumina has a
      silica/alumina molar ratio from about 10 to about 24.
NUM  3.
PAR  3. A method as in claim 1 wherein the total sodium and potassium
      concentration expressed as X.sub.2 O/Al.sub.2 O.sub.3 is from about 3.5 to
      about 6.5.
NUM  4.
PAR  4. A method as in claim 1 wherein from about 70 to about 85 mol % of the
      total sodium and potassium present in the starting mixture expressed as
      X.sub.2 O originates from sodium or potassium salts of polybasic acids
      having pK value greater than 10.degree. at 18.degree.C for the highest
      dissociation step.
NUM  5.
PAR  5. The method of claim 1 wherein the potassium ion fraction is from about
      0.15 to about 0.40.
NUM  6.
PAR  6. The method of claim 1 wherein the molar ratio H.sub.2 O/Al.sub.2 O.sub.3
      is from about 240 to about 300.
NUM  7.
PAR  7. The method of claim 1 wherein the temperature is from about 175.degree.C
      to about 210.degree.C.
NUM  8.
PAR  8. The method of claim 1 wherein the silica-alumina is a commercial
      cracking catalyst with low alumina content.
NUM  9.
PAR  9. The method of claim 1 wherein at least one of the sodium and potassium
      salts of polybasic acids are salts of phosphoric or carbonic acid.
NUM  10.
PAR  10. The method of claim 1 wherein the starting mixture is agitated during
      the preparation.
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ABST
PAL  A method is provided for separating nickel and cobalt from a cobalt-nickel
      precipitate, the cobalt being in the cobaltic state. The method comprises
      dissolving the precipitate in an ammonium sulfate solution containing
      NH.sub.3, acidifying the solution to a pH of about 1.5 to 3.0 and then
      cooling the solution to produce a nickel-ammonium sulfate precipitate
      highly enriched in nickel. The precipitate is separated from the solution
      and the solution passed through an ion exchange column selective to the
      removal of nickel, the solution remaining containing said cobalt
      substantially free of nickel, the cobalt solution being then sent to
      cobalt recovery.
BSUM
PAR  This invention relates to the hydrometallurgy of nickel and cobalt and, in
      particular, to an improved method for nickel-cobalt separation from
      materials containing nickel and cobalt in which the cobalt exists in the
      cobaltic state (Co.sup.+.sup.3). The method is particularly applicable to
      the treatment of cobaltic hydroxide precipitates produced as a by-product
      in the hydrometallurgical treatment of nickel ores or oxidized sulfide
      concentrates.
PAC  BACKGROUND OF THE INVENTION
PAR  Nickel and cobalt are generally found together in natural-occurring
      minerals and, because conventional ore dressing methods do not effect a
      separation of the two, both metals generally appear together in solutions
      resulting from the leaching of nickel and cobalt-containing materials,
      such as leached oxide ores, sulfide concentrates and the like.
PAR  In recent years, several hydrometallurgical methods have been proposed for
      the recovery of nickel and/or cobalt from lateritic limonitic ores. One
      method, in particular, resides in using aqueous sulfuric acid as the
      leachant at high temperature under elevated pressure, the raw ore being
      prepared in a finely divided state, then forming a slurry thereof at about
      10 percent to 20 percent solids which is thereafter concentrated by
      settling and decanting in thickeners to produce an underflow having a
      concentration of about 30 percent to 50 percent solids. The concentrated
      slurry is heated in an autoclave by means of direct high pressure steam to
      a high temperature at which the leaching or other recovery treatment is
      carried out, usually above 400.degree.F (205.degree.C), e.g. about
      475.degree.F (246.degree.C), at a pressure of about 525 psig in the
      presence of sulfuric acid to solubilize the nickel and cobalt present in
      the slurried ore. Following leaching in the autoclave, the leached pulp is
      cooled and preferably washed by countercurrent decantation and the
      resulting acid leach liquor then treated with a neutralizing agent
      [Mg(OH).sub.2, coral mud or the like] to raise the pH to, for example, 2.5
      to 2.8 for the sulfide precipitation of nickel and cobalt. The leach
      liquor is brought to a temperature of about 250.degree.F (122.degree.C)
      and the nickel and cobalt precipitated as sulfides with H.sub.2 S at
      pressures of up to about 150 psig, using nickel sulfide as seed material.
PAR  The sulfide precipitate is washed and thickened to about 65 percent solids
      and then oxidized at about 350.degree.F (177.degree.C) and a pressure of
      about 700 psig in an autoclave in 1 percent sulfuric acid. Ammonia is
      added as a neutralizing agent to the nickel-cobalt solution to raise the
      pH to a level (e.g. 5.3), using air as an oxidant, to precipitate any
      iron, aluminum or chromium carried over as an impurity during leaching.
      After separating the solution from the precipitate, any copper, lead or
      zinc present therein is removed by precipitation as a sulfide, using
      H.sub.2 S as the precipitant, the solution being first adjusted with acid
      to lower the pH to about 1.5. The sulfide precipitate is then separated
      from the solution and the solution adjusted with ammonia to prepare it for
      the recovery of metallic nickel. The adjusted nickel feed solution
      containing about 40 to 50 grams per liter of nickel and some cobalt is
      reduced with hydrogen in an autoclave at about 375.degree.F (190.degree.C)
      and 650 psig using nickel powder as seed material, the barren liquor
      remaining going to cobalt recovery using known methods. However, some of
      the cobalt appears in the reduced nickel product.
PAR  Among the methods proposed and/or commercially used for separating cobalt
      from nickel is the method of separating cobalt from aqueous nickel-cobalt
      sulfate solutions by means of nickelic hydroxide, and the subsequent
      separation of cobalt from nickel in the resulting precipitate by means of
      the pentammine process described in U.S. Pat. Nos. 2,767,053 and
      2,767,054, the cobalt in the precipitate being in the cobaltic state.
PAR  The cobaltic precipitate which also contains nickel is converted to
      cobaltic pentammine and nickelous ammine by adding an amount of ammonia
      sufficient to provide 5 mols NH.sub.3 for each mol of cobaltic ion and 5
      mols of NH.sub.3 for each mol of nickelous ion. The solution is oxidized
      with oxygen and then acidified with sulfuric acid to a pH of at least 4 to
      produce a nickel-bearing precipitate in the form of a nickel-ammonium
      double salt, the double salt being formed in a crystallizer.
PAR  While the foregoing technique is useful in the extraction and recovery of
      cobalt from mainstream nickel-cobalt sulfate solutions, it has certain
      disadvantages. For one thing, the cost of reagents for forming the
      pentammine is high. For another, the solutions generally require
      oxygenation in order to inhibit the reducing effect of sulfuric acid on
      cobaltic ions, since cobaltic ions are essential in carrying out the
      pentammine process.
PAR  We have discovered an improved method for treating cobaltic precipitates,
      wherein dissolution of the cobaltic precipitate is effected quickly and
      completely by utilizing residual liquor from the ammonium sulfate
      crystallizer.
PAC  OBJECT OF THE INVENTION
PAR  It is an object of this invention to provide an improved process for
      separating cobalt from nickel values of various nickel-cobalt bearing
      materials, e.g. nickel and cobalt-bearing sulfate solutions.
PAR  Another object is to provide a process involving the separation of nickel
      from cobalt and produce a nickel product very low in cobalt content, with
      nickel-to-cobalt ratios in the product of preferably at least 1000:1 and
      ranging up to 2000:1 and higher.
DRWD
PAR  These and other objects will more clearly appear when taken in conjunction
      with the following disclosure and the accompanying drawing which depicts a
      flow sheet illustrating one embodiment for carrying out the invention.
DETD
PAC  STATEMENT OF THE INVENTION
PAR  Broadly stated, the invention provides a method of separating nickel and
      cobalt from a cobalt-nickel precipitate with the cobalt in the cobaltic
      state, the method comprising dissolving the precipitate in an ammonium
      sulfate solution containing at least about 100 grams per liter of
      (NH.sub.4).sub.2 SO.sub.4 (e.g. 100 to 450 grams per liter) and at least
      about 50 grams per liter of NH.sub.3 (e.g. 50 to 170 grams per liter) at a
      temperature ranging from about 80.degree.C to 120.degree.C, under a
      pressure of at least about 20 psig, acidifying the solution to a pH of
      about 1.5 to 3.0 and cooling the solution to produce a nickel-ammonium
      sulfate precipitate enriched in nickel, separating the precipitate from
      said solution, passing said solution through an ion exchange column
      selective to the removal of nickel, thereby leaving a solution enriched in
      said cobalt, and then passing said solution to cobalt recovery.
PAR  The cobaltic precipitate is produced as a by-product in the treatment of
      nickel-cobalt sulfate solutions obtained from the selective leaching of
      nickel and cobalt-containing materials, such as oxide ores, roasted
      sulfide concentrates, and the like. As a result of the leaching of such
      materials, a mainstream nickel-cobalt sulfate solution is produced in
      which the nickel-to-cobalt ratio may range from about 5:1 to about 200:1.
      In producing the cobaltic precipitate as a by-product, an aliquot portion
      of said nickel-cobalt solution is taken from said mainstream, the aliquot
      portion containing enough nickel which, when oxidized to the nickelic
      state, is at least sufficient to oxidize subsquently the cobalt in the
      mainstream to the cobaltic state. The nickel is then precipitated from
      said aliquot portion as a nickelous precipitate by the addition of a
      precipitating agent selected from the group consisting of a mixture of
      CO.sub.2 and NH.sub.3, and NH.sub.3 alone, the temperature of
      precipitation with NH.sub.3 alone being over 50.degree.C, and the
      nickelous precipitate oxidized to the nickelic state which is separated
      from the solution and contacted with the mainstream solution for a time
      sufficient to oxidize cobaltous ions in the mainstream solution to the
      cobalitic state and thus precipitate the cobalt from solution and reduce
      the nickelic ion to the nickelous state, the temperature of oxidation
      being over about 50.degree.C, whereby the nickel in the mainstream
      solution is enriched substantially relative to the cobalt to provide a
      nickel:cobalt ratio in said solution of over 2000:1. The precipitate
      generally contains 25 percent to 45 percent nickel and 20 percent to 5
      percent cobalt, the ratio of cobalt-to-nickel varying from 0.8:1 to 10:1.
PAR  In this connection, reference is made to copending application Ser. No.
      441,180 filed of even date herewith in the names of the same inventors.
      The invention is applicable to any precipitate in which the cobalt is in
      the cobaltic state and the nickel in the nickelous state.
PAR  Generally, after both the nickel and cobalt are separated from the
      mainstream solution, the solution which is impoverished in the foregoing
      elements is sent to the ammonium sulfate crystallizer for the recovery of
      ammonium sulfate.
PAR  One of the economic advantages of the invention is that the residual liquor
      from the ammonium sulfate crystallizer can be directly used for the
      dissolution of the aforementioned cobaltic precipitate. The dissolution is
      fast and complete, iron being removed as a precipitate during the
      dissolution step.
PAR  In one embodiment, the cobaltic precipitate is dissolved in a solution
      containing 300 gpl (NH.sub.4).sub.2 SO.sub.4 and 50 gpl NH.sub.3 at
      80.degree.C in a closed vessel under pressure of about 20 psi. The
      dissolution is completed in 2 to 3 hours. Following dissolution, the
      solution with the dissolved precipitate is acidified to a pH of about 1.5
      to 3 and a nickel double salt precipitate obtained following cooling in
      which the Ni:Co ratio is very high, for example, 2000:1. The remaining
      solution containing the dissolved cobalt and residual nickel (e.g. a Co:Ni
      ratio of 10:1 to 20:1) is then passed through a resin column which
      selectively removes the nickel, the remaining cobalt solution
      substantially free from nickel being thereafter treated by conventional
      methods for cobalt recovery.
PAR  The general process is illustrated in the accompanying drawing which
      depicts the cobaltic precipitate being subjected to dissolution at Step
      (1) using an ammonium sulfate solution and ammonia preferably containing
      300 gpl of (NH.sub.4).sub.2 SO.sub.4 and 50 gpl NH.sub.3, the dissolution
      being carried out at preferably 80.degree.C under a pressure of 50 psi
      gage for about 2 hours.
PAR  Insoluble residue, such as iron hydroxide, is removed at Step (2) and the
      solution remaining cooled and then acidified at Step (3) with concentrated
      H.sub.2 SO.sub.4 to a pH level of about 1.5 to 3 to precipitate the double
      salt (Ni(NH.sub.4).sub.2 (SO.sub.4).sub.2. The solution and precipitate
      are subjected to solid-liquid separation at Step (4), the overflow
      solution containing the cobalt and residual nickel going to a resin column
      at (6) for selectively removing the nickel, the double salt being filtered
      and washed at (5) to provide a high purity nickel product, the nickel
      absorbed by the resin being stripped at (7) by passing a sulfuric acid
      solution through the resin column. The stripped nickel solution is
      recycled to the mainstream solution for subsequent recovery.
PAR  It was observed in carrying out the process that the kinetics for the
      ammonia-ammonium sulfate dissolution of the cobaltic precipitate at room
      temperature is very slow but that it is very rapid at a temperature, for
      example, of about 80.degree.C in a closed vessel at a pressure of about,
      for example, 50 psi gage, the reaction only taking about 2 hours. Tests
      confirmed that all of the cobalt in the solution remains in the cobaltic
      state. This is important as it enables the formation of a nickel double
      salt of fairly high purity.
PAR  As illustrative of the invention, the following example is given:
PAC  EXAMPLE 1
PAR  A cobaltic precipitate was produced by first oxidizing nickelous hydroxide
      to nickelic hydroxide using a solution of NaOCl as the oxidant. A typical
      solution is one containing 5.25 percent by weight of NaOCl. The oxidized
      precipitate was then introduced in a pilot plant solution containing
      nickel and cobalt sulfate to produce after about 1 hour at 90.degree. to
      95.degree.C a cobaltic precipitate with a Ni:Co ratio of 3.5:1. This
      precipitate was then used in a series of dissolution tests containing 300
      gpl (NH.sub.4).sub.2 SO.sub.4 and various amounts of ammonia as shown in
      Table 1 below, the dissolution being carried out at about 80.degree.C and
      a pressure of 50 psi gage:
TBL                TABLE 1                                                     

     ______________________________________                                    

     Dissolution of the Cobaltic Precipitate in NH.sub.3 -(NH.sub.4).sub.2     

     SO.sub.4 Solution                                                         

     FEED               PRODUCT                                                

     SOLIDS     LIQUID                                                         

     Precipitate                                                               

                H.sub.2 O                                                      

                       NH.sub.4 OH                                             

                                Vol. Ni    Co    Time                          

     Gms  % Ni   % Co   mls  mls    mls  qpl   qpl   Hours                     

     ______________________________________                                    

     22.0 35.6   10.0   450  50          11.2  3.20  1                         

                                         12.4  3.60  2                         

                                    590  12.7  3.95  3                         

     23.2 35.2   10.4   400  100         13.6  3.72  1                         

                                    578  14.8  3.98  2                         

     22.4 35.2   10.4   350  150         13.6  3.92  1                         

                                               4.00  2                         

                                    568        4.11  3                         

     18.7 36.8   12.8   300  200         11.6  3.84  1                         

                                         12.0  4.04  2                         

                                    550  12.6  4.35  3                         

     ______________________________________                                    

PAR  As will be apparent from the table the dissolution was generally completed
      between 2 to 3 hours. It was noted that the dissolution of the cobalt
      precipitate in 300 gpl (NH.sub.4).sub.2 SO.sub.4 with NH.sub.3 was
      successful.
PAR  Following the dissolution of the precipitate, the solution which now
      contained 12.8 gpl Ni and 3.84 gpl Co was treated with concentrated
      sulfuric acid to precipitate the nickel double salt (Ni(NH.sub.4).sub.2
      (SO.sub.4).sub.2. A series of precipitations was conducted as shown in
      Table 2 below:
TBL                                    Table 2                                 

     __________________________________________________________________________

     Precipitation of Ni(NH.sub.4).sub.2 (SO.sub.4).sub.2                      

     mls Conc.                                                                 

     H.sub.2 SO.sub.4 for                                                      

                   FILTRATE    WASH SOLUTION                                   

                                           PRECIPITATE                         

     Test                                                                      

        200 mls of                                                             

               Final                                                           

                   vol Ni  Co  vol                                             

                                  Ni  Co                                       

     No.                                                                       

        Feed Soln                                                              

               pH  ml  gpl gpl ml gpl gpl  gms % Ni                            

                                                   % Co                        

     __________________________________________________________________________

     1    13   1.4 201 0.30                                                    

                           3.80                                                

                               50 10.4                                         

                                      0.014                                    

                                           11.5                                

                                               17.2                            

                                                   0.014                       

     2    11.5 2.0 198 0.32                                                    

                           3.88                                                

                               50 10.0                                         

                                      0.013                                    

                                           12.5                                

                                               16.0                            

                                                   0.008                       

     3    11.5 2.7 201 0.34                                                    

                           3.80                                                

                               50 10.4                                         

                                      0.015                                    

                                           12.0                                

                                               16.4                            

                                                   0.010                       

     4    11.7 2.9 200 0.34                                                    

                           3.84                                                

                               50 10.8                                         

                                      0.013                                    

                                           11.6                                

                                               16.8                            

                                                   0.008                       

     __________________________________________________________________________

PAR  During the addition of H.sub.2 SO.sub.4, the solution temperatures
      increased to 65.degree.C. As will be noted from the last column, the
      nickel double salt shows a very low cobalt content. The ratios of Ni:Co
      obtained are illustrated in Table 3 as follows:
TBL                Table 3                                                     

     ______________________________________                                    

     Test No.      Ratio Ni:Co                                                 

     1             1200:1                                                      

     2             2000:1                                                      

     3             1640:1                                                      

     4             2100:1                                                      

     ______________________________________                                    

PAL  As will be observed, the Ni:Co ratio in the double salt exceeds 1000:1 and
      ranges up to and over 2000:1.
PAR  The solution remaining from the double salt precipitation containing the
      cobalt and some nickel is subjected to nickel removal by passing the
      solution through a column containing cationic type chelating ion exchange
      resin selective to the adsorption of nickel. The resin is an
      iminodiacetate cationic chelating resin in the ammonium form, typically
      commercially available resins being one sold under the trademark DOWEX A1,
      DOWEX XV-4045 and Amberlite XE-318. Tests have given extractions in which
      the effluent solutions contain nickel as low as 1 ppm. Following
      adsorption of nickel by the column, the nickel is removed by passing 4N
      H.sub.2 SO.sub.4 through the column. After stripping of the nickel, the
      exchange resin is regenerated by passing 3 to 4 bed volumes of 20 percent
      NH.sub.4 OH solutions through the column.
PAR  The tests were conducted on cobaltic solutions in which the Co:Ni ratio was
      approximately 3:1. Before using the resin, it is converted to the ammonia
      form by an upward flow through the glass column of 20 percent NH.sub.4 OH
      solution. The cobaltic solution was then fed downwardly through the
      column, as were all the wash steps. The adsorption of the nickel was
      followed by a water wash and then a wash with a solution of 5 percent
      (NH.sub.4).sub.2 SO.sub.4 and 1N NH.sub.4 OH. This removes entrained
      cobalt and nickel. Following an additional water wash, the nickel was then
      stripped or eluted with 4N H.sub.2 SO.sub.4 solution. The elutriant
      remaining in the resin was removed by a water wash and the resin then
      regenerated to the ammonia form.
PAR  The results obtained on cobaltic solutions with CO:Ni ratios of 3:1 and
      20.2:1, respectively, are given in Tables 4 and 5 as follows:
TBL                Table 4                                                     

     ______________________________________                                    

            Nickel Adsorption on Dowex XF-4045                                 

            Resin From Cobaltic Solutions With                                 

            a CO/Ni Ratio of 3:1                                               

     Test XF-2                                                                 

                    Assayed,gpl   Ratio                                        

               ml   Ni       Co       Ni/Co Co/Ni                              

     ______________________________________                                    

     Feed Solution,                                                            

     pH 1.5       500   0.199    0.593        3.0                              

     Effluent     569   0.001    0.186        186                              

     Wash        2000   0.001    0.083         83                              

     Effluent plus wash                                                        

                 2569   0.001    0.106        106                              

     Eluate       610   0.150    0.038  3.9                                    

     Wash         300   0.016    0.006  2.7                                    

     Eluate plus wash                                                          

                  910   0.106    0.027  3.9                                    

            Cumulative Ni Loaded &gt;                                             

                          97.0%                                                

            Cumulative Co Loaded                                               

                          8.4%                                                 

            lb Ni/Cu ft resin                                                  

                          0.020                                                

            lb Co/Cu ft resin                                                  

                          0.006                                                

     ______________________________________                                    

TBL                                    Table 5                                 

     __________________________________________________________________________

                 Nickel Adsorption on Dowex XF-4045                            

                 Resin From Cobaltic Solutions With                            

                 a Cobalt Nickel Ratio of 20.2:1                               

     Test XF-4    Assayed, gpl      Ratio                                      

                  ml  Ni   Co   Cu  Ni/Co                                      

                                         Co/Ni                                 

     __________________________________________________________________________

     Feed Solution, pH 2.5                                                     

                   850                                                         

                       0.208                                                   

                           4.20 0.001    20.2                                  

     Effluent     1000                                                         

                      &lt;0.001                                                   

                           2.660                                               

                                0.0005   2660                                  

     Wash         1940                                                         

                      &lt;0.001                                                   

                           0.409                                               

                                0.0005    409                                  

     Effluent plus Wash                                                        

                  2940                                                         

                      &lt;0.001                                                   

                           1.175                                               

                                0.0005   1175                                  

     Eluate        600                                                         

                       0.304                                                   

                           0.108                                               

                                0.004                                          

                                    2.8                                        

     Wash          500                                                         

                       0.026                                                   

                           0.017                                               

                                0.0005                                         

                                    1.5                                        

     Eluate plus wash                                                          

                  1100                                                         

                       0.178                                                   

                           0.066                                               

                                0.002                                          

                                    2.7                                        

                 Cumulative Ni Loaded &gt;                                        

                              99.0%                                            

                 Cumulative Co Loaded                                          

                              3.2%                                             

                 lb Ni/Cu ft resin                                             

                              0.043                                            

                 lb Co/Cu ft resin                                             

                              0.013                                            

     __________________________________________________________________________

PAR  The tables show that satisfactory separation of nickel is obtainable from
      the cobaltic solution. Assays showed that nickel in the cobalt effluent
      solutions was as low as 1 ppm, considering that the starting solution
      contained 208 ppm of nickel. Cobalt:nickel ratios as high as 1175:1 were
      obtained following the removal of nickel.
PAR  The flow rates in the tests through the adsorption column were about 1
      gallon or less per minute per cubic foot of resin for both the loading and
      elution steps. Eluation of nickel from the resin using 4N H.sub.2 SO.sub.4
      was fast and complete.
PAR  Although the present invention has been described in conjunction with
      certain specific embodiments, it is to be understood that modifications
      and variations may be resorted to without departing from the spirit and
      scope of the invention as those skilled in the art will readily
      understand. Such modifications and variations are considered to be within
      the purview and scope of the invention and the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of separating nickel and cobalt from a mainstream nickel-cobalt
      solution containing nickelous and cobaltous ions, which comprises,
PA1  providing a mainstream nickel-cobalt solution in which the nickel-to-cobalt
      ratio ranges from about 5:1 to about 200:1,
PA1  removing an aliquot portion of said nickel-cobalt solution from said
      mainstream,
PA2  said aliquot portion containing enough nickel which when oxidized to the
      nickelic state is at least sufficient to oxidize subsequently the cobalt
      in the mainstream solution to the cobaltic state,
PA1  precipitating said nickel from said aliquot portion as a nickelous
      precipitate by the addition of a precipitating agent selected from the
      group consisting of a mixture of CO.sub.2 and NH.sub.3, and NH.sub.3
      alone, the temperature of precipitation with NH.sub.3 alone used being
      over 50.degree.C,
PA1  oxidizing said nickelous precipitate to the nickelic state,
PA1  separating said oxidized nickel precipitate from solution,
PA1  contacting the mainstream solution with said oxidized precipitate for a
      time sufficient to oxidize cobaltous ions in said solution to the cobaltic
      state and thus precipitate the cobalt from solution and reduce the
      nickelic ion to the nickelous state, the temperature of oxidation being
      over 50.degree.C, the cobaltic precipitate also containing nickel,
PA2  and whereby the nickel in the mainstream solution is enriched substantially
      relative to the cobalt content,
PA1  dissolving said cobaltic precipitate in an ammonium sulfate solution
      containing at least about 100 grams per liter of (NH.sub.4).sub.2 SO.sub.4
      and at least about 50 grams per liter of NH.sub.3 at a temperature ranging
      from about 80.degree.C to 120.degree.C under a pressure of at least about
      20 psi gage,
PA1  acidifying said solution to a pH of about 1.5 to 3.0 and cooling said
      solution to produce a nickel-ammonium sulfate precipitate highly enriched
      in nickel,
PA1  separating said precipitate from said solution which solution contains said
      cobalt and residual nickel,
PA1  passing said solution through an ion exchange column selective to the
      removal of said residual nickel, thereby leaving a solution containing
      said cobalt substantially free of nickel, and then passing said solution
      to cobalt recovery.
NUM  2.
PAR  2. The method of claim 1, wherein said cobaltic precipitate contains about
      25 percent to 45 percent nickel and about 20 percent to 5 percent cobalt,
      wherein said solution for dissolving said cobalt precipitate contains 100
      to 450 gpl (NH.sub.4).sub.2 SO.sub.4, about 50 to 170 gpl NH.sub.3 and is
      subjected to a pressure of about 20 to 30 psi gage.
NUM  3.
PAR  3. A method of separating nickel and cobalt from a mainstream nickel-cobalt
      solution containing nickelous and cobaltous ions with the nickel-to-cobalt
      ratio ranging from about 5:1 to 200:1 which comprises,
PA1  precipitating nickel from a nickel solution as a nickelous precipitate by
      the addition of a precipitating agent selected from the group consisting
      of a mixture of CO.sub.2 and NH.sub.3, and NH.sub.3 alone, the temperature
      of precipitation with NH.sub.3 alone used being over 50.degree.C, the
      amount of nickel being such that when oxidized to the nickelic state it is
      at least sufficient to oxidize subsequently the cobalt in the mainstream
      solution to the cobaltic state,
PA1  oxidizing said nickelous precipitate to the nickelic state,
PA1  separating said oxidized nickel precipitate from solution,
PA1  contacting the mainstream solution with said oxidized precipitate for a
      time sufficient to oxidize cobaltous ions in said solution to the cobaltic
      state and thus precipitate the cobalt from solution and reduce the
      nickelic ion to the nickelous state, the temperature of oxidation being
      over 50.degree.C, the cobaltic precipitate also containing nickel,
PA2  and whereby the nickel in the mainstream solution is enriched substantially
      relative to the cobalt content,
PA1  dissolving said cobaltic precipitate in an ammonium sulfate solution
      containing at least about 100 grams per liter of (NH.sub.4).sub.2 SO.sub.4
      and at least about 50 grams per liter of NH.sub.3 at a temperature ranging
      from about 80.degree.C to 120.degree.C under a pressure of at least about
      20 psi gage,
PA1  acidifying said solution to a pH of about 1.5 to 3.0 and cooling said
      solution to produce a nickel-ammonium sulfate precipitate highly enriched
      in nickel,
PA1  separating said precipitate from said solution which solution contains said
      cobalt and residual nickel,
PA1  passing said solution through an ion exchange column selective to the
      removal of said residual nickel, thereby leaving a solution containing
      said cobalt substantially free of nickel, and then passing said solution
      to cobalt recovery.
NUM  4.
PAR  4. The method of claim 3, wherein said cobaltic precipitate contains about
      25 percent to 45 percent nickel and 20 percent to 5 percent cobalt,
      wherein said solution for dissolving said cobalt precipitate contains 100
      to 450 gpl (NH.sub.4).sub.2 SO.sub.4, 50 to 170 gpl NH.sub.3 and is
      subjected to a pressure ranging from about 20 to 30 psi gage.
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ABST
PAL  A method is provided for enriching nickel in a nickel-cobalt solution to a
      nickel-to-cobalt ratio of over 2000:1, wherein an aliquot portion of the
      solution is removed, the nickel precipitated from said aliquot portion in
      the nickelous state, the nickelous precipitate thereafter oxidized to the
      nickelic state and the oxidized nickel precipitate then mixed with the
      remaining nickel-cobalt solution to oxidize the cobalt therein to the
      cobaltic state which precipitates from the solution, thereby highly
      enriching the solution in nickel.
BSUM
PAR  This invention relates to the hydrometallurgy of nickel and cobalt and to a
      method for producing nickel solutions very low in cobalt content and, in
      particular, to a method for separating nickel from cobalt in nickel-cobalt
      solutions, and the like, especially solutions obtained in the leaching of
      nickel-containing materials, for example, leached oxidic nickel and
      cobalt-containing materials, such as ores, oxidized sulfide concentrates,
      hydroxide concentrates, and the like.
PAC  BACKGROUND OF THE INVENTION
PAR  Nickel and cobalt are generally found together in natural-occurring
      minerals and, because conventional ore dressing methods do not effect a
      separation of the two, both metals generally appear together in solutions
      resulting from the leaching of nickel and cobalt-containing materials,
      such as leached oxide ores, oxidized sulfide concentrates and the like.
PAR  In recent years, several hydrometallurgical methods have been proposed for
      the recovery of nickel and/or cobalt from lateritic limonitic ores. One
      method, in particular, resides in using aqueous sulfuric acid as the
      leachant at high temperature under elevated pressure. The raw ore is
      prepared in a finely divided state and a slurry formed at about 10 percent
      to 20 percent solids which is thereafter concentrated by settling and
      decanting in thickeners to produce an underflow having a concentration of
      about 30 percent to 50 percent solids. The concentrated slurry is heated
      in an autoclave by means of direct high pressure steam to a high
      temperature at which the leaching or other recovery treatment is carried
      out, usually above 400.degree.F (205.degree.C), e.g. about 475.degree.F
      (246.degree.C) at a pressure of about 525 psig in the presence of sulfuric
      acid to solubilize the nickel and cobalt present in the slurried ore.
      Following leaching in the autoclave, the leached pulp is cooled and
      preferably washed by countercurrent decantation and the resulting acid
      leach liquor then treated with a neutralizing agent [Mg(OH).sub.2, coral
      mud, or the like] to raise the pH to, for example, 2.5 to 2.8 for the
      sulfide precipitation of nickel and cobalt. The leach liquor is brought to
      a temperature of about 250.degree. F (122.degree.C) and the nickel and
      cobalt precipitated as sulfides with H.sub.2 S at pressures of up to about
      150 psig, using nickel sulfide as seed material.
PAR  The sulfide precipitate is washed and thickened to about 65 percent solids
      and then oxidized at about 350.degree.F (177.degree.C) and a pressure of
      about 700 psig in an autoclave in 1 percent sulfuric acid. Ammonia is
      added as a neutralizing agent to the nickel-cobalt solution to raise the
      pH to a level (e.g. 5.3) using air as an oxidant, to precipitate any iron,
      aluminum or chromium carried over as an impurity during leaching. After
      separating the solution from the precipitate, any copper, lead or zinc
      present therein is removed by precipitation as a sulfide, using H.sub.2 S
      as the precipitant, the solution being first adjusted with acid to lower
      the pH to about 1.5. The sulfide precipitate is then separated from the
      solution and the solution then passed on to the nickel separation step.
PAR  Many methods have been proposed for the separation of nickel from cobalt
      contained in said aqueous solution. In one method, the solution is
      adjusted with ammonia to prepare it for the recovery of metallic nickel.
      The adjusted nickel feed solution containing about 40 to 50 grams per
      liter of nickel and some cobalt is reduced with hydrogen in an autoclave
      at about 375.degree.F (190.degree.C) and 650 psig using nickel powder as
      seed material, the barren liquor remaining going to cobalt recovery using
      known methods. However, some of the cobalt appears in the reduced nickel
      product.
PAR  Other methods proposed and/or commercially used for separating cobalt from
      nickel include cobalt sulfide precipitation from ammonia-ammonium
      carbonate solutions, cobalt separation from aqueous sulfuric acid
      solutions by means of nickelic hydroxide, and the separation of cobalt
      from nickel using the pentammine process described in U.S. Pat. Nos.
      2,767,053 and 2,767,054, the cobalt being thereafter preferentially
      recovered in the metallic state by hydrogen reduction. This method, in
      particular, involves forming a solution containing cobaltic pentammine and
      nickelous ammine by adding an amount of ammonia sufficient to provide 5
      mols of ammonia for each mol of cobaltic ion and 5 mols of ammonia for
      each mol of nickelous ion. The solution is oxidized with oxygen and then
      acidified with H.sub.2 SO.sub.4 to a pH of at least about 4 to produce a
      nickel-bearing precipitate in the form of a nickel-ammonium double salt.
PAR  While the foregoing methods provided an acceptable nickel produce, provided
      the end use tolerated the presence of cobalt in the nickel, these methods
      in and of themselves had certain limitations insofar as the production of
      a pure nickel product was concerned.
PAR  For example, the recovery of nickel by the hydrogen reduction of
      nickel-cobalt solutions was not selective enough to meet new specification
      requirements for high purity nickel. The sulfide and the pentammine
      precipitation processes are generally limited to specific nickel-cobalt
      bearing solutions, the sulfide precipitation method generally requiring
      the use of significant amounts of a sulfidizing agent (e.g. H.sub.2 S).
      The nickelic hydroxide procedure is quite expensive and generally requires
      considerable amounts of caustic soda and oxidizing agents and has a very
      slow filtration rate. Both the nickelic hydroxide and the sulfide
      precipitation processes usually result in significant loss of nickel
      together with the precipitated cobalt in that the cobalt-containing
      precipitate contains more nickel than cobalt.
PAR  The present invention provides an improved method of separating cobalt from
      nickel-cobalt solutions.
PAC  OBJECTS OF THE INVENTION
PAR  It is thus an object of this invention to provide an improved method for
      separating nickel from nickel and cobalt-bearing solutions, wherein the
      nickel-containing product produced has a very high nickel-to-cobalt ratio.
PAR  Another object is to provide an economical hydrometallurgical method for
      the separation of nickel from cobalt, wherein the nickel-to-cobalt ratio
      of the resulting nickel-containing product is over 2000:1 and ranges up to
      10,000:1 and higher.
DRWD
PAR  These and other objects will more clearly appear when taken in conjunction
      with the following disclosure and the accompanying drawing, wherein:
PAR  FIG. 1 is one example of a flow sheet for carrying out the objects of the
      invention;
PAR  FIG. 2 is a curve showing the ratio of Ni/Co in the solution as a function
      of the time of oxidation and precipitation of cobalt from said solution;
      and
PAR  FIG. 3 is a detailed example of a material balance in the form of a flow
      sheet in carrying out one method of the invention.
DETD
PAC  STATEMENT OF THE INVENTION
PAR  Stating it broadly, a method of producing a nickel-rich solution from
      nickel-cobalt solutions containing nickelous and cobaltous ions is
      provided which comprises, providing a mainstream nickel-cobalt solution in
      which the nickel-to-cobalt ratio ranges from about 5:1 to 200:1, removing
      an aliquot portion of said nickel-cobalt solution from said mainstream,
      said aliquot portion containing enough nickel which, when oxidized to the
      nickelic state, is at least sufficient to oxidize the cobalt in the
      mainstream to the cobaltic state, precipitating said nickel from said
      aliquot portion as a nickelous precipitate by the addition of a
      precipitating agent selected from the group consisting of CO.sub.2 and
      NH.sub.3 and mixtures thereof, oxidizing said nickelous precipitate to the
      nickelic state, separating said oxidized nickel precipitate from solution,
      and contacting the mainstream solution with said oxidized precipitate to
      oxidize cobaltous ions in said solution to the cobaltic state and thus
      precipitate the cobalt from solution and reduce the nickelic ion to the
      nickelous, whereby the nickel in the mainstream solution is enriched
      substantially relative to the cobalt to provide a nickel:cobalt ratio in
      said solution of generally over 2000:1.
PAR  The foregoing method is novel in that it is very selective to the
      production of high purity nickel. The process is very easy to control and
      to operate and, moreover, the operating costs are low. Also, very high
      filtration rates are obtained for substantially all the precipitates
      involved in the steps of the process. In a preferred aspect of the
      invention, the crystallinity of the solid phases formed during
      precipitation can be controlled to provide markedly improved
      filterability. The cobalt concentrate obtained during the precipitation of
      cobalt generally exhibits a nickel-to-cobalt ratio of about 2.5:1 to 3:1
      which can range to as high as 10:1, and the separation of nickel and
      cobalt from the cobalt precipitate or concentrate is made possible through
      the difference in valence states of the nickel and cobalt, the valence of
      nickel being +2 (nickelous) and the valence of cobalt being +3 (cobaltic).
PAR  In this connection, reference is made to copending application Ser. No.
      441,179 filed of even date herewith in the names of the same inventors.
PAC  DETAIL ASPECTS OF THE INVENTION
PAR  As stated hereinabove, in carrying out the invention, an aliquot portion of
      the mainstream solution, e.g. a nickel-cobalt sulfate solution, is removed
      for the precipitation of nickel.
PAR  In one embodiment, about 13.5 percent by volume of the mainstream solution
      is removed and enough ammonia added to obtain a solution containing about
      1 to 2 mols of NH.sub.3 to one mol of nickel. Then, CO.sub.2 is bubbled
      through the solution to precipitate about 50 percent of the nickel and
      over 98 percent of the cobalt. The primary "carbonate" precipitate
      obtained by this method is easy to filter and also can be filtered
      rapidly. Depending on the conditions of the system, the "carbonate"
      composition may vary between hydrated nickel oxide through a basic nickel
      carbonate to a relatively pure nickel carbonate. The aliquot portion of
      solution is predetermined to provide sufficient nickel precipitate to
      oxidize cobaltous ions in the remaining portion of the mainstream solution
      to cobaltic ions.
PAR  The aforementioned primary nickel carbonate precipitate is then oxidized,
      either by means of a strong oxidizing agent such as NaOCl, CaOCl.sub. 2,
      ozone and (NH.sub.4).sub.2 S.sub.2 O.sub.8 or by electrolysis. The
      nickelic precipitate after filtering and washing is then contacted with
      the remaining mainstream solution to oxidize the cobaltous ion to cobaltic
      as follows:
EQU  Ni.sup.+.sup.3 (solid)+Co.sup.+.sup.2 (aq.) .fwdarw. Co.sup.+.sup.3 (solid)
      + Ni.sup.+.sup.2 (aq.)
PAL  The nickel goes into solution as the cobalt is oxidized and comes out of
      solution as a cobaltic precipitate containing some nickel.
PAR  The treated mainstream solution exhibits high nickel-to-cobalt ratios of
      substantially over 2000:1 and up to 10,000:1 and higher.
PAR  In another embodiment, the aforementioned aliquot portion of the mainstream
      solution is heated to a temperature of about 75.degree.C to 80.degree.C
      and ammonia added to provide a molar ratio of NH.sub.3 to Ni of about
      1.6:1 to 4:1 and preferably between about 1.6:1 to 2.5:1. The ammoniacal
      solution is kept at the foregoing temperature for about 30 to 60 minutes.
      About 50 percent of nickel and 98 percent of cobalt is precipitated.
PAR  When the precipitate is oxidized with NaOCl, for example, the primary
      precipitate is first filtered from its mother liquor. The filtrate
      remaining contains about 50 percent of the initial nickel content and is
      treated for nickel recovery with the subsequently purified mainstream. The
      precipitate is oxidized with NaOCl at 80.degree.C for 30 minutes to form
      nickelic oxide. The precipitate has a pseudomorphic crystalline structure
      and filters easily. Any chloride ions in the precipitate are effectively
      removed by washing.
PAR  Where ammonium persulfate is used as the oxidant, filtration is not
      required since the reaction product is ammonium sulfate. After the cobalt
      has been precipitated from the aliquot portion of the mother liquor, the
      resulting pulp is maintained at 80.degree.C for about 15 to 30 minutes
      after the ammonium persulfate is added. The oxidized precipitate is easily
      filtered from the solution and washed of free ammonium ions.
PAR  Electrolytic oxidation is carried out as follows: nickel "carbonate" is
      precipitated from solution as described hereinbefore. However,
      electrolytic oxidation may also be employed on ammonia precipitates
      without carbonates. The carbonate is filtered and washed and slurried in a
      sodium carbonate solution containing 70 gpl (grams per liter) Na.sub.2
      CO.sub.3 (anhydrous) and oxidized in an electrolytic cell. The cell
      comprises a pair of electrodes, the anode being made of sheet nickel and
      the cathode of iron wire mesh. A potential of 3.2 volts is employed, the
      current density being about 140 amps/square meter. A retention time of
      about 6 to 8 hours has been found satisfactory, with a power consumption
      of about 0.87KW hrs/lb.
PAR  The oxidized precipitate produced by any of the foregoing methods is
      introduced into the mainstream solution and the mixture maintained at
      about 75.degree. to 80.degree.C for 1 to 3 hours. The cobalt in solution
      is oxidized and precipitated out of solution, the oxidized nickel
      precipitate being, in turn, reduced and dissolved in the mainstream
      solution. The cobalt precipitate is easily filtered, the precipitate
      having a Ni:Co ratio of about 2:1 to 4:1. This precipitate can be further
      treated for nickel-cobalt separation directly or after acid digestion to
      produce an upgraded cobalt concentrate containing 3:1 to 5:1 of
      cobalt-to-nickel.
PAR  The flow sheet of the process will be apparent by referring to FIG. 1 of
      the drawing in which primary precipitation is carried out at Step (1) by
      adding CO.sub.2 and NH.sub.3 to the mainstream nickel-cobalt sulfate
      solution to form a carbonate precipitate containing nickel and cobalt, the
      solution and precipitate being subjected to solid-liquid separation at
      Step (2), the precipitate being washed with wash water. The nickelous
      precipitate is oxidized to nickelic oxide at Step (3). The solution and
      oxidized nickel precipitate are subjected to solid-liquid separation at
      Step (4) including the step of washing and the mainstream solution mixed
      with the oxidized precipitate to precipitate the cobalt as a cobaltic
      precipitate at Step (5).
PAR  The solution is separated from the precipitate at Step (6), with the
      solution going to hydrogen reduction to form pure nickel powder, the
      cobalt precipitate going to Ni/Co separation.
PAR  As illustrative of the advantages of the invention, the following example
      is given:
PAC  EXAMPLE 1
PAR  A part of a mainstream nickel-cobalt sulfate solution having a pH of about
      5 to 6 was treated with concentrated NH.sub.4 OH to provide an NH.sub.3
      /Ni molar ratio of about 1.6:1. Carbon dioxide gas was then bubbled
      through the solution at room temperature for about 30 minutes. About 30
      percent of the nickel and 95 percent of the cobalt precipitated. The
      precipitate was easily filterable and was separated from the solution and
      washed with water. The filtrate had a Ni:Co ratio of 1220:1. The
      precipitate was then oxidized with a 5 percent NaOCl solution for about 30
      minutes at 75.degree.C and a pH of about 6 to 7. A black oxidized
      precipitate was obtained which filtered rapidly and was washed free of
      chloride ions.
PAR  The oxidized product was then mixed with the remainder of the mainstream
      nickel-cobalt sulfate solution and the cobalt in the solution oxidized at
      75.degree.C and a pH of 5.5 at various times for each oxidized product.
      The cobalt oxidation was determined at 0, 30, 60 and 90 minutes and the
      Ni/Co ratio of the filtrate measured for each of the foregoing times. The
      results obtained are illustrated in FIG. 2.
PAR  As will be noted from FIG. 2, after 30 minutes of treatment, the mainstream
      solution with the oxidized product or precipitate, the resulting filtrate
      had a Ni/Co ratio of over 2000:1 and reached 10,000:1 after 90 minutes of
      treatment.
PAR  In the cobalt oxidation-precipitation step, it was observed that a high pH
      of about 6.2 in the feed solution prevents dissolution of the reduced
      nickel precipitate. Since all of the reduced nickel in the precipitate
      does not dissolve, selective leaching may be resorted to in order to
      separate Ni(II) from Co(III). For example, when the primary cobalt
      precipitate was leached with dilute sulfuric acid solution at a pH of 3.9
      and a temperature of 90.degree.C, a solution was obtained containing a
      Co/Ni ratio of 30:1 and a secondary cobalt precipitate concentrate with a
      Co/Ni ratio of 2.4:1. The solution from the digestion step can be recycled
      to the mainstream or to the nickel carbonate precipitation step.
PAR  FIG. 3 of the drawing is a detailed example of a material balance in the
      form of a flow sheet showing results obtained with 1,543 liters of
      mainstream solution (Stream 1) containing 74.8 gpl Ni, 0.64 gpl Co (Ni/Co
      ratio about 116:1), the total nickel content being about 115.5 Kg.
PAR  An aliquot portion of about 13.4 percent by volume of Stream 1 is removed
      as Stream 2 for precipitation of nickel at Step (A) by the addition of 7.2
      Kg NH.sub. 3 and approximately a stoichiometric amount of CO.sub.2. The
      resulting precipitate is separated as Stream 6 to go to oxidation at Step
      (B), the filtrate or Stream 3 comprising 220 liters containing 50 gpl Ni,
      0.041 gpl Co (11 Kg total of Ni) going to either nickel reduction or to
      recycle.
PAR  The precipitate going to Step (B) weighs about 9.98 Kg and contains 44.6
      percent Ni, 1.24 percent Co and contains a total of 4.5 Kg of Ni.
PAR  The foregoing precipitate is oxidized at about 75.degree.-80.degree.C for
      30 minutes using about 75 to 120 liters of 5.25 percent by weight of a
      NaOCl solution referred to as Stream 10. It is assumed that some nickel
      dissolves during oxidation and after washing about 220 to 360 liters are
      obtained which may contain a total of 300 grams of nickel.
PAR  The oxidized precipitate referred to as Stream 7 weighs about 8.2 Kg and
      contains 50 percent nickel and 1.5 percent cobalt, the total contained
      nickel being 4.2 Kg. The precipitate is passed on to cobalt separation
      Step (C) together with the remaining mainstream, that is, Stream 8, which
      comprises 1,336 liters containing 74.8 gpl Ni, 0.64 gpl Co, the total
      nickel content being about 100 Kg. The oxidized precipitate and solution
      are maintained at 75.degree. to 80.degree.C for a residence time of about
      60 to 90 minutes, such that the cobalt in Stream 8 is oxidized out as a
      cobaltic precipitate, Stream 5 being produced comprising 1,282 liters of
      solution containing 78 gpl Ni and 0.008 to 0.01 gpl Co, at a very high
      Ni/Co ratio of about 7800, the total amount of nickel being about 100 Kg
      or about 87 percent of the starting nickel solution.
PAR  The precipitate (Stream 9) weighs about 10.2 Kg and contains 40.3 percent
      Ni, 9.4 percent Co, the total amount of nickel being about 4.1 Kg. This
      precipitate is digested at Step (D) with dilute H.sub.2 SO.sub.4 to
      provide a solution having a Ni/Co ratio of about 30:1 which is preferably
      recycled to the mainstream solution.
PAR  The final precipitate (Stream 11) after digestion weighs about 2.2 Kg and
      contains 38 percent Co, 16 percent Ni, with the total nickel content
      amounting to about 0.3 Kg.
PAR  Summarizing the foregoing, the invention provides a method of separating
      nickel from cobalt contained in nickel-cobalt sulfate solutions in which
      the Ni/Co ratio ranges from about 5:1 to 200:1 and, more preferably, from
      about 100:1 to 160:1.
PAR  A portion of the foregoing solution is taken and the nickel is precipitated
      therefrom in one of two ways as follows as a nickelous precipitate:
PA1  1 CO.sub.2 and NH.sub.3 are added to the solution, the amount of CO.sub.2
      being at least stoichiometric to precipitate nickel carbonate. The amount
      of NH.sub.3 is sufficient to provide in the solution an NH.sub.3 /Ni mol
      ratio of about 1.5:1 to 2.5:1, with the pH ranging from about 7 to 7.5.
      The precipitate is thereafter oxidized to nickelic oxide as described
      herein, the oxidation being carried out at a temperature above
      15.degree.C, for example, 25.degree.C to 30.degree.C for electrolytic
      oxidation and about 60.degree.C to 90.degree.C and preferably about
      75.degree.C to 80.degree.C for chemical oxidation.
PAR  The oxidized precipitate is washed and then mixed with the remainder of the
      solution at over 50.degree.C to oxidize the cobaltous ion to cobaltic and
      precipitate it from solution, leaving a solution in which the Ni/Co ratio
      ranges over 2000:1 and up to 10,000:1 and higher.
PA1  2 In the other method, NH.sub.3 alone is added to the aliquot portion of
      the solution to precipitate nickelous hydroxide, the amount of NH.sub.3
      added being sufficient to form an NH.sub.3 /Ni mol ratio of about 1.6:1 to
      4:1, preferably 1.6:1 to 2.5:1 at a temperature over 50.degree.C, or about
      60.degree.C to 90.degree.C, preferably 75.degree.C to 85.degree.C, the pH
      of the solution ranging from about 7 to 8.
PAR  The precipitate is then oxidized to the nickelic state and used to oxidize
      the cobaltous ion to cobaltic in the main solution so as to precipitate
      the cobalt from the solution and provide a solution enriched in nickel
      relative to the cobalt content, that is, a Ni/Co mol ratio over 2000:1 and
      up to 10,000:1 and higher.
PAR  Although the present invention has been described in conjunction with
      preferred embodiments, it is to be understood that modifications and
      variations may be resorted to without departing from the spirit and scope
      of the invention as those skilled in the art will readily understand. Such
      modifications and variations are considered to be within the purview and
      scope of the invention and the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing a nickel-rich solution from nickel-cobalt
      solutions containing nickelous and cobaltous ions which comprises,
PA1  providing a mainstream nickel-cobalt solution in which the nickel-to-cobalt
      ratio ranges from about 5:1 to about 200:1, removing an aliquot portion of
      said nickel-cobalt solution from said mainstream,
PA2  said aliquot portion containing enough nickel which when oxidized to the
      nickelic state is at least sufficient to oxidize subsequently the cobalt
      in the mainstream to the cobaltic state,
PA1  precipitating said nickel from said aliquot portion as a nickelous
      precipitate by adding NH.sub.3 sufficient to provide in the solution an
      NH.sub.3 /Ni mol ratio of about 1.5:1 to 2.5:1 with the pH ranging from
      about 7 to 7.5 and by bubbling CO.sub.2 through the solution to produce an
      easily filterable nickelous carbonate precipitate containing cobalt,
PA1  oxidizing said nickelous precipitate to the nickelic state,
PA1  separating said oxidized nickel precipitate from solution,
PA1  and contacting the mainstream solution with said oxidized precipitate for a
      time sufficient to oxidize cobaltous ions in said solution to the cobaltic
      state and thus precipitate the cobalt from solution and reduce the
      nickelic ion to the nickelous state, the temperature of oxidation being
      over 15.degree.C, whereby the nickel in the mainstream solution is
      enriched substantially relative to the cobalt to provide a nickel:cobalt
      ratio in said solution of over 2000:1.
NUM  2.
PAR  2. The method of claim 1, wherein said nickelous precipitate is oxidized
      chemically to the nickelic state by contacting it with an oxidizing agent
      selected from the group consisting of NaOCl, CaOCl.sub.2, (NH.sub.4).sub.2
      S.sub.2 O.sub.8 and ozone, or by oxidizing said precipitate
      electrolytically by passing a suspension of said precipitate in an
      electrolyte between the electrodes of an electrolytic cell, said oxidation
      being carried out at a temperature ranging from about 60.degree.C to
      90.degree.C for chemical oxidation and about 15.degree.C to 30.degree.C
      for electrolytic oxidation.
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PAL  This invention involves a process for producing high bulk density sodium
      carbonate from crude trona wherein sodium carbonate monohydrate purge
      streams containing high amounts of organic impurities are passed to an
      anhydrous crystallizer operated at temperatures above about 109.degree.C
      wherein anhydrous sodium carbonate crystals are formed having high bulk
      densities of about 60 to about 80 lbs/ft.sup.3.
BSUM
PAR  This invention relates to an improved process for the production of sodium
      carbonate (soda ash) from crude trona.
PAR  In Sweetwater and adjacent counties in the vicinity of Green River,
      Wyoming, trona deposits are found at depths ranging from about 800 to
      about 1800 feet underground. The main trona bed varies from 8 to 18 feet
      in thickness and other beds of less thickness separated by layers of shale
      are usually found above the main trona bed. The trona consists mainly of
      sodium sesquicarbonate (Na.sub.2 CO.sub.3.NaHCO.sub.3.2H.sub.2 O) and four
      to six percent insoluble materials consisting mainly of shale. A typical
      analysis of the crude trona from which the larger pieces of shale have
      been removed is:
     Constituent           Percent                                             

     ______________________________________                                    

     Na.sub.2 CO.sub.3     43.50                                               

     NaHCO.sub.3           36.11                                               

     H.sub.2 O             13.14                                               

     Na.sub.2 SO.sub.4     0.02                                                

     NaCl                  0.09                                                

     Fe.sub.2 O.sub.3      0.14                                                

     Organic Matter        0.30                                                

     Insolubles            6.70                                                

     ______________________________________                                    

PAR  Various processes for the production of sodium carbonate from crude trona
      are known. One such process is the monohydrate process, disclosed in U.S.
      Pat. No. 2,962,348 issued to Seglin et al on Nov. 29, 1960. In this
      process, crude trona, after being crushed and screened, is calcined
      directly to form crude sodium carbonate. The crude sodium carbonate is
      dissolved in an aqueous solvent to form a substantially saturated solution
      of crude sodium carbonate. The crude sodium carbonate solution is then
      clarified and/or filtered to remove insolubles and subsequently
      crystallized, preferably in evaporative crystallizers to form sodium
      carbonate monohydrate. The monohydrate crystals are then calcined to
      produce a dense soda ash.
PAR  One difficulty that has arisen in the operation of the monohydrate process
      has been the build-up of soluble organic impurities in the crude sodium
      carbonate solution during crystallization of the sodium carbonate. These
      organic impurities consists mainly of kerogenaceous material such as
      carboxylic acids and rosin acids present in the trona as well as
      conventionally added organic surface active agents which are used to
      assist in the crystallization process. The presence of appreciable amounts
      of the organic impurities, that is above about 300 ppm carbon based on the
      sodium carbonate solution during crystallization must be avoided. These
      amounts of carbon adversely affect sodium carbonate monohydrate crystal
      quality by discoloring the crystals, by producing crystals of unacceptably
      low bulk density, and by forming elongated crystals which cannot be
      handled easily. Furthermore, crystal quality becomes increasingly worse as
      the organic impurity concentration increases.
PAR  A subsequent modification of the monohydrate process involved the
      installation of carbon towers to treat the clarified sodium carbonate
      solution with activated carbon prior to and after crystallization in order
      to remove a substantial portion of the soluble organic impurities. This
      process, however, has not been effective in continuously maintaining the
      organic impurity concentration below about 300 ppm carbon based on the
      sodium carbonate solution during crystallization in continuous
      crystallization processes requiring recycle. In such processes the mother
      liquor containing high amounts of organic impurities, separated from the
      sodium carbonate monohydrate crystals, is recycled to the evaporative
      crystallizers.
PAR  Various processes have been proposed to lower the soluble organic impurity
      concentration of the sodium carbonate solution during evaporative
      crystallization. One such method is proposed in British Pat. No. 1,211,984
      wherein the effect of the organic impurities upon sodium carbonate
      crystallization is reduced by growing sodium carbonate crystals at one
      crystallization temperature and then feeding separated mother liquor which
      has an increased organic impurity concentration relative to the initial
      feed liquor to another crystallizer operated at a higher temperature. When
      the organic carbon level of the liquor is between 300 ppm carbon and 5,000
      ppm carbon calculated on a sodium carbonate basis, a portion of the liquor
      is purged from the crystallizers and discharged as waste. Purging in this
      manner reduces the concentration of organic impurities in the
      crystallizers to an acceptable level. This process, however, results in a
      substantial loss of valuable carbonate values present in the discarded
      purge stream; these discarded carbonate values can be as high as 30
      percent of the carbonate values present in the feed liquor.
PAR  It has been unexpectedly discovered that substantial amounts of the
      discarded sodium carbonate values which cannot be recovered as sodium
      carbonate monohydrate crystals, can be recovered from sodium carbonate
      liquors containing as high as 4,000 ppm carbon based on the sodium
      carbonate solution as excellent quality, high bulk density anhydrous
      sodium carbonate crystals. It has also been unexpectedly discovered that
      the anhydrous sodium carbonate crystals recovered according to this
      invention can be combined with the sodium carbonate monohydrate crystals
      produced according to the monohydrate process to produce a commercially
      saleable, non-segregating, high bulk density sodium carbonate product.
PAR  The improved process according to the invention is an improvement in
      carrying out the monohydrate process wherein crude trona is calcined at a
      temperature and for a time sufficient to convert the crude trona into
      crude sodium carbonate, the crude sodium carbonate is dissolved in water
      to form an aqueous solution of crude sodium carbonate containing suspended
      solids and soluble organic impurities, the coarse suspended insolubles are
      separated from the crude sodium carbonate solution, the crude sodium
      carbonate solution is clarified and treated to remove a substantial
      portion of the remaining suspended insolubles and soluble organic
      impurities from the crude sodium carbonate solution, a portion of water
      from the clarified sodium carbonate solution is evaporated in a
      monohydrate crystallizer and sodium carbonate monohydrate crystals are
      formed, the sodium carbonate monohydrate crystals are separated from the
      monohydrate crystallizer liquor containing organic impurities, and the
      separated sodium carbonate monohydrate crystals are calcined to form dense
      sodium carbonate and 0 percent to 100 percent of the separated monohydrate
      crystallizer liquor containing soluble organic impurities is recycled to
      the monohydrate crystallizer for further monohydrate crystal recovery
      therefrom. The improvement comprises bleeding a portion of the monohydrate
      crystallizer liquor to maintain the concentration of the organic
      impurities in the monohydrate crystallizer below about 300 ppm carbon
      based on the sodium carbonate solution present in the monohydrate
      crystallizer, evaporating a portion of the bleed liquor at a temperature
      above about 109.degree.C in an anhydrous crystallizer and crystallizing
      anhydrous sodium carbonate crystals, separating the anhydrous sodium
      carbonate crystals from the anhydrous crystallizer liquor, and drying the
      separated anhydorus sodium carbonate crystals to form high bulk density
      sodium carbonate.
PAR  An additional improved process of the invention involves combining the
      sodium carbonate monohydrate crystals and monohydrate crystallizer liquor
      with the anhydrous sodium carbonate crystals and anhydrous crystallizer
      liquor; separating a mixture of monohydrate and anhydrous sodium carbonate
      crystals from the combined monohydrate and anhydrous crystallizer liquor;
      and calcining the separated sodium carbonate crystals to form high bulk
      density sodium carbonate.
DRWD
PAR  In the drawings,
PAR  FIG. I illustrates diagramatically one embodiment for the production of
      sodium carbonate from trona in which monohydrate crystallizer liquor purge
      streams are fed to an anhydrous crystallizer to recover anhydrous sodium
      carbonate crystals.
PAR  FIG. II illustrates a further modification of the process.
DETD
PAR  In the process of the invention crude trona is dry-mined and processed to
      crude sodium carbonate by calcining and converting the sodium
      sesquicarbonate present in the crude trona to sodium carbonate. This
      reaction may be presented as follows:
EQU  2(Na.sub.2 CO.sub.3.NaHCO.sub.3.2H.sub.2 O).fwdarw.3Na.sub.2 CO.sub.3 +
      5H.sub.2 O + CO.sub.2
PAR  The crude dry-mined trona may be prepared for calcination by crushing the
      mined trona in a crushing apparatus and passing the crushed trona over a
      screening device or other suitable separating equipment. Particles in the
      general size range smaller than one inch are collected and passed to the
      calciner. Rejected oversize particles may then be recycled to the crushing
      apparatus for further crushing and screening. Proper sizing of the crude
      trona insures good conversion of the sodium sesquicarbonate therein to
      sodium carbonate, since over-sized particles are not easily converted in
      the calciner.
PAR  The calcination of crude trona has several advantages. First, the
      calcination effects a conversion of sodium bicarbonate values present in
      the crude trona to sodium carbonate. Second, the calcium salts and other
      difficulty soluble material in the insoluble fraction are rendered less
      soluble. Lastly, the crude sodium carbonate resulting from the calcination
      has a greater rate of solubility than the crude trona. The increase in the
      rate of solubility results in shorter dissolving time and in a great
      saving in the size of dissolving equipment so that high production rates
      of sodium carbonate can be obtained in smaller vessels. Additionally, the
      shorter dissolving time results in less dissolution of the calcium
      carbonate present in the insoluble fraction of the trona.
PAR  The calcination may be carried out at any temperature which is sufficient
      to convert the trona to sodium carbonate. Generally, calcination
      temperatures on the order of 150.degree. to 800.degree.C may be employed.
      If no organic-removal steps are to be used prior to evaporative
      crystallization of the sodium carbonate solution, calcination temperatures
      of about 400.degree. to 800.degree.C and preferably between 500.degree.
      and 550.degree.C are sufficient to convert the trona to sodium carbonate.
      If organic removal steps are to be utilized prior to evaporative
      crystallization, such as by carbon treatment, calcination temperatures on
      the order of 150.degree. to 350.degree.C, and preferably 150.degree. to
      170.degree.C are employed.
PAR  The retention time of the crude trona in the calciner is a function of the
      ore particle size and the temperature of the calciner. At a temperature of
      500.degree. to 550.degree.C, a period of about 15 minutes has been found
      satisfactory to obtain proper calcination of the crude trona. At a
      temperature of 150.degree. to 170.degree.C, a period of about 50 minutes
      has been found satisfactory.
PAR  The calcination is usually carried out in a rotary, direct fired calciner,
      although other type kilns or calciners, such as vertical kilns, grate type
      calciners, or fluid beds are equally suitable.
PAR  After the crude trona is calcined, it is passed to the dissolving area
      where hot water or a hot solution of sodium carbonate in water at any
      desired sodium carbonate concentration, is brought into contact with the
      crude sodium carbonate to form an aqueous solution of crude sodium
      carbonate. The water employed may be softened or partially softened water.
      In the preferred operation, the major quantity of liquid used for
      dissolving the crude calcined trona is recycle liquid from a subsequent
      stage of the process, for example, the thickener stage, and contains
      sodium carbonate values dissolved therein. It is also preferred that the
      liquid in the dissolver does not contain more than 170 ppm total hardness,
      expressed as calcium carbonate; this avoids the precipitation of calcium
      carbonate in the dissolvers. Calcium carbonate precipitation is most
      undesired because it forms scale which is difficult to remove.
PAR  When anhydrous sodium carbonate or calcined crude trona is introduced into
      water or into a solution of sodium carbonate in water at a temperature
      above 35.degree.C and at or below 109.degree.C it hydrates to sodium
      carbonate monohydrate. If the solution is unsaturated the sodium carbonate
      monohydrate dissolves. If the solution is saturated the sodium carbonate
      monohydrate does not dissolve.
PAR  The effluent from the dissolvers, which in the preferred process of this
      invention is a substantially saturated solution of sodium carbonate plus
      suspended insolubles and soluble organic impurities, is then passed to a
      coarse solids classifier. In the classifier the coarse insolubles or
      solids, having a particle size of about 40 mesh (U.S. Standard Sieve), are
      separated from the crude sodium carbonate solution which retains any
      undissolved or suspended insolubles smaller than about 40 mesh.
PAR  Any separator which separates coarse solids from the crude sodium carbonate
      may be employed. It is preferred to utilize a screw conveyor mounted in a
      liquid-tight, elongated container which container is mounted at an
      inclined angle. The inclined angle is measured from horizontal and may be
      from 10.degree. to 60.degree.. The positioning of the container in this
      manner permits the lower end of the screw to be covered with the crude
      sodium carbonate solution while permitting the upper end of the screw to
      extend out of the crude solution. Such a classifier is the Denver
      Equipment Company Spiral Classifier Model 125.
PAR  In the operation of the coarse solids classifier, the crude sodium
      carbonate solution from the dissolver is fed into the intake opening of
      the classifier. The coarse solids immediately sink to the bottom of the
      classifier because of their heavy weight relative to the crude solution.
      The screw picks up these heavier particles resting on the bottom of the
      classifier and conveys them upwardly out of the solution towards a
      discharge chute located at the top of the classifier. The suspended
      insolubles smaller than about 40 mesh, soluble organic impurities, and the
      sodium carbonate solution move to the lower end of the classifier where
      they are removed and passed to a clarifier.
PAR  By removing the large coarse particles in the classifier before the
      clarifier stage they are prevented from interfering with the clarifier
      operation.
PAR  The effluent from the coarse solids classifier is a substantially saturated
      solution of sodium carbonate containing suspended insolubles smaller than
      40 mesh in size and soluble organic impurities. This effluent is passed to
      a clarifier where the suspended insolubles are permitted to settle out.
PAR  If a small amount of fine solid matter remains suspended in the sodium
      carbonate solution which has been treated in the clarifier, the sodium
      carbonate solution may be filtered to remove the remaining insolubles.
PAR  The overflow sodium carbonate solution from the clarifier, pregnant with
      sodium carbonate and containing approximately 50 to 200 ppm carbon as
      soluble organic impurities based on the sodium carbonate solution, may
      then be passed through a carbon column containing a packed bed of
      activated carbon. The carbon treatment represents the preferred method of
      operation and removes approximately 50 percent of the soluble organic
      impurities present in the sodium carbonate solution.
PAR  The carbon-treated sodium carbonate solution is then passed to a
      monohydrate crystallizer having an evaporating and crystallizing stage
      where water is evaporated from the sodium carbonate solution and sodium
      carbonate monohydrate is crystallized from the solution.
PAR  In the typical crystallizing operation, the carbonate solution is passed
      through a series of evaporators, specifically multiple effect evaporative
      crystallizers. The sodium carbonate solution generally first enters the
      crystallizer operated at the highest temperature and then passes in the
      form of a slurry through the remaining crystallizers, each succeeding one
      being operated at a lower temperature than the previous one. The
      crystallizers are operated at temperatures of about 100.degree.C,
      75.degree.C and 50.degree.C respectively when three crystallizers are
      employed.
PAR  As the sodium carbonate solution passes through the crystallizers, a slurry
      of sodium carbonate monohydrate crystals and monohydrate crystallizer
      liquor is formed. From the crystallizers the slurry is passed to a
      concentrator where the slurry is treated to remove most of the monohydrate
      crystallizer liquor remaining on the sodium carbonate monohydrate
      crystals. The moist sodium carbonate monohydrate crystals are then passed
      to a centrifuge to remove essentially all of the remaining monohydrate
      crystallizer liquor. Thereafter the crystals are heated in a dryer at a
      temperature of about 105.degree. to about 130.degree.C to convert the
      sodium carbonate monohydrate crystals to anhydrous sodium carbonate.
PAR  The monohydrate crystallizer liquor separated from the sodium carbonate
      monohydrate crystals in the concentrator and centrifuge contains
      approximately 30 percent dissolved sodium carbonate, and constitutes up to
      30 percent of the clarified sodium carbonate solution passed to the
      monohydrate crystallizer. In order to recover some of the sodium carbonate
      values from the monohydrate crystallizer liquor, a portion of the
      monohydrate crystallizer liquor is recycled to one or more monohydrate
      crystallizers and combined with clarified sodium carbonate feed solution.
      The amount of monohydrate crystallizer liquor recycled ranges from 0
      percent to 100 percent of the monohydrate crystallizer liquor. Since the
      recycled monohydrate crystallizer liquor contains concentrated amounts of
      organic impurities which will build-up after a number of recycles, a
      portion of the monohydrate crystallizer liquor is bled from the system to
      prevent build-up of impurities.
PAR  A portion of the monohydrate crystallizer liquor may be bled directly from
      one or more monohydrate crystallizers or from the monohydrate crystallizer
      recycle liquor. It is preferable, however, to bleed the monohydrate
      crystallizer recycle liquor since the sodium carbonate monohydrate
      crystals have been removed from this liquor whereas liquor bled from the
      crystallizer still contains recoverable monohydrate crystals. In a
      commercially operating monohydrate process which employs three monohydrate
      evaporative crystallizers, bleeding of the crystallizers should be done in
      a manner which removes the liquor containing the highest concentration of
      organic impurities.
PAR  Bleeding may be done continuously or periodically when necessary, that is,
      when an unacceptably high concentration of organic impurities is present
      in the monohydrate crystallizer liquor. The monohydrate crystallizer
      liquor is preferably continuously bled in the amount of 1 percent to 25
      percent, and preferably 3 percent to 10 percent, of the total sodium
      carbonate introduced into the process. Bleeding the monohydrate
      crystallizer liquor in this manner assures that the organic carbon
      concentrations in the monohydrate crystallizer liquor present in the
      monohydrate crystallizer do not exceed about 300 ppm carbon, and are
      preferably not above 200 ppm carbon. Higher amounts of bleeds may be
      employed when necessary.
PAR  In accordance with the present invention, the monohydrate crystallizer
      liquor bleed is then passed to an anhydrous crystallizer having an
      evaporating and crystallizing stage where water is evaporated from the
      liquor and anhydrous sodium carbonate is crystallized from the solution.
PAR  In the crystallizing operation, the bled monohydrate crystallizer liquor is
      passed through an anhydrous evaporator, or series of anhydrous evaporators
      operated at a temperature from at least the transition temperature at
      which crystalline anhydrous sodium carbonate is formed. This transition
      temperature is above about 109.degree.C. Temperatures above, but close to
      the transition temperature are preferable to much higher temperatures
      because the former temperatures avoid the high pressures that must
      accompany higher temperatures. Good results have been obtained at
      temperatures from about 110.degree. to about 130.degree.C with best
      results being obtained at temperatures from about 117.degree. to about
      126.degree.C. These temperatures may be achieved at pressures from about
      16.9 to about 33.7 p.s.i.a. and from about 20.7 to about 29.7 p.s.i.a.
      respectively.
PAR  As the liquor passes through the anhydrous crystallizer, a slurry of
      anhydrous sodium carbonate crystals forms in the anhydrous crystallizer.
      From the crystallizer the slurry is passed to a concentrator where the
      slurry is treated to remove most of the anhydrous crystallizer liquor
      remaining on the anhydrous sodium carbonate crystals. The moist anhydrous
      sodium carbonate crystals are then passed to a centrifuge to remove
      essentially all of the remaining anhydrous crystallizer liquor.
      Thereafter, the crystals are dried in a dryer at conventional drying
      temperatures, preferably between about 105.degree. and about 130.degree.C.
PAR  The anhydrous crystallizer liquor separated from the anhydrous sodium
      carbonate crystals in the concentrator and centrifuge contains
      approximately 30 percent dissolved sodium carbonate and constitutes up to
      10 percent of the clarified sodium carbonate solution feed to the
      monohydrate crystallizer.
PAR  Some of the sodium carbonate values in the anhydrous crystallizer liquor
      can be recovered from this liquor by recycling a portion of the separated
      anhydrous crystallizer liquor to the anhydrous crystallizer. The amount of
      the anhydrous crystallizer liquor recycled ranges from 0 percent to 100
      percent of the separated anhydrous crystallizer liquor. However, since the
      recycled anhydrous crystallizer liquor contains extremely high
      concentrations of soluble organic impurities which will continually
      build-up after a number of recycles, a portion of the anhydrous
      crystallizer liquor is purged from the system.
PAR  Purging of the anhydrous crystallizer liquor may be directly from the
      anhydrous crystallizer or from the anhydrous crystallizer recycle liquor.
      It is preferable, however, to purge the anhydrous crystallizer recycle
      liquor since the sodium carbonate crystals are removed from the liquor
      prior to purging whereas liquor purged from the crystallizer still
      contains recoverable anhydrous crystals. Purging may be done continuously
      or periodically when necessary, that is, when an unacceptably high
      concentration of soluble organic impurities is present in the anhydrous
      crystallizer liquor. Since the purge streams contain extremely high
      amounts of organic impurities which render them useless for further
      processing, the anhydrous crystallizer purge streams are discarded as
      waste.
PAR  The anhydrous crystallizer liquor is generally purged in the amount of 1
      percent to 25 percent, and preferably 3 percent to 10 percent, of the
      total sodium carbonate introduced into the process in order to maintain
      the organic impurity concentration in the anhydrous crystallizer below
      about 4,000 ppm carbon based on the sodium carbonate solution. Preferably,
      the organic impurity concentration in the anhydrous crystallizer is
      maintained below about 900 ppm carbon. The anhydrous sodium carbonate
      crystal quality is substantially reduced when the crystals are formed in
      the presence of more than 4,000 ppm carbon. Larger amounts of purges may
      be employed when necessary.
PAR  By employing the procedure of this invention approximately 50 percent of
      the sodium carbonate present in the monohydrate crystallizer bleed liquor,
      which formally was purged and discarded, can be recovered as saleable
      sodium carbonate. This amount of sodium carbonate can account for as much
      as 15 percent of the total sodium carbonate introduced into the
      monohydrate process. Furthermore, the anhydrous sodium carbonate crystals
      produced according to this invention have high bulk densities, that is,
      from 60 to 80 lbs/ft.sup.3 ; excellent particle densities of around 2.45
      g/cc; and resist breakage through handling. The formation of crystalline
      anhydrous products from monohydrate waste products containing sodium
      carbonate values is highly unexpected.
PAR  By employing an anhydrous sodium carbonate crystallization process with a
      monohydrate process for producing sodium carbonate additional advantages
      in the monohydrate process are obtained. The monohydrate process is more
      economical since approximately 50 percent of the carbonate values
      previously discarded as waste are recovered as saleable sodium carbonate.
      Finally, the invention permits the formation of an improved quality sodium
      carbonate product without the need for lowering crystal production rates.
PAR  An optional step which may be employed in the invention is to combine the
      monohydrate crystallizer slurry, containing sodium carbonate monohydrate
      crystals and monohydrate crystallizer liquor, with the anhydrous
      crystallizer slurry, containing anhydrous sodium carbonate crystals and
      anhydrous crystallizer liquor, prior to their individual separations. This
      combined slurry is then passed to a concentrator where the slurry is
      treated to remove most of the monohydrate and anhydrous crystallizer
      liquors remaining on the monohydrate and anhydrous sodium carbonate
      crystals. The moist crystals are then passed to a centrifuge to remove
      essentially all of the remaining liquor. Thereafter the crystals are
      heated in a dryer at a temperature from about 105.degree. to about
      130.degree.C to dry the anhydrous sodium carbonate crystals and to convert
      the sodium carbonate monohydrate crystals to anhydrous sodium carbonate.
      The separated crystallizer liquor is recycled as the monohydrate
      crystallizer liquor discussed above.
PAR  The monohydrate crystallizer slurry may be combined with the anhydrous
      crystallizer slurry either simultaneously in the concentrator or prior to
      the concentrator. In either case, the anhydrous crystallizer slurry is
      cooled to around 85.degree.C prior to centrifugation, which temperature is
      below the transition temperature of the anhydrous sodium carbonate
      crystals. It has been unexpectedly discovered, however, that inversion of
      less than 50 percent of the anhydrous sodium carbonate crystals to
      monohydrate crystals occur within 15 to 108 minutes at these temperatures.
      The inversion rate appears to depend upon the original anhydrous crystal
      sizing and upon whether the anhydrous slurry is mixed with the monohydrate
      slurry or separately passed into the concentrator. Inversion occurs most
      rapidly when the slurries are mixed prior to concentration. The inversion
      problem, however, is obviated by removing the liquor from the anhydrous
      slurry either with or without prior mixing with the monohydrate slurry,
      within 0.5 and 1.5 minutes from the time the temperature of the anhydrous
      slurry drops below the transition temperature.
PAR  The monohydrate and anhydrous slurries may be combined in any proportion,
      but are preferably combined in the weight ratios they are produced. For
      example, when employing three monohydrate crystallizers and one anhydrous
      crystallizer, the slurries are combined in a 3:1 weight ratio
      respectively. The properties of the resulting product depends upon the
      properties of the monohydrate and anhydrous crystal properties. Generally,
      the resulting product properties i.e., bulk density, particle size
      distribution, are an arithmetic average of the weight ratios of the
      crystal mixture.
PAR  This optional step is advantageous in that it permits the recovery of a
      sodium carbonate product with bulk densities and sizing higher than could
      be previously produced from the monohydrate process alone. It is also
      advantageous in that it eliminates the need for separate means for
      concentrating and centrifuging the separate crystals.
PAR  Referring now to the drawings.
PAR  FIG. I illustrates diagrammatically one embodiment of the invention for the
      production of sodium carbonate from calcined trona.
PAR  FIG. II illustrates diagrammatically an embodiment of the invention in
      which the monohydrate sodium carbonate crystal slurry is combined with the
      anhydrous sodium carbonate crystal slurry to produce a mixed high bulk
      density product.
PAR  In FIG. 1 the crude trona, crushed to a general size range of less than one
      inch is fed by conduit 10 to a calciner 12 where the crude trona is
      converted to crude sodium carbonate by heating at elevated temperatures.
      The gaseous products of reaction, namely water and CO.sub.2, are removed
      from the calciner and vented by means not shown.
PAR  The crude sodium carbonate recovered from calciner 12, with or without
      cooling, is passed through conduit 14 to dissolver 16 where the sodium
      carbonate is dissolved in hot dissolver influent liquor to form a
      substantially saturated solution of sodium carbonate. The influent liquor
      may be water, preferably softened water supplied through conduit 20, and
      recycled solution supplied through conduit 18 from thickener 36. The
      temperature of the dissolver liquor is generally on the order of
      85.degree. to 95.degree.C.
PAR  The crude sodium carbonate solution formed in dissolver 16 which contains
      suspended insolubles and soluble organic impurities is removed through
      conduit 22 and passes into a coarse solids classifier 24. In classifier 24
      the coarse insolubles or solids, that is solids of at least about 40 mesh,
      fall to the bottom of the classifier and are passed upwardly by means of
      the revolving screw in the classifier. The sodium carbonate solution
      containing the organic impurities and the finer particles, that is
      particles having a size smaller than about 40 mesh, flow towards the base
      of the classifer and are removed through conduit 28 and passed to a
      clarifier 30. The coarse solids are removed from the liquid layer through
      conduit 26 and sent to waste.
PAR  In clarifier 30 the sodium carbonate solution, free of coarse solids,
      remains in a substantially quiescent state. The insoluble fines settle and
      form a sludge at the bottom of the clarifier. The sludge is removed by a
      rotating rake and passed to a thickener 36 through conduit 32. Makeup
      water may be added through conduit 34 and mixed with the sludge from
      clarifier 30 in thickener 36 to soften the makeup water. The insolbue
      fines settle in thickener 36 and are removed by conduit 38 to waste. Water
      which has been softened and which contains sodium carbonate values, is
      then removed from thickener 36 and passed through conduit 18 to dissolver
      16 for use in dissolving crude sodium carbonate.
PAR  The relatively clear solution that overflows from clarifier 30 through
      conduit 40 is passed through a filter (now shown) and into a carbon
      absorption column 42 to remove a substantial portion of the soluble
      organic impurities. The carbon-treated sodium carbonate solution is then
      passed through conduit 46 into filter 48 to remove any additional fines or
      carbon particles.
PAR  The clarified sodium carbonate solution is passed through conduit 50 into a
      monohydrate crystallizer 58. The sodium carbonate solution enters a
      recycle circuit 52 which flows into a heat exchanger 54, for heating
      solution passing through exchanger 54. The heat exchanger 54 is supplied
      with steam 56 in order to heat the solution circulating in recycle circuit
      52. The heated solution is then passed into monohydrate crystallizer 58
      where a portion of the water is evaporated and removed through conduit 60.
      As a result of the evaporation, sodium carbonate monohydrate is
      crystallized and the crystal slurry containing sodium carbonate
      monohydrate crystals and monohydrate crystallizer liquor is removed
      through conduit 64. The water removed through conduit 60 may be condensed
      in condenser 62 and piped to cooling towers or can be used as softened
      makeup water, as desired.
PAR  The sodium carbonate monohydrate crystal slurry removed through conduit 64
      is passed into concentrator 66 to remove the bulk of the monohydrate
      crystallizer liquor remaining on the sodium carbonate monohydrate
      crystals. The concentrated monohydrate crystal slurry is removed from
      concentrator 66 through conduit 68 and passed into centrifuge 70 where
      all, but very small amounts, on the order of 3 percent of the monohydrate
      crystallizer liquor is removed from the sodium carbonate monohydrate
      crystals. The centrifuged sodium carbonate monohydrate crystals are
      removed from centrifuge 70 through conduit 72 and passed into dryer 74
      where the sodium carbonate monohydrate crystals are converted to anhydrous
      sodium carbonate and removed through conduit 76 as product. The dryer 74
      is heated at a temperature sufficient to convert the sodium carbonate
      monohydrate crystals to anhydrous sodium carbonate, for example, at
      temperatures from about 105.degree. to about 130.degree.C. As a result of
      converting the sodium carbonate monohydrate crystals to anhydrous sodium
      carbonate the resulting product is recovered as a high density material
      having a bulk density of about 6 lb/ft.sup.3.
PAR  The monohydrate crystallizer liquor removed from concentrator 66 and
      centrifuge 70 are combined and recycled through conduit 78 to monohydrate
      crystallizer 58 where the recycle liquor is combined with clarified sodium
      carbonate feed solution.
PAR  A portion of the monohydrate crystallizer liquor is bled from the system
      from conduit 78 through conduit 80 and/or from monohydrate crystallizer 58
      through conduit 82 and passed through conduit 80 into an anhydrous
      crystallizer 88. The bleed liquor enters anhydrous crystallizer 88 through
      a recycle circuit 82 which flows into a heat exchange 84 for heating
      liquor passing through exchanger 84. The heat exchanger 84 is supplied
      with steam 86 in order to heat the liquor circulating in recycle circuit
      82. The heated solution is then passed into anhydrous crystallizer 88
      where a portion of the water is evaporated and removed through conduit 90.
      As a result of the evaporation, anhydrous sodium carbonate is crystallized
      and the crystal slurry containing anhydrous sodium carbonate crystals and
      anhydrous crystallizer liquor is formed and removed through conduit 94. A
      back-pressure is maintained on the boil off vapors from anhydrous
      crystallizer 88 in any desired manner. Preferably, the back-pressure is
      maintained in conduit 90 which contains the removed water vapors. The
      water removed through conduit 90 may be condensed in condenser 92 and
      piped to cooling towers or can be used as softened makeup water, as
      desired.
PAR  The anhydrous sodium carbonate crystal slurry removed through conduit 94 is
      passed into concentrator 96 to remove the bulk of the anhydrous
      crystallizer liquor remaining on the anhydrous sodium carbonate crystals.
      The concentrated anhydrous sodium carbonate crystal slurry is removed from
      concentrator 96 through conduit 98 and passed into centrifuge 100 where
      all, but very small amounts, on the order of 3 percent of the anhydrous
      crystallizer liquor, is removed from the anhydrous sodium carbonate
      crystals. The centrifuged anhydrous sodium carbonate crystals are removed
      from centrifuge 100 through conduit 102 and passed into dryer 104 where
      the anhydrous sodium carbonate crystals are dried, and removed through
      conduit 106 as product. The resulting anhydrous sodium carbonate product
      is recovered as a high density material having a bulk density from about
      60 to about 80 lbs/ft.sup.3.
PAR  The anhydrous crystallizer liquor removed from concentrator 96 and
      centrifuge 100 are combined and recycled through conduit 108 to the
      anhydrous crystallizer 88 where the recycled liquor is combined with the
      bleed monohydrate crystallizer liquor.
PAR  A portion of the anhydrous crystallizer liquor is purged from the system
      through conduit 108, through conduit 110 and/or from the anhydrous
      crystallizer 88 through conduit 112 and sent to waste.
PAR  In FIG. II, clarified sodium carbonate solution produced according to FIG.
      I is passed through conduit 50 into monohydrate crystallizer 58 by passing
      the solution through recycle circuit 52, heat exchange 54 supplied with
      steam 56. The monohydrate sodium carbonate crystal slurry produced in
      monohydrate crystallizer 58 is removed through conduit 64 and passed into
      concentrator 122 along with the anhydrous sodium carbonate crystal slurry
      produced in anhydrous crystallizer 88 and removed through conduit 94.
      Alternatively, the monohydrate sodium carbonate crystal slurry removed
      through conduit 64 from monohydrate crystallizer 58 is passed into mixing
      vessel 118 through conduit 114 and mixed with the anhydrous sodium
      carbonate crystal slurry removed through conduit 94 from anhydrous
      crystallizer 88 and passed into mixing vessel 118 through conduit 116. The
      slurries are agitated in the mixing vessel by conventional means and are
      passed through conduit 120 into concentrator 122. In concentrator 122 the
      bulk of the monohydrate and anhydrous crystallizer liquors are removed
      from the monohydrate and anhydrous sodium carbonate crystals. The
      concentrated monohydrate and anhydrous crystal slurry is removed from
      concentrator 122 through conduit 124 and passed into centrifuge 126 where
      all but very small amounts, on the order of 3 percent of the combined
      crystallizer liquors is removed from the mixed monohydrate and anhydrous
      sodium carbonate crystals. The centrifuged monohydrate and anhydrous
      sodium carbonate crystals are removed from centrifuge 126 through conduit
      128 and passed into dryer 130 where the anhydrous sodium carbonate
      crystals are dried and the sodium carbonate monohydrate crystals are
      converted to anhydrous sodium carbonate. The dried product is then removed
      through conduit 132 as product. The drier 130 is preferably heated at
      temperatures from about 105.degree. to about 130.degree.C. The drier 130
      may be in the form of a fluid-bed dryer, rotary kiln dryer or the like.
PAR  The crystallizer liquors removed from concentrator 122 and centrifuge 126
      were combined and recycled through conduit 136 to monohydrate crystallizer
      58 where the recycle liquor is combined with clarified sodium carbonate in
      solution. The crystallizer liquors flowing through conduit 136 are bled
      through conduit 80 as in FIG. I.
PAR  The following examples are given to illustrate the invention, but are not
      deemed to be limiting thereof. All percentages given are based upon weight
      unless otherwise indicated.
PAC  EXAMPLE 1
PAC  Anhydrous Sodium Carbonate Crystallization
PAR  A clarified and filtered saturated solution of crude sodium carbonate (30
      percent Na.sub.2 CO.sub.3) containing 70 to 100 ppm carbon based on the
      sodium carbonate solution was prepared by dissolving calcined trona ore,
      calcined at 200.degree.C and containing about 10 percent by weight
      insoluble matter, in 85.degree.C distilled H.sub.2 O. After agitating and
      settling the solution, the solution was filtered to remove a substantial
      portion of the suspended insolubles smaller than about 40 mesh. The crude
      solution was poured into a vessel and heated at 105.degree.C at one
      atmosphere pressure, and water was evaporated from the solution until the
      solution contained 417 ppm carbon. The solution was then decanted and
      filtered to remove sodium carbonate monohydrate crystals.
PAR  A stainless steel laboratory crystallizer was then filled with 4100 ml of
      the decanted saturated sodium carbonate solution. The solution was then
      seeded with 5 to 50 grams of sodium carbonate crystals. The slurry density
      was adjusted to 25 weight percent solids by evaporating water at
      126.degree.C. During this period an equivalent amount of decanted and
      filtered saturated sodium carbonate solution was fed into the
      crystallizer. The crystallizer was then stabilized at a temperature of
      126.degree.C and a pressure of 29.7 p.s.i.a. After the crystallizer was
      stabilized, a water evaporation rate of 20 ml/min was maintained and 110
      ml of the 25 weight percent slurry was withdrawn from the crystallizer
      every 5 min. The crystallizer was now fed fresh solution by recycling 100
      ml of the evaporated water and 110 ml of the removed slurry back into the
      crystallizer to establish steady state condition. This recycling procedure
      was carried out in continuous fashion for a running time of 12 hours. At
      the end of this period, the entire contents of the crystallizer were
      drained. The slurry was then centrifuged and the anhydrous sodium
      carbonate crystals were dried. Analysis of the anhydrous crystallizer
      liquor for ppm carbon and the anhydrous sodium carbonate crystal product
      were then made. The results are given in Table I.
PAC  EXAMPLE 2
PAC  Anhydrous Sodium Carbonate Crystallization
PAR  The procedure of Example 1 was repeated with a crude sodium carbonate
      solution containing 165 ppm carbon except that the crystallizer running
      time was 14 hours. The crude sodium carbonate solution was prepared by
      adding a sodium carbonate (reagent grade) solution containing 30 percent
      sodium carbonate to the decanted and filtered sodium carbonate solution
      containing 417 ppm carbon prepared in Example 1 until the organic impurity
      concentration was 165 ppm carbon. Analysis of the anhydrous crystallizer
      liquor for ppm carbon and the anhydrous sodium carbonate crystal product
      were then made. The results are given in Table I.
PAC  EXAMPLE 3
PAC  Anhydrous Sodium Carbonate Crystallization
PAR  The procedure of Example 1 was repeated, except the crystallizer was
      maintained at a temperature of 117.degree.C and at a pressure of 21.7
      p.s.i.a. and except that after the steady state condition of the
      crystallizer was formed, less than 100 ml of the evaporated water was
      recycled. This procedure was carried out in continuous fashion until the
      anhydrous crystallizer liquor contained 3,280 ppm carbon. Analysis of the
      anhydrous sodium carbonate crystal product was then made. The results are
      given in Table I.
PAC  EXAMPLE A
PAC  Sodium Carbonate Monohydrate Crystallization
PAR  A clarified and filtered saturated solution of crude sodium carbonate (30
      percent Na.sub.2 CO.sub.3) containing 50 ppm carbon based on the sodium
      carbonate solution was prepared by dissolving calcined trona ore, calcined
      at 175.degree.C and containing about 10 percent by weight insoluble
      matter, in 85.degree.C distilled water. After agitating and settling the
      solution, the solution was filtered to remove a substantial portion of the
      suspended insolubles smaller than about 40 mesh and passed through a 12
      feet long by 2 inch diameter packed bed of activated granular carbon
      maintained at 75.degree.C. The carbon-treated solution was poured into a
      vessel and heated at 105.degree.C and at atmospheric pressure. The water
      was evaporated from the solution until the solution contained 424 ppm
      carbon. The solution was then decanted and filtered to remove sodium
      carbonate monohydrate crystals.
PAR  A stainless steel laboratory crystallizer was then filled with 4100 ml of
      the decanted saturated sodium carbonate solution. The solution was then
      seeded with 50 grams of sodium carbonate monohydrate crystals and the
      slurry density adjusted to 33 weight percent solids by evaporating water
      at 105.degree.C. After the desired slurry density was attained, the
      crystallizer was stabilized at a temperature of 105.degree.C and at one
      atmosphere pressure, a water evaporation rate of 15 ml/min was maintained
      and slurry was withdrawn from the crystallizer at a constant ratio of
      slurry to water of 100 ml water to 113 ml slurry. This procedure was
      carried out in continuous fashion for a running time of 13 hours. At the
      end of this period, the contents of the crystallizer were drained. The
      slurry was then centrifuged and the sodium carbonate monohydrate crystals
      were dried to anhydrous crystals at 110.degree.C. Analysis of the
      crystallizer liquor for ppm carbon and the sodium carbonate monohydrate
      crystal product were then made. The results are given in Table I.
PAC  EXAMPLE B
PAC  Sodium Carbonate Monohydrate Crystallization
PAR  The procedure of Example A was repeated with a crude sodium carbonate
      solution containing 178 ppm carbon. The crude sodium carbonate solution
      was prepared by passing crude sodium carbonate solution containing 424 ppm
      carbon produced by the procedure of Example A through a 15 foot long by 2
      inch diameter packed bed of activated granular carbon maintained at
      75.degree.C. Analysis of the crystallizer liquor for ppm carbon and the
      sodium carbonate crystal product were then made. The results are given in
      Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Description      1      2      3      A       B                           

     __________________________________________________________________________

     Crystallizer Liquor ppm Carbon                                            

                      876    346    3,280  890     374                         

     Crystal Properties                                                        

      Bulk Density (lbs/ft.sup.3)                                              

                       75     74      63    58.8     62.5                      

      Appearance      very good --                                             

                             excellent --                                      

                                    good -- some                               

                                           very poor --                        

                                                   fair -- long                

                      blocky, some                                             

                             blocky, few                                       

                                    twins and                                  

                                           cigar shape                         

                                                   in b axis                   

                      twins and                                                

                             twins and                                         

                                    agglomerates                               

                                           & agglomerates                      

                      agglomerates                                             

                             agglomerates                                      

      Loss on Ignition wt.%                                                    

                      0.4    &lt;0.1   0.7    14.5    14.1                        

     Particle size distribution                                                

     in percent                                                                

      +30             0.3    0      0.5    0.6     0.4                         

      +40             5      5      4      6       18                          

      +50             23     31     19     27      45                          

      +70             75     68     67     61      72                          

      +100            96     72     87     85      88                          

      -100            4      28     13     15      12                          

     Particle Density g/cc                                                     

                      2.45   2.45   2.45   1.90    1.90                        

     __________________________________________________________________________

PAC  EXAMPLE 4
PAR  A slurry of anhydrous sodium carbonate was prepared according to Example 1.
      After the anhydrous crystallizer attained steady state conditions, the
      slurry was withdrawn from the crystallizer and immediately mixed with a
      sodium carbonate monohydrate slurry containing 33 weight percent solids
      prepared according to Example A. The slurries were mixed in a weight ratio
      of 3 parts monohydrate slurry to 1 part anhydrous slurry. The mixed
      slurries were then agitated at 85.degree.C and atmospheric pressure for 10
      minutes. Samples of the mixed slurry were removed at given time intervals
      and analyzed for the percentage of anhydrous inversion to monohydrate.
      Afer one minute of mixing, less than 5 percent of the anhydrous crystals
      inverted, and only 50 percent inversion was noted after 10 minutes.
PAR  The invention being thus described, it will be obvious that the same may be
      varied in many ways. Such variations are not to be regarded as a departure
      from the spirit and scope of the invention, and all such modifications are
      intended to be included within the scope of the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In the process of producing high bulk density sodium carbonate from
      crude trona, crude trona is calcined at a temperature and for a time
      sufficient to convert the crude trona into crude sodium carbonate, the
      crude sodium carbonate is dissolved in water to form an aqueous solution
      of crude sodium carbonate containing suspended insolubles and soluble
      organic impurities, the coarse suspended insolubles are separated from the
      crude sodium carbonate solution, the crude sodium carbonate solution is
      clarified and treated to remove a substantial portion of the remaining
      suspended insolubles and soluble organic impurities from the crude sodium
      carbonate solution, a portion of water from the clarified sodium carbonate
      solution is evaporated in a monhydrate crystallizer and sodium carbonate
      monohydrate crystals are formed, the sodium carbonate monohydrate crystals
      are then separated from the monohydrate crystallizer liquuor containing
      organic impurities, and the separated sodium carbonate monohydrate
      crystals are calcined to form dense sodium carbonate and 0 percent to 100
      percent of the separated monohydrate crystallizer liquor containing
      organic impurities is recycled to the monohydrate crystallizer for further
      monohydrate crystal recovery therefrom, wherein the improvement comprises:
      bleeding a portion of the monohydrate crystallizer liquor to maintain the
      concentration of the organic impurities in the monohydrate crystallizer
      below about 300 ppm carbon based on the sodium carbonate solution present
      in the monohydrate crystallizer, evaporating a portion of the bleed liquor
      at a temperature above about 109.degree.C in an anhydrous crystallizer and
      crystallizing anhydrous sodium carbonate crystals, purging a portion of
      the anhydrous crystallizer liquor to maintain the concentration of the
      organic impurities in the anhydrous crystallizer below 4,000 ppm carbon
      based on the sodium carbonate solution present in the anhydrous
      crystallizer, separating the anhydrous sodium carbonate crystals from the
      anhydrous crystallizer liquor, and drying the separated anhydrous sodium
      carbonate crystals to form high bulk density sodium carbonate.
NUM  2.
PAR  2. The process of claim 1 including, recycling a portion of the separated
      anhydrous crystallizer liquor to the anhydrous crystallizer for further
      recovery of anhydrous crystals.
NUM  3.
PAR  3. The process of claim 1 including, combining the sodium carbonate
      monohydrate crystals and monohydrate crystallizer liquor with the
      anhydrous sodium carbonate crystals and anhydrous crystallizer liquor,
      separating the monohydrate and anhydrous sodium carbonate crystals from
      the combined monohydrate and anhydrous crystallizer liquors, and calcining
      the separated sodium carbonate crystals to form dense sodium carbonate.
NUM  4.
PAR  4. The process of claim 3, including recycling 0 percent to 100 percent of
      the separated crystallizer liquors to the monohydrate crystallizer.
NUM  5.
PAR  5. The process of claim 1 wherein the temperature of the anhydrous
      crystallizer liquor in the anhydrous crystallizer is maintained at
      temperatures from about 110.degree.C to about 130.degree.C.
NUM  6.
PAR  6. The process of claim 1 wherein the temperature of the anhydrous
      crystallizer liquor in the anhydrous crystallizer is maintained at
      temperatures from about 117.degree.C to about 126.degree.C.
NUM  7.
PAR  7. In the process of producing high bulk density sodium carbonate from
      crude trona, crude trona is calcined at a temperature and for a time
      sufficient to convert the crude trona into crude sodium carbonate; the
      crude sodium carbonate is dissolved in water to form an aqueous solution
      of crude sodium carbonate containing suspended insolubles and soluble
      organic impurities; the coarse suspended insolubles are separated from the
      crude sodium carbonate solution; the crude sodium carbonate solution is
      clarified and treated to remove a substantial portion of the remaining
      suspended insolubles and soluble organic impurities from the crude sodium
      carbonate solution; a portion of water is evaporated from the clarified
      sodium carbonate solution in a monohydrate crystallizer and sodium
      carbonate monohydrate crystals are formed; the sodium carbonate
      monohydrate crystals are then separated from the monohydrate crystallizer
      liquor containing organic impurities; and the separated sodium carbonate
      monohydrate crystals are calcined to form dense sodium carbonate and 0
      percent to 100 percent of the separated monohydrate crystallizer liquor
      containing organic impurities is recycled to the monohydrate crystallizer
      for further monohydrate crystal recovery therefrom; wherein the
      improvement comprises: bleeding a portion of the monohydrate crystallizer
      liquor to maintain the concentration of the organic impurities in the
      monohydrate crystallizer below about 300 ppm carbon based on the sodium
      carbonate solution present in the monohydrate crystallizer; passing the
      bleed liquor to an anhydrous crystallizer; maintaining the temperature of
      the liquor in the anhydrous crystallizer from about 117.degree.C to about
      126.degree.C at pressures from about 20.7 p.s.i.a. to about 29.7 p.s.i.a.;
      evaporating a portion of the liquor and crystallizing anhydrous sodium
      carbonate crystals; separating the anhydrous sodium carbonate crystals
      from the anhydrous crystallizer liquor; drying the separated anhydrous
      sodium carbonate crystals to form high bulk density sodium carbonate and
      recycling 0 percent to 100 percent of the separated anhydrous crystallizer
      liquor to the anhydrous crystallizer for further anhydrous crystal
      recovery therefrom; and purging a portion of the anhydrous crystallizer
      liquor to maintain the concentration of the organic impurities in the
      anhydrous crystallizer below about 4,000 ppm carbon based on the sodium
      carbonate solution present in the anhydrous crystallizer.
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ABST
PAL  This invention relates to filtering dust or smoke-laden gases that contain
      dust particles by use of a pocket or bag-filter, in which, depending on
      the characteristics of the dust, the dust filtered out in the filter is
      extracted therefrom in quantities corresponding approximately to 2 to 100
      times the proportion of dust arriving per unit of time in the gas to be
      filtered. This agglomerates the fine dust which is then continuously fed
      back to the incoming dust-laden gas prior to, or in, the filter.
      Thereafter, a quantity of incident dust is removed from the filter, this
      quantity corresponding to the amount of dust contained in the dirty gas
      per unit of time.
PAL  In accordance with this invention, a chemical additive substance is fed to
      the dust which is to be fed back continuously in circuit to the filter and
      which is incident on or is to be agglomerated in the filter, said
      substance being capable of reacting with any chemical contaminants
      contained in the dust-laden gas so as to form filterable substances. The
      chemical additive may be in the form of a powder or suspension and may be
      an oxide or hydroxide of an alkaline metal, an alkaline-earth metal or
      aluminum.
PARN
PAR  This application relates to (is a continuation-in-part of) and is an
      improvement over parent application Ser. No. 230,721 filed Mar. 1, 1972
      (now U.S. Pat. No. 3,834,123 Sept. 10, 1974).
BSUM
PAR  The present invention relates to a method of filtering dust or smoke-laden
      gases containing dust particles, using a pocket or bag-filter, in which,
      depending on the characteristics of the fine dust, the dust filtered out
      in the filter is extracted from the filter in quantities corresponding
      approximately to 2 to 100 times the proportion of fine dust arriving per
      unit of time in the gas to be filtered, in order to agglomerate the fine
      dust, and is continuously fed back to the dust-laden gas to be cleaned
      prior to, or in, the filter, and a quantity of dust is removed from the
      filter which corresponds to the amount of dust contained in the dust-laden
      gas to be cleaned per unit of time.
PAR  In special cases, gaseous or vaporous sulphur or chlorine compounds are
      contained in smoke or dust-laden gases which are harmful to the
      environment and must therefore be removed from the gases so that they
      cannot escape into the open air along with the cleaned gases.
PAR  It is already known to feed chemical substances (additives) into
      smoke-laden gases containing sulphur compounds, e.g. sulphur dioxide,
      which form chemical compounds with the sulphur dioxide in such a way that
      the resultant compounds are insoluble, or only partly soluble, in water
      and can therefore be dumped at suitable spots without affecting the water
      in the ground to an excessive extent. In this connection, it has already
      been proposed to feed calcium compounds into the smoke-laden gases from
      oil-fired power stations, for example, in the combustion space in the
      boilers downstream of electrical precipitators or wet-cleaning equipment,
      by spraying them into the combustion gases in powder form or as
      suspensions. A similar method is used when the contamination is a
      chlorinated compound.
PAR  In practice it has been shown (see the journal "Chemieingenieur-technik"
      1972, Nos. 1 and 2, article by A. M. Squires) that only a very small
      percentage of sulphur or chlorine compounds can be cleaned from smoke or
      dust-laden gas by the measures mentioned above, which is probably chiefly
      attributable to the fact that the time available for compounding sulphur
      and chlorine with the chemical additive is relatively short, or that, when
      it is intended that fairly high desulphurization levels shall be attained,
      the effort expended becomes uneconomical, very large excess quantities of
      additive having to be put in, the major part of which must be considered
      as waste. To a considerable extent, the negligible de-sulphurizing action
      in electrical precipitators or wet-cleaning apparatus when chemical
      additives are used is also due to the fact that the gas to be cleaned can
      pass through such apparatus without being split up into a large number of
      small partial streams.
PAR  An important object of the invention therefore is to give the sulphur or
      chlorine compounds contained in the gases to be cleaned sufficient time
      for the sulphur or sulphur dioxide or the chlorine ions to react with the
      chemical additives used and, at the same time, to put additives in the
      gases to be cleaned and supplying them in such a way that no losses, or
      only extremely small ones, occur to any additives which do not react with
      the sulphur or chlorine in the sulphur or chlorine compounds contained in
      the gases to be cleaned.
DETD
PAR  To this end, the invention consists in that chemical additive substance,
      advantageously in powder or suspension form, is fed to the dust which
      agglomerates in the filter, and which is to be continuously fed back in
      circuit to the filter, using the method mentioned above, these substances
      reacting with chemical contaminations such as sulphur or chlorine,
      contained in the dust-laden gas, to form solid, filterable substances.
PAR  The invention enables a simple and economical combination of the sulphur or
      chlorine in sulphur or chlorine compounds contained in the gas to be
      cleaned with the additive, either to the desired extent or completely or
      almost completely. By using a pocket or bag filter, the incident stream of
      gas to be cleaned is split up into a large number of minute partial
      streams, so that the probability of the sulphur or chlorine compounds
      contained in the gas to be cleaned encountering the powdered additives is
      significantly increased. The chemical additive substance may also be added
      to the stream of gas as a suspension if the gas to be cleaned is at a high
      temperature since the water from the suspension can then be condensed in
      the filter while the additive remains behind as powder. Chiefly, however,
      it is now possible to put additives into the gas to be cleaned in any
      desired excess without or practically without loss, or to put in only
      sufficient additive as is normally required to compound the sulphur or
      chlorine in the gas to be cleaned which arrives per unit of time, while,
      at the same time, as great an excess amount of additive as desired for the
      chemical reaction can be achieved since any additive which does not
      produce a reaction is also fed back into the filter along with the
      feedback of dust so that any desired excess of additive can be produced
      which is capable of causing the sulphur or chlorine compounds in the gas
      to be cleaned to react completely or almost completely with the additive.
      If there is not sufficient time for the sulphur or chlorine compounds to
      react with the additive it is, of course, possible to increase the number
      of feedback circuits for the dust arriving at the filter as required.
PAR  The combination of method steps, namely the optional number of feedback
      cycles for the dust to the pocket or bag filters, and the supply of
      additives, thus make it possible to force the additives utilized to react
      with the sulphur or chlorine compounds contained in the smoke-laden gases
      or the like with only small losses, it being also possible to feed the
      additives into the gas to be cleaned either continuously or
      intermittently.
PAR  For the purposes of reacting the sulphur or chlorine in the sulphur or
      chlorine compounds in the smoke or dust-laden gas to be cleaned, or the
      sulphur dioxide and/or chlorine ions contained in these gases, with the
      additives which have been fed to the gas to be cleaned in powder or
      suspension form the additives chiefly used consist of oxides or hydroxides
      of the alkali metals, the alkaline-earth metals, aluminum, or other
      chemical substances, which react with the sulphur or chlorine in the
      sulphur or chlorine compounds contained in the dust-laden gas to form
      solid, filterable substances. In this way calcium oxide (burnt lime),
      calcium hydroxide, sodium hydroxide, potassium hydroxide, dolomite
      (calcium-magnesium carbonate), magnesium (semi-calcined dolomite), for
      example, may be used as additives in the form of dry powders or
      suspensions.
PAR  It can be seen that, by using pocket or bag filter systems with an
      in-circuit dust feed-back, the addition of additives results in a
      particularly simple method and a particularly simple apparatus for causing
      the sulphur or the chlorine in the sulphur or chlorine compounds contained
      in smoke or dust-laden gas to react completely or almost completely to
      form solid, filterable substances without large losses of additives
      occuring.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of filtering a contaminated gas containing fine dust particles
      and sulphur or chlorine compounds which comprises the steps of:
PA1  feeding the contaminated gas to a pocket-type filter and through the
      filter;
PA1  collecting particles from said contaminated gas on said filter;
PA1  releasing collected particles from the surface of said filter;
PA1  recycling dust released from the filter surface in an amount of 2 to 100
      times the amount of fine dust contained in the contaminated gas and
      entering the filter per unit time to the contaminated gas immediately
      prior to the passage thereof through the filter whereby both recycled dust
      and the original dust in the contaminated gas are carried onto said
      surface;
PA1  discharging a portion of the released dust equal to the amount of fine dust
      contained in the contaminated gas and entering the filter per unit time;
      and
PA1  feeding a chemical additive substance reactive with said compounds to form
      filterable products to the recycled dust prior to its introduction into
      the contaminated gas.
NUM  2.
PAR  2. The method defined in claim 1 wherein the quantity of said substance
      added to the recycled gas per unit time corresponds to the amount
      necessary to react with said compounds carried onto said filter surface
      per unit time.
NUM  3.
PAR  3. The method defined in claim 1 wherein said substance is an oxide or
      hydroxide of an alkali metal, an alkaline-earth metal or aluminium.
NUM  4.
PAR  4. The method defined in claim 1 wherein said substance is a powder.
NUM  5.
PAR  5. The method defined in claim 1 wherein said substance is introduced in
      the form of a suspension.
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ABST
PAL  Hydrogen containing gases are purified to remove components therein having
      polymerization, resinification or coking tendencies or to transform such
      compounds into harmless compounds. The sulfur content of the hydrogen
      containing gas is adjusted by adding sulfur or sulfur compounds such that
      the sulfur content is at least 0.05 to 8 g/Nm.sup.3. The adjusted gas is
      then passed through a hydrogenation catalyst at temperatures between
      100.degree. and 400.degree.C. Suitable hydrogenation catalysts are one or
      more sulfides and/or oxides of metals of the 6th and 8th Group of the
      periodic system.
BSUM
PAC  BACKGROUND
PAR  The invention relates to a method for purifying gases containing hydrogen
      and in particular to removing components in such gases having
      polymerization, resinification or coking tendencies or transforming such
      components to harmless compounds.
PAR  In the handling or processing of gases which contain substances having a
      tendency to polymerize, resinify or coke, deposits are formed which lead
      to the clogging of pipes, apparatus, tubes and other parts of the
      equipment. These deposits are polymers or resin or coke-like substances
      which form from the reactive compounds of mostly low molecular weight
      which are present in the gas.
PAR  It is known that reactive compounds present, for example, in coke oven gas,
      which results in sedimentation and clogging due to the formation of
      polymers, can be removed by first compressing the coke oven gas to about
      10 to 20 atmospheres, then passing it at elevated temperature over
      hydrogenation catalysts, and further compressing the gas thus treated to
      higher pressures. (Ger. Pat. No. 1,007,466).
PAR  German Pat. No. 1,047,354 furthermore discloses a process for the
      refinement of hydrocarbons by catalytic hydrogenation in which the
      hydrocarbons present in the gaseous or liquid phase at elevated
      temperature and at elevated pressure are refined by hydrogenation in the
      presence of illuminating gas, coking as and gas from low-temperature
      carbonization, i.e., gases containing hydrogen, on sulfur-proof catalysts,
      the loading of the catalyst through which the hydrogen-containing gases
      are fed before being delivered to the hydrogenation refinement being from
      substantially more than 1000 Nm.sup.3 to about 5000 Nm.sup.3 and more of
      gas per m.sup.3 of catalyst per hour.
PAR  These known methods of the prior art, however, are suitable only for the
      hydrogenation refinement of hydrocarbons and therefore they are of limited
      usefulness. Usually a high pressure is required for the performance of the
      process, along with other exacting requirements, so that these processes
      are difficult and necessitate close supervision.
PAC  SUMMARY
PAR  The invention is addressed to the problem of freeing hydrogen containing
      gases of all kinds from components having a tendency towards
      polymerization, resinification and coking or transforming such components
      to harmless compounds. The process is simple and economical, requires no
      complicated apparatus, and is practicable at normal pressure or slight
      overpressure.
PAR  This problem is solved in accordance with the invention by adjusting the
      sulfur content of the gas by adding sulfur or sulfur compounds to a sulfur
      content of at least 0.05 to 8.00 g/Nm.sup.3 or higher, preferably to 0.2
      to 5.0 g/Nm.sup.3, of actual sulfur, and then passing it through
      hydrogenating catalysts at temperatures between 100.degree. and
      400.degree.C preferably 150.degree. and 300.degree.C.
PAR  Preferably, hydrogen sulfide is added as the sulfur compound within the
      scope of the invention, and/or salts of hydrogen sulfide which are
      transformed on the catalyst to H.sub.2 S at the prevailing temperatures.
PAR  Carbon disulfide may also be added in addition to hydrogen sulfide or its
      salts.
DETD
PAC  DESCRIPTION
PAR  It is just as well possible, however, to add gases or liquids containing
      these substances to the gas being refined, so that otherwise worthless
      gases may thus be recycled.
PAR  If sufficient sulfur, hydrogen sulfide or other suitable sulfur compounds
      are present in the gas to be purified, they do not have to be added.
PAR  According to a further development of the invention, steam is additionally
      added when gases rich in carbon monoxide are purified. By this measure
      undesirable side reactions such as methanization reactions, for example,
      with the high positive heat tones which they produce, are substantially
      suppressed in the gas being purified.
PAR  This addition of steam may be dispensed with if a sufficient amount of
      water vapor is already contained in the gas being cleaned. It has been
      found that, depending on the CO content of the gas, a quantity of steam of
      up to 600 g/Nm.sup.3 is sufficient for this purpose. The addition of steam
      is recommended especially in the case of gases containing 10 percent and
      more CO by volume and having temperatures higher than about 200.degree.C.
PAR  According to a further development of the invention one uses as
      hydrogenation catalysts compounds consisting of sulfides and/or oxides of
      metals of the 6th and 8th Group of the periodic system, such as for
      example tungsten, molybdenun, chromium, iron, nickel, cobalt or the like,
      or of mixtures of two or more of these oxides and/or sulfides. These
      catalysts can additionally contain other conventional components such as
      activators, e.g., zinc oxides (e.g., aluminum oxide), bleaching earth or
      the like.
PAR  The invention will be further described with the aid of the following
      examples.
PAC  EXAMPLE 1
PAR  An impure coke oven gas had the following composition:
     Approx.  2.8        vol-%           CO.sub.2                              

     "        0.5        vol-%           C.sub.n H.sub.m                       

     "        0.6        vol-%           O.sub.2                               

     "        6.0        vol-%           CO                                    

     "        55.0       vol-%           H.sub.2                               

     "        20.0       vol-%           CH.sub.4                              

     Remainder N.sub.2                                                         

     Additionally, the gas contained:                                          

     Approx.  4 g H.sub.2 S/Nm.sup.3                                           

     "        5 mg NO/Nm.sup.3 and                                             

     "        2 g unsaturated hydrocarbons per Nm.sup.3.                       

PAR  The gas was compressed in the first stage of a four-stage piston-type
      compressor to 2.5 atmospheres gauge pressure, emerged from the compression
      stage at about 120.degree.C, flowed through an oil separator, and then was
      warmed in a preheater to a temperature of about 180.degree.C. Then the gas
      was passed at the rate of about 3500 Nm.sup.3 hour per cubic meter of
      catalyst through a reaction chamber filled with catalyst, then cooled in a
      heat exchanger followed by a water cooler to about 30.degree.C, and
      finally was delivered to the second compression stage.
PAR  The catalyst used in this and subsequent examples was as follows:
TBL  MoO.sub.3   13.5%                                                         

     CoO         5.0%                                                          

     Al.sub.2 O.sub.3                                                          

                 81.5%             (as carrier)                                

     total       100%                                                          

PAR  The catalyst has a inner surface, measured by the BET-method, of 220
      m.sup.2 /g; the average volume of the porous amounts of 0.5 cm.sup.3 /g.
      The catalyst is known under the trade name BASF-Katalysator M 8-10
      (Kobalt-Molybdan-Katalysator 0852).
PAR  By the catalytic treatment of the gas in accordance with the invention the
      content of unsaturated hydrocarbons was diminished to 0.1 g/Nm.sup.3.
      Furthermore the original oxygen content was diminished from 0.6
      vol-percent to less than 0.1 vol-percent. The nitrogen oxide content was
      reduced to small traces. No polymers or resin deposits occured any longer
      in the compression stages that followed.
PAC  EXAMPLE 2
PAR  For this example, a coke oven gas purified by ordinary Lux compound and
      having the following composition is used:
TBL  Approx.  3          vol-%           CO.sub.2                              

     "        0.5        vol-%           C.sub.n H.sub.m                       

     "        0.5        vol-%           O.sub.2                               

     "        7          vol-%           CO                                    

     "        56         vol-%           H.sub.2                               

     "        21         vol-%           CH.sub.4                              

     Remainder nitrogen.                                                       

     Additionally, the gas contains:                                           

              0.02       g/Nm.sup.3, H.sub.2 S                                 

     Approx.  2          ppm NO                                                

     "        3          g/Nm.sup.3 aromatics, mainly benzene                  

     "        2          g/Nm.sup.3 olefins and diolefins.                     

PAR  The gas comes from a long-distance gas pipeline and is available under a
      pressure of about 50 atmospheres. The H.sub.2 S content of 0.02 g/Nm.sup.3
      present in the case is not sufficient for the removal of the unsaturated
      compounds. In accordance with the invention, therefore, sulfur or sulfur
      compounds are added to make up the required sulfur content.
PAR  For this purpose, for every 600 Nm.sup.3 /h of gas and 200 l of catalyst,
      200 g of liquid sulfur is fed hourly into the gas, so that a total sulfur
      content of 0.35 g/Nm.sup.3 results. Then the gas is heated with steam to
      210.degree.C and it is passed through the catalyst of Example 1, at the
      rate of 3000 Nm.sup.3 of gas per hour for each cubic meter of catalyst.
      The gas thus purified is then delivered to a hydrogenation reactor for the
      hydrogenation of hydrocarbons and there it is mixed with the reaction gas.
      Whereas, formerly, when the coke oven gas was mixed with the reaction gas,
      polymerizates formed which led to a strong yellow coloring of the
      raffinate, these undersired discolorations are now entirely eliminated.
      Furthermore, deposits which previously formed in the mixing zone are
      reduced to an insignificant amount.
PAR  The same results are achieved when, instead of the continuous feed of
      sulfur, 1500 g of sulfur is added at intervals of 3 days.
PAC  EXAMPLE 3
PAR  Example 2 is repeated, using the same original gas, under the same
      conditions, the operational data being identical. However, instead of
      elementary sulfur, hydrogen sulfide is proportioned into the gas current.
      This hydrogen sulfide enters the gas not alone but as a component of an
      H.sub.2 S-containing residual gas from a hydrogenating installation. For
      this purpose 20 Nm.sup.3 per hour is delivered into the gas being
      purified. The hydrogenation residual gas has the following composition:
TBL  Approx.  2.5        vol-%           CO.sub.2                              

     "        0.8        vol-%           C.sub.n H.sub.m                       

     "        0.0        vol-%           O.sub.2                               

     "        3.6        vol-%           CO                                    

     "        40         vol-%           H.sub.2                               

     "        35         vol-%           CH.sub.4                              

     Remainder nitrogen.                                                       

     H.sub.2 S content: 10 g/Nm.sup.3.                                         

PAR  The addition of the hydrogenation residual gas results in a sulfur content
      of approximately 0.32 g/Nm.sup.3.
PAC  EXAMPLE 4
PAR  An unpurified gas from the pressure gasification of coal is to be subjected
      to carbon monoxide conversion. Its composition is as follows:
TBL  Approx.  29         vol-%           CO.sub.2                              

     "        0.4        vol-%           C.sub.n H.sub.m                       

     "        19         vol-%           CO                                    

     "        39         vol-%           H.sub.2                               

     "        11.5       vol-%           CH.sub.4                              

PAR  Also, the gas contains approximately 4.5 g H.sub.2 S/Nm.sup.3. The gas
      contains 500 g of steam per Nm.sup.3, plus vapors of tar, oils and light
      hydrocarbons. After the separation of droplets and heating the gases to
      220.degree.C, the gas is passed through a reaction vessel filled with
      catalyst as in Examples 1 to 3, in order then to be raised by heat
      exchangers or heaters to the temperature required for this conversion. The
      catalyst loading amounts to 1000 Nm.sup.3 of gas per m.sup.3 of catalyst.
      When the gas passes through the catalyst at a pressure of about 20
      atmospheres and a temperature of 220.degree.C, all of the substances
      contained in the gas which tend to polymerize are decomposed to a very
      great degree. The original content of olefins, diolefins and other
      polymerizable components of about 10 grams per Nm.sup.3 of gas is reduced
      by the catalytic treatment of the gas in accordance with the invention to
      a content of less than 1 g per Nm.sup. 3. Reducing the polymerizable
      substances to one-tenth of the original content would suffice to assure
      two years of operation. The fouling that formerly occurred in heat
      exchangers, pipelines and in the conversion catalyst is greatly
      diminished.
PAR  The advantages achieved with the invention consist especially in the fact
      that it is possible in a simple and economical manner to free gases of all
      kind, which contain hydrogen, of unsaturated compounds tending to
      polymerize or resinify, or to transform these compounds into harmless
      substances.
PAR  The process is distinguished by its simplicity and ease of supervision. In
      most applications no special apparatus are required for heating and
      cooling the gas, because the reaction chamber containing the catalyst can
      be installed or arranged within the process at any place where proper
      temperatures exist for the performance of the catalytic purification.
PAR  The process of the invention has the additional advantage that the fouling
      of the catalyst by reaction products is extremely slight, so that only at
      time intervals of several years does it need to be replaced or
      regenerated.
PAR  Since the catalytic reaction takes place with positive heat tone, the
      purified gas is warmed to about 60.degree.C, which is most cases, is
      useful for the further processing of the purified gas, because it permits
      the saving of appreciable amounts of energy.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for purifying hydrogen-containing gases which also contain
      nitrogen oxides to remove the nitrogen oxides from such gas which
      comprises adjusting the sulfur content of the hydrogen containing gas to
      0.05 to 8 g/Nm.sup.3 or more by adding sulfur or sulfur compounds thereto
      and passing this adjusted gas over a hydrogenation catalyst at a
      temperature between 100.degree. and 400.degree.C.
NUM  2.
PAR  2. Method of claim 1 wherein hydrogen sulfide and/or salts of hydrogen
      sulfide are added as sulfur compounds.
NUM  3.
PAR  3. Method of claim 1 wherein carbon disulfide is added as the sulfur
      compound.
NUM  4.
PAR  4. Method of claim 1 wherein the sulfur compounds are added in the form of
      gases or liquids containing such compounds.
NUM  5.
PAR  5. Method of claim 1 wherein water vapor is additionally added when CO-rich
      gases are cleaned.
NUM  6.
PAR  6. Method of claim 1 wherein the hydrogenating catalysts are selected from
      the group consisting of one or more sulfides and/or oxides of metals of
      the 6th and 8th Group of the Periodic System.
NUM  7.
PAR  7. A process according to claim 1 wherein said hydrogenation catalyst is a
      MoO.sub.3 -CoO-Al.sub.2 O.sub.3 catalyst.
NUM  8.
PAR  8. A process according to claim 1 wherein said hydrogen-containing gas
      stream also contains an olefin.
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ABST
PAL  The invention is a method for reducing the amount of ethylenically
      unsaturated chlorinated hydrocarbons in gaseous mixtures. The method
      comprises providing a gas stream containing the ethylenically unsaturated
      chlorinated hydrocarbon and ozone by admixing ozone with a gas stream
      containing ethylenically unsaturated chlorinated hydrocarbons or
      introducing the ethylenically unsaturated chlorinated hydrocarbons into a
      gas stream containing ozone, and permitting the gas containing the
      ethylenically unsaturated chlorinated hydrocarbons and ozone to react for
      a sufficient length of time to reduce the amount of ethylenically
      unsaturated chlorinated hydrocarbon in the gas stream. The method is
      particularly useful for removing small amounts of vinyl chloride from
      gaseous streams thereby substantially reducing or eliminating the emission
      of such contaminants into the environment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Ethylenically unsaturated chlorinated hydrocarbons (hereinafter noted as
      EUCH) find many uses in commercial processes. Chlorinated ethylenes such
      as vinyl chloride, vinylidene chloride, trichloroethylene and
      perchloroethylene have diverse uses in industry. During preparation and
      use of the EUCH, gas streams containing small amounts of these materials
      are produced and usually vented to the atmosphere. The EUCH can contribute
      to the production of smog in the atmosphere and certain compounds are
      believed to be deleterious to the environment.
PAR  Gaseous emissions containing EUCH can arise in processes for the
      preparation of 1,2-dichloroethane, in processes in which chloroethyl
      phosphate or phosphonate compositions are dehydrohalogenated or condensed,
      in processes for preparation of vinyl chloride monomer, in processes in
      which vinyl chloride is polymerized to polyvinyl chloride, in processes
      for drying vinyl chloride containing polymers, during fabrication of
      articles from polyvinyl chloride, in copolymerization processes in which
      vinyl chloride or vinylidene chloride are monomers or comonomers in
      polymerization with non-chlorine containing monomers, and in vapor phase
      degreasing processes in which trichloroethylene or perchloroethylene are
      used as the solvents.
PAR  The vents from the reactors and ventilation air from the area around the
      reactors, mills and degreasers usually contain small amounts of the EUCH.
      Since these chlorinated materials are present in the gas stream in small
      concentrations, they are usually difficult to economically recover or
      remove from the gas stream.
PAR  It has been proposed to remove the chlorinated materials from gas streams
      by incinerating the gas streams to convert the chlorinated materials to
      hydrogen chloride, water and carbon dioxide. However, when the chlorinated
      materials are present in the gas stream in only small amounts, or contain
      a relatively large proportion of chlorine, the energy required to heat the
      gas stream to a temperature sufficiently high to destroy the compounds is
      large. The large energy requirement makes the process unattractive for
      application in many commercial applications.
PAR  It has also been proposed to adsorb chlorinated hydrocarbons from gas
      streams on activated carbon. This method is difficult to operate where
      large volumes of gas containing only small amounts of chlorinated
      hydrocarbons must be processed. The method requires that energy be
      provided to pump the gas stream through the relatively large pressure drop
      across a bed of activated carbon. In addition, the activated carbon must
      be regenerated if the method is to remain effective.
PAR  A solution to this problem has been sought for some time. Ideally such a
      solution would substantially reduce the amount of EUCH in a gas stream in
      a manner which is simple, can be operated inexpensively and safely and
      provide for a substantial reduction in the amount of EUCH in the gaseous
      stream.
PAR  It is an object of the present invention to provide a method for reducing
      the amounts of EUCH in gas streams. It is an object of the present
      invention to provide a simple, relatively inexpensive method for reducing
      the amount of vinyl chloride, dichloroethylene, trichloroethylene and
      perchloroethylene in gas streams. It is a further object of the present
      invention to provide a method for substantially reducing the amounts of
      vinyl chloride and vinylidene chloride in gas streams which arise from the
      production of these EUCH, the polymerization of these materials to
      polymers and the fabrication of the polymers into utilitarian articles.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  According to the present invention, the amount of EUCH in gaseous streams
      can be reduced by contacting said chlorinated hydrocarbons with ozone.
      This can be readily accomplished by mixing ozone with the contaminant
      containing gas stream in a reaction zone and maintaining contact between
      the ozone and the EUCH in the reaction zone for a sufficient length of
      time to reduce the amount of EUCH in the gaseous stream.
PAR  The method is particularly useful for reducing the amount of chlorinated
      ethylenes and particularly vinyl chloride monomer in gas streams. The
      method can also reduce the amounts of other EUCH in gas streams. The
      process can be carried out at ambient temperatures, however, reaction
      times are substantially reduced at elevated temperatures.
PAR  Subsequent contact of the reacted gas stream with water or an aqueous
      solution which can be alkaline or acid will substantially reduce the
      amount of products of reaction in the gas stream.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It has been shown that certain ethylenically unsaturated materials will
      react with ozone. However, investigations are usually carried out in the
      liquid phase at relatively low temperatures. The reaction of halogenated
      olefins with ozone in the liguid phase has been reported in the Journal of
      the American Chemical Society, (1968) Vol. 90, pages 4248-52 and Ozone
      Reactions with Organic Compounds, Advances in Chemical Series 112, pages
      50-64 American Chemical Society, 1972.
PAR  It has been discovered that EUCH react with ozone in the gaseous phase. The
      reaction is rapid at elevated temperatures. It has been discovered that
      the reaction of EUCH with ozone in the gaseous phase can be utilized in a
      process which rapidly removes EUCH from gaseous streams. The process is
      simple, requires a minimum of processing equipment and can substantially
      reduce the amount of EUCH in gaseous streams. The process is particularly
      useful for reducing the amount of EUCH in gaseous emissions from processes
      which produce or handle vinyl chloride monomer as a product or byproduct.
PAR  In general, the process comprises confining a gas mixture containing EUCH,
      admixing ozone with the gas mixture, permitting the mixture to react for a
      sufficient length of time to reduce the amount of EUCH in the gas mixture
      by chemical reaction.
PAR  The process can be used to treat gas streams which arise in ethylene
      oxychlorination processes, ethylene dichloride cracking operations, vinyl
      chloride polymerization processes in which vinyl chloride is a monomer or
      comonomer, ventilation streams from areas in which vinyl chloride monomer
      is or may be present, processes for preparing vinylidene chloride,
      polymerization processes in which vinylidene chloride is utilized as a
      monomer or comonomer, vapor degreasing operations, beta-chloroethyl
      phosphate condensation or dehydrohalogenation process and other processes
      or methods in which gas streams containing EUCH may arise.
PAR  The gas stream is confined in a reaction zone which can be a conduit, as
      for example, a pipe through which the gas stream is flowing or a reaction
      vessel or chamber which provides a sufficient amount of hold time for the
      admixed ozone to contact and react with the EUCH.
PAR  After reaction with ozone, the gas stream contains hydrogen chloride,
      oxygenated compounds such as carbon dioxide and water, and can contain
      phosgene and partially oxygenated hydrocarbons such as methanol and the
      like. If the gas stream contained only small amounts of EUCH, the amount
      of hydrogen chloride in the gas stream will be small, and the gas stream
      can be vented directly to the atmosphere without further treatment. If the
      gas stream contains relatively large amounts of EUCH, the gas stream after
      reaction with the ozone can contain relatively large quantities of the
      reaction products, hydrogen chloride and oxygenated compounds such as
      methanol and the like. The reaction products can be easily separated from
      ozone reacted gas stream by contacting the gas stream with water or an
      aqueous solution.
PAR  Contacting the gas stream with an aqueous medium is advantageous in that
      products of the reaction are removed from the gas stream and partially
      oxidized hydrocarbons can further react with any unreacted ozone present
      in the gas stream. The aqueous medium also aids in hydrolysis of reaction
      products of ozone and EUCH.
PAR  The gas stream can be contacted with an aqueous medium by any methods known
      in the art such as in packed towers, spray chambers, venturi scrubbers,
      falling film absorbers or other methods useful for contacting gases with
      liquids.
PAR  Water can be used as the aqueous medium or acid or alkaline solutions can
      be effectively used. Alkaline solutions or mixtures containing alkaline
      compositions can be used to neutralize hydrogen chloride formed in the gas
      stream, and can also absorb and hydrolyze any phosgene formed in the
      process. Alkaline compositions such as alkali metal hydroxides, carbonates
      and alkaline earth metal hydroxides and carbonates or mixtures of alkali
      metal and alkaline earth metal hydroxides and carbonates are useful.
PAR  The gas stream to be treated can contain in addition to the EUCH usual
      components of such gas streams as nitrogen, oxygen, water vapor, carbon
      monoxide, carbon dioxide and the like. The gas stream can contain organic
      materials other than EUCH which may or may not react with the ozone. The
      amount of certain ethylencially unsaturated aliphatic, cyclic and aromatic
      hydrocarbons if present in the gas stream can be reduced since they are
      known to react with ozone. The ozone reactant should be provided in a
      sufficient amount to react with such hydrocarbons and thereby reduce the
      amount in the gas stream. The EUCH tend to react at a slower rate than
      ethylenically unsaturated compounds not containing halogen.
PAR  In addition to reducing the amount of EUCH in gas streams, the process is
      also suitable for treating gas streams containing ethylene, ethylenically
      unsaturated brominated hydrocarbons and ethylene unsaturated compounds
      containing iodine. However, the process of the present invention is
      particularly useful for treating gas emissions which arise from the
      production of vinyl chloride monomer, its polymerization and fabrication.
PAR  The process of this invention exhibits little effect on saturated aliphatic
      chlorinated compounds at low temperatures. Reaction with ozone occurs, to
      a limited degree, especially at elevated temperatures. In general, at low
      temperatures, major portions of any saturated aliphatic or saturated
      chlorinated aliphatic hydrocarbons will pass through the process without
      reaction with the ozone.
PAR  The rate of reaction between the EUCH and the ozone can be very rapid. At
      elevated temperatures in the range of 50.degree.-250.degree.C., the amount
      of EUCH in the gas stream can be substantially reduced in less than a
      second. Long reaction times are not harmful to the process and tend to
      increase the removal of EUCH from the gas stream. Generally, reaction
      times from about 0.25 to about 600 seconds are useful and reaction times
      from about 0.25 to about 60 seconds are preferred since smaller reaction
      zones can be employed.
PAR  Temperature has a direct effect on the rate of reaction. The rate of
      reaction between the EUCH and ozone becomes more rapid as the temperature
      is increased. Temperatures from about -40.degree. to 400.degree.C. are
      effective. Temperatures in the range of about 0.degree. to 250.degree.C.
      are preferred. The most preferred temperature range is from about
      10.degree. to 200.degree.C. The concentration of EUCH and ozone affect the
      rate at which the amount of EUCH in the gas stream is reduced. High
      concentrations of ozone and low concentrations of EUCH produce rapid
      reduction in the amount of EUCH in the gas stream. High concentrations of
      EUCH and low concentrations of ozone tend to result in slower reaction of
      the EUCH in the gas stream.
PAR  The amount of ozone required to be admixed with the gas stream containing
      the ethylenically unsaturated halogenated hydrocarbons is dependent upon
      the compositions of the gas stream, the amount of oxygen present in the
      gas stream and the temperature of the gas stream. In general, it requires
      less than one mole of ozone to remove one mole of ethylenically
      unsaturated double bond from the gas stream. The amount of ozone required
      is dependent upon the temperature of the reactants, the amount of oxygen
      present in the gas stream and the particular EUCH and other components in
      the gas stream. Excess ozone is not deleterious to the process but
      increases the cost for removing EUCH from the gas stream.
PAR  It is well within the skill of one in the art to determine the optimum
      amounts of ozone to be mixed with the gas stream at a given temperature to
      obtain the reduction in the amount of EUCH required.
PAR  The term ethylenically unsaturated chlorinated hydrocarbon (EUCH) is used
      herein to refer to halogenated compositions containing an ethylenic double
      bond. The term is intended to encompass alkyl compounds having halogen
      substituents, vinyl compounds such as vinyl chloride, vinylidene chloride,
      vinyl bromide and the like, and other ethylenically unsaturated
      halogenated materials having two or more carbon atoms in the chain which
      one may desire to remove from a gas stream.
PAR  The rate of reaction of the ozone with the ethylenically unsaturated
      halogenated hydrocarbons depends upon the character of the halogen, its
      relation to the double bond and certain steric effects which may result
      from the large halogen atoms in the molecule. Nonhalogenated ethylenically
      unsaturated hydrocarbons such as ethylene or propylene react with ozone
      faster than halogenated derivatives Halogenated hydrocarbons such as
      3-chloropropylene which have a halogen on a carbon away from the double
      bond react with ozone faster than compounds such as vinyl chloride which
      contains a halogen on a carbon with a double bond. Vinyl bromide reacts
      with ozone faster than the vinyl chloride. Vinyl chloride reacts with
      ozone faster than dichloroethylene. Dichloroethylene reacts with ozone
      faster than trichloroethylene. Of the chlorinated ethylenes,
      perchloroethylene reacts with ozone slowest.
PAR  The effect of the lower reaction rates of EUCH can be overcome to some
      extent by carrying out the reaction at an elevated temperature. As the
      temperature increases, the rate of reaction of ozone with EUCH increases.
      At elevated temperatures the amount of ozone required to remove a mole of
      ethylenically unsaturated double bond is lower.
PAR  Pressure is not critical to the process. The process can be carried out at
      from subatmospheric to superatmospheric pressure. Superatmospheric
      pressures can be convenient within a particular system despite added cost
      of pressure equipment. The size of the reaction zone can be substantially
      reduced or longer residence times can be provided by the same volume at
      the elevated pressures.
PAR  The process can be readily operated by merely admixing ozone with the gas
      stream containing EUCH or by admixing the gas stream containing the EUCH
      with a gas stream containing ozone. If the gas stream contains oxygen it
      is also possible to generate the ozone in situ in the gas stream by means
      of high intensity radiation at wave lengths shorter than about 2100
      angstroms. It is preferred, however, to generate a gas stream containing
      oxone by conventional means known in the art. Such means include corona or
      silent electric discharge. The gas stream containing ozone is then admixed
      with the gas stream containing the EUCH.
PAR  Methods for generating ozone are well known in the art and will not be
      discussed in great detail here. Ozone can be generated by passing a dry
      air or oxygen stream through a silent electric or corona discharge. The
      ozone stream produced usually contains from about 1/2  to about 6% ozone.
      The gas stream containing ozone can be admixed directly with the gas
      stream which contains EUCH. It is at times advantageous to provide an
      ozone stream containing higher concentrations of ozone. Gas streams
      containing higher concentrations of ozone can be prepared by recirculation
      of oxygen through a silent or corona discharge with separation of the
      ozone from the ozonated stream. Ozone producing processes increase the
      amount of ozone produced per unit of power when oxygen is utilized in the
      process. Processes for preparing ozone are described in Ozone Chemistry
      and Technology Advances in Chemistry, Series 21, American Chemical
      Society, March, 1959 and Kirk-Othmer Encyclopedia of Chemical Technology,
      Second Edition, Interscience Publishers, 1967, Volume 14, pages 421-431.
PAR  The amount of ethylenically unsaturated halogenated hydrocarbons in the gas
      stream is usually less than about 10,000 parts per million. Therefore,
      relatively small amounts of ozone need be admixed with the gas stream
      containing the EUCH.
PAR  Operation of the process of the present invention is simple. It requires
      that the gas to be treated be confined to a reaction zone. The reaction
      zone can be pipes, ducts, chambers or vessels through which the gas stream
      containing the EUCH is flowing. A mixture of the gas stream with ozone is
      formed and the ozone is permitted to react with the EUCH for a sufficient
      length of time to reduce the amount of the EUCH in a gas stream to the
      required degree. As pointed out above, the reaction times can be as short
      as a fraction of a second when reactive EUCH are reacted in a gas stream
      particularly at an elevated temperature. Long reaction times are not
      harmful to the process and can result in substantial reaction of the ozone
      in the gas stream.
PAR  The gas stream containing the products of the reaction can be vented to the
      atmosphere if the concentration of the EUCH was small initially. If
      desired, the gas stream can be subsequently contacted with an aqueous
      medium to remove the products of the reaction from the gas stream before
      the gas stream is vented to the atmosphere. Products of the reaction are
      materials such as water, carbon dioxide, hydrogen chloride, partially
      oxidized organic moieties such as ethanol, methanol, acetic acid and the
      like. The products of the reaction are dependent upon the particular EUCH
      which have reacted in the gas stream, the temperature and the reaction
      time.
PAR  As used herein parts per million is by volume unless otherwise noted.
PAR  The process will be illustrated by reference to the following examples.
PAC  EXAMPLE 1
PAR  The rate of reaction of vinyl chloride in a gas mixture containing
      nitrogen, oxygen, ozone and vinyl chloride was determined. An air stream
      containing about 1% ozone was generated by passing air through a Welsbach
      Style T-816 ozone generator. The air stream containing ozone was metered
      by a rotometer and passed to a glass tee through TYGON.sup.tm tubing. At
      the glass tee, vinyl chloride vapor was introduced into the ozone
      containing gas stream. The gas mixture containing oxygen, nitrogen, ozone
      and vinyl chloride was passed through TYGON.sup.tm tubing to a one inch
      inside diameter by 14 inch long jacketed glass tube. The glass tube was
      empty. Means were provided to heat the tube by condensing steam at
      atmospheric pressure in the jacket.
PAR  The gas stream was sampled at the outlet of the glass tube by filling a
      syringe with the reaction mixture. The sample of reaction mixture was held
      in the syringe for the time period required then injected into an F. and
      M. Scientific Model 5750 gas chromatograph with a flame ionzation
      detector. The gas chromatograph utilized a 1/8  inch by 10 foot column
      packed with 10% by weight OV101.sup.tm on 80/100 mesh Supelcoport in
      series with a 1/8  inch by 10 foot column packed with 10% by weight
      OV17.sup.tm on 80/100 mesh Supelcoport.
PAR  The results of several runs are shown in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     RUN         A      B      C    D     E  F                                 

     ______________________________________                                    

     Air flow to                                                               

     ozonizer*   5.0    5.0    5.0  5.0   5.0   1.0                            

     liter/minute                                                              

     Mole ozone/mole                                                           

                 110    35     8.3  4.6   4.6   0.9                            

     VCM                                                                       

     Temperature .degree.C.                                                    

                 24     24     24   24    **    24                             

     Time Sample Held                                                          

     in Syringe  Vinyl Chloride Concentration                                  

     (minutes)   (parts per million by volume)                                 

     (Control) 0 88     280    1200 2200  2200  11,000                         

     0.1***      ND      35    88    290  64    1,100                          

     0.2         --     4      22    160  11    590                            

     0.3         --     1      --   --     6    --                             

     0.4         --      ND    13   98     4    230                            

     0.6         --     --     --   --     2    --                             

     1.00        --     --     ND   34    --    89                             

     2.00        --     --     --    2    --    17                             

     3.00        --     --     --   ND    --    --                             

     4.00                           --    --    3                              

     ______________________________________                                    

      ND = Not detectable, less than 1 part per million.                       

      * Ozonator rated at a nominal 1 percent ozone.                           

      ** Glass tube heated externally by condensing steam at atmospheric       

      pressure.                                                                

      ***Time indication is approximate. Actual measured time varied from 0.07 

      to 0.12 minutes. The measured time does not include residence time in the

      glass tube.                                                              

PAR  In Run F, the interior of the glass tube became coated with condensed water
      shortly after introduction of the vinyl chloride into the gas stream
      containing ozone.
PAR  The method of Example 1 can be carried out by introducing the ozone or gas
      stream containing ozone into a gas stream containing the ethylenically
      unsaturated chlorinated hydrocarbon with a similar reduction in the amount
      of ethylenically unsaturated chlorinated hydrocarbon in the gas stream.
PAR  A comparison of Run E with Run D indicates that an increase in temperature
      for a short time substantially increased the rate of reaction between the
      vinyl chloride monomer and ozone.
PAC  EXAMPLE 2
PAR  The rate of reaction of vinylidene chloride in a gas mixture containing
      nitrogen, oxygen, ozone and vinylidene chloride was determined using the
      apparatus of Example 1. A gas mixture containing 1000 ppm vinylidene
      chloride by volume and 1 percent ozone by volume was prepared by
      introducing vinylidene chloride into the ozonized air stream from the
      Welsbach ozone generator. The procedure used in Example 1 was used to
      determine reaction of vinylidene chloride.
TBL  ______________________________________                                    

     Air Flow to Ozonzer       5                                               

      liters/minute                                                            

     Mole Ozone/mole vinylidene                                                

                               10                                              

      chloride                                                                 

     Temperature               24.degree.C.                                    

     ______________________________________                                    

TBL  ______________________________________                                    

     Time Sample Held                                                          

                    Vinylidene Chloride Concentration                          

     In Syringe     (parts per million by volume)                              

     (minutes)                                                                 

     ______________________________________                                    

     Control 0      1000                                                       

     0.4            294                                                        

     1.0            247                                                        

     4.0            179                                                        

     8              123                                                        

     16             86                                                         

     ______________________________________                                    

PAR  The example illustrates that vinylidene chloride reacts slower than vinyl
      chloride. The rate of reaction is substantially increased at 100.degree.
      to 150.degree.C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for controlling the amount of ethylenically unsaturated
      chlorinated hydrocarbons in gas streams which comprises forming a gas
      mixture containing the ethylenically unsaturated chlorinated hydrocarbon
      and ozone in a reaction zone and maintaining the gas mixture in the
      reaction zone for a sufficient length of time for the ozone to react with
      the ethylenically unsaturated chlorinated hydrocarbon to reduce the amount
      of ethylenically unsaturated chlorinated hydrocarbon in the gas stream.
NUM  2.
PAR  2. The process of claim 1 wherein the reaction zone is a conduit through
      which the gas mixture containing the ethylenically unsaturated chlorinated
      hydrocarbon and ozone is flowing.
NUM  3.
PAR  3. The process of claim 1 wherein the gas mixture is at a temperature
      between about 0.degree. and 250.degree.C.
NUM  4.
PAR  4. The process of claim 1 wherein the gas mixture is at a temperature
      between about 10.degree. and 200.degree.C.
NUM  5.
PAR  5. The process of claim 1 wherein the mole ratio of ozone to ethylenically
      unsaturated double bond in the gas mixture is from about 0.5 to about 2.0.
NUM  6.
PAR  6. The process of claim 3 wherein the mole ratio of ozone to ethylenically
      unsaturated double bond in the gas mixture is from about 0.5 to about 2.0.
NUM  7.
PAR  7. The process of claim 1 wherein the ethylenically unsaturated chlorinated
      hydrocarbon is vinyl chloride.
NUM  8.
PAR  8. The process of claim 1 wherein the ethylenically unsaturated chlorinated
      hydrocarbon is vinylidene chloride.
NUM  9.
PAR  9. The process of claim 1 wherein the gas stream which has been reacted
      with ozone is contacted with an aqueous liquid to remove water soluble
      reaction products from the gas stream.
NUM  10.
PAR  10. The process of claim 9 wherein the aqueous liquid is a mixture or
      solution containing a composition selected from the group consisting of
      alkali metal hydroxides, alkali metal carbonates, alkaline earth metal
      hydroxides, alkaline earth metal carbonates and mixtures thereof.
NUM  11.
PAR  11. The process of claim 9 wherein the aqueous liquid is water.
NUM  12.
PAR  12. The process of claim 9 wherein the aqueous liquid is a solution of
      hydrogen chloride.
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ABST
PAL  Disclosed is a method of purifying silicon by introducing the silicon into
      liquid tin-lead alloy at a certain temperature. The silicon goes into
      solution with the tin-lead alloy, after which the temperature of the
      liquid metal solution is reduced to a temperature low enough to cause the
      solution to become super-saturated with respect to silicon which then
      solidifies as pure material. The solid pure silicon is withdrawn from the
      tin-lead solution leaving substantially all of the impurities behind.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the purification of silicon in general, and
      specifically to the purification of silicon in a liquid tin-lead solution.
PAR  2. Description of the Prior Art
PAR  Processes successfully used in the past include the reduction of silicon
      tetrachloride with zinc, cadmium, or hydrogen, the reduction of
      trichlorosilane (SiHCl.sub.3) with hydrogen, the pyrolytic decomposition
      of silane (SiH.sub.4); and the reduction of silicon tetraiodide and
      silicon tetrabromide with hydrogen. In each case, the starting materials
      must be carefully purified and great care exercised in the selection of
      storage and reaction chamber materials.
PAR  The usual sequence is to make a low-grade silicon or ferrosilicon,
      chlorinate the impure silicon, carefully purify the resulting halogen, and
      then reduce it. Huge quantities of silicon tetrachloride and
      trichlorosilane are produced for use in silicon manufacture so a ready
      source of feed stock for the semiconductor industry has been available.
PAR  Halides are most often purified by direct distillation, but occasionally
      other methods are used with, or in addition to the distillation. If
      impurities in the range of 50 to 100 ohm-centimeter are desired, pyrex or
      steel columns are adequate, and indeed high-silicon tetrachloride and
      trichlorosilane are normally shipped in steel tanks.
PAR  The first commercial process for the production of semiconductor-grade
      silicon used zinc to reduce silicon tetrachloride. A number of problems
      are associated with this method. Zinc with its high melting point poses
      problems. The silicon grows out in dendrites, or needles, from the walls
      of the container and some form of densification must be used prior to
      charging into a crystal puller. Even though the starting materials are
      carefully purified before feeding into the reactor, trace impurities still
      remain and appear in the deposited silicon. The zinc process has been
      completely supplanted by various hydrogen-reduction methods.
PAR  Silane decomposition involves the pyrolytic decomposition of silane. It has
      not been widely used, however, because of the difficulty of making silane
      and because of the hazard of its instability. Silane will ignite and
      explode in air and is decomposed by water containing traces of alkali.
PAR  The iodide process using the decomposition of silicon tetraiodide to form
      silicon is used quite often, however, because of the high cost of iodine,
      a recovery process is necessary. In order to obtain reasonable deposition
      rates, low pressures are required, so that a combination of vacuum pumps
      and iodine traps is required. It is because of these additional
      requirements that the process has thus far not proved commercially
      feasible.
PAR  The most used method in the manufacturing of silicon is the use of silicon
      tetrachloride (SiCl.sub.4) and trichlorosilane (SiHCl.sub.3). The use of
      trichlorosilane is favored over silicon tetrachloride because of faster
      deposition rates and because it is apparently easier to remove phosphorus
      and boron compounds from it. However, as in some of the previously
      mentioned manufacturing processes, complicated reactor systems must be
      used. Most reactors use a heated quartz tube. The quartz tube is very
      simple, may be resistance heated and produces predominantly dense silicon
      with some protuberances on the inside. However, the silicon bonds to the
      quartz, which must be removed by leaching in hydrofluoric acid. The loss
      of a quartz tube each run raises the processing costs and the etching
      usually induces contamination, as does the quartz tube itself.
PAR  Accordingly, an object of this invention is to provide a method of
      purifying silicon that requires only simple materials.
PAR  Another object of this invention is to provide a method of purifying
      silicon at low cost.
PAR  Another object of this invention is to provide a method of purifying
      silicon that requires only simple apparatus.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly, the invention involves the introduction of metallurgical grade
      silicon into liquid tin-alloy solution having between 80% tin-20% lead and
      50% tin-50% lead. The temperature of a portion of the melted tin-lead is
      high enough to cause the silicon to go into solution with the tin-lead.
      The solution is circulated to another cooler portion of the liquid metal
      container where the temperature of the solution is reduced to the point
      where the solution becomes supersaturated and silicon begins to
      crystallize. The silicon is slowly withdrawn, preferably as a single
      crystal, from the melt, leaving the impurities that were in the introduced
      silicon behind. Most of the impurities will precipitate out of the liquid
      metal as silicides and will drop to the bottom of the melt. Because of
      this precipitation as silicides, the melt remains relatively clean and
      thus a semicontinuous process can be attained for a long period of time
      before the replacement of the melt with new tin-lead is necessitated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features believed characteristic of this invention are set forth
      in the appended claims. The invention itself, however, as well as other
      objects and advantages thereof, may be best understood by reference to the
      following detailed description of illustrative embodiments, when read in
      conjunction with the accompanying drawings.
PAR  FIG. 1 is a cross-sectional view of a compartmented variable temperature
      refiner containing molten tin-lead alloy.
PAR  FIG. 2 is a cross-sectional view of a zone refiner containing molten
      tin-lead alloy.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the Figures of the drawing, in FIG. 1 there is shown a
      compartmented variable temperature refiner, indicated generally by the
      numeral 10. Although no specific source of heat is required to heat the
      refiner 10, the heat source must be such that the compartment A can be
      maintained at a higher temperature than compartment B. For the sake of
      illustration, the heat source is shown as two series of electrical coils
      heating a container, such as vat 2, so that the electrical coils 1 heating
      the compartment B can hold compartment B at a lower temperature than
      compartment A heated by the coils 1'. A divider 3 is placed inside the vat
      2 to form the two compartments A and B.
PAR  The compartments A and B are charged with tin-lead alloy 4. The tin-lead
      alloy used has a composition range between 80% tin-20% lead and 50%
      tin-50% lead. The 80% tin-20% lead is the highest practical limit of tin
      for the solubility of the silicon in tin-lead alloys decreases as the tin
      content increases. Above 80% tin, the process efficiency is so low that it
      becomes impractical to refine silicon in this manner due to the time
      factor. The 50% tin-50% lead solution is the highest practical limit of
      lead for in compositions having higher lead content than tin, the lead
      tends to volatilize away. Because of the last two mentioned factors, a
      tin-lead solution of 80%-20% is the optimum composition.
PAR  Electrical current is allowed to flow through the heating coils 1 and 1' to
      heat the tin-lead alloy 4 until the tin-lead melts from a solid to a
      liquid. The temperature of the melt in compartment A is in the range of
      900.degree. C. to 1,100.degree. C. with the optimum being approximately
      1,000.degree. c. The melt temperature in compartment B is held from
      100.degree. C. to 200.degree. C. less than the temperature of the melt in
      compartment A, in this example optimizing at 800.degree. C. It is to be
      understood that the vat temperatures at any given point will vary between
      the given temperatures due to the purposely created variance in
      compartment temperatures. After the vat 2 has stabilized at the desired
      temperatures, metallurgical grade silicon, preferably in the form of small
      chunks or powder, is introduced into compartment A and goes into solution
      with the tin-lead melt 4. The ratio of the added silicon to the tin-lead
      melt 4 ranges from 0 to slightly less than 50% by weight. Since only
      between 10% and 15% of the silicon will go into solution with the tin-lead
      alloy, higher ratios of silicon alloy are of no advantage.
PAR  The melt is circulated from compartment A into compartment B, by a pump
      (not shown), for example. After the melt containing silicon enters
      compartment B, the silicon becomes supersaturated due to the lower
      temperature of the melt in compartment B and will begin to solidify. A
      seed crystal of single crystal silicon is placed in contact with the
      surface of melt 4 in compartment B and is connected to a motor driven
      puller (not shown) which slowly pulls the seed crystal out of the melt. As
      the seed crystal is slowly withdrawn from the melt, purified silicon
      crystallizes on the silicon seed and a billet of solid silicon 6 slowly
      forms.
PAR  The melt 4 is constantly being circulated back from compartment B into
      compartment A by the pump (not shown) to allow for a semicontinuous
      process.
PAR  The billet 6 is of very pure silicon, having a resistivity of 50
      ohm-centimeters, for example, and can be used for many semiconductor
      applications without further refining. If purer silicon is required,
      conventional zone refiners are used following the tin-lead purification.
      The metallurgical grade silicon that is introduced into compartment A has
      many impurities and many of these impurities will react with some of the
      silicon in compartment A and will precipitate as silicides which will drop
      to the bottom of the compartment A. Because of the silicide precipitation,
      the melt 4 will stay relatively clean and pure and will not have to be
      replaced for a long period of time. The rate that the silicon is added to
      the melt 4 in compartment A and the rate of withdrawal of the pure silicon
      billet 6 from the melt in compartment B are coordinated so that the
      amounts of silicon introduced and withdrawn are the same, thus allowing a
      semicontinuous silicon purification system.
PAR  When the melt 4 does become too contaminated, the contaminated melt 4 is
      poured out of the vat 2 and is replaced with clean tin-lead alloy.
      Tin-lead is the only alloy that once silicon goes into solution with the
      alloy, the alloy "will give up" the silicon as a solid when the
      temperature is reduced. Although the removed billet 6 will have small
      amounts of tin and lead as impurities, the silicon is pure enough for
      semiconductor use because tin and lead are electrically inactive and will
      not effect the resistivity of silicon.
PAC  DESCRIPTION OF ALTERNATE EMBODIMENT
PAR  Although the just described method is the preferred embodiment of this
      invention due to the large amount of silicon that can be purified at one
      time, an alternate embodiment is described in conjunction with FIG. 2. A
      zone refiner is indicated generally by the numeral 20 and has a container
      or quartz tube 7, for example, which has a section of electrical heating
      coils 8 which can be moved in relationship to the quartz tube 7 so that
      different portions of the quartz tube 7 can be heated sequentially.
PAR  The quartz tube 7 is partially filled with powdered silicon 9 and a
      quantity of powdered tin-lead alloy 11 having the same tin-lead ratio
      range as was described in conjunction with FIG. 1 is placed on top of the
      silicon powder 9. The amount of the silicon 9 placed in the tube 7 is
      approximately five times the amount of the tin-lead alloy 4. The coils 8
      are used to heat the tube 7 to a temperature of approximately 1300.degree.
      C., although the temperature range of the melt is as previously described.
      To begin the operation, the coils 8 are located at the bottom of the tube
      7. The coils slowly traverse upward by an electric motor system (not
      shown) at a speed slow enough to remove the volatile impurities in the
      silicon powder and to sinter the powdered silicon but not to melt the
      silicon, (the tube 7 being held in a vacuum during the sintering step only
      or the lead will volatilize). The sintering step can be eliminated, if
      desired. As the heated coils pass the tin-lead alloy, the alloy melts and
      will begin to take the silicon into solution. A silicon seed crystal 5 is
      connected to a motor driven puller (not shown) that will pull the silicon
      seed 5 from the melt at a constant rate of speed.
PAR  The coils 8 then begin to traverse downward and as the coils 8 do so, the
      silicon at the alloy-silicon interface is introduced into and goes into
      solution with the tin-lead alloy. As the coils traverse further downward,
      the portion of the liquid solution above the coils will begin to cool. The
      silicon will be in supersaturation due to the lower temperature and will
      begin to crystallize and begin to form billet 6 on the seed. The upward
      speed of the pulled billet 6 is coordinated with the downward speed of the
      traversing coils 8 so that a constant diameter billet 6 is obtained.
PAR  Most of the impurities precipitate out as insoluble silicides and will
      concentrate in the bottom of the tube 7. As soon as the traversing coils 8
      reach the bottom of the tube 7, the process is completed, and the tube 7
      has to be recharged for subsequent refining.
PAR  Specific temperatures have been given in most cases, but the temperatures
      are not extremely critical and can be varied within the ranges given.
PAR  Although a preferred embodiment and an alternate embodiment of the
      invention have been described in detail, it is to be understood that
      various changes, substitutions and alterations can be made therein without
      departing from the spirit and scope of the invention as defined by the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. The method of purifying silicon in a refiner containing liquid tin-lead
      alloy at varying temperatures, comprising the steps of:
PA1  a. introducing impure solid silicon into a molten tin-lead alloy, said
      alloy having a composition ranging between 80% tin - 20% lead and 50%
      tin-50% lead, and said impure silicon being introduced into a first
      compartment of said refiner, the temperature of said first compartment
      being sufficiently high to cause the silicon to go into solution with said
      alloy;
PA1  b. circulating said solution of liquid alloy and silicon from said high
      temperature zone into a second compartment of said refiner maintained at a
      low temperature zone, the temperature range of said low temperature zone
      being sufficiently lower than the high temperature zone of said first
      compartment to cause said silicon to become supersaturated and to begin to
      crystallize; and
PA1  c. removing purified solid silicon from said low-temperature zone as said
      silicon crystallizes, leaving impurities of said silicon behind in said
      liquid alloy.
NUM  2.
PAR  2. The method of purifying silicon in a tin-lead alloy of varying
      temperature, as defined in claim 1, including the step of continuously
      introducing said impure solid silicon to be purified into said alloy, and
      continuously removing said purified solid silicon from said alloy.
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ABST
PAL  This invention provides an improved method for stabilizing hydrogen
      peroxide in an acid aqueous solution of hydrogen peroxide containing
      copper ion capable of catalytically decomposing hydrogen peroxide.
      According to this invention there is used as a stabilizer in such method
      at least one glycol ether represented by the general formula R(OCH.sub.2
      CH.sub.2).sub.n --OH wherein R is an alkyl group containing 1 to 4 carbon
      atoms and n is an integer from 1 to 2, and this stabilizer is added in the
      foregoing aqueous solution preferably in an amount of at least 0.1 g/l.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of stabilizing acid aqueous solutions of
      hydrogen peroxide which are used in chemically solubilizing treatments
      such as pickling, etching and chemical polishing of copper and copper
      alloys. More particularly, it is an object of this invention to add glycol
      ethers to acid aqueous solutions of hydrogen peroxide which are unstable
      in the presence of copper ions to inhibit decomposition of the hydrogen
      peroxide for achievement of its economical use.
PAR  2. Description of the Prior Art
PAR  Chemcially dissolving treatments such as pickling which is removal by
      dissolving of oxidation scales on the surface of metallic materials,
      etching which is removal by dissolving of a portion of metallic phase and
      chemical polishing which is a polish treatment of the surface, are
      utilized in a wide area of industrial fields involving metallic materials.
PAR  Acid aqueous solutions of hydrogen peroxide are known to possess high
      solubilizing powers as chemically solubilizing agents for copper and
      copper alloy materials. On the other hand, hydrogen peroxide is a readily
      decomposable compound which is catalytically decomposed especially in the
      presence of copper ion. Consequently, it is economically disadvantageous
      that when an acid aqueous solution of hydrogen peroxide is employed in a
      chemically solubilizing treatment of copper and copper alloys, the copper
      is dissolved and accumulated in the solution to accelerate decomposition
      of the hydrogen peroxide, thereby considerably lowering the ratio of
      effective utilization of hydrogen peroxide.
PAR  Typical solutions among the acid aqueous solution for use in the chemically
      solubilizing treatment of copper and copper alloys contain 10-150 g./l. of
      hydrogen peroxide and 10- 200 g./l. of sulfuric acid. These solutions have
      been critically defective in practical uses in that, whereas they are
      stable in the absence of copper ion therein, the hydrogen peroxide will be
      rapidly decomposed or disappear in the presence of copper ions accumulated
      in the solutions.
PAR  Improvements heretofore known for reducing the decomposition of hydrogen
      peroxide include adding as a stabilizer saturated aliphatic alcohols,
      phenols, proteins, polymethylene polyamines and the like to the said
      aqueous solution of hydrogen peroxide. But, stabilizers having better
      stabilizing property have been desired.
PAC  SUMMARY OF THE INVENTION
PAR  We have found that glycol ethers have extremely excellent effects for
      stabilizing hydrogen peroxide in an acid aqueous solution of hydrogen
      peroxide and are very advantageous stabilizers of practical use.
PAR  This invention, on the basis of this finding, provides a stabilizing method
      superior to any of the heretofore known methods of stabilization.
PAC  DESCRIPTION OF THE INVENTION
PAR  According to the invention, the decomposition reaction of hydrogen peroxide
      with copper ion is inhibited by the addition of one or more glycol ethers
      to an acid aqueous solution of hydrogen peroxide typically containing a
      mineral acid such as sulfuric acid to enable practical use of the
      chemically solubilizing treatment of copper and copper alloys.
PAR  In addition to the case for sulfuric acid, the present invention is useful
      for acid aqueous solutions of hydrogen peroxide containing another mineral
      acid such as nitric or phosphoric acid.
PAR  The glycol ethers used in the invention are represented by the general
      formula
EQU  R(OCH.sub.2 CH.sub.2).sub.n --OH
PAL  wherein R is alkyl containing 1- 4carbon atoms and n is an integer from 1
      to 2, which are compounds containing in the molecule both ether group and
      OH group. Examples are ethyleneglycol monomethylether, ethyleneglycol
      monoethylether, ethyleneglycol monobutylether, diethyleneglycol
      monomethylether, diethyleneglycol monoethylether and diethyleneglycol
      monobutylether.
PAR  Although these glycol ethers are more or less effective even at a
      concentration as low as 0.1 g./l. or lower, expected outstanding effects
      cannot be obtained at such a concentration. The expected effects are
      obtained at a concentration higher than 0.1 g./l. and increase in the
      added amount leads to increase in the effect, which is approximately
      constant at 5 g./l. The addition of more than 5 g./l. would be meaningless
      and uneconomical.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  EXAMPLE 1
PAR  To an aqueous solution containing 75 g./l. of H.sub.2 O.sub.2, 100 g./l. of
      H.sub.2 SO.sub.4 and 50 g./l. of CuSo.sub.4 --5H.sub.2 O at 50.degree.C
      was added a glycol ether. Decomposed amounts of hydrogen peroxide were
      measured to give the results shown in the table below.
TBL  __________________________________________________________________________

                               Decomposed                                      

                               amount of                                       

                        Added amount                                           

                               hydrogen                                        

                               peroxide                                        

     Additive according to the invention                                       

                        (g./l.)                                                

                               (mg.--H.sub.2 O.sub.2 /1. min.)                 

     __________________________________________________________________________

     No additive        0      195                                             

     Ethyleneglycol monomethylether                                            

                        0.1    54                                              

     "                  0.5    13                                              

     "                  1      5                                               

     "                  5      1.8                                             

     "                  10     1.5                                             

     Ethyleneglycol monoethylether                                             

                        5      2.0                                             

     Ethyleneglycol monobutylether                                             

                        10     1.6                                             

     Diethyleneglycol monomethylether                                          

                        10     1.3                                             

     Diethyleneglycol monoethylether                                           

                        5      1.9                                             

     Diethyleneglycol monobutylether                                           

                        20     1.4                                             

     __________________________________________________________________________

PAC  EXAMPLE 2
PAR  Decomposed amount of the hydrogen peroxide in an aqueous solution
      containing 50 g./l. of H.sub.2 O.sub.2, 30 g./l. of HNO.sub.3, 50 g./l. of
      CuSo.sub.4 --5H.sub.2 O and 5 g./l. of ethyleneglycol monomethylether at
      30.degree.C was 3 mg./l.min. Decomposed amount of the hydrogen peroxide in
      the absence of ethyleneglycol monomethylether added under the same
      conditions was 254 mg./l.min. It follows that the decomposed amount
      H.sub.2 O.sub.2 was about 1/85 as much as the case without the addition.
PAC  EXAMPLE 3
PAR  Decomposed amount of hydrogen peroxide in an aqueous solution containing
      100 g./l. of H.sub.2 O.sub.2, 50 g./l. of H.sub.3 PO.sub.4, 100 g./l. of
      CuSO.sub.4 --5H.sub.2 O and 5 g./l. of ethyleneglycol monobutylether at
      60.degree.C. was 2 mg./l.min. Decomposed amount of the hydrogen peroxide
      in the absence of ethyleneglycol monobutylether added under the same
      conditions was 221 mg./1.min. It follows that the decomposed amount of
      H.sub.2 O.sub.2 was about 1/110 as much as the case without the addition.
CLMS
STM  I claim:
NUM  1.
PAR  1. In the method of stabilizing hydrogen peroxide in an acid aqueous
      solution of hydrogen peroxide containing copper ion capable of
      catalytically decomposing hydrogen peroxide by incorporating a stabilizer
      to said aqueous solution, the improvement which comprises using as the
      stabilizer at least one glycol ether represented by the general formula
      R(OCH.sub.2 CH.sub.2).sub.n--OH wherein R is an alkyl group containing 1
      to 4 carbon atoms and n is an integer from 1 to 2.
NUM  2.
PAR  2. Method according to claim 1 wherein said glycol ether is in said aqueous
      solution in an amount not less than 0.1 g./l.
NUM  3.
PAR  3. Method according to claim 1 wherein said glycol ether is in said aqueous
      solution in an amount of from 0.1 g./l. to 5g./l.
NUM  4.
PAR  4. Method according to claim 1 wherein said glycol ether is selected from
      the group consisting of ethyleneglycol monomethylether, ethyleneglycol
      monoethylether, ethyleneglycol monobutylether, diethyleneglycol
      monomethylether, diethyleneglycol monoethylether, and diethyleneglycol
      monobutylether.
NUM  5.
PAR  5. Method according to claim 1, wherein said glycol ether is ethyleneglycol
      monomethylether.
NUM  6.
PAR  6. Method according to claim 1, wherein said glycol ether is ethyleneglycol
      monoethylether.
NUM  7.
PAR  7. Method according to claim 1, wherein said glycol ether is ethyleneglycol
      monobutylether.
NUM  8.
PAR  8. Method according to claim 1, wherein said glycol ether is
      diethyleneglycol monomethylether.
NUM  9.
PAR  9. Method according to claim 1, wherein said glycol ether is
      diethyleneglycol monoethylether.
NUM  10.
PAR  10. Method according to claim 1, wherein said glycol ether is
      diethyleneglycol monobutylether.
NUM  11.
PAR  11. Method according to claim 1, wherein the acid of said solution is
      selected from the group consisting of sulfuric acid, nitric acid, and
      phosphoric acid.
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PAL  Methods of increasing the thermal stability of crystalline zeolites are
      disclosed. The methods are characterized by the steps of either (i),
      treating the crystalline zeolite first in at least one step with a dilute
      solution of a fluorine compound whereby a very small amount of fluoride is
      incorporated in the zeolite with a subsequent exchange with an ammonium
      ion, rare earth ion, or other metal ion solution, (ii), first exchanging
      the zeolite with an ammonium ion, rare earth ion or other metal ion
      solution followed by a treating with a dilute fluoride solution, or (iii),
      concurrently treating the zeolite with the fluoride ion and exchanging the
      zeolite in a simultaneous operation.
PARN
PAR  This is a continuation of application Ser. No. 150,780 filed June 7, 1971,
      now abandoned which in turn is a continuation-in-part application of Ser.
      No. 803,117 filed Feb. 27, 1969, now Pat. No. 3,544,331.
BSUM
PAR  This invention relates to methods of increasing the thermal stability of
      crystalline zeolites. In one aspect, the invention relates to methods of
      increasing the thermal stability of crystalline zeolites such as for
      example those characterized as Type A, Type Y and Type X. In a further
      aspect, the invention relates to a method of either (i), treating
      crystalline zeolites with a solution of soluble fluorine compound followed
      by an exchange with an ammonium ion, rare earth ion or other metal ion
      solution, or (ii), an exchange with an ammonium ion, rare earth ion or
      other metal ion solution followed by a treatment with a fluoride ion, or
      (iii), a concurrent treating of the zeolite with a fluoride ion solution
      and exchanging with a compatible ammonium ion, rare earth ion or other
      metal solution.
PAR  Molecular sieves are crystalline metal aluminosilicates having a
      three-dimensional interconnecting network structure of silica and alumina
      tetrahedra. The tetrahedra are formed by four oxygen atoms surrounding a
      silicon or aluminum atom. This structure permits a neat chain arrangement
      of building tetrahedra uniformly in four directions. Since oxygen atoms
      have two negative charges, while the silicon atoms have four positive
      charges and the aluminum atoms have three positive charges, the trivalency
      of the alumina causes the alumina tetrahedra to be negatively charged,
      thus requiring an additional positive charge to balance the system. In the
      usual synthesized form, this charge is usually supplied by a sodium or
      potassium cation, most frequently a sodium cation. These charge balancing
      cations are exchangeable ions and can be exchanged with other cations.
PAR  Also, up to half the quadravalent silicon atoms in the zeolite crystal
      structure can be replaced by trivalent alumina atoms. Thus, by regulating
      the ratios of the starting materials used to prepare the zeolites, it is
      possible to produce zeolites containing different ratios of silica:alumina
      having essentially the same crystal structure and as well as zeolites
      having different structures.
PAR  The crystalline zeolites, particularly those designated as Types A, X and
      Y, have become widely acclaimed for their value as selective adsorbents
      and catalysts. The ability to selectively adsorb molecules based on their
      kinetic molecular size, diameter and polarity is attributed to their
      unique crystal structure which affords a series of uniformly sized pore
      openings which permit molecules having smaller kinetic molecular diameters
      than the pore opening to pass into the interior of the zeolite while
      excluding larger molecules.
PAR  For example, in the crystalline zeolite designated as Type A, the
      tetrahedral are grouped to form a truncated octahedron with a silica or
      alumina tetrahedron at each point. This structure is known as a sodalite
      cage, which in itself contains a small cavity which is of no practical
      significance since the largest openings are not large enough to permit
      even the entrance of the smallest molecules. However, when the sodalite
      cages are stacked in simple cubic forms, as they are in the Type A
      zeolite, the result is a network of cavities approximately 11.5 A in
      diameter, which is accessible through openings on all six sides. These
      openings are surrounded by eight oxygen ions and are partially blocked by
      the exchangeable charge balancing in the cation. Thus, by substituting
      different cations for the balancing cations, zeolites of different pore
      size openings and therefore selectivity, can be obtained. In the usual
      synthesized sodium cation Type A zeolite, the oxygen atom rings provide
      openings of about 4.2 A in diameter. By exchanging the sodium cation, or
      preparing the zeolite with potassuim ions, the pore opening will be
      reduced to 3 A. Similarly, by ion exchanging the sodium ion with a
      divalent cation, the pore opening can be increased (e.g., the calcium form
      Type A has a pore opening of about 5 A in diameter) since only half as
      many cations will be required to balance the negative charge.
PAR  The crystalline zeolites are formed with a large amount of water of
      hydration which fills the cavities. Fortunately, this water of hydration
      is loosely bound and can be easily removed by moderate heating. The
      zeolite is then free to adsorb molecules of the correct kinetic molecular
      diameter and polarity into these cavities.
PAR  Another zeolite which has become of particular interest to the art is
      referred to as faujasite. This encompasses the zeolites designated Type X
      and Y. These zeolites have a crystalline structure similar to that of Type
      A in that they also are made up of the basic sodalite building blocks.
      However, in this case, the sodalite cages are arranged in a tetrahedron
      relationship (diamond structure) with bridging across the six membered
      hexagonal rings, thereby forming a twelve membered oxygen atom ring. These
      rings provide pore openings of about 9-10 A in diameter. As with the Type
      A structure, the overall electrical charge is balanced by a positively
      charged exchangeable cation. The faujasite zeolites, as well as being a
      very desirable selective adsorbent, are also highly regarded by the art
      for their catalytic activity, especially with regard to the promotion of
      reactions used in upgrading petroleum hydrocarbons. The zeolites
      designated Types A, X and Y are also referred to by the prior art, as
      Z-12, Z-14 and Z-14 HS respectively.
PAR  Unfortunately, the crystal structures of many of the zeolites do not have
      sufficient thermal stability to withstand the regeneration temperatures
      typically used in many adsorption and catalyst systems. This thermal
      instability is especially acute in the zeolites having lower
      silica-alumina ratios such as, for example, Types A and X, and represents
      a substantial problem even in those zeolites having a higher
      silica-alumina ratio such as, for example, Type Y. The prior art is
      replete with various methods which propose to solve or alleviate this
      thermal unstability; some which are more successful than others. One
      particularly successful method of increasing the thermal stability of the
      Type Y zeolite is disclosed in U.S. Pat. No. 3,293,192. While the process
      disclosed in this patent produces an unusually stable product, it requires
      accurate control and a number of exchange steps and at least one high
      temperature calcination step. In many cases, the product produced by this
      process possesses a thermal stability greater than is required, especially
      where the zeolite is to be used as an adsorbent and thus will not
      encounter the high temperatures required in coke removal catalyst
      regeneration cycles. Applicant has, therefore, discovered a simple and
      inexpensive process for increasing the thermal stability of crystalline
      zeolites in general, and which notably affords the low silica-alumina
      ratio zeolites, such as for example, Types A and X, greatly increased
      thermal stability in the intermediate temperature ranges of about
      1200.degree.-1425.degree.F. Thus, the applicant's invention substantially
      increase both the life of these zeolites and the range of processes in
      which they can be used.
PAR  It is, therefore, an object of the invention to provide a method of
      increasing the thermal stability of crystalline zeolites, and especially
      those zeolites having low silica to alumina ratios. It is a further object
      of the invention to provide zeolite compositions of matter having
      increased thermal stability.
PAR  It is an additional object of this invention to set out a process of first
      treating a zeolite with a dilute fluoride solution, followed by exchanging
      with an ammonium ion, rare earth ion or other metal ion solution.
PAR  It is further an object of this invention to provide a process of first
      exchanging a zeolite with an ammonium ion, rare earth ion solution or
      other metal ion solution followed by a treating with a dilute fluoride ion
      solution.
PAR  It is a still further object of the invention to provide a method of
      treating crystalline zeolites with a dilute solution of a fluoride
      compound with a concurrent exchange with an ammonium ion, rare earth ion
      or other metal ion solution.
PAR  Other additional objects will become apparent and in part obvious from the
      following description and the appended claims.
PAR  In summary, the method of my invention comprises treating a crystalline
      zeolite at least once with a dilute solution, typically an aqueous
      solution of a fluorine compound in a sufficient quantity to provide about
      2 to 22 grams of available fluoride per 10,000 grams of zeolite (dry
      dehydrated basis). One method of my invention comprises first treating a
      zeolite with a dilute fluoride solution followed by at least one
      contacting with an ammonium ion, a rare earth ion or other metal ion
      solution. There may also be intermediate heat treating steps. Another
      method of my invention comprises first exchanging the zeolite with an
      ammonium ion, rare earth ion or other metal ion solution followed by a
      treatment with a dilute fluoride solution. A further method of my
      invention comprises at least once a concurrent treating or contacting of a
      zeolite with a dilute solution mixture, typically an aqueous solution
      mixture, of a fluorine compound in a sufficient quantity to provide from
      about 2 to 22 grams of available fluoride per 10,000 grams of zeolite, in
      a compatible admixture with ammonium or metal compound soluble in this
      solution, the metal ion in the metal compound, however, not being
      interactive with the available fluoride ions. This contacting may be
      followed by further contacting steps, with or without intervening heat
      treating steps. Heat treating steps help to unlock the sodium ions in the
      zeolite matrix so that they may be more readily exchanged with the metal
      ions in solution. The pH of the fluoride solution should be within the
      range of about 6 to 11 Type X zeolite, as pH's below about 6 can attack
      the zeolite. For the other zeolites, such as Type Y, the pH may range
      lower. The temperature of the fluoride solution normally should be within
      the range of 60.degree. to 130.degree.F, however both higher and lower
      temperatures can be used within, of course, the freezing and boiling
      limits of the solution. Virtually any soluble fluorine salt can be used as
      the source of fluoride, the only limitation being that the salt will
      dissolve to yield some amount of available fluoride ions. Suitable
      fluorine compounds which can be used include ammonium fluosilicate,
      fluosilicic acid, sodium fluosilicate, ammonium fluoride, sodium fluoride,
      potassium fluosilicate, potassium fluoride and the like. The method of ion
      exchanging the zeolite may be by any of the known and practiced
      techniques.
PAR  The method of preparing the crystalline zeolite is not a part of my
      invention, and such methods can be found in the prior art. Suitable
      crystalline zeolites which may be stabilized according to my invention are
      listed in the following Table, including their respective chemical
      compositions and patent references disclosing typical methods of preparing
      such zeolites.
TBL                                    Table A                                 

     __________________________________________________________________________

            Oxide Mole Ratios (shown as alkali                                 

                                   Patent Dis-                                 

     Zeolite                                                                   

                metal oxide form)  closures                                    

     __________________________________________________________________________

     Zeolite X                                                                 

            1.0.+-.0.2Na.sub.2 O:Al.sub.2 O.sub.3 :2.5.+-.0.5SiO.sub.2         

            :0-8H.sub.2 O         U.S.2,882,244                                

     Zeolite Y                                                                 

            0.9.+-.0.2Na.sub.2 O:Al.sub.2 O.sub.3 :3-6SiO.sub.2 :0-9H.sub.2    

                                  U.S.3,130,007                                

     Zeolite A                                                                 

            1.0.+-.0.2Na.sub.2 O:Al.sub.2 O.sub.3 :1.85.+-.0.5SiO.sub.2 :      

            0-6H.sub.2 O          U.S.2,882,243                                

     Zeolite L                                                                 

            1.0.+-.0.1Na.sub.2 O:Al.sub.2 O.sub.3 : 6.4.+-.0.5SiO.sub.2 :      

            0-7H.sub.2 O          Bel.575,117                                  

     Zeolite D                                                                 

            0.9.+-.0.2[(0-1)Na.sub.2 O:(1-0)K.sub.2 O]:Al.sub.2 O.sub.3        

                                  Can.611,981                                  

            4.5-4.9SiO.sub.2 :0-7H.sub.2 O                                     

     Zeolite R                                                                 

            0.9.+-.0.2Na.sub.2 O:Al.sub.2 O.sub.3 :2.45-3:65SiO.sub.2 :0-7H.sub

            .2 O                  U.S.3,030,181                                

     Zeolite S                                                                 

            0.9.+-.0.2Na.sub.2 O:Al.sub.2 O.sub.3 :4.6-5.9SiO.sub.2 :0-7H.sub.2

             O                    U.S.3,054,657                                

     Zeolite T                                                                 

            1.1.+-.0.4[(0.1-0.8)Na.sub.2 O:(0.9-0.2)K.sub.2 O]:                

                                  U.S.2,950,952                                

            Al.sub.2 O.sub.3 :6.9.+-.0.5SiO.sub.2 :0-8H.sub.2 O                

     Zeolite Z                                                                 

            K.sub.2 O:Al.sub.2 O.sub.3 :2SiO.sub.2 :0-3H.sub.2                 

                                  Can.614,995                                  

     Zeolite E                                                                 

            0.9.+-.0.1Na.sub.2 O:Al.sub.2 O.sub.3 :1.95.+-.0.1SiO.sub.2        

            :0-4H.sub.2 O         Can.636,931                                  

     Zeolite F                                                                 

            0.95.+-.0.15Na.sub.2 O:Al.sub.2 O.sub.3 :2.05.+-.0.3SiO.sub.2      

                                  U.S.2,996,358                                

            0-3H.sub.2 O                                                       

     Zeolite O                                                                 

            0.95.+-.0.05Na.sub.2 O:Al.sub.2 O.sub.3 :12.2.+-.0.05SiO.sub.2     

                                  U.S.3,140,252                                

            0-5H.sub.2 O                                                       

     Zeolite B                                                                 

            1.0.+-.0.2Na.sub.2 O:Al.sub.2 O.sub.3 :3.5.+-.1.5SiO.sub.2         

                                  U.S.3,008,803                                

            0-6H.sub.2 O                                                       

     Zeolite Q                                                                 

            0.95.+-.0.05Na.sub.2 O:Al.sub.2 O.sub.3 :2.2.+-.0.05SiO.sub.2      

                                  U.S.2,991,151                                

            XH.sub.2 O                                                         

     Zeolite M                                                                 

            1.0.+-.0.1K.sub.2 O:Al.sub.2 O.sub.3 :2.0.+-.0.1SiO.sub.2 :        

                                  U.S.2,995,423                                

            XH.sub.2 O                                                         

     Zeolite H                                                                 

            1.0.+-.0.1Na.sub.2 O:Al.sub.2 O.sub.3 :2.0.+-.0.1SiO.sub.2         

                                  U.S.3,010,789                                

            XH.sub.2 O                                                         

     Zeolite J                                                                 

            0.9.+-.0.1K.sub.2 O:Al.sub.2 O.sub.3 :2.1.+-.0.2SiO.sub.2 :        

                                  U.S.3,011,869                                

            XH.sub.2 O                                                         

     Zeolite W                                                                 

            1.0.+-.0.1Na.sub.2 O:Al.sub.2 O.sub.3 :4.1.+-.0.8SiO.sub.2         

                                  U.S.3,012,853                                

            YH.sub.2 O                                                         

     Zeolite KG                                                                

            0.9-1.1Na.sub.2 O:Al.sub.2 O.sub.3 :2.3-4.2SiO.sub.2 :2.6-4.       

                                  U.S.3,056,654                                

            6H.sub.2 O                                                         

     __________________________________________________________________________

PAR  My invention process can also be used to stabilize naturally occurring
      zeolites such as, for example, levynite, dachiardite, erionite, faujasite,
      analcite, paulingite, noselite, ferriorite, heulandite, scolecite,
      stilbite, clinoptilolite, harmotome, phillipsite, brewsterite, flakite,
      datolite and alumino-silicates represented as follows:
PA1  Chabazite, Na.sub.2 O.Al.sub.2 O.sub.3.4 SiO.sub.2.6 H.sub.2 O;
PA1  Gmelinite, Na.sub.2 O.Al.sub.2 O.sub.3.4 SiO.sub.2.6 H.sub.2 O;
PA1  Cancrinite, 3(Na.sub.2 O.Al.sub.2 O.sub.3.2 SiO.sub.2).Na.sub.2 CO.sub.3 ;
PA1  Leucite, K.sub.2 O.Al.sub.2 O.sub.3.4 SiO.sub.2 ;
PA1  Lazurite, (Na,Ca).sub.8 Al.sub.6 Si.sub.6 O.sub.2.4.2(S,Cl,So.sub.4);
PA1  Scaplite, Na.sub.4 Al.sub.3 Si.sub.9 O.sub.24.Cl;
PA1  Mesolite, Na.sub.2 O.Al.sub.2 O.sub.3.3 SiO.sub.2.2-3 H.sub.2 O;
PA1  Ptilolite, Na.sub.2 O.Al.sub.2 O.sub.3.10 SiO.sub.2.4 H.sub.2 O;
PA1  Mordenite, Na.sub.2 O.Al.sub.2 O.sub.3.10 SiO.sub.2.6.6 H.sub.2 O;
PA1  Nepheline, Na.sub.2 O.Al.sub.2 O.sub.3.2 SiO.sub.2 ;
PA1  Natrolite, Na.sub.2 O.Al.sub.2 O.sub.3.3 SiO.sub.2.2 H.sub.2 O;
PA1  Sodalite, 3(Na.sub.2 O.Al.sub.2 O.sub.3.2 SiO.sub.2).2 NaCl.
PAR  There are essentially two principal parts or steps which, depending on the
      order of practice, make up the several embodiments of my invention. That
      is, these two principal parts or steps can be practiced in either order or
      concurrently.
PAR  One principal of the processes of my invention comprises the treating of a
      crystalline zeolite, or an ion exchange crystalline zeolite with a dilute
      fluoride solution in one or more contacting steps. The selected zeolite is
      slurried with a solution containing about 0.02 to 0.22 grams of available
      fluoride per 100 grams of zeolite (dry dehydrated basis) and having a
      slurry pH in about the range of 3 to 11. By available fluoride I mean the
      fluroide which is disassociated and available to combine with the zeolite.
      Thus, for example, although ammonium fluosilicate has six atoms of
      fluorine per molecule, four of these atoms will be too strongly attracted
      to the silicate atom, even in solution, to become available. Typically,
      the solution will have a fluoride concentration of about 0.1 to 5 g/liter,
      however, the important limitations are the pH of the slurry and the
      relative ratio of available fluoride to zeolite. Typically and
      conveniently, the fluoride solution will be an aqueous solution though
      other solvents for fluorine salts could be used. Suitable fluorine
      compounds which can be used include, for example, ammonium fluosilicate,
      sodium fluosilicate, ammonium fluoride, sodium fluoride, potassium
      fluosilicate, potassium fluoride and the like. Other fluorine salts could
      be used, provided they will dissolve in a suitable solvent, preferably
      water, to yield available fluoride ion. (Especially good results are
      obtained with ammonium fluosilicate (i.e., (NH.sub.4).sub.2 SiF.sub.6).
      Further, ammonium fluosilicate is particularly desirable salt for
      industrial application, since it is easily prepared and easily handled.)
PAR  A preferred method of fluoride treating the zeolite is the use of multiple
      contacting steps. In between these steps, the zeolite can be washed,
      and/or dried, and/or heat treated. By heat treating is meant a heating to
      a range of about 500.degree. to 1400.degree.C.
PAR  The pH of the first treating solution will generally, during contacting, be
      above 6 when treating a sodium or other alkali zeolite, due in a
      considerable part to the basicity of the zeolite, while solutions used for
      subsequent contacting will range lower. The use of multiple contacting
      steps is useful in that the fluoride concentration of the fluoride
      solution can be maintained at a lower initial level, but at a higher
      average level throughout the contacting operation. The use of a high
      fluoride concentration contacting solution would provide sufficient
      fluoride to attack the zeolite structure. The pH of the second and third
      contacting solutions are generally in the range of 5-7, and when the
      zeolite has a fairly high acid stability, can range as low as about 4.
      When Zeolite Y is treated, the pH of multiple contactings may very
      usefully be in the range of 4-5. When the zeolite being treated is an
      exchanged zeolite, and particularly a rare earth metal, transition metal
      or other metal ion exchanged zeolite, the pH of the fluoride treating
      solution may be in the range of as low as 3.5 The exchanged zeolites are
      generally more stable in acid environments than the alkali ion form. This
      is well exemplified by any comparison with the stability of the sodium
      zeolites.
PAR  Ambient treating solution temperatures can be used in our process though
      temperatures both below and above this can also be used such as, for
      example, are dictated by considerations of the solubility of the fluorine
      compound and whether its solution is more active in attacking zeolite
      structure at higher temperatures than at lower temperatures. Conveniently,
      solution temperatures in the range of about 60.degree. to 130.degree.F can
      be used. But both higher and lower solution temperatures can also be used.
      The fluoride solution should be allowed to contact the zeolite for a
      sufficient time to mix with and diffuse into the zeolite. Typical contact
      times are about at least 5 minutes and preferably about 15 minutes to 1
      hour. Mechanical mixing means can also be desirably used to expedite
      mixing. The treated zeolite is then removed from the solution by any
      appropriate means such as, for example, filtration or centrifugation. The
      treated zeolite may then either be washed, dried, heat treated, and/or be
      given a second contacting with a fresh fluoride solution. When a second or
      further contacting is performed, the time duration of each contacting may
      be decreased. The stabilized zeolite can then be given a mild thermal
      treatment at a temperature of 200.degree.F to activate (i.e., remove the
      hydrated water and absorbed water), or it can be activated within the
      actual adsorption or catalytic unit.
PAR  A second principal part of the processes of my invention comprises the
      ammonium ion, rare earth metal ion or other metal ion exchange of a
      fluoride treated zeolite, or a zeolite which is to be subsequently
      fluoride treated. A preferred mode of crystalline zeolite exchange
      comprises in a first step mixing an excess of the salt solution with the
      zeolite for a proper period of time, usually 15 minutes to 5 hours. The
      rate of exchange can be increased by carrying out the exchange at an
      elevated temperature. Obviously, the exchange temperature of the solution
      must be below the atmosphere boiling point of the solution, unless
      pressure equipment is used. Suitable exchange may be carried out at
      temperatures of from about 20.degree.C to 95.degree.C, and up to about
      150.degree.C, using pressure equipment. The excess salt solution is then
      removed from contact with the zeolite after a suitable period of time, for
      example, 15 minutes to 5 hours. The time of contact between the cation
      exchange solution and the zeolite is such as to effectively replace the
      easily exchangeable cations in the aluminosilicate to about 3 percent,
      calculated as the oxide of the cation, for example, Na.sub.2 O.
PAR  In the second step, the exchanged zeolite is washed to remove any excess
      salts. This washing is a conventional step and is normally carried out
      with deionized or tap water.
PAR  After the washing step, the zeolite, now partially exchanged with the
      cation desired and having 10 to 20 percent of the original cations
      remaining (depending on the particular zeolite) is dried and heat treated
      to redistribute the locked in cations. The heat treatment is normally
      carried out at a temperature of 200.degree. to 1500.degree.F, preferably
      low enough so as not to cause the zeolite crystalline structure to
      collapse, since some of the zeolites in the low initial cation condition
      enter into what is known as a metastable condition, wherein the
      crystalline structure will collapse when subjected to thermal treatment.
      The duration of the heat treatment is dependent upon the temperature,
      e.g., a shorter heat treatment duration will require a higher temperature.
      Suitable results are obtained when the heat treatment is carried out at a
      temperature of about 1000.degree.F for periods of 0.10 hour to 3 hours.
PAR  In the last step of this exchange process, the zeolite is cooled to room
      temperature and a final exchange carried out to reduce the initial cation
      content to the desired level. This final exchange is carried out again
      using a metal solution having the same properties as the metal ion
      solution used for the first exchange or using an ammonia solution. The
      zeolite at this point contains less than about 3 percent by weight of
      sodium ion (calculated as Na.sub.2 O). The zeolite is then given a final
      wash and dried. Prior to actual use, the zeolite may be calcined to
      activate it by removing the water molecules. Such calcination is
      conventional and may, for example, be carried out at 700.degree.F for 3
      hours.
PAR  Another mode of ion exchange of a zeolite, also known as simple exchange,
      comprises one or more contactings of the zeolite with an ammonium or metal
      ion solution, preferably an aqueous solution, which contains an excess of
      the metal ion. The contacting metal ion solution is most conveniently an
      ammonium or metal salt solution. The zeolite is contacted with the
      solution for a proper period of time, usually 15 minutes to 5 hours. The
      temperature of the exchange media is maintained at from about 20.degree.C
      to 95.degree.C and up to 150.degree.C using pressure equipment. In a
      preferred embodiment of this mode of exchange, the zeolite is given at
      least two or more contactings. The alkali metal ion content of such an
      exchanged zeolite is generally in the range of 3-6 percent calculated as
      the oxide.
PAR  These exchange processes are, of course, capable of modification. For
      example, the heating (to redistribute the locked in cations), and the ion
      exchange step may be carried out as a series of repeating cycles. Also the
      exchange technique may be practiced in part, eliminating one or more of
      the heat treating or contacting steps.
PAR  These two principal steps in combination in either order, of fluoride
      treating, and exchanging the alkali ions of the zeolite, make up the first
      and second embodiments of practicing my invention. The first embodiment
      essentially comprises fluoride treating a crystalline alkali zeolite
      followed by exchange of at least part of the sodium from the zeolite by an
      exchange of the zeolite using an ammonium or metal ion solution to sodium
      ion content of less than about 3 percent. The second embodiment of
      practicing my invention comprises the reverse order of these steps. That
      is, the alkali zeolite is first exchanged with an ammonium ion or metal
      ion solution, followed by a treating with a fluoride solution. In either
      mode, the zeolite produced has an unwashable fluoride content of 0.01 to
      0.15 percent by weight. This results in a fluoride treated zeolite with
      increased thermal and steam stability and a generally higher surface area.
PAR  The third embodiment of my invention comprises the concurrent contacting of
      the zeolite in the alkali form with the fluoride ion and exchanging ion.
      In this mode, a co-mixture is formed of an excess of the ammonium, rare
      earth metal or other metal exchange solution and the dilute fluoride ion
      solution. As in the prior modes of my invention, the fluoride content of
      the solution will be in the range so as to provide 2 to 22 grams of
      available fluoride per 10,000 grams of zeolite. This range is equivalent
      to 0.02 to 0.22 grams of available fluoride per 100 grams of zeolite. The
      available fluroide is provided by one of the materials as set out above.
      The exchange part of the comixture is provided by an ammonium ion, rare
      earth ion or other metal ion solution. The only factor of significance is
      forming the co-mixture is that the fluoride salt component and exchange
      salt component when in solution must be compatible. In other words, there
      should be no interaction of these materials that would produce a
      precipitate and thus make unavailable the required fluoride. It has been
      found generally, however, that the available fluoride yielding salts will
      be compatible with ammonium ion solutions, rare earth salt solution and
      transition metal salt solutions, since these metal ions do not usually
      form insoluble compounds in the co-mixture media. This co-mixture media is
      most efficiently an aqueous media with concentration, pH and temperature
      conditions suitable to each specific metal ion in co-mixture. It is only
      necessary that the fluoride ion and exchange metals have a considerable
      degree of solubility in aqueous solutions at temperatures of 20.degree. to
      100.degree.C. This solubility assures the presence of available fluoride.
PAR  The exact stepwise method of conducting this mode of the invention may be
      by either of two techniques. These techniques parallel those of the simple
      and preferred ion exchange techniques as set out for the first and second
      modes for practicing my invention except that the exchange solution must
      be a compatible co-mixture of the fluoride ion exchange ion solutions.
      Therefore, the contactings of the zeolite with the co-mixture may be in a
      series of contactings, with or without interspersed heat treating steps.
      Further, in between contactings there need not be a washing or drying of
      the zeolite, however, prior to my heat treating step, the zeolite should
      be washed. After the last contacting, the zeolite is washed, dried and
      optionally activated.
PAR  The rasulting compositions are crystalline zeolites, exchanged or
      unexchanged, having an increased thermal stability and containing about
      from 1 to 15 grams of fluoride per 10,000 grams of zeolite, incorporated
      within the zeolite. It is critical that the amount of fluoride
      incorporated within the zeolite be maintained within these limits, since a
      greater amount of fluoride will actually reduce the thermal stability of
      the zeolite and in some instances actually cause destruction of the
      crystal structure. Similarly, if the minimal quantity of fluoride required
      above is not incorporated into the zeolite, the zeolite will not exhibit
      any appreciable, if any, increase in thermal stability. The stabilized
      zeolites of my invention possess a crystallinity retention, in the
      temperature ranges of intermediate crystalline collapse, of at least 1.15
      times that of the untreated zeolite. Typically, this increase in stability
      ranges from about 1.15 to 3 times that of the untreated zeolite. By
      temperature ranges of intermediate collapse is meant temperature ranges in
      which the untreated zeolite experiences loss, some to upwards of 90
      percent of its crystallinity. Thus, for example, a commercial sodium
      cation Zeolite X will have an initial surface area of around 800 m.sup.2
      /g and will start to experience collapse at temperatures of about
      1200.degree.F and after calcination for 2 hours at 1400.degree.F the
      surface area will be reduced to about 500 to 550 m.sup.2 /g. If the
      calcination is effected at 1425.degree.F, the surface area will be reduced
      to around 200 to 250 m.sup.2 /g, which though representing a substantial
      loss of surface area, is still considered to represent a substantial
      amount of surface area. If the zeolite is calcined at 1450.degree.F, the
      surface area will be reduced to around 15 to 20 m.sup.2 /g indicating in
      effect, complete loss of crystallinity. Thus, for a sodium Zeolite X, the
      temperature range of intermediate crystalline collapse, and in which range
      the zeolite composition of my invention has increased crystalline thermal
      stability, would be from about 1250.degree. to 1435.degree.F. Since the
      various zeolites have different thermal stabilities, the temperature range
      of intermediate crystalline collapse will vary for the particular type
      zeolite. Thus, for example, a sodium cation crystalline Zeolite A will
      start to experience crystalline collapse at temperatures in the range of
      about 1100.degree. to 1200.degree.F and suffer virtually complete loss of
      crystallinity at temperatures of about 1400.degree.F. Thus, I have
      ascertained the intermediate crystalline collapse temperature range for a
      sodium cation Zeolite A to be about 1250.degree. to 1390.degree.F. It
      should also be noted that crystallinity for sodium Zeolite A must be
      measured in terms of X-ray crystallinity, since the pore sizes of this
      zeolite are too small to permit entrance of the nitrogen molecular and
      thus preclude conventional surface area measurements which are necessarily
      based upon the absorption of nitrogen.
DETD
PAC  EXAMPLE 1
PAR  This example illustrates a method according to my invention of increasing
      the thermal stability of a Z- 14 (Type X) sodium zeolite having a 115
      percent X-ray crystallinity and 24.92 A cell size designated as Code 540
      13 X-Na by the Davison Division of W. R. Grace & Co.
PAR  An aqueous ammonium fluosilicate solution containing 2 grams of
      (NH.sub.4).sub.2 SiF.sub.6 per 500 ml. of solution was prepared. 100 grams
      (dry basis) of 13X-Na zeolite was slurried in 100 ml. of water in a
      teflon-lined vessel. 50 ml. of the aforementioned ammonium fluosilicate
      was then added to the slurry with stirring. The slurry was then stirred
      for 10 minutes at 70.degree.F. The so treated zeolite was then recovered
      by filtration and dried overnight at a temperature of
      200.degree.-230.degree.F. The filter cake was not washed prior to drying.
PAR  Additional examples were prepared following the same procedure but using
      different quantities and concentrations of the ammonium fluosilicate
      solution. The thermal stability of the resulting samples was then tested
      at 1400.degree.F and at 1425.degree.F. A summary of these examples appears
      below in Table I.
TBL                                    Table I                                 

     __________________________________________________________________________

     Sample         A     B     C     D     E     F                            

     __________________________________________________________________________

     Z-14-Na Zeolite                                                           

      (gram D.B.*)   500  500   500   500   500   500                          

     Water for Slurrying,                                                      

      ml.           2000  2000  2000  2000  2000  2000                         

     (NH.sub.4).sub.2 SiF.sub.6 Solution, ml.                                  

                      0    50   100   200   300   500                          

     (NH.sub.4).sub.2 SiF.sub.6 concentration                                  

      of Solution g/l                                                          

                    --    10    10    10    10     10                          

     Grams (NH.sub.4).sub.2 SiF.sub.6                                          

                    0     0.5   1.0   2.0   3.0   5.0                          

     pH of (NH.sub.4).sub.2 SiF.sub.6 Solution                                 

                    --    4.0   4.0   4.0   4.0   4.0                          

     pH of Treated Slurry                                                      

                    10.4  10.2  10.0  9.6   9.3   8.7                          

     T.V. at 1000.degree.F, Oven                                               

      Dried         20.28 20.12 20.34 19.79 19.62 19.23                        

     Cake (Wt. percent)                                                        

     Wt. percent F, --                                                         

      D.B.*         0.031 0.055 0.055 0.044 0.110 0.044                        

     __________________________________________________________________________

      *Dry Basis                                                               

PAR  It can be seen from the above table that the thermal stability of the
      zeolite is increased by using fluoride contents of about from 0.045 to
      0.15 percent by weight. In a second part of this example, samples of these
      materials are rare earth exchanged to Na.sub.2 O levels in the range of
      from less that 0.1 to 3 percent (by weight). The above samples were
      exchanged using the following procedure.
PAR  50 G. dry basis of each sample is slurried in 200 ml. of water. This slurry
      is blended into a solution containing 50 g. ReCl.sub.3.6 H.sub.2 O in 200
      ml. of water, refluxed for 1 hour, filtered and washed chloride free. The
      zeolite is then reslurried into 90 ml. of water, and this slurry blended
      into a solution of 40 g. of ReCl.sub.3.6 H.sub.2 O in 200 ml. of water.
      This slurry is refluxed for one hour with stirring. The slurry is then
      vacuum filtered and washed chloride free. This zeolite material is then
      heat treated (calcined) at 1000.degree.F for 3 hours in a muffle furnace.
      The calcined zeolite material is cooled to room temperature, mixed with a
      solution of 40 g. of (NH.sub.4).sub.2 SO.sub.4 in 200 ml. of water and
      refluxed for one hour. The zeolite slurry is then vacuum filtered, washed
      chloride free and dried. The zeolites are then activated by heating to
      1000.degree.F for  1 hour.
PAR  Table II sets out the comparative stabilities of these samples.
TBL                Table II                                                    

     ______________________________________                                    

     Sample         A      B      C    D    E    F                             

     ______________________________________                                    

     Surface Area Sq.                                                          

     in./gm                                                                    

     3 hrs. at 1000.degree.F                                                   

                    695    720    722  705  731  714                           

     3 hrs. at 1600.degree.F                                                   

                    615    650    632  627  650  642                           

     ______________________________________                                    

PAC  EXAMPLE II
PAR  This example illustrates the technique of fluoride treating a rare earth
      and ammonium exchanged Z- 14 zeolite (Type X), and the increase in
      stability of such an exchanged and heated zeolite.
PAR  50 G. dry basis of each sample is slurried in 200 ml. of water. This slurry
      is blended into a solution containing 50 g. ReCl.sub.3.6 H.sub.2 O in 200
      ml. of water, refluxed for one hour, filtered and washed chloride free.
      The zeolite is then reslurried into 90 ml. of water, and this slurry
      blended into a solution of 40 g. of ReCl.sub.3.6 H.sub.2 O dissolved in
      200 ml. of water. This slurry is refluxed for one hour with stirring. The
      slurry is then vacuum filtered and washed chloride free. This zeolite
      material is then heat treated (calcined) at 1000.degree.F for 3 hours in a
      muffle furnace. The calcined zeolite material is cooled to room
      temperature, mixed with a solution of 40 g. of (NH.sub.4).sub.2 SO.sub.4
      in 200 ml. of water and refluxed for one hour. The zeolite slurry is then
      vacuum filtered, washed and dried. The zeolites are then heated at
      1000.degree.F for one hour to activate the zeolite. This zeolite product
      has the following analysis:
TBL  Re.sub.2 O.sub.3 (D.B.)                                                   

                           26.27%                                              

     Na.sub.2 O (D.B.)      0.30%                                              

     SO.sub.4 (D.B.)        0.24%                                              

     Al.sub.2 O.sub.3 +SiO.sub.2 (D.B.)                                        

                           remainder                                           

PAL  After activation, this zeolite has a surface area of 676 m.sup.2 /g and an
      X-ray peak height of 87 mm.
PAR  Three samples of such an exchanged zeolite were treated with
      (NH.sub.4).sub.2 SiF.sub.6 as set out in Table III. The technique consists
      essentially of preparing an aqueous solution of (NH.sub.4).sub.2 SiF.sub.6
      per liter. 100 G. of the exchanged zeolite is slurried with 2000 g. of
      water and mixed with proportions of this solutions as set out in Table
      III. The treatment is for 10 minutes at room temperature. The so treated
      zeolite was then recovered by filtration and dried overnight at a
      temperature of 200.degree.-300.degree.F.
TBL                Table III                                                   

     ______________________________________                                    

                     1      2         3                                        

     ______________________________________                                    

     NH.sub.4 CREX (gms. D.B.)                                                 

                       100      100       100                                  

     Slurry H.sub.2 O (ml.)                                                    

                       2000     2000      2000                                 

     Slurry Temp. (.degree.F)                                                  

                       88       88        88                                   

     Slurry pH         7.3      9.6*      7.3                                  

      (*Ammonia added)                                                         

     (NH.sub.4)SiF.sub.6 Solution (ml.)                                        

                       --       125       250                                  

     Slurry Mix pH     7.3      9.3       7.3                                  

     Fluoride (% D.B.) --       0.033     0.061                                

      Dried Filter Cake                                                        

     After Act. 1 hour                                                         

     at 1600.degree.F -- Peak Height (mm)                                      

                       71       71        71                                   

     at 1650.degree.F -- Peak Height (mm)                                      

                       49       49        38                                   

     at 1675.degree.F -- Peak Height (mm)                                      

                       0        38        0                                    

     at 1600.degree.F -- Surface Area                                          

                       626      633       627                                  

     at 1650.degree.F -- Surface Area                                          

                       489      525       437                                  

     at 1675.degree.F -- Surface Area                                          

                       0        402       0                                    

     ______________________________________                                    

PAR  As is evident from Table III, the fluoride treating increases the
      stability, however, the percent fluoride should be in the range of about
      0.03 percent by weight.
PAC  EXAMPLE III
PAR  This example illustrates the embodiment of a concurrent exchange and
      fluoride treating of a zeolite Y. The zeolite in this example is a Sodium
      Zeolite Y.
PAR  The technique consists of slurrying 200 g. samples of the sodium zeolite
      with 500 ml. of water. This slurry is first exchanged with a solution
      mixture of 200 g. of (NH.sub.4).sub.2 SO.sub.4 in 1000 g. of water,
      varying amounts of an (NH.sub.4).sub.2 SiF.sub.6 solution containing 10 g.
      of (NH.sub.4).sub.2 SiF.sub.6 per 1000 g. of water. Table IV sets out the
      amount of (NH.sub.4).sub.2 SiF.sub.6 in each treating solution. These
      zeolite containing mixtures are heated to 120.degree.F for 15 minutes to
      effect fluoriding and exchange. The zeolites are then filtered and washed.
      These zeolites are then given a second exchange and fluoriding by
      slurrying each zeolite in 225 ml. of water and adding this slurry to a
      solution mixture of 200 g. of (NH.sub.4).sub.2 SO.sub.4 in 1500 g. of
      water and a varying amount of an (NH.sub.4).sub.2 SiF.sub.6 solution (10
      g/1000 ml). This zeolite mixture is heated at 120.degree.F for 15 minutes
      to affect exchange, filtered, washed and dried. After drying, each zeolite
      sample was activated by heating at 600.degree.F for 2 hours. These
      activated samples were then slurried with 1250-1500 g. of water and
      slurried with 150 ml. of a ReCl.sub.3.6 H.sub.2 O. This slurry is heated
      at 160.degree.F for 15 minutes to effect exchange. These exchanged
      slurries were filtered, washed chloride free, dried and activated by
      heating at 1000.degree.F for 2 hours. The results are set out in Table IV.
TBL                                    Table IV                                

     __________________________________________________________________________

     Run No.       0    1    2    3    4                                       

     __________________________________________________________________________

     Zeolite Y, g, (D.B.)                                                      

                   200  200  200  200  200                                     

     pH, slurried in                                                           

      500 ml. H.sub.2 O                                                        

                   10.2 10.1 10.2 10.2 10.2                                    

     1st Exchange                                                              

     (NH.sub.4).sub.2 SO.sub.4, g                                              

                   200  200  200  200  200                                     

     H.sub.2 O, ml 1000 1000 1000 1000 1000                                    

     (NH.sub.4).sub.2 SiF.sub.6, g.                                            

                   0    0.1  0.2  0.3  0.4                                     

     Exchange Slurry, pH                                                       

      Start 120.degree.F                                                       

                   7.2  6.9  6.9  6.5  6.7                                     

      After 15 min. at 120.degree.F                                            

                   7.2  6.5  6.3  5.9  5.9                                     

     2nd Exchange                                                              

     (NH.sub.4).sub.2 SO.sub.4, g                                              

                   200  200  200  200  200                                     

     H.sub.2 O, ml 1500 1500 1500 1500 1500                                    

     (NH.sub.4).sub.2 SiF.sub.6, g                                             

                   0    0.1  0.2  0.3  0.4                                     

     Exchange Slurry, pH                                                       

      Start 120.degree.F                                                       

                   6.9  6.1  6.0  5.6  5.5                                     

      After 15 min. at 120.degree.F                                            

                   6.9  5.8  5.7  5.4  5.2                                     

     Product                                                                   

     Na.sub.2 O, % (D.B.)                                                      

                   3.42 3.41 3.46 3.35 3.41                                    

     Heat Treatment                                                            

     2 hours at    600.degree.F                                                

                        600.degree. F                                          

                             600.degree.F                                      

                                  600.degree.F                                 

                                       600.degree.F                            

     3rd Exchange                                                              

     Activated Samples, g                                                      

                   121.5                                                       

                        127.5                                                  

                             153.8                                             

                                  149.5                                        

                                       146.5                                   

     H.sub.2 O (to slurry) ml                                                  

                   1250 1250 1500 1500 1500                                    

     Slurry, pH    4.5  3.9  4.0  --   3.5                                     

     ReCl.sub.3.6 H.sub.2 O, g                                                 

                   6.3  6.3  7.4  7.4  7.4                                     

     H.sub.2 O, ml 150  150  150  150  150                                     

     ReCl.sub.3 solution, pH                                                   

                   4.9  4.4  4.3  4.5  4.9                                     

     Exchanged slurry pH                                                       

                   3.3  3.3  3.3  3.0  3.0                                     

     Re.sub.2 O.sub.3, % (D.B.)                                                

                   1.84 1.88 1.99 1.75 1.56                                    

     Na.sub.2 O, % (D.B.)                                                      

                   0.54 0.52 0.44 0.46 0.56                                    

     T.V. %        13.14                                                       

                        11.63                                                  

                             11.51                                             

                                  11.62                                        

                                       12.40                                   

     Surface Area                                                              

     3 Hrs. at 1000.degree.F, M.sup.2 /g                                       

                   519  571  599  597  597                                     

     3 Hrs. at 1600.degree.F, M.sup.2 /g                                       

                   327  350  422  517  416                                     

     Surface Area Improvement                                                  

     % of Non-Treat Sample                                                     

     3 Hrs. at 1000.degree.F                                                   

                   100  110  115  115  115                                     

     3 Hrs. at 1600.degree.F                                                   

                   100  107  129  158  127                                     

     M.A. at 1050.degree.F at                                                  

     60 PSIG Steam                                                             

     % Conversion  83.3 85.8 91.9 88.6 90.2                                    

     Reference % Conversion                                                    

                   85.7 86.4 86.4 86.4 85.7                                    

     % Conversion                                                              

     % Reference   97%  99%  106% 102% 105%                                    

     M.A. at 1070.degree.F at                                                  

     90 PSIG Steam                                                             

     % Conversion  75.9 78.7 83.6 84.1 83.1                                    

     Reference % Conversion                                                    

                   84.4 83.3 83.3 83.3 84.4                                    

     % Conversion                                                              

     % Reference   90%  94%  100% 101% 98%                                     

     __________________________________________________________________________

PAR  From the tabulated results in Table IV, it is evident that the fluoriding
      increases both the thermal and steam stability as well as increasing the
      conversion. Conversion is the ability of the zeolite to produce gasolines.
      The procedure for determining conversion is the Microactivity Test is set
      out on pages 88-93 of the Oct. 16, 1967 issue of the Oil and Gas Journal.
PAC  EXAMPLE IV
PAR  This example further illustrates the embodiment of a concurrent exchange
      and fluoride treating of a zeolite. The zeolite in this example is a
      Sodium Zeolite Y.
PAR  200 G. of Sodium Zeolite Y is slurried with 500 ml. of water. This zeolite
      slurry is first concurrently exchanged and fluorided with a solution
      mixture containing 200 g. of ReCl.sub.3.6 H.sub.2 O and 0.3 g. of
      (NH.sub.4).sub.2 SiF.sub.6 in 1300 g. of water. This slurry mixture is
      heated at 120.degree.F for 15 minutes, filtered and washed. The zeolite is
      then reslurried with 400 ml. of water and contacted with a fresh portion
      of the above rare earth chloride - ammonium fluosilicate solution and
      heated again at 120.degree.F for 15 minutes. The zeolite slurry mixture is
      then filtered, washed chloride free, and dried. After drying, the zeolite
      is heat treated at 600.degree.F for 2 hours. The next step is a rare earth
      exchange with a solution 200 g. of ReCl.sub.3.6 H.sub.2 O dissolved in
      1000 g. of water. The zeolite is added to this solution and the mixture is
      heated at 120.degree.F for 15 minutes. The zeolite is then vacuum
      filtered, washed chloride free and activated by heating to 600.degree.F
      for 2 hours.
PAR  The sodium ion content (calculated as Na.sub.2 O) is 1.2 percent by weight.
      The microactivity Test conversion value for this catalyst at 1050.degree.F
      and 60 PSIG steam is 89.1 percent.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing highly stable fluorided crystalline
      aluminosilicate zeolites comprising:
PA1  a. contacting at least once a crystalline aluminosilicate zeolite in the
      alkali metal form with a sufficient quantity of a solution of a soluble
      fluorine compound which in solution yields available fluoride ions to
      provide from about 2 to 22 grams of available fluoride per 10,000 grams
      (dry basis) of zeolite, and a slurry pH of about 3 to 11 for a sufficient
      length of time to allow said solution to thoroughly contact and diffuse
      into said zeolite;
PA1  b. separating and washing the fluoride treated crystalline aluminosilicate
      zeolite;
PA1  c. exchanging the alkali ions in said fluoride treated crystalline
      aluminosilicate zeolite with an aqueous solution selected from the group
      consisting of ammonium salt solutions, rare earth salt solutions, alkaline
      earth salt solutions and transition metal salt solutions and mixtures
      thereof, to a final alkali content of less than about 6 percent by weight
      calculated as the alkali oxide; and
PA1  d. recovering said highly stable crystalline aluminosilicate zeolite.
NUM  2.
PAR  2. A method as in claim 1 wherein said contacting with a soluble fluorine
      compound is at 60.degree. to 130.degree.F.
NUM  3.
PAR  3. A method as in claim 1 wherein said soluble flourine compound is
      selected from the group consisting of ammonium fluosilicate, fluosilicic
      acid, sodium fluosilicate, ammonium fluoride, sodium fluoride, potassium
      fluoride and mixtures thereof.
NUM  4.
PAR  4. A method as in claim 1 wherein in step (c) there are multiple contacting
      steps for exchanging said alkali ions.
NUM  5.
PAR  5. A method as in claim 4 wherein interspersed between at least two of said
      contacting steps is a heat treating of said zeolite at about 200.degree.
      to 1500.degree.F.
NUM  6.
PAR  6. A method as in claim 1 wherein said exchanging comprises contacting said
      fluoride treated crystalline aluminosilicate zeolite with an aqueous salt
      solution containing an excess of the exchanging ions required to replace
      zeolite alkali ions for a period of from 15 minutes to 5 hours at a
      temperature of about 25.degree. to 95.degree.C.
NUM  7.
PAR  7. A method as in claim 6 wherein there are multiple contacting steps in
      step (c) with at least one step of washing and heat treating of said
      zeolite at about 200.degree. to 1500.degree.F. interspersed between at
      least two of the contacting steps.
NUM  8.
PAR  8. A method as in claim 7 wherein said aqueous salt solution is selected
      from the group consisting of ammonium salt solutions and rare earth metal
      salt solutions.
NUM  9.
PAR  9. A method as in claim 7 wherein said aqueous salt solution is a
      transition metal salt solution.
NUM  10.
PAR  10. A method of producing highly stable fluorided crystalline
      aluminosilicate zeolites comprising:
PA1  a. forming an admixture of a soluble fluorine compound in an amount which
      in solution is capable of yielding from about 2 to 22 grams of available
      fluoride per 10,000 gm. of zeolite and a compatible salt of a cation
      selected from the group consisting of ammonium, rare earth metals,
      transition metals and mixtures thereof;
PA1  b. contacting a crystalline aluminosilicate zeolite in the alkali metal
      form at least once with said admixture to form a slurry having a pH of
      about 3 to 11 whereby said zeolite is concurrently fluorided and
      exchanged; and
PA1  c. washing and drying said zeolite.
NUM  11.
PAR  11. A method as in claim 10 wherein said soluble fluorine compound is
      selected from the group consisting of ammonium fluosilicate, fluosilicic
      acid, sodium fluosilicate, ammonium fluoride, sodium fluoride, potassium
      fluosilicate, potassium fluoride and mixtures thereof.
NUM  12.
PAR  12. A method as in claim 10 wherein said zeolite is selected from the group
      consisting of Zeolite X and Zeolite Y.
NUM  13.
PAR  13. A method as in claim 10 wherein there are multiple contactings of said
      zeolite with said admixture, each contacting being for 15 minutes to 5
      hours.
NUM  14.
PAR  14. A method as in claim 13 wherein said contacting is at a temperature of
      25.degree. to 95.degree.C, the pH of said admixture being about 3 to 11.
NUM  15.
PAR  15. A method as in claim 14 wherein between at least one contacting step
      and another, said zeolite is washed and calcined at about 200.degree. to
      1500.degree.F.
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ABST
PAL  Whisker crystalline silicon carbide is prepared by heating a
      silicon-containing material for example, elemental silicon, silicon
      oxides, silicon hydroxides, silicon salts and the like with a halogen and
      carbon-containing material, such as a mixture of hydrocarbon and
      chlorine-containing material selected from chlorine, hydrogen chloride,
      tetrachloromethane and phosgene and halogenated hydrocarbon at a
      temperature of 800.degree.C or higher under a substantial oxygen and
      nitrogen gas-free condition.
BSUM
PAR  The present invention relates to a process of manufacturing whisker
      crystalline silicon carbides and, more particularly, relates to a process
      of manufacturing whisker crystalline silicon carbides from a
      silicon-containing inorganic material and a halogen and carbon containing
      material.
PAR  The term "whisker crystal or whisker" as used herein, refers to a
      needle-like single crystal, which includes no transition defect
      substantially, having a diameter of a few microns and a length of several
      millimeters. Recently, the whisker is spotlighted as a new material useful
      for industrial uses owing to its very high mechanical strength which is
      several tens or several hundreds times the strength of the conventional
      fibrous material consisting of the same substance as that of the whisker.
PAR  The whisker crystal can consist of metals, metal carbides, metal oxides,
      metal borides or metal nitrides and has excellent physical and mechanical
      properties, such as heat resistivity, modulus and tensile strength, which
      are much higher than those of the conventional materials such as plastic
      and ceramics, and much lower apparent specific gravity. Some whiskers
      selected from the practical whiskers have a superior tenacity which
      approximately equals the value theoretically calculated from the
      constituent unit of the material forming the whisker.
PAR  For concretely illustrating features and advantages of the whisker, a
      comparison of physical properties of silicon carbide whisker with respect
      to those of an alkali-free glass fiber which is useful for reinforcing
      composite materials as a conventional fibrous inorganic material is shown
      in Table 1.
TBL                Table 1                                                     

     ______________________________________                                    

         Material                Silicon carbide                               

     Item        Glass fiber     whisker                                       

     ______________________________________                                    

                 Supercooled                                                   

     Phase       amorphous liquid                                              

                                 Single crystal                                

                 Cross-section: circle                                         

                                 Cross-section:                                

     Configuration                uneven polygon                               

                 Surface: considerably                                         

                                 Thickness:                                    

                      smooth      nonuniform                                   

     Diameter (.mu.m)                                                          

                 3 - 10          0.1 - 20                                      

     Length (mm) endless         0.1 - 20                                      

     Chemical    Mixture of SiO.sub.2,                                         

     formula     Al.sub.2 O.sub.3, CaO and other                               

                                 SiC                                           

     Density (g/cm)                                                            

                 2.55            3.17                                          

     Melting point                                                             

     or softening                                                              

                 700             2690                                          

     point (.degree.C)                                                         

     Tensile strength                                                          

     (kg/mm)     350             2110                                          

     Specific (*1)                                                             

     tenacity    14              66                                            

     (cm .times. 10.sup.4)                                                     

     Modulus of                                                                

     longitudinal                                                              

                 7400            49200                                         

     elasticity                                                                

     (kg/mm.sup.2) (*2)                                                        

     Specific                                                                  

     coefficient                                                               

     of elasticity                                                             

                 290             1540                                          

     (cm .times. 10.sup.6) (*3)                                                

     ______________________________________                                    

      Note:                                                                    

      (*1) The term "specific tenacity" means tensile strength/density.        

      (*2) The term "modulus of longitudinal elasticity" means Young's modulus.

      (*3) The term "specific coefficient of elasticity" means Young's         

      modulus/density.                                                         

PAR  Referring to Table 1, the silicon carbide whisker has a much higher melting
      point than that of the glass fiber, a superior tensile strength which is
      about six times that of the glass fiber, an excellent Young's modulus
      which is about seven times that of the glass fiber and a high specific
      tenacity and specific coefficient of elasticity which are five times these
      of the glass fiber. Accordingly, it is obvious that the carbide whisker
      has excellent properties valuable for industrial use. Owing to the
      excellent properties and advantages of the whisker, it is expected that
      the whisker is utilized in wide industrial fields such as the space
      development industry and aircraft industry. For example, the whisker can
      provide various new materials having superior features and advantages by
      combining it with the conventional material such as metals, ceramics and
      plastics.
PAR  Recently, various processes have been provided for manufacturing the
      whisker crystalline silicon carbide. That is, these known processes
      include a method of producing the silicon carbide whisker by reacting
      silicon tetrachloride with tetrachloromethane or lower hydrocarbon at a
      high temperature using hydrogen gas as a carrier and a method of producing
      the silicon carbide whisker by gasifying and heat-decomposing organic
      silicon compounds at a high temperature using hydrogen gas as a carrier.
PAR  However, in the above-mentioned conventional method of manufacturing the
      silicon carbide whisker, it is difficult to obtain large quantities of
      most of the component materials to be applied to the method owing to low
      production thereof and high cost due to the high purity thereof. The
      above-mentioned undesirable features of the whisker crystalline silicon
      carbide cause much difficulty for readily and industrially producing same
      with a low cost. Therefore, the above conventional methods are merely
      effected on a laboratory scale. Accordingly, a process of manufacturing
      the whisker crystalline silicon carbide with an industrial merit is not
      available yet.
PAR  An object of the present invention is to provide a process of manufacturing
      whisker crystalline silicon carbide from crude materials having a low
      purity with a high yield.
PAR  Another object of the present invention is to provide a process of
      manufacturing whisker crystalline silicon carbide on an industrial scale
      with an easy processability by a simple apparatus.
DRWD
PAR  These and other objects and features of the present invention will become
      apparent to those skilled in the art upon reading the more detailed
      description referring to the accompanying drawing, wherein FIG. 1 shows an
      embodiment of the apparatus usable for effecting the process of the
      present invention, and FIG. 2 shows another embodiment of the apparatus
      usable for effecting the process of the present invention.
DETD
PAR  According to the process of the present invention, a reaction system which
      contains a silicon-containing material and a halogen and carbon-containing
      material is heated at a temperature not lower than 800.degree.C under an
      oxygen and nitrogen gas-free condition. The halogen and carbon-containing
      material is selected from a mixture containing hydrocarbon and a
      chlorine-containing material selected from chlorine, hydrogen chloride
      tetrachloromethane and phosgene and halogenated hydrocarbon containing at
      least 5 percent by weight of chlorine.
PAR  The silicon-containing material capable of being applied to the process of
      the present invention refers to materials containing a silicon element as
      a component, and can be selected from elemental silicon, silicon alloys,
      silicon containing inorganic oxides, silicon-containing salts,
      silicon-containing hydroxides, and silicon-containing inorganic chlorides.
      The elemental silicon refers to metallic crystalline silicon and amorphous
      silicon preferably having a purity not lower than 70 percent. The silicon
      alloys can be selected from Si-Fe, Si-Ni, Si-Al, Si-Cu, Si-Zn, Si-Ca and
      the like. The silicon containing oxides can be selected from silicon
      monoxide, silicon dioxide, portland cement, white portland cement, glass
      such as soda glass, boro-silicate glass, and silica glass, and sintered
      materials from silicate containing material such as siliceous stone,
      siliceous sand, kaolin group and feldspars. The silicon containing salts
      can be selected from silicate such as magnesium silicate, calcium
      silicate, aluminum silicate, siliceous stone, siliceous sand, feldspars,
      and kaolin groups. The silicon-containing hydroxides can be selected from
      orthosilicic acid, metasilicic acid, mesodisilicic acid, mesotrisilicic
      acid, mesotetrasilicic acid and silica gel.
PAR  The silicon-containing material usable for the process of the present
      invention can be used as a simple material or a mixture of the
      above-mentioned substances, for example, a mixture of metallic silicon and
      silicon alloy, silicon dioxide or metasilicic acid, and can contain other
      materials than the above-mentioned substances.
PAR  The silicon-containing material can be in any form such as lumps, grains or
      powder. For example, the metallic silicon and silicon alloys can be in a
      lump form. However, other materials than the metallic silicon and silicon
      alloys are preferably in fine particle form having a size not exceeding
      300 .mu.m, more preferably, not exceeding 100 .mu.m.
PAR  The chlorine-containing material usable for the process of the present
      invention is selected from chlorine, hydrogen chloride, phosgene and
      tetrachloromethane, which are in a gas phase under normal conditions or at
      an elevated temperature.
PAR  The hydrocarbons usable for the process of the present invention can be
      selected from aliphatic hydrocarbons, alicyclic hydrocarbons, aromatic
      hydrocarbons, polyolefin, polystyrene and the like. The aliphatic
      hydrocarbons can be selected from methane series compounds such as
      n-paraffins, for example, methane, ethane, propane, butane, pentane,
      hexane, heptane, octane, nonane, decane, undecane, dodecane, tridecane,
      tetradecane, pentadecane, hexadecane, heptadecane, octadecane, nonadecane,
      eicosane, heneicosane, docosane, tricosane, tetracosane and pentacosane
      and iso-paraffins corresponding to the above n-paraffins; ethylene series
      compounds such as ethylene, propylene, butylene, isobutylene, amylene,
      isoamylene, tetramethylethylene, heptene, octene, nonene, and decene; and
      acetylene series compounds such as acetylene, methyl acetylene, butyne,
      pentyne, hexyne, heptyne, octyne, nonyne, and decyne.
PAR  The n- and iso-paraffins suitable for the process of the present invention
      preferably contain 1 to 10 carbon atoms.
PAR  The alicyclic hydrocarbons can be selected from cycloparaffins containing 3
      to 8 carbon atoms such as cyclopropane, cyclobutane, cyclopentane,
      cyclohexane, cyclohepthane, and cyclooctane; and cycloolefins such as
      cyclopropene, cyclobutene, cyclopentene, cycloheptene, cyclooctene,
      cyclononene, and cyclodecene.
PAR  The aromatic hydrocarbons can be selected from benzene, toluene, xylene,
      hemimellitene, pseudocumene, mesitylene, prehnitene, isodurene, durene,
      pentamethyl benzene, biphenyl, diphenyl methane, indene, naphthalene,
      tetrahydronaphthalene, anthracene and phenanthrene. The polyolefin
      includes polyethylene and polypropylene.
PAR  The hydrocarbons usable for the process of the present invention can
      include a wide range of various organic polymeric materials, waxes which
      are esters of fatty acids and water-insoluble primary or secondary higher
      fatty alcohols, tung oil, kerosene heavy oil, and tars, pitches and
      asphalts.
PAR  The halogenated hydrocarbons usable for the process of the present
      invention can be selected from high and low molecular weight fluorinated,
      chlorinated, brominated and iodinated hydrocarbons having a halogen
      content not lower than 5 percent by weight, preferably, not lower than 10
      percent by weight. Particularly, the halogenated hydrocarbons are
      preferably selected from chlorinated hydrocarbons such as chlorinated
      aliphatic, alicyclic, and aromatic hydrocarbons, for example, ethylene
      dichloride, tetrachloroethane, tetrachloroethylene, methyl chloride, ethyl
      chloride, vinyl chloride, monochlorobenzene, dichlorobenzene; benzene
      hexachloride; chlorinated paraffins; chlorine-containing polymers such as
      polyvinyl chloride; polyvinylidene chloride; vinyl chloride copolymers,
      vinylidene chloride copolymers, chlorinated polyethylene, chlorinated
      polypropylene, chlorinated polystyrene, chloro-sulfonated polyethylene,
      chlorinated polyvinyl chloride and chlorinated polyvinylidene chloride.
PAR  The chlorinated hydrocarbons can include other chlorine-containing organic
      compounds such as benzyl chloride and het acid having the formula:
      ##SPC1##
PAR  As stated above, the chlorinated hydrocarbons suitable for the process of
      the present invention have a chlorine content of at least 5 percent,
      preferably, at least 10 percent by weight, and can be a mixture of at
      least two different chlorinated hydrocarbons, or of the chlorinated
      hydrocarbon and other chlorine-containing organic compounds, for example,
      the chlorinated paraffin and the het acid, the tetrachloroethylene which
      is in liquid phase at room temperature and the polyvinyl chloride which is
      in solid phase at room temperature.
PAR  The above-mentioned chlorinated hydrocarbons can gasify or decompose at a
      high temperature so as to produce gaseous compounds having a low boiling
      point under a normal condition. In a preferable embodiment of the process
      of the present invention, the reaction system consists of the
      silicon-containing material, the chlorine-containing material as defined
      above and the hydrocarbon. In another embodiment of the process of the
      present invention, the reaction system consists of the silicon-containing
      material, the chlorine-containing material as defined above, the
      hydrocarbon and the halogenated hydrocarbon. The reaction system, in a
      further embodiment, consists of the silicon-containing material and the
      halogenated hydrocarbon. Further, the reaction system consists, in still
      another embodiment, of the slicon-containing material, the halogenated
      hydrocarbon and the chlorine-containing material as defined above.
PAR  According to the process of the present invention, the reaction system is
      heated at a temperature not lower than 800.degree.C, preferably,
      1000.degree. to 2200.degree.C, more preferably, 1200.degree. to
      2000.degree.C in the substantial absence of oxygen and nitrogen gases. It
      is permissible to preheat the reaction system or some components of the
      reaction system at a temperature of 100.degree.C or higher, preferably
      400.degree.C or higher, more preferably, 800.degree.C or higher. In the
      above case, it is required to finally heat the reaction system at a
      temperature not lower than the preheating temperature and not lower than
      800.degree.C. The preheating temperature can be optionally adjusted in
      consideration of chemical and physical properties of the materials used in
      the reaction system.
PAR  In an embodiment of the process of the present invention, the
      silicon-containing material is preheated together with the
      chlorine-containing material at a temperature not lower than 100.degree.C,
      the resultant gas from the preheating is mixed with the hydrocarbon and/or
      the halogenated hydrocarbon, and then the mixture is heated at a
      temperature not lower than 800.degree.C in the substantial absence of
      oxygen and nitrogen gases.
PAR  In the case of the above embodiment, it is preferable that the
      chlorine-containing material to be preheated together with the silicon
      containing material is one of chlorine and carbon-containing material such
      as tetrachloromethane. Also, it is preferable that the preheating system
      further contains carbon-containing material such as hydrocarbons,
      graphite, amorphous carbon and active carbon, if the chlorine-containing
      material contains no carbon.
PAR  In another embodiment of the process of the present invention, the mixture
      of the silicon-containing material and the halogenated hydrocarbon is
      preheated at a temperature not lower than 100.degree.C, and the resultant
      gas is heated at a temperature not lower than 800.degree.C in the
      substantial absence of oxygen and nitrogen gases.
PAR  In another embodiment of the process according to the present invention,
      the silicon-containing material is charged into a heat resistant
      container, a mixture gas of the gaseous hydrocarbon and the gaseous
      chlorine-containing material is fed into the container through an inlet
      thereof, the container containing the above components is heated to a
      temperature not lower than 800.degree.C, preferably not lower than
      1000.degree.C, and the resultant gas in the container is discharged to the
      outside of the container through an outlet thereof. Through the above
      process, the whisker crystalline silicon carbide is produced in the
      container. In the above case, when the chlorine-containing material is in
      gas phase at room temperature, the gaseous chlorine-containing material is
      preheated together with the silicon-containing material and the
      hydrocarbon, if necessary, and the halogenated hydrocarbon at a
      temperature not lower than 400.degree.C, and the resultant gas from the
      preheating is heated at a temperature not lower than the preheating
      temperature and not lower than 800.degree.C. This process is suitable for
      obtaining a good result.
PAR  When the mixture of the chlorine containing material as defined above and
      the hydrocarbon or the halogenated hydrocarbon is in gas phase at room
      temperature, the above gaseous halogen and carbon containing material is
      contacted with the silicon containing material heated to a temperature not
      lower than 800.degree.C. In this case, it is preferable that the halogen
      and carbon-containing material has a halogen content of 5 to 50 more
      preferably 10 to 40, still preferably 15 to 30 percent by mole. When the
      halogen content is lower than 10 percent by mole the yield of the whisker
      crystalline carbide is much lower, and the resultant crystals have a much
      shorter length, a much lower purity and an undesirable color. Compared
      with this, when the halogen content is higher than 50 percent by mole, the
      yield of the whisker crystalline silicon carbide becomes much lower owing
      to the fact that a large amount of the halogen obstructs the growing of
      the silicon carbide whisker crystals, and the reaction container is
      corroded by action of the halogen.
PAR  The reaction system according to the present invention may contain a small
      amount of hydrogen gas.
PAR  The whisker crystalline silicon carbide forming reaction according to the
      present invention is effected at a temperature not lower than
      800.degree.C, preferably, 1000.degree. to 2200.degree.C, more preferably,
      1200.degree. to 2000.degree.C. When the reaction temperature is lower than
      800.degree.C, the silicon carbide forming reaction is so insufficiently
      effected that the whisker crystals can not be formed. Contrarily, when the
      reaction temperature is higher than 2200.degree.C, it is required to
      carefully collect the resultant silicon carbide because of its tendency to
      sublimate or heat-decomposition.
PAR  The hydrocarbon and/or halogenated hydrocarbon is effective for lowering
      the reaction temperature and preheating temperature required for producing
      the whisker crystalline silicon carbide from the reaction system
      containing the silicon containing material and the chlorine and carbon
      containing material, and valuable for obtaining the whisker crystalline
      silicon carbide having a high purity through a readily industrial process.
PAR  The whisker crystalline silicon carbide forming reaction may be effected
      under atmospheric or elevated pressure conditions.
PAR  When, in the materials to be applied to the reaction system, only the
      chlorine-containing material is in gas phase at an ambient condition, the
      whisker crystalline silicon carbide forming reaction is preferably carried
      out through the following process. That is, the silicon-containing
      material is charged into a reaction container in a powder form and
      preheated to a temperature, for example, of 400.degree. to 800.degree.C,
      the gaseous chlorine-containing material is fed into the reaction
      container together with the hydrocarbon and/or the halogenated hydrocarbon
      so as to contact the silicon-containing material. The fed hydrocarbon
      and/or the halogenated hydrocarbon is gasified or decomposed at a high
      temperature in the presence of the chlorine-containing material gas so as
      to produce a gasified gas or decomposed gas, the resultant gas reacts with
      the silicon-containing material and the whisker crystalline silicon
      carbide is formed through various intermediates such as halogenated
      silicon or halogenated organic silicon compounds.
PAR  The above reaction process will be illustrated in more detail with
      reference to FIG. 1 of the accompanying drawing.
PAR  Referring to FIG. 1, a reactor 1 is provided with an agitator for agitating
      the contents in the fixed bed or fluidized bed 2. Particularly, the
      fluidized bed 2 is effective for continuously producing the intermediate
      compounds containing silicon by heating the materials charged into the
      reactor 1. The silicon-containing material is fed into the reactor 1
      through a conduit 3 and preferably preheated to a temperature of
      400.degree. to 800.degree.C. The halogen and carbon-containing material
      such as halogenated hydrocarbons and mixtures of the hydrocarbons and the
      chlorine-containing material as defined above is fed into the reactor 1
      through a conduit 4. Accordingly, the silicon-containing material and the
      halogen and carbon-containing material are preheated in the reactor, so as
      to produce the halogenated silicon compounds as intermediates. The feed of
      the silicon-containing material may be carried out after or simultaneously
      with the feeding of the halogen and carbon-containing material. Also, the
      hydrocarbon may be fed into the reactor 1 simultaneously or separately
      from the feed of the chlorine-containing material or halogenated
      hydrocarbon. The silicon containing material may be charged into the
      reactor 1 together with a reducing material such as carbon powder at a
      high temperature. It is preferable that the reactor 1 contains
      substantially no oxygen or nitrogen gases. However, the reactor 1 may
      contain inert gas such as neon and argon. Since the silicon-containing
      material can not be converted to the halogenated silicon intermediate
      compound at the temperature lower than 400.degree.C, it is undesirable
      that the preheating temperature is lower than 400.degree.C.
PAR  The resultant gas from the preheating which comprises gaseous halogenated
      silicon or halogenated organic silicon compounds, lower hydrocarbon gas
      and other carbon-containing compounds is fed into a whisker former 5
      through a conduit 6 and heated at a temperature not lower than
      800.degree.C, preferably, 1000.degree. to 2200.degree.C in the substantial
      absence of oxygen and nitrogen gases so as to form the whisker crystalline
      silicon carbide. In the above process it is preferable that the resultant
      gas from the preheating step is fed into the whisker former 5 in a flow
      rate of 0.0007 to 5 l/min, more preferably, 0.001 to 1 l/min, still
      preferably, 0.0035 to 0.02 l/min through a cross-sectional unit area of 1
      cm.sup.2 of the whisker former 5 at a right angle with respect to the
      flowing direction of the gas. When the flow rate is smaller than 0.0007
      l/min, the productivity of the whisker crystalline silicon carbide and
      energy efficiency is undesirably lowered. When the flow rate is greater
      than 5 l/min, the resultant silicon carbide whisker crystals have a
      shorter length owing to undesirable discharging of the sublimated silicon
      carbide to outside the whisker former 5. The short length crystals have a
      lower purity and are undesirably colored yellow green.
PAR  In order to control the flow rate, it is permissible to introduce hydrogen
      gas into the whisker former 5.
PAR  When the preheating container 1 and the whisker former 5 contain
      substantially no oxygen and nitrogen gases, the reaction forms a good
      result. If the preheating container 1 and the whisker former 5 contain
      oxygen and nitrogen gases, the resultant whisker crystals are formed at a
      very much lower velocity with a very much lower yield and contain
      undesirable impurities such as silicon nitride.
PAR  In order to obtain the whisker crystalline silicon carbide with a high
      yield and efficiency, it is desirable that the preheating and reaction are
      effected under a high pressure. However, the high pressure is limited in
      consideration of mechanical strength of the container and reactor forming
      material, such as ceramic. An exhaust gas produced in the whisker former 5
      is discharged to the outside thereof through a conduit 7. The resultant
      whisker crystalline silicon carbide in the reactor 5 is collected through
      a conduit 8.
PAR  The above-stated apparatus of FIG. 1 has both the reactor 1 and the whisker
      former 5 disposed separately from one another. However, the process of the
      present invention can be carried out using only one whisker former. In the
      above case, the whisker former may contain a low temperature zone for
      preheating the materials and a high temperature zone for forming the
      whisker crystalline silicon carbide. Also, the whisker former may be
      heated as a whole at a temperature not lower than 800.degree.C,
      preferably, 1000.degree. to 2200.degree.C. Even in this case, the whisker
      crystalline silicon carbide can be obtained in a high yield.
PAR  In the process of the present invention, the resultant silicon carbide is
      crystallized at an outlying portion having relatively lower temperature of
      the whisker former heated to a temperature not lower than 800.degree.C
      into a whisker form.
PAR  When some insertions such as fibers, rods or plates are set in the whisker
      former, the resultant silicon carbide in the whisker former is
      crystallized on the insertion surfaces with a high density and the
      crystals grow.
PAR  In the process of the present invention, it is desirable that the
      chlorine-containing material is used in such an amount that the chlorine
      content is 0.1 to three times, more preferably, 0.5 to two times, the
      quantity of the chlorine necessary for completely converting the silicon
      contained in the silicon-containing material to silicon tetrachloride.
PAR  Also, in the process of the present invention, it is preferable that the
      hydrocarbon and the halogenated hydrocarbon is used in such an amount that
      the carbon content is of 3 to 20 times the quantity of the carbon
      necessary for completely converting the silicon in the silicon-containing
      material to silicone carbide, and that the hydrogen is used in an amount
      of one to 10 times the quantity necessary for completely eliminating the
      hydrochloric acid from the silicon tetrachloride formed in the reactor. If
      the quantities of the chlorine-containing material, hydrocarbon and
      halogenated hydrocarbon are smaller than the respective lower limits, the
      partial pressure of the silicon-containing compound gas in the reactor is
      so undesirably high as to result in a low yield of the silicon carbide. If
      the quantities of these are greater than the respective upper limits, the
      partial pressure of the silicon-containing compound gas in the reactor is
      so undesirably low as to result in a low yield of the silicon carbide.
PAR  The process of the present invention may be effected through the following
      steps. That is, the silicon-containing material is preheated at a
      temperature not lower than 100.degree.C in the presence of the chlorine
      and carbon containing material or a gas produced by heating the chlorine
      and carbon-containing material, the resultant gas obtained from the above
      preheating is mixed with hydrogen gas or hydrocarbon gas and then, the
      mixed gas is heated at a temperature not lower than 800.degree.C in the
      substantial absence of oxygen and nitrogen gases so as to form the whisker
      crystalline silicon carbide.
PAR  The above procedure will be illustrated in more detail with reference to
      FIG. 2 of the accompanying drawings.
PAR  Referring to FIG. 2, a gas geenerator 21 is disposed for generating a
      halogen-containing gas from the chlorine-containing material as defined
      above and the halogenated hydrocarbon. When the chlorine containing
      material or the halogenated hydrocarbon is in gas phase under normal
      conditions, the gas generator 21 is a gas container or bomb. When liquid
      or solid halogenated hydrocarbons such as polyvinyl chloride or
      chlorinated paraffin or tetrachloromethane is utilized for the process,
      the gas generator 21 effects the generating of gasified gas or
      decomposition gas by heating the material.
PAR  The gas generator 24 is provided with a conduit 21 for feeding the
      chlorine-containing material or the halogenated hydrocarbon thereinto.
PAR  When the material fed into the gas generator 21 is in liquid or solid phase
      under normal conditions, the material is heated at a temperature of
      50.degree. to 1000.degree.C for generating gasified gas or decomposition
      gas containing halogen from the material. When the material fed into the
      gas generator 21 has a low boiling point as that of tetrachloromethane and
      ethylene dichloride, the material may be gasified by flowing in a carrier
      gas such as hydrogen gas or chlorine gas at room temperature. The
      halogen-containing gas generated in the gas generator 21 is fed into a
      reactor 23 through a conduit 25. The reactor 23 is provided with a conduit
      26 for feeding the silicon-containing material thereinto, and an agitator,
      fixed bed or fluidized bed 28. The silicon-containing material which is in
      a fine powder form or a grain form is fed into the reactor 23 through the
      conduit 26. In this step, the silicon-containing material may be
      previously mixed with a powdered reducing material such as carbon. Also,
      it is permissible to allow previously mixing of the halogen-containing gas
      with a reducing gas such as carbon monoxide gas before feeding same into
      the reactor 23.
PAR  The silicon-containing material is preheated in the presence of the
      halogen-containing gas in the reactor 23 at a temperature not lower than
      100.degree.C, preferably, 100.degree. to 1500.degree.C, more preferably
      200.degree. to 1300.degree.C.
PAR  In the case when only the chlorine-containing material is fed into the gas
      generator 21, the resultant gas produced by the preheating in the reactor
      23 is discharged through a conduit 27 and mixed with the hydrocarbon gas
      fed from a container 33 thereof into the conduit 27 through a conduit 30
      so as to form a reaction gas. The reaction gas is fed into a whisker
      former 22 through a conduit 34 and heated at a temperature not lower than
      800.degree.C and the preheating temperature so as to form the whisker
      crystalline silicon carbide, under a substantial oxygen and nitrogen
      gas-free condition. In the case where the halogenated hydrocarbon is fed
      into the gas generator 21, the resultant gas from the preheating in the
      reactor 23 is fed, as a reaction gas, into the whisker former 22 through
      conduits 25 and 34 and subjected to the whisker formation.
PAR  The resultant gas from the preheating may be stored in a gas storage
      disposed outside the process line and fed from the storage into the
      whisker former 22 when necessary.
PAR  The reaction gas is heated in the whisker former 22 at a temperature not
      lower than 800.degree.C and the preheating temperature, preferably, 1000
      to 2200.degree.C, more preferably, 1200.degree. to 2000.degree.C in the
      substantial absence of oxygen and nitrogen gases so as to form the whisker
      crystalline silicon carbide in the whisker former 22. A waste gas
      remaining in the whisker former 22 is discharged therefrom through a
      conduit 31. If necessary, the waste gas is recycled into the gas generator
      21 or the reactor 23 through a conduit 32. If necessary, hydrogen gas may
      be fed into the reactor 23 through a conduit 29 in order to control the
      gas flow rate in the reactor 23.
PAR  It is desirable, for obtaining a good result, that the reactor 23 contains
      substantially no oxygen or nitrogen gases. However, it is necessary that
      the whisker former 22 does not substantially contain oxygen and nitrogen
      gases either. When the whisker former contains oxygen and/or nitrogen gas,
      the silicon-containing material is converted to silicon carbide in a very
      low converting rate, the silicon carbide is formed into the whisker
      crystals at a very low crystallization velocity and undesirable impurities
      such as silicon nitride and silicon oxide are mixed in the result.
PAR  In order to obtain the whisker crystalline silicon carbide with a high
      yield, it is desirable that the process line is under a highly pressured
      condition. However, when the gas generator 21, reactor 23 and whisker
      former 22 is formed with a ceramic material, the above pressured condition
      is limited under a certain upper limit.
PAR  Table 2 shows some combinations of materials which may be applied for the
      process of the present invention when the process system as shown in FIG.
      2 is utilized.
TBL                Table 2                                                     

     ______________________________________                                    

           Material to be                                                      

                       Material to be                                          

                                     Material to be                            

           fed into gas                                                        

                       fed into      fed into whisker                          

     Combi-                                                                    

           generator 21                                                        

                       reactor 23    former 22                                 

     nation                                                                    

           through     through       through                                   

     No.   conduit 24  conduit 26    conduit 30                                

     ______________________________________                                    

                       Metallic silicon                                        

                       or silicon alloys                                       

     1     Cl.sub.2    (including metal-                                       

                                     Hydrocarbon                               

                       lic mixture                                             

                       containing                                              

                       silicon)                                                

     2     HCl         "             "                                         

     3     Cl.sub.2 + CO                                                       

                       "             "                                         

     4     COCl.sub.2  "             "                                         

     5     COCl.sub.2 + CO                                                     

     6     CCl.sub.4   "             "                                         

     7     Chlorinated "             "                                         

           hydrocarbon                                                         

                       Silicon dioxide,                                        

     8     Cl.sub.2    silicic acid or                                         

                       mixture of the                                          

                       above and carbon                                        

     9     HCl         "             "                                         

     10    Cl.sub.2 + CO                                                       

                       Silicon dioxide                                         

                                     "                                         

                       or silicic acid                                         

     11    HCl + CO    "             "                                         

     12    COCl.sub.2  "             "                                         

     13    CCl.sub.4   "             "                                         

     14    Chlorinated "             "                                         

           hydrocarbon                                                         

     ______________________________________                                    

PAR  Referring to Table 2, it is desirable, for obtaining a good result, that
      the silicon alloys or the metallic mixture containing silicon includes at
      least 60 percent by weight of silicon.
PAR  The process of the present invention can be effected through the following
      steps. That is, the silicon-containing material is preheated together with
      the halogenated hydrocarbon and the resultant gas from the preheating is
      further heated at a temperature not lower than 800.degree.C and not lower
      than the preheating temperature in the substantial absence of oxygen and
      nitrogen gases. The silicon-containing material is preferably mixed with
      the halogenated hydrocarbon in a ratio by weight of 90 : 10 to 10 : 90 and
      preheated in a reactor at a temperature not lower than 100.degree.C, more
      preferably, 100.degree. to 1500.degree.C, still more preferably,
      200.degree. to 1300.degree.C. Through the preheating, the
      silicon-containing material and the halogenated hydrocarbon produce
      various gaseous compounds by gasification or decomposition thereof.
PAR  The resultant gas is fed into a whisker former and heated at a temperature
      not lower than 800.degree.C and not lower than the preheating temperature
      so as to form the whisker crystalline silicon carbide. The reactor is
      preferably provided with an agitator, fixed bed or fluidized bed for the
      charge. The resultant gas from the preheating may be stored in a gas
      storage resisting high pressure and fed into the reactor when necessary.
PAR  Hydrogen gas may be fed into the reactor as a carrier gas for controlling
      the flow rate of the gas fed into the reactor.
PAR  When the preheating according to the process of the present invention is
      performed at a temperature not exceeding 800.degree.C, the reactor may be
      made of a conventional steel material. When the preheating is carried out
      at a temperature higher than 800.degree.C, it is desirable that the
      reactor is made of a ceramic material. Also, the whisker former has to be
      made of the ceramic material. The ceramic material used herein refers to
      carbon including graphite, silica, including quartz, alumina including
      corundum, zirconia, calcia, magnesia, mullite, silimanite, various
      carbides such as silicon carbide, and various nitrides such as boron
      nitride and silicon nitride. Also, the whisker former and the reactor may
      be made of platinum or its alloys, tantalum or titanium or its alloys.
PAR  According to the process of the present invention, it becomes possible to
      industrially manufacture the whisker crystalline silicon carbide having a
      purity of 95 percent by weight or more from crude materials which can be
      readily obtained and easily handled in a high yield of 65 to 90 percent
      based on the original weight of silicon contained in the crude material.
      The resultant whisker crystals of the silicon carbide from the process of
      the present invention have a fine and long needle-like form due to its
      small diameter of 0.01 to 10 .mu.m, and a large length of 1 to 20 mm,
      which configurations are never found in the conventional whisker crystals
      of the silicon carbide. Further, the whisker crystalline silicon carbide
      according to the present invention has an excellent tensile strength and
      modulus and thus, is valuable for reinforcing various materials such as
      plastics, ceramics and metallic materials. The following examples are
      intended to merely illustrate the art of the present invention in detail.
PAC  EXAMPLE 1
PAR  A horizontally laid alumina tube have an internal diameter of 3.6 cm and a
      length of 70 cm was charged with 4.0 g of powdered porous fire brick,
      containing 51.4 percent by weight of silicon dioxide at a middle portion
      of about 10 cm length thereof. The tube was put in a heating furnace. A
      mixed gas consisting of 77 percent by mole of propane and 23 percent by
      mole of hydrogen chloride was introduced into the above middle portion at
      a flow rate of 32 ml/min for 90 minute while heating the middle portion to
      a temperature of 1500.degree.C in order to react them. In this heating,
      the middle portion of the alumina tube was effectively heated extending
      over a length of about 40 cm to a temperature of 1000.degree.C or higher.
      The inner pressure of the reaction system in the alumina tube was similar
      to atmospheric pressure since an exhaust gas from the reaction system was
      discharged to atmosphere. After the reaction for 90 minutes was completed,
      the feeding of the mixed propane and hydrogen chloride gas was stopped,
      the alumina tube was taken out of the heating furnace, and then the
      reaction product, which was white whisker crystals was collected from the
      alumina tube.
PAR  The resultant whisker crystals were heated at a temperature of
      1000.degree.C in a heating furnace in the presence of air for 30 minutes
      in order to eliminate carbon adhered to the whisker crystals. Measuring
      the weight of the result, the yield of the whisker crystals was 1.25 g.
      The above yield corresponded to 93.7 percent by weight with respect to a
      theoretical yield calculated from the silicon content in the material.
      Through elementary analysis and X-ray analysis, it was recognized that the
      resultant whisker crystals were composed of .beta.-type silicon carbide
      having a purity of 99 percent. The resultant silicon carbide whisker
      crystals had a diameter of about 0.05 to about 3.0 .mu.m, a length of
      about 3.0 to about 41 mm, the physical properties such as a tensile
      strength of about 2,200 kg/mm.sup.2 and a modulus of longitudinal
      elasticity of about 51,000 kg/mm.sup.2.
PAC  EXAMPLE 2
PAR  The same alumina tube as that of Example 1 was charged with 5.8 g of
      calcium silicate grains having a purity of 98 percent by weight and then
      put in a heating furnace. A mixed gas consisting of 80.5 percent by mole
      of propane and 19.5 percent by mole of chlorine gases was introduced at a
      flow rate of 55 ml/min for 60 minutes into the alumina tube of which the
      content was heated at a temperature of 1500.degree.C in order to react
      them. The reaction system was adjusted to an inner pressure higher by 0.2
      atm than atmospheric pressure by controlling a discharging rate of exhaust
      gas from the reaction system.
PAR  After the reaction was completed, the alumina tube was taken out from the
      furnace, and the reaction product, which was whisker crystalline silicon
      carbide, was collected. The result was heated to 1000.degree.C in a
      heating furnace for 15 minutes in the presence of air and then subjected
      to weighing. The weight of the resultant whisker crystals was 1.72 g which
      corresponds to a yield of 86 percent by weight.
PAR  It was recognized that the result consisted of whisker crystalline silicon
      carbide having a purity of 98 percent and had a diameter of about 0.1 to
      about 5 .mu.m, a length of about 1.0 to 38 mm, a tensile strength of about
      2,100 kg/mm.sup.2 and a modulus of longitudinal elasticity of about 49,000
      kg/mm.sup.2.
PAC  EXAMPLE 3
PAR  Eight alumina tubes, the same as that of Example 1,  were charged with 6.0
      g of a powdered porous fire brick containing 51.4 percent by weight of
      silicon dioxide and then placed in a heating furnace.
PAR  Mixture gases consisting of 97.5, 95.0, 90.0, 80.0, 70.0, 60.0, 50.0 and
      40.0 percent by mole of toluene gas, which was previously prepared by
      heating and 2.5, 5.0, 10.0, 20.0, 30.0, 40.0, 50.0 and 60.0 percent by
      mole of hydrogen chloride gas, were flowed at a flow rate of 35 ml/min for
      2 hours into the above alumina tubes wherein the content was heated at a
      temperature of 1450.degree.C in order to react them, respectively. After
      the reactions were completed, air was introduced into the tubes at a high
      temperature in order to eliminate carbon remaining on the results which
      were whisker crystalline silicon carbide, and then the resultant whisker
      crystals were collected.
PAR  Table 3 shows chlorine contents in the mixture gas and yields of the
      whisker crystalline silicon carbide corresponding to the hydrogen chloride
      contents.
TBL                Table 3                                                     

     ______________________________________                                    

     Content of                                                                

     hydrogen                                                                  

     chloride in                                                               

               2.5    5.0   10   20   30   40   50   60                        

     % by mole                                                                 

     Yield of                                                                  

     whisker                                                                   

     crystal in                                                                

              11.9   31.2   71.6 96.1 98.3 59.7 26.5  9.1                      

     % by weight                                                               

     ______________________________________                                    

PAR  As is clear in Table 3, when the hydrogen chloride gas is contained in the
      mixture gas with a content of 5 to 50 percent by mole, the result is
      obtained with a high yield of the whisker crystalline silicon carbide.
      Through elementary and X-ray analysis, it was recognized that when the
      content of the hydrogen chloride in the mixture gas was 10 to 40 percent
      by mole, the result was a high purity of silicon carbide, whereas when the
      content was 5 or less or 50 or a higher percent by mole, the result had
      lower physical properties owing to a certain transition defect of the
      resultant crystal. Further, when the content of the hydrogen chloride in
      the mixture gas was 2.5 or less or 60 or a greater percent by mole, the
      result had an extremely lower yield and an extremely shorter length and a
      much lower tensile strength of the whisker crystal.
PAC  EXAMPLE 4
PAR  Five alumina tubes having an internal diameter of 2.4 cm and a length of 60
      cm were charged with 0.4, 0.8, 1.6, 2.4 and 4.8 g of silicon dioxide
      grains having a purity of 99 percent by weight, respectively. The tubes
      were subjected to the same procedure as that of Example 1 except that the
      effective length of the tube heated to 1000.degree.C or higher was 20 cm.
      Table 4 shows relationships between the charges of the silicon dioxide in
      the alumina tube and yields of the resultant silicon carbide.
TBL                Table 4                                                     

     ______________________________________                                    

     Charge of silicon                                                         

     dioxide in alumina                                                        

                 0.4      0.8     1.6   2.4   4.8                              

     tube (g)                                                                  

     Yield of silicon                                                          

     carbide     95       91      76    32    8                                

     (% by weight)                                                             

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  Six alumina tubes having an internal diameter of 5.2 cm and a length of 70
      cm were charged with 12 g of ferro-silicon (iron-silicon alloy) containing
      75 percent by weight of silicon, respectively. The tubes were heated so
      that the contents therein were heated to respective temperatures of
      800.degree., 100.degree., 1200.degree., 1500.degree., 1600.degree. and
      1800.degree.C, and a mixed gas consisting of 78.0 percent by mole of
      n-pentane gas, which was previously gasified by heating it, and 22.0
      percent by mole of hydrogen chloride were introduced into the respective
      tubes at a flow rate of 60 ml/min for 3 hours in order to react them.
      After the reaction was completed, the resultant whisker crystalline
      silicon carbides were collected from all the tubes with yields as shown in
      Table 5.
TBL                Table 5                                                     

     ______________________________________                                    

     Reaction                                                                  

     temperature                                                               

              800     1000    1200  1500  1600  1800                           

     (.degree.C)                                                               

     Yield of                                                                  

     whisker                                                                   

     crystalline                                                               

     silicon  0        6.7    86.9  95.5  97.0  91.1                           

     carbide (%                                                                

     by weight)                                                                

     ______________________________________                                    

PAR  As clearly shown in Table 5, it is necessary for obtaining the whisker
      crystalline silicone carbide that the reaction system is heated to a high
      temperature of 1000.degree.C or higher. Particularly, in order to obtain
      the whisker crystalline silicon carbide with a high yield, it is required
      that the reaction is carried out at a high temperature of 1200.degree.C or
      higher. However, when the reaction temperature is unnecessarily high for
      example, higher than 1800.degree.C, the alumina tube and the heating
      furnace are not only undesirably worn and torn, but the fuel cost for the
      heating furnace undesirably becomes very high.
PAC  EXAMPLE 6
PAR  A stainless steel tube having an internal diameter of 4 cm and a length of
      30 cm which was put on a porous ceramic stand, was charged with 50 g of a
      precipitated silicon dioxide powder having an average particle size of 100
      .mu.m. The stainless steel tube was connected to a silimanite tube having
      an internal diameter of 3 cm and a length of 50 cm through a heat
      resisting pipe. First of all, the pressure in the tube system was reduced
      to 1 mmHg, the stainless steel tube and the silimanite tube were heated to
      respective temperatures of 700.degree. and 1400.degree.C, and then, a
      mixed gas consisting of 1 part by volume of chlorine gas and 2 parts by
      volume of propane gas was introduced into the tube system through an upper
      end of the stainless steel tube with a flow rate of 1.5 l/minute.
      Accordingly, the mixed gas passed through the stainless steel tube heated
      at a temperature of 700.degree.C, was blown through the silimanite tube of
      1400.degree.C. Through the above process, the tube system was maintained
      at atmospheric pressure by controlling the flow rate of the exhaust gas
      from the silimanite tube. After the reaction was maintained for 3 hours
      under the above conditions, the flowing of the mixed gas was stopped, the
      silimanite tube was taken out from a heating means and cooled to room
      temperature and then the result in the silimanite tube, which result was
      white whisker crystals, was collected. The resultant whisker crystals had
      a weight of 4.2 g. Through an X-ray analysis, it was recognized that the
      result was a pure .beta.-type silicon carbide. The resultant whisker
      crystal had a diameter of about 0.8 .mu.m, a length of about 10 mm and
      physical properties such as a tensile strength of about 2,300 kg/mm.sup.2
      and a modulus of longitudinal elasticity of about 52,000 kg/mm.sup.2.
PAR  For comparison, the above procedure was repeated at the stainless steel
      tube temperature of 350.degree.C instead of 700.degree.C. No whisker
      crystal was found in the similanite tube.
PAC  EXAMPLE 7
PAR  A rotatable screw means for agitating was disposed in the same stainless
      steel tube as that of Example 6. The stainless steel tube was charged with
      50 g of a precipitated silicon dioxide powder and connected to a
      silimanite tube as used in Example 1 through a heat resisting pipe. After
      the pressure of the tube system formed thus was reduced to a pressure of 1
      mmHg, the content of the stainless steel tube was heated to a temperature
      of 800.degree.C while agitating the contents with the screw means. A dried
      chlorine gas was introduced into the tube system through an end of the
      stainless steel tube at a flow rate of 0.3 l/min. Further, a fine powder
      of a petroleum blown asphalt was introduced into the tube system through
      an upper end of stainless steel tube at a flow rate of 0.2 g/min.
      Accordingly, the gas discharged from the stainless steel tube was
      successively introduced into the silimanite tube heated to a temperature
      of 1500.degree.C, and a discharging flow rate of an exhaust gas from the
      silimanite tube was adjusted so as to maintain the inner pressure of the
      tube system at 1 atm. After the tube system was maintained for 2 hours
      under the above condition, the reaction was stopped and the tube system
      was allowed to cool to room temperature. The result was white whisker
      crystalline silicon carbide having a weight of 3.1 g. The whisker crystal
      had a diameter of about 0.5 to about 1.0 .mu.m, a length of about 5 to
      about 10 mm.
PAC  EXAMPLE 8
PAR  A mullite tube having an internal diameter of 5 cm and a length of 100 cm
      was charged with 30 g of fine powder of a siliceous sand in an upper
      portion thereof. After the mullite tube was completely evacuated, the
      upper portion of the tube containing the siliceous sand was heated to a
      temperature of 900.degree.C whereas the lower portion of the tube was
      heated to 1450.degree.C temperature. Next, a chlorine gas stream of a flow
      rate of 0.2 l/min and a methyl chloride stream of a flow rate of 0.2 l/min
      were mixed and the resultant mixed gas was introduced into the mullite
      tube through an upper end thereof, and an exhaust gas was discharged from
      the tube through a bottom end thereof while maintaining the inner pressure
      of the tube at 1.0 atm by controlling the discharging flow rate of the
      exhaust gas. After the tube was maintained under the above condition for 4
      hours, the feeding of the gases was stopped, the tube was cooled to room
      temperature and then the result was collected from the mullite tube. The
      result was 5.6 g of a white whisker crystalline silicon carbide having a
      diameter of 0.3 to 1.0 .mu.m and a length of 5 to 15 mm.
PAC  EXAMPLE 9
PAR  The same tube system as that of Example 6 was prepared from the stainless
      steel tube, the silimanite tube and the heat resisting pipe and air in the
      tube system was completely exhausted. The stainless steel tube and the
      silimanite tube were heated to respective temperatures of 500.degree.C and
      1350.degree.C.
PAR  First, a dried chlorine gas was introduced into the tube system through a
      bottom end of the stainless steel tube and a mixture of 2 parts by weight
      of powdered metasilicic acid, 0.8 parts by weight of powdered polyethylene
      and 0.2 parts of powdered chlorinated polyethylene were also introduced
      into the tube system through the bottom end of the stainless steel tube at
      a flow rate of 0.5 g/min. Accordingly, a gas produced in the stainless
      steel tube was immediately introduced into the silimanite tube. The tube
      system was maintained at a pressure higher by 0.5 kg/cm.sup.2 than
      atmospheric pressure over 3 hours by controlling a flow rate of exhaust
      gas from the tube system. After cooling the tube system to room
      temperature, the silimanite tube was taken out from a heating means and
      the result in the silimanite tube was collected. The result was a white
      whisker crystalline silicon carbide of a weight of 3.8 g, a diameter of
      0.1 to 0.7 .mu.m and a length of 3 to 15 mm.
PAC  EXAMPLE 10
PAR  A mullite tube, an internal diameter of which was 4 cm and a length of 80
      cm, was charged with 50 g of finely powdered siliceous stone and
      completely exhausted air in the tube. The mullite tube was heated to a
      temperature of 1550.degree.C. A dried hydrogen chloride gas flowing at a
      flow rate of 0.4 l/min was mixed with a mixed gas prepared by flowing
      hydrogen gas through a benzene bath maintained at a temperature of
      30.degree.C at a flow rate of 0.6 l/min and the final mixed gas was
      introduced into the mullite tube through a bottom end thereof while
      maintaining the pressure in the tube at 1 atm by controlling a flow rate
      of exhaust gas from the tube. The reaction was carried out for 5 hours
      under the above condition. After the tube was cooled to room temperature,
      the product in the mullite tube was collected. The resultant product was
      whisker crystalline silicon carbide, a weight of which was 6.5 g. The
      crystals had a diameter of 0.5 to 1.2 .mu.m, a length of 2 to 10 mm, a
      tensile strength of 2,400 kg/mm.sup.2, and a modulus of longitudinal
      elasticity of 55,000 kg/mm.sup.2.
PAC  EXAMPLE 11
PAR  The same tube system as that of Example 6 was prepared from the stainless
      steel tube, the silimanite tube and the heat resisting pipe and air
      therein was completely exhausted therefrom. The stainless steel and
      silimanite tubes were heated to respective temperatures of 800.degree. and
      1450.degree.C. A mixture gas of 1 part by volume of dried chlorine gas and
      2 parts by volume of propane gas was introduced into the tube system at
      1.5 l/min through a bottom end of the system. At the same time, powdered
      silicon dioxide was introduced into the system through an opposite end
      thereof at a flow rate of 0.5 g/min. An exhaust gas from the system was
      discharged through an opposite end of the system at a flow rate adjusted
      so as to maintain a pressure in the tube system at 1 atm. The above
      process was carried out for 3 hours. The tube system was cooled to room
      temperature and the product collected from the silimanite tube had a
      weight of 4.5 g.
PAR  Through X-ray analysis, it was recognized that the product was .beta.-type
      whisker crystalline silicon carbide having a diameter of 0.5 to 1.4 .mu.m
      and a length of 5 to 16 mm.
PAC  COMPARISON EXAMPLE 1
PAR  The same stainless steel tube as that of Example 6 was charged with 30 g of
      a precipitated silicon dioxide powder and 12 g of a powdered active
      carbon, and connected to the silimanite tube through the heat resisting
      tube as stated in Example 6. After the tube system was reduced to the
      pressure of 1 mmHg, the stainless steel tube and the silimanite tube were
      heated to respective temperatures of 700.degree. and 1400.degree.C. A
      dried chlorine gas was introduced into the tube system through an upper
      end of the stainless steel tube at a flow rate of 0.5 l/min, the exhaust
      gas from the stainless steel tube was mixed with propane gas flowing at a
      flow rate of 1 l/min, the mixed gas was immediately introduced into the
      silimanite tube. The tube system was maintained at a pressure of 1 atm by
      controlling a flow rate of an exhaust gas from the silimanite tube. After
      the tube system was maintained under the above conditions for 3 hours, the
      feeding of the gases were stopped, the tube system was cooled to room
      temperature. No product was found.
PAC  COMPARISON EXAMPLE 2
PAR  The same stainless steel tube as that of Example 6 was charged with 30 g of
      a precipitated silicon dioxide powder and 12 g of a finely powdered
      graphite. An agitator means was disposed in the stainless steel tube in
      order to agitate the charged powder. The stainless steel tube was
      connected to the silimanite tube through the heat resisting pipe as stated
      in Example 6. After the tube system formed thus was evacuated of air and
      subsequently formed into a vacuum, the stainless steel and silimanite
      tubes were heated to respective temperatures of 1000.degree. and
      1500.degree.C. A dried hydrogen chloride gas was fed into the tube system
      through a bottom end of the stainless steel tube at a flow rate of 0.3
      l/min, and the exhaust gas from the stainless steel tube through an
      opposite end thereof was immediately fed into the silimanite tube. At the
      same time, a finely powdered petroleum blown asphalt was fed into the tube
      system through the upper end of the stainless steel tube at a flow rate of
      0.2 g/min. The tube system was maintained at a pressure of 1 atm by
      controlling a flow rate of an exhaust gas therefrom. After the tube system
      was maintained under the above condition for 2 hours, the tubes were
      cooled to room temperature. No product was found in the tubes.
PAC  EXAMPLE 12
PAR  A stainless steel tube having an internal diameter of 4 cm and a length of
      30 cm was charged with 200 g of metallic silicon grains having a purity of
      96 percent, reduced to a pressure of 1 mmHg and then heated so that the
      content was heated to a temperature of 330.degree.C. A dried chlorine gas
      was fed into the heated tube at a flow rate of 0.8 l/min. An exhaust gas
      from the stainless steel tube was mixed with propane gas flowing at rate
      of 0.8 l/min and the mixed gas was fed into a silimanite tube of which an
      internal diameter was 3 cm and a length of 50 cm, which was reduced to a
      pressure of 1 mmHg and heated to a temperature of 1500.degree.C. The
      silimanite tube was maintained at a pressure higher by 1 kg/cm.sup.2 than
      atmosphere for 2 hours by controlling a flow rate of exhaust gas
      therefrom. After the above process was completed, the feeding of the gases
      was stopped, the silimanite tube was cooled to room temperature and then
      the resultant white whisker crystals in the silimanite tube were
      collected. The result had a weight of 6.8 g corresponding to a yield of 72
      percent by weight in calculation from the original weight of the metallic
      silicon. Through elementary analysis, it was recognized that the result
      was silicon carbide having a purity of 98 percent by weight. The resultant
      whisker crystals had a diameter of about 0.7 .mu.m, a length of about 8
      mm, a tensile strength of 2,300 kg/mm.sup.2 and a modulus of longitudinal
      elasticity of 52,000 kg/mm.sup.2.
PAC  EXAMPLE 13
PAR  The same stainless steel tube as that of Example 12 with an agitator means
      was reduced to an inner pressure of 1 mmHg, heated to an inner temperature
      of 300.degree.C, and then charged with a powdered alloy consisting of 80
      parts by weight of silicon and 20 parts by weight of copper through a
      lower end thereof at a flow rate of 2 g/min while rotating the agitator
      means at 50 rpm. Vapor of tetrachloromethane, which was prepared by
      boiling liquid tetrachloromethane in a container separate from the above
      tube, was fed into the stainless steel tube at a flow rate of 2 l/min. On
      the other hand, toluene vapor, which was evaporated in a container
      separate from the tetrachloromethane container at a rate of 3 l/min, was
      unformly mixed with exhaust gas from the stainless steel tube, and the
      mixed gas was introduced into an alumina tube having the same size as that
      of the silimanite tube of Example 12, which tube was maintained at a
      pressure of 1 mmHg and heated at an inner temperature of 1800.degree.C.
      The exhaust gas from the alumina tube was discharged to atmosphere so as
      to maintain the alumina tube at a pressure higher by 1.8 kg/cm.sup.2 than
      atmosphere.
PAR  The tube system was maintained under the above condition for 1.5 hours and
      thereafter, the processing was stopped, the alumina tube was taken out
      from the system and cooled to room temperature. The result in the alumina
      tube was collected, 5.2 g of white whisker crystals were obtained.
PAR  Basing upon the original content of the silicon in the alloy, it was found
      that the yield of the silicon carbide was 81 percent by weight. The
      resultant whisker crystals had a diameter of about 0.5 to about 1.0 .mu.m
      and a length of about 5 to about 10 mm.
PAC  EXAMPLE 14
PAR  A mullite tube having an internal diameter of 4 cm and a length of 40 cm
      was charged with 100 g of powdered meta-silicic acid, and air therein was
      sufficiently exhausted therein and then heated to an inner temperature of
      1300.degree.C. Dried hydrogen chloride gas was fed into the mullite tube
      through a bottom end thereof at a flow rate of 1.5 l/min. An exhaust gas
      from the mullite tube was mixed with a mixed gas which was prepared by
      flowing hydrogen gas through a xylene bath at a temperature of
      100.degree.C while flowing at a rate of 2 l/min, and the final mixed gas
      was fed into an alumina tube having an internal diameter of 6 cm and a
      length of 50 cm, which tube was heated to an inner temperature of
      1600.degree.C and sufficiently evacuated of air therein. A portion of an
      exhaust gas from the alumina tube was dried by passing same at room
      temperature through a tube filled with active alumina, and recycled to the
      alumina tube of 1600.degree.C temperature so as to maintain the alumina
      tube at an inner pressure higher by 1.2 kg/cm.sup.2 than atmosphere. After
      the alumina tube was maintained under the above condition for 4 hours, the
      alumina tube was taken out from the heating means. The product in the
      alumina tube was 8.5 g of whisker crystalline silicon carbide, which
      weight corresponded to a yield of 68 percent based on the original weight
      of the metasilicic acid. The resultant whisker crystals had a diameter of
      0.1 to 0.7 .mu.m, a length of 3 to 15 mm, a tensile strength of 2,500
      kg/mm.sup.2 and a modulus of longitudinal elasticity of 56,000
      kg/mm.sup.2.
PAC  EXAMPLE 15
PAR  The same mullite tube as that used in Example 14 was charged with 80 g of a
      mixture of finely powdered siliceous sand and powdered active carbon in a
      proportion of 2 : 1, and sufficiently exhausted air therein and heated to
      an inner temperature of 1250.degree.C. Dried chlorine gas was fed into the
      mullite tube through a bottom end thereof at a flow rate of 0.5 l/min.
      Liquid paraffin was gasified in a container at a temperature of
      200.degree.C, introduced at a flow rate of 0.4 l/min and mixed with an
      exhaust gas from the mullite tube. The mixed gas was introduced into an
      alumina tube, the same as that of Example 14, and heated to a temperature
      of 1,500.degree.C and sufficiently evacuated of air.
PAR  An exhaust gas from the alumina tube was discharged at a flow rate so
      adjusted as to maintain the alumina tube at an inner pressure higher by
      1.8 kg/cm.sup.2 than atmosphere. After maintaining the alumina tube under
      the above condition for 1 hour, the product in the alumina tube was
      collected. 4.1 g of whisker crystalline silicon carbide were obtained. The
      result corresponded to a yield of 88 percent based on the original weight
      of the siliceous sand. The resultant whisker crystals had a diameter of
      0.5 to 1.2 .mu.m and a length of 2 to 10 mm.
PAC  EXAMPLE 16
PAR  The same stainless steel tube with the agitator means as that of Example 13
      was charged with a mixture of 150 g of powdered metallic silicon having a
      purity of 88 percent by weight and 20 g cuprous chloride. After
      sufficiently exhausting air from the stainless steel tube, the tube was
      heated to an inner temperature of 350.degree.C. Methyl chloride gas was
      fed into the stainless steel tube through a bottom end thereof at a flow
      rate of 3 l/min while agitating the content in the tube at a rotation of
      100 rpm. An exhaust gas from the stainless steel tube was fed into a
      zirconia tube having an internal diameter of 5 cm and a length of 40 cm,
      heated to an inner temperature of 1900.degree.C and sufficiently evacuated
      through an end thereof.
PAR  The zirconia tube was maintained at an inner pressure higher by 1.6
      kg/cm.sup.2 than atmosphere while discharging an exhaust gas through an
      opposite end thereof.
PAR  After 5 hours, the zirconia tube was taken out from a heating means and the
      product in the zirconia tube was collected. 12.8 g of whisker crystalline
      silicon carbide was obtained. This result corresponded to a yield of 66
      percent based on the original weight of the metallic silicon. The
      resultant whisker crystals had a diameter of 0.8 to 1.5 .mu.m and a length
      of 2 to 7 mm.
PAC  EXAMPLE 17
PAR  A stainless steel tube having an internal diameter of 5 cm and a length of
      40 cm and provided with an agitator means was reduced to an inner pressure
      of 2 mmHg and heated to an inner temperature of 700.degree.C. The
      evacuated and heated stainless steel tube was charged with a mixture
      containing 1 part by weight of a primary mixture which consisted of 1 part
      of powdered polyvinyl chloride, 2 parts of powdered polyethylene and 2
      parts of powdered silicon dioxide through a bottom end thereof at a flow
      rate of 1 g/min while rotating the agitator at a rotation of 35 rpm. An
      exhaust gas from the stainless steel tube was fed into a mullite tube
      having an internal diameter of 6 cm and a length of 60 cm and which tube
      was previously evacuated sufficiently and heated to an inner temperature
      of 1400.degree.C. An exhaust gas from the mullite tube was recycled to the
      stainless steel tube through a heat resisting connection pipe while
      maintaining the tube system at an inner pressure higher by 2 kg/cm.sup.2
      than atmosphere.  After the tube system was maintained under the above
      conditions for 3 hours, the mullite tube was taken out from the heating
      means and the result in the mullite tube was collected. 10.1 g of white
      whisker crystalline silicon carbide were obtained. This result
      corresponded to a yield of 85 percent based on the original weight of the
      silicon dioxide. The resultant whisker crystals had a diameter of 0.3 to
      1.0 .mu.m and a length of 2 to 8 mm.
PAC  EXAMPLE 18
PAR  A mixture containing 50 g of powdered metallic silicon having a purity of
      92 percent by weight and 50 g of powdered chlorinated polyethylene was
      charged into a stainless steel autoclave having volume capacity of 1 l and
      a maximum pressure resistance of 350 atm. The charged autoclave was
      sufficiently evacuated and heated to an inner temperature of 600.degree.C.
      An exhaust gas from the autoclave was fed into a silimanite tube having an
      internal diameter of 6 cm and a length of 60 cm and heated to an inner
      temperature of 1500.degree.C at a flow rate of 2 l/min while maintaining
      the autoclave under a pressure of 110 kg/cm.sup. 2 Gauge. An exhaust gas
      from the silimanite tube was discharged outside the reaction system. After
      the tube system was maintained under the above conditions for 2 hours, the
      flow of the gases was stopped and the silimanite tube was taken out from
      the heating means. 7.8 g of whisker crystalline silicon carbide were
      obtained from the silimanite tube. This result corresponded to a yield of
      73 percent based on the original weight of the metallic silicon. The
      resultant whisker crystals had a diameter of about 0.6 .mu.m and a length
      of about 8 mm.
PAC  EXAMPLE 19
PAR  An alumina tube having an internal diameter of 2.4 cm and a length of 60 cm
      was charged with 0.42 g of metallic silicon and then set in a horizontal
      heating furnace.
PAR  A mixed gas of ethylene and hydrogen chloride gases containing 28 percent
      by mole of chlorine was fed into the alumina tube heated to a temperature
      1450.degree.C at a flow rate of 13 ml/min for 2 hours and an exhaust gas
      from the alumina tube was discharged to atmosphere.
PAR  0.552 g of whisker crystalline silicon carbide were obtained. This result
      corresponded to a yield of 92 percent.
PAR  In the above process, the relationship between the flow rate of the mixed
      gas and the yield of the resultant silicon carbide is shown in Table 6.
TBL                Table 6                                                     

     ______________________________________                                    

     Flow rate of                                                              

     mixed gas                                                                 

              1.5      3.2    13   30   50   90   180                          

     (ml/min)                                                                  

     Yield of                                                                  

     silicon  9.8     31      92   89   80   24    21                          

     carbide (%)                                                               

     ______________________________________                                    

PAR  In consideration of Table 6, it was concluded that the flow rates of the
      mixed gas higher than 3.2 ml/min are preferable for obtaining high yield
      of the silicon carbide. These preferable flow rates corresponded to rates
      higher than 0.7 ml/min with respect to the reaction tube's cross-sectional
      area of 1 cm.sup.2 through which the mixed gas flowed.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process of manufacturing whisker crystalline silicon carbide which
      comprises heating a reaction system containing
PA1  1. a solid phase consisting essentially of fine solid particles of silicon
      dioxide-containing inorganic material, and
PA1  2. a gaseous mixture consisting essentially of chlorine-containing material
      and aliphatic hydrocarbon,
PA2  said chlorine-containing material being selected from the group consisting
      of chlorine, hydrogen chloride, tetrachloromethane and phosgene,
PAL  the reaction system being heated to a reaction temperature of 80.degree. to
      2200.degree. C in the substantial absence of oxygen and nitrogen to
      produce crystalline silicon carbide whiskers.
NUM  2.
PAR  2. A process according to claim 1, in which said reaction system contains
      as sole reactants therein said solid particles of silicon
      dioxide-containing inorganic material and said mixture (2) in the gas
      phase, said reaction system being free of solid elemental carbon.
NUM  3.
PAR  3. A process as claimed in claim 1, wherein said heating temperature is
      from 1000.degree. to 2200.degree.C.
NUM  4.
PAR  4. A process as claimed in claim 1, wherein said heating temperature is
      from 1200.degree. to 2000.degree.C.
NUM  5.
PAR  5. A process as claimed in claim 1, wherein said reaction system is
      preheated to a temperature not lower than 100.degree.C and below the
      reaction temperature, and then is further heated to said reaction
      temperature.
NUM  6.
PAR  6. A process as claimed in claim 5, wherein said preheating temperature is
      not lower than 400.degree.C.
NUM  7.
PAR  7. A process as claimed in claim 5, wherein said preheating temperature is
      not lower than 800.degree.C.
NUM  8.
PAR  8. A process as claimed in claim 1, wnerein said mixture (2) is preheated
      to a temperature not lower than 100.degree.C and below the reaction
      temperature and then is mixed with said silicon dioxide-containing
      inorganic material and then is heated to said reaction temperature.
NUM  9.
PAR  9. A process as claimed in claim 1, in which the silicon dioxide containing
      inorganic material is placed in a receptacle in the reaction system and is
      heated to said reaction temperature, and a gaseous phase of said mixture
      (2) is blown thereacross for a period of time until the silicon is
      converted to silicon carbide whiskers.
NUM  10.
PAR  10. A process as claimed in claim 1, wherein said silicon
      dioxide-containing inorganic material is selected from the group
      consisting of, silicon dioxide, portland cement, white portland cement,
      glass siliceous stone, siliceous sand, feldspar, kaolin and sintered
      materials from siliceous stone, siliceous sand, feldspar and kaolin.
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ABST
PAL  There is disclosed a process for the hydrogen reduction of silicon
      tetrachloride to produce trichlorosilane. In accordance with the process,
      hydrogen and silicon tetrachloride vapors are passed through a reaction
      chamber at relatively high flow rates with approximately 50 mole percent
      silicon tetrachloride in the mixture. The reaction vessel is held at a
      temperature of between 900.degree. and 1200.degree. C. This process is a
      part of an overall system for the production of polycrystalline silicon
      for the semiconductor industry.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for producing semiconductor grade
      silicon and more particularly to the production of trichlorosilane as a
      part of that process.
PAR  In the semiconductor industry relatively large quantities of high purity
      monocrystalline silicon are required for the production of semiconductor
      devices and integrated circuits.
PAR  One of the most commonly used methods for the growth of monocrystalline
      silicon is the Czochralski method in which a charge of hyperpure
      polysilicon is placed in a high purity quartz crucible set inside a
      graphite susceptor. The susceptor, crucible, and charge are placed in a
      controlled inert atmosphere inside a quartz cylinder. RF induction coils
      are placed outside the quartz cylinder and around the graphite susceptor.
      RF power is supplied to the coils and the charge is heated until it is
      completely molten and the temperature has been stabilized just above the
      melting point of the cylinder. After stabilization of the temperature, a
      seed crystal is dipped into the melt and the seed is allowed to melt back
      a short distance to remove any surface imperfections which may have
      resulted from its preparation. The seed is then rotated and very slowly
      withdrawn from the melt. With the temperature of the melt properly
      maintained, the seed grows into a single oriented crystal.
PAR  The hyperpure polysilicon can be produced by hydrogen reduction of
      trichlorosilane at a temperature of about 1100.degree.C. During the
      process, a large proportion of the trichlorosilane is not reduced to
      silicon but is converted to silicon tetrachloride in accordance with the
      approximate reaction: 3SiHCl.sub.3 + H.sub.2 .fwdarw. Si + SiHCl.sub.3 +
      SiCl.sub.4 + 2HCl + H.sub.2. Thus, only 1/3 of the trichlorosilane
      converts to silicon while 1/3 remains unreacted and another 1/3 converts
      to silicon tetrachloride. The residual gases can be separated to remove
      the trichlorosilane from the residue and returned as part of the feed for
      the reaction. However, the silicon tetrachloride has been essentially a
      waste product except to the extent that it is used in the epitaxial
      deposition of silicon upon silicon slices, as set forth in the article,
      "Analysis of the Hydrogen Reduction of Silicon Tetrachloride Process on
      the Basis of a Quasi-Equilibrium Model", T. O. Sedgewick, Journal of the
      Electrochemical Society, December, 1964, pages 1381-1383.
PAR  The Si--Cl--H system is a complex multireaction system, essentially
      reversible, in which partial pressures of several species occur. These
      species are for example, H.sub.2, HCl, SiCl.sub.4, SiHCl.sub.3,
      SiCl.sub.2, SiH.sub.2 Cl.sub.2, SiH.sub.3 Cl, SiCl, SiH.sub.4 and Si in
      some equilibrium which is a function of pressure,
      silicon/chlorine/hydrogen ratio, and temperature. Thus, for example, the
      reaction SiCl.sub.4 + 2H.sub.2 .revreaction. Si + 4HCl is reversible to
      either deposit an epitaxial layer of silicon on a silicon slice or to etch
      a silicon slice by removing silicon therefrom. The reversibility of this
      reaction is normally used in a epitaxial reactor, wherein the silicon
      slice may be etched by a higher concentration of HCl in the vapors to
      produce a clean surface on the silicon wafer and then the concentration of
      SiCl.sub.4 is increased to affect deposition of monocrystalline silicon on
      the cleaned slice.
PAR  The products of the reaction are also controlled by the presence of certain
      catalysts such as copper, nickel or silicon. Thus, for example, in U.S.
      Pat. No. 2,595,620, Wagner et al, silicon tetrachloride is partially
      converted to trichlorosilane in the presence of a catalytic metal.
      Similarly, chlorosilanes are prepared in U.S. Pat. No. 2,657,114, Wagner,
      by reacting a metal chloride with silicon, wherein the metal of the
      chloride is a catalytic metal. Another process for obtaining
      trichlorosilane from silicon in the presence of a catalyst is disclosed in
      U.S. Pat. No. 2,943,918, Pauls. In the production of silicon for
      semiconductor purposes, the presence of such catalytic metals is
      undesirable since the metals can be dopants affecting the electrical
      characteristics of the semiconductor. Thus, for semiconductor purposes, a
      reaction in which no catalytic metal appears is highly desirable.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of this invention to provide a process for
      converting silicon tetrachloride to trichlorosilane.
PAR  It is a further object of this invention to convert silicon tetrachloride
      to trichlorosilane without the use of a contaminating catalyst.
PAR  A further object of the invention is to convert residual silicon
      tetrachloride from the process of making semiconductor grade silicon to
      trichlorosilane which can be recycled for production of semiconductor
      grade silicon.
PAR  In accordance with these objects there is provided a process of producing
      trichlorosilane which comprises mixing a vapor of silicon tetrachloride
      with hydrogen, reacting said mixture at a temperature between 900.degree.
      and 1200.degree. C., and separating the trichlorosilane therefrom.
DRWD
PAC  THE DRAWINGS
PAR  Further objects and advantages of the invention will be apparent from the
      following complete description thereof and from the drawings wherein:
PAR  FIG. 1 is a flow diagram of a process in accordance with the invention for
      converting silicon tetrachloride to trichlorosilane;
PAR  FIG. 2 is a flow diagram of a process for producing polycrystalline silicon
      from trichlorosilane including a process for converting residual silicon
      tetrachloride to trichlorosilane and
PAR  FIG. 3 is a graph of the reaction of silicon tetrachloride and hydrogen as
      a function of concentration and temperature.
DETD
PAR  A preferred converter process 10 in accordance with the invention is
      depicted in the flow diagram of FIG. 1 and includes a source 11 of
      hydrogen and a source 12 of silicon tetrachloride which are fed in
      suitable proportions to a mixer 13 to provide a gaseous mixture of the
      hydrogen and the silicon tetrachloride. This mixture is passed through a
      furnace reactor unit 14 at suitable rates and temperatures to convert a
      portion of the silicon tetrachloride to trichlorosilane. The reaction
      products from the furnace 14 are passed through pre-cooler 15 to lower the
      temperature of the products to approximately room temperature. The room
      temperature gases are then passed through a condenser unit 16 to separate
      the hydrogen and hydrochloric acid reaction products from the silicon
      tetrachloride and chlorosilane liquid products. The hydrogen gas and the
      hydrochloric acid gaseous products are directed through a water scrubber
      17 which separates the hydrochloric acid from the hydrogen and the
      hydrogen gas after suitable drying can be reused by the hydrogen source
      11. The liquid mixture of silicon tetrachloride and trichlorosilane is
      passed through a distilling unit 18 which separates the trichlorosilane
      product from the silicon tetrachloride which later can be redirected to
      the source 12 for recycling through the process.
PAR  Silicon tetrachloride can react with hydrogen as follows:
EQU  (1) SiCl.sub.4 + 2H.sub.2 .fwdarw. Si + 4HCl
EQU  (2) SiCl.sub.4 + H.sub.2 .fwdarw. SiHCl.sub.3 + HCl
PAL  These reactions are dependent upon the temperature and percent of silicon
      tetrachloride in the gaseous mixture as indicated in the graph of FIG. 3,
      wherein the area under the curve 20 indicates that a deposition of silicon
      in accordance with reaction (1) above is favored, while above the curve
      20, formation of trichlorosilane is favored and no silicon will be
      deposited. It should be noted that in either case, the reactions (1) or
      (2) above are fairly incomplete, in that silicon tetrachloride is still
      the dominant gas resultant from the process. Thus, while the desired
      product is ultimately silicon by conversion from trichlorosilane, the
      production of silicon directly from silicon tetrachloride is too slow for
      economic production of polycrystalline silicon. Care must be taken in
      operation of the process in accordance with the invention to prevent
      deposition of silicon within the reaction furnace 14 since the silicon
      acts as a catalyst or nucleating agent in favor of reaction (1) rather
      than in favor of the formation of trichlorosilane (reaction 2), as is
      desired. To avoid formation of any silicon in the reaction furnace, it is
      therefore desirable that a minimum of 5% silicon tetrachloride be
      maintained in the feed to the reaction chamber, and as shall be shown, a
      preferred feed contains approximately 50% silicon tetrachloride. The feed
      mixture may comprise 25-55% silcon tetrachloride vapor. Also, as indicated
      in the graph of FIG. 3, some deposition of silicon takes place as
      temperatures above 1150.degree.C are utilized. Also at these higher
      temperatures, some conversion of the silicon tetrachloride to the higher
      chlorides such as a silicon subchloride takes place. These higher
      chlorides are of a viscous, oily nature which are difficult to remove from
      the system. Since the percent of trichlorosilane in the output generally
      increases with increasing temperature, it is preferable that the process
      be operated near the upper limit of this range, i.e., about 1100.degree.C
      to maximize output while still avoiding contaminating products.
PAR  The following are exemplary of the process.
PAC  EXAMPLE I
PAR  In accordance with the invention, hydrogen and silicon tetrachloride were
      mixed in the proportion of 60 mole percent hydrogen and 40 mole percent
      silicon tetrachloride. This mixture was fed through the reaction furnace
      at a temperature of 1000.degree.C at a feed rate such that the individual
      components have a 6.5 seconds dwell time within the furnace. The resultant
      product contained 12.5 percent trichlorosilane.
PAC  EXAMPLE II
PAR  Under similar conditions as above, except with the reaction furnace at a
      900.degree.C temperature and using a feed rate such that the gas has a 2.5
      second dwell time, the resultant product contained 9.8 percent
      trichlorosilane.
PAC  EXAMPLE III
PAR  With a similar mixture as above and the furnace at an 800.degree.C
      temperature and the feed rate such that 2.3 seconds was the dwell time,
      the product contained 2.1 percent trichlorosilane.
PAR  The output with varying amounts of silicon tetrachloride percentage in the
      feed, was determined by several runs made at a temperature of
      1100.degree.C with a constant volumetric flow rate. The following results
      were obtained:
     EXAMPLE %SiCl.sub.4 IN FEED                                               

                             %SiCl.sub.3 IN OUTPUT                             

     ______________________________________                                    

     IV      17.7            3.95                                              

     V       17.7            3.57                                              

     VI      17.7            3.60                                              

     VII     28.2            3.58                                              

     VIII    28.2            4.24                                              

     IX      28.2            3.91                                              

     X       38.5            4.04                                              

     XI      38.5            4.31                                              

     XII     38.5            4.25                                              

     XIII    50.0            3.99                                              

     XIV     50.0            4.44                                              

     XV      50.0            4.38                                              

     XVI     59.2            3.71                                              

     XVII    59.2            4.17                                              

     XVIII   59.2            4.11                                              

     XIX     69.6            3.61                                              

     XX      69.6            3.78                                              

     XXI     69.6            3.63                                              

     ______________________________________                                    

PAL  From the above, it will be seen that maximum output of trichlorosilane
      occurs at a feed concentration of 50% silicon tetrachloride and 50%
      hydrogen, with the output dropping off at all higher and lower
      concentrations.
PAR  The output of trichlorosilane with varying feed rates was determined. The
      flow rates in the following example are given in terms of a Reynolds
      number (R.sub.e). The Reynolds number equals the diameter of the particles
      times the velocity times the density, divided by the viscosity and
      therefore the Reynolds number is directly proportional to flow rate.
      Examples were run at 1100.degree.C with 50% silicon tetrachloride in the
      feed.
TBL  ______________________________________                                    

     EXAMPLE FLOW RATE (R.sub.e)                                               

                             %SiCl.sub.3 IN OUTPUT                             

     ______________________________________                                    

     XXII     54             4.45                                              

     XXIII   116             4.47                                              

     XXIV    173             4.83                                              

     ______________________________________                                    

PAR  The converter process 10 depicted in FIG. 1 is readily adaptable to an
      overall polycrystalline silicon reactor process as depicted in FIG. 2. In
      the production of polycrystalline silicon a source 21 of trichlorosilane
      and a source 22 of hydrogen are provided to feed a mixer 23 which mixes
      the trichlorosilane and hydrogen in suitable volumetric proportions. The
      mixture of trichlorosilane and hydrogen is fed to a reactor furnace 24
      which reduces a certain percentage of the trichlorosilane to silicon with
      residues including hydrogen, hydrochloric acid and silicon tetrachloride.
      The hydrogen and hydrochloric acid are separated from the residues in a
      condenser unit 25 which byproducts are directed to a water scrubber 26
      which removes the hydrochloric acid from the system while redirecting the
      cleaned hydrogen back to the source 22. The unreacted trichlorosilane and
      silicon tetrachloride separated in the condenser unit 25 are directed to a
      distilling unit 26 which separates the trichlorosilane for return to the
      feed unit 21 and directs the silicon tetrachloride to the converter unit
      10. The recovered trichlorosilane therefrom is directed to the feed source
      21 and hydrochloric acid produced as a waste product. Since the scrubber,
      condenser and distilling units are common to both the system for producing
      polycrystalline silicon and to the converter process 10, it will be
      readily seen that these units can actually be shared in a common
      continuous cycle process, and the converter unit 10 need generally be
      merely the reaction furnace for reacting the silicon tetrachloride and
      hydrogen in accordance with the invention.
PAR  It is thus seen from the foregoing that there is provided a process which
      can be operated in conjunction with the production of polycrystalline
      silica to readily reconvert the silicon tetrachloride residue of the
      polycrystalline silicon production back into trichlorosilane for
      reconversion in the polycrystalline silicon process. This process is
      relatively inexpensive compared to the value of the product and also
      greatly reduces the amount of waste silicon tetrachloride produced by the
      major process.
PAR  Further objects and advantages of the invention will be understood to one
      skilled in the art and suitable modifications may be made therein without
      departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process producing polycrystalline silicon by the hydrogen reduction
      of trichlorosilane with hydrogen to produce silicon, unreacted
      trichlorosilane, and silicon tetrachloride and separating the
      trichlorosilane from the silicon tetrachloride, the improvement which
      comprises mixing the separated silicon tetrachloride with hydrogen to form
      a mixture consisting essentially of silicon tetrachloride and hydrogen;
      reacting said mixture in the absence of any other reactive material or
      catalyst at a temperature between 900.degree. and 1100.degree.C, at a
      dwell time of the order of several seconds and directly thereafter
      separating the trichlorosilane from the resultant product therefrom for
      use in the production of polycrystalline silicon.
NUM  2.
PAR  2. A process of producing trichlorosilane as recited in claim 1 wherein
      said mixture comprises 25-55% silicon tetrachloride vapor.
NUM  3.
PAR  3. A process of producing trichlorosilane as recited in claim 2 wherein the
      mixture comprises approximately 50% silicon tetrachloride vapor.
NUM  4.
PAR  4. A process of producing trichlorosilane as recited in claim 1 wherein
      said temperature is approximately 1100.degree.C.
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ABST
PAL  A process for producing carbon fibers which comprises (a) treating
      preoxidized fibers produced from an acrylonitrile fiber with a reducing
      liquid containing a specific compound and (b) thereafter carbonizing or
      graphitizing the treated fibers at a temperature above 800.degree. C. The
      thus-obtained carbon or graphite fibers have a high tensile strength and a
      high modulus of elasticity.
BSUM
PAR  The present invention relates to a process for producing carbon fibers
      (including graphite fibers) from acrylic fibers, and more particularly to
      a process for producing carbon fibers in an industrially advantageous
      manner which are excellent in tensile strength and modulus of elasticity
      by treating preoxidized fibers produced from an acrylonitrile fiber with a
      reducing liquid containing a specific compound and thereafter subjecting
      the fibers to heat treatment at a temperature above 800.degree.C. in a
      non-oxidizing atmosphere.
PAR  It is known that carbon fibers having excellent properties as reinforcement
      materials, exothermic bodies, heat resistant materials and the like can be
      obtained by heating acrylonitrile fibers in an oxidizing atmosphere at a
      temperature below about 400.degree.C. to obtain preoxidized fibers and
      then heating the thus-obtained preoxidized fibers in a non-oxidizing
      atmosphere at a higher temperature usually above 800.degree.C.
PAR  However, this process suffers from a defect that the carbon fibers thus
      obtained will have a seriously lowered strength because of the presence of
      a slight amount of oxygen in the step of heating acrylic fibers in a
      non-oxidizing atmosphere at the higher temperature, namely the carbonizing
      step or the secondary heating step.
PAR  Therefore, to remove such a defect, there has been heretofore studied a
      process wherein the slight amount of oxygen is removed from the
      non-oxidizing gas with which the heating furnace is supplied, or a process
      wherein a large amount of a non-oxidizing gas is jetted into the heating
      furnace to rapidly remove the slight amount of oxygen present in the
      atmosphere in the heating furnace. Such processes, however, have
      disadvantages that they not only consume a large amount of high purity
      non-oxidizing gas but also lower the energy efficiency in the heating
      furnace and require a special purification apparatus for the non-oxidizing
      gas. In addition, such processes have a further defect that it is
      difficult for them to give a high strength to the thus-obtained fibers
      when purification of the gas is insufficient.
PAR  Also, to prevent contamination of oxygen from the surrounding atmosphere
      upon continuously supplying the preoxidized fibers obtained according to
      the ordinary process from the air into a non-oxidizing atmosphere above
      800.degree.C., a process was studied wherein the fibers are passed through
      a curtain of an inert gas such as nitrogen or through an inert liquid.
      However, neither of them gives any particular consideration to the oxygen
      carried into the heating furnace by the preoxidized fibers themselves, and
      therefore the carbon fibers thus obtained were not satisfactory enough in
      strength.
PAR  Under these circumstances, we made an intensive study to remove such
      disadvantages. On the basis of the idea that the atmosphere in the heat
      treatment furnace is not the only cause of the decrease in strength due to
      oxygen and that it is necessary to consider the influence of the slight
      amount of oxygen absorbed between or within the preoxidized fibers
      supplied into the heat treatment furnace, we treated preoxidized fibers,
      obtained by ring formation of acrylic fibers by heating, with a specific
      reducing liquid capable of inactivating oxygen and then exposed the fibers
      to a higher temperature heat treatment in a non-oxidizing atmosphere. The
      carbon fibers thus obtained were found to have a remarkably improved
      tensile strength and modulus of elasticity. This finding led to the
      present invention.
PAR  The main object of the present invention is to produce carbon fibers having
      an excellent strength and modulus of elasticity in a continuous manner.
PAR  An object of the invention is to produce carbon fibers having a high
      tensile strength and a high modulus of elasticity in an industrially
      advantageous manner.
PAR  Other objects of the invention will become apparent from the following
      detailed explanation.
PAR  These objects of the present invention are achieved by treating preoxidized
      fibers obtained from acrylic fibers with a reducing liquid containing at
      least one compound selected from the group consisting of (1) oxyacids of
      sulfur and their salts, (2) sulfinic acids, sulfenic acids and their salts
      and acid halides, and (3) aromatic compounds having two or more hydroxyl
      groups connected to the same benzene ring, and thereafter subjecting the
      fibers to heat treatment in a nonoxidizing atmosphere at a temperature
      above 800.degree.C.
PAR  By the use of the process of the present invention, the oxygen absorbed
      within the preoxidized fibers and contained in the interspace between them
      is inactivated or removed effectively during their passage through the
      reducing liquid, and therefore degradation reactions, such as oxidation
      reaction and molecule breakage, liable to take place during the subsequent
      higher temperature heat treatment in a non-oxidizing atmosphere, are
      markedly suppressed to give carbon fibers having excellent strength
      characteristics.
PAR  Also, by following the process of the present invention, the strength of
      the fibers during the higher temperature heating step is markedly
      heightened. This results in a sharp decrease in troubles such as filament
      breaking in the heating furnace, so that the efficiency in continuous
      operation and the stability in the quality of the product become markedly
      improved.
PAR  Furthermore, by the process of the present invention, speedup of
      temperature rise rate becomes possible. This markedly heightens the
      productive capacity of the carbon fibers and largely contributes to the
      reduction of heat loss and production costs.
PAR  The acrylonitrile fibers as used herein refer to fibers produced from
      polyacrylonitrile or from copolymers of acrylonitrile containing
      acrylonitrile in an amount of at least 80 mol percent, preferably more
      than 90 mol percent. As the copolymeric components can be mentioned well
      known ethylenically unsaturated compounds such as allyl alcohol, methallyl
      alcohol, hydroxyethyl acrylonitrile, acrylic acid, methacrylic acid,
      crotonic acid, itaconic acid, methacrylonitrile,
      .alpha.-methyleleglutaronitrile, isopropenyl acetate, acrylamide,
      N-methylolacrylamide, .beta.-hydroxyethyl methacrylate, dimethylaminoethyl
      methacrylate, vinylpyridine, vinylpyrrolidone, methyl acrylate, methyl
      methacrylate, vinyl acetate, allyl chloride, sodium methallyl sulfonate,
      potassium p-styrene sulfonate, etc.
PAR  Such acrylic fibers are supplied to the process of the present invention
      after being made into preoxidized fibers, in which polynaphthyridine
      structure is formed, generally by a well known method, for example by heat
      treatment at a temperature between 150.degree. and 400.degree.C. in an
      oxidizing atmosphere. However, any preoxidized fibers having such
      structure may be used for the present invention even though they might be
      produced by any other method.
PAR  The preoxidized fibers thus obtained are then made to pass through a bath
      of a particular reducing liquid and thereafter introduced into a
      non-oxidizing atmosphere where the fibers are subjected to the prescribed
      higher temperature heating treatment. At this time, the preoxidized fibers
      having been subjected to the reducing liquid treatment are introduced into
      the non-oxidizing atmosphere in the carbonizing furnace, desirably without
      being contacted with the outer atmosphere (namely air which is an
      oxygen-containing atmosphere) so that the preoxidized fibers are
      maintained nearly completely free from oxygen which otherwise would be
      carried into the heating furnace accompanied with the fibers. In this way,
      the objects and effects of the present invention are achieved more
      advantageously and satisfactorily. To make an additional remark, the
      objects of the present invention are sufficiently achieved of course even
      when the preoxidized fibers having been subjected to the reducing liquid
      treatment are exposed to an oxygen-containing atmosphere, provided that
      the duration of exposure is so short that oxygen is not absorbed within
      the fibers. In this case, the preoxidized fibers are introduced into the
      carbonizing furnace filled with a non-oxidizing atmosphere through a known
      suitable sealing means.
DRWD
PAR  As the apparatus used in the practice of the process of the present
      invention, any apparatus may be used which are able to introduce the
      preoxidized fibers into the carbonizing furnace filled with a
      non-oxidizing atmosphere. As an example, the apparatus as in the annexed
      drawing can be shown.
DETD
PAR  FIG. 1 is a cross-section of an apparatus suitable for carrying out the
      present invention. In FIG. 1, the preoxidized fibers 1 are made to pass
      over a guide roller 11 and are introduced into a closed treating vessel 2
      having a cover 3. The treating vessel 2 is partitioned into at least three
      chambers by partitioning boards 7. The first chamber 4 and the third
      chamber 6 and the following are filled with water or an inert liquid, and
      the second chamber 5 contains the reducing liquid according to the present
      invention. Inside the cover 3, partitioning boards 8 are provided such
      that each board is positioned between respective boards 7, the
      partitioning boards 8 thus dividing the upper atmosphere of the treating
      vessel 2 and at the same time serving to heighten an effect for changing
      the atmosphere in the upper space. The preoxidized fibers, after passing
      the first chamber 4 filled with water or an inert liquid capable of
      shutting out the outer atmosphere, are moved over guide rollers 12, 13 and
      14 into the second chamber, 5, where the fibers are subjected to the
      reducing liquid treatment according to the present invention. The fibers
      then pass over guide roller 15 and are washed in the third chamber 6 and
      the following. Thereafter, the fibers pass through slit 9 and are moved
      into carbonizing furnace 10. The treating vessel 2 is equipped with an
      inlet 16 and an outlet 17 for the non-oxidizing gas so that during
      treatment operation the upper atmosphere of the treating vessel 2 is
      replaced with the non-oxidizing gas. Alternatively, a process may be
      adopted wherein the preoxidized fibers 1, after passing over the guide
      roller 11, pass through the outlet 17 for the non-oxidizing gas and then
      moved by guide rollers 13 and 14 into the second chamber 5 where the
      fibers are subjected to the reducing liquid treatment.
PAR  The reducing liquids as used in the present invention refer to liquids
      containing at least one compound selected from the group consisting of (a)
      oxyacids of sulfur and their salts, such as thiosulfuric acid, polythionic
      acid (H.sub.3 S.sub.x O.sub.6 wherein x is 3, 4, 5 or 6), dithionic acid
      (H.sub.2 S.sub.2 O.sub.6), sulfurous acid, pyrosulfurous acid (H.sub.2
      S.sub.2 O.sub.5), dithionous acid (H.sub.2 S.sub.2 O.sub.4) and their
      alkali-metal salts, alkaline earth metal salts, ammonium salts, and
      Rongalit (CH.sub.2.sup.. OH.SO.sub.2 Na), (b) sulfinic acids, sulfenic
      acids, and their alkali-metal salts, alkaline earth metal salts, ammonium
      salts and their acid halides, and (c) reducing compounds having a strong
      oxygen-inactivating action, selected from aromatic compounds having at
      least two hydroxyl groups connected to the same benzene ring, such as
      catechol, hydroquinone, resorcin, pyrogallol, phloroglucin,
      naphthohydroquinone, anthrahydroquinone, etc. Particularly, the foregoing
      aromatic compounds preferably have the hydroxyl groups at the ortho- or
      parapositions. The aromatic compounds are not limited to monocyclic carbon
      compounds, and polycyclic carbon compounds may be use if they are reducing
      compounds having at least two hydroxyl groups connected to the same
      benzene ring. Furthermore, organic residues such as sulfonic acid group,
      carboxyl group, etc. may be introduced into the molecule to the extent
      that the reducing power is not substantially lowered. In addition,
      quinhydrone which is the molecular compound of hydroquinone and quinone or
      a mixed aqueous solution of dithionite and .beta.-anthraquinone sulfonate
      in which quinone has been substantially converted to the reducing type is
      useful as a reducing compound according to the present invention.
PAR  In the treatment using such a reducing liquid, the action of the reducing
      compound is rendered more effective by maintaining the pH of the treating
      liquid above 10. As pH-adjusting agents, sodium hydroxide, potassium
      hydroxide and aqueous ammonia may be used.
PAR  The concentration of the reducing compound in the treating liquid can be
      varied in accordance with the kind of the compound, treating temperature,
      treating time, the pH of the treating liquid, etc. Thus, it is difficult
      to limit the concentration clearly within a fixed range, but in general a
      concentration within the range of 1 to 50 weight percent, preferably 5 to
      35 weight percent, is used.
PAR  These compounds are generally used after being dissolved in water as the
      reducing liquids of the present invention, but there are cases where they
      may be used after being dissolved in an organic solvent such as alcohol,
      acetone, trichloroethylene, or the like.
PAR  The reducing compound deposited on the preoxidized fibers by the treatment
      according to the present invention is desirably washed off the fibers
      before the carbonizing step when the compound is an inorganic salt or an
      alkali metal compound.
PAR  The effect of the treatment by the reducing liquid appears in a very short
      time so that the object of the treatment is achieved substantially within
      several minutes. But because of restrictions imposed on the apparatus, the
      fibers are treated for one to 60 minutes as a matter of fact. The
      temperature of the reducing liquid is below 100.degree.C., preferably
      0.degree. to 50.degree.C., for the best result 5.degree. to 40.degree.C.
PAR  The preoxidized fibers made to pass through the reducing liquid are then
      introduced into a non-oxidizing atmosphere, preferably without being
      exposed to an oxygen-containing atmosphere, and are carbonized or
      graphitized at a temperature above 800.degree.C. in the ordinary manner.
      By this process the object carbon fibers having excellent properties can
      be produced to advantage in an industrial manner.
PAR  As the carbonizing temperature, a temperature generally below
      2000.degree.C. is used. For further graphitizing the thus-obtained carbon
      fibers, a temperature between 2000.degree. and 3500.degree.C. is used. As
      the carbonizing or graphitizing atmosphere, nitrogen, hydrogen, helium,
      argon or the like is preferably used. The carbonizing or graphitization
      may be carried out under reduced or increased pressure. To produce carbon
      fibers having a better tensile strength and modulus of elasticity, it is
      preferable to heat the fibers under tension as is generally known. It is
      particularly effective to apply tension upon preoxidation and
      carbonization or graphitization.
PAR  Thus, by adopting the process of the present invention, it has become
      possible to produce carbon fibers having an excellent tensile strength and
      modulus of elasticity.
PAR  For a better understanding, representative examples will be given in the
      following. In the examples, the percentages and parts are shown by weight
      unless otherwise indicated.
PAC  EXAMPLE 1
PAR  A filament tow of acrylonitrile fibers produced from a copolymer consisting
      of 98 mole % acrylonitrile and 2 mol % methacrylic acid was heated in air
      with its temperature raised continuously from 200.degree. to 300.degree.C.
      at the rate of 1.degree.C. per minute to obtain preoxidized fibers. The
      preoxidized fibers were led into a reducing treatment vessel composed of
      four chambers whose upper spaces were filled with nitrogen gas. The first
      chamber contained water, the second chamber contained a reducing liquid
      prepared with 15 parts of sodium dithionite, 2 parts of sodium
      .beta.-anthraquinonesulfonate, 100 parts of water and 20 parts of
      potassium hydroxide, and the third and fourth chambers contained water for
      washing. The preoxidized fibers were made to pass through the reducing
      treatment vessel in 60 minutes, and the, without being exposed to air,
      were led into the carbonizing step where the fibers were subjected to
      carbonizing treatment by being heated in a nitrogen gas atmosphere with
      the temperature raised up to 1500.degree.C. at the rate of
      100.degree.C./minute.
PAR  The carbon fibers thus obtained has a tensile strength of 311 kg./mm.sup.2
      and a modulus of elasticity of 23.4 ton/mm.sup.2.
PAR  On the other hand, for purposes of comparison, the same procedure was
      repeated except that all the liquids in the reducing chambers were
      replaced with water. The thus-obtained carbon fibers had a tensile
      strength of 221 kg/mm.sup.2 and a modulus of elasticity of 19.4
      ton/mm.sup.2, both being unsatisfactory.
PAC  EXAMPLE 2
PAR  A filament tow of acrylonitrile fibers produced from a copolymer consisting
      of 97 mol % acrylonitrile and 3 mol % methacrylic acid was heated in air
      with its temperature raised continuously from 200.degree. to 300.degree.C.
      in 50 minutes to obtain preoxidized fibers.
PAR  The preoxidized fibers were passed through the reducing liquid in the same
      manner as in Example 1. The fibers were then subjected to carbonizing
      treatment by being heated in a nitrogen gas atmosphere with the
      temperature raised continuously up to 1500.degree.C. at the rate of
      15.degree.C./minute to obtain the object carbon fibers.
PAR  The carbon fibers thus obtained had a tensile strength of 245 kg/mm.sup.2
      and a modulus of elasticity of 17.1 ton/mm.sup.2.
PAR  On the other hand, carbon fibers were obtained by carbonization in the same
      procedure as above except that all the liquids in the reducing chambers
      were replaced with water. The fibers had a tensile strength of 190
      kg/mm.sup.2 and a modulus of elasticity of 16.0 ton/mm.sup.2.
PAR  As apparent from the above, it will be understood that the treatment with
      the particular reducing liquid contributes to the improvement of the
      tensile strength and modulus of elasticity of the carbon fibers.
PAC  EXAMPLE 3
PAR  A filament tow of acrylonitrile fibers produced from a copolymer consisting
      of 97 mol % acrylonitrile and 3 mol % acrylic acid was treated in the same
      manner as in Example 2 except for using as the reducing liquid a liquid
      prepared 7 parts of calcium dithionite, 1 part of sodium
      .beta.-anthraquinonesulfonic acid and 100 parts of water. Carbon fibers
      were obtained which had a tensile strength of 240 kg/mm.sup.2 and a
      modulus of elasticity of 17.0 ton/mm.sup.2.
PAR  On the other hand, when the reducing liquid was replaced with water, the
      tensile strength and the modulus of elasticity of the carbon fibers were
      only 190 kg/mm.sup.2 and 15.6 ton/mm.sup.2, respectively.
PAC  EXAMPLE 4
PAR  A filament tow of acrylonitrile fibers produced from a copolymer consisting
      of 94 mol % acrylonitrile and 6 mol % methyl acrylate was treated in the
      same manner as in Example 1 except for using as the reducing liquid a
      liquid prepared from 1 part of calcium dithionite and 100 parts of water.
      The thus-obtained carbon fibers had a tensile strength of 65 kg/mm.sup.2
      and a modulus of elasticity of 18.8 ton/mm.sup.2.
PAR  On the other hand, when the fibers were not subjected to treatment with a
      reducing liquid, carbon fibers were obtained which had a tensile strength
      and a modulus of elasticity as low as 180 kg/mm.sup.2 and 13.5
      ton/mm.sup.2, respectively, both of which were unsatisfactory.
PAC  EXAMPLE 5
PAR  A filament tow of acrylonitrile fibers produced from a copolymer consisting
      of 90 mol % acrylonitrile, 4 mol % methacrylic acid and 6 mol % methyl
      methacrylate was treated in the same manner as in Example 1 except for
      using as the reducing liquid a liquid prepared from 3 parts of quinhydrone
      and 100 parts of water. The thus-obtained carbon fibers had a tensile
      strength of 245 kg/mm.sup.2 and a modulus of elasticity of 19.1
      ton/mm.sup.2.
PAR  On the other hand, when the fibers were not subjected to treatment with a
      reducing liquid, carbon fibers were obtained which had a tensile strength
      and modulus of elasticity as low as 170 kg/mm.sup.2 and 14.4 ton/mm.sup.2,
      respectively.
PAR  From the above experiments, it has become apparent that the tensile
      strength and modulus of elasticity of carbon fibers can be markedly
      improved by the treatment with the reducing liquid according to the
      present invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for producing carbon fibers which comprises (a) treating
      preoxidized fibers produced by heating acrylonitrile fibers in an
      oxygen-containing atmosphere at a temperature between 150.degree.C and
      400.degree.C with a reducing liquid containing at least one compound
      selected from the group consisting of thiosulfuric acid, polythionic acid,
      dithionic acid, sulfurous acid, pyrosulfurous acid dithionous acid
      (H.sub.2 S.sub.2 O.sub.4) and their salts, and (b) thereafter carbonizing
      or graphitizing the thus treated fibers in a non-oxidizing atmosphere at a
      temperature above 800.degree.C.
NUM  2.
PAR  2. The process for producing carbon fibers as claimed in claim 1 wherein
      the reducing liquid is an aqueous solution containing a dithionite salt
      and a .beta.-anthraquinone sulfonate salt.
NUM  3.
PAR  3. The process as claimed in claim 1 wherein the preoxidized fibers after
      being subjected to reducing liquid treatment are introduced into a
      carbonizing furnace without contact with the outer atmosphere and then
      carbonized or graphitized.
NUM  4.
PAR  4. The process for producing carbon fibers as claimed in claim 1 wherein
      the reducing liquid is maintained at a pH above 10.
NUM  5.
PAR  5. The process for producing carbon fibers as claimed in claim 1 wherein
      the reducing compound in the reducing liquid is in concentration of 1 to
      50% by weight.
NUM  6.
PAR  6. The process for producing carbon fibers as claimed in claim 1 wherein
      the reducing liquid is maintained at a temperature below 100.degree.C.
NUM  7.
PAR  7. The process for producing carbon fibers as claimed in claim 1 wherein
      the reducing liquid contains water as the medium.
NUM  8.
PAR  8. The process as claimed in claim 1 characterized in that the preoxidized
      fibers are treated for 1 to 60 minutes in the reducing liquid.
NUM  9.
PAR  9. The process for producing carbon fibers as claimed in claim 1 wherein
      the acrylonitrile fiber is a fiber made from an acrylonitrile homopolymer
      or an acrylonitrile copolymer containing acrylonitrile in an amount of at
      least 80 mol % and another ethylenically unsaturated compound.
NUM  10.
PAR  10. The process for producing carbon fibers as claimed in claim 9 wherein
      the acrylonitrile fiber is a fiber made from an acrylonitrile copolymer
      containing at least 90 mol % acrylonitrile.
NUM  11.
PAR  11. The process for producing carbon fibers as claimed in claim 1 wherein
      the oxygen-containing atmosphere is air.
NUM  12.
PAR  12. The process for producing carbon fibers as claimed in claim 1 wherein
      the non-oxidizing atmosphere is nitrogen.
NUM  13.
PAR  13. The process for producing carbon fibers as claimed in claim 1 wherein
      the treated fibers are carbonized in a non-oxidizing atmosphere at a
      temperature of from 800.degree. to 2000.degree.C. and thereafter
      graphitized in a non-oxidizing atmosphere at a temperature of from
      2000.degree. to 3500.degree.C.
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ABST
PAL  A process for the production of chlorine dioxide, chlorine and an inorganic
      salt comprising reacting an aqueous solution of a chlorate with
      hydrochloric acid under reduced pressure at a temperature near the boiling
      point of said solution, withdrawing produced chlorine dioxide, chlorine
      and water vapor from said solution, replenishing said solution with an
      additional amount of chlorate and acid, saturating said solution with a
      cation of said chlorate and an anion of said acid and crystallizing in
      said solution, a salt of the cation of the chlorate and the anion of the
      said acid.
PARN
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of Ser. No. 589,114, filed Oct.
      24, 1966, and now abandoned.
BSUM
PAR  This invention relates to the production of chlorine dioxide, chlorine and
      an inorganic salt of a strong mineral acid by a novel process utilizing a
      combination generator-evaporator-crystallizer. More particularly, the
      present invention relates to a process for producing chlorine dioxide
      while simultaneously producing and crystallizing under the same reaction
      conditions a salt of the strong acid used, while controlling the amount
      and type of salt crystallized.
PAR  Numerous processes are known for the production of chlorine dioxide by the
      reaction of a chlorate with a reducing agent in the presence of a strong
      acid. Many of these processes have particularly desirable advantages but
      are usually attended by certain disadvantages. Even many of the more
      desirable processes result in the production of excessive amounts of
      by-products which frequently cannot be economically recovered or used. For
      instance, in the bleaching of wood pulp, although some of the strong acid
      by-product from chlorine dioxide generating processes can be used for the
      manufacture of tall oil, numerous pulping operations do not result in the
      production of tall oil and in these instances, the excess acid must be
      either wasted or recovered by additional expensive operations.
PAR  Another by-product of many chlorine dioxide processes is sodium sulfate or
      another metal sulfate salt. This salt previously could only be recovered
      from solution in acidic by-product streams by complex and expensive
      methods. Sodium sulfate can be used to make up wood pulp digestion liquors
      but only to the extent needed to make up losses of sodium and sulfur in
      the pulp cooking process. Modern bleaching processes have less and less
      loss of sodium and sulfur (to minimize air and stream pollution) and hence
      the requirements for sodium sulfate make-up are decreasing. This leaves a
      net excess of sodium sulfate from many chlorine dioxide processes.
PAR  Therefore, it has become highly desirable to provide a method for
      generating chlorine dioxide in a manner whereby the amount of by-products
      produced can be controlled on a day-to-day basis to suit the best
      economics of the bleach mill while providing a convenient and simplified
      method for recovering the desired amount of such by-products.
PAR  It is an object of the present invention to provide a method for producing
      chlorine dioxide wherein the amount of metal salt produced and the type
      thereof can be controlled in the process on a day-to-day basis. It is
      another object of this invention to provide a novel method of producing
      chlorine dioxide while simultaneously recovering under the same reaction
      conditions, a metal salt of the strong acid from the chlorine dioxide
      generating solution. A further object of the present invention is to
      provide a method whereby chlorine dioxide can be produced while reducing
      the amount of strong acid required and eliminating the effluent stream of
      waste acid values. Yet another object of the present invention is to
      provide a simplified method for recovering an inorganic salt of the strong
      acid while eliminating the need for refrigeration and/or other auxiliary
      concentrating and crystallizing equipment. These and other objects will
      become apparent to those skilled in the art from the description of the
      invention which follows.
PAR  In accordance with this invention, there is provided an improvement on a
      continuous process for the production of chlorine dioxide, chlorine and an
      inorganic salt wherein a reducing agent is continuously introduced into an
      aqueous reaction solution maintained from about 1-12 normal in mineral
      acid and from 0.005 to about 3.5 molar in chlorate at a temperature
      between about 30.degree. to about 90.degree. centigrade to produce
      chlorine dioxide and a solid inorganic salt, the improvement which
      comprises conducting said continuous process by introducing hydrochloric
      acid as the reducing agent into a unilocular vessel containing said
      reaction solution under reduced pressure of from 50 to about 600
      millimeters mercury absolute, wherein said pressure is coordinated with
      the temperature of the reaction solution to effect the evaporation of
      water from said aqueous reaction solution at a rate sufficient to maintain
      a substantially constant volume of reaction solution, whereby chlorine
      dioxide and chlorine are continuously generated and removed from said
      vessel in admixture with said evaporated water and said inorganic salt is
      crystallized from said aqueous reaction solution in said unilocular vessel
      and recovered.
PAR  The process of this invention provides for the production of chlorine
      dioxide, chlorine, a smaller amount of sulfate salt than is produced when
      sulfuric acid is employed as the mineral acid in conjunction with a metal
      chloride reducing agent and results in no acid effluent from the
      unilocular generator-evaporator-crystallizer vessel. Thus, only desired
      products, utilizeable in bleaching operations are produced without the
      acid effluent disposal problem and consequent pollution of surface water
      which attends the operation of conventional chlorine dioxide generating
      systems of the commercial art.
PAR  By the expression -- unilocular vessel -- applicants mean a vessel
      containing one chamber free from internal zoneing structure within its
      envelope. The process steps involving the generation of chlorine dioxide,
      chlorine, formation of a solid inorganic salt and the evaporation of water
      from the reaction solution, all occur within the same solution, at the
      same site within the unilocular vessel, the necessary reactants being
      continuously introduced into the reaction solution and the gaseous
      products of reaction being continuously withdrawn in admixture with water
      vapor while the solid inorganic salt simultaneously and continously
      separates from the reaction solution.
PAR  The present invention overcomes numerous difficulties of prior art
      processes while incorporating a wide degree of flexibility in the amount
      of salt produced in the process and the type of salt produced thereby.
      Further, the process provides a method for simultaneously generating
      chlorine dioxide and crystallizing the desired salt under the same
      reaction conditions in an amount commensurate with the needs of a
      particular total bleaching process. The greatly improved economics of such
      process is immediately apparent from the description herein and the
      simplicity thereof satisfies a long felt need in the art.
DRWD
PAR  The invention will be described more fully by reference to the drawing
      which is a partial schematic and flow sheet of the present invention.
DETD
PAR  The present invention may utilize any chlorate salt as the source of the
      generated chlorine dioxide. However, metal chlorates, particularly alkali
      metal chlorates, such as sodium, potassium, lithium, rubidium and cesium
      and alkaline earth metals such as calcium and magnesium are most commonly
      used. Of these, sodium chlorate is preferred because of its ready
      availability commercially and its normally lesser cost. Therefore, the
      invention, as more fully described herein, will be directed more
      particularly to sodium chlorate as the chlorate salt. However, it is
      recognized that in place of sodium chlorate, other inorganic chlorates can
      be utilized to obtain correspondingly good results.
PAR  Through the use of hydrochloric acid as the reducing agent for conversion
      of a chlorate to chlorine dioxide and chlorine in acidic aqueous medium,
      the amount of cation present in the reaction solution may be controlled to
      increase or decrease the amount of inorganic salt produced. Thus, where
      sulfuric acid is employed as the mineral acid and hydrochloric acid is
      employed as the sole reducing agent, an amount of metal sulfate or
      bisulfate will be produced, depending upon the average acidity of the
      reaction solution, corresponding to the amount of metal chlorate supplied
      to the reaction solution. When an increased production of the sulfate salt
      is desired, a portion of the reducing agent introduced into the reaction
      solution may be in the form of a metal chloride salt. The additional
      cation concentration increases the amount of insoluble metal sulfate.
PAR  When an amount of sulfate salt is desired which is less than the amount
      produced in the process employing sulfuric acid as the mineral acid and
      hydrochloric acid in stoichiometric amount to serve solely as a reducing
      agent, the amount of hydrochloric acid in the reaction solution may be
      increased so that the hydrochloric acid serves a dual function as a
      reducing agent and as a portion of the mineral acid. Thus, by proper
      control of the acids in the reaction solution, a mixed inorganic salt
      product may be prepared which is composed of a metal chloride and a metal
      sulfate. These salts are readily separable, based upon their solubility in
      water. The mixed chloride-sulfate salt may be used directly to provide the
      Na and S values for the chemical recovery system of the pulp mill.
      Likewise, the mixed chloride-sulfate salt product may be recovered, stored
      and reused in chlorine dioxide production as the source of a reducing
      agent and to recover any acid values in the bisulfate salt form at a
      subsequent period of greater demand for the neutral sulfate salt.
PAR  The chloride used as a supplemental reducing agent can be any metal
      chloride such as the alkali metal or alkaline earth metals named above.
      However, when a chloride is used as a partial replacement for hydrogen
      chloride, it is normally preferred to use a chloride salt having a cation
      corresponding to the cation of the chlorate. In most instances, the
      chloride salt is an alkali metal chloride such as sodium chloride.
      Therefore, the invention will be described more fully with respect to the
      use of sodium chloride as the chloride salt. However, it is recognized
      that other inorganic chlorides can be used in the same manner to obtain
      correspondingly good results.
PAR  The strong mineral acid utilized in this invention may be any strong acid
      other than HCl, such as sulfuric, phosphoric and chloric acid. Sulfuric
      acid is normally the preferred strong mineral acid for commercial use
      because of its ready availability, low cost and the usual desirability to
      utilize a sulfate salt in other related bleaching and pulping processes.
      Therefore, the invention will be described more particularly with
      reference to the use of sulfuric acid as the supplemental strong acid.
      However, it is recognized that other strong acids can be used with
      correspondingly good results to thereby obtain the corresponding salt of
      the strong acid.
PAR  The primary reaction involved in the present chlorine dioxide generating
      process is represented by the equation:
EQU  (1) ClO.sup.-.sub.3 + Cl.sup.- + H.sup.+ .fwdarw. ClO.sub.2 + 1/2 Cl.sub.2
      + H.sub.2 O
PAL  When the chloride ion is supplied solely as hydrogen chloride and sulfuric
      acid is used as the strong mineral acid, the amount of sulfate produced is
      equal to about one-half of that produced when all of the chloride ion is
      supplied as a metal chloride. Because it is desirable to reduce the amount
      of sulfate salt formed to that commensurable with the demand in a given
      pulping operation, the process normally has chloride ion supplied as
      hydrogen chloride in the range of 5 to 100 per cent of the chloride ion
      requirement. The reaction thus proceeds primarily according to equation
      (2) As the amount of chloride ion supplied as metal chloride increases,
      the amount of sodium sulfate by-product is correspondingly increased
      according to equation (3). When HCl is used as the reducing agent and to
      supply the acidity of the strong mineral acid, a chloride salt is produced
      rather than a sulfate salt according to equation (4).
EQU  (2) 2NaClO.sub.3 +  2HCl + H.sub.2 SO.sub.4 .fwdarw.  2ClO.sub.2 + Cl.sub.2
      + Na.sub.2 SO.sub.4 +  2H.sub.2 O
EQU  (3) 2NaClO.sub.3 +  2NaCl + 2H.sub.2 SO.sub.4 .fwdarw.  2ClO.sub.2 +
      Cl.sub.2 +  2Na.sub.2 SO.sub.4 + 2H.sub.2 O
EQU  (4) 2NaClO.sub.3 +  4HCl .fwdarw. 2ClO.sub.2 + Cl.sub.2 +  2NaCl + 2H.sub.2
      O
PAL  When the reaction is run in accordance with equation (4) the reaction is
      preferably run at the higher temperature described herein wherein the
      chlorate is more soluble than the chloride salt thus eliminating
      crystallizing the chlorate salt with the chloride salt when operating at a
      high chlorate concentration. The chloride salt recovered can be returned
      to an electrolytic process for the production of more chlorate.
PAR  In the present invention, when using sulfuric acid, the chloride used acts
      as a reducing agent. The chloride used in the process is preferably
      hydrogen chloride which can be supplemented with a metal chloride to
      control the yield of metal sulfate salt. The hydrogen chloride is used in
      gaseous or aqueous form, such as anhydrous HCl, aqueous hydrochloric acid,
      or a combination thereof. When sodium chloride is used as part of the
      chloride, it is used to replace that amount of the HCl reducing agent
      sufficient to increase the metal cation concentration of the reaction
      solution and the amount of inorganic salt produced up to about 95 percent
      of the hydrogen chloride. By varying the amount of sodium chloride
      utilized in the process as the reducing agent, and substituting,
      therefore, hydrogen chloride, the amount of alkali metal salt produced can
      be reduced by as much as about 50 per cent. Such a reduction is highly
      desirable in pulping operations wherein water pollution abatement controls
      are pursued such as those which result in the recovery of large amounts of
      sulfate waste for recycle in the pulping process.
PAR  In considering the use of hydrogen chloride as a reducing agent, one
      skilled in the art would expect that it would be inoperable because of the
      high vapor pressure of hydrogen chloride in aqueous solutions,
      particularly under the present conditions of reaction near the boiling
      point of the solution. However, under the operating conditions, and in the
      concentrations utilized, it has been found that hydrogen chloride can be
      successfully utilized without the expected loss through volatilization to
      achieve an unexpectedly good and desirable method of operation. Hydrogen
      chloride losses can be almost entirely eliminated, especially by utilizing
      certain techniques in adding the chloride to the reaction generator. When
      gaseous HCl is used, it is preferred to bubble the gas into the reaction
      mixture in the generator below the liquid surface. Another method is to
      mix the HCl with the reaction solution prior to subjecting it to the
      reduced pressures of the generator. These and other techniques will become
      apparent to those skilled in the art from the description herein.
PAR  The process of the present invention is preferably effected by feeding a
      solution of chlorate, which can include a metal chloride when used to a
      single chamber, combination generator-evaporator-crystallizer 10 via lines
      12 and 14. The chlorate solution is maintained at the desired generator
      temperature by means of a heating and temperature control in a recycle
      recirculation system. Alternatively, heating means can be utilized within
      or about the generator-evaporator-crystallizer 10. Strong acid in an
      amount required to maintain the acid normality in a desired range in the
      generator are also fed to the generator-evaporator-crystallizer 10 via
      lines 14 and 16.
PAR  The unilocular generator-evaporator-crystallizer is operated under a
      reduced pressure of about 50 to 600 millimeters of mercury absolute and
      more preferably in the range of about 100 to 400 millimeters of mercury
      absolute. The heating means and temperature control system supply
      sufficient heat to the unilocular generator-evaporator-crystallizer to
      volatilize sufficient water within the generator to maintain the generator
      liquid level substantially constant by removing water of reaction and the
      excess water fed with chlorate, chloride and acid solutions. The feed rate
      and concentrations thereof regulate the desired reaction concentrations of
      chlorate, chloride and acid normality within the generator. The pressure
      is reduced to correspond to the boiling point of the reaction solution.
      Thus, the temperature used can be from 0.degree. to about 95.degree.
      centigrade. More preferably, a temperature of about 30.degree. to
      90.degree. centigrade is used and most preferably, a temperature of about
      40 to 85.degree.  centrigrade is used.
PAR  Chlorine and chlorine dioxide are produced in the reaction. These gases,
      diluted with water vapor, are removed from the reactor via line 18 and
      passed via line 20 to a chlorine dioxide and chlorine recovery system. A
      pressure reducing means is in communication via line 26 with the
      generator-evaporator-crystallizer 10. The water vapor being removed with
      the ClO.sub.2 and Cl.sub.2 is sufficient to dilute the chlorine dioxide to
      a safe concentration thereby eliminating any danger of explosive
      concentrations of chlorine dioxide.
PAR  In operating the generator under reduced pressure, circulation is effected
      by withdrawing a stream of liquor via line 22 by means of pump 24, passing
      it through a heating means and a temperature control system and returning
      it via line 14 to the generator. Thus, the reactor is maintained at the
      desired temperature to effect the volatilization of water along with the
      chlorine dioxide and chlorine generated at the desired pressure.
PAR  Having established the temperature-pressure operating conditions, the
      desired chlorate and chloride ratio is achieved by feeding the chlorate
      and chloride to the generator at a rate and concentration commensurate
      with the reaction. The concentration of chlorate ion in the generator can
      be maintained anywhere within a mole concentration of about 0.005 to just
      below the solubility limit which is about 3.5 molar at the higher
      temperatures. The concentration of chloride ion can also be maintained
      anywhere within a mole concentration of about 0.001 to just below the
      saturation point when a strong mineral acid is used in conjunction with
      hydrochloric acid as the reducing agent. Saturation of sodium chloride is
      about 3 molar, depending on the other ion concentrations. Most preferably,
      the chloride to chlorate mole ratio is about equal molar or within about
      20 per cent of equal molar at about 2 to 3 normal acid and most preferably
      about 2.5 normal acid.
PAR  Having established the parameters of chlorate and chloride concentration,
      the amount of strong acid used can be determined. The concentration of
      acid desired is dependent on the rate of reaction desired, the operating
      temperature and the type of sulfate salt desired. Most economical use of
      sulfuric acid is effected by retaining the acid normality within the
      generator below about 4.4  thereby effecting the crystallization of
      primarily neutral sodium sulfate when sodium is the chlorate anion. At
      higher acid concentrations, such as above 4.5 an acid sulfate salt is
      produced. Such a higher acid concentration is sometimes desirable even
      with the loss of acid values in producing an acid sulfate, when a faster
      rate of reaction is required without the use of a catalyst. However, using
      a lower acid normality, a superior reaction efficiency is obtained by
      using a catalyst for the reaction. The increase in efficiency of ClO.sub.2
      production compensates adequately for any change in the overall reaction
      rate. The catalysts which are most effective are vanadium pentoxide,
      silver ions, manganese ions, dichromate ions and arsenic ions as well as
      mixtures thereof. Thus, the acid normality is normally from about 1 to 12
      with about 4.5 to 12 being preferred for the production of an acid sulfate
      salt and a normality of 1 to about 4.4 producing a neutral sulfate salt.
PAR  Having established the parameters of acid, chlorate and chloride
      concentration, the generator is operated under the pressure and
      temperature conditions stated, thereby increasing the sodium and sulfate
      values in the reaction solution by further addition of reactants until a
      saturated condition is reached with respect to sodium and sulfate ions
      thereby precipitating a sodium sulfate salt. In the same manner, if HCl is
      the only strong acid utilized, sodium chloride is precipitated and with
      other alkali metals and alkaline earth metals, the corresponding metal
      chloride salt is precipitated. Furthermore, the saturation point with
      respect to sodium chloride and sodium sulfate may concur to form a mixed
      chloride sulfate salt.
PAR  Having set the parameters of acid concentration the type of sodium salt
      precipitated will be effected additionally by the particular generator
      operating temperature particularly when sodium is the cation. At operating
      temperatures above about 25.degree. centigrade, an anhydrous sodium salt
      is precipitated. However, at temperatures below about 25.degree.
      centigrade, one or a mixture of the various hydrated sodium sulfate salts
      are crystallized. Normally, the higher hydrates are crystallized at the
      lower temperatures. It is often desirable to effect the crystallization of
      a hydrate such as the mono or sesqui hydrate to thereby aid in the removal
      of substantial amount of water from the generator. Thus, it will readily
      become apparent to those skilled in the art that the particular parameters
      of the reaction can be readily selected to recover the desired type and
      form of sulfate salt as well as the quantity of the sulfate salt.
PAR  As the concentration of sodium and sulfate ions increases to the saturation
      point, sodium sulfate crystals begin to crystallize from the reaction
      solution. The crystals settle to the bottom of the reactor from which they
      may be withdrawn with a portion of mother liquor, via line 28, generally
      as a slurry, separated from the mother liquor and the mother liquor
      returned to the generator.
PAR  Although an inert gas is normally not required nor used in the present
      process to dilute the chlorine dioxide generated, some gas such as air,
      nitrogen or the like can be blown or drawn through the reactor to
      facilitate the evaporation of water from the generator. The use of an
      inert gas is particularly beneficial when operating below the boiling
      point of the reaction solution.
PAR  The present invention has been described with respect to a number
      parameters within the scope of the present invention about which the
      reaction is readily effected. However, this is not to be construed to mean
      that every possible combination of values from within the aforementioned
      operating ranges may be selected, as those skilled in the art will
      appreciate, to obtain the most desirable operating conditions. However,
      for every value in any given range there is a range of corresponding
      values which fall within the broad ranges within which the process is
      desirably practiced. For instance, low acidities such as below about one
      normal are preferably not used because, under these conditions, operation
      at the highest permissable temperature may result in too low a production
      rate of chlorine dioxide, chlorine and metal salt from a practical point
      of view. It is also to be noted that while the particular ratio of
      chloride to chlorate can be varied widely, such outer limits as wherein a
      large excess of chloride ion is used with respect to chlorate, may result
      in the production of more than the desired amount of chlorine along with
      the chlorine dioxide. Therefore, from a practical point of view, the mole
      ratio of chloride to chlorate in the feed solution to the reaction vessel
      is preferably between about 0.8 : 1 to 6 : 1 chloride to chlorate.
      However, in the extreme end of these ranges, under certain temperatures of
      reaction, particularly, low temperatures, sodium chlorate may be
      precipitated along with the alkali-metal sulfate. Thus, the most preferred
      ratio of the solution is within the mole ratio of about 1:1 to 1.6:1
      chloride to chlorate.
PAR  The following examples illustrate certain preferred embodiments of the
      present invention. Unless otherwise indicated, all parts and percentages
      used herein are by weight and all temperature are in degrees centigrade.
PAC  EXAMPLE 1
PAR  The process utilized in this invention was effected utilizing a flow scheme
      as illustrated in the drawing to produce a gaseous mixture of chlorine
      dioxide and chlorine and a sodium sulfate salt. The reaction was effected
      by establishing a generator-evaporator-crystallizer temperature of about
      75.degree. to 79.degree. centigrade at a pressure of about 200 millimeters
      of mercury absolute. The reactor was continuously fed with an aqueous
      solution of 4.22 molar sodium chlorate at a rate of about 400 parts per
      hour in addition to 294 parts per hour of 37 per cent aqueous hydrochloric
      acid and 50 per cent aqueous sulfuric acid at a rate of 252 parts per
      hour. A stream of generator liquor was continuously withdrawn from the
      reactor by means of a thermosiphon heat pump, heated to an elevated
      temperature and returned to the reactor thereby retaining the reactor
      temperature at the desired range.
PAR  Upon commencing the reaction, the concentration parameters were quickly
      established at a generator acidity of about 4.4 normal. The chlorine
      dioxide and chlorine produced in the reaction was withdrawn with diluting
      amounts of water vapor from the reactor and passed through a chlorine
      dioxide and chlorine recovery system. After operating the reaction for a
      period of time, the concentration of sodium and sulfate ions reached the
      saturation point and crystallization was observed in the reactor. The
      crystals settled to the bottom of the reactor as they formed from which
      they were withdrawn either continuously or periodically with a small
      portion of mother liquor. The crystals were separated from the mother
      liquor and the mother liquor was returned to the reactor. Analysis of the
      crystals formed indicated that they were primarily anhydrous neutral
      sodium sulfate with minor amounts of anhydrous sodium acid sulfafe.
PAR  The gases generated were analyzed for chlorine, hydrogen chloride, and
      chlorine dioxide. The loss of hydrogen chloride from the reactor was found
      to be negligible. The amount of chlorine dioxide produced was determined
      by absorption in a potassium iodide solution. Under the conditions of
      reaction, the gram atom per cent yield of chloride dioxide was 41.5.
PAR  In the same manner, potassium chlorate, lithium chlorate, calcium chlorate,
      rubidium chlorate and cesium chlorate as well as mixtures thereof are
      substituted for the sodium chlorate to obtain correspondingly good
      results.
PAC  EXAMPLE 2
PAR  This example illustrates the production of chlorine dioxide, chlorine and
      sodium acid sulfate by the present process. The process of Example 1 is
      followed using the same sodium chlorate and hydrogen chloride feed rates
      while increasing the sulfuric acid concentration in the reactor to an acid
      normality of about 10 normal. Under the same reaction conditions of
      temperature, sodium chlorate and hydrogen chloride concentrations, the
      rate of reaction is increased and the gram atom per cent yield of chlorine
      dioxide is also increased to about 45 per cent. Crystallization is again
      observed in the reactor after establishing the parameters of operation.
      The crystalline material is periodically or continuously withdrawn from
      the reactor, separated from the mother liquor and the mother liquor
      returned to the reactor. The crystals obtained are substantially anhydrous
      sodium acid sulfate.
PAC  EXAMPLE 3
PAR  This example illustrates the production of chlorine dioxide, chlorine and a
      hydrated sodium sulfate salt by the present process. The reaction was
      again effected according to Example 1 utilizing similar chlorate, hydrogen
      chloride and sulfuric acid feed rates to establish similar concentrations
      within the reactor and a generator acidity of about 4.4 normal. The
      pressure within the reactor is reduced to about 5 to 30 millimeters of
      mercury absolute, thus setting a reactor boiling temperature of about
      20.degree. to 25.degree. centigrade. Chlorine dioxide and chlorine are
      again produced in the reaction with a correspondingly decrease in the rate
      of reaction but at a commensurable gram atom per cent yield of chlorine
      dioxide. The reaction efficiency for ClO.sub.2 production can be increased
      by means of a catalyst for the reaction. Crystallization again occurs in
      the reactor as the saturation point is reached and the crystals formed are
      periodically or continuously removed from the reactor with a stream of
      mother liquor. The crystals are separated from the mother liquor and the
      mother liquor returned to the reactor. The crystals obtained are
      substantially monohydrated sodium sulfate crystals with minor amounts of
      monohydrated sodium acid sulfate and sodium sulfate sesquihydrate.
PAR  In the same manner, the method of Example 2 is operated at the parameters
      of temperature and pressure of Example 3 to obtain hydrated crystals of
      primarily sodium acid sulfate. In operating at the lower temperatures,
      substantial amounts of water are removed from the reaction generator by
      means of water of crystallization, thus reducing the amount of water to be
      removed by vaporization. Under conditions of low temperature and low
      acidity, the use of a catalyst is particularly beneficial to increase the
      efficiency of the reaction and the gram atom per cent yield.
PAC  EXAMPLE 4
PAR  This example illustrates the use of a mixture of hydrochloric acid and
      sodium chloride as the chloride reducing agents supplied to the reactor to
      thereby increase the production of sodium sulfate to obtain the desired
      sodium sulfate production commensurable with the requirements of a given
      pulping operation.
PAR  To increase the amount of sodium sulfate produced in Example 1 by 25 per
      cent only a partial substitution of sodium chloride for some of the
      hydrochloric acid is used. All operating conditions, including generator
      temperature, pressure and acidity are the same as those of Example 1. The
      reactor is fed an aqueous solution of 2.4 molar sodium chlorate, 0.6 molar
      sodium chloride at a rate of 169 moles per hour of sodium chlorate and
      42.3 moles per hour of sodium chloride. An aqueous solution of 37 per cent
      hydrochloric acid is also fed to the reactor at a rate of 317 moles per
      hour.
PAR  Sulfuric acid at a 50 per cent concentration is fed to the reactor as the
      strong acid supplement at a rate of 216 moles per hour.
PAR  At the given feed rates, the same production rate of chlorine dioxide and
      chlorine as that of Example 1 is obtained with the amount of sodium
      sulfate produced being increased from the 85 moles per hour rate of
      Example 1 to 106 moles per hour in the present example.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a continuous process for the production of chlorine dioxide, chlorine
      and an inorganic salt wherein a reducing agent is continuously introduced
      into an aqueous reaction solution maintained from about 1-12 normal in
      mineral acid and from 0.005 to about 3.5 molar in chlorate at a
      temperature between 30.degree. to about 90.degree. centigrade to produce
      chlorine dioxide and a solid inorganic salt, the improvement which
      comprises conducting said continuous process by introducing hydrochloric
      acid as the reducing agent into a unilocular zone containing said reaction
      solution under reduced pressure of from 50 to about 600 millimeters
      mercury absolute, wherein said pressure is coordinated with the
      temperature of the reaction solution to effect the evaporation of water
      from said aqueous reaction solution at a rate sufficient to maintain a
      substantially constant volume of reaction solution, whereby chlorine
      dioxide and chlorine are continuously generated and removed from said zone
      in admixture with said evaporated water and said inorganic salt is
      crystallized from said aqueous reaction solution in said unilocular zone
      and recovered.
NUM  2.
PAR  2. The process of claim 1 wherein said hydrochloric acid is introduced in
      excess of that amount necessary to provide a stoichiometric quantity of
      reducing agent.
NUM  3.
PAR  3. The process of claim 1 in which said mineral acid is sulfuric acid.
NUM  4.
PAR  4. The process of claim 1 in which said mineral acid is a mixture of
      hydrochloric acid and sulfuric acid.
NUM  5.
PAR  5. The process of claim 1 in which said inorganic salt is at least one
      member selected from the group consisting of a metal sulfate, bisulfate
      and chloride, said metal being the cation of said chlorate reactant.
NUM  6.
PAR  6. The process of claim 5 in which said metal is an alkali metal.
NUM  7.
PAR  7. The process of claim 1 in which the temperature of the reaction solution
      is from about 65.degree. to about 85.degree. centigrade and said pressure
      is from about 100 to about 400 millimeters mercury absolute.
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ABST
PAL  A process for the production of chlorine dioxide and a sulfate salt
      comprising mixing an aqueous solution of a chlorate, sulfuric acid and
      sulfur dioxide, reacting said mixture under reduced pressure near the
      boiling point of said solution at a temperature of 50.degree. to about
      95.degree. centigrade to generate chlorine dioxide, removing water from
      the chlorate solution as water vapor with the generated chlorine dioxide,
      feeding replenishing amounts of aqueous chlorate to said reaction mixture
      to increase the concentration of the cation of said chlorate so as to have
      it exceed the saturation point of the sulfate of said cation under said
      reaction conditions, crystallizing a sulfate salt of said cation from said
      reaction mixture and recovering said sulfate salt.
PARN
PAC  RELATED APPLICATION
PAR  This application is a continuation-in-part of Ser. No. 589,113, filed Oct.
      24, 1966, and now abandoned.
BSUM
PAR  This invention relates to the production of chlorine dioxide under
      conditions whereby a sulfate salt is simultaneously produced under the
      same reaction conditions. More particularly, this invention relates to a
      method of producing chlorine dioxide under reduced pressures, using sulfer
      dioxide as a reducing agent under conditions by which a sulfate salt of
      the cation of the chlorate used is crystallized from the reaction
      solution.
PAR  Numerous processes are known for the production of chlorine dioxide by
      reaction of a strong acid and a chlorate in the presence of a reducing
      agent. Various processes have been suggested for the reaction of an alkali
      metal chlorate in the presence of a strong acid, such as sulfuric acid and
      sulfur dioxide as the reducing agent. While these processes have various
      desirable features, they are usually attended by certain undesirable
      features. In most instances, these processes utilize an excess of strong
      acid which requires recovery steps for economical use of the process.
      Also, most of these processes did not result in a convenient way or
      recovering the alkali metal sulfate by-product without complicated
      concentrating and crystallizing steps which usually involve refrigeration
      to extremely low temperatures.
PAR  It is an object of the present invention to provide a method for producing
      chlorine dioxide while simultaneously recovering a sulfate salt of the
      chlorate cation under the same reaction conditions. It is another object
      of the present invention to provide a simplified method for producing
      chlorine dioxide utilizing sulfur dioxide as the reducing agent, with or
      without an additional reducing agent. These and other objects will become
      apparent to those skilled in the art from the description of the invention
      which follows.
PAR  In accordance with this invention, there is provided an improvement on a
      continuous process for the production of chlorine dioxide and a sulfate
      salt wherein a reducing agent is continuously introduced into an aqueous
      reaction solution maintained from about 1-12 normal in sulfuric acid and
      from 0.005 to about 3.5 molar in a chlorate at a temperature between
      50.degree. to about 95.degree. centigrade to produce chlorine dioxide and
      solid sulfate salt, which comprises conducting said continuous process by
      introducing sulfur dioxide as the reducing agent into a unilocular vessel
      containing said reaction solution under reduced pressure of from 50 to
      about 700 millimeters mercury absolute, wherein said pressure is
      coordinated with the temperature of the reaction solution to effect the
      evaporation of water from said aqueous reaction solution at a rate
      sufficient to maintain a substantially constant volume of reaction
      solution, whereby chlorine dioxide is continuously generated and removed
      from said vessel in admixture with said evaporated water and said sulfate
      salt is crystallized from said aqueous reaction solution in said
      unilocular vessel and recovered.
PAR  The process of this invention provides for the production of chlorine
      dioxide, a smaller amount of sulfate salt than is produced when sulfuric
      acid is employed in conjunction with a metal chloride reducing agent and
      results in no acid effluent from the unilocular
      generator-evaporator-crystallizer vessel. Thus, only desired products,
      utilizeable in bleaching operations are produced without the acid effluent
      disposal problem and consequent pollution of surface water which attends
      the operation of conventional chlorine dioxide generating systems of the
      commercial art.
PAR  By the expression -- unilocular vessel -- applicant means a vessel
      containing one chamber free from internal zoneing structure within its
      envelope. The process steps involving the generation of ClO.sub.2, the
      formation of a solid sulfate salt and the evaporation of water from the
      reaction solution, all occur within the same solution, at the same site
      within the unilocular vessel, the necessary reactants being continuously
      introduced into the reaction solution and the gaseous products of reaction
      being continuously withdrawn in admixture with water vapor while the solid
      sulfate salts simultaneously and continuously separate from the reaction
      solution.
PAR  The present process has numerous advantages over prior art processes of
      producing chlorine dioxide using sulfur dioxide as the reducing agent. In
      particular, the present process produces only the desired product of
      chlorine dioxide and a sulfate salt, both of which are produced utilizing
      a minimum of equipment and operating expense. In addition, the present
      process can be operated in a manner whereby a second reducing agent is
      utilized to increase the yield of chlorine dioxide produced from the
      chlorate and further to increase the amount of sulfate salt produced as
      may be desired in certain pulping and bleaching operation.
DRWD
PAR  The invention will be described more fully by reference to the drawing
      which is a pertial schematic and flow sheet illustrating the invention.
DETD
PAR  The process is operated by establishing the desired reaction solution in
      reactor 10 by feeding an aqueous solution of chlorate via line 12 through
      the heating temperature control means and subsequently to reactor 10 via
      line 14. the temperature within the reactor is maintained between about
      50.degree. and 95.degree. centigrade by establishing a reduced pressure
      within reactor 10 at or near the boiling point of the reaction solution,
      e.g., within about 10.degree. centigrade. On commencing the reaction,
      chlorine dioxide and water vapor are withdrawn via line 16 by means of the
      pressure reducing means to a chlorine dioxide recovery system prior to
      exhausting the residual gases via line 17 through the pressure reducing
      means. Heat and additional chlorate solution are supplied to the reactor
      via a circulating stream of reaction liquors withdrawn from reactor 10 via
      line 18 and line 20. Alternatively, replenishing amounts of chlorate
      solution can be added separately to the reactor. Also, other heating means
      can be used such as heaters within or surrounding the reactor to supply
      the heat requirements.
PAR  The acidity is maintained within the reactor by the addition of sulfur
      dioxide via line 22. On continued operation, the sulfate salt of the
      chlorate cation reaches the saturation point within the reactor and
      commences to precipitate as a sulfate salt. The crystallized salt is
      removed either periodically or continuously from reactor 10 via line 24
      normally as a slurry with a small portion of the mother liquor. The salt
      is separated from the mother liquor, the mother liquor returned to the
      reactor. Of particular economical advantage in the present invention is
      the ability to utilize the same vessel as a combination
      generator-crystallizer-evaporator without any internal structural
      provision for zoneing, thus eliminating the need for special construction
      or auxiliary concentrating, crystallizing and refrigeration equipment.
PAR  The present invention may utilize any chlorate salt as the source of the
      generated chlorine dioxide. However, metal chlorates, particularly alkali
      metal chlorates such as sodium, potassium, lithium, rubidium, cesium, and
      alkaline earth metals, such as calcium and magnesium are most commonly
      used. Of these, sodium chlorate is preferred because of its ready
      availability commercially and its normally less cost. Therefore, the
      invention is more fully described herein with reference to sodium chlorate
      as the chlorate salt. However, it is recognized that in place of sodium
      chlorate, other inorganic chlorates can be utilized to obtain
      correspondingly good results.
PAR  The present invention utilizes sulfuric acid as the acid catalyst for the
      reaction of the chlorate with the reducing agent to produce chlorine
      dioxide. The reaction is effected at an acid normality of about 1 to 12
      normal and more preferably at about 3 to 12 normal. The acid catalyzes the
      reaction and, therefore, the reaction rate is higher at the higher acid
      normalities. However, in utilizing the higher acid normalities above about
      4.5, an acid sulfate salt, such as sodium bisulfate is the predominant
      sulfate salt produced. At lower acid normalities, particularly below about
      4.4 normal, the acid free sulfate salt is the primary salt produced. It is
      often preferred to produce the acid free salt because this reduces the
      loss of acid values from the reaction solution. When operating in the
      lower acidity range, it is therefore preferred to utilize a catalyst for
      the reaction to increase the rate and yield of chlorine dioxide based on
      the chlorate consumed. The preferred catalysts are vanadium pentoxide,
      silver ions, manganese ions, dichromate ions and arsenic ions, as well as
      mixtures thereof. Therefore, to obtain a predominance of the acid free
      sulfate salt, it is preferred to operate the reaction at a generator
      acidity of about 3 to 4.4. To obtain a predominantly bisulfate salt, it is
      preferred to operate the generator at the higher acidity, that is above
      about 4.5 to about 12.
PAR  The reducing agent utilized in the present invention is sulfur dioxide. The
      sulfur dioxide can be supplied in dilute form such as that obtained from
      sulfur burners or as a substantially pure material such as liquefied
      sulfur dioxide or anhydrous sulfur dioxide. Substantially pure sulfur
      dioxide or sulfur dioxide diluted with a minor proportion of inert gases
      is preferred in the present invention to thereby reduce the load on the
      pressure reducing means. If the quantity of air or other inert gases fed
      to the reactor with the sulfur dioxide is large, the pressure reducing
      requirement will be increased to in order to maintain the desired reduced
      pressure.
PAR  The sulfur dioxide fed to the generator replenishes the sulfate ion removed
      from the generator as sulfate salt and maintains the acidity of the
      reactor by reaction of sulfur dioxide with water to form sulfuric acid.
      Thus, the generator acidity is maintained without the addition of further
      amounts of sulfuric acid and, in fact, an outside source of such acid is
      not required. However, in the initial start up, it is often most
      convenient to acidify the reaction solution with sulfuric acid to commence
      the reaction without waiting for a buildup of the acidity to the desired
      level by the addition of sulfur dioxide.
PAR  The sulfur dioxide is preferably added to the reaction solution utilizing
      gaseous dispersion means and/or rapid agitation to give the gas sufficient
      time to dissolve in the reaction solution. Thus, the gas normally enters
      near the bottom of the reactor or is dissolved in a separate stream prior
      to entering the reactor. Agitation means such as stirrer, liquid or
      gaseous jets and the like can be used.
PAR  In addition to sulfur dioxide, an additional reducing agent may be used to
      enhance the reaction efficiency of the reaction. When a chloride salt of
      the same cation as the chlorate is used, the amount of sulfate salt can
      also be increased as desired to satisfy the needs of the particular
      pulping and bleaching operation, while at the same time enhancing the
      efficiency of the reaction. Therefore, a supplementary reducing agent,
      such as methanol and formaldehyde may be used, or more preferably, a
      chloride reducing agent, such as hydrogen chloride or a chloride salt.
PAR  The chloride used can be any chloride salt, particularly a metal chloride,
      such as the alkali metal or alkaline earth metal chlorides, preferably, a
      chloride salt having a cation corresponding to the chlorate cation.
      Although a metal chloride is usually preferred, hydrogen chloride in the
      form of hydrochloric acid, anhydrous HCl, gaseous hydrogen chloride and
      the like and mixtures thereof can be used with correspondingly good
      results.
PAR  when a supplementary reducing agent is used, it is preferable to use about
      1 to about 30 mole per cent or more based on the mole weight of chlorate.
      Particularly good results are obtained using about 2 to 15 per cent based
      on the weight of the chlorate. When a metal chloride is utilized as the
      supplementary reducing agent, a corresponding increase in the metal
      sulfate salt results. Thus, the reaction can be controlled to provide a
      greater or lesser amount of sulfate salt as may be desired in the
      particular pulping and bleaching operation by greater or less additions of
      the metal chloride.
PAR  The unilocular vessel, which can be considered to be a generator,
      evaporator and crystallizer, is operated under a reduced pressure which
      provides a temperature of about 50.degree. to 95.degree. centigrade.
      Depending upon the vapor pressure for the particular reaction solution
      used, the pressure will be in the range of about 50 to 700 millimeters of
      mercury pressure absolute. More preferably, the pressure is set to obtain
      a reaction temperature in the more preferred range of about 65.degree. to
      85.degree. centigrade. Thus, the pressure is most preferably in the range
      of about 100 to 400 millimeters of mercury absolute.
PAR  The concentration of chlorate ion in the aqueous reaction solution can be
      maintained between about 0.005 molar to just below the solubility limit
      thereof which is about 3.5 molar at the higher operating temperatures.
      More preferably, the chlorate concentration is maintained at about 2 to 3
      molar and most preferably at about 2.5 molar. The chlorate concentration
      is maintained at the desired level by adjusting the feed rate.
PAR  The acidity within the reactor is determined by the concentration of acid
      in the initial charge of generator solution.
PAR  The desired sulfate salt may be recovered by control of the average acidity
      of the reaction solution during continuous operation. The average acidity
      is that acidity established as the mean value of any fluctuation in the
      concentration of acid during any given reaction period. Although the
      acidity of the reaction solution may be quite accurately controlled, small
      additions of sulfuric acid may be made continuously or periodically to
      make up acid values not completely satisfied by the rate of conversion of
      sulfur dioxide to sulfuric acid in situ. When a supplementary reducing
      agent is utilized, it can be conveniently fed to the reactor in solution
      with the chlorate. Under such conditions, the concentration of the
      supplementary reducing agent, as when it is a chloride, is maintained
      below the saturation point and preferably below that of the chlorate.
PAR  The scope of the present invention has been described with respect to a
      number of parameters. However, this is not to be construed to mean that
      every possible combination of values from within the aforementioned
      operating ranges may be selected, as those skilled in the art will
      appreciate, to obtain desirable operating conditions. However, for every
      value in a given range, there is a range of corresponding values which
      fall in a broad range within which the process is desirably operated. For
      instance, low acidities, such as below about 1 normal are not used
      because, under these conditions, operations at the highest permissible
      temperatures, result in too low a production rate of chlorine dioxide from
      a practical point of view. However, at the low acidities, improved results
      are best obtained utilizing a catalyst for the reaction, thereby
      increasing the gram atom per cent yield and rate of reaction.
PAR  The following examples illustrate certain preferred embodiments of the
      present invention. Unless otherwise indicated, all parts and percentages
      used herein are by weight and all temperatures are in degrees centigrade.
PAC  EXAMPLE 1
PAR  The process of the present invention was operated as illustrated in the
      drawing, utilizing a unilocular generator-evaporator-crystallizer
      apparatus having a liquid outlet in the lower portion thereof for the
      withdrawal and circulation of reaction solution and a gaseous withdrawal
      means for the withdrawal of generated chlorine dioxide and water vapor in
      communication with the upper portion of the reactor. The gaseous
      withdrawal means passed the gases from the reactor through a condenser
      system and water absorber thereby removing the chlorine dioxide and water
      prior to exhausting the gases through a vacuum pump. A conduit for the
      withdrawal of sulfate salts produced in the reactor was located in the
      bottom portion of the reactor. A sulfur dioxide feed means was also
      located near the bottom of the reactor. A liquid recirculation means
      utilized a thermosiphon heat pump to withdraw reaction solution from the
      reactor, heated it to an elevated temperature and returned the heat
      solution with replenishing amounts of chlorate solution to the reactor.
      The recirculation rate was sufficient to provide a rapid and thorough
      agitation of the reaction solution within the reactor.
PAR  The reaction was commenced by establishing a sulfuric acid concentration of
      about 10 normal in the reactor and a sodium chlorate concentration of
      about 2.5 molar. The solution was placed under a reduced pressure of 200
      millimeters of mercury absolute. Heat was supplied to the reactor to
      maintain the solution at its boiling point, about 75.degree. centigrade
      under the reduced pressure. The acidity of the solution was maintained at
      about 10 normal by feeding anhydrous sulfur dioxide at a rate of 16 parts
      per minute to the reaction solution. The sodium chlorate concentration was
      maintained at the desired level by feeding replenishing amounts of 4.22
      molar sodium chlorate solution at a rate of 54 parts per minute. Agitation
      within the reactor by means of recirculation was maintained at a
      sufficient rate to thoroughly disperse the sulfur dioxide thus causing it
      to be substantially absorbed within the solution. A small amount of
      diluent air was allowed to enter the reactor along with the sulfur dioxide
      to further dilute the produced chlorine dioxide. After reaching steady
      state conditions, chlorine dioxide was produced at the rate of 3.6 parts
      per minute and removed from the reactor along with substantial quantities
      of water vapor. The water removed from the reactor as water vapor was in
      an amount sufficient to maintain a substantially constant level within the
      reactor. On continuing the reaction at the given feed rates, the
      saturation point of the sulfate salt of the sodium ion was reached within
      the reactor and crystallization of a salt was observed within the reactor.
      The salt was periodically removed from the reactor, along with a portion
      of mother liquor. The salt was then separated from the mother liquor by
      filtration and the mother liquor returned to the reactor. Analysis of the
      recovered salt indicated that it was substantially anhydrous sodium
      bisulfate. Analysis of the gas stream being withdrawn from the reactor
      determined that chlorine dioxide was being generated at a 95 per cent
      yield based on the sodium chlorate fed to the reactor.
PAC  EXAMPLE 2
PAR  This example illustrates a method of utilizing a supplementary reducing
      agent to increase the yield of chlorine dioxide based of the chlorate fed
      to the reactor.
PAR  The method and apparatus of Example 1 is repeated utilizing the same
      reaction conditions and feed rates wherein the sodium chlorate solution is
      supplemented with seven mole per cent of sodium chloride based on the
      sodium chlorate. Again, after establishing steady state conditions, a salt
      is observed crystallizing in the generator. Analysis of the chlorine
      dioxide gas withdrawn from the generator indicates that the yield of
      chlorine dioxide based on the sodium chlorate used is increased by about
      three to four per cent utilizing the additional sodium chloride reducing
      agent. Also, an increase in sulfate salts commensurable with the
      additional sodium ion fed to the reactor with the sodium chlorate is
      recovered from the reactor as anhydrous sodium bisulfate.
PAC  EXAMPLE 3
PAR  This example illustrates a method of operating the present invention at a
      lower acidity to produce an increase in sodium acid free sulfate salt. The
      method and apparatus of the Example 1 was utilized wherein the acid
      normality of the reaction solution was about 5.2 normal and the sodium
      chlorate concentration was about 2.8 molar. The solution was subjected to
      a reduced pressure of about 200 millimeters of mercury absolute.
      Sufficient heat was supplied to the reaction solution to maintain the
      solution at the boiling point which was about 75.degree. centigrade.
      Agitation of the solution within the reactor was effected by use of a
      thermosiphon heat pump. The reaction was sustained by feeding replenishing
      amounts of anhydrous sulfur dioxide at a rate of 600 standard parts per
      minute to the reaction solution and sodium chlorate at a rate of about 500
      parts per hour of aqueous 4.22 molar sodium chlorate solution.
PAR  On achieving steady state reaction conditions, a salt was observed
      crystallizing in the reaction solution. The salt was collected and
      periodically removed from the reactor along with a portion of mother
      liquor. The salt was separated from the mother liquor and the mother
      liquor was returned to the reactor for further reaction. Analysis of the
      recovered salt indicated that it was comprised of about 64 per cent
      anhydrous sodium sulfate and about 36 percent anhydrous sodium bisulfate.
      The gases liberated from the generator were analyzed and found to be
      substantially chlorine dioxide with a small amount of chlorine.
PAR  The proportion of sodium sulfate salt to sodium bisulfate salt is further
      increased by reducing the acidity of the reaction solution further to
      below about 4.4 normal. Under such lower acidity operating conditions, it
      is desirable to utilize a catalyst for the reaction to increase the rate
      of reaction and the gram atom per cent yield of chlorine dioxide, and/or
      to utilize a supplementary reducing agent as in Example 2.
PAR  The process of Example 3 is greatly improved utilizing a catalyst for the
      reaction. With a catalyst, the yield of chlorine dioxide based on the
      sodium chlorate utilized is increased up to about a 95 per cent yield or
      higher.
PAR  In the same manner, other chlorates such as potassium chlorate, lithium
      chlorate, cesium chlorate, calcium chlorate, magnesium chlorate, and the
      like are used in the process of Examples 1, 2 and 3 with correspondingly
      good results, thereby producing and recovering a sulfate salt
      corresponding to the cation of the chlorate used.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a continuous process for the production of chlorine dioxide and a
      sulfate salt wherein a reducing agent is continuously introduced into an
      aqueous reaction solution maintained from about 1-12 normal in sulfuric
      acid and from 0.005 to about 3.5 molar in chlorate at a temperature
      between 50.degree. to 95.degree. centigrade to produce chlorine dioxide
      and solid sulfate salt, the improvement which comprises conducting said
      continuous process by introducing SO.sub.2 as the reducing agent into a
      unilocular zone containing said reaction solution under reduced pressure
      of from 50 to about 700 millimeters mercury absolute, wherein said
      pressure is coordinated with the temperature of the reaction solution to
      effect the evaporation of water from said aqueous reaction solution at a
      rate sufficient to maintain a substantially constant volume of reaction
      solution, whereby chlorine dioxide is continuously generated and removed
      from said zone in admixture with said evaporated water and said sulfate
      salt is crystallized from said aqueous reaction solution in said
      unilocular zone and recovered.
NUM  2.
PAR  2. The process of claim 1 in which said sulfate salt is Na.sub.2 SO.sub.4.
NUM  3.
PAR  3. The process of claim 1 in which said sulfate salt is NaHSO.sub.4.
NUM  4.
PAR  4. The process of claim 1 in which said temperature is between about
      65.degree. to about 85.degree. centigrade and said pressure is between
      about 100 to about 400 millimeters mercury absolute.
NUM  5.
PAR  5. The process of claim 1 in which the average acidity of said reaction
      solution is between about 3 to about 4.4 normal sulfuric acid to produce
      Na.sub.2 SO.sub.4.
NUM  6.
PAR  6. The process of claim 1 in which the average acidity of said reaction
      solution is between about 4.5 to about 12 normal sulfuric acid to produce
      NaHSO.sub.4.
NUM  7.
PAR  7. The process of claim 1 in which the concentration of chlorate in said
      reaction solution is from about 2 to about 3 molar.
NUM  8.
PAR  8. The process of claim 1 in which a reducing agent selected from the group
      consisting of a chloride salt, HCl, methanol and formaldehyde is employed
      to supplement the action of SO.sub.2, in an amount from 2 to 15 mole
      weight percent based upon the amount of chlorate present in said reaction
      solution.
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ABST
PAL  Waste synthetic high polymer, especially those containing polyvinyl
      chloride and the like chlorine-containing synthetic resins are heated at
      200.degree.-500.degree.C to thereby form a hot molten bath of fusible
      materials contained in the waste resin mixture and the chlorine-containing
      resins are effectively decomposed in the molten bath kept at the
      temperature of 200.degree.-500.degree.C with the generation of hydrogen
      chloride gas which can be recovered as hydrochloric acid.
PARN
PAR  This is a division of application Ser. No. 231,532, filed Mar. 3, 1972, now
      patented.
BSUM
PAC  DETAILED DISCLOSURE OF THE INVENTION
PAR  The present invention relates to a method for the disposal of waste
      synthetic high polymer (hereinafter occasionally referred to as waste
      synthetic resins or resin wastes). In more particular, it relates to a
      method for the disposal of chlorine-containing resin wastes in mixture
      with other fusible synthetic resin wastes.
PAR  Typical examples of such chlorine-containing resins are polyvinyl chloride,
      copolymers of vinylidene chloride and vinyl chloride such as Saran and
      Kurehalon, copolymers of vinyl chloride and vinyl acetate etc. Examples of
      other fusible synthetic high polymer are polypropylene, polyethylene,
      polystyrene, polyurethane etc.
PAR  Wastes of synthetic high polymer such as polyethylene and polypropylene
      have heretofore been disposed by simply burning them. However, there are
      various difficulties encountered in such a manner of disposal since these
      resin wastes have such a high calorific value and remarkably low
      combustion rate as solid resin that they usually generate a large quantity
      of soot upon burning and the apparatus for burning them is rather
      uneconomical owing to its reduced combustion load.
PAR  There arises another problem requiring special care during the disposing
      operation because such resin wastes usually melt and soften at the initial
      stage of burning when they are burnt as solid resins.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the present invention is to provide a process for the
      effective disposal of the waste mixtures of synthetic high polymer whereby
      the above-mentioned difficulties have been completely overcome and
      hazardous substance generated during the disposal, particularly hydrogen
      chloride, can be completely removed.
PAR  The method of the present invention is characterized by the operation
      comprising:
PA1  A. firstly heating the waste polyolefin mixture at a relatively low
      temperature within the range of 200-500.degree.C to thereby melt a
      relatively thermally stable synthetic high polymer such as polypropylene
      and polyethylene contained in the waste mixture thereby forming a hot bath
      consisting of the molten resins,
PA1  B. decomposing thermally unstable resins, such as, for example, polyvinyl
      chloride and the like chlorine-containing synthetic high polymers, in the
      hot molten bath kept at the temperature of 200-500.degree.C, to thereby
      generate hydrogen chloride gas together with a certain amount of
      hydrocarbon gas while separating them from residual material consisting
      essentially of carbon,
PA1  C. discharging the generated hydrogen chloride gas together with a small
      amount of hydrocarbon gas from the molten bath outside the system and
      simultaneously discharging the residual carbon out of the system.
PAR  Meanwhile, a portion of polypropylene, polyethylene and like waste
      synthetic high polymers comprising the hot molten bath are thermally
      decomposed into a C.sub.2 - C.sub.4 hydrocarbon gas by being heated at a
      temperature of 200.degree.-500.degree.C, but the major proportion thereof
      undergo degradation remain in the system as a molten liquid of lower
      viscosity which exhibits a melting point as low as
      80.degree.-135.degree.C.
PAR  The C.sub.2 -C.sub.4 hydrocarbon gas so generated in this stage is
      withdrawn from the heating furnace together with the hydrogen chloride gas
      generated from polyvinyl chloride and with hexane, propylene and the like
      hydrocarbon gases.
PAR  According to the process of this invention, it has now become possible to
      carry out continuous disposal of waste synthetic high polymers by
      successively feeding them into a heating furnace thereby effecting the
      thermal decomposition of polyvinyl chloride and the like
      chlorine-containing synthetic resin wastes in the hot molten bath while
      dissociating hydrogen chloride gas and residual carbon free from remaining
      chlorine.
PAR  The present invention is characterized in that the mixture of waste
      synthetic high polymers forms upon heating a hot molten thermal medium of
      fusible resins contained in the feed resin mixture while simultaneously
      effecting the thermal decomposition of the chlorine-containing synthetic
      resin wastes in the hot thermal medium accompanied by a
      dehydrochlorination reaction and the disposal of the thermally fusible
      synthetic high polymers such as polyethylene and polypropylene which have
      been efficiently used as the thermal medium.
PAR  The waste disposal process of this invention has the following advantages:
PA1  a. Since the process is carried out in a complete liquid state, the waste
      resin mixture can be easily handled and treated for instance, by conveying
      it with the use of a conventional pump, and it can be burnt off at a high
      combustion load, e.g., by means of spray-burning, in an efficient manner
      as readily as in the case of burning ordinary liquid fuels.
PA1  b. Since the disposal treatment is carried out in a liquid phase, the waste
      synthetic resins to be disposed of can be cast in a mold and formed into
      suitable shapes and sizes, and the molded resin may be re-used or
      discarded conveniently.
PA1  c. Since the thermal medium in the hot bath contains no chlorine any more,
      it can be burnt off without generating any hazardous gases such as
      hydrogen chloride. Moreover, since it contains no chlorine it may be
      discarded immediately or re-used as hydrocarbon resources.
PAR  In addition, it can be burnt off in mixture with town garbages.
PAR  The process of this invention may be adapted also to the disposal of the
      waste synthetic resin consisting wholly of chlorine-containing resins such
      as polyvinyl chloride, and also to the disposal of other waste synthetic
      high polymer containing no chlorine, such as those containing
      thermosetting synthetic resins.
PAR  Depending upon the composition of the synthetic resin wastes to be disposed
      of, it is also possible to admix hot bath-forming materials such as
      polyethylene and polypropylene so as to maintain the conditions, i.e.,
      temperature and viscosity, of the hot bath at constant values.
DRWD
PAR  The present invention is explained in more detail by referring to the
      drawing illustrating a flowsheet of the process in which the numerals used
      indicate:
PA1  1. Heating furnace
PA1  2. Combustion chamber
PA1  3. Inlet line for charging waste synthetic resins
PA1  6. Exhaust line for waste flue gas
PA1  14. Scrubber
PA1  12. Absorber
PA1  8. Residual carbon
PA1  9. Inlet line for hot bath medium and air
PA1  10. Feed line for hydrocarbon and air.
DETD
PAR  Synthetic resin waste to be disposed is charged into a bathtub type heating
      furnace 1 through inlet line 3, and heated therein at a temperature of
      200-500.degree.C, preferably at about 375.degree.C, forming a hot bath of
      molten fusible waste resins contained in the charge stock. The lower
      portion of the furnace is fabricated as a burner 2 into which the molten
      resin contained in the heating furnace is successively fed through inlet
      line 9 together with air and burnt as fuel to give heat for the process.
      Hydrogen chloride generated in the furnace by the thermal decomposition of
      chlorine-containing resins is withdrawn through line 18 and passed to
      absorber 12 in which it is recovered as hydrochloric acid 13. Unabsorbed
      gas taken out of the absorber 12 is then passed to a scrubber 14 where
      unabsorbed hydrogen chloride is further recovered by the spray of water
      from sprayer 15. The recovered hydrochloric acid is recycled to the
      absorber 12 through pump 16. Unabsorbed gaseous effluent leaving the
      scrubber 14, which contains hydrocarbons generated by the thermal
      degradation of the waste resins, is fed to the combustion chamber 2 as
      fuel via lines 11 and 10 by means of a blower 17 together with air.
PAR  In the drawing, number 5 is a waste heat boiler, line 4 represents a
      combustion flue gas line, 6 is a line for exhausting waste flue gas, 7 is
      a stack, 8 is a residual carbon discarding line and 9 is an inlet line for
      the molten resin and air to the burner.
PAR  Hydrogen chloride-containing effluent gas issuing from the heating furnace
      can be used as fuel after recovery of hydrocarbons by the use of a
      condenser, and the hydrogen chloride obtained in the absorber can be
      recovered as hydrochloric acid which may be used as a chemical material or
      may be discarded after being neutralized with Ca(0H).sub.2, NaOH etc.
PAR  The residual carbon formed in the furnace can be used either as fuel or as
      carbon sources in other processes, or may be discarded if desired, after
      being compression-molded into suitable sizes. Since the molten thermal
      medium can be easily sprayed at a temperature above 150.degree.C, it is
      continuously spray-burnt as fuel for heating the furnace.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for the disposal treatment of a mixture of a relatively
      thermally stable waste synthetic high polymer which is fusible at
      temperatures below 500.degree.C and a thermally unstable waste synthetic
      high polymer which includes chlorine containing materials, which
      comprises:
PA1  a. providing a heating vessel;
PA1  b. heating said waste synthetic high polymer in said vessel at a
      temperature of 200.degree. to 500.degree.C, thereby to melt said thermally
      stable portion thereof to form a hot molten bath in said vessel; and
PA1  c. simultaneously with step (b) deomposing said thermally unstable portion
      of said waste synthetic high polymer to form hydrogen chloride and to form
      hydrocarbon gas and removing said hydrogen chloride and hydrocarbon gas
      from said vessel;
PA1  d. separating the removed hydrogen chloride from the hydrocarbon gas and
      burning at least a portion of said hydrocarbon gas as fuel for heating
      said waste synthetic high polymer in step (b); and
PA1  e. after substantially all the chlorine has been removed from said waste
      synthetic high polymer, disposing of said hot molten bath.
NUM  2.
PAR  2. The method of claim 1, wherein said disposal is conducted on a
      continuous basis.
NUM  3.
PAR  3. The method of claim 1 wherein hydrogen chloride generated by the thermal
      decomposition of said chlorine-containing materials is recovered as
      hydrochloric acid.
NUM  4.
PAR  4. The method of claim 1 wherein the disposing of said hot molten bath
      containing said decomposed waste synthetic high polymer is by spray
      burning.
NUM  5.
PAR  5. The method of claim 1 wherein at least a portion of said hot molten bath
      containing said decomposed waste synthetic high polymer is burned as fuel
      for heating said hot molten bath.
NUM  6.
PAR  6. The method of claim 1 wherein the disposing of said hot molten bath
      containing said decomposed waste synthetic high polymer is by casting and
      molding the decomposed resin therein.
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ABST
PAL  Large, strain free, single crystals of high optical quality selected from
      the IB-VB-VIB and IIIB-VB-VIB ternary chalcogenide groups, having a single
      stable solid phase from room temperature to the melting point of the
      crystal and vice-versa, are synthesized by (1) placing stoichiometric
      quantities of the compound constituents with 3% excess VIB constituent in
      a two part, sublimation-reaction fused silica tube, the VB constituents
      being placed in sublimation part, and the remaining constituents being
      placed in the reaction part, and evacuating and sealing the tube, (2)
      subliming and purifying the VB constituent and condensing it in the
      reaction part, which is then cooled and sealed from the sublimation part,
      (3) reacting, uniting and slowly cooling the reaction part constituents,
      (4) placing the reacted constituents in fused silica growth tube, which is
      evacuated, backfilled with helium, and sealed, (5) forming a melt in the
      upper part of a two part furnace and lowering at about 1.8 mm/hr. through
      a greater than 100.degree.C temperature gradient, (6) annealing the single
      crystal in the lower furnace part about one-half the melting point
      temperature and cooling it to room temperature at about 5.degree.C/hr.,
      and (7) removing the crystal by dissolving the tube in hydrofluoric acid.
BSUM
PAR  The present invention relates to a method for the preparation of single
      crystals of ternary chalcogenides selected from the IB-VB-VIB and
      IIIB-VB-VIB Groups of the Periodic Table of Elements in accordance with
      the periodic classifications of Glasstone "The Elements of Physical
      Chemistry", page 19, D. Van Nostrand Company, Inc., 1946, and of Moeller
      "Inorganic Chemistry", pages 122, 125, 126, John Wiley & Sons, Inc., 1952,
      having a single stable solid phase from room temperature to the melting
      point of the crystals and vice-versa.
PAR  Ternary chalcogenides, such as proustite, pyrargyrite, and billingsleyite,
      have been used as non-linear materials, that is, they have an ability to
      produce such optical effects as adding or subtracting electromagnetic
      waves (e.g., frequency doubling), optical heterodyning, and
      electro-optical modulation. Such ternary chalcogenides may be used in
      laser devices to obtain a frequency which is different from the frequency
      applied and as large band gap semiconductors, parametric devices, and
      infrared detectors.
PAR  Ternary chalcogenides found in nature or synthesized by prior art methods
      are not available as large single crystals having a desired sufficiently
      high optical quality without strain or strain cracking. In fact, with the
      exception of proustite and pyrargyrite, the materials encompassed by the
      present invention have not been previously synthesized as single crystals.
      The unavailability of high quality crystals is traceable primarily to the
      presence in the crystal of such anion impurities as oxygen, water vapor,
      and silicon dioxide. The presence of oxygen is particularly troublesome
      because the elements of the VB Group of the Periodic Table have a great
      affinity for combining with oxygen and such anion impurity is not easily
      removable from the VB element and it cannot be practically removed from
      the ternary chalcogenide material once preparation thereof has been
      completed. Another problem exists in the difficulty of synthesizing
      ternary chalcogenides because they tend to supercool, i.e., they cool
      below their melting point but remain as a liquid before suddenly freezing
      out dendritically, thus resulting in a polycrystalline product.
      Furthermore, the control of the physical distribution of the constituent
      materials of the ternary chalcogenides is not easily obtainable.
PAR  The present invention overcomes these and other problems by providing a
      method for synthesizing high optical quality, strain free, single crystals
      of certain ternary chalcogenides. The first step of this method comprises
      the weighing out of the compound constituents in stoichiometric
      proportions with an additional 3% beyond stoichiometric amounts of the VIB
      constituent. The additional VIB element, in particular, sulfur, ensures
      that a high yield of suitable crystal material can be obtained during the
      crystal growing step and the use of the excess VIB element is apparently
      attributable to the fact that the crystal shows pressure sensitive
      retrograde solubility, that is, during crystal growth, a sulfur
      overpressure keeps the sulfur in the crystal; otherwise, the sulfur in the
      crystal would move out of the crystal as the temperature later is lowered,
      the sulfur forming a vapor and condensate. However, before mixing the
      constituents, the VB element must first be purified of oxygen and water
      vapor, and, likewise, the silicon dioxide (fused silica ware) must also be
      purified, which are important steps of the inventive method. Thereafter,
      the mixing of all the constituents must occur without permitting any
      recombination of these anion impurities with the VB element.
PAR  To effect these purification and mixing steps, a special
      sublimation-reaction tube of fused silica is utilized. This tube is
      sufficiently elongated so that the VB constituent can be placed in one end
      thereof, which is used as a sublimation chamber, and the remaining
      constituents, including an additional 3% excess of the VIB constituent,
      can be placed in the other end of the tube, which acts as a
      condensation-reaction chamber. Since the two steps of purification and
      mixture of the constituents takes place in the same tube and since the
      constituents are in a solid form, care must be taken to prevent premature
      mixture of the constituents prior to purification and to avoid subsequent
      mixture of the impurities once the constituents are mixed. Therefore, the
      tube is specially configured so that the sublimation chamber is connected
      to the condensation-reaction chamber by means of a connecting neck having
      a small opening therein. This neck is smaller in diameter than that of the
      chambers and is only so large as to permit passage through the opening of
      only the vapor formed from the VB element. It is also preferred to utilize
      a granular material rather than powder for the remaining IB or IIIB and
      VIB constituents to further prevent mechanical transport of any of the
      constituents, whether contaminated or not. Finally, the neck facilitates
      the sealing off, during a later step, of the reaction chamber from the
      residue and impurities in the sublimation chamber.
PAR  The sublimation chamber with its contained constituents is placed in a
      furnace while at least a major part of the reaction chamber with the
      remaining constituents therein is positioned outside of the furnace to
      maintain the reaction chamber cooler than the sublimation chamber and to
      prevent the build up of vapor pressure from the VIB element which
      otherwise would force the VB element back into the sublimation chamber by
      the process of back diffusion. The furnace must be able to produce
      sufficient heat in order to vaporize the VB element at a uniform
      temperature. A clamshell furnace is suitable for this purpose. The
      sublimation chamber with its contained VB elements is than heated
      sufficiently to form a vapor from the VB element, which is then
      transported through the neck to and condenses in the reaction tube, in
      accordance with the Second Law of Thermodynamics. The sublimated VB
      element leaves behind residue which is identifiable as suboxides of the
      sublimed element. After the pure VB element has been driven into the
      reaction chamber, the furnace is cooled at any convenient rate and the
      tube is removed and sealed off at the neck. The diffusion tube is
      discarded. Sealing may be performed by conventional glass blowing methods,
      such as by use of a blow torch.
PAR  The sealed reaction tube is then heated uniformly in a furnace having the
      ability to produce heat at isothermal temperature conditions sufficient to
      cause proper uniting of the crystal constituents, the ranges of
      temperatures being relatively critical in order to provide for the proper
      uniting of the materials and yet to prevent excessive build-up of
      explosive pressures in the reaction tube. The reaction tube and the
      materials are then left to react in the furnace at the reaction
      temperature for approximately one-half to one hour to insure proper
      uniting of the materials. Thereafter, the furnace is shut off and the tube
      is cooled at a uniform rate to room temperature, for approximately 2-3
      hours, to provide for uniformity of the distribution of the constituents
      throughout the formed chalcogenide crystal material. This reacted material
      is then removed from the reaction chamber in any convenient manner such as
      by cracking the tube which is discarded.
PAR  For VB elements having a low vapor pressure, for example, antimony, the
      metal is purified first by baking it above its melting point in a stream
      of hydrogen and thereafter is removed and placed into the reaction tube.
PAR  The reacted material or charge material, which generally is in
      polycrystalline form, is then ground and placed in a fused silica crystal
      growth tube having an elongated neck which is used to obtain nucleation of
      a single crystal. Excess of the VIB constituent is also transferred with
      the charge material. As an alternative method, the reaction tube may be
      formed in the shape of a growth tube, thereby eliminating the
      above-mentioned destruction of the reaction tube. In the first case, the
      growth tube, after having been filled with material is evacuated to
      approximately 10.sup..sup.-6 Torr and then back filled with pure helium at
      a pressure of about 250 Torr. The growth tube is sealed and attached to a
      long rod for placement in a crystal growth furnace.
PAR  This crystal growth furnace is constructed in two parts having a separation
      therebetween, the upper part being utilized for growth of a single crystal
      from the charge material and the second part for annealing of the single
      crystal. The distance between the upper part and the lower part is
      established by maintaining a constant temperature, for example, of
      approximately 100.degree.C, throughout the connecting zone. The upper
      furnace part has a temperature profile comprising an isothermal portion
      and a steep decreasing temperature gradient. The temperature at the
      isothermal portion is as high as can be possibly made and extends into the
      temperature at which the charge material reacts but is below the
      decomposition temperature thereof. The reason for this high temperature of
      the isothermal portion is to most easily obtain the steep decreasing
      temperature gradient which, for example, is at least 100.degree.C per inch
      (approximately 4.degree.C per mm) and preferably at 150.degree.C per inch
      (approximately 6.degree.C per mm). The lowering rate of the crystal growth
      tube ranges from 1.5 mm to 2.0 mm per hour to assure, in conjunction with
      the high temperature and steep decreasing temperature gradient, slow
      growth conditions in the tube before the solid-liquid interface of the
      forming single crystal leaves the narrow region in the elongated
      nucleation neck of the tube.
PAR  For growth of the single crystal, the charge material from the reaction
      step, when placed in the growth tube, is suspended in the isothermal
      temperature portion for a period of time sufficient to thoroughly form a
      homogeneous melt. The tube may also be rotated at approximately 1.5 rpm to
      enhance radial distribution and uniform temperatures of the melt. Lowering
      then commences through the decreasing temperature gradient until a single
      crystal is formed. Lowering of the tube and single crystal continues into
      the second furnace part where the lowering is stopped. The single crystal
      is annealed in this lower furnace part and the furnace temperature is
      slowly lowered at 2.5.degree.-5.0.degree.C per hour and preferably at
      5.degree.C per hour to room temperature.
PAR  The single crystal is then removed from the growth tube without the use of
      any mechanical pressure and, for this purpose, the fused silica growth
      tube preferably is dissolved in hydrofluoric acid.
PAR  It is, therefore, an object of the present invention to provide a novel
      means for synthesizing single crystal ternary chalcogenide compounds of
      the IB-VB-VIB and IIIB-VB-VIB Groups of the Periodic Table having a single
      stable solid phase from room temperature to the melting point of the
      crystal and vice-versa.
PAR  Another object of the invention is the provision of such single crystals
      having high optical quality.
PAR  Another object is to provide such crystal without strain or strain
      cracking.
PAR  Another object is the provision of such a crystal devoid of anion
      impurities.
DRWD
PAR  Other aims and objects, as well as a more complete understanding of the
      present invention, will appear from the following explanation of exemplary
      embodiments and the accompanying drawings thereof, in which:
PAR  FIG. 1 is a flow diagram describing the several steps used to synthesize
      the single crystals herein disclosed;
PAR  FIG. 2 is a schematic diagram of the furnace and tube utilized to purify
      the VB component of the single crystal and to mix this constituent with
      the remaining constituents of the single crystal in order to obtain
      reaction thereof;
PAR  FIG. 3 depicts the crystal growth tube utilized to form the single crystal;
      and
PAR  FIG. 4 is a schematic diagram of the two part crystal growth and annealing
      furnace for preparation of the single crystal wherein the temperature
      profile of the furnace is shown alongside thereof.
DETD
PAR  The flow diagram of FIG. 1 is used to outline the succession of the several
      method steps accomplished by use of the apparatus depicted in FIGS. 2-4
      wherein the apparatus of FIG. 2 carries out the steps outlined in
      enclosures 10 and 12 of FIG. 1, a furnace having an isothermal temperature
      is utilized for the step outlined in enclosure 14, the tube of FIG. 3 is
      utilized for the step outlined in enclosure 16, and the apparatus depicted
      in FIG. 4 is utilized for the steps outlined in enclosures 18 and 20.
PAR  In FIG. 2, a tube 22 is divided into a pair of chambers comprising a
      sublimation chamber 24 and a reaction chamber 26 which are joined by a
      neck portion 27 having an opening 28 of internal diameter of 1-2
      millimeters. The diameter of the neck opening is used to maintain a
      separation between the single crystal constituents 30 and 31 which are to
      be respectively placed in chambers 24 and 26 and also to facilitate the
      sealing off of reaction chamber 26 from chamber 24 after sublimation has
      taken place. The materials placed in the chambers are also preferably in
      granular form rather than a powder in order to further prevent mechanical
      transport of the solid materials from one chamber into the other chamber.
      However, it is possible to utilize a tube without neck portion 27 and to
      utilize a fine powder if very great care in the handling of the tube is
      taken. It is obvious, therefore, that the use of neck 27 and granular
      material is preferred.
PAR  Sublimation chamber 24 is disposed to be placed within a furnace 29, such
      as a clamshell furnace, which can provide a uniform temperature.
PAR  In operation, the IB or IIIB constituents, depending upon the particular
      crystal to be synthesized, and the VIB constituent (all designated by
      indicia 30) are placed in reaction chamber 26 and the VB constituent 31 is
      placed in sublimation chamber 24. Stoichiometric proportions of these
      constituents are measured out. An additional 3% quantity beyond
      stoichiometric amounts of the VIB constituent is placed in reaction
      chamber 26. Tube 22 is then evacuated to approximately 10.sup..sup.-6 Torr
      and sealed. Sublimation chamber and its contained constituent 31 are
      placed within furnace 29 with the major portion of chamber 26 left on the
      furnace exterior, and the temperature is raised to an amount sufficient to
      obtain vaporization of the constituent in the sublimation chamber.
PAR  Placement of reaction chamber 26 exterior to furnace 29 permits it to be
      maintained at a temperature which is cooler than that of the sublimation
      chamber so that the VB constituent as a vapor will be transported over to
      the reaction chamber and condensed therein according to the Second Law of
      Thermodynamics. In addition, by maintaining the reaction chamber
      relatively cool with respect to sublimation chamber 24, build up of
      pressure from the VIB constituent is avoided which pressure would
      otherwise force the VB constituent vapor back into sublimation chamber 24
      by a process of back diffusion where undesired subsequent reaction would
      occur. The majority of the VB constituent is thus transported over into
      the reaction chamber, the remainder being identified as suboxides of the
      VB element and possibly some VB and VIB compounds. Furnace 29 is cooled
      and tube 22 is removed therefrom. Neck 27 is then closed by conventional
      glass forming processes in order to seal reaction chamber 26 and to
      separate sublimation chamber 24 therefrom.
PAR  In the following step, the reaction tube is uniformly heated to a
      temperature sufficient to cause proper uniting of the single crystal
      materials within a period of time from one half hour to one hour. The
      furnace utilized for this reaction step must provide uniform temperature
      conditions and, for this purpose, a clamshell furnace is suitable. The
      reaction temperature must be held within fairly strict limits, the lower
      temperature being the lowest temperature at which reaction occurs and the
      upper temperature being the temperature below which the pressure within
      tube 26 would become so great as to rupture the tube. For proustite
      (Ag.sub.3 AsS.sub.3) and pyrargyrite (Ag.sub.3 SbS.sub.3) for example, the
      reaction temperatures are between 700.degree. and 800.degree.C. For silver
      arsenic selenide (AgAsSe.sub.2) and silver antimony selenide
      (AgSbSe.sub.2) the reaction temperatures range between 600.degree. and
      650.degree.C, for silver arsenic selenide (Ag.sub.7 AsSe.sub.6) the range
      is between 500.degree. and 550.degree.C, and for thallium arsenic sulfide
      (Tl.sub.3 AsS.sub.3) the temperature range is between 400.degree.  and
      450.degree.C.
PAR  After reaction has been accomplished, the furnace is shut off and allowed
      to cool uniformly to room temperature, the cooling occurring within 2 or 3
      hours, in order to insure uniformity of distribution of the constituents
      of the charge. Such uniformity is required if the material is to be ground
      for further processing; however, if grinding is not undertaken, i.e., if
      the entire charge is to be used in one crystal growth tube, the reaction
      tube and its reacted charge material can be quenched.
PAR  The material from reaction tube 26 is generally in a polycrystalline form
      and is removed by cracking the tube and, after the material is ground into
      suitable sizes, it is placed in a growth tube 32 of fused silica, depicted
      in FIG. 3, and is shown as a charge material 33. Any excess VIB
      constituent which has remained from prior operations, is transferred with
      this charge material. Tube 32 is provided with an elongated nucleation
      portion 34 terminating in a bulb 36. Portion 34 is made sufficiently long
      to encourage nucleation and the formation of a single crystal from the
      many nucleation points which conventionally begin in the bulbous portion
      36. The growth tube is then evacuated to approximately 10.sup..sup.-6
      Torr, refilled with pure helium to a pressure of 250 Torr, sealed, and
      attached to a long fused silica rod 38.
PAR  Tube 32 and its contained charge material is then placed within a two part
      furnace 40 which comprises a first part 42 and a second part 44. Part 42
      is utilized for growth of the single crystal while part 44 is used to
      anneal the crystal. Upper furnace part 42 is provided with a temperature
      profile 46 having an isothermal temperature portion 48 and a steep
      decreasing temperature gradient 50. Temperature profile 46 is extended to
      connect with a temperature portion 52 in the connecting zone between
      furnace parts 42 and 44 and portion 52 is maintained at a constant
      temperature. Isothermal temperature portion 48 of profile 46 is maintained
      several hundred degrees centigrade above connecting temperature portion 52
      in order to obtain the steep temperature gradient. Gradient 50 is designed
      to be quite sharp, exceeding 100.degree.C per inch at the melting point of
      the crystal which occurs, for example, at point 51 of gradient 50. When
      taken in conjunction with elongated tube portion 34, the steepness of
      gradient 50 assures slow growth conditions in tube 32 before the
      solid-liquid interface of the crystal leaves the narrow portion of tube
      32. Part 44 is provided with a temperature profile 54 which is preferably
      slightly above the temperature of portion 52 and which is at a temperature
      sufficient to anneal the single crystal. The furnace parts are connected
      by a fused silica tube 56 which is closed off at one end 58 by a cap 60 in
      order to prevent drafts within the growth furnace caused by convection.
PAR  Tube 32 and its enclosed charge material 33 is then suspended by rod 38
      within furnace part 42 and within isothermal temperature portion 48. Tube
      32 may be rotated at approximately 1.5 revolutions per minute but is not
      lowered at this temperature for a period of time sufficient to obtain both
      liquification of the charge material and uniform distribution thereof
      within the tube. Rotation by means of rod 38 enhances the homogeneous
      radial distribution and the uniform temperatures of the melt thus formed.
      Thereafter, tube 32 is slowly lowered at approximately 1.5-2 millimeters
      per hour. As bulbous portion 36 enters decreasing temperature gradient 50,
      the temperature of the material therein decreases until nucleation
      commences usually at several sites. Further lowering causes the nucleation
      to travel into narrow portion 34 wherein preferably all but one nucleation
      point is terminated. Tube 32 is further lowered through temperature
      portion 52 and into temperature portion 54 within furnace part 44 wherein
      lowering stops. A temperature controller associated with furnace 44 lowers
      the furnace temperature slowly at approximately 5.degree.C per hour to
      room temperature in order to anneal the crystal.
PAR  Thereafter, tube 32 is removed from furnace 40 and the single crystal is
      removed from the tube without the use of any mechanical pressure. For this
      purpose, the growth tube may be dissolved in hydrofluoric acid.
PAR  As a step alternate to that disclosed in enclosure 12 of FIG. 1, for
      materials having low vapor pressures, the VB constituent is purified by
      baking it in a stream of hydrogen above its melting point and thereafter
      removed and placed into reaction tube 26 for reaction with the other
      constituents.
PAR  If desired, rather than break and discard reaction tube 26, this tube may
      be also utilized as growth tube 32 after purification of the VB element
      has taken place.
PAC  EXAMPLE
PAR  A single crystal of proustite, Ag.sub.3 AsS.sub.3, was prepared by the
      above process. All constituents, arsenic, silver and sulfur, were of
      99.9999% purity. For each 100 grams of proustite, 15.2 grams of arsenic
      were placed in sublimation chamber 24. In reaction chamber 26 was placed
      65.4 grams of silver and 19.4 grams of sulfur plus an additional 3 grams
      excess of sulfur. Tube 22 was evacuated to approximately 10.sup..sup.-6
      Torr and sealed. The arsenic contained in sublimation chamber 24 was then
      placed within a clamshell furnace such as furnace 29 and heated to
      approximately 600.degree.C. The arsenic vaporized and moved over to the
      reaction chamber through a 2 millimeter diameter neck, such as neck 27.
      Thereafter, the furnace was cooled and the tube removed and sealed off at
      the neck portion. A residue was observed in chamber 24 and identified as
      suboxides of arsenic.
PAR  After neck portion 27 was sealed off by a blow torch, the reaction tube was
      heated uniformly in a clamshell furnace to approximately 800.degree.C and
      left in this condition for approximately one-half hour. Thereafter, the
      furnace was shut off and the tube was permitted to uniformly cool to room
      temperature. The proustite charge material thus formed was then removed
      from tube 26 by cracking the tube and a portion of the charge material was
      ground in an alumina mortar and pestle. Some residual sulfur was observed
      to remain on the walls of the cracked reaction tube. The ground charge
      material was placed in bulb 36 and tube portion 34, the remaining material
      being placed thereabove in the growth tube. The tube was then evacuated to
      approximately 10.sup..sup.-6 Torr, back filled with 250 Torr pure helium,
      sealed, and attached to a long fused silica rod.
PAR  The tube with the charge material was then placed within the upper portion
      of a furnace such as that shown in FIG. 4 and rotated at 1.5 revolutions
      per minute. The charge material was heated above its melting point
      (480.degree.C) to approximately 750.degree.C. After the melt was formed,
      lowering was commenced through the isothermal temperature portion and into
      the decreasing temperature gradient at a rate of 1.8 millimeters per hour.
      The gradient was at 150.degree.C per inch. The tube was further lowered
      into the region connecting the two furnaces 42 and 44 where there existed
      a constant temperature of approximately 100.degree.C, identified by
      portion 52 of FIG. 4. Annealing in the bottom furnace was approximately at
      a temperature of 250.degree.C. Lowering was stopped and the temperature in
      furnace part 44 was slowly lowered at approximately 5.degree.C per hour to
      room temperature.
PAR  Thereafter, the fused silica growth tube 32 was dissolved in hydrofluoric
      acid to remove the single crystal.
PAR  The resulting single crystal was of very high optical quality with no
      strain or strain cracking therein.
PAR  Other materials grown by the herein disclosed method are shown in tabular
      form below, along with the results given above for proustite.
TBL  __________________________________________________________________________

     Ternary                                                                   

            Purification                                                       

                   Reaction                                                    

                          Isothermal                                           

                                 Temperature                                   

                                        Anneal                                 

     Chalcogenide                                                              

            Temperature                                                        

                   Temperature                                                 

                          Temperature                                          

                                 Gradient                                      

                                        Temperature                            

     __________________________________________________________________________

     Ag.sub.3 AsS.sub.3                                                        

            600.degree.C*                                                      

                   700-800.degree.C                                            

                          750.degree.C                                         

                                 150.degree.C/in.                              

                                        250.degree.C                           

     Ag.sub.3 SbS.sub.3                                                        

            650.degree.C**                                                     

                   700-800.degree.C                                            

                          750.degree.C                                         

                                 150.degree.C/in.                              

                                        250.degree.C                           

     Ag.sub.7 AsS.sub.6                                                        

            600.degree.C*                                                      

                   400-450.degree.C                                            

                          425.degree.C                                         

                                 150.degree.C/in.                              

                                        250.degree.C                           

     Ag.sub.7 SbS.sub.6                                                        

            650.degree.C**                                                     

                   400-450.degree.C                                            

                          425.degree.C                                         

                                 150.degree.C/in.                              

                                        250.degree.C                           

     Ag.sub.7 AsSe.sub.6                                                       

            600.degree.C*                                                      

                   500-550.degree.C                                            

                          525.degree.C                                         

                                 150.degree.C/in.                              

                                        250.degree.C                           

     Ag.sub.7 SbSe.sub.6                                                       

            650.degree.C**                                                     

                   600-650.degree.C                                            

                          625.degree.C                                         

                                 150.degree.C/in.                              

                                        250.degree.C                           

     AgSbSe.sub.2                                                              

            650.degree.C**                                                     

                   600-650.degree.C                                            

                          625.degree.C                                         

                                 150.degree.C/in.                              

                                        250.degree.C                           

     Tl.sub.3 AsS.sub.3                                                        

            600.degree.C*                                                      

                   400-450.degree.C                                            

                          425.degree.C                                         

                                 150.degree.C/in.                              

                                        225.degree.C                           

     __________________________________________________________________________

       *At 10.sup..sup.-6 Torr atmosphere                                      

      **In a dynamic hydrogen atmosphere (flowing hydrogen)                    

PAR  Although the invention has been described with reference to particular
      embodiments thereof, it should be realized that various changes and
      modifications may be made therein without departing from the spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for synthesizing a single crystal selected from the ternary
      chalcogenides consisting of the IB-As-VIB and Tl-As-VIB Groups of the
      Periodic Table of Elements, where the IB elements consist of copper and
      silver and where the VIB elements consist of sulfur, selenium and
      tellurium, said ternary chalcogenides having a single stable solid phase
      between room temperature and their melting points, comprising the steps
      of:
PA1  utilizing a purification tube of fused silica having a reaction chamber, a
      sublimation chamber, and an open neck portion connecting the chambers,
PA1  placing stoichiometric quantities of the arsenic constituent of the crystal
      in the sublimation chamber and the remaining consitutents of the crystal
      in the reaction chamber and placing an approximate additional 3% quantity
      of the VIB constituent in excess of stoichiometry in the reaction chamber,
PA1  evacuating the purification tube to approximately 10.sup.-.sup.6 Torr and
      sealing the purification tube,
PA1  placing the sublimation chamber and its contained arsenic constituent in a
      furnace while leaving the reaction chamber and its contained constituents
      outside the furnace,
PA1  heating the sublimation chamber and its arsenic constituent sufficient for
      permitting substantially complete vaporization and movement of the
      resulting arsenic vapors into the reaction chamber through the open neck
      portion,
PA1  cooling the purification tube and sealing off the reaction chamber at the
      neck portion,
PA1  placing the sealed reaction chamber in a furnace and uniformly heating the
      crystal constituents contained in the reaction chamber to at least the
      reaction temperature of the contained crystal contituents for a time
      sufficient for obtaining full reaction of the contained crystal
      constituents,
PA1  cooling the reacted crystal constituents uniformly,
PA1  breaking the reaction chamber and removing the crystal material therefrom,
PA1  grinding the crystal material,
PA1  placing the ground crystal material in a fused silica crystal growth tube
      having an elongated nucleation neck portion at one end thereof,
PA1  evacuating the growth tube to approximately 10.sup.-.sup.6 Torr,
      backfilling the growth tube with approximately 250 Torr pure helium, and
      sealing the growth tube,
PA1  placing the sealed growth tube and its contained crystal material in a
      furnace apparatus comprising two furnace parts having a separation
      therebetween, the first furnace part having a temperature profile
      comprising an isothermal temperature portion and a decreasing temperature
      gradient of at least 100.degree.C per inch and the second furnace part
      having an isothermal temperature profile at a temperature above the lowest
      temperature of the decreasing temperature gradient,
PA1  heating the crystal material in the first furnace part within the
      isothermal temperature portion thereof to a temperature substantially
      above the melting point of the crystal material for forming a melt
      therefrom,
PA1  lowering and rotating the growth tube and its contained crystal material
      melt from the first furnace isothermal temperature portion and through the
      decreasing temperature gradient at approximately 1.8 millimeters per hour
      for nucleating and growing the single crystal,
PA1  further lowering the growth tube and its contained single crystal into the
      second furnace part within the isothermal temperature profile thereof and
      stopping movement therein for a time sufficient for annealing the single
      crystal,
PA1  cooling the second furnace part, the growth tube and the annealed crystal
      at a rate of approximately 5.degree.C per hour to room temperature, and
PA1  dissolving the growth tube in hydrofluoric acid without applying mechanical
      pressure to the crystal for removing the single crystal.
NUM  2.
PAR  2. A method as in claim 1 wherein the neck portion of the fused silica
      purification tube has an approximate 2 mm opening means between the
      sublimation and reaction chambers.
NUM  3.
PAR  3. A method as in claim 1 wherein the first furnace part isothermal
      temperature portion has a temperature at least 50.degree.C above the
      melting point of the crystal material.
NUM  4.
PAR  4. A method for synthesizing a single crystal of optical quality selected
      from the ternary chalcogenides consisting of the IB-VB-VIB and IIIB-VB-VIB
      Groups of the Periodic Table of Elements, where the IB elements consist of
      copper and silver, the VIB elements consist of sulfur, selenium and
      tellurium and the IIIB element consists of thallium, said compounds having
      a single stable solid phase between room temperature and their melting
      points, comprising the steps of:
PA1  purifying the VB crystal constituent of anion impurities,
PA1  maintaining the purity of the purified VB constituent from the anion
      impurities while reacting substantially stoichiometric quantities of the
      purified VB constituent and the remaining crystal constituents with
      additional VIB constituent in excess of stoichiometry sufficient for
      producing a polycrystalline form of the crystal and for subsequently
      forming a single crystal of optical quality therefrom,
PA1  melting the polycrystalline form into a homogeneous melt in a suitable
      atmosphere, and progressively solidifying portions of the melt into a
      temperature zone below the melting point thereof and at a rate sufficient
      for forming the single crystal.
NUM  5.
PAR  5. A method as in claim 4 wherein said purifying step comprises the steps
      of:
PA1  utilizing a purification tube,
PA1  placing the VB constituent comprising arsenic in a first portion of the
      tube and the remaining crystal constituents in a second portion of the
      tube,
PA1  evacuating the tube, and
PA1  vaporizing the arsenic constituent in the first portion and condensing the
      arsenic constituent vapor in the second portion of the tube, thereby for
      leaving any of the anion impurities substantially in the first portion.
NUM  6.
PAR  6. A method as in claim 5 wherein the purification tube includes an open
      neck portion having a passageway therein connecting the first and second
      portions, the passageway having opening means sufficient for permitting
      movement of the arsenic vapor therethrough but for impeding movement of
      solids therethrough.
NUM  7.
PAR  7. A method as in claim 5 wherein said purification step is performed at an
      evacuated pressure of approximately 10.sup.-.sup.6 Torr.
NUM  8.
PAR  8. A method as in claim 5 further including the steps of heating the first
      portion the tube while maintaining the second portion of the tube cooler
      than the first portion for effecting respectively said vaporizing and
      condensing steps.
NUM  9.
PAR  9. A method as in claim 5 further comprising the step of:
PA1  sealing and separating the second portion from the first portion of the
      tube; and
PA1  wherein said reacting step includes the step of:
PA1  heating the sealed second portion and the crystal constituents contained
      therein to at least the reaction temperature of the crystal constituents
      for a time sufficient for fully reacting the crystal constituents.
NUM  10.
PAR  10. A method for synthesizing a single crystal selected from the ternary
      chalcogenides consisting of the IB-VB-VIB and IIIB-VB-VIB Groups of the
      Periodic Table of Elements, where the IB elements consist of copper and
      silver, the VIB elements consist of sulfur, selenium and tellurium and the
      IIIB element consists of thallium, said compounds having a single stable
      solid phase between room temperature and their melting points, comprising
      the steps of:
PA1  purifying the VB crystal constituent of anion impurities;
PA1  maintaining the purity of the purified VB constituent from the anion
      impurities while reacting substantially stoichiometric quantities of the
      purified VB constituent and the remaining crystal constituents sufficient
      for producing a polycrystalline form of the crystal;
PA1  melting the polycrystalline form of the crystal into a homogeneous melt in
      a suitable atmosphere; and
PA1  lowering the melt through a decreasing temperature gradient of at least
      approximately 4.degree.C/mm at a rate of 1.75 .+-. 0.25 mm/hour for
      forming the single crystal.
NUM  11.
PAR  11. A method as in claim 10 wherein the suitable atmosphere comprises pure
      helium at 250 Torr.
NUM  12.
PAR  12. A method as in claim 10 further including the step of annealing the
      single crystal.
NUM  13.
PAR  13. A method for synthesizing a single crystal of optical quality of the
      compound having the chemical formula Ag.sub.3 AsS.sub.3 from arsenic,
      silver and sulfur constituents comprising the steps of:
PA1  heating the arsenic constituent to a temperature of approximately
      600.degree.C within a closed environment sealed from the atmosphere
      ambient to the closed environment and evacuated to approximately
      10.sup.-.sup.6 Torr, for purifying the arsenic constituent of anion
      impurities, while avoiding premature mixture of the arsenic constituent
      with the remaining constituents,
PA1  maintaining the purity of the purified arsenic constituent while mixing in
      substantially stoichiometric quantities of the purified arsenic
      constituent, the silver constituent, and the sulfur constituent, with
      additional sulfur in excess of stoichiometry sufficient for ensuring
      subsequent formation of the compound and growth of a single crystal of
      optical quality therefrom, in a closed reaction tube sealed from the
      atmosphere ambient to the closed reaction tube for maintaining the
      constituents free from anion impurities, thereby for forming mixed
      constituents,
PA1  reacting all the mixed constituents in the closed reaction tube at a
      temperature of approximately 800.degree.C for forming the compound,
PA1  placing the compound in an envelope, evacuating the envelope to
      approximately 10.sup.-.sup.6 Torr, backfilling the envelope with
      approximately 250 Torr of substantially pure helium and sealing the
      envelope,
PA1  growing a single crystal of the compound in the envelope by heating the
      compound to a temperature of approximately 750.degree.C for forming a melt
      from the compound and by lowering the envelope and the melt through a
      decreasing temperature gradient of at least 100.degree.C/inch at 1.75 .+-.
      0.25 mm/hour, and
PA1  annealing the single crystal at a temperature and for a time sufficient for
      said annealing.
NUM  14.
PAR  14. A method for synthesizing a single crystal of optical quality of the
      compound having the chemical formula Ag.sub.3 SbS.sub.3 from antimony,
      silver and sulfur constituents comprising the steps of:
PA1  heating the antimony constituent to a temperature of approximately
      650.degree.C in a dynamic hydrogen atmosphere environment closed from the
      atmosphere ambient to the closed environment for purifying the antimony
      constituent of anion impurities, while avoiding premature mixture of the
      antimony constituent with the remaining constituents,
PA1  maintaining the purity of the purified antimony constituent while mixing in
      substantially stoichiometric quantities of the purified antimony
      constituent, the silver constituent, and the sulfur constituent, with
      additional sulfur in excess of stoichiometry sufficient for ensuring
      subsequent formation of the compound and growth of a single crystal of
      optical quality therefrom, in a closed reaction tube sealed from the
      atmosphere ambient to the closed reaction tube for maintaining the
      constituents free from anion impurities, thereby for forming mixed
      constituents,
PA1  reacting all the mixed constituents in the closed reaction tube at a
      temperature of approximately 800.degree.C for forming the compound,
PA1  placing the compound in an envelope, evacuating the envelope to
      approximately 10.sup.-.sup.6 Torr, backfilling the envelope with
      approximately 250 Torr of substantially pure helium and sealing the
      envelope,
PA1  growing a single crystal of the compound in the envelope by heating the
      compound to a temperature of approximately 750.degree.C for forming a melt
      from the compound and by lowering the envelope and the melt through a
      decreasing temperature gradient of at least 100.degree.C/inch at 1.75 .+-.
      0.25 mm/hour, and
PA1  annealing the single crystal at a temperature and for a time sufficient for
      effecting said annealing.
NUM  15.
PAR  15. A method for synthesizing a single crystal of optical quality of the
      compound having the chemical formula Ag.sub.7 AsS.sub.6 from silver,
      arsenic and sulfur constituents comprising the steps of:
PA1  heating the arsenic constituent to a temperature of approximately
      600.degree.C within a closed environment sealed from the atmosphere
      ambient to the closed environment and evacuated to approximately
      10.sup.-.sup.6 Torr, for purifying the arsenic constituent of anion
      impurities while avoiding premature mixture of the arsenic constituent
      with the remaining constituents,
PA1  maintaining the purity of the purified arsenic constituent while mixing in
      substantially stoichiometric quantities of the purified arsenic
      constituent, the silver constituent, and the sulfur constituent, with
      additional sulfur in excess of stoichiometry sufficient for ensuring
      subsequent formation of the compound and growth of a single crystal of
      optical quality therefrom, in a closed reaction tube sealed from the
      atmosphere ambient to the closed reaction tube for maintaining the
      constituents free from anion impurities, for thus forming mixed
      constituents,
PA1  reacting all the mixed constituents in the closed reaction tube at a
      temperature of approximately 425.degree.C for forming the compound,
PA1  placing the compound in an envelope, evacuating the envelope to
      approximately 10.sup.-.sup.6 Torr, backfilling the envelope with
      approximately 250 Torr of substantially pure helium and sealing the
      envelope,
PA1  growing a single crystal of the compound in the envelope by heating the
      compound to a temperature of approximately 450.degree.C for forming a melt
      from the compound and by lowering the envelope and the melt through a
      decreasing gradient of at least 100.degree.C/inch at 1.75 .+-. 0.25
      mm/hour, and
PA1  annealing the single crystal at a temperature and for a time sufficient for
      effecting said annealing.
NUM  16.
PAR  16. A method for synthesizing a single crystal of optical quality of the
      compound having the chemical formula Ag.sub.7 SbS.sub.6 from silver,
      antimony and sulfur constituents comprising the steps of:
PA1  heating the antimony constituent to a temperature of approximately
      650.degree.C in a dynamic hydrogen atmosphere environment closed from the
      atmosphere ambient to the closed environment for purifying the antimony
      constituent of anion impurities while avoiding premature mixture of the
      antimony constituent with the remaining constituents,
PA1  maintaining the purity of the purified antimony constituent while mixing in
      substantially stoichiometric quantities of the purified antimony
      constituent, the silver constituent, and the sulfur constituent, with
      additional sulfur in excess of stoichiometry sufficient for ensuring
      subsequent formation of the compound and growth of a single crystal of
      optical quality therefrom, in a closed reaction tube sealed from the
      atmosphere ambient to the closed reaction tube for maintaining the
      constituents free from anion impurities, for thus forming mixed
      constituents,
PA1  reacting all the mixed constituents in the closed reaction tube at a
      temperature of approximately 425.degree.C for forming the compound,
PA1  placing the compound in an envelope, evacuating the envelope to
      approximately 10.sup.-.sup.6 Torr, backfilling the envelope with
      approximately 250 Torr of substantially pure helium and sealing the
      envelope,
PA1  growing a single crystal of the compound in the envelope by heating the
      compound to a temperature of approximately 450.degree.C for forming a melt
      from the compound and by lowering the envelope and the melt through a
      decreasing temperature gradient of at least 100.degree.C/inch at 1.75 .+-.
      0.25 mm/hour, and
PA1  annealing the single crystal at a temperature and for a time sufficient for
      effecting said annealing.
NUM  17.
PAR  17. A method for synthesizing a single crystal of optical quality of the
      compound having the chemical formula Ag.sub.7 AsSe.sub.6 from silver,
      arsenic and selenium constituents comprising the steps of:
PA1  heating the arsenic constituent to a temperature of approximately
      600.degree.C in a closed environment sealed from the atmosphere ambient to
      the closed environment and evacuated to approximately 10.sup.-.sup.6 Torr,
      for purifying the arsenic constituent of anion impurities while avoiding
      premature mixture of the arsenic constituent with the remaining
      constituents,
PA1  maintaining the purity of the purified arsenic constituent while mixing in
      substantially stoichiometric quantities of the purified arsenic
      constituent, the silver constituent, and the selenium constituent, with
      additional selenium in excess of stoichiometry sufficient for ensuring
      subsequent formation of the compound and growth of a single crystal of
      optical quality therefrom, in a closed reaction tube sealed from the
      atmosphere ambient to the closed reaction tube for maintaining the
      constituents free from anion impurities, for thus forming mixed
      constituents,
PA1  reacting all the mixed constituents in the closed reaction tube at a
      temperature of approximately 550.degree.C for forming the compound,
PA1  placing the compound in an envelope, evacuating the envelope to
      approximately 10.sup.-.sup.6 Torr, backfilling the envelope with
      approximately 250 Torr of substantially pure helium and sealing the
      envelope,
PA1  growing a single crystal of the compound in the envelope by heating the
      compound to a temperature of approximately 525.degree.C for forming a melt
      from the compound and by lowering the envelope and the melt through a
      decreasing temperature gradient of at least 100.degree.C/inch at 1.75 .+-.
      0.25 mm/hour, and
PA1  annealing the single crystal at a temperature and for a time sufficient for
      effecting said annealing.
NUM  18.
PAR  18. A method for synthesizing a single crystal of optical quality of the
      compound having the chemical formula Ag.sub.7 SbSe.sub.6 from silver,
      antimony and selenium constituents comprising the steps of:
PA1  heating the antimony constituent to a temperature of approximately
      650.degree.C in a dynamic hydrogen atmosphere environment closed from the
      atmosphere ambient to the closed environment for purifying the antimony
      constituent of anion impurities while avoiding premature mixture of the
      antimony constituent with the remaining constituents,
PA1  maintaining the purity of the purified antimony constituent while mixing in
      substantially stoichiometric quantities of the purified antimony
      constituent, the silver constituent, and the selenium constituent, with
      additional selenium in excess of stoichiometry sufficient for ensuring
      subsequent formation of the compound and growth of a single crystal of
      optical quality therefrom, in a closed reaction tube sealed from the
      atmosphere ambient to the closed reaction tube for maintaining the
      constituents free from anion impurities, for thus forming mixed
      constituents,
PA1  reacting all the mixed constituents in the closed reaction tube at a
      temperature of approximately 650.degree.C for forming the compound,
PA1  placing the compound in an envelope, evacuating the envelope to
      approximately 10.sup.-.sup.6 Torr, backfilling the envelope with
      approximately 250 Torr of substantially pure helium and sealing the
      envelope,
PA1  growing a single crystal of the compound in the envelope by heating the
      compound to a temperature of approximately 625.degree.C for forming a melt
      from the compound and by lowering the envelope and melt through a
      decreasing temperature gradient of at least 100.degree.C/inch at 1.75 .+-.
      0.25 mm/hour, and
PA1  annealing the single crystal at a temperature and for a time sufficient for
      effecting said annealing.
NUM  19.
PAR  19. A method for synthesizing a single crystal of optical quality of the
      compound having the chemical formula AgSbSe.sub.2 from silver, antimony
      and selenium constituents comprising the steps of:
PA1  heating the antimony constituent to a temperature of approximately
      650.degree.C in a dynamic hydrogen atmosphere environment closed from the
      atmosphere ambient to the closed environment for purifying the antimony
      constituent of anion impurities while avoiding premature mixture of the
      antimony constituent with the remaining constituents,
PA1  maintaining the purity of the purified antimony constituent while mixing in
      substantially stoichiometric quantities of the purified antimony
      constituent, the silver constituent, and the selenium constituent, with
      additional selenium in excess of stoichiometry sufficient for ensuring
      subsequent formation of the compound and growth of a single crystal of
      optical quality therefrom, in a closed reaction tube sealed from the
      atmosphere ambient to the closed reaction tube for maintaining the
      constituents free from anion impurities, for thus forming mixed
      constituents,
PA1  reacting all the mixed constituents in the closed reaction tube at a
      temperature of approximately 650.degree.C for forming the compound,
PA1  placing the compound in an envelope, evacuating the envelope to
      approximately 10.sup.-.sup.6 Torr, backfilling the envelope with
      approximately 250 Torr of substantially pure helium and sealing the
      envelope,
PA1  growing a single crystal of the compound in the envelope by heating the
      compound to a temperature of approximately 625.degree.C for forming a melt
      from the compound and by lowering the envelope and the melt through a
      decreasing temperature gradient of at least 100.degree.C/inch at 1.75 .+-.
      0.25 mm/hour, and
PA1  annealing the single crystal at a temperature and for a time sufficient for
      effecting said annealing.
NUM  20.
PAR  20. A method for synthesizing a single crystal of optical quality of the
      compound having the chemical formula Tl.sub.3 AsS.sub.3 from thallium,
      arsenic and sulfur constituents comprising the steps of:
PA1  heating the arsenic constituent to a temperature of approximately
      600.degree.C in a closed environment sealed from the atmosphere ambient to
      the closed environment and evacuated to approximately 10.sup.-.sup.6 Torr,
      for purifying the arsenic constituent of anion impurities while avoiding
      premature mixture of the arsenic constituent with the remaining
      constituents,
PA1  maintaining the purity of the purified arsenic constituent while mixing in
      substantially stoichiometric quantities of the purified arsenic
      constituent, the thallium constituent, and the sulfur constituent, with
      additional sulfur in excess of stoichiometry sufficient for ensuring
      subsequent formation of the compound and growth of a single crystal of
      optical quality therefrom, in a closed reaction tube sealed from the
      atmosphere ambient to the closed reaction tube for maintaining the
      constituents free from anion impurities, for thus forming mixed
      constituents,
PA1  reacting all the mixed constituents in the closed reaction tube at a
      temperature of approximately 400.degree.C for forming the compound,
PA1  placing the compound in an envelope, evacuating the envelope to
      approximately 10.sup.-.sup.6 Torr, backfilling the envelope with
      approximately 250 Torr of substantially pure helium and sealing the
      envelope,
PA1  growing a single crystal of the compound in the envelope by heating the
      compound to a temperature of approximately 425.degree.C for forming a melt
      from the compound and by lowering the envelope and the melt through a
      decreasing temperature gradient of at least 100.degree.C/inch at 1.75 .+-.
      0.25 mm/hour, and
PA1  annealing the single crystal at a temperature and for a time sufficient for
      effecting said annealing.
NUM  21.
PAR  21. A method for synthesizing a single crystal of optical quality selected
      from the ternary chalcogenides consisting of the IB-VB-VIB and IIIB-VB-VIB
      Groups of the Periodic Table of Elements, where the IB elements consist of
      copper and silver, the VIB elements consist of sulfur, selenium and
      tellurium and the IIIB element consists of thallium, said compounds having
      a single stable solid phase between room temperature and their melting
      points, comprising the steps of:
PA1  purifying the VB crystal constituent of anion impurities;
PA1  maintaining the purity of the purified VB constituent from the anion
      impurities while reacting substantially stoichiometric quantities of the
      purified VB constituent and the remaining crystal constituents with
      approximately 3% in excess of the VIB constituent sufficient for producing
      a polycrystalline form of the crystal;
PA1  melting the polycrystalline form into a homogeneous melt in a suitable
      atmosphere; and
PA1  progressively solidifying portions of the melt into a temperature zone
      below the melting point thereof and at a rate sufficient for forming a
      single crystal.
NUM  22.
PAR  22. A method for synthesizing a single crystal of optical quality selected
      from the ternary chalcogenides consisting of the IB-VB-VIB and IIIB-VB-VIB
      Groups of the Periodic Table of Elements, where the IB elements consist of
      copper and silver, the VIB elements consist of sulfur, selenium and
      tellurium and the IIIB element consists of thallium, said compounds having
      a single stable solid phase between room temperature and their melting
      points, comprising the steps of:
PA1  purifying the VB crystal constituent of anion impurities while baking the
      VB constituent in a dynamic hydrogen atmosphere;
PA1  maintaining the purity of the purified VB constituent from the anion
      impurities while reacting substantially stoichiometric quantities of the
      purified VB constituent and the remaining crystal constituents with
      additional VIB constituent in excess of stoichiometry sufficient for
      producing a polycrystalline form of the crystal and for subsequently
      forming a single crystal of optical quality therefrom;
PA1  melting the polycrystalline form into a homogeneous melt in a suitable
      atmosphere; and
PA1  progressively solidifying portions of the melt into a decreasing
      temperature zone below the melting point thereof and at a rate sufficient
      for forming the single crystal.
NUM  23.
PAR  23. A method for synthesizing a single crystal of optical quality selected
      from the ternary chalcogenides consisting of the IB-VB-VIB and IIIB-VB-VIB
      Groups of the Periodic Table of Elements, where the IB elements consist of
      copper and silver, the VIB elements consist of sulfur, selenium and
      tellurium and the IIIB element consists of thallium, said compounds having
      a single stable solid phase between room temperature and their melting
      points, comprising the steps of:
PA1  utilizing a purification tube of fused silica having a reaction chamber, a
      sublimation chamber, and an open neck portion connecting the chambers;
PA1  placing substantially stoichiometric quantities of the VB constituent of
      the crystal comprising arsenic in the sublimation chamber and the
      remaining constituents of the crystal in the reaction chamber and placing
      an approximate additional 3% quantity of the VIB constituent in excess of
      stoichiometry in the reaction chamber;
PA1  evacuating the purification tube to approximately 10.sup.-.sup.6 Torr and
      sealing the purification tube;
PA1  placing the sublimation chamber and its contained arsenic constituent in a
      furnace while leaving at least a major portion of the reaction chamber and
      its contained constituents outside the furnace;
PA1  heating the sublimation chamber and its arsenic constituent sufficient for
      substantially completely vaporizing and moving the resulting arsenic
      vapors into the reaction chamber through the open neck portion and for
      condensing of the arsenic vapors in the reaction chamber, and thereby for
      purifying the VB crystal constituent of anion impurities;
PA1  cooling the purification tube and sealing off the reaction chamber at the
      neck portion;
PA1  maintaining the purity of the purified VB constituent from the anion
      impurities while reacting substantially stoiciometric quantities of the
      purified VB constituent and the remaining crystal constituents sufficient
      for producing a polycrystalline form of the crystal;
PA1  melting the polycrystalline form into a homogeneous melt in a suitable
      atmosphere; and
PA1  progressively solidifying portions of the melt into a temperature zone
      below the melting point thereof and at a rate sufficient for forming a
      single crystal.
NUM  24.
PAR  24. A method as in claim 23 wherein the opening means is 1.5.+-.0.5 mm.
NUM  25.
PAR  25. A method for synthesizing a single crystal of optical quality selected
      from the ternary chalcogenides consisting of the IB-VB-VIB and IIIB-VB-VIB
      Groups of the Periodic Table of Elements, where the IB elements consist of
      copper and silver, the VIB elements consist of sulfur, selenium and
      tellurium and the IIIB element consists of thallium, said compounds having
      a single stable solid phase between room temperature and their melting
      points, comprising the steps of:
PA1  purifying the VB crystal constituent of anion impurities;
PA1  maintaining the purity of the purified VB constituent from the anion
      impurities while reacting substantially stoichiometric quantities of the
      purified VB constituent and the remaining crystal constituents with
      additional VIB constituent in excess of stoichiometry sufficient for
      producing a polycrystalline form of the crystal and for subsequently
      forming a single crystal of optical quality therefrom;
PA1  placing the polycrystalline form of the crystal in a fused silica crystal
      growth tube having an elongated nucleation neck portion at one end
      thereof;
PA1  evacuating the growth tube to approximately 10.sup.-.sup.6 Torr,
      backfilling the growth tube with approximately 250 Torr of substantially
      pure helium, and sealing the growth tube;
PA1  placing the sealed growth tube and the contained polycrystalline form in a
      furnace apparatus comprising two furnace parts having a separation
      therebetween, the first part having a temperature profile comprising an
      isothermal temperature portion and a decreasing temperature gradient of at
      least 100.degree.C per inch and the second furnace part having an
      isothermal temperature profile at a temperature above the lowest
      temperature of the decreasing temperature gradient;
PA1  heating the polycrystalline form in the first furnace part within the
      isothermal temperature portion thereof to a temperature substantially
      above the melting point of the polycrystalline form for forming a melt
      therefrom;
PA1  lowering the growth tube and its contained melt from the first furnace
      isothermal temperature portion and through the decreasing temperature
      gradient at approximately 1.75 .+-. 0.25 millimeters per hour for
      nucleating and growing the single crystal;
PA1  further lowering the growth tube and its contained single crystal into the
      second furnace part and within the isothermal temperature profile thereof
      and stopping movement therein for a time sufficient for annealing the
      single crystal;
PA1  cooling the second furnace part, the growth tube and the annealed crystal
      at a rate ranging from 2.5.degree. to 5.0.degree.C per hour to room
      temperature; and
PA1  removing the single crystal from the growth tube.
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ABST
PAL  A catalyst for oxidation of SO.sub.2 to SO.sub.3, which can be used as a
      fluidized bed catalyst. An abrasive resistant support is formed by adding
      silica filler and a clay binder to a silica sol; adding hydrated magnesium
      oxide to the resulting mixture, to form a gellable composition; dispersing
      the gellable composition in a liquid to form gel spheres; calcining the
      spheres; and treating them with an acid to remove acid soluble components.
      After the acid treatment, the support is impregnated with an alkali metal
      vanadate solution and calcined.
PARN
PAR  This is a division, of application Ser. No. 229,163 filed Feb. 24, 1972,
      now U.S. Pat. No. 3,793,230, which in turn is a continuation of Ser. No.
      36234 of May 11, 1970, now abandoned.
BSUM
PAR  This invention relates to a process for the production of a catalyst
      especially suitable for the oxidation of sulfur dioxide into sulfur
      trioxide. While suitable for use in fixed beds, a special feature of the
      invention is usefulness in fluidised beds.
PAR  A catalyst suitable for use in a fluidised bed has to have a number of
      properties. The active surface area per unit volume should be as large as
      possible. The pore structure should be such as to allow a rapid diffusion
      of gas from the surface of the catalyst grain to the active centers
      inside. The catalyst should contain little or no substances which initiate
      or promote secondary reactions. It should consist of spherical particles,
      with the particle diameter and particle size distribution adapted to the
      particular process and the technical requirements prevailing, and should
      show extremely high mechanical strengths including, in particular, a high
      resistance to abrasion.
PAR  The requirements concerning a large active inner surface, favorable
      diffusion paths and a high mechanical strength can only be brought into
      line with one another by compromise solutions because on the one hand an
      extremely high mechanical strength can only be obtained with a relatively
      low porosity. On the other hand, relatively large inner surfaces in the
      catalyst grain are only obtained, for a given pore volume, with a very
      large number of and hence narrow pores which are unfavorable for gas
      diffusion.
PAR  On account of the high mechanical stressing to which the catalyst grain is
      subjected in the fluidised bed, it is inadvisable to sacrifice mechanical
      strength of the granulate in favor of porosity. Accordingly, the pore
      volume should not be too high. Another consideration is that the generally
      shorter residence times of the reagents in fluidised beds as opposed to
      fixed beds necessitate correspondingly high diffusion rates governed by
      the grain size of the catalyst and hence adequate pore diameters. In the
      case of volume porosity determined by the required strength of the
      catalyst grain, these requirements can only be satisfied by catalysts of
      the kind which have a low fine-pore component and hence a low specific
      surface. Therefore, depending on the operating conditions in the fluidised
      bed, a fluidised-bed catalyst should have as large as possible a useful,
      catalytically active surface in addition to extreme hardness.
PAR  In the conventional sulfuric acid contact process in a fixed bed, the
      SO.sub.2 is generally oxidized on cylindrical catalyst mouldings
      containing vanadate. In general, these are obtained by mixing vanadium
      pentoxide or ammonium meta-vanadate with a strong alkali liquor and a
      finely divided supporting material consisting primarily of silica such as
      kieselguhr or silica gel, or asbestos, followed by mechanical forming or
      moulding in an extruder. The catalytically active substance is the alkali
      vanadate formed, whilst the silica-based materials form the porous
      supporting substance. Potassium is preferred to sodium as the alkali metal
      in all vanadate catalysts for the oxidation of SO.sub.2. Traces of other
      metal oxides as promoters are intended to produce an increase in activity.
      Highly active vanadate catalysts are known to contain an excess of alkali
      exceeding the quantity required to form the meta-vanadate; a molar ratio
      of alkali metal oxide (Me.sub.2 O) to vanadium pentoxide (V.sub.2 O.sub.5)
      of 2:1 or higher being preferred.
PAR  It is also known that catalysts for the oxidation of sulfur dioxide into
      sulfur trioxide can be prepared by initially moulding the silica-based
      supporting material by extrusion and then impregnating it with the
      catalytically active substance. Potassium vanadate is preferred in this
      case, too. According to German Auslegeschrift 1,281,407, the alkali metal
      component, which exceeds the molar ratio of Me.sub.2 O:V.sub.2 O.sub.5 of
      1:1, is replaced by the corresponding alkali metal sulfate so as to
      prevent the mouldings from bursting when impregnated with the solution
      containing the active substances.
PAR  The catalysts prepared from kieselguhr, potassium vanadate and optionally
      potassium sulfate by the methods described have a relatively low specific
      surface of around 10 m.sup. 2 /g according to BET (Brunauer, Emmet and
      Teller) for a relatively high pore volume of approximately 500 to 600
      mm.sup.3 /g. Most of the pores have a diameter in excess of 100 A, the
      average pore diameter generally being between 2000 and 5000 A-units.
      Average pore diameters of as much as 12000 A-units have already been found
      in catalysts of this kind. On the other hand, conventional vanadate
      catalysts do not contain any micropores with dimeters of 100 A-units or
      less, which are attributable to silicate formation accompanied by sealing
      of these micropores from the effect of the alkali.
PAR  The catalysts described in the foregoing passages give respectable yields
      in the commercial production of SO.sub.3. Their disadvantages arise out of
      their inadequate hardness and the shape and size of the grain which do not
      allow any further increase in the effectiveness of the catalyst. In the
      same catalyst material, such an increase would be possible by reducing the
      size of the grain. However, reaction in fluidised beds is the only
      alternative on account of the excessively high flow resistances in fixed
      beds in the case of catalyst grains less than about 3 mm in diameter.
      Although it would seem possible to produce spherical granulates with a
      diameter of less than 3 mm from the catalyst compositions described above,
      their limited hardness would prevent them from being used in fluidised
      beds.
PAR  Hard, abrasion-resistant, spherical, catalyst supports can be obtained in
      the conventional manner by mixing alkali metal silicate with sulfuric acid
      an/or an aluminium sulfate solution to form an unstable sol and then
      allowing the gelling solution to flow into an organic medium. After drying
      and calcining, a granulate of a shrunken gel is obtained which does not
      lend itself to impregnation with aqueous solutions of catalytically active
      substances on account of its very narrow pores. Subsequently this
      granulate does not allow rapid gas diffusion when in service.
PAR  The use of abrasion-resistant, bead-form catalysts for a fluidised bed
      process for the production of sulfur trioxide has been proposed,
      consisting of aluminium silicate containing vanadium. An Fe.sub.2 O.sub.3
      fluidised-bed catalyst obtained by calcining mouldings of roasted pyrites,
      water glass and glycerol, has also been used for the oxidation of
      SO.sub.2. Unfortunately, however, the conversion obtained was far lower
      than that obtained with the conventional vanadate catalysts.
PAR  By virtue of their pore structure, bead granulates suitable for use as
      catalysts or as catalyst supports can be obtained by conventional
      processes comprising suspending finely-divided inorganic solids in a
      stable silica sol, mixing the resulting suspension with a gelling agent,
      dispersing the gellable mixture into droplets and solidifying these
      droplets into spherical granulates in an organic medium. The bead
      granulates thus prepared have specific surfaces of less than 300 m.sup.2
      /g according to BET, average pore diameters of around 100 A or more and
      can readily be impregnated with solutions of catalytically active
      substances. However, their mechanical properties generally do not meet the
      stringent requirements which are required for a fluidised-bed catalyst.
PAC  THE INVENTION
PAR  A process for the production of a bed-form, abrasion-resistant, highly
      active, supported catalyst for the oxidation of sulfur dioxide into sulfur
      trioxide by suspending solids in an aqueous stable silica sol with a
      specific surface according to BET of from 150 to 400 m.sup.2 /g, mixing
      the resulting suspension with an aqueous suspension of hydrated magnesium
      oxide in quantities of from 0.1 to 3% by weight of MgO (on basis of
      anhydrous MgO), based on the anhydrous granulate, dispersing this gellable
      mixture in a liquid immiscible with water to form drops of the required
      size, separating the solidified gel spheres from the liquid, drying,
      calcining and impregnating the supporting materials with an alkali metal
      vanadate solution, has now been found in which a silica-containing filler
      containing from about 5 to 10% by weight of CaO, with a specific surface
      according to the BET of from 40 to 80 m.sup.2 /g, and a clay binder,
      preferably kaolin, are suspended in the silica sol in quantities such that
      the calcined granulate contains from 20 to 60% by weight filler and from
      15 to 25% by weight clay or kaolin, the bead granulates obtained from the
      resulting suspension by gelling as known per se are dried, hardened for at
      least 10 minutes at a temperature of in excess of about 500.degree.C,
      preferably from 500.degree. to 1000.degree.C, treated with acid, washed,
      impregnated with the vandate solution, redried and heated for at least 10
      minutes at in excess of about 400.degree.C, preferably 400.degree. to
      500.degree.C. Normally the calcined granulate contains SiO.sub.2  from the
      silica sol in an amount of from 25 to 75% by weight.
PAR  The term kaolin and clay as used herein shall comprise the pure mineral
      kaolinite, the chief constituent of kaolin and certain clays as well as
      substances containing more or less amounts of kaolinite together with
      other clay forming components such as montmorillonite, attapulgite,
      bentonites, green earth and the like. Kaolin as used in its broad sense
      covers fire clays, china clays, porcellan clay, bolus alba and the like.
PAR  By virtue of the process according to the invention, it is possible to
      produce bead-form, abrasion-resistant and highly active supported
      catalysts for the oxidation of sulfur dioxide into sulfur trioxide which,
      by virtue of their hardness, their chemical composition and their pore
      structure, are also eminently suitable for use in fluidised beds.
PAR  To produce the supported catalysts by the process according to the
      invention, the solids are suspended in an aqueous stable silica sol with a
      specific surface of from 150 to 400 m.sup.2 /g according to BET, the
      resulting suspension is mixed with an aqueous suspension of hydrated
      magnesium oxide in a quantity of from 0.1 to 3% by weight of MgO, based on
      the anhydrous granulate, the resulting gellable mixture is dispersed in a
      liquid immiscible with water to form drops of the rquired size, the
      solidified gel spheres are separated from the liquid, dried, hardened by
      calcining for at least ten minutes at a temperature above about
      500.degree.C. e.g. from 500.degree. to 1000.degree.C, acidified, washed,
      impregnated with vanadate solution, redried and heated (calcined) for 10
      minutes at a temperature of at least about 400, e.g. at between
      400.degree. and 500.degree.C.
PAR  In the context of the invention, a silica filler is a large-surface,
      amorphous silica obtained from an alkali metal silicate solution by
      gradual precipitation with a mineral acid and an aqueous solution of a
      calcium salt. However, the quantity of calcium salt is always such that
      silica is the predominating constituent of the filler. Silica filters with
      a specific surface according to the BET of from 40 to 80 m.sup.2 /g are
      suitable for the process according to the invention. The quantity in which
      the filler is used is such that the anhydrous or calcined granulate, which
      is an intermediate product, contains from 20 to 60% by weight and
      preferably from 35 to 50% by weight thereof. The filler is intended to
      contain from about 5 to 10% by weight of CaO.
PAR  Filler-like natural products, such as kieselguhr or asbestos for example,
      with a specific surface or usually less than 20 m.sup.2 /g do not give
      adequate compressive strength or abrasion resistance. Dried and ground
      silica gels instead of the fillers are just as unsuitable for the process
      according to the invention. Gels of this kind with specific surfaces of
      from 200 to 800 m.sup.2 /g give a granulate that is excessively
      fine-pored.
PAR  In addition to silica fillers, clay minerals from the group comprising
      kaolin, kaolinite, montmorillonite and attapulgite, preferably kaolin, may
      also be added in the process according to the invention. These ceramic
      binders impart high green strnegth to the still moist granulates and thus
      make for better handling. The presence of clay minerals, kaolin in
      particular, in the completed calcined supporting granulates provides for
      outstanding mechanical strength which surprisingly remains substantially
      intact even when the aluminium is subsequently dissolved out with acid,
      providing the material is subjected to further calcination after the acid
      treatment. This additional calcination stage may follow immediately after
      acid extraction, although it is carried out with greater advantage after
      the supporting materials have been impregnated with vanadate solution.
PAR  Following separation from the organic liquid, the bead granulates obtained
      in the conventional manner from the suspension of silica fillers and clay
      minerals in aqueous silica sol are dried and hardened in an initial
      calcination stage for at least 10 minutes at a temperature of in excess of
      about 500.degree.C, preferably at 500.degree. to 1000.degree.C. This
      calcinatioh stage has proved to be necessary because otherwise the
      granulates are not sufficiently resistant for the following acid
      extraction stage.
PAR  This calcination stage is followed by extraction with an acid. Dilute
      mineral acids, for example dilute sulfuric acid or dilute hydrochloric
      acid, may be used for the extraction. The quantity of acid to be used is
      governed by the quantity of the acid-soluble constituent, such as for
      example Al.sub.2 O.sub.3, CaO and MgO. It is best to use a quantity which
      is in a 50% stoichiometric excess. Extraction may also be carried out in
      two stages by using partly spent acid for pre-leaching a fresh batch of
      the granulate, in order more effectively to utilise the acid. Extraction
      can be accelerated by operating at an elevated temperature, for example,
      from 40.degree. to 80.degree. C., and by continuously recirculating the
      acid through the layer of granulate by means of a pump. Acid treatment is
      continued until most of the acid-soluble cations have been removed.
PAR  It has been found that extraction of the supporting granulates with acid
      leads to an increase in the catalytic activity of the catalysts prepared
      from the granulates by impregnation with a vanadate solution. This
      increase in catalytic activity, compared with non-acid-extracted but
      otherwise identical samples, is reflected in quasi-isothermal testing in a
      fixed bed, especially at a temperature in a range from 400.degree. to
      450.degree. C., which is of considerable significance in the commercial
      production of sulfuric acid. See Example 4, infra.
PAR  In all probability, the effect of acid extraction is primarily associated
      with the aluminium content of the supporting materials which is
      considerably reduced by extraction. On completion of acid extraction, the
      supports consist predominantly of amorphous silica and preferably have an
      SiO.sub.2 -content of at least 97%. By contrast, the limited increase in
      the porosity of the supporting materials which have not yet been
      impregnated with vanadate which is also observed as a consequence of acid
      extraction will not have any effect upon the activity of the catalysts
      prepared from them. This is because as a rule specific surface and
      porosity are reduced by impregnation with an alkali metal vanadate to such
      an extent that there is no appreciable difference between acid-extracted
      and untreated preparations in regard to specific surface and porosity in
      vanadate-impregnated catalysts. In addition, an increase in porosity
      would, in principle, by no means bring about an increase in catalytic
      activity. If for example highly porous catalyst supports with pore volumes
      of 1,000 mm.sup.3 /g or more are impregnated in the same way with vanadate
      solutions, the catalysts thus prepared do not show any increase in their
      catalytic activity although their hardness is considerably reduced.
PAR  After the acid-extraction stage, the supporting materials are freed from
      excess acid and the salt solution formed by washing. This in turn is
      followed by impregnation with vanadate. According to the invention,
      impregnation is carried out with a potassium vanadate solution containing
      K.sub.2 O and V.sub.2 O.sub.5 in a molar ratio of from 1.5:1 to 3.0:1. The
      concentration of the solution is best selected so that the supporting
      catalyst present following impregnation contains from 4 to 8% by weight of
      V.sub.2 O.sub.5, based on the impregnated anhydrous granulate, after only
      one impregnation. Below a V.sub.2 O.sub.5 -content of around 4%, there is
      a fall in catalystic activity, whilst contents greater than approximately
      8% by weight do not bring about any further improvements and are not
      advisable for economic reasons. Impregnation with potassium vanadate
      solution can be carried out without heat, although the potassium vanadate
      solution may also be heated in order to accelerate the operation. After a
      few hours, the support has usually absorbed all the vanadium it can. On
      completion of impregnation, the granulates are filtered off from the
      excess vanadate solution, dried without being previously washed and
      calcined for at least 10 minutes at 400.degree. to 500.degree. C.
PAR  The K.sub.2 O content of the catalyst employed pursuant to the present
      invention is generally from 3.1 to 12.4 weight percent K.sub.2 O, based
      upon the weight of the impregnated anhydrous catalyst.
PAR  As usual in the case of sulfuric acid catalysts, the catalysts are
      initially carefully sulfated with gases containing a little SO.sub.2
      before actually being used for the oxidation of the roaster gas, in order
      to prevent an over-moderate increase in temperature caused by the heat of
      neutralisation of the free alkali with the acid constituents of the gas.
      To this end, the catalyst bed is normally heated with hot air to a
      temperature of from 400.degree. to 500.degree. C. and then increasing
      quantities of SO.sub.2 added to the air stream in stages.
PAR  The outstanding properties of the supported catalysts produced by the
      process according to the invention are attributable partly to their
      material composition and partly to their unique pore structure.
PAR  The total pore volume can be expressed in mm.sup.3 /g, or in percent, i.e.
      as a component of the pore volume of the volume of the grains, in percent
      (so-called volume porosity). The total pore volume V.sub.t is calculated
      in accordance with the following equation from the apparent density
      .rho..sub.s and the true density .rho..sub.w which in turn are determined
      pyknometrically with mercury or helium as the medium:
      ##EQU1##
PAR  The mercury porosimeter method in the measuring range from about 150 to
      10,000 A is used to determine the pore volumes in dependence upon the pore
      diameter. Pore volumes of pore diameters of less than about 150 A are
      determined by the nitrogen desorption method.
PAR  It has been found that the supporting materials prepared as intermediate
      products contain a large number of pores with diameters of from 100 to
      1000 A-units, in addition to relatively small pores. It has also been
      found that in the impregnation according to the invention with a strongly
      alkaline vanadate solution it is substantially the proportion of pores
      with diameters of less than 100 A that is reduced. Therefore, in the
      vanadate-impregnated, supporting catalysts according to the invention a
      proportion of at least 80% of the total pore volume present is in the
      range of from 100 to 1500 A. The disappearance of the fine pores is
      attributable to a chemical action of the alkali upon the skeleton
      substance, so that the fine pores are rendered inaccessible.
PAR  In the new supported catalysts which are prepared in accordance with the
      preferred preparation conditions of the process according to the
      invention, the total pore volumes are in the range of from 300 to 450
      mm.sup.3 /g. Although this value is lower than in conventional sulfuric
      acid catalysts based on kieselguhr, it provides for the same conversions
      together with significantly improved mechanical properties. Since the
      specific surfaces of the new catalysts are of the same order (10 to 40
      m.sup.2 /g according to BET) as those of the conventional keiselguhr-based
      catalysts, it must be assumed from the lower total pore volume that of the
      kieselguhr catalysts it is not a smaller number of pores, but pores with a
      lower average diameter that are present. In actual fact, the average pore
      diameters in keiselguhr catalysts have been found experimentally to be in
      the range above 1000 A. The relatively low values for the total pore
      volume and the average pore diameters are responsible for the
      extraordinary mechanical strength of the novel catalysts according to the
      invention which makes them suitable for use in fluidised beds.
PAR  The mechanical property which is of the greatest significance to use in
      fluidised beds is abrasion resistance. It is determined by a flow method
      in which the granulate in a grain fraction of from 0.4 to 2 mm is blown by
      an air stream issuing from a nozzle against a baffle zone in a continuous
      cycle. The apparatus as illustrated by the accompanying figure consists of
      a vertically arranged, outer glass pipe 1 with an internal diameter of 50
      mm and a concentric inner tube 2 with an internal diameter of 6 mm and a
      length of 280 mm. A 2 mm wide, 140 mm long capillary 3 acting as nozzle is
      inserted into the lower end of the outer glass pipe opposite to tube 2. A
      baffle plate 4 covered with a cone is arranged 30 mm above the opening of
      the 6 mm wide pipe. To determine abrasion, 100 ml of the sample are
      separated from the fine component through a test sieve according to DIN
      4188, mesh width 400 .mu.m, weighed and introduced into the apparatus and
      placed around the nozzle. An air stream of 3Nm.sup.3 /h is passed through
      the nozzle. The granulate 5 drawn into the concentric tube 2 by the
      injector effect is thrown against the baffle plate, after which it drops
      back to the nozzle through the outer annular space. After one hour, the
      air stream is cut off, the granulate freed from the fine component on the
      same test sieve and then weighed back. The percentage weight loss is
      expressed as the abrasion. According to this method, the catalysts
      obtained in the preferred conditions of the new process have abrasion
      losses of less than 3%.
DETD
PAC  EXAMPLE 1
PAR  a. 2800 g of a silica filler precipitated from soda water glass with
      calcium chloride and aqueous hydrochloric acid, and 1200 g of kaolin were
      suspended by means of an intensive mixer in 10 liters of an aqueous silica
      sol (density 1.29 g/ml, 30% by weight of SiO.sub.2) with a specific BET
      surface of 200 m.sup.2 /g. The silica filler had a specific BET surface of
      50 m.sup.2 /g and an average particle diameter of 7.5 .mu. determined by
      weighing. It consisted of 75% of SiO.sub.2, 8% of calcium oxide and 17% of
      free and combined water. The kaolin had an average particle diameter
      determined by weighting of 6.3 .mu.. It consisted of 47% of SiO.sub.2, 38%
      of Al.sub.2 O.sub.3 and 15% of water and traces of other oxides.
      Accordingly, the suspension had a calculated composition, based on solids,
      of:
PA1  approximately 47% by weight of SiO.sub.2 from the silica sol;
PA1  approximately 37% by weight of silica filler, and
PA1  approximately 16% by weight of kaolin;
PAL  or according to the chemical composition, based on the solids:
PA1  approximately 90% by weight of SiO.sub.2 ;
PA1  approximately 7% by weight of Al.sub.2 O.sub.3 ;
PA1  approximately 3% by weight of CaO.
PAR  10 Litres per hour of the aforementioned suspension and 1.2 litres per hour
      of an aqueous magnesium oxide suspension containing 80 g of MgO/litre were
      continuously delivered by metering pumps to a mixing vessel from which the
      gellable mixture of the two suspensions ran on to a rotating distributor.
      The gellable mixture was separated by the distributor into thin streams.
      Beneath the distributor there was a column filled with o-dichlorobenzene.
      On entering the organic medium, the streams of the suspension were broken
      up into spherical droplets which as they sunk solidified as a result of
      gelling.
PAR  The granulate, still formable, was separated off from the
      o-dichlorobenzene, dried in an air stream and then calcined be heating for
      2 hours to 700.degree.C. A bead-form extremely hard material with grain
      diameters of from 0.4 to 2 mm was obtained. It had a specific BET surface
      of 124 m.sup.2 /g, a pore volume of 501 mm.sup.3 /g, an abrasion loss of
      1% by weight as determined by the dynamic testing method described supra.
PAR  b) The bead granulate thus obtained was treated for 15 hours with a 50%
      excess, based on the Al.sub.2 O.sub.3 + CaO-content, of 20% aqueous
      hydrochloric acid heated to 70.degree.C, washed free of the acid and dried
      at 110.degree.C to provide a dried, acid treated granulate. A sample of
      the resulting supporting material, which was calcined for 1 hour at
      700.degree.C, had a specific surface of 133 m.sup.2 /g, a pore volume of
      575 mm.sup.3 /g and an abrasion loss as determined by the dynamic method
      of 1.5%. Chemical analysis showed the following:
PA1  1.5% loss through calcination at 1,150.degree.C;
PA1  1.1% of Al.sub.2 O.sub.3 ; and
PA1  97.4% of SiO.sub.2.
PAR  c. 5 kg of the supporting granulate, i.e. the dried acid treated granulate,
      prepared as described in a) and b) were introduced into 8 litres of a
      potassium vanadate solution, heated to 60.degree.C, containing 1.5 mol of
      K.sub.2 O/liter and 0.75 mol of V.sub.2 O.sub.5 /liter. After 5 hours, no
      more air bubbles were seen to escape. After filtering, the impregnated
      granulate was dried in an air stream and then calcined for 2 hours at
      500.degree.C. The V.sub.2 O.sub.5 content amounted to 4.8% by weight, the
      specific surface to 24 m.sup.2 /g, the pore volume to 402 mm.sup.3 /g and
      the abrasion loss to 0.6%.
PAC  EXAMPLE 2
PAR  A catalyst prepared in accordance with Example 1 a), b) and c) and sulfated
      with gases containing a little SO.sub.2 was tested under adiabatic
      conditions in a semi-commercial, fluidised bed apparatus to determine its
      activity during the catalytic oxidation of SO.sub.2 to SO.sub.3.
PAR  The contact furnace was in the form of a certically arranged, cylindrical
      container with an internal diameter of 310 mm and a height of 1,000 mm. At
      its lower end, it was closed with a gas-permeable, asbestos cloth on a
      screen plate, whilst at its upper end it widened into a container provided
      with baffles which had an internal diameter of 500 mm. 26 kg of supporting
      catalyst were introduced into the lower vessel. Following dust filters
      were used to retain the dust accumulating through abrasion of the
      catalyst. The contact furnace was preceded by a preheater for heating the
      gaseous reaction mixture to the required inlet temperature of the contact
      furnace. All parts of the apparatus and pipes were heat insulated. The
      temperature of the reaction gas was measured before entry (t.sub.1) into
      the fluidisation furnace and in the fluidised bed (t.sub.2).
PAR  The catalyst material was fluidised at a throughput of 40 Nm.sup.3 of gas
      per hour corresponding to a gas flow rate of around 0.15 m/second, based
      on an empty converter and normal conditions. The following Table 1 shows
      conversion figures and the temperatures t.sub.2 that settled in dependence
      upon the entry temperature t.sub.1 and upon the SO.sub.2 and oxygen
      content of the input gaseous mixture.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Throughput                                                                

           Inlet tem-                                                          

                 Bed temper-                                                   

                        Composition of                                         

                                 % Conversion                                  

     Nm.sup.3 /h                                                               

           perature                                                            

                 ature  roaster gas                                            

                                 of SO.sub.2 into                              

     t.sub.1     t.sub.2                                                       

                        % SO.sub.2                                             

                             % O.sub.2                                         

                                 SO.sub.3                                      

     __________________________________________________________________________

     40    246   498    11.1 --  89.0                                          

     40    290   488     7.3 10.4                                              

                                 89.2                                          

     40    248   494    11.3 11.8                                              

                                 88.0                                          

     44    218   513    12.8 11.8                                              

                                 87.0                                          

     40    216   532    14.0 10.0                                              

                                 80.0                                          

     65    290   500    10.7  9.7                                              

                                 72.4                                          

     __________________________________________________________________________

      After three months' operation, the abrasion loss amounted to less than 1%
      by weight.
PAC  EXAMPLE 3
PAR  100 ml of the catalyst prepared in accordance with Example 1 a), b) and c)
      were tested in a fixed bed in a laboratory apparatus under
      quasi-isothermal conditions to determine its activity in the sulfuric acid
      contact process. 90 Nl/hour of a gaseous mixture of SO.sub.2 and air,
      containing 7.9% by volume of SO.sub.2 were passed over the catalyst at an
      inlet temperature of 410.degree.C. The temperature in the middle of the
      contact or catalyst bed rose to 418.degree.C and at the end of the contact
      tube fell to 412.degree.C. The conversion of SO.sub.2 into SO.sub.3
      amounted to 98.5%.
PAC  EXAMPLE 4 (No acid treatment)
PAR  A supported catalyst with a V.sub.2 O.sub.5 -content of 4.6% by weight, a
      specific surface of 18 m.sup.2 /g, a pore volume of 342 mm.sup.3 /g and an
      abrasion loss of 0.8% by weight was obtained by impregnating a catalyst
      support containing approximately 7% of Al.sub.2 O.sub.3, prepared in
      accordance with Example 1 a), with a potassium vanadate solution with the
      composition indicated in Example 1c). 100 ml of this catalyst were tested
      as described in Example 3 to determine its activity in the sulfuric acid
      contact process. At an inlet temperature of 415.degree.C, the conversion
      of SO.sub.2 into SO.sub.3 amounted to 97.5%.
PAR  The "anhydrous granulate" is the product of calcining the dried granulate
      obtained by drying the product of the gelling step, and is at times
      referred to as calcined granulate.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process of producing sulfur trioxide by contacting sulfur dioxide,
      oxygen and a catalyst at an elevated temperature in a fluidized bed
      process the improvement which comprises utilizing as the catalyst, a
      silica gel bonded bead form catalyst comprising a siliceous support having
      at least 97% by weight silica and a finite amount up to 8% by weight of
      V.sub.2 O.sub.5 and 3.1 to 12.4% by weight of K.sub.2 O, based on the
      weight of the catalyst, said catalyst having a proportion of pores with
      diameters from about 100 to 1500 A of at least 80% of the total pore
      volume present, said catalyst having an abrasion resistance of from about
      0 to 3% by weight.
NUM  2.
PAR  2. A process according to claim 1 wherein V.sub.2 O.sub.5 is present in an
      amount from 4 to 8% by weight based upon the weight of the catalyst.
NUM  3.
PAR  3. A process according to claim 1 wherein said catalyst has a pore volume
      of 300 to 450 mm.sup.3 /g.
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ABST
PAL  A process for automated regulation of a unit producing sulphur by oxidation
      of hydrogen sulphide, in which the flow of gas carrying oxygen into the
      unit is regulated so as to keep an operating parameter, based on
      measurement of the sulphurous compound of the residual gases, level with a
      reference value.
PAL  It is characterized by the fact that the control signal, used to regulate
      the flow of gas containing oxygen at the unit inlet, is a combination of a
      signal based on measurements taken at the inlet, and representing the
      theoretical flow of this gas needed to keep the operating parameter at its
      reference level and another signal representing the correction needed in
      this flow to adjust the instantaneous value of the parameter to the
      reference level.
PAL  This process allow better control of the sulphur unit, with increased
      efficiency and reduced atmospheric pollution.
PARN
PAR  This is a continuation of application Ser. No. 207,790, filed Dec. 14,
      1971, and now abandoned.
BSUM
PAR  This invention concerns an improved process and device for automated
      regulation of units producing sulphur by oxidation of hydrogen sulphide.
PAR  A common way of preparing sulphur is the Claus process, which consists of
      controlled oxidation of hydrogen sulphide, using oxygen or air, followed
      by contact with a catalyst. The gas containing the hydrogen sulphide, also
      called acid gas, is injected into a combustion chamber in which one third
      of the hydrogen sulphide is converted into sulphur dioxide in the presence
      of oxygen or air, and some sulphur is formed. The reactive gas mixture
      leaving the combustion chamber is cooled and sent to a condenser, where
      the sulphur is separated by condensation. In order to increase output, the
      gas leaving the condenser is reheated and passes over a catalyst,
      whereupon the sulphur dioxide reacts with the hydrogen sulphide to form a
      further quantity of sulphur. Catalytic conversion usually requires two or
      three converters, each preceded by a heater for the gas, and followed by a
      condenser in which the sulphur is separated out. The residual gases
      leaving the last catalytic converter and containing small amounts of
      sulphurous compounds such as hydrogen sulphide, sulphur dioxide, sulphur
      vapour, sulphur vesicles, carbon bisulphide, carbon oxysulphide, may go
      through a purification installation, which retains a high proportion of
      these compounds. In the rest of this description, "sulphur unit" refers to
      a plant functioning on this principle, with or without a purification
      installation for the residual gas from the final catalytic converter. The
      effluents from the unit pass through an incinerator, before being
      discharged into the atmosphere.
PAR  The main requirement for sulphur units is to maintain maximum output, with
      the lowest possible wastage of sulphur and sulphurous compounds, under
      chosen reaction conditions, and despite variations in these conditions,
      such as pressure, temperature, reagent concentration. Automated regulation
      of such a unit consists of taking action in order to keep an operating
      parameter at a level corresponding to minimum wastage of sulphur and its
      compounds, under the conditions chosen.
PAR  One existing method of providing this regulation involves the principle of
      negative feedback. The ratio of acid gas to air in the input flow is
      adjusted, using a control function based on a parameter which represents
      the overall hydrogen sulphide and sulphur dioxide content of the residual
      gas from the unit, so as to reduce this parameter to the lowest possible
      level.
PAR  This method is not entirely satisfactory, since it ignores outside factors
      affecting the sulphur unit, causing rapid fluctuations in the operating
      parameter, too fast for the measurement process to take account of them.
      The result is that information concerning such fluctuations is incomplete
      so that the unit fails to function at maximum efficiency.
PAR  The present invention offers a solution to these drawbacks, by providing a
      method of regulating sulphur units which helps to reduce rapid
      fluctuations in the operating parameter, thus allowing regulation of such
      units to be better adapted to their dynamics. There is a resulting
      improvement in output, and a correspondingly lower concentration of
      sulphurous compounds discharged into the atmosphere, thus reducing
      atmospheric pollution.
PAR  The invention concerns a process for automated regulation of a sulphur unit
      producing sulphur by oxidation of hydrogen sulphide, using a gas
      containing free oxygen, in which the ratio of the flow of gas containing
      hydrogen sulphide to the flow of gas containing oxygen is adjusted at the
      unit inlet, by regulating the flow of gas containing oxygen, in order to
      keep an operating parameter, based on the sulphurous compound contents of
      effluents from the unit, at a given level, and in which a signal,
      representing the theoretical flow of gas containing oxygen needed to keep
      the operating parameter at its given level is worked out from measurements
      of the gases containing hydrogen sulphide and oxygen at the unit inlet,
      another signal, representing the correction needed in the flow of gas
      containing oxygen, to adjust the instantaneous value of the parameter to
      the given level, is worked out from this instantaneous value, obtained by
      analysing the residual gas from the sulphur unit, the two signals are
      combined, and the resulting signal is used to regulate the input flow of
      gas containing oxygen.
PAR  According to one feature of the invention, the operating parameter used to
      regulate the sulphur unit is the molar ratio of hydrogen sulphide to
      sulphur dioxide in the residual gas from the unit.
PAR  According to another feature of the invention, the operating parameter used
      to regulate the sulphur unit is the sum of the hydrogen sulphide and
      sulphur dioxide contents of the effluents from the unit.
PAR  According to a recommended embodiment of the invention, the flow of gas
      containing oxygen is regulated by varying a slight additional flow, which
      is combined with a larger fixed flow.
PAR  The signal representing the theoretical flow of gas containing oxygen
      needed to keep the operating parameter at its given level is obtained from
      a mathematical model simulating the functioning of the sulphur unit,
      involving measurements of the input flow, pressure, temperature and
      composition of the gas containing hydrogen sulphide, and the input flow,
      temperature, pressure and moisture content of the gas containing oxygen.
      Depending on the method of regulating the flow of this gas, the signal
      represents the total theoretical flow or the additional theoretical flow
      needed to keep the operating parameter at a given level.
PAR  According to one embodiment of the invention, the rate of conversion of
      hydrogen sulphide into sulphur is also worked out continuously, from the
      input composition of the gas containing hydrogen sulphide, and the
      composition of the residual gas at the outlet. This measurement can be
      used to improve regulation of the sulphur unit.
PAR  The device embodying the process according to the invention consists of a
      forecasting calculator which delivers a signal representing the
      theoretical flow of gas containing oxygen needed to keep the operating
      parameter at a given level, an instrument for sampling the effluents from
      the unit, a device to analyse these samples, and supply signals
      representing the amounts of various compounds present in the residual
      gases, a compensating calculator, which uses the signals from the
      analysing device to obtain the instantaneous value of the operating
      parameter and from it a signal representing the correction needed in the
      flow of gas containing oxygen to adjust the instantaneous value of the
      parameter to its given level, means of combining the signals from the
      forecasting and compensating calculators, means of regulating the flow of
      gas containing oxygen in accordance with the resulting combined signal,
      and means of measuring the input properties of the gas containing hydrogen
      sulphide and the gas containing oxygen and supplying the forecasting
      calculator with signals representing these properties, which allow the
      signal representing the theoretical flow of gas containing oxygen to be
      obtained.
PAR  The system for regulating the flow of gas containing oxygen includes, in
      particular, a servomechanism controlling a valve on the inlet pipe for
      this gas.
PAR  In one recommended embodiment, this valve is placed on an additional inlet
      pipe, with a smaller capacity than the main pipe.
PAR  The system for measuring the properties of the gas containing hydrogen
      sulphide and the gas containing oxygen consists of suitable sensing
      devices placed on the inlet pipes for these gases, and of an analyser
      fitted to the pipe for the gas containing hydrogen sulphide. This analyser
      is preferably a chromatography apparatus, although any other type with
      equivalent precision and capacity may be used.
PAR  The device for sampling the residual gas consists of a sampling tube with
      an aperture along one generatrix projecting into the residual gas pipe,
      and leading into a circuit through which the sample flows, and a heating
      system to keep the tube and circuit at a temperature above the solidifying
      point of sulphur.
PAR  The analysing device accompanying the sampling device may be any analyser
      with satisfactory precision and capacity. It is preferably a
      chromatography apparatus equipped with a sample input device separate from
      the chromatographic column, a storage system for the peaks detected, and a
      programmer. The sample-input device, which is an adjustable inlet-tap, is
      placed in a heated, insulated enclosure, the temperature of which is above
      the solidifying point of sulphur.
PAR  The compensating calculator consists of a device to obtain the
      instantaneous value of the operating parameter from signals supplied by
      the analyser, a filtration device to obtain the average instantaneous
      value, and a calculating device which works out, from the filtered signal
      and the signal representing the reference value, the feedback control
      signal. This device preferably takes proportional, integral and first and
      second pseudo-differential coefficients into account.
PAR  In one embodiment of the invention, the device also includes a system to
      calculate the rate of conversion of hydrogen sulphide into sulphur,
      receiving signals from the analyser of the input flow of gas containing
      hydrogen sulphide, and from the analyser of the residual gas, and
      supplying a signal representing the rate of conversion.
DRWD
PAR  The invention is explained in the following description, illustrated by the
      accompanying FIGURE, without being in any way confined to this embodiment.
DETD
PAR  The FIGURE shows, diagrammatically, a sulphur unit equipped with a
      regulating device according to the invention, using as the operating
      parameter the theoretical molar ratio of hydrogen sulphide to sulphur
      dioxide in the residual gases, and also including a system to calculate
      the rate of conversion of hydrogen sulphide into sulphur.
PAR  The gas containing hydrogen sulphide, known as the acid gas, and which also
      contains carbon dioxide and small amounts of other products such as
      methane, arrives by a pipe 1, on which are fitted a flowmeter 2,
      pressure-gauge 3, temperature-gauge 4, and sampling device 5. The sample
      later returns to the pipe 1 by another pipe (not shown here). The acid gas
      is sampled by the sampling device 5, and analysed in an analyser 6,
      preferably a chromatography apparatus equipped with a programmer and a
      storage system allowing the results to be stored between each analysis
      cycle. This analyser delivers the results of the analysis in the form of
      electrical signals 7, 8 and 38, representing the hydrogen sulphide,
      methane and carbon dioxide contents of the gas. The acid gas reaches the
      sulphur unit 23, through a valve 10.
PAR  A main air flow arrives by a pipe 11, on which are fitted a flowmeter 12,
      pressure-gauge 13, temperature-gauge 14 and humidity-gauge 15, and enters
      the sulphur unit through a valve 17. An additional air pipe 18, equipped
      with a flowmeter 19, allows the amount of air needed to correct
      disturbances to enter the unit through another valve 21.
PAR  A forecasting calculator 22, receives the information from the sensing
      devices 2, 3 and 4 on the acid-gas pipe along lines 9, information from
      the sensing devices on the main air-pipe along lines 16, the signal from
      the flowmeter 19 on the additional air-pipe along line 20, and the signals
      from the analyser 6, representing the hydrogen sulphide and methane
      contents of the acid gas, along lines 7 and 8.
PAR  From this data, the forecasting calculator obtains an output signal 35,
      which represents the theoretical additional amount of air needed to keep
      the operating parameter (the molar ratio of hydrogen sulphide to sulphur
      dioxide in the residual gases) at a given level. If the composition of the
      acid gas is known, from previous experience, the analyser 6 can be left
      out, and the results of the earlier analysis fed directly into the
      forecasting calculator 22.
PAR  Residual gases, containing nitrogen, carbon dioxide, water vapour and small
      amounts of sulphurous compounds such as hydrogen sulphide, sulphur
      dioxide, carbon bisulphide and carbon oxylsulphide, escape from the
      sulphur unit 23 by a pipe 24, and pass into an incinerator 25, the
      effluent from which passes along a pipe 26 and is discharged into the
      atmosphere through a chimney 27.
PAR  A sampling device 26 in the discharge pipe 24, just before the incinerator
      inlet, takes a sample of the residual gases. This is done by means of a
      tubular rod with an aperture among one generatrix, projecting into the
      middle of the pipe. This sample passes along a pipe 29 to an analyser 30,
      and back to the pipe 26. The flow ensures short response time. To avoid
      clogging, the circuit along which the sample flows to the analyser 30 and
      the pipe 26 are kept above the solidifying point of sulphur, by means of a
      double casing inside which a heating fluid, such as steam, circulates at a
      suitable temperature.
PAR  The analyser 30 is a chromatography apparatus equipped with a programmer
      and a peak-storage system, updated at each cycle. The apparatus also
      includes a sample-input system designed to operate at high temperatures,
      and which is separate from the chromatographic column, making it
      accessible in the event of an accident. This input system is an adjustable
      tap, and it is placed in a heated, insulated enclosure. This system allows
      the sample, which is at low pressure, to mix with the vector gas
      circulating at high pressure. The filling of the column enables all the
      components of the residual gas samples to be analysed, despite their high
      moisture content. Peaks corresponding to hydrogen sulphide, sulphur
      dioxide, carbon bisulphide and carbon oxylsulphide are measured every four
      minutes or so.
PAR  The signals representing the hydrogen sulphide and sulphur dioxide contents
      delivered by the chromatograph storage system are fed by lines 31 into a
      compensating calculator 32, which gives a signal representing the molar
      ratio of hydrogen sulphide to sulphur dioxide, filters it to obtain an
      average, compares this average with the reference value of the operating
      parameter, posted on the calculator, and finally obtains an output signal
      33 from the difference, using a specific regulation algorithm adapted to
      the dynamics of the unit, and taking the proportional, integral and first
      and second pseudo-differential coefficients in particular into account.
PAR  The signal 33, which represents the flow of air needed to bring the
      instantaneous level of the ratio of hydrogen sulphide to sulphur dioxide
      back to its given level, forms the negative feedback control algorithm.
PAR  The signal 33 from compensating calculator 32, and the signal 35 from the
      forecasting calculator 22 are combined in an adaptation device 34, and the
      resulting signal 36 operates a servomechanism 37, which adjusts the
      setting of the additional air-inlet valve 21.
PAR  The information supplied by the analysers 6 and 30 can also be used to
      obtain the rate of conversion of hydrogen sulphide into sulphur. To do
      this, a calculating system 41 receives the signals 7, 8 and 38 from 6,
      representing the hydrogen sulphide, methane and carbon dioxide contents of
      the input acid gas and, along lines 40, the signals 39 from the
      chromatography apparatus 30, representing the hydrogen sulphide, sulphur
      dioxide, carbon bisulphide, carbon oxysulphide and carbon dioxide contents
      of the residual gases. From these signals the calculating system 41 works
      out a signal representing the molar ratio of hydrogen sulphide to carbon
      dioxide and methane in the acid gas, and a second signal representing the
      molar ratio of sulphurous compounds to carbon dioxide in the residual
      gases, then divides the second signal by the first, and subtracts the
      signal obtained from a unitary signal, to obtain a result signal 42, which
      shows the rate of conversion of hydrogen sulphide into sulphur. This
      signal may be used in an additional feedback loop, to improve regulation
      of the sulphur unit.
PAR  Display and recording systems (not shown here) allow the different
      measurements and calculated signals to be displayed, so that the state of
      operation of the unit may be checked at any time.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for regulating the production of sulphur in a sulphur unit
      producing sulphur by oxidation of hydrogen sulfide by means of a free
      oxygen-containing gas and liberating residual gases containing H.sub.2 S
      and SO.sub.2, said method comprising the steps of:
PA1  a. feeding a hydrogen sulfide-containing gas and a free oxygen-containing
      gas to the inlet of the sulphur unit;
PA1  b. automatically analyzing the hydrogen sulfide-containing gas fed to the
      sulphur unit for its hydrogen sulfide content and providing electrical
      signals indicative of said H.sub.2 S content,
PA1  c. electronically computing from said electrical signals the theoretical
      flow of oxygen-containing gas needed to oxidize the hydrogen sulfide of
      the hydrogen sulfide-containing gas to sulphur to keep the H.sub.2 S :
      SO.sub.2  molar ratio in the residual gases to a predetermined value and
      providing a signal representative of said theoretical flow,
PA1  d. automatically analyzing the residual gases obtained from the sulphur
      unit for their H.sub.2 S and SO.sub.2 contents and providing residual gas
      electronic signals indicative of said residual gas contents,
PA1  e. electronically computing from said residual H.sub.2 S and SO.sub.2
      content electronic signals the instantaneous value of the H.sub.2 S :
      SO.sub.2 molar ratio in the residual gases and deriving from the
      difference of said instantaneous and predetermined values a correction
      signal representative of the correction flow of oxygen-containing gas to
      bring back the instantaneous value of the H.sub.2 S : SO.sub.2 molar ratio
      in the residual gases to the predetermined value,
PA1  f. electronically adding the signals representative of the theoretical flow
      of oxygen containing gas and the correction flow signal for providing a
      resulting signal, and
PA1  g. adjusting the ratio of the flow of H.sub.2 S containing gas to the flow
      of oxygen-containing gas by varying the flow of oxygen-containing gas in
      response to the resulting signal,
PA2  whereby the instantaneous value of the H.sub.2 S : SO.sub.2 molar ratio in
      the residual gas is adjusted to the predetermined value.
NUM  2.
PAR  2. A process for the regulation of production of sulphur in a sulphur unit
      as recited in claim 1 further comprising the steps of:
PA1  feeding a main stream of oxygen-containing gas into said sulphur unit at a
      fixed flow rate, and
PA1  feeding an additional stream of oxygen-containing gas into said sulphur
      unit at a variable flow rate, said variable flow rate responsive to the
      resulting signal.
NUM  3.
PAR  3. A process for regulating the production of sulphur in a sulphur unit as
      recited in claim 1 further comprising the steps of:
PA1  automatically measuring flow rate, pressure and temperature of said H.sub.2
      S containing gas,
PA1  automatically measuring flow rate, pressure, temperature and humidity of
      said free oxygen-containing gas, and
PA1  electronically computing said theoretical flow of oxygen-containing gas
      from the H.sub.2 S content of said H.sub.2 S containing gas and the values
      representative of said measurements.
NUM  4.
PAR  4. A process for regulating the production of sulphur in a sulphur unit as
      recited in claim 1 further comprising the steps of:
PA1  electronically computing the rate of conversion of the hydrogen sulphide
      into sulphur from the H.sub.2 S content of the hydrogen sulphide
      containing gas fed to the sulphur unit and the content of the sulphurous
      compounds in the residual gases from said sulphur unit.
NUM  5.
PAR  5. In a process for making sulphur in a sulphur unit from the oxidation of
      hydrogen sulfide utilizing a free oxygen-containing gas said process
      liberating residual gases containing H.sub.2 S and SO.sub.2, a method of
      adjusting the flow rate of the free oxygen-containing gas fed into the
      sulphur unit comprising the steps of:
PA1  a. feeding a hydrogen sulfide-containing gas and a free oxygen-containing
      gas to the inlet of the sulphur unit;
PA1  b. automatically analyzing the hydrogen sulfide-containing gas fed to the
      sulphur unit for its hydrogen sulfide-content and providing electronic
      signals indicative of said H.sub.2 S content,
PA1  c. electronically computing from said electrical signals the theoretical
      flow of oxygen-containing gas needed to oxidize the hydrogen sulfide of
      the hydrogen sulfide-containing gas to sulphur to keep the H.sub.2 S :
      SO.sub.2 molar ratio in the residual gases to a predetermined value and
      providing a signal representative of said theoretical flow,
PA1  d. automatically analyzing the residual gases obtained from the sulphur
      unit for their H.sub.2 S and SO.sub.2 contents and providing residual gas
      electronic signals indicative of said residual gas contents,
PA1  e. electronically computing from said residual H.sub.2 S and SO.sub.2
      content electronic signals the instantaneous value of the H.sub.2 S :
      SO.sub.2 molar ratio in the residual gases and deriving from the
      difference of said instantaneous and predetermined values a correction
      signal representative of the correction flow of oxygen-containing gas to
      bring back the instantaneous value of the H.sub.2 S : SO.sub.2 molar ratio
      in the residual gases to the predetermined value,
PA1  f. electronically adding the signals representative of the theoretical flow
      of oxygen containing gas and the correction flow signal for providing a
      resulting signal, and
PA1  g. adjusting the ratio of the flow of H.sub.2 S containing gas to the flow
      of oxygen-containing gas by varying the flow of oxygen-containing gas in
      response to the resulting signal,
PA2  whereby the instantaneous value of the H.sub.2 S : SO.sub.2 molar ratio in
      the residual gas is adjusted to the predetermined value.
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ABST
PAL  A chelated iron solution of high concentration that is stable at a pH
      greater than 7 to at least pH 10 is disclosed. Also a process is disclosed
      in which this formulation is used to remove H.sub.2 S and/or mercaptans as
      pollutants in a gas stream. In the case of H.sub.2 S this chelate acts by
      producing sulfur therefrom in the absence of oxygen.
BSUM
PAR  U.S. Pat. No. 3,226,320 -- Meuley et al is directed to the use of chelated
      polyvalent metal salt solutions as catalysts for the oxidation of hydrogen
      sulfide and/or mercaptans present in fluid streams. The chelate is to be
      added to the polluted stream and, thereafter, this mixture is contacted
      with gaseous oxygen. The amount of chelate added to the pollutant stream
      is to be "an amount that is stoichiometrically substantially less than the
      amount of the pollutant" (Meuley et al column 1, lines 32 through 38).
PAR  Although there is no discussion thereof in the Meuley et al patent, because
      of this teaching that the concentration of metal chelate in the polluted
      steam/ chelate solution is to be kept very low, the metal chelate present
      would quickly be converted to the lower valence form, if oxygen were not
      simultaneously fed to the system. In the lower valence form, the chelate
      would no longer function to destroy the specific pollutant concentrations
      in the fluid stream.
PAR  It would be of advantage to be able to eliminate this requirement for the
      addition of an oxygenating gas to the fluid stream being treated. It is to
      the solution of this problem that the instant invention is directed.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  A chelated iron solution of high concentration that is stable at a pH
      greater than 7 to at least pH 10 is disclosed. Also a process is disclosed
      in which this formulation is used to remove H.sub.2 S and/or mercaptans
      pollutants from a gas stream in the absence of oxygen. The term "gas"
      includes both gas and "vapor" as employed herein.
PAC  MANNER AND PROCESS OF MAKING AND USING THE INVENTION
PAR  In addition to overcoming the requirement that oxygen be fed into the fluid
      stream being treated with a chelated ferric iron solution, this invention
      also permits more efficient design of the mass transfer equipment employed
      in such treatment.
PAR  Although, by way of example, the description given herein of this invention
      is directed to the removal of hydrogen sulfide from fluid streams, the
      process of this invention is equally applicable to the removal of
      mercaptans. Thus, for example, alkyl mercaptans would be oxidized by this
      process to dialkyl disulfides, which are water-insoluble oils.
PAR  Thus, in this invention a multi-step process is employed in the first
      (absorption) step of which a stream of H.sub.2 S-containing fluid is
      brought into contact with concentrated chelated ferric iron solution of
      high pH. The reaction schematically illustrating consumption of the
      H.sub.2 S for the production of sulfur therefrom is shown as follows:
EQU  2 Fe.sup.3.sup.+ + H.sub.2 S = S + Fe.sup.2.sup.+ + 2 H.sup.+ (1)
PAL  As will be noted, no sulfur dioxide (or SO.sub.x compounds) or iron sulfide
      is formed. Sulfur removal, the next step, is relatively simple, e.g. by
      filtration, centrifugation.
PAR  The rest of the reaction products (sulfur-free) are then directed to the
      regeneration step in which the chelate material is subjected to oxidation
      (preferably by air), for reconditioning to the ferric state. After
      completion of the regeneration step, the refurbished chelate composition
      is ready for reaction with more of the pollutant content of the fluid
      stream being treated.
PAR  Conduct of this process is particularly applicable to the removal of
      H.sub.2 S from a gas, or vapor, stream, e.g. as is produced by the
      gasification of coal. The gas stream from a coal gasifier contains
      hydrogen sulfide in a relatively small (about 1 1/2% by volume)
      concentration. To remove this impurity, the flow of gasified coal is
      passed upwardly through a packed bed in countercurrent flow with liquid
      chelated ferric iron solution passing downwardly through the same packed
      bed. After absorption of the H.sub.2 S, reconditioning of the spent
      chelate solution is carried out. During the reconditioning step,
      oxygenating gas is passed upwardly through a second packed bed in
      countercurrent flow to the downwardly directed stream of spent liquid
      chelate (free of sulfur) from the absorption bed.
PAR  The two-step process of this invention, therefore, enables the use of
      different mass transfer equipment for the absorption step from that
      equipment utilized for the regeneration step. This is a particularly
      advantageous aspect of this invention since, given the option, the
      dimensional relationships of the absorber and regenerator will differ
      greatly. Thus, if both the absorber and regenerator utilize packed beds
      (e.g. of ceramic bodies), the packing height required for the regenerator
      would be about 10 times the packing height required for the absorber,
      because of the longer residence time required to properly regenerate the
      chelate. Further, it might be preferred to employ a Venturi scrubber to
      carry on the H.sub.2 S absorption and to use a packed bed for the
      regeneration with oxygen.
PAR  Another advantage of this multi-step process is that, after treatment, the
      fluid stream is not contaminated with residuals from the oxygenating
      stream, such as excess oxygen or (in the case of air) nitrogen.
PAR  The regeneration of the chelate proceeds according to the schematic
      reaction:
EQU  Fe.sup.2.sup.+ + 1/2 O.sub.2 + H.sub.2 O = Fe.sup.3.sup.+ + 2 OH.sup.-(2)
PAR  Because of the large scale of the fluid treatment proposed in the instant
      invention, iron and copper were the only polyvalent metals considered to
      be economical enough to employ in the preparation of the chelate. Of
      these, the iron chelate has been successfully employed, while the copper
      chelate was unable to convert the hydrogen sulfide to sulfur as desired.
      In the following examples FeCl.sub.3 is used in the preparation of ferric
      chelates, however, other soluble ferric salts may be employed.
PAC  EXAMPLE 1
PAR  A concentrated chelated copper solution was prepared by adding 6.7 grams of
      CUCl.sub.2 to 26 grams of ethylenediaminetetraacetic acid [EDTA (Na).sub.4
      ]. The volume of the solution was brought up to 100 milliliters by the
      addition of distilled water. The pH of the resultant solution was 9.3.
      Hydrogen sulfide was bubbled into the solution and a brown precipitate was
      immediately produced. This precipitated material was not sulfur, but
      copper sulfide. Loss of copper from the system in this manner could not be
      tolerated.
PAC  EXAMPLE 2
PAR  A mixture of 30 grams FeCl.sub.3 . 6 H.sub.2 O and 70 grams of EDTA
      (Na).sub.4 was dissolved in 100 milliliters of water. The pH of this
      solution was adjusted up to about pH 10 with sodium hydroxide. This
      formulation provides an iron concentration of about 1 mole per liter with
      a ratio of EDTA to FeCl.sub.3 of about 1.25. This concentrated chelate
      solution was stable and was successfully employed. A bubble column was
      filled with this solution. Pure H.sub.2 S gas was passed up through the
      column where it reacted to produce sulfur. The sulfur was separated from
      the reaction products and the spent (Fe.sup.3.sup.+ .fwdarw.
      Fe.sup.2.sup.+) solution was regenerated by contact with air in a second
      column. The regenerated chelated iron solution was successfully used in a
      repetition of the absorption step.
PAR  Various other bases other than sodium hydroxide can be employed for the
      adjustment of pH and, if desired, the chelated ferric iron solution can be
      buffered. Both phosphate and carbonate buffers have been used
      successfully.
PAC  EXAMPLE 3
PAR  2,000 ml of aqueous solution was prepared containing 1 mole of FeCl.sub.3
      and 1.5 moles of EDTA. The pH of the resulting ferric chelate solution was
      adjusted to 9.5 by the addition of K.sub.3 PO.sub.4. H.sub.2 S bubbled
      through the solution reacted to produce sulfur. The spent (ferrous)
      chelate solution was regenerated with air and the pH of the regenerated
      (ferric) chelate was 9.5 whereupon the solution was adjusted to pH 10
      using K.sub.3 PO.sub.4. The absorption step was then successfully repeated
      using the regenerated chelate solution.
PAC  EXAMPLE 4
PAR  2000 ml of aqueous solution was prepared containing 1 mole of FeCl.sub.3
      and 1.5 moles of EDTA. The pH of this ferric chelate solution was adjusted
      to pH 8.7 by the addition of K.sub.3 PO.sub.4. As in the preceding
      example, the solution was successfully employed for adsorption, the spent
      solution was regenerated, was adjusted to pH 10 with K.sub.4 PO.sub.4 and
      then was successfully used for further adsorption of H.sub.2 S.
PAC  EXAMPLE 5
PAR  2,000 ml of aqueous solution was prepared containing 1 mole of FeCl.sub.3
      and 1.25 moles of EDTA. The pH of this ferric chelate solution was
      adjusted to pH 8.5 using Na.sub.2 CO.sub.3. As in Example 3, the solution
      was successfully employed for H.sub.2 S absorption and the spent solution
      was regenerated with air. After adjustment of the regenerated solution to
      pH 10 with Na.sub.2 CO.sub.3 the H.sub.2 S absorption was successfully
      repeated therewith.
PAC  EXAMPLE 6
PAR  2,000 ml of aqueous solution was prepared containing 1 mole of FeCl.sub.3
      and 1.25 moles of EDTA. The pH of this ferric chelate solution was
      adjusted to pH 10 using Na.sub.2 CO.sub.3. The boiling point of this
      solution was determined to be 111.degree.C. H.sub.2 S was bubbled through
      the chelate solution at 100.degree.C and the adsorption reaction proceeded
      successfully. The pH was redetermined and was found to be pH 10.
PAR  It has been found that an excess of EDTA (i.e. the ratio of EDTA to Fe must
      be greater than 1:1 on a molar basis, e.g. more than 1 gm mole of EDTA per
      1 gm mole of Fe) in order to provide the requisite sequestering action
      whereby iron is kept in solution. This was illustrated when a solution
      containing equi-molar quantities of EDTA and Fe was prepared and was
      employed for H.sub.2 S absorption. Instead of forming sulfur, the reaction
      produced iron sulfide. The function of the EDTA is to keep the iron in
      solution. Thus, the more EDTA is present, the more iron complex (the
      solublizing mechanism for the iron) is maintained. The useable ratio of
      EDTA:Fe can extend from greater than 1:1 to greater than about 1.5:1. The
      preferred ratio of EDTA to Fe is about 1.5:1.
PAR  The useful range of pH is from pH greater than 7 to pH 10 with the
      preferred range being pH 9.0 - pH 10. This higher pH is preferred, because
      at higher values of pH the H.sub.2 S.fwdarw.S absorption improves
      significantly as long as this is accomplished by a high enough ratio of
      EDTA to Fe.
PAR  Further, although the concentration of iron in the ferric chelate solution
      is not critical (up to 1 mole of iron/liter), a concentration of about 0.5
      moles of Fe/liter is preferred. The temperature of operation does not
      appear to be critical.
PAR  During regeneration the partial pressure of oxygen in the oxygenating gas
      is important to the kinetics of the regeneration. Thus, at low partial
      pressure of oxygen the requisite residence times for regeneration would be
      undesirably high.
PAR  A number of other chelating agents for iron have been investigated. Of the
      chelating agents set forth hereinbelow in Table 1, EDTA alone has proven
      successful. The other chelating agents failed as a) ferric hydroxide
      precipitated, when the solution was buffered to pH 10 or b) the solution
      did not convert hydrogen sulfide to sulfur, but rather to iron sulfide
      (probably Fe.sub.2 S.sub.3).
PAC  TABLE 1
PA1  1. ethylenediaminetetraacetic acid (EDTA)
PA1  2. sodium gluconate
PA1  3. N-(carboxymethyl)-N'-2-hydroxyethyl-N-N'-ethylenediglycine
PA1  4. diethylenetriaminepentaacetic acid (DTPA)
PAC  BEST MODE CONTEMPLATED
PAR  The preferred formulation presents an iron concentration of about 0.5 moles
      per liter and a ratio of EDTA to Fe of about 1.5:1. Such a solution would
      be prepared and used as shown in Example 7 below.
PAC  EXAMPLE 7
PAR  135 gm FeCl.sub.3 . 6H.sub.2 O was dissolved in water and 285 gm EDTA
      (Na.sup.+).sub.4 was added. The solution volume was brought up to nearly 1
      liter with distilled water. The pH of the solution was adjusted to
      slightly less than 10 by the addition of about 150 gm of K.sub.3 PO.sub.4.
      The total solution was then made up to 1 liter providing an iron
      concentration of about 0.5 moles per liter and an EDTA concentration of
      about 0.75 moles per liter.
PAR  A 1 inch diameter column was packed with 7 mm Raschig rings to a depth of 1
      foot. A test gas consisting of 1% by volume H.sub.2 S with nitrogen
      constituting the balance was employed. The test gas was flowed upwardly
      through the packed column countercurrent to downward flow of the chelating
      iron formulation, the gas flow being 12 std. cubic feet per hour. The
      effect of temperature and pH on absorption efficiency was determined and
      is displayed in Tables 2 and 3 below. Absorption efficiency is defined as:
      ##EQU1##
TBL                Table 2                                                     

     ______________________________________                                    

     (pH = 10)                                                                 

     Temp (.degree.C) Absorption Efficiency (%)                                

     ______________________________________                                    

     20               100                                                      

     50               100                                                      

     75               100                                                      

     100              100                                                      

     ______________________________________                                    

PAR  Table 2 illustrates that in varying the operating temperature from
      20.degree.C to 100.degree.C there was no effect on absorption efficiency.
PAR  Table 3 set forth below indicates an increase in absorption efficiency by
      raising the pH from 7.5 to 10.
TBL                Table 3                                                     

     ______________________________________                                    

     (Temp. = 20.degree.C)                                                     

     pH              Absorption Efficiency (%)                                 

     ______________________________________                                    

     7.5             .apprxeq. 98                                              

     8.5             .apprxeq. 99.7                                            

     10              100                                                       

     ______________________________________                                    

CLMS
STM  What I claim as new and desire to secure by Letters Patent of United States
      is:
NUM  1.
PAR  1. A method for reducing the pollutant content of a gas stream wherein the
      pollutant is at least one member of the group of hydrogen sulfide and
      mercaptans, comprising the steps of:
PA1  a. bringing the gas stream into intimate contact with an aqueous solution
      having a pH from greater than 7 to about pH 10 consisting essentially of
      water, a chelate of ferric iron with ethylenediaminetetraacetic acid
      (EDTA), and a buffering agent, said solution having a ratio of EDTA to Fe
      of greater than 1:1, the concentration of the Fe being at least about 0.5
      moles per liter of the aqueous solution,
PA1  b. separating insolubles from the reacted aqueous solution,
PA1  c. bringing the reacted aqueous solution substantially free of insolubles
      into intimate contact with an oxygenating gas and
PA1  d. recirculating the regenerated aqueous solution for reaction with the gas
      stream as in step a).
NUM  2.
PAR  2. The method for reducing pollutant content as recited in claim 1 wherein
      the gas stream is gasified coal.
NUM  3.
PAR  3. The method for reducing pollutant content as recited in claim 1 wherein
      the pollutant is hydrogen sulfide and sulfur is the insoluble generated.
NUM  4.
PAR  4. The method for reducing pollutant content as recited in claim 1 wherein
      the gas stream contains mercaptan pollutant and the insolubles are organic
      disulfides.
NUM  5.
PAR  5. The method for reducing pollutant content as recited in claim 1 wherein
      the oxygenating gas is air.
NUM  6.
PAR  6. The method for reducing pollutant content as recited in claim 1 wherein
      the pH is in the range from pH 9.0 to pH 10.0.
NUM  7.
PAR  7. The method for reducing pollutant content as recited in claim 1 wherein
      the EDTA to Fe ratio is in range of from about 1.25:1 to about 1.5:1.
NUM  8.
PAR  8. The method for reducing pollutant content as recited in claim 7 wherein
      the concentration of iron ranges from about 0.5 moles per liter to about
      1.0 mole per liter.
NUM  9.
PAR  9. The method for reducing pollutant content of a gas stream as recited in
      claim 1 wherein contact between a gas stream containing hydrogen sulfide
      and the aqueous solution is by countercurrent flow in a first apparatus,
      sulfur is removed from the reacted aqueous solution and then contact
      between the substantially sulfurfree reacted aqueous solution and the
      oxygenating gas is by countercurrent flow in a second apparatus.
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ABST
PAL  A desulfurizing process wherein a gas stream containing SO.sub.2 is
      contacted with a citric acid or citrate-containing solution, and a gas
      stream containing H.sub.2 S is contacted with the resulting solution,
      whereby elemental sulfur is precipitated and removed. The rate of flow of
      the respective gases contacting the aforesaid solution is such that the
      amount of H.sub.2 S and SO.sub.2 contained in the solution after said
      solution has been contacted with the gas streams is substantially in the
      ratio of two mols of H.sub.2 S to one mol of SO.sub.2. A portion at least
      of the solution from which elemental sulfur is removed is passed to the
      first step of the process, for contacting the gas stream containing
      SO.sub.2.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for desulfurizing a gas stream having
      an H.sub.2 S content and a gas stream having an SO.sub.2 content. More
      specifically, the invention relates to a process for desulfurizing an
      industrial waste gas such as coke oven gas by contacting it with a citric
      acid or citrate-containing solution which has been contacted with an
      SO.sub.2 --containing gas such as sinter plant gas from an integrated
      steel mill. Sulfur is precipitated in the solution, and is removed
      therefrom. The gases from which a significant sulfur content has been
      removed can be re-used or passed to the atmosphere.
PAR  In the operation of an integrated steel mill, the sulfur content of coke
      oven exhaust and sinter plant gas pose a serious air pollution problem.
      Treatment procedures suggested in the past to significantly reduce the
      sulfur content of such gases have been either too inefficient or costly or
      both.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the present invention to provide a process for
      substantially lowering the sulfur content of industrial gases. A further
      object is to provide a process for efficiently desulfurizing gas streams
      containing a sulfur content in the form of SO.sub.2. Another object is to
      provide a process for effectively desulfurizing gas streams having a
      sulfur content in the form of H.sub.2 S. A still further object is to
      provide a process for removing sulfur from sinter plant gas and from coke
      oven gas produced during operation of an integrated steel mill. Further
      objects will be obvious to those skilled in the art as the disclosure
      continues hereafter.
PAR  While the following disclosure is set forth specifically with respect to
      the treatment of sulfur-containing gases produced in operating an
      integrated steel mill, it will be apparent to those skilled in the art
      that it is equally applicable to the treatment of similar
      sulfur-containing gases produced during other industrial processes and
      accordingly the following disclosures, teachings and examples are to be
      considered illustrative rather than limiting.
PAR  In carrying out the instant process, sinter plant gases containing SO.sub.2
      are scrubbed into a citrate solution and the waste, SO.sub.2 -free gases
      are discharged into the atmosphere, or may be utilized further if desired.
      A further description of desulfurization of sulfur-containing gases by
      contacting them with citrate-containing solutions may be found in "Sulfur
      dioxide emission control by hydrogen sulfide reaction in aqueous solution:
      the citrate system," by J. B. Rosenbaum (and others. Washington) U.S.
      Bureau of Mines (1973).
PAR  The SO.sub.2 --bearing solution from the aforesaid scrubbing is then pumped
      to a second scrubber in which coke oven gas containing H.sub.2 S is washed
      free of its H.sub.2 S. The reaction of H.sub.2 S and SO.sub.2, both of
      which are present in the twice-used solution form elemental sulfur
      (S.sup.o) by the well-known Claus Reaction. The S.sup.o forms a fine
      suspended solid in the solution, in the second scrubbing step.
PAR  The S.sup.o is then removed from the scrubbing solution by any suitable
      solids removed process, as by centrifuging or filtering, followed by a
      step in which the S.sup.o is melted and freed of occluded scrubbing
      solution.
PAR  The freed scrubbing solution is then pumped back to a holding tank in which
      the acidity is readjusted to bring the solution into the desired pH range.
      A small amount of sodium thiosulfate is added to the solution to prevent
      oxidation of SO.sub.2 to SO.sub.3. After the solution has been adjusted in
      this way, it is ready to be pumped to the sinter plant scrubber for its
      next pass through the cycle.
PAR  It is important that the scrubbing solution be kept as clean as practicable
      in order to produce clean S.sup.o. For this reason, the coke oven gas - or
      other H.sub.2 S-rich gas used -- must first be cleaned of tars and the
      like in accordance with well-known procedures used in coke oven by-product
      practice.
PAR  The sinter plant exhaust gas can be cleaned either by use of bag filtration
      or by high energy water scrubbing. The latter has the disadvantage of high
      energy costs due to the high pressure drops through orifice or venturi
      scrubbers required to achieve good particulate removal. Baghouse
      filtration, though costly through capital expenditures, has lower
      operating costs and fits well into a gas scrubbing operation.
PAR  While either system may be used for sinter plant gas particulate removal in
      the present process, an added advantage is obtained through use of a
      baghouse filtration system. That advantage comes about through an increase
      in the buoyancy of the exhaust gases after scrubbing, by reheating, using
      a gas to gas heat exchanger which involves removing heat from the gases
      from the baghouse before scrubbing. After scrubbing the extracted heat is
      added back to the gases before discharging, as into a stack, thus
      imparting stack gas velocity and buoyancy to produce better dispersion of
      the effluent waste gas. Furthermore there will be a less objectionable
      steam plume and attendant and rain-out in the stack local.
PAR  In my process a scrubbing efficiency of 85% for the sinter plant SO.sub.2
      and 70 to 80% for the coke oven H.sub.2 S will produce about 500 pounds
      per hour of elemental sulfur from a steel mill with 3 million ingot ton
      capacity per year.
DETD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Referring now to the drawing, coke oven gas, free of the remaining
      constituents of coke oven gas which have been removed by any known
      byproducts separation system, containing 223 Sm.sup.3 hr..sup.-.sup.1
      (standard cubic meters per hour) of H.sub.2 S and approximately an equal
      volume of CO.sub.2 is conveyed through line 1 into H.sub.2 S scrubber 2.
      If only the ammonia, light oil and tar has been removed by the by-products
      separation system (which is the procedure followed in some steel mill coke
      oven plants) then the quantity of gas to be handled would increase from
      223 Sm.sup.3 hr..sup.-.sup.1 to 84,960 Sm.sup.3 hr..sup.-.sup.1. With
      either system, the gas volume to liquid rate is controlled by the waste
      gas scrubber removing SO.sub.2 from such combustion products. In the
      present process, 1,260 liters per minute of citrate solution is contacting
      the H.sub.2 S-containing gas. The gas, passing through the scrubber 2 is
      scrubbed with a citrate-containing solution also containing SO.sub.2, and
      is discharged at 3. The discharged gas can be handled in a number of ways,
      depending on the need for fuel, amount of contaminants in the gas,
      availability of combustion flaring equipment, local air pollution rules,
      and the like. In many steel plants this gas will contain less than 0.9 gm
      m.sup.-.sup.1 H.sub.2 S, the original gas containing about 3 3/4 gm
      m.sup.-.sup.1 of H.sub.2 S. Because of the B.T.U. value of the gas
      containing less than 0.9 gm m.sup.-.sup.1 of H.sub.2 S it will often be
      profitable to return it to the original coke oven gas mains for use as a
      fuel. Furthermore, combustion of the H.sub.2 S converts it to SO.sub.2
      which has less environmental impact than H.sub.2 S.
PAR  In the scrubber 2 elemental sulfur is produced in accordance with the
      following reaction.
EQU  2H.sub.2 S+SO.sub.2 = 3S+2H.sub.2 O
PAL  The sulfur, in the form of a suspension in the citrate solution is conveyed
      through line 10 to a centrifuge 11. The liquid from the centrifuge 11 is
      returned to the citrate makeup tank 7 through line 13. The sulfur is
      further refined by melting with steam or other heat source in a melter 12,
      leaves the melter 12 through line 14 and is either case or handled further
      in a molten state as desired.
PAR  Because sinter plant gas (or other SO.sub.2 --containing gas) is usually a
      waste gas from a combustion process, it is characterized by large flow
      rates and requires discharge from a tall stack for proper dispersion. For
      these reasons the gas containing SO.sub.2, such as sinter plant gas, is
      first conveyed from its source through line 4 to a heat exchanger 15 where
      heat is extracted from the gas, for future return to it in order to
      achieve better dispersion upon atmospheric discharge. The heat exchanger
      can be one of several in common usage, such as a rotary heat sink, brick
      checker work, and the like. After being cooled in heat exchanger 15, the
      gas is conveyed into SO.sub.2 scrubber 5 where it is contacted by a
      buffered citrate solution which has been conveyed from tank 7 through line
      8.
PAR  The exhausting of gases after the H.sub.2 S or SO.sub.2 has been removed
      can be accomplished safely if the gases are not combustible or contain no
      toxic materials. However, in most processes such an ideal situation does
      not exist and the exhaust gases after SO.sub.2 and/or H.sub.2 S removal,
      will of necessity be discharged into a main for further processing, as for
      use as a fuel, or in the case of an atmospheric discharge be discharged
      from a stack. If the gas is discharged from a stack, reheating the gas
      results in greater buoyancy and gas velocity at the point of atmospheric
      discharge. Reheating can be effected in various ways using combustion, or
      as in the presently preferred way, by adding the heat extracted by a heat
      exchanger, prior to scrubbing. That is to say, in my preferred method, the
      heat is removed so that the gas is at a predetermined temperature prior to
      the scrubbing by the citrate solution, and the same returned to the gas
      after such scrubbing.
PAR  Increasing the stack gas discharge temperature from 50 to 100.degree. C
      increases the effective stack height by increasing the discharge velocity,
      which increases the momentum of the gas, as well as the buoyancy of the
      gas due to its lower density relative to the atmospheric air density.
      These factors, momentum and buoyancy, when increased, permit the exhaust
      gas to diffuse to a greater degree before it reaches the ground.
PAR  This diffusion effect can be seen by a further consideration of a stack gas
      (unheated) discharged at 50.degree. C, and a stack gas (heated) discharged
      at 100.degree. C. Because there is an increase in the effective stack
      height of approximately 11/3 meters for each centigrade degree of stack
      gas temperature rise, and because the effective stack height is in the
      exponent of the usual diffusion equations, this increase of 50.degree. C
      decreases the concentration of stack gas pollutants at the point of ground
      contact by a factor of 4.
PAR  Because the SO.sub.2 -containing gas has the greater volume of the two
      gases involved in the instant process, it is the one controlling the
      amount of citrate solution per volume of gas. A desirable and preferred
      ratio is about 51/4m.sup.3 1.sup.-.sup.1 (cubic meters per liter). This
      ratio can be used due to the great affinity SO.sub.2 has for the suggested
      citrate solution.
PAR  After gas to liquid scrubbing has taken place, the gas which originally
      contained about 1.35 gm m.sup.-.sup.3 (grams per cubic meter) of SO.sub.2
      and now contains about 0.78 gm m.sup.-.sup.3, is discharged back through
      heat exchanger 15 and out a tall stack through line 6.
PAR  After the citrate solution has picked up the SO.sub.2 from scrubber 5 it is
      pumped to scrubber 2 through line 9 so that H.sub.2 S can be absorbed and
      elemental sulfur in accordance with the aforesaid chemical reaction.
PAR  The citrate solution is made up in tank 7 by the addition of citric acid,
      sodium hydroxide and sodium thiosulfate in accordance with the method set
      out hereinbefore described Bureau of Mines publication. In order to
      prevent decomposition of the sodium thiosulfate it should be added to tank
      7 after the citric acid and sodium hydroxide have formed an acid buffer
      and the pH has risen to a pH of about 5 from the pH of about 1 of the
      citric acid solution.
PAR  If either the SO.sub.2 --containing gas or the H.sub.2 S--containing gas
      has other impurities which are scrubbed out by either scrubber 2 or
      scrubber 5 the concentration of these impurities could build up in the
      citrate solution. In such event a suitable continuous, or intermittant
      discharge may be required from the citrate tank or other suitable place in
      the system in order to maintain the concentration of such impurities in
      the citrate solution below the concentration at which interference with
      the H.sub.2 S--SO.sub.2 reaction might occur. Such impurities may be, for
      example, sodium sulfate, calcium sulfate, sodium chloride, calcium
      chloride, tar, light oil, benzene and tuluol.
PAR  The production of particulates with the gas emission frequently occurs in
      the SO.sub.2 --producing process. If large quantities of particulates are
      involved, the citrate solution will become contaminated with a sludge. To
      minimize or prevent this, particulate recovery devices normally required
      by local air pollution regulations suffice. One such device successfully
      operated on a sinter plant is a baghouse. Baghouses, which are common to
      the gas cleaning industry operate on a filtration principle, the dirty gas
      being forced or drawn through a porous fabric.
PAR  The SO.sub.2 --producing process usually emits alkali-containing dust and
      since no dust remover is totally efficient, the remaining alkali will
      reduce the amount of sodium hydroxide needed to be added to the citrate
      solution. It is also to be pointed out that the pH of the citrate solution
      is low enough to prevent the precipitation of calcium sulfide, by the
      formation of acid sulfide ion in accordance with the following reaction:
EQU  CaS+H.sup.+ = Ca.sup.+.sup.++HS.sup.-
PAL  Sodium and potassium alkali do not pose a problem because their
      solutilities are greater than that of calcium.
PAR  Calcium citrate is sufficiently soluble to prevent precipitation at the
      operating pH of about 5. This solubility results in the calcium citrate
      entering into a buffering reaction with the sodium hydroxide in the
      citrate solution.
PAR  Self-fluxing sinter, i.e. sinter containing calcium oxide, used in many
      steel mills, produces an off-gas which may be used in the instant process,
      if means for controlling particulates are installed.
PAR  Industrial exhaust gas temperatures of processes emitting SO.sub.2 are
      usually in the range of 120.degree.-480.degree. C, and accordingly it is
      necessary to cool the gas before contacting it with the citrate solution,
      which latter is preferably maintained at about 45.degree.-50.degree. C.
      Cooling of the SO.sub.2 laden gas can be effected in any conventional way
      as by water injection, use of heat exchangers, or by passing the gas
      through a scrubber or hurdle using water as the cooling agent.
PAR  The temperature of the H.sub.2 S bearing gas, such as coke oven gas, is
      normally sufficiently low due to cooling by the upstream by-product plant
      that additional cooling is not needed. Thus, for example, the temperature
      of coke oven gas after by-product removal is approximately 35.degree. C.
      If the H.sub.2 S-containing gas is hotter than the desired
      45.degree.-50.degree. C, it too can be cooled by customary procedures as
      already discussed.
CLMS
STM  I claim:
NUM  1.
PAR  1. A continuous process for desulfurizing the coke oven gas and sinter
      plant gas resulting from operation of an integrated steel mill and forming
      elemental sulfur which comprises,
PA1  a. conveying a stream of sinter plant gas from its source to a heat
      exchanger to extract heat from said gas;
PA1  b. contacting the cooled stream of sinter plant gas with a citric
      acid-containing solution to reduce the SO.sub.2 content of said stream and
      increase the SO.sub.2 content of said solution;
PA1  c. returning the resulting stream of gas to the said heat exchanger to
      return heat thereto;
PA1  d. discharging the resulting gas of increased temperature into a stack;
PA1  e. contacting a stream of coke oven gas free of by-product constituents
      with the solution resulting from step b) to reduce the H.sub.2 S content
      of said coke oven gas stream and increase the H.sub.2 S content of said
      solution;
PA1  f. the relative rates of flow of the two said gas streams being such that
      the amount of H.sub.2 S and SO.sub.2 contained in the solution resulting
      from step e) is substantially in the ratio of two moles of H.sub.2 S to
      one mole of SO.sub.2, whereby elemental sulfur precipitates out of the
      solution;
PA1  g. removing precipitated sulfur from the last said solution, and
PA1  h. passing at least a portion of the solution resulting from step f) to
      step a).
NUM  2.
PAR  2. The process of claim 1 wherein the said gases, after their sulfur
      contents have been lowered, are discharged from the citric acid containing
      solution at a temperature of about 50.degree.C, and then reheated to about
      100.degree.C.
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PAL  Improvements in method for isotope concentration by dual temperature
      exchange between feed and auxiliary fluids in a multistage system, in a
      preferred embodiment of which the first flulid is a vaporizable liquid and
      the auxiliary fluid a gas, comprising steps for improving the heating
      and/or cooling and/or humidifying and/or dehumidifying operations.
PARN
PAR  This application is a continuing application identical in disclosure with
      copending application Ser. No. 828,926,  filed July 16, 1959, now
      abandoned, itself a continuation in part of my copending parent
      application Ser. No. 188,925, filed Sept. 29, 1950 (now U.S. Pat. No.
      2,895,803 dated July 21, 1959), and relates to methods particularly but
      not exclusively adapted for the concentration of isotopes by the dual
      temperature exchange system which involves equilibrium exchange of a
      desired material between two substances at different temperatures.
BSUM
PAR  In such systems, for instance, as disclosed in my copending application
      Ser. No. 509,581, filed Nov. 9, 1943, now U.S. Pat. No. 2,787,526, issued
      Apr. 2, 1957, a single stage system or each stage of a cascade employs a
      cold tower and a hot tower and the progress of the exchange reactions
      through the system has required alternate and repeated cooling and heating
      of the substances involved in a very costly manner. These temperature
      reversals taken with the humidity variations and loss of costly materials
      with the waste have constituted the outstanding factors in the operating
      costs and have been determinative of the practicability of the system.
PAR  The object of this invention is to provide improved systems for reducing
      such cost factors in a manner economizing on the energy to be supplied and
      greatly reducing the cost of operation while at the same time maintaining
      the rate and quality of output.
DRWD
PAR  Further objects of the invention will appear from the following
      specification taken in connection with the accompanying drawings in which:
PAR  FIG. 1 shows diagrammatically an arrangement of the present invention
      described in my copending parent application and continued herein; and
PAR  FIG. 2 shows diagrammatically a modification associated in an integrated
      cascade embodiment of a system of the class described in my copending
      parent application and continued in part herein.
PAR  The features of the present invention are typically illustrated in
      connection with the concentration of deuterium by countercurrent reactions
      at contrasting high and low temperatures. The reactants in this exemplary
      embodiment are hydrogen sulfide gas (H.sub.2 S) and liquid water (H.sub.2
      O).
PAR  Both of these substances contain chemically different forms of hydrogen,
      which are capable of undergoing a reversible exchange reaction. In such a
      reaction an equilibrium is established between the light and heavy
      hydrogen isotopes. Since the mechanism of the exchange reaction is ionic,
      no catalyst is required.
PAR  The system at each stage makes use of two towers, a cold temperature tower
      and a hot temperature tower. The isotopic exchange reactions involved in
      this illustrative embodiment are:
TBL          HDS + H.sub.2 O   H.sub.2 S + HDO                                 

             D.sub.2 S + HDO   HDS + D.sub.2 O                                 

             HDS   H.sub.2 S + D.sub.2 S                                       

             HDO   H.sub.2 O + D.sub.2 O                                       

PAL  Equilibrium conditions favor concentration of the deuterium in the water
      phase with a greater concentration effect occurring at the lower
      temperature. Proper operation of the system gives rise to a concentration
      gradient in the towers and causes an accumulation, in this illustrative
      embodiment, of deuterium as heavy water at the bottom of the cold tower.
PAR  Feed water enters the system at the top of the cold tower, passes through
      the cold tower into the top of the hot tower, and leaves as waste from the
      bottom of the hot tower which waste may in turn be used as the supply to a
      separate subsequent system. Hydrogen sulfide gas is continuously recycled
      from the top of the cold tower to the bottom of the hot tower, always
      flowing countercurrent to the water. Suitable heat exchangers are provided
      to heat or cool the gas and liquid streams before their entry into the
      towers.
PAR  In each stage the cold tower acts as the concentrating tower. Inasmuch as
      equilibrium conditions favor the presence of deuterium in the water phase,
      then as the water stream passes through the cold tower it beomes enriched
      in deuterium, while the hydrogen sulfide stream becomes depleted.
      Depletion of deuterium in the gas stream continues to a point where at the
      top of the cold tower it approaches its equilibrium concentration with the
      feed water.
PAR  The function of the hot tower is the reverse of the cold tower. This tower
      acts as a deuterium stripper, and thereby provides deuterium reflux to the
      cold tower. Since the equilibrium constant at the hot tower temperature is
      not as favorable to deuterium concentration in the water, the water which
      has passed into the hot tower from the cold tower is obliged to return its
      excess deuterium to the hydrogen sulfide stream. This redistribution of
      deuterium from liquid to gas goes on through the entire length of the hot
      tower and continues to a point where at the bottom of the hot tower the
      water approaches its equilibrium concentration with the hydrogen sulfide.
      Therefore, since the quantity of deuterium entering with the hydrogen
      sulfide at the bottom of the hot tower is essentially the same as that
      which has left the top of the cold tower, and since the liquid and gas
      streams tend to approach equilibrium with each other at either end of the
      system, then the deuterium concentration in the water leaving the hot
      tower must be less than its concentration in the feed water which enters
      the cold tower.
PAR  By repeated operation, this mechanism causes a growing accumulation of
      deuterium at the bottom of the cold tower and thereby enables the
      continuous removal of a concentrated product.
PAR  In the arrangement of FIG. 1, pumps and valves are omitted for simplicity
      and the supply of first fluid, e.g. liquid (H.sub.2 O), enters the top of
      the cold tower 14 via conduit 12. As hereinafter explained, there is a
      countercurrent of second fluid, e.g. gas (H.sub.2 S), passing upward in
      this tower 14, the temperature of this cold exchange reactor being
      maintained at about 20.degree.C., for instance, for a pressure of 5
      atmospheres.
PAR  The cold liquid discharged at 15 at the bottom of the tower may be divided,
      at least one portion going by conduit 16 to heating means 75 to be heated
      therein and passed on to the top of the hot tower 18. In the hot tower
      there also is a countercurrent of gas for the hot (80.degree.C.) exchange
      reaction and hot liquid is discharged at 20 at the bottom of the tower and
      is passed therefrom via conduit 22. The other portion of the cold liquid
      discharged from the cold tower at 15 passes by conduit 25 from this stage.
PAR  No temperature treatment is required for the liquid flow to the cold tower
      assuming an initial supply at the right temperature, and the liquid
      supplied to the hot tower is raised in temperature from sources within the
      system. Additional steam may be drawn upon in connection with stripping of
      the discharge liquor from hot tower 18 and return of the separated gas to
      the hot tower 18, whereby the amount of process steam that is still
      required by the plant to make up for process inefficiencies and to
      complete the gas heating and humidification as hereinafter explained is
      thus put to an additional use before it enters the hot tower 18 via 68.
PAR  The conditioning of the countercurrent gas (for instance H.sub.2 S) is
      attained by this invention with utmost economy. The gas supplied to the
      cold tower 14 is efficiently cooled and dehumidified and the gas supply to
      the hot tower 18 is heated and humidified with interchange of energy
      between these operations. The hot humidified gases which may be required
      at a following stage are obtained through piping 70 from the hot gases
      leaving the hot tower 18 via conduit 72, and hot liquor from a following
      stage returns by piping 39 to the hot tower 18.
PAR  An important aspect of the present system is the recovery and use of the
      low level energy which is available in the cooling and dehumidification of
      the hot gases leaving the hot tower to condition these gases for
      countercurrent use in the cold tower. Instead of cooling these hot gases
      with cooling water and wasting the heated water, the coolant is in part
      provided from the liquid passing from the cold tower to the hot tower and
      in part from a flow of liquid circulated in a cyclic treatment reclaiming
      the heat and using it for heating and humidification of the gas to the hot
      tower. In the arrangement illustrated the cold gases are simultaneously
      heated and humidified while the circulating liquor is cooled. The hot
      humidified gases are passed by pipe 80 into the hot tower 18. The cooled
      liquor is recirculated to the dehumidifier and cooler 75 to pick up
      another charge of energy for delivery to the heater and humidifier 78.
      Inasmuch as the liquid circulates in a closed cycle 75, 77, 78, 89, there
      is no adverse effect upon the operation of the system. A small amount of
      make-up water is continuously added via 21 in order to replace that
      portion which is consumed in humidification of the gas stream. This may
      conveniently be drawn from the discharge pipe 22 from hot tower 18 or from
      the feed pipe 12, etc.
PAR  To summarize the foregoing, the system of FIG. 1 makes use of a heat
      transfer cycle involving the pick-up of energy from a hot humidified gas
      by a liquid stream in a countercurrent direct contact, gas cooler
      dehumidifier tower and the subsequent liberation of this energy from the
      liquid to a cold gas stream by an indirect contact countercurrent heat
      exchange relation.
PAR  In this system the cold tower 14 may be extended to include a section 75 at
      its bottom (or a separate tower) which will serve as the direct contact
      gas cooler-dehumidifier. The cold liquid from the bottom of the cold tower
      14, together with an auxiliary flow via 87 passes countercurrent in 75 in
      contact with the hot humidified gas from the top of the hot tower 18 and
      becomes heated as the gas is cooled to the cold tower temperature. The
      cooled gas via 87 then flows upward through the cold tower 14. The hot
      liquid from the bottom of said direct contacting section 75 is divided. A
      portion 71 represented by the main cold tower stream plus added condensate
      is sent to the hot tower and the balance 77 is sent to a heat exchanger 78
      through which indirectly it transfers its energy to a mixture of the cold
      tower gas and a volume of liquid, e.g. water, from 21, required for
      humidification, and thus the cold tower gas outflow 79 is simultaneously
      heated and humidified, as the liquid in 77 is cooled. To make up for
      inefficiencies of the heat transfer equipment this liquid is further
      cooled in 100, as required, before returning it to the same direct
      contacting section 75 via 89. The cooled gases from hot tower 18 which
      pass into the bottom of cold tower 14 via 87 may be joined there by cold
      gases brought from a following stage by pipe 90.
PAR  The modified cascade system to which the invention is applied to FIG. 2 is
      shown with two stages. In general, the handling of the flows and the
      connections of the reactors and stages are similar to corresponding parts
      of the systems described in my copending parent application, and where
      applicable the parts in FIG. 2 are in most instances numbered two hundred
      above the numbers applied to the corresponding parts in FIG. 1 herein. For
      simplicity, the pumps and valves have been omitted from FIG. 2 and the
      liquid stream is in full lines and the gas stream in broken lines. The
      heat exchange relation between the towers of FIG. 2 employs embodiments of
      corresponding systems of my copending parent application and incorporates
      the invention of the system of FIG. 1 herein.
PAR  A supply of the hot gases from tower 218 on its way to the cold tower 214
      is passed into the bottom of direct-contact gas-cooler dehumidifier 275.
      Into the top section of said dehumidifier 275 is passed a supply of the
      cold liquid from tower 214 on its way to the hot tower 218 and also into
      the top of said dehumidifier 275 there is passed an auxiliary cyclic flow
      of cold liquid from heat exchangers 300, 301. In the dehumidifier 275 the
      cold liquid passes countercurrent in contact with the hot humidified gas
      and becomes heated as the gas is cooled to the cold tower temperature. The
      cooled gas is passed into the bottom of cold tower 214 and joined there by
      the cold gases brought from the second stage cold tower 228 by pipe 290.
      The hot liquid leaving the dehumidifier 275, which now consists of the
      original cold liquid supply from tower 214 plus the original auxiliary
      cold liquid supply from heat exchanger circuits 301, 300, 275, plus a
      supply of condensate which has been formed in the process of cooling and
      dehumidifying the hot gases from tower 218, is divided. A portion
      representing the said auxiliary supply is returned to heat exchanger 301
      where by an indirect contact heat exchange relation it is cooled and
      transfers energy for heating and humidifying the cold gases passing via
      conduit 279 from cold tower 214 to hot tower 218. The remaining portion of
      hot liquid from said dehumidifier is passed into the hot tower 218 and
      joined there by the hot liquid passing from hot tower 236 via conduit 239.
      All of the energy from the dehumidifiers of all the stages in this
      modification is available for humidification and gas heating in the
      humidifier 278 of the first stage similar to that described for the system
      of my copending parent application. The second stage receives hot gas
      direct to hot tower 236 from the preceding stage via 270 so that a
      humidifier for the second stage is dispensed with. Similarly, cold tower
      228 receives cold liquid from the preceding stage via 225. In the
      countercurrent contact gas-cooler dehumidifier 284, corresponding to the
      said dehumidifier 275 of the first stage, the gas passing between the hot
      tower 236 and cold tower 228 is cooled by cold liquid from the cold tower
      228 and a circulation from heat exchangers 302, 303. The supply of cold to
      heat exdhanger 303 is drawn by an indirect contact heat exchange relation
      similar to the first stage through pipe 283 from the gas heater and
      humidifier 278, and in turn heat is transferred through pipe 282 back to
      tower 278 where it joins with the heat transferred from heat exchanger 301
      so that a flow of heat energy recovered from the gas cooling and
      dehumidification from all stages is in circuit with the circulation
      through humidifier 278 and supplies energy thereto.
PAR  Heat exchangers 300 and 302 serve to make up for inefficiencies of the heat
      transfer equipment and in these exchangers the circulating cold liquid
      supplied to the dehumidifiers 274 and 284 respectively, is further cooled
      as required.
PAR  The processing of the liquid discharge from 220 of the first stage hot
      tower in the arrangement shown in FIG. 2 is essentially the same as
      described for systems of my copending parent application except with
      regard to the heat energy transferred from the waste discharge flow in the
      heat exchanger 217. In the system of FIG. 2 a portion of the outflow of
      cold liquid from humidifier 278 is heated in heat exchanger 217 as the
      effluent from the stripper heat exchanger 223 is cooled and discharged to
      waste, and said heated portion is recycled back to the top of humidifier
      278 and adds to the heat energy recovered for the heating and
      humidification of the cold gas passing to the hot tower.
PAR  In the system of FIG. 2 the feed is delivered to cold tower 214 through
      pipe 212 and the enriched stream is withdrawn from the second stage
      through pipe 240 for further processing. The hot liquid waste from hot
      tower 218 is treated to recover dissolved gas and heat energy before
      discharge from the plant. Liquid leaving hot tower 218 via 222 is heated
      in heat exchanger 223 by the hot liquid discharge from stripper 267. In
      this exemplary embodiment, steam enters the stripper at 266, passes in
      direct contact with the heated liquid from 223, leaves via 268 together
      with a content of the gas stripped from the liquid waste and is passed
      into the hot tower 218. The gas recycles within the system, passing from
      cold tower 214 via conduit 279 on its way to heater and humidifier 278
      from which it passes into hot tower 218.
PAR  The overall process practiced by the illustrative embodiments herein rely
      on ordinary water as the deuterium source; the gas, hydrogen sulfide,
      merely acts as an exchange medium and is recycled without being consumed.
      Make-up gas in small amounts may be supplied preferably at the entrance to
      the cold tower of the first stage.
PAR  The diagrammatic showing and descriptions herein are merely illustrative
      and descriptive of the plant and process operation and changes in tower
      height, number of stages, temperature of operation, pressure of operation,
      the kinds of substances used, the particular isotope to be concentrated,
      the use of catalysts to enhance rate of isotope exchange, variations of
      design within a countercurrent temperature exchange and other details may
      be resorted to within the principle of the invention.
PAR  In any system of heat recovery between the fluids entering and either
      leaving either the hot or cold temperature exchange towers, there may be
      continuous intimate physical contact only between the fluids entering and
      leaving, respectively, a single end of the tower. This limitation is
      necessary to avoid a redistribution of concentrated material from an
      enriched fluid to a depleted fluid. Accordingly, the system described
      herein has made use of the very efficient direct intimate contact methods
      of heat transfer together with the indirect non-contacting methods as
      required for the systems to which the invention is illustratively applied
      herein. In the arrangements of FIG. 1 and FIG. 2 the energy available from
      the gas leaving the hot tower is transferred by direct contact heat
      exchange to a circulation of liquid, e.g. water, which in turn transfers
      the energy by at least an indirect contact heat exchange to the gas
      passing from the cold tower to the hot tower and a quantity of the liquid,
      whereby there is a simultaneous heating of the gas and vaporizing of the
      liquid in humidification of the gas.
PAR  With the systems of this invention the operating conditions for the
      illustrative embodiments described are readily attained within moderate
      ranges of the typical values set forth in the following tabulation:
TBL  Cold Towers temperature                                                   

                      15.degree. C.                                            

                               20.degree. C.                                   

                                         35.degree. C.                         

     Hot Towers temperature                                                    

                      70.degree.                                               

                               80.degree.                                      

                                         190.degree.                           

     Approx. Operating                                                         

                      25 psi   80 psi    275 psi                               

     Pressure (absolute)                                                       

     Gas to liquid ratio                                                       

                      2.21     2.20      1.8                                   

     in cold tower                                                             

     (mols H.sub.2 S/mols H.sub.2 O)                                           

     Concentration of                                                          

     deuterium in product                                                      

                      2%       2%        2%                                    

     from final stage                                                          

     Concentration of                                                          

     deuterium in feed water                                                   

                      .0143%   .0143%    .0143%                                

     Recovery of deuterium                                                     

     from feed water  12%      12%       21%                                   

PAR  The enrichment at which the product may be removed from the system is not
      dependent on the operating temperatures alone. It is not limited
      theoretically, but is determined by physical conditions such as the
      overall contacting efficiency of the countercurrent towers which in turn
      is dependent upon the efficiency of the individual bubble plates or
      contacting members within the towers. For bubble plate towers of the
      standard design generally obtained, approximately 80 plates per tower
      would be required for conditions set forth above.
PAR  The molar ratios of total gas to total liquid passing countercurrent in
      each stage of hot and cold towers are determined so that the corresponding
      operating lines intervene between the equilibrium curves as represented by
      the effective fractionation factors for each of the said towers. The
      effective fractionation factor in the illustrative embodiment is the
      equilibrium ratio of the mol or atom fraction of total deuterium in the
      gas phase and the mol or atom fraction of total deuterium in the liquid
      phase at a particular temperature and pressure.
PAR  In the design of apparatus employing this invention the relative
      cross-sectional area of each stage is governed by fluid flows in that
      stage. The number of theoretical plates in a stage is determined by the
      fluid flow rates, the extraction efficiency, the desired enrichment and
      the net enriched fluid removal from that stage. In the application
      employed for illustration, the concentrations existing at the ends of the
      towers of each stage are calculated by the mathematical solution of
      deuterium, water and hydrogen sulfide material balances with allowance for
      the net deuterium transport to each successive stage of an amount equal to
      the steady state deuterium extraction from the feed water.
PAR  The degree of enrichment and the relative size of a stage are based on
      economic considerations and such factors as hold up and equilibrium time.
PAR  In deuterium concentration effected by use of this system there is also a
      concentration of the tritium and at a better fractionation factor, the
      principal equilibria being indicated as follows:
TBL  THS + H.sub.2 O      TDO + H.sub.2 S                                      

     TDS + HDO            TDO + HDS                                            

PAR  This invention thus provides a practical and highly efficient system for
      producing a substance (herein exemplified by water) containing a first
      material (herein exemplified by (D) Deuterium) concentrated therein, by
      exchanging, at two different temperatures, said first material
      (exemplified by D) with a second material (exemplified by H) between
      chemically different fluid substances (exemplified by hydrogen sulfide and
      water) which are physically separable from each other, and which are each
      capable of containing each of said materials D and H).
PAR  While there have been described herein what are at present considered
      preferred embodiments of the invention, modifications and changes and
      rearrangements may be made therein without departing from the essence of
      the invention; the exemplary embodiments are to be taken as illustrative
      and not restrictive of the invention, the scope of which is defined in the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improvement of a method of producing a substance containing
      concentrated therein an isotope of an element by exchanging, at two
      different temperatures, said isotope with another isotope of the same
      element between chemically different fluid substances which are physically
      separable from each other and which are capable of containing each of said
      isotopes, which method comprises, in combination, the steps of (a)
      establishing a countercurrent flow of the two substances in a series of at
      least two pairs of exchange units; (b) mixing said two fluids in each of
      said exchange units to cause an exchange of isotopes of the element
      between the two fluids; (c) maintaining a first unit of each pair at a
      temperature to cause the first fluid flowing therethrough to become
      enriched and the second fluid flowing therethrough to become improverished
      with respect to said isotope; and (d) maintaining the second unit of each
      pair at a temperature to cause the second fluid flowing therethrough to
      become enriched and the first fluid flowing therethrough to become
      impoverished with respect to said isotope; (e) transferring a first part
      of the flow of enriched first fluid from the first unit of each pair to
      the second unit of said pair and (f) transferring a second part of the
      flow of enriched first fluid from the first unit of each pair except the
      last of said pairs to the first unit of the next succeeding pair; (g)
      transferring a first part of the flow of enriched second fluid from the
      second unit of each pair to the first unit of said pair and (h)
      transferring a second part of said flow of enriched second fluid from the
      second unit of each pair except the last to the second unit of the next
      succeeding pair of units; (i) transferring impoverished first fluid from
      the second unit of each pair of units except the first pair to the second
      unit of the next preceding pair of units; (j) transferring impoverished
      second fluid from the first unit of each pair of units except the first
      pair to the first unit of the next preceding pair of units; (k) delivering
      a flow of impoverished second fluid to the second unit of a pair of units;
      and (l) removing as product enriched fluid from the last pair of exchange
      units of said series; and in which said flows of first fluid are liquid
      flows; said improvement comprising the combination in said method of the
      cooperating steps of:
PA1  (m) establishing a liquid cyclic flow of enriched first fluid;
PA1  (n) passing the liquid cyclic flow of enriched first fluid established in
      step (m), and a flow of enriched first fluid being transferred from a
      first unit to a second unit of a pair of units in step (e), into direct
      contact with enriched second fluid being transferred from a second unit to
      a first unit of said pair of units in step (g);
PA1  (o) maintaining said liquid cyclic flow separated from said flows of second
      fluid except for the direct contact in step (n); and
PA1  (p) effecting heat transfer between the liquid cyclic flow of enriched
      first fluid established in step (m) and the flow of impoverished second
      fluid being delivered in step (k).
NUM  2.
PAR  2. An improvement of a method as claimed in claim 1, wherein the second
      fluid is a gas.
NUM  3.
PAR  3. An improvement of a method as claimed in claim 2, in which the
      temperature maintained in the second unit of each pair of units is higher
      than the temperature maintained in the first unit of said pair; said
      improvement further comprising the combination in said method of the
      cooperating step of:
PA1  (g) introducing a quantity of first fluid into the second fluid being
      delivered in step (k), which quantity is vaporized into the second fluid
      in step (p).
NUM  4.
PAR  4. An improvement of a method as claimed in claim 3, wherein the first
      fluid is water and the second fluid is hydrogen sulfide.
NUM  5.
PAR  5. An improvement of a method as claimed in claim 1, wherein the first
      fluid is water.
NUM  6.
PAR  6. An improvement of a method as claimed in claim 1, wherein the second
      fluid is hydrogen sulfide.
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ABST
PAL  The stability of fibrinogen is improved by mixing it with albumin,
      preferably at least 5 parts by weight of albumin per part by weight of
      fibrinogen. By this invention, iodinated (.sup.125 I) human fibrinogen can
      be stabilised with human serum albumin for use in the diagnosis of
      thrombi.
BSUM
PAR  This invention relates to protein materials, and particularly to
      fibrinogen. Fibrinogen is an inherently unstable material, much more
      unstable than the other common blood proteins. This is because the
      molecule has been cunningly fashioned to undergo polymerisation when
      triggered by the appropriate enzyme (thrombin). This removes protective
      groups from the ends of the fibrinogen molecule, which can then polymerise
      to give fibrin-containing clots. This is the basic mechanism of blood
      coagulation at a cut or damaged surface. However, fibrinogen is inherently
      unstable even when precautions have been taken to remove enzymes such as
      thrombin. Thus, the Extra Pharmacopoeia says: "It is a white powder or
      friable solid, readily soluble in water to form a colourless solution
      which may clot spontaneously on standing." On account of this well
      recognised instability in aqueous solution, fibrinogen is supplied as the
      freeze-dried solid and is dissolved in water immediately before use. The
      British Pharmacopoeia, for example, states: "It may be prepared from
      liquid human plasma by precipitating with organic solvents under
      controlled conditions of pH, ionic concentration, and temperature,
      dissolving the precipitate in a solution of sodium chloride and sodium
      citrate, and drying from the frozen state."
PAR  It is a matter of considerable difficulty to obtain fibrinogen for
      therapeutic purposes (as, for example, described in the British
      Pharmacopoeia) which is pure and stable, but the problems have been
      solved, and such a product is a normal article of commerce.
PAR  In recent years, iodinated (.sup.125 I) human fibrinogen has come into
      extensive use in the diagnosis of thrombi in the deep veins of the leg.
      Fibrinogen, as a human blood product which cannot be heat-treated to
      destroy viruses, carries a risk of transmission of serum hepatitis. When
      used therapeutically, fibrinogen is employed essentially as a lifesaving
      measure, and the small risk of serum hepatitis does not preclude its use.
      When used as a diagnostic agent, where it is not life-saving in the usual
      meaning of the term, the risk of serum hepatitis must be reduced to the
      lowest practicable level. In practice this means that fibrinogen for
      diagnostic work is prepared from the plasma of a small number of donors
      who are regularly submitted to a comprehensive clinical testing programme
      to ensure as far as is possible that they will not transmit serum
      hepatitis. This plasma is processed specially, and on a small chemical
      scale, and, for reasons which are not apparent, often lacks the stability
      associated with the normal article of commerce.
PAR  THE IODINATED (.sup.125 I) human fibrinogen is also supplied as the freeze
      dried solid, and lack of stability has been a major problem. This lack of
      stability is manifested primarily by the conversion of the water-soluble
      fibrinogen into a water-insoluble form, presumably fibrin polymer. While
      it is possible that the processes of iodination, purification and
      freeze-drying introduce an additional element of instability, there is
      nevertheless a close correlation between the stability of the final
      product and the nature of the fibrinogen used for iodination. A single
      batch of fibrinogen is employed for a number of preparations of the
      iodinated product. These individual preparations from a single batch of
      starting material all show similar stability: some batches of starting
      material give consistently stable iodinated fibrinogen, whereas other
      batches give consistently unstable iodinated fibrinogen. While we do not
      wish to be bound by any theory, it appears to us that a possible
      explanation is that the fibrinogen molecules may have undergone damage at
      some stage in the process, e.g. in the collection or storage of the blood
      plasma, or in the separation of the fibrinogen from the plasma, and that
      this leads to an inherently unstable product, in that while the chemical
      processes involved do not distinguish between the damaged and undamaged
      molecules (in this connection it must be remembered that fibrinogen is an
      exceptionally large molecule, MW 340,000), damage to the ends of the
      molecules makes them more subject to polymerisation, with the resultant
      formation of fibrin polymer.
PAR  It is an object of the invention to provide a means of reducing or
      preventing the unwanted decomposition of fibrinogen.
PAR  The present invention provides a solid product comprising fibrinogen or a
      derivative thereof together with albumin in an amount sufficient to reduce
      or prevent unwanted decomposition of the fibrinogen.
PAR  The invention also provides a method of making the solid product defined
      above, which method comprises removing water from an aqueous solution or
      suspension of the fibrinogen and the albumin. This removal of water may
      conveniently be effected by freeze-drying; alternatively it is possible in
      principle to precipitate the protein mixture from aqueous solution or
      suspension by the use of organic liquids.
PAR  As the fibrinogen, there may be used the protein itself or a derivative
      thereof, for example an iodinated derivative, particularly iodinated
      (.sup.125 I) or (.sup.131 I) fibrinogen. Where the product is to be used
      in the treatment of human beings, the fibrinogen will normally be human
      fibrinogen. The nature of the fibrinogen or derivative is not critical to
      the present invention.
PAR  Where the product is to be used in the treatment of human beings, the
      albumin will normally be human serum albumin, but for other purposes
      animal albumin may be employed. It should be noted that the albumin does
      not necessarily have to be pure. Thus, in place of pure human serum
      albumin, it may be possible, though not preferred, to use human plasma or
      partially purified fractions of human serum proteins containing, and
      preferably rich in, human serum albumin.
PAR  It is known to add albumin to iodinated and other labelled protein supplied
      in solution, either to minimise absorption of the labelled protein on
      glassware or to minimise radiolytic decomposition by diluting the labelled
      protein.
PAR  The present invention is concerned with neither of these effects. It is
      aimed primarily at the reduction or prevention of unwanted transformation
      of fibrinogen into an insoluble form, not the reduction or prevention of
      adsorption of the protein to glassware. Furthermore, the effect against
      which protection is sought is not one concerned with the effect of
      radiation or of radiolytic products on the fibrinogen molecule. The
      evidence on this latter point is that we can make batches of labelled
      fibrinogen, at the same specific activities, but with enormously varying
      degrees of stability. If one were dealing with a radiation effect the
      degrees of stability would be very similar. The protective effect upon
      fibrinogen achieved by the use of serum albumin according to the present
      invention is great, and, as shown in the examples, can render fit for use
      a preparation which, without it, could be useless in practical
      circumstances. The magnitude of the protective effect was surprising to
      the inventors.
PAR  We have obtained good results by using about 20 parts of serum albumin per
      part by weight of fibrinogen, and we expect that protection at least as
      good can be obtained by the use of larger proportions of albumin, e.g. up
      to 1,000 parts by weight of albumin per part by weight of fibrinogen. The
      use of larger proportions of albumin per part by weight of fibrinogen
      might be particularly appropriate if it were thought desirable to maintain
      a minimum weight of albumin in a container even though the weight of
      fibrinogen employed was much smaller than the weight of 1 mg given in the
      Examples that follow (as would be the case, for example, if to economise
      in the use of fibrinogen, a specific activity much greater than 200
      .mu.Ci/mg fibrinogen were employed).
PAR  Our experiments indicate that the use of 10 parts by weight of albumin per
      part by weight of fibrinogen gives excellent results, while the use of 5
      parts by weight of albumin gives rise to products having an inferior
      stability which is nevertheless very much better than that obtainable
      without albumin. We infer that at least 1 part by weight of albumin per
      part by weight of fibrinogen is probably required to confer a significant
      improvement in stability over unprotected fibrinogen.
PAR  As the protective effect obtained by the use of albumin according to this
      invention is believed not to be a radiolytic effect, it follows that the
      specific activity of the labelled fibrinogen is not critical. For example,
      iodinated (.sup.125 I) human fibrinogen can be prepared with a specific
      activity up to 200 .mu.Ci/mg fibrinogen and greater, and fibrinogen with
      no specific activity or with any activity in this range can be protected
      by this invention.
PAR  The amount of fibrinogen in each batch of solid product being protected is
      not critical. Iodinated (.sup.125 I) human fibrinogen is frequently sold
      in 1 mg portions. The invention is particularly applicable to the
      protection of such portions ranging in size up to 10 mg fibrinogen, but is
      also suitable for the protection of larger amounts of fibrinogen.
PAR  The solid product of this invention may be prepared by freeze-drying a
      solution or suspension, e.g. an aqueous solution or suspension of the
      fibrinogen and the albumin. The solids content of this solution or
      suspension is not critical. The albumin and the fibrinogen may be added to
      the liquid, e.g. water, together or in either order. The solution or
      suspension may be freeze-dried in a manner which is normal for
      freeze-drying fibrinogen.
PAR  The following experimental data illustrate the invention.
PAR  After iodination the iodinated (.sup.125 I) human fibrinogen has specific
      activity of 100 to 200 .mu.Ci/mg fibrinogen and is dissolved at a
      concentration of about 1 mg/ml in an aqueous solution containing sodium
      citrate (0.75%) and sodium chloride (0.65%). 1.1 ml portions of this
      solution are dispensed into vials and freeze-dried. In experiments in
      which the effect of albumin is studied, human albumin is added to give a
      concentration of about 20 mg/ml prior to freeze-drying. The vials are
      stored at the temperatures stated, and the times stated, and then water is
      added (1.1 ml) and swirled gently at room temperature for 10 minutes. The
      soluble radioactive material is removed and the recovery of radioactivity
      determined. This recovery of soluble radioactive material, expressed as a
      percentage, is designated "R". It consists of iodinated (.sup.125 I) human
      fibrinogen plus various (.sup.125 I) labelled impurities such as iodinated
      proteins other than fibrinogen, iodinated fibrinogen so denatured as not
      to be clottable with thrombin, and iodide ion (.sup.125 I). To the soluble
      material is added bovine thrombin in the presence of human plasma, the
      clot is separated, and the amount of radioactivity in it is determined.
      The percentage of clottable fibrinogen in the soluble fraction is
      designated by C. It will be noted that, since the formation of insoluble
      material on storage is due to polymerisation of the iodinated (.sup.125 I)
      human fibrinogen, the amount of soluble fibrinogen decreases while the
      amount of unclottable impurities remain constant. This means that as R
      decreases, C must inevitably decrease. In principle, C could decrease more
      rapidly than required by the above theory, due to other denaturation
      processes leading to soluble, but non-clottable fibrinogen. The diagnostic
      use of the material is dependent primarily upon the quantity of soluble,
      clottable, iodinated (.sup.125 I) human fibrinogen in the vial, that is,
      upon the mathematical product RC.
DETD
PAC  EXAMPLE 1
PAR  Results on a typical production batch of iodinated (.sup.125 I) human
      fibrinogen, with and without added human albumin, and stored at
      31.degree.C are as follows: Where a range is given, the measurements refer
      to at least 3 ampoules.
TBL  ______________________________________                                    

     No Albumin         Albumin at 20 mg/ml                                    

     Days   R         C         R        C                                     

     ______________________________________                                    

     0      92-94     84-91                                                    

     3      33-34     76-80                                                    

     5       9-13     57-63     95-97    90-91                                 

     9                          72-95    88-91                                 

     14                         87       86                                    

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  Results on material prepared from a batch of fibrinogen, known to give a
      highly unstable product, and stored at + 2.degree.C (the recommended
      storage temperature) and at + 31.degree.C are as follows:
TBL  At 2.degree.C.                                                            

            No albumin      Albumin at 20 mg/ml                                

     Days   R         C         R        C                                     

     ______________________________________                                    

     4      8-20      60-79     93-95    94                                    

     15     0-13      20-37     96       91                                    

     29     0-10      --        88-91    91-92                                 

     ______________________________________                                    

     At 31.degree.C.                                                           

            No albumin      Albumin at 20 mg/ml                                

     Days   R         C         R        C                                     

     ______________________________________                                    

     4       0-18     13-60     54-59    93                                    

     15     4-9        0-40     11-28    70-81                                 

     29     0-8       --        16       40                                    

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  Results on material prepared from another batch of iodinated (.sup.125 I)
      fibrinogen known to give a highly unstable product, stabilised with 20, 10
      and 5 mg of human serum albumin (hsa) per mg of fibrinogen, and stored at
      -20.degree.C. + 2.degree.C. and + 31.degree.C for up to 63 days, are set
      out in Table I below. It can readily be seen that the use of as little as
      5 mg of albumin per mg of fibrinogen provides a startling improvement in
      stability.
PAR  Unstable batches of fibrinogen have been used for Examples 2 and 3, because
      the stabilising effect of albumin is more easily demonstrated with such
      batches in a shorter time. The stabilising effect of albumin is exercised
      equally on more stable batches of fibrinogen; obviously in commercial
      operation it would be desirable to start with relatively stable batches of
      fibrinogen.
PAR  The use of albumin according to this invention is capable of providing
      solid products comprising fibrinogen or a derivative, e.g. an iodinated
      (.sup.125 I) or (.sup.131 I) derivative, thereof wherein the proportion:
      ##EQU1##
      remains above 0.5 during storage for 1 month at 2.degree.C. Optimally,
      when the starting batch of fibrinogen is reasonably stable, this
      proportion will remain above 0.8 during storage for 2 months at
      2.degree.C.
TBL                                    TABLE I                                 

     __________________________________________________________________________

               Storage                                                         

                    R                       C                                  

            Time                                                               

               Temp.                                                           

            days                                                               

               .degree.C.                                                      

                    -20     +2    +31       -20     +2      +31                

     __________________________________________________________________________

            1               93.3                                               

                                97                  94.9                       

                                                        93.6                   

     Stablized                                                                 

            4       97.8                                                       

                        97.3                                                   

                            96.6                                               

                                96.7                                           

                                    95.2                                       

                                        93.1                                   

                                            94.3                               

                                                94.2                           

                                                    94.7                       

                                                        94.2                   

                                                            92.9               

                                                                93.9           

     20 mg/ml                                                                  

            11      91.7                                                       

                        94.4                                                   

                            95.3                                               

                                95.9                                           

                                    78.8                                       

                                        94.1                                   

                                            93.1                               

                                                92.8                           

                                                    92.5                       

                                                        91.6                   

                                                            91.0               

                                                                89.6           

     of hsa 26      96.5                                                       

                        96.2                                                   

                            96.4                                               

                                96.5                                           

                                    70.2                                       

                                        40.8                                   

                                            91.9                               

                                                91  91.2    83.1               

                                                                61.4           

            53      96.5                                                       

                        97.6                                                   

                            93.1                                               

                                96.9                                           

                                    NIL?                                       

                                        81.4                                   

                                            88  86.2                           

                                                    76  83  66.3               

                                                                73.6           

     63     96.4    94.2                                                       

                        96.7                                                   

                            88.5                                               

                                29.7                                           

                                    76.1                                       

                                        85.7                                   

                                            85.8                               

                                                79.8                           

                                                    82.2                       

                                                        70.2                   

                                                            78.3               

            1               91.1                                               

                                96.8                95.1                       

                                                        95.3                   

     Stabilized                                                                

            4       95.3                                                       

                        96.7                                                   

                            97.3                                               

                                97.4                                           

                                    87.5                                       

                                        85.5                                   

                                            92.8                               

                                                94.6                           

                                                    94.5                       

                                                        95.2                   

                                                            93.7               

                                                                94.8           

     10 mg/ml                                                                  

            11      95.7                                                       

                        96.4                                                   

                            95  95.4                                           

                                    79.5                                       

                                        72.0                                   

                                            93.3                               

                                                93.9                           

                                                    94  92.6                   

                                                            88.7               

                                                                92             

     of hsa 26      96.5                                                       

                        95.5                                                   

                            96.2                                               

                                97  50.5                                       

                                        35.0                                   

                                            91.8                               

                                                92.1                           

                                                    91.2                       

                                                        90.3                   

                                                            85.4               

                                                                74.3           

            53      95.5                                                       

                        96.6                                                   

                            94.4                                               

                                95.9                                           

                                    33.8                                       

                                        54.9                                   

                                            87  86.4                           

                                                    85.4                       

                                                        85.8                   

                                                            71.2               

                                                                78.1           

            63      95.2                                                       

                        96.0                                                   

                            94.4                                               

                                93.4                                           

                                    32.8                                       

                                        41.2                                   

                                            84.5                               

                                                84.1                           

                                                    81.3                       

                                                        81.3                   

                                                            76.7               

                                                                79.0           

            1               95.3                                               

                                96.3                92.1                       

                                                        94.5                   

     Stabilized                                                                

            4       95.7                                                       

                        96.6                                                   

                            96.3                                               

                                97.1                                           

                                    59.4                                       

                                        17.7                                   

                                            94.8                               

                                                94.8                           

                                                    94.7                       

                                                        94.8                   

                                                            92.2               

                                                                74.8           

     5 mg/ml                                                                   

            11      65.0                                                       

                        96.2                                                   

                            93.5                                               

                                94.4                                           

                                    14.8                                       

                                        NIL 92.3                               

                                                91.5                           

                                                    94.0                       

                                                        92.8                   

                                                            NIL NIL            

     of hsa 26      97  95.7                                                   

                            88.4                                               

                                94  16  NIL 92.2                               

                                                92.4                           

                                                    89.6                       

                                                        88.9                   

                                                            26.9               

                                                                NIL            

            53      93.6                                                       

                        95.2                                                   

                            64.9                                               

                                70.3                                           

                                    17.2                                       

                                        12.2                                   

                                            86.7                               

                                                89  80  79.6                   

                                                            NIL NIL            

            63      93.3                                                       

                        95.5                                                   

                            70.8                                               

                                37.8                                           

                                     6.6                                       

                                        NIL 84.7                               

                                                84.9                           

                                                    80.5                       

                                                        65.7                   

                                                            NIL NIL            

            1               81.3                                               

                                78.5                95.6                       

                                                        96                     

     Control                                                                   

            4       93.9                                                       

                        71.7                                                   

                            68.2                                               

                                70.6                                           

                                    NIL 11  95.8                               

                                                94.7                           

                                                    94.9                       

                                                        94.3                   

                                                            47.2               

                                                                50             

     Unstabilized                                                              

            11      86.1                                                       

                        77.3                                                   

                            35.3                                               

                                37.9                                           

                                    NIL NIL 94.2                               

                                                94.9                           

                                                    86.2                       

                                                        92.0                   

                                                            NIL NIL            

            26      67.8                                                       

                        71.8                                                   

                            20  28  NIL NIL 92  91  57.9                       

                                                        76.0                   

                                                            NIL NIL            

            53      73.3                                                       

                        77.2                                                   

                            10   9.1                                           

                                    NIL NIL 84.2                               

                                                87.7                           

                                                    17.7                       

                                                        NIL NIL NIL            

            63      72.8                                                       

                        79.7                                                   

                             8   9  NIL NIL 86.8                               

                                                85.7                           

                                                    NIL NIL NIL NIL            

     __________________________________________________________________________

CLMS
STM  What we claim is:
NUM  1.
PAR  1. A solid product comprising one part by weight of fibrinogen labelled
      with a radioactive iodine isotope, and from 1 to 1,000 parts by weight of
      albumin to reduce or prevent unwanted decomposition of the fibrinogen.
NUM  2.
PAR  2. A solid product as claimed in claim 1, wherein the fibrinogen is
      labelled with iodine-125.
NUM  3.
PAR  3. A solid product as claimed in claim 1, wherein the fibrinogen is human
      fibrinogen and the albumin is human serum albumin.
NUM  4.
PAR  4. A solid product as claimed in claim 1, containing at least 5 parts by
      weight of the albumin per part by weight of the fibrinogen.
NUM  5.
PAR  5. A solid product as claimed in claim 1, containing 20 - 1,000 parts by
      weight of the albumin per part by weight of the fibrinogen.
NUM  6.
PAR  6. A method of making the solid product claimed in claim 1, which comprises
      removing water from an aqueous solution or suspension of one part by
      weight of the fibrinogen containing from 1 to 1,000 parts by weight of the
      albumin to reduce or prevent unwanted decomposition of the fibrinogen.
NUM  7.
PAR  7. A method as claimed in claim 6, wherein the removal of water is effected
      by freeze-drying.
NUM  8.
PAR  8. A method as claimed in claim 6, wherein the aqueous solution or
      suspension contains 20 - 1,000 parts by weight of the albumin per part by
      weight of the fibrinogen.
NUM  9.
PAR  9. A solid product comprising fibrinogen iodinated with iodine-125 and from
      5 to 1000 parts by weight of albumin per part by weight of fibrinogen,
      wherein the proportion
      ##EQU2##
      remains above 0.5 during storage for one month at 2.degree.C.
NUM  10.
PAR  10. A solid product as claimed in claim 9, containing 20 - 1,000 parts by
      weight of the albumin per part by weight of the fibrinogen.
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ABST
PAL  Clinically significant concentrations of digoxin can be determined by
      reacting an unknown amount of digoxin, a known amount of labelled digoxin,
      and a composite consisting of anti-digoxin antibodies coupled through an
      intermediate silane to magnetically responsive particles; magnetically
      separating the immunochemical complexes formed thereby, counting the
      radioactivity of either the separated products or remaining solution, and
      relating the count to a standard curve.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to radioimmunoassay and specifically to
      solid phase radioimmunoassay of digoxin.
PAR  Radioimmunoassay (RIA) is a term used to describe any of several methods
      for determining very low concentrations of substances, which methods are
      based on the use of radioactively labelled substances which can form
      immunochemical complexes. The RIA of a substance for which there exists
      antibodies is based on the observation that an unknown amount of that
      substance will tend to compete equally with a known amount of that
      substance (radioactively labelled) for a limited number of complexing
      sites on antibodies to the substance. Thus, by permitting the above
      reaction, and separating the immunochemical complexes formed thereby from
      the reaction solution, the unknown concentration can be determined by
      relating the radioactivity count of the separated products or remaining
      solution to a standard curve prepared beforehand using known amounts of
      labelled and unlabelled substances.
PAR  An essential step in RIA is the separation of the immunochemical complexes
      from the reaction solution. To facilitate this step, various techniques
      have been devised to immobilize anti-substance antibodies on essentially
      water-insoluble carrier materials so that a relatively rapid separation
      can be accomplished with readily available equipment (e.g. a centrifuge).
      Methods for immobilizing antibodies on such carriers can be found in U.S.
      Pat. No. 3,555,143, (organic carriers) issued to Axen et al. on Jan. 12,
      1971 and U.S. Pat. No. 3,652,761, (inorganic carriers) issued to H. H.
      Weetall on Mar. 28, 1972. When such carrier materials are used as supports
      for antibodies in RIA, it has become a common practice to refer to the
      technique as solid-phase RIA or, simply, SPRIA. The present invention
      discloses a novel SPRIA for digoxin.
PAR  Digoxin is a cardiac glycoside commonly used in very small quantities as a
      heart stimulant. The difference between therapeutic and toxic amounts of
      digoxin is often very slight. Thus, it is very important to have methods
      for accurately determining very small concentrations of digoxin in serum
      or plasma samples. Since the clinically significant concentration range of
      digoxin is within the broad range of about 0.5ng to about 10 ng per ml,
      RIA offers the only practical method for determining digoxin
      concentrations.
PAR  2. Description of Prior Art
PAR  Although conventional RIA techniques are known for measuring digoxin
      concentrations, those techniques are often time-consuming because they
      require relatively long periods of time for complete separation of
      digoxin-anti-digoxin antibody complexes. Hence, because of the importance
      knowing digoxin concentrations as rapidly as possible, attention has been
      made in recent years to develop a SPRIA for digoxin which would permit
      rapid separation and accuracy within the clinically significant
      concentration range. Methods for conjugating digoxin residues to the amino
      groups of lysine residues in human serum albumin are disclosed by T. W.
      Smith et al. in Biochemistry, 9, No. 2, 331-337 (1970) and by V. P. Bulter
      et al. in Proc. N.A.S., 57, 71-78 (1966). A method of labelling a digoxin
      derivative with .sup.125 I is disclosed by Gutcho et al. in Clin. Chem.
      19/9, 1058-59 (1973). As mentioned above, various techniques for coupling
      antibodies to inorganics through silanes are disclosed in U.S. Pat. No.
      3,652,761, issued to H. H. Weetall. In those disclosures which disclose a
      specific SPRIA for digoxin, however, the methods of separating
      immunochemical complexes generally involve using a centrifuge. Although
      the use of a centrifuge facilitates separation and hastens obtaining the
      assay results, the use of a centrifuge does not readily permit
      instrumentation of the SPRIA of digoxin. Hence, there has been a need for
      another method of separating the reaction products of SPRIA which method
      could be readily instrumentized for quicker assay results.
PAR  In an article by P. J. Robinson et al in Biotech. Bioeng. XV, 603-606
      (1973) there are suggested various techniques for separating immobilized
      enzymes by coupling the enzymes to magnetically responsive inorganic
      particles and then using magnetism to effect the separation. We are
      unaware, however, of the use of a similar technique to provide for
      magnetic separations in a SPRIA of digoxin, especially in a SPRIA of
      digoxin which can be successfully used to measure clinically significant
      amounts of digoxin. We have found that a successful SPRIA of digoxin is
      possible using magnetically responsive carrier materials. The SPRIA lends
      itself to instrumentation. Details of our composites and methods of making
      and using them are described below.
PAC  SUMMARY OF INVENTION
PAR  Our method for determining the concentration of digoxin, especially within
      the clinically significant concentration range of about 0.5 ng/ml to about
      10 ng/ml., comprises the steps of:
PAR  A. reacting a solution containing an unknown amount of digoxin, a known
      amount of radioactively labelled digoxin, and composites consisting of
      antidigoxin antibodies coupled chemically through an intermediate silane
      coupling agent to magnetically responsive inorganic particles to form
      immunochemical complexes;
PAR  B. magnetically separating the composites from the reaction solution;
PAR  C. counting the radioactivity of either the removed composites or the
      remaining solution; and
PAR  D. relating the radioactivity count of step (C) to a standard to determine
      the digoxin concentration.
PAR  In a preferred embodiment, our method comprises using a composite
      consisting of anti-digoxin antibodies coupled through a silane coupling
      agent to Fe.sub.3 O.sub.4 particles having an average particle size
      between about 1.5 and 10 microns, and having a surface area of at least
      about 10 m.sup.2 /g,
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a graph illustrating the biological activity at various dilutions
      of magnetite-anti-digoxin antibody composites at ambient temperatures in
      the presence and absence of human plasma.
PAR  FIG. 2 is a graph illustrating a standard digoxin assay curve generated
      using one of our composites.
DETD
PAC  SPECIFIC EMBODIMENTS
PAR  A very important aspect of our SPRIA of digoxin is the carrier for the
      anti-digoxin antibodies. The carrier must be magnetically responsive; that
      is, responsive to magnetic forces such that a suspension of carrier
      particles can be removed from a solution with the aid of a magnet,
      magnets, or magnetic forces. Further, the carrier must be capable of being
      silanized so that the anti-digoxin antibodies (antisera) can be coupled
      chemically through a silane to the carrier. As used herein, the term
      silanized, or its equivalent, refers to an inorganic carrier which has
      attached to the surface thereof compounds known as silanes and which
      compounds are capable, alone, or through modification, of reacting with
      anti-digoxin antibodies to chemically couple the antibodies to the carrier
      without significant loss of antibody complexing ability.
PAR  As shown in U.S. Pat. No. 3,652,761, (coupling of antibodies and antigenic
      substances to silanized inorganics) and U.S. Pat. No. 3,519,538. (coupling
      enzymes to silanized inorganics) the inorganic carrier materials should
      have available surface oxide or hydroxyl groups with which silanes can
      react for attachment of the silane. Since our carrier must be both
      magnetically responsive and capable of being silanized, it is contemplated
      that our SPRIA of digoxin can use anti-digoxin carriers of the following
      materials: Fe.sub.3 O.sub.4, CoO, NiO, Mn.sub.2 O.sub.3, and finely
      divided iron and nickel particles which have oxide surfaces. Such
      materials can be readily silanized by known means. In view of the various
      coupling techniques disclosed in U.S. Pat. No. 3,652,761, and this
      disclosure, those skilled in the art will be able to devise numerous
      methods of coupling active anti-digoxin antibodies by appropriately
      modifying the attached silanes for coupling with the antibodies in such a
      manner that the complexing ability of the coupled antibody is not lost.
PAR  In addition to the requirements of being magnetically responsive and
      capable of being silanized, our carriers should be essentialy
      water-insoluble and have a relatively high surface area (e.g. greater than
      about 10 m.sup.2 /g) to assure sufficient loading of anti-digoxin
      antibodies. Sensitivity of our SPRIA, especially in the clinically
      significant concentration range of digoxin, requires that such a
      relatively large surface area be available for antibody loading. Further,
      since immunochemical complexing is enhanced by assuring maxium exposure of
      the loaded antibody to the reaction or incubation solution, our average
      carrier particle size is such that the carrier-antibody composites will
      remain in suspension in the reaction solution for a period of time
      sufficient to assure enough complexing that will permit an accurate count
      and concentration determination (e.g. the particles should be small enough
      to remain in suspension for at least about 5 minutes). To achieve the
      above requirements, our carrier consists of silanizable, magnetically
      responsive inorganic particles having an average particle size between
      about 1.5.mu. and about 10.mu., preferably between about 1.5.mu. and about
      2.5.mu..
PAR  In the illustrative examples below, anti-digoxin (goat) antiserum obtained
      from Biospheres, Inc. of Miami, Fla. and having a titer of at least
      1:50,000, was coupled chemically through a diazotized silane coupling
      agent to particles of Fe.sub.3 O.sub.4 as described in greater detail
      hereunder. The Fe.sub.3 O.sub.4 particles were obtained from Fischer
      Scientific Co. (I-119, lot no. 765853) and consisted of purified Fe.sub.3
      O.sub.4 particles having a particle size distribution such that about 50%
      of the particles were equal to or slightly larger than 2.5.mu..
      Substantially all the particles had a size between about 1.5 and 10
      microns.
PAR  The particles were silanized by using an arylamine trimethoxy silane (Union
      Carbide Y-5475). The silanized carrier was then diazotized and coupled to
      the anti-digoxin antiserum, as indicated. Biological activity (or
      complexing ability) of the resulting composites were then determined and a
      typical standard curve (standard) was prepared as described, using .sup.3
      H-Digoxin (tritiated digoxin).
PAC  Preparation of Arylamine-Magnetite
PAR  One ml of arylamine trimethoxy silane (Union Carbide Y-5475) was dissolved
      in 100 ml of CH.sub.3 OH. Then 10 ml of distilled water and 0.4 g of
      orthophosphorous acid [H.sub.2 (HPO.sub.3)] were added and the solution
      was stirred for 15 minutes. Finally, 2 gms of the above-described Fe.sub.3
      O.sub.4 particles were added and the suspension was swirled for 2 hours.
      The solution was decanted and the silanized Fe.sub.3 O.sub.4 particles
      were blotted dry before vacuum drying at 90.degree.C for 24 hours. The
      silanized Fe.sub.3 O.sub.4 was then rinsed three times with CH.sub.3 OH
      and air dried.
PAC  Preparation of Magnetite-Digoxin Antiserum Composite
PAR  To 2g of arylamine-magnetite wet cake (ice-cold) were added with stirring,
      10 ml of 2N HC1 and 0.25 g of solid NaNO.sub.2. The reaction mixture was
      placed in a vacuum desiccator for 40 minutes. The diazotized magnetite was
      washed and added in increments to 1.5 ml goat anti-digoxin serum,
      previously adjusted to pH 8.3 with 0.1 N NaOH. The coupling procedure was
      performed in an iced test tube, and the pH was maintained between 7.5 and
      8.5 with 0.1 N NaOH. The reaction was continued for 2 hours in this
      manner. The pH was at 8.5 for the last 30 minutes. The reaction mixture
      was refrigerated overnight. The mixture was washed four times with borate
      buffered saline (BBS-0.01 M Borate, pH 8.5, in 0.15M-NaCl) and stored as a
      wet cake at 5.degree.C.
PAR  Analysis of the wet cake showed that it was 46.3% dry weight and contained
      11.7 mg protein/g dry weight of magnetite (as determined by Ninhydrin
      nitrogen determination procedure).
PAR  A suspension of 1.97 mg of the magnetite-antiserum IMA (immobilized
      antiserum) wet cake was made in 4 ml of 0.01 M PBS-BSA buffer (0.01 M
      phosphate, pH 7.4, in 0.15 M NaCl containing 3.5 mg bovine serum albumin
      and 0.0002% NaN.sub.3). This was equivalent to 266.76 .mu.g antiserum
      protein and 22.8 mg of IMA (dry weight) per ml of buffer suspension. The
      above is referred to herein as the stock suspension.
PAR  The sedimentation rate was measured without the presence of a magnetic
      field. The absorbance at 500 nm was followed after adding a mixed
      suspension into a cuvette. The absorbance decreased to about 20% of the
      initial value in 14 minutes. The t.sub.1/2 was 5 minutes.
PAC  Determination of Biological Activity
PAR  An experimental protocol was prepared to test the IMA for biological
      activity. Portions of the above stock suspension were brought to ambient
      temperature and diluted 1:25, 1:50 and 1:100 in filtered distilled water
      (FDW). The protocol shown in Table 1 is a combination of two experiments.
PAR  The experiments were performed by placing all protocol reagents except the
      .sup.3 H-Digoxin into each of 5  tubes with stirring. All assay tubes were
      activated by the addition of .sup.3 H-Digoxin at one time. The reaction of
      one tube of each IMA dilution was terminated 7.5, 17.5 and 27.5 minutes
      after delta zero time (1.25 minutes). All tubes were stirred every 10
      minutes. Termination of the reaction and separation of bound from free
      .sup.3 H-Digoxin was effected by holding the butt of the reaction test
      tube to a powerful magnet for 45 seconds. The magnet was an Alnico V
      magnet obtained from Edmund Scientific Co., said to be capable of lifting
      about 150 lbs. The supernatant solution was decanted into a scintillation
      vial containing 10 ml of Insta-Gel (Packard Corp.) while still holding the
      reaction tube butt to the magnet. The vials were counted for 1 minute in a
      Packard Tri-Carb Liquid Scintillation Spectrometer, Model 3320.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Experimental Protocol for the Determination of Biological Activity at     

     Ambient Temperature                                                       

     of a Preparation of Digoxin Antiserum Immobilized on Magnetite            

                           IMA Final Concentration                             

                 Dilution of                                                   

                           Antiserum                                           

                                 Dry Weight   Human Plasma  .sup.3 H-Digoxin*  

     Sample Content                                                            

                 Stock Suspension                                              

                           Protein mg                                          

                                 of IMA mg                                     

                                        FDW, ml.                               

                                              ml.     IMA, ml.                 

                                                            ml.                

     __________________________________________________________________________

     Radioactive Antigen                                                       

     Control:                                                                  

           1.    --        --    --     0.8   --      --    0.2                

           2..sup.#                                                            

                 --        --    --     0.6   0.2     --    0.2                

     Stock Suspension                                                          

                 Undiluted 53.350                                              

                                 4.560  0.6   --      0.2   0.2                

     Stock Suspension                                                          

                 1:25.sup.#                                                    

                           2.130 0.1825 0.4   0.2     0.2   0.2                

     Stock Suspension                                                          

                 1:50      1.065 0.0913 0.6   --      0.2   0.2                

     Stock Suspension                                                          

                 1:100     0.534 0.0450 0.6   --      0.2   0.2                

     __________________________________________________________________________

      *0.64 ng .sup.3 H-Digoxin and 5 nci/0.2 ml.                              

      .sup.#Experiment No. 2.                                                  

PAR  The results of the experiment are shown on FIG. 1 which illustrates the
      biological activity of the magnetite-digoxin antiserum at ambient
      temperature in the presence and absence of human plasma. In FIG. 1, A
      represents the undiluted (1:5 final) sample, B represents the 1:50
      dilution (1:250 final), C represents the 1:25 (1:125 final) dilution in
      the presence of human plasma, and D represents the 1:100 (1:500 final)
      sample dilution. Good activity was demonstrated for all dilutions.
      However, because sensitivity and standard curve data would be collected in
      the presence of human plasma, the 1:25 (1:125 final dilution) suspension
      was selected for preparing a standard curve. The higher IMA dilutions
      would probably show lower binding capacities in the presence of human
      plasma (see FIG. 1) at 17.5 minutes reaction time. This would not be
      advantageous for the assay.
PAC  Standard Curve
PAR  A dilution of 1:25 of the stock solution was selected to prepare the
      standard curve in the presence of human plasma. The protocol for the
      standard curve was similar to the one shown in Table 1 (Experiment No. 2)
      with the addition that concentrations of unlabeled digoxin (0.5, 1.0, 2.0,
      5.0 and 10.0 mg/ml) in human plasma were included. The digoxin standard
      tubes were prepared in duplicate by adding 0.2 ml of filtered normal
      plasma containing known concentrations of digoxin to 0.4 ml of filtered
      distilled water, followed by 0.2 ml of the 1:25 dilution of IMA. Controls
      contained only the filtered distilled water and normal human plasma.
      Mixtures were stirred with each addition. Tubes were activated at 1 minute
      intervals by the addition of 0.2 ml of .sup.3 H-Digoxin (containing 0.64
      ng digoxin and 5 nci activity as soon after the other reagents had been
      added. With the addition of .sup.3 H-Digoxin, each tube contained a 1.0 ml
      total volume. All tubes were stirred at 5 minute intervals. Reaction time
      was 17.5 minutes. Termination of the reaction and separation of the bound
      and free phases was effected by sedimentation and decantation in a
      magnetic field with the large magnet. The supernatant liquid was mixed
      with 10 ml of Insta-Gel in a scintillation vial and counted on the Packard
      Model 3320 for 1 minute.
PAR  Results of the experiments are summarized in Table 2, and graphically
      demonstrated in FIG. 2. The data show a .DELTA.% binding of 33% and a
      slope of 0.845. The immobilized antiserum preparation had 47% of the
      native antibody activity of the soluble antiserum (1:70,000 dilution of
      goat anti-digoxin serum, 70 mg protein/ml) on a protein weight basis.
TBL                TABLE 2                                                     

     ______________________________________                                    

     Standard Curve # Data for Digoxin                                         

     Antiserum - Magnetite Composite.*                                         

                               % Free   % Bound                                

     Sample           cpm      Digoxin  Digoxin                                

     ______________________________________                                    

     3H-Digoxin Control                                                        

                      3990     100.0    0.0                                    

     O ng  Digoxin/ml Plasma                                                   

                          2514     63.0   37.0                                 

     0.5   "              2579     64.7   35.3                                 

     1.0   "              2725     68.3   31.7                                 

     2.0   "              3002     75.2   24.8                                 

     5.0   "              3390     85.0   15.0                                 

     10.0  "              3836     96.2   3.8                                  

     ______________________________________                                    

      #Ambient temperature, 17.5 minutes reaction time.                        

      *2.13 .mu.g Antiserum protein/182.5 .mu.g of complex.                    

PAR  The above experiments indicate that clinically significant concentrations
      of digoxin can be determined quickly and accurately using our magnetically
      separable antibody-carrier-composite. A workable standard curve was
      obtained in the range of 1 to 10 ng digoxin per ml of plasma. The protein
      loading was a respectable 1% (dry weight) for a nonporous body having a
      high surface area. Inasmuch as our illustrative methods and composites can
      be readily modified given the disclosure herein, it is intended that the
      above examples should be construed as merely illustrative and the scope of
      the present invention be limited only by the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of determining the concentration of digoxin in a solution
      comprising the steps of:
PA1  A. reacting the solution, a known amount of radioactively labelled digoxin,
      and a composite consisting of anti-digoxin antibodies coupled chemically
      through an intermediate silane coupling agent to magnetically responsive
      inorganic particles, to form immunochemical complexes;
PA1  B. magnetically separating the composite from the reaction solution;
PA1  C. counting the radioactivity of either the removed composite or the
      remaining solution; and
PA1  D. relating the count of step (C) to a standard to determine the digoxin
      concentration.
NUM  2.
PAR  2. The method of claim 1 wherein the magnetically responsive particles are
      selected from the group consisting of Fe.sub.3 O.sub.4, CoO, NiO, Mn.sub.2
      O.sub.3, finely divided iron particles, and finely divided nickel
      particles.
NUM  3.
PAR  3. The method of claim 2 wherein the particles have an average particle
      size between about 1.5.mu. and about 10.mu..
NUM  4.
PAR  4. The method of claim 2 wherein the particles have a surface area of at
      least 10 m.sup.2 /g.
NUM  5.
PAR  5. The method of claim 1 wherein the composite of step (A) consists of the
      reaction product of anti-digoxin antibodies and silanized particles of
      Fe.sub.3 O.sub.4 which, prior to the reaction with the antibodies, had
      been diazotized.
NUM  6.
PAR  6. The method of claim 1 wherein the inorganic particles consist of
      Fe.sub.3 O.sub.4 having an average particle size between about 1.5 and
      about 10.mu..
NUM  7.
PAR  7. An immunochemical composite suitable for use in determining clinically
      significant concentrations of digoxin and comprising anti-digoxin
      antibodies chemically coupled through an intermediate silane coupling
      agent to particles of Fe.sub.3 O.sub.4 having an average particle size
      between about 1.5 and about 10 microns.
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ABST
PAL  Topical administration of 4-[2-(isopropylamino)ethyl]pyrocatechol to the
      mammalian eye reduces intraocular pressure without side effects generally
      associated with adrenergic activation such as tachycardia, mydriasis,
      hypertension and hypotension.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention involves a process and compositions of the drug,
      bio-affecting, and body treating type. More specifically, this invention
      deals with a process for treatment of ocular hypertension by ocular
      instillation of 4-[2-(isopropylamino)ethyl]pyrocatechol.
PAR  Ocular hypertension is associated with glaucoma, a disease of the eye
      characterized by a progressive increase in intraocular pressure which
      occurs over a prolonged period of time which if untreated continues until
      the optic nerve is damaged and blindness results. The goal in the
      treatment of glaucoma is to reduce the intraocular pressure sufficiently
      to prevent damage to the optic nerve. The adrenergic amine epinephrine
      applied topically to the eye is a widely used treatment. Miotics which
      include certain parasympathomimetics such as pilocarpine and
      cholinesterase inhibitors such as physostigmine are also widely used
      topically. Improved drugs for topical application to the eye to reduce
      intraocular pressure are needed, however, due to side effects caused by
      existing drugs. Common undesired effects induced by the miotics include
      twitching of the eye lids, browache, headache, ocular pain, conjunctival
      congestion, etc. Localized allergy occasionally develops. Absorption of
      the topically applied drug occasionally causes systemic effects. This is
      particularly true with the cholinesterase inhibitors which may cause
      salivation, sweating, nausea, vomiting, bradycardia, hypotension, etc.,
      and with adrenergic (sympathomimetic) agents which may cause tachycardia,
      hypertension, headaches, sweating, tremors, etc. The alpha-adrenergic
      stimulating action of epinephrine, for instance, frequently causes
      mydriasis and sometimes retinal maculopathy on prolonged usage.
PAR  Isoproterenol, an adrenergic agent whose action differs from epinephrine in
      that it is considered almost exclusively a beta-adrenergic stimulator, has
      been evaluated by Ross and Drance, Arch. Ophthal., 83, 39-43 (1970), in
      patients with ocular hypertension. Satisfactory reduction in intraocular
      pressure as a result of ocular instillation of a 5% isoproterenol
      hydrochloride solution was obtained but, concomitant side effects of a
      serious nature were also seen which prohibited the practical use of
      isoproterenol for glaucoma treatment. Among side effects associated with
      the administration of isoproterenol for reduction of intraocular pressure
      were marked and dangerous tachycardia of up to 100 to 150 beats per minute
      as well as palpitations, a nervous feeling, and weakness.
PAR  F. E. Leaders, et al., Arch. Int. Pharmacodyn., 183, 93-106 (1970), in
      reporting a study of the mydriatic and ocular hypotensive effects of
      selected phenethylamine derivatives, indicated that dopamine hydrochloride
      reduces intraocular pressure in the rabbit eye induced by topical
      application of 2.5% formalin according to the test method of B.
      Fortenberry, et al., Proc. Soc. Exp. Biol., New York, 131, 637 (1969).
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a process for lowering intraocular pressure. More
      particularly, this invention is concerned with a process of lowering
      intraocular pressure in the mammalian eye which comprises topical
      application thereto of an effective ophthalmologically acceptable amount
      for lowering intraocular pressure of a compound selected from the group
      consisting of 4-[2-(isopropylamino)ethyl]pyrocatechol represented by the
      formula below
      ##SPC1##
PAL  and ophthalmologically acceptable acid addition salts thereof.
PAR  Other aspects of this invention include pharmaceutical compositions for
      practicing the process for lowering intraocular pressure and methods of
      administration by polymeric insert or soft contact lens.
PAR  Topical administration of 4-[2-(isopropylamino)ethyl]pyrocatechol to the
      mammalian eye effectively lowers intraocular pressure without the
      concomitant appearance of any significant undesirable side effects such as
      increased pupil size and heart rate or effects on blood pressure.
PAR  In accord with the present invention,
      4-[2-(isopropylamino)ethyl]pyrocatechol or an ophthalmologically
      acceptable salt thereof applied topically to the eye in an effective
      ophthalmologically acceptable amount provides a therapeutically useful
      reduction in intraocular pressure which has a duration of from 4 to 6
      hours. It is to be understood that the term "effective ophthalmologically
      acceptable amount" as used herein refers to the quantity of active
      ingredient necessary to lower intraocular pressure without causing any
      significant toxic, harmful or deleterious effects such as irritation,
      pain, allergic reaction, mydriasis, or side effects associated with
      adrenergic activation following systemic absorption such as tachycardia,
      systemic hypertension and hypotension. The process of the present
      invention comprises topical administration of a composition comprised of
      4-[2-(isopropylamino)ethyl]pyrocatechol or an ophthalmologically
      acceptable salt thereof containing an amount chemically equivalent to from
      0.16% to 5.2% by weight of the base form of
      4-[2-(isopropylamino)ethyl]pyrocatechol in an amount sufficient to deliver
      an effective dose equivalent to from 0.08 mg. to 10.4 mg. of said base to
      each eye and a non-toxic pharmaceutically acceptable ophthalmological
      carrier therefor. The term "non-toxic" as used herein defines a substance
      which exhibits substantially no toxicity when administered in the process
      of the present invention.
PAR  When 4-[2-(isopropylamino)ethyl]pyrocatechol is administered topically to
      the mammalian eye, a solution having a concentration in the range of 0.16%
      to 5.2% by weight and preferably 0.16% to 3.4% by weight, the latter in an
      aqueous isotonic vehicle such as 0.9% sodium chloride, is preferred. One
      to four drops of such solution is sufficient. Other vehicles and
      additional active ingredients may be included in the compositions.
PAR  The term "ophthalmologically acceptable acid addition salts" used herein in
      describing the salts of the phenethanolamines characterized by Formula I
      is intended to define those salts and compositions which are substantially
      non-toxic or non-irritating on topical application to the eye and
      otherwise generally in accord with the requirements, practicalities and
      good pharmaceutical practice with respect to ophthalmic products. By way
      of example there can be mentioned those salts derived from organic or
      inorganic acids which are not irritating to the eye such as hydrochloric,
      hydrobromic, sulfuric, phosphoric, methanesulfonic, acetic, citric, malic,
      succinic, lactic, tartaric, benzoic, and the like.
PAR  In practicing the process of the present invention, ophthalmologically
      acceptable water soluble salts of 4-[2-(isopropylamino)ethyl]pyrocatechol
      such as the tartrate, bitartrate, sulfate or hydrochloride are preferred.
      For purposes of this disclosure, the weight concentrations of the
      solutions employed in the process of the invention are expressed herein in
      terms of the base form of 4-[2-(isopropylamino)ethyl]pyrocatechol.
PAR  This invention is further illustrated by the following specific examples
      given below which are not intended to be limiting in any manner.
DETD
PAC  DESCRIPTION OF SPECIFIC EMBODIMENTS
PAC  Example 1
PAL  Intraocular pressure reduction by ocular instillation of
      4-[2-(isopropylamino)ethyl]pyrocatechol
PAR  to aid in the diagnosis of primary open angle glaucoma in man, a so-called
      water provocative test is used. According to the diagnostic procedure the
      patient is required to drink a predetermined quantity of water and the
      intraocular pressure is measured at intervals thereafter. This procedure
      has been adapted to the evaluation of chemical entities possessing
      antiglaucoma activity in rabbits by McDonald, et al., Archives of
      Ophthalmology, 82, 381- 384 (1969), and validated with respect to various
      drugs which are effective for lowering intraocular pressure in man
      including epinephrine bitartrate, l-isoproterenol bitartrate, pilocarpine
      hydrochloride, physostigmine salicylate, etc. The McDonald, et al. (supra)
      "Water-Loading" test model for evaluating drugs with potential
      anti-glaucoma activity eliminates many of the disadvantages incurred with
      other experimental ocular hypertension models. For instance, it does not
      intail application of irritating compounds such as formalin employed in
      the test method of B. Fortenberry, et al. (supra) which may alter drug
      penetration to an unknown extent. The irritation induced formalin ocular
      hypertension test method presumably based on "inflammation and edema" is
      not as satisfactory in assessing anti-glaucoma activity as the
      "Water-Loading" test of McDonald, et al. which is similar to that of the
      clinically established water-provocative test for primary open-angle
      glaucoma.
PAR  Operativeness of the present invention according to adaptation of the
      McDonald, et al. "Water-Loading test" is demonstrated as follows. Female
      New Zealand white rabbits weighing from 1.8 to 2.5 kg. each were grossly
      examined for ocular defects that might preclude their use in the test.
      Each rabbit was kept unanesthetized in a restrainer box throughout the
      experiment. Food was withheld for approximately 18 hours prior to the use
      of the animals in the experiment. Intraocular pressures were measured with
      a MacKay-Marg Model No. 12 electronic tonometer (Biotronics, Inc., 838
      Butte Street, Redding, Calif. 9600l; E. Marg, Journal of the American
      Optometric Association, 34, 961- 5 (1963)).
PAR  Intraocular pressure was measured at the outset to obtain a normal value
      and then the rabbits were given tap water, approximately 60 ml./kg. of
      body weight rapidly via gavage. Intraocular pressures were again measured
      10,20 and 30 minutes later to determine the peak increase in intraocular
      pressure resulting from the water loading. The procedure was then repeated
      in the same animals 2 hours following topical application of the test drug
      (e.g., 4-[2-(isopropylamino)ethyl]pyrocatechol) or control solutions. In
      each instance, after water load, there is a substantial increase in
      intraocular pressure (unless controlled by the test drug) which reaches
      maximal elevation within 30 minutes and returns to pretreatment levels
      before the next water load.
PAR  Drug solutions were prepared by dissolving the test agent in 0.9% aqueous
      saline vehicle. In the test procedure, 100 .mu.l. (approximately two
      drops) of the test solution was applied to one eye and 0.9% saline was
      applied to the contralateral eye which serves as the control eye during
      the course of the experiment. Pre-treatment measurements (designated 0
      hours) were previously made of normal intraocular pressure, and of the
      response to water loading to establish that no significant difference in
      intraocular pressure between the test eye and the contralateral control
      eye existed prior to the administration of the solution of the test agent.
      Test solutions were randomized between right and left eyes. By comparing
      the change (reduction) in intraocular pressure in the test eye compared to
      the contralateral eye, which serves as a control, a measure of the
      effectiveness of the test agent as an intraocular pressure lowering agent
      is obtained. The diameter of the pupil was measured under constant
      illumination to the nearest 0.5 millimeter with a clear straight edge
      ruler. Blood pressure and heart rate were measured in unanesthetized
      rabbits with a force displacement transducer via cannulation of the
      central artery of the xylocaine infiltrated ear. Separate groups of
      animals were used for the cardiovascular and intraocular pressure
      experiments.
PAR  The data presented in Table I indicates the intraocular lowering effect of
      4-[2-(isopropylamino)ethyl]pyrocatechol compared to that obtained with
      dl-isoproterenol, a clinically evaluated intraocular lowering agent (refer
      to Ross and Drance, supra), and dopamine.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     COMPARATIVE EFFECTS OF 4-[2-(ISOPROPYLAMINO)ETHYL]PYROCATECHOL, dl-       

     ISOPROTERENOL AND DOPAMINE ON INTRAOCULAR PRESSURE TWO                    

     HOURS AFTER TOPICAL APPLICATION TO EYES OF                                

     UNANESTHETIZED RABBITS                                                    

                Intraocular Pressure.sup.a (mean .+-. S.E.)                    

                    Pretreatment                                               

                                Post-Treatment.sup.b                           

                Conc.                                                          

                    mm Hg.      mm Hg.      Reduction.sup.c                    

                Tested                                                         

                    Drug  Saline                                               

                                Drug  Saline                                   

     Drug       %   Eyes  Eyes  Eyes  Eyes  mm Hg %                            

     __________________________________________________________________________

     4-[2-(Isopropyl-                                                          

                2.8.sup.d                                                      

                    28.3  29.5  22.7  31.8  9.2   28.5                         

      amino)ethyl]- .+-. 2.0                                                   

                          .+-. 1.5                                             

                                .+-. 0.7                                       

                                      .+-. 1.3                                 

                                            .+-. 1.1                           

                                                  .+-. 2.4                     

      pyrocatechol HCl                                                         

     dl-Isoproterenol                                                          

                3.0.sup.d                                                      

                    29.8  31.2  25.7  30.2  4.5   14.4                         

      HCl           .+-. 2.0                                                   

                          .+-. 2.0                                             

                                .+-. 1.6                                       

                                      .+-. 2.0                                 

                                            .+-. 1.3                           

                                                  .+-. 3.7                     

     Dopamine HCl                                                              

                2.3.sup.d                                                      

                    32.4  31.6  34.8  34.4  0     0                            

                    .+-. 0.9                                                   

                          .+-. 0.8                                             

                                .+-. 1.2                                       

                                      .+-. 1.2                                 

     Dopamine HCl                                                              

                4.0.sup.e                                                      

                    29.4  29.4  34.4  33.6  0     0                            

                    .+-. 0.8                                                   

                          .+-. 0.8                                             

                                .+-. 0.7                                       

                                      .+-. 1.2                                 

     __________________________________________________________________________

      .sup.a Water load elevated intraocular pressure in rabbits (5 or 6       

      animals).                                                                

      .sup.b Two hours after topical drug application to the eye.              

      .sup.c Reduction of intraocular pressure in drug-treated as compared to  

      contralateral, saline-treated eyes.                                      

      .sup.d Drug concentrations are equimolar with respect to base.           

      .sup.e Concentration employed by F. E. Leaders, et al. (supra) in formali

      induced ocular hypertension test.                                        

TBL                                    TABLE II                                

     __________________________________________________________________________

     COMPARATIVE EFFECTS OF EQUIMOLAR INTRAOCULAR PRESSURE LOWERING AMOUNTS    

     of 4-[2-(ISOPROPYLAMINO)ETHYL]PYROCATECHOL, AND dl-                       

     ISOPROTERENOL ON HEART RATE TWO HOURS AFTER                               

     TOPICAL APPLICATION TO EYES OF                                            

     UNANESTHETIZED RABBITS                                                    

                    Heart Rate (mean .+-. S. E.)                               

                           Post-Treatment.sup.a                                

               No.  Pretreatment  Increase.sup.b                               

     Drug      Animals                                                         

                    Beats/min                                                  

                           Beats/min                                           

                                  Beats/min                                    

                                         %                                     

     __________________________________________________________________________

     4-[2-(Iso-                                                                

               3    221.7  233.0  11.7   5.2                                   

      propylamino)-                                                            

               .+-. 10.9                                                       

                    .+-. 14.5                                                  

                           .+-. 7.3                                            

                                  .+-. 3.1                                     

      ethyl]pyro-                                                              

      catechol HCl                                                             

     dl-Isoproter-                                                             

               4    233.0  371.8  138.8  65.6                                  

      enol HCl      .+-. 24.8                                                  

                           .+-. 10.1                                           

                                  .+-. 20.9                                    

                                         .+-. 19.2                             

     Saline    8    216.5  243.1  27.9   14.0                                  

                    .+-. 11.5                                                  

                           .+-. 11.2                                           

                                  .+-. 7.9                                     

                                         .+-. 4.5                              

     __________________________________________________________________________

      .sup.a Maximum occurring within 60 minute interval after topical drug    

      application to the eye.                                                  

      .sup.b Post-treatment as compared to pretreatment heart rate.            

PAR  Pretreatment values listed in Table I for intraocular pressure with respect
      to the drug eye and saline eye established that no initial significant
      difference existed prior to the administration of the test drug and
      therefore reduction in intraocular pressure is a valid measure of the
      effectiveness of the test agent.
PAR  The results set forth in Table I clearly establish that
      4-[2-(isopropylamino)ethyl]pyrocatechol substantially reduces intraocular
      pressure whereas the homologous phenethylamine "dopamine" is completely
      inactive. As is evident from the data presented in Table II, the dose
      4-[2-(isopropylamino)ethyl]pyrocatechol providing reduction in intraocular
      pressure has no significant effect on the heart rate while
      dl-isoproterenol produces a marked increase in heart rate. As to the
      slight increase in heart rate seen for
      4-[2-(isopropylamino)ethyl]pyrocatechol this is not significant inasmuch
      as the saline solution which serves as a vehicle for administering the
      compound produces a 14% increase in heart rate as shown in Table II.
PAC  Example 2
PAL  Pharmaceutical Compositions Containing
      4-[2-(Isopropylamino)Ethyl]Pyrocatechol
PAR  Pharmaceutical compositions comprised of
      4-[2-(isopropylamino)ethyl]pyrocatechol and a non-toxic pharmaceutically
      acceptable ophthalmological carrier therefor which are suitable for ocular
      instillation are preferred for practice of the present invention. These
      include ophthalmic solutions and ointments. Aqueous ophthalmic solutions
      formulated in accord with good pharmaceutical practice as set forth for
      instance in Chapter 83 of Remington's Pharmaceutical Sciences, 14th
      Edition, Mack Publishing Company are preferred, although petrolatum based
      ointments may be employed. The ophthalmic solutions are sterile and
      preferably contain a bacteriological preservative to maintain sterility
      during use. The quaternary ammonium bacteriostats such as benzalkonium
      chloride are satisfactory. An antioxidant can also be employed if desired
      but in view of the fact that 4-[2-(isopropylamino)ethyl]pyrocatechol is
      much less susceptible to oxidative decomposition than phenethanolamine
      intraocular lowering agents such as isoproterenol and epinephrine it is
      generally not required. By way of example, suitable antioxidants include
      sodium bisulfite, N-acetylcysteine salts, sodium ascorbate and other water
      soluble ophthalmologically acceptable antioxidants known to the
      pharmaceutical art.
PAR  Ophthalmic solutions of 4-[2-(isopropylamino)ethyl]pyrocatechol may be
      adjusted with inert ingredients such as sodium chloride or boric acid to
      provide a solution which is comfortable for application to the eye. For
      example, compositions containing up to about 5.2% of
      4-[2-(isopropylamino)ethyl]pyrocatechol with 0.9% sodium chloride, or an
      isotonically equivalent vehicle such as 1.9% boric acid are satisfactory.
PAR  Ointments are prepared with conventional petrolatum vehicles employing
      liquid petrolatum and white petrolatum in such proportions as to afford an
      ointment of desirable fluidity.
TBL  ______________________________________                                    

     Ophthalmic Solution                                                       

     ______________________________________                                    

     4-[2-(isopropylamino)-                                                    

      ethyl]pyrocatechol                                                       

      Hydrochloride       3.50 g.                                              

     Benzalkonium chloride                                                     

                          0.01 g.                                              

     Sodium bisulfite     0.10 g.                                              

     Water, q.s.          100.00 g.                                            

     ______________________________________                                    

PAR  If desired, 0.9% by weight aqueous sodium chloride may replace water as the
      solvent. The solution is sterilized by filtration and asceptically
      packaged.
TBL  ______________________________________                                    

     Ophthalmic Ointment                                                       

     ______________________________________                                    

     4-[2-(isopropylamino)-                                                    

      ethyl]pyrocatechol,                                                      

      micronized          1.1 g.                                               

     White petrolatum, q.s.,                                                   

     Liquid petrolatum, q.s.,                                                  

                          100.0 g.                                             

     ______________________________________                                    

PAR  The product is prepared and packaged under asceptic conditions to yield a
      sterile ointment.
PAR  4-[2-(Isopropylamino)ethyl]pyrocatechol and ophthalmologically acceptable
      acid addition salts thereof may also be applied to the eye through the
      vehicle of a polymeric insert or soft contact lens. For the latter
      purpose, the polymeric hydrophilic hydrogels prepared from polymers of
      acrylic and methacrylic esters, modified collagens, cross-linked polyether
      gels, cross-linked polyvinyl alcohol, or cross-linked partially hydrolyzed
      polyvinylacetate as disclosed in U.S. Pat. Nos. 2,976,576, 3,220,960, and
      3,419,006 may be employed. Ocular inserts prepared from these or other
      polymeric materials which are insoluble in tear liquid but which may
      absorb tear liquid to form a swollen hydrogel as disclosed in U.S. Pat.
      Nos. 3,416,350 and 3,618,604 may also be employed. All such means of
      applying 4-[2-(isopropylamino)ethyl]pyrocatechol or an ophthalmologically
      acceptable salt thereof are included within the present invention as are
      compositions adapted for such use.
PAR  In practicing the process of the present invention for lowering intraocular
      pressure by topical administration of
      4-[2-(isopropylamino)ethyl]pyrocatechol, an ophthalmologically acceptable
      polymeric ocular insert placed and retained in contact with an eyeball is
      preferred wherein the compound diffuses from the insert at a rate
      sufficient to provide an effective intraocular pressure lowering dose from
      0.08 to 10.4 mg. over a period of 6 hours.
PAR  Ocular inserts particularly preferred in the practice of the process of the
      present invention are conventionally prepared, for example, by soaking the
      polymeric insert or soft lens in a 0.16% to 5.2% solution of
      4-[2-(isopropylamino)ethyl]pyrocatechol or an ophthalmological salt
      thereof until equilibrium is established, which is generally within a
      period of 1 to 5 minutes. Inserts prepared in this manner diffuse at a
      rate sufficient to provide a dose of from 0.08 mg. to 10.4 mg. to the
      eyeball over a period of 6 hours.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for lowering elevated intraocular pressure in a patient
      suffering from primary open angle glaucoma comprising topically applying
      to said patient's eyes an effective ophtalmologically acceptable amount
      for lowering intraocular pressure of a compound selected from the group
      consisting of 4-[2-(isopropylamino)ethyl]pyrocatechol and
      ophthalmologically acceptable acid addition salts thereof.
NUM  2.
PAR  2. The process of claim 1 wherein the ophthalmologically acceptable salt is
      water soluble and is applied topically in an aqueous solution wherein said
      solution contains a molar amount of said water soluble ophthalmologically
      acceptable salt equivalent to from 0.16 to 5.2% by weight of
      4-[2-(isopropylamino)ethyl]pyrocatechol.
NUM  3.
PAR  3. The process of claim 1 wherein the compound is
      4-[2-(isopropylamino)ethyl]pyrocatechol.
NUM  4.
PAR  4. The process of claim 1 wherein the compound is
      4-[2-(isopropylamino)ethyl]pyrocatechol hydrochloride.
NUM  5.
PAR  5. The process of claim 1 wherein said compound is topically applied by an
      ophthalmologically acceptable polymeric ocular insert placed and retained
      in contact with the eyeball, said compound being diffusible from said
      insert at a rate sufficient to provide an ophthalmologically acceptable
      effective intraocular pressure lowering dose thereof to the eyeball when
      said insert is in contact therewith.
PATN
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ABST
PAL  The invention concerns novel combinations of active agents a)
      1-methyl-2-[2-(.alpha.-methyl-p-chlorodiphenylmethyloxy)ethyl]pyrrolidine
      and b) a non-toxic sympathicomimetic agent having a peripheral
      vasoconstrictive effect, useful in the treatment of rhinitis.
BSUM
PAR  The present invention relates to the antihistaminic agent,
      1-methyl-2-[2-(.alpha.-methyl-p-chlorodiphenylmethyloxy)ethyl]pyrrolidine
      of formula I,
      ##SPC1##
PAL  known under the international name Mecloprodin (or Clemastin).
PAR  The present invention provides a pharmaceutical composition incorporating
      as active agents
PAR  A.
      1-METHYL-2-[2-(.alpha.-METHYL-P-CHLORODIPHENYLMETHYLOXY)ETHYL]PYRROLIDINE
     IN FREE BASE FORM OR IN PHARMACEUTICALLY ACCEPTABLE ACID ADDITION SALT
      FORM, AND
PAR  B. A NON-TOXIC SYMPATHICOMIMETIC AGENT HAVING A PERIPHERAL VASOCONSTRICTIVE
      EFFECT, IN FREE BASE FORM OR IN PHARMACEUTICALLY ACCEPTABLE ACID ADDITION
      SALT FORM.
PAR  Examples of sympathicomimetic agents are preferably enterally effective
      sympathicomimetic agents, such as sympathicomimetic
      2-amino-1-phenylalkan-1-ol derivatives, e.g. 2-amino-1-phenylpropanol,
      2-methylamino-1-phenylpropanol, 1-(3'-hydroxyphenyl)-2-methylaminoethanol
      or 1-phenyl-2-diethylaminopropanol, or agents suitable for local use,
      e.g., imidazoline derivatives such as naphazoline, xylometazoline or
      tetryzoline. 2-amino-1-phenylpropanol, for which the name
      phenylpropanolamine is hereinafter used, is especially suitable in this
      respect. This has been described inter alia in the British Pharmaceutical
      Codex 1968. The sympathicomimetic agent preferably has strong peripheral
      vasoconstrictive properties. Further desirable properties are a rapid
      onset of the peripheral vasoconstrictive effect and a long duration of the
      effect, as well as good tolerance.
PAR  The active agents a) and b) are in general known and may be prepared by
      conventional chemical methods and purified in conventional manner to
      produce a pharmaceutically acceptable, i.e., non-toxic, form.
PAR  The combination of active agent a) and active agent b) is useful in the
      treatment of rhinitis, for example acute, allergic, banal, viral, and
      vasomotor rhinitis and rhinitis due to bronchitis, sinusitis and rickets,
      wherein the combination supplements the exudation-inhibiting effect of
      Mecloprodin by a vasoconstriction of the peripheral vessels in the nasal
      area and additionally exhibits a synergistic effect over active agent a)
      and active agent b), with a rapid onset and long-lasting activity and with
      few side effects, e.g., little fatigue, as indicated by standard tests;
      for example, on peroral administration of a combination of 1 mg of active
      agent a) and from 10 to 60 mg of active agent b) twice a day to patients,
      a decrease of nasal congestion was observed by measuring the nasal flow
      resistance in healthy patients before and after nasal mucous membrane
      swelling provoked by histamine spray and also in patients suffering from
      vasomotor, allergic and acute rhinitis.
PAR  For the above-mentioned use the dose of active agents a) and b) and their
      ratio by weight will of course vary depending on the compound employed,
      mode of administration and condition to be treated. However, in general
      satisfactory results are obtained when active agent a) is administered at
      a daily dosage of from about 0.02 mg to about 0.15 mg per kg animal body
      weight and at a weight ratio of active agent a) to active agent b) of from
      1:10 to 1:60, preferably 1:25 to 1:50, especially 1:30 to 1:50. The
      combination is conveniently given in sustained release form or in divided
      doses two to four times a day. For the larger mammals the total daily
      dosage is in the range from about 2 to about 6 mg of active agent a),
      preferably from 2 to 4 mg. Dosage forms comprise from about 1 to 3 mg of
      active agent a) when to be administered twice daily.
PAR  A preferred unit dosage form has 1 mg of active agent a) and from 30 to 50
      mg of active agent b).
PAR  Each of the active agents may be in free base form or in pharmaceutically
      acceptable acid addition salt form. Such salt forms are known and exhibit
      the same order of activity as the free base forms. The free base forms may
      be converted into the pharmaceutically acceptable acid addition salt forms
      in conventional manner and vice versa. Representative acids for salt
      formation include the mineral acids such as hydrochloric acid, hydrobromic
      acid and sulphuric acid and the organic acids such as aliphatic acids,
      such as acetic acid, polycarboxylic acids such as fumaric acid and
      tartaric acid and organic sulphonic acids such as methane sulphonic acid
      or benzene sulphonic acid. The preferred acid for agent a) is fumaric
      acid. The preferred acid for agent b) when phenylpropanolamine is
      hydrochloric acid.
PAR  Each of the active agents may be associated with pharmaceutical carriers
      and diluents in conventional manner. Example of pharmaceutical carriers
      and diluents are inert organic or inorganic diluents such as organic or
      inorganic calcium salts, sodium salts, mannitol, lactose, talc or
      colloidal silicic acid; disintegrating agents such as starch or alginic
      acid; binding agents such as polyvinylpyrrolidone, gelatin or cellulose
      derivatives; lubricating agents such as stearic acid and its salts, e.g.,
      the magnesium salt; suspending agents such as methylcellulose, tragacanth
      and sodium alginate; wetting agents such as lecithin, and flavouring,
      colouring and preserving agents.
PAR  Pharmaceutical compositions comprising one or both active agents in
      association with a pharmaceutical carrier or diluent may be in liquid or
      solid form, for example, for local or enteral administration, preferably
      enteral administration. The preferred mode of administration is oral
      administration. Pharmaceutical compositions may be prepared by
      conventional techniques.
PAR  The present invention also provides a process for the production of a
      pharmaceutical composition including the step of bringing together active
      agent a) and active agent b). A pack may be provided which contains
      separately active agents a) and b) until required for administration as a
      composition as mentioned above.
PAR  Examples of compositions for enteral administration are inter alia tablets,
      capsules, dragees, syrups, drops and suppositories. Examples of suitable
      compositions for local administration are sprays, drops and ointments.
PAR  The preferred composition from the standpoint of ease of administration is
      a capsule or tablet.
PAR  At least one of the active agents may be associated with a retard agent.
      Preferred compositions have the active agent b) associated with a retard
      agent to delay absorption of active agent b) on administration with
      respect to active agent a).
PAR  Suitable retard agents are, for example, polyvinylacetate, vinyl
      copolymers, acrylate copolymers, methacrylate copolymers, higher fatty
      alcohols and other wax-like substances. The active agents may be
      additionally coated with a porous insoluble film. Alternatively the active
      agent may be in the form of a difficultly soluble salt or complex, e.g. a
      resinate, especially in the case of phenylpropanolamine.
PAR  Active agent b) may be incorporated in a core within an outer layer
      incorporating active agent a) so that the liberation of active agent b) is
      slightly retarded with respect to active agent a). For instance a coated
      tablet may be formulated having a kernel containing active agent b) within
      a coating containing active agent a).
PAR  The following non-limitative Examples illustrate the invention,
PAR  1. indicates equivalent to 1 mg free base form Phenylpropanolamine is
      present in hydrochloride form.
TBL  ______________________________________                                    

     EXAMPLE 1: Capsules                                                       

     Composition:                                                              

     Mecloprodin hydrogen fumarate                                             

                        1.34.sup.1)  mg/dose                                   

     Phenylpropanolamine                                                       

                        30.00        "                                         

     Mannitol           208.66       "                                         

     Microcrystalline cellulose                                                

                        75.00        "                                         

     Talc               15.00        "                                         

     yields one capsule of                                                     

                        330.00       mg                                        

     EXAMPLE 2: Tablets                                                        

     Composition:                                                              

     Mecloprodin hydrogen fumarate                                             

                        1.34.sup.1)  mg/dose                                   

     Phenylpropanolamine                                                       

                        30.00        "                                         

     Lactose            243.66       "                                         

     Maize starch       33.00        "                                         

     Polyvinyl pyrrolidone                                                     

     (Kollidon 30)      20.00        "                                         

     Magnesium stearate 2.00         "                                         

     yields one tablet of                                                      

                        330.00       mg                                        

     ______________________________________                                    

PAR  The active agents are mixed with the lactose and the maize starch, the
      mixture is moistened with polyvinyl pyrrolidone dissolved in a 3-fold
      quantity of 50 % ethanol and is granulated. The granulate which has been
      ground with magnesium stearate is tabletted as usual.
TBL  ______________________________________                                    

     EXAMPLE 3: Tablets                                                        

     Composition:                                                              

     Mecloprodin hydrogen fumarate                                             

                         1.34.sup.1) mg/dose                                   

     Phenylpropanolamine 50.00       "                                         

     Magnesium stearate  58.66       "                                         

     Calcium-hydrogen phosphate-2-                                             

     hydrate             45.00       "                                         

     Cellulose acetate phthalate                                               

                         30.00       "                                         

     Polyvinyl acetate   75.00       "                                         

     yields one tablet of                                                      

                         260.00      mg                                        

     ______________________________________                                    

PAR  The active agents are mixed, moistened with one tenth by weight of ethanol
      and granulated and tabletted in the usual manner.
TBL  ______________________________________                                    

     EXAMPLE 4: Coated tablets                                                 

     Composition of the kernel:                                                

     Phenylpropanolamine   50.00     mg/dose                                   

     Magnesium stearate    20.00     "                                         

     Calcium-hydrogen phosphate-2-hydrate                                      

                           15.00     "                                         

     Cellulose acetate phthalate                                               

                           10.00     "                                         

     Polyvinyl acetate     25.00     "                                         

     yields one kernel of  120.00    "                                         

     Composition of the coating:                                               

     Mecloprodin hydrogen fumarate                                             

                           1.407     mg/dose                                   

     Lactose               272.993   "                                         

     Maize starch          33.000    "                                         

     Polyvinyl pyrrolidone (Kollidon 30)                                       

                           20.000    "                                         

     Colouring agent       0.600     "                                         

     Magnesium stearate    2.000     "                                         

     Total                 330.000   "                                         

     ______________________________________                                    

PAR  The production of the kernels is effected as described in Example 3:
PAR  A granulate is produced from the ingredients contained in the coating in a
      manner analogous to that described in Example 2, and this granulate is
      worked up together with the kernels into coated tablets of 450 mg each.
PAC  EXAMPLE 5
PAR  In analogous manner to any one of Examples 1 to 4 there are produced
      compositions having the following ratios of active Mecloprodin to
      phenylpropanolamine 1:10; 1:15; 1:20; 1:25; 1:35; 1:40; 1:45; 1:55 based
      on 50 mg of active phenylpropanolamine/dose.
PAC  EXAMPLE 6
PAR  In analogous manner to any one of Examples 1 to 4 there are produced
      compositions wherein the amount of active phenylpropanolamine is 30
      mg/dose with appropriate amounts of Mecloprodin.
PAC  EXAMPLE 7
PAR  Suppositories (2.0 g) and dragees (400 mg) are manufactured using
      conventional techniques using the amounts of Mecloprodin and
      phenylpropanolamine of any of Examples 1 to 6 with conventional
      suppository and dragee diluents and carriers and are effective agents for
      the relief of rhinitis when administered at the equivalent dose of 2 to 6
      mg of Mecloprodin a day.
PAC  EXAMPLE 8
PAR  Syrups, drops and ointments are manufactured using conventional techniques
      using the amounts of Mecloprodin and phenylpropanolamine of any of
      Examples 1 to 6 per 5 mg (syrups), 5 ml (drops) and 1 g (ointments) using
      the appropriate conventional diluents and carriers and are effective
      agents for the relief of rhinitis when administered at a dose of 2 to 6 mg
      of Mecloprodin a day.
PAC  EXAMPLE 9
PAR  In analogous manner to Examples 1 to 8 there are produced compositions
      wherein the phenylpropanolamine is replaced by an equivalent active amount
      of 2-methylamino-1-phenylpropanol,
      1-(3'-hydroxyphenyl)-2-methylaminoethanol or
      1-phenyl-2-diethylaminopropanol, imidazoline derivatives such as
      naphazoline, xylometazoline or tetryzoline.
CLMS
STM  I claim:
NUM  1.
PAR  1. A pharmaceutical composition useful for the treatment of Rhinitis
      comprising as active agents
PA1  a.
      1-methyl-2-[2-(.alpha.-methyl-p-chloro-diphenylmethyloxy)ethyl]pyrrolidine
      in free base form or in pharmaceutically acceptable acid addition salt
      form, and b) a compound selected from the group consisting of
      2-amino-1-phenylalkan-1-ol of 2 to 4 alkanol carbon atoms, wherein the
      phenyl is unsubstituted or mono- or disubstituted by hydroxy and the amino
      is unsubstituted or mono- or disubstituted by alkyl of 1 to 4 carbon atoms
      and imidazoline substituted in the 2-position by phenylalkyl of 1 to 3
      carbon atoms, wherein the weight ratio of active agent a) to active agent
      b) is from about 1:10 to about 1:60, and a pharmaceutically acceptable
      carrier therefor.
NUM  2.
PAR  2. A composition according to claim 1, wherein active agent b) is
      2-amino-1-phenylpropanol, 2-methylamino-1-phenylpropanol,
      1-(3'-hydroxyphenyl)-2-methylaminoethanol or
      1-phenyl-2-diethylaminopropanol.
NUM  3.
PAR  3. A composition according to claim 1, wherein active agent b) is
      naphazoline, xylometazoline or tetryzoline.
NUM  4.
PAR  4. A composition according to claim 1, wherein active agent b) is in retard
      form with respect to active agent a).
NUM  5.
PAR  5. A composition according to claim 1, wherein said ratio is from about
      1:25 to about 1:50.
NUM  6.
PAR  6. A composition according to claim 5, wherein said ratio is from about
      1:30 to about 1:50.
NUM  7.
PAR  7. A composition according to claim 1, in unit dosage form having about 1
      mg of active agent b) and from about 30 to about 50 mg of active agent b).
NUM  8.
PAR  8. A composition according to claim 7, having a core containing active
      agent b) and a layer outside the core containing active agent a).
NUM  9.
PAR  9. A coated tablet comprising the composition of claim 1 and having a
      kernel containing active agent b) and a coating surrounding the kernel and
      containing active agent a).
NUM  10.
PAR  10. A method of treating Rhinitis in animals, which comprises orally
      administering to an animal in need of said treatment a anti-histaminic
      effective amount of active agent a) and active agent b) of the composition
      of claim 1.
NUM  11.
PAR  11. The method of claim 10 which comprises orally administering a weight
      ratio of active agent a) to active agent b) of from 1:10 to 1:60.
NUM  12.
PAR  12. The method of claim 11, wherein active agent a) is orally administered
      in an amount of from 0.02 to 0.15 mg. per kg. animal body weight a day.
NUM  13.
PAR  13. The method of claim 12, wherein active agent a) is orally administered
      in an amount of from 2 to 6 mg. daily.
NUM  14.
PAR  14. A composition according to claim 1 wherein active agent b) is
      2-amino-1-phenylalkan-1-ol of 2 to 4 alkanol carbon atoms, wherein the
      phenyl is unsubstituted or mono- or disubstituted by hydroxy and the amino
      is unsubstituted or mono- or disubstituted by alkyl of 1 to 4 carbon
      atoms.
NUM  15.
PAR  15. A composition according to claim 14 wherein active agent b) is
      2-amino-1-phenylpropanol.
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ABST
PAL  A toothpaste containing a humectant, a silica thickener, a dental abrasive
      which is principally amorphous silica or an aluminosilicate, polyethylene
      glycol having an average molecular weight of about 500-700 and sodium
      carboxymethylcellulose having about 0.6-0.8 carboxymethyl groups per
      anhydroglucose unit.
PARN
PAR  This application is a continuation-in-part of copending U.S. Pat.
      application Ser. No. 301,934 filed Oct. 30, 1972, now abandoned.
BSUM
PAR  Toothpastes conventionally comprise finely divided dental abrasives
      dispersed in humectant vehicles containing thickening and/or gelling
      agents.
PAR  One aspect of this invention relates to toothpastes of the type in which
      the vehicle comprises a humectant, sodium carboxymethylcellulose and a
      silica thickener and in which the dental abrasive is prinicipally (by
      weight) a finely divided material whose (empirical) SiO.sub.2 content is
      at least 70%, whose particle size is about 2 to 20 microns, whose x-ray
      structure is essentially amorphous and whose index of refraction is about
      the same as that of the vehicle (e.g., about 1.43-1.48). Such toothpastes
      are known in the art, and are particularly useful when a transparent
      toothpaste is desired.
PAR  However, clear gel toothpastes as defined above present certain
      difficulties. The gel must be partially broken in order to extrude the
      ribbon from the tube. Consequently, it is essential for the extruded
      ribbon to be smooth and have adequate rigidity to retain its shape without
      flattening out and sinking into the bristles of the toothbrush. The
      toothpaste at the bottom of the toothbrush has little or no contact with
      the teeth and therefore has little cleaning and polishing effect on the
      teeth. The body (i.e., consistency) of the dental ribbon must be of
      sufficient thickness to be retained on the surface of the bristles and
      sufficiently cohesive so as not to ooze from its tube and so as to prevent
      any separation of liquid therefrom. Furthermore, desirable body character
      is necessary in order to permit tubes to be easily and satisfactorily
      filled during production. The retention of good body must exist during
      aging as well as during temperature and body of a clear gel toothpaste is
      important for manufacture production and consumer acceptance as well as
      cleaning performance.
PAR  Accordingly, it is an object of this invention to provide a transparent
      dentifrice possessing improved body and texture.
PAR  Another object of this invention is to provide a transparent dentifrice
      possessing improved cleansing performance.
PAR  In accordance with this invention it has been found that a vehicle
      containing polyethylene glycol having an average molecular weight of about
      500-700, preferably about 550-650, and sodium carboxymethylcellulose
      having about 0.6 to 0.8 carboxymethyl groups per anhydroglucose unit
      significantly improves the body and texture of a transparent toothpaste.
      The use of this vehicle produces toothpastes which have very good body,
      are introduced easily into and extrude easily from a conventional
      toothpaste tube, retain a shiny appearance without visible dulling or hazy
      skin formation for considerable periods after extrusion, have a desirable
      short texture and are not undesirably stringy or grainy, and in general
      have outstanding rheological properties, coupled with good tooth cleaning,
      polishing and mouth feel characteristics and (in transparent types of
      toothpastes) good clarity.
PAR  Polyethylene glycols are well known in the art. The low molecular weight
      polyethylene glycols (i.e., 400 molecular weight) have been used in
      toothpastes which do not contain carboxymethylcellulose, as shown in U.S.
      Pat. No. 3,538,230. Similarly, high molecular weight polyethylene glycols
      (above 800 and preferably 1,000 - 6,000) have been used in toothpastes in
      order to obtain good texture, particularly with carboxymethylcellulose, as
      shown in U.S. Pat. No. 3,689,637. Surprisingly however, polyethylene
      glycols having an average molecular weight of about 600 have been found to
      be unpredictably unique in providing the superior body to dentrifices of
      instant invention. Polyethylene glycols of an average molecular weight
      below 500 as well as above 700 exhibit much less body, a thinner
      consistency and a flattened extruded ribbon. The use of this particular
      group of polyethylene glycols is clearly unexpected, since both the
      polyethylene glycols of lower molecular weights as well as those of
      greater molecular weight have substantially poorer body characteristics in
      clear gel toothpastes. As a matter of fact, the greater the molecular
      weight, the poorer the body and the lower the viscosity of the end
      product. The use of polyethyleneglycols of average molecular weight 600
      have been found to be the only real way to improve the body of a
      carboxymethylcellulose containing clear gel formulation. Instant
      formulations have been found to be satisfactory after 9 weeks of
      accelerated aging tests.
PAR  The polyethylene glycols are mixtures of polymeric molecules of different
      degrees of polymerization; the graph showing the distribution of molecular
      weights (e.g., the graph plotting the degree of polymerization vs. per
      cent by weight) is typically a smooth "bell" shaped distribution curve.
      Thus a typical composition of a polyethylene glycol of average molecular
      weight about 600 (e.g., 570 to 630 corresponding to an average degree of
      polymerization of about 13-14) is as follows:
TBL  D.P.                                                                      

         6   7   8  9   10  11  12  13  14  15                                 

     %   0.5 1.5 3  4.8 6.1 7.8 9   10  11.5                                   

                                            11.5                               

     D.P.                                                                      

         16  17  18 19  20  21  22  23  24                                     

     %   11  9   5  3.5 2.6 2   1.3 0.8 0.8                                    

PAL  ("d.p." means degree of polymerization, i.e., the number of ethylene oxide
      units in the molecule. "%" means percent by weight; the figures in the
      above tabulation are based on the graph of "Polymer Distribution in
      Carbowax polyethylene glycols..." in the 65 page booklet Carbowax
      Polyethylene Glycols F-4772E, published by Union Carbide Chemicals
      Company). It will be apparent that the proportion of materials of
      molecular weight 800 (D.P. 18) or higher is relatiely small, being below
      25% and generally less than 20% of (e.g. about 16%) the total polyethylene
      glycol. In the most preferred formulations the proportion of materials of
      molecular weight 400 (D.P. 9) or lower is also relatively small, being
      below 25% and generally less than 20% (e.g., about 7%) of the total
      polyethylene glycol. Thus in these most preferred formulas at least half,
      by weight, of the polyethylene glycol molecules have molecular weights
      above 400 and below 800.
PAR  The proportion of the abrasive of high silica content is in the range of 5
      to 50% of the composition, preferably about 10-30% such as about 15-25%.
      One abrasive is an amorphous alkali metal or alkaline earth metal
      aluminosilicate preferably having a refractive index of about 1.44-1.47,
      and containing at least about 70% silica, up to about 10% alumina, up to
      about 20% by weight of moisture and up to about 10% by weight of sodium
      oxide. Typically, this material has a particle size of up to about 35
      microns, preferably about 1-20 microns, e.g. 2-4microns. The preferred
      moisture content is about 10-20% by weight, measured by loss at
      1000.degree.C. and the typical content of sodium oxide is about 5-10% by
      weight. Generally, the agent has a loose bulk density of up to about
      0.2g/cc, such as about 0.07-0.12g/cc. Another suitable type of dental
      abrasive agent is porous amorphous silicic anydride having an average
      particle size preferable below 20 microns and above 1 micron, a surface
      area of at least about 200 m.sup.2 /g, and preferably at leas about 300
      m.sup.2 /g and a bulk density of at least about 0.15 g/cm.sup.3 and
      preferably at least about 0.30 g/cm.sup.3, such as a dehydrated silica
      hydrogel (i.e., a xerogel), preferably of the well known regular density
      intermediate density type. Examples of such amorphous silicic anyhydride
      dental abrasives are Syloid 63, Syloid 72 and Syloid 74 which are
      described in "The Davison Family of Syloid Silicas" pubished by their
      manufacturer, Grace, Davison Chemical Company. Santocel 100 , manufactured
      by Monsanto, is also a desirable dental abrasive. Syloid 72 has an average
      particle size of about 4 microns, a surface area of about 340 m.sup.2 /g
      and a bulk density of about 1.77 g/cm.sup.3. Syloid 74 has an average
      particle size of about 8microns, and a surface area of about 320 m.sup.2
      /g and a bulk density of about 0.26 g/cm.sup.3. For Syloid 63  the
      corresponding figures are about 9 microns, about 675 m.sup.2 /g and about
      0.4 g/cm.sup.3. A grade of Santocel 100 has a surface area of about 239 m
      .sup.2 /g and a bulk density of about 0.24 g/cm.sup.3. These amorphous
      silicic anhydrides may be used singly or in mixtures.
PAR  The proportion of the silica thickener is advantageously in the range of
      about 1 to 10%, preferably about 3 to 7%. The silica thickener may be
      silica gel (i.e., dehydrated silica hydrogel) of low bulk density such as
      a bulk density of below about 0.13g/cm.sup.3 e.g. 0.11 g/cm.sup.3, (e.g.
      Syloid 244 or Syloid 266). It may be a silica aerogel. Alternatively it
      may be a pyrogenic silica (e.g. Cab-O-Sil M5 or Aerosil D200 ).
PAR  The vehicle is made up primarily of a humectant such as glycerol or
      sorbitol, usually in admixture with water. Taken together, the proportion
      of these liquids in the toothpaste is advantageously in the range of about
      40 to 90%, preferably about 60 to 80% and still more preferably about 65
      to 76%. (Sorbitol, generally present in admixture with water, is
      considered as a liquid for this purpose). The water is preferably about 5
      to 35%, more preferably about 15-20%, of the total liquids.
PAR  The proportion of sodium carboxymethylcellulose is preferably in the range
      of about 0.2 to 2%, still more preferably about 0.3 to 1%. One
      particularly preferred form has an average degree of polymerization in the
      neighborhood of 500, corresponding to a molecular weight in the
      neighborhood of 100,000. For instance one may use a material whose
      viscosity (of a 2% aqueous solution thereof at 25.degree.C) is less than
      3,000 centipoises, preferably below 1,000, e.g. about 300 - 600
      centipoises, such as Hercules CMC-7MXF which has about 0.7 sodium
      carboxymethyl groups per anhydroglucose unit.
PAR  The proportion of polyethylene glycol of average molecular weight of about
      500 - 700 is preferably in the range of about 1 to 20%, more preferably
      less than 10% such as about 2 to 4%.
PAR  The transparent toothpaste may also contain surface active agent, e.g., to
      achieve increased prophylactic action assist in achieving thorough and
      complete dispersion of the instant compositions throughout the oral
      cavity, and render instant compositions more cosmetically acceptable. The
      organic surface active material may be anionic, nonionic, ampholytic or
      cationic in nature, and it is preferred to employ as the surface active
      agent a detersive material which imparts to the composition detersive and
      foaming properties. Suitable types of such detergents are water soluble
      salts of higher faty acid monoglyceride monosulfates, such as sodium salt
      of the monosulfated monoglyceride of hydrogenated coconut oil fatty acids,
      higher alkyl sulfates, such as sodium lauryl sulfate, alkyl aryl sulfonate
      such as sodium dodecyl benzene sulfonate, higher alkyl sulfate acetates,
      higher fatty acid ester of 1,2 hydroxy propane sulfonates, and the
      substantially saturated higher aliphatic acyl amides of lower aliphatic
      amino carboxylic acid compounds, such as those having 12 to 16 carbons in
      the fatty acid, alkyl or acyl radicals, and the like. Examples of the last
      mentioned amides are N-lauroyl sarcosine, and the sodium, potassium and
      ethanolamine salts of N-lauroyl, N-myristoyl, or N-palmitoyl sarcosine,
      which should be substantially free from soap or similar higher fatty acid
      material which tends to substantially reduce the effect of these
      compounds. The use of these sarcosine compounds in dentrifrice
      compositions of the present invention is particularly advantageous since
      these materials exhibit a prolonged and marked effect in the inhibition of
      acid formation in the oral cavity due to carbohydrates breakdown in
      addition to exerting some reduction in the solubility of tooth enamel in
      acid solutions.
PAR  Other particularly suitable surface active materials include nonionic
      agents such as condensates of sorbitan monostearate with approximately 60
      moles of ethylene oxide.  condensates of ethylene oxide with propylene
      oxide condensates of propylene glycol ("Pluronics") and amphoteric agents
      such as quaternized imidazole derivatives, which are available under the
      trademark "Miranol" such as Miranol C.sub.2 M. Cationic surface active
      germicides and antibacterial compounds such as
      diisobutylphenoxyethoxyethyl dimethyl benzyl ammonium chloride, benzyl
      dimethyl stearyl ammonium chloride, tertiary amines, having one fatty
      alkyl group (of from 12 to 18 carbon atoms) and two (poly) oxyethylene
      groups attached to the nitrogen (typically containing a total of from
      about 2 to 50 ethanoxy groups per molecule) and salts thereof with acids,
      and compounds of the structure
      ##EQU1##
      where R is a fatty alkyl group containing from about 12 to 18 carbon
      atoms, and x, y, and z total 3 or higher, as well as salts thereof with
      mineral organic acids, may also be used. It is preferred that the total
      amount of surface-active agent be about 0.05- 5% by weight, preferably
      about 1-3%, of the dentifrice.
PAR  Various other materials may be incorporated in the oral preparation of this
      invention. Examples thereof are coloring or whitening agents,
      preservatives, silicones, chlorophyll compounds, ammoniated materials,
      such as urea, diammoniumphosphate and mixtures thereof, and other
      constituents. Each of these adjuvants may be typically incorporated in the
      instant toothpastes in amount up to about 5%.
PAR  The toothpaste may also contain antibacterial agents in amounts of about
      0.01- 5%. Typical examples of such agents are guanidines, biguanides and
      amines such as:
PA1  N.sup.1 -(4-chlorobenzyl)-N.sup. 5 -2,4-(dichlorobenzyl) biguanide;
PA1  p-chlorophenyl biguanide;
PA1  4-chlorobenzhydryl biguanide;
PA1  4-chlorobenzhydrylguanylurea;
PA1  N-3-lauroxypropyl-N.sup.5 -p-chlorobenzylbiguanide;
PA1  1,6-di-p-chlorophenylbiguanidoxhexane;
PA1  1-(lauryldimethylammonium)-8-(p-chlorobenzyldimethylammonium) octane
      dichloride;
PA1  5,6-dichloro-2-guanidinobenzimidazole;
PA1  N.sup.1 -p-chlorophenyl-N.sup.5 -laurylbiguanide;
PA1  5-amino-1,3-bis(2-ethylhexyl)-5-methylhexahydropyrimidine; and
PAL  their non-toxic acid additional salts.
PAR  Suitable flavoring or sweetening sialagogues may be employed in formulating
      a flavor for the compositions of the present invention. Examples of
      suitable flavoring constituents include the flavoring oils, e.g., oils of
      spearmint, peppermint, wintergreen, sassafras, clove, sage, eucalyptus,
      marjoram, cinnamon, lemon and orange, as well as methyl salicylate.
      Suitable sweetening agents include sucrose, lactose, maltose, sorbitol,
      sodium cyclamate and saccharine. Suitably, flavor and sweetening agent may
      together comprise from about 0.01 to 5% or more of the compositions of the
      instant invention.
PAR  The compositions of the present invention suitably may also contain a
      fluorine-containing compound having a beneficial effect on the care and
      hygiene of the oral cavity, e.g. diminution of enamel solubility in acid
      and protection of the teeth against decay. Examples thereof include sodium
      fluoride, stannous fluoride, potassium fluoride, potassium stannous
      fluoride, (SnF.sub.2.KF), sodium hexafluorostannate, stannous
      chlorofluoride, sodium fluorozirconate and sodium monofluorophosphate.
      These materials, which dissociate or release fluorine-containing ions in
      water, suitably may be present in an effective but non-toxic amount,
      usually within the range of about 0.01 to 1% by weight of the
      water-soluble fluorine content thereof.
PAR  The following Examples are given to illustrate this invention further. In
      this application all proportions are by weight unless otherwise indicated.
DETD
PAC  EXAMPLE 1
PAR  A transparent dental cream is prepared according to the following
      formulation: glycerine 25% sorbitol-water mixture (70% sorbitol-30% water)
      42.83% sodium aluminosilicate 16%, silica thickener (low density silica
      gel) 5%, added water 3%, polyethylene glycol of average molecular weight
      600 3%, sodium lauryl sulfite 2%, chloroform 1%, flavor (essential oil)
      1%, sodium carboxymethylcellulose 0.35%, sodium benzoate 0.5%, sodium
      saccharin 0.17% coloring agent (1% aqueous solutions of F D & C Red No. 2
      and F D & C Yellow No. 5) 0.15%.
PAR  The sodium aluminosilicate has the following empirical composition: silica
      about 72%, alumina about 8%, sodium oxide about 7%; water (ignition loss
      at 1000.degree.C) about 12%. It has a bulk density of about 0.19-0.22
      g/cm.sup.3, a surface area of 120 m.sup.2 /g, a particle size of about 2
      microns (the particles being aggregates of material of ultimate particle
      size of 35 millimicrons), an oil absorption value of 150-160 g/100g and a
      pH (for a 4% slurry in water) of about 10.5. The low density silica gel
      has a bulk density of about 0.11 g/cm.sup.3, a particle size of about 4
      microns, a surface area of 310 m.sup.2 /g, an oil absorption value of
      about 130 g/100g and a pH (for a 5% aqueous slurry) of 7.6. The sodium
      carboxymethycellulose is Hercules CMC-7MXF.
PAR  The mixture is made in the following manner, the gelling agent (sodium
      carboxymethyl cellulose) being dispersed in glycerine before the water or
      aqueous mixtures are added; a gel is formed, the abrasive is added and the
      whole mixture is deaerated (in vacuo) before it is placed in conventional
      collapsible toothpaste tubes. The tubes are stored at room temperature for
      several days before the product is tested.
PAR  The product extrudes easily as a ribbon from a toothpaste tube, has good
      body and is non-stringy and non-oozing; that is after a ribbon of the
      toothpaste is extruded, slow oozing of the material does not continue
      after the extrusion pressure has ended. It behaves well in automatic
      tube-filling equipment in which the toothpaste is extruded
      (intermittently) into successive collapsible tubes from a nozzle and in
      which it is desirable that there be no dripping or stringing from the
      nozzle after it leaves one tube and before it enters the next one. A
      ribbon of the product extruded from the tube maintains its clear shiny
      apperance for a considerable time.
PAR  After aging 6 weeks of 120.degree.F in a toothpaste tube, the product
      maintains its desirable properties; its body and viscosity rise but it is
      still easily extrudable.
PAC  EXAMPLES 2 -4
PAR  Example 1 is repeated except that the following materials are used in place
      of the polyethylene glycol of 600 average molecular weight:
PAR  Ex. 2: polyethylene glycol of 950 - 1050 average molecular weight;
PAR  Ex. 3: polyethylene glycol of 1300 - 1600 average molecular weight;
PAR  Ex. 4: polyethylene glycol of 15,000 - 20,000 average molecular weight.
TBL                                    Table I                                 

     __________________________________________________________________________

     Product                                                                   

          Initial Viscosity                                                    

                     Ribbon Shape                                              

                               Aged Viscosity                                  

                               (6 weeks at 120.degree.C)                       

     __________________________________________________________________________

     Ex 1 55.0                 71.6                                            

                     (Rounded)                                                 

     Ex 2 43.7                 39.0                                            

                     (Flattened)                                               

     Ex 3 37.9                 39.4                                            

                     (Still Flatter)                                           

     Ex 4 less viscosity;      --                                              

          drying out at the                                                    

          neck end                                                             

     __________________________________________________________________________

PAR  In each case the extruded ribbon has much less body than that of Example 1;
      it is flatter and not as thick; and its Brookfield viscosity (as measured
      with a model RBF Brookfield viscometer at 10 RPM using spindle No. 7) is
      less. Optimum viscosity for this type of dental cream is about 50-70. The
      higher the molecular weight the lower the body and the viscosity of the
      material. The product of Example 4 has the lowest viscosity and poorest
      body and the extruded ribbon shows a marked loss of gloss, or dryness. The
      differences in body are marked and thus can be detected simply by placing
      one's finger on the extruded ribbon and drawing it away.
PAC  EXAMPLE 5
PAR  Example 1 is repeated except that a polyethylene glycol of 400 average
      molecular weight is used in lieu of the polyethylene glycol of 600 average
      molecular weight.
PAR  A ribbon of this dentifrice extruded from a tube having an orifice of 0.22
      inches diameter had a width of 0.367 inches as compared to a ribbon width
      of 0.305 inches for a dentrifice prepared in accordance with Example 1.
      Thus it is apparent that the width of this ribbon is .147 inches wider
      than the orifice, whereas the width of the ribbon of the dentifrice of
      Example 1 is only .085 inches wider than the orifice. The fact that the
      instant the ribbon expanded and flattened to a greater extent is
      indicative of much less body, flatter and not as thick body and less
      viscosity.
PAR  The product of Example 1 clearly possesses superior rheological
      characteristics over the products of Examples 2 - 5 inclusive.
PAC  EXAMPLE 6
PAR  Example 1 is repeated except that the proportion of sodium aluminosilicate
      is increased to 18%, the proportion of silica thickener is increased to
      7%, the proportion of sorbitol-water mixture is reduced to 38.83% and the
      sodium aluminosilicate has the following empirical composition: silica
      about 78%; alumina about 1%; sodium oxide about 10%, water (determined by
      loss on ignition at 1000.degree.C) about 10%. It has a surface area of
      about 225-300 m.sup.2 /g, an oil absorption of about 80-100 g/100g, a
      particle size of about 2 to 4 microns and a pH (measured on a 4% slurry in
      water) 7.5.
PAC  EXAMPLE 7
PAR  This Example illustrates the use of the toothpaste of this invention in
      combination with small proportions (e.g., about 1/2 to 1% of each)
      dispersed finely divided zirconium silicate (having an average particle
      diameter in the range of about 0.3 to 1 micron and essentially free of
      particles above about 5 microns in diameter) and iridescent flakes, to
      produce a toothpaste of unique subdued sparkling and pearlescent
      appearance having a beneficial effect on the dentition, e.g., polishing
      the enamel. The toothpaste is prepared from the following ingredients:
      glycerine 25 parts, sorbitol-water mixture (70% sorbitol 30% water) 41.8
      parts, sodium alumino-silicate of Example 1 16 parts, low density silica
      gel of Example 1 4 parts, deionized water 3 parts, polyethylene glycol of
      600 average molecular weight 3 parts, sodium lauryl sulfate 2 parts,
      chloroform 1 part, zirconium silicate 1 part, titanium dioxide-coated mica
      flakes 1 part, the sodium carboxymethylcellulose of Example 1 0.35 part,
      sodium benzoate 0.5 part, sodium saccharin 0.17 part, flavor (essential
      oil) 1 part, 1% aqueous solution of F D & C yellow No. 5 0.09 part, 1%
      aqueous solution of F D & C Blue No. 1, 0.09 part. The zirconium silicate
      particles have the following particle distribution: 100% below 4 microns,
      99% below 2.5 microns, 94% below 2 microns, 72% below 1 micron, 46% below
      0.5 micron, 27% below 0.3 micron, 3% below 0.2 micron (Ultrox 1000W). The
      titanium dioxide-coated mica flakes (Timica Sparkle) range in size from
      about 15-40 microns; their thickness is about 0.7 microns; their titanium
      dioxide coatings (on both faces of each flake) are of anatase; and their
      composition is about 20% anatase, 80% mica.
PAC  EXAMPLE 8
PAR  Example 7 is repeated except that the proportion of zirconium silicate is
      reduced to 0.5% and the proportion of titanium dioxide-coated mica flakes
      to 0.6% with corresponding increase in the proportion of sorbitol-water
      mixture
PAR  It is understood that the foregoing description is given merely by way of
      illustration and that variations may be made therein without departing
      from the spirit of the invention. The "Abstract" given above is merely for
      the convenience of technical searches and is not to be given any weight
      with respect to the scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A transparent toothpaste having improved body and texture, comprising a
      dental vehicle of aqueous humectant; about 3-7% silica thickeners; about
      5-50% dental abrasive having an empirical SiO.sub.2 content of at least
      70%, a particle size of about 2 to 20 microns, an essentially amorphous
      X-ray structure, and an index of refraction which is about the same as
      that of the vehicle; said vehicle containing about 0.2-2% sodium
      carboxymethylcellulose having about 0.6 to 0.8 carboxymethyl groups per
      anhydroglucose unit, and about 1-10% polyethylene glycol having an average
      molecular weight of about 550-650, the graph of its molecular weight
      distribution being a bell-shaped curve, at least one-half by weight of
      said polyethylene glycol being molecular weights above 400 and below 800.
NUM  2.
PAR  2. A transparent toothpaste in accordance with claim 1, wherein the dental
      abrasive is an alkali metal aluminosilicate.
NUM  3.
PAR  3. A toothpaste in accordance with claim 2, wherein the humectant is
      selected from the group consisting of glycerol, sorbitol, and mixtures
      thereof.
NUM  4.
PAR  4. A toothpaste according to claim 2, wherein the polyethylene has an
      average molecular weight of about 570 to 630.
NUM  5.
PAR  5. A toothpaste according to claim 1, which also contains a minor amount of
      a surface active agent.
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ABST
PAL  Oral compositions are disclosed which contain germicidally active plastic
      powders. The plastic powders employed are resinous materials having a
      germicide absorbed therein preferably in a concentration of at least about
      0.1% by weight of the resin. Germicides and plastic powders suitable for
      use in oral compositions are discussed.
PARN
PAR  This application is a continuation of Ser. No. 836,217, filed June 12,
      1969, which in turn is a continuation of Ser. No. 599,692, filed Dec. 7,
      1966, both now abandoned.
BSUM
PAR  This invention relates to oral compositions.
PAR  It has been proposed to include germicides, for example hexachlorophene, in
      compositions for oral hygiene. Examples of such compositions where
      inclusion of a germicide has been proposed are dentifrices and
      mouthwashes. The inclusion of germicides in such compositions produces a
      beneficial effect in the mouth but it is however limited because the
      germicide is retained in the oral cavity for only a short time.
PAR  It is an object of the present invention to provide a means of producing a
      longer germicidal effect in the mouth.
PAR  It has been found that this can be achieved by including in the oral
      composition, particles of a water-insoluble material which have been
      pretreated with a germicide so that they are impregnated with the
      germicide. The longer-lasting germicidal effect produced by oral
      compositions incorporating such germicide-containing particles is believed
      to be due to the trapping of some of the particles in crevices in the
      mouth and release of germicide from such particles.
PAR  Accordingly, the present invention provides an oral composition comprising
      particles of a water-insoluble material which have been impregnated with a
      germicide.
PAR  The water-insoluble material should, of course, be non-toxic, the particles
      are preferably white or nearly white. Suitable as the particles are
      plastic materials, especially thermoplastic resins. Preferred plastics
      materials are polyvinylchloride, polyethylene, polypropylene,
      polymethylmethacrylate, and copolymers of polyvinylchloride and
      polyvinylalcohol. The particles desirably have a size less than 50
      microns. Especially suitable are particles having a size within the range
      0.1 to 20 microns. While hexachlorophene is the preferred germicide that
      is used, other germicides known in the art as suitable for use in oral
      hygiene may be used, for example chlorhexidene, tyrothricin and quaternary
      ammonium germicides.
PAR  The particles of the water-insoluble material may be impregnated with the
      germicide by pretreating them with a solution of the germicide in a
      solvent capable of being absorbed by the particles whereby the germicide
      diffuses into and is absorbed by the particles. To increase the rate of
      diffusion of the solvent and germicide into the particles the treatment is
      preferably carried out at an elevated temperature.
PAR  The oral composition may be in the form of a dentifrice or in the form of a
      mouthwash or other product for the care of the oral cavity. If the oral
      composition is a dentifrice this may be in the form of a liquid, paste,
      powder, tablets or solid block. The amount of the germicide containing
      particles in the oral preparation will be chosen to suit the particular
      form of the product. In a toothpaste dentifrice for example, suitable
      amounts of the germicide-containing particles are from 1 to 50% by weight,
      preferably 3 to 35% by weight. The amount used in the dentifrice or other
      oral composition will also be chosen having regard to the amount of the
      germicide in the particles.
PAR  The amount of the germicide in the particles is preferably at least 0.05%
      by weight of the oral composition.
PAR  The oral composition will also comprise the usual ingredients. Thus,
      toothpastes, for instance, will usually comprise abrasive material,
      humectant, binder, foaming agent, sweetening agent and flavouring agent,
      and may also contain germicide other than that in the particles.
PAR  It is believed that the germicide-containing water-insoluble particles
      employed in the above oral compositions are themselves novel, and in
      accordance with another aspect of the present invention, the invention
      also relates to such germicide-containing particles themselves. The
      particles preferably contain at least 0.1% by weight of absorbed
      germicide, preferably 1% or more of germicide.
PAR  The invention also relates to a method of making an oral composition
      comprising the steps of contacting particles of a water-insoluble material
      with a germicide in solution in a solvent capable of being absorbed by the
      particles, separating, if desired, the particles containing absorbed
      solvent and germicide from any excess solvent and germicide, and including
      the germicide-containing particles in an oral composition.
PAR  The following Examples illustrate the invention. Parts are by weight.
DETD
PAC  EXAMPLE 1
PAR  1 part of hexachlorophene was dissolved in a mixture of 5 parts of
      propylene glycol and 20 parts of glycerine. 10 parts of polyvinylchloride
      powder (particle size in the range 1 to 20 microns) were then added. The
      mixture was stirred at 90.degree. to 100.degree.C. for 1 to 2 hours. The
      mixture was then cooled and the powdered plastics material filtered off,
      washed with hot propylene glycol followed by distilled water and dried in
      an oven at 50.degree.C. The content of hexachlorophene in the particle was
      determined and found to be 6% by weight. The particles were then included
      in a dentifrice.
PAR  A typical composition of a dentifrice containing the polyvinylchloride
      particles is the following:
     Ingredient                  Parts                                         

     ______________________________________                                    

     Plastics material impregnated with germicide                              

                                 30.0                                          

     Polishing Agent             12.5                                          

     Humectant                   18.0                                          

     Binding Agent               1.6                                           

     Foaming Agent               1.5                                           

     Sweetening Agent            0.2                                           

     Flavouring Agent            1.0                                           

     Water                       to 100.0                                      

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  5 parts of hexachlorophene were dissolved in a mixture of 20 parts cineole
      and 18 parts propylene glycol. 50 parts of polyethylene powder (particle
      size in the range 1 to 20 microns) were added and the mixture heated at
      70.degree.C. for three hours with stirring. The powdered polyethylene was
      then filtered off, washed with hot propylene glycol followed by distilled
      water and dried in an oven at 50.degree.C. The amount of hexachlorophene
      introduced in the polyethylene particles was 1.25% by weight.
PAR  A typical composition of a dentifrice comprising the germicide-containing
      polyethylene powder produced as above is the following:
TBL  Ingredient                  Parts                                         

     ______________________________________                                    

     Polyethylene powder impregnated with germicide                            

                                 25.0                                          

     Polishing Agent             12.5                                          

     Humectant                   20.0                                          

     Foaming Agent               1.2                                           

     Binding Agent               1.4                                           

     Sweetening Agent            0.2                                           

     Flavouring Agent            1.0                                           

     Water                       to 100.0                                      

     ______________________________________                                    

PAR  Toothpastes having the compositions indicated in Examples 1 and 2 were
      stored at 37.degree.C. for times as indicated in the Table below. The
      plastics materials were then separated from the toothpastes and the level
      of hexachlorophene in them determined. The results are indicated in the
      Table.
TBL                TABLE                                                       

     ______________________________________                                    

     Content of Hexachlorophene (after time indicated)                         

     Initially  1 day   3 days  7 days                                         

                                      17 days                                  

                                             63 days                           

     ______________________________________                                    

     Ex. 1                                                                     

          6.0       5.6     5.3   --    4.6    4.6                             

     Ex. 2                                                                     

          1.25      0.88    0.34  0.32  --     --                              

     ______________________________________                                    

PAR  The results show that an equilibrium is reached between the germicide in
      the polymer and the germicide in the aqueous toothpaste phase.
PAC  EXAMPLE 3
PAR  2.5 parts of hexachlorophene were dissolved in 100 parts of propylene
      glycol. 25 parts of polymethylmethacrylate powder (particle size in the
      range 1 to 20 microns) were added and the mixture heated at 90.degree.C.
      for three hours. The polymethylmethacrylate particles were then filtered
      off, washed with hot propylene glycol followed by distilled water and
      dried in an oven at 50.degree.C. The amount of hexachlorophene introduced
      in the plastics particles was 0.25% by weight.
PAR  The plastics particles containing hexachlorophene may be included in a
      toothpaste of the composition described in Example 1 or Example 2.
PAC  EXAMPLE 4
PAR  1 part of hexachlorophene was dissolved in a mixture of 12.5 parts of
      propylene glycol and 12.5 parts of glycerine. 10 parts of a powdered
      copolymer of polyvinylchloride and (10%) polyvinyl alcohol (particle size
      in the range 1 to 20 microns) were added. The mixture was stirred at
      90.degree.C. for three hours. the powdered plastics material was then
      filtered off, washed with hot propylene glycol followed by distilled water
      and dried at 50.degree.C. The amount of hexachlorophene contained in the
      polymer was about 2.4% by weight.
PAR  The plastics particles containing hexachlorophene may be included in a
      toothpaste of the composition described in Example 1 or Example 2.
PAC  EXAMPLE 5
PAR  The following is an example of typical mouthwash preparation in accordance
      with the invention.
TBL  ______________________________________                                    

     Ingredient                 Parts                                          

     ______________________________________                                    

     Polyvinylchloride impregnated with germicide,                             

     prepared as described in Example 1                                        

                                5.00                                           

     Ethyl alcohol              20.00                                          

     Flavour                    0.08                                           

     Polyoxyethylene stearyl ether                                             

                                0.12                                           

     Saccharin                  0.02                                           

     Water                      to 100.00                                      

     ______________________________________                                    

CLMS
STM  I claim:
NUM  1.
PAR  1. In a liquid mouthwash preparation having a liquid vehicle and an
      effective amount of a germicide suitable for use in oral hygiene, the
      improvement which comprises providing said germicide in the form of
      non-toxic, water-insoluble thermoplastic resinous particles having a size
      less than 50 microns, said particles being impregnated with said germicide
      suitable for use in oral hygiene in an amount of at least about 0.1 per
      cent of said particles by weight.
NUM  2.
PAR  2. A mouthwash preparation in accordance with claim 1 wherein said
      water-insoluble thermoplastic resinous particles are between 0.1 and 20
      microns in diameter.
NUM  3.
PAR  3. A mouthwash preparation in accordance with claim 1 wherein the amount of
      said water-insoluble thermoplastic resinous germicide-impregnated
      particles is sufficient to provide at least 0.05 per cent germicide by
      weight of the mouthwash composition.
NUM  4.
PAR  4. A mouthwash preparation in accordance with claim 1 wherein said
      water-insoluble thermoplastic resinous particles are selected from the
      group consisting of polyvinylchloride, polyethylene, polypropylene,
      polymethylmethacrylate and copolymers of polyvinylchloride and polyvinyl
      alcohol.
NUM  5.
PAR  5. A mouthwash preparation in accordance with claim 1 wherein said
      germicide is hexachlorophene.
NUM  6.
PAR  6. A mouthwash preparation in accordance with claim 1 wherein said
      water-insoluble thermoplastic resinous germicide impregnated particles
      contain at least about 1 per cent by weight germicide.
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ABST
PAL  Oral compositions such as toothpastes, mouthwashes and the like containing
      a particular substantive -bis-biquanide compound which inhibits the
      formation of plaque and caries, and an anti-calculus agent which inhibits
      the tendency of the bis-biguanide compound to produce a stain on oral
      surfaces.
PARN
PAC  REFERENCE TO RELATED APPLICATIONS
PAR  This is a continuation-in-part of my copending application, Ser. No.
      429,254, filed Dec. 28, 1973 now abandoned, and having the same title;
      which is a continuation-in-part of my copending application, Ser. No.
      338,464, filed Mar. 6, 1973 and having the same title, and Ser. No.
      338,472, filed Mar. 6, 1973 and having the same title, now abandoned; all
      of which are continuations-in-part of Ser. No. 267,816, filed June 30,
      1972, also having the same title, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The field of this invention is "oral compositions" which term is used
      herein to designate products which in the ordinary course of usage are
      retained in the oral cavity for a time and in a manner sufficient to
      contact essentially all of the dental surfaces, but are not intentionally
      ingested. Such products include, for example, dentifrices, mouthwashes,
      prophylaxis pastes and topical solutions.
PAR  The bis-biguanide compounds of the present invention are known as effective
      anti-plaque agents which demonstrate anti-caries activity. However, when
      compositions containing these compounds are used continuously in a program
      of oral hygiene, a rather offensive brown stain forms on the oral surfaces
      which is resistant to removal by ordinary brushing with conventional
      dentifrices. Thus, prior art compositions containing these bis-biguanide
      compounds are not cosmetically acceptable. The present invention overcomes
      this stain problem.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been discovered that if the specific bis-biguanide compounds
      disclosed herein and the anti-calculus agents disclosed herein are both
      used to treat the oral cavity, and especially teeth, either simultaneously
      or sequentially, the stain that is normally caused by continuous use of
      the bis-biguanide compounds alone is effectively reduced. When the
      bis-biguanide compounds and the anticalculus agents are used sequentially,
      it is preferred that the bis-biguanide material be used first.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The bis-biguanide compounds of this invention are known, having been
      disclosed in U.S. Pat. No. 2,684,924, Rose et al., patented July 27, 1954;
      U.S. Pat. No. 2,990,425, Senior et al., patented June 27, 1961; U.S. Pat.
      No. 2,830,006, Burtwell et al., patented Apr. 8, 1958; and U.S. Pat. No.
      2,863,019, Buttwell et al., patented Dec. 9, 1958.
PAR  The bis-biguanide compounds of this invention have the generic formula:
      ##EQU1##
      wherein A and A' each represent either (1) a phenyl radical which
      optionally is substituted by an alkyl or alkoxy group containing from 1 to
      about 4 carbon atoms, a nitro group, or a halogen atom; (2) an alkyl group
      containing from 1 to about 12 carbon atoms; or (3) alicyclic groups
      containing from 4 to about 12 carbon atoms; wherein X and X' each
      represent an alkylene radical containing from 1 to 3 carbon atoms; wherein
      z and z' each can be either 0 or 1; wherein R and R' each represent either
      hydrogen, an alkyl radical containing from 1 to about 12 carbon atoms, or
      an aralkyl radical containing from 7 to about 12 carbon atoms; wherein n
      is an integer from 2 to 12 inclusive; and wherein the polymethylene chain
      (CH.sub.2).sub.n may optionally be interrupted by oxygen or sulfur atoms,
      aromatic nuclei, etc. The salts of the above compounds are especially
      desirable. Water-soluble salts include the acetate, the hydrochloride, and
      especially the gluconate salt of the above compounds. Water-insoluble
      salts are disclosed in my copending application, Ser. No. 338,464, filed
      Mar. 6, 1973, said application also being a continuation-in-part of my
      application Ser. No. 267,816, filed June 30, 1972, now abandoned. Specific
      examples of these bis-biguanide compounds are disclosed hereinafter.
PAR  The bis-biguanide compounds are normally used in amounts of from about 0.01
      to about 2.5% by weight of the composition, preferably from about 0.05 to
      about 1.2%, and most preferably from about 0.1 to about 0.8%. Depending
      upon the composition, lesser or greater amounts may be used. In general,
      all that is required is to have an effective amount of the bis-biguanide
      salt in the mouth sufficient to give anti-plaque and/or anti-caries
      effectiveness.
PAR  The anti-calculus agent for use in accordance with the present invention is
      selected from the group consisting of zinc phenolsulfonate,
      8-hydroxyquinoline and its pharmaceutically acceptable salts, citric acid
      and its pharmaceutically acceptable salts, lactic acid and its
      pharmaceutically acceptable salts, a quaternary ammonium compound selected
      from the group consisting of
      N-methyl-N-dodecyl-N-(2-hydroxyethyl)-N-benzyl ammonium chloride,
      N-methyl-N-(2-hydroxydodecyl)-N-(2-hydroxyethyl)-N-benzyl ammonium
      chloride, N-methyl-N-(2-hydroxytetradecyl)-N-(2-hydroxyethyl) ammonium
      chloride, and diisobutylphenoxy-ethoxy-ethyldimethyl-benzyl ammonium
      chloride, said quaternary ammonium compounds having been disclosed in U.S.
      Pat. No. 3,703,583, Nov. 21, 1972, to Donald J. Martin, which is
      specifically incorporated herein by reference; water-soluble,
      pharmaceutically acceptable salts of polycarboxylic acids, as disclosed in
      U.S. Pat. No. 3,308,067, Mar. 7, 1967, to F. L. Diehl, specifically
      incorporated herein by reference, selected from the group consisting of:
      (1) water-soluble, pharmaceutically acceptable salts of homopolymers of
      aliphatic polycarboxylic acids having the following emperical formula:
      ##EQU2##
      wherein X", Y", and Z" are each selected from the group consisting of
      hydrogen, methyl, carboxyl, and carboxymethyl; at least one of X", Y" and
      Z" being selected from the group consisting of carboxy and carboxymethyl,
      provided that X" and Y" can be carboxymethyl only when Z" is selected from
      carboxyl and carboxymethyl; wherein only one of X", Y" and Z" can be
      methyl, and wherein n" is an integer of from 3 to about 5,000, preferably
      from 4 to about 500; (2) water-soluble pharmaceutically acceptable salts
      of copolymers of at least two of polycarboxylic acids having the emperical
      formula of (1); (3) water-soluble, pharmaceutically acceptable salts of
      copolymers having the following general formula:
      ##EQU3##
      wherein each R.sub.11 is selected from the group consisting of hydrogen,
      methyl, carboxyl, carboxymethyl and carboxyethyl; wherein only one
      R.sub.11 is methyl; wherein m is at least 45 mole percent of the
      copolymer; and wherein X", Y", Z" and n" are selected as in (1);
      polyphosphates of the general formula H.sub.a.sub.+2 P.sub.a
      O.sub.3a.sub.+1 wherein a in an integer of from 2 to about 30 and the
      pharmaceutically acceptable salts thereof, for example, monosodium
      pyrophosphate; pharmaceutically acceptable salts of rare earth metals,
      such as cerium and lanthanum; phytic acid and the pharmaceutically
      acceptable salts thereof; and phosphorus containing compounds and the
      pharmaceutically acceptable salts thereof, selected from the group
      consisting of compounds of the following general formulae:
      ##EQU4##
      wherein R.sub.1 and R.sub.2 are hydrogen or CH.sub.2 OH; n' is an integer
      of from 3 to 10; R.sub.3 is hydrogen, alkyl containing from 1 to about 20
      carbon atoms, alkenyl containing from 2 to about 20 carbon atoms, aryl
      (e.g., phenyl and naphthyl), phenylethenyl, benzyl, halogen (e.g.,
      chlorine, bromine, and fluorine), amino, substituted amino (e.g.,
      dimethylamino, diethylamino, N-hydroxyN-ethylamine, acetylamino),
      --CH.sub.2 COOH, --CH.sub.2 PO.sub.3 H.sub.2, --CH(PO.sub.3 H.sub.2) (OH)
      or --CH.sub.2 CH(PO.sub.3 H.sub.2).sub.2 ; R.sub.4 is hydrogen, lower
      alkyl (e.g., methyl, ethyl, propyl, and butyl), amino, benzyl, halogen
      (e.g., chlorine, bromine and fluorine), hydroxyl, --CH.sub.2 COOH,
      --CH.sub.2 PO.sub.3 H.sub.2, or --CH.sub.2 CH.sub.2 PO.sub.3 H.sub.2 ;
      ##EQU5##
      wherein R.sub.5, R.sub.6, R.sub.7, R.sub.8, R.sub.9 and R.sub.10 are each
      hydrogen or lower alkyl;
      ##EQU6##
      wherein n'" is an integer from 3 to 9;
      ##EQU7##
      wherein X'" and Y' are each yydrogen and hydroxy; or the condensation
      products of ammonia and phosphorus pentoxide, e,g.,
      ##EQU8##
PAR  The phosphorus-containing anti-calculus agents are known, having been
      disclosed in U.S. Pat. No. 3,488,419, H. W. McCune and N. B. Tucker,
      patented Jan. 6, 1970; U.S. Pat. No. 3,553,314, M. D. Francis, patented
      Jan. 5, 1971; U.S. Pat. No. 3,553,315, M. D. Francis, patented Jan. 5,
      1971; U.S. Pat. No. 3,535,420, H. W. McCune and N. B. Tucker, patented
      Oct. 20, 1970; U.S. Pat. No. 3,535,421, W. W. Briner and J. S. Widder,
      patented Oct. 20, 1970; U.S. Pat. No. 3,560,608, W. J. Griebstein, R. J.
      Grabenstetter and J. S. Widder, patented February 2, 1971; U.S. Pat. No.
      3,584,116, M. D. Francis, patented June 8, 1971; and U.S. Pat. No.
      3,639,569, R. F. Medcalf, patented Feb. 1, 1972. All of said patents are
      incorporated herein by reference.
PAR  Operable polyphosphonates of the above formula (I) include
      propane-1,2,3-triphosphonic acid; butane-1,2,3,4-tetraphosphonic acid;
      hexane-1,2,3,4,5,6-hexaphosphonic acid;
      hexane-1-hydroxy-2,3,4,5,6-pentaphosphonic acid;
      hexane-1,6-dihydroxy-2,3,4,5-tetraphosphonic acid;
      pentane-1,2,3,4,5-pentaphosphonic acid;
      heptane-1,2,3,4,5,6,7-heptaphosphonic acid;
      octane-1,2,3,4,5,6,7,8-octaphosphonic acid;
      nonane-1,2,3,4,5,6,7,8,9-nonaphosphonic acid;
      decane-1,2,3,4,5,6,7,8,9,10-decaphosphonic acid and the pharmaceutically
      acceptable salts of these acids.
PAR  Propane-1,2,3-triphosphonic acid and salts thereof can be prepared by a
      process disclosed in the commonly assigned application of D. Allan
      Nicholson and Darrel Campbell, Ser. No. 694,002, filed Dec. 27, 1967, now
      abandoned in favor of Divisional Application Ser. No. 82,819, filed Oct.
      21, 1970, referred to in my parent application, Ser. No. 267,816, filed
      June 30, 1972.
PAR  Butane-1,2,3,4-tetraphosphonic acid and salts thereof can be prepared by a
      process disclosed in the commonly assigned application of D. Allen
      Nicholson and Darrel Campbell, Ser. No. 694,003, filed Dec. 27, 1967, now
      abandoned in favor of Divisional Application Ser. No. 67,300, filed Aug.
      8, 1970, referred to in my parent application, Ser. No. 267,816, filed
      June 30, 1972.
PAR  The higher aliphatic vicinal polyphosphonates and salts thereof can be
      prepared by the process disclosed in U.S. Pat. No. 3,584,035, D. Allan
      Nicholson and Darrel Campbell, issued June 8, 1971.
PAR  Among the operable polyphosphonates encompassed by the above formula (II)
      are ethane-1-hydroxy-1,1-diphosphonic acid; methanediphosphonic acid;
      methanehydroxydiphosphonic acid; ethane-1,1,2-triphosphonic acid;
      propane-1,1,3,3-tetraphosphonic acid; ethane-2-phenyl-1,1-diphosphonic
      acid; ethane-2-naphthyl-1,1-diphosphonic acid; methanephenyldiphosphonic
      acid; ethane-1-amino-1,1-diphosphonic acid; methanedichlorodiphosphonic
      acid; nonane-5,5-diphosphonic acid; n-pentane-1,1-diphosphonic acid;
      methanedifluorodiphosphonic acid; methanedibromodiphosphonic acid;
      propane-2,2-diphosphonic acid; ethane-2-carboxy-1,1-diphosphonic acid;
      propane-1-hydroxy-1,1,3-triphosphonic acid;
      ethane-2-hydroxy-1,1,2-triphosphonic acid;
      ethane-1-hydroxy-1,1,2-triphosphonic acid;
      propane-1,3-diphenyl-2,2-diphosphonic acid; nonane-1,1-diphosphonic acid;
      hexadecane-1,1-diphosphonic acid; pent-4-ene-1-hydroxy-1,1-diphosphonic
      acid; octadec-9-ene-1-hydroxy-1,1-diphosphonic acid;
      3-phenyl-1,1-diphosphonoprop-2-ene; octane-1,1-diphosphonic acid;
      dodecane-1,1-diphosphonic acid; phenylaminomethanediphosphonic acid;
      naphthylaminomethanediphosphonic acid;
      N,N-dimethylaminomethanediphosphonic acid;
      N-(2-hydroxyethyl)-aminomethanediphosphonic acid;
      N-acetylaminomethanediphosphonic acid; and aminomethanediphosphonic acid;
      and the pharmaceutically acceptable salts of these acids.
PAR  Operable examples of compounds having formula (III) include: The preferred
      tris(phosphonoalkyl)amines for the purpose of this invention --
      tris(phosphonomethyl)amine; tris(1-phosphonoethyl)amine; and
      tris(2-phosphono-2-propyl)amine; and their pharmaceutically acceptable
      salts. Tris(phosphonomethyl)amine is especially preferred. The following
      additional compounds are exemplary of those which can be used herein:
PA1  a. bis(phosphonomethyl)-1-phosphonethyl amine;
PA1  b. bis(phosphonomethyl)-2-phosphono-2-propyl amine;
PA1  c. bis(1-phosphonoethyl)phosphonomethyl amine;
PA1  d. bis(2-phosphono-2-propyl)phosphonomethyl amine;
PA1  e. tris(1-phosphono-1-pentyl)amine;
PA1  f. bis(phosphonomethyl)-2-phosphono-2-hexyl amine; and
PA1  g. the pharmaceutically acceptable salts of acids (a) through (f).
PAR  Mixtures of any of the foregoing tris(phosphonoalkyl)amines can be used in
      the compositions of this invention.
PAR  Examples of compounds coming within the formula (IV) include the following:
      Methanecyclobutylhydroxydiphosphonic acid;
      methanecyclopentylhydroxydiphosphonic acid;
      methanecyclohexylhydroxydiphosphonic acid;
      methanecycloheptylhydroxydiphosphonic acid;
      methanecyclooctylhydroxydiphosphonic acid;
      methanecyclononylhydroxydiphosphonic acid;
      methanecyclodecylhydroxydiphosphonic acid; and their pharmaceutically
      acceptable salts.
PAR  Especially preferred methanecycloalkylhydroxydiphosphonates for the purpose
      of this invention are methanecyclopentylhydroxydiphosphonic acid,
      methanecyclohexylhydroxydiphosphonic acid,
      methanecycloheptylhydroxydiphosphonic acid, and the pharmaceutically
      acceptable salts of these acids.
PAR  Examples of cyclic tetraphosphonic acids [formula (V)] include their
      pharmaceutically acceptable salts.
PAR  Operable carboxyphosphonates of the above formula (VI) include
      ethane-1,2-dicarboxy-1,2-diphosphonic acid;
      ethane-1,2-dicarboxy-1,2-dihydroxy-1,2-diphosphonic acid;
      ethane-1,2-dicarboxy-1-hydroxy-1,2-diphosphonic acid; and the
      pharmaceutically acceptable salts of these acids.
PAR  Among the operable carboxyphosphonates encompassed by the above formula
      (VII) are ethene-1,2-dicarboxy-1-phosphonic acid; and the pharmaceutically
      acceptable salts of this acid. While the above formula (VII) is
      representative of cis-isomers, the corresponding trans-isomers are also
      useful herein. Reference hereinafter to ethene-1,2-dicarboxy-1-phosphonic
      acid or salts thereof, unless otherwise specified, is intended as
      contemplating the cis- and trans-isomers and mixtures thereof.
PAR  Mixtures of any of the foregoing anti-calculus agents can be used in the
      compositions of this invention.
PAR  As used herein, "pharmaceutically acceptable salts" may refer to salts of
      anions or salts of cations. Suitable salts of anions include the alkali
      metal, e.g., sodium, potassium or lithium, the alkaline earth metal, e.g.,
      calcium, magnesium, or strontium, stannous indium, ammonium; and
      substituted ammonium, e.g., mono-, di-, or triethanolammonium salts.
      Suitable salts of cations include the halide (for example, chloride),
      nitrate, sulfate, acetate, and gluconate salts.
PAR  As used herein, "water-soluble" refers to a condition of water solubility
      at 25.degree.C. equal to or greater than 0.01% by weight.
PAR  Ethane-1-hydroxy-1,1-diphosphonic acid, an especially preferred
      anti-calculus agent, has the molecular formula CH.sub.3 C(OH)(PO.sub.3
      H.sub.2).sub.2. (According to nomenclature by radicals, the acid might
      also be named 1-hydroxyethylidene diphosphonic acid). It is also referred
      to variously as "EHDP" and etidronic acid, the former being a trademark
      name for the acid or its salts. The most readily crystallizable salt of
      this acid is obtained when three of the acid hydrogens are replaced by
      sodium. Preferred salts for the purpose of this invention are the
      trisodium hydrogen salt which has the structure:
      ##EQU9##
      and the disodium salt.
PAR  The trisodium hydrogen salt normally crystallizes as the hexahydrate which
      loses some water during air-drying to yield a mixture of the hexa- and
      monohydrate averaging 3 to 4 molecules of water of hydration.
PAR  While any pharmaceutically acceptable salt of
      ethane-1-hydroxy-1,1-diphosphonic acid can be used in the practice of this
      invention, the tetrasodium salt, the trisodium hydrogen salt, the disodium
      dihydrogen salt, the monosodium trihydrogen salt, the monocalcium salt and
      the mixtures thereof are preferred. The other pharmaceutically acceptable
      salts and mixtures thereof are also suitable. These compounds can be
      prepared by any suitable method, however, an especially preferred method
      is disclosed in U.S. Pat. No. 3,400,149.
PAR  The concentration of the anti-calculus agent in the oral compositions of
      this invention can range from about 0.1 to about 10% by weight of the
      finished composition in excess of the amount which will react with the
      bis-biguanide compound to form an insoluble salt where such a reaction
      occurs. Of course, if an insoluble salt is not formed, the total amount of
      the anticalculus agent used is from about 0.01 to about 10% by weight.
      Oral compositions which in the ordinary course of usage could be
      accidentally ingested should contain lower concentrations of anti-calculus
      agent. Thus, a mouthwash in accordance with this invention preferably
      contains less than about 3% by weight of the finished composition in
      excess of any amount needed to react with the bis-biguanide compound to
      form an insoluble salt where such a reaction occurs, of anti-calculus
      agent. Dentifrice compositions, topical solutions and prophylaxis pastes,
      the latter to be administered professionally, can contain up to about 10%
      by weight, preferably from about 0.01 to about 5% by weight of the
      finished composition in excess of any amount needed to react with the
      bis-biguanide compound to form an insoluble salt where such a reaction
      occurs, of anti-calculus agent. If desired, one can use a lesser amount,
      so long as it is effective to reduce the stain.
PAR  It should be recognized that when the bis-biguanide compound and the
      anti-calculus agent are used simultaneously or both are incorporated into
      the same composition and the bis-biguanide compound is present as
      something other than a water-insoluble compound having a solubility in
      water less than the corresponding salt of the bis-biguanide with the
      anti-calculus agent, then an excess of the anti-calculus agent must be
      used to neutralize the bis-biguanide compound. Otherwise, the two will
      react leaving insufficient free anti-calculus agent.
PAR  The pH of the compositions of this invention is preferably maintained
      within the range of from about 4 to about 9. Below about 4, certain of the
      anti-calculus agents of this invention can damage dental enamel. Above
      about 9, the alkalinity becomes cosmetically undesirable and may irritate
      soft tissue in the mouth. The most preferred pH range is from about 6.0 to
      about 7.5.
PAR  In addition to the essential components of the oral compositions of this
      invention as described in the foregoing, such compositions can also
      contain carriers suitable for use in the oral cavity. Such carriers
      include the usual components of toothpaste, toothpowder, mouthwash,
      prophylaxis pastes and the like as more fully described hereinafter.
PAR  A dentifrice, especially toothpaste, is a preferred embodiment of this
      invention. Toothpaste compositions conventionally contain abrasive
      materials, sudsing agents, binders, humectants, flavoring and sweetening
      agents.
PAR  The abrasive should preferably be one which does not adsorb the
      bis-biguanide compound or the anti-calculus agent.
PAR  Suitable sudsing agents are those which are reasonably stable and form suds
      throughout a wide pH range, and which will not react with the
      bis-biguanide compound, i.e., non-soap nonionic, cationic, zwitterionic
      and amphoteric organic synthetic detergents.
PAR  The nonionic synthetic detergents which can be used with the oral
      compositions of the present invention may be broadly defined as compounds
      produced by the condensation of alkylene oxide groups (hydrophilic in
      nature) with an organic hydrophobic compound which may be aliphatic or
      alkyl-aromatic in nature. The length of the hydrophilic or polyoxyalkylene
      radical which is condensed with any particular hydrophobic group can be
      readily adjusted to yield a water-soluble compound having the desired
      degree of balance between hydrophilic and hydrophobic elements.
PAR  For example, a well-known class of nonionic synthetic detergents is made
      available on the market under the trade name of "Pluronic." These
      compounds are formed by condensing ethylene oxide with a hydrophobic base
      formed by the condensation of propylene oxide with propylene glycol. The
      hydrophobic portion of the molecule which, of course, exhibits water
      insolubility has a molecular weight of from about 1,500 to about 1,800.
      The addition of polyoxyethylene radicals to this hydrophobic portion tends
      to increase the water solubility of the molecule as a whole and the liquid
      character of the products is retained up to the point where
      polyoxyethylene content is about 50% of the total weight of the
      condensation product.
PAR  Other suitable nonionic synthetic detergents include:
PAR  1. The polyethylene oxide condensates of alkyl phenols, e.g., the
      condensation products of alkyl phenols having an alkyl group containing
      from about 6 to 12 carbon atoms in either a straight chain or branched
      chain configuration, with ethylene oxide, the said ethylene oxide being
      present in amounts equal to 10 to 60 moles of ethylene oxide per mole of
      alkyl phenol. The alkyl substituent in such compounds may be derived from
      polymerized propylene, diisobutylene, octane, or nonane, for example.
PAR  2. Those derived from the condensation of ethylene oxide with the product
      resulting from the reaction of propylene oxide and ethylene diamine --
      products which may be varied in composition depending upon the balance
      between the hydrophobic and hydrophilic elements which is desired. For
      example, compounds containing from about 40 to about 80% polyoxyethylene
      by weight and having a molecular weight of from about 5,000 to about
      11,000 resulting from the reaction of ethylene oxide groups with a
      hydrophobic base constituted of the raction product of ethylene diamine
      and excess propylene oxide, said base having a molecular weight of the
      order of 2,500 to 3,000, are satisfactory.
PAR  3. The condensation product of aliphatic alcohols having from 8 to 18
      carbon atoms, in either straight chain or branched chain configuration,
      with ethylene oxide, e.g., a coconut alcohol ethylene oxide condensate
      having from 10 to 30 moles of ethylene oxide per mole of coconut alcohol,
      the coconut alcohol fraction having from 10 to 14 carbon atoms.
PAR  4. Long chain tertiary amine oxides corresponding to the following general
      formula, R.sub.12 R.sub.13 R.sub.14 N.fwdarw.O, wherein R.sub.12 contains
      an alkyl, alkenyl or monohydroxy alkyl radical of from about 8 to about 18
      carbon atoms from 0 to about 10 ethylene oxide moieties, and from 0 to 1
      glyceryl moiety, and R.sub.13 and R.sub.14 contain from 1 to about 3
      carbon atoms and from 0 to about 1 hydroxy group, e.g., methyl, ethyl,
      propyl, hydroxy ethyl, or hydroxy propyl radicals. The arrow in the
      formula is a conventional representation of a semi-polar bond. Examples of
      amine oxides suitable for use in this invention include
      dimethyldodecylamine oxide, oleyldi(2-hydroxyethyl)amine oxide,
      dimethyloctylamine oxide, dimethyldecylamine oxide,
      dimethyltetradecylamine oxide, 3,6,9-trioxaheptadecyldiethylamine oxide,
      di(2-hydroxyethyl)tetradecylamine oxide, 2-dodecoxyethyldimethylamine
      oxide, 3-dodecoxy-2-hydroxypropyldi(3-hydroxypropyl)amine oxide,
      dimethylhexadecylamine oxide.
PAR  5. Long chain tertiary phosphine oxides corresponding to the following
      general formual R.sub.15 R.sub.16 R.sub.17 P.fwdarw.O, wherein R.sub.15
      contains an alkyl, alkenyl or monohydroxyalkyl radical ranging from 8 to
      18 carbon atoms in chain length, from 0 to about 10 ethylene oxide
      moieties and from 0 to 1 glyceryl moiety and R.sub.16 and R.sub.17 are
      each alkyl or monohydroxyalkyl groups containing from 1 to 3 carbon atoms.
      The arrow in the formula is a conventional representation of a semipolar
      bond. Examples of suitable phosphine oxides are:
PA1  dodecyldimethylphosphine oxide,
PA1  tetradecyldimethylphosphine oxide,
PA1  tetradecylmethylethylphosphine oxide,
PA1  3,6,9-trioxaoctadecyldimethylphosphine oxide,
PA1  cetyldimethylphosphine oxide,
PA1  3-dodecoxy-2-hydroxypropyldi(2-hydroxyethyl)phosphine oxide,
PA1  stearyldimethylphosphine oxide,
PA1  cetylethylpropylphosphine oxide,
PA1  oleyldiethylphosphine oxide,
PA1  dodecyldiethylphosphine oxide,
PA1  tetradecyldiethylphosphine oxide,
PA1  dodecyldipropylphosphine oxide,
PA1  dodecyldi(hydroxymethyl)phosphine oxide,
PA1  dedecyldi(2-hydroxyethyl)phosphine oxide,
PA1  tetradecylmethyl-2-hydroxypropylphosphine oxide,
PA1  oleyldimethylphosphine oxide,
PA1  2-hydroxydodecyldimethylphosphine oxide.
PAR  6. Long chain dialkyl sulfoxides containing one short chain alkyl or
      hydroxy alkyl radical of 1 to about 3 carbon atoms (usually methyl) and
      one long hydrophobic chain which contains alkyl, alkenyl, hydroxy alkyl,
      or keto alkyl radicals containing from about 8 to about 20 carbon atoms,
      from 0 to about 10 ethylene oxide moieties and from 0 to 1 glyceryl
      moiety. Examples include:
PA1  octadecyl methyl sulfoxide, 2-ketotridecyl methyl sulfoxide,
PA1  3,6,9-trioxaoctadecyl 2-hydroxyethyl sulfoxide,
PA1  dodecyl methyl sulfoxide,
PA1  oleyl 3-hydroxy propyl sulfoxide,
PA1  tetradecyl methyl sulfoxide,
PA1  3-methoxytridecyl methyl sulfoxide
PA1  3-hydroxytridecyl methyl sulfoxide,
PA1  3-hydroxy-4-dodecoxybutyl methyl sulfoxide.
PAR  The zwitterionic synthetic detergents useful in the oral compositions of
      the present invention can be broadly described as derivatives of aliphatic
      quaternary ammonium, phosphonium, and sulfonium compounds, in which the
      aliphatic radicals can be straight chain or branched, and wherein one of
      the aliphatic substituents contains from about 8 to 18 carbon atoms and
      one contains an anionic water solubilizing group, e.g., carboxy,
      sulfonate, sulfate, phosphate, or phosphonate. A general formula for these
      compounds is:
      ##EQU10##
      wherein R.sub.18 contains an alkyl, alkenyl, or hydroxyalkyl radical of
      from about 8 to about 18 carbon atoms, from 0 to about 10 ethylene oxide
      moieties and from 0 to 1 glyceryl moiety; Y is selected from the group
      consisting of nitrogen, phosphorus, and sulfur atoms; R.sub.19 is an alkyl
      or monohydroxyalkyl group containing 1 to about 3 carbon atoms; x is 1
      when Y is a sulfur atom and 2 when Y is a nitrogen or phosphorus atom,
      R.sub.20 is an alkylene or hydroxyalkylene of from 1 to about 4 carbon
      atoms and Z is a radical selected from the group consisting of
      carboxylate, sulfonate, sulfate, phosphonate, and phosphate groups.
PAR  Examples include:
PA1  4-[N,N-di(2-hydroxyethyl)-N-octadecylammonio]-butane-1-carboxylate;
PA1  5-[S-3-hydroxypropyl-S-hexadecylsulfonio]-3-hydroxypentane-1-sulfate
PA1  3-[P,P-diethyl-P-3,6,9-trioxatetradecoxylphosphonio]-2-hydroxypropane-1-pho
     sphate;
PA1  3-[N,N-dipropyl-N-3-dodecoxy-2-hydroxypropylammonio]-propane-1-phosphonate;
PA1  3-(N,N-dimethyl-N-hexadecylammonio)propane-1-sulfonate;
PA1  3-(N,N-dimethyl-N-hexadecylammonio)-2-hydroxypropane-1-sulfonate;
PA1  4-[N,N-di(2-hydroxyethyl)-N-(2-hydroxydodecyl)ammonio]butane-1-carboxylate;
PA1  3-[S-ethyl-S-(3-dodecoxy-2-hydroxypropyl)sulfonio]-propane-1-phosphate;
PA1  3-[P,P-dimethyl-P-dodecylphosphonio]-propane-1-phosphonate; and
PA1  5-[N,N-di(3-hydroxypropyl)-N-hexadecylammonio]2-hydroxypentane-1-sulfate.
PAR  The cationic synthetic detergents useful in the oral compositions of the
      present invention can be broadly defined as quaternary ammonium compounds
      having 1 long alkyl chain containing from about 8 to about 18 carbon atoms
      such as lauryl trimethylammonium chloride; cetyl pyridinium chloride;
      cetyl trimethylammonium bromide;
      di-isobutylphenoxyethoxyethyldimethylbenzylammonium chloride;
      coconutalkyltrimethylammonium nitrite; cetyl pyridinium fluoride; etc.
      Especially preferred are the quaternary ammonium fluorides described in
      U.S. Pat. No. 3,535,421 incorporated by reference hereinbefore, where said
      quaternary ammonium fluorides have detergent properties.
PAR  The amphoteric synthetic detergents useful in the present invention can be
      broadly described as derivatives of aliphatic secondary and tertiary
      amines in which the aliphatic radical can be straight chain or branched
      and wherein one of the aliphatic substituents contains from about 8 to
      about 18 carbon atoms and one contains an anionic water solubilizing
      group, e.g., carboxy, sulfonate, sulfate, phosphate, or phosphonate.
      Examples of compounds falling within this definition are sodium
      3-dodecylaminopropionate, sodium 3-dodecylaminopropane sulfonate,
      dodecyl-.beta.-alanine, N-alkyltaurines such as the one prepared by
      reacting dodecylamine with sodium isethionate according to the teaching of
      U.S. Pat. No. 2,658,072, N-higher alkyl aspartic acids such as those
      produced according to the teaching of U.S. Pat. No. 2,438,091, and the
      products sold under the trade name "Miranol" and described in U.S. Pat.
      No. 2,528,378.
PAR  The sudsing agent can be present in the dentifrice compositions of this
      invention in an amount from 0.5 to 5% by weight of the total compositions.
PAR  It is preferable to have a water-soluble fluoride compound present in an
      amount to give a fluoride concentration of from about 0.0025 to about 5%,
      preferably from about 0.005 to about 2.0%, to provide additional
      anticaries effectiveness. Suitable fluoride sources are disclosed in the
      EXAMPLES. Preferred fluorides are sodium, indium, and stannous fluorides,
      and sodium monofluorophosphate. The latter is especially preferred if the
      fluoride is present with the phosphorous-containing anticalculus agent to
      avoid damage to silicate fillings. It should also be remembered that the
      fluorides form insoluble bis-biguanide salts. U.S. Pat. No. 3,535,421 and
      Agricola et al.'s U.S. Pat. No. Application Ser. No. 329,783, filed Feb.
      9. 1973, are incorporated herein by reference.
PAR  All parts, percentages and ratios herein are by weight unless otherwise
      indicated.
PAR  In preparing toothpastes, it is necessary to add some thickening material
      to provide a desirable consistency. Preferred thickening agents are
      hydroxyethyl cellulose and water-soluble salts of cellulose ethers such as
      sodium carboxymethyl cellulose and sodium carboxymethyl hydroxyethyl
      cellulose. Natural gums such as gum karaya, gum arabic, and gum tragacanth
      can also be used. Colloidal magnesium aluminum silicate or finely divided
      silica can be used as part of the thickening agent to further improve
      texture. Thickening agents in an amount from 0.5 to 5.0% by weight of the
      total composition can be used.
PAR  It is also desirable to include some humectant material in a toothpaste to
      keep it from hardening. Suitable humectants include glycerine, sorbitol,
      and other edible polyhydric alcohols. The humectant can comprise up to
      about 36% by weight of the toothpaste composition.
PAR  Suitable flavoring agents include oil of wintergreen, oil of peppermint,
      oil of spearmint, oil of sassafras, and oil of clove. Sweetening agents
      which can be used include saccharin, dextrose, levulose and sodium
      cyclamate.
DETD
PAR  Several representative oral compositions illustrating this invention are
      set forth in the following examples.
PAC  EXAMPLE I
PAR  A solution was prepared containing 0.2 gram chlorhexidine
      [1,6-di(N.sub.1,N.sub.1 '-p-chlorophenyldiguanido-N.sub.5,N.sub.5
      ')hexane] digluconate; 1.0 gram disodium
      ethane-1-hydroxy-1,1-diphosphonate ("EHDP"); 0.025 gram sodium hydroxide;
      and 98.78 grams water, said solution having a pH of about 6.5. A
      precipitate forms. The resulting slurry, when used in the mouth, inhibits
      the formation of plaque, calculus, and caries, but with continued use,
      does not form the large amount of stain that would result if the "EHDP"
      was not present. Gingivitis is also inhibited.
PAC  EXAMPLE II
PAR  A solution was prepared containing 0.2 gram chlorhexidine digluconate; 1.0
      gram of a nonionic surfactant, "Brij. 35 SP" [polyoxyethylene (23) lauryl
      ether]; 1.0 grams "EHDP"; 0.25 gram sodium hydroxide; and 97.78 grams
      water, said solution having a pH of about 6.5. The above solution inhibits
      the formation of plaque, calculus and caries as compared to water and when
      compared to 0.2% aqueous chlorhexidine solution at pH 6.5 gives less
      stain. Similar solutios in the pH range from about 5 to about 9 are also
      effective.
PAC  EXAMPLE III
PAR  0.025 gram sodium fluoride was added to 100 grams of the solution of
      Example II. This solution inhibits the formation of plaque and calculus,
      and in addition, has greater anti-caries effectiveness.
PAC  EXAMPLE IV
PAR  A solution was prepared containing 0.2 gram chlorhexidine digluconate; 1.0
      gram "Victamide" (the condensation product of ammonia and phosphorus
      pentoxide); 1.0 gram polyoxyethylene (20) sorbitan monolaurate; 0.036 gram
      sodium hydroxide; and 97.76 grams water, the solution having a pH of 6.5.
      This solution, when used in the mouth on a regular basis, inhibits the
      formation of plaque, calculus and caries without excessive stain
      formation.
PAR  Several mouthwash compositions illustrating this invention are set forth in
      the following examples.
TBL               Percent by Weight                                            

     Ingredient  Ex.                                                           

                  V  VI VII                                                    

                           VIII                                                

                              IX X  XI XII                                     

                                          XIII                                 

                                             XIV                               

                                                XV                             

     __________________________________________________________________________

     Glycerine    10.0                                                         

                     10.0                                                      

                        10.0                                                   

                           10.0                                                

                              10.0                                             

                                 10.0                                          

                                    10.0                                       

                                       10.0                                    

                                          10.0                                 

                                             10.0                              

                                                10.0                           

     Ethyl alcohol                                                             

                  16.5                                                         

                     16.5                                                      

                        16.5                                                   

                           16.5                                                

                              16.5                                             

                                 16.5                                          

                                    16.5                                       

                                       16.5                                    

                                          16.5                                 

                                             16.5                              

                                                16.5                           

     Polyoxyethylene (20)                                                      

                  1.00                                                         

                     1.00                                                      

                        1.00                                                   

                           1.50                                                

                              1.50                                             

                                 1.50                                          

                                    1.50                                       

                                       1.50                                    

                                          1.50                                 

                                             2.00                              

                                                2.00                           

      sorbitan monoiso-                                                        

      stearate                                                                 

     Sodium saccharin                                                          

                  .045                                                         

                     .045                                                      

                        .045                                                   

                           .045                                                

                              .045                                             

                                 .045                                          

                                    .045                                       

                                       .045                                    

                                          .045                                 

                                             .045                              

                                                .045                           

     Chlorhexidine                                                             

                  0.1                                                          

                     0.2                                                       

                        1.0                                                    

                           1.5                                                 

                              1.5                                              

                                 1.0                                           

                                    0.75                                       

                                       0.70                                    

                                          0.7                                  

                                             2.4                               

                                                1.0                            

      digluconate                                                              

     Flavor       .088                                                         

                     .088                                                      

                        .088                                                   

                           .088                                                

                              .088                                             

                                 .088                                          

                                    .088                                       

                                       .088                                    

                                          .088                                 

                                             .088                              

                                                .088                           

     Mg.sub.2 propane-1,1,3,3-                                                 

                  0.5                                                          

      tetraphosphonate                                                         

     Na.sub.2 propane-2,2-di-                                                  

                     1.0                                                       

      phosphonate                                                              

     (NH.sub.4) ethane-2-                                                      

                        1.5                                                    

      carboxy-1,1-                                                             

      diphosphonate                                                            

     Nonane-5,5-diphos-    1.75                                                

      phonic acid                                                              

     n-pentane-1,1-di-        2.0                                              

      phosphonic acid                                                          

     Ethane-2-phenyl-1,1-        2.25                                          

      diphosphonic acid                                                        

     Pent-4-ene-1-hydroxy-          2.5                                        

      1,1-diphosphonic acid                                                    

     Octadec-9-ene-1-                  3.0                                     

      hydroxy-1,1-                                                             

      diphosphonic acid                                                        

     Methanedichloro-                     3.5                                  

      diphosphonic acid                                                        

     3-phenyl-1,1-di-                        5.0                               

      phosphonoprop-2-ene                                                      

     Victamide (condensation                    1.5                            

      product of ammonia and                                                   

      phosphorus pentoxide)                                                    

     Sodium fluoride                         0.10                              

     Water        balance                                                      

     __________________________________________________________________________

      Adjust pH to 7.                                                          

PAC  EXAMPLE XVI
PAR  A toothpowder which constitutes yet another embodiment of this invention
      has the following formulation:
TBL  Component              % by Weight                                        

     ______________________________________                                    

     Calcium pyrophosphate  91.30                                              

     Polyoxyethylene (20) sorbitan                                             

                            1.30                                               

      monolaurate                                                              

     Sodium saccharin       0.25                                               

     Flavoring              1.45                                               

     Chlorhexidine diacetate                                                   

                            0.70                                               

     Trisodium ethane-1-hydroxy-                                               

                            5.00                                               

      1,1-diphosphonate                                                        

     ______________________________________                                    

PAR  When diluted with water and brushed upon the teeth in the conventional
      manner, this composition has a pH of approximately 7.0. The composition
      retards the formation of plaque, calculus, and caries without excessive
      staining.
PAR  The trisodium ethane-1-hydroxy-1,1-diphosphonate employed in the above
      formulation can be replaced by an equimolar amount of dipotassium
      ethane-1-amino-1,1-diphosphonate; dimagnesium
      ethane-2-carboxy-1,1-diphosphonate; phenylaminomethanediphosphonic acid;
      or N,N-dimethylaminomethanediphosphonic acid with substantially equivalent
      results.
PAC  EXAMPLE XVII
PAR  A prophylaxis paste for use in the dental office for removal of stains and
      polishing the tooth surface after mechanical removal of calculus is
      formulated as follows:
TBL  Component            Parts by Weight                                      

     ______________________________________                                    

     Composition A:                                                            

     Navajo pumice        77.1                                                 

     TiO.sub.2            4.0                                                  

     Glycerine            17.757                                               

     Hydroxyethylcellulose                                                     

                          .222                                                 

     Sodium saccharin     .326                                                 

     Methanedibromodiphosphonic acid                                           

                          2.5                                                  

     Composition B:                                                            

     Chlorhexidine digluconate                                                 

                          2.7                                                  

     Water                87.00                                                

     ______________________________________                                    

PAR  Immediately prior to use 5.5 gm. of composition A are mixed with
      composition B to attain the desired texture and adjusted to pH 7.0. The
      paste is then applied to the tooth surfaces with a rubber prophylactic cup
      in the conventional manner. This composition inhibits the formation of
      plaque, calculus, and caries without adverse effects of stain formation.
PAR  The methanedibromodiphosphonic acid of this example can be replaced by an
      equimolar amount of N-(2-hydroxyethyl)aminomethanediphosphonic acid;
      bis(triethanolammonium) N-acetylaminomethanediphosphonate; dicalcium
      aminomethanediphosphonate; diethanolammonium methanehydroxydiphosphonate;
      or tris(monoethanolammonium) nonane-1,1-diphosphonate with comparable
      results.
PAC  EXAMPLE XVIII
PAR  Two groups of subjects, 20 persons per group, were recruited. These
      subjects each wore at least one complete denture. All subjects were given
      a 0.2% aqueous chlorhexidine solution. Half the subjects received a
      placebo toothpaste. The other half received a similar toothpaste
      containing 3% EHDP. Instructions were: Before retiring, brush your denture
      with the paste provided; rinse it; immerse it for 15 minutes in the
      denture soak (0.2% chlorhexidine); rinse, and replace in the mouth.
PAR  Stain development was evaluated by photographing the dentures at the start
      and after one week. The photographs were graded against an established
      scale from 0 for no stain to 4 for intense stain. The average gains in
      stain per person were computed: Gain with placebo paste -- 0.34; gain with
      EHDP paste -- 0.14. The stain was less with the etidronate paste.
PAC  EXAMPLE XIX
PAR  Two groups of 16 subjects with natural teeth received dental prophylaxes,
      and were given a 0.1% aqueous chlorhexidine mouthwash; a placebo or 3.0%
      EHDP toothpaste. The subjects were asked to use the mouthwash once daily,
      and to brush with the toothpaste immediately after use of the mouthwash.
      Stain was graded on the teeth by a dentist, and was significantly less
      when the EHDP paste was used: Gain with placebo paste, per person -- 0.18;
      Gain with EHDP paste, per person -- 0.10.
PAR  If desired, sodium fluoride or sodium monofluorophosphate can be added to
      the EHDP paste to provide additional anticaries action.
PAR  If desired, sodium fluoride or sodium monofluorophosphate can be added to
      the chlorhexidine solution. This will result in some formation of an
      insoluble chlorhexidine salt although the fluoride ion remaining will be
      effective to reduce the incidence of caries.
PAC  EXAMPLE XX
PAR  When in any of the previous examples the following anti-calculus agents are
      substituted, either wholly or in part, for the specified anti-calculus
      agents, substantially equivalent results are obtained in that the formulas
      provide antiplaque, anti-calculus, and anti-caries activity without
      staining the oral surfaces: disodium salt of
      ethane-1,2-dicarboxy-1,2-diphosphonic acid; dipotassium salt of
      ethane-1,2-dicarboxy-1,2-dihydroxy-1,2-diphosphonic acid; the monocalcium
      salt of ethene-1,2-dicarboxy-1-phosphonic acid; the mono-magnesium salt of
      ethane-1,2-dicarboxy-1-hydroxy-1,1-diphosphonic acid; the
      di(triethanolammonium) salt of ethane-1,2-dicarboxy-1,2-diphosphonic acid
      rather than the disodium salt of ethane-1,2-dicarboxy-1,2-diphosphonic
      acid; diammonium salt of ethane-1,2-dicarboxy-1,2-diphosphonic acid;
      monocalcium salt of ethane-1,2-dicarboxy-1,2-dihydroxy-1,2-diphosphonic
      acid; distannous salt of ethane-1,2-dicarboxy-1-hydroxy-1,2-diphosphonic
      acid; indium salt of ethene-1,2-dicarboxy-1-phosphonic acid; triammonium
      salt of ethane-1,2-dicarboxy-1,2-dihydroxy-1,2-diphosphonic acid;
      trisodium salt of ethene-1,2-dicarboxy-1-phosphonic acid; distannous salt
      of ethane-1,2-dicarboxy-1,2-diphosphonic acid; hexasodium salt of cyclic
      tetraphosphonic acid; trisodium salt of methane
      cyclohexylhydroxydiphosphonic acid; diammonium salt of
      methanecyclobutylhydroxydiphosphonic acid; monocalcium salt of
      methanecyclopentylhydroxydiphosphonic acid; distannous salt of
      methanecycloheptylhydroxydiphosphonic acid; indium salt of
      methanecyclooctylhydroxydiphosphonic acid; triammonium salt of
      methanecyclononylhydroxydiphosphonic acid; trisodium salt of
      methanecyclodecylhydroxydiphosphonic acid; distannous salt of
      methanecyclohexylhydroxydiphosphonic acid;
      methanecycloalkylhydroxydiphosphonic acid; tris(1-phosphonoethyl)amine;
      tetrasodium salt of tris(2-phosphono-2-propyl) amine; dipotassium salt of
      bis(phosphonomethyl)-1-phosphonoethyl amine; monocalcium salt of
      bis(phosphonomethyl)-2-phosphono-2-propyl amine; monomagnesium salt of
      bis(1-phosphonoethyl)phosphonomethyl amine; distannous salt of
      bis(2-phosphono-2-propyl)phosphonomethyl amine; Victamide; zinc
      phenolsulfonate; sodium 8-hydroxyquinoline; sodium lactate; ammonium
      citrate, water-soluble sodium poly(maleic acid), water-soluble sodium
      poly(itaconic acid), water-soluble sodium poly(methylenemalonic acid),
      sodium pyrophosphate, a water-soluble copolymer of 70 mole percent
      potassium polymaleate and 30 mole percent polymaleic acid, a water-soluble
      copolymer of sodium polymaleic acid and polyethylene (1:1 on a molar
      basis), a water-soluble polymer of sodium poly(itaconate-aconitate) (1:1
      on a molar basis), N-methyl-N-dodecyl-N-(2-hydroxyethyl)-N-benzyl ammonium
      chloride, N-methyl-N-(2-hydroxydodecyl)-N-(2-hydroxyethyl)-N-benzyl
      ammonium chloride,
      N-methyl-N-(2-hydroxytetradecyl)-N-(2-hydroxyethyl)-N-benzyl ammonium
      chloride, diisobutylphenoxy-ethoxy-ethyldimethyl benzyl ammonium chloride,
      disodium tripolyphosphate, lanthanum chloride, cerium nitrate, and sodium
      phytate. Mixtures of the above anti-calculus agents can also be used, and
      substantially equivalent results will be obtained.
PAC  EXAMPLE XXI
PAR  Another toothpaste prepared in accordance with this invention has the
      following composition:
TBL  Component             % by Weight                                         

     ______________________________________                                    

     Precipitated urea/formaldehyde                                            

                           31.00                                               

      condensate (abrasive)                                                    

     Sorbitol (70% aqueous solution)                                           

                           6.25                                                

     Glycerine             18.00                                               

     Polyoxyethylene (20) sorbitan                                             

                           1.50                                                

      monoisostearate                                                          

     Hydroxyethylcellulose 1.15                                                

     Magnesium aluminum silicates                                              

                           0.40                                                

     Sodium saccharin      0.04                                                

     Flavoring             0.95                                                

     Methanediphosphonic acid                                                  

                           1.50                                                

     Sodium monofluorophosphate                                                

                           3.00                                                

     Sodium fluoride       0.01                                                

     Chlorhexidine digluconate                                                 

                           1.50                                                

     Water                 balance                                             

     Mole ratio polyphosphonate/fluoride 2.4                                   

     pH adjusted to 7.5 with 5N NaOH                                           

     ______________________________________                                    

PAR  This composition is effective in retarding the formation of dental calculus
      when used in a conventional manner. Post eruptive maturation of dental
      enamel is not impeded by this composition; nor are mature dental enamel or
      silicate filling materials adversely effected thereby. This composition
      also inhibits plaque and caries.
PAC  EXAMPLES XXII & XXIII
TBL              % by Weight                                                   

     Component     Example XXII                                                

                               Example XXIII                                   

     ______________________________________                                    

     Chlorhexidine 0.2         0.2                                             

     digluconate                                                               

     "EHDP"        1.0                                                         

     Victamide                 1.0                                             

     Brij 35 SP    1.0         1.0                                             

     Ethanol       12.0        12.0                                            

     Glycerol      6.0         6.0                                             

     Water         balance     balance                                         

     ______________________________________                                    

PAR  When in the above examples the following water-soluble fluoride agents are
      substituted, either wholly or in part, for the sodium fluoride,
      substantially equivalent results are obtained in that the formulas provide
      additional anti-caries activity: stannous fluoride; potassium fluoride,
      lithium fluoride, cesium fluoride, ammonium fluoride, aluminum fluoride,
      cupric fluoride, indium fluoride, stannous fluorozirconate, lead fluoride,
      ferric fluoride, nickel fluoride, palladium fluoride, silver fluoride,
      zinc fluoride, zirconium fluoride, hexylamine hydrofluoride, laurylamine
      hydrofluoride, myristylamine hydrofluoride, decanolamine hydrofluoride,
      octadecenylamine hydrofluoride, myristoxyamine hydrofluoride,
      diethylaminoethyloctoylamide hydrofluoride, diethanolaminoethyloleylamide
      hydrofluoride, diethanolaminopropyl-N'-octadecenylamine dihydrofluoride,
      1-ethanol-2-hexadecylimidazoline dihydrofluoride, octoylethanolamine
      hydrofluoride, octyltrimethylammonium fluoride,
      dodecylethyldimethylammonium fluoride, tetraethylammonium fluoride,
      dilauryldimethylammonium fluoride, .DELTA..sup.8,9
      -octadecenylbenzyldimethylammonium fluoride, dioctyldiethylammonium
      fluoride, cyclohexylcetyldimethylammonium fluoride,
      furfuryllauryldimethylammonium fluoride, phenoxyethylcetyldimethylammonium
      fluoride, N:N'-tetramethyl-N:N'-dilaurylethylene-diammonium difluoride,
      N-cetylpyridinium fluoride, N:N-dilauryl-morpholinium fluoride,
      N-myristyl-N-ethylmorpholinium fluoride,
      N-(octylaminocarbonylethyl)-N-benzyl-dimethylammonium fluoride,
      N-(.beta.-hydroxydodecyl)trimethylammonium fluoride,
      N-phenyl-N-hexadecyldiethylammonium fluoride,
      N-cyclohexyl-N-octadecyldimethylammonium fluoride,
      N-(2-carbomethoxyethyl)-N-benzyldimethylammonium fluoride,
      N-(2-carbocyclohexoxyethyl)-N-myristyldimethylammonium fluoride,
      N-(2-carbobenzyloxyethyl)-N-dodecyldimethylammonium fluoride,
      N-[2-(N:N'-dimethylaminocarbonyl)-ethyl]-N-dodecyldiethylammonium
      fluoride, N-carboxymethyl-N-eicosyldimethylammonium fluoride, betaine
      hydrofluoride, sarcosine stannous fluoride, alanine stannous fluoride,
      glycine potassium fluoride, sarcosine potassium fluoride, glycine
      hydrofluoride, lysine hydrofluoride, alanine hydrofluoride, betaine
      zirconium fluoride, and mixtures thereof in, e,g., 1:1 proportions.
PAR  When in the above examples the following surface-active agents are inserted
      in an amount of from about 1 to 2% as an additional ingredient,
      substantially equivalent results are obtained, except that the
      compositions have enhanced detergency effects: polypropylene glycol (M.W.
      1700) polyoxyethylene (M.W. 1500); polyoxypropylene (70) ethylenediamine
      polyoxyethylene (100); coconut alcohol polyoxyethylne (20);
      dimethyldodecylamine oxide; oleyldi(2-hydroxyethyl)amine oxide;
      dimethyloctylamine oxide; dimethyldecylamine oxide;
      dimethyltetradecylamine oxide; 3,6,9-trioxaheptadecyldiethylamine oxide;
      di(2-hydroxyethyl)tetradecylamine oxide; 2-dodecoxyethyldimethylamine
      oxide; 3-dodecoxy-2-hydroxypropyldi(3-hydroxypropyl)amine oxide;
      dimethylhexadecylamine oxide; dodecyldimethylphosphine oxide;
      tetradecyldimethylphosphine oxide; tetradecylmethylethylphosphine oxide;
      3,6,9-trioxaoctadecyldimethylphosphine oxide; cetyldimethylphosphine
      oxide; 3-dodecoxy-2-hydroxypropyldi(2-hydroxyethyl)phosphine oxide;
      stearyldimethylphosphine oxide; cetylethylpropylphosphine oxide;
      oleyldiethylphosphine oxide; dodecyldiethylphosphine oxide;
      tetradecyldiethylphosphine oxide; dodecyldipropylphosphine oxide;
      dodecyldi(hydroxymethyl)phosphine oxide;
      dodecyldi(2-hydroxyethyl)phosphine oxide;
      tetradecylmethyl-2-hydroxypropylphosphine oxide; oleyldimethylphosphine
      oxide; 2-hydroxydodecyldimethylphosphine oxide; octadecyl methyl
      sulfoxide; 2-ketotridecyl methyl sulfoxide; 3,6,9-trioxaoctadecyl
      2-hydroxyethyl solfoxide; dodecyl methyl sulfoxide; oleyl 3-hydroxypropyl
      sulfoxide; tetradecyl methyl sulfoxide; 3-methoxytridecyl methyl
      sulfoxide; 3-hydroxytridecyl methyl sulfoxide; 3-hydroxy-4-dodecoxybutyl
      methyl sulfoxide;
      4-[N,N-di(2-hydroxyethyl)-N-octadecylammonio]-butane-1-carboxylate;
      5-[S-3-hydroxypropyl-S-hexadecylsulfonio]-3-hydroxypentane-1-sulfate;
      3-[P,P-diethyl-p-3,6,9-trioxatetradecoxylphosphonio]-2-hydroxypropane-1-ph
     osphate;
      3-[N,N-dipropyl-N-3-dodecoxy-2-hydroxypropylammonio[-propane-1-phosphonate
     ; 3-(N,N-dimethyl-N-hexadecylammonio)propane-1-sulfonate;
      3-(N,N-dimethyl-N-hexadecylammonio)-2-hydroxypropane-1-sulfonate;
      4-[N,N-di(2-hydroxyethyl)-N-(2-hydroxydodecyl)
      ammonio[-butane-1-carboxylate;
      3-[S-ethyl-S-(3-dodecoxy-2-hydroxypropyl)sulfonio]-propane-1-phosphate;
      3-[P,P-dimethyl-P-dodecylphosphonio]-propane-1-phosphonate;
      5-[N,N-di(3-hydroxypropyl)-N-hexadecylammonio]2-hydroxypentane-1-sulfate;
      dodecyltrimethylammonium chloride; nonylbenzylethyldimethylammonium
      nitrate; tetradecylpyridinium bromide;
      octadecylbutylpropylmethylphosphonium nitrate; decyldimethylsulfonium
      chloride; (hexylphenyl)dimethylbenzylammonium fluoride;
      eicosyldimethylbenzylphosphonium chloride; coconutalkylmethylmorpholinium
      nitrate; octadecylmethylbenzylsulfonium sulfate; laurylpyridinium
      chloride; laurylpyridinium bromide; laurylpyridinium bisulfate;
      laurylpyridinium-5-chloro-2-mercaptobenzothiazole;
      laurylpicolinium-p-toluenesulfonate; tetradecylpyridinium bromide;
      cetylpyridinium chloride; cetylpyridinium bromide; laurylisoquinolinium
      bromide; laurylisoquinolinium saccharinate; alkylisoquinolinium bromide;
      N-cetyl-N-ethyl-morpholinium ethosulfate; benzalkonium chloride;
      monoquaternaries R.sub.4 N.sup.+X.sup.- (one R group is fatty);
      octadecyltrimethylammonium chloride; coconut alkyl trimethylammonium
      chloride; dodecylbenzyltri(octyldecyl)ammonium chloride; monoquaternaries
      R.sub.4 N.sup.+X.sup.- (two R groups are fatty);
      dihexadecyldimethylammonium chloride; di-coconut alkyl dimethylammonium
      chloride; monoquaternaries R.sub.4 N.sup.+X.sup.- (three R groups are
      fatty); tri(hydrogenated tallow) methylammonium chloride; distilled tallow
      amine acetate; diamine acetates; N-oleyl propylene diamine monoacetate;
      condensation product of octyl phenol with 15 moles of ethylene oxide per
      mole of octyl phenol; dimethyldodecylamine oxide; dodecyldimethylphosphine
      oxide; tetradecyl methyl sulfoxide;
      3-(N,N-dimethyl-N-hexdecylammonio)propane-1-sulfonate;
      3-dodecylaminopropionate; and dodecyl-.beta.-alanine.
PAR  When in the above examples, the following bisbiguanide compounds are
      substituted, either wholly or in part (50%) for the preferred
      chlorhexidine digluconate, substantially equivalent results are obtained
      in that plaque, calculus, gingivitis and caries are inhibited with reduced
      staining as compared to the use of the bis-biguanide compounds alone:
      1,6-bis-(2-ethylhexylbiguanidohexane)dihydrochloride; 1,6-di-(N.sub.1,
      N.sub.1 '-phenyldiguanido-N.sub.5, N.sub.5 ')-hexane tetrahydrochloride;
      1,6-di-(N.sub.1, N.sub.1 '-phenyl-N.sub.1, N.sub.1
      '-methyldiguanido-N.sub.5, N.sub.5 ')-hexane dihydrochloride;
      1,6-di(N.sub.1, N.sub.1 '-o-chlorophenyldiguanido-N.sub.5, N.sub.5
      ')-hexane dihydrochloride; 1,6-di(N.sub.1, N.sub.1
      '-2,6-dichlorophenyldiguanido-N.sub.5, N.sub.5 ')hexane dihydrochloride;
      1,6-di[N.sub.1, N.sub.1 '-.beta.-(p-methoxyphenyl)diguanido-N.sub.5,
      N.sub.5 ']-hexane dihydrochloride; 1,6-di(N.sub.1, N.sub.1
      '-.alpha.-methyl-.beta.-phenyldiguanido-N.sub.5, N.sub.5 ')hexane
      dihydrochloride; 1,6-di(N.sub.1, N.sub.1 '-p-nitrophenyldiguanido-N.sub.5,
      N.sub.5 ')hexane dihydrochloride; .omega.:.omega.'-di-(N.sub.1, N.sub.1
      '-phenyldiguanido-N.sub.5, N.sub.5 ')-di-n-propylether dihydrochloride;
      .omega.:.omega.'-di(N.sub.1, N.sub.1 '-p-chlorophenyldiguanido-N.sub.5,
      N.sub.5 ')-di-n-propylether tetrahydrochloride; 1,6-di(N.sub.1, N.sub.1
      '-2,4-dichlorophenyldiguanido-N.sub.5, N.sub.5 ')hexane
      tetrahydrochloride; 1,6-di(N.sub.1, N.sub.1
      '-p-methylphenyldiguanido-N.sub.5, N.sub.5 ')hexane dihydrochloride;
      1,6-di(N.sub.1, N.sub.1 '-2,4,5-trichlorophenyldiguanido-N.sub.5, N.sub.5
      ')hexane tetrahydrochloride; 1,6-di[N.sub.1, N.sub.1
      '-.alpha.-(p-chlorophenyl)ethyldiguanido-N.sub.5, N.sub.5 '[hexane
      dihydrochloride; .omega.:.omega.'-di(N.sub.1, N.sub.1
      '-p-chlorophenyldiguanido-N.sub.5, N.sub.5 ')m-xylene dihydrochloride;
      1,12-di-(N.sub.1, N.sub.1 '-p-chlorophenyldiguanido-N.sub.5, N.sub.5
      ')dodecane dihydrochloride; 1,10-di(N.sub.1, N.sub.1
      '-phenyldiguanido-N.sub.5, N.sub.5 ')decane tetrahydrochloride;
      1,12-di(N.sub.1, N.sub.1 '-phenyldiguanido-N.sub.5, N.sub.5 ')dodecane
      tetrahydrochloride; 1,6-di(N.sub.1, N.sub.1
      '-o-chlorophenyldiguanido-N.sub.5, N.sub.5 ')hexane dihydrochloride;
      1,6-di(N.sub.1,N.sub.1 '-p-chlorophenyldiguanido-N.sub.5, N.sub.5
      ')-hexane tetrahydrochloride; ethylene bis(1-tolyl biguanide); ethylene
      bis(p-tolyl biguanide); ethylene bis(3,5-dimethylphenyl biguanide);
      ethylene bis(p-tert-amylphenyl biguanide); ethylene bis(nonylphenyl
      biguanide); ethylene bis(phenyl biguanide); ethylene bis(N-butylphenyl
      biguanide); ethylene bis(2,5-diethoxyphenyl biguanide); ethylene
      bis(2,4-dimethylphenyl biguanide); ethylene bis(o-diphenyl biguanide);
      ethylene bis(mixed amyl naphthyl biguanide); N-butyl ethylene bis(phenyl
      biguanide); trimethylene bis(o-tolyl biguanide); N-butyl trimethylene
      bis(phenylbiguanide); tetramethylene bis(1-tolyl biguanide); the specific
      compounds disclosed in U.S. Pat. No. 2,863,919, Birtwell et al., (Dec. 9,
      1958), said patent being incorporated herein by reference; the specific
      compounds disclosed in U.S. Pat. No. 3,468,898, Cutler et al., (Sept. 23,
      1969), said patent being incorporated herein by reference; and the
      corresponding pharmaceutically acceptable salts of all of the above such
      as the acetates; gluconates; hydrochlorides; hydrobromides; citrates;
      bisulfites, fluorides, polymaleates, N-coconutalkyl sarcosinates,
      phosphites, hypophosphites, perfluorooctanoates, silicates, sorbates,
      salicylates, maleates, tartrates, fumarates, ethylenediaminotetraacetates,
      iminodiacetates, cinnamates, thiocyanates, arginates, pyromellitates,
      tetracarboxybutyrates, benzoates, glutarates, monofluorophosphates, and
      perfluoropropionates.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An oral composition effective in inhibiting the formation of plaque,
      caries and calculus comprising:
PA1  A. from about 0.01 to about 2.5% by weight of a bis-biguanide compound
      having the generic formula:
      ##EQU11##
       wherein A and A' each represent either (1) a phenyl radical which can
      contain as a substituent up to two alkyl or alkoxy groups containing from
      1 to about 4 carbon atoms, a nitro group, or a halogen atom; (2) an alkyl
      group containing from 1 to about 12 carbon atoms; or (3) alicyclic groups
      containing from 4 to about 12 carbon atoms; wherein X and X' each
      represent an alkylene radical containing from 1 to 3 carbon atoms; wherein
      z and z' each can be either 0 or 1; wherein R and R' each represent either
      hydrogen, an alkyl radical containing from 1 to about 12 carbon atoms, or
      an aralkyl radical containing from 7 to about 12 carbon atoms; wherein n
      is an integer from 2 to 12 inclusive; and wherein the polymethylene chain
      (CH.sub.2).sub.n can be interrupted by up to 5 ether, thioether, phenyl or
      naphthyl moieties; or the pharmaceutically acceptable salts thereof;
PA1  B. from about 0.01 to about 10% by weight of an anti-calculus compound in
      excess over that which reacts with said bis-biguanide compound to form an
      insoluble salt where such reaction occurs, said anti-calculus compound
      being zinc phenolsulfonate;
PA1  c. balance, a carrier which is suitable for use in the oral cavity.
NUM  2.
PAR  2. An oral composition effective in inhibiting the formation of plaque,
      caries and calculus comprising:
PA1  A. from about 0.01 to about 2.5% by weight of a bis-biguanide compound
      having the generic formula:
      ##EQU12##
       wherein A and A' each represent either (1) a phenyl radical which can
      contain as a substituent up to two alkyl or alkoxy groups containing about
      1 to about 4 carbon atoms, a nitro group, or a halogen atom; (2) an alkyl
      group containing from 1 to about 12 carbon atoms; or (3) alicyclic groups
      containing from 4 to about 12 carbon atoms; wherein X and X' each
      represent an alkylene radical containing from 1 to 3 carbon atoms; wherein
      z and z' each can be either 0 or 1; wherein R and R' each represent either
      hydrogen, an alkyl radical containing from 1 to about 12 carbon atoms, or
      an aralkyl radical containing from 7 to about 12 carbon atoms; wherein n
      is an integer from 2 to 12 inclusive; and wherein the polymethylene chain
      (CH.sub.2).sub.n can be interrupted by up to 5 ether, thioether, phenyl or
      naphthyl moieties; or the pharmaceutically acceptable salts thereof;
PA1  B. from about 0.01 to about 10% by weight of an anti-calculus compound in
      excess over that which reacts with said bis-biguanide compound to form an
      insoluble salt where such reaction occurs, said anti-calculus compound
      being selected from the group consisting of 8-hydroxyquinoline and
      pharmaceutically acceptable salts of 8-hydroxyquinoline;
PA1  C. balance, a carrier which is suitable for use in the oral cavity.
NUM  3.
PAR  3.  An oral composition effective in inhibiting the formation of plaque,
      caries and calculus comprising:
PA1  A. from about 0.01 to about 2.5% by weight of a bis-biguanide compound
      having the generic formula:
      ##EQU13##
       wherein A and A' each represent either (1) a phenyl radical which can
      contain as a substituent up to two alkyl or alkoxy groups containing from
      1 to about 4 carbon atoms, a nitro group, or a halogen atom; (2) an alkyl
      group containing from 1 to about 12 carbon atoms; or (3) alicyclic groups
      containing from 4 to about 12 carbon atoms; wherein X and X' each
      represent an alkylene radical containing from 1 to 3 carbon atoms; wherein
      z and z' each can be either 0 or 1; wherein R and R' each represent either
      hydrogen, an alkyl radical containing from 1 to about 12 carbon atoms, or
      an aralkyl radical containing from 7 to about 12 carbon atoms; wherein n
      is an integer from 2 to 12 inclusive; and wherein the polymethylene chain
      (CH.sub.2).sub.n can be interrupted by up to 5 ether, thioether, phenyl or
      naphthyl moieties; or the pharmaceutically acceptable salts thereof;
PA1  B. from about 0.01 to about 10% by weight of an anti-calculus compound in
      excess over that which reacts with said bis-biguanide compound to form an
      insoluble salt where such reaction occurs, said anti-calculus compound
      being selected from the group consisting of: (1) water-soluble
      pharmaceutically acceptable salts of homopolymers of aliphatic
      polycarboxylic acids having the following empirical formula:
      ##EQU14##
       wherein X", Y", and Z" are each selected from the group consisting of
      hydrogen, methyl, carboxyl, and carboxymethyl; at least one of X", Y" and
      Z" being selected from the group consisting of carboxyl and carboxymethyl,
      provided that X" and Y" can be carboxymethyl only when Z" is selected from
      carboxyl and carboxymethyl; wherein only one of X", Y" and Z" can be
      methyl, and wherein n" is an integer of from 3 to about 5,000;
PAR  2. water-soluble pharmaceutically acceptable salts of copolymers of at
      least two of polycarboxylic acids having the emperical formula of (1);
PA1  3. water-soluble, pharmaceutically acceptable salts of copolymers having
      the following general formula:
      ##EQU15##
       wherein each R.sub.11 is selected from the group consisting of hydrogen,
      methyl, carboxyl, carboxymethyl and carboxyethyl; wherein only one
      R.sub.11 is methyl; wherein m is at least 45 mole percent of the
      copolymer; and wherein X", Y", Z" and n" are selected as in (1):
PA1  C. balance, a carrier which is suitable for use in the oral cavity.
NUM  4.
PAR  4.  An oral composition effective in inhibiting the formation of plaque,
      caries and calculus comprising:
PA1  A. from about 0.01 to about 2.5% by weight of a bis-biguanide compound
      having the generic formula:
      ##EQU16##
       wherein A and A' each represent either (1) a phenyl radical which can
      contain as a substituent up to two alkyl or alkoxy groups containing from
      1 to about 4 carbon atoms; a nitro group, or a halogen atom; (2) an alkyl
      group containing from 1 to about 12 carbon atoms; or (3) alicyclic groups
      containing from 4 to about 12 carbon atoms; wherein X and X' each
      represent an alkylene radical containing from 1 to 3 carbon atoms; wherein
      z and z' each can be either 0 or 1; wherein R and R' each represent either
      hydrogen, an alkyl radical containing from 1 to about 12 carbon atoms, or
      an aralkyl radical containing from 7 to about 12 carbon atoms; wherein n
      is an integer from 2 to 12 inclusive; and wherein the polymethylene chain
      (CH.sub.2).sub.n can be interrupted by up to 5 ether, thioether, phenyl or
      naphthyl moieties; or the pharmaceutically acceptable salts thereof;
PA1  B. from about 0.01 to about 10% by weight of an anti-calculus compound in
      excess over that which reacts with said bis-biguanide compound to form an
      insoluble salt where such reaction occurs, said anti-calculus agent being
      selected from the group consisting of polyphosphates of the general
      formula H.sub.a.sub.+2 P.sub.a O.sub.3a.sub.+1 where a is an integer of
      from 2 to about 30 and pharmaceutically acceptable salts thereof; and
PA1  C. balance, a carrier which is suitable for use in the oral cavity.
NUM  5.
PAR  5.  An oral composition effective in inhibiting the formation of plaque,
      caries and calculus comprising:
PA1  A. from about 0.01 to about 2.5% by weight of a bis-biguanide compound
      having the generic formula:
      ##EQU17##
       wherein A and A' each represent either (1) a phenyl radical which can
      contain as a substituent up to two alkyl or alkoxy groups containing from
      1 to about 4 carbon atoms, a nitro group, or a halogen atom; (2) an alkyl
      group containing from 1 to about 12 carbon atoms; or (3) alicyclic groups
      containing from 4 to about 12 carbon atoms; wherein X and X' each
      represent an alkylene radical containing from 1 to 3 carbon atoms; wherein
      z and z' each can be either 0 or 1; wherein R and R' each represent either
      hydrogen, an alkyl radical containing from 1 to about 12 carbon atoms, or
      an aralkyl radical containing from 7 to about 12 carbon atoms; wherein n
      is an integer from 2 to 12 inclusive; and wherein the polymethylene chain
      (CH.sub.2).sub.n can be interrupted by up to 5 ether, thioether, phenyl or
      naphthyl moieties; or the pharmaceutically acceptable salts thereof; and a
      composition comprising:
PA1  B. from about 0.01 to about 10% by weight of an anti-calculus compound in
      excess over that which reacts with said bis-biguanide compound to form an
      insoluble salt where such reaction occurs, said anti-calculus agent being
      a pharmaceutically acceptable salt of a rare earth metal.
PA1  C. balance, a carrier which is suitable for use in the oral cavity.
NUM  6.
PAR  6.  An oral composition effective in inhibiting the formation of plaque,
      caries and calculus comprising:
PA1  A. from about 0.01 to about 2.5% by weight of a bis-biguanide compound
      having the generic formula:
      ##EQU18##
       wherein A and A' each represent either (1) a phenyl radical which can
      contain as a substituent up to two alkyl or alkoxy groups containing from
      1 to about 4 carbon atoms, a nitro group, or a halogen atom; (2) an alkyl
      group containing from 1 to about 12 carbon atoms; or (3) alicyclic groups
      containing from 4 to about 12 carbon atoms; wherein X and X' each
      represent an alkylene radical containing from 1 to 3 carbon atoms; wherein
      z and z' each can be either 0 or 1; wherein R and R' each represent either
      hydrogen, an alkyl radical containing from 1 to about 12 carbon atoms, or
      an aralkyl radical containing from 7 to about 12 carbon atoms; wherein n
      is an integer from 2 to 12 inclusive; and wherein the polymethylene chain
      (CH.sub.2).sub.n can be interrupted by up to 5 ether, thioether, phenyl or
      naphthyl moieties; or the pharmaceutically acceptable salts thereof;
PA1  B. from about 0.01 to about 10% by weight of an anti-calculus compound in
      excess over that which reacts with said bis-biguanide compound to form an
      insoluble salt where such reaction occurs, said anti-calculus agent being
      selected from the group consisting of phytic acid and pharmaceutically
      acceptable salts thereof; and
PA1  C. balance, a carrier which is suitable for use in the oral cavity.
NUM  7.
PAR  7.  An oral composition effective in inhibiting the formation of plaque,
      caries and calculus comprising:
PA1  A. from about 0.01 to about 2.5% by weight of a bis-biguanide compound
      having the generic formula:
      ##EQU19##
       wherein A and A' each represent either (1) a phenyl radical which can
      contain as a substituent up to two alkyl or alkoxy groups containing from
      1 to about 4 carbon atoms, a nitro group, or a halogen atom; (2) an alkyl
      group containing from 1 to about 12 carbon atoms; or (3) alicyclic groups
      containing from 4 to about 12 carbon atoms; wherein X and X' each
      represent an alkylene radical containing from 1 to 3 carbon atoms; wherein
      z and z' each can be either 0 or 1; wherein R and R' each represent either
      hydrogen, an alkyl radical containing from 1 to about 12 carbon atoms, or
      an aralkyl radical containing from 7 to about 12 carbon atoms; wherein n
      is an integer from 2 to 12 inclusive; and wherein the polymethylene chain
      (CH.sub.2).sub.n can be interrupted by up to 5 ether, thioether, phenyl or
      naphthyl moieties; or the pharmaceutically acceptable salts thereof;
PA1  B. from about 0.01 to about 10% by weight of an anti-calculus compound in
      excess over that which reacts with said bis-biguanide compound to form an
      insoluble salt where such reaction occurs, said anti-calculus compound
      being selected from the group consisting of compounds of the following
      general formulae and pharmaceutically acceptable salts thereof:
      ##EQU20##
       wherein R.sub.1 and R.sub.2 are hydrogen or CH.sub.2 OH; n' is an integer
      of from 3 to 10; R.sub.3 is hydrogen, alkyl containing from 1 to about 20
      carbon atoms, alkenyl containing from 2 to about 20 carbon atoms, phenyl,
      naphthyl, phenylethenyl, benzyl, halogen, amino, dimethylamino,
      diethylamino, N-hydroxy-N-ethylamine, acetylamino, --CH.sub.2 COOH,
      --CH.sub.2 PO.sub.3 H.sub.2, --CH(PO.sub.3 H.sub.2) (OH) or --CH.sub.2
      CH(PO.sub.3 H.sub.2).sub.2 ; and R.sub.4 is hydrogen, lower alkyl, amino,
      benzyl, halogen, hydroxyl, --CH.sub.2 COOH, --CH.sub.2 PO.sub.3 H.sub.2,
      or --CH.sub.2 CH.sub.2 PO.sub.3 H.sub.2 ;
      ##EQU21##
       wherein R.sub.5, R.sub.6, R.sub.7, R.sub.8, R.sub.9 and R.sub.10 are each
      hydrogen or lower alkyl;
      ##EQU22##
       wherein n'" is an integer from 3 to 9;
      ##EQU23##
      ##EQU24##
       wherein X'" and Y' are each hydrogen or hydroxy; or the condensation
      products of ammonia and phosphorus pentoxide, comprising the compounds
      ##EQU25##
       ; and C. balance, a carrier which is suitable for use in the oral cavity.
NUM  8.
PAR  8. The composition of claim 7 having a pH within the range of from about 4
      to about 9.
NUM  9.
PAR  9. The composition of claim 7 containing a watersoluble source of fluoride
      in a quanity sufficient to provide fluoride in an amount from about 0.0025
      to about 5.0% as F.sup.-.
NUM  10.
PAR  10. The composition of claim 7 containing from about 0.05 to about 1.2% by
      weight of the bis-biguanide compound and from about 0.01% to about 5% by
      weight of the anti-calculus compound, and the pH of the composition is
      from about 6 to about 7.5.
NUM  11.
PAR  11. The composition of claim 7 wherein the bis-biguanide compound is
      [1,6-di(N.sub.1,N.sub.1 '-p-chlorophenyldiguanido-N.sub.5,N.sub.5
      ')hexane]digluconate, and the anti-calculus compound is disodium
      ethane-1-hydroxy-1,1-diphosphonate.
NUM  12.
PAR  12. The composition of claim 7 wherein the composition is a dentifrice, the
      carrier is an abrasive present at a level of from 31 to 91.6% and the
      composition additionally contains from about 0.5 to 5.0 % of a sudsing
      agent.
NUM  13.
PAR  13. The composition of claim 7 wherein the bis-biguanide compound is
      derived from a pharmaceutically acceptable salt selected from the group
      consisting of the chloride, acetate, and gluconate salts.
NUM  14.
PAR  14. The composition of claim 7 wherein A -- (X).sub.z is an ethylhexyl
      group and n is 6.
NUM  15.
PAR  15. The composition of claim 7 wherein A and A' are each p-chlorophenyl
      groups, z and z' are O, and n is 6.
NUM  16.
PAR  16. The process of treating the oral cavity with a composition comprising:
PA1  A. from about 0.01 to about 2.5% by weight of a bis-biguanide compound
      having the generic formula:
      ##EQU26##
       wherein A and A' each represent either (1) a phenyl radical which can
      contain as a substituent up to two alkyl or alkoxy groups containing from
      1 to about 4 carbon atoms, a nitro group, or a halogen atom; (2) an alkyl
      group containing from 1 to about 12 carbon atoms; or (3) alicyclic groups
      containing 4 to about 12 carbon atoms; wherein X and X' each represent an
      alkylene radical containing from 1 to 3 carbon atoms; wherein z and z'
      each can be either O or 1; wherein R and R' each represent either
      hydrogen, an alkyl radical containing from 1 to about 12 carbon atoms, or
      an aralkyl radical containing from 7 to about 12 carbon atoms; wherein n
      is an integer from 2 to 12 inclusive; and wherein the polymethylene chain
      (CH.sub.2).sub.n can be interrupted by up to 5 ether, thioether, phenyl or
      naphthyl moieties; or the pharmaceutically acceptable salts thereof; and a
      composition comprising:
PA1  B. from about 0.01 to about 10% by weight of an anti-calculus compound in
      excess over that which reacts with said bis-biguanide or compound to form
      an insoluble salt where such reaction occurs, said anti-calculus compound
      being zinc phenolsulfonate.
NUM  17.
PAR  17. The process of claim 16 wherein the two compositions are the same
      composition.
NUM  18.
PAR  18. The process of claim 16 wherein the oral cavity is treated first with
      the composition containing the bis-biguanide compound and then with the
      composition containing the anti-calculus compound.
NUM  19.
PAR  19. The process of treating the oral cavity with a composition comprising:
PA1  A. from about 0.01 to about 2.5% by weight of a bis-biguanide compound
      having the generic formula:
      ##EQU27##
      wherein A and A' each represent either (1) a phenyl radical which can
      contain as a substituent up to two alkyl or alkoxy groups containing from
      1 to about 4 carbon atoms, a nitro group, or a halogen atom; (2) an alkyl
      group containing from 1 to about 12 carbon atoms; or (3) alicyclic groups
      containing from 4 to about 12 carbon atoms; wherein X and X' each
      represent an alkylene radical containing from 1 to 3 carbon atoms; wherein
      z and z' each can be either 0 or 1; wherein R and R' each represent either
      hydrogen, an alkyl radical containing from 1 to about 12 carbon atoms, or
      an aralkyl radical containing from 7 to about 12 carbon atoms; wherein n
      is an integer from 2 to 12 inclusive; and wherein the polymethylene chain
      (CH.sub.2).sub.n can be interrupted by up to 5 ether, thioether, phenyl or
      naphthyl moieties; or the pharmaceutically acceptable salts thereof; and a
      composition comprising:
PA1  B. from about 0.01 to about 10% by weight of an anti-calculus compound in
      excess over that which reacts with said bis-biguanide compound to form an
      insoluble salt where such reaction occurs, said anti-calculus compound
      being selected from the group consisting of 8-hydroxyquinoline and
      pharmaceutically acceptable salts of 8-hydroxyquinoline.
NUM  20.
PAR  20. The process of claim 19 wherein the two compositions are the same
      composition.
NUM  21.
PAR  21. The process of claim 19 wherein the oral cavity is treated first with
      the composition containing the bis-biguanide compound and then with the
      composition containing the anti-calculus compound.
NUM  22.
PAR  22. The process of treating the oral cavity with a composition comprising:
PA1  A. from about 0.01 to about 2.5% by weight of a bis-biguanide compound
      having the generic formula:
      ##EQU28##
       wherein A and A' each represent either (1) a phenyl radical which can
      contain as a substituent up to two alkyl or alkoxy groups containing from
      1 to about 4 carbon atoms, a nitro group, or a halogen atom; (2) an alkyl
      group containing from 1 to about 12 carbon atoms; or (3) alicyclic groups
      containing from 4 to about 12 carbon atoms; wherein X and X' each
      represent an alkylene radical containing from 1 to 3 carbon atoms; wherein
      z and z' each can be either 0 or 1; wherein R and R' each represent either
      hydrogen, an alkyl radical containing from 1 to about 12 carbon atoms, or
      an aralkyl radical containing from 7 to about 12 carbon atoms; wherein n
      is an integer from 2 to 12 inclusive; and wherein the polymethylene chain
      (CH.sub.2).sub.n can be interrupted by up to 5 ether, thioether, phenyl or
      naphthyl moieties; or the pharmaceutically acceptable salts thereof; and a
      composition comprising:
PA1  B. from about 0.01 to about 10% by weight of an anti-calculus compound in
      excess over that which reacts with said bis-biguanide compound to form an
      insoluble salt where such reaction occurs, said anti-calculus compound
      being selected from the group consisting of: (1) water-soluble
      pharmaceutically acceptable salts of homopolymers of aliphatic
      polycarboxylic acids having the following empirical formula:
      ##EQU29##
       wherein X", Y", and Z" are each selected from the group consisting of
      hydrogen, methyl, carboxyl, and carboxymethyl; at least one of X", Y" and
      Z" being selected from the group consisting of carboxyl and carboxymethyl,
      provided that X" and Y" can be carboxymethyl only when Z" is selected from
      carboxyl and carboxymethyl; wherein only one of X", Y"  and Z" can be
      methyl, and wherein n" is an integer of from 3 to about 5,000;
PAR  2. water-soluble pharmaceutically acceptable salts of copolymers of at
      least two of polycarboxylic acids having the emperical formula of (1);
PA1  3. water-soluble, pharmaceutically acceptable salts of copolymers having
      the following general formula:
      ##EQU30##
       wherein each R.sub.11 is selcted from the group consisting of hydrogen,
      methyl, carboxyl, carboxymethyl and carboxyethyl; wherein only one
      R.sub.11 is methyl; wherein m is at least 45 mole percent of the
      copolymer; and wherein X", Y", Z"  and n"are selected as in (1).
NUM  23.
PAR  23. The process of claim 22 wherein the two compositions are the same
      composition.
NUM  24.
PAR  24. The process of claim 22 wherein the oral cavity is treated first with
      the composition containing the bis-biguanide compound and then with the
      composition containing the anti-calculus compound.
NUM  25.
PAR  25. The process of treating the oral cavity with a composition comprising:
PA1  A. from about 0.01 to about 2.5% by weight of a bis-biguanide compound
      having the generic formula:
      ##EQU31##
       wherein A and A' each represent either (1) a phenyl radical which can
      contain as a substituent up to two alkyl or alkoxy groups containing from
      1 to about 4 carbon atoms, a nitro group, or a halogen atom; (2) an alkyl
      group containing from 1 to about 12 carbon atoms; or (3) alicyclic groups
      containing from 4 to about 12 carbon atoms; wherein X and X' each
      represent an alkylene radical containing from 1 to 3 carbon atoms; wherein
      z and z' each can be either 0 or 1; wherein R and R' each represent either
      hydrogen, an alkyl radical containing from 1 to about 12 carbon atoms, or
      an aralkyl radical containing from 7 to about 12 carbon atoms; wherein n
      is an integer from 2 to 12 inclusive; and wherein the polymethylene chain
      (CH.sub.2).sub.n can be interrupted by up to 5 ether, thioether, phenyl or
      naphthyl moieties; or the pharmaceutically acceptable salts thereof; and a
      composition comprising:
PA1  B. from about 0.01 to about 10% by weight of an anti-calculus compound in
      excess over that which reacts with said bis-biguanide compound to form an
      insoluble salt where such reaction occurs, said anti-calculus compound
      being selected from the group consisting of polyphosphates of the general
      formula H.sub.a.sub.+2 P.sub.a O.sub.3a.sub.+1 wherein a is an integer of
      from 2 to about 30 and pharmaceutically acceptable salts thereof.
NUM  26.
PAR  26. The process of claim 25 wherein the two compositions are the same
      composition.
NUM  27.
PAR  27. The process of claim 25 wherein the oral cavity is treated first with
      the composition containing the bis-biguanide compound and then with the
      composition containing the anti-calculus compound.
NUM  28.
PAR  28. The process of treating the oral cavity with a composition comprising:
PA1  a. from about 0.01 to about 2.5% by weight of a bis-biguanide compound
      having the generic formula:
      ##EQU32##
       wherein A and A' each represent either (1) a phenyl radical which can
      contain as a substituent up to two alkyl or alkoxy groups containing from
      1 to about 4 carbon atoms, a nitro group, or a halogen atom; (2) an alkyl
      group containing from 1 to about 12 carbon atoms; or (3) alicyclic groups
      containing from 4 to about 12 carbon atoms; wherein X and X' each
      represent an alkylene radical containing from 1 to 3 carbon atoms; wherein
      z and z' each can be either 0 or 1; wherein R and R' each represent either
      hydrogen, an alkyl radical containing from 1 to about 12 carbon atoms, or
      an aralkyl radical containing from 7 to about 12 carbon atoms; wherein n
      is an integer from 2 to 12 inclusive; and wherein the polymethylene chain
      (CH.sub.2).sub.n can be interrupted by up to 5 ether, thioether, phenyl or
      naphthyl moieties; or the pharmaceutically acceptable salts thereof; and a
      composition comprising:
PA1  B. from about 0.01 to about 10% by weight of an anti-calculus compound in
      excess over that which reacts with said bis-biguanide compound to form an
      insoluble salt where such reaction occurs, said anti-calculus agent being
      a pharmaceutically acceptable salt of a rare earth metal.
NUM  29.
PAR  29. The process of claim 28 wherein the two compositions are the same
      composition.
NUM  30.
PAR  30. The process of claim 28 wherein the oral cavity is treated first with
      the composition containing the bis-biguanide compound and then with the
      composition containing the anti-calculus compound.
NUM  31.
PAR  31. The process of treating the oral cavity with a composition comprising:
PA1  A. from about 0.01 to about 2.5% by weight of a bis-biguanide compound
      having the generic formula:
      ##EQU33##
       wherein A and A' each represent either (1) a phenyl radical which can
      contain as a substituent up to two alkyl or alkoxy groups containing from
      1 to about 4 carbon atoms, a nitro group, or a halogen atom; (2) an alkyl
      group containing from 1 to about 12 carbon atoms; or (3) alicyclic groups
      containing from 4 to about 12 carbon atoms; wherein X and X' each
      represent an alkylene radical containing from 1 to 3 carbon atoms; wherein
      z and z' each can be either 0 or 1; wherein R and R' each represent either
      hydrogen, an alkyl radical containing from 1 to about 12 carbon atoms, or
      an aralkyl radical containing from 7 to about 12 carbon atoms; wherein n
      is an integer from 2 to 12 inclusive; and wherein the polymethylene chain
      (CH.sub.2).sub.n can be interrupted by up to 5 ether, thioether, phenyl or
      naphthyl moieties; or the pharmaceutically acceptable salts thereof;
PA1  B. from about 0.01 to about 10% by weight of an anti-calculus compound in
      excess over that which reacts with said bis-biguanide compound to form an
      insoluble salt where such reaction occurs, said anti-calculus compound
      being selected from the group consisting of phytic acid and
      pharmaceutically acceptable salts thereof.
NUM  32.
PAR  32. The process of claim 31 wherein the two compositions are the same
      composition.
NUM  33.
PAR  33. The process of claim 31 wherein the oral cavity is treated first with
      the composition containing the bis-biguanide compound and then with the
      composition containing the anti-calculus compound.
NUM  34.
PAR  34. The process of treating the oral cavity with a composition comprising:
PA1  A. from about 0.01 to about 2.5% by weight of a bis-biguanide compound
      having the generic formula:
      ##EQU34##
       wherein A and A' each represent either (1) a phenyl radical which can
      contain as a substituent up to two alkyl or alkoxy groups containing from
      1 to about 4 carbon atoms, a nitro group, or a halogen atom; (2) an alkyl
      group containing from 1 to about 12 carbon atoms; or (3) alicyclic groups
      containing from 4 to about 12 carbon atoms; wherein X and X' each
      represent an alkylene radical containing from 1 to 3 carbon atoms; wherein
      z and z' each can be either 0 or 1; wherein R and R' each represent either
      hydrogen, an alkyl radical containing from 1 to about 12 carbon atoms, or
      an aralkyl radical containing from 7 to about 12 carbon atoms; wherein n
      is an integer from 2 to 12 inclusive; and wherein the polymethylene chain
      (CH.sub.2).sub.n can be interrupted by up to 5 ether, thioether, phenyl or
      naphthyl moieties; or the pharmaceutically acceptable salts thereof; and a
      composition comprising:
PA1  B. from about 0.01 to about 10% by weight of an anti-calculus compound in
      excess over that which reacts with said bis-biguanide compound to form an
      insoluble sale where such reaction occurs, said anti-calculus compound
      being selected from the group consisting of compounds of the following
      general formulae and pharmaceutically acceptable salts thereof:
      ##EQU35##
       wherein R.sub.1 and R.sub.2 are hydrogen or CH.sub.2 OH; n' is an integer
      of from 3 to 10; R.sub.3 is hydrogen, alkyl containing from 1 to about 20
      carbon atoms, alkenyl containing from 2 to about 20 carbon atoms, phenyl,
      naphthyl, phenylethenyl, benzyl, halogen, amino, dimethylamino,
      diethylamino, N-hydroxy-N-ethylamine, acetylamino, --CH.sub.2 COOH,
      --CH.sub.2 PO.sub.3 H.sub.2, --CH(PO.sub.3 H.sub.2) (OH) or --CH.sub.2
      CH(PO.sub.3 H.sub.2).sub.2 ; and R.sub.4 is hydrogen, lower alkyl, amino,
      benzyl, halogen, hydroxyl, --CH.sub.2 COOH, --CH.sub.2 PO.sub.3 H.sub.2,
      or --CH.sub.2 CH.sub.2 PO.sub.3 H.sub.2 ;
      ##EQU36##
       wherein R.sub.5, R.sub.6, R.sub.7, R.sub.8, R.sub.9 and R.sub.10 are each
      hydrogen or lower alkyl;
      ##EQU37##
       wherein n'" is an integer from 3 to 9;
      ##EQU38##
      ##EQU39##
       wherein X'" and Y' are each hydrogen or hydroxy; or the condensation
      products of ammonia and phosphorous pentoxide, comprising the compounds
      ##EQU40##
NUM  35.
PAR  35. The process of claim 34 wherein the two compositions are the same
      composition.
NUM  36.
PAR  36. The process of claim 34 wherein the oral cavity is treated first with
      the composition containing the bis-biguanide compound and then with the
      composition containing the anti-calculus compound.
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ABST
PAL  The present disclosure relates to a water-soluble and fat-restoring
      cosmetic and medicinal preparation comprising an ethoxylated glyceridic
      mixture of saturated vegetable fatty acids of about 8 to 14 carbon atoms,
      the glycerides of said acids having chemically linked thereto about 2 to 8
      moles of ethylene oxide per free hydroxyl group. These substances may be
      admixed with other ingredients to form, for example, a hair tonic, an oil
      shampoo, a nutrient skin milk, a skin cream, a bath oil or sun tan oil.
      The ethoxylated mixture is preferably formed by reacting ethylene oxide at
      about 100.degree.-150.degree.C. with a glyceridic mixture having a fatty
      acid composition comprising caprylic acid, capric acid, lauric acid and
      myristic acid.
PARN
PAR  The present application is a continuation of abandoned application Ser. No.
      645,618 filed June 13, 1967, which application is a continuation-in-part
      of abandoned application Ser. No. 338,561, filed in the United States
      Patent Office on Jan. 20, 1964.
BSUM
PAR  This invention relates to water-soluble and fat-restoring cosmetic and
      medicinal preparations which may be compounded in a variety of ways and
      used to treat the skin and the hair.
PAR  Cosmetic skin care has the object of preserving the normal condition of the
      skin and various preparations are known for this purpose. No sharp line of
      distinction can be drawn between cosmetic and medicinal preparations as
      they are interrelated in their functions. However, medicinal bath
      preparations are primarily intended to stimulate the metabolism of a
      diseased body by percutaneous action or to favorably influence the skin.
      Cosmetic bath preparations are, on the other hand, generally limited to
      the treatment of a healthy body and to the care of the body in a more
      restricted sense. The cosmetic bath additions, may, however, stimulate the
      entire metabolism and enhance a feeling of general well-being and either
      reduce or eliminate minor skin blemishes. Primarily, however, cosmetic
      bath additions are intended to assist or enhance the purifying effect of
      soap and water by softening the water and also to increase the appearance
      and feeling of good grooming by the application of ethereal oils and
      aromatic compounds. Such preparations are presently commercially available
      but it has been found that, as a result of the active substances and the
      surface-active purifying agents contained in such preparations, a
      defatting or degreasing of the skin surface sometimes occurs. These known
      preparations generally consist, at least partially, of materials which are
      active washing compounds and which frequently exhibit a fat-dissolving
      character because of their wetting effect.
PAR  In accordance with the present invention it has been found that cosmetic
      and medicinal preparations exhibit particularly favorable properties when
      substances are added thereto which, in addition to possessing a good
      water-solubility, cleansing action and purifying effect, also possess
      fat-restoring or regreasing properties. These substances are partial
      glyceride mixtures of saturated vegetable fatty acids having about 8 to 14
      carbon atoms which have linked thereto, per hydroxyl group, 2 to 8 moles,
      preferably 4 to 8 moles, of ethylene oxide. Such substances are especially
      to be preferred which have 5 moles of ethylene oxide linked thereto per
      hydroxyl group.
PAR  The chemical characteristics of the partial glyceride mixtures employed in
      the present invention are as follows:
TBL  acid number      approx.     1                                            

     saponification number        250                                          

     iodine number    less than   1                                            

     hydroxyl number              370                                          

     monoester content            42% by weight                                

PAR  Compositions having the foregoing characteristics and which also have 5
      moles of ethylene oxide chemically linked thereto per hydroxyl group give
      the best results.
PAR  The condensation products used in the compositions according to the present
      invention are novel and may be prepared as described in the following.
PAR  Four moles (176.2 grams) of ethylene oxide is reacted at a temperature of
      100.degree.- 150.degree.C. with one mole (232.5 grams) of a partial
      glyceride mixture having the following fatty acid composition:
TBL  caprylic acid      45 - 50% by weight                                     

     capric acid        40 - 45% by weight                                     

     lauric acid        less than 8% by weight                                 

     myristic acid      less than 2% by weight                                 

PAR  This fatty acid composition is obtained by fractionating coconut oil fatty
      acid, which contains significant amounts of caprylic and capric acids. The
      above fatty acid composition itself has the following characteristics:
TBL  acid number            1                                                  

     saponification number  245                                                

     iodine number          0.6                                                

     hydroxyl number        360                                                

     monoester content      43% by weight                                      

PAR  The ethoxylated reaction product obtained is soluble in water and may be
      used in various cosmetic preparations as the emollient component.
PAR  When condensing 5 moles of ethylene oxide with 1 mole of partial glyceride
      mixture, 220.3 grams of ethylene oxide is required. For the addition of 6
      moles of ethylene oxide, 264.3 grams of ethylene oxide is necessary, and
      for the addition of 8 moles of ethylene oxide, 352.4 grams thereof is
      required.
PAR  All of the free hydroxyl groups in the glyceride mixture are ethoxylated
      when reacted with the ethylene oxide. The final products, as noted above,
      are water-soluble and, thus, do not form emulsions with water.
PAR  Many diversified preparations can be prepared which have, in addition to
      the desired purifying effect on the skin, a desired fat-restoring effect.
      About 10 to 50 percent by weight of such substances can be added to
      various cosmetic preparations, exemplary of which are skin milks, skin
      sprays, skin creams, as well as skin and hair shampoos. In the case of
      hair dressings or tonics, an addition of 2 to 10 percent by weight,
      preferably 5 percent by weight, has been found to be suitable.
DETD
PAR  Exemplary formulations in accordance with the present invention are further
      illustrated in the following specific examples, in which all percentages
      are by weight:
TBL  EXAMPLE I                                                                 

     ______________________________________                                    

     Hair tonic with oil                                                       

     ______________________________________                                    

     1) isopropanol              50%                                           

     2) water                    45%                                           

     3) partial glyceride mixture plus                                         

       4 moles of ethylene oxide per                                           

     ho hydroxyl group            5%                                           

     (Chemical characteristics of ethoxylated partial                          

     glyceride mixture:                                                        

     acid number              0.2                                              

     saponification number    120                                              

     hydroxyl number          260).                                            

     ______________________________________                                    

TBL  EXAMPLE II                                                                

     Oil shampoo                                                               

     ______________________________________                                    

     1) triglyceride mixture of 8 to 12                                        

       carbon atoms              5%                                            

     2) partial glyceride mixture plus                                         

       6 moles of ethylene oxide per                                           

       hydroxyl group            95%                                           

     (Chemical characteristics of ethoxylated partial                          

     glyceride mixture:                                                        

     acid number              0.2                                              

     saponification                                                            

     number                   89                                               

     hydroxyl number          180).                                            

     ______________________________________                                    

TBL  EXAMPLE III                                                               

     Nutrient skin milk                                                        

     ______________________________________                                    

     1) ethoxylated wool fat     4%                                            

     2) vitamin oil              1%                                            

     3) water                    80%                                           

     4) partial glyceride mixture plus 4 moles                                 

       of ethylene oxide per hydroxyl group                                    

                                 15%                                           

     (Chemical characteristics of ethoxylated partial                          

     glyceride mixture:                                                        

     acid number              0.2                                              

     saponification number    120                                              

     hydroxyl number          260).                                            

     ______________________________________                                    

TBL  EXAMPLE IV                                                                

     Skin cream with oil                                                       

     ______________________________________                                    

     1) triglyceride mixture (60% C.sub.8 to                                   

     C.sub.12 ; 40% C.sub.18)    40%                                           

     2) water                    30%                                           

     3) partial glyceride mixture plus                                         

       4 moles of ethylene oxide per                                           

       hydroxyl group            30%                                           

     (Chemical characteristics of ethoxylated partial                          

     glyceride mixture:                                                        

     acid number              0.2                                              

     saponification number    120                                              

     hydroxyl number          260).                                            

     ______________________________________                                    

TBL  EXAMPLE V                                                                 

     Bath oil                                                                  

     ______________________________________                                    

     1) pine needle oil          29%                                           

     2) 3',6-dihydroxyfluoran (fluorescin)                                     

                                  1%                                           

     3) partial glyceride mixture plus 5 moles                                 

       of ethylene oxide per hydroxyl group                                    

                                 70%                                           

     (Chemical characteristics of ethoxylated partial                          

     glyceride mixture:                                                        

     acid number              0.1                                              

     saponification number    96                                               

     hydroxyl number          200).                                            

     ______________________________________                                    

TBL  EXAMPLE VI                                                                

     Sun tan oil                                                               

     ______________________________________                                    

     1) liquid paraffin           5%                                           

     2) dibenzalazine             5%                                           

     3)triglyceride mixture of 8 to 12                                         

       carbon atoms              40%                                           

     4) partial glyceride mixture                                              

       plus 8 moles of ethylene                                                

       per hydroxyl group        50%                                           

     (Chemical characteristics of ethoxylated partial                          

     glyceride mixture:                                                        

     acid number              0.1                                              

     saponification                                                            

     number                   65                                               

     hydroxyl number          130)                                             

     ______________________________________                                    

PAR  The expression "partial glyceride" in the present application is meant to
      refer to mixtures of mono- and diglycerides of the recited acids.
PAR  The invention being thus described, it will be obvious that the same may be
      varied in many ways. Such variations are not to be regarded as a departure
      from the spirit and scope of the invention and all such modifications are
      intended to be included within the scope of the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A water-soluble and fat-restoring composition which consists of an
      ethoxylated glyceridic mixture of saturated vegetable fatty acids of about
      8 to 14 carbon atoms, said mixture comprising the monoglycerides and
      diglycerides of said acids having chemically linked thereto about 2 to 8
      moles of ethylene oxide per free hydroxyl group, said ethoxylated
      glyceridic mixture having an acid number of from 0.1 to 0.2, a
      saponification number of from 65 to 120 and a hydroxyl number of from 130
      to 260.
NUM  2.
PAR  2. A water-soluble and fat-restoring composition according to claim 1,
      wherein said fatty acids comprise a mixture of 45 to 50% by weight
      caprylic acid, 40 to 45% by weight capric acid, less than 8% by weight
      lauric acid, and less than 2% by weight myristic acid.
NUM  3.
PAR  3. A water-soluble and fat-restoring composition according to claim 1,
      wherein said glyceridic mixture has chemically linked thereto about 4 to 8
      moles of ethylene oxide per free hydroxyl group.
NUM  4.
PAR  4. A cosmetic composition which consists of a cosmetic and a water-soluble
      and fat-restoring ethoxylated glyceridic mixture of saturated vegetable
      fatty acids of about 8 to 14 carbon atoms, said mixture comprising the
      monoglycerides and diglycerides of said acids having chemically linked
      thereto about 2 to 8 moles of ethylene oxide per free hydroxyl group, said
      ethoxylated glyceridic mixture having an acid number of from 0.1 to 0.2, a
      saponification number of from 65 to 120 and a hydroxyl number of from 130
      to 260.
NUM  5.
PAR  5. A cosmetic composition according to claim 4, wherein the cosmetic is
      hair tonic and said glyceridic mixture has chemically linked thereto about
      4 moles of ethylene oxide per free hydroxyl group, said hair tonic
      consisting essentially of isopropanol and water.
NUM  6.
PAR  6. A cosmetic composition according to claim 4, wherein the cosmetic is oil
      shampoo and said glyceridic mixture has chemically linked thereto about 6
      mols of ethylene oxide per free hydroxyl group, said oil shampoo
      consisting essentially of a triglyceride mixture of fatty acids of 8 to 12
      carbon atoms.
NUM  7.
PAR  7. A cosmetic composition according to claim 4, wherein the cosmetic is
      nutrient skin milk and said glyceridic mixture has chemically linked
      thereto about 4 moles of ethylene oxide per free hydroxyl group, said
      nutrient skin milk consisting essentially of ethoxylated wool fat, vitamin
      oil and water.
NUM  8.
PAR  8. A cosmetic composition according to claim 4, wherein the cosmetic is
      skin cream and said glyceridic mixture has chemically linked thereto about
      4 mols of ethylene oxide per free hydroxyl group, said skin cream
      consisting essentially of a triglyceride mixture of fatty acids, 60% of
      which have 8 to 12 carbon atoms and 40% of which have 18 carbon atoms and
      water.
NUM  9.
PAR  9. A cosmetic composition according to claim 4, wherein the cosmetic is
      bath oil and said glyceridic mixture has chemically linked thereto about 5
      mols of ethylene oxide per free hydroxyl group, said bath oil consisting
      essentially of pine needle oil and 3',6-dihydroxyfluoran.
NUM  10.
PAR  10. A cosmetic composition according to claim 4, wherein the cosmetic is
      sun tan oil and said glyceridic mixture has chemically linked thereto
      about 8 mols of ethylene oxide per free hydroxyl group, said sun tan oil
      consisting essentially of a triglyceride mixture of fatty acids of 8 to 12
      carbon atoms, liquid paraffin and dibenzalazine.
NUM  11.
PAR  11. A cosmetic composition according to claim 4, wherein from about 10 to
      50% by weight of said ethoxylated glyceride mixture is added to said
      cosmetic when said cosmetic is a skin milk, a skin spray, a skin cream, a
      skin shampoo, or a hair shampoo, and from about 2 to 10% by weight of said
      ethoxylated glyceride mixture is added to said cosmetic when said cosmetic
      is a hair dressing or hair tonic.
NUM  12.
PAR  12. A cosmetic composition which consists of a cosmetic and a water-soluble
      and fat-restoring ethoxylated glyceridic mixture comprising the
      monoglycerides and diglycerides of from 45 to 50% by weight caprylic acid,
      from 40 to 45% by weight capric acid, less than 8% by weight lauric acid
      and less than 2% by weight myristic acid, said monoglycerides and
      diglycerides having chemically linked thereto about 2 to 8 mols of
      ethylene oxide per free hydroxyl group, said ethoxylated glyceridic
      mixture having an acid number of from 0.1 to 0.2, a saponification number
      of from 65 to 120 and a hydroxyl number of from 130 to 260.
NUM  13.
PAR  13. A cosmetic composition according to claim 12, wherein said
      monoglycerides and diglycerides have chemically linked thereto from 4 to 8
      mols of ethylene oxide per free hydroxyl group.
NUM  14.
PAR  14. A process for treating the hair which comprises applying thereto a hair
      dressing consisting essentially of an ethoxylated glyceridic mixture of
      saturated vegetable fatty acids of about 8 to 14 carbon atoms, said
      mixture comprising the monoglycerides and diglycerides of said acids,
      having chemically linked thereto about 4 mols of ethylene oxide per free
      hydroxyl group, in admixture with isopropanol and water.
NUM  15.
PAR  15. A process for treating the hair according to claim 14, wherein said
      fatty acids comprise a mixture of 45 to 50% by weight caprylic acid, 40 to
      50% by weight capric acid, less than 8% by weight lauric acid, and less
      than 2% by weight myristic acid.
NUM  16.
PAR  16. A process for treating the hair according to claim 15, wherein said
      hair dressing contains from about 2 to 10% by weight of said ethoxylated
      glyceridic mixture.
NUM  17.
PAR  17. A process for treating the hair which comprises applying thereto an oil
      shampoo consisting essentially of an ethoxylated glyceridic mixture of
      saturated vegetable fatty acids of about 8 to 14 carbon atoms, said
      mixture comprising the monoglycerides and diglycerides of said acids,
      having chemically linked thereto about 6 mols of ethylene oxide per free
      hydroxyl group, in admixture with a triglyceride mixture of fatty acids of
      8 to 12 carbon atoms.
NUM  18.
PAR  18. A process for treating the hair according to claim 17, wherein said
      fatty acids comprise a mixture of 45 to 50% by weight caprylic acid, 40 to
      45% by weight capric acid, less than 8% by weight lauric acid, and less
      than 2% by weight myristic acid.
NUM  19.
PAR  19. A process for treating the hair according to claim 18, wherein said oil
      shampoo contains from about 10 to 50% by weight of said ethoxylated
      glyceridic mixture.
NUM  20.
PAR  20. A process for treating the hair according to claim 18, wherein said
      cosmetic composition contains from about 10 to 50% by weight of said
      ethoxylated glyceridic mixture.
NUM  21.
PAR  21. A process for treating the skin which comprises applying thereto a
      cosmetic composition which consists of a cosmetic and a water-soluble and
      fat-restoring ethoxylated glyceridic mixture of saturated vegetable fatty
      acids of about 8 to 14 carbon atoms, said mixture comprising the
      monoglycerides and diglycerides of said acids, having chemically linked
      thereto about 2 to 8 mols of ethylene oxide per free hydroxyl group.
NUM  22.
PAR  22. A process for treating the skin according to claim, 21, wherein said
      cosmetic is a nutrient skin milk consisting essentially of ethoxylated
      wool fat, vitamin oil and water.
NUM  23.
PAR  23. A process for treating the skin according to claim 21, wherein said
      cosmetic is a skin cream consisting essentially of a triglyceride mixture
      of fatty acids, 60 percent of which have 8 to 12 carbon atoms and 40
      percent of which have about 18 carbon atoms.
NUM  24.
PAR  24. A process for treating the skin according to claim 21, wherein said
      cosmetic is a bath oil consisting essentially of pine needle oil and
      3',6-dihydroxyfluoran.
NUM  25.
PAR  25. A process for treating the skin according to claim 21, wherein said
      cosmetic is a sun tan oil consisting essentially of a triglyceride mixture
      of fatty acids of 8 to 12 carbon atoms, liquid paraffin and dibenzalazine.
NUM  26.
PAR  26. A process for treating the skin according to claim 21, wherein said
      fatty acids comprise a mixture of 45 to 50% by weight caprylic acid, 40 to
      45% by weight capric acid, less than 8% by weight lauric acid; and less
      than 2% by weight myristic acid.
NUM  27.
PAR  27. A hair tonic composition which consists essentially of about 50%
      isopropanol, about 45% water and about 5% of a water-soluble and
      fat-restoring ethoxylated glyceridic mixture of from 45 to 50% by weight
      caprylic acid, from 40 to 45% by weight capric acid, less than 8% by
      weight lauric acid and less than 2% by weight myristic acid, said
      ethoxylated glyceridic mixture comprising the monoglycerides and
      diglycerides of said acids having chemically linked thereto about 4 mols
      of ethylene oxide per free hydroxyl group, said ethoxylated glyceridic
      mixture having an acid number of about 0.2, a saponification number of
      about 120 and a hydroxyl number of about 260.
NUM  28.
PAR  28. An oil shampoo composition which consists essentially of about 5% of a
      triglyceride mixture of 8 to 12 carbon atoms and about 95% of a
      water-soluble and fat-restoring ethoxylated glyceridic mixture of from 45
      to 50% by weight caprylic acid, from 40 to 45% by weight capric acid, less
      than 8% by weight lauric acid and less than 2% by weight myristic acid,
      said ethoxylated glyceridic mixture comprising the monoglycerides and
      diglycerides of said acids having chemically linked thereto about 6 mols
      of ethylene oxide per free hydroxyl group, said ethoxylated glyceridic
      mixture having an acid number of about 0.2, a saponification number of
      about 89 and a hydroxyl number of about 180.
NUM  29.
PAR  29. A nutrient skin milk composition consisting essentially of about 4%
      ethoxylated wool fat, about 1% vitamin oil, about 80% water and about 15%
      of a water-soluble and fat-restoring ethoxylated glyceridic mixture of
      from 45 to 50% by weight caprylic acid, from 40 to 45% by weight capric
      acid, less than 8% by weight lauric acid and less than 2% by weight
      myristic acid, said ethoxylated glyceridic mixture comprising the
      monoglycerides and diglycerides of said acids having chemically linked
      thereto about 4 mols of ethylene oxide per free hydroxyl group, said
      ethoxylated glyceridic mixture having an acid number of about 0.2, a
      saponification number of about 120 and a hydroxyl number of about 260.
NUM  30.
PAR  30. A skin cream composition which consists essentially of about 40% of a
      triglyceride mixture containing about 60% of triglycerides of fatty acids
      having from 8 to 12 carbon atoms and about 40% of triglyceride of fatty
      acids having 18 carbon atoms, about 30% water and about 30% of a
      water-soluble and fat-restoring ethoxylated glyceridic mixture of from 45
      to 50% by weight caprylic acid, from 40 to 45% by weight capric acid, less
      than 8% by weight lauric acid and less than 2% by weight myristic acid,
      said ethoxylated glyceridic mixture comprising the monoglycerides and
      diglycerides of said acids having chemically linked thereto about 4 mols
      of ethylene oxide per free hydroxyl group, said ethoxylated glyceridic
      mixture having an acid number of about 0.2, a saponification number of
      about 120 and a hydroxyl number of about 260.
NUM  31.
PAR  31. A bath oil composition consisting essentially of about 29% pine needle
      oil, about 1% 3',6-dihydroxyfluoran and about 70% of a water-soluble and
      fat-restoring ethoxylated glyceridic mixture of from 45 to 50% by weight
      caprylic acid, from 40 to 45% by weight capric acid, less than 8% by
      weight lauric acid and less than 2% by weight myristic acid, said
      ethoxylated glyceridic mixture comprising the monoglycerides and
      diglycerides of said acids having chemically linked thereto about 5 mols
      of ethylene oxide per free hydroxyl group, said ethoxylated glyceridic
      mixture having an acid number of about 0.1, a saponification number of
      about 96 and a hydroxyl number of about 200.
NUM  32.
PAR  32. A sun tan oil composition consisting essentially of about 5% of liquid
      paraffin, about 5% of dibenzalazine, about 40% of triglyceride mixture of
      fatty acids having from 8 to 12 carbon atoms and about 50% of a
      water-soluble and fat-restoring ethoxylated glyceridic mixture of from 45
      to 50% by weight caprylic acid, from 40 to 45% by weight capric acid, less
      than 8% by weight lauric acid and less than 2% by weight myristic acid,
      said ethoxylated glyceridic mixture comprising the monoglycerides and
      diglycerides of said acids having chemically linked thereto about 8 mols
      of ethylene oxide per free hydroxyl group, said ethoxylated glyceridic
      mixture having an acid number of about 0.1, a saponification number of
      about 65 and a hydroxyl number of about 130.
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ABST
PAL  Staining in the underarm areas of garments due to the presence of
      perspiration and the residue of an aluminum salt containing
      anti-perspirant is preventable by incorporating into the anti-perspirant
      composition specific water soluble mild reducing agents including various
      sulfur or phosphorus compounds or stannous or titanous salts.
      Alternatively, the reducing agents rather than being incorporated into the
      anti-perspirant composition may be employed to treat the soiled garments
      prior to washing or dry cleaning the garments.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to anti-perspirant compositions for topical
      application, and more particularly to aluminum salt containing
      anti-perspirant compositions containing selected reducing agents to
      prevent the formation of stains in soiled garments.
PAR  Anti-perspirant compositions containing metallic salts with astrigent
      action is well known. Aluminum salts such as aluminum chloride and
      aluminum chlorhydrate have found wide commercial acceptance in such
      compositions which are usually applied to reduce sweating in the axillary
      regions.
PAR  One commonly encountered but unpublicized limitation inherent in the use of
      aluminum salt containing anti-perspirant compositions such as roll-on
      lotions, creams and aerosols is their capacity in varying degrees to cause
      staining of garments in regions where both perspiration and the
      anti-perspirant have been absorbed from the surface of the skin of the
      wearer into the fabric of the garment. This results in the development of
      the familiar underarm staining of garments. This unsightly staining,
      particularly of outer garments, may preclude further wearing of such
      garments and necessitate premature replacement of these garments.
PAR  The stains in question are characterized by the appearance of a yellow
      discoloration in the regions of the garments which have been exposed to
      the combined effect of perspiration and the anti-perspirant composition.
      This stain does not develop immediately after the wearing of the garment.
      In general the discoloration appears only after an extended period of time
      during which the garment has been repeatedly worn and dry-cleaned or
      laundered.
PAC  SUMMARY OF THE INVENTION
PAR  It is a primary object of the present invention to prevent or at least
      substantially reduce the staining heretofore found to occur in regions of
      garments exposed to a combination of perspiration and an aluminum salt
      containing anti-perspirant composition. Another primary object of the
      present invention is to provide a method for treating soiled garments
      containing perspiration and residual material from an aluminum salt
      containing anti-perspirant composition of conventional formulation with
      selected water-soluble reducing agents prior to laundering or dry cleaning
      the garments to prevent the development of stains in the garments.
PAR  The stain resulting from the use of aluminum salt anti-perspirant
      compositions apparently does not become immediately apparent due to the
      relative efficiency of the aluminum compounds in inhibiting perspiration.
      In general the extent of such inhibition is thought to be between 40% and
      90% compared to an untreated control, depending upon such variables as the
      particular anti-perspirant formulation, the wearer, and climatic
      conditions. Thus, after the initial wearing of a garment by a person who
      has employed an aluminum salt containing anti-perspirant, the total
      quantity of perspiration deposited in the fabric of the garment may be
      quite small. It may require repeated use of the garment before a
      sufficient build-up of a perspiration - anti-perspirant interaction
      product occurs to manifest itself in the formation of a yellow stain in
      the fabric of the garment.
PAR  It has now been discovered that the observed staining of fabrics which have
      been exposed to the combined interaction of perspiration and aluminum salt
      containing anti-perspirant results from the reaction of the eccrine
      component of sweat with the aluminum salt containing anti-perspirant.
      Heretofore the excretions from the eccrine sweat glands have been thought
      to be of lesser importance with regard to perspiration problems and the
      maintenance of personal hygiene than the excretions from the apocrine
      sweat glands. Apocrine sweat is a whitish, odorless liquid which contains
      considerable amounts of lipid materials as compared to eccrine sweat which
      is essentially water containing very small amounts of sodium chloride.
      Although apocrine sweat is itself odorless, bacteria on the surface of the
      skin can act upon the lipid content of the sweat to form odorous
      compounds.
PAR  The significance of eccrine excretion in stain formation was determined
      experimentally. Perspiration derived from the back and chest in the course
      of vigorous physical exercise was leached from a number of saturated
      undershirts and concentrated by evaporation. The concentrates were
      extracted with ethyl ether to remove any lipid apocrine contamination. The
      resulting concentrate was applied to fresh, clean undershirts, and
      repeatedly treated with aluminum salt anti-perspirant. After drying the
      shirts were exposed to the combined action of moisture and heat to
      reproduce the conditions normally encountered in washing and drying
      cycles. On examination the garments were found to develop bright yellow
      stains in the areas exposed to perspiration and anti-perspirant. In other
      experiments synthetically prepared eccrine perspiration was applied to
      clean undershirts in a similar fashion and was also found to cause yellow
      staining.
PAR  The objectives of the present invention may be achieved either by
      incorporating into the anti-perspirant composition or by applying to the
      effected areas of the garments immediately prior to washing of the
      garments specified reducing agents which act to prevent the development of
      an anti-perspirant yellow stain during subsequent cleaning of the
      garments.
PAR  The useful reducing agents include both organic and inorganic reducing
      agents which are water soluble or water dispersible and are cosmetically
      acceptable, i.e., they are non-staining, non-irritating to skin, and
      essentially odorless. For the purposes of this application, the term
      "water dispersible" will hereinafter be employed to include reducing
      agents which, in water, form either a dispersion or a solution. The
      foregoing criteria exclude from use in the present invention such known
      reducing agents as inorganic sulfides, certain thiols, such as
      thioglycolic acid and thioglycerol, nitrites, arsenites, formates,
      oxalates, ferrous salts, hydrazines, hydroxylamines, acetaldehyde,
      glucose, reducing sugars, sugar amines, ascorbic acid, hydroquinone, and
      sodium borohydride.
PAR  Although it is not intended to be bound by the veracity of any theory, it
      is believed that the selected reducing agents of the invention prevent the
      development of stain by hindering the reaction of eccrine perspiration
      with the aluminum compound from forming yellow-colored reaction materials
      under the influence of heat and moisture. It is believed that the reducing
      agents cause the interaction product of perspiration and the aluminum
      compound to be retained in a colorless, soluble condition so that it can
      readily be washed from the garments leaving no residual stain.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A wide variety of diverse reducing agents may be employed in carrying out
      the invention. It is essential that these reducing agents be cosmetically
      acceptable so as not to cause skin irritations or to add objectionable
      odors, and reducing agents must be water dispersible. Suitable reducing
      agents having these properties include a number of organic and inorganic
      sulfur-or phosphorus-containing compounds as well as a number of stannous
      or titanous salts which may be either organic or inorganic salts.
PAR  Useful inorganic sulfur-containing reducing agents include the following:
PAR  a. Sulfites, such as ammonium, alkali-metal, alkaline-earth-metal and zinc
      sulfites, including (NH.sub.4).sub.2 SO.sub.3, Na.sub.2 SO.sub.3,
      CaSO.sub.3, ZnSO.sub.3. 2H.sub.2 O, Li.sub.2 SO.sub.3 and K.sub.2 SO.sub.3
      ;
PAR  b. Bisulfites, such as ammonium, alkali-metal and alkaline-earth-metal
      bisulfites, including (NH.sub.4)HSO.sub.3, NaHSO.sub.3, and
      Ca(HSO.sub.3).sub.2 ;
PAR  c. Hydrosulfites (dithionites), such as sodium dithionate, Na.sub.2 S.sub.2
      O.sub.4 and zinc dithionate, ZnS.sub.2 O.sub.4 ;
PAR  d. Metabisulfites (pyrosulfites), such as alkali metal metabisulfites,
      including Na.sub.2 S.sub.2 O.sub.5 and K.sub.2 S.sub.2 O.sub.5 ; and,
PAR  e. Thiosulfates, such as alkali-metal and alkaline-earth-metal
      thiosulfates, including Na.sub.2 S.sub.2 O.sub.3 and CaS.sub.2 O.sub.3.
PAR  Useful organic sulfur-containing reducing agents include organic salts,
      such as organic bisulfites, in which the bisulfite group has replaced the
      hydrogen atom of an amino group, including monoethanolamine bisulfite,
      urea bisulfite, guanidine bisulfite, ethylamine bisulfites, and
      ethylenediamine bisulfite as well as higher linear and branched chain
      homologs and polymers thereof; and adducts of sulfur dioxide which are
      addition products formed between low molecular weight aldehydes or ketones
      and sodium or zinc bisulfite, such as sodium formaldehyde bisulfite,
      sodium formaldehyde sulfoxylate, zinc formaldehyde sulfoxylate, and
      acetone sodium bisulfite.
PAR  The use of cosmetically acceptable thiols which are essentially odorless
      and which in addition to the --SH group contain polar groups are also
      useful in carrying out the present invention, as are compounds capable of
      hydrolyzing to molecules possessing the thiol group and having the other
      above-mentioned chracteristics. Within this group the naturally occurring
      amino acids with thiol substituents are particularly preferred. Exemplary
      suitable thio compounds are cysteine, homocysteine, penicillamine,
      thiomalic acid, thiosalicylic acid, 2-mercaptoethylamine hydrochloride,
      dithiothreitol as well as such N-acyl derivatives as N-acetyl cysteine and
      N-acetyl homocysteine. Also deemed part of the present invention is the
      use of thiol derivatives in which the thiol group exists in tautomeric
      equilibrium with the thione form examples of which are 2-pyridinethiones,
      and 2-thiobarbiturates, related compounds such as thiourea dioxide; and
      compounds which can be readily hydrolyzed to one of the useful free thio
      containing compounds such as homocysteine thiolacetone,
      thiazolidine-2-carboxylic acid, S-cysteine sulfonate sodium, and
      cysteine-S-phosphate sodium.
PAR  It should be noted here that thione compounds as a class do not find
      universal acceptance for use in the present invention inasmuch as certain
      members of this class such as thiourea, thiouracil, and methyl thiouracil
      have been shown to be tumorgenic.
PAR  Those thione compounds specifically claimed here are of two types, i.e.,
      2-pyridine thiones and 2-thiobarbiturates. Under 2-pyridinethiones is
      meant 2-pyridinethione as well as substituted 2-pyridinethiones, for
      example, 2-pyridinethione, 1-hydroxy-2-pyridinethione, as well as their
      respective salts with the preferred salts being those of zinc and tin. The
      2-thiobarbiturates include (1) 2-thiobarbituric acid as well as its salts;
      (2) mono-substituted 2-thiobarbituric acids as well as their respective
      salts. These mono-substituted 2-thiobarbituric acids may be substituted at
      either the 1 or 5 positions. Examples of such derivatives are
      1-methyl-2-thiobarbituric acid and 5-methyl-2-thiobarbituric acid; (3)
      Di-substituted 2-thiobarbituric acids as well as their respective salts.
      Said di-substituted 2-thiobarbituric acids may either be mono substituted
      at both the 1 and 5 positions or have both substituents at the 5-position.
      Examples of such di-substituted 2-thiobarbituric acids are:
      1-methyl-5-ethyl-2-thiobarbituric acids; 5,5-diethyl-2-thiobarbituric acid
      (thiobarbital), and sodium 5-ethyl-5-(1 methylbutyl)-2-thiobarbiturate
      (sodium pentothal).
PAR  Phosphorus containing reducing agents useful in the invention include such
      inorganic salts as hypophosphites including ammonium hypophosphite,
      alkali, e.g., sodium hypophosphite, and alkaline earth, e.g., calcium
      hypophosphite; a corresponding phosphite; and organic phosphorus
      compounds, particularly organic substituted phosphine compounds, meeting
      the requirements of cosmetic acceptability such as tetrakis
      (hydroxymethyl) phosphonium chloride.
PAR  Stannous and titanous salts which are reducing agents and which meet the
      aforementioned requirements regarding cosmetic acceptability may also be
      employed. Such metal salts include stannous chloride, stannous bromide,
      stannous tartrate, stannous acetate, stannous sulfate, titanous chloride
      (usually in the form of the hexahydrate), titanous bromide, and the like.
PAR  According to a presently preferred embodiment of the invention, the
      reducing agents are incorporated directly into aluminum salt containing
      anti-perspirant compositions of otherwise essentially conventional
      formulation. The reducing agent of the invention is normally employed in
      an amount of about 0.01 - 10 weight percent, preferably within a range of
      about 0.5 to 3 weight percent, based on the total weight of the
      anti-perspirant composition.
PAR  The anti-perspirant composition contains an aluminum salt such as aluminum
      chlorhydrate, aluminum chloride or the like in a range of about 8-30
      weight percent although amounts outside this range may also be employed.
      The compositions may be prepared in known forms such as emulsions,
      suspensions, creams, lotions and the like. These compositions also contain
      the usual auxiliary ingredients such as fillers. perfumes, and
      surfactants. Fabric corrosion inhibitors such as glycine or alanine are
      preferably also present, for example, in an amount of about 0.1 - 5 weight
      percent.
PAR  The anti-perspirant composition may also be dispensed as an aerosol by
      mixing a liquid anti-perspirant composition with known propellants such as
      halogenated hydrocarbons, for example, "Ferons" and "Genetrons", or
      mixtures of low molecular weight aliphatic hydrocarbons such as a mixture
      of propane and isobutane. Other known inert propellants such as nitrogen
      may also be employed.
PAR  It has been observed that there is a deodorant effect attributable to the
      use of the stain preventing reducing agents. It is theorized that the
      reducing agent ties up available oxygen thereby reducing the amount of
      oxygen in the axillary regions, which oxygen would otherwise be available
      to oxidize lipids to odoriferous materials.
DETD
PAR  The following examples further illustrate the incorporation of the
      cosmetically acceptable reducing agents of the present invention into
      anti-perspirant compositions.
PAC  EXAMPLE 1
PAR  A liquid anti-perspirant with anti-staining properties may be prepared by
      adding to an aqueous medium 8 to 30% by weight of aluminum chlorhydrate,
      1% by weight zinc formaldehyde sulfoxylate, 0.1 to 2% by weight of
      glycine, 0.1 to 5% by weight of a water soluble non-ionic surface active
      agent, and 0.1 to 2% by weight of hydroxypropyl methyl cellulose in an
      aqueous alcoholic medium containing 5 to 30% by weight of ethanol, the
      cellulose having a methoxy content of 24.6 - 25.4%, a hydroxypropoxy
      content of 4.8 to 5.4% and a viscosity of about 1200 to about 1800
      centipoises in 2% solution in water at 20.degree.C.
PAC  EXAMPLE 2
PAR  A cream type of anti-perspirant composition was prepared by adding to an
      aqueous medium 18 percent by weight of aluminum chlorhydrate, 11 percent
      by weight of glyceryl monostearate, 1 percent by weight of
      N-(lauroyl-colamino formyl methyl) pyridinium chloride, 2.5 percent by
      weight of glycine, and 1 percent by weight of sodium sulfite.
PAC  EXAMPLE 3
PAR  An anti-perspirant lotion is prepared by adding to an aqueous medium 8-30%
      by weight of aluminum chlorohydrate or other aluminum astringent compound,
      1% by weight of ammonium hypophosphite, 0.1 to 2% by weight of glycine,
      0.1 to 5% by weight of water soluble non-ionic surface active agent, and
      0.1 to 2% by weight of hydroxypropyl methyl cellulose in an aqueous
      alcoholic medium containing 5 to 30% by weight of ethanol, the cellulose
      having a methoxy content of 24.6 - 25.4%, a hydroxypropoxy content of 4.5
      - 5.4% and a viscosity of about 1200 to about 1800 centipoises in 2%
      solution of water at 20.degree.C.
PAC  EXAMPLE 4
PAR  A liquid anti-perspirant composition in the form of a lotion is prepared
      from 8 to 30% by weight of aluminum chlorhydrate, 1% by weight ammonium
      bisulfite, 0.1 to 5% by weight of glycine, from about 0.1 to 2% by weight
      of hydroxypropyl methyl cellulose, and an aqueous solvent medium.
PAR  While presently preferred embodiments of the invention have been described
      with particularity, it would be appreciated that various changes and
      modifications may readily suggest themselves upon being apprised of the
      present invention. It is intended to encompass all such changes and
      modifications as fall within the scope and spirit of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In an anti-perspirant composition containing as the active ingredient an
      astringent aluminum salt and a dermatologically-acceptable vehicle, the
      improvement wherein the composition comprises a cosmetically-acceptable
      reducing agent in an amount of about 0.01 to 10 percent by weight, based
      on the total weight of the composition, and sufficient to inhibit staining
      of fabric in contact with the composition and with perspiration, the
      reducing agent being water dispersible, essentially odorless,
      non-irritating to skin and a member selected from the group consisting of:
PA1  a. ammonium sulfite, alkali-metal sulfite, alkaline-earth-metal sulfite,
      zinc sulfite or a mixture thereof;
PA1  b. ammonium bisulfite, alkali-metal bisulfite, alkaline-earth-metal
      bisulfite or a mixture thereof;
PA1  c. sodium dithionate, zinc dithionate or a mixture;
PA1  d. alkali-metal meta-bisulfite;
PA1  e. alkali-metal thiosulfate, alkaline-earth-metal thiosulfate or a mixture
      thereof;
PA1  f. 2-thiobarbituric acid mono-substituted-2-thiobarbituric acid in which a
      substituent is in the 2- or the 5-position, disubstituted-2-thiobarbituric
      acid in which each substituent is in one of the 2- and 5-positions or a
      mixture thereof;
PA1  g. 2-pyridinethione;
PA1  h. alkylamine bisulfite;
PA1  i. sodium formaldehyde bisulfite;
PA1  j. sodium formaldehyde sulfoxylate, zinc formaldehyde sulfoxylate or a
      mixture thereof;
PA1  k. acetone sodium bisulfite;
PA1  l. cysteine, homocysteine, N-acetyl cysteine, N-acetyl homocysteine,
      homocysteine thiolactone, S-cysteine sulfonate sodium,
      cysteine-S-phosphate sodium or a mixture thereof;
PA1  m. penicillamine;
PA1  n. thiomalic acid;
PA1  o. thiosalicylic acid;
PA1  p. 2-mercaptoethylamine hydrochloride;
PA1  q. dithiothreitol;
PA1  r. thiourea dioxide;
PA1  s. thiazolidine-2-carboxylic acid;
PA1  t. ammonium hypophosphite, alkali-metal hypophosphite, alkaline-earth-metal
      hypophosphite or a mixture thereof;
PA1  u. ammonium phosphite, alkali-metal phosphite, alkaline-earth-metal
      phosphite or a mixture thereof;
PA1  v. tetrakis(hydroxymethyl)phosphonium chloride; and
PA1  w. dermatologically-acceptable stannous salt.
NUM  2.
PAR  2. A composition according to claim 1, wherein said reducing agent is a
      sulfite selected from the group consisting of ammonium sulfite, alkali
      sulfite, alkaline earth sulfite and zinc sulfite.
NUM  3.
PAR  3. A composition according to claim 1, wherein said reducing agent is a
      bisulfite selected from the group consisting of ammonium, alkali, and
      alkaline earth bisulfites.
NUM  4.
PAR  4. A composition according to claim 1, wherein said reducing agent is
      selected from the group consisting of ammonium hypophosphite, alkali
      hypophosphite, and alkaline earth hypophosphite.
NUM  5.
PAR  5. A composition according to claim 1, wherein said reducing agent is a
      dermatologically acceptable stannous salt.
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ABST
PAL  Compositions of stable, conceentrated, liquid methomyl formulations
      comprising high-molecular-weight polyoxyethylene, methomyl, and certain
      organic solvent systems which, when diluted with water for spray-tank use,
      reduce spray drift.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved method of spraying of solutions
      containing S-methyl-n-[(methylcarbamoyl)oxy]thioacetimidate (methomyl)
      insecticides. Methomyl and methomyl insecticides are described in U.S.
      Pat. No. 3,576,834. Methomyl insecticides are extremely effective against
      a wide variety of important crop insects by providing economic control at
      use rates of 0.25 pound or less of methomyl per acre. Liquid formulations
      containing high concentrations of methomyl dissolved in organic solvents
      are the subject of copending applications Ser. No. 317,802, filed Dec. 22,
      1972, and Ser. No. 359,503, filed May 11, 1973.
PAR  Such liquid formulations are very convenient for the user. Dry powders are
      difficult to measure accurately by volume and the chance of accidental
      exposure to toxic dust is high during measuring and mixing operations.
      Furthermore, the solids must be dissolved in the spray tank, requiring
      considerable time and vigorous agitation. In liquid formulations, however,
      the methomyl is completely dissolved in the concentrate and the dilution
      to the spray concentrations is accomplished by simply adding the easily
      measured concentrated formulation to water in the spray tank under mild
      agitation conditions.
PAR  The usual method of applying dilute methomyl solutions involves spraying
      from as little as 1 gallon per acre to as much as 30 gallons per acre to
      apply the desired amount of methomyl. The higher volumes are applied with
      hydraulic nozzles, adjusting orifice size and fluid pressure to obtain the
      desired drop size range to insure complete and uniform coverage of the
      target. The lower volumes are applied using much smaller capacity nozzles
      which may utilize air or mechanical atomization to obtain a much smaller
      droplet size range than in the higher-volume sprays. However, regardless
      of the spraying technique used, a significant amount of the solution being
      sprayed is present as droplets much smaller than the average and desired
      droplet size. These very small droplets remain suspended in the air after
      the major portion of the spray has fallen onto the target. In the presence
      of even slight crosswinds, they are visible as a mist or haze moving away
      from the target area. This phenomena is commonly referred to as "spray
      drift".
PAR  Spray drift is easily carried to the surroundings adjacent to the target
      area, thus increasing the possibility of undesirable exposure of
      surroundings to toxic chemicals. In addition, these droplets, with their
      very high surface area per volume, evaporate to dryness very quickly and
      leave suspended in the air aerosol-like particles of chemical which can
      drift in slight winds very great distances, up to several miles or more.
PAR  It has been hypothesized that the source of the spray drift is the
      so-called "satellite droplets" which are usually present due to the high
      turbulence in and rheology of aqueous solutions issuing from small
      orifices. Small orifices and use of air or mechanical atomization
      generally increase the number of the satellite droplets formed.
      VanValkenburg, in "Pesticide Formulations", Marcel Mekker, Inc., New York,
      1973, pp. 275-341, includes a discussion of spray drift.
PAR  Attempts to alleviate the spray-drift problem involving thickeners to
      increase spray solution viscosity and "particulating agents" have created
      other problems; for example, use of Dacagin polysaccharide gum mixture
      (Diamond Shamrock Corporation, 300 Union Commerce Bldg., Cleveland, OH
      44114) which provides gel-like nucleii for droplet formation has resulted
      in difficult spray mix preparation, high pumping pressures to provide
      droplets in the desired size range, and nozzle plugging problems. Invert
      emulsions, in which the spray solution is converted to a cream-like
      water-in-oil emulsion in or just prior to the spray nozzle during spraying
      to prevent formation of the spray drift, has only very limited application
      to pesticides which are both water- and oil-soluble. The technique
      requires very close control of the two liquid streams to produce the
      invert emulsion, and the spray is usually comprised of very large droplets
      which provide insufficient coverage when spraying methomyl solutions.
PAR  More recently it has been shown that very high molecular-weight, linear,
      water-soluble polymers, when used in very low concentrations of 0.1 weight
      percent or less, significantly reduce the tendency of water- or oil-base
      sprays to form spray drift (U.S. Pat. No. 3,360,356). Usually, the
      technique involves dissolving a high-molecular-weight polymer in a portion
      of the water used for making up the dilute spray solution, intensely
      mixing until the polymer is completely dissolved, and finally adding the
      remaining water and pesticide while continuing to mix. Polymers dissolve
      very slowly, particularly with the usual type of mixing equipment used for
      making agricultural pesticide sprays, and mixing times up to several hours
      can be required. Furthermore, concentrate-solutions of the
      high-molecular-weight polymers are even more difficult to make and to
      dilute due to the extremely high-solution viscosity. If complete solution
      or dispersion of such high-molecular-weight polymer is not achieved, the
      effectiveness in reducing spray drift is decreased, and the undissolved or
      undispersed polymer tends to be present as gel particles which will plug
      nozzles, screens, and piping, resulting in spraying difficulties. It
      would, therefore, be very desirable to dissolve a high-molecular-weight
      spray-drift-reducing polymer in a liquid insecticide concentrate and then
      be able to easily dilute such a concentrate with water to prepare a dilute
      spray solution containing spray-drift-reducing agent.
PAR  U.S. Pat. No. 3,360,356 does not teach solubilities of high-molecular
      polymers in organic solvents, nor does it teach dissolving the polymer in
      a liquid insecticide concentrate for later dilution in a spray tank by the
      single step of adding water. Most of the almost infinite number of
      polymers recited in U.S. Pat. No. 3,360,356 are not soluble or dispersible
      in the organic solvents suitable to prepare liquid formulations of
      methomyl, nor is methomyl chemically stable in the presence of most of the
      polymers.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is a single-phase, liquid methomyl concentrate composition
      comprising high-molecular-weight (average molecular weight greater than
      1,000,000) polyoxyethylene, methomyl, and certain organic solvent systems,
      which can be diluted with water for spray tank use.
PAR  A suitable liquid methomyl composition consists essentially of 15-40
      percent by weight of methomyl, 0.03-1.5 percent by weight of
      polyoxyethylene having a molecular weight of greater than one million,
      0-50 percent by weight of water, and the remainder one or more
      low-molecular-weight, polar, organic solvents at least partially miscible
      with water.
PAR  For practical reasons, a preferred liquid methomyl composition consists
      essentially of 15-40 percent by weight of methomyl, 0.1-1 percent by
      weight of polyoxyethylene having a molecular weight of one million to
      seven million, 0-50 percent by weight of water, and the remainder one or
      more of the solvents selected from the group consisting of methanol,
      acetone, cyclohexanone, and cyclohexanol.
PAR  A most preferred liquid methomyl composition consists essentially of 20-35
      percent by weight of methomyl, 0.1-1.0 percent by weight of
      polyoxyethylene having a molecular weight of one million to seven million,
      5-40 percent by weight of water, and the remainder a solvent selected from
      the group consisting of methanol, mixtures of methanol and cyclohexanone,
      and mixtures of cyclohexanone and cyclohexanol and methanol.
PAC  DESCRIPTION OF THE INVENTION
PAR  In this invention it has been found that high-molecular-weight (greater
      than about 1,000,000 molecular weight average) polyoxyethylene, which is
      an effective spray drift control agent, can be combined with methomyl and
      certain solvent systems to prepare uniquely suitable concentrated liquid
      methomyl compositions.
PAR  The combination of solvent, methomyl, and polyoxyethylene must meet certain
      criteria to be useful: the compositions must have a high concentration of
      methomyl, 15 percent by weight or more; the methomyl must not be
      chemically attacked under long-term storage conditions at temperatures
      between about 32.degree. and 135.degree.F. (0.degree. to 45.degree.C.);
      the concentrated methomyl solution must be easily and quickly diluted with
      water to the desired spray concentration; and the applied spray must not
      result in injury to the target foilage or crop. In addition, it must have
      the required high insecticidal activity; the concentrate must remain a
      single-phase liquid under conditions of normal storage; the polymer must
      remain in solution or suspension at temperatures as low as 32.degree.F.;
      and all of the formulating ingredients must meet recognizable low hazard
      potential during and after spray applications as defined by the
      Environmental Protection Agency Regulations.
PAR  Organic solvents suitable for use in high-concentration methomyl
      formulations containing polyoxyethylene are low-molecular-weight, polar,
      liquid compositions at least partially miscible in water in that the
      solvent will dissolve in water at spray tank concentrations. Suitable
      solvents dissolve at least 4% water at room temperature, and at least 4%
      of the solvent can be dissolved in water. Solvents which dissolve at least
      6-7% water at room temperature are preferred. These liquids are also
      excellent solvents for both methomyl and polyoxyethylene at room
      temperature. Generally, low-temperature stability of the composition is
      enhanced if small amounts of water are included with the organic solvent.
      Preferred solvents are methanol, methanol-water, acetone-water, methyl
      ethyl ketone-water, cyclohexanone, cyclohexanone-methanol-water,
      cyclohexanone-cyclohexanol, cyclohexanone-cyclohexanol-water,
      cyclohexanol-water, and cyclohexanone-cyclohexanol-methanol-water.
PAR  Low-temperature stability without precipitation of solids or separation of
      liquid phases is of importance for a commodity which is shipped and stored
      in unheated facilities. Haze or cloudiness which occurs at low
      temperatures (about 30.degree.F.) without phase separation is of little
      concern, since clear, uniform solutions are restored upon warming to use
      temperatures of 45.degree.-50.degree.F.
PAR  Order of addition of the ingredients during preparation of the concentrated
      solutions is not important. However, the preferred method is to prepare
      the concentrated solution of methomyl in the solvent and then slowly add
      the desired amount of polyoxyethylene while stirring vigorously. Agitation
      with mild heating, if desired, is continued until the polyoxyethylene is
      completely dissolved. It is preferred to adjust and maintain the pH of the
      concentrated methomyl solutions containing some water in the solvent
      system at a value of 4.5 to 5.5. A clear, nonturbid, stable solution is
      obtained.
PAR  Spray drift can be determined for atomizing and hydraulic spray nozzles by
      collecting the spray drift from the following procedures.
PAC  A. Low-Capacity, Air, or Mechanical Atomizing Nozzles
PAR  Solutions are prepared by dissolving the polyoxyethylene in a concentrated
      methomyl solution and a selected solvent. The polyoxyethylene content of
      the concentrate solution is selected so that when the concentrate is
      diluted with water the concentration of polyoxyethylene in the dilute
      solution will be more than about 0.002 weight percent but not greater than
      0.05 percent by weight. 0.100 percent by weight water-soluble dye "FD&C
      Blue No. 1", obtained from H. Kohnstamm and Company, Incorporated, 161
      Avenue of the Americas, New York, New York 10013, is then dissolved in the
      dilute solution.
PAR  The solution is sprayed through a DeVilbiss No. 152 atomizing nozzle
      obtained from the DeVilbiss Company, Somerset, Pennsylvania 15501, using
      atomizing air at 10 psi gauge. The spray is directed vertically downward
      from the nozzle, the nozzle being located so that the discharge tip is 5
      inches horizontally distant from the front face of a glass fiber filter
      removed from a 20 inch by 10 inch by 1 inch dry "Framglas" air filter,
      obtained from Framm Corporation, General Products Division, P. O. Box
      1637, Henderson, North Carolina 27536. The tip of the nozzle is located
      level with the horizontal 10-inch edge of the filter on the center line of
      the 20 inch by 10 inch face. The filter held in a 20 inch by 10 inch
      opening of a duct connected to the suction side of a fan and the fan speed
      adjusted so that a linear air flow speed of about 250-260 feet per minute
      is obtained in the plane of nozzle five inches in front of the filter. A
      coarse mesh screen is used to provide support on the downstream side for
      the filter pad. The liquid inlet of the nozzle is connected to the
      discharge of a "Master-Flex No. 7013" pump obtained from Cole-Parmer Co.,
      Inc., Chicago, IL 60648, operating at 150 to 200 rpm.
PAR  The spray solution is pumped into the nozzle by immersing the tubing from
      the suction side of the pump into a reservoir of a known quantity of
      solution, and spraying is continued until considerable color is observed
      collecting on the screen and before liquid run-off occurs. The suction
      tube is removed from the reservoir, and the pumping is continued until the
      liquid in the tubing is completely discharged. The amount of the solution
      sprayed through the nozzle is determined from the reservoir.
PAR  The filter pad containing the spray drift is extracted in a weighted
      quantity of water of about 1-liter volume. The filter is drained, and the
      color of the extract is compared to previously prepared standardized
      solutions of the same dye in color-comparison tubes. The amount of the dye
      reaching the filter can now be determined and the spray drift can be
      calculated by comparison of dye level on the filter to total dye in the
      spray.
PAC  B. Spray Drift of Agricultural Nozzles
PAR  The spray drift of the solutions is determined in the same manner as for
      the low-capacity nozzles, except that in this case only a portion of the
      spray pattern is examined since the spray pattern is much larger than the
      10 inch by 20 inch filter pad.
PAR  An "80015E Fan-Jet" nozzle, obtained from the Spraying Systems Co., 3201
      Randolph St., Bellwood, Illinois 60104, is mounted ten inches to eighteen
      inches above the vertical center line of the filter pad so that the fan
      spray pattern is in a plane parallel to and 8 to 12 inches from the 10
      inch by 20 inch front face of the pad. Preferably, in this case the 20
      inch edge of the filter pad is horizontal.
PAR  Spray solutions are made up as described in Procedure A. As in Procedure A,
      the air velocity is adjusted to 250 to 260 feet per minute in the plane of
      the spray pattern and spraying is continued until the desired blue color
      is observed on the filter pad. Again, the quantity sprayed is determined
      and the spray drift from the selected portion of the spray pattern is
      determined. Spray drift is calculated as in procedure A.
DETD
PAR  Spray drift reduction is determined for both procedure A and B by repeating
      the corresponding solution example without adding the polyoxyethylene and
      comparing the results. Reproducibility of the spray drift reduction
      results are + or - 3%.
PAC  EXAMPLE 1
PAR  This example shows the effect of molecular weight of the polyoxyethylene in
      reducing spray drift.
PAR  Seven concentrated methomyl solutions are prepared by dissolving 25 parts
      by weight of technical methomyl in 67.5 parts by weight of methanol and
      7.5 parts by weight of water. The pH of the solution is adjusted to 5.1
      with 85% phosphoric acid. The solution is divided into seven approximately
      equal portions to which is added 0.9% by weight of the FD&C Blue No. 1
      dye.
PAR  Into six of these concentrated solutions is dissolved 0.5 parts by weight
      of a Polyox polyoxyethylene polymer as indicated in the accompanying table
      obtained from Union Carbide Corporation, 270 Park Avenue, New York, N. Y.
      10017. The remaining portion contains no polyoxyethylene.
TBL  ______________________________________                                    

             Polyoxyethylene                                                   

               Commercial        Weight Average                                

     Solution  Designation       Molecular Weight                              

     ______________________________________                                    

     A         Polyox N-10       100,000                                       

     B         Polyox N-750      300,000                                       

     C         Polyox 1105       900,000                                       

     D         Polyox 301        4,000,000                                     

     E         Polyox Coagulant  5,000,000                                     

     F         Polyox FRA        &gt;6,000,000                                    

     G         None                                                            

     ______________________________________                                    

                                 --                                            

PAR  The solutions are diluted to spray concentration by diluting each with 9
      parts by weight of water to 1 part by weight of the concentrate. Each
      solution then contains 0.05% of polyoxyethylene spray drift agent drift
      reduction is determined using Procedure A.
TBL  ______________________________________                                    

                   Drift         Drift Reduction                               

     Dilute Solution                                                           

                   Wt. Percent   Percent                                       

     ______________________________________                                    

     G             70            0                                             

     A             71            0                                             

     B             55            22                                            

     C             35            50                                            

     D             8             89                                            

     E             8             89                                            

     F             7             90                                            

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  This example shows the effect on spray drift when spraying using an
      agricultural spray nozzle under normal spraying conditions. This example
      follows procedure B, modified as indicated below.
PAR  Solutions are sprayed through a 80015E Tee-Jet nozzle. The nozzle is
      mounted 10 inches above the center of the upper 10 inch horizontal edge of
      the filter pad and 9 inches horizontal distance from the 10 inch by 20
      inch front face of the filter pad. Concentrated solutions containing
      polyoxyethylene are prepared as follows:
TBL  Solution    A        B        C       D                                   

     ______________________________________                                    

     Acetone, g  313.8    312.50   314.8   314.51                              

     Water, g    34.9     34.72    35.0    34.9                                

     Polyox 301, g                                                             

                 1.40     2.80     0.28    0.56                                

     Weight Percent                                                            

     of Polyoxyethylene                                                        

                 0.40     0.80     0.08    0.16                                

     ______________________________________                                    

PAR  The solutions are diluted to desired spray concentration by adding
      appropriate amounts of water containing 0.10 percent of the No. 1 dye:
TBL  Dilute                                                                    

     Solution  E   F    G    H    I    J     K    M    L                       

     Conc. Solution                                                            

               None                                                            

                   A    B    C    D    A     B    D    C                       

     Conc.                                                                     

     Solution, g                                                               

               None                                                            

                   5    5    25   25   25    25   5    5                       

     Dyed Diluent, g                                                           

               200 195  195  175  175  175   175  195  195                     

     Dye Conc., wt. %                                                          

               0.1 0.0975                                                      

                        0.0975                                                 

                             0.0875                                            

                                  0.0875                                       

                                       0.0875                                  

                                             0.0875                            

                                                  0.0975                       

                                                       0.0975                  

     Polyoxyethylene,                                                          

     wt. %     0.0 0.01 0.02 0.01 0.02 0.08  0.16 0.004                        

                                                       0.002                   

     Spray Drift,                      could                                   

     wt %      7   1.3  0.4  1.2  0.7  not spray  2.7  4.7                     

     Spray Drift                                                               

     Reduction, %                                                              

               0   81   94   83   90   --    --   62   34                      

PAR  The diluted solutions are sprayed through the agricultural spray nozzle at
      40 PSI gauge at the nozzle. About 10% of the total fan spray is used for
      the drift measurement.
PAR  The effectiveness of the high molecular weight polyoxyethylene in reducing
      spray drift, even at very low concentration of 0.002 weight percent (20
      PPM) is apparent.
PAC  EXAMPLE 3
PAR  Liquid methomyl concentrate compositions containing solvent, methomyl and
      Polyox 301 polyoxyethylene are prepared by dissolving the methomyl in the
      solvent to form a clear solution. To this solution is added slowly 0.5
      percent by weight of the polyoxyethylene with vigorous stirring. solution
      rate is enhanced by heating to 45.degree.C while stirring. The solutions
      are allowed to cool to room temperature and solution quality is observed.
      A portion of each solution is transfered to a small vial and sealed. The
      vial of each of the solutions is cooled to 32.degree.F (0.degree.C) and
      after several hours at that temperature the solution quality is again
      observed. Finally, the cooled solutions are allowed to warm to room
      temperature. Solution quality is observed. The following results were
      obtained (all components of the solutions are given in parts by weight of
      the solution and all solutions contain 0.5 percent by weight Polyox 301
      polyoxyethylene).
TBL  __________________________________________________________________________

                                Solution Quality                               

     Solution                                                                  

          Methomyl                    At                                       

               Solvent      As        Room                                     

     Content   Composition                                                     

                       Content                                                 

                            Made                                               

                                At 32.degree.F                                 

                                      Temperature                              

     __________________________________________________________________________

     1.   20   Methanol                                                        

                       80   Clear                                              

                                Cloudy                                         

                                      Clear                                    

     2.   20   Methanol                                                        

                       70   Clear                                              

                                Clear Clear                                    

               Water   10                                                      

     3.   20   Cyclohexanone                                                   

                       80   Clear                                              

                                Clear Clear                                    

     4.   20   Acetone 70                                                      

               Water   10   Clear                                              

                                Clear Clear                                    

     5.   20   Methyl Ethyl                                                    

               Ketone  70   Clear                                              

                                Clear Clear                                    

               Water   10                                                      

                                Soft                                           

     6.   20   Cyclohexanol                                                    

                       70   Clear                                              

                                Gel   Clear                                    

               Water   10                                                      

     7.   20   Cyclohexanol                                                    

                       40                                                      

               Cyclohexanone                                                   

                       40   Clear                                              

                                Hazy  Clear                                    

     8.   20   Cyclohexanol                                                    

                       35   Clear                                              

                                Hazy  Clear                                    

               Cyclohexanone                                                   

                       35                                                      

               Water   10                                                      

     9.   29   Cyclohexanone                                                   

                       42   Clear                                              

                                Cloudy                                         

                                      Clear                                    

               Methanol                                                        

                       8                                                       

               Water   21                                                      

     10.  24   Methanol                                                        

                       68.4 Clear                                              

                                Clear Clear                                    

               Water   7.6                                                     

     11.  23   Cyclohexanol                                                    

                       6.9  Clear                                              

                                Clear Clear                                    

               Cyclohexanone                                                   

                       39.3                                                    

               Methanol                                                        

                       11.6                                                    

               Coater  19.3                                                    

     __________________________________________________________________________

PAR  The concentrated solutions are diluted with 49 parts by weight of water to
      1 part by weight of the concentrate, and 0.1% by weight of the FD&C No. 1
      blue dye is dissolved in each. A solution equivalent to solution 9
      containing no polyoxyethylene is also prepared and diluted in a like
      manner and 0.1% dye dissolved in the dilute solution. This solution is
      designated 12.
PAR  Spray drift for each of the dilute solutions is determined as in Example 2
      and determined to be:
TBL  Dilute     Spray Drift      Drift Reduction                               

     Solution   Weight Percent   Percent                                       

     ______________________________________                                    

     1          1.42             80                                            

     2          1.28             82                                            

     3          1.21             83                                            

     4          1.35             81                                            

     5          1.42             80                                            

     6          1.35             81                                            

     7          1.21             83                                            

     8          1.35             81                                            

     9          1.28             82                                            

     10         1.35             81                                            

     11         1.42             80                                            

     12         7.10             0                                             

     ______________________________________                                    

CLMS
STM  I claim:
NUM  1.
PAR  1. A single-phase liquid methomyl composition consisting essentially of 15
      to 40 percent by weight of methomyl; 0.03 to 1.5 percent by weight of
      polyoxyethylene having a molecular weight of one million to 7 million; 0
      to 50% by weight of water; and a solvent selected from the group
      consisting of methanol, acetone, cyclohexanone, and cyclohexanol.
NUM  2.
PAR  2. The composition of claim 1 wherein the polyoxyethylene is 0.1 to 1% by
      weight of the composition.
NUM  3.
PAR  3. A liquid methomyl composition consisting essentially of 0.1 to 1% by
      weight polyoxyethylene having a molecular weight of from 1 million to 7
      million; 20 to 35% by weight methomyl; 5 to 40% by weight water; and a
      solvent selected from the group consisting of methanol, mixtures of
      methanol and cyclohexanone and mixtures of cyclohexanone, cyclohexanol and
      methanol.
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ABST
PAL  This invention relates to the production of saccharase inhibitors in which
      a polysaccharidic or oligosaccharidic amylase inhibitor is hydrolytically
      degraded either enzymatically or by acid hydrolysis. The invention also
      relates to the use of said saccharase inhibitors in pharmaceutically
      acceptable therapeutic compositions in the treatment of conditions
      indicating adiposity, hyperlipaemia (atherosclerosis), diabetes,
      pre-diabetes, caries and the like.
PARN
PAR  This is a division of application Ser. No. 336,720, filed Feb. 28, 1973,
      now U.S. Pat. No. 3,879,546.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Polysaccharidic or oligosaccharidic amylase inhibitors which are the
      starting materials employed in the instant invention are formed from
      actinomycetes. These inhibitors are formed by microorganisms of the order
      Actinomycetales, especially by those of the family of Streptomycetaceae,
      Thermoactinomycetaceae, Micromonosporaceae, Nocardiaceae and above all
      those of the family Actinoplanaceae. They are also formed to a
      particularly high degree by strains of the genera Actinoplanes,
      Ampullariella, Streptosporangium, Streptomyces, Chainia, Pilimelia,
      Planomonospora, and Actinobifida.
PAR  The polysaccharidic or oligosaccharidic amylase inhibitors are generally
      prepared by culturing a microbe of the order Actinomycetales and
      extracting the inhibitor from the resultant culture.
PAR  The preferred microorganisms are preferably of the family Streptomycetaceae
      or Actinoplanaceae. Particularly preferred microorganisms are strains of
      Actinoplanaceae, CBS 961.70, 615.71, 614.71, and 957.70.
PAR  Strains of the order Actinomycetales, especially those of the families
      Streptomycetaceae and Actinoplanaceae, are isolated in a known manner from
      samples of soil or strains of the order bought from culture collections.
      Culture flasks containing nutrient solutions which permit the growth of
      these strains are inoculated with inoculum of these strains. For example,
      the glycerine-glycine nutrient solution according to von Plotho, of
      composition 2% glycerine, 0.25% glycine, 0.1% NaCl, 0.1% K.sub.2 HPO.sub.4
      0.01% FeSO.sub.4 . 7 H.sub.2 O, 0.01% MgSO.sub.4 . 7 H.sub.2 O and 0.1%
      CaCO.sub.3 can be used. For more rapid growth, it is advisable also to add
      to such a nutrient solution complex sources of carbon, such as, for
      example, corn-steep liquor or soya flour or yeast extract or protein
      hydrolysates, for example NZ-amines, or mixtures of these substances. In
      these cases, the pH value of the solution must be adjusted. An initial pH
      of the nutrient solution of between 6.0 and 8.0, especially between 6.5
      and 7.5, is preferred.
PAR  The glycerine of the nutrient solution can also be replaced by other
      sources of carbon, such as, for example, glucose or sucrose or starch or
      mixtures of these substances. Instead of glycine, it is also possible to
      use other sources of nitrogen, such as, for example, yeast extract, soya
      flour, NZ-amines, pharmamedia and others. The concentrations of the
      sources of carbon and nitrogen, and also the concentrations of the salts,
      can vary within wide limits. FeSO.sub.4, CaCO.sub.3 and MgSO.sub.4 can
      also be entirely absent. 100-200 ml, for example, of the nutrient solution
      are introduced into 1 liter Erlenmeyer flasks, sterilized in a known
      manner and inoculated with the strain to be investigated, and the flask is
      incubated on shaking machines at 15.degree.14 60.degree.C., preferably at
      24.degree.-50.degree.C. If the culture shows growth, which generally takes
      place after 1-10 days, and in most cases after 3-5 days, a sample of, for
      example, 5 ml is taken and tested.
PAC  RELATIONSHIP TO COPENDING APPLICATIONS
PAR  Polysaccharidic or oligosaccharidic amylase inhibitors which can be used as
      starting materials for the instant invention are disclosed in U.S. Pat.
      No. 3,876,766.
PAR  Additional polysaccharidic or oligosaccharidic amylase inhibitors are
      disclosed in U.S. Pat. No. 3,855,066.
PAC  THE PRESENT INVENTION
PAR  Although polysaccharides or oligosaccharides or derivatives thereof are
      highly potent amylase inhibitors, they are only medium-strength or weak
      saccharase inhibitors. It has now been found that these materials can be
      converted into potent saccharase inhibitors by subjecting them to
      hydrolytic degradation. By the process of this invention their
      saccharase-inhibiting activity is greatly enhanced while a concurrent
      diminution of their amylase-inhibiting activity takes place so that the
      former predominates.
PAR  It is to be understood that in the specification and claims, the term
      "amylase inhibitor" refers to a substance for which the quotient (f) in
      the following formula is greater than 0.1
      ##EQU1##
      where SIU is equal to a saccharase inhibiting unit and AIU is equal to an
      amylase inhibiting unit.
PAR  The experimental methods for determining SIU and AIU, as well as the
      definitions thereof will now be described.
PAL  Amylase test
PAR  one amylase inhibitor unit (1 AIU) is defined as the amount of inhibitor
      which inhibits two amylase units to the extent of 50%. One amylase unit
      (AU) is the amount of enzyme which in 1 minute under the test conditions
      indicated below splits 1 .mu. equivalent of glucosidic bonds in starch.
      The .mu. equivalent of split bonds are determined colorimetrically with
      dinitrosalicylic acid as .mu. equivalent of reducing sugar formed and are
      quoted, with the aid of a maltose calibration curve, as .mu. equivalent
      maltose equivalents. To carry out the test, 0.1 ml of amylase solution
      (20-22 AU/ml) is mixed with 0 - 10 .mu. g of inhibitor or 0 - 20 .mu.l of
      the solution to be tested in 0.4 ml of 0.02 M sodium glycerophosphate
      buffer/0.001 M CaCl.sub.2, pH 6.9, and equilibrated in a water bath at
      35.degree.C for about 10-20 minutes. It is then incubated for 5 minutes at
      35.degree. C with 0.5 ml of a 1% strength starch solution (soluble starch
      of Messrs. Merck, Darmstadt, No. 1252) which has been prewarmed to
      35.degree.C, and is thereafter treated with 1 ml of dinitrosalicylic acid
      reagent (according to P. Bernfeld in Colowick-Kaplan, Meth. Enzymol.,
      Volume 1, page 149). To develop the color, the batch is heated for five
      minutes on a boiling water bath and then cooled and treated with 10 ml of
      distilled water. The extinction at 540 nm is measured against a
      correspondingly made-up blank without amylase. For evaluation, the amylase
      activity which is still active after addition of inhibitor is read from a
      previously recorded amylase calibration curve, and the percentage
      inhibition of the amylase employed is calculated therefrom. The percentage
      inhibition is plotted as a function of the quotient:
TBL             .mu.g of inhibitor*                                            

                AU**                                                           

      *relative to dry substance                                               

      **AU in the non-inhibited batch of the same series and the 50% inhibition

      point is read from the curve and converted to AIU/mg of inhibitor.       

PAL  Saccharase test
PAR  one saccharase inhibitor unit (SIU) is defined as the amount of inhibitor
      which inhibits two saccharase units to the extent of 50%. One saccharase
      unit (SU) is the amount of enzyme which in one minute, under the test
      conditions indicated below, splits 1 .mu. mol of saccharose into glucose
      and fructose. The .mu. mol of glucose formed is determined quantitatively
      by means of the glucose oxidase reaction under conditions under which a
      further splitting of the saccharose by the saccharase no longer takes
      place. To carry out the test, 0.05 ml of a saccharase solution.sup.1
      adjusted to 0.12 SU is mixed with 0 - 20 .mu.g of inhibitor or 0 - 20
      .mu.l of the solution to be tested and made up to 0.1 ml with 0.1 M sodium
      maleate buffer of pH 6.0. The mixture is equilibrated for 10 minutes at
      35.degree.C and 0.1 ml of an 0.05 M saccharose solution in 0.1 M sodium
      maleate buffer of pH  6.0, which has been prewarmed to 35.degree.C, is
      then added. The mixture is incubated for 20 minutes at 35.degree.C and the
      saccharase reaction is stopped by adding 1 ml of glucose oxidase
      reagent.sup.2 and incubated for a further 30 minutes at 35.degree.C.
      Thereafter, 1 ml of 50% strength H.sub.2 SO.sub.4 is added and the mixture
      is measured at 545 nm against a corresponding blank. For evaluation, the
      percentage inhibition of the saccharase employed is calculated and
      converted, from the 50% inhibition point with the aid of a glucose
      calibration curve, to SIU/g or SIU/liter.
FNT  1. Solubilized saccharase from the mucous membrane of the small intestine
      of pigs according to B. Borgstrom and A. Dahlquist, Acta Chen. Scand. 12,
      (1958), page 1997. Diluted to an appropriate SU content with 0.1 M sodium
      maleate buffer at pH 6.0.
FNT  2. The glucose oxidase reagent is prepared by dissolving 2 mg of glucose
      oxidase (Messrs. Boehringer, No. 15,423 EGAB) in 100 ml of 0.565 M
      tris-HCl-buffer of pH 7.0 and subsequently adding 1 ml of detergent
      solution (2 g of Triton X 100 + 8 g of 95% ethanol, analytical grade), 1
      ml of dianisidine solution (260 mg of odianisidine .2 HCl in 20 ml of
      H.sub.2 O) and 0.5 ml of 0.1% strength aqueous peroxidase solution
      (Messrs. Boehringer, No. 15,302 EPAP).
PAR  The conversion of the amylase inhibitors into saccharase inhibitors by
      hydrolytic degradation according to the invention involves splitting-off
      non-inhibiting molecular fragments (mostly monosaccharides, disaccharides
      or trisaccharides) from the inhibitor molecules.
PAR  As stated above this splitting-off of non-inhibiting molecule fragments is
      preferably effected either by enzymatichydrolytic or by
      chemical-hydrolytic splitting; preferably, acid hydrolysis at high
      temperatures is employed. Such hydrolysis is according to the invention
      generally carried out as follows. A 1 - 40% strength, preferably 2-20%
      strength, solution of the above-mentioned amylase inhibitor is hydrolyzed
      in 0.1 - 5 N, preferably 0.5 - 2N, Mineral acid, preferably HCl or H.sub.2
      SO.sub.4, for 0.1 - 6 hours, preferably for 0.5 - 4 hours, at 60.degree.-
      110.degree.C, preferably 80.degree.- 100.degree.C.
PAR  As the hydrolysis proceeds, a steep drop in the amylase-inhibiting activity
      of the solution is observed, with a simultaneous steep rise and subsequent
      linear drop of the saccharase-inhibiting activity of the solutions. The
      quotient
      ##EQU2##
      rises correspondingly steeply with increasing duration of hydrolysis. This
      is illustrated in FIG. 1, which shows the time course of the amylase
      inhibitor content (1), saccharase inhibitor content (2) and the quotient f
      (3) of a 2% strength solution of the amylase inhibitor from the Strain CBS
      961.70 on hydrolysis in 0.5 N HCl at 100.degree.C over the course of 0 -
      100 minutes. The time in minutes is plotted on the - x-axis, AIU .times.
      10.sup.6 per liter is plotted on the y.sub.1 axis, SIU .times. 10.sup.3
      per liter is plotted on the y.sub.2 axis and the quotient f is plotted on
      the y.sub.3 axis.
PAR  High acid concentration, low concentration of the inhibitor in the solution
      and high temperature cause a particularly strong rise of the f-value, that
      is to say a particularly strong displacement of the saccharase/amylase
      inhibition relation towards saccharase-inhibition. FIGS. 2 and 3 show the
      time course of the saccharase/amylase inhibition relation against the
      hydrolysis time under various hydrolysis conditions. In both FIGS. 2 and 3
      the x-axis shows the time in minutes and the y-axis shows the quotient f.
PAR  FIG. 2 shows the course of the hydrolysis at 100.degree.C.
TBL  __________________________________________________________________________

     Curve 1                                                                   

           1 N HCl                                                             

                  20 mg/ml,                                                    

                         Curve 4                                               

                               0.75                                            

                                   N HCl                                       

                                        200 mg/ml,                             

     Curve 2                                                                   

           1 N HCl                                                             

                  200 mg/ml,                                                   

                         Curve 5                                               

                               0.5 N HCl                                       

                                         20 mg/ml,                             

     Curve 3                                                                   

           0.75 N HCl                                                          

                  20 mg/ml,                                                    

                         Curve 6                                               

                               0.5 N HCl                                       

                                        200 mg/ml,                             

     __________________________________________________________________________

PAR  FIG. 3 shows the influence of the acid concentration and hydrolysis
      temperature on the SIU/AIU ratio. C = 20 mg of amylase inhibitor from
      Strain CBS 961.70 ml of acid (HCl).
TBL  ______________________________________                                    

     Curve 1 2 N 90.degree.C                                                   

                        Curve 5   0.5 N 90.degree.C                            

     Curve 2 2 N 80.degree.C                                                   

                        Curve 6    2 N 70.degree.C 0.5 80.degree.C             

     Curve 3 1 N 90.degree.C                                                   

                        Curve 7    2 N 60.degree.C                             

     Curve 4 1 N 80.degree.C                                                   

                        Curve 8    1 N 70.degree.C                             

     ______________________________________                                    

PAR  The saccharase-inhibiting principle from the hydrolysate produced in the
      process of the invention is best isolated by adsorption on active charcoal
      after prior neutralization of the hydrolysate, and subsequent fractional
      desorption of the inhibitor from the charcoal with aqueous alcohols or
      aqueous acetone. If the hydrolysate is very dark in color, it can be
      decolorized with active charcoal before the adsorption of the saccharase
      inhibitor on the charcoal at acid pH values (pH 1 - 3).
PAR  Using the process of the invention samples of saccharase inhibitor having
      activities up to 15,000 SIU/gram have been produced.
PAR  The hydrolytic degradation according to the invention can also take place
      enzymatically, for which beta-amylase is particularly suitable.
PAR  It is known that in animals and man, after intake of foodstuffs and
      beverages containing saccharose, hyperglycaemias arise which are brought
      about as a result of a rapid splitting of the saccharose by saccharases of
      the digestive tract according to the following equation:
      ##EQU3##
      These hyperglycaemias are particularly strong and of long-lasting
      pronounced character in the case of diabetics. In the case of adipose
      subjects the alimentary hyperglycaemia frequently causes a particularly
      intense insulin secretion which in turn leads to increased synthesis and
      decreased degradation of fat.
PAR  The saccharase inhibitors which have been obtained and isolated in
      accordance with the above methods, according to the invention, reduce the
      alimentary hyperglycaemia and hyperinsulinaemia of rats, after treatment
      with saccharose, considerably.
PAR  It is furthermore known that caries occurs particularly strongly and
      frequently after consumption of beverages and food-stuffs containing
      saccharose (for example, W. Gold: Advances in Applied Microbiology 11,
      (1969) 135 - 157). An inhibition of the splitting of saccharose by the
      inhibitor according to the invention reduces the formation of cariogenic
      substances in the mouth cavity.
PAR  The inhibitors according to the invention are therefore suitable for use as
      a therapeutic agent for the following indications: adiposity,
      hyperlipaemia (atherosclerosis), diabetes, pre-diabetes and caries.
PAR  The present invention therefore also includes a pharmaceutical composition
      containing as an active ingredient the saccharase inhibitor produced by
      the method of this invention, in admixture with a solid or semi-liquid
      diluent.
PAR  Examples of such diluents include: (a) fillers and extenders, e.g. starch,
      sugars, mannitol, and silicic acid; (b) binding agents, e.g. carboxymethyl
      cellulose and other cellulose derivatives, alginates, gelatine and
      polyvinyl pyrrolidone; (c) moisturizing agents, e.g. glycerol; (d)
      disintegrating agents, e.g. agar-agar, calcium carbonate and sodium
      bicarbonate (e) agents for retarding dissolution, e.g. paraffin; (f)
      resorption accelerators, e.g. quaternary ammonium compounds; (g) surface
      active agents, e.g. cetyl alcohol, glycerol monostearate; (h) adsorptive
      carriers, e.g. kaolin and bentonite; (i) lubricants, e.g. talc, calcium
      and magnesium stearate and solid polyethylene glycols.
PAR  The inhibitor may also be added to foodstuffs and beverages containing
      saccharose.
PAR  Particular examples of the pharmaceutical compositions of this invention
      are suspensions, granules, chewing gum, toothpaste, mouthwash, foodstuffs
      and beverages containing the saccharase inhibitor.
PAR  The saccharase inhibitor produced by the method of this invention is
      generally to be administered orally in amounts of 100-10000 SIU/kg body
      weight per therapeutic administration, which will be once or several times
      daily before, during or after meals.
PAR  The invention further provides medicaments in dosage unit form containing
      saccharase inhibitor produced by the method of the invention.
PAR  The term "medicament in dosage unit form" as used here means physically
      discrete coherent portions suitable for medical administration, each
      containing a predetermined individual quantity of the inhibitor, the said
      quantity being such that one portion is required for a single therapeutic
      administration in accordance with guidelines set forth above. Examples of
      such medicaments in dosage unit form according to the invention are
      tablets, dragees, capsules, sticks of chewing gum and ampoules containing
      the inhibitor.
DETD
PAR  Throughout this specification the abbreviation "CBS" refers to microbial
      strains that have been deposited at the Centraalbureau voor
      Schimmelcultures, Baarn, Netherlands, under the stated accession number.
PAC  EXAMPLE 1
PAR  5 g of the amylase inhibitor from the Actinoplanaceae Strain CBS No. 961.70
      containing 10 .times. 10.sup.6 AIU/g and 220 SIU/g were dissolved in 50 ml
      of 0.05 M Na acetate buffer of pH 4.5, 25 mg of beta-amylase from barley
      were added and the mixture was incubated at 35.degree.C. The splitting was
      complete after 3 hours. The incubation batch was directly added dropwise
      to 450 ml of dry spirit while stirring and the white flocculent
      precipitate was filtered off, washed twice with ethanol and twice with
      ether and dried in vacuo. Yield: 2.5 g containing 4.6 .times. 10.sup.6
      AIU/g and 700 SIU/g.
PAC  EXAMPLE 2
PAR  100 g of the amylase inhibitor from Stain CBS 961.70 were dissolved in 500
      ml of 2 N H.sub.2 SO.sub.4 and hydrolyzed for 4 hours at 100.degree.C.
      After cooling, the black-brown solution was adjusted to pH 2.0 with 10 N
      KOH and was decolorized by treating it twice with 4 g of active charcoal
      at a time and in each case stirring for about 10 minutes and filtering
      off. The charcoal was discarded and the light yellow-colored filtrate was
      neutralized with 10 N KOH (pH 6.6). 20 g of active charcoal were added to
      adsorb the inhibiting fragments on the charcoal. After stirring for 10
      minutes the mixture was filtered and the filtrate was again adsorbed on 10
      g of active charcoal. The charcoal residues were combined and the filtrate
      was discarded. To remove residual salts and glucose, the combined charcoal
      residues were washed on the filter with 2 liters of distilled water and 2
      liters of 2.5% strength ethanol and were subsequently desorbed three
      times, in each case with 750 ml of 10% strength ethanol and then 15%
      strength ethanol. For desorption, the mixture was in each case stirred for
      10 minutes and the charcoal was then filtered off and treated with fresh
      desorption agent. The corresponding filtrates from the 10% and 15%
      desorption were combined, concentrated to approximately 20 ml on a rotary
      evaporator and subsequently lyophilized. Yield: approximately 2 g of the
      10% fraction and  1.2 g of the 15% fraction. Specific activity: 10%
      fraction 9,000 SIU/g; 0.2 .times. 10.sup.6 AIU/g; 15% fraction 15,000
      SIU/g; 0.5 .times. 10.sup.6 AIU/g.
PAC  EXAMPLE 3
PAR  200 mg of an amylase inhibitor (6 .times. 10.sup.6 AIU/g, 160 SIU/g)
      produced by the Actinoplanaceae Strain CBS 615.71 were dissolved in 10 ml
      of 0.75 N HCl. The starting solution had an activity of 120 .times.
      10.sup.6 AIU/liter with 3,200 SIU/liter. This solution was incubated in a
      water bath at 100.degree.C for 30 minutes and then cooled and tested. The
      content of amylase inhibitor in the hydrolysate thus obtained was 8
      .times. 10.sup.6 AIU/liter and the content of saccharase inhibitor was
      21,000 SIU/liter.
PAC  EXAMPLE 4
PAR  200 mg of an amylase inhibitor (4 .times. 10.sup.6 AIU/g, 310 SIU/g)
      produced by the Actinoplanaceae Strain CBS 957.70 were dissolved in 10 ml
      of 0.75 N HCl. The starting solution had an activity of 80 .times.
      10.sup.6 AIU liter and 6,200 SIU/liter. This solution was incubated for 30
      minutes in a water bath at 100.degree.C and then cooled and tested. The
      content of amylase inhibitor in the hydrolysate thus obtained was 10
      .times. 10.sup.6 AIU/liter and the content of saccharase inhibitor was
      28,000 SIU/liter.
PAC  EXAMPLE 5
PAR  (Experimental arrangement for demonstrating the action of the active
      substance from Example 2 on rats in the saccharose exposure test)
PAR  To produce a hyperglycaemia and hyperinsulinaemia after feeding with
      carbohydrate, rats (n = 6) receive 2.5 g/kg of saccharose as an orally
      administered solution. The active substance mentioned is administered
      orally, additionally to the saccharose, to an equal number of rats in
      order to weaken the hyperglycaemia and hyperinsulinaemia. The blood
      glucose and serum insulin are determined at the indicated time intervals
      after exposure to carbohydrate. Reducing carbohydrates are determined in
      an auto-analyzer [Technicon, according to Hoffman: J. biol. Chem. 120, 51
      (1937)] and the insulin is determined according to Hales and Randle
      [Biochem. J. 88, 137, (1963)]. Blood is taken from the retro-orbital
      venous plexus of the rats.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

              Blood glucose Serum insulin                                      

     __________________________________________________________________________

     Dose/kg    10    20 min.                                                  

                              10    20 min.                                    

     Control without                                                           

     saccharose                                                                

               79 .+-. 5.9                                                     

                      79 .+-. 4.8                                              

                            17 .+-. 11.0                                       

                                    9 .+-. 7.3                                 

     Control with                                                              

     saccharose                                                                

              142 .+-. 20                                                      

                     148 .+-. 17                                               

                            31 .+-. 14.2                                       

                                   39 .+-. 13.2                                

     Saccharose +                                                              

     100 SIU   95 .+-. 5.3.sup.1                                               

                      94 .+-. 6.3.sup.1                                        

                             8 .+-.  5.7.sup.2                                 

                                    7 .+-.  2.8.sup.1                          

     Saccharose +                                                              

     1,000 SIU                                                                 

               83 .+-. 5.2.sup.1                                               

                      85 .+-. 7.6.sup.1                                        

                            11 .+-.  6.0.sup.3                                 

                                    8 .+-.  5.4.sup. 1                         

     __________________________________________________________________________

      .sup.1 P &lt;0.001 against saccharose control                               

      .sup.2 P &lt;0.01 against saccharose control                                

      .sup.3 P &lt;0.05 against saccharose control                                

PAR  In the above table, blood glucose in mg % (average value .+-. 1s) and serum
      insulin in U/ml (average value .+-. 1s) of fasting rats at various times
      (expressed in minutes) after oral administration of saccharose .+-. active
      substance from Example 2, 15% fraction.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pharmaceutical composition comprising as an active ingredient a
      therapeutically effective quantity of a saccharase inhibitor mixed with a
      pharmaceutical diluent, wherein said saccharase inhibitor is produced by a
      process which comprises subjecting to hydrolytic degradation a
      polysaccharidic or oligosaccharidic amylase inhibitor derived from
      microorganisms of the order Actinomycetales.
NUM  2.
PAR  2. A pharmaceutical composition in accordance with claim 1 wherein said
      amylase inhibitor is produced microbiologically from Actinoplanaceae.
NUM  3.
PAR  3. A pharmaceutical composition in accordance with claim 1 wherein said
      amylase inhibitor is produced microbiologically from Strain CBS 961.70.
NUM  4.
PAR  4. A pharmaceutical composition in accordance with claim 1 wherein said
      amylase inhibitor is produced microbiologically from Strain CBS 615.71.
NUM  5.
PAR  5. A pharmaceutical composition in accordance with claim 1 wherein said
      amylase inhibitor is produced microbiologically from Strain CBS 614.71.
NUM  6.
PAR  6. A pharmaceutical composition in accordance with claim 1 wherein said
      amylase inhibitor is produced microbiologically from Strain CBS 957.70.
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ABST
PAL  Method of removing metabolic waste products from a warm-blooded animal by
      orally administering a composition of a non-toxic surfactant and
      pharmaceutically acceptable sorbents.
PAL  The compositions are useful in treating chronic and acute uremia, hepatic
      failure due to cirrhosis or other causes, acute renal failure such as from
      drug poisonings and other conditions requiring removal of toxic substances
      in which oral drug administration is feasible.
BSUM
PAC  DESCRIPTION OF THE INVENTION
PAR  This invention, broadly speaking, is a method of removing metabolic wastes
      and toxic substances from warm-blooded animals by orally administering
      compositions containing a non-toxic surfactant in association with one or
      more pharmaceutically acceptable sorbents.
PAR  It is a well known fact that the presence of large amounts of toxins or
      toxic substances in the blood stream, both endogenously or exogenously
      generated, is a threat to the life of the host. The presence of toxic
      substances is often due to infections, poisoning, partial or total kidney
      failure and generally debility of the host. In extremely severe cases, the
      use of hemodialysis machines is necessary to perform the function of
      clearing the blood stream of toxin and toxic substances when the kidneys
      are for some reason unable to perform this function. Any method of
      removing toxins or toxic substances from the blood stream is desirable and
      aids the kidneys in this respect, and is an aid to the kidneys even though
      it may not eliminate the use of hemodialysis equipment.
PAR  This invention is useful in the treatment of all degrees of renal failure.
      Although it may not be capable of totally replacing hemodialysis in every
      case, it can significantly lengthen the interdialytic period. This would
      greatly reduce the cost of treatment of the patient, increase the comfort
      of the patient, reduce the risks involved in dialysis, and markedly
      increase the capacity of dialysis centers so more patients could be
      treated. The oral treatment described in this invention could also
      conceivably serve as the sole method of treatment in milder cases of renal
      failure, providing relief to patients that were previously untreated, and
      permit long term survival without dialysis.
PAR  We have now found that a mixture of surfactants and sorbents used orally in
      the treatment of uremia or hepatic failure offers advantages of lower
      cost, greater ease and less discomfort over the classical hemodialysis
      treatment. The present invention increases the feasibility for successful
      oral treatment by increasing the rate of movement of toxins into the
      intestine by the presence of a surfactant and thus, since the toxin
      concentration is greater, quicker and greater availability of the toxin to
      a sorbent is available. This results in an increased quantity and rate of
      uptake of toxin by the sorbent.
PAR  The present invention consists in a combination of a surfactant and a
      sorbent to be administered orally to a warm-blooded animal with uremia or
      hepatic disease. Uremia is generally the condition resulting from the
      inability of the kidneys to remove toxic substances from the blood. Liver
      disease can result in a dangerous rise in the level of ammonia and other
      toxins and is frequently accompanied by kidney failure.
PAR  While applicants do not wish to be bound by any theory, it is believed that
      the surfactant enhances the permeability of the intestines to uremic
      toxins and once the toxins have entered the intestines to trap them there
      with the sorbent. The toxins will then be excreted in the feces and their
      levels in the blood and body tissues diminished, and hence, their toxic
      liability decreased.
PAR  It is known to use oxystarch in the removal of urea and ammonia from the
      gut (Carmello Giordano, et al. "Trapping of Urea and Ammonia in the Gut of
      Uremic Patients," Advances in Nephrology, Vol. 2 1972, Yearbook Medical
      Publishers). We have found this method can be improved by also having
      present an exogenous non-toxic surfactant such as dioctylsodium
      sulfosuccinate or N-lauryl -.beta.-aminopropionic acid.
PAR  The preferred embodiment of our invention is a composition containing an
      exogenous non-toxic surfactant such as dioctylsodiumsulfosuccinate and a
      high molecular weight sorbent such as those of the group of activated
      carbons including Darco S-51 or G-16, Pittsburg SGL, Columbia LC, Norit A
      Norit USP XVIII, Barnebey Cheney XH-2 or Nuchar C-190-N, Polyaldehydes
      such as oxystarch, periodate oxidized amylose, periodate oxidized
      cellulose (oxycellulose), periodate oxidized microcrystalline cellulose,
      periodate oxidized cotton, periodate oxidized dextran, periodate oxidized
      dextrin, periodate oxidized polygalacturonic acid, periodate oxidized
      pectin, periodate oxidized pectinic acid, periodate oxidized agar,
      periodate oxidized guar gum, periodate oxidized alginic acid, periodate
      oxidized xylan, periodate oxidized mannosan, periodate oxidized glycogen,
      periodate oxidized carboxymethyl cellulose. The preparation of periodate
      oxidized compounds, particularly carbohydrates is described in Advances in
      Carbohydrate Chemistry, Vol. II, pages 1 to 41 (1956) by J. M. Bobbitt.
      Other compounds found useful are polyacrolein, polymethacrolein, and
      copolymers of acrolein and methacrolein with other comonomers, cation
      exchange resins such as Dowex 50W, Amberlite IRC-50 or CG-50, Chelex 100
      or Bio-Rad AG-50W.
PAR  The terms oxystarch, dialdehyde starch and oxidized starch are often used
      interchangeably for the product of periodate oxidation of starch. Similar
      terminology is used for other polysaccharides.
PAR  The surfactants (other than those mentioned above) useful for increasing
      the serosal to mucosal movement of substances across the gut may be, for
      example, stearyl dimethylamine, sodium lauryl sulfate, sodium stearate,
      stearyl trimethylammonium chloride, cetyl trimethylammonium chloride,
      lauryl trimethylammonium chloride, cetyl pyridinium chloride,
      tetraheptylammonium chloride, polysorbate 80, stearyl dimethylamine,
      dimethylaminoethanol, tris(hydroxymethyl)aminomethane, dodecylammonium
      chloride, hexadecylamine, octadecylamine, heptylamine, triethanolamine,
      ethylenediamine, hexadecylmorpholine, ethylenediamine tetraacetic acid,
      para-aminobenzoic acid, anthranilic acid and
      N-myristyl-.beta.-aminopropionic acid and the like.
PAR  The amount of sorbent for each unit of non-toxic surfactant may vary from
      about 10 to 10,000 times the surfactant.
PAR  There may also be present in addition to the active components a
      pharmaceutically acceptable carrier. This carrier can be those ingredients
      well known to those skilled in the art in the preparation of tablets,
      powders, dispersible granules, capsules, microcapsules and cachets. The
      carrier may be one or more substances which may also act as flavoring
      agents, binders, tablet disintegrating agents or an encapsulating
      material. In the preparation of tablets the active components are mixed
      with a carrier having the necessary binding properties in suitable
      proportions and compacted in the size and shape desired. Suitable solid
      carriers are, for example, magnesium carbonate or stearate, talc, sugar,
      lactose, pectin, dextrin, starch, gelatin, tragacanth, methyl cellulose,
      ethyl cellulose, or sodium carboxymethyl cellulose, cellulose acetate
      phthalate or polyvinyl acetate phthalate.
DETD
PAC  SPECIFIC EXAMPLES
PAR  The following examples describe experiments carried out to show the
      superiority of compositions containing a surfactant and a pharmaceutically
      acceptable sorbent and compositions useful in the present invention.
      Examples 1, 2 and 5 illustrate the enhanced movement of uremic toxins from
      serosal to mucosal side of the intestine resulting from presence of
      surfactant. Examples 3 and 4 demonstrate the increased uptake of uremic
      toxins by sorbents in the gut in the presence of surfactant. The other
      examples show other aspects of the invention.
PAC  EXAMPLE 1
PAR  An experiment is carried out similar to the process described in Example 3
      hereinafter, except that the bath is made up of buffer solution containing
      urea (100 mg.%) and dioctylsodium sulfosuccinate.
TBL                TABLE I                                                     

     ______________________________________                                    

     Milligrams of urea removed from bath containing urea or                   

     urea-dioctyl sodium sulfosuccinate                                        

     ______________________________________                                    

     Time      Urea and   Urea-DSS   Urea-DSS                                  

     (minutes) No DSS*    both sides inside only                               

     ______________________________________                                    

     15        0.206      --         --                                        

     30        0.386      0.503      0.506                                     

     60        0.536      0.750      0.743                                     

     120       0.813      1.036      0.263                                     

     240       0.980      1.096      1.256                                     

     ______________________________________                                    

      *DSS is dioctyl sodium sulfosuccinate.                                   

PAR  The urea alone shows the lowest removal of urea from bath.
PAC  EXAMPLE 2
PAR  An experiment is carried out similar to the process described in Example 3
      except that the bath is made up of creatinine (4 mg.%) and 0.001% or 0.01%
      dioctyl sodium sulfosuccinate.
TBL                                    TABLE II                                

     __________________________________________________________________________

     Milligrams of Creatinine Removed from Bath                                

     __________________________________________________________________________

         No  .001%  .01% DSS,                                                  

                           .01% DSS,                                           

     Time                                                                      

         DSS DSS, only                                                         

                    sac only                                                   

                           Both Sides                                          

                                  0.01% (pre soak in sac buffer)               

     __________________________________________________________________________

     15  0.17                                                                  

             0.17   --     --     0.44                                         

     30  0.28                                                                  

             0.34   0.43   0.65   0.62                                         

     60  0.41                                                                  

             0.63   0.73   0.72   0.93                                         

     120 0.64                                                                  

             0.86   1.12   1.09   1.16                                         

     240 0.81                                                                  

             0.99   1.17   1.19   1.19                                         

     __________________________________________________________________________

      The above experiment shows that when dioctyl sodium sulfosuccinate is not

      present, the lowest results are obtained and also demonstrates the dose  

      dependent nature of the effect of DSS.                                   

PAC  EXAMPLE 3
PAR  Rats were killed by a sharp blow on the head and the abdomen was
      immediately opened and the entire small intestine removed. The intestine
      was flushed with buffer (Krebs-Henseleit buffer) and cut into segments of
      approximately 3 cm. in length. These were filled by use of a syringe and
      blunt needle after tying one end. Simultaneous withdrawal of the needle
      from the end of the segment and tightening of a ligature at that end
      resulted in the formation of sausage-like sacs of intestine with 1 ml. of
      desired medium inside. The medium in different segments consisted of (1)
      plain buffer solution, (2) buffer solution with added activated carbon (30
      g./L) and (3) buffer solution with activated carbon (30 g./L) and
      dioctyl-sodium sulfosuccinate (0.01%). The sacs were placed in an
      Erlenmeyer flask containing 2 ml. of 4 mg. percent creatinine. The flasks
      were placed in a Dubnoff incubating shaker under an atmosphere of 95%
      oxygen and 5% carbon dioxide.
PAR  The temperature of the bath was maintained at 37.degree.C. and flasks
      shaken throughout the experiment. At the end of appropriate incubation
      periods, the flasks were removed and the contents of the bath and sacs
      analysed. The following results were obtained.
TBL                TABLE III                                                   

     ______________________________________                                    

     Creatinine (mg.%) remaining in bath which at start of                     

     experiment contains 4 mg. percent                                         

     ______________________________________                                    

                                  Sac + Activated                              

     Time    Sac +    Sac + Acti- Carbon + Dioctyl                             

     (minutes)                                                                 

             buffer   vated Carbon                                             

                                  sodium sulfosuccinate                        

     ______________________________________                                    

     15      --       --          3.13                                         

     30      --       3.4         2.83                                         

     60      3.28     2.8         2.43                                         

     120     3.0      2.63        1.63                                         

     240     2.83     1.83        1.07                                         

     ______________________________________                                    

      The above results show that the sorbent and surfactant when used together

      produce the greatest amount of creatinine removal from the bath.         

PAC  EXAMPLE 4
PAR  Following the procedure described in Example 3 and substituting 20 mg. of
      ammonium hydrogen carbonate (0.1 M.) in place of creatinine in the bath,
      along with 250 mg. oxystarch in place of charcoal in the sac, the
      following results were obtained on analysis.
TBL                TABLE IV                                                    

     ______________________________________                                    

     Millimoles of Ammonia Removed From Bath Containing                        

     Ammonium Hydrogen Carbonate (0.1 M.)                                      

     ______________________________________                                    

                                Sac + oxystarch +                              

     Time    Sac +    Sac +     dioctylsodium                                  

     (minutes)                                                                 

             buffer   oxystarch sulfosuccinate (.01%)                          

     ______________________________________                                    

     15      0        0.041     0.073                                          

     30      0.058    0.088     0.146                                          

     60      0.098    0.139     0.18                                           

     120     0.104    0.248     0.346                                          

     240     0.138    0.374     0.473                                          

     ______________________________________                                    

      The above results show that the oxystarch (Sumstar 190, Miles            

      Laboratories) and dioctyl sodium sulfosuccinate when used together produc

      the greatest removal of ammonia from the bath.                           

PAC  EXAMPLE 5
PAR  Following the procedure described in Example 3 but omitting the activated
      carbon and using 0.01% N-lauryl-.beta.-amino-propionic acid or dioctyl
      sodium sulfosuccinate, the following results are obtained.
TBL                TABLE V                                                     

     ______________________________________                                    

     Creatinine (mg.%) Remaining in Bath at the Time Interval                  

     Shown                                                                     

     ______________________________________                                    

     Time     Sac +     Sac +     Sac + N-lauryl-.beta.-                       

     (minutes)                                                                 

              Buffer    DSS       aminopropionic acid                          

     ______________________________________                                    

     0        4.0       4.0       4.0                                          

     30       3.4       3.0       3.1                                          

     60       3.3       2.9       2.7                                          

     120      3.0       2.6       2.6                                          

     240      2.9       2.4       2.5                                          

     ______________________________________                                    

      The above experiment shows that when a surfactant is not present, the    

      greatest amount of creatinine remains in the bath.                       

PAC  EXAMPLE 6
PAR  Following the procedure described in Example 3 but using both oxystarch and
      activated carbon together inside the sac (at the same levels used in
      Examples 3 and 4 respectively) along with 0.01% dioctyl sodium
      sulfosuccinate, and both 4 mg. percent creatinine and 0.1M ammonium
      hydrogen carbonate in the bath, essentially the same results for removal
      of toxins from the bath are obtained using the sorbents in combination as
      in Examples 3 and 4 when the sorbents are used separately.
PAC  EXAMPLE 7
PAR  Using the procedure described in Example 4 but substituting 250 mg. of
      Amberlite CG-50 (200-400 mesh) cation exchange resin for the oxystarch
      inside the sac, results similar to those of Example 4 are obtained in
      which the amount of ammonia removed from the bath is greatest in the
      presence of both sorbent and surfactant.
PAC  EXAMPLE 8
PAR  Following the procedure described in Example 6 but substituting Amberlite
      CG-50 resin for the oxystarch, essentially the same results for removal of
      toxins from the bath are obtained using the sorbents in combination as in
      Examples 3 and 7 wherein the sorbents are used separately.
PAC  EXAMPLE 9
TBL                    Grams                                                   

     ______________________________________                                    

     Dioctylsodiumsulfo- 1.00                                                  

     succinate                                                                 

     Oxystarch           25.00                                                 

     Sucrose             25.00                                                 

     Starch              22.00                                                 

     Acacia              7.8                                                   

     Talc                3.1                                                   

     Magnesium stearate  1.5                                                   

     Stearic acid        1.6                                                   

     ______________________________________                                    

PAR  Mix thoroughly and compress into 100 tablets.
PAC  EXAMPLE 10
TBL                      Grams                                                 

     ______________________________________                                    

     Dioctylsodiumsulfo-   1.50                                                

     succinate                                                                 

     Activated Carbon      50.00                                               

     Corn starch           150.00                                              

     Magnesium stearate    25.00                                               

     Hard gelatin capsules 1000                                                

     ______________________________________                                    

PAR  The finely powdered ingredients are mixed thoroughly until uniformly
      dispersed and then filled into hard gelatin capsules of appropriate size.
PAC  EXAMPLE 11
TBL                    Grams                                                   

     ______________________________________                                    

     Dioctylsodiumsulfo-                                                       

     succinate           1.00                                                  

     Amberlite resin     25.00                                                 

     Sucrose             25.00                                                 

     Starch              22.00                                                 

     Acacia              7.8                                                   

     Talc                3.1                                                   

     Magnesium stearate  1.5                                                   

     ______________________________________                                    

PAR  Mix thoroughly and compress into 100 tablets.
PAC  EXAMPLE 12
TBL                    Grams                                                   

     ______________________________________                                    

     Dioctylsodiumsulfo- 1.00                                                  

     succinate                                                                 

     Activated carbon    10.00                                                 

     Oxystarch           25.00                                                 

     Sucrose             25.00                                                 

     Starch              22.00                                                 

     Acacia              7.8                                                   

     Talc                3.1                                                   

     Magnesium stearate  1.5                                                   

     Stearic acid        1.6                                                   

     ______________________________________                                    

PAR  Mix thoroughly and compress into 100 tablets.
PAC  EXAMPLE 13
PAR  Eight Wistar rats weighing about 250 g. each on a controlled diet are given
      daily doses of 2 g. oxystarch, 2 g. activated carbon and 1 mg.
      diocylsodiumsulfosuccinate by gavage for a period of two weeks. After a 1
      week control period with no medication, the same rats are dosed daily with
      2 g. oxystarch. Daily fecal nitrogen and weekly blood urea nitrogen and
      creatinine analyses are made during the total period of the study. During
      dosing of the combination of oxystarch, activated carbon and
      diocylsodiumsulfosuccinate, the average daily fecal nitrogen excretion is
      increased 45% over the control period and 5% over the treatment period
      with no surfactant.
PAC  EXAMPLE 14
PAR  One Wistar rat is maintained on a fixed diet for a 1 week controlled period
      and then is fed daily 1 g. of Norit A activated carbon and 1 mg. of
      dioctylsodiumsulfosuccinate for 8 days. The average daily fecal nitrogen
      excretion increases over the control period by 8% during treatment.
PAC  EXAMPLE 15
PAR  Two uremic dogs on a controlled diet of 5 g./kg. protein plus 70
      calories/kg. are given daily doses of 1 g./kg. oxystarch plus 1 g./kg.
      activated carbon plus 50 mg. diocylsodiumsulfosuccinate (Colase) for a
      period of 4 weeks. After a control period with no medication, the dogs are
      fed a daily dose of 1 g./kg. oxystarch for 4 weeks. Daily fecal nitrogen
      determinations are made during the period of the study. During dosing of
      the combination of oxystarch, activated carbon and
      diocylsodiumsulfosuccinate, the average daily fecal nitrogen excretion is
      increased 104% over the control period and 30% over the treatment period
      with no surfactant in the two dogs.
PAC  EXAMPLE 16
PAR  A similar feeding study to that described in Example 13 is performed on 5
      rats except that 2 g. activated carbon plus 1 mg. of
      diocylsodiumsulfosuccinate is given for one dosing period and 2 g.
      activated carbon alone for the second period with the usual control
      periods. Analysis of blood and urine creatinine levels shows that the
      carbon plus surfactant treatment produces the greatest decrease in
      creatinine levels.
PAC  EXAMPLE 17
PAR  A similar feeding study to that described in Example 14 is performed except
      that Amberlite resin (CG-50) is substituted for the oxystarch. The
      treatment period with the combination of sorbers and surfactant produces
      the greatest increase in fecal nitrogen excretion.
PAC  EXAMPLE 18
PAR  When an experiment is carried out similar to Example 15 except that
      oxycellulose is substituted for oxystarch, the treatment period with the
      combination of sorbers and surfactant produces the greatest increase in
      fecal nitrogen excretion.
PAC  EXAMPLE 19
PAR  Using the same procedure as that of Example 15 and substituting
      polyacrolein for oxystarch, the greatest amount of fecal nitrogen is
      excreted when the sorbers and surfactants are present.
PAC  EXAMPLE 20
PAR  When the procedure of Example 13 is followed, except that
      N-lauryl-.beta.-aminopropionic acid is substituted for
      dioctylsodiumsulfosuccinate, the greatest amount of nitrogen is found in
      the feces when the surfactant and sorbers are both present.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of facilitating the removal of urea, creatinine and ammonia
      from the intestinal tract of a warm-blooded animal which comprises orally
      administering to said animal an effective urea, creatinine and ammonia
      lowering amount of a composition of 1 part dioctyl sodium sulfosuccinate
      and from 10-10,000 parts of at least one sorbent selected from the group
      consisting of activated carbon, oxystarch and oxycellulose.
NUM  2.
PAR  2. A method in accordance with claim 1, wherein the sorbent is activated
      carbon and oxystarch.
NUM  3.
PAR  3. A method in accordance with claim 1, wherein the sorbent is oxystarch.
NUM  4.
PAR  4. A method in accordance with claim 1, wherein the sorbent is activated
      carbon and oxycellulose.
NUM  5.
PAR  5. A method in accordance with claim 1, wherein the sorbent is oxystarch
      and oxycellulose.
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ABST
PAL  The new hypocalcaemically active peptides of formula I
EQU  h-cys-Gly-Asn-Leu-Ser-Thr-Cys-Met-Leu-Gly-Thr-Tyr-Thr-Gln-Asp-Phe-Asn-Lys-P
     he-His-Thr-Phe-Pro-Gln-Thr-Ala-Ile-Gly-val-Gly-Ala-Pro-OH
PAL  and corresponding compounds in which one or more of the asparagine and
      glutamic acid radicals are replaced by the aspartic acid or glutamic acid
      radical and/or the aspartic acid radical is replaced by the asparagine
      radical, their dimers, especially those in which 2 identical peptide
      sequences (1-32 and 1'-32') are joined in an anti-parallel arrangement via
      the cysteine radicals 1,7' and 7,1' by means of a disulfide bond, and
      derivatives are useful as hypocalcaemic agents and are prepared by
      splitting off groups protecting at least one amino or one carboxyl group
      or oxidizing the corresponding sulfides to the disulfides or condensing
      together adequate peptides.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation of application Ser. No. 850,254 filed Aug. 14, 1969
      (now abandoned.
BSUM
PAR  The subject of the invention are the new hypocalcaemically active peptides
      of formula I
EQU   h-cys-Gly-Asn-Leu-Ser-Thr-Cys-Met-Leu-Gly-Thr-Tyr-Thr-Gln-Asp-Phe-Asn-Lys-
     P
     he-His-Thr-Phe-Pro-Gln-Thr-Ala-Ile-Gly-Val-Gly-Ala-Pro-Oh  I
PAL  and corresponding compounds in which one or more of the asparagine and
      glutamic acid radicals are replaced by the aspartic acid or glutamic acid
      radical and/or the aspartic acid radical is replaced by the asparagine
      radical, their dimers, especially those in which 2 identical peptide
      sequences (1-32 and 1'-32') are joined in an anti-parallel arrangement via
      the cysteine radicals 1,7' and 7,1' by means of a disulfide bond, and
      derivatives, and processes for the manufacture of these compounds.
PAR  Derivatives are for example amides, especially N-unsubstituted C-terminal
      amides.
PAR  Further derivatives of the compounds mentioned are those in which at least
      the .alpha.-amino group is acylated, as well as corresponding
      desamino.sup.1 -peptides.
PAR  Acyl groups for the acylation of the amino groups, especially for the
      acylation of N.sup..alpha.-amino groups are the radicals of carboxylic
      acids such as aliphatic, aromatic, araliphatic, heterocyclic and
      heterocyclyl-aliphatic carboxylic acids, especially of lower monobasic or
      dibasic alkane-acids or alkene-acids such as formic acid, acetic acid,
      propionic acid, butyric acids, acrylic acid or succinic acid, of alicyclic
      carboxylic acids such as cycloalkylcarboxylic acids, of monobasic or
      dibasic monocyclic aromatic carboxylic acids such as unsubstituted and
      substituted benzoic acid of phthalic acid of unsubstituted and
      aryl-substituted aryl-lower alkylcarboxylic or aryl-lower
      alkenylcarboxylic acids such as phenylacetic acid, of unsubstituted or
      substituted monobasic or dibasic 5-membered to 6-membered heterocyclic
      acids containing nitrogen, sulfur and/or oxygen as hetero-atoms such as
      pyridinecarboxylic acids or thiophenecarboxylic acids, or of
      heterocyclyl-lower alkane-acids such as pyridylacetic acid or
      imidazolylacetic acid, wherein the substitutents of the rings are for
      example halogen atoms, nitro groups, lower alkyl groups or lower alkoxy
      groups or lower carbalkoxy groups. Further, acyl radicals of aminoacids,
      especially .alpha.-amino-acids, such as for example the pyroglutamyl
      radical, should above all be mentioned as acyl radicals, as should acyl
      radicals which are derived from carbonic acid or thiocarbonic acid or
      their esters or amides, for example lower alkyloxycarbonyl groups such as
      ethoxycarbonyl and tert.-butyloxycarbonyl, and also unsubstituted
      benzoyloxycarbonyl and benzoyloxycarbonyl substituted as mentioned above,
      carbamoyl and thiocarbamoyl as well as N-substituted carbamoyl and
      thiocarbamoyl, for example N-lower alkylcarbamoyl, N-phenylcarbamoyl and
      N-phenylthiocarbamoyl.
PAR  As acid addition salts, salts of therapeutically usable acids such as
      hydrochloric acid, acetic acid, sulfuric acid, phosphoric acid and
      sulfonic acids such as lower alkanesulfonic acids, benzenesulfonic acid or
      toluenesulfonic acid should especially be mentioned.
PAR  By complexes there are to be understood the compounds of as yet unclarified
      structure, which are produced on adding certain inorganic or organic
      substances to long-chain peptides and which impart a prolonged action to
      these. Such substances are for example described for insulin and for ACTH
      and other adrenocorticotropically active peptides. Compounds to be
      mentioned are for example inorganic compounds which are derived from
      metals such as calcium, magnesium, aluminum, cobalt and especially zinc,
      above all sparingly soluble salts such as phosphates, pyrophosphates and
      polyphosphates as well as hydroxides of these metals, optionally in
      combination with acid organic substances, for example polysaccharides
      containing acid groups, such as carboxymethylcellulose, or tannic acid,
      polyglutamic acid or partially hydrolyzed gelatin, and also alkali metal
      polyphosphates such as for example "Calgon N", "Calgon 322", "Calgon 188"
      or "Polyron B 12". Organic substances which cause a prolongation of the
      action are for example non-antigenic gelatines, for example polyhydroxy
      gelatines, polyvinylpyrrolidone and carboxymethylcellulose, and also
      sulfonic acid or phosphoric acid esters of alginic acid, dextran,
      polyphenols and polyalcohols, above all polyphoretine phosphate and phytic
      acid, as well as polymers and copolymers of aminoacids, for example
      protamine or polyglutamic acid.
PAR  The new compounds have a hypocalcaemic action. Thus the C-terminal amide of
      the compound of the formula I shows in the test on rats described by Kumar
      et al, J. Endocrynology 33, [1965], 470, an activity of about 100-200 MRC
      units per mg (peptide). The new compounds lower the plasma calcium and
      phosphate content of the blood of mammals, as has been demonstrated by
      experiments with rats weighing 50-150 g.
PAR  In patients with increased bone metabolism they lower the calcium level of
      the blood on intravenous, intramuscular or subcutaneous administration of
      0.01 to 5 mg, for example in 0.1-molar acetate buffer of pH 4.6. They can
      therefore be used for the treatment of hypocalcaemia and of bone diseases
      such as Paget's disease or of osteoporosis.
PAR  The compound of the formula I having a free C-terminal carboxyl group is
      itself but little active, but it can be used as starting or intermediate
      product in the manufacture of active compounds. For Example, it can be
      converted into the corresponding Asp.sup.15, Pro.sup.32 -diamide which is
      as active as calcitonine M, for example by converting the product of the
      formula I into the N.sup..alpha.,N.sup..epsilon.-di-BOC-protected product
      by means of tertiary butyloxycarbonylazide, and then forming the diamide
      with ammonia in the presence of dicyclohexylcarbodimide and
      hydroxysuccinimide, and finally splitting off the BOC groups with acid,
      for example hydrochloric acid or trifluoracetic acid.
PAR  The process according to the invention for the manufacture of the new
      monomeric or dimeric peptides, their derivatives, their acid addition
      salts and complexes is characterized in that 1. the protective group or
      groups are split off from compounds of formula I or the quoted analogues
      or derivatives or dimers of these compounds, in which compounds at least
      one amino group or one carboxyl group is protected by a removable
      protective group or
PAR  2. compounds of formula II
EQU  h-cys-Gly-Asn-Leu-Ser-Thr-Cys-Met-Leu-Gly-Thr-Tyr-Thr-Gln-Asp-Phe-Asn-Lys-P
     he-His-Thr-Phe-Pro-Gln-Thr-Ala-Ile-Gly-Val-Gly-Ala-Pro-OH  II
PAL  or the quoted analogues or derivatives wherein the mercapto groups are free
      or protected by the trityl group, are oxidised to disulphides or 3.
      compounds of formula III or IV
      ##EQU1##
      wherein A represents 1 to 21 of the aminoacid residues which follow the
      cysteine.sup.7 having an optionally protected side-chain amino group, and
      R represents hydrogen or an acylated amino group, are condensed according
      to methods known in peptide synthesis, with the remaining C-terminal
      sequence of the peptide having an optionally protected side-chain amino
      group up to the C-terminal aminoacid (L-proline), with the proviso that a
      method which starts from an activated carboxylic acid group, such as the
      azide method, the anhydride method or the method of activated esters is
      employed if the C-terminal sequence has a free carboxyl group and that, if
      desired, the resulting monomeric compounds are converted to their dimers
      or the free monomeric or dimeric peptides are converted to their
      derivatives and/or acid addition salts or complexes.
PAR  In the manufacture of the starting substances for the 1st. variant of the
      process according to the invention and also of all intermediates required
      in the 3  process variants, possible protective groups are especially
      those known from the synthesis of long-chain peptides as well as some new
      protective groups which can be easily split off, for example by
      hydrolysis, reduction, aminolysis or hydrazinolysis.
PAR  Thus for example protective groups used for amino groups are acyl or
      aralkyl groups such as formyl, trifluoroacetyl, phthaloyl,
      benzenesulphonyl, p-toluenesulphonyl, o-nitrophenylsulphenyl,
      2,4-dinitrophenylsulphenyl groups (these sulphenyl groups can also be
      split off by the action of nucleophilic reagents, for example sulphites or
      thiosulphates, compare British Pat. No. 1,104,271), benzyl or diphenyl or
      triphenylmethyl groups which are optionally substituted, such as for
      example by lower alkoxy groups, especially o- or p-methoxy groups or of
      groups which are derived from carbonic acid, such as arylmethyloxycarbonyl
      groups which are optionally substituted in the aromatic rings, for example
      by halogen atoms such as chlorine or bromine, nitro groups, lower alkyl or
      lower alkoxy groups or chromophoric groups, for example azo groups, in
      which the methylene group may be substituted by a further aryl residue
      and/or by one or optionally two lower alkyl residues, such as benzyl-,
      benzhydryl- or 2-phenyl-isopropyloxycarbonyl groups, for example
      carbobenzoxy, p-bromocarbobenzoxy or p-chlorocarbobenzoxy,
      p-nitrocarbobenzoxy or p-methoxycarbobenzoxy,
      p-phenylazo-benzyloxycarbonyl and
      p-(p'-methoxy-phenylazo)-benzyloxycarbonyl, 2-tolylisopropyloxycarbonyl
      and especially 2-(p-biphenylyl)-isopropyloxycarbonyl [compare Application
      G. No. 1073/67 (Case 6106)] as well as aliphatic oxycarbonyl groups such
      as adamantyloxycarbonyl, cyclopentyloxycarbonyl, trichlorethyloxycarbonyl,
      tert. amyloxycarbonyl or above all tert.-butyloxycarbonyl.
PAR  The amino groups can also be protected by the formation of enamines
      obtained by reaction of the amino group with 1,3-diketones, for example
      benzoylacetone, acetylacetone or dimedone.
PAR  Carboxyl groups are for example protected by amide or hydrazide formation
      or by esterification. The amide and hydrazide groups can optionally be
      substituted, the amide group for example by the 3,4-dimethoxybenzyl- or
      bis-(p-methoxyphenyl)-methyl group and the hydrazide group for example by
      the carbobenzoxy group, the trichlorethyloxycarbonyl group, the
      trifluoracetyl group, the trityl group, the tert.-butyloxycarbonyl group
      or the 2-(p-biphenylyl)-isopropyloxycarbonyl group. Suitable compounds for
      esterification are for example lower optionally substituted alkanols such
      as methanol, ethanol, cyanomethyl alcohol, benzoylmethyl alcohol or
      especially tert.-butanol, and also aralkanols such as aryl-lower alkanols,
      for example benzyl or benzhydryl alcohols which are optionally substituted
      by lower alkyl or lower alkoxy groups or halogen atoms, such as
      p-nitrobenzyl alcohol, p-methoxybenzyl alcohol or 2,4,6-trimethylbenzyl
      alcohol, phenols or thiophenols which are optionally substituted by
      electron-attracting substituents such as thiophenol, thiocresol,
      p-nitrothiophenol,2,4,5- and 2,4,6-trichlorophenol, pentachlorophenol,
      p-nitrophenol, 2,4-dinitrophenol, p-cyanophenol or
      p-methanesulphonylphenol, and also, for example, N-hydroxysuccinimide,
      N-hydroxyphthalimide, N-hydroxypiperidine and 8-hydroxyquinoline.
PAR  The hydroxyl groups of the serine, threonine and tyrosine residues can for
      example be protected by esterification or etherification. Suitable acyl
      residues for the esterification are for example lower alkanoyl residues
      such as acetyl, aroyl residues such as benzoyl or above all residues
      derived from carbonic acid such as benzyloxycarbonyl or ethyloxycarbonyl.
      Suitable groups for the etherification are for example benzyl,
      tetrahydropyranyl or tert. butyl radicals. Further groups which are
      suitable for the protection of the hydroxyl groups are the
      2,2,2-trifluoro-1-tert.-butyloxycarbonylaminoethyl or
      -1-benzyloxycarbonylaminoethyl groups (Weygand) described in Ber. 100
      (1967), 3838-3849. It is however not necessary to protect the hydroxyl
      groups.
PAR  The mercapto groups of the cystein radicals are for example protected by
      acylation or alkylation. The acetyl or benzoyl radical, a lower
      alkylcarbamoyl radical, for example the ethylcarbamoyl radical or the
      optionally substituted carbobenzoxy radical is for example suitable for
      the acylation. The tert.-butyl or benzylthiomethyl radical or optionally
      substituted arylmethyl groups such as benzyl, p-nitrobenzyl,
      diphenylmethyl, dimethoxybenzhydryl or trityl, and also phenylcyclohexyl,
      thienyl(2)-cyclohexyl and others, compare Ber.101, (1968), 681, are for
      example suitable for the alkylation. It is not essential to protect the
      imino group of the histidine but it can be advantageous to protect it, for
      example by benzyl, trityl, carbobenzoxy, adamantyloxycarbonyl or the
      abovementioned Weygand groups.
PAR  Preferably, in the 1st. variant of the process according to the invention,
      the carboxyl group of the side-chain and optionally the terminal carboxyl
      group are protected by the tert.-butyl ester group, the amino group of the
      side-chain is protected by the tert.-butyloxycarbonyl group, the hydroxyl
      groups of the serine, threonine and tyrosine radical, to the extent that
      these are protected at all, are protected by the tert.-butyl ether group
      and, if desired, the imino group of the histidine is protected by the
      2,2,2-trifluoro-1-tert.-butyloxycarbonylaminoethyl group. All these
      protective groups may, if desired, be split off in one stage by acid
      hydrolysis, for example by means of trifluoracetic acid or hydrochloric
      acid. In the synthesis of the protected dotriacontapeptides used as the
      starting material in the 1st. process variant, using protective groups
      which can be split off with trifluoracetic acid or hydrochloric acid, the
      mercapto groups are preferably protected by benzyl or trityl. The S-trityl
      groups can be split off selectively from the protected peptide in organic
      solution (whilst retaining the groups which can be split off with
      trifluoracetic acid) by means of mercuric acetate and hydrogen sulphide.
      The S-benzyl groups can be selectively split off from the protected
      peptide by means of sodium in liquid ammonia. In both cases the protected
      peptide with free mercapto groups is obtained. This can be oxidized to the
      protected disulphide, for example with iodine in glacial acetic acid, with
      diiodoethane or dithiocyanogen in organic solvents or with atmospheric
      oxygen in liquid ammonia. It is particularly advantageous to protect the
      mercapto groups by trityl groups and to remove these from the protected
      peptide with simultaneous formation of the disulphide bridge by means of
      iodine in methanol, compare Swiss Application No. 6999/68 (Case 6461). The
      formation of the disulphide ring can be carried out at the stage of a
      part-sequence containing the two cysteine residues, for example at the
      stage of the decapeptide 1-10, or at the stage of the dotriacontapeptide.
PAR  In the 2nd. process variant of the process according to the invention the
      open-chain peptide used as the starting material can preferably again be
      manufactured with the protective groups mentioned for variant 1). The
      S-trityl groups can be removed with trifluoracetic acid and the free
      open-chain peptide can be oxidised in a known manner by means of potassium
      ferricyanide in aqueous solution or by means of iodine or with air in
      liquid ammonia. It is however also possible to remove the trityl groups in
      accordance with the abovementioned process by means of iodine and methanol
      with simultaneous disulphide formation.
PAR  In the manufacture of the N-acyl derivatives the acyl group can be used as
      an amino-protective group.
PAR  The resulting monomeric peptides can, in a manner which is in itself known,
      subsequently be converted to their dimers or vice versa and/or the
      monomeric or dimeric peptides can be converted to their derivatives, acid
      addition salts and/or complexes. The subsequent conversions can be carried
      out in an appropriate sequence, either individually or in combination.
PAR  The conversion of resulting monomeric compounds to dimeric compounds is for
      example effected by treatment with mercapto compounds in a neutral or
      weakly acid medium, for example by treatment with cysteine hydrochloride.
      The dimeric compounds can be converted to the monomeric compounds under
      basic conditions, for example with dilute ammonia.
PAR  In order to manufacture acyl deivatives the free peptide can be N-acylated
      in the usual manner, for example by reaction with a mixed anhydride or
      acid azide containing the acyl residue in question or above all with an
      activated ester such as a phenyl or substituted phenyl ester. The
      acylation can, if desired, be carried out selectively so that only the
      .alpha.-amino group is acylated.
PAR  The formation of acid addition salts is performed in a known manner.
PAR  The formation of complexes also takes place according to known methods or
      methods equivalent to these.
PAR  Complexes with inorganic substances such as sparingly soluble metal
      compounds, for example aluminum or zinc compounds, are preferably
      manufactured in an analogous manner to that known for insulin or ACTH, for
      example by reaction with a soluble salt of the metal in question, for
      example zinc chloride or zinc sulphate, and precipitation with an alkali
      metal phosphate and/or alkali metal hydroxide. Complexes with organic
      compounds such as polyhydroxy gelatines, carboxymethylcellulose,
      polyvinylpyrrolidone, polyphloretine phosphate, polyglutamic acid and the
      like are obtained by mixing these substances with the peptide in aqueous
      solution. Insoluble compounds with alkali metal polyphosphates can also be
      manufactured in the same manner.
PAR  The invention also relates to those embodiments of the process which start
      from an intermediate obtainable at any process stage and carry out the
      missing stages or in which the process is stopped at any stage and/or a
      starting substance is formed in situ and/or is used in the form of a salt.
PAR  The peptides used as starting substances are obtained by linking the
      aminoacids, whilst using easily removable protective groups if necessary
      or desired, in the sequence mentioned, either one at a time or after prior
      formation of smaller peptide units, with the disulphide bridge optionally
      being formed at a suitable stage of the synthesis. It is appropriate to
      work in accordance with the linking methods suitable for the manufacture
      of long-chain peptides, taking the disulphide bridge into account, such as
      are known from the literature.
PAR  The linkage of the aminoacid and/or peptide units is therefore for example
      performed in such a manner that an aminoacid or a peptide having a
      protected .alpha.-amino group and an activated terminal carboxyl group is
      reacted with an aminoacid or a peptide having a free .alpha.-amino group
      and free or protected, for example esterified or amidised, terminal
      carboxyl group, or that an aminoacid or a peptide having an activated
      .alpha.-amino group and a protected terminal carboxyl group is reacted
      with an aminoacid or a peptide having a free terminal carboxyl group and a
      protected .alpha.-amino group. The carboxyl group can for example be
      activated by conversion to an acid azide, acid anhydride, acid imidazolide
      or an activated ester, such as cyanomethyl ester, thiophenyl ester,
      p-nitrothiophenyl ester, thiocresyl ester, p-methanesulphonylphenyl ester,
      p-nitrophenyl ester, 2,4-dinitrophenyl ester, 2,4,5- or
      2,4,6-trichlorophenyl ester, pentachlorophenyl ester, N-hydroxysuccinimide
      ester, N-hydroxyphthalimide ester, 8-hydroxyquinoline ester, or
      N-hydroxypiperidine ester or by reaction by means of a carbodiimide
      (optionally with the addition of N-hydroxysuccinimide) or
      N,N'-carbonyldiimidazole or isoxazolium salt, for example Woodward
      reagent, and the amino group can for example be activated by reaction with
      a phosphite. As the most usual methods there should be mentioned the
      carbodiimide method, the method according to Weygand-Wunsch (carbodiimide
      in the presence of N-hydroxysuccinimide), the azide method, the method of
      activated esters and the anhydride method, and also the Merrifield method
      and the method of N-carboxyanhydrides or N-thiocarboxyanhydrides.
PAR  Alongside the manufacture of the end products, the manufacture of the
      starting substances, above all of the peptide fragment containing the
      disulphide bridge and its linkage with the remaining part of the peptide
      also represents a special subject of the invention. It has been found that
      it is advantageous to start from a sequence which comprises the first 10
      N-terminal aminoacids and to condense the entire remaining sequence with
      this N-terminal section.
PAR  It is however also possible to link the N-terminal sequence mentioned with
      the fragment up to the 28th. aminoacid (glycine) having a free C-terminal
      carboxyl group and to condense the octacosapeptide with the tetrapeptide
      of the aminoacids 29-32. This procedure is in particular also suitable for
      the manufacture of C-terminal esters, for example esters which are derived
      from long-chain alkanols or for the manufacture of N-substituted
      C-terminal amides. The condensation is for example carried out according
      to the Weygand-Wunsch method. If the condensation of sequence 1-10 with
      the C-terminal sequence 11-32 is carried out, the carbodiimide method or
      the method according to Weygand-Wunsch are preferably used. The
      manufacture of the N-terminal decapeptide (1-10) is explained in more
      detail below.
PAR  It can for example be synthesised from the sequences 1-4 and 5-10 or 1-5
      and 6-10 or 1-6 and 7-10 or 1-7 and 8-10, as can be seen from figures 1-8;
      it is however also possible to use other fragments to synthesise the
      sequence 1-10. The protective group used for the .alpha.-amino group at
      the cysteine.sup.1 is preferably the tert.-butyloxycarbonyl group or an
      equivalent group which can be split off by acid hydrolysis, or, if a
      N.sup..alpha.-acylated dotriacontapeptide is to be manufactured, the
      corresponding acyl group, for example acetyl group. Alongside this, it is
      appropriate to use, as mercapto protective groups, such groups as can be
      selectively split off relative to the N.sup..alpha.-amino protective group
      which can be split off by acid hydrolysis (for example the
      tert.-butyloxycarbonyl group), for example the benzyl or trityl group. It
      is not essential to protect the terminal carboxyl group of the
      decapeptide, for example it is not necessary if condensations are carried
      out by the azide or anhydride method. This group can however also be
      protected by esterification, as specified above, for example by
      esterification with methanol or ethanol (splitting-off the ester group
      with dilute sodium hydroxide solution) or with benzyl alcohol or analogues
      (splitting off the ester group with, for example, sodium in liquid
      ammonia). The amino groups of the intermediates are protected by means of
      the usual protective groups, for example carbobenzoxy, trityl,
      tert.-butyloxycarbonyl or 2-(p-biphenylyl)-isopropyloxycarbonyl. The
      carboxyl groups of the intermediates are, if necessary, esterified in the
      usual manner. The hydroxyl groups of the serine and threonine residue can
      be protected by etherification, for example with tert.-butanol or
      equivalent substances.
PAR  In the figures which follow, and in the examples, the symbols have the
      following significance:
PA1  1. the azide method
PA1  2. the method of mixed anhydrides
PA1  3. the method of activated esters, especially p-nitrophenyl ester (ONP) or
      hydroxysuccinimide-ester (OSU)
PA1  4. the carbodiimide method
PA1  5. the method according to Weygand-Wunsch
PA1  Boc tert.-butyloxycarbonyl
PA1  Dpc 2-(p-biphenylyl)-isopropylcarbonyl,
PA1  Z carbobenzoxy
PA1  Tri trityl
PA1  Bzl benzyl
PA1  OtBu tert.-butyl ester
PA1  Obzl benzyl ester
PA1  Onb p-nitrobenzyl ester
PA1  Onp p-nitrophenyl ester
PA1  Ome methyl ester
PA1  Oet ethyl ester
PA1  Ocp 2,4,5-trichlorophenyl ester
PA1  tBu tert.-butyl ether
PA1  Ac acetyl
PA1  Bmp .beta.-mercaptopropionyl
PA1  Tfa trifluoracetic acid
PAR  The p-nitrobenzyl ester and benzyl ester groups are, in sequences
      containing methionine, split off with sodium in liquid ammonia, and in
      other cases by hydrogenolysis in the presence of palladium on charcoal,
      the carbobenzoxy group is also split off by hydrogenolysis, the N-trityl
      group with aqueous acetic acid, the tert.-butyloxycarbonyl group with
      trifluoracetic acid and the diphenylisopropyloxycarbonyl group with
      aqueous acetic acid or for example with a mixture of glacial acetic acid,
      formic acid (82.8 % strength) and water (7:1:2) as described in Swiss
      Application G. No.1073/67 (Case 6106). The p-nitrobenzyl ester or methyl
      ester can be converted to the hydrazide by means of hydrazine hydrate. The
      methyl ester group is hydrolysed with dilute sodium hydroxide solution.
      The tert.-butyl ester is decomposed with trifluoracetic acid as is the
      tert.-butyl ether. The S-trityl groups are removed with mercuric acetate
      and hydrogen sulphide, and the S-benzyl group is removed with sodium in
      liquid ammonia, in the course of which benzyl or p-nitrobenzyl ester
      groups which may be present are simultaneously split off. Ring closure to
      give the disulphide is for example effected by oxidation with
      1,2-diiodoethane, and that of the S-trityl-protected compounds with iodine
      in methanol.
PAR  The C-terminal sequence, comprising the 11th. to 32nd. or 11th. to 28th.
      aminoacid, to be linked to the N-terminal sequence, is for example
      synthesised from sequences 11-16, 17-20, 21-28 and 29-32, as indicated by
      FIG. 9.
PAR  In this scheme, the hydroxyl groups of the threonine residues and of the
      tyrosine residue are protected; this is not absolutely essential. It is
      also possible to combine other partial sequences with one another and to
      use other protective groups.
PAR  FIG. 10 shows the synthesis of the hexapeptide (in the form of the
      hydrazide) of the aminoacids 11-16. It can be linked to the sequence 17-28
      or 17-32 by the azide method.
PAR  The sequence 17-28 can be synthesised from the fragments 17-20 and 21-28 by
      the azide method.
PAR  FIG. 11 shows the synthesis of the tetrapeptidehydrazide of the aminoacids
      17-20, and FIG. 12 the synthesis of the octapeptide 21-28. After linking
      the two sequences the .alpha.-amino protective group is split off (the
      carbobenzoxy group by hydrogenolysis in the presence of palladium on
      charcoal) and the dodecapeptide with protected side-chains thus obtained
      is condensed with the hexapeptidehydrazide 11-16 (FIG. 10) by the azide
      method.
PAR  The sequence 11-28 thus obtained can be linked to the tetrapeptide-amide of
      the aminoacids 29-32, the manufacture of which is shown in FIG. 13, for
      example by the method of Weygand-Wunsch. The protected docosapeptide-amide
      11-32 is then obtained. The .alpha.-amino protective group can be
      split-off from this (carbobenzoxy for example hydrogenolytically, DPC with
      90 % strength acetic acid or glacial acetic acidformic acid (82.8 %
      strength) - water (7:1:2)) and the compound thus obtained having a free
      .alpha.-amino group, can, after removal of the acetic acid be linked to
      the N-terminal decapeptide (FIGS. 1-8), for example by the method of mixed
      anhydrides, the method of activated esters (OSU) or according to
      Weygand-Wunsch.
PAR  It is however also possible to link the sequence 11-28 having a free
      C-terminal carboxyl group, after splitting-off the .alpha.-amino
      protective group in the manner mentioned, with the N-terminal decapeptide
      by the method of mixed anhydrides and to condense the product thus
      obtained with the tetrapeptide-amide 29-32, for example according to
      Weygand-Wunsch.
PAR  A further possibility for the synthesis of the C-terminal sequence 11-32
      for example consists of building it up from the partial sequences 11-19
      and 20-32 which are shown in FIGS. 14 and 15, preferably by the method of
      mixed anhydrides or according to Weygand-Wunsch.
PAR  According to the scheme in FIG. 15 it is also possible to manufacture the
      C-terminal sequence with a free carboxyl group. In this case, for example,
      the tert. butyl ester group present at the aminoacid 32 is not split off
      and converted to the amide group, but is retained up to stage J. The
      condensation of sequence 20-32 having a C-terminal free carboxyl group
      with the sequence 11-19 of FIG. 14 is for example effected by the method
      of mixed anhydrides, as is the linkage of the sequence 11-32 thus obtained
      with the N-terminal sequence 1-10.
PAR  The protective groups are split off from the protected
      dotriacontapeptide-amide, for example by means of trifluoracetic acid or
      with concentrated hydrochloric acid.
PAR  The dotriacontapeptide with free or trityl-protected SH-- groups which is
      to be used for the process according to variant (2) can be manufactured in
      an analogous manner to the protected dotriacontapeptide described above,
      with the difference that the protected SH- groups are retained up to the
      end of the synthesis. Only after all other protective groups have been
      removed from the protected dotriacontapeptide are the SH- protective
      groups split off or is the trityl-protected compound directly oxidised as
      mentioned above.
PAR  The process according to variant (3) is particularly suitable for the
      manufacture of end products in which the .alpha.-amino group and the
      side-chain amino group are acylated. The N.sup..alpha.-acylated
      decapeptide can for example be manufactured according to FIG. 5 K; it is
      however also possible from the start to choose the acyl group to be
      retained as the amino protective group. The methods of synthesis
      correspond to those described above.
PAR  Depending on the procedure, the new compounds are obtained in the form of
      bases or of their salts. The bases can be obtained from the salts in a
      manner which is in itself known. In turn, salts can be obtained from the
      bases by reaction with acids which are suitable for the formation of
      therapeutically usable salts, such as for example salts with inorganic
      acids such as hydrogen halide acids, for example hydrochloric acid or
      hydrobromic acid, perchloric acid, nitric acid or thiocyanic acid,
      sulphuric or phosphoric acids, or organic acids such as formic acid,
      acetic acid, propionic acid, glycollic acid, lactic acid, pyruvic acid,
      oxalic acid, malonic acid, succinic acid, maleic acid, fumaric acid, malic
      acid, tartaric acid, citric acid, ascorbic acid, hydroxymaleic acid,
      dihydroxymaleic acid, benzoic acid, phenylacetic acid, 4-aminobenzoic
      acid, 4-hydroxybenzoic acid, anthranilic acid, cinnamic acid, mandelic
      acid, salicylic acid, 4-aminosalicylic acid, 2-phenoxybenzoic acid,
      2-acetoxybenzoic acid, methanesulphonic acid, ethanesulphonic acid,
      hydroxyethanesulphonic acid, benzenesulphonic acid, p-toluenesulphonic
      acid, naphthalenesulphonic acid or sulphanilic acid.
PAR  The peptides obtained in accordance with the process may be employed in the
      form of pharmaceutical preparations. These contain the peptides mixed with
      a pharmaceutical, organic or inorganic excipient suitable for enteral or
      parenteral application. Possible excipients are such substances as do not
      react with the polypeptides such as for example gelatines, lactose,
      glucose, sodium chloride, starch, magnesium stearate, talc, vegetable
      oils, benzyl alcohols, gum, polyalkylene glycols, white petroleum jelly,
      cholesterol or other known medicinal excipients. The pharmaceutical
      preparations can for example be in the form of a lyophilisate or in a
      liquid form as solutions, suspensions or emulsions. They are optionally
      sterilised and/or contain auxiliary substances such as preservatives,
      stabilisers, wetting agents or emulsifiers. They may also furthermore
      contain other therapeutically valuable substances.
PAR  The invention is described in the examples which follow.
PAR  The following systems are used in the thin layer chromatography:
PA1  System 37 : n-butanol-pyridine-water (46:31:23)
PA1  System 43A: tert.-amyl alcohol-isopropanol-water (100:40:10)
PA1  System 43C: tert. amyl alcohol-isopropanol-water (51:21:28)
PA1  System 43E: tert. amyl alcohol-isopropanol-water (32:32:36)
PA1  System 45 : sec. butanol-3% strength aqueous ammonia (70:30)
PA1  System 52 : n-butanol-glacial acetic acid-water (75:7.5:21)
PA1  System 52A: n-butanol-glacial acetic acid-water (67:10:23)
PA1  System 53 : n-butanol-formic acid-water (60:0.75:39) l
PA1  System 70 : ethyl acetate-pyridine-water (40:20:40)
PA1  System 79 : n-butanol-pyridine-water (34:33:33)
PA1  System 87 : isopropanol-formic acid-water (77:4:19)
PA1  System 96 : sec. butanol-glacial acetic acid-water (67:10:23)
PA1  System 100 : ethyl acetate-pyridine-glacial acetic acid-water (62:21:6:11)
PA1  System 101 : n-butanol-pyridine-glacial acetic acid-water (38:24:8:30)
PA1  System 101A: n-butanol-pyridine-glacial acetic acid-water (42:23:4:30)
PA1  System 102A: ethyl acetate-methyl ethyl ketone-formic acid-water
      (50:30:10:10)
PA1  System 102E: ethyl acetate-methyl ethyl ketone-glacial acetic acid-water
      (50:30:10:10)
PA1  System 104 : chloroform-methanol-17% strength aqueous ammonia (41:41:18)
PA1  System 107 : ethyl acetate-pyridine-water (49:24:27:)
PA1  System 110 : ethyl acetate: n-butanol-pyridine-glacial acetic acid-water
      (42:21:21:6:10)
PA1  System 115 : ethyl acetate-pyridine-formic acid-water (63:21:10:6)
PA1  System 121 : isopropanol-ammonia (26% strength)-water (85:5:10)
PA1  System 1 : benzene-ethanol (8:20)
PA1  System 2 : benzene-ethanol (90:10)
PA1  System 3 : benzene-ethanol 95:5)
PA1  System 4 : n-amyl alcohol-formic acid-water (70:20:10)
PA1  System 5 : n-butanol-acetic acid-water (66.6:16.7:16.7)
PA1  System 6 : n-butanol-pyridine-acetic acid-water (66.6:12.5:4.2:16.7)
PA1  System 7 : n-amyl alcohol-pyridine-water (50:30:20)
PA1  System 8 : chloroform-methanol-glacial acetic acid (87.4:9.7:2.9)
PA1  System 9 : benzene-ethanol (70:30).
PAR  Thin-layer chromatography is performed on silica gel or alumina ("Alox" D-O
      of Messrs. Camag with 8% of gypsum) or on "Selecta 1440" cellulose (of
      Messrs. Schleicher und Schull).
      ##EQU2##
DETD
PAC  EXAMPLE 1
EQU  H-Cys-Gly-Asn-Leu-Ser-Thr-Cys-Met-Leu-Gly-Thr-Tyr-Thr-Gln-Asp-Phe-Asn-Lys-P
     he-His-Thr-Phe-Pro-Gln-Thr-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2
      (Calcitonine M)
PAR  150 mg of
EQU  BOC-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-Thr(tBu)-Tyr(tBu)-Thr
     (tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys-(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)
     -Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2
PAL  are dissolved in 3 ml of 95 % strength trifluoracetic acid, flushed with
      nitrogen and allowed to stand for 90 minutes at 25.degree.C. The
      trifluroacetate of the liberated dotriacontapeptide-amide is then
      precipitated as an amorphous powder by adding 60 ml of absolute and
      peroxide-free ether, centrifuged off, suspended in 10 ml of fresh ether,
      again centrifuged, and the residue dried at 30.degree.C. In order to
      convert it to the acetate, the trifluroacetate is dissolved in 3 ml of
      water and filtered through a column of weakly basic ion exchanger (for
      example Merck No. II; .phi. = 7.5 mm; 1 = 20 cm) which has been
      equilibriated with 0.02 N acetic acid. The column is washed with 0.02 N
      acetic acid until it gives a negative Folin reaction, and the eluate is
      concentrated to a volume of about 5 ml and filtered through a column of
      Bio-Gel P 6, equilibriated in 0.1 N acetic acid (volume of the gel bed =
      200  ml). The eluate analysed by thin layer chromatography (Alox, System
      52). The main fractions, (maximum at about 100 - 120 ml) are combined,
      concentrated to dryness in a rotational evaporator (internal temperature
      not exceeding 20.degree.C), again dissolved in 5 ml of water and
      lyophilised. The product thus obtained is, for the purpose of final
      purification, subjected to a Craig distribution through 500 stages in the
      solvent system n-butanol-glacial acetic acid-water (4:1:5, by volume)
      using phase volumes of 3 ml each. The chromatographically and
      electrophoretically homogenous dotriacontapeptide-amide is isolated as a
      white amorphous powder from distribution elements No. 141-180 (maximum at
      No. 162; K = 0.48) on evaporation to dryness (rotational evaporator,
      internal temperature at most 20.degree.C), dissolving in 0.1 N acetic acid
      and lyophilising.
PAR  In thin layer chromatography the product has the following Rf-values:
TBL  on "Alox" D-O (Messrs. Camag;                                             

                            Rf (52) = 0.56                                     

     aluminium oxide with 8% of gypsum)                                        

                            Rf (79) = 0.66                                     

                            Rf (45) = 0.45                                     

     on cellulose "Selecta" 1440                                               

                            Rf (45) = 0.51                                     

     (of Messrs. Schleicher and Schuell,                                       

                            Rf (101A) = 0.60                                   

     ready-to-use plates)                                                      

PAL  Electrophoresis on cellulose "Selecta" 1440
PA1  pH 1.9, 11/2 hours, 280 V:
PA1  Migration distance = 3.5 cm to the cathode.
PA1  pH 7.1, 11/2 hours, 280 V:
PA1  Migration distance = 1.3 cm to the cathode.
PAR  The starting material can be manufactured as follows:
PAC  1. Z-Asn-Leu-OMe
PAR  16.7 g of H-Leu-OMe and 46.0 g of Z-Asn-ONP are dissolved in 100 ml of
      freshly distilled dimethylformamide. The solution is allowed to stand for
      19 hours at 25.degree.C. Thereafter 1.2 liters of water are added and the
      crystalline precipitate is filtered off. The dipeptide derivative is dried
      at 40.degree.C in vacuo and is then twice recrystallised from
      methanol-water. Melting point 180.degree.-181.degree.C;
      [.alpha.].sup.20.sub.D = + 9.degree. (c = 2.05 in chloroform).
PAC  2. H-Asn-Leu-OMe
PAR  15.0 g of Z-Asn-Leu-OMe are dissolved in 400 ml of t-butanol-water (9:1)
      and are hydrogenated in the presence of 2 g of palladium on charcoal (10 %
      Pd). After completion of the hydrogenation the catalyst is filtered off
      and the filtrate evaporated at 40.degree.C. The residue is directly used
      further.
PAC  3. Z-Gly-Asn-Leu-OMe
PAR  4.4 mmols of H-Asn-Leu-OMe are dissolved in 15 ml of dimethylformamide and
      5.5 mmols of Z-Gly-p-nitrophenyl ester are then added. The clear yellow
      solution is left for 18 hours at 27.degree.C. It is then evaporated in a
      high vacuum at 40.degree.C, dried, and the residue mixed with ethyl
      acetate, whereupon it crystallises. After 1 hour at 0.degree.C the product
      is filtered off and dried. The product is then again suspended in 25 ml of
      ethyl acetate, triturated, filtered off and dried; melting point
      154.degree.C.
PAC  4. H-Gly-Asn-Leu-OMe
PAR  1.3 g of Z-Gly-Asn-Leu-OMe are dissolved in 100 ml of methanol with warming
      and the solution, after having cooled to room temperature, is hydrogenated
      in the presence of 0.3 g of palladium on charcoal (10 % Pd). After
      completion of the hydrogen uptake the catalyst is filtered off and the
      filtrate evaporated to dryness. 760 mg of H-Gly-Asn-Leu-OMe are hereby
      obtained in an amorphous form.
PAC  5. BOC-Cys(TRI)-Gly-Asn-Leu-OMe
PAR  710 mg of H-Gly-Asn-Leu-OMe and 1.36 g of BOC-Cys(TRI)-OH are dissolved in
      12 ml of acetonitrile and the solution, after having cooled to 0.degree.C,
      is mixed with 820 mg of dicyclohexylcarbodiimide. After 30 minutes at
      0.degree.C and 60 hours at 28.degree.C the dicyclohexylurea is filtered
      off and the filtrate is evaporated to dryness. The residue is mixed with
      petroleum ether, triturated, and the petroleum ether solution decanted and
      the insoluble product taken up in ethyl acetate. The ethyl acetate
      solution is washed at 0.degree.C with dilute citric acid solution, water,
      sodium bicarbonate solution and water, dried with sodium sulphate and
      evaporated. The tetrapeptide derivative obtained as a colourless resin is
      repeatedly precipitated from acetone-ether in order to purify it. Yield:
      1.2 g of powder which according to thin layer chromatography on silica gel
      is homogeneous; Rf = 0.39 in the system chloroform-methanol (9:1).
PAC  6. BOC-Cys(TRI)-Gly-Asn-Leu-NHNH.sub.2
PAR  988 mg of BOC-Cys(TRI)-Gly-Asn-Leu-OMe are dissolved in 20 ml of methanol
      and 2 ml of hydrazine hydrate are added to the solution which has been
      cooled to 0.degree.C. After 14 hours at 2.degree.C 200 ml of ice-cold 0.5
      N acetic acid are added and the precipitate which separates out is
      thoroughly triturated, filtered off, washed with ice water until neutral
      and dried in a vacuum desiccator overnight. The crude
      BOC-Cys(TRI)-Gly-Asn-Leu-hydrazide is purified by twice reprecipitating it
      from methanol-water. On thin layer chromatography on silica gel plates, Rf
      = 0.2 in the system chloroform-methanol (9:1).
PAC  7. BOC-Met-Leu-Gly-OMe
PAR  5 g of Z-Leu-Gly-OMe (J. Am. Chem. Soc. 78, 2126 (1956)) are dissolved in
      200 ml of methanol and the solution which has been cooled to 0.degree.C is
      hydrogenated at 0.degree.C in the presence of 1 g of palladium on charcoal
      (10% Pd) with intensive stirring. After completion of the hydrogenation
      the catalyst is filtered off and the filtrate is evaporated in vacuo at
      25.degree.C bath temperature. The oily residue is, without drying, mixed
      with 4 g of BOC-methionine and the mixture is dissolved in 100 ml of
      acetonitrile. The solution is then concentrated in vacuo to a volume of 60
      ml, cooled to 0.degree.C, and 4.5 g of dicyclohexylcarbodiimide are added.
      After degassing with nitrogen the mixture is left for 30 minutes at
      0.degree.C and 18 hours at 25.degree.C. The dicyclohexylurea which has
      separated out is then filtered off and the filtrate is concentrated to
      dryness. The residue is washed with petroleum ether with trituration, the
      petroleum ether solution is decanted and the insoluble product is dried.
      It is then dissolved in ethyl acetate and the solution is washed with
      dilute citric acid solution, water, sodium bicarbonate solution and water,
      dried with sodium sulphate and evaporated. In order to purify it, the
      residue is dissolved in the minimum quantity of peroxide-free acetone and
      precipitated by adding peroxide-free ether; hereupon the tripeptide
      derivative BOC-Met-Leu-Gly-OMe is obtained as a solid powder.
PAC  8. H-Met-Leu-Gly-OMe
PAR  3 g of the tripeptide derivative obtained under 7) are mixed with 60 ml of
      0.4 N HCl in ethyl acetate and the reaction mixture is left for 90 minutes
      at 25.degree.C. It is then evaporated to dryness and the residue
      (H-Met-Leu-Gly-OMe hydrochloride) is dried for 24 hours over sodium
      hydroxide at 0.01 mm Hg.
PAC  9. TRI-Cys(TRI)-Met-Leu-Gly-OMe
PAR  1.23 g of H-Met-Leu-Gly-OMe. HCl and 1.43 g of TRI-Cys (TRI)-OH are mixed
      with 15 ml of acetonitrile and 300 mg of N-methylmorpholine. After cooling
      to 0.degree.C, 800 mg of dicyclohexylcarbodiimide are added and the
      reaction mixture is left for 1 hour at 0.degree.C and 45 hours at
      30.degree.C under nitrogen. Solid material is then filtered off, the
      filtrate evaporated to dryness in vacuo and the residue triturated with
      petroleum ether. The petroleum ether solution is decanted and the residue
      is dried and dissolved in ethyl acetate. The ethyl acetate solution is
      washed at 0.degree.C with citric acid solution, water, sodium bicarbonate
      solution and water, and is dried with sodium sulphate and evaporated. In
      order to purify it, the crude product (faintly yellowish resin) is
      dissolved in as little methanol as possible and the solution is
      chromatographed on a column of Sephadex LH-20 (2.5 + 90 cm) which has been
      prepared in methanol. Fractions of 4 ml each are collected, individually
      evaporated, and their purity checked by means of thin layer chromatography
      on silica gel plates in the system chloroform-methanol (99:1).
PAC  10a. H-Cys(TRI)-Met-Leu-Gly-OMe
PAR  1.11 g of the tetrapeptide derivative obtained under 9) are dissolved in 15
      ml of 75 % strength acetic acid and left for 1 hour at 30.degree.C. The
      solution is then evaporated to dryness in a high vacuum and the residue is
      triturated with peroxide-free ether. The solid powder thereby obtained
      (acetic acid salt of H-Cys(TRI)-Met-Leu-Gly-OMe) is filtered off, washed
      with ether and dried. Yield: 695 mg.
PAC  10b. H-Cys(TRI)-Met-Leu-Gly-OH
PAR  740 mg of H-Cys(TRI)-Met-Leu-Gly-OMe are dissolved in 10 ml of methanol and
      1.3 ml of water with warming. 3.0 ml of 1.0 N sodium hydroxide solution
      are added dropwise at room temperature whilst flushing with nitrogen and
      the mixture is stirred for 25 minutes. It is then cooled to 0.degree.C,
      3.0 ml of 1.0 N hydrochloric acid and 20 ml of water are added and the
      flocculent precipitate is filtered off, washed with cold water and dried
      at room temperature over sodium hydroxide in a high vacuum to constant
      weight. Rf.sub.70 =  0.40; Rf.sub.121A =  0.45.
PAC  11. H-Thr(tBu)-OMe
PAR  12.92 g (40 mmols) of Z-Thr(tBu)-OMe are hydrogenated in 200 ml of glacial
      acetic acid and 3 g of Pd on charcoal (10 %) at room temperature. The
      absorption of hydrogen is complete after 1 hour. The solution is freed of
      the catalyst by filtration and is evaporated under a waterpump vacuum at
      35.degree.C. After drying in a high vacuum at 35.degree.C, 7.3 g of an oil
      result which according to a thin layer chromatogram is homogeneous and is
      directly used further.
PAC  12. DPC-Ser(tBu)-Thr(tBu)-OMe
PAR  19.3 g (38.6 mmols) of DPC-Ser(tBu)-OH.cyclohexylamine salt are taken up in
      500 ml of chloroform and extracted at 0.degree.C by shaking three times
      with 25 ml of 1 N citric acid and five times with 40 ml of half-saturated
      sodium chloride solution. The solution is dried over sodium sulphate and
      then evaporated and the resulting foam is taken up in 250 ml of ethyl
      acetate. 5.36 ml (38.6 mmols) of triethylamine are added and the solution
      is cooled to -10.degree.C and mixed with 5.13 ml (38.6 mmols) of isobutyl
      chlorocarbonate whilst stirring. The mixture is stirred for 10 minutes at
      -10.degree.C and a solution of 7.3 g (38.6 mmols) of H-Thr(tBu)-OMe in 100
      ml of ethyl acetate, cooled to -12.degree.C, is then added dropwise in
      such a way that the reaction temperature never exceeds -10.degree.C. After
      completion of the addition the mixture is stirred for a further hour at -
      10.degree.C and is then left to stand overnight at room temperature. The
      solution is freed of the triethylamine hydrochloride which has separated
      out by filtering it and is washed at 0.degree.C, three times with 20 ml at
      a time of 1 N citric acid and five times with saturated sodium chloride
      solution, dried and evaporated. Crude product (oil); 22.07 g. To purify
      it, 1 g is chromatographed on a silica gel column (2.5 cm, 30 cm). Using
      petroleum ether-ethyl acetate (1:1), 787 mg of pure product are eluted
      after a first run of 110 ml.
PAR  In a thin layer chromatogram on silica gel in toluene-acetone (7:3), Rf =
      0.51.
PAC  13. DPC-Ser(tBu)-Thr(tBu)-NH-NH.sub.2
PAR  4.253 g (7.4 mmols) of DPC-Ser(tBu)-Thr(tBu)-OMe in 18 ml of methanol are
      mixed with 5.55 ml (about 110 mmols) of hydrazine hydrate and left to
      stand for 10 hours at room temperature and 2 hours at 40.degree.C. The
      reaction solution is taken up in 450 ml of ethyl acetate and washed 4
      times with half-saturated sodium chloride solution. The solution is dried
      over sodium sulphate, concentrated to about 15 ml, and mixed with about 5
      ml of petroleum ether. Overnight 3.17 g of a hydrazide of melting point
      132.degree.-134.degree.C crystallise out.
PAR  In a thin layer chromatogram on silica gel in toluene-acetone (7:3) Rf =
      0.40.
PAC  14a. DPC-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OMe
PAR  900 mg of DPC-Ser(tBu)-Thr(tBu)-NHNH.sub.2 in 12 ml of dimethylformamide
      are mixed at -20.degree.C with 2.0 ml of C 2.0 N HCl in ethyl acetate and
      then with 210 mg of p-butyl nitrite. After 15 minutes at -10.degree.C a
      solution, cooled to -10.degree.C, of 680 mg of the acetic acid salt of
      H-Cys(TRI)-Met-Leu-Gly-OMe in 9 ml of dimethylformamide is added dropwise
      and 350 mg of N-methylmorpholine are then further added. The reaction
      temperature should not exceed -5.degree.C during these additions. The
      mixture is then stirred for 1 hour at -5.degree.C and 18 hours at
      25.degree.C. It is then evaporated in vacuo, and thereafter in a high
      vacuum, to a small volume, and the crude product is precipitated by adding
      ice water. The product is thoroughly triturated, the aqueous solution is
      decanted and the insoluble hexapeptide derivative is dried. In order to
      purify it, it is precipitated twice from methanol solution by adding water
      and then twice from ethyl acetate solution by adding petroleum ether. 480
      mg of DPC-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OMe are obtained.
PAC  14b. DPC-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OH
PAR  857 mg of DPC-Ser(tBu)-Thr(tBu)-NH-NH.sub.2 in 8.0 ml of dimethylformamide
      are mixed at -10.degree.C with 1.87 ml of 2.0 N hydrogen chloride in ethyl
      acetate and 0.19 ml of t-butyl nitrite. After 15 minutes at -10.degree.C a
      solution of 665 mg of H-Cys(TRI)-Met-Leu-Gly-OH and 0.665 ml of
      triethylamine in 7 ml of dimethylformamide is added dropwise whilst
      flushing with nitrogen. The mixture is stirred for a further hour at
      -10.degree.C and is allowed to stand for 24 hours at 0.degree.C.
      Concentration of the reaction mixture to about 3 ml (high vacuum,
      30.degree.C) and precipitation with 50 ml of water yields a flocculent
      product which is filtered off, washed with water and dried over sodium
      hydroxide in a high vacuum. Purification by reprecipitation from
      benzene-hexane. Rf = 0.36 in the system chloroform-methanol (7:3).
PAC  15. DPC-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OH
PAR  2.3 g of the hexapeptide derivative manufactured according to 14a) are
      dissolved in 100 ml of dioxane-water (4:1) and 5 ml of 1 N sodium
      hydroxide solution are added. After 90 minutes at 27.degree.C the excess
      sodium hydroxide solution is buffered by adding a little solid carbon
      dioxide, the solution is concentrated in vacuo to a volume of about 10 ml
      and 80 ml of ice-cold 2 % strength aqueous citric acid solution are then
      added. The precipitated hexapeptide derivative is thoroughly triturated,
      filtered off, washed with several portions of ice water and dried in a
      vacuum desiccator.
PAC  16. H-Ser(tBu)-Thr(tBu)-Cys(TRI-Met-Leu-Gly-OH (acetic acid salt)
PAR  870 mg of the hexapeptide derivative obtained under 15) are dissolved in 15
      ml of 80 % strength acetic acid and the solution is left for 6 hours at
      30.degree.C. It is then evaporated to dryness in a high vacuum at
      30.degree.C, the residue is dried for 1 hour at 30.degree.C and then mixed
      with peroxide-free ether, and the resulting powder is thoroughly
      triturated. It is filtered off, rinsed with a large amount of ether and
      dried.
PAC  17. BOC-Cys(TRI)-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OH
PAR  1.0 g of BOC-Cys(TRI)-Gly-Asn-Leu-NHNH.sub.2 is dissolved in 20 ml of
      dimethylformamide and the solution cooled to -10.degree.C is mixed, whilst
      stirring, with 1.5 ml of 2.0 N HCl in ethyl acetate and 143 mg of t-butyl
      nitrite. After 15 minutes at -10.degree.C a further 10 ml of
      dimethylformamide cooled to -10.degree.C, 1.0 g of finely powdered
      H-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OH (acetic acid salt) and 400 mg
      of N-methylmorpholine are added. The reaction mixture is stirred under
      nitrogen for 1 hour at -10.degree.C and 48 hours at 28.degree.C. It is
      then concentrated to a volume of about 6 ml in a high vacuum and the
      decapeptide derivative is precipitated by adding 100 ml of ice water. The
      resulting precipitate is triturated, filtered off and dried in a vacuum
      desiccator over sodium hydroxide. In a thin layer chromatogram on a silica
      gel plate the product shows Rf in chloroform-methanol (=7:3 = 0.60).
PAC  18. BOC-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-OH
PAR  300 mg of
      BOC-Cys(TRI)-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OH are
      dissolved in 100 ml of methanol and added dropwise, over the course of 1
      hour, to an intensively stirred solution of 400 mg of iodine in 120 ml of
      methanol. After completion of the addition the solution is stirred for a
      further 45 minutes, and is then cooled to 0.degree.C and decolorised with
      1 N aqueous sodium thiosulphate solution. It is then concentrated in vacuo
      to a volume of about 10 ml and the decapeptide derivative is precipitated
      by adding 100 ml of ice-cold 1 % strength aqueous acetic acid solution.
      After triturating, filtering and washing with ice water, the product is
      dried in a desiccator over sodium hydroxide. In order to purify it, the
      product is subjected to a countercurrent distribution in the system
      methanol-buffer-chloroform-carbon tetrachloride (10 : 3 : 5 : 4) (buffer:
      29 ml of glacial acetic acid, 19 g of ammonium acetate, made up to 1 liter
      with water); the fractions containing the pure decapeptide derivative are
      combined and the solution is evaporated. In order to remove ammonium
      acetate, the product is dissolved in chloroform and the solution is washed
      three times with dilute citric acid solution and three times with water
      and is then evaporated to dryness. Thin layer chromatogram on a silica gel
      plate Rf.sub.100 = 0.45; Rf.sub.121A = 0.55; Rf.sub.70 = 0.40; Rf.sub.43C
      = 0.35.
PAC  19. Z-Asp(OtBu)-Phe-OCH.sub.3
PAR  3.0 g of phenylalanine methyl ester hydrochloride together with 6.17 g of
      Z-Asp(OtBu)-ONP are dissolved in 25 ml of absolute N,N-dimethylformamide
      to give a clear solution and are mixed with 1.93 ml of triethylamine
      whilst stirring. The deep yellow solution is stirred overnight at room
      temperature, is then taken up in a large amount of ethyl acetate, and is
      washed 3 times with dilute aqueous citric acid solution, 5 times with
      dilute aqueous soda solution and finally with saturated aqueous sodium
      chloride solution until the wash liquid remains neutral. After drying over
      sodium sulphate the solution is evaporated and the resulting oil, which is
      soluble in ether and in chloroform, is purified by column chromatography
      on silica gel (the substance is eluted with toluene and toluene/ether, 4 :
      1); a colourless oily product is obtained.
PAR  On silica gel, the R.sub.f -value in chloroform-methanol (9:1) is 0.75; in
      chloroform-acetone (1:1) it is 0.67.
PAC  20. H-Asp(OtBu)-Phe-OCH.sub.3. HCl
PAR  770 mg of the dipeptide Z-Asp(OtBu)-Phe-OMe are dissolved in 200 ml of
      methanol and are decarbobenzoxylated with hydrogen in a duck-shaped
      shaking flask at room temperature, in the presence of 0.60 ml of hydrogen
      chloride in dioxane (3.0 N, 1.8 mmols) and 200 mg of palladium on charcoal
      catalyst (10 %). After completion of the very rapid hydrogen uptake the
      mixture is filtered, the filtrate evaporated, the residue taken up in
      ethyl acetate and freed of a little insoluble matter by filtration, and
      the product precipitated with ether.
PAR  In a thin layer chromatogram on silica gel in the system
      chloroform-methanol (9:1) Rf = 0.60; Rf 43C = 0.63.
PAC  21. Z-Gln-Asp(OtBu)-Phe-OCH.sub.3
PAR  550 mg of H-Asp(OtBu)-Phe-OCH.sub.3. HCl together with 574 mg of Z-Gln-ONP
      are dissolved in 2.5 ml of absolute N,N-dimethylformamide and stirred with
      0.20 ml of triethylamine for 15 hours at 30.degree.-33.degree.C bath
      temperature. Thereafter the product is extracted by shaking with a large
      amount of ethyl acetate as described under 19 and the solution is dried
      and evaporated.
PAC  22. H-Gln-Asp(OtBu)-Phe-OCH.sub.3. HCl
PAR  4.4 g of Z-Gln-Asp(OtBu)-Phe-OCH.sub.3 are decarbobenzoxylated with
      hydrogen at room temperature in a duck-shaped shaking flask after adding
      2.4 ml of hydrogen chloride in dioxane (3.0 N, 7.2 mmols) and 900 mg of 10
      % strength palladium on charcoal catalyst. After completion of the
      hydrogen uptake the mixture is filtered and the filtrate evaporated to
      dryness in vacuo. The yellowish solid residue is twice triturated with
      ether and used for the next step without further purification.
PAC  23. Z-Thr(tBu)-Gln-Asp(OtBu)-Phe-OCH.sub.3
PAR  3.68 g of Z-Thr(tBu)-OH. dicyclohexylammonium salt dissolved in ethyl
      acetate are 3 times shaken with dilute aqueous citric acid solution and
      three times with saturated aqueous sodium chloride solution, and the
      solution is dried over sodium sulphate and evaporated. The water-clear oil
      resulting therefrom is stirred with 3.34 g of H-Gln-Asp
      (OtBu)-Phe-OCH.sub.3. HCl in 40 ml of methylene chloride, 0.9 ml of
      triethylamine are added and a solution of 1.54 g of
      dicyclohexylcarbodiimide in 10 ml of methylene chloride is added dropwise.
      After rinsing this down with 10 ml of methylene chloride the suspension is
      stirred for 14 hours at room temperature. It is then placed for 2 hours in
      a refrigerator and the solid precipitate is filtered off, washed with a
      little methylene chloride, and the filtrate extracted by shaking with a
      large amount of ethyl acetate as described in 19. The amorphous
      evaporation residue is triturated with ether-hexane (1:1) and dried.
PAC  24. H-Thr(tBu)-Gln-Asp(OtBu)-Phe-OCH.sub.3
PAR  4.3 g of Z-Thr(tBu)-Gln-Asp(OtBu)-Phe-OCH.sub.3 in 300 ml of methanol are
      hydrogenated with 1 g of 10 % strength palladium on charcoal catalyst in
      the usual manner and after completion of the hydrogen uptake the mixture
      is filtered and the filtrate evaporated. The evaporation residue, a solid
      colourless foam, is employed for the next stage without further
      purification.
PAC  25. Z-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-OCH.sub.3
PAR  The acid is liberated from 3.5 g of Z-Tyr(tBu)-OH. dicyclohexylammonium
      salt in ethyl acetate by means of citric acid as described under 23 and
      the resulting clear oil is stirred with 3.29 g of
      H-Thr(tBu)-Gln-Asp(OtBu)-Phe-OCH.sub.3 in 80 ml of acetonitrile. 1.31 g of
      dicyclohexylcarbodiimide in the solid form are added thereto and the
      mixture is stirred for 24 hours at room temperature. The precipitated
      dicylohexylurea is now filtered off, washed with a little actonitrile, and
      the filtrate evaporated to dryness. The residue is dissolved in a large
      amount of chloroform and extracted by shaking, namely three times with
      dilute aqueous citric acid solution, three times with dilute aqueous soda
      solution and four times with saturated sodium chloride solution. After
      drying over sodium sulphate the solution is evaporated and the residue is
      dissolved in methanol-ethyl acetate, (1:8) and precipitated with petroleum
      ether in the cold. The precipitation is repeated. The protected
      pentapeptide results in the form of a finely granular powder.
PAC  26. H-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-OCH.sub.3
PAR  4.0 g of Z-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-OCH.sub.3 in 100 ml of
      absolute pre-hydrogenated N,N-dimethylformamide are decarbobenzoxylated
      with hydrogen at room temperature with the addition of 1.4 g of 10 %
      strength palladium on charcoal. After completion of the hydrogen uptake
      the mixture is diluted with 400 ml of methanol, filtered and evaporated in
      vacuo. The colourless solid residue is used for the next stage without
      further purification.
PAC  27. Z-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-OCH.sub.3
PAR  The acid is liberated from 2.85 g of Z-Thr(tBu)-OH. dicyclohexylammonium
      salt in ethyl acetate by means of citric acid as described under 23 and
      the resulting oil consisting of Z-Thr (tBu)-OH is stirred with 3.33 g of
      H-Tyr(tBu)-Thr(tBu)-Gln-Asp (OtBu)-Phe-OCH.sub.3 in 80 ml of acetonitrile
      at room temperature. 1.20 g of dicyclohexylcarbodiimide are added thereto
      in the solid form and the mixture is stirred for 23 hours at room
      temperature. After filtering off the precipitated dicyclohexylurea, which
      is washed with three portions of acetonitrile each of 7 ml, the solution
      is evaporated in vacuo and the residue is three times precipitated from
      ethyl acetate/alcohol solution by means of petroleum ether.
PAC  28. Z-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-NHNH.sub.2
PAR  1.3 g of Z-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-OCH.sub.3 are
      dissolved in 30 ml of methanol and mixed at 0.degree.C with 0.6 ml of
      hydrazine hydrate. The mixture is left for 3 days in the refrigerator, in
      the course of which a jelly-like precipitate separates out. This is
      solidified by adding ether, filtered off, and the residue recrystallised
      from ethanol/ether.
PAC  29. Z-Lys(BOC)-Phe-OMe
PAR  25.0 g of Z-Lys(BOC)-ONP and 10.7 g of H-Phe-OMe. HCl in 70 ml of
      dimethylformamide are mixed with 6.9 ml of triethylamine at room
      temperature whilst stirring and the mixture stirred for a further 18
      hours. After dilution with ethyl acetate the mixture is washed with
      potassium carbonate solution until free of nitrophenol, extracted by
      shaking with 0.1 M citric acid and water, dried over sodium sulphate and
      evaporated to dryness in vacuo. The protected dipeptide of melting point
      78.degree.-80.degree.C crystallises from ethyl acetate-hexane. Rf = 0.45
      in a thin layer chromatogram on silica gel in the system
      chloroform-acetone (8:2).
PAC  30. Z-Lys(BOC)-Phe-NH-NH.sub.2
PAR  27 g of the above dipeptide methyl ester are dissolved in 135 ml of warm
      methanol, mixed at room temperature with 25 ml of hydrazine hydrate and
      allowed to stand for 16 hours. The crystalline product is mixed with 135
      ml of water, filtered off and thoroughly washed with water. Melting point
      173.degree.-174.degree.C after recrystallisation from methanol-water. Rf =
      0.3 in a thin layer chromatogram on silica gel in the system
      chloroform-methanol (95:5).
PAC  31. Z-Lys(BOC)-Phe-His-OMe
PAR  5.4 g of Z-Lys(BOC)-Phe-NH-NH.sub.2 in 40 ml of dimethylformamide are mixed
      at -16.degree.C with 6.8 ml of 3.66 N HCl in dioxane and then with 1.5 ml
      of t-butyl nitrite. After 10  minutes at -10.degree.C to -15.degree.C, 3.5
      ml of triethylamine are added. 3.64 g of H-His-OMe. 2 HCl are added in the
      solid form and 4.2 ml of triethylamine are thereafter added dropwise. The
      mixture is allowed to warm to 0.degree.C over the course of 1 hour, with a
      pH of about 7 being set up by adding a total of 0.8 ml of triethylamine.
      After stirring overnight at 0.degree.C the mixture is poured into 250 ml
      of water and the smeary product is obtained in the form of a powder by
      triturating with water. In a thin layer chromatogram on silica gel in
      chloroform-methanol (9:1) Rf = 0.4. Melting point 136.degree.-137.degree.C
      (from ethyl acetate).
PAC  32. H-Lys(BOC)-Phe-His-OMe
PAR  6.8 g of Z-Lys(BOC)-Phe-His-OMe in 140 ml of methanol are hydrogenated in
      the presence of 1 g of 10 % strength Pd on charcoal. After completion of
      the hydrogenation the catalyst is filtered off, the filtrate evaporated to
      dryness and the residue immediately processed further.
PAC  33. Z-Asn-Lys(BOC)-Phe-His-OMe
PAR  The tripeptide methyl ester (5.4 g) obtained under 32 and 4.5 g of
      Z-Asn-ONP in 20 ml of dimethylformamide are stirred for 20 hours at room
      temperature. The peptide derivative is precipitated by adding
      ether-hexane, filtered off, and washed with ether until free of
      nitrophenol. It is purified by reprecipitation from
      dimethylformamide-ether. The product is homogeneous according to a thin
      layer chromatogram.
PAC  34. Z-Asn-Lys(BOC)-Phe-His-NH-NH.sub.2
PAR  3.97 g of Z-Asn-Lys(BOC)-Phe-His-OMe are dissolved in 20 ml of boiling
      methanol. 2.5 ml of hydrazine hydrate are added to the solution whilst it
      is still at about 30.degree.C and the mixture is allowed to stand for 20
      hours at room temperature. The peptide-hydrazine is precipitated by adding
      water, filtered off and washed with water until free of hydrazine. The
      product is reprecipitated from dimethylformamide-water.
PAC  35. Z-Thr(tBu)-Phe-Pro-OH
PAR  4 g of Z-Phe-Pro-OH are dissolved in methanol-water (4:1) and hydrogenated
      in the presence of palladium on charcoal (10 % Pd). After completion of
      the hydrogen uptake the catalyst is filtered off, the filtrate evaporated
      to dryness and the residue (H-Phe-Pro-OH) dried. It is mixed with 1.1 g of
      N-methylmorpholine and sufficient water for the product just to dissolve.
      The solution is diluted with dimethylformamide to the point that a clear
      solution remains and is then cooled to -5.degree.C. A solution of the
      mixed anhydride of Z-Thr(tBu)-OH, which is prepared as follows, is added
      thereto:
PAR  3.6 g of Z-Thr(tBu)-OH are dissolved in 40 ml of absolute tetrahydrofurane,
      1.8 ml of absolute triethylamine are added and the solution cooled to
      -10.degree.C is mixed with 1.7 g of chlorocarbonic acid isobutyl ester.
      After 5 minutes at -10.degree.C the entire reaction mixture is, regardless
      of the triethylamine hydrochloride which has separated out, added to the
      above dipeptide solution. The mixture is left for 1 hour at -5.degree.C
      and 18 hours at 5.degree.C. Insoluble matter is then filtered off, the
      eluate is freed of tetrahydrofurane in vacuo and of dimethylformamide in a
      high vacuum and the residue is mixed with sodium bicarbonate solution. The
      insoluble constituents are removed by washing with ether and the aqueous
      phase is covered with ethyl acetate and acidified. The tripeptide
      derivative is extracted with ethyl acetate and the ethyl acetate solution
      is washed with water until neutral. After drying over sodium sulphate and
      evaporating, Z-Thr(tBu)-Phe-Pro-OH  is obtained as a colourless resin-like
      product. It is repeatedly reprecipitated from benzene-petroleum ether in
      order to purify it.
PAC  36. Z-Ile-Gly-OMe
PAR  2.23 g of Z-Ile-OH-dicyclohexylammonium salt are suspended in ethyl acetate
      and acidified with 0.2 M citric acid. The resulting ethyl acetate solution
      is washed until neutral, dried and evaporated to dryness. The residue is
      dissolved in 15 ml of acetonitrile, and 750 mg of H-Gly-OMe.HCl are added
      to the solution followed at 0.degree.C, with stirring, by 0.84 ml of
      triethylamine. After 10 minutes 1.24 g of dicyclohexylcarbodiimide are
      added and the mixture is stirred overnight at 0.degree.C. The precipitate
      is filtered off, the filtrate evaporated to dryness, and the residue taken
      up in 30 ml of ethyl acetate and filtered. The ethyl acetate solution is
      washed with 0.2 M citric acid and saturated sodium bicarbonate solution,
      dried and concentrated to about 10 ml in vacuo. After adding 25 ml of
      hexane the protected dipeptide crystallises out; melting point
      120.degree.-122.degree.C. Rf = 0.53 in the system chloroform-methanol
      (95:5) in a thin layer chromatogram on silica gel.
PAC  37. H-Ile-Gly-OMe
PAR  3.36 g of Z-Ile-Gly-OMe are dissolved in 100 ml of methanol and 10 ml of 1
      N hydrochloric acid and hydrogenated in the presence of 0.5 g of Pd on
      charcoal (10 %). After filtering off the catalyst the solvent is
      completely evaporated. The resulting foam is homogeneous in a thin layer
      chromatogram on silica gel; Rf = 0.26 in chloroform-methanol (95:5).
PAC  38. Z-Ala-Ile-Gly-OMe
PAR  2.39 g of the above dipeptide ester hydrochloride and 3.78 g of Z-Ala-ONP
      in 40 ml of dimethylformamide are mixed with 1.4 ml of triethylamine
      whilst stirring and the resulting suspension is stirred overnight at room
      temperature. After dilution with ethyl acetate the mixture is washed with
      dilute potassium carbonate solution until free of nitrophenol and is
      subsequently further washed with 0.1 M citric acid and water. A part of
      the tripeptide derivative remains undissolved during the extraction by
      shaking, and is filtered off. The ethyl acetate solution is completely
      evaporated after drying. The residue also consists of pure product.
      Melting point 190.degree.-191.degree.C, Rf = 0.5 in a thin layer
      chromatogram on silica gel in the system chloroform-methanol (95:5).
PAC  39. H-Ala-Ile-Gly-OMe
PAR  2.0 g of Z-Ala-Ile-Gly-OMe are dissolved in 40 ml of methanol with gentle
      warming and then hydrogenated in the presence of 300 mg of Pd on charcoal
      (10 %). After completion of the hydrogenation the catalyst is filtered off
      and the filtrate completely evaporated to dryness. The residue, which is
      homogeneous in a thin layer chromatogram, is immediately processed
      further.
PAC  40. Z-Thr(tBu)-Ala-Ile-Gly-OMe
PAR  1.36 g of the above tripeptide ester and 2.6 g of Z-Thr (tBu)-ONP are
      stirred in 3 ml of dimethylformamide for 20 hours at room temperature. The
      tetrapeptide derivative is precipitated by means of ether, filtered off
      and washed with ether until free of nitrophenol. The product is purified
      by reprecipitation from dimethylformamide-ether.
PAC  41. H-Thr(tBu)-Ala-Ile-Gly-OMe
PAR  5.66 g of the above carbobenzoxy compound are hydrogenated in 50 ml of
      dimethylformamide and in the presence of 1 g of Pd on charcoal (10 %).
      After filtering off the catalyst by filtering through a layer of 2 g of
      Norite the dimethylformamide is completely evaporated in a high vacuum at
      40.degree.C. The amorphous residue is further processed in the crude
      state.
PAC  42. H-Thr(tBu)-Ala-Ile-Gly-OH
PAR  4.3 g of the tetrapeptide methyl ester are dissolved in 43 ml of methanol
      with gentle warming. After cooling to 20.degree.C 12 ml of 1 N sodium
      hydroxide solution are added. After 5, 10 and 15 minutes 5 ml of water are
      added in each case. After 1 hour at room temperature 12 ml of 1 N
      hydrochloric acid are added and the mixture is freed of methanol in vacuo
      and extracted with n-butanol. The butanol solution is washed with water
      until free of chloride and is then, without drying, evaporated to dryness
      in vacuo. The residue is employed for the next stage without further
      purification.
PAC  43. Z-Gln-Thr(tBu)-Ala-Ile-Glv-OH
PAR  The tetrapeptide derivative (4.2 g) obtained above is stirred for 24 hours
      at room temperature together with 4.8 g of Z-Gln-ONP and 1.35 ml of
      triethylamine in 30 ml of dimethylformamide. The product is precipitated
      by adding ether and is then filtered off and washed with ether until free
      of nitrophenol. After dissolving in n-butanol saturated with water, the
      mixture is extracted by shaking at 0.degree.C with 1 N hydrochloric acid,
      then washed with water until free of chloride and evaporated in vacuo at
      40.degree.C without drying. The product is obtained in the pure form by
      again reprecipitating it from dimethylformamide-ether. After drying in a
      high vacuum at 40.degree.C over phosphorus pentoxide an equivalent weight
      of 693 is obtained on potentiometric titration with 0.1 N-NaOH in 80 %
      strength methanol; the calculated figure is 680.
PAC  44. H-Gln-Thr(tBu)-Ala-Ile-Gly-OH. HCl
PAR  3.40 g of Z-Gln-Thr(tBu)-Ala-Ile-Gly-OH are dissolved in 70 ml of warm
      dimethylformamide. After cooling to room temperature, 5 ml of 1 N
      hydrochloric acid and 500 mg of Pd on charcoal (10 %) are added and the
      product hydrogenated. After completion of the hydrogenation the catalyst
      is filtered off by filtering through 1 g of Norite and the filtrate is
      concentrated to about 10 ml in a high vacuum at 40.degree.C. This solution
      is added dropwise to 100 ml of ether and the precipitated material is
      filtered off and washed with ether. The product is dried in a high vacuum
      at room temperature and on potentiometric titration with 0.1 N sodium
      hydroxide solution in 80 % methanol proves to have a content of 91 %.
PAC  45. Z-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-OH
PAR  2.8 g of Z-Thr(tBu)-Phe-Pro-OH and 0.77 ml of absolute triethylamine are
      dissolved in 30 ml of dry tetrahydrofurane and the solution, cooled to
      -10.degree.C, is added dropwise to 700 mg of isobutyl chlorocarbonate,
      care being taken for the temperature not to exceed -5.degree.C. The
      mixture is then left for 10 minutes at -10.degree.C and is thereafter
      added to a solution, precooled to -20.degree.C, of 2.5 g of
      H-Gln-Thr(tBu)-Ala-Ile-Gly-OH.HCl in 65 ml of dimethylformamide-water
      (9:1). 1.2 ml of triethylamine are then added dropwise and the mixture is
      left for 1 hour at -10.degree.C and for 18 hours at 0.degree.C. It is
      thereafter concentrated, in vacuo and then in a high vacuum at 40.degree.C
      bath temperature, to a volume of about 15 ml and then precipitated by
      adding 100 ml of ice-cold 2 % strength acetic acid. The product is
      filtered off, washed with ice water, dried and twice reprecipitated from
      methanol-water to purify it; yield 3.9 g of octapeptide derivative.
PAC  46. H-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-OH
PAR  3.6 g of the Z-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-OH obtained under
      45) are dissolved in 100 ml of 80 % strength acetic acid and the solution
      is hydrogenated in the presence of 0.5 g of palladium on charcoal (10 %
      Pd). After completion of the hydrogen uptake the catalyst is filtered off
      and the solution is evaporated to dryness. The acetic acid salt of the
      octapeptide derivative, which is obtained as a colourless firn, is dried
      in a high vacuum.
PAC  47. Z-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-OH
PAR  1.60 g of Z-Asn-Lys(BOC)-Phe-His hydrazide are mixed with 25 ml of
      dimethylformamide, the mixture is thereafter cooled to -20.degree.C, and 4
      ml of 2.5 N aqueous hydrochloric acid are then added. This mixture is
      stirred at -20.degree.C until the hydrazide has completely dissolved. 2.0
      ml of 1.0 N sodium nitrite solution are then added dropwise and the
      reaction mixture is warmed to -10.degree.C and left for 20 minutes at
      -10.degree.C. A solution of 1.50 g of
      H-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-OH (acetic acid salt) in 25 ml
      of 80 % strength dimethylformamide, cooled to -10.degree.C, and 1.11 g of
      N-methylmorpholine, are then added. The reaction mixture is left for 16
      hours at 0.degree.C. It is then evaporated in a high vacuum to a volume of
      about 8 ml and precipitated by adding ice-cold 1 % strength acetic acid.
      After filtering off and drying in a vacuum desiccator, the crude product
      is twice reprecipitated from dimethylformamide-ethyl acetate in order to
      purify it. The yield of protected dodecapeptide is 2.1 g.
PAC  48. H-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Cln-Thr(tBu)-Ala-Ile-Gly-OH
PAR  1.85 g of the above protected dodecapeptide are dissolved in 50 ml of 90 %
      strength acetic acid and hydrogenated in the usual manner in the presence
      of 0.4 g of palladium on charcoal (10 % Pd). The acetic acid salt of
      H-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-OH which
      remains after filtering off the catalyst, evaporating the solution and
      drying in a high vacuum is further processed without further purification.
PAC  49. Z-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys
      (BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-OH
PAR  2.30 g of Z-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-NH-NH.sub.2 are
      dissolved in 35 ml of dimethylformamide and 3.5 ml of 3 N aqueous
      hydrochloric acid are added to the solution cooled to -20.degree.C. 2.7 ml
      of 0.9 N sodium nitrate solution are then added and the reaction mixture
      is allowed to stand for 20 minutes at -10.degree.C. Thereafter a solution
      of 1.72 g of
      H-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-OH
      (acetic acid salt) in 30 ml of 90 % strength dimethylformamide, cooled to
      -10.degree.C, and 1.0 g of N-methylmorpholine are added dropwise. The
      mixture is allowed to stand for 18 hours at 0.degree.c, concentrated in a
      high vacuum to an oily consistency, and the product precipitated by adding
      100 ml of ice-cold 2 % strength citric acid solution. The precipitate is
      thoroughly triturated, centrifuged off, rinsed four times with small
      portions of ice water and dried in a vacuum desiccator over sodium
      hydroxide. In order to purify it, it is repeatedly reprecipitated from
      dimethylformamide-ethyl acetate.
PAC  50. Z-Ala-Pro-NH.sub.2
PAR  2.28 g of H-Pro-NH.sub.2 and 7.57 g of Z-Ala-ONP are dissolved in 20 ml of
      dimethylformamide and the yellow solution is allowed to stand for 18 hours
      at room temperature. It is then evaporated to dryness in a high vacuum,
      the residue is mixed with ethyl acetate and the resulting powder is
      thoroughly triturated. After filtering off and drying, 5.5 g of
      Z-Ala-Pro-NH.sub.2 of melting point 164.degree.-165.degree.C are obtained.
PAC  51. Z-Gly-Ala-Pro-NH.sub.2
PAR  5.1 g of the above dipeptide derivative are dissolved in 200 ml of a
      pre-hydrogenated t-butanol-water (9:1) mixture whilst warming. The
      solution is cooled to room temperature and hydrogenated in the presence of
      1 g of palladium on charcoal (10 % Pd). After completion of the
      hydrogenation the solution is immediately evaporated to dryness at
      30.degree.C bath temperature and 0.01 mm Hg, the residue of
      H-Ala-Pro-NH.sub.2 is dissolved in 300 ml of dimethylformamide cooled to
      -20.degree.C, and a solution of the mixed anhydride of Z-Gly-OH prepared
      as below is then added: 3.7 g of Z-Gly-OH and 2.65 ml of absolute
      triethylamine are dissolved in 25 ml of absolute tetrahydrofurane and 1.85
      g of chlorocarbonic acid ethyl ester are added dropwise to the solution,
      cooled to -10.degree.C, whilst stirring and cooling, in such a way that
      the temperature does not exceed -5.degree.C. Thereafter the mixture is
      cooled to -10.degree.C, allowed to stand for 5 minutes, and then added,
      regardless of the triethylamine H-Ala-Pro-NH.sub.which has separated out,
      to the above solution of h-Ala-Pro-NH.sub.2. After 1 hour at -10.degree.C
      and 18 hours at 0.degree.C the solution is filtered and the filtrate is
      evaporated to dryness, in vacuo and then in a high vacuum. The residue is
      then mixed with 1 litre of chloroform, triethylamine hydrochloride is
      filtered off, and the chloroform solution is twice washed with 20 ml at a
      time of half-saturated sodium chloride solution, dried with sodium
      sulphate and evaporated. The resulting tripeptide derivative shows Rf =
      0.58 (in methanol) on thin layer chromatography on silica gel.
PAC  52. H-Gly-Ala-Pro-NH.sub.2
PAR  3.8 g of the crude tripeptide derivative obtained under 51 are hydrogenated
      as described under 51. The residue remaining after filtering off the
      catalyst and evaporating the solvent mixture shows Rf = 0.15 on thin layer
      chromatography on silica gel in methanol; yield 2.2 g.
PAC  53. Z-Val-Gly-Ala-Pro-NH.sub.2
PAR  The crude tripeptide-amide obtained under 52 is dissolved in 30 ml of
      dimethylformamide. 4.1 g of Z-Val-p-nitrophenyl ester are added to the
      solution. After 18 hours at room temperature the yellow solution is
      evaporated to dryness, the residue is mixed with ethyl acetate, triturated
      and filtered off, the jelly-like powder is dissolved in 2 litres of
      chloroform, and the solution is twice washed with 20 ml in each case of 5
      % strength citric acid and twice washed with half-saturated sodium
      chloride solution. The chloroform solution is then dried with sodium
      sulphate and evaporated. The evaporation residue is mixed with 100 ml of
      ethyl acetate whilst warming and after standing at 0.degree.C the
      tetrapeptide derivative which has separated out as a solid powder is
      filtered off; melting point 205.degree.-210.degree.C, Rf-value on silica
      gel plates = 0.80 in chloroform-methanol (1:1).
PAC  54. H-Val-Gly-Ala-Pro-NH.sub.2
PAR  1.1 g of Z-Val-Gly-Ala-Pro-NH.sub.2 are dissolved in 50 ml of
      dimethylformamide and the solution is hydrogenated in the presence of 0.3
      g of palladium on charcoal (10 % Pd). After completion of the hydrogen
      uptake the catalyst is filtered off, the solution is evaporated and the
      residue is dried in a high vacuum at 35.degree.C bath temperature.
      Hereupon the tetrapeptide H-Val-Ala-Pro-NH.sub.2 is obtained as a
      colourless substance, Rf-value = 0.20. (Silica gel plates, system
      chloroform-methanol=1:1).
PAC  55.
      Z-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys-(BOC)-Phe-His-Thr(t
     Bu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Glv-Val-Gly-Ala-Pro-NH.sub.2
PAR  800 mg of
      Z-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys-(BOC)-Phe-His-Thr(t
     Bu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2
PAR  800 mg of
      Z-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr(tB
     u)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-OH, 510 mg of
      H-Val-Gly-Ala-Pro-NH.sub.2 and 120 mg of N-hydroxysuccinimide are
      dissolved in 9 ml of dimethylformamide at 45.degree.C whilst stirring and
      120 mg of dicyclohexylcarbodiimide are thereafter added. The reaction
      mixture is stirred at 45.degree.C for a total of 12 hours, with a further
      20 mg of dicyclohexylcarbodiimide and 20 mg of N-hydroxysuccinimide being
      added after 3 hours and again after 7 hours. The mixture is then poured
      into 200 ml of ether and the fine precipitate is filtered off. In order to
      purify it, the product is subjected to a counter-current distribution in
      the system methanol-buffer-chloroform-carbon tetrachloride (10:3:5:6,
      buffer as under 18).
PAC  56.
      H-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr(tB
     u)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2
PAR  227 mg of the docosapeptide-amide obtained under 55 are dissolved in 10 ml
      of 90 % strength acetic acid and the solution is hydrogenated in the
      presence of 100 mg of palladium on charcoal (10 % Pd) with intensive
      stirring. After completion of the hydrogen uptake the catalyst is filtered
      off and the filtrate evaporated to dryness. The residue is dissolved in
      n-butanol saturated with water and extracted by shaking three times with
      small portions of 5 % strength sodium carbonate solution and twice with a
      little water. The butanol solution is then evaporated, without prior
      drying, in a high vacuum at 35.degree.C bath temperature and the residue
      is dried in a high vacuum. 185 mg of the decarbobenzoxylated docosapeptide
      are thus obtained as a colourless resin.
PAC  57.
      BOC-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-Thr(tBu)-Tyr(tBu)-Th
     r(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)
     -Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2
PAR  181 mg of BOC-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-OH, 288 mg
      of
      H-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asp-(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr(t
     Bu)-Phe-Pro-Glu-Thr-(tBu)-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2 and 23 mg of
      N-hydroxy-succinimide are dissolved in 2 ml of absolute dimethylformamide
      whilst warming and are mixed with 31 mg of dicyclohexylcarbodiimide after
      cooling to room temperature. The small glass vessel is then flushed with
      nitrogen, closed and left to stand for 15 hours at 45.degree.C. The
      resulting crystalline dicyclohexylurea is filtered off, twice washed with
      0.5 ml of dimethylformamide at a time, the filtrate concentrated to half
      its volume in a high vacuum and the crude product precipitated by adding
      20 ml of benzene and 120 ml of petroleum ether. In order to purify it, the
      product is once again reprecipitated from methanol-benzene-hexane,
      filtered off and dried to constant weight at 45.degree.C. The protected
      dotriacontapeptide-amide is thus obtained as an amorphous powder which on
      thin layer chromatography has a main spot and various by-products. It can,
      in this state, be employed for the splitting off of the protective groups.
PAC  EXAMPLE 2
PAC  H-Cys-Gly-Asn-Leu-Ser-Thr-Cys-Met-Leu-Gly-Thr-Tyr-Thr-Gln-Asp-Phe-Asn-Lys-P
     he-His-Thr-Phe-Pro-Gln-Thr-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2 (Calcitonin
      M)
PAR  0.6 ml of concentrated hydrochloric acid are poured at 0.degree.C over 23
      mg of
      BOC-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-Thr(tBu)-Tyr(tBu)-Th
     r(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys-(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu
     )-Ala-Ile-Gly-Val-Gly-Ala-ProNH.sub.2 and the vessel is flushed with
      nitrogen, closed and stirred at 0.degree.C for 10 minutes. It is then
      cooled to about -60.degree.C, evacuated in a high vacuum, and the solution
      concentrated to a syrup whilst slowly raising the temperature up to
      0.degree.C. After adding 0.4 ml of water the mixture is lyophilised, the
      residue dissolved in 0.2 ml of 0.1 N acetic acid, and the solution
      filtered through a column (.phi. = 6 mm; 1 = 100 mm) of weakly basic ion
      exchanger (for example Merck No. II) which has been equilibriated with 0.1
      N acetic acid, in order to convert the product to the acetate. The eluate
      is concentrated to a volume of 0.5 ml, lyophilised, post-dried at
      40.degree.C in a high vacuum and finally equilibriated with atmospheric
      humidity by allowing it to stand in an open vessel. The acetate on
      Calcitonin M is thus obtained as a water-soluble white powder.
PAR  The protected dotriacontapeptide-amide used as the starting material can be
      manufactured as follows:
PAC  1. H-Gly-Asn-Leu-OMe
PAR  2.0 g of Z-Gly-Asn-Leu-OMe (of melting point 158.degree.-159.degree.C after
      recrystallisation from methanol-water) are dissolved in 20 ml of methanol
      whilst warming and hydrogenated with 200 ml of palladium on charcoal (10 %
      Pd) until the hydrogen uptake has ended. The catalyst is filtered off and
      the filtrate concentrated to dryness at 40.degree.C bath temperature,
      whereupon the tripeptide methyl ester is directly obtained in a
      crystalline pure form (1.34 g; melting point 138.degree.-139.degree.C). It
      can, if necessary, be recrystallised from methanol-ethyl acetate-petroleum
      ether. Rf.sub.52 = 0.22 (on silica gel).
PAC  2. BOC-Cys-(TRI)-Gly-Asn-Leu-OMe
PAR  5.7 g of H-Gly-Asn-Leu-OMe, 9.2 g of BOC-Cys(TRI)-OH and 4.16 g of
      N-hydroxysuccinimide are dissolved in 200 ml of dimethylformamide, cooled
      to 0.degree.C, and mixed with 5.57 g of dicyclohexylcarbodiimide in the
      solid form whilst stirring. The mixture is stirred for a further 1 hour at
      0.degree.C, allowed to stand overnight at about 20.degree.C and
      concentrated in a high vacuum to a volume of about 100 ml, and the
      dicyclohexylurea which has separated out is filtered off. The filtrate is
      then further concentrated in a high vacuum until a sticky mass forms, and
      this is dissolved in 200 ml of n-butanol and the solution successively
      washed with water, 5 % strength tartaric acid solution 1 N sodium
      bicarbonate and again with water. The solution is now concentrated to a
      volume of about 50 ml and the tetrapeptide derivative is precipitated
      therefrom by adding 300 ml of petroleum ether. The product is purified by
      reprecipitation from dimethylformamide-water and from methanol-ethyl
      acetate-petroleum ether and the tetrapeptide derivative is thus obtained
      as an amorphous powder of melting point 145.degree.-148.degree.C. It shows
      the following Rf-values in a thin layer chromatogram on silica gel: Rf 115
      = 0.68; Rf (acetone) = 0.59; Rf (chloroform-methanol 8:2) = 0.60.
PAC  3. BOC-Cys-(TRI)-Gly-Asn-Leu-NHNH.sub.2
PAR  2.7 g of BOC-Cys(TRI)-Gly-Asn-Leu-OMe are dissolved in 22 ml of methanol,
      cooled to 0.degree.C and mixed with 2.2 ml of hydrazine hydrate. After
      about 30 minutes at 0.degree.C the solution is allowed to stand overnight
      at about 20.degree.C, again cooled to 0.degree.C, and then mixed with 102
      ml of 3 % strength ice-cold acetic acid. The precipitate is well
      homogenised, filtered off and washed on the filter with ice-cold 3 %
      strength acetic acid until the wash liquid gives a Folin-negative reaction
      and subsequently dried. 2.2 g of chromatographically pure
      tetrapeptide-hydrazide of decomposition point about 195.degree.C are
      obtained. It shows the following Rf-values in a thin layer chromatogram on
      silica gel: Rf (chloroform-methanol 8:2) = 0.30; Rf (acetone-methanol 9:1)
      = 0.53.
PAC  4. BOC-Met-Leu-Gly-OMe
PAR  6.72 g of Z-Leu-Gly-OMe in 50 ml of methanol are hydrogenated with 500 mg
      of palladium on charcoal (10 % Pd) until the hydrogen uptake has ended.
      The solution is freed of catalyst by filtration and is concentrated in
      vacuo to about 10 ml, diluted with 30 ml of dimethylformamide and again
      concentrated in a high vacuum to about 20 ml. 7.7 g of BOC-Met-OCP are
      added thereto whilst cooling in ice, the clear solution is allowed to
      stand at 20.degree.C for 6 hours and the solvent is evaporated in a high
      vacuum. The oily residue is dissolved in ethyl acetate and successively
      washed at 0.degree.C with 5 % strength potassium hydroxide solution, 0.2 N
      hydrochloric acid and finally with water; the organic phase is dried over
      sodium sulphate and concentrated to dryness. The oily residue is
      crystallised from benzene-petroleum ether; melting point 126-127.degree.C;
      on silica gel Rf 43 C = 0.66; Rf (toluene-acetone 1:1) = 0.58.
PAC  5. H-Met-Leu-Gly-OMe. Hydrochloride
PAR  3.24 g of BOC-Met-Leu-Gly-Ome are dissolved in 13 ml of 3.8 N hydrogen
      chloride in ethyl acetate and allowed to stand for 30 minutes at
      20.degree.C. On adding 100 ml of petroleum ether the tripeptide ester
      hydrochloride is precipitated as a sticky mass, and the supernatant
      solution is decanted off. On triturating with 100 ml of peroxide-free
      ether at 0.degree.C a finely powdered produce is obtained which is
      filtered off and dried to constant weight over potassium hydroxide at room
      temperature in a desiccator. The compound is chromatographically pure but
      amorphous and strongly hygroscopic. It shows the following Rf-values on
      silica gel; Rf 43 C = 0.48; Rf (toluene-acetone 1:1) = 0.35.
PAC  6. TRI-Cys(TRI)-Met-Leu-Gly-OMe
PAR  3.22 g of TRI-Cys(TRI)-OH, 1.97 g of H-Met-Leu-Gly-OMe-hydrochloride and
      0.74 ml of triethylamine are dissolved in 32 ml of acetonitrile and 1.54 g
      of dicyclohexylcarbodiimide are added in the solid form. The initially
      clear solution from which dicyclohexylurea separates out is allowed to
      stand for 16 hours at 20.degree.C. It is then cooled to 0.degree.C, 100 ml
      of water are added, the mixture is homogenised and the white precipitate
      is filtered off. It is washed with water, dried and then finely triturated
      with 50 ml of ethyl acetate for 5 minutes at 40.degree.C. The insoluble
      dicyclohexylurea is filtered off at room temperature and washed with 20 ml
      of ethyl acetate. The tetrapeptide derivative is precipitated as a
      jelly-like precipitate from the filtrate by adding 300 ml of petroleum
      ether and is filtered off and dried. On reprecipitating this crude product
      from methanol-ethyl acetate-petroleum ether a chromatographically
      homogeneous product of melting point about 215.degree.C is obtained. It
      shows the following Rf-values on silica gel: in the system: CHCl.sub.3
      -methanol (97:3) Rf = 0.57; in n-butyl acetate Rf = 0.51.
PAC  7. H-Cys(TRI)-Met-Leu-Gly-OMe. Acetate
PAR  4 ml of water are added dropwise to a solution of 1.862 g of
      TRI-Cys(TRI)-Met-Leu-Gly-OMe in 16 ml of glacial acetic acid in such a way
      that the precipitate which forms always redissolves. The clear solution is
      stirred for 1 hour at room temperature and is then mixed with 12 ml of
      water at 0.degree.C and filtered, and the precipitate is washed with cold
      50 % strength acetic acid. The filtrate is evaporated in a high vacuum at
      30.degree.C to give an oil and the latter is triturated with water and
      lyophilised. The resulting white powder is dried for 15 hours over
      potassium hydroxide in a high vacuum. The product proves to be homogeneous
      in a thin layer chromatogram on silica gel. In toluene-acetone (7:3) Rf =
      0.28 and in chloroform-methanol (95:5) Rf = 0.48.
PAC  8. DPC-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OMe
PAR  2.284 g of DPC-Ser(tBu)-Thr(tBu)-NH-NH.sub.2 (compare Example 1, subsection
      13) in 15 ml of dimethylformamide are mixed at -20.degree.C with 6.5 ml of
      1.53 N hydrogen chloride in ethyl acetate and 0.51 ml of t-butyl nitrite
      and the mixture is stirred for 15 minutes at -10.degree.C. After adding
      1.4 ml of triethylamine a solution of 1.406 g of
      H-Cys(TRI)-Met-Leu-Gly-OMe-acetate in 10 ml of dimethylformamide, cooled
      to -10.degree.C, is added dropwise. The pH of the reaction solution is
      then .about.5. A pH of 7-8 is established by adding 2 drops of
      triethylamine in dimethylformamide [2.8 ml of triethylamine made up to 10
      ml with dimethylformamide]. After 5, 10 and 20 minutes the pH is again
      raised to 7-8 by means of 2 drops of triethylamine solution at a time.
      Thereafter this value remains constant. The reaction solution is kept for
      1 hour at -10.degree.C and for 15 hours at 0.degree.C. The triethylamine
      hydrochloride which has separated out is then filtered off and the
      filtrate evaporated at 30.degree.C in a high vacuum to give an oil. On
      trituration with water a powder is obtained which is washed with water and
      then triturated with water and lyophilised. The hexapeptide derivative is
      obtained pure by twice triturating with 10 ml of benzene-petroleum ether
      (1:2). In a thin layer chromatogram on silica gel in toluene-acetone (7:3)
      Rf = 0.42.
PAC  8a. DPC-Ser(tBu)-Thr(tBu)-Cys(TRI)-OH
PAR  5.7 g of DPC-Ser(tBu)-Thr(tBu)-NH-NH.sub.2 in 50 ml of dimethylformamide
      are mixed at -15.degree.C with 16.35 ml of 1.53 N hydrogen chloride in
      ethyl acetate and 1.4 ml of t-butyl nitrite and allowed to stand for 15
      minutes at -10.degree.C. After adding 3.5 ml of triethylamine a solution,
      cooled to -10.degree.C, of 3.63 g of H-Cys(TRI)-OH and 1.4 ml of
      triethylamine in 40 ml of dimethylformamide and 16 ml of water is added
      dropwise and the mixture is stirred for one hour at -10.degree.C and kept
      for 15 hours at 0.degree.C. The clear solution is evaporated at
      40.degree.C in a high vacuum, the residue is taken up in ethyl acetate and
      water and the organic phase is washed with 50 % saturated sodium chloride
      solution. The oil obtained after evaporation of the solvent is dissolved
      in a little ethyl acetate and added dropwise to 300 ml of petroleum ether
      (stirred at 0.degree.C). The product precipitates as a slightly yellowish
      powder. In a thin layer chromatogram on silica gel in the system
      chloroform-methanol (7:3) Rf = 0.62.
PAC  8b. H-Ser(tBu)-Thr(tBu)-Cys(TRI)-OH
PAR  909 mg of DPC-Ser(tBu)-Thr(tBu)-Cys(TRI)-OH are dissolved in 10 ml of
      methylene chloride, mixed with 12 ml of monochloracetic acid in water
      [obtained from 75 g of chloracetic acid and 25 ml of water] and stirred
      for 15 minutes at room temperature. The solution is then cooled to
      0.degree.C, mixed with 50 ml of water and brought to pH 6.5 with
      concentrated ammonia. Hereupon the product precipitates as an oil. This is
      triturated 2 more times with water and is then taken up in t-butanol and
      lyophilised. Trituration of the lyophilised product with petroleum ether
      yields a homogeneous product. In a thin layer chromatogram on silica gel
      in chloroformmethanol (1:1) Rf = 0.40; in methanol Rf = 0.50.
PAC  9. H-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OMe
PAR  2 g of DPC-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-Ome are dissolved in 40
      ml of 80 % strength glacial acetic acid at 45.degree.C and the solution is
      thereafter allowed to stand for 1 hour at 45.degree.C. It is then
      concentrated to a volume of about 10 ml in vacuo and lyophilised. In order
      completely to remove the acetic acid, the residue is dissolved in 15 ml of
      tert. butanol and 1.5 ml of water and again lyophilised. A powdery residue
      is obtained which is dissolved in 5 ml of methanol and 20 ml of ethyl
      acetate and again precipitated by adding 150 ml of petroleum ether. After
      briefly allowing the mixture to stand at 0.degree.C, the product is
      filtered off, washed with petroleum ether and dried. An amorphous powder
      of melting point 180.degree.C is obtained which only retains traces of
      2-(p-biphenylyl)-propanyl(-2) as the sole impurity. The hexapeptide is
      used in this form for further processing. It shows the following Rf-values
      in a thin layer chromatogram on silica gel: in chloroform-acetone (1:1) Rf
      = 0.48; in chloroformmethanol (9:1) Rf = 0.54; in toluene-acetone (1:1) Rf
      = 0.49.
PAC  10. H-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OH 1.4 g of hexapeptide methyl
      ester from 9) are dissolved at 45.degree.C in 16 ml of 90 % strength
      methanol, and the solution is cooled to 20.degree.C (whereupon the peptide
      partially again precipitates) and mixed with 4.32 ml of 1 N sodium
      hydroxide solution. The suspension is stirred for 25 minutes at
      22.degree.C (after about 15 minutes everything has dissolved to give a
      clear solution) and the hexapeptide is then precipitated as a finely
      flocculent precipitate by adding 4.32 ml of 1 N hydrochloric acid and 30
      ml of water. The mixture is allowed to stand for a further 15 minutes at
      0.degree.C and is filtered, and the product is washed with water until the
      filtrate is free of chloride ions. After drying over potassium hydroxide
      and phosphorus pentoxide 1.3 g of crude product are obtained and this is
      purified by homogenising for 5 minutes at 80.degree.C with a mixture of 25
      ml of dimethylformamide and 60 ml of benzene and precipitating by adding
      120 ml of petroleum ether. After standing for 10 minutes at 0.degree.C the
      product is filtered off, washed with benzene and petroleum ether and
      dried. The chromatographically pure hexapeptide derivative thus obtained
      shows a decomposition point of about 210.degree.C and is very sparingly
      soluble in many solvents. On thin layer chromatography on silica gel Rf 45
      = 0.39, Rf 52 = 0.77 and Rf 100 = 0.47.
PAC  11. BOC-Cys(TRI)-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OH
PAR  1.04 g of BOC-Cys(TRI)-Gly-ASn-Leu-NH-NH.sub.2 are dissolved in 8 ml of
      absolute dimethylformamide, cooled to -25.degree.C, and 0.92 ml of 3.6 N
      hydrochloric acid in dioxane are slowly added dropwise thereto followed by
      0.179 ml of tert.butyl nitrate. This mixture is stirred for 15 minutes at
      -10.degree.C, cooled to -15.degree.C and pipetted into a solution, cooled
      to -15.degree.C, of 878 mg of H-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OH
      and 0.588 ml of triethylamine in 12 ml of absolute dimethylformamide. The
      mixture is stirred for about 10 minutes at -10.degree.C and for 3 hours at
      0.degree.C. In order to maintain a weakly basic reaction (pH about 8)
      0.065 ml of triethylamine at a time are initially still added twice. The
      mixture is left to stand for 15 hours at 0.degree.C and is then
      concentrated in a high vacuum until it assumes a pasty consistency. The
      decapeptide derivative is precipitated by adding 50 ml of methanol. The
      suspension is warmed for 5 minutes to 40.degree.C, allowed to stand for 10
      minutes at 0.degree.C, and the precipitate is filtered off and washed with
      20 ml of methanol. On drying in a high vacuum over potassium hydroxide and
      phosphorus pentoxide, the pure decapeptide derivative having an unsharp
      decomposition point at about 220.degree.-230.degree.C is obtained. It
      shows the following Rf-values in a thin layer chromatogram on silica gel:
      in the system chloroform-methanol (8:2) Rf = 0.28; in the system 70, Rf =
      0.55; in the system 104, Rf = 0.75; in the system 121 A, Rf = 0.59.
PAC  12. BOC-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-OH
PAR  1.7 g of BOC-Cys(TRI)-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OH
      are dissolved in 170 ml of hot dimethylformamide and after cooling to room
      temperature the solution is added, over the course of 1 hour, to an
      intensively stirred solution of 2.5 g of iodine in 500 ml of methanol.
      Thereafter the mixture is stirred for a further hour and the solution,
      cooled to 0.degree.C, is the decolourised almost completely with 1 N
      sodium thiosulphate. After concentration of the solution in vacuo, finally
      in a high vacuum at 40.degree.C, to about 100 ml the product is completely
      precipitated with ether, whereupon the oil which precipitates rapidly
      solidifies. After decanting the ether solution the residue is briefly
      dried in vacuo and then triturated with water. The precipitated
      decapeptide derivative is filtered off, washed with water and dried. In
      order to purify it it is dissolved in 25 ml of chloroform, a small amount
      of insoluble material is filtered off, and the filtrate is concentrated to
      about one-half and precipitated with hexane. The pure decapeptide
      derivative is obtained, and this shows Rf 100 = 0.48 in a thin layer
      chromatogram on silica gel.
PAC  13. Z-Asp(OtBu)-Phe-OCH.sub.3
PAR  30.3 g of Z-Asp(OtBu)-ONP and 18.3 g of H-Phe-OCH.sub.3. HCl are together
      dissolved in 150 ml of dimethylformamide and 11.8 ml of triethylamine are
      added dropwise to the clear solution. The resulting suspension is stirred
      for 20 hours at room temperature, whereupon it turns deep yellow.
      Thereafter the mixture is concentrated to about 100 ml in vacuo, dissolved
      in 1 liter of ethyl acetate/chloroform (4:1) and three times extracted by
      shaking with 5 % strength citric acid, 19 times with about 2 N sodium
      carbonate, and with saturated sodium chloride solution until it gives a
      neutral reaction. The crude product, a yellow oil, in ether is treated
      with active charcoal and after seeding is crystallised from 650 ml of
      ether/hexane (1:1) in a refrigerator. Colourless needles of melting point
      74.5.degree. - 76.5.degree.C form. In a thin layer chromatogram on silica
      gel the Rf-value in the system chloroformmethanol (95:5) = 0.74 and in
      chloroform-acetone (75:25) = 0.65.
PAC  14. H-Asp(tBu)-Phe-OCH.sub.3
PAR  48.6 g of Z-Asp(OtBu)-Phe-OCH.sub.3 in 700 ml of methanol are
      decarbobenzoxylated in a duck-shaped flask at room temperature after
      adding 33.5 ml of 3 N hydrogen chloride in dioxane and 5 g of 10 %
      strength palladium catalyst on charcoal. After the hydrogen uptake has
      ended the mixture is filtered and the filtrate evaporated. 38.7 g of a
      white foam are obtained. In a thin layer chromatogram on silica gel in
      chloroformmethanol (9:1) Rf = 0.60; in chloroform-acetone (1:1) Rf = 0.58;
      Rf.sub.102E =0.42. The product is employed for the subsequent condensation
      without additonal purification.
PAC  15. Z-Gln-Asp(OtBu)-Phe-OCH.sub.3
PAR  38.6 g of the H-Asp(OtBu)-Phe-OCH.sub.3. HCl obtained are dissolved,
      together with 42.0 g of Z-Gln-ONP in 170 ml of dimethylformamide to give a
      clear slightly yellow solution and slowly mixed with 13.9 ml of
      triethylamine whilst stirring. An orange suspension is produced which is
      stirred for 24 hours at 30.degree.-35.degree.C bath temperature. During
      this time a further 40 ml of dimethylformamide and additionally also 1.39
      ml of triethylamine are added.
PAR  In order to work up the mix, it is dissolved in 4 liters of chloroform and
      successively washed, in a 20-stage counter-current distribution apparatus
      (phase volumme: lower phase 400 ml, upper phase 200 ml per vessel)
      successively with 1 liter of 5 % strength citric acid solution, 400 ml of
      saturated sodium chloride solution, 6 liters of approximately 2 N soda and
      2.8 liters of saturated sodium chloride solution. After drying and
      evaporating the tripeptide derivative slowly crystallises out from 1.8 l
      of ethanol in a refrigerator. Z-Gln-Asp(OtBu)-Phe-OCH.sub.3 of melting
      point 186.degree.-188.degree.C is obtained.
PAR  In a thin layer chromatogram on silica gel the following Rf-values are
      obtained: in chloroform-methanol (9:1) Rf = 0.39; in chloroform-acetone
      (1:1) Rf =0.24; Rf 102E = 0.69, Rf 89 = 0.46, Rf 43A = 0.65
      [.alpha.].sub.D.sup.20 = -28.degree..+-.1.degree. (c =1.3 % in
      dimethylformamide).
PAC  16. H-Gln-Asp(OtBu)-Phe-OCH.sub.3
PAR  7.55 g of Z-Gln-Asp(OtBu)-Phe-OCH.sub.3 are dissolved in 400 ml of
      methanol, mixed with 4.1 ml of 3 N hydrogen chloride in dioxane and
      hydrogenated in the presence of 2 g of palladium on charcoal (10 % Pd).
      After filtering off the catalyst and evaporating,
      H-Gln-Asp(OtBu)-Phe-OCH.sub.3. HCl is obtained as a colourless foam. The
      following Rf-values are obtained in a thin layer chromatogram on silica
      gel: in chloroform-methanol (9:1) Rf = 0.13; in chloroform-acetone (25:75)
      Rf = 0.14; Rf.sub.102E =0.22.
PAC  17. Z-Thr(tBu)-Gln-Asp(OtBu)-Phe-OCH.sub.3
PAR  The entire amount of the hydrochloride from 16) together with 7.4 g of
      Z-Thr(tBu)-OSU is dissolved in 14 ml of dimethylformamide at room
      temperature and 1.72 ml of triethylamine are added dropwise to this
      solution whilst cooling in an ice bath. Thereafter the brownish suspension
      is stirred for 20 hours at room temperature. After the usual working up in
      a large amount of ethyl acetate (washing three times each with 5 %
      strength citric acid and approximately 2 N sodium carbonate, washing until
      neutral with saturated sodium chloride solution, drying over sodium
      sulphate and evaporating in vacuo at 30.degree.-40.degree.C) the crude
      product, in ethanol, is treated with active charcoal and crystallised from
      90 ml of ethanol in a refrigerator. Melting point
      155.degree.-161.degree.C. In a thin layer chromatogram on silica gel the
      following Rf-values are found: in chloroform-methanol (9:1) Rf = 0.52; in
      cyclohexane-acetone (3:7) Rf = 0.48; Rf.sub.89 = 0.48, Rf.sub.121A = 0.76
      [.alpha.].sub.D.sup.20 = -4.degree..+-.0.5.degree. (c = 2.3 % in
      dimethylformamide).
PAC  18. H-Thr(tBu)-Gln-Asp(OtBu)-Phe-OCH.sub.3
PAR  478 mg of Z-Thr(tBu)-Gln-Asp(OtBu)-Phe-OCH.sub.3 in 150 ml of methanol are
      hydrogenated with 100 mg of palladium on charcoal (10 % strength) at room
      temperature under neutral conditions. 395 mg of a colourless foam of
      H-Thr(tBu)-Gln-Asp(OtBu)-Phe-OCH.sub.3 are obtained and this is used
      without further purification for the subsequent condensation.
PAR  The following Rf-values are obtained in a thin layer chromatogram on silica
      gel: in chloroform-methanol (1:1) Rf = 0.75; in chloroform-methanol (9:1)
      Rf = 0.17; in acetone  =0.18; Rf.sub.102E = 0.23; Rf.sub.89 = 0.12.
PAC  19. Z-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-OCH.sub.3
PAR  687 mg of Z-Tyr(tBu)-OH-dicyclohexylammonium salt dissolved in chloroform
      are extracted by shaking with aqueous citric acid and the resulting free
      acid, a clear oil, dissolved in 6.5 ml of tetrahydrofurane is mixed with
      0.139 ml of N-methylmorpholine. 0.170 ml of chloroformic acid isobutyl
      ester are added at -22.degree.C and the mixture is stirred for half an
      hour at -22.degree. to -10.degree.C. The
      H-Thr(tBu)-Gln-Asp(OtBu)-Phe-OCH.sub.3 described above, dissolved in 15 ml
      of tetrahydrofurane and pre-cooled, is then added dropwise and rinsed down
      with 5 ml of the same solvent. After half an hour at -10.degree.C the
      mixture is stirred for a further 15 hours at room temperature. Thereafter
      it is concentrated in vacuo and worked up in ethyl acetate in the usual
      manner (compare 17 ). The crude product is dissolved in 15 ml of ethyl
      acetate, precipitated with 40 ml of ether and subsequently crystallised
      from methanol in a refrigerator. Short thick needles which disintegrate on
      drying in a high vacuum at 50.degree.C. Melting point
      169.degree.-173.degree.C. In a thin layer chromatogram on silica gel the
      following Rf-values are obtained: in chloroform-methanol (9:1) Rf = 0.46;
      in chloroform-methanol (1:1) Rf = 0.95; in chloroformacetone (1:1) Rf =
      0.44; Rf.sub.89 = 0.61; Rf.sub.acetone = 0.68; Rf.sub.102E = 0.73.
      [.alpha.].sub.D.sup.21 =-54.degree. .+-. 0.5.degree.(c = 2.0 % in
      dimethylformamide).
PAC  20. H-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-OCH.sub.3
PAR  2.36 g of Z-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-OCH.sub.3 in 450 ml of
      methanol are hydrogenated with 500 mg of 10 % strength palladium on
      charcoal in the usual manner at room temperature. A colourless foam is
      obtained which is homogeneous according to a thin layer chromatogram and
      is further employed as such. The following Rf-values are obtained in a
      thin layer chromatogram on silica gel: in chloroform-methanol (95:5) Rf =
      0.22; Rf.sub.89 = 0.42.
PAC  21. Z-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-OCH.sub.3
PAR  The product from 20) together with 1.48 g of Z-Thr(tBu)-OSU is dissolved in
      3 ml of dimethylformamide and stirred for 21 hours at room temperature.
      After diluting the reaction solution with a large amount of ethyl acetate
      it is worked up in the usual manner (compare 17). The crude product is
      dissolved in 30 ml of warm ethyl acetate-methanol (9:1) and after cooling
      in an ice bath is precipitated with 80 ml of ether. The product obtained
      is a colourless amorphous powder of melting point
      146.degree.-148.degree.C. The following Rf-values are obtained in a thin
      layer chromatogram on silica gel: in chloroform-methanol (9:1) Rf = 0.55;
      in chloroform-acetone (1:1) Rf = 0.60; Rf.sub.89 = 0.43;
      [.alpha.].sub.D.sup.21 = +6 .+-. 0.5.degree. (c = 2.0 in
      dimethylformamide).
PAC  22. Z-Thr(tBu)-Tyr(tBu)-Gln-Asp(OtBu)-Phe-NH-NH.sub.2
PAR  1.91 g of Z-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-OCH.sub.3 are
      dissolved in 80 ml of methanol and mixed with 8 ml of hydrazine hydrate.
      After allowing to stand for 22 hours at room temperature, the product
      which has precipitated is isolated and dried in a high vacuum at
      60.degree.C. The microcrystalline hydrazide of melting point
      226.degree.-229.degree.C (decomposition) is obtained. The following
      Rf-values are found in a thin layer chromatogram on silica gel: in
      chloroform-methanol (9:1) Rf = 0.32; in cyclohexane-acetone (3:7) Rf =
      0.23; Rf.sub.89 = 0.34.[.alpha.].sub.D.sup.20 = + 4.degree. .+-. 1.degree.
      (c = 1.0 in dimethylformamide).
PAC  23. Z-Asn-Lys(BOC)-Phe-His-OMe
PAR  5.4 g of H-Lys(BOC)-Phe-His-OMe (compare Example 1) and 4.5 g of Z-Asn-ONP
      in 20 ml of dimethylformamide are stirred for 20 hours at room
      temperature. The peptide derivative is precipitated by adding ethyl
      acetate, filtered off and washed with ether. After recrystallisation from
      methanol the product melts at 182.degree.-183.degree.C. In a thin layer
      chromatogram RF.sub.100 = 0.57 (on silica gel). [.alpha.].sub.D.sup.20 =
      -28.degree. (c = 1 in dimethylformamide).
PAC  24. Z-Asn-Lys(BOC)-Phe-His-NH-NH.sub.2
PAR  3.97 g of Z-Asn-Lys(BOC)-Phe-His-OMe are dissolved in 8 ml of warm
      dimethylformamide and 12 ml of methanol. 2.5 ml of hydrazine hydrate are
      added to the solution whilst it is still at about 30.degree.C and the
      mixture is allowed to stand for 20 hours at room temperature. The
      peptide-hydrazide is precipitated by adding water, filtered off and washed
      with water until free of hydrazine. The product is recrystallised from
      ethanol, melting point = 200.degree.-201.degree.C. In a thin layer
      chromatogram on silica gel RF.sub.43C = 0.5.
PAC  25. H-Phe-Pro-OH
PAR  Z-Phe-Pro-OH is converted to the free dipeptide by catalytic reduction
      (Pd-charcoal) in methanol-water (4:1). After concentrating the
      hydrogenation solution which has been freed of catalyst to a small volume,
      the free dipeptide is obtained in a crystalline form by adding acetone,
      and in fact as the dipeptide monohydrate of melting point
      125.degree.-128.degree.C.
PAC  26. Z-Thr(tBu)-Phe-Pro-OH
PAR  20.2 g of Z-Thr(tBu)-OSU, 13.3 g of H-Phe-Pro-OH (monohydrate) and 6.54 ml
      of triethylamine are dissolved in 80 ml of dimethylformamide, allowed to
      stand overnight at about 20.degree.C and then concentrated in a high
      vacuum until a sticky mass forms. The latter is dissolved in 500 ml of
      ethyl acetate and washed five times with 100 ml at a time of 5 % strength
      tartaric acid solution and subsequently with water until neutral. The
      organic phase is concentrated to dryness and the remaining solid foam is
      powdered and dried in a high vacuum at 40.degree.C. On twice
      reprecipitating from ethyl acetate-peptroleum ether 13.3 g of amorphous
      chromatographically pure tripeptide derivative having an unsharp melting
      range at about 75.degree.-85.degree.C are obtained. In a thin layer
      chromatogram on silica gel RF.sub.115 = 0.68; Rf.sub.121A = 0.57.
PAC  27. Z-Thr(tBu)-Ala-Ile-Gly-OMe
PAR  1.36 g of H-Ala-Ile-Gly-OMe (compare Example 1) and 2.5 g of Z-Thr(tBu)-OSU
      in 3 ml of dimethylformamide are stirred for 20 hours at room temperature.
      The tetrapeptide derivative is precipitated by ether, filtered off and
      washed with ether. After recrystallisation from ethanol the melting point
      is 229.degree.-230.degree.C. [.alpha.].sub.D.sup.20 = -43.degree. (c = 1
      in methanol). Rf = 0.55 in the system chloroform-methanol (95:5) on silica
      gel.
PAC  28. H-Thr(tBu)-Ala-Ile-Gly-OMe
PAR  5.66 g of the above carbobenzoxy compound are dissolved in 400 ml of warm
      methanol and hydrogenated in the presence of 1 g of Pd-charcoal (10 %).
      After filtering off the catalyst the methanol is evaporated in vacuo at
      40.degree.C. The solid residue is immediately further processed. Rf = 0.2
      in the system chloroform-methanol (95:5) on silica gel.
PAC  29. H-Thr(tBu)-Ala-Ile-Gly-OH
PAR  4.3 g of the tetrapeptide-methyl ester are dissolved in 43 ml of methanol
      with gentle warming. After cooling to 20.degree.C, 12 ml of 1 N sodium
      hydroxide solution are added. After 5 minutes 20 ml of water are added and
      after a further 10 minutes 12 ml of 1 N hydrochloric acid and 20 ml of
      methanol are added. The crystalline precipitate is filtered off and washed
      with 90 % strength ethanol. It melts from 240.degree.C onwards, with
      decomposition. Rf.sub.100 = 0.15 on silica gel.
PAC  30a. Z-Gln-Thr(tBu)-Ala-Ile-Gly-OH
PAR  The tetrapeptide derivative described under 29) (4.2 g) is suspended in 110
      ml of 90 % strength dimethylformamide, mixed with 1.4 ml of triethylamine
      and warmed to 70.degree.C until the greater part has dissolved. After
      cooling to 25.degree.C, 4.8 g of Z-Gln-ONP are added, the mixture is
      stirred for 18 hours at room temperature, a further 2.4 g of Z-Gln-ONP and
      0.7 ml of triethylamine are added and the mixture stirred for a further 20
      hours at 50.degree.C. The product which has precipitated is filtered off,
      the mother liquor is mixed with ether and the product which has
      precipitated is also isolated. Both fractions are together suspended in 60
      ml of t-butanol, thoroughly triturated after adding 2 N hydrochloric acid
      until a pH of 2 is reached, and then precipitated by portion-wise addition
      of a total of 600 ml of water. The product is centrifuged off, washed two
      more times with 200 ml of water at a time and lyophilised. It can be
      recrystallised from a large amount of methanol. Melting point from
      230.degree.C onwards with decomposition. The product contains 5 mols of
      water. In a thin layer chromatogram on silica gel RF.sub.100 = 0.4.
PAC  30b. Z-Gln-Thr(tBu)-Ala-Ile-Gly-OMe
PAR  4.6 g of the H-Thr(tBu)-Ala-Ile-Gly-OMe described under 28), in 30 ml of
      dimethylformamide, are mixed with 3.5 g of Z-Gln-ONP and stirred at room
      temperature until the mixture becomes solid. After allowing to stand
      overnight the mixture is diluted with ether and the precipitate is
      filtered off and washed with ether until free of nitrophenol. The
      protected pentapeptide shows Rf =0.14 in the system chloroform-methanol
      (95.5 ) in a thin layer chromatogram on silica gel. Melting point:
      &gt;250.degree.C.
PAC  31a. H-Gln-Thr(tBu)-Ala-Ile-Gly-OH. HCl
PAR  3.7 g of Z-Gln-Thr(tBu)-Ala-Ile-Gly-OH are suspended in 150 ml of 80 %
      strength methanol and 5.5 ml of 1 N hydrochloric acid and hydrogenated in
      the presence of 2 g of Pd-charcoal (10 %) until the substance has
      dissolved and no further hydrogen uptake can be detected. After filtering
      off the catalyst the filtrate is extensively concentrated in vacuo at
      30.degree.C, diluted with t-butanol and lyophilised. In a thin layer
      chromatogram on silica gel RF.sub.101 = 0.48.
PAC  31b. H-Gln-Thr(tBu)-Ala-Ile-Gly-OMe. HCl
PAR  14.4 g of the pentapeptide derivative described under 30b) are suspended in
      800 ml of 80 % strength methanol and warmed to 50.degree.C for some time.
      The suspension is cooled to room temperature, mixed with 20.8 ml of
      hydrochloric acid and 3 g of Pd-charcoal (10 % strength) and hydrogenated
      until the hydrogen uptake has ended and the starting material has
      dissolved. After filtering off the catalyst the filtrate is evaporated in
      vacuo at 40.degree.C and the residue dehydrated by twice evaporating with
      dimethylformamide in a high vacuum. The residue is used without further
      purification. Rf.sub.100 = 0.33 in a thin layer chromatogram on silica
      gel.
PAC  32. Z-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-OMe
PAR  12.0 g of the pentapeptide-methyl ester hydrochloride described under 31b)
      are dissolved in 80 ml of dimethylformamide. 13.3 g of
      Z-Thr(tBu)-Phe-Pro-OH and 5.75 g of N-hydroxysuccinimide are successively
      added at room temperature whilst stirring, followed at 0.degree.C by 2.76
      ml of triethylamine and 6.2 g of dicyclohexylcarbodiimide. The mixture is
      stirred at 0.degree.C until it has become thick and is then allowed to
      stand overnight at 0.degree.C. After concentrating in a high vacuum to
      about 50 ml, the product is precipitated with 300 ml of ether. The
      isolated material is washed with 0.05 M citric acid and water and is dried
      in a high vacuum at 40.degree.C. The product is purified by
      recrystallisation from about 1 l of isopropanol. 18;2 g of the protected
      octapeptide derivative are obtained. Rf.sub.89 = 0.27 in a thin layer
      chromatogram on silica gel.
PAC  33. Z-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-OH
PAR  10.9 g of the octapeptide-methyl ester described under 32) are dissolved in
      190 ml of 90 % strength methanol whilst warming to 70.degree.C. After
      cooling at room temperature, 30 ml of 1 N sodium hydroxide solution are
      added, followed 10 minutes later by 160 ml of water added in small
      portions. The mixture is then clarified by filtration and the product is
      precipitated from the filtrate by pouring into 600 ml of 0.05 N ice-cold
      hydrochloric acid. The precipitate is filtered off and washed with water
      until neutral. The product, which is homogeneous in a thin layer
      chromatogram on silica gel (Rf.sub.100 = 0.45) can be recrystallised from
      methanol-water.
PAC  34. H-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-OH
PAR  3.6 g of the Z-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-OH obtained under
      33) are dissolved in 100 ml of 80 % strength acetic acid and the solution
      is hydrogenated in the presence of 0.5 g of palladium on charcoal (10 %
      Pd). After the hydrogen uptake has ended the catalyst is filtered off and
      the solution is evaporated to dryness. The acetic acid salt of the
      octapeptide derivative, which is obtained as a colourless firn, is dried
      in a high vacuum. In a thin layer chromatogram on silica gel, Rf.sub.100 =
      0.21.
PAC  35. Z-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)Ala-Ile-Gly-OH
PAR  11.25 g of Z-Asn-Lys(BOC)-Phe-His-hydrazide dissolved in 65 ml of
      dimethylformamide are mixed at -20.degree.C to -25.degree.C, over the
      course of 2 minutes, with 8.4 ml of 4.2 N hydrogen chloride in dioxane.
      Thereafter 2.1 ml of tert.-butyl nitrite are added at -15.degree.C to
      -20.degree.C and the mixture is allowed to stand for 15 minutes at
      -15.degree.C. After cooling to -20.degree.C 4.8 ml of triethylamine are
      added followed by a solution of 9.0 g of the product described under 34)
      in 210 ml of 90 % strength dimethylformamide. The internal temperature is
      kept at -15.degree.C by vigorous cooling. The mixture is warmed to
      0.degree.C over the course of one hour, with the pH being kept at 7-8 by
      occasionally adding triethylamine. In total, a further 3.5  ml of
      triethylamine are added. After stirring overnight at 0.degree.C the
      mixture is poured into 3 l of ether and the flocculent precipitate is
      filtered off and twice washed with ether and once with water. The crude
      product is dissolved in 500 ml of warm methanol and again precipitated by
      pouring into 1.5 l of 1 % strength acetic acid. The product is filteref
      off, twice washed with water, and again reprecipitated in the same manner.
      RF.sub.100 = 0.33 (on silica gel plates).
PAC  36. H-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-OH
PAR  1.7 g of the above protected dodecapeptide are dissolved in 100 ml of 80 %
      strength acetic acid and hydrogenated in the usual manner in the presence
      of 0.5 g of palladium on charcoal (10 % Pd). After filtering off the
      catalyst, the filtrate is extensively concentrated in a high vacuum at
      30.degree.C and the residue is lyophilised with tert.butanol. The product
      which is obtained in quantitative yield and is homogeneous in a thin layer
      chromatogram (Rf.sub.100 = 0.1 on silica gel) is immediately processed
      further.
PAC  37.
      Z-Thr(tBu)-Tyr(tBU-Thr(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys-(BOC)-Phe-His-Thr(tB
     u)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-OH
PAR  1.73 g of the peptide derivative described under 22) are dissolved in 10 ml
      of dimethylformamide at 50.degree.C. After cooling to -20.degree.C 0.9 ml
      of 4.2 N hydrogen chloride in dioxane are added dropwise. 0.22 ml of
      tert.butyl nitrite are then added at -15.degree.C and the mixture is
      allowed to react for 15 minutes at -15.degree.C. It is again cooled to
      -20.degree.C and 0.53 ml of triethylamine are added dropwise followed by a
      solution of 1.6 g of the peptide derivative described under 36) in 40 ml
      of 90 % strength dimethylformamide. The temperature is raised at
      0.degree.C over the course of one hour, in the course of which the pH is
      kept at 7-8 by adding triethylamine in portions. In total 0.25 ml of
      triethylamine are added. After a further 15 hours stirring at 0.degree.C
      the product is precipitated by pouring into ether and the precipitate is
      filtered off and washed with ether and water. In order to purify it, it is
      once reprecipitated from dimethylformamideethyl acetate and once from
      dimethylformamide-0.02 N hydrochloric acid. The pure material shows
      Rf.sub.100 = 0.40 in a thin layer chromatogram on silica gel.
PAC  38. Z-Ala-Pro-NH.sub.2
PAR  2.28 g of H-Pro-NH.sub.2 and 7.57 g of Z-Ala-ONP are dissolved in 20 ml of
      dimethylformamide and the yellow solution is left standing at room
      temperature for 18 hours. It is then evaporated to dryness in a high
      vacuum, the residue is mixed with ether and the resulting powder is
      thoroughly triturated. After filtering off and drying, 5.5 g of
      Z-Ala-Pro-NH.sub.2 of melting point 167.5.degree.-168.5.degree.C are
      obtained. [.alpha.].sub.D.sup.20 = -74.degree. (c =1 in methanol).
PAC  39. Z-Gly-Ala-Pro-NH.sub.2
PAR  27.1 g of the above dipeptide derivative are dissolved in 425 ml of ethanol
      and after adding 85 ml of 1.0 N aqueous hydrochloric acid are hydrogenated
      in the presence of 4.25 g of palladium-charcoal (10 % Pd). After
      completion of the hydrogenation the solution is evaporated at
      40.degree.-50.degree.C bath temperature in vacuo. The residue is dissolved
      in 40 ml of dimethylformamide at 40.degree.C and the solution is cooled to
      20.degree.C. 29.1 g of Z-Gly-ONP are then added and after solution 11.2 ml
      of absolute triethylamine are added dropwise, whilst stirring, over the
      course of 45 minutes. Thereafter the mixture is stirred for 20 hours at
      room temperature. The suspension is evaporated at 40.degree.C and 0.01 mm
      Hg and the residue is partitioned between 600 ml of water and 300 ml of
      ether. The aqueous layer is twice extracted with 300 ml of ether at a time
      and the ether layer is twice extracted with 300 ml of water at a time. The
      aqueous fractions are together evaporated in vacuo at
      40.degree.-50.degree.C and repeatedly freed of water by adding chloroform
      and evaporating. The well-dried residue is taken up in 500 ml of ethyl
      acetate at 40.degree.-50.degree.C, insoluble triethylamine hydrochloride
      is filtered off and the filtrate is mixed at 30.degree.-40.degree.C with
      10 ml of ether, whereupon crystallisation occurs. After standing for about
      20 hours at +5.degree.C to +10.degree.C the crystals are isolated, washed
      and dried. Melting point: 105.degree.-106.degree.C. The product contains 3
      % of triethylamine hydrochloride. It can be further reacted in this form.
      In order to purify it, 5.0 g of the above crude crystalline material are
      dissolved in 10 ml of water and after adding 20 ml of methylene chloride
      are mixed with 15 ml of saturated potassium carbonate solution. The
      organic layer is separated off, extracted with 10 ml of saturated
      potassium carbonate solution, and the aqueous layer extracted with 15 ml
      of methylene chloride. The combined methylene chloride solutions are dried
      by means of anhydrous sodium sulphate and evaporated. The residue is
      crystallised from 50 ml of ethyl acetate. 4.4 g of tripeptide derivative
      of melting point 109.degree.-112.degree.C are obtained. After
      crystallisation from acetone-methanol-ether (10:4:6) crystals of melting
      point 144.5.degree.-145.5.degree.C are obtained (crystal polymorphism).
      [.alpha.].sub.D.sup.20 = -93.degree. (c = 1.0 in methanol). On thin layer
      chromatography on silica gel in chloroform +   methanol (8:2) Rf = 0.38.
PAC  40. H-Gly-Ala-Pro-NH.sub.2 Z-Val-Gly-Ala-Pro-NH.sub.
PAR  18.8 g of the crude tripeptide-amide derivative obtained under 39) are
      dissolved in 400 ml of dimethylformamide and hydrogenated in the presence
      of 1.0 g of palladium on charcoal (10 % Pd). After completion of the
      hydrogenation the mixture is filtered and after brief degassing the
      solution is employed in the next stage.
PAC  41. Z-Val-Gly-Ala-Pro-NH.sub.2
PAR  20.1 g of Z-Val-P-nitrophenyl ester are added to the solution of the
      tripeptide-amide (550 ml) obtained under 40) and the mixture is allowed to
      stand for 18 hours at room temperature. It is then evaporated to dryness
      at 50.degree.-60.degree.C and 0.01 mm Hg and the residue is triturated
      with 300 ml of ether and filtered. The filter residue is dried and stirred
      in 210 ml of absolute ethanol for 15 minutes at 70.degree.-80.degree.C,
      cooled to 0.degree.C and filtered. The residue is crystallised from a
      mixture of 170 ml of absolute tetrahydrofurane, 25 ml of water and 110 ml
      of ether. Melting point = 209.degree.-211.degree.C. Rf-value on silica gel
      plates = 0.42 in chloroform-methanol (8:2).
PAC  42. H-Val-Gly-Ala-Pro-NH.sub.2
PAR  1.1 g of Z-Val-Gly-Ala-Pro-NH.sub.2 are dissolved in 50 ml of 80 % strength
      methanol and the solution is hydrogenated in the presence of 0.3 g of
      palladium on charcoal (10 % Pd). When the hydrogen uptake has ended the
      catalyst is filtered off, the solution evaporated and the residue dried in
      a high vacuum at 35.degree.C bath temperature. Hereupon the tetrapeptide
      H-Val-Gly-Ala-Pro-NH.sub.2 is obtained as a colourless substance, Rf-value
      = 0.20 (silica gel plates, system chloroform-methanol = 1:1).
PAC  43.
      Z-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys-(BOC)-Phe-His-Thr(t
     Bu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2
PAR  800 mg of the peptide derivative described under 37), 500 mg of
      H-Val-Gly-Ala-Pro-NH.sub.2 and 170 mg of N-hydroxysuccinimide are
      dissolved in 10 ml of dimethylformamide, concentrated to about one-half in
      a high vacuum and mixed with 250 mg of dicyclohexylcarbodiimide. After
      stirring overnight at room temperature the product is precipitated with
      ether and the material isolated. It is purified by Craig distribution in a
      mixture of methanol-buffer (as in Example 3,
      12)-chloroformcarbo-tetrachloride (10:3:5:6), K = 0.29. The pure product
      isolated from the distribution shows Rf.sub.107 = 0.62 in a thin layer
      chromatogram (on silica gel plates).
PAC  44.
      H-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys-(BOC)-Phe-His-Thr(t
     Bu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2
PAR  300 mg of the above peptide derivative are dissolved in 30 ml of 80 %
      strength acetic acid and hydrogenated in the presence of 100 mg of
      palladium on charcoal (10 % Pd). After complete decarbobenzoxylation the
      catalyst is filtered off, the filtrate extensively concentrated in a high
      vacuum at 30.degree.C and the residue lyophilised from tert.butanol. The
      residue is dissolved in 10 ml of methanol, rendered weakly alkaline by
      adding 1 N sodium bicarbonate and precipitated by adding dropwise to 0.1 N
      sodium carbonate. The isolated product is again reprecipitated in the same
      manner. In a thin layer chromatogram on silica gel Rf.sub.100 = 0.34.
PAC  45.
      BOC-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-LeuGly-Thr(tBu)-Tyr(tBu)-Thr
     (tBu)-Gln-Asp(OtBu)-PheAsn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)Al
     a-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2
PAR  288 mg of the above product, 181 mg of the peptide derivative described
      under 12) and 46 mg of N-hydroxysuccinimide are dissolved in 2 ml of
      dimethylformamide at 45.degree.C whilst passing nitrogen over it. After
      adding 52 mg of dicyclohexylcarbodiimide the mixture is stirred for a
      further 3 hours at 45.degree.C, then precipitated with peroxide-free
      ether, and the product isolated. It is purified by a Craig distribution in
      the system methanol-buffer (as described in Example 3, under 12)
      -chloroform-carbon-tetrachloride (11:3:6:7); K = 0.74. In a thin layer
      chromatogram the pure product isolated from the distribution shows
      Rf.sub.52 A = 0.4; Rf.sub.100 = 0.35 (on silica gel).
PAC  EXAMPLE 3
PAC  H-Cys-Gly-Asn-Leu-Ser-Thr-Cys-Met-Leu-Gly-Thr-Tyr-Thr-Gln-Asn-Phe-Asn-Lys-P
     he-His-Thr-Phe-Pro-Gln-Thr-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2 (Asn.sup.15
      -Calcitonine M)
PAR  53 mg of very finely powdered
      BOC-Cys-Gly-Asn-LeuSer(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-Thr(tBu)-Tyr(tBu)-Thr
     (tBu)Gln-Asn-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr
      (tBu)-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2 are dissolved in 2 ml of
      concentrated hydrochloric acid at 0.degree.C and the solution shaken for 5
      minutes. The dissolved hydrogen chloride gas is then expelled under a high
      vacuum in the course of 5 minutes, the batch is diluted with 4 ml of
      ice-cold water, and the product converted into the acetic acid salt on a
      small column of "Amberlite" CG-45 (slightly basic ion exchange resin in
      acetate form) and the product is lyophilized. The product is a colorless
      lyophilisate.
PAR  UV spectrum in 10% acetic acid .lambda..sub.max = 275 nm (.epsilon.= 1700).
      In the thin-layer chromatogram on cellulose ("Selecta") Rf.sub.45 = 0.48,
      Rf.sub.101 A = 0.49; on alumina ("Alox", Camag) Rf.sub.79 = 0.57.
PAR  On electrophoresis on cellulose ("Selecta") plates at 280 V and at pH 1.9
      (acetic acid-formic acid buffer) the substance travels 3.5 cm in the
      direction of the cathode in the course of an hour and a half.
PAR  The starting material can be prepared as follows:
PAC  1. Z-Gln-Asn-Phe-OCH.sub.3
PAR  14.5 of Z-Gln-ONP and 10.8 g of H-Asn-Phe-OCH.sub.3, hydrochloride (Ann.
      688, 259 [1965]) are dissolved together in 100 ml of dimethylformamide and
      to the solution 4.55 ml of triethylamine are added slowly. A thick paste
      forms which is diluted with 50 ml of dimethylformamide. After a reaction
      period of 24 hours at room temperature, the batch is filtered and the
      residue washed with dimethylformamide. The resulting Z-Gln-Asn-Phe-OMe can
      be recrystallized from much hot dimethylformamide. Melting point,
      261.degree.-265.degree.C (decomp.). [.alpha.].sup.20.sub.D = + 11.degree.
      (c = 0.94 in hexamethylphosphoric acid triamide).
PAC  2. H-Gln-Asn-Phe-OCH.sub.3 hydrochloride
PAR  14.1 g of Z-Gln-Asn-Phe-OCH.sub.3 are hydrogenated at 45.degree.C in 800 ml
      of methanol with the addition of 8.5 ml of 3N-hydrogen chloride in dioxan
      and 2.4 g of 10% palladium carbon. When the hydrogen uptake ceases, the
      batch is filtered and evaporated. The residue is processed without
      purification.
PAR  In the thin-layer chromatogram on silica gel Rf.sub.52A = 0.27, Rf.sub.45 =
      0.31; Rf.sub.43E = 0.50.
PAC  3. Z-Thr(tBu)-Gln-Asn-Phe-OCH.sub.3
PAR  9.3 g of H-Gln-Asn-Phe-OCH.sub.3 hydrochloride and 11.9 g of Z-Thr(tBu)-OSU
      are dissolved in 150 ml of dimethylformamide to form a clear solution.
      2.85 ml of triethylamine in 10 ml of dimethylformamide are added and the
      batch is stirred for 21 hours at room temperature. The batch is then
      concentrated under reduced pressure and taken up in much
      ethylacetate+chloroform (9:1), and extracted with 2 .times. 200 ml of 5%
      citric acid and 1 .times. 100 ml of water. The insoluble precipitate is
      then filtered off, the filtrate extracted with 2 .times. 200 ml of
      2N-sodium carbonate solution and 3 .times. 100 ml of water, dried over
      sodium sulfate, and evaporated. The residue is recrystallized, together
      with the filter residue mentioned above, from dimethylformamide+ether
      (1:1). Melting point, 237.degree.- 241.degree.C (decomp.);
      [.alpha.].sup.20.sub.D = + 8.degree. (c = 1% in dimethylformamide).
PAR  In the thin-layer chromatogram on silica gel Rf.sub.52 = 0.59; Rf.sub.102E
      = 0.59; on alumina ("Alox") Rf.sub.43A = 0.59.
PAC  4. H-Thr(tBu)-Gln-Asn-Phe-OCH.sub.3
PAR  6.31 g of Z-Thr(tBu)-Gln-Asn-Phe-OCH.sub.3 and 700 mg of palladium carbon
      are hydrogenated together at room temperature in 600 ml of methanol in a
      shaking vessel. The substance gradually passes into solution. The
      amorphous evaporation residue is used for the next condensation as it is.
PAR  In the thin-layer chromatogram on silica gel Rf.sub.52 = 0.21, Rf.sub.102A
      = 0.21; on alumina Rf.sub.43A = 0.19.
PAC  5. Z-Tyr(tBu)-Thr(tBu)-Gln-Asn-Phe-OCH.sub.3
PAR  A solution of 5.9 g of Z-Tyr(tBu)-OH (liberated from 8.8 g of
      Z-Tyr(tBu)-OH-dicyclohexylammonium salt) in 85 ml of tetrahydrofuran is
      mixed with 1.84 ml of N-methylmorpholine and caused to react at
      -33.degree.C with 2.28 ml of chlorocarbonic acid-isobutyl ester. The batch
      is stirred for half an hour at -20 to -12.degree.C, and then the solution,
      cooled to -10.degree.C, of the tetrapeptide derivative
      H-Thr(tBu)-Gln-Asn-Phe-OCH.sub.3 in 25 ml of dimethylformamide is run in,
      the vessel being flushed with 15 ml of dimethylformamide. After a reaction
      period of 19 hours at room temperature, the batch is concentrated under
      reduced pressure, suspended in ethyl acetate, and extracted three times
      with 5% citric acid solution, and 5 times with semi-saturated sodium
      chloride solution. The suspended residue is filtered off and dried under a
      high vacuum. The product can be crystallized from methanol. Melting point,
      216-219.degree.C; [.alpha.].sup.20.sub.D = + 4.degree. (c = 1.0 in
      dimethylformamide).
PAR  In the thin layer chromatogram on silica gel Rf.sub.52 = 0.64; Rf.sub.102A
      = 0.70; on alumina ("Alox"), Rf.sub.43A = 0.65; Rf.sub.89 = 0.17.
PAC  6. H-Tyr(tBu)-Thr(tBu)-Gln-Asn-Phe-OCH.sub.3
PAR  5.1 g of Z-Tyr(tBu)-Thr(tBu)-Gln-Asn-Phe-OCH.sub.3 are decarbobenzoxylated
      as usual in 600 ml of methanol at room temperature with 800 mg of 10%
      palladium carbon. In the thin-layer chromatogram on silica gel the
      resulting H-Tyr(tBu)-Thr(tBu)-Gln-Asn-Phe-OCH.sub.3 shows the following Rf
      values: Rf.sub.89 = 0.15; Rf.sub.102E = 0.28; Rf in chloroform+methanol
      (9:1) =0.11.
PAC  7. Z-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asn-Phe-OCH.sub.3
PAR  The pentapeptide derivative H-Tyr(tBu)-Thr(tBu)-Gln-Asn-Phe-OCH.sub.3 is
      dissolved, together with 4.3 g of Z-Thr(tBu)-OSU, in 40 ml of
      dimethylformamide and the solution stirred at room temperature for 18
      hours. Working up is performed as described under 5. above. The residue
      which is sparingly soluble in ethyl acetate is recrystallized from
      methanol. Melting point 206.degree.-208.degree.C; [.alpha.].sup.20.sub.D =
      + 15.degree.(c = 1.7% in dimethylformamide); in the thin-layer
      chromatogram on silica gel Rf.sub.102E = 0.69; Rf.sub.89 = 0.28; Rf in
      chloroform+methanol (9:1) = 0.30.
PAC  8. Z-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asn-Phe-NH-NH.sub.2
PAR  2.0 g of Z-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asn-Phe-OCH.sub.3 are dissolved
      in 150 ml of methanol and caused to react with 10.7 ml of hydrazine
      hydrate for 6 hours at room temperature. The precipitate is filtered off,
      washed with methanol, and dried in a high vacuum over concentrated
      sulfuric acid.
PAR  Melting point 231.degree. (decomp); [.alpha.].sup.20.sub.D = + 4.degree. (c
      = 0.89 in dimethylformamide).
PA2  In the thin-layer chromatogram on silica gel Rf.sub.43 C = 0.57; Rf.sub.45
      = 0.60; Rf.sub.102E = 0.58.
PAC  9.
      Z-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asn-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe
     -Pro-Gln-Thr(tBu)-Ala-Ile-Gly-OH
PAR  800 mg of Z-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asn-Phe-NH-NH.sub.2 are
      dissolved in 18 ml of dimethylformamide, the solution treated at
      -20.degree.C with 0.58 ml of 3N-hydrogen chloride in dioxan, and the batch
      then mixed with 0.16 ml of t-butylnitrite. The batch is then stirred for
      15 minutes at -20.degree. to -15.degree.C, 0.30 ml of
      N,N-diisopropyl-ethylamine and 855 mg of
      H-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-OH
      (acetate) in 20 ml of dimethylformamide (90% strength) are added, followed
      by stirring at 0.degree.C. After one hour and after another hour, 0.075 ml
      of N,N-di-isopropylethylamine (a total of 0.15 ml) is added each time, and
      the batch is stirred at 0.degree.C for 15 hours. The whole is then stirred
      into 600 ml of ether, the precipitate is allowed to settle, and then
      filtered. For purification, the crude product is recrystallized once from
      dimethylformamide+ethyl acetate and once from dimethylformamide+aqueous
      0.002N-hydrochloric acid.
PAR  In the thin-layer chromatogram on silica gel Rf.sub.43E = 0.62; Rf.sub.100
      = 0.32; Rf.sub.45 = 0.53; Rf.sub.3 = 0.27.
PAC  10.
      Z-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asn-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe
     -Pro-Gln-Thr(tBu)-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2
PAR  786 mg of
      Z-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asn-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe
     -Pro-Gln-Thr(tBu)-Ala-Ile-Gly-OH and 251 mg of H-Val-Gly-Ala-Pro-NH.sub.2
      are slurried, together with 82 mg of N-hydroxysuccinimide, in 10 ml of
      dimethylformamide and treated with 90 mg of dicyclohexylcarbodiimide in 1
      ml of dimethylformamide at 40.degree.C. The batch is stirred at
      40.degree.C for 3 hours before another 65 mg of dicyclohexylcarbodiimide
      are added, and then stirred for a total of 21 hours at 40.degree.C. The
      mixture is diluted with 10 ml of methanol, then stirred into 350 ml of
      ether, the precipitate is allowed to settle, and then filtered off. The
      precipitate is purified by a Craig distribution in the system
      methanol+buffer+chloroform+carbon tetrachloride (10:3:5:6,  buffer as
      under 18, Example 1).
PAR  After 450 stages, the substance which is unitary according to thin-layer
      chromatography is isolated (K = 0.66).
PAR  In the thin-layer chromatogram on silica gel Rf.sub.3 = 0.40; Rf.sub.45 =
      0.42; Rf.sub.100 = 0.32.
PAC  11.
      H-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asn-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe
     -Pro-Gln-Thr(tBu)-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2
PAR  64 mg of
      Z-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asn-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe
     -Pro-Gln-Thr(tBu)-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2 are hydrogenated in
      a shaking vessel for 15 hours at room temperature in 100 ml of 80% acetic
      acid in the presence of 16 mg of 10% palladium carbon. The catalyst is
      filtered off and washed with the same solvent mixture, and this operation
      is followed by lyophilization. There are obtained 54 mg of the
      docosapeptide-amide-acetate. This substance is dissolved in 10 ml of warm
      methanol, the solution adjusted to a pH value of about 7.5 with a few
      drops of N-sodium bicarbonate solution, and then stirred into 50 ml of an
      0.1N-sodium carbonate solution at 0.degree.C.
PAR  The milky precipitate is allowed to settle, then filtered off, washed with
      water and dried.
PAR  In the thin-layer chromatogram on silica gel Rf.sub.43E = 0.50; Rf.sub.110
      = Rf.sub.52 = 0.21.
PAC  12.
      Boc-Cys-Gly-Asn-Leu-Ser(tBu)-Cys-Met-Leu-Gly-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gl
     n-Asn-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-Va
     l-Gly-Ala-Pro-NH.sub.2
PAR  93 mg of Boc-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-OH, 95 mg
      H-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asn-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe
     -Pro-Gln-Thr(tBu)-Ala- Ile-Gly-Val-Ala-Pro-NH.sub.2, 14 mg of
      N-hydroxysuccinimide and 10 ml of dimethylformamide are stirred under
      nitrogen with 15 mg of dicyclohexylcarbodiimide. The reaction mixture is
      stirred at 40.degree.C for a total of 20 hours, another 15 mg of
      dicyclohexylcarbodiimide being added after the second hour. The batch is
      then poured into 300 ml of absolute ether, the mixture kept in a
      refrigerator for 2 hours, the precipitate filtered off with suction, and
      washed with ether. For purification, the crude product is distributed
      multiplicatively over 220 stages in the system
      methanol+buffer+chloroform+carbon tetrachloride (11:3:6:7, buffer as under
      18 in Example 1). The pure fractions (vessels 104 - 121; K = 1.0) are
      combined, evaporated and freed from ammonium acetate under a high vacuum
      at 40.degree.C.
PAR  In the thin-layer chromatogram on silica gel Rf.sub.45 = 0.60; Rf.sub.96 =
      0.59; Rf.sub.100 = 0.32.
PAC  EXAMPLE 4
PAC  Ac-Cys-Gly-Asn-Leu-Ser-Thr-Cys-Met-Leu-Gly-Thr-Tyr-Thr-Gln-Asp-Phe-Asn-Lys-
     Phe-His-Thr-Phe-Pro-Gln-Thr-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2
      (N.sup..alpha.-acetyl-Calcitonin M)
PAR  100 mg of
      Ac-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-Thr(tBu)-Tyr(tBu)-Gln
     -Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-G
     ly-Val-Gly-Ala-Pro-NH.sub.2 are taken up in 3 ml of 95% strength
      trifluoracetic acid at 0.degree.C whilst flushing with nitrogen and after
      complete solution the mixture is allowed to stand for 90 minutes at room
      temperature. The product is precipitated with 50 ml of cold ether at
      0.degree.C, the suspension is centrifuged and the precipitate is
      additionally twice triturated with ether. The product, dried over sodium
      hydroxide in a high vacuum, is, in order to convert it to the acetate
      form, taken up in 3 ml of water, applied to a column of weakly basic ion
      exchanger (for example Merck; 7.5 mm; 20 cm) which has been equilibriated
      with 0.02 N acetic acid, and eluted with 0.02 N acetic acid. The eluate is
      evaporated in a high vacuum at 25.degree.C and the residue is taken up in
      water and lyophilised. In order to purify it, the white powder is
      subjected to a Craig distribution in the system n-butanol-glacial acetic
      acid-water (4:1:5) (3 ml phase volume). After 600 stages the fractions
      which according to a thin layer chromatogram contain a homogeneous product
      as combined, evaporated in a high vacuum at 25.degree.C, and the residue
      taken up in water and lyophilised. Drying over sodium hydroxide in a high
      vacuum at room temperature yields an amorphous powder.
PAR  In electrophoresis on "Selecta" (at pH 1.9; 1 1/2 hours; 280 V) the product
      migrates -1.8 cm, at pH 4.8 -1.2 cm. In a thin layer chromatogram "Alox"
      Rf.sub.52 = 0.65; Rf.sub.79 = 0.60; Rf.sub.45 = 0.72; on "Selecta"
      Rf.sub.45 = 0.55; Rf.sub.101A = 0.63; Rf.sub.52 =0.38.
PAR  The starting material can be manufactured as follows:
PAC  1. TRI-Cys(TRI)-Gly-Asn-Leu-OMe
PAR  9.1 g of TRI-Cy(TRI)-OH and 3.2 g of H-Gly-Asn-Leu-OMe are dissolved in 60
      ml of dimethylformamide and treated, while stirring at 0.degree.C, with
      3.7 g of dicyclohexylcarbodiimide. The batch is kept at 0.degree.C for 15
      hours and the dicyclohexylurea then filtered off. The filtrate is
      evaporated to dryness and the residue crystallized from a mixture of
      chloroform and petroleum ether. Melting point 126.degree.-130.degree.C. In
      the thin layer chromatogram on silica gel Rf = 0.27 in the system
      chloroform+methanol (95:5).
PAC  2. H-Cys(TRI)-Gly-Asn-Leu-OMe, Acetate
PAR  1.8 g of TRI-Cys(TRI)-Gly-Asn-Leu-OMe are dissolved in 16 ml of glacial
      acetic acid and treated dropwise at room temperature with 4 ml of water.
      The batch is kept at room temperature for 1 hour, then 12 ml of water are
      added, the precipitated tritylcarbinol is filtered off, and the filtrate
      evaporated to dryness in a high vacuum at 40.degree.C. The oily residue is
      dissolved in tertiary butanol and lyophilized. A white powder is obtained
      which in the thin-layer chromatogram on silica gel has an Rf value of 0.45
      in the system chloroform+methanol (8 : 2).
PAC  3. Ac-Cys(TRI)-Gly-Asn-Leu-OMe
PAR  At 0.degree.C, 1.9 g of dry dicyclohexylcarbodiimide are added to 1.02 g of
      H-Cys(TRI)-Gly-Asn-Leu-OMe, acetate, and 0.9 ml of glacial acetic acid in
      15 ml of chloroform. After about 10 minutes the reaction mixture has
      solidified to a magma. It is diluted with 10 ml of chloroform and the
      mixture is stirred for 4 hours at 0.degree.C. After the addition of 30 ml
      of petroleum ether the precipitate is filtered off and recrystallized from
      hot chloroform. Melting point, 156.degree.- 158.degree.C. In the
      thin-layer chromatogram on silica gel Rf = 0.25 in the system
      chloroform+methanol (9:1).
PAC  4. Ac-Cys(TRI)-Gly-Asn-Leu-NH-NH.sub.2
PAR  3.75 mg of hydrazine hydrate are added to 2.42 g of
      Ac-Cys(TRI)-Gly-Asn-Leu-OMe in 21 ml of dimethylformamide, and the clear
      solution is allowed to stand at room temperature for 2 hours. The batch is
      cooled to 0.degree.C, and 150 ml of water are stirred in. The precipitate
      is filtered off, washed with cold water, and dried over phosphorus
      pentoxide. For purification it is reprecipitated from hot methanol.
      Rf.sub.53 = 0.55 in the thin-layer chromatogram on silica gel.
PAC  5. Ac-Cys(TRI)-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OH
PAR  1.44 g of Ac-Cys(TRI)-Gly-Asn-Leu-NH-NH.sub.2 are dissolved in 10 ml of
      dimethylformamide and the solution admixed with 2.5 ml of 2.0N-hydrogen
      chloride in ethyl acetate and 0.26 ml of t-butylnitrite while flushing
      with nitrogen at -10.degree.C. The batch is allowed to stand at
      -10.degree.C for 15 minutes, then a solution, cooled to -10.degree.C, of
      1.02 g of H-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OH (acetic acid salt)
      and 0.84 ml of triethylamine in 12 ml of dimethylformamide are added
      dropwise in such manner that the temperature does not rise above
      -10.degree.C. The mixture is stirred for a further hour at -10.degree.C
      and left to stand at 0.degree.C for 24 hours. The product precipitates as
      a gel. The reaction mixture is concentrated to about 5 ml, completely
      precipitated by adding 20 ml of methanol, and the product filtered off and
      washed with cold dimethylformamide-methanol (1:1). After triturating three
      times with cold water and drying over sodium hydroxide, the product is
      reprecipitated once from dimethylformamide-methanol, whereby the sparingly
      soluble product is obtained in the pure form. Rf = 0.25 in the system
      chloroform-methanol (8:2) on silica gel.
PAC  6. Ac-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-OH
PAR  A solution of 410 mg of
      Ac-Cys(TRI)-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OH in 35 ml
      of dimethylformamide is added dropwise at room temperature, over the
      course of 15 minutes, to a vigorously stirred solution of 1.0 g of iodine
      in 150 ml of methanol. After completion of the addition the mixture is
      stirred for a further hour, then cooled to 0.degree.C, and the reaction
      solution decolorised by dropwise addition of 1.0 N sodium thiosulfate
      solution. Methanol is first of all evaporated off in a waterpump vacuum at
      30.degree.C, and the residue then concentrated to about 10 ml in a high
      vacuum (30.degree.C) and mixed with 200 ml of ether. The precipitated
      resin is decanted off, three times triturated with ether and three times
      with water, and dried over sodium hydroxide in a high vacuum. In order to
      purify it, the product is dissolved in chloroform, the solution filtered
      and the product precipitated from the filtrate by means of hexane.
      Rf.sub.70 = 0.50; Rf.sub.43C = 0.35 on silica gel.
PAC  7.
      Ac-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-Thr(tBu)-Tyr(tBu)-Thr
     (tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)-
     Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2
PAR  116 mg of Ac-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-OH, 250 mg
      of H-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr
     (tBu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-Val-Ala-Pro-NH.sub.2 and 16 mg of
      N-hydroxy-succinimide are dissolved in 2 ml of dimethylformamide, 30 mg of
      dry dicyclohexylcarbodiimide are added thereto at room temperature and the
      mixture is allowed to stand for 24 hours at 40.degree.C whilst flushing
      with nitrogen. The mix is then, without filtering off the
      dicyclohexylurea, concentrated in a high vacuum to give an oil and this is
      triturated with methanol-ether (1:1) to give a powder and filtered off.
      The product is purified by two reprecipitations from methanol-ether. On
      silica gel is Rf.sub.43E = 0.50; Rf.sub.52A = 0.30; Rf.sub.100 = 0.32;
      Rf.sub.107 = 0.65.
PAC  EXAMPLE 5
PAC  Bmp-Gly-Asn-Leu-Ser-Thr-Cys-Met-Leu-Gly-Thr-Tyr-Thr-Gln-Asp-
      Phe-Asn-Lys-Phe-His-Thr-Phe-Pro-Gln-Thr-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub
     .2 (Desamino-Calcitonine M)
PAR  50 mg of
      Bmp-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-Thr(tBu)-Tyr(tBu)-Thr(tB
     u)-Gln-Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr-(tBu)-Phe-Pro-Gln-Thr(tBu)-Al
     a-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2 are mixed at 0.degree.C with 0.95 ml of
      concentrated hydrochloric acid while flushing with nitrogen. The reaction
      is allowed to proceed for 5 minutes, then while stirring, the reaction
      vessel is connected with a high vacuum, and 5 minutes later, 40 ml of
      tertiary butanol are added, and the batch is lyophilized. A voluminous
      white powder is obtained. In the thin-layer chromatogram on cellulose,
      Rf.sub.45 = 0.54, Rf.sub.52 = 0.34, on alumina Rf.sub.45 = 0.47, Rf.sub.52
      = 0.61 and Rf.sub.79 = 0.66. In electrophoresis on cellulose "Selecta"
      1440 (pH 1.9; 11/2 hours, 280 V), the product has a migration distance at
      pH 4.8 of 1.2 cm towards the cathode.
PAR  The starting material can be prepared as follows:
PAC  1. Bmp(TRI)-OH
PAR  25.1 g of triphenylchloromethane are added in portions at 0.degree.C, while
      flushing with nitrogen, to a solution of 6.37 g of freshly distilled
      .beta.-mercapto-propionic acid in 100 ml of benzene. When the introduction
      is complete the ice cooling is removed. The product begins to precipitate
      from the initially clear solution. After 2 hours the mixture is cooled to
      0.degree.C, filtered and the product washed with cold methanol.
      Recrystallization from methylene chloride+methanol yields the pure product
      of melting point 200.degree.-201.degree.C.
PAC  2. Bmp(TRI)-Gly-Asn-Leu-OMe
PAR  1.85 g of dicyclohexylcarbodiimide are added to a solution, stirred at
      0.degree.C, of 2.62 g of Bmp(TRI)-OH and 1.58 g of H-Gly-Asn-Leu-OMe in 30
      ml of dimethylformamide. After 24 hours at 0.degree.C the dicyclohexylurea
      is filtered off and the filtrate evaporated to dryness at 40.degree.C. The
      product is purified by recrystallization from methanol. In the thin-layer
      chromatogram on silica gel Rf.sub.45 = 0.67.
PAC  3. Bmp(TRI)-Gly-Asn-Leu-NH-NH.sub.2
PAR  1.06 of Bmp(TRI)-Gly-Asn-Leu-OMe are mixed with 3 ml of hydrazine hydrate
      in 30 ml of methanol. After two hours at room temperature the hydrazide
      crystallizes on inoculation. It is recrystallized from hot methanol.
      Melting point, 190-194.degree.C. Rf = 0.35 in the system
      chloroform+methanol (8:2).
PAC  4 Bmp(TRI)-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OH
PAR  926 mg of Bmp(TRI)-Gly-Asn-Leu-NH-NH.sub.2 are mixed in 8 ml of
      dimethylformamide at -15.degree.C with 2.21 ml of 2.21N-hydrogen chloride
      in ethyl acetate and 0.18 ml of t-butylnitrite. After 15 minutes at
      -10.degree.C a solution, cooled to -10.degree.C of 1.38 g of
      H-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OH and 0.7 ml of triethylamine in
      10 ml of dimethylformamide is added dropwise. Stirring is continued for
      another hour at -10.degree.C and the mixture then allowed to stand at
      0.degree.C for 15 hours. After the addition of 20 ml of methanol, the
      batch is filtered, the precipitate is washed with cold methanol, then
      triturated in water, filtered and dried over sodium hydroxide solution.
      40% of the product, which is unitary according to thin-layer
      chromatography, is in the form of the triethylammonium salt. In the
      thin-layer chromatogram on silica gel Rf = 0.55 in the system
      chloroform+methanol (7:3).
PAC  5. Bmp-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-OH
PAR  0.3 ml of 1.0N-hydrochloric acid is added at room temperature to a solution
      of 1.4 g. of
      Bmp(TRI)-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OH in 150 ml
      of dimethylformamide. The solution is added dropwise in the course of 30
      minutes to a strongly stirred solution of 2.25 g of iodine in 500 ml of
      methanol. The mixture is stirred for another hour at room temperature,
      then cooled to 0.degree.C and decolorized by the dropwise addition of
      1.0N-aqueous sodium thiosulfate solution. After the addition of 1.6 ml of
      0.5N-sodium hydroxide solution, the mixture is concentrated to about 20
      ml, 400 ml of ether added, and decanted. The residue is triturated with 20
      ml of water, filtered, washed with cold water and dried over caustic soda.
      The product is purified by reprecipitation from chloroform+ether. In the
      thin-layer chromatogram on silica gel Rf.sub.121A = 0.43; Rf.sub.100 =
      0.34; Rf.sub.43 = 0.28.
PAC  6.
      Bmp-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-Thr(tBu)-Tyr(tBu)-Thr(tB
     u)-Gln-Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)-Ala
     -Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2
PAR  46 mg of Bmp-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-OH, 81 mg of
      H-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asp-(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr(t
     Bu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-Val-Gly-Ala-Pro-HN.sub.2, 9.7 mg of
      N-hydroxysuccinimide and 13 mg of dicyclohexylcarbodiimide in 2ml of
      dimethylformamide are maintained at 45.degree.C for 3 hours and a half.
      The clear solution is then added dropwise to 40 ml of absolute ether at
      0.degree.C and the precipitated product is filtered off. The product is
      purified by reprecipitation from aqueous methanol. Rf.sub.45 = 0.38 in the
      thin-layer chromatogram on silica gel.
PAC  EXAMPLE 6
PAC  H-Cys-Gly-Asn-Leu-Ser-Thr-Cys-Met-Leu-Gly-Thr-Tyr-Thr-Gln-Asp-Phe-Asn-Lys-P
     he-His-Thr-Phe-Pro-Gln-Thr-Ala-Ile-Gly-Val-Gly-Ala-Pro-OH
PAR  120 mg of
      BOC-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-Thr(tBu)-Tyr(tBu)-Th
     r(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)
     -Ala-Ile-Gly-Val-Gly-Ala-Pro-OtBu together with 3 ml of 95 % strength
      trifluoracetic acid are stored for 11/2 hours under nitrogen at room
      temperature and then precipitated with peroxide-free ether. The product is
      filtered off, washed with ether until free of acid, then dissolved in 0.02
      N acetic acid, filtered through a column of Merck ion exchanger No. II
      (weakly basic, acetate form) and the eluate lyophilised. The resulting
      dotriacontapeptide migrates 3.0 cm towards the cathode in 11/2 hours on
      electrophoresis on "Selecta" at pH 1.9 and 280 V, at pH 4.8-1.5 cm. On
      "Alox" is Rf.sub.79 = 0.45; Rf.sub.52 = 0.42; Rf.sub.45 = 0.40; on
      "Selecta" Rf.sub.52 = 0.28; Rf.sub.45 = 0.42; Rf.sub.101A = 0.50.
PAR  The starting material can be manufactured as follows:
PAC  1. H-Pro-OtBu
PAR  9.15 g of Z-Pro-OtBu are hydrogenated in 100 ml of methanol and 1.0 g of Pd
      on charcoal (10 %) at room temperature. The hydrogen uptake has ended
      after 30 minutes. The solution is freed of catalyst by filtration and
      evaporated in a waterpump vacuum at 30.degree.C. The resulting oil is
      homogeneous in a thin layer chromatogram on silica gel. Rf = 0.55 in the
      system chloroform-methanol (1:1).
PAC  2. Z-Ala-Pro-OtBu
PAR  10.32 g of Z-Ala-ONP and 5.0 g of H-Pro-OtBu in 10 ml of ethyl acetate are
      allowed to stand for one hour at 0.degree.C and 15 hours at room
      temperature. The mixture is then diluted with 100 ml of ethyl acetate,
      washed with 50 % saturated potassium carbonate solution and water, dried
      over sodium sulphate and evaporated. The resulting oil is homogeneous
      according to a thin layer chromatogram on silica gel (Rf = 0.65 in the
      system chloroform-methanol (9:1)) and is directly used further.
PAC  3. H-Ala-Pro-OtBu
PAR  9.36 g of Z-Ala-Pro-OtBu are hydrogenated in 100 ml of methanol in the
      presence of 500 mg of Pd on charcoal (10 %) at room temperature. The
      hydrogen uptake has ended after 90 minutes. The solution is freed of
      catalyst by filtration and evaporated in a waterpump vacuum at 30.degree.C
      to give an oil. This proves to be homogeneous in a thin layer chromatogram
      on silica gel. Rf = 0.35 in the system chloroform-methanol (1:1).
PAC  4. Z-Gly-Ala-Pro-OtBu 1.65 g of Z-Gly-ONP and 1.09 g of H-Ala-Pro-OtBu in
      20 ml of ethyl acetate are allowed to stand for 1 hour at 0.degree.C and
      20 hours at room temperature. The mix is then diluted with ethyl acetate,
      washed with 50 % saturated potassium carbonate solution and with water,
      dried over sodium sulphate and evaporated. 2.06 g of an oil which is
      homogeneous according to thin layer chromatography result. Rf = 0.8 in the
      system chloroform-methanol (1:1) on silica gel.
PAC  5. H-Gly-Ala-Pro-OtBu
PAR  2.06 g of Z-Gly-Ala-Pro-OtBu are hydrogenated in 30 ml of methanol in the
      presence of 300 mg of Pd on charcoal (10 %) at room temperature. The
      hydrogen uptake has ended after 90 minutes. The catalyst is filtered off
      and the filtrate is concentrated to about 5 ml. 10 ml of ether are added.
      The product crystallises out overnight. Melting point
      132.degree.-134.degree.C; Rf = 0.3 in the system chloroform-methanol (1:1)
      on silica gel.
PAC  6. Z-Val-Gly-Ala-Pro-OtBu
PAR  3.73 g of Z-Val-ONP and 2.99 g of H-Gly-Ala-Pro-OtBu in 12 ml of ethyl
      acetate are stirred for one hour at 0.degree.C and 20 hours at room
      temperature. After dilution with ethyl acetate the mixture is washed with
      50 % saturated potassium carbonate solution and water, dried over sodium
      sulphate and evaporated at 30.degree.C in a waterpump vacuum. The oil is
      crystallised from methanol-water. Melting point 73.degree.-75.degree.C. In
      a thin layer chromatogram on silica gel Rf = 0.42 in the system
      tolueneacetone (1:1) and Rf = 0.46 in the system chloroform-methanol
      (9:1).
PAC  7. H-Val-Gly-Ala-Pro-OtBu
PAR  533 mg of Z-Val-Gly-Ala-Pro-OtBu are hydrogenated in 10 ml of methanol in
      the presence of 300 mg of Pd on charcoal (10%) at room temperature. The
      hydrogen uptake has ended after 20 minutes. The catalyst is filtered off
      and the filtrate evaporated in a waterpump vacuum at 30.degree.C to give
      an oil. Rf = 0.52 in the system chloroform-methanol (1:1) on silica gel.
PAC  8.
      H-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys-(BOC)-Phe-His-Thr(t
     Bu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-OH
PAR  270 mg of
      Z-Thr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pr
     o-Gln-Thr(tBu)-Ala-Ile-Gly-OH are dissolved in 30 ml of 80 % strength
      acetic acid and hydrogenated in the presence of 50 mg of Pd on charcoal
      (10%) until the splitting-off of the carbobenzoxy group is complete. After
      filtering off the catalyst, the solution is extensively concentrated in a
      high vacuum at 30.degree.C and then lyophilised from t-butanol. The yield
      is quantitative.
PAC  9.
      BOC-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-Thr(tBu)-Tyr(tBu)-Th
     r(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys-(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu
     )-Ala-Ile-Gly-OH
PAR  181 mg of BOC-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(TBU)-Cys-Met-Leu-Gly-OH are
      dissolved in 1.8 ml of peroxide-free tetrahydrofurane and mixed at
      -10.degree.C to -15.degree.C with 0.017 ml of N-methylmorpholine and 0.019
      ml of chloroformic acid isobutyl ester whilst passing nitrogen over the
      mixture. After 10 minutes at this temperature, a solution of 255 mg of the
      octadecapeptide derivative obtained under 8) in 5 ml of 95 % strength
      dimethylformamide and 0.02 ml of N-methylmorpholine is added. The mixture
      is stirred for a further 30 minutes at -10.degree.C and 2 hours at
      0.degree.C. The crude product is precipitated by adding peroxide-free
      ether and is again dissolved in dimethylformamide and precipitated by
      dropwise addition to ice-cold 0.02 N hydrochloric acid. A double
      reprecipitation from dimethylformamide-ethyl acetate yields a pure
      product. In a thin layer chromatogram on silica gel Rf.sub.52A = 0.43.
PAC  10.
      BOC-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-Thr(tBu)-Tyr(tBu)-Th
     r(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys-(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu
     )-Ala-Ile-Gly-Val-Gly-Ala-Pro-OtBu
PAR  374 mg of the peptide derivative described under 9), 160 mg of
      H-Val-Gly-Ala-Pro-OtBu, 46 mg of hydroxysuccinimide and 3 ml of
      dimethylformamide are mixed with 62 mg of dicyclohexylcarbodiimide under
      nitrogen at room temperature and allowed to stand overnight at room
      temperature. The product is precipitated by mixing with ether, filtered
      off and well washed with ether and ethyl acetate. The product is again
      dissolved in dimethylformamide and precipitated by dropwise addition to
      ice-cold 0.05 M citric acid.
PAC  EXAMPLE 7
PAC  N.sup..epsilon.-Acetyl-Calcitonine M
PAR  A solution of 100 mg of calcitonine M acetate (or hydrochloride) in 5 ml of
      water+dimethylformamide (2:1) is treated with 77 .mu.l of a 10% solution
      of para-nitrophenylacetate in dimethylformamide, and the pH adjusted to
      9.1 by the addition of 0.5-molar aqueous triethylamine solution. At this
      pH the reaction sets in and is completed within about 1 hour by the
      continuous addition of triethylamine while keeping the pH constant. There
      are then added 150 .mu.l of glacial acetic acid and the batch is extracted
      with 3 .times. 10 ml of ethyl acetate. The aqueous phase is concentrated
      to dryness and the residue purified by Craig distribution over 170 stages
      in the system n-butanol/glacial acetic acid/water (4:1:5). From the
      distribution elements Nos. 109-138 (r.sub.max = 122; K = 2.5) there is
      obtained on concentration to dryness pure
      N.sup..epsilon.-acetyl-calcitonine M as an amorphous, water-soluble
      powder.
PAR  In the thin-layer chromatogram on cellulose ("Selecta") Rf.sub.101A = 0.67;
      on alumina ("Alox" of Messrs. Camag) Rf.sub.52 = 0.68.
PAR  In electrophoresis on cellulose ("Selecta") thin-layer plates, the
      substance migrates at 17 Volt/cm in an hour and a half at pH 1.9 2.6 cm in
      the direction of the cathode, and at pH 8.0 0.6 cm towards the anode.
PAC  EXAMPLE 8
PAC  Mono- and diacetylated calcitonine M
PAR  A solution of 10 mg of calcitonine M acetate in 2 ml of absolute
      dimethylformamide is treated with 0.5 ml of a 1% solution of
      para-nitrophenylacetate in dimethylformamide, rinsed with nitrogen, and
      allowed to stand in the closed test tube at 40.degree.C for 30 minutes. 5
      ml of 2N-acetic acid are then added, the excess para-nitrophenyl acetate
      and the para-nitrophenol formed are extracted with ethyl acetate (2
      .times. 30 ml), the aqueous phase is evaporated to dryness under reduced
      pressure, the residue dissolved in 0.5 ml of 95% acetic acid, and the
      solution lyophilized. The product consists of a mixture of mono- and
      diacetyl derivative and some starting material. The monoacetyl derivative
      itself is a mixture of the N.sup..alpha.- and N.sup..epsilon.-derivatives
      as evidenced by electrophoresis at pH 8.
PAR  The separation of starting material, mono- and diacetyl compound is
      performed by Craig distribution in the system n-butanol/glacial acetic
      acid/water (4:1:5), or by preparative thin-layer electrophoresis on
      cellulose ("Selecta") plates at pH 1.9 (11/2 hours at 17 Volt/cm); for
      migration distances, see below. The mixture of the two mono-acetyl
      derivatives obtained in this manner is in turn resolved by preparative
      thin-layer electrophoresis at pH 8 (buffer: 0.1-molar triethylamine
      solution adjusted to pH 8 with carbon dioxide; 3 hours at 17 Volt/cm). For
      larger quantities of substance, the continuous, carrier-free
      electrophoresis is employed, likewise at pH 8. In either case,
      N.sup..alpha.-acetyl-calcitonine M shows a neutral behavior, electrically,
      whereas the N.sup..epsilon.-acetyl derivative migrates to the anode.
PAR  The compounds have the following Rf values:
      N.sup..alpha.-acetyl-calcitonine M on cellulose ("Selecta"): Rf.sub.101A =
      0.67; on alumina ("Alox" of Messrs. Camag): Rf.sub.52 = 0.68.
      N.sup..epsilon.-acetyl-calcitonine has in both systems the same Rf values
      as N.sup..alpha.-acetyl-calcitonine M (calcitonine M has in these systems
      Rf.sub.101A = 0.56 and Rf.sub.52 = 0.62);
      N.sup..alpha.,N.sup..epsilon.-diacetyl-calcitonine M has the following Rf
      values in these two systems: Rf.sub.101A = 0.75 and Rf.sub.52 = 0.73. In
      electrophoresis on cellulose ("Selecta") thin-layer plates, the migration
      distance of both N.sup..alpha.- and N.sup..epsilon.-monoacetyl-calcitonine
      M = -2.6 cm at pH 1.9; 90 minutes; 17 Volt/cm; and that of
      N.sup..alpha.,N.sup..epsilon.-diacetyl-calcitonine M under the same
      conditions is -1.3 cm (that of calcitonine M is -3.7 cm). At pH 8.0
      N.sup..epsilon.-acetyl-calcitonine M migrates in 90 minutes at 17 Volt/cm
      + 0.6 cm, whereas N.sup..alpha.-acetyl-calcitonine M (as also calcitonine
      M) remains in place.
PAC  EXAMPLE 9
PAC  The starting material BOC-Cys-Gly-Asn-Leu-Ser-Thr-Cys-Met-Leu-Gly-OH
      described in Example 1 can also be manufactured as follows:
PAC  1. BOC-Ser-Thr-OBzl
PAR  47.0 g of H-Thr-OBzl. HCl in 300 ml of methylene chloride are added to a
      solution of 73.8 g of BOC-Ser-OH. Dicyclohexylammonium salt in 500 ml of
      methylene chloride and the mixture stirred for 10 minutes at room
      temperature and then cooled to -5.degree.C. A solution of 40.1 g of
      dicyclohexylcarbodiimide in 90 ml of methylene chloride is added dropwise
      at this temperature. The mixture is stirred for 3 hours at -5.degree.C and
      overnight at room temperature. After filtering off the dicyclohexylurea
      and dicyclohexylamine hydrochloride the solution is extracted by shaking
      three times with 0.1 N hydrochloric acid, twice with 20 % strength sodium
      chloride solution, once with 10 % strength sodium bicarbonate solution and
      twice with 20 % strength sodium chloride solution and is dried over sodium
      sulphate. The solution is concentrated to about 600 ml, cooled to
      5.degree.C and further dicyclohexylurea is filtered off. After evaporation
      to dryness, the residue is crystallised from ethyl acetate-hexane in order
      to purify it.
PAR  Melting point 110-111.degree.C; [.alpha.].sub.D = -8.5.degree. (c = 2 in
      dimethylformamide); Rf.sub.2 = 0.33 (on silica gel).
PAC  2. H-Ser-Thr-OBzl. TFA
PAR  65.7 g of BOC-Ser-Thr-OBzl are dissolved in 100 ml of 90 % strength
      trifluoracetic acid and the solution is left for 1 hour at 20.degree.C. It
      is then added dropwise to 1000 ml of dry ether whilst stirring and the
      mixture is stirred for one hour and left to stand overnight at
      -10.degree.C. The resulting precipitate is filtered off and washed 3 times
      with dry ether and dried in vacuo over sodium hydroxide; melting point
      128.degree.-129.degree.C; Rf.sub.7 = 0.65; Rf.sub.4 = 0.50 (on silica
      gel).
PAC  3. BOC-Leu-Ser-Thr-OBzl
PAR  52.5 g of H-Ser-Thr-OBzl. TFA are dissolved in 145 ml of dimethylformamide
      and mixed at 0.degree.C with a solution of 48.0 g of BOC-Leu-ONP. 21 ml of
      triethylamine and 0.75 ml of glacial acetic acid are then added. The
      reaction mixture is stirred for 3 hours at 0.degree.C and overnight at
      room temperature. After adding 2.1 liters of ethyl acetate the solution is
      extracted by shaking twice with water, twice with 0.1 N hydrochloric acid,
      twice with 10 % strength sodium chloride solution, eight times with 20 %
      strength potassium carbonate solution, twice with 10 % strength sodium
      chloride solution and once with 30 % strength sodium chloride solution.
      After drying over sodium sulphate the solution is concentrated to about
      1.4 liters. The protected tripeptide of melting point
      114.degree.-116.degree.C crystallises overnight in the refrigerator;
      [.alpha.].sub.D = -14.degree. (c = 2 in dimethylformamide); Rf.sub.2 =
      0.25 (on silica gel).
PAC  4. H-Leu-Ser-Thr-OBzl. TFA
PAR  46.1 g of BOC-Leu-Ser-Thr-OBzl are dissolved in 92.5 ml of 90 % strength
      trifluoracetic acid and left for 1 hour at 20.degree.C. Thereafter dry
      ether (925 ml) is added whilst stirring, and the mixture is stirred for 1
      hour at 0.degree.C and left to stand overnight at -10.degree.C. The
      resulting precipitate is filtered off, washed three times with dry ether
      and dried in vacuo over sodium hydroxide. Melting point
      168.degree.-171.degree.C; Rf.sub.7 = 0.80 (on silica gel).
PAC  5. BOC-Asn-Leu-Ser-Thr-OBzl
PAR  20.8 g of BOC-Asn-OH are suspended in 208 ml of acetonitrile, mixed with
      22.7 g of Woodward's Reagent K and the mixture stirred for 30 minutes at
      20.degree.C. 12.6 ml of triethylamine are then added dropwise, whilst
      stirring, in such a way that the internal temperature does not exceed
      +32.degree.C, and the mixture is cooled to 20.degree.C and stirred for a
      further 50 minutes at this temperature. The almost clear solution is
      cooled to 0.degree.C and is mixed with a solution, also cooled to
      0.degree.C, of 39.1 g of H-Leu-Ser-Thr-OBzl.TFA and 10.5 ml of
      triethylamine in 257 ml of dimethylformamide. The reaction mixture, which
      soon solidifies, is stirred overnight at room temperature, cooled to
      -10.degree.C and stirred for a further 2 hours at -10.degree.C. Thereafter
      the crystalline precipitate is filtered off and the tetrapeptide
      derivative is washed once with cold acetonitrile, once with ethyl acetate
      and three times with water it is free of chloride. The resulting product
      is crystallised from 370 ml of dimethylformamide, 3.7 ml of glacial acetic
      acid and 370 ml of acetonitrile. Melting point 225-226.degree.C;
      [.alpha.].sub.D = -36.degree. c = 2 in dimethylformamide); Rf.sub.6 = 0.85
      (on silica gel).
PAC  6. H-Asn-Leu-Ser-Thr-OBzl. TFA
PAR  32 g of BOC-Asn-Leu-Ser-Thr-OBzl are dissolved in 192 ml of 90 % strength
      trifluoracetic acid and the solution left for 45 minutes at 20.degree.C.
      Thereafter the solution is concentrated to about 40 ml, mixed with 400 ml
      of ether whilst stirring and stirred for 20 minutes at 35.degree.C under
      reflux. The crystal suspension is then cooled to -10.degree.C and is left
      to stand overnight at -10.degree.C. The precipitate is filtered off,
      washed three times with ether and dried in vacuo over sodium hydroxide.
      Melting point 125.degree.-127.degree.C; Rf.sub.4 = 0.33 (on silica gel).
PAC  7. BOC-Gly-Asn-Leu-Ser-Thr-OBzl
PAR  26.3 g of H-Asn-Leu-Ser-Thr-OBzl.TFA are dissolved in 100 ml of
      dimethylformamide, the solution is cooled to 0.degree.C and successively
      mixed with 7.5 ml of triethylamine, 0.54 ml of glacial acetic acid and a
      solution of 14.4 g of BOC-Gly-ONP in 100 ml of dimethylformamide, stirred
      at room temperature until the mixture solidifies and left to stand for 2
      days. Thereafter 300 ml of ethyl acetate are added whilst stirring and the
      mixture left to stand overnight at -10.degree.C. The precipitate is
      filtered off, washed twice with ethyl acetate and twice with ether,
      stirred for half an hour with 200 ml of water, filtered off, washed with
      water and dried in vacuo. Melting point 227-228.degree.C; [.alpha.].sub.D
      = -23.degree. (c = 2 in dimethylformamide); Rf.sub.9 = 0.50 (on silica
      gel).
PAC  8. BOC-Gly-Asn-Leu-Ser-Thr-OH
PAR  17.0 g of BOC-Gly-Asn-Leu-Ser-Thr-OBzl are dissolved in 340 ml of
      dimethylformamide whilst warming. After cooling to room temperature, 3.4 g
      of 10 % strength palladium on charcoal are added and the product is
      hydrogenated. The reduction is complete after 4 hours. After filtering off
      the catalyst the solution is concentrated in a high vacuum. Triturating
      three times with ether yields a pentapeptide which is homogeneous
      according to a thin layer chromatogram. Melting point
      181.degree.-183.degree.C; [.alpha.].sub.D = -16.5.degree. (c = 2 in
      dimethylformamide); Rf.sub.7 = 0.65 (on silica gel).
PAC  9. BOC-Gly-Asn-Leu-Ser-Thr-Cys(Bzl)-N.sub.2 H.sub.2 -Z
PAR  9.2 g of H-Cys(Bzl)-N.sub.2 H.sub.2 -Z.HCl are dissolved in 300 ml of
      freshly distilled dimethylformamide, mixed with 12.2 g of
      BOC-Gly-Asn-Leu-Ser-Thr-OH and stirred at room temperature until solution
      has occurred. The solution is then cooled to 0.degree.C, 3.28 ml of
      triethylamine and 4.88 g of N-hydroxysuccinimide in 100 ml of
      dimethylformamide are added, the mixture is further cooled to -22.degree.C
      and 4.36 g of dicyclohexylcarbodiimide in 30 ml of dimethylformamide are
      added. The mixture is stirred for 1 hour at -22.degree.C, the internal
      temperature is then allowed to rise gradually, the mixture stirred for a
      further 3 days at room temperature, the precipitated dicyclohexylurea
      filtered off and the filtrate evaporated to dryness in a high vacuum. The
      residue is stirred with a mixture of ethyl acetate and 5 % strength citric
      acid solution and the precipitate is filtered off, washed with water,
      dried in vacuo, stirred with dry ether, filtered and dried in a high
      vacuum. Melting point 173.degree.-178.degree.C; [.alpha.].sub.D =
      -25.5.degree. (c = 2 in dimethylformamide); Rf.sub.1 = 0.21 (on silica
      gel).
PAC  10. H-Gly-Asn-Leu-Ser-Thr-Cys(Bzl)-N.sub.2 H.sub.2 -Z.TFA
PAR  13 g of BOC-Gly-Asn-Leu-Ser-Thr-Cys(Bzl)-N.sub.2 H.sub.2 -Z are dissolved
      in 130 ml of 90 % strength trifluoracetic acid and the solution is left to
      stand for 2 hours at 22.degree.C. It is then concentrated and the residue
      stirred 3 times with ether and dried in vacuo over sodium hydroxide.
      Melting point 159.degree.-161.degree.C. Rf.sub.6 = 0.63 (on silica gel).
PAC  11. BOC-Cys(Bzl)-Gly-Asn-Leu-Ser-Thr-Cys(Bzl)-N.sub.2 H.sub.2 -Z
PAR  6.69 g of BOC-Cys(Bzl)-OSU and 12.2 g of
      H-Gly-Asn-Leu-Ser-Thr-Cys(Bzl)-N.sub.2 H.sub.2 -Z. 1.22 TFA are dissolved
      in 100 ml of dimethylformamide. Triethylamine is added dropwise from a
      solution of 150 mMols of triethylamine in 100 ml of dimethylformamide,
      whilst stirring, until the reaction mixture shows a pH value of 6.4 on
      moist indicator paper. The solution is stirred for 3 days at room
      temperature and thereafter evaporated to dryness in a high vacuum. The
      residue is twice stirred with 300 ml of ethyl acetate thereafter stirred
      three times with a mixture of 150 ml of ethyl acetate and 30 ml of 5 %
      strength citric acid solution, filtered off, dried in vacuo and
      crystallised from dimethylformamide-ethyl acetate. Melting point
      191-193.degree.C; [.alpha.].sub.D = -31.5.degree. (c = 2 in
      dimethylformamide); Rf.sub.8 = 0.35 (on silica gel).
PAC  12. BOC-Cys-Gly-Asn-Leu-Ser-Thr-Cys-N.sub.2 H.sub.3
PAR  6 g of BOC-Cys(Bzl)-Gly-Asn-Leu-Ser-Thr-Cys(Bzl)-N.sub.2 H.sub.2 -Z are
      dissolved at -40.degree.C in 700 ml of dry liquid ammonia. 973 mg of
      sodium are added at the boiling point of the ammonia, whilst stirring, in
      such a way that the colour of the reaction mixture only becomes light
      blue. After 25 minutes the reduction is complete. The mixture is stirred
      for a further 10 minutes with the blue colouration being retained, 2.4 ml
      of glacial acetic acid are then added and the mixture evaporated to
      dryness in a high vacuum (about 1 mm). The residue is stirred with 12 ml
      of water, 3.2 ml of glacial acetic acid and 20 ml of ethyl acetate for 1
      hour at 0.degree.C and the precipitate is filtered off, twice washed with
      10 ml of 1 % strength acetic acid solution and once with 10 ml of ethyl
      acetate and dried in a high vacuum. Rf.sub.5 = 0.65 (on silica gel).
PAC  13. BOC-Cys-Gly-Asn-Leu-Ser-Thr-Cys-N.sub.2 H.sub.3
PAR  1.0 g of BOC-Cys-Gly-Asn-Leu-Ser-Thr-Cys-N.sub.2 H.sub.3 is dissolved in
      100 ml of dimethylformamide and 500 ml of water containing 1.23
      milliequivalent of hydrogen chloride. The pH-value of the solution is
      adjusted to 6.8 by means of 3.7 ml of an 0.43 N potassium hydroxide
      solution. 247 ml of an 0.01 M potassium ferricyanide solution and 4.9 ml
      of an 0.43 N potassium hydroxide solution are simultaneously added
      dropwise with stirring over the course of 90 minutes whilst maintaining
      this pH-value. The mixture is stirred for a further 90 minutes at room
      temperature and the pH-value of the solution is then brought to 4.0 by
      means of 0.7 ml of glacial acetic acid. The solution is thereafter stirred
      with 50 ml of Dowex-2-X8, acetate form and subsequently with 13 ml of
      Dowex-50W-X8, H.sup.+ form, the mixture filtered and the filtrate
      evaporated to dryness. The residue is dissolved in 50 % strength
      t-butanol, lyophilised and dried in a high vacuum. The product contains
      about 15 % of potassium acetate. It is homogeneous in a thin layer
      chromatogram on silica gel: Rf.sub.5 = 0.63; Rf.sub.6 = 0.70; Rf.sub.7 =
      0.75.
PAC  14. H-Leu-Gly-OEt.HCl
PAR  14 g of Z-Leu-Gly-OEt [manufactured according to J. R. Vaughan & R. L.
      Osato, J.Am.Chem.Soc. 73, 5553 (1951)] are dissolved in 150 ml of absolute
      ethanol, mixed with 11.5 ml of a 6.9 N hydrogen chloride solution in
      ethanol and hydrogenated in the presence of 2.8 g of palladium on charcoal
      (10 % Pd). After 1 hour the catalyst is filtered off and the filtrate
      evaporated in vacuo at 40.degree.C bath temperature. The residue is an oil
      and is directly processed further. Rf.sub.1 = 0.50 (on silica gel).
PAC  15. BOC-Met-Leu-Gly-OEt
PAR  10.5 g of BOC-Met-N.sub.2 H.sub.3 in 100 ml of dimethylformamide are mixed
      at 0.degree.C with 14.8 ml of hydrogen chloride in tetrahydrofurane (5.39
      N; 80 mMols) and subsequently at -20.degree.C with 5.4 ml of
      iso-amylnitrite. After 5 minutes at -20.degree.C a pre-cooled solution of
      10.1 g of H-Leu-Gly-OEt.HCl and 16.9 ml of triethylamine in 100 ml of
      dimethylformamide is added. The reaction mixture is left for 3 days at
      0.degree.C. The triethylamine hydrochloride which has separated out is
      then filtered off and the filtrate evaporated to dryness in a high vacuum.
      The residue is dissolved in ethyl acetate and the solution is successively
      washed with 3 portions of dilute citric acid solution, 3 portions of
      dilute sodium bicarbonate solution and with water. The crude product
      obtained after drying and evaporating the solution is crystallised from
      ethyl acetatehexane.
PAR  Melting point 118.degree.-119.degree.C; [.alpha.].sub.D = -30.degree. (c =
      2 in dimethylformamide): Rf.sub.1 = 0.72 (on silica gel).
PAC  16. BOC-Met-Leu-Gly-OH
PAR  9.98 g of BOC-Met-Leu-Gly-OEt are dissolved in 300 ml of methanol. 57 ml of
      0.59 N sodium hydroxide solution are added over the course of 45 minutes
      at room temperature and the mixture is stirred for a further hour.
      Thereafter the pH-value is adjusted to 7 with 0.68 N hydrochloric acid and
      the solution is evaporated to dryness. The residue is dissolved in ethyl
      acetate and water and the pH-value is brought to 2 by means of 0.68 N
      hydrochloric acid. The aqueous phase is extracted by shaking with ethyl
      acetate. The combined ethyl acetate phases are washed with sodium chloride
      solution, dried and evaporated. The residue is crystallised from ethyl
      acetate-hexane.
PAR  Melting point 137.degree.-138.degree.C; [.alpha.].sub.D = -31.degree. (c =
      2 in dimethylformamide); Rf.sub.7 = 0.74 (on silica gel).
PAC  17. H-Met-Leu-Gly-OH
PAR  6.9 g of BOC-Met-Leu-Gly-OH are dissolved in 70 ml of 90 % strength
      trifluoracetic acid and left to stand for one hour at 20.degree.C.
      Thereafter the solution is concentrated, mixed with 150 ml of ether whilst
      stirring and left to stand overnight at -10.degree.C. The resulting
      precipitate is filtered off and again stirred with 100 ml of ether,
      filtered off, twice washed with ether and dried in vacuo over sodium
      hydroxide. Melting point 134.degree.-135.degree.C; Rf.sub.7 = 0.52 (on
      silica gel).
PAC  18. BOC-Cys-Gly-Asn-Leu-Ser-Thr-Cys-Met-Leu-Gly-Oh
PAR  800 mg. of BOC-Cys-Gly-Asn-Leu-Ser-Thr-Cys-N.sub.2 H.sub.3 [containing 15 %
      of potassium acetate] are suspended in 15 ml of dimethylformamide and
      stirred for 15 minutes at 45.degree.C; a part of the suspension dissolves.
      The mixture is now cooled to 0.degree.C and 1.45 ml of hydrogen chloride
      in tetrahydrofurane (2.0 N) are first added, the mixture further cooled to
      -20.degree.C and 0.114 ml of iso-amyl-nitrite then added. After 10 minutes
      at -20.degree.C  0.24 ml of triethylamine are added followed by a
      pre-cooled solution of 431 mg of H-Met-Leu-Gly-OH. 0.57 TFA in 5 ml of
      dimethylformamide. Triethylamine is added dropwise from a dilute
      triethylamine solution in dimethylformamide until the reaction mixture
      shows a pH-value of 6 on moist indicator paper. The cloudy solution is
      left for 3 days at 0.degree.C and the resulting precipitate is then
      filtered off. The filtrate is evaporated to dryness in a high vacuum; the
      residue is stirred three times with 10 % strength citric acid solution and
      the resulting product is filtered off and dried in a high vacuum. Rf.sub.6
      = 0.68; Rf.sub.7 = 0.75 (on silica gel).
PAC  EXAMPLE 10
PAC  N.sub.d
      -Palmitoyl-Cys-Gly-Asn-Leu-Ser-Thr-Cys-Met-Leu-Gly-Thr-Tyr-Thr-Gln-Asp-Phe
     -Asn-Lys-Phe-His-Thr-Phe-Pro-Gln-Thr-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2
      (N.RTM.-Palmitoyl-Calcitonine M)
PAR  171 mg of N.sub.d
      Palmitoyl-Cys-Gly-Asn-Leu-Ser(tBu)-Thr-(tBU)-Cys-Met-Leu-Gly-Thr(tBU)-Tyr(
     tBu)-Thr-(Tbu)-Gln-Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-
     Thr(tBu)-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2 are admixed with 5 ml of
      ice-cold concentrated hydrochloric acid, the mixture is stirred at
      0.degree.C until dissolution occurs (about 2 minutes), and the solution
      then allowed to stand at 0.degree.C under nitrogen for another 8 minutes.
      The batch is then freed from the gaseous, dissolved hydrogen chloride by
      evacuation for 1 minute under a pressure of 0.01 mm Hg; 100 ml of
      t-butanol are added and the batch is lyophilized. There are obtained in
      this manner 138 mg of the hydrochloric acid salt of
      N.RTM.-palmitoyl-calcitonine M as a colorless powder. In the thin-layer
      chromatography on alumina ("Alox") the product shows these values:
      Rf.sub.45 = 0.52, Rf.sub.52 = 0.76. In the test according to Kumar, the
      product has a markedly longer action than calcitonine M.
PAR  The protected N.RTM.-palmitoyl-dotriacontapeptide amide used as starting
      material can be prepared as follows:
PAC  1. Palmitic acid-para-nitrophenylester (Pal-ONP = hexadecanoic
      acid-para-nitrophenylester)
PAR  To 5.0 g of para-nitrophenol in 60 ml of chloroform+ ether (1:1) are added
      while cooling with ice first 9.4 g of palmitoyl chloride and then 5.0 ml
      of triethylamine. After having been refluxed for 2 hours, the batch is
      dissolved in ethyl acetate, and the organic phase is washed with
      0.5N-potassium carbonate and water, dried over sodium sulfate and
      evaporated. On crystallization from ether+petroleum ether, lamellae are
      obtained which melt at 64.degree.-65.degree.C.
PAC  2. Pal-Cys(TRI)-Gly-Asn-Leu-OMe
PAR  1.32 g of H-Cys(TRI)-Gly-Asn-Leu-OMe and 780 mg of palmitic
      acid-para-nitrophenylester are dissolved in 20 ml of freshly distilled
      dimethylformamide and allowed to stand at room temperature for 24 hours.
      From the crude product obtained on evaporation of the solvent, the
      compound is obtained in the thin-layer chromatographically pure form on
      recrystallization from methanol.
PAC  3. Pal-Cys(TRI)-Gly-Asn-Leu-NH-NH.sub.2
PAR  4.0 ml of hydrazine hydrate are added to 1.35 g of
      Pal-Cys(TRI)-Gly-Asn-Leu-OMe in 40 ml of methanol and the solution
      maintained at room temperature for 24 hours. It is then evaporated to a
      volume of about 20 ml in a rotary evaporator at 25.degree.C, and 150 ml of
      0.5N-acetic acid are added. The product which precipitates is filtered
      off, washed with cold water, and dried over caustic soda. In the
      thin-layer chromatogram on silica gel the product has this value:
      Rf.sub.100 = 0.45.
PAC  4. Pal-Cys(TRI)-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OH
PAR  1.08 g of Pal-Cys(TRI)-Gly-Asn-Leu-NH-NH.sub.2 in 10 ml of
      dimethylformamide are treated at -15.degree.C with 1.5 ml of 2.0N-hydrogen
      chloride in ethyl acetate and 0.17 ml of t-butylnitrite. The batch is
      allowed to stand at -10.degree.C for 15 minutes, after which a solution,
      cooled to -10.degree.C of 980 mg of
      H-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OH and 0.56 ml of triethylamine
      in 10 ml of dimethylformamide are added dropwise. The batch is allowed to
      stand at -10.degree.C for an hour and at 0.degree.C for 15 hours before 30
      ml of methanol are added, and the product that precipitates is then
      filtered off, washed with cold methanol and dried in a high vacuum at
      40.degree.C. The resulting powder is triturated with 3 .times. 10 ml of
      water and then dried over caustic soda. Reprecipitation from
      dimethylformamide+methanol gives a product which is pure according to
      thin-layer chromatography.
PAC  5. Pal-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-OH
PAR  A solution of 670 mg of
      Pal-Cys(TRI)-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OH in 50
      ml of dimethylformamide is added dropwise in the course of 20 minutes to a
      vigorously stirred solution of 1.0 g of iodine in 150 ml of methanol. The
      batch is stirred for another hour and then decolorized at 0.degree.C by
      the dropwise addition of 1N-aqueous sodiumthiosulfate. The clear solution
      is concentrated to about 10 ml first under a water-jet vacuum, then under
      a high vacuum at 30.degree.C, treated with 200 ml of ether+petroleum ether
      (1:1), and decanted. The residue is briefly dried under a water-jet
      vacuum, then triturated with 3 .times. 10 ml of water, and dried over
      caustic soda. For purification the product is recrystallized from
      chloroform+petroleum ether. In the thin-layer chromatogram Rf.sub.53 =
      0.50.
PAC  6.
      N.RTM.-Pal-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-Thr(tBu)-Tyr(
     tBu)Thr(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Th
     r(tBu)-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2
PAR  To a solution of 418 mg of
      N.RTM.-Pal-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-OH and 290 mg
      of the protected docosapeptide amide described under 44 in Example 2 and
      110 mg of N-hydroxysuccinimide in 15 ml of freshly distilled
      dimethylformamide are added while stirring and heating to 45.degree.C 135
      mg of dicyclohexylcarbodiimide. The mixture is stirred under nitrogen for
      another 3 hours at 45.degree.C, and another 70 mg of N-hydroxysuccinimide
      and dicyclohexylcarbodiimide are then added, and stirring is continued for
      another 4.5 hours at 45.degree.C. The batch is then cooled to 0.degree.C
      and poured into 300 ml of ice-cold, peroxide-free ether. After 12 hours at
      0.degree.C the precipitate is filtered off with suction, washed with ether
      and dried in vacuo at 40.degree.C. For purification, the product is
      dissolved in methanol+chloroform (1:1) and chromatographed in this solvent
      mixture upwards through a column of "Sephadex" LH.sub.20 measuring 110
      .times. 4.2 cm. Fractions of 3 ml are collected and examined by thin-layer
      chromatography. In the thin-layer chromatogram on silica gel plates
      Rf.sub.52A = 0.62.
PAC  EXAMPLE 11
PAC  N.RTM.-Lauroyl-Cys-Gly-Asn-Leu-Ser-Thr-Cys-Met-Leu-Gly-Thr-Tyr-Thr-Gln-Asp-
     Phe-Asn-Lys-Phe-His-Thr-Phe-Pro-Gln-Thr-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.
     2 (N.RTM.-Lauroyl-Calcitonine M)
PAR  7 mg of
      N.RTM.-Lauroyl-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-Thr(tBu)-
     Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-G
     ln-Thr(tBu)-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2 are stirred into 0.42 ml
      of ice-cold, analytically pure, concentrated hydrochloric acid and stirred
      under nitrogen at 0.degree.C for 10 minutes. For removal of the gaseous,
      dissolved hydrogen chloride, the mixture is kept at 0.degree.C under a
      pressure of 0.01 mm of Hg for 1 minute, then 6 ml of t-butanol are added,
      and the mixture is lyophilized. 5 mg of the monohydrochloride of
      N.RTM.-lauroyl-calcitonine M are obtained.
PAR  In the test arrangement of Kumar et al (J. Endocrinology, 33, 469 [ 1965])
      the product has a longer action than calcitonine.
PAR  The starting material can be prepared as follows:
PAC  1. Lauric acid-para-nitrophenylester, (Lau-CNP = dodecanoic
      acid-para-nitrophenylester)
PAR  The compound is prepared from 5.0 g of para-nitrophenol and 7.2 g of lauryl
      chloride by the process described in Example 10 for palmitic
      acid-para-nitrophenyl ester.
PAC  2. Lau-Cys(TRI)-Gly-Asn-Leu-OMe
PAR  1.5 g of lauric acid-para-nitrophenylester and 1.65 g of
      H-Cys(TRI)-Gly-Asn-Leu-OMe in 25 ml of dimethylformamide are allowed to
      stand at room temperature for 24 hours. Evaporation of the solvent and
      reprecipitation from methanol yields the product which is unitary
      according to thin-layer chromatography. Rf.sub.53 =  0.60 on silica gel.
PAC  3. Lau-Cys(TRI)-Gly-Asn-Leu-NH-NH.sub.2
PAR  1.0 g of Lau-Cys(TRI-Gly-Asn-Leu-Ome are reacted at room temperature for 24
      hours in 40 ml of methanol and 4 ml of hydrazine hydrate to form the
      hydrazide. Isolation is achieved by concentrating the solution and
      precipitation with 0.5N-acetic acid. Rf.sub.100 =  0.40 on silica gel.
PAC  4. Lau-Cys(TRI)-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OH
PAR  A solution of 1.42 g of Lau-Cys(TRI)-Gly-Asn-Leu-NH-NH.sub.2 in 10 ml of
      dimethylformamide is treated at -15.degree.C with 1.38 ml of 2N-hydrogen
      chloride in ethyl acetate and 0.14 ml of t-butylnitrite. The batch is
      allowed to stand at -10.degree.C for 15 minutes before a solution, cooled
      to -10.degree.C, of 965 mg of H-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OH
      and 0.525 ml of triethylamine in 10 ml of dimethylformamide is added, and
      the mixture is then allowed to stand at -10.degree.C for 1 hour and at
      0.degree.C for 15 hours. The product which separates out of the reaction
      solution as a gel is completely precipitated by the addition of 20 ml of
      methanol, then filtered and triturated with 3 .times. 10 ml of water, and
      dried over caustic soda. For purification it is reprecipitated from hot
      methanol.
PAC  5. Lau-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-OH
PAR  700 mg of
      Lau-Cys(TRI)-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OH in 50
      ml of dimethylformamide are added dropwise in the course of 20 minutes
      while stirring to a solution of 1.0 g of iodine in 150 ml of methanol at
      room temperature. For elimination of the excess oxidant 1N-thiosulfate
      solution is added dropwise at 0.degree.C and the mixture then concentrated
      to about 10 ml under a water-jet vacuum and then under a high vacuum. By
      the addition of 200 ml of ether+ petroleum ether (1:1) the product is
      precipitated. The precipitate is dried and triturated three times with
      water, dried over caustic soda, and reprecipitated from chloroform+
      petroleum ether for purification.
PAC  6.
      N.sup..alpha.-Lauroyl-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-Th
     r(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Ph
     e-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2
PAR  A mixture of 35 mg of the protected docosapeptide amide described under 44
      in Example 2, 24 mg of
      N.sup..alpha.-lauroyl-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-OH
     , 6 mg of N-hydroxysuccinimide and 0.8 ml of dimethylformamide is stirred
      at 50.degree.C under nitrogen for 1 hour. 6 mg of dicyclohexylcabodiimide
      are then added and the mixture stirred under nitrogen at 50.degree.C for
      another 2 hours, another 3 mg of N-hydroxy-succinimide and another 3 mg of
      dicyclohexyl carbodiimide are added and the mixture is stirred for another
      8 hours at 50.degree.C under nitrogen. The whole mixture is then poured
      into 60 ml of peroxide-free ether, allowed to stand at 0.degree.C for 18
      hours, the fine precipitate is filtered off and dried under reduced
      pressure at 40.degree.C. 30 mg of the crude, protected
      N.sup..alpha.-lauroyl-dotriacontapeptideamide are obtained. For
      purification, the crude product is dissolved in methanol+chloroform (1:1)
      and chromatographed upwards through a column (1.5 .times. 30 cm), prepared
      in the same mixture, of Sephadex LH 20. Fractions of 3 ml each are
      collected, evaporated separately, and their purity investigated by
      thin-layer chromatography on silica gel plates (Rf.sub.52A =  0.55). There
      are obtained 15 mg of purified, protected dotriacontapeptideamide.
PAC  EXAMPLE 12
PAC  H-Cys-Gly-Asn-Leu-Ser-Thr-Cys-Met-Ley-Gly-Thr-Tyr-Thr-Gln-Aso-Phe-Asn-Lys-P
     he-His-Thr-Phe-Pro-Gln-Thr-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2
      (Calcitonine M)
PAR  32 mg of
      BOC-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-Thr(tBu)-Tyr(tBu)-Th
     r-tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)
     -Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2 are freed from the protective groups
      in the manner described in Example 2. The resulting acetate of calcitonin
      M shows the same thin-layer chromatographic and electrophoretic behavior
      as the product described in Example 2. In thin-layer chromatography on
      alumina "Alox" (Camag) Rf.sub.52 =  0.48; Rf.sub.45 =  0.41; Rf.sub.79 =
      0.55. In thin-layer chromatography on cellulose ("Selecta" plates S+S
      No.1440) Rf.sub.101A =  0.54; Rf.sub.45 =  0.40. In electrophoresis on
      cellulose ("Selecta" plates No.1440) the travelling distance to the
      cathode at 280 V in 1.5 hours at pH 9.10 =  4.0 cm, and at pH 4.85 =  4.2
      cm.
PAR  The protected dotriacontapeptide used as starting material can be prepared
      as follows:
PAC  1. BOC-Cys(TRI)-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys(TRI)-
      Met-Leu-Gly-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-
     His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2
PAR  125.6 mg of
      BOC-Cys(TRI)-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OH and
      189.0 mg of
      H-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr(tB
     u)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2 are slurried
      together with 31.4 mg of N-hydroxysuccinimide in 2.5 ml of
      N,N-dimethylformamide in an atmosphere of nitrogen. 37 mg of
      Dicyclohexylcarbodiimide in 1 ml of dimethylformamide are added and the
      batch is stirred for 41/2 hours at 45.degree.C. The batch is then stirred
      into 250 ml of absolute ether, the flaky precipitate is filtered off and
      washed with ether. 314 mg of a product are obtained which are sparingly
      soluble in methanol.
PAR  In the thin-layer chromatogram on silica gel Rf.sub.100 =  0.51; Rf.sub.107
      =  0.77; Rf.sub.52A =  0.56; Rf.sub.43E =  0.65.
PAC  2.
      BOC-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-Thr(tBu)-Tyr(tBu)-Th
     r(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys(tBu)-phe-His-Thr(tBu)-phe-Pro-Gln-Thr(tBu)
     -Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2 isolated
PAR  219 mg of the protected dotriacontapeptide amide described under 1. above
      are dissolved in warm dimethylformamide and when the solution has cooled
      to room temperature, it is added dropwise in the course of 30 minutes to a
      solution of 124 mg of re-sublimed iodine in 30 ml of methanol. The vessel
      is flushed twice with 2.5 ml of dimethylformamide each time, and the batch
      stirred for another hour at room temperature, and then at 0.degree.C 1.25
      ml of N-aqueous sodium thiosulfate solution is slowly added dropwise until
      the solution is nearly colorless. After that, 0.05 ml of aqueous 2N-sodium
      hydroxide solution are added and the batch concentrated to about one-third
      its volume under reduced pressure. The solution is stirred into 450 ml of
      peroxide-free ether, and the precipitate is filtered off. The filter
      residue is subjected as it is to a counter-current distribution using the
      system methanol/buffer/chloroform/carbon tetrachloride 11:3:6:7 (buffer as
      in Example 1, under 18). After 280 stages, the substance is in the vessels
      100 to 132. It is isolated and again distributed in the same system over
      560 stages. The product localized by means of thin-layer chromatography is
      isolated (K = 0.69) and freed from ammonium acetate at 40.degree.C under a
      high vacuum.
PAR  In the thin-layer chromatogram on silica gel Rf.sub.52A =  0.4; Rf.sub.100
      =  0.35; Rf.sub.87 =  0.66; Rf.sub.43E =  0.59.
PAC  EXAMPLE 13
PAR  The protected calcitonin M used as starting material in Example 2 can be
      synthetized from the fragments 1-28+29-32 as follows:
PAC  1.
      BOC-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-Thr(tBu)-Tyr(tBu)-Th
     r(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)
     -Ala-Ile-Gly-OH
PAR  860 mg of BOC-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-OH in 7 ml
      of dimethylformamide are mixed at 0.degree.C with 0.1 ml of triethylamine
      and 292 mg of trichloracetic acid-pentachlorophenyl ester and the whole
      stirred at 0.degree.C for one hour under an atmosphere of nitrogen. There
      are then added 1.627 g of
      H-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr(tB
     u)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-OH (obtained from 1.75 g of the
      carbobenzoxy compound described in Example 1, under 49, by hydrogenation
      in 80% strength acetic acid), 0.09 ml of triethylamine and 7 ml of
      dimethylformamide, and the mixture is stirred overnight at room
      temperature. The mixture is added dropwise to ice-cold 0.02N-hydrochloric
      acid, and the crude product which precipitates is purified by
      counter-current distribution in the system
      methanol/buffer/chloroform/carbon tetrachloride (1:3:6:7, buffer as in
      Example 1, under 18). Distribution coefficient K = 0.8. The fractions
      containing the octacosapeptide derivative are combined, the solution
      concentrated to a great extent, and lyophilized from t-butanol. In the
      thin-layer chromatogram on silica gel Rf.sub.45 =  0.33, Rf.sub.100 =
      0.35, and Rf.sub.115 =  0.48.
PAC  2.
      BOC-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-Thr(tBu)-Tyr(tBu)-Th
     r(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)
     -Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2
PAR  40 mg of
      BOC-Cys-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys-Met-Leu-Gly-Thr(tBu)-Tyr(tBu)-Th
     r(tBu)-Gln-Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)
     -Ala-Ile-Gly-OH and 27 mg of H-Val-Gly-Ala-Pro-NH.sub.2 (Example 2, under
      42) are dissolved in 1 ml of dimethylformamide. 2.9 mg of
      N-hydroxysuccinimide and 8.3 mg of dicyclohexylcarbodiimide are added to
      the solution which is then stirred for 2 hours under nitrogen. Another 1.7
      mg of N-hydroxysuccinimide and 5.5 mg of dicyclohexyl-carbodiimide are
      added (each dissolved in 0.1 ml of dimethylformamide) and stirring is
      continued for another 3 hours at 45.degree.C. The clear solution is then
      poured into 50 ml of ether, and the precipitate is filtered off with
      suction and dried, then triturated in a small amount of water, filtered
      with suction, and the still moist powder is reprecipitated from aqueous
      methanol. This causes the excess tetrapeptide derivative to separate from
      the crude product. The resulting protected Calcitonine M has the Rf values
      indicated under 45 In Example 2.
PAR  The protective groups are split off as described in Example 2. The
      resulting free calcitonine M contains traces of the sulfoxide derivative,
      but is pure otherwise. The biological activity of the product is 80
      units/mg.
CLMS
STM  We claim:
NUM  1.
PAR  1. A peptide of the formula
      ##EQU3##
      R-CH-CO-Gly-Asn-Leu-Ser-Thr-Cys-Met-Leu-Gly-Thr-Tyr-Thr-Gln-Asp-Phe-Asn-Ly
     s
     -Phe-His-Thr-Phe-Pro-Gln-Thr-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2 12
PA1  in which R is hydrogen or acylamino wherein acyl is a lower monobasic or
      dibasic alkanoyl, lower alkyloxycarbonyl, benzyloxycarbonyl, pyroglutamyl,
      carbamoyl, N-lower alkylcarbamoyl, N-phenylcarbamoyl, or
      N-phenylthiocarbamoyl, and, in addition, compounds of Formula I in which
      one or more of the asparagine and glutamine residues are exchanged for the
      aspartic acid or glutamic acid residue, respectively, or the aspartic acid
      residue is exchanged for the asparagine residue and, in addition,
      compounds of formula I in which R is amino and one or more of the
      asparagine and glutamine residues are exchanged for the aspartic acid or
      glutamic acid residue, respectively, or the aspartic acid residue is
      exchanged for the asparagine residue; as well as therapeutically
      acceptable acid addition salts and complexes with a member selected from
      the group consisting of zinc phosphate, zinc pyrophosphate, zinc
      hydroxide, gelatine, polyphloretin phosphate, and polyglutamic acid, with
      the proviso that all amino acid residues other than glycine and
      .beta.-mercapto-propionic acid are of the L-configuration.
NUM  2.
PAR  2. A peptide as claimed in claim 1 of the formula
      ##EQU4##
      in which R is acylamino, wherein acyl is a lower monobasic or dibasic
      alkanoyl, lower alkyloxycarbonyl, benzyloxycarbonyl, pyroglutamyl,
      carbamoyl, N-lower alkylcarbamoyl, N-phenylcarbamoyl, or
      N-phenylthiocarbamoyl, or R, in addition, is amino in which one or more of
      the asparagine and glutamine residues are exchanged for the aspartic acid
      or glutamic acid residue, respectively, or the aspartic acid residue is
      exchanged for the asparagine residue; as well as therapeutically
      acceptable acid addition salts and complexes with a member selected from
      the group consisting of zinc phosphate, zinc pyrophosphate, zinc
      hydroxide, gelatine, polyphloretin phosphate, and polyglutamic acid, with
      the proviso that all amino acid residues other than glycine and
      .beta.-mercaptopropionic acid are of the L-configuration.
NUM  3.
PAR  3. A peptide as claimed in claim 2, in which R is acetylamino.
NUM  4.
PAR  4. A peptide as claimed in claim 1 of the formula
      ##EQU5##
      3 in which R is hydrogen, as well as therapeutically acceptable acid
      addition salts and complexes with a member selected from the group
      consisting of zinc phosphate, zinc pyrophosphate, zinc hydroxide,
      gelatine, polyphloretin phosphate, and polyglutamic acid, with the proviso
      that all amino acid residues other than glycine and
      .beta.-mercaptopropionic acid are of the L-configuration.
NUM  5.
PAR  5. Complexes of peptides as claimed in claim 1 with zinc phosphate, zinc
      pyrophosphate or zinc hydroxide.
NUM  6.
PAR  6. Complexes of peptides as claimed in claim 1 with gelatine, polyphloretin
      phosphate or polyglutamic acid.
NUM  7.
PAR  7. H-Thr-(tBu)-Tyr(tBu)-Thr(tBu)
     -Gln-Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr-(tBu)-Ala-
     Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2 in which all amino acid residues other
      than glycine are of the L-configuration.
NUM  8.
PAR  8. A peptide of the formula
      ##EQU6##
      with the proviso that all amino acid residues other than glycine and
      .beta.-mercapto-propionic acid are of the L-configuration.
NUM  9.
PAR  9. A peptide of the formula
      Cys-Gly-Asn-Leu-Ser-Thr-Cys-Met-Leu-Gly-Thr-Tyr-Thr-Gln-Asn-Phe-Asn-Lys-Ph
     e-His-Thr-Phe-Pro-Gln-Thr-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2 with the
      proviso that all amino-acid residues other than glycine are of the
      L-configuration.
NUM  10.
PAR  10. BOC-Cys-Gly-A
     sn-Leu-Ser(tBu)-Thr-(tBu)-Cys-Met-Leu-Gly-Thr(tBu)-Tyr(tBu)-Thr(tBu)-Gln-As
     p(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr(tBu)-Phe-Pro-Gln-Thr(tBu)-Ala-Ile-Gly-
     Val-Gly-Ala-Pro-NH.sub.2 in which all amino acid residues other than
      glycine are of the L-configuration.
NUM  11.
PAR  11. BOC-Cys-Gly-Asn-Leu-Ser-Thr-Cys-
     Met-Leu-Gly-Thr-Tyr-Thr-Gln-Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr-Phe-Pro-
     Gln-Thr-Ala-Ile-Gly-Val-Gly-Ala-Pro-NH.sub.2 in which all amino acid
      residues other than glycine are of the L-configuration.
NUM  12.
PAR  12. BOC-Cys-Gly-Asn-Leu-Ser(tBu)-Thr-(tBu)-Cys-Met-Leu-Gly-OH in which all
      amino acid residues other than glycine are of the L-configuration.
NUM  13.
PAR  13. BOC-Cys-Gly-Asn-Leu-Ser-Thr-Cys-Met-Leu-Gly-OH  in which all amino acid
      residues other than glycine are of the L-configuration.
NUM  14.
PAR  14. H-Cys-Gly-Asn-Leu-Ser-Thr-Cys-Met-Leu-Gly-OH and its derivatives in
      which the amino group is protected by t-butyloxycarbonyl and the mercapto
      groups are protected by trityl in which all amino acid residues other than
      glycine are of the L-configuration.
NUM  15.
PAR  15. BOC-Cys-(TRI)-Gly-Asn-Leu-Ser(tBu)-Thr(tBu)-Cys(TRI)-Met-Leu-Gly-OH in
      which all amino acid residues other than glycine are of the
      L-configuration.
NUM  16.
PAR  16. H-Thr-Tyr-Thr
     -Gln-Asp(OtBu)-Phe-Asn-Lys(BOC)-Phe-His-Thr-Phe-Pro-Gln-Thr-Ala-Ile-Gly-Val
     -Gly-Ala-Pro-NH.sub.2 in which all amino acid residues other than glycine
      are of the L-configuration.
NUM  17.
PAR  17. A pharmaceutical composition comprising a hypocalcaemically effective
      amount of a peptide of claim 1 and a pharmaceutical excipient.
NUM  18.
PAR  18. A pharmaceutical composition of claim 17, wherein the peptide is a
      peptide of claim 8.
NUM  19.
PAR  19. A pharmaceutical composition of claim 17, wherein the peptide is a
      peptide of claim 9.
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ABST
PAL  N-nicotinoylglucosamine as a lipid level lowering agent in plasma.
BSUM
PAC  PRIOR ART
PAR  N-Nicotinoylglucosamine is a known compound which can be present in the
      form of N-nicotinoyl-L-glucosamine or N-nicotinoyl-D-glucosamine. The
      activity of N-nicotinoyl-D-glucosamine against tubercule bacilli and
      amoebae as well as its blocking action on the growth of tumors are known
      from U.S. Pat. No. 3,014,027.
PAR  Japanese Pat. No. 4734366 describes 2-acetamido-2-deoxy-D-glucopyranose
      -6-nicotinate as a blood vessel dilator.
PAR  Japanese Pat. No. 4800472 describes polysaccharide nicotinate as a blood
      vessel dilator.
PAR  German Pat. No. 1,942,457 and 1,966,666 describe nicotinic acid esters of
      polyfructoses as having serum cholesterol level lowering activity.
PAC  DESCRIPTION OF THE INVENTION
PAR  The present invention is concerned with agents for lowering the lipid level
      in plasma. The invention is also concerned with a process for the
      preparation of said agents.
PAR  The present invention is based on the finding that N-nicotinoylglucosamine
      possesses a plasma-lipid lowering activity.
PAR  Accordingly, the agents for lowering the lipid level in plasma provided by
      the present invention contain N-nicotinoylglucosamine as the essential
      active ingredient.
PAR  Beta-pyridylcarbinol and nicotinic acid are compounds which have been
      clinically proved for lowering plasma lipids for a number of years. A
      substantial disadvantage of these compounds is, however, their rapid
      resorption from the intestine and the resulting steep increase of the
      plasma nicotinic acid level. This leads on the one hand frequently to
      undesired side-effects (skin reddening and burning, especially in the
      face) and on the other hand, because of the rapid metabolism of the
      nicotinic acid, to a quick decrease of the plasma level and,
      concomitantly, an end of the activity. Thus, repeated efforts have been
      made and are being made to provide derivatives of nicotinic acid which are
      cleaved more slowly in the body in order that the nicotinic acid liberated
      cannot be resorbed so rapidly that these side-effects occur.
PAR  Examples of such derivatives of nicotinic acid which have been proposed are
      nicofuranose (tetranicotinylfructose) and niceritrol (pentaerythritol
      tetranicotinate). These derivatives do, in fact, provide a lengthening of
      the resorption time. However, there has been a desire to find a derivative
      in which the lengthening of the resorption time appears even more
      pronounced.
PAR  The desired objective has been achieved by the provision of the agents in
      accordance with the present invention.
PAR  As compared with beta-pyridylcarbinol, nicotinic acid, niceritrol and
      nicofuranose which, when administered to rats in an amount of 1 mmol/kg
      (based on the respective pyridyl groups), lead to an excessive and
      short-lived maximum of the nicotinic acid concentration in the plasma,
      N-nicotinoyl-glucosamine leads to a distinctly more moderate and
      longer-lasting increase of the nicotinic acid concentration in the plasma.
      Accordingly, in the case of N-nicotinoylglucosamine administration, the
      reduction of free fatty acids, cholesterol and triglycerides in plasma
      also lasts several hours longer than in the case of administration of
      beta-pyridylcarbinol, nicotinic acid, niceritrol or nicofuranose. The
      phenomenon of the reactive overshoot ("rebound" phenomenon) of the free
      fatty acids, triglycerides and cholesterol above the starting values after
      a temporary lowering, is completely absent in the case of administration
      of N-nicotinoylglucosamine or is noticeably weaker than in the case of
      administration of beta-pyridylcarbinol, nicotinic acid, niceritrol or
      nicofuranose. By "reactive overshoot", there is to be understood the
      increase, after a temporary lowering, of the lipids above the starting
      value present before the administration of the lipid-lowering agent.
PAR  In the case of a single oral administration of 1-2 g. of
      N-nicotinoylglucosamine to healthy volunteers no "flush" (unpleasant
      reddening and sensation of heat on the face) occurs while, in the case of
      administration of even 0.5-1 g. of nicotinic acid, a considerable flush
      can be observed.
PAR  The amount of N-nicotinoylglucosamine administered to achieve a lowering of
      the lipid level in plasma is in the range of from about 5 to 30 mg/kg.,
      preferably about 10 to 20 mg/kg., daily.
PAR  The foregoing dosages are, however, only given by way of example and can be
      increased or decreased depending on the particular circumstances or
      administration forms under consideration.
PAR  The agents for lowering the lipid level in plasma can be prepared by adding
      N-nicotinoylglucosamine as the essential active ingredient to compatible
      carrier material. Such carrier material can be inert, solid or liquid
      carriers common in pharmaceutical preparations and suitable for
      therapeutic administration.
PAR  Examples of suitable carrier materials are water, gelatin, gum arabic,
      lactose, starch, magnesium stearate, talc, vegetable oils,
      polyalkyleneglycols, petroleum jelly, etc. The pharmaceutical preparations
      can be made up in a solid form (e.g., as tablets, dragees, suppositories
      or capsules) or in a liquid form (e.g., as solutions, suspensions or
      emulsions). The pharmaceutical preparations may be sterilized and/or may
      contain adjuvants such as preservatives, stabilizers, wetting agents,
      emulsifiers, salts for varying the osmotic pressure or buffers. They can
      also contain other therapeutically valuable substances.
PAR  A preferred dosage form is tablets containing about 200 to 2000 mg. of
      active ingredient.
PAR  The preferred form of active ingredient is N-nicotinoyl-D-glucosamine.
PAR  Toxicity tests carried out on the mouse and rat using
      N-nicotinoyl-D-glucosamine gave the following results:
     Lethal doses in mg/kg. p.o.                                               

               24 hrs. after                                                   

                        24 hrs. after                                          

                                   10 days after                               

               1st. adminis.                                                   

                        5th adminis.                                           

                                   5th adminis.                                

     ______________________________________                                    

     In the DL.sub.10                                                          

                     5087       1002     1002                                  

     mouse  DL.sub.50                                                          

                     8000.+-.1288                                              

                                3752.+-.1121                                   

                                         3752.+-.1121                          

            DL.sub.90                                                          

                     over 8000  over 8000                                      

                                         over 8000                             

     In the DL.sub.10                                                          

                     over 8000  over 8000                                      

                                         over 8000                             

     rat    DL.sub.50                                                          

                     over 8000  over 8000                                      

                                         over 8000                             

            DL.sub.90                                                          

                     over 8000  over 8000                                      

                                         over 8000                             

     ______________________________________                                    

DETD
PAR  The following example illustrates the present invention:
PAC  EXAMPLE
PAR  Tablets of the following composition are prepared:
TBL  N-nicotinoyl-D-glucosamine      500 mg.                                   

     Citric acid                     5 mg.                                     

     Maize starch                    60 mg.                                    

     Microcrystalline cellulose      120 mg.                                   

     Carboxymethylcellulose          10 mg.                                    

     Magnesium stearate              5 mg.                                     

                        Total weight 700 mg.                                   

PAR  These tablets can be prepared by mixing the N-nicotinoyl-D-glucos-amine and
      the citric acid with a portion of the maize starch and the
      micro-crystalline cellulose, granulating the mixture with an aqueous,
      alcoholic slurry of carboxymethylcellulose, drying the granulated product,
      adding the remaining adjuvants and pressing the product obtained to
      tablets.
CLMS
STM  We claim:
NUM  1.
PAR  1. A composition useful for lowering the lipid level in plasma comprising
      N-nicotinoylglucosamine and a pharmaceutical carrier material.
NUM  2.
PAR  2. The composition of claim 1 which contains 200 to 2000 mg. of
      N-nicotinoylglucosamine per dosage unit.
NUM  3.
PAR  3. The composition of claim 1 which contains N-nicotinoyl-D-glucosamine.
NUM  4.
PAR  4. A method for lowering the lipid level in plasma which method comprises
      administering to a subject a lipid level lowering amount of
      N-nicotinoylglucosamine.
NUM  5.
PAR  5. The method of claim 4 wherein N-nicotinoyl-D-glucosamine is used.
NUM  6.
PAR  6. The method of claim 4 wherein a total of from about 5 to 30 mg/kg of
      N-nicotinoylglucosamine is administered daily.
NUM  7.
PAR  7. The method of claim 4 wherein said N-nicotinoylglucosamine is
      administered in oral dosage form.
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PAL  Insecticidal and acaricidal compositions and methods for combating insects
      and acaricides are provided wherein the active insecticidal ingredients
      are phosphoric acid phenylsulphonamide esters of the formula
      ##SPC1##
PAL  Wherein Y represents oxygen or sulphur, R represents alkyl with 1 to 5
      carbon atoms, R.sub.1 represents alkyl with 1 to 5 carbon atoms, alkenyl
      and alkinyl each with 3 to 5 carbon atoms, alkoxyalkyl with 1 to 5 carbon
      atoms in each of the moieties, alkylthioalkyl with 1 to 5 carbon atoms in
      each of the moieties, or haloalkyl with 1 to 5 carbon atoms, R.sub.2
      represents hydrogen, alkyl with 1 to 5 carbon atoms or alkenyl with 3 to 5
      carbon atoms, R.sub.3 represents hydrogen and X and X.sub.1 each
      represents halogen or alkyl with 1 to 5 carbon atoms, or R.sub.3
      represents alkyl with 1 to 5 carbon atoms and X and X.sub.1 each
      represents hydrogen, halogen or alkyl with 1 to 5 carbon atoms.
PARN
PAR  This is a divisional of application Ser. No. 310,507 filed Nov. 29, 1972,
      now U.S. Pat. No. 3,855,362.
BSUM
PAR  The present invention relates to phosphoric acid phenylsulphonamide esters,
      a process for their manufacture and their use in pest control.
PAR  The compounds have the formula
      ##SPC2##
PAL  Wherein Y represents oxygen or sulphur, R represents alkyl with 1 to 5
      carbon atoms, R.sub.1 represents alkyl with 1 to 5 carbon atoms, alkenyl
      and alkinyl each with 3 to 5 carbon atoms, alkoxyalkyl with 1 to 5 carbon
      atoms in each of the moieties, alkylthioalkyl with 1 to 5 carbon atoms in
      each of the moieties, or haloalkyl with 1 to 5 carbon atoms, R.sub.2
      represents hydrogen, alkyl with 1 to 5 carbon atoms or alkenyl with 3 to 5
      carbon atoms, R.sub.3 represents hydrogen and X and X.sub.1 each
      represents halogen or alkyl with 1 to 5 carbon atoms, or R.sub.3
      represents alkyl with 1 to 5 carbon atoms and X and X.sub.1 each
      represents hydrogen, halogen or alkyl with 1 to 5 carbon atoms.
PAR  Halogen is to be understood as meaning fluorine, chlorine, bromine or
      iodine, but in particular chlorine. Preferred haloalkyl groups with 1 to 5
      carbon atoms are Cl--CH.sub.2 --CH.sub.2 --, Cl.sub.3 C-- and F.sub.3 C--.
PAR  The groups cited hereinabove which are possible for R to R.sub.3, X and
      X.sub.1, may be straight-chain or branched. Examples of such groups
      include: methyl, methoxy, methoxymethyl, ethyl, ethoxyethyl,
      ethylthioethyl, propyl, isopropyl, n-, i-, sec. and tert.butyl, n-pentyl
      and the isomers thereof, allyl, methallyl, n-penten-5-yl, propargyl,
      isobutinyl.
PAR  Preferred compounds on account of their action are those of the formula I,
      wherein R represents methyl or ethyl, R.sub.1 represents propyl, n-butyl,
      n-pentyl or C.sub.2 H.sub.5 OCH.sub.2 CH.sub.2 --, R.sub.2 represents
      hydrogen, methyl or ethyl, R.sub.3 represents methyl or ethyl, X and
      X.sub.1 each represents hydrogen or chlorine, and Y represents oxygen or
      sulphur.
PAR  Particularly preferred compounds, however, are those of the formula I,
      wherein R represents ethyl, R.sub.1 represents propyl, n-butyl, C.sub.2
      H.sub.5 OCH.sub.2 CH.sub.2 -- or n-amyl, R.sub.2 and R.sub.3 each
      represents methyl or ethyl, X and X.sub.1 represent hydrogen or chlorine
      and Y represents oxygen.
PAR  The compounds of the formula I can be manufactured according to methods
      which are known per se:
      ##SPC3##
PAR  In the formulae II to VII, R to R.sub.3, X, X.sub.1 and A have the meanings
      given in respect of the formula I, Me represents an alkali metal, in
      particular sodium or potassium, ammonium or alkylammonium with up to 5
      carbon atoms, and Hal represents chlorine or bromine.
PAR  Suitable acid binding agents are: tertiary amines, e.g. trialkylamines,
      pyridine, dialkylanilines; inorganic bases, such as hydroxides; carbonates
      and bicarbonates of alkali and alkaline earth metals. It is sometimes
      necessary to use catalysts in the reactions, e.g. copper or copper
      chloride.
PAR  Processes 1, 2, 3a and 3b may be carried out at normal pressure (3a at up
      to 10 atmospheres absolute pressure) and in solvents or diluents. Suitable
      solvents or diluents are e.g. ethers and ethereal compounds, such as
      diethyl ether, dipropyl ether, dioxan, dimethoxyethane, tetrahydrofuran;
      amides, such as N,N-dialkylated carboxylic amides; aliphatic, aromatic and
      halogenated hydrocarbons, in particular benzene, toluene, xylenes,
      chloroform, chlorobenzene; nitriles, such as acetonitrile; dimethyl
      sulphoxide, ketones such as acetone, methyl ethyl ketone.
PAR  Some of the starting materials of the formulae II and V are known compounds
      which can be manufactured in analogous manner by known methods. The
      compounds of the formula I display a broad biocidal activity and are
      therefore suitable for combating various plant and animal pests and as
      plant growth regulators. Surprisingly, however, the compounds of the
      formula possess insecticidal and acaricidalt properties which are superior
      to those of known, analogous compounds, and they may be used against all
      development stages, e.g. eggs, larvae, pupae, nymphs and addults, of
      insects and representatives of the order Acarina, for example against
      insects of the families:
TBL  Tettigonidae     Tenebrionidae                                            

     Gryllidae        Chrysomelidae                                            

     Gryllotalpidae   Bruchidae                                                

     Blattidae        Tineidae                                                 

     Reduviidae       Noctindae                                                

     Phyrrhocoriae    Lymatriidae                                              

     Cimicidae        Pyralidae                                                

     Delphacidae      Culicidae                                                

     Aphididae        Tipulidae                                                

     Diaspididae      Stomoxydae                                               

     Pseudococcidae   Trypetidae                                               

     Scarabacidae     Muscidae                                                 

     Dermestidae      Calliphoridae and                                        

     Coccinellidae    Pulicidae                                                

PAL  Acarida of the families:
PA1  Ixodidae
PA1  Argasidae
PA1  Tetranychidae and
PA1  Dermanyssidae.
PAR  The insecticidal or acaricidal action can be substantially broadened and
      adapted to the particular circumstances by the addition of other
      insecticides and/or acaracides.
PAR  Suitable additives include, for example, the following active substances:
PA1   Bis-O,O-diethylphosphoric acid anhydride (TEPP)
PA1  Dimethyl-(2,2,2-trichloro-1-hydroxyethyl)-phosphonate (TRICHLORFON)
PA1  1,2-dibromo-2,2-dichloroethyldimethylphosphate (NALED)
PA1  2,2-dichlorovinyldimethylphosphate (DICHLORVOS)
PA1  2-methoxycarbamyl-1-methylvinyldimethylphosphate (MEVINPHOS)
PA1  Dimethyl-1-methyl-2-(methylcarbamoyl)-vinylphosphate cis (MONOCROTOPHOS)
PA1  3-(dimethoxyphosphinyloxy)-N,N-dimethyl-cis-crotonamide (DICROTOPHOS)
PA1  2-chloro-2-diethylcarbamoyl-1-methylvinyldimethylphosphate (PHOSPHAMIDON)
PA1  O,o-diethyl-O(or S)-2-(ethylthio)-ethylthiophosphate (DEMETON)
PA1  S-ethylthioethyl-O,O-dimethyl-dithiophosphate (THIOMETON)
PA1  O,o-diethyl-S-ethylmercaptomethyldithiophosphate (PHORATE)
PA1  O,o-diethyl-S-2-ethylthio)ethyldithiophosphate (DISULFOTON)
PA1  O,o-dimethyl-S-2-(ethylsulphinyl)ethylthiophosphate (OXYDEMETON METHYL)
PA1  O,o-dimethyl-S-(1,2-dicarbethoxyethyldithiophosphate (MALATHION)
PA1  O,o,o,o-tetraethyl-S,S'-methylene-bis-dithiophosphate (ETHION)
PA1  O-ethyl-S,S-dipropyldithiophosphate
PA1  O,o-dimethyl-S-(N-methyl-N-formylcarbamoylmethyl)-dithiophosphate
      (FORMOTHION)
PA1  O,o-dimethyl-S-(N-methylcarbamoylmethyl)dithiophosphate (DIMETHOATE)
PA1  O,o-dimethyl-O-p-nitrophenylthiophosphate (PARATHION-METHYL)
PA1  O,o-diethyl-O-p-nitrophenylthiophosphate (PARATHION)
PA1  O-ethyl-O-p-nitrophenylphenylthiophosphate (EPN)
PA1  O,o-dimethyl-O-(4-nitro-m-tolyl)thiophosphate (FENITROTHION)
PA1  O,o-dimethyl-0,2,4,5-trichlorophenylthiophosphate (RONNEL)
PA1  O-ethyl-0,2,4,5-trichlorophenylethylthiophosphate (TRICHLORONATE)
PA1  O,o-dimethyl-O-2,5-dichloro-4-bromophenylthiophosphate (BROMOPHOS)
PA1  O,o-dimethyl-O-(2,5-dichloro-4-jodphenyl)-thiophosphate (JODOFENPHOS)
PA1  4-tert. butyl-2-chlorophenyl-N-methyl-O-methylamidophosphate (CRUFOMATE)
PA1  O,o-dimethyl-O-(3-methyl-4-methylmercaptophenyl) thiophosphate (FENTHION)
PA1  Isopropylamino-O-ethyl-O-(4-methylmercapto-3-methylphenyl)-phosphate
PA1  O,o-diethyl-O-p-(methylsulphinyl)phenyl-thiophosphate (FENSULFOTHION)
PA1  O-p-(dimethylsulphamido)phenyl-O,O-dimethylthiophosphate (FAMPHUR)
PA1  O,o,o',o'-tetramethyl-O,O'-thiodi-p-phenylenethiophosphate
PA1  O-ethyl-S-phenyl-ethyldithiophosphate
PA1  O,o-dimethyl-O-(.alpha.-methylbenzyl-3-hydroxycrotonyl)phosphate
PA1  2-chloro-1-(2,4-dichlorophenyl)vinyl-diethylphosphate (CHLOROFENVINPHOS)
PA1  1-chloro-1-(2,4,5-trichlorophenyl)vinyl-dimethylphosphate
PA1  O-[2-chloro-1-(2,5-dichlorophenyl)]vinyl-O,O-diethylthiophosphate
PA1  Phenylglyoxylonitriloxim-O,O-diethylthiophosphate (PHOXIM)
PA1  O,o-diethyl-O-(3-chloro-4-methyl-2-oxo-2-H-1-benzopyran
      -7-yl)-thiophosphate (COUMAPHOS)
PA1  2,3-p-dioxandithiol-S,S-bis(O,O-diethyldithiophosphate) (DIOXATHION)
PA1  5-[(6-chloro-2-oxo-3benzoxazolinyl)methyl]O,O-diethyldithiophosphate
      (PHOSALONE)
PA1  2-(diethoxyphosphinylimino)-1,3-dithiolane
PA1  O,o-dimethyl-S-[2-methoxy-1,3,4-thiadiazol
      -5-(4H)-onyl-(4)-methyl]dithiophosphate
PA1  O,o-dimethyl-S-phthalimidomethyl-dithiophosphate (IMIDAN)
PA1  O,o-diethyl-O-(3,5,6-trichloro-2-pyridyl)thiophosphate
PA1  O,o-diethyl-O-2-pyrazinylthiophosphate (THIONAZIN)
PA1  O,o-diethyl-O-(2-isopropyl-4-methyl-6-pyrimidyl)thiophosphate (DIAZINON)
PA1  O,o-diethyl-O-(2-chinoxalyl)thiophosphate
PA1  O,o-dimethyl-S-(4-oxo-1,2,3-benzotriazin-3(4H)-ylmethyl)-dithiophosphate
      (AZINPHOSMETHYL)
PA1  O,o-diethyl-S-(4-oxo-1,2,3-benzotriazin-3(4H)-ylmethyl)-dithiophosphate
      (AZINPHOSETHYL)
PA1  S-[(4,6-diamino-s-triazin-2-yl)methyl]-O,O-dimethyldithiophosphate
      (MENAZON)
PA1  O,o-dimethyl-O-(3-chloro-4-nitrophenyl)thiophosphate (CHLORTHION)
PA1  O,o-dimethyl-O( or S)-2-(ethylthioethyl)thiophosphate (DEMETON-S-METHYL)
PA1  2-(o,o-dimethyll-phosphoryl-thiomethyl)-5-methoxy-pyron-4-3,4-dichlorobenzy
     l-triphenylphosphoniumchloride
PA1  O,o-diethyl-S-(2,5-dichlorophenylthiomethyl(dithiophosphate (PHENKAPTON)
PA1  O,o-diethyl-O-(4-methyl-cumarinyl-7-)-thiophosphate (POTASAN)
PA1  5-amino-bis(dimethylamido)phosphinyl-3-phenyl-1,2,4-triazole (TRIAMIPHOS)
PA1  N-methyl-5-(O,O-dimethylthiolphosphoryl)-3-thiavaleramido (VAMIDOTHION)
PA1  O,o-diethyl-O-[2-dimethylamine-4-methylpyrimidyl-(6)]-thiophosphate
      (DIOCTHYL)
PA1  O,o-dimethyl-S-(methylcarbamoylmethyl)-thiophosphate (OMETHOATE)
PA1  O-ethyl-O-(8-quinolinyl)-phenylthiophosphonate (OXINOTHIOPHOS)
PA1  O-methyl-S-methyl-amidothiophosphate (MONITOR)
PA1  O-methyl-O-(2,5-dichloro-4-bomophenyl)-benzothiophosphate (PHOSVEL)
PA1  O,o,o,o-tetrapropyldithiophosphate
PA1  3-(dimethoxyphosphinyloxy)-N-methyl-N-methoxy-cis-crotonamide
PA1  O,o-diemthyl-S-(N-ethylcarbamoylmethyl)dithiophosphate (ETHOATE-METHYL)
PA1  O,o-diethyl-S-(N-isopropylcarbamoylmethyl)-dithiophosphate (PROTHOATE)
PA1  S-n-(1-cyano-1-methylethyl)carbamoylmethyldiethylthiolphosphate
      (CYANTHIOATE)
PA1  S-(2-acetamidoethyl)-O,O-dimethyldithiophosphate
PA1  Hexamethylphosphoric acid triamide (HEMPA)
PA1  O,o-dimethyl-O-(2-chloro-4-nitrophenyl)thiophosphate (DICAPTHON)
PA1  O,o-dimethyl-O-p-cyanophenyl thiophosphate (CYANOX)
PA1  O-ethyl-O-p-cyanophenylthiophosphonate
PA1  O,o-diethyl-O-2,4-dichlorophenylthiophosphate (DICHLORFENTHION)
PA1  O,2,4-dichlorophenyl-O-methylisopropylamidothiophosphate
PA1  O,o-diethyl-O-2,5-dichloro-4-bromophenylthiophosphate (BROMOPHOS-ETHYL)
PA1  Dimethyl-p-(methylthio)phenylphosphate
PA1  O,o-dimethyl-O-p-sulfamidophenylthiophosphate
PA1  O-[p-(p-chlorophenyl)azophenyl]O,O-dimethylthiophosphate (AZOTHOATE)
PA1  O-ethyl-S-4-chlorophenyl-ethyldithiophosphate
PA1  O-isobutyl-S-p-chlorophenyl-ethyldithiophosphate
PA1  O,o-dimethyl-S-p-chlorophenylthiophosphate
PA1  O,o-dimethyl-S-(p-chlorophenylthiomethyl)dithiophosphate
PA1  O,o-diethyl-p-chlorophenylmercaptomethyl-dithiophosphate (CARBOPHENOTHION)
PA1  O,o-diethyl-S-p-chlorophenylthiomethyl-thiophosphate
PA1  O,o-dimethyl-S-(carbethoxy-phenylmethyl)dithiophosphate (PHENTHIOATE)
PA1  O,o-diethyl-S-(carbofluorethoxy-phenylmethyl)-dithiophosphate
PA1  O,o-dimethyl-S-carboisopropoxy-phenylmethyl-dithiophosphate
PA1  O,o-diethyl-7-hydroxy-3,4-tetramethylene-coumarinyl-thiophosphate
      (COUMITHOATE)
PA1  2-methoxy-4-H-1,3,2-benzodioxaphosphorin-2-sulphide
PA1  O,o-diethyl-O-(5-phenyl-3-isooxazolyl) thiophosphate
PA1  2-(diethoxyphosphinylimino)-4-methyl-1,3-dithiolane
PA1  Tris-(2-methyl-1-aziridinyl)-phosphine oxide (METEPA)
PA1  S-(2-chloro-1-phthalimidoethyl)-O,O-diethyldithiophosphate
PA1  N-hydroxynaphthalimido-diethylphosphate
PA1  Dimethyl-3,5,6-trichloro-2-pyridylphosphate
PA1  O,o-dimethyl-O-(3,5,6-trichloro-2-pyridyl)thiophosphate
PA1  S-2-(ethylsulphonyl)ethyl dimethylthiolphosphate (DIOXYDEMETON-S-METHYL)
PA1  Diethyl-S-2-(ethylsulphinyl)ethyl dithiophosphate (OXIDISULPOTON)
PA1  Bis-O,O-diethylthiophosphoric acid anhydride (SULFOTEP)
PA1  Dimethyl-1,3di(carbomethoxy)-1-propen-2-yl-phosphate
PA1  Dimethyl-(2,2,2-trichloro-1-butyroyloxyethyl)phosphate (BUTONATE)
PA1  O,o-dimethyl-O-(2,2-dichloro-1-methoxy-vinyl)phosphate
PA1  Bis-(dimethylamido)fluorphosphate (DIMEFOX)
PA1  3,4-dichlorobenzyl-triphenylphosphoniumchloride
PAR  Dimethyl-N-methoxymethylcarbamoylmethyl-dithiophosphate (FORMOCARBAM)
PA1  O,o-diethyl-O-(2,2-dichloro-1-chloroethoxyvinyl)phosphate
PA1  O,o-dimethyl-O-(2,2-dichloro-1-chloroethyoxyvinyl)phosphate
PA1  O-ethyl-S,S-diphenyldithiolphosphate
PA1  O-ethyl-S-benzyl-phenyldithiophosphonate
PA1  O,o-diethyl-S-benzyl-thiolphosphate
PA1  O,o-dimethyl-S-(4-chlorophenylthiomethyl)dithiophosphate
      (METHYLCARBOPHENOTHION)
PA1  O,o-dimethyl-S-(ethylthiomethyl)dithiophosphate
PA1  Diisopropylaminofluorophosphate (MIPAFOX)
PA1  O,o-dimethyl-S-(morpholinylcarbamoylmethyl)dithiophosphate (MORPHOTHION)
PA1  Bismethylamido-phenylphosphate
PA1  O,o-dimethyl-S-(benzene sulphonyl)dithiophosphate
PA1  O,o-dimethyl-(S and O)-ethylsulphinylethylthiophosphate
PA1  O,o-diethyl-O-4-nitrophenylphosphate
PA1  Triethoxy-isopropoxy-bis(thiophosphinyl)d sulphide
PA1  2-methoxy-4H-1,3,2,benzodioxaphosphorin-2-oxide
PA1  Octamethylpyrophosphoramide (SCHRADAN)
PA1  Bis (dimethoxythiophospphinylsulphido)-phenylmethane
PA1  N,n,n',n'-tetramethyldiamidofluorophosphate (DIMEFOX)
PAR  O-phenyl-O-p-nitrophenyl-methanthiophosphonate (COLEP)
PA1  O-methyl-O-(2-chloro-4-tert.butyl-phenyl)-N-methylamidothiophosphate
      (NARLENE)
PA1  O-ethyl-O-(2,4-dichlorophenyl)-phenylthiophosphonate
PA1  O,o-diethyl-O-(4-methylmercapto-3,5-dimethylphenyl)-thiophosphate
PA1  4,4'-bis-(O,O-dimethylthiophosphoryloxy)-diphenyl disulphide
PA1  O,o-di-(.beta.-chloroethyl)-O-(3-chloro-4-methyl-coumarinyl-7-phosphate
PA1  S-(1-phthalimidoethyl)-O,O-diethyldithiophosphate
PA1  O,o-dimethyl-O-(3-chloro-4-diethylsulphamylphenyl)-thiophosphate
PA1  O-methyl-O-(2-carbisopropoxyphenyl)-amidothiophosphate
PA1  5-(O,O-dimethylphosphoryl)-6-chloro-bicyclo(3.2.0)-heptadiene
PA1  O-methyl-O-(2-i-propoxycarbonyl-1-methylvinyl)-ethylamidophosphate.
PAC  NITROPHENOLS AND DERIVATIVES
PA1  4,6-dinitro-6-methylphenol, Na-salt [Dinitrocresol]
PA1  dinitrobutylphenol-(2,2',2"-triethanolamine salt
PA1  2-cyclohexyl-4,6-dinitrophenyl [Dinex]
PA1  2-(1-methylheptyl)-4,6-dinitrophenyl-crotonate [Dinocap]
PA1  2-sec.-butyl-4,6-dinitrophenyl-3-methyl-butenoate [Binapacryl]
PA1  2-sec.-butyl-4,6-dinitrophenyl-cyclopropionate
PA1  2-sec.-butyl-4,6-dinitrophenylisopropylcarbonate [Dinobuton]
PAC  MISCELLANEOUS
PA1  pyrethin I
PA1  pyrethin II
PA1  3-allyl-2-methyl-4-oxo-2-cyclopentan-1-yl-chrysanthemumate (Allethrin)
PA1  6-chloriperonyl-chrysanthemumate (Barthrin)
PA1  2,4-dimethylbenzyl-chrysanthemumate (Dimethrin)
PA1  2,3,4,5-tetrahydrophthalimidomethylchrysanthemumate
PA1  4-chlorobenzyl-4-chlorophenylsulphide [Chlorobensid]
PA1  6-methyl-2-oxol, 3-dithiolo-[4,5-b]-quinoxaline (Quinomethionate)
PA1  (I)-3-(2-furfuryl)-2-methyl-4-oxocyclopent-2-enyl(I)-(cis+-trans)-chrysanth
     emum-monocarboxylate [Furethrin]
PA1  2-pivaloyl-indane-1,3-dione [Pindon]
PA1  N'-(4-chloro-2-methylphenyl)-N,N-dimethylformamidine [Chlorophenamidin]
PA1  4-chlorobenzyl-4-fluorophenyl-sulphide [Fluorobenside]
PA1  5,6-dichloro-1-phenoxycarbanyl-2-trifluoromethyl-benzimidazole [Fenozaflor]
PA1  p-chlorophenyl-p-chlorobenzenesulphonate [Ovex]
PA1  p-chlorobenzylsulphonate [Fenson]
PA1  p-chlorophenyl-2,4,5-trichlorophenylsulphone [Tetradifon]
PA1  p-chlorophenyl-2,4,5-trichlorophenylsulphide [Tetrasul]
PA1  p-chlorobenzyl-p-chlorophenylsulphide [Chlorobenside]
      2-thio-1,3-dithiolo-(,5-6)-quinoxaline [Thiochinox]
PA1  prop-2-ynyl-(4-t-butylphenoxy)-cyclohexylsulphite [Propargil].
PAC  FORMAMIDES
PA1  1-dimethyl-2-(2'methyl-4'-chlorophenyl)-formamidine (CHLORPHENAMIDIN)
PA1  1-methyl-2-(2'-methyl-4'-chlorophenyl)-formamidine
PA1  1-methyl-2-(2'-methyl-4'-bromophenyl)-formamidine
PA1  1-methyl-2-(2',4'-dimethylphenyl)-formamidine
PA1  1-n-butyl-1-methyl-2-(2'-methyl-4'-chlorophenyl)-formamidine
PA1  1-methyl-1-(2'-methyl-4'-chloroaniline-methylene)-formamidine
PA1  2-(2"-methyl-4"-chlorophenyl)-formamidine
PA1  1-n-butyl-2-(2'-methyl-4'-chlorophenyl-imine)-pyrolidine.
PAC  UREA
PA1  N-2-methyl-4-chlorophenyl-N',N'-dimethyl-thiourea.
PAC  CARBAMATE
PA1  1-naphthyl-N-methylcarbamate (CARBARYL)
PA1  2-butinyl-4-chlorophenylcarbamate
PA1  4-dimethylamino-3,5-xylyl-N-methylcarbamate
PA1  4-dimethylamino-3-tolyl-N-methylcarbamate (AMINOCARB)
PAR  4-methylthio-3,5-xylyl-N-methylcarbamate (METHIOCARB)
PA1  3,4,5-trimethylphenyl-N-methylcarbamate
PA1  2-chlorophenyl-N-methylcarbamate (CPMC)
PA1  5-chloro-6-oxo-2-norborane-carbonitrile-0-)methylcarbamoyl)-oxime
PA1  1-(dimethylcarbamoyl)-5-methyl-3-pyrazoyl-N,N-dimethylcarbamate (DIMETILAN)
PA1  2,3-dihydro-2,2-dimethyl-7-benzofuranyl-N-methylcarbamate (CARBOFURAN)
PA1  2-methyl-2-methylthio-propionaldehyde-O-(methylcarbamoyl)-oxime (ALDICARB)
PA1  8-chinadyl-N-methylcarbamate and their salts
PA1  methyl 2-isopropyl-4-(methylcarbamoyloxy)carbanilate
PA1  m-(1-ethylpropyl)phenyl-N-methylcarbamate
PA1  3,5-di-tert.butyl-N-methylcarbamate
PA1  m-(1-methylbutyl)phenyl-N-methylcarbamate
PA1  2-isopropylphenyl-N-methylcarbamate
PA1  2-sec.butylphenyl-N-methylcarbamate
PA1  m-tolyl-N-methylcarbamate
PA1  2,3-xylyl-N-methylcarbamate
PA1  3-isopropylphenyl-N-methylcarbamate
PA1  3-tert.butylphenyl-N-methylcarbamate
PA1  3-sec.butylphenyl-N-methylcarbamate
PA1  3-isopropyl-5-methylphenyl-N-methylcarbamate (PROMECARB)
PA1  3,5-diisopropylphenyl-N-methylcarbamate
PA1  2-chloro-5-isopropylphenyl-N-methylcarbamate
PA1  2-chloro-4,5-dimethylphenyl-N-methylcarbamate
PA1  2-(1,3-dioxolan-2-yl)phenyl-N-methylcarbamate (DIOXACARB)
PA1  2-(4,5-dimethyl-1,3-dioxolan-2-yl)phenyl-N-methylcarbamate
PA1  2-(1,3-dioxolan-2-yl)phenyl-N,N-dimethylcarbamate
PA1  2-(1,3-dithiolan-2-yl)-N,N-dimethylcarbamate
PA1  2-(1,3-dithiolan-2-yl)phenyl-N,N-dimethylcarbamate
PA1  2-isopropoxyphenyl-N-methylcarbamate (APROCARB)
PA1  2-(2-propinloxy)phenyl-N-methylcarbamate
PA1  3-(2-propinyloxy)phenyl-N-methylcarbamate
PA1  2-dimethylaminophenyl-N-methylcarbamate
PA1  2-diallylaminophenyl-N-methylcarbamate
PA1  4-diallylamino-3,5-xylyl-N-methylcarbamate (ALLYXICARB)
PA1  4-benzothienyl-N-methylcarbamate
PA1  2,3-dihydro-2-methyl-7-benzofuranyl-N-methylcarbamate
PA1  3-methyl-1-phenylpyrazol-5-yl-N,N-dimethylcarbamate
PA1  1-isopropyl-3-methylpyrazol-5-yl-N,N-dimethylcarbamate (ISOLAN)
PA1  2-dimethylamino-5,6-dimethylpyrimidin-4-yl-N,N-dimethyl-carbamate
PA1  3-methyl-4-dimethylaminomethyleneiminophenyl-N-methylcarbamate
PA1  3-dimethylamino-methyleneiminophenyl-N-methylcarbamate (FORMETANATE) and
      their salts
PA1  1-methylthio-ehtylimino-N-methylcarbamate (METHOMYL)
PA1  2-methylcarbamoyloximino-1,3-dithiolane
PA1  5-methyl-2-methylcarbomoyloximino-1,3-oxythiolane
PA1  2-(1-methoxy-2-propoxy)phenyl-N-methylcarbamate
PA1  2(1-butin-3-yl-oxy)phenyl-N-methylcarbamate
PA1  1-dimethylcarbamyl-1-methylthio-O-methylcarbamyl-formoxime
PA1  1-(2'-cyanoethylthio)-O-methylcarbamyl-acetaldoxime
PA1  1-methylthio-O-carbamyl-acetaldoxime
PA1  O-(3-sec.butylphenyl)-N-phenylthio-N-methylcarbamate
PA1  2,5-dimethyl-1,3-dithioland-2-(O-methylcarbamyl)-aldoxime)
PA1   O- 2-diphenyl-N-methylcarbamate
PA1  2-(N-methylcarbamyl-oximino)-3-chloro-bicyclo[2.2.1]heptane
PA1  2-(N-methylcarbamyl-oximino)-bicyclo[2.2.1]heptane
PA1  3-isopropylphenyl-N-methyl-N-chloroacetyl-carbamate
PA1  3-isopropylphenyl-N-methyl-N-methylthiomethyl-carbamate
PA1  O-(2,2-dimethyl-4-chloro-2,3-dihydro-7-benzofuranyl)-N-methylcarbamate
PA1  O-(2,2,4-trimethyl-2,3-dihydro-7-benzofuranyl)-N-methylcarbamate
PA1  O-naphthyl-N-methyl-N-acetyl-carbamate
PA1  O-5,6,7,8-tetrahydronaphthyl-N-methyl-carbamate
PA1  3-isopropyl-4-methylthio-phenyl-N-methylcarbamate
PA1  3,5-dimethyl-4-methoxy-phenyl-N-methylcarbamate
PA1  3-methoxymethoxy-phenyl-N-methylcarbamate
PA1  3-allyloxyphenyl-N-methylcarbamate
PA1  2-propargyloxymethoxy-phenyl-N-methyl-carbamate
PA1  2-allyloxyphenyl-N-methyl-carbamate
PA1  4-methoxycarbonylamino-3-isopropylphenyl-N-methyl-carbamate
PA1  3,5-dimethyl-4-methoxycarbonylamino-phenyl-N-methyl-carbamate
PA1  2-.gamma.-methylthiopropylphenyl-N-methyl-carbamate
PA1  3-(.alpha.-methoxymethyl-2 -propenyl)-phenyl-N-methyl-carbamate
PA1  2-chloro-5-tert.-butyl-phenyl-N-methyl-carbamate
PA1  4-(methyl-propargylamino)-3,5-xylyl-N-methyl-carbamate
PA1  4-(methyl-.gamma.-chloroallylamino)-3,5xylyl-N-methyl-carbamate
PA1  4-(methyl-.beta.-chloroallylamino)-3,5-xylyl-N-methyl-carbamate
PA1  1-(.beta.-ethoxycarbonalethyl)-3-methyl-5-pyrazolyl-N,N-dimethylcarbamate
PA1  3-methyl-4-(dimethylamino-methylmercapto-methyleneimino)phenyl-N-methylcarb
     amate
PA1  1,3-bis(carbamoylthio)-2-(N,N-dimethylamino)-propanehydrochloride
PA1  5,5-dimethylhydroresorcinoldimethylcarbamate
PA1  2-[ethyl-propargylamino]-phenyl-N-methylcarbamate
PA1  2-[methyl-propargylamino]-phenyl-N-methylcarbamate
PA1  2-[dipropargylamino]-phenyl-N-methyl carbamate
PA1  4-[dipropargylamino]-3-tolyl-N-methylcarbamate
PA1  4-[dipropargylamino]-3,5-xylyl-N-methylcarbamate
PA1  2-[allyl-isopropylamino]-phenyl-N-methylcarbamate
PA1  3-[allyl-isopropylamino]-phenyl-N-methylcarbamate
PAC  CHLORINATED HYDROCARBONS
PA1  .gamma.-hexachlorocyclohexane [GAMMEXANE; LINDAN; .gamma. HCH]
PA1  1,2,4,5,6,7,8,8-octachloro-3.alpha.,4,7,7.alpha.'tetrahydro-4,7-methylenind
     ane [CHLORDAN]
PA1  1,4,5,6,7,8,8-heptachloro,3.alpha.,4,7,7.alpha.-tetrahydro-4,7-methyleninda
     ne [HEPTACHLOR]
PA1  1,2,3,4,10,10-hexachloro-1,4,4.alpha.,5,8,8.alpha.-hexahydro-endo-1,4-exo-5
     ,8-dimethanonaphthalene [ALDRIN]
PA1  1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4.alpha.5,6,7,8,8.alpha.-oxtahydro-e
     xo-1,4-endo-5,8-dimethanonaphthalene [DIFLORIN]
PA1  1,2,3,4,10,10-hexachloro-5,7-epoxy-1,4,4.alpha.,5,6,7,8,8.alpha.-octyhydro-
     endo-endo-5,8-dimethanonaphthalene [ENDRIN]
PAR  The active substances of the formula I are also suitable for combating
      representatives of the division Thallophyta, e.g. viruses, bacteria and
      fungi. They thus possess fungicidal properties against phytophathogenic
      fungi on various cultivated plants, such as cereals, maize, rice,
      vegetables, ornamental plants, fruit trees, vines, farm products, etc.
PAR  With the new active substances it is possible to control or destroy fungi
      occuring on fruit, blossom, leaves stems, tubers and roots, and from which
      parts of plants which grow later then also remain free. The active
      substances of the formula I are active in particular against
      phytopahtogenic fungi belonging to the following classes:
PAR  Oomycetes, Zygomycetes, Ascomycetes, Basidiomycetes, Denteromycetes.
PAR  In addition, the new active substances can also be used for treating seeds,
      fruit, tubers etc., and the protecting them from fungus infections, for
      example from smut fungi of all kinds, such as Ustilaginales, e.g.,
      Ustilago, Tilletia, Urocystis, Turbucinia and Phoma types.
PAR  In addition to the above cited acaricides and insecticides, it is also
      possible to admix the active substances of the formula I with, for
      example, bactericides, fungistatic agents, bacteriostatic agents,
      nematocides and/or e.g. the following fungicides, in order to broaden the
      activity spectrum:
PA1  dodecylquanidine acetate (DODINE)
PA1  pentachloronitrobenzene (QUINTOZENE)
PA1  pentachlorophenol (PCP)
PA1  2-(1-methyl-n-propyl)-4,6-dinitrophenyl -2-methyl-crotonate (BINAPACRYL)
PA1  2-(1-methyl-n-heptyl)-4,6-dinitrophenylcrotonate (DINOCAP)
PA1  2,6-dichloro-4-nitroaniline (DICHLORAN)
PA1  2,3,5,6-tetrachloro-benzoquinone (1,4) (CHLORANIL)
PA1  2,3-dichloro-naphthoquinone (1,4) (DICHLONE)
PA1  N-(trichloromethylthio) phthalimide (FOLPAT)
PA1  N-(trichloromethylthio) cyclohex-4-en-1,2-dicarboximide (CAPTAN)
PA1  N-(1,1,2,2-tetrachloroethylthio)cyclohex-4-en-1,2-dicarboximide (CAPTAFOL)
PA1  N-methansulfonal-N-trichloromethylthio-chloroaniline
PA1  N'-dichlorofluoromethylthio-N,N-dimethyl-N'-phenylsulfamide (DICHLOFLUANID)
PA1  O-ethyl-S-benzyl-phenyldithiophosphate
PA1  O,o-diethyl-S-benzyl-thiolphosphate
PA1  disodium-ethylene-1,2-bis-dithiocarbamate (NABAM)
PA1  zinc-ethylene-1,2-bis-dithiocarbamate (ZINEB)
PA1  manganese-ethylene-1,2-bis-dithiocarbamate (polymeric) (MANEB)
PA1  tetramethylthiuramidisulfide (THIRAM)
PA1  1-oxy-3-acetyl-6-methyl-cyclohexene-(5)dione-(2,4) (DEHYDROACETIC ACID)
PA1  8-hydroxyquinoline (8-QUINOLINOL)
PA1  2-dimethylamino-6-methyl-5-n-butyl-4-hydroxy-pyrimidine
PA1  methyl-N-benzimidazole-2-yl-N-(butylcarbamoyl)carbamate (BENOMYL)
PA1  2-ethylamino-6-methyl-5n-butyl-4-hydroxypyrimidine
PA1  2,3-dicyano-1,4-dithia-anthraquinone (DITHIANON)
PA1  2-(4-thiazolyl)-benzimidazole
PA1  3,5-dimethyltetrahydro-1,3,5-thiadiazine-2-thione (DAZOMET)
PA1  2,3-dihydro-5-carboxanilido-6-methyl-1,4-oxathine pentachlorobenzyl
      alcohol.
PAR  Furthermore, the compounds of the formula I are suitable for combating
      plant pathogenic nematodes.
PAR  The compounds of the formula I may be used as pure active substance or
      together with suitable carriers and/or additives. Suitable carriers and
      additives can be solid or liquid and correspond to the substance
      conventionally used in formulation technique such, for example, as
      solvents dispersants, wetting agents, adhesives, thickeners, binders and/
      or fertilisers.
PAR  For application, the compounds of the formula I may be processed to dusts,
      emulsion concentrates, granules, dispersions, sprays, to solutions, or
      suspensions in the conventional formulation which is commonly employed in
      application technology. Mention may also be made of "cattle dips" and
      "spray races", in which aqueous preparations are used.
PAR  The agents according to the invention are manufactured in known manner by
      intimately mixing and/or grinding active substances of the formula I with
      the suitable carriers, optionally with the addition of dispersants or
      solvents which are inert towards the active substances. The active
      substances may take and be used in the following forms: Solid forms:
PAR  Dusts, tracking agents, granules, coated granules, impregnated granules and
      homogeneous granules.
PAL  Liquid forms: a. active substances which are dispersible in water: wettable
      powders, pasts, emulsions;
PA1  b. solutions.
PAR  To manufacture solid forms (dusts, tracking agents), the active substances
      are mixed with solid carriers. Suitable carriers are, for example: kaolin,
      talcum, bolus, loess, chalk, limestone, ground limestone, attaclay,
      dolomite, diatomaceous earth, precipitated silica, alkaline earth
      silicates, sodium and potassium aluminum silicates (feldspar and mica),
      calcium and magnesium sulphates, magnesuim oxide, ground synthetic
      materials, fertilisers, for example ammonium sulphate, ammonium phosphate,
      ammonium nitrate, urea, ground vegetable products, such as corn meal, bark
      dust, sawdust, nutshell means, cellulose powder, residues of plant
      extractions, activated charcoal etc. These substances can either be used
      alone or in admixture with one another.
PAR  Granules can be very easily manufactured by dissolving an active substance
      of the formula I in an organic solvent and applying the resulting solution
      to a granulated material, for example attapulgite, SIO.sub.2,
      granicalcium, bentonite etc. and then evaporating the solvent.
PAR  Polymer granules can also be manufactured by mixing the active substances
      of the formula I with polymerisable compounds (urea/formaldehyde;
      dicyandiamide/formaldehyde; melamine/formaldehyde or others), whereupon a
      mild polymerisation is carried out that does not affect the active
      substances and in the process of which the granulation is carried out
      during the gel formation. It is more advantageous to impregnate finished,
      porous polymer granules (urea/formaldehyde, polyacrylonitrile, polyester
      or others) which have a specific surface area and a favourable
      predeterminable adsorption/desorption ratio, with the active substances,
      for example in the form of their solutions (in a low boiling solvent) and
      to remove the solvent. Polymer granules of this kind in the form g/liter
      microgranules having a bulk denisty of 300 g/litre to 600 g/liter can also
      be manufactured with the aid of atomisers. The dusting can be carried out
      from aircraft over extensive areas of cultures of useful plants.
PAR  It is also possible to obtain granules by compacting the carrier with the
      active substance and carrier and subsequently comminuting the product.
PAR  To these mixtures can also be added additives which stabilize the active
      substances and/or non-ionic, anionic and cationic surface active
      substances, which, for example, improve the adhesion of the active
      ingredients on plants or parts of plants (adhesives and agglutinants)
      and/or ensure a better wettability (wetting agents) and dispersibility
      (dispersing agents). Examples of suitable adhesives are the following:
      olein-chalk mixture, cellulose derivates (methyl cellulose, carboxymethyl
      cellulose), hydroxyethyl glycol ethers of monoalkyl and dialkyl phenols
      having 5 to 15 ethylene oxide radicals per molecule and 8 to 9 carbon
      atoms in the alkyl radical, lignin sulphonic acids, their alkali metal and
      alkaline earth metal salts, polyethylene glycol ethers (carbowaxes), fatty
      alcohol polyethylene glycol ethers having 5 to 20 ethylene oxide radicals
      per molecule and 8 to 18 carbon atoms in the fatty alcohol moiety,
      condensation products of ethylene oxide/propylene oxide, polyvinyl
      pyrrolidones, polyvinyl alcohols, condensation products of urea and
      formaldehyde, and also latex products.
PAR  The water-dispersible concentrates of the active substance, i.e. wettable
      powders, pastes and emulsifiable concentrates, are agents which can be
      diluted with water to any concentration desired. They consist of active
      substance, optionally additives which stablize the active substance,
      surface-active substance and anti-foam agents and, optionally, solvents.
PAR  Wettable powders and pastes are obtained by mixing and grinding the active
      substances with dispersing agents and pulverulent carriers in suitable
      apparatus until homogeneity is attained. Suitable carriers are, for
      example, those mentioned for the solid forms of application. In some cases
      it is advantageous to use mixtures of different carriers. As dispersing
      agents there can be used, for example, condensation products of sulfonated
      naphthalene and sulfonated naphthalene derivatives with formaldehyde,
      condensation of naphthalene or naphthalene sulfonic acids with phenol and
      formaldehyde, as well as alkali, ammonium and alkaline earth metal salts
      of sulfonic acid, in addition, alkyaryl sulfonates, alkali and alkaline
      earth metals salts of dibutyl naphthalene sulfonic acid, fatty alcohol
      sulfates such as salts of sulfated hexadecanols, heptadecanols,
      octadecanols, and salts of sulfated fatty alcohol glycol ethers, the
      sodium salt of oleoyl ethionate, the sodium of oleoyl methyl tauride,
      ditertiary acetylene glycols, dialkyl dilauryl ammonium chloride and fatty
      acid alkali and alkaline earth metal salts.
PAR  Suitable anti-foam agents are silicones.
PAR  The active substances are mixed, ground, sieved and strained with additives
      cited hereinabove in such a manner that, in wettable powders, the solid
      particle size of from 0.02 to 0.04 and in pastes, of 0.03 is not exceeded.
      To produce emulsifiable concentrates and pastes, dispersing agents such as
      those cited above, organic solvents and water are used. Examples of
      suitable solvents are: alcohols, benzene, xylene, toluene, dimethyl
      sulfoxide, and mineral oil fractions boiling between 120.degree. and
      350.degree.C. The solvents must be practically odourless, not phytotoxic,
      inert to the active substances.
PAR  Furthermore, the agents according to the invention can be applied in the
      form of solutions. For this purpose the active substance or several active
      substances of the general formula I are dissolved in suitable organic
      solvents, mixtures of solvents or in water. Aliphatic and aromatic
      hydrocarbons, chlorinated derivatives thereof, alkyl naphthalenes, and
      mineral oils singly or in admixture with each other, can be used as
      organic solvents.
PAR  The content of active substance in the above described agents is between
      0.1% to 95%, in which connection it should be mentioned that, in the case
      of application from aircraft or some other suitable means of application,
      it is possible to use concentrations of up to 99.5% or even pure active
      substance.
PAR  The active substances of the formula I can, for example, be formulated as
      follows:
PAC  DUSTS
PAR  The following substances are used to manufacture (a) a 5% and (b) a 2%
      dust:
PA1  a. 5 parts of active substance 95 parts of talcum
PA1  b. 2 parts of active substance 1 part of highly disperse silica 97 parts of
      talcum.
PAL  The active substances are mixed with the carriers and ground.
PAC  GRANULES
PAR  The following substances are used to produce 5% granules:
PA1  5 parts of active substance,
PA1  0.25 parts of epichlorohydrin,
PA1  0.25 parts of cetyl polyglycol ether,
PA1  3.50 parts of polyethylene glycol,
PA1  91 parts of kaolin (particle size 0.3 - 0.8 mm).
PAR  The active substance is mixed with epichlorohydrin and dissolved with 6
      parts of acetone; the polyethylene glycol and cetyl polyglycol ether are
      then added. The thus obtained solution is sprayed on to kaolin, and the
      acetone subsequently evaporated in vacuo.
PAC  WETTABLE POWDER
PAR  The following constituents are used for the preparation of (a) a 40%, (b)
      and (c) a 25%, and (d) a 10% wettable powder:
PA1  a. 40 parts of active substance,  5 parts of sodium lignin sulphonate,  1
      part of sodium dibutyl-naphthalene sulphonate,  54 parts of silica acid.
PA1  b. 25 parts of active substance,  4.5 parts of calcium lignin sulphonate
      1.9 parts of Champagne chalk/hydroxyethyl cellulose mixture (1:1),  1.5
      parts of sodium dibutyl naphthalene sulphonate,  19.5 parts of silica
      acid,  19.5 parts of Champagne chalk,  28.1 parts of kaolin.
PA1  c. 25 parts of active substance,  2.5 parts of
      isooctylphenoxy-polyoxyethylene-ethanol,  1.7 parts of Champagne
      chalk/hydroxyethyl cellulose mixture (1:1),
PA1  8.3 parts of sodium aluminium silicate,
PA1  16.5 parts of kieselguhr,  46 parts of kaolin.
PA1  d. 10 parts of active substance,  3 parts of a mixture of the sodium salts
      of saturated fatty alcohol sulphates,  5 parts of naphthalenesulphonic
      acid/formaldehyde condensate,  82 parts of kaolin.
PAR  The active substances are intimately mixed, in suitable mixers, with the
      additives, the mixture being then ground in the appropriate mills and
      rollers. Wettable powder are obtained which can be diluted with water to
      give suspensions of any desired concentration.
PAC  EMULSIFIABLE CONCENTRATES
PAR  The following substances are used to produce (a) a 10% and (b) a 25%
      emulsifiable concentate:
PA1  a. 10 parts of active substance,  3.4 parts of epoxidised vegetable oil,
      13.4 parts of a combination emulsifier consisting of fatty alcohol
      polyglycol ether and alkylarylsulphonate calcium salt,  40 parts of
      dimethylformamide,  43.2 parts of xylene.
PA1  b. 25 parts of active substance,  2.5 parts of epoxidised vegetable oil,
      10 parts of an alkylarylsulphonate/fatty alcoholpolyglycol ether mixture
      5 parts of dimethylformamide,  57.5 parts of xylene.
PAR  From these concentrates it is possible to produce, by dilution with water,
      emulsion of any desired concentration.
PAC  SPRAY
PAR  The following constituents are used to prepare a 5% spray:
PA1  5 parts of active substance,
PA1  1 part of epichlorohydrin,
PA1  94 parts of benzine (boiling limits 160.degree.-190.degree.C).
DETD
PAC  EXAMPLE 1
PAC  Manufacture of
      O-ethyl-S-propyl-O-(4'-N,N-dimethylsulphonamido-phenyl)-thiol-phosphoric
      acid ester
PAR  To a suspension of 14.4 g of 4-N,N-dimethylsulphonamidophenol in 110 ml of
      benzene are added 7.2 g of triethylamine. While stirring constantly, 14.5
      g of O-ethyl-S-n-propylchlorothiophosphate are added dropwise. The mixture
      is stirred for 12 hours at room temperature, when washed with water, 3%
      sodium carbonate solution and again with water, and dried over anhydrous
      sodium sulphate.
PAR  The benzene is distilled off and the residue purified by means of molecular
      distillation (135.degree.C/0,001 Torr) to give the compound of the formula
      ##SPC4##
PAR  The following compounds are also manufactured in analogous manner:
      ##SPC5##
TBL  R    R.sub.1 R.sub.2                                                      

                       R.sub.3                                                 

                            Y 2   3   5 6                                      

     __________________________________________________________________________

     C.sub.2 H.sub.5 -                                                         

          (n)C.sub.4 H.sub.9 -                                                 

                  CH.sub.3 -                                                   

                       CH.sub.3 -                                              

                            O H   H   H H n.sub.D.sup.20 = 1,5268              

     C.sub.2 H.sub.5 -                                                         

          C.sub.2 H.sub.5 OCH.sub.2 CH.sub.2 -                                 

                  CH.sub.3 -                                                   

                       CH.sub.3 -                                              

                            O H   H   H H n.sub.D.sup.20 = 1,5335              

     C.sub.2 H.sub.5 -                                                         

          (n)C.sub.3 H.sub.7 -                                                 

                  CH.sub.3 -                                                   

                       CH.sub.3 -                                              

                            O Cl  H   H H n.sub.D.sup.20 = 1,5378              

     C.sub.2 H.sub.5 -                                                         

          (n)C.sub.3 H.sub.7 -                                                 

                  C.sub.2 H.sub.5 -                                            

                       C.sub.2 H.sub.5 -                                       

                            O H   H   H H n.sub.D.sup.20 = 1,5238              

     C.sub.2 H.sub.5 -                                                         

          (n)C.sub.3 H.sub.7 -                                                 

                  CH.sub.3 -                                                   

                       CH.sub.3 -                                              

                            S Cl  H   H H n.sub.D.sup.20 =  1,5593             

     C.sub.2 H.sub.5 -                                                         

          (n)C.sub.3 H.sub.7 -                                                 

                  C.sub.2 H.sub.5 -                                            

                       C.sub.2 H.sub.5 -                                       

                            S H   H   H H Smp.: 64.degree.C                    

     C.sub.2 H.sub.5 -                                                         

          (n)C.sub.3 H.sub.7 -                                                 

                  CH.sub.3 -                                                   

                       CH.sub.3 -                                              

                            S H   H   H H n.sub.D.sup.20 = 1,5514              

     C.sub.2 H.sub.5 -                                                         

          (n)C.sub.3 H.sub.7 -                                                 

                  CH.sub.3 -                                                   

                       CH.sub.3 -                                              

                            S Cl  H   Cl                                       

                                        H n.sub.D.sup.20 = 1,5710              

     C.sub.2 H.sub.5 -                                                         

          (n)C.sub.5 H.sub.11 -                                                

                  CH.sub.3 -                                                   

                       CH.sub.3 -                                              

                            S H   H   H H n.sub.D.sup.20 = 1,5393              

     C.sub.2 H.sub.5 -                                                         

          (n)C.sub.3 H.sub.7 -                                                 

                  CH.sub.3 -                                                   

                       CH.sub.3 -                                              

                            O H   Cl  H H n.sub.D.sup.20 = 1,5390              

     C.sub.2 H.sub.5 -                                                         

          (n)C.sub.3 H.sub.7 -                                                 

                  CH.sub.3 -                                                   

                       CH.sub.3 -                                              

                            O Cl  H   Cl                                       

                                        H n.sub.D.sup.25 = 1,5381              

     C.sub.2 H.sub.5 -                                                         

          (n)C.sub. 3 H.sub.7 -                                                

                  CH.sub.3 -                                                   

                       CH.sub.3 -                                              

                            O CH.sub.3                                         

                                  H   H H                                      

     C.sub.2 H.sub.5 -                                                         

          (n)C.sub.3 H.sub.7 -                                                 

                  CH.sub.3 -                                                   

                       CH.sub.3 -                                              

                            O H   CH.sub.3                                     

                                      H H                                      

     C.sub.2 H.sub.5 -                                                         

          (n)C.sub.3 H.sub.7 -                                                 

                  H    CH.sub.3 -                                              

                            O H   H   H H                                      

     C.sub.2 H.sub.5 -                                                         

          (n)C.sub.3 H.sub.7 -                                                 

                  H    H    O Cl  H   H H                                      

     __________________________________________________________________________

PAC  EXAMPLE 2
PAC  A. Insecticidal Ingest Poison Action
PAR  Tobacco and potato plants are sprayed with a 0.05% aqueous emulsion
      (obtained from a 10% emulsifiable concentrate).
PAR  After the coating has dried, Egyptian cotton leaf worms (Spodoptera
      literalis) are settled on the tobacco plants and Colarado potato beetle
      larvae (Leptinotarsa decemlineata) on the potato plants. The test is
      carried out at 24.degree.C and 60% relative humidity. In the above test,
      the compounds according to Example 1 display ingest poison action against
      Spodoptera litoratis and Leptinotarsa decemlineata.
PAC  B. Systemic Insecticidal Action
PAR  To determine the systemic action, rooted bean plants (Vicia fabae) are put
      into a 0.01% aqueous active substance solution (obtained from a 10%
      emulsifiable concentrate). After 24 hours, aphids (Aphis fabae) are placed
      on the parts of the plant above the soil. The aphids are protected from
      contact and gas action by means of a special device. The test is carried
      out at 24.degree.C and 70% relative humidity. In the above tests the
      compounds according to Example I displayed good insecticidal ingest poison
      action and systemic insecticidal action.
PAC  EXAMPLE 3
PAC  Action Against Chilo Suppressalis
PAR  Six rice plants at a time of the variety Caloro were transplanted into
      plastic pots (diameter at the top = 17 cm) and reared to a height of about
      60 cm. Infestation with Chilo suppressalis larvae (L.sub.1 : 3-4 mm long)
      took place 2 days after application of the active substance in granule
      form to the paddy water (rate of application: 8 kg of active substance per
      hectare). Evaluation of the insecticidal action took place 10 days after
      application of the granules.
PAR  The compounds according to Example I were active in the above test against
      Chilo suppressalis.
PAC  EXAMPLE 4
PAC  Action Against Soil Insects
PAR  Sterilised compost earth was homogeneously mixed with a wettable powder
      containing 25% of active substance so that there resulted a rate of
      application of 8 kg of active substance per hectare.
PAR  Young zucchetti plants (Cucumis pepo) were put into plastic pots with the
      treated soil (3 plants per pot; diameter of pot = 7 cm). Each pot was
      infected immediately afterwards with 5 Aulacophora femoralis and Pachmoda
      or Chortiphila larvae. The control was carried out 4, 8, 16 and 32 days
      after depositing the larvae.
PAR  At 80-100% kill after the first control, a fresh infestation with 5 larvae
      each was carried out in the same soil sample with 3 new zucchetti plants.
      If the activity was less than 80%, the remaining larvae remained in the
      soil sample until the control immediately following. If an active
      substance at a rate of application of 8 kg/ha still effected a 100% kill,
      a further control with 4 and 2 kg of active substance per hectare was
      carried out.
PAR  In the above test, the compounds according to Example I displayed action
      against Aulacophora fermoralis, Pachmoda and chlortophila larvae.
PAC  EXAMPLE 5
PAC  Action Against Ticks
PAR  A. Rhicephalus bursa
PAR  In each of two test series 5 adult ticks and 50 tick larvae are counted
      into a glass tube and immersed for 1 to 2 minutes in 2 ml of an aqueous
      emulsion from an amulsion series each containing 100, 10, 1 and 0.1 ppm of
      test substance. The tube is then sealed with a standardised cotton wool
      plug and placed on its head, so that the active substance emulsion can be
      adsorbed by the cotton wool.
PAR  In the case of the adults evaluation takes place after 2 weeks, and in that
      of the larvae after 2 days. Each test is repeated twice.
PAR  The compounds according to Example 1 act in the above test against adults
      and larvae of Rhicephalus bursa.
PAR  B. Boophilus microplus (larvae)
PAR  Tests are carried out in each case with 20 OP-sensitive larvae using an
      analogous dilution series as in the case of test A. (The resistance
      relates to the tolerability of Diazinon).
PAR  The compounds according to Example 1 act in these tests against sensitive
      and OR resistant larvae of Boophilus microplus.
PAC  EXAMPLE 6
PAC  Acaracidal Action
PAR  Phaseolus vulgaris (dwarf beans) have an infested piece of leaf from a mass
      culture of Tetranychus urticae placed on them 12 hours before the test for
      the acaricidal action. The mobile stages which have passed over are
      sprayed with the emulsified test preparations from a chromatography
      atomiser so that the spray broth does not run off. The number of living
      and dead larvae, adults and eggs are evaluated after 7 days under a
      stereoscopic microscope and the result expressed in percentages. During
      the "interim", the treated plants are kept in greenhouse compartments at
      25.degree.C.
PAR  The compounds according to Example 1 are active in the above test against
      eggs, larvae and adults of Tetranchus urticae.
PAC  EXAMPLE 7
PAC  Action Against Soil Nematodes
PAR  To test the action against soil nematodes, the active substance (in a
      concentration of 50 ppm) is applied to and intimately mixed with soil
      infected with root gall nematodes (Meloidgyne Avenaria). Immediately
      afterwards, tomato cuttings are planted in the thus prepared soil in a
      series of tests and after a waiting time of 8 days tomato seeds are sown
      in another test series.
PAR  In order to assess the nematocidal action, the galls present on the roots
      are counted 28 days after planting and sowing. The compounds according to
      Example display good action against Meloidgyne Avenaria.
CLMS
STM  We claim:
NUM  1.
PAR  1. An insecticidal and acaricidal composition comprising an insecticidally
      and acaricidally effective amount of a compound of the formula
      ##SPC6##
PAL  wherein R represents methyl or ethyl, R.sub.1 represents propyl, n-butyl,
      n-pentyl or C.sub.2 H.sub.5 OCH.sub.2 CH.sub.2 --, R.sub.2 represents
      hydrogen, methyl or ethyl, R.sub.3 represents methyl or ethyl, X and
      X.sub.1 each represents hydrogen or chlorine, and Y represents oxygen or
      sulphur, together with a suitable carrier therefor.
NUM  2.
PAR  2. The composition of claim 1, wherein R represents ethyl, R.sub.1
      represents propyl, n-butyl, C.sub.2 H.sub.5 OCH.sub.2 CH.sub.2 - or
      n-amyl, R.sub.2 and R.sub.3 each represents methyl or ethyl, X and X.sub.1
      represent hydrogen or chlorine and Y represents oxygen.
NUM  3.
PAR  3. The composition of claim 2, wherein said compound is
      ##SPC7##
NUM  4.
PAR  4. The composition of claim 2, wherein said compound is
      ##SPC8##
NUM  5.
PAR  5. A method for combatting insects and acaricides which comprises applying
      to the loci thereof an insecticidally and acaricidally effective amount of
      a compound according to the formula of claim 1.
NUM  6.
PAR  6. The method of claim 5, wherein R represents ethyl, R.sub.1 represents
      propyl, n-butyl, C.sub.2 H.sub.5 OCH.sub.2 CH.sub.2 -- or n-amyl, R.sub.2
      and R.sub.3 each represents methyl or ethyl, X and X.sub.1 represent
      hydrogen or chlorine and Y represents oxygen.
NUM  7.
PAR  7. The method of claim 6, wherein said compound is
      ##SPC9##
NUM  8.
PAR  8. The method of claim 6, wherein said compound is
      ##SPC10##
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ABST
PAL  S-diphenylmethyl-dithiophosphate of the formula
      ##SPC1##
PAL  Wherein R.sub.1 represents alkyl with 1 to 5 carbon atoms, alkylthioalkyl
      with 1 to 5 carbon atoms in each of the moieties, alkenyl with 3 to 5
      carbon atoms or alkinyl with 3 to 5 carbon atoms, and R.sub.3 to R.sub.12
      each represents hydrogen, halogen or alkoxy with 1 to 5 carbon atoms, a
      process for their manufacture and their use in the control of insects and
      acarids.
PARN
PAR  This is a division of application Ser. No. 437,414 filed on Jan. 28, 1974
      now U.S. Pat. No. 3,884,998.
BSUM
PAR  The present invention relates to S-diphenylmethyl-dithiophosphates, a
      process for their manufacture, and to their use in pest control.
PAR  The S-diphenylmethyl-dithiophosphate have the formula
      ##SPC2##
PAL  Wherein R.sub.1 represents alkyl with 1 to 5 carbon atoms, alkylthioalkyl
      with 1 to 5 carbon atoms in each of the moieties, alkenyl with 3 to 5
      carbon atoms or alkinyl with 3 to 5 carbon atoms, and R.sub.3 to R.sub.12
      each represents hydrogen, halogen or alkoxy with 1 to 5 carbon atoms.
PAR  Halogen is to be understood as meaning fluorine, chlorine, bromine and/or
      iodine.
PAR  The alkyl, alkoxy, alkylthioalkyl, alkenyl or alkinyl groups which are
      possible for R.sub.1 to R.sub.12 can be straight-chain or branched.
      Examples of such groups include: methyl, methoxy, methylthiomethyl, ethyl,
      ethoxy, propyl, isopropyl, n-butyl, iso-butyl, sec. and tert. butyl,
      n-pentyl and isomers thereof, allyl, propargyl.
PAR  Preferred compounds on account of their action are those of the formula I,
      wherein R.sub.1 represents ethyl, R.sub.2 represents alkyl, --CH.sub.2
      --S--CH.sub.3 or propargyl, R.sub.3, R.sub.6, R.sub.7, R.sub.8, R.sub.9,
      R.sub.11 and R.sub.12 each represents hydrogen and R.sub.4, R.sub.5 and
      R.sub.10 each represents hydrogen, chlorine or methoxy.
PAR  Particularly preferred compounds, however, are those of the formula I,
      wherein R.sub.1 represents ethyl, R.sub.2 represents n-propyl, n-butyl or
      iso-butyl, R.sub.3, R.sub.6, R.sub.7, R.sub.8, R.sub.9, R.sub.11 and
      R.sub.12 each represents hydrogen and R.sub.4, R.sub.5 and R.sub.10 each
      represents hydrogen or chlorine.
PAR  The compounds of the formula I can be manufactured by the following method
      which is known per se:
      ##SPC3##
PAL  In the formulae II to IV, the symbols R.sub.1 to R.sub.12 have the meanings
      given for the formula I and Hal represents a halogen atom, in particular
      chlorine, or bromine, and Me represents an alkali metal, in particular
      sodium or potassium.
PAR  The process is carried out at normal pressure, at a temperature between
      0.degree. to 150.degree.C, preferably between 20.degree. to 80.degree.C,
      and in solvents or diluents which are inert towards the reactants.
      Examples of suitable solvents and diluents are: aromatic hydrocarbons,
      e.g. benzene, toluene, halogenated hydrocarbons, chlorobenzene,
      polychlorobenzenes, bromobenzene, chlorinated alkanes with 1 to 3 carbon
      atoms, ethers, e.g. dioxan, tetrahydrofuran; esters, e.g. ethyl acetate;
      ketones, e.g. acetone, methyl ethyl ketone, diethyl ketone; nitriles, e.g.
      acetonitrile etc.
PAR  The compounds of the formula I exhibit a broad biocidal activity and can be
      used for the control of a variety of plant and animal pests.
PAR  In particular they are suitable for combating insects of the families:
PAR  Acrididae, Blattidae, Gryllidae, Gryllotalpidae, Tettigoniidae, Cimicidae,
      Phyrrhocoridae, Reduviidae, Aphididae, Delphacidae, Diaspididae,
      Pseudococcidae, Chrysomelisae, Coccinellidae, Bruchidae, Scarabaeidae,
      Dermestidae, Tenebrionidae, Curculionidae, Tineidae, Noctuidae,
      Lymantriidae, Pyralidae, Galleridae, Culicidae, Tipulidae, Stomoxydae,
      Muscidae, Calliphoridae, Trypetidae, Pulicidae as well as Acaridae of the
      families: Ixodidae, Argasidae, Tetranchidae, Dermanyssidae.
PAR  By addition of other insecticides and/or acaricides it is possible to
      improve substantially the insecticidal or acaricidal action and to adapt
      it to given circumstances.
PAR  Examples of suitable additives are: organic phosphorus compounds,
      nitrophenols and derivatives thereof; formamidines; ureas; carbamates and
      chlorinated hydrocarbons.
PAR  In addition to the above mentioned properties, the compounds of the formula
      I also exhibit a microbiocidal action. Thus a number of these compounds
      display bactericidal action. But they are active chiefly against fungi,
      especially against phytopathogenic fungi belonging to the following
      classes: Oomycetes, Zygomycetes, Ascomycetes, Basidiomycetes,
      Denteromycetes.
PAR  The compounds of the formula I also exhibit a fungitoxic action against
      fungi which attack the plants from the soil. The new active substances are
      also suitable for treating seeds, fruit, tubers etc. from attack by fungus
      infections. The compounds of the formula I are also suitable for combating
      phytopathogenic nematodes.
PAR  The compounds of the formula I may be used as pure active substance or
      together with suitable carriers and/or additives. Suitable carriers and
      additives can be solid or liquid and correspond to the substances
      conventionally used in formulation technology, for example natural or
      regenerated substances, solvents, dispersants, wetting agents, adhesives,
      thickeners, binders and/or fertilisers.
PAR  For application, the compounds of the formula I may be processed to dusts,
      emulsion concentrates, granules, dispersions, sprays, to solutions or
      suspensions, in the conventional formulation which is commonly employed in
      application technology. Mention is also to be made of cattle dips and
      spray races, in which aqueous preparations are used.
PAR  The agents according to the invention are manufactured in known manner by
      intimately mixing and/or grinding active substances of the formula I with
      the suitable carriers, optionally with the addition of dispersants or
      solvents which are inert towards the active substances. The active
      substances can take, and be used in, the following forms: Solid forms:
PAR  dusts, tracking agents, granules, coated granules, impregnated granules and
      homogeneous granules, Liquid forms:
PA1  a. active substances which are dispersible in water: wettable powders,
      pasts, emulsions:
PA1  b. solutions.
PAR  The content of active substance in the above described agents is between
      0.1% and 95%, in which connection it should be mentioned that, in the case
      of application from aircraft or some other suitable means of application,
      it is possible to use concentrations of up to 99.5% or even pure active
      substance.
PAR  The active substances of the formula I can, for example, be formulated as
      follows:
PAC  DUSTS
PAR  The following substances are used to manufacture (a) a 5% and (b) a 2%
      dust:
PA1  a. 5 parts of active substance 95 parts of talcum
PA1  b. 2 parts of active substance 1 part of highly disperse silicic acid 97
      parts of talcum.
PAR  The active substances are mixed with the carriers and ground.
PAC  GRANULES
PAR  The following substances are used to produce 5% granules:
PA1  5 parts of active substance,
PA1  0.25 parts of epichlorohydrin,
PA1  0.25 parts of cetyl polyglycol ether,
PA1  3.50 parts of polyethylene glycol,
PA1  91 parts of kaolin (particle size 0.3-0.8 mm).
PAR  The active substance is mixed with epichlorohydrin and dissolved with 6
      parts of acetone; the polyethylene glycol and cetyl polyglycol ether are
      then added. The resulting solution is sprayed on kaolin, and the acetone
      is subsequently evaporated in vacuo.
PAC  WETTABLE POWDER
PAR  The following constituents are used for the preparation of (a) a 40%, (b)
      and (c) a 25%, and (d) a 10% wettable powder:
PA1  a. 40 parts of active substance, 5 parts of sodium lignin sulphonate, 1
      part of sodium dibutyl-naphthalene sulphonate, 54 parts of silicic acid.
PA1  b. 25 parts of active substance, 4.5 parts of calcium lignin sulphonate,
      1.9 parts of Champagne chalk/hydroxyethyl cellulose mixture (1:1), 1.5
      parts of sodium dibutyl naphthalene sulphonate, 19.5 parts of silicic
      acid, 19.5 parts of Champagne chalk, 28.1 parts of kaolin.
PA1  c. 25 parts of active substance, 2.5 parts of
      isooctylphenoxy-polyoxyethylene-ethanol, 1.7 parts of Champagne
      chalk/hydroxyethyl cellulose mixture (1:1), 8.3 parts of sodium aluminium
      silicate, 16.6 parts of kieselguhr, 46 parts of kaolin.
PA1  d. 10 parts of active substance, 3 parts of a mixture of the sodium salts
      of saturated fatty alcohol sulphates, 5 parts of naphthalenesulphonic
      acid/formaldehyde condensate, 82 parts of kaolin.
PAR  The active substances are intimately mixed, in suitable mixers, with the
      additives, the mixture being then ground in the appropriate mills and
      rollers. Wettable powders are obtained which can be diluted with water to
      give suspensions of any desired concentration.
PAC  EMULSIFIABLE CONCENTRATES
PAR  The following substances are used to produce (a) a 10% and (b) a 25%
      emulsifiable concentrate:
PA1  a. 10 parts of active substance, 3.4 parts of epoxidised vegetable oil,
      13.4 parts of a combination emulsifier consisting of fatty alcohol
      polyglycol ether and alkylaryl sulphonate calcium salt, 40 parts of
      dimethylformamide, 43.2 parts of xylene, 25 parts of active substance, 2.5
      parts of epoxidised vegetable oil, 10 parts of an
      alkylarylsulphonate/fatty alcoholglycol ether mixture, 5 parts of
      dimethylformamide, 57.5 parts of xylene.
PAR  From these concentrates it is possible to produce, by dilution with water,
      emulsions of any desired concentration.
PAC  SPRAY
PAR  The following constituents are used to prepared a 5% spray:
PA1  5 parts of active substance,
PA1  1 part of epichlorohydrin,
PA1  94 parts of benzene (boiling limits 160.degree.C-190.degree.C).
DETD
PAC  EXAMPLE 1
PAC  Manufacture of the O-ethyl-S-propyl-S-diphenylmethyl-dithiophosphoric acid
      ester
PAR  19 G of the potassium salt of O-ethyl-S-propyl-dithiophosphoric acid are
      added at room temperature to a solution of 18.5 g of bromodiphenylmethyl
      in 100 ml of absolute acetonitrile. The reaction mixture is subsequently
      stirred and filtered. After the filtrate has been evaporated, the residue
      is taken up in either, washed twice with 100 ml of water each time and the
      organic phase is dried with sodium sulphate, to yield as product crude
      O-ethyl-S-propyl-S-diphenylmethyl-dithiophosphoric acid ester which can be
      purified by chromatography through a silica gel column. Refractive index:
      n.sub.D.sup.20.sup..degree. = 1.5878.
PAR  The following compounds are also manufactured in analogous manner:
      ##SPC4##
PAC  EXAMPLE 2
PAC  A. Insecticidal Ingest Poison Action
PAR  Cotton and potato plants were sprayed with a 0.05% aqueous emulsion
      (obtained from a 10% emulsifiable concentrate). After the coating had
      dried, the cotton plants were populated with Spodoptera littoralis or
      Heliothis virescens larvae L.sub.3 and the potato plants with Colorado
      potato bettle larvae (Leptinotarsa decemlineata). The test was carried out
      at 24.degree.C and 60% relative humidity. In the above test, the compounds
      according to Example 1 displayed good ingest poison action against
      Spodoptera littoralis. Heliothis and Leptinotarsa decemlineata larvae.
PAC  B. Systemic Insecticidal Action
PAR  To determine the systemic action, rooted bean plants (Vicia fabae) were put
      into a 0.01% aqueous active substance solution (obtained from a 10%
      emulsifiable concentrate). After 24 hours, aphide (Aphis fabae) were
      placed on the parts of the plant above the soil. The aphids were protected
      from contact and gas action by means of a special device. The test was
      carried out at 24.degree.C and 70.degree.C relative humidity. In the above
      test, the compounds according to Example 1 have systemic action against
      Aphis fabae.
PAC  EXAMPLE 3
PAC  Action Against Chilo suppressalis
PAR  Six rice plants at a time of the variety Caloro were transplanted into
      plastic pots (diameter at the top = 17 cm) and reared to a height of about
      60 cm. Infestation with Chilo suppressalis larvae (L.sub.1 : 3-4 mm long)
      took place 2 days after the active substance had been applied in granule
      form to the paddy water (rate of application: 8 kg of active substance per
      hectare). Evaluation of the insecticidal action took place 10 days after
      application of the granules. The compounds according to Example 1 were
      active in the above test against Chilo suppressalis.
PAC  EXAMPLE 4
PAC  Action Against Ticks
PAR  A. Rhipicephalus bursa
PAR  Five adult ticks and 50 tick larvae were counted into a glass tube and
      immersed for 1 to 2 minutes in 2 ml of an aqueous emulsion from an
      emulsion series each containing 100, 10, 1 or 0.1 ppm of test substance.
      The tube was then sealed with a standard cotton wool plug and placed on
      its head, so that the active substance emulsion could be absorbed by the
      cotton wool. In the case of the adults evaluation took place after 2
      weeks, and in that of the larvae after 2 days. Each test was repeated
      twice.
PAR  B. Boophilus microplus (larvae)
PAR  Tests were carried out in each case with 20 OP-sensitive larvae using a
      dilution series analogous to that of test A. (The resistance refers to the
      tolerability of Diazinon). The compounds according to Example 1 acted in
      these tests against adults and larvae of Rhipicephalus bursa and sensitive
      and OP-resistant larvae of Boophilus microplus.
PAC  EXAMPLE 5
PAC  Acaricidal Action
PAR  Phaseolus vulgaris (dwarf beans) have an infested piece of leaf from a mass
      culture of Tetranychus urticae placed on them 12 hours before the test for
      the acaricidal action. The mobile stages which have invaded the plants are
      sprayed with the emulsified test preparations from a chromatography
      atomiser so that the spray broth does not run off. The number of living
      and dead larvae, adults and eggs are evaluated after 2 to 7 days under a
      stereoscopic microscope and the result expressed in percentages. During
      the "waiting time", the treated plants are kept in greenhouse compartments
      at 25.degree.C. The compounds according to Example 1 were active in the
      above test against eggs, larvae and adults of Tetranychus urticae.
PAC  EXAMPLE 6
PAC  Action Against Soil Nematodes
PAR  To the test against soil nematodes, the active substance in the respective
      concentration is applied to and intimately mixed with soil infected with
      root gall nematodes (Meloidgyne Arenaria). Immediately afterwards, tomato
      cuttings are planted in the prepared soil in a series of tests and after a
      waiting time of 8 days tomato seeds are sown in another test series. In
      order to assess the nematocidal action, the galls present on the roots are
      counted 28 days after planting and sowing respectively. In this test the
      compounds according to Example 1 display good action against Meloidgyne
      arenaria.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A composition for combatting pests selected from the group consisting of
      insects and acarids comprising (1) as active ingredient a pesticidally
      effective amount of a compound of the formula
      ##SPC5##
PAL  wherein R.sub.2 represents ethylthiomethyl or propargyl; and each of
      R.sub.4, R.sub.5 and R.sub.10 represents hydrogen, chlorine or methoxy;
      and (2) an inert carrier.
NUM  2.
PAR  2. A composition for combatting pests selected from the group consisting of
      insects and acarids comprising (1) as active ingredient a pesticidally
      effective amount of a compound of the formula
      ##SPC6##
PAL  wherein R.sub.2 represents n-propyl, n-butyl or isobutyl; and each of
      R.sub.4, R.sub.5 and R.sub.10 represents hydrogen or chlorine; and (2) an
      inert carrier.
NUM  3.
PAR  3. A method for combatting pests selected from the group consisting of
      insects and acarids which comprises applying thereto a pesticidally
      effective amount of a compound of the formula
      ##SPC7##
PAL  wherein R.sub.2 represents ethylthiomethyl or propargyl; and each of
      R.sub.4, R.sub.5 and R.sub.10 represents hydrogen, chlorine or methoxy.
NUM  4.
PAR  4. The method according to claim 3 in which the compound is
      O-ethyl-S-propargyl-S-diphenylmethyldithiophosphate.
NUM  5.
PAR  5. The method according to claim 3 in which the compound is
      O-ethyl-S-methylthiomethyl-S-diphenylmethyldithiophosphate.
NUM  6.
PAR  6. A method for combatting pests selected from the group consisting of
      insects and acarids which comprises applying thereto a pesticidally
      effective amount of a compound of the formula
      ##SPC8##
PAL  wherein R.sub.2 represents n-propyl, n-butyl or isobutyl; and each of
      R.sub.4, R.sub.5 and R.sub.10 represents hydrogen or chlorine.
NUM  7.
PAR  7. The method according to claim 6 in which the compound is
      O-ethyl-S-m-propyl-S-diphenylmethyldithiophosphate.
NUM  8.
PAR  8. The method according to claim 6 in which the compound is
      O-ethyl-S-n-propyl-S-(4-chlorodiphenylmethyl)-dithiophosphate.
NUM  9.
PAR  9. The method according to claim 6 in which the compound is
      O-ethyl-S-n-propyl-S-(4,4'-dichlorodiphenylmethyl)-dithiophosphate.
NUM  10.
PAR  10. The method according to claim 6 in which the compound is
      O-ethyl-S-n-propyl-S-(3,4,4'-trichlorodiphenylmethyl)-dithiophosphate.
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ABST
PAL  Hydrogen sulfide gas may be separated from a mixture of hydrogen sulfide
      and carbon dioxide by passing the gaseous mixture through an aqueous
      solution of bicarbonate ions.
PARN
PAR  This is a Continuation-in-Part of copending application Ser. No. 263,910,
      filed June 19, 1972, and now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAC  Field of the Invention
PAR  This invention is concerned with the removal of hydrogen sulfide from a
      mixture of gases.
PAR  In many industrial processes and in the oil production industry, concern
      over pollution has compelled the more complete removal of harmful or
      offensive gases from effluent gas streams before release into the
      atmosphere. Also, many chemical processes demand streams of gases of
      specific composition.
PAR  The problem is to separate gases from each other efficiently and
      economically.
PAR  A gas which is of particular concern as a pollutant is hydrogen sulfide.
      Hydrogen sulfide and other sulfur compounds are both offensive and
      harmful. Hydrogen sulfide, for example, can cause corrosion problems and
      is also toxic in concentrated amounts. Even in considerably less than
      toxid concentrations, hydrogen sulfide has an offensive odor.
PAR  The removal of hdyrogen sulfide is complicated by the fact that it often
      occurs as a component in a mixture of gases. One frequently occurring
      mixture of gases is hydrogen sulfide and carbon dioxide. Carbon dioxide is
      usually tolerated and not considered as a pollutant. Thus, it may be
      released into the atmosphere. There are many processes which will remove
      both hydrogen sulfide and carbon dioxide from gas streams and a few which
      may be made to preferentially remove hydrogen sulfide. Some of these
      processes use in combination or alone, monoethanolamine and
      diethanolamine. Others use propylene carbonate, a combination of an alkali
      metal carbonate and an alkali metal arsenate, and others use a mixture of
      tetrahydrothiophene-1,1-dioxide and alkanolamines. It is also known in the
      art to use an aqueous basic solution to remove both carbon dioxide and
      hydrogen sulfide since both gases increase in solubility in aqueous
      solutions as the pH of the solution rises.
PAR  These prior art processes have disadvantages such as requiring addition of
      fresh reagents as the active ingredients are used up in the process or
      regeneration of these active ingredients. In many of these processes,
      carbon dioxide will neutralize or inactivate the active ingredients and
      result in inefficient hydrogen sulfide removal and/or compel frequent
      regeneration of reagents. Also, because of carbon dioxide absorption
      problem, constant surveillance and manipulation of the absorption system
      may be required. The present invention overcomes these problems by
      providing inexpensive, self-regulating aqueous solutions which effectively
      absorb hydrogen sulfide and allow most of the carbon dioxide to remain in
      the aqueous phase.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is a method for preferentially removing hydrogen sulfide from
      a gas mixture comprising hydrogen sulfide and carbon dioxide by treating
      the gas mixture with an aqueous solution consisting of bicarbonate ions in
      sufficient concentration to establish an equilibrium imbalance to prevent
      substantial dissolution of carbon dioxide. The solution may also contain
      inert salts. The invention is also the aqueous solution for use in
      separating hydrogen sulfide from carbon dioxide.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The method of this invention will preferentially absorb hydrogen sulfide
      from various mixtures of gases which also contain carbon dioxide. These
      gas mixtures may contain other constituents such as hydrocarbons and inert
      gases such as nitrogen. Wagner's U.S. Pat. No. 1,918,153 indicates that
      the reaction.
EQU  NaHS + CO.sub.2 + H.sub.2 O .revreaction. NaHCO.sub.3 + H.sub.2 S
PAL  proceeds from left to right due to the fact that carbonic acid gas is a
      slightly stronger acid than hydrogen sulfide. I have found that contrary
      to the allegations or Wagner the above reaction will proceed from right to
      left under conditions which maintain a high level of concentration of
      bicarbonate ions in the aqueous medium at atmospheric pressure. Required
      bicarbonate ion concentrations are presented hereinafter. The process of
      this invention is of particular advantage where the concentration of
      carbon dioxide is relatively high with respect to the concentration of
      hydrogen sulfide. This is so because in conventional basic systems, the
      carbon dioxide is absorbed in proportion to its concentration and reduces
      the pH of the system to the point that hydrogen sulfide is no longer
      absorbed necessitating the addition of more basic material to the aqueous
      solution. The process of the present invention prevents major fluctuations
      in the pH of the aqueous solution by the presence of bicarbonate ions in
      the aqueous medium. While there is no intention to limit the success of
      the present invention to a specific mechanism, the following is believed
      to be explanatory of the operative chemical action of the present
      invention.
PAR  When carbon dioxide dissolves in water the following equilibrium reaction
      takes place:
EQU  CO.sub.2 + H.sub.2 O .revreaction. H.sub.2 CO.sub.3 .revreaction. H.sup.+ +
      HCO.sub.3 .sup.-
PAL  If excess bicarbonate ion is present in the aqueous solution, the
      equilibrium solubility of carbonic acid (H.sub.2 CO.sub.3) decreases and,
      consequently, the carbon dioxide is reduced in solubility and the pH of
      the solution remains constant.
PAR  The solubility in water of hydrogen sulfide is governed by the following
      equilibrium:
EQU  H.sub.2 S .revreaction. H.sup.+ + HS.sup.-
PAL  The equilibrium solubility of hydrogen sulfide decreases as the pH of the
      solution decreases. Since the presence of the bicarbonate ion, in effect,
      keeps the pH from varying greatly and prevents carbon dioxide from
      dissolving, the hydrogen sulfide is preferentially absorbed into the
      aqueous solution; that is, a greater percentage of hydrogen sulfide than
      carbon dioxide is dissolved.
PAR  This invention entails treating a gas containing hydrogen sulfide and
      carbon dioxide with a bicarbonate rich aqueous solution. The treating may
      be made in any conventional gas-liquid contactor. For example, the aqueous
      solution may be sprayed over the gases or a packed tower may be used. The
      gas may also be bubbled through a vessel containing the aqueous solution
      of bicarbonate ions. The particular manner of contacting the aqueous
      solution of bicarbonate ions and the hydrogen sulfide-carbon dioxide
      containing gas is not included as an element of this invention and,
      therefore, any conventional and efficient manner of contacting found
      convenient is suitable for the operation of this invention. It is within
      the capability of one skilled in the art to chose a method efficient
      enough to remove the required amount of hydrogen sulfide from a given
      stream of gas input.
PAR  The bicarbonate ions in the aqueous solution may be derived from any one or
      a mixture of water soluble salts of bicarbonate anions such as ammonium
      bicarbonate, sodium bicarbonate, potassium bicarbonate, magnesium
      bicarbonate, calcium bicarbonate and transition metal salts of the
      bicarbonate anions to name only a few. Sodium and potassium bicarbonate
      salts are preferred because they are very soluble in water and are
      extremely stable and do not tend to form mineral scale on the surface of
      the gas-liquid contactor and associated equipment.
PAR  If a bicarbonate salt as above is used, the bicarbonate ions are present
      immediately upon dissolution of the salt in the water and, therefore, the
      selectivity of the solution for hydrogen sulfide will be established from
      the beginning of carbon dioxide-hydrogen sulfide contact.
PAR  Alternatively, in another embodiment of this invention water soluble
      carbonate salts of various cations may be used in the process of this
      invention. In this embodiment the water soluble carbonate salts are
      dissolved in an aqueous medium and are contacted with a source of carbon
      dioxide to convert the carbonate ions to bicarbonate ions according to the
      following reaction:
EQU  CO.sub.3 .sup.= + CO.sub.2 + H.sub.2 O .revreaction. 2HCO.sub.3 .sup.-
PAL  The resulting solution of bicarbonate ions will then selectively absorb
      hydrogen sulfide.
PAR  The carbon dioxide to convert the carbonate ion to bicarbonate ion may be
      in pure form in which case a short preconditioning step comprising
      conversion of carbonate to bicarbonate ions will precede the process of
      separating hydrogen sulfide from a mixture of hydrogen sulfide and carbon
      dioxide. However, since the conversion of carbonate to bicarbonate ions is
      a very rapid, the gas mixture of hydrogen sulfide and carbon dioxide may
      be used as a source of carbon dioxide, thus eliminating the need for
      pretreatment with a pure carbon dioxide source.
PAR  In yet another embodiment of this invention, water soluble acid phosphate
      salts of ammonia, alkali metals and alkaline earth metals may be used. For
      example, ammonium orthophosphate (di- and tribasic), sodium phosphate (di-
      and tribasic), potassium phosphate (di- and tribasic), calcium phosphate
      (di- and tribasic), magnesium phosphate (di- and tribasic) and barium
      phosphate (di- and tribasic) are suitable.
PAR  When these phosphate salts are used, carbon dioxide is absorbed in the
      solution for a time forming bicarbonate ions. The process may proceed as
      follows for a typical salt:
EQU  Na.sub.2 HPO.sub.4 .revreaction. 2Na.sup.+ + HPO.sub.4
EQU  HPO.sub.4 .sup.= + H.sub.2 O .revreaction. H.sub.2 PO.sub.4 .sup.- +
      OH.sup.-
EQU  OH.sup.- + CO.sub.2 .revreaction. HCO.sub.3 .sup.-
PAR  Thus, the bicarbonate ion is formed which will inhibit further carbon
      dioxide dissolution.
PAR  Other sources of bicarbonate ions may occur to those skilled in the art
      without departing from the scope of this invention.
PAR  Inert or neutral salts, that is salts which do not impart an acidic or
      basic character to an aqueous solution may also be present along with the
      bicarbonate salts in the aqueous solution of my invention. However, salts
      which do impart a basic or acidic character to an aqueous solution such as
      carbonate are not acceptable in the aqueous solution of my invention
      except in trace amounts which have minuscule effect on the solution.
PAR  The concentration of bicarbonate forming salt required must be large enough
      to establish an equilibrium imbalance which will prevent carbon dioxide
      from dissolving in the aqueous solution in substantial amounts. The higher
      the concentration of bicarbonate ions, the more readily hydrogen sulfide
      will be dissolved and maintained in solution. The maximum concentration of
      bicarbonate ions is dictated by practical considerations such as the
      maximum solubility of the particular bicarbonate salt, the most desirable
      concentration of hydrogen sulfide in the aqueous solution from the
      liquid-gas contactor, the desired liquid circulation rate through the
      liquid-gas contactor and desired scrubbing efficiency. Bicarbonate ion
      containing solutions having from 0.01 g-moles/1 to 0.25 g-moles/1 of
      solubilized sodium bicarbonate or equivalent amount of other bicarbonate
      salts are preferred.
PAR  The process of this invention may be operated at ambient conditions of
      temperature and pressure if desired. Severe conditions are not necessary
      for the successful operation of this invention.
PAR  The contact time between the hydrogen sulfide/carbon dioxide gas and the
      aqueous solution must be adequate for equilibrium to be obtained so that a
      maximum amount of hydrogen sulfide will be dissolved. In general, with
      adequate mixing more than twenty seconds are seldom needed to reach
      equilibrium and equilibrium is often reached in a second or less. The
      necessary contact time is largely dependent on many other variables such
      as bubble size and mixing efficiency. The greater this efficiency the
      shorter the contact time may be. These are engineering details to be
      included in the design of each unit.
PAC  EXPERIMENTAL
PAC  EXAMPLE 1
PAR  A contactor comprising a vertical glass tube filled with glass beads was
      used as follows:
PAR  An aqueous solution was passed through the top of the contactor and
      proceeded through the contactor and out the bottom. A gas comprising 95.5%
      carbon dioxide and 4.5% hydrogen sulfide was bubbled into the bottom of
      the contactor in a counter current manner to the flow of the aqueous
      solution.
PAR  Three runs were made. In the first the aqueous solution contained no
      bicarbonate but was aerated with oxygen. In the second and third runs the
      aqueous solution contained sodium bicarbonate and dissolved oxygen. The
      contact time between the sour gas and aqueous solution was about two
      seconds.
PAR  The results indicate that the addition of the bicarbonate ion increased the
      ability of the aqueous solution to dissolve hydrogen sulfide in preference
      to carbon dioxide.
TBL  ______________________________________                                    

          H.sub.2 S as %                                                       

                    H.sub.2 S as %                                             

                              Content of aqueous                               

          of gas    of gas    solution contacting 95.5%                        

          before    after     carbon dioxide, 4.5% hydrogen                    

     Run  treatment treatment sulfide gas                                      

     ______________________________________                                    

     1    4.5       2.92      oxygen                                           

     2    4.5       2.05      oxygen, sodium bicarbonate                       

     3    4.5       2.02      oxygen, sodium bicarbonate                       

     ______________________________________                                    

PAC  EXAMPLE 2
PAR  This example illustrates the ability of an unaerated aqueous solution of
      bicarbonate ions to selectively remove hydrogen sulfide from a mixture of
      hydrogen sulfide and carbon dioxide.
PAR  An aqueous solution was passed through the top of the contactor and out the
      bottom. A two component gas consisting of 96.33% carbon dioxide and 3.67%
      hydrogen sulfide was bubbled into the bottom of the contactor in a counter
      current manner to the flow of the aqueous solution.
PAR  Two runs were made. In the first run the aqueous solution contained no
      bicarbonate. In the second run the aqueous solution contained sodium
      bicarbonate. The contact time of the gas and liquid was about 3 seconds in
      both runs.
PAR  The results indicate that the addition of bicarbonate ion increased the
      ability of the aqueous solution to dissolve hydrogen sulfide in preference
      to carbon dioxide.
TBL  ______________________________________                                    

     Composition of gas                                                        

                   Composition of gas                                          

     before treatment                                                          

                   after treatment                                             

                                         Content                               

                                         of aqueous                            

                                         solution                              

                                         contacting                            

                                         3.67% H.sub.2 S                       

                                         and                                   

     Run  %H.sub.2 S                                                           

                  %CO.sub.2                                                    

                           %H.sub.2 S                                          

                                  %CO.sub.2                                    

                                         96.33% CO.sub.2                       

     ______________________________________                                    

     1    3.67    96.33    1.8    98.2     --                                  

     2    3.67    96.33    0.76   99.24  Sodium                                

                                         bicarbonate                           

     ______________________________________                                    

CLMS
STM  I claim:
NUM  1.
PAR  1. A method for preferentially removing hydrogen sulfide from a gas mixture
      comprising hydrogen sulfide and carbon dioxide which comprises
PA1  treating the gas mixture at atmospheric pressure with an aqueous solution
      consisting of inert salts and bicarbonate ions in sufficient concentration
      to establish an equilibrium imbalance to prevent substantial dissolution
      of carbon dioxide.
NUM  2.
PAR  2. A method as in claim 1 wherein the bicarbonate ions arise from the
      dissolution of a bicarbonate salt.
NUM  3.
PAR  3. A method as in claim 2 wherein the bicarbonate salt has an alkali metal
      cation.
NUM  4.
PAR  4. A method as in claim 2 wherein the bicarbonate salt is present in an
      amount from about 0.01 gram moles per liter to about 0.25 gram-moles per
      liter.
NUM  5.
PAR  5. A method as in claim 1 wherein the bicarbonate arises from the reaction
      between a carbonate ion solution and carbon dioxide.
NUM  6.
PAR  6. A method as in claim 5 wherein the cation in solution with the carbonate
      anion is an alkali metal cation.
NUM  7.
PAR  7. A method as in claim 5 wherein the carbonate salt is present in an
      amount from about 0.01 gram-moles per liter to about 0.25 gram-moles per
      liter.
NUM  8.
PAR  8. A method as in claim 1 wherein the bicarbonate ions arise from the
      reaction between an acid phosphate ion solution and carbon dioxide.
NUM  9.
PAR  9. A method as in claim 8 wherein the cation in solution with the acid
      phosphate anion is an alkali metal cation.
NUM  10.
PAR  10. A method as in claim 8 wherein the acid phosphate salt is present in an
      amount from about 0.01 gram-moles per liter to about 0.25 gram-moles per
      liter.
NUM  11.
PAR  11. A method for preferentially removing hydrogen sulfide from a gas
      mixture consisting of hydrogen sulfide and carbon dioxide which comprises
PA1  treating the gas mixture at atmospheric pressure with an aqueous solution
      consisting of inert salts and bicarbonate ions in sufficient concentration
      to establish an equilibrium imbalance to prevent substantial dissolution
      of carbon dioxide.
NUM  12.
PAR  12. A method as in claim 11 wherein the bicarbonate ions arise from the
      dissolution of a bicarbonate salt.
NUM  13.
PAR  13. A method as in claim 12 wherein the bicarbonate salt is present in an
      amount from about 0.01 gram moles per liter to about 0.25 gram moles per
      liter.
NUM  14.
PAR  14. A method for preferentially removing hydrogen sulfide from a gas
      mixture comprising hydrogen sulfide and carbon dioxide which comprises
PA1  treating the gas mixture at atmospheric pressure with an aqueous solution
      consisting of bicarbonate ions in sufficient concentration to establish an
      equilibrium imbalance to prevent substantial dissolution of carbon
      dioxide.
NUM  15.
PAR  15. A method as in claim 14 wherein the bicarbonate ions arise from the
      dissolution of a bicarbonate salt.
NUM  16.
PAR  16. A method as in claim 15 wherein the bicarbonate salt has an alkali
      metal cation.
NUM  17.
PAR  17. A method as in claim 15 wherein the bicarbonate salt is present in an
      amount from about 0.01 gram/moles per liter to about 0.25 gram/moles per
      liter.
NUM  18.
PAR  18. A method as in claim 14 wherein the bicarbonate arises from the
      reaction between a carbonate ion solution and carbon dioxide.
NUM  19.
PAR  19. A method as in claim 18 wherein the cation in solution with the
      bicarbonate anion is an alkali metal cation.
NUM  20.
PAR  20. A method as in claim 19 wherein the carbonate salt is present in an
      amount from about 0.01 gram/moles per liter to about 0.25 gram/moles per
      liter.
NUM  21.
PAR  21. A method as in claim 14 wherein the bicarbonate ions arise from the
      reaction between an acid phosphate ion solution and carbon dioxide.
NUM  22.
PAR  22. A method as in claim 21 wherein the cation in solution with the acid
      phosphate anion is an alkali metal cation.
NUM  23.
PAR  23. A method as in claim 21 wherein the acid phosphate salts is present in
      an amount from about 0.01 gram/moles per liter to about 0.25 gram/moles
      per liter.
NUM  24.
PAR  24. A method for preferentially removing hydrogen sulfide from a gas
      mixture consisting of hydrogen sulfide and carbon dioxide which comprises
PA1  treating the gas mixture at atmospheric pressure with an aqueous solution
      consisting of bicarbonate ions in sufficient concentration to establish an
      equilibrium imbalance to prevent substantial dissolution of carbon
      dioxide.
NUM  25.
PAR  25. A method as in claim 24 wherein the bicarbonate ions arise from the
      dissolution of a bicarbonate salt.
NUM  26.
PAR  26. A method as in claim 25 wherein the bicarbonate salt is present in an
      amount from about 0.01 gram/moles per liter to about 0.25 gram/moles per
      liter.
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ABST
PAL  This invention relates to a topical, anti-inflammatory, pharmaceutical
      composition which comprises (a) a pharmaceutically acceptable solvent,
      e.g. propylene glycol and water, and (b) at least two corticosteroids
      chosen from those represented by formulas A through K defined hereinafter,
      each corticosteroid dissolved in said solvent at a concentration equal to
      the saturation solubility for each steroid. Other suitable pharmaceutical
      formulation additives may be added to prepare the desired type of
      formulation, e.g. cream, ointment, lotion, or gel. The invention includes
      a process for preparing the compositions and a method for treating
      inflamed skin conditions using the novel compositions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to topical anti-inflammatory pharmaceutical
      compositions which are useful for treating diseases of the skin,
      particularly inflammatory manifestations of corticosteroid-responsive
      dermatoses. The composition comprises a suitable pharmaceutical solvent
      and dissolved therein at least two corticosteroid compounds defined
      hereinafter, each corticosteroid being present at a specific amount
      relative to the others. Further, the new compositions of this invention
      provide improvement in the treatment of inflamed condition of the skin. A
      new method for the preparation of the compositions of this invention is
      also disclosed.
PAR  2. Prior Art
PAR  The direct application of drugs to the skin surface has been used since
      antiquity to treat diseases of the skin. In general, the skin is an
      effective barrier to the passage of externally applied agents and most
      chemical substances penetrate intact skin poorly. Since the
      pharmacological effect of a drug is dependent on achieving a certain
      threshold concentration in the viable tissues of the skin, effective
      therapy requires sufficient percutaneous absorption of the drug to achieve
      the required tissue concentration levels.
PAR  The primary barrier to the precutaneous absorption of drugs has been
      identified as the stratum corneum, the layer of stratified and keratinized
      dead cells at the skin surface. The ability of chemical agents or drugs to
      diffuse across the stratum corneum into the deeper tissues is directly
      related to the physical chemical properties of the drugs. It is known that
      certain low molecular weight organic solvents such as acetone, chloroform,
      and dimethyl sulfoxide penetrate the human skin more readily (i.e. at a
      faster rate) than most drugs, particularly substances of high molecular
      weight such as corticosteroids. For such compounds, the therapeutic
      effectiveness is greatly dependent on the rate of diffusion from the
      topical vehicle (the base) into the skin, i.e. the penetration rate.
      Increasing the rate of diffusion is an important mechanism for improving
      therapeutic effectiveness of many topically applied drugs.
PAR  The most obvious and commonly used method for increasing the penetration
      rate of a topically applied drug is to increase its concentration in the
      vehicle. There are limitations to this approach that bear directly upon
      the utility of the present invention. For the greatest proportion of skin
      diseases requiring topical therapy, the skin is the principal barrier to
      drug absorption and drug absorption proceeds by the process of passive
      diffusion. Thus only the concentration of drug actually in solution in the
      vehicle directly affects the drug penetration rate. For a given vehicle
      and drug, increasing the drug concentration appreciably beyond the
      saturation concentration in the vehicle will have only a marginal effect
      on the rate of percutaneous absorption. Thus in a suspension, i.e. a drug
      formulation wherein a substantial majority of the drug is present in the
      pure, undissolved state, very little, if any, increase in absorption rate
      will be seen from adding more excess drug so long as the skin acts as the
      primary barrier to drug absorption.
PAR  Marcus et al. [J. Pharm. Sci., 54, 495-6 (1965)] have described improved in
      vitro release into water for mixtures of two steroids. In their report
      data are present for two different mixtures: dexamethasone plus
      prednisolone and dexamethasone plus betamethasone. The systems described
      by Marcus et al. differ completely from those described in the present
      invention. In the Marcus et al. article an experimental situation is
      described where release from the vehicle is the rate-limiting step in
      diffusion instead of diffusion through the skin barrier -- the case which
      normally prevails in the precutaneous absorption of drugs. Marcus et al.
      describe formulations where the drug is present primarily as suspended
      solid particles instead of the solubilized systems described in this
      invention. They also state that rlease is independent of the nature of the
      vehicle whereas in the present invention vehicle composition must be
      carefully adjusted depending on the nature and total concentration of the
      steroid mixture employed. The present invention also requires careful
      selection of compounds used in a specific vehicle and adjustment of the
      relative amounts of each steroid according to their saturation solubility.
      Thus, although an increase in the rate of release of suspended drug into
      water may be seen, a corresponding rate of penetration of the stratum
      corneum is not seen using suspension systems because the diffusional
      resistance of the skin may be any where from 1000 of several million times
      greater than that offered by water or ointment based vehicles. (See for
      example Scheuplun, R. J., Molecular Structure and Diffusional Processes
      Across Intact Epidermis, Final Comprehensive Report No. 7, Springfield
      U.S. Dept. of Commerce, 1966 and Higuchi, W. I., J. Pharm. Sci., Vol 5,
      pp. 802-4, 1962. )
PAR  The limitations inherent in systems where the drug (or drugs) are presented
      in the form of suspended material in a vehicle has been analyzed by Katz
      and Poulsen ("Absorption of Drugs Through The Skin" in Experimental
      Pharmacology Ed. B. B. Brodie, pub. Springer Verlag 1971) and by Poulsen
      ("Design of Topical Drug Product: Biopharmaceutics" in Drug Design Vol. 4
      Ed. E. J. Ariens, pub. Academic Presd, 1974).
PAR  It is known that pregnenolone hemiesters and their salts may be applied
      topically as a mixture for the treatment of alleviating allergic, pruritic
      and inflammatory skin conditions. See for example U.S. Pat. No. 3,197,367
      issued July 27, 1965 to Panzarella. Not only is this class of compounds
      completely different from the corticosteroids employed in the composition
      of this invention, but also a greater percentage of the active ingredients
      is required for therapeutic activity. It is also mentioned in U.S. Pat.
      No. 3,743,741 issued July 3, 1973 to Laurent et al. that mixtures of two
      9-chloro substituted prednisolones may be used as an ointment. No
      particular advantage of the mixture over either one alone at an equivalent
      concentration is discussed, however. The compounds of U.S. Pat. No.
      3,743,741 are entirely different than the compounds employed in this
      invention. Mixtures of 1-dehydrocortisone, 1-dehydrocortisol, and the
      corresponding 9.alpha.-chloro- or fluoro-derivatives are disclosed in U.S.
      Pat. No. 3,134,718 to Nobile. The compounds of the Nobile patent are
      entirely different than the compounds useful in the compositions of this
      invention and the combination of Nobile is not shown to have any
      particular advantage over a composition having an equivalent concentration
      of any of the drugs alone. Another mixture of steroids, fluocortolone and
      fluocortolone caproate, has been marketed by Schering Ag as Ultralan.
      These compounds and the ratios at which they are employed are entirely
      different than the mixture of this invention.
PAR  I have now discovered that a particular group of corticosteroids when
      applied as mixtures in a topical vehicle show an increased rate of
      penetration of the stratum corneum which is greater than any one of the
      corticosteroids alone at an equivalent concentration. Surprisingly, the
      total rate of corticosteroid penetration is substantially additive, a
      result heretofore not shown in the prior art for pharmaceutical solutions.
      The new composition of this invention, which is in essence a solution,
      exhibits a greater penetration rate than does a suspension system of
      similar composition. Thus, not only does the composition of this invention
      offer the advantage of greater activity, but also because it is in essence
      a solution of the drug in an acceptable pharmaceutical solvent, the
      composition is generally a more homogeneous mixture which is not plagued
      by crystallization problems as suspensions often are. It has also been
      found that the combination composition of this invention can be adjusted
      so that the total concentration of the individual drugs used is small
      enough to reduce the potential for side effects of any of the individual
      drugs used at a concentration equivalent to the total concentration of
      each corticosteroid used in the composition of this invention. This
      results, of course, in a safer drug composition.
PAC  SUMMARY OF THE INVENTION
PAR  In its broadest aspect this invention is a topical, antiinflammatory,
      pharmaceutical composition which comprises
PAR  a. a pharmaceutically acceptable solvent and
PAR  b. at least two corticosteroids, each dissolved in the solvent at a
      concentration equal to the saturation solubility for each corticosteroid,
      the corticosteroids being chosen from the group represented by the
      following formulas:
      ##SPC1##
PAL  wherein
PA0  in compound (A) R is
      ##EQU1##
      in compound (B) R is H, in compound (C) R is
      ##EQU2##
      in compound (D) R is
      ##EQU3##
      in compound (E) R is
      ##EQU4##
      in compound (F) R is
      ##EQU5##
      ##SPC2##
      in compound (G) R.sup.1 is F; X and X.sup.1 both Cl, Z is a double bond,
PA0  in compound (H) R.sup.1 is OH; X and X.sup.1 are both Cl, Z is a double
      bond,
PA0  in compound (I) R.sup.1 is OH; X is H and X.sup.1 is OH, Z is a single
      bond,
PA0  in compound (J) R.sup.1 is
      ##EQU6##
       X is H, and X.sup.1 is OH, Z is a double bond and compound (K) is
      ##SPC3##
PAR  Particularly effective as the solvent in the composition of this invention
      is a mixture of about 15% by weight or more of a glycol, preferably
      propylene glycol, and about 85% by weight or less water. Preferably the
      corticosteroid mixture comprises 3 compounds chosen from the group
      A,C,D,E, and F, more specifically compounds A,C and D. Other preferred
      aspects of the composition of this invention will be discussed
      hereinafter.
PAR  Another aspect of this invention is a process of treating inflammatory
      conditions which process comprises topically administering an effective
      amount of the composition of this invention.
PAR  Still another aspect of this invention is a process for preparing the
      composition of this invention which process comprises
PAR  dissolving at least two corticosteroids chosen from the group consisting of
      those represented by the formulas (A) through (K) discussed hereinafter so
      that each corticosteroid is dissolved at its saturation solubility
      concentration,
PAR  mixing the resulting solution with an effective amount of suitable
      pharmaceutical formulation additives to prepare a topical,
      anti-inflammatory, pharmaceutical composition which comprises about
      0.001%w to about 0.5%w of said corticosteroids.
DETD
PAC  PREFERRED EMBODIMENTS
PAR  The essence of the invention is utilizing a mixture of active ingredients,
      steroids, hereinafter defined, each of which has a chemical structure
      differing from the others but each having similar therapeutic
      (anti-inflammatory) activities, the steroids being present in solution at
      specific ratios relative to each other, the ratios being governed at least
      in part by the concentration of each steroid, which is equal to its
      saturation solubility in the solvents employed. The mixture is dissolved
      in a suitable pharmaceutical solvent which may be substantially anhydrous
      or may be mixed with water, depending on what type of formulation will be
      used for topical application, i.e. cream, ointment, lotion, gel, or the
      like. Generally the steroids are more soluble in anhydrous solvents such
      as a glycol than in a solvent/water mixture and the exact ratio of
      steroids will be affected by the presence of water, each steroid having
      its own independent solubility characteristics in each solvent system
      being employed. The ratios given for compounds found to be useful in this
      invention [(A) through (K), below] are set by arbitrarily giving compound
      (A) the value of 1.00 and relating the relative amounts of the other
      steroids present to compound (A). Each has then a ratio range relative to
      A and to each other steroid. By employing the steroids in a particular
      formulation at these ratios, not only is the maximum activity for each
      compound obtained but also the total activity is greater than any one of
      the compounds alone at an equivalent concentration.
PAR  The specific multisteroid composition of this invention offers certain
      advantages over comparable single steroid compositions known in the art.
      (1) The activity, as measured by the rate of total steroid penetration
      across the stratum corneum is greater for the composition of this
      invention than for a single steroid composition of equivalent
      concentration. (2) Because of (1) there appears an enhanced clinical
      response to the composition of this invention compared to a comparable
      known formulation having an equivalent concentration of one steroid alone.
      (3) Reduced doses of the individual steroids may be used due to superior
      total penetration. (4) The potential for side effects in the target
      species is reduced because of the lower total dose of drug required. (5)
      Further, because of flexibility in formulation, topical, anti-inflammatory
      compositions having low glycol solvent contents to reduce the chance of
      irritation in users who have an adverse reaction to glycols, such as
      propylene glycol.
PAR  Broadly, the topical, anti-inflammatory, pharmaceutical composition of this
      invention comprises
PAR  a. a pharmaceutically acceptable solvent and
PAR  b. at least two corticosteroids, each dissolved in the solvent at a
      concentration equal to the saturation solubility for each compound. The
      corticosteroids are chosen from the group represented by the formulas (A)
      through (K) presented hereinafter, the total concentration of
      corticosteroids dissolved being less than about 0.5% by weight of the
      final pharmaceutical composition and the corticosteroids being present in
      amounts relative to each other such that the activity, as measured by the
      total steroid penetration rate across a membrane, such as the stratum
      corneum, is greater for the mixture than for any of the corticosteroids
      alone at an equivalent total amount.
PAR  A pharmaceutically acceptable solvent is one which (i) is substantially
      non-toxic and non-irritating under the conditions used, (ii) will dissolve
      a sufficient amount of the drugs used to give the desired effect, and
      (iii) may be readily formulated into any of the classical drug
      formulations such as creams, ointments, lotions, or gels. Particularly
      suitable solvents include water, glycerin, propylene carbonate, and
      glycols such as a 1,2-propylene diol (i.e. propylene glycol),
      1,3-propylene diol or mixtures thereof; polyethylene glycol having
      molecular weight of from 100 to 800; dipropylene glycol; etc.; and
      mixtures of the aforementioned with each other. Preferably the
      pharmaceutically acceptable solvent will be a glycol, particularly
      propylene glycol (PG), either alone or admixed with water. A particularly
      preferred solvent comprises 15% by weight or more of a suitable glycol,
      preferably PG, and 85% by weight or less water.
PAR  The topical, anti-inflammatory pharmaceutical composition of this invention
      requires that at least two of the corticosteroid, compounds, and
      preferably no more than 5, be present in solution, the compounds being
      chosen from those represented by the following structures (A) through (K)
      in relative amounts shown adjacent the respective structures; each of the
      drugs being present at concentration in the pharmaceutically acceptable
      solvent equal to that drug's saturation solubility in the solvent.
      Preferably the solvent comprises at least 15% by weight (%w) propylene
      glycol or more and 85% w water or less. The compounds are represented by:
      ##SPC4##
PAL  wherein for
PA0  (A) R is
      ##EQU7##
       present at 1.00 relative part; (B) R is --H present at 22-33 relative
      parts;
PA0  (C) R is
      ##EQU8##
       present at 0.17- 0.48 relative part; (D) R is
      ##EQU9##
       present at 0.14- 0.38 relative part; (E) R is
      ##EQU10##
       present at 0.32-2.70 relative parts; and (F) R is
      ##EQU11##
       present at 0.13-0.98 relative part;
      ##SPC5##
PAL  wherein for
PA0  (G) Z is a double bond, R.sub.1 is F and X and X.sub.1 and Cl: present at
      0.02-0.25 relative part;
PA0  (H) Z is a double bond, R.sub.1 is OH and X and X.sub.1 are Cl: present at
      1.50-19.05 relative parts; and
PA0  (I) Z is a single bond; R.sub.1 is OH, X is H, X.sub.1 is OH: present at
      54.50-90.48 relative parts;
PA0  (J) Z is a double bond, R.sub.1 is
      ##EQU12##
       X is H, and X.sub.1 is OH present at 0.25-5.00 relative parts; (K) is
      ##SPC6##
PA0   present at 1.60-7.40 relative parts.
PAR  Following is the list of compounds A through K with their corresponding
      common names:
PA1  (A) Fluocinonide
PA1  (B) Fluocinolone acetonide
PA1  (C) Fluocinolone acetonide 21-propionate
PA1  (D) Fluocinolone acetonide 21-cyclopropyl carboxylate
PA1  (E) Fluocinolone acetonide 21-cyclobutyl carboxylate
PA1  (F) Fluocinolone acetonide 21-valerate
PA1  (G) 6.alpha., 21-difluoro-9.alpha., 11.beta.-dichloro-16.alpha.,
      17.alpha.-isopropylidenedioxy-1,4-pregnadiene-3, 20-dione
PA1  (H) Fluclorolone acetonide
PA1  (I) Flurandrenolide (6.alpha.-fluoro-16.alpha.-hydroxyprednisolone-16,
      17-acetonide)
PA1  (J) Flunisolide-21-acetate
PA1  (K) Flumethasone-21-acetate
PAR  Compounds A through F, I and J may be prepared by methods known in the art,
      particularly those disclosed in U.S. Pat. No. 3,126,375 to Ringold, et al.
      and U.S. Pat. No. 3,014,938 to Mills et al. Compound G may be prepared as
      disclosed in U.S. Pat. No. 3,409,613 to Fried; compound H by the methods
      disclosed in U.S. Pat. No. 3,201,391 to Bowers; and compound K by methods
      shown in J. Am. Chem. Soc. 81, 3156 (1959). As much of these patents or
      journals as is pertinent is incorporated herein by reference.
PAR  In designing the mixtures of this composition it is preferred that the
      mixture include those compounds from those represented by A through K
      which have about the same level of solubility. Thus in a formulation which
      is substantially anhydrous ("substantially anhydrous" meaning less than
      about 3%w water) employing a pharmaceutically acceptable solvent such as
      propylene glycol, the following mixtures and ratios are exemplary as
      effective ratios but are not to be construed as limiting:
TBL  compounds                                                                 

              A/C/D/E/F   1.00/.42/.38/2.71/.98                                

     compounds                                                                 

              D/E/F       .38/2.71/.98                                         

     compounds                                                                 

              B/I         32.10/54.50                                          

     compounds                                                                 

              F/H/K       .98/1.50/1.60                                        

     compounds                                                                 

              C/D/G/J     .42/.38/.25/.25                                      

     compounds                                                                 

              A/C/D       1.00/.42/.38                                         

     compounds                                                                 

              A/F/H/K     1.00/.98/1.50/1.60                                   

PAR  On the other hand in a formulation wherein the solvent is substantially
      water, i.e. about 96%w or more of water with 5%w or less PG the following
      mixtures and ratios are exemplary, but are not to be construed as
      limiting:
TBL  compounds                                                                 

              A/C/D/E     1.00/.31/.24/.56                                     

     compounds                                                                 

              F/G         .17/.02                                              

     compounds                                                                 

              B/H/I       33.30/19.05/90.48                                    

     compounds                                                                 

              H/K         19.05/7.4                                            

     compounds                                                                 

              B/I         33.3/90.48                                           

     compounds                                                                 

              C/D/E       .31/.24/.56                                          

     compounds                                                                 

              A/C/D       1.00/.31/.24                                         

PAR  In the formulation wherein the solvent is a mixture of about 60%w PG and
      40%w water, the following mixtures and ratios are exemplary, but again are
      not to be construed as limiting:
TBL  compounds                                                                 

              A/C/D/E/F   1.00/.47/.32/1.47/.39                                

     compounds                                                                 

              C/D/F       .47/.32/.39                                          

     compounds                                                                 

              A/E         1.00/1.47                                            

     compounds                                                                 

              A/C/D       1.00/.47/.32                                         

PAR  The enhanced penetration effects of these combinations may be seen over a
      wide range of concentrations as long as the drugs are kept at their
      saturation solubility. Relative to the solvent, the mixture of
      corticosteroids is dissolved at levels which depend on the particular
      solvent and may vary from about 1.0 microgram (mg)/milliliter (ml) of
      solvent to about 10 milligrams (mg)/milliliter of solvent to obtain the
      increased penetration rate. The mixture of corticosteroids is first
      dissolved in the solvent then formulated into a composition which may be
      applied topically as any suitable classical formulation as described in
      the United States Pharmacopoeia XVII, for example as a (1) cream, (2)
      ointment, (3) lotion, or (4) gel, the total corticosteroid concentration
      in the final formulation being a therapeutically effective amount which
      will generally be between about 0.001 and 0.5%w, preferably less than
      about 0.2%w but more than about 0.005%w.
PAR  It is important to realize that for this composition the corticosteroids
      are dissolved in the solvent and are at their saturation solubility
      concentrations, i.e, the maximum amount dissolved in the solvent at a
      given temperature. Although some of the corticosteroids may be present
      outside of solution, the presence of excess steroid in the pure form does
      not significantly enhance the rate of penetration of the composition. In
      some cases, particularly if the total drug concentration is low, it may be
      considered advisable for some excess, undissolved drug to be present in
      order to maintain maximum thermodynamic activity of each drug entity, i.e.
      to sustain the concentration of each drug at its saturation solubility
      concentration. However, even though there may be some drug present which
      is undissolved, the majority of each of the drugs present is in solution.
PAR  The group of corticosteroids which are eminently suitable for use in the
      composition of this invention are those which exhibit about the same level
      of solubility in the solvent employed. Such a group comprises a mixture of
      at least 2 of the compounds represented by the formulas A, C--H, J, and K.
PAR  Particularly valuable in this regard are mixtures of corticosteroids chosen
      from the fluocinolone acetonide esters represented by formulas A,C,D,E and
      F above.
PAR  Preferably, this invention is a topical, anti-inflammatory, pharmaceutical
      composition which comprises
PAR  a. a suitable pharmaceutical solvent, preferably about 1 to 99.9%w of a
      mixture of about 15%w or more propylene glycol and 85%w or less water,
PAR  b. suitable pharmaceutical formulation additives preferably about 0.1 to
      99%w; and
PAR  c. dissolved in the solvent, a mixture of at least 2 corticosteroids chosen
      from the group consisting of compounds represented by formulas A through K
      above, preferably formulas A,C,D,E and F, above, each steroid being
      present at the relative amounts set forth hereinbefore. The total
      concentration of the steroids in the pharmaceutical composition is 0.001
      and 0.5%w, preferably 0.005 and 0.20%w, and even more preferably between
      about 0.01 to about 0.015%w.
PAR  A discussion of representative formulations which utilizes the above
      solution of corticosteroids and suitable pharmaceutical formulation
      additives follows below. It is to be understood that in the following
      discussion "active ingredients" refers to the total amount of the mixture
      of at least two of compounds A through K present in the particular
      formulation. Preferably the mixture will contain no more than 5 compounds
      in solution at the ratios set forth above, and even more preferably will
      consist of 3 of the compounds, particularly 3 chosen from compounds
      A,C,D,E, and F.
PAR  1. Cream
PAR  The topical, anti-inflammatory corticosteroid mixture may be prepared and
      applied in a cream base, i.e. a semi-solid emulsion of oil in water or
      water in oil. By definition an emulsion is a two phase system with one
      liquid (e.g. fats or oils) being dispersed as small globules in the other
      substance (e.g. the glycol/water solvent phase employed as the primary
      solvent for the corticosteroid mixture). Typically the cream formulation
      may contain (other than the solution of corticosteroids) fatty alcohols,
      surfactants, mineral oil or petrolatum and other typical pharmaceutical
      adjuvants such as antioxidants, antiseptics, or compatible adjuvants.
PAR  The following cream base formulation is representative of the compositions
      of this invention:
TBL  Cream Base                                                                

                        Operative  Preferred                                   

     Ingredient         range(%w)  range(%w)                                   

     ______________________________________                                    

     Water/glycol mixture                                                      

                        55 - 99    75 - 95                                     

     (15% or more glycol)                                                      

     Fatty alcohol      1 - 20     5 - 10                                      

     Non-ionic Surfactant                                                      

                        0 - 10     0.1 - 5                                     

     Mineral oil        0 - 10     0 - 8                                       

     Typical pharmaceutical adjuvants                                          

                        0 - 5      0 - 2                                       

     *Active Ingredients                                                       

                        0.001 - 0.5                                            

                                   0.005 - 0.20                                

     ______________________________________                                    

PAR  In general the fatty alcohol ingredient in the cream composition can be any
      fatty alcohol having from 16 to 24 carbons or mixtures thereof and is
      preferably a saturated, monohydric primary alcohol. Suitable fatty
      alcohols include cetyl alcohol, stearyl alcohol, behenyl alcohol and the
      like. Vehicles having excellent properties are prepared using stearyl
      alcohol or mixtures of cetyl and stearyl alcohol as the fatty alcohol
      component.
PAR  The concentration of the fatty alcohol ingredients may vary between about 1
      to about 20 percent by weight(%w) of the final, formulated composition.
      Preferably the fatty alcohol will be present in amounts of about 5 to
      10%w.
PAR  The cream formulation useful to apply the steroid combination of this
      invention usually will also contain an effective amount of a surfactant.
      An effective amount is enough to assist in maintaining homogeneity of the
      vehicle and preventing exudation or bleeding of the more liquid components
      of the vehicle such as the glycol solvent upon prolonged storage at
      elevated temperatures. Thus, the vehicle contains a quantity of the
      surfactant sufficient to prohibit visible exudation of the more liquid
      components from the vehicle after storage at 45.degree. for 48 hours. In
      some instances the amount of surfactant required may be small. No more of
      the surfactant is used than is needed to prevent this exudation. Excess
      quantities are undesirable because other ingredients and their functions
      are needlessly diluted. If the surfactant concentration is not carefully
      balanced with the other components, stability of the medicant vehicle
      after one or more repeated cycles of solidification (by cooling) in
      liquification (by heating), that is the freeze/thaw ability is impaired.
      Thus, an effective amount of surfactant will be within the range of from 0
      to 10%w of the final, formulated composition, preferably about 0.1 to 5%w
      will be used.
PAR  The surfactant may be anionic, cationic, or nonionic, preferably nonionic.
      Suitable surfactants include saturated fatty acids having from 16 to 24
      carbons such as stearic acid, palmitic acid, and behenic acid; fatty
      amides such as oleamide, palmitamide, stearamide, and behenamide; and
      esters of fatty acids having from 16 to 24 carbons such as sorbitan
      monostearate, polyethylene glycol monostearate, propylene glycol
      monostearate, and the corresponding monoesters of other fatty acids such
      as oleic acids and palmitic acids. Best results are achieved particularly
      with the esters if the fatty group of the coupling agent and fatty alcohol
      is the same or approximately the same number of carbons. It is essential
      that the fatty acids be saturated and the fatty acids or amides by
      substantially free from irritating amounts of acids or amides having fewer
      than 16 carbons.
PAR  Particularly valuable as surfactants are the nonionic surfactants referred
      to as Span and Tween. The Span type materials are partial esters of common
      fatty acids (lauric, palmitic, stearic, and oleic) and hexitol anhydrides
      (hexitans and hexides), derived from sorbitol. The Tween Type materials
      are derived from the Span products by adding polyoxyethylene chains to the
      nonesterified hydroxyls. Particularly valuable are Span 60, Span 80, and
      Tween 60 (Available through Atlas Chemical Co.).
PAR  A further component of a typical oil/water emulsion cream base is an
      effective amount of mineral oil, also referred to as mineral petrolatum,
      i.e. about 0 to 10%w, preferably about 1 to 8%w.
PAR  The cream will also include a pharmaceutically acceptable glycol solvent
      such as discussed above. preferably this glycol solvent will be a
      propylene glycol (PG)/water mixture which is 15%w PG or more, even more
      preferably about 30% PG but no more than 60%w PG, the mixture being
      present at 55-99%w, preferably 70-95%w of the total cream base
      formulation. The glycol solvent and the fatty alcohol ingredients are the
      principal components in the preferred composition of the invention, the
      glycol solvent being the primary solvent for the corticosteroids used in
      the formulation although other adjuvants present such as the surfactants
      may also contribute significantly to the drug solubility. The fluidity of
      the composition increases with increased concentrations of the glycol
      solvent, while the fatty alcohol forms a protective, lubricant and
      occlusive film.
PAR  Other typical pharmaceutical adjuvants may be included as well; for
      example, antiseptics such as thimerosal, a pharmaceutically acceptable
      antioxidant such as citric acid; and other additives conventionally used
      to improve consistency, homogeneity, spreadability, texture, and
      appearance of the vehicle or it's residual film. The latter can be used to
      give a residual film varying degrees of continuity, flexibility, adhesion,
      occlusion, water repellancy, washability and the like. Examples of typical
      adjuvants include surfactants such as natural gums including agar, acacia
      gum, guar gum, tragacanth, and the like; cellulose derivatives including
      cellulose ethers such as methyl cellulose, ethyl cellulose, carboxymethyl
      cellulose, and the like; starch and starch derivatives, and water soluble
      vinyl polymers such as polyvinylpyrrolidone, polyvinyl alcohol,
      vinylpyrrolidonevinyl alcohol copolymers, and the like. Nonessential
      ingredients may be present at levels that vary from 0 to 5%w, but
      preferably less than about 1% will be present.
PAR  2. Ointment
PAR  The topical, anti-inflammatory corticosteroid mixtures of this invention
      may also be applied as an ointment, preferably a classical ointment.
      Generally, a "classical" ointment is a semi-solid anhydrous composition
      which may contain mineral oil, white petrolatum, a suitable solvent such
      as the glycol solvents recited hereinbefore (including propylene
      carbonate), and other pharmaceutically acceptable additives such as
      surfactants, e.g. Span, Tween, or wool fat (lanolin), stabilizers such as
      antioxidants (e.g. citric acid), and other adjuvants as mentioned above.
      Following is a preferred, classical ointment base formulation suitable for
      applying the topical anti-inflammatory corticosteroid mixture of this
      invention:
TBL  Classical Ointment Base                                                   

                      Operable    Preferred                                    

     Ingredient       range(%w)   range(%w)                                    

     ______________________________________                                    

     White petrolatum 45 - 94     75 - 90%                                     

     Mineral oil      5 - 20      5 - 10%                                      

     Glycol solvent   1 - 15      2 - 8%                                       

     Surfactant       0 - 10      0.5 - 5%                                     

     Stabilizer       0 - 10      0.1 - 2%                                     

     Active Ingredients                                                        

                      0.001 - 0.5 0.005 - 0.2                                  

     ______________________________________                                    

PAR  Other suitable ointment base formulations which contain propylene carbonate
      are described in a co-pending U.S. patent applications Ser. No. 85,246,
      filed Oct. 29, 1970 by Shastri et al. entitled "Propylene Carbonate
      Ointment Vehicle" and Ser. No. 201,997, filed Nov. 24, 1971 by Chang et
      al. entitled "Fatty Alcohol-Propylene Carbonate-Glycol Solvent Cream
      Vehicle." As much of those applications as is pertinent is incorporated
      herein by reference. Following is an ointment base formulation containing
      propylene carbonate found to be particularly effective for the
      compositions of this invention:
TBL  Propylene Carbonate Ointment Base                                         

                      Operable    Preferred                                    

     Ingredient       range(%w)   range(%w)                                    

     ______________________________________                                    

     Active Ingredients                                                        

                      0.001 - 0.5 0.005 - 0.2                                  

     Propylene Carbonate                                                       

                      1 - 10      1 - 4                                        

     Solvent          1 - 10      2 - 6                                        

     Surfactant       1 - 10      1 - 5                                        

     White Petrolatum 70 - 97     85 - 96                                      

     ______________________________________                                    

PAR  The surfactant may be any suitable surfactant discussed hereinbefore while
      the solvent is preferably a compatible glycol solvent as discussed
      previously.
PAR  A suitable "non-classical" anhydrous, water washable "ointment type" base
      is described in U.S. Pat. No. 3,592,930 to Katz and Neiman, and as much of
      that disclosure as is pertinent is incorporated herein by reference. A
      composition of this invention utilizing such a base is as follows:
TBL  Water-Soluble Ointment Base                                               

                      Operable    Preferred                                    

     Ingredient       range(%w)   range(%w)                                    

     ______________________________________                                    

     Glycol solvent   45 - 85     55 - 80                                      

     Fatty alcohol    15 - 45     20 - 35                                      

     Compatible plasticizer                                                    

                      0 - 15      2 - 10                                       

     Compatible coupling                                                       

     Agent            0 - 15      1 - 5                                        

     Penetrant        0 - 20      0 - 10                                       

     Active Ingredients                                                        

                      0.001 - 0.5 0.005 - 0.20                                 

     ______________________________________                                    

PAR  The fatty alcohols which are suitable have been previously disclosed above
      in this specification and in U.S. 3,592,930. As much of those disclosures
      as is pertinent is incorporated herein by reference. Effective amounts are
      set forth in the table immediately above.
PAR  The glycol solvent has been described hereinbefore and is preferably
      propylene glycol alone.
PAR  The composition can also contain an effective amount of a compatible
      plasticizer such as polyethylene glycol having a molecular weight of from
      above 800 to 20,000, 1,2,6-hexanetriol, sorbitol, glycerol, and the like.
      The plasticizer maintains homogeneity in the fatty alcohol-glycol solvent
      mixture at ambient temperatures, that is, temperatures at which the fatty
      alcohol is naturally a solid. This component also improves the plasticity
      and uniformity of medicant mixtures with the vehicle and provides to the
      vehicle smoothness and a more pleasing "feel," hence the vehicle
      containing the plasticizer is more aesthetically acceptable.
PAR  The term "compatible" is defined herein to indicate a component which will
      not cause separation (loss of homogeneity) of the other components, that
      is, the fatty alcohol and glycol solvent at temperatures up to
      45.degree.C.
PAR  The plasticizer concentration can be within the range of from 0 to 15
      percent. Concentrations above 15 percent may provide a composition which
      has a consistency unsuitable for normal applications or cause instability
      of the vehicle mixture and some separation of the components. In general,
      the particular plasticizer concentration necessary to provide a desired
      consistency, degree of smoothness and plasticity will vary with the choice
      of the fatty alcohol component, the choice of glycol solvent, and the
      ratio of these components in the vehicle.
PAR  The particular concentration of plasticizer which will provide the most
      stable composition will depend upon the choice and concentration of the
      other ingredients. Preferably, the plasticizer concentration should be
      balanced so the vehicle has freeze-thaw stability, i.e., does not separate
      after repeated cycles of solidification (by cooling) and liquefaction (by
      heating).
PAR  The vehicle of this invention can also contain a compatible,
      pharmaceutically acceptable coupling agent, the term compatible having the
      above-defined meaning. Suitable coupling agents include saturated fatty
      acids, fatty amides, and fatty acid esters discussed hereinbefore under
      suitable surfactants for creams.
PAR  The penetrants increase the penetration and therapeutic activity of the
      medicants and are usually solvents or cosolvents for the medicants. The
      penetrants can be used in concentrations which are pharmaceutically
      acceptable for the intended use not to exceed 20 percent of the weight of
      the vehicle. Representative examples of penetrants include
      dimethylsulfoxide, dimethylacetanide, dimethylformamide, and the like.
PAR  It should be understood that the medicant vehicles of this invention can
      also contain non-essential ingredients as discussed hereinbefore under the
      section entitled creams.
PAR  The vehicle base of U.S. Pat. No. 3,592,930 does not contain any
      significant quantity of petrolatum or mineral oil. It is therefore not a
      classical ointment and is not water-insoluble. It is preferably anhydrous,
      but can contain minor amounts of water such as up to 3 percent water. The
      water concentration should not be sufficient to cause separation of the
      other vehicle components or precipitant medicants dissolved in the
      vehicle.
PAR  The vehicles of this invention can be made from the above ingredients by
      thoroughly mixing them at ambient or elevated temperatures. Preferably,
      the active ingredients are first dissolved in the glycol solvent, the
      components are thoroughly mixed while each is in a liquid state, and the
      mixture is cooled with good agitation to room temperature. Good agitation
      is provided until the mixture cools to room temperature.
PAR  If desired, additional mechanical agitation and/or shock cooling steps can
      be used as intermediate or final steps in the manufacturing process to
      impart more homogeneity or improve texture. Processing equipment suitable
      for these steps is known and includes heat exchangers, propeller mixers,
      colloid mills, homogenizers, roller mills, and the like.
PAR  3. Lotion
PAR  The corticosteroid mixtures of this invention may also be applied as a
      lotion which is a liquid suspension or dispersion of the active ingredient
      in water. Generally, along with a glycol/water mixture the lotion will
      also employ surfactants and fatty acid esters such as those set forth
      above in the discussion of a cream formulation, along with stabilizers
      such as an antioxidant and other adjuvants to improve the aesthetics of
      the lotion.
PAR  A particularly suitable glycol/water solvent mixture will be about 15 to
      60%w glycol, preferably the glycol is propylene glycol present at a level
      of no more than 45%w of the mixture. The remainder of the glycol/water
      mixture will be water, i.e. 40 to 85%w and preferably at least 55%w will
      be water. A typical formulation of an acceptable lotion base which is
      usable in the application of the steroid mixtures of this invention is
      given as follows:
TBL  Lotion Base                                                               

                      Operative   Preferred                                    

     Ingredient       range(%w)   range(%w)                                    

     ______________________________________                                    

     Glycol/water solvent                                                      

                      69.5 - 99.8 94.8 - 99.0                                  

     Surfactant       0.10 - 10   0.5 - 2.0                                    

     Fatty esters     0.10 - 10   0.5 - 2.0                                    

     Stabilizer       0 - 10      0.001 - 1                                    

     Active ingredients                                                        

                      0.001 - 0.5 0.005 - 0.20                                 

     ______________________________________                                    

PAR  4. Gel
PAR  The corticosteroid mixtures of this invention may also be applied topically
      as a gel, that is, a solution of the drug in a colloidal gel. Typical
      gelling agents used to prepare pharmaceutically acceptable gels include
      bentonite, cellulose derivatives such as methyl cellulose and
      carboxymethyl cellulose, tragacanth, gelatin and, preferably,
      carboxypolymethylene, e.g. CARBOPOL. The glycol/water mixture is
      preferably propylene glycol/water with about 20%w glycol to about 90%w
      glycol, and is even more preferably at least about 60%w glycol. The
      following is a representative formulation of the gel formulations of this
      invention:
TBL  Gel Base                                                                  

                      Operable    Preferred                                    

     Ingredient       range(%w)   range(%w)                                    

     ______________________________________                                    

     Glycol/water mixture                                                      

                      90 - 99.9   98 - 99.50                                   

     Gelling Agent    0.1 - 10    0.5 - 2.0                                    

     Active ingredients                                                        

                      0.001 - 0.50                                             

                                  0.010 - 0.20                                 

     ______________________________________                                    

PAR  The cream, ointment, lotion, and gel formulations discussed above may be
      modified to include a therapeutically effective amount of an antibiotic
      such s penicillin, tetracycline, oxytetracycline, neomycin, gramicidin,
      chlorotetracycline, erythromycin, and other antibiotics known in the art,
      or mixtures thereof. An effective amount is whatever amount is needed to
      effectively reduce bacterial or fungal infections which may accompany an
      inflamed condition which is being treated using the corticosteroid mixture
      of this invention. This generally is about 0.1 to 1.0%w of the final
      formulation, preferably about 0.2 to about 0.5%w.
PAR  Thus, it may be seen that another aspect of this invention is an improved
      process of treating an inflammatory condition in animals, particularly
      human beings, which process comprises administering a therapeutically
      effective amount of an appropriate composition of this invention as
      described hereinbefore and those set forth in the composition claims.
PAR  Still another aspect of this invention comprises a process for preparing
      the unique compositions of this invention. This process comprises
PAR  a. dissolving at least two corticosteroids chosen from the group
      represented by formulas (A) through (K) in a suitable pharmaceutical
      solvent so that each corticosteroid is present in solution at the
      saturation solubility for each corticosteroid and
PAR  b. mixing said solution from (a) with an effective amount of suitable
      pharmaceutical formulation additives to form a topical pharmaceutical
      formulation which comprises about 0.001 to about 0.5%w of said
      corticosteroids.
PAR  An effective amount of suitable formulation additives is whatever amount is
      needed to form the type of formulation desired such as a cream, ointment,
      lotion, gel, and the like. This amount may vary from about 0.1 to about
      99%w of the final formulation, while the solvent may vary from about 1%w
      of the formulation to about 99.9%w of the final formulation.
PAR  Generally, the corticosteroids will be dissolved in the solvent at elevated
      temperatures, e.g. 40.degree.C to 90.degree.C, then the formulation
      additives are mixed together at elevated temperatures such as 40.degree.C
      to 90.degree.C. After these individual components are prepared, they are
      then comixed thoroughly at elevated temperatures, again about 40.degree.C
      to 90.degree.C and cooled to ambient temperatures with constant agitation.
PAR  The following Examples are presented to further show specific,
      representative pharmaceutical formulations which are part of this
      invention and to distinguish the multisteroid compositions of this
      invention over those single-steroid compositions known in the art. The
      formulations are presented showing the % weight of each of the components,
      including the compounds. The relative amounts of each compound with
      reference to compound A as 1.00 are not given in the examples, but each
      compound is present in relative amounts as set forth hereinbefore. The
      examples are presented as illustrative only and are not to be construed in
      a limiting manner.
PAC  EXAMPLE 1:
PAC  Gel Formulations
PAR  An experiment was run to determine the in vitro skin penetration of gel
      composition of this invention which is representative of the gel base
      formulation discussed hereinbefore. The composition of this invention
      included compounds A,C, and D at 0.012, 0.0056 and 0.0045%w, respectively,
      making a total steroid concentration of 0.0221%w. The penetration of the
      mixture was compared to the same total concentration, that is, 0.0221%w of
      each of the individual components. The results show that at all sampling
      times the mixture gave a greater total drug penetration than did any of
      the individual components alone. The results are presented in Table 1.
TBL  ______________________________________                                    

     The following formulations were prepared                                  

     I     (Composition of the Invention)                                      

            compound A        0.012    %w                                      

            compound C        0.0056                                           

            compound D        0.0045                                           

            CARBOPOL          0.50                                             

            70%w PG/30%w water qs. ad.                                         

                              100.00                                           

     II    (Prior Art Composition)                                             

            compound A        0.0221   %w                                      

            CARBOPOL          0.50                                             

            70%w PG/30%w H.sub.2 O qs. ad.                                     

                              100.00                                           

     III   (Prior Art Composition)                                             

            compound C        0.0221   %w                                      

            CARBOPOL          0.50                                             

            70% PG/30% H.sub.2 O qs. ad.                                       

                              100.00                                           

     IV    (Prior Art Composition)                                             

            compound D        0.0221   %w                                      

            CARBOPOL          0.50                                             

            70% PG/30% H.sub.2 O qs. ad.                                       

                              100.00                                           

     ______________________________________                                    

PAR  The in vitro penetration of each of the compositions I-IV through whole
      thickness human skin was determined by the method described by Coldman, et
      al, J. Pharm. Sci., 58, 1098 (1969). The results are set forth in TABLE I
      and shown clearly that the total penetration of a composition of this
      invention (mixture I) is greater than any of the prior art compositions at
      equivalent concentrations.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     In Vitro Skin Penetration                                                 

     Composition                                                               

                Total Penetration (ng) at hours                                

                65.5                                                           

                    113.5                                                      

                         161.5                                                 

                              233.5                                            

                                   268 318.1                                   

                                            370                                

     __________________________________________________________________________

     I   (Invention)                                                           

                48.3                                                           

                    236  749  1931 2411                                        

                                       2912 3465                               

     II  (Art)  40.2                                                           

                    134  401  939  1156                                        

                                       1357 1700                               

     III (Art)  24.6                                                           

                    115  293  629   766                                        

                                        911 1056                               

     IV  (Art)  11.4                                                           

                     52.6                                                      

                         207  608   758                                        

                                        913 1054                               

     __________________________________________________________________________

PAR  Similar results may be obtained employing the following representative gel
      compositions of this invention.
TBL  ______________________________________                                    

     Composition V                                                             

            compound A        .00565   %w                                      

            compound C        .00264                                           

            compound D        .0017                                            

            CARBOPOL          0.50                                             

            60%w PG/40%w Water qs. ad.                                         

                              100.00                                           

     Composition VI                                                            

            compound A        0.0290   %w                                      

            compound C        0.0134                                           

            compound D        0.0108                                           

            CARBOPOL          0.50                                             

            80%w PG/20%w Water qs. ad.                                         

                              100.00                                           

     Composition VII                                                           

            compound C        0.0134   %w                                      

            compound D        0.0108                                           

            compound F        0.018                                            

            CARBOPOL          0.50                                             

            80%w PG/20%w Water qs. ad.                                         

                              100.00                                           

     ______________________________________                                    

PAR  Other mixtures of corticosteroids A through K, particularly A, C, D, E and
      F, may be prepared with similar results.
PAC  EXAMPLE 2
PAC  Cream Base Formulations
PAR  A particularly valuable cream base formulation representative of those
      discussed hereinbefore is given as follows:
TBL  Cream Base A                                                              

     ______________________________________                                    

     Stearyl Alcohol      15.0      g.                                         

     Span 60              2.0       g.                                         

     Tween 60             2.0       g.                                         

     Mineral Oil          3.0       g.                                         

     Citric Acid          0.01      g.                                         

     PG/Water             77.99     g.                                         

     ______________________________________                                    

PAR  The proportion of water in the PG/water mixture may be varied from about
      85%w or more to less than 10%w, but preferably will be about 80 to about
      40%w water (thus the PG/water mixture will be about 15 to 90%w PG,
      preferably about 20 to 60%w PG).
TBL  ______________________________________                                    

     Composition X                                                             

     compound A           3.52      mg.                                        

     compound C           2.11      mg.                                        

     compound E           6.64      mg.                                        

     cream base A (with PG/water                                               

     mixture 60%w PG/40%w                                                      

     water) qs. ad.       100.00    g.                                         

     Composition XI                                                            

     compound A           .288      mg.                                        

     compound C           .048      mg.                                        

     compound D           .041      mg.                                        

     compound E           .091      mg.                                        

     compound F           .037      mg.                                        

     cream base A (with PG/water                                               

     mixture 20%w PG/80%w                                                      

     water) qs. ad.       100.00    g.                                         

     Composition XII                                                           

     compound A           3.52      mg.                                        

     compound C           2.11      mg.                                        

     compound D           1.42      mg.                                        

     compound E           6.64      mg.                                        

     compound F           1.80      mg.                                        

     cream base A (with PG/water                                               

     mixture 60%w PG/40%w                                                      

     water) qs. ad.       100.00    g.                                         

     ______________________________________                                    

PAR  Compositions VIII through XII will show a greater penetration rate than any
      of the corticosteroids alone in the same cream base A at an equivalent
      concentration. Other representative cream formulations may be prepared
      using compounds A through K. The procedure for preparing the
      representative cream base composition of this invention is as follows:
PAR  1. The desired amount of the active ingredients (about 0.001 to 0.5% of the
      total formulated composition) is dissolved in the PG/water solution and
      heated to 65.degree.-70.degree.C.
PAR  2. The stearyl alcohol, Span 60, Tween 60, Mineral oil and citric acid are
      combined and heated to 65.degree.-70.degree.C.
PAR  3. The aqueous phase (1) is added to the oil phase (2) with moderate
      stirring and the resulting formulation cooled to 30.degree.-35.degree.C.
PAR  The following representative formulations are preferable cream formulations
      of this invention and are prepared as described above:
TBL  Composition VIII                                                          

     compound A           .288      mg.                                        

     compound C           .048      mg.                                        

     compound E           .091      mg.                                        

     cream base A (with PG/water                                               

     mixture 20%w PG/80%w                                                      

     water) qs. ad.       100.00    g.                                         

     Composition IX                                                            

     compound A           .800      mg.                                        

     compound E           .360      mg.                                        

     compound F           .472      mg.                                        

     cream base A (with PG/water                                               

     mixture 40%w PG/60%w                                                      

     water qs. ad.        100.00    g.                                         

     ______________________________________                                    

PAC  EXAMPLE 3
PAC  Water-washable Ointment Base Formulation
PAR  A particularly valuable representative anhydrous, water-washable ointment
      base formulation follows:
TBL  Ointment Base A                                                           

     ______________________________________                                    

     Cetyl alcohol        1.75      g.                                         

     Stearyl alcohol      19.25     g.                                         

     PEG 6000             5.00      g.                                         

     PG                   74.00     g.                                         

     ______________________________________                                    

PAR  The procedure for preparing a composition of this invention is as follows:
PAR  1. The desired amount of each of the corticosteroids is dissolved in the PG
      at about 80.degree.-85.degree.C.
PAR  2. The cetyl alcohol, stearyl alcohol and PEG 6000 are mixed thoroughly at
      80.degree.-85.degree.C.
PAR  3. The PG solution (1) is added to the fatty alcohol/PEG mixture and mixed
      at 90.degree.-95.degree.C for 30 minutes, then cooled slowly to room
      temperature with good agitation.
PAR  The following representative compositions of this invention are prepared as
      described above:
TBL  Composition XIII                                                          

     ______________________________________                                    

     compound C           48.1      mg.                                        

     compound D           39.0      mg.                                        

     compound F           101.0     mg.                                        

     Ointment base A (qs. ad.)                                                 

                          100.00    g.                                         

     Composition XIV                                                           

     compound A           103.0     mg.                                        

     compound C           48.1      mg.                                        

     compound D           39.0      mg.                                        

     Ointment base A (qs. ad.)                                                 

                          100.00    g.                                         

     ______________________________________                                    

PAR  Compositions XIII - XIV will show a greater penetration rate than any of
      the corticosteroids alone in the same ointment base at an equivalent
      concentration. Other mixtures of compounds A through K, particularly
      A,C,D,E, or F may similarly be prepared.
PAC  EXAMPLE 4
PAC  Cream Base Formulation
PAR  A particularly valuable cream formulation is set forth below: composition
      XV
TBL  Composition XV                                                            

     ______________________________________                                    

     compound A           0.0082    g.                                         

     compound C           0.0039                                               

     compound D           0.0029                                               

     Cetyl Alcohol        4.00                                                 

     Stearyl Alcohol      4.00                                                 

     Tween 60             2.00                                                 

     Span 60              2.00                                                 

     Mineral Oil (MO 15)  5.75                                                 

     Propylene Glycol     30.00                                                

     Purified Water (qs. ad.)                                                  

                          100.00                                               

     ______________________________________                                    

PAL  Procedure
PA0  1. dissolve drugs in propylene glycol with moderate heating
      (40.degree.-50.degree.C). Heat to 70.degree.-75.degree.C.
PA0  2. combine cetyl alcohol, stearyl alcohol, tween 60, span 60, and mineral
      oil and heat to 70.degree.-75.degree.C.
PA0  3. add aqueous phase (1) to oil phase (2) with stirring on Lightnin mixer
      to form an emulsion and cool to 30.degree.-35.degree.C in water bath with
      stirring.
PAR  Compositions similar to composition XV may be prepared using mixtures of 2
      to 5, especially 3, of the corticosteroids represented by formulas A
      through K, particularly those represented by formulas A,C,D,E and F.
      Improved penetration rates will be seen along with enhanced therapeutic
      response.
PAC  EXAMPLE 5
PAC  Classical Ointment Base Formulations
PAR  Representative of a classical ointment base formulation follows:
TBL  Composition XVI                                                           

     ______________________________________                                    

     compound A           .0112     %w                                         

     compound C           .0042                                                

     compound F           .0110                                                

     Mineral Oil          8.00                                                 

     Propylene glycol     8.00                                                 

     Tween 60             2.00                                                 

     Span 60              2.00                                                 

     White Petrolatum qs. ad.                                                  

                          100.00                                               

     ______________________________________                                    

PAL  Procedure
PA0  1. dissolve drugs in PG at 40.degree.-50.degree.C
PA0  2. combine Mineral oil, Tween, Span and White petrolatum and heat to about
      50.degree.C.
PA0  3. combine 1 with 2 with stirring on a "Lightnin" mixer and cool slowly to
      room temperature.
PAR  Similarly, other ointment based formulations may be prepared using mixtures
      of 2 to 5, preferably 3, compounds A through K, especially 3 member
      combinations of A,C,D,E, and F.
PAC  EXAMPLE 6
PAC  CREAM FORMULATION WITH ANTIBIOTICS
PAR  The formulations of Examples 1 through 5 may be modified to include a
      therapeutically effective amount of an antibiotic such as penicillin,
      tetracycline, oxytetracycline, neomycin gramicidin, chlorotetracycline,
      erythromycin, and other antibiotics known in the art. Particularly
      valuable in this regard are the following cream base formulations which
      are prepared in a manner similar to Example 4.
TBL  ______________________________________                                    

     Composition XVII                                                          

     compound A           0.0082       g.                                      

     compound C           0.0039                                               

     compound D           0.0029                                               

     Neomycin base (as sulfate)                                                

                          0.3500                                               

     Cetyl Alcohol        4.0000                                               

     Stearyl Alcohol      4.0000                                               

     Tween 60             2.0000                                               

     Span 60              2.0000                                               

     Mineral Oil (MO15)   5.7500                                               

     Propylene glycol     30.0000                                              

     Purified water qs. ad.                                                    

                          100.0000     g.                                      

     Composition XVIII                                                         

     compound A           0.0082       g.                                      

     compound C           0.0039                                               

     compound D           0.0029                                               

     Neomycin base (as sulfate)                                                

                          0.2875                                               

     Gramicidin           0.0275                                               

     Mystatin             12.times.10.sup.6 I.U.                               

     Cetyl Alcohol        4.0000                                               

     Stearyl Alcohol      4.0000                                               

     Tween 60             2.0000                                               

     Span 60              2.0000                                               

     Mineral Oil          5.7500                                               

     Propylene glycol     30.0000                                              

     Purified Water qs. ad.                                                    

                          100.0000     g.                                      

     ______________________________________                                    

PAR  Compositions similar to compositions XVII and XVIII may be prepared using
      mixtures of 2 to 5, especially 3, of the corticosteroids represented by
      formulas A through K, particularly formulas A,C,D,E, and F.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A topical, anti-inflammatory, pharmaceutical composition which comprises
PA1  a. a pharmaceutically acceptable solvent and
PA1  b. at least two corticosteroids, each dissolved in said solvent at a
      concentration equal to the saturation solubility for each corticosteroid,
      said corticosteroids being chosen from the group represented by the
      following formulas:
      ##SPC7##
PAL  wherein
PA0  in compound (A) R is
      ##EQU13##
      in compound (B) R is H, in compound (C) R is
      ##EQU14##
      in compound (D) R is
      ##EQU15##
      in compound (E) R is
      ##EQU16##
      in compound (F) R is
      ##EQU17##
      ##SPC8##
PA0  in compound (G) R.sup.1 is F; X and X.sup.1 both Cl, Z is a double bond;
PA0  in compound (H) R.sup.1 is OH; X and X.sup.1 are both Cl, Z is a double
      bond;
PA0  in compound (I) R.sup.1 is OH; X is H and X.sup.1 is OH, Z is a single
      bond;
PA0  in compound (J) R.sup.1 is
      ##EQU18##
       X is H, and X.sup.1 is OH, Z is a double bond; and compound (K) is
      ##SPC9##
NUM  2.
PAR  2. The composition of claim 1 wherein said solvent comprises a mixture of
      15%w or more of a glycol and 85%w or less water.
NUM  3.
PAR  3. The composition of claim 2 wherein said glycol is propylene glycol.
NUM  4.
PAR  4. The composition of claim 3 wherein said corticosteroids are chosen from
      the group consisting of compounds A,C,D,E, and F.
NUM  5.
PAR  5. The composition of claim 4 which comprises a mixture of three of said
      corticosteroids.
NUM  6.
PAR  6. A topical, anti-inflammatory, pharmaceutical composition which comprises
PA1  a. a pharmaceutically acceptable solvent;
PA1  b. suitable pharmaceutical formulation additives;
PA1  c. at least two corticosteroids, each dissolved in said solvent at a
      concentration equal to the saturation solubility for each corticosteroid,
      said corticosteroids being chosen from the group consisting of those
      represented by the following formulas,
      ##SPC10##
PAL  wherein
PA0  in compound (A) R is
      ##EQU19##
      in compound (B) R is H in compound (C) R is
      ##EQU20##
      in compound (D) R is
      ##EQU21##
      in compound (E) R is
      ##EQU22##
      in compound (F) R is
      ##EQU23##
      ##SPC11##
PA0  in compound (G) R.sup.1 is F; X and X.sup.1 are both Cl; Z is a double bond
PA0  in compound (H) R.sup.1 is OH; X and X.sup.1 are both Cl; Z is a double
      bond
PA0  in compound (I) R.sup.1 is OH; X is H; and X.sup.1 is OH; Z is a single
      bond
PA0  in compound (J) R.sup.1 is
      ##EQU24##
       X is H; and X.sup.1 is OH; Z is double bond and compound (K) is
      ##SPC12##
PAL  said corticosteroids being present at a total concentration of about 0.001%
      by weight to about 0.5% by weight.
NUM  7.
PAR  7. The composition of claim 6 wherein said corticosteroids are present in
      the relative amounts shown in the following list:
PA1  compound A present at 1.00 relative part
PA1  compound B present at 22 - 33 relative parts
PA1  compound C present at 0.17 - 0.48 relative part
PA1  compound D present at 0.14 - 0.38 relative part
PA1  compound E present at 0.32 - 2.70 relative parts
PA1  compound F present at 0.13 - 0.98 relative part
PA1  compound G present at 0.020 - 0.25 relative part
PA1  compound H present at 1.50 - 19.05 relative parts
PA1  compound I present at 54.50 - 90.48 relative parts
PA1  compound J present at 0.25 - 5.00 relative parts
PA1  compound K present at 1.60 - 7.40 relative parts
NUM  8.
PAR  8. The composition of claim 6 wherein said solvent is a mixture comprising
      about 15% by weight glycol or more and 85% by weight or less water.
NUM  9.
PAR  9. The composition of claim 8 wherein said glycol is propylene glycol.
NUM  10.
PAR  10. The composition of claim 9 wherein said group consists of
      corticosteroids represented by formulas A,C,D,E,F,G,H,J and K.
NUM  11.
PAR  11. The composition of claim 10 wherein said group consists of
      corticosteroids represented by formulas A,C,D,E and F.
NUM  12.
PAR  12. The composition of claim 11 wherein 3 corticosteroids are present in
      said composition.
NUM  13.
PAR  13. The composition of claim 8 which comprises
PA1  a. about 1.0 to 99.9% by weight of said pharmaceutically acceptable
      solvent, wherein said glycol is propylene glycol;
PA1  b. about 0.1 to 99% by weight suitable pharmaceutical additives, and
PA1  c. about 0.005 to about 0.20% by weight of said corticosteroid mixture.
NUM  14.
PAR  14. The composition of claim 6 which is a cream formulation comprising
PA1  a. about 55 to 99% by weight a solvent comprising (i) 15% by weight or more
      of a glycol and (ii) 85% by weight or less water;
PA1  b. about 1 to 20% by weight fatty alcohol;
PA1  c. about 0 to 10% by weight non-ionic surfactant;
PA1  d. about 0 to 10% by weight mineral oil;
PA1  e. about 0 to 5% by weight other typical pharmaceutical adjuvants; and
PA1  f. about 0.001 to 0.5% by weight of a mixture of from 2 to 5 of said
      corticosteroids.
NUM  15.
PAR  15. The composition of claim 14 which comprises
PA1  a. about 75 to 95% by weight of a solvent comprising (i) about 15 to 60% by
      weight propylene glycol and (ii) about 40 to 85% by weight water;
PA1  b. about 5 to 10% by weight fatty alcohol;
PA1  c. about 0.1 to 5% by weight non-ionic surfactant;
PA1  d. about 0 to 8% by weight mineral oil;
PA1  e. about 0 to 2% by weight other typical pharmaceutical adjuvants; and
PA1  f. about 0.005 to 0.20% by weight of a mixture of from 2 to 5
      corticosteroids chosen from the group represented by formulas A, C, D, E
      and F.
NUM  16.
PAR  16. The composition of claim 15 wherein said mixture of corticosteroids
      comprises A, C and D.
NUM  17.
PAR  17. The composition of claim 15 which includes an effective amount of an
      antibiotic.
NUM  18.
PAR  18. The composition of claim 6 which is an ointment formulation comprising
PA1  a. about 45 to 94% by weight white petrolatum;
PA1  b. about 5 to 20% by weight mineral oil;
PA1  c. about 1 to 15% by weight pharmaceutically acceptable solvent;
PA1  d. about 0 to 10% by weight pharmaceutically acceptable surfactant;
PA1  e. about 0 to 10% by weight stabilizer;
PA1  f. about 0.001 to 0.5% by weight of a mixture of from 2 to 5 of said
      corticosteroids.
NUM  19.
PAR  19. The composition of claim 18 which comprises
PA1  a. about 75 to 90% by weight white petrolatum;
PA1  b. about 5 to 10% by weight mineral oil;
PA1  c. about 2 to 8% by weight propylene glycol;
PA1  d. about 0.5 to 5% by weight surfactant;
PA1  e. about 0.1 to 2% by weight stabilizer
PA1  f. about 0.005 to 0.2% by weight of a mixture of from 2 to 5
      corticosteroids chosen from the group consisting of those represented by
      formulas A, C, D, E and F.
NUM  20.
PAR  20. The composition of claim 19 wherein said mixture of corticosteroids
      comprises those represented by formulas A, C and D.
NUM  21.
PAR  21. The composition of claim 18 which includes an effective amount of an
      antibiotic.
NUM  22.
PAR  22. The composition of claim 6 which is a gel formulation comprising
PA1  a. about 90 to 99.9% by weight of a suitable solvent comprising about 15 to
      90% by weight of a pharmaceutically acceptable glycol and about 10% to 85%
      by weight water;
PA1  b. about 0.1 to 10% by weight of a suitable gelling agent; and
PA1  c. about 0.001 to 0.5% by weight of a mixture of from 2 to 5 of said
      corticosteroids.
NUM  23.
PAR  23. The composition of claim 20 which comprises
PA1  a. about 0.5 to 2.0% by weight of carboxypolymethylene;
PA1  b. about 98 to 99.50% by weight of a solvent wherein said glycol is
      propylene glycol; and
PA1  c. about 0.005 to 0.2% by weight of a mixture of from 2 to 5
      corticosteroids chosen from the group consisting of those represented by
      formulas A, C, D, E and F.
NUM  24.
PAR  24. A topical, anti-inflammatory, pharmaceutical cream composition which
      comprises
PA1  0.0082 % by weight fluocinonide;
PA1  0.0039 % by weight fluocinolone acetonide-21-propionate;
PA1  0.0029 % by weight fluocinolone acetonide-21-cyclopropyl carboxylate;
PA1  4.00 % by weight Cetyl alcohol;
PA1  4.00 % by weight Stearyl alcohol;
PA1  2.00 % by weight Tween 60;
PA1  2.00 % by weight Span 60;
PA1  5.75 % by weight mineral oil;
PA1  30.00 % by weight propylene glycol; and
PA1  enough water to bring the total to 100.00.
NUM  25.
PAR  25. The cream composition of claim 24 which comprises in addition 0.3500 %
      by weight neomycin base (as sulfate).
NUM  26.
PAR  26. The cream composition of claim 24 which comprises in addition 0.2875 %
      by weight neomycin base (as sulfate), 0.0275 % by weight gramicidin, and
      12.times.10.sup.6 International Units mystatin.
NUM  27.
PAR  27. A topical, anti-inflammatory pharmaceutical gel composition which
      comprises
PA1  0.012 % by weight fluocinonide
PA1  0.0056 % by weight fluocinolone acetonide 21-propionate;
PA1  0.0045 % by weight fluocinolone acetonide 21-cyclopropyl carboxylate,
PA1  0.50 % by weight CARBOPOL; and
PA1  enough solvent to bring the total to 100.00, said solvent comprising about
      70 per cent by weight propylene glycol and 30 per cent by weight water.
NUM  28.
PAR  28. A topical, anti-inflammatory, pharmaceutical ointment composition which
      comprises
PA1  0.0112 % by weight fluocinonide;
PA1  0.0042 % by weight fluocinolone acetonide-21-acetate;
PA1  0.0110 % by weight fluocinolone acetonide-21-cyclopropyl carboxylate;
PA1  8.00 % by weight mineral oil;
PA1  8.00 % by weight propylene glycol;
PA1  2.00 % by weight Tween 60;
PA1  2.00 % by weight Span 60; and
PA1  enough white petrolatum to bring the total to 100.00.
NUM  29.
PAR  29. A process which comprises
PA1  dissolving at least two corticosteroids chosen from the group of
      corticosteroids represented by the formulas (A) through (K) as shown below
      in a suitable pharmaceutical solvent so that each corticosteroid is
      present in solution at its saturation solubility
      ##SPC13##
PAL  wherein
PA0  in compound (A), R is
      ##EQU25##
      In compound (B), R is H, in compound (C), R is
      ##EQU26##
      in compound (D), R is
      ##EQU27##
      in compound (E), R is
      ##EQU28##
      in compound (F), R is
      ##EQU29##
      ##SPC14##
PA0  in compound (G), R.sup.1 is F; X and X.sup.1 both Cl, Z is a double bond;
PA0  in compound (H), R.sup.1 is OH; X and X.sup.1 are both Cl, Z is a double
      bond
PA0  in compound (I), R.sup.1 is OH; X is H and X.sup.1 is OH, Z is a single
      bond;
PA0  in compound (J), R.sup.1 is
      ##EQU30##
       X is H, and X.sup.1 is OH, Z is a double bond; and compound (K) is
      ##SPC15##
PAL  and
PA1  mixing said resulting solution with an effective amount of suitable
      pharmaceutical formulation additives to form a topical, anti-inflammatory,
      pharmaceutical composition which comprises about 0.001% by weight to about
      0.5% by weight of said corticosteroids.
NUM  30.
PAR  30. The process of claim 29 wherein said solvent is a mixture comprising
      about 15% by weight glycol or more and 85% by weight or less water.
NUM  31.
PAR  31. The process of claim 30 wherein said glycol is propylene glycol.
NUM  32.
PAR  32. The process of claim 31 wherein said group consists of corticosteroids
      represented by formulas A,C,D,E,F,G,H, J and K.
NUM  33.
PAR  33. The process of claim 32 wherein said group consists of corticosteroids
      represented by formulas A,C,D,E and F.
NUM  34.
PAR  34. The process of claim 33 wherein 3 corticosteroids are present in said
      composition.
NUM  35.
PAR  35. The process of claim 29 wherein said solvent is a mixture of about 15%
      by weight or more propylene glycol and 85% by weight or less water and the
      resulting topical, anti-inflammatory, pharmaceutical composition comprises
PA1  a. about 1.0 to 99.9% by weight of said pharmaceutically acceptable
      solvent,
PA1  b. about 0.1 to 99% by weight suitable pharmaceutical additives, and
PA1  c. about 0.005 to about 0.20% by weight of said corticosteroid mixture.
NUM  36.
PAR  36. The process of claim 29 wherein said pharmaceutical composition is a
      cream formulation which comprises
PA1  a. about 55 to 99% by weight solvent comprising
PA2  i. 15% by weight or more of a glycol and
PA2  ii. 85% by weight or less water, and
PA1  b. suitable pharmaceutical additives comprising
PA2  i. about 1 to 20% by weight fatty alcohol;
PA2  ii. about 0 to 10% by weight non-ionic surfactant;
PA2  iii. about 0 to 10% by weight mineral oil;
PA2  iv. about 0 to 5% by weight typical pharmaceutical adjuvants.
NUM  37.
PAR  37. The process of claim 29 wherein said pharmaceutical composition is an
      ointment formulation which comprises
PA1  a. about 1 to 15% by weight of said pharmaceutically suitable solvent which
      is a glycol;
PA1  b. suitable pharmaceutical additives comprising
PA2  i. about 45 to 94% by weight white petrolatum;
PA2  ii. about 5 to 20% by weight mineral oil;
PA2  iii. about 0 to 10% by weight pharmaceutically acceptable surfactant; and
PA2  iv. about 0 to 10% by weight stabilizer.
NUM  38.
PAR  38. The process of claim 29 wherein said pharmaceutical composition is a
      gel formulation comprising
PA1  a. about 90 to 99.9% by weight of a suitable solvent comprising about 15 to
      90% by weight of a pharmaceutically acceptable glycol and about 10% to 85%
      by water;
PA1  b. about 0.1 to 10% by weight of a suitable pharmaceutical formulation
      additive which is a gelling agent; and
PA1  c. about 0.001 to 0.5% by weight of a mixture of from 2 to 5 of said
      corticosteroids.
NUM  39.
PAR  39. A process of treating inflammatory conditions which comprises topically
      administering an effective amount of a composition which comprises
PA1  a. a pharmaceutically acceptable solvent;
PA1  b. suitable pharmaceutical formulation additives;
PA1  c. at least two corticosteroids, each dissolved in said solvent at a
      concentration equal to the saturation solubility for each corticosteroid,
      said corticosteroids being chosen from the group consisting of those
      represented by the following formulas
      ##SPC16##
PAL  wherein
PA0  in compound (A) R is
      ##EQU31##
      in compound (B) R is H in compound (C) R is
      ##EQU32##
      in compound (D) R is
      ##EQU33##
      in compound (E) R is
      ##EQU34##
      in compound (F) R is
      ##EQU35##
      ##SPC17##
PA0  in compound (G) R.sup.1 is F, X.sup.1 are both Cl, Z is a double bond;
PA0  in compound (H) R.sup.1 is OH, X and X.sup.1 are both Cl, Z is a double
      bond;
PA0  in compound (I) R.sup.1 is OH, X is H; and X.sup.1 is OH, Z is a single
      bond;
PA0  in compound (J) R.sup.1 is
      ##EQU36##
       X is H, X.sup.1 is OH, Z is a double bond; and compound (K) is
      ##SPC18##
PAL  said corticosteroids being present at a total concentration of about 0.001%
      by weight to about 0.5% by weight.
NUM  40.
PAR  40. The process of claim 39 wherein said solvent is a mixture comprising
      about 15% by weight glycol or more and 85% by weight or less water.
NUM  41.
PAR  41. The process of claim 40 wherein said glycol is propylene glycol.
NUM  42.
PAR  42. The process of claim 41 wherein said group consists of corticosteroids
      represented by formulas A, C, D, E, F, G, H, J and K.
NUM  43.
PAR  43. The process of claim 42 wherein said group consists of corticosteroids
      represented by formulas A, C, D, E and F.
NUM  44.
PAR  44. The process of claim 43 wherein 3 corticosteroids are present in said
      composition.
NUM  45.
PAR  45. The process of claim 39 wherein said solvent is a mixture of about 15%
      by weight or more propylene glycol and 85% by weight or less water and the
      resulting topical, anti-inflammatory, pharmaceutical composition comprises
PA1  a. about 1.0 to 99.9% by weight of said pharmaceutically acceptable
      solvent,
PA1  b. about 0.1 to 99% by weight suitable pharmaceutical additives, and
PA1  c. about 0.005 to about 0.20% by weight of said corticosteroid mixture.
NUM  46.
PAR  46. The process of claim 39 wherein said composition is a cream formulation
      which comprises
PA1  a. about 55 to 99% by weight solvent comprising
PA2  i. 15% by weight or more of a glycol and
PA2  ii. 85% by weight or less water, and
PA1  b. suitable pharmaceutical additives comprising
PA2  i. about 1 to 20% by weight fatty alcohol;
PA2  ii. about 0 to 10% by weight non-ionic surfactant;
PA2  iii. about 0 to 10% by weight mineral oil;
PA2  iv. about 0 to 5% by weight typical pharmaceutical adjuvants.
NUM  47.
PAR  47. The process of claim 39 wherein said pharmaceutical composition is an
      ointment formulation which comprises
PA1  a. about 1 to 15% by weight of said pharmaceutically suitable solvent which
      is a glycol;
PA1  b. suitable pharmaceutical additives comprising
PA2  i. about 45 to 94% by weight white petrolatum;
PA2  ii. about 5 to 20% by weight mineral oil;
PA2  iii. about 0 to 10% by weight pharmaceutically acceptable surfactant; and
PA2  iv. about 0 to 10% by weight stabilizer.
NUM  48.
PAR  48. The process of claim 29 wherein said pharmaceutical composition is a
      gel formulation comprising
PA1  a. about 90 to 99.9% by weight of a suitable solvent comprising about 15 to
      90% by weight of a pharmaceutically acceptable glycol and about 10% to 85%
      by water;
PA1  b. about 0.1 to 10% by weight of a suitable pharmaceutical formulation
      additive which is a gelling agent; and
PA1  c. about 0.001 to 0.5% by weight of a mixture of from 2 to 5 of said
      corticosteroids.
NUM  49.
PAR  49. The composition of claim 6 which comprises
PA1  a. about 1 to 10% by weight of a suitable pharmaceutical solvent;
PA1  b. about 1 to 10% by weight propylene carbonate;
PA1  c. about 1 to 10% by weight of a suitable pharmaceutical surfactant;
PA1  d. about 70 to 97% by weight white petrolatum; and
PA1  e. about 0.001 to 0.5% by weight of said corticosteroids.
NUM  50.
PAR  50. The composition of claim 49 which comprises
PA1  a. about 2 to 6% by weight of a glycol solvent;
PA1  b. about 1 to 4% by weight propylene carbonate;
PA1  c. about 1 to 5% by weight of said surfactant;
PA1  d. about 85 to 95% by weight white petrolatum; and
PA1  e. about 0.005 to 0.2% by weight of a mixture of from 2 to 5
      corticosteroids chosen from the group consisting of those represented by
      formulas A, C, D, E, and F.
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ABST
PAL  N-methyl-imidazole derivatives of the formula:
      ##EQU1##
      or a pharmaceutically acceptable non-toxic salt thereof, wherein X is an
      unsubstituted or substituted 6-membered heteroaromatic moiety having two
      nitro heteroatoms,
PA1  Y is an unsubstituted or substituted aliphatic moiety, an unsubstituted or
      substituted cycloaliphatic moiety, an unsubstituted or substituted aralkyl
      moiety or an unsubstituted or substituted aryl moiety, and
PA1  Z is an unsubstituted or substituted aliphatic moiety, an unsubstituted or
      substituted cycloaliphatic moiety, an unsubstituted or substituted aralkyl
      moiety, an unsubstituted or substituted aryl moiety, an unsubstituted or
      substituted pyridyl moiety or an alkoxycarbonyl moiety,
PAL  Are useful as antimycotic agents.
PARN
PAR  This is a division of application Ser. No. 310,423 filed Nov. 29, 1972.
BSUM
PAR  The present invention is concerned with N-methyl-imidazole derivatives and
      their production as well as with pharmaceutical compositions, wherein said
      N-methyl-imidazole derivatives are the active ingredient and with methods
      of treating mycotic infections which comprises administering the
      N-methyl-imidazole derivatives of the present invention.
PAR  More particularly, the present invention is concerned with
      N-methyl-imidazole derivatives which are substituted at the methyl carbon
      atom by a 6-membered heterocyclic moiety having two ring nitrogen atoms.
      These compounds are particularly useful for their antimycotic and
      fungitoxic activity.
PAR  Some derivatives of 6-membered heterocyclic compounds, which contain two
      nitrogen atoms in the nucleus, are known. U.S. Pat. No. 2,839,446
      describes pyrimidies which carry a trichloromethylsulphonyl group in the
      2-position as being leaf fungicides. Netherlands Patent Specification
      6,806,106 describes 5-substituted pyrimidines carrying a disubstituted or
      trisubstituted methyl group as the substituent, it being possible for one
      of the substituents on this methyl group to be a hydroxyl, amino or
      phenylamino group. The pyrimidyl-diaryl-carbinols, in particular,
      represent valuable systematic plant fungicides. These previously known
      compounds are however all exclusively active against plantpathogenic fungi
      and bacteria.
PAR  N-trityl-imidazole and substituted N-trityl-imidazoles are referred to in
      U.S. Pat. No. 3,321,366 as being useful against plant fungi.
PAR  The compounds of the present invention may be represented by the formula:
      ##EQU2##
      wherein X is an unsubstituted or substituted 6-membered heteroaromatic
      moiety having two nitro heteroatoms,
PA1  Y is an unsubstituted or substituted aliphatic moiety, an unsubstituted or
      substituted cycloaliphatic moiety, an unsubstituted or substituted aralkyl
      moiety or an unsubstituted or substituted aryl moiety, and
PA1  Z is an unsubstituted or substituted aliphatic moiety, an unsubstituted or
      substituted cycloaliphatic moiety, an unsubstituted or substituted aralkyl
      moiety, an unsubstituted or substituted aryl moiety, an unsubstituted or
      substituted pyridyl moiety or an alkoxycarbonyl moiety,
PAL  And include pharmaceutically acceptable non-toxic salts thereof.
PAR  Among the heteroaromatic moieties for X are those of the formula:
      ##SPC1##
PAL  which are bonded to the central carbon atom of formula (I) via a carbon
      atom in the ring and can either by unsubstituted or may be substituted by
      1 to 3, and preferably 1 or 2 substituents which can either be the same or
      different. Suitable substituents include halogen, particularly fluorine,
      chlorine and bromine, and especially chlorine, alkyl of 1 to 4 carbon
      atoms, and preferably 1 or 2 carbon atoms, alkoxy of 1 to 4 carbon atoms,
      and preferably 1 or 2 carbon atoms or phenyl. Among the above alkyl and
      alkoxy substituents are methyl, ethyl, n-propyl, isopropyl, n-butyl,
      isobutyl, tert. butyl, particularly methyl and ethyl, and methoxy, ethoxy,
      n-propoxy, isopropoxy, n-butoxy, isobutoxy and tert. butoxy, especially
      methoxy and ethoxy. If X is a pyridazine ring, it is preferably bonded in
      the 4-position to the central carbon atom. If R is a pyrimidine ring, it
      is preferred that it be bonded in the 2- or 5-position to the central
      carbon atom.
PAR  When Y and/or Z are unsubstituted or substituted aliphatic moieties, it is
      preferred that such aliphatic moieties by straight or branched chain alkyl
      of 1 to 6 carbon atoms, and especially 1 to 4 carbon atoms, particularly
      methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl and tert. butyl,
      particularly methyl and tert. butyl. When such aliphatic moieties are
      substituted, it is preferred that there be one or more substituents, and
      preferably one or two substituents. Suitable substituents are alkyl of 1
      to 4 carbon atoms, and preferably 1 or 2 carbon atoms, alkoxy of 1 to 4
      carbon atoms, and preferably 1 or 2 carbon atoms, thioalkyl of 1 to 4
      carbon atoms, and preferably 1 or 2 carbon atoms, trifluoromethyl,
      halogen, especially fluorine, chlorine or bromine, nitro and cyano.
      Particular alkyl, alkoxy and thioalkyl moieties include methyl, ethyl,
      methoxy, ethoxy, methylmercapto, i.e. thiomethyl and ethylmercapto, i.e.
      thioethyl.
PAR  When X and/or Z are unsubstituted or substituted cycloaliphatic moieties,
      it is preferred that these have 3 to 8 carbon atoms, and especially 3 to 6
      carbon atoms. Cyclopropyl and cyclohexyl are preferred moieties. When the
      cycloaliphatic moieties are substituted, it is preferred that there are
      one or more substituents and preferably one or two substituents. Suitable
      substituents include alkyl of 1 to 4 carbon atoms, preferably 1 or 2
      carbon atoms, alkoxy of 1 to 4 carbon atoms, preferably 1 or 2 carbon
      atoms, thioalkyl of 1 to 4 carbon atoms, preferably 1 or 2 carbon atoms,
      trifluoromethyl, halogen, especially fluorine, chlorine or bromine, nitro
      and cyano. Among the alkyl, alkoxy and thialkyl moieties are methyl,
      ethyl, methoxy, ethoxy, methylmercapto and ethylmercapto.
PAR  When Y and/or Z are unsubstituted or substituted aralkyl moieties, it is
      preferred that these have 6 to 12 carbon atoms, and especially 6 carbon
      atoms in the aryl portion, and 1 to 4 carbon atoms, and especially 1 or 2
      carbon atoms in the alkyl portion. Benzyl and p-chlorobenzyl are among the
      preferred substituents. When the aralkyl moiety is substituted, there can
      be one or more substituents, preferably one or two. Substituents include
      alkyl of 1 to 4 carbon atoms, preferably 1 or 2 carbon atoms, alkoxy of 1
      to 4 carbon atoms, preferably 1 or 2 carbon atoms, thioalkyl of 1 to 4
      carbon atoms, preferably 1 or 2 carbon atoms, trifluoromethyl, halogen,
      especially fluorine, chlorine or bromine, nitro and cyano. Among the
      alkyl, alkoxy and thialkyl moieties are methyl, ethyl, methoxy, ethoxy,
      methylmercapto and ethylmercapto.
PAR  When Y and/or Z are unsubstituted or substituted aryl moieties, it is
      preferred that these have 6 to 10 carbon atoms, and especially 6 carbon
      atoms. When the aryl moiety is substituted, there can be one or more
      substituents, preferably 1 or 2. Substituents include alkyl of 1 to 4
      carbon atoms, preferably 1 or 2 carbon atoms, alkoxy of 1 to 4 carbon
      atoms, preferably 1 or 2 carbon atoms, thioalkyl of 1 to 4 carbon atoms,
      preferably 1 or 2 carbon atoms, trifluoromethyl, halogen, especially
      fluorine, chlorine or bromine, nitro and cyano. Among the alkyl, alkoxy,
      and thioalkyl moieties are methyl, ethyl, methoxy, ethoxy, methylmercapto
      and ethylmercapto.
PAR  The preferred aryl moieties are phenyl, p-fluorophenyl, o-chlorophenyl,
      o-methylphenyl, o-isopropylphenyl, p-methoxyphenyl,
      m-trifluoromethylphenyl, m-nitrophenyl and naphthyl.
PAR  When Z is an unsubstituted or substituted pyridyl moiety, the pyridyl
      moiety is bonded in the 2-, 3- or 4-position to the central carbon atom.
      When the pyridyl moiety is substituted, it can contain one or more
      substituents, and preferably 1 or 2 substituents. Suitable substituents
      include alkyl of 1 to 4 carbon atoms, preferably 1 or 2 carbon atoms,
      alkoxy of 1 to 4 carbon atoms, preferably 1 or 2 carbon atoms, thioalkyl
      of 1 to 4 carbon atoms, preferably 1 or 2 carbon atoms, trifluoromethyl,
      halogen, especially fluorine, chlorine and bromine, nitro and cyano. Among
      the alkyl, alkoxy and thioalkyl moieties are methyl, ethyl, methoxy,
      ethoxy, methylmercapto and ethylmercapto. When Z is pyridyl, it is
      preferred that the pyridyl moiety be unsubstituted.
PAR  When Z is alkoxycarbonyl, it is preferred that there be 1 to 4 carbon
      atoms, and especially 1 or 2 carbon atoms, in the alkyl moiety.
      Methoxycarbonyl and ethoxycarbonyl are preferred.
PAR  Preferred salts of the compounds of the present invention are those which
      are formed with pharmaceutically acceptable non-toxic acids, i.e. those
      which are physiologically well tolerated. Examples of such acids are the
      hydrogen halide acids, such as for example hydrobromic acid and
      hydrochloric acid, phosphoric acids, sulphonic acids, monocarboxylic and
      dicarboxylic acids and hydroxycarboxylic acids. As examples of organic
      acids, acetic acid, tartaric acid, lactic acid, malic acid, citric acid,
      salicylic acid, sorbic acid and ascorbic acid may be mentioned.
PAR  Particularly preferred compounds are those of the formula (I) in which
PAR  X is a 6-membered heteroaromatic ring of the formula:
      ##SPC2##
PA1  Y is phenyl or p-fluorophenyl, and
PA1  Z is phenyl
PAL  and pharmaceutically acceptable non-toxic salts thereof.
PAR  The compounds of the present invention can be produced according to several
      processes. According to one process, the compounds of the present
      invention are produced if
PAR  a. a compound of the formula
      ##EQU3##
      wherein X, Y and Z are as above defined, and
PA1  Hal is Cl or Br,
PAL  is reacted with imidazole, optionally in the presence of an acid acceptor
      or in the presence of an excess of imidazole in a polar organic solvent at
      temperatures between about 20.degree. and about 150.degree. C, and the
      salt is optionally manufactured, or
PAR  b. a carbinol of the formula:
      ##EQU4##
      wherein X, Y and Z are as above defined,
PAL  is reacted with thionyldiimidazole of formula
      ##SPC3##
PAL  in an aprotic solvent, and the salt is optionally manufactured.
PAR  The starting compounds required for the manufacture of the new compounds
      (I) are known or are obtainable according to known processes.
PAR  The compounds (II) can be manufactured in various ways. For example, it is
      possible to start from a carbinol (III) and to react this with a
      halogenating agent, such as for example thionyl chloride, thionyl bromide,
      phosphoryl chloride, phosphoryl bromide, acetyl chloride or acetyl
      bromide, in solvents, such as for example ether, methylene chloride,
      benzene or toluene. It may at times also be appropriate to carry out the
      halogenation in a polar solvent and to follow this directly by the
      reaction with imidazole, without intermediate isolation of the halide
      formed. As polar organic solvents, acetonitrile nitromethane,
      dimethylformamide or hexamethylphosphoric acid triamide may for example be
      mentioned.
PAR  A further process for the manufacture of compounds of the formula (II), in
      which Hal is chlorine and X and Y are as above defined, comprises reacting
      a ketone of the formula:
      ##EQU5##
      in which X and Y are as above defined,
PAL  firstly with PCl.sub.5 to give a dichloride of the formula:
      ##EQU6##
      wherein X and Y are as above defined. This dichloride is subsequently
      reacted with an optionally substituted aromatic compound, in the presence
      of at least one equivalent of aluminium chloride, to give the chloride
      (II).
PAR  An excess of the aromatic compound, or some other solvent suitable for this
      reaction, such as for example carbon disulphide, can be used as the
      solvent in this Friedel-Crafts reaction.
PAR  A further process for the manufacture of the halides (II) consists of
      reacting a methane derivative of the formula
      ##EQU7##
      in which X, Y and Z have the abovementioned meaning,
PAL  with a halogenating agent which operates by a radical mechanism, such as
      for example N-chlorophthalimide or N-bromosuccinimide, in an inert organic
      solvent, such as for example carbon tetrachloride.
PAR  The starting substances required for the processes indicated are known or
      can be manufactured analogously to known processes. For example,
      2-diphenylmethylpyrazine is obtained according to a method described by
      Behun et al., J. Org. Chem. 26, 3379 (1961). Further pyrazylcarbinols have
      been described by Hirschberg, J. Heterocyclic Chem. 2, 209 (1965).
      Further, pyrazine derivatives which can be used as starting substances of
      general formulae (II), (III) and (VII), in which X represents a pyrazine
      radical, for the manufacture of compounds of formula (I), in which X is a
      pyrazine radical, are described in Netherlands Patent Specification
      105,432 and in German Displayed Specification 1,913,726.
PAR  Pyrimidine compounds of the formula (II), (III) and (VII), in which X is
      pyrimidine, used as starting substances, are also known or can be
      manufactured according to processes which are in themselves known. Several
      processes are for example given in Chem. Ber. 93, 230 (1960) and in
      Netherlands Patent Application 6,806,106.
PAR  Pyridazine compounds of the formula (II), (III) and (VII), in which X is
      pyridazine, can also be obtained in an analogous manner to that described
      in the abovementioned publications.
PAR  In process variant (a) the starting compound (II), the imidazole and the
      acid acceptor are employed in about molar amounts. If an excess of
      imidazole is added as the acid acceptor, about 2 mols of imidazole must be
      used for this reaction. The reaction temperature is about 20.degree. to
      about 150.degree.C, preferably about 60.degree. to about 100.degree.C.
PAR  As solvents in process (a), polar organic solvents, such as for example
      lower alkylnitriles, such as for example acetonitrile, dimethylformamide,
      dimethylsulphoxide, lower alkylketones, such as for example diethyl
      ketone, and hexamethyl phosphoric acid triamide can be used.
PAR  Inorganic and organic bases can serve as acid acceptors. As inorganic
      bases, the alkali carbonates and alkaline earth carbonates, especially
      potassium carbonate and calcium carbonate, may for example be used. As
      organic bases, lower alkylamines, such as for example triethylamine, as
      well as hetero-aromatic bases, such as for example pyridine and lutidine
      may for example be used.
PAR  In process variant b), the reactants (III) and (IV) are employed in about
      molar amounts. Preferably, however, about 1 to about 2 mols of
      thionyldiimidazole (IV) are employed per 1 mol of carbinol (III). The
      reaction temperature is about 0 to about 100.degree.C, preferably about
      20.degree. to about 50.degree.C.
PAR  The reaction (b) is generally carried out in inert organic solvents, such
      as for example lower alkylnitriles, such as for example acetonitrile,
      ethers, such as for example tetrahydrofurane and diisopropyl ether,
      dimethylformamide or chlorinated hydrocarbons, such as for example
      chloroform.
PAR  If 2-isopropyl-phenyl-2-pyrazyl-carbinol is used as the starting material,
      the course of the reaction according to process a) can be represented by
      the following equation:
      ##SPC4##
PAR  The course of the reaction of process (b) can be represented by the
      following equation for the example of the reaction of
      tert.-butyl-phenyo-5-pyrimidyl-carbinol with thionyldiimidazole:
      ##SPC5##
DETD
PAR  The following non-limitative examples more particular illustrate the
      present invention.
PAC  EXAMPLE 1
PAC  Diphenyl-pyrimid-5-yl-imidazol-1-yl-methane
PAR  26.2 g (0.1 mole) of diphenyl-pyrimid-5-yl-carbinol, melting point
      161.degree.C, are treated with a solution of 0.15 mol of
      thionyldiimidazole in 200 ml of dry acetonitrile and the mixture is heated
      to the boil for 10 minutes. Thereafter it is cooled, diluted with ice
      water and filtered. The residue is washed with water. 23.6 g (76% of
      theory) of a white, finely crystalline substance of formula
      ##SPC6##
PAL  of melting point 209.degree.C are obtained.
PAR  Analysis: C.sub.20 H.sub.16 N.sub.4 (312.36) Calculated: C 76.9%; H 5.2%; N
      17.9%; Found: C 77.3%; H 5.6%; N 18.0%
PAR  The thionyldiimidazole used for the reaction is obtainable as follows.
PAR  40.8 g (0.6 mol) of imidazole dried over P.sub.2 O.sub.5 are suspended in
      150 ml of acetonitrile distilled over P.sub.2 O.sub.5 and treated, at
      0.degree.C, with 17.7 g (0.15 mol) of freshly distilled thionyl chloride.
      The imidazole hydrochloride which has precipitated is rapidly filtered off
      and rinsed with 50 ml of acetonitrile. The filtrate is immediately used
      for the reaction.
PAC  EXAMPLE 2
PAC  Diphenyl-pyrazyl-imidazol-1-yl-methane
PAR  26.2 g (0.1 mol) of diphenyl-pyrazyl-carbinol, melting point 111.degree.C,
      are treated with a solution of 0.15 mol of thionyldiimidazole in 200 ml of
      dry acetonitrile and the mixture is heated under reflux for one hour.
      Thereafter it is concentrated and the oily-crystalline residue is washed
      with water. 7.2 g of a light brown crude product are obtained, which after
      recrystallisation from ether/acetone yield 8.8 g (28% of theory) of a
      compound of the formula
      ##SPC7##
PAL  in the form of white crystals of melting point 198.degree.C.
PAR  Analysis: C.sub.20 H.sub.16 N.sub.4 (312.36); Calculated: C 76.9%; H 5.2%;
      N 17.9%; Found: C 76.9%; H 5.5%; N 18.0%.
PAC  EXAMPLE 3
PAC  4-Fluorophenyl-phenyl-pyrazyl-imidazol-1-yl-methane
PAR  28.0 g (0.1 mol) of 4-fluorophenyl-phenyl-pyrazylcarbinol together with a
      solution of 0.15 mol of thionyldiimidazole in 200 ml of acetonitrile are
      heated to the boil for one hour. Thereafter the mixture is filtered and
      concentrated, the residue is taken up in methylene chloride and the
      solution is repeatedly extracted by shaking with water. The methylene
      chloride phase is dried and concentrated. A brown oil is obtained, which
      is taken up in acetonitrile. After treating the solution with active
      charcoal and filtering, dry hydrogen chloride is passed in until
      saturation is reached, and the precipitated product is filtered off and
      rinsed with acetonitrile and ether. 12.7 g (35% of theory) of the compound
      of formula
      ##SPC8##
PAL  are obtained in the form of a yellow, hygroscopic powder of melting point
      86.degree.C (decomposition).
PAR  Analysis: C.sub.20 H.sub.15 FN.sub.4 . HCl (366.81); Calculated: N 15.3%;
      Cl 9.7%; Found: N 14.8%; Cl 9.9%
PAC  EXAMPLE 4
PAC  Diphenyl-4,5,6-trichloropyrimid-2-yl-imidazol-1-yl-methane
PAR  34.0 g (0.1 mol) of diphenyl-4,5,6-trichloropyrimid-2-yl-chloromethane in
      250 ml of absolute acetonitrile are stirred with 13.6 g (0.2 mol) of
      imidazole for 3 hours at room temperature and thereafter heated to the
      boil for 15 minutes. The mixture is then concentrated and the dark brown
      residue is washed with water and taken up in methylene chloride. After
      drying with sodium sulphate, treating with active charcoal and filtering,
      the solution is concentrated. The residue is extracted by boiling with
      petroleum ether, and the mixture is filtered and again concentrated.
      Finally, the material is recrystallised from a little acetonitrile. 17.0 g
      (40% of theory) of the compound of formula
      ##SPC9##
PAL  are obtained in the form of orange-coloured crystals of melting point
      142.degree. - 146.degree. C.
PAC  EXAMPLE 5
PAR  Diphenyl-pyrimid-2-yl-imidazol-1-yl-methane
PAR  26.2 g (0.1 mol) of diphenyl-pyrymid-2-yl-carbinol are dissolved in 100 ml
      of absolute acetonitrile and treated with a solution of 0.15 mol of
      thionyldiimidazole in 200 ml of acetonitrile. The mixture is stirred for
      one hour at room temperature and subsequently heated to the boil for 10
      minutes. It is then concentrated to about half its volume and diluted with
      ice water. The yellow oil which has precipitated is washed with water,
      taken up in methylene chloride and the solution dried. After
      concentration, a viscous residue remains which slowly crystallises. 16.0 g
      (41% of theory) of the compound of formula
      ##SPC10##
PAL  are thus obtained, having a melting point of 138.degree. - 143.degree. C.
PAR  The following compounds, wherein X, Y and Z of the below set forth formula
      are as indicated, are produced in a manner analogous to that of the
      preceding examples from the reactants set forth in the table which
      follows:
      ##SPC11##
      ##SPC12##
      ##SPC13##
TBL                                    Table                                   

     __________________________________________________________________________

     Example                                                                   

          process a)           process b)                                      

          (see pages 7-8)      (see pages 7-8)                                 

     No.  reactants:           reactants:                                      

          + A                                                                  

          A                    B                                               

     __________________________________________________________________________

          Z                    Z                                               

          .vertline.                                                           

                    (meaning of X,Y,Z                                          

                               .vertline.                                      

      6   Y--C--Cl  for each example                                           

                               Y--C--OH                                        

          .vertline.                                                           

                    see pages 17-19)                                           

                               .vertline.                                      

          X                    X                                               

      7     "                  "                                               

      8     "                  "                                               

      9     "                  "                                               

     10     "                  "                                               

     11     "                  "                                               

     12     "                  "                                               

          Z                                                                    

          .vertline.                                                           

     13   Y--C--Br             "                                               

          .vertline.                                                           

          X                                                                    

     14     "                  "                                               

     15     "                  "                                               

     16     "                  "                                               

     17     "                  "                                               

     18     "                  "                                               

     19     "                  "                                               

     20     "                  "                                               

          Z                                                                    

          .vertline.                                                           

     21   Y--C--Cl             "                                               

          .vertline.                                                           

          X                                                                    

     22     "                  "                                               

     23     "                  "                                               

     24     "                  "                                               

     25     "                  "                                               

     26     "                  "                                               

     27     "                  "                                               

     __________________________________________________________________________

PAR  As already mentioned, the new compounds show an excellent anti-mycotic
      activity, as can be seen from the following in vitro and in vivo
      experiments.
PA0  a. Anti-mycotic action in vitro.
PAR  The Table summarises the anti-mycotic actions in vitro of several
      preparations towards several species of fungi:
TBL  Minimal inhibitory concentration (MIC)                                    

     in .gamma./ml of substrate                                                

     Compound                                                                  

             Tricho-  Micro-   Candida                                         

                                      Asper-                                   

                                            Penicil-                           

     from    phyton   sporon   albicans                                        

                                      gillus                                   

                                            lium                               

     example menta-   felineum        niger commune                            

             grophytes                                                         

     ______________________________________                                    

     2       4        10       40     10     40                                

     1       4        40       40     10    100                                

     3       &lt;1        4        4      4     4                                 

     ______________________________________                                    

PAR  The MIC determination was carried out in a serial dilution test, in the
      dilution series 100-40-20-10-4-1 .gamma./ml of substrate. The following
      were used as nutrient substrates:
PA1  a. for Dermatophytes: Sabouraud's test medium
PA1  b. for yeasts: meat water - glucose - bouillon.
PAL  The incubation temperature was 28.degree. C, and the incubation time was 24
      to 96 hours.
PAR  The preparations are primarily fungistatic: fungicidal effects can be
      achieved in vitro with 4-fold to 6-fold higher MIC concentrations.
PAR  The in vitro experiments were also carried out with the compounds from
      examples 1, 2 and 3, which can be regarded as representative of the entire
      class of compounds.
PA0  b. Anti-mycotic action in vivo.
PA0  1. Experimental canidosis in mice.
PAR  White mice -- strain CF.sub.1 -SPF, pellet fodder, water ad libitum -- were
      each intravenously infected with 1 - 5 .times. 10.sup.6  Candida albicans
      cells. Untreated control animals died 3 to 6 days after infection to the
      extent of 95% from uraemia through multiple abscess formation in the
      kidneys.
PAR  In the case of oral and/or parenteral therapy with the preparations
      mentioned -- especially with the compound from example 3 -- in daily doses
      of 50 to 200 mg/kg of body weight, divided into two individual doses, 60
      to 90% of the animals survived on the 6th day after the infection. In
      these experiments, the therapy was started on the day of the infection and
      continued up to the 5th day after infection.
PAR  The preparations are rapidly resorbed after oral administration. Blood
      level maxima, with concentrations of up to 6 .gamma./mg of serum, are
      reached 4 to 5 hours after administration.
PA0  2. Experimental trichophytia in mice, caused by Trichophyton Quinckaenum.
PAR  White CF.sub.1 -SPF mice were infected dorsally with a spore suspension of
      Trichophyton Quinckeanum. After 8 to 10 days typical, multiple cups
      developed in the untreated control aminals.
PAR  By means of daily doses of 50 to 200 mg/kg of body weight, divided into two
      individual doses and administered orally from the day of infection up to
      the 8th day after infection, it was possible completely to suppress the
      occurrence of the cups typical of the infection in infected animals.
PA0  3. Experimental trichophytia in guinea pigs caused by Trichophyton
      mentagrophytes.
PAR  Guinea pigs -- Pearlbright white, weighing 400 to 500 g, m were infected on
      their shaved back with a spore suspension of Trichophyton mentagrophytes.
      A deep dermatomycosis developed at the point of infection within 21 to 25
      days, and continued up to the 30th - 34th day after infection.
PAR  In the case of animals which were treated locally with a 1% strength
      solution of the preparations in polyethylene glycol 400, once daily from
      the 3rd day after infection to the 14th day after infection, the infection
      completely healed within the therapy time. Non-tolerance reactions by the
      skin were not observable in these experiments.
PAR  According to these results, the preparations mentioned can be regarded as
      good anti-mycotic agents of broad activity, which are curatively active
      both in oral and parenteral administration and in local administration in
      animal experiments.
PAR  The excellent anti-mycotic activity of the new compounds makes it possible
      to employ them in the whole of human medicine and veterinary medicine.
PAR  The following are envisaged as indications for the new preparations:
PA0  1. in human medicine:
PAR  Dermatomycoses by Dermatophytes, for example varieties of Trichophyton,
      Microsporon and Epidermophyton, systemic and organic mycoses by, for
      example, varieties of Candida, Histoplasma, Cryptococcus and Coccidioides,
      Aspergilli and other moulds.
PA0  2. in veterinary medicine:
PAR  Dermatomycoses as well as organic mycoses and systemic mycoses caused by
      Dermatophytes, yeasts, biphase fungi and moulds.
PAR  The new compounds can be administered orally, parenterally or locally, as
      free bases or in the form of their salts with physiologically tolerated
      acids.
PAR  In general, it has proved advantageous to administer amount of about 30 mg
      to about 200 mg, preferably about 50 to 100 mg, per kg of body weight per
      day, to achieve effective results. Nevertheless it can at times be
      necessary to deviate from the amounts mentioned, in particular depending
      on the body weight of the test animal or patient, the nature of the method
      of administration, and severity of the condition as well as because of the
      species of animal and its individual behavior towards the medicine, or the
      patient's past medical history, or the nature of the formulation and the
      point in time or interval at which the administration takes place. Thus it
      can suffice in some cases to use less than the abovementioned minimum
      amount, while in other cases the upper limit mentioned must be exceeded.
      Where larger amounts are administered it can be advisable to divide these
      into several individual administrations over the course of the day. The
      same dosage range is envisaged for administration in human medicine. The
      other comments made above also apply, in a general sense.
PAR  The compounds of the present invention may be formulated into
      pharmaceutical compositions which comprise a compound according to the
      present invention in combination with a pharmaceutically acceptable
      non-toxic inert diluent or carrier. Possible forms for administration, in
      combination with various inert excipients, are tablets, capsules, powders,
      sprays, aqueous suspensions, injectable solutions, elixirs, syrups and the
      like. Such excipients include solid diluents or fillers, a sterile aqueous
      medium and also various non-toxic organic solvents and the like. Of course
      the tablets and the like considered for oral administration can be
      provided with a sweetener additive and the like. The therapeutically
      active compound should, in the abovementioned case, be present at a
      concentration of about 0.5 to 90 per cent by weight of the total mixture,
      that is to say in amounts which suffice to achieve the abovementioned
      dosage range.
PAR  In the case of oral use, tablets can of course also contain additives such
      as sodium citrate, calcium carbonate and dicalcium phosphate, together
      with various additional substances, such as starch, preferably potato
      starch and the like, and binders such as polyvinylpyrrolidone, gelatines
      and the like. Furthermore, lubricants such as magnesium stearate, sodium
      lauryl sulphate and talc can be conjointly used for tablet-making. In the
      case of aqueous suspensions and/or elixirs which are intended for oral
      uses, the active substance can be used together with various
      flavour-improving agents, dyestuffs and emulsifiers and/or together with
      diluents such as water, ethanol, propylene glycol or glycerine and similar
      compounds or combinations of this nature.
PAR  In the case of parenteral use, solutions of the active substances in sesame
      oil or groundnut oil or in aqueous propylene glycol of
      N,N-dimethylformamide can be employed, as can sterile aqueous solutions in
      the case of the water-soluble compounds. Such aqueous solutions should be
      buffered in the usual manner where required, and furthermore the liquid
      diluent should beforehand be rendered isotonic by addition of the
      requisite amount of salt or glucose. Such aqueous solutions are in
      particular suitable for intravenous, intramuscular and interperitoneal
      injections.
PAR  The manufacture of such sterile aqueous media is carried out in a known
      manner.
PAR  The compounds are used locally in the form of 0.5 to 5% strength,
      preferably 1% strength, solutions (for example in dimethylformamide,
      glycerine or water, alcohol such as ethanol and isopropanol, and buffer
      solutions), but also as emulsions, suspensions, powders and tablets.
PAR  In general, therefore, the invention also provides a pharmaceutical
      composition comprising as active ingredient at least one of the new active
      compounds in admixture with a pharmaceutically acceptable non-toxic inert
      solid or liquid diluent or carrier.
PAR  The invention further provides a medicament in unit dosage form comprising
      as active ingredient at least one of the new active compounds either alone
      or in admixture with a pharmaceutically acceptable non-toxic inert solid
      or liquid diluent or carrier. The medicament may include a protective
      envelope containing the active compound and, if used, the diluent or
      carrier.
PAR  The term "medicament in unit dosage form" as used in the present
      specification means a medicament as defined above in the form of discrete
      portions each containing a unit dose, or a multiple or sub-multiple of a
      unit dose of the active compound or compounds, especially a half, a third
      or a quarter of a unit dose, or two, three or four unit doses. Such
      portions may, for example, be in monolithic coherent form, such as
      tablets, suppositories, pills or dragees; in wrapped or concealed form,
      such as wrapped powders, cachets, sachets, or capsules; in ampoules,
      either free or as a sterile solution suitable for parenteral injection; or
      in any other form known to the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pharmaceutical composition useful for treating mycotic infections in
      humans and animals which comprises an antimycotically effective amount of
      a compound of the formula:
      ##EQU8##
      or a pharmaceutically acceptable non-toxic salt thereof, wherein X is
      ##SPC14##
      ##SPC15##
PAL  Y is phenyl or p-fluorophenyl, and
PAL  Z is phenyl,
PAL  in combination with a pharmaceutically acceptable non-toxic inert diluent
      or carrier.
NUM  2.
PAR  2. A composition according to claim 1, wherein the compound is
      ##SPC16##
NUM  3.
PAR  3. A composition according to claim 1, wherein the compound is
      ##SPC17##
NUM  4.
PAR  4. A composition according to claim 1, wherein the compound is
      ##SPC18##
NUM  5.
PAR  5. A pharmaceutical composition according to claim 1 wherein
PAL  X is
      ##SPC19##
PAL  Y is
      ##SPC20##
     and
PAL  and Z is
      ##SPC21##
NUM  6.
PAR  6. A pharmaceutical composition according to claim 1 wherein
PAL  X is
      ##SPC22##
PAL  Y is
      ##SPC23##
PAL  and Z is
      ##SPC24##
NUM  7.
PAR  7. A pharmaceutical composition according to claim 1 wherein
PAL  X is
      ##SPC25##
PAL  Y is
      ##SPC26##
PAL  and Z is
      ##SPC27##
NUM  8.
PAR  8. A pharmaceutical composition according to claim 1 wherein
PAL  X is
      ##SPC28##
PAL  Y is
      ##SPC29##
PAL  and Z is
      ##SPC30##
NUM  9.
PAR  9. A method of treating mycotic infections in humans and animals which
      comprises administering to a human or animal in need thereof an
      antimycotically effective amount of a compound of the formula
      ##EQU9##
      or a pharmaceutically acceptable non-toxic salt thereof, wherein X is
      ##SPC31##
PAL  Y is phenyl or p-fluorophenyl, and
PAL  Z is phenyl.
NUM  10.
PAR  10. A method according to claim 9 wherein the compound is
      ##SPC32##
NUM  11.
PAR  11. A method according to claim 9 wherein
PAL  X is
      ##SPC33##
PAL  Y is
      ##SPC34##
PAL  and Z is
      ##SPC35##
NUM  12.
PAR  12. A method according to claim 9 wherein
PAL  X is
      ##SPC36##
PAL  Y is
      ##SPC37##
PAL  and Z is
      ##SPC38##
NUM  13.
PAR  13. A method according to claim 9 wherein
PAL  X is
      ##SPC39##
PAL  Y is
      ##SPC40##
PAL  and Z is
      ##SPC41##
NUM  14.
PAR  14. A method according to claim 9 wherein
PAL  X is
      ##SPC42##
PAL  Y is
      ##SPC43##
PAL  and Z is
      ##SPC44##
NUM  15.
PAR  15. A method according to claim 9 wherein the compound is
      ##SPC45##
NUM  16.
PAR  16. A method according to claim 9 wherein the compound is
      ##SPC46##
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PAL  A class of substituted 2-cycloalkylaminoalkylphenols, preferably
      D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane, enantiomers thereof
      and acid addition salts thereof have been found to exhibit oral
      antifertility activity in male aves and mammals. These compounds may
      therefore be utilized to induce temporary or non-reversible sterility in
      treated subjects.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane and its acid addition
      salts have been described in British Pat. No. 763,406. These compounds
      have been indicated to be useful i.v. as oxytoxics and were observed in
      humans to promote a rhythymic contraction of the uterus without a rise in
      tonus. The utility of these compounds was limited to treatment of pregnant
      mammalian females as a means of inducing labor.
PAR  Additional disclosures relating to the use of
      D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane, the levorotary and
      dextrorotary enantiomers thereof and several related substituted
      2-cycloalkylaminoalkylphenols as oxytoxic agents is to be found in the
      paper by Cohen et al., Brit. J. Pharmacol. 12, 194 (1957).
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The present invention relates to a novel method for chemically inducing
      either temporary or non-reversible sterility in avian or mammalian males.
      The basis of the present invention resides in the discovery that compounds
      of the formula
      ##SPC1##
PAL  Wherein
PA1  Z is --O-- or --CH.sub.2 --, R.sub.1 independently is hydrogen,
PA1  N-piperidino-lower alkyl and N-.alpha.-pipecolino lower alkyl,
PA1  R.sub.2, r.sub.3 and R.sub.4 independently are hydrogen or lower alkyl,
PA1  R.sub.1, r.sub.2, r.sub.3 and R.sub.4 taken together as adjacent pairs are
      lower alkyl having from 3 to 5 carbon atoms, R.sub.5 is hydrogen or lower
      alkyl and n is 1 or 2
PAL  And the enantiomers and acid addition salts thereof have substantial
      antifertility activity when administered to male aves and mammals. As
      indicated above, these compounds have previously been utilized solely in
      the treatment of females as an oxytoxic.
PAR  The method of the present invention would therefore be utilized, for
      example, in human males to induce permanent sterility without the
      necessity of surgical intervention, e.g., in lieu of a vasectomy.
      Additionally, the method of the present invention could be utilized in the
      biological control of pests, such as avian pests, particularly starlings
      and pigeons or rodent pests, particularly rats. For example, a single
      feeding could sterilize male pests thus preventing or reducing fertile
      mating. Such infertile mating would also induce pseudo-pregnancy in some
      female pests which would preclude possible fertile matings with unexposed
      males for the duration of the pseudo-pregnant period. In this manner the
      pest population in a locus could be significantly decreased.
PAR  Examples of suitable compounds of formula I for use in the practice of this
      invention include the following:
PA1  6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane
PA1  5-(1-piperidylmethyl)-4-indanol
PA1  4,6-bis(1-piperidylmethyl)-5-indanol
PA1  2-N-piperidinomethyl-4,5-dimethylphenol
PA1  2-(N-.alpha.-pipecolinomethyl)-4,5-dimethylphenol
PA1  4,6-bis[(2-methylpiperidino)methyl]-5-indanol
PA1  2-(3'-methyl-4-morpholinomethyl)-4,5-dimethylphenol
PA1  2-(.beta.-N-piperidinoethyl)-4,5-dimethylphenol
PA1  6-(3'-methyl-4'-morpholinomethyl)-5-hydroxyindane
PAR  As used herein the term acid addition salts is meant to include salts of
      organic and inorganic acids such as hydrochloric acid, hydrobromic acid,
      sulfonic acid, p-toluenesulfonic, phosphoric acid, nitric acid, tartaric
      acid, citric acid, camphorsulfonic acid, ethanesulfonic acid, ascorbic
      acid, salicylic acid, maleic acid and the like. A particularly preferred
      inorganic salt is the hydrochloride while the maleate salt is the
      preferred organic acid salt.
PAR  The term "lower alkyl" as used herein, except as indicated otherwise, is
      meant to include straight or branched chain hydrocarbons having from 1 to
      7 carbon atoms, preferably from 1 to 4 carbon atoms. Methyl is a most
      preferred lower alkyl group.
PAR  The method of administering the compounds of formula I is not critical to
      the obtention of the indicated antifertility activity. These compounds may
      therefore be used in the form of conventional pharmaceutical preparations;
      for example, the aforesaid compounds can be mixed with conventional
      organic or inorganic, inert pharmaceutical carriers suitable for
      parenteral or enteral administration, such as, for example, water,
      gelatin, lactose, starch, magnesium stearate, talc, vegetable oil, gums,
      polyalkylene glycols, vaseline or the like. They can be administered in
      conventional pharmaceutical forms, e.g., solid forms, for example,
      tablets, dragees, capsules, suppositories or the like; or liquid forms,
      for example, injectable solutions, suspensions or emulsions. Moreover, the
      pharmaceutical compositions containing compounds described above can be
      subject to conventional pharmaceutical expedients such as sterilization
      and can contain conventional pharmaceutical excipients such as
      preservatives, stabilizing agents, wetting agents, emulsifying agents,
      salts for the adjustment of osmotic pressure or buffers. The compositions
      can also contain other biologically active materials if desired.
PAR  Another aspect of the invention relates to the use of the instant compounds
      as chemical sterilants for the control of pest populations. These
      compounds can be prepared as a pre-mix concentrate containing 1 to 70 wt/%
      active component in a suitable carrier which can then be blended into
      foodstuffs or liquids to form bait formulations for the indicated pest.
      Suitable carriers include flavored or unflavored solid carriers which may
      be water soluble, e.g., sugars such as sucrose, glucose and the like, or
      water insoluble such as starch, dicalcium phosphate and the like. Active
      components which are liquids at normal conditions may be absorbed into
      suitable porous supports such as calcium silicate, silicic acid, silicon
      dioxide, calcium carbonate, etc. Hydrophobic forms of the active
      component, i.e., the free base, may be dissolved in edible vegetable oils.
      Protected forms of the active component concentrates can be prepared by
      emulsifying or dispersing such component into a solution of gum of acacia
      and then spray drying.
PAR  The aforesaid concentrates may be employed in preparing suitable bait
      formulations by blending with liquids, i.e., drinking water which can be
      flavored with a sugar such as sucrose, or into solid foodstuffs. Suitable
      foodstuffs useful as bait materials include cereal grain or mixtures such
      as rat chow or oatmeal which can optionally contain glycerine; animal
      renderings; fish meal and the like. It is desirable to utilize the
      aforesaid compounds in a concentration of from about 0.05 to 1 wt./% based
      on the final bait composition, most preferably in the range of from about
      0.1 to 0.5 wt/%. Selection of a particular composition will, of course,
      depend on the species of pest involved and the average intake of the
      baited food by the pest in the wild at a single feeding. For example,
      permanent sterility in male rats can be obtained using single doses of
      preferred compounds of this invention at 20 mg/rat. This would correspond
      to a bait composition containing about 0.1 to 0.2 wt/% of the active
      compound.
PAR  Suitable pharmaceutical dosage units for use as orally active antifertility
      agents in avian or mammalian males can contain from about 0.5 to 1,000 mg.
      of the aforesaid compounds or corresponding amount of an addition salt
      thereof in a conventional pharmaceutical oral carrier. Suitable dosage
      regimens in male mammals for inducing temporary sterility include an oral
      dosage in the range of from about 0.4 mg/kg per day to about 75 mg/kg per
      day. Suitable parenteral dosage regimens for this purpose in male mammals
      comprise from about 0.4 mg/kg per day to about 75 mg/kg per day. Permanent
      sterility in human males can be obtained by a single oral dosage
      containing from about 18 mg/kg to about 25 mg/kg of the aforesaid
      compounds.
PAR  It is understood, however, that for any particular subject the specific
      dosage regimen should be adjusted according to individual needs and the
      professional judgment of the person administering or supervising the
      administration of the aforesaid compounds. Dosages will obviously vary
      with species, duration of treatment and effect intended. Thus, a preferred
      compound of this invention will cause permanent sterility in male rats at
      about 6.25 mg/kg/day after 21 days of treatment, while a single oral dose
      of 20 mg/rat (.about.100 mg/kg) will also produce this effect. The dosages
      set forth herein are thus exemplary only and that they do not, to any
      extent, limit the scope or practice of this invention.
PAR  The methods and compositions of the present invention will be more clearly
      understood by reference to the following examples which are advanced for
      purposes of illustration only.
DETD
PAC  EXAMPLE 1
PAR  D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane maleate was tested in
      immature male rats to determine the effect on the sex organ weights at the
      indicated oral dosages. The results of these experiments are summarized
      below in Table 1.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Effects of D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane             

     maleate on Sex Organ Weights of Immature Male Rats                        

     Test   Mean Body Weight                                                   

                        Mean Organ Weights (mg) .+-. S.E.                      

     Compound                 Seminal                                          

                                     Ventral                                   

     (mg/rat/day)                                                              

            N  Initial                                                         

                    Final                                                      

                        Testes                                                 

                              Vesicles                                         

                                     Prostate                                  

     __________________________________________________________________________

     0      10 43   102 930 .+-. 30                                            

                              26.5 .+-. 1.8                                    

                                     65.6 .+-. 3.1                             

     0.1    10 43   98  816 .+-. 22                                            

                              21.1 .+-. 1.5                                    

                                     59.1 .+-. 3.7                             

     0.2     9 43   101 806 .+-. 32                                            

                              24.3 .+-. 1.5                                    

                                     61.9 .+-. 3.5                             

     0.4     9 43   100 673 .+-. 29                                            

                              21.1 .+-. 1.5                                    

                                     56.8 .+-. 4.2                             

     0      10 42   96  869 .+-. 10                                            

                              26.8 .+-. 1.8                                    

                                     68.3 .+-. 2.8                             

     1       9 43   87  457 .+-. 20                                            

                              19.8 .+-. 1.6                                    

                                     47.7 .+-. 1.5                             

     2      10 42   87  355 .+-. 13                                            

                              17.0 .+-. 1.0                                    

                                     50.8 .+-. 5.5                             

     4      10 42   82  335 .+-.  14                                           

                              16.6 .+-. 1.1                                    

                                     45.4 .+-. 2.4                             

     __________________________________________________________________________

      Charles River CD rats, 22 days old at the beginning of the study, were   

      treated once daily for 10 consecutive days,                              

      D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane maleate was           

      administered orally in 0.2 ml/day ASV. ASV = aqueous suspending vehicle  

      which consists of 0.9% sodium chloride, 0.9% benzyl alcohol, 0.5%        

      carboxymethyl cellulose, and 0.4% polysorbate 80 in distilled water.     

      Underlined means are significantly different from Controls at p &lt;.05 or  

      better.                                                                  

PAR  It is seen from the above experiment that oral administration of
      D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane maleate to immature
      male rats resulted in a depression of testes, seminal vesicle and ventral
      prostate weight. At high dosage levels all three organ weights were
      depressed, whereas with reduction in dose level there was no effect on
      prostate weight, erratic effect upon seminal vesicle weight and continued
      depression of testes weight. This would appear to indicate a greater
      effect by the compound on the gonad than on the secondary sex organs.
PAC  EXAMPLE 2
PAR  D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane maleate was tested for
      antigonadal activity in immature gerbils, hamsters, guinea pigs and mice.
      The effect of oral administration of the aforesaid compound in varying
      dosages is summarized in the following table:
TBL                TABLE 2                                                     

     ______________________________________                                    

     Effects of D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane maleate on  

     -Testes Weights of Immature Gerbils, Hamsters, Guinea Pigs and Mice       

     Test                Mean Body Weight                                      

     Compound            grams        Mean .+-. S.E.                           

     Species (mg/day) N      Initial                                           

                                    Final Testes (mg)                          

     ______________________________________                                    

     Gerbil  0        10     20     31    212 .+-. 10                          

             0.5      10     21     32    237 .+-. 30                          

             1.0       9     20     32    234 .+-. 24                          

     Hamster 0        10     35     56    741 .+-. 19                          

             1.       10     38     59    549 .+-. 48                          

             2.        9     37     59    362 .+-. 34                          

     Guinea Pig                                                                

             0.       10     264    332   704 .+-. 96                          

             2.5      10     270    320   456 .+-. 40                          

             5.0      10     272    312   413 .+-. 28                          

     Mouse   0        10     --     21    111 .+-. 3                           

             0.1      10     --     19    103 .+-. 5                           

             0.3       9     --     18    81 .+-. 4                            

             1.0      10     --     17    50 .+-. 5                            

     ______________________________________                                    

       D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane maleate administered 

      orally once daily for 10 consecutive days in 0.2 ml/day ASV. ASV = aqueou

      suspending vehicle. Underlined means significantly different from Control

      at p &lt;.05 or better.                                                     

PAR  It is seen from the above results that the test compound depressed tests
      weights in immature hamsters, guinea pigs and mice. Hence the effect on
      the testes of the compound is not species-specific to the rat. The
      immature gerbil testes were apparently not susceptible to the test
      compound.
PAC  EXAMPLE 3
PAR  This example involves the determination as to whether there is a recovery
      of normal testes weights in immature rats treated orally with a ten day
      course of treatment with
      D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane maleate. The results of
      this experiment are summarized below in Table 3.
TBL                                    TABLE 3                                 

     __________________________________________________________________________

     Recovery of Testes Weight Following Ten Days Treatment with               

     D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane maleate in the         

     Immature Rat                                                              

              Days      Mean Final                                             

                                  Mean .+-.S.E.                                

     Treatment                                                                 

              Post Rx                                                          

                    N   Body Weight (g)                                        

                                  Testes (mg)                                  

     __________________________________________________________________________

     Controls  1    8   101        835 .+-. 32                                 

     Test Compound                                                             

               1    8   102        608 .+-. 30***                              

     Controls  7    8   140       1294 .+-. 79                                 

     Test Compound                                                             

               7    7   141       1011 .+-. 72***                              

     Controls 14    8   185       1987 .+-. 49                                 

     Test Compound                                                             

              14    6   181       1347 .+-. 72***                              

     Controls 21    8   231       2498 .+-. 92                                 

     Test Compound                                                             

              21    5   207       1615 .+-. 141***                             

     Controls  1    10   98        895 .+-. 27                                 

     Test Compound                                                             

               1    10   95        503 .+-. 35***                              

     Controls 28    6   274       2901 .+-. 71                                 

     Test Compound                                                             

              28    5   248       2292 .+-. 49***                              

     Controls 35    6   289       3023 .+-. 84                                 

     Test Compound                                                             

              35    6   288       2819 .+-. 123                                

     Controls 42    6   330       2707 .+-. 214                                

     Test Compound                                                             

              42    6   304       2760 .+-. 71                                 

     __________________________________________________________________________

      ***p&lt;.001 when compared with corresponding controls.                     

      Charles River CD 22 days old rats treated for 10 consecutive days with 1 

      mg/rat/day D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane maleate in 

      0.2 ml/day ASV administered orally. ASV = aqueous suspending vehicle.    

PAR  It is seen that recovery of normal testes weights occurred approximately
      five weeks after the end of the 10 day course of treatment.
PAC  EXAMPLE 4
PAR  In this example rats treated with
      D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane maleate were further
      treated with injections of Pregnant Mare's serum gonadotropin (PMS) or
      Human Chorionic gonadotropin (HCG) to determine their effect on testes
      weight depression. Results of the experiment are summarized in Table 4.
TBL                                    TABLE 4                                 

     __________________________________________________________________________

     Effects of PMS and HCG on Testes Weight Depression by D,L-6-(N-.alpha.-pip

     ecolinomethyl)-5-hydroxy-indane maleate and Effects of D,L-6-(N-.alpha.-pi

     pecolinomethyl)-5-hydroxyindane maleate on Seminal Vesicle and Ventral    

     Prostate Weight Increase Caused by Stimulation of Endogenous Androgen     

     Secretion by PMS and HCG                                                  

                      Mean Body Weight                                         

                               Mean Organ Weight (mg) .+-. S.E.                

                      grams             Seminal   Ventral                      

     Group                                                                     

         Treatment                                                             

                  N   Initial                                                  

                           Final                                               

                                Testes  Vesicles  Prostate                     

     __________________________________________________________________________

     1   Controls 10  45   99  909 .+-. 27                                     

                                        29.2 .+-. 2.4                          

                                                  69.4 .+-. 5.3                

     2   Test Compound                                                         

                  10  45   92  422 .+-. 20***                                  

                                        21.9 .+-. 1.1*                         

                                                  46.9 .+-. 2.8**              

     3   PMS      10  45   100 897 .+-. 19                                     

                                       185.7 .+-. 8.9***                       

                                                 155.1 .+-. 10.2***            

     4   PMS and Test                                                          

                   9  47   99  457 .+-. 18***                                  

                                        65.0 .+-. 5.5***                       

                                                  97.4 .+-. 4.9**              

          Compound                                                             

     5   HCG       9  45   103 975 .+-. 30                                     

                                       185.8 .+-. 11.6***                      

                                                 148.4 .+-. 6.7***             

     6   HCG and Test                                                          

                  10  45   94  406 .+-. 20***                                  

                                        52.3 .+-. 4.6***                       

                                                 114.1 .+-. 5.9***             

         Compound                                                              

     __________________________________________________________________________

     *p&lt;.05, **p&lt;.01, ***p&lt;.001 when compared with controls.                   

     Additional "t" tests                                                      

                       Seminal Vesicles  Ventral Prostate                      

     Groups                                                                    

     __________________________________________________________________________

     3 vs 4            ***               ***                                   

     5 vs 6            ***                **                                   

     2 vs 4            ***               ***                                   

     2 vs 6            ***               ***                                   

     __________________________________________________________________________

      Charles River CD rats treated once daily for 10 consecutive days.        

      D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-indane maleate administered 

      orally at 1.5 mg/rat/day in 0.2 ml/day ASV. ASV = aqueous suspending     

      vehicle. PMS administered subcutaneously at 10 units/rat/day in 0.2 ml/da

      Saline. HCG administered subcutaneously at 10 units/rat/day in 0.2 ml/day

      Saline.                                                                  

PAR  It is seen that injections of PMS or HCG failed to reverse the testes
      weight depression produced by treatment with the test compound. The lesser
      response of the seminal vesicles and ventral prostates of animals given
      the test compound and gonadotropin compared to those receiving
      gonadotropin alone indicate that Leydig cell response to stimulation by
      gonadotropin was abnormal. The Leydig cells were capable of secreting
      androgen as evidenced by increased weight of secondary sex organs compared
      to vehicle controls, but the response was significantly less than that of
      gonadotropin controls. This data indicates that the effect of the test
      compound was not due to suppression of gonadotropin secretion.
PAC  EXAMPLE 5
PAR  The experiment of Example 4 was repeated with the exception that the dosage
      of D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane maleate was reduced
      to less than half that of the prior experiment and there was an increase
      of gonadotropin dosage to three times that of the previous example.
      Additionally, test animals were dosed with Methallibure, a non-steroidal,
      non-estrogenic antigonadotropin. The results are summarized in Table 5
      below.
TBL                                    TABLE 5                                 

     __________________________________________________________________________

     Effects of PMS and HCG on Testes Weight Depression by D,L-6-(N-.alpha.-pip

     ecolinomethyl)-                                                           

     5-hydroxy-indane maleate on Seminal Vesicle Weight Increase Caused by     

     Stimulation                                                               

     of Endogenous Androgen Secretion by PMS and HCG. Comparison with          

     Methallibure                                                              

     __________________________________________________________________________

     Testes (mg)                                                               

                     - Gonadotropin                                            

                             + PMS   + HCG                                     

     Controls        931 .+-. 36                                               

                             1042 .+-. 25                                      

                                     1130 .+-. 30                              

     Test Compound   575 .+-. 49                                               

                              609 .+-. 22                                      

                                      581 .+-. 28                              

     Methallibure    358 .+-. 32                                               

                             1069 .+-. 32                                      

                                     1005 .+-. 25                              

     Seminal Vesicles (mg)                                                     

                     - Gonadotropin                                            

                             + PMS   + HCG                                     

     Controls        32.4 .+-. 3.3                                             

                             252.1 .+-. 17.0                                   

                                     250.6 .+-. 13.3                           

     Test Compound   19.3 .+-. 2.1                                             

                             133.8 .+-.  6.9                                   

                                     127.3 .+-. 13.9                           

     Methallibure    10.3 .+-. 1.0                                             

                             277.8 .+-. 15.9                                   

                                     235.2 .+-. 16.1                           

     __________________________________________________________________________

      Charles River 22 day old rats treated once daily for 10 consecutive days.

      D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-indane maleate administered 

      orally, 0.7 mg/day in ASV, 0.2 ml/day. Methallibure administered orally 3

      mg/day in ASV, 0.2 ml/day. ASV = aqueous suspending vehicle. PMS and HCG 

      at 30 units/day subcutaneously in 0.2 ml/day saline.                     

PAR  The above results show that the reduction of dosage of the test compound
      did not result in alteration of the depressant effect of the test compound
      on testes and seminal vesicle weights. The effects of the Methallibure
      were completely reversed on both parameters by both gonadotropin
      preparations. This indicates that the test compound produces its results
      by a different mechanism than Methallibure.
PAC  EXAMPLE 6
PAR  The purpose of this Example was to test the effect of testosterone on rats
      which had undergone a testes weight depression by treatment with
      D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane maleate (the test
      compound of the present invention), norethindrone (a steroid
      antigonadotropin) and Methallibure (a non-steroid antigonadotropin). The
      results of these experiment are summarized below in Tables 6 and 7.
TBL                                    TABLE 6                                 

     __________________________________________________________________________

     Effect of Testosterone on Testes Weight Depression Caused by              

     D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-indane maleate and           

     Norethindrone                                                             

     __________________________________________________________________________

     Testes (mg)                                                               

                      - Testosterone                                           

                                + Testosterone                                 

     Controls         980 .+-. 34                                              

                                867 .+-. 11                                    

     Test Compound    568 .+-. 25                                              

                                396 .+-. 31                                    

     Norethindrone    609 .+-. 57                                              

                                827 .+-. 20                                    

     Seminal Vesicles (mg)                                                     

                      - Testosterone                                           

                                + Testosterone                                 

     Controls         38.1 .+-. 2.9                                            

                                359.3 .+-. 15.1                                

     Test Compound    38.2 .+-. 3.5                                            

                                361.3 .+-. 20.6                                

     Norethindrone    31.2 .+-. 2.8                                            

                                407.6 .+-. 14.3                                

     Ventral Prostate (mg)                                                     

                      - Testosterone                                           

                                + Testosterone                                 

     Controls         69.7 .+-. 4.3                                            

                                208.0 .+-. 21.7                                

     Test Compound    61.2 .+-. 6.7                                            

                                191.9 .+-.  4.9                                

     Norethindrone    51.9 .+-. 4.7                                            

                                195.7 .+-. 18.6                                

     __________________________________________________________________________

      Charles River CD 22 day old rats treated once daily for 10 consecutive   

      days. D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-indane maleate and    

      Norethindrone administered orally at 1 mg/rat/day. Testosterone          

      administered subcutaneously at 1 mg/rat/day. ASV vehicle. ASV = aqueous  

      suspending vehicle.                                                      

TBL                                    TABLE 7                                 

     __________________________________________________________________________

     Effect of Testosterone on Testes Weight Depression Caused by              

     D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-indane maleate and           

     Methallibure                                                              

     __________________________________________________________________________

     Testes (mg)                                                               

                      - Testosterone                                           

                              + Testosterone                                   

     Controls         461 .+-. 15                                              

                              589 .+-. 33                                      

     Test Compound    142 .+-. 4                                               

                              145 .+-. 5                                       

     Methallibure     195 .+-. 14                                              

                              549 .+-. 35                                      

     Seminal Vesicles (mg)                                                     

                      - Testosterone                                           

                              + Testosterone                                   

     Controls         16.5 .+-. 4.5                                            

                              264.5 .+-. 15.8                                  

     Test Compound    11.1 .+-. 0.6                                            

                              254.2 .+-. 10.3                                  

     Methallibure      9.2 .+-. 0.8                                            

                              209.9 .+-. 14.0                                  

     Ventral Prostate (mg)                                                     

                      - Testosterone                                           

                              + Testosterone                                   

     Controls         40.9 .+-. 4.5                                            

                              151.8 .+-. 10.6                                  

     Test Compound    36.2 .+-. 3.7                                            

                              128.0 .+-. 8.2                                   

     Methallibure     23.1 .+-. 2.7                                            

                              150.8 .+-. 9.6                                   

     __________________________________________________________________________

      A and D rats (40 grams body weight) treated once daily for 10 consecutive

      days. D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-indane maleate and    

      Methallibure administered orally at 1 mg/rat/day. Testosterone           

      administered subcutaneously at 1 mg/rat/day. ASV vehicle. ASV = aqueous  

      suspending vehicle.                                                      

PAR  The results indicate that testosterone failed to reverse the testes weight
      depression caused by the test compound of the present invention but did
      reverse the testes weight effects of Norethindrone and Methallibure. The
      seminal vesicles and ventral prostates of animals treated by the test
      compound of this invention responded normally to testosterone stimulation
      which would indicate that the reduction in the weights of these organs
      obtained in prior experiments with the test compound were probably not due
      to a direct action of the compound on the secondary sex organs, but more
      likely were the results of reduced androgen production and/or secretion by
      the testes of such treated animals. Thus the mechanism of action of the
      test compound differs from that of the known antigonadotropins.
PAC  EXAMPLE 7
PAR  This example was for the purpose of determining whether large doses of
      Vitamin E and methionine could reverse the testicular effects of
      D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane maleate. It is known
      that testes weight depression and antispermatogenic effects can be
      produced in rats by Vitamin E deficiency. Interference with methionine
      metabolism can also produce such effects. The results of this experiment
      are summarized below in Table 8.
TBL                                    TABLE 8                                 

     __________________________________________________________________________

     Effects of Tocopherol Acetate and Methionine on Testes Weight             

     Depression by D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-indane maleate 

     Testes (mg)        + Toc. Ac.                                             

                                + Methionine                                   

     __________________________________________________________________________

     Control    1028 .+-. 35                                                   

                        990 .+-. 45                                            

                                955 .+-. 31                                    

     Test Compound                                                             

                 648 .+-. 53                                                   

                        547 .+-. 28                                            

                                683 .+-. 56                                    

     __________________________________________________________________________

      Charles River CD 22 day old rats treated once daily for 10 consecutive   

      days. D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-indane maleate at 1   

      mg/rat/day, DL-Tocopherol Acetate at 10 mg/rat/day, and DL-Methionine at 

      10 mg/rat/day. All compounds administered orally in sesame oil vehicle.  

PAR  It is seen from the results of the above table that administration of
      tocopherol acetate (Vitamin E acetate) and methionine at high dosage
      failed to reverse the effects of the test compound on the testes of the
      treated rats.
PAC  EXAMPLE 8
PAR  The purpose of this Example is to compare the spermatogenesis inhibition
      and/or testes weight depression of
      D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-indane maleate with known
      compounds having these activities. The results are described in Table 9
      which follows.
TBL                                    TABLE 9                                 

     __________________________________________________________________________

     Comparison of Effects of WIN 18446,*Nitrofurazone, Methallibure,          

     Diethylstilbestrol and                                                    

     D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-indane maleate on Sex Organ  

     Weights in Adult Male Rats                                                

     __________________________________________________________________________

                    Mean Body Weight                                           

                              Mean Organ Weight (mg) .+-. Standard Error       

                    grams             Seminal                                  

                                             Ventral                           

     Treatment    N Initial                                                    

                          Final                                                

                              Testes  Vesicles                                 

                                             Prostate                          

     __________________________________________________________________________

     Vehicle Controls                                                          

                  8 158   308 3004 .+-. 89                                     

                                      435 .+-. 43                              

                                             358 .+-. 38                       

     ASV, 0.2 ml/day                                                           

     WIN 18446*   7 165   280 2214 .+-. 170                                    

                                      455 .+-. 36                              

                                             293 .+-. 17                       

     50 mg/kg/day                                                              

     Nitrofurazone                                                             

                  7 160   290 1414 .+-. 179                                    

                                      409 .+-. 21                              

                                             350 .+-. 29                       

     50 mg/kg/day                                                              

     Methallibure 4 157   224 2072 .+-. 189                                    

                                       49 .+-. 13                              

                                             46 .+-. 13                        

     50 mg/kg/day                                                              

     Diethylstilbestrol                                                        

                  7 160   162 1128 .+-. 208                                    

                                       51 .+-. 4                               

                                              37 .+-. 6                        

     50 mg/kg/day                                                              

     Test Compound                                                             

                  8 163   282  868 .+-. 54                                     

                                       255 .+-. 19                             

                                             178 .+-. 17                       

     50 mg/kg/day                                                              

     __________________________________________________________________________

      Compounds administered orally once daily for 21 consecutive days.        

      Underlined means are significantly different from controls at p &lt;.05 or  

      better. ASV = aqueous suspending vehicle.                                

      *WIN 18446 = N,N'-bis-(dichloroacetyl)-1,3-octamethylenediamine.         

PAR  It will be seen from the above table that the test compound of this
      invention had a greater effect on testes weight, but a lesser effect on
      ventral prostate and seminal vesicle weight than the other indicated
      compounds.
PAC  EXAMPLE 9
PAR  This Example demonstrates the effect on testes weight reduction in adult
      rats by the oral administration of
      D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane maleate at low dosage
      rates. This experiment is summarized below in Table 10.
TBL                                    TABLE 10                                

     __________________________________________________________________________

     Effects of Duration of Oral Treatment with D,L-6-(N-.alpha.-pipecolinometh

     yl)-                                                                      

     5-hydroxyindane maleate on Sex Organ Weights of Adult Male                

     __________________________________________________________________________

     Rats                                                                      

                              Mean Organ Weight (mg) .+-. S.E.                 

     Test Compound                   Seminal                                   

                                            Ventral                            

     mg/kg/day                                                                 

              X Days                                                           

                   N Initial                                                   

                          Final                                                

                              Testes Vesicles                                  

                                           Prostate                            

     __________________________________________________________________________

     0         3   6 212  232 2473 .+-. 80                                     

                                     332 .+-. 19                               

                                           242 .+-. 17                         

     1         3   6 204  243 2322 .+-. 134                                    

                                     290 .+-. 33                               

                                           238 .+-. 19                         

     2         3   6 207  222 2109 .+-. 78                                     

                                     302 .+-. 45                               

                                           236 .+-. 23                         

     0         6   6 209  248 2484 .+-. 79                                     

                                     402 .+-. 51                               

                                           266 .+-. 12                         

     1         6   6 213  233 1882 .+-. 113                                    

                                     275 .+-. 40                               

                                           190 .+-. 21                         

     2         6   6 206  246 2034 .+-. 152                                    

                                     372 .+-. 19                               

                                           222 .+-. 18                         

     0         9   6 209  280 2582 .+-.  40                                    

                                     362 .+-. 20                               

                                           280 .+-. 24                         

     1         9   6 202  278 1826 .+-. 167                                    

                                     331 .+-. 25                               

                                           266 .+-. 19                         

     2         9   6 201  268 1701 .+-. 143                                    

                                     312 .+-. 32                               

                                           238 .+-. 36                         

     0        12   6 208  292 2872 .+-. 131                                    

                                     694 .+-. 52                               

                                           365 .+-. 29                         

     1        12   6 201  287 2035 .+-. 376                                    

                                     494 .+-. 55                               

                                           322 .+-. 31                         

     2        12   6 205  280 1384 .+-. 132                                    

                                     493 .+-. 68                               

                                           338 .+-. 10                         

     0        15   5 209  321 2810 .+-. 80                                     

                                     544 .+-. 37                               

                                           388 .+-. 12                         

     1        15   3 193  305 2162 .+-. 473                                    

                                     496 .+-. 57                               

                                           360 .+-. 31                         

     2        15   4 206  325 1477 .+-. 255                                    

                                     499 .+-. 53                               

                                           296 .+-. 26                         

     0        18   5 204  321 2984 .+-. 83                                     

                                     488 .+-. 53                               

                                           433 .+-. 29                         

     1        18   3 199  331 2142 .+-. 342                                    

                                     557 .+-. 59                               

                                           486 .+-. 14                         

     2        18   4 207  302 1174 .+-.  142                                   

                                     402 .+-. 67                               

                                           370 .+-. 63                         

     0        21   6 201  350 3078 .+-. 60                                     

                                     654 .+-. 46                               

                                           554 .+-. 61                         

     1        21   4 187  333 1736 .+-. 330                                    

                                     534 .+-. 67                               

                                           424 .+-. 38                         

     2        21   5 205  321 1588 .+-. 340                                    

                                     497 .+-. 24                               

                                           449 .+-. 60                         

     __________________________________________________________________________

      Underlined means are statistically different from Controls at p &lt;.05 or  

      better.                                                                  

PAR  The results of this experiment indicate that 2 mg/kg/day orally was
      sufficient to manifest a reduction in testes weight in adult rats.
      Treatment at this dosage failed to cause a consistent effect upon the
      seminal vesicle and ventral prostate weights when animals were examined at
      three-day intervals up to 21 days. At 1 mg/kg/day the effect upon the
      testes was erratic, but consistent reduction in testes weight at this dose
      occurred with 18 and 21 days of treatment.
PAC  EXAMPLE 10
PAR  This example demonstrates the effect of treatment with
      D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-indane maleate on testes
      weight in hypophysectomized rats. The results of this experiment are
      summarized in Table 11 below.
TBL                                    TABLE 11                                

     __________________________________________________________________________

     Effect of D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-indane maleate on  

     Testes Weight in Hypophysectomized Rats                                   

     __________________________________________________________________________

                  Mean Testes Weight (mg) + S.E.                               

     Days of Treatment                                                         

                  Controls   Test Compound                                     

     __________________________________________________________________________

      1           2431 .+-. 39                                                 

                             2329 .+-. 58                                      

      4           2212 .+-. 67                                                 

                             1412 .+-. 61                                      

                                   p&lt;.001                                      

      7           2015 .+-. 72                                                 

                             937 .+-. 51                                       

                                   p&lt;.001                                      

     10           1562 .+-. 54                                                 

                             677 .+-. 14                                       

                                   p&lt;.001                                      

     13           1434 .+-. 117                                                

                             558 .+-. 24                                       

                                   p&lt;.001                                      

     16            995 .+-. 138                                                

                             498 .+-. 23                                       

                                   p&lt;.001                                      

     __________________________________________________________________________

      D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-indane maleate administered 

      orally at 2 mg/kg/day beginning one day after hypophysectomy. Rats 56 day

      old when pituitary was removed with 6 to 9 rats per group.               

PAR  It is seen from the results contained in the above table that the test
      compound was effective in reducing testes weight in hypophysectomized rats
      at a rate greater than that due to the effects of pituitary absence.
      Consequently, the presence of gonadotropin is not a necessary condition
      for the activity of the test compound. The compound has a direct effect
      upon the testes. The observations with non-hypophysectomized rats in
      previous experiments would suggest that the mechanism of action of the
      test compound probably involves interference with those biochemical
      pathways which are normally responsive to the gonadotropin stimulation.
PAC  EXAMPLE 11
PAR  This example demonstrates the effectiveness of
      D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane maleate as an
      antigonadotropin agent in adult rabbits. The results of this experiment
      are summarized below in Table 12.
TBL                TABLE 12                                                    

     ______________________________________                                    

     Effect of D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-                   

     indane maleate on Testis Weight in Adult Rabbits                          

     ______________________________________                                    

     One testis was removed and weighed prior to initiation of treatment (Day  

     1). Rabbits were then treated once daily with D,L-6-(N-.alpha.-pipecolinom

     ethyl)-5-hydroxy-indane maleate in 0.2 ml/day ASV administered            

     subcutaneously. Duration of treatment was ten consecutive days. On day 11 

     the remaining testis was removed and weighed.                             

     ______________________________________                                    

               Body Weight                                                     

                          Testis Weight (mg)                                   

               grams                                                           

     Rabbit                                                                    

           Dose/Day  Initial  Final Day 1 Day 11 %                             

     ______________________________________                                    

     1     10 mg     3425     3082  3266  2187   -33                           

     2     10 mg     4665     3975  3437  2112   -39                           

     3     10 mg     4900     4770  3423  2341   -32                           

     4     40 mg     5230     4355  3368  1118   -67                           

     5     40 mg     4150     3933  3805  2119   -44                           

     6     40 mg     4660     4150  3988  1620   -59                           

     7     40 mg     4075     3415  2240  1514   -32                           

     ______________________________________                                    

PAR  It can be seen from the above table that the test compound was effective in
      depressing testes weights in adult rabbits.
PAC  EXAMPLE 12
PAR  Adult male rats were treated with
      D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-indane maleate at oral
      dosages in the range of 6.25 to 50 mg/kg/day for 21 days. The results of
      this experiment are summarized in Table 13 below.
TBL                                    TABLE 13                                

     __________________________________________________________________________

     Effect of D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-indane maleate on  

     Organ Weights of Adult Male Rats                                          

     __________________________________________________________________________

                   ASV    Test Compound                                        

                                   Test Compound                               

                                            Test Compound                      

                                                     Test Compound             

     Parameter     0.2 ml/d                                                    

                          6.25 mg/kg/d                                         

                                   12.5 mg/kg/d                                

                                            25 mg/kg/d                         

                                                     50 mg/kg/d                

     __________________________________________________________________________

      N             6      3        4        6        4                        

     Initial Body Weight (g)                                                   

                    186    185      204      196      185                      

     Final Body Weight (g)                                                     

                    326    339      346      349      266                      

     Weight Gain (g)                                                           

                    140    154      142      153      81                       

     Testes (mg)   3042 .+-. 87                                                

                          1128 .+-. 50                                         

                                   1021 .+-. 23                                

                                            1075 .+-. 66                       

                                                     880 .+-. 62               

     Seminal Vesicles (mg)                                                     

                   493 .+-. 25                                                 

                          541 .+-. 58                                          

                                   410 .+-. 47                                 

                                            435 .+-. 26                        

                                                     352 .+-. 60               

     Ventral Prostate (mg)                                                     

                   402 .+-. 18                                                 

                          393 .+-. 16                                          

                                   304 .+-. 35                                 

                                            296 .+-. 25                        

                                                     198 .+-. 42               

     Adrenals (mg) 49.6 .+-. 2.9                                               

                          49.0 .+-. 3.0                                        

                                   51.4 .+-. 3.4                               

                                            45.6 .+-. 7.2                      

                                                     50.1 .+-. 1.9             

     Thymus (mg)   486 .+-. 68                                                 

                          582 .+-. 52                                          

                                   567 .+-. 34                                 

                                            675 .+-. 44                        

                                                     489 .+-. 35               

     Thyroid (mg)  18.4 .+-. 1.0                                               

                          18.1 .+-. 1.3                                        

                                   20.2 .+-. 1.8                               

                                            18.0 .+-. 0.9                      

                                                     16.0 .+-. 1.8             

     Pituitary (mg)                                                            

                   10.7 .+-. 0.7                                               

                          11.7 .+-. 0.3                                        

                                   12.9 .+-. 1.2                               

                                            11.9 .+-. 0.7                      

                                                     10.5 .+-. 0.2             

     __________________________________________________________________________

      D,L-6-(N-.alpha.-pipecolinomethyl-5-hydroxy-indane maleate administered  

      orally once daily for 21 consecutive days. Underlined means are          

      significantly different from Controls at p&lt;.05 or better. N = number of  

      rats in treatment group.                                                 

PAR  It is seen from the above table that at all dosage levels tested a
      reduction in testes and ventral prostate weights was obtained. Reduction
      in body weight gain occurred at the 50 mg/kg dose level. No effects were
      apparent on adrenal, thymus, thyroid and pituitary weights even at the
      highest dosage level. The absence of thymus involution and adrenal
      hypertrophy indicates a lack of significant toxicity.
PAR  Half of the animals in each of the groups of Table 13 were not autopsied
      following the 21 day treatment period but were used for determination of
      fertility. As shown in Table 14 below all of these rats were still sterile
      at the termination of the experiment 132 days post-treatment. There was no
      apparent effect on libido or sexual activity, since normal mounting
      behavior was observed.
TBL                                    TABLE 14                                

     __________________________________________________________________________

     Effect of D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-indane maleate on  

     Fertility of Male Rats                                                    

     __________________________________________________________________________

     Test Compound                                                             

     mg/kg/day     N   Comments                                                

     __________________________________________________________________________

     6.25          3   All rats still sterile 132 days post treatment.         

     12.5          4   All rats still sterile 132 days post treatment.         

     25.           6   All rats still sterile 132 days post treatment.         

     50.           5   All rats still sterile 132 days post treatment.         

     __________________________________________________________________________

      D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-indane maleate administered 

      orally once daily for 21 consecutive days. Males then permitted to cohabi

      with untreated females (1 male to 2 females). Females observed for       

      pregnancy thereafter until 2 weeks after autopsy of males at 132 days pos

      treatment.                                                               

PAC  EXAMPLE 13
PAR  This example utilized the procedure of Example 12 with the exception that
      the daily dosages were reduced to the range of 0.375 - 3 mg/kg/day.
      Depression of testes weight and ventral prostate weight after 21 days were
      observed at the 1.5 and 3 mg/kg/day levels. The effect of these treatments
      on the fertility of the male rats is summarized below in Table 15.
TBL                                    TABLE 15                                

     __________________________________________________________________________

     Effects of D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-indane maleate    

     on                                                                        

     Fertility of Male Rats Treated Once Daily for 21 Consecutive              

     __________________________________________________________________________

     Days                                                                      

              No. of                                                           

                   No. of                                                      

                         Number of females with Fertile Matings During Post    

                         Treatment Week                                        

     Test Compound                                                             

              Treated                                                          

                   Untreated                                                   

     mg/kg/day                                                                 

              Males                                                            

                   Females                                                     

                         1  2  3  4  5  6  7  8  9  10 11                      

                                                         12                    

     __________________________________________________________________________

     0        6    13    9  2  2                                               

     0.375    6    12    8  3  1                                               

     0.75     6    12    4  2  2  1  0  1  1  0  0  1                          

     1.5      5    10    1  1  6  2                                            

     3.0      6    12                         4  1  1  2 *                     

     __________________________________________________________________________

      *4 females not pregnant 12 weeks post treatment of males with            

      D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-indane maleate.             

PAR  It is seen from the above table that at the 3 mg/kg dose level fertility
      resumed approximately 50 to 60 days post treatment. However, even at the
      1.5 mg/kg dose level there appeared to be some interference with normal
      fertility.
PAC  EXAMPLE 14
PAR  This example demonstrates the effect on fertility of male rats treated at
      dosages of 2 and 4 mg/kg/day from 1 to 14 days with
      D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane maleate. The effects on
      fertility are summarized below in Table 16.
TBL                                    TABLE 16                                

     __________________________________________________________________________

     Effects of Oral Administration of D,L-6-(N-.alpha.-pipecolinomethyl)-5-hyd

     roxy-                                                                     

     indane maleate, 2 and 4 mg/kg/day on Fertility of Male Rats               

     __________________________________________________________________________

     No. of Days                                                               

     Treatment                                                                 

            No. of                                                             

                No. of                                                         

                     Number of Females with Fertile Matings During Post        

                     Treatment Week                                            

     2 mg/kg/day                                                               

            Males                                                              

                Females                                                        

                     1  2  3 4 5 6 7 8 9  10 11 12 13 14                       

     __________________________________________________________________________

     1      15  45   18 11 6 4 3 0 0 0 1  0  0  0  0  0                        

     4      15  45   17 6  3 5 3 4 1 0 3  0  0  0  0  0                        

     7      15  45   10 4  1 2 1 2 1 2 7  3  2  4  1  0                        

     14     15  45    2 0  1 2 4 2 2 7 8  7  6  3  0  1                        

     4 mg/kg/day                                                               

     1      15  45   20 4  7 2 2 0 2 1 1  0  1  2  0  1                        

     4      15  45   16 5  0 1 3 1 3 2 6  2  1  1  0  0                        

     7      15  45   20 0  0 2 0 0 1 0 3  3  10 4  2  0                        

     14     15  45    0 1  0 1 1 1 1 3 10 2  7  6  1  1                        

     __________________________________________________________________________

      Male rats treated with D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-indan

      maleate for number of days indicated and permitted to cohabit with       

      untreated females beginning 24 hours after the last treatment. Ratio of  

      males to females = 1 to 3. Females observed thereafter for pregnancy.    

PAR  As seen from the above table there is obvious interference with normal
      fertility at the 2 and 4 mg/kg dosage levels after 14 days of treatment.
PAC  EXAMPLE 15
PAR  This example demonstrates the effectiveness of a single oral administration
      of D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane maleate in inducing
      sterility in male rats. The effect of one administration of test compound
      on the sex organ weights of rats were determined 65 days post treatment
      (the time required for one complete spermatogenic cycle in the rat). These
      results are summarized below in Table 17.
TBL                                    TABLE 17                                

     __________________________________________________________________________

     Effects of One Oral Administration of D,L-6-(N-.alpha.-pipecolinomethyl)-5

     -hydroxy-                                                                 

     indane maleate on Sex Organ Weights Measured 65 days Post                 

     __________________________________________________________________________

     Treatment                                                                 

                 Mean Body Weight                                              

                           Mean Organ Weight (mg) Standard Error               

     Test Compound                                                             

                 grams              Seminal                                    

                                           Ventral                             

     mg/rat   N  Initial                                                       

                       Final                                                   

                           Testes   Vesicles                                   

                                           Prostate                            

     __________________________________________________________________________

      0       17 156   473 3371 .+-. 70                                        

                                    957 .+-. 43                                

                                           742 .+-. 25                         

      5       9  148   446 1409 .+-. 134***                                    

                                    927 .+-. 50                                

                                           666 .+-. 49                         

     10       7  156   484 1498 .+-. 114***                                    

                                    1064 .+-. 49                               

                                           835 .+-. 46                         

     20       9  154   487 1125 .+-. 78 ***                                    

                                    1018 .+-. 105                              

                                           639 .+-. 83                         

     40       5  148   478 1315 .+-. 147***                                    

                                    1031 .+-. 68                               

                                           647 .+-. 60                         

     80       6  153   453 1077 .+-. 40 ***                                    

                                    1011 .+-. 62                               

                                            557 .+-. 58**                      

     __________________________________________________________________________

      Water vehicle, 0.2 ml/rat p.o.                                           

      **p &lt;.01                                                                 

      ***p &lt;.001 compared to controls.                                         

PAR  It is evident from the above table that significant antigonadal activity
      was evidenced by the single oral administration of the test compound at
      oral dosage levels utilized above. The effects of the foregoing single
      oral administration of the test compound on the fertility of male rats
      beginning co-habitation with untreated females 65 days post-drug
      administration was also evaluated. The results are summarized below in
      Table 18.
TBL                                    TABLE 18                                

     __________________________________________________________________________

     Effects of One Oral Administration of D,L-6-(N-.alpha.-pipecolinomethyl)-5

     -hydroxy-indane maleate on                                                

     Fertility of Male Rats Beginning Cohabitation with Untreated Females 65   

     Days Post Treatment                                                       

     __________________________________________________________________________

                                Number of Females with Fertile Matings         

                                During Cohabitation Weeks Beginning            

     Test Compound              65 Days Post Treatment                         

     mg/rat    No. of Males                                                    

                       No. of Females                                          

                                1  2   3   4   5  6                            

     __________________________________________________________________________

      5        10      20       10 2   3   1   1  0                            

     10        8       16       4  2   0   0   0  0                            

     20        9       18       0  0   0   0   0  1                            

     40        6       12       0  0   0   0   0  0                            

     80        6       12       0  0   0   0   0  0                            

     __________________________________________________________________________

PAR  It is apparent from the above, that one feeding of test compounds at a
      suitable dosage level, e.g., above about 20 mg/rat, would appear to be
      sufficient to produce a permanent sterility in the male rat.
PAC  EXAMPLE 16
PAR  This Example describes a test of the antigonadal activity of compounds of
      formula I in immature rats. The compounds were dissolved or suspended in
      an aqueous vehicle (0.9% NaCl, 0.9% benzyl alcohol, 0.5%
      carboxymethylcellulose, and 0.4% Tween 80 in distilled water) and
      administered orally to immature male rats (40-50 grams body weight) for 10
      consecutive days. Testes weights (mg/100 g.) were determined at autopsy
      and the percent difference in mean weight from concurrently-run, vehicle
      treated controls was calculated. Ten rats per group were used. The results
      of this experiment are summarized in Table 19 below.
TBL                                    TABLE 19                                

     __________________________________________________________________________

                                       Dose  % Diff.                           

     Compound                          mg/rat/day                              

                                             Testes                            

     __________________________________________________________________________

                                       1     -29                               

                                       2     -40                               

                                       1     -13                               

                                       2     -40                               

                                       1     -15                               

                                       2     -25                               

                                       1     -49                               

                                       0.1   -9                                

                                       0.2   -13                               

                                       0.4   -15                               

                                       1     -43                               

                                       2     -55                               

                                       4     -55                               

                                       1     -19                               

                                       2     -22                               

                                       4     -45                               

                                       1     -7                                

                                       2     -37                               

                                       1     -21                               

                                       2     -16                               

                                       4     -31                               

                                       2     -52                               

                                       0.5   -30                               

                                       1     -35                               

                                       2     -44                               

                                       0.5   -12                               

                                       1     -19                               

                                       2     -37                               

     __________________________________________________________________________

PAR  The results in the above table demonstrate the oral antigonadal activity of
      the compounds of formula I in the immature rat.
PAC  EXAMPLE 17
PAR  This example demonstrates the effect of
      D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane maleate on the testes
      of avian males. The test compound was administered orally to adult male
      pigeons for 10 working days. The results of this experiment are summarized
      in Table 20.
TBL                                    TABLE 20                                

     __________________________________________________________________________

                      Mean Body Weight                                         

                 No. of                                                        

                      Grams     Mean Testes Weight .+-. S.E.                   

     Treatment   Pigeons                                                       

                      Initial                                                  

                            Final                                              

                                (mg)                                           

     __________________________________________________________________________

     Vehicle Controls                                                          

                 7    399   381 2385 .+-. 243                                  

     Test Compound, 1 mg.                                                      

                 8    364   347 1450 .+-. 148**                                

     Test Compound, 5 mg.                                                      

                 7    364   341 1505 .+-.  97**                                

     __________________________________________________________________________

      **p &lt;.01 when compared to controls.                                      

PAR  Histological examination of testes sections from treated pigeons showed
      significant decreases in all spermatogenic cells. Thus,
      D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane maleate is seen to be
      an effective anti-testicular compound in the adult pigeon male.
PAC  EXAMPLE 18
TBL  Capsule Formulation                                                       

                          Per Capsule                                          

     ______________________________________                                    

     D,L-6-(N-.alpha.-pipecolinomethyl)-5-                                     

                              50 mg.                                           

      hydroxyindane maleate                                                    

     Lactose, U.S.P.         125 mg.                                           

     Corn Starch, U.S.P.      30 mg.                                           

     Talc, U.S.P.             5 mg.                                            

     Total Weight            210 mg.                                           

     ______________________________________                                    

PAC  Procedure:
PAR  1. D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane maleate was mixed
      with lactose and corn starch in a suitable mixer.
PAR  2. The mixture was further blended by passing through a Fitzpatrick
      Comminuting Machine with No. 1A screen with knives forward.
PAR  3. The blended powder was returned to the mixer, the talc added and blended
      thoroughly.
PAR  4. The mixture was filled into No. 4 hard shell gelatin capsules on a Parke
      Davis capsulating machine.
PAC  EXAMPLE 19
TBL  Tablet Formulation                                                        

     250 mg.                                                                   

                             Per Tablet                                        

     ______________________________________                                    

     D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-                             

      indane maleate            250 mg.                                        

     Dicalcium Phosphate Dihydrate, Unmilled                                   

                                235 mg.                                        

     Corn Starch                 70 mg.                                        

     FD&C Yellow No. 5 -- Aluminum Lake 25%                                    

                                 2 mg.                                         

     Durkee 117                  25 mg.                                        

     Calcium Stearate            3 mg.                                         

     Total Weight               585 mg.                                        

     ______________________________________                                    

PAC  Procedure:
PAR  1. All the ingredients were mixed thoroughly and Fitzed (Model D) using a
      No. 1A screen, medium speed.
PAR  2. The mixture was remixed and slugged.
PAR  3. The slugs were screened on an Oscillator through a No. 14 mesh screen
      and compressed on an "E" machine.
PAC  EXAMPLE 20
TBL  Tablet Formulation                                                        

                             Per Tablet                                        

     ______________________________________                                    

     D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-                             

      indane maleate            500 mg.                                        

     Corn Starch                 30 mg.                                        

     Lactose                     88 mg.                                        

     Gelatin                     12 mg.                                        

     Talcum                      15 mg.                                        

     Magnesium Stearate          5 mg.                                         

     Total Weight               650 mg.                                        

     ______________________________________                                    

PAC  Procedure:
PAR  1. D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane maleate and lactose
      were thoroughly mixed in suitable blending equipment and granulated with a
      10% gelatin solution.
PAR  2. The moist mass was passed through a No. 12 screen, and the granules were
      dried on paper lined trays overnight.
PAR  3. The dried granules were passed through a No. 14 screen and placed in a
      suitable mixer. The talcum and magnesium stearate were added and blended.
PAR  4. The granulation was compressed into tablets weighing approximately 650
      mg. each, using punches having an approximate diameter of 12.7 mm (1/2" ).
      The final tablet thickness was about 5.1 mm.
PAC  EXAMPLE 21
TBL  Capsule Formulation                                                       

                            Per Capsule                                        

     ______________________________________                                    

     D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-                             

      indane maleate           250 mg.                                         

     Lactose                    60 mg.                                         

     Corn Starch                35 mg.                                         

     Magnesium Stearate         5 mg.                                          

     Total Weight              350 mg.                                         

     ______________________________________                                    

PAC  Procedure:
PAR  1. All of the ingredients were mixed until thoroughly blended in a suitable
      size container.
PAR  2. The powder was filled into No. 2, two piece, hard shell gelatin capsules
      to an approximate fill weight of 350 mg. using a Parke Davis capsulating
      machine. (Any similar type machine may be used.)
PAC  EXAMPLE 22
TBL  Parenteral Formulation                                                    

                             Per cc                                            

     Each 1 cc ampul contains:                                                 

     ______________________________________                                    

     D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxy-                             

      indane maleate            51.0 mg.                                       

                               (2% excess)                                     

     Methyl Paraben, U.S.P.    1.8 mg.                                         

     Propyl Paraben, U.S.P.    0.2 mg.                                         

     Water for Injection, U.S.P.                                               

     q.s. ad                   1.0 cc.                                         

     ______________________________________                                    

PAC  Procedure (For 10,000 cc):
PAR  1. In a clean glass or glass-lined vessel, 8,000 cc. of Water for Injection
      were heated to 90.degree.C. It was then cooled to 50.degree.-60.degree.C,
      and 18 gms of methyl paraben and 2 gms of propyl paraben were added and
      dissolved with stirring. The solution was then allowed to cool to room
      temperature.
PAR  2. The 51.0 gms. of D,L-6-(N-.alpha.-pipecolinomethyl-5-hydroxyindane
      maleate were added under an atmosphere of nitrogen and stirred until
      completely dissolved.
PAR  3. Sufficient Water for Injection was then added to make a total volumn of
      10,000 cc.
PAR  4. This solution was then filtered through an 02 Selas candle, filled into
      suitable size ampuls, gassed with nitrogen and sealed. It was autoclaved
      at 10 lbs. PSI for 30 minutes.
PAC  EXAMPLE 23
TBL  Rodent Drinking Water Solution 0.1%                                       

     Composition Per Liter of Solution:                                        

     ______________________________________                                    

     D,L-6-(N-.alpha.-pipecolinomethyl)-5-                                     

      hydroxyindane maleate   1.0 gm.                                          

     Sucrose                 48.0 gm.                                          

     Demineralized Water                                                       

     q.s. ad                  1.0 liters                                       

     ______________________________________                                    

PAC  Procedure:
PAR  1. A 1,000 liter batch was made by dissolving 48 kilos of sucrose in 950
      liters of water in a suitable sized mixing tank.
PAR  2. One kilo of D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane maleate
      was added with stirring until dissolved.
PAR  3. Water was added to bring the solution up to 1,000 liters.
PAC  EXAMPLE 24
TBL  Rodent Dry Bait 0.1 %                                                     

     ______________________________________                                    

     D,L-6-(N-.alpha.-pipecolinomethyl)-5-                                     

      hydroxyindane maleate 0.1%                                               

     *Liquid Petrolatum     4.8%                                               

     Sucrose                4.8%                                               

     Breakfast Rolled Oats  90.3%                                              

     ______________________________________                                    

      *The liquid petrolatum shall be medicinal grade mineral oil, with a      

      specific gravity of not less than 0.83 nor more than 0.86.               

PAC  Procedure:
PAR  1. The rolled oats were loaded into a suitable liquid solids blender.
PAR  2. The sucrose and D,L-6-(N-.alpha.-pipecolinomethyl)-5-hydroxyindane
      maleate were suspended in the liquid petrolatum.
PAR  3. This suspension was then pump fed and sprayed onto the oats with
      continuous mixing until the resultant product was homogenous.
PAC  EXAMPLE 25
PAR  4.9 G. (0.02 mol) of 6-(2-methylpiperidino)methyl-5-indanol were dissolved
      in 10 ml. of isopropanol and the solution was treated with a mixture
      prepared from 4 g. (0.04 mol) of 2-methylpiperidine, 3 ml. (0.04 mol) of
      40% formaldehyde solution and 10 ml. of isopropanol. The mixture was
      boiled under reflux for 17 hours, the solvent was removed by evaporation
      and the residue was distilled to yield 4.7 g. of
      4,6-bis(2-methylpiperidino)methyl-5-indanol as a viscous gum. Boiling
      point ca 150.degree.C. (air-bath temperature)/0.005 mmHg.
PAC  EXAMPLE 26
PAR  A solution of 13.42 g. of 5-indanol in 40 cc. of ethanol was treated first
      with the dropwise addition of 34.08 g. of piperidine and then with 31.6 g.
      of 37.4% formaline. An exothermic reaction was evidenced during both
      additions. After addition was complete the mixture was refluxed on a steam
      bath for two hours. The solvent was removed in vacuo and the residue
      dissolved in ether. The ether extract was washed with water to remove
      excess piperidine. The ether was then extracted in portions with a total
      of 240 cc. 3N HCl. The acid aqueous layer was made basic with 140 cc. of
      concentrated NH.sub.4 OH and an oil separated. The mixture was extracted 6
      times with ether. The combined ether extracts after water wash was treated
      with activated charcoal and filtered. The ether filtrate was dried over
      sodium sulfate in the presence of HCl gas to produce a sticky solid
      precipitate. The ether was decanted from the solid precipitate and the
      solid was dissolved in 200 cc. of water treated with activated charcoal
      and filtered. After washing the charcoal with additional water the
      combined aqueous filtrate was extracted with three portions of ether and
      the resulting aqueous layer was then made basic with 140 cc. of
      concentrated NH.sub.4 OH. The basic aqueous solution was extracted seven
      times with ether. The combined ether extracts after water washing were
      dried over sodium sulfate. Addition of HCl gas yielded a sticky
      precipitate. The ether was decanted off and the residue was dissolved in
      ethanol and the ethanol removed under reduced pressure. This procedure was
      repeated four times. After standing overnight overnight at room
      temperature under isopropanol there was obtained after filtration 31 g.
      (77.2%) of 4,6-bis(1-piperidylmethyl)-5-indanol dihydrochloride melting at
      211.degree.-218.degree. (dec.). Recrystallization from isopropanol and
      ethyl acetate followed by recrystallization from ethanol and ether yielded
      pure product (22.79 g. - 56.8%) melting at 219.degree.-220.5.degree.
      (dec.).
PAR  Calcd. for C.sub.21 H.sub.32 N.sub.2 0.2HCl: C, 62.82; H, 8.54; N, 6.09.
      Found: C, 62.84; H, 8.20; N, 7.07.
PAR  The above dihydrochloride can be converted into the free base as follows. A
      total of 150.3 g. of the aforesaid dihydrochloride was dissolved in 300
      cc. of water. The aqueous solution was extracted three times with ether.
      The combined ether extracts were washed once with water. The aqueous
      solution under water wash were combined and made basic with 150 cc. of
      concentrated NH.sub.4 OH. This solution was allowed to stand overnight at
      room temperature and the resulting crystals were filtered off and washed
      with 100 cc. of water. There was obtained 113.69 g. of crude
      4,6-bis-(1-piperidylmethyl)-5-indanol melting at 80.degree.-100.degree..
      The crude free base was recrystallized repeatedly from ethanol to yield
      pure product melting at 81.8.degree.-83.2.degree..
PAR  Calcd. for C.sub.21 H.sub.32 N.sub.2 O: C, 76.78; H, 9.82; N, 8.53. Found:
      C, 77.92; H, 9.09; N, 8.67.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for inducing an antifertility effect in a male aves or mammal,
      which comprises orally or parenterally administering an antifertility
      effective amount of a compound of the formula
      ##SPC2##
PAL  wherein
PA1  Z is --O-- or --CH.sub.2 --, R.sub.1 independently is hydrogen,
PA1  N-piperidino-lower alkyl and N-.alpha.-pipecolino lower alkyl,
PA1  R.sub.2, r.sub.3 and R.sub.4 independently are hydrogen or lower alkyl,
PA1  R.sub.1, r.sub.2, r.sub.3 and R.sub.4 taken together as adjacent pairs are
      lower alkyl having from 3 to 5 carbon atoms, R.sub.5 is hydrogen or lower
      alkyl and n is 1 or 2
PAL  or the enantiomer or acid addition salts thereof to said aves or mammal.
NUM  2.
NUM  3.
PAR  3. The method of claim 1 wherein said compound is
NUM  4.
PAR  4. The method of claim 1 wherein said compound is the maleate salt of
NUM  5.
PAR  5. The method of claim 1 wherein said compound is an enantiomer of
NUM  6.
PAR  6. The method of claim 1 wherein said compound is contained in an oral
      pharmaceutical dosage unit in an amount in the range of from about 0.5 mg.
      to 1,000 mg., the remainder of the composition being a conventional
NUM  7.
PAR  7. The method of claim 1 wherein said compound is contained in a
      conventional pest bait composition in the range of from about 0.05 wt/% to
NUM  8.
PAR  8. A method for inducing temporary sterility in a male mammal which
      comprises orally administering a compound of the formula
      ##SPC3##
PAL  wherein
PA1  Z is --O-- or --CH.sub.2 --, R.sub.1 independently is hydrogen,
PA1  N-piperidino-lower alkyl and N-.alpha.-pipecolino lower alkyl,
PA1  R.sub.2, r.sub.3 and R.sub.4 independently are hydrogen or lower alkyl,
PA1  R.sub.1, r.sub.2, r.sub.3 and R.sub.4 taken together as adjacent pairs are
      lower alkyl having from 3 to 5 carbon atoms, R.sub.5 is hydrogen or lower
      alkyl and n is 1 or 2
PAL  or the enantiomer or acid addition salts thereof to said male mammal in a
      dosage in the range of from about 0.4 mg/kg/day to about 75 mg/kg/day.
PATN
WKU  039340163
SRC  5
APN  1462989
APT  1
ART  125
APD  19710524
TTL  Pharmaceutical preparation for percutaneous treatment of local edemas
ISD  19760120
NCL  2
ECL  1
EXP  Turner; V. D.
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NAM  Roux; Claude Paul
CTY  Paris
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CTY  Montrouge
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NAM  Jouveinal, S.A.
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PAL  remington's Pharmaceutical Sciences, 13th Ed., 1965, pp. 1016-1017.
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LREP
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ABST
PAL  Pharmaceutical preparation and method for percutaneous treatment of edemas,
      with the pharmaceutical preparation comprising an active element
      consisting of acetazolamide in a concentration of between 1 to 50%
      incorporated in a vehicle which is compatible with percutaneous
      administration.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improvement in therapeutic means
      employed for treatment of localized edemas. More particularly it concerns
      percutaneous use of acetazolamide and the advantages inherent in this
      manner of introducing the acetazolamide. It is generally recognized that
      use of a diuretic by mouth for treatment of localized edemas presents
      metabolic drawbacks such as modification of ionic equilibrium, without
      contributing any very definitive curative effect on the edema.
PAR  In the case of acetazolamide, oral administration causes substantial
      acidosis (determined by the decrease in the value of the alkaline reserve
      of the blood) as well as a loss of potassium (detected by the drop of the
      potassium content of the serum). A good improvement in the treatment would
      consist in increasing local therapeutic effects of acetazolamide on edemas
      and decreasing the harmful effects (acidosis and hyperkalemia).
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  Applicants have found now that by administering acetazolamide
      percutaneously in the form of an ointment or cream one can reduce
      localized edemas without repercussion on blood constants.
PAR  1. First of all, it was discovered that acetazolamide, contrary to other
      diuretic molecules, has the property of passing through the epidermal
      barrier. This property can be shown by the following experiment (from
      Lipschitz et al., J. Pharm. Exp. Therap. 1943, 79, p. 97). Rats, divided
      into 3 homogeneous lots, were given an aqueous overload of 5% of their
      body weight by intraperitoneal injection of physiological salt solution.
      One control lot received merely an application of the vehicle of the
      ointment. A series of lots (rats) was treated by application of ointment
      containing 10% acetazolamide. A series of lots was treated by oral
      administration of acetazolamide.
TBL  ______________________________________                                    

     Series        % increase in Probability                                   

                   diuresis at the                                             

                   end of 4 hr.                                                

     ______________________________________                                    

     Acetazolamide per                                                         

     os in a dose of:                                                          

      2 mg/kg        22%         0.02 &lt;p&lt;0.05                                  

      5 mg/kg        33%         p &lt;0.001                                      

     10 mg/kg        35%         p &lt;0.001                                      

     20 mg/kg        48%         p &lt;0.001                                      

     Acetazolamide in                                                          

     ointment in a dose of:                                                    

      10 mg/kg       20%         not significant                               

      20 mg/kg       33%         0.01 &lt;p&lt; 0.02                                 

     100 mg/kg       42%         p &lt;0.001                                      

     ______________________________________                                    

PAL  The same experiment, carried out by administering other diuretic products
      such as triamterene, spironolactone, mercaptomerine, theophylline, in
      ointment form, showed that these substances did not cause diuresis.
PAR  2. In the second step, it was sought to determine whether acetazolamide
      administered as an ointment could inhibit formation of a localized edema
      caused in an animal and in what dose. A method was used in which an edema
      of the paw of the rat was caused by injection of kaolin into the plantar
      aponeurosis. (Method of J. Millebrecht -- Arzneimittel Forschung 1954, 4,
      607). It was found that acetazolamide significantly opposes formation of
      edema, first, starting with a dose of 10 mg/kg in ointment form and
      second, starting with a dose of 50 mg/kg per os.
PAR  3. Thereupon the doses causing diuresis or a protective effect with respect
      to edema, in accordance with the two methods of administration, were
      compared. The following table is obtained:
TBL  Method of  Dose in mg/kg as from which there                              

     administration                                                            

                is significantly observed:                                     

              A diuretic effect                                                

                           An anti-edema effect                                

     ______________________________________                                    

     Per os      2             50                                              

     Percutaneous                                                              

                20             10                                              

     ______________________________________                                    

PAL  This table makes it possible to note that administration of acetazolamide,
      percutaneously, makes it possible to obtain anti-edema effects in low
      dose, far before the diuretic effect.
PAR  4. It was then verified clinically that administration of acetazolamide in
      an ointment actually provided a suitable therapeutic effect without
      causing harmful secondary effects. For this  purpose, two classes of
      patients having localized edemas were selected, namely:
PA1  a. Post-traumatic edemas,
PA1  b. Edemas of cellulitic type.
PAR  The acetazolamide was administered in the form of a 10% ointment and the
      results were classified as:
PA1  Very good: the measurements had become normal again, the pain had
      disappeared, perfect mobility of the joints.
PA1  Good: Persistence of a certain degree of edema not having any functional
      consequence, almost complete disappearance of pain.
PA1  Rather good: presence of a partial improvement of the edema with slight
      functional disturbance, attenuation of the pain with persistence of
      moderate disturbance.
PA1  Zero: failure or insufficient action leaving appreciable functional
      disturbance, inadequacy or absence of effect on the pain.
TBL  ______________________________________                                    

            Total Very   Good   Rather                                         

                                      Zero % Very Good                         

                  Good          Good       + Good                              

     ______________________________________                                    

     Post-trauma-                                                              

     tic edemas                                                                

              78      45     15    9     9   78                                

     Cellulitic                                                                

     edemas   92      25     39   12    16   70                                

     ______________________________________                                    

PAR  The effects on the alkaline reserve and on the blood potassium were
      determined:
PA1  Alkaline reserve: 56 observations, all within normal values.
PA1  Ionogram: 30 observations, all within normal values.
PAR  5. It was verified clinically that administration of acetazolamide in an
      ointment gives therapeutic effects superior to administration by mouth.
      For this purpose, acetazolamide was administered in succession by one or
      the other method:
PAR  in a first group of patients:
PA1  8 days by mouth and then 8 days locally,
PAR  in a second group:
PA1  8 days locally and then 8 days by mouth.
PAL  This procedure is necessary in order to eliminate the spontaneous
      improvement of the edema which favors in particular the first form
      administered. The results were as follows:
TBL  Average decrease                                                          

                     Tablets  Ointment Probability                             

     of edema                                                                  

     ______________________________________                                    

     Tablets before ointment                                                   

                     0.68     0.77     10 &lt; p&lt; 50                              

                     Ointment Tablets                                          

     Ointment before tablets                                                   

                     1.81     0.63     1 &lt; p&lt; 2                                

     ______________________________________                                    

PAL  Therefore, the administration of ointment proves to be more effective than
      the administration of tablets, with the probability of 98 to 99%.
PAR  The present invention can be carried out by conventional methods, the
      acetazolamide being incorporated in vehicles compatible with percutaneous
      administration. Thus it can be presented in the form of a suspension or
      emulsion, leading to conventional presentations, such as lotions, milks,
      creams, ointments, etc. The acetazolamide concentration will be between 1
      and 50% and will advantageously be established at 10%.
DETD
PAC  EXAMPLES
PAR  The following examples are given to permit a better understanding of the
      invention, without, however, limiting its scope:
TBL  1.       Anhydrous ointment                                               

                 Formula                                                       

              acetazolamide           10                                       

              poly-oxy-ethylene glycol 1500                                    

                                      75                                       

              poly-oxy-ethylene glycol 300                                     

                                      15                                       

PAL  In a double-jacketed stainless steel vessel, melt the mixture of
      poly-oxy-ethylene glycols at 48.degree.C. Slowly add the acetazolamide in
      very finely pulverized form, with agitation. Cool with agitation to about
      20.degree.C and distribute in suitable containers.
TBL  ______________________________________                                    

     2.     Skin Cream                                                         

               Formula                                                         

            acetazolamide              10                                      

            poly-oxy-ethylene glycerides                                       

                                       10                                      

            polyethylene glycol stearate 300                                   

                                       10                                      

            preservative               0.1                                     

            water q.s.p.              100 g                                    

     ______________________________________                                    

PAL  In a stainless steel vessel, melt the mixture of poly-oxy-ethylene
      glycerides and polyethylene glycol stearate 300 at 38.degree.C. Add the
      finely pulverized acetazolamide. Stir until completely dispersed. Slowly
      add an aqueous solution of the preservative, brought to 38.degree.C. Stir
      until homogenous. Cool slowly to 20.degree.C with agitation. Distribute
      into suitable receptacles.
TBL  ______________________________________                                    

     3.     Suspension for Use on the Skin                                     

               Formula                                                         

            acetazolamide              10                                      

            polyethylene glycol stearate 300                                   

                                       10                                      

            stearic acid               5                                       

            petrolatum oil             3.5                                     

            ascorbyl palmitate                                                 

            preservative               3                                       

            water q.s.p.              100 g                                    

     ______________________________________                                    

PAL  In a stainless steel vessel, melt at 40.degree.C the mixture of
      polyethylene glycol stearate 300, stearic acid and oil of petrolatum. Add
      the finely pulverized acetazolamide. Stir until completely dispersed.
      Slowly add an aqueous solution of the preservative, brought to
      38.degree.C. Stir until homogeneous. Cool slowly to 20.degree.C with
      agitation. Distribute into suitable receptacles.
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NUM  1.
PAR  1. A pharmaceutical composition for local percutaneous treatment of edemas
      which comprises an anhydrous ointment having the following composition:
PA1  10 parts of acetazolamide
PA1  75 parts of poly-oxy-ethylene glycol 1,500
NUM  2.
PAR  2. A method for percutaneous local treatment of edemas which consists in
      applying to the skin a pharmaceutical composition which comprises a
      diuretic agent capable of passing the eipidermal barrier; said agent being
      acetazolamide in an amount sufficient for a decrease of edema.
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ABST
PAL  Isothiocyanobenzazoles of the formula
      ##SPC1##
PAL  Wherein
PA1  R.sub.1 is hydrogen, optionally substituted alkyl, alkenyl, cycloalkyl or
      cycloalkenyl
PA1  R.sub.2 is hydrogen, halogen, alkyl, alkoxy or alkanoyl
PA1  X is oxygen, sulfur or
      ##EQU1##
       R.sub.3 is hydrogen, alkyl, alkenyl, phenyl or benzyl, dialkylaminoalkyl,
      alkoxycarbonyl, alkanoyl or polyhydroxyalkyl
PA1  Y is oxygen, sulfur, -SO-, -SO.sub.2 - or
      ##EQU2##
      n is 0 or 1, and R.sub.4 is hydrogen, alkyl or alkenyl or together with
      the nitrogen atom and R.sub.1 a saturated or unsaturated heterocycle which
      may contain one further hetero atom having anthelmintic and microbicidal
      activity.
PARN
PAR  This is a division of application Ser. No. 311,987, filed on Dec. 4, 1972,
      now U.S. Pat. No. 3,849,431.
BSUM
PAR  The present invention relates to isothiocyanobenzazoles, to processes for
      the production of these new compounds, as well as to anthelmintic and
      microbicidal agents containing these compounds as active components.
PAR  Among the endoparasites occurring in the case of warm-blooded animals, the
      helminthes, in particular, cause considerable damage. For example, animals
      infested by worms suffer not only to the extent of retarded growth but, in
      some cases, to the extent of injury so severe that the animals die as a
      result. It is therefore of great importance that agents be developed which
      are suitable for the control of helminthes and of their development
      stages, as well as for the prevention of infestation by these parasites.
      By the term "helminthes" in the present description are meant nematodes,
      cestodes and trematodes, that is, worms of the gastrointestinal tract, of
      the liver and of other organs. A number of substances having anthelmintic
      action have indeed become known; however, these are frequently not
      entirely satisfactory for the given application: it may be that they have
      an insufficient action in compatible dosages, produce in therapeutically
      effective dosage levels undesired secondary effects, or have too narrow a
      range of action. Thus, for example, racemic
      2,3,5,6-tetrahydro-6-phenyl-imidazo(2,1-5) thiazole, known from the Dutch
      Pat. No. 6,505,806, is effective only against nematodes, not, however,
      against trematodes and cestodes.
PAR  The new isothiocyanobenzazoles correspond to formula I
      ##SPC2##
PAL  wherein the SCN-group is in the 4-, 5-, 6- or 7-position, and preferably in
      the 5- or 6-position, and wherein
PA1  R.sub.1 represents hydrogen, a straight-chain or branched alkyl or alkenyl
      radical having 1 to 17, preferably 1 to 5 carbon atoms, a lower alkyl or
      alkenyl radical having a total of at most 6 carbon atoms and substituted
      by halogen, -CN, -OH, alkoxy, acyl, alkylthio or dialkylamino, an
      optionally lower-alkyl-substituted, mono-, bi- or tricyclic cycloalkyl or
      cycloalkenyl radical having 3 to 10 carbon atoms in the ring structure,
      which can also be bound by way of a CH.sub.2 -group to the substituent Y
      or to the heterocycle,
PA1  R.sub.2 represents hydrogen, halogen, or an alkyl, alkoxy or acyl radical
      having at most 4 carbon atoms,
PA1  X represents oxygen, sulphur or
      ##EQU3##
      R.sub.3 stands for hydrogen, an alkyl or alkenyl radical having at most 5
      carbon atoms, a phenyl or benzyl radical, a dimethylamino- or
      diethylamino-alkyl radical having 2 - 5 carbon atoms in the alkyl chain,
      an alkoxy-carbonyl radical having 2 - 5 carbon atoms, an aliphatic acyl
      radical having 2 - 5 carbon atoms, or for a polyhydroxyalkyl radical
      (saccharide),
PA1  Y represents oxygen, sulphur, --SO--, --SO.sub.2 --, or
      ##EQU4##
      n is the number 0 to 1, R.sub.4 represents hydrogen, an alkyl or alkenyl
      radical having at most 5 carbon atoms, or together with the N-atom and the
      substituent R.sub.1 a saturated or unsaturated heterocycle having 4 to 6
      carbon atoms which may also contain a further hetero atom O or S or the
      group
      ##EQU5##
      and R.sub.5 stands for hydrogen, methyl or ethyl,
PAL  and include the acid addition salts non-toxic for warm-blooded animals.
PAR  The compounds of formula 1 constitute therefore,
TBL  where X = O, benzoxazole derivatives (Ia),                                

     where X = S, benzothiazole derivatives (Ib), or                           

     .vertline.                                                                

     where X = --NR.sub.3,                                                     

                  benzimidazole derivatives (Ic).                              

PAR  The benzoxazole derivatives Ia (X = O) are able, if n = O, to convert in a
      reversible reaction, with the aid of strong mineral acids, into
      N-acylaminophenols II according to the following diagram:
      ##SPC3##
PAR  The formed N-acylaminophenols and corresponding salts likewise have
      anthelmintic and microbicidal activity. Their reconversion into the
      benzoxazole form is effected, as indicated above, by heating, with the
      possible addition of conventional condensing agents, e.g., phosphorus
      oxychloride.
PAR  The following may be mentioned as examples of straightchain or branched
      alkyl radicals having up to 5 carbon atoms: methyl, ethyl, n-propyl,
      isopropyl, n-butyl, sec.butyl, isobutyl, tert.butyl, n-amyl, sioamyl; and
      as examples of alkyl radicals having up to 17 carbon atoms: hexyl,
      1-ethylpentyl, octyl, undecyl, dodecyl, pentadecyl and heptadecyl.
PAR  Examples of straight-chain or branched alkenyl radicals are as follows:
      n-propenyl, .alpha.-methylvinyl, 9-decenyl and 8-heptadecenyl.
PAR  The meaning of cycloalkyl or cycloalkenyl radicals includes also ring
      structures which can be substituted by methyl, ethyl, n-propyl or
      isopropyl. The following examples may be given: cyclopropyl, cyclobutyl,
      cyclopentyl, cyclohexyl, cyclohexenyl, 3,4-dimethylcyclobutyl,
      2,3-dimethylcyclopropyl, 4-methylcyclohexyl, 4-isopropylcyclohexyl,
      3,5-bis-(ethyl)cyclohexyl, norbornyl, norbornylmethyl, adamantyl and
      adamantylmethyl.
PAR  The term halogen covers fluorine, chlorine and bromine.
PAR  By polyhydroxyalkyl radicals are meant saccharide groups, particularly
      C.sub.4 - C.sub.7 saccharides, such as sorbose, glucose, mannose and
      ribose.
PAR  Saturated or unsaturated heterocycles formed from the substituents R.sub.1
      and R.sub.4 together with the N-atom bound to them are, e.g. pyrrolidine,
      piperidine, 2-methylpiperidine, 4-methylpiperidine, piperazine, N'-methyl-
      and N'-ethyl-piperazine, morpholine, isomorpholine, thiomorpholine and
      hexamethyleneimine.
PAR  Suitable salts of isothiocyanobenzazoles non-toxic to warm-blooded animals
      are addition compounds with inorganic or organic acids, preferably fairly
      strong acids; examples of such acids are as follows: hydrochloric acid,
      hydrobromic acid, sulphuric acid, phosphoric acid, acetic acid, adipic
      acid, maleic acid, tartaric acid, lactic acid, citric acid, glutamic acid,
      aconitic acid, sulphamic acid, methanesulphonic acid and
      p-toluenesulphonic acid.
PAR  The compounds of formula I are highly effective against harmful bacteria
      and fungi, and against helminthes in all stages of development. The
      invention relates also to the application of compounds embraced by formula
      I as anthelmintics and antimicrobics.
PAR  Three important subgroups of compounds are those of formula I
      (benzoxazoles, benzothiazoles and benzimidazoles) and their addition salts
      wherein X represents oxygen, sulphur, or the group --N(R.sub.3)-- defined
      for formula I, the SCN-group is in the 5- or 6-position, n = O, and
      R.sub.1 represents a straight or branched alkyl radical having 1 to 8
      carbon atoms, a propenyl, 8-heptadecenyl, heptadecyl or pentadecyl
      radical, or the cyclopropyl, cyclopropylmethyl, cyclobutyl, cyclopentyl or
      cyclohexyl radical, or wherein n = 1, and --Y--R.sub.1 denotes a(n)
      hydroxyl, methoxy, ethoxy, n-propoxy, isopropoxy, mercapto,
      methylmercapto, ethylmercapto, n-propylmercapto, isopropylmarcapto,
      n-butylmercapto, methylsulphonyl or ethylsulphonyl, or a mono- or
      dialkylamino radical having at most 6 carbon atoms, and R.sub.2 represents
      hydrogen, a chlorine or bromine atom, a methyl, methoxy or acetyl group.
PAR  The following compounds have proved particularly good active substances:
PA1  2-[n-amyl]-6-isothiocyanobenzothiazole,
PA1  2-isopropyl-6-isothiocyanobenzothiazole,
PA1  2-methyl-6-isothiocyanobenzothiazole,
PA1  2-ethyl-6-isothiocyanobenzothiazole,
PA1  2-[n-propyl]-6-isothiocyanobenzothiazole,
PA1  2-[n-amyl]-5-isothiocyanobenzothiazole,
PA1  2-[n-propyl]-5-isothiocyanobenzothiazole,
PA1  2-isopropyl-5-isothiocyanobenzothiazole,
PA1  2-ethyl-5-isothiocyanobenzothiazole,
PA1  2-[n-amyl]-6-isothiocyanobenzoxazole,
PA1  2-isopropyl-6-isothiocyanobenzoxazole,
PA1  2-ethyl-6-isothiocyanobenzoxazole,
PA1  2-tert.butyl-6-isothiocyanobenzothiazole,
PA1  2-cyclopropyl-6-isothiocyanobenzothiazole,
PA1  2-[n-amyl]-5-isothiocyanobenzoxazole,
PA1  2-isopropyl-5-isothiocyanobenzoxazole,
PA1  2-ethyl-5-isothiocyanobenzoxazole,
PA1  2-n-octyl-5-isothiocyanobenzoxazole,
PA1  2-ethoxy-6-isothiocyanobenzoxazole,
PA1  2-mercapto-6-isothiocyanobenzoxazole,
PA1  2-methylthio-5-isothiocyanobenzoxazole,
PA1  2-isopropylthio-5-isothiocyanobenzoxazole,
PA1  2-n-butylthio-6-isothiocyanobenzoxazole,
PA1  2-methylthio-6-isothiocyanobenzoxazole,
PA1  2-methoxy-6-isothiocyanobenzothiazole,
PA1  2-hydroxy-6-isothiocyanobenzothiazole,
PA1  2-isopropoxy-6-isothiocyanobenzothiazole,
PA1  2-methylthio-6-isothiocyanobenzothiazole,
PA1  2-ethylthio-6-isothiocyanobenzothiazole,
PA1  2-methylsulphonyl-6-isothiocyanobenzothiazole,
PA1  2-mercapto-6-isothiocyanobenzothiazole,
PA1  2-n-propylthio-5-(6)isothiocyanobenzimidazole,
PA1  5(6)-chloro-6(5)isothiocyano-1-methoxycarbonyl-2-n-propylbenzimidazole,
PA1  5(6)-isothiocyano-1-ethyl-2-methylbenzimidazole.
PAR  The new active substances of formula I according to the invention are
      suitable for the control of parasitic nematodes of the orders:
PA1  Dracunculoidia,
PA1  Ascaroidea (e.g., Ascaridia galli),
PA1  Trichenelloidea,
PA1  Strongyloidea,
PA1  Trichostrongyloidea,
PA1  Metastrongyloidea,
PAL  or for the control of cestodes of the families:
PA1  Dilepididae (e.g., Hymenolepis nana,
PA1  Taeniidae,
PA1  Diphyllobotridae,
PAL  or for the control of trematodes of the families:
PA1  Dicrocoelidae,
PA1  Fasciolidae (e.g. Fasciola hepatica),
PA1  Schistosamatidae (e.g. Schistosoma bovis),
PAL  in the case of domestic and useful animals, such as cattle, sheep, goats,
      horses, pigs, cats, dogs, as well as poultry. The new active substances
      can be administered in single doses to the animals, or in repeated doses,
      the single doses preferably being, depending on the species of animal,
      between 25 to 1,000 mg per kilogram of body weight. A better effect can be
      obtained in some cases by a protracted administration of the active
      substances, or smaller total doses may suffice to obtain the desired
      effect. The active substances or mixtures containing them can also be
      added to the feed or to the drinking water. The finished feed contains the
      substances of formula I preferably in a concentration of ca. 0.05 to 1.0
      per cent by weight.
PAR  The new active substances can be administered as agents orally or
      abomasally to the animals, the said agents being, for example, in the form
      of solutions, emulsions, suspensions (drenches), powders, tablets,
      boluses, and capsules. The usual solid carriers are used to produce the
      above mentioned preparations, such as, for example, kaolin, talcum,
      bentonite, sodium chloride, calcium phosphate, carbohydrates, cellulose
      powder, cottonseed meal, Carbowaxes, and gelatine, or liquids such as
      water, optionally with the addition of surface-active substances such as
      ionic or non-ionic dispersing agents, as well as oils, and other solvents
      and diluents harmless to the animal organism. If the anthelmintic agents
      are in the form of feed concentrates, then the carriers used are, for
      example, production feed, fodder grain or protein concentrates. Such feed
      concentrates or agents can contain, in addition to the active substances,
      also additives, vitamins, antibiotics, chemotherapeutical agents, or other
      pesticides, chiefly bacteriostatics, fungistatics, coccidiostatics, also
      hormone preparations, substances having anabolic activity, or other
      substances promoting growth, affecting the quality of the meat of
      slaughter cattle, or in some other way beneficial for the organism.
PAR  For combination with the active substances according to the invention, it
      is possible to use, for example, the following anthelmintics:
PAC  Principally as nematocides
PA1  Absonal
PA1  Alcopar
PA1  Anthelcide
PA1  Ascaridole
PA1  Badminth II
PA1  Bephenium
PA1  Bradosol
PA1  Cambendazol
PA1  Chlorophos
PA1  Chlorthion
PA1  Coumaphos
PA1  Cyanin
PA1  Destomycin
PA1  Diethylcarbamazine
PA1  Dichlorophene,
PA1  Ddvp
PA1  1,4-di-(D-glucosyl)-piperazine
PA1  Dithiazonine
PA1  Dow ET/70
PA1  Dowco 132
PA1  Dymanthine . HCl
PA1  Egressin
PA1  Gainex
PA1  Hexachlorophene
PA1  Hexylresorcinol
PA1  Ionit
PA1  Levamisol
PA1  Mepacrine
PA1  Methylene violet
PA1  1-Methyl-1-tridecylpiperazinium-4-carboxylic acid ethyl ester
PA1  Methyridine
PA1  Monopar
PA1  Narlene
PA1  Neguvon
PA1  Nematodin
PA1  Nemural
PA1  Mebendazol
PA1  Nidanthel
PA1  Parbendazol
PA1  Parvex
PA1  Phenothiazine
PA1  Piperazine
PA1  Polymethylene-piperazine
PA1  Promethazine
PA1  Pyrantel
PA1  Pyrathiazine
PA1  Pyryinium-embonate
PA1  Rametin
PA1  Ronnel
PA1  Santonin
PA1  Shell 1808
PA1  Stilbazium
PA1  Tetramisole
PA1  Thenium
PA1  Thiabendazole
PA1  Thymolan
PA1  Triclofenol
PA1  Treclofenol-piperazine
PA1  Vermella
PAR  Principally as trematocides:
PA1  Acedist
PA1  Bilevon M
PA1  Bilevon R
PA1  Bithionol
PA1  Disophenol
PA1  Freon 112
PA1  Hetol
PA1  Hetolin
PA1  Hexachloroethane
PA1  Hexachlorophene
PA1  Hilomid
PA1  Niclofolan
PA1  Nitroxynil
PA1  Ranide
PA1  Tremerad
PA1  Tribromsalan (Tremasept II)
PA1  Zanil
PA1  Brotianid
PAR  Principally as cestocides:
PA1  Acranil
PA1  Arecoline
PA1  Atebrin
PA1  Bithionol
PA1  Bithionol oxide
PA1  Bunamidine
PA1  Cestodin
PA1  Cambendazol
PA1  Dibutyltin dilaurate
PA1  Dichlorophen
PA1  Dioctyltin dichloride
PA1  Dioctyl tin laurate
PA1  Doda
PA1  Filixic acid
PA1  Hexachlorophene
PA1  Nidanthel
PA1  Terenol
PA1  Yomesan
PAR  For combination with the active substances according to the invention, it
      is also possible to use preparations containing several active substances,
      e.g.:
TBL  Eludon         Piperazine-hexahydrate                                     

                   + Copper sulphate                                           

                   + Sodium metaarsenite                                       

     Equizol A      Thiabendazole                                              

                   + Piperazine phosphate                                      

     Nilzan         Tetramisole                                                

                   + Zanil                                                     

     Nitroarene     Yomesan                                                    

                   + Dichlorophene                                             

     Parvec plus    Phenothiazine                                              

                   + Piperazine-CS.sub.2 -complex                              

     Phenovis 2     Phenylbenzimidazole                                        

                   + Phenothiazine                                             

PAR  Microbicidal agents according to the invention are produced in a manner
      known per se by the intimate mixing and grinding of active substances of
      the general formula I with suitable carriers, optionally with the addition
      of dispersing agents or solvents which are inert to the active substances.
      The active substances can be obtained and used in the forms described
      below, the given information applying in some cases also to the production
      of anthelmintic agents:
PA1  solid preparations: dusts, scattering agents, granulates, (coated
      granulates, impregnated granulates and homogeneous granulates);
PA1  water-dispersible concentrates of the active substance: wettable powders,
      pastes, emulsions;
PA1  liquid preparations: solutions.
PAR  The solid preparations (dusts, scattering agents, granulates) are produced
      by the mixing of the active substances with solid carriers. Suitable
      carriers are, e.g., kaolin, talcum, bole, loess, chalk, limestone, ground
      limestone, dolomite, diatomaceous earth, precipitated silicic acid,
      alkaline-earth silicates, sodium and potassium aluminium silicates
      (feldspar and mica), calcium and magnesium sulphates, ground synthetic
      materials, ground vegetable products such as bran, bark dust, sawdust,
      ground nutshells, cellulose powder, residues of plant extractions, active
      charcoal, etc., alone or in admixture with each other.
PAR  The particle size of the carriers is for dusts advantageously up to about
      0.1 mm; for scattering agents from about 0.075 mm to 0.2 mm; and for
      granulates 0.2 mm or coarser.
PAR  The concentrations of active substance in the solid preparation forms are
      from 0.5 to 80%.
PAR  To these mixtures may also be added additives stabilising the active
      substance, and/or non-ionic, anion-active, and cation-active substances,
      which, for example, improve the adhesiveness of the active substances
      (adhesives and agglutinants), and/or ensure a better wettability (wetting
      agents) and dispersibility (dispersing agents). Suitable adhesives are,
      for example, the following: olein/lime mixture, cellulose derivatives
      (methyl cellulose), hydroxyethylene glycol ethers of monoalkyl and dialkyl
      phenols having 5 to 15 ethylene oxide radicals per molecule and 8 to 9
      carbon atoms in the alkyl radical, ligninsulphonic acids, their alkali
      metal and alkaline-earth metal salts, polyethylene glycol ethers
      (Carbowaxes), fatty alcohol polyethylene glycol ethers having 5 to 20
      ethylene oxide radicals per molecule and 8 to 18 carbon atoms in the fatty
      alcohol moiety, condesation products of ethylene oxide, propylene oxide,
      polyvinyl pyrrolidones, polyvinyl alcohols, condensation products of urea
      and formaldehyde, as well as latex products.
PAR  Water-dispersible concentrates of active substance, i.e., wettable powders,
      pastes and emulsion concentrates, are agents which can be diluted with
      water to obtain any desired concentration. They consist of active
      substance, carrier, optionally additives which stabilise the active
      substance, surface-active substances, and anti-foam agents and,
      optionally, solvents. The concentration of active substance in these
      agents is 5 to 80%.
PAR  The wettable powders and the pastes are obtained by the mixing and grinding
      of the active substances with dispersing agents and pulverulent carriers,
      in suitable devices, until homogeneity is attained. Suitable carriers are,
      e.g. those previously mentioned in the case of solid preparations. It is
      advantageous in some cases to use mixtures of different carriers. As
      dispersing agents it is possible to use, e.g.: condensation products of
      sulphonated naphthalene and sulphonated naphthalene derivatives with
      formaldehyde, condensation products of naphthalene or of
      naphthalenesulphonic acids with phenol and formaldehyde, as well as
      alkali, ammonium and alkaline-earth metal salts of ligninsulphonic acid,
      also alkylaryl sulphonates, alkali metal salts and alkaline-earth metal
      salts of dibutyl naphthalenesulphonic acid, fatty alcohol sulphates such
      as salts of sulphated hexadecanols, heptadecanols, octadecanols, and salts
      of sulphated fatty alcohol glycol ether, the sodium salt of oleyl
      ethionate, the sodium salt of oleyl methyl tauride, ditertiary acetylene
      glycols, dialkyl dilauryl ammonium chloride, and fatty acid alkali-metal
      and alkaline-earth metal salts.
PAR  Suitable anti-foam agents are, for example, silicones.
PAR  The active substances are so mixed, ground sieved and strained with the
      above mentioned additives that the solid constituent in the case of
      wettable powders has a particle size not exceeding 0.02 to 0.04 mm, and in
      the case of pastes not exceeding 0.03 mm. Dispersing agents such as those
      mentioned in the preceding paragraphs, organic solvents and water are used
      in the preparation of emulsion concentrates and pastes. Suitable solvents
      are, e.g., the following: alcohols, benzene, xylenes, toluene,
      dimethylsulphoxide, and mineral oil fractions boiling in the range of
      120.degree. to 350.degree.C. The solvents must be practically odourless,
      non-phytotoxic, inert to the active substances, and not readily
      inflammable.
PAR  Furthermore, the agents according to the invention can be used in the form
      of solutions. For this purpose the active substance (or several active
      substances) of the general formula I is (or are) dissolved in suitable
      organic solvents, mixtures of solvents, or water. As organic solvents it
      is possible to use aliphatic and aromatic hydrocarbons, their chlorinated
      derivatives, alkylnaphthalenes, mineral oils on their own or in admixture
      with each other. The solutions should contain the active substances in a
      concentration of from 1 to 20%.
PAR  Other biocidal active substances, such as pesticides, may by added to the
      described agents according to the invention. For the widening of their
      sphere of action, the new agents may also contain, in addition to the
      stated compounds of formula I, e.g. fungicides, bactericides,
      fungistatics, bacteriostatics or nematocides, or other active substances.
PAR  Isothiocyanobenzazoles of formula I can be produced according to the
      invention by a process in which the basic aminobenzazoles of formula III
      ##SPC4##
      ##EQU6##
      are a. reacted with a thiocarbonic acid derivative of the formula
      ##EQU7##
      wherein Hal represents chlorine or bromine, and Y represents chlorine,
      bromine or a dialkylamino group; or
PA1  b. reacted with a sulphide of the formula
      ##EQU8##
      wherein Alk denotes a lower alkyl radical having at most four carbon
      atoms; or
PA1  c. reacted with pentathio-dipercarbonic acid-bis-(trihalogen-alkyl)-esters;
      or
PA1  d. reacted with phosgene and phosphorus pentasulphide in a solvent or
      diluent inert to the reactants; or
PA1  e. converted with benzoylisothiocyanate into the corresponding thiourea,
      and this thermally decomposed in the presence of a solvent inert to the
      reactants, preferably in an aromatic hydrocarbon or halogenated
      hydrocarbon, or in the presence of acids or acid anhydrides; or
PA1  f. converted with carbon disulphide in the presence of an inorganic base,
      or of an amine, into the corresponding dithiocarbamic acid salts, and
      these then dehydrosulphated; or
PA1  g. reacted with carbon disulphide in the presence of carbodiimides and of a
      tertiary amine; or
PA1  h. reacted with ammonium rhodanide in the presence of gaseous hydrogen
      chloride.
PAR  The processes are performed in solvents or diluents which are inert to the
      reactants.
PAR  The following, for example, can be used in the procfess according to the
      invention:
PA1  aliphatic and aromatic hydrocarbons, aliphatic and
PA1  aromatic halogenated hydrocarbons, ethers and ethereal
PA1  compounds such as dioxane or tetrahydrofuran, ketones,
PA1  amides such as dimethylformamide, etc., water, or
PA1  mixtures of such solvents with water.
PAR  In the preparation of isothiocyano compounds of formula I by the methods
      given under (a) - h), temperatures of between -20.degree. and
      +100.degree.C are maintained, preferably of between -10.degree.  and
      +30.degree.C, and with application of a dialkylthiocarbamoyl halide such
      as diethylthiocarbamoyl chloride, or in the case of thermal decomposition
      according to method e), higher temperatures of between 40.degree. and
      200.degree.C are used.
PAR  The formation of the isothiocyano group involves known methods: reactions
      of amines with thiophosgene (a) are described in Houben-Weyl, 4th edition,
      Vol.9, p. 876 (1955), the use of acid-binding agents by O. E. Schultz in
      Arch. Pharm. 295, 146-151 (1962); the reaction of amines with
      N,N-diethylthiocarbamoyl chloride (a) has been described in Journal org.
      Chem. 30, 2465 (1965), that with bis-thiocarbamoyl sulphides (b) by F. H.
      Marquardt in Helv. chim. Acta 49, 1716 (1966), and that with
      pentathiodipercarbonic acid-bis-(trihalogenoalkyl)-ester (c) by R.
      Gottfried in Angew. Chem. 78, 985 (1966), and that with phosgene and
      phosphorus pentasulphide according to Horben-Weyl 4th edition, Vol. 9, p.
      867 ff.
PAR  The preferred solvents for the reactions given under (d) and (e) are
      o-dichlorobenzene and chlorobenzene; other dichlorobenzenes, toluene,
      xylenes, cumol, etc. are however also suitable. The thermal decomposition
      of thioureas (e) is performed in the manner described by J. N. Baxter
      et.al. in J. Chem. Soc. (1956), p. 659 ff. The thioureas are produced
      according to Org. Syntheses III, 735, (1955). The inorganic bases used in
      the production of dithiocarbamic acid salts (f) are, e.g., the hydroxides,
      oxides and carbonates of alkali and alkaline-earth metals, as well as
      ammonium hydroxide; and the amines used are, e.g. trialkylamines, pyridine
      bases or ammonia (cp. C.A. 70, 3389 q (1969)). Dehydrosulphuration (c) can
      be carried out oxidatively with metal salts (Brit. Pat. No. 793,802, Dutch
      Patent No. 81,326), e.g. with lead, copper, zinc or iron-III salts,
      iodine, alkali metal hypochlorites and -chlorites, preferably with those
      of potassium and sodium (French Patent No. 1,311,855), also with suitable
      acid halides such as phosgene and phosphorus oxychloride (D. Martin et.al.
      Chem. Ber. 98, 2425-2426 (1965)), as well as with elementary chlorine and
      ammonium sulphide (DAS 1,192,139) or chloramine T (British Patent. No
      1,024,913).
PAR  Isothiocyanobenzazoles of formula I can be prepared, for example, by the
      reaction of aminobenzazoles, which can be obtained from nitrobenzazoles in
      the usual manner by reduction with zinc, iron or SnCl.sub.2 in acid
      solution, with catalytically activated hydrogen, or with sodium
      borohydride, with thiophosgene in mineral acids, preferably concentrated
      hydrochloric acid, according to:
      ##SPC5##
PAR  The reaction with CSCl.sub.2 can however also be smoothly performed in the
      presence of an acid-binding agent such as an organic base, e.g.,
      triethylamine, pyridine, N,N-dimethylaniline, or of an inorganic weak base
      such as CaCO.sub.3, BaCO.sub.3, Na-acetate, NaHCO.sub.3, KH.sub.2
      PO.sub.4. This variant will be advantageously used in the case of the
      hydrolysissensitive conversion of an aminobenzoxazole into
      isothiocyanobenzoxazole, in order to avoid the benzoxazole-ring-opening
      according to Ia.fwdarw.II, which would have to be subsequently re-closed,
      if at all possible, by heating in a further stage of the process.
PAR  On the other hand, this reaction behaviour can for a number of
      isothiocyanobenzoxazoles be made the basis of a further production
      process. Those compounds of formula Ia wherein n = 0 can be obtained from
      the basic aminoacylaminophenols of formula IV (with R.sub.6 = H or
      --CO--R.sub.1) by reaction with thiophosgene (or with one of the other
      reagents given under the methods (a) to (h), and subsequent ring
      condensation according to:
      ##SPC6##
PAR  Salts of isothiocyanobenzoxazoles Ia can be produced, on account of
      hydrolysis sensitivity, practically only with weak acids, preferably
      organic acids. On the other hand, salts of benzothiazoles Ib, or of
      benzimidazoles Ic, can be prepared with either strong or weak acids. The
      hydrochlorides of these two last-mentioned subgroups can also be obtained
      direct from amino compounds of formulae IIIb or IIIc if thiophosgene is
      used for the reaction in anhydrous solvents, or in mineral acids such as
      hydrochloric acid or sulphuric acid.
PAR  Aminobenzoxazoles of formula IIIa and their immediate precursors, the
      nitrobenzoxazoles, are in some cases known, or can be produced by known
      methods [cp. M. A. Phillips, J. Chem. Soc. 1928, 122; ibid. 1930,
      2685-2730; I. K. Ushenko, Zh. obsc. Ch. 30, 2658-69 (1960); A. Cerniani
      and R. Passerini, Ann. Chim. (Roma) 44, 3-10 (1954)].
PAR  The ring closure of a N-acylated or N,O-bisacylated o-aminophenol to the
      corresponding benzoxazole by simple distillation with the splitting off of
      water, as corresponds also to the reaction behaviour of the compounds II
      or V with conversion into Ia, is described by F. M. Hamer, J. Chem. Soc.
      1956, 1480. The reaction can by advantageously performed also with
      condensation agents such as ZnCl.sub.2, POCl.sub.3, P.sub.2 O.sub.5 or
      H.sub.3 BO.sub.3 [cp. M. A. Phillips, J. Chem. Soc. 1928, 121; U.S. Pat.
      3,158,610]. The use of H.sub.3 BO.sub.3 is particularly favourable and
      reduces the risk of the formation of resinification products.
PAR  Aminobenzothiazoles of formula IIIb and their precursors, the
      nitrobenzothiazoles, are in some cases likewise known, or can be produced
      by known methods. (cp. Beilstein's Handbuch der organischen Chemie
      [Handbook of Organic Chemistry] 27, p. 47; ibid. 27, II, 427; Chemical
      Abstracts 48, 2689d; ibid. 49, 6232b; ibid. 49, 11625b; ibid. 57, 13925a;
      ibid. 69, 10032; ibid. 70, 57724; I. K. Ushenko, Zh. obsc. Ch. 30, 2658-69
      [1960]; British Pat. No. 913,910 [1962]; French Pat. No. 1,379,470 (1964);
      British Pat. No. 598,985 (1948); T. Takahashi and J. Okada, J. Pharm. Soc.
      Japan 75, 277-280 [1953]).
PAR  Aminobenzimidazoles of formula IIIc as well as their precursores,
      nitrobenzimidazoles, are in some cases known, or can be produced by known
      methods. (O. Kym, J.prakt. Ch. 75, 323 [1907]; A. Ricci, Gazz. Chim. Ital.
      97, 741-749, 758-768 [1967]; Shotaro Nakajima et al., Yakugaku Zasshi 78,
      1378-1382 [l958]).
PAR  A general method for the production of most of the starting compounds III
      comprises the conversion of 2-thiolbenzazoles by chlorination into
      2-chlorobenzazoles, and the introduction of the groups --OR.sub.1 or
      --N(R.sub.1)(R.sub.4) with the aid of a corresponding alcoholate or sec.
      amine; or, for the introduction of the group --S-R.sub.1, the reaction of
      the basic 2-thiolbenzazole direct with a halide Hal--R.sub.1. The
      substituents O.sub.2 N-- and R.sub.2 can be thereby introduced, at a point
      of time appearing suitable, before or after this production process. An
      oxidation, performed before introduction of the isothiocyano group, with,
      e.g., NaOH/H.sub.2 O.sub.2, converts the group --S--R.sub.1 into
      --S--R.sub.1 into --SO--R.sub.1 or --SO.sub.2 13 R.sub.1.
PAR  In the case n =  0 of the direct bond of R.sub.1 to the heterocyclic ring,
      it is preferable to commence with a corresponding ortho-substituted
      aniline (as has already been indicated with respect to the production of
      benzooxazoles in the conversion IV.fwdarw.Ia), in that a corresponding
      o-aminothiophenol undergoes the ring closure reaction with, e.g., an acid
      halide Hal--CO--R.sub.1 or an acid anhydride O(COR.sub.1).sub.2 to give
      benzothiazole; or in that a corresponding o-phenylenediamine bis-acylated
      by --CO--R.sub.1 is condensed to benzimidazole; or in that, e.g. an
      o-phenylenediamine substituted by R.sub.2 is reacted with urea to give
      2-hydroxybenzimidazole, which can be chlorinated with POCl.sub.3 in the
      2-position, and thereupon nitrated in the condensed benzene ring.
DETD
PAC  EXAMPLE 1
PAC  Production of 2-[n-amyl]-6-isothiocyano-benzoxazole
PAC  (compound No. 1.9)
PAR  a. An amount of 188 g of crude 5-nitro-2-caproylaminophenol is heated with
      46 g of boric acid with elimination of water, until the internal
      temperature has attained 210-220.degree.C. The mixture is then cooled,
      stirred with chloroform and filtered. The filtrate is repeatedly washed
      with water, dried, and the solvent removed. The
      2-[n-amyl]-6-nitro-benzoxazole remaining boils at 128-132.degree.C (0.1
      Torr).
PAR  b. An amount of 122 g of 2-[n-amyl]-6-nitro-benzoxazole is dissolved in
      1500 ml of distilled anhydrous ethanol, and, after the addition of 15 g of
      Raney nickel at room temperature to slightly elevated temperature (below
      55.degree.C), hydrogenated. Raney-nickel is filtered of under suction, the
      filtrate separated from the ethanol, and the residue remaining
      recrystallised from cyclohexane to obtain 2-[n-amyl]-6-amino-benzoxazole,
      M.P. 57.degree.-59.degree.C.
PAR  c. An amount of 40.8 g of 2-[n-amyl]-6-amino-benzoxazole is dissolved in
      370 ml of anhydrous acetone. After the addition of 50 g of powdered
      anhydrous CaCO.sub.3, the mixture is cooled to 0.degree.C, and at this
      temperature an addition made dropwise, with stirring, of a solution of
      29.7 g of CSCl.sub.2 in 30 ml of anhydrous acetone. The mixture is then
      stirred at 0.degree. to 5.degree.C for 5 hours and filtered. After
      concentration of the filtrate at 30.degree.C in a slight vacuum, the
      residue is recrystallised from petroleum ether to obtain
      2-[n-amyl]-6-isothiocyano-benzoxazole, M.P. 31-34.degree.C
PAC  EXAMPLE 2
PAC  Production of 2-[n-amyl]-6-isothiocyano-benzoxazole (Comp. No. 1.9)
PAR  a. An amount of 22 g of 2-caproylamido-5-nitrophenol is dissolved under
      nitrogen in 500 ml of distilled dioxane, and, after the addition of 8 g of
      Raney-nickel, hydrogenated at room temperature or at
      30.degree.-40.degree.C until the reaction is complete. Raney-nickel is
      filtered off under suction. The obtained filtrate with the contained
      2-caproylamido-5-aminophenol can be used direct for the subsequent
      thiophosgenation. It is also possible to firstly isolate the intermediate
      by removal of the dioxane by distillation.
PAR  b. An amount of 50 ml of conc. hydrochloric acid is added at 0.degree. to
      5.degree.C, with stirring, to a solution of 18 g of
      2-caproylamido-5-aminophenol in 300 ml of water. There is then added
      dropwise to this mixture, in the course of 20 minutes, 14 g of CSCl.sub.2
      ; the whole is subsequently stirred for 12 hours at 5.degree.C, and the
      final product dried; it melts, after recrystallisation from benzene, at
      148.degree.-150.degree.C.
PAR  c. The obtained 2-caproylamido-5-isothiocyanophenol can be cyclised in an
      N.sub.2 -stream by rapid heating at ca. 210.degree.C, in the presence of
      boric acid, for 15 minutes with elimination of water to give
      2-[n-amyl]-6-isothiocyanobenzoxazole, which can be obtained by the
      addition of petroleum ether and subsequent cooling.
PAC  EXAMPLE 3
PAC  Production of 2-methyl-6-isothiocyano-benzoxazole (Compound No. 1.2)
PAR  An amount of 10.4 g of 2-acetamido-5-isothiocyanophenol, which was obtained
      by thiophosgenation from 2-acetamido-5-aminophenol, is heated with 3.4 g
      of boric acid for 15 minutes at 200.degree.C, and then immediately cooled.
      The residue is extracted with hot cyclohexane; the solution is
      concentrated by evaporation, cooled and petroleum ether added, whereby the
      desired final product crystallises out, M.P. 68.degree.-70.degree.C.
PAR  It is possible to produce in an identical manner to that described in
      Examples 1 to 3, or by a corresponding method previously described, the
      following isothiocyanobenzoxazoles of formula Ia, from which corresponding
      acid addition salts are obtainable:
      ##SPC7##
TBL  (n=O)    SCN--                                                            

     Compound No.                                                              

              position                                                         

                   R.sub.2 R.sub.1    Physical data                            

     __________________________________________________________________________

     1.1      6     H      H                                                   

     1.2      6     H      CH.sub.3   M.P. 68-70.degree.C                      

     1.3      6     H      C.sub.2 H.sub.5                                     

                                      M.P. 64-68.degree.C                      

     1.4      6     H      n--C.sub.3 H.sub.7                                  

     1.5      6     H      iso--C.sub.3 H.sub.7                                

     1.6      6     H      n--C.sub.4 H.sub.9                                  

     1.7      6     H      iso--C.sub.4 H.sub.9                                

     1.8      6     H      tert.--C.sub.4 H.sub.9                              

                                      M.P. 77-79.degree.C                      

     1.9      6     H      n--C.sub.5 H.sub.11                                 

                                      M.P. 31-34.degree.C                      

     1.10     6     H      N-Octyl    M.P. 41-42.degree.C                      

     1.11     6     H      8-Heptadecenyl                                      

                                      n.sub.D.sup.20 1.5498                    

     1.12     6     H      --CH=CH--CH.sub.3                                   

     1.13     6     H      Cyclopropyl                                         

     1.14     6     H      2,3-Dimethyl-                                       

                           cyclopropyl                                         

     1.15     4     H      CH.sub.3                                            

     1.16     7     H      CH.sub.3                                            

     1.17     5     H      CH.sub.3   M.P. 82-84.degree.C                      

     1.18     5     H      C.sub.2 H.sub.5                                     

                                      M.P. 43-48.degree.C                      

     1.19     5     H      n--C.sub.3 H.sub.7                                  

     1.20     5     H      iso--C.sub.3 H.sub.7                                

     1.21     5     H      n-- C.sub.4 H.sub.9                                 

     1.22     5     H      iso--C.sub.4 H.sub.9                                

                                      M.P. 49-51.degree.C                      

     1.23     4     H      n--C.sub.5 H.sub.11                                 

     1.24     7     H      n--C.sub.5 H.sub.11                                 

     1.25     5     H      tert.--C.sub.4 H.sub.9                              

     1.26     5     H      n--C.sub.5 H.sub.11                                 

     1.27     5     H      Heptadecyl M.P. 65-70.degree.C                      

     1.28     5     H      --C=CH.sub.2                                        

                           .vertline.                                          

                           CH.sub.3                                            

     1.29     5     H      Cyclopropyl                                         

     1.30     5     H      Cyclohexyl M.P. 72-73.degree.C                      

     1.31     6     5--C.sub.2 H.sub.5 O--                                     

                           --CH(C.sub.2 H.sub.5).sub.2                         

     1.32     6     5-tert.C.sub.4 H.sub.9                                     

     1.33     7     H      iso-C.sub.3 H.sub.7                                 

     1.34     7     5--Cl  CH.sub.3                                            

     1.35     7     5--CH.sub.3                                                

                           CH.sub.3                                            

     1.36     5     7--Cl  CH.sub.3                                            

     1.37     5     7--Br  CH.sub.3                                            

     1.38     6     5--Cl  --n--C.sub.15 H.sub.31                              

     1.39     6     5--CH.sub.3                                                

                           CH.sub.3                                            

     1.40     5     6--CH.sub.3 O                                              

                           CH.sub.3                                            

     1.41     5     6--CH.sub.3 O                                              

                           iso-C.sub.3 H.sub.7                                 

     1.42     7     H      H                                                   

     1.43     6     5--Cl  --n--C.sub.5 H.sub.11                               

     1.44     4     H      H                                                   

     1.45     4     H      CH.sub.3                                            

     1.46     6     5--CH.sub.3                                                

                           --CF.sub.3 M.P. 82-83.degree.C                      

     1.47     6     5--CH.sub.3                                                

                           --CH(C.sub.2 H.sub.5)--nC.sub.4 H.sub.9             

                                      151-153.degree.C/O,2 Torr.               

     __________________________________________________________________________

       as well as compounds of formula Ia with n= 1
TBL  Compound                                                                  

           SCN-- R.sub.2                                                       

                      Y      R.sub.1     Physical data                         

     No.   position                                                            

     __________________________________________________________________________

     1.48  6     H    S      H           M.P. 258-261.degree.C                 

     1.49  6     H    S      CH.sub.3    M.P. 86-91.degree.C                   

     1.50  6     H    S      --n--C.sub.4 H.sub.9                              

                                         M.P. 50.degree.C                      

     1.51  5     H    S      H           M.P. 250-256.degree.C                 

     1.52  5     H    S      CH.sub.3    M.P. 136-138.degree.C                 

     1.53  5     H    S      iso--C.sub.3 H.sub.7                              

                                         M.P. 65-67.degree.C                   

     1.54  5     H    S      --n--C.sub.5 H.sub.11                             

     1.55  5     H    S                                                        

     1.56  5     H    S      --CH.sub.2 --S--CH.sub.3                          

     1.57  6     5--CH.sub.3                                                   

                      S      --CH.sub.2 --CH.sub.2 --CH(CH.sub.3).sub.2        

     1.58  6     5--Cl                                                         

                      S      Cyclopentyl                                       

     1.59  6     H    S      Cyclohexyl  M.P. 72-75.degree.C                   

     1.60  6     H    S      --n--C.sub.12 H.sub.25                            

                                         M.P. 50-51.degree.C                   

     1.61  6     H    S      --CH.sub.2 --CH=CH.sub.2                          

     1.62  6     H    --N(CH.sub.3)--                                          

                             CH.sub.3                                          

     1.63  6     H    --N(C.sub.2 H.sub.5)--                                   

                             C.sub.2 H.sub.5                                   

                                         M.P. 56- 57.degree.C                  

     1.64  6     H    --N(C.sub.2 H.sub.5)--                                   

                             C.sub.2 H.sub.5 (hydrochloride)                   

                                         M.P. 110.degree.C                     

     1.65  6     H    --N--C.sub.4 H.sub.9 --n                                 

                             n--C.sub.4 H.sub.9                                

                                         n.sub.D.sup.20 1.6205                 

     1.66  6     H    --N--C.sub.4 H.sub.9 --n                                 

                             n--C.sub.4 H.sub.9                                

                                         M.P. 92.degree.C                      

                             (hydrochloride)                                   

     1.67  6     H                                                             

     1.68  6     H                       M.P. 81-83.degree.C                   

     1.69  6     H    --NO                                                     

     1.70  6     H    --NN--CH.sub.3     M.P. 119-120.degree.C                 

     1.71  6     H    --N(CH.sub.2).sub.6                                      

     1.72  6     H    O      --C.sub.2 H.sub.5                                 

                                         M.P. 70-76.degree.C                   

     1.73  6     H    O      H                                                 

     1.74  5     H    O      H                                                 

     1.75  5     H    O      --C.sub.3 H.sub.7 n                               

     1.76  6     H    O      iso--C.sub.3 H.sub.7                              

     1.77  6     H    O      --CH.sub.2 CH.sub.2 OC.sub.2 H.sub.5              

     1.78  6     5--Cl                                                         

                      O      --n--C.sub.4 H.sub.9                              

     1.79  6     5--CH.sub.3                                                   

                      O      iso--C.sub.3 H.sub.7                              

     1.80  6     5--CH.sub.3                                                   

                      --NN--CH.sub.3                                           

     __________________________________________________________________________

PAC  EXAMPLE 4
PAC  Production of 2-isopropyl-6-isothiocyano-benzothiazole
PAR  An amount of 19.2 g of crude 2-isopropyl-6-aminobenzothiazole obtained by
      catalytic hydrogenation is dissolved in 150 ml of acetone; a mixture of
      8.5 ml of concentrated hydrochloric acid and 70 ml of water is then added
      and the solution cooled to 5.degree.C. In the course of half an hour, a
      solution of 15 g of thiophosgene in 10 ml of acetone is added dropwise,
      and the whole stirred for 4 hours at 10.degree.C. The solution is allowed
      to stand overnight at room temperature; it is then poured into 1,000 ml of
      water, and the formed precipitate separated by filtration under suction.
      There is obtained, after recrystallisation, the pure final product of the
      formula
      ##SPC8##
PAL  M.p. 52.degree.-54.degree.c
PAC  example 5
PAC  production of 2-ethyl-6-isothiocyano-benzothiazole
PAC  (Compound No. 2.6)
PAR  a. An amount of 15 g of thiophosgene (dissolved in 10 ml of acetone) is
      added dropwise in the course of 20 minutes at 5.degree.-10.degree.C, with
      stirring, to a solution of 17.8 g of 2-ethyl-6-amino-benzothiazole, 150 ml
      of acetone, 8.4 ml of conc. hydrochloric acid and 50 ml of water. After 4
      hours' stirring, the solution is allowed to stand for ten hours at room
      temperature; it is then filtered and concentrated in vacuo (water-jet
      vacuum). The residue recrystallised from dioxane is
      2-ethyl-6-isothiocyanobenzothiazole-hydrochloride, M.P.
      116.degree.-120.degree.C.
PAR  From the dioxane filtrate, the residue obtained by concentration by
      evaporation is recrystallised from cyclhexane, and the free base
      2-ethyl-6-isothiocyanobenzothiazole, M.P. 69.degree.-73.degree.C, is
      obtained, from which, by dissolving in anhydrous dioxane and introduction
      of HCl-gas at 10.degree., likewise the hydrochloride is formed, which is
      obtained as precipitate, M.P. 116.degree.-120.degree.C.
PAR  b. An amount of 13 g of 2-ethyl-6-isothiocyano-benzothiazole-hydrochloride
      is stirred with 100 ml of chloroform and 100 ml of saturated sodium
      carbonate solution for 15 minutes at 10.degree.C. The chloroform is then
      separated, washed with water, dried with Mg-sulphate, and concentrated by
      evaporation. There is obtained, after recrystallisation of the residue
      from ligroin/petroleum ether, as pure final product the compound of the
      formula
      ##SPC9##
PAL  M.p. 69.degree.-73.degree.c.
PAR  it is possible to obtain in the same manner as that described in Examples 4
      and 5, or by one of the methods previously indicated, the following
      isothiocyanobenzothiazoles of formula Ib
      ##SPC10##
PAL  (n = O) from which corresponding acid addition salts are obtainable:
     Compound                                                                  

           SCN-- R.sub.2 R.sub.1         Physical data                         

     No.   position                                                            

     __________________________________________________________________________

     2.1   4     H       H               M.P. 120-122.degree.C                 

     2.2   4     H       C.sub.2 H.sub.5                                       

     2.3   7     H       C.sub.2 H.sub.5                                       

     2.4   6     H       H               M.P. 125.degree.C                     

     2.5   6     H       CH.sub.3        M.P. 118-120.degree.C                 

     2.6   6     H       C.sub.2 H.sub.5 M.P. 69-73.degree.C                   

     2.7   6     H       --n--C.sub.3 H.sub.7                                  

                                         M.P. 60-62.degree.C                   

     2.8   6     H       iso--C.sub.3 H.sub.7                                  

                                         M.P. 52-54.degree.C                   

     2.9   6     H       sec--.sub.4 H.sub.9                                   

                                         B.P..sub.0.06 142.degree.C            

     2.10  6     H       tert.--C.sub.4 H.sub.9                                

                                         M.P. 87-90.degree.C                   

     2.11  6     H       --n--C.sub.5 H.sub.11                                 

                                         M.P. 75-77.degree.C                   

     2.12  6     H       iso-C.sub.5 H.sub.11                                  

     2.13  6     H       --n--C.sub.8 H.sub.17                                 

     2.14  6     H       --n--C.sub.11 H.sub.23                                

                                         M.P. 51-53.degree.C                   

     2.15  6     H       --CH--C.sub.4 H.sub.9 n                               

                         .vertline.                                            

                         C.sub.2 H.sub.5                                       

     2.16  6     H       --C=CH.sub.2                                          

                         .vertline.                                            

                         CH.sub.3                                              

     2.17  6     H       --CH.sub.2 --CH=CH--CH.sub.3                          

     2.18  6     H       Cyclopropyl                                           

     2.19  6     H       Cyclopentyl                                           

     2.20  6     H       Cyclohexyl                                            

     2.21  5     H       Isopropyl       M.P. 34-36.degree.C                   

     2.22  6     4--Cl   CH.sub.3                                              

     2.22  6     7--Cl   CH.sub.3                                              

     2.23  6     5--CH.sub.3                                                   

                         CH.sub.3                                              

     2.24  6     5--CH.sub.3 O--                                               

                         CH.sub.3                                              

     2.25  5     6--C.sub.2 H.sub.5                                            

                         CH.sub.3                                              

     2.26  5     4--C.sub.2 H.sub.5                                            

                         --n--C.sub.5 H.sub.11                                 

     2.27  5     6--CH.sub.3 O                                                 

                         --n--C.sub.5 H.sub.11                                 

     2.28  5     6--CH.sub.3 O                                                 

     2,29  6     4--Cl                                                         

     2.30  6     H       3-Chloropropyl                                        

     2.31  7     6--CH.sub.3 O                                                 

                         C.sub.2 H.sub.5                                       

     2.32  6     5-tert.C.sub.4 H.sub.9                                        

                         CH.sub.3                                              

     2.33  5     4--Cl   CH.sub.3                                              

     2.34  6     H       CF.sub.3                                              

     2.35  6     H       CCl.sub.3                                             

     2.36  4     H       CH.sub.3                                              

     2.37  7     H       CH.sub.3                                              

     2.38  7     H       H                                                     

     2.39  7     H       --n--C.sub.5 H.sub.11                                 

     2.40  4     H       --n--C.sub.5 H.sub.11                                 

     2.41  4     6--C.sub.2 H.sub.5 O--                                        

                         --n--C.sub.3 H.sub.7                                  

     2.42  6     H       Bicyclo-[2,2,1] -hept-5-en-                           

                         2-ylmethoxy                                           

     2.43  6     H       Bornyloxy                                             

     __________________________________________________________________________

       as well as following compounds of formula Ib with n= 1:
      ##EQU9##
PAC  EXAMPLE 6
PAC  Production of 5(6)-isothiocyano-2-methyl-benzimidazole
PAC  (Compound No. 3.2)
PAR  A solution of 54.4 g of sodium bicarbonate in 800 ml of water and a
      solution of 37.5 g of thiophosgene in 67 ml of chloroform are added
      dropwise at the same time at 0.degree.-5.degree.C, with stirring, to a
      mixture of 40 g of 5(6)-amino-2-methyl-benzimidazole, 270 ml of
      chloroform, and 67 ml of water, the addition procedure being such that the
      mixture remains neutral.
PAR  After 7 hours' stirring at 0.degree.-5.degree.C, the suspension is filtered
      under suction, and subsequently washed with chloroform and a little water.
      The moist suction-filter residue, dissolved cold in 800 ml of alcohol, is
      filtered through Hyflosupercel, cooled to 0.degree.C, and afterwards
      precipitated with 1000 ml of water. The precipitate is filtered off with
      suction, and dried at 45.degree.C/12 Torr. There is thus obtained
      5(6)-isothiocyano-2-methyl-benzimidazole, M.P. 217.degree.-219.degree.C.
PAC  Production of 2-n-propylthio-5(6)-isothiocyano-benzimidazole
PAC  (Compound No. 3.48)
PAR  A solution of 19.3 g of thiophosgene in 30 ml of acetone is added dropwise
      at 0.degree.C, with stirring, to a mixture of
PA1  30.8 g of 5(6)-amino-2-n-propylthio-benzimidazole with
PA1  300 ml of acetone and
PA1  32.5 g of calcium carbonate,
PAL  and the whole subsequently stirred at 0.degree.C for 4 hours.
PAR  The precipitate is filtered off under suction, stirred with dilute acetic
      acid, extracted with ethyl acetate, and treated with active charcoal; it
      is afterwards filtered off from the charcoal, diluted with petroleum
      ether, and again filtered off. The solution is distilled off to dryness,
      the residue dissolved in hot acetonitrile and diluted with water. There is
      obtained, after cooling and filitration under suction, the compound
PAC  2-n-propylthio-5(6)-isothiocyano-benzimidazole
PAL  M.p. 142.degree.-145.degree.c.
PAR  it is possible to obtain, in the same manner as described in the examples,
      or by one of the methods previously indicated, the following
      isothiocyano-benzimidazoles of formula Ic:
      ##SPC11##
PAL  (n = 0, R.sub.3 = H; then the 5- and 6-position as well as the 4- and
      7-position are identical, provided also R.sub.2 = H) from which
      corresponding acid addition salts are obtainable:
     Compound                                                                  

           SCN-- R.sub.2 R.sub.1                                               

                                Physical data                                  

     No.   position                                                            

     __________________________________________________________________________

     3.1.  6(5)  H       H      M.P. 214-216.degree.C                          

     3.2.  6(5)  H       CH.sub.3                                              

                                M.P. 218-220.degree.C                          

     3.3.  6(5)  H       iso--C.sub.3 H.sub.7                                  

                                M.P. 210-212.degree.C                          

     3.3.a 6(5)  H       iso--C.sub.3 H.sub.7                                  

                                Hydrochloride                                  

                                M.P. 260.degree.C                              

     3.4.  6(5)  H       CH.sub.2 OCH.sub.3                                    

                                M.P. 190-192.degree.C                          

     3.5.  6(5)  H       CH.sub.2 OC.sub.2 H.sub.5                             

                                M.P. 141-143.degree.C                          

     3.6.  6(5)  H       CH=CH--CH.sub.3                                       

     3.7.  6(5)  H       --C=CH.sub.2                                          

                         .vertline.                                            

                         CH.sub.3                                              

     3.8.  6(5)  H       --CH.sub.2 OH                                         

                                M.P. 250.degree.C                              

     3.8.a 6(5)  H       --CH.sub.2 OH                                         

                                (Hydro-                                        

                                chloride)                                      

                                M.P. 250.degree.C                              

     3.9.  6(5)  H       --(CH.sub.2).sub.3 OH                                 

                                M.P. 157-158.degree.C                          

     3.9.a 6(5)  H       --(CH.sub.2).sub.3 OH                                 

                                Hydro-                                         

                                chloride                                       

                                M.P. 212-215.degree.C                          

     3.9.b 6(5)  H       Glucosyl                                              

                                M.P. 200.degree.C                              

     3.9.c 6(5)  H       Glucosyl                                              

                                (Hydrochloride)                                

                                M.P. 203-205.degree.C                          

     3.10  4(7)  H       CH.sub.3                                              

     3.11  6(5)  5(6)--Cl                                                      

                         iso--C.sub.3 H.sub.7                                  

     3.12  6(5)  5(6)--CH.sub.3                                                

                         --n--C.sub.5 H.sub.11                                 

     3.13  6(5)  5(6)CH.sub.3 CO--                                             

                         tert.C.sub.4 H.sub.9                                  

     3.14  6(5)  5(6)CH.sub.3 O--                                              

                         H                                                     

     3.15  6(5)  5(6)CH.sub.3 O--                                              

                         Cyclopropyl                                           

     3.16  6(5)  5(6)Cl  --n--C.sub.3 H.sub.7                                  

                                M.P. 174-177.degree.C                          

     __________________________________________________________________________

PAL  as well as compounds of formula Ic with R.sub.2 =H and n=0:
TBL  Compound                                                                  

           SCN--                                                               

                R.sub.3  R.sub.1 Physical data                                 

     No.   position                                                            

     __________________________________________________________________________

     3.12  4    CH.sub.3 H                                                     

     3.13  4    CH.sub.3 CH.sub.3                                              

     3.14  4    CH.sub.3 --n--C.sub.3 H.sub.7                                  

     3.15  4    CH.sub.3 tert.C.sub.4 H.sub.9                                  

     3.16  4    CH.sub.3 --n--C.sub.5 H.sub.11                                 

     3.17  5    CH.sub.3 --n--C.sub.5 H.sub.11                                 

     3.18  5    CH.sub.3 CH.sub.3                                              

     3.19  6    CH.sub.3 iso--C.sub.3 H.sub.7                                  

     3.20  6    CH.sub.3 H                                                     

     3.21  6    CH.sub.3 CH.sub.3                                              

     3.22  6    CH.sub.3 --n--C.sub.4 H.sub.9                                  

     3.23  7    CH.sub.3 H                                                     

     3.24  7    CH.sub.3 C.sub.2 H.sub.5                                       

     3.25  6    C.sub.2 H.sub.5                                                

                         CH.sub.3                                              

     3.26  6    --n--C.sub.4 H.sub.9                                           

                         CH.sub.3                                              

     3.27  6    Benzyl   CH.sub.3                                              

     3.28  6    Ribo-furanosyl                                                 

                         n--C.sub.3 H.sub.7                                    

     3.29  6    Acetyl   CH.sub.3                                              

     3.30  6    Glycosyl CH.sub.3                                              

     3.31  6    Propionyl                                                      

                         CH.sub.3                                              

     3.32  6    Benzoyl  CH.sub.3                                              

     3.33  6    CCl.sub.3 --CO                                                 

                         CH.sub.3                                              

     3.34  6    C.sub.2 H.sub.5 O--CO--                                        

                         CH.sub.3                                              

     3.35  6    iso--C.sub.3 H.sub.7                                           

                         n--Hexyl                                              

     3.36  6    CH.sub.3 Glucosyl                                              

     3.37  6    --C.sub.2 H.sub.5                                              

                         Heptaglucosyl                                         

     __________________________________________________________________________

PAL  as well as following compounds of formula Ic with R.sub.2 =H and n=1:
      ##EQU10##
      as well as the compounds 3.72
      2-(4'-methylpiperidino)-1-ethyl-6-trifluoromethyl-5-isothiocyano-benzimida
     zole,
PA1  3.73 2-trifluoromethyl-1-benzyl-7-chloro-5-isothiocyano-benzimidazole,
PA1  3.74 2-methyl-1-ethyl-6-trifluoromethyl-5-isothiocyano-benzimidazole.
PA1  3.75 1,2,6-trimethyl-5-isothiocyano-benzimidazole,
PA1  3.76 1,2,5-trimethyl-6-isothiocyano-benzimidazole,
PA1  3.77 2-(1-cyclohexenyl)-1-diethylaminoethyl-6-isothiocyano-benzimidazole,
PA1  3.78 1-methoxycarbonyl-2-n-propyl-6-chloro-5-isothiocyano-benzimidazole,
      M.P. 88.degree.-92.degree.C,
PA1  3.79 1-methoxycarbonyl-2-cyclopentylthio-5(6)-isothiocyano-benzimidazole,
      M.P. 118.degree.-122.degree.C,
PA1  3.80 2-isopropylthio-5(6)-isothiocyano-benzimidazole M.P.
      159.degree.-162.degree.C,
PA1  3.81 1-ethoxycarbonyl-2-n-butylthio-5(6)-isothiocyano-benzimidazole, M.P.
      59.degree.-62.degree.C
PA1  3.82 1-n-butoxycarbonyl-2-methylthio-5(6)-isothiocyano-benzimidazole, M.P.
      77.degree.-80.degree.C,
PA1  3.83 1-propionyl-2-isopropylthio-5(6)-isothiocyano-benzimidazole, M.P.
      73.degree.-76.degree.C.
PAC  Tests on mice infested by Hymenolepsis nana
PAR  The active substances in the form of a suspension were administered by
      stomach probe to white mice infested with Hymenolepsis nana. Five animals
      per test were used. The active substances were administered to each animal
      once daily during three successive days. On the eighth day after
      commencement of the treatment, the animals were killed and dissected.
PAR  After dissection of the test animals, an evaluation was made on the basis
      of a count of the tapeworms present in the intestines. As a control, an
      examination was also carried out on untreated mice which had been
      simultaneously and identically infested.
PAR  The agents were tolerated asymtomatically by the mice.
TBL  __________________________________________________________________________

     Active     Infestation of the 5 test                                      

                                Infestation of the                             

     substance  animals on dissection                                          

                                control animals on dissection                  

     __________________________________________________________________________

     2-methyl-6-                                                               

     isothiocyano-                                                             

     benzoxazole                                                               

     (dose: 100 mg                                                             

                0 - 0 - 0 - 0 - 0                                              

                                1 - 2 - 4 - 5 - 7                              

     AS/kg of                                                                  

     body weight                                                               

     2-ethyl-5-                                                                

     isothiocyano-                                                             

     benzoxazole                                                               

                0 - 0 - 0 - 0 - 0                                              

                                26 - 7 - 13 - 19 - 36                          

     (250 mg AS/kg)                                                            

     2-Methyl-6-                                                               

     isothiocyano-                                                             

     benzothiazole                                                             

                0 - 0 - 0 - 0 - 0                                              

                                11 - 12 - 12 - 16 - 16                         

     (750mg AS/kg)                                                             

     2-ethyl-6-                                                                

     isothiocyano-                                                             

     benzothiazole                                                             

                0 - 0 - 0 - 0 - 0                                              

                                11 - 12 - 12 - 16 - 16                         

     (750mg AS/kg)                                                             

     2-Isopropyl-6-                                                            

     isothiocyano-                                                             

     benzothiazole                                                             

                0 - 0 - 0 - 0 - 0                                              

                                8 - 99 - 10 - 11                               

     (750mg AS/kg)                                                             

     4-Isothiocyano-                                                           

     benzothiazole                                                             

                0 - 0 - 0 - 0 - 0                                              

                                8 - 9 - 9 - 10 - 11                            

     (750mg AS/kg)                                                             

     5-Isothiocyano-                                                           

     2-n-octyl-benz-                                                           

     oxazole    0 - 0 - 0 - 0 - 0                                              

                                11 - 16 - 20 - 29 - 47                         

     (750 mg/kg)                                                               

     6-Isothiocyano-                                                           

     2-mercapto-benz-                                                          

     oxazole    0 - 0 - 0 - 0 - 0                                              

                                0 - 1 - 2 - 2 - 4                              

     (750 mg/kg)                                                               

     5-Isothiocyano-                                                           

     2-methylthio-                                                             

     benzoxazole                                                               

                0 - 0 - 0 - 0 - 0                                              

                                6 - 7 - 9 - 10 - 12                            

     (750 mg/kg                                                                

     2-n-Butoxy-                                                               

     6-isothiocyano-                                                           

                0 - 0 - 0 - 0 - 0                                              

                                0 - 1 - 2 - 4 - 5                              

     benzothiazole                                                             

     (300 mg/kg)                                                               

     2-n-Butylthio-                                                            

     6-isothiocyano-                                                           

                0 - 0 - 0 - 0 - 0                                              

                                2 - 3 - 10 - 11 - 13                           

     benzothiazole                                                             

     (750 mg/kg)                                                               

     6-Isothiocyano-                                                           

     2-methylsulfonyl                                                          

     benzothiazole                                                             

                0 - 0 - 0 - 0 - 0                                              

                                2 - 3 - 10 - 11 - 13                           

     (750 mg/kg)                                                               

     6(5)-Isothio-                                                             

     cyano-2-n-propyl-                                                         

     thiobenzimidazole                                                         

                0 - 0 - 0 - 0 - 1                                              

                                6 - 14 - 15 - 18 - 25                          

     (750 mg/kg)                                                               

     2-ethoxy-6-iso-                                                           

     thiocyano-benz-                                                           

     oxazole    0 - 0 - 0 - 0 - 0                                              

                                0 - 3 - 11 - 12 - 14                           

     (500 mg/kg)                                                               

     __________________________________________________________________________

PAC  Tests on mice infested by mouse threadworms (oxyuris)
PAR  The active substance was administered in the form of a suspension by means
      of a stomach probe to white mice infested with mouse threadworms. Five
      animals were used for each test. The active substances were administered
      to each animal once daily during three successive days. The animals were
      then killed on the eighth day after commencement of the treatment and
      dissected.
PAR  After dissection of the test animals, an evaluation was made on the basis
      of the count of mouse threadworms present in the intestines. Untreated
      mice which had been simultaneously infested served as a control
PAR  The agents were tolerated asymtomatically by the mice.
TBL  __________________________________________________________________________

     Active     Infestation of the test                                        

                                Infestation of control                         

     substance  animals on dissection                                          

                                animals on dissection                          

     __________________________________________________________________________

     2-ethyl-5-                                                                

     isothiocyano-                                                             

     benzoxazole                                                               

                0 - 0 - 0 - 0 - 0                                              

                                5 - 4 - 4 - 9 - 9                              

     dose: 250 mg/kg                                                           

     of body weight                                                            

     2-cyclohexyl-5-                                                           

     isothiocyano-                                                             

                0 - 0 - 0 - 0 - 0                                              

                                0 - 4 - 13 - 29 - 42                           

     benzoxazole                                                               

     (750 mg/kg)                                                               

     2-(n-Amyl)-6-                                                             

     isothiocyano-                                                             

                0 - 0 - 0 - 0 - 0                                              

                                2 - 4 - 4 - 5 - 13                             

     benzothiazole                                                             

     (750 mg/kg)                                                               

     2-Isopropyl-6-                                                            

     isothiocyano-                                                             

     benzothiazole                                                             

                0 - 0 - 0 - 0 - 0                                              

                                2 - 14 - 20                                    

     (750 mg/kg)                                                               

     4-Isothiocyano-                                                           

     benzothiazole                                                             

                0 - 0 - 0 - 0 - 0                                              

                                2 - 14 - 20                                    

     (750 mg/kg)                                                               

     5-Isothiocyano-                                                           

     2-n-octyl-benz-                                                           

     oxazole    0 - 0 - 0 - 0 - 1                                              

                                1 - 3 - 25 - 30 - 53                           

     (750 mg/kg)                                                               

     2-ethoxy-6-                                                               

     isothiocyano-                                                             

     benzoxazole                                                               

                0 - 0 - 0 - 0 - 0                                              

                                4 - 9 - 15 - 21 - 32                           

     (750 mg/kg)                                                               

     2-Isopropylthio                                                           

     5-isothiocyano-                                                           

                0 - 0 - 0 - 0 - 0                                              

                                8 - 8 - 14 - 15 - 20                           

     benzoxazole                                                               

                (750 mg/kg)                                                    

     5-Isothiocyano-                                                           

     2-methylthio                                                              

     benzoxazole                                                               

                0 - 0 - 0 - 0 - 0                                              

                                20 - 10 - 12 - 18 - 24                         

     (750 mg/kg)                                                               

     2-n-Butoxy-                                                               

     6- isothiocyano-                                                          

                0 - 0 - 0 - 0 - 0                                              

                                1 - 2 - 3 - 3 - 4                              

     benzothiazole                                                             

     (300 mg/kg)                                                               

     6-Isothiocyano-                                                           

     2-methylthio                                                              

                0 - 0 - 0 - 0 - 0                                              

                                1 - 2 - 3 - 3 - 4                              

     benzothiazole                                                             

     (500 mg/kg)                                                               

     2-ethylthio-                                                              

     6-isothiocyano                                                            

                0 - 0 - 0 - 0 - 0                                              

                                2 - 2 - 16 - 35 - 40                           

     benzothiazole                                                             

     (500 mg/kg)                                                               

     1-Methoxycarbo-                                                           

     nyl-2-n-propyl-                                                           

     5-chloro-6-iso-                                                           

                0 - 0 - 0 - 0 - 0                                              

                                7 - 8 - 18 - 26 - 40                           

     thiocyano-benz-                                                           

     imidazole                                                                 

     (750 mg/kg)                                                               

     __________________________________________________________________________

PAC  Tests on mice infested by Nematospiroides dubius
PAR  The acitve substances in the form of a suspension were administered by a
      stomach probe to white mice which had been infested with Nematospiroides
      dubius. Five animals per test were used. The active substances were
      administered to each animal once daily on three successive days. On the
      eighth day after commencement of the treatment, the animals were killed
      and dissected.
PAR  After dissection of the test animals, an evaluation was made on the basis
      of the count of worms present in the intestines. Untreated mice which had
      been simultaneously and identically infested served as a control.
PAR  The agents were tolerated asymtomatically by the mice.
TBL  __________________________________________________________________________

     Active     Infestation of the 5 test                                      

                                Infestation of control                         

     substance  animals on dissection                                          

                                animals on dissection                          

     __________________________________________________________________________

     2-ethyl-5-                                                                

     isothiocyano-                                                             

     benzoxazole                                                               

                0 - 0 - 0 - 0 - 1                                              

                                22 - 10 - 10 - 16 - 16                         

     (250 mg of                                                                

     active substance                                                          

     per kg of body                                                            

     weight)                                                                   

     2-n-amyl-6-iso-                                                           

     thiocyano-benz-                                                           

                0 - 0 - 0 - 0 - 0                                              

                                7 - 9 - 11 - 14 - 20                           

     oxazole                                                                   

     (750 mg/kg)                                                               

     6-Isothiocyano-                                                           

     2-methyl-benzo-                                                           

                0 - 0 - 0 - 0 - 0                                              

                                12 - 12 - 18 - 23 - 25                         

     thiazole                                                                  

     (750 mg/kg)                                                               

     2-Isopropyl-                                                              

     6-iosthiocyano-                                                           

                0 - 0 - 0 - 0 - 0                                              

                                4 - 9 - 11                                     

     benzothiazole                                                             

     (750 mg/kg)                                                               

     5-Isothiocyano-                                                           

     2-n-octyl-benz-                                                           

                0 - 0 - 0 - 0 - 3                                              

                                4 - 9 - 11 - 14 - 17                           

     oxazole                                                                   

     (750 mg/kg)                                                               

     5-isothiocyano-                                                           

     2-methyl-benz-                                                            

                0 - 0 - 0 - 0 - 2                                              

                                7 - 8 - 8 - 9 - 10                             

     oxazole                                                                   

     (250 mg/kg)                                                               

     (2-ethoxy-6-iso-                                                          

     thiocyano-benz-                                                           

                0 - 0 - 0 - 0 - 0                                              

                                4 - 10 - 13 - 15 - 15                          

     oxazole                                                                   

     (750 mg/kg)                                                               

     2-Isopropylthio-                                                          

     5-isothiocyano-                                                           

                0 - 0 - 0 - 0 - 0                                              

                                13 - 14 - 18 - 20 - 24                         

     benzoxazole                                                               

     (750 mg/kg)                                                               

     5-Isothiocyano-                                                           

     2-methylthio-                                                             

                0 - 0 - 0 - 0 - 0                                              

                                7 - 7 - 9 - 10 - 11                            

     benzoxazole                                                               

     (750 mg/kg)                                                               

     6-Isothiocyano-                                                           

     2-methoxy-benzo-                                                          

                0 - 0 - 0 - 0 - 0                                              

                                19 - 21 - 22 - 27                              

     thiazole                                                                  

     (750 mg/kg)                                                               

     6-Isothiocyano-                                                           

     2-methylthio-                                                             

                0 - 0 - 0 - 0 - 0                                              

                                18 - 18 - 21 - 22 - 27                         

     benzothiazole                                                             

     (500 mg/kg)                                                               

     2-ethylthio-                                                              

     6-isothiocyano-                                                           

                0 - 0 - 0 - 0 - 0                                              

                                7 - 9 - 11 - 12 - 13                           

     benzothiazole                                                             

     (500 mg/kg)                                                               

     __________________________________________________________________________

PAC  Tests on rats infested by Fasciola hepatica
PAR  White laboratory-rats were infested with common liver flukes (Fasciola
      hepatica). After expiration of the prepatent period, the infestation of
      the rats by common liver flukes was determined by means of three
      independent excrement analyses.
PAR  In each test, two infested rats were treated in each case with the active
      substance, administered in the form of a suspension by stomach probe, once
      daily on three successive days. An excrement analysis to determine the
      content of common liver fluke eggs was made once weekly in the third,
      fourth and fifth week after administration of the active substance. At the
      end of the fifth week after commencement of the test, the test animals
      were killed and examined to determine whether liver flukes were still
      present.
TBL  __________________________________________________________________________

     Active     Daily dosage in mg/kg                                          

                            Excrement examination for eggs (3.times.)          

     substance  of body weight                                                 

                            before medication                                  

                                      after medication                         

     __________________________________________________________________________

     2-Methyl-6-                                                               

     isothiocyano-                                                             

                100         positive  negative                                 

     benzoxazole                                                               

     2-ethyl-5-                                                                

     isothiocyano-                                                             

                50          positive  negative                                 

     benzoxazole                                                               

     2-(n-Amyl)-6-                                                             

     isothiocyano-                                                             

                50          positive  negative                                 

     benzoxazole                                                               

     2-Cyclohexyl-5-                                                           

     isothiocyano-                                                             

                100         positive  negative                                 

     benzoxazole                                                               

     2-ethyl-6-iso-                                                            

     thiocyano-benzo-                                                          

                100         positive  negative                                 

     thiazole                                                                  

     2-Isopropyl-6-                                                            

     isothiocyano-benzo-                                                       

                100         positive  negative                                 

     thiazole                                                                  

     5-Isothiocyano-                                                           

     2-n-octyl-benzoxa-                                                        

                150         positive  negative                                 

     zole                                                                      

     6-Isothiocyano-                                                           

     2-mercapto-benz-                                                          

                100         positive  negative                                 

     oxazole                                                                   

     2-Isopropylthio-                                                          

     5-isothiocyano-                                                           

                100         positive  negative                                 

     benzoxazole                                                               

     5-Isothiocyano-2-                                                         

     methylthio-benzoxa-                                                       

                100         positive  negative                                 

     zole                                                                      

     2-Isopropoxy-6-iso-                                                       

     thiocyano-benzothia-                                                      

                50          positive  negative                                 

     zole                                                                      

     6-Isothiocyano-2-                                                         

     methylthio-benzothia-                                                     

                200         positive  negative                                 

     zole                                                                      

     2-ethylthio-6-                                                            

     isothiocyano-benzo-                                                       

                200         positive  negative                                 

     thiazole                                                                  

     __________________________________________________________________________

PAL  The control test for liver flukes after dissection was negative in all
      cases.
PAC  Determination of the anthelmintic action on fowl infested with Ascaridia
      galli
PAR  1-3Day-old chickens were infested with eggs of Ascaridia galli (ascarides).
      A group of 5 chickens was used for each test. 4-5 Weeks after infestation,
      the active substances were administered to the chickens in the form of one
      daily dose on three successive days. Infested but untreated birds served
      as a control.
PAR  The number of Ascardia galli excreted by each test group in the course of 5
      days after the first administration was determined daily, and the number
      of worms still present in the intestines following dissection on the 5 th
      day of the test likewise counted. The number of chickens free from worms
      was also determined.
TBL  __________________________________________________________________________

     Active      Daily dose in                                                 

                          Number of Ascaridia galli from 5                     

     substance   mg/kg of body                                                 

                          chickens                                             

                 weight   excreted                                             

                                found after dissection                         

     __________________________________________________________________________

     2-methyl-6-iso-                                                           

     thiocyanobenzo-                                                           

                 750      49    0 - 0 - 0 - 0 - 0                              

     thiazole                                                                  

     2-ethyl-6-iso-                                                            

     thiocyanobenzo-                                                           

                 750      41    0 - 0 - 0 - 1 - 0                              

     thiazole                                                                  

     2-ethyl-6-iso-                                                            

     thiocyanobenzo-                                                           

                 750      79    0 - 0 - 0 - 0 - 0                              

     thiazole-hydro--chloride                                                  

     2-(n-Amyl)-6-iso-                                                         

     thiocyanobenzothia-                                                       

                 750      66    0 - 0 - 0 - 0 - 0                              

     zole                                                                      

     2-Isopropyl-6-                                                            

     isothiocyanobenze-                                                        

                 750      63    0 - 0 - 0 - 0 - 0                              

     thiazole                                                                  

     2-methyl-6-iso-                                                           

     thiocyano-benz-                                                           

                 500      26    0 - 0 - 0 - 0 - 10                             

     oxazole                                                                   

     2-(n-Amyl)-6-                                                             

     isothiocyano-                                                             

                 750      119   0 - 0 - 0 - 0 - 0                              

     benzoxazole                                                               

     2-n-Octyl-6-                                                              

     isothiocyano-                                                             

                 750      116   0 - 0 - 0 - 0 - 0                              

     benzoxazole                                                               

     2-ethoxy-6-                                                               

     isothiocyano-                                                             

                 750      103   0 - 0 - 0 - 0 - 7                              

     benzoxazole                                                               

     2-Cyclohexyl-                                                             

     thio-6-isothio-                                                           

                 750      84    0 - 0 - 0 - 1 - 4                              

     cyano-benzox-                                                             

     azole                                                                     

     6-Isothiocyano-                                                           

     2-methoxy-benz-                                                           

                 750      143   0 - 0 - 0 - 1 - 3                              

     thiazole                                                                  

     6-Isothiocyano-                                                           

     2-methylthio-                                                             

                 500      131   0 - 0 - 0 - 0 - 0 -                            

     benzothiazole -6-Isothio-                                                 

     cyano-2-ethyl-                                                            

                 500      181   0 - 0 - 0 - 0 - 0                              

     thiobenzothiazole                                                         

     6-Isothiocyano-                                                           

     2-n-butylthio-                                                            

                 750      145   0 - 0 - 0 - 0 - 0                              

     benzothiazole                                                             

     6(5)-chloro                                                               

     5(6)-isothio-                                                             

                 750      65    0 - 0 - 0 - 0 - 5                              

     cyano-2-n-pro-                                                            

     pyl-benzimidazole                                                         

     __________________________________________________________________________

PAC  Action against pathogenic bacteria and fungi.
PAC  Determination of the minimum inhibition concentration (MIC)
PAR  Samples of a dilution series (commencing at 100 ppm) of active substance
      dissolved in methylcellosolve are intimately mixed at ca. 50.degree.C with
      liquid agar. The warm mixture is poured into glass dishes of 10 cm
      diameter to form a 0.5 cm deep layer, and then allowed to cool. The
      cultures of bacteria and of fungi are then applied in the form of points
      by means of an automatic dosing device, the concentration being from
      10.sup.6 to 10.sup.7 germs per ml. The dishes are kept in an incubator at
      37.degree.C.
PAR  The following gram-positive strains of bacteria were examined:
PA1  Staphylococcus aureus K 465
PA1  Staphylococcus aureus K 444
PA1  Staphylococcus aureus K 443
PA1  Staphylococcus aureus M 6
PA1  Streptococcus agalactiae M 100
PA1  Streptococcus agalactiae M 101
PA1  Erysipelothrix rhusiopathiae K 593
PA1  Listeriae monocytogenes Type IV-b
PAR  The following gram-negative strains of bacteria were examined:
PA1  Escherichia coli G 70/1172
PA1  Escherichia coli 139:82.B
PA1  Escherichia coli 78:80.B
PA1  Escherichia coli M 155
PA1  Escherichia coli 7:1.7,8
PA1  Salmonella gallinarum VBIB
PA1  Salmonella cholerae suis VBIB
PA1  Salmonella pullorum typhimurium VBIB
PA1  Salmonella multocida K 753
PA1  Brucella suis VBIB
PA1  Proteus rettgeri 107-153-1
PA1  Klebsiella pneumoniae 107-153-3
PAR  The following strains of fungi were examined:
PA1  Aspergillus niger K 617
PA1  Candida pseudotropicalis CDC 48
PA1  Candida krusei CDC 46
PA1  Candida Krusei M 500
PA1  Pseudomonas sp.
PA1  Trichophyton gallinae K 454
PA1  Trichophyton verrucosum K 424
PA1  Trichophyton quinckeanum K 883
PA1  Hefe M 500
PA1  Hefe M 501
PAL  An evaluation was made after 24 hours. Values of minimum inhibition
      concentration were obtained for compounds of formula I which were clearly
      below the starting concentration of 100 ppm.
PAR  The following examples describe the production of preparations of
      anthelmintically effective agents and feed additives. The term `parts`
      denotes parts by weight.
PAC  Dispersible powder
PAR  The following constituents are used in the preparation of 50% dispersible
      powders:
     a) 50   parts of an active substance according to the invention,          

        1    part of a polyethyleneoxypropylene glycol having                  

             a molecular weight of ca. 2000 (Pluronic L 61),                   

        5    parts of the ammonium salt of a sulphonated naphthalene           

             sulphonic acid/phenol formaldehyde condensate                     

             (Irgatan AG1),                                                    

        44   parts of kaolin;                                                  

     b) 50   parts of an active substance according to the invention,          

        1    part of a polyethyleneoxypropylene glycol having                  

             a molecular weight of ca. 8000 (Pluronic F 68),                   

        0.5  part of sodium lignin sulphate,                                   

        48.5 parts of sodium silicate.                                         

PAR  The given active substances are mixed with the carriers and distributing
      agents and then finely ground. The obtained powder can be mixed with
      liquid or pasty feeding stuffs and thus administered to domestic and
      useful animals.
PAC  Paste
PAR  The following substances are used in the preparation of a 40% paste:
TBL  40     parts of active substance according to the                         

            invention,                                                         

     2.5    parts of sodium lignin sulphonate,                                 

     0.3    part of sodium benzoate,                                           

     10     parts of glycerin,                                                 

     47.2   parts of distilled water.                                          

PAR  The active substance and the distributing agents are intimately mixed. The
      thus obtained paste is mixed with liquid and pasty feeding stuffs for
      administration to domestic and useful animals.
PAC  Feed additive press cakes
PAR  The following substances are used in the preparation of 35% feed additive
      press cakes:
TBL  35   parts of active substance according to the invention,                

     15   parts of molasses,                                                   

      5   parts of licorice powder,                                            

     25   parts of dried green meal,                                           

     20   parts of ground bran.                                                

PAR  The active substance and the distributing agents are mixed and formed into
      press cakes in an animal-feed press. The obtained feed additive
      concentrate is mixed with the feeding stuffs and thus administered to
      domestic and useful animals.
PAC  Emulsifiable concentrate
PAR  An emulsifiable concentrate is obtained by the mixing together of the
      following constituents:
TBL   2   parts of active substance according to the invention,                

      2   parts of a polyethyleneoxypropylene glycol having                    

           a molecular weight of ca. 3000                                      

           (Pluronic L 64), and                                                

     96   parts of acetone.                                                    

PAL  The obtained concentrate can be diluted with water to give emulsions of any
      desired concentration, and thus administered, e.g. as drink to domestic
      and productive animals.
PAC  Oily formulation
TBL  40   parts of active substance according to the invention                 

           are ground as finely as possible in a                               

           suitable mill, and subsequently homogeneously                       

           mixed, e.g. on a roll mill, with                                    

     60   parts of arachis oil (peanut oil)                                    

PAR  These oil-pastes can be administered orally to the animals.
CLMS
STM  We claim:
NUM  1.
PAR  1. An anthelmintic composition comprising (a) as active ingredient, an
      anthelmintically effective amount of a compound of the formula
      ##SPC12##
PAL  wherein the SCN-group is in the 4-, 5-, 6- or 7-position,
PA1  R.sub.1 represents hydrogen, a straight-chain or branched alkyl or alkenyl
      radical having at most 17 carbon atoms, an alkyl or alkenyl radical having
      a total of at most 6 carbon atoms and substituted by halogen, --CN, --OH,
      C.sub.1 -C.sub.5 alkoxy, C.sub.1 -C.sub.5 alkylthio or di-(C.sub.1
      -C.sub.5)alkylamino, an optionally C.sub.1 -C.sub.5 alkyl-substituted
      mono-, bi- or tricyclic cycloalkyl or cycloalkenyl radical having 3 to 10
      carbon atoms in the ring structure, which can also be bound by way of a
      CH.sub.2 -group to the substituent Y or to the 2-position of the
      heterocycle,
PA1  R.sub.2 represents hydrogen, halogen or an alkyl or alkoxy radical having
      at most 4 carbon atoms,
PA1  X represents oxygen, sulphur or
      ##EQU11##
      R.sub.3 represents hydrogen, an alkyl or alkenyl radical having at most 5
      carbon atoms, a phenyl or benzyl radical, a dimethylamino- or
      diethylamino-alkyl radical having 2 - 5 carbon atoms in the alkyl chain,
      an alkoxycarbonyl radical having 2 - 5 carbon atoms, acetyl, propionyl,
      trichloroacetyl, benzoyl, or a C.sub.4 -C.sub.7 saccharide group,
PA1  Y represents oxygen, sulphur, --SO--, --SO.sub.2 --, or --NR.sub.4 --,
PA1  n is the number 0 or 1,
PA1  R.sub.4 represents hydrogen, an alkyl or alkenyl radical having at most 5
      carbon atoms, or together with the N-atom and the substituent R.sub.1 a
      saturated or unsaturated heterocycle having 4 to 6 carbon atoms which may
      also contain a further hetero atom O or S selected from the group
      consisting of pyrrolidine, piperidine, 2-methylpiperidine,
      4-methylpiperidine, piperazine, N'-methyl, N',N'-dimethyl and
      N'-ethyl-piperazine, morpholine, isomorpholine, thiomorpholine and
      hexamethyleneimine, or the group
      ##EQU12##
      and R.sub.5 stands for hydrogen, methyl or ethyl,
PAL  or their acid addition salts non-toxic for warm-blooded animals together
      with (b) a carrier.
NUM  2.
PAR  2. The composition of claim 1, wherein said compound corresponds to the
      formula
      ##SPC13##
PAL  wherein the SCN-group is in the 5- or 6-position and
PA1  R.sub.1 represents hydrogen, a straight-chain or branched alkyl or alkenyl
      radical having at most 17 carbon atoms, an alkyl or alkenyl radical having
      a total of at most 6 carbon atoms and substituted by halogen, --CN, --OH,
      C.sub.1 -C.sub.5 alkoxy, C.sub.1 -C.sub.5 alkylthio or di-(C.sub.1
      -C.sub.5)alkylamino, an optionally C.sub.1 -C.sub.5 alkyl-substituted
      mono-, bi- or tricyclic cycloalkyl or cycloalkenyl radical having 3 to 10
      carbon atoms in the ring structure, which can also be bound by way of a
      CH.sub.2 -group to the substituent Y or to the 2-position of the
      heterocycle,
PA1  R.sub.2 represents hydrogen, halogen or an alkyl or alkoxy radical having
      at most 4 carbon atoms,
PA1  X represents oxygen, sulphur or
      ##EQU13##
      R.sub.3 represents hydrogen, an alkyl or alkenyl radical having at most 5
      carbon atoms, a phenyl or benzyl radical, a dimethylamino- or
      diethylamino-alkyl radical having 2 - 5 carbon atoms in the alkyl chain,
      an alkoxycarbonyl radical having 2 - 5 carbon atoms, acetyl, propionyl,
      trichloroacetyl, benzoyl, or a C.sub.4 -C.sub.7 saccharide group,
PA1  Y represents oxygen, sulphur, --SO--, --SO.sub.2 --, or --NR.sub.4 --,
PA1  n is the number 0 or 1,
PA1  R.sub.4 represents hydrogen, an alkyl or alkenyl radical having at most 5
      carbon atoms, or together with the N-atom and the substituent R.sub.1 a
      saturated or unsaturated heterocycle having 4 to 6 carbon atoms which may
      also contain a further hetero atom O or S selected from the group
      consisting of pyrrolidine, piperidine, 2-methylpiperidine,
      4-methylpiperidine, piperazine, N'-methyl,N', N'-dimethyl and
      N'-ethyl-piperazine, morpholine, isomorpholine, thiomorpholine and
      hexamethyleneimine, or the group
      ##EQU14##
      and R.sub.5 stands for hydrogen, methyl or ethyl.
NUM  3.
PAR  3. The composition of claim 2, wherein said compound corresponds to the
      formula
      ##SPC14##
PAL  wherein
PA1  R.sub.1 represents hydrogen, a straight-chain or branched alkyl or alkenyl
      radical having at most 17 carbon atoms, an alkyl or alkenyl radical having
      a total of at most 6 carbon atoms and substituted by halogen, --CN, --OH,
      C.sub.1 -C.sub.5 alkoxy, C.sub.1 -C.sub.5 alkylthio or di-(C.sub.1
      -C.sub.5)alkylamino, an optionally C.sub.1 -C.sub.5 alkyl-substituted
      mono-, bi- or tricyclic cycloalkyl or cycloalkenyl radical having 3 to 10
      carbon atoms in the ring structure, which can also be bound by way of a
      CH.sub.2 -group to the 2-position of the heterocycle, and
PA1  R.sub.2 represents hydrogen, halogen or an alkyl or alkoxy radical having
      at most 4 carbon atoms.
NUM  4.
PAR  4. The composition of claim 2, wherein said compound corresponds to the
      formula
      ##SPC15##
      ##SPC16##
PAL  wherein
PA1  R.sub.1 represents hydrogen, a straight-chain or branched alkyl or alkenyl
      radical having at most 17 carbon atoms, an alkyl or alkenyl radical having
      a total of at most 6 carbon atoms and substituted by halogen, --CN, --OH,
      C.sub.1 -C.sub.5 alkoxy, C.sub.1 -C.sub.5 alkylthio or di-(C.sub.1
      -C.sub.5)alkylamino, an optionally C.sub.1 -C.sub.5 alkyl-substituted
      mono-, bi- or tricyclic cycloalkyl or cycloalkenyl radical having 3 to 10
      carbon atoms in the ring structure, which can also be bound by way of a
      CH.sub.2 -group to the 2-position of the heterocycle, and
PA1  R.sub.2 represents hydrogen, halogen or an alkyl or alkoxy radical having
      at most 4 carbon atoms.
NUM  5.
PAR  5. A method for the control of parasitic helminthes which comprises
      administering orally or abomasally to a warm-blooded animal infested
      therewith an anthelmintically effective amount of a compound of the
      formula
      ##SPC17##
PAL  wherein the SCN-group is in the 4-, 5-, 6- or 7- position,
PA1  R.sub.1 represents hydrogen, a straight-chain or branched alkyl or alkenyl
      radical having at most 17 carbon atoms, an alkyl or alkenyl radical having
      a total of at most 6 carbon atoms and substituted by halogen, --CN, --OH,
      C.sub.1 -C.sub.5 alkoxy, C.sub.1 -C.sub.5 alkylthio or di-(C.sub.1
      -C.sub.5)alkylamino, an optionally C.sub.1 -C.sub.5 alkyl-substituted
      mono-, bi- or tricyclic cycloalkyl or cycloalkenyl radical having 3 to 10
      carbon atoms in the ring structure, which can also be bound by way of a
      CH.sub.2 -group to the substituent Y or to the 2-position of the
      heterocycle.
PA1  R.sub.2 represents hydrogen, halogen or an alkyl or alkoxy radical having
      at most 4 carbon atoms,
PA1  X represents oxygen, sulphur or
      ##EQU15##
      R.sub.3 represents hydrogen, an alkyl or alkenyl radical having at most 5
      carbon atoms, a phenyl or benzyl radical, a dimethylamino- or
      diethylamino-alkyl radical having 2 - 5 carbon atoms in the alkyl chain,
      an alkoxycarbonyl radical having 2 - 5 carbon atoms, acetyl, propionyl,
      trichloroacetyl, benzoyl, or a C.sub.4 -C.sub.7 saccharide group,
PA1  Y represents oxygen, sulphur, --SO--,--SO.sub.2 --, or --NR.sub.4 --,
PA1  n is the number 0 or 1,
PA1  R.sub.4 represents hydrogen, an alkyl or alkenyl radical having at most 5
      carbon atoms, or together with the N-atom and the substituent R.sub.1 a
      saturated or unsaturated heterocycle having 4 to 6 carbon atoms which may
      also contain a further hetero atom O or S selected from the group
      consisting of pyrrolidine, piperidine, 2-methylpiperidine,
      4-methylpiperidine, piperazine, N'-methyl, N',N'-dimethyl and
      N'-ethyl-piperazine, morpholine, isomorpholine, thiomorpholine and
      hexamethyleneimine, or the group
      ##EQU16##
      and R.sub.5 stands for hydrogen, methyl or ethyl,
PAL  or their acid addition salts non-toxic for warm-blooded animals.
NUM  6.
PAR  6. The method of claim 5, wherein said compound corresponds to the formula
      ##SPC18##
PAL  wherin the SCN-group is in the 5- or 6-position and
PA1  R.sub.1 represents hydrogen, a straight-chain or branched alkyl or alkenyl
      radical having at most 17 carbon atoms, an alkyl or alkenyl radical having
      a total of at most 6 carbon atoms and substituted by halogen, --CN, --OH,
      C.sub.1 -C.sub.5 alkoxy, C.sub.1 -C.sub.5 alkylthio or di-(C.sub.1
      -C.sub.5)alkylamino, an optionally c.sub.1 -C.sub.5 alkyl-substituted
      mono-, bi- or tricyclic cycloalkyl or cycloalkenyl radical having 3 to 10
      carbon atoms in the ring structure, which can also be bound by way of a
      CH.sub.2 -group to the substituent Y or to the 2-position of the
      heterocycle,
PA1  R.sub.2 represents hydrogen, halogen or an alkyl or alkoxy radical having
      at most 4 carbon atoms,
PA1  X represents oxygen, sulphur or
      ##EQU17##
      R.sub.3 represents hydrogen, an alkyl or alkenyl radical having at most 5
      carbon atoms, a phenyl or benzyl radical, a dimethylamino- or
      diethylamino-alkyl radical having 2 - 5 carbon atoms in the alkyl chain,
      an alkoxycarbonyl radical having 2 - 5 carbon atoms, acetyl, propionyl,
      trichloroacetyl, benzoyl, or a C.sub.4 -C.sub.7 saccharide group,
PA1  Y represents oxygen, sulphur, --SO, --SO.sub.2 --, or --NR.sub.4 --,
PA1  n is the number 0 or 1,
PA1  R.sub.4 represents hydrogen, an alkyl or alkenyl radical having at most 5
      carbon atoms, or together with the N-atom and the substituent R.sub.1 a
      saturated or unsaturated heterocycle having 4 to 6 carbon atoms which may
      also contain a further hetero atom 0 or S selected from the group
      consisting of pyrrolidine, piperidine, 2-methylpiperidine,
      4-methylpiperidine, piperazine, N'-methyl, N', N'-dimethyl and
      N'-ethyl-piperazine, morpholine, isomorpholine, thiomorpholine and
      hexamethyleneimine, or the group
      ##EQU18##
      and R.sub.5 stands for hydrogen, methyl or ethyl.
NUM  7.
PAR  7. The method of claim 6, wherein said compound corresponds to the formula
      ##SPC19##
PAL  wherein
PA1  R.sub.1 represents hydrogen, a straight-chain or branched alkyl or alkenyl
      radical having at most 17 carbon atoms, an alkyl or alkenyl radical having
      a total of at most 6 carbon atoms and substituted by halogen, --CN, --OH,
      C.sub.1 -C.sub.5 alkoxy, C.sub.1 -C.sub.5 alkylthio or di-(C.sub.1
      -C.sub.5)alkylamino, an optionally C.sub.1 -C.sub.5 alkyl-substituted
      mono-, bi- or tricyclic cycloalkyl or cycloalkenyl radical having 3 to 10
      carbon atoms in the ring structure, which can also be bound by way of a
      CH.sub.2 -group to the 2-position of the heterocycle, and
PA1  R.sub.2 represents hydrogen, halogen or an alkyl or alkoxy radical having
      at most 4 carbon atoms.
NUM  8.
PAR  8. The method of claim 6, wherein said compound corresponds to the formula
      ##SPC20##
PAL  wherein
PA1  R.sub.1 represents hydrogen, a straight-chain or branched alkyl or alkenyl
      radical having at most 17 carbon atoms, an alkyl or alkenyl radical having
      a total of at most 6 carbon atoms and substituted by halogen, --CN, OH,
      C.sub.1 -C.sub.5 alkoxy, C.sub.1 -C.sub.5 alkylthio or di-(C.sub.1
      -C.sub.5)alkylamino, an optionally C.sub.1 -C.sub.5 alkyl-substituted
      mono-, bi- or tricyclic cycloalkyl or cycloalkenyl radical having 3 to 10
      carbon atoms in the ring structure, which can also be bound by way of a
      CH.sub.2 -group to the 2-position of the heterocycle, and
PA1  R.sub.2 represents hydrogen, halogen or an alkyl or alkoxy radical having
      at most 4 carbon atoms.
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ABST
PAL  A method of relieving inflammation and its concomitant swelling, tenderness
      and pain by administering therapeutically effective amounts of
      4,6,-dihydro-1,3-dimethyl-8-phenylpyrazolo[4,3-e] [1,4]diazepin-5-(1H)-one
      and the 4-alkyl derivatives thereof to a patient in need of such
      treatment.
BSUM
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A number of humans and animals are known to suffer from various rheumatic
      conditions involving inflammation, swelling, tenderness, decreased
      mobility, pain and fever. While there are a number of presently available
      anti-inflammatory agents which have been found to be effective in the
      symptomatic treatment of conditions such as rheumatoid arthritis,
      rheumatoid spondylitis and degenerative joint disease (osteoarthritis) of
      the hip, such agents exhibit various undesirable side effects. Thus, the
      search for improved anti-inflammatory agents continues. The present
      invention provides a method for relieving such conditions.
PAR  4,6-Dihydro-1,3-dimethyl-8-phenylpyrazolo [4,3-e] [1,4] diazepin-5-(1H)-one
      and its 4-alkyl derivatives have been previously reported as
      anti-convulsant agents (see German Patent No. 1,927,429). It has now been
      unexpectedly found that the compounds are orally active anti-inflammatory
      agents when administered to mammalian patients in need of such treatment
      in dosages of from 10 to 250 mg./kg. of body weight daily, preferably in
      divided doses.
PAR  The compounds useful in the practice of this invention are represented by
      the structural formula
      ##SPC1##
PAL  Wherein R is hydrogen or C.sub.1 -C.sub.7 alkyl.
PAR  The term "C.sub.1 -C.sub.7 alkyl," as used herein, refers to both straight
      and branched chain alkyls including methyl, ethyl, n-propyl, iso-propyl,
      n-butyl, sec-butyl, tert-butyl, iso-butyl, n-pentyl, isopentyl,
      neo-pentyl, hexyl, heptyl and the like.
PAR  The anti-inflammatory activity of the compounds useful in the practice of
      this invention was established in the carrageenan rat paw edema test
      described by Winter et al, Proc. Soc. Exp. Biol. Med. 111, 554 (1962). In
      addition to the anti-inflammatory activity, the compounds additionally
      exhibit mild anti-pyretic and analgesic activity.
PAR  The compounds of this invention can be administered to, for example,
      arthritic patients, in dosages of from about 10 to about 250 mg./kg. of
      body weight daily or 600-1500 mg. daily, preferably in divided dosages,
      i.e., 3 to 4 times daily.
PAR  The compounds of this invention are prepared from
      1,3-dimethyl-4-nitro-5-pyrazolocarboxylic acid by methods well known in
      the art. Generally speaking, 1,3-dimethyl-4-nitropyrazolecarboxylic acid
      is converted to, for example, 4,6-dihydro-1,3-dimethyl-8-phenylpyrazolo
      [4,3-e] [1,4] diazepin-5-(1H)-one according to the method described in
      German Patent No. 1.927,429 or J. Org. Chem., 27, 3788 (1962).
PAR  The preferred synthetic route for the preparation of the compounds useful
      in the practice of this invention is represented by the following reaction
      scheme.
      ##SPC2##
PAR  Illustrative of compounds useful in the practice of this invention are:
PAR  4,6-DIHYDRO-1,3-DIMETHYL-8-PHENYLPYRAZOLO-[4,3-E] [1,4] DIAZEPIN-5(1H)one
PAR  4,6-DIHYDRO-8-PHENYL-1,3,4-TRIMETHYLPYRAZOLO [4,3-E] [1,4]
      DIAZEPIN-5(1H)one
PAR  4,6-dihydro-1,3-dimethyl-4-ethyl-8-phenylpyrazolo-[4,3-e] [1,4]
      diazepin-5(1H)one
PAR  The anti-inflammatory agents useful in the practice of the present
      invention are generally formulated into pharmaceutical compositions
      comprising, as an active ingredient, at least one of the active agents in
      association with a pharmaceutical carrier or diluent. The compounds useful
      in the practice of the invention exhibit both oral and parenteral activity
      and can be formulated in dosage forms for oral, parenteral, rectal or
      topical administration.
PAR  Solid dosage forms for oral administration include capsules, tablets,
      pills, powders and granules. In such solid dosage forms, the active
      compound is admixed with at least one inert diluent such as sucrose,
      lactose or starch. Such dosage forms can also comprise, as is normal
      practice, additional substances other than inert diluents, e.g.,
      lubricating agents such as magnesium stearate. In the case of capsules,
      tablets and pills, the dosage forms may also comprise buffering agents.
      Tablets and pills can additionally be prepared with enteric coatings.
PAR  Liquid dosage forms for oral administration include, pharmaceutically
      acceptable emulsions, solutions, suspensions, syrups and elixirs
      containing inert diluents commonly used in the art, such as water. Besides
      inert diluents, such compositions can also include adjuvants, such as
      wetting agents, emulsifying and suspending agents, and sweetening,
      flavoring and perfuming agents.
PAR  Preparations according to this invention for parenteral administration
      include sterile aqueous or non-aqueous solutions, suspension or emulsions.
      Examples of non-aqueous solvents or vehicles are propylene glycol,
      polyethylene glycol, vegetable oils, such as olive oil and injectable
      organic esters such as ethyl oleate. Such dosage forms may also contain
      adjuvants such as preserving, wetting, emulsifying and dispersing agents.
      They may be sterilized by, for example, filtration through a
      bacteria-retaining filter, by incorporating sterilizing agents into the
      compositions, by irradiating the compositions, or by heating the
      compositions. They can also be manufactured in the form of sterile solid
      compositions which can be dissolved in sterile water, or some other
      sterile injectable medium immediately before use.
PAR  Compositions for rectal administration are suppositories which may contain
      in addition to the active substance, excipients such as cocoa butter or a
      suppository wax.
PAR  The dosage of active ingredient in the compositions of this invention may
      be varied; however, it is necessary that the amount of the active
      ingredient shall be such that a suitable dosage form is obtained. The
      selected dosage depends upon the desired therapeutic effect, on the route
      of administration, and on the duration of the treatment. Generally, dosage
      levels of between 10.0 to 250 mg./kg. of body weight daily are
      administered to mammals to obtain effective relief of inflammation, and
      the concomitant pain, fever, etc.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method of relieving the symptoms of inflammation in a patient in need
      of such treatment by administering to said patient a therapeutically
      effective amount of a compound of the formula
      ##SPC3##
PAL  where R is hydrogen or C.sub.1 -C.sub.7 alkyl.
NUM  2.
PAR  2. A method in accordance with claim 1 wherein the compound is
      4,6-dihydro-1,3-dimethyl-8-phenylpyrazolo [4,3-e] [1,4]
      diazepin-5-(1H)-one.
NUM  3.
PAR  3. A method in accordance with claim 1 wherein the compound is
      4,6-dihydro-8-phenyl-1,3,4-trimethylpyrazolo [4,3-e] [1,4]
      diazepin-5-(1H)-one.
NUM  4.
PAR  4. A method in accordance with claim 1 wherein the compound is
      4,6-dihydro-1,3-dimethyl-4-ethyl-8-phenylpyrazolo [4,3-e] [1,4]
      diazepin-5-(1H)-one.
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ABST
PAL  4,5-BIS-(TRIFLUOROMETHYLIMINO)OXAZOLES OR DIAZOLES ARE PREPARED BY REACTING
      THE ENOL FORM OF AN AMIDE OR AN IMIDE OF A CARBOXYLIC ACID OR CARBONIC
      ACID, HAVING AT LEAST ONE HYDROGEN ATOM ON EACH OF AN OXYGEN AND NITROGEN
      OR TWO NITROGEN ATOMS VICINAL TO THE AMIDE CARBON ATOM, WITH
      PERFLUORO-2,5-DIAZAHEXA-2,4-DIENE IN THE PRESENCE OF A HYDROGEN FLUORIDE
      ACCEPTOR AT A TEMPERATURE OF ABOUT -50.degree. TO 120.degree.C, in
      accordance with the following formula
      ##EQU1##
      in which Z is oxygen, R-N= or
      ##EQU2##
      and X is oxygen or
      ##EQU3##
      and R, R', R" and R"' each is hydrogen or various optionally substituted
      hydrocarbon or heterocyclic radicals, several of them together possibly
      forming a heterocyclic ring.
PAL  The invention also extends to compositions containing, and methods of
      using, the new compounds to combat fungi, insects and acarids.
PARN
PAR  This application is a continuation-in-part of U.S. Pat. application Ser.
      No. 206,159, filed Dec. 8, 1971, now U.S. Pat. No. 3,787,435, issued Jan.
      22, 1974.
BSUM
PAR  The present invention relates to and has for its objects the provision of a
      process involving reacting the enol form of an amide of an imide of a
      carboxylic acid or carbonic acid, having at least one hydrogen atom on
      each of an oxygen and nitrogen or two nitrogen atoms vicinal to the amide
      carbon atom, with perfluoro-2,5-diazahexa-2,4-diene in the presence of a
      hydrogen fluoride acceptor at a temperature of about -50.degree. to
      120.degree.C, to form 4,5-bis-(trifluoro-methylimino)-oxazoles or diazoles
      which are fungicidally, insecticidally and acaricidally active, with other
      and further objects of the invention becoming apparent from a study of the
      within specification and accompanying examples.
PAR  The present invention relates to the preparation of new
      4,5-bis-trifluoromethyl-imino derivatives of sulfur-free heterocyclic
      five-membered rings with two ring hetero atoms of the general formula
      ##SPC1##
PAL  In which
PAR  Z is oxygen, R-N= or
      ##EQU4##
PAR  X is oxygen or
      ##EQU5##
      and
PAR  R, R', R" and R"' are each hydrogen; alkyl, alkenyl or alkynyl with up to 8
      carbon atoms optionally substituted by halogen, cyano, lower alkoxy or
      alkylmercapto; optionally lower-alkyl substituted cycloalkyl; carbalkoxy;
      aralkyl with up to 2 carbon atoms in the alkyl moiety or aryl with up to
      14 carbon atoms in the ring system, the aryl radicals optionally being
      substituted by halogen, cyano, nitro, lower alkyl, lower haloalkyl, lower
      alkoxy or lower alkylmercapto; 5- to 7-membered heterocyclic rings; or a
      radical which together with Z and X or the N-atom of the ring forms
      further 5- to 7-membered ring, the heterocyclic rings optionally being
      substituted with halogen, cyano, nitro or lower alkyl, or being fused with
      a benzene ring which is optionally partially hydrogenated.
PAR  In preparing the novel compounds, the enol form of an amide or an imide of
      a carboxylic acid or carbonic acid having at least one hydrogen atom on
      each of an oxygen and nitrogen or two nitrogen atoms vicinal to the amide
      carbon atom is reacted withperfluoro-2,5-diazahexa-2,4-diene in the
      presence of a hydrogen fluoride acceptor at a temperature of about
      -50.degree. to 120.degree.C. Specifically, a carbonic acid derivative or
      carboxylic acid derivative of the general formula
      ##EQU6##
      in which
PAR  X and Z have the meanings stated above, is reacted with
      perfluoro-2,5-diazahexa-2,4-diene of the formula
      ##EQU7##
      in the presence of a hydrogen fluoride acceptor at a temperature of about
      -50.degree. to 120.degree.C.
PAR  It is pointed out that the designation "sulfur-free" has reference to the
      heterocyclic five-membered ring shown in formula (I) rather than to the
      substituents which, as mentioned, may contain sulfur, e.g. alkylmercapto.
PAR  It is very surprising that the above-mentioned compounds of the formula
      (II) can react with perfluoro-2,5-diazahexa-2, 4-diene of the formula
      (III) to give the hitherto unknown five-membered ring systems of the
      formula (I) smoothly and with good yields. Furthermore it is suprising
      that the compounds according to the invention possess a fungicidal,
      insecticidal and acaricidal effectiveness. The provision of this new class
      of substances with valuable properties is of great technical importance.
PAR  If N,N'-dimethyl urea and perfluoro-2,5-diazahexa-2,4-diene are used as
      starting materials, and sodium fluoride is used as acid-binding agent, the
      reaction course can be represented by the following formula scheme:
      ##SPC2##
PAR  If 3-methyl-pyrazolone-(5), which reacts from its enol form, and
      perfluoro-2,5-diazahexa-2,4-diene are used as starting materials, and
      sodium fluoride is used as acid-binding agent, the reaction course can be
      represented by the following formula scheme:
      ##SPC3##
PAR  The carbonic acid derivative or carboxylic acid derivatives to be used as
      starting materials are defined generally by the formula (II).
PAR  Preferably R, R', R", R'", and R"" are hydrogen; alkyl or alkenyl with up
      to 6 carbon atoms, optionally substituted by fluorine, chlorine, bromine
      and/or alkylmercapto; cyclopentyl or cyclohexyl; carbomethoxy or other
      carbalkoxy groups containing from 2 to 5 carbon atoms in the alkoxy group;
      benzyl or aryl with up to 10 carbon atoms in the ring system, the aromatic
      rings possibly being substituted by fluorine, chlorine, bromine, cyano,
      nitro, methyl, ethyl, isopropyl, chloromethyl, trifluoromethyl, methoxy
      and/or methylmercapto; 5- or 6-membered heterocyclic rings or radicals
      which together with Z and X or the N-atom of the ring form a 5- or
      6-membered ring, the heterocyclic rings optionally fused with a benzene
      ring which may be partially hydrogenated. Most preferably Z is oxygen and
      X is =N-R"', one R"' being methyl and the other being phenyl or cyclohexyl
      optionally substituted with chloro or trifluoromethyl.
PAR  The carbonic acid derivatives and carboxylic acid derivatives of the
      general formula (II) to be used as starting materials are for the most
      part known and can be prepared in generally known manner; they are
      obtained for example when carbonic acid halides or carboxylic acid halides
      are reacted with ammonia or amines; thus, many of the urea derivatives of
      the general formula (II) can be prepared in known manner from primary
      amines and isocyanates; there are mentioned for example the following
      isocyanates: p-trifluoromethyl-phenyl-isocyanate,
      p-nitrophenylyisocyanate, methylisocyanate, isopropylisocyanate,
      tert.-butylisocyanate, cyclohexylisocyanate, allylisocyanate,
      .beta.-chloroethylisocyanate, phenylisocyanate, o-nitrophenylisocyanate,
      p-nitrophenylisocyanate, m-nitrophenylisocyanate,
      o-chloro-phenylisocyanate, m-chlorophenylisocyanate,
      3,4-dichloro-phenylisocyanate, p-chlorophenylisocyanate,
      .beta.-naphthylisocyanate, benzylisocyanate, stearylisocyanate,
      .beta.-cyano-ethylisocyanate, ethylisocyanate, n-propylisocyanate,
      n-butylisocyanate, isobutylisocyanate, 2-ethyl-hexylisocyanate,
      dodecylisocyanate, tetradecylisocyanate, hexadecylisocyanate,
      p-methoxy-phenylisocyanate, p-methylmercapto-phenylisocyanate; and the
      like.
PAR  As examples of primary amines, there are suitable, besides the amines on
      which the above isocyanates are based, the following amines for the
      preparation of compounds of the formula (II): 2-aminopyridine,
      2-amino-thiazole, 2-amino-benzthiazole, 2-amino-1-methyl-cyclohexane,
      hexahydro-benzylamine, 2-chloro-aniline, 3-nitroaniline,
      2-chloro-4-nitroaniline, 5-chloro-2-amino-toluene,
      4-chloro-3-amino-benzotrifluoride, 1-amino-2-phenyl-ethane,
      2-amino-1-isopropylbenzene, 5-amino-1,2,4-trimethylbenzene,
      5,6,7,8-tetrahydronaphthylamine-(1), 3,5-dichloroaniline,
      2,4,5-trichloroaniline, 2,4-dichloroaniline, 2,3-dichloroaniline,
      2,5-dichloroaniline, 3-chloroaniline, 4-chloroaniline,
      4-chloro-2-nitroaniline, aniline, 2-nitroaniline, 4-nitroaniline,
      5-chloro-2-nitroaniline, 4-chloro-3-nitroaniline, 3-chloro-4-nitroaniline,
      4,6-dichloro-2-nitroaniline, 2,5-dichloro-4-nitroaniline,
      2,6-dichloro-4-nitroaniline, 2-amino-toluene, 3-chloro-2-aminotoluene,
      4-chloro-2-amino-toluene, 5-nitro-4-amino-1,3-dimethyl-benzene,
      6-nitro-4-amino-1,3-dimethyl-benzene, 5-amino-1,3-dimethyl-benzene,
      5-amino-1,3-bis-trifluoromethyl-benzene, 2-amino-1,4-dimethyl-benzene,
      2-amino-1-methyl-3-ethylbenzene, 6-amino-1,2,4-trimethyl-benzene,
      2-amino-1,3,5-trimethyl-benzene, 2-amino-1,3-diethyl-benzene,
      4-amino-1,3-dimethyl-5-ethyl-benzene,
      4-amino-1-methyl-3,5-diethyl-benzene, 2-amino-1,3-diisopropylbenzene,
      5,6,7,8-tetrahydronaphthylamine-(2), .beta.-bromo-ethylamine,
      1-cyano-1-phenyl-ethylamine, 1-cyano-1-methyl-ethylamine,
      5-chloro-2-amino-benzo-trifluoride, 6-chloro-2-amino-toluene,
      4,5-dichloro-2-amino-toluene, 3-nitro-2-amino-toluene,
      4-nitro-2-amino-toluene, 5-nitro-2-amino-toluene, 6-nitro-2-amino-toluene,
      4-chloro-5-nitro-2-amino-toluene, 3-amino-toluene,
      4-chloro-3-amino-toluene, 6-chloro-3-amino-toluene,
      4,6-dichloro-3-amino-toluene 4-amino-toluene, 2-chloro-4-amino-toluene,
      2-nitro-4-amino-toluene, 3-nitro-4-amino-toluene, 2-amino-1-ethylbenzene,
      1-amino-1-phenyl-ethane, 2,3-dimethylaniline, 2,6-dimethyl-aniline,
      3,4-dimethylaniline, 2,4-dimethylaniline, and the like.
PAR  The guanidines of the formula (II), such as 2-amino-benzimidazole,
      2-[amino-(carbomethoxy)]-benzimidazole, p-chlorophenylimido-N,N'-diethyl
      urea, are obtainable in manner known from the literature.
PAR  The perfluoro-2,5-diazahexa-2,4-diene of the formula (III) to be used as
      starting material is known (J. Am. Chem. Soc. 89, 5007 (1967)).
PAR  The reaction may be carried out in the presence of a diluent. As diluents,
      all inert organic solvents are suitable. Preferred solvents include
      hydrocarbons, such as benzine, benzene and toluene; nitriles, such as
      acetonitrile; and chlorinated hydrocarbons, such as methylene chloride,
      chloroform and chlorobenzene.
PAR  As acid-binders, all customary acid-binding agents can be used. There may
      be mentioned: alkali metal carbonates, alkali metal bicarbonates and
      tertiary amines, such as triethylamine, dimethylaniline, and the like. In
      particular the alkali metal fluorides, especially sodium fluoride, have
      proved to be hydrogen fluoride acceptors which are particularly useful in
      practice.
PAR  The reaction temperatures can be varied within a fairly wide range. In
      general, the reaction is carried out at about -50.degree. to 120.degree.C,
      preferably about -30.degree. to 90.degree.C.
PAR  In carrying out of the process according to the invention, for each mole of
      the compound of formula (II) there is generally used 1 mole of
      perfluoro-2,5-diazahexa-2,4-diene of the formula (III); the alkali metal
      fluoride is desirably used in excess, e.g. about 3 to 4 moles, but amounts
      lesser or greater than the stated proportions by up to 20 per cent by
      weight can be used without substantial lowering of the yield. Expediently,
      the perfluoro-2,5-diazahexa-2,4-diene is added dropwise to a suspension
      comprising the compound of formula (II), organic solvent and hydrogen
      fluoride acceptor. Filtration from the fluoride is then effected, followed
      by concentration and recrystallization. Another method of working up
      consists in adding water to the reaction mixture and, optionally,
      recrystallizing the residue obtained.
PAR  The active compounds of the invention exhibit a strong fungitoxic activity.
      In the concentrations appropriate for the control of fungi, they generally
      do not damage cultivated plants and they have a low toxicity to
      warm-blooded animals. For these reasons, they are suitable for use as crop
      protection agents for the control of fungi. Fungitoxic agents in crop
      protection are used for the control of archimycetes, Phycomycetes,
      Ascomycetes, Basidiomycetes and Fungi Imperfecti.
PAR  The active compounds of the invention have a broad activity spectrum and
      can be applied against parasitical fungi which infect above-the-ground
      parts of plants or attack the plants from the soil, as well as against
      seed-borne pathogenic agents.
PAR  The compounds possess a good activity against Fusicladium dendriticum, the
      causative organism of apple scab, against Phytophthora infestans, the
      causative organism of potato blight, and against Piricularia oryzae, the
      causative organism of rice blast.
PAR  The compounds according to the invention, however, also act against other
      fungi which attack rice or other cultivated plants, such as Mycosphaerella
      musicola, Verticillium alboatrum, Phialophora cinerescens and Fusarium
      species.
PAR  The compounds according to the invention are distinguished by an
      extraordinarily high degree of activity and a very broad spectrum against
      phytopathogenic soil fungi and against seed-borne fungal plant diseases.
      They can be used preferably as soil treatment agents and seed dressings
      and are superior in this respect to customary commercial preparations.
      Surprisingly, the present active compounds show not only a protective
      activity, but also a curative and systemic effect.
PAR  The compounds which can be prepared according to the process also possess
      an insecticidal and acaricidal effectiveness. The products are used with
      success in crop protection for the control of noxious sucking and biting
      insects, Diptera and mites (Acarina), as well as in the veterinary and
      hygiene field; further, in the protection of stored products against a
      multiplicity of animal pests such as endoparasites and ectoparasites.
PAR  To the sucking insects contemplated herein there belong, in the main,
      aphids (Aphidae) such as the green peach aphid (Myzus persicae), the bean
      aphid (Doralis fabae), the bird cherry aphid (Rhopalosiphum padi), the pea
      aphid (Macrosiphum pisi) and the potato aphid (Macrosiphum solanifolii),
      the currant gall aphid (Cryptomyzus korschelti), the rosy apple aphid
      (Sappaphis mali), the mealy plum aphid (Hyalopterus arundinis) and the
      cherry black-fly (Myzus cerasi); in addition, scales and mealybugs
      (Coccina), for example the oleander scale (Aspidiotus hederae) and the
      soft scale (Lecanium hesperidum) as well as the grape mealybug
      (Pseudococcus maritimus); thrips (Thysanoptera), such as Hercinothrips
      femoralis, and bugs for example the beet bug (Piesma quadrata), the red
      cotton bug (Dysdercus intermedius), the bed bug (Cimex lectularius), the
      assassin bug (Rhodnius prolixus) and Chagas' bug (Triatoma infestans) and,
      further, cicadas, such as Euscelis bilobatus and Nephotettix bipunctatus;
      and the like.
PAR  In the case of the biting insects contemplated herein, above all there
      should be mentioned butterfly caterpillars (Lepidoptera) such as the
      diamond-back moth (Plutella maculipennis), the gypsy moth (Lymantria
      dispar), the browntail moth (Euproctis chrysorrhoea) and tent caterpillar
      Malacosoma neustria); further, the cabbage moth (Mamestra brassicae) and
      the cutworm (Agrotis segetum), the large white butterfly (Pieris
      brassicae), the small winter moth (Cheimatobia brumata), the green oak
      tortrix moth (Tortrix viridana), the fall armyworm (Laphygma frugiperda)
      and cotton worm (Prodenia litura), the ermine moth (Hyponomeuta padella),
      the Mediterranean flour moth (Ephestia Kuhniella) and greater wax moth
      (Galleria mellonella); and the like.
PAR  With the mites (Acari) there are classed, in particular, the spider mites
      (Tetranychidae) such as the two-spotted spider mite (Tetranychus telarius
      = Tetranychus althaeae or Tetranychus urticae) and the European red mite
      (Paratetranychus pilosus = Panonychus ulmi), gall mites, for example the
      black currant gall mite (Eriophyes ribis) and tarsonemids, for example the
      broad mite (Hemitarsonemus latus) and the cyclamen mite (Tarsonemus
      pallidus); finally, ticks, such as the relapsing fever tick (Ornithodorus
      moubata); and the like.
PAR  The active compounds according to the instant invention can be utilized, if
      desired, in the form of the usual formulations or compositions with
      conventional inert (i.e. plant compatible or herbicidally inert) pesticide
      diluents or extenders, i.e. diluents or extenders of the type usable in
      conventional pesticide formulations or compositions, e.g. conventional
      pesticide dispersible carrier vehicles, such as solutions, emulsions,
      suspensions, emulsifiable concentrates, spray powders, pastes, soluble
      powders, dusting agents, granules, etc. These are prepared in known
      manner, for instance by extending the active compounds with conventional
      pesticide dispersible liquid diluent carriers and/or dispersible solid
      carriers optionally with the use of carrier vehicle assistants, e.g.
      conventional pesticide surface-active agents, including emulsifying agents
      and/or dispersing agents, whereby, for example, in the case where water is
      used as diluent, organic solvents may be added as auxiliary solvents. The
      following may be chiefly considered for use as conventional carrier
      vehicles for this purpose: aerosol propellants which are gaseous at normal
      temperatures and pressures, such as freon; inert dispersible liquid
      diluent carriers including inert organic solvents, such as aromatic
      hydrocarbons (e.g. benzene, toluene, xylene, alkyl naphthalenes, etc.),
      halogenated, especially chlorinated, aromatic hydrocarbons (e.g.
      chlorobenzenes), cycloalkanes (e.g. cyclohexane, etc), paraffins (e.g.
      petroleum or mineral oil fractions), chlorinated aliphatic hydrocarbons
      (e.g. methylene chloride, etc.), alcohols (e.g. methanol, ethanol,
      propanol, butanol, glycol, etc.) as well as ethers and esters thereof
      (e.g. glycol monomethyl ether, etc.), amines (e.g. ethanolamine, etc.),
      amides (e.g. dimethyl formamide, etc.), sulfoxides (e.g. dimethyl
      sulfoxide, etc.), ketones (e.g. acetone, methyl ethyl ketone, methyl
      isobutyl ketone, cyclohexanone, etc.), and/or water: as well as inert
      dispersible finely divided solid carriers, such as ground natural minerals
      (e.g. kaolins, alumina, silica, chalk, i.e., calcium carbonate, talc,
      kieselguhr, etc.) and ground synthetic minerals (e.g. highly dispersed
      silicic acid, silicates, e.g., alkali silicates, etc.); whereas the
      following may be chiefly considered for use as conventional carrier
      vehicle assistants, e.g., surface-active agents, for this purpose:
      emulsifying agents, such as non-ionic and/or anionic emulsifying agents
      (e.g. polyethylene oxide esters of fatty acids, polyethylene oxide ethers
      of fatty alcohols, alkyl sulfates, alkyl sulfonates, aryl sulfonates,
      etc., and especially alkyl aryl-polyglycol ethers, magnesium stearate,
      sodium oleate, etc.); and/or dispersing agents, such as lignin, sulfite
      waste liquors, methyl cellulose, etc.
PAR  Such active compounds may be employed alone or in the form of mixtures with
      one another and/or with such solid and/or liquid dispersible carrier
      vehicles and/or with other known compatible active agents, especially
      plant protection agents, such as other fungicides or acaricides,
      insecticides, herbicides, bactericides, nematicides, fertilizers, growth
      regulating agents, etc., if desired, or in the form of particular dosage
      preparations for specific application made therefrom, such as solutions,
      emulsions, suspensions, powders, pastes, and granules which are thus ready
      for use.
PAR  As concerns commercially marketed preparations, these generally contemplate
      carrier composition mixtures in which the active compound is present in an
      amount substantially between about 0.1-95%, and preferably 0.5-90%, by
      weight of the mixture, whereas carrier composition mixtures suitable for
      direct application or field application generally contemplate those in
      which the active compound is present in an amount substantially between
      about 0.0001-10%, preferably at least 0.5% weight of the mixture. Thus,
      the present invention contemplates over-all compositions which comprise
      mixtures of a conventional dispersible carrier vehicle such as (1) a
      dispersible inert finely divided carrier solid, and/or (2) a dispersible
      carrier liquid such as an inert organic solvent and/or water preferably
      including a surface-active effective amount of a carrier vehicle
      assistant, e.g. a surface-active agent, such as an emulsifying agent
      and/or a dispersing agent, and an amount of the active compound which is
      effective for the purpose in question and which is generally between about
      0.1-95%, and preferably 0.5-95% by weight of the mixture.
PAR  The active compounds can also be used in accordance with the well known
      ultra-low-volume process with good success, i.e. by applying such compound
      if normally a liquid, or by applying a liquid composition containing the
      same, via very effective atomizing equipment, in finely divided form, e.g.
      average particle diameter of from 50-100 microns, or even less, i.e. mist
      form, for example by airplane crop spraying techniques. Only up to at most
      about a few liters/hectare are needed, and often amounts only up to about
      15 to 1000 g/hectare, preferably 40 to 600 g/hectare, are sufficient. In
      this process it is possible to use highly concentrated liquid compositions
      with said liquid carrier vehicles containing from about 20 to about 95% by
      weight of active compound or even the 100% active substance alone, e.g.
      about 20-100% by weight of the active compound.
PAR  In the case of seed treatment, in general amounts of active compound of
      0.01 to 50 g, preferably 0.01 to 5 g, per kilogram of seed are applied as
      a seed dressing.
PAR  For soil treatment, in general amounts of active compound of 1 to 500 g,
      preferably 10 to 200 g, are applied per cubic meter of soil. The
      concentrations of active compound in the ready-to-apply preparations may
      vary very greatly. In general, they are from 0.0001 to 95%.
PAR  Furthermore, the present invention contemplates methods of selectively
      killing, combating or controlling pests, e.g. fungi, insects and acarids,
      which comprise applying to at least one of correspondingly (a) such fungi,
      (b) such insects, (c) such acarids and (d) the corresponding habitat
      thereof, i.e., the locus to be protected, a correspondingly combative or
      toxic amount, i.e. a fungicidally, insecticidally, or acaricidally
      effective amount, of the particular active compound of the invention alone
      or together with a carrier vehicle as noted above. The instant
      formulations or compositions are applied in the usual manner, for instance
      by spraying, atomizing, vaporizing, scattering, dusting, watering,
      sprinkling, pouring, via dressings, incrustations, and the like.
PAR  It will be realized, of course, that the concentration of the particular
      active compound utilized in admixture with the carrier vehicle will depend
      upon the intended application. Therefore, in special cases, it is possible
      to go above or below the aforementioned concentration ranges.
PAR  The unexpected superiority and outstanding fungicidal and acaricidal
      activity of such active compounds usable according to the present
      invention is illustrated, without limitation, by the following Examples.
DETD
PAC  EXAMPLE 1
PAC  Mycelium growth test
TBL   20 parts by weight agar-agar                                             

                           5 parts by weight acetone                           

     200 parts by weight potato decoction                                      

                           2 parts by weight Na.sub.2 HPO.sub.4                

      5 parts by weight malt                                                   

                           0.3 parts by weight                                 

      15 parts by weight dextrose                                              

                            Ca(NO.sub.3).sub.2                                 

     Proportion of solvent to nutrient medium:                                 

      2 parts by weight acetone                                                

     100 parts by weight agar nutrient medium                                  

PAR  The amount of active compound required for the desired concentration of
      active compound in the nutrient medium is mixed with the stated amount of
      solvent. The concentrate is thoroughly mixed in the stated proportion with
      the liquid nutrient medium which has been cooled to 42.degree.C and is
      then poured into Petri dishes of 9 cm diameter. Control dishes to which
      the preparation has not been added are also set up.
PAR  When the nutrient medium has cooled and solidified, the dishes are
      inoculated with the species of fungi stated in the Table and incubated at
      about 21.degree.C.
PAR  Evaluation is carried out after 4-10 days, dependent upon the speed of
      growth of the fungi. When evaluation is carried out the radial growth of
      the mycelium on the treated nutrient media is compared with the growth on
      the control nutrient media. In the evaluation of the fungus growth, the
      following characteristic values are used:
TBL  0        no fungus growth                                                 

     1        very strong inhibition of growth                                 

     2        medium inhibition of growth                                      

     3        slight inhibition of growth                                      

     4        growth equal to that of untreated control.                       

PAR  The active compounds, their concentrations and the results obtained can be
      seen from Table 1.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Mycelium growth test                                                      

                                Concentration of                               

                                active compound                                

     Active compounds           ppm      A B C D E F G H I J K                 

     __________________________________________________________________________

                                10       - - - - - 0 0 0 - 0 0                 

                                10       - - - - - - 0 - - - 0                 

     __________________________________________________________________________

      A Botrytis cinerea                                                       

      B Cochliobolus miyabeanus                                                

      C Fusarium oxysp. f. cubense                                             

      D Fusarium oxysp. f. dianthi                                             

      E Pellicularia sasakii                                                   

      F Verticillium albo-atrum                                                

      G Colletotrichum ceffeanum                                               

      H Phialophora cinerescens                                                

      I Cercospora personata                                                   

       J Mycosphaerella musicola                                               

      K Piricularia oryzae                                                     

PAC  EXAMPLE 2
PAC  Fusicladium test (apple scab) (Protective)
TBL  Solvent:  4.7 parts by weight acetone                                     

     Emulsifier:                                                               

               0.3 parts by weight alkylaryl polyglycol                        

               ether                                                           

     Water:    95 parts by weight                                              

PAR  The amount of active compound required for the desired concentration of the
      active compound in the spray liquid is mixed with the stated amount of
      solvent, and the concentrate is diluted with the stated amount of water
      which contains the stated additions.
PAR  Young apple seedlings in the 4-6 leaf stage are sprayed with the spray
      liquid until dripping wet. The plants remain in a greenhouse for 24 hours
      at 20.degree.C and at a relative atmospheric humidity of 70%. They are
      then inoculated with an aqueous conidium suspension of the apple scab
      causative organism (Fusicladium dendriticum Fuckel) and incubated for 18
      hours in a humidity chamber at 18.degree.-20.degree.C and at a relative
      atmospheric humidity of 100%.
PAR  The plants are then again placed in a greenhouse for 14 days.
PAR  15 days after inoculation, the infection of the seedlings is determined as
      a percentage of the untreated but also inoculated control plants.
PAR  0% means no infection; 100% means that the infection is exactly as great as
      in the case of the control plants.
PAR  The active compounds, the concentrations of the active compounds and the
      results can be seen from Table 2(a) & (b).
      ##SPC4##
      ##SPC5##
PAC  EXAMPLE 3
PAC  Fusicladium test (apple scab) [Curative]
TBL  Solvent:  4.7 parts by weight acetone                                     

     Emulsifier:                                                               

               0.3 parts by weight alkylaryl polyglycol                        

               ether                                                           

     Water:    95 parts by weight.                                             

PAR  The amount of active compound required for the desired concentration of the
      active compound in the spray liquid is mixed with the stated amount of
      solvent, and the concentrate is diluted with the stated amount of water
      which contains the stated additions.
PAR  Young apple seedlings in the 4-6 leaf stage are inoculated with an aqueous
      conidium suspension of the apple scab causative organism Fusicladium
      dendriticum Fuckel and incubated for 18 hours in a humidity chamber at
      18.degree.-20.degree.C and at an atmospheric humidity of 100%. The plants
      are then placed in a greenhouse where they dry.
PAR  After standing for a suitable period of time, the plants are sprayed
      dripping wet with the spray liquid prepared in the manner described above.
      The plants are then returned to a greenhouse.
PAR  15 days after inoculation, the infestation of the apple seedlings is
      determined as a percentage of the untreated but also inoculated control
      plate.
PAR  0% means no infestation; 100% means that the infestation is exactly as
      great as in the case of the control plants.
PAR  The active compounds, the concentrations of the active compounds, the
      period of time between inoculation and spraying and the results obtained
      can be seen from Table 2.
      ##SPC6##
PAC  EXAMPLE 4
PAC  Fusicladium test (systemic)
TBL  Solvent:  4.7 parts by weight acetone                                     

     Emulsifier:                                                               

               0.3 parts by weight alkylarylpolyglycol                         

               ether                                                           

     Water:    95 parts by weight                                              

PAR  The amount of active compound required for the desired concentration of the
      active compound in the liquid to be used for watering is mixed with the
      stated amount of solvent, and the concentrate is diluted with the stated
      amount of water which contains the stated additions.
PAR  Apple seedlings grown in standard soil are, in the 3-4 leaf stage, watered
      once in one week with 20 cc of the liquid to be used for watering, in the
      stated concentration of active compound, with reference to 100 cc of soil.
      The plants so treated are, after the treatment, inoculated with an aqueous
      conidium suspension of Fusicladium dendriticum Fuckel and incubated for 18
      hours in a humidity chamber at 18.degree.-20.degree.C and at a relative
      atmospheric humidity of 100%. The plants are then returned to a greenhouse
      for 14 days.
PAR  15 days after inoculation, the infection of the seedlings is determined as
      a percentage of the untreated but also inoculated control plants. 0% means
      no infection; 100% means that the infection is exactly as great as in the
      case of the control plants.
PAR  The active compounds, the concentrations of the active compounds and the
      results obtained can be seen from Table 4.
      ##SPC7##
PAC  EXAMPLE 5
PAC  Phytophthora test
TBL  Solvent: 4.7 parts by weight of acetone                                   

     Dispersing                                                                

              0.3 parts by weight of alkylarylpolyglycol                       

     agent:   ether                                                            

     Water:   95 parts by weight                                               

PAR  The amount of the active compound required for the desired concentration of
      the active compound in the spray liquid is mixed with the stated amount of
      solvent and the concentrate is diluted with the stated amount of water
      which contains the stated additions.
PAR  Young tomato plants (Bonny best) with 2-6 foliage leaves are sprayed with
      the spray liquid until dripping wet. The plants remain in a greenhouse for
      24 hours at 20.degree.C and at a relative atmospheric humidity of 70%. The
      tomato plants are then inoculated with an aqueous spore suspension of
      Phytophthora infestans. The plants are brought into a moist chamber with
      an atmospheric humidity of 100% and a temperature of 18-20.degree.C.
PAR  After 5 days the infestation of the tomato plants is determined as a
      percentage of the untreated but likewise inoculated control plants: 0%
      means no infestation; 100% means that the infestation is exactly as great
      as in the case of the control plants.
PAR  The active compounds, the concentrations of the active compounds and the
      results can be seen from the following Table:
      ##SPC8##
PAC  EXAMPLE 6
PAC  Podosphaera test (powdery mildew of apples) [Protective]
TBL  Solvent:  4.7 parts by weight acetone                                     

     Emulsifier:                                                               

               0.3 parts by weight alkylaryl polyglycol                        

               ether                                                           

     Water:     95 parts by weight                                             

PAR  The amount of active compound required for the desired concentration of the
      active compound in the spray liquid is mixed with the stated amount of
      solvent, and the concentrate is diluted with the stated amount of water
      which contains the stated additions.
PAR  Young apple seedlings in the 4-6 leaf stage are sprayed with the spray
      liquid until dripping wet. The plants remain in a greenhouse for 24 hours
      at 20.degree.C and at a relative atmospheric humidity of 70%. They are
      then inoculated by dusting with conidia of the apple powdery mildew
      causative organism (Podosphaera leucotricha Salm.) and placed in a
      greenhouse at a temperature of 21.degree.-23.degree.C and at a relative
      atmospheric humidity of about 70%.
PAR  Ten days after the inoculation, the infestation of the seedlings is
      determined as a percentage of the untreated but also inoculated control
      plants.
PAR  0% means no infestation; 100% means that the infestation is exactly as
      great as in the case of the control plants.
PAR  The active compounds, the concentrations of the active compounds and the
      results obtained can be seen from the following Table 4:
      ##SPC9##
PAC  EXAMPLE 7
PAC  Podosphaera test (systemic)
TBL  Solvent:  4.7 parts by weight acetone                                     

     Dispersing                                                                

               0.3 parts by weight alkylaryl polyglycol                        

     agent:    ether                                                           

     Water:    95 parts by weight                                              

PAR  The amount of active compound required for the desired concentration of the
      active compound in the liquid to be used for watering is mixed with the
      stated amount of solvent, and the concentrate is diluted with the stated
      amount of water which contains the stated additions.
PAR  Apple seedlings grown in standard soil are, in the 3-4 leaf stage, watered
      in one week with 20cc of the liquid to be used for watering, in the stated
      concentration of active compound, with reference to 100cc of soil. The
      plants so treated are, after the treatment, inoculated with conidia of
      Podosphaera leucotricha Salm and placed in a greenhouse at a temperature
      of 21.degree.-23.degree.C and at a relative atmospheric humidity of about
      70%. 10 days after the inoculation, the infection of the seedlings is
      determined as a percentage of the untreated but also inoculated control
      plants.
PAR  0% means no infection; 100% means that the infection is exactly as great as
      in the case of the control plants.
PAR  The active compounds, the concentrations of the active compounds and the
      results obtained can be seen from the following Table 8:
      ##SPC10##
PAC  EXAMPLE 8
PAC  Agar plate test
PAR  Test for fungitoxic effectiveness and breadth of the activity spectrum.
TBL  Solvent:         Acetone                                                  

     Parts by weight: a) 1000  b) 100                                          

PAR  To produce a suitable preparation of the active compound, 1 part by weight
      of the active compound is taken up in the stated amount of solvent.
PAR  To potato dextrose agar which has been liquefied by heating there is added
      the preparation of the active compound in such an amount that the desired
      concentration of active compound is set up therein. After thorough shaking
      to achieve a uniform dispersion of the active compound, the agar is poured
      into Petri dishes under sterile conditions. When the mixture of substrate
      and active compound has solidified, test fungi from pure cultures are
      inoculated on to it in small discs of 5 mm diameter. The Petri dishes
      remain at 20.degree.C for 3 days for incubation.
PAR  After this time, the inhibiting action of the active compound on the
      mycelium growth is determined in categories, taking into account the
      untreated control. 0 means no mycelium growth, either on the treated
      substrate or on the inoculum; the symbol - means mycelium growth on the
      inoculum only but no spread to the treated substrate; and the symbol +
      means mycelium growth from the inoculum on to the treated substrate,
      similar to the spread to the untreated substrate of the control.
PAR  The active compounds, the concentration of the active compounds, the test
      fungi and the inhibition effects achieved can be seen from the following
      Table 5.
TBL                                    Table 8                                 

     __________________________________________________________________________

     Agar plate test                                                           

                                  Concentration                                

                                  of active                                    

                                  compound in the                              

                                  substrate in                                 

     Active compound              ppm      A B C D E F G H                     

     __________________________________________________________________________

                                      -    + + + + + + + +                     

                                  a)  10   + + + + + + + +                     

                                  b)  100  + + + 0 + + + +                     

                                  a)  10   0 0 0 0 0 0 0 0                     

                                  b)  100  0 0 0 0 0 0 0 0                     

                                  a)  10   0 0 - - 0 0 0 -                     

                                  b)  100  0 0 0 - 0 0 0 -                     

                                  a)  10   0 0 0 0 0 0 0 0                     

                                  b)  100  0 0 0 0 0 0 0 0                     

                                  a)  10   0 0 + - 0 0 + +                     

                                  b)  100  0 0 + - 0 0 0 +                     

     __________________________________________________________________________

      A Corticium rolfsii                                                      

      B Sclerotinia sclerotiorum                                               

      C Verticillium alboatrum                                                 

      D Thielaviopsis basicola                                                 

      E Phytophthora cactorum                                                  

      F Fusarium culmorum                                                      

      G Fusarium oxysporum                                                     

      H Fusarium solani f. pisi                                                

PAC  EXAMPLE 9
PAC  Erysiphe test/systemic
TBL  Solvent:  4.7 parts by weight acetone                                     

     Emulsifier:                                                               

               0.3 parts by weight alkylaryl polyglycol                        

               ether                                                           

     Water:     95 parts by weight                                             

PAR  The amount of the active compound required for the desired concentration in
      the liquid to be used for watering is mixed with the stated amount of the
      solvent, and the concentration is diluted with the stated amount of water
      containing the stated additions.
PAR  Cucumber plants grown in standard soil are, in the one- to two-leaf stage,
      watered three times in one week with 20 cc of the liquid to be used for
      watering, in the stated concentration of active compound with reference to
      100 cc of soil.
PAR  The plants so treated are, after the treatment, inoculated with conidia of
      the fungus Erysiphe cichoracearum. The plants are subsequently placed in a
      greenhouse at 23.degree.-24.degree.C and at a relative atmospheric
      humidity of 70%.
PAR  After 12 days, the infection of the cucumber plants is determined as a
      percentage of the untreated but also inoculated control plants. 0% means
      no infection; 100% means that the infection is exactly as great as in the
      case of the control plants.
PAR  The active compounds, the concentrations of the active compounds and the
      results obtained can be seen from the following Table 3:
      ##SPC11##
PAC  EXAMPLE 10
PAC  Seed dressing test/bunt of wheat
PAR  (seed-borne mycosis)
PAR  To produce a suitable dry dressing, the active compound is extended with a
      mixture of equal parts by weight of talc and kieselguhr to give a finely
      powdered mixture with the desired concentration of the active compound.
PAR  Wheat seed is contaminated with 5 g of the chlamydospores of Tilletia
      caries per kg of seed. To apply the dressing, the seed is shaken with the
      dressing in a closed glass flask. The seed, on moist loam under a cover of
      a layer of muslin and 2 cm of moderately moist compost soil, is exposed to
      optimum germination conditions for the spores for 10 days at 10.degree.C
      in a refrigerator.
PAR  The germination of the spores on the wheat grains, each of which is
      contaminated with about 100,000 spores, is subsequently determined
      microscopically. The smaller the number of spores which have germinated,
      the more effective is the active compound.
PAR  The active compounds, the concentrations of the active compounds in the
      dressing, the amounts of dressing used and the percentage spore
      germination can be seen from the following Table 6.
TBL                                    Table 10                                

     __________________________________________________________________________

     Seed dressing test / bunt of wheat                                        

     Active compounds            Concentration                                 

                                         Applied                               

                                               Spore                           

                                 of active                                     

                                         amount of                             

                                               germination                     

                                 compound in                                   

                                         dressing                              

                                               in %                            

                                 the dressing                                  

                                         in g/kg                               

                                 in % by weight                                

                                         seed                                  

     __________________________________________________________________________

                                 --      --    &gt;10                             

                                 10      1     5                               

                                 30      1     0.05                            

                                 30      1     0.05                            

                                 10      1     0.000                           

                                 30      1     0.000                           

                                 30      1     0.000                           

     __________________________________________________________________________

PAC  EXAMPLE 11
PAC  Seed dressing test/stripe disease of barley
PAR  (seed-borne mycosis)
PAR  To produce a suitable dry dressing, the active compound is extended with a
      mixture of equal parts by weight of talc and kieselguhr to give a finely
      powdered mixture with the desired concentration of active compound.
PAR  To apply the dressing, barley seed, which is naturally infested by
      Helminthosporium gramineum, is shaken with the dressing in a closed glass
      flask. The seed, on moist filter paper discs in closed Petri dishes, is
      exposed to a temperature of 4.degree.C for 10 days in a refrigerator. The
      germination of the barley, and possibly also of the fungus spores, is
      thereby initiated. Two batches of 50 grains of the pregerminated barley
      are subsequently sown 2 cm deep in Fruhstorfer standard soil and
      cultivated in a greenhouse at temperatures of about 18.degree.C in seed
      boxes which are exposed to light for 16 hours daily. The typical symptoms
      of the stripe disease develop within 3 to 4 weeks.
PAR  After this time, the number of diseased plants is determined as a
      percentage of the total number of emerged plants. The fewer plants are
      diseased, the more effective is the active compound.
PAR  The active compounds, the concentration of the active compounds in the
      dressing, the amounts of dressing used and the number of diseased plants
      can be seen from Table 7.
TBL                                    Table 11                                

     __________________________________________________________________________

     Seed dressing test / stripe disease of barley                             

     Active compound          Concentration                                    

                                      Applied                                  

                                            Number of                          

                              of active                                        

                                      amount of                                

                                            stripe-diseased                    

                              compound in                                      

                                      dressing                                 

                                            plants as a                        

                              the dressing                                     

                                      in g/kg                                  

                                            percentage of                      

                              in % by weight                                   

                                      seed  the total                          

                                            number of                          

                                            emerged plants                     

     __________________________________________________________________________

                              --      --    23.6                               

                              30      2     3.3                                

     __________________________________________________________________________

PAC  EXAMPLE 12
PAC  Soil treating agent test/soil-borne mycoses
PAR  To produce a suitable preparation of the active compound, the active
      compound is extended with talc to a content of 5% and subsequently with
      quartz sand to a content of 0.5% of active compound.
PAR  The preparation of the active compound is uniformly mixed with Fruhstorfer
      standard soil, which has first been sterilized and then inoculated with
      pure cultures of the test fungi.
PAR  The soil is filled into 5 pots, each of which is sown with 10 seeds of the
      host plants. The pots are placed in a greenhouse at the stated temperature
      and kept normally moist.
PAR  3 weeks after sowing, the number of healthy plants is determined as a
      percentage of the number of seeds sown. 0% means that no healthy plants
      have grown; 100% means that healthy plants have resulted from all the
      seeds.
PAR  The active compounds, the concentrations of the active compounds in the
      soil, the test fungi, host plants, greenhouse temperatures and the results
      obtained can be seen from Table 8.
TBL                                    Table 12                                

     __________________________________________________________________________

     Soil treating agent test / soil-borne mycosis                             

                                  Test fungi:                                  

                                             Rhizoct.                          

                                                    Fusarium                   

                                             solani culmorum                   

                                  Host plant:                                  

                                             Pea    Pea                        

                                  Temperature range:                           

                                             18-22.degree.                     

                                                    22-25.degree.              

                                  Concentration of                             

     Active compounds             active compound                              

                                  in                                           

                                  mg/liter soil                                

     __________________________________________________________________________

     Fruhstorfer standard soil sterilized                                      

     untreated                               95     90                         

     Frunstorfer standard soil sterilized and inoculated                       

     untreated                               0      20                         

                                  100        2      2                          

                                  100        97                                

                                   50        94                                

                                   25        30                                

                                  100        76                                

     __________________________________________________________________________

PAC  EXAMPLE 13
PAR  Phaedon larvae test
TBL  Solvent: 3 parts by weight dimethyl formamide                             

     Emulsifier:                                                               

              1 part by weight alkylaryl polyglycol ether                      

PAR  To produce a suitable preparation of active compound, 1 part by weight of
      the active compound is mixed with the stated amount of solvent containing
      the stated amount of emulsifier, and the concentrate is diluted with water
      to the desired concentration.
PAR  Cabbage leaves (Brassica oleracea) are sprayed with the preparation of the
      active compound until dripping wet and then infested with mustard beetle
      larvae (Phaedon cochleariae).
PAR  After the specified periods of time, the degree of destruction is
      determined as a percentage: 100% means that all the beetle larvae are
      killed. 0% means that none of the beetle larvae are killed.
PAR  The active compounds, the concentration of the active compound, the times
      of evaluation and the results can be seen from the following Table 9.
TBL                                    Table 13                                

     __________________________________________________________________________

     (plant-damaging insects)                                                  

     Phaedon larvae test                                                       

     Active compounds            Concentration of                              

                                          Degree of destruction                

                                 active compound                               

                                          in % after 3 days                    

                                 in %                                          

     __________________________________________________________________________

                                 0.2      85                                   

                                 0.02     0                                    

                                 0.2      100                                  

                                 0.02     70                                   

                                 0.2      100                                  

                                 0.02     30                                   

                                 0.2      100                                  

                                 0.02     30                                   

                                 0.2      100                                  

                                 0.02     70                                   

     __________________________________________________________________________

PAC  EXAMPLE 14
PAR  Tetranychus test (resistant)
TBL  Solvent: 3 parts by weight acetone                                        

     Emulsifier:                                                               

              1 part by weight alkylaryl polyglycol ether                      

PAR  To produce a suitable preparation of active compound, 1 part by weight of
      the active compound is mixed with the stated amount of solvent containing
      the stated amount of emulsifier and the concentrate so obtained is diluted
      with water to the desired concentration.
PAR  Bean plants (Phaseolus vulgaris), which have a height of approximately
      10-30 cm., are sprayed with the preparation of the active compound until
      dripping wet. These bean plants are heavily infested with spider mites
      (Tetranychus urticae) in all stages of development.
PAR  After the specified periods of time, the effectiveness of the preparation
      of active compound is determined by counting the dead mites. The degree of
      destruction thus obtained is expressed as a percentage: 100% means that
      all the spider mites are killed whereas 0% means that none of the spider
      mites are killed.
PAR  The active compounds, the concentrations of the active compounds, the
      evaluation times and the results can be seen from the following Table 10.
TBL                                    Table 14                                

     __________________________________________________________________________

     (plant-damaging insects)                                                  

     Tetranychus test (resistant)                                              

     Active compounds               Concentration                              

                                            Degree of des-                     

                                    of active                                  

                                            truction in %                      

                                    compound in %                              

                                            after 8 days                       

     __________________________________________________________________________

                                    0.2     100                                

                                    0.02    0                                  

                                    0.2     100                                

                                    0.02    90                                 

                                    0.2     100                                

                                    0.02    90                                 

                                    0.1     100                                

                                    0.01    90                                 

                                    0.1     100                                

                                    0.01    98                                 

                                    0.1     100                                

                                    0.01    98                                 

                                    0.1     100                                

                                    0.01    90                                 

                                    0.1     100                                

                                    0.01    98                                 

                                    0.1     100                                

                                    0.01    90                                 

                                    0.1     100                                

                                    0.01    98                                 

                                    0.1     100                                

                                    0.01    98                                 

                                    0.1     100                                

                                    0.01    90                                 

                                    0.1     100                                

                                    0.01    98                                 

                                    0.1     100                                

                                    0.01    98                                 

                                    0.1     100                                

                                    0.01    90                                 

                                    0.1     100                                

                                    0.01    98                                 

                                    0.1     100                                

                                    0.01    100                                

                                    0.1     100                                

                                    0.01    90                                 

                                    0.001   70                                 

                                    0.1     100                                

                                    0.001   100                                

                                    0.1     100                                

                                    0.01    98                                 

                                    0.1     100                                

                                    0.01    98                                 

                                    0.1     100                                

                                    0.01    98                                 

                                    0.1     100                                

                                    0.01    98                                 

     __________________________________________________________________________

PAC  EXAMPLE 15
PAR  Plutella test
TBL  Solvent: 3 parts by weight dimethyl formamide                             

     Emulsifier:                                                               

              1 part by weight alkylaryl polyglycol ether                      

PAR  To produce a suitable preparation of active compound, 1 part by weight of
      the active compound is mixed with the stated amount of solvent containing
      the stated amount of emulsifier and the concentrate is diluted with water
      to the desired concentration.
PAR  Cabbage leaves (Brassica oleracea) are sprayed with the preparation of the
      active compound until dew moist and are then infested with caterpillars of
      the diamond-back moth (Plutella maculipennis).
PAR  After the specified periods of time, the degree of destruction is
      determined as a percentage: 100% means that all the caterpillars are
      killed whereas 0% means that none of the caterpillars are killed.
PAR  The active compounds, the concentrations of the active compounds, the
      evaluation time and the results can be seen from the following Table 11.
TBL                                    Table 15                                

     __________________________________________________________________________

     (plant-damaging insects)                                                  

     Plutella test                                                             

     Active compounds               Concentration                              

                                            Degree of des-                     

                                    of active                                  

                                            truction in %                      

                                    compound in %                              

                                            after 3 days                       

     __________________________________________________________________________

                                    0.2     95                                 

                                    0.02    0                                  

                                    0.2     100                                

                                    0.02    100                                

                                    0.002   50                                 

                                    0.2     100                                

                                    0.02    90                                 

                                    0.2     100                                

                                    0.02    100                                

     __________________________________________________________________________

PAR  The following further examples are set forth to illustrate, without
      limitation, the process for producing the active compounds according to
      the present invention.
PAC  EXAMPLE 16
      ##SPC12##
PAR  To 9 g (0.1 mole) of N,N'-dimethyl urea and 15 g (0.36 mole) of sodium
      fluoride in 150 ml of benzene there are added dropwise, at a temperature
      of 50.degree.C, 23 g (0.1 mole) of perfluoro-2,5-diazahexa-2,4-diene.
      Stirring under reflux is afterwards effected for about 30 minutes,
      followed by filtration from sodium hydrogen fluoride and sodium fluoride
      and concentration of the filtrate in a vacuum. After recrystallization
      from ether/pentane there are obtained 19 g
      1,3-dimethyl-4,5-bis-trifluoromethylimino-imidazolone-(2) of the melting
      point 109.degree.-110.degree.C. The yield is 69% of theory.
PAC  EXAMPLE 17
      ##SPC13##
PAR  Analogously with Example 16, with acetamide instead of N,N'-dimethyl urea
      there is obtained the above compound. The melting point (from
      ether/pentane) is 90.degree.-92.degree.C (with decomp.) Mass spectrum: 247
      m/e.
PAC  EXAMPLE 18
      ##SPC14##
PAR  To 10 g (0.1 mole) of 3-methyl-pyrazolone-(5) and 15 g of sodium fluoride
      in 100 ml of acetonitrile there are added dropwise, at a temperature of
      -30.degree.C, 23 g (0.1 mole) of perfluoro-2,5-diazahexa-2,4-diene.
      Stirring is afterwards effected for 2 hours at 0.degree.C, followed by
      filtration from sodium hydrogen fluoride and sodium fluoride and
      concentration of the filtrate in a vacuum. After recrystallization from
      ether/hexane there is obtained the compound of the above formula of the
      m.p. 95.degree.-96.degree.C.
PAR  Mass spectrum: 286 m/e
PAC  EXAMPLE 19
      ##SPC15##
PAR  Analogously with Example 16, with N-p-chlorophenyl-N'-methyl urea instead
      of N,N'-dimethyl urea there is obtained the compound of the above formula
      of the m.p. 172.degree.-173.degree.C.
PAR  Yield: 92% of theory.
PAC  EXAMPLE 20
      ##SPC16##
PAR  Analogously with Example 16, with N-phenyl-N'-methyl urea instead of
      N,N'-dimethyl urea there is obtained the compound of the above formula of
      the m.p. 159.degree.-160.degree.C.
PAR  Yield: 89% of theory.
PAC  EXAMPLE 21
      ##SPC17##
PAR  Analogously with Example 18, with N-phenyl urea instead of
      3-methyl-pyrazolone-(5) there is obtained the compound of the above
      formula of the m.p. 162.degree.-163.degree.C.
PAC  EXAMPLE 22
      ##SPC18##
PAR  Analogously with Example 16, with N-cyclohexyl-N'-methyl-urea there is
      obtained the compound of the above formula of m.p.
      135.degree.-136.degree.C. Yield: 70% of theory.
PAC  EXAMPLE 23
      ##SPC19##
PAR  Analogously with Example 16, with N-3,4-dichlorophenyl-N'-methyl urea there
      is obtained the above compound of the m.p. 149.degree.-150.degree.C.
      Yield: 84% of theory.
PAC  EXAMPLE 24
      ##SPC20##
PAR  Analogously with Example 18, with p-chlorophenylimide-N,N'-diethyl urea
      there is obtained the above compound of the m.p. 95.degree.-96.degree.C.
      Yield: 69% of theory.
PAC  EXAMPLE 25
      ##SPC21##
PAR  Analogously with Example 18, with 2-[amino-(carbomethoxy)]-benzimidazole
      there is obtained the above compound of the m.p. 152.degree.-153.degree.C
      (decomp.) (from acetone). Yield: 74 % of theory.
PAC  EXAMPLE 26
      ##SPC22##
PAR  Analogously with Example 18, with 2-amino-benzimidazole there is obtained
      the above compound of the m.p. 175.degree.C (with decomposition). Yield:
      70% of theory.
PAC  EXAMPLE 27
      ##SPC23##
PAR  Analogously with Example 16, with
      N-(3-chloro-4-trifluoromethyl)-phenyl-N'-methyl urea there is obtained the
      above compound of the m.p. 95.degree.-96.degree.C. Yield: 75% of theory.
PAC  EXAMPLE 28
      ##SPC24##
PAR  Analogously with Example 16, with N,N'-diphenyl urea there is obtained the
      compound of the above formula of m.p. 197.degree. to 198.degree.C. Yield:
      70% of theory.
PAC  EXAMPLE 29
      ##SPC25##
PAR  Analogously with Example 18, with 2-perimidinecarbamic acid ethyl ester
      there is obtained the compound of the above formula of m.p. 150.degree.C
      (decomp). Yield: 73% of theory.
PAC  EXAMPLE 30
      ##SPC26##
PAR  Analogously with Example 18, with 2-amino-(carboethoxy) -benzimidazole
      there is obtained the above compound of m.p. 108.degree.C (decomp). Yield:
      76% of theory.
PAR  In analogous manner there were prepared the following compounds:
TBL  Compound                                                                  

     No.       R""              m.p. (.degree.C)                               

     ______________________________________                                    

     16       C.sub.2 H.sub.5   161                                            

     17       C.sub.3 H.sub.7   138                                            

     18       i--C.sub.3 H.sub.7                                               

                                130                                            

     19       C.sub.4 H.sub.9   145                                            

     20       i--C.sub.4 H.sub.9                                               

                                135                                            

     21       t--C.sub.4 H.sub.9                                               

                                143-147                                        

     22       CH.sub.2 --CH=CH.sub.2                                           

                                136                                            

     23                         181                                            

     24       --CH.sub.2 --CH.sub.2 --OCH.sub.3                                

                                143                                            

     25       --(CH.sub.2).sub.5 --CN                                          

                                 94                                            

     26                         133                                            

     ______________________________________                                    

TBL  Compound                                                                  

     No.       A.sub.n            m.p. (.degree.C)                             

     ______________________________________                                    

     27        2--Cl              102-104                                      

     28        3--Cl              131                                          

     29        3--Cl, 5--Cl       167                                          

     30        2--CH.sub.3        116                                          

     31        3--CH.sub.3        127                                          

     32        4--CH.sub.3        116                                          

     33        4--C.sub.2 H.sub.5 114                                          

     34        3--OC.sub.2 H.sub.5                                             

                                  115                                          

     35        4--OC.sub.2 H.sub.5                                             

                                  148                                          

     36        3--CH.sub.3, 4--CH.sub.3                                        

                                  108-110                                      

     37        2--Cl, 4--Cl       122                                          

     38        2--CH.sub.3, 6--CH.sub.3                                        

                                  138                                          

     39        2--C.sub.2 H.sub.5, 6--C.sub.2 H.sub.5                          

                                  107                                          

     40        2--OCH.sub.3       107                                          

     41        2--CH.sub.3, 3--CH.sub.3                                        

                                  120                                          

     42        2--i--C.sub.3 H.sub.7                                           

                                  82-86                                        

     43        2--CH.sub.3, 4--CH.sub.3, 5--CH.sub.3                           

                                  150                                          

     44        3--OCH.sub.3       116-118                                      

     45        2--CH.sub.3, 4--Cl 148                                          

     ______________________________________                                    

TBL  Compound                                                                  

     No.        R""           m.p. (.degree.C)                                 

     ______________________________________                                    

     46         C.sub.2 H.sub.5                                                

                              124-126                                          

     47         C.sub.3 H.sub.7                                                

                              114-117                                          

     48         i--C.sub.3 H.sub.7                                             

                              114-117                                          

     49         C.sub.4 H.sub.9                                                

                              120-122                                          

     50                       102-105                                          

     51                       89-95                                            

     52         --CH.sub.2 --CH.sub.2 --OCH.sub.3                              

                              76-78                                            

     ______________________________________                                    

TBL  Compound                                                                  

     No.        A.sub.n         m.p. (.degree.C)                               

     ______________________________________                                    

     53         2--Cl, 4--Cl    115                                            

     54         2--CH.sub.3     113                                            

     55         4--OC.sub.2 H.sub.5                                            

                                121                                            

     56         4--CH.sub.3     118                                            

     57         3--CH.sub.3     107                                            

     58         4--Cl           122                                            

     59         penta Cl        108-111                                        

     60         2--i--C.sub.3 H.sub.7                                          

                                74-76                                          

     61         2--CH.sub.3, 4--CH.sub.3                                       

                                115-118                                        

     62         2--CH.sub.3, 3--CH.sub.3                                       

                                88-92                                          

     63         2--C.sub.2 H.sub.5                                             

                                74-76                                          

     64         3--Cl, 4--CH.sub.3                                             

                                97-98                                          

     65         2--C.sub.2 H.sub.5, 6--C.sub.2 H.sub.5,                        

                                84-85                                          

                3--Cl, 4--Cl, 5--Cl                                            

     66         2--OCH.sub.3, 4--Cl, 5--CH.sub.3                               

                                101-102                                        

     67         2--OCH.sub.3    71-73                                          

     68         3--OCH.sub.3    108-111                                        

     69         3--OCH.sub.3, 4--CH.sub.3                                      

                                115-117                                        

     70         3--CN           120-121                                        

     71         3--NO.sub.2     125-127                                        

      ##SPC27##
TBL  Compound                                                                  

     No.    R     R"'         R""   m.p. (.degree.C)                           

     __________________________________________________________________________

     74    CO--OCH.sub.3      CO--OCH.sub.3                                    

                                    122-123                                    

     75    CO--OCH.sub.3      CO--OCH.sub.3                                    

                                    190 (decomp.)                              

     76    CO--OCH.sub.3      CO--OCH.sub.3                                    

                                    157 (decomp.)                              

     77                       CH.sub.3                                         

                                    157                                        

     __________________________________________________________________________

PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A fungicidal, insecticidal or acaricidal composition comprising a
      fungicidally, insecticidally or acaricidally effective amount of a
      compound of the formula
      ##SPC28##
PAL  in which
PA1  Z is oxygen, R--N= or
      ##EQU8##
      and R, R', R" and R"'  are each hydrogen; alkyl, alkenyl or alkynyl with
      up to 8 carbon atoms optionally substituted by halogen, cyano, lower
      alkoxy or alkylmercapto; optionally lower-alkyl-substituted cycloalkyl;
      carbalkoxy containing up to 5 carbon atoms in the alkoxy group; aralkyl
      with up to 2 carbon atoms in the alkyl moiety or aryl with up to 14 carbon
      atoms in the ring system, the aryl radicals optionally being substituted
      by halogen, cyano, nitro, lower alkyl, lower haloalkyl, lower alkoxy or
      lower alkylmercapto; or a radical which together with Z or an N-atom of
      the ring forms a further 5- or 6-membered ring containing two nitrogen
      atoms and optionally fused with a benzene ring which is optionally
      partially hydrogenated.
NUM  2.
PAR  2. A composition according to claim 1 wherein such compound is
      ##SPC29##
NUM  3.
PAR  3. A method of combating fungus, insect or acarid pests which comprises
      applying to the pests or a habitat thereof a fungicidally, insecticidally
      or acaricidally effective amount of a compound of the formula
      ##SPC30##
PAL  in which
PA1  Z is oxygen, R--N= or
      ##EQU9##
      and R, R', R" and R"' are each hydrogen; alkyl, alkenyl or alkynyl with up
      to 8 carbon atoms optionally substituted by halogen, cyano, lower alkoxy
      or alkylmercapto; optionally lower-alkyl-substituted cycloalkyl;
      carbalkoxy containing up to 5 carbon atoms in the alkoxy group; aralkyl
      with up to 2 carbon atoms in the alkyl moiety or aryl with up to 14 carbon
      atoms in the ring system, the aryl radicals optionally being substituted
      by halogen, cyano, nitro, lower alkyl, lower haloalkyl, lower alkoxy or
      lower alkylmercapto; or a radical which together with Z or an N-atom of
      the ring forms a further 5- or 6-membered ring containing two nitrogen
      atoms and optionally fused with a benzene ring which is optionally
      partially hydrogenated.
NUM  4.
PAR  4. The method of claim 3 in which R, R', R" and R"' are hydrogen, alkyl or
      alkenyl with up to 6 carbon atoms, optionally substituted by fluorine,
      chlorine, bromine or alkylmercapto; cyclopentyl or cyclohexyl; carbalkoxy
      containing up to 5 carbon atoms in the alkoxy group; benzyl or aryl with
      up to 10 carbon atoms in the ring system, the aromatic rings being
      optionally substituted by fluorine, chlorine, bromine, cyano, nitro,
      methyl, ethyl, isopropyl, chloromethyl, trifluoromethyl, methoxy or
      methylmercapto; or a radical which together with Z or an N-atom of the
      ring forms a further 5- or 6-membered ring optionally fused with a benzene
      ring which may be partially hydrogenated.
NUM  5.
PAR  5. The method of claim 3 in which Z is oxygen, and each R"' independently
      is alkyl of up to 8 carbon atoms, cyclopentyl, cyclohexyl, phenyl, or
      phenyl mono- or di-substituted with halo, nitro, CF.sub.3, lower alkyl,
      lower alkoxy or loweralkylthio.
NUM  6.
PAR  6. The method of claim 3 wherein the compound has the formula
      ##SPC31##
NUM  7.
PAR  7. The method of claim 3 wherein the compound has the formula
      ##SPC32##
NUM  8.
PAR  8. The method of claim 3 wherein the compound has the formula
      ##SPC33##
NUM  9.
PAR  9. The method of claim 3 wherein the compound has the formula
      ##SPC34##
NUM  10.
PAR  10. The method of claim 3 wherein the compound has the formula
      ##SPC35##
NUM  11.
PAR  11. The method of claim 3 wherein the compound has the formula
      ##SPC36##
NUM  12.
PAR  12. The method of claim 3 wherein the compound has the formula
      ##SPC37##
NUM  13.
PAR  13. The method of claim 3 wherein the compound has the formula
      ##SPC38##
NUM  14.
PAR  14. The method of claim 3 wherein the compound has the formula
      ##SPC39##
NUM  15.
PAR  15. The method of claim 3 wherein the compound has the formula
      ##SPC40##
NUM  16.
PAR  16. The method of claim 3 wherein the compound has the formula
      ##SPC41##
NUM  17.
PAR  17. The method of claim 3 wherein the compound has the formula
      ##SPC42##
NUM  18.
PAR  18. The method of claim 3 wherein the compound has the formula
      ##SPC43##
PATN
WKU  039340201
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ART  125
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TTL  Halophenyl acetamidines as anxiolytic antidepressants
ISD  19760120
NCL  7
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PAL  Chem. Abst., 71-111086(t) (1969).
PAL  Chem. Abst., 71-123763(z) (1969).
PAL  Chem. Abst., 65-2182(d) (1966).
LREP
FR2  Johnson; Maynard R.
ABST
PAL  A method useful for alleviating central nervous system depression and
      anxiety symptoms comprises administration to animals of an effective
      amount of an N,N'-dialkyl-2-halophenyl acetamidine. Compositions useful in
      practicing the method are also disclosed.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The compounds employed in the method and composition of the invention can
      be prepared in procedures described in a copending, commonly-assigned
      application by James R. McCarthy, Jr., Ser. No. 510,955, filed
      concurrently herewith.
PAC  BACKGROUND OF THE INVENTION
PAC  Description of the Prior Art
PAR  The substituted amidine compounds of the invention can be prepared by a
      modification of known methods. Typical methods which can be so modified
      include the reaction of a nitrile with a trialkyloxonium fluoroborate to
      prepare an N-alkyl nitrilium salt and reaction of the salt with a primary
      amine similar to that of Meerwein et al., Ber. 89, 209 (1956), Borch, J.
      Org. Chem., 34, 627 (1969), and Weintraub et al., J. Org. Chem. 33, 1679
      (1968). A number of N-monosubstituted and unsubstituted amidines are
      known. Craver et al., J. Pharm. Exptl. Therap. 99, 353 (1950); Netherlands
      Application No. 6,508,754, C.A. 65, 2181c (1966); U.S. Pat. Nos.
      3,344,138, 3,417,122 and 3,334,137. Chlorobenzamidines are disclosed by
      Markwardt et al., Pharmazie 1969 24 (7), 400-2, and European J. Biochem.
      6; 502-6(1968).
PAC  SUMMARY OF THE INVENTION
PAR  This invention is directed to a method which comprises administering to a
      mammal an effective antidepressant or anxiolytic amount of substituted
      halophenyl acetamidine compound or a pharmacologically-acceptable salt
      thereof, or a composition containing such substituted acetamidine compound
      or salt as the active antidepressant-anxiolytic ingredient therein; said
      substituted halophenyl acetamidine compound corresponding to the formula:
      ##SPC1##
PAL  Wherein X and X' each independently represent halo, trifluoromethyl or
      hydrogen with the proviso that at least one of X and X' is halo or
      trifluoromethyl; and R' and R" each independently represent a loweralkyl
      substituent of one, two or three carbon atoms. In the present
      specification and claims "halo" refers to chloro and bromo.
PAR  It has been found that the 2-halophenyl acetamidines of the above formula
      and their pharmacologically-acceptable salts have potent antidepressant
      and anxiolytic properties. (For the purpose of brevity, such compounds
      will be hereinafter referred to as "substituted amidines".) Administration
      of one or more of the substituted amidine compounds to mammals has been
      found to provide valuable antidepressant effects accompanied by anxiolytic
      or calming effects, thus providing for alleviation of central nervous
      system depression without accompanying central nervous stimulation or
      agitation; and in a corresponding manner, providing alleviation of
      symptoms of anxiety or nervous agitation without accompanying central
      nervous system depressant effects. The compounds have exhibited little or
      no significant detrimental pharmacological effects at dosages consistent
      with good antidepressant-anxiolytic activity.
PAR  The substituted amidine compounds are crystalline solids which are soluble
      in a variety of conventional liquids, including alcohols, chlorinated
      hydrocarbons, etc. In general, the pharmacologically-acceptable salts and
      more soluble in aqueous liquids than are the free base compounds, and the
      substituted amidines are preferably employed in the form of such salts.
PAR  As employed herein, the phrase "pharmacologically-acceptable salt" refers
      to salts of the substituted amidines, the anions of which are relatively
      non-toxic and innocuous to mammals at dosages consistent with good
      activity so that side effects ascribable to the anions do not vitiate the
      beneficial effects of the substituted amidines. suitable
      pharmacologically-acceptable salts which can be employed in the method and
      composition of the invention include those derived from mineral acids such
      as the hydrochloride, hydrobromide, phosphate, nitrate and sulfate salts,
      those derived from organic carboxylic acids such as the succinate,
      tartrate, citrate, malate, maleate, and acetate salts and those derived
      from organic sulfonic acids such as the methanesulfonate and
      toluenesulfonate salts.
PAR  In practicing the method, one or more substituted amidine is administered
      internally to a mammal by a route effective to introduce an effective
      amount of the compound into the blood stream of the mammal. Administration
      can be carried out either by a parenteral route such as by intravenous,
      intraperitoneal, subcutaneous or intramuscular injection, or by
      introduction into the gastrointestinal tract by oral administration, for
      example, to introduce the compound into the blood stream via the
      gastrointestinal tract. The substituted amines are orally effective, and
      generally have a higher ratio of toxic dose to effective dose when orally
      administered, and this route is preferred.
PAR  The effective amount of substituted amidine to be administered can also be
      referred to as an "antidepressant amount" (amount sufficient to alleviate
      central nervous system depression); as an "anxiolytic amount"  (amount
      sufficient to alleviate symptons of anxiety, i.e., symptoms of central
      nervous system agitation; or as an "antidepressant-anxiolytic amount",
      since the dosage sufficient to provide antidepressant effect also provides
      some anxiolytic effect, and vice-versa. In the present specification, the
      terms can be regarded as interchangeable with respect to dose.
PAR  The antidepressant-anxiolytic amount of compound, that is, the amount of
      the substituted amidine compound sufficient to provide the desired effect
      depends on various known factors such as the size, type, age and condition
      of the animal to be treated, the particular amidine or
      pharmacologically-acceptable salt employed, the route and frequency of
      administration, the type and degree of central nervous system condition
      involved, the time the compound is administered relative to prior and
      subsequent presentation of food and liquids, etc. In particular cases, the
      dosage to be administered can be ascertained by conventional range finding
      techniques, for example, by observing the effect produced at different
      dosage rates.
PAR  Generally, the compound is administered at dosage rates from about 1 to
      about 4 to about 25 to about 50 milligrams of substituted amidine
      compounds per kilogram of animal body weight. Higher dosage rates may be
      employed, for example, when the compound is administered orally in a timed
      release dosage form. When administered by injection, good results are
      obtained with an amount of from about 1 to about 25 milligrams of the
      amidine compound per kilogram of animal body weight. From about 1 to 120
      milligrams of the amidine compound per kilogram, depending on dosage unit
      form employed, provide good results when the compound is administered
      orally. In the case of mammals suffering from central nervous system
      depression or exhibiting symptoms of anxiety, administration of an
      antidepressant-anxiolytic amount of the substituted amidine compound is
      preferably repeated at predetermined intervals. It is generally desirable
      to administer the individual dosages at the lowest
      antidepressant-anxiolytic amount which provides the desired continuity
      consonant with a convenient dosing schedule. In a convenient repetitive
      procedure, the substituted amidines are administered in single or divided
      oral doses at daily rates of about 1 to 150 milligrams per kilogram per
      day.
PAR  In practicing the method of the invention, the active ingredient is
      preferably incorporated in a composition comprising a pharmaceutical
      carrier and from about 0.001 to about 95 percent by weight of the
      substituted amidine compound of a pharmacologically-acceptable salt
      thereof. The term "pharmaceutical carrier" refers to known pharmaceutical
      excipients useful in formulating pharmacologically-active compounds for
      internal administration to animals, and which are substantially non-toxic
      and non-sensitizing under conditions of use.
PAR  Suitable pharmaceutical carriers are known and disclosed in texts such as
      Remington's Pharmaceutical Sciences, Thirteenth Ed., Martin (Ed.) Mack
      Publishing Co., Easton, Pa.(1965). The compositions can be prepared by
      known techniques for the preparation of tablets, capsules, lozenges,
      troches, elixirs, syrups, emulsions, dispersions, wettable and
      effervescent powders, sterile injectable compositions, and can contain
      suitable excipients known to be useful in the preparation of the
      particular type of composition desired.
PAR  Dosage units adaptable to oral administration such as tablets, capsules,
      lozenges, elixirs, syrups and the like are preferred and the active
      amidine compound can be formulated in conventional timed release capsule
      or tablet formulations.
PAR  Preferred compositions include sterile injectable solutions containing from
      about 0.001 to about 10 percent by weight of the amidine compound in a
      pharmaceutical carrier suitable for injection, such as isotonic saline
      solution, Ringer's Injection USP, and lactated Ringer's USP, and the like.
      Preferred compositions for oral use include unit dosage forms such as
      capsules and compressed tablets, containing a pharmaceutical carrier and
      from about 1 to about 150 milligrams of amidine compound per unit.
DETD
PAR  The following examples are illustrative of the invention.
PAC  EXAMPLE 1
PAR  Separate groups of mice of the same origin and past history (5 mice per
      group) were administered N,N' -dimethyl-2-(4-chlorophenyl) acetamidine
      hydrochloride as a solution in saline. Different groups were administered
      the compound by intraperitoneal injection at various dosage rates. Thirty
      minutes after the administration of the test compound, the mice were
      administered reserpine at a dosage rate of 2.5 milligrams per kilogram by
      intraperitoneal injection. Separate groups of similar mice were similarly
      administered 2.5 milligrams of reserpine per kilogram 30 minutes after
      administration of various dosages of the known antidepressant. The mice
      were then observed for 45 minutes for symptoms of reserpine-induced
      depression.
PAR  In repeated prior check observations, the administration of 2.5 milligrams
      per kilogram (mg/kg) of reserpine intraperitoneally to mice has been
      observed to result in a classical progression of symptoms beginning with a
      characteristic dropping of the eyelids (ptosis) and later culminating in a
      generalized depression with decreased spontaneous motor activity and
      decreased responsiveness to auditory and tactile stimuli. Protection from
      reserpine-induced depression is indicated by the absence of the
      characteristic ptosis.
PAR  The results were employed to calculate the dose effective to protect 50
      percent of the mice (ED.sub.50) by classical statistical procedures. The
      amidine compound was found to have an ED.sub.50 of 2 mg/kg. In other
      operations the intraperitoneal acute 50 percent lethal dose (LD.sub.50)
      was found to be 69 mg/kg.
PAC  EXAMPLE 2
PAR  The procedure of Example 1 was repeated, using oral administration of
      N,N'-dimethyl-2-(4-chlorophenyl) acetamidine hydrochloride instead of
      intraperitoneal injection. The oral ED.sub.50 was found to be 3 mg/kg. The
      oral LD.sub.50 was found to be 430 mg/kg.
PAR  In a similar operation carried out with rats as the test animals, the oral
      ED.sub.50 of the same compound was found to be 2 mg/kg.
PAR  In similar operations carried out with
      N,N'-diethyl-2-(3,4-dichlorophenyl)acetamidene hydrochloride, the
      intraperitoneal and oral ED.sub.50 's were found to be 9 and 13 mg/kg,
      respectively.
PAC  EXAMPLE 3
PAR  Calmative or anxiolytic effect is evaluated in a procedure similar to the
      electric shock induced aggression procedure of Tedeschi et al., J. Pharm.
      Exptl. Therap. 125, 28-34 (1959). Aggression and fighting were induced in
      pairs of mice by mild foot shock (3 milliamperes, 0.2 seconds duration, 3
      shocks per second) applied to a cage floor grid over a 2 minute period.
      The number of fighting episodes was counted during the 2 minute period,
      and aggression recorded as present or absent if fighting episodes are more
      or less than the mean number of episodes, plus or minus 1.5 standard
      deviations, obtained with mice administered only saline solution. In this
      procedure, N,N'-dimethyl-2-(4-chlorophenyl) acetamidene hydrochloride,
      administered by intraperitoneal injection in sterile saline solution, is
      found to inhibit aggression with an ED.sub.50 of 43 milligrams per
      kilogram. The known anti-anxiety (anxiolytic) agents diazepam,
      chlordiazepoxide and chlorazepate dipotassium also inhibit aggression in
      this procedure with i.p. ED.sub.50 's between 4 and 30 mg/kg.
PAC  EXAMPLE 4
PAR  In other operations with the test compound,
      N,N'-dimethyl-2-(4-chlorophenyl)acetamidine hydrochloride, a number of
      other pharmacological evaluations are carried out.
PAR  The test compound is found to have no effect on pentylenetetrazole induced
      convulsions at i.p. dosages up to 46.4 mg/kg and no effect on tryptamine
      induced convulsions in rats.
PAR  The test compound is found to have no significant effect on behavior of
      mice trained to avoid electric shock administered via a cage floor grid by
      jumping to a platform, at i.p. dosages of 10, 21.5 and 46.4 mg/kg.
PAR  The test compound is found to potentiate symptoms of hyperexcitability,
      fighting and death induced by subcutaneous injection of 20 mg/kg of
      yohimbine hydrochloride in aggregated mice, with an ED.sub.50 of 15 mg/kg
      (i.p.) when administered 30 minutes prior to yohimbine challenge.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method useful for alleviating symptoms of central nervous system
      depression and anxiety in an animal comprising administering to an animal
      an amount of a compound selected from the group consisting of a
      substituted amidine and a pharmacologically-acceptable salt thereof
      effective to alleviate said symptoms, the substituted amidine
      corresponding to the formula:
      ##SPC2##
PAL  wherein X and X' each independently represent halo, trifluoromethyl or
      hydrogen, with the proviso that at least one of X and X' is halo or
      trifluoromethyl and R' and R" each independently represent loweralkyl.
NUM  2.
PAR  2. Method of claim 1 where R' and R" both represent methyl.
NUM  3.
PAR  3. Method of claim 2 wherein the compound is
      N,N'-dimethyl-2-(4-chlorophenyl)acetamidine hydrochloride.
NUM  4.
PAR  4. A method useful for alleviating symptoms of central nervous system
      depression in a mammal comprising administering to a mammal suffering from
      central nervous system depression an amount of a compound selected from a
      substituted amidine and a pharmacologically-acceptable salt thereof
      effective to alleviate said symptoms, the substituted amidine
      corresponding to the formula:
      ##SPC3##
PAL  wherein X and X' each independently represent halo, trifluoromethyl or
      hydrogen, with the proviso that at least one of X and X' is halo or
      trifluoromethyl and R' and R" each independently represent loweralkyl.
NUM  5.
PAR  5. Method of claim 4 where R' and R" both represent methyl, and X and X'
      both represent chloro.
NUM  6.
PAR  6. A method useful for alleviating symptoms of anxiety in a mammal
      comprising administering to a mammal exhibiting symptoms of anxiety an
      amount of a compound selected from the group consisting of a substituted
      amidine and a pharmacologically-acceptable salt thereof effective to
      alleviate said symptoms, the substituted amidine corresponding to the
      formula:
      ##SPC4##
PAL  wherein X and X' each independently represent halo, trifluoromethyl or
      hydrogen, with the proviso that at least one of X and X' is halo or
      trifluoromethyl and R' and R" each independently represent loweralkyl.
NUM  7.
PAR  7. Method of claim 6 where R' and R" both represent methyl, and X and X'
      both represent chloro.
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ABST
PAL  A method for preventing or inhibiting scald on apples which method
      comprises applying to said apples an effective amount of a composition
      comprising as active ingredient a compound selected from the group
      consisting of the compounds of the formula (I),
      ##SPC1##
PAL  wherein R is methyl or ethyl, and salts thereof; and an inert carrier
      material therefore.
BSUM
PAR  This invention relates to the treatment of fruit, and in particular relates
      to a method of preventing or inhibiting the occurrence of scald on apples.
PAR  Scald is a disease of considerable importance to the apple growing industry
      in many parts of the world, and in the past has caused significant
      economic losses. The disease occurs during storage and transportation of
      the fruit and is characterized by skin discolouration and internal changes
      which disfigure the apples, shorten the duration of their storage period,
      and reduce their market value.
PAR  We have now found that scald on apples may be prevented or inhibited by
      application to the fruit of a composition comprising as active ingredient
      a compound selected from the group consisting of the compounds of formula
      (I)
      ##SPC2##
PAL  wherein R is methyl or ethyl, and salts thereof; and an inert carrier
      material therefore.
PAR  Accordingly we provide a method for preventing or inhibiting scald on
      apples which method comprises applying to said apples an effective amount
      of a composition comprising as active ingredient a compound selected from
      the group consisting of the compounds of the formula (I),
      ##SPC3##
PAL  wherein R is methyl or ethyl, and salts thereof; and an inert carrier
      material therefore.
PAR  Preferably the compositions used to practise the method of the present
      invention are applied to the apples after picking, and more preferably are
      applied to the apples within 24 hours of removal from the tree.
PAR  The compositions described hereinabove for use in the present invention may
      be formulated in a number of ways. Aqueous suspensions, solutions or
      emulsions are generally convenient. These aqueous formulations may be
      prepared by dissolving or suspending a compound selected from the group
      consisting of the compounds of formula (I) described hereinabove, and
      salts thereof, in a liquid inert carrier; suitable liquid inert carriers
      are solvents which are non-toxic and which do not damage the fruit itself.
      These compositions may comprise in addition one or more wetting,
      dispersing or emulsifying agents. Such compositions are then diluted with
      water which may likewise contain one or more wetting, dispersing, or
      emulsifying agents, to provide a desired active ingredient compound
      concentration. Suitable organic solvents are for example propylene glycol,
      methanol, ethanol, and acetone.
PAR  Aqueous formulations for use in the method of the present invention may
      also be prepared by dilution of suitable wettable powders or cols
      comprising an active ingredient compound selected from the group of
      compounds described hereinabove.
PAR  When aqueous compositions as described above are utilized in the method of
      the present invention they are preferably applied to the apples by
      spraying or dipping. More preferably the said compositions are applied to
      the said apples by means of a dipping process.
PAR  Compositions for use in the method according to the present invention may
      also be formulated as powders or dusts by admixing an active ingredient
      compound selected from the group described hereinabove with a solid inert
      carrier.
PAR  Suitable solid inert carriers may be, for example, kaolin, powdered chalk,
      talcs, kieselguhr, dolomite, calcium carbonate, powdered magnesia,
      Fuller's earth, gypsum Hewitt's earth, diatomaceous earth, china clay,
      bentonite, and other colloidal clays. Formulations of this type may be
      applied to apples by brushing, for example, during grading of the apples.
PAR  In addition compositions for use in the method of the present invention may
      be formulated by including a desired quantity of an active ingredient
      compound selected from the group described hereinabove in a suitable wax,
      and applying the formulation to apples by spraying.
PAR  Compositions for use in the method of the present invention may also be
      formulated by impregnating paper or oil paper with an active ingredient
      compound selected from the group described hereinabove, and the said
      compositions may be applied by wrapping apples in the said impregnated
      paper or oil paper.
PAR  The concentration of active ingredient compound in the compositions
      employed in the method of the present invention is not narrowly critical,
      but should be at a level which allows ready application of an effective
      amount of the active ingredient compound to the apples. Thus for example
      we have found that an effective amount of active ingredient may be applied
      to apples by dipping in a bath containing from 0.01% w/w to 0.5% w/w,
      based on the total weight of the bath composition, of
      2,6-di-tertiary-butyl-4-methoxy-phenol in suspension, and a small quantity
      of a suitable wetting agent.
PAR  The compositions for use in the method of the present invention may also
      comprise other biologically active materials such as additional anti-scald
      agents or fungicides.
DETD
PAC  EXAMPLE 1
PAR  Granny Smith apples were picked in the last week of April 1974. The fruit
      was hand sorted into a size range of 70 cm to 76 cm diameter and units of
      10 fruit were packed in open mesh plastic net bags.
PAR  Aqueous suspensions of 2,6-di-(tertiary-butyl)-4-methoxy-phenol having the
      active ingredient concentrations shown in Table I were prepared. A 250
      millilitre volume of each of these suspensions was poured over units of
      fruit. This procedure was repeated several times so that each unit of
      fruit was treated a number of times with quarter litre volumes of aqueous
      suspension having the same active ingredient concentration thus ensuring
      that all fruit surfaces were thoroughly wetted. The fruit units were then
      allowed to dry for 2 hours at ambient temperature and were then placed in
      a small plastic tent. The tent was flushed with nitrogen gas to reduce the
      oxygen content of the atmosphere therein to two percent, and the carbon
      dioxide content of the tent atmosphere was reduced with lime scrubbers.
      The fruit was then stored in this manner and at 0.degree.C for 51/2
      months.
PAR  At the end of this period the fruit units were removed from the tent and
      given a simulated marketing treatment at 20.degree.C for 7 days before
      being examined for superficial scald, core flush, skin colour and flavour.
      The results are presented in Table 1 below.
PAR  For the purpose of comparison a fruit unit was treated and stored in
      substantially the manner described above except that the 250 ml volumes of
      aqueous 2-6-di-tertiary-butyl-4-methoxy-phenol were replaced with 250 ml
      volumes of water. The result of this test is also shown in Table I below.
TBL                TABLE I                                                     

     ______________________________________                                    

     Concentration of                                                          

     2,6-di-t-butyl-4-                                                         

     methoxy-phenol                                                            

                 Superficial                                                   

                            Core    Colour Flavour                             

     in aqueous sus-                                                           

                 Scald      Flush*  Score**                                    

                                           Score***                            

     pension (ppm)                                                             

                 %          %       (1-5)  (1-10)                              

     ______________________________________                                    

      300        20         0       2      8                                   

     1000         0         0       2      8                                   

     3000         0         0       2      8                                   

     0(water dip)                                                              

                 80         0       2      8                                   

     ______________________________________                                    

      *Darkening of flesh around core of fruit. Generally an indication of frui

      senescence and often associated with superficial scald.                  

      **1 = light coloured skin                                                

       5 = dark coloured skin                                                  

      ***1 = poor flavour                                                      

       10 = excellent flavour                                                  

PAC  EXAMPLE 3
PAR  The procedure of Example 1 was substantially repeated except that after
      treatment with the aqueous 2,6-di-tertiary-butyl-4-methoxy-phenol
      suspensions and drying the fruit units were placed in unsealed plastic
      bags open to the atmosphere and stored in this manner for 51/2 months at
      0.degree.C.
PAR  The results are shown in Table II below.
TBL                TABLE II                                                    

     ______________________________________                                    

     Concentration of                                                          

     2-6-di-tertiary-                                                          

                 Superficial                                                   

                            Core*   Colour*                                    

                                           Flavour*                            

     butyl-4-methoxy-                                                          

                 Scald      Flush   Score  Score                               

     phenol (ppm)                                                              

                 %          %       (1-5)  (1-10)                              

     ______________________________________                                    

      300        20          0      2      7                                   

     3000        30         10      2      7                                   

     0(water dip)                                                              

                 90         10      2      7                                   

     ______________________________________                                    

      *As for Example 1.                                                       

CLMS
STM  I claim:
NUM  1.
PAR  1. A method for preventing or inhibiting scald on apples which method
      comprises applying to said apples an effective amount of a composition
      comprising as active ingredient a compound selected from the group
      consisting of the compounds of the formula
      ##SPC4##
PAL  wherein R is methyl or ethyl, and salts thereof; and an inert carrier
      material therefore.
NUM  2.
PAR  2. A method according to claim 1 and wherein the said composition is
      applied to the said apples after picking.
NUM  3.
PAR  3. A method according to claim 1 and wherein the said composition is
      applied to the said apples within 24 hours after picking.
NUM  4.
PAR  4. A method according to claim 1 and wherein the said composition comprises
      from 0.01% w/w to 0.5% w/w of said active ingredient compound.
NUM  5.
PAR  5. A method according to claim 1 and wherein the said inert carrier
      material is water.
NUM  6.
PAR  6. A method according to claim 5 wherein the surface of the apples is
      substantially completely wetted with the said composition.
NUM  7.
PAR  7. A method according to claim 1 which method comprises dipping said apples
      into an aqueous dispersion or suspension of the said active ingredient
      compound, of formula (I) as described hereinabove, which aqueous
      dispersion or suspension comprises from 0.01% w/w to 1% w/w of said active
      ingredient compound.
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ABST
PAL  Plant fungicidal compositions are produced which comprise an amount of a
      compound of the formula:
      ##EQU1##
      wherein R is alkyl of 1 to 3 carbon atoms, sufficient to be effective for
      killing, combatting or controlling plant fungi, in combination with a
      solid or liquid diluent or carrier. Methods for killing, combatting or
      controlling fungal diseases in plants comprise applying to the fungi or to
      the plant to be protected an effective or toxic amount of the above
      compound.
PARN
PAR  This is a division of our copending application Ser. No. 789,601, filed
      Jan. 7, 1969 now abandoned.
BSUM
PAR  The present invention relates to and has for its objects the provision for
      particular new 1-[(halo, nitro, cyano, alkyl, alkyoxy, alkylmercapto and
      fluoro-alkyl-substituted phenyl)-(bis-phenyl)-methyl]-imidazoles, i.e.,
      certain N-trityl-imidazoles, which possess fungicidal properties, active
      compositions in the form of mixtures of such compounds with solid and
      liquid dispersible carrier vehicles, and methods for producing such
      compounds and for using such compounds in a new way especially for
      combating fungi, with other and further objects becoming apparent from a
      study of the within specification and accompanying examples.
PAR  It is already known that N-tritylimidazoles of the general formula
      ##EQU2##
      IN WHICH X is an alkyl or aryl radical, and
PA1  R' is an aryl radical of the formula
      ##EQU3##
      IN WHICH R" is a halogen atom or a lower alkyl radical, and
PA1  n is 0, 1 or 2 compatibilty
PAL  Exhibit fungitoxic properties (compare U.S. Pat. No. 3,321,366).
PAR  However, no N-trityl-imidazoles of the formula (i) stated above are known
      in which X is always hydrogen and one of the radicals R' is substituted by
      R" while the two other radicals R' have no substituents.
PAR  It has now been found, in accordance with the present invention, that the
      particular new N-trityl-imidazoles of the formula
      ##EQU4##
      in which R is halo, nitro, cyano, C.sub.1-3 alkyl, C.sub.1-3 alkoxy,
PAR  C.sub.1-3 alkylmercapto or fluoro-substituted C.sub.1-2 alkyl, exhibit
      strong fungicidal properties.
PAR  In our copending U.S. Application Ser. No. 789,602, filed Jan. 7, 1969,
      N-trityl-imidazolium salts, rather than N-trityl-imidazoles of the instant
      type, are disclosed and claimed which also possess superior fungicidal
      properties.
PAR  The present invention also provides a process for the production of the
      N-trityl-imidazoles of the formula (I) above in which a tritylhalide of
      the formula
      ##EQU5##
      in which R is the same as defined above, and
PAR  Hal is a halogen atom, preferably chlorine,  is reacted with imidazole
      (IIb) in a polar inert organic solvent at a temperature of from 0 to
      100.degree.C, in the presence of an acid binder.
PAR  The term solvent as used herein includes mere diluents
PAR  It is decidedly surprising that the specific N-trityl-imidazoles according
      to the present invention have a considerably stronger fungitoxic activity
      than the chemically very similar N-trityl-imidazoles previously known. The
      active compounds according to the present invention therefore represent a
      valuable enrichment of the art.
PAR  The course of the reaction can be illustrated by means of the following
      reaction mechanism:
      ##EQU6##
PAR  Advantageously, in accordance with the present invention, in the various
      formulae set forth herein:
PAR  R represents
PA1  o-, m- and p- halo, such as chloro, bromo, fluoro or iodo, especially
      chloro, bromo or fluoro, more especially o-, m- and p- chloro, o-, m- and
      p- fluoro, and p-bromo; or
PA1  o-, m- and p- nitro, especially p-nitro; or
PA1  o-, m- and p- cyano, especially p-cyano; or
PA1  o-, m- and p- alkyl having 1-3 carbon atoms, such as methyl, ethyl, n- and
      iso-propyl, and the like, especially o- and p- C.sub.1-3 alkyl, and
      particularly o- and p- methyl; or
PA1  o-, m- and p- alkoxy having 1-3 atoms, such as methoxy, ethoxy, n- and
      iso-propoxy, and the like, especially o- and p- C.sub.1-3 alkoxy, and
      particularly o-methoxy; or
PA1  o-, m- and p- alkylmercapto having 1-3 carbon atoms such as methylmercapto,
      ethylmercapto, n- and iso-propylmercapto, and the like, especially o- and
      p- C.sub.1-3 alkylmercapto, and particularly p-methylmercapto; or
PA1  o-, m- and p- fluoro-substituted alkyl having 1-2 carbon atoms such as
      methyl, ethyl, and the like, especially fluoro-C.sub.1-2 alkyl having 1-5
      fluoro substituents, more especially mono-, di- and tri- fluoromethyl, and
      mono-, di-, tri-, tetra-and penta- fluoroethyl, and the like, preferably
      m-fluoro-C.sub.1-2 alkyl having 1-5 fluoro groups, and particularly
      m-trifluoromethyl.
PAR  Preferably, R is o-, m- or p- chloro, bromo, fluoro, C.sub.1-3 alkyl,
      C.sub.1-3 alkoxy or fluoro-C.sub.1-2 alkyl having 1-5 fluoro substituents.
PAR  In accordance with particular embodiments of the present invention, R is
      chloro, bromo, fluoro, methyl, methoxy or trifluoro methyl; or p-chloro,
      bromo or fluoro; or o-methyl or methoxy.
PAR  The trityl-halides required as starting materials are clearly characterized
      by the formula (IIa) above.
PAR  Some of these starting trityl-halides are known. The new starting
      trityl-halides may be prepared in the same manner as the known ones.
PAR  Preparation of such starting trityl-halides may be affected as follows:
      first, the Grignard reagent of the mono-substituted benzene is prepared
      according to the usual methods. The mono-substituted phenylmagnesium
      bromide so obtained is then reacted with benzophenone. The organometallic
      complex compound obtained is subjected to hydrolysis, the appropriate
      alcohol being formed [compare J. Org. Chem., 7, 392 (1942)].
PAR  From the alcohols the chlorides can be obtained simply by reaction with
      anhydrous hydrogen chloride or with thionyl chloride. The hydroxyl group
      is replaced by chlorine [compare J. Org. Chem., 7, 392 (1942)].
PAR  Of course, the starting imidazole of formula (IIb) above is a well known
      compound.
PAR  According to the present invention, in the reaction of substituted
      trityl-halides with imidazole, polar inert organic solvents are used as
      solvents. These include for example, nitriles, such as acetonitrile;
      sulfoxides, such as dimethylsulfoxide; formamides, such as dimethyl
      formamide; ketones, such as acetone; ethers, such as diethyl ether;
      nitroalkanes, such as nitromethane; unsymmetrical hydrocarbons, such as
      chloroform; and the like. Particularly well suited are polar inert organic
      solvents which have a dielectric constant of more than 2.4.
PAR  The production reaction is carried out in the presence of an acid-binder,
      i.e. acid-binding agent. Preferably, a suitable excess of imidazole is
      used. A tertiary amine may, however, also be added, such as triethylamine
      or dimethylbenzylamine. But the other organic acid-binders customarily
      employed may also be used.
PAR  The reaction temperatures can be varied within a fairly wide range. In
      general, the work is carried out at substantially between about 0.degree.
      - 100.degree.C, preferably between about 45.degree. - 90.degree.C.
PAR  When carrying out the production process according to the present
      invention, the starting materials are used in a molar ratio of about 1:1,
      with about an equimolar amount of acid-binder. The reaction times depend
      on the reaction temperature and extend from about 3 to 24 hours. When
      working up, the solvent is removed and the reaction product is freed from
      amine hydrochloride by washing with water or, if the amine hydrochloride
      is sparingly soluble in water, it may be separated with an organic
      solvent.
PAR  Advantageously, the particular new active compounds according to the
      present invention exhibit a strong fungitoxic activity. Because of their
      low toxicity to warmblooded animals, they are suitable for the control of
      undesired fungus growth. Their good compatibility with higher plants
      permits the use of the instant compounds as plant protection agents
      against fungal plant diseases.
PAR  The instant active compounds are particularly suitable for the control of
      phytopathogenic fungi on above-the-soil parts of plants, as well as
      against phytopathogenic fungi which attack the plants from the soil.
PAR  The instant active compounds exhibit a particularly high fungicidal potency
      against powdery mildew fungi from the family of the Erysiphaceae, for
      example against the fungi of the genera Erysiphe,Oidium and Podosphaera;
      and the like. The active compounds of the present invention may, however,
      also be used with good results for the control of other phytopathogenic
      fungi, for example fungi which cause diseases in rice and ornamental
      plants. The instant active compounds show a good activity against
      Piricularia oryzae, Pellicularia sasakii and Cochliobolus miyabeanus,
      three pathogenic agents which occur in rice, and against Cercospora musae;
      and the like. Furthermore, the growth of Phialosphora cinerescens, a
      fungus which attacks carnations from the soil, is also inhibited.
PAR  The instant active compounds are distinguished by a high effectiveness in
      very low concentrations and by a good compatabilty with plants. Doses
      higher than necessary for the fungicidal effect can therefore be accepted
      by the plants.
PAR  The active compounds according to the instant invention can be utilized, if
      desired, in the form of the usual formulations or compositions with inert
      conventional pesticidal diluents or extenders, i.e. inert conventional
      pesticidal dispersible carrier vehicles, such as solutions, emulsions,
      suspensions, emulsifiable concentrates, spray powders, pastes, soluble
      powders, dusting agents, granules, etc. These are prepared in known
      manner, for instance by extending the active compounds with conventional
      pesticidal dispersible liquid diluent carriers and/or dispersible solid
      carriers optionally with the use of carrier vehicle assistants, e.g.
      conventional pesticidal surface-active agents, including emulsifying
      agents and/or dispersing agents, whereby, for example, in the case where
      water is used as diluent, organic solvents may be added as auxiliary
      solvents. The following may be chiefly considered for use as carrier
      vehicles for this purpose: inert dispersible liquid diluent carriers
      including inert organic solvents, such as aromatic hydrocarbons (e.g.
      benzene, toluene, xylene, etc.), halogenated, especially chlorinated,
      aromatic hydrocarbons (e.g. chlorobenzenes, etc.), paraffins (e.g.
      petroleum fractions), chlorinated aliphatic hydrocarbons (e.g. methylene
      chloride, etc.), alcohols (e.g. methanol, ethanol, propanol, butanol,
      etc.), amines (e.g. ethanolamine, etc.), ethers, ether-alcohols (e.g.
      glycol monomethyl ether, etc.), amides (e.g. dimethyl formamide, etc.),
      sulfoxides (e.g. dimethyl sulfoxide, etc.), ketones (e.g. acetone, etc.),
      and/or water; as well as inert dispersible finely divided solid carriers,
      such as ground natural minerals (e.g. kaolins, alumina, silica, chalk,
      i.e. calcium carbonate, talc, kieselguhr, etc.) and ground synthetic
      minerals (e.g. highly dispersed silicic acid, silicates, e.g. alkali
      silicates, etc.); whereas the following may be chiefly considered for use
      as conventional carrier vehicle assistants, e.g. surface-active agents,
      for this purpose: emulsifying agents, such as non-ionic and/or anionic
      emulsifying agents (e.g. polyethylene oxide esters of fatty acids,
      polyethylene oxide ethers of fatty alcohols, alkyl sulfonates, aryl
      sulfonates, etc., and especially alkyl aryl-polyglycol ethers, magnesium
      stearate, sodium oleate, etc.); and/or dispersing agents, such as lignin,
      sulfite waste liquors, methyl cellulose, etc.
PAR  Such active compounds may be employed alone or in the form of mixtures with
      one another and/or with such solid and/or liquid dispersible carrier
      vehicles and/or with other known compatible active agents, especially
      plant protection agents, such as other fungicides, or herbicides,
      insecticides, bactericides, etc., if desired, or in the form of particular
      dosage preparations for specific application made therefrom, such as
      solutions, emulsions, suspensions, powders, pastes, and granules which are
      thus ready for use.
PAR  As concerns commercially marketed preparations, these generally contemplate
      carrier composition mixtures in which the active compound is present in an
      amount substantially between about 0.1-95%, and preferably 0.5-90%, by
      weight of the mixture, whereas carrier composition mixtures suitable for
      direct application or field application generally contemplates those in
      which the active compound is present in an amount substantially between
      about 0.00001-2%, preferably 0.001-1%, by weight of the mixture. Thus, the
      present invention contemplates over-all compositions which comprise
      mixtures of a conventional dispersible carrier vehicle such as (1) a
      dispersible carrier solid, and/or (2) a dispersible carrier liquid such as
      an inert organic solvent and/or water preferably including a
      surface-active effective amount of a carrier vehicle assistant, e.g. a
      surface-active agent, such as an emulsifying agent and/or a dispersing
      agent, and an amount of the active compound which is effective for the
      purpose in question and which is generally about 0.00001-95%, and
      preferably 0.001-95%, by weight of the mixture.
PAR  The active compounds can also be used in accordance with the well known
      ultra-low-volume process with good success, i.e. by applying such compound
      if normally a liquid, or by applying a liquid composition containing the
      same, via very effective atomizing equipment in finely divided form, e.g.
      average particle diameter of from 50-100 microns, or even less, i.e. mist
      form, for example by airplane crop spraying techniques. Only up to at most
      about a few liters/hectare are needed, and often amounts only up to about
      1 quart/acre, preferably 2-16 fluid ounces/acre, are sufficient. In this
      process it is possible to use highly concentrated liquid compositions with
      said liquid carrier vehicles containing 10-80%, preferably 20-60%, or
      generally from about 20 to about 95% by weight of the active compound, or
      even the 100% active substance alone, e.g. about 10-100% by weight of the
      active compound.
PAR  In particular, the present invention contemplates methods of selectively
      killing, combating or controlling fungi, which comprises applying to at
      least one of (a) such fungi and (b) their habitat, i.e. the locus to be
      protected, a fungicidally effective or toxic amount of the particular
      active compound of the invention alone or together with a carrier vehicle
      as noted above. The instant formulations or compositions are applied in
      the usual manner, for instance by spraying, atomizing, vaporizing,
      scattering, dusting, watering, sprinkling, pouring, and the like.
PAR  It will be realized, of course, that the concentration of the particular
      active compound utilized in admixture with the carrier vehicle will depend
      upon the intended application. Therefore, in special cases, it is possible
      to go above or below the aforementioned concentration ranges.
PAR  The fungicidal effectiveness of the new compounds of the present invention
      is illustrated, without limitation, by the following examples.
DETD
PAC  EXAMPLE 1
PAR  Podosphaera Test (powdery mildew of apples) [Protective]
PA1  Solvent: 4.7 parts by weight acetone
PA1  Emulsifier: 0.3 parts by weight alkylaryl polyglycol ether
PA1  Water: 95.0 parts by weight
PAR  The amount of the particular active compound required for the desired
      concentration of such active compound in the spray liquid is mixed with
      the stated amount of solvent, and the resulting concentrate is diluted
      with the stated amount of water which contains the stated emulsifier.
PAR  Young apple seedlings in the 4- 6 leaf stage are sprayed (treated) with the
      active compound spray liquid until dripping wet. The plants remain in a
      greenhouse for 24 hours at 20.degree.C and at a relative atmospheric
      humidity of 70%. The plants are then inoculated by dusting with conidia of
      the apple powder mildew causative organism (Podosphaera leucotricha Salm.)
      and placed in a greenhouse at a temperature of 21.degree.-23.degree.C and
      at a relative atmospheric humidity of about 70%.
PAR  10 days after the inoculation, the infestation of the seedlings is
      determined as a percentage of the untreated but also inoculated control
      plants.
PAR  0% means no infestation; 100% means that the infestation is exactly as
      great as in the case of the control plants.
PAR  The particular active compounds tested, their concentrations and the
      results obtained can be seen from the following Table 1:
TBL                                    Table 1                                 

     __________________________________________________________________________

     Podosphaera Test (protective)                                             

                          Infestation as a percentage of the                   

                          infestation of the untreated                         

                          control with a concentration of                      

                          active compound (in %) of                            

     Active Compound      0.0062                                               

                                0.0031                                         

                                      0.00156                                  

     __________________________________________________________________________

     Known:                                                                    

         .vertline.                                                            

     (A) --C--            46    58    65                                       

         .vertline.                                                            

     (B)                                                                       

         .vertline.                                                            

         Cl----C--Cl      90    98    98                                       

         .vertline.                                                            

         .vertline.                                                            

         Cl                                                                    

         Other compounds tested:                                               

         .vertline.                                                            

     (C) --C--Cl          39    55                                             

         .vertline.                                                            

         .vertline.                                                            

         Cl                                                                    

         Cl                                                                    

         .vertline.                                                            

         .vertline.                                                            

     (D) --C--            34    55                                             

         .vertline.                                                            

         .vertline.                                                            

         Cl                                                                    

     (E)                                                                       

         .vertline.Cl                                                          

         .vertline.                                                            

         --C--            34    54                                             

         .vertline.                                                            

         .vertline.                                                            

         Cl                                                                    

     (F)                                                                       

         .vertline.                                                            

         --C----Cl        --    --    39                                       

         .vertline.                                                            

         .vertline.                                                            

         Br                                                                    

     __________________________________________________________________________

     According to the invention:                                               

     Active compounds corresponding                                            

     to formula (I) above in which                                             

     R has the following meaning:                                              

     (2.sub.1)                                                                 

         R = p--F         0     14    34                                       

     (1.sub.2)                                                                 

         R = p--Cl        5     13    14                                       

     (3.sub.1)                                                                 

         R = o--OCH.sub.3 0     --    16                                       

     (4.sub.1)                                                                 

         R = m--Cl        0     --    1                                        

     (5.sub.1)                                                                 

         R = p--Br        3     --    24                                       

     (6.sub.1)                                                                 

         R = m--CF.sub.3  0     --    0                                        

     (7.sub.1)                                                                 

         R = o--Cl        0     --    0                                        

     __________________________________________________________________________

PAC  EXAMPLE 2
PAR  A further test was carried out in the same manner as Example 1, with the
      following results:
TBL                Table 2                                                     

     ______________________________________                                    

     Podosphaera Test (protective)                                             

                Infestation as a percentage of the                             

                infestation of the untreated                                   

                control with a concentration of                                

                active compound (in %) of                                      

     Active Compound                                                           

                  0.0062     0.0031   0.00156                                  

     ______________________________________                                    

     (8.sub.1) R = o--F                                                        

                  0          0        10                                       

     (9.sub.1) R = m--F                                                        

                  0          0        18                                       

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  Erysiphe Test
PA1  Solvent: 4.7 parts by weight acetone
PA1  Emulsifier: 0.3 parts by weight alkylaryl polyglycol ether
PA1  Water: 95.0 parts by weight
PAR  The amount of the particular active compound required for the desired
      concentration in the spray liquid is mixed with the stated amount of the
      solvent, and the resulting concentrate is diluted with the stated amount
      of water containing the stated emulsifier.
PAR  Young cucumber plants (Delikatess variety) with about three foliage leaves
      are sprayed (treated) with the active compound spray liquid until dripping
      wet. The cucumber plants remain in a greenhouse for 24 hours to dry. The
      plants are then for the purpose of inoculation, dusted with conidia of the
      fungus Erysiphe polyphaga. The plants are subsequently placed in a
      greenhouse at 23.degree.-24.degree.C and at a relative atmospheric
      humidity of about 75%.
PAR  After 12 days, the infestation of the cucumber plants is determined as a
      percentage of the untreated but also inoculated control plants. 0% means
      no infestation; 100% means that the infestation is exactly as great as in
      the case of the control plants.
PAR  The particular active compounds tested, their concentrations and the
      results obtained can be seen from the following Table 3:
TBL                                    Table 3                                 

     __________________________________________________________________________

     Erysiphe Test                                                             

                          Infestation as a percentage of the                   

                          infestation of the untreated                         

                          control with a concentration of                      

                          active compound (in %) of                            

     Active Compound      0.025 0.00078                                        

                                       0.00019                                 

                                              0.00009                          

     __________________________________________________________________________

     Known:                                                                    

     (A)                                                                       

         .vertline.                                                            

         --C--            0     10     35     60                               

         .vertline.                                                            

     (B)                                                                       

         .vertline.                                                            

         Cl----C--Cl      100   100    100    100                              

         .vertline.                                                            

         .vertline.                                                            

         Cl                                                                    

         Other compounds tested:                                               

         .vertline.                                                            

     (C) --C--Cl          0     7      50     --                               

         .vertline.                                                            

         .vertline.                                                            

         Cl                                                                    

         Cl                                                                    

         .vertline.                                                            

         .vertline.                                                            

     (D) --C--            0     43     80     --                               

         .vertline.                                                            

         .vertline.                                                            

         Cl                                                                    

     (E)                                                                       

         .vertline.Cl                                                          

         .vertline.                                                            

         --C--            0     20     50     --                               

         .vertline.                                                            

         .vertline.                                                            

         Cl                                                                    

     (F)                                                                       

         .vertline.                                                            

         --C--Cl          0     47     53     --                               

         .vertline.                                                            

         .vertline.                                                            

         Br                                                                    

     __________________________________________________________________________

     According to the invention:                                               

     Active compounds corresponding                                            

     to formula (I) above in which                                             

     R has the following meaning:                                              

     (2.sub.2)                                                                 

         R = p--F         0     0      5      --                               

     (1.sub.3)                                                                 

         R = p--Cl        0     0      0      15                               

     (10.sub.1)                                                                

         R = p--CH.sub.3  0     0      --     --                               

     (11.sub.1)                                                                

         R = o--CH.sub.3  0     0      13     --                               

     (4.sub.2)                                                                 

         R = m--Cl        0     0      0      --                               

     (6.sub.2)                                                                 

         R = m--CF.sub.3  0     0      0      --                               

     (7.sub.2)                                                                 

         R = o--Cl        0     0      0      --                               

     __________________________________________________________________________

PAC  EXAMPLE 4
PAR  A further test was carried out in a similar manner as Example 3, with the
      following results:
TBL                Table 4                                                     

     ______________________________________                                    

     Erysiphe Test                                                             

             Infestation as a percentage of                                    

             the infestation of the untreated                                  

             control with a concentration of                                   

             active compound (in %) of                                         

     Active Compound                                                           

               0.025    0.00078   0.00019 0.00009                              

     ______________________________________                                    

     (8.sub.2) R = o--F                                                        

               0        0         3       13                                   

     (9.sub.2) R = m--F                                                        

               0        0         3       10                                   

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  Mycelium growth Test
PA1  Nutrient medium used:
PA2  20 parts by weight agar-agar
PA2  30 parts by weight malt extract
PA2  950 parts by weight distilled water
PA1  Proportion of solvent to nutrient medium:
PA2  2 parts by weight acetone
PA2  100 parts by weight agar nutrient medium
PAR  The amount of the particular active compound required for the desired
      concentration of such active compound in the nutrient medium is mixed with
      the stated amount of solvent. The resulting concentrate is thoroughly
      mixed, in the stated proportion, with the liquid nutrient medium (which
      has been cooled to 42.degree.C) and is then poured into Petri dishes of 9
      cm diameter. Control dishes to which the active compound preparation has
      not been added are also set up.
PAR  When the nutrient medium has cooled and solidified, the dishes are
      inoculated with the species of fungi stated in the table below and
      incubated at about 21.degree.C.
PAR  Evaluation is carried out after 4-10 days, dependent upon the speed of
      growth of the fungi. When evaluation is carried out, the radial growth of
      the mycelium on the treated nutrient media is compared with the growth on
      the control nutrient media. In the evaluation of the fungus growth, the
      following characteristic values are used:
PA1  0 no fungus growth
PA1  1 very strong inhibition of growth
PA1  2 medium inhibition of growth
PA1  3 slight inhibition of growth
PA1  4 growth equal to that of untreated control.
PAR  The particular active compounds tested, their concentrations and the
      results obtained can be seen from the following Table 5:
TBL                                    Table 5                                 

     __________________________________________________________________________

     Mycelium growth test                                                      

                                Fungi                                          

                          Concen-                                              

                                Piricularia                                    

                                       Phialophora                             

                                               Pellucularia                    

                                                      Cercospora               

                                                             Cochliobolus      

                          tration                                              

                                oryzae cinerescens                             

                                               sasakii                         

                                                      musae  miyabeanus        

                          of Active                                            

                          Compound                                             

     Active Compound      in ppm                                               

     __________________________________________________________________________

     Known:                                                                    

     (B)                                                                       

         .vertline.                                                            

         Cl----C--Cl      10    4      4       4      4      4                 

         .vertline.                                                            

         .vertline.                                                            

         Cl                                                                    

     According to the invention:                                               

     Active compounds corresponding                                            

     to formula (I) above in which                                             

     R has the following meaning:                                              

     (4.sub.3)                                                                 

         R = m--Cl        10    0      0       2      0      0                 

     (5.sub.2)                                                                 

         R = p--Br        10    0      0       4      0      1                 

     (6.sub.3)                                                                 

         R = m--CF.sub.3  10    0      0       3      0      0                 

     (7.sub.3)                                                                 

         R = o--Cl        10    0      0       3      0      0                 

     (3.sub.2)                                                                 

         R = o--OCH.sub.3 10    0      0       2      0      0                 

     (1.sub.4 )                                                                

         R = p--Cl        10    0      0       4      0      0                 

     (2.sub.3)                                                                 

         R = p--F         10    0      1       2      0      0                 

     __________________________________________________________________________

PAR  The process for producing the particular new compounds of the present
      invention is illustrated, without limitation, by the following further
      examples:
PAC  EXAMPLE 6
      ##EQU7##
PAR  156.5 g (0.5 mol) of (p-chlorophenyl)-(diphenyl)-methyl chloride and 34 g
      (0.5 mol) imidazole are dissolved in 500 ml acetonitrile, with stirring,
      and 51 g (0.5 mol) triethylamine are added, whereupon separation of
      triethylamine hydrochloride occurs even at room temperature. In order to
      complete the reaction, heating at 50.degree.C is carried out for three
      hours. After cooling, 1 liter of benzene is added and the reaction mixture
      is stirred, then washed salt-free with water. The benzene solution is
      dried over anhydrous sodium sulfate, filtered and concentrated by
      evaporation; giving 167 g of crude
      1-[(p-chlorophenyl)-(bisphenyl)-methyl]-imidazole, m.p. 125.degree.C. By
      recrystallization from 200 ml benzene and 100 ml ligroin, 115 g (= 71% of
      the thoery) of pure 1-[(p-chlorophenyl) (bis-phenyl)-methyl]-imidazole of
      m.p. 140.degree.C are obtained.
PAC  EXAMPLE 7
      ##EQU8##
PAR  34 g (0.5 mol) imidazole are dissolved at room temperature, with stirring,
      in a solution of 148.25 g, (0.5 mol) of (p-fluorophenyl)-(diphenyl)-methyl
      chloride in 500 ml acetonitrile. Following this, 51 g (0.5 mol)
      triethylamine are added dropwise; triethylamine hydrochloride separates
      immediately upon heating. For completion of the reaction, the mixture is
      heated at 50.degree.C for 3 hours. After cooling, the reaction mixture is
      stirred together with 1 liter of benzene and washed salt-free with water.
      The benzene solution is dried over anhydrous sodium sulfate, filtered and
      concentrated by evaporation; giving 148 g of crude
      1-[(p-fluorophenyl)-(bisphenyl)-methyl]-imidazole of m.p. 146.degree.C (=
      91% of the theory). By recrystallization from 300 ml benzene and 50 ml
      ligroin, the m.p. rises to 148.degree.C.
PAR  The (p-fluorophenyl)-(diphenyl)-methyl chloride used as starting material
      can be prepared as follows: 174.9 g (1mol) p-fluoro-bromobenzene in 175 ml
      ether are slowly added dropwise to 24.3 g (1 gram-atom) magnesium in 300
      ml ether. After all the magnesium is dissolved, a solution of 182 g (1
      mol) benzophenone in 500 ml ether is added dropwise. The magnesium salt of
      the alcohol separates from the initially deep-violet solution towards the
      end of the reaction. By washing with 10% ammonium chloride solution, the
      alcohol is obtained which, without isolation, is immediately further
      processed by dissolving it in 1 liter of benzene, adding 50 g of calcium
      chloride and introducing hydrogen chloride gas until saturation. After
      filtration and removal of the solvent, the resulting crystal slurry is
      vigorously suction filtered and the crystals obtained are washed with
      petroleum ether. 205 g (= 69% of the thoery) of
      (p-fluorophenyl)-(diphenyl)-methyl chloride of m.p. 88.degree.C are
      obtained.
PAC  EXAMPLE 8
      ##EQU9##
PAR  27.2 g (0.4 mol) imidazole and 62.8 g (0.2 mol) of
      (m-chlorophenyl)-(diphenyl)-methyl chloride are heated to 80.degree.C for
      4 hours in 150 ml of dry acetonitrile and 50 ml dimethyl formamide. The
      solvent is then drawn off and the residue is digested with water to remove
      the imidazole hydrochloride. The residue is taken up in methylene
      chloride, dried over sodium sulfate, and the viscous oil remaining behind
      after the distilling off of the solvent is recrystallized from
      cyclohexane. 52 g (75% of the theory) of
      1-[(m-chlorophenyl)-(bisphenyl)-methyl]-imidazole of m.p. 101.degree.C are
      obtained.
PAR  In analogous manner, the following compounds of the general formula (I)
      above are prepared:
TBL  Compound        R          m.p..degree.C                                  

     ______________________________________                                    

     (7.sub.4)      o--Cl        140                                           

     (6.sub.4)      m--CF.sub.4  156                                           

     (3.sub.3)      o--OCH.sub.3 130                                           

     (5.sub.3)      p--Br        152                                           

     (12.sub.1)     p--SCH.sub.3 142                                           

     (10.sub.2)     p--CH.sub.3  130                                           

     (8.sub.3)      o--F         185                                           

     (9.sub.3)      m--F         174                                           

     (13.sub.1)     p--NO.sub.2  160-170                                       

     (14.sub.1)     p--CN        164                                           

     ______________________________________                                    

PAR  It will be realized by the artisan that all of the foregoing compounds
      contemplated by the present invention possess the desired strong
      fungicidal properties, with regard to a broad spectrum of activity, as
      well as a comparatively low toxicity toward warm-blooded creatures and a
      concomitantly low phytotoxicity, enabling such compounds to be used with
      correspondingly favorable compatability with warm-blooded creatures and
      plants for more effective control and/or elimination of fungi by
      application of such compounds to such fungi and/or their habitat.
PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An antifungal composition useful against fungal plant diseases which
      comprises antifungal effective amount of a compound of the formula:
      ##EQU10##
      wherein R is o-methyl, p-methyl, o-ethyl, or o-isopropyl, in combination
      with a solid or liquid diluent or carrier.
NUM  2.
PAR  2. An antifungal composition according to claim 1 in the form of a
      solution.
NUM  3.
PAR  3. An antifungal composition according to claim 1 in the form of an
      emulsion.
NUM  4.
PAR  4. An antifungal composition according to claim 1 in the form of a
      suspension.
NUM  5.
PAR  5. An antifungal composition according to claim 1 in the form of a powder.
NUM  6.
PAR  6. An antifungal composition according to claim 1, wherein the compound is
      present in an amount substantially between about 0.00001 to 95%.
NUM  7.
PAR  7. An antifungal composition according to claim 1, wherein R is p-methyl.
NUM  8.
PAR  8. A method for controlling fungal diseases in plants which comprises
      applying to the fungi or to the plant to be protected an antifungal
      effective amount of a compound of the formula:
      ##EQU11##
      wherein R is methyl, o-ethyl or o-isopropyl.
NUM  9.
PAR  9. A method according to claim 8, wherein the application is by spraying.
NUM  10.
PAR  10. A method according to claim 8, wherein the application is by scattering
      the compound on the fungi or plant to be protected.
NUM  11.
PAR  11. A method according to claim 8, wherein the application is by dusting
      the compound on the fungi or plant to be protected.
NUM  12.
PAR  12. A method according to claim 8, wherein R is o-methyl or p-methyl.
NUM  13.
PAR  13. A method according to claim 8, wherein R is o-methyl.
NUM  14.
PAR  14. A method according to claim 8, wherein R is p-methyl.
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ABST
PAL  An insecticidal composition containing as an active ingredient an
      insecticidally effective amount of 10 to 30 % by weight of (+)-cis- and 70
      to 90 % by weight of (+)-trans-chrysanthemate of the formula
      ##EQU1##
      wherein R is
      ##SPC1##
PAL  In which R.sub.1 is an allyl or propargyl group, R.sub.2 is a propargyl,
      benzyl or phenoxy group, R.sub.3 is a hydrogen atom or a methyl group,
      R.sub.4 is a hydrogen atom or an ethynyl group and Y is an oxygen atom or
      --CH=CH-- group; and
PAL  An insecticidal composition containing as an active ingredient an
      insecticidally effective amount of (a) at least one of above-mentioned
      (+)-cis,trans-chrysanthemates having said cis to trans ratio and (b) at
      least one of chrysanthemates prepared from a chrysanthemic acid having a
      cis to trans ratio different from that of the (+)-cis,trans-chrysanthemic
      acid moiety of the above formula (I) and an alcohol moiety of the above
      formula (I) having a structure different from that of the alcohol moiety
      of the (+)-cis,trans-chrysanthemates of above (a).
PAL  The (+)-cis,trans-chrysanthemates having said cis to trans ratio show an
      excellent insecticidal effect as well as a strong synergistic effect on
      the chrysanthemates of above (b).
BSUM
PAR  The present invention relates to a (+)-cis, trans-chrysanthemate, an
      insecticidal composition containing the following first component or the
      first and second components as an active ingredient, and to the
      preparation thereof. The first component consists of one or more of a
      (+)-cis, trans-chrysanthemate of the formula,
      ##EQU2##
      wherein R is
      ##SPC2##
PAL  In which R.sub.1 is an allyl or propargyl group, R.sub.2 is a propargyl,
      benzyl or phenoxy group, R.sub.3 is a hydrogen atom or a methyl group,
      R.sub.4 is a hydrogen atom or an ethynyl group and Y is an oxygen atom or
      --CH = CH-- group, which is prepared by esterifying a new chrysanthemic
      acid obtained according to the inventors' new method and having isomer
      ratio different from that of a conventional chrysanthemic acid, namely,
      (+)-cis, trans-chrysanthemic acid containing 10 to 30 % by weight of
      (+)-cis-chrysanthemic acid, 70 to 90 % by weight of
      (+)-trans-chrysanthemic acid and no (-)-cis, trans-chrysanthemic acid,
      with an alcohol of the formula (II) as shown hereinafter. The second
      component consists of one or more of said chrysanthemates and one or more
      of chrysanthemates whose acid moiety has an isomer ratio different from
      that of said chrysanthemates and whose alcohol moiety is an alcohol
      represented by the formula (II) and is different from that of said
      chrysanthemates.
PAR  More particularly, one object of the present invention is to provide
      (+)-cis, trans-chrysanthemic acid esters prepared by esterifying (+)-cis,
      trans-chrysanthemic acid of a new isomer ratio with alcohols of the
      formula,
EQU  R -- OH                                                    (II)
PAL  wherein R is the same meanings as defined above. Another object of the
      present invention is to provide an insecticidal composition for
      sanitation, household horticulture, agriculture, and woods and forests by
      utilizing an insecticidal activity of said esters or a synergistic action
      obtained by mixing at least one one or more of said esters and one or more
      of esters whose acid moiety has an isomer ratio different from that of
      said esters and whose alcohol moiety is an alcohol represented by the
      formula (II) and is different from that of said esters. Said (+)-cis,
      trans-chrysanthemates contained in the present compositions may, of
      course, be prepared by other methods, in addition to the method of the
      present invention, or by mixing (+)-cis- and (+)-trans-chrysanthemates
      which have been prepared independently.
PAR  Various types of chrysanthemates whose acid moiety is an isomer mixture of
      chrysanthemic acid have been used as insecticides, and the acid which has
      been prepared by the conventional industrial methods most readily and
      cheaply, and used widely as insecticides is (.+-.)-cis,
      trans-chrysanthemic acid.
PAR  On the other hand, since (+)-trans-chrysanthemic acid, among those acid
      moieties, is known to give its esters of the highest insecticidal
      activity, insecticides of (+)-trans-chrysanthemic acid type is also about
      to be used in practice, using a method including an optical resolution of
      racemate which is industrially uneconomical.
PAR  The present inventors made a study of a synergistic action between the
      isomers on the insecticidal activity by mixing esters of each isomer, and
      found a surprising fact that mixing of a (+)-trans-form having the highest
      insecticidal activity among the isomers and a (+)-cis-form within a range
      between 7 : 3 and 9 : 1, respectively, of a (+)-trans-form to (+)-cis-form
      ratio, most preferably 8 : 2, has a remarkable synergistic effect. When
      used practically, the compounds of the present invention were formulated
      into a composition containing 0.05 to 90 % by weight of active ingredient.
      In addition, the inventors found that contamination with (-)-isomers such
      as a (-)-trans- or (-)-cis-form gives an adverse effect on an insecticidal
      activity rather than giving no effect on its activity. As mentioned
      hereinbefore, the removal of the (-)-isomers from the (+)-isomers
      contaminated with (-)-isomers has a large singnificance in the biological
      activity, which is a new knowledge first discovered by the inventors.
      Furthermore, it was found that a mixed preparation described above
      containing the (+)-isomers and other chrysanthemates also shows a
      remarkable synergistic effect.
PAR  The inventors, as a result of a study on the preparation of
      (+)-cis,trans-chrysanthemic acid, found the following new method.
PAR  That is, when (.+-.)-cis,trans-chrysanthemic acid having a particular
      isomer ratio is converted to a particular amine salt thereof, and then
      subjected to an optical resolution in a polar solvent, both a cis- and
      trans-form in a mixed chrysanthemic acid obtained from the crystallized
      salt are (+)-type one, namely dextrorotatory (in chloroform or ethanol
      only), and in addition, a ratio of cis-form to trans-form is kept
      unchanged substantially before and after the optical resolution, under a
      suitable condition. Furthermore, it was unexpectedly found that, when the
      crystallization is carried out under stirring, both the (+)-cis-and the
      (+)-trans-type acid have a higher optical purity than that of a
      (+)-trans-form obtained from a (.+-.)-trans-form alone under the same
      optical resolution. Thus, according to the present invention, the
      industrial optical resolution of chrysanthemic acid became easier than
      that of (.+-.)-trans-acid with said amine, and the optical resolution of a
      cis,trans-mixed chrysanthemic acid became possible for the first time.
PAR  The optically active organic bases used in the present invention include
      (+)-.alpha.-phenyl-.beta.-p-tolylethylamine,
      (+)-.alpha.-p-tolyl-.beta.-phenythylethylamine, and
      (+)-.alpha.-phenyl-.beta.-phenyl-ethylamine.
PAR  The effect of optical resolution above mentioned begins to appear when a
      (.+-.)-cis-chrysanthemic acid content of a (.+-.)-mixed-chrysanthemic acid
      reaches 3 % by weight, and is increased with an increase of its content.
      In general, the optical resolution can be carried out at a range of above
      3 % by weight of the content, and it is particularly advantageous at a
      range from 10 to 30 % by weight in suitable solvents such as methanol,
      ethanol, propanol, acetone, methyl ethyl ketone and a mixture thereof with
      water.
PAR  Thus, according to the present invention, it became possible that the
      resolution of optical isomers was carried out more readily and in a higher
      yield than obtaining a (+)-trans-chrysanthemic acid and a (+)-cis,
      trans-chrysanthemic acid was obtained advantageously and economically in
      industry.
PAR  The object of the present invention is to prepare (+)-cis,
      trans-chrysanthemate by reacting (+)- cis, trans-chrysanthemic acid of a
      new isomer ratio thus obtained, or reactive derivatives thereof with
      alcohols of the formula (I), and to provide an insecticidal composition
      containing the said chrysanthemates. It is of course that said (+)-cis,
      trans-chrysanthemic acids may be prepared by any other method.
PAR  Of the (+)-cis,trans-chrysanthemates according to the present invention,
      the esters whose cis-form to trans-form ratio is 2 : 8 are exemplified as
      follows, but not limitative thereto.
PAR  Compound (1);
      N-(3,4,5,6-tetrahydrophthalimide)-methyl-(+)-cis,trans-chrysanthemate
PAR  Compound (2);
      (.+-.)-2-allyl-3-methylcyclopent-2-ene-1-one-4-yl-(+)-cis,trans-chrysanthe
     mate
PAR  Compound (3);
      (.+-.)-2-propargyl-3-methylcyclopent-2-ene-1-one-4-(+)-cis,trans-chrysanth
     emate
PAR  Compound (4);
      (+)-2-allyl-3-methylcyclopent-2-ene-1-one-4-yl-(+)-cis,trans-chrysanthemat
     e
PAR  Compound (5);
      (+)-2-propargyl-3-methylcyclopent-2-ene-1-one-4-yl-(+)-cis,trans-chrysanth
     emate
PAR  Compound (6); 5-benzyl-3-furylmethyl-(+)-cis,trans-chrysanthemate
PAR  Compound (7); 5-phenoxy-furfuryl-(+)-cis,trans-chrysanthemate
PAR  Compound (8); 5-propargylfurfuryl-(+)-cis,trans-chrysanthemate
PAR  Compound (9);
      5-propargyl-2-methyl-3-furylmethyl-(+)-cis,trans-chrysanthemate
PAR  Compound (10);
      (.+-.)-5-propargyl-.alpha.-ethynyl-furfuryl-(+)-cis,trans-chrysanthemate
PAR  Compound (11); 3-benzylbenzyl-(+)-cis,trans-chrysanthemate
PAR  Compound (12); 3-phenoxybenzyl-(+)-cis,trans-chrysanthemate
PAR  Mixtures consisting of one or more of the new
      (+)-cis,trans-chrysanthemates, or mixtures consisting of one or more of
      said chrysanthemates and one or more of esters whose acid moiety has a
      different isomer ratio from that of said chrysanthemates and whose alcohol
      moiety is an alcohol represented by the formula (I) and is different from
      that of said chrysanthemates, give a remarkable synergistic effect. And
      the insecticidal compositions of the present invention containing the
      mixtures as an active ingredient are widely used as a very valuable
      insecticide, owing to their immediate effect, strong insecticidal activity
      and low toxicity to mammals, in controlling not only insects injurious to
      sanitation, but also insects injurious to agriculture, household
      horticulture, stored cereals, and woods and forests.
PAR  The present compositions can be used without problems, particularly owing
      to their low toxicity to mammals, for agricultural crops before harvest,
      greenhouse cultivation, household horticulture and food-packaging. The
      mixed preparations having a synergistic effect show a high insectical
      activity when they contain 0.2 to 90 % by weight of two or more active
      ingredients, one of which is a (+)-cis,trans-chrysanthemate having above
      mentioned ratio, and contain the (+)-cis,trans-chrysanthemate and other
      chrysanthemates in the proportion of 10 : 2 - 50, preferably 10 : 2.5 - 40
      respectively.
DETD
PAR  The preparation of the (+)-cis,trans-chrysanthemic acids of the present
      invention will be illustrated with reference to the following examples,
      which are only given for the purpose of illustration but not limitative
      thereto.
PAC  EXAMPLE 1
PAR  35.2 Grams of (+)-cis,trans-chrysanthemic acid chloride containing 18.8 %
      by weight of (+)-cis-chrysanthemic acid chloride were dissolved in 90 ml
      of toluene. The solution was added to a mixture of 33.2 g of
      N-(3,4,5,6-tetrahydrophthalimide)-methylalcohol, 21.7 g of pyridine and
      180 ml of toluene over 45 minutes while keeping the reaction temperature
      at from 30.degree. to 35.degree.C. The resulting solution was further kept
      at the same temperature for 5 hours.
PAR  On completion of the reaction, the reaction mixture was washed three times
      with three portions of 150 ml of a 10 % hydrochloric acid, and then with
      300 ml of an 1 % aqueous sodium hydroxide solution, 300 ml of water and
      300 ml of a saturated sodium chloride solution in this order. The toluene
      layer thus obtained was dried over anhydrous magnesium sulfate, and 33 g
      of alumina and 16 g of silica gel were added to the solution, which was
      then stirred for 30 minutes at room temperature. After removing alumina
      and silica gel by filtration, the solution was concentrated under a
      reduced pressure to give 56.7 g of
      N-(3,4,5,6-tetra-hydrophthalimide)-methyl-(+)-cis,trans-chrysanthemate as
      an oil.
EQU  [.alpha.] .sub.D.sup.23 = -15.13.degree. [CHCl.sub.3 ]C = 4.15 %;
      n.sub.D.sup.28 = 1.5182
PAC  EXAMPLE 2
PAR  29.2 Grams of (+)-cis,trans-chrysanthemic acid chloride containing 17.7 %
      by weight of (+)-cis-chrysanthemic acid chloride were dissolved in 30 ml
      of toluene. The solution was added to a mixture of 25.0 g of
      (.+-.)-2-allyl-3-methylcyclopent-2-ene-1-one-4-ol, 18.6 g of pyridine and
      40 ml of toluene over 30 minutes while keeping the reaction temperature at
      from 40.degree. to 50.degree.C. The solution was further kept at the same
      temperature for 4 hours.
PAR  Thereafter, the reaction solution was treated in the same manner as
      described in Example 1 to give 45.8 g of
      (.+-.)-2-allyl-3-methylcyclopent-2-ene-1-one-4-yl-(+)-cis,trans-chrysanthe
     mate as an oil.
EQU  [.alpha.].sub.D.sup.23 = +3.12.degree. [CHCl.sub.3 ]C = 7.6 %;
      n.sub.D.sup.28 = 1.5050
PAC  EXAMPLE 3
PAR  61.7 Grams of (+)-cis,trans-chrysanthemic acid chloride containing 18.7 %
      by weight of (+)-cis-chrysanthemic acid chloride were dissolved in 170 ml
      of toluene. The solution was added to a mixture of 58.1 g of
      5-benzyl-3-furylmethylalcohol, 36.6 g of pyridine and 185 ml of toluene
      over 2 hours while keeping the reaction temperature at from 25.degree. to
      30.degree.C. The solution was further kept at the same temperature for 5
      hours. Thereafter, the reaction solution was treated in the same manner as
      described in Example 1 to give 105.4 g of
      5-benzyl-3-furylmethyl-(+)-cis,trans-chrysanthemate as an oily matter.
      [.alpha.].sub.D.sup.23 = -2.45.degree. [CHCl.sub.3 ]C = 3.3 %;
      n.sub.D.sup.28 = 1.5290
PAC  EXAMPLE 4
PAR  A solution of 56.8 g of 5-propargylfuryl alcohol dissolved in 157.8 g of
      toluene was cooled to below 10.degree.C, and 63.3 g of triethylamine were
      added thereto. The mixture was cooled again to below 10.degree.C, and a
      solution of 81.8 g of (+)-cis,trans-chrysanthemic acid chloride containing
      19.0 % by weight of (+)-cis-chrysanthemic acid chloride in 186.8 g of
      toluene was added thereto at a temperature of below 40.degree.C. The
      mixture was further maintained at from 35.degree. to 40.degree.C for 3
      hours. Thereafter, the reaction solution was treated in the same manner as
      described in Example 1 to give 105 g of
      5-propargyl-furfuryl-(+)-cis,trans-chrysanthemate as an oil.
EQU  [.alpha.].sub.D.sup.24 = -17.54.degree. [CHCl.sub.3 ]C = 20.5 %;
      n.sub.D.sup.21.5 = 1.5076
PAC  EXAMPLE 5
PAR  A mixture of 25.7 g of (+)-cis,trans-chrysanthemic acid chloride containing
      15.2 % of (+)-cis-chrysanthemic acid chloride, and 80 ml of toluene was
      cooled to from -20.degree.  to -25.degree.C, and then 15.9 g of
      triethylamine were added thereto at the same temperature. After stirring
      for 15 minutes at the same temperature, a solution of 21.0 g of
      5-propargyl-.alpha.-ethynylfurfurylalcohol in 20 ml of toluene was added
      dropwise thereto.
PAR  After addition, the mixture was gradually returned to room temperature, and
      maintained at from 20.degree.to 25.degree.C while stirring.
PAR  Thereafter, the solution was treated in the same way as described in
      Example 1 to give 40.9 g of
      5-propargyl-.alpha.-ethynylfurfuryl-(+)-cis,trans-chrysanthemate as an
      oil. TI [.alpha.].sub.D.sup.24 = -7.57.degree. [CHCl.sub.3 ]C = 5.81 %;
      n.sub.D.sup.28 = 1.5098
PAC  EXAMPLE 6
PAR  85.0 Grams of (+)-cis,trans-chrysanthemic acid chloride containing 16.0 %
      by weight of (+)-cis-chrysanthemic acid chloride were dissolved in 270 ml
      of toluene. The solution was added to a mixture of 86.75 g of
      3-phenoxy-benzylalcohol, 51.4 g of pyridine and 270 ml of toluene over 1
      hour while keeping the reaction temperature at from 20.degree. to
      30.degree.C. The solution was further maintained at the same temperature
      for 4 hours. Thereafter, the reaction solution was treated in the same way
      as described in Example 1 to give 148.5 g of
      3-phenoxybenzyl-(+)-cis,trans-chrysanthemate as an oil.
EQU  [.alpha.].sub.D.sup.27 = -6.43.degree. [CHCl.sub.3 ]C = 9.672 %;
      n.sub.D.sup.28 = 1.5048
PAC  EXAMPLE 7
PAR  18.7 Grams of (+)-cis,trans-chrysanthemic acid chloride containing 19.0 %
      by weight of (+)-cis-chrysanthemic acid chloride were dissolved in 20 ml
      of toluene. the solution was added to a mixture of 16.0 g of
      (+)-2-allyl-3-methylcyclopent-2-ene-1-one-4-ol, 11.9 g of pyridine and 30
      ml of toluene over 30 minutes while maintaining the reaction temperature
      at from 40.degree. to 50.degree.C. The solution was further maintained at
      the same temperature for 4 hours. Thereafter the reaction solution was
      treated in the same manner as described in Example 1to give 29.4 g of
      (+)-2-allyl-3-methylcyclopent-2-ene-1-one-4-yl-(+)-cis,trans-chrysanthemat
     e as an oily matter.
EQU  [.alpha.].sub.D.sup.22 = -23.01.degree. [n-Hexane]C = 1.069 %;
      n.sub.D.sup.28 = 1.5098
PAC  EXAMPLE 8
PAR  11 Grams of (+)-cis,trans-chrysanthemic acid chloride containing 19 % by
      weight of (+)-cis-chrysanthemic acid chloride were dissolved in 30 ml of
      toluene. The solution was added to a mixture of 8 g of
      (.+-.)-2-propargyl-3-methylcyclopent-2-ene-1-one-4-ol, 5.6 g of pyridine
      and 50 ml of toluene over 1 hour while keeping the reaction temperature at
      from 20.degree. to 30.degree.C. The solution was further maintained at the
      same temperature for 6 -hours. Thereafter, the reaction solution was
      treated in the same manner as described in Example 1 to give 6 g of (.+-.)
      -2-propargyl-3-methylcyclopent-2-ene-1-one-
      4-yl-(+)-cis,trans-chrysanthemate as an oily matter. n.sub.D.sup.22 =
      1.5199
PAR  The present invention will be further illustrated with reference to the
      following test examples, for the purpose of clarifying the superiority of
      the present (+)-cis,trans-chrysanthemate type insecticides, and the
      outstanding synergistic effect of the mixing of two or more of said
      chrysanthemates, or the mixing of said chrysanthemates and different type
      chrysanthemates above mentioned.
PAC  TEST EXAMPLE 1
PAR  In order to investigate the synergistic action between (+)-cis- and
      (+)-trans-chrysanthemates both of which contain, as an alcohol moiety,
      N-(3,4,5,6-tetra-hydrophthalimide)-methylol, 5-benzyl-3-furylmethylol,
      3-phenoxybenzylalcohol, (.+-.)-2-allyl-3-methylcyclopent-2-ene-1-one-4-ol
      or (+)-2-allyl-3-methylcyclopent-2-ene-1-one-4-ol, the (+)-cis- and the
      (+)-trans-type esters were individually formulated into their oil sprays
      as shown in the following Table 1 using a deodorized kerosene. Each 5 ml
      of the oil sprays formulated was sprayed, using Campbel's turn table
      apparatus ["Soap and Sanitary Chemicals", Vol. 14, No. 6, 119 (1938) ]. A
      shutter was opened for 20 seconds after spraying, and about 100 house-fly
      adults (Musca domestica) per group were exposed to the descending mist for
      10 minutes, and then transferred to an observation cage. In the cage, the
      flies were fed and allowed to stand for one day at room temperature.
      Thereafter, the number of killed flies was counted to calculate the
      mortality.
PAR  The values of LC.sub.50 (50 % lethal concentration) are as shown in Table 1
      and the attached FIGS. 1 and 2.
PAR  From Table 1 and FIGS. 1 and 2 , it can clearly be seen that the
      (.+-.)-trans-chrysanthemate mixed with a small amount of
      (+)-cis-chrysanthemate shows a higher activity than itself having the
      highest activity among the esters, and that the synergistic effect is
      particularly remarkable at a cis-form to trans-form ratio of 2 : 8.
TBL                                    Table 1                                 

     __________________________________________________________________________

                                                   LC.sub.50                   

                                                            Relative           

     Samples to be tested                          (mg/100 ml)                 

                                                            efficacy           

     __________________________________________________________________________

     N-(3,4,5,6-tetrahydrophthalimide)-methyl-(.+-.)(1:1)-cis,trans(3:7)-chrysa

     nthemate                                      175      taken as           

                                                            100                

     (+)-trans-chrysanthemate                      80       219                

     (+)-cis-chrysanthemate                                                    

                       627                          28                         

     (+)-cis,trans(4:6)-chrysanthemate                                         

                       104                         168                         

     (+)-cis,trans(3:7)-chrysanthemate                                         

                       68                          258                         

     (+)-cis,trans(2:8)-chrysanthemate                                         

                       61                          287                         

     __________________________________________________________________________

     5-benzyl-3-furylmethyl-(.+-.)(1:1)-cis,trans(3:7)-chrysanthemate          

                                                   19       taken as           

                                                            100                

     (+)-trans-chrysanthemate                      10       190                

     "                                                                         

     (+)-cis-chrysanthemate                                                    

              54                                    35                         

     "                                                                         

     (+)-cis,trans(4:6)-chrysanthemate                                         

              15                                   127                         

     "                                                                         

     (+)-cis,trans(3:7)-chrysanthemate                                         

              8.7                                  218                         

     "                                                                         

     (+)-cis,trans(2:8)-chrysanthemate                                         

              7.4                                  257                         

     __________________________________________________________________________

     3-phenoxybenzyl-(.+-.)(1:1)-cis,trans(3:7)-chrysanthemate                 

                                                   50       taken as           

                                                            100                

     (+)-trans-chrysanthemate                      23       217                

     (+)-cis-chrysanthemate                                                    

           29                                      172                         

     (+)-cis,trans(4:6)-chrysanthemate                                         

           24                                      208                         

     (+)-cis,trans(3:7)-chrysanthemate                                         

           19                                      263                         

     (+)-cis,trans(2:8)-chrysanthemate                                         

           16                                      312                         

     (.+-.)-2-allyl-3-methylcyclopent-2-ene-1-one-4-yl-(.+-.)(1:1)-cis,trans(3:

     7)-chrysanthemate                             70       taken as           

                                                            100                

     (+)-trans-chrysanthemate                      82       207                

     (+)-cis-chrysanthemate                                                    

                       178                          96                         

     (+)-cis,trans(4:6)-chrysanthemate                                         

                       93                          183                         

     (+)-cis,trans(3:7)-chrysanthemate                                         

                       70                          243                         

     (+)-cis,trans(2:8)-chrysanthemate                                         

                       64                          266                         

     __________________________________________________________________________

     (+)-2-allyl-3-methylcyclopent-2-ene-1-one-4-yl-(.+-.)(1:1)-cis,trans(3:7)-

     chrysanthemate                                88       taken as           

                                                            100                

     (+)-trans-chrysanthemate                      43       205                

     (+)-cis-chrysanthemate                                                    

                       95                           93                         

     (+)-cis,trans(4:6)-chrysanthemate                                         

                       53                          166                         

     (+)-cis,trans(3:7)-chrysanthemate                                         

                       37                          239                         

     (+)-cis,trans(2:8)-chrysanthemate                                         

                       31                          284                         

     __________________________________________________________________________

     5-propargyl-furfuryl-(.+-.)(1:1)-cis,trans(3:7)-chrysanthemate            

                                                   97       taken as           

                                                            100                

     (+)-trans-chrysanthemate                      49       198                

     "                                                                         

     (+)-cis-chrysanthemate                                                    

             67                                    145                         

     "                                                                         

     (+)-cis,trans(4:6)-chrysanthemate                                         

             54                                    180                         

     "                                                                         

     (+)-cis,trans(3:7)-chrysanthemate                                         

             43                                    226                         

     "                                                                         

     (+)-cis,trans(2:8)-chrysanthemate                                         

             37                                    262                         

     __________________________________________________________________________

PAC  TEST EXAMPLE 2
PAR  In order to investigate the synergistic action between (+)-cis,trans (for
      example 2:8)-chrysanthemates themselves, and between said chrysanthemates
      and the different type chrysanthemates according to the present invention,
      the two chrysanthemates were formulated into aerosols shown in the
      following Table 2 according to Preparation 10 described hereinafter. Then
      the insecticidal activity of the aerosols on house-fly adults (Musca
      domestica) was tested by the aerosol test method using a (6 ft).sup.3 Peet
      Grady's chamber [the method disclosed in "Soap and Chemical Specialities,
      Blue Book" (1965)]. The results are as shown in Tables 2 and 3.
PAR  A concentration of 0.1 % by weight shown in the example of control is a
      very low concentration at which the compound is not used independently.
PAR  A synergistic effect can clearly be observed from Table 2, considering that
      each mixed preparation has a higher insecticidal activity than the added
      activity of each insecticidal components constituting the preparation, and
      also higher than the activity of each insecticidal component based on the
      same concentration of each component and total components of the
      preparation. The following Table 3 also shows the same tendency.
TBL                Table 2                                                     

     ______________________________________                                    

     The figures in parentheses indicate Compound Nos. of the present          

     invention.                                                                

     ______________________________________                                    

                          Knock-down  Mor-                                     

     Composition (Aerosols)                                                    

                          ratio (%)   tality                                   

                        5'  10'    15'    (%)                                  

     ______________________________________                                    

     [(1) 0.2 %]                                                               

             + [(4)        0.1%]  47  75   100  78                             

     "       + [(4),(.+-.)-trans                                               

                           0.1%]  45  72   100  73                             

     "       + [(6)        0.1%]  34  68   100  100                            

     "       + [(6),(.+-.)-trans                                               

                           0.1%]  25  59   98   98                             

     "       + [(6),(.+-.)-cis,trans                                           

                           0.1%]  20  50   91   87                             

     "       + [(12)       0.1%]  27  42   93   85                             

     ______________________________________                                    

     [(2) 0.2%]                                                                

             + [(6)        0.1%]  31  63   99   98                             

     "       + [(6),(.+-.)-trans                                               

                           0.1%]  23  57   96   96                             

     "       + [(6),(.+-.)-cis,trans                                           

                           0.1%]  19  48   90   85                             

     "       + [(12)       0.1%]  25  39   87   80                             

     ______________________________________                                    

     [(4) 0.1%]                                                                

             + [(1),(+)-trans                                                  

                           0.2%]  40  63   100  72                             

     "       + [(1),(.+-.)-cis,trans                                           

                           0.2%]  28  56   95   52                             

     "       + [(6)        0.1%]  22  46   93   93                             

     "       + [(6),(+)-trans                                                  

                           0.1%]  28  65   100  100                            

     "       + [(6),(.+-.)-cis,trans                                           

                           0.1%]  20  45   90   81                             

     "       + [(12)       0.1%]  29  62   93   93                             

     ______________________________________                                    

     [(6) 0.1%]                                                                

             + [(1),(.+-.)-cis,trans                                           

                           0.2%]  21  49   88   88                             

     "       + [(1),(+)-trans                                                  

                           0.2%]  26  51   91   91                             

     "       + [(4),(+)-trans                                                  

                           0.2%]  23  57   99   99                             

     "       + [(2),(+)-trans                                                  

                           0.1%]  22  50   86   85                             

     ______________________________________                                    

     [(8) 0.2%]                                                                

             + [(1)        0.2%]  44  68   100  62                             

     "       + [(1),(.+-.)-cis,trans                                           

                           0.2%]  35  61   92   60                             

     [(8) 0.2%]                                                                

             + [(6)        0.1%]  30  56   92   92                             

     "       + [(12)       0.1%]  22  41   85   80                             

     ______________________________________                                    

     [(12) 0.1%]                                                               

             + [(1),(+)-trans                                                  

                           0.2%]  20  36   89   77                             

     "       + [(1),(.+-.)-cis,trans                                           

                           0.2%]  14  30   68   50                             

     "       + [(2),(+)-trans                                                  

                           0.2%]  16  32   84   70                             

     "       + [(4),(+)-trans                                                  

                           0.1%]  24  46   87   83                             

     ______________________________________                                    

             [(1)          0.2%]  15  29   58   16                             

             [(1)          0.3%]  19  34   68   20                             

             [(2)          0.2%]  14  28   50   15                             

             [(2)          0.3%]  19  31   63   19                             

             [(4)          0.1%]  13  29   52   16                             

             [(4)          0.2%]  17  35   70   28                             

             [(4)          0.3%]  20  43   82   39                             

     Control [(6)          0.1%]   7  20   32   32                             

     (used in                                                                  

             [(6)          0.2%]  12  37   70   68                             

     the form                                                                  

     of single                                                                 

             [(6)          0.3%]  18  53   81   81                             

     compound)                                                                 

             [(8)          0.2%]  12  22   49   20                             

             [(8)          0.3%]  15  28   59   32                             

             [(8)          0.4%]  19  33   67   48                             

             [(12)         0.1%]   0   6   17   17                             

             [(12)         0.2%]   3  15   35   31                             

             [(12)         0.3%]   5  19   41   38                             

             [(1),(+)-trans                                                    

                           0.2%]  12  20   49   13                             

             [(1),(+)-trans                                                    

                           0.3%]  15  25   55   15                             

             [(1),(.+-.)-cis,trans                                             

                           0.2%]   7  18   37   10                             

             [(1),(.+-.)-cis,trans                                             

                           0.3%]  10  21   56   14                             

             [(1),(.+-.)-cis,trans                                             

                           0.4%]  15  39   75   18                             

             [(2),(+)-trans                                                    

                           0.2%]  10  21   43   12                             

             [(2),(+)-trans                                                    

                           0.3%]  13  28   54   18                             

             [(4),(+)-trans                                                    

                           0.1%]   8  20   42   10                             

             [(4),(+)-trans                                                    

                           0.2%]  12  30   61   24                             

     Control [(4),(+)-trans                                                    

                           0.3%]  18  37   75   34                             

     (used in                                                                  

             [(6),(+)-trans                                                    

                           0.1%]   4  19   28   28                             

     the form                                                                  

     of single                                                                 

             [(6),(+)-trans                                                    

                           0.2%]   7  36   59   57                             

     compound)                                                                 

             [(6),(+)-trans                                                    

                           0.3%]  10  47   76   75                             

             [(6),(.+-.)-cis,trans                                             

                           0.1%]   2   9   19   19                             

             [(6),(.+-.)-cis,trans                                             

                           0.2%]   4  19   47   44                             

             [(6),(.+-.)-cis,trans                                             

                           0.3%]   7  26   60   58                             

     ______________________________________                                    

TBL                Table 3                                                     

     ______________________________________                                    

     The figures in parentheses indicate Compound Nos. of the present          

     invention.                                                                

                          Knock-down  Mor-                                     

     Composition (Aerosols)                                                    

                          ratio (%)   tality                                   

                        5'  10'    15'    (%)                                  

     ______________________________________                                    

     [(3) 0.2%]                                                                

             + [(6)        0.1%]  34  65   100  100                            

     "       + [(12)       0.1%]  27  48   94   88                             

     ______________________________________                                    

     [(5) 0.1%]                                                                

             + [(12)       0.1%]  27  59   89   88                             

     ______________________________________                                    

     [(7) 0.1%]                                                                

             + [(1)        0.2%]  28  44   94   84                             

     "       + [(2)        0.2%]  27  42   90   78                             

     ______________________________________                                    

     [(9) 0.2%]                                                                

             + [(1)        0.2%]  40  64   100  60                             

     "       + [(2)        0.2%]  41  62   100  56                             

     "       + [(6)        0.1%]  28  53   90   90                             

     "       + [(12)       0.1%]  20  37   82   75                             

     ______________________________________                                    

     [(1) 0.2%]                                                                

             + [(1)        0.2%]  45  76   100  72                             

     "       + [(2)        0.2%]  43  72   100  70                             

     "       + [(6)        0.1%]  35  69   100  100                            

     "       + [(12)       0.1%]  33  54   98   98                             

     "       + [(6),(.+-.)-cis,trans                                           

                           0.1%]  27  53   99   99                             

     ______________________________________                                    

     [(11) 0.1%]                                                               

             + [(2)        0.2%]  19  42   85   60                             

     ______________________________________                                    

             [(3)          0.2%]  17  32   53   18                             

             [(5)          0.1%]  15  29   50   15                             

     Control [(7)          0.1%]  1   8    19   18                             

     (used in                                                                  

             [(9)          0.2%]  10  21   46   19                             

     the form                                                                  

     of single                                                                 

             [(10          0.2%]  15  30   64   27                             

     compound)                                                                 

             [(11)         0.1%]   0   5   15   15                             

             [(1)          0.2%]  15  29   58   16                             

     Control [(2)          0.2%]  14  28   50   15                             

     (used in                                                                  

             [(6)          0.1%]   7  20   32   32                             

     the form                                                                  

     of single                                                                 

             [(6),(.+-.)-cis,trans                                             

                           0.1%]   2   9   19   19                             

     compound)                                                                 

             [(12)         0.1%]   0   6   17   17                             

     ______________________________________                                    

PAC  TEST EXAMPLE 3
PAR  In the same manner as in Test example 2, in order to investigate the
      synergistic action between (+)-cis,trans-(for example 2:8)-chrysanthemates
      themselves, and between said chrysanthemates and the different type
      chrysanthemates according to the present invention, the two
      chrysanthemates were formulated into mosquito coils shown in the following
      Table 4.
PAR  0.8 Gram of each mosquito coil was burnt in a (6 ft).sup.3 Peet Grady's
      Chamber which was used for the aerosol test in Test example 2. Thereafter,
      50 northern house mosquito adults (Culex pipens pullens) per group were
      liberated in the smoke, and the number of knocked down adults with lapse
      of time was counted. The values of KT.sub.50 (a period required for 50 %
      knock-down), the periods required for 80 % knock-down, and the durations
      of activity are summarized in Table 4 and Table 5.
PAR  A concentration of 0.1 % shown in the example of control is a very low
      concentration at which a compound is not used independently.
PAR  From Table 4, the same synergistic effect as in aerosols can be observed.
      The following Table 5 shows the same tendency.
PAR  As clearly shown in the results of Test example 2 (Tables 2 and 3) and Test
      example 3 (Tables 4 and 5), each mixed preparation shows a remarkable
      synergistic effect due to mixing, compared with an activity of respective
      insecticidal component constituting the preparation.
TBL                                    Table 4                                 

     __________________________________________________________________________

     The figures in parentheses indicate Compound Nos. of the present          

     invention.                                                                

     __________________________________________________________________________

                              80% Knock-                                       

                              down ratio                                       

     Composition         KT.sub.50                                             

                              Time   Duration                                  

     (mosquito coil)     (min)                                                 

                              required                                         

                                     (min)                                     

                              (min)                                            

     __________________________________________________________________________

     [(2) 0.2%]                                                                

           + [(6)    0.1%]                                                     

                         8    29     &gt;91                                       

     "     + [(6),(+)-trans                                                    

                     0.1%]                                                     

                         8.4  33     &gt;87                                       

     "     + [(6),(.+-.)-cis,trans                                             

                     0.1%]                                                     

                         13   53.4   &gt;66.6                                     

     "     + [(12)   0.05%]                                                    

                         10.4 53     &gt;67                                       

     "     + [(12)   0.1%]                                                     

                         8.5  32.4   &gt;87.6                                     

     "     + [(12)   0.2%]                                                     

                         6.2  26.1   &gt;93.9                                     

     "     + [(12),(+)-trans                                                   

                     0.1%]                                                     

                         9.1  40.2   &gt;79.8                                     

     "     + [(12),(.+-.)-cis,trans                                            

                     0.2%]                                                     

                         8.8  35.2   &gt;84.8                                     

     __________________________________________________________________________

     [(4) 0.2%]                                                                

           + [(8)    0.1%]                                                     

                         4.8  26     &gt;94                                       

     "     + [(12)   0.1%]                                                     

                         4    17     &gt;103                                      

     __________________________________________________________________________

     [(6) 0.1%]                                                                

           + [(2),(+)-trans                                                    

                     0.2%]                                                     

                         8    30     &gt;90                                       

     "     + [(2),(.+-.)-cis,trans                                             

                     0.3%]                                                     

                         10.2 50     &gt;70                                       

     __________________________________________________________________________

     [(8) 0.1%]                                                                

           + [(4),(+)-trans                                                    

                     0.1%]                                                     

                         6    32     &gt;88                                       

     __________________________________________________________________________

     [(12) 0.1%]                                                               

           + [(2),(+)-trans                                                    

                     0.2%]                                                     

                         8.9  36.5   &gt;83.5                                     

     "     + [(2),(.+-.)-cis,trans                                             

                     0.3%]                                                     

                         9.5  46     &gt;74                                       

     __________________________________________________________________________

           [(2)      0.2%]                                                     

                         21   &gt;120   --                                        

     Control                                                                   

           [(2)      0.25%]                                                    

                         15.2 &gt;120   --                                        

     (used in                                                                  

           [(2)      0.3%]                                                     

                         9.3  80     &gt;40                                       

     the form                                                                  

     of single                                                                 

           [(2)      0.4%]                                                     

                         8    29     &gt;91                                       

     compound)                                                                 

           [(4)      0.2%]                                                     

                         8.7  32     &gt;88                                       

           [(4)      0.3%]                                                     

                         6.2  28     &gt;92                                       

           [(6)      0.1%]                                                     

                         90   &gt;120   --                                        

           [(6)      0.3%]                                                     

                         30   40     &gt;80                                       

           [(6)      0.4%]                                                     

                         22   35     &gt;85                                       

           [(8)      0.1%]                                                     

                         &gt;120 &gt;120   --                                        

           [(8)      0.3%]                                                     

                         11.5 85     &gt;35                                       

           [(12)     0.05%]                                                    

                         &gt;120 &gt;120   --                                        

           [(12)     0.1%]                                                     

                         72   &gt;120   --                                        

           [(12)     0.2%]                                                     

                         43   70     &gt;50                                       

           [(12)     0.25%]                                                    

                         40   61     &gt;59                                       

     Control                                                                   

           [(12)     0.3%]                                                     

                         35.5 50     &gt;70                                       

     (used in                                                                  

           [(12)     0.4%]                                                     

                         30.2 42     &gt;78                                       

     the form                                                                  

     of single                                                                 

           [(2),(+)-trans                                                      

                     0.2%]                                                     

                         25.4 &gt;120   --                                        

     compound)                                                                 

           [(2),(+)-trans                                                      

                     0.3%]                                                     

                         11.5 85.5   &gt;34.5                                     

           [(2),(+)-cis,trans                                                  

                     0.3%]                                                     

                         &gt;120 &gt;120   --                                        

           [(2),(.+-.)-cis,trans                                               

                     0.4%]                                                     

                         29.5 &gt;120   --                                        

           [(4),(+)-trans                                                      

                     0.1%]                                                     

                         26   &gt;120   --                                        

           [(4),(+)-trans                                                      

                     0.2%]                                                     

                         9.2  40     &gt;80                                       

           [(6),(+)-trans                                                      

                     0.1%]                                                     

                         194  &gt;120   --                                        

           [(6),(+)-trans                                                      

                     0.3%]                                                     

                         41   68     &gt;52                                       

           [(6),(.+-.)-cis,trans                                               

                     0.1%]                                                     

                         &gt;120 &gt;120   --                                        

           [(6),(.+-.)-cis,trans                                               

                     0.3%]                                                     

                         71   110    &gt;10                                       

           [(12),(+)-trans                                                     

                     0.1%]                                                     

                         82   &gt;120   --                                        

           [(12),(+)-trans                                                     

                     0.3%]                                                     

                         49   78     &gt;42                                       

           [(12),(.+-.)-cis,trans                                              

                     0.2%]                                                     

                         79   &gt;120   --                                        

           [(12),(.+-.)-cis,trans                                              

                     0.4%]                                                     

                         57   85     &gt;35                                       

     __________________________________________________________________________

TBL                                    Table 5                                 

     __________________________________________________________________________

     The figures in parentheses indicate Compound Nos. of the present          

     invention.                                                                

     __________________________________________________________________________

                              80% Knock-                                       

                              down ratio                                       

     Composition         KT.sub.50                                             

                              Time   Duration                                  

     (mosquito coil)     (min)                                                 

                              required                                         

                                     (min)                                     

                              (min)                                            

     __________________________________________________________________________

     [(3) 0.2%]                                                                

           + [(6)    0.1%]                                                     

                         8.2  28     &gt;92                                       

     "     + [(6),(+)-trans                                                    

                     0.1%]                                                     

                         8.6  35     &gt;85                                       

     "     + [(6),(.+-.)-cis,trans                                             

                     0.1%]                                                     

                         12.8 151.3  &gt;68.7                                     

     "     + [(12)   0.1%]                                                     

                         8    25     &gt;95                                       

     [(8) 0.2%]                                                                

           + [(6)    0.1%]                                                     

                         7.7  28     &gt;92                                       

     "     + [(6),(+)-trans                                                    

                     0.1%]                                                     

                         8.5  39     &gt;81                                       

     "     + [(6),(.+-.)-cis,trans                                             

                     0.1%]                                                     

                         9    47.9   &gt;72.1                                     

     "     + [(121)  0.1%]                                                     

                         7.5  25     &gt;95                                       

     "     + [(12),(+)-trans                                                   

                     0.1%]                                                     

                         7.9  30.2   &gt;89.8                                     

     [(9) 0.2%]                                                                

           + [(6)    0.1%]                                                     

                         8    3.13   &gt;88.7                                     

     "     + [(6),(+)-trans                                                    

                     0.1%]                                                     

                         8.6  33.5   &gt;86.5                                     

     "     + [(6),(.+-.)-cis,trans                                             

                     0.1%]                                                     

                         9.3  46     &gt;74                                       

     "     + [(12)   0.1%]                                                     

                         7.7  29.3   &gt;90.7                                     

     [(6) 0.1%]                                                                

           + (4),(+)-trans                                                     

                     0.2%]                                                     

                         8.5  34.5   &gt;85.5                                     

     "     + [(3),(.+-.)-cis,trans                                             

                     0.3%]                                                     

                         10.5 37     &gt;83.3                                     

     "     + [(8),(+)-trans                                                    

                     0.2%]                                                     

                         8    29.7   &gt;90.3                                     

     "     + [(8),(.+-.)-cis,trans                                             

                     0.3%]                                                     

                         9.2  34.1   &gt;85.9                                     

     "     + [(9),(+)-trans                                                    

                     0.2%]                                                     

                         8.8  32.8   &gt;87.2                                     

     "     +[(9),(.+-.)-cis,trans                                              

                     0.3%                                                      

                         8.2  31.4   &gt;88.6                                     

     [(12) 0.1%]                                                               

           + [(3),(+)-trans                                                    

                     0.2%]                                                     

                         8.3  31.7   &gt;88.3                                     

     "     + [(3),(.+-.)-cis,trans                                             

                     0.3%                                                      

                         10.2 36.6   &gt;83.4                                     

     "     + [(8),(+)-trans                                                    

                     0.2%]                                                     

                         7.8  27.4   &gt;92.6                                     

     [(12) 0.1%]                                                               

           + [(8),(.+-.)-cis,trans                                             

                     0.3%]                                                     

                         8.9  30.3   &gt;88.7                                     

     "     + [(9),(+)-trans                                                    

                     0.2%]                                                     

                         7.9  30.6   &gt;89.4                                     

     "     + [(9),(.+-.)-cis,trans                                             

                     0.3%]                                                     

                         8.1  32.3   &gt;87.7                                     

           [(3)      0.2%]                                                     

                         21   &gt;120   --                                        

           [(8)      0.2%]                                                     

                         12.2 85     &gt;35                                       

           [(9)      0.2%]                                                     

                         15   &gt;120   --                                        

           [(6)      0.15]                                                     

                         90   &gt;120   --                                        

           [(12)     0.1%]                                                     

                         72   &gt;120   --                                        

           [(3),(+)-trans                                                      

                     0.2%]                                                     

                         24.7 &gt;120   --                                        

           [(3),(.+-.)-cis,trans                                               

                     0.3%]                                                     

                         &gt;120 &gt;120   --                                        

     Control                                                                   

           [(6),(+)-trans                                                      

                     0.1%]                                                     

                         94   &gt;120   --                                        

           [(6),(.+-.)-cis,trans                                               

                     0.1%]                                                     

                         &gt;120 &gt;120   --                                        

           [(8),(+)-trans                                                      

                     0.2%]                                                     

                         14.8 &gt;120   --                                        

           [(8),(.+-.)-cis,trans                                               

                     0.3%]                                                     

                         50.7 &gt;120   --                                        

           [(9),(+)-trans                                                      

                     0.2%]                                                     

                         18.2 &gt;120   --                                        

           [(9),(.+-.)-cis,trans                                               

                     0.3%]                                                     

                         58.5 &gt;120   --                                        

           [(12),(+)-trans                                                     

                     0.1%]                                                     

                         82   &gt;120   --                                        

     __________________________________________________________________________

PAR  In the preparation of insecticidal compositions of the present invention,
      the present compounds may be formulated, like pyrethoids, into any desired
      form of oil spray, emulsifiable concentrates, dusts, aerosols, wettable
      powder, granules, mosquito coil, heating or non-heating fumigant, bait and
      luring dust or solid preparation, by methods well known to those skilled
      in the art, using auxiliary agents and/or carriers for common insecticidal
      compositions.
PAR  Furthermore, the present compounds may be increased in their insecticidal
      activity when used in combination with a known synergist for pyrethroid
      such as
      .alpha.-[2-(2-butoxyethoxy)-ethoxy]-4,5-methylenedioxy-2-propyltoluene
      (referred to as "piperonylbutoxide"),
      1,2-methylenedioxy-4-[2-(octylsulfinyl)propyl]-benzene (referred to as
      "sulfoxide"), 4-(3,4-methylenedioxy-phenyl)-5-methyl-1,3-dioxane (referred
      to as "safroxane"),
      N-(2-ethylhexyl)bicyclo[2,2,1]hepta-5-ene-2,3-dicarboximide (referred to
      as "MGK-264"), octachlorodipropylether (referred to as "S-421"), or
      isobornylthiocyanoacetate (referred to as "Thanite"), and with a known
      synergist for allethrin or pyrethrin.
PAR  Although the chrysanthemate type compounds are generally a little inferior
      in the resistance to light, heat and oxidation, the compounds can be
      formulated into insecticidal compositions having a more stable activity by
      incorporating, as a stabilizing agent, a proper amount of antioxidants, or
      U.V. absorbers such as phenol derivatives including BHT and BHA, bisphenol
      derivatives, arylamine derivatives including phenyl-.alpha.-naphthylamine,
      phenyl-.beta.-naphthylamine and condensation products resulting from
      phenetidine and acetone, or benzophenone compounds.
PAR  In addition, the present compounds may be formulated into multi-purpose
      compositions of high activity by incorporating other active ingredients
      such as organochlorine type insecticides, e.g., DDT, BHC, and
      methoxychlor; organophosphorus type insecticides, e.g.,
      0,0-dimethyl-0-(3-methyl-4-nitrophenyl)-phos-phorothioate (referred to as
      "Sumithion", registered trade name of Sumitomo Chemical Co., Ltd.), and
      0,0-dimethyl-0-(2,2-dichlorovinyl)phosphate (referred to as "DDVP");
      carbamate type insecticides, e.g., 1-naphthyl-N-methylcarbamate,
      3,4-dimethylphenyl-N-methylcarbamate, and
      3,5-dimethylphenyl-N-methylcarbamate; other insecticides; microbial
      insecticides, e.g., B.T. and B.M. fungicides; nematocides; acaricides;
      herbicides; fertilizer; insect hormone compounds; or other agricultural
      chemicals. Furthermore, a synergistic effect can also be expected in
      combination of the compositions.
PAR  The preparation and activity of the compositions of the present invention
      will be illustrated with reference to the following preparation and
      examples, which are only given for the purpose of illustration, and not to
      be interpreted as limiting.
PAC  Preparation 1
PAR  To 0.05 part of each of the compounds (1), (2), (3), (4), (7), (8), (9),
      (10) and (11) was added 0.1 part of the compound (6). The mixtures were
      each dissolved in kerosene to 100 parts of total weight. Ten oil sprays
      were thus obtained.
PAC  Preparation 2
PAR  To 0.1 part of each of the compounds from (1) to (10) was added 0.1 part of
      the compound (12). The mixtures were each dissolved in kerosene to 100
      parts of total weight. Ten oil sprays were thus obtained.
PAC  Preparation 3
PAR  To 10 parts of each of the compounds (4), (5), (6), (10), (11) and (12)
      were added 5 parts of the compound (2), 30 parts of safroxane, 10 parts of
      Sorpol SM-200 (registered trade name for an emulsifier sold by Toho Kagaku
      Co., Ltd.) and 45 parts of xylene. The mixtures were each thoroughly mixed
      to make a solution. Six emulsifiable concentrates were thus obtained.
PAC  Preparation 4
PAR  To 20 parts of each of the compounds (1), (2), (6) and (12) were added 5
      parts of
      5-propargyl-2-methyl-3-furylmethyl-(.+-.)-cis,trans-chrysanthemate, 5
      parts of Sorpol SM-200 (the same as above) and 70 parts of 300 mesh talc.
      The mixtures were each thoroughly mixed by means of a mortar. Four
      wettable powders were thus obtained.
PAC  Preparation 5
PAR  To 1 part of each of the compounds (1), (2), (6) and (12) were added 1 part
      of 5-propargyl-.alpha.-ethynyl-furfuryl-(.+-.)-cis,trans-chrysanthemate
      and 2 parts of piperonyl-butoxide. The mixtures were each dissolved in 20
      parts of acetone, and 96 parts of 300 mesh diatomaceous earth were added
      thereto. The resulting mixtures were each thoroughly mixed by means of a
      mortar, and then acetone was removed by evaporation. Four dusts were thus
      obtained.
PAC  Preparation 6
PAR  0.1 Gram of each of the compounds (5), (6), (7), (8), (9), (10) and (12),
      0.3 g of the compound (2) and 0.2 g of BHT were dissolved in 20 ml. of
      methanol. The solution were each uniformly mixed with 99.4 g of a mosquito
      coil carrier containing Tabu powder, Pyrethrum marc and wood powder in a
      ratio of 3 : 5 : 1, and then methanol was evaporated. Each residue was
      given 150 ml of water, kneaded thoroughly, shaped into a mosquito coil and
      dried. Seven mosquito coils were thus obtained.
PAC  Preparation 7
PAR  0.2 Gram of each of the compounds (2), (4), (6), (9) and (13), 0.2 g of BHT
      and 0.2 g of 5-propargylfurfuryl-(.+-.)-cis,trans-chrysanthemate were
      dissolved in 20 ml of methanol. The solutions were each treated in the
      same way as described in Preparation 6 to give a mosquito coil.
PAC  Preparation 8
PAR  0.1 Gram of each of the compounds (2), (3), (4), (8) and (9), 0.05 g of the
      compound (12), 0.1 g of BHT and 0.1 g of piperonyl-butoxide were dissolved
      in a proper amount of chloroform. The solutions were each adsorbed
      uniformly to the surface of an asbestos piece of 3.5 cm .times. 1.5 cm in
      area and 0.3 mm in thickness, and then another piece of asbestos of the
      same size was sticked to the surface. Five fibrous heating fumigant
      insecticidal compositions for use on a heater were thus obtained. Pulp
      plate may be used in place of asbestos as a fibrous carrier having the
      same effect.
PAC  Preparation 9
PAR  0.05 Gram of each of the compounds (1), (2), (4), (6), (11) and (12), 0.05
      g of 5-propargyl-2-methyl-3-furylmethyl-(.+-.)-cis,trans-chrysanthemate,
      0.2 g of BHT, and 0.05 g of piperonyl-butoxide were dissolved in a proper
      amount of chloroform. The solutions were each treated in the same manner
      as described in Preparation 8 to give a fibrous heating fumigant
      insecticidal composition for use on a heater.
PAC  Preparation 10
PAR  0.2 Part of the compound (1), 0.1 part of the compound (12), and 0.1 part
      of 5-propargyl-.alpha.-ethynylfurfuryl-(+)-trans-chrysanthemate were
      dissolved in a mixture of 7 parts of xylene and 7.6 parts of deodorized
      kerosene. The solution was filled in an aerosol container. After attaching
      a valve portion to the container, 85 parts of propellant (e.g. liquefied
      petroleum gas) were charged therein under pressure through the valve. An
      aerosol was thus obtained.
PAC  Preparation 11
PAR  0.2 Part of the compound (2), 0.2 part of
      3-phenoxybenzyl-(.+-.)-cis,trans-chrysanthemate, and 0.4 part of
      piperonyl-butoxide were dissolved in a mixture of 7 parts of xylene and
      7.2 parts of deodorized kerosene. The solution was treated in the same
      manner as described in Preparation 10 to give an aerosol.
PAC  Preparation 12
PAR  0.2 Part of the compound (1), 0.5 part of a pyrethrin extract containing 20
      % of pyrethrin, and 0.1 part of 3-phenoxybenzyl-(+)-trans-chrysanthemate
      were dissolved in a mixture of 7 parts of xylene and 7.2 parts of
      deodorized kerosene. The solution was treated in the same manner as
      described in Preparation 10 to give an aerosol.
PAC  Preparation 13
PAR  0.2 Part of the compound (1), 0.05 part of the compound (2), and 0.5 part
      of Sumithion were dissolved in a mixture of 7 parts of xylene and 7.25
      parts of deodorized kerosene. The solution was treated in the same manner
      as described in Preparation 10 to give an aerosol.
PAC  Preparation 14
PAR  3 Parts of the compound (6), 1 part of the compound (9), 1 part of
      3,4-dimethylphenyl-N-methyl-carbamate, 5 parts of Toyolignin CT
      (registered trade name of Toyo Spinning Co., Ltd.) and 90 parts of GSM
      clay (registered trade name for clay sold by Zieklite Mining Co. Ltd.)
      were thoroughly mixed by means of a mortar.
PAR  Then, the mixture was well mixed with 10 % by its weight of water,
      granulated by means of a granulator and air-dried to give a granular
      preparation.
PAR  The insecticidal activity of the present compositions thus obtained was as
      follows.
PAC  EXAMPLE 9
PAR  5 Milliliters of each of the oil sprays formulated according to Preparation
      1 were sprayed, using Campbel's turn table method (the same as above).
      About 100 house-fly adults (Musca domestica) per group were exposed to the
      descending mist for 10 minutes. By the next day, more than 80 of the flies
      were killed with any oil spray.
PAC  EXAMPLE 10
PAR  About 50 northern house mosquito adults (Culex pipens pullens) were
      liberated in a (70 cm).sup.3 glass chamber. 0.7 Milliliter of each of the
      oil sprays formulated according to Preparation 2 was sprayed under a
      pressure of 20 lb/in.sup.2 through a glass atomizer. Then, more than 80 %
      of the adults were knocked down within 10 minutes. By the next day, more
      than 80 % of the mosquitoes were killed with any oil spray.
PAC  EXAMPLE 11
PAR  The emulsifiable concentrates formulated according to Preparation 3 were
      each diluted 50,000 times with water. 2 Liters of each test emulsion so
      prepared were taken in a styrene case of 23 cm .times. 30 cm in area and 6
      cm in depth, and about 100 full grown larvae of northern house mosquito
      (Culex pipens pullens) were liberated therein. By the next day, more than
      90 % of the larvae were killed with any concentrate.
PAC  EXAMPLE 12
PAR  About 50 northern house mosquito adults (Culex pipens pullens) were
      liberated in a (70 cm).sup.3 glass chamber in which a battery-type small
      fan (wing diameter 13 cm) was set and run. 0.1 Gram of each of the
      mosquito coils formulated according to Preparations 6 and 7 was ignited at
      both ends and placed in the chamber. More than 80 % of the adults were
      knocked down within 20 minutes with any mosquito coil. By the next day,
      more than 80 % of the adults were killed.
PAC  EXAMPLE 13
PAR  About 50 house-fly adults (Musca domestica) were liberated in a (70
      cm).sup.3 glass chamber in which a battery-type small fan (wing diameter
      13 cm) was set and run. Each of heating fumigant compositions formulated
      according to Preparations 8 and 9 was placed on a heater in the chamber
      and heated. More than 80 % of the adults were knocked down within 20
      minutes with any fumigant.
PAC  EXAMPLE 14
PAR  The insecticidal activity on house-fly adults (Musca domestica) of the
      aerosols formulated according to Preparation 10, 11, 12 and 13 was tested
      by the aerosol test method (the same as above) using a (6 ft).sup.3 Peet
      Grady's chamber. The results are as shown in Table 6.
TBL                Table 6                                                     

     ______________________________________                                    

                   Knock-down                                                  

                   ratio (%)  Mortality                                        

     Composition     5      10     15   (%)                                    

                     min.   min.   min.                                        

     ______________________________________                                    

     Aerosol                                                                   

            (Preparation 10)                                                   

                         39     60   100  100                                  

     "      (      "      11)  27   54    97   97                              

     "      (      "      12)  38   67    98   85                              

     "      (      "      13)  35   69   100  100                              

     ______________________________________                                    

PAC  EXAMPLE 15
PAR  A glass Petri dish of 14 cm in inside diameter was coated on the inside
      wall with butter, leaving at the lower part an uncoated portion of 1 cm in
      width. Onto the bottom of the dish, each of the dusts formulated according
      to Preparation 5 was uniformly dusted in a proportion of 2 g/cm.sup.2.
PAR  Subsequently, 10 German cockroach adults (Blattella germanica) per group
      were liberated in the dish and allowed to come into contact with the dust
      for 30 minutes. After three days, more than 70 % of the knocked down
      adults were killed.
PAC  EXAMPLE 16
PAR  In 1/50,000 Wagner pots were grown rice plants which had elapsed 45 days
      after sowing. The wettable powders formulated according to Preparation 4
      were each diluted 500 times with water. Each test solution so prepared was
      individually sprayed on the rice plants in a proportion of 10 ml per pot.
      Each pot was covered with wire net and about 30 adults of green rice
      leafhoppers (Nephotettix cincpiceps) were liberated in the pot. After 1
      day, more than 80 % of the hoppers were killed.
PAC  EXAMPLE 17
PAR  Each of the emulsifiable concentrates formulated according to Preparation 3
      was diluted 100 times with water. About 10 third to fourth instar larvae
      of the tobacco cut worm (Spodoptera litura) were liberated in a glass
      Petri dish of 14 cm in inside diameter and 1 ml of each of dilute
      solutions were sprayed. Thereafter, the larvae were fed and allowed to
      stand in another dish, and after two days more than 90 % of the larvae
      were killed with any concentrate.
PAC  EXAMPLE 18
PAR  10 Liters of water were taken in a 14-l polypropylene bucket, and 1 g of
      each of the granular preparations formulated according to Preparation 14
      was added thereto. After one day, about 100 full grown northern house
      mosquito larvae (Culex pipens pullens) were liberated in the water. More
      than 90 % of the larvae were killed within 24 hours.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An insecticidal composition for use against mosquitoes, flies,
      cockroaches, leafhoppers and cut worms containing as an active ingredient
      an insecticidally effective amount of (+)-cis, transchrysanthemate of the
      formula,
      ##EQU3##
      wherein R is a member selected from the group consisting of the radicals,
      ##SPC3##
PAL  in which R.sub.1 is allyl or propargyl, R.sub.2 is propargyl, benzyl or
      phenoxy, R.sub.3 is hydrogen or methyl, R.sub.4 is hydrogen or ethynyl,
      and Y is --CH = CH-- or oxygen, and an inert carrier, said (+)-cis,
      trans-chrysanthemate containing 10 to 30% by weight of
      (+)-cis-chrysanthemate and 70 to 90% by weight of
      (+)-trans-chrysanthemate.
NUM  2.
PAR  2. The insecticidal composition according to claim 1, wherein said
      composition contains 0.05 to 90 % by weight of the active ingredient.
NUM  3.
PAR  3. The insecticidal composition according to claim 1, wherein said
      (+)-cis,trans-chrysanthemate of the formula (I) consists of 20 % by weight
      of (+)-cis-form and 80 % by weight of (+)-trans-form.
NUM  4.
PAR  4. The insecticidal composition according to claim 1, wherein said
      (+)-cis,trans-chrysanthemate is a compound of the formula,
      ##EQU4##
NUM  5.
PAR  5. The insecticidal composition according to claim 1, wherein said
      (+)-cis,trans-chrysanthemate is a compound of the formula,
      ##EQU5##
NUM  6.
PAR  6. The insecticidal composition according to claim 1, wherein said
      (+)-cis,trans-chrysanthemate is (.+-.) or
      (+)-2-allyl-3-methyl-cyclopent-2-ene-1-one-4-yl-(+)-cis,trans-chrysanthema
     te.
NUM  7.
PAR  7. The insecticidal composition according to claim 1, wherein said
      (+)-cis,trans-chrysanthemate is a compound of the formula,
      ##EQU6##
NUM  8.
PAR  8. The insecticidal composition according to claim 1, wherein said
      (+)-cis,trans-chrysanthemate is a compound of the formula,
      ##EQU7##
NUM  9.
PAR  9. The insecticidal composition according to claim 1, wherein said
      (+)-cis,trans-chrysanthemate is a compound of the formula,
      ##EQU8##
NUM  10.
PAR  10. An insecticidal composition for use against mosquitoes, flies,
      cockroaches, leafhoppers and cut worms containing an inert carrier and as
      active ingredients an insecticidally effective amount of (a) one of
      (+)-cis, transchrysanthemates as claimed in claim 1, and (b) one
      chrysanthemate of the general formula (I) having in the acid moiety an
      isomer ratio different from that in (a) and whose alcohol moiety which is
      as defined as R in general formula I is different in structure from the
      alcohol moiety in (a).
NUM  11.
PAR  11. The insecticidal composition according to claim 10, wherein the ratio
      of (a) to (b) is from 10 : 2 to 10 : 50.
NUM  12.
PAR  12. The insecticidal composition according to claim 10, wherein said
      composition contains 0.2 to 90 % by weight of the active ingredient.
NUM  13.
PAR  13. The insecticidal composition according to claim 10, wherein the
      (+)-cis,trans-chrysanthemate of (a) is a compound of the formula,
      ##EQU9##
NUM  14.
PAR  14. The insecticidal composition according to claim 10, wherein the
      (+)-cis,trans-chrysanthemate of (a) is a compound of the formula,
      ##EQU10##
NUM  15.
PAR  15. The insecticidal composition according to claim 10, wherein the
      (+)-cis,trans-chrysanthemate of (a) is (.+-.) or
      (+)-2-allyl-3-methyl-cyclopent-2-ene-1-one-4-yl-(+)-cis,trans-chrysanthema
     te.
NUM  16.
PAR  16. The insecticidal composition according to claim 10, wherein the
      (+)-cis,trans-chrysanthemate of (a) is a compound of the formula,
      ##EQU11##
NUM  17.
PAR  17. The insecticidal composition according to claim 10, wherein the
      (+)-cis,trans-chrysanthemate of (a) is a compound of the formula,
      ##EQU12##
NUM  18.
PAR  18. The insecticidal composition according to claim 10, wherein the
      (+)-cis,trans-chrysanthemate of (a) is a compound of the formula,
      ##EQU13##
NUM  19.
PAR  19. A method for killing insects selected from the group consisting of
      mosquitoes, flies, cockroaches, leafhoppers and cut worms, which comprises
      contacting said insects with an insecticidal composition according to
      claim 1 containing 0.05 - 90% by weight of the active ingredient.
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ABST
PAL  A method of relieving pain in a mammalian patient suffering therefrom by
      administering
      1,2-dihydro-5,5-dimethyl-10-hydroxy-8-(3-methyl-2-octyl)-3H,5H-thiopyrano[
     2,3-c][1]benzopyran.
PARN
PAR  This application is a continuation-in-part of our copending application
      Ser. No. 210,170 filed Dec. 20, 1971, now U.S. Pat. No. 3,883,551, which
      in turn is a continuation-in-part of our application Ser. No. 852,928
      filed Aug. 25, 1969, now abandoned.
BSUM
PAR  This invention relates to the use of
      1,2-dihydro-5,5-dimethyl-10-hydroxy-8-(3-methyl-2-octyl)-3H,5H-thiopyrano[
     2,3-c][1]benzopyran as an analgesic agent, and to pharmaceutical
      compositions containing the compound.
PAR  According to the present invention it has been discovered that
      1,2-dihydro-5,5-dimethyl-10-hydroxy-8-(3-methyl-2-octyl)-3H,5H-thiopyrano[
     2,3-c][1]benzopyran (compound I) effects analgesic activity when
      administered to a mammalian patient suffering from pain. Compound I has
      the formula
      ##EQU1##
PAR  The analgesic activity of the compound useful in the practice of this
      invention has been demonstrated in mice.
PAR  The analgesic activity of the compound was evaluated in an acetic acid
      writhing test. The acetic acid writhing test used was modified from that
      described by Whittle, Brit J. Pharmacol., 22, 296 (1964). The number of
      writhes were counted for a 20 minute period beginning 5 minutes after the
      injection of the acid. Analgetic potency was calculated from the
      difference between the test groups and their controls. The analgesic
      activity of compound I in the acetic acid writhing test is summarized in
      the following Table 1:
TBL                Table 1                                                     

     ______________________________________                                    

     Acetic acid writhing test in mice (oral)                                  

     Dose mg/kg p.o.    Percent inhibition                                     

     ______________________________________                                    

      5                 20.7                                                   

     10                 48.9                                                   

     20                 74.0                                                   

     40                 95.6                                                   

     ______________________________________                                    

PAR  Compound I was shown by the acetic acid writhing test to have an oral
      ED.sub.50 value of 10.8 mg/kg (95% C.L. = 9.2 - 12.4).
PAR  In the rat tail flick test for analgesic activity [D'Amour and Smith, J.
      Pharmacol. Exper. Therap. 72, 74 (1941)] compound I exhibited an oral
      ED.sub.50 value of 2.7 mg/kg (95% C.L. = 0.9 - 4.8).
PAR  In the practice of this invention, compound I can be administered to a
      mammalian patient in a dosage of about 0.01 to 40 mg./kg. of body weight
      daily, preferably in divided dosages, i.e., three to four times daily. The
      compound exhibits analgesic activity when administered by the oral route
      and the parenteral, i.e., intravenous, intramuscular or intraperitoneal,
      route. The oral route is the preferred route of administration.
PAR  Although compound I can be administered in pure undiluted form, it is
      advisable to first combine it with a suitable pharmaceutical carrier or
      adjuvant to attain a more satisfactory size to dosage relationship.
PAR  Solid pharmaceutical carriers such as calcium carbonate, starch, sugar,
      talc and the like may be used to form powders. The powders may be used as
      such or be tableted or be used to fill capsules. Suitable lubricants like
      magnesium stearate, binders such as gelatin and disintegrating agents like
      sodium carbonate in combination with citric acid may be used to form the
      tablets. Care in the choice of solid carriers and other ingredients should
      be exercised to avoid reaction of the active agent with the excipients.
PAR  Unit-dosage forms such as tablets and capsules may contain any suitable
      predetermined amount of compound I as the active agent and can be
      administered one or more at a time at regular intervals. Such forms should
      generally contain a minimum concentration of 0.1% by weight of active
      agent, and particularly 1 to 75 mg., and desirably 1 to 20 mg., of active
      agent.
PAR  A typical tablet can be prepared from a mixture of 89.0 g. of mannitol, 4.0
      g. of Carbopol-934 (a binder disclosed in U.S. Pat. No. 2,909,462), 16.5
      g. of compound I, and 2.5 g. of stearic acid. The mixture is blended by
      passage through a No. 20 screen and slugged in the usual way on a tablet
      slugging machine. The slugs are ground through a No. 20 screen and
      compressed into tablets using a 1/4 inch punch and die. This formulation
      is for 1000 tablets. Each tablet is to contain 16.5 mg. of compound I.
PAR  The compound can also be formulated for administration in liquid form and
      used for intramuscular injection. Still further, the compound can be
      formulated for oral administration in aqueous alcohol, glycol or oil
      solutions or oil-water emulsions in the same manner as conventional
      medicinal substances are prepared.
DETD
PAR  The following example is presented to illustrate a chemical method of
      making compound I.
PAC  EXAMPLE 1
PAC  1,2-Dihydro-5,5-dimethyl-10-hydroxy-8-(3-methyl-2-octyl)-3H,5H-thiopyrano[2
     ,3-c][1]benzopyran
PAR  A. Methyl 3-oxo-2,3,4,5-tetrahydro-6H-thiopyran-2-carboxylate
PAR  The procedure of Leonard and Figueras (J. Amer. Chem. Soc. 74, 917 (1952))
      was followed for the cyclization of 20 g. of carbomethoxymethyl
      .gamma.-carbomethoxypropyl sulfide to give 11.1 g. (70%) of methyl
      3-oxo-2,3,4,5-tetrahydro-6H-thiopyran-2-carboxylate. The structure was
      confirmed by IR and NMR spectra.
PAR  B.
      1,2-Dihydro-10-hydroxy-8-(3-methyl-2-octyl)-5-oxo-3H,5H-thiopyrano[2,3-c][
     1]benzopyran
PAR  A solution of 14.2 g. (0.06 mole) of 5-(3-methyl-2-octyl)resorcinol and
      11.1 g. (0.063 mole) of methyl
      3-oxo-2,3,4,5-tetrahydro-6H-thiopyran-2-carboxylate in 90 ml. of absolute
      ethanol was cooled in an ice-salt bath and saturated with anhydrous
      hydrogen chloride. After standing for 2 days at room temperature, the
      ethanol was removed on a rotary evaporator. The residue was dissolved in
      ether, washed with sodium bicarbonate solution and dried over sodium
      sulfate. Evaporation of the solvent gave 28.0 g. of residue which was
      chromatographed using activated magnesium silicate (60-100 mesh) and
      graded methanol/chloroform solvent mixtures. A total of 10 g. of crude
      solid was obtained from the 1% methanol/chloroform fractions. The material
      was recrystallized twice from ethyl acetate/hexane to give 8.5 g. (40%)
      colorless crystals, m.p. 131.degree.-133.degree.C. The proposed structure
      was confirmed by IR and NMR spectra.
PAR  C.
      1,2-Dihydro-5,5-dimethyl-10-hydroxy-8-(3-methyl-2-octyl)-3H,5H-thiopyrano[
     2,3-c][1]benzopyran
PAR  Methylmagnesium bromide was prepared by bubbling bromomethane into a
      mixture of 7.68 g. (0.32 mole) of magnesium turnings in ether. When all
      the magnesium had reacted, the solution was refluxed for a short time to
      remove the excess bromomethane. A solution of 6.96 g. (0.02 mole) of the
      pyrone (prepared as above) in benzene was added and the reaction mixture
      was kept at 45.degree.C for 24 hours. The reaction mixture was decomposed
      with saturated ammonium chloride; the organic layer was separated and the
      aqueous layer was extracted twice with ether. The organic layers were
      combined, washed with water, dried and evaporated to give a gummy residue.
      The IR and NMR spectra indicated the compound to be
      5-(3-methyl-2-octyl)-2-[4,5-dihydro-2-(2-hydroxy-2-propyl)-6H-thiopyran-3-
     yl]]resorcinol.
PAR  A small quantity of p-toluenesulfonic acid was added to a benzene solution
      of the above triol and the mixture was heated at reflux for 11/2 hours in
      the presence of nitrogen. The benzene solution was washed with sodium
      bicarbonate solution, dried over sodium sulfate and evaporated to give a
      greenish-brown residue.
PAR  Chromatography using activated magnesium silicate (60-100 mesh) and graded
      ether/petroleum ether solvent mixtures gave 5.2 g. (60%) of a nearly
      colorless gum. The gum exhibited .lambda..sub.max.sup.EtOH 305 m.mu.
      (log.epsilon. 4.262) and the IR, NMR and UV spectra confirmed the
      structure as
      1,2-dihydro-5,5-dimethyl-10-hydroxy-8-(3-methyl-2-octyl)-3H,5H-thiopyrano
      [2,3-c][1]benzopyran.
PAR  Anal. Calcd. for C.sub.23 H.sub.34 O.sub.2 S: C, 73.73; H, 9.15; S, 8.54
      Found: C, 73.55; H, 9.12; S, 8.45
PAR  The foregoing detailed description has been given for clearness of
      understanding only, and no unnecessary limitations should be understood
      therefrom, as modifications will be obvious to those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of relieving pain in a mammalian patient suffering therefrom
      comprising administering to said patient a therapeutically effective
      amount of
      1,2-dihydro-5,5-dimethyl-10-hydroxy-8-(3-methyl-2-octyl)-3H,5H-thiopyrano[
     2,3-c][1]benzopyran.
NUM  2.
PAR  2. The method of claim 1 in which the named compound is administered in a
      dosage of from about 0.01 to 40 mg/kg daily.
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ABST
PAL  The present invention relates to certain processes and compositions useful
      for inhibiting the growth of slime in water and, in particular, water used
      for industrial purposes; for example, in the manufacture of pulp paper, in
      the manufacture of paper, in cooling water systems and in effluent water
      treatment. The novel processes and compositions of the present invention
      are processes or mixtures which show unexpected synergistic activity
      against microorganisms, including bacteria, fungi, and algae, which
      produce slime in aqueous systems or bodies which are objectionable from
      either an operational or aesthetic point of view. Specifically, the
      invention is directed to the use of compositions comprising a combination
      1,3-dichloroacetone oxime acetate and n-alkyl (C.sub.12 40%, C.sub.14 50%,
      C.sub.16 10%) dimethyl benzyl ammonium chloride.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The formation of slime by microorganisms is a problem which attends many
      systems. For example, lagoons, lakes, ponds, pools, and such systems as
      cooling water systems and pulp and paper mill systems all possess
      conditions which are conducive to the growth and reproduction of
      slime-forming microorganisms. In both once-through and recirculating
      cooling systems, for example, which employ large quantities of water as a
      cooling medium, the formation of slime by microorganisms is an extensive
      and constant problem.
PAR  Airborne organisms are readily entrained in the water from cooling towers
      and find this warm medium an ideal environment for growth and
      multiplication. Aerobic and heliotropic organisms flourish on the tower
      proper while other organisms colonize and grow in such areas as the tower
      sump and the piping and passages of the cooling system. Such slime serves
      to deteriorate the tower structure in the case of wooden towers. In
      addition, the deposition of slime on metal surfaces promotes corrosion.
      Furthermore, slime carried through the cooling system plugs and fouls
      lines, valves, strainers, etc. and deposits on heat exchange surfaces. In
      the latter case, the impedance of heat transfer can greatly reduce the
      efficiency of the cooling system.
PAR  In pulp and paper mill systems, slime formed by microorganisms is also
      frequently and, in fact, commonly encountered. Fouling or plugging by
      slime also occurs in the case of pulp and paper mill systems. Of greater
      significance, the slime becomes entrained in the paper produced to cause
      breakouts on the paper machines with consequent work stoppages and the
      loss of production time or unsightly blemishes in the final product which
      result in rejects and wasted output. The previously discussed problems
      have resulted in the extensive utilization of biocides in cooling water
      and pulp and paper mill systems. Materials which have enjoyed widespread
      use in such applications include chlorine, organo-mercurials, chlorinated
      phenols, organo-bromines, and various organo-sulfur compounds. All of
      these compounds are generally useful for this purpose but each is attended
      by a variety of impediments. For example, chlorination is limited both by
      its specific toxicity for slime-forming organisms at economic levels and
      by the ability of chlorine to react which results in the expenditure of
      the chlorine before its full biocidal function may be achieved. Other
      biocides are attended by odor problems and hazards in respect to storage,
      use or handling which limit their utility. To date, no one compound or
      type of compound has achieved a clearly established predominance in
      respect to the applications discussed. Likewise, lagoons, ponds, lakes,
      and even pools, either used for pleasure purposes or used for industrial
      purposes for the disposal and storage of industrial wastes, become, during
      the warm weather, beseiged by slime due to microorganism growth and
      reproduction. In the case of the recreational areas, the problem of
      infection, etc. is obvious. In the case of industrial storage or disposal
      of industrial materials, the microorganisms cause additional problems
      which must be eliminated prior to the materials use or the waste is
      treated for disposal.
PAR  Naturally, economy is a major consideration in respect to all of these
      biocides. Such economic considerations attach to both the cost of the
      biocide and the expense of its application. The cost performance index of
      any biocide is derived from the basic cost of the material, its
      effectiveness per unit of weight, the duration of its biocidal or
      biostatic effect in the system treated, and the ease and frequency of its
      addition to the system treated. To date, none of the commercially
      available biocides have exhibited a prolonged biocidal effect. Instead,
      their effectiveness is rapidly reduced as the result of exposure to
      physical conditions such as temperature, association with ingredients
      contained by the system toward which they exhibit an affinity or
      substantivity, etc., with a resultant restriction or elimination of their
      biocidal effectiveness.
PAR  As a consequence, the use of such biocides involves their continuous or
      frequent addition to systems to be treated and their addition to a
      plurality of points or zones in the systems to be treated. Accordingly,
      the cost of the biocide and the labor cost of such means of applying it
      are considerable. In other instances, the difficulty of access to the zone
      in which slime formation is experienced precludes the effective use of a
      biocide. For example, in a particular system there is no access to an area
      at which slime formation occurs and it may only be applied at a point
      which is upstream in the flow system. However, the physical or chemical
      conditions, e.g., chemical reactivity, thermal degradation, etc. which
      exist between the point at which the biocide may be added to the system
      and the point at which its biocidal effect is desired render the effective
      use of a biocide impossible.
PAR  Similarly, in a system experiencing relatively slow flow, such as a paper
      mill, if a biocide is added at the beginning of the system, its biocidal
      effect may be completely dissipated before it has reached all of the
      points at which this effect is desired or required. As a consequence, the
      biocide must be added at a plurality of points, and even then a graduated
      biocidal effect will be experienced between one point of addition to the
      system and the next point downstream at which the biocides may be added.
      In addition to the increased cost of utilizing and maintaining plural feed
      points, gross ineconomies in respect to the cost of the biocide are
      experienced. Specifically, at each point of addition, an excess of the
      biocide is added to the system in order to compensate for that portion of
      the biocide which will be expended in reacting with other constituents
      present in the system or experience physical changes which impair its
      biocidal activity.
PAR  It is an object of the present invention to provide methods and
      compositions for controlling slime-forming microorganisms in aqueous
      systems such as cooling water systems and pulp and paper mill systems, and
      for controlling slime formation or microorganism populations in aqueous
      bodies in general. Moreover, another object of the invention is the
      provision of methods and compositions for controlling slime-forming
      microorganisms in any aqueous system which is conducive to the growth and
      reproduction of microorganisms and, in particular, cooling water and paper
      and pulp mill systems which employ a combination of 1,3-dichloroacetone
      oxime acetate and n-alkyl (C.sub.12 40% C.sub.14 50%, C.sub.16 10%)
      dimethyl benzyl ammonium chloride.
PAR  In practice of the invention, the combination is added to the particular
      system being treated; for example, cooling water systems, paper and pulp
      mill systems, pools, ponds, lagoons, lakes, etc. in a quantity adequate to
      control the slime-forming microorganisms which are contained by, or which
      may become entrained in, the system which is treated. It has been found
      that such compositions and methods control the growth and occurrence of
      such microorganisms as may populate these particular systems.
PAR  1,3-dichloroacetone oxime acetate, as disclosed in U.S. Pat. No. 3,733,419,
      is available commercially as Stauffer R-22938 and n-alkyl (C.sub.12 40%,
      C.sub.14 50%, C.sub.16 10%) dimethyl benzyl ammonium chloride is available
      as Hyamine 3500 or Onyx BTC 8358.
PAR  As earlier stated, the inventive compositions are comprised of the latter
      compounds, either compound being present in such a quantity as to impart a
      synergistic behavior to the compositions as a whole, the weight ratio of
      the Stauffer R-22938 to the Hyamine 3500 or Onyx BTC 8358 ranging from
      about 95:5 to about 5:95. When these two ingredients are mixed, the
      resulting mixtures possess a high degree of slimicidal activity of the
      individual ingredients comprising the mixture. Accordingly, it is
      therefore possible to produce a more effective slime-control agent than
      has previously been available. Because of the enhanced activity of the
      mixture, the total quantity of the biocide required for an effective
      treatment may be reduced. In addition, biocide required for an effective
      treatment may be reduced. In addition, the high degree of biocidal
      effectiveness which is provided by each of the ingredients may be
      exploited without use of the higher concentrations of each.
PAR  To demonstrate the synergism which is provided by the inventive
      combinations of compounds, the data as set forth in the Table below was
      developed.
DETD
PAC  EXAMPLE 1
PAR  Synergism was demonstrated by adding Compound A and Compound B in varying
      ratios and over a range of concentrations to liquid nutrient agar medium
      (Tryptone Glucose Extract Agar) at approximately 50.degree.C. After the
      medium had solidified in Petri plates, it was inoculated with a bacterial
      suspension. Following two days' incubation, the lowest concentration of
      each ratio which prevented growth on the agar medium was taken as the end
      point. End points for the various mixtures were then compared with end
      points for the pure active ingredients working alone in concomitantly
      prepared agar medium plates. Synergism was determined by the method
      described by F. C. Kull, P. C. Eisman, H. D. Sylwestrowicz and R. L.
      Mayer, APPLIED MICROBIOLOGY, 9, 538-41, (1946), and the relationships,
      ##EQU1##
      where, .sup.Q a = Quantity of Compound A, acting alone, producing an end
      point
PA1  .sup.Q b = Quantity of Compound B, acting alone, producing an end point
PA1  .sup.Q A = Quantity of Compound A, in the mixture, producing an end point
PA1  .sup.Q B = Quantity of Compound B, in the mixture, producing an end point
PAR  For mixtures of Compounds A and B, and for Compound A and B acting alone,
      the following results were observed.
PAR  Summary of synergistic activity of varying percentages of Compound A and
      Compound B:
PAC  SYNERGISTIC COMBINATION
PA1  Compound A: 1,3 - dichloroacetone oxime acetate (Stauffer R-22938)
PA1  Compound B: n-alkyl (C.sub.12 40%, C.sub.14 50%, C.sub.16 10%) dimethyl
      benzyl ammonium chloride Hyamine 3500 or Onyx BTC 8358.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     TEST ORGANISM                                                             

     AEROBACTER AEROGENES                                                      

     Weight ratio                                                              

            Quantities Producing End Points (ppm)                              

                                 Q.sub.A                                       

                                     Q.sub.B                                   

                                        Q.sub.A                                

                                            Q.sub.B                            

                                         +                                     

     of A to B                                                                 

             Q.sub.A                                                           

                   Q.sub.B                                                     

                        Mixture  Q.sub.a                                       

                                     Q.sub.b                                   

                                        Q.sub.a                                

                                            Q.sub.b                            

     __________________________________________________________________________

     100/0  14    --    14.0     -- -- --                                      

     95/5   9.5   0.5   10.0     .68                                           

                                    .12                                        

                                       0.80                                    

     50/50  2.0   2.0   4.0      .14                                           

                                    .5 0.64                                    

     5/95   0.2   3.8   4.0      .01                                           

                                    .95                                        

                                       0.96                                    

     0/100  --    4.0   4.0      -- -- --                                      

     __________________________________________________________________________

PAR  The mode of establishing the synergistic behavior of the compositions of
      the present invention is a widely used and an industrially acceptable
      procedure. Although it is believed that the above is sufficient in
      explaining the procedure, for a further description thereof reference can
      be made to U.S. Pat. No. 3,231,509 and its file history where data of this
      nature was considered to be acceptable. Moreover, the article by Kull et
      al published in APPLIED MICROBIOLOGY, 9, 538-541, will furnish additional
      information in this regard.
PAR  For the testing to ascertain synergistic behavior, Aerobacter aerogenes was
      favored since this microorganism is found to exist and found to be most
      troublesome in pulp and paper producing processes, as well as in cooling
      towers. Moreover this microorganism is difficult to control and/or kill
      and accordingly its existence does give rise to troublesome slime. In view
      of the foregoing, it can then be appreciated that since Aerobacter
      aerogenes is prevalent in most slime-affected systems and since this
      microorganism is difficult to control or kill, that once control of this
      microorganism is maintained, then for all practical purposes the total
      microorganism population with its different types is considered
      controlled.
PAR  When the inventive compositions are employed in the treatment of cooling or
      paper mill water, they are preferably utilized in the form of relatively
      dilute solutions or dispersions. For example, a preferred solution
      comprises between 5 to 65 percent by weight of the synergistic combination
      in admixture with various solvents and solubilizing agents.
PAR  Surfactants such as the alkylaryl polyether alcohols, polyether alcohols,
      alkyl benzene sulfonates and sulfates, and the like, may also be employed
      to enhance the dispersibility and stability of these formulations. The
      foregoing solutions of the biocidal compositions are utilized in order to
      insure the rapid and uniform dispersibility of the biocides within the
      industrial water which is treated. It has been found that either aqueous
      or non-aqueous solvents are generally suitable in the preparation of
      compositions of the invention. For example, organic solvents such as
      methyl cellosolve and aliphatic and aromatic hydrocarbons, e.g., kerosene,
      can be used quite successfully. Based upon the synergism study as outlined
      above, it was ascertained that in the treatment of paper mill and cooling
      water, effective biocidal action is obtained when the concentration or
      treatment level of the combination or admixture of biocides is between 0.5
      parts per million to 1000 parts per million, and preferably between 1 and
      100 parts per million, based upon the total content of the system treated,
      such as the total quantity of cooling water or paper mill water.
PAR  The compositions may also be utilized for the preservation of slurries and
      emulsion containing carbohydrates, proteins, fats, oils, etc. Dosage
      levels for this purpose range in the vicinity of 0.01 to 5 percent.
PAR  The compositions of the invention which can be prepared by merely combining
      the respective ingredients and mixing thoroughly at standard conditions
      may be fed continuously to the treated system, e.g., by means of a metered
      pump, or may be fed periodically at intervals calculated to control the
      growth of slime-forming organisms in the system. Naturally, in the
      treatment of cooling water the feeding of the inventive compositions must
      be designed to compensate for blow-down in those systems which employ that
      expedient.
PAR  As would be expected, the inventive composition may be added to the cooling
      water or paper and pulp mill systems at any convenient point. Naturally,
      in once-through or non-circulating systems, the composition must be added
      upstream from the point or points at which microorganism control is
      desired. In circulating systems or pulp and paper systems, the
      compositions may be added at any point provided that the time lapse and
      the conditions experienced between point of addition and the point at
      which the effect of the composition is experienced are not so drastic as
      to result in the neutralization of the effect of the composition.
PAC  Slime Control Effectiveness
PAR  The inventive methods and materials were tested with respect to their
      performance in the control of slime formation in industrial systems. In
      this test an industrial recirculating water was obtained from a system
      which was currently experiencing problems in respect to the formation of
      slime by microorganisms. Such tests do not demonstrate the efficiency of
      the biocide employed with respect to specific species of microorganisms,
      but instead supply a practical demonstration of the efficacy of the
      biocide tested in relation to those communities of microorganisms which
      have evidenced their ability to form slime in actual industrial systems.
PAR  In testing of recirculating water samples, a substrate evaluation was
      employed. In such testing, identical portions of water samples are treated
      with varying concentrations of biocide and two portions are left untreated
      to serve as controls. The control portions are plated for total count at
      the beginning of biocide treatment and all portions are plated for total
      count at some suitable time period(s) after beginning biocide treatment.
      Using the counts obtained from the platings, the percentage kill (based on
      the initial control count) may be calculated. In the following example,
      the water sample was taken from a cooling tower located in north-eastern
      Pennsylvania.
PAR  For the purpose of comparison, a composition of this invention was
      evaluated with two recognized commercial biocides.
TBL                                    TABLE II                                

     __________________________________________________________________________

                        Quantity of                                            

                                Percent Kill                                   

     Biocidal Material  Biocide (ppm)                                          

                                After 3 Hours                                  

     __________________________________________________________________________

     Stauffer R-22938 (5%)                                                     

                        5       99+                                            

                        10      99+                                            

     Hyamine 3500 or Onyx BTC 8358 (5%)                                        

                        25      99+                                            

                        50      99+                                            

     Inert (90%)        100     99+                                            

     Pentachlorophenol (10% Active)                                            

                        5       +4                                             

                        10      42                                             

                        25      59                                             

                        50      74                                             

                        100     86                                             

     Sodium dimethyldithiocarbamate                                            

                        5       0                                              

      (10% Active)      10      22                                             

                        25      31                                             

                        50      24                                             

                        100     31                                             

     __________________________________________________________________________

PAC  Efficacy Relative to Fungi
PAR  In order to ascertain whether in fact the inventive compositions were
      effective in controlling fungi, evaluations were made following the
      procedure described by Shema et al., "JOURNAL FOR THE TECHNICAL
      ASSOCIATION OF THE PULP AND PAPER INDUSTRY", 36, 20A-30A, 1953. The
      described procedure generally entails incorporating the biocide under test
      in a nutrient substrate such as agar, malt, etc. and pouring the resulting
      medium in a Petri dish and allowing the medium to solidify. A button of
      fungus inoculum is placed on the surface of the solidified medium and the
      medium is incubated for a period of 14 days. After the period, the
      diameter of the colony is measured and compared with the diameter of the
      button of inoculum originally placed upon the surface. If there is no
      increase in the diameter, the growth of the fungus is considered to be
      completely inhibited and the treatment level which effectuates this is
      considered the inhibitory concentration.
PAR  The fungi species utilized as the test microorganism to evaluate the
      efficacy of the present compositions were Penicillium expansum and
      Aspergillus niger. The study revealed that the above 10 percent active
      composition of this invention inhibited the growth of Penicillium expansum
      at a treatment level of 400 ppm and 600 ppm completely inhibited the
      growth of Aspergillus niger.
PAC  Bactericidal Effectiveness
PAR  The bactericidal effectiveness of a 1/1 mixture of the two components of
      this invention (10% Active) is demonstrated by the following data in which
      the inhibiting power is shown in comparison with a commercial biocide.
      Aerobacter aerogenes was employed as the test organism and a substrate
      technique was utilized. Specifically, the biocidal mixture was added in
      gradually increasing quantities to nutrient agar media which was then
      innoculated with Aerobacter aerogenes. The preparation was then incubated
      for 48 hours. The below values indicate the quantity of biocide required
      to achieve complete inhibition of the growth of the test organism. The
      biocide RX-38 is available commercially from Betz Laboratories, Inc. and
      contains as active ingredients about 5% methylene bisthiocyanate and about
      17% hexachloro dimethyl sulfone by weight.
TBL  ______________________________________                                    

                             Inhibition                                        

     Biocide Materials       quantity (ppm)                                    

     ______________________________________                                    

     1.   Stauffer R-22938 (5%)  150                                           

          Hyamine 3500 or Onyx BTC 8358 (5%)                                   

          Inert (90%)                                                          

     2.   Betz Slime-Trol RX-38 (100%)                                         

                                  20                                           

     ______________________________________                                    

PAR  Accordingly, since the waters of pulp and paper mills and the water of
      cooling water systems generally predominately contain bacteria such as
      Aerobacter aerogenes and some fungi such as Penicillium expansum and
      Aspergillus niger, it is apparent from the foregoing evaluations and
      studies that the inventive composition will effectuate the claimed
      objective of controlling microorganisms of aqueous systems.
PAR  It should be noted that while the preponderance of evidence has been
      derived from the treatment of samples taken from paper and pulp mill
      aqueous systems, the compositions and methods of the present invention are
      broadly applicable to the treatment of aesthetic waters as well as
      industrial waters such as cooling waters which are plagued by deposits
      formed by slime-forming organisms, or by the very presence of such
      organisms.
CLMS
STM  Having thus described the invention, what is claimed is:
NUM  1.
PAR  1. A composition for the control of the microorganism AEROBACTER AEROGENES
      in aqueous systems comprising a mixture of 1,3-dichloroacetone oxime
      acetate, and n-alkyl (C.sub.12 40%, C.sub.14 50%, C.sub.16 10%) dimethyl
      benzyl ammonium chloride wherein the weight ratio of the acetate to the
      chloride ranges from about 95:5 to about 5:95 respectively.
NUM  2.
PAR  2. The composition of claim 1 where said ratio is about 50:50.
NUM  3.
PAR  3. A method for controlling the growth of the microorganism Aerobacter
      aerogenes in an aqueous system which comprises adding to said system a
      growth inhibiting amount of a composition comprised of a mixture of 1,3 -
      dichloroacetone oxime acetate and n-alkyl (C.sub.12 40%, C.sub.14 50%,
      C.sub.16 10%) dimethyl benzyl ammonium chloride wherein the weight ratio
      of the acetate to the chloride ranges from about 95:5 to about 5:95
      respectively.
NUM  4.
PAR  4. The method of claim 3 where said ratio is about 50:50.
NUM  5.
PAR  5. The method of claim 3 wherein said composition is added to said system
      in an amount of from 0.1 to about 1000 parts per weight of said
      composition per million parts by weight of said aqueous system.
NUM  6.
PAR  6. The method of claim 5 where said composition amount is from about 1 to
      about 100 parts per million of said aqueous system.
NUM  7.
PAR  7. The method of claim 5 wherein the aqueous system is that of a cooling
      water system.
NUM  8.
PAR  8. The method of claim 5 wherein the aqueous system is that of a pulp and
      paper mill system.
PATN
WKU  039340260
SRC  5
APN  5211174
APT  1
ART  125
APD  19741105
TTL  Combating nematodes with alkanesulfonic acid 2-bromoethyl esters
ISD  19760120
NCL  7
ECL  1
EXP  Schenkman; Leonard
INVT
NAM  Buchel; Karl Heinz
CTY  Wuppertal
CNT  DT
INVT
NAM  Homeyer; Bernhard
CTY  Opladen
CNT  DT
ASSG
NAM  Bayer Aktiengesellschaft
CTY  Leverkusen
CNT  DT
COD  03
PRIR
CNT  DT
APD  19731121
APN  2358017
CLAS
OCL  424303
XCL  424303
EDF  2
ICL  A01N  914
FSC  424
FSS  303
FREF
PNO  2,141,586
ISD  19720300
CNT  DT
OREF
PAL  Chemical Abstracts 72:13290c (1970).
PAL  J. of Economic Entomology, Labrecque et al. Vol. 63, No. 5, pp. 1716-1717.
LREP
FRM  Burgess, Dinklage & Sprung
ABST
PAL  Nematodes are combated by applying to them or their habitat an
      alkanesulfonic acid 2-bromoethyl ester of the formula
EQU  R--SO.sub.2 --O--CH.sub.2 --CH.sub.2 --Br
PAL  In which
PA1  R is a straight or branched alkyl radical with 1 to 5 carbon atoms.
BSUM
PAR  The present invention relates to and has for its objects the combating of
      nematodes with alkanesulfonic acid 2-bromoethyl esters, with other and
      further objects becoming apparent from a study of the within specification
      and accompanying examples.
PAR  Alkanesulfonic acid 2-bromoethyl esters and their use as larvicides are
      known from U.S. Dept. Agr. Res. Serv. 33-87 (1963) 8 pp. Their use as an
      antidote in herbicidal agents is also known from German Published
      Specification DOS 2,141,586.
PAR  It has already been disclosed in German Published Specification DAS
      1,243,677, in Z. Obsc. Khim. 33 (1963) No. 1, pages 35 - 38 and in French
      Pat. No. 1,534,046 that certain alkanesulfonic acid esters, especially
      methane-sulfonic (Compound A) and ethanesulfonic acid 2-chloroethyl ester
      (Compound B), exhibit pesticidal, for example, acaricidal, insecticidal
      and/or fungicidal, properties. The action of these compounds as
      nematocides is, however, not satisfactory, especially if low amounts are
      used.
PAR  The present invention provides a method of combating nematodes which
      comprises applying to the nematodes or a habitat thereof an alkanesulfonic
      acid 2-bromoethyl ester of the general formula
EQU  R--SO.sub.2 --O--CH.sub.2 --CH.sub.2 --Br
PAL  In which
PA1  R is a straight or branched alkyl radical with 1 to 5 carbon atoms,
PAL  Alone or in admixture with a diluent or carrier.
PAR  Surprisingly, the alkanesulfonic acid 2-bromoethyl esters used according to
      the invention exhibit a substantially higher nematocidal action than the
      alkanesulfonic acid esters previously known, which are chemically the
      nearest active compounds of similar type of action. It should be
      emphasized that the alkanesulfonic acid 2-bromoethyl esters used according
      to the invention exhibit an excellent nematocidal action even if low
      amounts are used. The new use of these alkanesulfonic acid 2-bromoethyl
      esters thus represents an enrichment of the art.
PAR  In the general formula (I) R is preferably methyl, ethyl, n-propyl,
      iso-propyl or n-pentyl. The following may therefore be mentioned as
      examples of the active compounds used according to the invention:
PAR  METHANESULFONIC ACID 2-BROMOETHYL ESTER, ETHANESULFONIC ACID 2-BROMOETHYL
      ESTER, N-PROPANE-SULFONIC ACID 2-BROMOETHYL ESTER, ISO-PROPANESULFONIC
      ACID 2-BROMOETHYL ESTER, AND N-PENTANESULFONIC ACID 2-BROMOETHYL ESTER.
PAR  The alkanesulfonic acid 2-bromoethyl esters are prepared, for example, by
      reacting 2-bromoethanol with alkanesulfochlorides in the presence of a
      diluent, such as diethyl ether, and optionally of an acid acceptor, such
      as triethylamine, at a temperature of 0.degree. to 5.degree.C. The
      reaction products may be isolated by pouring the solution or suspension
      into water after completion of the reaction, separating off the organic
      phase and filtering and concentrating it after drying.
PAR  The active compounds according to the invention couple low toxicity to
      warm-blooded animals with strong nematocidal properties and can therefore
      be used for combating nematodes, especially phytopathogenic nematodes.
      These essentially include leaf nematodes (Aphelenchoides), such as the
      chrysanthemum eelworm (A. ritzemabosi), the leaf-blotch eelworm (A.
      fragariae), and the rice eelworm (A. oryzae); stem nematodes
      (Ditylenchus), such as the stem eelworm (D. Dipsaci); root-knot nematodes
      (Meloidogyne), such as M.arenaria and M.incognita; cyst-forming nematodes
      (Heterodera), such as the potato cyst eelworm (H. rostochiensis) and the
      beet cyst eelworm (H. schachtii); and non-parasitic root nematodes, for
      example of the genera Pratylenchus, Paratylenchus, Rotylenchus, Xiphinema
      and Radopholus.
PAR  The active compounds according to the instant invention can be utilized, if
      desired, in the form of the usual formulations or compositions with
      conventional inert (i.e., plant compatible or herbicidally inert)
      pesticide diluents or extenders, i.e., diluents, carriers or extenders of
      the type usable in conventional pesticide formulations or compositions,
      e.g., conventional pesticide dispersible carrier vehicles such as gases,
      solutions, emulsions, suspensions, emulsifiable concentrates, spray
      powders, pastes, soluble powders, dusting agents, granules, etc. These are
      prepared in known manner, for instance by extending the active compounds
      with conventional pesticide dispersible liquid diluent carriers and/or
      dispersible solid carriers optionally with the use of carrier vehicle
      assistants, e.g., conventional pesticide surface-active agents, including
      emulsifying agents and/or dispersing agents, whereby, for example, in the
      case where water is used as diluent, organic solvents may be added as
      auxiliary solvents. The following may be chiefly considered for use as
      conventional carrier vehicles for this purpose: aerosol propellants which
      are gaseous at normal temperatures and pressures, such as freon; inert
      dispersible liquid diluent carriers, including inert organic solvents,
      such as aromatic hydrocarbons (e.g. benzene, toluene, xylene, alkyl
      naphthalenes, etc.), halogenated, especially chlorinated, aromatic
      hydrocarbons (e.g. chlorobenzenes, etc.), cycloalkanes (e.g. cyclohexane,
      etc.), paraffins (e.g. petroleum or mineral oil fractions), chlorinated
      aliphatic hydrocarbons (e.g. methylene chloride, chloroethylenes, etc.),
      alcohols (e.g. methanol, ethanol, propanol, butanol, glycol, etc.) as well
      as ethers and esters thereof (e.g. glycol monomethyl ether, etc.), amines
      (e.g. ethanolamine, etc.), amides (e.g. dimethyl formamide, etc.),
      sulfoxides (e.g. dimethyl sulfoxide, etc.), acetonitrile, ketones (e.g.
      acetone, methyl ethyl ketone methyl isobutyl ketone, cyclohexanone, etc.),
      and/or water; as well as inert dispersible finely divided solid carriers,
      such as ground natural minerals (e.g. kaolins, clays, alumina, silica,
      chalk, i.e. calcium carbonate, talc, attapulgite, montmorillonite,
      kieselguhr, etc.) and ground synthetic minerals (e.g. highly dispersed
      silicic acid, silicates, e.g. alkali silicates, etc.); whereas the
      following may be chiefly considered for use as conventional carrier
      vehicle assistants, e.g. surface-active agents, for this purpose:
      emulsifying agents, such as non-ionic and/or anionic emulsifying agents
      (e.g. polyethylene oxide esters of fatty acids, polyethylene oxide ethers
      of fatty alcohols, alkyl sulfates, alkyl sulfonates, aryl sulfonates,
      albumin hydrolyzates, etc., and especially alkyl arylpolyglycol ethers,
      magnesium stearate, sodium oleate, etc.); and/or dispersing agents, such
      as lignin, sulfite waste liquors, methyl cellulose, etc.
PAR  Such active compounds may be employed alone or in the form of mixtures with
      one another and/or with such solid and/or liquid dispersible carrier
      vehicles and/or with other known compatible active agents, especially
      plant protection agents, such as other nematocides, or insecticides,
      acaricides, fungicides, bactericides, rodenticides, herbicides,
      fertilizers, growth-regulating agents, etc., if desired, or in the form of
      particular dosage preparations for specific application made therefrom,
      such as solutions, emulsions, suspensions, powders, pastes, and granules
      which are thus ready for use.
PAR  As concerns commercially marketed preparations, these generally contemplate
      carrier composition mixtures in which the active compound is present in an
      amount substantially between about 0.1-95% by weight, and preferably
      0.5-90% by weight, of the mixture, whereas carrier composition mixtures
      suitable for direct application or field application generally contemplate
      those in which the active compound is present in an amount substantially
      between about 0.0001-10%, preferably 0.01-1%, by weight of the mixture.
      Thus, the present invention contemplates over-all compositions which
      comprise mixtures of a conventional dispersible carrier vehicle such as
      (1) a dispersible inert finely divided carrier solid, and/or (2) a
      dispersible carrier liquid such as an inert organic solvent and/or water
      preferably including a surface-active effective amount of a carrier
      vehicle assistant, e.g., a surface-active agent, such as an emulsifying
      agent and/or a dispersing agent, and an amount of the active compound
      which is effective for the purpose in question and which is generally
      between about 0.0001-95%, and preferably 0.01-95%, by weight of the
      mixture.
PAR  The active compounds can also be used in accordance with the well known
      ultra-low-volume process with good success, i.e. by applying such compound
      if normally a liquid, or by applying a liquid composition containing the
      same, via very effective atomizing equipment, in finely divided form,
      e.g., average particle diameter of from 50-100 microns, or even less, i.e.
      mist form, for example by airplane crop spraying techniques. Only up to at
      most about a few liters/hectare are needed, and often amounts only up to
      about 15 to 1000 g/hectare, preferably 40 to 600 g/hectare, are
      sufficient. In this process it is possible to use highly concentrated
      liquid compositions with said liquid carrier vehicles containing from
      about 20 to about 95% by weight of the active compound or even the 100%
      active substance alone, e.g. about 20-100% by weight of the active
      compound.
PAR  When used against nematodes, the preparations are generally applied to an
      area of agriculture in amounts of 1 to 100 kg of active compound per
      hectare, and are then incorporated into the soil.
PAR  Furthermore, the present invention contemplates methods of selectively
      killing, combating or controlling nematodes, which comprises applying to
      at least one of correspondingly (a) such nematodes, and (b) the
      corresponding habitat thereof, i.e. the locus to be protected, e.g. to a
      growing crop or to an area where a crop is to be grown, a correspondingly
      combative or toxic amount, i.e. a nematocidally effective amount, of the
      particular active compound of the invention alone or together with a
      carrier vehicle as noted above. The instant formulations or compositions
      are applied in the usual manner, for instance by spraying, atomizing,
      vaporizing, scattering, dusting, watering, squirting, sprinkling, pouring,
      fumigating, and the like.
PAR  It will be realized, of course, that the concentration of the particular
      active compound utilized in admixture with the carrier vehicle will depend
      upon the intended application. Therefore, in special cases it is possible
      to go above or below the aforementioned concentration ranges.
PAR  The unexpected superiority and outstanding activity of the particular new
      compounds of the present invention are illustrated, without limitation, by
      the following examples:
DETD
PAC  EXAMPLE 1
PAC  1. CH.sub.3 --SO.sub.2 --O--CH.sub.2 --CH.sub.2 --Br
PAR  106 g (1.05 moles) of triethylamine were added dropwise to a solution of
      125 g (1 mole) of 2-bromoethanol and 114.5 g (1 mole) of
      methanesulfochloride in 1 liter of absolute ether while stirring at
      0.degree.C, and to complete the reaction the mixture was then stirred for
      a further 2 hours at room temperature. The resulting suspension was poured
      into approximately 500 ml of water and the organic phase was separated off
      and again extracted by shaking with approximately 300 ml of water. After
      again separating off the ether phase, the latter was dried over sodium
      sulfate, filtered and concentrated. 163 g (80% of theory) of
      methanesulfonic acid 2-bromoethyl ester were obtained in the form of an
      oil of boiling point 95.degree.C/0.4 mm Hg.
PAR  The following compounds were obtained analogously
TBL  C.sub.2 H.sub.5 --SO.sub.2 --O--CH.sub.2 --CH.sub.2 --Br                  

                            boiling point/                                     

                            0.2 mm 92.degree.C                                 

     n--C.sub.3 H.sub.7 --SO.sub.2 'O--CH.sub.2 --CH.sub.2 --Br                

                            boiling point/                                     

                            0.1 mm 83 - 86.degree.C                            

     HC(CH.sub.3).sub.2 --SO.sub.2 --O--CH.sub.2 --CH.sub.2 --Br               

                            boiling point/                                     

                            0.1 mm 88 - 92.degree.C                            

     n--C.sub.4 H.sub.9 --SO.sub.2 --O--CH.sub.2 --CH.sub.2 --Br               

                            boiling point/                                     

                            0.1 mm 90 - 95.degree. C                           

     n--C.sub.5 H.sub.11 SO.sub.2 --O--CH.sub.2 --CH.sub.2 --Br                

                            boiling point/                                     

                            0.1 mm 105 - 107.degree.C                          

PAC  EXAMPLE 2
PAC  Critical concentration test
PAR  Test nematode: Meloidogyne incognita
PAR  Solvent: 3 parts by weight of acetone
PAR  Emulsifier: 1 part by weight of alkylaryl polyglycol ether
PAR  To produce a suitable preparation of active compound, 1 part by weight of
      active compound was mixed with the stated amount of solvent, the stated
      amount of emulsifier was added and the concentrate was diluted with water
      to the desired concentration.
PAR  The preparation of active compound was intimately mixed with soil which was
      heavily infested with the test nematodes. The concentration of the active
      compound in the preparation was of practically no importance; only the
      amount of active compound per unit volume of soil, which is given in ppm
      in the table, was decisive. The soil was filled into pots, lettuce was
      sown in and the pots were kept at a greenhouse temperature of 27.degree.C.
      After 4 weeks, the lettuce roots were examined for infestation with
      nematodes, and the degree of effectiveness of the active compound was
      determined as a percentage. The degree of effectiveness was 100% when
      infestation was completely avoided; it was 0% when the infestation was
      exactly the same as in the case of the control plants in untreated soil
      which had been infested in the same manner.
PAR  The active compound, the amounts applied and the results can be seen from
      the following table:
TBL                Table                                                       

     ______________________________________                                    

     Nematocides/Meloidogyne incognita                                         

     Active compound    Degree of destruction in                               

     (structure)        % at active compound con-                              

                        centration of                                          

                      20 ppm      10 ppm                                       

     ______________________________________                                    

     CH.sub.3 --SO.sub.2 --O--CH.sub.2 --CH.sub.2 Cl                           

                         0                                                     

     (known)    .sup.(A)                                                       

     C.sub.2 H.sub.5 --SO.sub.2 --O--CH.sub.2 CH.sub.2 Cl                      

                         90            0                                       

     (known)    .sup.(B)                                                       

     CH.sub.3 SO.sub.2 --OCH.sub.2 CH.sub.2 Br                                 

                        100           100                                      

     C.sub.2 H.sub.5 SO.sub.2 --OCH.sub.2 CH.sub.2 Br                          

                        100           100                                      

     n--C.sub.3 H.sub.7 SO.sub.2 --OCH.sub.2 CH.sub.2 Br                       

                        100           100                                      

     --C.sub.4 H.sub.9 SO.sub.2 --OCH.sub.2 CH.sub.2 Br                        

                        100           100                                      

     n--C.sub.5 H.sub.11 SO.sub.2 --OCH.sub.2 CH.sub.2 Br                      

                        100           100                                      

     ______________________________________                                    

PAR  It will be appreciated that the instant specification and examples are set
      forth by way of illustration and not limitation, and that various
      modifications and changes may be made without departing from the spirit
      and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of combating nematodes which comprises applying to the
      nematodes a nematocidally effective amount of an alkane-sulfonic acid
      2-bromoethyl ester of the formula
EQU  R--SO.sub.2 --O--CH.sub.2 --CH.sub.2 --Br
PAL  in which
PA1  R is an alkyl radical with 1 to 5 carbon atoms.
NUM  2.
PAR  2. A method according to claim 1 in which R is methyl.
NUM  3.
PAR  3. A method according to claim 1 in which R is ethyl.
NUM  4.
PAR  4. A method according to claim 1 in which R is n-propyl.
NUM  5.
PAR  5. A method according to claim 1 in which R is isopropyl.
NUM  6.
PAR  6. A method according to claim 1 in which R is n-butyl.
NUM  7.
PAR  7. A method according to claim 1 in which R is n-pentyl.
PATN
WKU  039340279
SRC  5
APN  4820568
APT  1
ART  125
APD  19740624
TTL  18.beta.-Glycyrrhetinic acid amides useful as antiulcer agents
ISD  19760120
NCL  6
ECL  1
EXP  Waddell; Frederick E.
INVT
NAM  Hess; Hans-Jurgen E.
CTY  Old Lyme
STA  CT
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NAM  Nelson; Roger P.
CTY  Waterford
STA  CT
ASSG
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COD  74
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APD  19730503
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PNO  3859328
RLAP
COD  84
APN  195475
APD  19711103
PSC  01
PNO  3766206
ISD  19731016
CLAS
OCL  424309
XCL  424273
XCL  424274
XCL  424311
XCL  424313
XCL  424319
EDF  2
ICL  A61K 31235
FSC  356
FSS  774
FSC  424
FSS  311;309;313;319
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NAM  Turner et al.
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PNO  3523942
ISD  19700800
NAM  Holden
OCL  260268
LREP
FR2  Murphy; Francis X.
FR2  Knuth; Charles J.
FR2  Frost; Albert E.
ABST
PAL  Amide derivatives of 18.beta.-glycyrrhetinic acid and its 3-alkanoyl
      derivatives useful as antiulcer agents wherein the amide is derived from
      an amino acid.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a divisional application of copending application Ser.
      No. 356,774, filed May 3, 1973 and now U.S. Pat. No. 3,859,328,  which in
      turn is a divisional application of application Ser. No. 195,475, filed
      Nov. 3, 1971, now U.S. Pat. No. 3,766,206, issued Oct. 16, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to novel derivatives of glycyrrhetinic acid and to
      their use as antiulcer agents. More specifically, it relates to amide
      derivatives of 18.beta.-glycyrrhetinic acid and its 3-alkanoyl derivatives
      which are useful antiulcer agents wherein the amide is derived from an
      amino acid.
PAR  Chronic gastric and duodenal ulcers, collectively known as peptic ulcers,
      are a common affliction for which a variety of treatments have been
      developed. The treatment depends upon the severity of the ulcer and may
      range from dietary and medical (drug) treatment to surgery. A wide variety
      of drugs have been used to treat ulcers, the most recent of which to gain
      widespread attention is carbenoxolone sodium, the disodium salt of the
      hemissuccinate of glycyrrhetinic acid. It is reported to prevent formation
      of and to accelerate healing of gastric ulcers in animals, including
      humans, ("Carbenoxolone Sodium: A Symposium," J. M. Robson and F. M.
      Sullivan, Eds., Butterworths, London, 1968). However, its use is
      accompanied by undesirable aldosterone-like side effects, such as marked
      antidiuretic and sodium-retaining activity and, oftentimes, potassium
      loss, such that continued therapy with this agent often leads to
      hypertension, muscle weakness and, ultimately, congestive heart failure.
PAR  Carbenoxolone sodium is almost wholly absorbed in the stomach and is not
      effective against duodenal ulcers except when administered as a specially
      formulated capsule which enables its transport to the desired site.
PAR  A more effective treatment of peptic ulcers is, therefore, desirable. One
      which will effectively act upon ulcers in the duodenum, as well as upon
      gastric ulcers, without the need of special formulation and minimizes the
      aldosterone-like side effects of carbenoxolone is especially desirable.
PAR  Glycyrrhetinic acid, esters, 3-acyloxy derivatives, salts and amides
      thereof are known to exhibit pharmaceutical properties. British Pat. No.
      628,443 (Aug. 14, 1963) reports glycyrrhetinic acid to be an
      antiinflammatory, analgesic and antipyretic agent. U.S. Pat. No. 3,070,623
      (Dec. 25, 1962) described hemi-esters of glycyrrhetinic acid, including
      the hemisuccinate (also known as carbenoxolone sodium), as
      anti-inflammatory agents. U.S. Pat. No. 3,070,624 (Dec. 25, 1962) teaches
      basic esters of the carboxy group at the 20-position of glycyrrhetinic
      acid which exhibit anti-inflammatory properties and inhibit the action of
      steroids and steroidal metabolism. Antiinflammatory and analgesic
      properties are reported for amino acid salts of glycyrrhetinic acid in
      Japanese Pat. No. 32798/69, published Oct. 27, 1965. French Pat. No. 215
      CAM/5544M, published July 19, 1968, discloses hypoglycemic activity for
      glycyrrhetinic acid and its methyl ester. Salts of glycyrrhetinic acid and
      its hemi-esters with aluminum, zinc, bismuth and metals of groups II-A and
      VIII of the Periodic Chart of the Elements are reported in Belgian Pat.
      No. 628,444, published Feb. 4, 1963, to be of value in treating digestive
      disorders, such as gastric acidosis, inflammation and ulcers.
PAR  Amides of glycyrrhetinic acid and its 3-acyl derivatives useful as
      anti-inflammatory agents are described in a number of patents. Cyclic
      amides, e.g., the piperazine, N-acylpiperazides, N-carbalkoxypiperazides,
      are described in Belgian Pat. No. 753,773, granted July 28, 1969. The
      N-(lower alkyl)piperazides, piperidide and morpholide are disclosed in
      Japanese Pat. No. 26,300/67, published Dec. 13, 1967, (C.A. 69, 44067t,
      1968). Additionally, simple amides, e.g., the di(lower alkyl)substituted
      amides, are described in this Japanese Patent. U.S. Pat. No. 3,412,084
      (Nov. 19, 1968) teaches alkyl, cycloalkyl, aralkyl and aryl substituted
      amides of glycyrrhetinic acid as well as heterocyclic amides thereof, all
      of which are reported to be antiinflammatory agents of low toxicity.
      Dialkylaminoalkyl substituted amides of glycyrrhetinic acid are described
      by Adanin et al., Zh. Obshch. Khim. 37, 1063-65 (1967) (C.A. 68, 22087q,
      1968). Alkylolamine condensates of glycyrrhetinic acid useful as
      anti-inflammatory agents in cosmetics are reported in Japanese Pat. No.
      8382/67, published Nov. 4, 1967.
PAR  A variety of derivatives of glycyrrhetinic acid and 11-deoxoglycyrrhetinic
      acid are described by Dean et al., J. Pharm. Pharmac. 19, 682-9 (1967);
      including the hemi-succinates of methyl glycyrrhetinate, glycyrrhetinamide
      and 11-deoxoglycyrrhetinic acid; the 3-acetyl derivatives of
      glycyrrhetinamido-ortho- and para-benzoic acids; and
      N-(glycyrrhetinyl)glycine(glycyrrhetinuric acid).
PAR  Various derivatives of 11-deoxoglycyrrhetinic acids useful as intermediates
      are described by Ruzicka et al. in Helv. Chim. Acta 20, 1271 (1937) and
      22, 197 (1939); Corey et al., J. Am. Chem. Soc. 81, 1745 (1959) and
      Drefahl et al., Ber. 94, 2015 (1961): the acetyl-, the methyl ester, the
      acetyl-acid chloride, the acetyl methyl ester, the acetyl azide and the
      acetyl amide.
PAR  Groen et al., Acta. Med. Scand. Suppl. 312, 745-748 (1956) in a comparative
      study of the pharmacological activity of the adrenocortical steroids and
      glycyrrhetinic acid noted that in order to retain activity in either class
      of compounds only a limited degree of structural variation is possible.
      They noted that "the activity seemed dependent on the presence of an
      11-keto group." Vinogradov et al., Khim. v Estestn. Naukaki Sb. 40-6, 1965
      (C.A. 65, 6136c, 1966) report the methyl ester of 11-deoxoglycyrrhetinic
      acid gave rise to a sharp increase in the excretion of water and sodium by
      the kidneys in dogs. In rats, 11-deoxoglycyrrhetinic relieved the action
      of deoxycorticosterone.
PAC  SUMMARY OF THE INVENTION
PAR  It has now been found that 18.beta.-glycyrrhetinic acid amides of the
      formula below are effective antiulcer agents:
      ##SPC1##
PAL  wherein
PA1  R.sub.1 is selected from the group consisting of hydrogen, alkanoyl having
      from 2 to 6 carbon atoms, and .omega.-carboxyalkanoyl having a total of
      from 4 to 5 carbon atoms;
PA1  R.sub.2 is selected from the group consisting of hydroxymethyl,
PA2  1-hydroxyethyl,
PA2  mercaptomethyl,
PA2  2-methylmercaptoethyl,
PA2  4- (or 5) imidazolylmethyl,
PA2  benzyl,
PA2  4-hydroxybenzyl,
PA2  3,4-dihydroxybenzyl,
PA2  3,5-dibromo-4-hydroxybenzyl,
PA2  carboxy,
PA2  carbalkoxy having from one to four carbon atoms in the alkoxy moiety,
      .omega.-carboxyalkyl having from one to two carbon atoms in the alkyl
      moiety,
PA2  .omega.-(carbalkoxy)alkyl having from one to four carbon atoms in the
      alkoxy group and from one to two carbon atoms in the alkyl group,
PA2  .omega.-aminoalkyl having from two to four carbon atoms in the alkyl
      moiety,
PA2  3-quanidinopropyl,
PA2  3-ureidopropyl and
PA2  3-indolylmethyl; and
PA1  R.sub.3 is selected from the group consisting of hydroxy and alkoxy having
      from 1 to 4 carbon atoms, and when R.sub.2 is .omega.-carboxyalkyl or
      .omega.-(carbalkoxy)alkyl, R.sub.3 is also di-(n-propyl)amino.
PAR  Also included in this invention are the pharmaceutically-acceptable alkali
      metal salts (sodium and potassium) of these compounds which contain at
      least one carboxy group; i.e., those wherein R.sub.1 is
      .omega.-carboxyalkanoyl, or R.sub.3 is hydroxy or R.sub.2 is carboxy or
      .omega.-carboxyalkyl; and the pharmaceutically-acceptable acid addition
      salts of those compounds in which the amide moiety has a basic group such
      as those wherein R.sub.2 is .omega.-aminoalkyl- or 3-quanidinopropyl-.
      Representative of the acid addition salts are the hydrochloride,
      hydrobromide, sulfate, phosphate, nitrate, acetate, propionate, butyrate,
      citrate, gluconate, tartrate, benzoate, succinate, malate, maleate and
      fumarate.
PAR  In addition to the alkali metal salts of those compounds of this invention
      containing a carboxy group, salts with metals such as the alkaline earth
      metals, especially calcium and magnesium and with aluminum, zinc and
      bismuth, and metals of group VIII of the Periodic Chart of the Elements
      are also included.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The novel products of this invention, that is, all compounds of the above
      formula, are prepared by acylation of the appropriate amino acid R.sub.2
      CH(NH.sub.2)COR.sub.3 reactant with an acid halide (chloride or bromide)
      of 18.beta.-glycyrrhetinic acid in which the 3-hydroxy group is suitably
      protected as, for example, by acylation with a monocarboxylic acid,
      anhydride or acid halide, or with the acid chloride of a dicarboxylic acid
      half-ester. Protection of the 3-hydroxy group is necessary to permit
      formation of the acid halide of the glycyrrhetinic acid. The acid halides
      of the 3-acyl-18.beta.-glycyrrhetinic acids are prepared by treating the
      3-acyl-18.beta.-glycyrrhetinic acids with excess thionyl chloride or
      bromide at from about room temperature to the boiling point of the thionyl
      halide and, subsequently, removing the excess thionyl halide. The favored
      acid halides are the acid chlorides since they provide satisfactory yields
      of desired product. The favored protecting group at the 3-hydroxy group is
      acetyl since it is easily removed by mild hydrolysis to regenerate the
      free hydroxy group.
PAR  When the amino acid reactant is a basic amino acid, or contains an hydroxy
      or mercapto group, such group is protected prior to acylation with the
      18.beta.-glycyrrhetinic acid halide.
PAR  Compounds of the above formula wherein R.sub.1 is .omega.-carboxyalkanoyl
      are prepared by hydrolysis of an ester of the .omega.-carboxyalkanoyl
      group, e.g., an alkyl ester, and preferably a methyl or ethyl ester, by
      means of lithium iodide in N,N-dimethylformamide at the reflux
      temperature. This treatment, of course, also hydrolyzes any ester group
      present in the amide moiety. Alternatively, an .omega.-carbobenzyloxy
      alkanoyl derivative can be used in place of an .omega.-carbalkoxyalkanoyl
      derivative. The benzyl group is easily removed by catalytic hydrogenation,
      e.g., with palladium on charcoal. This procedure has the advantage of
      permitting retention of alkyl ester groups in the amide moiety.
PAR  The 3-acyl-18.beta.-glycyrrhetinic acid amides thus produced, in addition
      to being anti-inflammatory and antiulcer agents, serve as intermediates,
      particularly for the production of half esters with dicarboxylic acids.
      The 3-hydroxy group produced on hydrolysis is reacylated with an acid
      anhydride or acid halide of a dicarboxylic acid half ester to produce a
      compound wherein R.sub.1 is .omega.-carboxyalkanoyl, or an ester thereof.
PAR  When the amide moiety contains an amino, hydroxy or mercapto group, such
      group must first be protected before acylation of the 3-hydroxy group. A
      suitable and convenient protecting group is the benzyl group since it is
      easily removed by hydrogenolysis. This group can be present in the R.sub.2
      CH(NH.sub.2)COR.sub.3 reactant or be introduced into the
      18.beta.-glycyrrhetinic acid amide.
PAR  The compounds described herein are effective antiulcer agents via the
      intraperitoneal and oral routes of administration against gastric and
      duodenal ulcers. These products not only accelerate healing of such ulcers
      but also prevent formation of ulcers and decrease gastric acid output in
      animals, including humans. They can, therefore, be said to be useful for
      the control of gastric and duodenal ulcers. The incidence of side effects,
      e.g., aldosterone-like fluid retention and electrolyte disturbances,
      attendant with the use of many of the compounds of this invention is
      relatively low and is nonexistent with some of them. Particularly valuable
      in this respect are
      N-[3.beta.-hydroxy-11-oxo-18.beta.-olean-12-en-30-oly]phenylalanine;
      N-[3.beta.-hydroxy-11-oxo-18.beta.-olean-12-en-30-oyl]L-histidine;
      N-[3.beta.-acetoxy-11-oxo-18.beta.-olean-12-en-30-oyl]L-histidine, methyl
      ester.
PAR  The valuable products of this invention can be administered alone or in
      combination with a pharmaceutical carrier selected on the basis of the
      chosen route of administration and standard pharmaceutical practice. For
      example, they can be administered orally in the form of tablets containing
      such excipients as polyvinylpyrrolidone, a Carbowax (non-volatile, solid
      polyethylene glycols available from Carbide and Carbon Chemicals
      Corporation), especially Carbowax 6000, starch, milk sugar, etc., or in
      capsules alone or in admixture with the same or equivalent excipients.
      They may also be administered orally in the form of elixirs or oral
      suspensions which may contain flavoring or coloring agents or be injected
      parenterally; that is, for example, intramuscularly or subcutaneously. For
      parenteral administration, they are best used in the form of a sterile
      solution which may be either aqueous, such as water, isotonic saline,
      isotonic dextrose, Ringer's solution; or non-aqueous, such as fatty oils
      of vegetable origin (cotton seed, peanut oil, corn, sesame) and other
      non-aqueous vehicles which will not interfere with the therapeutic
      efficiency of the preparation and are non-toxic in the volume or
      proportion used (glycerol, propylene glycol, sorbitol). Additionally,
      compositions suitable for extemporaneous preparation of solutions prior to
      administration may advantageously be made. Such compositions may include
      liquid diluents, for example, propylene glycol, diethyl carbonate,
      glycerol, sorbitol, etc.; buffering agents, as well as local anesthetics
      and inorganic salts to afford desirable pharmacological properties.
PAR  For both oral and intraperitoneal administration, a dosage range of from
      about 150 mg. to about 300 mg. per day is effective. The dosage level can,
      with careful supervision, range up to as high as about two grams per day.
      Propylene glycol is a suitable and convenient carrier or diluent for
      intraperitoneal use. Carbowax 6000 is a favored excipient for oral use.
      Compositions containing from about 50% to about 90% by weight of
      polyvinylpyrrolidone or Carbowax 6000 are especially effective for oral
      administration. Higher or lower amounts of excipient can, of course, be
      used but appear to offer no advantages over these proportions. For
      intraperitoneal use, the polyvinylpyrrolidone formulations are suspended
      in carriers such as water, or in saline solution containing 1%
      carboxymethylcellulose and 0.1% Tween 80 (polyoxyethylene ethers of
      partial esters of fatty acids and hexitol anhydrides derived from
      sorbitol, available from Atlas Chemical Industries, Inc.). The
      water-soluble products of this invention are conveniently administered in
      water solution.
PAR  The effectiveness of the products of this invention as antiulcer agents is
      determined by the stressed rat assay as follows:
PAC  Cold-Restraint Stressed Rat
PAR  Non-fasted female rats (Charles River C-D strain) weighing 70-140 gms. are
      administered the drug or carrier (control animals) intraperitoneally (in
      saline solution containing 1% carboxymethylcellulose and 0.1% Tween 80) or
      orally (in water) three hours before being lightly anesthetized with ether
      and taped in the supine position to individual sheets of plexiglass. After
      recovery from the anesthesia, the restrained animals are positioned
      horizontally in a refrigerator maintained at 10.degree.-12.degree. C. and
      3 hours later sacrificed by cervical dislocation. The abdomen of each rat
      is opened, the pylorus clamped, the stomach inflated with saline via an
      oral tube, the esophagus clamped and the stomach excised. The stomachs are
      placed in a 0.4% formaldehyde solution for approximately 30 seconds to
      harden the outer layers and facilitate examination. Each stomach is then
      cut open along the greater curvature and the glandular portion (hind
      stomach) examined for damage. The number of gastric erosions, their
      severity and the color of the stomachs is recorded. The
      Mann-Whitney-Wilcoxon rank sum test is used to compare the median number
      of gastric erosions in the control group with the median number of gastric
      erosions in each drug-treated group to determine if they are statistically
      different. (Dixon et al., "Introduction to Statistical Analysis," 3rd Ed.,
      McGraw-Hill Book Company, New York, pp. 344-347, 1969.)
PAR  The effect of the products of this invention on renal excretion of water
      and electrolytes in rats is determined in the following manner:
PAC  Rat Diuretic Assay
PAR  The water load (25 ml./kg.) or water load-containing drug is administered
      orally to each of three groups of two rats. Urine is collected for 5 hours
      and the samples from each group are analyzed by standard flame photometric
      techniques for sodium and potassium content. Urinary volume (ml./kg./5
      hr.), sodium excreted (mEq./kg./5 hr.), potassium excreted (mEq./kg./5
      hr.), and the sodium-potassium ratio is calculated for each group. The
      sodium/potassium ratio is modified by raising the denominator to the 1.3
      power to yield a measure which is independent of the sodium/volume and
      potassium/volume ratios. Dose-response regression lines are calculated by
      combining data from all trials using water controls as zero dose.
PAR  In water loaded rats, with increasing dose, carbenoxolone causes a moderate
      decrease in urinary volume and sodium, a marked decrease in the
      sodium/potassium ratio and a marked increase in potassium concentration, a
      slight but non-significant increase in urinary potassium and a decrease in
      urinary sodium concentration.
PAR  Their effect on gastric acid output in pylorus-ligated (i.e., Shay) rats is
      determined by the following procedure.
PAC  Shay Rat
PAR  Forty-eight hours before surgery female rats (Charles River C-D strain;
      100-140 gms.) are individually caged and taken off normal food. Each
      animal is given two sugar cubes and water ad libitum to effect emptying of
      the stomach. Drug or carrier is administered intraperitoneally and three
      hours later, under ether anesthesia, the abdomen is shaved and opened
      along the linea alba. After exposing and ligating the pylorus, the
      incision is closed and the animal is returned to its cage and allowed to
      regain consciousness. Three hours later the animal is sacrificed by
      cervical dislocation, the abdomen reopened, the distal esophagus clamped,
      and the stomach excised. The stomach is cut open and the contents washed
      into a beaker with one ml. of deionized water. The volume of gastric juice
      is recorded following centrifugation. Excessively dirty (greater than 0.5
      ml. of solids) or bloody samples are discarded. The acidity of one ml. of
      gastric juice is determined by titration with a standardized NaOH (0.1N)
      solution using phenolphthalein as an indicator and total acid output
      (.mu.eqH.sup.+/100 gms. body weight/3 hours) is calculated. A non-paired t
      test is used to compare the means of the control and tested groups. (Dixon
      et al., Technometrics, X, 83-98, 1968.) Carbenoxolone at 40 mg./kg. body
      weight consistently reduced gastric acid output in the three-hour Shay
      rat. At 80 mg./kg., carbenoxolone significantly decreased acid output in
      the Shay rat.
PAR  By means of the above test procedures
      N-[3.beta.-hydroxy-11-oxo-18.beta.-olean-12-en-30-oyl]phenylalanine;
      N-[3.beta.-hydroxy-11-oxo-18.beta.-olean-12-en-30-oyl]-L-histidine and
      N-[3.beta.-acetoxy-11-oxo-18.beta.-olean-12-en-30-oyl]L-histidine, methyl
      ester are found to exhibit significant antiulcer activity in rats at 40
      mg./kg. of body weight via the intraperitoneal route of administration.
      None of the above-named compounds exhibit antidiuretic activity in rats at
      80 mg./kg. of body weight when administered intraperitoneally. The first
      named compound exhibited no antisecretory activity in the Shay rat at 40
      mg./kg. of body weight when administered intraperitoneally in propylene
      glycol. The second named compound showed no antisecretory activity when
      given intravenously at 50 mg./kg. of body weight. The last named compound
      exhibited mild, if any, antisecretory activity in the Shay rat which is
      not dose related.
DETD
PAC  EXAMPLE I
PAC  N-[3.beta.-Hydroxy-11-Oxo-18.beta.-Olean-12-En-30-Oyl]-L-Methionine
PAL  A. 3.beta.-acetoxy-11-Oxo-18.beta.-Olean-12-En-30-Oic Acid
PAR  A suspension of 100 g. (0.210 mole) of 18.beta.-glycyrrhetinic acid and
      24.8 g. (0.360 mole) of acetylchloride in 400 ml. of pyridine is stirred
      at room temperature for 22 hours. The reaction mixture is made acidic with
      10% hydrochloric acid and the resulting solid filtered, washed with water
      and recrystallized from ethanol to give 88.9 g., 82.6% yield of product;
      m.p. 318.degree.-320.5.degree. C. (Beaton et al., J. Chem. Soc., 2417,
      (1956) report m.p. 310.degree.-312.degree. C.)
PAL  B. 3.beta.-acetoxy-11-Oxo-18.beta.-Olean-12-En-30-Oyl Chloride
PAR  A solution of 15.0 g. (0.0293 mole) of acetate (A) in 150 ml. of thionyl
      chloride is heated at reflux for one hour and the reaction mixture then
      concentrated to dryness under vacuum. Methylene chloride is added to the
      residue and the mixture again concentrated to dryness. The latter
      procedure is repeated twice more. The resulting solid is recrystallized
      from methylene chloride/hexane to give 8.89 g., 57.3% yield of acid
      chloride; m.p. 281.degree.-283.degree. C. (Drefahl et al., Ber. 94, 2015
      (1961) report m.p. 295.degree. C.)
PAL  C. n-[3.beta.-hydroxy-11-Oxo-18.beta.-Olean-12-En-30-Oyl]-L-Methionine
PAR  To a solution of 6.00 g. (0.0113 mole) of acid chloride (B) in 120 ml. of
      methylene chloride is added 2.25 g. (0.0113 mole) of L-methionine methyl
      ester hydrochloride and 2.29 g. (0.0226 mole) of dry triethylamine. The
      reaction mixture is stirred for 72 hours at room temperature and then
      treated with water and extracted with methylene chloride. The extract is
      dried over sodium sulfate, decolorized and filtered. Concentration of the
      filtrate gives a solid which is recrystallized from acetone, yielding 6.97
      g. (93.9%) of crude product: m.p. 189.degree.-190.degree. C. Six grams of
      the solid is stirred in 270 ml. of 10% methanolic-potassium hydroxide for
      2 hours. The reaction mixture is then acidified with 10% HCl and extracted
      with methylene chloride. The combined extracts are concentrated and
      recrystallized from isopropyl ether-ethyl acetate to give 4.07 g., 76.6%
      yield of product; m.p. 268.degree.-270.degree. C. A small quantity, 0.500
      g. (0.000831 mole) of the purified methionine derivative is treated with
      0.378 g. (0.000831 mole) of 2.419N sodium hydroxide and the white paste
      dried to give the white crystalline sodium salt of the title product.
PAC  EXAMPLE II
PAC  N-[3.beta.-Acetoxy-11-Oxo-18.beta.-Olean-12-En-30-Oyl]L-Histidine, Methyl
      Ester
PAR  To a suspension of 2.73 g. (0.0113 mole) of L-histidine methyl ester
      dihydrochloride, 4.39 g. (0.0339 mole) of N,N-diisopropylethylamine and 20
      ml. of methylene chloride is added 6.00 g. (0.0113 mole) of
      3.beta.-acetoxy-11-oxo-18.beta.-olean-12-en-30-oyl chloride in 55 ml. of
      methylene chloride over a 30-minute period. The hazy mixture is stirred at
      room temperature for 67 hours and then washed with water, dried over
      sodium sulfate and treated with activated charcoal. Concentration of the
      resulting solution gives an oil which is dissolved in methanol and allowed
      to crystallize. The filtered solid, 5.49 g., 73.2% yield; m.p.
      224.degree.-226.degree. C., is recrystallized from methanol to give 4.42
      g. of purified product; m.p. 227.5.degree.-229.degree. C.
PAR  In like manner, corresponding molar amounts of citrulline methyl ester,
      cysteine ethyl ester, lysine methyl ester, and methyl
      .alpha.,.gamma.-diaminobutyrate react with the acid chloride to afford
      N-[3.beta.-acetoxy-11-oxo-18.beta.-olean-12-en-30-oyl]citrulline, methyl
      ester; N-[3.beta.-acetoxy-11-oxo-18.beta.-olean-12-en-30-oyl]cysteine,
      ethyl ester; and
      N-[3.beta.-acetoxy-11-oxo-18.beta.-olean-12-en-30-oyl]-D-histidine, methyl
      ester. Moreover, when 3.beta.-acetoxy-11-oxo-18.beta.-olean-12-en-30-oyl
      chloride is replaced by the corresponding 3.beta.-propionyloxy-,
      3.beta.-butyryloxy and 3.beta.-n-hexoxy derivatives in this procedure, the
      corresponding 3.beta.-acyl derivatives of the above-named compounds are
      obtained.
PAC  EXAMPLE III
PAC  N-[3.beta.-Hydroxy-11-Oxo-18.beta.-Olean-12-En-30-Oyl]-L-Histidine
PAR  A mixture of 3.00 g. (0.00453 mole) of the histidine ester derivative of
      Example II and 140 ml. of 10% KOH/MeOH is stirred at room temperature for
      3 hours. The reaction mixture is made acidic with 10% hydrochloric acid
      and then extracted with methylene chloride. A portion of the product is
      filtered from the aqueous layer and the aqueous filtrate saturated with
      sodium chloride and extracted with chloroform. The combined extracts are
      concentrated to dryness and combined with the initially filtered solid to
      give 2.82 g., 96.6% yield, of desired product as the hydrochloride salt;
      m.p. 265.degree.-269.degree. C. Recrystallization from isopropyl
      alcohol-petroleum ether gives material melting at 257.degree.-259.degree.
      C. The sodium salt is prepared by treating the solid with two equivalents
      of aqueous sodium hydroxide according to the procedure of Example I-C.
PAR  In the same mannerr, the remaining products of Example II are hydrolyzed to
      give N-[3.beta.-hydroxy-11-oxo-18.beta.-olean-12-en-30-oyl]citrulline; and
      N-[3.beta.-hydroxy-11-oxo-18.beta.-olean-12-en-30-oyl]cysteine; and
      N-[3.beta.-hydroxy-11-oxo-18.beta.-olean-12-en-30-oyl]-D-histidine which
      are converted to their sodium salts by the procedure of Example I-C.
PAC  EXAMPLE IV
PAC  N-[3.beta.-Hydroxy-11-Oxo-18.beta.-Olean-12-En-30-Oyl]Phenylalanine
PAR  To a suspension of 1.62 g. (0.0075 mole) of phenylalanine methyl ester
      hydrochloride, 4.00 g. (0.00754 mole) of the acid chloride of Example I-B
      and 20 ml. of methylene chloride is added 1.95 g. of
      N,N-diisopropylethylamine in 20 ml of methylene chloride over a 2-hour
      period. The reaction mixture is stirred at room temperature for 67 hours
      and, subsequently, washed with 10% hydrochloric acid and water. The
      organic extracts are treated with activated charcoal, dried over sodium
      sulfate, and concentrated to an oil which solidifies on treatment with
      acetone, giving 4.51 g., 88.7% yield of
      N-[3.beta.-acetoxy-11-oxo-18.beta.-olean-12-en-30-oyl]phenylalanine,
      methyl ester; foams at 150.degree. C., resolidifies and melts at
      210.degree.-212.degree. C.
PAR  The phenylalanine methyl ester derivative, 3.00 g. (0.00445 mole), is
      treated with 151 ml. of 10% methanolic-potassium hydroxide for 5 hours at
      room temperature. The reaction mixture is acidified with 10% hydrochloric
      acid and the aqueous layer extracted with methylene chloride. The combined
      organic extracts are decolorized with activated charcoal and filtered
      through diatomaceous earth. Concentration of the filtrate gives 2.39 g. of
      crude hydrolysis product; m.p.: foams at 155.degree.-180.degree. C. and
      melts at 247.degree.-254.degree. C. Recrystallization of the crude from
      ether-chloroform gives 1.57 g. (57.3% yield) of the title product; m.p.
      252.5.degree.-253.5.degree. C. The sodium salt is prepared according to
      Example I-C using one equivalent of sodium hydroxide.
PAR  In the same manner, but using corresponding molar amounts of
      3.beta.-propionyloxy- and
      3.beta.-valeryloxy-11-oxo-18.beta.-olean-12-en-30-oyl chlorides in place
      of the 3.beta.-acetoxy derivative provides
      N-[3.beta.-propionyloxy-11-oxo-18.beta.-olean-12-en-30-oyl]phenylalanine,
      methyl ester and
      N-[3.beta.-valeryloxy-11-oxo-18.beta.-olean-12-en-30-oyl]phenylalanine,
      methyl ester which are subsequently hydrolyzed to the title product by the
      above procedure.
PAC  EXAMPLE V
PAC  N-[3.beta.-Hydroxy-11-Oxo-18.beta.-Olean-12-En-30-Oyl]-L-Tryptophan
PAR  To a solution of 2.28 g. (0.00895 mole) of L-trytophan methyl ester
      hydrochloride and 2.14 g. (0.0166 mole) of N,N-diisopropylethylamine in 60
      ml. of methylene chloride is added a solution of 4.00 g. (0.00759 mole) of
      the acid chloride of Example I-B in 30 ml. of methylene chloride over a
      2-hour period. The mixture is stirred at ambient temperature for 19.5
      hours and then washed with 10% hydrochloric acid and the aqueous layer
      extracted with methylene chloride. The combined organic extracts are dried
      over sodium sulfate and decolorized. The filtrate is concentrated to a
      yellow solid which is recrystallized from methanol to give 4.04 g., 75%
      yield of the 3.beta.-acetoxy derivative of the product; m.p.
      252.degree.-253.5.degree.C. The solid, 2.5 g. (0.00351 mole) is treated
      with 110 ml. of 10% KOH/MeOH for 4 hours. The reaction mixture is
      acidified with 10% hydrochloric acid and the aqueous layer extracted with
      methylene chloride. The combined extracts are decolorized, filtered and
      concentrated to give an oil which yields, upon treatment with acetone,
      1.63 g. (71.2%) of the product; m.p. 285.degree.- 285.5.degree. C. Its
      sodium salt is prepared using one equivalent sodium hydroxide as described
      in Example I-C.
PAR  In like manner, the n-butyl ester of L-tryptophan hydrochloride reacts with
      3.beta.-butyryloxy-11-oxo-18.beta.-olean-12-en-3 -oyl chloride to provide
      N-[3.beta.-butyryloxy-11-oxo-18.beta.-olean-12-en-30-oyl]-L-tryptophan,
      n-butyl ester which is hydrolyzed by the above procedure to give the title
      product.
PAC  EXAMPLE VI
PAC  N-[3.beta.-Hydroxy-11-Oxo-18.beta.-Olean-12-En-30-Oyl]-L- -L-Tyrosine
PAR  To a solution of 2.07 g. (0.00895 mole) of L-tyrosine methyl ester
      hydrochloride in 30 ml. of methylene chloride is added simultaneously a
      solution of 4.00 g. (0.00754 mole) of the acid chloride of Example I-B in
      30 ml. of methylene chloride, and a solution of 2.14 g. (0.0165 mole) of
      N,N-diisopropylethylamine in 30 ml. of methylene chloride over a 2 -hour
      period. The reaction mixture is stirred for 18.5 hours, washed with 10%
      hydrochloric acid and the aqueous layer extracted with methylene chloride.
      The combined extracts are washed with water, dried over sodium sulfate,
      and treated with activated charcoal. The filtrate is concentrated to give
      a yellow solid which is recrystallized from methanol and treated with hot
      ether to give 3.44 g., 66.5% of the 3.beta.-acetoxy derivative of the
      product; m.p. 269.degree.- 271.degree. C. The acetoxy derivative, 2.40 g.
      (0.00348 mole) is stirred in 108 ml. of 10% KOH/MeOH for 3.5 hours at room
      temperature. The reaction mixture is made acid with 10% hydrochloric acid
      and the aqueous layer extracted with methylene chloride. The combined
      extracts are decolorized and concentrated to dryness. The solid residue is
      treated with hot acetone to give 0.949 g. (43% yield) of crystalline
      product; m.p. 273.degree.-273.5.degree. C. The disodium salt is prepared
      using two equivalents of sodium hydroxide according to the procedure of
      Example I-C.
PAR  When D-tyrosine and D,L-tyrosine are used in this procedure, the
      corresponding D- and D,L-amide derivatives are produced.
PAR  In the same manner,
      3.beta.-(n-hexanoyloxy)-11-oxo-18.beta.-olean-12-en-30-oyl chloride and
      dibromotyrosine ethyl ester react to give N-[3.beta.-hydroxy-11-oxo-
      18.beta.-olean-12-en-30-oyl]dibromotyrosine and its sodium salt;
      3.beta.-propionyloxy-11-oxo-18.beta.-olean-12-en-30-oyl chloride and
      dihydroxyphenylalanine methyl ester react to provide
      N-[3.beta.-hydroxy-11-oxo-18.beta.-olean-12-en-30-oyl]dihydroxyphenylalani
     ne and its sodium salt; and threonine ethyl ester and
      3.beta.-acetoxy-11-oxo-18.beta.-olean-12-en-30-oyl chloride react to give
      N-[3.beta.-hydroxy-11-oxo-18.beta.-olean-12-en-30-oyl]threonine and its
      sodium salt.
PAC  EXAMPLE VII
PAC  N-[3.beta.-Hydroxy-11-Oxo-18.beta.-Olean-12-En-30-Oyl]Amino Malonic Acid
PAR  To a solution of 4.00 g. (0.00753 mole) of the acid chloride of Example I-B
      and 2.92 g. (0.0226 mole) of N,N-diisopropylethylamine in 50 ml. of
      methylene chloride is added portionwise 1.75 g. (0.00828 mole) of
      diethylaminomalonate hydrochloride over a period of one hour. The mixture
      is stirred at room temperature for 66.5 hours, washed with 10%
      hydrochloric acid and the aqueous layer extracted with methylene chloride.
      The organic extracts are washed with water, treated with charcoal and
      dried over sodium sulfate. Concentration of the filtrate gives a solid
      which is recrystallized from methanol; yield 3.038 g., 60.0% of the
      3.beta.-acetoxy derivative of the desired amide; m.p.
      186.degree.-187.degree.C. Two grams (0.00299 mole) of the solid is treated
      with 292 ml. of 10% KOH/MeOH for 5.5 hours at room temperature. The
      reaction mixture is concentrated to dryness in vacuo, cooled and acidified
      with 10% hydrochloric acid. The resulting precipitate is filtered and
      dissolved in acetone at room temperature. Precipitation of the product is
      achieved by the addition of petroleum ether to give 1.26 g., 73.6% of
      product; m.p. 272.degree.- 274.degree.C. An analytical sample, m.p.
      281.degree.- 281.5.degree.C., is prepared by recrystallization from
      acetone. The disodium salt is prepared (using two equivalents of sodium
      hydroxide) by the procedure of Example I-C.
PAR  In like manner, but using dimethyl aspartate and dimethyl glutamate in
      place of diethyl malonate affords the corresponding
      N-[3.beta.-hydroxy-11-oxo-18.beta.-olean-12-en-30-oyl]aspartic acid and
      glutamic acid compounds which are converted to their disodium salts
      according to Example I-C.
PAC  EXAMPLE VIII
PAC  N-(3.beta.-Hydroxy-11-Oxo-18.beta.-Olean-12-En-30-Oyl)Serine
PAR  To a mixture of 4.00 g. (0.00838 mole) of 18.beta.-glycyrrhetinic acid and
      1.31 g. (0.00838 mole) of L-serine methyl ester hydrochloride in 50 ml. of
      methylene chloride is added, consecutively, solutions of 0.848 g. (0.00838
      mole) of triethylamine in 5 ml. of methylene chloride and 1.74 g. (0.00838
      mole) of N,N' -dicyclohexylcarbodiimide in 45 ml. of methylene chloride.
      The reaction mixture is stirred at 10.degree.C. for 7.5 hours and then at
      room temperature for 60 hours. The precipitated N,N' -dicyclohexylurea is
      filtered off and the filtrate concentrated to dryness. The residue is
      treated with hot petroleum ether and filtered. The solid is dissolved in
      methylene chloride and washed successively with 10% hydrochloric acid, 10%
      sodium bicarbonate and water. The methylene chloride solution is dried
      over sodium sulfate, decolorized with activated charcoal and concentrated
      to a white solid. The solid is recrystallized from ethyl acetate to give
      2.29 g. (46.9%) of the intermediate methyl ester, m.p. 246.degree. -
      248.degree.C.
PAR  The methyl ester 1.92 g. (0.00332 mole) is stirred at room temperature in
      110 ml. of 10% methanolic-potassium hydroxide for one hour. The reaction
      mixture is acidified with 10% hydrochloric acid, extracted with methylene
      chloride and the combined extracts washed with water and concentrated to
      yield 1.91 g. (.about.100%) of the title product; m.p. 191.degree.-
      194.degree.C. (with bubbling). It is converted to its sodium salt by
      treatment with one equivalent of sodium hydroxide according to the
      procedure of Example I-C.
PAR  Similarly, substitution of L-serine methyl ester of the above procedure by
      a corresponding molar amount of threonine isopropyl ester affords the
      intermediate
      N-(3.beta.-acetoxy-11-oxo-18.beta.-olean-12-en-30-oyl)threonine, isopropyl
      ester which is hydrolyzed to the
      N-(3.beta.-hydroxy-11-oxo-18.beta.-olean-12-en-30-oyl)threonine.
PAC  EXAMPLE IX
PAC  N-[3.beta.-Hydroxy-11-Oxo-18.beta.-Olean-12-En-30-Oyl]
      -N,N-Di-n-Propylisoglutamine
PAR  To a solution of 3.00 g. (0.00565 mole) of
      3.beta.-acetoxy-11-oxo-18.beta.-olean-12-en-30-oyl chloride and 1.74 g.
      (0.0062 mole) of .gamma. -methyl N,N-di-n-propylisoglutamine in 30 ml. of
      methylene chloride is added to 1.61 g. (0.0124 mole) of
      N,N-diisopropylethylamine in 15 ml. of methylene chloride dropwise over a
      period of 2 hours. The reaction mixture is stirred at room temperature for
      72 hours and then washed with 10% hydrochloric acid and water. The organic
      layer is dried over sodium sulfate, treated with activated charcoal and
      concentrated to an oil in vacuo. The oil crystallizes following treatment
      with ethyl acetate to give 3.24 g. of crude product. The crude product 2.5
      g. (0.00338 mole) is stirred in 110 ml. of 10% methanolic-potassium
      hydroxide for 3.5 hours. The mixture is acidified with 10% hydrochloric
      acid and extracted with methylene chloride. The extracts are combined,
      dried over sodium sulfate, treated with activated charcoal and filtered.
      The filtrate is concentrated to dryness and the residue recrystallized
      from ethanol to yield 1.14 g. (49.6% yield) of the title product; m.p.
      269.degree.- 270.degree.C.
PAC  Preparation of .gamma.-methyl-N,N-di-n-propylisoglutamine
PAR  To a chilled suspension of 10.0 g. (0.0338 mole) of .gamma.-methyl
      N-carbobenzyloxy-L-glutamate in 60 ml. of ether is added 6.80 g. (0.0360
      mole) of phosphorous pentachloride and the reaction mixture stirred at
      10.degree.C. for 20 minutes. The liquid phase is decanted from the
      unreacted phosphorous pentachloride and the decanted solution treated with
      petroleum ether. Cooling of the mixture (dry ice-acetone bath) gives an
      oily precipitate which crystallizes upon being washed with petroleum ether
      giving 10.6 g. (.about.100%) of the acid chloride of .gamma.-methyl
      N-carbobenzyloxy-L-glutamate.
PAR  Di-n-propylamine (10.2 ml., 0.0744 mole) is added dropwise to a chilled (in
      ice water) solution of 10.6 g. (0.0338 mole) of the acid chloride in 75
      ml. of ether. The reaction mixture is stirred at room temperature for 16
      hours, the precipitate filtered and the filtrate washed with water. The
      ether layer is concentrated to give 7.20 g. (56% yield) of oily amide. To
      a solution of 7.20 g. (0.019 mole) of the amide in 13.8 ml. of glacial
      acetic acid is added a solution of 5.23 g. of hydrogen bromide in 13.8 ml.
      of glacial acetic acid. The solution is stirred at room temperature for
      1.5 hours and then concentrated to an oil under reduced pressure at
      40.degree.C. The oily residue is dissolved in water and extracted with
      ether. The aqueous phase is made basic with dicyclohexylamine and the
      resulting salt filtered and washed with ether. The aqueous filtrate and
      ether wash are combined and filtered to remove additional salt. The
      aqueous phase is separated and extracted with ether. The combined ether
      extracts are dried over sodium sulfate and treated with hydrogen chloride.
      The solution is concentrated to dryness and the residue recrystallized
      twice from ethyl acetate to give 2.53 g. (47.6%) of .gamma.-methyl
      N,N-di-n-propylisoglutamine; m.p. 134.degree.- 135.degree.C.
PAR  In the same manner, but using .beta.-ethyl N,N-di-n-propylisoasparagine as
      the amino acid reactant in the above procedure affords
      N-(3.beta.-hydroxy-11-oxo-18.beta.-olean-12-en-30-oyl)-N,N-di-n-propylisoa
     sparagine.
PAR  The .beta.-ethyl N,N-di-n-propylisoasparagine reactant is prepared by the
      procedure set forth above for .gamma.-methyl N,N-di-n-propylisoglutamine.
PAC  EXAMPLE X
PAC  Hemisuccinate of
      N-[3.beta.-Hydroxy-11-Oxo-18.beta.-Olean-12-En-30-Oyl]Phenylalanine
PAR  A.
      3.beta.-(.beta.-Carbomethoxypropionyloxy)-11-oxo-18.beta.-olean-12-en-30-o
     ic acid
PAR  A solution of 18.beta.-glycyrrhetinic acid (5.0 g.) in pyridine (20 ml.) is
      treated with a solution of .beta.-carbomethoxypropionyl chloride (3 ml.)
      in pyridine (50 ml.). The reaction mixture is allowed to stand for 4 days
      and then poured into water (100 ml.). The product is extracted with ether
      (3 .times.  250 ml.), the combined ethereal extracts dried (MgSO.sub.4)
      and evaporated under reduced pressure. The residue is recrystallized from
      methanol-water.
PAR  Similarly, the corresponding 3.beta.-(.gamma. -carbomethoxybutyryloxy)
      derivative is prepared substituting .gamma. -carbomethoxybutyrylchloride
      for .beta. -carbomethoxypropionyl chloride.
PAR  A solution of 3.beta.-(.beta.
      -carbomethoxypropionyloxy)-11-oxo-18.beta.-olean-12-en-30-oyl chloride
      (11.54 g., 0.02 M, prepared from the precursor acid by the procedure of
      Example I-B) in methylene chloride (75 ml.) is added dropwise, with
      stirring, to a solution of phenylalanine methyl ester (2.0 M) in methylene
      chloride (50 ml.) and the mixture stirred at room temperature for 17
      hours. It is then washed successively with 10% hydrochloric acid, sodium
      bicarbonate solution and water, and then dried (Na.sub.2 SO.sub.4). The
      product is recovered by removal of the solvent under reduced pressure.
PAR  C. Hydrolysis of the ester is accomplished by treating a solution of the
      ester in N,N-dimethylformamide (15 ml./1.0 mM of ester) with lithium
      iodide (10 g./1.0 mM of ester) under reflux for 12 hours. The reaction
      mixture is cooled, poured into water and the product recovered by
      filtration, if solid, or by extraction with methylene chloride.
PAR  In this manner, the hemisuccinate and hemiglutarate esters of the amides of
      Examples I-IX derived from amino acids having one amino and one acid group
      are prepared by substituting the appropriate
      3.beta.-carbomethoxyalkanoyloxy-18.beta. -glycyrrhetinic acid chloride for
      the 3.beta. -alkanoyloxy-18.beta.-glycyrrhetinic acid chloride of the
      Examples.
PAC  EXAMPLE XI
PAC  N-[3.beta.-(.beta.
      -Carbomethoxypropionyloxy)-11-Oxo-18.beta.-Olean-12-En-30-Oyl]Serine,
      Methyl Ester
PAR  A solution of 3.beta.-(.beta.
      -carbomethoxypropionyloxy)-11-oxo-18.beta.-olean-12-en-30-oyl chloride
      (11.54 g., 0.02 M), methyl ester of the hemisuccinate of
      18.beta.-glycyrrhetinic acid chloride, in methylene chloride (75 ml.) is
      added dropwise to a solution of serine methyl ester (2.38 g., 0.02 M) and
      N,N-diisopropylethylamine (2.58 g., 0.02 M) in methylene chloride (150
      ml.). The reaction mixture is stirred for five days at room temperature
      and then washed with water, decolorized with activated charcoal and dried
      over magnesium sulfate. Concentration of the solution affords the product.
PAR  The dimethyl ester product thus prepared (0.659 g., 1 mM) in
      N,N-dimethylformamide (75 ml.) is treated with anhydrous lithium iodide
      (10 g.) and the solution heated at reflux for 12 hours. The reaction
      mixture is cooled, poured into water, and the product recovered by
      filtration or by extraction with methylene chloride.
PAR  Repetition of this procedure but using 3.beta.-(.gamma.
      -carbomethoxybutyryloxy)-11-oxo-18.beta.-olean-12-en-30-oyl chloride as
      the acylating agent provides N-[3.beta.-(.gamma.
      -carbomethoxybutyryloxy)-11-oxo-18.beta.-olean-12-en-30-oyl]serine, methyl
      ester which is hydrolyzed in like manner to the corresponding product
      N-[3.beta.-(.gamma.
      -carboxybutyryloxy)-11-oxo-18.beta.-olean-12-en-30-oyl]serine.
PAC  EXAMPLE XII
PAC  N-[3.beta.-Carboxypropionyloxy)-11-Oxo-18.beta.-Olean-12-En-30-Oyl]Lysine
PAR  The procedure of Example XI is repeated but using the .epsilon.
      -carbobenzoxy derivative of lysine methyl ester in place of serine methyl
      ester. The product thus obtained is taken up in ethanol and treated with
      hydrogen in the presence of 5% palladium on charcoal to remove the
      protective carbobenzoxy group. Filtration of the catalyst followed by
      removal of the solvent gives the methyl ester of the hemisuccinate.
PAR  Hydrolysis of the dimethyl ester according to the procedure of Example XI
      produces the title product.
PAR  In the same manner, but using the appropriate
      3.beta.-alkanoyloxy-11-oxo-18.beta. -olean-12-en-30-oyl chloride the
      acetyl-, butyryl- and n-hexanoyl derivatives of N-[3.beta.
      -hydroxy-11-oxo-18.beta. -olean-12-en-30-oyl]lysine methyl ester are
      prepared. The products are subsequently hydrolyzed to provide the free
      acid derivative by the procedure of Example I-C.
PAC  EXAMPLE XIII
PAC  N-[3.beta. -(.beta. -Carboxypropionyloxy)-11-Oxo-18.beta. -Olean-12-Oyl]
      30-Oyl]Aspartic Acid, Methyl Ester
PAR  Following the procedure of Example XI, methyl .beta. -amino-.beta.
      -carbobenzoxy-propionate is treated with 3.beta. -(.beta.
      -carbobenzoxypropionyloxy)-11-oxo-18.beta. -olean-12-en-30-oyl, prepared
      by the procedure of Example I-B, to give the benzyl ester of the title
      product.
PAR  The benzyl group is removed using hydrogen, 5% palladium on carbon in
      ethanol according to Example XII to give the title product.
PAR  Repetition of this procedure but using methyl .gamma. -amino-.gamma.
      -carbobenzoxybutyrate in place of methyl .beta. -amino-.beta.
      -carbobenzoxy butyrate produces the corresponding 3.beta. -(.gamma.
      -carboxybutyryloxy) derivative.
PAR  In the same manner, but using 3.beta. -propionyloxy-11-oxo-18.beta.
      -olean-12-en-30-oyl chloride as acylating agent affords N-[3.beta.
      -propionyloxy-11-oxo-18.beta. -olean-12-en-30-oyl]aspartic acid methyl
      ester. Hydrolysis of the methyl ester using methanolic-potassium hydroxide
      as in Example I-C converts the methyl ester to the acid.
PAC  EXAMPLE XIV
PAC  N-[3.beta. -(.beta. -Carboxypropionyloxy)-11-Oxo-18.beta. -Olean-12-En-30
      -Oyl]Cysteine
PAR  The procedure of Example XI is repeated but using the methyl ester of
      S-benzylcysteine in place of serine methyl ester. The N-[3.beta. -(.beta.
      -carbomethoxypropionyloxy)-11-oxo-18.beta.
      -olean-12-en-30-oyl]-S-benzylcysteine, methyl ester thus produced is
      hydrolyzed by the procedure of Example XII to the corresponding acid
      derivative.
PAR  Debenzylation is accomplished by treatment with hydrogen in the presence of
      Pd/C according to Example XII to give the title product.
PAR  Repetition of this procedure using 3.beta. -(.gamma. -carbomethoxy
      butyryloxy)-11-oxo-18.beta. -olean-12-en-30-oyl chloride as acylating
      agent provides the hemiglutarate of the title compound.
PAC  EXAMPLE XV
PAC  N-[3.beta.-(.beta.-Carboxypropionyloxy)-11-Oxo-18.beta.-Olean-12-En-30-Oyl]
     Arginine
PAR  This product is prepared from nitroarginine methyl ester hydrochloride and
      the methyl ester of the hemisuccinate of 18.beta.-glycyrrhetinic acid
      chloride by the procedure of Example XI. The
      N-[3.beta.-(.beta.-carbomethoxypropionyloxy)-11-oxo-18.beta.-olean-12-en-3
     0-oyl]nitroarginine, methyl ester thus produced is converted to the
      corresponding arginine methyl ester by reaction with hydrogen and Pd/C as
      described in Example XII.
PAR  Hydrolysis of the dimethyl ester with lithium iodide according to the
      procedure of Example XI affords the title product.
PAR  In like manner, the hemiglutarate of the title product is prepared using
      the methyl ester of the hemiglutarate of 18.beta.-glycyrrhetinic acid
      chloride. When the acetate of acetyl 18.beta.-glycyrrhetinic acid chloride
      is used as acylating agent, the product is
      N-[3.beta.-acetoxye11-oxo-18.beta.-olean-12-en-30-oyl]nitroarginine methyl
      ester. Hydrogenation and hydrolysis of this product afford
      N-[3.beta.-hydroxy-11-oxo-18.beta.-olean-12-en-30-oyl]arginine.
PAC  EXAMPLE XVI
PAC  Acid Addition Salt Formation
PAR  The appropriate 18.beta.-glycyrrhetinamide which contains a basic group is
      dissolved in a suitable solvent, e.g., chloroform, methylene chloride,
      ethanol, and an excess of the appropriate acid added to the solution. The
      product, if insoluble in the solvent, is recovered by filtration. The
      product, if soluble in the solvent, is recovered by addition of a
      non-solvent for the salt, e.g., ether, or by evaporation of the solvent
      under reduced pressure.
PAR  In this manner, the hydrochloride, hydrobromide, tartrate, citrate,
      acetate, propionate, butyrate, gluconate, benzoate, succinate, malate,
      maleate, fumarate, nitrate, sulfate and oxalate salts of the products of
      the preceding examples which contain a basic group are prepared.
PAC  EXAMPLE XVII
PAC  Metal Salt Formation
PAR  A mixture (solution or suspension) of the appropriate
      18.beta.-glycyrrhetinamide compound in water is treated with one
      equivalent of the appropriate metal hydroxide for each carboxy group
      present. The mixture is stirred at room temperature until reaction is
      complete and the salt recovered by removal of the water, e.g., by
      freeze-drying.
PAR  In this manner, the sodium and potassium salts of those compounds of the
      preceding examples having at least one carboxy group are prepared.
PAC  PREPARATION A
PAC  3.beta.-Alkanoyloxy-11-Oxo-18.beta.-Olean-12-En-30 -Oic Acids (via Acid
      Chlorides)
PAR  The procedure of Example I-A is repeated but using the appropriate acid
      chloride in place of acetyl chloride to give the following
      3.beta.-alkanoyl derivatives of 18.beta.-glycyrrhetinic acid:
PA1  propionyl
PA1  butyryl
PA1  valeryl
PA1  caproyl
PAC  PREPARATION B
PAC  3.beta.-Acetoxy-11-Oxo-18.beta.-Olean-12-En-30-Oic Acids (via Acid
      Anhydrides)
PAR  To a solution of 56.5 g. (0.120 M) of glycyrrhetinic acid in 615 ml. of
      pyridine is added 615 ml. of acetic anhydride. The reaction is refluxed
      for 1 hour, cooled and stirred at room temperature for 23 hours. It is
      acidified with 10% hydrochloric acid and the resulting precipitate
      filtered and dissolved in chloroform. The chloroform solution is washed
      with water, dried over sodium sulfate and treated with activated charcoal.
      Concentration of the solution gives a solid which is recrystallized from
      methanol-chloroform.
PAR  Similarly, the propionyl and butyryl derivatives are prepared from
      propionic and butyric acid anhydrides.
PAC  PREPARATION C
PAC  3.beta.-Alkanoyloxy-11-Oxo-18.beta.-Olean-12-En-30-Oyl Chlorides
PAR  The 3.beta.-alkanoyl derivatives of preparations A and B are converted to
      their acid chlorides by the procedure of Example I-B.
PAC  PREPARATION D
PAC  3.beta.-(.gamma.-Carbomethoxybutyryloxy)-11-Oxo-18.beta.-Olean-12-En-30
      -Oyl Chloride
PAR  A solution of 18.beta.-glycyrrhetinic acid (51 g.) in pyridine (200 ml.) is
      treated with a solution of .gamma.-carbomethoxybutyryl chloride (35 ml.)
      in pyridine (500 ml.). The mixture is thoroughly stirred and allowed to
      stand for 4 days. It is then poured into water (1 liter) and the aqueous
      mixture extracted with ether (5 .times. 300 ml.). The combined ethereal
      extracts are dried over magnesium sulfate and then evaporated. The residue
      is recrystallized repeatedly from methanol-water to a constant melting
      point.
PAC  PREPARATION E
PAC  .beta.-Ethyl-N-Carbobenzyloxy-L-Aspartate
PAR  Benzyl chloroformate (8 ml.) is added to .beta.-ethyl-L-aspartate (8.2 g.)
      in water (120 ml.) containing sodium bicarbonate (8.0 g.) and the mixture
      stirred at 0.degree.-5.degree.C. for 3 hours, and then at room temperature
      for 2 hours. The mixture is extracted with ether and the aqueous layer
      phase acidified with dilute hydrochloric acid. The acid solution is
      extracted with ether, the ether extract dried (Na.sub.2 SO.sub.4) and
      evaporated. The residue is recrystallized from carbon tetrachloride.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method for the control of peptic ulcers in animals in need of said
      treatment which comprises administering intraperitioneally or orally to
      the animals an effective antipeptic ulcer amount of a composition
      containing a diluent amount of a pharmaceutically-acceptable carrier and,
      as the essential active ingredient, an effective amount of a compound
      having the formula
      ##SPC2##
PAL  wherein
PA1  R.sub.1 is selected from the group consisting of hydrogen, alkanoyl having
      from two to six carbon atoms and .omega.-carboxyalkanoyl having a total of
      from 4 to 5 carbon atoms;
PA1  R.sub.2 is selelcted from the group consisting of benzyl, 4-hydroxybenzyl,
      3,4-dihydroxybenzyl, and 3,5-dibromo-4-hydroxybenzyl; and
PA1  R.sub.3 is selected from the group consisting of hydroxy and alkoxy having
      from one to four carbon atoms; or a
PA1  pharmaceutically-acceptable alkali metal salt thereof when the compound has
      at least one carboxy group.
NUM  2.
PAR  2. The method of claim 1 wherein the compound is administered at a dose
      level of from about 150 mg. to about 300 mg. per day.
NUM  3.
PAR  3. The method of claim 1 wherein the pharmaceutically-acceptable carrier is
      polyvinylpyrrolidone.
NUM  4.
PAR  4. The method of claim 2 wherein each of OR.sub.1 and R.sub.3 is hydroxy.
NUM  5.
PAR  5. The method of claim 2 wherein R.sub.1 is alkanoyl, and R.sub.3 is
      alkoxy.
NUM  6.
PAR  6. The method of claim 4 wherein the compound is
      N-[3.beta.-hydroxy-11-oxo-18.beta.-olean-12-en-30-oyl]phenylalanine.
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ABST
PAL  Skin diseases resulting from abnormal metabolic processes, such as acne and
      psoriasis, are treated on a repetitive basis, either internally or
      topically, with a dermatologically sufficient amount of
      11-(2',6',6'-trimethylcyclohex-1'-enyl-1')-5,9-dimethylundeca-2,4,6,8,10-p
     entenoic acid or its physiologically acceptable salts to reduce the
      inflammation. The subject acid or its salts are found to provide remission
      of the dermatologically diseased condition, while avoiding side effects
      concommitant with the use of other analogous compounds.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  A wide variety of skin diseases are characterized by abnormal metabolic
      processes. Two classes of these conditions are the seborrheic
      dermatoses--which are typified by excessive secretion or disturbed quality
      of sebum, abnormal intercellular cement, and oily crusts or scales--and
      ichthyosiform dermatoses--which are typified by dry, scaly skin, abnormal
      thickening of epidermis, and rapid cell turnover in the skin. Specific
      diseases included in these broad categories include acne vulgaris (a
      seborrheic dermatosis) and psoriasis (an ichthyosiform dermatosis). Both
      of these conditions exhibit follicular keratin plugs. Other related
      conditions are ichthyosis vulgaris, senile hyperkeratosis, acanthosis,
      Derier's disease, keratoacanthomas, congenital ichthyosiform erythroderma,
      zosteriform keratosis, and lamellor ichthyosis.
PAR  Because these diseases appear on the skin and are unsightly, satisfactory
      agents should have relatively rapid action in the remission of the
      condition. In addition, the reagents should not affect the skin adversely
      and may not be toxic at the levels employed or the manner in which it is
      applied. Of particular interest, is an agent which can be taken
      internally, acting in a systemic manner in combatting the abnormal
      metabolic process.
PAR  Retinoic acid is found to be active in the remission of skin conditions,
      but has serious side effects. The retinoic acid when applied to the skin
      results in irritation and peeling of the skin, which is cosmetically
      undesirable. Because of the irritation, there is some discouragement of
      the user to employ the treatment.
PAR  2. Description of the Prior Art
PAR  U.S. Pat. No. 3,689,667 discloses the subject acid for promoting wound
      healing. Haeck et al., Rec. Trav. Chim. 85 (3), 334-8 (1966) reports the
      preparation of the subject acid. Redfearn, Arch. BioChem. BioPhys. 91
      226-9 (1960) reports the C.sub.25 homologue has a curative action in the
      Vitamin A-deficient rat, and is converted into Vitamin A, unlike retinoic
      acid. U.S. Pat. No. 3,729,568 teaches the use of retinoic acid in the
      treatment of acne by providing for peeling.
PAC  SUMMARY OF THE INVENTION
PAR  11-(2',6',6'-Trimethylcyclohex-1'-enyl-1')-5,9-dimethylundeca-2,4,6,8,10-pe
     ntenoic acid (C.sub.22 acid) is found to be effective, both by itself and
      as its physiologically acceptable salts, in treating abnormal metabolic
      processes of the skin. An effective amount of the C.sub.22 acid may be
      applied, either topically or internally, on a repetitive basis. Usually,
      improvement is encountered within a week and by 3 weeks, substantial
      remission of the diseased condition has occurred.
PAR  The C.sub.22 acid is beneficial in the treatment of acne and psoriasis and
      may be useful in conjunction with steriod therapy for psoriasis.
PAC  DESCRIPTION OF THE SPECIFIC EMBODIMENTS
PAR  Methods and compositions are provided for treating diseases resulting from
      abnormal metabolic processes of the skin. The methods employ treating,
      either internally or topically, a host suffering from a disease resulting
      from an abnormal metabolic process of the skin, with C.sub.22 acid or its
      physiologically acceptable salts in an acceptable vehicle. The amount
      employed is a physiologically acceptable amount sufficient to provide
      significant improvement of the diseased state, when applied on a
      repetitive basis over a reasonable period of time: weeks or months. When
      employed in the resolution of psoriasis, the C.sub.22 acid and its
      physiologically acceptable salts are preferably used in conjunction with
      steroid therapy.
PAR  The subject acid and its physiologically acceptable salts, e.g., alkali
      metal salts of atomic number 11 to 19 (sodium and potasium) are
      particularly useful in the treatment of seborrheic dermatoses and
      ichthyosiform dermatoses. Specific diseases coming within these classes
      have previously been indicated. The amounts of the C.sub.22 acid or its
      salts will depend upon the manner of application and the particular
      disease state. In fluid compositions, such as solutions, ointments, creams
      and the like, the active ingredient will generally be present in from
      about 0.01 to 1 weight percent. In solvents or hydrophilic vehicles, the
      dosage level would generally be from about 0.01 to 0.5 weight percent. In
      lipophilic bases, the amount will generally range in from about 0.1 to 1
      weight percent. When taken orally, the daily dosage, usually divided into
      three portions, will range from about 30 to 300mg daily, taken over from 2
      to 8 weeks. For treatment of ichthyosiform dermatosis, preferably at least
      about 5mg daily will be taken. The tablets or capsules will usually have
      from about 5 to 30 weight percent of the active ingredient. Application is
      continued until substantial remission of the abnormal metabolic process is
      achieved.
PAR  Depending on the particular diseased state which is involved and the manner
      of application of the active material, various other materials will be
      used in conjunction with the active ingredient. When the active ingredient
      is to be taken orally, it can be provided in capsule form or as a tablet.
      In capsule form, it is conveniently formulated with a major amount of
      lactose. In tablet form, it is conveniently formulated with extenders,
      e.g., cellulose; lubricants, e.g., polyethylene glycol; and silica.
PAR  For hydrophilic or solvent formulations, various physiologically acceptable
      liquids may be employed in major amounts, normally ranging from about 80
      to 99.95 weight percent. Acceptable solvents include ethanol, propylene
      glycol, and water. Various surfactants may be added, either individually
      or in combination, which will normally be present in from about 0.1 to a
      total of 5 weight percent of the composition. The surfactants may be
      non-ionic, anionic or cationic, including polyethylene glycols, their
      esters and ethers, alkylbenzene sulfonates, soda soaps, and the like.
      Physiologically acceptable thickening agents may also be added, normally
      in amounts of from about 0.1 to 2 weight percent, when a gel is desired.
      Antioxidants may be added, such as BHT and BHA, normally in minor amounts,
      generally from about 0.01 to 0.5 weight percent. Bacteriostatic and
      bactericidal agents may be added in minor amounts. Emollients may be
      added, such as glycerine, in amounts ranging from about 5 to 15 weight
      percent. Also, buffers can be added or mineral bases to provide the
      desired pH.
PAR  In a special situation, cotton swabs can be provided which employ the
      active ingredient in a vehicle such as ethanol or isopropanol in
      combination with propylene glycol.
PAR  The lipophilic formulations, such as anhydrous creams and ointments, will
      generally have a base derived from fatty alcohols, and polyethylene
      glycols. Additional additives will include alcohols, non-ionic
      surfactants, and antioxidants. For ointments, the base will normally be an
      oil or mixture of oil and wax, e.g., petrolatum. Also, an antioxidant will
      normally be included in minor amounts.
PAR  The following lists various exemplary formulations in which the C.sub.22
      acid may be formulated for either topical or oral use.
TBL  ______________________________________                                    

     I. Oral Formulations.                                                     

     Capsules                                                                  

                            mg/capsule                                         

     ______________________________________                                    

     1.  C.sub.22 retinoic acid derivative                                     

                                  50 mg                                        

     2.  Lactose                 250 mg                                        

     Gelatin capsules No. 2                                                    

     Tablets                                                                   

                                 mg/tablet                                     

     1.  C.sub.22 retinoic acid derivative                                     

                                  25 mg                                        

     2.  Sta Rx 1500             100 mg                                        

     3.  Microcrystalline cellulose (Avicel)                                   

                                  146.5 mg                                     

     4.  Polyethylene glycol 6000 powder                                       

                                  3 mg                                         

     5.  Cab O Sil M-5             0.5 mg                                      

     II. Hydrophilic or Solvent Formulations.                                  

     Liquid                                                                    

                                 w/v                                           

     1.  C.sub.22 retinoic acid derivative                                     

                                  0.05 g                                       

     2.  95% ethyl alcohol       50 ml                                         

     3.  Propylene glycol        50 ml                                         

     Gel 0.1%                                                                  

                                 Grams/100.0                                   

                                 g w/w                                         

     1.  C.sub.22 retinoic acid derivative                                     

                                 0.1 g                                         

     2.  Ethyl alcohol           10.0                                          

     3.  Tween 80                2.0                                           

     4.  BHT                     0.05                                          

     5.  BHA                     0.05                                          

     6.  Thimerosal              0.01                                          

     7.  Sodium hydroxide        0.4                                           

     8.  Versene 100             0.1                                           

     9.  Carbopol 940            1.0                                           

     10. Water, purified         86.29                                         

     Cream 0.2%                                                                

                                 Gram/100.0                                    

                                 g w/w                                         

     1.  C.sub.22 retinoic acid derivative                                     

                                 0.2 g                                         

     2.  BHT                     0.02                                          

     3.  Tween 80                2.0                                           

     4.  Alcohol, ethyl          10.0                                          

     5.  Acid, stearic           16.2                                          

     6.  Potassium carbonate     0.9                                           

     7.  Glycerin                8.0                                           

     8.  Propylene glycol        5.0                                           

     9.  Water, purified         57.5                                          

     pH 4.5-5.0 to be adjusted with hydrochloric acid                          

     (10% solution)                                                            

     Cotton Swabs                                                              

                                 w/v                                           

     1.  C.sub.22 retinoic acid derivative                                     

                                 0.1 g                                         

     2.  Isopropyl alcohol 99%, or                                             

                                 50 ml                                         

         Ethanol 95%             50 ml                                         

     3.  Propylene glycol        50 ml                                         

     III. Lipophilic Formulations.                                             

     Cream, Anhydrous                                                          

                                 G/100 g                                       

                                 w/w                                           

     1.  C.sub.22 retinoic acid derivative                                     

                                 0.3 g                                         

     2.  Ethyl alcohol           10.0                                          

     3.  Tween 80                6.0                                           

     4.  BHT                     0.02                                          

     5.  Cetyl alcohol           3.0                                           

     6.  Stearyl alcohol         3.0                                           

     7.  Carbowax 4000           14.0                                          

     8.  Polyethylene glycol     63.68                                         

     Ointment                                                                  

                                 Grams/w/w                                     

     1.  C.sub.22 retinoic acid derivative                                     

                                 0.5 g                                         

     2.  BHT                     0.02 g                                        

     3.  Mineral oil             9.88 g                                        

     4.  Petrolatum white        89.61 g                                       

     ______________________________________                                    

DETD
PAR  In order to demonstrate the activity of the C.sub.22 acid, the following
      studies were carried out.
PAR  A group of five patients was employed, which had chronic stable psoriasis,
      which was more or less resistant to topical steroid therapy. Retinoic acid
      was compared in the study to the C.sub.22 acid. The test agents were
      applied to one or two equivalently matched lesions on opposite sides
      thrice daily for 3 weeks. The solutions employed 0.02 weight percent of
      the active ingredient in a base consisting of 80% propylene glycol and 20%
      ethanol by volume. No other therapy was utilized.
PAR  While complete clearing was not obtained, the beneficial effects were
      unequivocal. At least a 50% resolution was obtained by 3 weeks with four
      of the five subjects. The following table indicates the comparison between
      retinoic acid, R, and the C.sub.22 acid. The arrow indicates which of the
      two acids was superior, with the percent improvement indicated for the
      superior result.
TBL                Table I                                                     

     ______________________________________                                    

     Subject    3 Weeks      % Improvement                                     

     ______________________________________                                    

     1          C.sub.22 &gt;R  75                                                

     2          R&gt;C.sub.22   25                                                

     3          C.sub.22 &gt;R  50                                                

     4          C.sub.22 &gt;R  50                                                

     5          C.sub.22 =R  75                                                

     ______________________________________                                    

PAR  It is noteworthy that the C.sub.22 acid is highly effective in providing
      resolution of the psoriatic condition. In addition, except for one
      resistant subject, in three of the four cases where 50% resolution or
      greater was obtained, the C.sub.22 acid was better than retinoic acid. The
      C.sub.22 acid was appreciably less irritating to the human skin than
      retinoic acid.
PAR  Oral administration of the C.sub.22 acid was studied in the treatment of
      psoriasis. Several patients were given 50mg total daily dosage, in three
      doses, for 6 to 7 weeks. The progress of the disease was followed by
      physical examination and electron microscopic study of skin biopsies.
      Blood chemistry (12 tests), kidney function and liver function tests were
      run on the patients to evaluate any potential toxicity. Remission of the
      psoriatic condition was observed, the electron microscopic examination
      showing the tissue to be free from abnormal signs, and there were no side
      effects at the end of approximately 6 weeks.
PAR  In a study with rabbits, the effect on acne was determined. The procedure
      consists of applying 10% crude coal tar 5 days a week for 2 weeks to the
      external ear canal of young albino rabbits. This produces comedones very
      similar to the human variety. At the end of 2 weeks, the test agent is
      supplied once daily to one ear canal while the control, or the reference
      material is applied to the opposite ear for a period of 2 weeks. The
      tissue is horizontally sectioned and the reduction of comedones estimated.
PAR  Routinely, three animals are employed per test. The concentrations employed
      were 0.1 weight percent and 0.025 weight percent in equal parts of ethanol
      and propylene glycol.
PAR  At 0.1 weight percent, moderate to great decrease of comedones was
      observed, while at 0.025 weight percent, slight to moderate decrease of
      comedones was observed. In the subject test, retinoic acid showed equal or
      somewhat superior performance in the decrease of comedones. The C.sub.22
      acid did not produce irritation. All sites treated with retinoic acid
      produced marked irritation of the skin.
PAR  A number of children were treated using 0.3 weight percent of the C.sub.22
      acid in a non-ionic base. Each of the children applied, each night before
      retiring, a small amount of the cream on the skin where an acne condition
      was evident. In 3 weeks or fewer, substantial remission of the acne
      condition was evident. There was no evidence during the treatment of any
      irritation or peeling of the skin due to the use of the cream.
PAR  It is evident from the above results that the C.sub.22 acid is extremely
      effective in the treatment of a wide variety of abnormal metabolic skin
      conditions. The C.sub.22 acid can be employed topically or internally, and
      is found with internal ingestion not to have adverse effects. The C.sub.22
      acid is extremely effective in remitting psoriatic and acne conditions and
      can be used without having undesirable side effects, both physiological
      and cosmetic.
PAR  In the studies made, there was little or no evidence of any irritation of
      the skin or peeling. The patients did not suffer from undesirable side
      effects of the treatment and were encouraged by the improvement in the
      skin disease.
PAR  Although the foregoing invention has been described in some detail by way
      of illustration and example for purposes of clarity of understanding, it
      will be obvious that certain changes and modifications may be practiced
      within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of alleviating acne in a patient in need thereof which
      comprises topically administering to said patient in an amount effective
      for remission of said acne of 11-(2,6', 6'
      trimethylcyclohex-1'enyl-1')-5,9-dimethylundeca-2,4,6,8,10-pentenoic acid.
NUM  2.
PAR  2. The method of claim 1 wherein said acid is administered as a composition
      comprising 0.01 to 1.0 weight per cent of said acid in admixture with a
      pharmaceutically acceptable carrier.
NUM  3.
PAR  3. The method of claim 2 wherein said composition is in the form of a
      solution.
NUM  4.
PAR  4. The method of claim 2 wherein said composition is in the form of an
      ointment.
NUM  5.
PAR  5. The method of claim 2 wherein said composition is in the form of a gel.
PATN
WKU  039340295
SRC  5
APN  4651200
APT  1
ART  125
APD  19740429
TTL  Certain aminimides used to control bacteria and fungi
ISD  19760120
NCL  7
ECL  1
EXP  Schenkman; Leonard
INVT
NAM  Kabara; Jon J.
CTY  Okemos
STA  MI
ASSG
NAM  Michigan State University
CTY  East Lansing
STA  MI
COD  02
CLAS
OCL  424320
EDF  2
ICL  A01N  920
FSC  424
FSS  320
UREF
PNO  3409646
ISD  19681100
NAM  Sims et al.
XCL  424320
UREF
PNO  3485806
ISD  19691200
NAM  Bloomquist et al.
XCL  260348C
ABST
PAL  A class of aminimides structurally characterizable as dipolar ions wherein
      a quaternary nitrogen atom is directly bonded to the nitrogen anion of a
      long chain fatty amide exhibit broad spectrum inhibitory activity against
      gram positive bacteria and fungi.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a class of nitrogenous compounds as antimicrobial
      agents for the control of bacterial and fungal growth.
PAR  2. Description of the Prior Art
PAR  Considerable effort has been directed during the past several decades
      towards developing antimicrobial agents having a high activity against a
      broad spectrum of microorganisms including bacteria and fungi, but which
      at the same time exhibit acceptably tolerable physiological properties. It
      is generally accepted that hexachlorophene of all of such antimicrobials
      proposed to date comes about the closest to meeting these desiderata.
      Unfortunately the use of halogenated compounds of this type has been
      severely restricted because of the recent unfortunate events stemming from
      what many feel amounted to a conspicuous misuse of hexachlorophene.
      Accordingly a present need exists for an effective antimicrobial of this
      type devoid of the chemical characteristics associated with the indicated
      halogenated compounds.
PAR  It has recently been reported that certain fatty amines and fatty amides
      evidence antimicrobial activity. Although the activity of these compounds
      fails to measure up to that demanded for a practical antimicrobial agent,
      the low order of toxicity attributed to compounds of this type renders
      these findings highly significant.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a method is provided for
      inhibiting the growth of bacteria and fungi which comprises applying to
      said organisms or their loci an antimicrobially effective amount of a
      compound of the formula
      ##EQU1##
      wherein R represents a C.sub.11 - C.sub.17 straight chain aliphatic
      hydrocarbon group and R' represents methyl, 2-hydroxyethyl or
      2-hydroxypropyl.
PAR  The antimicrobial agents of this invention in essentially micro
      concentrations exhibit surprisingly effective broad spectrum inhibitory
      activity against gram positive and fungal organisms. Moreover, the dipolar
      ion characteristics of these compounds contribute towards their marked
      hydrophilic nature and neutrality, which properties are important in
      numerous use appliations especially where detergency constitutes an
      adjunct function.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As indicated previously the practice of this invention resides in the use
      of the antimicrobial agents described above as the active ingredient in a
      variety of conventional compositions for medicinal, cosmetic, or
      disinfectant purposes. These compositions can be in the form of solutions,
      as well as solid, liquid or pasty suspensions and emulsions wherein the
      carrier or vehicle portion is water, oil, or an organic solvent, such as,
      for example, ethanol. Likewise these compositions can be solid admixtures
      including the pulverulent form thereof.
PAR  Representative of the foregoing compositions include cosmetic oils, salves,
      creams, pencils and powders; personal care items such as the spray, stick
      or powder deodorants, mouthwashes, hair rinses, skin lotions, foot powders
      and the like; and cleaning compositions such as detergent bars, shampoos
      and toothpastes. Further, the antimicrobial agents of this invention can
      be advantageously employed in washing, rinsing, cleaning, disinfecting and
      preserving compositions for textiles, leather, etc. Still a further
      important use of these agents can be found in the cleaning and
      disinfecting compositions designed for use in hospitals and such
      cleanliness sensitive industrial establishments as dairies, breweries and
      laundries. The amount of the antimicrobial agent present in the
      contemplated compositions obviously depends on the particular use for
      which the overall composition is designed. Generally, in toothpaste,
      deodorants, cosmetics and foot powders and the like the amount of the
      antimicrobial agent ranges from about 0.1 to 3.0% based on the total
      weight of the composition. In applications of a cleansing or disinfecting
      nature as noted above, the concentration of the agent in these instances
      can range up to about 10%.
PAR  The contemplated antimicrobial compounds of this invention wherein the
      indicated R' substituent is a hydroxy alkyl group can readily be prepared
      by reacting approximately stoichiometrical proportions of an applicable
      fatty acid ester, preferably a lower alkyl ester thereof, 1,1-dimethyl
      hydrazine and either ethylene or 1,2-propylene oxide. Examples of the
      applicable fatty acids for deriving a suitable ester thereof include
      lauric, myristic, palmitic, margaric, stearic and oleic. These acids are
      preferred since they are present in naturally occurring triglyceride oils
      and thus are readily and economically obtained from such sources.
PAR  The reaction can be effected simply by heating the indicated reactants at a
      temperature preferably between 20.degree. and 80.degree. C. and recovering
      the product by the usual crystallization procedures. Complete details
      relative to the above-described method for deriving the contemplated
      aminimides can be found in U.S. Pat. No. 3,485,806.
PAR  Those aminimides useful in the practice of the present invention wherein
      the indicated R' substituent is a methyl group can be prepared by several
      methods. The classical method is applicable for this purpose, which
      procedure consists of reacting a fatty acid chloride with 1,1-dimethyl
      hydrazine followed by quaternizing the resultant acid hydrazide with a
      methyl halide and thereupon treating with a strong base to effect
      dehydrohalogenation with the resultant production of the desired
      aminimide. An alternate and more efficient manner of preparing the
      instantly considered aminimides consists of reacting an ester of an
      applicable fatty acid, preferably the lower alkyl esters, with
      approximately an equivalent proportion of a trimethyl hydrazinium halide
      in the presence of an equivalent proportion of a strong base. Complete
      details regarding this improved process can be found in U.S. Pat. No.
      3,706,800.
DETD
PAC  EXAMPLE
PAR  For the purpose of illustrating the antimicrobic activity of the aminimides
      of the present invention, five gram positive bacteria and two
      repesentative fungi were used in a conventional test procedure for
      determining inhibitory effect. The identification of these test organisms
      and their source follows:
TBL    Organism         Source                                                 

     ______________________________________                                    

     Streptococcus faecalis (grp. D)                                           

                      Clinical Isolate                                         

     Streptococcus pyogenes                                                    

                      Clinical Isolate                                         

     Staphylococcus aureua                                                     

                      Hospital Infection                                       

     Corynebacterium  ATCC No. 10700                                           

     Nocardia asteroides                                                       

                      ATCC No. 3308                                            

     Saccaharomyces cerevisiae                                                 

                      Fleishman                                                

     Candida albicans Michigan State University Plant                          

                      Pathology Fungi Collection                               

     ______________________________________                                    

PAR  In the test procedure observed, representative aminimides were dissolved in
      water or 95% ethanol to provide standard solutions having a concentration
      of 1.0 mg of the test compound per ml of the solvent. A further test
      series was prepared by diluting with sterile Trypticase Soy Broth to
      concentrations of 100 ug/ml. Compounds more active than at 100 ug/ml were
      further diluted in a subsequent test or tests.
PAR  Following the preparation of the test solutions as noted above, one drop
      (0.04 .+-. 0.01 ml.) of an 18-hour broth culture containing 10.sup.9 to
      10.sup.12 organisms per ml. was added to about 10 cc of each starting
      dilution of the indicated test compounds as well as to a like sample of
      plain broth serving as a positive control. After innoculation, the test
      samples are thoroughly mixed and then incubated at 35.degree. C. in a 5%
      carbon dioxide atmosphere.
PAR  After an 18 hour period of incubation, the minimal inhibitory concentration
      (MIC) of each compound was determined for each test microorganism. The MIC
      value is defined as the lowest concentration (ug/ml) of the test compound
      at which no microscopic evidence of growth is observed. In the instances
      where the MIC exceeded 1000 ug/ml the compound was rated non-inhibitory
      (NI). Under those circumstances where the test compound itself causes
      turbidity so that the MIC proved difficult to determine in accordance with
      the above procedure, a sample (0.015 ml.) of the well-agitated broth or
      broths in question were innoculated into a Trypticase Soy agar plate
      containing 5% defibrinated sheep blood. The test plate would then be
      incubated at 35.degree. C. for 18 hours and thereupon examined for growth.
PAR  The identification of representative compounds tested in accordance with
      the following procedure together with the results obtained are outlined in
      the following Tables.
TBL                TABLE I                                                     

     ______________________________________                                    

            OCH.sub.3 OH                                                       

            .parallel..sup.-.sup.+.vertline..vertline.                         

            CH.sub.3 (CH.sub.2).sub.n --C--N--N----CH.sub.2 --CH.sub.2         

            .vertline.                                                         

            CH.sub.3                                                           

     COMPOUND - n =    10       12       14                                    

     ______________________________________                                    

     Streptococcus faecalis (grp. D)                                           

                       100      10       100                                   

     Streptococcus pyogenes                                                    

                       100      10       10                                    

     Staphylococcus aureus                                                     

                       100      10       10                                    

     Corynebacterium sp.                                                       

                       100      10       10                                    

     Nocardia asteroides                                                       

                       100      10       10                                    

     Candida albicans  100      10       10                                    

     Saccharomyces cerevisiae                                                  

                       100      10       10                                    

     ______________________________________                                    

TBL                TABLE II                                                    

     ______________________________________                                    

            OCH.sub.3 OH                                                       

            .parallel..sup.-.sup.+.vertline..vertline.                         

            CH.sub.3 (CH.sub.2).sub.n --C--N--N----CH.sub.2 CH--CH.sub.3       

            .vertline.                                                         

            CH.sub.3                                                           

     COMPOUND - n -  10     12     14   16    16*                              

     ______________________________________                                    

     Streptococcus faecalis                                                    

                     100    100    100  100    1000                            

     (grp. D)                                                                  

     Streptococcus pyogenes                                                    

                     10     10     10   10     1                               

     Staphylococcus aureus                                                     

                     100    10     10   100    10                              

     Corynebacterium sp.                                                       

                     10     10     10   10     10                              

     Nocardia asteroides                                                       

                     100    10     10   100    100                             

     Candida albicans                                                          

                     100    10     10   1000   1000                            

     Saccharomyces cerevisiae                                                  

                     100    10     10   100    10                              

     ______________________________________                                    

      *From oleyl                                                              

TBL                TABLE III                                                   

     ______________________________________                                    

              O                                                                

              .parallel..sup.-.sup.+                                           

              CH.sub.3 (CH.sub.2).sub.n --C--N--N(CH.sub. 3).sub.3             

     COMPOUND - n =    10       12       14                                    

     ______________________________________                                    

     Streptoccus faecalis (grp. D)                                             

                       1000     100      10                                    

     Streptococcus pyogenes                                                    

                       1000     10       10                                    

     Staphylococcus aureus                                                     

                       1000     10       10                                    

     Corynebacterium sp.                                                       

                       1000     10       10                                    

     Nocardia asteroides                                                       

                       1000     10       10                                    

     Candida albicans  1000     100      10                                    

     Saccharomyces cerevisiae                                                  

                       1000     10       10                                    

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of inhibiting the growth of bacteria and fungi which comprises
      applying to said organisms or their loci an antimicrobially effective
      amount of a compound of the formula
      ##EQU2##
      wherein R is a C.sub.11 - C.sub.17 straight chain aliphatic hydrocarbon
      group and R' is methyl, 2-hydroxyethyl or 2-hydroxypropyl.
NUM  2.
PAR  2. The method of claim 1 wherein said R' is methyl.
NUM  3.
PAR  3. The method of claim 2 wherein said R is tridecyl or pentadecyl.
NUM  4.
PAR  4. The method of claim 1 wherein said R' is 2-hydroxyethyl.
NUM  5.
PAR  5. The method of claim 4 wherein said R is tridecyl or pentadecyl.
NUM  6.
PAR  6. The method of claim 1 wherein said R' is 2-hydroxypropyl.
NUM  7.
PAR  7. The method of claim 6 wherein said R is tridecyl or pentadecyl.
PATN
WKU  039340309
SRC  5
APN  4651189
APT  1
ART  125
APD  19740429
TTL  Certain aminimides used to control bacteria and fungi
ISD  19760120
NCL  5
ECL  1
EXP  Schenkman; Leonard
INVT
NAM  Kabara; Jon J.
CTY  Okemos
STA  MI
ASSG
NAM  Michigan State University
CTY  East Lansing
STA  MI
COD  02
CLAS
OCL  424320
EDF  2
ICL  A01N  920
FSC  424
FSS  320
UREF
PNO  3409646
ISD  19681100
NAM  Sims et al.
XCL  424320
UREF
PNO  3485806
ISD  19691200
NAM  Bloomquist et al.
XCL  260348
ABST
PAL  A class of aminimides structurally characterizable as dipolar ions wherein
      a quaternary nitrogen atom is directly bonded to the nitrogen anion of
      acetamide exhibit broad spectrum inhibitory activity against bacterial and
      fungal organisms.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a class of nitrogenous compounds as antimicrobial
      agents for the control of bacterial and fungal growth.
PAR  2. Description of the Prior Art
PAR  Considerable effort has been directed during the past several decades
      towards developing antimicrobial agents having a high activity against a
      broad spectrum of microorganisms including bacteria and fungi, but which
      at the same time exhibit acceptably tolerable physiological properties. It
      is generally accepted that hexachlorophene of all of such antimicrobials
      proposed to date comes about the closest to meeting these desiderata.
      Unfortunately the use of halogenated compounds of this type has been
      severely restricted because of the recent unfortunate events stemming from
      what many feel amounted to a conspicuous misuse of hexachlorophene.
      Accordingly a present need exists for an effective antimicrobial of this
      type devoid of the chemical characteristics associated with the indicated
      halogenated compounds.
PAR  It has recently been reported that certain fatty amines and fatty amides
      evidence antimicrobial activity. Although the activity of these compounds
      fails to measure up to that demanded for a practical antimicrobial agent,
      the low order of toxicity attributed to compounds of this type renders
      these findings highly significant.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a method is provided for
      inhibiting the growth of bacteria and fungi which comprises applying to
      said organisms or their loci an antimicrobially effective amount of a
      compound of the formula
      ##EQU1##
      wherein n is an integer of from 10-16.
PAR  The antimicrobial agents of this invention is essentially micro
      concentrations exhibit surprisingly effective broad spectrum inhibitory
      activity against bacterial and fungal organisms. Moreover, the dipolar ion
      characteristics of these compounds contribute towards their marked
      hydrophilic nature and neutrality, which properties are important in
      numerous use applications especially where detergency constitutes an
      adjunct function.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As indicated previously the practice of this invention resides in the use
      of the antimicrobial agents described above as the active ingredient in a
      variety of conventional compositions for medicinal, cosmetic or
      disinfectant purposes. These compositions can be in the form of solutions,
      as well as solid, liquid or pasty suspensions and emulsions wherein the
      carrier or vehicle portion is water, oil, or an organic solvent, such as,
      for example, ethanol. Likewise these compositions can be solid admixtures
      including the pulverulent form thereof.
PAR  Representative of the foregoing compositions include cosmetic oils, salves,
      creams, pencils and powders; personal care items such as the spray, stick
      or powder deodorants, mouthwashes, hair rinses, skin lotions, foot powders
      and the like; and cleaning compositions such as detergent bars, shampoos
      and toothpastes. Further, the antimicrobial agents of this invention can
      be advantageously employed in washing, rinsing, cleaning, disinfecting and
      preserving compositions for textiles, leather, etc. Still a further
      important use of these agents can be found in the cleaning and
      disinfecting compositions designed for use in hospitals and such
      cleanliness sensitive industrial establishments as dairies, breweries and
      laundries. The amount of the antimicrobial agent present in the
      contemplated compositions obviously depends on the particular use for
      which the overall composition is designed. Generally, in toothpaste,
      deodorants, cosmetics and foot powders and the like the amount of the
      antimicrobial agent ranges from about 0.1 to 3.0% based on the total
      weight of the composition. In applications of a cleansing and disinfecting
      nature as noted above, the concentration of the agent in these instances
      can range up to about 10%.
PAR  The antimicrobial compounds contemplated herein can readily be prepared by
      reacting approximately stoichiometrical proportions of an ester of acetic
      acid, preferably a lower alkyl ester thereof, 1-1-dimethyl hydrazine and a
      1,2-olefin oxide. Examples of the olefin oxides utilized in preparing the
      various test compounds shown hereinbelow include .alpha.-dodecyl oxide,
      .alpha.-tetradecy oxide, .alpha.-hexadecyl oxide and .alpha.-octadecyl
      oxide. The reaction can be effected simply by heating the indicated
      reactants at a temperature preferably between 20.degree. and 80.degree. C.
      and recovering the product by the usual crystallization procedures.
      Complete details relative to the above-described method for deriving the
      contemplated aminimides can be found in U.S. Pat. No. 3,485,806.
DETD
PAC  EXAMPLE
PAR  For the purpose of illustrating the antimicrobic activity of the aminimides
      of the present invention, two gram negative bacteria, five gram positive
      bacteria and two representative fungi were used in a conventional test
      procedure for determining inhibitory effect. The identification of these
      test organisms and their source follows:
TBL  Organism               Source                                             

     ______________________________________                                    

     Escherichia coli Clinical Isolate                                         

     Psendomonas aeruginosa                                                    

                      ATCC No. 10145                                           

     Streptococcus faecalis (grp. D)                                           

                      Clinical Isolate                                         

     Streptococcus pyogenes                                                    

                      "                                                        

     Staphylococcus aureus                                                     

                      Hospital Infection                                       

     Corynebacterium  ATCC No. 10700                                           

     Nocardia asteroides                                                       

                      ATCC No. 3308                                            

     Saccaharomyces cerevisiae                                                 

                      Fleishman                                                

     Candida albicans Michigan State University                                

                      Plant Pathology Fungi Collection                         

     ______________________________________                                    

PAR  In the test procedure observed, representative aminimides were dissolved in
      water or 95% ethanol to provide standard solutions having a concentration
      of 1.0 mg of the test compound per ml of the solvent. A further test
      series was prepared by diluting with sterile Trypticase Soy Broth to
      concentrations of 100 ug/ml. Compounds more active than at 100 ug/ml were
      further diluted in a subsequent test or tests.
PAR  Following the preparation of the test solutions as noted above, one drop
      (0.04 .+-. 0.01 ml.) of an 18-hour broth culture containing 10.sup.9 to
      10.sup.12 organisms per ml. was added to about 10 cc of each starting
      dilution of the indicated test compounds as well as to a like sample of
      plain broth serving as a positive control. After innoculation, the test
      samples are thoroughly mixed and then incubated at 35.degree. C. in a 5%
      carbon dioxide atmosphere.
PAR  After an 18 hour period of incubation, the minimal inhibitory concentration
      (MIC) of each compound was determined for each test microorganism. The MIC
      value is defined as the lowest concentration (ug/ml) of the test compound
      at which no microscopic evidence of growth is observed. In those instances
      where the MIC exceeded 1000 ug/ml the compound was rated non-inhibitory
      (NI). Under those circumstances where the test compound itself causes
      turbidity so that the MIC proved difficult to determine in accordance with
      the above procedure, a sample (0.015 ml.) of the well-agitated broth or
      broths in question were innoculated into a Trypticase Soy agar plate
      containing 5% defibrinated sheep blood. The test plate would then be
      incubated at 35.degree. C. for 18 hours and thereupon examined for growth.
PAR  The identification of representative compounds tested in accordance with
      the foregoing procedure together with the results obtained are outlined in
      the following Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

            OCH.sub.3 OH                                                       

            .parallel..crclbar..sym..vertline..vertline.                       

            CH.sub.3 --C--N--N--CH.sub.2 --CH--(CH.sub.2).sub.n --H            

            .vertline.                                                         

            CH.sub.3                                                           

     COMPOUND - n =   9       11      13    15                                 

     ______________________________________                                    

     Streptococcus faecalis (grp. D)                                           

                      100     10      100   1000                               

     Streptococcus pyogenes                                                    

                      10      10      10    1                                  

     Staphylococcus aureus                                                     

                      100     10      10    10                                 

     Corynebacterium  100     10      10    10                                 

     Nocardia asteroides                                                       

                      100     10      10    10                                 

     Candida albicans 100     10      10    NI                                 

     Saccharomyces cerevisiae                                                  

                      100     10      10    NI                                 

     Esherichia coli  1000    NI      NI    NI                                 

     Psendomonas aeruginosa                                                    

                      1000    NI      NI    NI                                 

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of inhibiting the growth of bacteria and fungi which comprises
      applying to said organisms or their loci an antimicrobially effective
      amount of a compound of the formula
      ##EQU2##
      wherein n is an integer of from 10-16.
NUM  2.
PAR  2. The method of claim 1 wherein n of said formula is 10.
NUM  3.
PAR  3. The method of claim 1 wherein n of said formula is 12.
NUM  4.
PAR  4. The method of claim 1 wherein n of said formula is 14.
NUM  5.
PAR  5. The method of claim 1 wherein n of said formula is 16.
PATN
WKU  039340317
SRC  5
APN  4651197
APT  1
ART  125
APD  19740429
TTL  Certain aminimides used to control bacteria and fungi
ISD  19760120
NCL  4
ECL  1
EXP  Schenkman; Leonard
INVT
NAM  Kabara; Jon J.
CTY  Okemos
STA  MI
ASSG
NAM  Michigan State University
CTY  East Lansing
STA  MI
COD  02
CLAS
OCL  424320
EDF  2
ICL  A21N  920
FSC  424
FSS  320
UREF
PNO  3409646
ISD  19681100
NAM  Sims et al.
XCL  424320
UREF
PNO  3485806
ISD  19691200
NAM  Bloomquist et al.
XCL  260348C
ABST
PAL  A class of aminimides structurally characterizable as dipolar ions wherein
      a quaternary nitrogen atom is directly bonded to the nitrogen anion of a
      .beta.(N-alkyl N-2-hydroxy propyl) amino propionamide exhibit broad
      spectrum inhibitory activity against bacterial and fungal organisms.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a class of nitrogenous compounds as antimicrobial
      agents for the control of bacterial and fungal growth.
PAR  2. Description of the Prior Art
PAR  Considerable effort has been directed during the past several decades
      towards developing antimicrobial agents having a high activity against a
      broad spectrum of microorganisms including bacteria and fungi, but which
      at the same time exhibit acceptably tolerable physiological properties. It
      is generally accepted that hexachlorophene of all of such antimicrobials
      proposed to date comes about the closest to meeting these desiderata.
      Unfortunately the use of halogenated compounds of this type has been
      severely restricted because of the recent unfortunate events stemming from
      what many feel amounted to a conspicuous misuse of hexachlorophene.
      Accordingly a present need exists for an effective antimicrobial of this
      type devoid of the chemical characteristics associated with the indicated
      halogenated compounds.
PAR  It has recently been reported that certain fatty amines and fatty amides
      evidence antimicrobial activity. Although the activity of these compounds
      fails to measure up to that demanded for a practical antimicrobial agent,
      the low order of toxicity attributed to compounds of this type renders
      these findings highly significant.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a method is provided for
      inhibiting the growth of bacteria and fungi which comprises applying to
      said organisms or their loci an antimicrobially effective amount of a
      compound of the formula
      ##EQU1##
      wherein R is a C.sub.12 -  C.sub.18 alkyl group.
PAR  The antimicrobial agents of this invention in essentially micro
      concentrations exhibit surprisingly effective broad spectrum inhibitory
      activity against bacterial and fungal organisms. Moreover, the dipolar ion
      characteristics of these compounds contribute towards their marked
      hydrophilic nature and neutrality, which properties are important in
      numerous use applications especially where detergency constitutes an
      adjunct function.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As indicated previously the practice of this invention resides in the use
      of the antimicrobial agents described above as the active ingredient in a
      variety of conventional compositions for medicinal, cosmetic or
      disinfectant purposes. These compositions can be in the form of solutions,
      as well as solid, liquid or pasty suspensions and emulsions wherein the
      carrier or vehicle portion is water, oil, or an organic solvent, such as,
      for example, ethanol. Likewise these compositions can be solid admixtures
      including the pulverulent form thereof.
PAR  Representative of the foregoing compositions include cosmetic oils, salves,
      creams, pencils and powders; personal care items such as the spray, stick
      or powder deodorants, mouthwashes, hair rinses, skin lotions, foot powders
      and the like; and cleaning compositions such as detergent bars, shampoos
      and toothpastes. Further, the antimicrobial agents of this invention can
      be advantageously employed in washing, rinsing, cleaning, disinfecting and
      preserving compositions for textiles, leather, etc. Still a further
      important use of these agents can be found in the cleaning and
      disinfecting compositions designed for use in hospitals and such
      cleanliness sensitive industrial establishments as dairies, breweries and
      laundries. The amount of the antimicrobial agent present in the
      contemplated compositions obviously depends on the particular use for
      which the overall composition is designed. Generally, in toothpaste,
      deodorants, cosmetics and foot powders and the like the amount of the
      antimicrobial agent ranges from about 0.1 to 3.0% based on the total
      weight of the composition. In applications of a cleaning and disinfecting
      nature as noted above, the concentration of the agent in these instances
      can range up to about 10%.
PAR  In the preparation of the antimicrobial compounds contemplated herein the
      first step involves the formation of the Michael adduct of an appropriate
      fatty amine and a lower alkyl acrylate followed by reacting the resultant
      adduct with propylene oxide on an equimolar basis. A temperature in the
      order of about 10.degree. C. is conventionally observed in forming the
      adduct whereas a somewhat higher temperature in the order of about
      25.degree. C. serves better for the propoxylation phase of the reaction.
      Applicable fatty amines for the foregoing purpose include the C.sub.12 -
      C.sub.18 primary amines which can be readily obtained by the ammonolysis
      of the corresponding fatty acids.
PAR  The next step in deriving the aminimides useful in the practice of this
      invention consists of reacting stoichiometrical proportions of the
      above-described .beta.-amino propionate, 1,1-dimethyl hydrazine and
      propylene oxide. The reaction can be effected simply by heating the
      indicated reactants at a temperature preferably between 20.degree. and
      80.degree. C. and recovering the product by the usual crystallization
      procedures. Complete details relative to this method for deriving the
      contemplated aminimides can be found in U.S. Pat. No. 3,485,806.
DETD
PAC  EXAMPLE
PAR  For the purpose of illustrating the antimicrobic activity of the aminimides
      of the present invention, five gram positive bacteria and two
      representative fungi were used in a conventional test procedure for
      determining inhibitory effect. The identification of these test organisms
      and their source follows:
TBL  Organisms          Source                                                 

     ______________________________________                                    

     Streptococcus faecalis                                                    

                      Clincial Isolate                                         

     (grp. D)                                                                  

     Streptococcus pyrogenes                                                   

                         "                                                     

     Staphylococcus aureus                                                     

                      Hospital Infection                                       

     Corynebacterium  ATCC No. 10700                                           

     Nocardia asteroides                                                       

                      ATCC No. 3308                                            

     Saccaharomyces cerevisiae                                                 

                      Fleishman                                                

     Candida albicans Michigan State University                                

                      Plant Pathology Fungi                                    

                      Collection                                               

     ______________________________________                                    

PAR  In the test procedure observed, representative aminimides were dissolved in
      water or 95% ethanol to provide standard solutions having a concentration
      of 1.0 mg of the test compound per ml of the solvent. A further test
      series was prepared by diluting with sterile Trypticase Soy Broth to
      concentrations of 100 ug/ml. Compounds more active than at 100 ug/ml were
      further diluted in a subsequent test or tests.
PAR  Following the preparation of the test solutions as noted above, one drop
      (0.04 .+-. 0.01 ml.) of an 18-hour broth culture containing 10.sup.9 to
      10.sup.12 organisms per ml. was added to about 10 cc of each starting
      dilution of the indicated test compounds as well as to a like sample of
      plain broth serving as a positive control. After innoculation, the test
      samples are thoroughly mixed and then incubated at 35.degree. C. in a 5%
      carbon dioxide atmosphere.
PAR  After an 18 hour period of incubation, the minimal inhibitory concentration
      (MIC) of each compound was determined for each test microorganism. The MIC
      value is defined as the lowest concentration (ug/ml) of the test compound
      at which no microscopic evidence of growth is observed. In those instances
      where the MIC exceeded 1000 ug/ml the compound was rated non-inhibitory
      (NI). Under those circumstances where the test compound itself causes
      turbidity so that the MIC proved difficult to determine in accordance with
      the above procedure, a sample (0.015 ml.) of the well-agitated broth or
      broths in question were innoculated into a Trypticase Soy agar plate
      containing 5% defibrinated sheep blood. The test plate would then be
      incubated at 35.degree. C. for 18 hours and thereupon examined for growth.
PAR  The identification of representative compounds tested in accordance with
      the foregoing procedure together with the results obtained are outlined in
      the following Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

     OCH.sub.3 OH                                                              

     .parallel.-+.vertline..vertline.                                          

     R--N--CH.sub.2 --CH.sub.2 --C--N--N--CH.sub.2 --CH--CH.sub.3              

     .vertline..vertline.                                                      

     CH.sub.2 CH.sub.3                                                         

     .vertline.                                                                

     CHOH                                                                      

     .vertline.                                                                

     CH.sub.3                                                                  

     COMPOUND - R =      C.sub.12 C.sub.16 C.sub.18                            

     ______________________________________                                    

     Streptococcus faecalis (grp. D)                                           

                         100      10       100                                 

     Streptococcus pyogenes                                                    

                         10       1        10                                  

     Staphylococcus aureus                                                     

                         100      10       10                                  

     Corynebacterium     100      10       10                                  

     Nocardia asteroides 100      10       10                                  

     Candida albicans    100      100      1000                                

     Saccharomyces cerevisiae                                                  

                         10       10       NI                                  

     Escherichia coli*   1000     NI       NI                                  

     ______________________________________                                    

      *Source - hospital isolate                                               

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of inhibiting the growth of bacteria and fungi which comprises
      applying to said organisms or their loci an antimicrobially effective
      amount of a compound of the formula
      ##EQU2##
      wherein R is a C.sub.12 -  C.sub.18 alkyl group.
NUM  2.
PAR  2. The method of claim 1 wherein R is a C.sub.12 alkyl group.
NUM  3.
PAR  3. The method of claim 1 wherein R is a C.sub.16 alkyl group.
NUM  4.
PAR  4. The method of claim 1 wherein R is a C.sub.18 alkyl group.
PATN
WKU  039340325
SRC  5
APN  4612620
APT  1
ART  125
APD  19740415
TTL  Alkanolamine derivatives for treating hypertension
ISD  19760120
NCL  2
ECL  1
EXP  Waddell; Frederick E.
INVT
NAM  Barrett; Arthur Michael
CTY  Leeds
CNT  EN
INVT
NAM  Carter; John
CTY  Macclesfield
CNT  EN
INVT
NAM  Hull; Roy
CTY  Macclesfield
CNT  EN
INVT
NAM  Le Count; David James
CTY  Macclesfield
CNT  EN
INVT
NAM  Squire; Christopher John
CTY  Macclesfield
CNT  EN
ASSG
NAM  Imperial Chemical Industries Limited
CTY  London
CNT  EN
COD  03
PRIR
CNT  UK
APD  19690221
APN  9445/69
PRIR
CNT  UK
APD  19690924
APN  47048/69
PRIR
CNT  UK
APD  19701119
APN  55028/70
PRIR
CNT  UK
APD  19711118
APN  53544/71
RLAP
COD  74
APN  233781
APD  19720310
PSC  01
PNO  3836671
RLAP
COD  82
APN  199011
APD  19711115
PSC  03
RLAP
COD  90
APN  9451
APD  19700206
PSC  01
PNO  3663607
CLAS
OCL  424324
XCL  424324
EDF  2
ICL  A61K 2700
FSC  424
FSS  324
FREF
PNO  1,078,852
ISD  19670900
CNT  UK
OCL  424324
LREP
FRM  Cushman, Darby & Cushman
ABST
PAL  1-(ELECTRONEGATIVELY-SUBSTITUTED-ALKYL- OR
      ALKENYLPHENOXY)-3-ALKYLAMINO-2-PROPANOL DERIVATIVES, FOR EXAMPLE
      1-P-CARBAMOYLMETHYLPHENOXY-3-ISOPROPYLAMINO-2-PROPANOL, AND PHARMACEUTICAL
      COMPOSITIONS CONTAINING THEM POSSESS .beta.-ADRENERGIC BLOCKING ACTIVITY
      AND ARE USEFUL IN THE TREATMENT OF HEART DISEASES AND OTHER COMPLAINTS IN
      MAN.
PARN
PAR  This application is a divisional application of Ser. No. 233,781, filed
      Mar. 10, 1972, now U.S. Pat. No. 3,836,671, which is a
      continuation-in-part of application Ser. No. 199,011, filed Nov. 15, 1971,
      now abandoned, and application Ser. No. 9451, filed Feb. 6, 1970, now U.S.
      Pat. No. 3,663,607.
BSUM
PAR  This invention relates to new alkanolamine derivatives which possess
      .beta.-adrenergic blocking activity.
PAR  According to the invention there is provided a new alkanolamine derivative
      selected from compounds of the formula:
      ##SPC1##
PAL  Wherein R.sup.1 is alkyl or hydroxyalkyl each of up to 6 carbon atoms;
      wherein either:
PA1  A is alkylene of 1 to 5 carbon atoms and R.sup.2 is alkanoyl of up to 6
      carbon atoms, carbamoyl or carbazoyl, or alkyl-carbamoyl or
      alkenylcarbamoyl each of up to 7 carbon atoms; or
PA1  A is alkenylene of 2 to 5 carbon atoms and R.sup.2 is alkanoyl or
      alkoxycarbonyl each of up to 6 carbon atoms, cyano, carbamoyl or
      carbazoyl, or alkylcarbamoyl or alkenylcarbamoyl each of up to 7 carbon
      atoms;
PA1  Wherein n is the integer 1 or 2; and wherein R.sup.3, the values of which
      may be the same or different when n is 2, is selected from hydrogen,
      halogen, nitro, hydroxy, cyano, phenyl, phenoxy, benzyl,
      .alpha.-phenylethyl, benzyloxy, cycloalkyl of up to 8 carbon atoms, alkyl,
      alkenyl, alkanoyl and alkoxycarbonyl each of up to 6 carbon atoms,
      alkylthio, alkoxy and alkenyloxy each of up to 5 carbon atoms, and alkyl
      of up to 5 carbon atoms which is substituted by hydroxy, alkoxy of up to 4
      carbon atoms or halogen;
PA1  And the non-toxic, pharmaceutically-acceptable acidaddition salts thereof.
PAR  It is to be understood that the above definition of alkanolamine
      derivatives encompasses all possible stereoisomers thereof, and mixtures
      thereof, which possess .beta.-adrenergic blocking activity, and in
      particular it encompasses racemic mixtures and any optical isomer which
      possesses .beta.-adrenergic blocking activity.
PAR  A suitable value for R.sup.1 is, for example, alkyl or hydroxyalkyl each of
      3, 4 or 5 carbon atoms, which preferably is branched at the .alpha.-carbon
      atom, for example isopropyl, s-butyl, t-butyl, 2-hydroxy-1,1-dimethylethyl
      or 2-hydroxy-1-methylethyl. Particularly preferred values for R.sup.1 are
      isopropyl and t-butyl.
PAR  A suitable value for R.sup.2 is for example, acetyl, propionyl,
      methoxycarbonyl, ethoxycarbonyl, cyano, carbamoyl, carbazoyl,
      methylcarbamoyl, isopropylcarbamoyl, n-butylcarbamoyl or allylcarbamoyl.
PAR  A suitable value for A is, for example, methylene, ethylene, ethylidene
      ##EQU1##
      trimethylene or vinylene.
PAR  A suitable value for R.sup.3 is, for example, hydrogen, fluorine, chlorine,
      bromine, iodine, nitro, hydroxy, cyano, phenyl, phenoxy, benzyl,
      .alpha.-phenylethyl, benzyloxy, cyclopropyl, cyclobutyl, cyclopentyl,
      methyl, n-propyl, s-butyl, allyl, acetyl, propionyl, methoxycarbonyl,
      ethoxycarbonyl, methylthio, methoxy, isopropoxy, allyloxy, hydroxymethyl,
      methoxymethyl or trifluoromethyl.
PAR  Suitable non-toxic, pharmaceutically-acceptable acid-addition salts of the
      alkanolamine derivatives of the invention are, for example, salts derived
      from inorganic acids, for example hydrochlorides, hydrobromides,
      phosphates or sulphates, or salts derived from organic acids, for example
      oxalates, lactates, tartrates, acetates, salicylates, citrates, benzoates,
      .beta.-naphthoates, adipates or
      1,1-methylene-bis-(2-hydroxy-3-naphthoates), or salts derived from acidic
      synthetic resins, for example sulphonated polystyrene resins, for example
      "Zeo-Karb" 225 ("Zeo-Karb" is a Trade Mark).
PAR  One preferred alkanolamine derivative of the invention is selected from
      compounds of the formula:
      ##SPC2##
PAL  wherein R.sup.1, R.sup.2, A and R.sup.3 have the meanings stated above, and
      the non-toxic, pharmaceutically-acceptable acid-addition salts thereof. A
      particularly preferred derivative is selected from compounds of the latter
      formula given above wherein R.sup.1 is isopropyl or t-butyl and wherein
      either
PAR  a. R.sup.2 is carbamoyl or alkylcarbamoyl of up to 4 carbon atoms, A is
      methylene and R.sup.3 is hydrogen, halogen or alkyl, alkenyl or alkoxy
      each of up to 4 carbon atoms; or
PAR  b. R.sup.2 is acetyl or carbamoyl, A is ethylene or vinylene and R.sup.3 is
      alkoxy of up to 4 carbon atoms; or
PAR  c. R.sup.2 is cyano, A is vinylene and R.sup.3 is alkoxy of up to 4 carbon
      atoms; and the non-toxic, pharmaceutically-acceptable acid-addition salts
      thereof.
PAR  A second preferred alkanolamine derivative of the invention is selected
      from compounds of the formula:
      ##SPC3##
PAL  wherein R.sup.1 and R.sup.2 have the meanings stated above and wherein A is
      alkenylene of 2 to 5 carbon atoms, and the non-toxic
      pharmaceutically-acceptable acid-addition salts thereof. A particularly
      preferred derivative is selected from compounds of the last-mentioned
      formula given above wherein R.sup.1 is isopropyl or t-butyl, R.sup.2 is
      cyano or carbamoyl and A is vinylene, and the non-toxic
      pharmaceutically-acceptable acid-addition salts thereof.
PAR  Specific alkanolamine derivatives of the invention are, for example, those
      hereinafter described in the Examples. Of these, particularly active
      compounds are 1-p-carbamoylmethylphenoxy-3-isopropylamino-2-propanol;
      1-p-(N-isopropylcarbamoylmethyl)phenoxy-3-isopropylamino-2-propanol;
      1-(2-bromo-4-carbamoylmethylphenoxy)-3-isopropylamino-2-propanol;
      1-p-carbamoylmethylphenoxy-3-t-butylamino-2-propanol;
      1-m-carbamoylmethylphenoxy-3-isopropylamino-2-propanol;
      1-(2-allyl-4-carbamoylmethylphenoxy)-3-isopropylamino-2-propanol;
      1-(4-carbamoylmethyl-2-methoxyphenoxy)-3-isopropylamino-2-propanol;
      1-p-(N-methylcarbamoylmethyl)phenoxy-3-isopropylamino-2-propanol;
      1-(4-carbamoylmethyl-2-iodophenoxy)-3-isopropylamino-2-propanol;
      1-(2-chloro-4-carbamoylmethyl-phenoxy)-3-isopropylamino-2-propanol;
      1-(2-chloro-4-carbamoylmethylphenoxy)-3-t-butylamino-2-propanol;
      1-(2-fluoro-4-carbamoylmethylphenoxy)-3-isopropylamino-2-propanol;
      1-(2-fluoro-4-carbamoylmethylphenoxy)-3-t-butylamino-2-propanol;
      1-(4-carbamoylmethyl-2-methylphenoxy)-3-isopropylamino-2-propanol;
      1-(4-carbamoylmethyl-2-n-propylphenoxy)-3-isopropylamino-2-propanol;
      1-(4-carbamoylmethyl-2-s-butylphenoxy)-3-isopropylamino-2-propanol;
      1-(4-carbamoylmethyl-2-methoxyphenoxy)-3-t-butylamino-2-propanol;
      1-(4-N-methylcarbamoylmethyl-2-n-propylphenoxy)-3-isopropylamino-2
      -propanol;
      1-(2-allyl-4-N-methylcarbamoylmethylphenoxy)-3-isopropylamino2-propanol;
      1-(2-allyl-4-N-methylcarbamoylmethylphenoxy)-3-t-butylamino-2-propanol;
      1-(4-carbamoylmethyl-2,5-dimethylphenoxy)-3-isopropylamino-2-propanol;
      1-(4-.beta.-carbamoylethyl2-methoxyphenoxy)-3-isopropylamino-2-propanol;
      1-(4-.beta.-carbamoylethyl-2-methoxyphenoxy)-3-t-butylamino-2-propanol;
      1-[2-methoxy-4-(3-oxobutyl)phenoxy]-3-isopropylamino-2-propanol;
      1-(2-methoxy-4-.beta.-methoxycarbonylvinylphenoxy)-3-isopropylamino-2-prop
     anol- 1-(4-.beta.-cyanovinyl-2-methoxyphenoxy)-3-isopropylamino-2-propanol;
      1-(4-.beta.-carbamoylvinyl-2-methoxy-phenoxy)-3-isopropylamino-2-propanol;
      1-[2-methoxy-4-(3-oxobut-1-enyl)phenoxy]-3-t-butylamino-2-propanol;
      1-(2-.beta.-cyanovinylphenoxy)-3-t-butylamino-2-propanol and
      1-(2-.beta.-carbamoylvinylphenoxy)-3-isopropylamino-2-propanol and the
      non-toxic, pharmaceutically-acceptable acid-addition salts thereof.
PAR  The alkanolamine derivatives of the invention may be prepared by
      conventional chemical means. One preferred process for the manufacture of
      the alkanolamine derivatives comprises the reaction of a compound of the
      formula:
      ##SPC4##
PAL  wherein R.sup.2, A, R.sup.3 and n have the meanings stated above, and
      wherein X stands for the group
      ##EQU2##
      or the group --CHOH.CH.sub.2 Y, wherein Y stands for a halogen atom, or of
      mixtures of such compounds wherein X has both meanings stated above, with
      an amine of the formula NH.sub.2 R.sup.1, wherein R.sup.1 has the meaning
      stated above.
PAR  A suitable value for Y is, for example, the chlorine or bromine atom. The
      reaction may be carried out at ambient temperature or it may be
      accelerated or completed by the application of heat, for example by
      heating to a temperature of 90.degree.-110.degree.C.; it may be carried
      out at atmospheric or at an elevated pressure, for example by heating in a
      sealed vessel; and it may be carried out in an inert diluent or solvent,
      for example methanol or ethanol, or an excess of the amine of the formula
      NH.sub.2 R.sup.1, wherein R.sup.1 has the meaning stated above, may be
      used as diluent or solvent.
PAR  The starting material used in the above process may be obtained by the
      reaction of the corresponding phenol with an epihalohydrin, for example
      epichlorohydrin. The said starting material may be isolated or it may be
      prepared and used in situ without isolation.
PAR  The alkanolamine derivatives of the invention in free base form may be
      converted into non-toxic, pharmaceutically acceptable acid-addition salts
      thereof by reaction with a suitable acid by conventional means.
PAR  As stated above, the alkanolamine derivatives of the invention and the
      non-toxic, pharmaceutically acceptable acid-addition salts thereof possess
      .beta.-adrenergic blocking activity. Furthermore, many of these compounds
      possess selective .beta.-adrenergic blocking activity. Compounds
      exhibiting this selective action show a greater degree of specificity in
      blocking the cardiac .beta.-receptors than the .beta.-receptors in
      peripheral blood vessels and bronchial muscle. Thus, a dose may be
      selected for such a compound at which the compound blocks the cardiac
      inotropic and chronotropic actions of a catecholamine [for example
      isoprenaline, that is, 1-(3,4-dihydroxyphenyl)-2-isopropylaminoethanol]
      but does not block the relaxation of tracheal smooth muscle produced by
      isoprenaline or the peripheral vasodilator action of isoprenaline. Because
      of this selective action, one of these compounds may advantageously be
      used together with a sympathomimetic bronchodilator, for example
      isoprenaline, orciprenaline, adrenaline or ephedrine, in the treatment of
      asthma and other obstructive airways diseases, inasmuch as the selective
      compound will substantially inhibit the unwanted stimulatory effects of
      the bronchodilator on the heart but will not hinder the desirable
      therapeutic effect of the bronchodilator.
PAR  Many compounds possessing .beta.-adrenergic blocking activity are known,
      many of these being 1-aryloxy-3-amino-2-propanol derivatives, and it is
      also known that some of these compounds, especially those wherein the
      1-aryloxy radical bears an acylamino substituent, possess selective
      .beta.-adrenergic blocking activity. It is a desirable, although not
      absolutely essential, feature of a .beta.-adrenergic blocking agent which
      is to be used clinically that the agent does not possess any substantial
      amount of intrinsic sympathomimetic activity. The compound with which most
      clinical experience has been obtained, propranolol
      [1-isopropylamino-3-(naphth-1-yloxy)-2-propanol], which is described and
      claimed in U.S. Pat. No. 3,337,628 is totally devoid of intrinsic
      sympathomimetic activity. However, no compound which possesses selective
      .beta.-adrenergic blocking activity as defined above is known which is
      devoid of intrinsic sympathomimetic activity. In particular, the selective
      .beta.-adrenergic blocking agent with which most clinical experience has
      been obtained, practolol
      [1-(4-acetamidophenoxy)-3-isopropylamino2-propanol, which is described and
      claimed in U.S. Pat. No. 3,408,387], possesses significant intrinsic
      sympathomimetic activity.
PAR  We have now found that many of the compounds of the present invention, and
      especially the compounds
      1-p-carbamoylmethylphenoxy-3-isopropylamino-2-propanol and
      1-(4-.beta.-carbamoylethyl-2-methoxyphenoxy)-3-isopropylamino-2-propanol,
      possess selective .beta.-adrenergic blocking activity as determined by the
      inhibition of isoprenaline-induced tachycardia in cats, and by freedom
      from antagonism of isoprenaline-induced vasodilatation in cats or of the
      relief produced by isoprenaline of histamineinduced bronchospasm in
      guinea-pigs. These compounds are, however, devoid of intrinsic
      sympathomimetic activity as demonstrated by their failure to increase the
      heart rate of rats from which natural catecholamines have been depleted by
      pre-treatment with syrosingopine. The .beta.-adrenergic blocking activity
      in cats and rats of the compounds is quantitatively similar to that of
      practolol, and at doses of the compounds which produce effective
      .beta.-adrenergic blockade in cats and rats there is no evidence of
      toxicity.
PAR  According to a further feature of the invention there is provided a
      pharmaceutical composition comprising as active ingredient at least one
      alkanolamine derivative of the invention, or a non-toxic,
      pharmaceutically-acceptable acid-addition salt thereof, in association
      with a pharmaceutically acceptable diluent or carrier therefor.
PAR  Suitable compositions are, for example, tablets, capsules, aqueous or oily
      solutions or suspensions, emulsions, injectable aqueous or oily solutions
      or suspensions, dispersible powders, sprays or aerosol formulations.
PAR  The pharmaceutical compositions of the invention may contain, in addition
      to the alkanolamine derivative of the invention, one or more drugs
      selected from sedatives, for example phenobarbitone, meprobamate and
      chlorpromazine; vasodilators, for example glyceryl trinitrate,
      pentaerythritol tetranitrate and isosorbide dinitrate; diuretics, for
      example chlorothiazide; hypotensive agents, for example reserpine,
      bethanidine and guanethidine; myocardial depressants, for example
      quinidine; agents used in the treatment of Parkinson's disease, for
      example benzhexol; cardiotonic agents, for example digitalis preparations;
      and sympathomimetic bronchodilators, for example isoprenaline,
      orciprenaline, adrenaline and ephedrine.
PAR  When the alkanolamine derivatives of the invention are to be used in man,
      for example for the treatment of heart diseases such as angina pectoris
      and cardiac arrythmias, or for the treatment of hypertension or
      phaeochromocytoma, it is expected that they would be given at a total oral
      dose of between 25 mg. and 1,200 mg. daily, preferably between 200 mg. and
      600 mg. daily, at doses spaced at 6-8 hourly intervals, or at an
      intravenous dose of between 1 mg. and 40 mg., preferably between 5 mg. and
      25 mg. Preferred oral dosage forms are tablets or capsules containing
      between 25 and 200 mg., and preferably 100 mg., of active ingredient.
      Preferred intravenous dosage forms are sterile aqueous solutions of the
      alkanolamine derivative or of a non-toxic acid-addition salt thereof,
      containing between 0.05% and 1% w/v of active ingredient, and more
      particularly containing 0.2% w/v of active ingredient.
PAR  The invention is illustrated but not limited by the following Examples:
DETD
PAC  EXAMPLE 1
PAR  A solution of 1 g. of 1-p-carbamoylmethylphenoxy-2,3-epoxypropane and 10
      ml. of isopropylamine in 25 ml. of methanol is heated in a sealed tube at
      110.degree.C. for 12 hours. The mixture is evaporated to dryness and the
      residue is partitioned between 50 ml. of chloroform and 50 ml. of aqueous
      2N-hydrochloric acid. The aqueous acidic layer is separated, made alkaline
      with sodium carbonate and extracted twice with 50 ml. of chloroform each
      time. The combined extracts are dried and evaporated to dryness and the
      residue is crystallised from ethyl acetate. There is thus obtained
      1-p-carbamoylmethylphenoxy-3-isopropylamino-2-propanol, m.p.
      146.degree.-148.degree.C.
PAR  The 1-p-carbamoylmethylphenoxy-2,3-epoxypropane used as starting material
      may be obtained as follows:
PAR  A mixture of 3.2 g. of p-hydroxyphenylacetamide, 25 ml. of epichlorohydrin
      and 6 drops of piperidine is heated at 95.degree.-100.degree.C. for 6
      hours. The mixture is cooled and filtered and the solid product is
      crystallised from methanol. There is thus obtained
      1-p-carbamoylmethylphenoxy-2,3-epoxypropane, m.p.
      158.degree.-160.degree.C.
PAC  EXAMPLE 2
PAR  By a process substantially similar to that described in Example 1, using
      the appropriate phenol, epichlorohydrin and the appropriate amine as
      starting materials, there are obtained the compounds described in the
      following tables:
PAC  TABLE 1
      ##SPC5##
TBL  R.sup.10 R.sup.3  R.sup.1      m.p. (.degree.C.)                          

     ______________________________________                                    

     H        methoxy  isopropyl    118-120                                    

     H        methoxy  t-butyl      87-89                                      

     H        iodo     isopropyl    126-128                                    

     H        methyl   isopropyl    126-127                                    

     H        s-butyl  isopropyl    hydrogen oxalate                           

                                    124-130                                    

     H        n-propyl isopropyl    116-117                                    

     n-butyl  H        isopropyl    115-117                                    

     n-butyl  H        t-butyl      oxalate 211-213                            

     allyl    H        isopropyl    112-114                                    

     methyl   allyl    isopropyl    106-108                                    

     methyl   allyl    t-butyl      oxalate 187-189                            

     allyl    allyl    isopropyl    94-96                                      

     isopropyl                                                                 

              H        isopropyl    132-134                                    

     H        H        1-methyl-2-  134-136                                    

                       hydroxyethyl                                            

     isopropyl                                                                 

              nitro    t-butyl      117-119                                    

     H        bromo    isopropyl    105-107                                    

     H        allyl    isopropyl    hydrogen oxalate                           

                                    101-102                                    

     methyl   H        isopropyl    87-89                                      

     H        H        t-butyl      119-120                                    

     methyl   n-propyl isopropyl    125-127                                    

     H        fluoro   isopropyl     97-100                                    

     H        fluoro   t-butyl      92-95                                      

     H        chloro   t-butyl      100-101                                    

     H        chloro   isopropyl    101-102                                    

     ______________________________________                                    

PAC  TABLE 2
      ##SPC6##
TBL  R.sup.10  A           R.sup.3  m.p. (.degree.C.)                          

     ______________________________________                                    

     H         --CH.sub.2 CH.sub.2 --                                          

                           bromo    102-104                                    

     H         --CH.sub.2 CH.sub.2 CH.sub.2 --                                 

                           bromo    69-71                                      

     H         --CH.sub.2 CH.sub.2 --                                          

                           nitro    130-132                                    

     H         --CH(CH.sub.3)--                                                

                           H        101-104                                    

     H         --CH.sub.2 CH.sub.2 --                                          

                           allyl    93-95                                      

     H         --CH.sub.2 CH.sub.2 CH.sub.2 --                                 

                           allyl    78-80                                      

     isopropyl --CH.sub.2 CH.sub.2 --                                          

                           nitro    108-110                                    

     H         --CH=CH--   methoxy  138-140                                    

     isopropyl --CH=CH--   methoxy  123-125                                    

     H         --CH.sub.2 CH.sub.2 CH.sub.2 --                                 

                           H        85-87                                      

     H         --CH.sub.2 CH.sub.2 --                                          

                           methoxy  108-109                                    

     H         --CH=CH--   H        135-137                                    

     H         --CH.sub.2 CH.sub.2 --                                          

                           H        102-104                                    

     ______________________________________                                    

PAR  There are also prepared, by a similar process to that described in Example
      1 using the appropriate starting materials,
      1-m-carbamoylmethylphenoxy-3-isopropylamino-2-propanol, m.p.
      82.degree.-84.degree.C.;
      1-o-carbamoylmethylphenoxy-3-isopropylamino-2-propanol hydrogen oxalate,
      m.p. 146.degree.-148.degree.C.; 1-(4-carbamoylmethyl-3-methylphenoxy)-3
      -isopropylamino-2-propanol, m.p. 132.degree.-134.degree.C.;
      1-(4-carbamoylmethyl-2,3-dimethylphenoxy)-3-ispropylamino-2-propanol
      hydrogen oxalate, m.p. 213.degree.-215.degree.C.;
      1-(4-carbamoylmethyl-2,5-dimethylphenoxy)-3-isopropylamino-2-propanol,
      m.p. 111.degree.-113.degree.C.;
      1-(2-.beta.-carbamoylvinylphenoxy)-3-isopropylamino-2-propanol, m.p.
      144.degree.-146.degree.C. and
      1-(4-.beta.-carbamoylethyl-2-methoxyphenoxy)-3-t-butylamino-2-propanol
      hydrogen oxalate, m.p. 148.degree.-149.degree.C.
PAC  EXAMPLE 3
PAR  A solution of 0.75 g. of
      3-isopropylamino-1-p-methoxycarbonylmethylphenoxy-2-propanol in 3 ml. of
      63% aqueous hydrazine hydrate is heated at 95.degree.-100.degree.C. for 2
      hours. 20 Ml. of water are added and the mixture is extracted twice with
      30 ml. of chloroform each time. The combined chloroform solutions are
      dried and evaporated to dryness and the residue is crystallised from a
      mixture of ethyl acetate and petroleum ether (b.p.
      60.degree.-80.degree.C.). There is thus obtained
      1-p-carbazoylmethylphenoxy-3-isopropylamino-2-propanol, m.p.
      92.degree.-93.degree.C.
PAR  The 3-isopropylamino-1-p-methoxycarbonylmethylphenoxy2-propanol used as
      starting material may be obtained as follows:
PAR  A solution of 0.5 g. of
      1-p-carbamoylmethylphenoxy-3-isopropylamino-2-propanol in 50 ml. of
      methanol is saturated with anhydrous hydrogen chloride and is heated under
      reflux for 3 hours. The solution is evaporated to dryness, the residue is
      dissolved in water and the solution is basified with sodium carbonate. The
      basic solution is extracted twice with 30 ml. of chloroform each time and
      the combined chloroform extracts are dried and evaporated to dryness. The
      residue is crystallised from petroleum ether (b.p.
      60.degree.-80.degree.C.) and there is thus obtained
      3-isopropylamino1-p-methoxycarbonylmethylphenoxy-2-propanol, m.p.
      65.degree.-67.degree.C.
PAC  EXAMPLE 4
PAR  A mixture of 1.18 g. of 1-p-formylphenoxy-3-isopropylamino-2-propanol, 0.5
      g. of methyl hydrogen malonate, 15 ml. of pyridine and 5 drops of
      piperidine is heated at 95.degree.-100.degree.C. for 16 hours, cooled and
      evaporated to dryness under reduced pressure. The residue is crystallised
      from a mixture of ethyl acetate and petroleum ether (b.p.
      60.degree.-80.degree.C.) and there is thus obtained
      3-isopropylamino-1-p-(.beta.-methoxycarbonylvinyl)-phenoxy-2-propanol,
      m.p. 90.degree.-92.degree.C.
PAR  The 1-p-formylphenoxy-3-isopropylamino-2-propanol used as starting material
      may be obtained as follows:
PAR  A mixture of 5 g. of 3-chloro-1-p-formylphenoxy-2-propanol and 50 ml. of
      aqueous N-sodium hydroxide solution is shaken for 4 hours and then
      extracted twice with 100 ml. of chloroform each time. The combined
      chloroform extracts are dried and evaporated to dryness under reduced
      pressure and the residual oil, which consists essentially of
      2,3-epoxy-1-(p-formylphenoxy)propane, is immediately dissolved in 50 ml.
      of isopropylamine. The solution is heated under reflux for 16 hours,
      cooled and evaporated to dryness. The residue slowly solidifies, and is
      crystallised from a mixture of benzene and petroleum ether (b.p.
      60.degree.-80.degree.C.). There is thus obtained
      3-isopropylamino-1-p-(N-isopropyliminomethyl)phenoxy-2-propanol, m.p.
      81.degree.-83.degree.C.
PAR  A mixture of the above propanol and 150 ml. of aqueous 6N-hydrochloric acid
      is heated under reflux for 4 hours and then evaporated to dryness under
      reduced pressure. The residue is dissolved in water, the solution is made
      alkaline with solid sodium carbonate and the mixture is extracted with
      ethyl acetate. The extract is dried and evaporated to dryness and the
      residue is crystallised from a mixture of benzene and petroleum ether
      (b.p. 60.degree.-80.degree.C.). There is thus obtained
      1-p-formylphenoxy-3-isopropylamino-2-propanol, m.p.
      86.degree.-88.degree.C.
PAC  EXAMPLE 5
PAR  Sufficient methanol to give a clear solution is added to a suspension of
      5.2 g. of 1-[2-methoxy-4-(3-oxobut-1-enyl)phenoxy]-2,3-epoxypropane in 100
      ml. of t-butylamine, and the solution is kept at room temperature for 3
      days and is then evaporated to dryness. The residue is crystallised from a
      mixture of ethyl acetate and petroleum ether (b.p.
      60.degree.-80.degree.C.) and there is thus obtained
      1-[2-methoxy-4-(3-oxobut-1-enyl)-phenoxy]-3-t-butylamino-2-propanol, m.p.
      62.degree.-64.degree.C.
PAR  The 1-[2-methoxy-4-(3-oxobut-1-enyl)phenoxy]-2,3,-epoxypropane used as
      starting material may be obtained as follows:
PAR  A mixture of 12.5 g. of vanillin (4-hydroxy-3-methoxybenzaldehyde), 50 ml.
      of acetone and 40 ml. of 9% aqueous sodium hydroxide solution is kept at
      room temperature for 30 days. 100 Ml. of water are added, the excess of
      acetone is removed by evaporation under reduced pressure and the residue
      is acidified with 20% aqueous acetic acid solution. The mixture is
      filtered and the solid product is crystallised from aqueous ethanol. There
      is thus obtained 4-(4-hydroxy-3-methoxyphenyl)but-3-en-2-one, m.p.
      119.degree.-122.degree.C.
PAR  A mixture of 11.3 g. of the above product, 110 ml. of epichlorohydrin and 6
      drops of piperidine is heated at 90-95.degree.C. for 6 hours. The excess
      of epichlorohydrin is removed by evaporation under reduced pressure and
      the residue is stirred with 200 ml. of N-aqueous sodium hydroxide solution
      at room temperature for 3 hours. The mixture is filtered and the solid
      product is crystallised from benzene. There is thus obtained
      1-[2-methoxy-4-(3-oxobut-1-enyl)phenoxy]-2,3-epoxypropane, m.p.
      109-112.degree.C.
PAC  EXAMPLE 6
PAR  The process described in Example 5 is repeated except that
      1-[2-methoxy-4-(3-oxobutyl)phenoxy]-2,3-epoxypropane and isopropylamine
      are used as starting materials. There is thus obtained
      1-[2-methoxy-4-(3-oxobutyl)phenoxy]-3-isopropylamino-2-propanol, m.p.
      71.degree.-72.degree.C.
PAR  The 1-[2-methoxy-4-(3-oxobutyl)phenoxy]-2,3-epoxypropane (b.p.
      168.degree.C./0.6 mm.) used as starting material may be obtained by a
      similar process to that described in the last part of Example 5, except
      that 4-(4-hydroxy-3-methoxyphenyl)-butan-2-one [b.p. 126.degree.C./0.4
      mm., prepared by hydrogenation of
      4-(4-hydroxy-3-methoxyphenyl)-but-3-en-2-one in ethanol solution at room
      temperature and atmospheric pressure, using Raney nickel as catalyst] is
      used as starting material.
PAC  EXAMPLE 7
PAR  A mixture of 1.33 g. of
      3-isopropylamino-1-(4-formyl2-methoxyphenoxy)-2-propanol, 1.18 g. of
      methyl hydrogen malonate, 15 ml. of pyridine and 5 drops of piperidine is
      heated at 95.degree.-100.degree.C. for 72 hours. The pyridine is removed
      by evaporation and the residue is partitioned between 30 ml. of chloroform
      and 30 ml. of dilute aqueous potassium carbonate solution. The chloroform
      layer is separated, dried and evaporated to dryness and the residue is
      crystallised from petroleum ether (b.p. 60.degree.-80.degree.C.). There is
      thus obtained
      3-isopropylamino-1-(2-methoxy-4-.beta.-methoxycarbonylvinylphenoxy)-2-prop
     anol, m.p. 79.degree.-80.degree.C.
PAR  The process described above is repeated except that ethyl hydrogen malonate
      is used as starting material in place of methyl hydrogen malonate. There
      is thus obtained
      1-(4-.beta.-ethoxycarbonylvinyl-2-methoxyphenoxy)-3-isopropylamino-2-propa
     nol as a colourless oil.
PAR  The 3-isopropylamino-1-(4-formyl-2-methoxyphenoxy)-2-propanol used as
      starting material may be obtained as follows:
PAR  A mixture of 50 g. of vanillin, 77 ml. of epichlorohydrin and 0.33 g. of
      piperidine hydrochloride is heated at 95.degree.-100.degree.C. for 4
      hours. The excess epichlorohydrin is removed by evaporation under reduced
      pressure and the residue is distilled at 178.degree.-183.degree.C./0.6-0.7
      mm. The distilled product is stirred rapidly with 400 ml. of aqueous
      N-sodium hydroxide solution for 4 hours, and the solid is extracted from
      the mixture with 400 ml. of chloroform. The chloroform solution is dried
      and evaporated to dryness and there is thus obtained as residue
      1-(4-formyl-2-methoxyphenoxy)-2,3-epoxypropane, a pale yellow solid which
      is used without further purification. A solution of 5 g. of
      1-(4-formyl-2-methoxyphenoxy)-2,3-epoxypropane and 50 ml. of
      isopropylamine in 50 ml. of chloroform is heated under reflux for 18
      hours. The mixture is evaporated to dryness and the residue is
      crystallised from a mixture of benzene and petroleum ether (b.p.
      60.degree.-80.degree.C.). There is thus obtained
      1-[2-methoxy-4-(N-isopropyliminomethyl)phenoxy]-3-isopropylamino-2-propano
     l. A mixture of the above compound, 75 ml. of concentrated aqueous
      hydrochloric acid and 75 ml. of water is heated under reflux for 4 hours.
      The aqueous hydrochloric acid is removed by evaporation and the residue is
      partitioned between 100 ml. of chloroform and 100 ml. of aqueous
      2N-hydrochloric acid. The aqueous acidic layer is separated, made alkaline
      with sodium carbonate and extracted twice with 100 ml. of chloroform each
      time. The combined extracts are dried and evaporated to dryness. The
      residual basic oil is converted to the oxalate thereof by conventional
      means, and the oxalate is crystallised from a mixture of methanol and
      water. The oxalate is reconverted to the free base by conventional means,
      and the base is crystallised from a mixture of ethyl acetate and petroleum
      ether (b.p. 60.degree.-80.degree.C.). There is thus obtained
      3-isopropylamino-1-(4-formyl-2-methoxyphenoxy)-2-propanol, m.p.
      56.degree.-58.degree.C.
PAC  EXAMPLE 8
PAR  A solution of 2.5 g. of 1-(2-.beta.-cyanovinylphenoxy)-3-chloro-2-propanol
      and 25 ml. of t-butylamine in 25 ml. of n-propanol is heated at
      95.degree.-100.degree.C. for 5 hours. The mixture is evaporated to dryness
      and the residue is partitioned between 50 ml. of chloroform and 100 ml. of
      aqueous 20% hydrochloric acid. The aqueous acidic layer is separated, made
      alkaline with aqueous sodium hydroxide solution and extracted three times
      with 50 ml. of chloroform each time. The combined extracts are dried and
      evaporated to dryness and the residue is dissolved in 5 ml. of chloroform.
      The solution is added to a 90 cm. .times. 2.5 cm. chromatography column of
      silica gel (`Florisil`; `Florisil` is a Trade Mark) and the column is
      eluted successively with chloroform, a 1:1 v/v mixture of chloroform and
      ethyl acetate, ethyl acetate and an 80:15:5 v/v mixture of ethyl acetate,
      ethanol and triethylamine. The relevant fraction is evaporated to dryness
      and the residue is crystallised from cyclohexane. There is thus obtained
      1-(2-.beta.-cyanovinylphenoxy)-3-t-butylamino-2-propanol, m.p.
      76.degree.-78.degree.C.
PAR  The 1-(2-.beta.-cyanovinylphenoxy)-3-chloro-2-propanol used as starting
      material may be obtained as follows:
PAR  A mixture of 2.0 g. of 2-(.beta.-cyanovinyl)phenol, 25 ml. of
      epichlorohydrin and 4 drops of piperidine is heated at
      95.degree.-100.degree.C. for 4 hours and then evaporated to dryness. The
      residual oil consists of the desired starting material and is used without
      further purification.
PAC  EXAMPLE 9
PAR  The process described in Example 8 is repeated except that
      1-(4-.beta.-cyanovinyl-2-methoxyphenoxy)-3-chloro-2-propanol and
      isopropylamine are used as starting materials. There is thus obtained
      1-(4-.beta.-cyanovinyl-2-methoxyphenoxy)-3-isopropylamino-2-propanol, m.p.
      102.degree.-104.degree.C.
PAC  EXAMPLE 10
PAR  A solution of 50 parts by weight of stearic acid in 160 parts by weight of
      methylated spirit is added to a mixture of 200 parts by weight of calcium
      phosphate, 100 parts by weight of
      1-p-carbamoylmethylphenoxy-3-isopropylamino-2-propanol and 40 parts by
      weight of maize starch to form a paste suitable for granulation. The paste
      is passed through a 12-mesh screen and the granules are dried at a
      temperature not exceeding 60.degree.C. 9 Parts by weight of calcium
      carboxymethylcellulose, 4.5 parts by weight of magnesium stearate and 46.5
      parts by weight of maize starch are added, and the mixture is passed
      through a 20-mesh screen. The resultant granules are reblended and
      compressed into tablets each weighing 450 mg. and containing 100 mg. of
      active ingredient.
PAC  EXAMPLE 11
PAR  The process described in Example 10 is repeated except that the proportions
      of calcium phosphate,
      1-p-carbamoylmethylphenoxy-3-isopropylamino-2-propanol and maize starch in
      the initial mixture are 340, 50 and 30 parts by weight respectively, and
      that 36.5 in place of 46.5 parts by weight of maize starch are added at
      the later stage. There are thus obtained tablets each weighing 520 mg. and
      containing 50 mg. of active ingredient.
PAC  EXAMPLE 12
PAR  A tablet prepared according to Example 10 or 11 is film-coated by
      conventional means using a coating suspension containing 9.9 parts by
      weight of hydroxypropyl methylcellulose, 2.5 parts by weight of
      ethylcellulose, 1.9 parts by weight of glycerin, 0.6 parts by weight of
      stearic acid and 3.1 parts by weight of titanium dioxide suspended in a
      mixture of equal parts by volume of dichloromethane and isopropyl alcohol.
      There are thus obtained coated tablets suitable for oral administration to
      man for therapeutic purposes.
PAC  EXAMPLE 13
PAR  1-p-Carbamoylmethylphenoxy-3-isopropylamino-2-propanol (0.5 g.) is
      dissolved in a solution of citric acid (5 g.) in water for injection (800
      ml.) and the solution is adjusted to pH 6 with a freshly-prepared 4% w/v
      solution of sodium hydroxide in water for injection. The volume of the
      solution is made up to 1 liter and the solution is then passed through a
      bacterial filter and filled into clean 10 ml. neutral glass ampoules. The
      ampoules are fusion-sealed and sterilised by heating at
      115.degree.-116.degree.C. for 30 minutes. There is thus obtained a sterile
      injectable aqueous solution suitable for parenteral administration to man
      for therapeutic purposes.
PAR  The 1-p-carbamoylmethylphenoxy-3-isopropylamino-2-propanol used as active
      ingredient in the pharmaceutical compositions described in any of Examples
      10 to 13 may be replaced by any of the compounds hereinbefore described in
      any of Examples 2 to 9, and there are similarly obtained pharmaceutical
      compositions suitable for administration to man for therapeutic purposes.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for the treatment of hypertension in a warm-blooded animal in
      need of such treatment which comprises administering orally, parenterally
      or by inhalation to said animal an effective amount of at least one
      alkanolamine derivative selected from the group consisting of a compound
      of the formula:
      ##SPC7##
PAL  wherein R.sup.1 is isopropyl or t-butyl, R.sup.2 is carbamoyl or
      alkylcarbamoyl of up to 4 carbon atoms, A is alkylene of 1 to 5 carbon
      atoms or alkenylene of 2 to 5 carbon atoms and R.sup.3 is hydrogen,
      halogen or alkyl, alkenyl or alkoxy each of up to 4 carbon atoms; and a
      non-toxic, pharmaceutically acceptable acid-addition salt thereof.
NUM  2.
PAR  2. The method of claim 1 wherein the alkanolamine derivative is
      1-p-carbamoylmethylphenoxy-3-isopropylamino-2-propanol or a non-toxic,
      pharmaceutically acceptable acid-addition salt thereof.
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PAL  7-Ethoxy-1-(p-ethylphenoxy)-3,7-dimethyl-2-octene and
      1-(p-ethylphenoxy)-3,7-dimethyl-7-propoxy-2-octene are highly active in
      preventing normal maturation of the yellow mealworm and the confused flour
      beetle.
GOVT
PAR  A non-exclusive, irrevocable, royalty-free license in the invention herein
      described, throughout the world for all purposes of the United States
      Government, with the power to grant sublicenses for such purposes, is
      hereby granted to the Government of the United States of America.
PARN
PAR  This is a division, of application Ser. No. 343,328, filed Mar. 21, 1973,
      now U.S. Pat. No. 3,873,724.
BSUM
PAR  This invention relates to a method and to compounds potentially useful for
      insect control, and more particularly to compounds having selective and
      high morphogenetic activity on certain insect species.
PAR  There is great need for insect-control chemicals that are safer and more
      selective in action than the broad-spectrum insecticides to make possible
      suppression of injurious insect populations without detrimental effects on
      nontarget species and the environment. Compounds mimicking juvenile
      hormones, that is, growth-regulating compounds found in insects, can be
      used to serve this purpose by upsetting the normal growth patterns of
      insects and thus preventing their normal maturation and reproduction.
PAR  Synthetic compounds exhibiting high juvenile hormone activity and related
      actions have been made. Among the most effective compounds are the aryl
      epoxyterpenoid ethers described by F. M. Pallos et al, Nature, 232, 486,
      1971, by W. S. Bowers, Science, 164, 323, 1969. Tests of such compounds
      have shown promise for insect control in extensive tests which are still
      in progress. For further information see articles by R. W. Bagley and J.
      C. Bauernfield, pages 113-151, and F. M. Pallos and J. J. Menn, pages
      303-316, in "Insect Juvenile Hormones, Chemistry and Action," J. J. Menn
      and M. Beroza, editors, Academic Press, New York, 1972.
PAR  An object of this invention is to provide novel compounds more potent than
      those currently available for the target species.
PAR  Another object of this invention is to produce compounds that are selective
      in action toward insects.
PAR  Another object is to provide compounds that are effective against injurious
      insects yet are not chemicals of a generally toxic type, that is, poisons,
      and therefore are not likely to be harmful if ingested in small amounts by
      human beings or by wildlife.
PAR  One other object is to provide inexpensive and effective materials for use
      in insect control.
PAR  According to our invention, two compounds,
      7-ethoxy-1-(p-ethylphenoxy)-3,7,-dimethyl-2-octene and
      1-(p-ethylphenoxy)-3,7-dimethyl-7-propoxy-2-octene, have been found to be
      exceptionally effective in preventing the normal development of the yellow
      mealworm and the confused flour beetle. Tests indicate the compounds are
      about 100 times as active against the yellow mealworm as the best
      compounds described by Pallos et al. and Bowers (loc. cit.).
PAR  For the synthesis of the two compounds the intermediate,
      1-(p-ethylphenoxy)-3,7-dimethyl-2,6-octadiene, was prepared as described
      by R. E. Redfern et al., Journal of Economic Entomology, 64, 374-376
      (1971). The procedure is essentially as follows: The sodium salt of
      p-ethylphenol was refluxed with geranyl bromide
      (1-bromo-3,7-dimethyl-2,6-octadiene) in ethanol for several hours to form
      the p-ethylphenyl geranyl ether which was worked up and distilled in the
      usual manner; b.p. 122-124/0.06 mm Hg.
PAR  The two compounds were prepared by alkoxymercuration of the above
      intermediate in the appropriate alcohol (ethanol or propanol) and
      demercuration of the reaction product with sodium borohydride. For
      example, 7-ethoxy-1-(p-ethylphenoxy)-3,7-dimethyl-2-octene was prepared as
      follows: A solution of mercuric acetate (0.01M) in 75 ml. ethanol was
      added during a 10-minute interval to a stirred, ice-cold solution of the
      intermediate described above (0.01M) in 30 ml. of ethanol. The ice bath
      was removed, and the reaction mixture was stirred for 30 minutes. A
      solution of potassium hydroxide (0.035 M) in 20 ml ethanol was added, and
      then aqueous sodium borohydride (0.005 M) was added in small portions.
      After stirring for 30 minutes, the solution was decanted from the mercury
      into water and the resulting mixture was extracted with ether several
      times. The combined ether extract was washed 3 times with water and once
      with saturated sodium chloride, and then dried over anhydrous magnesium
      sulfate. After removal of the solvent, the residue was chromatographed on
      a column of 75 grams of "Florisil" (a registered trademark for an
      activated magnesium silicate) activated 16 hours at 110.degree.C. After
      100 ml. hexane was percolated through the column, the compound was eluted
      with 2% ether in hexane. Fractions of this eluant containing the desired
      product (determined by gas chromatographic analysis) were combined. The
      product had the proper structure by NMR and infrared spectral analysis.
      For gas chromatographic analysis a 180-cm, 0.32-cm-o.d. stainless steel
      column containing 3% HI-EFF-8BP (cyclohexanedimethanol succinate) on
      100/120 mesh Gas Chrom Q (silanized diatomaceous earth) was used with a
      column temperature of 185.degree. and a nitrogen flow rate of 30 ml/min.
      Retention times were 10.2 and 12.2 minutes for the (Z) and (E) isomers,
      respectively. The product contained 75-80% of the (E) isomer in several
      preparations; n.sub.D.sup.25 = 1.5146.
PAR  The compound, 1-(p-ethylphenoxy)-3,7-dimethyl-7-propoxy-2-octene
      (n.sub.D.sup.25 = 1.4936) was also prepared by the above procedure except
      that propyl alcohol was used in place of ethanol. Using the aforementioned
      gas chromatographic column at 200.degree. and a nitrogen flow rate of 30
      ml/min the retention times were 5.35 and 6.40 minutes for the (Z) and (E)
      isomers, respectively. Since the basic intermediates used in the synthesis
      of the two compounds are not expensive, the compounds are potentially
      quite inexpensive.
PAR  In tests by topical application, activity of the compounds was determined
      by applying 1 .mu.l of an acetone solution of each chemical topically to
      the venter of the last three abdominal segments of newly molted pupae (2
      to 8 hours old) of the yellow mealworm, Tenebrio molitor L., and to
      last-instar nymphs of the large milkweed bug, Oncopeltus fasciatus
      (Dallas). Insects were held at room temperature (80.degree.F., 50% R.H.)
      until the following molt to determine activity, which was signalled by
      retention of larval characteristics. Ten pupae were used for each dose of
      each compound. Responses of the yellow mealworm were rated 0 to 4 as
      follows: 0 = perfect adult, no activity; 1 = retention of gin traps or
      urogomphi; 2 = retention of gin traps and urogomphi; 3 = retention of gin
      traps and urogomphi and pupal cuticle retained around treatment area; 4 =
      second pupa -- retention of all pupal characters. Responses were averaged
      for each chemical at each dose.
PAR  Tests of the two compounds prepared above and of related compounds against
      the yellow mealworm are summarized in Table I. In the first group of
      compounds in the Table (compounds No. 1-10), R' is ethyl and R is varied.
      In the second group of compounds (No. 2 and 11-14), R is ethyl and R' is
      varied. Although most of the compounds exhibit excellent activity, the
      activities of compounds No. 2 and 12 are outstanding and exceptional.
PAR  In contrast, when the compounds of Table 1 were applied to last instar
      nymphs of the large milkweed bug, they were comparatively ineffective.
      This difference in action demonstrates the high selectivity of action of
      these chemicals. This specificity can conceivably be utilized to combat an
      injurious insect species while allowing a beneficial one to survive
      unharmed.
PAR  Among other related compounds that were prepared and tested against the
      yellow mealworm are 7-ethoxy-3-ethyl-1-(p-ethylphenoxy)-7-methyl-2-octene
      and 7-ethoxy-1-(p-ethylphenoxy)-3,7-dimethyl-2-nonene; they were
      considerably less effective than compounds No. 2 and 12.
PAR  In a side-by-side test on the yellow mealworm of compound No. 2 of Table 1
      and the best juvenile hormone mimic described by Pallos et al (loc. cit),
      6,7-epoxy-1-(p-ethylphenoxy)-3,7-dimethyl-2-octene called Compound IV,
      compound No. 2 was about 100 times more active than their Compound IV.
PAR  We also tested compound No. 2 against another coleopteron, the confused
      flour beetle, Tribolium confusum Jacquelin duVal, by a different route of
      administration. In one test, last-instar larvae (20/jar) were placed in
      jars containing different concentrations of the chemical in 10 grams of
      80-mesh bleached flour. With as little as 0.1 ppm of chemical in the
      flour, no adults were found after 4 weeks; with 0.05 ppm in the flour,
      five adults survived after 46 days, but their eggs failed to hatch. In
      contrast, 13 adults and 75 larvae per jar were present in the control (no
      chemical) after 46 days. In another test, eggs of the confused flour
      beetle (20/cup) were placed in 5/8-oz jelly cups each containing 5 grams
      80-mesh bleached flour. With as little as 0.1 ppm of compound No. 2 in the
      flour, no adults were observed; with 0.02 ppm, two adults were noted after
      47 days, but they produced no eggs. In similar tests with pupae and
      adults, 50 ppm of compound no. 2 did not prevent reproduction. Thus, the
      chemical is most effective when administered before the insects reach the
      pupal stage. Concentrations up to 50 ppm of compound no.  2 in the flour
      were tested; although minimum amounts to protect the flour are stated
      above the amount of chemical needed will depend on the length of time it
      is necessary to protect the flour.
PAR  In light of current knowledge, the two effective chemicals, compounds 2 and
      12 in Table I, are likely to be useful against other Coleoptera in
      addition to the two species mentioned, that is, against insects of the
      same order. In addition, as has been demonstrated with other juvenile
      hormone mimics the chemicals may be administered by other routes such as
      by fumigation or dipping as well as by topical application or
      incorporation in food; the chemicals may be effective at different life
      stages of the insect depending on the species; they may be useful in
      breaking diapause; and, they may be formulated with other materials such
      as synergists or antioxidants to increase or prolong their action.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Juvenile-hormone activity against the yellow mealworm of compounds having 

     the formula                                                               

     Compound                                                                  

     No.     R      R'   10                                                    

                           1 0.1                                               

                               0.01                                            

                                  0.001                                        

                                      0.0001                                   

                                          0.00001                              

                                               0.000001                        

     __________________________________________________________________________

     1     p--CH.sub.3                                                         

                  C.sub.2 H.sub.5                                              

                         4.0                                                   

                           4.0                                                 

                             4.0                                               

                               2.6                                             

                                  1.5                                          

     2     p--C.sub.2 H.sub.5                                                  

                  C.sub.2 H.sub.5                                              

                         4.0                                                   

                           4.0                                                 

                             4.0                                               

                               4.0                                             

                                  3.3 2.1 1.8  1.1                             

     3     p--C.sub.3 H.sub.7                                                  

                  C.sub.2 H.sub.5                                              

                         4.0                                                   

                           4.0                                                 

                             4.0                                               

                               2.5                                             

                                  2.0                                          

     4     p--CH(CH.sub.3).sub.2                                               

                  C.sub.2 H.sub.5                                              

                         4.0                                                   

                           4.0                                                 

                             3.0                                               

                               1.8                                             

     5     p--OC.sub.2 H.sub.5                                                 

                  C.sub.2 H.sub.5                                              

                         4.0                                                   

                           4.0                                                 

                             4.0                                               

                               2.3                                             

                                  1.0                                          

     6     3,4-OCH.sub.2 O--                                                   

                  C.sub.2 H.sub.5                                              

                         4.0                                                   

                           4.0                                                 

                             4.0                                               

                               3.0                                             

                                  0.5                                          

     7     m--Cl  C.sub.2 H.sub.5                                              

                         3.0                                                   

                           3.0                                                 

                             2.4                                               

                               0.2                                             

     8     p--Cl  C.sub.2 H.sub.5                                              

                         4.0                                                   

                           4.0                                                 

                             4.0                                               

                               2.8                                             

                                  0.0                                          

     9     3,4-diCl                                                            

                  C.sub.2 H.sub.5                                              

                         4.0                                                   

                           2.8                                                 

                             1.2                                               

     10    p--NO.sub.2                                                         

                  C.sub.2 H.sub. 5                                             

                         4.0                                                   

                           4.0                                                 

                             3.7                                               

                               1.2                                             

     11    p--C.sub.2 H.sub.5                                                  

                  CH.sub.3                                                     

                         4.0                                                   

                           4.0                                                 

                             2.4                                               

                               0.0                                             

     2     p--C.sub.2 H.sub.5                                                  

                  C.sub.2 H.sub.5                                              

                         4.0                                                   

                           4.0                                                 

                             4.0                                               

                               4.0                                             

                                  3.3 2.1 1.8  1.1                             

     12    p--C.sub.2 H.sub.5                                                  

                  C.sub.3 H.sub.7                                              

                         4.0                                                   

                           4.0                                                 

                             4.0                                               

                               4.0                                             

                                  4.0 2.7 1.7                                  

     13    p--C.sub.2 H.sub.5                                                  

                  C.sub.4 H.sub.9                                              

                         4.0                                                   

                           4.0                                                 

                             4.0                                               

                               2.2                                             

                                  1.2                                          

     14    p--C.sub.2 H.sub.5                                                  

                  CH.sub.2 CH(CH.sub.3).sub.2                                  

                         4.0                                                   

                           3.8                                                 

                             4.0                                               

                               3.0                                             

                                  1.6                                          

     __________________________________________________________________________

CLMS
STM  We claim:
NUM  1.
PAR  1. A method of protecting flour from insects selected from the group
      consisting of the yellow mealworm, Tenebrio molitor (L.) and the confused
      flour beetle, Tribolium confusum Jacquelin duVal comprising incorporating
      into said flour an effective maturation inhibiting amount of a compound
      selected from the group consisting of
      7-ethoxy-1-(p-ethylphenoxy)-3,7-dimethyl-2-octene and
      1-(p-ethylphenoxy)-3, 7-dimethyl-7-propoxy-2-octene.
NUM  2.
PAR  2. The method of claim 1 wherein the insect is the yellow mealworm,
      Tenebrio molitor (L.).
NUM  3.
PAR  3. The method of claim 2 wherein the compound is
      7-ethoxy-1-(p-ethylphenoxy)-3,7-dimethyl-2-octene.
NUM  4.
PAR  4. The method of claim 2 wherein the compound is
      1-(p-ethylphenoxy)-3,7-dimethyl-7-propoxy-2-octene.
NUM  5.
PAR  5. The method of claim 1 wherein the insect is the confused flour beetle,
      Tribolium confusum Jacqueline duVal.
NUM  6.
PAR  6. The method of claim 5 wherein the compound is
      7-ethoxy-1-(p-ethylphenoxy)-3,7-dimethyl-2-octene.
NUM  7.
PAR  7. The method of claim 5 wherein the compound is
      1-(p-ethylphenoxy)-3,7-dimethyl-7-propoxy-2-octene.
PATN
WKU  039340341
SRC  5
APN  3869474
APT  1
ART  125
APD  19730809
TTL  Hydroxy substituted diphenylalkyls for treatment of lipidemia
ISD  19760120
NCL  19
ECL  1
EXA  Clarke; Vera C.
EXP  Rosen; Sam
INVT
NAM  Manning; Robert E.
CTY  Mountain Lakes
STA  NJ
ASSG
NAM  Sandoz, Inc.
CTY  E. Hanover
STA  NJ
COD  02
RLAP
COD  72
APN  282316
APD  19720821
PSC  03
RLAP
COD  82
APN  153416
APD  19710615
PSC  03
RLAP
COD  82
APN  100533
APD  19701221
PSC  03
RLAP
COD  82
APN  60745
APD  19700803
PSC  03
CLAS
OCL  424346
XCL  424 80
XCL  424361
XCL  424362
XCL  424363
XCL  424346
EDF  2
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FSC  260
FSS  619 A
UREF
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NAM  Martin
OCL  260619A
UREF
PNO  2651572
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NAM  Levine et al.
OCL  260619A
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OCL  424346
UREF
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NAM  Irani et al.
OCL  424346
FREF
PNO  38,66M
ISD  19660100
CNT  FR
OCL  424346
LREP
FR2  Sharkin; Gerald D.
FR2  Honor; Robert S.
FR2  McGovern; Thomas O.
ABST
PAL  Certain hydroxy diphenylalkyls, e.g., nordihydroguairetic acid, are useful
      as hypolipidemic agents.
PARN
PAR  This application is a continuation in part of U.S. Pat. Application Ser.
      No. 282,316 filed Aug. 21, 1972, now abandoned, which in turn is a
      continuation in part of U.S. Pat. Application Ser. No. 153,416 filed June
      15, 1971, now abandoned, which in turn is a continuation in part of U.S.
      Pat. Application Ser. No. 100,533 filed Dec. 21, 1970, now abandoned,
      which in turn is a continuation in part of U.S. Pat. Application Ser. No.
      60,745 filed Aug. 3, 1970, now abandoned.
BSUM
PAR  This invention relates to the pharmaceutical activity of diphenyl alkyl
      derivatives. More particularly, this invention concerns the use of hydroxy
      substituted diphenylalkyls in the treatment of lipidemia in mammals. The
      invention also relates to pharmaceutical compositions containing the above
      compounds as an active ingredient thereof.
PAR  The active agents with which this invention is concerned may be represented
      by the following structural formula:
      ##SPC1##
PAL  Where
PA1  M is 0, 1 or 2;
PA1  N is 0 or 1;
PA1  R.sub.1 represents hydrogen or hydroxy; and
PA1  R.sub.2 and R.sub.3 each independently represent hydrogen or methyl
      provided that when m is 0, n is 0 and that when m is 1 or 2 n is 1 and
      R.sub.1 is hydroxy and that when m is 2, each
PA1  R.sub.2 can be the same or different and each R.sub.3 can be the same or
      different and pharmaceutically acceptable salts thereof.
PAR  Preferred compounds of formula I are bis(p-hydroxyphenyl)methane and
      1,4-bis (3,4-dihydroxyphenyl)-2,3-dimethylbutane (nordihydroguairetic
      acid).
PAR  The compounds of formula I above are known and may be prepared according to
      methods disclosed in the literature from known materials. The
      pharmaceutically acceptable salts may be mono- or di-salts and include the
      alkali metal salts, in particular, the sodium and potassium salts and the
      alkaline earth metal salts, such as the magnesium and calcium salts. These
      salts may also be prepared by methods disclosed in the literature. The
      present invention contemplates only the novel use of such compounds in
      pharmaceutical applications, particularly as hypolipidemic agents.
PAR  As previously indicated, the compounds of formula (I) are useful because
      they possess pharmacological activity in animals, e.g., mammals. In
      particular, the compounds of formula (I) are useful as hypolipidemic
      agents in the treatment of lipidemia, in particular, hyperlipoproteinemia
      as indicated by the fall in cholesterol and/or triglyceride levels in male
      albino Wistar rats weighing 110-130 g. initially. The rats are maintained
      on drug-free laboratory chow diet for seven days and then divided into
      groups of 8 to 10 animals. Each group with the exception of the control is
      then given the compound orally at a dose of 7.5, 30, 250 or 500 milligrams
      per kilogram of body weight per day, p.o. for six days. At the end of this
      period, the animals are anesthetized with sodium hexobarbital and bled
      from the carotid arteries. Serum or plasma samples are then extracted with
      isopropanol, and the cholesterol content of the extracts is estimated on a
      Technicon Autoanalyzer by standard methodology. For example, 1.0 ml. of
      serum is added to 9.0 ml. redistilled isopropanol. Two autoanalyzer
      cupsful of a mixture of zeolite-copper hydroxide and Lloydds reagent
      (Kersler, E., and Lederer, H., 1965, Technicon Symposium, Madiad Inc., New
      York, 345-347) are added, and the mixture is shaken for 1 hour.
      Cholesterol levels are determined using this sample by the standard
      Technicon N 24A (cholesterol) methodology. The mean total serum
      cholesterol levels are then computed and the hypocholesterolemic activity
      is expressed as the fall in cholesterol levels as a percentage of the
      control level. For the triglyceride determination, blood samples are
      collected as above and 1.0 ml samples of the serum are added to 9.0 ml
      redistilled isopropanol. Two autoanalyzer cupsful of a mixture of
      zeolite-copper hydroxide and Lloydds reagent (Kessler, G., and Lederer,
      H., 1965, Technicon Symposium, Mediad Inc., New York, 345-347) are added,
      and the mixture is shaken for one hour. After centrifugation, 2 ml of the
      clear supernates are evaporated to dryness and saponified by addition of
      0.1 ml 10% KOH in 90% ethanol and 1.0 ml Skelly B (petroleum ether bp
      60.degree.-70.degree.). After acidification and the removal of fatty acids
      with petroleum ether, the aqueous phases are neutralized, suitably diluted
      with water, and analyzed for glycerol by the method of Lofland (Anal.
      Biochem. 9, 393, 1964) using the Technicon Autoanalyzer. The change in
      serum triglyceride levels induced by the drug is computed as a percentage
      of the control triglyceride levels.
PAR  For such usage, the compounds are administered orally as such or admixed
      with conventional pharmaceutical carriers. They may be administered in
      such forms as tablets, dispersible powders, granules, capsules, syrups and
      elixirs. The compositions may contain one or more conventional adjuvants,
      such as sweetening agents, flavoring agents, coloring agents and
      preserving agents, in order to provide an elegant and palatable
      preparation. Tablets may contain the active ingredient in admixture with
      conventional pharmaceutically acceptable excipients, e.g., inert diluents,
      such as calcium carbonate, sodium carbonate, lactose and talc, granulating
      and disintegrating agents, e.g., starch and alginic acid, binding agents,
      e.g., starch, gelatin and acacia, and lubricating agents, e.g., magnesium
      stearate, stearic acid and talc. The tablets may be uncoated or coated by
      known techniques to delay disintegration and absorption in the
      gastro-intestinal tract and thereby provide a sustained action over a
      longer period. Similarly, oral liquids, e.g. suspensions may contain the
      active ingredient in admixture with any of the conventional excipients
      utilized for the preparation of such compositions, e.g., suspending agents
      (methylcellulose, tragacanth and sodium alginate), wetting agents
      (lecithin, polyoxyethylene stearate and polyoxyethylene sorbitan
      mono-oleate) and preservatives (ethyl-o-hydroxybenzoate). Capsules may
      contain the active ingredient alone or admixed with an inert solid
      diluent, e.g., calcium carbonate, calcium phosphate and kaolin. These
      pharmaceutical preparations may contain up to about 90% of the active
      ingredient in combination with the carrier or adjuvant.
PAR  The anti-hyperlipidemic effective dosage of the compounds of formula I
      employed for the alleviation of lipidemia may vary depending on the
      particular compound employed and the severity of the condition being
      treated. However, in general, satisfactory results are obtained when the
      compounds of formula (I) are administered at a daily dosage of from about
      2 milligrams to about 500 milligrams per kilogram of animal body weight,
      p.o. preferably given in divided doses two to four times a day, or in
      sustained release form. The preferred dosage for the salt forms is 10
      milligrams to 500 milligrams per kilogram of animal body weight p.o. For
      most large mammals, the total daily dosage is from about 150 to about 4000
      milligrams. In the acid form, the preferred daily dosage is 150 to 2000
      milligrams; and in the salt form, the preferred daily dose is 600 to 4000
      milligrams. Dosage forms suitable for internal use comprise from about
      37.5 to about 1000 milligrams of the active compound in acid form or 150
      to 2000  milligrams in salt form in intimate admixture with a solid or
      liquid pharmaceutically acceptable carrier or diluent.
PAR  The preferred pharmaceutical compositions from the standpoint of
      preparation and ease of administration are solid compositions,
      particularly hard-filled capsules and tablets containing from about 50 to
      250 milligrams of the active ingredient in acid form and 300 milligrams in
      salt form.
DETD
PAC  EXAMPLE 1
PAL  Tablets -- Tablets suitable for oral administration which contain the
      following ingredients may be prepared by conventional tabletting
      techniques. Such tablets are useful in treating lipidemia at a dose of one
      or two tablets 2 to 4 times a day.
TBL  ______________________________________                                    

     Ingredients          Weight (mg.)                                         

     ______________________________________                                    

     Nordihydroguairetic Acid                                                  

                          50                                                   

     Tragacanth           10                                                   

     Lactose              197.5                                                

     Corn Starch          25                                                   

     Talcum               15                                                   

     Magnesium Stearate   2.5                                                  

     ______________________________________                                    

PAC  EXAMPLE 2
PAL  Dry Filled Capsules -- Capsules suitable for oral administration which
      contain the following ingredients are prepared in a conventional manner.
      Such capsules are useful in treating lipidemia at a dose of one capsule 2
      to 4 times a day.
TBL  ______________________________________                                    

     Ingredients            Weight (mg.)                                       

     ______________________________________                                    

     Nordihydroguairetic Acid                                                  

                            100                                                

     Inert solid diluent (starch, lactose,                                     

                            200                                                

     kaolin)                                                                   

     ______________________________________                                    

PAC  EXAMPLES 3 and 4
PAC  Sterile Suspension for Injection and Oral Liquid Suspension
PAR  The following pharmaceutical compositions are formulated with the indicated
      amount of active agent using conventional techniques. The injectable
      suspension and the oral liquid suspension represent formulations useful as
      unit doses and may be administered in the treatment of lipidemia. The
      injectable suspension is suitable for administration once or twice a day
      whereas the oral liquid suspension is suitable administered 2 to 4 times
      per day for this purpose:
TBL                       Weight (mg.)                                         

     Ingredients          sterile     oral                                     

                          injectable suspension                                

                                      liquid suspension                        

     __________________________________________________________________________

     Nordihydroguairetic acid                                                  

                          150         100                                      

     Sodium carboxy methylcellulose U.S.P.                                     

                          1.25        12.5                                     

     methylcellulose      0.4         --                                       

     Polyvinylpyrrolidone 5           --                                       

     Lecithin             3           --                                       

     Benzyl alcohol       0.01        --                                       

     Magnesium aluminum silicate                                               

                          --          47.5                                     

     Flavor               --          q.s.                                     

     Color                --          q.s.                                     

     Methyl paraben U.S.P.                                                     

                          --          4.5                                      

     Propyl paraben U.S.P.                                                     

                          --          1.0                                      

     Polysorbate 80 (e.g. Tween 80) U.S.P.                                     

                          --          5                                        

     Sorbitol solution 70% U.S.P.                                              

                          --          2,500                                    

     Buffer agent to adjust pH for desired                                     

     stability            q.s.        q.s.                                     

     Water                for injection                                        

                                      q.s. to 5 ml.                            

                          q.s. to 1 ml.                                        

     __________________________________________________________________________

PAC  EXAMPLES 5 and 6
PAC  Tablets and Capsules Suitable For Oral Administration
PAR  Tablets and capsules containing the ingredients indicated below may be
      prepared by conventional techniques and are useful in treating lipidemia
      at a dose of one or two tablets or capsules 2 to 4 times a day.
TBL  ______________________________________                                    

     Ingredient         Weight (mg)                                            

     ______________________________________                                    

                      tablet    capsule                                        

     ______________________________________                                    

     bis (p-hydroxyphenyl) methane                                             

                        50          50                                         

     tragacanth         10          --                                         

     lactose            197.5       250                                        

     corn starch        25                                                     

     talcum             15                                                     

     magnesium stearate 2.5                                                    

                        300 mg.     300 mg.                                    

     ______________________________________                                    

PAR  Similarly, tablets and capsules can be prepared using the disodium salt of
      bis-(p-hydroxyphenyl)methane in place of the bis (p-hydroxyphenyl)methane
      at the same dosage level and used in treating lipidemia.
PAC  EXAMPLES 7 and 8
PAC  Sterile Suspension for Injection and Oral Liquid Suspension
PAR  The following pharmaceutical compositions are formulated with the indicated
      amount of active agent using conventional techniques. The injectable
      suspension and the oral liquid suspension represent formulations useful as
      unit doses and may be administered in the treatment of hyperlipidemia. The
      injectable suspension is suitable for administration once or twice a day
      whereas the oral liquid suspension is suitably administered 2 to 4 times
      per day for this purpose.
TBL  __________________________________________________________________________

                          Weight (mg).                                         

     Ingredients          sterile     oral                                     

                          injectable suspension                                

                                      liquid suspension                        

     __________________________________________________________________________

     bis (p-hydroxyphenyl) methane                                             

                          150         100                                      

     sodium carboxy methyl cellulose USP                                       

                          1.25        12.5                                     

     methyl cellulose     0.4         --                                       

     polyvinylpyrrolidone 5           --                                       

     lecithin             3           --                                       

     benzyl alcohol       0.01        --                                       

     magnesium aluminum silicate                                               

                          --          47.5                                     

     flavor               --          q.s.                                     

     color                --          q.s.                                     

     methyl paraben, U.S.P.                                                    

                          --          4.5                                      

     propyl paraben, U.S.P.                                                    

                          --          1.0                                      

     polysorbate 80 (e.g. Tween 80), U.S.P.                                    

                          --          5                                        

     sorbitol solution, 70% U.S.P.                                             

                          --          2,500                                    

     buffer agent to adjust pH for desired                                     

     stability            q.s.        q.s.                                     

     water                for injection                                        

                                      q.s. to 5 ml.                            

                          q.s. to 1 ml.                                        

     __________________________________________________________________________

PAR  Similarly, injectable solutions and suspension and oral liquid solutions
      and suspensions may be prepared by conventional techniques using the
      disodium salt of bis-(p-hydroxyphenyl)methane at the above dosage levels
      and used in the treatment of lipidemia.
PAC  EXAMPLES 9 AND 10
PAC  Tablets and Capsules Suitable For Oral Administration
PAR  Tablets and capsules containing the ingredients indicated below may be
      prepared by conventional techniques and are useful in treating lipidemia
      at a dose of one or two tablets or capsules 2 to 4 times a day.
TBL  ______________________________________                                    

     Ingredient       Weight (mg)                                              

     ______________________________________                                    

     Disodium salt form of                                                     

                      tablet      capsule                                      

     bis(p-hydroxyphenyl)methane                                               

                      300         300                                          

     tragacanth       10          --                                           

     lactose          297.5       300                                          

     corn starch      25                                                       

     talcum           15                                                       

     magnesium stearate                                                        

                      2.5                                                      

                      650 mg.     600 mg.                                      

     ______________________________________                                    

PAC  EXAMPLES 11 AND 12
PAC  Sterile Suspension for Injection and Oral Liquid Suspension
PAR  The following pharmaceutical compositions are formulated with the indicated
      amount of active agent using conventional techniques. The injectable
      suspension and the oral liquid suspension represent formulations useful as
      unit doses and may be administered in the treatment of hyperlipidemia. The
      injectable suspension is suitable for administration twice a day whereas
      the oral liquid suspension is suitable administered 2 to 4 times per day
      for this purpose.
TBL  __________________________________________________________________________

                          Weight (mg).                                         

     Ingredients          sterile     oral                                     

                          injectable suspension                                

                                      liquid suspension                        

     Disodium salt of                                                          

     bis (p-hydroxyphenyl) methane                                             

                          300         300                                      

     sodium carboxy methyl cellulose USP                                       

                          1.25        12.5                                     

     methyl cellulose     0.4         --                                       

     polyvinylpyrrolidone 5           --                                       

     lecithin             3           --                                       

     benzyl alcohol       0.01        --                                       

     magnesium aluminum silicate                                               

                          --          47.5                                     

     flavor               --          q.s.                                     

     color                --          q.s.                                     

     methyl paraben, U.S.P.                                                    

                          --          4.5                                      

     propyl paraben, U.S.P.                                                    

                          --          1.0                                      

     polysorbate 80 (e.g. Tween 80), U.S.P.                                    

                          --          5                                        

     sorbitol solution, 70% U.S.P.                                             

                          --          2,500                                    

     buffer agent to adjust pH for desired                                     

     stability            q.s.        q.s.                                     

     water                for injection                                        

                                      q.s. to 5 ml.                            

                          q.s. to 1 ml.                                        

     __________________________________________________________________________

PAR  Compositions useful in treating lipidemia analogous to those of Examples 9
      to 12 may be formulated by employing, in place of the sodium salt form of
      bis-(p-hydroxyphenyl)methane, the dipotassium, calcium or magnesium salt
      form thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for treating lipidemia, which comprises orally administering to
      a mammal in need of said treatment an anti-hyperlipidemic effective amount
      of a compound of the formula:
      ##SPC2##
PAL  where
PA1  m is 0, 1 or 2;
PA1  n is 0 or 1;
PA1  R.sub.1 represents hydrogen or hydroxy; and
PA1  R.sub.2 and R.sub.3 each independently represents hydrogen or methyl
      provided that when m is 0, n is 0 and that when m is 1 or 2, n is 1 and
      R.sub.1 is hydroxy and that when m is 2 each R.sub.2 can be the same or
      different and each R.sub.3 can be the same or different or
PAL  a pharmaceutically acceptable alkali or alkaline earth metal salt thereof.
NUM  2.
PAR  2. The method according to claim 1 wherein the compound is administered at
      a daily dose of from about 150 milligrams to about 2000 milligrams.
NUM  3.
PAR  3. The method according to claim 1 wherein the compound is administered in
      a unit dosage form comprising said compound to the extent of from about
      37.5 milligrams to about 1000 milligrams per unit dosage.
NUM  4.
PAR  4. The method according to claim 1 in which the compound is
      nordihydroguairetic acid.
NUM  5.
PAR  5. The method according to claim 1 in which the compound is
      bis(p-hydroxyphenyl)methane.
NUM  6.
PAR  6. A method for treating lipidemia, which comprises orally administering to
      a mammal in need of said treatment an antihyperlipidemic effective amount
      of a compound of the formula
      ##SPC3##
PAL  in pharmaceutically acceptable alkali or alkaline earth metal salt form,
PA1  where m, n, R.sub.1, R.sub.2, R.sub.3 and the proviso are as set out in
      claim 10.
NUM  7.
PAR  7. The method according to claim 6 wherein the compound is administered at
      a daily dose of from about 600 milligrams to about 4000 milligrams.
NUM  8.
PAR  8. The method according to claim 6 wherein the compound is administered in
      a unit dosage form comprising said compound to the extent of from about
      300 milligrams to about 2000 milligrams per unit dosage.
NUM  9.
PAR  9. The method according to claim 6 in which the compound is disodium bis
      (p-hydroxyphenyl)methane.
NUM  10.
PAR  10. A pharmaceutical composition in solid form useful in the treatment of
      lipidemia in mammals comprising bis(p-hydroxyphenyl) methane as the active
      ingredient thereof, and a pharmaceutically acceptable carrier therefore,
      said active ingredient being present in said composition from about 150
      milligrams to about 4000 milligrams.
NUM  11.
PAR  11. The pharmaceutical composition of claim 10, wherein said active
      ingredient is present in said composition from about 150 milligrams to
      about 2000 milligrams.
NUM  12.
PAR  12. The pharmaceutical composition of claim 11, wherein said active
      ingredient is present in said composition from about 37.5 milligrams to
      about 1000 milligrams.
NUM  13.
PAR  13. The composition according to claim 11, wherein said carrier is a solid
      orally ingestible carrier and the active ingredient is present in said
      composition from about 50 to 250 milligrams.
NUM  14.
PAR  14. The pharmaceutical composition according to claim 10, wherein said
      active ingredient is in the form of a pharmaceutically acceptable alkali
      or alkaline earth metal salt and is present from about 600 milligrams to
      about 4000 milligrams.
NUM  15.
PAR  15. The pharmaceutical composition of claim 14, wherein said active
      ingredient is present in said composition from about 150 milligrams to
      about 2000 milligrams.
NUM  16.
PAR  16. The composition according to claim 10, wherein said carrier is a solid
      orally ingestible carrier and the active ingredient is in the form of a
      pharmaceutically acceptable alkali or alkaline earth metal salt and is
      present in said composition from about 300 milligrams.
NUM  17.
PAR  17. A composition according to claim 10, in the form of a tablet.
NUM  18.
PAR  18. The composition according to claim 14 in which the active ingredient is
      disodium bis (p-hydroxyphenyl)methane.
NUM  19.
PAR  19. A tablet useful in the treatment of lipidemia in mammals comprising
      bis(p-hydroxyphenyl) methane as the active ingredient thereof and a
      pharmaceutically acceptable carrier therefor, said active ingredient being
      present in said tablet from about 50 to 250 milligrams.
PATN
WKU  039340350
SRC  5
APN  4651219
APT  1
ART  125
APD  19740429
TTL  Certain aminimides used to control bacteria and fungi
ISD  19760120
NCL  8
ECL  1
EXP  Schenkman; Leonard
INVT
NAM  Kabara; Jon J.
CTY  Okemos
STA  MI
ASSG
NAM  Michigan State University
CTY  East Lansing
STA  MI
COD  02
CLAS
OCL  424320
EDF  2
ICL  A01N  920
FSC  424
FSS  320
UREF
PNO  3409646
ISD  19681100
NAM  Sims et al.
XCL  424320
UREF
PNO  3485806
ISD  19691200
NAM  Bloomquist et al.
XCL  260348C
ABST
PAL  A class of aminimides structurally characterizable as dipolar ions wherein
      a quaternary nitrogen atom is directly bonded to the nitrogen anion of
      methyacrylamide exhibit broad spectrum inhibitory activity against gram
      positive bacteria and fungi.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a class of nitrogenous compounds as antimicrobial
      agents for the control of bacterial and fungal growth.
PAR  2. Description of the Prior Art
PAR  Considerable effort has been directed during the past several decades
      towards developing antimicrobial agents having a high activity against a
      broad spectrum of microorganisms including bacteria and fungi, but which
      at the same time exhibit acceptably tolerable physiological properties. It
      is generally accepted that hexachlorophene of all of such antimicrobials
      proposed to date comes about the closest to meeting these desiderata.
      Unfortunately the use of halogenated compounds of this type has been
      severely restricted because of the recent unfortunate events stemming from
      what many feel amounted to a conspicuous misuse of hexachlorophene.
      Accordingly a present need exists for an effective antimicrobial of this
      type devoid of the chemical characteristics associated with the indicated
      halogenated compounds.
PAR  It has recently been reported that certain fatty amines and fatty amides
      evidence antimicrobial activity. Although the activity of these compounds
      fails to measure up to that demanded for a practical antimicrobial agent,
      the low order of toxicity attributed to compounds of this type renders
      these findings highly significant.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention a method is provided for
      inhibiting the growth of bacteria and fungi which comprises applying to
      said organisms or their loci an antimicrobially effective amount of a
      compound of the formula
      ##EQU1##
      wherein n is an integer of from 1-16.
PAR  The antimicrobial agents of this invention in essentially micro
      concentrations exhibit surprisingly effective broad spectrum inhibitory
      activity against gram positive and fungal organisms. Moreover, the dipolar
      ion characteristics of these compounds contribute towards their marked
      hydrophilic nature and neutrality, which properties are important in
      numerous use applications especially where detergency constitutes an
      adjunct function.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  As indicated previously the practice of this invention resides in the use
      of the antimicrobial agents described above as the active ingredient in a
      variety of conventional compositions for medicinal, cosmetic or
      disinfectant purposes. These compositions can be in the form of solutions,
      as well as solid, liquid or pasty suspensions and emulsions wherein the
      carrier or vehicle portion is water, oil, or an organic solvent, such as,
      for example, ethanol. Likewise these compositions can be solid admixtures
      including the pulverulent form thereof
PAR  Representative of the foregoing compositions include cosmetic oils, salves,
      creams, pencils and powders; personal care items such as the spray, stick
      or powder deodorants, mouthwashes, hair rinses, skin lotions, foot powders
      and the like; and cleaning compositions such as detergent bars, shampoos
      and toothpastes. Further, the antimicrobial agents of this invention can
      be advantageously employed in washing, rinsing, cleaning, disinfecting and
      preserving compositions for textiles, leather, etc. Still a further
      important use of these agents can be found in the cleaning and
      disinfecting compositions designed for use in hospitals and such
      cleanlinss sensitive industrial establishing as dairies, breweries and
      laundries. The amount of the antimicrobial agent present in the
      contemplated compositions obviously depends on the particular use for
      which the overall composition is designed. Generally, in toothpaste,
      deodorants, cosmetics and foot powders and the like the amount of the
      antimicrobial agent ranges from about 0.1 to 3.0% based on the total
      weight of the composition. In applications of a cleansing and disinfecting
      nature as noted above, the concentration of the agent in these instances
      can range up to about 10.0%.
PAR  The antimicrobial compounds contemplated herein can readily be prepared by
      reacting approximately stoichiometrical proportions of a methacrylate,
      preferably a lower alkyl ester thereof, 1-1-dimethyl hydrazine and a
      1,2-olefin oxide. Examples of the olefin oxides utilized in preparing the
      various text compounds shown hereinbelow include propylene oxide,
      .alpha.-octyl oxide, .alpha.-decyl oxide, .alpha.-dodecyl oxide and
      .alpha.-hexadecyl oxide. The reaction can be effected simply by heating
      the indicated reactants at a temperature preferably between 20.degree. C.
      and 80.degree. C. and recovering the product by the usual crystallization
      procedures. Complete details relative to the above-described method for
      deriving the contemplated aminimides can be found in U.S. Pat. 3,485,806.
DETD
PAC  EXAMPLE
PAR  For the purpose of illustrating the antimicrobic activity of the aminimides
      of the present invention, five gram positive bacteria and two
      representative fungi were used in a conventional test procedure for
      determining inhibitory effect. The identification of these test organisms
      and their source follows:
     Organism           Source                                                 

     ______________________________________                                    

     Streptococcus faecalis                                                    

                      Clinical Isolate                                         

     (grp. D)                                                                  

     Streptococcus pyogenes                                                    

                         "                                                     

     Staphylococcus aureus                                                     

                      Hospital Infection                                       

     Corynebacterium  ATCC No. 10700                                           

     Nocardia asteroides                                                       

                      ATCC No. 3308                                            

     Saccaharomyces cerevisiae                                                 

                      Fleishman                                                

     Candida albicans Michigan State University                                

     ______________________________________                                    

PAR  In the test procedures observed, representative aminimides were dissolved
      in water or 95% ethanol to provide standard solutions having a
      concentration of 1.0 mg of the test compound per ml of the solvent. A
      further test series was prepared by diluting with sterile Trypticase Soy
      Broth to concentrations of 100 ug/ml. Compounds more active than at 100
      ug/ml were further diluted in a subsequent test.
PAR  Following the preparation of the test solutions as noted above, one drop
      (0.04 .+-. 0.01 ml.) of an 18-hour broth culture containing 10.sup.9 to
      10.sup.12 organisms per ml. was added to about 10 cc of each starting
      dilution of the indicated test compounds as well as to a like sample of
      plain broth serving as a positive control. After innoculation, the test
      samples are thoroughly mixed and then incubated at 35.degree. C. in a 5%
      carbon dioxide atmosphere.
PAR  After an 18 hour period of incubation, the minimal inhibitory concentration
      (MIC) of each compound was determined for each test microorganism. The MIC
      value is defined as the lowest concentration (ug/ml) of the test compound
      at which no microscopic evidence of growth is observed. In those instances
      where the MIC exceeded 1000 ug/ml the compound was rated non-inhibitory
      (NI). Under those circumstances where the test compound itself causes
      turbidity so that the MIC proved difficult to determine in accordance with
      the above procedure, a sample (0.015 ml.) of the well-agitated broth or
      broths in question were innoculated into a Trypticase Soy agar plate
      containing 5% defibrinated sheep blood. The test plate would then be
      incubated at 35.degree. C. for 18 hours and thereupon examined for growth.
PAR  The identification of representative compounds tested in accordance with
      the foregoing procedure together with the results obtained are outlined in
      the following Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

             CH.sub.3 OCH.sub.3 OH                                             

             .vertline..parallel.-+.vertline..vertline.                        

             CH.sub.2 =C----C--N--N--CH.sub.2 --CH--(CH.sub.2).sub.n --H       

             .vertline.                                                        

             CH.sub.3                                                          

     COMPOUND - n =    1   6   8   10  12                                      

     __________________________________________________________________________

     Streptococcus faecalis (grp. D)                                           

                       1000                                                    

                           NI  1000                                            

                                   100 10                                      

     Streptococcus pyogenes                                                    

                       1   1000                                                

                               10  10  10                                      

     Staphylococcus aureus                                                     

                       100 1000                                                

                               1000                                            

                                   100 10                                      

     Cornyebacterium   100 1000                                                

                               1000                                            

                                   100 10                                      

     Nocardia asteroides                                                       

                       1000                                                    

                           1000                                                

                               100 100 10                                      

     Candida albicans  1000                                                    

                           NI  1000                                            

                                   100 100                                     

     Saccharomyces cerevisiae                                                  

                       10  NI  1000                                            

                                   100 1                                       

     __________________________________________________________________________

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of inhibiting the growth of bacteria and fungi which comprises
      applying to said organisms or their loci an antimicrobially effective
      amount of a compound of the formula
      ##EQU2##
      wherein n is an integer of from 1-16.
NUM  2.
PAR  2. The method of claim 1 wherein n of said formula is 1.
NUM  3.
PAR  3. The method of claim 1 wherein n of said formula is 6.
NUM  4.
PAR  4. The method of claim 1 wherein n of said formula is 8.
NUM  5.
PAR  5. The method of claim 1 wherein n of said formula is 10.
NUM  6.
PAR  6. The method of claim 1 wherein n of said formula is 12.
NUM  7.
PAR  7. The method of claim 1 wherein n of said formula is 14.
NUM  8.
PAR  8. The method of claim 1 wherein n of said formula is 16.
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LREP
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ABST
PAL  The present invention relates to a valuable medicament for oral
      administration containing N-benzenesulfonyl-.beta.-alanine hydrazide as an
      effective ingredient. The drug of this invention is useful, as an
      immunosuppressive agent, for suppression of so-called autoimmune diseases
      such as nephrotic syndromes, rheumatoid arthritis and systemic lupus
      erythematosus etc.
PAL  Furthermore, it may be possible to decrease or withdraw from dosing of
      corticosteroid by the use of KH-125 in a patient who has long been treated
      with that hormone.
BSUM
PAR  The present invention relates to a valuable medicament for oral
      administration containing N-benzenesulfonyl-.beta.-alanine hydrazide as an
      effective ingredient. The drug of this invention is useful, as an
      immunosuppressive agent, for suppression of so-called autoimmune diseases
      such as nephrotic syndromes, rheumatoid arthritis and systemic lupus
      erythematosus etc.
PAR  Furthermore, it may be possible to decrease or withdraw from dosing of
      corticosteroid by the use of KH-125 in a patient who has long been treated
      with that hormone.
PAR  This invention relates to pharmaceutical compositions: more particularly it
      relates to pharmaceutical compositions which are useful for the
      suppression of so-called autoimmune diseases.
PAR  Such immunosuppressive drugs as 6-mercaptopurine, azathioprine and
      cyclophosphamide have been used clinically for the treatment of rheumatoid
      arthritis, nephrotic syndromes, hepatitis and hemolytic anemia, all of
      which have been considered to belong to so-called autoimmune diseases.
      High toxicity of these drugs, however, has made it difficult to use
      clinically, especially to prescribe for a patient repeatedly for a
      long-term. Therefore an arrival of a novel immunosuppressive agent which
      has a wider safety margin without lowering its therapeutic effects has
      long been expected.
PAR  The investigations which lead to the discovery of the present invention are
      concerned with amino acid hydrazide derivatives having a potent
      immunosuppressive activity and low toxicity.
PAR  In an attempt to find an immunosuppressive agent having a lowered toxicity,
      about fifty acid hydrazides, mainly amino acid hydrazide derivatives, were
      synthesized and screened for their ability to suppress the antibody
      formation to sheep erythrocytes in mice. During these investigations,
      N-benzenesulfonyl-.beta.-alanine hydrazide (KH-125) was found to have the
      most potent immunosuppressive activity and fairly lower acute toxicity
      among the compounds tested. Further detailed pharmacological and
      toxicological studies were then performed about KH-125.
PAR  In detailed pharmacological studies, KH-125 was confirmed to have the
      abilities in rats to suppress adjuvant arthritis as well as experimental
      nephrotoxic nephritis. Its toxicological properties were evaluated by
      subacute and chronic toxicity tests in rats, by teratological studies in
      rats and rabbits and also by carcinogenic tests in mice and rats. It was
      found from these studies that KH-125 had a considerably lower toxicity
      than well-known immunosuppressive agents did. Moreover KH-125 showed
      neither teratogenic nor carcinogenic effect, both of which were inevitably
      shared with established immunosuppressive drugs such as cyclophosphamide
      and 6-mercaptopurine etc.
PAR  Before the compound of this invention can be used medically, it must, of
      course, be formed into a pharmaceutical composition by association with a
      suitable pharmaceutical vehicle.
PAR  The term "pharmaceutical" is used herein to exclude any possibility that
      the nature of the vehicle, considered of course, in relation to the route
      by which the composition is intended to be administered, could be harmful
      rather than beneficial.
PAR  The choice of a suitable mode of presentation, together with an appropriate
      vehicle, is believed to be within the competence of those accustomed to
      the preparation of pharmaceutical formulations.
PAR  Accordingly this invention provides a pharmaceutical composition which
      comprises N-benzenesulfonyl-.beta.-alanine hydrazide in association with a
      suitable pharmaceutical vehicle.
PAR  The compositions of this invention may be administered orally and in
      respect of these modes, the "pharmaceutical vehicle" is preferably: the
      ingestible excipient of a tablet, coated tablet, sublingnal tablet or
      pill; the ingestible container of a capsule or cachet; the ingestible
      pulverulent solid carrier of a powder; or the ingestible liquid medium of
      a syrup, solution, suspension or elixir.
DRWD
PAR  In accompanying drawings:
PAR  FIG. 1 shows prophylactic effects of KH-125 and 6-MP on adjuvant arthritis.
      Drugs were orally administered once daily for 17 days starting from the
      day of adjuvant injection.
PA1  A, b: changes in swelling of adjuvant injected foot.
PA1  C, d: changes in swelling of adjuvant noninjected foot.
PA1  E: arthritis score on day 21 after adjuvant injection.
PA1  *: Significantly different from control, p &lt; 0.01.
PAR  FIG. 2 shows effect of KH-125 on fusions index, thickness of basement
      membrane and protein-uria in nephrotic rats. Protein-uria was measured 18
      days after nephrotoxin injection, then for electron microscopic
      examination the rats were killed 2 days later. Vertical lines show the
      standard error. *, ** Significantly different from control, p &lt; 0.05 and
      0.01, respectively.
      ##EQU1##
PAR  FIG. 3 shows comparison of KH-125 with other immunosuppressive agents in
      fusions index, thickness of basement membrane and protein-uria.
      Protein-uria was measured 18 days after nephrotoxin injection, then for
      electron microscopic examination the nephrotic rats were killed 3 days
      later. See legend of FIG. 2 for other details.
PAR  In order further to illustrate this invention but without being limited
      thereto, the following examples are given:
PAC  EXAMPLE 1
PAR  Preparation of N-Benzenesulfonyl-.beta.-alanine hydrazide
PAR  To a solution of 7.5g of N-benzenesulfonyl-.beta.-alanine ethyl ester in
      20ml of ethanol, 2.1g of 80% hydrazine hydrate was added slowly and then
      the mixture was refluxed for 6 hrs. After cooling, crystals separated out
      were collected and recrystallized from ethanol to give 5.8g of
      N-benzenesulfonyl-.beta.-alanine hydrazide in the form of colorless plates
      having a melting point of 135.degree.-137.degree.C.
PA1  Analysis: C.sub.9 H.sub.13 N.sub.3 O.sub.3 S Calculated: C% 44.44; H% 5.39;
      N% 17.28; Found: 44.52; 5.41; 17.45.
PAC  EXAMPLE 2
PAR  Tablets are prepared by mixing and granulating, in accordance with known
      pharmaceutical techniques, the following ingredients.
TBL  ______________________________________                                    

     Ingredient            mg/tablet                                           

     ______________________________________                                    

      KH-125               50                                                  

      Lactose              105                                                 

      Corn starch          25                                                  

      Magnesium stearate   0.9                                                 

      5% Hydroxypropyl cellulose                                               

                           proper quantity                                     

     ______________________________________                                    

PAC  EXAMPLE 3
PAR  Tablets are prepared by mixing, granulating, tableting and coating, in
      accordance with known pharmaceutical techniques, the following
      ingredients.
     ______________________________________                                    

     Ingredient            mg/tablet                                           

     ______________________________________                                    

      KH-125               50                                                  

      Lactose              100                                                 

      Crystalline cellulose                                                    

                           15                                                  

      Corn starch          15                                                  

      Magnesium stearate     0.9                                               

      5% Hydroxypropyl cellulose                                               

                           proper quantity                                     

     ______________________________________                                    

PAC  EXAMPLE 4
PAR  Capsules are prepared in accordance with known pharmaceutical techniques,
      for example using the following ingredients.
     ______________________________________                                    

     Ingredient            mg/capsule                                          

     ______________________________________                                    

      KH-125                50                                                 

      Lactose              100                                                 

      Corn starch          100                                                 

      Magnesium stearate    1                                                  

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  One pulverulenta is prepared, in accordance with known pharmaceutical
      techniques, from the following ingredients.
     ______________________________________                                    

     Ingredient         mg/pulverulenta                                        

     ______________________________________                                    

      KH-125             50                                                    

      Lactose           450                                                    

     ______________________________________                                    

PAC  EXAMPLE 6
PAR  A suspension for oral administration is prepared, in accordance with known
      pharmaceutical techniques, from the following ingredients.
     ______________________________________                                    

     Ingredient                                                                

     ______________________________________                                    

      KH-125                 50 mg                                             

      Sodium carboxymethyl                                                     

       cellulose            300 mg                                             

      Simple syrup           50 ml                                             

     ______________________________________                                    

PAC  EXAMPLE 7
PAR  Granules are prepared, in accordance with known pharmaceutical techniques,
      from the following ingredients.
     ______________________________________                                    

     Ingredient                                                                

     ______________________________________                                    

      KH-125             50 mg                                                 

      Lactose            30 mg                                                 

      Potato starch      15 mg                                                 

      Crystalline cellulose                                                    

                         20 mg                                                 

      5% Hydroxypropyl                                                         

       cellulose         proper quantity                                       

     ______________________________________                                    

PAC  EXPERIMENT A
PAC  Acute Toxicity of N-Benzenesulfonyl-.beta.-alanine hydrazide (KH-125)
PAR  The acute toxicity of KH-125 was studied in both sexes of ddY mice and
      Wistar rats. The LD.sub.50 values were calculated by the method of
      Litchfield and Wilcoxon (J. Pharmacol. Exptl. Ther., 96, 99, 1949).
PAR  The LD.sub.50 (mg/kg) values of KH-125 were as follows: 1520 (p.o.), 1230
      (i.p.) and 1150 (s.c.) in male mice; 1570 (p.o.), 1410 (i.p.) and 1440
      (s.c.) in female mice; &gt;4000 (p.o.), 2150 (i.p.) and &gt;4000 (s.c.) in male
      rats; &gt;4000 (p.o.), 2580 (i.p.) and &gt;4000 (s.c.) in female rats. No sex
      difference concerning the acute toxicity was apparent.
PAC  EXPERIMENT B
PAC  Chronic Toxicity Study on N-Benzenesulfonyl-.beta.-alanine hydrazide
      (KH-125)
PAR  The chronic toxicity study of KH-125 was carried out in Wistar rats of both
      sexes. Rats were treated orally with KH-125 for 6 months at the dose
      levels of 0 (control), 10, 20 and 40 mg/kg/day.
PAR  All rats survived after 6-month treatment with KH-125. The body weight gain
      was slightly inhibited in the 40 mg/kg/day groups. Hematological findings
      revealed the dose-dependent decrease in erythrocyte count and hemoglobin.
      No remarkable changes were observed in serum enzyme activities by the
      treatment with KH-125 except that slight but dose-dependent increases in
      S-GOT and S-GPT were found. No significant effects on general symptoms,
      food intake, urinalysis, and fractionation of serum protein were observed.
      No toxic effects which could be attributed to the drug were detected in
      the histopathological examinations.
PAC  EXPERIMENT C
PAC  Suppressive Effect of N-Benzenesulfonyl-.beta.-alanine hydrazide (KH-125)
      on Antibody Production to Sheep Erythrocytes
PAR  The effect of KH-125 on antibody production in ddY mice was examined by
      Cunningham and Szenberg's plaque technique (Immunology, 14, 599, 1968) and
      compared with other agents.
PAR  Mice were immunized by intravenous injection of washed sheep erythrocytes
      (4 .times. 10.sup.8 cells/mouse). Administration of KH-125 was made orally
      for 4 consecutive days from the day of antigen injection. 19S
      Plaque-forming cells (PFC) were counted 4 days after immunization. As
      shown in Table 1, KH-125 dose-dependently suppressed the appearance of 19S
      PFC.
PAR  In comparative experiment, test agents were administered intraperitoneally
      for 8 consecutive days from one day before immunization. 7S PFC's were
      counted 9 days after immunization. As shown in Table 2, suppressive effect
      of KH-125 on the appearance of 7S PFC was higher than that of prednisolone
      or 6-mercaptopurine, but was less effective than cyclophosphamide.
TBL                                    Table 1                                 

     __________________________________________________________________________

     Effect of KH-125 on the number of 19S plaque-forming cells                

     (Oral administration)                                                     

     Dose   No.                                                                

               Mean body                                                       

                      Spleen weight                                            

                              19S PFC/10.sup.6 spleen                          

     (mg/kg/day)                                                               

            of weight gain                                                     

                      mean .+-. S.E.                                           

                              cells                                            

            mice                                                               

               (g)    (mg)    mean .+-. S.E.                                   

     __________________________________________________________________________

     Control                                                                   

            4  +0.8   181 .+-. 8                                               

                              1905 .+-. 267                                    

     40     4  +1.0   135 .+-. 20                                              

                              1383 .+-. 327                                    

     80     4  -0.8   139 .+-. 9*                                              

                               368 .+-. 124**                                  

     160    4  -0.5   164 .+-. 14                                              

                               329 .+-. 46 **                                  

     __________________________________________________________________________

      *, ** : Significantly different from control, p &lt; 0.05 and 0.01,         

      respectively.                                                            

TBL                                    Table 2                                 

     __________________________________________________________________________

     Comparison of immunosuppressive effect of KH-125 with other agents        

     Agents Dose   No.                                                         

                      Mean body                                                

                              Spleen weight                                    

                                      7SPFC*/10.sup.6 spleen                   

            (mg/kg/day)                                                        

                   of weight gain                                              

                              mean .+-. S.E.                                   

                                      cells                                    

                   mice                                                        

                      (g)     (mg)    mean .+-. S.E.                           

     __________________________________________________________________________

     control       6  +1.0    125 .+-. 16                                      

                                      1045 .+-. 202                            

     KH-125 200    6  -4.5     60 .+-. 8 ***                                   

                                       233 .+-. 63 ***                         

     6-mercapto-                                                               

      purine                                                                   

             30    6  0       103 .+-. 12                                      

                                       385 .+-. 83 **                          

     cyclophos-                                                                

      phamide                                                                  

             20    6  +0.2     87 .+-.  7**                                    

                                       61 .+-.  8 ***                          

     prednisolone                                                              

             4     6  +1.6    116 .+-. 19                                      

                                       706 .+-. 178                            

     __________________________________________________________________________

      Agents were administered intraperitoneally for 8 consecutive days from on

      day before immunization. Plaque-forming cells were counted 9 days after  

      immunization.                                                            

      * Addition of rabbit anti-mouse .gamma.G sera.                           

      **, *** Significantly different from control, p &lt; 0.05 and 0.01,         

      respectively.                                                            

PAC  EXPERIMENT D
PAC  Suppressive Effect of N-Benzenesulfonyl-.beta.-alanine hydrazide (KH-125)
      on Adjuvant Arthritis in Rats
PAR  The effect of KH-125 on adjuvant arthritis in rats was compared with that
      of 6-mercaptopurine. Sprague-Dawley rats were given with a single
      intradermal injection of 0.01 ml of a liquid paraffin oil suspension of
      Mycobacterium tuberculosis (concentration, 5 mg/ml) into the subplantar
      area of a right hind paw. Test agents were administered orally once a day
      for 17 days starting from the day of adjuvant-injection. Volumes of right
      and left hind feet were determined volumetrically by immersing the feet
      into water. Arthritis score was obtained by visual observation and graded
      from 0 to 4+.
PAR  In the prophylactic experiment on adjuvant arthritis, both KH-125 and
      6-mercaptopurine dose-dependently suppressed the swelling of
      adjuvant-injected and non-injected feet as well as the increase in
      arthritis score (FIG. 1). Three of 7 rats treated with 30 mg/kg/day of
      6-mercaptopurine died during the experiment, but those which were given
      with KH-125 at a dose of as high as 80 mg/kg/day survived throughout the
      test period. When comparison was made between two drugs with respect to
      safety margin-- i.e., maximal tolerated dose in repeated administration
      versus effective dose in suppression of adjuvant arthritis-- KH-125 was
      considered to be about 3 times as safe as 6-mercaptopurine.
PAR  Rebound of foot swelling occurring after withdrawal of KH-125 was not
      prominent.
PAC  EXPERIMENT E
PAC  Suppressive Effect of N-Benzenesulfonyl-.beta.-alanine hydrazine (KH-125)
      on Nephrotoxic Nephritis in Rats
PAR  The effect of KH-125 on nephrotoxic nephritis in Wistar rats was evaluated
      from the following three points: (1) urinary protein measurements, (2)
      electron microscopic findings and (3) light microscopic findings.
      Nephrotic rats were prepared according to Shibata's method. (Ths
      Saishin-Igaku, 20, 1089, 1965).
PAR  In a prophylactic experiment, KH-125 was orally administered twice a day
      for 18 days during 21 days from 2 days before nephrotoxin-injection to 18
      days after the injection. Urinary protein was measured 18 days after the
      nephrotoxin-injection, and then the nephrotic rats were sacrificed 2 days
      later for histopathological examinations. As shown in FIG. 2, protein-uria
      was decreased dose-dependently by the treatment with KH-125. In electron
      microscopic findings, it was observed that fusion index of epithelial foot
      processes was improved and thickening of glomerular basement membrane was
      suppressed by the treatment with KH-125. Light microscopic findings also
      showed a good improvement of nephritis in the animals treated with KH-125.
PAR  In a comparative experiment, test agents were administered once daily:
      KH-125, 15 days during days 0 - 10 and 15 - 18 (p.o.); 6-mercaptopurine
      (6-MP), 6 days during days 0 - 5 (p.o.); cyclophosphamide, 11 days during
      days 0 - 10 (i.p.); and prednisolone, 11 days during days 0 - 10 (i.p.),
      starting from the day of nephrotoxin-injection. Urinary protein was
      measured 18 days after the injection of nephrotoxin, and then the animals
      were sacrificed 3 days later for histopathological examinations. As shown
      in FIG. 3, the nephrotoxic nephritis was most effectively suppressed in
      the group treated with KH-125 as judged from the decrease in protein-uria,
      improvement of fusion index of epithelial foot processes and suppression
      of thickening of glomerular basement membrane.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pharmaceutical composition in oral dosage unit form comprising a
      pharmaceutical carrier and from about 20 to 400 mg per unit of
      N-benzenesulfonyl-.beta.-alanine hydrazide.
NUM  2.
PAR  2. A pharmaceutical composition in accordance with claim 1, in which a
      solid pharmaceutical carrier is employed.
NUM  3.
PAR  3. A pharmaceutical composition in accordance with claim 1, in which a
      liquid pharmaceutical carrier is employed.
NUM  4.
PAR  4. A method of treating autoimmune disease in the human body comprising
      administering an effective amount of the composition of claim 1.
NUM  5.
PAR  5. A method of treating autoimmune disease in the human body comprising
      administering a therapeutic composition in oral dosage unit form
      comprising a pharmaceutical carrier and an effective amount of
      N-benzenesulfonyl-.beta.-alanine hydrazide.
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ABST
PAL  Methods and compositions for increasing the feed efficiency of ruminant
      animals using 2,3-dibromopropanol as an active ingredient. The method
      comprises administering the active ingredient orally to growing ruminant
      animals in quantities sufficient to induce inhibition of methanogenesis in
      the rumen.
BSUM
PAR  This invention relates to an advantageous new method and composition for
      improving the feed efficiency of ruminant animals using
      2,3-dibromopropanol as an active ingredient. This method and composition
      uses oral administration to the subject animal of an effective but not
      toxic or noxious quantity of the active dibromopropanol ingredient to
      inhibit methanogenesis in the rumen. One result is a decrease in gaseous
      loss of carbon and hydrogen during fermentation and alteration of rumen
      metabolism to affect a shift toward producing a larger proportion of fatty
      acids more desirable for growth especially propionic acid. This acid is
      more readily utilized by the ruminant to increase the efficiency of rumen
      digestion of feed to give more weight gain on the same or less ingested
      feed.
PAR  The active ingredient of this invention is 2,3-dibromopropanol which is a
      well known chemical of low chemical cost. It has, in the art, been used
      for preparing flameproofing agents (Chem. Abst. 76 13805) and for other
      synthetic purposes. As far as we know it has been described in the
      literature to have certain biological effects external to the body for
      example antifungal activity (Chem. Abst. 52 13173) or herbicidal activity
      (Chem. Abst. 54 21603). No internal application of the active ingredient
      is, to our knowledge, known to the art, nor is any utility known in the
      veterinary or feed additive fields. The chemical, as noted above, is
      commercially available or may be prepared by the methods described in U.S.
      Pat. No. 3,268,597 or B.P. 1,090,767.
PAR  2,3-Dibromopropanol is a high boiling liquid which tends to hydrolyze on
      long exposure to water such as when dispersed or dissolved in aqueous
      media. The liquid nature of the compound may at times be an advantage in
      preparing supplemented animal feed. It may be dissolved or dispersed in
      liquid form in an extender then merely sprayed onto the animal feedstock.
      Alternatively the dibromopropanol may be converted to a solid product
      prior to administration by addition to an adsorbent carrier. It may also
      be coated by spray drying or congealing techniques known to the art for
      volatile veterinary products such as U.S. Pat. No. 3,660,562.
PAR  The dibromopropanol may also be reacted chemically to form other
      derivatives such as an ester or ether derivative. The chemistry of
      preparing such derivatives is well known to the art. Basically any common
      chemical reaction for esterifying or etherifying alcohols may be used such
      as reaction with an acid chloride, anhydride or mixed ester in the
      presence of a tertiary base, to form the ester or with a reactive halo
      derivative to form the ethers. As a practical matter the added acyl or
      ether portions of such dibromopropanol derivatives should be limited to
      moieties having a maximum of 10 carbon atoms since the antimethane
      activity described herein derives primarily from the 2,3-dibromopropanol
      portion of the derived compounds. The derivatives therefore may be formed
      from functional compounds known to the art to give branched or straight,
      saturated or unsaturated, unsubstituted or substituted alkyl, aryl or
      aralkyl ethers or esters of the dibromopropanol. Especially preferred are
      ester or ether derivatives known to have antimethanogenesis activity in
      the ether or ester portion of the compound such as those derived from
      polyhalo acids, for example, polychloro or polybromoacetic or propionic
      acids.
PAR  The potent ability to inhibit methane formation of the rumen possessed by
      the dibromopropanol active ingredient of this invention is completely
      unexpected from the knowledge of the prior art and from comparison of
      other structurally similar compounds. For example, U.S. Pat. No. 3,608,087
      discloses that trihaloethanols, specifically trichloroethanol, have
      antimethane activity. But the structural limitations of the active
      ingredients of this patent preclude the art from either going to a longer
      chain alcohol such as propanol or going to a .alpha.-mono halo substituted
      compound. Another prior art reference, U.S. Pat. No. 3,615,649, also
      discloses that polyhaloacetaldehyde derivatives have antimethane activity.
      Once again this disclosure teaches away from the use of higher carbon
      skeleton compounds or mono-.alpha.-halo substitution. The active
      ingredients of the present invention therefore differ from the teachings
      of the art in two parameters (a) being a three carbon chain compound and
      (b) having a single .alpha.-bromo substituent.
PAR  The activity of the 2,3-dibromopropanol active ingredient of this invention
      compared with that of its 2,3-dichloropropanol congener in the in vitro
      methane reduction procedure described in U.S. Pat. No. 3,660,562
      demonstrates at least a tenfold greater activity for the compound of the
      present invention: 120 p.p.m., 94%; 60, 93%; 12, 95%; 6, 79%; 3, 58%. The
      2,3-dichloro: 120, 97%; 12, 0%, 6, 0%; 3, 0%; the 3-bromo 6, 0%. Other
      isomers of the 2,3-dibromopropanol also have potent anti-methane activity
      and are indluded in this invention, such as 1,3-dibromo-2-propanol: 12,
      80%; 6, 30%.
PAR  The reduction in methane production in vitro by 2,3-dibromopropanol was
      accompanied by a shift in volatile fatty acid production as follows:
TBL         Total VFA  Molar % VFA                                             

     PPM      .mu.m/ml     C.sub.2  C.sub.3                                    

                                           C.sub.4                             

     ______________________________________                                    

     Control  160.5        60.0     18.9   16.4                                

      6       168.1        58.6     19.1   17.5                                

      12      162.2        55.7     19.7   19.1                                

     Control  207.5        63.3     17.0   16.1                                

     120      171.3        60.0     19.7   17.5                                

     ______________________________________                                    

PAR  Also using the method described in U.S. Pat. No. 3,660,562,
      2,3-dibromopropanol was tested in vivo distributed throughout a basic
      sheep diet comprising:
TBL                           % w/w                                            

     Mixed Ground Hay 13%     40.0                                             

     Soybean Meal 44%          7.0                                             

     Dried Molasses(Sweetone) 87% equiv.                                       

                               8.0                                             

     Dicalcium Phosphate       0.5                                             

     Trace Mineral Salt        0.5                                             

     Ground Corn              43.1                                             

     Vitamin A Premix (30,000 units/Gm.)                                       

                              20 Gm./ton                                       

     Vitamin D.sub.2 Premix (16,000,000 units/lb.)                             

                              8.5 Gm./ton                                      

     Limestone (ground)        .5                                              

     Urea                      .4                                              

     2,3-Dibromopropanol      1 g./head/day                                    

PAR  The following results show confirmation of the in vitro studies by feeding
      this ration to sheep to give 1 g./head/day of 2,3-dibromopropanol.
TBL  ______________________________________                                    

                                    Methane                                    

     Treatment    Vol % Cases       Reduction                                  

                CO.sub.2 CH.sub.4                                              

     ______________________________________                                    

     Control      70.5 .+-. 2.3                                                

                             16.9 .+-. 1.0                                     

                                        --                                     

     2,3-dibromopropanol                                                       

                  65.2 .+-. 5.6                                                

                              6.5 .+-. 2.5                                     

                                        61.3                                   

     Control      66.2 .+-. 4.5                                                

                             33.8 .+-. 5.3                                     

                                        --                                     

     2,3-dibromopropanol                                                       

                  77.1 .+-.  .1                                                

                             11.0 .+-. 3.7                                     

                                        67.4                                   

     ______________________________________                                    

TBL  ______________________________________                                    

               Control   2,3-Dibromopropanol                                   

     ______________________________________                                    

     Total VFA   78.9 .+-. 6.6                                                 

                             117.1 .+-. 23.6                                   

      (mM/l)                                                                   

     Molar %                                                                   

      C.sub.2    56.6 .+-.  .3                                                 

                              46.9 .+-.  3.2                                   

      C.sub.3    30.8 .+-. 3.0                                                 

                              44.1 .+-.  2.8                                   

      C.sub.4    12.7 .+-. 3.0                                                 

                              9.0 .+-.  5.9                                    

     Total Free AA                                                             

                  3.0 .+-.  .6                                                 

                              3.7 .+-.  .8                                     

      (Av .mu.M/ml)                                                            

     ______________________________________                                    

PAR  The ruminant feeds often used in conjunction with the method of this
      invention are based on the roughage feeds such as hay, silage or various
      commercial grain mixtures commonly used in ruminant animals, that is, in
      cattle or sheep. The method is most usually employed in healthy ruminant
      animals especially in immature meat producing animals such as feeder sheep
      or cattle. The amount of additive will be an amount sufficient to improve
      the feed efficiency of the animal but not have a toxic, noxious or overtly
      pharmacodynamic effect; in the range of about 10-1000 g. per ton of feed
      (roughly about 0.01-0.1%) preferably from about 50-300 g. per ton of
      dibromopropanol equivalent. A ratio of 100 g. per ton of whole feed is
      particularly of use. An average 80 lb. sheep will ingest about 3-4 lbs. of
      food daily; cattle up to about 25 lbs. of dry matter. The upper parts of
      the broad range disclosed here are most useful in cattle, the lower in
      sheep.
PAR  The liquid active ingredient per se may be extended with an aqueous or oily
      liquid material as known in the art then uniformly mixed with a premix or
      whole feed material. Alternatively the ingredient may be evenly applied to
      an absorbtive solid carrier such as kieselguhr then mixed uniformly with a
      premix or whole feed material as noted hereafter.
PAR  For commercial use, the active ingredient is most readily used admixed with
      a basic premix formulation in which the chemical is distributed uniformly
      throughout a standard animal feed in carrier in concentrated form. This
      premix or concentrate is then mixed with either a normal or a special
      fattening diet of the ruminant as desired by the grower or the mixer.
      Examples of such carriers are soybean meal, corn oil, ground corn, barley,
      wheat, mineral mixtures such as vermiculities, diatomaceous earth, corn
      gluten meal, corn distillers solubles or soyflour. The active ingredient
      will be in amounts to satisfy the criteria set forth above for whole feed.
      The active ingredient will usually be present in from 5-75% by weight of
      the premix compositions.
PAR  The whole animal feeds themselves may also contain cellulosic roughage such
      as cellulose, hay, straw, corn stalks, oats, barley, and cereal brans;
      natural oils such as animal fats, fish oils, and whale oil; vegetable oils
      such as soybean oil, olive oil, safflower oil, peanut oil, and cottonseed
      oil or anti-oxidants. Other additives such as minerals, vitamins,
      antibiotics, anthelmintics or any appropriate feed additives known to the
      art may be present in either or both the premix or complete feed
      compositions.
TBL  A typical prepared animal feed is as follows:                             

     Mix hay            40.0%                                                  

     Ground yellow corn 45.0                                                   

     Soybean oil meal   7.0                                                    

     Cane molasses      7.0                                                    

     Dicalcium phosphate                                                       

                        0.5                                                    

     Trace minerals salt                                                       

                        .5                                                     

     Vitamin A          300 I.U./lb.                                           

     Vitamin D          150 I.U./lb.                                           

     2,3-Dibromopropanol                                                       

                        100 g./ton of                                          

                        feed                                                   

TBL  An example of a suitable premix is as follows                             

            2,3-Dibromopropanol                                                

                          150 g.                                               

            Ground yellow corn                                                 

                          to 5 lb.                                             

PAR  This mix is added to a ton of feed.
PAR  Another is a 50--50 mixture of 2,3-dibromopropanol and vermiculite.
PAR  In the field the active ingredient may be administered by means of salt or
      molasses blocks. A typical block is prepared using the following
      proportions:
TBL  Ingredient           Weight percent                                       

     ______________________________________                                    

     Dried cane molasses  44.54                                                

     Ground soybean hulls 19.90                                                

     2,3-Dibromopropanol  10.00                                                

     Granulated salt      21.59                                                

     Trace minerals and vitamins                                               

                          0.20                                                 

     Stabilized animal fat                                                     

                          1.11                                                 

     Moisture             2.66                                                 

     ______________________________________                                    

PAR  The method of this invention comprises allowing the ruminant subject,
      cattle or sheep, to feed ad libitum on the supplemented rations or to be
      restricted by being fed on pasture or under feed lot conditions.
PAR  As examples of the typical animal an 80 lb. sheep may ingest from about 0.1
      to 1.5 g. of the active ingredient per day while a 1000 lb. cow may ingest
      from about 1-6 g. of dibromopropanol per day. The range of active
      ingredient for a typical animal subject will therefore range from about
      0.1-6 g. per day.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A method for improving the feed utilization of ruminant animals
      comprising administering orally to such animals a quantity of
      2,3-dibromopropanol which is within the range of about 0.1-6 g. per
      ruminant per day and which is effective for improving the feed efficiency
      of the animals but which does not have a toxic or noxious effect.
NUM  2.
PAR  2. The method of claim 1 in which the 2,3-dibromopropanol is administered
      in an animal feed composition containing about 10-1000 g. per ton of feed.
NUM  3.
PAR  3. The method of claim 2 in which the amount is about 50-300 g. per ton of
      feed.
NUM  4.
PAR  4. The method of claim 1 in which the animal is an immature feeder sheep
      and the quantity of 2,3-dibromopropanol is about 1 g. per day.
NUM  5.
PAR  5. The method of claim 1 in which the animal is immature feeder cattle and
      the quantity of 2,3-dibromopropanol per animal is from about 1-6 g. per
      day.
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PAL  Shredded, separated trash from which a portion of recyclable materials have
      been retrieved and recycled back into industry, leaving only unusable
      waste material, is compressed into a bale having a density sufficient to
      cause the bale to immediately sink in salt water and having a shape
      causing it to remain at the spot on the ocean floor to which it has sunk,
      immovable by ocean currents. The bale is sprayed both inside and out with
      an organic material which serves as food for micro-organisms which use the
      sunken bales of trash as feeding stations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the redevelopment of exhausted food sources from
      the very beginning of the ecological cycle, and more particularly, to a
      method and product utilizing waste materials not capable of being
      retrieved and recycled by the present state of the art, and adding to such
      unrecyclable materials a basic food substance attractice to and consumed
      by micro-organisms and sea worms.
PAR  In the prior art it is known to dump waste materials into the ocean at
      random, that is, the material is dumped over an area of the ocean or at a
      specific point and allowed to distribute itself with the ocean currents
      resulting in uncontrolled pollution. Further, the fishing of the ocean has
      been generally uncontrolled, resulting, in the case of the United States,
      in some half dozen or so over-fished areas along the eastern seaboard.
PAR  At the other end of the eco-cycle, trash has been accumulating and numerous
      methods have been developed for using it, re-cycling it and disposing of
      it. In this regard it is known to separate trash in its raw state, which
      is commonly known as refuse (a term which includes all putrescible and
      non-putrescible solid wastes, such as garbage, rubbish, and solid
      commercial and industrial wastes, but excluding human and animal
      intestinal wastes) and retrieve certain metals and paper products for
      recycling. The remainder of the trash is shredded in a process that
      reduces the trash by mechanical means to pieces about the size of a man's
      fingers. After shredding, the trash is separated and a majority portion of
      the total trash is retrieved and recycled back into existing industry. By
      an additional step it is known to bale the non-retrievable shredded trash
      in bales having a density on the order of 1890 pounds per cubic yard. The
      term "trash" is used in municipal codes and ordinances. Typically, and as
      used herein, it includes paper, wood, rags, rubber, plastics, metals,
      glass, house dust, yard trimmings, leather, oil, paints, furniture,
      ranges, refrigerators, tires, lumber, rugs, lamps and garbage. For an
      analysis of its chemical composition see "Chemical Analysis of Refuse
      Components", E. R. Kaiser, National Incinerator Conference, A.S.M.E., New
      York, 1966. The terms "municipal trash" or "municipal refuse" as used
      herein are intended to mean trash or refuse collected from municipalities
      for disposal.
PAR  Most substances dropped in the ocean will eventually disintegrate, but even
      organic substances such as wood may remain in a stable state for scores of
      years. The same is true, of course, for metals and the like. Thus, the
      indiscriminate dumping of raw trash into the ocean has made a transient
      junkyard out of the ocean floor.
PAR  At the start of the food production cycle, small micro-organisms feed on
      organic material. In turn these organisms are eaten by worms and the worms
      are eaten by fish, snails, mollusks and the like and these forms of small
      aquatic life are eaten by larger fish which serve as food for man. At the
      very bottom of the cycle the animal micro-organisms can be induced or
      attracted to feed on organic material containing glutathione.
PAR  In the prior art there are problems in disposing of trash, in controlling
      pollution and in starting the growth of animal organisms to serve as fish
      food in a controlled area on a large scale, so as to create an area in
      which fish can be harvested.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention solves these problems by providing a product made in
      accordance with a process which combines shredded trash (more dense than
      sea water) as a substrate with an organic material suitable for attracting
      micro-organisms for feeding and growth development into baled products
      which are then deposited on the ocean floor to create fish feeding reefs.
      In accordance with the preferred embodiment in the invention, the shredded
      trash is sprayed as it passes through a hopper into a baling chamber. The
      spray comprises a material having most preferably glutathione as one of
      its elements. The sprayed trash is then baled by means of a specially
      formed plunger into a shape which will permit it to remain in its position
      on the ocean floor. The bale is sprayed again on its exterior before being
      deposited in the ocean, so that the organic film on the outside of the
      bale, as well as a substantial portion of the organic film on the
      individual pieces of the shredded trash, will be exposed to the water when
      the bale is immersed.
PAR  Accordingly, it is an object of this invention to provide a product for
      inducing the growth of animal organisms in selected areas of the sea and a
      method of producing that product most preferably from shredded trash.
PAR  It is another object of this invention to promote the growth of fish in the
      over-fished areas of the ocean.
PAR  These and other objects of the invention will become apparent from the
      following description with reference to the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows in diagrammatic form the process in accordance with the
      preferred embodiment of this invention. FIG. 1a is a schematic
      representation, partially in section, showing shredded trash being
      introduced into a hopper and baled to produce the product shown in
      perspective in FIG. 1b, which product is sprayed externally as shown
      schematically in the end view, FIG. 1c, and deposited to rest on the ocean
      floor as in FIG. 1d.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Although specific forms of the invention have been selected for
      illustration in the drawings, and the following description is drawn in
      specific terms for the purpose of describing these forms of the invention,
      this description is not intended to limit the scope of the invention which
      is defined in the appended claims.
PAR  Referring to FIG. 1, the shredded trash, as constituted in accordance with
      the foregoing description and designated generally 10, is conveyed toward
      a hopper 12 by means of an endless belt-type conveyor 14. The trash falls
      off the end of the belt into the hopper as shown in FIG. 1a. The trash
      falls by gravity through the cylindrical portion 16 of the hopper about
      which are mounted a plurality of spray nozzles 18 connected in any
      suitable manner to a source or sources (not shown) of liquid organic
      material by means of the headers 20; the material being fed through the
      headers in the direction shown by the arrows for spraying onto the pieces
      of shredded trash as shown by the lines in FIG. 1a. The liquid organic
      material is preferably a solution of glutathione (which is a substance
      found in the red blood cells of mammals and other warm-blooded
      invertebrates and has the property of inducing microorganisms to feed) and
      water in a suitable amount and proportion sufficient to coat a substantial
      portion of the individual particles of trash with an organic film.
PAR  As the material descends through the cylindrical chamber 16 it will fall
      into a baling chamber 22 in a baling machine shown schematically at 24.
      The plunger 26 of the baling machine is activated so that it moves back
      and forth in the direction of the double-headed arrows shown in FIG. 1a
      for baling and for receiving particles to be baled. When the plunger is
      retracted to the left, the opening 28 communicates with the chamber 22 and
      when the plunger 26 has been moved to the right (as shown in FIG. 1a) this
      opening is closed by the flange 30, and the material to be baled is
      compressed as at 32 against a retractable head 34. The head can move in
      the direction shown by the double-headed arrows, FIG. 1a, to open the end
      35 of the baling chamber 22 and permit discharge of the bale, once it is
      formed, onto a conveyor belt 36. The belt is moving in the direction of
      the arrow and receives the finished bale shown in perspective in FIG. 1b,
      and designated generally 38.
PAR  A typical bale has overall dimensions along the large rectangular sides of
      the bases 39 of 30 inches by 40 inches and has a height h of 6 inches.
      Within the rectangular borders shown, a semi-spherical portion is formed 6
      inches high, designated generally 40. The semi-spherical portion is formed
      directly on and integral with the rectangular box-like base portion of the
      bale by the plunger 26 as shown in FIG. 1a. This configuration permits the
      bale to withstand the forces of the ocean currents which tend to move it
      from place to place on the floor of the ocean.
PAR  In FIG. 1d the bale is shown in position with the currents flowing over it.
      As will be noted, the bale rests on its rectangular bottom surface 39 on
      the floor 42 of the ocean. Tests have shown that if the bale is deposited
      on its upper semi-spherical surface 40 it would tend to roll over until it
      achieves the position shown in FIG. 1d. Once in this position, it tends to
      remain due to the fluid dynamic effects shown by the arrows, thus assuring
      locational stability.
PAR  Before depositing the bale in the ocean it is sprayed with the same organic
      material in solution as shown in FIG. 1c.  The spraying device is a
      manifold with a plurality of heads designated generally 44, connected to a
      source (not shown) of fluid organic material. The spray is sufficient to
      place a coat or organic film on the outside of the bale over a substantial
      portion thereof. The bale is moved through the spray by means of the
      conveyor system including the roller 46.
PAR  The baling operation is such that, although the material is compressed to a
      high density, there are still passageways through the bale which will be
      filled with water when the bale is immersed. Thus, micro-organism growth
      is encouraged both on the outer surface of the bale and the surfaces of
      the individual particles.
PAR  Because of the structure, it is possible to accurately position these bales
      so as to form a reef in the ocean which will stay put, relatively
      speaking, once it is positioned. Because of the nature of the trash a
      large percentage of it will not break down immediately, such as, metal,
      glass, plastics, certain types of treated paper and wood. These materials
      may take years and even scores of years in which to deteriorate and,
      accordingly, they are relatively dimensionally stable, both in themselves
      and in their configuration with the other materials in the bale. As
      micro-organisms establish themselves in feeding on the organic film on the
      bale material, worms and the like will begin to feed on these organisms
      and various types of animal aquatic life will begin to feed on the worms.
      Therefore, these bales serve as a feeding station and support the
      development of a food chain from its very beginnings. By depositing the
      bales in reefs in overfished areas, it is possible to establish a food
      chain in these areas to encourage fish to frequent them and develop in
      them. Fish can then be harvested from such areas.
PAR  It will be understood that various changes in the details, materials and
      arrangement of parts which have been herein described and illustrated in
      order to explain the nature of this invention, may be made by those
      skilled in the art within the principle and scope of the invention as
      expressed in the following claims.
PAR  It will further be understood that the "Abstract of the Disclosure" set
      forth above is intended to provide a non-legal technical statement of the
      contents of the disclosure in compliance with the Rules of Practice of the
      United States Patent Office, and is not intended to limit the scope of the
      invention described and claimed herein.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for disposing of shreaded municipal trash while at the same
      time utilizing said trash to provide food for fish, said method
      comprising:
PA1  a. spraying the shreaded trash with a solution of glutathione;
PA1  b. compressing the sprayed shreaded trash into a bale having a rectangular
      base configuration and a semi-spherical upper portion configuration;
PA1  c. spraying the exterior surface of the bale with a solution of
      glutathione; and
PA1  d. depositing said bale onto the ocean floor.
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ABST
PAL  Process for the production of microorganism lysates, comprising subjecting
      the said microorganisms suspended in water to thermal shock produced by a
      spray-drying treatment and then subjecting the product resulting from
      spray drying to autolysis.
BSUM
PAR  The present invention relates to the production of nitrogenous material
      from microorganisms, and more particularly to an improved process for
      obtaining lysates from the said microorganisms.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  For a long time, the only unicellular organism used by man as food was
      represented by the yeasts, whose production on the industrial scale was
      almost exclusively due to the large quantities of yeast required for
      raising of bread.
PAR  The idea of the industrial-scale production of foods from microorganisms
      for human or animal use is fairly recent. The cell protoplasm of yeasts
      and of bacteria consists largely of proteins and to a smaller extent of
      carbohydrates, lipids, nucleic acids, vitamins, and intermediate
      metabolites.
PAR  The knowledge of the large quantity of nutrient principles contained in the
      cells of yeasts and bacteria and the need to find new sources of food for
      man drove investigators to examine the possibility of producing foods for
      human and animal use from yeasts and bacteria industrially and at low
      cost.
PAR  The industrial processes developed so far, both for yeasts and for
      bacteria, may be carried out either discontinuously or continuously and
      consist of two fundamental stages.
PAR  The first of these stages consist in inoculating a liquid growth medium
      with a microorganism, allowing the microorganism to grow until the growth
      reaches a steady state, and finally separating the microorganism cells
      from the culture medium.
PAR  The liquid growth medium consists of water containing an assimilable
      nitrogen source, an assimilable carbon source, and inorganic salts.
PAR  To improve the economy of this stage of the process, the efforts of the
      technicians were directed mainly towards the discovery of cheaper
      materials that could be used as assimilable carbon sources. Molasses
      sulphite liquor, wood hydrolysates, and vegetable waste have been used for
      this purpose. The most significant advance in this field during the last
      few years was the discovery that the microorganisms can ferment paraffins,
      and particularly the fraction containing from 10 to 30 carbon atoms per
      molecule.
PAR  The method for separating the microorganisms from the culture medium, which
      is the final operation in this stage of the process, varies with the
      composition of the medium. When hydrocarbons are used as carbon sources,
      the cells are separated from the growth medium by flocculation,
      sedimentation, or centrifugation and resuspended in water, possibly
      containing a small quantity of surfactant. After vigorous agitation, the
      cells are again separated from the liquid phase. This operation is
      repeated several times until the cells are practically free from
      hydrocarbons.
PAR  The second stage in the processes for the production of foodstuffs from
      microorganisms consists essentially of treatments that allow the
      separation of the protoplasm from the materials forming the cell wall.
PAR  This stage of the process was made necessary by the fact that the
      microorganism cells, when used unaltered, do not constitute a satisfactory
      food for animal or human use, despite their high protein content. This is
      due partly to the low digestibility of the cell wall and partly to the
      impermeability of the membrane that encloses the protoplasm.
PAR  The two teguments together thus effectively oppose the escape of the
      protoplasm and hence allow difficult and only partial assimilation of the
      nutrient principles contained in the cell by the animal or human organism.
PAR  An advantage of lysis is that once the protoplasm has been extracted from
      the interior of the cell, the lipids present in it can be easily separated
      from the other constituent substances.
PAR  This is very important, both because the lipids are less valuable, give the
      microorganism an unpleasant taste and odor and because after these have
      been separated, it is possible to recover from them large quantities of
      sterols, particularly ergosterol, which is the starting material for the
      preparation of vitamin D2.
PAR  The cell also contains other unwanted substances such as the nucleic acids,
      which are dangerous to the consumer's health when present in high
      concentrations, and the pigments (chlorophylls, xanthophyll, etc.), which
      reduce the value of the product by giving it an excessively intense color.
PAR  Both of these groups of products can be easily eliminated from the cell by
      previous lytic treatment and can be collected separately and purified for
      use as additives in the food industry.
PAR  Among the methods commonly used for the extraction of the protoplasm from
      the interior of the microorganism cells, hydrolysis, plasmolysis, and
      autolysis are of interest from the industrial point of view.
PAR  Hydrolysis is carried out by suspending the microorganism cells in an
      acidic or alkaline aqueous solution. The cell membrane is attacked by the
      acid or by the base, and this leads to its rupture and hence to the escape
      of the protoplasm through the holes in the cell wall. The process is
      fairly fast and complete, but considerable loss of valuable material
      occurs as a result of the degradation of the constituents of the
      protoplasm by the acid or the alkali.
PAR  Plasmolysis is carried out by suspending the microorganism cells in an
      aqueous solution containing high concentrations of inorganic salts or
      organic substances such as sugars. This leads to modification of the
      osmotic characteristics of the cell membrane and hence to the escape of
      the protoplasm from the interior of the cell. No degradation of the
      constituents of the protoplasm occurs in such a process, but useful
      material is still lost, since the escape of the protoplasm is not
      complete. Moreover, the separation of the useful substances from the
      aqueous phase is difficult because of the presence of inorganic salts or
      of the organic compounds in high concentrations.
PAR  Autolysis, which is generally preferred to hydrolysis and plasmolysis, is
      carried out by suspending the microorganism cells in water, adjusting the
      suspension to a certain pH, and heating. This causes rupture of the cell
      membrane by the action of enzymes contained in the cell itself, and hence
      the escape of the protoplasm.
PAR  The pH and temperature conditions used depend on the nature of the enzymes
      contained in the cell. The operating temperatures used are generally in
      the range from 45.degree. to 55.degree.C.
PAR  However, autolysis also is not an efficient process under these conditions,
      since the rupture of the cell membrane does not occur for all the cells
      present, and in any case the lysis is not sufficiently extensive to allow
      the complete escape of the intracellular substances.
PAC  SUMMARY
PAR  One object of the invention is to provide a simple and efficient process
      for the production of microorganism lysates, which allows one to obtain a
      complete autolysis of the microorganism cells. Another object is to
      provide a process for the production of microorganism lysates which is
      carried out under mild conditions and without degradation of useful
      materials.
PAR  The present invention is based essentially on the discovery that
      practically complete autolysis can be achieved under mild conditions and
      without degradation of the useful materials if the microorganisms
      suspended in water are previously subjected to a thermal shock produced by
      a spray-drying treatment.
PAR  The process of the present invention therefore consists essentially in
      suspending in water microorganism cells obtained by appropriate
      fermentation procedure, then subjecting the said suspension to thermal
      shock by spray drying and finally subjecting the resulting product to
      autolysis.
PAR  When carrying out the process of the invention any microorganism cells and
      preferably yeasts may be used.
PAR  During the spray-drying treatment, most of the water is removed from the
      suspension, and it is thought that changes are simultaneously brought
      about in the cells that make them more susceptible to autolysis.
PAR  Whatever the explanation, the fact is that spray drying has the effect of
      increasing the yield of the autolysis, even when the said autolysis is
      carried out under extremely mild conditions.
PAR  It is found that the best results are obtained by the use of suspensions
      containing from about 5 to 15% by weight of microorganism cells, the said
      suspensions being fed into spraying, pulverizing, or atomizing equipment
      or prilling towers into which air or an inert gas such as nitrogen is fed
      as an evaporating medium.
PAR  The dried product is thus collected at the base of the drier in the form of
      granules or powder.
PAR  It is essential for the purposes of the present invention to regulate the
      drying conditions in such a way that the water content of the treated
      product is less than about 10% by weight.
PAR  To this end, the air or the inert gas used as the evaporating medium is
      preheated to temperatures of from about 150.degree. to 400.degree.C before
      introduction into the drier. It is found that the best conditions are
      obtained when the gas introduced is preheated to about 200.degree. to
      250.degree.C and the contact times between the said gas and the product
      subjected to drying are from about 1 to 40 seconds and preferably from
      about 5 to 20 seconds.
PAR  In this way, a product at a temperature of from about 30.degree. to
      90.degree.C having a water content of from about 5 to 8% by weight, which
      is particularly suitable for the autolysis process, is collected at the
      base of the drier.
PAR  The microorganism cells treated in this way are then suspended in water
      normally in quantities of one part by weight of the said cells per two
      parts by weight of water.
PAR  The suspension is heated with or without agitation at a temperature of from
      about 30.degree. to 50.degree.C and for a time of from about 10 to 48
      hours.
PAR  The best results are obtained with a temperature of about 45.degree.C and
      with a time of from about 24 to 40 hours.
PAR  During this phase, through the action of the autolytic enzymes, a profound
      lytic alteration of the cell membrane and probably of the cell wall of the
      microorganisms occurs, with consequent escape of the protoplasm.
PAR  During the autolysis treatment, organic or inorganic substances may be
      present.
PAR  Examples of such substances, which are added in quantities of from about 1
      to 100 milligrams per kg of dry cells, are salts of magnesium, calcium, or
      zinc, such as sulphates or halides, particularly chlorides, or
      ethylenediaminetetraacetic acid, particularly the sodium salt of this
      acid.
PAR  At the end of the autolysis, the aqueous suspension is suitably diluted and
      the cell content (particularly protein) is separated by centrifugation
      from the insoluble residues of the cell walls.
PAR  The solid residue is then extracted with a dilute solution of sodium
      hydroxide to bring about the solubilization of any protein fraction that
      may have precipitated.
PAR  The combined protein extracts are intended for human or animal food as such
      or after further purification.
PAR  For example, the proteins separated from the cell walls as described above
      can be further purified through separation by precipitation with acids or
      with salts, electrophoresis, chromatography, etc.
PAR  The process of the present invention is applicable to yeasts or other
      microorganisms obtained in various ways, for example in the fermentation
      of sulphite residues, molasses, paraffins, etc.
PAR  In the following experimental examples, autolysis is carried out on the
      yeasts obtained by fermentation of linear paraffins by a process that
      comprises the stages of fermentation, separation, and washing.
PAR  In the first stage, the yeasts are brought into contact with the linear
      paraffins in a strongly aerated liquid medium. The result is the growth of
      the cells at the expense of the hydrocarbon.
PAR  At the end of the growth, the cells are separated from the culture broth by
      flocculation, sedimentation, or centrifugation, and the said cells are
      then resuspended in water to which a small quantity of surfactant is also
      added.
PAR  After vigorous agitation, the cells are again separated from the liquid
      phase.
PAR  Water is then again added and the cells are separated.
PAR  This operation is repeated several times until cells that are practically
      free from hydrocarbons are obtained.
PAR  After the final wash, the content of the cells in the aqueous suspension is
      adjusted to a value of from about 5 to 15% by weight and the suspension is
      subjected to spray drying.
DETD
PAR  The invention is further illustrated by the following non-limiting
      examples.
PAC  Example 1
PAR  A fermentation broth containing water, nitrogen sources, inorganic salts,
      and a mixture of linear paraffins with an average molecular weight of
      about 200 is inoculated with a strain of Candida lipolytica and then kept
      agitated by introduction of air, at a temperature of 30.degree.C, for 64
      hours.
PAR  At the end of this time, in which the growth occurs, the cells are
      separated from the exhausted broth by centrifugation, and after repeated
      washing with water, are adjusted to a concentration of 10% by weight.
PAR  The yeast suspension obtained in this way is subjected to thermal shock by
      spray drying in accordance with the process of the present invention. More
      particularly, the said yeast suspension is fed under pressure to the top
      of a spray drier in the form of a vertical cylinder.
PAR  Air preheated to a temperature of 240.degree.C is introduced at the base of
      the drier.
PAR  The drier is also provided with lateral holes towards the top end for the
      removal of the air, the exit temperature of which is 70.degree.C.
PAR  With a contact time of about 15 seconds, a product having the following
      composition, expressed in % by weight, is collected in the basin at the
      base of the drier:
     water                     6%                                              

     lipids                    4%                                              

     ash                       7%                                              

     fibre                     1%                                              

     protein                  50%                                              

     non-nitrogenous products 32%                                              

PAL  100 grams of yeast subjected to spray drying are suspended and homogenized
      in 200 ml of deionized water and the suspension is kept at 40.degree.C for
      40 hours.
PAR  At the end of the incubation, the product is centrifuged at about 2000
      .times. g and the contents of nitrogen and of dry solids are determined in
      the supernatant.
PAR  Analysis shows that 75% of the nitrogen and 60% of the original yeast are
      recovered in the soluble form.
PAC  Example 2
PAR  100 grams of yeast obtained by fermentation as described in Example 1 are
      subjected to autolysis under the same conditions as in Example 1 but
      without the previous spray-drying treatment.
PAR  At the end of the incubation according to example 1 the product is
      centrifuged at about 2000 .times. g and the contents of nitrogen and of
      dry solids are determined in the supernatant.
PAR  Analysis shows that 50% of the nitrogen and 45% of the original yeast are
      recovered in the soluble form.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A process for the production of microorganism lysates, which comprises
      preparing an aqueous suspension containing 5 to 15% by weight of the
      microorganisms cells; thermal shocking the microorganisms by spray-drying
      by introducing the aqueous suspension of the microorganisms into spraying,
      pulverising, or atomizing equipment or prilling towers, feeding air or an
      inert gas as the evaporating medium into said equipment, said gas being
      preheated to a temperature of from about 150.degree. to 400.degree.C, for
      a contact time of from about 1 to 40 seconds to reduce the water content
      of the suspension of microorganisms to below about 10% by weight;
      suspending the product resulting from the spray-drying treatment in water
      and subjecting the microorganisms suspended in water to autolysis by
      heating said suspension to a temperature of from about 30.degree. to
      50.degree.C for a time of from about 10 to 48 hours.
NUM  2.
PAR  2. The process of claim 1 wherein the inert gas is nitrogen.
NUM  3.
PAR  3. The process of claim 1 wherein the contact time is about 5 to 20 seconds
      and the temperature of preheating is from about 200.degree. to
      250.degree.C.
NUM  4.
PAR  4. The process of claim 1 wherein the water content of the spray-dryed
      product is about 5 to 8% by weight.
NUM  5.
PAR  5. The process of claim 1 wherein autolysis is carried out at a temperature
      of about 45.degree.C for a time of from about 24 to 40 hours.
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ABST
PAL  An additive composition for a flour containing dough, the additive
      composition consisting essentially of the following ingredients: (a)
      L-cysteine; and (b) ascorbic acid wherein the proportions of said
      ingredients are based upon the weight of 100 pounds of the flour in the
      dough and are in the following amounts: (a) 0.001 to 0.012 pound; and (b)
      0.0015 to 0.04 pound.
BSUM
PAC  DISCLOSURE OF THE INVENTION
PAR  This invention relates to extendable bakery products. More particularly,
      the invention relates to an additive composition for standard doughs in
      order to impart substantially permanent extensibility thereto.
PAR  In the bakery arts several classes of bakery products require that the
      dough used to prepare such products have a property defined herein as
      extensibility. These include, for example, doughs for French bread, pizza,
      elongated hard rolls, as well as standard white bread. The latter category
      includes standard hamburger rolls. The bakery products described are
      required to be stretched or extended during processing in order that the
      dough assume the desired physical shape and possess the desired
      characteristics in the final baked product. Elongation of the dough should
      be over a substantial length and of a permanent nature. The prior art has
      added L-cysteine in combination with oxidizing agents such as bromates or
      iodates to conventional doughs in order to impart the extensibility
      property to the dough. For example, see U.S. Pat. No. 3,053,666. Although
      providing a usable product, the prior art additive combination has been
      found to provide a product in which the overall extensibility is not as
      good as desired. It is believed that the interaction of the bromate
      oxidizing agent tends to firm the dough increasing its elasticity and
      tending to cause recovery or contraction of the dough after being
      stretched to shape. On the other hand, production of such bakery products
      using L-cysteine in the absence of bromate oxidizing agents tends to
      overcome the recovery problem. However, the quality of the bread suffers
      in its total bread score. For example, the loaf characteristics of grain,
      specific volume and center height are reduced.
DETD
PAR  We have now found that a particular combination of ingredients as
      hereinafter described when added to standard ingredients of a dough
      imparts to that dough, good extensibility properties and minimal recovery
      in combination with substantially improved bread scores.
PAR  Briefly, the present invention comprises an additive for a yeast raised
      bread product which provides a bread dough which is easily extendable to
      permanent elongation and upon being baked has good bread characteristics
      such as good grain structure and relatively high specific volume. The
      additive of this invention comprises a combination of L-cysteine and
      ascorbic acid in small quantities hereinafter described with standard
      dough ingredients. The bakery product results in a bread product having
      the improved qualities herein described. More particularly, our invention
      has application in the field of bakery products which include the
      so-called French bread type of breads; i.e., those products which have a
      generally overly elongated configuration including Italian bread and rolls
      (hard elongated rolls) and also what is conventionally referred to as
      pizza doughs. The invention is particularly useful in combination with
      cracker dough ingredients. It will be noted that in all of these instances
      the dough characteristics must be such that the dough, prior to being
      baked, has the characteristics of substantially permanent extensibility
      while holding its extended shape without further excessive relaxation of
      the dough.
PAR  The dough additive of this invention may be prepared in powder form or in
      tablet form. Essentially, the additive is prepared by admixing and
      blending carrier materials such as flour and/or starch together with the
      active materials of L-cysteine and ascorbic acid in their proper
      proportions. It has been found to be advantageous to add a fatty material
      such as conventional shortenings to the blended admixture in order to
      insure that there is a uniform admixture of the active materials in the
      composite formulation. In a preferred embodiment, the invention
      contemplates addition of small proportions of fungal enzymes, namely,
      fungal alpha amylase and fungal protease in order to assist in the
      relaxation of the proteins, and in order to convert the starches to sugars
      and also to assist in retarding the retrogradation of the starch thereby
      improving the shelf life of the product.
PAR  In another preferred embodiment, the additive combination of this invention
      has included therein the enzyme bromelain. It has been found that this
      particular proteolytic enzyme in combination with the principal active
      ingredients described above, namely L-cysteine and ascorbic acid
      substantially improves the extensibility property of the dough without
      materially affecting the desirable properties of the dough, namely, that
      it does not possess excessive relaxation properties. It has also been
      found that another proteolytic enzyme papain, is also useful for this
      purpose. However, in the event that the dough is permitted to be aged
      extensively, the papain enzyme tends to destroy the protein of the dough
      in its gluten form; the proteins are decomposed into the peptone and
      peptide decomposition products.
PAR  The proportions of the ingredients used in the additive composition of this
      invention are based upon the weight of flour used in the dough to which
      the additive is admixed. We have found that useful results are obtained
      with the proportions of L-cysteine for 100 parts by weight of flour in the
      dough are within the range of between about 0.001 pounds (10 ppm) of the
      flour up to about 0.012 pounds (120 ppm). Generally, below the minimum
      range mentioned, there will be no noticeable effect on the dough, whereas
      using proportions greater than about 120 ppm will impart to the dough
      extreme fluidity and materially reduce its ability to retain gas resulting
      in a baked product which would have extremely poor volume, large cell
      structure, thick cell walls. In the event that the additive is used with
      conventional white bread doughs, there will be side wall collapse, and in
      the event that the French bread is made from this dough, the dough mass
      will flow outward instead of rising normally while being baked. The
      preferred range is between about 20 ppm and  80 ppm, and the optimum range
      is about 25 - 50 ppm.
PAR  As to the ascorbic acid proportions, this ingredient is included in the
      dough formulation in proportion of between about 15 ppm and 400 ppm on the
      basis of the weight of flour in the dough. (0.0015 to 0.40 pounds per 100
      pounds of flour). Below the 15 ppm range no appreciable affect is noted
      from the ascorbic acid ingredient. Proportions greater than 400 ppm will
      have a deleterious affect upon the dough by causing a reduction in the
      volume of the baked product, larger cell structure and thicker cell walls.
      The preferred range is between about 30 ppm to 200 ppm, and the optimum
      range is 40 ppm to 100 ppm.
PAR  The fungal enzymes, fungal alpha amylase and fungal protease, are used,
      preferably in combination, although less desirable, individually, in the
      range of about 6,000-150,000 Hemoglobin Units (HU) of the fungal protease
      enzyme and between about 6,000-500,000 SKB Units of the fungal alpha
      amylase enzyme for 100 pounds of flour. The preferred range is between
      about 8,000 to 75,000 HU and 10,000 to 50,000 SKB.
PAR  In use, the baker incorporates the additive composition directly into
      standard dough ingredients. In one example, the standard ingredients of a
      dough may comprise spring wheat flour, 100 pounds; sugar, 2 pounds; salt,
      2 pounds; and shortening, 2 pounds. These typical ingredients are combined
      with the additive and 55 pounds of water and mixed and developed to proper
      dough development as is well known in the art. For convenience the
      additive composition may be prepared in such proportion of active
      ingredients that the baker may add a predetermined quantity of the
      additive composition to the dough ingredients which quantitiy will contain
      the proper proportion of the active ingredients. In a preferred embodiment
      of this invention the additive composition is prepared in powder form
      wherein the L-cysteine is present in proportion of 0.7% by weight of the
      additive; ascorbic acid 1.0%; fungal enzymes 0.2%*; shortening 4.0%; and
      the balance being carrier. These particular proportions of ingredients
      facilitate the baker's handling of the additive such that for every 100
      pounds of flour in the dough, 1/2 pound of this specific additive
      composition is added to the dough ingredients.
PAR  *This proportion is determined to be sufficient to provide about 25,000 SKB
      Units of alpha amylase and 65,000 HU of fungal protease enzyme for 100
      pounds of flour when the additive composition is added to the dough
      ingredients in the recommended quantities.
PAR  After dough development, the dough is relaxed for about 10 minutes; divided
      into proper weights; and, given an intermediate proof. Thereafter, the
      dough is molded in the proper shape. For example, white breads are molded
      and panned prior to proofing and baking. The French or Italian types of
      breads are shaped into an elongated form either mechanically or by hand
      and then proofed prior to baking. Pizza doughs are molded typically by
      sheeting or pressing the dough either by hand or on machines for this
      purpose. The machines are known in the art which will provide a continuous
      length of sheeted dough. The pizza dough is baked immediately after
      sheeting with no intermediate proof, namely, it is baked in a so-called
      unleavened form. The general baking process described is well known in the
      art.
PAR  It has been found that the bread scores which measure the physical
      properties of the final bakery product are substantially improved when the
      additive composition of the present invention is used in combination with
      the dough ingredients to form doughs for bakery products which require
      good extensibility, namely, doughs useful for the French or Italian type
      of breads, pizza sheets and crackers. Several doughs were prepared and
      tested for permanent extensibility. Different additive compositions were
      included in the dough ingredients as well as a control example.
PAR  The following Table illustrates the benefits of the present invention by
      indicating the superior bread scores and specific volume values for white
      breads made in accordance with this invention. The Extensograph
      measurements record the length at which uniform pieces of dough (French
      bread dough and white bread dough) were streched to the breaking point
      subsequent to intermediate proof and molding. The extension at break is
      shown in millimeters. The resistance to extension is recorded in Brabender
      Units, indicating the resistance to extension of that same dough. The
      preferred doughs for this purpose have maximum extension and maximum
      resistance to extension. I.e., on a plot of resistance to extension versus
      extension at breaking point, the preferred dough for the purpose of this
      invention have maximum area under such a curve.
PAR  It will be noted that the control has a relatively low white bread score
      and specific volume. These figures increase reaching desirable values of
      85 and 82 for bread score and 5.94 and 6.33 for specific volume as the
      additive compositions of the present invention are included in the
      standard dough ingredients. The Extensograph readings, similarly, describe
      the benefits of the present invention by indicating maximum extension for
      Example 3 in combination with a substantially high resistance to
      extension.
TBL                                    TABLE I                                 

     __________________________________________________________________________

                                                       Extensograph            

                       White Bread Score*                                      

                                   Extensograph**(French Bread                 

                                                       (White Bread Dough)     

     Example Ingredients                                                       

                       Specific Volume                                         

                                   Extension At Break/Resistance               

                                                       Extension At Break/     

                                                       Resistance)             

     __________________________________________________________________________

     1 (Control)                                                               

             Standard  70          228mm/580B.U.       225mm/570B.U.           

              Dough    5.22        (only flour in dough)                       

     2       Standard  75          253mm/370B.U.       248mm/325B.U.           

              Dough    5.23                                                    

             L-Cysteine                                                        

     3       Standard  85          260mm/490B.U.       252mm/490B.U.           

              Dough    5.94                                                    

             L-Cysteine                                                        

             Ascorbic Acid                                                     

     4       Standard  82                                                      

              Dough    6.33        --                  --                      

             L-Cysteine                                                        

             Ascorbic Acid                                                     

             Fungal Enzymes                                                    

     __________________________________________________________________________

      *The score is a qualitative test. A specific volume approaching 6.0 is   

      good.                                                                    

      **See THE BAKERS DIGEST, Vol. 29, No. 2 pp. 27-30 (1955).                

PAR  It has also been found that the presence of bromolain enzyme and/or papain
      enzyme improves the quality of the final product.
PAR  It should be pointed out that the shortening content of the additive
      composition is added mainly for purposes of insuring uniform distribution
      of the active ingredients. Accordingly, the proportion of shortening can
      range from about 1-10% by weight of the additive composition. The
      preferred range is about 3-5%. The balance of the additive composition
      subsequent to inclusion of the active ingredients and other optional
      ingredients such as fungal enzymes, shortening, bromolain enzyme and
      papain enzyme is a conventional carrier such as flour and/or starch.
PAR  It will be understood that it is intended to cover all changes and
      modifications of the invention herein chosen for the purpose of
      illustration which do not constitute departures from the spirit and scope
      of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An additive composition for a flour containing dough, said additive
      composition consisting essentially of the following ingredients:
PA1  a. L-cysteine; and
PA1  b. ascorbic acid,
PAL  wherein the proportions of said ingredients are based upon the weight of
      100 pounds of said flour in said dough and are in the following amounts:
PA1  a. 0.001 to .012 pound; and
PA1  b. 0.0015 to .04 pound,
PAL  including in said composition enzymes selected from the group consisting of
      fungal alpha amylase enzyme; fungal protease enzyme; bromelain enzyme;
      and, papain enzyme.
NUM  2.
PAR  2. The additive of claim 1 wherein the proportion of L-cysteine is between
      about 0.002 to 0.008 pound; the proportion of ascorbic acid is 0.003 to
      0.02 pound; the proportion of fungal protease enzyme is in the range of
      about 6,000-150,000 Hemoglobin Units; and the proportion of fungal alpha
      amylase enzyme is between about 6,000-500,000 SKB Units.
NUM  3.
PAR  3. The additive of claim 2 including shortening.
NUM  4.
PAR  4. The process of making a yeast leavened bread dough product comprising
      the steps of:
PA1  a. forming a dough by combining normal bread dough ingredients with
      L-cysteine in weight proportion of between about 0.001 to 0.012 pound for
      100 pounds of flour in said dough and ascorbic acid in weight proportion
      of between about 0.0015 to 0.04 pound for 100 pounds of flour in said
      dough and including enzymes in said dough selected from the group
      consisting of fungal alpha amylase enzyme; fungal protease enzyme;
      bromelain enzyme; and, papain enzyme;
PA1  b. extending said dough; and
PA1  c. baking said extended dough.
NUM  5.
PAR  5. The process of claim 4 wherein the proportion of L-cysteine is between
      about 0.002 to 0.008 pound; the proportion of ascorbic acid is 0.003 to
      0.02 pound; the proportion of fungal protease enzyme is in the range of
      about 6,000-150,000 Hemoglobin Units; and the proportion of fungal alpha
      amylase enzyme is between about 6,000-500,000 SKB Units.
NUM  6.
PAR  6. The process of claim 5 including shortening.
NUM  7.
PAR  7. The process of making a yeast leavened bread dough product comprising
      the steps of:
PA1  a. forming a dough by combining normal bread dough ingredients with
      L-cysteine in weight proportion of between about 0.001 to 0.012 pound for
      100 pounds of flour in said dough and ascorbic acid in weight proportion
      of between about 0.0015 to 0.04 pound for 100 pounds of flour in said
      dough said flour being substantially free of any pretreatment with
      chlorine gas before said forming step,
PA1  b. extending said dough; and
PA1  c. baking said extended dough.
NUM  8.
PAR  8. A yeast leavened bread dough containing an additive consisting
      essentially of:
PA1  a. L-cysteine; and
PA1  b. ascorbic acid
PAL  wherein the proportions of said ingredients are based upon the weight of
      100 pounds of flour in said dough mixture and are in the following
      amounts:
PA1  a. 0.001 to 0.012 pound; and
PA1  b. 0.0015 to 0.04 pound,
PAL  including in said additive enzymes selected from the group consisting of
      fungal alpha amylase enzyme; fungal protease enzyme; bromelain enzyme;
      and, papain enzyme.
NUM  9.
PAR  9. The dough of claim 8 wherein the proportion of L-cysteine is between
      about 0.002 to 0.008 pound; the proportion of ascorbic acid is 0.003 to
      0.02 pound; the proportion of fungal protease enzyme is in the range of
      about 6,000-150,000 Hemoglobin Units; and the proportion of fungal alpha
      amylase enzyme is between about 6,000-500,000 SKB Units.
NUM  10.
PAR  10. The dough of claim 9 including shortening.
NUM  11.
PAR  11. A yeast leavened bread dough containing an additive consisting
      essentially of:
PA1  a. L-cysteine; and
PA1  b. ascorbic acid
PAL  wherein the proportions of said ingredients are based upon the weight of
      100 pounds of flour in said dough mixture and are in the following
      amounts:
PA1  a. 0.001 to 0.012 pound; and
PA1  b. 0.0015 to 0.04 pound,
PAL  said flour being substantially free of any pre-treatment of chlorine gas
      before said additive addition.
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ABST
PAL  An improved liquid feed supplement composition for ruminant animals and a
      method for its preparation wherein water, urea and an aldehyde are reacted
      in the presence of a catalyst which is effective to promote a reaction
      between the urea and the aldehyde and which also provides nutrients for
      the ruminant, and in the presence of molasses.
PARN
PAR  This is a continuation in part of copending application Ser. No. 293,308
      filed Sept. 29, 1972 now abandoned.
BSUM
PAR  This invention relates to a liquid ruminant feed supplement composition,
      and more particularly to a liquid ruminant feed supplement containing an
      indirect source of protein which is made available to the ruminant at a
      controlled rate during the digestive processes of the ruminant.
PAR  A wide variety of feed supplement compositions for consumption by ruminants
      are now in widespread commercial use. Dry supplement compositions are
      usually formulated to contain urea in combination with various carriers
      and nutrients, including cellulose, starch, soybean meal as carriers and
      sugars as nutrients. One of the primary difficulties with such dry feed
      supplements is that it is quite difficult to uniformly distribute the
      components throughout the composition. In addition, dry supplements which
      contain different components having varying particle sizes are susceptible
      to segregation of the components during storage to further disturb the
      uniformity of distribution of the components throughout the composition.
      As a result, the prior art has turned to liquid feed supplement
      compositions which are characterized by numerous advantages as compared to
      dry feed supplement compositions. Since these supplements are in the
      liquid phase, the different components thereof can easily be uniformly
      distributed throughout the liquid phase. In addition, such liquid feed
      supplement compositions can be produced more economically in terms of
      capital investment since the only apparatus required includes mixing tanks
      and pumps, whereas the manufacture of dry supplement compositions requires
      more elaborate materials handling apparatus.
PAR  Liquid feed supplement compositions currently in use are most frequently
      formulated to include, in addition to trace amounts of minerals, urea as
      an indirect source of protein in admixture with nutrients such as
      molasses, various sugars, etc., alone or in combination with inert
      carriers. It is believed that the urea contained in the liquid feed
      supplement compositions is converted during the digestive processes of the
      ruminant to ammonia which in turn is an intermediate in the production of
      protein by the ruminant's metabolic processes.
PAR  However, the use of urea in such feed compositions must be carefully
      controlled because ruminants have the capacity of converting the urea to
      ammonia at a rate significantly greater than the rate at which ammonia is
      converted to protein. Thus, the supply of excess amounts of urea to such
      ruminants frequently results in the adsorption of ammonia in the
      bloodstream, commonly referred to as alkalosis, which can be fatal to some
      ruminants.
PAR  It is accordingly an object of the present invention to provide a liquid
      ruminant feed supplement composition which overcomes the foregoing
      disadvantages, and it is a more specific object of the present invention
      to produce and to provide a method for producing a liquid feed supplement
      composition containing urea as an indirect source of protein in which the
      urea is made available to a ruminant at a controlled rate during digestive
      processes.
PAR  The concepts of the present invention reside in a liquid feed supplement
      composition for ruminants in which a mixture of water, urea and an
      aldehyde is reacted in the presence of a catalyst which is not only
      operative to promote the reaction between urea and the aldehyde, but
      preferably is also operative to provide a source of nutrients for a
      ruminant in the presence of molasses as a dispersing medium. Without
      limiting the present invention as to theory, it is believed that the urea
      reacts with at least the formaldehyde to provide urea-formaldehyde
      condensates in the molasses medium. The condensates produced include not
      only water-soluble condensates but also high-molecular weight
      water-insoluble condensates, and these condensates, and particularly the
      water-soluble condensates, serve to control the rate at which urea and
      consequently ammonia is available during the digestive processes of a
      ruminant animal.
PAR  It is known as is described in U.S. Pat. No. 2,687,354 that urea-aldehyde
      condensation products can be employed in feed compositions for the purpose
      of controlling the availability of urea and hence controlling the ammonia
      level in the ruminant animal. However, it has been found in accordance
      with the present invention that it is essential to react the urea with the
      aldehyde in situ in the presence of molasses. It has been found that the
      in situ preparation of the urea-aldehyde condensation product enables the
      ratio of urea and aldehyde to be conveniently varied during manufacture.
      Perhaps more important, the presence of molasses during the reaction of
      the urea with the formaldehyde contributes materially to the formation of
      insoluble condensation products having significantly smaller particle
      sizes suspended in the molasses. Again, without limiting the invention as
      to theory, it is believed that the smaller particle size of insoluble
      urea-formaldehyde condensates is due not only to the physical effects of
      the molasses as a diluent, but also is due at least in part to a chemical
      inter-reaction between the methylol groups of the sucrose component of the
      molasses and the urea and/or methylol-urea or methyl urea condensation
      products.
PAR  A wide variety of aldehydes can be used in the practice of this invention.
      Preferred are those aldehydes or derivatives thereof which yield
      formaldehyde, acetaldehyde or propionaldehyde under the conditions of the
      reaction. Thus, use can be made of formaldehyde, acetaldehyde or
      propionaldehyde as such or in the form of aqueous solutions, either in
      polymerized or in unpolymerized form. Since the reaction of the present
      invention is a liquid phase reaction, it is generally preferred to employ
      the aldehyde in the liquid form. For example, use can be made of
      formaldehyde as a 37% solution commonly referred to as Formalin.
PAR  In the practice of the invention, urea can be employed as such, but it is
      frequently preferred to employ urea which has been pre-reacted with an
      aldehyde such as formaldehyde in aqueous medium. For example, use can be
      made of a Allied Chemical ureaformaldehyde condensate sold under the
      trademark "UFC 85" which is a pre-condensate containing 60% formaldehyde,
      25% urea and 15% water. The relative amounts of urea and formaldehyde
      employed in the preparation of the feed supplement composition of this
      invention can be varied within fairly wide ranges. In general, best
      results are obtained when use is made of a mole ratio of aldehyde to urea
      within the range of 0.5 to 4.8 although mole ratios of 0.5 to 5.5 can be
      employed.
PAR  As indicated, the reaction between the aldehyde and the urea in the
      practice of this invention is carried out in the presence of a catalyst
      which serves to promote the reaction between the urea and the aldehyde and
      which preferably also serves as a source of nutrients to the ruminant
      animal. Preferred catalysts for use in the present invention are
      phosphoric acid, ammonium sulfate, ammonium phosphate and ammonium
      polyphosphates although HCl, H.sub.2 SO.sub.4 or other known catalysts can
      be used. The amount of catalyst employed is normally an amount within the
      range of 0.001  to 1.0 parts by weight of the catalyst per part by weight
      of urea in the reaction mixture. Such an amount is believed to catalyze
      not only the reaction between the aldehyde and the urea but also a
      reaction between the methylol groups of the sucrose contained in the
      molasses with the urea. Accordingly, the reaction mixture should include
      at least one part by weight of molasses per part by weight of urea, and
      preferably 3 to 20 parts by weight of molasses per part by weight of urea.
PAR  In accordance with another embodiment of the invention, the reaction can be
      carried out in the presence of a basic catalyst. Such catalysts for
      promoting the reaction between urea and aldehydes are well known to those
      skilled in the art, and include ammonium hydroxide, alkali metal
      hydroxides (e.g., KOH, NaOH, etc.), organic amines and the like. As is
      known to those skilled in the art, the acid catalysts described above
      favor the production of water-soluble and water-insoluble alkylene ureas
      and polyalkylene ureas whereas the basic catalysts favor the production of
      water-soluble and water-insoluble alkanol ureas and polyalkanol ureas. In
      either case, the condensates provide a slow release of ammonia in the
      liquid ruminant composition.
PAR  The reaction between the urea and the aldehyde in the presence of molasses
      is preferably carried out in aqueous medium in order to provide a reaction
      mixture having a relatively low viscosity and which is capable of
      solubilizing the water-soluble urea-aldehyde condensates. The amount of
      water present during the reaction can generally be varied within fairly
      wide limits. For most applications it is preferred to employ a reaction
      mixture containing from 0.05 to 1.0 parts by weight of water per part by
      weight of molasses.
PAR  The reaction is preferably carried out at ambient temperatures although
      higher or lower temperatures can be employed as desired. Generally, higher
      temperatures favor more rapid reaction rates whereas lower temperatures
      increase the viscosity of the reaction mixture. Best results are usually
      obtained when the reaction temperature is within the range of 5.degree. to
      90.degree.C.
PAR  By way of modification it has been found that the reaction rate of the urea
      with the aldehyde can be controlled by carrying out the reaction in the
      presence of hexamethylenetetramine. In the preferred practice of this
      embodiment of the invention, the hexamethylenetetramine is preferably
      added to the reaction mixture before the formation of water-insoluble
      urea-aldehyde condensates commences and discreet particles in the reaction
      mixture begin to appear. The amount of hexamethylenetetramine which is
      added to the reaction mixture can be varied within wide ranges. Normally,
      an amount within the range of 0.05 to 0.5 moles of hexamethylenetetramine
      per mole of urea is sufficient for this purpose.
PAR  Following the reaction between the aldehyde and the urea, the aqueous
      liquid reaction mixture constitutes a liquid supplement composition which
      can be used as such or which can be further formulated to include
      antibiotics and/or various other conventional additives in liquid feed
      supplement compositions. In use, the liquid feed supplement composition
      can be admixed with various conventional feeds for ruminants, including
      hay, corn, etc.
DETD
PAR  Having described the basic concepts of the invention, reference is now made
      to the following examples which are provided by way of illustration, and
      not by way of limitation, of the practice of the invention.
PAC  EXAMPLE 1
PAR  Into a reaction vessel equipped with an agitator there are introduced at
      ambient temperature:
PA1  12.5 parts by weight of water,
PA1  21 parts by weight of a 50% aqueous solution of urea,
PA1  2.5 grams of a precondensate of urea and formaldehyde (UFC 85) and
PA1  4.2 parts by weight of 75% phosphoric acid.
PA1  60 parts by weight of molasses are added to the reaction vessel
PAL  and the resulting mixture is maintained at ambient temperature with
      agitation for 1 hour.
PAR  The reaction is completed in about 1 hour and analysis reveals the presence
      of no unreacted formaldehyde. Analysis also reveals the presence of
      water-insoluble and water soluble urea-formaldehyde condensates dispersed
      throughout the feed supplement composition. With respect to the water
      insoluble portion, the particle size is very fine.
PAC  EXAMPLE 2
PAR  Using the procedure described in Example 1, 21.2 parts by weight of a 50%
      aqueous solution of urea are reacted with 1.25 parts by weight of UFC 85
      in the presence of 4.2 parts by weight of 75% phosphoric acid and 65.0
      parts by weight of molasses. The reaction mixture contains 8.2 parts by
      weight water.
PAR  The reaction is carried out at ambient temperature and a viscous liquid
      feed supplement composition is obtained having characteristics similar to
      those of the composition of Example 1.
PAC  EXAMPLE 3
PAR  Using the procedure of Example 1, 12.2 parts by weight water, 20.9 parts by
      weight of a 50% aqueous solution of urea and 2.5 parts by weight of UFC 85
      are reacted in the presence of 4.2 parts by weight of ammonium phosphate
      and 60 parts by weight of molasses. At the same time,
      hexamethylenetetramine (in a mole ratio of 0.2 based upon the urea
      present) may be added to the reaction mixture. The reaction is completed
      in about 1 hour and the product is found to contain no free formaldehyde.
      Analysis reveals the presence of water soluble particles and
      water-insoluble particles of a urea-formaldehyde condensate with the
      insoluble particles being finely dispersed throughout the composition.
PAR  It will be understood that various changes and modifications can be made in
      the details of procedure, formulation and use without departing from the
      spirit of the invention, especially as defined in the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for the preparation of a liquid feed supplement composition for
      ruminants, comprising the steps of reacting a reaction mixture consisting
      essentially of water, urea and a lower aliphatic aldehyde selected from
      the group consisting of formaldehyde, acetaldehyde, propionaldehyde and
      mixtures thereof, wherein the mole ratio of the aldehyde to the urea
      ranges up to 5.5, in the presence of molasses and 0.001 to 1.0 parts by
      weight of a catalyst selected from the group consisting of phosphoric
      acid, ammonium sulfate, ammonium phosphate and ammonium polyphosphate per
      part by weight of urea for a time sufficient to permit the urea to react
      with the aldehyde.
NUM  2.
PAR  2. A method for the prepartion of a liquid feed supplement composition for
      ruminants comprising the steps of reacting a reaction mixture consisting
      essentially of water, urea and formaldehyde in the presence of molasses
      and in the presence of a catalyst selected from the group consisting of
      phosphoric acid, ammonium sulfate, ammonium phosphate and ammonium
      polyphosphate, wherein the mole ratio of the formaldehyde to the urea is
      up to 5.5 and the catalyst is present in an amount within the range of
      0.001 to 1 parts by weight of catalyst per part by weight of urea, for a
      time sufficient to permit the urea to react with the aldehyde.
NUM  3.
PAR  3. A method as defined in claim 2 wherein at least a portion of the urea is
      added to the mixture in the form of a pre-condensation product with an
      aldehyde.
NUM  4.
PAR  4. A method as defined in claim 2 wherein the mole ratio of the aldehyde to
      urea is within the range of 0.5 to 5.5.
NUM  5.
PAR  5. A liquid feed supplement composition consisting essentially of
      water-soluble urea-aldehyde condensates and finely divided water-insoluble
      urea-aldehyde condensates dispersed in molasses, with the aldehyde being
      selected from the group consisting of formaldehyde, acetaldehyde,
      propionaldehyde and mixtures thereof, said composition having been
      prepared by reaction of a reaction mixture consisting essentially of
      water, urea and the aldehyde in the presence of molasses and in the
      presence of a catalyst selected from the group consisting of phosphoric
      acid, ammonium sulfate, ammonium phosphate and ammonium polyphosphate,
      wherein the mole ratio of the aldehyde to urea ranges up to 5.5 and the
      catalyst is present in an amount within the range of 0.001 to 1 part by
      weight of catalyst per parts by weight of urea.
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ABST
PAL  Method and apparatus for the irradiative treatment of beverages such as
      milk, beer, wine and fruit juice, to sterilize or pasteurize them, in
      which the beverage is pumped through the system out of contact with the
      air. The entering beverage is heat exchanged against the exiting beverage,
      and is then subjected to ultra-violet irradiation, and further heat
      exchange against the exiting beverage. In the case of milk, homogenization
      can then take place, followed by further heat exchange against returning
      beverage, and then heating of the beverage by infra-red irradiation to
      elevated temperature. After infra-red heating, the beverage can be held at
      elevated temperature in an insulated conduit, after which it returns in
      heat exchange with entering beverage. The irradiation of the beverage is
      performed by passing the beverage through transparent conduits, e.g. of
      fused quartz. Improved taste, shortened cycle time, lower treatment
      temperatures and prolonged shelf life for the beverages are obtained.
BSUM
PAR  The present invention relates to methods and apparatus for the irradiative
      treatment of beverages, such as milk and the components and products
      thereof, beer, wine and fruit juice, so as to sterilize or pasteurize the
      beverage.
PAR  It is an object of the present invention to provide such methods and
      apparatus, according to which resort may be had to lower treatment
      temperatures than in the prior art.
PAR  Another object of the present invention is the provision of such methods
      and apparatus, in which the treated beverage will have a better taste than
      when treated according to the prior art.
PAR  Still another object of the present invention is the provision of such
      methods and apparatus, in which shorter treatment time is needed.
PAR  It is also an object of the present invention to provide such methods and
      apparatus, in which the shelf life or storability of the treated beverage
      is longer than in the case of the prior art.
PAR  Finally, it is an object of the present invention to provide such methods
      and apparatus, which will be relatively simple and inexpensive to
      practice, and safe, reliable, and dependable.
DRWD
PAR  Other objects, features and advantages of the present invention will become
      apparent from a consideration of the following description, taken in
      connection with the accompanying drawing, in which:
PAR  FIG. 1 is a schematic flow diagram of the method and apparatus of the
      present invention;
PAR  FIG. 2 is an enlarged fragmentary cross-sectional view of a portion of the
      apparatus for exposing the beverage to ultra-violet radiation;
PAR  FIG. 3 is an enlarged cross-sectional view of the apparatus for exposing
      the beverage to infra-red radiation; and
PAR  FIGS. 4, 5 and 6 are graphs of temperature versus time, showing typical
      suitable cycle conditions for the apparatus of FIG. 1 when used for the
      irradiative treatment of milk, wine and fruit juice, respectively.
DETD
PAR  Referring now to the drawings in greater detail, and first to the flow
      diagram of FIG. 1, there is shown a method and apparatus according to the
      present invention in which the beverage to be treated enters by the
      conduit 1 and is then increased in pressure in pump 3. Pump 3 may impart
      only sufficient pressure to the beverage to overcome the pressure drop
      through the apparatus, so that the beverage remains substantially at
      atmospheric pressure throughout the cycle; or pump 3 may increase the
      pressure as desired to superatmospheric pressures up to 100 kg/cm.sup.2.
      In the illustrated embodiment, however, pressure will be assumed to be
      substantially atmospheric. From pump 3, the beverage proceeds through heat
      exchanger 5 in which the entering beverage is warmed by indirect heat
      exchange against exiting beverage. Said beverage then proceeds through one
      of two branch conduits 7 and 9 controlled by valves 11 and 13,
      respectively. When valve 11 is open and valve 13 closed, then the beverage
      proceeds through conduit 7 and through ultra-violet treatment unit 15; but
      when valve 11 is closed and valve 13 is open, then the beverage proceeds
      through conduit 9 and bypasses ultra-violet treatment unit 15.
PAR  The structure of ultra-violet treatment unit 15 is indicated in greater
      detail in FIG. 2. It comprises a plurality of transparent tubes 17 of
      fused quartz which are open at both ends and are arranged in an enclosed
      chamber constituted at its ends by tube sheets 19 in which the ends of the
      tubes 17 are removably held by seals 21. Alternate pairs of the adjacent
      ends of tubes 17 communicate with each other through elbows 23 which are
      removably secured by connectors (not shown) to adjacent portions of the
      tube sheets 19. In this way, the beverage follows a zig-zag circuitous
      course through the bank of tubes 17, and is there subjected to
      ultra-violet irradiation through conventional wires (not shown) on the
      outside of tubes 17 between the tube sheets 19, for example at 82 kw/h,
      50Hz. The residence time of the beverage in tubes 17 need be, for example,
      only about 8 or 9 seconds.
PAR  From ultra-violet unit 15, the beverage proceeds through heat exchanger 25
      to one of two branch conduits 27 and 29, controlled by valves 31 and 33,
      respectively. When valve 31 is open and valve 33 is closed, then the
      beverage proceeds through 27 and through a conventional homogenizer 35,
      and then through a conventional accumulator 37 of the oleopneumatic type
      by which pressure surges in the line from the homogenizer are levelled.
      But when valve 31 is closed and valve 33 is open, then the beverage
      proceeds through conduit 29 and bypasses homogenizer 35.
PAR  In either event, the beverage then proceeds through heat exchanger 39, in
      further heat exchange with returning beverage, and proceeds thence to
      infra-red unit 41, shown in greater detail in FIG. 3.
PAR  Infra-red unit 41 comprises a metal casing 43 in which is contained a bank
      of fused quartz tubes 45 surrounded by infra-red heating coils 47 arranged
      in a helical disposition. Bats of glass wool fiber 49 are disposed between
      the rows of tubes 45 and on the outside thereof. It has been found that
      the glass fiber is reflective to 86 to 90% of the infra-red radiation and
      so serves to ensure that by far the greater part of the heat from the
      coils 47 will be carried off by the liquid passing through the transparent
      fused quartz tubes 45. The coils 47 are of conventional construction and
      may be operated so as to impart to the beverage within the tubes 45 a
      temperature rise of around 10.degree. to 12.degree.C. at a temperature
      level of about 60.degree. to 90.degree.C. The total residence time of the
      beverage in the tubes 45 need for example be only about 4 or 5 seconds. Of
      course these figures are merely given by way of example and are not
      limitative.
PAR  From infra-red unit 41, the beverage passes through one of two conduits 51
      and 53, controlled by valves 55 and 57, respectively. When valve 55 is
      open and valve 57 is closed, then the beverage passes through conduit 51
      and through an insulated enclosure 59 in which an extended length of the
      beverage conduit is disposed, so as to maintain the beverage at the
      elevated exit temperature of infra-red unit 41 for a period of time
      sufficient to complete sterilization at that temperature. It will of
      course be understood that the same purpose can be achieved merely by
      insulating the exterior of the conduit and providing no enclosure.
      Insulated enclosure 59 will ordinarily maintain the beverage at a
      temperature of, say, 70.degree. to 90.degree.C. The residence time of the
      beverage within enclosure 59 may be, for example, 5 to 15 seconds.
PAR  But when valve 55 is closed and valve 57 is open, then the beverage
      proceeds through conduit 53 and its cooling begins practically
      simultaneously.
PAR  In either case, the beverage proceeds then through conduit 61, back through
      heat exchangers 39, 25 and 5, in that order, in which it is progressively
      cooled against entering beverage, and finally reaches one of two branch
      conduits 63 and 65, which are controlled by valves 67 and 69,
      respectively. When valve 67 is open and valve 69 is closed, the beverage
      leaves the system through conduit 63, whereupon it may be bottled or
      otherwise committed to containers for shipment or storage or use. But when
      valve 67 is closed and valve 69 is open, then the beverage proceeds
      through conduit 65, through a water-cooled refrigeration unit 71 in which
      the temperature of the beverage is further reduced, and then proceeds to
      one of two conduits 73 and 75 which are controlled by valves 77 and 79,
      respectively. When valve 77 is open and valve 79 is closed, the beverage
      leaves the system through conduit 73, at a temperature lower than it would
      have left the system through conduit 63. But when valve 77 is closed and
      valve 79 is open, then the beverage proceeds through conduit 75 to a
      further refrigeration unit 81 which is cooled by freon or chilled water or
      other lower temperature heat exchange fluid than in unit 71, after which
      the beverage leaves the system through conduit 83 at a lower temperature
      than it would have left the system through conduit 73.
PAR  Under certain circumstances, it may be desirable to bottle or otherwise
      package the beverage at a substantially higher temperature than the exit
      temperature for the treated beverage from heat exchanger 5. In such cases,
      the units 71 and 81 may be replaced by one or more heating units (not
      shown).
PAR  The temperatures and residence times comprising the particular examples of
      cycle condition suitable for milk, wine and fruit juice, are given by way
      of example in FIGS. 4, 5 and 6, respectively. In those figures, the
      temperatures of the beverage entering and leaving the cycle, and at
      ultra-violet irradiation, homogenization and at the beginning and end of
      infra-red irradiation, are given on the ordinates. The corresponding times
      in seconds are given on the abscissae. These values can easily be read
      from FIGS. 4-6, and so need not be repeated in this text. The symbols
      "UV", "IR" and "H" refer to ultra-violet, infra-red and homogenization,
      respectively.
PAR  Suffice it to say that, as is evident from FIGS. 4-6, in the case of milk,
      the beverage will proceed through ultra-violet unit 15, homogenizer 35 and
      infra-red unit 41. In the case of wine, where no homogenization is needed,
      the valve 31 will be closed and the valve 33 will be open, and the
      beverage will proceed through ultra-violet unit 15 and infra-red unit 41.
      In the case of fruit juice, if no ultra-violet irradiation is needed, then
      the valve 11 will be closed and the valve 13 will be open and the beverage
      will bypass the ultra-violet unit 15 as well as the homogenizer 35 and
      will be irradiated only in infra-red unit 41.
PAR  In any case, the beverage moves through the entire cycle in all-liquid
      circuit, out of contact with gas and in particular, out of contact with
      air.
PAR  From a consideration of the foregoing disclosure, therefore, it will be
      evident that all of the initially recited objects of the present invention
      have been achieved.
PAR  Although the present invention has been described and illustrated in
      connection with preferred embodiments, it is to be understood that
      modifications and variations may be resorted to without departing from the
      spirit of the invention, as those skilled in this art will readily
      understand. Such modifications and variations are considered to be within
      the purview and scope of the present invention as defined by the appended
      claims.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. A method for the irradiation of beverages, comprising passing the
      beverage through transparent tubing of circular cross-section, exposing
      the beverage to ultra-violet irradiation through said transparent tubing,
      applying infra-red radiation to the beverage in said transparent tubing,
      passing the beverage in indirect heat exchange with itself before the
      ultra-violet irradiation and after the exposure to the infra-red
      radiation, thereby to warm the entering beverage and cool the exiting
      beverage, maintaining the beverage out of contact with the air during at
      least said heat exchange and ultra-violet and infra-red exposure,
      maintaining the beverage at a pressure of 1.5 to 15 kgs/cm.sup.2 during
      the exposures, and homogenizing the beverage, said homogenization being
      conducted between the ultra-violet exposure and the infra-red exposure.
NUM  2.
PAR  2. A method as claimed in claim 1, in which the ultra-violet exposure is
      performed at a lower temperature than the infra-red exposure and in which
      the beverage is heat exchanged against itself between the ultra-violet and
      the infra-red exposure.
NUM  3.
PAR  3. A method as claimed in claim 1, in which the beverage is heat exchanged
      against itself before and after homogenization so that the homogenization
      is performed at a temperature level intermediate the temperature levels of
      the ultra-violet and the infra-red exposure.
NUM  4.
PAR  4. Apparatus for the irradiation of beverages, comprising transparent
      tubing of circular cross-section, means for passing the beverage through
      said transparent tubing, means for exposing the beverage to ultra-violet
      irradiation through said transparent tubing, means for applying infra-red
      radiation to the beverage in said transparent tubing, means passing the
      beverage in indirect heat exchange with itself before the ultra-violet
      irradiation and after the exposure to the infra-red radiation, thereby to
      warm the entering beverage and cool the exiting beverage, means
      maintaining the beverage out of contact with the air during at least said
      heat exchange and ultra-violet and infra-red exposure, means maintaining
      the beverage at a pressure of 1.5 to 15 kgs/cm.sup.2 during the exposure,
      and means for homogenizing the beverage, the homogenizing means being
      disposed between the ultra-violet exposure means and the infra-red
      exposure means.
NUM  5.
PAR  5. Apparatus as claimed in claim 4, and means for heat exchanging the
      beverage against itself between the ultra-violet and infra-red exposures.
NUM  6.
PAR  6. Apparatus as claimed in claim 4, and means for heat exchanging the
      beverage against itself before and after homogenization, so that the
      homogenization is performed in a temperature level intermediate the
      temperature level of the ultra-violet and the infra-red exposures.
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ABST
PAL  A process for producing hollow pastries wherein a strip of pastry dough is
      wound off a rotary drum on a winding spindle disposed relative to the drum
      to produce a hollow pastry body by spirally overlapping the pastry strip
      on the spindle. A coating is applied on the inside of the pastry strip
      from a dispending nozzle before the strip is wound on the spindle to
      protect the pastry body from the wet filling introduced subsequently into
      the hollow pastry body and to bond the overlapping turns of the pastry
      body to each other.
BSUM
PAR  The invention relates to a process and apparatus for manufacturing hollow
      pastries to be filled with a soft filling and to the hollow pastry goods
      obtained by this process and apparatus. The hollow pastry consists of at
      least one pastry strip which is wound spirally and in an overlapping
      manner and is provided on the inside with a coating which provides an
      insulation relative to the filling.
PAR  The pastry baker is familiar with this type of hollow pastry in the form of
      hollow waffles which are coated on the inside with chocolate and filled
      with a creamy substance or with ice cream. In recent times very economical
      processes and apparatus have been developed which accomplish in a single
      working operation the winding, the coating and the cutting to length of
      such hollow waffles. As the baked waffle dough becomes very hard upon
      cooling and drying, the waffles produced in this manner retain their
      shape, the insulating coating on the inside of the waffle remains
      impervious, and the soft, wet filling cannot penetrate into the baked,
      spiral body and soften or even dissolve it.
PAR  The food industry is ever attempting to facilitate the daily work of the
      housewives and cooks. For this purpose the industry prepares and
      distributes nowadays a large variety of finished food dishes which need to
      be heated only for a short period and quickly served and eaten. In
      preparing such dishes, great care must be taken that the individual parts
      composing a particular dish are compatible, in other words that they do
      not cause a softening or dissolution of one another, so that the prepared
      dish retains an appetizing freshness even after extended storage in the
      wholesale or retail establishment. This requirement has prevented the
      industry hitherto from preparing particularly tasty prepared dishes which
      consist of a composition of pastry, such as pancakes, ham, omelettes of
      biscuits, and a filling like meat, vegetables, cottage cheese or
      marmelade, as in the case of such dishes a gradual softening or
      dissolution of the baked product by the filling is to be expected. With
      regard to a proper insulation between the two imcompatible components, no
      useful proposals have been advanced so far.
PAR  It is an object of this invention to fill this obvious gap in the potential
      offers that could be made by the food industry in view of the developments
      that have taken place in the strengthened production. The invention is
      based on hollow pastries of the above mentioned type and consists
      essentially in that the coating material for bonding the overlapping
      pastry spirals or turns is also applied between the turns. Due to the
      mutual bonding of the overlapping pastry turns, the spiral body becomes
      strenghened and rigidified to such an extent that even when softer baking
      products are used the form remains stable and the coating applied on the
      inside remains impervious. Thus the filling cannot diffuse into the hollow
      pastry even when a baked omelette or a biscuit dough is used and the
      hollow pastry stays in a freshly baked state.
PAR  In those cases where the coating material presents a color tone which is
      substantially different fron that of the pastry strip and has thus a
      disturbing effect, for example in the case of chocolate coatings, the
      preferred embodiment of the invention is characterized in that the
      overlapping joint contains the coating material only over an area which is
      open toward the inside while the area which is open toward the outside is
      free of coating material.
PAR  In some cases it may be disired, particularly in complying with special
      tastes, that the filling should partly wet the pastry strip without
      completely endangering the rigidity of the hollow bakery article by a
      complete soaking or softening of the spiral pastry body. This condition
      may be obtained by multiple, e.g. double or triple overlapping of the
      pastry strip in that for this purpose the coating material is applied only
      between the overlapping pastry strip turns. At the same time the outer
      layers of the pastry strip turns which are insulated against the softening
      effect of the coating material provide the rigidity of the spiral pastry
      body.
PAR  According to the most recent state of development in the waffle technology,
      at least one pastry strip is introduced during the manufacture of a hollow
      pastry article and spirally wound in an overlapping manner, and coating
      material is applied to the inner wound surface of the pastry strip. In the
      known embodiment of this process, the coating material is sprayed after
      the overlapping process on the inner surface of the finished spiral pastry
      body. Thus the overlapping joints remain essentially free of coating
      material.
PAR  The process of the present invention is different from this prior art in
      that the coating material is applied on the incoming pastry strip just
      before the turns overlap. In this manner the coating material is present
      on the inner wound surface, both as insulation and as bond in the
      overlapping joint when the overlapping and winding take place subsequently
      and no additional steps are necessary. The coating material may be applied
      either, as has been customary, by sprinkling or spraying or, according to
      a preferred feature of the invention, simply by pouring.
PAR  To manufacture the preferred embodiment of the hollow pastries according to
      the invention, one proceeds appropriately in such a manner that the
      coating material is applied only over an area of the band width of the
      pastry strip which extends from the edge produced by the endless coil
      being generated up to a line which is located within the overlapping zone.
      However, for the partial contact between the filling and the waffle strip
      the coating material is applied only on an area of the width of the pastry
      strip which is located within the overlapping zone.
PAR  In order to carry out the process according to the invention, an apparatus
      is utilized which is provided with a winding spindle, a feeding device
      disposed at an obtuse angle to the winding spindle for continuously
      feeding a soft pastry strip to the winding spindle, and a dispensing
      device for continuously releasing a predetermined amount of coating
      material on the inner winding surface of the pastry strip. In the
      embodiment of this apparatus used for the waffle production, the
      dispensing device is connected to a hollow bore of the winding spindle
      which terminates in a nozzle directed to the inside of the spiral body
      that is generated.
PAR  However, the invention provides essentially that the dispensing device is
      arranged between the winding spindle and the feeder device and is directed
      to the surface of the incoming pastry strip facing the winding spindle. In
      this manner, the incoming pastry strip is already coated when it reaches
      the winding spindle and during the winding the desired bonding of the
      overlapping turns of the winding body takes place without further
      auxiliary means.
PAR  In order to carry out the pouring procedure according to the invention,
      provision is made that upon introducing the pastry strip at the lower side
      of the winding spindle the dispensing device have a spout or lip which
      terminates above the incoming pastry strip. Furthermore, at least one
      adjustably mounted doctor blade or the like is provided in order to limit
      the extent of the coating poured on the pastry strip to a predetermined
      thickness or width transversely of the strip direction.
PAR  The hollow bore of the winding spindle used hitherto for introducing the
      coating material can be quite useful when it is connected according to the
      invention to a feeding device for dispensing a filling and for introducing
      the filling into the insulated and bonded spiral body of the hollow pastry
      goods according to the invention. In this case the apparatus provides
      simultaneously the winding, the coating and the filling of the pastries.
DRWD
PAR  The invention will be described in greater detail hereafter with reference
      to the accompanying drawings, in which an embodiment of the apparatus
      according to the invention is illustrated and in which:
PAR  FIG. 1 is a plan view of the apparatus according to the invention,
PAR  FIG. 2 is a side view of the apparatus according to FIG. 1, partly in
      section, and
PAR  FIG. 3 is a plan view of a modified embodiment of the apparatus according
      to FIGS. 1 and 2.
DETD
PAR  Referring now particularly to FIGS. 1 and 2, the reference numeral 1
      indicates a strip of pastry material which runs off a baking drum 2 and is
      conducted over a deflection roller 3 to a winding spindle 4. The winding
      spindle may be arranged stationary, or it may be rotatable and driven. It
      is disposed at an obtuse angle .alpha. relative to the feeding direction
      of the pastry strip 1, and the degree of angle is calculated on the basis
      of a particular desired overlapping of the pastry strip turns that are
      wound on the winding spindle. The winding and advancing of the spiral body
      5 on the winding spindle 4 may be enhanced by means of a driven guide
      roller 6. The winding spindle may present a longitudinal bore 7 for the
      direct introduction of a filling, e.g. ice cream, vegetables, etc., that
      are to be inserted on the inside of the spiral body 5.
PAR  In the area between the deflection roller 3 and the winding spindle 4 a
      dispenser 8 for the coating substance 9 is mounted, and this substance,
      which may be chocolate, edible fats, etc., flows freely from the dispenser
      nozzle 10 on the travelling pastry strip 1. The supply fron the dispenser
      8 may be controlled at 11 by means of an adjustably mounted doctor blade
      12. The deposit of coating substance 9 on the pastry strip 1 over a
      predetermined zone of the strip width is limited and extends from the left
      strip edge R, i.e. from the formation edge of the spiral body 5, up to a
      line L in the overlapping region of the strip turns 3. In the finished
      spiral body 5, the applied coating extends over the entire free inner
      surface and in each instance only so far into the overlapping joint that
      from the outside no coating material is visible. The coating is therefore
      utilized both for the purpose of insulating the spiral body from the
      filling and for the mutual bonding of the pastry turns. It has been found
      additionally that particularly in the case of multi-layer overlapping of
      the pastry turns, the bonding layers located between the overlapping turns
      contribute also substantially to the improvement, i.e. the guarantee of a
      proper insulation.
PAR  According to FIG. 3, the baking drum 2 is mounted at a more acute angle
      .alpha.' relative to the winding spindle 4 so that the latter produces a
      double overlap of the incoming pastry strip 1 wherein only a narrow area
      of the pastry strip forms the free inner surface of the spiral body 5 thus
      produced. By means of a second adjustable doctor blade 13 at the left edge
      of the incoming pastry strip 1, the coating substance 9 deposited at 10 is
      also forced back from the formation edge R of the spiral body 5.
      Accordingly the left edge zone Z which is thus maintained free of coating
      and which constitutes the inner surface of the spiral body after the
      winding operation remains exposed to the entry of a filling and may react
      therewith for taste purposes while the rigidity of the hollow pastry
      article is assured by the outer layers of the spiral body 5 which is
      insulated at the overlapping surfaces by the coating substance.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a process for producing hollow filled pastries by the steps of
      providing a soft baked pastry strip, winding said pastry strip in an
      overlapping spiral about a spindle thereby providing said strip with a
      shape having a hollow interior, and filling said pastry with a moist
      filling, the improvement comprising the step of:
PA1  insulating the interior of said pastry strip from softening and dissolving
      effects of said filling by applying an insulating coating to said pastry
      strip prior to the step of winding said strip, so as to produce an
      insulating layer on said interior of said wound pastry strip;
PA1  whereby said insulating coating remains impervious and the soft filling
      cannot penetrate into the baked pastry.
NUM  2.
PAR  2. The process defined in claim 1 wherein said coating step comprises the
      step of pouring a coating substance on said pastry strip.
NUM  3.
PAR  3. The process defined in claim 1 wherein said insulating step comprises
      the step of spraying said coating material on said pastry strip.
NUM  4.
PAR  4. The process defined in claim 1 wherein said insulating step comprises
      the step of sprinkling said coating material on said pastry strip.
NUM  5.
PAR  5. The process defined in claim 1 wherein said insulating step includes
      coating said pastry strip substantially along its entire width,
PA1  whereby the coating material present on overlapping sections of said strip
      further provides a bonding action between the overlapping layers.
NUM  6.
PAR  6. The process defined in claim 1 further comprising the step of limiting
      the width of said coating material subsequent to the step of applying said
      coating material to said pastry strip.
NUM  7.
PAR  7. The process defined in claim 1 further comprising the step of limiting
      the thickness of said coating material subsequent to the step of applying
      said coating material to said pastry strip.
NUM  8.
PAR  8. A process according to claim 1, wherein the coating substance is applied
      only on an area of width of the pastry strip located within the
      overlapping zone.
NUM  9.
PAR  9. A process for producing hollow pastries comprising the steps of:
PA1  a. running a strip of baked pastry material off a baking drum;
PA1  b. conducting said strip around a deflection roller;
PA1  c. applying an insulating coating substance to one side of said strip; and
PA1  d. applying said strip to a winding spindle for forming said strip into a
      hollow shape wherein said strip is applied to said spindle with said
      insulating substance facing said spindle;
PA1  e. introducing a moist filling into said hollow shape;
PA1  whereby said insulating coating remains impervious and the moist filling
      cannot penetrate the baked pastry.
NUM  10.
PAR  10. The process defined in claim 9 further comprising the step of
PA1  controlling the width of said insulating substance by using a doctor blade.
NUM  11.
PAR  11. The process defined in claim 9 further comprising the step of
PA1  feeding said strip to said spindle at an angle calculated for providing a
      desired overlap.
NUM  12.
PAR  12. The process defined in claim 11 further comprising the step of
PA1  introducing a filling into the hollow shape formed by said pastry strip
      through a longitudinal bore in said spindle.
NUM  13.
PAR  13. The process defined in claim 12 wherein the step of applying said strip
      to said spindle provides a double overlap to said pastry material.
NUM  14.
PAR  14. The process defined in claim 13 wherein said insulating step further
      comprises the step of
PA1  flavoring said pastry strip by using a chocolate material for insulating
      said pastry strip.
NUM  15.
PAR  15. The process defined in claim 14 wherein said insulating step includes
      the step of
PA1  applying said insulating coating substance only between overlapping turns
      of said pastry strip.
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ABST
PAL  A process for treating meat and meat-cuts to destroy surface bacteria, and
      particularly spoilage bacteria, comprising contacting meat surfaces with a
      hot aqueous acid solution for a time sufficient to achieve substantial
      surface bacterial kill but insufficient to result in any appreciable
      organoleptic deterioration or protein denaturation of the meat.
BSUM
PAR  This invention relates to the treatment of food products to destroy
      vegetative microorganisms contained thereon. More particularly, this
      invention relates to a process for destroying psychrotrophic surface
      bacteria carried by fresh or cooked meat and meat-cuts.
PAR  In the slaughtering and distribution of meat, whole animal carcasses are
      "broken-down" to smaller portions or cuts until consumer-size cuts are
      provided at the retail level. Usually, the whole carcass is first broken
      into half carcass or quarter carcass portions, and is then subsequently
      reduced to primal cuts. Finally, the primal cuts are reduced to sub-primal
      cuts, and then to retail cuts which are sold to the consumer. The
      operation of breaking-down whole carcasses usually takes place at two or
      more points along the meat distribution chain. For example, whole
      carcasses may be broken-down to half or quarter carcasses by the packer at
      the point of animal slaughter. Thereafter, these half or quarter
      carcasses, or even whole carcasses, may be further broken-down into primal
      cuts, sub-primal cuts, and retail cuts by wholesalers, distributors,
      and/or retailers such as butchers and supermarkets. As used in the
      description of the present invention, the term "meat-cuts" will be used to
      designate all sub-portions of a whole carcass, including but not limited
      to half carcasses, quarter carcasses, primal cuts, sub-primal cuts and
      retail cuts.
PAR  Because of the extensive handling and time involved in breaking-down whole
      carcasses and sub-portions thereof, along with shipment, storage and
      distribution of these meat-cuts, individual cuts of meat become
      contaminated with bacterial flora. Similarly, cooked meat products such as
      table-ready meats become contaminated with surface bacteral flora through
      handling in the processing plant. Primarily, this surface flora comprises
      psychrotrophic spoilage bacteria, such as the genus Pseudomonas.
      Shelf-life of meat is a direct function of the level of bacterial
      contamination, and more particularly, the level of psychrotrophic
      bacterial contamination. That is, meat or meat-cuts possessing a high
      initial level of psychrotrophic bacterial contamination exhibit an
      extremely short shelf-life, whereas, meat or meat-cuts exhibiting a very
      low initial level of psychrotrophic bacterial contamination exhibit an
      extended shelf-life.
PAR  Spoilage bacteria, such as Pseudomonads, are psychrotrophic bacteria in
      that, while their growth is most rapid at approximately room temperatures,
      they also continue to grow, albeit at slower rates, at refrigerated
      temperatures. This explains why the mere act of refrigeration of meat-cuts
      during transportation and storage is not effective in preventing growth of
      spoilage bacterial flora on the surfaces thereof.
PAR  Many techniques have been employed in the past in the treatment of meat and
      meat-cuts to destroy surface bacterial flora. For example, meat has been
      treated with acid, steam, chlorine solutions, and combinations thereof.
      All of these techniques have suffered from one or more of the following
      problems: (1) denaturation of meat protein, (2) insufficient bacterial
      kill, (3) deleterious color change, (4) unacceptable flavor modification,
      and (5) inadequate control of the process in large-scale operations.
      Another prior art technique of treating food products to destroy surface
      bacteria is set forth in U.S. Pat. No. 2,383,907 to Beechem, et al. This
      patent describes a method of destroying sporogenic bacteria (spore
      formers) contained on food products such as vegetables, spices, legumes,
      cereal grains and meats. The process described comprises contacting the
      food products with an aqueous acid solution having an acid concentration
      of up to 10%, and preferably 8-10%, at temperatures not higher than
      135.degree.F. (57.degree.C.), for from 1-2 minutes. When this method is
      used to treat meat or meat-cuts, it results in product exhibiting
      unacceptable color change, protein denaturation and off-flavors. The
      surface meat protein is substantially denatured, and the surfaces of the
      meat assume unattractive shades of brown, grays and blacks. Moreover, the
      meat possesses an unacceptable acidic, sour taste. Also, the product
      exhibits an unpalatable, sour aroma. Although the Beechem process does
      result in an excellent bacterial kill, the meat product obtained is
      unmarketable.
PAR  It is therefore a primary objective of the present invention to provide an
      improved process for destroying microorganisms, including species of the
      genus Pseudomonas and other psychrotrophs, carried by meat surfaces.
PAR  It is also an objective of the present invention to provide an improved
      process for destroying psychrotrophic spoilage bacteria on meat or
      meat-cuts without substantially denaturing meat protein and without
      adversely affecting the color, flavor or aroma of the meat.
PAR  It is another objective of the present invention to provide an improved
      process for destroying psychrotrophic bacteria carried by meat-cut
      surfaces without causing organoleptic deterioration of the meat-cuts.
PAR  Briefly, the objectives of this invention are carried out by application of
      a hot, dilute acid solution to meat surfaces for a relatively brief period
      of time. The process is particularly applicable to the treatment of all
      fresh meat products including beef, pork, lamb, veal and poultry. The
      process is also applicable to the treatment of cooked meat products such
      as table-ready meats. Although the process is applicable to the treatment
      of whole, half and quarter carcasses, as well as table-ready meats
      (cooked), it has primary application to the treatment of primal cuts,
      sub-primal cuts and retail cuts of meat.
PAR  All food grade acids have some beneficial effect in reducing bacterial
      contamination on meat surfaces, including acetic acid, citric acid,
      tartaric acid, fumaric acid, ascorbic acid, malic acid, succinic acid,
      adipic acid, and phosphoric acid. However, we have unexpectedly discovered
      that the use of acetic acid obtains a bacterial reduction far greater than
      that obtained by any other food grade acid, using comparable application
      parameters, and therefore, this invention is directed to the use of acetic
      acid.
PAR  The aqueous acetic acid solution used to contact the meat surfaces should
      have an acid concentration of from about l% to about 2.5%. Acetic acid
      concentrations of less than about 1% provide insufficient bacterial kill,
      and acetic acid concentrations of greater than about 2.5% tend to impart
      an unpalatable taste, color and aroma to the meat. The aqueous acetic acid
      solution should be maintained at a temperature of from about 140.degree.F.
      (60.degree.C.) to about 180.degree.F. (82.degree.C.), and preferably from
      about 150.degree.F. (66.degree.C.) to about 170.degree.F. (77.degree.C.).
      Temperatures in excess of about 180.degree. F. (82.degree.C.) cause
      denaturation of surface meat protein and meat discoloration, whereas
      temperatures of less than about 140.degree.F. (60.degree.C.), when used
      with the acid concentrations and brief contact times of this process, do
      not consistently achieve adequate surface bacterial kill. The length of
      time of acetic acid solution contact with the meat surfaces should be
      sufficient to achieve substantial kill of surface bacterial flora, but
      insufficient to cause appreciable denaturation of meat protein or
      organoleptic deterioration. It has been determined that this can be
      achieved by contacting the meat surfaces with a 1-2.5% acetic acid
      solution at 140.degree.-180.degree.F. (60.degree.C. - 82.degree.C.) for a
      time period of from about 5 to 60 seconds and preferably from about 5 to
      30 seconds. Contact times of less than about 5 seconds do not achieve
      sufficient bacterial kill, whereas contact times in excess of 60 seconds
      tend to promote unpalatable taste, aroma and color. It will, of course, be
      understood that meat denaturation and surface discoloration are usually
      not problems when treating cooked meat items such as table-ready meats.
PAR  It is important that application of the hot acetic acid solution result in
      contact of all surfaces of the meat or meat-cut. Preferably this is
      achieved by the use of a spray system, although other techniques such as
      dipping may be utilized. For example, a chamber or cabinet can be provided
      containing a plurality of jet spray nozzles arranged so as to insure
      contact of all surfaces of a carcass or a meat-cut with hot acetic acid
      spray. Nozzle size, acid flow rate and spray pressures are best determined
      by the skilled practitioner in light of the requirements of a particular
      system. We have obtained excellent results employing 0.025 inch (0.06 cm.)
      orifice nozzles operating at pressures of from about 1.75 to 3.50
      kg./cm.sup.2 (25-50 psig). Larger bodies of meat such as whole carcasses,
      half carcasses, quarter carcasses, or primal cuts can be suspended from
      hooks carried by an endless conveyor, and thus carried along a defined
      path through the spraying chamber ar a pre-selected speed to achieve a
      5-60 second spray. Also, smaller meat-cuts such as sub-primal cuts, retail
      cuts and table-ready meat items can be automatically processed through the
      spray chamber while carried by an endless wire mesh conveyor. The chamber,
      spray nozzles and conveyor are preferably made from stainless steel.
PAR  When the meat or meat-cuts are treated within a closed chamber, it has been
      found desirable to maintain the temperature therein at elevated levels
      comparable to the acetic acid temperature. Thus the chamber temperature
      should be maintained at from about 140.degree.F. (60.degree.C.) to about
      180.degree.F. (82.degree.C.) during treatment. This is most easily
      achieved by automatically controlling chamber temperature with a built-in
      electrical heater, or by metering live steam into the chamber at
      appropriate time intervals. The elevated temperature within the chamber
      aids in bacterial destruction, as well as acting to prevent rapid
      temperature drop of the hot acetic acid solution upon spraying.
PAR  Considering the acid concentrations, temperatures and spray times set forth
      heretofore, it should be noted that the optimum parameters for any
      particular operation is best determined by trial and error experimentation
      in order to balance the competing demands of bacterial kill and product
      palatability. For example, it has been determined that for most types and
      sizes of meat-cuts a very acceptable product exhibiting greater than about
      a 75% initial surface bacteria kill can be obtained by treating meat-cuts
      with 1-1/2% acetic acid at 160.degree.F. (71.5.degree.C.) for about 10
      seconds in a spray chamber. If retention time in the spray chamber were to
      be decreased to 5 seconds, then acid concentration and/or temperature
      would normally be increased. Conversely, if contact time were to be
      increased, then acid concentration and/or temperature would normally be
      decreased.
PAR  As rough guidelines, we have determined that for most fresh meat or
      meat-cuts, aqueous acetic acid solutions at 140.degree.F. (60.degree.C.)
      can be applied at 1% strength for up to about 60 seconds without incurring
      any color or flavor problems, and can be applied at 2.5% strength for up
      to about 30 seconds without developing any color or flavor problems. Also,
      aqueous acetic acid solutions at 160.degree.F. (71.5.degree.C.) can be
      applied at 1% strength for up to about 60 seconds and at 2.5% strength for
      up to about 30 seconds, without generating any flavor or color problems.
      Likewise, aqueous acetic acid solutions at 180.degree.F. (82.degree.C.)
      can be applied at 1% strength for up to about 30 seconds and at 2.5%
      strength for up to about 10 seconds, without resulting in flavor or color
      problems that would render the meat-cuts unpalatable. Generally, these
      time/temperature relationships are less critical for low red
      pigment-bearing meats such as poultry, thus enabling greater latitude in
      controlling process parameters. Also, these time/temperature relationships
      are even less critical when the process is used to treat cooked meats such
      as table-ready meat products.
PAR  After treatment by this inventive process, the meat or meat-cuts should be
      stored at refrigerated temperatures of from about 30.degree.F. to
      40.degree.F. (-1.degree.C. to 4.degree.C.). The smaller cuts, such as
      sub-primal cuts and retail cuts, should first be packaged and sealed in
      suitable film prior to refrigeration, preferably in low oxygen
      permeability film, such as saran, polyethylene or cryovac bags. Also, it
      is often desirable to vacuum package the meat-cuts in low oxygen
      permeability films. Vacuumized packages could also be backfilled with a
      gas, such as nitrogen. It has been observed that the refrigerated
      shelf-life of meat and meat-cuts treated in accordance with this invention
      is greatly extended as compared to shelf-life of non-treated, control
      samples.
DETD
PAC  EXAMPLE I
PAR  Beef ribs were sawed into equal sub-primal cuts. Initial bacteriological
      counts were taken and control samples were set aside. The remaining pieces
      were treated by placing the cuts in a chamber and spraying with
      160.degree.F./1.5% acetic acid solution for 10 seconds. Following
      treatment, bacteriological counts were taken. All pieces (test and
      control) were then wrapped in cryovac film or saran film, and held at
      38.degree./40.degree.F. for storage evaluation.
TBL                TABLE I                                                     

     ______________________________________                                    

     INITIAL                                                                   

     TREATMENT       TOTAL AEROBIC COUNT/SQ. INCH                              

     ______________________________________                                    

     Control -- (6)  150                                                       

                     850                                                       

                     650                                                       

                      50                                                       

                     100                                                       

                     150                                                       

     IMMEDIATELY AFTER TREATMENT                                               

     TREATMENT       TOTAL AEROBIC COUNT/SQ. INCH                              

     ______________________________________                                    

     Test -- (6)     100                                                       

                      50                                                       

                      50                                                       

                      50                                                       

                     200                                                       

                     100                                                       

     ______________________________________                                    

TBL                                    TABLE II                                

     __________________________________________________________________________

             TOTAL AEROBIC COUNT/SQ. INCH                                      

     Days Storage                                                              

             SARAN FILM      CRYOVAC FILM                                      

     at 38/40.degree.                                                          

             Control  Test    Control                                          

                                    Test                                       

     __________________________________________________________________________

      7      360,000  14,000 3,000  500                                        

             130,000  28,000 4,900,000                                         

                                    500                                        

             800,000  270,000                                                  

                             36,000 500                                        

     14      7,500,000,000                                                     

                      3,500,000                                                

                             6,900,000                                         

                                    500                                        

             990,000,000                                                       

                      3,000  130,000                                           

                                    8,000                                      

             1,000,000,000                                                     

                      440,000                                                  

                             6,500,000                                         

                                    210,000                                    

     __________________________________________________________________________

PAR  The data illustrates initial bacterial reduction, as well as decreased
      bacterial growth during storage, when the subprimal cuts are treated with
      1.5% acetic acid at 160.degree.F. for 10 seconds. The treated product
      exhibited excellent organoleptic properties.
PAC  EXAMPLE II
PAR  Beef ribs were cut into one-inch steaks, representing retail cuts. Initial
      bacteriological counts were taken prior to treatment. Three steaks were
      individually placed in a chamber and sprayed with 130.degree.F./1.5%
      acetic acid solution for 10 seconds. Three other steaks were treated with
      160.degree.F./1.5% acetic acid solution for 10 seconds; six steaks were
      untreated (control). After treatment, bacteriological samples were taken.
TBL                TABLE III                                                   

     ______________________________________                                    

     TREATMENT      TOTAL AEROBIC COUNT/SQ. INCH                               

     ______________________________________                                    

     CONTROL        1100                                                       

                    500                                                        

                    700                                                        

                    1800                                                       

                    700                                                        

                    400                                                        

                    AFTER TREATMENT                                            

     130.degree.F. Spray                                                       

                    150                                                        

                    200                                                        

                    200                                                        

     160.degree.F. Spray                                                       

                    100                                                        

                     50                                                        

                    100                                                        

     ______________________________________                                    

TBL                TABLE IV                                                    

     ______________________________________                                    

                 TOTAL AEROBIC COUNT/SQ. INCH                                  

     8 DAYS STORAGE                                                            

                  CONTROL      130.degree.F.                                   

                                          160.degree.F.                        

     ______________________________________                                    

     38/40.degree.                                                             

                  8,100,000    1,900      1,100                                

                  750,000      12,000     2,200                                

                  3,200,000    20,000     10,000                               

     ______________________________________                                    

PAR  The data shows that a significant bacterial reduction is obtained
      immediately after treatment, as well as over extended storage, when the
      meat-cuts are treated with 1.5% acetic acid for 10 seconds at
      160.degree.F. Moreover, this bacterial reduction is significantly greater
      than comparable treatment of meat-cuts with 130.degree.F. acid for 10
      seconds.
PAC  EXAMPLE III
PAR  Fresh lamb legs and loins were treated in a spray chamber with 1.5% acetic
      acid solution at 160.degree.F. with an application time of 10 seconds.
      Each piece was treated individually and retail wrapped in cryovac or saran
      film (sub-primal cuts). Initial counts were taken before any treatment,
      followed by counts immediately after treatment. After the product was
      treated and packaged it was stored at 31.degree.F. for up to 28 days.
TBL                TABLE V                                                     

     ______________________________________                                    

                     TOTAL AEROBIC COUNT/SQ. INCH                              

     Initial Samples 6500                                                      

                     1700                                                      

                     4900                                                      

                     6400                                                      

                     7400                                                      

                     8600                                                      

     After Treatment  50                                                       

                      50                                                       

                      50                                                       

     ______________________________________                                    

TBL                TABLE VI                                                    

     ______________________________________                                    

     STORAGE TOTAL AEROBIC COUNT/SQ. INCH                                      

     DAYS    CRYOVAC FILM    SARAN FILM                                        

     AT 31.degree.F.                                                           

             Control    Test     Control    Test                               

     ______________________________________                                    

     14      2900       1500     1800       500                                

     21      830,000    800      360,000,000                                   

                                            50,000                             

     28      23,000,000 9500     1,300,000,000                                 

                                            500                                

     ______________________________________                                    

PAR  Again, the data illustrates that sub-primal cuts treated with 1.5% acetic
      acid at 160.degree.F. for 10 seconds exhibit substantial initial reduction
      of surface bacteria, along with significant reduction of bacterial growth
      during storage.
PAC  EXAMPLE IV
PAR  Fresh hams were skinned and boned and cut into knuckle, inside and outside
      rounds (sub-primal cuts). Initial counts were taken of random samples.
      Pieces were treated individually using the same procedure as with beef and
      lamb and using the same acetic acid temperature, concentration and time
      application. Immediately following treatment bacteriological counts were
      taken. The product was then retail wrapped in saran film and stored at
      31.degree.F.
TBL                TABLE VII                                                   

     ______________________________________                                    

     TREATMENT         TOTAL AEROBIC COUNT/SQ. INCH                            

     ______________________________________                                    

     Initial/Outside   200,000                                                 

                       130,000                                                 

     Initial/Inside    940,000                                                 

                       250,000                                                 

     Initial/Knuckle   250,000                                                 

                       320,000                                                 

     After Treatment/Outside                                                   

                        39,000                                                 

     After Treatment/Inside                                                    

                        32,000                                                 

     After Treatment/Knuckle                                                   

                       160,000                                                 

     ______________________________________                                    

TBL                TABLE VIII                                                  

     ______________________________________                                    

     Storage -- 31.degree.F.                                                   

                     TOTAL AEROBIC COUNT/SQ. INCH                              

     ______________________________________                                    

     DAYS            CONTROL       TEST                                        

     ______________________________________                                    

      Outside        130,000       75,000                                      

      Inside         160,000       50,000                                      

      Knuckle        130,000       75,000                                      

     14                                                                        

      Outside        31,000,000    50,000                                      

      Inside         120,000       550,000                                     

      Knuckle        320,000       290,000                                     

     21                                                                        

      Outside        6,400,000     120,000                                     

      Inside         1,800,000     130,000                                     

      Knuckle        4,600,000     150,000                                     

     ______________________________________                                    

PAR  The data substantiates the findings set forth in the previous Examples as
      to initial reduction of surface contamination and reduction of bacterial
      growth during storage.
PAC  EXAMPLE V
PAR  An inoculated study was conducted, whereby fresh mutton legs were dipped
      into a bath of Pseudamonas sp. culture resulting in an average count of
      460,000 per sq. inch prior to treatment. The legs were treated with a 1.5%
      acetic acid solution for 10 seconds at varying temperatures. The treated
      legs were packaged in cryovac bags closed under vacuum and stored at
      31.degree.F. for 21 days. The following table presents the data obtained.
TBL                                    TABLE IX                                

     __________________________________________________________________________

           Temp                                                                

               Count/Sq. In.                                                   

                         % Reduction                                           

                                    Count/Sq. In.                              

     Leg No.                                                                   

           .degree.F.                                                          

               After Treatment                                                 

                         In Microorganisms                                     

                                    21 Days                                    

     __________________________________________________________________________

     1     135 150,000   67.4       40,000                                     

     2     150  28,000   93.9        7,000                                     

     3     165  9,000    98.1       20,000                                     

     4     180   600     99.8        3,000                                     

     __________________________________________________________________________

PAR  Obviously, many modifications and variations of the invention may be made
      without departing from the spirit and scope thereof, and therefore, only
      those limitations should be imposed as are indicated in the appended
      claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for treating meat to destroy substantial amounts of
      psychrotrophic spoilage bacteria carried on the surfaces thereof, said
      process comprising contacting all surfaces of said meat with an aqueous
      solution of acetic acid having an acid concentration of from about 1-2.5%
      by weight, and having a temperature of from about 140.degree.F. to
      180.degree.F. for a time period of from about 5 to 60 seconds.
NUM  2.
PAR  2. The process of claim 1 wherein the acid solution has a concentration of
      about 1 1/2% and a temperature of about 160.degree.F. , and is applied to
      meat-cuts as a spray for about 10 seconds.
NUM  3.
PAR  3. The process of claim 1 wherein the meat is a cooked, table-ready meat
      product.
NUM  4.
PAR  4. The process of claim 1 wherein the meat is subsequently packaged in low
      oxygen permeability film and is thereafter refrigerated at from about
      30.degree.F. to 40.degree.F.
NUM  5.
PAR  5. The process of claim 1 wherein the meat is treated within a chamber in
      which the temperature is maintained at from about 140.degree.F. to
      180.degree.F.
NUM  6.
PAR  6. The process of claim 5 wherein the acetic acid solution is applied as a
      spray to all surfaces of meat-cuts at a temperature of from about
      150.degree.F. to 170.degree.F. for from about 5-30 seconds.
NUM  7.
PAR  7. The process of claim 6 wherein the meat-cuts are fresh meat selected
      from the group consisting of beef, pork, poultry, lamb and veal.
NUM  8.
PAR  8. The process of claim 7 wherein the meat-cuts are packaged in low oxygen
      permeability film after spray treatment and are then refrigerated at from
      about 30.degree.F. to 40.degree.F.
NUM  9.
PAR  9. The process of claim 8 wherein the meat-cut is a sub-primal cut.
NUM  10.
PAR  10. The process of claim 8 wherein the meat-cut is a retail cut.
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ABST
PAL  Process for preserving bread and bakery products with sorbic acid by adding
      to the dough before baking a coarsely crystalline sorbic acid.
BSUM
PAR  It is known that the preservation of bread and other bakery products by the
      addition of sorbic acid to the dough is problematical if yeast and leaven
      are used for rendering the dough spongy. It is because the sorbic acid not
      only inhibits the formation of mould, but also impairs the efficiency of
      the yeast, so as to retard the fermentation of the dough and thus reduce
      the quality of the bread or pastry. Almost the same applies to other
      mould-preventing agents such as propionic acid. The retardation of the
      fermentation can be compensated to a limited extent only by longer
      fermentation times or by increasing the amounts of yeast and leaven. These
      measures also meet with technical difficulties especially in continuous
      large-scale plants. When addition of sorbic acid is reduced to an amount
      at which the retardation of the fermentation can be tolerated, an adequate
      protection is no longer ensured.
PAR  In order to avoid the fermentation-impeding action of the sorbic acid, two
      different ways have been entered previously. One way consists in coating
      the sorbic acid crystals with an agent, insoluble in water and
      physiologically harmless, as for example glycerine monostearate, whereby
      the solubility of the sorbic acid in the dough is reduced to such a degree
      that no notable retardation of the fermentation takes place. Processes of
      this kind have not been successful in practice until now, apparently owing
      to the fact that the amount of sorbic acid relieved in the baking process
      is insufficient or that the distribution of sorbic acid is unsatisfactory.
      The other way consists in adding to the dough sorbic acid in the form of
      an antimicrobially inefficient mixed anhydride with a fatty acid, such as
      palmitic acid. The anhydride is then hydrolysed in the baking process to
      sorbic acid and fatty acid, such as palmitic acid. The aforesaid process
      has particular advantages in practice, but the disadvantage that the
      sorbic acid-fatty acid anhydride is more expensive than the free sorbic
      acid. Almost the same is true for the use of mixed anhydrides of propionic
      acid, such as propionic-palmitic anhydrides.
PAR  It has now surprisingly been found that the fermentation impeding action of
      sorbic acid can be avoided by adding to the dough a sorbic acid in the
      form of its coarse crystals substantially having a particle size of more
      than 100 .mu.m and that on the other hand the best mould preventing action
      is obtained by adding to the dough a sorbic acid having a particle size of
      less than 1000 .mu.m. It could not been expected that the slightly soluble
      sorbic acid added to the dough in the form of coarse crystals distributes
      so uniformly in the baking process that an adequate preservation of the
      whole bread is ensured.
PAR  The present invention therefore provides a process for preserving bread and
      pastry with sorbic acid wherein a coarsely crystalline sorbic acid having
      a granular size of from 100 to 1000 .mu.m, preferably of from 200 to 800
      .mu.m, is added to the dough before baking.
PAR  The coarsely crystalline sorbic acid to be used according to the invention
      may be prepared by controlled fractional crystallization, for example from
      concentrated aqueous sodium acetate solutions or by crystallization
      followed by fractionation, for example by filtering or by means of an air
      separator.
PAR  The sorbic acid generally is directly added to the dough, whereby care must
      be taken that a good distribution is ensured. Of course, the sorbic acid
      can also be previously mixed with the flour.
PAR  The sorbic acid generally is added in an amount exceeding 0.1% by weight,
      calculated on the quantity of the flour. The upper limit of the amount
      essentially depends on the kind of the pastry.
PAR  In order to ensure an adequate protection against mould, generally
      additions of from 0.1 to 0.3% by weight, calculated on the quantity of the
      flour, are advantageous.
PAR  The process according to the invention has the advantage that the coarsely
      crystalline sorbic acid has an excellent mould preventing action without
      negatively influencing the fermentation, yield or properties of the dough
      or the fermentation time. The finished bakery product or bread has exactly
      the same properties, such as brownness, crumb or nature of pores as
      comparable products made without the addition of sorbic acid. Odour and
      taste are not affected by the addition of sorbic acid.
DETD
PAR  The following examples illustrate the invention.
PAC  EXAMPLE 1: (fermentation of the dough)
PAR  Composition of the dough: 70 g of flour, 1.1 g of common salt, 0.4 g of
      sugar, 4.0 g of yeast and 30 ml of water.
PAR  Test conditions: kneading time: 5 minutes, fermentation time: 60 minutes,
      temperature: 30.degree.C.
PAR  Sorbic acid having a different particle size was added to the aforesaid
      dough in an amount of 0.16% by weight calculated on the quantity of the
      flour. The volume of carbon dioxide evolved in the fermentation process
      was determined in usual manner. The following results were obtained:
TBL  particle      without                                                     

     size of the   an addition  with an addition                               

     sorbic        of sorbic acid                                              

                                of 0.16% of sorbic                             

     acid          ml CO.sub.2  acid ml CO.sub.2                               

     ______________________________________                                    

     1.    &gt; 500 .mu.m 297          286                                        

                       332          324                                        

     2.    200-500 .mu.m                                                       

                       345          328                                        

                       331          311                                        

     3.     10-100 .mu.m                                                       

                       319          177                                        

                       335          189                                        

     ______________________________________                                    

PAC  EXAMPLE 2: (preserving effect)
PAR  A wheat dough to which 0.18% by weight of coarsely crystalline sorbic acid,
      calculated on the quantity of the dough (particle size from 250 to 650
      .mu.m), had been added was baked in brick-shaped loaves (fermentation
      time: 60 min., time of baking: 60 min., oven temperature: 180.degree.C).
      The external features, such as color, crumb and crusts, pore size,
      elasticity and bread volume were the same as those of the comparison bread
      which had been baked without an addition of sorbic acid. The finished
      bread was sliced. One part of the slices was stored in an incubator
      (30.degree.C, relative air moisture of from 95 to 100%), another part was
      stored at room temperature in polyethylene bags, and a third part was
      exposed to an atmosphere strongly infected with mould in order to get
      infected.
PAL  results:
PA1  a. storage in an incubator: a beginning formation of mould on the
      comparison sample after 2 days, on the slices of bread containing sorbic
      acid still no visible formation of mould after 47 days.
PA1  b. storage in polyethylene bags: a beginning formation of mould on the
      comparison sample after 4 days, on the slices of bread containing sorbic
      acid no visible formation of mould after 47 days.
PA1  c. storage in an infection chamber: a beginning formation of mould on the
      comparison sample after 1 day, on the slices of bread containing sorbic
      acid after 31 days a beginning formation of mould.
CLMS
STM  What we claimed is:
NUM  1.
PAR  1. A process for preserving bread and bakery products made from flour
      containing dough which comprises incorporating in said dough at least
      about 0.1% of crystalline sorbic acid of particle size ranging from about
      100 to about 1000 .mu.m, said percent being by weight of flour in said
      dough, and baking said dough to make bread or a bakery product.
NUM  2.
PAR  2. A process according to claim 1 wherein said particle size is from about
      200 to about 800 .mu.m.
NUM  3.
PAR  3. A process according to claim 1 wherein from about 0.1% to about 0.3% of
      sorbic acid is used.
NUM  4.
PAR  4. A process according to claim 1 wherein said sorbic acid is incorporated
      in said dough by blending it into said dough.
NUM  5.
PAR  5. A process according to claim 1 wherein said sorbic acid is incorporated
      in said dough by blending it with said flour prior to making said flour
      into said dough.
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ABST
PAL  The invention enables the production of fried potato products of greatly
      improved texture, flavor, and color from raw stock that exhibits excessive
      browning tendencies and which would normally yield fried products of
      excessively dark color. Typically, pieces of raw potato are pre-fried in
      edible oil for a short period, then leached with water. The leached pieces
      may be further processed in various ways, e.g., finish-fried, or par-fried
      and then refrigerated for distribution to the consumer or food service
      operator.
GOVT
PAR  A non-exclusive, irrevocable, royalty-free license in the invention herein
      described, throughout the world for all purposes of the United States
      Government, with the power to grant sublicenses for such purposes, is
      hereby granted to the Government of the United States of America.
BSUM
PAR  This invention relates to and has among its objects the provision of novel
      methods for enhancing texture, maintaining flavor, and preventing
      darkening of fried potato products, e.g., potato chips, French-fried
      potatoes, shoestring potatoes, pan-fried potatoes, and the like. Further
      objects of the invention will be evident from the following description
      wherein parts and percentages are by weight unless otherwise specified.
PAR  Throughout this description reference is made to operations of frying in
      oil. It will be understood that the oil used in such operations is an
      edible one, and the term includes the edible glycerides which are normally
      solid as well as those which are normally liquid.
PAR  Although the production of fried potato products is a relatively simple
      procedure, one very important problem repeatedly confronts the
      manufacturer, namely, the consistent production of products of acceptable
      light, uniform color. Darkening is brought about by variation in the
      chemical composition of the raw potatoes, and is explained as follows:
PAR  If the potatoes are freshly harvested or have been stored after harvest at
      a temperature of about 50.degree.F. or above, few complications will
      generally occur. Under such circumstances, the raw pieces can be readily
      fried to yield a product of acceptable color. However, when the potatoes
      have been kept at the lower temperatures of commercial storage (that is,
      cold storage temperatures of about 40.degree. to 45.degree.F.) necessary
      for holding the tubers longer than about three months, complications set
      in. Potatoes held under such cold storage conditions tend to darken on
      frying to give products of very undesirable dark brown color, that is,
      products which are not marketable.
PAR  The reasons why such potatoes tend to darken excessively can be explained
      as follows: When the potatoes are kept in cold storage, part of the starch
      in the tubers is converted into glucose or other reducing sugars. Thus it
      has been shown, for example, that the browning tendency of the tubers
      increases as the content of reducing sugars increases. It has also been
      demonstrated that the reducing sugars react with the nitrogenous
      constituents in the potatoes, producing dark-colored reaction products.
      During the frying operation this browning reaction proceeds very rapidly
      at the high temperature to which the potatoes are subjected. It is to be
      emphasized, however, that regardless of the theory involved, it is well
      established that potatoes which have been kept in cold storage brown
      excessively on frying, as discussed above.
PAR  A known method for remedying the situation outlined above involves
      "reconditioning" the potatoes which had been kept in cold storage. This
      reconditioning involves holding the potatoes at a temperature of about
      70.degree.F. for a period of about 1 to 3 weeks. The basis for the
      treatment is that during the holding period at the stated temperature, the
      content of reducing sugars is progressively decreased.
PAR  Although reconditioning is used in industry, it gives rise to its own
      problems and disadvantages. One item is that it is expensive as it
      involves extra handling costs, tying up of large quantities of potatoes,
      and added storage space and facilities for carrying out the treatment.
      Also, losses are involved, e.g., loss in weight due to evaporation of
      water, loss of solids due to respiration (conversion of carbohydrate
      contents into CO.sub.2), and losses due to sprouting and spoilage by
      microorganisms and/or insects or other pests. Another item is that some
      varieties (White Rose and Red La Soda, for example) do not adequately
      respond to reconditioning; hence, if such potatoes have been subjected to
      cold storage they cannot be used at all.
PAR  Another method for preventing undesirable darkening involves leaching the
      raw potato pieces with hot water prior to frying, whereby to reduce their
      content of reducing sugars. Although this procedure of leaching with hot
      water is used industrially, it is subject to several disadvantages. In the
      case of French-fried potatoes, the procedure is not always effective to
      avoid darkening. In addition, serious impairment of texture and flavor is
      often encountered. In the case of potato chips, hot-water leaching is not
      employed because texture and flavor are almost completely destroyed under
      conditions necessary to adequately prevent darkening.
PAR  An object of the invention is to provide the means for remedying the
      problems outlined above. A particular advantage of the invention is that
      it provides products of acceptable color even where the raw stock contains
      excessive amounts of reducing sugar and would be unsuitable for use unless
      it were reconditioned prior to conversion to fried products. Another
      important advantage of the invention is that it enables the formation of
      fried products of desirable properties from varieties which are normally
      unsuitable because of their inability to respond to reconditioning.
PAR  The process of this invention involves, essentially, the following steps:
      Pieces of raw potato are pre-fried, that is, fried for a short time in hot
      oil. Next, the pre-fried pieces are leached by contact with water.
      Following the application of these critical steps, the treated pieces may
      be subjected to any of various procedures, depending on the type of final
      product desired.
PAR  The critical item in the invention is the combination of the steps of
      pre-frying and water-leaching. The pre-fry insolubilizes starch and
      proteins, thereby maintaining flavor that would otherwise be lost in the
      leaching step. In addition, the pre-fry conditions the cells in such a way
      as to provide rapid removal of sugars in the subsequent water-leaching
      step. It is a special attribute of the invention that such sugars are
      removed equally from the entire surface area of each potato piece. As a
      result, excessive browning, which would normally take place, is prevented
      or at least substantially lessened. It is to be emphasized, however, that
      regardless of the theory involved, we have demonstrated that our process
      is effective, hence the invention is not to be limited to any particular
      theory or mechanism of action.
PAR  A particular advantage of the invention is that the color of the final
      product can be varied over a wide range. This is so because the final
      color is dependent upon the degree of sugar removal and this in turn is
      dependent upon the times and temperatures employed in the water-leaching
      step following the pre-fry. Thus, by adjusting these variables one can
      control color of the final product to meet specific consumer demands.
PAR  Another advantage of the invention is that the texture of the products is
      enhanced. For example, when French-fries are prepared in accordance with
      the invention, the combination of a pre-fry and a water-leach followed by
      a conventional par-fry increases the crispness of the exterior of the
      potato piece, but at the same time maintains a soft, mealy, baked potato
      interior. It is particularly important to note that use of a pre-fry
      creates a very crisp, rigid surface in the final product. This is a unique
      feature of the invention that cannot be duplicated by standard practices,
      i.e., leaching of the raw pieces followed by a par-fry in oil. Thus,
      application of a pre-fry, a water-leach, and a par-fry provides a means
      for setting a crisp texture in the French-fry and this texture is
      maintained on the consumer's plate. Without a pre-fry, French-fries,
      prepared simply by leaching in water and par-frying in oil, shrivel on the
      consumer's plate and exhibit a rubbery exterior. Moreover, it is of no
      consequence whether the French-fries of the invention are prepared for the
      table by baking in an oven or by finish-frying in oil. The process of the
      invention fixes a crisp texture in the potato strip that is maintained
      equally well through either means of final preparation.
PAR  In the case of potato chips, the invention maintains crispness and potato
      flavor, as well as yielding a desirable color. On the other hand, if raw
      potato slices are merely leached in water without a prior pre-fry, the
      chips have a tough, carboard-like texture and very little flavor.
PAR  Another advantage of the invention in relation to potato chips can be
      explained as follows: In current practice potato chips are prepared by
      slicing peeled potatoes and frying the slices in oil. During the fry the
      potato slices often develop "blisters" wherein several layers of tissue
      separate from other tissue and assume a bubble-like form. Not only do
      these blisters detract from the appearance of the chips, but they can also
      trap oil, thus raising the oil content and lowering the nutritional value
      of the chips. Potato chips prepared in accordance with the invention are
      free from blisters. A combination of the steps of pre-frying and leaching
      in water avoid this undesirable blistering effect.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In a practice of the invention, raw potatoes are first subjected to the
      usual preliminary steps such as washing, peeling, and cutting into pieces.
      The shape and dimensions of the pieces will be dictated by the type of
      product desired. For example, for preparing potato chips, the tubers are
      cut into slices about 0.05 to 0.07 inch thick. For preparing French-fries,
      the tubers are cut into strips having a square cross-section about 3/16 to
      1/2  inch on a side. The pieces may be rinsed with cold water to remove
      surface particles as is the usual practice, but this is not critical in
      our process.
PAR  Next, the raw potato pieces are pre-fried, that is, fried for a short
      period in hot oil. Generally, the temperature of the oil is about from
      325.degree. to 375.degree.F. However, lower or higher temperatures will
      provide at least some of the benefits of the invention. Temperatures above
      390.degree.F. should be avoided as most cooking oils deteriorate rapidly
      under such conditions. At temperatures below about 325.degree.F., oil
      uptake by the potato pieces is unduly increased. Thus, the oil temperature
      is preferably maintained at the stated range to avoid these extremes.
PAR  The time of pre-frying will depend on such factors as the oil temperature,
      the thickness of the potato pieces, and the color desired in the final
      product, and generally will range from about 5 to 120 seconds. In any
      event, care must be taken that the pieces are not fried long enough to
      turn brown, as such color change is oftentimes irreversible. In the case
      of potato chips, pre-fry times usually fall within the range of 5 to 60
      seconds or until an irreversible brown color is just beginning to form.
      For French-fries, best results are obtained with a time of 15 to 90
      seconds, subject to the size of the strips. It is preferred to pre-fry
      strips over 3/8  inch square for about 30-90 seconds. For smaller sizes,
      about 15-60 seconds is usually sufficient. For larger potato pieces it may
      be necessary to extend the pre-fry time to at least 120 seconds to obtain
      the desired color and texture in the products.
PAR  Following the pre-frying step, the potato pieces are leached by contacting
      them with water, for example, by immersing the pieces in water or by
      spraying or flooding water over them. The temperature of the water may
      range from just above freezing (about 33.degree.F.) to the boiling point
      (212.degree.F.). The higher temperatures in this range have the desirable
      effect that sugars are removed faster, but have the less desirable effect
      of reducing flavor and texture. Usually, it is preferred to use a water
      temperature in the range of about 100.degree. to 150.degree.F.
PAR  The time of leaching will depend on such factors as the sugar content of
      the potatoes, the temperature of the leach water, and the color that the
      processor desires in the final product. Generally, leaching is conducted
      for a period of about 1 to 30 minutes.
PAR  During the leaching step, oil introduced in the pre-frying step washes out
      the potato pieces. This oil can be readily recovered from the leach water
      by skimming, decanting, or centrifugation. The recovered oil is then dried
      and reused for frying.
PAR  After the potato pieces have been pre-fried and leached, they may be
      treated in any number of ways prior to distribution to the wholesaler,
      food service operator, or consumer. The treatment used will depend on the
      kind of product desired. For example, in the production of potato chips,
      the pre-fried and leached slices are finish-fried and packaged for
      distribution. Typically, the finish-frying is carried out in conventional
      manner by immersing the slices in hot (about 325.degree. to 375.degree.F.)
      oil until frothing ceases. This product would, of course, be ready for
      direct consumption. In the production of French-fries, any of various
      alternative treatments may be applied. One procedure involves
      surface-drying the pre-fried and leached strips by contacting them with
      hot air, for example, air at about 150.degree.-250.degree.F. Following
      this the strips are chilled or frozen (i.e., refrigerated to a temperature
      of about 40.degree.F. or below), and distributed in such state to the
      consumer or food service operator. To prepare it for the table the product
      is finish-fried in hot oil or baked in the oven. A preferred procedure
      which provides French-fries with superior texture, i.e., crisp exterior
      with mealy interior, involves the following treatment. The pre-fried and
      leached strips are par-fried, typically, by frying in oil at about
      355.degree. to 370.degree.F. for about 30-90 seconds to set the exterior
      texture and remove excess moisture. The par-fried strips are then chilled
      or frozen (i.e., refrigerated to a temperature of about 40.degree.F. or
      below), and distributed to the consumer or food service operator. To
      prepare it for the table, the refrigerated product is treated
      conventionally, i.e., finish-fried in hot oil or baked in the oven. If the
      potato product is used in a specific preparation, such as a frozen T.V.
      dinner, a par-fry longer than 90 seconds may be required to develop a
      texture that will be maintained when the dinner is baked in the oven.
PAR  In the foregoing description, emphasis is directed to the application of
      the invention to potatoes which exhibit excessive browning tendencies. The
      invention is, of course, not so restricted but is applicable to potatoes
      of any type, even those of acceptable browning tendencies, since the
      invention yields benefits in areas other than color, e.g., in texture and
      flavor.
PAR  The invention is further demonstrated by the following examples.
PAC  EXAMPLE 1
PAC  Potato Chips from High-sugar Potatoes: Effect of Pre-fry and Leach Times.
PAR  The potatoes used in this example were Kennebec variety, stored at
      42.degree.-45.degree.F. for 6 to 8 months, containing 2.6% dwb (dry weight
      basis) reducing sugars.
PAR  The potatoes were washed, peeled and sliced (approximately 0.060 inch
      thick).
PAR  Lots of the slices were pre-fried in oil at 365.degree.F. for different
      times (5, 10, 20, 30, and 45 seconds).
PAR  The pre-fried slices were then leached in water at 104.degree.F. for 10 or
      15 minutes.
PAR  Finally all of the slices were finish-fried in hot oil (365.degree.F.)
      until frothing ceased (standard practice).
PAR  a control was also prepared in which some of the potato slices were
      finish-fried without pre-frying or leaching.
PAR  The chips were examined for color, texture, appearance (uniformity of
      color), and flavor. The color was gauged by comparison with a set of color
      standards used in the industry: Potato Chip Color Reference Standard
      prepared by the Potato Chip Institute International, 940 Hanna Bldg.,
      Cleveland, Ohio 44115. The standard colors are numbered 0 to 10, with the
      higher number indicating darker color. Products generally regarded as
      acceptable in the trade are those which exhibit colors 3-5; products of
      color less than 3 are usually considered too light; those of color higher
      than 5 are usually considered too dark.
PAR  The conditions applied and the results obtained are summarized in the
      following table.
TBL                TABLE I                                                     

     ______________________________________                                    

     Run     Time of pre-fry,                                                  

                            Time of leach,                                     

                                          Color                                

             sec.           min.                                               

     ______________________________________                                    

     1        5             15            4.5                                  

     2       10             15            4.0                                  

     3       20             10            4.5                                  

     4       20             15            3.5                                  

     5       30             10            4.5                                  

     6       30             15            4.0                                  

     Control --             --            10                                   

     ______________________________________                                    

PAR  The products in accordance with the invention exhibited excellent flavor,
      texture, and color. The control chips were not only excessively dark, but
      also exhibited an undesirable charred-sugar taste.
PAC  EXAMPLE 2
PAC  Potato Chips from Low-sugar Potatoes: Effect of Pre-fry and Leach Times.
PAR  The potatoes used in this example were Kennebec variety, reconditioned to
      lower the content of reducing sugars to 1.8% (dwb).
PAR  Potatoes were washed, peeled, sliced (to 0.060 inch thick), and pre-fried
      in oil at 365.degree.F. for 20 seconds. Groups of the pre-fried slices
      were leached in water at 150.degree.F. for 5 and 10 minutes, respectively,
      and finish-fried until frothing ceased. The chips were tested as described
      in Example 1.
PAR  In this case, two controls were prepared. Control A was prepared by
      finish-frying some of the potato slices without pre-frying or leaching. In
      the case of Control B, a lot of raw potato slices was leached with water
      at 150.degree.F. for 10 minutes, then finish-fried.
PAR  The following is a tabulation of the results.
TBL  ______________________________________                                    

     Run             Leach time,   Color                                       

                     min.                                                      

     ______________________________________                                    

     1                5            4.0                                         

     2               10            3.5                                         

     Control A       --            7.5                                         

     Control B       10            7.5                                         

     ______________________________________                                    

PAR  The texture, appearance, and flavor, as well as the color, of the chips of
      the invention (Runs 1 and 2 above) were excellent. On the other hand,
      Control A had a very poor flavor (charred sugar) and Control B had a
      greatly reduced flavor and a cardboard-like texture.
PAC  EXAMPLE 3
PAC  Potato Chips from High-sugar Potatoes: Effect of Temperature of Leach
      Water.
PAR  The potatoes described in Example 1 were used. They were washed, peeled,
      and cut into slices approximately 0.06 inch thick.
PAR  The potato slices were pre-fried in oil at 365.degree.F. for 15 seconds,
      and lots of the pre-fried slices were leached in water at 198.degree.,
      104.degree., 74.degree., and 34.degree.F., respectively, for various
      times, then finish-fried in hot oil until frothing ceased. The resulting
      chips were tested as in Example 1.
PAR  Controls were also run wherein raw potato slices were leached under the
      same conditions as for the pre-fried slices, and then finish-fried.
PAR  The results are tabulated below.
TBL                TABLE III                                                   

     ______________________________________                                    

     Run         Leach Conditions     Color                                    

               Temp., .degree.F.                                               

                          Time, min.                                           

     ______________________________________                                    

     1           198           3          4.5                                  

     Control A   do.          do.         7.0                                  

     2           198           4          4.0                                  

     Control B   do.          do.         5.5                                  

     3           104          10          5.0                                  

     Control C   do.          do.         9.0                                  

     4           104          15          3.0                                  

     Control D   do.          do.         9 +                                  

     5            74          15          4.5                                  

     Control E   do.          do.         9 +                                  

     6            34          20          5.0                                  

     Control F   do.          do.         9.0                                  

     7            34          30          5.0                                  

     Control G   do.          do.         9.0                                  

     ______________________________________                                    

PAR  The chips in accordance with the invention exibited not only good color but
      also crisp texture and excellent flavor. The products of Runs 1, 3, and 6
      had particularly good flavor. The appearance of color in the chips was
      uniform. On the other hand, the control chips had greatly reduced flavor
      and a carboard-like texture, as well as dark color.
PAC  EXAMPLE 4
PAC  Large French-fries from High-sugar Potatoes: Effect of Leach Time and
      Temperature.
PAR  The potatoes used in this example were Russet Burbank variety, stored at
      42.degree.-45.degree.F. for 6 months, containing 5.3% (dwb) reducing
      sugars.
PAR  The potatoes were washed, peeled, and cut into strips 3/8 inch square in
      cross-section. The strips were pre-fried in oil at 365.degree.F. for 30
      seconds. Lots of the pre-fried strips were leached in water at
      104.degree.F. or 158.degree.F. for various times. The leached strips were
      then contacted with a current of hot (250.degree.F.) air for 2 minutes or
      for a time sufficient to remove surface water. The strips were then frozen
      to -30.degree.F. in a blast freezer. To prepare them for consumption and
      testing, frozen forzen strips were finish-fried in oil at 365.degree.F.
      for 3 minutes.
PAR  The French-fries so prepared were examined for color, appearance
      (uniformity of color), texture, and flavor. With regard to texture, it may
      be noted that good quality French-fried potatoes have a crisp exterior and
      a mealy interior. The color was gauged by comparison with a set of color
      standards used in the industry: USDA Color Standards for Frozen French
      Fried Potatoes, No. 64-1, 2nd ed. 1966, Munsell Color Co., Inc.,
      Baltimore, Md. The standard colors are numbered 0 to 4, with the higher
      numbers indicating darker color. Products generally regarded as acceptable
      in the trade are those which exhibit colors 1 or 2; products of color less
      than 1 are too light; those of color higher than 2 are generally too dark.
PAR  As controls, some of the raw potato strips were leached under the same
      conditions as for the pre-fried strips. After leaching, the control strips
      were processed as in commercial practice, i.e., par-fried in oil at
      365.degree.F. for 60 seconds, frozen at -30.degree.F., and finish-fried in
      oil at 365.degree.F. for 3 minutes. The control French-fries were examined
      in the same manner as explained above.
PAR  The treatments applied and the results obtained are summarized in the
      following table.
TBL  ______________________________________                                    

     Run         Leach conditions     Color                                    

               Temp., .degree.F.                                               

                          Time, min.                                           

     ______________________________________                                    

     1           158          15          2.0                                  

     Control A   do.          do.         3.5                                  

     2           158          20          1.5                                  

     Control B   do.          do.         2.5                                  

     3           104          20          2.0                                  

     Control C   do.          do.         3.5                                  

     ______________________________________                                    

PAR  Besides having acceptable color, the fries of the invention had an
      excellent uniform appearance and a crisp exterior and mealy interior. On
      the other hand, the control fries were not crisp and tended to be wet in
      the interior and rapidly shriveled after finish-frying.
PAC  EXAMPLE 5
PAC  Large Fries from High-sugar Potatoes: Effect of Par-fry.
PAR  The potatoes used in these trials were those described in Example 1. The
      potatoes were washed, peeled, and cut into strips 3/8  inch square in
      cross-section.
PAR  The strips were pre-fried in oil at 365.degree.F. for 1 minute. Then, lots
      of the pre-fried strips were leached at 70.degree.F. or 150.degree.F. for
      various times. Following the leach, the strips were par-fried in oil at
      365.degree.F. for 30 or 60 seconds. The par-fried strips were then frozen
      to -30.degree.F. in a blast freezer. To prepare them for consumption and
      testing, the frozen strips were finish-fried in oil at 365.degree.F. for
      2.5 minutes. The French-fries so prepared were examined as set forth in
      Example 4.
PAR  For comparison, controls were also prepared wherein raw potato strips were
      leached under the same conditions as in the case of the pre-fried strips.
      After leaching, the control strips wre processed as described above, i.e.,
      par-fried, frozen, then finish-fried.
PAR  The results obtained are summarized below.
TBL                TABLE V                                                     

     ______________________________________                                    

     Run       Leach conditions Par-fry   Color                                

             Temp., .degree.F.                                                 

                      Time, min.                                               

                                time, sec.                                     

     ______________________________________                                    

     1         150        15        30      2.0                                

     Control A do.        do.       do.     3.5                                

     2         150        15        60      2.0                                

     Control B do.        do.       do.     3.5                                

     3          70        20        30      2.0                                

     Control C do.        do.       do.     4 +                                

     4          70        20        60      2.0                                

     Control D do.        do.       do.     4 +                                

     ______________________________________                                    

PAR  The data indicate that the par-fry after leaching does not diminish the
      benefits of the invention. Excellent color is obtained. In addition,
      texture was excellent in that the fries exhibited a crisp exterior
      complimented by a very mealy interior.
PAR  It should be noted that increasing the par-fry time from 30 to 60 seconds
      enhanced crispness.
PAC  EXAMPLE 6
PAC  Small French-fries from High-sugar Potatoes: Effect of Several Variables.
PAR  The potatoes used in these trials were Russet Burbank variety containing
      2.5% (dwb) reducing sugars. The potatoes were washed, peeled, and cut into
      strips 1/4  inch square in cross-section.
PAR  The strips were divided into groups and pre-fried in oil at 365.degree.F.
      for 15 or 30 seconds. Subgroups of the pre-fried strips were leached in
      water at 150.degree.F. for various times. Then, strips from each treatment
      were par-fried in oil at 365.degree.F. for 30, 60, or 90 seconds. The
      par-fried strips were frozen to -34.degree.F. in a blast freezer. To
      prepare them for consumption and testing, the frozen strips were
      finish-fried in oil at 365.degree.F. for 2.5 minutes. the French-fries so
      prepared were examined as set forth in Example 4.
PAR  For purpose of comparison, controls were also prepared wherein raw potato
      strips were leached in water at 150.degree.F. for 15 minutes, par-fried in
      oil at 365.degree.F. for 30, 60, or 90 seconds, frozen at -34.degree.F.,
      and finish-fried for 2.5 minutes in oil at 365.degree.F.
PAR  The treatments applied and the results obtained are summarized below.
TBL                TABLE VI                                                    

     ______________________________________                                    

     Run        Pre-fry   Leach     Par-fry Color                              

                time,     time,     time,                                      

                sec.      min.      sec.                                       

     ______________________________________                                    

     1          15        10        30      1.5                                

     2          do.       do.       60      2.0                                

     3          do.       do.       90      2.0                                

     4          15        15        30      1.5                                

     Control A   0        do.       do.     3.5                                

     5          15        15        60      1.5                                

     Control B   0        do.       do.     3.5                                

     6          15        15        90      2.0                                

     Control C   0        do.       do.     3.5                                

     7          30        10        30      1.5                                

     8          do.       do.       60      2.0                                

     9          do.       do.       90      2.0                                

     10         30        15        30      1.5                                

     11         do.       do.       60      1.5                                

     12         do.       do.       90      2.0                                

     ______________________________________                                    

PAR  The products of the invention exhibited not only good color but also
      excellent flavor and texture in that they remained rigid (non-limp) even
      after cooling on the plate. The control products had reduced flavor and
      when cooled became limp and soggy.
PAC  EXAMPLE 7
PAR  The potatoes used in these trials were Russet Burbank variety containing
      2.5% (dwb) reducing sugars. The potatoes were washed, peeled, and cut into
      strips 1/4 inch square in cross-section.
PAR  A lot of the strips was pre-fried in oil at 365.degree.F. for 15 seconds,
      then leached in water at 150.degree.F. for 15 minutes. Sub-lots of the
      leached strips were par-fried in oil at 365.degree.F. for 30, 60, or 90
      seconds. The par-fried strips were frozen to -34.degree.F. in a blast
      freezer. To prepare them for consumption and testing, the frozen strips
      were finish-baked in an oven at 425.degree.F. The baking time varied from
      6-9 minutes for the 90-second par-fried strips to 10-14 minutes for the
      30-second par-fried strips. The French-fries so prepared were examined
      immediately after preparation and after standing in the open air. It was
      observed that the products were crisp and rigid (not limp) and retained
      both crispness and rigidity throughout the period of observation (30
      minutes).
PAR  Controls were prepared wherein the pre-frying was omitted, that is, the raw
      strips were leached at 150.degree.F. for 15 minutes, par-fried for 30, 60,
      or 90 seconds, frozen to -34.degree.F., and finally finish-baked in the
      oven at 425.degree.F. It was observed that these control French-fries were
      initially crisp but shriveled quickly (in about 5-10 minutes) and became
      limp and soggy.
CLMS
STM  Having thus described our invention, we claim:
NUM  1.
PAR  1. A process for enabling the preparation of fried potato products of
      improved properties from raw potato pieces which exhibit excessive
      browning tendencies, which comprises -
PA1  a. pre-frying pieces of raw potato in oil at a temperature about from
      325.degree. to 375.degree.F. for a time which is not long enough to cause
      said pieces to turn brown and which falls within the range of about 5 to
      120 seconds, and
PA1  b. leaching the pre-fried pieces in water for a period about from 1 to 30
      minutes, and
PA1  c. preparing said leached slices for consumption by frying.
NUM  2.
PAR  2. The process of claim 1 wherein the potato pieces are slices having a
      thickness of about 0.05 to 0.07 inch, and wherein the pre-frying is for
      about 5 to 60 seconds.
NUM  3.
PAR  3. The process of claim 1 wherein the potato pieces are strips having a
      square cross-section about 3/16 to 1/2 inch on a side, and wherein the
      pre-frying is for about 15 to 120 seconds.
NUM  4.
PAR  4. A process for preparing a stock for the production of French-fries from
      raw potato pieces which exhibit excessive browning tendencies, which
      comprises -
PA1  a. cutting raw potatoes into strips,
PA1  b. pre-frying the raw potato strips in oil at a temperature about from
      325.degree. to 375.degree.F. for a time which is not long enough to cause
      said pieces to turn brown and which falls within the range of about 15 to
      120 seconds,
PA1  c. leaching the pre-fried strips in water for a period about from 1 to 30
      minutes,
PA1  d. surface-drying the leached strips,
PA1  e. refrigerating the surface-dried strips to a temperature of about
      40.degree.F. or below, and
PA1  f. holding the refrigerated strips at a temperature of about 40.degree.F.
      or below until they are to be prepared for consumption by frying.
NUM  5.
PAR  5. A process for preparing French-fries from raw potato pieces which
      exhibit excessive browning tendencies, which comprises -
PA1  a. cutting raw potatoes into strips,
PA1  b. pre-frying the raw potato strips in oil at a temperature about from
      325.degree. to 375.degree.F. for a time which is not long enough to cause
      said pieces to turn brown and which falls within the range of about 15 to
      120 seconds,
PA1  c. leaching the pre-fried strips in water for a period about from 1 to 30
      minutes,
PA1  d. par-frying the leached strips in hot oil at about 355.degree. to
      370.degree.F for about 30 to 90 seconds,
PA1  e. refrigerating the par-fried strips to a temperature of about
      40.degree.F. or below, and
PA1  f. holding the refrigerated strips at a temperature of about 40.degree.F.
      or below until they are to be prepared for consumption by frying.
NUM  6.
PAR  6. A process for preparing potato chips from raw potato pieces which
      exhibit excessive browning tendencies, which comprises -
PA1  a. cutting raw potatoes into slices having a thickness of about 0.05 to
      0.07 inch,
PA1  b. pre-frying the raw potato slices in oil at a temperature time which is
      not long enough to cause said pieces to turn brown and which falls within
      the range of about from 325.degree. to 375.degree.F. for a about 5 to 60
      seconds,
PA1  c. leaching the pre-fried slices in water for a period about from 1 to 30
      minutes, and
PA1  d. preparing said leached slices for consumption by finish-frying said
      slices in hot oil.
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ABST
PAL  The lingering sweet aftertaste characteristic of certain sweeteners is
      eliminated by employing therewith a flavor modifying amount of aluminum
      potassium sulfate, Naringin or a combination thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of eliminating the lingering sweet
      aftertaste of certain sweeteners. Specifically, the invention pertains to
      the combination of dipeptide sweeteners with aluminum potassium sulfate,
      Naringin, or a mixture thereof, which serves to mask the delayed sweetness
      intensity of dipeptide sweeteners.
PAR  The use of low-calorie sweeteners in place of sugar for the reduction of
      caloric intake, for medical reasons and for simple dietary reasons, is
      well known. The best known nonnutritive sweeteners are the saccharines,
      cyclamates, and most recently certain nutritive sweeteners examples of
      which are the dipeptide sweeteners such as lower alkyl esters of aspartyl
      phenylalanine and their edible salts.
PAR  All of the above groups of substances are appreciably sweeter than sucrose
      and have a low caloric content. However, the saccharines and cyclamates
      suffer from the disadvantages of leaving a bitter aftertaste in the mouth
      of the user. Attempts have been made to overcome this objectionable
      characteristic by combining these non-nutritive sweeteners with certain
      blocking and/or flavoring agents such as ribonucleosides, ribonucleotides,
      sodium chloride, d-galactose, tryptophans and the like.
PAR  The sweet-tart synergism long known in the art to exist in honey is now
      known to exist in the combination of potassium bitartrate and saccharine
      as taught in the January - February, 1972 issue of American Scientist,
      vol. 60, p. 45. However, although the sweetness level of the sweetener is
      purportedly increased, no evidence is given as to whether the problem of a
      lingering bitter aftertaste is at the same time alleviated.
PAR  Some sweeteners particularly the dipeptides do not demonstrate the bitter
      flavor notes of, for example, saccharine or cyclamate, but rather impart a
      lingering sweet aftertaste to the mouth of the user. Although it has not
      been determined how the known blocking and flavoring agents function in
      terms of bitterness reduction in the aforementioned non-nutritive
      sweeteners, it has been determined that their effect is minimal
      considering the concentrations that need be employed. In addition,
      blocking agents such as d-galactose and certain tryptophans impart their
      own characteristic sweetness which is not desirable where you otherwise
      have a pleasantly sweet compound. Therefore, use of the blocking and/or
      flavoring agents now known in the art with dipeptide sweeteners is
      undesirable.
PAR  Ideally, a taste modifier which has the ability to reduce the duration of
      sweetness without, at the same time, imparting an added sweetness and
      which is effective at moderately low levels would introduce improved
      sweeteners to the low-calorie sweetener market. This invention affords a
      method of effecting the same by combining a sweetener having
      characteristic delayed sweetness with an effective amount of aluminum
      potassium sulfate, Naringin or a combination thereof.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that it is possible to control the duration of sweetening
      effects of lingeringly sweet low-calorie sweeteners such as dipeptide
      sweeteners and their salts. More specifically, when aluminum potassium
      sulfate, Naringin or a mixture of these compounds is added to such
      sweeteners as for example, L-aspartyl-L-phenylalanine methyl ester,
      hereinafter referred to as APM, in an amount effective to modify such
      aftertaste, or is employed in foodstuffs including beverages having a pH
      of about 5 or higher and containing such sweeteners, the sweet aftertaste
      characteristic of these sweeteners is eliminated. The foodstuffs should
      preferably have a pH of no less than about 5 due to the acid character of
      the flavor modifiers of this invention. Consequently their use in a
      primarily acid system would mask the sweetness of the dipeptide due to the
      high acid content. However, when these acidic taste modifiers are employed
      in a beverage which is nearly neutral to alkaline in pH, the acidity of
      the taste modifier and the basidity of the beverage neutralize the system
      so that the sweetness can more readily be observed.
PAR  Aluminum potassium sulfate hereinafter referred to as alum, and Naringin,
      otherwise known as 4', 5, 7-trihydroxyflavanone 7-rhammoglucoside have
      been found to exhibit unique flavor modifying properties and it is this
      new use which serves to benefit the sweetener market. Since the flavor
      modifiers of this invention have a unique "puckering" effect on the mouth
      of the user when sampled alone, it is felt that this property in effect
      reduces the lingering sweetness by in fact altering the manner in which
      the sweetness of the dipeptide is physiologically perceived.
PAR  The astringent properties of both of these compounds prevent their use in
      bulking agent quantities but they can be used in minor amounts with both
      nutritive and non-nutritive sweeteners having a lingering sweet aftertaste
      and known bulking agents to provide for example, a bulked table sweetener
      devoid of lingering sweet aftertaste and low in calories. In addition,
      synergistic sweetening compositions devoid of persisting sweetness and
      which may be used in virtually any liquid or solid foodstuff may be
      formulated by combining alum, Naringin or both with a dipeptide and other
      sweeteners known to enhance the sweetening potency of the dipeptide; for
      example, saccharine, the soluble salts thereof, and/or the cyclamates to
      mention just a few. Still further, alum and/or Naringin may be combined
      with the subject non-nutritive sweeteners and sucrose to provide a
      sweetening composition devoid of lingering aftertaste but with a higher
      calorie content.
PAR  It is therefore the principal object of this invention to provide
      sweeteners which are devoid of undesirable lingering sweet aftertaste.
PAR  It is another object of the present invention to provide a process for
      reducing or eliminating the persistant sweet aftertaste of these
      sweeteners without reducing the initial flavor impact by combining alum or
      Naringin with the same sweeteners in amounts effective to modify the
      lingering sweet aftertaste of the same.
PAR  It is yet another object of the present invention to provide products in
      which the lingering sweet aftertaste of these sweeteners has been thus
      reduced or eliminated.
PAR  The sweeteners to which the present invention is applicable comprise both
      nutritive and non-nutritive sweeteners particularly the dipeptides where
      lingering sweet aftertaste is evident.
DETD
PAR  These and other objects and features of the invention will be apparent from
      the consideration of the following detailed description of the invention
      taken in conjunction with the accompanying examples and the appended
      claims.
PAC  DESCRIPTION OF THE INVENTION
PAR  Broadly, the present invention concerns a sweetening composition comprising
      alum, Naringin or a combination thereof present in effective amounts to
      modify the lingering sweet aftertaste of sweeteners demonstrating such
      properties.
PAR  Germane to this class of sweeteners are the nutritive dipeptide sweeteners
      such as L-aspartyl-L-phenylalanine methyl ester. It is intended herein
      that any non-toxic or pharmaceutically acceptable salt of the dipeptide
      may also be used in the practice of this invention. Therefore, reference
      to dipeptide sweeteners will henceforth be intended to include such salts.
      The dipeptide sweeteners are the preferred sweeteners of this invention
      since their only organoleptic drawback is a lingering sweet aftertaste as
      compared to for example, saccharine or the soluble salts thereof which
      have an accompanying bitter aftertaste. Hence, addition of alum or
      Naringin to dipeptide sweeteners preferably L-aspartyl-L-phenylalanine
      methyl ester or foodstuffs containing the same results in a sweetening
      composition or dipeptide sweetened food product devoid of any tarrying
      aftertaste whatsoever attributable to the dipeptide.
PAR  Naringin is a bitter extract naturally occurring in the flowers of
      grapefruit trees, grapefruit peel, and in other types of fruit and rind.
      Due to the fact that large quantities of fruit and rind are required to
      obtain an appreciable amount of Naringin, use of this compound alone as a
      taste modifier would involve considerable expense. Consequently, the
      combination of alum with dipeptide sweeteners such as
      L-aspartyl-L-phenylalanine methyl ester is the preferred embodiment of
      this invention.
PAR  In accordance with one embodiment of the invention, the sweetening
      composition of the present invention, preferably alum and APM, can be
      combined with a solid pharmaceutical carrier and compressed into tablet
      form. Any of the customarily employed fillers and adjuvants such as
      dextrins and whey solids of high bulk and low density, lactose and starch
      can be added as a bulking agent, inert extender or carrier. In addition,
      it may be desirable to include mixtures of carbonates and organic acids in
      the manner well known in the art.
PAR  In accordance with another modification of the present invention, the
      sweetening composition comprised of alum and a lingeringly sweet
      sweetener, preferably a dipeptide sweetener such as
      L-aspartyl-L-phenylalanine methyl ester or a combination of the same with
      other sweeteners such as sugar, saccharine and/or cyclamate can be
      combined with a conventional bulking agent such as for example lactose,
      polyglucose, polymaltose, a polymaltodextrin or starch and blended into
      granulated form or co-dried as by drum-drying to produce the desired
      crystalline appearance. Preferably, the dry granulated composition will
      have a sweetening power approximately equivalent to sucrose on a volume
      basis.
PAR  In conformity with still another embodiment of this invention, the
      sweetener/alum sweetening composition may be incorporated into a
      moderately acidic to alkaline dry, carbonated or non-carbonated beverage
      to provide a final beverage product of desirable sweetness intensity
      without an accompanying sweet aftertaste.
PAR  The sweetening composition of the present invention can also be extended
      with water or other edible liquid systems such as edible polyhydric
      alcohols in which alum is soluble e.g. glycerol, or edible oils for use as
      a liquid sweetener, coating material or the like.
PAR  It should be noted that the components of the sweetening composition of
      this invention must be in combination in order to achieve the desired
      results. Thus, while specific modifications of this invention have been
      stipulated in terms of combining alum with the sweetener, it is not wished
      that the scope of this invention be restricted to the same. Hence, any
      suitable method of combining or preferably complexing the components of
      the sweetening composition of this invention which should be obvious to
      those skilled in the art may be utilized. Hence, when speaking in terms of
      combining the sweetener with alum outside the context of addition to a
      foodstuff in order to derive a composition comprised essentially of these
      ingredients, dry blending, co-drying a solution containing the sweetener
      and alum, as by drum drying, spray drying, freeze-drying or the like,
      agglomeration or any additional known methods and modifications thereof
      are intended for inclusion within this invention. Similarly, when speaking
      in terms of employing the sweetening compositions of this invention in a
      foodstuff, it should be obvious to those skilled in the art that numerous
      methods are available to bring about such a combination, preferably taking
      into consideration the type of product and process to which the product
      may be subjected. Thus, while the sweetener and alum may be combined prior
      to addition to the foodstuff or added concurrently or intermittently
      thereto, there will be some instances particularly when dipeptide
      sweeteners are employed, where it will be preferred that the sweetener
      either alone or in combination with alum be added to the foodstuff after
      the foodstuff has been either partially or completely processed. Thus, for
      example, where the particular product is to be subjected to increased
      temperatures, e.g. above 100.degree.C, and where dipeptide sweeteners are
      to be employed it may be desirable to add the same to the product after
      such heat processing due the sensitivity of these dipeptides to thermal
      degradation.
PAR  The modified sweetener of the present invention can be used in beverages,
      breakfast drinks, syrups, candies, cereals, desserts such as puddings,
      gelatin, and in virtually any dry, semi-moist or moist foodstuff
      preferably having a pH of no lower than about 5 and in which a
      non-lingeringly sweet taste is desired.
PAR  The following examples are given to further illustrate the present
      invention. The scope of the invention is not, however meant to be limited
      to the specific details of the example.
PAC  EXAMPLE I
PAR  A puffed cereal product is pre-sweetened with L-aspartyl-L-phenylalanine
      methyl ester (APM) in the following two-step method.
PAR  A corn syrup system is prepared which contains:
TBL  Corn Syrup (42 DE)       56%                                              

     Morrex (10 DE)           18%                                              

     Water                    26%                                              

PAL  This syrup is homogenously mixed using a magnetic stirrer and thereafter
      sprayed onto the puffed cereal product at a ratio of one part syrup to one
      part cereal.
TBL  ______________________________________                                    

     An APM oil system containing:                                             

      Safflower Oil           81.810                                           

      APM                     13.428                                           

      Aluminum Potassium                                                       

       Sulfate                4.762                                            

     ______________________________________                                    

PAL  is mixed to form a homogenous oil system. This APM oil system is sprayed
      onto the pre-coated puffed cereal at a ratio of 97.7 g cereal to 2.3 g APM
      solution to give a final concentration of 60% cereal, 26.86% corn syrup,
      10.84% Morrex, 1.88% safflower oil, 0.31% APM and 0.11% alum.
PAR  The resulting cereal product has an initial burst of sweetness when
      consumed but does not demonstrate any lingering sweet aftertaste in the
      mouth of the user.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A modified sweetening composition which comprises a dipeptide sweetener
      and a minor amount of a taste modifier selected from the group consisting
      of aluminum potassium sulfate, Naringin and mixtures thereof effective to
      modify the lingering sweet aftertaste of the dipeptide sweetener.
NUM  2.
PAR  2. The composition of claim 1 wherein the taste modifier is aluminum
      potassium sulfate.
NUM  3.
PAR  3. The composition as recited in claim 1 wherein the dipeptide is
      L-aspartyl-L-phenylalanine methyl ester.
NUM  4.
PAR  4. The composition as recited in claim 3 wherein L-aspartyl-L-phenylalanine
      methyl ester is combined with other sweeteners.
NUM  5.
PAR  5. The composition as recited in claim 4 wherein the other sweetener is a
      saccharine.
NUM  6.
PAR  6. The composition as recited in claim 4 wherein the other sweetener is a
      cyclamate.
NUM  7.
PAR  7. The composition as recited in claim 4 wherein the other sweetener is
      sucrose.
NUM  8.
PAR  8. A method of modifying the lingering sweet aftertaste of dipeptide
      sweeteners demonstrating such aftertaste which comprises combining the
      dipeptide sweetener with a minor amount of a taste modifier selected from
      the group consisting of aluminum potassium sulfate, Naringin and mixtures
      thereof effective to modify the lingering sweet aftertaste of the
      dipeptide sweetener.
NUM  9.
PAR  9. The method of claim 8 wherein the taste modifier is aluminum potassium
      sulfate.
NUM  10.
PAR  10. The method as recited in claim 9 wherein the dipeptide is
      L-aspartyl-L-phenylalanine methyl ester.
NUM  11.
PAR  11. A dipeptide sweetened foodstuff which is devoid of any lingering sweet
      aftertaste which comprises in combination a foodstuff, a dipeptide
      sweetener and a minor amount of a taste modifier selected from the group
      consisting of aluminum potassium sulfate, Naringin, and a mixture thereof
      effective to modify the lingering sweet aftertaste of the dipeptide.
NUM  12.
PAR  12. The foodstuff of claim 11 wherein the taste modifier is aluminum
      potassium sulfate.
NUM  13.
PAR  13. The foodstuff as recited in claim 11 wherein the dipeptide is
      L-aspartyl-L-phenylalanine methyl ester.
NUM  14.
PAR  14. The foodstuff as recited in claim 13 wherein the foodstuff is a cereal.
NUM  15.
PAR  15. The foodstuff as recited in claim 13 wherein the foodstuff is a
      beverage.
NUM  16.
PAR  16. The foodstuff as recited in claim 11 wherein the dipeptide is combined
      with other sweeteners.
NUM  17.
PAR  17. The foodstuff of claim 16 wherein the other sweetener is a saccharine.
NUM  18.
PAR  18. The foodstuff of claim 16 wherein the other sweetener is a cyclamate.
NUM  19.
PAR  19. The foodstuff of claim 16 wherein the other sweetener is sucrose.
NUM  20.
PAR  20. The foodstuff as recited in claim 11 wherein the sweetener and the
      taste modifier are added concurrently to the foodstuff.
NUM  21.
PAR  21. The foodstuff as recited in claim 11 wherein the sweetener and the
      taste modifier are added intermittently to the foodstuff.
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ABST
PAL  A low calorie, low-hygroscopic, quick-dissolving sweetening composition is
      obtained by co-drying a solution of a dipeptide sweetening agent with an
      edible, bland, low calorie polysaccharide in defined ratios.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a sweetening composition having the
      desirable sweetness intensity and rate of solubility of sucrose without
      the accompanying caloric content. More specifically, this invention
      pertains to a sweetening composition having the above mentioned properties
      which comprises a dipeptide sweetener and an edible, bland, low calorie
      polysaccharide and the method of making the same.
PAR  It is well known that the dipeptide compounds of this invention set forth
      principally in U.S. Pat. Nos. 3,475,403 issued Oct. 28, 1969, 3,492,131
      issued Jan. 27, 1970, 3,695,898 issued Oct. 3, 1972 and more recently
      3,714,139 issued Jan. 30, 1973 possess intensely sweet and low calorie
      properties. It has also been determined, however, that these compounds as
      a class have a markedly slower rate of solution than sucrose making their
      use in food and beverage systems impractical notwithstanding their
      attractiveness as low calorie sweetening compounds.
PAR  Methods for improving solubility which are known in the art could
      foreseeably function effectively with these compounds such as admixing the
      same with fumaric and/or adipic acid, incorporating a surface active agent
      or combining these dipeptides with certain dry bulking agents which may or
      may not affect their solubility. However, these compounds do not serve the
      purpose of this invention which is to produce a sweetening composition
      having not only a satisfactory rate of solubility and low calorie content,
      but also a "keeps well" property due to low hygroscopicity. At the same
      time, addition of a compound which would impart any type of aftertaste
      resulting in an alteration of the natural sweet properties of the
      dipeptide is highly undesirable and therefore a bland bulking agent would
      be preferred.
PAR  In the light of a great demand for new functional sweetening agents, the
      invention herein presented fulfills the above mentioned criteria so
      important from a food technological as well as consumer point of view.
PAC  SUMMARY OF THE INVENTION
PAR  It has been found that polymaltose and polymerized dextrins which are
      non-toxic, bland, low-calorie synthetic polysaccharides prepared by acid
      catalyzed polymerization under vacuum (10.sup..sup.-5 to 10 mm Hg) at
      elevated temperatures (100.degree.C to 170.degree.C) first taught by
      British Patent No. 1,182,961 issued Mar. 4, 1970, U.S. Pat. No. 3,325,296
      and Advances in Carbohydrate Chemistry, "Chemical Synthesis of
      Polysaccharides" Vol. 21, 1966, when co-dried with a dipeptide serves the
      multifunctional purpose of this invention. Explicitly, when polymaltose, a
      polymerized dextrin such as polymaltodextrin or combinations thereof and
      L-aspartyl-L-phenylalanine methyl ester, hereinafter referred to as APM,
      are either dry mixed in a pre-defined ratio and placed in solution, or
      solutions of the same combined to give the pre-defined ratio of APM to
      synthetic polymer, and thereafter co-dried by either drum drying,
      freeze-drying, spray-drying or similar such methods, a dry sweetening
      composition which is low in calories, low in hydroscopicity, devoid of
      unpleasant aftertaste and at least two to six times faster dissolving than
      APM alone is obtained.
PAR  Combining these dipeptides with other carbohydrates such as fructose,
      invert sugar, dextrin and the like by known co-drying techniques serves to
      increase the sweetness of the resulting composition by reason of
      contributing its own sweetness of the system and at the same time prevents
      deliquescense of these carbohydrates under moist conditions due to the
      high hygroscopicity of the same. Although combining dipeptides sweeteners
      with these carbohydrates results in a multifunctional composition of
      increased sweetness and lowered hygroscopicity, these carbohydrates are
      high in calorie content and have characteristic flavor notes of their own.
      Since the primary object of this invention is to produce a multifunctional
      sweetening composition which is also low in calories and devoid of
      aftertaste, reference will henceforth be made to the aforementioned bland,
      low calorie synthetic polysaccharides.
PAR  Since, polymaltose and the polymerized dextrins are hygroscopic, and the
      dipeptides of this invention have extremely poor solubility, the
      multifunctional sweetening formulation derived results from the retention
      of only the desirable qualities of each starting material. The ability of
      APM to eliminate the tendency of these synthetic polymers to deliquesce
      under moist conditions can be explained by the hydrophobic character of
      the benzene ring on the dipeptide molecule which functions to reduce the
      hygroscopicity of the polymer by reason of contributing its own
      hydrophobicity to the system. Thus, the higher the ratio of dipeptide to
      polymer, the less hygroscopic the system becomes. This does not involve
      any chemical interaction between the two components, however, and
      therefore, no relinquishment of sweetness by the dipeptide is experienced.
      Alternatively, the rate of solubility of the dipeptide, specifically APM
      is increased by relying upon the innately high rate of solubility of these
      polymers. Thus the higher the ratio of polymer to dipeptide, the more
      rapidly soluble the sweetening composition becomes. Since the interests
      are conflicting in terms of acquiring the most desirable degree of
      solubility and hygroscopicity, the dipeptide and polymer should be in
      sufficient proportion to produce a sweetening composition which is both
      fast dissolving and low in hygroscopicity.
PAR  This invention finds utility as a non-hygroscopic table sweetener or in
      virtually any foodstuff where characteristic low calorie content, rapid
      solubility and "keeps-well" properties are desired.
PAR  Accordingly, it is the principle object of this invention to produce a
      sweetening composition which is low in calories, rapidly soluble,
      non-hygroscopic and devoid of unpleasant after-taste due to the addition
      of compounds known to increase dispersibility and/or lower hygroscopicity.
PAR  The above and additional objects of this invention are accomplished by
      co-drying a solution of a dipeptide sweetener and an edible, bland, low
      calorie polysaccharide. The invention is predicated upon the discovery
      that when the dipeptide and polysaccharide are in a defined ratio range,
      it is possible to produce a dry sweetening composition which when placed
      in solution and dried has the beneficial properties of rapid solubility
      and low-hygroscopicity in addition to being low in calories.
DETD
PAR  The features of this invention which are believed to be novel are
      distinctly set forth and claimed in the concluding portion of this
      specification.
PAC  DESCRIPTION OF THE INVENTION
PAR  The multifunctional sweetening composition of this invention is prepared by
      co-drying a solution of a dipeptide sweetener with an edible, bland, low
      calorie polysaccharide. The term "dipeptide" as used throughout this
      invention is intended to refer to both the unmodified dipeptide sweeteners
      and the non-toxic soluble salts thereof. The dipeptide salts increase the
      rate of solubility of the dried formulation but are more hygroscopic than
      the unmodified dipeptide and lend an acid flavor to the final product.
      Therefore, employing a sweetening amount of these salts in for example,
      fruit-type beverages or the like where an acidulous note is acceptable is
      preferred only where a faster rate of solubility is of more import than
      the accompanying increase in hygroscopicity. The term "polysaccharide" as
      used throughout the description of this invention is intended to refer to
      any edible polysaccharide which is bland, low in calories and readily
      soluble in aqueous systems. Currently, these characteristics are embodied
      in polymaltose and polymerized dextrins. The dextrins utilized are
      preferably those having a dextrose equivalent (D.E.) greater than 20.
      These dextrins are particularly preferred since polymerization occurs more
      readily with the greater amount of reducing groups present. In addition,
      the high D.E. polymerized dextrins are less susceptible to enzyme
      hydrolysis due to their highly branched structure. It should be obvious to
      those skilled in the art that compounds enjoying the aforementioned
      properties which have not been named specifically in this invention are
      intended for inclusion in the same especially those which are low in
      hygroscopicity.
PAR  The solution may be prepared by simply homogenously co-mixing the
      artificial sweetening agent with the polysaccharide and combininng the
      same into one homogenous solution or by similar known manners. The salient
      point of this invention is that when the sweetener and polysaccharide are
      in sufficient proportion to one another, the dry composition demonstrates
      both the desirable rate of solubility of the polysaccharide and the
      hydrophobicity of the sweetener when placed in solution and co-dried.
      Concentrations of these compounds are usually in the range of about 1:19
      to about 3:7 by weight of the dipeptide to polysaccharide about 1:3 to
      about 1:4 preferred. It should be obvious to those skilled in the art that
      variations from this ratio range may be had and a low calorie, sweet
      composition be derived. However, it has been found that the aforementioned
      ranges serve to produce a low calorie sweetening composition which is in
      addition low-hygroscopic and rapidly soluble in aqueous systems.
      Consequently, appreciable variances from the aforementioned ranges will
      not produce an artificial sweetening composition having all of the
      desirable properties previously set forth.
PAR  As the sweetness level of the multifunctional formulation may be adjusted
      according to the specific requirements of the foodstuff by changing the
      ratio of sweetener to polyglucose, so may the bulk density of the end
      product be adjusted by selecting the proper drying procedure.
      Freeze-drying produces the lowest bulk density product and eliminates the
      possibility of thermal degradation but is the most expensive means of
      co-drying the composition. However, since this method does produce a final
      product with the fastest rate of solubility in terms of other drying
      methods, it is preferred where rate of solubility is a prime
      consideration. In addition, the possibility of thermal degradation of the
      dipeptide is eliminated. In terms of deriving a matrix appropriate for use
      as a table sweetener, it is important that the drying conditions be
      carried out by a method which effectively bulks the matrix formed as by
      achieving a distinct blistering effect by spray-drying the solution under
      conditions which result in a bulk compatible with like sweetening effects
      of an equal volume of sucrose. Such a product is preferably produced by
      spray-drying. However, it may also be produced by drum drying, either
      atmospherically or under a vacuum. Desirably, the spheres produced by
      spray drying are less dusty, more glossy in appearance, and more
      suggestive of a crystalline table sugar product than the drum dried
      product which has a relatively extreme degree of dustiness. The intended
      bulk of the product is a matter within the skill of the calling. Thus, it
      is within the scope of this invention to agglomerate the dry product to
      achieve a bulking effect which agglomeration may be practiced by a
      grinding of a spray-dried or otherwise dried matrix material and then an
      agglomeration of discrete particles. Known methods of agglomeration which
      may be conducted with a minimum of hydration are preferred since the
      dipeptide sweeteners of this invention tend to decompose after prolonged
      exposure to the same.
PAR  In all instances, the better quality product especially from a
      hygroscopicity and deliquescence point of view can be prepared when the
      polysaccharide is purified as by solvent precipitation or ultrafiltration.
      The ultra-filtrated polysaccharide is preferred not only because of the
      undesirability of using large amounts of flammable solvents, but mainly
      due to the fact that the molecular size of the product can more easily be
      controlled making it possible to eliminate virtually all of the low
      molecular weight reaction products. These products contain appreciable
      amounts of reducing groups which, when present, could react with the free
      amino group of the dipeptide sweetener to cause a reduction in sweetness.
      Polymaltose and polymerized dextrins are not currently available but are
      prepared by the polymerization of maltose or dextrins respectively by
      using preferably phosphoric acid as a catalyst at elevated temperatures
      and reduced pressure. These polysaccharides may also be prepared by
      controlled polymerization of maltose or a dextrin with sorbitol and
      polycarboxylic acid at specified ratios which may result in two unpurified
      forms--an acid fused form and a bleached neutralized form. The latter
      surprisingly demonstrates a faster rate of solubility when co-dried with
      APM than the acid form and is, therefore, preferred.
PAR  Generally, the low molecular weight fragments present in the unpurified
      polysaccharides account for the high degree of hygroscopicity.
      Consequently, when these synthetic polymers are purified as for example by
      ultrafiltration where such undesirable low molecular weight fragments are
      removed, the hygroscopicity of these polymers is reduced making it
      possible for higher ratios of polymer to dipeptide to be utilized without
      an accompanying increase in hygroscopicity. In addition, where a
      phosphoric acid catalyzed polymer is utilized, a significantly improved
      rate of solubility is achieved. The preferred phosphoric acid catalyzed
      polymaltose or polymerized dextrin may generally be prepared by dispersing
      maltose or a dextrin respectively in water which solution is heated for
      complete dissolution of the carbohydrate material. Either prior to heating
      the solution, during the dissolution of the carbohydrate or subsequent to
      having obtained a homogenous solution, a catalytic amount of phosphoric
      acid is added to the solution to keep the solution to a pH of preferably
      about 1.8 to about 2.4. The solution is thereafter dried in a vacuum-type
      dryer such as a rotary evaporator to form a thick syrup having a moisture
      content of usually no higher than 10 percent. The utilization of vacuum
      heating is necessary in order to effect the desirable degree of
      polymerization which is usually about 10  to about 100 anhydroglucose
      units. The resultant material is then dissolved in water and preferably
      neutralized by adding a neutralizing amount of alkaline solution. The
      solution is preferably ultrafiltrated in order to remove low molecular
      weight fragments. The sweetener may thereafter be added to the solution
      prior to spray-drying, freeze-drying, drum-drying or the like.
PAR  Accordingly, for reasons of rate of solubility and stability, the preferred
      embodiment of this invention is to co-freeze-dry a solution of
      L-aspartyl-L-phenylalanine methyl ester (APM) with an ultrafiltrated
      neutralized phosphoric acid -- catalyzed polymaltose or polymerized
      dextrin at a ratio of about 1:3 to about 1:4 by weight of APM to the
      polymer.
PAR  Upon reading the disclosure, those skilled in the art will be aware of a
      number of modifications and variations. It is contemplated that these
      modifications and variations be included within the scope of the present
      invention which is defined by the following claims:
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for producing a low calorie sweetening composition which is
      readily soluble in aqueous systems, low in hygroscopicity and devoid of
      aftertaste which alters the sweetness thereof which comprises:
PA1  a. forming an aqueous solution of a carbohydrate selected from the group
      consisting of maltose and dextrins having dextrose equivalent greater than
      20;
PA1  b. heating the carbohydrate solution until the carbohydrate is completely
      solubilized;
PA1  c. adding a catalytic amount of phosphoric acid to the heated solution in
      order to catalyze the polymerization of the carbohydrate;
PA1  d. vacuum drying the acidified heated solution to form an acidified
      carbohydrate syrup;
PA1  e. vacuum heating the acidified carbohydrate syrup to obtain a polymer
      residue;
PA1  f. forming an aqueous solution of dipeptide sweetener with the polymer in a
      respective weight ratio range of about 1:19 to about 3:7.
PA1  g. drying the dipeptide sweetener/polymer solution.
NUM  2.
PAR  2. The process of claim 1 wherein the dipeptide is
      L-aspartyl-L-phenylalanine methyl ester.
NUM  3.
PAR  3. The process of claim 2 wherein the catalytic amount of phosphoric acid
      is added to bring the solution to a pH of about 1.8 to about 2.4.
NUM  4.
PAR  4. The process of claim 2 wherein the polymer residue is dissolved in water
      and neutralized prior to combining with the dipeptide.
NUM  5.
PAR  5. The process of claim 3 wherein the neutralized polymer solution is
      ultrafiltrated.
NUM  6.
PAR  6. The process of claim 3 wherein the dipeptide sweetener and polymer are
      in the respective weight ratio range of about 1:3 to about 1:4.
NUM  7.
PAR  7. The process of claim 3 wherein the dipeptide sweetener/polymer is
      freeze-dried.
NUM  8.
PAR  8. The process of claim 3 wherein the dipeptide sweetener/polymer solution
      is dried to a final moisture content of no higher than 10 percent.
NUM  9.
PAR  9. The product of process according to claim 1.
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ABST
PAL  An improved gelling agent composition comprising in combination an alkali
      metal pyrophosphate, an alkaline earth metal orthophosphate, an alkali
      metal carbonate, and a thickening agent, the combination being useful in
      preparing cold set milk puddings. Preferably, the improved gelling agent
      combination comprises tetrasodium pyrophosphate or sodium acid
      pyrophosphate, monocalcium phosphate, sodium carbonate, and pregelatinized
      starch. The improved gelling agent is added to milk, or water containing
      redissolved nonfat dry milk, or redissolved casein.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Generally, the present invention relates to an improved gelling agent
      combination useful in preparing cold set milk puddings. More particularly,
      the invention relates to an improved gelling agent combination comprising
      an alkali metal pyrophosphate, an alkaline earth metal orthophosphate, an
      alkali metal carbonate, and a thickening agent.
PAR  Cold set milk puddings and their gelling agents are known. Generally, cold
      set milk pudding compositions comprise a gelling agent, precooked starch,
      and milk.
PAR  Various gelling agent combinations have been used to prepare cold set milk
      puddings. U.S. Pat. No. 2,607,692  teaches the use of a gelling agent
      combination comprising a tetraalkali metal pyrophosphate, such as
      tetrasodium pyrophosphate or tetrapotassium pyrophosphate, and an edible
      water-soluble calcium salt, for instance calcium acetate, calcium
      chloride, calcium propionate, calcium saccharate and calcium tartrate for
      use in preparing cold set milk puddings. However, cold set milk pudding
      prepared with the gelling agent composition taught in U.S. Pat. No.
      2,607,692 are known to exhibit an undesirable final viscosity in that they
      become rubbery or tough upon standing and therefore must be consumed
      shortly after preparation.
PAR  Another gelling agent combination for preparing cold set milk puddings is
      taught by U.S. Pat. No. 2,801,924. This gelling agent combination
      comprises an alkali metal pyrophosphate, as for example, monosodium
      trihydrogen pyrophosphate, disodium dihydrogen pyrophosphate, trisodium
      monohydrogen pyrophosphate, and tetrasodium pyrophosphate, and an alkali
      metal orthophosphate, such as mono-, di-, and trialkali orthophosphates.
      However, cold set milk puddings prepared with the gelling agent
      combination taught in U.S. Pat. No. 2,801,924 have been known to exhibit
      an undesirable initial viscosity in that they initially exhibit a texture
      which is thin or watery.
PAR  It is further known that U.S. Pat. No. 2,927,861 teaches the use of a
      gelling agent combination comprising a pregelatinized starch, a
      tetraalkali metal pyrophosphate, and a water-soluble alkaline reacting
      substance, such as alkali metal carbonates and bicarbonates, in the
      preparation of cold set milk puddings. However, one major problem
      associated with cold set milk puddings prepared with the gelling agent
      combination of U.S. Pat. No. 2,927,861 is the sensitivity of the cold set
      milk pudding to the particular grade of tetraalkali metal pyrophosphate
      used in the gelling agent combination. This results in cold set milk
      puddings exhibiting variable quality depending on the type of
      pyrophosphate being used.
PAR  In contrast, cold set milk puddings having the problems previously
      mentioned relating to initial and final viscosity, texture, and variable
      quality are overcome by the novel gelling agent composition of the present
      invention.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, there is provided an improved
      gelling agent for use in preparing a cold set milk pudding comprising the
      combination of an alkali metal pyrophosphate, an alkaline earth metal
      orthophosphate, an alkali metal carbonate, and a thickening agent selected
      from the group consisting of pregelatinized starch, gums, or mixtures
      thereof.
PAR  The gelling agent combination of the present invention when mixed with milk
      or a water solution of milk protein is useful in providing cold set milk
      puddings exhibiting improved initial and final pudding viscosity, texture,
      and taste.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  By alkali metal pyrophosphate it is meant to denote all water soluble
      alkali metal pyrophosphates and is intended to include dialkali metal
      pyrophosphates and/or tetraalkali metal pyrophosphates. Preferably, by
      alkali metal is meant sodium or potassium. Since the pudding is intended
      for human consumption the alkali metal pyrophosphate should be of the
      grade suitable for human food use, i.e., food grade. Preferably, by
      tetraalkali metal pyrophosphate it is meant tetrasodium or tetrapotassium
      pyrophosphate and by dialkali metal pyrophosphate it is meant disodium
      dihydrogen or dipotassium dihydrogen pyrophosphate. The alkali metal
      pyrophosphate of the present invention can be used in the gelling agent
      combination at a concentration ranging from about 0.25 to about 0.6
      percent, preferably from about 0.3 to about 0.5 percent, and more
      preferably from about 0.29 to about 0.43 percent by weight of the final
      pudding.
PAR  By alkaline earth metal orthophosphate it is meant to denote water soluble
      food grade alkaline earth metal orthophosphates. Preferably by alkaline
      earth metal it is meant alkaline earth metals such as calcium, magnesium,
      or mixtures thereof. Most preferably, by alkaline earth metal
      orthophosphate it is meant monocalcium dihydrogen phosphate, i.e.,
      monocalcium phosphate. The alkaline earth metal orthophosphate of the
      present invention can be used in the gelling agent combination at a
      concentration ranging from about 0.03 to about 0.2 percent by weight of
      the final pudding. Preferably, the monocalcium dihydrogen phosphate of the
      present invention is present in the gelling agent combination at a
      concentration ranging from about 0.09 to about 0.14 percent by weight of
      the final pudding.
PAR  By alkali metal carbonate it is meant to denote any water soluble, food
      grade alkali metal carbonate. More specifically, by alkali metal carbonate
      it is meant sodium or potassium carbonate, or sodium or potassium
      bicarbonate. The alkali metal carbonate of the present invention can be
      used in the gelling agent combination at a concentration ranging from
      about 0.0015 to about 0.3 percent by weight of the final pudding.
      Preferably, the alkali metal carbonate of the present invention is used at
      a concentration ranging from about 0.1 to about 0.3 percent by weight of
      the final pudding.
PAR  By thickening agent it is meant to denote thickening agents as for example
      pregelatinized starch, either grain or root based, such as corn, sorghum,
      wheat, potato, tapioca, sago, and the like, gums, such as acacia, agar
      agar, alginates, carob bean gum, carrageenin, ghatti gum, guar gum,
      sterculia gum, tragacanth, and the like, and synthetic gums such as
      carboxymethyl cellulose, carboxyethyl cellulose, and the like. The
      thickening agent of the present invention can be used in the gelling agent
      combination at a concentration ranging from about 0.15 to about 4.5
      percent by weight of the final pudding. Preferably, the thickening agent
      is pregelatinized starch. Most preferably, the pregelatinized starch of
      the present invention is used in the gelling agent combination at a
      concentration ranging from about 3.1 to about 3.4 percent by weight of the
      final puddings.
PAR  Also, the gelling agent combination can include a sweetening and/or
      dispersing agent, as for example, a sugar. Preferably, the sweetening
      and/or dispersing agent includes sucrose, such as Baker's Special sugar,
      powdered sugar, dextrose, lactose, sorbitol, mannitol, and the like. Most
      preferably, the sweetening and/or dispersing agent is sucrose (Baker's
      Special sugar). The sweetening agent and/or dispersing agent can be used
      in the pudding composition, of the present invention at any desired
      concentration to suit particular taste requirements.
PAR  In addition, the gelling agent of the present invention can include
      optional flavoring agents, as for example vanilla, strawberry, cocoa and
      the like. The flavoring agents can be used in the pudding composition at
      any desired concentration depending upon the particular flavoring desired.
PAR  Further, optional ingredients can be added to the gelling agent
      combination, as for example, salt without affecting the gelling properties
      of the gelling agent.
PAR  The gelling agent combination of the present invention is added to a water
      solution of milk protein. The water solution of milk protein includes for
      example whole fluid milk, partially skimmed milk, skimmed milk,
      reconstituted nonfat dry milk, reconstituted casein, and the like. The
      gelling agent of the present invention can be added to the water solution
      containing milk protein at a concentration ranging from about 0.43 to
      about 5.6 percent by weight of the final pudding. Preferably, the gelling
      agent combination is added to the water solution containing milk protein
      at a concentration ranging from about 3.6 to about 4.3 percent by weight
      of the final pudding.
PAR  Alternatively, the gelling agent combination of the present invention can
      be admixed with nonfat dry milk, dry whole milk, dry casein, and the like
      to provide a dry mix capable of being reconstituted with water at a
      desirable time to provide a cold set milk pudding. The gelling agent
      combination is admixed with the dry material containing milk protein at a
      concentration equivalent to that specified for the aqueous solution
      described above.
PAR  The process of preparing a cold set milk pudding in accordance with the
      present invention comprises separately dry blending the dry ingredients of
      a gelling agent combination comprising an alkali metal pyrophosphate, an
      alkaline earth metal orthophosphate, an alkali metal carbonate, and a
      thickening agent with an aqueous solution of milk protein to provide a
      milk pudding dispersion having between about 0.4 to 5.4 percent of the dry
      ingredients, the percent based on the weight of the dispersion, cooling
      the milk pudding dispersion to between about 0.degree.C. and 21.degree.C.
      for at least 5 minutes to provide a cold set milk pudding.
PAR  More particularly, the process of preparing a cold set milk pudding in
      accordance with the present invention comprises separately dry blending
      the dry ingredients of a gelling agent combination comprising from about
      0.25 to 0.6 percent of an alkali metal pyrophosphate, from about 0.03 to
      0.2 percent of an alkaline earth metal orthophosphate, from about 0.0015
      to 0.3 percent of an alkali metal carbonate, and from about 0.15 to 4.5
      percent of a thickening agent with an aqueous solution of milk protein to
      provide a milk pudding dispersion having between about 0.4 and 5.4 percent
      of the dry ingredients, the percent based on the weight of the dispersion,
      cooling the milk pudding dispersion to between about 0.degree.C. and
      21.degree.C. for at least 5 minutes to provide a cold gel milk pudding.
PAR  The gelling agent combination set forth herein may also contain a
      sweetening agent at a level sufficient to impart the desired degree of
      sweetness for the particular cold set milk pudding.
PAR  Preferably, the milk pudding dispersion is cooled to a temperature between
      about 4.degree.C. and 13.degree.C. However, the most preferred results are
      obtained when the milk pudding dispersion is cooled to a temperature of
      4.degree. to 5.degree.C.
PAR  The present invention is more fully illustrated in the examples which
      follow:
PAC  EXAMPLE 1
PAR  The following is an instant cold set milk pudding formulation prepared in
      accordance with the present invention using a thickening agent, an
      alkaline earth metal orthophosphate, a tetraalkali metal pyrophosphate,
      and an alkali metal carbonate in the gelling agent combination:
     Sweetening Agent:                                                         

      Sugar (Baker's Special)                                                  

                         grams   73                                            

     Flavoring Agent:                                                          

      Salt               grams   2.4                                           

     Gelling Ageng Combination:                                                

      Pregelatinized Starch                                                    

                         grams   18.5                                          

      Monocalcium orthophosphate                                               

                         grams   0.8                                           

      Tetrasodium pyrophosphate                                                

                         grams   2.5                                           

      Sodium carbonate   grams   0.7                                           

     Milk Protein:                                                             

      Whole fluid milk   ml      473                                           

PAR  The cold set milk pudding was prepared by first admixing the solid
      ingredients described above with the whole fluid milk at 10.degree.C.,
      stirring for 1 minute, allowing the mixture to stand for 5 minutes at room
      temperature, and refrigerating at 4.degree. to 5.degree.C. for 20 minutes.
      The initial viscosity was then measured by the method described as
      follows:
PAR  All viscosity determinations were performed using a Brookfield
      Viscosimeter, Model HAF with a helipath attachment and type TB spindle.
      Each determination was conducted at a spindle speed of 5 revolutions per
      minute and recorded on a scale of 0 to 500. Initial viscosities in the
      range of between about 180 to 220 were considered ideal in terms of
      pudding applications. Initial viscosities below 160 and above 230 were
      undesirable.
PAR  The pudding was then allowed to stand overnight in the refrigerator at
      4.degree. to 5.degree.C. and the final viscosity determined in the
      morning, as previously described. Final viscosities in the range of
      between about 200 to about 220 were ideal in terms of milk pudding
      applications. Final viscosities below 180 and above 230 were found
      undesirable.
PAR  The initial and final viscosities of the cold set milk pudding were 218 and
      210, respectively as set forth in Table I.
PAR  The degree of syneresis was also determined at this time by estimating the
      extent of gel separation or contraction with the resulting separation of
      water. The cold set milk pudding prepared according to Example 1 exhibited
      a trace of syneresis after setting as set forth in Table I.
PAC  EXAMPLE 2
PAR  The following is an instant cold set milk pudding formulation prepared in
      accordance with the present invention using a thickening agent, an
      alkaline earth metal orthophosphate, a dialkali metal pyrophosphate, and
      an alkali metal carbonate in the gelling agent combination:
     Sweetening Agent:                                                         

      Sugar (Baker's Special)                                                  

                         grams   71.5                                          

     Flavoring Agent:                                                          

      Salt               grams   2.4                                           

     Gelling Agent Combination:                                                

      Pregelatinized Starch                                                    

                         grams   20                                            

      Monocalcium orthophosphate                                               

                         grams   0.6                                           

      Disodium dihydrogen pyro-                                                

      phosphate          grams   2.1                                           

      Sodium carbonate   grams   1.4                                           

     Milk Protein:                                                             

      Whole fluid milk   ml      473                                           

PAR  The process of preparing this instant cold set milk pudding is as described
      in Example 1. The initial and final viscosities of the instant cold set
      pudding were 185 and 210, respectively, as set forth in Table I. The
      pudding prepared according to Example 2 exhibited a trace of syneresis
      after setting as set forth in Table I. In addition, the pudding prepared
      according to Example 2 did not exhibit off-flavor development.
PAC  EXAMPLE 3
PAR  The following is an instant cold set milk pudding formulation prepared in
      accordance with the present invention using a thickening agent, an
      alkaline earth metal orthophosphate, a dialkali metal pyrophosphate, and
      an alkali metal carbonate in the gelling agent combination:
TBL  Sweetening Agent:                                                         

      Sugar (Baker's Special)                                                  

                           grams    73                                         

     Flavoring Agent:                                                          

      Salt                 grams    2.4                                        

     Gelling Agent Combination:                                                

      Pregelatinized Starch                                                    

                           grams    18.5                                       

      Monocalcium orthophosphate                                               

                           grams    0.8                                        

      Disodium dihydrogen pyrophosphate                                        

                           grams    2.0                                        

      Sodium carbonate     grams    1.6                                        

     Milk Protein:                                                             

      Whole fluid milk     ml       473                                        

PAR  The process of preparing this instant cold set milk pudding is as described
      in Example 1. The initial and final viscosities of the instant cold set
      pudding were 218 and 220, respectively as set forth in Table I. The
      pudding prepared according to Example 3 exhibited a trace of syneresis
      after setting as set forth in Table I.
PAC  EXAMPLE 4
PAR  The following is a control instant cold milk pudding formulation prepared
      without the use of sodium carbonate in the gelling agent combination:
TBL  Sweetening Agent:                                                         

      Sugar (Baker's Special)                                                  

                         grams   73                                            

     Flavoring Agent:                                                          

      Salt               grams   2.4                                           

     Gelling Agent Combination:                                                

      Pregelatinized Starch                                                    

                         grams   18.5                                          

      Monocalcium orthophosphate                                               

                         grams   0.8                                           

      Tetrasodium pyrophosphate                                                

                         grams   2.5                                           

     Milk Protein:                                                             

      Whole fluid milk   ml      473                                           

PAR  The process of preparing this instant cold set milk pudding is as described
      in Example 1. The foregoing formulation gave an instant cold set milk
      pudding which exhibited an undesirably high level of syneresis as set
      forth in Table I. The initial and final viscosities of this instant cold
      set milk pudding were 182 and 160, respectively which indicate undesirable
      initial and final pudding viscosities as set forth in Table I.
PAC  EXAMPLE 5
PAR  The following is a control cold set milk pudding formulation prepared
      without the use of monocalcium orthophosphate in the gelling agent
      combination:
TBL  Sweetening Agent:                                                         

      Sugar (Baker's Special)                                                  

                           grams    71.5                                       

     Flavoring Agent:                                                          

      Salt                 grams    2.4                                        

     Gelling Agent Combination:                                                

      Pregelatinized Starch                                                    

                           grams    20                                         

      Disodium dihydrogen pyrophosphate                                        

                           grams    2.1                                        

      Sodium carbonate     grams    1.4                                        

     Milk Protein:                                                             

      Whole fluid milk     ml       473                                        

PAR  The process of preparing this instant cold set milk pudding is as described
      in Example 1. The initial and final viscosities of this pudding were 90
      and 95, respectively, which indicate undesirable initial and final pudding
      viscosities as set forth in Table I.
PAC  EXAMPLE 6
PAR  The following is a control cold set milk pudding formulation prepared
      without the use of disodium didydrogen pyrophosphate in the gelling agent
      combination:
TBL  Sweetening Agent:                                                         

      Sugar (Baker's Special)                                                  

                         grams   71.5                                          

     Flavoring Agent:                                                          

      Salt               grams   2.4                                           

     Gelling Agent Combination:                                                

      Pregelatinized starch                                                    

                         grams   20                                            

      Monocalcium orthophosphate                                               

                         grams   0.6                                           

      Sodium carbonate   grams   1.4                                           

     Milk Protein:                                                             

      Whole fluid milk   ml      473                                           

PAR  The process of preparing this cold set milk pudding is as described in
      Example 1. The initial and final viscosities of this pudding were 0 and 0
      respectively, as set forth in Table I.
PAC  EXAMPLE 7
PAR  The following is a control cold set milk pudding formulation prepared
      without the use of pregelatinized starch in the gelling agent combination:
TBL  Sweetening Agent:                                                         

      Sugar (Baker's Special)                                                  

                           grams    71.5                                       

     Flavoring Agent:                                                          

      Salt                 grams    2.4                                        

     Gelling Agent Combination:                                                

      Monocalcium orthophosphate                                               

                           grams    0.6                                        

      Disodium dihydrogen pyrophosphate                                        

                           grams    2.1                                        

      Sodium carbonate     grams    1.4                                        

     Milk Protein:                                                             

      Whole fluid milk     ml       473                                        

PAR  The process of preparing this cold set milk pudding is as described in
      Example 1. The initial and final viscosities of this pudding were 92 and
      85, respectively, which indicate undesirable initial and final pudding
      viscosities as set forth in Table I.
PAC  EXAMPLE 8
PAR  The following is a formulation for an instant cold set milk pudding
      prepared with increased levels of sweetening agent, i.e., sugar, and
      thickening agent, i.e., pregelatinized starch, and decreased levels of
      alkaline earth metal orthophosphate, i.e., monocalcium orthophosphate,
      dialkali metal pyrophosphate, i.e., disodium dihydrogen pyrophosphate, and
      alkali metal carbonate, i.e., sodium bicarbonate, as compared to Example
      3.
TBL  ______________________________________                                    

     Sweetening Agent:                                                         

      Sugar (Baker's Special)                                                  

                           grams    81                                         

     Flavoring Agent:                                                          

      Salt                 grams    2.4                                        

     Gelling Agent Combination:                                                

      Pregelatinized starch                                                    

                           grams    20                                         

      Monocalcium orthophosphate                                               

                           grams    0.6                                        

      Disodium dihydrogen pyrophosphate                                        

                           grams    1.7                                        

      Sodium bicarbonate   grams    1.4                                        

     Milk Protein:                                                             

      Whole fluid milk     ml       473                                        

     ______________________________________                                    

PAR  The process of preparing this instant cold set milk pudding is as described
      in Example 1. The initial and final viscosities of this instant cold set
      milk pudding were 160 and 245 respectively and are set forth in Table I.
      The pudding prepared according to the foregoing example exhibited a trace
      of syneresis after setting as set forth in Table I.
PAC  EXAMPLE 9
PAR  The following is a formulation for an instant cold set milk pudding
      prepared with a dialkali metal orthophosphate substituted for the alkaline
      earth metal orthophosphate:
TBL  Sweetening Agent:                                                         

      Sugar (Baker's Special)                                                  

                           grams    81                                         

     Flavoring Agent:                                                          

      Salt                 grams    2.4                                        

     Gelling Agent Combination:                                                

      pregelatinized starch                                                    

                           grams    20                                         

      Disodium orthophosphate                                                  

                           grams    1                                          

      Disodium dihydrogen pyrophosphate                                        

                           grams    1.5                                        

      Sodium carbonate     grams    0.7                                        

     Milk Protein:                                                             

      Whole fluid milk     ml       473                                        

PAR  The process of preparing this instant cold set milk pudding is as described
      in Example 1. The initial and final viscosities of the pudding were 150
      and 160, respectively as set forth in Table I. The pudding prepared
      according to the foregoing example exhibited a trace of syneresis after
      setting as set forth in Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     COLD SET MILK PUDDING EVALUATION                                          

     EXAMPLE DESCRIPTION (Expressed in % by Weight of Final Pudding)           

                        Gelling Agent Combination                              

     Example                                                                   

            Sweetening                                                         

                  Flavoring Ortho-                                             

                                  Pyro-       Milk Viscosity                   

     Number Agent Agent Starch                                                 

                            phosphate                                          

                                  phosphate                                    

                                        Carbonate                              

                                              Protein                          

                                                   Initial                     

                                                        Final                  

                                                            Syneresis          

     __________________________________________________________________________

     1      12.43 0.41  3.75                                                   

                            0.14.sup.3                                         

                                  0.43.sup.1                                   

                                        0.12.sup.5                             

                                              83.46                            

                                                   218  210 Trace              

     2      12.18 0.41  3.41                                                   

                            0.10.sup.3                                         

                                  0.36.sup.2                                   

                                        0.24.sup.5                             

                                              83.30                            

                                                   185  210 Trace              

     3      12.43 0.41  3.15                                                   

                            0.14.sup.3                                         

                                  0.34.sup.2                                   

                                        0.27.sup.5                             

                                              83.26                            

                                                   218  220 Trace              

     4      12.42 0.41  3.14                                                   

                            0.14.sup.3                                         

                                  0.43.sup.1                                   

                                        --    83.46                            

                                                   182  160 High               

     (control)                                              (undesirable)      

     5      12.20 0.41  3.41                                                   

                            --    0.36.sup.2                                   

                                        0.24.sup.5                             

                                              83.38                            

                                                    90   95 --                 

     (control)                                                                 

     6      12.21 0.41  3.42                                                   

                            0.10.sup.3                                         

                                  --    0.24.sup.5                             

                                              83.62                            

                                                    0    0  --                 

     (control)                                                                 

     7      12.61 0.42  --  0.11.sup.3                                         

                                  0.37.sup.2                                   

                                        0.25.sup.5                             

                                              86.24                            

                                                    42   85 --                 

     (control)                                                                 

     8      13.58 0.40  3.35                                                   

                            0.10.sup.3                                         

                                  0.29.sup.2                                   

                                        0.25.sup.6                             

                                              82.03                            

                                                   160  245 Trace              

     9      13.51 0.40  3.36                                                   

                            0.17.sup.4                                         

                                  0.25.sup.2                                   

                                        0.12.sup.5                             

                                              82.09                            

                                                   150  160 Trace              

     __________________________________________________________________________

      .sup.1 Tetrasodium pyrophosphate                                         

      .sup.2 Sodium dihydrogen pyrophosphate                                   

      .sup.3 Monocalcium orthophosphate                                        

      .sup.4 Disodium orthophosphate                                           

      .sup.5 Sodium carbonate                                                  

      .sup.6 Sodium bicarbonate                                                

      Viscosity Evaluation:                                                    

      Initial:                                                                 

       180 - 220: desirable                                                    

       &lt;160 and &gt;230: undesirable                                              

      Final:                                                                   

       200 - 220: desirable                                                    

       &lt;180 and &gt;230: undesirable                                              

PAR  It is noted from Table I that in terms of gel viscosity and syneresis no
      significant difference exists between the instant cold set milk puddings
      prepared with tetraalkali metal pyrophosphate and dialkali metal
      pyrophosphate as shown in Examples 1 and 3, respectively. Therefore, the
      tetraalkali metal and/or the dialkali metal pyrophosphate may be used in
      the composition of the present invention with equal effectiveness.
PAR  It is apparent from Example 4 of Table I that the addition of an alkali
      metal carbonate, as for example sodium carbonate, to the combination of
      ingredients included within the composition of the present invention is
      essential in terms of pudding stability and viscosity in order to form a
      cold set pudding with milk protein.
PAR  Comparing Examples 2 and 5, it is apparent from Table I that the addition
      of an alkaline earth metal orthophosphate, as for example, monocalcium
      orthophosphate, to the combination of ingredients included within the
      composition of the present invention is essential in terms of pudding
      viscosity in order to form a cold set pudding with milk protein.
PAR  Comparing Examples 2 and 6, it is apparent from Table I that the addition
      of an alkali metal pyrophosphate, as for example, disodium dihydrogen
      pyrophosphate, to the combination of ingredients of the present invention
      is essential in terms of pudding viscosity in order to form a cold set
      pudding with milk protein.
PAR  Comparing Examples 2 and 7, it is apparent from Table I that the addition
      of thickening agent, as for example, pregelatinized starch, to the
      combination of ingredients of the present invention is essential in terms
      of pudding viscosity in order to form a cold set pudding with milk
      protein.
PAR  Comparing Examples 8 and 3 of Table I, it is apparent that no significant
      difference is obtained in terms of pudding stability and viscosity by
      increasing sugar and starch in the base formulation and decreasing levels
      of alkali metal pyrophosphate, alkaline earth metal orthophosphate, and
      alkali metal carbonate.
PAR  It is also apparent from Examples 8 and 9 of Table I that the initial and
      final viscosities of an instant cold set milk pudding prepared with a
      dialkali metal orthophosphate (Example 9) instead of an alkaline earth
      metal orthophosphate (Example 8) results in significantly lower initial
      and final viscosities.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gelling agent combination for use in preparing a cold set milk pudding
      with a milk protein which comprises in combination:
PA1  a. an aqueous soluble alkali metal pyrophosphate;
PA1  b. an aqueous soluble alkaline earth metal orthophosphate;
PA1  c. an aqueous soluble alkali metal carbonate, wherein said alkali metal in
      said carbonate is sodium or potassium; and
PA1  d. a thickening agent selected from the group consisting of pregelatinized
      starch, gums, or mixtures thereof.
NUM  2.
PAR  2. The gelling agent combination of claim 1 wherein said alkali metal
      pyrophosphate is a tetraalkali metal pyrophosphate selected from the group
      consisting of tetrasodium pyrophosphate, tetrapotassium pyrophosphate, and
      mixtures thereof.
NUM  3.
PAR  3. The gelling combination of claim 1 wherein said alkali metal
      pyrophosphate is a dialkali metal pyrophosphate selected from the group
      consisting of disodium dihydrogen pyrophosphate, dipotassium dihydrogen
      pyrophosphate, or mixtures thereof.
NUM  4.
PAR  4. The gelling agent combination of claim 1 wherein said alkaline earth
      metal orthophosphate is calcium dihydrogen orthophosphate.
NUM  5.
PAR  5. The gelling agent combination of claim 1 wherein said alkali metal
      carbonate is sodium carbonate.
NUM  6.
PAR  6. The gelling agent combination of claim 1 wherein said thickening agent
      is pregelatinized starch.
NUM  7.
PAR  7. The gelling agent combination of claim 1 wherein said alkali metal
      pyrophosphate is tetrasodium pyrophosphate, said alkaline earth metal
      orthophosphate is calcium dihydrogen orthophosphate, said alkali metal
      carbonate is sodium carbonate, and said thickening agent is pregelatinized
      starch.
NUM  8.
PAR  8. The gelling agent combination of claim 1 wherein said alkali metal
      pyrophosphate is disodium dihydrogen pyrophosphate, said alkaline earth
      metal orthophosphate is calcium dihydrogen orthophosphate, said alkali
      metal carbonate is sodium carbonate, and said thickening agent is
      pregelatinized starch.
NUM  9.
PAR  9. A cold set milk pudding composition comprising the gelling agent
      combination of claim 1 which further includes milk protein, and water.
NUM  10.
PAR  10. A gelling agent combination for use in preparing a cold set milk
      pudding which comprises:
PA1  a. from about 0.25 to 0.6 percent of an aqueous soluble alkali metal
      pyrophosphate;
PA1  b. from about 0.03 to 0.2 percent of an aqueous soluble alkaline earth
      metal orthophosphate;
PA1  c. from about 0.0015 to 0.30 percent of an aqueous soluble alkali metal
      carbonate; and
PA1  d. from about 0.15 to 4.5 percent of a thickening agent selected from the
      group consisting of pregelatinized starch, gums, or mixtures thereof; said
      percentages being by weight based on the total weight of said cold set
      milk pudding.
NUM  11.
PAR  11. The gelling agent combination of claim 10 wherein said alkali metal
      pyrophosphate is a tetraalkali metal pyrophosphate selected from the group
      consisting of tetrasodium pyrophosphate, tetrapotassium pyrophosphate, and
      mixtures thereof.
NUM  12.
PAR  12. The gelling agent combination of claim 10 wherein said alkali metal
      pyrophosphate is a dialkali metal pyrophosphate selected from the group
      consisting of disodium dihydrogen pyrophosphate, dipotassium dihydrogen
      pyrophosphate, and mixtures thereof.
NUM  13.
PAR  13. The gelling agent combination of claim 10 wherein said alkaline earth
      metal orthophosphate is calcium dihydrogen orthophosphate.
NUM  14.
PAR  14. The gelling agent combination of claim 10 wherein said aqueous soluble
      alkali metal carbonate is sodium carbonate.
NUM  15.
PAR  15. The gelling agent combination of claim 10 wherein said thickening agent
      is pregelatinized starch.
NUM  16.
PAR  16. The gelling agent combination of claim 10 wherein said alkali metal
      pyrophosphate is tetrasodium pyrophosphate, said alkaline earth metal
      orthophosphate is calcium dihydrogen orthophosphate, said alkali metal
      carbonate is sodium carbonate, and said thickening agent is pregelatinized
      starch.
NUM  17.
PAR  17. The gelling agent combination of claim 10 wherein said alkali metal
      pyrophosphate is disodium dihydrogen pyrophosphate, said alkaline earth
      metal orthophosphate is calcium dihydrogen orthophosphate, said alkali
      metal carbonate is sodium carbonate, and said thickening agent is
      pregelatinized starch.
NUM  18.
PAR  18. A cold set milk pudding composition comprising the gelling agent
      combination of claim 10 which further includes milk protein, and water.
NUM  19.
PAR  19. A gelling agent combination for use in preparing a cold set milk
      pudding which comprises:
PA1  a. from about 0.25 to 0.6 percent of an alkali metal pyrophosphate selected
      from the group consisting of tetrasodium pyrophosphate, tetrapotassium
      pyrophosphate, disodium dihydrogen pyrophosphate, dipotassium dihydrogen
      pyrophosphate, and mixtures thereof;
PA1  b. from about 0.09 to 0.14 percent of an alkaline earth metal
      orthophosphate
PA1  c. from about 0.1 to 0.3 percent of an alkali metal carbonate; and
PA1  d. from about 3.1 to 3.8 percent of a thickening agent selected from the
      group consisting of pregelatinized starch, gums, or mixtures thereof; said
      percentages being by weight based on the total weight of said cold set
      milk pudding.
NUM  20.
PAR  20. The gelling agent combination of claim 19 wherein said alkali metal
      pyrophosphate is from about 0.3 to 0.5 percent tetrasodium pyrophosphate,
      said alkaline earth metal orthophosphate is from about 0.10 to 0.14
      percent calcium dihydrogen orthophosphate, said alkali metal carbonate is
      from about 0.10 to 0.15 percent sodium carbonate, and said thickening
      agent is from about 3.6 to 3.8 percent pregelatinized starch.
NUM  21.
PAR  21. The gelling agent combination of claim 19 wherein said alkali metal
      pyrophosphate is from about 0.25 to 0.35 percent disodium dihydrogen
      pyrophosphate, said alkaline earth metal orthophosphate is from about 0.10
      to 0.14 percent calcium dihydrogen phosphate, said alkali metal carbonate
      is from about 0.2 to 0.3 percent sodium carbonate, and said thickening
      agent is from about 3.1 to 3.4 percent pregelatinized starch.
NUM  22.
PAR  22. A cold set milk pudding composition comprising the gelling agent
      combination of claim 19 which further includes milk protein, and water.
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ABST
PAL  Meat comminute is converted into a cooked restructured meat having a
      surface that is grained, resembling that of slices cut in the direction of
      the muscle fibres from cooked meat of good quality.
BSUM
PAR  This invention relates to restructured meat products.
PAR  Much of the musculature of a meat carcase is, though nutritionally good,
      associated with so much tough connective tissue that it makes poor eating.
      If the natural structure producing this unsatisfactory eating texture is
      destroyed by finely comminuting the meat with conventional equipment such
      as a colloid mill, hammer mill or bowl chopper, the comminute can be
      restructured into meat-like products. However, although such restructured
      products are on cooking more palatable and tender than the original meat
      is when cooked, their appearance does not much resemble that of cooked
      natural meat of good quality.
PAR  The present invention is concerned with manufacturing from meat comminute a
      cooked meat product with a surface that is grained, resembling that of
      slices cut in the direction of the muscle fibres from cooked meat of good
      quality.
PAR  In the process of the invention, a meat comminute is extruded through a
      slit; and the flat comminute-extrudate thus obtained is cooked between and
      in intimate contact with layers of absorber heat-stable paper, at least
      one of the layers having a grained surface which is in contact with the
      extrudate, so that when the layers are separated from the cooked product,
      the product is left with an exposed grained surface.
PAR  A chewy texture resembling that of good quality cooked meat can be obtained
      in the final cooked product by carrying out extrusion under conditions
      which ensure that the extrudate is compact and well knit, with its fibres
      generally aligned in the direction of extrusion. Preferably, the fibre
      content of the comminute is at least in part constituted by the fibre of
      cooked meat or spun protein fibre e.g. of soy protein, which is suitably
      included in an amount forming from 5 to 20% by weight of the comminute
      submitted to extrusion. Preferably, extrusion is carried out through a
      slit of depth 1.5 -  11 mm, particularly 3 -  7 mm, the first depth
      corresponding to a very thin slice of meat, that of 11 mm corresponding to
      a steak of moderate thickness, and the range 3 -  7 mm running from slices
      of ordinary thickness to `minute steak`. The width of the slit may vary
      considerably, to correspond with the type of end product desired; thus, if
      slices of roast beef are to be simulated, a slit width of 7 - 12 cm is
      suitable; whereas, if pieces of cooked lamb, duck, chicken, or beef are
      required say for pies, a slit only 1 or 2 cm wide can be used, the strip
      extruded from it being (preferably after cooking) cut up into suitably
      sized pieces.
PAR  Suitable conditions for extrusion are obtained by feeding comminute to the
      extrusion slit by way of a flat elongated channel the dimensions of whose
      cross-section correspond generally with those of the slit. The length
      chosen for the channel depends to some extent on the dimensions of the
      slit; for a slit width of 7 cm for example, the length of the channel is
      suitably 15 cm. Of course, the longer the channel, the higher will be the
      pressure required to extrude the comminute. In order to minimize
      irregularities of flow (`slip=stick`) that result from the tendency of the
      comminute to adhere to the walls of the channel, extrusion is preferably
      carried out by a piston exerting constant pressure, rather than by one
      which sweeps out constant volume in unit time.
PAR  The flat comminute-extrudate obtained by such means as just described is
      cooked between and in intimate contact with layers of absorbent
      heat-stable paper, at least one of the layers having a grained surface
      which is in contact with the extrudate.
PAR  The absorbent heat-stable paper, which is preferably a creped paper
      towelling, holds the cooking liquors released from the meat extrudate
      during the cooking process, keeping them in close contact with the meat
      and so preventing the meat surfaces from drying out and hardening through
      extensive loss of moisture to the atmosphere in which cooking is carried
      out. Cutting down moistureloss in turn avoids undue shrinkage and
      darkening of the meat and the development of a smooth surface, reminiscent
      of cooked liver. Additionally, because of the intimate contact between
      them during cooking, that layer of absorbent paper which has a grained
      surface develops a grain on that surface of the extrudate with which it is
      in contact. Accordingly, when the layers of absorbent paper are separated
      from the cooked product, the latter is left with an exposed surface having
      a grained appearance resembling that of slices of meat cut along the grain
      in the direction of the muscle fibres. Of course, both layers of absorbent
      material between which the extrudate is cooked may -- and it is convenient
      to ensure that they do -- have a grained surface. In performing the
      invention, however, it is sufficient that only one of them has; for in
      that case, when the product is in due course served up, it is easy enough
      to ensure that it is served with the grained surface uppermost.
PAR  As already indicated, creped paper tissue is the material that is
      preferably used in the process of the invention; its physical and chemical
      integrity at cooking temperatures is good, and its surface requires no
      treatment to impose a grain, having of itself a grained structure which
      the `contact surface` of the meat readily takes up during cooking. If the
      tendency of the paper to shrink is reduced by a pre-treatment in which it
      is first wetted and then dried before use, the grain which the `contact
      surface` of the meat takes up is less pronounced, and this may sometimes
      be desired.
PAR  The means employed for cooking will to some extent depend on the kind of
      end product desired, but, should ensure that a temperature of at least
      65.degree.C is attached in the interior of the meat. If cooking is carried
      out by exposure to hot oven gases (whether dry or of controlled humidity),
      the oven temperature used is preferably in the range 150.degree. -
      200.degree.C.
PAR  The time of exposure to the cooking atmosphere will then vary with the
      total thickness of the comminute-extrudate employed; thus, while 5 minutes
      is suitable for a single slice, some 30 minutes or more may be required
      for 10 slices (interleaved of course with layers of absorbent heat-stable
      paper) piled one on top of another. If microwave cooking is employed (e.g.
      at 2450 Mils frequency), cooking may take as little as 1 minute; with
      microwave cooking, the grain developed tends to be less pronounced.
PAR  In one particular way of performing the invention, meat comminute is
      extruded continuously onto a band of absorbent heat-stable paper which is
      continuously unwound from a roll onto a moving endless conveyor belt
      arranged to pass through a tunnel oven. A second band of absorbent
      heat-stable paper is continuously unwound from a roll onto the comminute.
      One or both of the layers of absorbent heat-stable paper have a grained
      surface, and this surface is brought into contact with the extrudate.
      Supported by the conveyor belt the comminute passes through the oven, from
      which it emerges cooked. The layers of absorbent material are then
      stripped from it by knives, leaving the cooked extruded material with at
      least one grained surface; and the separated layers of absorbent paper are
      wound up on rolls. The cooked product may then be stored in chill until
      required for sale or use, say in the preparation of packaged or canned
      meals.
DRWD
PAR  The accompanying drawings illustrate certain aspects of the invention.
PAR  FIG. 1 shows a form of extrusion nozzle 1 for meat comminute, having an
      elongated channel 2 through which comminute is fed to a slit 3;
PAR  FIG. 2 illustrates on an enlarged scale the surface structure of a fragment
      of a form of paper tissue suitable for use in carrying out the invention;
PAR  FIGS. 3 and 4 respectively show: cooked comminute-extrudate obtained by the
      procedure of Example 1 that follows later; and cooked comminute-extrudate
      obtained following generally the procedure of Example 1, but without the
      use of absorbent heat-stable material during cooking.
PAR  The invention is further illustrated by the following Examples.
DETD
PAC  EXAMPLE 1
PAR  Frozen boneless forequarter of beef was passed through a mincer plate
      having holes of diameter 3 mm, and the issuing comminute (temperature not
      above 10.degree.C) was mixed with sodium chloride (1% by weight),
      monosodium glutamate (0.34%), cooked meat fibre (7.5%) and water (10%).
PAR  The meat fibre ingredient had been obtained by cooking cubes (of 4 cm side)
      of boneless topside of beef at 120.degree.C for 1 hour, and teasing the
      cooked material for 15 seconds in a bowl chopper with its blade/wall gap
      set at 4 mm.
PAR  The comminute was extruded under a constant pressure of 30 psi (2
      kg/cm.sup.2) in lengths of 25 cm through an extrusion nozzle as shown in
      FIG. 1 of the drawings, having an extrusion slit 6.3cm wide and 3mm deep.
      Each strip of extruded comminute was put between two layers of absorbent
      paper tissue of the kind whose surface is illustrated in FIG. 2, and was
      cooled in a dry air oven (temperature 180.degree.C) for 5 minutes. The
      cooked product, on removal of the enclosing absorbent layers, had the
      grained appearance shown in FIG. 3, and had an excellent chewing texture.
      By contrast, paper prepared and cooked identically except that no
      enclosing absorbent layers were used had the appearance shown in FIG. 4,
      and had a dry, tough eating texture.
PAC  EXAMPLE 2
PAR  Following generally the procedure of Example 1, but without the addition of
      water, deboned frozen chicken was converted to a comminute containing
      salts (1.54%) and cooked chicken (breast) fibre (7.5%).
PAR  The comminute was extruded and cooked as in Example 1. The product, on
      removal of the absorbent layers, had an appearance similar to that of
      cooked breast of chicken and had an acceptable chewing texture.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A process for the manufacture of a cooked fibrous restructured meat
      product comprising:
PA1  i. extruding a meat comminute in the form of a flat extrudate having the
      fibers thereof generally aligned in the direction of said extrusion;
PA1  ii. interposing said extrudate, before cooking, between two layers of
      heat-stable absorbent crepe paper which are capable of holding the liquors
      released from said extrudate during cooking, at least one of said layers
      having a grained surface in intimate contact with said extrudate;
PA1  iii. cooking said extrudate to produce a temperature of at least
      65.degree.C therein while so interposed between and in intimate contact
      with said layers whereby said crepe paper layers remain separable from the
      cooked product and, upon separation therefrom, leave the surface thereof
      with a grained appearance resembling that of a slice of meat cut in the
      direction of the muscle fibers; and
PA1  iv. removing said separable layers from said cooked product to form a final
      cooked product.
NUM  2.
PAR  2. A process as defined in claim 1 further comprising incorporating about 5
      to about 20% by weight of spun protein fiber into said comminute before
      said extrusion.
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ABST
PAL  A tracer compound, tin, is added to sodium caseinate in such a way as to be
      uniformly distributed throughout, and an amount of the tin is traced into
      a comminuted meat product to precisely determine the amount of sodium
      caseinate which has been added to the meat product.
BSUM
PAR  This invention relates to the preparation of sodium caseinate containing
      known trace amounts of tin which can be used to determine the amount of
      such sodium caseinate which may have been added to comminuted meat
      products under regulation by the Meat Inspection Division of the U.S.
      Department of Agriculture.
PAR  Sodium caseinate is well known to the sausage making industry as a useful
      additive having the object of improving the physical characteristics of
      sausage products including a higher density, firmer texture and less free
      fat as compared to products made without it.
PAR  However, because of the similarity of the proteins it is impossible to
      analyze comminuted meat products directly to determine whether or not
      sodium caseinate had been added and the level of use. Its use has
      therefore been outlawed in certain meat products coming under the control
      of the Meat Inspection Division in spite of the fact that it is a
      wholesome, nutritious and useful additive.
PAR  A method of allowing the detection and estimation of sodium caseinate in
      sausage products consists of marketing sodium caseinate containing known
      small amounts of a compound or element not normally found in sausage. This
      "tracer" can then be analyzed for in the sausage sample and the amount of
      sodium caseinate used in manufacture calculated.
PAR  The idea of using a tracer in this way is not new. Titanium dioxide is used
      as a tracer to allow the addition of soya protein to sausage products.
      However, a great deal of difficulty is encountered in obtaining a
      sufficiently uniform dispersion of the tracing agent throughout the bulk
      of the protein to insure that a given increment will always contain the
      same amount of tracer element.
PAR  An object of this invention is to provide a form of sodium caseinate
      containing small amounts of an easily identified element uniformly
      dispersed in it at a known level. This element can then act as a tracer
      which can be analyzed for in any meat product containing such traceable
      sodium caseinate and thereby enable the amount of sodium caseinate present
      to be calculated.
PAR  An element possessing requirements necessary to such a tracer is tin.
      Normal sausage products do not contain measurable amounts. It is not toxic
      at the 10 parts per million level which is considered to be a maximum for
      use as a tracer, and simple, accurate methods for quantitative analysis of
      trace amounts are available.
PAR  The major problem in such a tracer system lies in obtaining first a uniform
      dispersion of the tracing agent and second a dispersion which will remain
      uniform, i.e. no segregation of tracer will occur on handling and storage
      of the product prior to its use in sausage.
PAR  It has been determined that simple addition of an insoluble tin compound
      such as stannic oxide to sodium caseinate followed by even the most
      thorough mixing does not result in a uniform distribution of tin.
PAR  For example, 14.43 grams of SnO.sub. 2 was sprinkled slowly into 50 lb. of
      sodium caseinate as it was being mixed in a ribbon blender. The mixing
      action was continued for one hour after which samples were taken from the
      top, middle and bottom of the mixer and analyzed for tin with the
      following results:
TBL  Location          % Sn                                                    

     ______________________________________                                    

     Top               0.020                                                   

     Middle            0.070                                                   

     Bottom            0.024                                                   

     ______________________________________                                    

PAR  A second experiment was made in which 14.43 grams of SnO.sub.2 was premixed
      by spoon with a small amount of sodium caseinate in a beaker to insure
      breakup of any agglomerates. This concentrate was then added to 50 lb. of
      sodium caseinate being mixed in a ribbon blender and the mixing continued
      for 11/2hours. The top, middle and bottom was analyzed for tin with
      results similar to the above. Mixing was then continued for 24 hours, the
      mixture resampled and the samples analyzed for tin with the following
      results:
TBL  Location          % Sn                                                    

     ______________________________________                                    

     Top               .039                                                    

     Middle            .034                                                    

     Bottom            .050                                                    

     ______________________________________                                    

PAR  It is thus evident that when SnO.sub. 2 is added to dry sodium caseinate,
      it is very difficult to obtain a uniform blend.
PAR  Sodium caseinate is manufactured by treating a suspension of casein in
      water with caustic soda resulting in a homogeneous liquid colloidal
      solution which shows no tendency for casein solids to settle out. This
      liquid is then spray dried to obtain a dry powder. If SnO.sub. 2 is added
      to this solution prior to drying, the SnO.sub. 2 exhibits a marked
      tendency to settle out making it difficult to produce a product with a
      uniform tin content. If the solution containing added SnO.sub. 2 is kept
      thoroughly agitated prior to drying it is possible to make a reasonably
      uniform product. By this method however, there is evidence that the
      relatively heavier SnO.sub. 2 will segregate during handling and storage
      of the sodium caseinate after drying.
PAR  For example a one quart sample of sodium caseinate containing 0.056% Sn (as
      SnO.sub. 2) made by adding the SnO.sub. 2 prior to drying and of uniform
      composition immediately after drying was stored for 8 months and
      reanalyzed taking samples from the top, middle and bottom with the
      following results:
TBL  Location          % Sn                                                    

     ______________________________________                                    

     Top               0.020                                                   

     Middle            0.045                                                   

     Bottom            0.070                                                   

     ______________________________________                                    

PAR  Soluble tin salts on the other hand do not show any tendency to settle out
      when added to the sodium caseinate solution and therefore result in very
      uniform dispersions of tin. This is true even though at the pH of sodium
      caseinate solution tin salts would normally be expected to hydrolyze to
      the insoluble hydroxide form. There is evidently a reaction between the
      soluble forms of tin and caseinate to form tin caseinate. This compound is
      in colloidal form as evidenced by the fact that when a solution containing
      0.15 gram of sodium caseinate and 0.2 mg of SnCl.sub. 2 .sup.. 2H.sub. 2 O
      at a pH of 6.7, is filtered through an analytical filter paper (Whatman
      No. 42 ), the tin passes through the paper with the protein. The same
      amount of tin salt in water at a pH of 6.7 is retained on the filter paper
      due to hydrolysis to the insoluble hydroxide.
PAR  It is therefore possible to make sodium caseinate with a uniform tin
      content merely by adding any water soluble tin salt to an aqueous sodium
      caseinate solution prior to spray or roller drying.
DETD
PAC  EXAMPLE I
PAR  A batch of sodium caseinate was made with the following proportions:
TBL                     Parts By Weight                                        

     Casein     820 lb.       22                                               

     Water      400 gallons   90                                               

     SnCl.sub.2.2H.sub.2 O                                                     

                330 grams     0.02 (0.01 Sn)                                   

     NaOH (50%) 37 lb.         1                                               

PAR  The tin salt was predissolved in 1 gallon of water containing 100 ml of
      concentrated HCl. This solution was then added to the casein-water
      mixture, and the caustic soda was then added to a final pH of about 6.5
      The solution was spray dried and the resulting powder analyzed for tin
      with samples taken from the top and middle and bottom of every other bag
      produced.
TBL                Table I                                                     

     ______________________________________                                    

     Bag No.      Location      % Tin                                          

     ______________________________________                                    

     1            Top           .051                                           

     1            Middle        .050                                           

     1            Bottom        .050                                           

     3            Top           .050                                           

     3            Middle        .052                                           

     3            Bottom        .050                                           

     5            Top           .051                                           

     5            Middle        .051                                           

     5            Bottom        .052                                           

     ______________________________________                                    

PAC  EXAMPLE II
PAR  A batch of sodium caseinate was made with the following proportions:
TBL                      Parts By Weight                                       

     Casein      820 lb.       24                                              

     Water       400 gallons   98                                              

     Na.sub.2 SnO.sub.3 .3H.sub.2 O                                            

                 380 grams     0.025 (0.01 Sn)                                 

     NaOH (50%)  34 lb.         1                                              

PAR  The sodium stannate was dissolved in 1 gallon of water before adding it to
      the bulk of the water. Then the casein was added and finally caustic soda
      to a pH of about 6.5. The solution was spray dried and samples taken as in
      Example I.
TBL                Table II                                                    

     ______________________________________                                    

     Bag No.      Location      % Tin                                          

     ______________________________________                                    

     1            Top           .047                                           

     1            Middle        .048                                           

     1            Bottom        .048                                           

     3            Top           .049                                           

     3            Middle        .048                                           

     3            Bottom        .049                                           

     5            Top           .049                                           

     5            Middle        .049                                           

     5            Bottom        .050                                           

     ______________________________________                                    

PAR  It is quite evident that very uniform dispersion of the tin is attained by
      addition of water soluble tin salts to sodium caseinate during its
      manufacture while it is in solution form in water.
PAR  The stability of this form of traceable sodium caseinate is shown by
      analysis of a one quart sample after storage for seven months.
TBL  ______________________________________                                    

     Location          % Sn                                                    

     ______________________________________                                    

     Top               .052                                                    

     Middle            .050                                                    

     Bottom            .052                                                    

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of producing a dried sodium caseinate product for use as a
      traceable additive in sausage, said product having a uniformly and stably
      dispersed content of tin in an amount of the order of about 0.05% by
      weight, comprising mixing together sodium caseinate in aqueous solution
      with tin in the form of a water soluble salt of tin, and spray or roller
      drying the resulting solution.
NUM  2.
PAR  2. A method of producing a dried sodium caseinate product for use as a
      traceable additive in sausage, said product having a uniformly and stably
      dispersed content of tin in an amount of the order of about 0.05% by
      weight, comprising mixing together about 90 -  98 parts by weight of
      water, about 20- 30 parts of casein, a small fraction of a part of a water
      soluble salt of tin, and about 1 part of 50% caustic soda to form a
      homogeneous, colloidal solution having a pH of about 6.5, and spray or
      roller drying said solution.
NUM  3.
PAR  3. The method of claim 2, the tin salt being selected from the group
      consisting of stannous chloride and sodium stannate.
NUM  4.
PAR  4. The method of claim 2 wherein the tin salt, dissolved in hydrochloric
      acid solution, was added to a casein-water mixture, the caustic soda being
      then added to a final pH of about 6.5.
NUM  5.
PAR  5. The method of claim 4, the tin salt being stannous chloride.
NUM  6.
PAR  6. The method of claim 2 wherein the tin salt, dissolved in aqueous
      solution, was added to a mixture of casein, water and caustic soda.
NUM  7.
PAR  7. The method of claim 6, the tin salt being sodium stannate.
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ABST
PAL  A method for manufacturing a pastry composition is disclosed wherein sugar
      and fat are mixed with water, the mixture is boiled for a period of time
      sufficient to remove most of the moisture but to avoid charring or burning
      and then the boiled mixture is dried to produce a pastry composition which
      may be directly baked without the addition of any liquid.
PARN
PAC  CROSS REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of copending application Ser.
      No. 397,361, filed on Sept. 14, 1973, which is, in turn, a continuation of
      application Ser. No. 264,715, filed on June 21, 1972, both now abandoned,
      the contents of each of said prior application being incorporated herein
      by reference.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to the field of pastry production. More
      particularly, the present invention relates to a method for producing a
      novel baking composition for pastries and the like.
PAR  2. Description of the Prior Art
PAR  Pastries or cakes of the kind known as florentines, macaroons, crunchies,
      almond slices, almond sweetmeats, nutty crackers, cream rolls and the
      like, as well as special German type of pastry called "Bienenstich"
      consisting essentially of a base of yeast dough with a coating or surface
      of sugar, fat, almond and nuts are well known. In all of these types of
      pastries or cakes, substantially the same basic mass is used and only the
      extra ingredients are varied. Such pastries or cakes are produced, for
      example, by forming a past made of sugar and/or sugar materials, such as,
      honey, fat and milk product, and this paste is then boiled. This compound
      is filled as intermediate product into containers and must have liquid
      added thereto prior to baking by heating. At this time, ground additives,
      such as almonds, coconut flakes, nuts and/or fruit are added to the
      batter. This batter may then be spread on baking tins and baked.
PAR  The term "fat" used in this specification comprises any edible animal or
      vegetable fat, butter or oil. The milk product used may be cream or
      condensed skimmed milk.
PAR  The method described above is used, for example, for making florentine
      cakes. For the manufacture of so-called Bienenstich, the compound is
      spread over a base of leavened dough. With the known processes this is
      rather difficult because only small amounts may be applied, on the one
      hand, to prevent the dough from burning, and on the other hand, to prevent
      the mass from running off the dough. Furthermore, when the hot mass is
      spread, fermentation bubbles may form due to the thermal shock. Moreover,
      the mass penetrates through channels and pores in the rolled dough on to
      the tin, preventing the pastry from being properly formed. For this
      reason, baked pastry of this type is difficult to cut and problems arise
      when a cream filling is to be used.
PAR  The known methods also have further disadvantages. The material must be
      heated prior to use in order to admix the ingredients, and this presents
      an additional step. Furthermore, the material is sticky and viscous and
      cannot be easily removed from its container, consequently, accurate
      measuring is difficult. During application by hand, the hand must be kept
      continuously wet by dipping it in water, and during the baking, the
      adhering water gives rise to undesirable bubbles. When the material is too
      moist, for example, for making florentine cakes, the mass tends to burn in
      the tins or to run and the resulting pastry is unattractive.
PAR  For the manufacture of florentine cakes it is also known to spread nut
      and/or almond kernel shavings on a belt of siliconised paper and to form a
      flat base by vibration, whereupon a preheated and liquified mixture
      (batter) of the kind mentioned above is sprayed on. This results in
      non-uniform mixing, whilst the jet may cause the kernel shavings or
      crushed kernels to be dislodged and an unfavourable layering to be
      produced.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to the manufacture of the above mentioned and similar
      pastries and cakes, as well as the manufacture of coatings for such cakes
      by means of a new product.
PAR  The invention has not only the object of improving the manufacturing method
      for making pastries, cakes and coatings by reducing the amount of work to
      be performed by the baker, but also of providing a method whereby pastries
      and cakes of better quality can be produced more economically, whilst the
      application of the material is expanded, so that new products can be made.
PAR  More particularly, the present invention comprises a method for
      manufacturing a pastry composition to be used in baking wherein sugar and
      fat in a ratio in the range from about 2.5:1 to 3.5:1 are mixed with water
      in an amount from about 10 to 25 percent by weight of the total mixture,
      and the mixture is then boiled at about atmospheric pressure for a period
      of time sufficient to remove most of the moisture. However, the boiling is
      carried out in such manner and for such a period of time to allow
      sufficient moisture to remain at the end of boiling to avoid charring or
      buring of the remaining components. The mixture is then dried to a
      residual moisture content of from about 1 to 2.5 percent by weight based
      on the total weight of the final mixture under conditions whereby charring
      does not occur. The dried mixture is then powdered to produce the final
      product.
PAR  The product obtained with the present invention possesses the unique
      property of being capable of being baked without the necessity of adding
      any additional liquid. That is to say, it is unnecessary to form the final
      powdered product obtained by the foregoing process into a batter or to add
      water, milk, or any other type of liquid conventionally used in baking
      thereto.
PAR  The powdered product obtained by virtue of the present process can be used
      in and of itself, or can be mixed with conventionally known additives,
      i.e., nuts, coconut flakes, fruit, etc., to produce various types of
      pastry products.
PAR  It is further possible to add the powdered product obtained by the present
      process to a conventional cookie-type base, i.e., by spreading it on top,
      to produce an additional crunchy layer or coating in the final cookie or
      pastry.
PAR  In this way, the baker is provided with a powdered product which can be
      mixed, at his discretion, with conventional ingredients, and can be spread
      easily, without the addition of an additional liquid. It may be spread
      either on a baking tin or a base mixture or other edible type pastry base.
      That is to say, it can be used alone or in combination with conventional
      pastry bases. The application of the powder may be accurately metered and
      the metered amount may be easily spread over a leavened dough. The flowing
      properties of the powder make possible the automated application by
      vibrating devices and the like.
PAR  Because of the fact that the powdered products obtained by the process need
      not be formed into a paste or batter and need not be heated in order to
      make it applicable to formation into a pastry, substantial savings can be
      effected in the baking process.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As noted above, the types of fat which may be used are those which are
      conventionally used in edible pastry products. Thus, there is nothing
      particularly critical with respect to the type of fat, although butterfat,
      e.g., in the form of butter, cream, etc., is a preferred form.
PAR  Insofar as the sugar is concerned, this may be present as glucose, common
      refined sugar, honey, and mixtures thereof. Here again, the type of sugar
      present may be any of those types conventionally used in baking processes.
PAR  Numerous other ingredients may be added to the mixture prior to boiling,
      and, in fact, a small amount of flour may even be used to control the
      formation of the mixture. However, flour is used only very sparingly in
      the present composition, if at all. Milk and milk products, e.g. skimmed
      milk, cream, etc., as conventionally used in baking products may also be
      added to the present composition. These, however, in no way affect the
      particular final result which is obtained subsequent to the drying step of
      the process disclosed above.
PAR  The main components, namely, the fat, sugar, and water, are mixed so as to
      produce a relatively homogeneous mass. It is unnecessary, however, to mix
      at high speed or with great vigor. The purpose of the mixing is solely to
      provide some degree of homogeneity in the mixture prior to boiling.
PAR  Boiling is effected in the conventional manner by heating, generally at
      about atmospheric pressure. By about atmospheric pressure, it is intended
      to mean that there is no necessity, during the boiling step, to
      specifically exert any vacuum or higher pressure conditions on the
      mixture. Obviously, the actual boiling point of the mixture will depend on
      the amount of sugar or other dissolved material in the liquid. Preferably,
      the boiling temperature of the liquid ranges from 115.degree. to
      130.degree.C.
PAR  The boiling is carried out such that a moderately vigorous swirling action,
      due to the churning of the boiling mixture, is obtained. Certainly, it
      would be undesirable, from a practical point of view, to have excess
      churning since this would result in splattering and loss of material.
PAR  The boiling is continued for a sufficient amount of time to remove a
      substantial portion of the water from the mixture. It is difficult in a
      general description to describe exactly how much water should be left.
      This, however, will be readily apparent to the skilled art worker on
      following the instruction that boiling should be continued so long as
      sufficient water is present to avoid charring or burning of the remaining
      material. Thus, it is important that towards the end of the boiling, i.e.
      when, from observation, it is apparent that a relatively small amount of
      water or liquid remains in the mixture, that it be carefully timed such
      that charring does not take place. Obviously, if any of the contents are
      burned or charred, it could detract from the taste characteristics of the
      final product.
PAR  Generally, it is preferred that the mixture is boiled for a time period
      from about 3 to 10 minutes. However, this will differ, depending on the
      amount of water added initially.
PAR  Depending on the proportions of water and sugar, it is preferred that the
      boiling takes place at a liquid temperature of about 125.degree.C. The
      maximum temperature of boiling should be no more than about 142.degree.C
      in order to make certain that charring does not take place.
PAR  The boiling step results in the sugar in the composition taking on an
      amorphous structure. This particular structure is important in obtaining
      the final properties of the composition.
PAR  After boiling, the mixture is dried to a moisture composition in the range
      from about 1 to 2.5 percent by weight of the final mixture. This drying
      step is carried out in such a way as to retain the amorphous structure in
      the sugar produced by the boiling. Thus, the drying is normally carried
      out at elevated temperatures, but at temperatures which are substantially
      below those used for boiling. Putting this another way, the drying step is
      carried out at such a rate and temperature as to drive off any residual
      moisture but to avoid burning or charring of the mixture.
PAR  Preferably, the drying step is carried out under reduced pressure and at a
      temperature below melting point of the mixture. Preferably, pressures
      between about 0.1 to 10 torr are used. Such a drying step often results in
      a small degree of foaming of the sugar. Such foaming is in no way
      detrimental, and, in fact, is desirable in certain cases since it
      facilitates the final granulation of the product. During such drying, the
      temperature of the mass is generally maintained below about 80.degree.C,
      and the pressure kept at a value lower than the partial pressure of water
      vapor.
PAR  With respect to the composition, it is preferred that butterfat be used, at
      least partially, as a fatty ingredient. It may be added either in the
      liquid state or as a cream to the initial mixture.
PAR  It is also suitable to use a binding or thickening agent, e.g., lactic
      albumen or flour. Such thickening agents, e.g., gelling agents or
      alginates, have the properties of foaming supports in the baked state.
      Also, crude lecithin paste may be added if desired. Here again, these
      additives are not critical to the final result obtained with the present
      process but merely represent conventional additives used in the pastry
      baking art.
PAR  After drying, the product is granulated and is ready for use directly as
      is.
PAR  The following examples illustrate the present invention:
PAR  Compositions A, B, and C, containing the ingredients listed below, were
      prepared and mixed.
PA1  A.
PA1  2170 g of beet sugar
PA1  1925 g of 80 per cent glucose and/or honey
PA1  1000 g of vegetable fat, 100 per cent, or butter
PA1  650 g of cream with 30 per cent fat content.
PA1  B.
PA1  2170 g of beet sugar
PA1  1925 g of 80 per cent glucose and/or honey
PA1  1000 g of vegetable fat, 100 per cent, or butter
PA1  650 g of cream with 30 per cent fat content
PA1  25 g of crude lecithin paste.
PA1  C.
PA1  3000 g of sugar 2000 g of 80 per cent glucose and/or honey 2000 g of fat
      800 g of evaporated skimmed milk with 40 per cent solids
PA1  500 g of water 500 g of flour 25 g of cruded lecithin paste (at choice).
PAR  In the foregoing compositions, 20 per cent of the glucose and 36 per cent
      of the cream as added are water, totalling, in the case of example A, 800
      grams of water. Based on a total weight of 5,745 grams, this represents a
      solids to water ratio of about 7:1. Based on the amount of sugar added,
      the ratio of sugar to water to 4.5:1. In examples B and C, the
      relationship of the water to the solids and sugar is essentially the same
      as the composition of A.
PAR  For compositions A and B, all of the ingredients, with the exclusion of the
      crude lecithin paste in composition B, were placed into a boiling pan and
      boiled at 110.degree.C. This resulted in the intimate combination of the
      fat, cream, and sugar ingredients. Thereafter, in example B, the crude
      lecithin paste was added.
PAR  For composition C, the sugar was first wetted for glucose and water and
      boiled at about 120.degree.C. During the boiling, the water in all of the
      compositions were substantially expelled.
PAR  Further in composition C, the evaporated skimmed milk, fat, flour and crude
      lecithin paste stirred together and heated to about 50.degree.C. The
      components were then, while in the creamy state, homogenized in a mixer.
PAR  The masses obtained from boiling were dried by vacuum dryig. The masses
      were filled into dishes at a height of about 8 to 10 mm, and dried at a
      temperature of about 40.degree.C at 0.5 torr. During the drying, the foam
      reached a height of about 60 to 70 mm in the dry state, and the residual
      moisture contents of the composition was about 2%. Drying times were about
      6.5 hours.
PAR  The dried product was then ground in a grinding mill and screened through a
      sieve with a 2 mm mesh opening. Baking procedures used are those
      conventional in the art. Generally, the baking temperature is governed by
      the amount of powder and by the baking time, and may vary within a range
      of 350.degree. to 120.degree.C. For example, for the preparation mentioned
      in Example 2, a temperature of about 200-180.degree. for about 14 minutes
      has proved to give good results. For use as so-called "Bienenstich" a a
      temperature of 220.degree.C was suitable. At a baking time of 25 minutes,
      a temperature of 150.degree.C may be used, whilst the lower temperature
      limit of 120.degree.C requires a baking time to about 45 minutes.
PAR  A high temperature, which may be raised in certain applications up to
      400.degree.C, is used only for a short duration of the order of a few
      minutes. Such temperatures are used for making new products which will be
      described further below.
PAR  The mixture of powdered or granulated substance with any additional
      ingredient is placed on a baking tin for making a pastry or cake, or on a
      base of dough for making German pastry, and is baked until a product is
      produced with high surface lustre. In addition, pastries with a duller
      appearance may be made which belong to some extent amongst the group of
      biscuits. This dull surface may be produced by adjusting the baking
      temperatures and duration or by selecting the constituent ratios.
PAR  The exact possibility of metering the powder, and its adaptation to bases
      makes it possible, according to a particular embodiment of the invention,
      to apply the mixture to an already prepared food, such as meat or fish,
      and to flame it. In this application, high temperatures are used for short
      periods, for example, under a grill. It has been shown that foods, such as
      meat or fish, may be much improved in taste and can be prepared in a novel
      and tasty manner by means of the powder according to the invention. In
      addition, foods, such as, souffles, rice pudding, and semolina pudding can
      be provided with a coating after the manner of a crunchy pastry.
PAR  In another application, the mixture is applied to a cake in order to
      provide a complete cover or to form a partial decorative top. When the
      mixture is applied to a fruit flan or cake made with fresh fruit, it
      produces a tasty covering under which the fruit remains in its juicy
      state, if the top is flamed for only a short time. In the preferred
      embodiment, the heating is continued until a surface with high lustre is
      obtained.
PAR  In another application of the invention, the mixture of the granulated or
      powdered mass and at least one ingredient is applied directly to fruit and
      is baked, making it possible to produce candied fruit in a novel manner.
      When the mixture is applied to fresh fruit, the coating is produced by
      short duration flaming at high temperatures. Fruit suitable for this
      treatment comprises, for example, apples or strawberries, cherries, plums,
      pineapple and the like. In this connection it should be pointed out that
      the processing of the mixture according to the invention or of the powder
      by itself, with a view to producing a crunchy coating, may be performed by
      the housewife, producing a confectionary with a completely fresh filling.
      For manufacturing a coating on fruit, it may be recommended to cover the
      fruit with a meringue-like protein, prior to the application of the powder
      or mixture. The same method of applying a coating of albumen is used when
      the coating is to be applied to a substance of the group containing ice
      cream and meringue. Meringues contain large amount of sugar. Egg white is
      first whipped up with one third of the amount of sugar and finally fully
      whipped up after adding the remaining sugar. The ratio between sugar and
      egg white is 2:1.
PAR  The protein compound is preferably made in a layer of milk albumen and egg
      albumen. For this purpose, conventional, possibly powdered, commercially
      available preparations may be used and the egg albumen may also be added
      fresh. It is known to prepare egg albumen commercially by foam, spray or
      roller drying.
PAR  For the substances mentioned above, the application of an albumen prior to
      the manufacture of the coating offers an expedient solution because ice
      cream, for example, starts to melt even at a short duration application of
      heat, whilst the application with fruit introduces additionally a special
      component of taste.
PAR  The invention, therefore, relates also to foodstuffs, fruit or other edible
      substances of the kind herinbefore mentioned, with a coating made from the
      powder or mixture according to the invention with at least one additional
      ingredient. More particularly it relates to an article of food of the
      group conprising a prepared dough, meat, fish, a baked article, fruit,
      wherein a layer with high surface lustre, and at least partially
      accurately adapted to the surface configuration of the article, is
      applied, the layer containing at least fat, sugar and sugar substances
      selected from the group comprising glucose and honey, and in which a high
      degree of surface lustre is produced by baking. It should also be noted
      that this coating offers a certain amount of protection. During the baking
      or flaming the temperature is allowed to act until the coating is lustrous
      in the region of the base compound. The temperature may be selected as a
      function of time. Where the application of particulate compound or of
      mixture in the form of a powder is mentioned above, the invention includes
      the application by spraying in its dry state because this makes it
      possible to achieve a very accurate dosage. When bases are used with a
      juicy surface and consequent good adhesion, the base, i.e., the prepared
      article of food, fruit, or the like, may also be rolled in the powder or
      mixture.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for manufacturing a composition for baking which comprises
      mixing sugar and fat, the ratio of sugar to fat being from about 2.5:1 to
      3.5:1, with water in an amount from about 10 to 25 per cent by weight of
      the total mixture, boiling the mixture at about atmospheric pressure for a
      period of time sufficient to remove most of the moisture while allowing
      sufficient moisture to remain to avoid charring or burning of the
      remaining components, drying the boiled mixture to a residual moisture
      content of from about 1 to 2.5 per cent by weight based on the total
      weight of the final mixture under conditions whereby charring does not
      occur, and then powdering the dried mixture, said powdered mixture being
      capable of being baked without the necessity of adding any additional
      liquid.
NUM  2.
PAR  2. The method of claim 1 wherein the mixture is boiled for about 3 to 10
      minutes.
NUM  3.
PAR  3. The method of claim 1 wherein the mixture is boiled at a liquid
      temperature from about 115 to 130.degree.C.
NUM  4.
PAR  4. The method of claim 1 wherein the drying step is carried out under
      reduced pressure.
NUM  5.
PAR  5. The method of claim 4 wherein the drying step is carried out at a
      temperature below the melting point of the mixture and a pressure between
      about 0.1 to 10 torr.
NUM  6.
PAR  6. The method of claim 1 wherein the initial mixture contains common
      refined sugar, glucose, and a binding agent, and wherein the ratio of
      sugar to glucose is in the range from about 70:30 to 50:50, and the amount
      of binding agent is in the range from about 0.5 to 10 per cent by weight
      based on the total weight of the mixture.
NUM  7.
PAR  7. The method of claim 6 wherein the binding agent is selected from the
      group consisting of lactic albumen or flour.
NUM  8.
PAR  8. The composition prepared by the process of claim 1.
NUM  9.
PAR  9. A method for producing a baked product comprising baking the composition
      of claim 8 without the addition of any liquid thereto.
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ABST
PAL  The invention relates to an improved fondant or syrup with natural or
      artificial flavouring and to a method for the preparation thereof. In
      prior art processes, the fondants or syrups produced thereby generally
      have poor storage characteristics in that the flavour tends to be lost
      during storage at room temperatures. In the method of the present
      invention, this problem is overcome by heating a sugars-containing mixture
      to form a sugar polymers base, diluting the base with hot water to a total
      sugars content from about 85 to about 95%, and cooling and working the
      sugar polymers base to a smooth paste prior to blending the desired
      flavour and aroma essences therewith.
BSUM
PAR  This invention relates to an improved fondant type chocolate filling or
      syrup with natural or artificial flavour, and further relates to a method
      for the preparation thereof.
PAR  Fondant type chocolate fillings with natural or artificial flavourings such
      as rum, brandy, or fruit flavours tend to lose flavour rapidly if stored
      at room temperature. Although, in factory storage, it is possible to keep
      the product at reduced temperatures of 50.degree. - 60.degree.F. and thus
      reduce flavour loss, it is not practical to maintain low temperatures in
      distribution. Thus, most of the desirable flavour may be lost within a few
      weeks of leaving the factory.
PAR  A typical method of preparing fondant according to conventional techniques
      is to heat a solution of sucrose, glucose and water until, by evaporation,
      the boiling temperature reaches approximately 115.degree.C. The cooked
      syrup is cooled to approximately 38.degree.C. and then worked or beaten to
      produce a smooth creamy paste which is free from coarse crystals.
      Flavoured fondant is then prepared therefrom by blending the flavour
      additive directly into the fondant, which has been heated to a pouring
      consistency or a temperature not exceeding 60.degree.C. Citric or malic
      acid may be added at this point.
PAR  The problem with this conventional process is that the flavour compounds
      which are added at the elevated temperature of 60.degree.C. or
      thereabouts, tend to lose some of their volatile components through
      evaporation. Furthermore, as stated above, cool storage is necessary to
      retain these volatile flavouring components in the fondant and significant
      loss thereof occurs when the product is transferred to a store or domestic
      environment, where temperatures may be relatively high. This flavour loss
      occurs because, in a fondant, the water-soluble flavouring materials are
      simply held in aqueous solution and an increase in temperature or decrease
      in water content both have the effect of reducing the solubility of the
      flavouring materials. In U.S. Pat. No. 3,695,896 (Sugisawa), there is
      taught a method of preparing a product which generally comprises heating a
      sugars-containing mixture comprising at least 50% sucrose to a temperature
      and for a period of time sufficient to cause formation of
      oligo-saccharides sugar polymers. The resultant product is cooled, and the
      desired flavour and aroma essences together with a binding agent are
      blended therewith. The final product having the flavour and aroma essences
      entrapped within the sugar polymer structure is then dried to less than 5%
      moisture content.
PAR  However, the Sugisawa process is concerned with the preparation of dry
      food-stuffs, wherein the volatile flavours and aromas are preserved in a
      stable, dry form. By contrast, it is normally required that fondant-type
      chocolate or candy fillings should be in the form of a paste or viscous
      fluid, and this is clearly contrary to the dehydration and drying aspect
      of the Sugisawa process. It has however, been discovered that an improved
      fondant, suitable for use as a chocolate or candy filling, may be prepared
      by forming a sugar polymer of the general type described by Sugisawa, and
      thereafter diluting the polymer syrup to reduce the solids content
      thereof, and cooling and working the polymer to produce a smooth paste.
      Flavouring material, such as water-soluble rum, brandy or fruit flavours,
      may then be added along with glycerin or other binding agents. The
      glycerin acts as a mutual solvent for both the sugar and the flavour
      compounds and serves to "lock" the aroma in the resultant fondant. The
      flavour is then released in the mouth when the fondant is eaten and
      diluted with saliva.
PAR  Thus, according to the present invention there is provided a process for
      the preparation of fondant or flavoured syrup which comprises the steps of
      heating a sugars-containing mixture to a temperature and for a period of
      time sufficient to cause formation of a sugar polymers base but
      insufficient to cause browning or caramelization, diluting the resultant
      sugar polymers base with hot water to a total sugars content of from about
      85 to about 95%, cooling the sugar polymers base and working to a smooth
      paste, and blending with the paste desired flavour and aroma essences.
PAR  According to a further aspect of the invention, there is provided a
      flavoured fondant or syrup having improved flavour stability and prepared
      in accordance with the foregoing process.
PAR  The required sugar polymers base is comprised essentially of
      oligo-saccharides and may be prepared from several different sugars and
      sugar-containing products such as sucrose, corn syrup, maltose, dextrose,
      maltodextrin, dextrin, the hydrol byproduct of starch hydrolysate
      preparation, hydrogenated hydrol products, and mixtures thereof.
PAR  Starch hydrolysates such as corn-syrup, maltodextrin, and dextrin may be
      utilized in the starting materials. These substances are commonly
      differentiated by reference to their dextrose equivalent (D.E.), which is
      a measure of the copper reducing power calculated as dextrose and
      expressed as a percentage of the dry substance, usually written as D.E. 25
      - 45 or as 25% - 45% dextrose equivalent. Malto-dextrin usually has a D.E.
      of 15 - 25, and dextrin a D.E. of 5 - 15. A lower value of the dextrose
      equivalent indicates a higher content of oligo-saccharides. Malto-dextrin
      comprises small amounts of dextrose and a large proportion of
      oligo-saccharides having alpha-1,4-linkages. The oligo-saccharides already
      present have the ability to trap flavour compounds within their complex
      stereostructure. Thus, the use of low-dextrose corn syrup and maltodextrin
      (up to about 100% by weight of the corn syrup) in the starting mixture
      lessens the temperature and heating time required for the formation of the
      sugar polymers.
PAR  Hydrol is a common technical term utilized to describe the supernatant
      liquid remaining after separation of dextrose crystal from starch
      hydrolysates. Hydrol is a byproduct from starch hydrolysates and contains
      dextrose and alpha- and beta-linked oligo-saccharides. For economic
      reasons it may be preferable to utilize hydrol or hydrogenated hydrol
      products in the starting mixtures.
PAR  The oligo-saccharides utilized for the flavour-locking are prepared by
      heating the sugars-containing mixture to a temperature and for a period of
      time sufficient to cause formation of the necessary sugar-polymer
      stereostructures. This is preferably accomplished by adding a small amount
      of water to the mixture, bringing the mixture to a boil, increasing the
      temperature gradually to about 140.degree. - 145.degree.C., and holding it
      there for approximately five minutes. Overheating at temperatures above
      145.degree.C. and for longer than about 5 minutes can cause sugar
      browning. It has also been found that heating at atmospheric pressure and
      at significantly lower temperatures but for long periods of time does not
      induce polymerization of the sugar molecules. Where oligo-saccharides are
      already present in the starting mixture, i.e. when malto-dextrin or
      dextrin is utilized, heating to a temperature of approximately
      130.degree.C. or less has been found sufficient to ensure the presence of
      the required sugar polymers and the molten state.
PAR  Following formation of the oligo-saccharide stereopolymers, hot water is
      added to the mixture to bring the total sugars content of the mixture to
      between 85% and about 95%. Preferably this is accomplished by cooling the
      mixture to less than about 120.degree.C (usually approximately 90.degree.
      - 110.degree.C.) and adding the water. The addition of water to the sugars
      syrup at this higher temperature is preferred since it has been found that
      it tends to drive off any undesirable flavours from the sugars resulting
      from any minor caramelization, although the tendency for the sugars to
      caramelize has been reduced by avoiding prolonged heating at higher
      temperatures. It has also been found easier to adjust the sugars content
      of the molten sugar mixture at this temperature since the syrup becomes
      quite viscous upon cooling.
PAR  The sugars syrup containing the oligo-saccharides is then cooled further to
      below 100.degree.C, preferably to room temperature (or about 20.degree.C.
      - 40.degree.C.) for the addition of the volatile food essences.
      Preferably, the essences are dissolved first in a binding agent, such as
      glycerin, of an amount sufficient to become about 0.5 to 10% of the final
      product. The binding agent may also be propylene glycol, polyethylene
      glycol, or mixtures thereof, and with glycerin. The binding agent acts as
      a solvent for both the sugars and the flavour compounds. The binding agent
      containing the flavour volatiles is then added to the cooled mixture
      containing the oligo-saccharide sugar polymers, and is stirred for
      sufficient time to achieve proper blending. Where easily volatilized
      compounds are employed, it is necessary to mix the flavour essences with
      the glycerin or other binding agents at about room temperature or at as
      low a temperature as possible to minimize the loss of such compounds. For
      example, temperatures in the neighbourhood of 50.degree.C. will result in
      significant loss in the case of delicate fruit flavours.
PAR  The invention will now be described further by way of illustration only and
      with reference to the following examples.
PAC  EXAMPLE 1
PAR  The following mixture was formulated:
TBL  glucose solids (dry)                                                      

                       31.0%                                                   

     maltodextrins (10 to 25%                                                  

      dextrose content - pref-                                                 

      erably 10%)       2.5%                                                   

     sucrose           64.0%                                                   

     water             2.0 - 5.0%                                              

                       (preferably about 2.5%)                                 

PAR  The mixture was heated to between 140.degree.C. and 145.degree.C. and
      maintained at this temperature for 5 minutes. Hot water was added in
      portions equal to from 2 to 4% by weight of the molten sugar polymers mix.
      The water must be hot -- 60.degree.C. to 80.degree.C. or higher -- because
      cold water would set the polymer surface into a glass-like solid and
      further mixing would be impossible. The mixture was stirred continuously
      and the hot water added until a soluble solids level of from 85 to 95%
      (preferably no higher than 90%) was obtained. The mixture was then cooled
      to about 30.degree.C. before the following flavouring mixture was added
      thereto:
TBL          lemon oil    2%                                                   

             glycerin     2%                                                   

             ethyl alcohol                                                     

                          2%                                                   

             emulsifier   0.1%                                                 

PAR  Addition of the foregoing and admixture thereof with the sugar polymers
      base was continued until the aroma of lemon oil was faintly apparent.
PAR  It was found that in the foregoing experiment, the percentages of the
      sugars could be varied widely as follows:
TBL  sucrose        40 - 70%                                                   

                    (preferably 60 - 70%)                                      

     maltodextrins   0 - 50%                                                   

                    (preferably 0 - 10%)                                       

     glucose        10 - 50%                                                   

                    (preferably 25 - 35%)                                      

PAR  Other sugars -- such as maltose, etc., -- could be used in proportions up
      to 30%. It was found that the use of higher proportions of maltodextrins
      permitted a somewhat lower heating temperature, generally of about
      130.degree.C., and shorter heating period, for the reasons hereinbefore
      explained.
PAC  EXAMPLE 2
PAR  The following mixture was formulated:
     corn syrup             25%                                                

     maltodextrins (10 to                                                      

      25% dextrose content-                                                    

      preferably 10%)       30%                                                

     sucrose                40%                                                

     water                   5%                                                

PAR  The sugar polymers base was formed by heating as in Example 1, and was
      adjusted by addition of hot water to a soluble solids content of from 85
      to 90%. The mixture was then cooled to 120.degree.C. or less, and from
      0.1% to 1.0% SAIB (sucrose acetate isobutyrate) in ethanol added. The
      cooling of the mixture was continued to between 30.degree.C. and
      40.degree.C., and from 0.1 to 1.0% orange flavour oil and 1% gum arabic
      dissolved in a minimum quantity of water was added. The addition, with
      mixing, was continued for five minutes.
PAR  In this example, it was found that the soluble solids content could be
      adjusted to be as high as 92% by addition of hot water and the mixture
      finally cooled to about 20.degree.C., if desired, prior to working and
      blending with the flavour and aroma essences.
PAR  Furthermore, the operable ranges for the sugar-containing mixture
      ingredients were found to be as follows:
TBL  corn syrup     10 - 50%                                                   

                    (preferably 20 - 30%)                                      

     maltodextrin   10 - 40%                                                   

                    (preferably 25 - 35%)                                      

     sucrose        30 - 60%                                                   

                    (preferably 40 - 50%)                                      

     water           2 - 10%                                                   

                    (preferably 2 - 5%)                                        

PAC  EXAMPLE 3
PAR  A sugar polymers base was prepared as in Example 2, except that the hot
      water was added to a soluble solids content of about 88 to 92% (preferably
      92%). The viscous polymer was cooled to below about 100.degree.C. and
      blended with 20% orange juice concentrate (72% soluble solids).
PAR  This product has similar flavour strength to orange juice. Less orange
      juice concentrate may be added and an orange oil flavoured polymer
      substituted, if desired.
PAC  EXAMPLE 4
PAR  A sugar polymers base was prepared as in Example 1, the soluble solids
      level being adjusted to between 85 and 90%. The mixture was cooled to
      30.degree.C. and 2% water-soluble strawberry essence (10,000 fold) mixed
      with 1 - 2% glycerin was added. The mixing was continued until the
      strawberry aroma disappeared. An artificial strawberry flavour could also
      be used, instead of strawberry essence, if required.
PAC  EXAMPLE 5
PAR  A sugar polymers base was prepared as in Example 1, and the soluble solids
      level adjusted to between 85 and 90%. After cooling the mixture to about
      30.degree.C., an artificial honey flavour, available from Stewart Bros.
      under the product designation No. 402, was added to a concentration of
      0.2%, together with 0.2% glycerin.
PAC  EXAMPLE 6
PAR  A sugar polymers base was prepared as in Example 1, the soluble solids
      level again adjusted to between 85 and 90% and the mixture cooled to about
      30.degree.C. After cooling, a maple flavouring material (0.5%) and
      glycerin (0.5%) were added to the mixture.
PAC  EXAMPLE 7
PAR  A sugar polymers base was again prepared as in Example 1, the soluble
      solids level adjusted to between 85 and 90% and the mixture cooled to
      about 30.degree.C. After cooling, coffee essence (0.5%) and glycerin
      (0.5%) were added to the mixture.
PAR  A further example of a fondant filling with stabilised aroma falling within
      the concept of the present invention is one which utilizes a starch gum as
      an encapsulating agent for oil based flavours instead of glycerin as
      specified in previous examples herein. One example of such a product is
      the orange flavoured candy filling which may be made in accordance with
      the example set out below:
PAC  EXAMPLE 8
PAR  A mixture of 58.3% sucrose, 28.0% glucose, 2.2% Maltrin 10 and 11.5% water
      was heated to between 140.degree. and 145.degree.C. and maintained at that
      temperature for five minutes. Hot water was added to the mixture in
      portions and amounts equal to from 2-4% by weight of the molten polymers
      mixture. It is important that the water used be hot and be of a
      temperature between 60.degree.C. to 80.degree.C. or higher. It will be
      appreciated that cold water would set the polymers mix into a glass-like
      solid and further mixing would be impossible. Hot water was added with
      continuous stirring until a soluble solids level of 80 to 90%, preferably
      no higher than 85% was obtained. The mixture was then cooled to about
      20.degree.C. and a flavouring mixture comprising 5% of orange oil and 5%
      of "Capsul" starch gum dissolved in 10% water heated to 140.degree.F. was
      added thereto. The mixing of the ingredients to form a flavoured polymers
      paste was as in Example 1.
PAR  This mixture appears to provide better encapsulation of oil soluble
      flavours than the use of glycerin although the use of glycerin is equally
      good for water soluble flavours.
PAR  It will be appreciated by those skilled in the art, that the flavouring
      materials may be added in much higher concentrations than required in the
      end product and the highly flavoured products blended with unflavoured
      fondants to give the required final flavour concentration.
PAR  The stability of the flavoured polymer candy fillings of this invention is
      found to be good and it is possible, by using this process, to encapsulate
      flavouring materials at levels much higher than normally used for candy
      fillings. At lower encapsulation levels the flavour losses are still less
      than with conventional processes.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for the preparation of fondant or flavoured syrup which
      comprises the steps of heating a sugars-containing mixture to a
      temperature and for a period of time sufficient to cause formation of a
      sugar polymers base but insufficient to cause browning or caramelization,
      diluting the resultant sugar polymers base with hot water to a total
      sugars content of from about 85 to about 95%, cooling the sugar polymers
      base and working same to a smooth paste, and blending with said paste
      desired flavour and aroma essences.
NUM  2.
PAR  2. The process of claim 1, wherein said flavour and aroma essences are in a
      binding agent, which is also a mutual solvent for said sugar polymers
      base.
NUM  3.
PAR  3. The process of claim 2, wherein said mutual solvent comprises glycerin.
NUM  4.
PAR  4. The process of claim 1, wherein said flavour and aroma essences are
      water-soluble.
NUM  5.
PAR  5. The process of claim 1, wherein said sugars-containing mixture is heated
      to about 140.degree. to 145.degree.C. for a period of about 5 minutes.
NUM  6.
PAR  6. The process of claim 1, wherein said sugars-containing mixture contains
      at least one substance selected from the group consisting of glucose,
      sucrose, maltodextrin, dextrose and corn syrup.
NUM  7.
PAR  7. The process of claim 1, wherein said sugars-containing mixture contains
      sucrose in an amount of from 40% to 70% by weight of the mixture.
NUM  8.
PAR  8. The process of claim 1, wherein said hot water added to dilute said
      sugar polymers base is at a temperature of at least 60.degree.C.
NUM  9.
PAR  9. The process of claim 1, wherein said hot water is added to said sugar
      polymers base when said base is at a temperature of 120.degree.C. or less.
NUM  10.
PAR  10. The process of claim 1, wherein said sugar polymers base is cooled to
      below a maximum temperature of 100.degree.C., before addition of flavour
      or aroma essences.
NUM  11.
PAR  11. The process of claim 1, wherein said sugar polymers base is cooled to a
      temperature of from about 20.degree.C. to about 40.degree.C. before
      addition of flavour or aroma essences.
NUM  12.
PAR  12. A process for the preparation of fondant which comprises the steps of
      heating a sugars-containing mixture comprising, by weight, from 40 to 70%
      sucrose; from 10 to 50% glucose; and maltodextrin in an amount from 0 to
      50% by weight, to form a sugar polymers base, diluting the said base with
      hot water to a total sugars content of from about 85% to about 95%,
      cooling said mixture to below about 40.degree.C. and working same to a
      smooth paste and blending with said paste desired flavour and aroma
      essences.
NUM  13.
PAR  13. The process of claim 12, wherein said sugars-containing mixture
      comprises, by weight, about 25 to 35% dry glucose solids, up to 10%
      maltodextrin having a 10 to 25% dextrose content, about 60 to 70% sucrose,
      and about 2 to 5% water, said mixture being heated to a temperature
      between about 140.degree. and 145.degree.C. for a period of approximately
      5 minutes to form said sugar polymers base, and said base being diluted
      with hot water added in portions equal to from 2 to 4% by weight of said
      sugar polymers base to give said soluble solids level of from 85 to 95%.
NUM  14.
PAR  14. The process of claim 12, wherein said sugars-containing mixture
      comprises, by weight, about 31% dry glucose solids, about 2.5%
      maltodextrin having a 10% dextrose content, about 64% sucrose, and about
      2.5% water, said mixture being heated to a temperature between about
      140.degree. and 145.degree.C. for a period of approximately 5 minutes to
      form said sugar polymers base, and said base being diluted with hot water
      added in portions equal to from 2 to 4% by weight of said sugar polymers
      base to give said soluble solids level of from 85 to 90%.
NUM  15.
PAR  15. The process of claim 12, wherein said flavour and aroma essences are in
      a binding agent, which is a mutual solvent for said sugar polymers base.
NUM  16.
PAR  16. The process of claim 12, wherein said flavour and aroma essences are in
      a binding agent comprising glycerin.
NUM  17.
PAR  17. The process of claim 12, wherein said flavour and aroma essences are
      pre-mixed and added as the following pre-mixed compositions:
TBL         fruit flavor and aroma                                             

                           2%                                                  

            glycerin       2%                                                  

            ethyl alcohol  2%                                                  

            emulsifier     0.1%                                                

NUM  18.
PAR  18. A process for the preparation of fondant which comprises the steps of
      heating a sugars-containing mixture comprising, by weight, about 10 to 50%
      corn syrup, about 10 to 40% maltodextrin having a 10 to 25% dextrose
      content, about 30 to 60% sucrose, and about 2 to 10% water, to form a
      sugar polymers base, diluting said base with hot water to a soluble solids
      content of from 85 to 92%, cooling said mixture to approximately
      120.degree.C. or less, adding from 0.1 to 1.0% sucrose ester and cooling
      said mixture further to between 20.degree. and 40.degree.C. working said
      mixture to a smooth paste and blending with said paste desired flavour and
      aroma essences.
NUM  19.
PAR  19. A process for the preparation of fondant which comprises the steps of
      heating a sugars-containing mixture comprising, by weight, about 25% corn
      syrup, about 30% maltodextrin having a 10% dextrose content, about 40%
      sucrose, and about 5% water, to form a sugar polymers base, diluting said
      base with hot water to a soluble solids content of from 85 to 90%, cooling
      said mixture to 120.degree.C. or less, adding from 0.1 to 1.0% sucrose
      ester and cooling said mixture further to between 30.degree. and
      40.degree.C. working said mixture to a smooth paste and blending with said
      paste desired flavour and aroma essences.
NUM  20.
PAR  20. A process for the preparation of fondant which comprises the steps of
      heating a sugars-containing mixture comprising, by weight, about 20 to 30%
      corn syrup, about 25 to 35% maltodextrin having a 10 to 25% dextrose
      content, about 40 to 50% sucrose, and about 2 to 5% water, to form a sugar
      polymers base, diluting said base with hot water to a soluble solids
      content of about 88 to 92%, cooling said mixture to below about
      100.degree.C., working same to a smooth paste and blending therewith
      desired flavour and aroma essences.
NUM  21.
PAR  21. A process for the preparation of fondant which comprises the steps of
      heating a sugars-containing mixture comprising, by weight, about 25% corn
      syrup, about 30% maltodextrin having a 10% dextrose content, about 40%
      sucrose, and about 5% water, to form a sugar polymers base, diluting said
      base with hot water to a soluble solids content of about 92%, cooling said
      mixture to below 100.degree.C., working same to a smooth paste and
      blending therewith desired flavour and aroma essences.
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ABST
PAL  A method and apparatus for electroless plating of a metal on a workpiece
      overcomes the problem of metal plating on solid particles suspended in the
      solution and on those parts of the plating apparatus in contact with the
      solution by maintaining a concentration of anticatalytic substance, such
      as lead ions, between about 10.sup.-.sup.6 and 10.sup..sup.-1 mols per
      liter and maintaining a relative speed of more than about 0.9 meter per
      second between the solution and those parts of the apparatus in contact
      with the solution.
PARN
PAR  This application is a continuation-in-part of our earlier-filed copending
      application Ser. No. 852,685, filed Aug. 25, 1969.
BSUM
PAR  The present invention pertains to the art of metal plating, and more
      particularly to the art of electrolessly plating metals, such as nickel
      and others.
PAR  Most materials and workpieces, whether metallic, semimetallic or
      non-metallic, can be electrolessly plated by employing plating solutions
      which contain metal ions and a reducing agent. In addition, the plating
      solutions generally contain substances and ions which form complexes with
      the metal ions, which assure the necessary stability of the bath, which
      act upon the structure of the plated metal coating (e.g. making the
      plating glossy) and which impart to the metal plating by incorporation
      therein a particular hardness and abrasive resistance or other
      characteristics. However, these substances and their reaction products,
      which are produced in the metallizing or plating process proper, as well
      as any substances which enter the bath in the course of normal production,
      can have a detrimental effect on the plating process, particularly when
      the plating bath has been operated for any length of time. The reaction
      products are the inherent result of the plating reaction between the
      necessary constituents of the plating solution. Other solid particles
      result from super-saturation which causes precipitation, and suspended
      particles from ordinary sources, e.g. dust. These reaction products,
      deposits and suspended particles (collectively hereinafter sometimes
      called "solid particles") have large surface areas and thus represent a
      great number of active nuclei on which undesirable plating reactions occur
      with the result of either spontaneous disintegration of the solution in
      the nature of a chain reaction or depletion of the chemicals required for
      the plating reactions. Such products of reaction, deposits and suspended
      particles can settle on the workpiece and result in an undesirably rough
      surface when the metal is plated thereover. It is therefore necessary to
      remove these solid particles by separating them from the solution on a
      continuous basis.
PAR  Presently known methods for commercially counteracting these shortcomings
      by removing the solid particles have proven to be either inadequate or
      unsatisfactory. If, for instance, conventionally used filters are employed
      as the separator, a phenomenon occurs which phenomenon is common to all
      electroless plating and involves deposition of the plating metal on the
      filter cloth or other filter inserts and on the filter cake. Moreover, the
      solid particles are frequently filterable only with great difficulty, so
      that in most cases auxiliary filtering accessories have to be employed.
      All these measures have in common the problem that the filtered-out solid
      particles, i.e., the filter cake, remains in contact with the plating
      solution and therefore continued depletion of the chemicals from the
      plating solution, bath disintegration and all the disadvantages associated
      therewith are encountered.
PAR  Since the plating operation is generally conducted at elevated temperatures
      close to the boiling point of the plating solution, attempts have also
      been made to overcome the depletion and other problems associated with the
      filtration of solid particles by cooling the solution before filtering and
      then reheating the baths for subsequent re-use. Such a procedure may be
      done intermittently, e.g. on a daily basis, which has the disadvantage of
      not providing constant solution properties for the entire operating
      period, or it can also be done by continuously cooling a portion of the
      bath for filtering. The latter procedure, however, is costly and therefore
      uneconomical.
PAR  It has also been suggested that the solid particles could be removed from
      the plating solution with the aid of gravity. This latter method employs
      centrifugal filtering, but centrifugal filtering also encounters the
      problems associated with ordinary filtering in that the plating solution
      is in constant contact with the filter cake, resulting in undesirable
      plating of the filter cake particles.
PAR  In addition to the undesired metallization and plating out onto the solid
      particles and filter cake as described above, metallization and plating
      out of the plating metal onto parts of the plating apparatus which come
      into contact with the plating bath solution, such as the plating solution
      container and auxiliary material and equipment, is a troublesome problem
      for the same reasons of chemical depletion and bath disintegration.
PAR  All such undesirable plating out, i.e. deposition of plating metal bath on
      solid particles and filter cake as described above, and on portions of the
      apparatus which come into contact with the plating solution are sometimes
      hereinafter and in the claims referred to as "random plating". "Free
      metal" refers to the metal which is deposited, either as random plating
      or, desirably, onto the article to be plated, from the metal ions in
      solution by the reduction thereof to the elemental metal.
PAR  The addition of anticatalytic substances to plating solutions does not
      prevent the undesirable metallization and plating of auxiliary materials
      and equipment parts coming in contact with the solution since the
      concentration of such anticatalytic substances has to be properly adapted
      to the optimal plating properties of the solution otherwise the desired
      plating of the workpiece would not be realized. In other words, there is a
      limit to the maximum permissible concentration of anticatalyst since an
      excessive concentration will so retard the plating reaction that the rate
      of plating onto the workpiece is insufficient. The term "anticatalyst"
      refers to substances such as lead ions which retard but do not completely
      stop the plating reaction so that plating of the bath container or other
      apparatus can be minimized while plating of the workpiece, i.e., the
      article to be plated, can proceed. The anticatalysts are also designated
      as stabilizing agents which are catalytic poisons (negativ catalyst) and
      which are added to the bath solution to control the rate of plating upon
      catalytic surfaces of the workpieces. This is disclosed in U.S. Pat. No.
      2,763,723, granted on Sept. 11, 1956 to Paul Talmey and Gregoire Gutzeit
      as well as in U.S. Pat. No. 2,874,073, granted on Feb. 17, 1959 to Donald
      E. Metheny et al.
PAR  The present invention contemplates a new and improved process and apparatus
      which overcomes all the foregoing problems and others and provides a
      process or apparatus for electrolessly plating workpieces while minimizing
      the problem of rough plated surfaces associated with solid particles
      settling out on the workpiece and while minimizing the problems associated
      with random plating out on plating equipment which comes in contact with
      the plating solution.
PAR  The present invention provides a process and apparatus for electrolessly
      plating a metal, such as preferably nickel, from an aqueous plating
      solution which solution contains metal ions, e.g. nickel ions, reducible
      to free metal, a reducing agent (such as hypophosphite ions in the case of
      a nickel plating solution) and at least one anticatalytic substance, e.g.
      salts of lead, sulfur, antimony, chromium, etc. or any other substance
      disclosed in the above U.S. patents, and which solution can be
      continuously or intermittently treated in a separator, for the purpose of
      separating and removing from the solution solid particles suspended
      therein. The separator may be a filter and is preferably a centrifugal
      filter, i.e., centrifuge.
PAR  In accordance with the present invention, the plating solution contains
      anticatalytic substance in concentrations from about 0.000001 mol per
      liter to about 0.1 mol per liter (that is about 10.sup.-.sup.6 to about
      10.sup.-.sup.1 mols per liter) and moving the apparatus relative to its
      supporting structure so that the plating solution is maintained at a speed
      relative to the plating apparatus parts with which it is in contact of
      more than about 0.9 meter per second. Naturally, in order to obtain
      desirable plating of free metal on the workpiece, the relative speed of
      plating solution to the workpiece may be any suitable speed substantially
      less than 0.9 meter per second.
PAR  The provision of the anticatalytic substance within the stated
      concentration limits, in combination with the minimum speed of relative
      movement of the solution to the plating apparatus with which it is in
      contact minimizes random plating out of the plating metal onto the
      apparatus and onto the solid particles suspended in the solution.
PAR  Reference herein and in the claims to the "plating apparatus" with which
      the solution is in contact, or words to that effect, includes the
      container holding the plating solution or parts of the container, as well
      as auxiliary equipment in contact with the solution, such as the filter.
PAR  Advantageously, a centrifuge is used for filtering the solution. If,
      however, stationary filters are employed, the circulation of the plating
      solution with the required relative speed with respect to the filter and
      to the plating equipment can be achieved by means of a rotating propeller
      or a hydrocyclone.
PAR  In accordance with one aspect of the invention, plating solution is treated
      to separate solid particles therefrom, and the treated plating solution,
      now substantially free of solid particles, is returned to the container
      holding the article to be plated. By practice of the invention, it is
      possible to withdraw the plating solution and to separate solid particles
      therefrom, preferably by centrifugal filtration, at substantially the
      plating temperature. By this it is meant that the plating solution need
      not be cooled by passage through a heat exchanger prior to the separation
      or filtration step, as is generally required in the prior art. Obviously,
      due to normal heat losses in passing the hot plating solution to the
      filter, an inherent slight cooling will occur. However, as used in the
      specification and in the claims, reference to passing the plating solution
      through the separator or filter "at substantially the plating temperature"
      means that the solution is not subjected to a deliberate heat exchange
      cooling step prior to being passed to the separator or filter.
PAR  In accordance with a more limited and preferred aspect of the invention,
      the apparatus for carrying out the process can be specially equipped with
      vibrators for achieving the required relative speed between the plating
      solution and the plating solution container or portions thereof and/or the
      filter.
PAR  In accordance with a further aspect of the present invention, the process
      is conducted in a continuous manner and is automatically controlled. To
      this end, the volume of solid particles in the plating solution is
      continuously measured and the portion of the bath to be conveyed through
      the filter is automatically controlled in dependence on this volume. The
      concentration of metal ions and of the anticatalytic substance in the
      plating solution can also be continuously monitored and the required
      additions can be suitably controlled in an automatic manner.
PAR  The principal object of the invention is to minimize the undesirable random
      plating on parts of the plating apparatus or to completely prevent such
      undesirable plating.
PAR  It is a further object of the present invention to minimize nucleation
      sites for the metal being plated at the filter cake surface, even if the
      filter cake covers an extensive area, and to minimize the problems
      associated with depletion by random plating of the chemicals required for
      the plating operation.
PAR  As is well known, anticatalytic substances include heavy metal ions and
      other ions, e.g. such as disclosed in the said U.S. patents. Conveniently,
      these are introduced into the bath solution in the form of common salts
      thereof. Suitable anticatalytic substances in accordance with the
      invention are added in the form of soluble salts or compounds of lead,
      antimony, bismuth, chromium, arsenic, cadmium, zinc, germanium, selenium,
      tin, mercury, tellurium, sulphur. Preferably, common organic and inorganic
      salts of the anticatalytic metals and common thiocompounds of sulphur are
      employed.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      from the following description of a preferred embodiment together with the
      drawings forming a part thereof, wherein:
PAR  FIG. 1 is a schematic diagram of one embodiment of an apparatus adapted to
      carry out the present invention;
PAR  FIG. 2 is a graph which plots the rate of metal deposition against the
      speed of plating solution relative to an object being plated, as a
      function of the concentration of anticatalytic substance in the plating
      solution.
DETD
PAR  Referring now to FIG. 1, workpieces 2 to be plated are suspended in plating
      solution container 1. The plating solution 3 flows through conduit 4 to
      circulating pump 5 and from there through conduit 6 in which measuring
      probes 7, 8, 9, 10, 11 and 12 are installed for regulating valve 13.
      Through switchable three-way valve 14 the plating solution flows
      alternately into one of the two centrifuges 15 or 16 in which it is
      purified of suspended particles. The purified plating solution is then
      alternately returned to plating solution container 1 through discharge
      lines 17 or 18.
PAR  The measuring probes are monitors for measuring values of temperature 7, pH
      value 8, metal ion concentration 9, anticatalyst concentration 10,
      turbidity 11 and redox potential 12. The probes 7, 8, 9, 10, 11 and 12 are
      connected to process computer 19 which is programmed for optimum
      operation. The computer controls and regulates heating unit 20 for
      controlling the temperature of the bath, the dosing pumps 21 and 22 for
      the supply from the alkaline solution tank 23 and the acid container 24,
      respectively, the dosing pump 25 for the addition of metal ions from
      container 26, the dosing pump 27 for the addition of the anticatalyst
      solution from container 28, and the dosing pump 29 for the addition of the
      reducing agent from container 30. The process computer also monitors the
      degree of turbidity (measured by probe 11), the period of time used for
      the operation and the quantity measured by the volumetric meter 31 for
      switching over three-way valve 14 and thus determining the cleaning cycle
      for centrifuges 15 and 16. The container 1 rests on vibratory isolated
      supports 32 and has one or several oscillation generators 33 which set the
      container 1 vibrating to provide a relative speed of more than about 0.9
      meter per second between the plating solution and the plating apparatus.
PAR  The process in accordance with the present invention can be successfully
      used for plating any metal which is electrolessly precipitable from
      aqueous solution by a reductant. Thus, the process can be employed when
      plating nickel, copper, brass, chrome, zinc, cadmium, tin, silver and
      other metals and can be conducted on a continuous and automatically
      controlled basis.
PAR  In continuous operation, the concentration of anticatalytic substances in
      the plating solution should be kept as constant as possible. The
      concentration of substances in the solution, which includes anticatalysts
      as well as metal ions and reductants, should, therefore, be monitored on a
      continuous basis during the operation. Continuous monitoring can be
      accomplished by any suitable means, e.g. photometrically by one or several
      photometers or electrometrically by potentiometers. The composition of the
      plating solution can be controlled and adjusted in response to the
      monitors by suitable devices coupled thereto, e.g. limiting regulators.
      The volume of solid articles contained in the plating bath can be
      continuously measured in a similar manner, e.g. with a flow turbidimeter,
      and an appropriate portion of the plating solution can be continuously
      withdrawn from the container and branched off with the help of control
      devices and regulators which are well known in the art. It is also
      desirable to continuously monitor and regulate the pH value, the redox
      potential and the temperature of the plating solution.
PAR  While it has long been known that certain substances have anticatalytic
      properties in electroless plating and tend to retard the rate of
      deposition of metal upon an object, it has been found that, surprisingly,
      the speed of the plating solution relative to the object upon which
      plating out occurs also affects the metal deposition rate i a predictable
      way.
PAR  For example, in Table I below there is set forth a series of nickel
      deposition rates measured at different concentrations of anticatalytic
      substance (in this case, lead ion) in solution and different flow speeds
      of the bath fluid relative to a wall surface.
TBL                TABLE I                                                     

     ______________________________________                                    

                  Rate of metal (nickel) deposition from                       

                  solution on to object upon which metal                       

     Solution speed                                                            

                  is plated, micrometers per hour (.mu.m/h)                    

     relative to object                                                        

                  Concentration of anticatalytic                               

     upon which metal                                                          

                  substance (lead ion) in                                      

     (nickel) is plated,                                                       

                  solution, mols per liter (mol/l)                             

     meters per second                                                         

     (m/sec)      10.sup..sup.-6                                               

                         10.sup..sup.-5                                        

                                10.sup..sup.-4                                 

                                     10.sup..sup.-3                            

                                          10.sup..sup.-2                       

                                                10.sup..sup.-1                 

     ______________________________________                                    

     0.11         23.1   20.6   15.8 11.0 6.1   0.5                            

     0.27         22.6   18.8   14.7 10.9 5.2   trace                          

     0.53         21.2   17.5   13.8 9.2  3.0   trace                          

     0.80         17.6   14.0   9.8  7.1  2.0   trace                          

     1.10         12.0   8.9    7.0  4.1  0.9   trace                          

     1.60         4.8    3.3    1.9  1.6  0.1   trace                          

     2.10         1.5    1.1    trace                                          

                                     trace                                     

                                          trace trace                          

     ______________________________________                                    

PAR  The data of Table I is plotted in FIG. 2 of the drawings. Referring now to
      FIG. 2, it is seen that the deposition speed of nickel decreases along a
      predictable smooth curve as the speed of the bath fluid flow relative to
      the object being plated increases. The absolute rates of nickel deposition
      vary with the concentration of lead ion in the solution but the general
      shape of the curves is seen to be similar at the various concentrations of
      anticatalytic substance.
PAR  At a flow speed of about 0.6 meter per second the rate of decrease of
      plating rate is seen to be very great. At about 1.2 meters per second flow
      speed the curves are seen to flatten and to approach zero asymptotically.
      At a speed midway between the speed (0.6 meters per second) at which the
      slope of the plating rate line begins to decrease rapidly and the speed
      (1.2 meters per second) at which the slope begins to flatten out, i.e. at
      about 0.9 meter per second, the solution speed begins to have a profound
      effect on the plating deposition rate. Even at the very slight
      anticatalytic substance concentration of 10.sup..sup.-6 mols of lead per
      liter, the plating rate at 0.9 meters per second relative solution speed
      is only about 16 micrometers per hour, which is essentially a non-plating,
      for practical purposes, deposition rate.
PAR  While the test data given is for lead ion in solution as the anticatalytic
      substance, similar results are obtained with other anticatalysts, such as
      set forth in Table II.
TBL                                    TABLE II                                

     __________________________________________________________________________

             Concentrations of the                                             

                          Preferred concen-                                    

                                      Added to the plating solution            

     Anticatalysts                                                             

             anticatalysts in the                                              

                          trations of anticata-                                

                                      e.g. in the form of:                     

             plating solution                                                  

                          lysts                                                

             ppm (parts per million)                                           

                          ppm                                                  

     __________________________________________________________________________

     lead (Pb)                                                                 

             0,5 - 50      1 - 20     lead acetate PbC.sub.4 H.sub.6 O.sub.4   

                                      or                                       

                                      lead chloride PbCl.sub.2                 

     zinc (Zn)                                                                 

              1 - 500      50 - 150   zinc chloride ZnCl.sub.2 or              

                                      zinc acetate ZnC.sub.4 H.sub.6 O.sub.4   

     cadmium (Cd)                                                              

              1 - 500      50 - 150   cadmium chloride CdCl.sub.2              

     germanium (Ge)                                                            

              1 - 500      50 - 150   germanium chloride GeCl.sub.4 or         

                                      germanium acetate Ge(C.sub.2 H.sub.6     

                                      O.sub.4).sub.2                           

     arsenic (As)                                                              

             0,01 - 50     1 - 10     arsenic (III) oxide As.sub.2 O.sub.3 or  

                                      arsenic pentoxide As.sub.2 O.sub.5       

     selenium (Se)                                                             

              1 - 100     30 - 60     selenium oxide SeO.sub.2 or              

                                      selenious acid H.sub.2 SeO.sub.4         

     tin (Sn)                                                                  

              10 - 200    30 - 70     tin chloride SnCl.sub.2 or               

                                      tin fluoride SnF.sub.4                   

     antimony (Sb)                                                             

              5 - 100     20 - 80     antimony fluoride SbF.sub.3 or           

                                      antimony chloride SbCl.sub.3             

     bismuth (Bi)                                                              

              1 - 200      10 - 100   bismuth chloride BiCl.sub.3 or           

                                      bismuth citrate BiC.sub.6 H.sub.5        

                                      O.sub.7                                  

     mercury (Hg)                                                              

              1 - 150      10 - 100   mercury chloride HgCl.sub.2 or           

                                      mercury carbonate Hg.sub.2 CO.sub.3      

     tellurium (Te)                                                            

             0,5 - 100    10 - 50     tellurium fluoride TeF.sub.4 or          

                                      orthotelluric acid Te(OH).sub.6          

     chromium VI                                                               

             0,05 - 50    0,1 - 10    potassium chromate KCrO.sub.3 or         

                                      sodium bichromate Na.sub.2 Cr.sub.2      

                                      O.sub.7                                  

     sulphur (S)                                                               

             0,03 - 3,0   --          if used as thiourea                      

     sulphur (S)                                                               

             0,03 - 30    --          if used as metal sulfide, e.g.           

                                      sodium sulfide Na.sub.2 S                

     __________________________________________________________________________

PAR  The data given in Table II for the concentration of the anticatalysts in
      the plating solution relate to plating solutions having a operating
      temperature between about 70.degree. C and 95.degree. C and having a pH
      between about 5 - 8. Of course, if the plating method is carried out at
      lower operating temperatures and/or at a lower pH the concentration of the
      anticatalysts is reduced correspondingly as this is well-known in the art.
      This in effect means that the concentration of anticatalytic substances
      lies between 10.sup.-.sup.6  and 10.sup.-.sup.1 mols per liter and, of
      course, the respective concentration is to be chosen according to the
      particular circumstances, namely the specific anticatalyst used in the
      solution, the operating temperature of the plating solution, the pH
      thereof and the like, as this is well-known.
PAR  When the concentration of anticatalytic substances is chosen in accordance
      with the specific kind and parameters of the plating process so as to
      obtain the desired plating rate and which concentration lies between
      10.sup.-.sup.6 and 10.sup.-.sup.1 mols per liter for all anticatalytic
      substances and plating solutions, solution speeds of 0.9 meter per second
      or greater will maintain the random metal deposition rate below the value
      of 16 micrometers per hour. Naturally, it will be understood that in
      carrying out the process according to the invention, the workpiece to be
      plated are so arranged that the relative flow speed of the bath fluid to
      the workpieces is considerably less than the 0.9 meter per second in order
      that the desired plating out of metal on the workpieces may occur.
PAR  From a practical point of view, this result is best obtained by moving, by
      vibration or rotation, the container within which the article to be plated
      is immersed in the plating solution at a high enough speed to maintain the
      required minimum relative speed between the solution and the container.
      Instead of moving or vibrating the container as a whole parts of the
      container, which come into contact with the plating solution, such as wall
      portions or equipment parts of the container may be moved or vibrated to
      maintain the said relative speed.
PAR  Of course, it is possible to agitate and propel the solution in the
      container and through the apparatus by pumps, impellers or the like means
      to obtain the required minimum speed. (The use of such means to obtain the
      required solution speeds may be referred to as "hydrocylonic" means, the
      speeds being obtained "hydrocylconically".) In such cases, it is necessary
      to provide means such as damping plates or the like, which would hold the
      relative speed between the workpiece and the solution to well below 0.9
      meter per second. However, this would require relatively complicated
      structure within the container and accordingly, it is preferred to vibrate
      or rotate the container or portions thereof to maintain the required
      relative speed between it and the solution. Such vibration or rotation can
      be carried out while maintaining the relative solution speed between the
      solution and the article to be plated to well below 0.9 meter per second.
PAR  Accordingly, this aspect of the invention consists of maintaining the flow
      speed of the plating solution relative to the apparatus, filters,
      auxiliary equipments or portions thereof at or, preferably, greater than
      0.9 meter per second and, at the same time, maintaining the solution flow
      rate relative to the workpieces less than 0.9 meter per second.
      Irrespective of the specific anticatalyst used in the plating solution the
      concentration of the anticatalyst is maintained within the specified
      limits, that means between 10.sup. .sup.-6 and 10.sup.-.sup.1 mol per
      liter and within these limits the respective concentration of the
      anticatalytic substance is to be chosen in known manner in accordance to
      the respective anticatalyst used, the specific plating solution and the
      parameters of the plating process etc. so as to obtain the desired
      stabilizing effect and thereby the desired plating rate of the workpieces.
      As the stabilizing effect of the different anticatalytic substances is the
      same, random nickel plating upon the plating container and the other
      component parts of the system is essentially avoided irrespective of the
      specific anticatalytic substance used for the plating process. Therefore,
      all the anticatalytic substances will give the same results and,
      consequently, the curves shown in FIG. 2 will also be obtained if, instead
      of lead ions, other anticatalysts are used. In this manner desired plating
      out onto the workpieces occurs at an acceptably high rate whereas random
      plating and its attendant disadvantages on the equipment, filters, etc. is
      essentially avoided.
PAR  Relative speed between the separator and the plating solution is maintained
      at 0.9 meter per second or greater, preferably by employing a centrifuge
      or centrifugal filter as described above.
PAR  Although the present invention has been described in conjunction with a
      preferred embodiment, it is to be understood that modifications and
      variations may be resorted to without departing from the spirit and scope
      of the invention as those skilled in the art will readily understand. Such
      modifications and variations are considered to be within the purview and
      scope of the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. An improved process for the electroless plating of a metal from an
      aqueous plating solution containing plating metal ions reducible to free
      metal, a reducing agent and an anticatalytic substance, the free metal
      depositing onto an article to be plated by being immersed into the plating
      solution contained in a container forming part of a suitable plating
      apparatus said apparatus including a supporting structure, while minimizng
      the random plating out of plating metal on those portions of the apparatus
      which come into contact with the plating solution, and maintaining an
      anticatalytic substance dissolved in the plating solution in
      concentrations from about 0.000001 mol per liter to about 0.1 mol per
      liter, the improvement consisting of: moving the apparatus relative to its
      supporting structure and said solution such as to maintain a relative
      speed of at least about 0.9 meter per second between the plating solution
      and portions of the container with which the plating solution comes into
      contact, while maintaining a relative speed of less than 0.9 meter per
      second between the plating solution and the article immersed therein in
      order to obtain proper plating of said article with the plating metal.
NUM  2.
PAR  2. The process of claim 1, wherein the relative movement between the
      plating solution and those portions of the container with which it comes
      into contact is obtained by vibrating the container.
NUM  3.
PAR  3. The process of claim 1, wherein the relative movement between the
      plating solution and those portions of the container with which it comes
      into contact is obtained by rotating the container.
NUM  4.
PAR  4. The process of claim 1, in which the plating solution is drawn off from
      the container and is passed through a separator for the removal of solid
      particles suspended therein, and a relative speed of at least about 0.9
      meter per second is maintained between the plating solution and those
      portions of the separator with which the plating solution comes into
      contact.
NUM  5.
PAR  5. The process of claim 4 in which the separator is a centrifugal filter
      and the plating solution is centrifugally filtered by driving the
      centrifugal filter at a speed sufficient to maintain the stated relative
      speed between the plating solution and the centrifugal filter.
NUM  6.
PAR  6. The process of claim 4 in which the plating solution is passed through
      the separator at substantially the plating temperature.
NUM  7.
PAR  7. The process of claim 4, in which plating solution is continuously drawn
      off from the container and passed through the separator.
NUM  8.
PAR  8. The process of claim 7, in which the volume of solid particles in the
      plating solution is continuously measured and the quantity of the plating
      solution drawn off from the container and passed to the separator is
      automatically controlled in response to the volume of solid particles
      contained in the plating solution.
NUM  9.
PAR  9. The process of claim 1, in which a relative speed of at least 0.9 meter
      per second is maintained between the plating solution and those portions
      of the apparatus in contact with plating solution.
NUM  10.
PAR  10. The process of claim 9, in which the relative speed between the plating
      bath and those portions of the apparatus in contact with plating solution
      is maintained hydrocyclonically.
NUM  11.
PAR  11. The process of claim 9, in which the relative speed between the plating
      bath and those portions of the apparatus exposed to plating solution is
      maintained by vibrating the container holding the plating solution.
NUM  12.
PAR  12. The process of claim 1, in which the concentrations of the metal ions
      and the anticatalytic substance are continuously measured and the required
      concentrations are automatically maintained.
NUM  13.
PAR  13. The process of claim 1, in which the relative speed between the plating
      bath and those portions of the apparatus in contact with the plating
      solution is maintained hydrocyclonically.
NUM  14.
PAR  14. The Process of claim 1, wherein said anticatalytic substance is an ion
      selected from the group of the following substances: sulphur, cadmium,
      zinc, germanium, arsenic, selenium, tin, antimony, lead, bismuth, mercury,
      tellurium, chromium.
NUM  15.
PAR  15. The process of claim 1 wherein said metal is nickel.
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ABST
PAL  An electrostatic spray apparatus and method for spraying electrically
      conductive coating materials on a continuous basis from an electrically
      grounded bulk coating supply. Included is a spray gun from which
      electrostatically charged coating material is emitted toward an
      electrically grounded object to be coated; a high voltage source for
      electrostatically charging the coating material emitted from the gun; an
      electrically grounded bulk coating storage tank; and an intermediate tank
      assembly including a) an inner tank for continuously supplying coating to
      the gun via a hose, which inner tank is automatically and periodically
      replenished with coating material from the grounded bulk supply tank
      without establishing an electrically conductive path between the
      electrically grounded bulk storage tank and the inner tank which contains
      coating material electrostatically charged via the column of conductive
      coating material in the gun hose, b) an electrically grounded outer
      housing or container completely enclosing the inner tank, and c) an
      insulative support electrically isolating the inner tank from the outer
      grounded container, which support is subjected to a gaseous stream to
      prevent build-up thereon of a conductive film of coating material which,
      if permitted to occur, would shortcircuit the grounded outer container to
      the electrostatically charged coating material stored in the inner tank
      and thereby destroy the electrical isolation between the inner tank and
      the grounded outer container.
PARN
PAR  This is a division of application Ser. No. 465,539 filed Apr. 30, 1974 now
      U.S. Pat. No. 3,892,357.
BSUM
PAR  This invention relates to electrostatic spray coating and more particularly
      to an apparatus and method for electrostatically spray coating
      electrically conductive coating materials on a continuous basis which
      permits all exposed elements of the spraying apparatus to be electrically
      grounded, thereby avoiding shock and ignition hazards occasioned by
      inadvertent contact by operating personnel with, and/or accidental
      grounding of, any exposed portion of the system.
PAR  Coating materials sprayed on objects to be coated can be categorized, from
      the standpoint of their electrical conductivity, as falling into one of
      three categories, namely, low, intermediate or moderate, and high
      conductivity coatings. Coating resistivities in the general range of
      2.times.10.sup.5 ohm-centimeters to 10.sup.6 ohm-centimeters are
      considered to be in the intermediate or moderate conductivity range, while
      coating materials having electrical resistivities below and above this
      range are viewed as falling in the high and low conductivity categories,
      respectively. While specific resistivity values have been used to define
      low, intermediate and high conductivity ranges, it is understood that
      these resistivity values are arbitrary and relative, and employed only for
      the purpose of illustration. Accordingly, a coating material having a
      resistivity above or below the range of 2.times.10.sup.5 -10.sup.6
      ohm-centimeters could conceivably be considered as an intermediate or
      moderate conductivity coating material, notwithstanding that it falls
      without, although near, the specific numerical range noted. Similarly, a
      coating material with a resistivity between 2.times.10.sup.5
      ohm-centimeters and 10.sup.6 ohm-centimeters, near one or the other of
      these limits, may possibly be considered as either a high or low
      conductivity coating depending on the end of the intermediate range to
      which it is closest. As used herein, the term "electrically conductive
      coating material" refers to coating materials of both the intermediate and
      high conductivity types.
PAR  Heretofore there has been no commercially feasible method or apparatus for
      spraying, on a continuous basis (vis-a-vis batching operation), an
      electrostatically charged flow of conductive coating material in which all
      elements of the spray coating system exposed to the environment are
      electrically grounded, thereby permitting an operator to contact any
      exposed portion of the entire spray equipment system without risk of
      electrical shock and/or accommodating accidental grounding of any exposed
      portion of the system without risk of ignition hazards should the
      equipment be located in an explosive environment as is the case when
      petrochemical solvent-based paints are being sprayed.
PAR  In one spray system proposed in German patent No. 2,019,466 designed for
      coating articles with electrically conductive paint, which is not
      susceptive of continuous operation, the paint supply tank, which is
      connected to the gun via a hose, is located on an electrically
      nonconductive stand or platform spaced above the floor (which is at ground
      potential) a distance sufficient to avoid arcing or dielectric breakdown
      of the air between the tank and floor. This is necessary as a consequence
      of the fact that the contents of the tank are at the charging potential by
      reason of the conductive column of paint in the hose which interconnects
      the spray gun electrode and the tank contents. With such an arrangement,
      and assuming the tank is fabricated of electrically conductive material
      which is not uncommon, the exposed surface of the tank is
      electrostatically charged at the operating potential. An operator
      inadvertently contacting the tank risks serious electrical shock.
      Additionally, should a grounded object accidentally contact the tank,
      there is presented a significant ignition hazard where the conductive
      paint is of the petrochemical solvent-based type, since the environment is
      likely to be explosive.
PAR  Of course, the foregoing shock and ignition hazards can be minimized by
      limiting access to the tank by, for example, placing the tank in an area
      which is fenced off. However, this is inconvenient, adds to the cost of
      the system, and does not permit the tank to be conveniently moved when the
      spray equipment is utilized at different locations within the plant.
PAR  In accordance with the proposal of German patent No. 2,128,455 also
      directed to a batch-type operation, the ignition and shock hazards
      attendant operator contact and/or accidental grounding of the
      electrostatically charged paint tank are considered to be overcome by
      completely encasing the electrostatically charged paint tank within an
      insulative housing, such as a tank fabricated of nonconductive material of
      much larger size within which the electrostatically charged paint tank can
      be placed.
PAR  However, a distinct disadvantage of each of the foregoing proposals is that
      they permit only batch type, and not continuous, spraying by reason of the
      fact that the amount of spraying which can be done during any given
      interval is limited by the size of the tank. Once the contents of the tank
      have been consumed it is necessary to interrupt the spraying operation,
      de-energize the electrostatic generator, electrically ground the tank to
      discharge any electrostatic charge which accumulated on it during the
      spraying operation, open the tank and replenish the tank supply from a
      bulk storage paint supply such as from a large drum or the like. After all
      this has been done, and then only, can the tank be closed and the
      electrostatic spray coating operation resumed. This kind of operation is
      known as "batch-type" spraying, vis-a-vis "continuous" spraying.
PAR  Furthermore, a large nonconductive enclosure immediately surrounding a high
      voltage electrostatic source, as in the second of the foregoing proposals,
      tends to accumulate charge inbalance on its inner and outer surfaces
      leading to a secondary shock hazard upon contact by an operator.
PAR  In accordance with a further proposal described in U.S. Pat. No. 3,122,320,
      it is suggested that a system for coating with electrically conductive
      paint on a continuous basis (non-batch) from a first electrostatically
      charged tank which feeds the gun can be provided by replenishing the
      conductive paint in the first tank from a second grounded bulk supply tank
      which sprays the paint into the first tank thereby presumably avoiding
      electrical continuity between the bulk supply tank which is grounded and
      the tank connected to the gun which is charged. While this proposal might
      conceivably permit conductive paint to be electrostatically sprayed on a
      continuous basis, it does not overcome the shock and ignition hazards
      which attend inadvertent contact of the exposed electrostatically charged
      portions of the system by an operator and/or grounded object.
PAR  Accordingly, it has been an objective of this invention to provide an
      apparatus and method for electrostatically spraying conductive paint on a
      continuous (non-batch) basis free of shock and ignition hazards occasioned
      by inadvertent contact of exposed portions of the apparatus by an operator
      and/or other grounded article. This objective has been accomplished in
      accordance with certain of the principles of this invention by supplying,
      via a hose, electrically conductive paint to a gun from a paint tank which
      is enclosed within and spaced from an outer electrically grounded
      tank-enclosing container, the spaced relation being provided by an
      insulative support member physically contacting both the inner tank and
      outer container and over which a gas flow is directed to prevent
      deposition thereon of an electrically conductive paint film which if
      permitted to accumulate would provide a conductive path between the
      electrostatically charged inner tank and the outer electrically grounded
      container; and by further providing an electrically grounded source of
      bulk coating material and material conveying means interconnecting the
      bulk source and the inner tank for transferring material therebetween
      without establishing an electrically conductive path between the bulk
      source and the inner tank.
PAR  In accordance with a preferred embodiment of the invention the inner tank
      is open at the top and spaced from the outer grounded container by means
      of an insulative support extending between the spaced superimposed bases
      thereof, with the uncharged conductive coating material from the
      electrically grounded bulk supply tank being introduced in a discontinuous
      fashion into the inner tank from a hose passing through the top of the
      outer container. As a consequence of supplying conductive coating material
      to the inner tank from the electrically grounded bulk supply without
      establishing an electrically conductive path between the bulk source and
      the electrostatically charged material stored in the inner tank,
      continuous (non-batch) spray coating is possible utilizing an electrically
      grounded bulk paint supply.
PAR  Additionally, and by reason of directing a gas stream over the insulative
      support which spaces the inner tank from the electrically grounded outer
      container, and electrically conductive film of coating material
      originating from, for example, vaporized paint within the open-topped
      inner tank, is not permitted to accumulate on the tank support structure,
      which support structure constitutes the only direct physical link between
      the electrostatically charged inner container and the electrically
      grounded outer container, thereby preventing the creation of a
      short-circuit path between the inner electrostatically charged tank and
      the grounded outer container. A further advantage, attributable to
      placement at the bottom of the open-topped inner tank of the insulative
      support which spaces the inner tank from the outer grounded container, is
      that the distance between (a) the open top of the inner tank whereat
      conductive coating vapors concentrate and (b) the support which
      constitutes the only potential short-circuit path between the inner and
      outer tanks, is maximized to further reduce the possibility of a
      conductive film accumulating on the support and short-circuiting the inner
      and outer tanks.
PAR  In accordance with a further aspect of the invention, the gas flow, in
      addition to being directed over the insulative support which spaces the
      inner and outer tanks, is also directed vertically upwardly in the annular
      region between the inner and outer tanks with a velocity which exceeds the
      downwardly directed terminal velocity of vaporized coating particles or
      droplets tending to move downwardly toward the insulative tank support
      under the force of gravity. This further enhances the likelihood that an
      electrically conductive film will not be deposited on the support linking
      the inner and outer tanks.
PAR  In a preferred form of the invention an area restrictor in the form of a
      nonconductive circular ring is mounted in the annular flow region between
      the inner and outer tanks proximate the upper edge of the inner tank. Such
      an area restrictor, when positioned in the manner indicated, increases the
      local upward velocity of the gas stream in the region of the inner tank
      opening, whereat particles or droplets of conductive coating from the mist
      located above the stored coating in the inner tank would tend to enter the
      annular flow region between the tanks in the course of moving downwardly
      toward the tank support.
PAR  In accordance with a further feature of the invention, the gas stream is
      provided from a pressurized source of low moisture content gas via a
      suitable hose or the like. This has the dual advantage of pressurizing the
      contents of the inner tank to provide a pressurized flow of coating to the
      spray gun and promoting evaporation of any coating which might condense on
      the inner tank support.
PAR  Assuming the gas utilized to sweep the tank support and provide pressurized
      coating flow is also non-toxic and nonexplosive, very simple means can be
      utilized to exhaust the gas from the outer container. Specifically, such
      gas flow exhaust means can take the form of a simple vent provided in the
      top of the outer container above the inner tank through which the gas is
      vented, which is introduced at the bottom of the container, exhausts to
      the atmosphere. Such a gas exhaust arrangement does not create
      enviromental pollution hazards nor does it create ignition hazards.
PAR  These and other advantages and objectives of the invention will become more
      readily apparent from a detailed description of the drawing in which the
      figure is a schematic diagram of a preferred embodiment of a coating
      material spray system incorporating the principles of this invention.
PAR  The preferred embodiment, as shown in the figure, includes a spray device
      10, preferably in the form of a hand-held spray gun, for emitting
      electrostatically charged coating material 11, e.g., electrically
      conductive water-based paint, toward an object 12 to be coated which is
      maintained at an electrical potential substantially different from that of
      the charged coating material emitted from the spray gun. In practice, the
      coating material 11 as emitted from the gun 10 is in atomized droplet or
      particulate form as is well known in the electrostatic coating field, such
      atomization or the like being accomplished in accordance with conventional
      airless spray, air spray, or electrostatic atomization principles. The
      emitted material 11 is typically electrostatically charged to a potential
      in the range of 50 kv - 100 kv, although potentials outside this range are
      possible, while the article 12 to be coated is typically maintained at
      zero or ground potential as indicated by ground connection G1.
PAR  While the advantages provided by the instant invention are perhaps greatest
      when a spray device of the manually held variety is used, it is to be
      understood that the invention can also be used with stationary spray
      devices secured to a fixed stationary support, as well as movable spray
      devices used in automatic spray systems in which the spray device is
      mounted on a movable support which reciprocates vertically and/or
      horizontally in response to control signals generated by a suitable
      position controller.
PAR  The gun 10 includes an elongated barrel 13 fabricated of electrically
      insulative material and a handle 14 fabricated of electrically conductive
      material. The spray gun handle 14 is customarily electrically grounded as
      shown by ground connection G2. The longitudinal length of the insulative
      barrel 13, which establishes the distance between the emission point or
      nozzle 15, whereat the electrostatically charged material 11 leaves the
      gun, and the electrically conductive handle 14, should be selected to
      provide an "electrical standoff," i.e., avoid arcing, Corona discharge,
      undesirable electrical shunt current levels and the like, between the
      handle and the nozzle. Located within the gun is a conduit 16 through
      which paint, supplied to the gun via a hose 17 from a remote source to be
      described, flows to the nozzle 15. Connected in the conduit 16 is a paint
      flow valve 18 having an actuating plunger 20 which reciprocates under the
      action of a movable finger-operated trigger 21 pivoted to the gun at 22.
      Inward and outward movement of the trigger 21 reciprocates the plunger 20
      to open and close the flow valve 18 respectively, regulating the flow of
      paint from the gun in a manner to be described. Also operated by the
      trigger 21 is a normally open-circuited electrical switch 23 which, when
      the trigger 21 is depressed, is placed in a closed-circuit condition to
      initiate the application of an electrostatic charging potential to the
      paint in a manner also to be described hereafter.
PAR  To provide the capability of supplying the gun 10, via the hose or conduit
      17, with electrically conductive paint on a continuous basis, an
      intermittently refillable intermediate tank assembly 24 and a bulk coating
      supply tank 25, both of which are grounded, as indicated by ground
      connections G3 and G4, are provided. The supply of electrically conductive
      paint to the gun 10 on a "continuous" basis from an electrically grounded
      paint supply, as is possible with the apparatus and method of this
      invention, is to be distinguished from what is known as "batch-type"
      operation. In such operation the tank directly supplying paint to the gun
      via an interconnecting hose supplies the gun with paint only until the
      contents of the tank are depleted, at which time it is necessary to stop
      the painting operation, electrically discharge the tank, open the tank and
      refill it with a new supply of paint, following which the tank is closed
      and the spraying of electrostatically charged paint resumed. The
      significance of the fact that electrically conductive paint is supplied
      via hose 17 to the gun 10 on a continuous basis from tanks 24 and 25 which
      are electrically grounded will become apparent hereafter. It is sufficient
      at this point to note only that by utilizing electrically grounded tanks
      24 and 25 electrically conductive paint can be supplied continuously by
      hose 17 to the gun 10 without need for locating the tanks 24 and 25 on
      specially constructed dielectric platforms in areas which have been fenced
      off or otherwise made inaccessible for the purpose of avoiding electrical
      shock and ignition hazards which attend exposure of high voltage equipment
      to operating personnel and/or inadvertent grounding.
PAR  A high voltage electrostatic generator 26 of conventional design, having a
      housing 27 electrically grounded as shown schematically by ground
      connection G5, provides at its output conductor 28 an electrostatic
      potential sufficient in magnitude to charge the paint 11 emitted from
      nozzle 15 to the desired level. In a preferred form the high voltage
      output 28 is electrically connected via an insulated element 30 to an
      electrically conductive electrode in the form of a ring 31 located within
      the bore 32 of the paint hose 17 such that paint flowing through the hose
      is electrostatically charged at the voltage output from the generator 26
      on line 28. Since the paint flowing through the hose 17 is electrically
      conductive, the coating material 11 emitted from the nozzle 15 will be
      electrostatically charged to essentially the potential of the ring 31 via
      the electrically conductive paint column in the hose 17 between the
      electrode ring 31 and the nozzle 15. A suitable electrically insulative
      fitting 33 surrounds and seals the insulated elements 30 and the hose 17
      in the region of the charging electrode ring 31. A suitable control 34 is
      operatively connected to the high voltage generator 26 for controlling the
      ON and OFF state of the generator in response to actuation of the trigger
      21 via electrical control wires 35, as will become more apparent
      hereafter.
PAR  While electrostatic charging of the emitted electrically conductive coating
      material 11 is accomplished in the preferred embodiment by charging the
      electrically conductive paint as it moves through the hose 17, other
      methods are possible. For example, the emitted coating material 11 can be
      electrostatically charged in the region of the nozzle 15 by mounting an
      electrode (not shown) in the vicinity of the nozzle, which electrode is
      electrically connected to the high voltage generator output line 28 via a
      suitable insulated cable (not shown). However, such an arrangement has the
      disadvantage of requiring that a cable, insulated for high voltage, be
      connected to the gun, making the gun more cumbersome to handle and
      increasing electrical shock and ignition hazards occasioned by the added
      electrical energy capacitively stored in the cable. However, this
      disadvantage of a gunmounted high voltage electrode can be overcome by
      mounting the high voltage generator within the gun as disclosed and
      claimed in Senay U.S. Pat. No. 3,731,145, assigned to the assignee of this
      application. A still further alternative method of electrostatically
      charging the electrically conductive material 11 emitted from the gun 10
      is to connect the output 28 from the high voltage generator 26 to the tank
      containing the paint which feeds hose 17 such that it makes electrical
      contact with the coating material therein, as described, for example, in
      U.S. Pat. No 3,794,243, assigned to the assignee of this application.
PAR  The hose 17, which transports electrostatically charged paint within its
      bore 32 from the intermediate tank assembly 24 to the gun 10, preferably
      has an interior layer or zone 36 which is impermeable and chemically inert
      with respect to the electrically conductive paint flowing through the bore
      32, an intermediate insulative layer 37 which, in combination with the
      layer 36, has a dielectric strength sufficient to prevent dielectric
      breakdown when subjected to the charging potential by the
      electrostatically charged conductive paint flowing in the bore 32.
      Preferably surrounding and in physical contact with the intermediate layer
      37 is an electrically conductive element 38 which is grounded as
      schematically shown by ground connection G6. The grounded element 38
      prevents the accumulation of electrical charge on the exterior of the hose
      17 occasioned by minor current leakage radially through the hose from the
      electrostatically charged paint flowing therethrough. Accumulation of
      leakage charge on the exterior of the hose 17, which might otherwise occur
      were the electrically grounded conductive element 38 not provided,
      presents an ignition and/or electrical shock hazard should it accidentally
      become grounded in an explosive environment and/or contact an operator.
PAR  The bulk coating supply tank 25 which as noted previously is grounded at G4
      can be fabricated of any suitable material and be shaped in any suitable
      form. Preferably the tank 25 has a large storage capacity, for example,
      100 gallons or more. Located within tank 25, in which is stored a large
      quantity of electrically conductive paint P. is a paint circulating pump
      43 having a suction end 42 located in the bottom region of the tank. The
      pump 43 provides a pressurized flow of paint in the tube 41 in the
      direction of arrow 45. Interconnected in the paint hose 41 is a suitable
      flow control valve 46 for regulating the flow of paint in hose 41 in
      response to a control input on lines 47 to an associated electrical
      control 48, such as a solenoid, derived in a manner to become apparent
      hereafter. The paint P can be replenished as needed through opening 40.
PAR  The intermediate tank assembly 24 is supplied with coating material from
      the bulk supply 25 under the control of valve 46 when the coating supply
      in tank assembly 24 reaches a predetermined depletion level. Intermediate
      tank assembly 24 includes an inner coating material container or tank 50,
      and an outer container, enclosure or tank 51 which encloses the inner
      tank. The outer tank 51 is preferably constructed of electrically
      conductive material, and as previously noted is electrically grounded as
      shown schematically at G3. The interior of the outer tank 51 is accessible
      from the outside for assembly and maintenance purposes via an opening in
      the top thereof which is normally closed with a selectively removable
      cover 52 through which passes the paint transporting hose 41 from bulk
      supply 25. The inner tank 50, which holds or stores a supply of
      electrically conductive paint P' is preferably fabricated of electrically
      conductive material. Extending from the bottom 53 of the tank 50 and
      communicating with the tank interior is one end 54 of an insulative
      helical paint conveying tube or hose 55, the other end 56 of which
      connects to the end of the paint hose 17 passing through a suitable
      located sealing grommet 57 positioned in an opening in the lower section
      of wall 58 of the outer tank 51. The helical tube 55 transports
      electrostatically charged paint from the interior of container 50 to the
      hose 17 for transmission to the gun 10. Since the electrically conductive
      paint within the bore 32 of the tube 17 is electrically charged at the
      potential of the output 28 of high voltage generator 26, the paint P'
      within the tank 50 is also at the electrostatic charging potential by
      reason of the electrically conductive paint column in hose 55 which
      interconnects the hose 17 with the interior of the inner tank 50.
PAR  To facilitate replenishing the supply of paint in inner tank 50 (which is
      at the electrostatic charging potential) from the bulk coating supply tank
      25 (which is at grounded potential) via the hose 41 without placing the
      contents P of bulk coating supply tank 25, and in turn the tank 25 itself,
      at the electrostatic charging potential, the transfer of paint from the
      end 60 of the tube 41 to the inner tank 50 must be accomplished without
      establishing an electrically conductive path between the paint issuing
      from hose end 60 and the electrostatically charged paint P' located in the
      inner tank 50. To accomplish this, in accordance with a preferred
      embodiment of the invention, a nozzle 61 secured to the end 60 of the hose
      41 is provided to divide the flow of paint issuing from hose 60 into an
      electrically discontinuous spray of particulate or droplet form, as shown
      schematically by the discrete particles 62. If electrical dicontinuity is
      to be obtained between the paint issuing from hose end 60 and the paint P'
      in the inner container 50 by use of a spray nozzle 61, a coarse spray is
      preferable to a fine spray or mist.
PAR  Alternatively, electrical discontinuity between the material flowing
      through hose end 60 and the paint P' in the inner container 50 can be
      obtained without use of a spray nozzle 61 by discharging the paint from
      the hose end 60 in timed, spaced, successive discrete quantities or
      pulses. Such could be accomplished by operating the control 48, which
      actuates the valve 46, in a pulsating mode in accordance with techniques
      well-known in the art.
PAR  To avoid arcing, Corona discharge and the like between the paint issuing
      from hose end 60 (or nozzle 61) which is at electrical ground potential
      and the paint P' in the inner container 50 which is at the electrostatic
      charging potential, it is necessary to position the hose end 60 (or nozzle
      61) a distance from the maximum contemplated level of the paint P'
      sufficient to provide a suitable electrical standoff. Similarly, to avoid
      arcing, etc. between the ground potential paint issuing from hose end 60
      (or nozzle 61) and the inner container 50 which is in contact with the
      electrostatically charged paint P', the shortest distance between the
      vertical side wall 63 and/or the upper edge 64 of the inner container 50
      and the hose end 60 (or nozzle 61) must be sufficient to provide an
      electrical standoff. It is also essential to space the upper edge 64 of
      the inner container 50 which is at high electrostatic potential from the
      electrically grounded side wall 58 and cover 52 of the outer container 51
      a sufficient distance to provide an electrical standoff condition.
PAR  To further reduce the possibility of arcing, Corona discharge and the like
      between the inner container edge 64 which is electrostatically charged and
      the ground potential outer container wall 58 and cover 52, the upper edge
      64 should be smoothly contoured to avoid sharp edges which increase the
      concentration of the electrostatic field thereat.
PAR  It is also desirable to space the electrostatically charged vertical side
      wall 63 and the grounded outer container wall 58 from each other a
      distance sufficient to avoid arcing, Corona discharge and the like.
      Similarly, the electrostatically charged inner container bottom 53 and the
      grounded outer container bottom 65 should be spaced apart a distance
      sufficient to provide a suitable electrical standoff.
PAR  For example, at a typical electrostatic potential of 75 kv a standoff of
      approximately 6 inches between the conductive surfaces of the inner tank
      50 and outer tank 51 may be expected to limit the average leakage current
      from tank 50 to tank 51 to less than 25 micro-amps. Efficient
      electrostatic coating requires that the power supply provide both a high
      potential to establish the necessary electrostatic field between the gun
      and work, as well as a current flow sufficient to electrically charge
      paint particles emitted from the spray gun. A further demand is imposed on
      the power supply by current leakage from the charged system to earth
      grounds other than the work piece. The power supply therefore must, if
      efficient coating is to be achieved, have sufficient capability to meet
      each of the foregoing demands. There is, however, a practical limit on
      power supply capability due to personnel hazards which are created as the
      power supply capability is increased beyond safe limits. To minimize this
      safety hazard, without deteriorating coating efficiency, current leakage
      must be held to a minimum.
PAR  To support and locate the inner container 50 relative to the outer
      container 51 as desired, a support structure 66 in the form of a
      vertically disposed column of insulative material is secured in fixed
      rigid relation to the outer container bottom 65. The lower end 67 of the
      insulative support column 66 preferably takes the form of a threaded stub
      which extends downwardly through an opening 68 provided in a cup-shaped
      central section 69 of the outer tank bottom 65. A nut 71 threads on the
      projecting portion of the stub 67 to lock the column 66 in its desired
      upright position. A grommet 72 disposed between the opening 68 and the
      threaded stub 67 seals the opening when the stub is locked in place with
      the threaded nut 71.
PAR  The upper end of the column 66 is provided with a tubular section 73 which
      telescopes within an inverted cup 74, preferably fabricated of conductive
      material, which snugly fits within an inverted recessed section 75 formed
      in the bottom 53 of the inner tank 50. A conductive compression spring 76
      positioned within the tubular section 73 of the vertical support 66, for
      reasons to become apparent hereafter, applies an upward force to the
      bottom 53 of the inner tank 50.
PAR  Positioned within a vertical axially disposed bore 77 provided in the
      support column 66 in a longitudinal insulative element or rod 78, the
      upper end of which contacts the uppermost section 80 of the inverted cup
      74. The bottom end 81 of the rod 78 contacts a lever 82 pivotally mounted
      at 83 which is upwardly biased by a compression spring 84. Mounted on the
      lever 82 is a switch 85.
PAR  When the supply of paint P' in the inner container 50 reaches some
      predetermined depletion or low level and the inner container 50 has risen
      upwardly under the action of spring 76 to a specified point, the lever 82
      biased by spring 84 pivots clockwise about spatially fixed point 83
      causing switch 85 to complete a circuit through wires 47. This, in turn,
      causes the control 48 to open the valve 46, whereupon ground potential
      paint from the grounded bulk coating supply tank 25 is supplied via the
      hose 41 to the interior of the inner tank 50 to replenish
      electrostatically charged paint supply P'. As described previously,
      replenishment of tank 50 from bulk supply 25 is accomplished in an
      electrically discontinuous manner via the nozzle 61 which converts what
      could be an electrically continuous paint stream issuing from hose end 60
      into an electrically discontinuous coarse spray 62.
PAR  By techniques commonly known, the actuation of switch 85 is provided with a
      dead band such that the inner tank 50 drops to a predetermined lower level
      as a consequence of being replenished with paint from the bulk supply 25
      before switch 85 is disengaged to effect the closing of valve 46.
PAR  The detector or sensor for determining when it is necessary to replenish
      the supply of paint in the inner tank 50 may take a variety of forms other
      than the rod 78 movable with the inner tank 50 and switch arrangement 82,
      83, 84 and 85. For example, level detectors or sensors operating on
      pneumatic, magnetic optical and like principles well-known to those
      skilled in the art could be employed. The particular detecting or sensing
      scheme shown in the figure and described herein is illustrative only.
PAR  To space the bottom 65 of the outer container 51 from the floor 86 or the
      like, the outer tank 51 is provided with a downwardly extending enclosure
      87 which provides an accommodation space between the outer container
      bottom 65 and the floor 86 for the projecting end 81 of the movable
      actuating rod 78 and the switch 82, 83, 84 and 85. Of course, if the
      sensor used to detect the level of paint in the inner tank 50 were
      contained within outer container 51, or located other than below the
      bottom 65 of outer tank 51, outer tank 51 could be placed directly on
      floor 86, dispensing with the need for enclosure 87.
PAR  To provide a controlled bleed to ground potential of electrical charge
      accumulated on inner tank 50, and in the electrically charged paint P'
      when the high voltage generator 26 is de-energized, a bleed resistor 88 is
      provided. Preferred resistance values for said bleed resistor would be in
      the range of 10-30g ohms, although a somewhat wider range would be
      acceptable. Resistor 88 is connected between the grounded outer container
      51 and an electrically conductive washer 90 disposed between the bottom of
      the compression spring and the bottom of the tubular extension 73 of the
      support column 66. The bleed resistor 88 preferably is embedded within and
      completely surrounded by the insulative support column 66, although this
      is not necessary. Alternatively, the bleed resistor 88 could be directly
      connected between the grounded outer container 51 and the inner container
      50 at any point along the bottom 53 or side walls 63 thereof. Of course,
      such an alternative resistor connection must avoid surface
      short-circuiting and should provide suitable accommodation for relative
      movement between the inner and outer containers 50 and 51 as occurs in the
      preferred embodiment wherein the inner container moves up and down
      depending upon the quantity of paint P' stored therein at any given time.
PAR  Since any electrically conductive paint stored in the inner container 50
      has a certain degree of volatility, a paint mist M will exist in the space
      above the stored paint P' due to volatization or evaporation of the stored
      paint P' in tank 50. This mist M will produce an electrically conductive
      paint film if allowed to deposit on the exterior surface 91 of column 66
      or the interface 92 between column 66 and rod 78 which collectively space
      the inner and outer tanks, which surfaces are adjacent to the space S
      which communicates with the mist of conductive paint above the level of
      the paint P' via annular path A between vertical tank walls 63 and 58.
      This electrically conductive paint film can complete an electrically
      conductive path between the outer tank 51 which is grounded and the
      electrically charged paint P' stored in the inner tank. Such an
      electrically conductive path between the electrically charged paint P'
      stored in the inner container 50 and the electrically grounded outer tank
      51, if permitted to exist, would prevent electrical isolation of the
      electrostatically charged paint P' from the grounded outer tank 51,
      resulting in an excessive current drain from the electrostatically charged
      portion of the system.
PAR  To avoid the above-described electrical path between the electrostatically
      charged paint P' in tank 50 and the outer tank 51 established by
      deposition of an electrically conductive film of paint on the surfaces 91
      annd 92, a flow of gas in an upward direction as indicated by arrow 96 is
      established in the space S between tank bottoms 53 and 65, and in the
      annular flow path A established by the vertical side wall 63 of inner tank
      50 and the side wall 58 of outer tank 51. This upwardly directed gas flow
      96 sweeps over tank support surface 91 and through the annular path A,
      preventing the accumulation of an electrically conductive paint film of
      the type described which, if permitted to occur, would electrically
      short-circuit the electrically grounded outer tank 51 to the electrically
      charged paint P' stored in the inner tank 50.
PAR  To provide gas flow 96, the supply 44 of gas is connected via a tube 97 to
      the space S between the inner and outer tank bottoms 53 and 65. Preferably
      the gas supply tube 97 is connected to the interior of the outer tank 51
      at a point adjacent the bottom of the outer tank such that the entire
      exposed surface 91 of the tank support element 66 is subjected to the air
      flow 96. This maximizes the likelihood that an electrically conductive
      film of paint originating with the paint mist M existing in the inner
      container 50 above the level of the charged paint P' will not deposit an
      electrically conductive film on surfaces 91 and 92 and thereby not
      establish a short-circuit path between the outer tank 51 and the
      electrically charged stored paint P' in the inner tank.
PAR  The gas flow 96 is exhausted from the interior of the outer tank 51 at the
      top thereof via an exhaust path defined by an oversized bore 98 formed in
      the cover 52 loosely surrounding the downwardly extending paint hose 41
      and lateral vent holes 100 formed in a fitting 101 mounted to the upper
      surface of the cover. A bore 102 in the fitting 101 snugly embraces the
      exterior of the paint hose 41.
PAR  The upward velocity of the gas stream 96 in the region of the edge 64 of
      the inner tank 50 is preferably selected to exceed the downward terminal
      velocity of paint particles from mist M entering the annular path A
      between the confronting walls 58 and 63 of the outer and inner tanks 51
      and 50. This, in addition to the gas flow oversurface 91, insures that a
      paint particle entering the annular cavity A from mist M at a point
      proximate the edge 64 will not reach the bottom region or space S between
      the tank bottoms 65 and 53 to deposit on the surfaces 91 and 92. To
      increase the local velocity of the gas flow 96 in the annular flow path A
      proximate the edge 64, a nonconductive flow area restrictor 103 in the
      form of a circular ring having upper and lower beveled edges is secured to
      the wall 58 of the outer tank 51 opposite the upper edge 64 of the inner
      tank 50. The restrictor ring 103 produces a localized reduction in the
      area of annular flow path A proximate inner tank edge 64, thereby
      increasing the local velocity of the upwardly moving gas stream in the
      region of the edge 64.
PAR  Preferably the gas introduced into the space S and annular path A to
      establish the gas flow 96 is relatively moisture-free. This promotes
      evaporation of any paint film which could conceivably be deposited on the
      surfaces 91 and 92.
PAR  A sensor 104, in the form of a pressure responsive switch having a movable
      diaphragm 105 which communicates with the space S via a hose 106 is
      provided. A normally open electrical switch 107 closes to connect wires
      108 when the pressure in the space S reaches a level correlated to the
      desired gas flow 96. Electrical bridging of wires 108 by the
      pressure-responsive switch 104, in series combination with electrical
      bridging of wires 35 by the trigger-actuated switch 23 occurring when the
      operator desires to paint the article 12, actuates the control 34 to
      energize the high voltage generator 26 and in turn electrostatically
      charge the paint passing through the hose 17 via the ring electrode 31.
      Thus, in the preferred embodiment electrostatic charging of the
      electrically conductive paint in the hose 17 which, as indicated, also
      electrostatically charges the stored paint P' via the paint column in
      hoses 17 and 55, can only occur when both the finger-actuated trigger 21
      has been depressed and the gas supply 44 is operative to provide the gas
      flow 96.
PAR  In the event that cover 52 of outer tank 51 is opened, providing access to
      the electrostatically charged portion of the system, the pressure in the
      space S is immediately reduced, opening the pressure-responsive switch 104
      and de-energizing the high voltage generator 26. The accumulated
      electrostatic charge is then quickly bled off to ground through bleed
      resistor 88.
PAR  The gas source 44, in addition to establishing a gas flow 96 in the
      container 51 via hose 97, additionally functions to pressurize the paint
      P' stored within inner tank 50 such that paint flows under pressure to the
      gun via hoses 55 and 17. Of course, as an alternative to pressurizing the
      flow, or as a supplement to it, a fluid pump (not shown) mounted to the
      bottom 53 of the inner tank 50 could be interconnected in the hose 55
      adjacent the hose end 54 for pumping the charged paint from the inner tank
      50 to the gun via hoses 55 and 17.
PAR  Significantly, the tank support structure 66 which, if coated with a film
      of conductive paint, would establish a short-circuit between the
      electrically grounded outer tank 51 and the electrically charged paint P',
      is located between the bottoms 53 and 65 of the inner and outer tanks 50
      and 51. This maximizes the distance between (a) the potential
      short-circuit conductive paint film on surfaces 91 and 92 and (b) the mist
      M of conductive paint existing in the interior of the inner tank 50 above
      the level of the electrostatically charged paint P', which mist
      constitutes the source of the conductive paint film on surfaces 91 and 92.
      Maximization of this distance between the location of the mist M of
      electrically conductive paint and the potential short-circuit path
      creatable by the paint film on surfaces 91 and 92 minimizes the likelihood
      that the mist M will deposit on the surfaces 91 and 92 a film of
      conductive paint, in turn minimizing the likelihood that a short-circuit
      will occur between electrically grounded tank 51 and the electrostatically
      charged paint P' in the inner tank 50.
PAR  The helical shape of paint hose 55 between the bottom 53 of the vertically
      movable inner tank 50 and the stationary paint hose 17 enables the inner
      tank 50 to freely shift in a vertical direction as the level of the paint
      P' stored in the inner container 50 varies during use between
      replenishments of the inner tank via the valve-controlled bulk coating
      supply tank 25.
PAR  While the invention has been described in connection with preferred form of
      telescoping support 66, 74 for spacing and electrically isolating the
      inner and outer tanks 50 and 51, while simultaneously permitting relative
      movement therebetween to accommodate the paint level sensing function,
      other insulative support arrangements can be utilized to electrically
      isolate the inner and outer tanks. Additionally, while the tank isolating
      support in the preferred embodiment is located between the bottoms 53 and
      65 of the inner and outer tanks 50 and 51, the support may likewise be
      positioned elsewhere.
PAR  The preferred embodiment of the invention has utilized means in the form of
      an air sweep for volatilizing conductive liquid material, e.g., condensed
      moisture and/or coating material, which may be deposited on the exposed
      surfaces of the insulative support which spaces the inner and outer tanks.
      Other volatilizing conductive devices may, of course, also be used. For
      example, the auxiliary volatilizing means could take the form of a heater
      embedded in the support. The heater would elevate the temperature of the
      exposed surfaces of the support sufficiently to volatilize liquid material
      deposited thereon. This in turn would prevent build-up of an electrically
      conductive film of material on the exposed surfaces of the support which,
      if permitted to occur, could electrically connect the inner and outer
      tanks.
CLMS
STM  Having described the invention, it is claimed:
NUM  1.
PAR  1. A method of electrostatically coating articles with electrically
      conductive material on a continuous basis with apparatus having all
      exposed surfaces thereof electrically grounded comprising:
PA1  transferring uncharged electrically conductive material from an
      electrically grounded bulk storage tank to an inner container which is
      enclosed by and supported in spaced relation to an electrically grounded
      outer container by an insulative support physically contacting both the
      inner and outer containers, without establishing an electrically
      conductive path between said bulk storage tank and said inner container,
PA1  transferring electrically conductive coating material through an
      electrically insulated conduit from said inner container to a spray device
      for emission thereby,
PA1  electrostatically charging electrically conductive coating material emitted
      by said spray device, and
PA1  sweeping a gas stream over said support while emitting electrostatically
      charged coating material to prevent deposition of a film of coating
      material on said support sufficient to conduct a substantial level of
      electrical current from said inner container to said outer container.
NUM  2.
PAR  2. The method of claim 1 further including the step of detecting the
      quantity of coating material in said inner container and in response
      thereto transferring uncharged electrically conductive material from said
      electrically grounded bulk storage tank to said inner container without
      establishing electrical continuity between said bulk storage tank and said
      inner container.
NUM  3.
PAR  3. The method of claim 1 wherein said step of transferring uncharged
      electrically conductive material from said electrically grounded bulk
      storage tank to said inner container includes emitting uncharged coating
      material to the interior of said inner container in a physically
      discontinuous flow.
NUM  4.
PAR  4. The method of claim 1 further including the step of bleeding electrical
      current from said inner container to said outer container at a controlled
      rate via a resistive circuit path.
NUM  5.
PAR  5. The method of claim 1 wherein the step of transferring said uncharged
      electrically conductive coating material to said inner container includes
      spraying uncharged coating material into said inner container through an
      opening in the top thereof, and wherein said gas sweeping step includes
      introducing a gas stream into the bottom of said outer container against
      said support located thereat, whereby the distance between the support and
      coating material vapors originating within the inner container is
      maximized.
NUM  6.
PAR  6. The method of claim 5 wherein the gas sweeping step includes flowing the
      gas stream upwardly in the region between the inner and outer containers
      with a velocity sufficient to prevent gravity-induced downward movement of
      coating material from said inner container opening to said support.
NUM  7.
PAR  7. The method of claim 1 wherein said gas sweeping step includes sweeping
      said support with relatively moisture-free gas to evaporate coating
      material deposited on said support.
NUM  8.
PAR  8. The method of claim 5 further including exhausting gas from said outer
      container at a point above said opening in the top of said inner
      container.
NUM  9.
PAR  9. The method of claim 1 wherein the gas sweeping step includes
      pressurizing the interior of the outer container to promote pressure flow
      of coating material from the inner container to the spray device via said
      conduit.
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PAL  Resin compositions of high adhesivity which comprise (A)
      ethylene-vinylacetate copolymer or mixture of said copolymer with
      polyethylene, (B) chlorinated or chlorosulfonated polyethylene, (C)
      unsaturated carboxylic acids maintaining solid at room temperature and (D)
      organic peroxides or these components blended with phenolic compounds
      and/or acid-acceptors.
BSUM
PAR  This invention relates to resin compositions of high adhesivity. In recent
      years, hot-melt adhesives have been rapidly developed. These adhesives are
      roughly divided into several groups: polyethylene compounds mainly
      consisting of polyethylene which is blended with petroleum resin, butyl
      rubber and polyisobutylene; polyamide compounds mainly consisting of
      polyamides which are blended with epoxy resins, rosin and low molecular
      weight polystyrene; ethylene-vinylacetate copolymer compositions mainly
      consisting of ethylene-vinylacetate copolymers which are blended with
      paraffin wax or low molecular weight polyolefins and other wax; and
      compositions respectively mainly consisting of polyvinyl butyral,
      polyvinyl acetate, vinyl acetate copolymers, cellulose derivatives,
      polyesters, and polymethyl methacrylate or polyvinyl ether.
PAR  As set forth in the Japanese Patent Application Publication No. 40878/71,
      however, the above-listed adhesive compositions do not display prominent
      adhesivity to polyolefins such as polyethylene and polypropylene, though
      proving very adhesive to metal, wood, porcelain, general plastics and
      rubber-like material.
PAR  Improved hot-melt adhesives proposed to date are the compositions formed of
      ethylene-vinyl acetate copolymer and chlorinated or chlorosulfonated
      polyolefins (as set forth in the Japanese Patent Application Publications
      Nos. 40878/71 and 18594/70), and the compositions consisting of
      ethylenevinyl acetate copolymer, chlorinated or chlorosulfonated
      polyolefins and isocyanate adducts (as disclosed in the Japanese Patent
      Application Publication No. 10638/71).
PAR  However, the above-mentioned adhesives and the processes of bonding had the
      drawbacks that adhesion between polyolefin moldings and other articles was
      still insufficient, though improved to some extent; preparation of such
      adhesives was accompanied with high plant cost; bonding operation was
      carried out through complicated steps; completion of adhesion consumed
      much time; and application of said adhesives was limited by the shapes of
      adherends.
PAR  Therefore, to bond polyolefin moldings with other articles such as metals,
      wood, synthetic resin and glass, there have heretofore been proposed
      various processes such as the process of activating the surface of
      polyolefin moldings by subjecting the surface to ionization by .gamma.-ray
      radiation, ozone oxidation or high temperature treatment (the Japanese
      Patent Application Publication No. 11836/63), the process of subjecting
      polyethylene moldings to thermal degradation and later modifying it with
      maleic anhydride (the Japanese Patent Application Publication No.
      8728/69), the process of modifying polypropylene with maleic anhydride
      (the Japanese Patent Application Publication No. 10757/67), the process of
      modifying liquid polymers of conjugated diolefin with maleic anhydride
      (the Japanese Patent Application Publication No. 21109/64), the process of
      using a copolymer of ethylene and maleic anhydride or acrylic acid (the
      Japanese Patent Application Publication No. 23341/63) and the process of
      using a graft copolymer (the Japanese Patent Application Publication No.
      27235/70).
PAR  However, these processes still raise problems, like the previously
      mentioned adhesives and bonding processes thereof, with respect to
      adhesivity, preparation of adhesive compositions, bonding operation and
      time required therefor and the shape of articles to which the adhesive
      compositions are applied.
PAR  Only a few hot melt adhesive compositions have been proposed which are
      considered adapted for adhesion between plasticized polyvinyl chloride or
      polyester resins and other articles or adhesion between the same articles
      of said plasticized polyvinyl chloride or polyester resins respectively.
      There have been disclosed, for example, the method using a solution of
      chlorinated or oxychlorinated polyethylene having a lower crystallinity
      than 1% (Japanese Patent Application Publication No. 27236/70) and the
      method using esters of alkane dicarboxylic acid and alkane diol mixed with
      diisocyanates (Japanese Patent Application Publication No. 27237/70).
      However, these methods, too, are accompanied with the shortcomings that
      the adhesive compositions obtained are found to be insufficiently adhesive
      to plasticized polyvinyl chloride or polyesters; preparation of said
      adhesive compositions calls for high plant cost; bonding operation
      involves complicated steps; and completion of adhesion takes much time.
PAR  The present inventors previously made various studies on the process of
      easily effecting firm bonding between polyolefin moldings and other
      articles. As the result, they found that polyolefin moldings could be very
      firmly bonded with other articles by mixing unsaturated carboxylic acid
      taking the solid form at room temperature and organic peroxide with
      ethylene-vinyl acetate copolymer or said copolymer blended with
      polyethylene, placing said mixture between the polyolefin moldings and
      other articles, and pressing all these superposed materials together under
      heat (refer to the Japanese Patent Application Disclosure No. 102139/73).
PAR  The above-mentioned process of bonding polyolefin moldings with other
      articles eliminates the necessity of using any separately prepared
      adhesive or previously activating polyolefin moldings by ionization by
      .gamma.-ray radiation, corona discharge, ozone oxidation or high
      temperature treatment.
PAR  However, the adhesive compositions obtained by the above-mentioned process
      show the drawbacks that they present difficulties in being extruded,
      particularly when the components of said compositions are mixed long in a
      mixer such as an extruder; and films formed from said compositions by a
      T-die or inflation machine are liable to be cut or punctured, obstructing
      the smooth film-making operation. These events are supposed to originate
      with the fact that a partial cross-linking reaction takes place in the
      ethylene-vinyl acetate copolymer or mixture of said copolymer with
      polyethylene by organic peroxides present therein.
PAR  The present inventors found as the result of studies that adhesive
      compositions consisting of ethylene-vinyl acetate copolymer or said
      copolymer mixed with polyethylene, unsaturated carboxylic acids
      maintaining solid at room temperature, organic peroxides and phenolic
      compounds displayed prominent adhesivity; said adhesive compositions were
      saved from the occurrence of a cross-linking reaction in the
      ethylene-vinyl acetate copolymer or said copolymer mixed with polyethylene
      due to the decomposition of the peroxides; the components of said
      compositions were easily mixed in a molten state; and films formed of said
      compositions were saved from difficulties such as cutting or puncture,
      attaining smooth film-making. Consequently, the inventors previously
      submitted the Japanese Patent Application No. 119786/72.
PAR  However, the composition consisting of a mixture of ethylene-vinyl acetate
      copolymer or said copolymer blended with polyethylene, unsaturated
      carboxylic acids and organic peroxides or said mixture combined with
      phenolic compounds still proved unsatisfactory in that said composition
      indicated low adhesivity to plasticized polyvinyl chloride and polyester
      resins, even though said composition displayed higher adhesivity than any
      adhesive composition described above.
PAR  The present inventors further searched for an adhesive composition having
      high adhesivity particularly to plasticized polyvinyl chloride and
      polyester resins. As the result, the inventors have accomplished this
      invention by finding that an adhesive composition formed of (A)
      ethylene-vinyl acetate copolymer or said copolymer blended with
      polyethylene, (B) chlorinated or chlorosulfonated polyethylene, (C)
      unsaturated carboxylic acids maintaining solid at room temperature and (D)
      organic peroxides displays the desired prominent adhesivity not only to
      polyolefins such as polyethylene and polypropylene but also to plasticized
      polyvinyl chloride and polyester resins.
PAR  Addition according to this invention of phenolic compounds to the
      above-mentioned adhesive compositions prevents the occurrence of a
      cross-linking reaction in the ethylene-vinyl acetate copolymer or said
      copolymer blended with polyethylene due to decomposition of the organic
      peroxides, thereby facilitating the mixing of the components of the
      adhesive compositions in a molten state, saves films formed of the
      adhesive compositions from being cut or punctured to attain a smooth
      film-making operation and also suppresses the occurrence of a
      cross-linking reaction in the chlorinated or chlorosulfonated polyethylene
      due to the decomposition of the organic peroxides.
PAR  Moreover, addition according to this invention of acid-acceptors to the
      above-mentioned adhesive compositions prevents the decomposition of
      chlorinated or chlorosulfonated polyethylene. For the object of this
      invention, the phenolic compounds and acid-acceptors may be added alone or
      in combination.
PAR  The adhesive composition of this invention eliminates the necessity of
      using any other adhesive and carrying out the pretreatments of the surface
      of adherends, for example, ionization by .gamma.-ray radiation, ozone
      oxidation or high temperature treatment in the case of adherend of
      polyethylene, or activating the surface of a steel plate and a sheet of
      plasticized polyvinyl chloride by primer treatment when the latter is
      bonded to the former.
PAR  The ethylene-vinyl acetate copolymer used as a component of an adhesive
      composition in this invention contains 1 to 40 percent by weight or
      preferably 5 to 35 percent by weight or most preferably 10 to 30 percent
      by weight of vinyl acetate. If the proportion of vinyl acetate falls to
      below 1 percent by weight, then there will not be obtained prominent
      adhesivity. Conversely, if the content of the vinyl acetate exceeds 40
      percent by weight, the adhesive composition will become too soft.
      Particularly where said composition is molded in the form of films or
      sheets, then superposed films or sheets will be readily bonded each other
      at room temperature, undesirably deteriorating the operation of bonding.
      If, in case the content of vinyl acetate rises above 40 percent by weight
      in ethylene-vinyl acetate copolymer, the ethylene-vinyl acetate copolymer
      is blended with polyethylene so as to cause the proportion of the vinyl
      acetate to fall within the range of 1 to 40 percent by weight based on
      said mixture, then the resulting adhesive composition containing said
      mixture will present good adhesivity and not become unduly soft, so that
      it will be fully available for use in the subject bonding.
PAR  The chlorinated or chlorosulfonated polyethylene used in this invention is
      prepared by chlorinating or chlorosulfonating polyethylene in an aqueous
      suspension or solvent (for example, carbon tetrachloride) or a gaseous
      phase.
PAR  The raw polyethylene of the chlorinated or chlorosulfonated polyethylene
      may be a homopolymer of ethylene, or ethylene copolymers consisting of
      ethylene as a main component and 10% by weight at most of other components
      of .alpha.-olefins such as propylene or butene-1. The raw polyethylene is
      chosen to have a density of 0.93 to 0.98 g/cc and a molecular weight of at
      least 50,000, or preferably 70,000 to 300,000. If chlorinated or
      chlorosulfonated polyethylene prepared from polyethylene having a smaller
      molecular weight than 50,000 is used, then the resultant adhesive
      composition will not have a fully satisfactory adhesivity.
PAR  The chlorinated polyethylene used in this invention is chosen to have a
      degree of chlorination of preferably 20 to 50%, or most preferably 25 to
      45% by weight. If said degree of chlorination decreases from 20% by
      weight, then the resultant adhesive composition will fail to display a
      sufficient adhesivity to plasticized polyvinyl chloride and polyester
      resins. Conversely, if the degree of chlorination exceeds 50% by weight,
      then the resultant adhesive composition will present difficulties in being
      molded into, for example, films or sheets.
PAR  The chlorosulfonated polyethylene is chosen to have a degree of
      chlorination of preferably 20 to 45% or most preferably 25 to 40% by
      weight and also have a preferably smaller degree of sulfonation than 5% by
      weight. The chlorinated or chlorosulfonated polyethylene is generally
      chosen to have a residual crystallinity (as measured by a differential
      thermal analyzer) of 55% at most or preferably 0.5 to 50% or most
      preferably 1.0 to 40%.
PAR  The unsaturated carboxylic acids used in this invention are aliphatic or
      aromatic unsaturated carboxylic acids remaining solid at room temperature.
      However, those of said unsaturated carboxylic acids which remain liquid at
      room temperature such as acrylic acid and methacrylic acid evolve bad odor
      and are strongly corrosive when mixed with the ethylene-vinyl acetate
      copolymer or said copolymer blended with polyethylene and the aforesaid
      chlorinated or chlorosulfonated polyethylene in, for example, a roll mill,
      Banbury mixer or extruder in common use, presenting difficulties not only
      in the mixing operation itself, but also in rendering the resultant
      mixture homogeneous. Further, where the mixture is left intact, the
      above-mentioned acrylic acid or methacrylic acid undesirably gest
      scattered and lost. Solid aliphatic unsaturated carboxylic acids usable in
      this invention include crotonic acid, maleic acid, fumaric acid, itaconic
      acid, 2-methylene glutaric acid and citraconic acid. Solid aromatic
      unsaturated carboxylic acids available for this invention include, for
      example, cinnamic acid. These unsaturated carboxylic acids may be used
      alone or in combination.
PAR  Further, this unsaturated carboxylic acids used in this invention are
      limited to that type which is little or not polymerized at all by itself.
      When fumaric acid, for example, is mixed with 5% by weight of dicumyl
      peroxide (DCP), followed by heating 7 minutes at 165.degree.C, the
      resultant product is dry powder. Analysis by the intrinsic viscosity using
      methyl alcohol as a solvent or gel chromatography shows that said product
      does not contain any high molecular weight substance.
PAR  The adhesive compositions of this invention formed of ethylene-vinyl
      acetate copolymer or said copolymer blended with polyethylene, chlorinated
      or chlorosulfonated polyethylene, unsaturated carboxylic acids, and
      organic peroxides display very prominent adhesivity, and moreover, even
      when left intact, are little reduced in adhesivity. The organic peroxides
      used in this invention are of the type which is generally used as an
      initiator in radical polymerization and include dialkyl peroxide such as
      dicumyl peroxide; diacyl peroxide such as benzoyl peroxide; ketone
      peroxides such as methyl ethyl ketone peroxide and 1, 1-bis-t-butyl
      peroxy-3, 3, 5-trimethyl-cyclohexane; hydroperoxides such as cumene
      hydroperoxide and 2,5-dimethyl hexane-2,  5-dihydroperoxide; and peroxy
      esters such as t-butyl peroxybenzoate, t-butyl peroxyacetate and 2,
      5-dimethyl-2, 5-dibenzoyl peroxyhexane. Said organic peroxides are
      preferred to be solids at normal temperature and particularly in the
      powdered form. Most preferably are those organic peroxides which have a
      decomposition temperature (a 10-hour half life value) above 60.degree.C.
      These organic peroxides may be used alone or in combination.
PAR  The proportion of the chlorinated or chlorosulfonated polyethylene is
      chosen to be 1 to 100 or preferably 3 to 50 or most preferably 5 to 30
      parts by weight based on 100 parts by weight of the ethylene-vinyl acetate
      copolymer or said copolymer blended with polyethylene. If said proportion
      is smaller than 1 part by weight, then the resultant adhesive composition
      will have low adhesivity particularly to plasticized polyvinyl chloride or
      polyester resins. If said proportion rises above 100 parts by weight, the
      resultant adhesive composition will also decrease in adhesivity
      particularly to polyolefins or metal articles.
PAR  For the object of this invention, the proportion of unsaturated carboxylic
      acid is chosen to be 0.05 to 100, preferably 0.1 to 50, or most desirably
      0.5 to 10 parts by weight based on 100 parts by weight of ethylene-vinyl
      acetate copolymer or a mixture of said copolymer with polyethylene. If
      said proportion is smaller than 0.05 part by weight, then the resulting
      adhesivity will decrease. Conversely, if said proportion exceeds 100 parts
      by weight, then the bonded layer will become brittle, rather reducing
      adhesivity.
PAR  The proportion of organic peroxides is chosen to be 0.005 to 10.0 parts by
      weight or preferably 0.05 to 5.0 or most preferably 0.1 to 4.0 parts by
      weight based on 100 parts by weight of ethylene-vinyl acetate copolymer or
      a mixture of said copolymer with polyethylene. If said proportion
      increases over 10.0 parts by weight, then not only the resulting
      adhesivity will decrease and become less uniform, but also ethylene-vinyl
      acetate copolymer will indicate more prominent cross linking at the time
      of mixing or during storage, presenting difficulties in handling.
      Conversely, if said proportion is less than 0.005 part by weight, then
      addition of said organic peroxides will have a decreased effect.
PAR  While the object of this invention is attained by preparing adhesive
      compositions essentially from the ethylene-vinyl acetate copolymer or said
      copolymer blended with polyethylene, chlorinated or chlorosulfonated
      polyethylene, unsaturated carboxylic acids and organic peroxides, addition
      of phenolic compounds and/or acid-acceptors enables the adhesive
      compositions of this invention to display a far higher effect. As
      previously mentioned, addition of the phenolic compounds prevents the
      occurrence of a cross-linking reaction in the ethylene-vinyl acetate
      copolymer or said copolymer blended with polyethylene to facilitate the
      mixing of the components of said adhesive compositions in a molten state,
      saves films or sheets formed of said compositions from being cut or
      punctured to attain a smooth film-making operations and also suppresses
      the occurrence of a cross-linking reaction in the chlorinated or
      chlorosulfonated polethylene, enabling the components of said adhesive
      compositions to be easily mixed in a molten state.
PAR  Organic compounds generally used as antoxidants, particularly those used
      with synthetic resins or rubberlike materials such as amine compounds (for
      example, phenyl-.alpha.-naphthyl amine and N,
      N'-di-.beta.-naphthyl-p-phenylene-diamine), sulfide compounds (for
      example, dilauryl thiodipropionate) and phosphite compounds (for example,
      triphenyl phosphite) are indeed effective from the standpoint of
      preventing the occurrence of a cross-linking reaction due to decomposition
      of the organic peroxides. But application of these antioxidants is not
      preferred, because it considerably decreases the adhesivity of the
      adhesive compositions of this invention.
PAR  Addition of the acid-acceptors is favorable, because it suppresses the
      decomposition of chlorinated or chlorosulfonated polyethylene due to heat
      applied during the molding of the adhesive compositions or the mixing of
      the components thereof.
PAR  The phenolic compounds used in this invention are the monophenols, the
      bisphenols, the trisphenols and the tetraphenols. The monophenols
      particularly preferred for this invention include phenol; cresol; xylenol;
      2, 6-di-tert-butyl-4-methyl phenol; 2,6-di-tert-butyl-4-ethyl phenol;
      2,6-di-tert-butyl-4-methoxy phenol;
      n-octadecyl-.beta.-(4'-hydroxy-3',5'-di-tert-butyl phenyl) propionate;
      catechol; and hydroquinone. The bisphenols include
      2,2'-methylene-bis(4-methyl-6-tert-butylphenol);
      4,4'-butylidene-bis(3-methyl-6-tert-butyl phenol);
      4,4'-thiobis-(3-methyl-6-tert-butyl phenol);
      2,2'-thiobis-(4-methyl-6-tert-butyl phenol); and
      4,4'-isopropylidenediphenol. The trisphenols include
      1,3,5-trimethyl-2,4,6-tris(3,5-di-tert-butyl-4-hydroxybenzyl) benzene and
      1,1,3-tris(2-methyl-4-hydroxy-5-tert-butyl phenol) butane. The
      tetraphenols include tetrakis[methylene-
      3-(3',5'-di-tert-butyl-4'-hydroxyphenyl) propionate] methane. These
      phenolic compounds may be used alone or in combination.
PAR  The proportion of the phenolic compounds is chosen to be 5.0 parts by
      weight at most, or preferably 0.1 to 2.0 or most preferably 0.2 to 1.0
      parts by weight based on 100 parts by weight of the ethylene-vinyl acetate
      copolymer or said copolymer blended with polyethylene. If said proportion
      increases over 5.0 parts by weight, then the resultant adhesive
      composition will undesirably decrease in adhesivity.
PAR  The acid-acceptors used in this invention are the type which is generally
      applied as a stabilizer of polyvinyl chloride resins (PVC). These
      acid-acceptors are added to the PVC to suppress the occurrence of
      dehydrochlorination of the PVC with the resultant coloration and
      deterioration when the PVC is exposed long to heat and light. The
      acid-acceptors include methallic soaps such as lithium stearate, magnesium
      stearate, aluminium stearate, calcium stearate, calcium chlorostearate,
      calcium laurate, strontium stearate, barium stearate, barium
      chlorostearate, barium laurate, barium 2-ethylhexylate, barium
      ricinoleate, zinc stearate, zinc 2-ethylhexylate, zinc ricinoleate,
      cadmium stearate, cadmium chlorostearate, cadmium laurate, cadmium
      2-ethylhexylate, cadmium ricinoleate, lead stearate, dibasic lead
      stearate, lead 2-ethylhexylate, tribasic lead maleate, dibasic lead
      phthalate, and lead salicylate; salts of inorganic acids such as cadmium
      alkyl allyl phosphite, coprecipitated lead orthosilicate and silica gel,
      basic lead silicate sulfate, tribasic lead sulfate, basic lead sulfite,
      and dibasic lead phosphite; organic tin compounds such as dibutyl-tin
      dilaurate, dibutyl-tin maleate, dibutyl-tin laurate maleate complex,
      dioctyl-tin compounds and stannane diol derivatives; chelating agents such
      as aldehyde-amine condensates and ketone-amine condensates; organic
      compounds containing epoxy radicals such as uncured epoxy resins; and
      mixtures of the above listed PVC stabilizers. While these acid-acceptors
      may be used alone, they are generally applied in combination.
PAR  The proportion of the acid-acceptors is chosen to be 10 parts by weight at
      most, or generally 0.1 to 5.0 parts by weight based on 100 parts by weight
      of the chlorinated or chlorosulfonated polyethylene. However, said
      proportion may be increased to 5.0 to 10.0 parts by weight, where the
      adhesive compositions of this invention are prepared or molded under
      rigorous conditions or the moldings of said compositions are applied under
      severe conditions with the resultant coloration and deterioration due to
      decomposition of the chlorinated or chlorosulfonated polyethylene. If,
      however, the proportion of the acid-acceptors exceeds 10.0 parts by
      weight, no increased effect will be expected.
PAR  Blended of a mixture of ethylene-vinyl acetate copolymer or said copolymer
      blended with polyethylene, chlorinated or chlorosulfonated polyethylene,
      unsaturated carboxylic acids and organic peroxides, or said mixture
      combined with phenolic compounds and/or acid-acceptors should preferably
      be effected by bringing the components to a molten state, using a mixer
      such as a hot roll mill, Banbury mixer or extruder. It is also possible to
      mix the aforesaid components using an organic solvent, or to effect said
      mixing by dissolving or suspending the unsaturated carboxylic acids and
      organic peroxides, or said carboxylic acids, said peroxides and phenolic
      compounds and/or acid-acceptors in water or an organic solvent and
      thereafter contacting the resultant solution with ethylene-vinyl acetate
      copolymer or said copolymer blended with polyethylene, and chlorinated or
      chlorosulfonated polyethylene followed by evaporation of the water or
      organic solvent. High mixing temperature gives rise to the drawbacks that
      not only the possible decomposition of organic peroxides will lead to the
      cross linking of ethylene-vinyl acetate copolymer and chlorinated or
      sulfochlorinated polyethylene to decrease the wettability of the adhesive
      composition to an object article, failing to provide good adhesivity, but
      also stirring will have to be stopped during mixing because of said cross
      linking. While mixing should preferably be carried out at as low a
      temperature as possible, said mixing temperature is desired to be a lower
      level than that at which the half life value of the decomposition of
      organic peroxides used indicates 1 hour, though a higher temperature level
      than that at which said half life value indicates 1 hour may be admissible
      as a general guide. Namely, it is required that the aforesaid components
      be mixed at the temperature at which the decomposition of organic
      peroxides does not take place and that an adhesive composition be bonded
      to an object article at the temperature at which said decomposition is
      fully effected.
PAR  The adhesive compositions of this invention which not only display
      prominent adhesivity to various materials, but also evolve little odor
      provide convenience in preparing said compositions, namely, mixing the
      components thereof, molding the compositions into, for example, films or
      sheets and also carrying out a bonding operation. The present adhesive
      compositions have further advantages that it is unnecessary to use any
      other adhesive and previously subject the surface of an adherend to
      ionization by .gamma.-ray radiation, corona discharges, ozone oxidation,
      high temperature treatment or other chemical treatments, and that the
      present adhesive compositions little corrode or deteriorate an adherend.
PAR  The resin composition according to this invention displaying prominent
      adhesivity can attain bonding between substantially all materials
      regardless of the forms taken thereby. The materials admitting of bonding
      by the resin composition of this invention include metals such as
      aluminium, iron, copper, lead, chromium, zinc, tin, nickel and noble
      metals and alloys thereof (for example, brass, bronze, stainless steel and
      silver solder); synthetic resins such as polyacrylonitrile,
      acrylonitrile-butadiene-styrene resin (ABS resin), polystyrene, polymethyl
      methacrylate, acrylonitrile-styrene copolymer (AS resin), polyamide resin,
      phenol resin, urea resin, melamine resin and blends thereof; rubber-like
      materials such as polybutadiene rubber, styrene-butadiene rubber (SBR),
      acrylonitrile-butadiene rubber (NBR), ethylene-propylene rubber (EPR),
      ethylene-propylene-diene terpolymer (EPT) and polychloroprene rubber;
      cellulosic materials such as wood, paper and cotton; and inorganic
      compounds such as glass, gypsum, cement and stones.
PAR  Also, the resin composition of this invention exhibits prominent adhesivity
      to polyolefins such as polyethylene and polypropylene, plasticized vinyl
      chloride resins and polyesters resins all of which are generally known as
      the resins having low adhesivity.
PAR  The resin composition according to this invention displaying prominent
      adhesivity as previously described can attain bonding between the
      above-listed materials regardless of the forms taken thereby. These forms
      include powders, films, sheets, foils, pipes, boards, rods, balls, fibers,
      woven fabrics and containers.
PAR  While the adhesive compositions of this invention may be applied to shaped
      or powdered forms of adherends by spraying or coating the solution or
      suspension of said compositions on the surface of the shaped articles or
      powders, or immersing the adheredns in said solution or suspension, it is
      preferred uniformly to deposit the adhesive compositions on the surface of
      the adherends to an extent ranging from 0.01 mg/cm.sup.2 to 1g/cm.sup.2.
PAR  Where the adhesive compositions of this invention are applied to the
      relatively smooth surface of adherends such as films, sheets, foils, bars,
      pipes and fabric, then it is advised to previously mold said compositions
      into films or sheets without the occurrence of any cross-linking reaction
      and interpose said moldings between the adherends for mutual bonding
      thereof. Said molding operation should preferably be carried out at a
      lower level of temperature than that at which the half life value of the
      decomposition of the organic peroxides used indicates one hour from the
      standpoint of suppressing a cross-linking reaction, though a higher
      temperature level than that at which said half life value indicates 1 hour
      may be admissible as a general guide. Adherends can be bonded together
      easily and firmly by interposing films or sheets molded from the adhesive
      compositions of this invention therebetween, followed by hot pressing.
PAR  Adherends should preferably be bonded together at such a temperature as is
      higher than at which the half life value of the decomposition of organic
      peroxides used indicates 10 or perferably 1 hour. Obviously, there should
      be applied such a temperature at which articles of synthetic resins or
      synthetic rubbers are saved from deformation or deterioration.
PAR  Time of bonding varies with the kinds of components constituting an
      adhesive composition, the proportions in which they are mixed together,
      temperature of bonding and the force with which adherends are pressed
      together. Generally, however, bonding of 1 to 10 minutes will be
      sufficient.
PAR  As mentioned above, the adhesive compositions of this invention having
      ready prominent adhesivity to various shaped articles formed of
      particularly olefinic resins such as ethylenic resins and propylenic
      resins and polyvinyl chloride and polyester resins, all of which
      originally have low bondability can be applied in wide fields such as
      synthetic leather laminates made of plasticized polyvinyl chloride (soft
      polyvinyl chloride resins), decorative panels manufactured by coating
      plasticized polyvinyl chloride or polyester resins on the surface of woods
      or by coating said plasticized polyvinyl chloride or polyester resins on
      the surface of steel plates, and structural materials such as those
      consisting of aluminium or stainless steel plates combined with shaped
      articles of ethylenic resins.
DETD
PAR  This invention will be more fully understood by reference to the exmaples
      and controls which follow. Throughout the examples and controls, the
      bonding strength (peel strength) of samples was determined by peeling them
      through an angle of 180.degree.at a tensile speed of 100 mm/min. in
      accordance with the method specified in ASTM D 903-49.
PAC  EXAMPLE 1
PAR  Pellets were formed by an extruder of 40 mm diameter at 90.degree.C while
      kneading an adhesive composition consisting of a mixture of 100 parts by
      weight of ethylene-vinyl acetate copolymers containing 25% by weight of
      vinyl acetate (manufactured by Sumitomo Chemical Co., Ltd. under a trade
      name "Evatate K 2010"), 20 parts by weight of chlorinated polyethylene
      containing 45% by weight of chlorine (residual crystallinity of 10.8%)
      obtained by chlorinating polyethylene of about 200,000 molecular weight, 3
      parts by weight of maleic acid, 0.3 part by weight of tert-butyl peroxy
      stearate, 0.2 part by weight of 2,6-di- tert-butyl-4-methyl phenol as
      phenolic compounds of stabilizer and 1.0 part by weight of dibutyl-tin
      maleate (5% by weight based on the chlorinated polyethylene) as an
      acid-acceptor. The pellets thus formed were molded into a sheet about 100
      microns thick by a T-die extruder set at 100.degree.C.
PAR  The sheet thus molded was placed between a 0.1 mm thick aluminium foil
      whose bonding surface was previously degreased by trichloroethylene and a
      1 mm thick sheet of high density polyethylene (manufactured by Showa Yuka
      K.K. under a trade name "Sholex 6060"), followed by three minute hot
      pressing at a temperature of 160.degree.C and a pressure of 10
      kg/cm.sup.2. The hot pressed bonded mass had a peel strength of 18.5
      kg/2.5 cm width.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by a 100-micron thick sheet of polyvinyl
      chloride resin containing 23% by weight of dioctyl phthalate as a
      plasticizer. The hot pressed bonded mass had a peel strength of 16.5
      kg/2.5 cm width.
PAR  A sheet of an adhesive composition prepared from an ethylene-vinyl acetate
      copolymer and other components by the above mentioned process was disposed
      between a 5 mm thick wooden plate (veneer plate) and a 100-micron thick
      sheet of polyester (manufactured by Toray Inductries, Inc. under a trade
      name "Lumirror"). Hot pressing was effected in the same manner as
      described above. The hot pressed adhesive bonded mass had a peel strength
      of 15.4 kg/2.5 cm width.
PAC  CONTROL 1
PAR  An adhesive composition was prepared in substantially the same manner as in
      Example 1, excepting that the chlorinated polyethylene was omitted. The
      adhesive composition thus prepared was molded into a sheet in the same
      manner as in Example 1. The adhesive sheet was put between an aluminium
      foil and high density polyethylene sheet as in Example 1. Hot pressing was
      carried out in the same manner as in Example 1. The hot pressed bonded
      mass had a peel strength of 15.5 kg/2.5 cm width.
PAR  Hot pressing was conducted in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by a polyvinyl chloride sheet. The hot pressed
      bonded mass had a peel strength of 1.4 kg/2.5 cm width.
PAR  Hot pressing was carried out in the same manner as in Example 1 of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 1. The hot
      pressed bonded mass had a peel strength of 1.5 kg/2.5 cm width.
PAC  CONTROL 2
PAR  An adhesive composition was prepared in substantially the same manner as in
      Example 1, excepting that the maleic acid used in Example 1 was omitted,
      and molded into a sheet in the same manner as in Example 1. The adhesive
      sheet thus molded was put between an aluminium foil and high density
      polyethylene sheet as in Example 1. Hot pressing was conducted in the same
      manner as in Example 1. The hot pressed bonded mass had a peel strength of
      1.7 kg/2.5 cm width.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      1. The hot pressed bonded mass had a peel strength of 1.4 kg/2.5 cm width.
PAR  Hot pressing was conducted in the same manner as in Example 1 of a sheet of
      adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 1. The bonded
      mass had a peel strength of 1.5 kg/2.5 cm width.
PAC  CONTROL 3
PAR  An adhesive composition was prepared in substantially the same manner as in
      Example 1, excepting that the tert-butyl peroxy stearate used in Example 1
      was omitted, and molded into a sheet in the same manner as in Example 1.
PAR  The adhesive sheet thus prepared was placed between the aluminium foil and
      high density polyethylene sheet used in Example 1. Hot pressing was
      conducted in the same manner as in Example 1. The hot pressed bonded mass
      had a peel strength of 1.8 kg/2.5 cm width.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      1. The hot pressed bonded mass had a peel strength of 1.3 kg/2.5 cm width.
PAR  Hot pressing was effected in the same manner as in Example 1 of a sheet of
      adhesive composition prepared by the above-mentioned process and held
      between a wooden plate and polyester sheet as in Example 1. The hot
      pressed bonded mass hadd a peel strength of 1.6 kg/2.5 cm width.
PAC  EXAMPLE 2
PAR  Pellets were formed by an extruder used in Example 1 at 140.degree.C while
      kneading an adhesive composition consisting of a mixture of 100 parts by
      weight of an ethylene-vinyl acetate copolymer containing 26% by weight of
      vinyl acetate (manufactured by Toyo Soda Mfg. Co. under a trade name
      "Ultrathene UE-634"), 10 parts by weight of chlorinated polyethylene
      containing 40% by weight of chlorine (residual crystallinity of 45% )
      obtained by chlorinating polyethylene of about 85,000 molecular weight, 10
      parts by weight of chlorinated polyethylene containing 35% by weight of
      chlorine (residual crystallinity of 4.8%) obtained by chlorinating
      polyethylene of about 120,000 molecular weight, 7 parts by weight of
      fumaric acid, 0.5 part by weight of dicumyl peroxide, 0.5 part by weight
      of 2,6-di-tert-butyl-4-methyl phenol and 0.6 part by weight of dibutyl-tin
      maleate (3.0% by weight based on the chlorinated polyethylene). The
      pellets thus formed were molded into an about 100-micron thick sheet by a
      T-die extruder set at 120.degree.C.
PAR  The adhesive sheet thus prepared was held between an aluminium foil and
      high density polyethylene sheet as in Example 1. Hot pressing was effected
      in the same manner as in Example 1. The hot pressed bonded mass had a peel
      strength of 13.5 kg/2.5 cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      1. The hot pressed bonded mass had a peel strength of 20.5 kg/2.5 cm
      width.
PAR  Hot pressing was effected in the same manner as in Example 1 of a sheet of
      adhesive composition prepared by the process described above and placed
      between a wooden plate and polyester sheet as in Example 1. The hot
      pressed bonded mass had a peel strength of 21.4 kg/2.5 cm width.
PAC  CONTROL 4
PAR  An adhesive composition was prepared in substantially the same manner as in
      Example 2, excepting that the chlorinated polyethylene used in Example 2
      was omitted, and molded into a sheet in the same manner as in Example 2.
      The adhesive sheet thus prepared was held between an aluminium foil and
      high density polyethylene sheet as in Example 2. Hot pressing was
      performed in the same manner as in Example 2. The hot pressed bonded mass
      had a peel strength of 10.1 kg/2.5 cm width.
PAR  Hot pressing was conducted in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      2. The hot pressed bonded mass had a peel strength of 1.3 kg/2.5 cm width.
PAR  Hot pressing was carried out in the same manner as in Example 2 of a sheet
      of adhesive composition prepared by the above-mentioned process and held
      between a wooden plate and polyester sheet as in Example 2. The hot
      pressed bonded mass had a peel strength of 4.4 kg/2.5 cm width.
PAC  CONTROL 5
PAR  An adhesive composition was prepared in substantially the same manner as in
      Example 2, excepting that the fumaric acid used in Example 2 was omitted,
      and molded into a sheet in the same manner as in Example 2.
PAR  The adhesive sheet thus prepared was disposed between an aluminium foil and
      high density polyethylene sheet as in Example 2. Hot pressing was effected
      in the same manner as in Example 2. The hot pressed bonded mass had a peel
      strength of 2.6 kg/2.5 cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      2. The bonded mass had a peel strength of 1.2 kg/2.5 cm width.
PAR  Hot pressing was carried out in the same manner as in Example 2 of a sheet
      of adhesive composition prepared by the above-mentioned process and held
      between a wooden plate and polyester sheet as in Example 2. The hot
      pressed bonded mass had a peel strength of 2.1 kg/2.5 cm width.
PAC  CONTROL 6
PAR  An adhesive composition was prepared in substantially the same manner as in
      Example 2, exepting that the dicumyl peroxide used in Example 2 was
      omitted, and molded into a sheet in the same manner as in Example 2.
PAR  The adhesive sheet thus prepared was held between an aluminium foil and
      high density polyethylene as in Example 2. Hot pressing was performed in
      the same manner as in Example 2. The hot pressed bonded mass had a peel
      strength of 3.1 kg/2.5 cm width.
PAR  Hot pressing was conducted in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      2. The hot pressed bonded mass had a peel strength of 1.1 kg/2.5 cm width.
PAR  Hot pressing was carried out in the same manner as in Example 2 of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 2.
PAR  The hot pressed bonded mass had a peel strength of 3.8 kg/2.5 cm width.
PAC  EXAMPLE 3
PAR  Pellets were prepared by an extruder used in Example 1 at 140.degree.C
      while kneading an adhesive composition consisting of a mixture of 100
      parts by weight of ethylene-vinyl acetate copolymer containing 20% by
      weight of vinyl acetate (manufactured by Toyo Soda Mfg. Co. under a trade
      name "Ultrathene UE-631"), 15 parts by weight of chlorinated polyethylene
      containing 40% by weight of chlorine (residual crystallinity of 45%)
      obtained by chlorinating polyethylene of about 85,000 molecular weight, 10
      parts by weight of fumaric acid, 0.5 part by weight of dicumyl peroxide,
      0.2 part by weight of 2,6-di-tert-butyl-4-methoxyphenol and 0.3 part by
      weight of dibutyl-tin dilaurate (2.0% by weight based on the chlorinated
      polyethylene). The pellets thus formed were molded into an about
      100-micron thick sheet by a T-die extruder set at 120.degree.C.
PAR  The adhesive sheet thus molded was held between an aluminium foil and high
      density polyethylene sheet as in Example 1. Hot pressing was performed in
      the same manner as in Example 1. The hot pressed bonded mass had a peel
      strength of 13.5 kg/2.5 cm width.
PAR  Hot pressing was effected in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      1. The hot pressed bonded mass had a peel strength of 20.5 kg/2.5 cm
      width.
PAR  Hot pressing was performed in the same manner as in Example 1 of a sheet of
      adhesive composition prepared by the above-mentioned process and held
      between a wooden plate and polyester sheet as in Example 1. The hot
      pressed bonded mass had a peel strength of 21.4 kg/2.5 cm width.
PAC  CONTROL 7
PAR  An adhesive composition was prepared in substantially the same manner as in
      Example 3, excepting that the proportion of chlorinated polyethylene used
      in Example 3 was changed to 0.5 part by weight (with the proportion of the
      dibutyl-tin dilaurate set at 2.0% by weight based on said changed
      proportion of the chlorinated polyethylene). The adhesive composition thus
      prepared was molded into a sheet, which was placed between an aluminium
      foil and high density polyethylene sheet as in Example 3 with hot pressing
      carried out in the same manner as in Example 3. The hot pressed bonded
      mass had a peel strength of 10.8 kg/2.5 cm width.
PAR  Hot pressing was performed in the same manner as described above, excepting
      that the high density polyethylene sheet used in forming a bonded mass was
      replaced by the polyvinyl chloride sheet used in Example 3. The hot
      pressed bonded mass had a peel strength of 2.1 kg/2.5 cm width.
PAR  Hot pressing was carried out in the same manner as in Example 3 of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 3. The hot
      pressed bonded mass had a peel strength of 2.2 kg/2.5 cm width.
PAC  CONTROL 8
PAR  An adhesive composition was prepared in substantially the same manner as in
      Example 3, excepting that the proportion of the chlorinated polyethylene
      used in Example 3 was changed to 20 parts by weight and the proportion of
      dibutyl-tin dilaurate was altered to 4.0 parts by weight (2.0% by weight
      based on said changed proportion of the chlorinated polyethylene). The
      adhesive composition thus prepared was molded into a sheet, which was put
      between an aluminium foil and high density polyethylene sheet as in
      Example 3, with hot pressing carried out in the same manner as in Example
      3. The hot pressed bonded mass had a peel strength of 3.5 kg/2.5 cm width.
PAR  Hot pressing was conducted in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      3. The hot pressed bonded mass had a peel strength of 4.2 kg/2.5 cm width.
PAR  Hot pressing was performed in the same manner as in Example 3 of a sheet of
      adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 3. The hot
      pressed bonded mass had a peel strength of 5.8 kg/2.5 cm width.
PAC  CONTROL 9
PAR  An adhesive composition was prepared in substantially the same manner as in
      Example 3, excepting that the fumaric acid used in Example 3 was omitted.
      The adhesive composition thus prepared was molded into a sheet, which was
      held between an aluminium foil and high density polyethylene sheet as in
      Example 3, with hot pressing conducted in the same manner as in Example 3.
      The hot pressed bonded mass had a peel strength of 2.5 kg/2.5 cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      3. The hot pressed bonded mass had a peel strength of 3.2 kg/2.5 cm width.
PAR  Hot pressing was effected in the same manner as in Example 3 of a sheet of
      adhesive composition prepared by the above-mentioned process and put
      between a wooden plate and polyester sheet as in Example 3. The hot
      pressed bonded mass had a peel strength of 7.6 kg/2.5 cm width.
PAC  CONTROL 10
PAR  An adhesive composition was prepared in substantially the same manner as in
      Example 3, excepting that the proportion of the fumaric acid used in
      Example 3 was changed to 150 parts by weight. A sheet molded from the
      adhesive composition thus prepared was held between an aluminium foil and
      high density polyethylene sheet as in Example 3 with hot pressing
      conducted in the same manner as in Example 3. The hot pressed bonded mass
      had a peel strength of 3.2 kg/2.5 cm width.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      3. The hot pressed bonded mass had a peel strength of 1.8 kg/2.5 cm width.
PAR  Hot pressing was effected in the same manner as in Example 3 of a sheet of
      adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 3. The hot
      pressed mass had a peel strength of 1.1 kg/2.5 cm width.
PAC  CONTROL 11
PAR  An adhesive composition was prepared in substantially the same manner as in
      Example 3, excepting that the dicumyl peroxide used in Example 3 was
      omitted. The adhesive composition thus prepared was molded into a sheet,
      which was held between an aluminium foil and high density polyethylene
      sheet as in Example 3, with hot pressing performed in the same manner as
      in Example 3. The hot pressed bonded mass had a peel strength of 2.1
      kg/2.5 cm width.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      3. The hot pressed bonded mass had a peel strength of 3.1 kg/2.5 cm width.
PAR  Hot pressing was effected in the same manner as in Example 3 of a sheet of
      adhesive composition prepared by the above-mentioned process and held
      between a wooden plate and polyester sheet as in Example 3. The hot
      pressed bonded mass had a peel strength of 6.2 kg/2.5 cm width.
PAC  CONTROL 12
PAR  An adhesive composition was prepared in substantially the same manner as in
      Example 3, excepting that the proportion of the dicumyl peroxide used in
      Example 3 was changed to 15 parts by weight. An attempt was made to mold
      the adhesive composition thus prepared into a sheet using a T-die extruder
      as in Example 3, but failed due to the occurrence of a cross-linking
      reaction during molding.
PAC  CONTROL 13
PAR  An adhesive composition was prepared in substantially the same manner as in
      Example 3, excepting that the proportion of the
      2,6-di-tert-butyl-4-methoxyphenol used in Example 3 was changed to 8.0
      parts by weight. The adhesive composition thus prepared was molded into a
      sheet, which was placed between an aluminium foil and high density
      polyethylene sheet as in Example 3, with hot pressing carried out in the
      same manner as in Example 3. The hot pressed bonded mass had a peel
      strength of 4.2 kg/2.5 cm width.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      3. The hot pressed bonded mass had a peel strength of 1.2 kg/2.5 cm width.
PAR  Hot pressing was carried out in the same manner as in Example 3 of a sheet
      of adhesive composition prepared by the above-mentioned process and held
      between a wooden plate and polyester sheet as in Example 3, with hot
      pressing effected in the same manner as in Example 3. The hot pressed
      bonded mass had a peel strength of 1.3 kg/2.5 cm width.
PAC  EXAMPLE 4
PAR  An adhesive composition was prepared in substantially the same manner as in
      Example 3, excepting that the dibutyl-tin dilaurate used in Example 3 was
      omitted. The adhesive composition thus prepared was molded into a sheet
      which was held between an aluminium foil and high density polyethylene
      sheet as in Example 3, with hot pressing carried out in the same manner as
      in Example 3. The hot pressed bonded mass had a peel strength of 13.1
      kg/2.5 cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      3. The hot pressed bonded mass had a peel strength of 17.3 kg/2.5 cm
      width.
PAR  Hot pressing was carried out in the same manner as in Example 3 of a sheet
      of adhesive composition prepared by the above-mentioned process and
      disposed between a wooden plate and polyester sheet as in Example 3. The
      hot pressed bonded mass had a peel strength of 16.2 kg/2.5 cm width.
PAC  EXAMPLE 5
PAR  An adhesive composition was prepared in substantially the same manner as in
      Example 3, excepting that the 2,6-di-tert-butyl-4-methoxyphenol used in
      Example 3 was omitted. The adhesive composition thus prepared was molded
      into a sheet, which was held between an aluminium foil and high density
      polyethylene sheet as in Example 3, with hot pressing carried out in the
      same manner as in Example 3. The hot pressed bonded mass had a peel
      strength of 16.2 kg/2.5 cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      3. The hot pressed bonded mass had a peel strength of 19.1 kg/2.5 cm
      width.
PAR  Hot pressing was conducted in the same manner as in Example 3 of a sheet of
      adhesive composition prepared by the above-mentioned process and held
      between a wooden plate and polyester sheet as in Example 3. The hot
      pressed bonded mass had a peel strength of 18.7 kg/2.5 cm width.
PAC  EXAMPLE 6
PAR  Pellets were formed, as in Example 1, by an extruder set at 130.degree.C
      while kneading an adhesive composition consisting of a mixture of 100
      parts by weight of ethylenevinyl acetate copolymer containing 26% by
      weight of vinyl acetate (manufactured by Toyo Soda Mfg. Co. under a trade
      name "Ultrathene UE-634"), 5 parts by weight of chlorinated polyethylene
      containing 40% by weight of chlorine (residual crystallinity of 45%)
      obtained by chlorinating polyethylene of about 85,000 molecular weight, 1
      part by weight of maleic acid, 0.5 part by weight of dicumyl peroxide, 0.1
      part by weight of 2,6-di-tert-butyl-4-methylphenol and 0.25 part by weight
      of dibutyl-tin dilaurate (5% by weight based on the chlorinated
      polyethylene). The pellets thus formed were molded into an about
      100-micron thick sheet by a T-die extruder set at 110.degree.C.
PAR  Hot pressing was carried out in the same manner as in Example 1 of the
      adhesive sheet thus molded and placed between an aluminium foil and high
      density polyethylene sheet as in Example 1. The hot pressed bonded mass
      had a peel strength of 19.0 kg/2.5 cm width.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      1. The hot pressed bonded mass had a peel strength of 24.1 kg/2.5 cm
      width.
PAR  Hot pressing was conducted in the same manner as in Example 1 of a sheet of
      adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 1. The hot
      pressed bonded mass had a peel strength of 21.0 kg/2.5 cm width.
PAC  EXAMPLE 7
PAR  Pellets were formed, as in Example 1, by an extruder set at 120.degree.C
      while kneading an adhesive composition consisting of a mixture of 100
      parts by weight of the ethylenevinyl acetate copolymer used in Example 6,
      50 parts by weight of chlorinated polyethylene containing 40% by weight of
      chlorine (residual crystallinity of 5.0 % by weight) obtained by
      chlorinating polyethylene of 200,000 average molecular weight, 1.0 part by
      weight of 2-methylene glutaric acid, 1.0 part by weight of tert-butyl
      peroxy stearate, 0.2 part by weight of 4,4'-thiobis
      (3-methyl-6-tert-butylphenol), 0.5 part by weight of calcium stearate and
      0.5 part by weight of barium stearate, the last mentioned two components
      being added as acid-acceptors and their proportions respectively
      accounting for 1.0% by weight based on the chlorinated polyethylene. The
      pellets thus formed were molded into an about 100-micron thick sheet by a
      T-die extruder set at 110.degree.C.
PAR  The adhesive sheet thus molded was put between an aluminium foil and high
      density polyethylene sheet as in Example 1, with hot pressing conducted in
      the same manner as in Example 1. The hot pressed bonded mass had a peel
      strength of 13.4 kg/2.5 cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride used in Example 1.
      The hot pressed bonded mass had a peel strength of 12.1 kg/2.5 cm width.
PAR  Hot pressing was conducted in the same manner as in Example 1 of a sheet of
      adhesive composition prepared by the above-mentioned process and disposed
      between a wooden plate and polyester sheet as in Example 1. The hot
      pressed bonded mass had a peel strength of 15.6 kg/2.5 cm width.
PAC  EXAMPLE 8
PAR  Pellets were formed, as in Example 7, by an extruder set as 120.degree.C
      while kneading an adhesive composition consisting of a mixture of 100
      parts by weight of ethylenevinyl acetate copolymer used in Example 6, 30
      parts by weight of chlorinated polyethylene containing 45% by weight of
      chlorine (residual crystallinity of 10.8%) obtained by chlorinating
      polyethylene of about 200,000 average molecular weight, 3.0 parts by
      weight of maleic acid, 5.0 parts by weight of dicumyl peroxide, 1.0 part
      by weight of 1,3,5-trimethyl-2,4,6-tris(3,5-di-tert-butyl-4-hydroxybenzyl)
      benzene, 0.3 part by weight of calcium stearate and 0.3 part by weight of
      barium stearate, the last mentioned two components being added as
      acid-acceptors and their proportions respectively accounting for 1.0% by
      weight based on the chlorinated polyethylene. The pellets thus formed were
      molded into an about 100-micron thick sheet by a T-die extruder set at
      110.degree.C.
PAR  Hot pressing was performed in the same manner as in Example 1 of a sheet of
      adhesive composition prepared by the above-mentioned process and held
      between an aluminium foil and high density polyethylene sheet. The hot
      pressed bonded mass had a peel strength of 14.5 kg/2.5 cm width.
PAR  Hot pressing was conducted in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      1. The hot pressed bonded mass had a peel strength of 18.9 kg/2.5 cm
      width.
PAR  Hot pressing was performed in the same manner as in Example 1 of a sheet of
      adhesive composition prepared by the process described above and held
      between a wooden plate and polyester sheet as in Example 1. The hot
      pressed bonded mass had a peel strength of 19.1 kg/2.5 cm width.
PAC  EXAMPLE 9
PAR  Pellets were formed, as in Example 6, by an extruder set at 120.degree.C
      while kneading an adhesive composition consisting of a mixture of 100
      parts by weight of ethylenevinyl acetate copolymer containing 10% by
      weight of vinyl acetate (manufactured by Sumitomo Chemical Co., Ltd. under
      a trade name "Evatate D-2021"), 20.0 parts by weight of chlorinated
      polyethylene containing 45% by weight of chlorine (residual crystallinity
      of 10.8%) obtained by chlorinating polyethylene of about 200,000 average
      molecular weight, 20.0 parts by weight of fumaric acid, 0.05 part by
      weight of 2,5-dimethylhexane-2,5-dihydroperoxide, 0.1 part by weight of
      2,6-di-tert-butyl-4-methylphenol, 0.2 part by weight of calcium stearate,
      and 0.2 part by weight of barium stearate, the last-mentioned two
      components being added as acid-acceptors and their proportions
      respectively accounting for 1.0% by weight based on the chlorinated
      polyethylene. The pellets thus formed were molded into an about 100-micron
      thick sheet by a T-die extruder set at 110.degree.C.
PAR  Hot pressing was carried out in the same manner as in Example 1 a sheet of
      adhesive composition prepared by the above-mentioned process and placed
      between an aluminium foil and high density polyethylene sheet as in
      Example 1. The hot pressed bonded mass had a peel strength of 17.6 kg/2.5
      cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      1. The hot pressed bonded mass had a peel strength of 19.1 kg/2.5 cm
      width.
PAR  Hot pressing was conducted in the same manner as in Example 1 of a sheet of
      adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 1. The hot
      pressed bonded mass had a peel strength of 19.8 kg/2.5 cm width.
PAC  EXAMPLE 10
PAR  Pellets were formed, 136 in Example 6, by an extruder set at 120.degree.C
      while kneading an adhesive composition consisting of a mixture of 100
      parts by weight of ethylenevinyl acetate copolymer containing 25% by
      weight of vinyl acetate (manufactured by Sumitomo Chemical Co., Ltd. under
      a trade name "Evatate K-2010"), 10.0 parts by weight of chlorinated
      polyethylene containing 35% by weight of chlorine (residual crystallinity
      of 4.8%) obtained by chlorinating polyethylene of about 120,000 average
      molecular weight, 1.0 part by weight of maleic acid, 0.5 part by weight of
      2,5-dimethyl-2,5-dibenzoyl peroxyhexane, 0.2 part by weight of
      2,6-di-tert-butyl-4-methylphenol. 0.1 part by weight of calcium stearate
      and 0.1 part by weight of barium stearate, the last mentioned two
      components being added as acid-acceptors and their proportions accounting
      for 1.0% by weight based on the chlorinated polyethylene. The pellets thus
      formed were molded into an about 100-micron thick sheet by a T-die
      extruder set at 110.degree.C.
PAR  Hot pressing was carried out in the same manner as in Example 1 of an
      adhesive sheet thus molded and placed between an aluminium foil and high
      density polyethylene sheet as in Example 1. The hot pressed bonded mass
      had a peel strength of 14.5 kg/2.5 cm width.
PAR  Hot pressing was conducted in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      1. The hot pressed bonded mass had a peel strength of 16.2 kg/2.5 cm
      width.
PAR  Hot pressing was performed in the same manner as in Example 1 of a sheet of
      adhesive composition prepared by the above-mentioned process and held
      between a wooden plate and polyester sheet as in Example 1. The hot
      pressed bonded mass had a peel strength of 17.1 kg/2.5 cm width.
PAC  EXAMPLE 11
PAR  An adhesive composition consisting of a mixture of 100 parts by weight of
      ethylene-vinyl acetate copolymer used in Example 10, 10.0 parts by weight
      of chlorinated polyethylene containing 40% by weight of chlorine (residual
      crystallinity of 45%) obtained by chlorinating polyethylene of about
      85,000 average molecular weight, 1.0 part by weight of fumaric acid, 0.5
      part by weight of dibenzoyl peroxide, 0.2 part by weight of
      2,2'-methylene-bis(4-methyl-6-tert-butylphenol) and 0.2 part by weight of
      dibutyl-tin dilaurate (2% by weight based on the chlorinated polyethylene)
      was kneaded 5 minutes in a Banbury mixer set at 110.degree.C. The kneaded
      mass was molded into an about 100-micron thick sheet by a T-die extruder
      set at 110.degree.C.
PAR  Hot pressing was carried out in the same manner as in Example 1 of the
      adhesive sheet thus molded and disposed between an aluminium foil and high
      density polyethylene sheet as in Example 1. The hot pressed bonded mass
      had a peel strength of 18.2 kg/2.5 cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      1. The hot pressed bonded mass had a peel strength of 17.3 kg/2.5 cm
      width.
PAR  Hot pressing was effected in the same manner as in Example 1 of a sheet of
      adhesive composition prepared by the above-mentioned process and held
      between a wooden plate and polyester sheet as in Example 1. The hot
      pressed bonded mass had a peel strength of 18.1 kg/2.5 cm width.
PAC  EXAMPLE 12
PAR  Pellets were formed, as in Example 1, by an extruder set at 130.degree.C
      while kneading an adhesive composition consisting of a mixture of 100
      parts by weight of ethylenevinyl acetate copolymer containing 26% by
      weight of vinyl acetate (manufactured by Toyo Soda Co. under a trade name
      "Ultrathene UE-634"), 10.0 parts by weight of chlorinated polyethylene
      containing 30% by weight of chlorine (residual crystallinity of 5.0%)
      obtained by chlorinating polyethylene of about 100,000 average molecular
      weight, 10.0 parts by weight of fumaric acid, 0.1 part by weight of
      dicumyl peroxide, 0.1 part by weight of 2,6-di-tert-butyl-4-methoxyphenol
      and 0.2 part by weight of dibutyl-tin maleate (2.0% by weight based on the
      chlorinated polyethylene). The pellets thus formed were molded into an
      about 100-micron thick sheet by a T-die extruder set at 120.degree.C.
PAR  Hot pressing was carried out in the same manner as in Example 1 of the
      adhesive sheet thus molded by the above-mentioned process and held between
      an aluminium foil and high density polyethylene sheet as in Example 1. The
      hot pressed bonded mass had a peel strength of 16.8 kg/2.5 cm width.
PAR  Hot pressing was conducted in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      1. The hot pressed bonded mass had a peel strength of 15.2 kg/2.5 cm
      width.
PAR  Hot pressing was effected in the same manner as in Example 1 of a sheet of
      adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 1. The hot
      pressed bonded mass had a peel strength of 15.6 kg/2.5 cm width.
PAC  EXAMPLE 13
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the chlorinated polyethylene used in Example
      6 was replaced by another form of chlorinated polyethylene containing 45%
      by weight of chlorine (residual crystallinity of 10.8%) obtained by
      chlorinating polyethylene of about 200,000 average molecular weight. The
      pellets thus formed were molded into an about 100-micron thick sheet by a
      T-die extruder set at 110.degree.C.
PAR  Hot pressing was performed, as in Example 6, of an adhesive sheet thus
      molded and disposed between an aluminium foil and high density
      polyethylene sheet as in Example 6. The hot pressed bonded mass had a peel
      strength of 17.0 kg/2.5 cm width.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene used in forming a
      bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 21.5 kg/2.5 cm
      width.
PAR  Hot pressing was carried out in the same manner as in Example 6 of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 22.0 kg/2.5 cm width.
PAC  EXAMPLE 14
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the chlorinated polyethylene used in Example
      6 was replaced by another from of chlorinated polyethylene containing 35%
      by weight of chlorine (residual crystallinity of 4.8%) obtained by
      chlorinating polyethylene of about 120,000 average molecular weight. The
      pellets thus formed were molded into an about 100-micron thick sheet by a
      T-die extruder set at 110.degree.C.
PAR  Hot pressing was performed in the same manner, as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 17.2 kg/2.5
      cm width.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 18.1 kg/2.5 cm
      width.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 19.1 kg/2.5 cm width.
PAC  EXAMPLE 15
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the chlorinated polyethylene used in Example
      6 was replaced by another form of chlorinated polyethylene containing 40%
      by weight of chlorine (residual crystallinity of 5.0%) obtained by
      chlorinating polyethylene of about 200,000 average molecular weight. The
      pellets thus formed were molded into an about 100-micron thick sheet by a
      T-die extruder set at 110.degree.C.
PAR  Hot pressing was performed in the same manner as in Example 6 of a sheet of
      adhesive composition prepared by the above-mentioned process and held
      between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 17.5 kg/2.5
      cm width.
PAR  Hot pressing was effected in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 20.8 kg/2.5 cm
      width.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      held between a wooden plate and polyester as in Example 6. The hot pressed
      bonded mass had a peel strength of 21.2 kg/2.5 cm width.
PAC  EXAMPLE 16
PAR  Pellets were formed as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the proportion of chlorinated polyethylene
      used in Example 6 was changed to 10.0 parts by weight. The pellets thus
      formed were molded into an about 100-micron thick sheet by a T-die
      extruder set at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      disposed between an aluminium foil and high density polyethylene sheet as
      in Example 6. The hot pressed bonded mass had a peel strength of 16.4
      kg/2.5 cm width.
PAR  Hot pressing was conducted in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 20.9 kg/2.5 cm
      width.
PAR  Hot pressing was effected in the same manner as in Example 6 of a sheet of
      adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 21.3 kg/2.5 cm width.
PAC  EXAMPLE 17
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the proportion of chlorinated polyethylene
      used in Example 6 was changed to 20.0 parts by weight. The pellets thus
      formed were molded into an about 100-micron thick sheet by a T-die
      extruder set at 110.degree.C.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and put
      between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed mass had a peel strength of 15.8 kg/2.5 cm
      width.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 21.5 kg/2.5 cm
      width.
PAR  Hot pressing was performed, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 20.7 kg/2.5 cm width.
PAC  EXAMPLE 18
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the proportion of the chlorinated
      polyethylene used in Example 6 was changed to 40.0 parts by weight. The
      pellets thus formed were molded into an about 100 -micron thick sheet by a
      T-die extruder set at 110.degree.C.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and held
      between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 15.1 kg/2.5
      cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 19.2 kg/2.5 cm
      width.
PAR  Hot pressing was effected, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and
      disposed between a wooden plate and polyester sheet as in Example 6. The
      hot pressed bonded mass had a peel strength of 18.6 kg/2.5 cm width.
PAC  CONTROL 14
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the chlorinated polyethylene used in Example
      6 to prepare an adhesive composition was omitted. The pellets thus formed
      were molded into an about 100-micron thick sheet by a T-die extruder set
      at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      disposed between an aluminium foil and high density polyethylene sheet as
      in Example 6. The hot pressed bonded mass had a peel strength of 16.2
      kg/2.5 cm width.
PAR  Hot pressing was effected in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 2.1 kg/2.5 cm width.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      disposed between a wooden plate and polyester sheet as in Example 6. The
      hot pressed bonded mass had a peel strength of 1.2 kg/2.5 cm width.
PAC  CONTROL 15
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the proportion of chlorinated polyethylene
      used in Example 6 in preparing an adhesive composition was changed to 200
      parts by weight. The pellets thus formed were molded into an about
      100-micron thick sheet by a T-die extruder set at 110.degree.C.
PAR  Hot pressing was performed, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 1.9  kg/2.5
      cm width.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 6.8 kg/2.5 cm width.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      placed between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 3.6 kg/2.5 cm width.
PAC  EXAMPLE 19
PAR  Pellets were formed as in Example 6 by an extruder set at 120.degree.C with
      kneading, excepting that the ethylene-vinyl acetate copolymer used in
      Example 6 to prepare an adhesive composition was replaced by another form
      of ethylene-vinyl chloride copolymer containing 20% by weight of vinyl
      acetate (manufactured by Toyo Soda Co. under a trade name "Ultrathene
      UE-631"). The pellets thus formed were molded into an about 100-micron
      thick sheet by a T-die extruder set at 120.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      disposed between an aluminum foil and high density polyethylene sheet as
      in Example 6. The hot pressed bonded mass had a peel strength of 17.5
      kg/2.5 cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 18.1 kg/2.5 cm
      width.
PAR  Hot pressing was conducted in the same manner as in Example 6 of a sheet of
      adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 18.2 kg/2.5 cm width.
PAC  EXAMPLE 20
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the ethylene-vinyl acetate used in Example 6
      to prepare an adhesive composition was replaced by another form of
      ethylene-vinyl acetate copolymer containing 10% by weight of vinyl acetate
      (manufactured by Sumitomo Chemical Co., Ltd. under a trade name "Evatate
      D-2021"). The pellets thus formed were molded into an about 100-micron
      thick sheet by a T-die extruder set at 110 C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      held between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 19.3 kg/2.5
      cm width.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 16.1 kg/2.5 cm
      width.
PAR  Hot pressing was performed, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and put
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 15.4 kg/2.5 cm width.
PAC  CONTROL 16
PAR  Pellets were formed, as in Example 6, by an extruder set at 120.degree.C
      with kneading, excepting that the ethylene-vinyl acetate copolymer used in
      Example 6 to prepare an adhesive composition was replaced by another form
      of ethylene-vinyl acetate copolymer containing 60% by weight of vinyl
      acetate (manufactured by Nihon Synthetic Chem. Ind. Co., Ltd. under a
      trade name "Soarlex CJ"). The pellets thus formed were molded into an
      about 100-micron thick sheet by a T-die extruder set at 110.degree.C.
      However, the formation of said sheet was accompanied with great
      difficulties due to the occurrence of blocking.
PAC  EXAMPLE 21
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the maleic acid used in Example 6 as an
      unsaturated carboxylic acid to prepare an adhesive composition was
      replaced by 2-methylene glutaric acid. The pellets thus formed were molded
      into an about 100-micron thick sheet by a T-die extruder set at
      110.degree.C.
PAR  Hot pressing was effected, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and
      disposed between an aluminium foil and high density polyethylene sheet as
      in Example 6. The hot pressed bonded mass had a peel strength of 19.1
      kg/2.5 cm width.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 19.2 kg/2.5 cm
      width.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and held
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 16.5 kg/2.5 cm width.
PAC  EXAMPLE 22
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the maleic acid used in Example 6 as an
      unsaturated carboxylic acid was replaced by fumaric acid. The pellets thus
      formed were molded into an about 100-micron thick sheet by a T-die
      extruder set at 110.degree.C.
PAR  Hot pressing was performed, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 17.6 kg/2.5
      cm width.
PAR  Hot pressing was conducted in the same manner as described above, excepting
      that the high density polyethylene sheet used in forming a bonded mass was
      replaced by the polyvinyl chloride sheet used in Example 6. The hot
      pressed bonded mass had a peel strength of 18.2 kg/2.5 cm width.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      disposed between a wooden plate and polyester sheet as in Example 6. The
      hot pressed bonded mass had a peel strength of 18.5 kg/2.5 cm width.
PAC  EXAMPLE 23
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the maleic acid used in Example 6 as an
      unsaturated carboxylic acid to prepare an adhesive composition was
      replaced by crotonic acid. The pellets thus formed were molded into an
      about 100-micron thick sheet by a T-die extruder set at 110.degree.C.
PAR  Hot pressing was performed, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 19.1 kg/2.5
      cm width.
PAR  Hot pressing was effected in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 18.5 kg/2.5 cm
      width.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 19.1 kg/2.5 cm width.
PAC  EXAMPLE 24
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the maleic acid used in Example 6 as
      unsaturated carboxylic acid to prepare an adhesive composition was
      replaced by itaconic acid. The pellets thus formed were molded into an
      about 100-micron thick sheet by a T-die extruder set at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      held between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 18.2 kg/2.5
      cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 19.1 kg/2.5 cm
      width.
PAR  Hot pressing was effected, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 16.2 kg/2.5 cm width.
PAC  EXAMPLE 25
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the maleic acid used in Example 6 as
      unsaturated carboxylic acid was replaced by citraconic acid. The pellets
      thus formed were molded into an about 100-micron thick sheet by a T-die
      extruder set at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      disposed between an aluminium foil and high density polyethylene sheet as
      in Example 6. The hot pressed bonded mass had a peel strength of 18.3
      kg/2.5 cm width.
PAR  Hot pressing was effected in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 16.5 kg/2.5 cm
      width.
PAR  Hot pressing was performed, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and held
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 16.3 kg/2.5 cm width.
PAC  Example 26
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the proportion of the maleic acid used in
      Example 6 as unsaturated carboxylic acid was changed to 0.5 part by
      weight. The pellets thus formed were molded into an about 100-micron thick
      sheet by a T-die extruder set at 110.degree.C.
PAR  HOt pressing was performed, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and held
      between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 18.4 kg/2.5
      cm width.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 21.1 kg/2.5 cm
      width.
PAR  Hot pressing was performed, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and held
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 20.3 kg/2.5 cm width.
PAC  EXAMPLE 27
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the proportion of the maleic acid used in
      Example 6 as unsaturated carboxylic acid was changed to 2.0 parts by
      weight. The pellets thus formed were molded into an about 100-micron thick
      sheet by a T-die extruder set at 100.degree.C.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 18.6 kg/2.5
      cm width.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 20.3 kg/2.5 cm
      width.
PAR  Hot pressing was performed, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and held
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 20.7 kg/2.5 cm width.
PAC  EXAMPLE 28
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the proportion of maleic acid used in
      Example 6 as unsaturated carboxylic acid to prepare an adhesive
      composition was changed to 5.0 parts by weight. The pellets thus formed
      were molded into an about 100-micron thick sheet by a T-die extruder set
      at 110.degree.C.
PAR  Hot pressing was performed, in the same manner as in Example 6, of a sheet
      of adhesive composition thus prepared and disposed between an aluminium
      foil and high density polyethylene sheet as in Example 6. The hot pressed
      bonded mass had a peel strength of 19.2 kg/2.5 cm widht.
PAR  Hot pressing was effected in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 21.2 kg/2.5 cm
      width.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      held between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 19.8 kg/2.5 cm width.
PAC  EXAMPLE 29
PAR  Pellets were formed as in Example 6, by an extruder set at 110.degree.C
      with kneading, excepting that the proportion of the maleic acid used in
      Example 6 as unsaturated carboxylic acid to prepare an adhesive
      composition was changed to 10.0 parts by weight. The pellets thus formed
      were molded into an about 100-micron thick sheet by a T-die extruder set
      at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      placed between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 16.5 kg/2.5
      cm width.
PAR  Hot pressing was conducted in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 15.1 kg/2.5 cm
      width.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      held between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 15.8 kg/2.5 cm width.
PAC  CONTROL 17
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the maleic acid used in Example 6 as
      unsaturated carboxylic acid to prepare an adhesive composition was
      omitted. The pellets thus formed were molded into an about 100-micron
      thick sheet by a T-die extruder set at 110.degree.C.
PAR  Hot pressing was performed, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and
      disposed between an aluminium foil and high density polyethylene sheet as
      in Example 6. The hot pressed bonded mass had a peel strength of 2.1
      kg/2.5 cm width.
PAR  Hot pressing was effected in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 2.1 kg/2.5 cm width.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 1.5 kg/2.5 cm width.
PAC  CONTROL 18
PAR  Substantially the same proportions of components of adhesive composition as
      used in Example 6 were kneaded 3 minutes by a Banbury mixer set at
      100.degree.C excepting that the proportion of maleic acid used in Example
      6 as unsaturated carboxylic acid was changed to 200 parts by weight. The
      resultant mixture was rolled into a sheet, which was later cut in pellets
      by a sheet cutter. The pellets thus formed were molded into an about
      100-micron thick sheet by a T-die extruder set at 100.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition thus prepared and placed between an
      aluminium foil and high density polyethylene sheet as in Example 6. The
      hot pressed bonded mass had a peel strength of 1.8 kg/2.5 cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed mass had a peel strength of 3.2 kg/2.5 cm width.
PAR  Hot pressing was effected, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 2.2 kg/2.5 cm width.
PAC  EXAMPLE 30
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the dicumyl peroxide used in Example 6 as an
      organic peroxide to prepare an adhesive composition was replaced by
      2,5-dimethylhexane-2,5-dihydroperoxide. The pellets thus formed were
      molded into an about 100-micron thick sheet by a T-die extruder set at
      110.degree.C.
PAR  Hot pressing was carried out in the same manner as in Example 6 of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 16.2 kg/2.5
      cm width.
PAR  Hot pressing was effected in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 18.1 kg/2.5 cm
      width.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and held
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 19.3 kg/2.5 cm width.
PAC  EXAMPLE 31
PAR  Pellets were formed, as in Example 6, by an extruder set at 140.degree.C
      with kneading, excepting that the dicumyl peroxide used as an organic
      peroxide in Example 6 was replaced by tert-butyl peroxy stearate. The
      pellets thus formed were molded into an about 100-micron thick sheet by a
      T-die extruder set at 120.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      placed between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 15.1 kg/2.5
      cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 19.4 kg/2.5 cm
      width.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 17.3 kg/2.5 cm width.
PAC  EXAMPLE 32
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the dicumyl peroxide used as an organic
      peroxide in Example 6 to prepare an adhesive composition was replaced by
      2,5-dimethyl-2,5-dibenzoyl peroxy hexane. The pellets thus formed were
      molded into an about 100-micron thick sheet by a T-die extruder set at
      110.degree.C.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 16.2 kg/2.5
      cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 19.8 kg/2.5 cm
      width.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      held between a wooden plate and polyester sheet. The hot pressed bonded
      mass had a peel strength of 20.3 kg/2.5 cm width.
PAC  EXAMPLE 33
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the dicumyl peroxide in Example 6 to prepare
      an adhesive composition was replaced by benzoyl peroxide. The pellets thus
      formed were molded into an about 100-micron thick sheet by a T-die
      extruder set at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      held between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 19.8 kg/2.5
      cm width.
PAR  Hot pressing was effected in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 20.3 kg/2.5 cm
      width.
PAR  Hot pressing was performed, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 21.0 kg/2.5 cm width.
PAC  EXAMPLE 34
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the dicumyl peroxide used as an organic
      peroxide in Example 6  to prepare an adhesive composition was replaced by
      1,1-bis-tert-butylperoxy-3,3,5-trimethyl cyclohexane. The pellets thus
      formed were molded into an about 100-micron thick sheet by a T-die
      extruder set at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      disposed between an aluminium foil and high density polyethylene sheet as
      in Example 6. The hot pressed bonded mass had a peel strength of 17.2
      kg/2.5 cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 20.1 kg/2.5 cm
      width.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and held
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 19.3 kg/2.5 cm width.
PAC  EXAMPLE 35
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the proportion of dicumyl peroxide used as
      an organic peroxide in Example 6 to prepare an adhesive composition was
      changed to 0.1 part by weight. The pellets thus formed were molded into an
      about 100-micron thick sheet by a T-die extruder set at 110.degree.C.
PAR  Hot pressing was performed, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 15.2 kg/2.5
      cm width.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 20.1 kg/2.5 cm
      width.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 17.6 kg/2.5 cm width.
PAC  EXAMPLE 36
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the proportion of dicumyl peroxide used as
      an organic peroxide in Example 6 to prepare an adhesive composition was
      changed to 1.0 part by weight. The pellets thus formed were molded into an
      about 100-micron thick sheet by a T-die extruder set at 110.degree.C.
PAR  Hot pressing was performed, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 18.3 kg/2.5
      cm width.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 21.2 kg/2.5 cm
      width.
PAR  Hot pressing was effected, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 20.5 kg/2.5 cm width.
PAC  EXAMPLE 37
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the proportion of dicumyl peroxide used as
      an organic peroxide in Example 6 to prepare an adhesive composition was
      changed to 2.0 parts by weight. The pellets thus formed were molded into
      an about 100-micron thick sheet by a T-die extruder set at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      placed between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 19.1 kg/2.5
      cm width.
PAR  Hot pressing was conducted in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 19.7 kg/2.5 cm
      width.
PAR  Hot pressing was performed, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and put
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 19.9 kg/2.5 cm width.
PAC  EXAMPLE 38
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the proportion of dicumyl peroxide used as
      an organic peroxide in Example 6 to prepare an adhesive composition was
      changed to 4.0 parts by weight. The pellets thus formed were molded into
      an about 100-micron thick sheet by a T-die extruder set at 120.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      held between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 19.2 kg/2.5
      cm width.
PAR  Hot pressing was effected in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 24.2 kg/2.5 cm
      width.
PAR  Hot pressing was performed, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 20.3 kg/2.5 cm width.
PAC  CONTROL 19
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the dicumyl peroxide used as an organic
      peroxide in Example 6 to prepare an adhesive composition was omitted. The
      pellets thus formed were molded into an about 100-micron thick sheet by a
      T-die extruder set at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      held between an aluminium foil and high density polyethylene sheet as in
      Example 6. The pressed bonded mass had a peel strength of 1.7 kg/2.5 cm
      width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 1.5 kg/2.5 cm width.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 2.1 kg/2.5 cm width.
PAC  CONTROL 20
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the proportion of dicumyl peroxide used as
      organic peroxide in Example 6 to prepare an adhesive composition was
      changed to 15.0 parts by weight. It was attempted to mold the pellets thus
      formed into an about 100-micron thick sheet by a T-die extruder set at
      110.degree.C. However, such sheet could not be obtained due to breakage
      taking place immediately after molding by the occurrence of a
      cross-linking reaction.
PAC  EXAMPLE 39
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the 2,6-di-tert-butyl-4-methylphenol used as
      a phenolic compound in Example 6 to prepare an adhesive composition was
      replaced by 1,3,5-trimethyl-2,4,6-tris(3,5-di-tert-butyl-4-hydroxybenzyl)
      benzene. The pellets thus formed were molded into an about 100-micron
      thick sheet by a T-die extruder set at 110.degree.C.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 18.9 kg/2.5
      cm width.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 24.2 kg/2.5 cm
      width.
PAR  Hot pressing was effected, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and held
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 20.1 kg/2.5 cm width.
PAC  EXAMPLE 40
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the 2,6-di-tert-butyl-4-methylphenol used as
      a phenolic compound in Example 6 to prepare an adhesive composition was
      replaced by 4,4'-thiobis(3-methyl-6-tert-butylphenol). The pellets thus
      formed were molded into an about 100-micron thick sheet by a T-die
      extruder set at 110.degree.C.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 19.2 kg/2.5
      cm width.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 24.5 kg/2.5 cm
      width.
PAR  Hot pressing was performed, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and
      disposed between a wooden plate and polyester sheet as in Example 6. The
      hot pressed bonded mass had a peel strength of 21.8 kg/2.5 cm width.
PAC  EXAMPLE 41
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the 2,6-di-tert-butyl-4-methylphenol used as
      a phenolic compound in Example 6 to prepare an adhesive composition was
      replaced by 2,6-di-tert-butyl-methoxyphenol. The pellets thus prepared
      were molded into an about 100-micron thick sheet by a T-die extruder set
      at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      placed between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 18.2 kg/2.5
      cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 23.6 kg/2.5 cm
      width.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and held
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 21.9 kg/2.5 cm width.
PAC  EXAMPLE 42
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the 2,6-di-tert-butyl-4-methylphenol used as
      a phenolic compound in Example 6 to prepare an adhesive composition was
      replaced by p-cresol. The pellets thus formed were molded into an about
      100-micron thick sheet by a T-die extruder set at 110.degree.C.
PAR  Hot pressing was effected, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 17.6 kg/2.5
      cm width.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 19.4. kg/2.5 cm
      width.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 18.0 kg/2.5 cm width.
PAC  EXAMPLE 43
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the 2,6-di-tert-butyl-4-methylphenol used as
      a phenolic compound in Example 6 to prepare an adhesive composition was
      replaced by tetrakis[methylene-3-(3',5'-di-tert-butyl-4'-hydroxyphenyl)
      propionate] methane. The pellets thus prepared were molded into an about
      100-micron thick sheet by a T-die extruder set at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      placed between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 19.3 kg/2.5
      cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 24.0 kg/2.5 cm
      width.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and held
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength 20.7 kg/2.5 cm width.
PAC  EXAMPLE 44
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the proportion of
      2,6-di-tert-butyl-4-methylphenol used as a phenolic compound in Example 6
      to prepare an adhesive composition was changed to 0.5 part by weight. The
      pellets thus formed were molded into an about 100-micron thick sheet by a
      T-die extruder set at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      placed between the aluminium foil and high density polyethylene sheet as
      in Example 6. The hot pressed bonded mass had a peel strength of 19.8
      kg/2.5 cm width.
PAR  Hot pressing was conducted in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 24.3 kg/2.5 cm
      width.
PAR  Hot pressing was performed, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and put
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 21.3 kg/2.5 cm width.
PAC  EXAMPLE 45
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the proportion of
      2,6-di-tert-butyl-4-methylphenol used as a phenolic compound in Example 6
      to prepare an adhesive composition was changed to 1.0 part by weight. The
      pellets thus formed were molded into an about 100-micron thick sheet by a
      T-die extruder set at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      placed between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 19.2 kg/2.5
      cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 23.9 kg/2.5 cm
      width.
PAR  Hot pressing was effected, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 21.7 kg/2.5 cm width.
PAC  EXAMPLE 46
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the proportion of
      2,6-di-tert-butyl-4-methylphenol used as a phenolic compound in Example 6
      to prepare an adhesive composition was changed to 2.0 parts by weight. The
      pellets thus formed were molded into an about 100-micron thick sheet by a
      T-die extruder set at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      disposed between an aluminium foil and high density polyethylene sheet as
      in Example 6. The hot pressed bonded mass had a peel strength of 19.8
      kg/2.5 cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 24.5 kg/2.5 cm
      width.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 21.0 kg/2.5 cm width.
PAC  EXAMPLE 47
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the 2,6-di-tert-butyl-4-methylphenol used as
      a phenolic compound in Example 6 to prepare an adhesive composition was
      omitted. The pellets thus formed were molded into an about 100-micron
      thick sheet by a hot press set at a temperature of 120.degree.C and a
      pressure of 100 kg/cm.sup.2 with a sheet of Teflon (fluorine resin) used
      as a releasing agent.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and
      disposed between an aluminium foil and high density polyethylene sheet as
      in Example 6. The hot pressed bonded mass had a peel strength of 17.7
      kg/2.5 cm width.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass and a peel strength of 16.5 kg/2.5 cm
      width.
PAR  Hot pressing was performed, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 17.2 kg/2.5 cm width.
PAC  CONTROL 21
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the proportion of
      2,6-di-tert-butyl-4-methylphenol used as a phenolic compound in Exmaple 6
      to prepare an adhesive composition was changed to 10.0 parts by weight.
      The pellets thus formed were molded into an about 100-micron thick sheet
      by a T-die extruder set at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      placed between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 1.2 kg/2.5
      cm width.
PAR  Hot pressing was effected in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 1.0 kg/2.5 cm width.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 0.7 kg/2.5 cm width.
PAC  EXAMPLE 48
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the dibutyl-tin dilaurate used as an
      acid-acceptor in Example 6 to prepare an adhesive composition was replaced
      by 0.1 part by weight of calcium stearate and also 0.1 part by weight of
      barium stearate (the proportions of both acid-acceptors respectively
      account for 2.0% by weight based on the chlorinated polyethylene). The
      pellets thus formed were molded into an about 100-micron thick sheet by a
      T-die extruder set at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      placed between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 18.7 kg/2.5
      cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 23.5 kg/2.5 cm
      width.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and
      disposed between a wooden plate and polyester sheet as in Example 6. The
      hot pressed bonded mass had a peel strength of 20.7 kg/2.5 cm width.
PAC  EXAMPLE 49
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that dibutyl-tin dilaurate used as an
      acid-acceptor in Example 6 to prepare an adhesive composition was replaced
      by 0.1 part by weight of dibutyl-tin maleate (2.0% by weight based on the
      chlorinated polyethylene). The pellets thus formed were molded into an
      about 100-micron thick sheet by a T-die extruder set at 110.degree.C.
PAR  Hot pressing was performed, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and held
      between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 19.7 kg/2.5
      cm width.
PAR  Hot pressing was effected in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 21.5 kg/2.5 cm
      width.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      held between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 21.2 kg/2.5 cm width.
PAC  EXAMPLE 50
PAR  Pellets were formed, as in Example 49, by an extruder set at 130.degree.C
      with kneading, excepting that the proportion of dibutyl-tin maleate used
      as an acid-acceptor in Example 49 to prepare an adhesive composition was
      changed to 0.05 part by weight (1.0% by weight based on the chlorinated
      polyethylene). The pellets thus formed were molded into an about
      100-micron thick sheet by a T-die extruder set at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      held between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 18.6 kg/2.5
      cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6.
PAR  The hot pressed bonded mass had a peel strength of 20.2 kg/2.5 cm width.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 20.0 kg/2.5 cm width.
PAC  EXAMPLE 51
PAR  Pellets were formed, as in Example 49, by an extruder set at 130.degree.C
      with kneading, excepting that the proportion of dibutyl-tin maleate used
      as an acid-acceptor in Example 49 to prepare an adhesive composition was
      changed to 0.4 part by weight (8.0% by weight based on the chlorinated
      polyethylene). The pellets thus formed were molded into an about
      100-micron thick sheet by a T-die extruder set at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      disposed between an aluminium foil and high density polyethylene sheet as
      in Example 6. The hot pressed bonded mass had a peel strength of 14.5
      kg/2.5 cm width.
PAR  Hot pressing was effected in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 13.7 kg/2.5 cm
      width.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and held
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 13.8 kg/2.5 cm width.
PAC  EXAMPLE 52
PAR  Pellets were formed, as in Example 49, by an extruder set at 130.degree.C
      with kneading, excepting that the dibutyl-tin maleate used as an
      acid-acceptor in Example 49 to prepare an adhesive composition was
      omitted. The pellets thus formed were molded into an about 100-micron
      thick sheet by a T-die extruder set at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      placed between an aluminium foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strenght of 18.2 kg/2.5
      cm width.
PAR  Hot pressing was effected in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride used in Example 6.
      The hot pressed bonded mass had a peel strength of 19.7 kg/2.5 cm width.
PAR  Hot pressing was conducted, in the same manner as in Example 6, of a sheet
      of adhesive composition prepared by the above-mentioned process and held
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 20.1 kg/2.5 cm width.
PAC  EXAMPLE 53
PAR  Pellets were formed, as in Example 6, by an extruder set at 130.degree.C
      with kneading, excepting that the ethylenevinyl acetate copolymer used in
      Example 6 to prepare an adhesive composition was replaced by a mixture
      consisting of 80 parts by weight of another form of ethylene-vinyl acetate
      copolymer containing 26% by weight of vinyl acetate (manufactured by Toyo
      Soda Mfg. Co. under a trade name "Ultrathene UE-634") and 20 parts by
      weight of low density polyethylene having a density of 0.923 g/cc and melt
      index of 3.5 g/10 min. as measured at 190.degree.C and under a load of
      2.16 kg. The pellets thus formed were molded into an about 100-micron
      thick sheet by a T-die extruder set at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 6, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      held between an aluminum foil and high density polyethylene sheet as in
      Example 6. The hot pressed bonded mass had a peel strength of 19.2 kg/2.5
      cm width.
PAR  Hot pressing was conducted in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      6. The hot pressed bonded mass had a peel strength of 18.6 kg/2.5 cm
      width.
PAR  Hot pressing was performed, in the same manner as in Example 6, of a sheet
      of adhesive compositon prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 6. The hot
      pressed bonded mass had a peel strength of 18.7 kg/2.5 cm width.
PAC  EXAMPLE 54
PAR  Pellets were formed, as in Example 7, by an extruder set at 130.degree.C
      with kneading, excepting that the chlorinated polyethylene used in Example
      7 to prepare an adhesive composition was replaced by chlorosulfonated
      polyethylene containing 1.0% by weight of sulphur and 35.0% by weight of
      chlorine (residual crystallinity of 0.5%) obtained by chlorosulfonating
      polyethylene of about 120,000 average molecular weight. The pellets thus
      formed were molded into an about 100-micron thick sheet by a T-die
      extruder set at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 7, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      placed between an aluminium foil and high density polyethylene sheet as in
      Example 7. The hot pressed bonded mass had a peel strength of 15.2 kg/2.5
      cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      7. The hot pressed bonded mass had a peel strength of 12.8 kg/2.5 cm
      width.
PAR  Hot pressing was conducted, in the same manner as in Example 7, of a sheet
      of adhesive compositon prepared by the above-mentioned process and held
      between a wooden plate and polyester sheet. The hot pressed bonded mass
      had a peel strength of 14.2 kg/2.5 cm width.
PAC  EXAMPLE 55
PAR  Pellets were formed, as in Example 54, by an extruder set at 130.degree.C
      with kneading, excepting that the proportions of chlorosulfonated
      polyethylene, calcium stearate and barium stearate used in Example 54 to
      prepare an adhesive composition were changed to 10.0, 0.1 and 0.1 parts by
      weight respectively. The pellets thus formed were molded into an about
      100-micron thich sheet by a T-die extruder set at 110.degree.C.
PAR  Hot pressing was conducted, in the same manner as in Example 54, of a sheet
      of adhesive composition prepared by the above-mentioned process and
      disposed between an aluminium foil and high density polyethylene sheet as
      in Example 54. The hot pressed bonded mass had a peel strength of 14.8
      kg/2.5 cm width.
PAR  Hot pressing was preformed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      54. The hot pressed bonded mass had a peel strength of 13.6 kg/2.5 cm
      width.
PAR  Hot pressing was carried out, in the same manner as in Example 54, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      held between a wooden plate and polyester sheet as in Example 54. The hot
      pressed bonded mass had a peel strength of 15.3 kg/2.5 cm width.
PAC  EXAMPLE 56
PAR  Pellets were formed, as in Example 54, by an extruder set at 130.degree.C
      with kneading, excepting that the proportions of chlorosulfonated
      polyethylene, calcium stearate and barium stearate used in Example 54 to
      prepare an adhesive composition were changed to 20.0, 0.2 and 0.2 parts by
      weight respectively. The pellets thus formed were molded into an about
      100-micron thick sheet by a T-die extruder set at 110.degree.C.
PAR  Hot pressing was effected, in the same manner as in Example 54, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between an aluminium foil and high density polyethylene sheet as in
      Example 54. The hot pressed bonded mass had a peel strength of 12.6 kg/2.5
      cm width.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      54. The hot pressed bonded mass had a peel strength of 14.2 kg/2.5 cm
      width.
PAR  Hot pressing was preformed, in the same manner as in Example 54, of a sheet
      of adhesive composition prepared by the above-mentioned process and put
      between a wooden plate and polyester sheet as in Example 54. The hot
      pressed bonded mass had a peel strength of 16.2 kg/2.5 cm width.
PAC  EXAMPLE 57
PAR  Pellets were formed, as in Example 7, by an extruder set at 130.degree.C
      with kneading, excepting that the 4,4'-thiobis
      (3-methyl-6-tert-butylphenol) used as a phenolic compound in Example 7 to
      prepare an adhesive composition was replaced by tetrakis
      [methylene-3-(3',5'-di-tert-butyl-4'-hydroxyphenyl) propionate] methane.
      The pellets thus formed were molded into an about 100-micron thick sheet
      by a T-die extruder set at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 7, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      placed between an aluminium foil and high density polyethylene sheet as in
      Example 7. The hot pressed bonded mass had a peel strength of 18.5 kg/2.5
      cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      7. The hot pressed bonded mass had a peel strength of 20.6 kg/2.5 cm
      width.
PAR  Hot pressing was conducted, in the same manner as in Example 7, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 7. The hot
      pressed bonded mass had a peel strength of 20.3 kg/2.5 cm width.
PAC  EXAMPLE 58
PAR  Pellets were formed, as in Exmaple 7, by an extruder set at 130.degree.C
      with kneading, excepting that the 4,4'-thiobis
      (3-methyl-6-tert-butylphenol) used as a phenolic compound in Example 7 to
      prepare an adhesive composition was replaced by phenol. The pellets thus
      formed were molded into an about 100-micron thick sheet by a T-die
      extruder set at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 7, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      placed between an aluminium foil and high density polyethylene sheet as in
      Example 7. The hot pressed bonded mass had a peel strength of 15.2 kg/2.5
      cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      7.  The hot pressed bonded mass had a peel strength of 16.3 kg/2.5 cm
      width.
PAR  Hot pressing was conducted, in the same manner as in Example 7, of a sheet
      of adhesive composition prepared by the above-mentioned process and
      disposed between a wooden plate and polyester sheet as in Example 7. The
      hot pressed bonded mass had a peel strength of 16.1 kg/2.5 cm width.
PAC  CONTROL 22
PAR  Pellets were formed, as in Example 7, by an extruder set at 130.degree.C
      with kneading, excepting that the 4,4'-thiobis
      (3-methyl-6-tert-butylphenol) used as a phenolic compound in Example 7 to
      prepare an adhesive composition was replaced by 2.0 parts by weight of
      dilauryl thiodipropionate. The pellets thus formed were molded into an
      about 100-micron thick sheet by a T-die extruder set at 110.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 7, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      placed between an aluminium foil and high density polyethylene sheet as in
      Example 7. The hot pressed bonded mass had a peel strength of 4.7 kg/2.5
      cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass was replaced by the polyvinyl chloride sheet used in Example
      7. The hot pressed bonded mass had a peel strength of 5.1 kg/2.5 cm width.
PAR  Hot pressing was effected, in the same manner as in Example 7, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 7. The hot
      pressed bonded mass had a peel strength of 4.3 kg/2.5 cm width.
PAC  EXAMPLE 59
PAR  A sheet of adhesive composition containing ethylenevinyl acetate copolymer
      prepared by the process of Example 1 was placed between the same type of
      high density polyethylene sheet used in Example 1 to form a bonded mass
      and a 0.5 mm thick copper plate having its bonding surface previously
      degreased by trichloroethylene. Hot pressing was carried out in the same
      manner as in Example 1. The hot pressed bonded mass had a peel strength of
      16.1 kg/2.5 cm width.
PAR  Hot pressing was effected in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass by the above-mentioned process was replaced by the polyvinyl
      chloride sheet used in Example 1. The hot pressed bonded mass had a peel
      strength of 16.2 kg/2.5 cm width.
PAR  Hot pressing was conducted, in the same manner as in Example 1, of a sheet
      of an adhesive composition prepared by the process of Example 1 and held
      between the polyester sheet used in Example 1 to form a bonded mass and
      the above-mentioned copper plate. The hot pressed bonded mass had a peel
      strength of 16.9 kg/2.5 cm width.
PAC  EXAMPLE 60
PAR  A sheet of adhesive composition containing ethylenevinyl acetate copolymer
      prepared by the process of Example 1 was placed between the same type of
      high density polyethylene sheet used in Example 1 to form a bonded mass
      and 0.5 mm thick galvanized iron plate. Hot pressing was effected in the
      same manner as in Example 1. The hot pressed bonded mass had a peel
      strenght of 17.3 kg/2.5 cm width.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      the above-mentioned bonded mass was replaced by the polyvinyl chloride
      sheet used in Example 1. The hot pressed bonded mass had a peel strength
      of 19.1 kg/2.5 cm width.
PAR  A sheet of adhesive composition prepared by the process of Example 1 was
      held between the polyester sheet used in Example 1 to form a bonded mass
      and the above-mentioned galvanized iron plate. Hot pressing was performed
      in the same manner as in Example 1. The hot pressed bonded mass had a peel
      strength of 19.6 kg/2.5 cm width.
PAC  EXAMPLE 61
PAR  A sheet of adhesive composition containing ethylene-vinyl acetate copolymer
      prepared by the process of Example 1 was held between the high density
      polyethylene sheet used in Example 1 to form a bonded mass and a 1 mm
      thick glass plate. Hot pressing was performed in the same manner as in
      Example 1.
PAR  Hot pressing was carried out in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      the above -mentioned bonded mass was replaced by the polyvinyl chloride
      sheet used in Example 1.
PAR  A sheet of adhesive composition prepared by the process of Example 1 was
      disposed between the polyester sheet used in Example 1 to form a bonded
      mass and the above-mentioned copper plate. Hot pressing was carried out in
      the same manner as in Example 1.
PAR  The bonded masses obtained in the above-mentioned three cases were so
      firmly bonded together that it was impossible to separate the bonded
      members by hand.
PAC  CONTROL 23
PAR  Pellets were formed, as in Example 1, by an extruder set at 140.degree.C
      with kneading, excepting that the ethylene-vinyl acetate copolymer used in
      Example 1 to prepare an adhesive composition was omitted. The pellets thus
      formed were molded into an about 100-micron thick sheet by a T-die
      extruder set at 140.degree.C.
PAR  Hot pressing was carried out, in the same manner as in Example 1, of a
      sheet of adhesive composition prepared by the above-mentioned process and
      placed between an aluminum foil and high density polyethylene sheet as in
      Example 1. The hot pressed bonded mass had a peel strength of 1.0 kg/2.5
      cm width.
PAR  Hot pressing was performed in substantially the same manner as described
      above, excepting that the high density polyethylene sheet used in forming
      a bonded mass by the above-mentioned process was replaced by the polyvinyl
      chloride sheet used in Example 1. The hot pressed bonded mass had a peel
      strength of 2.5 kg/2.5 cm width.
PAR  Hot pressing was conducted, in the same manner as in Example 1, of a sheet
      of adhesive composition prepared by the above-mentioned process and placed
      between a wooden plate and polyester sheet as in Example 1. The hot
      pressed bonded mass had a peel strength of 3.3 kg/2.5 cm width.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. Resin compositions of high adhesivity comprising (A) 100 parts by weight
      of ethylene-vinyl acetate copolymer containing 1 to 40% by weight of vinyl
      acetate or said copolymer mixed with polyethylene; (B) 1 to 100 parts by
      weight of chlorinated or chlorosulfonated polyethylene; (C) 0.05 to 100
      parts by weight of unsaturated carboxylic acids that are solid at room
      temperature; and (D) 0.005 to 10.0 parts by weight of organic peroxides.
NUM  2.
PAR  2. Resin compositions according to claim 1, wherein 5.0 parts by weight at
      most of phenolic compounds are further added to said resin compositions
      based on 100 parts by weight of the ethylene-vinyl acetate copolymer or
      said copolymer mixed with polyethylene.
NUM  3.
PAR  3. Resin compositions according to claim 1, wherein 10.0 parts by weight at
      most of acid-acceptors are further added to said resin compositions based
      on 100 parts by weight of the chlorinated or chlorosulfonated
      polyethylene.
NUM  4.
PAR  4. Resin compositions according to claim 2, wherein 10.0 parts by weight at
      most of acid-acceptors are further added to said resin compositions based
      on 100 parts by weight of the chlorinated or chlorosulfonated
      polyethylene.
NUM  5.
PAR  5. Resin compositions according to claim 1, wherein the resin compositions
      include chlorinated polyethylene having a chlorination degree of 20 to 50%
      by weight or chlorosulfonated polyethylene having a chlorination degree of
      20 to 45% by weight and a sulfonation degree of less than 5% by weight.
NUM  6.
PAR  6. Resin compositions according to claim 2, wherein the resin compositions
      include chlorinated polyethylene having a chlorination degree of 20 to 50%
      by weight or chlorosulfonated polyethylene having a chlorination degree of
      20 to 45% by weight and a sulfonation degree of less than 5% by weight.
NUM  7.
PAR  7. Resin compositions according to claim 3, wherein the resin compositions
      include chlorinated polyethylene having a chlorination degree of 20 to 50%
      by weight or chlorosulfonated polyethylene having a chlorination degree of
      20 to 45% by weight and a sulfonation degree of less than 5% by weight.
NUM  8.
PAR  8. Resin compositions according to claim 4, wherein the resin compositions
      include chlorinated polyethylene having a chlorination degree of 20 to 50%
      by weight or chlorosulfonated polyethylene having a chlorination degree of
      20 to 45% by weight and a sulfonation degree of less than 5% by weight.
NUM  9.
PAR  9. Resin compositions according to claim 1, wherein the unsaturated
      carboxylic acids are selected from the group consisting of aliphatic and
      aromatic unsaturated carboxylic acids.
NUM  10.
PAR  10. Resin compositions according to claim 2, wherein the unsaturated
      carboxylic acids are selected from the group consisting of aliphatic and
      aromatic unsaturated carboxylic acids.
NUM  11.
PAR  11. Resin compositions according to claim 3, wherein the unsaturated
      carboxylic acids are selected from the group consisting of aliphatic and
      aromatic unsaturated carboxylic acids.
NUM  12.
PAR  12. Resin compositions according to claim 4, wherein the unsaturated
      carboxylic acids are selected from the group consisting of aliphatic and
      aromatic unsaturated carboxylic acids.
NUM  13.
PAR  13. Resin compositions according to claim 9, wherein the aliphatic
      unsaturated carboxylic acids are selected from the group consisting of
      crotonic acid, maleic acid, fumaric acid, itaconic acid, 2-methylene
      glutaric acid and citraconic acid.
NUM  14.
PAR  14. Resin compositions according to claim 10, wherein the aliphatic
      unsaturated carboxylic acids are selected from the group consisting of
      crotonic acid, maleic acid, fumaric acid, itaconic acid, 2-methylene
      glutaric acid and citraconic acid.
NUM  15.
PAR  15. Resin compositions according to claim 11, wherein the aliphatic
      unsaturated carboxylic acids are selected from the group consisting of
      crotonic acid, maleic acid, fumaric acid, itaconic acid, 2-methylene
      glutaric acid and citraconic acid.
NUM  16.
PAR  16. Resin compositions according to claim 12, wherein the aliphatic
      unsaturated carboxylic acids are selected from the group consisting of
      crotonic acid, maleic acid, fumaric acid, itaconic acid, 2-methylene
      glutaric acid and citraconic acid.
NUM  17.
PAR  17. Resin compositions according to claim 9, wherein the aromatic
      unsaturated carboxylic acid is cinnamic acid.
NUM  18.
PAR  18. Resin compositions according to claim 10, wherein the aromatic
      unsaturated carboxylic acid is cinnamic acid.
NUM  19.
PAR  19. Resin compositions according to claim 11, wherein the aromatic
      unsaturated carboxylic acid is cinnamic acid.
NUM  20.
PAR  20. Resin compositions according to claim 12, wherein the aromatic
      unsaturated carboxylic acid is cinnamic acid.
NUM  21.
PAR  21. Resin compositions according to claim 1, wherein the organic peroxides
      are selected from the group consisting of ketone peroxides,
      hydroperoxides, kialkyl peroxides, diacyl peroxides and peroxy esters.
NUM  22.
PAR  22. Resin compositions according to claim 2, wherein the organic peroxides
      are selected from the group consisting of ketone peroxides,
      hydroperoxides, dialkyl peroxides, diacyl peroxides and peroxy esters.
NUM  23.
PAR  23. Resin compositions according to claim 3, wherein the organic peroxides
      are selected from the group consisting of ketone peroxides,
      hydroperoxides, dialkyl peroxides, diacyl peroxides and peroxy esters.
NUM  24.
PAR  24. Resin compositions according to claim 4, wherein the organic peroxides
      are selected from the group consisting of ketone peroxides,
      hydroperoxides, dialkyl peroxides, diacyl peroxides and peroxy esters.
NUM  25.
PAR  25. Resin compositions according to claim 2, wherein the phenolic compounds
      are selected from the group consisting of monophenolic compounds,
      bisphenolic compounds, triphenolic compounds and tetraphenolic compounds.
NUM  26.
PAR  26. Resin compositions according to claim 4, wherein the phenolic compounds
      are selected from the group consisting of monophenolic compounds,
      bisphenolic compounds, triphenolic compounds and tetraphenolic compounds.
NUM  27.
PAR  27. Resin compositions according to claim 3, wherein the acid-acceptors are
      selected from the group consisting of metal soaps, salts of inorganic
      acids, organic tin compounds, chelating agents, organic compounds
      containing an epoxy radical, and mixtures of stabilizing agents for
      polyvinyl chloride resins.
NUM  28.
PAR  28. Resin compositions according to claim 4, wherein the acid-acceptors are
      selected from the group consisting of metal soaps, salts of inorganic
      acids, organic tin compounds, chelating agent, organic compounds
      containing an epoxy radical, and mixtures of stabilizing agents for
      polyvinyl chloride resins.
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ABST
PAL  A high sensitivity resist layer structure for high energy radiation
      exposure is formed by coating plural layers of radiation degradable
      polymers on a substrate which layers are successively slower dissolving in
      the resist developer. Upon exposure and solvent development, a resist edge
      profile is obtained which is particularly useful for metal lift-off.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to resist layer structures and more
      particularly to high sensitivity positive resist layers useful in high
      energy radiation exposure processes.
PAR  The formation of positive resist masks from layers of radiation degradable
      polymers is described, for example, by Haller and Hatzakis in U.S. Pat.
      No. 3,535,137. In this process a radiation degradable polymer layer is
      coated on a substrate and is subjected to patternwise exposure to high
      energy radiation such as, for example, x-rays, nuclear radiation, and
      electrons. The irradiated regions of the polymer suffer a decrease in
      molecular weight and thereby become more soluble. A developer is then used
      to preferentially remove the irradiated portions of the layer. The
      substrate can then be subjected to an additive or subtractive process such
      as metallization or etching with the remaining portions of the resist
      layer protecting the substrate from the processing.
PAR  Although it is possible to employ developers which attack only the exposed
      portions of the resist and leave the unexposed portions almost intact, it
      has been found that much higher resist sensitivity can be obtained if a
      solvent is employed which attacks both the exposed and unexposed portions
      of the resist but preferentially attacks the exposed portion. The resist
      layers are applied in sufficient thicknesses so that the unexposed
      portions of the resist layer retains a sufficient thickness for further
      processing.
PAR  The sensitivity of the resist layer can be defined by the ratio S/S.sub.0
      where S is the solubility rate of exposed resist for a given exposure
      dosage and S.sub.0 is the solubility rate in angstroms per minute for the
      unexposed resist. Generally a S/S.sub.0 ratio of at least about 2.0 is
      required for most processes so that a sufficient unexposed resist layer
      thickness remains after development. One way to increase the ratio is to
      increase the dosage. However, this has the disadvantage of slowing down
      the exposure process particularly when the exposure is accomplished using
      a scanning beam of radiation. For example, in the formation of integrated
      circuits or exposure masks, one process which is employed is a liftoff
      process in which a patterned relief layer of resist is first formed on a
      substrate. A layer of material, such as a metal for integrated circuit
      conductor lines or an opaque masking material for mask fabrication is
      coated over the resist layer and the exposed portions of the substrate.
      The resist layer is then stripped off and takes with it the overlying
      material to leave only the pattern of material in direct contact with the
      substrate. Such a process is described, for example, by Hatzakis, Electron
      Resists For Micro Circuit And Mask Production, Journal of the Electro
      Chemical Society, Volume 116, No. 7, pages 1033 to 1037, July 1969 and by
      Hatzakis and Broers, Record of the Eleventh Symposium on Electron, Ion and
      Laser Beam Technology, pages 337 to 344. The described process takes
      advantage of the natural undercutting of the resist during high energy
      exposure such that the developed resist pattern is wider at the bottom
      then the top. This provile aids in forming a discontinuity between the
      portions of material which are on the substrate surface and the portions
      which cover the resist. This dicontinuity is needed in order to permit the
      resist stripping solution to attack the unexposed resist and remove it
      along with the overlying material. The resist layer thickness required for
      a metal lift-off process, for example, must be in the ratio of a minimum
      of about 1.5/1 resist thickness to metal thickness to avoid bridging of
      metal between the portion on the substrate and the portion covering the
      resist. Therefore, the loss of unexposed resist during development must be
      limited. In other words, the solubility ratio S/S.sub.0 must be maximized.
      This can be done by increasing exposure times to create a greater
      molecular weight differential between the exposed and unexposed resist.
      However, this has the effect of slowing down the exposure process.
PAR  Another factor involved in the use of high energy radiation to exposed
      resist layers is the fact that there are certain advantages to the use of,
      for example, beams of increasing energy, for example, 10 to 50 kilovolts
      (KV). This has the advantage of decreasing writing times for a resist
      because higher amps/per square centimeter can be produced by the electron
      gun and the higher energy beams also provide more back scatter electron
      signal for better registration and detection. However, it has been found
      that for any given resist thickness employed, the higher energy beams
      produce less electron scattering and undercutting of the resist such that
      excessive exposure times would be required to obtain the desired undercut
      profile by exposure alone.
PAC  SUMMARY OF THE INVENTION
PAR  A resist layer structure has now been found which has increased sensitivity
      in which will achieve suitable profiles for lift-off processing.
PAR  In accordance with this invention a high sensitivity resist layer structure
      is provided which comprises plural layers of resist coated on a substrate.
      Each resist layer includes a radiation degradable organic polymer and each
      successive resist layer has a lower dissolution rate in the resist
      developer than the resist layer which it overlies.
PAR  A resist mask is formed by patternwise exposing the resist layer structure
      with high energy radiation and then developing to remove the exposed
      portions of the layers to uncover the substrate by treating the layers
      with a solvent which preferentially dissolves the exposed portions of the
      layer.
PAR  In another aspect of the invention, a layer of material is formed over the
      resist mask and substrate such that the portion of the layer in contact
      with the substrate is disconnected from the portions of the layer covering
      the resist. The unexposed resist layer and overlying layer of material are
      then removed by treatment with a solvent stripper for the resist so as to
      leave only that portion of the layer which is formed directly on the
      substrate.
PAR  The foregoing and other objects, features and advantages of the invention
      will be apparent from the following more particular description of
      preferred embodiments of the invention as illustrated in the accompanying
      drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graph showing a plot of the dissolution rate of polymethyl
      methacrylate verses its molecular weight.
PAR  FIG. 2 are plots of resist thickness versus development time showing the
      dissolution rate for polymethyl methacrylate for various exposure dosages.
PAR  FIG. 3 is a sensitivity curve for polymethyl methacrylate.
PAR  FIGS. 4A through D are cross sectional views with parts broken away
      illustrating a single layer resist process of the prior art.
PAR  FIGS. 5A through E are cross sectional views with parts broken away of an
      embodiment of the multilayer process of the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  The resists useful in the practice of the invention are those which are
      degraded under high energy radiation at dosage levels above about 1
      .times. 10.sup..sup.-6 coulombs per square centimeter and which are
      conventionally employed in positive high energy exposure resist systems.
      Such resists include, for example, vinyl type polymers such as the lower
      alkyl esters of methacrylate, n-butylmethacrylate and t-butylmethacrylate,
      diazo sensitized novolac resins such as described in U.S. Pat. No.
      3,201,239.
PAR  The plural layers of resist can be made up of the same polymer of different
      polymers so long as the underlayers are faster dissolving in developer
      solution than the overlying layer. Depending upon the final resist relief
      profile which is desired, two or more layers can be employed with slow
      dissolving layers over faster dissolving layers.
PAR  The solubility rate differences of the layers can be established by using
      one or a combination of known chemical and structural differences in the
      resist layer compositions. A convenient way of achieving the required
      solubility rate differences is by varying the molecular weight of the
      polymer in each layer since lower average molecular weight materials of a
      family of polymers are faster dissolving. Another way of establishing the
      required solubility rate differences is by isomerism such as the tacticity
      of the polymers, with polymers of the same molecular weight but different
      spacial arrangement of monomer units having different solubility rates.
      Co-polymers with varying ratios of monomers can also be employed as well
      as layers of polymers having functional groups of varying polarity.
PAR  Where molecular weight differences are relied upon, the ranges of molecular
      weights generally found to be useful are for the underlayer an Mn of
      5,000-100,000 (where Mn is the number average molecular weight) and for
      the overlayer an Mn of 20,000-10,000,000. Because any polymer material is
      a mixture of polymer chains of varying length, the solubility rate
      differences can be enhanced if polymer layers each having a relatively
      narrow molecular weight range, or dispersivity Mw/Mn, are selected (where
      Mw is the weight average molecular weight). Generally the dispersivity
      will range from 1.5-4.0 with about 1.5 being preferred. Dispersivities of
      less than 2.0 at high molecular weights (above about an Mn of 300,000) may
      result in film cracking and, therefore, should be avoided.
PAR  The choice of molecular weight differences between adjacent layers depends
      upon the particular resist being employed and the final profile and
      thickness required. This can be determined by those skilled in the art
      based on the above and further teachings of the examples. An example of
      solubility rate verses molecular weight for polymethyl methacrylate is
      shown graphically in FIG. 1. It can be seen that large solubility rate
      differences are obtained with molecular weights ranging from about 5,000
      to 500,000 and then the curve levels off.
PAR  The effect of tacticity on the solubility rate of three different samples
      of A, B and C of polymethyl methacrylate in methyl isobutyl ketone at
      21.degree.C is shown in Table I.
TBL                TABLE I                                                     

     ______________________________________                                    

                          Molecular                                            

     Tracticity in %      Weight .times. 10.sup.3                              

                                      So                                       

               Hetero-  Syndio-                                                

     Isotatic  tactic   tactic    Mw      Mn  A/min                            

     ______________________________________                                    

     A.  7.7       41.7     52.6    80      40   600                           

     B.  90.5      8.5      1.0     62      31  2600                           

     C.  3.8       26.1     70.2    51      29  1000                           

     ______________________________________                                    

PAR  It can be seen from Table I that enhanced sensitivity can be achieved by
      coating layers of similar molecular weight but different tacticity because
      of the solubility rate differences which exist because of tacticity.
PAR  The layer thicknesses of resist which are employed are generally in the
      range conventionally employed for resist etching and lift-off processing.
      The resist layers should be thick enough so that the final thickness of
      resist will avoid excessive pinholes or be sufficient to give the required
      thickness for a lift-off process. Generally the underlayer thickness will
      range from about 1,000A to 100,000A. The top layer thickness should be
      thick enough, based on its solubility rate in the developer so that some
      thickness of the upper layer will be retained at least until the
      underlayers are developed through to the substrate. Generally top layer
      thicknesses will range from about 200A to 20,000A.
PAR  The application of the resist layers can be by conventional means such as
      by spin or dip coating from solvent solutions. The underlayers are
      preferably prebaked at a temperature above the glass transistion
      temperature but below the decomposition point to avoid dissolution of the
      film when the top layers are spin coated.
PAR  The exposure is by high energy radiation such as x-ray, nuclear radiation,
      electron beam and so forth. A preferred method of exposure is by employing
      an electron beam of from about 3 to 50 KV at exposure times which provide
      dosages of from about 3 to 30 microcoulombs per square centimeter
      depending upon the sensitivity of the particular resist structure
      employed.
PAR  Development is by a developer which preferentially dissolves the exposed
      portions of the layer. For example, an organic solvent or mixture in the
      case of acrylate polymers and an alkaline developer in the case of the
      diazo sensitized phenol-formaldehyde novolac resin base resists.
PAR  Following development the resist layers can be postbaked at temperatures to
      improve adhesion and dry the film without melting or distorting the image,
      for example, at temperatures of from about 100.degree. to 150.degree.C.
PAR  The following examples illustrate the sensitivity increase obtainable by
      the process of the invention when compared to the prior art single layer
      process. Besides increasing the speeds obtainable, the invention also
      achieves proper resist profile for the metal lift-off process.
PAC  EXAMPLE 1
PAR  This example illustrates the sensitivity and profile of a single layer
      structure. A 25,000A thick layer of polymethyl methacrylate (Mw = 82,400;
      Mn = 41,560) was spun cast from an 18% solution by weight of the polymer
      in chlorobenzene onto several silicon wafers to produce as illustrated in
      FIG. 4A a resist film 10 on silicon wafer 11. The resist film was prebaked
      at a temperature of about 160.degree.C in air for about one hour. Each
      sample was exposed with dosages ranging from 1 .times. 10.sup..sup.-6
      coulombs per square centimeter to 300 .times. 10.sup..sup.-6 coulombs per
      square centimeter using a 1 micron diameter electron beam at an energy of
      25 KV to expose a portion 12 of each film as illustrated in FIG. 4B. The
      samples were developed at times ranging from one minute to sixty minutes
      in methyl isobutyl ketone (MIBK) at 21.degree.C. At each stage of
      development the thickness of the remaining resist film was measured. The
      dissolution rates for various dosages are illustrated by the curves of
      FIG. 2 along with a development curve for an unexposed sample as a
      control. As shown in the graph, the exposed film dissolves at a rate, S,
      of 2,400A per minute at a dosage level of 50 .times. 10.sup..sup.-6
      coulombs per square centimeter while the unexposed film dissolved at a
      rate, S.sub.0, of 600A per minute. The net film thickness of developed
      resist is 25,000A minus 6,600A or 18,400A for a development time of 11
      minutes. The sensitivity of the resist is defined as the ratio S over
      S.sub.0 for various doses. A minimum sensitivity for practical control is
      2.0. In FIG. 3 a sensitivity curve is shown for a various increasing doses
      from 10 to 100 .times. 10.sup..sup.-6 coulombs per square centimeter. The
      dosage to obtain the required sensitivity of 2.0 then would be  20 .times.
      10.sup..sup.-6 coulombs per square centimeter. A developed wafer was
      examined in cross section using a scanning electron microscope and a
      6000.times. photograph was obtained. A slope resist profile of about
      45.degree. in the film was noted as illustrated in FIG. 4C. On top of
      resist layer 10 and the exposed portion of the substrate 11 was deposited
      by vacuum evaporation a 10,000A thick layer 13 of aluminum as illustrated
      in FIG. 4D. The aluminized film was dipped into warm acetone at
      50.degree.C in order to attempt to dissolve resist layer 10 and lift-off
      the portion of the aluminum layer which was not directly formed on the
      surface of wafer 11. The lift-off was not accomplished. This was
      apparently because the aluminum overcoated the sloped resist layer edge 14
      so that the acetone could not attack and remove resist layer 10.
PAC  EXAMPLE 2
PAR  To contrast the results obtainable by the use of the process of the
      invention with that of the process illustrated in Example 1 a dual layer
      of polymethyl methacrylate was employed as described below. As illustrated
      in FIGS. 5A through E, onto wafer 21 was spin coated a 14,000A thick layer
      23 of polymethyl methacrylate of the same molecular weight range employed
      in Example 1 from an 18% chlorobenzene solution. Layer 23 was prebaked at
      about 160.degree.C for about one hour. On top of layer 23 was formed a
      second layer 24 comprising a 7,000A thick film of polymethyl methacrylate
      of a higher molecular weight (Mw 750,450; Mn 246,190) from an 8% by weight
      solution of polymer in chlorobenzene. The dual layer film was prebaked for
      one hour at 160.degree.C and then exposed to a scanning 1 micron beam of
      25KV electrons at a dosage of 7.5 .times. 10 .sup..sup.-6 coulombs per
      square centimeter. The exposure produced an exposed portion 25 in layers
      23 and 24 as illustrated in FIG. 5B. The solubility rate, (S.sub.0) of the
      unexposed top layer polymer was determined to be 75A per minute. The dual
      resist films were developed for about 50 minutes in methyl isobutyl ketone
      developer at a temperature of about 21.degree.C. The unexposed portion of
      layer 24 lost about 3,750A during development. The net remaining dual film
      thickness then was determined to be 17,250A. The undercut developed resist
      profile illustrated in FIG. 5C was obtained as shown by a cross sectional,
      scanning electron microscope photograph of the developed resist layers at
      a magnification of 7,000.times.. The developed resist film was aluminized
      by vapor deposition with a 10,000A thick layer 27 of aluminum. The resist
      layers and overlying aluminum was lifted off as illustrated in FIGS. 5D
      and 5E by dissolution in warm acetone at 50.degree.C. The resist thickness
      to metal thickness ratio was 1.7 to 1 and the image resolution of aluminum
      stripes was found to be a width to height ratio of about 1.3 to 1.0 (i.e.,
      13,000A width image 10,000A in height). The minimum spacing between
      aluminum stripes obtainable is about one half the net resist thickness or
      about 8,500A. It was found that the minimum dosage needed to obtain
      lift-off with a two layer process and a 10,000A thick aluminum layer was
      only one sixth the dosage needed for a single layer film.
PAC  EXAMPLE 3
PAR  As a further example of the process of the invention employing mixed
      polymer layers the following processes were conducted.
PAC  A. Single Polytertiary Butyl Methacrylate Layer
PAR  A 20,000A thick film of polytertiary butyl methacrylate (mw 104,000; Mn
      52,500) was coated from a 15 percent by weight solution of polymer in
      chlorobenzene onto a silicon wafer. The film was prebaked at a temperature
      of about 160.degree.C for about one hour. The film was exposed using a 1
      micron beam of electrons at 25KV with doses from 1 .times. 10.sup..sup.-6
      to 300 .times. 10.sup..sup.-6 c/cm.sup.2. A sensitivity ratio S/S.sub.0 of
      4 to 1 was established at a dose of 25 .times. 10.sup..sup.-6 c/cm.sup.2
      for development in methyl isobutyl ketone at 21.degree.C. The development
      rate S.sub.0 was 1500A per minute for the exposed area S. After
      development, the remaining resist film thickness was 15,000A. The maximum
      thickness of aluminum that could be lifted off was 4500A using acetone at
      a temperature of about 40.degree.C.
PAC  B. Dual Resist Film of Polymethyl Methacrylate Over Polytertiary Butyl
      Methacrylate
PAR  A 15,000A thick film of polytertiary butyl methacrylate was spun coated
      onto a silicon wafer from a 15 percent by weight solution of polymer in
      chlorobenzene and prebaked at a temperature of about 160.degree.C for
      about one hour. A second layer of the resist, polymethyl methacrylate
      (molecular weight Mw 750,450; Mn 246,190) having a thickness of about
      3,000A was coated from a 5 percent by weight solution in chlorobenzene and
      the dual layer was dried at a temperature of about 160.degree.C for about
      one hour. The resist layers were exposed using a 1 micron electron beam at
      an energy of 25KV at doses of from 1 .times. 10.sup..sup.-6 to 300 .times.
      10.sup..sup.-6 coulombs per square centimeter. It was found that the
      dosage level of 7.5 .times. 10.sup..sup.-6 coulombs per square centimeter
      when developed for 20 minutes in methyl isobutyl ketone at 21.degree.C
      gave a remaining film thickness of 16,500A. The film was aluminized by
      vapor deposition with a 10,000A thick layer of aluminum. The portion of
      the aluminum layer covering the remaining resist was successfully lifted
      off along with the resist layer by soaking in warm acetone at a
      temperature of about 40.degree.C. The sensitivity of the resist, then was
      enhanced as illustrated by the reduction in dosage level required from 25
      .times. 10.sup..sup.-6 coulombs per square centimeter to about 8 .times.
      10.sup..sup.-6 coulombs per square centimeter. The aspect ratio of resist
      layer thickness to metal layer thickness required to obtain successful
      lift-off was reduced from about 3 to about 1.6.
PAR  As shown above, the process of the invention gives a desirable profile
      which is undercut to aid in establishing the discontinuity between the
      portions of added layers which are attached to the resist and the portions
      of the layer which are directly attached to the substrate. This is
      obtained by the faster dissolution of the underlying resist layer in the
      developer. The process then need not rely upon the scatter of electrons
      phenomenon to obtain an undercut profile which is not obtainable with
      reasonable dosages when using the higher more penetrating electron beam
      energies.
PAR  As illustrated in the invention, the resist sensitivity is enhanced due to
      the fact that the development time required for the composite multilayer
      resist structure is roughly equal to the time to develop the upper layer.
      Due to the protection of the upper layer there is no thinning in thickness
      of the resist under layers during developing. In effect then, the
      sensitivity ratio S/S.sub.0 is close to the ratio of the solubility rate S
      of the exposed lower molecular weight under layer and the solubility rate
      S.sub.0 of the unexposed upper layer.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that the foregoing and other changes, form and details
      may be made therein without departing from the spirit and scope of the
      invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A high sensitivity resist layer structure comprising plural layers of
      resist coated on a substrate, each resist layer comprising a radiation
      degradable organic polymer with each successive resist layer being slower
      dissolving in resist developer than the resist layer it overlies both
      before and after exposure of said structure to said radiation.
NUM  2.
PAR  2. A high sensitivity resist structure comprising:
PA1  a substrate,
PA1  a first layer of resist coated on said substrate said layer comprising a
      radiation degradable polymer, and
PA1  a second layer of resist overlying said first layer, said second layer
      comprising a radiation degradable polymer which has a lower solubility
      rate in resist developer than the polymer of said first layer both before
      and after exposure of said structure to said radiation.
NUM  3.
PAR  3. The structure of claim 2 wherein the polymer of said first layer is a
      lower alkyl ester of methacrylic acid and the polymer of said second layer
      is a lower alkyl ester of methacrylic acid.
NUM  4.
PAR  4. The structure of claim 2 wherein the molecular weight of the polymer of
      said second layer is greater than the molecular weight of the polymer of
      said first layer whereby the solubility rate difference is achieved.
NUM  5.
PAR  5. The structure of claim 3 wherein each layer is polymethyl methacrylate.
NUM  6.
PAR  6. The structure of claim 5 wherein the polymethyl methacrylate in said
      first layer has a lower molecular weight then the polymethyl methacrylate
      of said second layer.
NUM  7.
PAR  7. The structure of claim 5 wherein the majority of polymethyl methacrylate
      in said first layer is isotactic and the majority of polymethyl
      methacrylate in said second layer is syndiotactic.
NUM  8.
PAR  8. A process for forming a resist mask comprising:
PA1  coating on a substrate a first layer of resist, said layer comprising a
      radiation degradable polymer,
PA1  coating on said first layer a second layer of resist said second layer
      comprising a radiation degradable polymer which is slower dissolving in
      resist developer than the polymer of said first layer both before and
      after exposure of both layers to said radiation,
PA1  exposing portions of said layers to high energy radiation and developing to
      remove the exposed portions of said layers to uncover said substrate by
      treating said layers with a solvent which preferentially dissolves the
      exposed portions.
NUM  9.
PAR  9. The process of claim 8 wherein the polymer of said first layer is a
      lower alkyl ester of methacrylic acid and the polymer of said second layer
      is a lower alkyl ester of methacrylic acid.
NUM  10.
PAR  10. The process of claim 8 wherein the molecular weight of the polymer of
      said second layer is greater then the molecular weight of the polymer of
      said first layer whereby the solubility rate difference is achieved.
NUM  11.
PAR  11. The process of claim 9 wherein each layer is polymethyl methacrylate.
NUM  12.
PAR  12. The process of claim 11 wherein the polymethyl methacrylate in said
      first layer has a lower molecular weight then the polymethyl methacrylate
      polymer of said second layer.
NUM  13.
PAR  13. The process of claim 11 wherein the majority of the polymethyl
      methacrylate polymer in said first layer is isotactic and the majority of
      polymethyl methacrylate in said second layer is syndiotactic.
NUM  14.
PAR  14. The process of claim 8 wherein the exposure radiation is electron beam
      radiation having an energy of from about 3 to 50KV.
NUM  15.
PAR  15. The process of claim 8 including the steps of coating the developed
      resist layers and substrate with a layer of material having a thickness
      such that the portions of said layer of material directly overlying said
      substrate are not connected to the portions of said layer of material
      covering said resist layers, and stripping said resist layers and
      overlying portions of material such that only the portions of material
      formed directly on the substrate remain.
NUM  16.
PAR  16. The process of claim 8 wherein said first layer has a thickness of from
      about 1,000A to about 100,000A and said second layer has a thickness of
      from about 200A to about 20,000A.
NUM  17.
PAR  17. The process of claim 16 wherein the polymer in said first layer has a
      number average molecular weight of from about 500 to about 100,000 and the
      polymer in said second layer has a number average molecular weight of from
      about 20,000 to about 10,000,000.
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ABST
PAL  The hot resistance of ceramic positive temperature coefficient resistors is
      stabilized by subjecting such resistors to a heat treatment over a period
      of time ranging from 1 to 40 hours at a temperature in the range of
      400.degree. to 500.degree. C., either during or after the application of
      contact coatings on the resistor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to ceramic positive temperature coefficient
      resistors and somewhat more particularly to a method of stabilizing the
      hot resistance of such resistors.
PAR  2. Prior Art
PAR  German Pat. No. 1,490,713 discloses ceramic positive temperature
      coefficient resistors having non-blocking heat applied contact coatings
      thereon. It is suggested therein that contact coatings be provided by
      applying a thin film of indium or indium-gallium onto a surface of the
      ceramic body, then applying a heatable silver preparation onto the thin
      film and then heating the resultant structure in an oxidizing atmosphere
      to adhere, burn-in or sinter the contact coatings onto the ceramic body.
PAR  However, it has been discovered that with certain specific types of
      positive temperature coefficient resistor materials, the hot resistance of
      resistors composed of such materials attains only about 0.3 to 3% of the
      value such resistors exhibit when just the indium or indium-gallium film
      was applied. As used herein, the term "hot resistance" will be understood
      to refer to the maximum resistance of a positive temperature coefficient
      resistor above the Curie temperature thereof.
PAR  A reduction of the hot resistance of a positive temperature coefficient
      resistor decreases the high increase in resistance required at
      temperatures above the Curie temperature of the resistor. Accordingly, it
      would be highly desirable to avoid a reduction in the hot resistance of a
      resistor.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides a method of substantially eliminating any reduction
      in the hot resistance of a positive temperature coefficient resistor.
PAR  In accordance with the principles of the invention, stabilization of the
      hot resistance of ceramic positive temperature coefficient resistors is
      attained by subjecting such resistors to heat treatment over a period of
      time ranging from 1 to 40 hours at a temperature in the range of
      400.degree. to 500.degree. C. either during or after the application of
      contact coatings onto such resistors.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graphical illustration comparing the resistance characteristics
      of a positive temperature coefficient resistor having an indium-gallium
      contact thereon and that of a similar resistor having a sintered silver
      contact;
PAR  FIG. 2 is a graphical illustration of the increase in hot resistance of
      positive temperature coefficient resistors after sintering silver thereon,
      as a function of temperature and time; and
PAR  FIG. 3 is a graphical illustration of the relation between hot resistance
      and the sintering conditions.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The invention provides a method of stabilizing the hot resistance of
      ceramic positive temperature coefficient resistance and eliminating the
      reduction of the hot resistance of cold conductors (i.e., temperature
      sensitive resistors) having silver contacts on an indium or indium-gallium
      layer by subjecting such cold conductors to a heat treatment during or
      after the burning-in or stoving process.
PAR  In a preferred embodiment of the invention, the hot resistance of a ceramic
      positive temperature coefficient resistor composed of a barium titanate
      based ferroelectric material having a Perowskite structure and being
      appropriately doped to render it semiconductive and having non-blocking
      contact coatings thereon, which are predominantly composed of silver on a
      thin film of an indium material, such as indium or indium-gallium, is
      stabilized by subjecting such resistor to a heat treatment over a period
      of time ranging from 1 to 40 hours at temperatures in the range of
      400.degree. to 500.degree. C., at least after the application of the
      contact coatings. In certain embodiments, the heat treatment comprises
      subjecting positive temperature coefficient resistors to a heat treatment
      over a period of time ranging from 10 to 20 hours at a temperature in the
      range of 400.degree. to 500.degree. C. after application of the
      non-blocking contact coatings to the resistor. Other embodiments of the
      invention comprise subjecting the positive temperature coefficient
      resistor to a heat treatment over a period of time ranging from 2 to 4
      hours at a temperature in the range of 400.degree. to 500.degree. C.
      substantially simultaneously with the application of the non-blocking
      contact coatings to the resistor.
PAR  The invention also provides a ceramic positive temperature coefficient
      resistor composed of a barium titanate based ferroelectric material having
      a Perowskite structure which is doped so as to render it semiconductive,
      which resistor is provided with non-blocking contact coatings comprised
      predominantly of silver applied on a thin film of an indium material
      directly on the surface of the ferroelectric material which ceramic
      resistor is characterized by a stable hot resistance virtually equal to
      the hot resistance of a substantially similar resistor without silver on
      the contact coating thereof.
PAR  With the foregoing general discussion in mind, a number of detailed
      examples are presented to illustrate to those skilled in the art the
      manner in which the invention may be practiced. However, the examples are
      not to be construed as limiting the scope of the invention in any way.
PAC  EXAMPLE I
PAR  Positive temperature coefficient resistor discs composed of an antimony
      doped barium titanate compound having a Curie temperature of 120.degree.
      C. and having a diameter of 8 mm and a thickness of 0.5 mm were provided
      in a known manner with an indium-gallium contact. The
      resistance-temperature characteristic of these resistors were measured and
      the solid-line curve at FIG. 1 illustrates these results. Thereafter, a
      commercially available silver preparation suitable for sintering was
      applied onto the indium-gallium film and heated, stoved or sintered for 12
      to 15 minutes at 530.degree. C. The resistance-temperature characteristic
      of these resistors were measured and the broken-line curve at FIG. 1
      illustrates the results. As is readily apparent from FIG. 1, the hot
      resistance of the silver-coated positive temperature coefficient
      resistance is less by a factor of more than 10 while the cold resistance
      remains unchanged in relation to that of the indium material-coated
      resistors.
PAR  The positive temperature coefficient resistors provided with the silver
      contact were then subjected to heat treatments at various temperatures.
      The results are illustrated at FIG. 2, which shows how the hot resistance,
      R.sub.H, of the positive temperature coefficient resistor increases as a
      function of time at different temperatures. The ratio of the hot
      resistance R.sub.H, after heat treatment to the hot resistance, R.sub.Ho,
      after the silver sintering process, is shown on the ordinate of the graph
      of FIG. 2. The broken-line in FIG. 2 illustrates the ratio R.sub.H
      /R.sub.Ho for indium-gallium coated positive temperature coefficient
      resistors. As is apparent from FIG. 2, an increase in hot resistance by a
      factor of 20 to 25 is attained, after a heat-treatment over a period of
      time ranging from 15 to 20 hours at temperatures in the range of
      400.degree. to 450.degree. C. A substantially identical increase in hot
      resistance is also noted after a heat-treatment of only 10 hours at a
      temperature of 500.degree. C. Accordingly, the invention provides a method
      of achieving virtually the heat resistance of a positive temperature
      coefficient resistor which has only been coated with pure indium-gallium.
      FIG. 2 also illustrates that at temperatures below about 400.degree. C.,
      no appreciable increase in hot resistance is attained (i.e., see the curve
      for 300.degree. C.). At temperatures above about 500.degree. C.,
      perceptible oxidation of the indium-gallium film takes place and this
      gives rise to high contact resistances.
PAC  EXAMPLE II
PAR  Positive temperature coefficient resistors, composed of the same material
      and having identical dimensions to those in Example I, were provided with
      indium-gallium and silver contacts in an identical manner to that set
      forth above and their resistance characteristics were measured. With
      certain of the positive temperature coefficient resistors, the silver
      electrodes were applied at different temperatures and different heating
      periods. FIG. 3 illustrates the ratio R.sub.H /R.sub.Ho as a function of
      time, t, using different heating temperatures as a parameter. As shown,
      after a heating time, t, of 3 to 4 hours at a temperature of 400.degree.
      to 450.degree. C., an increase in the hot resistance R.sub.H, by a factor
      of 20 to 25 is attained, thus virtually reaching the resistance value of
      the resistor with only an indium-gallium electrode (illustrated by the
      broken-line).
PAR  While the exact nature of the invention is not fully understood, it is
      assumed that the heat-treatment of the invention eradicates oxygen gaps in
      the crystal lattice of the resistors, which may have developed during the
      silver application process as a consequence of a slight chemical
      reduction. In other words, it appears that oxygen gaps may produce an
      additional conductivity and therefor function as a shunt, vis-a-vis the
      high ohmic grain boundaries, so that the hot resistance is substantially
      reduced. Further, the principles of the invention may be used to eradicate
      mechanical stresses from the body of a positive temperature coefficient
      resistor. As will be appreciated, mechanical stresses may impair the
      electrical properties of such resistors.
PAR  In practical application, the stability of electrical properties is of
      great importance and accordingly endurance studies were conducted on
      positive temperature coefficient resistors which had been treated in
      accordance with the principles of the invention.
PAR  In one series of studies, storage of the resistors at elevated temperatures
      (i.e., about 150.degree. C.) was considered in order to determine the
      possible formation of intermediate films, which create high contact
      resistances and would lead to fluctuations in the cold resistance
      characteristic. After a storage period of 4000 hours, no change or
      variation in the cold resistance value of treated resistors were noted.
PAR  In another series of studies, changes of electrical properties caused by
      chemical modifications due to ion transfers were considered. In these
      studies, positive temperature coefficient resistors which had been treated
      in accordance with the principles of the invention were subjected to an
      endurance test at a DC density of 0.5 A/cm.sup.2. After a test period of
      4000 hours, no modifications in the cold or hot resistance value of these
      resistors were detectable.
PAR  As demonstrated by the foregoing studies, the resistance increase achieved
      by the principles of the invention are due to genuine changes in the
      conductivity of the ceramic.
PAR  As is apparent from the foregoing specification, the present invention is
      susceptible of being embodied with various alterations and modifications
      which may differ particularly from those that have been described in the
      preceding specification and description. For this reason, it is to be
      fully understood that all of the foregoing is intended to be merely
      illustrative and is not to be construed or interpreted as being
      restrictive or otherwise limiting of the present invention, excepting as
      it is set forth and defined in the hereto-appendant claims.
CLMS
STM  I claim as my invention:
NUM  1.
PAR  1. A method of stabilizing the hot resistance of a ceramic positive
      temperature coefficient resistor consisting of a barium titanate based
      ferroelectric material having a Perowskite structure which is doped so as
      to render in semiconductive, said resistor being provided with
      non-blocking contact coatings comprised predominantly of silver applied on
      a thin film of an indium material selected from the group consisting of
      indium and indium-gallium comprising:
PA1  subjecting said positive temperature coefficient resistor to a
      heat-treatment over a period of time ranging from 1 to 40 hours at a
      temperature in the range of 400.degree. to 500.degree. C., said
      heat-treatment occurring at least after the application of said
      non-blocking contact coatings.
NUM  2.
PAR  2. A method as defined in claim 1, wherein said positive temperature
      coefficient resistor is subjected to a heat-treatment over a period of
      time ranging from 10 to 20 hours at a temperature in the range of
      400.degree. to 500.degree. C. after application of the non-blocking
      contact coatings to said resistor.
NUM  3.
PAR  3. A method as defined in claim 1, wherein said positive temperature
      coefficient resistor is subjected to a heat-treatment over a period of
      time ranging from 2 to 4 hours at a temperature in the range of
      400.degree. to 500.degree. C. substantially simultaneously with the
      application of the non-blocking contact coatings to said resistor.
PATN
WKU  039340597
SRC  5
APN  4395816
APT  1
ART  165
APD  19740204
TTL  Method of vapor deposition
ISD  19760120
NCL  6
ECL  1
EXA  Varndell, Jr.; Ralph E.
EXP  Weiffenbach; Cameron K.
NDR  1
NFG  2
INVT
NAM  Polinsky; Murray Arthur
CTY  Somerville
STA  NJ
ASSG
NAM  RCA Corporation
CTY  New York
STA  NY
COD  02
CLAS
OCL  427 90
XCL  427 91
XCL  427250
XCL  427404
EDF  2
ICL  C23C 1302
FSC  117
FSS  107;227;217;215;71 M;71 R;106 R;106 A;201
FSC  118
FSS  49.1;49.5
FSC  427
FSS  89;124;90;250;91;404;99;405
UREF
PNO  2812411
ISD  19571100
NAM  Moles
OCL  117107
UREF
PNO  3184329
ISD  19650500
NAM  Burns
OCL  117215
UREF
PNO  3382568
ISD  19680500
NAM  Kuiper
OCL   29578
UREF
PNO  3498818
ISD  19700300
NAM  Bahm et al.
OCL  117 71R
UREF
PNO  3518506
ISD  19700600
NAM  Gates
OCL   29589
UREF
PNO  3556837
ISD  19710100
NAM  Hammond
OCL  117107
UREF
PNO  3567509
ISD  19710300
NAM  Kuiper
OCL  117217
UREF
PNO  3594214
ISD  19710700
NAM  Helwig et al.
OCL  117107
UREF
PNO  3620837
ISD  19711100
NAM  Leff et al.
OCL  117107
LREP
FR2  Christoffersen; H.
FR2  Williams; R. P.
ABST
PAL  A method of vapor depositing a material onto a substrate results in
      improved substrate step coverage by the material while keeping the
      substrate clean by minimizing the evaporation of contaminants onto the
      surface of the substrate. The method comprises depositing a first layer of
      material onto the substrate, while the substrate is at a first
      temperature, heating the substrate to a higher temperature, and then
      depositing a second layer while maintaining the substrate at the higher
      temperature.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method of vapor depositing a material onto a
      substrate.
PAR  In vapor depositing a material onto a substrate, it is often desired that
      the layer of deposited material be continuous without any cracks and also
      that the surface of the substrate remain relatively free of any impurities
      which might evaporate onto the surface during the vapor depositing
      process. Frequently, the surface of the substrate has one or more steps
      over which the material is to be vapor deposited. In order to effectively
      cover the substrate step with a continuous layer of material which is free
      of any cracks, the substrate is often heated to a higher temperature prior
      to vapor depositing the material.
PAR  In order to raise the temperature of the substrate, a heater must be used,
      such as a tungsten-filament radiant heater. Such a heater may be a source
      of impurities which can evaporate onto and contaminate the surface of the
      substrate. Such impurities are undesirable since they often diffuse into
      the substrate, in particular the insulating layers, and alter the
      electrical characteristics thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a diagrammatic cross-sectional view of an apparatus in which the
      method of the present invention can be carried out; and
PAR  FIG. 2 is an example of an idealized cross-sectional view of a portion of a
      semiconductor wafer having an insulator step over which a material has
      been vapor deposited in accordance with the method of the present
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates a typical vacuum system which is particularly suitable
      for carrying out the vapordepositing method of the present invention. The
      vapor deposition is performed in an evaporation chamber 10 which includes
      a bell jar 12 mounted on a baseplate 14. The bell jar 12 is evacuated by
      means of a flanged opening 16 in the baseplate 14 which is connected to a
      vacuum pumping system 18.
PAR  The apparatus within the evaporation chamber 10 comprises a substrate
      holder 20, a substrate heater 22, a vapor source 24, and a shutter 26.
PAR  The substrate holder 20 holds a substrate 28 in a position which allows
      vaporized material to be deposited upon a surface 30 of the substrate 28.
      The holder 20 may have any design including that of a known complex
      planetary evaporation system, not shown, capable of simultaneously
      rotating and revolving a plurality of substrates 28 such as silicon
      wafers.
PAR  The substrate heater 22 may be any type capable of efficiently heating the
      substrate 28 without interfering with the vapor-depositing process. For
      example, a radiant substrate heater 22 may be used to heat a plurality of
      substrates 28 which are continually rotating and revolving on a planetary
      evaporation system. The radiant heater 22 is usually a tungsten-filament
      heating bulb 32 which is disposed in front of a metallic reflector 34
      aimed at the surface 30 of the substrate 28.
PAR  The vapor source 24 may be any heating device which is capable of
      efficiently vaporizing the material to be deposited onto the substrate 28.
      One suitable known means, not shown, uses electron-beam bombardment.
      Electron-beam bombardment is an ideal way of vaporizing materials which
      are too nonvolatile to evaporate from a filament or crucible. An electron
      beam from a cathode electron gun heats the material to be deposited by
      striking the material directly without heating anything else. Another way
      of vaporizing the material is to use a hotfilament type of evaporator,
      illustrated in FIG. 1. Such an apparatus employs heating filaments 36,
      most commonly of tungsten, however, filaments of molybdenum, tantalum or
      niobium are quite satisfactory. Preferably, each tungsten filament 36 is
      bent into a double or triple-looped form which is then capable of holding
      one or more slugs 38 of the material to be vaporized.
PAR  The shutter 26 is attached to a rotary support 40 so that the shutter 26
      may be selectively interposed between the vaporizing material 38 and the
      substrate 28 and removed from this position.
PAR  In carrying out the present method, the filament 36, the material 38 to be
      deposited, and the substrate 28 should be thoroughly cleaned by known
      conventional procedures. The substrate 28 is placed onto the substrate
      holder 20 in the evaporation chamber 10 immediately after being cleaned.
      The material 38 to be deposited is then positioned within the evaporation
      chamber 10. In the preferred embodiment of the present method, two
      metallic slugs 38 of, for example, aluminum are placed onto each of two
      double-looped tungsten filaments 36. Two filaments 36 are used in order to
      avoid the necessity of reheating the same filament during a later
      depositing step because the filament gets brittle after being once heated,
      and two slugs 38 on each filament 24 insure an adequate amount of metal 38
      for the duration of the vapor depositing steps.
PAR  After insertion of the constituents, the evaporation chamber 10 is pumped
      down to a pressure of the order of 10.sup.-.sup.2 torr or lower, the
      maximum pressure permissible being determined in part by the dimensions of
      the evaporation chamber 10 or the distance from the vapor source 24 to the
      substrate 28, and by the purity of deposit desired. For a typical vapor
      source 24 to substrate 28 distance of 20 centimeters, it is preferable
      that the pressure within the evaporation chamber 10 be maintained at
      between 10.sup.-.sup.5 and 10.sup.-.sup.7 torr.
PAR  In the preferred embodiment of this method, a metal such as aluminum is
      vapor deposited upon a substrate 28 such as a silicon wafer 28 whose
      initial temperature is the ambient temperature of the room. The metallic
      slugs 38 on one of the filaments 36 are now melted down so that they wet
      the surface of the filament 36 and are vaporized by heating the filament
      36 for approximately two minutes with the shutter 26 in the closed
      position to isolate the substrate 28 from the filament 36 and allow any
      volatile impurities to boil off onto the shutter 26. The shutter 26 is
      then opened for about three minutes and the vaporizing metal is deposited
      upon the substrate 28 at room temperature. The shutter 26 is then closed
      and the filament 26 is turned off. This step of the process yields a first
      layer 42 of metal which is approximately 7,000-8,000A in thickness when it
      is deposited in my apparatus under the conditions given above. FIG. 2
      illustrates this first layer 42 by showing a portion of a typical
      semiconductor wafer 28 including the surface 30 thereof which has multiple
      levels. In the present example, the multiple-level surface 30 has two
      levels comprising a silicon dioxide layer 43 disposed on a portion of the
      wafer 28 to form a step 44, as shown in FIG. 2, over which material is
      vapor deposited in accordance with the method of the present invention.
      The first layer 42 is deposited, as described, without heating the
      substrate 28 and therefore before the substrate heater 22, by heating the
      substrate 28, can cause any impurities to evaporate onto and contaminate
      the surface 30 of the substrate 28. When the substrate 28 is not heated,
      the layer 42 deposits as a material which contains crystallites of
      relatively small size. Often these small crystallites do not join at the
      substrate step 44, leaving a discontinuity, generally indicated at 48.
      Under conditions where the step 44 is tapered and more gradual, a
      discontinuity such as a tunnel 48 may not form but thinning and cracking
      of the metal layer 42 at the step 44 frequently occurs. Where the step 44
      is even more gradually tapered, this first layer 42 alone may provide
      smooth uniform coverage, but the method of the present invention will
      insure effective step coverage.
PAR  The substrate heater 22 is then turned on and the substrate 28 is heated to
      and maintained at a higher temperature. This temperature should be high
      enough to achieve in a subsequent evaporation operation, effective
      coverage of a substrate 28, having one or more steps, with a continuous
      layer of metal which is free of any cracks or discontinuities at the
      steps. For depositing aluminum upon a silicon wafer 28, maintaining the
      temperature of the silicon wafer 28 at about 300.degree.C provides good
      step coverage. The first layer 42 acts as an effective shield against any
      impurities which might subsequently evaporate onto the surface, 46, of the
      first layer 42 during this heating of the substrate 28 and prevents any
      such impurities from diffusing into the substrate 28 and altering its
      electrical characteristics. Although the surface 30 of the substrate 28 at
      the discontinuity 48 may still be unprotected during this heating step,
      the area of the substrate 28 which may be exposed is very small. Some
      contamination may enter the substrate 28 at this location, but the amount
      should be relatively insignificant.
PAR  With the shutter 26 closed, the metallic slugs 38 on the other of the two
      filaments 36 are then melted down and vaporized by heating the filament 36
      for approximately one and one-half minutes. The shutter 26 is then opened
      for about three and one-half minutes while a second layer 50 (FIG. 2) of
      metal is vapor deposited upon the first layer 42 of metal, and then the
      shutter 26 is closed and the filament 24 is turned off. As the vaporized
      material impinges upon the heated substrate 28 during this second
      deposition, larger crystallites are formed due to the heat from the
      substrate 28, and these larger crystallites can effectively bridge the
      discontinuity 48 left by the first layer 42. The thickness of this second
      layer 50 is approximately 10,000A, which gives a metallic coating on the
      substrate 28 having a total thickness between 17,000 and 18,000 A. The
      substrate heater 22 is then turned off, and preferable after the substrate
      28 has cooled to about 150.degree.C the evaporation chamber 10 is vented
      to the atmosphere.
PAR  Instead of exposing the substrate 28 to the vaporizing material for a
      measured period of time, the desired thickness of the coating may be
      achieved by measuring the mass of material deposited during vapor
      deposition through the use of a quartz crystal microbalance. In this known
      method, the resonant frequency of a synthetic quartz crystal plate is
      changed by the mass of the material deposited on one face, and by
      monitoring the changing frequency one can determine film thickness from
      the available knowledge of film density.
PAR  This method of vapor depositing a material 38 onto a substrate 28 will
      result in improved substrate step coverage by the material 38 while
      keeping the substrate 28 clean by minimizing the evaporation of
      contaminants onto the surface 30 of the substrate 28. Photographs of a
      coating made by this method obtained with a scanning electron microscope
      show good step coverage, and capacitance-voltage (c-v) plots under bias
      temperature stress show good substrate cleanliness.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of vapor depositing a metallic material onto a substrate within
      an evacuated evaporation chamber comprising the steps of:
PA1  depositing a first layer of said metallic material onto said substrate
      while maintaining said substrate at a first temperature,
PA1  heating said substrate to a second temperature, and
PA1  depositing a second layer of said same metallic material onto said first
      layer while maintaining said substrate at said second temperature.
NUM  2.
PAR  2. A method as recited in claim 1 wherein said substrate includes a surface
      having multiple levels over which said metallic material is deposited.
NUM  3.
PAR  3. A method as recited in claim 1 wherein said first temperature is the
      ambient temperature of the room.
NUM  4.
PAR  4. A method as recited in claim 1 wherein said metallic material comprises
      metallic slugs and wherein said method further comprises:
PA1  placing metallic slugs of the same metallic material onto first and second
      looped tungsten filaments repsectively located within said evaporation
      chamber,
PA1  heating said first filament behind a closed shutter whereby the metallic
      slugs therein are melted to a vaporizing state,
PA1  opening said shutter whereby said substrate is exposed to said vaporizing
      metal for a period of time,
PA1  closing said shutter and turning off heat to said first filament,
PA1  after heating said substrate to said second temperature, heating said
      second filament behind said closed shutter whereby the metallic slugs
      therein are melted to a vaporizing state,
PA1  opening said shutter whereby said substrate is exposed to said vaporizing
      metal for a period of time, and
PA1  closing said shutter and turning off heat to said second filament.
NUM  5.
PAR  5. A method as recited in claim 4 wherein said substrate is a semiconductor
      wafer covered partially by a layer of silicon dioxide, said metallic slugs
      are aluminum, said first temperature is the ambient temperature of the
      room, and said second temperature is about 300.degree.C.
NUM  6.
PAR  6. A method as recited in claim 1 wherein the thickness of said first layer
      is about 8,000A and the thickness of said second layer is about 10,000A.
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ABST
PAL  The present invention is directed to a method for forming a thin silicon
      dioxide deposited layer on a semiconductor structure. The silicon dioxide
      layer is formed in a hot wall furnace typically used for diffusions. A
      convenient temperature is selected from those which are suitable for
      decomposing the TEOS source of the silicon dioxide into its constituent
      parts out of which the silicon dioxide layer is formed. A vacuum is used
      to pull the TEOS gas through the diffusion tube. Care is exercised to
      assure that the flow of the TEOS material through the diffusion tube is
      kept at a constant rate. Prior to the first use of a new TEOS source
      bottle, the bottle is placed in a vacuum at least low enough to complete
      the boiling of impurities from the source material. This predeposition
      vacuum step is calculated to remove all the impurities contained in the
      source bottle and caused by the in situ decomposition of the source
      material during transit and storage. Whenever the source material is
      allowed to stand for any period of time; i.e., overnight or any number of
      hours, the predeposition vacuum step removes those impurities formed
      during the in situ decomposition of the source material since its last
      use.
PAL  Wafers to be coated with a deposited oxide layer are placed in a furnace
      boat perpendicular to the flow of the source gas. In the preferred
      embodiment, the wafers are spaced 200 mils apart. While there is no
      indentified maximum distance between wafers at which the present invention
      ceases to operate successfully, undesirable results occur by placing
      adjacent wafers closer than 100 mils while acceptable results are achieved
      by placing the wafers 100-200 mils apart.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The use of tetraethylorthosilicate (TEOS) as the source of a deposited
      oxide is well known. Such material can be used to form a deposited oxide
      layer at a relatively low temperature so as not to disturb the diffusions
      previously made into the wafer. It is well known that a thermal oxide is
      much denser than a deposited oxide. However, a thermal oxide is formed at
      a higher temperature at which the previously made diffusions will move
      deeper into the semiconductor wafer. Accordingly, there is a need for
      forming a deposited oxide layer at a lower temperature on a semiconductor
      wafer itself or on such a wafer completely or partially covered with
      thermal oxide. It is also known that a subsequent annealing step will
      densify the deposited oxide layer.
PAR  The prior art process for forming deposited oxides using TEOS used nitrogen
      as the carrier gas. This nitrogen gas is passed over the TEOS as it resets
      in a source container, or the carrier gas is bubbled through the TEOS held
      in the source container.
PAR  The decomposition temperature of TEOS is well known and lies within a range
      having as its upper usable temperature, a temperature of 960.degree.C. As
      the temperature is reduced, the decomposition rate, as well as the
      vaporization rate, is reduced until a point at which the chemical reaction
      stops or the chemical reaction is carried on so slowly that it appears to
      stop. The use of a particular temperature can be selected by a man skilled
      in the art for both the prior art process as well as the process of the
      invention.
PAR  In the use of the prior art process, the wafers to be covered with a
      deposited oxide film are laid broadside down in a furnace boat. The
      difficulties of obtaining acceptable results require that the wafers be
      placed in a line extending from the source input end of the furnace tube
      to the source output end of the furnace tube and lying directly in the
      path of the movement of the source gas. These constraints are required to
      achieve something of a uniform thickness of deposited oxide over a
      significant portion of the wafer surface. In practice, it has been found
      that seven to ten wafers can be placed in such a line and that the
      deposited oxide will be formed on such wafers in a stripe covering less
      than the entire surface of the wafers.
PAR  Wafers processed according to the above-described steps do not always
      result in layers having acceptable characteristics. One such
      characteristic which has been a source of defects in semiconductor devices
      subsequently made in such wafers is the presence of impurities in the
      film. Such impurities result in a film which is insufficiently dense or
      which cause differences in the electrical characteristics between devices
      fabricated on such a wafer.
PAR  In the design and fabrication of semiconductor devices, a predetermined
      thickness of a deposited oxide layer is required. This required thickness
      has established upper and lower limits for producing a minimum number of
      workable devices. In the prior art, the target thickness is identified at
      1500 Angstroms and the variation can be .+-.500 Angstroms. With this as a
      goal to work towards, it is important to note that in the use of the prior
      art process, not only was the deposited oxide formed on the wafers over a
      stripe which is less than the total surface area of the wafer, but the
      variation in thickness from side to side perpendicular to the gas flow can
      be as high as 500-2000 Angstroms. The variation from one edge to the
      opposite edge parallel to the gas flow is less than that achieved side to
      side and usually the difference in this direction was not such a variation
      as to render the active devices formed in this area unacceptable due to
      thickness of the deposited oxide layer.
PAR  While the variation of deposited oxide, from edge to edge in the direction
      parallel to the flow of the source gas, and more particularly, in the
      center of the wafer, does not experience as great a variation as is the
      variation perpendicular to the gas flow, there is a problem in achieving
      acceptable thicknesses in this direction. When the decomposed TEOS
      contacts the first wafer in its path, it tends to form a silicon dioxide
      layer at the point of first contact. Hence, with a minimum TEOS flow all
      the material could deposit out of a gas flow before reaching the last
      wafer in the line. In this manner with an insufficient gas flow, the first
      wafer would have a greater thickness on its surface, while the last wafer
      could have no coverage at all. In order to prevent this from happening, a
      greater gas flow is achieved which pushes the source material to the end
      of the tube so that the wafer at the exhaust end of the tube is also
      covered with a thickness comparable with the thickness on the first wafer
      in the tube. Many factors enter the achievement of this result; namely:
      the temperature of the source material, the temperature of the furnace,
      the geometric design of the source bottle, the gas flow through the source
      material as well as all other geometric dimensions as to pipes, openings,
      etc.
PAR  The prior art teaches increasing of flow of source material to that flow at
      which the flow down the tube is high enough that the deposited silicon
      dioxide material forms in the stripe down the central portion of the
      wafers, as previously discussed.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates, in general, to depositing a layer of
      material from a gaseous source on a semiconductor wafer at an elevated
      temperature, and more particularly, it relates to the formation of a
      silicon dioxide layer on a semiconductor wafer using a TEOS source.
PAR  It is an object of the present invention to provide a new method for
      depositing a silicon dioxide layer on a semiconductor wafer such that the
      layer is uniform across the surface of the wafer.
PAR  It is a still further object of the present invention to provide a method
      for depositing a silicon dioxide layer on a semiconductor wafer using TEOS
      as the material source and a greater number of wafers are uniformly
      covered than was possible using the prior art systems.
PAR  It is a further object of the present invention to provide a method for
      depositing silicon dioxide from TEOS on a plurality of wafers, which
      wafers are standing on edge, and which wafers are positioned perpendicular
      to the flow of source material down the tube.
PAR  It is another object of the present invention to provide a method for
      depositing silicon dioxide on a plurality of wafers standing on edge and
      having their broad major surfaces perpendicular to the flow of the source
      gas and using a vacuum as a means for pulling the source material through
      the tube.
PAR  It is a still further object of the present invention to provide a method
      for depositing a silicon dioxide layer on a semiconductor wafer using a
      predeposition vacuum step for removing impurities from the TEOS source.
PAR  It is another object of the present invention to form a silicon dioxide
      layer on a semiconductor wafer from TEOS using a predeposition vacuum step
      for removing impurities from a TEOS source in which the impurities arise
      from the decomposition of the TEOS in the source container during
      successive periods of non-use.
PAR  It is a still further object of the present invention to provide a method
      for the depositing of a silicon dioxide film on the surface of a
      semiconductor wafer to achieve a dense and clean deposited oxide film.
DRWD
PAC  DESCRIPTION OF THE FIGURES
PAR  FIG. 1 shows a schematic view of the system for forming a deposited oxide
      film according to the teaching of the present invention;
PAR  FIG. 2 shows a representative number of wafers carried by a boat in the
      configuration specially adapted for use in the system of FIG. 1;
PAR  FIG. 3 shows a cross sectional view of a wafer having a halo effect;
PAR  FIG. 4 shows the desposition rate of silicon dioxide from a TEOS source in
      a vacuum at a temperature of 740.degree.C; and
PAR  FIG. 5 shows a CV plot showing the improvement between an oxide formed
      according to the present invention and an oxide formed according to the
      prior art.
DETD
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  The method herein described forms a deposited oxide film on a semiconductor
      wafer using TEOS as the source of the silicon dioxide. Such a film gives a
      uniform thickness over the wafer surface for a large number of wafers
      (100-200) in a single run. The method also achieves a dense oxide film
      containing fewer impurities and provides a film giving better adherence to
      a thermal oxide film which could already be in place. This method is not
      limited to the covering on the substrate nor the substrate itself. These
      advantages are achieved in part by each new step of the process along as
      well as in combination with the remaining steps, as is further described
      hereinafter.
PAR  The method is directed at achieving a good flow of source material
      throughout the entire volume of the tube in which the deposition is made.
      Such a flow is achieved by using a vacuum as a means for pulling the
      source material through the tube and using a source container designed for
      discharging a uniform amount of source material at the desired vacuum
      level and temperature of operation. A dense deposited oxide film is also
      achieved by selecting a flow of source material which is balanced between
      forming a film at a slow rate of growth but yet fast enough as not to be
      overly long in time.
PAR  Factors affecting the flow of gas throughout the system are many and
      varied. The level of the vacuum established during the deposition run
      determines how fast the gas flows towards the vacuum. The size of the TEOS
      surface in the source container is one aspect of the flow of TEOS through
      the furnace. A larger surface means more TEOS is pulled off. Heating the
      TEOS means more is pulled off while cooling means less is pulled off. It
      is thought that the slower the material is pulled off the denser the layer
      is when formed. The size of the piping orifices all contribute to the
      amount of material going through the tube. The surface area in the TEOS
      source container should stay the same during the run. As an example, a
      ball-shaped bottle would be bad because the surface area starts small,
      gets larger and then is reduced again as the TEOS is removed from the
      bottle. A rectangular container of uniform size would be best because the
      surface area remains the same as when the TEOS is removed. A dense oxide
      film is achieved by removing impurities from the source material as well
      as from the wafers and the inside of the tube itself prior to the
      deposition.
PAR  Impurities are removed from the entire system by the use of the
      predeposition vacuum step by boiling the source material for removing
      impurities generated by the decomposition of the source material during
      periods of inactivity. Such a prediffusion vacuum step is also performed
      whenever a new source bottle is attached to the system for removing the
      impurities caused by the in situ decomposition of the source material.
      Such a prediffusion vacuum step is also performed when the source material
      is let stand idle for any significant period of time; i.e., a matter of
      hours, such that in situ decomposition occurs and impurities are present
      in the source bottle.
PAR  A variation of this predeposition vacuum step precedes each deposition of
      deposited oxide. This variation includes the establishment of a vacuum,
      preferably within the range of 1-2 microns of mercury, for a matter of
      minutes prior to the deposition of silicon dioxide on wafers contained
      within the diffusion tube. Such a vacuum is pulled on the tube even before
      the TEOS enters the tube for removing impurities from every item within
      the tube. This includes the surface of the wafers, the walls of the tube
      and even the boat upon which the wafers are placed. This vacuum is
      established for a matter of minutes prior to the exposing of the TEOS
      source to the vacuum. Accordingly, the wafers and the tube itself are
      cleaned by vacuums prior to the oxide film being formed. This step alone
      practiced before using a prior art system for the formation of a deposited
      oxide layer improves the density, cleanness and uniformity of such layers
      formed in the prior art system.
PAC  DETAILED DESCRIPTION OF THE FIGURES
PAR  Referring to FIGS. 1 and 2, there can be seen a schematic diagram of the
      system in which the deposition of silicon dioxide from TEOS onto
      semiconductor wafers is performed. A standard hot wall diffusion tube is
      shown at 1 and the wafers 2 are shown loaded in a quartz loading boat
      generally indicated at 3. A more detailed view of the wafers in place in
      the boat is shown in FIG. 2. The wafers are placed into the tube 1 by way
      of the source end located generally at 5. An end cap 7 seals the system
      once the wafers 2 are loaded into the tube 1. A thermocouple gauge control
      mechanism is shown at 9 whereby the temperature of the diffusion tube is
      measured. A source of TEOS is indicated at 11 and the source 11 is
      separated from the diffusion tube by a valve indicated at 13. A valve 15
      controls the flow of an inert gas into the diffusion tube, as described
      hereinafter. A liquid nitrogen cold trap 17 is placed intermediate the
      tube 1 and a vacuum pump 19. The cold trap removes any TEOS which passes
      all the way through the tube. An integral part of the vacuum pump, but not
      specifically shown, is a mechanism for setting the vacuum of the system
      and a gauge for reading such setting.
PAR  Referring to FIG. 2 which shows in greater detail the placement of the
      wafers in the quartz boat, it should be noted that the wafers are placed
      on end and are positioned perpendicular to the flow of source material
      down the tube. The wafers in the boat are placed at a preferred spacing of
      200 mils between wafers indicated by the line 21. It can be easily seen
      that the dimensions in FIG. 2 are grossly exaggerated for clarity. Wafers
      which are placed 200 mils apart or placed at a greater distance than 200
      mils apart have a uniform thickness of the deposited silicon dioxide
      formed across the surface of the wafer to a tolerance of .+-.100
      Angstroms. When the wafers are placed closer than 200 mils apart and
      within the range of 100 mils to 200 mils, as shown in FIG. 3 at 23, a halo
      effect results in that in a greater amount of silicon dioxide is deposited
      around the outside rim of the wafer. This deposition at the edge 23
      gradually increases from zero at a spacing of 200  mils to a maximum of
      500 Angstroms above the surface 24 when the wafers are placed 100 mils
      apart.
PAR  While the halo effect eliminates the edge of the wafer as an area in which
      devices can be successfully fabricated, its existence does not otherwise
      hinder the use of the remaining portion of the wafer. Even though the halo
      effect destroys the edge periphery of the wafer, variation in deposited
      oxide thickness over the central portion still remains within the
      variation of .+-.100 Angstroms. When the wafers are placed closer than 100
      mils apart, the halo effect spreads over other portions of the wafer
      rendering such wafer not commercially valuable. Accordingly, the preferred
      range is 200 mils or greater, an acceptable range is 100-200 mils and a
      commercially unacceptable range is under 100 mils on center. However, even
      with the very close setting several areas of the wafer are obtained in
      which operative devices can be built.
PAR  Referring again to FIG. 1, the setting on the vacuum pump 19 is established
      at 10 microns of mercury. It is not unusual that during startup procedures
      the level of the actual vacuum drops as low as 1 micron of mercury. The
      temperature of the tube has been selected at 740.degree.C. However, any
      convenient temperature within the range at which TEOS decomposes and which
      meets the other normal requirements of sufficiently high deposition rate,
      and giving a sufficient density, etc. is permissable.
PAR  Referring to FIG. 4 there can be seen the deposition rate of the present
      system for a temperature of 740.degree.C. The deposition is linear in
      nature and a commercially desirable thickness can be achieved in a
      relatively short period of time. An entire run can be formed within thirty
      minutes. Such a run would give a thickness of approximately 3000
      Angstroms. While 3000 Angstroms can be grown in approximately 15 minutes,
      the remaining time is consumed in the raising of the boat and wafers to
      the operating temperature, establishing the vacuum prior to the deposition
      step and releasing of the vacuum and cooling the system after the
      deposition is completed.
PAR  Referring to FIG. 5, there are shown capacitive-voltage curves comparing an
      oxide film made according to the instant invention with an oxide film made
      according to the prior art system. By comparing the lengths of lines 26
      and 27, the oxide layer made according to the instant invention is ten
      times cleaner than the other oxide layer. In each of the sets of curves A,
      B and C, shown in FIG. 5, curve A represents the initial reading after an
      initial bake at 260.degree.C for one hour. Curve B shows the reading using
      a plus 30 volt bias while curve C shows the reading with a minus 30 volt
      bias. In set 28 the length of the line 26 is an indicator of the
      impurities in the oxide formed by the prior art process. In set 30 the
      length of the line 27 is an indicator of the impurities in the oxide
      formed by the present process. This shows that the present process results
      in the formation of an oxide layer which is at least ten times cleaner.
PAC  EXAMPLE 1
PAR  The present example gives the step by step operation whenever a new TEOS
      bottle is selected for use in the deposition of silicon dioxide films on
      semiconductor wafers. The TEOS bottle 11 is connected in its position
      shown in FIG. 1. The valve 13 is opened, the end cap 7 is attached in
      place with no wafers positioned in the tube. The vacuum pump 19 is set at
      10 microns and activated. While a vacuum is being established, the source
      bottle is exposed to the vacuum by the opening of valve 13. The various
      impurities, ethynol, ether and other hydrocarbons, in the TEOS bottle
      vaporize at a higher vacuum than the TEOS itself. Accordingly, as the
      vacuum is being established, the impurities begin to boil off. The vacuum
      is held at a point higher than that required for vaporizing TEOS but lower
      than that required for vaporizing the impurities until all the impurities
      have been removed. These impurities are caught in the liquid nitrogen trap
      17. When the visible boiling has ceased, the vacuum is continued for a
      short period of time to ensure that all impurities have been removed. Then
      the valve 13 is closed and the valve 15 is opened to break the vacuum and
      refill the tube 1. This refilling can be either air or an inert gas. The
      end cap 7 is removed and wafers positioned in their boat are placed in the
      tube at their position 3. Cap 7 is replaced, and the temperature selected
      by the controls 9 is established within the tube. While the valve 13 is
      still closed, the vacuum pump 19 is activated to establish the selected
      vacuum level. The establishment of this second vacuum prior to the
      introduction of source material permits the cleaning of the wafer surfaces
      and the removal of any impurities from within the tube itself. These
      impurities are caught in the trap 17. The valve 13 is opened allowing the
      TEOS to vaporize and enter the tube 1. During the deposition run, the
      vacuum falls to 1000 microns of mercury. This level of vacuum is one
      measure of the correct flow discussed hereinbefore. Maximum and minimum
      flow rates have not been established as limits within which the high
      uniformity of oxide formation is maintained.
PAR  Upon completion of the deposition run, the valve 13 is closed, and the
      vacuum is maintained for several minutes; i.e., 10, to remove all the TEOS
      from the system. After the ten minute period is over the valve 15 is
      reopened to break the vacuum, the end cap 7 removed and the vacuum pump
      turned off. The wafers are withdrawn from the tube and the new quartz boat
      loaded with wafers is inserted. Since the source material has not been let
      stand idle for any significant period of time between runs; for example,
      approaching fifteen minutes, a predeposition vacuum step for removing
      impurities from the TEOS is not necessary for the second run.
PAC  EXAMPLE 2
PAR  This sequence of steps would follow immediately after the preceding example
      whenever the source material has not been allowed to decompose and
      generate impurities within the TEOS. The wafers are inserted into the tube
      and the end cap 7 is replaced. The temperature control 9 establishes the
      temperature at which the deposition occurs and the vacuum pump 19 is
      activated to pull a vacuum. The establishment of the designated vacuum
      removes any impurities from the surface of the wafers as well as from the
      interior surfaces of the tube. After the cleaning period ends, the valve
      13 is opened and the TEOS begins to vaporize and be pulled into the tube
      by the vacuum. The process continues according to the same steps described
      above and terminates when the desired amount of oxide is formed on the
      wafers.
PAR  While the invention has been particularly shown and described with
      reference to a preferred embodiment thereof, it will be understood by
      those skilled in the art that the foregoing and other changes in form and
      detail may be made therein without departing from the spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for depositing a silicon dioxide layer onto a wafer from a
      gaseous TEOS source flowing through a furnace tube, and the furnace is
      provided with a means for heating, and is further provided with a first
      end through which the gaseous TEOS source is admitted into the tube, and
      is further provided with a second end from which the residual gaseous TEOS
      material is exhausted, the improvement comprising the steps of:
PA1  introducing a plurality of wafers into the furnace through the first end;
PA1  placing said plurality of wafers such that the broad surface of each of
      said wafers upon which the silicon dioxide material is to deposit is
      placed perpendicular to the direction of the gas flow;
PA1  spacing the wafers a minimum of 100 mils between adjacent surfaces;
PA1  heating the tube to a temperature for decomposing the TEOS;
PA1  exposing said TEOS to the effects of a vacuum for drawing the gaseous TEOS
      over the wafers while maintaining a vacuum level below 1000 microns of
      mercury for maintaining an acceptable gas flow through the tube;
PA1  continuing the flow of the gaseous TEOS for a predetermined period and then
      closing off the flow of said gaseous TEOS;
PA1  maintaining the vacuum level first established for withdrawing any residual
      TEOS remaining in the system; and
PA1  withdrawing said wafers from the furnace by said first end.
NUM  2.
PAR  2. The method recited in claim 1 wherein the wafers are spaced at a
      distance greater than 200 mils.
NUM  3.
PAR  3. The method as recited in claim 1 wherein the wafers are space within a
      range of 100-200 mils.
NUM  4.
PAR  4. The method of claim 1 further comprising the step of initially exposing
      said gaseous TEOS source to a vacuum to vaporize impurities therefrom.
NUM  5.
PAR  5. The method of claim 1 further comprising the step of establishing a
      vacuum at the exhaust end of the tube for removing impurities from said
      wafers prior to introducing the TEOS into the tube.
NUM  6.
PAR  6. The method of claim 4 further comprising the step of establishing a
      vacuum at the exhaust end of the tube for removing impurities from said
      wafers prior to introducing the TEOS into the tube.
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ABST
PAL  A method of producing a planar optical waveguide by applying to at least a
      portion of one flat surface of a substantially flat glass substrate having
      a predetermined desired index of refraction a first coating of glass
      having an index of refraction greater than that of said glass substrate.
      Thereafter a second coating of glass having an index of refraction less
      than that of the first coating of glass is applied over the exposed
      surface of the first coating of glass. The thickness of the first coating
      of glass being determined as a function of the highest mode order and the
      wavelength of light to be propagated within a waveguide having infinite
      width, and the indices of refraction of the substrate and each of the
      applied coatings.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 239,701 filed Mar. 30, 1972 now
      U.S. Pat. No. 3,806,223.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  integrated optical circuits are the basis of a new emerging field. Light is
      guided through integrated optical circuits by means of planar optical
      waveguides which are constructed from amorphous or crystalline dielectric
      materials that are transparent to the energy being transmitted. Planar
      optical waveguides as herein referred to are films or layers of such
      materials having a thickness equal to about the wavelength of the light or
      energy transmitted and a predetermined desired width. Ordinarily
      waveguides are termed planar when the width thereof is substantially
      greater than the thickness, while waveguides having a smaller width to
      thickness ratio are termed rectangular waveguides. For the purposes of the
      present invention, however, the term planar waveguide will be used to
      denote all non-circular waveguides regardless of the width to thickness
      ratios thereof.
PAR  It is well known to one skilled in the art that light can be caused to
      propagate along a transparent member which has a higher refractive index
      than its surroundings. Planar optical waveguides are useful in integrated
      optical circuits for computers or for coupling, demodulation, or other
      purposes in optical communications systems. The advantages of integrated
      optical circuits over electrical circuits is speed of signal transmission,
      ruggedness, long life, and the like. Waveguides produced for these
      purposes must avoid excessive attenuation of the transmitted light to be
      effective. Further, to be an effective transmitting medium within an
      integrated optical circuit, a planar waveguide should not only transmit
      light without excessive attenuation, but also should not cause excessive
      dispersion of the transmitted light and should allow only preselected
      modes of light to propagate along the waveguide. To the extent that planar
      waveguides have heretofore been fabricated, they have not been found to
      permit high transmission.
PAR  Some operational theories and other pertinent information concerning planar
      optical waveguides may be found in the publication "Evanescent Field
      Coupling into a Thin-Film Waveguide" by J. E. Midwinter, IEEE Journal of
      Quantum Electronics, Vol. QE-6, No. 10, October, 1970, pages 583-590;
      "Light Waves in Thin Films and Integrated Optics" by P. K. Tien, Applied
      Optics, Vol. 10, No. 11, November, 1971, pages 2395-2413; and "Dielectric
      Rectangular Waveguide and Directional Coupler for Integrated Optics" by E.
      A. J. Marcatili, The Bell System Technical Journal, Vol. 48, No. 7,
      September 1969, pages 2071-2102.
PAR  The propagation of light waves is governed by the same laws of physics that
      govern microwave propagation and, therefore, can also be studied in terms
      of modes. Since each mode of light traveling along a planar waveguide
      propagates at its own inherent velocity, it can be shown that information
      initially supplied to all modes will be dispersed after traveling a given
      length of waveguide due to different propagation velocities. Producing a
      satisfactory planar optical waveguide has been one of the more difficult
      problems in the development of effective integrated optical circuits.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a planar optical
      waveguide and a method of economically producing it which overcomes the
      heretofore noted disadvantages.
PAR  Other objects of the present invention are to provide a method for
      producing planar optical waveguides that will not cause excessive light
      absorption losses nor cause excessive dispersion of the transmitted light,
      and to provide a method that prevents the formation of light scattering
      centers at the core and cladding interface.
PAR  Broadly, according to this invention a planar optical waveguide is produced
      by applying to at least a portion of one flat surface of a substantially
      flat glass substrate having a predetermined desired index of refraction a
      first coating of glass having an index of refraction greater than that of
      the glass substrate. Thereafter a second coating of glass having an index
      of refraction less than that of the first coating is applied over the
      exposed surface of the first coating of glass. The thickness of each of
      the substrate and the second coating of glass being at least about two
      times the thickness of the first coating of glass. The thickness of the
      first coating of glass for any desired finite width thereof is equal to or
      is less than the thickness a of a coating having an infinite width,
      thickness a being determined in accordance with one of the following
      equations:
PAL  for TM.sub.Om modes where m is an even integer
      ##EQU1##
      for TM.sub.Om modes where m is an odd integer
      ##EQU2##
      for TE.sub.Om modes where m is an even integer
      ##EQU3##
      for TE.sub.Om modes where m is an odd integer
      ##EQU4##
      where m is equal to or is less than 10 and is the highest mode order to be
      propagated within a waveguide the first coating of which has a thickness a
      and an infinite width, .lambda. is the wavelength of light to be
      propagated within the waveguide having a thickness a and an infinite
      width, n.sub.2 is the index of refraction of the first coating and one of
      n.sub.1 and n.sub.3 being the index of refraction of the substrate while
      the other n.sub.1 and n.sub.3 being the index of refraction of the second
      coating of glass. The thickness of the first coating of glass being so
      determinable where the propagation constant of the waveguide is equal to
      or less than K.sub.1, where K.sub.1 is greater than K.sub.3, and where
EQU  K.sub.1 =  2.pi.n.sub.1 /.lambda.,
PAL  and
EQU  K.sub.3 =  2.pi.n.sub.3 /.lambda.
PAR  These and additional objects, features and advantages of the present
      invention will become apparent to those skilled in the art from the
      following detailed description and the attached drawing, on which, by way
      of example, only the preferred embodiment of this invention is illustrated
     .
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a fragmentary oblique illustration of the application of a first
      coating to a substrate in the formation of a planar optical waveguide.
PAR  FIG. 2 is a fragmentary oblique illustration of the application of a second
      coating in the formation of a planar optical waveguide.
PAR  FIG. 3 is an oblique illustration of the planar optical waveguide of the
      present invention.
PAR  FIG. 4 is a fragmentary oblique illustration of another embodiment of the
      present invention wherein a first coating having a relatively narrow width
      is applied to a substrate in the formation of a planar optical waveguide.
PAR  FIG. 5 is a fragmentary oblique illustration of the application of a second
      coating in the formation of the waveguide of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  It is to be noted that the drawings are illustrative and symbolic of the
      invention and there is no intention to indicate scale or relative
      proportion of the elements shown therein.
PAR  Referring to FIG. 1, there is shown a substrate 10 to which a first coating
      12 of glass is applied. First coating 12 is applied to at least a portion
      of one of the exposed glass surfaces of substrate 10 and has an index of
      refraction greater than that of substrate 10.
PAR  First coating 12 is illustrated as being applied to substrate 10 by means
      of a flame hydrolysis burner 14. Burner 14 emits a flame 16 in which a
      gas-vapor mixture is hydrolyzed to form a soot. The soot leaves flame 16
      in a stream 18 and is directed toward one of the flat surfaces of
      substrate 10. The flame hydrolysis method of forming a coating is
      hereinafter described in detail.
PAR  Substrate 10 is suitably mounted in the path of stream 18 and caused to
      translate in both the forward and backward as well as the side to side
      directions to permit the application of first coating 12 over all or the
      desired portion of substrate 10. Suitable means for translating substrate
      10 in both directions may be any means known in the art for accomplishing
      this purpose such for example as a milling machine bed or a dual motorized
      platform with a chuck mounting for the substrate. The limits of translated
      movements are controlled by microswitches linked to reversing motor drive
      systems.
PAR  It is to be understood that an elongated ribbon burner that provides a long
      stream of soot could be used in place of the substantially concentric
      burner illustrated in the drawing whereby the substrate would require
      translation in one direction only. Further, a plurality of burners 14
      could be employed in a row to similarly require translation in one
      direction only. A plurality of burners suitably spaced over the entire
      area of the substrate, to which it is desired to apply a coating, would
      eliminate the need for any translation of the substrate. Similarly, if the
      area to be coated is sufficiently small, one burner 14 as illustrated in
      the drawing, could be used to apply the entire coating without translation
      of the substrate.
PAR  Referring additionally to FIG. 2, a second coating 20 of glass having a
      predetermined desired index of refraction is similarly applied over the
      exposed surface of first coating 12 by the same flame hydrolysis method
      heretofore noted. As illustrated in FIG. 2, the soot leaves flame 16 in a
      stream 22 and is directed to the exposed surface of first coating 12.
      Similarly, the substrate and first coating 12 is translated as heretofore
      described for uniform deposition of the second coating of soot. First
      coating 12 will form the core of the planar optical waveguide while
      substrate 10 and second coating 20 will form the cladding. As will be
      hereinafter described, the index of refraction of a waveguide cladding
      must be less than the index of refraction of the core for proper
      operation.
PAR  When coatings 12 and 20 are applied by means of a flame hydrolysis method,
      the deposited soot must be sintered either simultaneously with the
      deposition thereof or by a subsequent operation to provide a uniform and
      dense material. In accordance with the present invention, coating 12 may
      be sintered and its exterior surface suitably finished before coating 20
      is applied. In such an embodiment, coating 20 would thereafter be sintered
      either during the deposition thereof or subsequent thereto.
PAR  Referring to FIG. 3, there is illustrated planar optical waveguide 24
      including substrate 10, first coating 12, and second coating 20. The
      thickness of first coating 12 or the core is indicated by a.
PAR  Referring to FIGS. 4 and 5, there is illustrated the formation of a planar
      optical waveguide wherein the first coating or core 26 is applied to
      substrate 28 in a narrow path by means of flame hydrolysis burner 14. As
      described in connection with FIG. 1, burner 14 emits a flame 16 in which a
      gas-vapor mixture is hydrolyzed to form a soot which leaves flame 16 in a
      stream 18. First coating 26 is applied in a narrow path, such for example
      as one having a width to thickness ratio of less than 10. A planar
      waveguide with such a narrow core permits high integrated optical circuit
      density. After first coating 26 is applied to substrate 28, a second
      coating 30 is applied over at least the outer exposed surface 32 of first
      coating 26. Second coating 30 has an index of refraction less than that of
      first coating 26 and is formed by emitting soot from flame 16 as a stream
      34 in the manner heretofore described in connection with FIG. 2. When the
      width of first coating 26 becomes small enough, it will be necessary to
      apply second coating 30 over both the outer exposed surface 32 as well as
      the exposed side edges of first coating 26, as illustrated in FIG. 5. Such
      coating over the side edges of a first coating having a low width to
      thickness ratio is required to minimize signal losses and to permit
      efficient waveguide operation.
PAR  The materials of the substrate and the first and second coatings of a
      planar optical waveguide should be produced from a glass having minimum
      light absorption characteristics, and although any optical quality glass
      may be used, a particularly suitable base glass from which to make a
      planar optical waveguide is fused silica. For structural and other
      practical considerations, it is desirable for the core and cladding
      glasses to have similar physical characteristics. Since the core glass
      must have a higher index of refraction than the cladding for proper
      operation, the core glass may desirably be formed of the same basic type
      of glass used for the cladding but doped with a small amount of some other
      material to slightly increase the index of refraction thereof. Therefore,
      if pure fused silica is used as the cladding glass, fused silica doped
      with a material to increase the index of refraction can be used as the
      core glass.
PAR  There are many suitable materials that can satisfactorily be used as a
      dopant alone or in combination with each other. These include, but are not
      limited to, titanium oxide, tantalum oxide, tin oxide, niobium oxide,
      zirconium oxide, aluminum oxide, lanthanum oxide, and germanium oxide.
      Boron oxide may be used as a dopant when it is desired to decrease the
      index of refraction of fused silica. The amount of dopants used should be
      carefully controlled for various reasons. For example, since additional
      doping material would ordinarily cause the index of refraction to
      increase, the difference between the index of refraction of the cladding
      glass and the core glass would also increase requiring a decrease in the
      allowable core thickness of the planar waveguide as hereinafter explained.
      Further, if an excessive amount of doping material is added to the base
      material, a loss in light transmission will result. Desirably, a precise
      amount of dopant should be added to the base material for the primary
      purpose of changing the index of refraction. For the purposes of the
      present invention, the amount of dopant is preferably maintained below
      about 40 percent by weight of the total composition depending on the
      dopant. For example, aluminum oxide may be added up to about 40 percent by
      weight, while titanium oxide should be maintained below about 20 percent
      by weight.
PAR  The first and second coatings may be applied by a variety of methods
      including but not limited to sintering a coating of soot deposited by the
      flame hydrolysis process, chemical vapor deposition, depositing a glass
      frit and thereafter sintering it, and the like. Clearly, the first and
      second coatings may be applied by either the same or different methods.
PAR  A particularly effective method of forming or applying a coating is
      accomplished by flame hydrolysis process similar to that described in U.S.
      Pat. No. 2,272,342 issued to J. F. Hyde or U.S. Pat. No. 2,326,059 issued
      to M. E. Nordberg. A modification of the Nordberg process that will
      provide a titanium doped fused silica coating is as follows. Dry oxygen is
      bubbled through a tank containing a liquid mixture of approximately 53% by
      weight silicon-tetrachloride, SiCl.sub.4, and 47% by weight
      titanium-tetrachloride, TiCl.sub.4, which mixture is at a temperature of
      approximately 35.degree.C. SiCl.sub.4 and TiCl.sub.4 vapors picked up by
      the oxygen are then passed through a gas-oxygen flame where they are
      hydrolyzed to form a soot, that is, minute glass particles, with a
      composition of approximately 95% by weight SiO.sub.2 and 5% by weight
      TiO.sub.2. The glass soot leaves the flame in a steady stream, and is
      deposited on at least a portion of one flat surface of a flat substrate.
      The thickness of the resulting coating is determined by the amount of soot
      deposited which is primarily controlled by the flow rate, the time allowed
      for deposition, and the velocities at which the substrate is translated.
      The soot so applied is either sintered as applied or is sintered by a
      subsequent operation to provide a dense, uniform coating.
PAR  The second coating of glass is thereafter applied over the exposed surface
      of the first coating. The glass of the second coating must have suitable
      physical and optical properties, such as coefficient of expansion, and
      index of refraction. A particularly effective means of forming the second
      coating is to sinter a soot layer of the desired material applied by the
      modified flame hydrolysis process heretofore described. Since the index of
      refraction of the cladding and consequently the second coating of glass
      must be lower than that of the core or first coating, the glass of the
      second coating may be of the same base material as the glass of the first
      coating except that it be undoped, or doped to a lesser degree than that
      of the first coating. If the second coating is applied by the modified
      flame hydrolysis process heretofore described, the process parameters
      would be substantially the same, except that the starting liquid mixture
      would either not contain titanium-tetrachloride so that the resulting
      coating would be pure SiO.sub.2 or would contain a lesser amount of
      titanium-tetrachloride so that the resulting coating would be SiO.sub.2
      doped to a lesser degree than the first coating.
PAR  The necessary characteristics of a planar optical waveguide to transmit a
      useable quantity of light is dependent upon light energy not being lost
      through radiation due to light scattering centers, as well as not being
      excessively absorbed by the transmission material. These centers are often
      caused by tiny air bubbles or impurities in a waveguide at the
      core-cladding bond. The method of this invention combines an unusually
      clean and strong bond, thus eliminating most of the light scattering
      centers. Further, the method of the present invention provides a high
      purity film and permits ease of composition variation. In addition, the
      present method permits coating uniformity over a large surface and permits
      the control of OH which is inherently present in glass.
PAR  In a planar optical waveguide embodying three different media, various
      waveguide parameters must be coordinated in accordance with the following
      equations to limit light propagation along the waveguide to preselected
      modes, whether single mode or multimode operation is desired. The three
      different waveguide media are the substrate, core, and cladding. As
      heretofore noted, for effective waveguide operation, the index of
      refraction of the core n.sub.2 must be greater than the index of
      refraction of either the substrate or the cladding (n.sub.1, n.sub.3).
PAR  For TM.sub.Om modes where m is an even integer
      ##EQU5##
      for TM.sub.Om modes where m is an odd integer
      ##EQU6##
      for TE.sub.Om modes where m is an even integer
      ##EQU7##
      for TE.sub.Om modes where m is an odd integer
      ##EQU8##
      where
EQU  .beta..sup.2 =  K.sub.2.sup.2 -  h.sup.2                   (5)
EQU  .alpha..sup.2 =  h.sup.2 -  K.sub.1.sup.2                  (6)
EQU  .gamma..sup.2 =  h.sup.2 -  K.sub.3.sup.2                  (7)
PAL  and where
EQU  K.sub.1 =  2.pi.n.sub.1 /.lambda.                          (8)
EQU  K.sub.2 = 2.pi.n.sub.2 /.lambda.                           (9)
EQU  K.sub.3 =  2.pi.n.sub.3 /.lambda.                          (10)
PAL  These equations are applicable where the propagation constant h of the
      planar optical waveguide is equal to or less than the larger of K.sub.1
      and K.sub.3 and where the core width is infinite. For the purposes of
      simplicity, the subscripts 1 and 3 apply to the parameters of either the
      substrate or the cladding layer. Assuming that K.sub.1 is greater than
      K.sub.3, then K.sub.1 will define the cutoff propagation constant h for
      the m th mode. Substituting this into equations (1), (2), (3), and (4)
      will define the cutoff equations as follows.
PAR  For TM.sub.Om modes where m is an even integer
      ##EQU9##
      for TM.sub.Om modes where m is an odd integer
      ##EQU10##
      for TE.sub.Om modes where m is an even integer
      ##EQU11##
      for TE.sub.Om modes where m is an odd integer
      ##EQU12##
      where m .ltoreq. 10 and is the highest mode order to be propagated within
      a waveguide the first coating or core of which has a thickness a and an
      infinite width, .lambda. is the wavelength of light to be propagated
      within the waveguide the first coating of which has a thickness a and an
      infinite width, n.sub.2 is the index of refraction of the core or first
      coating, and one of n.sub.1 and n.sub.3 being the index of refraction of
      said substrate while the other of n.sub.1 and n.sub.3 being the index of
      refraction of the second coating of glass.
PAR  It has been found that by the method of the present invention, a suitable
      planar optical waveguide having a core of any desired finite width may be
      formed with the core thickness being equal to or less than that determined
      by equations (11), (12), (13), and (14) when solved for a core having an
      infinite width and m equaling any integer up to and including 10. Although
      equations (11), (12), (13), and (14) apply to planar waveguides having
      cores of infinite width, they are substantially accurate for planar
      waveguides having core width to thickness ratios down to about 10. Below a
      ratio of about 10, significant error may be introduced into the
      computations and a determination in accordance with, for example, the
      heretofore noted article by E. A. J. Marcatili should be undertaken to
      solve for the various parameters involved.
PAR  For the case where n.sub.1 equals n.sub.3 and the core is of infinite
      width, equations (11), (12), (13), and (14) can be reduced to the
      following equation which applies to both TE.sub.Om and TM.sub.Om modes.
EQU  2a/.lambda. (n.sub.2.sup.2 - n.sub.1.sup.2) .sup.1/2 =  m + 1 (15)
PAR  A specific example of a planar optical waveguide produced by the method of
      the present invention is as follows. A pure fused silica substrate having
      a thickness of at least 20 .mu.m is carefully polished and cleaned to
      provide an optically flat surface. A liquid mixture containing about 26.1
      percent by weight TiCl.sub.4 and 73.9 percent by weight SiCl.sub.4 is
      heated to 35.degree.C. Dry oxygen is bubbled through the liquid mixture
      and SiCl.sub.4 and TiCl.sub.4 vapors are picked up by the oxygen. This
      vapor containing oxygen is then passed through a gas-oxygen flame where
      the vapors hydrolyze to form a steady stream of approximately 0.1 .mu.m
      sphere-like particles having a composition of approximately 2% by weight
      TiO.sub.2 and 98% by weight SiO.sub.2. The stream is directed towards the
      optically flat surface of the substrate and a soot layer of these
      particles is built up to a thickness of less than, but about 5.4 .mu.m.
      Liquid SiCl.sub.4 is then heated to about 35.degree.C. and dry oxygen is
      bubbled through this liquid so that SiCl.sub.4 vapors are picked up by the
      oxygen. This vapor containing oxygen is then passed through a gas-oxygen
      flame where the vapors hydrolyze to form a steady stream of 100% SiO.sub.2
      soot particles. The stream is directed to the exposed surface of the first
      coating and a soot layer of these particles is built up to a thickness of
      about 40 .mu.m. This structure is then placed in an induction furnace
      having an oxygen atmosphere at about 1500.degree.C. to sinter the first
      and second soot layers. Such sintering reduces the thickness of the layers
      by about one half. The resulting planar optical waveguide then has a core
      having a thickness of less than 2.7 .mu.m and cladding on each side of
      about 20 .mu.m. The index of refraction of the first coating or core will
      be approximately 1.4633. The index of refraction of the substrate and
      second coating will be approximately 1.4584. An index of refraction of
      1.4584 for fused silica is generally accepted for sodium light having a
      wavelength of 5893 A. The planar optical wave-guide described in this
      example is capable of propagating only the single rectangular TE.sub.Ol
      and TM.sub.Ol mode combination.
PAR  The substrate on which the planar optical waveguide core of the present
      invention is formed has been described as substantially flat and no
      mention has been made of the waveguide length. As will be understood, the
      waveguide length is determined by each specific application and is not
      critical for the purposes of the present invention. As will also be
      understood, by the term substantially flat is meant that the substrate is
      flat for practical purposes for each finite length and width of the
      waveguide even though over its entire length and width it may have some
      curvature. Similarly the waveguide core and cladding has been illustrated
      as substantially straight, however, the core and cladding may have
      curvature thereto in both directions. If such curvature is excessive,
      however, it may cause light losses as will be understood in connection
      with any optical waveguide.
PAR  Although the present invention has been described with respect to specific
      details of certain embodiments thereof, it is not intended that such
      details be limitations upon the scope of the invention except insofar as
      set forth in the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A method of forming a planar optical waveguide for light propagation
      comprising the steps of:
PA1  providing a substantially flat glass substrate having a predetermined
      desired index of refraction,
PA1  applying a first coating of glass having an index of refraction greater
      than that of said glass substrate to at least a portion of one flat
      surface of said substrate to thereby form a film thereon, said first
      coating of glass having an outer exposed surface substantially parallel to
      said one flat surface of said substrate, the thickness of said first
      coating being defined by said surfaces, the width of said first coating
      being the dimension perpendicular to both said thickness and the light
      propagation axis of said first coating, and
PA1  applying a second coating of glass having an index of refraction less than
      that of said first coating of glass over at least said outer exposed
      surface of said first coating of glass to thereby form a film thereon, the
      thickness of said first coating of glass for any desired finite width
      thereof being equal to or less than the thickness a of a coating having an
      infinite width, thickness a being determined in accordance with one of the
      following equations
PAL  for TM.sub.Om modes where m is an even integer
      ##EQU13##
      for TM.sub.Om modes where m is an odd integer
      ##EQU14##
      for TE.sub.Om modes where m is an even integer
      ##EQU15##
      for TE.sub.Om modes where m is an odd integer
      ##EQU16##
      where m .ltoreq. 10 and is the highest mode order to be propagated within
      a waveguide the first coating of which has a thickness a and an infinite
      width, .lambda. is the wavelength of light to be propagated within said
      waveguide the first coating of which has a thickness a and an infinite
      width, n.sub.2 is the index of refraction of said first coating, and one
      of n.sub.1 and n.sub.3 being the index of refraction of said substrate
      while the other of n.sub.1 and n.sub.3 being the index of refraction of
      said second coating of glass, said thickness of said first coating of
      glass being so determinable where the propagation constant of said
      waveguide is equal to or less than K.sub.1, where K.sub.1 is greater than
      K.sub.3, where
EQU  K.sub.1 =  2.pi.n.sub.1 /.lambda.,
PAL  and
EQU  K.sub.3 = 2.pi.n.sub.3 /.lambda.
PAL  the thickness of each said substrate and said second coating of glass being
      at least about two times the thickness of said first coating of glass.
NUM  2.
PAR  2. The method of claim 1 wherein said first coating of glass is formed by
      the steps comprising:
PA1  depositing a layer of glass soot on at least a portion of one flat surface
      of said substrate by flame hydrolysis, and
PA1  heating said soot until it sinters.
NUM  3.
PAR  3. The method of claim 2 wherein said second coating of glass is formed by
      the steps comprising:
PA1  depositing a second layer of glass soot over at least said outer exposed
      surface of said first coating by flame hydrolysis, and
PA1  heating said first coating and said second layer of glass soot until said
      second layer of soot sinters.
NUM  4.
PAR  4. The method of claim 1 wherein said first and second coatings of glass
      are formed by the steps comprising:
PA1  depositing a first layer of doped fused silica soot over at least a portion
      of one flat surface of said substrate by flame hydrolysis,
PA1  depositing a second layer of fused silica soot over at least said outer
      exposed surface of said first soot layer by flame hydrolysis, and
PA1  heating the structure so formed until said first and second layers of soot
      sinter forming said first and second coatings respectively.
NUM  5.
PAR  5. The method of claim 4 wherein said first coating is fused silica doped
      with at least one material selected from the group consisting of titanium
      oxide, tantalum oxide, tin oxide, niobium oxide, zirconium oxide, aluminum
      oxide, lanthanum oxide, and germanium oxide.
NUM  6.
PAR  6. The method of claim 4 wherein said first coating is fused silica doped
      with not more than 20 percent by weight titanium oxide.
NUM  7.
PAR  7. The method of claim 1 wherein the width to thickness ratio of said first
      coating is equal to or less than ten.
NUM  8.
PAR  8. The method of claim 1 wherein the first or second coating of glass is
      applied by chemical vapor deposition.
NUM  9.
PAR  9. The method of claim 1 wherein the first or second coating of glass is
      formed by applying a glass frit and thereafter sintering said frit.
NUM  10.
PAR  10. The method of claim 1 wherein said second coating is fused silica and
      said first coating is fused silica doped with not more than 40 percent by
      weight of dopant.
NUM  11.
PAR  11. A method of forming a planar optical waveguide for light propagation
      comprising the steps of:
PA1  providing a substantially flat glass substrate having a predetermined
      desired index of refraction,
PA1  applying a first coating of a glass having an index of refraction greater
      than that of said glass substrate to at least a portion of one flat
      surface of said substrate to thereby form a film thereon, said first
      coating of glass having an outer exposed surface substantially parallel to
      said one flat surface of said substrate, the thickness of said first
      coating being defined by said surfaces, the width of said first coating
      being the dimension perpendicular to both said thickness and the light
      propagation axis of said first coating, and
PA1  applying a second coating of glass having an index of refraction
      substantially equal to that of said substrate over at least said outer
      exposed surface of said first coating of glass to thereby form a film
      thereon,
PA2  the thickness of said first coating of glass for any desired finite width
      thereof being equal to or less than the thickness a of a coating having
      infinite width, thickness a being determined in accordance with the
      following equation
EQU  2a/.lambda. (n.sub.2.sup.2 -  n.sub.1.sup.2).sup.1/2 =  m+1,
PAL  where m .ltoreq. 10 and is the highest mode order to be propagated within a
      wave-guide the first coating of which has a thickness a and an infinite
      width, .lambda. is the wavelength of light to be propagated within said
      waveguide the first coating of which has a thickness a and an infinite
      width, n.sub.2 is the index of refraction of said first coating, and
      n.sub.1 is the index of refraction of said substrate and said second
      coating of glass, said thickness of said first coating of glass being so
      determinable where the propagation constant of said waveguide is equal to
      or less than K.sub.1, where
EQU  K.sub.1 =  2.pi.n.sub.1 /.lambda.,
PA2  and
PA2  the thickness of each said substrate and said second coating of glass being
      at least about two times the thickness of said first coating of glass.
NUM  12.
PAR  12. The method of claim 11 wherein said first and second coatings of glass
      are formed by the steps comprising:
PA1  depositing a first layer of doped fused silica soot over at least a portion
      of one flat surface of said substrate by flame hydrolysis,
PA1  depositing a second layer of fused silica soot over at least said outer
      exposed surface of said first soot layer by flame hydrolysis, and
PA1  heating the structure so formed until said first and second layers of soot
      sinter forming said first and second coatings respectively.
NUM  13.
PAR  13. The method of claim 12 wherein said first coating is fused silica doped
      with at least one material selected from the group consisting of titanium
      oxide, tantalum oxide, tin oxide, niobium oxide, zirconium oxide, aluminum
      oxide, lanthanum oxide, and germanium oxide.
NUM  14.
PAR  14. The method of claim 12 wherein said first coating is fused silica doped
      with not more than 20 percent by weight titanium oxide.
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ABST
PAL  A fused resin coating is formed on a yarn fabric by impregnating the fabric
      with a liquid plasticizer for the resin and then coating the impregnated
      fabric with solid resin powder. The resin-coated fabric then is heated to
      fuse the resin. The coated fabrics obtained are more flexible and have
      better strength characteristics than fabrics coated with a resin plastisol
      composition.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a method for coating fabrics with a thermoplastic
      resin, more particularly to a method for coating garments, with a
      thermoplastic resin and to the fabrics so formed.
PAR  Presently, garments such as shoes or gloves are coated with a thermoplastic
      resin composition by forming a base material such as knitted or woven yarn
      in the form of the garment, placing the garment on a form in the shape of
      the desired final article and dipping the garment on the form into a
      plastisol composition containing the resin so that the plastisol coats
      only the outside surface of the garment. Thereafter, the garment is
      removed from the plastisol composition and treated to cure the resin
      thereon. It has been proposed to increase the plasticizer concentration as
      a means for reducing the coating thickness. However, the resultant cured
      resin coating has reduced strength characteristics which has limited its
      use. Furthermore, this process has required using fabrics which have a
      relatively tight woven or knit configuration to prevent seepage of the
      plastisol through the fabrics and onto the inside surface of the garment.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is based upon the discovery that knit or woven yarns,
      such as in sheet form or in the form of a garment can be coated with a
      thermoplastic resin composition by impregnating the yarn or fabric with a
      plasticizer for the resin and subsequently depositing powdered resin onto
      the impregnated yarn. The resin powder contains no plasticizer or only low
      concentrations of plasticizer so that it is in the form of a freely
      flowing powder. Since the deposited resin is substantially free of
      plasticizer, it has an affinity for the plasticizer in the yarn thereby
      causing the plasticizer to be imbibed by the resin and concentrated on the
      surface of the yarn coated with the resin. The resin powder then is fused
      by heating.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  The present invention comprises impregnating a yarn with a plasticizer for
      a resin which resin is to be subsequently coated on the yarn. Impregnation
      with plasticizer can be effected either prior to or subsequent to knitting
      or weaving the yarn into a sheet material or in the form of a garment.
      After the impregnation, the yarn is coated on one surface thereof with
      powdered unplasticized resin composition. The plasticizer is imbibed into
      the resin coating so that the surface of the fabric opposing the surface
      coated with resin is rendered substantially free of the plasticizer.
      Thereafter, the resin coating is fused as for example by being heated in
      air or in an oil or a salt bath.
PAR  The process of this invention provides substantial advantages over the
      processes of the prior art. The prime advantage is that the product
      obtained is far more flexible and lighter than coated garments obtained by
      dipping a knit or woven fabric into a plastisol composition. Furthermore,
      since the resin coating of this invention can contain less plasticizer
      than the garments of the prior art, the resultant coating has improved
      strength characteristics. In addition, lighter fabrics can be coated as
      compared with those coated by dipping in a plastisol.
PAR  Any method for coating resin onto the impregnated fabric by which a
      substantially uniform resin coating is attained can be employed. For
      example, the impregnated fabric can be placed into a gaseous dispersion of
      the resin. This is accomplished conveniently by placing the fabric into a
      fluidized bed of the powdered resin either during fluidization of the
      resin or just after the resin has been fluidized and prior to its becoming
      compacted by virtue of gravity. Another convenient coating method
      comprised placing the garment in a chamber and shaking the resin powder
      onto the garment. It is preferred to insert the fabric into a bed of
      powder just after it is fluidized since the coating can be effected
      quickly thereby. Since the resin powder contains little or no plasticizer
      therein, excess powder drops from the fabric upon removal from the
      fluidized bed. Alternatively, one surface of the impregnated fabric can be
      placed on the surface of a bed of resin or the resin can be spread on one
      surface of the fabric as for example with a doctor knife.
PAR  It has been found that it is essential to impregnate the base fabric with
      the plasticizer prior to contact with the resin. Various amounts of
      plasticizer can be mixed with the resin so long as the amount mixed is not
      great enough to cause the resin to become liquid or form a cake so that it
      cannot flow freely as a powder. The best wear of the coated fabric is
      obtained when no plasticizer is used in the resin, but a small amount of
      plasticizer in the resin will give some greater flexibility if this is
      desired.
PAR  Suitable resins that can be employed in the process of this invention are
      those that can be solvated by the plasticizer and adhered to the fabric
      including vinyl polymers such as polyvinylchloride, polyvinyl acetate,
      vinyl chloride-vinyl acetate copolymers, polyvinylidene chloride, or the
      like.
PAR  Any plasticizer which plasticizes the resin coating without damaging the
      fabric substrate can be employed. They can be employed alone or can be
      diluted with a suitable solvent for the plasticizer such as mineral oil
      which does not degrade the base fabric. Exemplary suitable plasticizers
      include adipic acid esters, such as diethyl adipate, di-n-hexyl adipate;
      glycol derivatives such as diethylene glycol dipelargonate, triethylene
      glycol dipelargonate; chlorinated paraffins; phosphoric acid derivatives
      such as tri-(2-ethyl-hexyl) phosphate, tributoxyethyl phosphate, triphenyl
      phosphate, cresyl diphenyl phosphate, tricresyl phosphate, and the like;
      phthalic acid derivatives such as dimethyl phthalate, dibutyl phthalate,
      dioctyl phthalate, buty cyclohexyl phthalate, or the like; sebacic acid
      derivatives such as dimethyl sebacate, dibutyl sebacate, diisooctyl
      sebacate, or the like.
PAR  Any suitable yarn can be employed to form the base fabric which is not
      plasticized by the plasticizer impregnated therein such as cotton, wool,
      nylon, acetate or the like.
PAR  The resin composition employed as a coating can comprise one hundred
      percent resin or it can contain the usual resin additive such as fillers,
      dyes, pigments, blowing agents, heat stabilizers, light stabilizers etc.
      As stated above, the resin also can contain a plasticizer but only in low
      concentration such that the resin composition remains in the form of a
      freely flowing powder.
PAR  The base fabric is impregnated with sufficient plasticizer so that the
      resin which contacts the fabric is plasticized and a large portion of the
      plasticizer is absorbed by the resin thereby rendering the surface of the
      fabric not coated with resin substantially free of plasticizer.
PAR  The resin need not be applied to the fabric in one step prior to fusing it
      on the fabric. A multistep procedure can be employed wherein a portion of
      the resin in applied to the fabric followed by heating the resin to
      partially fuse it. Thereafter, additional powdered resin can be applied
      and then it can be fused completely.
PAR  In one aspect of this invention, the fused resin coating can itself be
      coated with an aqueous emulsion of a polymer compatible with the resin
      coating to fill any pores in the fused resin coating and from a liquid
      impervious coating. The emulsion is applied to the resin coating and the
      resultant coated fabric is heated to remove water therefrom.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  This invention will be more fully described with reference to the
      accompanying drawings.
PAR  FIG. 1 is a cross-sectional view of an apparatus that can be employed in
      the process of this invention.
PAR  FIG. 2 is a cross-sectional view of the coated fabric.
DETD
PAC  DETAILED SPECIFIC DESCRIPTION OF THE DRAWINGS
PAR  Referring to the figures, a knitted yarn in the form of a glove 1 and
      impregnated with plasticizer is placed on a form 2 having the same
      configuration as the glove 1 and is coated with powdered resin by
      inserting the glove 1 into a bed of powdered resin 3. Prior to inserting
      the glove into the resin, the bed of powdered resin 3 is fluidized by
      passing a gas under pressure through conduit 4, plenum chamber 5 and
      openings 6 in plate 7 and into the bed of resin 3. The resin bed 3 is
      fluidized to disperse the powdered resin and thereby facilitate inserting
      the glove 1 into the bed of resin. When resin 3 is compacted, it is
      difficult to insert the glove 1 therein. Generally, the glove 1 can be
      inserted in the bed of resin within about 15 seconds after it is fluidized
      without encountering substantial forces cuased by compacting of the
      powdered resin. Since the yarn of the glove 1 is wet with plasticizer, the
      powdered resin will adhere to the outside surface thereof so that when it
      is removed from bed 3, the resin powder is retained on the surface. The
      glove coated with resin then is heated to fuse the resin and from a
      continuous coating 10 on the outside surface of the yarn 11 as shown in
      FIG. 2. If desired, the glove can be inserted in the resin bed 3 while it
      is being fluidized.
PAR  The following examples illustrate the present invention and are not
      intended to limit the same.
PAC  EXAMPLE I
PAR  A knitted glove was formed from cotton yarn impregnated with di-isooctyl
      phthalate plasticizer. The glove contained 40 grams of plasticizer and
      without plasticizer had a weight of 17 grams.
PAR  The glove was placed on an aluminum form, and then inserted into a
      fluidized bed of unplasticized poly (vinyl chloride) powder and removed
      immediately. Upon removal, the glove was coated with resin powder only on
      the outside surface. The glove then was inserted again into the powdered
      resin. Any excess powder accumulated between the fingers was gently blown
      from the glove. The form and glove were heated in an oven at 375.degree.F
      for fifteen minutes with the fingers up to fuse the poly (vinyl chloride).
      The outside surface of the knitted glove comprised a slightly porous
      flexible poly (vinyl chloride) coating while the inside surface was free
      of resin and substantially free of plasticizer. The glove was easily
      strippable from the aluminum form. The surface of the glove can be
      rendered less porous by applying additional resin powder coatings in the
      manner described.
PAC  EXAMPLE II
PAR  A waterproof glove was made in accordance with the procedure of Example I
      by employing the following additional steps.
PAR  The coated glove was placed on an aluminum form and heated in an oven for 5
      minutes at 300.degree.F, removed therefrom and while hot dipped into a
      40-50 percent vinyl acetate-ethylene copolymer aqueous emulsion (Airflex
      400) to coat the outside surface of the glove. The glove was removed from
      the emulsion and heated in an oven for 10 minutes at 210.degree.F and
      thereafter for 15 minutes at 385.degree.F. The glove was removed from the
      oven, cooled to room temperature and stripped from the form.
CLMS
STM  We claim:
NUM  1.
PAR  1. A process for coating a yarn fabric with a thermoplastic resin which
      comprises:
PA1  impregnating the yarn of the fabric with a liquid plasticizer;
PA1  coating the impregnated fabric with a free-flowing solid thermoplastic
      resin powder which contains little or no plasticizer and which is capable
      of being plasticized by said plasticizer, said resin powder being selected
      from at least one of polyvinyl chloride, polyvinyl acetate, vinyl
      chloride-vinyl acetate copolymers and polyvinylidene chloride;
PA1  heating the resin to fuse the resin to said fabric,
PA1  said fabric being formed into a hand glove, including a plurality of
      fingers, to define an inside surface and an outside surface of said glove;
PA1  said fabric being contacted with said resin powder only on the outside
      surface of said glove;
PA1  said hand glove, in response to said impregnating, including a plurality of
      fingers impregnated with said plasticizer and wet therewith on said
      outside surface;
PA1  said free-flowing solid thermoplastic resin powder being provided by
      forming a fluidized mass of dispersed, solid thermoplastic resin powder;
      and
PA1  said coating being effected by
PA2  inserting said glove, while wet with said plasticizer, into said fluidized
      mass of solid thermoplastic resin powder with said fluidized mass
      providing dispersed, free-flowing solid resin powder beneath, between and
      laterally surrounding said fingers,
PA2  maintaining said glove inserted into said fluidized mass while said
      dispersed free-flowing solid thermoplastic resin powder thereof adhers to
      said wet, plasticizer impregnated outside surface of said glove,
PA2  withdrawing said glove out of said fluidized mass of dispersed,
      free-flowing solid thermoplastic resin powder with said solid resin powder
      adhering to said wet, plasticizer impregnated outside surface, and
PA2  the fluidized nature of said mass of solid thermoplastic resin powder
      effecting dispersion of said solid thermoplastic resin powder and
      facilitating said insertion of said glove into said mass of solid
      thermoplastic resin powder.
NUM  2.
PAR  2. The process of claim 1 which includes the additional step of coating the
      fused resin with a water emulsion containing a thermoplastic resin and
      heating the emulsion coating to evaporate the water and fuse the resin in
      said emulsion to the prior-fused resin.
NUM  3.
PAR  3. The process of claim 1 wherein the resin comprises poly (vinyl
      chloride).
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ABST
PAL  A method of selectively applying to an accurately bounded surface area on a
      glass article, an abrasion resistant metal oxide film of a compound of the
      type which is pyrolysible on contact with a hot glass surface to form the
      oxide. With the article at temperature effective for pyrolysing the
      compound, the portion of the article surface which is not to be coated is
      masked, or alternatively is curtained off, by a flame while other areas of
      the article are contacted by vapor of the compound. These two steps are
      carried out simultaneously. The flame prevents the metal oxide coating
      from forming on the article in the area isolated by the flame.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to applying abrasion resistant metal oxide coatings
      to glass articles. More particularly, the invention relates to a method
      for preventing such coatings from being deposited on surface areas of the
      article where they are not wanted.
PAR  It is known that the abrasion resistance of glass articles, especially
      glass containers, can be significantly enhanced by forming a film on the
      glass surface of various pyrolysible metal compounds. Such coatings are
      commonly referred to in the industry as "oxide coatings", although they
      may not in fact be oxides and their exact chemistry is not understood.
      They are widely used in the commercial production of glass containers such
      as bottles, jars and the like.
PAR  It is well known that such a coating can be applied by contacting a glass
      container with vapor of various thermally decomposable or pyrolytic metal
      compounds while the glass article is at an elevated temperature that is
      sufficient to decompose the compound to form the oxide coating. This
      causes a film deposit to form on the glass surface which displays the
      enhanced scratch and abrasion resistance qualities. In one example of the
      usual practice, a bottle or jar at a temperature of about 700.degree. to
      1300.degree. F. is exposed to and contacted by a vapor of a pyrolytic
      titanium compound such as tetraisopropyl titanate or titanium
      tetrachloride. At this temperature the vapor decomposes or pyrolyzes where
      it contacts the hot glass surface to form the film coating on the surface.
      The resulting film, which is very thin and almost invisible in ordinary
      light, is commonly referred to as a "TiO.sub.2 ", "oxide" or "titanate"
      film, although its exact composition is difficult to determine and is not
      known precisely. This coating enhances the resistance of the bottle to the
      abrasion which it inevitably experiences in manufacture, filling and use.
      Typical of the patent art disclosing the general method of forming
      abrasion resistant oxide coatings with various pyrolytic titanium or tin
      compounds are the U.S. patent to Deyrup, U.S. Pat. No. 2,831,780; Dubble
      et al., U.S. Pat. No. 3,438,803; and Scholes U.S. Pat. No. 3,420,693.
      Pyrolytic compounds of zirconium, and other metals are also well known for
      this purpose, and reference may be had to the art for detailed
      descriptions of such compounds and methods.
PAR  It is frequently desirable or necessary to coat the hot glass surface
      selectively, especially in connection with glass containers which are
      adapted to receive foodstuffs, e.g., baby food jars, beer or soft drink
      bottles, and the like, so as to prevent deposition of the film on the
      finish (or cap-engaging) area, as well as on the interior of the
      container. This is so because metal oxide coatings under certain
      conditions may have an adverse effect on some of the sealing
      characteristics of jars and bottles when metal caps are applied. In
      particular, metal oxide coatings may in some cases produce low seal
      security and high removal torque. These problems can be minimized by
      preventing the deposition of such coatings on the finish area of glass
      containers which are to receive such caps. It is also, of course,
      desirable to prevent deposition of the coating film on the interior of
      glass containers intended for foodstuffs, where the film might be in
      contact with foodstuffs therein. While deposition on the interior surface
      of narrow necked bottles such as beer bottles or soft drink bottles is not
      a severe practical problem, deposition on the inside of wide-mouth bottles
      such as baby food jars does present a potential problem without the method
      of this invention.
PAR  One method known to the prior art for controlling coverage of such metal
      oxide films on glass articles makes use of an air stream which is intended
      to sweep the treating compound vapor away from that area where the coating
      is not desired, e.g., the finish area and the inside surface area of a
      container, the objective being physically to remove the vapor before it
      contacts that area so that actual contact of the vapor with that area is
      prevented. This method may use dry or wet air. If dry air is used, the air
      simply mechanically sweeps the vapor away from the selected area prior to
      contact. Moisture or water vapor in the air stream tends to react with the
      treating compound, so as to deactivate it. Typical apparatus adapted to
      carry out that method is described in U.S. Pat. No. 3,690,289.
PAR  However, it is difficult to control the action of such a sweep-away air
      stream, because relatively high air velocities are required to insure that
      the thermally decomposable compound vapor will in fact be eliminated from
      that area where the coating is not desired, which makes it difficult to
      control the boundary of the selected area. Secondly, a relatively cool air
      stream is undesirable from the standpoint of avoiding a detrimental
      temperature differential between the different areas of the glass article,
      i.e., between the finish and body. Although hot air streams may be
      utilized, that adds to the expense of the air stream method. Third, it is
      difficult for a line operator to determine exactly where the air stream is
      impinging on the glass article, and the operator must more or less guess
      as to the proper positioning of the nozzle which directs the air stream
      against the glass article, for no visual indicia is available on line to
      indicate just where the air stream is impinging on that glass article and
      where the edge of the coated area is.
PAR  It has been the principal objective of this invention to provide a masking
      method for use where pyrolytic metal oxide films are being applied, which
      is easily controlled under production line circumstances, provides visual
      indicia to the operator for preventing the film from forming in those
      selected areas on the glass articles where it is not desired, and which
      provides a high order of masking for such areas.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accord with this objective, the hot glass article is brought into the
      presence of vapor of an abrasion resistant metal oxide film-forming
      compound which is decomposable at the temperature of the article to
      provide a film of enhanced scratch resistance. The portion of the article
      surface which is not to be coated is either curtained off or is blanketed
      in a flame which contains water vapor as a product of combustion, while
      the surface area to be coated is contacted by the treating compound vapor.
      These two steps are carried out simultaneously. The vapor may be a true
      gas, or it may be a spray of finely divided liquid droplets. Where the
      flame contacts the treating compound vapor, it interacts with the compound
      in a manner that deactivates it and prevents the coating from forming on
      the article in those areas which the flame blankets or curtains.
PAR  Lyle U.S. Pat. No. 3,498,819 discloses a process of producing a scratch
      resistant glass article that includes a step of enveloping a glass article
      with a yellow flame, but only after the article has already been coated
      with an abrasion resistant metal oxide. The flame alters the previously
      formed film, on the entire surface of the glass article; it does not mask
      or remove the coating of the metal oxide on the surface of the glass
      article. The bottle is thereby fire polished, and the average electric
      potential across the coating is said to be reduced.
DRWD
PAR  Other objectives and advantages of this invention will be more apparent
      from the following detailed description taken in conjunction with the
      drawings in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a vertical cross section illustrating the preferred embodiment of
      an apparatus adapted to carry out the method of this invention wherein the
      treating compound vapor is in gaseous form;
PAR  FIG. 2 is a longitudinal cross-section of the apparatus taken along line
      2--2 of FIG. 1; and
PAR  FIG. 3 is a vertical cross-sectional view, similar to FIG. 1, of another
      form of apparatus adapted to carry out the method of this invention,
      wherein the heating compound vapor is applied as an atomized liquid spray.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The method of this invention is useful with metal compounds which are
      pyrolysible on contact with hot glass surfaces to form abrasion resistant
      films, and which are inactivated by contact with flame prior to forming
      the coating. Specific examples of useful compounds are titanium esters and
      halides (e.g., tetraisopropyl titanate, tetrabutyl titanate, titanium
      lactate and titanium tetrachloride). It is also useful with other
      pyrolysible metal chemicals which are rendered inert by flame temperature
      oxidation and/or water vapor reaction, (e.g., dimethyl tin dichloride and
      tetra-n-propyl zirconate).
PAR  The method contemplates passing a glass article, e.g., a glass container
      such as a bottle, through the vapor (whether gaseous or atomized liquid
      droplets) of such a thermally decomposable compound, the metallic oxide
      coating being formed on the contacted surfaces of the article by thermal
      decomposition. It is the essence of the method improvement of this
      invention to subject that portion or area of the glass article surface
      which is not to be coated, to a gas flame during exposure of the article
      to the glass treating compound vapor. That is, the area of the glass
      article not to be coated is bathed in or curtained off by a gas flame at
      the same time as, and during essentially the entire time that, adjacent
      portions of the glass article are exposed to and contacted by the treating
      compound vapor. The surface region of the glass article thus bounded by
      the gas flame is that region on which the metal oxide scratch resistance
      coating is not desired.
PAR  Without intending to be limited to a particular theory of operation, it is
      believed that the heat and water vapor formed as a product of combustion
      in the flame, is very highly reactive with the treating compound so that
      it deactivates the compound and thereby prevents the compound from
      reacting on those areas where the metal oxide coating is not desired. An
      inert or unreactive dust or powder is sometimes observed to settle on the
      glass article's surface in those selected areas, under the flame, but it
      is not adherent and can be easily washed off subsequently.
PAR  The temperature of the gas flame which is most useful in accordance with
      this invention must be high enough that it will deactivate the chemical,
      yet not so high as to cause weakening or softening of that portion of the
      glass article to which it is directed. If a vapor treatment (as shown in
      FIG. 1) is employed, a soft yellow flame is desirable, to envelope the
      finish but not overheat the glass. If, on the other hand, the more violent
      turbulence associated with a spray application (as shown in FIG. 3) is
      used, then a sharp or "stiff" flame is desirable to overpower the spray
      blast. In this latter case the short exposure time in the high temperature
      sharp flame does not detrimentally increase the finish temperature. Flame
      temperatures as low as 1200.degree. F., as indicated by the yellow sooty
      flame of the ribbon burners, up to the 2400.degree.-2600.degree.F.
      temperatures believed to occur in some burners, will provide the range of
      shielding required for the various application conditions encountered. The
      flame characteristics for a soft or yellow flame (as used for the ribbon
      burners, FIG. 1) can best be achieved with an air/gas ratio between
      roughly about 9:1 and 10:1 for natural gas; the ratios will vary according
      to the nature of the combustible gas used. Air/gas ratios above this range
      may cause the flame to be too lean a mixture to avoid "blowing out" and
      air/gas ratios below this range may cause the flame to be too unstable in
      its pattern to be an effective shielding medium. In the case of the
      internal combustion burner of FIG. 3, the mixture should best be close to
      a 10:1 ratio (for natural gas) to make the burner operate most
      effectively.
PAR  Generally speaking, any hydrocarbon gas or other water vapor producing
      combustible material can be used, although the optimum gas/air ratios will
      differ in each case. Typical combustible gases which are useful include
      natural gas, manufacturers' gas, propane, ethane, ethylene, and other
      petroleum hydrocarbon gases and producer gas (H.sub.2 +CO). The primary
      requirement of the combustible gas is that it produces heat and water
      vapor as a product of combustion. This heat and/or water vapor is believed
      to react with the treating compound so as to deactivate it before it can
      react on the glass surface to form the coating in an undesired location on
      the article. Some compounds are "resistant" to flame deactivation at
      certain conditions. This can readily be determined in advance by a simple
      test, exposing the article to the compound, under flame. The method is not
      useful where such compounds must be used.
PAR  A preferred structural embodiment for carrying out the method of this
      invention when a coating is being applied from a gaseous vapor is
      illustrated in FIGS. 1 and 2. As shown in those figures, glass articles or
      containers comprising non-returnable beer bottles 10 are arranged in
      linear relation on a moving conveyor belt 11, the conveyor belt being
      supported on a suitable guide 12 supported by conventional means not
      shown. The glass containers 10 pass through a treating area generally at
      13 where they are exposed to and contacted by vapor of the treating
      compound. This treating environment 13 is established between vapor
      discharge chambers 14a, 14b in the form of plenums disposed on each side
      of the conveyor belt 11, opposite one to the other throughout a selected
      distance L of belt movement. Each plenum chamber 14a, 14b is supplied with
      the vapor from a vapor source (which may be conventional and does not
      comprise the invention) through piping 15a, 15b, 16 that interconnects the
      vapor source with each of the plenums An exhaust hood 17, a suitable fan
      (not shown) and exhaust ductwork (not shown) are disposed above the vapor
      manifold to exhaust unused or reacted treating vapors from the treating
      environment 13. A tunnel ceiling or baffle 18 is disposed immediately
      above the glass articles passing through the treating environment 13 to
      provide for optimum contact of the treating vapor with the glass articles
      10 while retaining exhaust flow efficiency. A typical method and means for
      vapor generation which may be used in conjunction with the method of this
      invention is illustrated in Dubble et al. U.S. Pat. No. 3,438,803.
PAR  As is shown particularly in the figures, gas flame genorators in the form
      of so-called "ribbon" burners 21a, 21b, are disposed on each side of and
      parallel to the glass containers' travel path 22 through the tunnel.
      Ribbon burners produce a relatively thin flat flame, rather than a round
      flame, and each ribbon burner 21a, 21b is disposed so as to direct the gas
      flame 23a, 23b transverse to the travel path of the glass container
      throughout the length L of the vapor processing environment 13. Each
      ribbon burner is of a length L' approximately equal to the length L of the
      tunnel's vapor treating environment 13. The burners 21a, 21b are further
      disposed relative one to the other so that the gas flames 23a, 23b issue
      in substantially coplanar relation (see center line 24) from opposite
      sides of the travel path 22, and so that the gas flames impinge on one
      another in the travel plane 25 of the glass bottles 10. Thus the ribbon
      forms a horizontal plane or curtain, parallel to the articles' line of
      travel. The gas burners 21a, 21b are, of course, fed with a suitable
      air/gas mixture through piping 26a, 26b, 27 which interconnects with the
      gas and air sources (not shown). Suitable ribbon type burners are those
      manufactured by Selas Corporation of America, Dresher, Pennsylvania 19025;
      a particular Selas burner which has been used successfully is Series No.
      RB 322A which can provide a ribbon flame length of between about six
      inches and about seventy-two inches, depending on the length L of the
      vapor processing environment 13 itself.
PAR  As illustrated in FIG. 1, the gas flames 23a, 23b or flame tongues that
      issue from oppositely disposed ribbon burners 21a, 21b impinge on one
      another and the finish area 28 of the glass bottles 10 just beneath each
      bottle's upper lip 29. As is readily apparent from the figure, this
      provides a relatively exact visual indication to the machine operator as
      to the location of the masked area where the metal oxide deposition will
      not be formed, because of the visibility of the gas flames 23a, 23b.
      Deposition of the metal oxide above the gas flame's plane 24, i.e., above
      the flames, is prevented because the flames 23a, 23b act as a curtain
      barrier to the compound and deactivate the compound wherever they contact
      it, so that if any vapor passes through the flame to the upper side
      thereof it no longer has a glass reactive capacity. Thus, it is not
      necessary to bathe in flame the entire area which is to be kept free of
      coating; a curtain of flame at the edge of that area will deactivate the
      compound which may pass through it to the glass on the opposite (upper)
      side of the flame.
PAR  An alternative apparatus embodiment is illustrated in FIG. 3 (like numbers
      referring to like parts), this embodiment operating as described above for
      that embodiment shown in FIGS. 1 and 2 with the modifications described
      immediately hereafter. In that figure, the structure is adapted to carry
      out the method of this invention as previously described. However, the
      thermally decomposable treating compound vapor is an atomized liquid
      spray, as contrasted with the gaseous vapor in the embodiment first
      described. Spray heads 31 are disposed in the treating environment 13, the
      spray heads being fed from motor 32 driven micro-metering type chemical
      feed pumps 33 through lines 34. This apparatus embodiment is further
      characterized by air curtains 35a, 35b which extend parallel to the travel
      plane 25 of the glass bottles 10 throughout the length L of the treating
      environment 13 and which extend from beneath the conveyor's belt 11 up to
      the hood 17. The air curtains 35a, 35b are formed in and fed by plenums
      36a, 36b disposed beneath each. Electric motor 37 drives blowers 38a, 38b
      which, in turn, feed the plenums 36a, 36b for the side wall air curtains.
      The side wall air curtains, of course, insure that no vapors or spray
      particles will escape from the environment surrounding the device, and
      that all such particles are carried upwardly into the exhaust hood.
PAR  Note that the flames 23a, 23b are directed across the open mouth of wide
      mouth jars being subjected to the method; they function to prevent entry
      of the active treating vapors into the jars' interiors and, thereby,
      prevent deposition of the coating on the jars' interior surfaces as well
      as on the finish areas surrounding the top or lip areas of the jars.
PAR  The following examples illustrate the various ways of setting the invention
      into practice.
PAC  EXAMPLE I
PAR  A series of glass bottles (each about seven and one-half inches in height)
      was passed through a vapor coating device of the structure illustrated in
      FIG. 1 at a rate of 140 bottles per minute. The vapor used was titanium
      tetrachloride, and the scratch resistant coating so formed was believed to
      be titanium oxide. The vapor treating environment was of about thirty
      inches in length L. A Selas RB 322A burner was used, that burner
      presenting a ribbon flame of about 30 inches in length.
PAR  The gas flames were disposed so that a cut off of the titanate coating was
      obtained about one and one-half inches down from the tops of the bottles.
      A soft brush-type yellow flame was used to obtain this cut off point; the
      flame had a temperature of about 1400.degree. F, an air/gas ratio of
      9.5:1, and a velocity of about 2 feet/sec. By increasing the volume of
      air/gas mixture thru the burner so as to increase the velocity of the
      flame to about 4 feet/sec. the cut off was lowered to about four inches
      beneath the top of the bottle without changing the position of the burner;
      this was due to a "splatter" effect which is believed to tend to force the
      flame and hot products of combustion down the neck of the bottle upon
      impact of the flame with the bottle, and thereby widen the zone of
      reaction with the vapor.
PAR  The titanate coating established on the exterior surface of the bottle when
      the soft yellow flame was used was approximately measuring 1650 A units
      thick on the mid-side wall of the bottle. (This was much heavier than
      would ordinarily be desired, but was applied in order to determine masking
      effectiveness.) A metal oxide coating thickness of 400-450 A units was
      indicated about three-quarters inch beneath the cut off line when the soft
      brush-type flame was used. Substantially no titanium dioxide coating was
      detected on those parts of the bottle that were above the horizontal plane
      produced by the burner flame as the bottle traveled thru the treatment
      system. The sharp drop in metal oxide coating so closely adjacent the
      flame line, on heavily coated bottles, and the virtual absence of coating
      at or above the flame line, indicates the effectiveness of the system,
      even in an exaggerated system. Under normal conditions the vapor
      concentration is set much less, to apply a coating in the range of about
      20-100 A.
PAC  EXAMPLE II
PAR  A series of 8 oz. baby food jars were passed through a spray device of the
      structure illustrated in FIG. 2 at a rate of 160 bottles per minute. The
      spray used was liquid tetraisopropyl titanate (TPT) droplets. This type
      jar presents a critical situation because of the spray gun-created
      turbulence within the treating environment, plus the need for a relatively
      sharp or precise cut off just below the finish. The burner used was the
      Selas Super Heat Burner No. SH 4FF, which provided a ribbon flame of about
      3/4 to 2 inches in length. This burner provides a strong flame barrier
      that overpowers the gun spray pattern in the bottles' finish area
      throughout the length of the treating environment. The flame's "stingout"
      temperature range was about 2000.degree. to 2800.degree. F., the air/gas
      ratio 10:1, with velocities of up to 600 ft./sec. Two spray nozzles, each
      discharging about 1 to 3 cc per minute of the tetraisopropyl titanate,
      were on each side of the treating environment's length of 2 inches. The
      spray nozzles were placed one above the other, 11/2 inches apart with the
      bottom gun 11/2 inches above the conveyor.
PAR  Under these processing conditions, the finish area of the jars received a
      titanate coating of between zero to five angstroms in thickness, which was
      acceptable with a coating level on the body portion of the jar being 18-80
      angstroms. The interior surface area of the jars received no detectable
      coating.
CLMS
STM  Having described in detail the preferred embodiment of my invention, what I
      desire to claim and protect by Letters Patent is:
NUM  1.
PAR  1. A method of coating a selectively limited surface area of a glass
      article with an abrasion resistant metal oxide coating, comprising the
      steps of:
PA1  contacting the article with vapor of a metal compound which is pyrolysible
      to form an abrasion resistant metal oxide coating on the glass surface,
PA1  the said article during said contacting being at a temperature effective to
      cause said compound to pyrolyze on its surface and form said coating
      thereon, simultaneously isolating that portion of the article's surface
      area which is not to be coated, by a flame in which water vapor is
      produced as a product of combustion, the flame being directed on the
      article so that the flame acts as a barrier between the compound and the
      area not to be coated,
PA1  the flame barrier interacting with the compound, where the compound comes
      into contact with it, to deactivate the compound and render it inactive to
      react with said glass surface and thereby prevent said oxide coating from
      forming on the surface not to be coated.
NUM  2.
PAR  2. The method of claim 1 wherein said compound is a titanium compound.
NUM  3.
PAR  3. The method of claim 1 wherein said compound is titanium tetrachloride.
NUM  4.
PAR  4. The method of claim 1 wherein said compound is tetraisopropyl titanate.
NUM  5.
PAR  5. The method of claim 1 wherein said flame is produced by combustion of a
      hydrocarbon gas.
NUM  6.
PAR  6. The method of claim 1 wherein said flame is produced by combustion of
      natural gas.
NUM  7.
PAR  7. The method of claim 1 wherein the flame is a soft yellow flame.
NUM  8.
PAR  8. The method of claim 1 wherein said article is a glass container having a
      finish portion which is not to be coated,
PA1  and said flame is played only on the finish area thereof.
NUM  9.
PAR  9. The method of claim 1 wherein said flame is in the form of a curtain
      interposed between said composition and the area not to be coated.
NUM  10.
PAR  10. The method of claim 1 wherein said flame is a mask covering the entire
      area not to be coated.
NUM  11.
PAR  11. The method of claim 1 wherein said article is moved along a path past a
      source of said compound while being contacted with said compound,
PA1  and said flame is projected from ribbon burners on said article as a ribbon
      parallel to the path of movement of said article, and forms a horizontal
      mask for the area not to be coated.
NUM  12.
PAR  12. The method of claim 1 wherein the vapor of the compound is a spray of
      finely divided liquid droplets.
NUM  13.
PAR  13. The method of claim 1 wherein the vapor of the compound is a gaseous
      vapor.
NUM  14.
PAR  14. A method of applying an abrasion resistant metal oxide coating on the
      sidewalls of glass containers moving on a conveyor while effectively
      preventing the formation of coating on the finish areas of the containers,
      comprising,
PA1  moving the articles past a source of vapor of a compound which is
      pyrolysible to form an abrasion resistant metal oxide coating on the glass
      surface,
PA1  said vapor being directed from said source toward the sidewalls of said
      containers while they are moving therepast,
PA1  said containers being at a temperature effective to cause said compound to
      pyrolyze on their surfaces,
PA1  while isolating the finish portions of the respective containers during
      said contacting, by simultaneously moving the containers through a flame
      barrier impinging on the finish portions thereof, the flame containing
      water vapor as a product of combustion, the flame being directed with
      respect to the articles moving past it so that said vapor can reach the
      finishes of the containers only after having come through said flame,
PA1  the flame interacting with the compound adjacent the finishes and
      deactivating the compound thereby to render the compound inactive to react
      with said glass surface at the finishes only, and thereby prevent said
      oxide coating from forming on the finishes of the articles.
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ABST
PAL  Extensible structures are made by partially embedding a selected knitted
      glass fabric into a perhalopolyfluoroethylene polymer resin sheet. The
      embedding can be done by pressing the glass fabric into one surface of the
      sheet heated to a temperature at which it is soft. The resultant composite
      structure is thermoformable into such shapes as a dished head. The exposed
      surface of the glass fabric can be impregnated with a castable material
      useful for such purposes as adhering the composite structure to a
      substrate such as a metal surface or for reinforcing the composite
      structure. The composite structure instead of being thermoformed can be
      rolled and seamwelded into a cylinder shape which can be used as a
      cylindrical tank lining or as a duct.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of my application Ser. No.
      201,862, filed Nov. 24, 1971 now abandoned.
BSUM
PAC  BACKGROUND
PAR  The present invention relates to composite structures of glass fabric and
      thermoplastic resin. More specifically, it is directed to such structures
      wherein the glass fabirc is knitted, the resin is a
      perhalopolyfluoroethylene polymer resin in sheet form and the fabric is
      partially embedded in one surface of the fabric.
PAR  U.S. Pat. No. 3,446,686 discloses laminating sheets of plastic to fabric
      for reinforcement purposes, followed by forming a shaped article from the
      resultant laminate. The patent discloses that the disadvantage of this
      method is that the fabric has a limited degree of elongation and thus
      tends to rupture during the forming step. The patent further discloses
      overcoming this disadvantage by laminating the fabric to the plastic
      during the forming step. This is accomplished by placing a sheet of
      thermoplastic material over the adhesive coated surface of knitted glass
      fabric, heating the sheet of thermoplastic material and drawing the sheet
      and fabric into the mold to form the shaped article. Upon cooling, the
      adhesive adheres the fabric to the molded sheet of thermoplastic material.
      This approach has the disadvantage of the adhesive being the weak link in
      the composite structure.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a composite structure of a selected knitted
      fabric and a selected thermoplastic resin which is moldable, i.e.,
      thermoformable, after the composite structure is made and which does not
      require adhesive for structural integrity of the composite structure. More
      specifically, the composite structure of the present invention comprises a
      substantially flat thermoformable sheet of a melt-fabricable
      perhalopolyfluoroethylene polymer resin and a knitted fabric made of glass
      fiber yarn and at least one monofilament of a melt-fabricable
      perhalopolyfluoroethylene polymer resin, said fabric being partially
      embedded in a surface of said sheet.
PAR  In one embodiment of the present invention, the composite structure can be
      thermoformed into the shape of a dished head of a chemical process vessel.
      In another embodiment, the composite structure can be shaped into a
      cylinder which is useful for example as ducting or as a cylindrical tank
      lining.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  These embodiments of the invention will be discussed in further detail
      hereinafter with reference to the drawings in which:
PAR  FIGS. 1 and 2 show a plan view and a side view, respectively, of a
      composite structure of the present invention;
PAR  FIGS. 3a and 3b show in enlargement a plan view of two pieces of a knitted
      glass fabric that can be used to make composite structures of the present
      invention;
PAR  FIG. 4 shows in further enlargement a single loop of yarn (from a knitted
      glass fabric) containing a monofilament of a melt-fabricable
      perhalopolyfluoroethylene polymer resin;
PAR  FIG. 5 shows schematically the approximate configuration of a course of
      yarn of a knitted glass fabric;
PAR  FIG. 6 shows schematically the configuration of the course of yarn of FIG.
      5 upon stretching;
PAR  FIG. 7 shows schematically the course of yarn of FIG. 5 partially embedded
      in the cross-section of a sheet of a melt-fabricable
      perhalopolyfluoroethylene polymer resin;
PAR  FIG. 8 shows schematically the resultant composite structure of FIG. 7
      after stretching;
PAR  FIG. 9 shows schematically the composite structure of FIG. 8 with a backing
      of castable material;
PAR  FIG. 10 shows an isometric view of a dished head formed from a composite
      structure of the present invention;
PAR  FIG. 11 shows a cross-sectional view of the dished head of FIG. 10;
PAR  FIG. 12 shows an isometric view of a composite structure of the present
      invention formed and seamed into a cylinder of low length to diameter
      ratio such as would be useful as a vessel sidewall;
PAR  FIG. 13 shows an isometric view in undeterminate length of a composite
      structure of the present invention in the shape of a cylinder of high
      length to diameter ratio such as would be useful for ducting;
PAR  FIG. 14 shows duct made from the cylinder of FIG. 13;
PAR  FIG. 15 shows a cross-section along line 15--15 (in enlargement) of the
      duct of FIG. 14; and
PAR  FIGS. 16 and 17 show schematically in side elevation apparatus for and the
      steps to thermoform a composite structure of the present invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  FIGS. 1 and 2 illustrate a composite structure 2 of the present invention
      comprising two basic components, viz., a knitted glass fabric 4 and a
      sheet 6 of a perhalopolyfluoroethylene polymer resin partially embedded in
      the fabric, i.e., part of the sheet cross-section is coextensive with part
      of the fabric cross-section, with the fabric forming one surface of the
      structure 2 and the sheet forming the opposite surface.
PAR  To describe the fabric component in greater detail, it is composed of a
      continuous yarn or set of yarns in the form of courses or rows of loops,
      each row of loops being caught in the previous row of loops, which fabric
      can be described as a knitted fabric. To illustrate, FIG. 3a shows a
      series of yarns 10, 12, 14 and 16, each forming a row of loops 18 caught
      in the previous (and subsequent) row, to form fabric 20 of plain knit
      structure. Any type of knit can by used in the fabric employed in the
      present invention; for example, in addition to the plain (purl) knit, such
      knits as the flat (jersey) knit, the raschel knit, the rib stitch, and the
      tricot stitch can be used. Fabrics that are knitted double and are held
      together by binding stitches, which are known as double knit fabrics can
      also be used. FIG. 3b illustrates the double knit construction of fabric
      21 that can be used in the present invention. Variations on the basic
      knitting stitch can be used, such as the tuck stitch, wherein periodically
      in the knitting operation loops at desired intervals are left unknitted so
      as to form a knobby or bumpy surface on one or both sides of the knitted
      fabric which increases its apparent thickness. All of these types of knits
      have in common the feature of loops of the yarn making up the fabric
      extending from each surface of the fabric and of being extensible in all
      directions. Generally an extensibility (without breaking) of at least 10
      percent in all directions is desired for the fabric, with some
      applications requiring at least 20 percent extensibility (based on
      original dimension of the fabric). The composite structure incorporating
      the fabric will have corresponding extensibility.
PAR  The knitted fabric is composed of a yarn made of glass fibers and
      monofilaments of a thermoplastic, i.e., melt-fabricable,
      perhalopolyfluoroethylene polymer. Glass fiber yarn is used instead of
      glass monofilament because of the relative fragility of the monofilament.
      The melt-fabricable perhalopolyfluoroethylene polymer fibers are
      illustrated as fibers 22 in the single loop 24 of glass yarn shown in FIG.
      4. The fiber 22 can be present essentially separate from the glass fibers,
      i.e., not twisted therewith, as shown in FIG. 4 in which case the greater
      elasticity of the glass fibers cause them to have a greater radius of
      curvature than the loop of thermoplastic fiber 22. Typically, however, the
      fiber 22 will be intertwined with the glass fabric either by twisting
      before knitting or caused by the knitting maching during knitting.
PAR  With respect to the melt-fabricable perhalopolyfluoroethylene polymer resin
      sheet component of the composite structure, the sheet can be made by
      conventional film fabrication techniques from a melt-fabricable
      perhalopolyfluoroethylene polymer resin. The resin softens sufficiently
      upon the application of heat to encapsulate loops of glass yarn of the
      knitted fabric component when subjected to moderate pressure. The resin
      should be of sufficiently high molecular weight to be capable of forming
      self-supporting film of sufficient toughness as to be flexed at least
      90.degree. without breaking. Generally, the resin will have a number
      average molecular weight of at least 20,000.
PAR  The melt-fabricable polymers of the perhalopolyfluoroethylene include the
      homopolymer of chlorotrifluoroethylene and copolymers of it or
      tetrafluoroethylene with perfluorinated vinyl monomers such as
      hexafluoropropylene, or with perfluoroalkyl vinyl ether monomers such as
      perfluoropropyl- or ethyl- vinyl ether, or with nonfluorinated monomers
      such as alkylenes, e.g., ethylene, including the
      tetrafluoroethylene/ethylene binary polymers and terpolymers disclosed in
      U.S. Pat. Nos. 3,624,250 and 3,342,777. Generally, the comonomers will
      have no more than 6 carbon atoms. Preferably the melt-fabricable polymer
      will be a tetrafluoroethylene copolymer that has sufficient other monomer
      (i.e., monomer other than tetrafluoroethylene) copolymerized with the
      tetrafluoroethylene to render the copolymer melt-fabricable, i.e., to have
      a specific melt viscosity of less than 10.sup.7 poises measured at
      380.degree.C. under a shear stress of 0.455 kg./cm. The amount of other
      monomer required will vary depending on which monomer is used, but will
      generally be from 3 to 40 percent based on the weight of the copolymer.
      The thickness of the sheet will vary with the application ivolved but
      typically will be from 0.127 to 6.47 mm.
PAR  The knit fabric and sheet of perhalopolyfluoroethylene polymer resin can be
      made into composite structures of the present invention by stacking the
      fabric and sheet on top of one another and applying sufficient heat and
      pressure to cause the surface of the fabric in contact with the sheet to
      embed in the sheet. The embedment is characterized by at least sufficient
      penetration of the loops of the fabric into the sheet to provide a
      mechanical bond between the fabric and the sheet. The sheet may even
      encapsulate the loops of one surface of the fabric, but this condition is
      not absolutely necessary for all applications since mechanical bonding is
      obtained merely by the resin either penetrating the yarn fibers or
      contacting the yarn of the loops through an angle of greater than
      180.degree. around the yarn circumference or both. While at least this
      minimum penetration of the sheet into the fabric is desired, total
      encapsulation of the fabric by the sheet would be undesirable because this
      would deprive the composite structure of exposed fabric loops desired for
      anchoring to a castable material backing. Typically, penetration of the
      sheet into no more than an average of 50 percent of the thickness of the
      fabric is desired.
PAR  Since the bond between fabric and sheet is mechanical, no adhesive coating
      on the glass or sheet is needed. The presence of monofilaments of a
      melt-fabricable perhalopolyfluoroethylene in the glass yarn making up the
      fabric, however, can provide a fused bond between the fabric and the
      sheet, providing the respective resins from which the sheet and the
      monofilament are made are compatible and sufficiently close in melting
      point. Usually, in such embodiment, the respective resins will be the
      same. The presence of the monofilament in the yarn need not be for this
      purpose but, instead, can be present for the purpose of stabilizing the
      fabric (maintain uniformity of knit construction), reducing its breakage
      on handling and maintaining its bulk. Generally, less than 50 percent of
      the monofilament based on the total weight of the yarn is required to
      attain these results. Higher proportions of such monofilament can be
      present, such as up to 75 percent of the total yarn weight, especially
      where the resin is relatively dense and the glass yarn relatively bulky.
PAR  One method for applying the heat and pressure to the stack of fabric and
      sheet to laminate them together is to use a heated press, maintaining the
      pressure on the stack for a sufficient duration to obtain the composite
      structure desired. The temperature used will be at least as high as the
      crystalline melting temperature of the resin and will further depend on
      the melt viscosity of the resin and the pressure and dwell time of the
      pressing operation. In the case of amorphous resins wherein identification
      of the melting temperature is arbitrary, the resin is merely heated at a
      high enough temperature until the resin is flowable enough to flow into
      the fabric. The pressure used should not be so high as to permanently
      crush the exposed loops of the knit fabric. While applying pressure to the
      knit fabric invariably causes some flattening of the loops of the fabric,
      release of the pressure, if not excessive, enables the exposed loops (not
      embedded in the sheet) to spring back toward their original form. By
      reheating the composite structure, the springback of the exposed loops is
      increased.
PAR  The stretchability (or extensibility) of the knit fabric in the resultant
      composite structure enables the composite structure to be formed or molded
      such as by thermoforming to a shaped article. Thermoforming is the process
      for drawing the composite structure into a three dimensional article. The
      stretchability of knit fabric is illustrated by yarn 30 representing a
      single row of loops of a knit fabric in the relaxed condition in FIG. 5
      and in the extended condition in FIG. 6. In essence, the loops tend to
      straighten out when stretched. similarly, the same yarn having its lower
      loops encapsulated in a sheet 32 of the melt-fabricable polymeric resin
      appears as in FIG. 7 in the relaxed condition and as in FIG. 8 after the
      sheet 32 is stretched. The relationship between yarn and sheet depicted in
      FIGS. 7 and 8 is repeated in each row of yarn of the knit fabric in
      composite structures of the present invention.
PAR  The exposed loops of yarn of the knit fabric in the composite structure,
      e.g., as depicted by the loops not encapsulated by the sheet 32 in FIGS. 7
      and 8, serve as an anchor for a layer of castable material 42 which
      encapsulates the enclosed loops of the fabric and further encapsulates
      reinforcing material 44 such as cloth or fiber as shown in FIG. 9.
      According to this embodiment of the present invention, while the composite
      structure consisting of knit fabric (represented as yarn 30) and sheet 32
      of thermoplastic resin provides a moldable article possessing the surface
      characteristics of the sheet, the castable material 40 can be used to
      strengthen the composite structure. The castable material can itself
      reinforce the composite structure or can serve to adhere the composite
      structure to a substrate which, in turn, provides reinforcement. The
      castable material can be applied to the composite structure either before
      stretching or after stretching or otherwise forming a shaped article and
      will prevent further stretching.
PAR  Any material which is sufficiently flowable to encapsulate the exposed
      loops of the knitted fabric of the composite structure and which is
      subsequently hardenable to an adhesive or rigid cast material or
      reinforced cast material can be used as the matrix (or entire) portion of
      the castable material. Preferably, the castable material impregnates the
      knitted glass fabric sufficiently to meet the plastic resin sheet in the
      interior of the fabric. For example, the castable material can be a
      thermosetting type resin such as epoxy resin or polyester. Penetration of
      the castable material into the exposed yarn loops of the knitted glass
      fabric mechanically anchors the castable material to the composite
      structure.
PAR  Since the castable material is secured to the composite structure by
      mechanical engagement with the knitted fabric, it is important that the
      yarn of this fabric be strong. For this reason, glass is the predominant
      material of construction of the knitted fabric of the composite structures
      of the present invention. The glass also supplies high temperature and
      corrosion resistance desired for many applications.
PAR  The loop density of the knitted glass fabric should be sufficient to
      maintain integrity between the melt-fabricable polymeric resin sheet and
      the castable material. A plain knit construction obtained by knitting with
      31/2  needles per inch provides sufficient loop density for some
      applications; however, the plain knit obtained by knitting with at least 7
      needles per inch is more preferred. In the case of double knits, the use
      of at least 31/2  needles per inch gives better results because the
      knitting involves two sets of needles, or a total of 7 meedles. In
      addition to loop density, the loop should be sufficiently large to provide
      the bulk desired for enabling their encapsulation by castable material as
      well as to achieve the extensibility desired. This is accomplished by
      adjustment of the amount of yarn fed per needle of the knitting machine.
      The effectiveness of glass knits where the loop density is borderline can
      be increased by increasing the loop length or bulkiness of the fabric to
      insure that each loop becomes encapsulated by the castable material. The
      loops should not be so long, however, that the knitted fabric is unstable
      during handling. The knitted fabric need not be the same on both sides.
      For example, the side embedded in the melt-formable polymeric resin sheet
      can be a relatively smooth side, whereas the exposed side can be ribbed in
      order to provide more bulk for impregnation by castable material which
      ordinarily will not involve pressure but just the flowability of the
      castable material.
PAR  When the castable material is to provide reinforcement to the composite
      structure, the reinforcing material 44 embedded in the castable material
      provides further reinforcement. Examples of reinforcing material include
      glass fibers, roving, and mat which can be used in the conventional laying
      up process of coating the knitted fabric with castable material, applying
      the reinforcing material to the surface of the castable material while
      still flowable, coating the reinforcing material with additional castable
      material, applying additonal reinforcing material, and so on. This method
      is especially useful for applying a polyester/glass mat, chopped glass
      roving backing material to the composite structure. Another procedure is
      to simultaneously coat the fabric surface of the composite structure with
      castable material and chopped glass strand. Still another procedure is the
      spiral winding technique of laying down continuous filament yarn or roving
      of glass within the polyester. The thickness of the castable material when
      used for reinforcement will depend on the strength and rigidity desired.
PAR  When used as an adhesive, the thickness of the castable material will
      depend on the thickness at which the desired adhesive effect is obtained.
      A preferred adhesive is epoxy resin.
PAR  Prior to coating the knitted fabric side of the composite structure with
      castable material or prior to making the composite structure, any sizing
      agent that is on the glass fabric that may interfere with either the resin
      or castable material penetration into the fabric or which degrades during
      treatment can be removed by such operations as heating to burn off the
      sizing or water and solvent soaking. An agent which makes the fabric more
      wettable, especially to the castable material, can be applied to the
      knitted glass fabric. An example of such an agent is the
      water-hydrolyzable organo silanes such as those disclosed in German Patent
      Publication No. 1,954,233.
PAR  The composite structures are useful, in general, to form articles having
      the melt-fabricable polymeric resin sheet as one surface and knitted glass
      fabric as the opposite surface. The knitted glass fabric provides some
      stiffness to the sheet. The composite structures can be used in such
      applications as structural articles, molds, mold liners, and linings in
      general for such applications as ventilation hoods, ducts and bench top
      covers, with the need for castable material to back-up the composite
      structure depending on the application.
PAR  The composite structures of the present invention are especially useful as
      a liner because the linings that are most chemically resistant, viz.,
      halogenated olefins, such as the melt-fabricable copolymers of
      tetrafluoroethylene, are also the most difficult to adhere to support
      surfaces such as plastic or metal substrates. Chemical treatment of the
      copolymers, such as by sodium etching, increases the ability of the
      copolymer to adhere to a support surface, but the adhesive bond with the
      support surface has not been sufficiently permanent as is obtained in the
      present invention. Once the bond between the lining and the support
      surface breaks, the resultant void becomes a point of intense corrosion
      caused by permeation of the chemicals in contact with the lining
      therethrough. The present invention has the advantage of achieving bonding
      between the lining and the support surface through the more permanent,
      less chemically affected mechanical type of bond via knitted glass fabric.
PAR  One main advantage over prior fabric/plastic laminates is the ability of
      the composite structures of the present invention to be thermoformed.
      Thermoforming involves a stretching of the melt-fabricable polymeric resin
      sheet and extension of the knitted glass fabric to the shape desired.
PAR  One shaped article which can be made from composite structures of the
      present invention is a dished head 48 for a chemical process vessel
      comprising an inner sheet 6 of the melt-fabricable polymeric resin and a
      knitted glass fabric 4 running intermediate the thickness of the head, to
      form composite structure 2 such as shown in FIG. 1 and an outer layer of
      castable material 40 which in this case is glass-reinforced polyester, as
      shown in FIGS. 10 and 11. Dished heads normally have an inside dished
      radius R which is 80 to 100 percent of the inside diameter R.sub.1 of the
      head and a depth D of at least 20 percent of the inside diameter.
      Heretofore, fabric/plastic laminates have not had sufficient
      thermoformability to be molded into dished heads. Instead, the laminates
      were cut into orange peel shape and then pieced and bead-welded together
      in the dished head configuration, a time-consuming and expensive operation
      which was often not satisfactory because the numerous seams in the head
      all served as points for possible leakage. The composite structures of the
      present invention provide a junction-free lining for the dished head.
      While the dished head shown in FIGS. 10 and 11 form the entire dished head
      of the process vessel, composite structures of the present invention can
      be used as dished head liners adhered to a metal substrate.
PAR  A process for molding composite structures such as to the dished head shape
      of FIGS. 10 and 11, without creating thin spots in the sheet 6, involves
      uniformly heating a sheet of the composite structure and allowing it to
      sag under its own weight to approximately the same surface area as that of
      the shaped article, followed by shaping the composite structure to the
      article shape desired, and cooling the structure so as to retain this
      shape.
PAR  In greater detail, FIG. 16 shows an oven 50 in which is positioned a
      rectangular frame 52 (front side removed for purposes of clarity) which
      supports the periphery of a composite structure 2 fabric side up. The
      composite structure lies over a male mold 54 positioned within the oven
      and having the shape desired for the inner surface of a dished head. Upon
      heating, the composite structure sags so that its unsupported region takes
      the shape indicated by dashed line 56 which (in cross-section) is
      approximately a catenary curve. The stress throughout the unsupported
      region of the composite structure during this sagging is about equal so
      that the thinning of the resin sheet of the composite structure is
      uniform. This sagging is accompanied by a corresponding amount of
      stretching of the knitted fabric component of the composite structure. The
      temperature of heating used will depend somewhat on the resin employed as
      the melt-fabricable polymeric sheet in the composite structure, but
      usually the temperature will be well above the crystalline melting
      temperature of the resin so that the sagging occurs during heat-up of the
      oven, and then the heating is stopped when the amount of sagging desired
      is complete.
PAR  The mold 54 is positioned beneath the sagging composite structure at a
      distance wherein when the unsupported region of the composite structure
      touches the mold, the surface area of the sagged composite structure and
      of the mold are about the same. This provides visual indication of when
      the composite structure should be shaped. At this time, frame 52 is
      lowered to encompass the mold and allow the composite structure to drape
      over and assume the configuration of the mold (as shown in FIG. 17). To
      obtain fitting of the composite structure about the vertical circumference
      of the mold, a vacuum is applied beneath the composite structure in this
      region by supply lines 58 (only two shown) connected to a vacuum source
      (not shown). The vacuum can also be communicated through the mold to its
      surface to insure desired shaping of the composite structure. This use of
      vacuum to draw the heated composite structure down onto the mold can be
      called "vacuum shaping." The resultant molded or shaped composite
      structure has a fairly uniform sheet thickness (greatest and smallest
      thickness within 75 percent of one another), and is cooled sufficiently
      while in contact with the mold to be able to sustain its shape when
      removed from the mold. The shaped composite structure is then released
      from the frame 52 and is trimmed as desired. The reinforcing castable
      material backing such as a glass-reinforced polyester or adhesive-metal
      substrate is then applied to the fabric side of the shaped article as
      hereinbefore described.
PAR  Composite structures of the present invention can also be shaped into
      articles which do not involve thermoforming such as into cylinder 60 (FIG.
      12) by wrapping the composite structure around a mandrel (resin side
      facing the mandrel) to meet itself, followed by conventional heat sealing
      technique to weld the abutting edges 62 of the composite structure
      together. For example, the glass fabric is stripped back from the abutting
      edges on the glass side of the composite structure, and the edges and a
      bead of thermoplastic resin are heated in contact with one another
      sufficiently that they heat bond together. A castable material 40 can then
      be applied to the fabric side of the cylinder; in this case the castable
      material can be glass-reinforced polyester. The cylinder can then be
      removed from the mandrel and a bead of thermoplastic resin can be welded
      along the abutting edges on the mandrel side of the composite structure.
      The resultant cylinder 60 can be used as the cylindrical section of a
      process vessel. Alternatively, the castable material can be an adhesive
      for adhering the cylinder to the interior surface of a metal cylinder for
      process vessel application. In either event, the sheet 6 of the dished
      head 48 of FIG. 10 can be welded through a bead of thermoplastic resin
      along the upper edge of the head to the lower edge of sheet 6 of cylinder
      60 to form a continuous lining between the bottom and side of the process
      vessel.
PAR  Another application for composite structures of the present invention is to
      form a duct 70 of much greater length to diameter ratio wherein the inner
      surface is the melt-fabricable polymeric resin sheet 6 and the outer
      surface is the knitted glass fabric 4, such as the tube shown in FIG. 13.
      Such duct can be made by the same conventional technique as the cylinder
      60. The stretchability of the composite structure enables its ends to be
      heated and flared for joining with other ducts or cylindrical shapes.
PAR  As in the case of dished head 48 and cylinder 60 shown in FIGS. 10 and 12,
      respectively, the duct 70 can be combined with reinforcing castable
      material, such as glass-reinforced polyester, to form an essentially
      plastic rigid duct. Alternatively, the castable material can be an
      adhesive 76 which bonds the composite structure to the inner wall of metal
      tubing 78 to form a lined duct 80 such as shown in FIGS. 14 and 15
      (cross-hatching of resin 6 and adhesive 76 omitted for clarity).
PAR  Composite structures of the present invention can be shaped into
      cylindrical shapes having cross-sections other than round, e.g., square or
      rectangular cross-sectional shapes can be formed.
PAR  Composite structures of the present invention are further illustrated by
      the following examples:
PAC  EXAMPLE 1
PAR  The knit fabric used in this Example was a plain double knit, west
      construction cardigan employing a tuck stitch knitted from 7 needles per
      inch per side (total of 14 needles per inch) using ECG 150 fiberglass yarn
      containing 45 percent by weight (total yarn basis) of 0.013 cm. diameter
      oriented monofilament of commercially available high molecular weight
      copolymer of tetrafluoroethylene/hexafluoropropylene (15-20 percent by
      weight hexafluoropropylene) having a melting point of about 270.degree.C.
      The yarn was composed of two strands of glass yarn, one turn Z and the
      other turn S and two strands of the copolymer monofilament. The fabric was
      desized by soaking for 30 minutes in an aqueous solution of 1 percent by
      weight of an enzyme (Rhozyme) and 2% NaCl heated to 60.degree.C., followed
      by adding 5 percent by weight of Varsol solvent and 21/2 percent by weight
      each of Triton X-45 and X-100 surfactant to the solution and further
      soaking for 20 minutes at 80.degree.C., and water washing (overflow rinse)
      and finally acetone washing and drying of the fabric.
PAR  A piece of this fabric, 47.3 cm. square in the relaxed condition, was laid
      on top of a 45.7 cm. square sheet, 0.15 cm. thick, of the above copolymer
      in a press. Sheets of 0.008 cm. aluminum 51 cm. square were placed between
      the fabric/sheet and their respective press platens, and a pressure
      equalizing pad was placed between the lower press platen and bottom sheet
      of aluminum. The press, preheated (heat supplied by upper platen) and
      maintained during pressing at 276.degree.C. .+-. 50.degree.C., was closed
      and a pressure of 0.35 kg./cm..sup.2 (resin sheet basis) was applied for
      10 minutes. The pressure was released and after cooling of the composite
      structure, the aluminum sheets were stripped therefrom. The bond strength
      between the knitted fabric and the resin sheet was 75 lbs./inch of width
      (1,340 kg./m.) such as measured in a 180.degree. peel test, as compared to
      about 8 to 10 lbs./inch of width (140 to 180 kg./m.) for the same
      copolymer etched and epoxy bonded to a metal substrate. The knitted fabric
      left a deep impression in the sheet as could be observed in the sheet
      peeled from the fabric. The knitted fabric surface of the composite
      structure had sufficient standoff for penetration by castable back-up
      material. The composite structure can be thermoformed using the equipment
      and procedure of FIGS. 16 and 17 followed by applying castable material
      which can be done by spreading polyester lay up resin over the fabric and
      padding the resin into the fabric using a grooved roller followed by
      adding alternate layers of glass mat and chopped glass roving along with
      the polyester to build up to a back-up thickness of about 0.6 cm.
PAR  Sismilar laminates of the same knitted fabric with sheets of other
      tetrafluoroethylene copolymer resins such as copolymers of
      tetrafluoroethylene with ethylene or propylene or perfluoro(propyl vinyl
      ether) can be made, except that the resin monofilament in the yarn would
      preferably have the same identity as or be compatible with the resin in
      the sheet. The laminating conditions, viz., temperature, pressure, and
      dwell time would depend on the melt characteristics of the resins.
PAR  Repeat of the above Example but using 11 mil diameter meter copolymer
      monofilament gave a fabric which was somewhat stiffer in handling.
PAC  EXAMPLE 2
PAR  The fabric used in this Example was the same construction as used in
      Example 1, and essentially the same laminating procedure as used in
      Example 1 was used in this Example, except as otherwise indicated below
      and that the fabric samples measured 17.7 .times. 20.3 cm.:
TBL        Laminating Laminating                                               

                                Dwell                                          

           Temperature                                                         

                      Pressure  Time                                           

     Sample                                                                    

           .degree.C. kg./cm..sup.2                                            

                                Min.  Results                                  

     ______________________________________                                    

     A     282        0.21      3     Good adhesion                            

                                      and good fabric                          

                                      standoff                                 

     B     282        0.21      2     Poor adhesion                            

      C.sup.1                                                                  

           276        0.21      2     Poor adhesion                            

     D     276        0.35      4     Good adhesion,                           

                                      high fabric                              

                                      standoff                                 

     E     276        0.525     4     Good adhesion,                           

                                      high fabric                              

                                      standoff                                 

     F     276        1.75      4     Good adhesion                            

                                      and good fabric                          

                                      standoff                                 

     G     276        1.75      2     Low adhesion                             

     ______________________________________                                    

      .sup.1 Copolymer sheeting on top of the knitted glass fabric and thereby 

      closest to heated upper platen.                                          

PAL  The temperature in this Example was obtained using a surface pryometer. The
      main criterion for judging the quality of the adhesion was appearance,
      i.e., the embedding of the sheet into the fabric could be seen. Poor
      adhesion means that some portion of the sheet was not embedded in the
      fabric.
PAC  EXAMPLE 3
PAR  Composite structures were made from the same materials and essentially the
      same process as in Example 1 except that in one experiment the knitted
      fabric was a jersey knit made using 31/2 needles per inch and the yarn
      consisted of four ends of ECG 150 fiberglass yarn and four ends of the
      0.013 cm. diameter copolymer monofilament. In another embodiment, the same
      jersey knit was used except that it was made using 7 needles per inch. A
      composite structure containing the latter knit fabric was thermoformed
      using the apparatus and procedure of FIGS. 16 and 17 into the shape of a
      dished head of about 26.7 cm. in diameter and 6.7 cm. deep.
PAC  EXAMPLE 4
PAR  Composite structures of the present invention can be made by laminating at
      the nip between two rolls as demonstrated by the following experiment: The
      knit fabric (no silane coating) and copolymer sheet of Example 1 were
      brought together and passed through the nip between a pair of 15 cm.
      diameter rolls, one of which was heated to about 425.degree.C. and the
      other of which was coated with silicone rubber and cooled. The glass
      fabric faced the heated roll. Pressure at the nip was 10.5 kg./cm..sup.2
      and the rate of passage through the nip of about 27 cm. per minute. The
      180.degree. peel strength of the resultant composite structure was 220
      kg./m. of width which compared favorably with the peel strength between
      etched tetrafluoroethylene/hexafluoropropylene copolymer and epoxy resin.
PAR  While very high peel strengths between the knitted glass fabric and resin
      sheet components of composite structures of the present invention can be
      obtained, e.g., higher than the 35 lb./inch of width (630 kg./m.) good for
      rubber linings, the composite structures need not be made to have such
      high peel strength because of the permanent nature of the mechanical bond
      obtained in the present invention. In addition, when thin resin sheets are
      used, attempts to determine peel strength can result in tearing of the
      resin sheet, instead of peeling the sheet from the fabric. Thus, for many
      applications for composite structures of the present invention a peel
      strength between knit glass fabric and resin sheet of at least 10 lb./inch
      of width (179 kg./m.) will be adequate. The peel strength is measured on a
      sample of composite structure 2.54 cm. .times. 12.7 cm. in which the
      fabric and sheet are separated from one another inwardly 2.54 cm. from one
      end. The separated ends of fabric and sheet are clamped in the jaws of a
      tensile tester (Instron), one of which is operated to move apart at a rate
      of 5.08 cm. per minute perpendicular from the other jaw so as to peel the
      sheet at an angle of 180.degree. from the fabric. An average of the
      results for five test samples is taken as the peel strength.
PAR  As many apparently widely different embodiments of this invention may be
      made without departing from the spirit and scope thereof, it is to be
      understood that this invention is not limited to the specific embodiments
      thereof described herein.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. A composite structure comprising a substantially flat thermoformable
      sheet of a melt-fabricable perhalopolyfluoroethylene polymer resin and a
      knitted fabric made of glass fiber yarn and at least one monofilament of a
      melt-fabricable perhalopolyfluoroethylene polymer resin, said fabric being
      partially embedded in a surface of said sheet.
NUM  2.
PAR  2. The composite structure of claim 1 wherein said melt-fabricable
      perhalopolyfluoroethylene polymer resin is a melt-fabricable
      tetrafluoroethylene copolymer resin.
NUM  3.
PAR  3. The composite structure of claim 2 wherein the melt-fabricable
      tetrafluoroethylene copolymer resin in the sheet and in the monofilament
      is a tetrafluoroethylene/hexafluoropropylene copolymer.
NUM  4.
PAR  4. The composite structure of claim 2 wherein the melt-fabricable
      tetrafluoroethylene copolymer resin in the sheet and in the monofilament
      is a tetrafluoroethylene/perfluoro(propyl vinyl ether) copolymer.
NUM  5.
PAR  5. The composite structure of claim 2 wherein the melt-fabricable
      tetrafluoroethylene copolymer resin in the sheet and in the monofilament
      is a tetrafluoroethylene/ethylene copolymer.
NUM  6.
PAR  6. The composite structure of claim 1 and castable adhesive or
      thermosetting resin material embedded in the exposed surface of said
      fabric.
NUM  7.
PAR  7. The composite structure of claim 6 wherein said castable material
      contains reinforcement.
NUM  8.
PAR  8. The composite structure of claim 1 in the form of a liner for a dished
      head.
NUM  9.
PAR  9. The composite structure of claim 1 in the form of a cylinder.
NUM  10.
PAR  10. The composite structure of claim 1 having an extensibility of at least
      10 percent.
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ABST
PAL  A new retroreflective sheet material is taught that comprises a
      light-transmissive retroreflective open web of filaments that are
      individually encased by a monolayer of minute retroreflective
      microspheres, the web being ensheathed within an envelope that comprises
      two overlaid sheets joined together around the edge of the envelope, at
      least one of the sheets being transparent.
BSUM
PAR  The present invention provides a new kind of selfsupporting,
      wet-or-dry-reflecting, retroreflective sheet material of good "angularity"
      (capable of retroreflecting light that strikes it at a small angle with
      respect to the plane of the sheet material). Because it is
      self-supporting, this new sheet material may be used by itself--for
      example, as a self-supporting sleeving shaped to be mounted over other
      articles to make the articles retroreflective--and it also may be used as
      a basic structural unit in other retroreflective articles. Its ability to
      reflect under either wet or dry conditions means that the new sheet
      material may be used in a wide variety of exterior or interior uses; and
      its good angularity further broadens its usefulness. In preferred
      embodiments, the new sheet material is resilient and flexible, providing a
      wide latitude in handling conditions for the material.
PAR  Briefly, this new retroreflective sheet material comprises (a) an envelope
      that comprises two overlaid sheets joined together around the edge of the
      envelope, at least one of the sheets being transparent, and (b) a
      light-transmissive retroreflective open web of filaments ensheathed within
      the envelope, the filaments being encased around their whole circumference
      at least over those parts of their length that define open spaces of the
      web by a monolayer of minute retroreflective microspheres.
PAR  The utility of a retroreflective sheet material of the invention can be
      illustrated by reference to the traffic cones used to mark or segregate
      part of a roadway. In the past there have been proposals to reflectorize
      such traffic cones by coating them with a reflective paint or by adhering
      a conventional reflective sheeting to them. But none of these suggestions
      has provided a commercial long-lived traffic cone that is brightly
      retroreflective over its whole circumference under either wet or dry
      conditions.
PAR  According to the present invention a self-supporting retroreflective
      conical sleeve is applied over traffic cones to convert them to a
      retroreflective cone. The sleeve can be applied over both existing and
      newly made traffic cones, and it will make a durable, brightly
      retroreflective marker. By coloring one of the sheets of the envelope, the
      conical sleeve can be readily given a desired color, such as the
      construction orange or fluorescent red recently accepted as standard
      colors for warning devices by the Federal Highway Administration.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a retroreflective sheet material of the
      invention;
PAR  FIG. 2 is an enlarged section taken along the lines 2--2 of FIG. 1, shown
      with the layer of microspheres broken away to reveal the base fabric;
PAR  FIG. 3 is an enlarged section through one small part of a different
      retroreflective sheet material of the invention; and
PAR  FIG. 4 is a perspective view of a traffic cone on which is mounted a
      conical sleeve formed from retroreflective sheet material of the invention
     .
DETD
PAC  DETAILED DESCRIPTION
PAR  The illustrative retroreflective sheet material 10 of the invention shown
      in FIGS. 1 and 2 comprises an envelope 11 formed from two overlaid sheets
      12 and 13 joined together at their edges, and an open-mesh retroreflective
      fabric 14 ensheathed within the envelope. The two sheets 12 and 13 need
      not be separate, but may be one piece of material folded to form two
      overlaid sheets. Preferably, the sheets 12 and 13 are joined around their
      whole periphery to provide environmental stability for the sheet material.
      At least one of the sheets 12 and 13 is transparent, and for most uses,
      both sheets are transparent. The sheets may be colored or carry various
      kinds of graphic information.
PAR  In the embodiment shown in FIGS. 1 and 2, the sheets 12 and 13 are
      polymer-based sheets heat-sealed around their edges. Some alternative
      means for joining the edges of the sheets include use of a layer of
      adhesive between the sheets; use of adhesive tape disposed between the
      sheets or folded over the edges; and use of a frame structure around the
      periphery of the envelope. Preferred polymer-based materials for making
      the sheets of the envelope include polyvinyl chloride, which have a
      desired flexibility and durability. Other useful polymeric materials
      include polycarbonates and polyvinylfluorides. Generally the polymer-based
      sheets are between 1 and 100 mils thick, and preferably are between 2 and
      50 mils thick. For most uses the overlaid sheets are flexible and supple,
      so that, for example, the retroreflective sheet material may be wound in a
      tight roll. However, in some embodiments of the invention, one or both of
      the overlaid sheets of the envelope are rigid, as when glass or metal
      sheets are used.
PAR  The web 14 of filaments fits loosely enough within the envelope 11 so that,
      as shown in FIG. 2, there is generally an air space between almost all the
      microspheres 16 on the filaments 17 of the web and the envelope.
      Microspheres having an index of refraction such that they are
      retroreflective when their back surface is covered with a specular
      reflective means and their front surface is exposed to air are generally
      chosen for the web of filaments, and accordingly substantially all of the
      microspheres provide a bright retroreflection of light incident upon them.
      To assure even greater spacing between microspheres and the sheets of the
      envelope, the web of filaments may be provided with raised areas at spaced
      regular locations on the web.
PAR  In some retroreflective sheet material of the invention the envelope is
      inflatable, having a nozzle in one of the overlaid sheets, for example,
      through which air is introduced under pressure into the envelope.
      Retroreflective sheet material of the invention having an inflatable
      envelope may be used as a cushion or as a floatable warning device. More
      than one retroreflective open web of filaments may be included in such
      inflatable retroreflective sheet material to assure that a retroreflective
      web is close to, or follows the contour of, each exterior sheet of the
      envelope. For example, as shown in FIG. 3, a web 19 of filaments may be
      held close to each sheet 20 of an envelope by a circular tab 21 that is
      heat-sealed to the sheet by a connection 22 that extends through an
      opening in the web.
PAR  The web 14 of microsphere-encased filaments in the illustrative embodiment
      of the invention shown in FIG. 1 is an open-mesh fabric, comprising
      filaments that are encased over those parts of their length that define
      the open spaces of the fabric by minute retroreflective microspheres. Such
      a fabric is shown in more detail in a copending application, Ser. No.
      220,152, filed Jan. 24, 1972 now U.S. Pat. No. 3,790,431.
PAR  A typical method for preparing such a light-transmissive retroreflective
      fabric includes the steps of coating binder material onto a base woven
      fabric; applying microspheres completely covered with a reflective
      material, such as vapor-coated aluminum or chemically deposited silver, to
      the coated fabric while the binder material is in a tacky state so that
      the microspheres become partially embedded in the layer of binder
      material; drying or curing the binder material to advance it to a nontacky
      durable adherent condition; and removing the layer of reflective material
      that covers the exposed surfaces of the microspheres, as by etching.
      Retroreflective sheeting can also be prepared by weaving or otherwise
      grouping into an integral whole a web of filaments that have been
      previously coated with retroreflective elements, but such a method is much
      more difficult than preparing the light-transmissive retroreflective
      fabric from an already-prepared base fabric, and such precoated filaments
      cause substantial wear on weaving equipment. Also, instead of being woven
      as a fabric, only parallel filaments supported in an exterior frame may be
      used as the retroreflective sheeting of the invention.
PAR  The filaments in a fabric of the invention are made from a variety of
      materials, such as natural cellulose-based fibers, synthetic polymeric
      fibers, or metal filaments. And they are sometimes made of a material that
      can be heat-formed whereby the fabric is given a non-planar configuration.
      Such a configuration is useful, for example, when a retroreflective sheet
      material of the invention is to be given a three-dimensional form. In some
      embodiments, the filaments are electrical conductors that generate heat
      when carrying a current, making the sheeting useful to keep the
      retroreflective sheet material of the invention warm and free from
      condensation.
PAR  The binder material on a light-transmissive retroreflective sheeting
      included in sheet materials of the invention is preferably elastomeric,
      which among other advantages gives the sheeting a flexibility that
      facilitates its use and handling. One such useful elastomer-forming binder
      material comprises a polyether polyamine of high amine functionality, such
      as poly(tetramethyleneoxide)diamine taught in Hubin et al., U.S. Pat. No.
      3,436,359   and diglycidyl ether of bisphenol A. This material cures to
      form a very strong bond with partially embedded silver- or aluminum-coated
      glass microspheres. Other useful binder materials include natural rubber,
      acrylic resin, and polyvinyl butyral resin.
PAR  The light-transmissive retroreflective sheeting is designed to provide a
      desired balance of transmission and reflection. Preferably the
      light-transmissive retroreflective sheeting transmits at least 20% and
      more preferably at least 40%, of the light impinging on the sheeting from
      a light source. On the other hand, so that the light-transmissive
      retroreflective sheeting will provide good retroreflection, the
      light-transmissive retroreflective sheeting preferably transmits no more
      than 80% and more preferably no more than 60% of the light from such a
      light source (the percent transmission numbers are assumed to describe the
      percent open area occupied by the sheeting, and nontransmitting portions
      of the sheeting are assumed to be retroreflective). Adequate
      light-transmission and reflection can also be obtained with sheeting
      having a percentage of open area outside these ranges; for example, a
      sheeting transmitting as little as 5% of the light impinging on it may be
      used, and sheeting transmitting as much as 90 or 95% of light has useful
      reflection characteristics.
PAR  Also a light-transmissive retroreflective sheeting is least noticeable when
      light-transmissive spaces in the densely packed areas of microspheres are
      very fine or small. Thus, a light-transmissive retroreflective fabric is
      least noticeable when the diameter of the
      retroreflective-microshpere-encased filaments is less than one millimeter
      and preferably less than 500 microns or even 250 microns, and the smallest
      dimension of the spaces between the encased filaments is less than 5
      millimeters and preferably less than one millimeter or even 500 microns.
      The glass microspheres are of a size such that a dense monolayer of them
      can be coated on the filament without unduly reducing the size of the
      spaces between the filaments.
PAR  Preparation of an open-mesh retroreflective fabric useful in the invention
      will be illustrated by the following example. A fabric of
      200-micron-diameter nylon filaments woven in a straight "Leno" weave using
      20 threads per inch was first roll-coated with a primer to fill up all
      crevices in the filament. The primer material was a
      10-weight-percent-solids solution in toluene of the following ingredients:
TBL                          Parts by                                          

                             Weight                                            

     ______________________________________                                    

     Poly(tetramethyleneoxide)diamine                                          

     that has a number-average molecular                                       

     weight of 10,000, an amine equivalent                                     

     weight of 4610, and a viscosity at                                        

     65.degree.C of 49,500 centipoises, and that                               

     was prepared according to the procedures                                  

     of Examples 1-4 of Hubin et al,                                           

     U.S. Pat. 3,436,359       100                                             

     2,4,6-tris-dimethylaminomethylphenyl                                      

     catalyst (DMP-30)         2.5                                             

     Diglycidyl ether of bisphenol A having an                                 

     epoxide equivalent weight of 180-195                                      

     (Epon 828)                50                                              

     Stannous octoate catalyst 5                                               

     ______________________________________                                    

PAL  This primer coating was then cured at 150.degree.F for 30 minutes. After
      the fabric had cooled to room temperature, a binder material of the same
      ingredients listed above but dissolved at 30-weight-percent solids in
      toluene was coated on the fabric, after which the coated fabric was
      exposed to jets of compressed air to remove excess binder material and
      keep the spaces between filaments open. While the layer of binder material
      was still wet and tacky, the fabric was passed through a "fluidized bed"
      of aluminum-vapor-coated glass microspheres 37 to 88 microns in diameter
      (the fabric passed over a trough containing microspheres that were shot
      upward by a set of compressed air nozzles at the bottom of the trough,
      with a canopy above the fabric returning the microspheres toward the
      fabric), whereupon the filaments of the fabric became individually encased
      by a densely packed monolayer of microspheres adhered to and partially
      embedded in the coating of binder material. The layer of binder material
      was then cured at 150.degree.F for 1 hour, after which the aluminum on the
      exposed portions of the microspheres was removed by etching with an alkali
      solution.
PAR  The resulting light-transmissive retroreflective sheeting had an open area
      of about 50 percent (determined by measuring the light in photovolt units
      (PV) returned by an assembly that comprised the sheeting before the
      aluminum was removed (which is known to have a PV of zero) over a standard
      sheeting known to have a PV of 57 using a photometer that had been
      calibrated with the standard 57 PV sheeting; the assembly was measured as
      having a PV of 30, meaning that the percent open area of the
      light-transmissive sheeting of this example was 30/57 times 100, or about
      50 percent).
PAR  A sample of this fabric was then laid between two transparent 10-mil-thick
      polyvinyl chloride sheets, and the edges of the sheets were heat-sealed by
      pressing the edges between two narrow metal bars that were electrically
      connected to a source of electric power so as to apply an electric
      potential across the sheets; the resulting electric current through the
      sheets heated the sheets and caused them to be welded together.
PAR  Retroreflective sheet material of the invention can be fabricated into a
      variety of forms. For example, the sheet material may be formed into a
      conical sleeve 24 that may be mounted on a traffic cone 25 as shown in
      FIG. 4. Alternatively the retroreflective sheet material is formed into a
      self-contained article, such as a retroreflective belt to be worn by a
      person. In another form, retroreflective sheet material of the invention
      is used as a dangle card suspended from a person's apparel, for example,
      to call attention to the person when he walks along a roadway at night. In
      other embodiments, retroreflective sheet material of the invention is
      adhered to a base substrate. In all these uses the retroreflective sheet
      material generally has high "angularity"; for example, some
      retroreflective sheet material of the invention can retroreflect with 50%
      of original brightness, light striking the sheet material at an angle of
      70.degree.-80.degree. to the normal of the sheeting.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Retroreflective sheet material capable of reflecting under wet or dry
      conditions comprising (a) an envelope that comprises two overlaid sheets
      joined together around the edge of the envelope, at least one of the
      sheets being transparent, and (b) at least one light-transmissive
      retroreflective open web of filaments ensheathed within the envelope, the
      filaments being encased around their whole circumference at least over
      those parts of their length that define open spaces of the web by a
      monolayer of minute retroreflective microspheres.
NUM  2.
PAR  2. Sheet material of claim 1 in which the filaments are flexible and the
      microspheres are partially embedded in and held to the filaments by a
      layer of elastomeric binder material coated on the filaments.
NUM  3.
PAR  3. Retroreflective sheet material capable of reflecting under wet or dry
      conditions comprising (a) an envelope that comprises two supple overlaid
      polymer-based sheets joined together around the edge of the envelope, at
      least one of the sheets being transparent, and (b) at least one
      light-transmissive retroreflective open-mesh fabric ensheathed within the
      envelope, the fabric comprising interwoven filaments that are encased
      around their whole circumference over those parts of their length that
      define the open meshes of the fabric by a monolayer of minute
      retroreflective microspheres partially embedded in a layer of binder
      material that is coated on the filaments after the filaments have been
      woven into a fabric; the embedded surfaces of the microspheres being
      covered by specularly reflective means.
NUM  4.
PAR  4. Sheet material of claim 3 in which both sheets of the envelope are
      transparent.
NUM  5.
PAR  5. Sheet material of claim 3 in which the sheets of the envelope comprise a
      vinyl chloride polymer.
NUM  6.
PAR  6. Retroreflective sheet material of claim 3 in which the spaces between
      the microsphere-encased filaments occupy between 20 and 80 percent of the
      area occupied by the sheeting.
NUM  7.
PAR  7. Retroreflective sheet material capable of reflecting under wet or dry
      conditions comprising (a) an envelope that comprises two transparent
      supple overlaid polymer-based sheets heat-sealed together around the edge
      of the envelope, and (b) an open-mesh fabric ensheathed within the
      envelope, the fabric comprising interwoven flexible filaments that are
      encased around their whole circumference over those parts of their length
      that define the open meshes of the fabric by a monolayer of minute
      retroreflective microspheres partially embedded in a layer of elastomeric
      material that is coated on the filaments after the filaments have been
      woven into a fabric; the embedded surfaces of the microspheres being
      covered by specularly reflective means, and the spaces between the
      microsphere-encased filaments occupying between 20 and 80 percent of the
      area occupied by the fabric.
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ABST
PAL  A fire-retardant, intumescent laminate system suitable for application to
      combustible or heat-sensitive substrates comprises an intumescent layer
      which is a porous sheet material, e.g., paper or foams saturated with an
      intumescent composition and having a flexible protective layer adhered to
      the intumescent layer. The intumescent laminate system may include a vapor
      barrier layer, e.g., aluminum foil and/or a thermal barrier layer, e.g.,
      glass wool or cardboard adjacent to the intumescent layer, and is
      particularly suitable as a protective, fireretardant overlay on thermally
      delicate substrates such as organic foams, e.g., polystyrene.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to fire-retardant intumescent laminate systems
      suitable for application to combustible or heat-sensitive substrates to
      protect such substrate from fire and heat. More particularly this
      invention relates to flexible, intumescent laminate systems useful as a
      protective overlay for a variety of combustible or heat-deformable
      substrates such as wood, plywood, fiber board or organic foams.
PAR  It is well known that intumescent coatings are useful fire-retardant
      coatings for protection of combustible, as well as heat-sensitive,
      substrates. The characteristic feature of all intumescent coatings in that
      the intumescent composition, upon exposure to heat or flame, swells or
      puffs up to a relatively thick cellular foam char which possesses
      heat-insulative and fire-retardant properties. The heat or flame activated
      reaction causes the intumescent materials to foam and expand into thick
      cellular foam char and generate inert gases such as nitrogen, carbon
      dioxide, etc., which are entrapped in the foam and thus prevent the access
      of air and oxygen to the combustible substrate. This swelled cellular,
      generally carbonaceous, char layer which adheres to the substrate expands
      to many times the thickness of the original coating and thus effectively
      insulates the substrate from heat and serves as an effective oxygen
      barrier.
PAR  Prior art intumescent coatings have been applied as films, i.e., paints or
      mastic coatings, directly to the surface to be protected in liquid form by
      brushing, rolling or spraying. Generally, pretreatment of this surface is
      necessary prior to application of the intumescent coatings, and several
      coatings are usually required in order to achieve the necessary
      fire-retardant protection. Similarly, it is difficult to obtain uniform
      coatings. These procedures are time consuming and expensive. Furthermore,
      inexpensive and simple intumescent formulations cannot be used in paints
      because they are soluble in water. Since these intumescent coatings are
      usually subjected to frequent washing and high humidity conditions, the
      water soluble components are leached out and the coating loses most of its
      fire-retardant properties. Generally it has been necessary to vary
      intumescent formulation components in ways that increase price, oftentimes
      decrease intumescent behavior and/or decrease the flexibility of the
      intumescent paint.
PAR  Although fire-retardant tapes have been used as substitutes for prior art
      intumescent paints, these tapes nevertheless require the bonding of a
      separate intumescent coating to a backing material. As in the case of
      paints, involved procedures are required in order to obtain a desired
      uniform thickness of coating; additionally, this intumescent coating
      remains unprotected from the effect of solvents, particularly water if a
      water soluble intumescent composition is used, and wear.
PAR  On the other hand, fire-retardant sandwich panels for use as a construction
      material have been prepared by treating a paper with foam-forming
      fireproofing agent and bonding this paper to two outer layers of plastic,
      wood or metal. However, these outer layers are rigid and thus prevent the
      formation of a sufficiently thick intumescent char having the necessary
      heat-insulative and fire-retardant properties.
PAR  As a result of this invention, fire-retardant intumescent laminate
      materials have been developed which to not possess the undesirable
      features of the aforementioned prior art material.
PAR  An object of this invention is to provide inexpensive and effective
      intumescent laminate systems which possess excellent resistance to high
      humidity and washing conditions.
PAR  A further object is to provide flexible fire-retardant intumescent laminate
      systems having various thicknesses which can be easily adhered to the
      surface of a combustible or heat-sensitive or heat-deformable material.
PAR  Still another object is to provide and intumescent laminate system composed
      of multiple layers which is suitable for protection of thermally delicate
      organic polymeric foams.
PAR  Accordingly, the aforementioned and other objects are achieved by utilizing
      the fire-retardant, intumescent laminate system of this invention which
      comprises an intumescent layer comprising a porous sheet material which is
      impregnated with an intumescent composition and a flexible protective
      layer adhered to the outer surface of the intumescent layer. The
      intumescent laminates can be adhered to the surface to be protected by
      means of an adhesive.
PAR  The intumescent laminate systems of this invention may also include
      additional layers such as a vapor transmission barrier layer, e.g.,
      aluminum foil and/or a thermal barrier layer, e.g., glass wool or
      cardboard adjacent to the intumescent layer. These multiple layer
      containing intumescent laminate systems are particularly suitable for
      application to the surface of highly heat-sensitive substrates such as
      organic foams which have relatively poor thermal stability.
DRWD
PAR  The present invention is best understood by reference to the following
      description taken with the drawings, in which:
PAR  FIGS. 1-6 illustrate several embodiments of the intumescent laminate
      systems of the invention.
DETD
PAR  Referring to FIG. 1 of the drawing, there is shown the intumescent laminate
      system 10 comprised of an intumescent layer 11 which is a porous sheet
      material such as paper impregnated with an intumescent composition.
      Adhered to the intumescent layer 11 is a flexible protective layer 12
      which is capable of yielding or deforming with or without rupture under
      conditions of fire or heat so that the intumescent composition can freely
      expand and swell to the desired necessary thickness.
PAR  FIG. 2 shows another embodiment of the intumescent laminate system wherein
      an adhesive layer 13, e.g., pressure-sensitive adhesive, is bonded to the
      inner surface of the intumescent layer 11. Such a laminate may be applied
      directly to the surface to be protected.
PAR  FIG. 3 illustrates the intumescent laminate system of this invention
      adhered to the surface of a combustible or heat-sensitive substrate 14.
PAR  FIG. 4 shows another embodiment in which the intumescent laminate system of
      FIG. 1 includes an additional vapor barrier layer 15, e.g., aluminum foil,
      polyester film, e.g., Dacron, or teflon, adhered to the inner surface of
      the intumescent layer 11.
PAR  FIG. 5 shows still another embodiment in which the intumescent laminate
      system of FIG. 1 includes an additional thermal barrier layer 16, e.g.,
      asbestos, glass wool or cardboard, adhered to the inner surface of the
      intumescent layer 11.
PAR  The intumescent laminate systems illustrated in FIGS. 4 and 5 can be
      adhered directly to the surface of the heat-sensitive substrate.
PAR  The choice of using either of the intumescent laminate systems shown in
      FIG. 4 or FIG. 5 depends on the thermal stability characteristics of a
      particular substrate material to be protected. Certain heat-sensitive
      materials are capable of surviving the temperatures reached during an
      intumescent reaction by being covered with an intumescent laminate system
      having only a vapor barrier 15, while others require one having a thermal
      barrier layer 16.
PAR  However, the preferred embodiment is illustrated in FIG. 6 in which the
      intumescent laminate system of FIG. 1, adhered to a heat-sensitive
      substrate 14, includes both a vapor barrier layer 15 and a thermal barrier
      layer 16 adhered to the intumescent layer 11. Although the sequence of the
      vapor barrier layer 15 and thermal barrier layers may vary, it is
      preferred, as shown in FIG. 6, that the vapor barrier layer 15 be adjacent
      to the intumescent layer 11. The intumescent laminate system of FIG. 6 is
      particularly an effective fire-retardant protective overlay for thermally
      delicate organic foams such as certain polystyrenes and polyurethanes.
PAR  It is to be noted that when either a thermal barrier layer 16 or both the
      vapor barrier layer 15 and the thermal barrier layer 16 is included in an
      intumescent laminate system, the particular intumescent layer 11, i.e.,
      porous sheet material impregnated with the intumescent composition, can be
      replaced by other intumescent layers. Such other intumescent layers
      include intumescent coatings, e.g., well-known intumescent paints, mastic
      coatings or fire-retardant intumescent tapes having an intumescent coating
      directly bonded to a backing material as disclosed in U.S. Pat. No.
      3,336,153. When prior art intumescent coating, e.g., the intumescent
      paints or mastics, are utilized as the intumescent layer, a flexible
      protective cover layer 12 is not always employed. Although the latter
      prior art intumescent layers per se, upon intumescing, are not as
      effective thermal insulators as in the intumescent laminate system of this
      invention as illustrated in FIG. 1, they may be effectively used in
      combination with the thermal barrier layers or the combined vapor barrier
      and thermal barrier layers of this invention, since these barrier layers
      provide sufficient insulation to the heat-sensitive substrate.
PAR  The intumescent layer comprises a porous sheet material which is
      impregnated with an intumescent composition. The impregnated sheet
      material is any sufficiently porous adsorbent material which will absorb
      the intumescent composition. Porous materials which can be substantially
      impregnated, i.e., saturated with the desired intumescent composition, may
      be composed of natural or synthetic organic and inorganic materials and
      mixtures thereof. Thus the porous sheets may be cellulosic or protein
      materials, synthetic organic polymeric foams and porous films or inorganic
      porous materials.
PAR  It is, however, required that the porous sheet material be thermally
      stable, at least up to the intumescent temperature range and throughout
      the intumescent reaction. Typical preferred intumescent compositions begin
      to intumesce at about 120.degree.C to about 200.degree.C. Therefore,
      whenever intumescent compositions having higher incipient intumescent
      temperature ranges are utilized, appropriate higher temperature stable
      porous sheet materials may be utilized.
PAR  Although porosity and thermal stability are the only required
      characteristics of the material, preferably the porous sheet material is
      also flexible. The porous sheet material may be in a woven, non-woven or
      mixed structure.
PAR  The thickness of each individual porous sheet to be impregnated with the
      intumescent compositions depends on the absorbency capacity of the porous
      material. Typical suitable thicknesses range from about 5 mils to 1.0
      inch, preferably from about 10 mils to 0.5 inch. Thinner or thicker
      porosity sheets may be employed if desired. One group of porous sheet
      materials employed in this invention are those prepared from natural,
      synthetic organic polymeric fibers, inorganic fibers and mixtures thereof.
      Operable porous materials can be prepared from natural fibers such as
      cellulose, protein, e.g., silk, wool; inorganic fibers such as asbestos or
      metallic fibers; synthetic inorganic polymeric fibers such as polyimide,
      polyester, acrylonitrile/vinyl chloride copolymeric fibers and the like.
PAR  The preferred porous sheet material in the above group is that derived from
      cellulosic fibers which may be combined with fibers of synthetic origin.
      Examples of well-known sources for cellulose fibers include cotton, flax,
      wood, bagasse, regenerated cellulose such as rayon and the like. Typical
      well-known cellulosic porous sheet-like materials include paper and
      fabrics such as .alpha.-cellulose paper, kraft paper, cardboard, cotton or
      linen cloth, burlap, etc.
PAR  Non-limiting examples of other porous sheet-like substrates include
      vermiculite or asbestos paper, glass cloth or asbestos-glass fiber paper,
      e.g., as disclosed in U.S. Pat. No. 3,212,960, porous nylon fabrics or
      films, microporous polyethylene films and the like.
PAR  Another group of porous materials suitable for impregnation are rigid or
      flexible organic polymeric foams such as polyurethane, polyester,
      polyamide, epoxy resin, phenol or urea formaldehyde resin, polyethylene,
      cellular rubber or latex foam rubber, silicone and the like. The
      aforementioned polymeric foams, i.e., cellular polymers, and preparation
      thereof are well known in the art and generally are commercially available
      products. Preferably these foams are flexible and possess an open celled
      structure.
PAR  Specifically, preferred types of polymeric foams which are very suitable as
      porous materials in this invention are polyurethane foams as set out in
      copending application Ser. No. 250,013 filed on May 3, 1972 and
      incorporated herein by reference. These cellular polymers are hydrophilic
      crosslinked polyurethane foams prepared by reacting an isocyanate capped
      polyoxyethylene polyol reactant with large amounts of an aqueous reactant.
      The cell walls of these crosslinked hydrophilic product foams are
      characterized with at least 50 percent by weight (dry weight basis) of an
      isocyanate capped polyoxyethylene polyol, exclusive of fillers or other
      additives.
PAR  These foams possess a high degree of absorbancy and therefore a given
      thickness of this foam material is capable of being impregnated with
      relatively high contents of intumescent compositions.
PAR  Porous components as used herein include (a) materials which possess
      inherent large degrees of porosity in the structure (e.g., cellulose
      fibers) and therefore can form a porous substrate having the desired
      absorbancy; and (b) materials which initially possess little or no
      inherent porosity in the structure, yet, after appropriate treatment such
      as sintering, leaching, blowing, etc., form a porous substrate having the
      desired absorbancy. An example of latter type of porous component is a
      microporous polyethylene film formed by solvent extraction with an
      appropriate solvent, a non-reactive leachable additive incorporated into a
      polyethylene film.
PAR  Although the above porous sheet materials are comprised mainly of the
      aforedescribed porous materials, this porous sheet material can optionally
      contain non-porous components such as fillers, dyes, pigments,
      plasticizers, etc.
PAR  The porous sheet material should not be coated or impregnated with
      materials which will prevent substantial penetration of the intumescent
      composition into the porous material during the impregnation step. For
      instance, pretreatment of the porous material with synthetic latex wet
      strength impregnants is undesirable.
PAR  The operable intumescent compositions are those which will penetrate
      uniformly across the entire thickness of the porous sheet material and not
      merely coat the surface of the porous sheet material. Numerous organic
      solvents, e.g., hydrocarbon or halogenated hydrocarbon, or soluble
      component containing intumescent compositions are known and operable,
      however, these materials are more costly. Most solvents require long
      drying times and generally are hazardous. Therefore, preferably the
      intumescent composition should be composed of components which are water
      soluble or water dispersible at the time of impregnation into the porous
      substrate. It is to be noted that water dispersible intumescent
      compositions must be composed of extremely finely dispersed particles in
      order that the colloidal intumescent dispersions are uniformly absorbed
      throughout the porous substrates. Generally most dispersions are composed
      of larger particles which result only in a surface coating and not a
      uniform impregnation of the porous sheet material.
PAR  Therefore, the most suitable intumescent formulations are low cost, water
      soluble compositions which are well-known and generally commercially
      available materials. Typically these intumescent compositions include
      resinous carbonifics such as the heat curable amino-aldehyde condensation
      products. The resinous carbonific can be a preformed water-soluble resin,
      e.g., a urea-formaldehyde resin, or it can be present in a resin forming
      mixture containing an amino source such as urea, thiourea, melamine and
      the like; along an aliphatic aldehyde (or a source of aldehyde) such as
      formaldehyde, paraformaldehyde, trioxane or he amethylenetetramine,
      acetaldehyde and the like. If the preformed resin is not water soluble,
      but is water dispersible, the resin should be in a finely divided
      particulate form sufficient to penetrate the porous substrate during
      impregnation. The resinous carbonific is usually present in an amount
      between 10 and 60 percent by weight.
PAR  The intumescent composition also includes a spumific material which assists
      in the production of a thick, heat insulating carbonaceous foam. Suitable
      known spumific compounds include mono- or di-ammonium phosphate,
      phosphoric acid, melamine pyrophosphate, ammonium sulfate, ammonium
      bromide, sodium tungstate and the like. This spumific is generally present
      in an amount between 20 and 50 percent by weight.
PAR  Preferably the intumescent composition includes a non-resinous carbonific
      which is carbonaceous and enhances the effect of the spumific by importing
      solids and puffing. Suitable non-resinous carbonifics include
      carbohydrates such as starch, dextrin, sucrose and lactose; and
      polyhydroxy compounds such as glycerine, sorbitol, mannitol,
      pentaerythritol, dipentaerythritol and the like. The non-resinous
      carbonifics are usually present in an amount between 20 and 50 percent by
      weight.
PAR  Furthermore, more efficient intumescent properties can be attained by the
      addition of blowing agents that decompose at the appropriate temperature.
      These agents can, in addition to forming non-flammable gases for foaming,
      interact with the resin and/or inorganic polyester to form complex char
      structures. Such blowing agents include but are not limited to boric acid,
      dicyandiamide, cyanoacetamide, ammonium oxalate, ammonium carbonate,
      ammonium acetate, halogenated hydrocarbons and the like. These agents may
      be present in an amount between 5 and 20 percent by weight.
PAR  If desired, stabilizers, fungicides, bactericides and other additives may
      be included in the intumescent formulations in amounts ranging between 0.1
      and 5 percent by weight.
PAR  Preferably the intumescent composition when used as a saturant for porous
      substrates should be free from water insoluble latex-like film forming
      polymers such as high molecular weight polyvinyl acetate,
      styrene-butadiene copolymers, chlorinated polymers such as chlorinated
      rubber, polychloroprene, polymers and copolymers of vinyl chloride or of
      vinylidene chloride, e.g., polyvinyl chloride and the like. The presence
      of the latter type polymers is not necessary nor preferred because the
      subject intumescent compositions are not applied as mere surface coatings
      as are the prior art intumescent paints which require these components for
      enhancing the durability, wet scrub resistant and adhesive properties of
      the intumescent composition. Generally the presence of the synthetic latex
      decreases the intumescent quality of the composition. Furthermore, if the
      polymeric latex is incorporated into intumescent composition utilized to
      impregnate the subject porous sheet materials, the polymeric particles
      must be in a fine sized dispersion which is capable of penetrating
      throughout the entire thickness of the porous sheet.
PAR  Intumescent layers having satisfactory intumescent properties have been
      obtained when porous sheet materials were impregnated with a water-soluble
      intumescent composition containing the following admixed components in
      which the parts are by weight:
TBL                             Parts                                          

     ______________________________________                                    

     monoammonium phosphate       80                                           

     diammonium phosphate         80                                           

     urea                         180                                          

     trioxane                     32                                           

     glycerine                    120                                          

     water                        400                                          

     ______________________________________                                    

PAR  In general the impregnation of the porous sheet material can be
      accomplished by any conventional impregnation means as by dipping or
      spraying and the like. Thereafter the impregnated porous sheet is allowed
      to dry to remove the volatile components. In case of some porous organic
      foams, e.g., polyurethane foams, disclosed in copending application U.S.
      Ser. No. 250,013 filed May 3, 1972, the intumescent composition can be
      incorporated into a foamable polyurethane reaction mixture and the
      resulting mixture is allowed to polymerize to an intumescent polyurethane.
      The impregnation process must be such that the intumescent composition
      penetrates throughout the entire thickness of the porous sheet material
      and does not merely coat the surface of the porous sheet material.
PAR  The percentage solids pick-up of the intumescent composition, based on the
      dry weight of the porous sheet material required for providing of adequate
      intumescent properties of the intumescent laminate is determined by
      absorbence capacity of the porous sheet material. Generally when more
      absorbent porous sheet materials are utilized a lower pick-up is needed.
      For instance when using the aforedescribed hydrophilic polyurethane foams
      as set out in the copending application Ser. No. 250,013 filed May 3,
      1972, a solids pick-up of the intumescent composition of only about 50
      percent by weight of the porous polyurethane foam (dry basis) is required
      in order to achieve good intumescent characteristics. These foams can,
      however, have a solids pick-up of greater than 100 percent by weight on
      the same basis. The preferred porous sheet materials are the most
      absorbent materials since they are capable of being impregnated with
      greater amounts of the intumescent composition. Excellent intumescent
      properties have been attained in which the solids pick-up of the
      intumescent composition ranges from about 150 to 800 percent by weight of
      the porous sheet material (dry basis).
PAR  A typical impregnation procedure consists of dipping a porous sheet
      material such as paper into an intumescent solution such as is described
      above, and thereafter drying at a temperature up to about the temperature
      the intumescent reaction is initiated. Temperatures of about 90.degree. to
      100.degree.C are effective to remove the water and to cure any resin
      forming components of the intumescent composition. If desired, drying may
      be accomplished under reduced pressure conditions.
PAR  It has been found that intumescent composition pick-up is substantially
      increased when a dried impregnated porous sheet is further subjected to
      one or more subsequent dipping and drying steps, thereby resulting in a
      porous impregnated sheet having superior intumescent properties.
PAR  If desired more than one impregnated porous sheet material may make up the
      intumescent layer of this invention. For instance, two or more porous
      sheet materials having a desired thickness may be separately impregnated
      with a suitable intumescent composition, dried and thereafter assembled to
      form a composite intumescent layer. The separate impregnated porous may be
      bonded to each other by any suitable means, such as adhesive or heat
      lamination; or they may be overlaid prior to drying and thereby bonded
      concurrently with drying.
PAR  A protective cover layer is applied to the outer surface of the intumescent
      layer. This outer protective layer must be composed of a flexible
      material. The term "flexible material" as used herein is a material
      capable of yielding or deforming, with or without rupture, under
      conditions of fire or heat so as to allow the intumescent composition
      within the porous sheet to freely expand and swell to the desired
      necessary thickness thereby forming the protective foamed char barrier.
      Preferably this protective layer is flexible, prior to exposure to fire or
      heat. However, materials initially possessing some rigidity, but which are
      flexible as defined above under fire and heat may be employed. This cover
      layer primarily functions to protect the intumescent layer. For this
      reason it must be solvent resistant and particularly water resistant in
      cases where a water soluble intumescent composition is impregnated
      throughout the porous sheet material. This outer layer can be composed of
      materials which function also as gas barriers, e.g., aluminum foil, and/or
      are resistant to abrasion or wear. Preferably the material should also be
      flame retardant, i.e., possess low flame spreadability. Materials suitable
      for use as protective cover layers include various flexible organic and
      inorganic materials and mixtures thereof. Operable flexible organic layers
      may be based on thermoplastic resins which include but are not limited to
      vinyl or vinylidene halide resins, hydrocarbon resins, alkyl resins,
      polyester resins, epoxy resins and mixtures therof. Thermoplastic resin
      based coatings are particularly suitable since these materials melt upon
      application of heat.
PAR  Typical preferred flexible organic coatings or films include polyvinyl
      chloride, polyvinyl fluoride, polyvinylidene chloride, polyvinylidene
      fluoride, polyethylene terephthalate, polyethylene and polyamide and the
      like.
PAR  Other materials which can be used as the flexible protective cover layer
      include but are not limited to metal foils and metallized plastics such as
      metallized polyethylene terephthalate and various synthetic or natural
      fiber containing textiles, including woven or nonwoven fabrics such as
      nylon, glass cloth, etc. Particularly suitable members of the latter group
      are various well known waterproofed and flameproofed textile materials.
PAR  The flexible protective cover layer can be applied to the outer surface of
      the intumescent layer as a preformed film or layer, e.g., polyvinyl
      chloride film or a nylon web; or waterproofed fabric layer. The coating
      composition such as various organic polymeric coating compositions can be
      applied as a latex or non-aqueous dispersion or can be dissolved in an
      appropriate organic solvent or water. Conventional coating methods such as
      brushing, spraying, roll coating, knifing, etc., can be used to apply the
      dissolved or dispersed coating compositions bo the surface of the
      intumescent layer.
PAR  The flexible protective cover layer may comprise more than one layer of
      material which may be the same or different. It is particularly preferred
      that at least one layer be hydrophilic. For instance, a laminate structure
      such as a flexible polyester resin-glass cloth laminate adhesively or heat
      bonded to each other, may be adhered directly to the intumescent layer
      surface. If a polymer layer is applied in a latex form to an intumescent
      layer containing water-soluble, i.e., water leachable, components, it is
      preferred to initially apply a base coating, e.g., a hydrophobic film
      forming polymer dissolved in a non-flammable organic solvent prior to the
      application of the latex coating. If desired a clear top coating may
      finally be applied to the previously formed layers.
PAR  The thickness of the flexible protective cover layer depends on the desired
      mechanical properties. Suitably, this cover layer, whether it is comprised
      of a single or multiple layers, usually ranges from about 0.5 to about 10
      mils in thickness, preferably 1 to 4 mils.
PAR  When the flexible protective cover is employed in a preformed film form it
      can be applied to the surface of the intumescent layer in any conventional
      manner, such as bonding with a suitable adhesive or heat bonding. Where
      the protective cover layers are composed of coating materials which
      require curing or heat fusion, the temperatures required for these
      reactions must be below the intumescent point of the intumescent
      composition. The bonding may also be part of the porous sheet drying step
      when heat methods are being used.
PAR  The intumescent laminates comprising the intumescent layer, i.e., the
      porous sheet material impregnated with the intumescent composition, and
      having the flexible protective cover layer adhered to one surface of the
      intumescent layer can be applied to the surface of the substrate to be
      protected, e.g., a wall, plywood, thermally sensitive foams, etc. The
      methods of adherence to the substrate can be either by coating the inner
      surface of the intumescent laminate with an adhesive or coating the
      surface of the substrate to be protected with the adhesive prior to
      bonding. If desired both surfaces can be coated with the bonding adhesive.
PAR  The adhesive must be thermally stable, at least up to initial intumescent
      temperature range as previously described, and preferably throughout the
      intumescent reaction. If thermosetting type adhesives are utilized these
      should be heat curable below the intumescent point of the intumescent
      composition. Thus any known adhesive possessing the above described
      characteristics may be utilized. Typical non-limiting examples of operable
      adhesives include synthetic resin based phenolics such as
      phenol-formaldehyde or resorcinol-formaldehyde, urea or
      melamine-formaldehyde type, epoxy resins, polyesters, polyurethanes,
      acrylics, silicones, synthetic rubber based resins, vinyl alkyl-ethers.
      Particularly suitable are polyvinyl alcohol or polyvinyl acetate latex
      based adhesives.
PAR  The adhesives may be thermoplastic or thermosetting, although the latter is
      preferred. Additionally, if desired, the adhesive may be
      pressure-sensitive. Silicone based pressure-sensitive adhesives are
      particularly suitable. If desired, the pressure-sensitive adhesive layer
      may be applied to the inner surface of the intumescent layer and a
      strippable protective layer, e.g., a release coated paper, may be attached
      to the adhesive surface prior to use of the intumescent layer.
PAR  The adhesive layer need not be continuous, and the thickness of the
      adhesive layer is not critical. Conventional coating methods, e.g.,
      roll-coating, brushing, spraying, knifing and the like can be employed to
      apply the adhesive.
PAR  It has also been found that an improved fire retardant intumescent laminate
      system suitable for application to a heat sensitive substrate can be
      obtained by including an intermediate vapor and/or thermal barrier layer
      between the intumescent layer and the heat sensitive substrate. In cases
      where the intumescent laminate system of this invention is used as a
      fire-retardant protective overlay on thermally sensitive substrates, e.g.,
      organic polymeric foams having relatively poor thermal stability, e.g.,
      certain polystyrene, polyethylene, polyurethane etc. foams, the presence
      of at least one of these additional layers prevents premature degradation
      or melting of the organic foam. It has been observed that during the
      intumescent reaction the area beneath an intumescent layer rapidly reaches
      temperatures from about 130.degree. to 200.degree.C. This early
      temperature rise causes melting or significant thermal damage to thermally
      delicate organic foams. If an appropriate barrier layer, e.g., a vapor
      and/or thermal barrier layer is included between the intumescent layer and
      the thermally delicate foam, the heat and hot gases formed in the
      intumescent reaction can be isolated from the thermally sensitive foam and
      sufficient time can be provided for the formation of the heat insulative
      intumescent char.
PAR  Materials suitable for use as thermal barrier layers can be any heat
      insulative material that is thermally stable at least up to about
      200.degree.C. The thermal barrier layers can be composed of organic or
      inorganic materials and mixtures thereof. Preferably these materials are
      porous. Operable heat insulative materials suitable for use as a thermal
      barrier layer include, but are not limited to, mineral or glass wool,
      inorganic cements, expanded vermiculite or perlite compositions, wood,
      paper materials such as cardboard; woven or non-woven fibrous materials,
      e.g., cellulosic webs, asbestos paper and other high temperature resistant
      materials.
PAR  Generally the thermal barrier layer is in the range of from about
      one-eighth to 3.0 inches in thickness, and preferably from about
      one-fourth to 1.0 inch. Thicker or thinner thermal barrier layers can be
      employed if desired. The thermal barrier layer may comprise more than one
      layer of material which may be the same or different. For instance two
      bonded layers of paper cardboard, each being about one-eighth inch thick,
      would be suitable for use as the thermal barrier layer.
PAR  The vapor barrier layer must be impermeable to the hot gases formed during
      the formation of the intumescent char. The vapor barrier layer functions
      to isolate these hot gases from the thermally delicate substrate. Usually
      the gases formed during intumescent reactions include steam, ammonia,
      formaldehyde, carbon dioxide, carbon monoxide and the like. Materials
      suitable for use as the vapor barrier layer can be any vapor impermeable
      material that is thermally stable at least up to about 200.degree.C.
PAR  Many organic and inorganic materials can suitably be used as vapor barriers
      for the fire retardant intumescent laminate systems of this invention.
      Non-limiting examples include various metallic foils such as steel, copper
      and aluminum foils, synthetic plastic films such as polyethylene
      terephthalate, polychloroethylene, polyfluoroethylene,
      polychlorofluoroethylene, polyester resin layers or films and the like.
PAR  The thickness of the vapor barrier layer depends on the short term
      permeability to the gases evolved during intumescence. Vapor barrier
      layers having thickness from about 1.0 to 5.0 mils, and preferably from
      1.0 to 3 mils, are generally satisfactory, although if desired thinner or
      thicker vapor barrier layers may be employed. The vapor barrier layers may
      comprise more than one layer of material which may be the same or
      different.
PAR  Generally improved protection of a thermally sensitive substrate is
      obtained by covering the substrate with the intumescent laminate system of
      this invention, i.e., the intumescent layer comprising the porous sheet
      material impregnated with an intumescent composition and having a flexible
      protective overlay adhered to the outer surface of the intumescent layer
      and a thermal barrier layer adhered to the inner surface of the
      intumescent layer. However, adequate protection can be obtained by using
      the intumescent laminate system which includes the vapor barrier layer as
      the only immediate barrier layer between the intumescent layer and the
      heat sensitive substrate. Many of the latter substrates possess greater
      thermal stability and thus are capable of surviving the effect of a high
      temperature source, e.g., fire, with only the intermediate vapor barrier
      layer, since the instant intumescent laminate satisfactorily furnishes a
      major portion of the necessary insulative and fire retardant protection.
PAR  However, a relatively thermally delicate substrate may be more effectively
      protected by including both a thermal barrier layer and a vapor barrier
      layer in the fire retardant, intumescent laminate system of this
      invention. When using both barrier layers, it is preferred that the vapor
      barrier be adjacent to the intumescent layer. However, if desired, the
      thermal barrier layer may be proximate to the intumescent layer.
PAR  The thermal and/or vapor barrier layers can be bonded to the intumescent
      layer and the surface of thermally sensitive substrate in any conventional
      manner such as gluing with an adhesive or heat bonding. In some cases
      these thermal or vapor barrier layers are composed of materials possessing
      adhesive properties, thus bonding to the desired surface can be
      accomplished by mere pressure and with or without heat. Suitable adhesives
      for bonding these intermediate barrier layers are the above described
      adhesive utilized in adhering the flexible protective cover layer to the
      porous sheet material impregnated with the intumescent composition. Thus
      the adhesive should be thermally stable at least up to the initial
      intumescent temperature range, e.g., up to 120.degree.C and preferably
      throughout the intumescent reaction. Similarly, if heat curable adhesive
      or heat bonding steps are employed, the process should be operable at
      tempertures below the intumescent point of the composition. In many cases
      when the substrate to be protected is extremely thermally sensitive it is
      not always desirable to use heat or heat curable adhesive to achieve
      bonding with the various intumescent laminate systems of this invention.
PAR  It is not necessary that the adhesive layer be continuous nor is the
      thickness of this layer critical. The adhesive can be applied to any of
      the desired surfaces by any of the aforementioned known coating methods.
PAR  It has been found that premature degradation, deformation or melting of
      highly thermally sensitive substrates and particularly relatively
      thermally delicate organic foams can also be delayed or prevented if the
      aforedescribed thermal barrier layer, alone or in combination with the
      vapor barrier layer, is employed as an intermediate barrier layer in an
      intumescent laminate system in which various prior art intumescent layers
      are utilized in place of the instant intumescent layer having the flexible
      protective cover layer. Many other intumescent layers are known and are
      generally commercially available materials such as various intumescent
      paints, intumescent mastic coatings and the like. The use of a flexible
      protective layer for these prior art intumescent layers is optional and in
      some cases it is not even desirable.
PAR  The fire retardant intumescent laminate systems of this invention have many
      advantages over prior art materials as well as numerous uses. The
      intumescent layer, i.e., porous impregnated sheet material having the
      protective cover layer is highly suitable as a flexible fire retardant
      wall covering. Sound absorbing and resilient wall coverings can be
      obtained, if a polymeric foam is used as the porous sheet component of the
      fire retardant intumescent laminate. The vapor barrier and/or thermal
      barrier layer containing intumescent laminate adhered to a polystyrene
      foam substrate is a fire retardant intumescent article useful as a cold
      room insulation. Similarly, the intumescent, especially the multi-layered
      laminate systems, are suitable for fabrication of light weight fire doors,
      panels, screens and the like.
PAR  It is understood that the foregoing detailed description is given merely by
      way of illustration and that many variations and modifications may be made
      therein without departing from the spirit of the invention.
PAR  The following examples are meant to illustrate, but not to limit the
      invention. All parts and percentages are by weight, unless otherwise
      specified.
PAC  EXAMPLE 1
PAR  A water soluble intumescent composition was prepared by mixing the
      following ingredients together until a clear solution resulted: 20 g of
      monammonium phosphate, 20 g of diammonium phosphate, 30 g of glycerine, 40
      g of urea, 8 g of trioxane, 2.5 g of boric acid, 2.5 g of cyanoguamidene
      and 100 g of water. This solution will hereinafter be referred to as
      intumescent composition A.
PAC  EXAMPLE 2
PAR  A brown porous paper approximately 25 mils thick and weighing 82 lb/ream
      was impregnated by being dipped in solution of the intumescent composition
      A formed in Example 1. Thereafter the porous paper impregnated with the
      instumescent composition was allowed to dry and the resin forming
      components were cured at a temperature of about 100.degree.C for about
      one-half hour thereby forming a composite hereinafter to be referred to as
      an intumescent layer. The weight gain after curing was about 200 percent
      of the original dry paper weight. An intumescent laminate was formed by
      covering the dried impregnated paper, i.e., the intumescent layer, with a
      2.0 mil thick preformed flexible film of polyvinyl chloride that has been
      printed to resemble wood grain. This polyvinyl chloride film was adhered
      to the outer surface of the intumescent layer by an adhesive containing a
      polyvinyl-acetate emulsion. The inner surface of the intumescent laminate,
      i.e., the polyvinyl acetate emulsion containing adhesive, was bonded to
      the surface of 1/4 inch thick plywood.
PAR  The outer surface of the laminate was exposed to an 1800.degree.C propane
      torch flame. The polyvinyl chloride film melted immediately and an
      intumescent char rose during the first minute to a height of about 1.0
      inch. Prior to exposure to the flame, a thermocouple for recording of
      temperatures at the surface of the plywood was placed in a hole formed in
      the plywood with its junction directly opposite the flame, i.e., on the
      inner, cool side of the intumescent layer. The ignition temperature of
      wood of 450.degree.C was not reached for a period of about 6 minutes.
PAC  EXAMPLE 3
PAR  This example illustrates the fire retardant properties of prior art
      materials. A 1/8 inch asbestos pad was adhered to the surface of a 1/4
      inch thick plywood. The laminate was exposed to identical propane torch
      flame conditions as described in Example 2. The ignition temperature of
      wood was reached in about 30 seconds.
PAC  EXAMPLE 4
PAR  Table A illustrates porous paper impregnated with various amounts of the
      intumescent composition and curing conditions. The paper used for
      impregnation, intumescent composition and the exposure to flame conditions
      were identical to those in Example 2. In cases where more than one dipping
      step was employed to impregnate the porous paper, the impregnated paper
      was cured and dried each time prior to subsequent redipping.
TBL                Table A                                                     

     ______________________________________                                    

     Test Intumescent composition                                              

                           Type of Im- Time to reach                           

     No.  Wt. pick-up after final                                              

                           pregnation  450.degree.C at Ply-                    

          cure (based on dry paper     wood Surface                            

          weight)                      (minutes)                               

     ______________________________________                                    

     I         180%        single dip, 2.5                                     

                           cure at 25.degree.C                                 

                           for 24 hrs.                                         

     II        180%        single dip, 4.5                                     

                           cure at 50.degree.C                                 

                           for 1 hour                                          

     III       350%        double dip, 14.0                                    

                           each cure 1/2                                       

                           hr. at 100.degree.C                                 

     IV        600%        triple dip, 16.00                                   

                           each cure 1/2                                       

                           hr. at 100.degree.C                                 

     ______________________________________                                    

PAC  EXAMPLE 5
PAR  Example 1 was repeated except that 30 g of mannitol was substituted for the
      glycerine component. The thus formed solution will hereinafter be referred
      to as intumescent composition B.
PAC  EXAMPLE 6
PAR  A brown porous paper approximately 25 mils thick and weighing 80 lb/ream
      was impregnated by being dipped in solution of the intumescent composition
      B formed in Example 5. Thereafter the porous paper impregnated with the
      intumescent composition was allowed to dry and cure the resin forming
      components at a temperature of about 100.degree.C for about 1 hour,
      thereby forming an intumescent layer. The weight gain after curing was
      about 450 percent of the original dry paper weight. The thickness of the
      dried impregnated paper was about 35 mils.
PAC  EXAMPLE 7
PAR  A 2 inch thick glass wool was soaked in a solution of intumescent
      composition A formed in Example 1. Thereafter, the glass wool layer
      impregnated with the intumescent composition was allowed to dry and cure
      at about 100.degree.C for about 3 hours, thereby forming an intumescent
      layer. The weight gain after curing was about 800 percent of the original
      dry glass wool weight.
PAR  The thus formed glass wool intumescent layer was bonded to the surface of a
      1/4 inch thick plywood with a polyvinyl acetate adhesive. The outer
      surface of the laminate was exposed to about a 1500.degree.C Bunsen burner
      flame. Upon exposure to the flame an excellent intumescent char formed.
      The temperature at the surface of the plywood was measured by means of a
      thermocouple located in a hole formed in the plywood with its junction
      directly opposite the flame, i.e., on the cool, inner surface of the glass
      wool intumescent layer. The temperature at the surface of the plywood
      proximate the intumescent layer did not rise to 400.degree.C in 8 hours.
PAC  EXAMPLE 8
PAR  A laminate was formed as follows, a layer of a thermally delicate
      polystyrene foam having a thickness of about 1.0 inch was coated with a
      polyvinyl acetate adhesive. A thermal barrier layer comprising four bonded
      layers of 200 lb test kraft paper cardboard, each layer having a thickness
      of about one-eighth inch and bonded to each other by means of a polyvinyl
      acetate adhesive was adhered to the adhesive coated surface of polystyrene
      foam. The outer surface of the cardboard thermal barrier layer was coated
      with a polyvinyl acetate adhesive and a 3 mil thick aluminum foil used as
      the vapor barrier layer was bonded to the coated cardboard surface.
      Thereafter the intumescent layer formed in Example 4 was adhered to the
      surface of the aluminum vapor barrier layer and a 2.0 mil thick flexible
      waterproof polyvinyl chloride film was adhered to the outer surface of the
      intumescent layer. The adhesive used to bond the aluminum layer and the
      polyvinyl chloride film to the above mentioned surfaces was polyvinyl
      acetate.
PAR  The thus formed laminate was placed at a 45.degree. angle from a Meeker
      burner at a distance that assured the maximum flame temperature at the tip
      of the light blue inner cone (about 1600.degree.C) was within 0.5 inches
      of the surface of the laminate. Upon exposure to the flame, an intumescent
      reaction was observed during which the polyvinyl chloride film layer
      melted and an excellent intumescent char was formed. The laminate was held
      in this position for a period of 25 minutes and at the completion of the
      test there was no evidence of melting of the polystyrene foam.
PAC  EXAMPLE 9
PAR  Example 8 was repeated except that the laminate was exposed to an impinging
      flame of a Bunsen burner having a maximum flame temperature of about
      1500.degree.C. Very good intumescence was observed and after 30 minutes of
      exposure to the flame no damage to the polystyrene foam could be observed.
PAC  EXAMPLE 10
PAR  A laminate was formed by adhering a thermal barrier layer comprising four
      bonded layers of 200 lb. test kraft paper cardboard to a polyvinyl acetate
      adhesive coated surface of a 1 inch thick thermally sensitive polystyrene
      foam. Initially the individual cardboard layers, each layer having a
      thickness of about one-eighth inch, was bonded to each other with the
      polyvinyl acetate adhesive. A fire retardant, intumescent, intumescent
      laminate comprising the intumescent of Example 6 and having adhered to its
      outer surface a 0.002 inch thick flexible polyvinyl chloride film was
      bonded with a polyvinyl acetate adhesive to the outer surface of the
      cardboard thermal barrier type. A flame from a propane torch having a
      temperature of about 1800.degree.C was exposed to the polyvinyl chloride
      film surface of the laminate causing an intumescent reaction during which
      a very good intumescent char was formed. It was observed that a small
      amount of the polystyrene foam melted in about 4 minutes.
PAC  EXAMPLE 11
PAR  Example 8 was repeated except that the cardboard thermal barrier layer was
      replaced by about 2.0 inch thick dry glass wool and the laminate was
      exposed to the yellow flame of a Bunsen burner instead of to that of the
      Meeker burner. Very good intumescent properties were observed and after
      exposure to the flame for about 20 minutes there was no evidence of
      melting of the polystyrene foam.
PAC  EXAMPLE 12
PAR  A 2.0 inch thick glass wool layer was impregnated with the solution of the
      intumescent composition B formed in Example 5. After drying and curing at
      100.degree.C for a period of 4 hours an intumescent layer was formed
      having a weight gain of about 800 percent of the original dry weight of
      the glass wool.
PAR  The surface of a 4 inch thick polystyrene foam was coated with a polyvinyl
      acetate adhesive and a 2 inch thick dry glass wool layer, the thermal
      barrier layer was attached to the adhesive coated surface of the
      polystyrene foam. The outer surface of the thermal barrier layer was
      coated with the polyvinyl acetate adhesive and a 3.0 mil aluminum foil
      used as a vapor barrier layer was adhered to the adhesive coated glass
      wool thermal barrier layer. The intumescent layer, i.e., the above
      impregnated glass wool, was attached to the surface of the aluminum vapor
      barrier layer by means of a polyvinyl acetate adhesive.
PAR  The polystyrene foam covered with the above described multilayered
      intumescent laminate system was exposed to the 1800.degree.C flame from a
      propane torch. Upon exposure to heat the intumescent layer swelled,
      thereby forming an excellent intumexcent insulative char. After exposure
      to the flame for about 15 minutes essentially no melting of the
      polystyrene foam was observed.
PAC  EXAMPLE 13
PAR  Example 8 was repeated except that the polyvinyl chloride film covered
      intumescent layer was replaced by a fire retardant intumescent mastic
      coating sold under the tradename Albi-Clad 89S and commercially available
      from Albi Manufacturing Corporation. This intumescent coating was vinyl
      rich heavy-bodied mastic coating was spread on the aluminum surface of the
      multilayered laminate and allowed to dry at 30.degree.C for a period of
      one week, thereby forming an intumescent layer having a thickness of about
      three-sixteenths inch.
PAR  The intumescent laminate was subjected to the 1800.degree.C flame from a
      propane torch instead of the Meeker burner. The melting of the polystyrene
      foam did not start until 18 minutes after application of the flame.
PAC  EXAMPLE 14
PAR  Example 13 was repeated except that the aluminum vapor barrier layer and
      the cardboard thermal barrier layer were omitted. When the polystyrene
      foam, protected only by the intumescent mastic coating, was subjected to
      propane torch flame the polystyrene foam melted in less than 2 minutes.
PAR  It is understood that the foregoing detailed description is given merely by
      way of illustration, and that variation may be made without departing from
      the spirit of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An intumescent, fire retardant laminate system for application to a
      substrate to be protected from fire and heat comprising
PA1  a. an intumescent layer comprising at least one porous cellulosic sheet
      material selected from the group consisting of paper and fabric,
      impregnated with a water-soluble intumescent composition consisting
      essentially of
PA2  1. a heat-curable amino-aliphatic aldehyde condensation product as a
      resinous carbonific,
PA2  2. a non-resinous carbonific selected from the group consisting of
      carbohydrates and polyhydroxy alcohols, and
PA2  3. a spumific selected from the group consisting of monoammonium phosphate,
      di-ammonium phosphate, phosphoric acid, ammonium sulfate, ammonium
      bromide, sodium tungstate and mixtures thereof; and
PA1  b. a flexible, protective layer adhered to the outer surface of said
      intumescent layer, said protective layer being selected from the group
      consisting of organic thermoplastic resin layers and metallic foils.
NUM  2.
PAR  2. A fire retardant laminate comprising:
PA1  a. an organic polymeric foam to be protected from fire and heat,
PA1  b. at least one intermediate barrier layer selected from the group
      consisting of a thermal barrier layer and a vapor barrier layer adhered to
      said foam, said thermal barrier layer consisting essentially of at least
      one heat insulative material that is thermally stable at least up to
      200.degree.C selected from the group consisting of mineral wool, glass
      wool, inorganic cements, expanded vermiculite, expanded perlite, wood,
      cardboard, cellulosic webs, and asbestos paper; and said vapor barrier
      layer consisting essentially of at least one vapor impermeable material
      that is thermally stable at least up to 200.degree.C selected from the
      group consisting of metallic foils; and synthetic plastic films; and
PA1  c. an intumescent layer adhered to said intermediate barrier layer, said
      intumescent layer comprising at least one porous cellulosic sheet material
      selected from the group consisting of paper and fabric, impregnated with a
      water-soluble intumescent composition consisting essentially of
PAR  1. a heat-curable amino-aliphatic aldehyde condensation product as a
      resinous carbonific,
PA2  2. a non-resinous carbonific selected from the group consisting of
      carbohydrates and polyhydroxy alcohols, and
PA2  3. a spumific selected from the group consisting of monoammonium phosphate,
      di-ammonium phosphate, phosphoric acid, ammonium sulfate, ammonium
      bromide, sodium tungstate and mixtures thereof; and
PA1  d. a flexible, protective layer adhered to the outer surface of said
      intumescent layer, said protective layer being selected from the group
      consisting of organic thermoplastic resin layers and metallic foils.
NUM  3.
PAR  3. A laminate system of claim 1 wherein the intumescent composition
      includes a blowing agent selected from the group consisting of boric acid,
      dicyandiamide, ammonium oxalate, ammonium carbonate, ammonium acetate and
      mixtures thereof.
NUM  4.
PAR  4. A laminate system of claim 2 wherein the intumescent composition
      includes a blowing agent selected from the group consisting of boric acid,
      dicyandiamide, ammonium oxalate, ammonium carbonate, ammonium acetate and
      mixtures thereof.
NUM  5.
PAR  5. A laminate of claim 1 wherein the organic thermoplastic resin layer is a
      polyvinyl chloride film.
NUM  6.
PAR  6. A laminate of claim 2 wherein the organic thermoplastic resin layer is a
      polyvinyl chloride film.
NUM  7.
PAR  7. A laminate comprising the fire retardant laminate system of claim 1
      adhered to a plywood substrate to be protected from fire and heat.
NUM  8.
PAR  8. A laminate system of claim 1 wherein at least one thermal barrier layer
      is adhered to the inner surface of said intumescent layer, said thermal
      barrier layer consisting essentially of a heat insulative material that is
      thermally stable at least up to 200.degree.C selected from the group
      consisting of mineral wool, glass wool, inorganic cements, expanded
      vermiculite, expanded perlite, wood, cardboard, cellulosic webs and
      asbestos paper.
NUM  9.
PAR  9. A laminate system of claim 1 wherein at least one vapor barrier layer is
      adhered to the inner surface of said intumescent layer, said vapor barrier
      layer consisting essentially of a vapor impermeable material that is
      thermally stable at least up to 200.degree.C selected from the group
      consisting of metallic foils, and synthetic plastic films.
NUM  10.
PAR  10. A laminate system of claim 8 wherein at least one vapor barrier layer
      is adhered between said intumescent layer and said thermal barrier layer,
      said vapor barrier layer consisting essentially of a vapor impermeable
      material that is thermally stable at least up to 200.degree.C selected
      from the group consisting of metallic foils, and synthetic plastic films.
NUM  11.
PAR  11. A laminate system of claim 1 wherein the intumescent composition
      comprises from 50 to 800 percent by weight dry basis of the porous sheet
      material.
NUM  12.
PAR  12. A laminate system of claim 1 wherein said porous sheet material is
      paper.
NUM  13.
PAR  13. A laminate of claim 2 wherein said intermediate layer is a thermal
      barrier layer.
NUM  14.
PAR  14. A laminate of claim 13 wherein said vapor barrier layer is adhered
      between said intumescent layer and said thermal barrier layer.
NUM  15.
PAR  15. A laminate of claim 2 wherein the intumescent composition comprises
      from 50 to 800 percent by weight dry basis of the porous sheet material.
NUM  16.
PAR  16. A laminate of claim 2 wherein said organic foam is polystyrene.
NUM  17.
PAR  17. A laminate of claim 2 wherein said porous sheet material is paper.
NUM  18.
PAR  18. A laminate of claim 2 wherein said thermal barrier layer is cardboard.
NUM  19.
PAR  19. A laminate of claim 2 wherein said vapor barrier layer is an aluminum
      foil.
NUM  20.
PAR  20. A laminate system of claim 2 wherein the flexible protective layer is
      an organic thermoplastic resin layer.
NUM  21.
PAR  21. A laminate system of claim 2 wherein the flexible protective layer is
      an organic thermoplastic resin layer.
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ABST
PAL  A method of improving the dimensional and thermal stability of a fibrous
      web containing substrate is disclosed. A uniformly or randomly spun or
      bonded fabric or textile support is impregnated with a curable polymer
      resin, e.g., an epoxy-polyester resin. The impregnated resin is then fully
      cured whereupon a polymer resin coat is applied thereto. The coat is
      maintained in a partial cure state whereby a laminate comprising an
      internal woven or bonded fabric skeleton impregnated with a fully cured
      polymer resin and coated with a layer of a partially cured polymer resin
      is obtained.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a method of improving the dimensional and thermal
      stability of a fibrous web containing substrate and more particularly, to
      a method wherein the fibrous web is impregnated with a polymer resin cured
      to a state or stage of full cure and then coated with a polymer resin
      cured to a state or stage of partial cure.
PAR  2. Description of the Prior Art
PAR  Printed circuit boards as used in the electronic industry usually consist
      of a synthetic resin laminate base which is coated on one or both sides
      with a copper film. The copper acts as the conductor and can be replaced
      by other conductors and can be omitted in portions of the circuit where
      conductivity is not desired.
PAR  Most of the base materials heretofore in use consisted of laminates having
      a fibrous web internal skeleton into which polymeric material was
      impregnated and cured. Such materials were adequate when the circuit
      boards made therefrom were used for ordinary household goods such as
      radios and hearing aids. But, when as at present, it is desired to use
      such printed circuit techniques in precision electronic devices and
      components, many problems arise calling for particularly stable materials
      that will assure the reliability of these devices and components during
      operation under the rigors imposed by the mode and envirooment of use.
PAR  Most previously used materials exhibit the following shortcomings:
PAR  1. Their electrical properties change beyond tolerable limits with changes
      in ambient temperature and humidity.
PAR  2. Their dimensional stability varies with humidity, temperature and time,
      showing considerable warping or shrinkage.
PAR  3. They generally show poor machinability unles heavily plasticized, which
      thereby causes loss of important electrical characteristics such as
      dielectric qualities.
PAR  4. Their chemical resistance to many commonly used processing chemicals is
      limited, requiring that dip-soldering, plating, etching and similar
      operations be limited with respect to useful materials or mode of
      treatment.
PAR  Further, under many conditions of industrial use, the chemical, dimensional
      and electrical qualities of the previously used materials are destroyed or
      seriously compromised by ambient conditions such as extremes of heat,
      cold, humidity, bacteria and molds, oils, dusts and variations or
      combinations of such ambient conditions.
PAR  Fibrous web laminates useful for electric circuits and suitable for mass
      production of industrial and electronic apparatus should have excellent
      physical, chemical and electrical properties and they should be readily
      machinable and should be easily manufactured without cumbersome processing
      steps or equipment.
PAR  An adequate fibrous web skeletal laminate for printed circuits should have
      good dimensional stability and good thermal stability, as for example to
      soldering operations. A minimum dimensional and thermal stability for
      printed circuit boards is exhibited by shrinkage or growth of 1.0 mil/inch
      or less after exposure to a temperature of 121.degree.C for 72 hours.
PAR  Improving dimensional stability and thermal stability with a fibrous web
      polymer laminate for printed circuits by maximizing the cure of the
      particular polymer system leads to problems of adhesion of a metallic
      conductive pattern thereto. For printed circuit manufacture a minimum peel
      strength of at least 5 lbs./linear inch is required. Such a peel strength
      is normally not possible with most fully cured polymer laminates such as
      epoxies, polyesters, polyimides, etc., which are metallized by additive
      electroless metal techniques.
PAR  Therefore, a method of improving the dimensional and thermal stability of a
      fibrous web containing substrate without diminishing its usefulness as a
      printed circuit material is desired. Also desired is a laminate for
      printed circuit board manufacture having good dimensional and thermal
      stability, as well as good adhesive properties with respect to metal
      deposited thereon.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to a method of improving the dimensional and thermal
      stability of a fibrous web containing substrate and more particularly, to
      a method wherein the fibrous web is impregnated with a polymer resin cured
      to a state or stage of full cure and then coated with a polymer resin
      cured to a state or stage of partial cure.
PAR  The fibrous web is impregnated with a polymer resin which is then cured to
      a full cure stage. The fully cured resin impregnated web or core is then
      coated with a polymer resin, which may or may not be the same resin
      initially employed, to form a polymer resin coat thereon. The resin coat
      is then cured to a partial cure state or stage.
PAR  In a specific embodiment, an epoxy-polyester laminate is formed which
      comprises an internal skeleton comprising a fabric or textile support
      impregnated with a cured epoxy-polyester resin produced by interreacting
      (1) a branched-chain, acid-terminated polyester of dicarboxylic acid,
      dihydroxy alcohol and a polyfunctional compound selected from the class
      consisting of polyhydric alcohols having at least three nontertiary
      hydroxyl groups and polybasic acids having at least three carboxyl groups
      not more than one-half of the total of said acids and alcohols containing
      aromatic rings, which polyester contains an average of 2.1 to 3.0 carboxyl
      groups per molecule, has an acid number of 15 to 125, a hydroxyl number of
      less than 10, and is free from ethyleneic unsaturation in its skeletal
      chain; and (2) an epoxy compound containing on the average at least 1.3
      groups readily reactive with the carboxyl group, at least one of which
      groups is the oxirane group, said groups being separated by a chain of at
      least two carbon atoms, the chain being free from ethylenic unsaturation,
      and cured to a state or stage of full cure. On at least a portion of the
      impregnated internal skeleton is a layer of the same epoxy-polyester
      material cured to a partial cure state or stage.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a partial cross-sectional view of a laminar structure comprising
      a fabric or textile support, impregnated with a polymer resin cured to a
      final cure stage and coated with a polymer resin cured to a partial cure
      stage; and
PAR  FIG. 2 is a partial cross-sectional view of the laminar structure of FIG. 1
      having a metal layer on at least a portion thereof.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring to FIG. 1, a support or substrate 50 is selected comprising a
      woven or bonded web, sheet or layer having interlacing strands or fibers
      51. The support may comprise either natural fibers or synthetic fibers,
      such natural and synthetic fibers being well known in the art to one
      skilled therein. Some typical suitable fibers include (1) siliceous
      material, e.g., fibers of fiberglass, quartz, asbestos, silica, etc.; (2)
      cellulosic material, e.g., fibers of cotton, etc.; (3) regenerated
      cellulose, e.g., cellulose fibers formed from a solution such as viscose
      rayon, cuprammonium rayon, deacetylated cellulose acetate, denitrated
      nitro-silk, etc.; (4) low-substituted cellulose derivatives, e.g., fibers
      of hydroxy ethyl cellulose, methyl cellulose, etc.; (5) polyester material
      (polyethyleneterephthalate fibers), e.g., Dacron a trademarked polyester
      fiber of E. I. DuPont de Nemours and Co., Reemay a trademarked polyester
      random weave fabric of E. I. DuPont de Nemours; (6) polyamide material,
      e.g., nylon; (7) polyimide material, etc. It is to be noted that some
      other suitable fiber forming polyesters are described in U.S. Pat. Nos.
      2,071,250; 2,465,319; 3,018,272; and 3,671,379, all incorporated hereinto
      by reference and vrious articles, such as Wilfong, Journal of Polymer
      Science, 54, 385 to 410 (1960), also incorporated hereinto by reference.
      It is also to be noted that any fiber, man-made or natural, may be
      employed provided it (1) can be woven or bonded in a regular weave or
      array, i.e., where the fibers are at 90.degree. to each other or at some
      angle to one another in a predetermined orderly array, or in a random
      weave or array, i.e., without a set array or order, and (2) is compatible
      with a polymer resin composition, e.g., and epoxy-polyester resin, with
      which it is destined to be impregnated and coated, i.e., the polymer resin
      composition, e.g., epoxy polyester, does not react therewith and is
      readily absorbed thereby.
PAR  The support 50 may be of any thickness depending upon its ultimate use.
      However, for printed circuit fabrication a typical, practical thickness
      has been found to range from 1 to 8 mils.
PAR  It is to be stressed at this point that the woven or bonded web 50 is
      selected for printed circuit manufacture to provide a suitable flexible
      base. However, such a web has certain mechanical limitations such as
      dimensional and thermal stability, especially organic fiber containing
      webs such as polyester, polyimide webs, etc., which have to be improved.
      Accordingly, the fabric or textile support 50 is treated, by any
      conventional means, e.g., by dipping, spraying, vacuum impregnating, etc.,
      with a suitable impregnating polymer resin, e.g., an epoxy-polyester
      resin, in liquid form (uncombined or combined with a solvent carrier
      medium), maintained in an uncured state or in a partial cure state,
      whereby (1) the fibers 51 thereof absorb the resin and (2) the polymer
      resin fills the interstices 52 between the fibers 51 to fully impregnate
      the support 50 along its entire thickness. It is to be noted that the
      viscosity of the partially cured epoxy-polyester resin composition (liquid
      or solution thereof) is not critical; however, it must be such as to fully
      impregnate the support 50 throughout its entire thickness and form a
      continuous coating or layer thereover. The viscosity is, of course,
      dependent on the resin composition employed and its state of cure; the
      liquid carrier thereof, if employed; and the temperature of application,
      etc.; i.e., on factors which are well known to one skilled in the art and
      which are capable of variation by one skilled in the art to achieve a
      desired viscosity.
PAR  The choice of polymer resin will depend upon the use to which the resultant
      structure is to be put. A typical resin which may be employed comprises a
      diglycidyl ether of bisphenol A produced by a condensation reaction
      between bisphenol A and epichlorohydrin, having a general structural
      formula of
      ##EQU1##
      where n is the number of repeated units in the resin chain. Some typical
      diglycidyl ethers of bisphenol A-epichlorohydrin resins include (1) Epon
      562 which is a trademark product of Shell Chemical Company and which is an
      uncured epoxy (liquid) having an epoxide equivalent weight (number of
      grams of resin containing one gram equivalent of epoxide) of 140 to 165
      and an average molecular weight of 300; (2) Epon 815 which is a trademark
      product of Shell Chemical Company and which is an uncured epoxy (liquid)
      having an epoxide equivalent weight of 175 to 210 and an average molecular
      weight of 340 to 400; (3) Epon 820 which is a trademark product of Shell
      Chemical Company and which is an uncured epoxy (liquid) having an epoxide
      equivalent weight of 175 to 210 and an average molecular weight of 350 to
      400; (4) Epon 828 which is a trademark product of Shell Chemical Comapny
      and which is an uncured epoxy (liquid) having an epoxide equivalent of
      about 190 and an average molecular weight of 350 to 400; (5) Epon 834
      which is a trademark product of Shell Chemical Company and which is an
      uncured epoxy (liquid) having an epoxide equivalent weight 225 to 290 and
      an average molecular weight of 450; and (6) DER 331 which is a trademark
      product of Dow Chemical Company which is an epoxy resin having an epoxide
      equivalent weight of 182 to 190and a viscosity of 10,000 to 16,000 cps.
PAR  Another typical resin includes a diglycidyl ether of bisphenol F produced
      by a condensation reaction between bisphenol F and epichlorohydrin, having
      a general structural formula of
      ##EQU2##
      where n is the number of repeated units in the resin.
PAR  Other typical resin systems which may be employed are polyester resins,
      acrylic resins and polybutadiene resins.
PAR  A particularly suitable impregnating resin for printed circuit board
      fabrication is one resulting from a blend or mixture of two combined
      ingredients. The first ingredient is a branched-chain, acid-terminated
      polyester of dicarboxylic acid, dihydroxy alcohol and either a polyhydric
      alcohol having at least three nontertiary hydroxyl groups or a polybasic
      acid having at least three carboxyl groups, not more than one-half of the
      total of the acids and alcohols contain aromatic rings. In other words,
      not more than one half of the monomeric residues of acid and alcohol
      making up the polyester include aromatic rings.
PAR  The polyester contains an average of 2.1 to 3.0 carboxyl groups per
      molecule, has an acid number of 15 to 125 and a hydroxyl number of less
      than 10. Accordingly, its number average molecular weight Mn is 1500 to
      17,000 calculated from its number average degree of polymerization Xn of
      10-100. Its skeletal chain is essentially free from ethylenic unsaturation
      and preferably also essentially free from ether oxygen.
PAR  The second ingredient is an epoxy compound containing on the average at
      least 1.3 groups readily reactive with the carboxyl groups, at least one
      of which groups is the oxirane group, said groups being separated by a
      chain of at least two carbon atoms, the chain being free from ethylenic
      unsaturation.
PAR  Some suitable polyesters are those revealed in U.S. Pat. No. 3,027,279,
      issued Mar. 27, 1962, which is incorporated by reference hereinto.
      Specifically, the polyesters are:
PA1  1. Polyester A, which is formed by a hot melt fusion process in an inert
      atmosphere using a three-neck glass flask fitted with stirrer,
      thermometer, gas inlet tube and barret trap. Between the flask and the
      barret trap is a steam-heated column packed with glass helices. The flask
      is charged with 133 grams (0.8 mole) of isophthalic acid, 323 grams (1.6
      moles) of "Isosebacic acid," 137 grams (1.8 moles) of propylene glycol, 19
      grams (0.2 mole) of glycerol and 0.6 gram of triphenyl phosphite as
      catalyst. "Isosebacic acid" is a product of U.S. Industrial Chemical Co.,
      a division of National Distillers and Chemical Co., consisting by weight
      of 72 to 80% 2-ethylsuberic acid, 12 to 18% 2,5-diethyladipic acid, and 6
      to 10% n-sebacic acid.
PAR  The temperature is slowly raised to 230.degree.C, with the water of
      condensation which begins to form at 130.degree.C removed continuously by
      a stream of nitrogen. After more than 2 hours, when little water is being
      removed, a vacuum is applied to reduce the pressure to less than 10 mm. of
      mercury for an additional hour with continued heating at 200.degree. to
      230.degree.C. The reaction is discontinued when the acid number reaches
      63. The polyester has a number average molecular weight of 4,600
      calculated from a number average degree of polymerization of 20, and
      contains an average of about 3.0 carboxyl groups per molecule. The
      viscosity of the polyester at 65.degree.C is 40,000 centipoises. Its
      equivalent weight based on carboxyl groups is 890;
PA1  2. Polyester B, which is formed by charging a 170 gallon stainless steel
      kettle, equipped with a cooled column packed with Berl saddles leading to
      a condenser, with 547 pounds of adipic acid, 224 pounds of isophthalic
      acid, 317 pounds of propylene glycol, 43 pounds of trimethylolpropane and
      768 grams of triphenyl phosphite. The temperature is slowly raised using a
      heated oil bath to 230.degree.C and heating is continued for several
      hours, during which time the water of condensation is removed by a stream
      of nitrogen, until the acid number reaches 80. A vacuum of 10 mm. or below
      is applied, otherwise continuing the same reaction conditions, until an
      acid number of 55 is reached. This branched-chain, acid-terminated
      Polyester B has a hydroxyl number of 1.0, a number average molecular
      weight of 6,000 calculated from a number average degree of polymerization
      of 30, and contains an average of 3.0 carboxyl groups per molecule;
PA1  3. Polyester C, which is prepared in the manner of Polyester A using 1,416
      grams (7.0 moles) of "Isosebacic acid," 399 grams (5.09 moles) of
      propylene glycol, 85.2 grams (0.64 mole) of trimethylolpropane and 2.9
      grams of triphenyl phosphite. It has an acid number of 62, a number
      average molecular weight of 4,800 calculated from a number average degree
      of polymerization of 20, and contains an average of about 3.0 carboxyl
      groups per molecule. The bulk viscosity of the polyester is 56,500
      centipoises at 23.degree.C;
PA1  4. polyester D, which is prepared from 2.0 moles "Isosebacic acid," 1.3
      moles neopentyl glycol, 0.17 mole of trimethylolpropane and 0.2% (based on
      total charge) of paratoluene sulfonic acid as catalyst by the same
      procedure as Polyester A. It has an acid number of 125, a number average
      molecular weight of 2,600 calculated from a number average degree of
      polymerization of 10, and contains an average of 2.5 carboxyl groups per
      molecule;
PA1  5. Polyester E, which is prepared by reacting a mixture of 596 grams (4.08
      moles) of adipic acid, 983.5 grams (5.92 moles) of isophthalic acid, 687.2
      grams (9.03 moles) of propylene glycol, 43.2 grams (0.32 moles) of
      trimethylolpropane and 2.3 grams triphenyl phosphite, as in the
      preparation of Polyester A, to an acid number of 27. The hydroxyl number
      is 4, number average molecular weight is about 12,000 calculated from a
      number average degree of polymerization of about 60, and there is an
      average of 3.0 carboxyl groups per molecule. The equivalent weight based
      on carboxyl groups is 2,060, and the viscosity of an 85% solids toluene
      solution is 16,000 centipoises at 60.degree.C; and
PA1  (6) Polyester F, which is prepared by reacting a mixture of 505 grams (2.5
      moles) of "Isosebacic acid," 415 grams (2.5 moles) of isophthalic acid,
      308 grams (4.0 moles) of propylene glycol, 40 grams (0.30 mole) of
      trimethylolpropane and 1.2 grams triphenyl phosphite, as in the
      preparation of Polyester A, to an acid number of 55.5. The hydroxyl number
      is 4, number average molecular weight is 6,800 calculated from a number
      average degree of polymerization of 30, and there is an average of 3.0
      carboxyl groups per molecule. The equivalent weight based on carboxyl
      groups is 1,010.
PAR  Another suitable polyester comprises the reaction product of 24 moles of
      isophthalic acid
      ##SPC1##
PAL  21 moles of 2-ethyl-1,3-hexanediol
      ##EQU3##
      and one mole of trimethylolpropane
PAC  [C.sub.2 H.sub.5 -C(CH.sub.2 OH).sub.3 ],
PAL  which is reacted in a similar manner to the suitable polyesters described
      above and in U.S. Pat. No. 3,027,279 to yield a trifunctional acid
      terminated polyester having the structural formula
      ##EQU4##
      and a number average molecular weight Mn of about 6500.
PAR  Other suitable acid-terminated, branched-chain polyestes may be employed.
      Among dicarboxylic acids which can be used in making these polyesters,
      other than the acids specifically mentioned above, are o-phthalic acid,
      azalaic acid and chlorendic anhydride. Among other dihydroxy alcohols
      which can be used are 1,4-butane diol and ethylene glycol and 2,2-bis
      [2-hydroxy-propoxy)-phenyl] propane. Another suitable dihydroxy alcohol is
      2,2-bis[4-(2-hydroxy-propoxy)-phenyl] propane. In addition to glycerol and
      trimethylolpropane as the polyfunctional compound, pentaerythritol can be
      used and polycarboxylic acids such as trimesic acid, citric acid,
      trimellitic acid, benzene tetracarboxylic acid and tricarballylic acid
      also have utility.
PAR  Some suitable epoxies for combination with the polyester ingredient include
      diglycidyl ethers of resorcinol and bisphenol-A, some typical examples
      being commercially available epoxy resins such as those of Shell Chemical
      Company and designated as:
PAR  1. "Epon 1310," which is understood to be the condensation product of
      1,1,2,2-tetrabis (4-hydroxyphenyl) ethane and epichlorohydrin having an
      average of about three glycidyl ether groups in the molecule;
PAR  2. "Epon 828," which is a solid epoxy resin condensation product of
      epichlorohydrin and bisphenol A having a Durran's softening point of about
      10.degree.C and an epoxide equivalent weight of about 190 (epoxide
      equivalent weight is defined as the number of grams of resin containing
      one gram equivalent of epoxide);
PAR  3. "Epon No. 1,001," which is a solid epoxy resin condensation product of
      epichlorohydrin and bisphenol A having a Durran's softening point of about
      70.degree.C and an epoxide equivalent weight of about 490; and
PAR  4. "Epon No. 864," which is a solid epoxy resin condensation product of
      epichlorohydrin and bisphenol A having a Durran's softening point of about
      43.degree.C and an epoxide equivalent weight of about 345. It is to be
      understood that brominated diglycidyl ethers, e.g., one resulting from
      reacting a brominated bisphenol-A with epichlorohydrin, are also suitable
      epoxies. Such epoxies have a typical general structural formula of
      ##EQU5##
      where n = the number of repeated units.
PAR  Another suitable epoxy compound is N-(2,3-epoxypropyl)-2-ethylaziridine
      obtained by interacting 1,2 butyleneimine and epichlorohydrin. Epoxidized
      novolacs, such as the resin marketed by the Borden Company as "Epiphen
      849," are also suitable; as well as monomeric polyepoxides such as
      limonene dioxide, dicyclopentadiene dioxide, vinylcyclohexene dioxide and
      3,4-epoxy-6-methylcyclohexyl methyl-3,4-epoxy-6
      methylcyclohexanecarboxylate.
PAR  The suitable uncured or partially cured resin impregnated support 50 is
      then subjected to a curing treatment whereby the resin, e.g., the
      epoxy-polyester blend described above, is cured to a full cure state. By a
      full cure is meant that the resultant cured polymer resin, e.g., epoxy
      polyester, has been optimized, to the extent possible, with respect to at
      least one of the properties such as electrical properties, mechanical
      properties or chemical resistance, i.e., with respect to criteria which
      are well known in the art and are easily ascertainable experimentally by
      one skilled in the art. For epoxy-polyester resins, by a full cure is
      meant that the cured epoxy-polyester reaction product, resulting from the
      interracting and the curing of the suitable epoxy compound and the
      suitable polyester, is in such a state or condition that a maximum of 1 to
      2 weight percent thereof may be removed by soaking in a suitable solvent,
      such as toluene, for 24 hours at room temperature (25.degree.C). Other
      indicia of full cure for the epoxy-polyester reaction product is a
      dissipation factor (electrical) of 0.008 to 0.01 at  400 Hz and 0.006 to
      0.0085 at 1,000 Hz (at 23.degree.C and 45% relative humidity).
PAR  The methods of cure and conditions are those well known in the art or can
      be easily ascertained experimentally by one skilled in the art to achieve
      the degree of cure desired. For example, where epoxy resins are employed,
      reference is generally made to Epoxy Resins - Their Application and
      Technology, H. Lee and K. Neville, McGraw Hill Book Company, Inc. (1957).
      Specifically, for the epoxy-polyester resins, the curing steps and
      conditions are similar to those revealed and discussed in U.S. Pat. No.
      3,027,279 and incorporated by reference hereinto. The full cure is
      accomplished by heating the uncured or partially cured epoxy-polyester
      blend for a period of time sufficient to attain the optimization of
      chemical properties. The temperature for attaining this full cure may
      vary, a preferred minimum being 100.degree.C. At high temperatures, the
      heating period is short, while at lower temperatures, the heating period
      is longer. Typically, at a temperature of 150.degree. to 200.degree.C the
      epoxy-polyester blend is heated for a time period ranging from 10 minutes
      to several hours, whereby a full cure is obtained. It is to be understood
      that the time-temperature parameters for attaining a full cure are all
      interdependent and that variations in time or temperature will produce
      variations in the other parameter whereby optimum results will be
      obtained. In this regard, the various parameters of attaining a full cure
      are well known in the art and their interaction between one another is
      also well known or can be easily ascertained experimentally by one skilled
      in the art.
PAR  It is, of course understood, that a conventional technique, employing an
      agent which catalyzes the reaction between the epoxy compound and the
      carboxyl groups of the polyester compound, may be utilized in the curing
      of the resultant epoxy-polyester resin. Expecially suitable are tertiary
      amines and salts thereof, which are combined with the epoxy and polyester
      in an amount ranging from 0.1 to 5 weight percent of the total
      combination.
PAR  After the curing treatment in which the polymer resin, impregnating the web
      or support 50, is cured to a full cure stage, the web 50 is coated with a
      liquid coating polymer resin to form an uncured or partially cured resin
      layer 53. The resin layer 53 may comprise the same polymer resin
      composition employed to impregnate the support 50 or it may comprise a
      different polymer resin composition. Preferably, the polymer resin
      composition comprises the epoxy-polyester resins described above and in
      U.S. Pat. No. 3,027,279.
PAR  To attain an improvement of the fibrous web or support 50 with respect to
      dimensional and thermal stability, as well as to attain such improvement
      in a resultant printed circuit board substrate, (without loss in adhesion
      of a metal pattern deposited thereon), the resin layer 53 is subjected to
      a curing treatment whereby the resin contained therein is cured to a state
      of partial cure. Where epoxy-polyester resins are employed, a partial cure
      represented by toluene extractables of 7 to 11 weight percent after 24
      hours at 25.degree.C is necessary to achieve the desired improvement with
      desired adhesive properties. Other indicia of this particular partial cure
      for the epoxy-polyester resins is a dissipation factor of 0.0165 to 0.0208
      at 400 Hz and 0.0138 to 0.0170 at 1000 Hz (23.degree.C, 45% relative
      humidity).
PAR  It is also to be noted and stressed at this point that with the
      above-described partial cure stage of an epoxy-polyester coat 53, a
      maximum peel strength, desired for printed circuits, for electroless
      deposited metal, e.g., copper, and an electroplated metal, e.g., copper,
      is obtained.
PAR  Upon partially curing the layer 53, a polymeric substrate or laminate 60 is
      obtained, having an internal woven or bonded fabric or textile skeleton or
      support (fibrous) 50 impregnated with a fully cured polymer resin
      (representing a fully cured core region) coated with a partially cured
      resin layer or coat 53 (representing a partially cured resin region).
PAR  A suitable selected species is then deposited on a surface 54 of the
      partially cured resin coat 53. A suitable species may include any of a
      multitude of materials well known in the art which can be deposited upon a
      polymer surface such as an epoxy-polyester surface and comprises, in part,
      conventional aqueous or organic-based paints, lacquers, inks and
      adhesives, aqueous or non-aqueous solutions of inorganic salts, aqueous or
      non-aqueous electroless metal deposition solutions and the metal deposits
      resulting therefrom, metals, etc. The suitable species may be deposited or
      applied to the resin surface 54, e.g., epoxy-polyester surface, by any
      standard means known in the art including dipping, brushing, spray
      coating, spin coating, vapor depositing, electroless depositing with or
      without electrodepositing, sputtering, etc. The species-deposited
      polymeric substrate 60, e.g., an epoxy-polyester substrate, may then be
      subjected, if desired, to a final curing step whereby the partially cured
      resin layer 53 is fully cured, resulting in a very adherent
      species-deposited resin surface.
PAR  Where the selected species is an electrolessly deposited metal, a standard
      electroless technique may be employed. Referring to FIG. 2, the resultant
      polymeric laminate or substrate 60 having an internal woven or bonded
      fabric or textile skeleton 50 is subjected to a conventional electroless
      metal process. The resin surface 54, e.g., an epoxy-polyester surface, may
      be first etched as for example with H.sub.2 SO.sub.4, CrO.sub.3, Cr.sub.2
      O.sub.7, etc., followed by water rinsing and neutralization with a basic
      compound, e.g., NaOH and then rinsed with water. Proper rinsing is
      important so as not to contaminate a sensitizing, an activating and an
      electroless plating solution to which the surface 54 is destined to be
      subjected. Contamination, particularly of the plating bath, is undesirable
      because the stability of such plating baths is frequently adversely
      affected by such a condition.
PAR  After rinsing, the surface 54 is sensitized. Sensitization comprises
      depositing, on the surface 54, a sensitizing species which is readily
      oxidized, e.g., Sn.sup.+.sup.2 ions. Conventionally, the rinsed surface 54
      is dipped into a standard sensitizing solution, e.g, comprising aqueous
      stannous chloride with a supporting medium such as HCl, ethanol, ethanol
      and caustic, or ethanol and hydroquinone. It is to be understood that the
      sensitizing solutions and the conditions and procedures of sensitizing are
      well known in the art and will not be elaborated herein. Such sensitizers
      and procedures may be found in part in Metallic Coating of Plastics,
      Howard Goldie, Electrochemical Publications Limited, 1968.
PAR  After sensitizing the surface 54, the sensitized surface is rinsed, then
      activated. It is to be noted that it is important that the sensitized
      surface be rinsed thoroughly in a cleaning medium, e.g., water, after
      sensitizing to remove excess sensitizer. If such is not done, excess
      sensitizer on the surface may cause reduction of an activating species to
      which the sensitized surface is destined to be exposed, in non-adherent
      form on the surface. Activation relates to providing a deposit of a
      catalytic metal, e.g., Pd, over the surface of the polymer, in sufficient
      quantities to successfully catalyze a plating reaction once the activated
      surface is introduced into an electroless plating bath. The sensitized
      surface is exposed to the activating solution, containing an activating
      metal ion, e.g., a noble metal ion. The sensitizing species, e.g.,
      Sn.sup.+.sup.2, is readily oxidized therein and the noble metal ion, e.g.,
      Pd.sup.+.sup.2, is reduced to the metal, e.g., Pd, which in turn is
      deposited on the surface 54. The deposited activating metal, e.g., Pd,
      acts as a catalyst for localized further plating. Again, it is to be
      understood that the various activating metal ions and their solutions and
      the conditions and procedures of activation are well known in the art and
      will not be elaborated herein. Such activators and prcedures may be found
      in part, in Metallic Coating of Plastics,  previously referred to.
PAR  After the activating step, the activated surface is immersed in a standard
      electroless plating bath containing a metal ion. e.g., Cu.sup.+.sup.2,
      destined to be reduced by the catalytic metal species, e.g., Pd. The metal
      ion, e.g., Cu .sup.+.sup.2, is reduced by the catalytic metal, e.g., Pd,
      and is electrolessly deposited on the surface 54 to form a metal deposit
      56. Again it is to be pointed out that the electroless baths, the
      electroless plating conditions and procedures are well known in the art
      and will not be elaborated herein. Reference is again made to Metallic
      Coating of Plastics, previously referred to, for some typical examples of
      electroless baths and plating parameters. It is to be noted that in some
      cases, it is possible to go directly from the sensitizing step to the
      electroless plating solution exposure step. The electroless metal deposit
      56 may then be subjected to a conventional electroplating treatment to
      build up the metal deposit. It is, of course, understood that the
      electroplating step is optional and can be eliminated. The metal-deposited
      substrate or support 50 may then be exposed to the final curing step
      previously discussed, whereby an adherent metal deposit 56 is obtained.
PAR  A preferred method of electrolessly depositing a metal on the polymer
      surface 54 is the method revealed in U.S. Pat. No. 3,562,005, assigned to
      the assignee hereof and incorporated by reference hereinto. Simply, the
      preferred method entails applying a photopromoter solution to the
      partially cured resin surface 54 (which may have been etched), utilizing
      procedures revealed in U.S. Pat. No. 3,562,005. A photopromoter is defined
      as a substance which, upon being exposed to appropriate radiation, either
      (a) dissipates chemical energy already possessed thereby or (b) stores
      chemical energy not previously possessed thereby. When the substance
      possesses or has stored chemical energy it is capable of promoting, other
      than as a catalyst, a chemical reaction whereby it, the photopromoter,
      undergoes a chemical change in performing its function (unlike a
      catalyst). The resultant photopromoter-covered surface may then be rinsed
      with water (depending on the type of photopromoter employed) and is then
      dried. After drying, the photopromoter surface is selectively exposed to a
      source of ultraviolet radiation, through a suitable mask, to form at least
      one region which is capable of reducing a precious metal from a precious
      metal salt, e.g., PdCl.sub.2. The region so capable is then exposed to the
      precious metal salt, e.g., PdCl.sub.2, whereby the precious metal salt is
      reduced to the precious metal, e.g., Pd, which in turn is deposited
      thereon. The precious metal-deposited region may then be rinsed with water
      and is then exposed to a suitable electroless metal plating bath, e.g.,
      copper, wherein the metal, e.g., copper, is plated on the region forming
      the metal deposit 56 on the surface 54.
PAR  A suitable photopromoter solution may be either a positive type or a
      negative type as discussed in U.S. Pat. No. 3,562,005. A suitable mask,
      either positive or negative depending on whether the photopromoter is
      positive or negative, is one as discussed in U.S. Pat. No. 3,562,005, and
      typically comprises a quartz body having a radiation opaque pattern
      thereon. The ultraviolet radiation source is a source of short wavelength
      radiation (less than 3,000A, and typically about 1,800A to about 2,900A).
      The metal-deposited surface 54 may then be exposed to a final cure,
      whereby the resin layer 53 is fully cured, and whereby an adherent metal
      deposit is retained on the surface 54.
PAR  It is to be noted that the invention disclosed herein is employed in the
      production of electrical circuit patterns on a non-conductive substrate.
      In this regard, referring to FIG. 2, the electroless deposit 56 obtained,
      of course, constitutes a portion of the electrical circuit pattern which
      may be electroplated to a desired thickness.
PAC  EXAMPLES
PAR  A. For comparison purposes a plurality of films or webs, ranging from 5 to
      8 mils in thickness and comprising random spun bonded polyethylene
      terephthalate polyester fibers, commercially obtained, were impregnated
      and coated with a liquid epoxy polyester. The epoxy-polyester resin blend,
      comprised 17.6 weight percent of epoxy and 82.4 weight percent of
      polyester. The polyester comprised the reaction product of 24 moles of
      isophthalic acid, 21 moles of 2-ethyl-1,3-hexanediol and one mole of
      trimethylolpropane and has a structural formula
      ##EQU6##
      where n = 7, and a number average molecular weight Mn of about 6500.
PAR  The epoxy compound comprised a condensation product of bisphenol A and
      epichlorohydrin having a structural formula
      ##EQU7##
      where n = 1.5, having an epoxide equivalent weight of about 190 (number of
      grams of resin containing one gram equivalent of epoxide) and a Durran's
      softening point of about 10.degree.C.
PAR  The resin-impregnated webs were then heated at 150.degree.C for 60 hours to
      interract the polyester and the epoxy and to obtain a full cure of the
      resulting product to form 7 to 10 mil thick substrates having an internal
      fabric skeletal structure impregnated and coated with a fully cured epoxy
      polyester, as evidenced by one weight percent extractables after immersion
      in a bath comprising toluene for 24 hours at 25.degree.C.
PAR  To determine the thermal stability, one of the resultant substrates (2
      inches .times. 3 inches in dimension) had punched therethrough four
      location holes forming the corners of a nominal 1 inch square. This
      permitted both machine direction (MD) and transverse direction (TD) to be
      compared. The machine direction also corresponded to the polyester fiber
      orientation. The distance between the holes was measured by means of a
      commercially available conventional optical comparator. The punched
      substrate was then exposed to a temperature of 121.degree.C for 72 hours
      whereafter the distance between holes was measured again and the
      dimensional change calculated. A growth of 0.2 mil/inch in the machine
      direction and a growth of 0.4 mil/inch in the transverse direction was
      obtained.
PAR  For printed circuit manufacture a thermal stability (growth or shrinkage)
      of 1 mil/inch or less can be tolerated.
PAR  To determine the adhesive properties of the resultant substrate to a metal
      deposited on a surface, a surface of one of the resultant substrates was
      etched in an etchant solution comprising 200 grams per liter of the
      etchant solution of Na.sub.2 Cr.sub.2 O.sub.7.2H.sub.2 O and 137 ml. per
      liter of the etchant solution of aqueous H.sub.2 SO.sub.4 (98 weight
      percent) for 5 minutes at 60.degree.C. The etched surface was water rinsed
      for 3 minutes, neutralized by exposure to 10N NaOH for 3 minutes and then
      water rinsed for 6 minutes.
PAR  The etched surface was then sensitized by immersion in a conventional
      aqueous sensitizing solution, comprising a one liter solution of 10 gms.
      of SnCl.sub.2.2H.sub.2 O, 10 ml of concentrated HCl, and remainder of
      water, for one minute at a temperature of 25.degree.C. The sensitized
      substrate was water rinsed for 1.5 minutes and then immersed in a 0.01
      molar aqueous PdCl.sub.2 solution for 1 minute at 25.degree.C. The
      activated substrate was then immersed in a commercially obtained
      electroless copper bath to deposit an electroless copper layer on the
      fully cured epoxy-polyester surface. The electroless copper layer was then
      subjected to a conventional electroplating to obtain a 1.4 mil thick
      copper layer, thereby forming a laminar article comprising a metal
      (Cu.degree.) layer deposited on an epoxy layer. The electroplated,
      deposited substrate was then heated or baked at 120.degree.C for 1 hour.
PAR  A peel strength measurement of the deposited metal was undertaken at a
      90.degree. peel at a rate of 2 inches per minute employing a conventional
      peel testing apparatus. The peel strength was 4 lbs./linear inch at
      25.degree.C which is inadequate for printed circuit manufacture.
PAR  B. The procedure of Example A was repeated except that the epoxy polyester
      was cured to a partial cure state evidenced by 6 weight percent
      extractables in toluene after 24 hours at 25.degree.C (heated at
      150.degree.C for 5 hours). The dimensional stability test yielded 1.3
      mil/inch shrinkage in the machine direction and 0.6 mil/inch growth in the
      transverse direction (inadequate for printed circuit manufacture).
PAR  A copper deposit, 1.4 mil thick, was obtained having a peel strength of 23
      lbs. per linear inch.
PAR  C. The procedure of Example A was repeated except that the epoxy polyester
      was cured to a partial cure state evidenced by 13 weight percent
      extratables in toluene after 24 hours at 25.degree.C. The dimensional
      stability test yielded 6.1 mil/inch shrinkage in the machine direction and
      10.2 mil/inch growth in the transverse direction (inadequate for printed
      circuit manufacture).
PAR  D. Referring to FIG. 1, the procedure of Example A was repeated with an
      epoxy-polyester blend comprising 69.2 weight percent of the polyester of
      Example A. The 30.8 weight percent of the epoxy compound employed,
      however, comprised the condensation product, obtained by reacting 1.5
      moles of tetrabromo bisphenol A with 2.5 moles of epichlorohydrin, having
      the structural formula
      ##EQU8##
      where n = 1.5, and having a epoxide equivalent weight of about 592 and an
      average molecular weight of about 1165 and containing about 51.5 weight
      percent bromine. Resulting was an impregnated web or support 50 having an
      internal fibrous skeletal structure impregnated with the fully cured epoxy
      polyester (one weight percent extractables in toluene after 24 hours at
      25.degree.C). The same epoxy-polyester blend was then employed to coat the
      impregnated support 50 to form a coating resin layer 53 having a thickness
      of 1.0 mils. The resin layer 53 of the coated support 59 was then
      partially cured as evidenced by 7.4 weight percent extractables after
      immersion in a toluene bath for 24 hours at 25.degree.C.
PAR  The dimensional stability test yielded 0.3 mil/inch growth in the machine
      direction and 0.2 mil/inch growth in the transverse direction (acceptable
      for printed circuit manufacture. A copper deposit, 1.4 mil thick, was
      obtained having a peel strength of 10 to 14 lbs. per linear inch at
      25.degree.C (acceptable for printed circuit manufacture).
PAR  An additional test for thermal stability was performed on a second sample
      which had not been metal deposted. The sample was floated atop hot solder
      (260.degree.C for 10 seconds). The sample was then examined for shrinkage,
      blistering and warpage. The sample was acceptable for a printed circuit
      board using a relative comparison criterion.
PAR  E. The procedure of Example D was repeated except that the covering resin
      layer 53 was cured to a partial cure state evidenced by 8.7 percent
      extractables in toluene after 24 hours at 25.degree.C.
PAR  The dimensional stability test yielded 0.1 mil/inch shrinkage in the
      machine direction and zero growth or shrinkage in the transverse direction
      (acceptable for printed circuit manufacture).
PAR  A copper deposit, 1.4 mil thick, was obtained having a peel strength of 8
      to 15 lbs./linear inch at 25.degree.C (acceptable for printed circuit
      manufacture).
PAR  The solder test yielded a relative comparison number of 19.8 to that in
      Example D. This sample was suitable for use as a printed circuit board.
PAR  F. The procedure of Example D was repeated except that the covering resin
      layer 53 was cured to a partial cure state evidenced by 9.4 weight percent
      extractables in toluene after 24 hours at 25.degree.C.
PAR  The dimensional stability test yielded 0.4 mil/inch growth in the machine
      direction and 0.2 mil/inch growth in the transverse direction (acceptable
      for printed circuit manufacture).
PAR  A copper deposit, 1.4 mil thick, was obtained having a peel strength of 9
      to 10 lbs./linear inch (acceptable for printed circuit manufacture).
PAR  The solder test yielded a relative comparison number of 2.1 to that of
      Example D. This sample was suitable for use as a printed circuit board.
PAR  G. The impregnating procedure of Example A was repeated with the
      epoxy-polyester resin of Example D. The epoxy polyester was cured to a
      partial cure state evidenced by six weight percent extractables in toluene
      after 24 hours at 25.degree.C. The solder test of Example D was then
      repeated and a relative comparison number of 27 (as compared to Example D)
      was obtained. This sample was not suitable as a printed circuit board as
      evidenced by its warpage and blistering.
PAR  H. The procedure of Example G was repeated except that the epoxy-polyester
      was cured to a partial cure state evidenced by 13 weight percent
      extractables in toluene after 24 hours at 25.degree.C. The solder test
      yielded a relative comparison number of 39 (as compared to Example D).
      This sample was not suitable as a printed circuit board as evidenced by
      its warpage and blistering.
PAR  It is to be understood that the above-described embodiments are simply
      illustrative of the principles of the invention. Various modifications and
      changes may be made by those skilled in the art which will embody the
      principles of the invention and fall within the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A laminar structure comprising:
PA1  a. an internal skeleton comprising a fabric support impregnated with an
      epoxy-polyester resin product produced by interreacting (1) a
      branched-chain, acid-terminated polyester of dicarboxylic acid, dihydroxy
      alcohol and a polyfunctional compound selected from the class consisting
      of polyhydric alcohols having at least three nontertiary hydroxyl groups
      and polybasic acids having at least three carboxyl groups not more than
      one-half of the total of said acids and alcohols containing aromatic
      rings, which polyester contains an average of 2.1 to 3.0 carboxyl groups
      per molecule, has an acid number of 15 to 125, a hydroxyl number of less
      than 10, and is free from ethylenic unsaturation in its skeletal chain,
      and (2) an epoxy compound containing on the average at least 1.3 reactive
      groups readily reactive with the carboxyl group in said polyester, at
      least one of which reactive groups is the oxirane group, said reactive
      groups being separated by a chain of at least two carbon atoms, the chain
      being free from ethylenic unsaturation said epoxy-polyester product being
      in a stage of full cure; and
PA1  b. a resin layer, on at least a portion of said internal skeleton,
      comprising said epoxy-polyester resin in (a) above cured to a partial cure
      stage.
NUM  2.
PAR  2. The structure as defined in claim 1 wherein said textile support
      comprises spun bonded polyester fibers.
NUM  3.
PAR  3. The structure as defined in claim 1 wherein said interreacted polyester
      comprises at least a polyester having a structural formula of
      ##EQU9##
      and a number average molecular weight of about 6500.
NUM  4.
PAR  4. The structure as defined in claim 2 which further comprises a metal
      layer on at least a portion of said resin layer.
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ABST
PAL  A composition for use in the treatment of glass fibers for use as
      reinforcement for plastics and elastomeric materials and glass fibers
      treated therewith in which the composition is formulated to include the
      reaction product of a silicon halide such as silicon tetrachloride with an
      aliphatic epoxide containing at least fourteen carbon atoms.
BSUM
PAR  This invention relates to the reinforcement of plastic resins and
      elastomeric materials, and more particularly, to coating compositions for
      the use in the treatment of glass fibers to improve the bonding
      relationship between the glass fibers and resinous or elastomeric
      materials.
PAR  The term "glass fibers", as used herein, is intended to refer to and
      include (1) continuous fibers formed by the rapid attenuation of hundreds
      of streams of molten glass and to strands formed when such continuous
      glass fiber filaments are gathered together in forming; and to yarns and
      cords formed by plying and/or twisting a number of strands together, and
      to woven and non-woven fabrics which are formed of such glass fiber
      strands, yarns or cords, and (2) discontinuous fibers formed by high
      pressure steam or air or other attenuating force directed angularly
      downwardly onto multiple streams of molten glass issuing from a glass
      melting bushing and to yarns that are formed when such discontinuous
      fibers are allowed to rain down gravitationally onto a foraminous surface
      wherein the fibers are gathered together to form a sliver which is drafted
      into a yarn; and to woven and non-woven fabrics formed of such yarns or
      discontinuous fibers, and (3) combinations of such continuous and
      discontinuous fibers in strands, yarns, cords and fabrics formed thereof.
PAR  As used herein, the term "elastomer" is intended to mean and include
      natural rubber in the cured or uncured stage, vulcanized or unvulcanized
      stage, and synthetic organic elastomeric materials such as nitriles,
      acrylics and esters and particularly copolymers of butadiene with these
      and terpolymers thereof with styrene and synthetic rubbers as represented
      by butadiene polymers and copolymers with monoolefins such as
      butadiene-styrene copolymer, butadiene-acrylonitrile copolymers,
      butadiene-styrene vinyl pyridine terpolymers, chloroprene, isoprene,
      neoprene, isobutyl rubber and the like elastomeric polymers and copolymers
      in their cured or uncured stages, and vulcanized or unvulcanized stages.
      Included also are the EPDM rubbers, such as formed by the
      interpolymerization of ethylene, an alpha-monoolefin having from 3-20
      carbon atoms, such as propylene, and a polyene, such as dicyclopentadiene,
      1,4-hexadiene and preferably an alkylene or alkylidene norborene, such as
      5-alkylidene-2-norbornene and the like in which the alkylidene group
      numbers from 2-12 carbon atoms, and polysulfone rubbers.
PAR  As used herein, the term "resin" is intended to mean and refer to
      thermoplastic and/or thermosetting resins including epoxy resins,
      polyester resins, polyamide resins, phenolic-aldehyde resins,
      melamine-aldehyde resins, urea-aldehyde resins, polystyrene resins, etc.
PAR  It is now well known to combine glass fibers with resinous plastics and
      elastomeric materials in the manufacture of glass fiber-reinforced
      resinous products and glass fiber-reinforced elastomeric products. One of
      the problems which has been encountered in the combinations of glass
      fibers with resinous plastics and elastomeric materials is the problem of
      securely bonding or anchoring the glass fiber surfaces to the organophilic
      resin or elastomer in which the glass fibers are distributed. It is
      believed that this problem stems in part from the fact that glass fibers
      are completely smooth, rod-like members and in part from the fact that the
      glass fiber surfaces are highly hydrophilic in nature, thereby resulting
      in the formation of a thin but tenacious film of moisture on the glass
      fiber surface which serve to destroy any bond, chemical or physical, which
      would otherwise be formed between the glass fiber surfaces and the
      elastomeric material or resinous material with which the glass fibers are
      combined.
PAR  There are different problems encountered in the reinforcement of resinous
      materials as compared to the reinforcement of elastomeric materials. Glass
      fiber reinforced resins are generally quite rigid, and thus any bonding
      relationship which is established between the glass fiber surfaces and the
      resin constituting a continuous phase in which the glass fibers are
      distributed, can be a static bond, whereas the bond between glass fiber
      surfaces and elastomeric materials should of necessity be in the nature of
      a dynamic bond since glass fiber reinforced elastomeric products are
      generally subjected in use, to flexure as a load is applied.
PAR  To minimize the problems of bonding glass fiber surfaces to resinous
      materials, it has been the practice in the manufacture of glass fiber
      reinforced resins to make use of glass fibers in the form of strands,
      cords, woven and non-woven fabrics, hereinafter referred to as bundles in
      which the individual glass fiber filaments have been coated, preferably
      during forming, with a size composition formulated to include an
      organosilicon compound as an anchoring agent. The size composition serves
      not only to impart lubricity to the individual glass fiber filaments to
      avoid destruction through mutual abrasion but also to aid in establishing
      a secure chemical bond between the glass fiber surfaces and the resin
      constituting the continuous phase.
PAR  On the other hand, it has been the practice in the treatment of glass
      fibers for use as reinforcement for elastomeric materials to first size
      the glass fibers with a size composition containing an anchoring agent of
      the type described above, and then forming the glass fibers into bundles
      which are then impregnated with an impregnating composition formulated to
      include a blend of resorcinol-aldehyde resin and at least one elastomer.
      The impregnant serves not only to coat the original glass fibers forming
      the bundle but also to separate the individual glass fibers each from the
      other and define a unitary bundle structure. The impregnant in the bundle
      thus serves to cushion the fibers and intertie the glass fiber system with
      the elastomer material of the continuous phase.
PAR  While the practice as described above has provided significant improvements
      in the establishment of a secure bonding relationship between elastomeric
      materials and glass fibers and between resinous plastics and glass fibers,
      there is still room for further improvement, particularly in terms of the
      economics of the use of organosilicon compound anchoring agents. Such
      compounds are quite expensive, and therefore must be employed somewhat
      sparingly in the treatment of glass fibers.
PAR  It is accordingly an object of the present invention to provide a
      composition for use in the treatment of glass fibers as reinforcement for
      resinous plastics and elastomeric materials which overcomes the foregoing
      disadvantages.
PAR  It is a further object of the present invention to provide a composition
      for use in the treatment of glass fibers for reinforcement for resinous
      plastics and elastomeric materials in which the composition is formulated
      with an organosilicon compound which is significantly less expensive to
      employ and which can be used in greater amounts to establish a secure
      bonding relationship between glass fibers and resinous plastics or
      elastomeric materials.
PAR  It is a related object of the present invention to provide glass fibers
      treated with a composition embodying the concepts of the present invention
      for use as reinforcement for resinous plastics and elastomeric material.
PAR  The concepts of the present invention reside in a composition for use in
      the treatment of glass fibers in which the essential component is the
      reaction product of a silicon halide and at least one epoxide containing
      10 to 25 carbon atoms and about 1 epoxide group per mole. It has been
      found that the epoxide group of the aliphatic epoxide employed reacts with
      the halogen atoms of the silicon halide to form beta-haloalkoxy groups
      ##EQU1##
      wherein X is a halogen atom, and the beta-haloalkoxy groups thus formed
      impart stability to the reaction product to render such reaction product
      more resistant to hydrolysis in aqueous media, and particularly aqueous
      alkaline media having a pH greater than 7.5. The reaction products
      employed in the practice of this invention can therefore be formulated
      with alkaline latices formulated to include a resorcinol-aldehyde resin
      and at least one rubber or elastomer for application directly to glass
      fibers as they are formed. The resulting coated glass fibers can thus be
      directly combined with elastomeric materials in the manufacture of glass
      fiber reinforced elastomeric products without the need to employ a
      separate impregnation step as described by the prior art. The
      beta-haloalkoxy group characteristic of the reaction products employed in
      the practice of this invention do not, unlike conventional organosilicon
      compounds, have a tendency to cause the elastomeric component of such
      treating compositions to precipitate from the latex.
PAR  Without limiting the present invention as to theory, it has also been found
      that the long carbon chains, which are believed to become attached to the
      silicon atom, serve to securely intertie the elastomeric material, either
      in the continuous phase or in the treating composition, to the glass fiber
      surfaces. In addition, the carbon chains serve to impart improved
      lubricity to the glass fiber surface without destroying their fiberous
      characteristics.
PAR  In accordance with the practice of the present invention, a silicon halide
      is reacted with an aliphatic epoxide. Silicon halides which can be used in
      the practice of the present invention include compounds having the formula
PAC  (R).sub.n Si X.sub.4.sub.-n
PAL  wherein R is an organic group and preferably an organic group containing
      ethylenic unsaturation (eg., an alkenyl group containing 2 to 5 carbon
      atoms such as a vinyl group or an allyl group), n is 0 or 1 and X is
      halogen, and preferably chlorine or bromine. Preferred silicon halides are
      silicon tetrachloride and silicon tetrabromide; use can also be made of
      vinyltrichlorosilane, allyltrichlorosilane, etc.
PAR  The epoxides employed in the practice of the present invention are
      preferably aliphatic hydrocarbons, which contain 10 to 25 carbon atoms and
      about 1 epoxide group per mole. Use can be made of epoxides containing
      non-terminal epoxide groups although it is generally preferred to employ
      epoxides in which the epoxy group is located in part on a terminal carbon
      atom.
PAR  One epoxide which has been found to be highly suitable for use in the
      preparation of an organosilicon compound in accordance with the concept of
      the present invention is a material sold by Proctor & Gamble under the
      trademark "Epox No. 45" which is a mixture of epoxides containing 16 to 18
      carbon atoms and containing one epoxy group per mole.
PAR  The product of the reaction between the silicon halide and the aliphatic
      epoxide is frequently a mixture, with the structure of the compounds
      forming the mixture being dependent upon the position of the epoxy group
      in the carbon chain and the compound length or lengths of the epoxide
      starting material. It is believed, however, that the reaction proceeds in
      accordance with a known manner as is described in U.S. Pat. No. 2,650,934
      to form a beta-haloalkoxy group attached directly to the silicon atom:
      ##EQU2##
PAR  The reaction conditions employed in the preparation of the reaction product
      are not critical to the practice of this invention as it has been found
      that the reaction proceeds at room temperature. However, use can be made
      of a reaction temperature within the range of 10 to 100.degree.C.,
      depending somewhat on the boiling point of the silicon halide employed.
      The reaction can be carried out in the absence of any solvent, although
      inert organic solvents, such as normally liquid aliphatic hydrocarbon
      solvents, may be employed as desired. In general, use is made of 1 mole of
      the epoxide for every mole of halogen atom contained in the silicon
      halide. Where the silicon halide is a silicon tetrahalide, use can be made
      of a mole ratio of the silicon tetrahalide to epoxide within the range of
      3.8 to 4.5, and preferably 3.95 to 4.05.
PAR  In the preferred practice of the present invention, the reaction product of
      the silicon halide and the aliphatic halide is formulated with a blend of
      a resorcinol-aldehyde resin and at least 1 elastomer. Such compositions
      are of themselves well known to those skilled in the art, and are
      described in U.S. Pat. Nos. 3,402,064, 3,424,608, 3,567,671, 3,597,357 as
      well as others. In formulating such compositions, the relative proportions
      of the reaction product and the resorcinol-aldehyde resin and the
      elastomer can be varied within realtively wide ranges. In general, it is
      preferred to formulate such compositions to include 2 to 10 parts by
      weight of the resorcinol-aldehyde resin, 20 to 60 parts by weight of the
      elastomer, and 0.01 to 5 parts by weight of the reaction product. The
      resulting composition can then be applied to glass fibers, preferably as
      they are formed, to provide a thin coating on the individual glass fiber
      filaments. The coated glass fibers can then be combined directly with
      elastomeric materials in the manufacture of glass fiber reinforced
      elastomeric products.
PAR  In accordance with another embodiment of the present invention, the
      reaction product of the silicon halide and the aliphatic epoxide can
      simply be formulated into an aqueous medium for application to glass fiber
      surfaces to form a thin film coating thereon. It is frequently preferred
      to formulate the reaction product of the present invention in combination
      with a film forming material as in the formulation of a conventional size
      composition. A wide variety of film forming materials well known to those
      skilled in the art can be used for this purpose, and includes polyester
      resins, polyamide resins, polyolefin resins, (eg., polyethylene,
      polypropylene, copolymers of ethylene and propylene, etc.), polyepoxide
      resins, vinyl resins (eg., polymers and copolymers of vinyl chloride,
      vinyl acetate, vinyl alcohol, vinyl pyrrolidone, etc.), waxes, partially
      dextrinized starch as well as numerous others. Such film forming materials
      are themselves well known to those skilled in the art, and are described
      in U.S. Pat. Nos. 2,931,739, 2,958,114, 3,040,413, 3,252,278 and
      3,424,608. Combinations of two or more of these film forming materials can
      likewise be employed as desired.
PAR  The size compositions can also be formulated to include any of a variety of
      wetting agents, glass fiber lubricants, etc., which are likewise known to
      the art, such as those described in U.S. Pat. No. 3,676,287. The size
      compositions can be formulated in aqueous media or in inert organic
      solvents, depending on the intended use of the treated glass fibers and
      the nature of the film forming material or materials employed.
PAR  Having described the basic concepts of the present invention, reference is
      now made to the following examples which are provided by way of
      illustration and not by way of limitation in the practice of this
      invention in the preparation and use of betahaoloalkoxy organosilicon
      compounds prepared by reaction of a silicon halide and an aliphatic
      epoxide.
DETD
PAC  EXAMPLE 1
PAR  This example illustrates the preparation of an organosilicon compound in
      accordance with the practice of this invention.
PAR  Into a round bottom flask equipped with a mechanical stirrer, a
      thermometer, a reflex condenser, and an addition funnel, there is added
      283 ml (2.50 moles) of SiCl.sub.4 followed by the addition of 3,480 g of
      "Epox No. 45" from Proctor & Gamble (10.0 epoxide equivalent, 10 moles).
      The flask is then warmed to 90.degree. C. for 15 hours. The product is
      found to have a neutral pH and to contain betachloroalkoxy groups.
PAC  EXAMPLE 2
PAR  Using the procedure described in Example 1, 1 mole of silicon tetrabromide
      is reacted with 4 moles of "Epox No. 45". The product is found to have a
      neutral pH and is found to contain betabromoalkoxy groups.
PAC  EXAMPLE 3
PAR  This example illustrates the use of the organosilicon reaction product in a
      composition formulated of a resorcinolformaldehyde resin and an elastomer.
PAR  A sample of 40 g of the reaction product obtained in Example 1 is admixed
      with 40 g of a protective colloid protein marketed by Swift & Company
      under the trademark TPC No. 1 and 20 g of diacetone alcohol, and the
      resulting mixture is added to an impregnant composition formulated as
      follows:
     105 party by wt.                                                          

                   resorcinol-formaldehyde polymer                             

                   in the form of a latex containing                           

                   75% solids (Penacolite R2170)                               

     805 parts by wt.                                                          

                   butadiene-styrene-vinyl pyridine                            

                   terpolymer (42% solids) ILPF 4545)                          

     230 parts by wt.                                                          

                   Dicarboxylated butadiene-styrene                            

                   copolymer (50% solids) (LPR 4303)                           

     100 parts by wt.                                                          

                   micro-crystalline paraffin wax                              

                   (melting point 145-150.degree.F.) -                         

                   Vultex Wax Emulsion No. 5 of                                

                   General Latex and Chemical Corp.                            

                   (55% solids)                                                

     115 parts by wt.                                                          

                   deionized water                                             

     11.8 parts by wt.                                                         

                   formalin (37% formaldehyde)                                 

PAR  The foregoing composition is prepared in accordance with the procedure
      described in co-pending application Ser. No. 312,161 filed on Dec. 4,
      1972, the disclosure of which is incorporated herein by reference.
PAR  The resulting composition containing the reaction product of Example 1 is
      then applied to glass fibers, preferably as they are formed, to form a
      thin coating on the glass fibers in accordance with conventional
      techniques. The resulting coated glass fibers can then be combined
      directly with elastomeric materials without the need to employ an
      impregnation step to form a glass fiber reinforced elastomeric product.
PAR  Additional examples of compositions formulated with the reaction product of
      Examples 1 and 2 are as follows:
PAC  EXAMPLE 4
PAR  Using the procedure described in U.S. Pat. No. 3,567,671, an impregnating
      composition is formulated in accordance with the following
PAC  Impregnating Composition
TBL                          Parts                                             

                             by weight                                         

     ______________________________________                                    

     Resorcinol-aldehyde resin  2-10                                           

     Vinyl pyridine-butadiene-styrene terpolymer                               

                               20-60                                           

     Vinyl chloride-vinylidene chloride copolymer                              

                               15-40                                           

     Microcrystalline paraffin wax                                             

                                5-30                                           

     Silane of Example 2       0.1-10                                          

     ______________________________________                                    

PAR  It is found that the above composition, which is diluted with water to
      adjust the solids content to within the range of 20 to 55% by weight
      solids, is stable over long periods of time. No coagulation of the latex
      components is observed.
PAC  EXAMPLE 5
PAC  Impregnating Composition
TBL                          Parts                                             

                             by weight                                         

     ______________________________________                                    

     Resorcinol-formaldehyde resin                                             

                                2-10                                           

     Vinyl pyridine-butadiene-styrene terpolymer                               

                               20-60                                           

     Dicarboxylated butadiene-styrene resin                                    

      (Pliolite 4121)          15-40                                           

     Microcrystalline wax       5-30                                           

     Silane of Example 1       0.1-10                                          

     ______________________________________                                    

PAC  EXAMPLE 6
PAC  Impregnating Composition
TBL                          Parts                                             

                             by weight                                         

     ______________________________________                                    

     Resorcinol-formaldehyde resin                                             

                                2-10                                           

     Vinyl pyridine-butadiene-styrene terpolymer                               

                               20-60                                           

     Silane of Example 2       0.1-10                                          

     ______________________________________                                    

PAC  EXAMPLE 7
PAC  Impregnating Composition
TBL                        Parts by weight                                     

     ______________________________________                                    

     Resorcinol-formaldehyde resin                                             

                              2-10                                             

     Natural rubber latex or SBR latex                                         

                             20-60                                             

     Silane of Example 2     0.1-10                                            

     ______________________________________                                    

PAC  EXAMPLE 8
PAC  Impregnating Composition
TBL                          Parts                                             

                             by weight                                         

     ______________________________________                                    

     Resorcinol-formaldehyde resin                                             

                                2-10                                           

     Vinyl pyridine-butadiene-styrene terpolymer                               

                               20-60                                           

     Silane of Example 2       0.1-10                                          

     ______________________________________                                    

PAR  Each of the compositions of Examples 5 to 8, diluted with water to adjust
      the solids content, can be employed in the treatment of glass fibers which
      then can be formed into bundles and combined with elastomeric materials in
      the manufacture of glass fiber reinforced elastomeric products.
PAR  AS indicated above, the reaction product employed in the practice of the
      present invention can also be formulated into a size composition for use
      in the treatment of glassfibers for reinforcement of resinous plastics or
      elastomeric materials.
PAR  Examples of such size compositions which can be employed in the treatment
      of glass fibers for use in the manufacture of glass fiber reinforced
      resins and elastomeric products include the following.
PAC  EXAMPLE 9
PAC  Size Composition
TBL                     Parts by weight                                        

     ______________________________________                                    

     Product of Example 1 1.0                                                  

     Polypropylene emulsion                                                    

                          5.5                                                  

     Water                93.5                                                 

     ______________________________________                                    

PAC  EXAMPLE 10
PAC  Size Composition
TBL                      Parts by weight                                       

     ______________________________________                                    

     Product of Example 2  1.1                                                 

     Wetting agent (Nopcogen 16L)                                              

                           0.1                                                 

     Water                 98.8                                                

     ______________________________________                                    

PAC  EXAMPLE 11
PAC  Size Composition
TBL                     Parts by weight                                        

     ______________________________________                                    

     Product of Example 2 1.5                                                  

     Epoxy resin (DER 330)                                                     

                          7.0                                                  

     Diacetone alcohol    91.5                                                 

     ______________________________________                                    

PAC  EXAMPLE 12
PAC  Size Composition
TBL                     Parts by weight                                        

     ______________________________________                                    

     Product of Example 1 1.5                                                  

     Saturated polyester resin                                                 

                          3.0                                                  

     Polyvinyl alcohol    1.0                                                  

     Wetting agent        0.5                                                  

     Water                94.0                                                 

     ______________________________________                                    

PAC  EXAMPLE 13
PAC  Size Composition
TBL                      Parts by weight                                       

     ______________________________________                                    

     Partially dextrinized starch                                              

                           8.0                                                 

     Hydrogenated vegetable oil                                                

                           1.5                                                 

     Wetting agent         0.5                                                 

     Product of Example 2  1.8                                                 

     Water                 88.2                                                

     ______________________________________                                    

PAR  In formulating size compositions with the coupling agents of the present
      invention, the coupling agent is generally employed in an amount
      constituting from 0.1 to 10% by weight of the composition, and the film
      forming binder in an amount from 1 to 25% by weight of the composition.
      These amounts are not critical to the practice of the invention and can be
      varied as desired. The compositions of Examples 9 to 13 can be applied to
      glass fibers as they are formed or afterwards, in accordance with
      conventional procedures.
PAR  Glass fibers coated with the silanes of the present invention can be
      incorporated in the form of fibers, yarns, rovings, fabrics and the like
      with resin materials, including epoxy resins, polyester resin, polyamide
      resins as well as numerous other thermosetting plastics in amounts such
      that the treated glass fibers constitute from 1 to 20% by weight of the
      plastic laminate or coated fabric formed. The coating on the individual
      glass fibers, comprising as the essential component the silanes of the
      present invention, serves to provide a secure bonding relationship between
      the glass fiber surfaces and the resin.
PAR  Glass fiber sized with a composition of the type represented by Examples 9
      to 13 can also be used in the manufacture of glass fiber reinforced
      elastomeric products. In accordance with this concept of the invention,
      glass fibers which have been sized with one of the compositions of
      Examples 9 to 13 are formed into strands, yarns, cords formed of strands
      which are plied and twisted together, or threads, generally referred to as
      bundles and subjected to impregnation with an aqueous composition
      formulated to include a resorcinolaldehyde resin component and an
      elastomer component.
PAR  Such impregnating compositions are now well known to those skilled in the
      art and are described in U.S. Pat. Nos. 3,402,064, 3,424,608, 3,567,671,
      3,591,357, and numerous others. This concept may be illustrated by the
      following examples:
PAC  EXAMPLE 14
PAR  Using the procedure described in U.S. Pat. No. 3,567,671, an impregnating
      composition is formulated as follows:
PAC  Impregnating Composition
TBL                          Parts                                             

                             by weight                                         

                             (solids basis)                                    

     ______________________________________                                    

     Resorcinol-formaldehyde resin                                             

      (Penacolyte R 2170)      5.0                                             

     Vinyl pyridine-butadiene-styrene terpolymer                               

      (Gentac PS)              30.0                                            

     Vinyl chloride-vinylidene chloride copolymer                              

      (Dow Latex 874)          20.0                                            

     Microcrystalline paraffin wax                                             

                               6.0                                             

     ______________________________________                                    

PAR  Water constitutes the balance of the composition and is present in an
      amount sufficient to adjust the solids content of the composition to
      within the range of 20 to 55% solids by weight. The impregnation can be
      carried out in accordance with the procedure described in U.S. Pat. No.
      3,424,608 whereby the solids of the impregnating composition serve to coat
      the fibers which have been previously sized with one of the compositions
      of Examples 9 to 13 and serve to separate the sized fibers each from the
      other to cushion the fibers and protect the sized fibers from destruction
      by mutual abrasion.
PAC  EXAMPLE 15
PAR  Glass fibers sized with the composition of one of Examples 9 to 13 are
      impregnated with the following impregnating composition of the type
      illustrated in Example 14, except that the vinyl chloride-vinylidene
      chloride copolymer component is replaced by a dicarboxylated
      butadiene-styrene resin:
PAC  Impregnating Composition
TBL                          Parts                                             

                             by weight                                         

                             (solids)                                          

     ______________________________________                                    

     Resorcinol-formaldehyde resin                                             

                               5.0                                             

     Vinyl pyridine-butadiene-styrene terpolymer                               

                               30.0                                            

     Dicarboxylated butadiene-styrene resin                                    

     (Pliolite 4121 - Goodyear)                                                

                               20.0                                            

     Microcrystalline paraffin wax                                             

                               6.0                                             

     Water to solids content of 35%                                            

     ______________________________________                                    

PAR  Application of this impregnating composition can be made in an amount
      sufficient to deposit in the glass fiber bundle solids constituting from
      15 to 40% by weight of the glass fiber system.
PAR  In facilitating the combination of glass fibers treated in accordance with
      the present invention with elastomeric materials, the individual glass
      fibers containing a coating on the surfaces thereof from Examples 3 to 8
      or bundles of glass fibers sized with one of the compositions of Examples
      9 to 13 and impregnated with one of the compositions of Examples 14 and 15
      are mixed with elastomeric material or otherwise laid down in the desired
      arrangement for combination with the elastomeric material, as in the
      manufacture of glass fiber reinforced belts or in the manufacture of
      rubber tires reinforced with cords of glass fibers. The combination of
      glass fibers and elastomeric material is processed in a conventional
      manner by mold or cure under heat and compression or vuncanized for
      advancement of the elastomeric material to a cured or vulcanized stage
      while in combination with the treated glass fibers or bundles of glass
      fibers become strongly integrated with the elastomeric material in the
      glass fiber-elastomeric product.
PAR  In the final system, the elastomeric material with which the glass fibers
      or bundles of glass fibers are combined, constitutes a continuous phase.
      Such continuous phase elastomeric materials may comprise elastomers or
      rubbers of the type incorporated into the treating compositions or the
      elastomeric material can differ therefrom. It is believed that the tie-in
      between the individually coated glass fibers or the impregnated bundles of
      glass fibers and the elastomeric materials forming the continuous phase
      occurs primarily during cure or vulcanization of the elastomeric material
      in combination with the treated glass fibers.
PAR  It will be apparent that various changes and modifications can be made in
      the details of procedure, formulation and use without departing from the
      spirit of the invention, especially as defined in the following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Glass fibers having a thin coating on the surfaces thereof, said coating
      comprising the reaction product of (1) a silicon halide having the general
      formula
PAC  (R).sub.n Si X.sub.4-n
PAL  wherein R is an organic group containing ethylenic unsaturation, X is
      halogen and n is 0 or 1 with (2) an aliphatic epoxide containing 10 to 25
      carbon atoms and about 1 epoxide group per mole, with the mole ratio of
      silicon halide to the epoxide being within the range of 3.8 to 4.5, said
      reaction product containing beta-haloalkoxy groups of the formula
      ##EQU3##
      wherein X is halogen, said beta-haloalkoxy groups being attached directly
      to the silicon atom through the oxygen atom.
NUM  2.
PAR  2. Glass fibers as defined in claim 1 wherein the halide is a silicon
      tetrahalide.
NUM  3.
PAR  3. Glass fibers as defined in claim 1 wherein the composition is formulated
      to include at least one film forming material.
NUM  4.
PAR  4. Glass fibers as defined in claim 3 wherein the film forming material is
      a blend of a resorcinol-aldehyde resin and at least one elastomer.
NUM  5.
PAR  5. Glass fibers as defined in claim 1 wherein the epoxide is a mixture of
      aliphatic epoxides containing 16 to 18 carbon atoms.
NUM  6.
PAR  6. Glass fibers having a thin coating on the surfaces thereof, said coating
      comprising a blend of a resorcinol-aldehyde resin, at least one elastomer
      and the reaction product of (1) a silicon tetrahalide and (2) an aliphatic
      epoxide containing 10 to 25 carbon atoms and about 1 epoxide group per
      mole, with the mole ratio of silicon tetrahalide to the epoxide being
      within the range of 3.8 to 4.5, said reaction product containing
      beta-haloalkoxy groups of the formula
      ##EQU4##
      wherein X is halogen, said beta-haloalkoxy groups being attached directly
      to the silicon atom through the oxygen atom.
NUM  7.
PAR  7. Glass fibers as defined in claim 6 wherein the coating includes 2 to 10
      parts by weight of a resorcinol-aldehyde resin, 20 to 60 parts by weight
      of a vinyl pyridine-butadiene-styrene terpolymer, 15 to 40 parts by weight
      of a material selected from the group consisting of a vinyl
      chloride-vinylidene chloride copolymer and a carboxylated
      butadiene-styrene copolymer and 5 to 30 parts by weight of a paraffin wax.
NUM  8.
PAR  8. Glass fibers as defined in claim 7 wherein the material is a
      dicarboxylated butadiene-styrene copolymer.
NUM  9.
PAR  9. A glass fiber bundle comprising a plurality of glass fibers, each of the
      glass fibers having a coating on the individual surfaces thereof, said
      coating comprising the reaction product of (1) a silicon halide having the
      general formula
PAC  (R).sub.n Si X.sub.4-n
PAL  wherein R is an organic group containing ethylenic unsaturation, X is
      halogen and n is 0 or 1 with (2) an aliphatic epoxide containing 10 to 25
      carbon atoms and about 1 epoxide group per mole, with the mole ratio of
      silicon halide to the epoxide being within the range of 3.8 to 4.5, said
      reaction product containing beta-haloalkoxy group of the formula
      ##EQU5##
      wherein X is halogen, said beta-haloalkoxy groups being attached directly
      to the silicon atom through the oxygen atom and an impregnant in the
      bundle, said impregnant comprising a blend of resorcinol-aldehyde and at
      least one elastomer.
NUM  10.
PAR  10. A bundle as defined in claim 9 wherein said coating also includes a
      film forming material.
NUM  11.
PAR  11. A bundle as defined in claim 9 wherein the impregnant includes 2 to 10
      parts by weight of a resorcinol-aldehyde resin, 20 to 60 parts by weight
      of a vinyl pyridine-butadiene-styrene terpolymer, 15 to 40 parts by weight
      of a material selected from the group consisting of a vinyl
      chloride-vinylidene chloride copolymer and a carboxylated
      butadiene-styrene copolymer and 5 to 30 parts by weight of a paraffin wax.
NUM  12.
PAR  12. A bundle as defined in claim 9 wherein the halide is a silicon
      tetrahalide.
NUM  13.
PAR  13. A bundle as defined in claim 9 wherein the epoxide is a mixture of
      aliphatic epoxides containing 16 to 18 carbon atoms.
NUM  14.
PAR  14. In a glass fiber reinforced plastic in which a thermoplastic and/or
      thermosetting resin constitutes a continuous phase in which the glass
      fibers are distributed, the improvement in the bonding relationship
      between the glass fibers and the resin comprising a coating on the glass
      fiber surfaces comprising the reaction product of (1) a silicon halide
      having the general formula
PAC  (R).sub.n Si X.sub.4.sub.-n
PAL  wherein R is an organic group containing ethylenic unsaturation, X is
      halogen and n is 0 or 1 with (2) an aliphatic epoxide containing 10 to 25
      carbon atoms and about 1 epoxide group per mole, with the mole ratio of
      silicon halide to the epoxide being within the range of 3.8 to 4.5, said
      reaction product containing beta-haloalkoxy groups of the formula
      ##EQU6##
      wherein X is halogen, said beta-haloalkoxy groups being attached directly
      to the silicon atom through the oxygen atom.
NUM  15.
PAR  15. A plastic as defined in claim 14 wherein the halide is a silicon
      tetrahalide.
NUM  16.
PAR  16. A plastic as defined in claim 14 wherein said coating also includes a
      film forming material.
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ABST
PAL  A pressure-sensitive copying material consisting of a sheet-like base to
      which has been applied a coating comprising microcapsules containing dyes.
      The microcapsules are filled with a solution or suspension of a salt of a
      dye base and an organic carboxylic acid in an organic water-immiscible
      solvent. The copying material is distinguished by exceptional non-smudging
      characteristics and is particularly suitable for the production of
      business forms.
BSUM
PAR  The invention relates to a pressure-sensitive copying material consisting
      of a sheet-like base to which has been applied a coating comprising
      microcapsules containing dye salts.
PAR  Amongst color-transfer copying papers, those using carbon as the colorant
      are used most. These papers suffer from a number of disadvantages. The
      interposition of a copying paper produces a thick stack of paper if
      several copies are required, and limits the number of legible copies. This
      disadvantage can be circumvented if the coloring coating is applied
      directly to the back of the original. However, what cannot be circumvented
      is the low rub resistance and smudge resistance of the coloring coating.
      When handling the copying papers, color gets onto the fingers, which then
      soil the originals and copies. If the papers slide in the stack, they soil
      the copies. The copy is not rub-resistant. Copying papers which have been
      used several times show previous script on the white papers, because the
      wax covering layer has been destroyed, and in the case of carbonless
      papers the original is liable to print in a given stack. Thus, the
      production of clean originals and non-smudging copies is difficult or
      impossible.
PAR  In contrast, color exposure papers are clean to handle. They bear a
      continuous coating which in most cases is black, and which is covered with
      an opaque white outer coating. This white outer coating is rendered
      transparent by mechanical pressure, for example by being struck with the
      typewriter keys, and the black layer underneath it becomes visible. The
      principal disadvantage of these papers is that the copies can be altered
      at any time and slight pressure exerted by more or less pointed objects
      exposes the black coating underneath, so that these papers present an
      untidy appearance. Furthermore there are limitations regarding their
      printability, for example for business forms.
PAR  Reactive copying material circumvents the shortcomings of the above papers.
      They have a capsule coating applied to the back. The capsules contain a
      colorless solution of a dye intermediate in, for example, an organic
      liquid. The sheet underneath the original contains a coating comprising a
      reagent, on its upper face. If the capsules are ruptured by the pressure
      of a pencil or by being struck with a typewriter key, their contents exude
      onto the sheet below where they are developed to a dye by means of the
      reagent (for example an acid clay) for the dye intermediate contained in
      the solution. This produces a copy. Such papers require a coating which
      contains the capsules and provides the dye intermediate, and a developing
      coating. Whilst having the advantage of being clean to handle and giving a
      copy which can no longer react by itself, such papers present the
      manufacturer with some difficulties. The acceptor coating on the upper
      face of the copy is difficult to print since the coating carrying the
      reagent cannot be filled to be sufficiently picking-resistant. The coating
      containing the reagent modifies the surface properties of the papers.
      Thus, papers conforming to a standard specification for certain purposes
      cannot be produced with an acceptor coating. Thus, reactive copying papers
      cannot be employed, for example, in optical document scanning.
PAR  Another disadvantage resides in the available dye intermediates. The dye
      intermediates hitherto employed, such as crystal violet lactone and
      N-benzoyl-leuco-methylene blue, give a copy which is difficult or
      impossible to copy with copying equipment, for example Xerox equipment,
      since it has a low absorption in the blue wave-length range. Black copies
      which can readily be copied can be produced by a combination of, for
      example, a blue, yellow and red dye intermediate. Naturally, the dye
      intermediates differ in speed of color development, intensity and fastness
      to light. Papers produced therewith give different black or gray shades on
      different acceptor faces and gradually discolor on storage. In general
      terms, the fastness to light of dyes produced from such dye intermediates
      is less than that of copying papers containing carbon.
PAR  It is an object of the present invention to provide a nonsmudging copying
      material which does not soil the hands of persons handling it. The upper
      face of the copies should show as little soiling as possible. The material
      should permit the production of the copy on any conventional base, mainly
      paper, without a special acceptor face. The material should give copies
      which are as lightfast as possible and should above all give black as well
      as colored copies, and give copies which can be copied on conventional
      equipment. The copies should be non-smudging. A black copy should, if
      possible, be obtainable by using only a single dye.
PAR  We have found a non-smudging, pressure-sensitive copying material of a
      sheet-like base and a coating comprising microcapsules containing a dye,
      with or without binders, fillers and pigments, wherein the microcapsules
      are filled with a solution or suspension of a salt of a dye base and an
      organic carboxylic acid in an organic water-immiscible solvent.
PAR  Dye bases which can be used are the basic dyes commercially available under
      the description of dye bases or color bases, for example the oxidation
      products of aniline, such as nigrosine bases and induline bases, Victoria
      Blue base, Methyl Violet base, rhodamine base, auramine base and
      chrysoidine base. Nigrosine bases LT and C (C.I. Solvent Black 7) and
      induline bases N and NR (C.I. Solvent Blue 7) are particularly preferred.
      Preferred organic acids are aliphatic carboxylic acids with eight to 30
      carbon atoms.
PAR  The salts of such dye bases have already been employed for copying papers
      containing carbon. When used in the conventional combination with oleic
      acid, fats and ester waxes, papers produced therewith show penetration of
      oil and dye salt. Hence, they are only added in small amounts.
PAR  The concentrated dye bases have a high viscosity, which is as a rule
      lowered by dilution with oleic acid or alcohol and/or glycol ethers.
      Because of their high polarity and in part because of their acid
      character, these solvents cannot, however, be encapsulated by means of the
      conventional encapsulation processes and using the conventional wall
      materials. On the other hand, the high viscosity of the concentrated
      pastes prevents transfer of the pastes from the capsules onto the paper
      face opposite thereto, for the purpose of producing the copies.
PAR  The encapsulation of high concentrations of soluble dyes in aqueous
      dispersion presents difficulties. Basic or acid dyes in the main only give
      solutions of high concentrations in water, alcohols and glycols. The
      problem of tightly encapsulating these systems for a prolonged period,
      without loss of solvent, has hitherto not been solved satisfactorily.
PAR  It is surprising to find that the dye salts alone, even without added
      pigments, give, when used at high concentration, intense and easily
      legible copies if water-immiscible solvents or solvent mixtures -- also
      described as core solvents -- are used for dilution. These solvents or
      diluents lower the viscosity of the dye salt solution very greatly and can
      be encapsulated by conventional encapsulation processes. If the ratio of
      such solvents, which can be classified as "more efficient" and "less
      efficient" solvents, is selected correctly, copies without edges of a
      different color are produced, that is to say no bleeding occurs.
PAR  The procedure followed is, for example, to dissolve the dye bases by means
      of the organic carboxylic acids, for example myristic, behenic,
      tetradecanoic, oleic, linoleic, stearic, palmitic, lauric or abietic acid,
      in accordance with conventional processes. Particularly good results are
      achieved if the ratio of acid to dye base is equal to or only slightly
      greater than the stoichiometric ratio. Suitably, the molar ratio of
      organic carboxylic acid to dye base is from about 1:1 to 2:1. The large
      excess of acid conventionally used in practice for dissolving the dye
      bases give solutions which are difficult to encapsulate.
PAR  For encapsulation, the dissolved dye bases can be adjusted to the desired
      concentration by dilution with the water-immiscible organic solvent.
      Alternatively, however, the solvent can be added during the dissolution
      step so as to give lower viscosities immediately. Water-immiscible
      solvents which have proved suitable for this purpose are solvents which
      are liquid and have a low volatility at room temperature, such as --
      amongst "less efficient" solvents -- aliphatic hydrocarbons, such as
      high-boiling gasolines, kerosene and spindle oil, araliphatic
      hydrocarbons, such as alkylbenzenes with alkyl groups of two to twenty
      carbon atoms, such as isopropylbenzene, n-dodecylbenzene and
      triethylbenzene, methylphenylindene, alkylnapthalene, diphenyls and
      terphenyls and -- amongst "more efficient" solvents -- phthalic acid
      esters of higher alcohols (C.sub.3 to C.sub.18), such as dibutyl
      phthalate, dihexyl phthalate, diethylhexyl phthalate, dicetyl phthalate
      and diisobutyl phthalate, and mixtures of these solvents.
PAR  The concentration of the dye base in the solvent is suitably 5 to 50, and
      preferably 10 to 35 per cent by weight. The weight ratio of the organic
      carboxylic acid, used to dissolve the dye base, to the solvent is then
      conveniently from about 1:1 to 1:10. The viscosity of the solution or
      suspension is suitably 10 to 10,000,  preferably 50 to 3,000, cP measured
      at a shear rate of 100 sec.sup.-.sup.1.
PAR  The solutions or suspensions obtained can be encapsulated by conventional
      processes. However, it is to be borne in mind that the normal products of
      dissolution of the bases with excess acids, for example oleic acid, with
      or without added fats and ester resins, cannot be encapsulated, or cannot
      be encapsulated tightly, since the known wall materials, such as gelatine
      and acrylic ester copolymers, are partially dissolved by these materials,
      or interfere with the encapsulation. This causes agglomeration of the
      encapsulation batches.
PAR  Examples of suitable encapsulation processes are those described in
      Austrian Pat. No. 199,206 and German published specification No.
      2,119,933. The same procedures as are described in these specifications
      can be used for adjusting the particle size and concentration of the
      capsules in the dispersion in water. The diameter of the capsules will in
      general be 1 to 40 .mu.. The capsules can contain colored pigments, such
      as carbon black or phthalocyanines, in addition to the solutions
      containing the dye salt.
PAR  The non-smudging pressure-sensitive copying material is manufactured by
      conventional methods, for example by coating sheet material consisting of
      paper, textiles, polymers or metals (for example aluminum foils) by means
      of rollers, air brushes or doctor knives, for example on a paper-coating
      machine. The amount applied, expressed as capsules, is suitably from 3 to
      10 g/m.sup.2. The capsule dispersion is formulated, for coating, in
      accordance with the intended use. It can be of advantage to add to the
      dispersion a natural or synthetic binder, for example casein, starch or,
      preferably, a polymer dispersion based on vinyl acetate,
      styrene/butadiene, styrene/acrylate and acrylate copolymers, and so-called
      spacer fillers in the form of ground cellulose or polystyrene,
      advantageously of spherical shape, or customary types and amounts of other
      fillers or pigments. In order to mask the inherent color of the capsules,
      the capsule coating can be provided, by conventional methods, with a
      masking, foamed or pigmented, surface coating with which the paper can be
      treated even before applying the capsule coating, in order to reduce the
      show-through of the tint in the case of light-weight papers. It is also
      possible to add the capsules to the paper and incorporate them therein by
      this method.
PAR  The coating gives the coated surface of the copying material a pleasant,
      dry, papery hand. Even vigorous rubbing with the fingers does not break
      the capsules open so that the hands do not become soiled. It is possible
      to use the product without interleaving and/or an acceptor face, which
      would always require a separate coating or treatment. The paper will
      produce a copy 3 to 4 times if it is employed purely as a copying paper.
      It is a particular advantage that the copy can be produced on any
      conventional paper surface, without the latter having to be matched to the
      copying system. It is possible to produce not only various colors, but
      also, above all, neutral black copies with a single dye which does not
      contain carbon. The shade of black is stable, can be copied readily, and
      has good fastness to light. The amount of microcapsules required, 4 to 5
      g/m.sup.2 being applied, is slightly less than in the case of one-time
      carbon papers which use 5 to 7 g/m.sup.2, or copying papers which use 12
      to 14 g/m.sup.2. It is a further important advantage of the papers that in
      contrast to the case of carbon papers, the copy is non-smudging after a
      very short time (which depends on the type of paper). The solvent carries
      the dye into the paper and fixes it therein, whilst with carbon papers the
      (solid) dye is transferred onto the surface of the paper and smudges
      readily. The fact that the capsule coating exhibits the color of the
      contents of the capsules can be modified or eliminated by suitable masking
      coatings without significant detriment ot the copying capacity.
PAR  The copying material according to the invention, especially when paper is
      used as the base, is outstandingly suitable for the production of business
      forms, such as are employed increasingly for orders, applications, sales
      contracts, bookings and electronic data processing installations, above
      all with optical document scanning.
PAR  Some embodiments of the non-smudging pressure-sensitive copying paper
      claimed, and their manufacture, are described in the Examples which
      follow.
PAR  Unless otherwise stated, the parts and percentages mentioned are by weight.
      Parts by volume bear the same relation to parts by weight as the liter to
      the kilogram.
PAC  EXAMPLE 1
PAC  A. Preparation of the dye salt solution (dissolution of the base)
PAR  200 parts of oleic acid are introduced into a glass flask of capacity 2,000
      parts by volume, which is fitted with a powerful anchor stirrer, and are
      stirred therein. 250 parts of commercial nigrosine base LT are then poured
      in slowly. The mixture is heated on a water bath until a homogeneous
      solution results; this requires from 1 to 2 hours. The solution which is
      mobile when warm is treated with 300 parts of spindle oil and 400 parts of
      diethylhexyl phthalate. The viscosity of the solution after cooling to
      room temperature is 900 cP. Concentration of dye base in the solution is
      21.8 percent by weight.
PAC  B. Dispersing and encapsulating the dye salt solution
PAR  A solution of 800 parts of water and 120 parts of a 10% strength
      polyvinylpyrrolidone solution (K value 90) is introduced, at room
      temperature, into a glass vessel of capacity 5,000 parts by volume, into
      which dips an Ultra-Turrax T 45 (manufactured by Jahnke and Kunkel,
      Oberstaufen, Federal Republic of Germany) running at 9,000 r.p.m.; 96
      parts of isopropanol and 272 parts of the dye salt solution prepared under
      (A) are dispersed therein. An emulsion of the dye salt solution in water,
      with droplet diameters from 1 to 30 .mu., is produced instantly.
PAR  A solution of a wall material, consisting of a copolymer (relative
      viscosity 1.59, measured as a 1% strength solution in chloroform) of 160
      parts of acrylamide, 420 parts of methyl methacrylate and 1 part of
      vinylsulfonic acid in 1,000 parts of isopropanol and 500 parts of
      chloroform, is then run into the emulsion over 10 minutes by running it
      directly into the gap of the Turrax generator. The Turrax is then run for
      a further 0.5 minute and is thereafter switched off; the particle size is
      determined and the mean particle diameter is found to be from 8 to 12 .mu.
PAC  C. Distillation and curing
PAR  1,000 parts of the capsule dispersion thus obtained are introduced into a
      glass flask of capacity 2,000 parts by volume, equipped with a stirrer
      (120 rpm) and a descending condenser, into which flask 420 parts of water
      at 40.degree.C had been introduced beforehand. The contents of the flask
      are heated and the chloroform and isopropanol are distilled off in the
      course of 1.5 hours, starting at 65.degree.C. During the process the
      temperature rises to 84.degree.C. 15 parts of 40% strength formaldehyde
      solution are then added and the dispersion is kept at 80.degree.C for a
      further 0.5 hour, during which the wall material crosslinks. The
      dispersion is then cooled. The moist residue retained on a sieve amounts
      to 20 parts and consists in the main of capsule agglomerates.
PAR  To avoid the dispersion separating out on standing, 17.5 parts of a 25%
      strength dispersion of an emulsion copolymer of 56 parts of ethyl
      acrylate, 34 parts of methacrylic acid, 10 parts of acrylic acid, 0.1 part
      of vinylsulfonate and 0.25 part of dialkyl phthalate are added to the
      dispersion and the pH of the mixture is adjusted to 7.0 with 7 parts of a
      10% strength sodium hydroxide solution. This produced a just perceptible
      thickening of the dispersion.
PAR  The concentration of the dispersion is 15.1% and the average diameter of
      the capsules is from 8 to 11 .mu.. The viscosity of the dispersion is 26.5
      seconds in a DIN cup (4 mm orifice).
PAC  D. Testing the capsule dispersion
PAR  For testing, the capsule dispersion is applied to a paper weighing 36
      g/m.sup.2, using an 18 .mu. wire doctor blade. The product is dried for 24
      hours at room temperature. The capsule coating weighs 5 g/m.sup.2 and is
      gray-black. Its depth of color is somewhat less than that of conventional
      carbon papers. The hand of the coated surface resembles that of a
      conventional paper surface and the material does not mark the fingers even
      when these are passed repeatedly over the surface. The product does not
      give the impression of a smeary or waxy surface, as is given by the
      conventional copying papers containing carbon.
PAR  Some of the paper is stored at room temperature, some at 80.degree.C and
      some at 95.degree.C, for 15 hours. After storage, the coated papers are
      placed with the coated face downward on a sheet of normal typewriting
      paper, but into an electric typewriter and typed on, using touch setting
      2. The resulting copy is rated as follows:
PA1  1 intense coloration, very sharp script, very easily legible.
PA1  2 strong coloration, easily legible.
PA1  3 high-contrast coloration, completely legible.
PA1  4 pale coloration, just legible.
PA1  5 no coloration, no copy.
PAR  The copy produced in the present example gives a rating of 2 when the paper
      coating is stored at room temperature, a rating of 2 to 3 after storage at
      80.degree.C and again a rating of 2 to 3 after storage at 95.degree.C. The
      copy is in a neutral black and gives an attractive script appearance which
      does not change in intensity and shade after 5 months' storage. The
      coating has a good shelf life, as is shown by a hot storage test.
PAC  E. Comparison with one-time carbon paper
PAR  For comparison with conventional one-time carbon paper, the reflection
      values of the back of the paper which produces the copy, and the resulting
      reflection values of the copy, were determined with an Elrepho instrument
      (photoelectric reflectance photometer from Carl Zeiss, Oberkochen, Federal
      Republic of Germany), using a green filter (color measuring filter Y with
      standard light C, identical to the CIE system or DIN Standard
      Specification 5033). The results, in % of reflected light, are shown in
      the table.
TBL  ______________________________________                                    

                               One-time                                        

                      Example  carbon paper                                    

     ______________________________________                                    

     Back               33%         3%                                         

     1st copy           56%        51%                                         

     5th copy           51%        47%                                         

     (white paper used for copying                                             

                        87%        87%                                         

     Coating, g/m.sup.2 4.5 g      6.0 g                                       

     Rub resistance of the copy                                                

                        no smudging                                            

                                   smudges                                     

                                   extensively                                 

     ______________________________________                                    

PAR  The capsule coating, which gives 33% reflected light (white paper giving
      87%), merely has a gray appearance, whilst the one-time carbon paper
      coating only reflects 3% and is deep black. Though it has a lower coating
      weight, the capsule coating gives only a slightly less intense copy than
      the one-time carbon paper, the figures being 56% as against 51%, but the
      former copy cannot be smudged and its script, after rubbing, remains black
      and easily legible, and contrasts with the background. In contrast, the
      legibility of the one-time carbon paper copy is easily affected by
      smudging. As a result of smudging, the reflection of the background
      decreases and that of the script increases; hence the contrast decreases.
      This leaves out of account the fact that the low rub resistance also
      causes soiling of the paper outside the script. The decrease in
      reflectance is the same for both papers, as can be seen from the table by
      examining the figures for the reflection of the fifth copy (five copy
      papers placed behind one another). The lower reflection results from the
      fact that with an increasing number of copies the pressure of the
      typewriter key acts on a larger area. This produces a more blurred script
      appearance.
PAR  The intensity of the copy can be increased by increasing the weight of
      capsule coating applied.
PAC  EXAMPLE 2
PAR  A. A dye salt solution is prepared, following the procedure in Example 1,
      by first dissolving 250 parts of nigrosine base C with 200 parts of oleic
      acid and then adding 550 parts of spindle oil. The viscosity of the
      solution at room temperature is 266 cP. The solution contains 25% of
      nigrosine base C.
PAR  B. The dye salt solution is encapsulated with the same wall material, and
      in the same manner, as in Example 1, and the capsules are cured and
      stabilized. A 16.4% strength capsule dispersion, containing capsules of
      average diameter 10 to 15 .mu. and having a viscosity of 30 seconds in a
      DIN cup (4 mm orifice) is obtained.
PAR  C. The capsule dispersion is tested as in Example 1. The copy produced by
      the paper after storage at room temperature is rated 3, and after storage
      at 80.degree. and 90.degree.C the rating is unchanged and is also 3. The
      shade of the copy is violet-tinged black. The shade and intensity are
      unchanged after 9 months.
PAC  EXAMPLE 3
PAR  A. 200 parts of nigrosine base C are dissolved in 200 parts of oleic acid
      and diluted with 600 parts of gasoline (boiling point from 155.degree. to
      180.degree.C). The viscosity of the solution is 89 cP.
PAR  B. Following the procedure of Example 1, the dye salt solution is
      encapsuled, the capsule wall is cured and the dispersion is stabilized. A
      15.8% strength dispersion containing capsules of average diameter from 10
      to 17 .mu. is produced. The viscosity of the dispersion is 16 seconds,
      measured in the DIN cup, at room temperature.
PAR  C. The capsule dispersion is tested after coating a paper, as in Example 1.
      The copy produced with paper stored at room temperature is rated 2 to 3
      and that with paper stored at 80.degree. and 95.degree.C is rated 3. The
      shade of the copy is violet-tinged black. The shade and intensity are
      unchanged after 9 months' storage.
PAC  EXAMPLE 4
PAR  A. 110 parts of rhodamine base B extra are dissolved in 88 parts of oleic
      acid and 132 parts of spindle oil and 170 parts of diethylhexyl phthalate
      are then added. a suspension containing 22% of dye base and having a
      viscosity of 220 cP is obtained.
PAR  B. The encapsulation is carried out as in Example 1, except that only 12
      parts of isopropanol are added, an additional 60 parts of chloroform are
      used, and 240 parts of a 40% strength wall material solution, containing a
      copolymer of 150 parts of acrylamide, 420 parts of butanediol monoacrylate
      acetylacetate, 420 parts of methyl methacrylate and 0.5 part of acrylic
      acid are employed. A 13.2% strength dispersion containing capsules of
      average diameter from 6 to 9 .mu. is obtained.
PAR  C. The capsule dispersion is tested as in Example 1, after coating on
      paper. The copy produced with paper stored at room temperature is rated 2
      whilst the intensity of the copies obtained with papers stored at
      80.degree.C and 95.degree.C is rated 3. The copy has a deep red-purple
      color.
PAC  EXAMPLE 5
PAR  A. The dye salt solution is prepared as in Example 1. The viscosity of the
      solution is 900 cP.
PAR  B. 44 parts of the nigrosine base solution mentioned under 1 (A), 24 parts
      of isopropanol and 23 parts of phthalic acid diethylhexyl ester are
      introduced into a beaker of capacity 800 parts by volume, and are heated
      to 55.degree.C. During this period, the contents of the beaker are stirred
      by a high speed stirrer fitted with a stirring disc of 52 cm diameter with
      saw-like teeth around the edge, and rotating at about 5,500 rpm. A
      solution of 10 parts of hogskin gelatine in 80 parts of water, which has
      been heated to 55.degree.C and adjusted to a pH of 5.5 with acetic acid,
      is added. A solution of 10 parts of gum arabic in 80 parts of water, which
      has been heated to 55.degree.C, is then poured in in the course of 6
      minutes. A dispersion with particles of diameters from 1 to 40 .mu., the
      average diameter being from 3 to 5 .mu., is obtained.
PAR  240 parts of this emulsion are weighed into a beaker of capacity 1,000
      parts by volume, kept at 55.degree.C and stirred at 2,100 rpm with the
      high-speed stirrer fitted with a cage-type stirrer. The pH is adjusted to
      5.5 with 1N NaOH, 300 parts of water at 55.degree.C are then added
      dropwise in the course of 10 minutes and the pH of the mixture is adjusted
      to 4.5 with 0.1N acetic in the course of about 10 minutes. The mixture is
      then stirred for a further 20 minutes at the same temperature. At this
      stage, the emulsion contains particles of average diameter 7 to 12 .mu.
      2.8 parts of 40% strength aqueous formaldehyde solution are added in the
      course of 50 minutes and the whole is then cooled as rapidly as possible
      to 5.degree.C in an ice-water bath, whilst being stirred. To effect the
      curing, the pH of the dispersion is then slowly raised to 9.5 with 1N
      NaOH. After stirring for 12 hours at 5.degree. to 10.degree.C, a capsule
      dispersion containing capsules of average diameter from 2 to 12 .mu. is
      obtained. In addition, loose agglomerates are present. The capsule
      dispersion is sieved through a 60 .mu. mesh sieve, with vigorous shaking.
      The resulting capsule dispersion is tested.
PAR  C. Paper is coated with the capsule dispersion using a wire doctor blade
      (18 .mu.) as in Example 1, the paper is dried and then stored for 16 hours
      at room temperature or 80.degree. or 95.degree.C, and a copy is then
      produced. The intensity of the copy is rated 3 at room temperature, 3 to 4
      after storage at 80.degree.C and 3 to 4 after storage at 95.degree.C. The
      contours are sharp and the script is legible.
PAC  EXAMPLE 6
PAR  A. Following the procedure of Example 1, 500 parts of nigrosine base LT are
      dissolved in 300 parts of oleic acid. The reaction mixture, whilst still
      warm, is then diluted to 20% dye content with 870 parts of spindle oil and
      830 parts of n-dodecylbenzene. This dye salt solution solidifies to a gel
      when cooled to room temperature (23.degree.C). On measuring the viscosity
      with a Haake viscometer, different results are obtained at different shear
      rates:
TBL  Shear rate in sec.sup..sup.-1                                             

                    2.7      24.5     147    441                               

     Viscosity in cP                                                           

                    17,400   3,360    1,090  630                               

PAR  B. The dye salt solution is encapsulated as in Example 1. A 16% strength
      capsule dispersion with capsules of average diameter from 10 to 15 .mu. is
      obtained. The viscosity of the dispersion is 22.7 seconds in a DIN cup.
PAR  C. 500 parts of this capsule dispersion, 40 parts of cellulose powder and
      60 parts of a 50 percent strength by weight styrene/acrylic ester
      copolymer dispersion in water are mixed and coated onto paper using a wire
      doctor blade. After drying, the coating weight is 9.5 g/m.sup.2. Samples
      of the paper obtained are respectively stored for 16 hours at room
      temperature, at 80.degree.C and at 90.degree.C. The intensity of a copy is
      then determined. It is rated 3 in all cases, regardless of storage. This
      shows that solutions with a pronounced structural viscosity give good dye
      transfer provided the viscosity is low at fairly high shear rates (say
      above 100 sec.sup.-.sup.1).
PAC  EXAMPLE 7
PAR  A. Instead of using oleic acid, the dye base is dissolved with rosin, using
      the procedure of Example 1. For this, 500 parts of nigrosine base LT are
      dissolved with 360 parts of rosin at 140.degree.C and the mixture is
      diluted with 1,640 parts of diethylhexyl phthalate to give a solution
      containing 20% of dye. The viscosity of the solution is 3,100 cP at
      25.degree.C.
PAR  B. The encapsulation is carried out in accordance with Example 1. A 15.8%
      strength dispersion with particles of average diameter from 12 to 15 .mu.
      is obtained.
PAR  C. Paper is coated with 5.4 g of capsules/m.sup.2 of paper, and after
      storage at room temperature the intensity of a copy is rated 3, after
      storage for 16 hours at 80.degree.C it is also rated 3 and after 16 hours
      at 95.degree.C the intensity is rated 3 to 4.
CLMS
STM  We claim:
NUM  1.
PAR  1. A non-smudging pressure-sensitive copying material which comprises: a
      sheet-like base and a coating on said base, said coating including
      microcapsules, said microcapsules containing as a core material a solution
      of a salt of a dye base and an aliphatic carboxylic acid of eight to
      thirty carbon atoms in an organic water-immiscible solvent, the ratio of
      organic carboxylic acid to dye base is from about 1:1 to equivalents.
NUM  2.
PAR  2. A copying material as claimed in claim 1, wherein the dye base is a
      nigrosine base or an induline base.
NUM  3.
PAR  3. A copying material as claimed in claim 1, wherein the organic
      water-immiscible solvent consists of high-boiling aliphatic or araliphatic
      hydrocarbons or phthalic acid esters of aliphatic alcohols of three to 18
      carbon atoms, or mixtures thereof.
NUM  4.
PAR  4. A copying material as claimed in claim 1, wherein the concentration of
      the dye base in the organic water-immiscible solvent is from 5 to 50
      percent by weight.
NUM  5.
PAR  5. A copying material as claimed in claim 1, wherein the viscosity of the
      solution or suspension of the dye salt in the organic water-immiscible
      solvent is 10 to 10,000 cP at a rate of shear of 100 sec.sup.-.sup.1.
NUM  6.
PAR  6. A copying material as claimed in claim 1, wherein the wall material of
      the microcapsules is gelatine or an acrylic ester copolymer.
NUM  7.
PAR  7. A copying material as claimed in claim 1, wherein the microcapsules
      contain a pigment additionally to the dye salt solution.
NUM  8.
PAR  8. A copying material as claimed in claim 1, wherein the sheet-like base is
      paper.
NUM  9.
PAR  9. A copying material as claimed in claim 1, wherein the binder for the
      microcapsule coating is a polymer dispersion based on vinyl acetate,
      styrene/butadiene, styrene/acrylate or acrylate copolymers.
NUM  10.
PAR  10. A copying material as claimed in claim 1, wherein the micro-capsule
      coating contains cellulose or polystyrene as a filler.
NUM  11.
PAR  11. A copying material as claimed in claim 1, wherein the micro-capsule
      layer bears a coating which masks the inherent color of the microcapsules.
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ABST
PAL  A color developer is disclosed which, when contacted with a color former,
      is capable of forming a distinct color, the color developer comprising a
      metallic compound of an aromatic carboxylic acid. Suitable metals are, for
      example, those of the following groups of the Periodic Table: Ib, IIa,
      IIIb, IVb, VIa, VIIa and VIII. A recording sheet employing the color
      developer is also disclosed.
PARN
PAR  This is a continuation of application Ser. No. 192,594, filed Oct. 26, 1971
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to a recording sheet and a color developer
      therefor, and more particularly to a recording sheet having coated thereon
      a novel color developer layer and a novel color developer for the
      recording sheet.
PAR  2. Description of the Prior Art
PAR  There have been known recording sheets utilizing a color reaction of a
      colorless organic compound (hereinafter referred to as a "color former"),
      and an adsorbent material capable of forming a distinct color when
      contacted with the color former.
PAR  As the recording sheets using the phenomenon, a pressure-sensitive
      recording sheet (U.S. Pat. Nos. 2,505,470, 2,505,489, 2,550,471,
      2,548,366, 2,712,507, 2,730,456, 2,730,457, 3,418,250, etc.) and a
      heat-sensitive recording sheet have been well known. Further, a printing
      method has been known wherein an ink containing the color former is
      applied to the color developer sheet either through a medium such as a
      stencil or not.
PAR  In all cases, the above phenomenon of the color reaction between the color
      former and the color developer are utilized under pressure with a pen or
      stylus, under heat, etc.
PAR  The color former may be dissolved in a solvent such as chlorinated
      diphenyl, chlorinated paraffin or other organic solvent. The solution may
      be dispersed in a binder and/or may be microencapsulated, and then coated
      on a support such as paper, plastic film, resin-coated paper, etc.
PAR  In the case of a heat-sensitive recording sheet, the color former may be
      coated on the support together with a thermofusible material such as
      acetoanilide which is melted under heating to dissolve the color former.
PAR  On the other hand, the color developer is dissolved or dispersed in water
      or an organic solvent together with a binder such as styrene-butadiene
      rubber latex and then coated on or impregnated into a base support before
      or directly before recording.
PAR  The color former and color developer may be coated on the same surface or
      opposite surfaces of a support, or on different supports.
PAR  Usually, after the color developer is coated on the support, a desensitizer
      is locally coated thereon in order that unnecessary color formation on
      certain surface portions is prevented (U.S. Pat. No. 2,777,780). Another
      embodiment of the prevention of color formation is to locally coat the
      color developer on the support or the coated layer of color former without
      using the desensitizer.
PAR  As the above described color developer, clays such as acid clay, active
      clay, attapulgite, zeolite, bentonite, etc.; phenol resins (U.S. Pat. Nos.
      3,516,845, 3,540,911); and organic compouunds such as succinic acid,
      tannic acid, gallic acid or phenol compounds (U.S. Pat. No. 3,244,548) are
      known. Such organic compounds are not practically employed for the reason
      that the color developing ability of the color developer sheet (which is a
      support having coated thereon the color developer) is very low and the
      color developed on the sheet is low in light resistance although the
      compound can be very easily handled in manufacturing the color developer
      sheet.
PAR  Further, in the case where the above color developer is locally coated on a
      support to form a color developer sheet, even if a large amount thereof
      (7-10 g per 1 m.sup.2 of the support) is coated thereon, the color
      developer sheet cannot form a sufficient color when contacted with the
      color former. As a result, the local coating method is limited in utility.
PAR  In this case, since the locally-coated portion of the color developer sheet
      is thicker than the other portions, the color former coated on another
      support, when contacted with the color developer sheet, is locally
      pressurized to form unpreferable color (hereinafter referred to "fog").
PAC  SUMMARY OF THE INVENTION
PAR  The inventors have found that all defects of the color developer sheet and
      ink can be completely removed by using a metallic compound of an aromatic
      carboxylic acid. That is, the inventors have found that a color developer
      composed of a metallic compound of an aromatic carboxylic acid is far
      stronger in color developing ability than an aromatic carboxylic acid or a
      metallic compound, and that the color formed on the color former sheet is
      stronger in light resistance.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The metal compound of the aromatic carboxylic acid used in the color
      developer of the present invention can be prepared by reacting an alkali
      metal salt of an aromatic carboxylic acid and a water-soluble metal salt
      in a solvent in which both are soluble. In this case, the ratio of the
      alkali metal salt and water-soluble metal salt is not particularly
      limited, but a molar ratio of 1 : 1 is preferable. The alkali metal salt
      of the aromatic carboxylic acid used in the above reaction can be prepared
      by conventional synthesis methods. For example, it may be prepared by
      reacting an aromatic carboxylic acid with an alkali metal hydroxide or
      carbonate.
PAR  The aromatic carboxylic acid used in the present invention includes, for
      example, benzoic acid, o-nitrobenzoic acid, m-nitro benzoic acid,
      p-nitrobenzoic acid, o-chlorobenzoic acid, m-chlorobenzoic acid,
      p-chlorobenzoic acid, o-toluic acid, m-toluic acid, p-toluic acid,
      o-bromobenzoic acid, m-bromobenzoic acid, p-bromobenzoic acid,
      o-iodo-benzoic acid, m-iodobenzoic acid, p-iodobenzoic acid,
      4-methyl-3-nitrobenzoic acid, 2-chloro-4-nitrobenzoic acid,
      2,3-dichlorobenzoic acid, 2,4-dichlorobenzoic acid, p-isopropyl-benzoic
      acid, 2,5-dinitrobenzoic acid, 3,4-dinitrobenzoic acid, 3,5-dinitrobenzoic
      acid, p-tert-butylbenzoic acid, N-phenyl-antranillic acid,
      4-methyl-3-nitrobenzoic acid, 4-acetyl-benzoic acid, salicylic acid,
      5-tert-butyl-salicylic acid, 3-phenyl-salicylic acid,
      3-methyl-5-tert-butyl-salicylic acid, 3,5-di-tert-butyl-salicylic acid,
      3,5-di-tert-amyl-salicylic acid, 3-cyclohexyl-salicylic acid,
      5-cyclohexyl-salicylic acid, 3-methyl-5-isoamyl-salicyclic acid,
      5-isoamyl-salicyclic acid, 3,5-di-sec-butyl-salicyclic acid,
      5-nonyl-salicyclic acid, 3-methyl-5-lauryl-salicyclic acid,
      m-hydroxy-benzoic acid, p-hydroxybenzoic acid, 3,5-di-nitro-salicyclic
      acid, 2-hydroxyl-3-methyl-benzoic acid, 2,4-cresotinic acid,
      2,5-cresotinic acid, 2,3-cresotinic acid, 2,4-dihydroxybenzoic acid,
      2,5-dihydroxybenzoic acid, 2,6-dihydroxybenzoic acid, 1-naphthoic acid,
      2-naphthoic acid, 1-hydroxyl-2 -naphthoic acid, 2-hydroxyl-3-naphthoic
      acid, 2-hydroxyl-1-naphthoic acid, 5,5'-methylene-salicyclic acid,
      thiosalicyclic acid, trimellitic anhydride, anacardic acid, benzoic
      anhydride, 2-carboxybenzaldehyde, diphenic acid, etc. Above all, aromatic
      carboxylic acids having at least one hydroxyl group in the structure,
      especially in the ortho position, are effective.
PAR  The metals of the metal salts to be reacted with the alkali metal salts of
      the carboxylic acids include, for example, group Ib metals such as copper,
      silver, etc., the group IIa metals such as magnesium, calcium, etc., the
      group IIb metals such as zinc, cadmium, mercury, etc., the group IIIb
      metals such as aluminum, gallium, etc., the group IVb metals such as tin,
      lead, etc., the group VIa metals such as chromium, molybdenum, etc., the
      group VIIa metals such as manganese, etc., the group VIII metals such as
      cobalt, nickel, etc., and the like. Among these, those salts wherein zinc,
      tin, aluminum or nickel is used are especially effective. In using them in
      the reaction, they are used in the form of the inorganic salts thereof
      such as chloride, sulfate, nitrate, etc., or in the form of the organic
      salts thereof such as oxalate, acetate, etc. These metal salts or alkali
      metal salts of the aromatic carboxylic acid exhibit almost no
      color-developing ability when used separately, but, when their reaction
      product is coated onto a support, the metal salts of the carboxylic acids
      show excellent color-developing ability.
PAR  The metal salt of the aromatic carboxylic acid which is prepared by the
      reaction between the alkali metal salt of the aromatic carboxylic acid and
      a water-soluble metal salt may be used as the reaction mixture or, more
      preferably, after separation and purification thereof.
PAR  Further, for the purpose of increasing color developing ability and light
      resistance, an inorganic pigment may be added to the color developer. The
      inorganic pigment comprises aluminum silicate, zinc silicate, lead
      silicate, tin silicate, colloidal hydrated aluminum silicate, zeolite,
      bentonite, kaolinite active clay, acid clay, talc and the like. The amount
      of inorganic pigment is not critical, for example, more than 1 part by
      weight, preferably 5 parts by weight per 100 parts by weight of the metal
      compound of the aromatic carboxylic acid may be used.
PAR  The color developer of the invention can be prepared by dissolving or
      dispersing the metal compound of the aromatic carboxylic acid in water or
      in an organic solvent such as methanol, ethanol, butanol, ethyl acetate,
      butyl acetate, benzene, toluene acetone, tetrahydrofuran or methylene
      chloride. Further, the water and organic solvent may be mixed. A
      preferable solvent is one which is capable of dissolving the organic
      carboxylic acid. In case of adding the inorganic pigment, it may be
      dispersed in water, the organic solvent, the solution or the dispersion.
      Its concentration can be decided according to the conventional manner.
PAR  The thus-prepared solution or dispersion can be coated onto a support, if
      necessary, together with a binder such as gum arabic, ethyl cellulose,
      styrene-butadiene copolymer, nitro-cellulose, styrene-butadiene latex,
      methylmethacrylate-butadiene latex, etc. The amount of the binder can be
      easily decided by one skilled in the art. It should be noted that the
      coated layer of color developer can be maintained on the support even if
      the binder is not present in the layer.
PAR  The amount of the color developer coating composition is not specifically
      limited to obtain sufficient color. For example, it may be more than 0.1
      g/m.sup.2, preferably 0.5 - 5 g/m.sup.2. The upper limit of coating amount
      is not limited from the point of view of color developing activity, and
      the above range is only due to economic reasons.
PAR  The color developer composition can be coated onto the support by all kinds
      of coating methods because the present invention is basically
      characterized by using the metallic compound of the aromatic carboxylic
      acid.
PAR  As another embodiment for preparing a color developer composition, the
      binder is dissolved in the organic solvent and a plasticizer is added and
      then the metallic compound of the aromatic carboxylic acid is dissolved or
      dispersed in the resulting solution.
PAR  The plasticizer may comprise esters of phosphoric acid, phthalic acid,
      adipic acid or sebacic acid (e.g., tributyl phosphate, dibutyl phthalate,
      dioctyl phthalate, butyl adipate, dibutyl sebacate); hydrocarbons such as
      chlorinated paraffin; and glycerides of unsaturated fatty acids such as
      castor oil.
PAR  In this case, for the purpose of stabilizing the color developer
      composition which may be used as a coating ink, an alkali metal salt of an
      organic acid, or an alkali may be added to the composition. The alkali
      metal salt of an organic acid is, for example, a lithium salt, sodium salt
      or potassium salt of butyric acid, caprylic acid, palmitic acid, oleic
      acid, linoleic acid, linolenic acid, benzoic acid, and the like. The
      alkali are, for example, sodium hydroxide, potassium hydroxide, sodium
      carbonate, sodium silicate, borax and conventional alkali compounds. The
      amount of the alkali is 0.01 - 1 parts by weight per 1 part by weight of
      the metal compound of the aromatic carboxylic acid.
PAR  Each component is dissolved or dispersed by means of a ball mill or sand
      mill.
PAR  The thus-prepared color developer ink can be locally applied to a support.
PAR  The color developer sheet and color developer of the present invention can
      be used in combination with conventional color formers such as crystal
      violet lactone, benzoyl leuco methylene blue, malachite green lactone,
      rhodamine B lactam, fluoranes (U.S. Pat. Nos. 3,501,331, 3,514,310,
      3,514,311, 3,540,911), spiropyrans (U.S. Pat. No. 3,293,060), mixtures
      thereof and the like.
PAR  Modifications of the invention can be easily carried out by one skilled in
      the art in accordance with conventional information, techniques and the
      like.
PAR  Color formers for use in pressure-sensitive copying paper are ordinarily
      employed in combination in order to secure the instantaneous color forming
      property and light fastness of the colored image. For example, a
      combination of instantaneous color forming crystal violet lactone or
      3-methyl-2,2'-spirobi [benzo(f)]-chromene as a primary color former and
      benzoyl leucomethylene blue having an excellent light fastness has been
      most well known, however, the colored image obtained by contacting this
      combination of color formers with an aromatic carboxylic acid tends to
      disappear when it is allowed to stand in a room or is exposed to sunlight,
      since crystal violet or chromene fades before benzoyl leuco-methylene blue
      is color formed. However, such a defect as described above is removed in
      the present invention, since a color developer sheet using a metallic
      compound of an aromatic carboxylic acid and crystal violet lactone or
      chromene is strong in light fastness and does not fade before benzoyl
      leuco methylene blue is color formed. This will be clear from the light
      fastness of the crystal violet lactone in the below-described Examples.
PAR  In comparison with conventional clay-coated papers, the color developer
      sheet of the present invention has the following advantages:
PAR  The sensitivity of the clay of conventional clay-coated paper tends to
      decrease when allowed to stand in air, because of adsorbing materials in
      the air on the active point of the clay. That is, the color developing
      ability of the color developer sheet is remarkably lowered with time.
PAR  In the color developer sheet of the present invention, such defect has been
      improved. And, in case of manufacturing a color developer sheet in
      accordance with the present invention, sufficient color developing ability
      and other properties necessary to the color developer sheet for pressure
      sensitive paper can be satisfied with smaller coating amounts than in the
      conventional clay paper. That is, the amount of color developer of the
      present invention to be coated is sufficient with 0.1 to 5 g/m.sup.2 while
      in the conventional clay paper the amount to be coated is 7 to 10
      g/m.sup.2. Thus, it is possible to make the color developer sheet by a
      size spray coating technique by means of a machine because only a small
      amount is necessary and the physical properties of the liquid can be
      freely varied different from clay, which results in a remarkable effect
      not only on performance but also on production.
PAR  Furthermore, the color developer of the present invention can give similar
      color developing ability even when a smaller amount (by about 2 g/m.sup.2)
      of it is coated if a natural or synthetic high molecular weight substance
      or a water repellant is previously coated onto the surface of the paper
      support.
PAR  The present invention will be illustrated using the environment of a
      pressure-sensitive recording paper in the following Examples.
PAR  The effect of the color developer sheet of the present invention was
      confirmed by use with a color former sheet, produced as follows.
PAR  Microcapsules containing a color former were manufactured, for example,
      according to the specification of U.S. Pat. No. 2,800,457, as follows:
PAR  10 Parts by weight of acid-treated pig skin gelatin and 10 parts by weight
      of gum arabic were dissolved in 400 parts by weight of water at
      40.degree.C and 0.2 part by weight of Turkey red oil was added thereto as
      an emulsifier, and 40 parts by weight of color former oil were emulsified
      and dispersed therein.
PAR  The color former oil is 2% crystal violet lactone of
      3-di-benzylamino-7-diethylaminofluorane dissolved in an oil consisting of
      4 parts by weight of chlorinated diphenyl and 1 by weight of kerosene. The
      emulsificiation was stopped when the size of the oil droplets became 5
      microns on an average. Water at 40.degree.C was added thereto to 900 parts
      by weight in total and the stirring was continued. At this time attention
      must be paid so that the liquid temperature does not lower to below
      40.degree.C. Next, 10% acetic acid was added thereto to adjust the pH of
      system to 4.0 to 4.2 and to cause coacervation. The stirring was further
      continued and, after 20 minutes, the system was cooled with ice to gelate
      a coacervate film deposited around the oil droplets. When the liquid
      temperature became 20.degree.C, 7 parts by weight of 37% formaldehyde were
      added thereto and at 10.degree.C, a 10% aqueous solution of caustic soda
      was added to adjust the pH to 9. At this time, addition of caustic soda
      must be carried out with sufficient attention.
PAR  The liquid temperature was raised to 50.degree.C by heat under stirring for
      20 minutes. The microcapsules thus obtained were controlled to 30.degree.C
      and thereafter were coated onto 40 g/m.sup.2 paper in an amount of 6
      g/m.sup.2 as solid content and dried. Also, in case of other color formers
      the recording paper was manufactured in the same manner as described
      above.
PAR  The alkali metal salt of the aromatic carboxylic acid used for the
      production of the developing sheet of the invention is prepared by
      reacting an aromatic carboxylic acid with an alkali metal hydroxide or
      carbonate. An example of this procedure is as follows: 30 g of sodium
      hydroxide is dissolved in 300 ml of water, to which 100 g of salicycilic
      acid is then added with agitation. The agitation is continued for a while
      to dissolve the salicylic acid completely and then the solution is
      evaporated to dryness to obtain 110 g of sodium salicylate.
PAR  Sodium salts and potassium salts of aromatic carboxylic acids may also be
      prepared by methods similar to that mentioned above.
PAR  The following examples are provided to further illustrate the invention in
      more detail without limiting the samme.
PAC  EXAMPLE 1
PAR  0.69 G equivalent of the sodium salt of the aromatic carboxylic acid shown
      in Table 1, obtained by the above mentioned procedure, was dissolved in
      150 ml of warm water. On the other hand, 0.6 g equivalent of the
      water-soluble metal salt shown in Table 1 was dissolved in 150 ml of warm
      water and added to the above mentioned aqueous solution of the sodium
      aromatic carboxylate with agitation. After a while, a metal compound of
      the aromatic carboxylic acid was precipitated. It was then filtered and
      washed with water several times to obtain the same.
PAR  10 G of the binder shown in Table 1 was then dissolved in 300 ml of the
      solvent shown therein, into which 70 g of the resulting metal salt of the
      aromatic carboxylic acid and 30 g of the inorganic pigment shown in Table
      1 were dispersed or dissolved. The so-obtained solution was applied to an
      original paper of a weight of 50 g/m.sup.2 in an amount sufficient to give
      a coating of a weight of 3 g/m.sup.2 by means of a coating rod, followed
      by drying.
PAC  EXAMPLE 2
PAR  0.1 G equivalent of the sodium salt of the aromatic carboxylic acid, shown
      in Table 1, obtained by the above-mentioned procedure and 10 g of gum
      arabic were dissolved in 150 ml of water. On the other hand, 0.1 g
      equivalent of the water-soluble metal salt shown in Table 1 was dissolved
      in 150 ml of warm water and added thereto with agitation. When the
      stirring was continued for a while, fine crystals deposited. 50 g of the
      inorganic pigment (see Table 1) was dispersed in the resulting dispersion
      and applied to an original paper of a weight of 50 g/m.sup.2 in an amount
      sufficient to give a coating of a weight of 4 g/m.sup.2 by means of a
      coating rod followed by drying.
PAC  COMPARATIVE EXAMPLE 1'
PAR  7 G of binder was dissolved in 300 ml of solvent, in which 70 g of a metal
      salt of an aromatic carboxylic acid was dispersed. The resulting
      dispersion was applied to an original paper of a weight of 50 g/m.sup.2 to
      give a coating of 2.1 g/m.sup.2 by means of a coating rod following by
      drying (see Table 1).
PAC  COMPARATIVE EXAMPLE 2'
PAR  0.1 G equivalent of the sodium salt of an aromatic carboxylic acid and 7 g
      of gum arabic were dissolved in 150 ml of warm water, to which 0.1 g
      equivalent of a water-soluble metal salt dissolved in 150 ml of warm water
      was added with stirring. When the stirring was continued for a while, fine
      crystals deposited. The resulting dispersion was applied to an original
      paper of a weight of 50 g/m.sup.2 to give a coating of 3 g/m.sup.2 by
      means of a coating rod, followed by drying (see Table 1).
PAC  COMPARATIVE TEST 1
PAR  The developing sheets of Examples 1' and 2', and Comparative Examples 1'
      and 2' were contacted with microcapsule sheets containing crystal violet
      lactone and pressurized under a load of 600 kg/cm.sup.2. After being
      allowed to stand in the dark for a day and a night, the reflective
      absorption spectrum at a wavelength of 400 - 700 m.mu. was measured, the
      extinction factor at its absorption maximum (which will hereinafter be
      referred to as "density") being defined as the "fresh density". After
      being further exposed to sunlight for 1-2 hours, the reflective absorption
      spectrum on the developed surface was measured to give its density. From
      the foregoing results, a value of light resistance defined by the
      following relation was obtained:
      ##EQU1##
PAR  The results are shown in Table 1.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

                                                    Light Re-                  

                       Water-                       sistance                   

        Example or                                                             

               Aromatic                                                        

                       soluble                      after Ex-                  

        Comparative                                                            

               carboxylic                                                      

                       metal Inorganic         Fresh                           

                                                    posure for                 

     No.                                                                       

        Example                                                                

               acid    salt  pigment Solvent                                   

                                          Binder                               

                                               Density                         

                                                    2 hours (%)                

     __________________________________________________________________________

      1   1    Salicylic                                                       

                       Zinc sul-                                               

                             Colloidal                                         

                                     Ethanol                                   

                                          Ethyl                                

                                               1.00 93.0                       

               Acid    fate  Aluminum     Cellu-                               

                             Silicate     lose                                 

                             Hydrate                                           

          1'   "       "     --      "    "    0.72 83.0                       

      2   1    "       Tin   Zeolite Ethanol:                                  

                       Chloride      Water                                     

                                     3:1       1.01 80.0                       

          1'   "       "     --      "         0.68 57.0                       

      3   1    "       Tin sulfate                                             

                             Bentonite                                         

                                     Ethanol                                   

                                          "    0.88 61.0                       

          1'   "       "     --      "    "    0.69 52.6                       

      4   1    "       "     Zinc    "    "    0.98 83.4                       

                             Silicate                                          

      5   "    "       "     Kaolin  "    "    1.06 70.0                       

      6   "    "       "     Zinc oxide                                        

                                     "    "    0.94 72.5                       

      7   "    "       "     Active Cal-                                       

                                     Benzene                                   

                                          SBR  0.93 60.0                       

                             cium Car-                                         

                             bonate                                            

          1'   "       "     --      Benzene                                   

                                          SBR  0.71 57.5                       

      8   2    "       Manganese                                               

                             Colloidal                                         

                                     Water                                     

                                          Gum  0.39 60.2                       

                       Sulfate                                                 

                             Aluminum     Arabic                               

                             Silicate                                          

                             Hydrate                                           

          2'   "       "     --      "    "    0.28 51.7                       

      9   2    "       Cobalt                                                  

                             Zinc oxide                                        

                                     "    Poly-                                

                                               0.45 52.6                       

                       Sulfate            vinyl                                

                                          Alcohol                              

          2'   "       "     --      "    "    0.34 35.0                       

     10   2    "       Chromium                                                

                             Zinc         Gum  0.42 97.0                       

                       Sulfate                                                 

                             Silicate                                          

                                     "    Arabic                               

          2'   "       "     --      "    "    0.32 95.6                       

     11   2    "       Lead  Kaolin  "    "    0.29 40.1                       

                       Sulfate                                                 

          2'   "       "     --      "    "    0.20 21.3                       

     12   2    "       Copper                                                  

                             Kaolin  "    "    0.53 45.0                       

                       Sulfate                                                 

          2'   "       "     --      "    "    0.36 33.4                       

     13   2    Benzoic Acid                                                    

                       Zinc  Colloidal                                         

                                     "    "    0.40 41.0                       

                       Sulfate                                                 

                             Aluminum                                          

                             Silicate                                          

                             Hydrate                                           

          2'   "       "     --      "    "    0.29 27.5                       

     14   2    o-Chloro-                                                       

                       Zinc  Kaolin  "    "    0.46 42.7                       

               Benzoic Chloride                                                

               Acid                                                            

          2'   "       "     --      "    "    0.31 22.2                       

     15   2     2-hydroxy-                                                     

                       Aluminum                                                

                             Kaolin  Butyl                                     

                                          Nitro-                               

                                               0.65 65.5                       

               1-naphthoic                                                     

                       Chloride      Acetate                                   

                                          cellu-                               

               acid                       lose                                 

          2'   "       "     --      "    "    0.44 47.0                       

     16   2    2-Hydroxy-                                                      

                       Nickel                                                  

                             Kaolin  Ethanol                                   

                                          Ethyl-                               

                                               0.62 95.5                       

               3-naphthoic                                                     

                       Sulfate            cellu-                               

               acid                       lose                                 

          2'   "       "     --      "    "    0.42 90.0                       

     __________________________________________________________________________

PAL  Note: colloidal aluminum silicate hydrate:
PA1  "OSMOS", made by Shiraishi Kogyo K.K.
PA1  Zeolite: "Zeolite S" made by Sun Zeolite Kogyo K.K.
PA1  Kaolin: "GT-2" made by Sieglite Kagaku Kogyo K.K.
PA1  Bentonite: "NC-Earth" made by Nippon Talc Kogyo K.K.
PA1  Active Calcium Carbonate: "Calmos" made by Shiraishi Kogyo K.K.
PAC  COMPARATIVE TEST 2
PAR  Tests similar to those in Comparative Test 1 were carried out using a
      microcapsule sheet containing 3-dibenzylamino-7-diethylaminofluorane to
      obtain the results shown in Table 2.
TBL                                    TABLE 2                                 

     __________________________________________________________________________

                                                    Light Re-                  

                       Water-                       sistance                   

        Example or                                                             

               Aromatic                                                        

                       soluble                      after Ex-                  

        Comparative                                                            

               Carboxylic                                                      

                       metal Inorganic         Fresh                           

                                                    posure for                 

     No.                                                                       

        Example                                                                

               Acid    salt  Pigment Solvent                                   

                                          Binder                               

                                               Density                         

                                                    2 hours (%)                

     __________________________________________________________________________

      1   1    Salicylic                                                       

                       Zinc  Colloidal                                         

                                     Ethanol                                   

                                          Ethyl                                

                                               0.66 86.5                       

               Acid    Sulfate                                                 

                             Aluminum     Cellu-                               

                             Silicate     lose                                 

                             Hydrate                                           

          1'   "       "     --      "    "    0.50 73.6                       

      2   1    "       Tin   Zeolite Ethanol:                                  

                                          "    0.72 77.5                       

                       Sulfate       Water                                     

                                     3:1                                       

          1'   "       "     --      "    "    0.45 51.5                       

      3   1    "       Tin   Bentonite                                         

                                     Ethanol                                   

                                          "    0.61 82.0                       

                       Sulfate                                                 

          1'   "        "    --      "    "    0.53 52.0                       

      4   1    "       "     Zinc    "    "    0.63 84.0                       

                             Silicate                                          

      5   "    "       "     Kaolin  "    "    0.65 78.5                       

      6   "    "       "     Zinc Oxide                                        

                                     "    "    0.64 79.5                       

      7   "    "       "     Active Cal-                                       

                                     Benzene                                   

                                          SBR  0.59 71.2                       

                             cium Car-                                         

                             bonate                                            

          1'   "       "     --      "    "    0.51 42.3                       

      8   2    "       Manganese                                               

                             Colloidal                                         

                                     Water                                     

                                          Gum  0.34 82.0                       

                       Sulfate                                                 

                             Aluminum     Arabic                               

                             Silicate                                          

                             Hydrate                                           

          2'   "       "     --      "    "    0.23 60.0                       

      9   2    "       Cobalt                                                  

                             Zinc Oxide                                        

                                     "    Poly-                                

                                               0.32 97.2                       

                       Sulfate            vinyl                                

                                          Alcohol                              

          2'   "       "     --      "    "    0.24 85.0                       

     10   2    "       Chromium                                                

                             Zinc    "    Gum  0.42 98.2                       

                       Sulfate                                                 

                             Silicate     Arabic                               

          2'   "       "     --      "    "    0.36 96.0                       

     11   2    "       Lead  Kaolin  "    "    0.35 30.3                       

                       Sulfate                                                 

          2'   "       "     --      "    "    0.23 23.5                       

     12   2    "       Copper                                                  

                             Kaolin  "    "    0.45 52.6                       

                       Sulfate                                                 

          2'   "       "     --      "    "    0.30 43.0                       

     13   2    Benzoic Zinc  Colloidal                                         

                                     "    "    0.32 31.5                       

               Acid    Sulfate                                                 

                             Aluminum                                          

                             Silicate                                          

                             Hydrate                                           

          2'   "       "     --      "    "    0.28 22.0                       

     14   2    o-Chloro-                                                       

                       Zinc  Kaolin  "    "    0.46 32.0                       

               benzoic Chloride                                                

               Acid                                                            

          2'   "       "     --      "    "    0.30 22.6                       

     15   2    2-Hydroxy-                                                      

                       Aluminum                                                

                             Kaolin  Butyl                                     

                                          Nitro-                               

                                               0.48 47.0                       

               1-Naphthoic                                                     

                       Chlor-        Acetate                                   

                                          cellu-                               

               Acid    ide                lose                                 

          2'   "       "     --      "    "    0.37 32.6                       

     16   2    2-Hydroxy-                                                      

                       Nickel                                                  

                             Kaolin  Ethanol                                   

                                          Ethyl                                

                                               0.45 91.2                       

               3-Naphtho-                                                      

                       Sulfate            Cellu-                               

               ic Acid                    lose                                 

          2'   "       "     --      "    "    0.35 89.0                       

     __________________________________________________________________________

PAC  COMPARATIVE TEST 3
PAR  Tests similar to those in Comparative Test 1 were carried out using a
      microcapsule sheet containing 3-methyl-2,2'-spirobi[benzo(f)]chromene as a
      color former to obtain the results shown in Table 3.
TBL                                    TABLE 3                                 

     __________________________________________________________________________

                                              Light Re-                        

                     Water-                   sistance                         

        Example or                                                             

               Aromatic                                                        

                     soluble                  after Ex-                        

        Comparative                                                            

               Carboxylic                                                      

                     metal                                                     

                          Inorganic      Fresh                                 

                                              posure for                       

     No.                                                                       

        Example                                                                

               Acid  salt Pigment                                              

                                Solvent                                        

                                     Binder                                    

                                         Density                               

                                              2 hours (%)                      

     __________________________________________________________________________

     1    1    Salicylic                                                       

                     Zinc Colloidal                                            

                                Ethanol                                        

                                     Ethyl                                     

                                         0.71 76.1                             

               Acid  Sulfate                                                   

                          Aluminum   Cellu-                                    

                          Silicate   lose                                      

                          Hydrate                                              

               "     "    --    "    "   0.53 Vanished                         

     2    "    "     Tin  Zeolite                                              

                                Ethanol:                                       

                                     "   0.41 47.5                             

                     Sulfate    Water                                          

                                3:1                                            

               "     "    --    "    "   0.32 Vanished                         

     3    "    "     "    Bentonite                                            

                                Ethanol                                        

                                     "   0.51 41.6                             

                          --     "   "   0.34 Vanished                         

     4    "    "     "    Zinc  "    "   0.45 38.5                             

                          Silicate                                             

     5    "    "     "    Kaolin                                               

                                "    "   0.60 52.6                             

     6    "    "     "    Colloidal                                            

                                "    "   0.72 108.5                            

                          Aluminum                                             

                          Silicate                                             

                          Hydrate                                              

     __________________________________________________________________________

PAR  In the case of using the developing sheet of No. 6, exposure to the
      sunlight was further carried out for 10 hours to obtain a light resistance
      of 81.0%.
PAR  As is evident from Tables 1 to 3 when an inorganic pigment is included, the
      developing sheet of the invention exhitits, when stacked on a color former
      containing a microcapsule sheet and pressed, even more excellent
      developing capacity than when a metal compound of an aromatic carboxylic
      acid alone is used, and its developed color matter has a sufficient light
      resistance. Similar results were obtained regarding other color formers.
PAC  EXAMPLE 3
PAR  0.6 G equivalent of potassium salicylate prepared by the method above
      mentioned was dissolved in 150 ml of warm water to prepare an aqueous
      potassium salicylate solution. 0.6 G equivalent of zinc sulfate was
      dissolved in 150 ml of warm water, then added to the aqueous sodium
      salicylate solution under stirring. Immediately, white crystals were
      separated out. The resulting crystals were filtrated out and washed
      several times with water to obtain 90 g of a white solid. 1 G of ethyl
      cellulose was dissolved in 200 ml of the solvent shown in Table 4, and to
      this solution was added 50 g of the previously prepared white solid. The
      resulting solution was coated onto a base paper of a weight of 50
      g/m.sup.2 so that the solid ingredient thereof was coated at the thickness
      of 3 g/m.sup.2, then dried.
PAC  EXAMPLE 4
PAR  0.3 Gram equivalent of the sodium salt of the aromatic carboxylic acid
      obtained in Example 3 and 10 g of the binder shown in Table 4 was
      dissolved in 150 ml of warm water, then 0.3 gram equivalent of the metal
      salt shown in Table 4 dissolved in 150 ml of warm water was added thereto
      under stirring. After stirring for a while, the liquid became emulsified
      due to the formation of fine crystals. This solution, wherein said
      crystals were dispersed, was coated onto a base paper of 50 g/m.sup.2 with
      a coating rod so that the solid ingredient was coated at a thickness of 4
      g/m.sup.2.
PAC  COMPARATIVE TEST 4
PAR  A microcapsule sheet containing crystal violet lactone was superposed onto
      the color developer sheets prepared by Examples 3 and 4 and pressurized
      under a load pressure of 600 kg/cm.sup.2. After leaving the sheet for a
      day in the dark, the absorption spectrum of the color images in the
      visible region was measured, and the absorbance (hereinafter referred to
      as density) at the maximum absorption was defined as the fresh density.
PAR  In addition, after irradiation with sunlight for 1 hour, the absorption
      spectrum of the color image surface in the visible region was measured to
      determine its density. From the above result, the light resistance value
      was determined. The results are shown in Table 4. The light resistance
      value is defined by the following formula:
      ##EQU2##
TBL                                    TABLE 4                                 

     __________________________________________________________________________

                                                  Light Resist-                

                                                  ance value                   

             Aromatic                             after Irradia-               

             Carboxylic                      Fresh                             

                                                  tion with Sun-               

     No.                                                                       

        Example                                                                

             Acid     Metal Salt                                               

                               Solvent                                         

                                    Binder   Density                           

                                                  light for 1                  

     __________________________________________________________________________

                                                  hour                         

      1 3    Salicylic Acid                                                    

                      Zinc Sulfate                                             

                               Ethanol                                         

                                    Ethyl Cellulose                            

                                             1.07 91.5                         

      2 "    "        "        Ethanol:                                        

                                    "        0.95 85.5                         

                               Water                                           

                               (3:1)                                           

      3 4    "        Manganese                                                

                               Water                                           

                                    Gum Arabic                                 

                                             0.56 75.9                         

                      Sulfate                                                  

      4 "    "        Cobalt Sulfate                                           

                               "    "        0.68 67.5                         

      5 "    "        Tin Sulfate                                              

                               "    "        0.86 79.3                         

      6 "    "        Nickel Sulfate                                           

                               "    "        0.82 84.8                         

      7 "    "        Chromium "    "        0.64 97.8                         

                      Sulfate                                                  

      8 "    "        Lead Sulfate                                             

                               "    "        0.39 51.0                         

      9 "    "        Copper Sul-                                              

                               "    "        0.70 66.7                         

                      fate                                                     

     10 "    Benzoic Acid                                                      

                      Zinc Sulfate                                             

                               "    "        0.61 63.0                         

     11 "    o-Chloro-                                                         

                      "        "    "        0.64 56.0                         

             benzoic Acid                                                      

     12 "    2-Hydroxy-1-                                                      

                      Zinc Chloride                                            

                               "    "        0.89 73.5                         

             Naphthoic Acid                                                    

     13 "    "        Tin Chloride                                             

                               "    "        1.10 80.0                         

     14 "    "        Nickel Sulfate                                           

                               "    "        0.83 95.0                         

     15 "    2-Hydroxy-3-                                                      

                      Aluminum Sul-                                            

             Naphthoic Acid                                                    

                      fate     "    "        0.81 67.9                         

     16 "    Salicylic Acid                                                    

                      "        "    "        0.77 72.0                         

     17 "    2-Hydroxy-3-                                                      

                      Manganese                                                

             Naphthoic Acid                                                    

                      Sulfate  "    "        0.63 94.5                         

     18 "    5-tert-butyl                                                      

                      Zinc Chloride                                            

                               "    Polyvinyl                                  

             Salicylic Acid         Alcohol  1.12 90.3                         

     19 "    3,5-di-tert-                                                      

                      "        "    "        0.95 85.2                         

             butyl Salicylic                                                   

             Acid                                                              

     20 "    3-phenyl Sali-                                                    

             cylic Acid                                                        

                      "        "    "        0.90 69.5                         

     21 "    3-methyl-5-tert-                                                  

                      "        "    Styrene- 0.94 76.8                         

             butyl Salicylic        Butadiene                                  

             Acid                   Latex                                      

     22 "    5-cyclo-hexyl                                                     

                      "        "    "        0.97 74.9                         

             Salicylic Acid                                                    

     23 4    3,5-di-tert-                                                      

                      "        "    "        0.89 71.4                         

             amyl Salicylic                                                    

             Acid                                                              

     24 3    3-methyl-5-                                                       

                      "        Ethanol                                         

                                    Ethyl Cellulose                            

                                             0.93 72.3                         

             isoamyl Sali-                                                     

             cylic Acid                                                        

     25 "    5-isoamyl                                                         

                      "        Methyl                                          

                                    "        0.92 71.1                         

             Salicylic Acid    Isobutyl                                        

                               Ketone                                          

     26 "    5-tert-butyl                                                      

                      Tin Sulfate                                              

                               Methanol                                        

                                    "        0.91 67.7                         

             Salicylic Acid                                                    

     27 "    5-tert-butyl                                                      

                      Nickel Sulfate                                           

                               "    Ethyl Cellulose                            

                                             0.91 71.7                         

             Salicylic Acid                                                    

     28 "    3,5-di-tert-                                                      

                      Zinc Sulfate                                             

                               Acetone                                         

                                    "        0.92 70.5                         

             butyl Salicylic                                                   

             Acid                                                              

     29 "    3-cyclo-hexyl                                                     

                      Copper Sul-                                              

                               n-Butyl                                         

                                    "        0.71 69.2                         

             Salicylic Acid                                                    

                      fate     Acetate                                         

     30 "    3-phenyl Sali-                                                    

                      Manganese                                                

                               Benzene                                         

                                    "        0.60 61.2                         

             cylic Acid                                                        

                      Sulfate                                                  

     31 "    3,5-di-sec-                                                       

                      Zinc Sulfate                                             

                               Toluene                                         

                                    "        0.91 59.6                         

             butyl Salicylic                                                   

             Acid                                                              

     32 3    5-nonyl- Zinc Chloride                                            

                               Benzene                                         

                                    "        0.90 71.3                         

             Salicylic Acid                                                    

     __________________________________________________________________________

PAC  COMPARATIVE TEST 5
PAR  The test described in the above color-developing test 3 was carried out
      using a microcapsule-coated sheet containing
      3-dibenzylamino-7-dimethylaminofluorane. The results are shown in Table 5.
TBL                                    TABLE 5                                 

     __________________________________________________________________________

                                                        Light Resist-          

                                                        ance value             

             Aromatic                                   after Irradia-         

             Carboxylic                            Fresh                       

                                                        tion with Sun-         

     No.                                                                       

        Example                                                                

             Acid        Metal Salt Solvent                                    

                                         Binder    Density                     

                                                        light for 1            

     __________________________________________________________________________

                                                        hour                   

      1 3    Salicylic Acid                                                    

                         Zinc Sulfate                                          

                                    Ethanol                                    

                                         Ethyl Cellulose                       

                                                   0.75 86.8                   

      2 "    "           "          Ethanol:                                   

                                         "         0.60 82.5                   

                                    Water                                      

                                    (3:1)                                      

      3 4    "           Manganese Sulfate                                     

                                    Water                                      

                                         Gum Arabic                            

                                                   0.45 80.0                   

      4 "    "           Cobalt Sulfate                                        

                                    "    "         0.48 92.5                   

      5 "    "           Tin Sulfate                                           

                                    "    "         0.80 70.5                   

      6 "    "           Nickel Sulfate                                        

                                    "    "         0.79 90.5                   

      7 "    "           Chromium Sulfate                                      

                                    "    "         0.72 98.0                   

      8 "    "           Lead Sulfate                                          

                                    "    "         0.44 51.3                   

      9 "    "           Copper Sulfate                                        

                                    "    "         0.61 71.5                   

     10 "    Benzoic Acid                                                      

                         Zinc Sulfate                                          

                                    "    "         0.56 50.2                   

     11 "    o-Chloro-benzoic                                                  

                         "          "    "         0.59 54.5                   

             Acid                                                              

     12 "    2-Hydroxy-1-                                                      

                         Zinc Chloride                                         

                                    "    "         0.73 79.0                   

             naphthoic Acid                                                    

     13 "    "           Tin Chloride                                          

                                    "    "         0.81 79.4                   

     14 "    "           Nickel Sulfate                                        

                                    "    "         0.70 94.5                   

     15 "    2-Hydroxy-3-                                                      

                         Aluminum Sulfate                                      

                                    "    "         0.67 66.2                   

             naphthoic Acid                                                    

     16 "    Salicylic Acid                                                    

                         "          "    "         0.73 67.5                   

     17 "    2-Hydroxy-  Manganese Sulfate                                     

                                    "    "         0.57 92.3                   

             3-naphthoic Acid                                                  

     18 "    5-tert-butyl                                                      

                         Zinc Chloride                                         

                                    "    Polyvinyl 0.76 72.4                   

             Salicylic Acid              Alcohol                               

     19 "    3,5-di-tert-butyl                                                 

                         "          "    "         0.75 68.3                   

             Salicylic Acid                                                    

     20 "    3-phenyl Salicylic                                                

                         "          "    "         0.65 67.2                   

             Acid                                                              

     21 "    3-methyl-5-tert-                                                  

                         "          "    Styrene-  0.78 70.2                   

             butyl Salicylic Acid        butadiene                             

                                         Latex                                 

     22 "    5-cyclo-hexyl                                                     

                         "          "    "         0.79 68.8                   

             Salicylic Acid                                                    

     23 "    3,5-di-tert-                                                      

                         "          "    "         0.73 66.3                   

             amyl Salicylic                                                    

             Acid                                                              

     24 3    3-methyl-5- "          Ethanol                                    

                                         Ethyl Cellulose                       

                                                   0.76 70.0                   

             isoamyl Salicylic                                                 

             Acid                                                              

     25 "    5-isoamyl Salicylic                                               

                         "          Methyl                                     

                                         "         0.75 68.1                   

             Acid                   Isobutyl                                   

                                    Ketone                                     

     26 "    5-tert-butyl                                                      

                         Tin Sulfate                                           

                                    Methanol                                   

                                         "         0.73 65.6                   

             Salicylic Acid                                                    

     27 "    "           Nickel Sulfate                                        

                                    "    "         0.62 66.9                   

     28 "    3,5-di-tert-                                                      

                         Zinc Sulfate                                          

                                    Acetone                                    

                                         "         0.70 67.1                   

             butyl Salicylic                                                   

             Acid                                                              

     29 "    3-cyclo-hexyl                                                     

                         Copper Sulfate                                        

                                    n-butyl                                    

                                         "         0.61 65.5                   

             Salicylic Acid         Acetate                                    

     30 "    3-phenyl Salicylic                                                

                         Manganese Sulfate                                     

                                    Benzene                                    

                                         "         0.51 58.0                   

             Acid                                                              

     31 "    3,5-di-sec-butyl                                                  

                         Zinc Sulfate                                          

                                    Toluene                                    

                                         "         0.71 56.3                   

             Salicylic Acid                                                    

     32 "    5-nonyl-salicylic                                                 

                         Zinc Chloride                                         

                                    Benzene                                    

                                         "         0.61 62.0                   

             Acid                                                              

     __________________________________________________________________________

PAR  It can be understood from Tables 4 and 5 that, when contacted with a color
      former containing capsule sheet under pressure, the color developer sheet
      of this invention shows sufficient color density and light resistance of
      the color image formed.
PAR  In addition, the color image formed on the color developer sheet has
      resistance to the "wetting with water". Especially, when
      2-hydroxy-1-naphthoic acid, 2-hydroxy-3-naphthoic acid, etc. are used, the
      color image formed did not disappear at all when wetted with water.
PAR  Similar results were obtained when other color formers were employed.
PAC  EXAMPLE 5
PAR  100 Parts by weight (hereinafter, "part" means "part by weight") of
      potassium salicylate prepared as in the above-described manner was
      dissolved in 150 parts of hot water, and into the solution was added with
      stirring 60 parts of stannous chloride dissolved in 150 parts of hot
      water, whereby stannous salicylate was immediately precipiated as white
      cyrstals. The crystals were filtered out, washed several times with water,
      and then dried to obtain 100 parts of stannous salicylate as solids. 40
      parts of nitrocellulose was dissolved in a mixture of 15 parts of butyl
      acetate, 80 parts of isopropanol and 60 parts of butanol to give a
      homogenous solution, into which 120 parts of the above-described solid
      stannous salicylate was mixed and totally dissolved or dispersed by a ball
      mill to obtain a developer ink as a white suspension. The ink was diluted
      with a 1:1 mixture of ethyl acetate and ethanol to give a viscosity of
      about 0.7 poise and printed by a flexographic printing process to give 3
      g/m.sup. 2 of dried coating film.
PAC  EXAMPLE 6
PAR  100 Parts of sodium 2-hydroxy-3-naphthoic acid was dissolved into 150 parts
      of hot water and into the solution was added with stirring 40 parts of
      zinc chloride dissolved in 150 parts of water, whereby zinc
      2-hydroxy-3-naphthoate was immediately precipiated as crystals. The
      resulting mixture was concentrated to a total weight of 200 parts. Into a
      mixture of 15 parts of dioctyl phthalate, 120 parts of ethyl acetate, 100
      parts of isopropanol and 80 parts of methanol was dissolved 50 parts of
      ethyl cellulose to give a homogenous solution to which were added 200
      parts of the above described concentrate and 50 parts of kaolin and
      completely dissolved or dispersed in a ball mill to obtain a developing
      ink in the form of a suspension. The ink was diluted with a 1:1 mixture of
      ethyl acetate and ethanol to give a viscosity of about 0.7 poise and
      printed by a flexographic printing process to give 3 g/m.sup.2 of dried
      coating film.
PAC  EXAMPLE 7
PAR  100 Parts of sodium o-chlorobenzoic acid obtained by the aforementioned
      method was dissolved in 150 parts of hot water and into the solution was
      added with stirring a solution of 100 parts of nickel sulfate in 150 parts
      of hot water, whereby crystals of nickel o-chlorobenzoic acid were
      immediately precipitated. The precipitate was filtered out, washed several
      times with water and dried to obtain 80 parts of solid nickel
      o-chlorobenzoic acid. Into a mixture of butyl adipate, ethyl acetate, 20
      parts of methyl ethyl ketone and toluol was dissolved 8 parts of vinyl
      chloride-vinyl acetate copolymer to obtain a homogeneous solution into
      which 20 parts of the above described nickel o-chlorobenzoic acid and 10
      parts of aluminum silicate hydrate (Trade Mark, "Osmos N", manufactured by
      Shiraishi Kogyo) were mixed followed by homogeneous dissolution or
      dispersion in a ball mill to obtain a developer ink. The ink was diluted
      with toluene to give a viscosity of about 1 poise and subjected to a
      gravure printing process to give 3 g/m.sup.2 of dried coating film.
PAC  EXAMPLE 8
PAR  100 Parts of sodium 2-hydroxy-1-naphthoate prepared by the above method was
      dissolved in 150 parts of warm water and into the solution was added with
      stirring a solution of 60 parts of aluminum sulfate in 150 parts of warm
      water whereby crystals of aluminum 2-hydroxy-1-naphthoate were immediately
      precipitated. The precipitate was filtered out, washed several times with
      water and dried to obtain 70 parts of solid aluminum
      2-hydroxy-1-naphthoate.
PAR  Into a mixture of 2 parts of castor oil, 20 parts of toluene, 20 parts of
      ethyl acetate and 20 parts of n-hexane was dissolved 8 parts of nitro
      cellulose to obtain a homogeneous solution. Into the solution was mixed 20
      parts of the above described aluminum 2-hydroxy-1-naphthoate and 7 parts
      of silicon oxide (Trade Mark "Siloide") followed by homogeneously
      dissolving or dispersing by a ball mill to obtain a developer ink. The
      resulting ink was diluted with xylol to give a viscosity of about 1 poise
      and subjected to a gravure printing process to give about 2 g/m.sup.2 of
      dried coating film.
PAC  EXAMPLE 9
PAR  80 parts of sodium anacardate prepared according to the afore mentioned
      method was dissolved in 150 parts of hot water and into the solution was
      added with stirring a solution of 20 parts of zinc sulfate in 150 parts of
      hot water to obtain zinc anacardate. The mixture was concentrated to a
      total weight of 200 parts and then mixed with a mixture of 40 parts of
      ethyl cellulose, 70 parts of ethyl cellulose, 150 parts of ethanol and 40
      parts of titanium oxide followed by completely dissolving or dispersing by
      a ball mill to afford a developer ink in the form of an emulsion. The ink
      was diluted with ethanol to give a viscosity of about 1 poise and
      subjected to a flexographic printing process to give about 3 g/m.sup.2 of
      dried coating film.
PAC  COMPARATIVE TEST 6
PAR  The above described paper coated with microcapsules containing crystal
      violet lactone was piled on each of the surface printed with each color
      developer ink in Examples 5-9 and pressurized under a pressure load of 600
      kg/m.sup.2 to form color images. After being allowed to stand in the dark
      for an hour, the spectral absorption curve was measured within the wave
      length ranging from 400 to 700 m.mu., the density at the absorption
      maximum being defined as the fresh density.
PAR  After further irradiating with sunlight for 1 hour and for 3 hours, the
      spectral absorption curve of the color images was measured and its light
      resistance was calculated according to the following equation:
      ##EQU3##
      The results are summarized in the following Table 6.
TBL                                    TABLE 6                                 

     __________________________________________________________________________

                   Light Resistance (%)                                        

                                Light Resistance (%)                           

                   after 1 hour Irradia-                                       

                                after 3 hours Irra-                            

     Example                                                                   

          Fresh Density                                                        

                   tion of Sunlight                                            

                                diation of Sunlight                            

     __________________________________________________________________________

     5    0.75     82           70                                             

     6    0.91     87           79                                             

     7    0.86     89           85                                             

     8    0.89     84           78                                             

     9    0.73     80           71                                             

     __________________________________________________________________________

PAR  From the Table 6, it is evident that the developer inks of the present
      invention are superior in their developing ability and light resistance
      even in the case of using a thin printed layer of 3 g/m.sup.2.
PAC  COMPARATIVE TEST 7
PAR  A paper coated with microcapsules containing
      3-methyl-2,2'-spirobi(benzo[f]chromene) was placed on each of the surfaces
      printed with the color developer ink in the above described Examples 5-9,
      and its fresh density and light resistance were measured in the same
      manner as described above in Comparative Test 6.
TBL                                    TABLE 7                                 

     __________________________________________________________________________

                   Light Resistance (%)                                        

                               Light Resistance (%)                            

                   after 1 hour Irradi-                                        

                               after 3 hours Irrad-                            

     Example                                                                   

          Fresh Density                                                        

                   ation of Sunlight                                           

                               iation of Sunlight                              

     __________________________________________________________________________

     5    0.70     70          62                                              

     6    0.85     73          65                                              

     7    0.73     91          87                                              

     8    0.82     79          66                                              

     9    0.69     68          58                                              

     __________________________________________________________________________

PAR  As is apparent from the numerical values in the above-described Table 7,
      the paper surfaces printed with the developer inks of the present
      invention show an excellent developing ability also for the color former
      sheet containing 3-methyl-2,2'-spirobi(benzo[f]chromene). Furthermore, the
      paper surface printed with the ink containing aluminum silicate hydrate
      (Osmos N) was remarkably improved in the light resistance of the color
      developed image of 3-methyl-2,2'-spirobi(benzo[f]chromene).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A recording sheet comprising a support having coated thereon a color
      former layer containing an electron donating or proton accepting colorless
      color former and a color developer layer containing a zinc, aluminum or
      tin salt of an aromatic carboxylic acid having an OH-group at the
      ortho-position as a color developer capable of forming a distinct color
      when contacted with said color former.
NUM  2.
PAR  2. The recording sheet of claim 1 wherein said zinc, aluminum or tin salt
      is coated onto said suppport in an amount greater than 0.1 g/m.sup.2.
NUM  3.
PAR  3. The recording sheet of claim 1 wherein said color developer layer
      further comprises an alkali metal salt of an organic acid.
NUM  4.
PAR  4. The recording sheet of claim 1 wherein said color developer layer
      further comprises from 0.01 to one part by weight, for one part by weight
      of said zinc, aluminum or tin salt, of an alkali compound.
NUM  5.
PAR  5. The recording sheet of claim 1 wherein said color former and said color
      developer are on the same surface of said support.
NUM  6.
PAR  6. The recording sheet of claim 1 wherein said color former and said color
      developer are on opposite surfaces of said support.
NUM  7.
PAR  7. The recording sheet of claim 1 wherein said color developer layer
      further contains an inorganic pigment.
NUM  8.
PAR  8. The recording sheet of claim 7 wherein said inorganic pigment is added
      to said color developer layer in an amount greater than one part by weight
      per 100 parts by weight of said zinc, aluminum or tin salt.
NUM  9.
PAR  9. A recording system comprising a first support having coated thereon a
      color former layer containing an electron donating or proton excepting
      colorless color former and a second support having coated thereon a color
      developer layer containing a zinc, aluminum or tin salt of an aromatic
      carboxylic acid having an OH-group at the ortho-position as a color
      developer capable of forming a distinct color when contacted with said
      color former.
NUM  10.
PAR  10. The recording system of claim 9 wherein said color developer layer
      further contains an inorganic pigment.
NUM  11.
PAR  11. The recording system of claim 9 wherein said zinc, aluminum or tin salt
      is coated onto said support in an amount greater than 0.1 g/m.sup.2.
NUM  12.
PAR  12. The recording system of claim 9 wherein said inorganic pigment is added
      to said color developer layer in an amount greater than one part by weight
      per 100 parts by weight of said zinc, aluminum or tin salt.
NUM  13.
PAR  13. The recording system of claim 9 wherein said color developer layer
      further comprises an alkali metal salt of an organic acid.
NUM  14.
PAR  14. The recording system of claim 9 wherein said color developer layer
      further comprises from 0.01 to one part by weight, for one part by weight
      of said zinc, aluminum or tin salt, of an alkali compound.
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ABST
PAL  An air entrance bushing for a gas-insulated bus utilizing a porcelain
      insulator shell which is small in diameter. The central bushing conductor
      of the insulator reduces in diameter as the porcelain insulator reduces in
      diameter toward the outer end of the bushing.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an entrance bushing, and more specifically
      relates to the combination of an air entrance bushing and a gas-insulated
      bus wherein the largest inside diameter of the porcelain portion of the
      bushing approximately equals the diameter of the gas-insulated bus outer
      housing.
PAR  Gas-insulated transmission systems are well known wherein a high-voltage
      substation for dealing with voltages which may be of the order of 500,000
      volts and higher have their principal components, such as circuit
      breakers, switches, and the like enclosed in gas-filled grounded metal
      enclosures which are connected to one another by elongated conductors
      which are also contained in an outer grounded enclosure filled with a
      compressed insulating gas such as sulfur hexafluoride.
PAR  It is necessary to provide an air entrance bushing to make the connection
      from an overhead line, for example, to the central gas-insulated conductor
      of the gas-insulated bus. At the present time, these bushings consist of
      an elongated porcelain body of tapering or straight diameter with suitable
      corona rings at the ends of the porcelain body to allow adequate flaring
      of the dielectric potential lines.
PAR  The large diameter end of the porcelain body is made larger than the outer
      diameter of the gas-insulated bus outer housing so that the gas-insulated
      bus outer grounded housing can penetrate into the interior of the bushing
      porcelain, with a corona ring provided at the end of the grounded outer
      housing to provide proper termination of the grounded bus within the
      porcelain body. The interior volume of the outer housing bus then
      communicates with the interior volume of the porcelain of the bushing so
      that the porcelain can be filled with gas under pressure to ensure good
      dielectric isolation between the bushing central conductor and its outer
      insulation components.
PAR  The cost of the porcelain portion of the air entrance bushing is generally
      proportional to the square of its largest diameter. Since prior art
      bushings require the outer housing of the gas-insulated bushing to enter
      the bushing, the bushing outer diameter is necessarily larger than the
      housing diameter, thus substantially setting a high minimum cost for the
      air entrance bushing. Moreover, the larger diameter needed for the bushing
      requires larger wall thicknesses for the porcelain in order to withstand
      pressure loading on the bushing from the high-pressure dielectric gas.
      This increased wall thickness further increases the cost of the bushing.
PAR  The presently used construction for the air entrance bushing of a
      gas-insulated bus also permits the inadvertent deposition of metal
      particles and other contamination products on the surfaces of the spacer
      insulators, thereby to reduce the electrical withstand level of the bus.
      It is extremely difficult to reduce the contamination level within the
      insulator bushing by preassembly of the bushing at the factory since
      transportation considerations require the assembly of the device in the
      field. Thus, contamination problems within the air entrance bushing of a
      gas-insulated system are increased.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  In accordance with the invention, a novel bushing construction is provided
      wherein the porcelain insulator portion of the bushing terminates in a
      metallic flange which is welded to a short, cylindrical section having a
      diameter equal to the diameter of the grounded housing of the bus which is
      to receive the bushing. Thus, the bus which is to be terminated can be
      connected to the bushing in the same manner that adjacent bus sections are
      connected to one another as disclosed, for example, in U.S. Pat. 3,813,475
      in the name of John C. Cronin, entitled GROUNDED GAS INSULATED BUS
      ENCLOSURE-COMBINED ENCLOSURE JOINT BACKUP RING AND CONTAMINATION CONTROL
      DEVICE, and assigned to the assignee of the present invention.
PAR  The novel bushing construction is further provided with a conical insulator
      support and with an internal contamination particle trap which defines a
      low-field region which will trap any metal particles and the like which
      exist within the interior of the insulator bushing. Thus, the bushing can
      be mounted either vertically or horizontally or at any inbetween angle. If
      the bushing is installed vertically, contamination particles will fall
      into the bus area that has generous dielectric clearances. However, if the
      bushing is mounted horizontally, the particles will be trapped in the
      space having a low dielectric field.
PAR  Moreover, in accordance with the invention, the bushing conductor is an
      elongated bushing which is substantially freely supported between its
      opposite ends where the bushing has a limited or decreasing diameter.
      Thus, it is possible to design the bushing with high operating electrical
      stresses in this region since there is no solid insulator support in the
      region and virtually no possibility of contamination in the high
      electrical stress, reduced diameter area of the bushing. In addition, the
      central bus in this reduced-diameter portion area can also be reduced to
      better control the electrostatic field distribution within the bushing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view through the axis of a prior art type air
      entrance bushing for a gas-insulated bus.
PAR  FIG. 2 is a partial cross-sectional view similar to FIG. 1 and illustrates
      the bushing of the present invention.
PAR  FIG. 3 is a top view of the bushing of FIG. 2 with the outer corona ring
      removed for purposes of clarity.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  Referring first to FIG. 1, there is illustrated therein one end of a
      conventional gas-insulated bus 15 comprised of a central tubular conductor
      10 which might have an outer diameter, for example, of five inches and
      which is supported within an outer grounded metallic housing 11 which
      could have a diameter, for example, of twelve inches. The central
      conductor 10 is supported within the outer housing 11 by a plurality of
      axially spaced support insulators, such as insulator disk 12 and the
      insulator disk 13 which terminates the air entrance bushing 14. The air
      entrance bushing 14 will have any desired configuration but typically will
      be vertically mounted to enable connection to overhead lines which are to
      be connected to the gas-insulated bus system 15. The interior of the
      gas-insulated bus 15 may be filled with gas, such as sulfur hexafluoride
      which could be at a pressure, for example, of 45 p.s.i.g.
PAR  The bushing 14 consists of the bushing conductor 20 which may be identical
      to conductor 10 of the gas-insulated bus 15, a cylindrical conductive
      grounded housing 21, which may be identical to housing 11, and a skirted
      elongated porcelain tubular jacket or shell 22, with its associated top
      and bottom hardware. The porcelain shell 22 is cemented to a metallic ring
      23 which is bolted or otherwise secured to flange 24 which is, in turn,
      brazed or otherwise secured to cylindrical housing 21. The housing 21
      penetrates into the large diameter end of porcelain jacket 22 and is
      terminated by a corona ring 25. Thus, in the prior art arrangement, the
      porcelain shell 22 had to have a large bottom diameter which was greater
      than the diameter of housing 21 so that the end of housing 21 could be
      received into porcelain shell 22 in the manner shown.
PAR  The upper hardware of the bushing 14 consists of a metallic ring 30 which
      is cemented to the upper end of porcelain shell 22 and an upper metallic
      cap 31 which is bolted or otherwise secured to the ring 30 and to the
      upper end of conductor 20. The upper cap 31 then has a terminal connector
      32 bolted thereto for receiving the ends of the overhead lines which are
      to be connected to the bushing 14. Suitable corona rings 35 and 36 are
      connected to the cap 31 and thus to the upper end of central conductor 20
      as by wire connectors 37 and 38. A bottom corona ring 39 is connected to
      conductive ring 23 and thus to ground as by support wires 40.
PAR  In the prior art construction described above, the bushing 14 is connected
      to the gas-insulated bus system 15 as by causing the end of cylindrical
      housing 21 to telescope over cylindrical housing 11 with a good seal being
      made at this point. This is a conventional method and construction for
      joining together bus sections similar to sections 15 when the
      gas-insulated system is installed in the field. Clearly, any other method
      of connection could be used. However, the diameter of housing 21 is fixed,
      thereby fixing the minimum diameter or the lower end of porcelain shell
      22. Since the porcelain shell 22 must have a large diameter lower end, the
      cost of the bushing end becomes relatively large and, moreover, if
      increased gas pressure is to be used within the bushing 14, to compensate
      for the presence of contamination particles, the wall thickness of the
      porcelain 22 must be substantially increased.
PAR  In accordance with the present invention, the bushing of FIG. 1 has been
      modified as shown in FIGS. 2 and 3 for the bushing 50. Referring now to
      FIGS. 2 and 3, the bushing 50 consists of a skirted porcelain jacket 51
      which, for the same rating bushing as that of FIG. 1, will have a bottom
      diameter portion which is substantially equal to the outer diameter of the
      grounded housing to which the bushing is to be connected. Thus, in FIG. 2
      a cylindrical grounded housing member 52, which corresponds to grounded
      housing section 21 of FIG. 1, is connected to a lower conductive flange 53
      as by brazing or the like, and the flange 53 is in turn bolted or
      otherwise secured to ring 23 which is cemented by the cement layer 54 to
      the bottom of the porcelain 51. Note that suitable sealing rings, such as
      sealing ring 55, are provided between the bottom of procelain 51 and
      flange 53 to prevent the leakage of high-pressure gas from within the
      interior of porcelain 51 to the external atmosphere.
PAR  It is important to note that, in the configuration of FIG. 2, the lower
      diameter of porcelain member 51 is substantially equal to the outer
      diameter of the grounded housing 52. Thus, the cost of the bushing will
      now be substantially reduced since it is proportional to the square of
      this largest diameter portion of the bushing porcelain.
PAR  By way of example, for a given application, the large diameter of bushing
      14 of FIG. 1 will be about 16.5 inches, while the bushing of the invention
      will have a diameter of 12.5 inches, while retaining the same electrical
      performance. This reduction in diameter can reduce the bushing cost by
      about 40%.
PAR  FIG. 2 shows a modified arrangement for the support of the central
      conductor 60 of the bushing (corresponding to conductor 20 in FIG. 1)
      wherein the conductor 60 receives a conical insulator 61 which extends
      between the lower portion of conductor 60 to a ring 62 which is secured to
      housing 52 and is backed by a backing ring 63. This configuration is the
      same configuration which is used in above-noted U.S. Pat. 3,813,475 and is
      extremely useful in terminating the bottom of the bushing 50 and to enable
      the connection of the bushing to the standard type of gas-insulated
      housing such as the bus 15 of FIG. 1. The central conductor 60 is then
      provided with a reduced contact diameter region 70 to enable the plug-in
      connection of the bus to the central conductor of the bus which is being
      terminated in a manner shown, for example, in copending application Ser.
      No. 501,152, filed Aug. 28, 1974, in the name of James C. Cron, entitled
      FLOATING CORONA SHIELD, and assigned to the assignee of the present
      invention.
PAR  In accordance with a further feature of the invention, the bus conductor 60
      has a reduced diameter region 75 which begins just below the level of
      flange 53 in order to increase the spacing between the surface of the
      central conductor and the interior surface of the porcelain shell 51.
PAR  An internal cylindrical corona shield 76 is formed on the interior diameter
      of flange 53 and, in accordance with a feature of the invention, the
      shield 76 defines an annular particle trap region 77 which is a region of
      low-field intensity surrounding the interior bottom end of the porcelain
      shell 51.
PAR  The outer end of the bushing 50 is then terminated in a manner
      substantially identical to that described in connection with FIG. 1 where
      similar components in the upper termination of FIGS. 2 and 3 have been
      given similar identifying numerals. Note that, in the upper hardware
      construction, seals 80 are disposed between conductive ring 31 and the
      upper end of the porcelain jacket 51 to again seal the volume between
      conductor 60 and the porcelain housing 51.
PAR  FIG. 3 illustrates the general configuration of the bushing as seen from
      the top and shows the U-shaped arrangement for the upper terminal 32 and
      the locations of a first bolt ring 90 for the bolts which can connect
      conductive ring 31 to the conductive ring or flange 30 and also shows the
      bolt ring 91 of the bolts including bolt 92 for connecting ring 23 to the
      conductive flange 53.
PAR  As previously pointed out, the bushing of the present invention has a
      reduced largest diameter region and further provides a bushing which can
      be mounted either vertically or horizontally or in any angle between
      vertical and horizontal. When the bushing is vertically mounted, any
      contamination particles which fall into the bus area and toward insulator
      61 will fall into the bus area which has the widest dielectric clearances.
      If, however, the bushing is mounted horizontally or at some angle to the
      vertical, any contamination particles will ultimately be trapped in the
      volume 77 of reduced diameter stress. Thus, increased pressures may be
      applied to the volume within porcelain 51 without fear of aggravating the
      contamination particle problem, and without excessive increases in the
      cost of the porcelain member 51.
PAR  Although there has been described a preferred embodiment of this invention,
      many variations and modifications will now be apparent to those skilled in
      the art. Therefore, this invention is to be limited, not by the specific
      disclosure herein, but only by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. In combination, an air entrance bushing and a gas-insulated electric
      power transmission bus; said gas-insulated bus comprising an elongated,
      gas-filled conductive grounded housing having a given diameter, an
      elongated central bus conductor, and support means supporting said
      elongated central bus conductor within said housing; said bushing
      comprising a generally vertically disposed hollow elongated gas-filled
      insulation shell, a conductive flange ring connected to one end of said
      insulation shell, a central bushing conductor extending generally
      vertically along the axis of said insulation shell and having one end
      thereof fixed to the other end of said insulation shell; a hollow
      cylindrical extension secured at one end thereof to said conductive flange
      ring and being coaxial with said insulation shell; insulator support means
      mechanically connecting the opposite end of said hollow cylindrical
      extension to the opposite end of said bushing conductor; said insulator
      support means being disposed vertically below and being in communication
      with the interior volume of said insulation shell, whereby contamination
      particles within said insulation shell can fall onto and coat the surface
      of said insulator support means facing said interior volume; said hollow
      cylindrical extension, said conductive grounded housing and at least said
      one end of said insulation shell having substantially the same diameter;
      means coaxially connecting said opposite end of said hollow cylindrical
      extension to one end of said conductive grounded housing and forming a
      gas-sealed joint therebetween, and means connecting said opposite end of
      said bushing conductor to said elongated bus conductor; and an internal
      cylindrical member having one end fixed to and extending from said flange
      ring and having an outer diameter less than the opposing interior diameter
      of said insulation shell and less than the interior diameter of said
      hollow cylindrical extension and telescoping partly into said insulation
      shell to define a particle trap region.
NUM  2.
PAR  2. The combination of claim 1 wherein said insulation shell is a porcelain
      bushing having skirts on the outer surface thereof, and having a conically
      tapering cross-section.
NUM  3.
PAR  3. The combination of claim 2 wherein said bushing conductor has a reduced
      diameter section which extends from said one end thereof to a region
      adjacent said flange.
NUM  4.
PAR  4. The combination of claim 1 wherein said insulator support means
      comprises a conical insulator.
NUM  5.
PAR  5. In combination, a generally vertically disposed air entrance bushing and
      a gas-insulated electric power transmission bus;
PA1  said gas-insulated bus comprising an elongated, gas-filled conductive
      grounded housing which is circular in cross-section and which has a given
      diameter, an elongated central bus conductor, and a plurality of spaced
      insulator supports supporting said elongated central bus conductor within
      said housing; at least one end region of said gas-insulated bus being
      generally vertically disposed, and having one of said plurality of spaced
      insulator supports disposed near the end of said bus and being generally
      horizontally disposed across the axis of said housing;
PA1  said bushing comprising a generally vertically disposed hollow elongated
      gas-filled insulation shell, a conductive flange ring having a central
      opening and which is connected to the bottom end of said insulation shell,
      a central bushing conductor extending along the axis of said insulation
      shell and having its upper end thereof fixed to the top end of said
      insulation shell; said bottom end of said insulation shell having
      substantially the same diameter as said given diameter of said grounded
      housing;
PA1  the end of said end region of said grounded housing being connected to said
      conductive flange ring and being coaxial with and extending downwardly
      from said conductive flange ring; said one of said plurality of spaced
      insulator supports facing and being in communication with the interior
      volume of said insulation shell, whereby contamination particles within
      said insulation shell can fall onto the surface of said one of said
      plurality of spaced insulator supports which faces upwardly;
PA1  the lower end of said central bushing conductor being connected to the end
      of said central bus conductor at said one end region of said gas-insulated
      bus;
PA1  and an internal conductive cylindrical member for serving as a terminal
      member for said grounded housing; said internal conductive cylindrical
      member having one end fixed to and extending from said flange ring at said
      central opening in said flange ring and extending vertically upwardly and
      into the interior of said insulation shell; said internal conductive
      cylindrical member having an outer diameter which is less than the
      internal diameter of said grounded housing, and which is less than the
      opposing internal diameter of said insulation shell, whereby the gap
      between said insulation shell and said internal conductive cylindrical
      member defines a particle trap region.
NUM  6.
PAR  6. The combination of claim 5 wherein said conductive flange ring has first
      and second generally parallel upper and lower surfaces; said insulation
      shell being connected to said upper surface of said flange ring; said
      grounded housing being connected to the lower surface of said conductive
      flange ring.
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ABST
PAL  Apparatus and method for terminating flat flexible telephone lines laid
      flat on the surface of a floor to be covered by flexible floor covering
      such as carpeting are disclosed, wherein a bracket having a peripheral
      flange and an opening surrounded on two sides by raised flanges and
      adapted to receive the telephone lines to be terminated is placed on the
      floor over the lines and is fastened to the floor. Female telephone
      connectors are mounted across the raised flanges over the opening, and the
      telephone lines are brought up through the opening and are connected
      thereto. A shallow temporary cover is mounted on the bracket to cover the
      opening, the telephone lines extending therethrough and the female
      telephone connectors but not the peripheral flange. The flexible floor
      covering is laid over the floor, the lines and the covered bracket.
      Thereafter, the floor covering is slit to expose the covered bracket, the
      temporary cover protecting the lines extending through the opening in the
      bracket and the telephone connectors, and the peripheral flange protecting
      the lines running to the bracket, against the slitting knife. When the
      installation is to be completed, the temporary cover is removed. Male
      telephone connector plugs with lines attached thereto are inserted in the
      telephone connectors and a housing is now fastened to the bracket to
      complete the installation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates, broadly speaking, to apparatus and method for
      terminating lines running under flexible floor covering. More
      specifically, this invention relates to apparatus and method for
      terminating flat flexible telephone lines running along a floor under
      carpeting or the like.
PAR  2. Description of the Prior Art
PAR  Apparatus, and methods for installing the same, to terminate lines running
      under flexible floor covering are known.
PAR  It is not known, however, how to efficiently install equipment to terminate
      flat flexible lines prior to laying the flexible floor covering and
      thereafter protecting such termination equipment while actually laying the
      flexible floor covering, and protecting the lines running underneath the
      termination equipment while cutting the floor covering to expose the
      termination equipment to complete the installation.
PAR  The present invention solves the foregoing problems.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention, in a preferred embodiment of apparatus which is only
      one aspect thereof, comprises a bracket formed of a plate having a
      peripheral flange, an opening to receive from below the plate a line to be
      terminated, and raised flanges extending from two opposite sides of the
      opening partially over the opening, to which raised flanges a line
      connector is secured and to which line connector the line to be terminated
      is connected.
PAR  The present invention, in a method of using the preferred embodiment of
      apparatus, comprises securing to a floor the bracket over the line to be
      terminated, extending the line up through the opening in the bracket plate
      and connecting the line to a line connector mounted across the raised
      flanges of the bracket, covering the bracket with a shallow temporary
      cover to conceal the opening in the bracket plate and line connector while
      leaving exposed the peripheral flange, laying flexible floor covering over
      the floor, the line and the covered bracket, slitting the floor covering
      to expose the covered bracket, removing the temporary cover from the
      bracket, and then mounting a housing to the bracket.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring now to the drawings in which like numerals represent like parts
      in the several views:
PAR  FIG. 1 represents a view in plan of a bracket constructed according to the
      present invention and adapted to provide a termination for one or more
      telephone lines, showing the telephone connectors mounted across the
      raised flanges of the bracket;
PAR  FIG. 2 represents a section of the bracket of FIG. 1, showing a telephone
      connector and a temporary protective cover in section;
PAR  FIG. 3 represents a view in end elevation of the bracket of FIG. 1 showing
      the telephone connectors, as well as the temporary protective cover;
PAR  FIG. 4 represents a view in side elevation of the bracket of FIG. 1,
      showing the same positioned for use in a carpeted location and showing
      further in medial longitudinal section the housing mounted thereon; and
PAR  FIG. 5 represents a view in end elevation of the bracket of FIG. 1, showing
      the same positioned for use in a carpeted location and showing in medial
      longitudinal section the housing mounted thereon.
DETD
PAC  DESCRIOTION DESCRIPTION THE PREFERRED EMBODIMENT
PAR  In one aspect of the preferred embodiment, bracket 1 is seen as being
      provided with an outwardly extending peripheral flange 2 running around
      the entire perimeter of the bracket 1.
PAR  An opening 3 is provided in bracket 1, for the reception of flat flexible
      telephone lines 4. On two opposite sides of the opening 3, vertical legs 5
      extend upwardly, and flanges 6 at the tops of legs 5 project toward each
      other over the opening 3. Advantageously, and particularly where bracket 1
      is formed from sheet metal material, legs 5 and flanges 6 may be formed
      integrally with the said bracket 1, being bent according to recognized
      sheet metal shop practice. Alternatively, bracket 1 may be made by
      well-known casting or molding techniques, particularly when formed of
      polymeric materials, in which event the mold will include provision for
      the legs 5 and flanges 6. As yet another alternative, the legs 5 and
      flanges 6 may be formed separately and apart from bracket 1, and then
      secured to the said bracket 1 by means of a suitable cement, by welding,
      by fasteners such as screws or rivets, or by any other suitable means or
      techniques known to those familiar with the art.
PAR  Flanges 6 are provided with a plurality of apertures 7 arranged in opposed
      pairs as shown in FIG. 1. Female telephone connectors 8 are mounted to
      flanges 6, by means of suitable fasteners such as screws extending through
      aperture 7, and terminate telephone lines 4 extending upwardly from under
      carpeting or the like through opening 3. Each female telephone connector 8
      is adapted to receive, in the known manner, a male telephone connector
      plug 9 having a telephone cord 10 leading to various items of telephone
      equipment (not shown) as required. The female telephone connectors 8 may
      be mounted across the flanges 6 in upwardly facing position, as shown, or
      under some circumstances it may be preferred to mount the said female
      telephone connectors 8 under the flanges 6 and facing sideways.
PAR  Housing 14 is fastened to the bracket 1 to complete the installation, by
      fastening means such as screws which are extended through apertures in the
      housing 14 and which are threaded into threaded sockets 15 mounted to
      flanges 6 beneath apertures 16 therein.
PAR  Bracket 1 is intended for use primarily with telephone lines of the flat
      flexible type known in the art, such flat flexible lines being readily
      concealed beneath carpeting.
PAR  The use of bracket 1 in terminating undercarpet telephone lines, preferably
      of the flat flexible type, will now be described.
PAR  It will be assumed that flat flexible telephone lines 4 have been run over
      a floor 18 in accordance with a predetermined layout or plan so that such
      lines extend to stations in the immediate vicinity of those desks and
      other office furniture and fixtures which are to be provided with
      telephone service. At each such station, a bracket 1 is positioned
      overlying the telephone lines (i.e., peripheral flange 2 lies on the
      telephone lines), and the bracket 1 is then secured by convenient and
      suitable means to the floor 18. Securement of the bracket 1 to the floor
      may be effected by taping the peripheral flange 2 to the floor, or by
      employing an adhesive (such as a pressure-sensitive adhesive on the bottom
      of the bracket 1), or by bolting the bracket 1 to the floor. If bracket 1
      is to be bolted to the floor, holes (not shown) may be drilled at
      convenient locations along peripheral flange 2, and bolts (not shown) may
      be inserted through said holes into the floor. Thereafter, the ends of the
      telephone lines to be terminated at the station are brought up through
      opening 3. At this point, the female telephone connectors 8 may be mounted
      across flanges 6 and the telephone lines 4 connected thereto.
PAR  A shallow temporary protective cover 19 is now secured to bracket 1 by
      suitable means. Temporary cover 19 is large enough to extend over and
      conceal opening 3, but does not extend appreciably over peripheral flange
      2, as shown in FIGS. 2 and 3.
PAR  Thereafter, carpeting 20 is laid over the floor, telephone lines 4, and
      bracket 1 with the temporary cover 19 mounted thereon.
PAR  It will be apparent that the flat flexible telephone lines, having a very
      low thickness as is known in the art, will not be likely to cause any such
      disturbances in the surface of the carpeting 20 as would reveal their
      presence. It will also be apparent that bracket 1 with temporary cover 19
      mounted thereon exhibits a relatively low profile which will not disturb
      the laying of the said carpeting 20 as might otherwise occur if the
      carpeting 20 is laid over a relatively high object.
PAR  The installer will now manually locate the bracket 1 through the carpeting
      20 and will slit the carpeting 20 approximately along the center of, and
      lengthwise of, the temporary cover 19, the slitting knife passing through
      the carpeting 20 and riding along the top surface of the temporary cover
      19. Thereafter, the installer will slit the carpeting 20 along the short
      sides of the temporary cover 19, the slitting knife passing through the
      carpeting 20 close to the sides of the temporary cover 19 and riding along
      the top surfaces of the flanges 6. It is important to note that, in
      addition to protecting bracket 1 and female telephone connectors 8 from
      the heavy carpet roll when the carpeting 20 is first being laid over the
      floor 18, the temporary cover 19 protects said female telephone connectors
      8 and associated telephone lines extending through opening 3 from damage
      by the installer's knife. It is also important to note that the flange 2
      protects the underlying telephone lines from the installer's knife.
PAR  The slits in the carpeting 20, made as hereinbefore described, are straight
      and the carpeting is not mutilated. The slitting operation results in two
      flaps 21 of carpet material which can be folded upwardly to expose the
      bracket 1 and temporary cover 19.
PAR  Thereafter, temporary cover 19 is removed from bracket 1 and male telephone
      connector plugs 9 having telephone cords 10 attached thereto may now be
      inserted in their respective female telephone connectors 8. Housing 14 is
      now fastened to the bracket 1 as hereinbefore described, by means of
      screws 22 threaded into sockets 15, and flaps 21 are made to extend
      upwardly within the housing 14, as best shown in FIG. 5, thereby
      completing the installation.
PAR  It will be noted that no pieces of the carpeting 20 had been cut out and
      removed from the said carpeting 20 in making the installation, and that
      the flaps 21 are preserved in and protected by the housing 14. If
      subsequent relocation and rearrangement of office furniture should require
      removal of any of the installations, then, after removal of bracket 1 from
      the floor, the flaps 21 can be relaid in the known manner on the floor and
      there will not be any readily visible evidence of the carpeting 20 ever
      having been open in the area of the original installation.
PAR  It will be clearly understood that, in the specification and drawings, a
      preferred embodiment representing only one aspect of the invention has
      been described, and that the article herein disclosed and its method of
      use may be modified without departing from the spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus terminating a line running along a floor underneath a flexible
      floor covering said apparatus comprising:
PA1  a. a plate having a peripheral flange extending around the perimeter
      thereof, said peripheral flange extending underneath said floor covering
      and over said line, said plate having an opening extending therethrough
      and adapted to receive from below the plate the line to be terminated,
      said opening having a first edge and an opposed second edge;
PA1  b. a first upstanding leg on said plate adjacent the first edge of said
      opening, said first leg being located inwardly of said peripheral flange;
PA1  c. a first flange on the upper end of said first leg extending partially
      over said opening toward the second edge thereof;
PA1  d. a second leg on said plate adjacent the second edge of said opening,
      said second leg being located inwardly of said peripheral flange;
PA1  e. a second flange on the upper end of said second leg extending partially
      over said opening toward the first edge thereof;
PA1  f. said first and second legs extending through an opening in said floor
      covering;
PA1  g. a connector mounted between said first and second flanges and connected
      to said line;
PA1  h. cover means mounted to said plate and concealing said opening and said
      first and second legs and said first and second flanges.
NUM  2.
PAR  2. Apparatus as in claim 1, wherein:
PA1  i. said first and second flanges lie in a common plane parallel to the
      plane of said plate.
NUM  3.
PAR  3. Method for terminating at a station on a floor a line running along the
      floor which is to be concealed by flexible floor covering, said method
      comprising:
PA1  a. placing a bracket having a peripheral flange and an opening adapted to
      receive the line to be terminated on the floor at said station with the
      opening over the line to be terminated and then securing the bracket to
      the floor;
PA1  b. bringing the line to be terminated up through the opening in the bracket
      and connecting the line to a terminating connector on the bracket;
PA1  c. mounting a shallow temporary cover on the bracket over the opening and
      terminating connector, leaving the peripheral flange exposed;
PA1  d. laying the flexible floor covering over the floor, the line running on
      the floor, and the bracket;
PA1  e. slitting the flexible floor covering over the temporary cover and along
      the peripheral flange of the bracket;
PA1  f. removing from over the temporary cover the slit floor covering thereby
      to expose the temporary cover;
PA1  g. removing the temporary cover from the bracket;
PA1  h. mounting a housing on the bracket to cover the said bracket.
NUM  4.
PAR  4. Method as in claim 3, wherein the terminating connector is female and
      wherein subsequent to step (g), a male connector plug having a line
      attached thereto is inserted into the terminating connector.
NUM  5.
PAR  5. Method as in claim 3, wherein:
PA1  i. step (e) is performed by making a first slit through the floor covering
      approximately along the center of the temporary cover, and by making two
      slits through the floor covering at right angles to the first slit along
      two opposite sides of the temporary cover forming two flaps in the floor
      covering;
PA1  j. step (f) is performed by peeling away to a vertical position the two
      flaps of floor covering from over the temporary cover;
PA1  k. in performing step (h), the two flaps are retained within the housing.
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ABST
PAL  Disclosed is an electrical circuit board structure incorporating a ceramic
      substrate wafer and metallic mounting means bonded to the substrate wafer
      for securing the structure to a housing. The metallic portion of the
      structure protects the ceramic wafer from mechanical stresses transmitted
      through the housing by providing structural integrity and dynamic
      isolation. Selection of such a metallic material having its coefficient of
      thermal expansion similar to that of the substrate material prevents the
      creation of thermal stresses between the ceramic and the metal portion of
      the structure.
PAL  The disclosed method comprises rigidly securing the ceramic substrate
      circuit board to the metallic member in such a way that the latter may be
      attached to the housing without stressing the ceramic material.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A. Field of Invention
PAR  This invention relates to ceramic substrate wafers for electrical circuit
      boards and methods by which they may be secured to structural housings.
PAR  B. Description of Prior Art
PAR  Perhaps the commonest circuit board material to which electrical circuit
      components are presently mounted comprises a sheet of glass fiber-filled
      epoxy. Glass fiber epoxy is relatively nonbrittle and, thus, such a
      circuit board may be readily attached to a structural housing by simply
      drilling holes into the circuit board material and inserting metal screws,
      which may be tapped into the housing and tightened. The relative
      non-brittleness of glass fiber epoxy also permits use of such circuit
      boards in rather extreme mechanical and thermo-mechanical environments
      without fear of cracking the board.
PAR  However, there exist electronic circuit board applications in which use of
      a glass fiber epoxy board is undesirable. For example, if such a board is
      used in very high frequency (approximately L-band and higher)
      communication devices, the relatively low dielectric constant of the
      material causes the electronic circuit to become "lossy".
PAR  In such applications, a ceramic substrate wafer, typically fused alumina or
      sapphire, is ordinarily employed for circuit board construction. However,
      due to their brittleness, ceramic wafers have a strong tendency to split
      or shatter, when subjected to vibration and other ordinary mechanical
      stresses.
PAR  Mounting of ceramic substrate circuit boards to housing structures presents
      additional difficulties. Screw mounting of the board directly to the
      housing cannot be readily accomplished, since if the ceramic wafer is not
      split during the process of drilling the holes for passage of the screws,
      it will most likely be at least locally cracked when the screws are
      tightened. Adhesive bonding or soldering of the ceramic substrate wafer
      onto the housing, beside making removal difficult, presents problems in
      connection with thermal expansion of the housing at a different rate from
      that of the ceramic material typically resulting in mechanical distortion
      of the housing, causing buckling and cracking of the circuit board.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of this invention to provide a ceramic
      substrate circuit board structure with an improved capacity to withstand
      vibration and other mechanical stresses, as well as thermal expansion
      stresses.
PAR  It is a further object of this invention to provide such a structure which
      may be attached to and detached from its housing with relative ease.
PAR  It is another object of this invention to provide a method of fabricating
      such ceramic substrate structures having such improved characteristics.
PAR  Briefly, the circuit board structure of the present invention comprises a
      wafer of ceramic material which is rigidly secured to one or more metal
      members. In the final structure, the metal members are attached to the
      ultimate housing by means of metal screws, soldering or the like, for
      simple detachment, if desired. The metal member(s) add structural
      integrity and a degree of mechanical isolation to the ceramic wafer in all
      embodiments of the invention. In certain embodiments, wherein the metal
      members comprise projecting tabs attached to the housing near their ends,
      these members provide additional mechanical isolation through spring
      action. Finally, where the metal is selected to possess a coefficient of
      thermal expansion substantially similar to that of the ceramic (i.e.,
      within 20%), a thermal expansion stresses between the two materials can be
      substantially prevented.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is an exploded view of an electrical circuit board structure
      according to the preferred embodiment of the present invention.
PAR  FIG. 2 is an exploded, partially cutaway view of the circuit board
      structure and the housing structure to which it is secured, according to
      the embodiment shown in FIG. 1.
PAR  FIG. 3 is a plan view of a circuit board structure according to an
      alternative embodiment of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred embodiment of the present invention is perhaps best described
      in terms of the preferred method of constructing a ceramic circuit board
      structure.
PAR  The basic ceramic substrate wafer may be obtained off-the-shelf from one of
      a number of commercial manufacturers. It will consist of a relatively
      thin, substantially rectilinear sheet-like structure of a high-dielectric
      constant ceramic material, such as fused alumina or sapphire. Its
      dimensions will typically be of the order of approximately 2 .times.5 cm,
      although the exact size is not critical to the present invention.
      Typically, the ceramic substrate wafer will not be perfectly flat, a
      factor which accentuates the inherent tendency of such ceramic wafers to
      split or crack when attached to structural housings by the methods
      heretofore commonly used. It will be seen, however, that this factor is of
      little consequence where ceramic substrate wafers are employed in the
      practice of the present invention.
PAR  Since the capacitance of the ceramic wafer is critical in most of the
      typically high-frequency applications for ceramic substrate circuit
      boards, care must be exercised in selecting a ceramic wafer of desired
      thickness and dielectric constant.
PAR  As shown in FIG. 1, the essentially rectilinear ceramic wafer 10 is
      provided with chamfered corners 15, whose function will be explained
      below. These chamfered edges are provided by ordinary cutting techniques.
PAR  It is ordinarily desirable to provide a circuit board 10 having a metallic
      coating on both sides. The coating on the reverse side essentially covers
      that entire side, since it provides a common ground lead to the structural
      housing 75, to which the circuit board is secured. The coating on the
      front side of the circuit board, to which the circuit elements, e.g.,
      resistor and capacitor chips 35, flat packs 40 and cased transistors and
      diodes 45, are mounted, consists of a conductor line pattern 20
      interspersed with nonconductive areas 25 of the ceramic wafer. The circuit
      elements are mounted directly to the conductor line pattern in specified
      locations.
PAR  Electrical communication between the conductor line pattern 20 on the front
      face of the circuit board 10 and the rear face thereof is accomplished
      through ground holes 30, placed in specified locations in the ceramic
      wafer. The holes are created most efficiently by means of air-abrasive
      drilling, i.e., air blasting fine particles of silicon carbide through a
      diameter-controlled nozzle at both sides of the ceramic substrate wafer
      (one side at a time). Actual electric communication is provided by
      conductively plating the interior surfaces of the holes.
PAR  In the preferred embodiment of the present invention, preliminary
      metallization of the ceramic wafer 10 is accomplished by sputtering
      approximately 250 A thick layer of CERMET (a common nickel/chromium alloy)
      onto the ceramic, followed by sputtering an approximately 4000 A thick
      layer of gold onto the CERMET layer. Sputtering is employed in preference
      to vacuum deposition or other well-known deposition techniques. It appears
      to provide superior adhesion of the first two layers to the ceramic
      material and also appears to be superior in metallizing the interior walls
      of the grounding holes 30 which must be subsequently electroplated (for
      electrical conductivity), together with all other surfaces of the ceramic
      wafer which are not photoresist covered.
PAR  Following these preliminary metallizing steps, the front face of the
      ceramic wafer 10, i.e., that shown in FIG. 1, must be masked so that the
      nonconductive regions 25 will be formed when final metallizing takes
      place. Any well-known masking technique may be applied. It is preferable,
      however, that dry-process photoresist, extensively employed in the printed
      circuit board industry, be used. Dry-process photoresist may be obtained
      off-the-shelf from commerical suppliers in rolls of laminar sheets and is
      applied to the front face of the ceramic wafer under moderate heat and
      pressure. Since it may be purchased with a protective Mylar coat, it is
      relatively simple to handle. The conductor line pattern is optically
      focused onto the photoresist coated wafer, which renders the exposed
      (conductor line) portion soluable in the developer solution. The
      undissolved portions remain after developing creating the desired mask,
      which provides the nonconductive portion of the circuit board after the
      latter is metalized.
PAR  Final metalization is applied to the masked, preliminarily metalized
      ceramic wafer 10 as follows:
PAR  1. A layer of copper, approximately 0.001 cm in thickness is electroplated
      onto all surfaces of the wafer (which are not photoresist covered);
PAR  2. A layer of gold approximately 0.0004 cm in thickness is electroplated
      onto the copper to prevent oxidation;
PAR  3. The photoresist is dissolved away;
PAR  4. The thin gold and CERMET preliminary metalization layers are etched away
      with a suitable etchant, such as aqua regia, leaving bare the
      non-conductive regions 25. Since preliminary layers are much thinner than
      the copper and gold overlayers, there is little danger that any
      substantial portion of the latter will be etched away; and
PAR  5. The entire circuit board is solder dipped with 63-37 lead-tin solder to
      dissolve away the gold (which would prove undesirable for some
      applications), and to provide solder-tinned surfaces for application of
      circuit elements 35, 40, 45 and to facilitate attachment of the completed
      circuit board 10 to its metal frame 50. The solder will not adhere to the
      bare ceramic areas.
PAR  This produces the circuit board 10 essentially as shown in FIG. 1 in which
      the grounding holes 30 are internally plated with conductive material to
      provide communication between the conductor line network 20 and the
      metallic surface on the rear of the wafer (not shown).
PAR  The circuit elements 35, 40, 45 are attached to the circuit board 10 by
      tinning their leads and attaching by solder reflow. The solder reflow step
      will be described in greater detail below.
PAR  A key step in the fabrication of the ceramic circuit board structure
      consists in securing the circuit board 10 to the metal frame 50. The metal
      frame comprises a substantially rectilinear, "hollow", substantially
      planar structure, as shown in FIG. 1. In order to prevent differential
      thermal expansion between the wafer and the frame when they are mutually
      rigidly secured, the metal comprising the frame should be chosen to have a
      coefficient of thermal expanion similar to that of the ceramic material
      comprising the wafer. In the preferred embodiment of the present
      invention, wherein the ceramic material comprises fused alumina, it is
      preferred that a KOVAR (an iron-nickel-cobalt alloy) frame be employed.
PAR  The dimension of the frame 50, as compared to those of the circuit board
      10, are such that, when mounted to the frame, the frame extends beyond the
      ceramic wafer only at the four chamfered corners 15 of the ceramic wafer.
      This allows mounting the circuit board structure 65 into the housing 75
      within the rectangular planar outline of the ceramic substrate board,
      which results in a minimum housing enclosure volume.
PAR  In addition, a space 70 should be provided between each chamfered edge 15
      and the nearest mounting screw 55 which will be passed through its
      associated mounting hole 60 (see FIG. 2). This is to assure that if
      mechanical vibration or other mechanical stresses are passed directly from
      the housing structure 75 to the circuit board structure 65, they will be
      passed into the metal frame 50, rather than directly into the ceramic chip
      10. In this way the metal frame can serve to insulate the wafer from these
      mechanical stresses.
PAR  It should be noted that since it is the frame 50 which is directly mounted
      to the threaded bosses 80 of the housing structure 75, warping and other
      structural irregularities of the ceramic wafer 10 are of no concern. The
      means of attachment between the ceramic wafer and the metal frame may be
      selected to insure rigid securing of the ceramic wafer to the frame
      regardless of the dimensional imperfections of the former. Likewise, the
      surfaces of the four mounting bosses 80 in contact with the frame 50 may
      not be in a perfect plane, due to improper construction or mechanical
      distortion of the housing 75. This irregularity is of no consequence to
      the circuit board structure 65 because the metal frame 50 extending beyond
      the ceramic wafer chamfered corners 15 can compensate for this without
      involving in any way the ceramic wafer 10.
PAR  In the preferred embodiment of the present invention a KOVAR frame 50
      approximately 0.04 cm in thickness is soldered to the underside (ground
      side) of the circuit board 10. The KOVAR frame is prepared for solder
      attachment by electroplating onto the frame a nickel flash, followed by a
      0.001 cm copper layer and a 0.0004 cm gold layer. The electroplated frame
      is then masked on the side opposite the one to which the circuit board is
      to be mounted and dipped into a solder pot, thus tinning the side to which
      the circuit board is to be applied.
PAR  The final assembly step of the circuit board structure of the preferred
      embodiment of the present invention comprises placing the circuit elements
      35, 40, 45 in their respective positions in contact with the conductive
      line network 20 of the circuit board 10; placing the circuit board atop
      the electroplated and tinned KOVAR frame 50; and subjecting the entire
      assembly in infrared radiation, whereby the solder coating on the
      conductive line network reflows over the component leads, and the solder
      surface on the reverse (ground) side of the circuit board flows together
      with the solder surface on the KOVAR frame, thus securing the entire
      assembly.
PAR  Even in cases where the ceramic wafer, from which the circuit board 10 is
      fabricated, is warped or otherwise dimensionally imperfect, the preferred
      method of attachment will insure that a strong bond occurs between the
      circuit board and the KOVAR frame 50.
PAR  The completed circuit board structure 65 is mounted to the structural
      housing 75 by passing mounting screws 55 through their respective mounting
      holes 60 and inserting them into the threaded bosses 80 on the mounting
      structure.
PAR  Direct contact between the circuit board structure 65 and the housing
      structure 75 provides electrical ground communication for the electrical
      components 35, 40, 45 mounted on the wafer 10 by means of the metallic
      ground surface on the rear of the wafer, through the metallic plated holes
      30 in the wafer, and the metallic conductive lines 20 on the wafer
      surface. The method of electrical contact, from an outside source, to the
      wafer metallic conduction lines 20, other than for electrical grounding
      purposes, is effected by soldering an outside source wire to the
      conduction line 20. The only requirement is that the wire be of a flexible
      nature to prevent the wire from passing mechanical vibration or other
      mechanical forces from the housing structure 75 to the circuit board
      structure 65.
PAR  A wide range of variation may be introduced, by those skilled in the art,
      to the fabrication method described above without departing from the scope
      of the present invention.
PAR  For example, the method and resulting circuit board structure 65 may
      utilize a ceramic wafer 10 of substantially any desired shape, provided
      that the metal frame 50 to which it is secured and the placement of the
      mounting means in the latter are such that the entire structure may be
      satisfactorily mounted in the housing intended to accomodate it. It is
      important, however, to insure that spaces 70 exist between the ceramic
      wafer and the mounting screw 55 or other means employed to mount the
      composite structure to the housing. This is to insure that the ceramic
      wafer is protected from the direct introduction of mechanical shocks and
      stresses from the housing. In particular, the ceramic wafer need not
      possess chamfered edges 15, so long as some such isolation is provided.
PAR  In addition, while in the preferred embodiment of the present invention a
      KOVAR frame 50 substantially shown in FIG. 1, is utilized in connection
      with the rectilinear ceramic wafer 10, this is not absolutely necessary
      for the practice of the invention. All that is really necessary is to
      provide some structurally sound means for supporting the ceramic wafer and
      mechanically securing it to a housing structure from which it is at least
      somewhat isolated in terms of mechanical energy transfer. For example, as
      shown in FIG. 3, the composite circuit board structure 65' might consist
      of a ceramic wafer 10' supported by a plurality of tabs 51, bonded to the
      underside of the wafer, which tabs are secured to the housing structure by
      means of mounting screws 55'. It is preferable, however, that the material
      selected for the supportive structure(s) be of similar thermal expansion
      coefficient to the ceramic selected for the wafer in cases where the
      composite structure is subjected to thermal stresses, as in spacecraft
      applications.
PAR  Likewise, the circuit board 10 may have conductive lines 20 and/or circuit
      components 35, 40, 45 mounted onto both sides with internal electrical
      communication means and grounding means other than those described above
      provided.
PAR  The particular method of bonding the circuit board 10 to the KOVAR frame 50
      or other supportive member, is also not critical to the practice of the
      present invention, provided the bonding method employed furnishes a
      reasonably secure bond. Thus, adhesive bonding, particularly by means of
      epoxy materials, can be substituted for the reflow solder method described
      above. Again, in applications likely to result in the creation of thermal
      stresses, the frame/board interface should be selected to minimize their
      effect on the circuit board.
CLMS
STM  We claim:
NUM  1.
PAR  1. A ceramic circuit board structure, comprising:
PA1  a wafer of ceramic material, said wafer adapted to rigidly support
      electrical circuitry elements;
PA1  at least one metallic support member, at least a part of said support
      member being substantially planar, said part of said support member being
      rigidly secured to said wafer, at least a substantial portion of a surface
      of said part being in juxtaposition with at least a portion of a surface
      of said wafer, a portion of said member extending beyond the periphery of
      said wafer;
PA1  a rigid housing structure; and
PA1  mounting means selectively securing said support member to said housing
      structure, with no portion of said wafer being in contact with any portion
      of said mounting means or said housing structure to clarify the meaning of
      such phrase;
PA1  said support member being the sole support for said wafer.
NUM  2.
PAR  2. The structure as recited in claim 1, wherein circuitry elements are
      supported on both surfaces of said wafer.
NUM  3.
PAR  3. The structure as recited in claim 1, wherein circuitry elements are
      supported on a single side of said wafer.
NUM  4.
PAR  4. The structure as recited in claim 3, wherein the region of juxtaposition
      is on the side of said wafer opposite that on which the circuitry elements
      are supported.
NUM  5.
PAR  5. The structure as recited in claim 1, wherein said at least one support
      member is a plurality of support members.
NUM  6.
PAR  6. The structure as recited in claim 5, wherein each of said members
      comprises a metallic tab.
NUM  7.
PAR  7. The structure as recited in claim 6, wherein said wafer is substantially
      rectilinear and said tabs extend from at least two of the corners thereof.
NUM  8.
PAR  8. The structure as recited in claim 7, wherein four tabs are provided and
      each extends from a corner of said wafer.
NUM  9.
PAR  9. The structure as recited in claim 1, wherein the means for said rigid
      securing comprises solder.
NUM  10.
PAR  10. The structure as recited in claim 1, wherein the means for said rigid
      securing comprises an adhesive.
NUM  11.
PAR  11. A ceramic circuit board structure, comprising:
PA1  a wafer of ceramic material, said wafer adapted to rigidly support
      electrical circuitry elements;
PA1  at least one metallic support member, at least a part of said support
      member being substantially planar, said part of said support member being
      rigidly secured to said wafer, at least a substantial portion of a surface
      of said part being in juxtaposition with at least a portion of a surface
      of said wafer, a portion of said member extending beyond the periphery of
      said wafer, the coefficient of thermal expansion of said support member
      being substantially similar to that of said ceramic material;
PA1  a rigid housing structure; and
PA1  mounting means selectively securing said support member to said housing
      structure, with no portion of said wafer being in contact with any portion
      of said mounting means or said housing structure to clarify the meaning of
      such phrase;
PA1  said support member being the sole support for said wafer.
NUM  12.
PAR  12. The structure as recited in claim 11, wherein said ceramic material
      comprises fused alumina.
NUM  13.
PAR  13. The structure as recited in claim 11, wherein said ceramic material
      comprises sapphire.
NUM  14.
PAR  14. The structure as recited in claim 11, wherein the metallic material
      comprising said support member comprises an iron, nickel and cobalt alloy.
NUM  15.
PAR  15. The structure as recited in claim 11, further including electrical
      circuitry elements rigidly supported by said wafer, and wherein a ground
      connection between said ceramic wafer and said circuitry elements is
      provided through at least a portion of the juxtaposition interface.
NUM  16.
PAR  16. The method of fabricating a ceramic circuit board structure, comprising
      the steps of:
PA1  providing a wafer of ceramic material, said wafer adapted to rigidly
      support electrical circuitry elements, said step of providing including
      coating at least a portion of a surface of the wafer with solder;
PA1  placing, in juxtaposition with the solder-coated portion of the surface of
      said wafer, a portion of a surface of a substantially planar support
      member, said support member adapted to be secured to a housing structure
      at a region of said support member remote from said juxtaposition region,
      said step of placing including coating at least that portion of the
      surface of the support member placed in juxtaposition with said wafer with
      solder;
PA1  reflow soldering said support member to said wafer at said region of
      juxtaposition therebetween, said step of reflow soldering comprising
      subjecting at least the region of juxtaposition between said wafer and
      said support member to heat sufficient to melt said solder;
PA1  furnishing electrical circuitry elements;
PA1  tinning the leads of said circuitry elements with solder; and
PA1  causing said tinned leads to be in contact with said wafer during said step
      of reflow soldering.
NUM  17.
PAR  17. Method as recited in claim 16, wherein said heat comprises infrared
      radiation.
NUM  18.
PAR  18. The method of fabricating a ceramic circuit board structure, comprising
      the steps of:
PA1  providing a wafer of ceramic material, said wafer adapted to rigidly
      support electrical circuitry elements, said step of providing including
      coating at least a portion of a surface of the wafer with solder;
PA1  placing, in juxtaposition with the solder-coated portion of the surface of
      said wafer, a portion of a surface of a substantially planar support
      member, said support member adapted to be secured to a housing structure
      at a region of said support member remote from said juxtaposition region,
      said step of placing including coating at least that portion of the
      surface of the support member placed in juxtaposition with said wafer with
      solder;
PA1  reflow soldering said support member to said wafer at said region of
      juxtaposition therebetween, said step of reflow soldering comprising
      subjecting at least the region of juxtaposition between said wafer and
      said support member to heat sufficient to melt said solder;
PA1  furnishing electrical circuitry elements having tinned leads and;
PA1  causing said tinned leads to be in contact with said wafer during said step
      of reflow soldering.
NUM  19.
PAR  19. Method as recited in claim 18, wherein said heat comprises infrared
      radiation.
NUM  20.
PAR  20. A ceramic circuit board structure, comprising:
PA1  a substantially rectilinear wafer of ceramic material, said wafer adapted
      to rigidly support electrical circuitry elements;
PA1  a single metallic support member, of substantially hollow rectilinear
      configuration, said support member being rigidly secured to said wafer, at
      least a substantial portion of a surface of said member being in
      juxtaposition with at least a portion of a surface of said wafer, a
      portion of said member extending beyond the periphery of said wafer;
PA1  a rigid housing structure; and
PA1  mounting means selectively securing said support member to said housing
      structure, with no portion of said wafer being in contact with any portion
      of said mounting means or said housing structure to clarify the meaning of
      such phrase;
PA1  said support member being the sole support for said wafer.
NUM  21.
PAR  21. The structure as recited in claim 20, wherein:
PA1  said extended portion comprises at least two diametrically opposite corners
      of said support member, each of said corners being provided with a hole
      for the passage of a screw; and
PA1  said mounting means comprises a screw inserted through each of said holes
      and engaging a threaded hole in said housing structure.
NUM  22.
PAR  22. The structure as recited in claim 21, wherein said extended portion
      comprises all four corners of said support member.
NUM  23.
PAR  23. The structure as recited in claim 20, further including electrical
      circuitry elements rigidly supported by said wafer, and wherein a ground
      connection between said circuitry elements and said support member is
      provided through at least a portion of the juxtaposition interface.
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ABST
PAL  A clip is provided for interconnecting a mesh or foil shield and a
      conductor of a shielded multiconductor flat cable. The clip comprises a
      pair of hingedly connected arms, the first arm having a pair of upwardly
      projecting tabular sections for piercing the insulation of the flat cable,
      each tabular section has a V-shaped groove for receiving and engaging a
      conductor in the cable; and the second arm has a pair of upwardly
      projecting points for piercing the insulation from the opposite side of
      the flat cable and engaging the shield of the cable.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention:
PAR  The invention relates to electrical connectors, and particularly relates to
      electrical connectors for electrically interconnecting a mesh or foil
      shield and a conductor of a shielded multiconductor flat cable. More
      particularly, the invention relates to a crimpable clip connector for
      piercing the insulation of a flat cable from opposite sides and
      electrically interconnecting the cable shield and a conductor in the
      cable.
PAR  Description of the Prior Art:
PAR  Clip connectors for multiconductor flat cables are well known in the prior
      art. A crimpable connecting device for flat conductor cable is described
      in U.S. Pat. No. 3,395,381, wherein the device has a U-shaped cross
      section having a web, side walls and a lance struck from the web between
      the side walls. This device is crimped onto a conductor in a flat
      conductor cable with the side walls straddling the conductor and bent
      towards each other to pinch the conductor between the side walls and the
      lance. Another electrical conductor for very thin sheet metal is described
      in U.S. Pat. No. 3,138,658. The connector described in this patent has a
      blade member folded about a center line to form opposed surfaces having a
      plurality of lanced tangs for insertion into the surface of the sheet
      metal member. A clip for connecting a sheath of a metallically sheathed
      cable to a further conductive member is described in U.S. Pat. No.
      3,753,213, the connection to a further conductive member is external to
      the cable. A connector for crimpable coupling of bare or insulated flat
      conductive material such as the foil shield of a shielded cable to a
      further conductive material is described in U.S. Pat. No. 3,728,473, the
      connection to a further conductive material is again external to the
      cable.
PAR  The clip connector of the present invention is readily distinguishable from
      the clips described in the above mentioned patents, in that, it provides
      for interconnecting the shield and a conductor of a shielded
      multiconductor flat cable. The integrally connected conductor in the cable
      may then be connected to an electrical common or ground to effect the
      functionality of the shield in the cable.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention there is provided a clip for
      interconnecting the shield and a conductor of a shielded multiconductor
      flat cable, comprising a pair of hingedly connected arms, one of the arms
      having means for piercing insulating material of the cable from one side
      and engaging the shield in the cable, and the other arm having means for
      piercing the insulating material from the opposite side of the cable and
      engaging a conductor of the cable.
PAR  In a preferred embodiment of the clip of the present invention, one of the
      arms has a pair of opposed tabular sections for piercing the insulation of
      the multiconductor flat cable. Each tabular section has a chamfered sharp
      edge terminating in a blade and a V-shaped groove for receiving and
      engaging the conductor in the cable, and one of the arms has at least one
      upward projecting point for piercing the insulation of the cable from the
      opposite side and engaging the shield of the cable. Further, in the
      preferred embodiment the V-shaped groove is formed offcenter in each
      tabular section to provide a tapered blade for piercing an edge of the
      insulation adjacent the end conductor and a tapered point for piercing the
      insulation on the other side of the end conductor. The clip is locked on
      the flat cable by folding the blades and points of each of the tabular
      sections over the second arm having the upward projecting point in
      engagement with the shields of the cable. The base of the tapered point is
      preferably substantially narrower in width than the spacing between the
      center of the end conductor in the cable and the adjacent conductor to
      prevent contacting the conductor adjacent the end conductor. The tapered
      blade is preferably wider than the point and penetrates an edge of the
      insulating material extending laterally on either side of the flat cable
      beyond the regularly spaced conductors in the cable. The mesh or foil
      shield is also disposed in the insulating material, spaced from the
      plurality of conductors therein, and may extend laterally beyond the
      plurality of conductors into continuous edges of insulating material
      extending beyond the conductors.
PAR  Additionally, there is provided in a shielded multiconductor flat cable,
      comprising a strip of insulating material with continuous edge sections
      extending laterally on either side of a plurality of longitudinal
      conductors spaced on regular centers in the insulating material, and a
      metallic shield spaced from the plurality of conductors in the insulating
      material; the improvement comprising a clip interconnecting the shield and
      a conductor in the shielded multiconductor flat cable, the clip comprising
      a pair of hingedly connected arms, one of the arms having means for
      piercing the insulating material of the cable from one side and engaging a
      shield in the cable, and one of the arms having means for piercing the
      insulating material from the opposite side of the cable and engaging a
      conductor in the cable.
PAR  The clip of the present invention thus provides for rapidly and simply
      connecting the shield of a shielded multiconductor flat cable to a
      conductor within the cable, one or both ends of which may then be
      terminated to an electrically common point or ground to effect the
      functionality of the shielded mesh or foil in the flat multiconductor
      cable. The clip obviates the need for peeling back the insulating material
      of the cable to make an electrical connection with the ground plane or
      shield by attaching an electrical connector to the shield or soldering an
      external wire to the shield.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a preferred embodiment of the clip of the
      present invention.
PAR  FIG. 2 is a perspective view of the clip of FIG. 1 crimped onto a shielded
      multiconductor flat cable.
PAR  FIG. 3 is an elevation view of the clip of FIG. 1 positioned for crimping
      on a shielded multiconductor flat cable.
PAR  FIG. 4 is an elevation view similar to FIG. 3, illustrating the clip
      crimped onto the shielded multiconductor flat cable.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A preferred embodiment of the clip of the present invention is described
      below with reference to the attached drawings wherein the same numerals
      are used throughout to identify the same elements.
PAR  With particular reference to FIGS. 1 and 3, a clip 10 according to the
      present invention comprises a first arm 12 connected through a hinged
      section 14 to a second arm 16. The first arm 12 has a pair or upwardly
      projecting tabular sections 18. The tabular sections 18 have a chamfered
      sharp edge 20 for penetration of the insulating material of the
      multiconductor flat cable. A V-shaped groove 22 is provided in each of
      tabular sections 18 toward the end of arm 12 providing a blade section 24
      and a point 26 which pierces the insulation 32 of the cable 30 and readily
      penetrates through the opposite side of the shielded multiconductor flat
      cable 30. The V-shaped groove 22 receives and engages the end conductor 34
      of the multiconductor cable 30. The second arm 16 hingedly connected to
      arm 12 through section 14 has a pair of lanced tangs 28 formed therein for
      piercing the insulating material 32 from the opposite side of cable 30 and
      engaging the shield which comprises a plurality of fine longitudinal wires
      36 enmeshed with fine transverse wires 38 within the insulating material
      32 of cable 30.
PAR  The clip 10 of the present invention is preferably stamped formed from thin
      electrically conductive sheet metal stock and may be conventionally
      secured at regular intervals to a thin carrier strip (not illustrated) by
      severable connecting portions (not illustrated). The clip 10 may be coated
      with a corrosion resistant and electrically conductive metal coating.
PAR  The clip 10 can be readily crimped on a shielded multiconductor flat cable
      by manual or automatic means. The clip 10 is positioned along an edge of
      the cable 30, as illustrated in FIG. 3, with arm 16 having the lanced
      tangs 28 adjacent the flat cable on the side having the shielded mesh or
      foil closest thereto. Arms 12 and 16 are then crimped on the edge of the
      insulating material 32, and blade section 24 and point section 26 on each
      of the opposing tabs 18 penetrate the insulation 32, and groove 22
      receives and engages the end conductor 34 of the multiconductor flat cable
      30. The blade section 24 and point section 26 on each of the opposing tabs
      18 penetrate through the insulation 32 and emerge on the opposite side of
      cable 30. The blade sections 24 and point sections 26 are crimped over arm
      member 16 to lock the clip 10 on the cable 30. Suitable crimp tooling for
      crimping the clip 10 on the shielded multiconductor flat cable will be
      readily apparent to one skilled in the art.
PAR  While the above description and attached drawings illustrate a preferred
      embodiment of the clip of the present invention, it is apparent that other
      embodiments and modifications are equivalent and will be obvious to one
      skilled in the art, therefore, the invention is not to be limited except
      by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A clip for interconnecting a shield and a single conductor of a shielded
      multiconductor flat cable, comprising a pair of hingedly connected
      substantially flat arms, one of said arms having at least one projecting
      point for piercing a first side of an insulating material of the cable and
      engaging the shield of the cable, said other arm having a pair of opposed,
      upwardly-projecting, tabular sections for piercing the other side of the
      insulating material of the cable, each tabular section having a V-shaped
      groove for receiving and engaging a single conductor in the cable.
NUM  2.
PAR  2. A clip, as recited in claim 1, wherein each tabular section comprises a
      tapered blade and a tapered point for penetrating the opposite side of the
      insulating material and locking over the other arm to secure the clip on
      the cable.
NUM  3.
PAR  3. A clip, as recited in claim 1, wherein said one of said arms has a
      plurality of said points for penetrating the insulating material of the
      cable and engaging the shield.
NUM  4.
PAR  4. In a shielded multiconductor flat cable, the improvement comprising a
      clip electrically interconnecting a shield and a conductor in the cable,
      comprising a pair of hingedly connected arms, one of the arms having means
      piercing the insulating material of the cable from one side and engaging a
      shield in the cable, and one of the arms having means piercing the
      insulating material from the opposite side of the cable and engaging a
      conductor in the cable.
NUM  5.
PAR  5. A cable, as recited in claim 4, said means for engaging a conductor in
      the cable comprising a pair of opposed tabular sections, each tabular
      section including a tapered blade and a tapered point, wherein a base of
      each tapered point is narrower in width than the distance between centers
      of said conductor and an adjacent conductor in the cable.
NUM  6.
PAR  6. A cable as recited in claim 5, wherein each tabular section has a
      sharpened edge for penetrating the insulating material of the cable.
NUM  7.
PAR  7. A cable, as recited in claim 4, wherein said shield comprises a wire
      mesh.
NUM  8.
PAR  8. A cable, as recited in claim 4, wherein said shield comprises a metallic
      foil.
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ABST
PAL  There is disclosed herein an enclosure for a cable splice that rigidly
      fixes two or more spliced cables and moisture proofs the splice and
      exposed cable ends. A pair of mating plug members grasp the cable ends and
      are then partially immersed in a body of sealant contained in a vial. The
      plug members include a cap portion which engages the vial and keeps the
      plug firmly in place. The cap portion may include extended arms which
      engage threads provided on the vial before the plug members fully close
      the vial. These arms give mechanical leverage for drawing the plug members
      into a fully closed position in the vial.
PARN
PAC  BACKGROUND OF THE INVENTION
PAR  This application is a continuation-in-part of my co-pending application
      Ser. No. 171,570 filed Aug. 13, 1971, now abandoned.
BSUM
PAR  There are many instances where an electrical cable splice must be insulated
      and protected from the effects of the environment in which it is used. For
      example, in splicing a telephone service cable to the main cable,
      particularly in underground installations, protection must be afforded
      against the deleterious effects of moisture, not only on the electrical
      connection itself, but on the long lengths of the cable which the moisture
      may reach as a result of the effects of hydrostatic pressure and capillary
      action.
PAR  At present, a commonly used moisture-proof cable splice enclosure for this
      purpose requires the placing of the splice in a suitable container filled
      with activated resin. After setting, the hardened resin, combined with the
      container, provides a certain amount of structural rigidity and prevents
      moisture from reaching the splice and the exposed ends of the cables.
PAR  Several disadvantages of this technique are apparent and result primarily
      from the use of a sealing material which must be first activated and then
      cured to a hardened state. At the time of installation, the resin must be
      mixed with a catalytic compound, poured into the container and cured for
      some period of time. The mixing and pouring of the resin involves separate
      containers and mixers, the end result of which is a general clean-up
      problem. The installer must also take great care when mixing the resin and
      when immersing the splice and cables so as to prevent the entrapment of
      air in the mixture which later could provide a cavity for the transmission
      of water or significantly weaken the structural ability of the resin.
      Lastly, the resin requires time to cure or harden. This curing time is
      mandatory because of the exothermic nature of the reaction which, if
      allowed to occur too quickly, may cause heat damage to the splice or the
      resin. During this curing time, the splice and cables must be maintained
      in a fixed position so as to prevent the creation of gaps caused by the
      relative motion of the embedded items with respect to the partially set up
      resin.
PAC  SUMMARY OF THE INVENTION
PAR  According to the present invention, a moisture proof cable splice enclosure
      is provided which can be installed in a matter of seconds without any
      mixing procedure, curing time or mess. The invention also precludes the
      possibility of the assembler improperly mixing or curing the seal. These
      advantages are obtained by use of a vial which has been prefilled with a
      specific amount of sealant not miscible with water, and a plug which
      rigidly holds the cables in place and closes the open end of the vial. The
      cables, already spliced in a conventional manner, are positioned between
      mating halves of the plug with the splice and cable ends projecting beyond
      one end of the plug. The plug is then inserted into the vial with the
      splice, cable ends and part of the plug immersed in the sealant. The plug
      is preferably fabricated so as to cause the sealant displaced by the
      splice, cable ends and a portion of the plug to fill any voids between the
      plug, the walls of the vial, and the cables, and provide a highly
      efficient seal precluding the intrusion of moisture. The water-proofed
      splice and cable ends are then ready to be positioned in the ground or any
      other similar moist environment. The vial and plug configuration may also
      include means for mechanically forcing the plug assembly into the vial to
      aid the installer and allow the employment of more viscous sealants.
PAR  As can readily be seen, the present invention provides a quickly assembled,
      highly reliable, problem-free water-proof cable splice enclosure. Because
      the sealant is prepacked in the vial and in its final form, there is no
      mixing, filling or curing problem. No extra equipment is necessary to
      assemble the enclosure, and no time is wasted for the seal to cure or dry.
      Also, the number of operations required of the assembler is reduced which
      in turn reduces the probability of human error. Because the plug, rather
      than the sealant as in the case of a resin filled vial, supports all
      loads, there is less chance that a minor failure under load of the
      enclosure will cause the moisture proofing material to fil in its
      function. In addition, the splice can be removed if that should prove
      desirable. Since the sealant is of an inert nature, any leakage of the
      sealant from the enclosure is not likely to cause damage to the
      surroundings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an exploded perspective view of the moisture proof cable splice
      enclosure of the present invention with two cables spliced together;
PAR  FIG. 2 is an assembled view, partly in section, of the cable splice
      enclosure of the present invention;
PAR  FIG. 3 is a perspective view of the assembled plug used in the present
      invention;
PAR  FIG. 4 is a front elevation of one half of the plug;
PAR  FIG. 5 is a side elevation view of one half of the plug;
PAR  FIG. 6 is a rear elevation view of one half of the plug;
PAR  FIG. 7 is a cross-sectional view of one half of the plug taken along line
      7--7 of FIG. 6.
PAR  FIG. 8 is an exploded perspective view of the moisture proof cable splice
      enclosure of the present invention illustrating the extended arms on the
      plug members and a set of threads on the vial.
PAR  FIG. 9 is an assembled view, partly in section, of the cable splice
      enclosure illustrating the means for forcing and retaining the plug
      assembly in the vial.
PAR  FIG. 10 is a perspective view of a plug as employed in FIG. 8 and FIG. 9.
PAR  FIG. 11 is a cross-sectional view taken along line 11--11 of FIG. 8.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The drawings illustrate the preferred embodiments of an enclosure according
      to the present invention. A plug constructed of two identical mating
      halves 10 and 11 is constructed to cooperate with a vial 12 and a sealant
      body 13 to protect a pair of cables 14 spliced together by conventional
      means 15. The sealant 13 is preferably a silicone grease or petroleum
      jelly, but may be any other suitable substance not miscible with water,
      and which does not set up but rather stays flowable for the normal life of
      the splice. It has also been found that an amorphous composition of
      calcium carbonate or powered chalk also is sufficiently non-miscible with
      moisture to be used as the sealant. Calcium carbonate compounded to
      provide optimum results is sold under the trade names Protex-E and
      Protexulant. The enclosure is assembled by first mating the plug halves 10
      and 11 about the cables 14. To accommodate the cables 14, each plug half
      has two semi-circular grooves 16 formed in the mating surface of the plug
      half. When mated, the grooves 16 in the plug halves form cylindrical holes
      17 through the body of the plug as shown in FIG. 3. The grooves are
      appropriately sized to accommodate and hold the cables and are fabricated
      such that they leave a central ridge 19 which serves to properly separate
      and space the cables 14. Teeth 18 are spaced along the semi-circular
      grooves 16 to grasp the cables and help retain them in proper position. To
      insure proper assembling of the mated plug halves, each half has a pin 20
      and a guide hole 20a which when engaged, cause the plug halves to be
      aligned.
PAR  After assembling the plug halves 10 and 11 around the cables 14 and splice
      15, the plug is inserted into the vial 12. The vial has been prefilled
      with a sealant body 13 which has been protected with a temporary cap 21
      that is discarded when the enclosure is assembled. The insertion of the
      assembled plug into the vial 12 displaces the sealant 13 and causes it to
      flow around the plug and into the holes 17. The plug halves 10 and 11 are
      preferably provided with recesses 22 which form reservoirs for the
      displaced sealant when the plug is inserted into the vial 12.
      Communication between these recesses and the interior of the vial is
      established by forming a relief 23 at the base of each of the semicircular
      bodies of the plug halves 10 and 11.
PAR  The plug is held in the vial in the embodiment illustrated in FIGS. 1
      through 7 by arms 24 which have teeth 25 formed on depending portions of
      the arms and which snap over and grasp ridges 26 provided on the outer
      surface of the upper end of the vial 12. If desired, an interruption in
      the ridges 26 can be provided to establish a non-ridged surface 27 to
      permit easy disassembly of the plug from the vial upon rotation of the
      plug.
PAR  If desired the arms 24 may be provided with means for grasping the vial 12
      before the plug has been fully inserted into the vial 12. In combination
      with the vial 12, these means can then provide mechanical leverage to draw
      the plug toward the fully closed position in the vial 12. One device for
      accomplishing this grasping and drawing assembly function is shown in
      FIGS. 8 through 11. Arms 22A are extended along a substantial portion of
      the length of the plug in order that the arms 24A may reach the upper edge
      of the vial 12 before substantial resistance is encountered from the
      sealant body 13 as it is displaced by the entering plug during assembly.
      Teeth 25A are provided on the inner side of the extended arms 24A. The
      teeth 25A are designed to act in cooperation with a number of threads 30A
      located on vial 12. To provide cooperation between the threads 30A and the
      extended arms 24A, it is advantageous to have the same number of threads
      30A as there are arms 24A. In this way, the lower most tooth 25A on each
      arm 24A will engage a thread 30A simultaneously as the plug is positioned
      on the vial 12. This configuration is advantageous because it creates
      equal drawing forces on each arm 24A as the plug is drawn into the vial
      12. As the plug is drawn into the vial 12, the sealant body 13 is forced
      upward about the plug to fill all cavaties and passage ways into which
      moisture might intrude. Because of the mechanical drawing action of the
      grasping means, the assembly operation is facilitated and more viscous
      material may be used as a sealant body 13.
PAR  With the plug assembly fully inserted into the vial 12 assembly of the
      enclosure is complete. The plug halves 10 and 11 are held together by the
      wall of the vial 12. By engulfing the splice and by filling the gaps
      between the plug halves and the vial, the sealant provides an effective
      waterproof seal. As soon as the plug assembly has been positioned in the
      vial, the entire enclosure is ready to be placed in the ground or other
      similar moist environment. A suitable sealant material, one having a
      petroleum base with no melted polyethylene, is sold commercially under the
      trade name JEL-PAK by G.F.C. Engineering and Sales Corporation of Los
      Angeles, California. Another type of suitable sealant material coming into
      wide spread use for sealing electrical splices is non-miscible powder.
PAR  The plug halves and vial can most conveniently be molded or formed in
      plastic. The chamber 28 in the plug halves 10 and 11 is there to simplify
      the molding operation and does not serve any other functional purpose.
PAR  While the invention has been discussed in connection with telephone cables,
      it is to be understood that it has utility in many other applications and
      with cables of other sizes. The invention is also useful for enclosing
      splices where more than two cables are involved. The embodiment described
      above is therefore not to be taken as limiting the scope of the invention,
      but rather as illustrative of its nature.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An enclosure for moisture proofing cable splices and cable ends
      associated therewith, comprising:
PA1  a vial, said vial having a mouth and an interior volume for accepting the
      cable splice;
PA1  a body of sealant contained in said vial for receiving the cable splice and
      the ends of the cables positioned in said vial;
PA1  a plug having means for accepting and rigidly fixing a plurality of cables
      relative to said plug in the immediate proximity for the cable splice,
      said plug fitting within and closing the mouth of said vial, said plug
      having a body capable of extending into said body of sealant thereby
      forcing said body of sealant to deform around said plug and cable ends to
      fill all passages leading from the enclosure, said plug comprising a
      plurality of mating elements positioned about said cables, said mating
      elements being provided with means for securely grasping said vial and
      said vial being provided with at least one circumferential ridge for
      cooperating with said grasping means of said mating elements.
NUM  2.
PAR  2. The enclosure of claim 1 wherein said grasping means of said mating
      elements comprise arms extending therefrom, said arms having teeth for
      cooperating with said circumferential ridge of said vial.
NUM  3.
PAR  3. An enclosure for moisture proofing a cable splice comprising:
PA1  a plug, said plug comprising a pair of mating elements positionable about
      said cables and having central grooves for receiving said cables, each of
      said mating elements having a pair of extending arms having teeth thereon,
      each of said mating elements further having a recess formed therein;
PA1  a vial adapted to receive said plug for closure of said vial, said vial
      being of sufficient size to accept said cable splice and having at least
      one circumferential ridge for cooperating with said teeth of said mating
      elements and retaining said plug in said vial; and
PA1  a body of sealant contained in said vial for receiving said splice and the
      ends of said cables when they are positioned in said vial, said sealant
      being flowable and not miscible with water.
NUM  4.
PAR  4. A plug element for use in a cable splice enclosure, comprising:
PA1  a body portion having a plurality of central grooves formed therein for
      receiving cables, said grooves being separated by a ridge, said body
      portion further having a recess formed therein in a portion remote from
      said central groove;
PA1  a pair of arms extending outwardly from said body portion, each of said
      arms having a depending portion bearing a plurality of teeth directed
      toward said body portion; and
PA1  means on said body portion for aligning said element with a mating element.
NUM  5.
PAR  5. An enclosure for moisture proofing a cable splice comprising:
PA1  a plug having means for accepting and rigidly fixing a plurality of cables
      relative to said plug in the immediate proximity of the cable splice;
PA1  a vial adapted to receive said plug for closure of said vial, said vial
      being of sufficient size to accept the cable splice;
PA1  a body of sealant contained in said vial for receiving the cable splice and
      the ends of the cable;
PA1  threads located on said vial; and
PA1  grasping means positioned on said plug for receiving said threads with the
      plug not fully closing said vial, said grasping means being capable of
      drawing said plug forcibly into said vial to fully close said vial and
      force said sealant body upward about said plug.
NUM  6.
PAR  6. The device of claim 5 wherein said plug comprises a plurality of mating
      elements positionable about said cables.
NUM  7.
PAR  7. The enclosure of claim 6 wherein said grasping means are located on each
      of said mating elements.
NUM  8.
PAR  8. The enclosure of claim 6 wherein said mating elements are provided with
      recesses for receiving sealant displaced by immersion of said splice
      thereinto.
NUM  9.
PAR  9. The enclosure of claim 6 wherein said mating elements are held in mated
      relationship by said vial.
NUM  10.
PAR  10. The enclosure of claim 5 wherein said threads are equal in number to
      said grasping means.
NUM  11.
PAR  11. The enclosure of claim 5 wherein said grasping means comprise arms
      extending from said plug, said arms having teeth for cooperating with said
      threads on said vial.
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ABST
PAL  An underwater floodlit scene is viewed by a TV camera. The first few active
      TV lines in the scan format, indicative of the illuminated field where
      backscatter is a minimum, are stored on a video disk. As the apparatus
      travels over a target area to be viewed, subsequent portions of the TV
      video signal from the minimum backscatter area are subsequently stored on
      the disk. The stored signals are then displayed on a TV monitor as a
      moving window display. The number of active TV lines gated for storage on
      the disk may be made proportional to the carrier vehicle speed, altitude
      and camera viewing angle, or field of view.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Field of the Invention:
PAR  The invention in general relates to viewing systems, and more particularly
      to a TV viewing system in an underwater environment or other medium
      subject to backscatter.
PAR  Description of the Prior Art:
PAR  For viewing targets in a backscatter medium, such as in underwater viewing,
      extensive use is made of television cameras. In the conventional floodlit
      underwater imaging system, it is well known that the contrast obtained is
      limited because the camera must view the scene through a veiling
      irradiance produced by the scattering volume formed by the intersection of
      the light beam and the TV camera field of view.
PAR  In performing studies such as biological and geological surveys, the
      viewing apparatus on a carrier vehicle moves over the target area terrain
      along a course line and very often backscatter problems make target
      identification extremely difficult, if not impossible. Backscatter can be
      reduced by minimizing the mutual volume between the light and the camera
      field of view and several techniques propose the use of mechanical
      scanning devices. These mechanical devices, however, are often difficult
      to implement and suffer from synchronizing problems.
PAR  The present invention provides a viewing system wherein the effects of
      backscatter are significantly reduced without the requirement of
      mechanical scanning of a light beam or scanning camera aperture.
PAC  SUMMARY OF THE INVENTION
PAR  The apparatus of the present invention includes a TV camera which may be
      mounted on a carrier vehicle for movement over the target area to be
      viewed. A light source illuminates the target area in the field of view of
      the TV camera whereby the size of the common volume of light beam and
      camera field of view varies over the field of view and therefore the
      amount of veiling irradiance varies, with the reduced backscatter being at
      one end of the field of view.
PAR  Circuit means are provided for gating only a portion of the video output of
      the camera during each TV frame, the gated portion corresponding to scene
      information from the area of reduced backscatter. These gated portions of
      video output are stored and subsequently displayed on a TV monitor in
      juxtaposed positions and are caused to move on the display monitor so as
      to appear as a real-time display.
PAR  In the preferred embodiment the gated video output, representing a
      predetermined number of active TV lines, is placed into a storage location
      in the form of a rotating magnetic video disk which rotates at a constant
      speed. The stored signals are read from the disk and applied to the TV
      monitor. The system is such that for the common two to one interlace
      system, the phase of the TV camera is advanced relative to the phase of
      the disk, during each TV frame.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates the geometry of the typical floodlit underwater imaging
      system;
PAR  FIG. 2 is similar to FIG. 1, but illustrates a preferred lighting
      arrangement;
PAR  FIGS. 3A to 3C serve to illustrate the movement of a TV camera over a
      target area and illustrate the portion of scene information utilized
      during each TV camera frame;
PAR  FIGS. 4A through 4D illustrate the scene displayed on the TV monitor during
      movement of the apparatus of FIGS. 3A to 3C;
PAR  FIG. 5 illustrates in block diagram form a preferred embodiment of the
      present invention;
PAR  FIG. 6 illustrates in block diagram form the control circuit of FIG. 5 in
      somewhat more detail;
PAR  FIG. 7 illustrates waveforms to aid in the understanding of the operation
      of the present invention;
PAR  FIGS. 8A through 8D illustrate the writing of information onto the video
      disk illustrated in FIG. 5.
PAR  FIG. 9 illustrates a comparison of the TV monitor phase relative to the
      phase of the video disk.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, a carrier vehicle 10 moving in the direction of the arrow 11,
      passes over a target area 12 to be viewed. A TV camera 14 is utilized for
      viewing purposes, and in a medium subject to backscatter, such as the
      underwater environment, a source of illumination 16 is spaced as far as
      practical from the TV camera 14 to minimize the common volume between the
      field of view 18 of the TV camera 14, and the light beam 20.
PAR  With the camera and light offset as illustrated in FIG. 1, the contrast in
      the general area 24 is noticeably better than in the general area 25 due
      to the reduced common volume of field of view 18 and light beam 20. In the
      present invention, only that scene information from the general area 24 is
      utilized in making up a composite picture. With such operation, the light
      beam 20 may, if desired, be concentrated to the general area 24, as
      illustrated in FIG. 2 where the light beam is designated by the numeral
      20'.
PAR  FIG. 3A shows another view of the apparatus and illustrates a swath or
      segment 30 of the target area in the vicinity of the reduced backscatter
      area 24 of FIG. 1. The TV output is gated such that only scene information
      from the swath 30 is utilized.
PAR  If the dimension of the swath 30 in the direction of travel 11 is of a
      value D, then the system operation is such that the apparatus will have
      travelled a distance D by the start of the next TV frame such that a next
      swath 31 may be examined as illustrated in FIG. 3B. After another TV
      frame, the apparatus will have travelled another distance D to view a next
      swath 32, as illustrated in FIG. 3C and the procedure is continued such
      that the camera output utilized is from only that portion of the field of
      view where backscatter is minimized.
PAR  The gated video from the various swaths are assembled and displayed as a
      moving window display as illustrated in FIGS. 4A through 4D. In the
      operation of the present invention, as will be explained, the swath 30 in
      FIG. 3A (as well as 31 in FIG. 3B and 32 in FIG. 3C) is actually in the
      vertical blanking period and so the display will initially appear as in
      FIG. 4A on the next TV frame, as seen in FIG. 4B, section 30' on the
      display 35 has come into view and is indicative of the swath 30 of FIG.
      3A. After the next TV frame, FIG. 4C, section 30' will have moved down the
      display 35 and the new section 31' will be displayed at the top of the
      screen, indicative of the area 31 of FIG. 3B. In FIG. 4D, sections 30' and
      31' have moved down the display and section 32' is displayed at the top of
      the screen, indicative of the section 32 of FIG. 3C. The process is
      continued such that new scene information appears at the top of the screen
      and progresses toward the bottom of the screen as would a real-time
      display.
PAR  FIG. 5 illustrates in block diagram form an embodiment of the circuitry
      which accomplishes the reduction of the effective backscatter in the
      viewing system. The portion of the video output which is gated during each
      TV frame is placed into a storage means preferably in the form of a
      rotating magnetic video disk 40.
PAR  For flicker free TV presentation, most TV systems utilize a two to one
      interlace operation. The disk 40 under the control of a servo mechanism 42
      may be operated at a rotational speed of 3600 rpm so that one complete
      rotation of the disk 40 is equivalent to 16.66 milliseconds, the time
      duration of one TV field in a 60 field per second system. The disk 40
      includes a first track TK1 for recording signals of the odd field, and a
      second track TK2 for recording signals of the even field. The recording
      onto the disk 40 of TV line output signals from the TV camera 14 is
      governed by gates G1 and G2, alternately enabled by means of enabling
      signals from the control circuit 45 to gate the signal to either one of
      two magnetic read-write heads 47 or 48.
PAR  For reading the signals recorded on the disk 40 there is provided gates G3
      and G4 which are respectively connected to heads 47 and 48, and which are
      alternately enabled by means of enabling signals from the control circuit
      45 to pass the signals to the monitor 35 for display purposes. The
      magnetic video disk technology and the control of the disk 40 by the servo
      42 to maintain a constant rotational speed are techniques well known to
      those skilled in the art.
PAR  In order to provide the necessary signals for proper TV operation, there is
      provided a sync generator 50 which supplies output signals to the TV
      camera 14, the monitor 35, servo 42 and control circuit 45. Such sync
      generators are very often provided with the video disk equipment and
      require very little modification for practice of the present invention. If
      desired, a conventional TV viewing arrangement may be included with the
      provision of TV monitor 51 which may be connected to receive the entire
      video output of the TV camera 14. In such instance conventional sync
      signals would be provided.
PAR  The gating, storage, and moving window display are governed by the control
      circuit 45 which is shown in somewhat more detail in FIG. 6, along with
      the sync generator 50.
PAR  The sync generator 50 illustrated in FIG. 6 provides the signals necessary
      for TV operation, such as the horizontal drive, vertical drive, blanking,
      and horizontal and vertical synchronizing signals. Basically, these
      signals are provided by a pulse network 53 which receives input signals
      from a master 31.5 kilohertz oscillator 55 and from the 525 counter 57
      which is the half-line counter in a two to one, 525 line, interlace
      system. The half-line counter 57 is modified to accept a reset signal on
      line 60 so as to reset prior to its normal 525 count.
PAR  As will be described, this premature resetting of the half-line counter 57
      causes the field to be advanced by a predetermined number of TV lines. The
      number of TV lines advanced will be a function of the carrier vehicle's
      velocity and height above the target area, for a fixed camera field of
      view angle. With a two to one interlace system N lines are advanced during
      one field of the frame, which has the effect of a 2N line advance per
      frame. For example, with additional reference to FIG. 7, waveform 62
      represents the typical blanking and unblanking periods during a normal TV
      frame. A vertical drive signal at time A coincides with the beginning of
      vertical blanking which exists from time A to C, a typical value being 20
      TV lines. The active portion during which a display may be seen exists
      from time C to E, the end of the first field, and would encompass 242 and
      1/2 TV lines. Vertical blanking for the second field commences at time E
      and exists from time E to G for 20 TV lines after which the active portion
      from time G to I exists for 242 and 1/2 TV lines with the operation from
      time A to I constituting one TV frame.
PAR  Let it be assumed that the carrier vehicle speed and altitude requires a
      slip of 4 TV lines, that is, the net advance of the TV picture on the
      monitor will be 4 lines per frame. This is equivalent to the distance D in
      FIG. 3A. If 4 lines are advanced per frame, 120 will be advanced per
      second and the picture will move across the monitor display in about 4
      seconds. Let it be assumed that two TV lines are encompassed by the time
      period from B to C and F to G of waveform 62. If the vertical blanking
      period is prematurely terminated by resetting of the halfline counter 57
      at time B, or if the vertical blanking period is caused to begin two TV
      lines early, then the two TV lines previously in the vertical blanking
      period may now be displayed, as well as the two TV lines previously in the
      vertical blanking period from time F to G.
PAR  It is to be noted that although the vertical blanking period extends from A
      to C (waveform 62), the actual vertical retrace of the scanning electron
      beam in the TV camera or the TV monitor takes less time than the vertical
      blanking. So that prior to time B, the electron beam would normally be
      scanning across the screen, however, the beam is turned off in the monitor
      and camera until time C, by the blanking signal derived from the
      synchronizing generator.
PAR  The operation of the apparatus is such that the provision of the gating
      signal from time B to C, as illustrated by waveform 64 gates the two
      previously blanked TV lines into storage on track TK1 of the disk 40 and
      the gating signal from time F to G as illustrated by waveform 65 gates the
      two previously blanked TV lines into storage onto track TK2 of the disk
      40. Accordingly, although the TV camera may provide a video output
      indicative of the entire scene in its field of view, only the first four
      lines of information are gated into storage to be utilized in assembling
      the display picture. Waveform 66 illustrates the gating signal supplied to
      gate G3 and waveform 67 illustrates the gating signal supplied to gate G4
      for reading out the stored information from respective tracks TK1 and TK2
      and presenting it to the TV monitor.
PAR  Referring once again to FIG. 6, circuitry is provided for prematurely
      resetting (advancing) the half-line counter 57 by a predetermined number
      of TV lines, on every other field. The reset signal on line 60 is provided
      by an AND gate 69 which is enabled on every other field by means of a
      flip-flop 68 which provides an enabling output signal alternately on lines
      71 and 72 in response to input vertical drive signals V. These enabling
      output signals on lines 71 and 72 may also constitute the respective
      enabling signals for gates G3 and G4, as represented by waveforms 66 and
      67 of FIG. 7.
PAR  Counter 75 is operable to count TV lines as indicated by the horizontal
      drive signal H and will provide an output signal to the AND gate 69 when a
      predetermined number of TV lines have been counted, as governed by the
      slip select circuit 77. For example, with a known vertical retrace period
      of 20 TV lines, for a four line per frame slip, the slip select circuit 77
      will cause counter 75 to provide an output signal after 18 horizontal
      drive signals such that if the flip-flop 68 is providing an output signal
      on line 72, AND gate 69 will provide the reset signal to the half-line
      counter 57 to reset it. With respect to FIG. 7, the output of counter 75
      occurs at the count of 18, which occurs at time B. At time D (waveform 63)
      the vertical blanking for the advanced second field commences and the
      provision of a vertical drive signal at this time causes flip-flop 68 to
      change its enabling output signal to line 71. AND gate 69, therefore, will
      not provide an output signal when counter 75 attains the count of 18, and
      accordingly, the half-line counter 57 will continue counting in its normal
      sequence. Each time that flip-flop 68 switches its output state by virtue
      of the input vertical drive signal V, the counter 75 will be reset by this
      same signal being applied to it on line 79. At the commencement of the
      next field at time H, flip-flop 68 will again provide an enabling signal
      on line 72 in response to the vertical drive signal V and the operation
      will be identical to that previously described starting at time A.
      However, the carrier vehicle will have advanced a distance corresponding
      to four TV lines in the field of view.
PAR  The number of lines advanced is a function of carrier vehicle velocity
      relative to the target area, its height above it and the camera angle or
      field of view. The slip select circuit 77 may be set manually to govern
      the number of TV lines slipped or alternatively slip select circuit 77 may
      be controlled by a computer 80 which automatically sets it in response to
      velocity and height information for a predetermined camera viewing angle.
PAR  Since only four TV lines of the entire TV camera output during each frame
      are to be written onto the video disk, circuit means are provided for
      gating two TV lines of each field, that is from time B to C for the first
      field and F to G for the second field. This may be accomplished in a
      number of ways, one of which is to sense the resetting of the half-line
      counter 57 and generate a gating signal for gates G1 or G2 for the desired
      number of TV lines, in the present example, two TV lines per field. To
      accomplish this, there is provided a flip-flop 85 which receives a signal
      each time that the half-line counter 57 is reset, and in response thereto,
      provides alternate outputs either on line 87 or 88 which respectively
      enable pulse generating circuits 90 and 91.
PAR  Circuit 90, identical to circuit 91, is shown in somewhat more detail and
      includes a flip-flop 93 which in response to a signal on line 87 to the S
      input will provide an output signal on line 94. This is equivalent to the
      waveform 64 going positive at time B. The enabling signal on line 94 is
      provided to AND gate 95 which also receives the horizontal drive input H
      indicative of TV lines. With the AND gate 95 thus enabled, a counter 99 is
      then operable to count TV lines and to provide a unique output signal on
      one of a plurality of output lines 100 to 102 connected to respective AND
      gates 105 to 107. Although only three output lines are illustrated, it is
      to be understood that a typical system may have many more.
PAR  The occurrence of one TV line will advance the counter to provide an output
      on line 100, two TV lines will cause an output on line 101 and three TV
      lines will cause an output on line 102. In the present example, four TV
      lines are slipped during each frame, and accordingly, the slip select
      circuit 77 provides an enabling signal S4 to only one of the AND gates,
      AND gate 106. If a slip of two lines per frame (one per field) is desired,
      the slip select circuit 77 would provide an enabling signal S2 to AND gate
      105, and if a slip of 6 lines per frame (3 per field) were desired, the
      slip select circuit 77 would provide the enabling signal S6 to AND gate
      107. Accordingly, after two TV lines, AND gate 106 will provide an output
      signal which passes through OR gate 110 and which applied to the R input
      of flip-flop 93 resets it to turn off the enabling signal to gate G1, at
      time C of waveform 64. The output of OR gate 110 also serve to reset the
      counter 99 so that the process may be repeated after the next field.
PAR  The gate pulse generating circuit 91 operates in the same manner when it is
      provided with an enabling signal on line 88 from flip-flop 85 such that
      gate G2 is provided with an enabling signal for two TV lines from time F
      to G of waveform 65.
PAR  To initialize the control function, each of the flip-flops may be provided
      with an initializing signal I to force them into a predetermined one of
      their two states.
PAR  Moving window displays are known in the art, and one embodiment utilized in
      conjunction with a sonar system is described in U.S. Pat. No. 3,792,194.
      The moving window display in the present invention may be explained with
      reference to FIGS. 8A to 8D and FIG. 9. It will be remembered that at time
      B (FIG. 7) gate G1 is enabled to pass the TV video for two TV lines such
      that it is written on track TK1 of disk 40. In FIG. 8A with the disk 40
      rotating counterclockwise, these two TV lines will be written into
      positions designated A1 and A2. For convenience, a reference mark 114 is
      shown on the disk 40 and a reference arrow 115 is shown at what can be
      considered as the 12 o'clock position. Although not illustrated, the
      writing heads are located over respective tracks TK1 and TK2 on a radius,
      such as at the 12 o'clock position. For a 525 line, two to one interlace
      system, each track TK1 and TK2 accommodates 262 and 1/2 TV lines. The two
      TV lines gated from time F to G are written on track TK2, as illustrated
      in FIG. 8B in the positions B1 and B2, 1/2 a TV line displaced from the
      reference mark 114.
PAR  On the next field, there is an advancement of two TV lines, and since the
      disk is rotating at a constant field rate, the two previously blanked TV
      lines will be written into positions A3 and A4, ahead of A1 and A2, as
      illustrated in FIG. 8C. The effect of this is to also cause the previously
      blanked two TV lines in the even field to be written into positions B3 and
      B4, illustrated in FIG. 8D. Were it not for the fact that the camera phase
      is advanced by two TV lines, each time an enabling signal is provided to
      G1 or G2 information would always be written into the location A1, A2, and
      B1, B2.
PAR  FIG. 9 serves to illustrate the movement of information down the screen of
      the monitor, by comparing the disk phase to the monitor phase. The upper
      diagram represents the disk phase, which for a 3600 rpm disk would start a
      new frame at times T1, T2, T3, etc., with the disk making two revolutions
      per frame.
PAR  Information, represented by block 120, written on a portion of the disk
      appears, relative to some reference, at a time t after the occurrence of
      T1. Since the information is recorded on the disk, it will always appear
      at the same time t after the commencement of a new frame at T2, T3, etc.
      Let it be assumed that time T1 would normally coincide with the beginning
      of vertical blanking which would last for a time duration t such that the
      information 120 would appear at the top of the monitor screen. This is
      shown by the lower diagram of FIG. 9 which represents the monitor (and
      camera) phase. Initially, the beginning of the monitor phase at T1'
      coincides with the beginning of the disk frame at T1 and accordingly the
      information 120' which is displayed on the monitor will be displayed at
      the top thereof. Since the monitor phase is advanced relative to the disk
      phase, the next monitor frame commences at time T2' at a time n before T2
      where it would ordinarily occur. At a time t + n past T2', the information
      120 is read from the disk and displayed as information 120'  displaced
      from the top of the monitor screen by a distance equivalent to n. The next
      monitor frame at time T3' occurs at a time 2n prior to the disk frame at
      T3. This places the displayed information 120' at a distance equivalent to
      2n from the top of the monitor screen. The occurrence of the next monitor
      frame at T4', 3n before the disk frame at T4 has the effect of further
      moving down the information 120' on the display area. The process is
      continued until such time as the displayed information 120' goes off the
      bottom of the screen and the previously-stored information 120 on the disk
      will be erased and eventually new information will be written into its
      location. During this relative movement process, previously blanked TV
      lines are gated into juxtaposed stored locations on the disk so that the
      display appears as explained with respect to FIGS. 4B through D.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for viewing a target area in a medium subject to backscatter,
      comprising:
PA1  A. a TV camera adapted for movement relative to said target area;
PA1  B. means for illuminating at least a fixed portion of said target area in
      the field of view of said TV camera;
PA1  C. a TV monitor;
PA1  D. synchronizing generator means coupled to said TV camera and monitor for
      providing necessary operating signals;
PA1  E. circuit means for gating the same portion of the video output of said TV
      camera during each TV frame during said movement and for displaying said
      portions on said TV monitor in juxtaposed positions;
PA1  F. said circuit means being operable to move said displayed portions on
      said TV monitor corresponding to movement of said TV camera relative to
      said target area;
PA1  G. said gated video output being indicative of scene information from an
      area of reduced backscatter.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein:
PA1  B. the portion of the video output gated during each TV frame is a function
      of camera angle, altitude and speed relative to said target area.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein:
PA1  A. said means for illuminating is concentrated to provide illumination only
      in the general area of said reduced backscatter.
NUM  4.
PAR  4. Apparatus according to claim 1 which includes:
PA1  A. a carrier vehicle;
PA1  B. said TV camera and said means for illuminating being mounted at spaced
      apart positions on said carrier vehicle.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein said circuit means includes:
PA1  A. a storage means having a plurality of storage locations;
PA1  B. said gated video output being placed into said storage locations.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein:
PA1  A. said storage means is a rotating magnetic disk.
NUM  7.
PAR  7. Apparatus according to claim 5 wherein:
PA1  A. said TV camera and monitor are each operated in a 2:1 interlace mode and
      wherein;
PA1  B. said circuit means is operable during each TV frame, to gate into said
      storage means, n TV line signals of one field and n TV line signals of the
      other field of said frame.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein:
PA1  A. said synchronizing generator means includes a half-line counter and
      wherein;
PA1  B. said circuit means is operable to prematurely reset said half-line
      counter on every other field.
NUM  9.
PAR  9. Apparatus according to claim 8 wherein:
PA1  A. said circuit means includes a counter coupled to said synchronizing
      generating means for counting indications of horizontal TV lines and for
      providing an output signal to reset said half-line counter after a
      predetermined number of said indications.
NUM  10.
PAR  10. Apparatus according to claim 9 wherein:
PA1  A. said counter starts its counting function at the beginning of vertical
      blanking and provides its output signal at a count equal to the number of
      TV lines normally in vertical blanking minus n.
NUM  11.
PAR  11. A method of viewing a target area in a medium subject to backscatter,
      comprising the steps of:
PA1  A. illuminating the target area;
PA1  B. moving over the target area and viewing it with a TV camera;
PA1  C. storing a predetermined portion of the TV output signal during each TV
      frame, and
PA1  D. displaying the stored portions as a moving window display.
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ABST
PAL  1. In a key pulse generating circuit for producing key pulses varying in
      amplitude in highly irregular manner, said pulses occurring at a given
      rate, means to generate high speed off-on pulses at a rate many times
      higher than said given rate in a plurality of separate paths, means to
      hold over certain of said off-on pulses into subsequent of said high speed
      pulse times, means to combine the pulses so held over with pulses
      subsequently generated in certain of said paths to form combination of
      said high speed pulses, and means to select and combine with one another
      to form one of the final key pulses occurring at said given rate,
      individual ones of said last-mentioned high speed pulses occurring at
      instants of time separated from one another by several of said high speed
      pulses while discarding the intervening high speed pulses.
PAL  6. A pulse producing system comprising an initial portion operating at high
      frequency and a subsequent portion operating at low frequency, means to
      generate irregularly occurring pulses at high frequency in said initial
      portion, means in said subsequent portion to produce low frequency pulses
      each having a time period great enough to include many successive high
      frequency pulse periods, including means for selecting from among said
      high frequency pulses a plurality of pulses all occurring at different
      non-overlapping times within one low frequency pulse period and separated
      from one another in time by a plurality of high frequency pulse periods,
      and means to combine each such plurality of selected pulses into a single
      resultant low frequency pulse in said subsequent portion of said system.
BSUM
PAR  The present invention relates to a pulse producing circuit suitable for use
      in producing irregularly occurring pulses that may be used among other
      things for enciphering or deciphering signals in a privacy signaling
      system.
PAR  An object of the invention is to produce in continuous manner long series
      of highly irregularly occurring pulses without repetition for long periods
      of time.
PAR  A related object is to construct such long series of irregular pulses out
      of currents having comparatively short cycles of repetition by suitable
      methods of combining and otherwise operating upon such currents.
PAR  It is a further object of the invention to generate practically random
      pulses by reproducible means so that duplicate generating means may be
      provided at separated locations and each generating means can be made to
      generate duplicate series of irregular pulses.
PAR  Further objects and the various principal and ancillary features of the
      invention will appear as the description proceeds.
DRWD
PAR  Reference is made to the following detailed description of an illustrative
      embodiment of the invention and to the accompanying drawings in which:
PAR  FIG. 1 is a functional diagram of the complete impulse or key generating
      system to indicate how the different component parts are related and
      operate together;
PAR  FIGS. 2, 3, 4 and 5, when placed together as indicated in FIG. 12, show in
      schematic circuit diagram the details of the complete system that is
      indicated in outline in FIG. 1;
PAR  FIGS. 6 and 7A show graphs of wave forms to be referred to in the
      description;
PAR  FIG. 7 is a partial schematic circuit diagram of an alternative method of
      applying driving waves to the ring circuits;
PAR  FIG. 8 is a timing chart for the system; and
PAR  FIGS. 9, 10 and 11 show block diagrams of alternate suggested types of
      holding circuit arrangements that may be used.
DETD
PAR  In the general plan of the system of the invention, separate series of
      primary pulses are generated in separate circuits, these pulses being
      2-valued or "off-on" pulses occurring in irregular successions but in
      timed relation to one another. These series of pulses are generated by
      cyclically operating means each with a different length of cycle. The
      pulses from the different circuits are variously mixed so that they add in
      different combinations to form either spaces or pulses, the pulses
      representing the sum of either an even or an odd number of the primary
      pulses. New off-on pulses are then produced depending upon whether the sum
      represents an even (including zero) number of the primary pulses or an odd
      number.
PAR  An important feature of the invention is the use of holding circuits in
      combination for the purpose of delaying by different times the application
      of individual input pulses to the output circuit for mingling with other
      outputs from other holding circuits in which different delays have
      occurred.
PAR  A further feature of the invention is the use of high speed primary pulse
      producers for generating relatively high frequency primary pulses and
      holding circuits actuated by these high frequency pulses, followed by
      circuits for sampling the high frequency pulses at a comparatively low
      frequency whereby the resulting low frequency pulses are each determined
      by only one of a large number of the high frequency pulses.
PAR  Still another feature of the invention comprises novel types of ring
      circuits and the manner of controlling them to produce the privacy pulses.
      Other features will appear from the detailed description to follow.
PAR  Referring first to FIG. 1, this is a functional diagram generally similar
      to FIG. 1 of my prior application Ser. No. 555,913 filed Sept. 27, 1944.
      In connection with the description of FIG. 1 and throughout the
      description, reference will be made to numerical quantities for
      illustration and to facilitate the description but without any intention
      of thereby limiting the disclosure.
PAR  At the left of FIG. 1 are seven ring circuits 40, each consisting of a
      different number of stages, the numbers being prime to each other. These
      ring circuits generate the basic "on" and "off" signals or marks and
      spaces out of which the eventual key pulses are constructed. The ring
      circuits will be more completely described later on but for the time being
      each may be considered to be a generator of off-on signals at the rate of
      30,000 per second and to have a cycle of repetition equal to the number of
      stages. They may be internally connected to give a large variety of signal
      patterns.
PAR  The ring circuits 40 are connected in a cross-connecting panel 45 in
      various manner to three reentry circuits 30, 31 and 32, the scheme of
      connection being varied from time to time, such as daily, in accordance
      with a program. For example, in one possible connection scheme, three of
      the ring circuits 40 may be connected to reentry circuit 30 and two to
      each of the other reentry circuits 31 and 32. The reentry circuits have
      reentry points at multiples of 2. They deliver marking pulses when there
      is an odd number of marking pulses applied to their inputs and spacing
      pulses when there is an even number of marking pulses applied to their
      inputs.
PAR  The output signals from reentry circuit 30 are applied to one or another of
      the four holding circuits 46 which may be similar to the holding circuits
      of my previous applications. The particular holding circuit to which these
      output signals are applied is determined by the character of output
      signals in the reentry circuits 31 and 32. The drawing indicates the
      outputs of reentry circuits 31 and 32 as exerting a control over the
      application of pulses from reentry circuit 30 to the holding circuits 46
      by indicating switches 33, 34 and 35 which are actuated to either of two
      positions over the dotted line controls shown extended from reentry
      circuits 31 and 32. It will be apparent from the detailed description to
      follow in connection with the other figures, however, that these switches
      are not physically present but that their functions are performed
      electronically.
PAR  Each holding circuit 46 comprises a pair of vacuum tubes cross-connected to
      cause complementary voltage conditions to exist on the two tubes. When the
      connections are such as to deliver pulses from reentry circuit 30 to a
      particular holding circuit, this holding circuit is switched to one of its
      two conditions by marks and to the other of its two conditions by spaces.
      Each of the other two holding circuits meanwhile is applying to the common
      output circuit either a mark or a space depending upon the position to
      which it was last switched by a previous output impulse from reentry
      circuit 30.
PAR  The output impulses from the four holding circuits 46 are added together
      and applied to the input of reentry circuit 60 which is similar to reentry
      circuits 30-32 and reenters at multiples of 2.
PAR  All of the apparatus up to this point is assumed to be operating at 30,000
      signals per second. Following reentry circuit 60 are three stepper tubes
      S.sub.1, S.sub.2 and S.sub.3. As will be more fully described these may
      comprise gas-filled tubes and their operate time is 500 operations per
      second on the assumption that the final key is to occur at the rate of 500
      pulses per second. A timing circuit 36 applies enabling pulses to the
      steppers S.sub.1, S.sub.2 and S.sub.3, once every five-hundredth of a
      second, to enable these steppers to sample the pulse existing at this
      instant in the output circuit of the reentry circuit 60. These enabling
      pulses are staggered in time so that each stepper samples a different one
      of the pulses in the output of reentry circuit 60. For example, these
      timing pulses may be applied at three different phases of the 500-cycle
      timing wave such as at 0.degree., 120.degree. and 240.degree.. The stepper
      S.sub.1 would sample some output pulse which might arbitrarily be called
      pulse No. 1 from reentry circuit 60; stepper S.sub. 2 would then sample
      pulse No. 21 and stepper S.sub.3 would sample pulse No. 41 of a series of
      60 pulses occurring within a given 500-cycle period of time. Steppers
      S.sub.4, S.sub.5 and S.sub.6 are fed respectively from steppers S.sub.3,
      S.sub.2 and S.sub.1 and are arranged to put out weighted pulses of either
      of two values, zero or three steps in the case of stepper S.sub.4, zero or
      two steps in the case of stepper S.sub.5 and zero or one step in the case
      of stepper S.sub.6. These outputs are added together and applied to the
      reentry circuit 23 when switch 24 is in its upper or full line position.
PAR  In order to give a more nearly uniform distribution of the key pulses with
      time, auxiliary steppers S'.sub.5 and S'.sub.6 are used, controlled from a
      pair of steppers S.sub.7, S.sub.8. These latter two have their inputs
      connected directly to the output sides of six of the ring circuits.
      Stepper S.sub.7 has a sensitivity such that if "on" pulses are present on
      more than two of the ring circuit outputs at one time, stepper S.sub.7
      operates and disables auxiliary stepper S'.sub.5. If an "on" pulse is
      present on more than three ring circuit outputs at the same time stepper
      S.sub.8 operates and enables auxiliary stepper S'.sub.6. When S'.sub.5 is
      not disabled, it is operated by the output of S.sub.2 in the same way as
      is S.sub.5, and similarly, when S'.sub.6 is enabled it is operated by the
      output of S.sub.1 in the same way as is S.sub.6. Stepper S'.sub.5 puts out
      pulses of either value zero or two steps, and stepper S'.sub.6 puts out
      pulses of either value zero or one step. These pulses when present are
      combined with the output pulses from the other steppers S.sub.4, S.sub.5
      and S.sub.6. This type of connection results in stepper S'.sub.5  being
      enabled approximately one-third of the time and stepper S'.sub.6 being
      enabled a different one-third (approximately) of the time. Neither stepper
      is enabled for approximately the other one-third of the time.
PAR  The outputs of steppers S.sub.4, S.sub.5, S.sub.6 and S'.sub.6 are added
      together and applied (assuming switch 24 is in upper position) to reentry
      circuit 23, together with the speech signals from message stepper 22.
      Reentry 23 is arranged to reenter at multiples of 6, and the result of
      operation of S'.sub.5 and S'.sub.6 as described is to produce a
      substantially uniform and random distribution of the six values of the
      signals at the output of 23.
PAR  As in the case of my previous application, the figure shows how the key
      generator of the present invention may be fitted into a speech privacy
      system of the type shown, for example, in R. L. Miller application, Ser.
      No. 542,975, filed June 30, 1944. In accordance with the Miller disclosure
      the key is supplied from a phonograph record, such as 25, the key being
      selected by band-pass filter 26, rectified at 27 and applied through a
      low-pass filter 28 to a key stepper 29. When the switch 24 is in its
      dotted or lower position, the key is supplied from the output of stepper
      29 tothe input side of reentry circuit 23 along with message pulses from
      the output of message stepper 22, all as in the Miller disclosure. These
      signals are derived in the first instance from a speech input circuit 20
      connected to an analyzer distributor circuit 21 of a type shown in detail
      in the Miller application. The key generator of the present invention is
      substituted for the key derived from the phonograph, as in the Miller
      application, by merely shifting the switch 24 from its lower to its upper
      position.
PAR  Reference will now be made to the detailed showing of the key generator as
      a whole, as shown in FIGS. 2 to 5. One of the ring circuits 40 is shown in
      detail in the upper part of FIG. 2 and another one is indicated by block
      diagram in the lower part of the figure. The other five ring circuits are
      of the same type but are omitted from the drawing for simplicity.
PAR  While each of these ring circuits could consist of electronic tube stages
      of known types, the type of ring circuit disclosed in FIG. 2 in accordance
      with the present invention makes use of impulse coils supplied with
      alternating currents of different phases. Assuming the ring circuit shown
      in detail in FIG. 2 to be the 17-stage ring circuit of FIG. 1, there would
      be 17 of these impulse coils, two of which are indicated at 51 and 52. In
      other words, there would be one impulse coil per ring circuit stage. These
      coils are driven from a source of alternating current in the form of a
      frequency modulated oscillator 50, generating current of a frequency of
      30,000 cycles divided by the number of ring stages, in this case 17. The
      different phases of current for driving the individual impulse coils are
      derived from a so-called Scott transformer consisting of two parts. The
      first part comprises primary winding 53, core 54 and a number of secondary
      windings 55. The second group comprises primary winding 56 and a
      corresponding number of associated secondary windings. A 90-degree phase
      shifter 57 is included ahead of winding 56. The secondary windings are
      connected in pairs in a series relation, each pair consisting of one
      winding from each transformer secondary group with the number of turns in
      each winding chosen to give the desired phase.
PAR  The impulse coils 51, 52, etc., and their manner of operation may follow
      the disclosure of Wrathall U.S. Pat. No. 2,117,752, May 17, 1938. As the
      magnetic circuit of the coil at some part of the driving wave, generally
      near zero, passes rapidly from negative to positive saturation, the flux
      reversal generates a sharp voltage pulse. A pulse of opposite polarity is
      generated a half-cycle later but this is discarded at a later point in the
      circuit. The points at which the positive pulses occur in the different
      coils are distributed uniformly around 360 electrical degrees.
PAR  This could be done by using 17 (in this case) pairs of phase windings on
      the Scott transformer, one pair for each of the 17 impulse coils and
      distributing the phases of these windings uniformly around 360 electrical
      degrees. The unwanted negative pulse produced by the impulse coils could
      then be suppressed by a properly poled rectifier in each of the 17 output
      circuits. An economy in apparatus can be effected, however, by producing
      only four phases and by using individual biases on the impulse coils to
      determine the point in the respective phase at which the unsaturated
      region is reached. For example, if the four phases are called A, B, C and
      D, four of the impulse coils 51, 52, etc., may be driven from phase A,
      four from phase B, four from phase C and five from phase D, in the case of
      a 17-stage ring. A diagram has been included in FIG. 6 to show how the
      biases may be chosen in the case of a 31-stage ring circuit. In this case,
      eight coils are connected to each of phases A, B and C and seven coils to
      phase D. Biasing circuits are indicated in FIG. 2 at 58 and 59 in the form
      of a second winding through which may be passed an adjustable amount of
      current from a battery or other suitable source.
PAR  As indicated in FIG. 6 the rising part of each phase voltage wave is chosen
      over a substantially linear portion for driving the respective group of
      coils. The individual biases are stepped so that only one coil reaches its
      unsaturated region at a time. A more nearly linear driving wave may be
      obtained by means of the circuit illustrated in FIG. 7 which may be
      substituted, if desired, for the Scott transformer circuit of FIG. 2.
PAR  In FIG. 7, the output wave from oscillator 50 is passed through a square
      wave generator 61, the output of which is shunted by a condenser 62. This
      arrangement will generate a substantially triangular wave of the type
      shown in J in FIG. 7A and the bias points may be chosen along the linear
      portions 1 and 5 for certain of the coils. By use of a single trip
      multivibrator 63 and condenser 64, also connected to the output of square
      wave generator 61, a similar triangular wave K is developed displaced
      90.degree.in phase with respect to the wave J. The bias points may be
      chosen along the rising linear portions 2 and 6 of the wave K. The wave J
      may be reversed in phase and applied to others of the impulse coils as
      shown at J'. The rising linear portions 3 and 7 of this wave may be used.
      Similarly, wave K can be reversed in phase to give wave K' and the
      ascending portions 4 and 8 of this wave may be used for driving the coils.
      Coil 52 of FIG. 7 illustrates one case in which the phase of the driving
      wave is reversed with respect to that used on coil 51.
PAR  Referring further to FIG. 6, it will be apparent that the time at which a
      voltage wave reaches and passes through the unsaturated portion of the
      characteristic is determined by the magnitude of the bias used for the
      particular coil, and, as noted above, the various values of bias are
      indicated by the displacements of the dots in the vertical direction from
      the zero axis of the waves. It is also apparent that the frequency of
      occurence of the pulses is the same, namely 30,000 per second in the case
      of all of the ring circuits but that the frequency of the alternating
      current source 50 differs from one ring circuit to the next. The period of
      the alternating current wave is directly proportional to the number of
      coils or stages in the ring circuit.
PAR  One feature of the invention comprises a frequency controlling circuit for
      maintaining the frequency of the driving oscillator at the correct value
      to produce the 30,000-cycle pulses. This circuit is shown in detail in
      connection with the upper ring circuit of FIG. 2 and involves a comparison
      circuit between the output of a pulse producing circuit comprising impulse
      coil 74 driven from a standard frequency oscillator 65, and a circuit 66
      carrying the pulses produced in all of the coils of the given ring
      circuit. It will be noted that the circuit 66 has two branches, one branch
      67 being connected through a rectifier element 68 by way of high
      resistances 69 to the various output circuits of the coils belonging to
      the A and B phases and the other branch 70 being similarly connected to
      all of the output circuits of the coils associated with the C and D phases
      and also including a rectifier 71. Positive pulses only are therefore
      selected and impressed on the circuit 66 leading to one side of the
      flip-flop circuit 72. The opposite input terminal of the flip-flop circuit
      72 is connected to the standard frequency pulse producing circuit through
      a rectifier 73 which also selects only the positive pulses generated in
      the impulse coil 74 and occuring at the standard frequency of 30,000 per
      second.
PAR  The flip-flop circuit 72 is of the well-known Eccles-Jordan type comprising
      a pair of vacuum tubes which operate in complementary fashion to produce
      output pulses of square wave form having a length proportional to the
      difference in time between the application times of the input pulses to
      the opposite input terminals. The resulting direct current is integrated
      in the condenser 75 and applied to the frequency-modulated oscillator 53.
PAR  With proper adjustment this circuit automatically maintains the frequency
      of the oscillator 50 at the correct value to result in the production of
      output impulses from the ring circuit at 30,000 impulses per second. The
      adjustment is such that normally the pulses in the output of the flip-flop
      circuit 72 are about the same length as the intervening spaces. Under
      these conditions if the frequency of the pulses from the ring circuit
      varies, the time of occurrence of these pulses relative to those from the
      standard frequency oscillator 65 also varies such that the output pulses
      from circuit 72 increases in length if the output pulses from the ring
      circuit occur too early and decrease in length if they occur too late.
      Corresponding variations occur in the integrated direct current applied to
      the frequency-modulated oscillator in such direction as to tend to restore
      the pulses to the right time relationship. The frequency-modulated
      oscillator circuit 50, may be of any suitable type such as an oscillator
      provided with a reactance tube as the frequency controlling element, as in
      De Lange U.S. Pat. No. 2,278,063, issued Mar. 13, 1942, for example.
PAR  The same standard frequency source 65, impulse coil 74 and rectifier 73
      serve for all of the ring circuits and is therefore shown connected to the
      flip-flop circuit for the lowermost ring circuit indicated in FIG. 2. It
      would, of course, also be connected to those not shown.
PAR  Reference to FIG. 6 will show that positive pulses are produced in
      substantially succeeding quarter-cycles of the phases A, B, C and D which
      means that the negative pulses produced, for example, in a descending
      quarter phase of phase A will overlap or occur at the same time as the
      positive pulses produced in the rising quarter phase of phase C, but that
      as far as the pair of phases A and B are concerned neither produces
      negative pulses at the same time that the other is producing positive
      pulses. This is also true of the pair of phases C and D. It is for this
      reason that circuit 67 in the frequency control circuit can be connected
      to phases A and B and that a separate circuit 70 needs to be connected to
      phases C and D.
PAR  For a similar reason phases A and B are paired and phases C and D are
      paired in taking off the output pulses for use in the subsequent portions
      of the key generating circuit. In order to produce output pulses
      consisting of marks and spaces occurring in an irregular manner, a portion
      only of the terminals belonging to phases A and B are connected to one of
      the output terminal groups AB such as terminal group 80. The remaining
      terminals of the A and B phases are connected to a second terminal group
      81. These connections can be made in any chosen and irregular manner and
      may be changed from time to time, such as daily, in accordance with a
      program. Similarly, two CD terminal groups are shown at 82 and 83 with
      some of the terminals belonging to the C and D phases connected to one of
      these terminal groups and the remainder to the other. It will be clear
      that at the terminal groups 80 to 83 both positive and negative pulses
      appear since no means have been provided up to this point for suppressing
      the negative pulses. Due to the use of only the four phases and the
      grouping of the output terminals as discussed above, four rectifiers 84,
      85, 86 and 87 suffice to suppress all of the negative pulses and to allow
      the positive pulses to pass. Rectifier 84 is connected through voltage
      adding resistances 88 in multiple to all of the terminals in one AB
      terminal group and the other rectifiers 85, 86 and 87 are similarly
      connected to the other respective terminal groups. The impulses occurring
      on the output sides of the rectifiers 84 and 85 together make up a series
      comprising marks and spaces. Similarly, the combined output of the
      rectifiers 86 and 87 is made up of marks and spaces, each mark coinciding
      in time with a space in the output of rectifiers 84 and 85 and vice versa.
PAR  The output pulses from rectifiers 84 and 85 are sent through an amplifier
      89 to the grid of the upper tube 90 of a flip-flop or holding circuit,
      comprising a pair of tubes 90 and 91. (This circuit may be of the same
      type as the flip-flop circuit 72 previously referred to.) The output
      pulses from rectifiers 86 and 87 are supplied through amplifier 92 to the
      grid of tube 91. The plates and grids of these tubes are cross-connected
      in such a way that current flow through one of the two tubes causes an
      interruption of the current flow through the opposite tube. For example, a
      positive pulse applied to the grid of tube 90 and the coincident space
      occurring on the grid of tube 91 causes tube 90 to transmit saturation
      current and tube 91 to be cut off. This reduces the potential of output
      terminal 93 to a very low positive value which, for practical purposes,
      may be considered ground or zero potential, while the potential of the
      opposite output terminal 94 is raised to substantially the plate battery
      potential of, for example, 250 volts. The reverse of these conditions is
      produced whenever a pulse appears on the grid of tube 91 accompanied by a
      space on the grid of tube 90.
PAR  Since there are seven of these holding circuits, one for each of the seven
      ring circuits, there are seven pairs of output terminals corresponding to
      93 and 94, each pair of which has a positive pulse on one terminal and
      substantially ground on the other terminal. These voltage conditions on
      the various output pairs of terminals are of varying duration, either
      reversing in the case of each pair 30,000 times per second or lasting over
      for one or more periods of the 30,000-cycle pulse rate, depending upon
      whether the pulses on the same input terminal of the holding circuit
      alternate with spaces at the 30,000-cycle rate, or whether two or more
      pulses succeed each other. This is illustrated in the top row of pulses
      portrayed in FIG. 8 where the full line sharp pyramidal pulses are the
      pulses at the output side of rectifiers 84, 85 (or 86, 87). Those shown
      dotted indicate spaces since the pulse is absent although the time
      position is shown at which it would occur if present. The left-hand part
      of this graph is drawn to show how different length marks and spaces are
      produced by the action of the holding circuits.
PAR  The reentry cicuit 30, FIG. 3, comprises a pair of triodes 101 and 102
      connected as a cathode follower stage to output terminal 103 across which
      is connected a triode 104 having its cathode connected to ground. The
      grids of the tubes 101 and 102 are connected to the output terminals, such
      as 93 and 94 of the various holding circuits H so that ground appears on
      one of the two grids whenever positive voltage appears on the other. As
      explained in connection with FIG. 1, the same reentry circuit, such as 30,
      is connected to the holding circuits belonging to a plurality of the ring
      circuits. The grids of tubes 101 and 102 are, for example, connected to
      three of the ring circuit outputs. To preserve the symmetry of the circuit
      of tubes 101 and 102, a fourth ring circuit is simulated by connecting the
      grid of one of the tubes through a resistor 105 to ground and the grid of
      the other tube to a resistor and biasing battery 106 to ground. The
      operation of the tubes 101, 102 and 104 is such that regardless of whether
      zero, one, two, three or four positive voltages from the ring circuit
      outputs are applied to one of the grids of tubes 101, 102 (with the
      inverse number of grounds on the opposite grid) the output appearing at
      103 has either the value of a mark or a space. Further, as previously
      noted, a mark appears in response to an odd number of input marking pulses
      and a space appears in response to an even number of input marking pulses.
      For example, if one pulse appears on the grid of tube 101 and three
      additive pulses on the grid of tube 102 three steps of current flow
      through the cathode resistor 108. This current all comes from triode 102,
      since the bias on these tubes is such that one impulse alone still leaves
      the grid of 101 more negative than the cathode and produces no current
      flow through it. The three steps of current flowing through resistor 108
      are reduced by the counter voltage applied in series by the battery and
      resistor combination shown at 109 so that a marking pulse of, for example,
      one step value appears at 103. The same situation occurs if three pulses
      appear on the grid of tube 101 and one pulse on the grid of tube 102.
      These two conditions are the only conditions where an odd number of pulses
      appears on either grid and as shown they result in a marking pulse at
      output terminal 103. If no pulse appears on the grid of tube 101 and four
      pulses appear on the grid of tube 102 four steps of current flow through
      cathode resistor 108 producing a sufficiently positive voltage to raise
      the grid potential of tube 104 from its cut-off region to its full
      conduction region and this tube draws sufficient current through series
      resistor 110 to subtract two steps of voltage from that appearing across
      resistor 108. The further two-step reduction in voltage due to battery and
      resistor 109 reduces the voltage at output terminal 103 to zero
      corresponding to a space. Since the four-step condition assumed on tube
      102 produces the same effect as a zero pulse on that grid accompanied by
      four pulses on the opposite grid, the only other condition corresponding
      to an even number of input pulses to consider is that in which two pulses
      of current are applied to each grid of tubes 101, 102. The adjustments are
      such that under this condition two steps of voltage are produced across
      resistor 108 and the effect of these on the output is reduced by
      resistance and battery 109 to zero, or a space.
PAR  The reentry circuits 31 and 32 are entirely similar to reentry circuit 30
      and have been indicated merely by boxes. Since reentry circuit 31 is
      assumed to be connected to only two ring circuits, two bias resistors
      similar to 105 are connected in parallel to ground on one side and two
      biasing combinations of resistance and batteries similar to 106 are
      connected in parallel on the opposite side to take the place of the absent
      ring circuits. This same procedure is followed in the case of reentry
      circuit 32.
PAR  In FIG. 1, the reentry circuits 31 and 32 are diagrammatically indicated as
      connected through switches to the four holding circuits 46, but it was
      noted that in the detail circuits the functions of these switches are
      performed by electronic tubes. In FIG. 3, the holding circuits 46 are
      shown at 125, 126, 127 and 128, each of these being a two-tube circuit of
      the same type as the holding circuits H of FIG. 2. These holding circuits
      46 have their inputs connected through leads 114 and 116 to respectively
      an input terminal and an output terminal of triode 111. An isolating
      resistance 115 is shown in one side of each connection and a similar
      resistance 117 in the opposite side. Each holding circuit is shown
      provided with an upper input terminal U and a lower input terminal L.
      Bridging resistances with center points at 120 and 121 are connected
      across input terminals of holding circuits 125 and similar bridging
      resistances are connected across input terminals of each of the other
      holding circuits. Points 120 of holding circuits 125 and 127 are brought
      through lead 130 to the input terminal of triode 112 and the similar
      points 120 of holding circuits 126 and 128 are connected through lead 131
      to the plate of triode 112. Points 121 of holding circuits 125 and 126 are
      connected over lead 132 to the input terminal of triode 113, while the
      corresponding points 121 of holding circuits 127 and 128 are connected to
      the plate of tube 113.
PAR  The voltage relations are such that in order to operate the upper tube of
      any given holding circuit, positive potential must be applied to points
      120, 121 of that circuit with ground or low potential at L. Similarly, to
      operate the lower circuit positive potential must be applied to points
      120, 121 with ground or low potential at U. A marking pulse (positive) at
      terminal 103 makes the terminal U of each holding circuit positive and the
      terminal L of each holding circuit zero or low voltage, since the triode
      111 passes saturation current in response to a marking pulse on terminal
      103. However, only that holding circuit will respond to these voltage
      conditions which has a positive potential applied to both points 120 and
      121. Such a condition is satisfied in holding circuit 125 in response to a
      marking pulse in the output circuit of both reentry circuits 31 and 32 at
      the same time, since such pulses apply positive voltages to conductors 130
      and 132. It will be noted that in no other cases are both points 120 and
      121 rendered positive by the applied pulses. If a marking pulse is
      received by reentry circuit 31 but not by reentry circuit 32, holding
      circuit 127 responds to the pulses appearing at terminal 103 while the
      other holding circuits remain in the condition to which they were
      previously set. If a marking pulse is received in only reentry circuit 32,
      holding circuit 126 responds to the pulses appearing at terminal 103; and
      if a marking pulse is not received in either reentry circuit 31 or 32,
      holding circuit 128 responds to the pulses appearing at terminal 103.
PAR  As a result of the action of the four holding circuits 46, there will be
      impressed on the input leads 133 and 134 of the reentry circuit 130 (FIG.
      4) either a mark or a space from each of the four holding circuits, three
      of these conditions being held over from a previous pulse period and the
      fourth one being produced by a currently occurring pulse. The voltages
      corresponding to these marks and spaces are added and applied to the
      respective input conductors 133 and 134 causing the reentry circuit 130 to
      act similarly to reentry circuit 30 of FIG. 3 to put out in the outgoing
      conductor 136 resultant marks and spaces occurring in a highly irregular
      order. The reentry circuit 130 comprises tubes 101 and 102 with a common
      cathode resistor 108 as in the case of circuit 30 and a voltage reducing
      tube 104. No further description of this circuit appears necessary since
      it operates in the manner previously described for reentry circuit 30.
PAR  The marks and spaces on output conductor 136 are applied to the grid
      circuits of the three stepper tubes S.sub.1, S.sub.2 and S.sub.3, these
      being gas-filled tubes supplied with a source of pulsing plate voltage
      indicated by the rectangle 137 including a diagram of a pulsing voltage
      wave. The character of the interrupted plate supply is such that a
      positive voltage pulse is supplied to the plate for about 1.7 milliseconds
      and is interrupted for 0.3 millisecond, the total time of the pulse plus
      interruption time being 2 milliseconds or 1/500 second. In practice a
      single interrupted supply would be used for all three steppers.
PAR  Each of these steppers has its grid negatively biased as from a battery 138
      which is sufficiently negative to prevent the stepper tube from breaking
      down in response to a marking pulse in conductor 136 alone. In order for
      the stepper tube to break down, a timing pulse must also be applied to the
      grid at the same time as a marking pulse in conductor 136. Considering the
      stepper tube S.sub.3, a timing circuit is shown in the broken rectangular
      outline 140 operated from a standard 30,000-cycle source 65 which may be
      the same source as is indicated in FIG. 2. This is followed by a frequency
      divider circuit 135 of any suitable type such as those known in the art
      for deriving in the output of the circuit 135 a 500-cycle wave. This
      frequency divider may consist of tandem stages of frequency halvers or
      regenerative modulator types of stages in which a reduction in frequency
      of severalfold may be accomplished in the same stage or it may include a
      so-called dipper and bucket type of circuit in which charges placed on a
      small condenser are used to charge a large condenser in steps in a form of
      staircase wave until the large condenser is discharged and the charging
      cycle repeats. It is assumed that the final stage, at least, of the
      frequency divider 135 includes a multivibrator type of circuit producing
      the well-known type of wave form shown by the small diagram e adjacent the
      output lead 141.
PAR  When this wave is applied to the input terminal of the pulse timer 140, it
      is differentiated in the condenser-resistance circuit 142 and the negative
      pulse is absorbed in the diode 143 leaving a sharp positive pulse to be
      applied to the grid of triode 144. This together with triode 145 forms a
      well-known type of single trip multivibrator producing in its output a
      sharp positive pulse followed a definite time later by a sharp negative
      pulse. The time constant of the circuit is proportioned by the values of
      the condenser and resistance shown to cause the second or negative pulse
      to follow the initial pulse by, for example, 100 electrical degrees. (This
      timing is indicated in preference to the 120-degree timing indicated in
      the description of FIG. 1 in order to allow a wider operating margin for
      the stepper tubes.) The initial or positive pulse of this pair of pulses
      has no affect on the triode 146 since this is normally passing saturation
      current. The second or negative pulse, however, reduces the space current
      of tube 146 to zero causing the production of a sharp positive pulse in
      the plate circuit having a flat top and a pulse length of about 10
      microseconds. It is the presence of this latter pulse which enables the
      stepper S.sub.3 to sample a simultaneously occurring marking pulse, if
      present, in conductor 136. If a space is present on conductor 136 when
      this timing pulse occurs, stepper tube S.sub.3 remains non-conducting.
PAR  Pulse timer circuit 150 operates in an entirely similar manner to apply a
      timing pulse to the grid of stepper tube S.sub.2 except that the delay
      interval in this case is taken as 200 electrical degrees. The same is true
      of pulse timer 101 and stepper tube S.sub.1 except that the time delay in
      this case is 300 electrical degrees. These three stepper tubes S.sub.1,
      S.sub.2 and S.sub.3 therefore respond to three separate marking pulses
      occurring at three different times in conductor 136. For example,
      considering the 60-pulse time intervals that occur on conductor 136 in a
      given 2-millisecond period, stepper S.sub.3 under the conditions assumed
      would sample the 1st pulse interval, stepper S.sub.2 would sample the 17th
      pulse interval and stepper S.sub.1 would sample the 34th pulse interval.
      It will be understood that the 100.degree., 200.degree. and 300.degree.
      phase positions represented at which the exposure pulses for these three
      steppers occur are arbitrary values when referred to the timing wave and
      that a phase shifter could be included in circuit with the frequency
      divider 135 to facilitate lining up these exposure pulses with the pulses
      received from the holding circuits 90, 91 etc.
PAR  This time relationship will be more clearly understood by reference to the
      timing diagram of FIG. 8. This diagram covers one period of the 500-cycle
      wave or 2 milliseconds of time. At the top of the figure are shown the 60
      times in which a marking pulse may occur on lead 136. Due to the action of
      the holding circuits the pulses will actually vary in length with
      intervening spaces also varying in length, as previously explained. The
      exposure pulses for the three steppers S.sub.1, S.sub.2 and S.sub.3 must
      be accurately positioned to distinguish between one ring circuit pulse
      time and the next since this time from one ring circuit pulse to the next
      may either be occupied by a pulse or may comprise a space and it is
      necessary for the exposure pulse to distinguish one of these possible
      conditions from the other. The plate voltage supply pulse for all three
      steppers comes on just ahead of the exposure pulse for stepper S.sub.3
      (shown at 100.degree. in FIG. 8) and stays on until about 100 electrical
      degrees after the exposure pulse of stepper S.sub.1 or for about 1.7
      milliseconds. This voltage supply is then interrupted for the remaining
      60.degree. of the cycle.
PAR  These pulsing plate supplies may be of the type shown, for example, in
      Lundstrom-Schimpf application Ser. No. 456,322 filed Aug. 27, 1942 to
      which reference is made for a complete disclosure. Any other suitable type
      of plate voltage supply may be used.
PAR  It is apparent from the timing diagram of FIG. 8 that the possible time in
      which current may flow through all three steppers S.sub.1, S.sub.2 and
      S.sub.3 in any one 2-millisecond period comprises an overlapping time of
      about 100 electrical degrees occurring just before the plate voltage is
      interrupted. It is in this 100.degree. time interval that the information
      is used. Positive pulses occurring across the cathode resistors such as
      152 of each stepper are transmitted to the control grid circuits of
      steppers S.sub.4, S.sub.5 and S.sub.6 FIG. 5 which may be entirely similar
      to steppers S.sub.1, S.sub.2 and S.sub.3 and which are supplied with an
      interrupted plate voltage from source 153. Exposure pulses for these
      steppers are obtained from common conductor 155 and pulse timer 156 (FIG.
      4). The requirements on these timing pulses are entirely different from
      those on the pulses from timers 140, 150 and 151 since all that is
      required of the steppers S.sub.4, S.sub.5 and S.sub.6 is to distinguish
      whether or not a pulse is present in the steppers S.sub.1, S.sub.2 and
      S.sub.3 during the 100.degree. interval indicated on FIG. 8. This interval
      is slightly in excess of 0.5 millisecond so that the timing pulse may have
      a width of the order of 0.25 millisecond, for example. The plate voltage
      from source 153 may come on as indicated in FIG. 8 slightly after the
      S.sub. 1 exposure pulse and may be interrupted for about 60 electrical
      degrees.
PAR  The steppers S.sub.7 and S.sub.8 are supplied with interrupted plate
      voltage from source 157 which comes on shortly in advance of the exposure
      time of stepper S.sub.1, for example, and remains on until the end of the
      plate supply pulses produced in source 137. Steppers S.sub.7 and S.sub.8
      receive exposure pulses from timer 160 of FIG. 4 over common conductor
      161. These exposure pulses occur just after (or they overlap the instant
      when) the power supply pulse comes on for the plates of these tubes as
      indicated in FIG. 8. In order for the steppers S.sub.7 and S.sub.8 to
      conduct, it is necessary to apply to their control grids positive pulses
      from the input pentodes 162 and 163 in addition to the exposure pulses
      received over conductor 161. These pentodes have their control grids
      connected in multiple to one side of six of the seven holding circuits of
      FIG. 2, these connections being indicated in FIG. 5 by repeating the
      representation of the seven circuits as small rectangles. Voltage adding
      resistors connect between the control grids of the pentodes and, for
      example, the lower output terminal of each of these six holding circuits.
      A negative bias voltage is applied to the grid of pentode 162 of such
      value as to require marking pulses from at least two of the holding
      circuits before the pentode passes current. For zero, one or two steps of
      applied voltage the pentode in cut off while for three or more steps of
      applied voltage the pentode transmits saturation current. Pentode 163 has
      a larger bias voltage such as to require four or more steps of applied
      voltage to enable it to transmit current.
PAR  When either pentode is cut off, positive voltage is applied to the
      corresponding stepper S.sub.7 or S.sub.8 permitting that stepper to break
      down upon the application to its control grid of the timing pulse. When
      either pentode is transmitting saturation current on the other hand,
      negative voltage is applied to the grid of the corresponding stepper tube
      S.sub.7 or S.sub.8 and the stepper tube is not broken down by the
      application of the timing pulse alone.
PAR  Stepper tube S.sub.7 determines whether or not stepper S.sub.5 ' breaks
      down in response to a marking pulse in the output of stepper S.sub.2. If
      stepper S.sub.7 is transmitting current when such marking pulse occurs,
      the screen grid of tube 165 has its voltage too far negative to permit
      tube 165 to pass current. Under this condition, tube 166 is transmitting
      saturation current and a negative voltage is applied to the grid of
      stepper S.sub.5 ' of too great value to permit this stepper tube to break
      down in response to a timing pulse received over conductor 155. If stepper
      S.sub.7 is in non-conduction condition at this time, however, tube 165 is
      transmitting saturation current, tube 166 is cut off and the grid of
      stepper tube S.sub.5 ' is sufficiently positive to permit a timing pulse
      received over conductor 155 to discharge the tube S.sub.5 '.
PAR  The control circuit between stepper tube S.sub.8 and stepper tube S.sub.6 '
      is similar except that the stage corresponding to 166 is omitted. Stepper
      tube S.sub.6 ' is therefore enabled in response to the condition in which
      stepper S.sub.8 is transmitting current and is disabled in response to the
      condition in which stepper S.sub.8 is non-conducting.
PAR  The voltages developed in the cathode resistors of the steppers S.sub.4,
      S.sub.5, S.sub.6, S.sub.5 ' and S.sub.6 ' are combined in additive sense
      by the resistors appearing in their output leads and these resistors are
      of graduated value such as to apply different step values of voltage to
      the output conductor 175 leading to output stepper 185 and also to the
      grid circuits of the reentry tubes 176 and 177. This reentry circuit is
      the same as that disclosed in my prior application, Ser. No. 555,913,
      above referred to, except that in the present case the reentry circuit
      comprises one less voltage reducing tube since the range of step values to
      be handled is smaller in the present case. Similar reference characters
      have been applied to the corresponding parts to facilitate reference to my
      earlier application for detailed description. The reentry tubes 176 and
      177 are supplied with interrupted plate voltage from source 179 and when
      either of these tubes fires the voltage at point 175 is reduced by six
      steps. If both tubes fire together the voltage at point 175 is reduced by
      twelve steps.
PAR  The system outlined in FIG. 1 and shown in detail in the circuit figures
      contains examples of two different ways of preventing the ring circuit
      cycles from discovery by analysis of the generated key. One of these two
      ways is by using holding circuits (shown at 46) to make the character of
      the output pulses from the holding circuits dependent in an uncertain way
      upon the past history of some of the signals from the ring circuits rather
      than upon only the currently produced ring circuit outputs. The other of
      these two ways is by generating relatively high frequency signals and
      sampling only every m.sup.th signal ignoring the intervening signals.
      These two types of ring circuit screening means will be briefly discussed.
PAR  The holding circuit principle was disclosed in my prior application, Ser.
      No. 555,913 referred to but is shown in extended form in the holding
      circuits 46 of FIG. 1 and in diagram in FIGS. 9, 10 and 11. FIG. 9 is
      merely a repetition of the showing of the four holding circuits 46 of FIG.
      1 with a simplified control circuit in which the controls are taken
      directly from the ring circuits 40, for illustration. As already
      described, the output pulse at 201 is determined conjointly by the
      currently produced signals from ring circuit 40.sub.1 and the stored
      signals, in three of the holding circuits, which have been stored for one
      or more signal intervals and which originally also came from ring circuit
      40.sub.1. The time of storage is determined in each instance by the
      signals from ring circuits 40.sub.2 and 40.sub.3.
PAR  Such a circuit may be termed a "semi-sequential" circuit (instead of a
      sequential circuit) in that this circuit will clear out in a short time in
      case of an error instead of perpetuating the error indefinitely. It must
      be borne in mind that the operations of the key generators must be
      duplicated at the different stations. If an error occurs in the
      performance of some part of the circuit at one station, such as failure of
      a ring circuit to produce a marking pulse when it should, it is highly
      desirable not to allow this error to persist long enough to interfere
      seriously with reception of the message. The holding circuit principle
      exemplified in FIG. 9 depends in an uncertain way upon the recent past
      history of the signals in preceding parts of the circuit and so will
      retain an error for a time but the important thing is that the circuit
      will entirely clear itself in a time that is short compared with an
      essential fragment of speech.
PAR  It may be noted that some form of sequential operation is highly desirable
      if it is desired to produce a strong key that will resist solution by a
      cryptanalyst. A wholly systematic operation in which the output is the
      product only of current signals in the generator in general results in a
      soluble key. A wholly sequential performance has the disadvantage already
      noted that an error is forever perpetuated, requiring perfect performance
      of the system. The semi-sequential principle disclosed here has the
      cryptographic advantage of the wholly sequential system without its
      practical disadvantage.
PAR  In FIG. 10 is illustrated an alternative holding circuit combination in
      which the holding circuits in pairs are placed in tandem. Signals
      generated in ring circuit 40.sub.1 are sent into one or other of the pair
      of holding circuits 46.sub.1, depending upon signals from ring circuit
      40.sub.2. The outputs of the holding circuits of this pair are added and
      reentered at 60.sub.1 to give an output space if the individual outputs
      are alike or an output mark if the individual outputs are different. This
      output mark or space is fed into one or another of the holding circuits of
      the pair 46.sub.2 depending on the signals from ring circuit 40.sub.3, and
      so on. While three pairs of holding circuits are shown in tandem, this
      arrangement can be extended to other tandem stages as may be desired. The
      clearing out time for the tandem arrangement is shorter than for the
      parallel arrangement (FIG. 9) for the same number of pairs of holding
      circuits. The clearing out time for the two-pair parallel circuit is
      comparable to that of a four-stage tandem arrangement in that in both
      circuits for 90 percent of the time the clearing out interval will not be
      in excess of approximately the same maximum time.
PAR  The holding circuit principle is not limited in its use to either the
      parallel or the series type since several parallel arrangements such as
      shown in box Z of FIG. 9 can be placed in tandem as at Z.sub.1 and Z.sub.2
      of FIG. 11.
PAR  In these illustrative cases of holding circuits the pulses or signals
      involved are two-valued pulses but this is not to be taken as a limitation
      since holding circuits are possible for storing signals having a greater
      number of values than two.
PAR  The other ring cycle concealing means mentioned above, is the means
      provided for sampling and using only every m.sup.th signal of a succession
      of signals or pulses where m is a fairly large number. In the illustrative
      example given, m has the value 60 although there is no special
      significance to this number it being chosen as large enough to give the
      desired result of effectively preventing discovery, by analytical study of
      the ring circuit cycles. This principle is utilized in actuating the
      steppers S.sub.1, S.sub.2 and S.sub.3 by exposing each of these steppers
      once every 500th of a second to the 30,000 per second ring circuit signals
      so that each stepper samples only every 60th such signal. Each stepper
      pulse therefore depends upon a past history which is hidden from an
      analyst working on the output key.
PAR  The invention is not to be construed as limited to the specific circuits or
      apparatus disclosed nor to the magnitudes of various quantities given for
      illustration but the scope is defined in the claims, which follow.
PAC  What is claimed is::
CLMS
NUM  1.
PAR  1.  In a key pulse generating circuit for producing key pulses varying in
      amplitude in highly irregular manner, said pulses occurring at a given
      rate, means to generate high speed off-on pulses at a rate many times
      higher than said given rate in a plurality of separate paths, means to
      hold over certain of said off-on pulses into subsequent of said high speed
      pulse times, means to combine the pulses so held over with pulses
      subsequently generated in certain of said paths to form combination of
      said high speed pulses, and means to select and combine with one another
      to form one of the final key pulses occurring at said given rate,
      individual ones of said last-mentioned high speed pulses occurring at
      instants of time separated from one another by several of said high speed
      pulses while discarding the intervening high speed pulses.
NUM  2.
PAR  2. In combination a plurality of ring circuits of different numbers of
      stages for generating cycles of different length, a group of holding
      circuits, means to impress on the input of one holding circuit at a time a
      pulse representing the resultant of simultaneously produced pulses from a
      plurality of said ring circuits, means controlled conjointly from others
      of said ring circuits for determining which holding circuit has impressed
      upon it at any one time such resultant pulse, a common output circuit for
      said holding circuits, said output circuit carrying a currently produced
      resultant pulse and pulses held over from previous pulse producing times
      superposed on one another, and means for selecting for use the current
      existing in said common output circuit at only separated instants of time
      with several of the primary pulse periods intervening between the current
      selecting instants.
NUM  3.
PAR  3. In a pulse producing circuit, holding circuits divided into groups,
      means to produce separate series of irregular pulses in separate primary
      circuits, means to impress pulses in the first of said primary circuits
      upon said holding circuits, one at a time, means controlled by pulses in
      the second of said primary circuits to determined whether the pulse in the
      first primary circuit is to be applied to one of the holding circuits in
      the first group or to one of the holding circuits in the second group,
      means controlled by pulses in the third of said primary circuits to
      determine which of the holding circuits in the group determined by the
      pulse in the second of said primary circuits is to have applied to it the
      pulse in the first of said primary circuits, and a common output circuit
      for receiving from said holding circuits pulses which are the resultant of
      a currently applied pulse and pulses held over from different previous
      pulse periods.
NUM  4.
PAR  4. In a pulse producing system, means to produce pulses at high rate in
      irregular sequence in the same circuit, means to sample said pulses only
      at instants of time separated from one another by several intervening
      periods of said high rate pulses, said sampling means including a
      plurality of separate sampling circuits operating in mutually staggered
      time relation whereby each samples a defferent one of said high rate
      pulses, means to prolong the sampled pulses in said sampling circuits into
      an overlapping time period with one another and means to derive a
      resultant summation pulse from said sampling circuits in common during
      said overlapping time period.
NUM  5.
PAR  5. In a pulse producing circuit, means to produce pulses occurring at a
      high frequency and in irregular sequence, means to select a plurality of
      said pulses one at a time, with a large number of intervening pulses
      occurring between selected pulses, means to hold over the earlier selected
      of said plurality of pulses into overlapping time relation with respect to
      the last selected of said plurality of pulses, and means to combine the
      earlier and last selected pulses into a single resultant pulse.
NUM  6.
PAR  6. A pulse producing system comprising an initial portion operating at high
      frequency and a subsequent portion operating at low frequency, means to
      generate irregularly occurring pulses at high frequency in said initial
      portion, means in said subsequent portion to produce low frequency pulses
      each having a time period great enough to include many successive high
      frequency pulse periods, including means for selecting from among said
      high frequency pulses a plurality or pulses all occurring at different
      non-overlapping times within one low frequency pulse period and separated
      from one another in time by a plurality of high frequency pulse periods,
      and means to combine each such plurality of selected pulses into a single
      resultant low frequency pulse in said subsequent portion of said system.
NUM  7.
PAR  7. In a pulse producing system for supplying low frequency pulses with
      highly irregular manner of variation to a load circuit, for keying or
      kindred purposes, means to generate irregularly occurring high frequency
      pulses, a plurality of stepper circuits for translating from high
      frequency pulses to low frequency pulses, means to impress one of said
      high frequency pulses upon the first stepper for establishing therein a
      current representative of such one pulse, means to skip over several
      subsequent high frequency pulses and thereafter to impress one of said
      high frequency pulses from said generating means upon the second stepper
      for establishing therein a current representative of said latter pulse,
      both of said one and latter high frequency pulses occurring within the
      period of duration of one of said low frequency pulses, and means to
      combine the currents existing in both of said steppers at the same time to
      determined a low frequency pulse for supply to said load circuit.
NUM  8.
PAR  8. In a key producing circuit, separate source of irregular pulses, a
      plurality of holding circuits each having an input circuit and an output
      circuit, means to connect, effectively, the input circuits of said holding
      circuits, one at a time, to certain of said sources in irregular order
      under control of pulses from other of said sources, each holding circuit,
      when not receiving pulses from any of said sources, maintaining the
      current in its ouput circuit at a value representative of the last pulse
      that was impressed on its input circuit from a said source, a common
      output terminal for the output circuits of all of said holding circuits, a
      bank of stepper circuits having input and output sides, circuits leading
      from their output sides in parallel to a common load point, and means for
      connecting the input sides of said stepper circuits one at a time in
      succession to said common output terminal whereby pulses of different
      character are impressed upon the different stepper circuits from said
      holding circuits.
NUM  9.
PAR  9. A system according to claim 8 including a reentry circuit inserted
      between said common output terminal and said stepper circuits for reducing
      the amplitudes of pulses received from said common output terminal by a
      fixed quantity where necessary to limit the amplitude of the pulses
      impressed on said stepper circuits to a value representative of a pulse
      received from a single one of said sources.
NUM  10.
PAR  10. In a key producing circuit, sources of irregular pulses for use in
      producing final key pulses, holding circuits divided into groups, each
      holding circuit having an input side for receiving pulses and an output
      side, means controlled by pulses from one of said sources for effectively
      connecting the input sides of individual holding circuits of the first
      group, one at a time, to receive pulses from another of said sources, each
      holding circuit when not connected to receive pulses on its input side
      maintaining its output current at a value representative of the impulse
      that was last impressed on its input side, the output sides of the holding
      circuits of said first group being connected to a common terminal, means
      controlled by pulses from another of said sources for effectively
      connecting the input sides of individual holding circuits of the second
      group, one at a time, to receive pulses from said common terminal, the
      output sides of the holding circuits of said second group being connected
      to a common point, and a load circuit connected to receive the pulses
      appearing at said common point.
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ABST
PAL  A bilateral communications system, as for CATV application, distributes
      commercially available and premium video programming on a subscriber
      demand--directly accountable basis. At least the premium video programming
      is impressed on the cable in a frequency band and/or format not
      recoverable by a standard television receiver, absent receipt at a
      particular subscriber location of a reception-authorizing message from the
      system head end.
PAL  A central processor at the system head end sequentially polls cable
      subscribers under stored program control, permitting bilateral digital
      communications between the subscriber and the head end.
BSUM
PAC  DISCLOSURE OF INVENTION
PAR  This invention relates to electronic signal distribution systems and, more
      specifically, to a bilateral signal translating system for distributing
      commercial and supplementary video programming from a central head end
      location to plural spaced subscriber stations, and for providing bilateral
      signaling between the head end and subscriber stations.
PAR  Community antenna television (CATV) system operators have for some time
      been desirous of providing premium video programming (such as first run
      theater and movies, special sporting events, and the like) to supplement
      the locally available "off-air" commercial television signals distributed
      by coaxial cable. Preferably, the premium video is to be distributed on a
      directly accountable basis -- i.e., with separate fees charged for each
      premium program received at each subscriber station.
PAR  Moreover, a projected growth area for the CATV business involves data
      communications from system subscribers to the head end. Such reverse
      signaling permits the provision of various commercial services over the
      cable network -- e.g., ordering of identifiable goods and services by
      subscribers.
PAR  However, only limited endeavors into such full service pay-TV as
      above-described have been employed to date.
PAR  It is an object of the present invention to provide improved CATV system
      signaling apparatus.
PAR  More specifically, it is an object of the present invention to provide a
      CATV system for providing premium video programs on a subscriber
      demand-directly accountable basis, and wherein provision is made for
      reverse signaling from subscribers to the system head end.
PAR  The above and other objects of the present invention are realized in a
      specific, illustrative bilateral cable video signaling system wherein
      computer controlled head end equipment impresses upon the system cable for
      distribution to all system subscribers plural commercial and premium video
      programs, and also digital signaling. At least all of the premium video
      programs are at frequency allocations and/or of formats making them
      unrecoverable by standard television receivers connected directly to the
      cable.
PAR  Each subscriber station includes electronic terminal equipment connected to
      the cable, comprising a terminal control unit for establishing bilateral
      serial digital signaling with the head end responsive to address and
      command words issued to the cable by the head end. The subscriber terminal
      includes loop-connected subscriber controller, channel selecting and
      channel control modules which cooperate with head end produced reception
      authorization commands for providing to a subscriber a selected premium
      (or commercial) video program in a format recoverable by a standard
      receiver. A subscriber actuated controller keyboard includes command and
      data keys for transmitting information to the system head end -- possibly
      totally unrelated to video reception, as to order goods or services;
      respond to polling requests; or the like.
PAR  In accordance with one aspect of the present invention, a subscriber
      location may include one or more additional head end controlled peripheral
      items, e.g., additional television receivers; security devices; printers
      or recorders and so forth.
DRWD
PAR  The above and other features and advantages of the present invention will
      become more clear from the following detailed description of a specific
      illustrative embodiment thereof, considered below in conjunction with the
      accompanying drawing, in which:
PAR  FIGS. 1-5 schematically depict a composite bilateral signaling system
      employing the principles of the present invention; and
PAR  FIG. 6 depicts the spacial arrangement of FIGS. 1-5. All structural
      elements depicted in FIGS. 1-5 and discussed below are identified by three
      reference numerals, the first of which identifies the particular figure on
      which that element may be found.
DETD
PAR  Referring now to FIGS. 1-5, there is shown a specific, illustrative
      bilateral signaling system wherein common, head end equipment (FIG. 5)
      communicates via a coaxial cable network 500 with a plurality of
      subscriber stations. One such station is shown in detail in FIGS. 1-4.
PAR  A standard television receiver 144 at the subscriber location is connected
      to the cable via a mixer 140 and IF amplifier and filter 142, the local
      oscillation for the mixer 140 being supplied by a voltage controlled
      oscillator 138. The video signals impressed on the cable via the head end
      equipment comprise locally available commercial "off-air" programs, and a
      plurality of premium, private programs. At least the private programs are
      impressed on the cable 500 in a frequency band which does not correspond
      to any of the standard broadcast channels, and thus cannot be received by
      a standard receiver connected to the cable. For purposes of concreteness
      here, it will be assumed that all of the video channels do not correspond
      in frequencies to standard channel allocations. In a manner discussed
      below, each such video signal is selected for viewing by supplying a
      proper control voltage to the voltage controlled oscillator 138 such that
      the heterodyning mixer-amplifier 140-142 converts the desired signal to a
      preselected channel for the standard receiver, e.g., to a locally unused
      one of channels 3 or 4.
PAR  To a substantial measure, much of the discussion below will consider the
      particular manner in which a subscriber requests (electronically) that he
      be permitted to view a program, and the manner in which an authorization
      command is issued by the head end equipment to permit that reception. Then
      also, discussion will be had regarding other digital bilateral
      communications between the subscribers and the head end.
PAR  By way of general overview, the equipment at the subscriber station
      includes a subscriber control module 200 for developing and entering
      viewing requests (i.e., channel selection) and information to be
      transmitted to the head end; a channel selector module 100 for
      implementing reception of a television signal requested for viewing by the
      subscriber at the control module 200 and authorized by the head end; and a
      channel control module 300 which acts as an interface for communications
      between the subscriber station and the head end. Any one of the modules
      100, 200 or 300 can generate messages (in general formed of an operation
      code [command portion] and a data portion) which circulate between the
      modules 100, 300, 200 via serial data links 160, 260 and 249,
      respectively. Where information is to be transmitted from the head end to
      the subscriber equipment, it is transmitted via the cable 500 and a
      subscriber terminal control module 400 (FIG. 4) to the channel control
      unit 300 from which it is circulated to the modules 200 and 100.
      Similarly, where information is to be transmitted from the subscriber
      equipment to the head end, it is circulated by the modules 200 and 100 for
      loading into appropriate registers in the channel control module 300 -
      whereupon it flows outward via the terminal control unit 400 and cable 500
      to the head end.
PAR  The particular way in which television reception is implemented will now be
      considered, reference being made to FIG. 1. Assume that a subscriber
      wishes to watch a particular channel (designated by an arbitrary number
      such as 25). He depresses a "channel select" control key 202 at his
      hand-set keyboard unit 201, also depressing the particular data character
      keys 2 and 5. By FIG. 2 structure considered below, a message is formed
      comprising a channel select operation code, and the decimal numerals 2 and
      5. This message is transmitted from the subscriber control module 200 to a
      transceiver 101 in the channel selector module 100 and more particularly
      into a shift register 102 included in the transceiver. At an appropriate
      time when the message is fully contained in the shift register 102
      (determined by system timing in a conventional manner, as by counting
      system clock pulses, not further considered or shown herein), a command
      decoder 100 examines the operation code storage portion of the shift
      register 102. For the particular assumed (channel select) message the
      command decoder 106 (assumed to be latching, and thus signal preserving)
      generates a high level "CS"  (channel select) signal. The CS signal,
      identifying that a channel select mode of operation is being effected, is
      distributed as illustrated in FIG. 1. Among other functions, the CS signal
      passes through an OR gate 108 to enable a latchregister 104, i.e., to load
      into the register 104 the data contained in the shift register 102 (the
      desired channel information 25 for the assumed message).
PAR  A digital comparator 112 has as the two input groups connected thereto the
      fixed contents of the register 104, and the changing contents of a counter
      114 which is cycled by output pulses from an oscillator 110. The binary
      counter 114 includes a sufficient number of stages such that it will pass
      through an output state corresponding to the highest channel number
      employed in the system. Accordingly, for the single counting cycle
      undergone by the counter 114, i.e., as it passes from an initial count
      state 00 . . . 0 to 11 . . . 1, it will pass through the BCD equivalent of
      the stored message during the count sequence. Accordingly, when this
      "match" condition obtains between the two comparator 112 inputs (and only
      then) an output match signal "M" will be generated.
PAR  Examining now a shift register 124, in accordance with one aspect of the
      present invention this shift register will contain one and only one binary
      1 in one of its n stages, the particular stage containing the 1
      identifying which channel has been selected for viewing. To implement
      this, the Boolean variables M and CS discussed above, and OT (comprising
      the output of the shift register 124) are supplied to a combinatorial
      network 120 which executes a Boolean function CS.sup.. M + OT.sup.. CS'.
      Some reflection will show that a 1 is supplied to the input of the channel
      select storing shift register 124 during a channel select (CS) mode of
      operation only for the single counter 114 state corresponding to the
      contents of the register 104 when the match (M) signal is high (the first
      expression in the Boolean statement CS.sup.. M). Thus one and only one 1
      will be stored in the register 124, in a shift register stage dependent
      upon the contents of the register 104 -- and thereby also corresponding to
      the channel selected for viewing by the subscriber.
PAR  The second Boolean expression OT.sup.. CS' is employed since the shift
      register 104 may be driven by a common clock with a channel authorization
      storing shift register 126 considered below. Thus, for channel
      authorization (CA) processing discussed below, the binary word stored in
      the register 124 simply recycles to resume and retain its original status
      in the register 124.
PAR  By the above operation, the channel select shift register 124 has a binary
      1 in a particular one of its stages corresponding to a channel selected
      for viewing by a subscriber. However, the subscriber may or may not be
      authorized (and thus able) to receive the requested message. As a general
      matter, the FIG. 1 apparatus contains a channel authorization shift
      register 126 which has stored therein, pursuant to the commands issued by
      the system head end shown in FIG. 5, n- 1's in its N stages, each of the
      1's (and its relative position in the register 126) enabling reception of
      a particular program channel. Thus, the head end issues to all subscribers
      a series of messages to permit reception of the standard broadcast
      programs without request, and without any attendant premium fee.
      Correspondingly, the head end will permit reception of a premium program
      only after the subscriber has requested that program as by simply entering
      a channel selection request), the head end also generating a billing
      message upon effecting such authorization. A further "premium - TV"
      control key may be required if verification is desired for pay-TV billing
      purposes.
PAR  For the particular channel request operation discussed above, the binary 1
      in the channel select register will reside in a stage of the shift
      register coupled to one input of a particular AND gate 128.sub.25 of any
      array 128. The other input to the AND gate 128.sub.25 is coupled to a
      particular stage of the channel authorization shift register 126 which
      controls viewing of the program on channel 25. There similarly exists
      plural additional gates 128.sub.i for all other system channels.
PAR  Assume first that the subscriber has already been authorized reception of
      the program 25 (an appropriate 1 in the register 126), either because it
      is a standard broadcast channel or because the program has previously been
      requested by the subscriber. Under such conditions the AND gate 128 is
      fully enabled and the output high gate voltage passes to an input of a
      resistance network 136 (e.g., a ladder network; a summing network; or the
      like). The differing input excitations for the resistance network 136 each
      result in a particular and unique output voltage coupled to the control
      node of the voltage controlled oscillator 138, dependent upon which one
      (if any) of the gates 128 is enabled. For the assumed case, the gate
      128.sub.25 generates a particular voltage which constrains the VCO 138 to
      provide precisely that local oscillation frequency which, when mixed with
      the ensemble of programs on the cable, translates program 25 into the
      frequency band of the IF amplifier 142 for delivery in a receivable
      spectrum allocation to the standard television receiver 144. Thus, the
      viewer is automatically provided at his receiver with the program which he
      requested with his hand-set keyboard 201, all operations occurring at
      electronic speed to provide no significant delay between the channel
      request and the provision of video.
PAR  Assume now that the channel "25" selected for viewing has not been
      authorized. Accordingly, the AND gate 128.sub.25 is not switched
      responsive to the 1 registered in the corresponding channel select shift
      register 124 stage. When this condition obtains, no enabling input is
      supplied to the resistance network 136 and no receivable video is
      generated by the heterodyne structure 138-140-142.
PAR  When the above conditions prevail, the outputs of all of the gates 128 are
      low, thus providing a high output at an OR-NOT gate 132. The output of the
      gate 132, together with the channel select mode signaling CS signal,
      switches an AND gate 134, the output of which essentially conveys the
      message that a channel has been selected but that its reception has not
      yet been enabled. This output message of the gate 134 is registered in a
      particular service request (SR) stage of the shift register 102.
PAR  As above noted, all of the messages in the modules 100-300-200 circulate
      therebetween. As described below each message will circulate through all
      three modules, being quashed only after it returns through the complete
      circulation path 100-160-300-260-200-249 to its originating module.
      Accordingly, the channel select message in the transceiver 101, with the
      enabled SR flag bit, next moves to the channel control 300 transceiver 310
      from which it is extracted and propagates to the head end by a procedure
      described below. A stored program controlled central processor 502 at the
      head end determines that the subscriber has requested a program for which
      he has not yet received authorization. Accordingly, the head end equipment
      under stored program control distributes a channel authorization message
      which permits the particular subscriber to receive the key-requested
      video, the computer program also generating billing information, as by
      printed form via an input output peripheral equipment item 507.
PAR  The channel authorization message propagates in digital form modulating a
      data subcarrier over the cable network 500; is received at the terminal
      control 400 at the subscriber location; is loaded into a channel
      authorization register 342 in the channel control module 300; shifts
      therefrom into the transceiver 310 in the module 300; thereafter passes in
      the manner above discussed to a transceiver 240 in the module 200 via the
      data link 260; and eventually moves into the desired transceiver 101 shift
      register 102 by way of lead 249.
PAR  The FIG. 1 apparatus loads the channel authorization shift register 126
      with the channel authorization message stored in the shift register 102 in
      a manner analogous to that considered above for channel select operation.
      That is, the command decoder 106 notes the channel authorization operation
      code, and generates an enabled output CA signal. The CA signal passes
      through the OR gate 108 to load the register 104 which, in this case, is
      loaded with the channel number which is authorized for reception (e.g.,
      "25"), and also a single authorization bit "A" which is of one binary
      value when the head end is enabling authorization, and of the other value
      when the head end is removing the power to watch a program. As before, the
      data portion of the contents of register 104, the comparator 112, and the
      counter 114 generate a match signal M which occurs at a time which
      identifies the data contents of register 104. The signals M, CA, A, and an
      additional Boolean variable OUT comprising the output of the shift
      register 126 are supplied as inputs to a combinatorial network 130. The
      network 130 supplies the data input of the shift register 126 with the
      Boolean function CA.sup.. M.sup.. A + CA.sup.. OUT.sup.. M' + OUT.sup..
      CA' of the input variables. The first term of this expression loads (or
      clears) a particular shift register stage in accordance with the incoming
      authorization message; the second factor simply reloads the previously
      obtaining contents of the shift register during a channel authorization
      message as to channels having nothing to do with that message (the M'
      variable component); and the final combinatorial function simply reloads
      the shift register contents in their entirety during a non-channel
      authorization message, e.g., during a channel select message.
PAR  The above discussion has thus shown the manner in which the channel
      selection and channel authorization functions are implemented, and the
      particular way in which reception of premium video signals are requested;
      effected; and accounted for as a business matter.
PAR  We note at this point several "housekeeping" electronic functions which
      obtain for the loop transmission between the modules 100-300-200. First, a
      system clocking timer 116 blocks an AND gate 118 in the loop path (i.e.,
      connected to the output of the transceiver 101 shift register 102) at
      spaced periods of time. This results in an all zero operation code at such
      times, which is treated by the system as the operation code for a
      so-called "empty message" train. The other interconnected system modules
      300 and 200 inspect the operation code stored in the operation code
      portion of the transceiver shift register therein for the incidence of
      such an empty train, which signals an appropriate time for such modules to
      load an outgoing message into the transceiver for propagation.
PAR  Moreover, the command decoder 106 in module 100 also produces an output
      signal when an empty train has propagated through the entire loop
      100-160-300-260-200-249 to return to the shift register 102. The decoder
      106 energizes a word generator 115 (in this case, simply a selected set of
      lines) which loads the operation code of a display message into the
      operation code storage portion of the shift register 102. As will become
      clear from the discussion below in conjunction with FIG. 2, the visual
      display at the subscriber control equipment will respond to a display
      train by presenting the data portion of the display message train (which
      corresponds to the channel being viewed).
PAR  Finally, as is a general system rule, the module 100, 200 or 300 which
      generates the message quashes that message. Thus, the command decoder 106
      blocks message transmission (by disabling the gate 118) when it notes that
      a display message (which it necessarily produced) has come full circle to
      again reside in the shift register 102.
PAR  We consider now in more particular detail the subscriber control equipment
      module 200 shown in FIG. 2, i.e., the typically small keyboard-display
      structure given to a subscriber with which he enters commands and data.
      The discussion above has considered the character select control key of
      the key ensemble 201 followed by data keys 204 of the subscriber keyboard
      201. The control key field may include as well other command or mode keys
      such as "response" (to transmit data to the system head end, possibly for
      purposes totally unrelated from video reception), a "send" key to indicate
      the end of a response message, and the like. The unit has a display 232,
      which may advantageously comprise a digital display of the contents of a
      register 230 decoded to conform to the particular display implementation
      as known to those skilled in the art.
PAR  To generate a message, e.g., the channel select message considered above,
      the subscriber depresses the character select key followed by appropriate
      data keys to identify the channel desired. Depression of each key
      generates plural data bits which are loaded into a register 206 the
      contents of which are operated upon by a decoder 208. Thus, responsive to
      each key depressed on the keyboard 201, one of a plurality of command key
      lines is energized (the particular one dependent upon the character
      selected). The decoder 208 energizes the upper output line if any
      numerical data key is depressed.
PAR  The output of the decoder 208 forms one group of inputs to a sequential
      logic network 210, which also receives as inputs the outputs thereof, and
      selected control signals from the command decoder portion 242 of the
      subscriber control module 200 transceiver 240. It is observed at this
      point that the construction of the transceivers 240 and 310 in the modules
      200 and 300 parallel that of the transceiver 101 in the module 100.
      Briefly, the function of the sequential logic network is to control gating
      for the subscriber module 200, depending upon which mode the equipment has
      been operating in (i.e., which was the last depressed command key) and
      which key is currently being depressed to request new service, either by
      way of new command or new data.
PAR  After the character select key is depressed (it need not again be depressed
      -- the system [i.e., the sequential network 210] remains in the character
      select mode independent of the number of channel changes made), the data
      key entered information (identifying the desired channel "25" in the above
      assumed example) is passed from the output of the key recording register
      206 into the data portion of the transceiver 240 under control of gating
      250 actuated by the sequence logic network 210. When the command decoder
      242 next recognizes that an empty train operation code is contained in the
      transceiver 240, an appropriate enabling signal is supplied to a
      translation matrix 214 which converts a signal preserved in the sequential
      logic network 210 (indicating that the equipment is operating in the
      channel select mode) into a plural bit channel select operation code. This
      binary command passes via the gates 250 into the operation code portion of
      the transceiver 240. Thus, the transceiver 240 contains the channel select
      operation code and the number of the particular channel desired. This
      composite character select word then shifts from the shift register
      portion of transceiver 240 into the transceiver 101 of the channel select
      module 100 for execution in the manner above described.
PAR  When the character select message has come full circle to again reside in
      the transceiver 240, the character select operation code is detected by
      module 200 and employed for various purposes. First, it enables the gates
      250 via an OR gate 244 to pass the data portion of the contents of
      transceiver 240 into a register 230 for display, such that the subscriber
      can see the identification of the channel being viewed. Since the data
      circulates at very rapid electronic speed, the display appears
      substantially coincident to the viewer with his depression of the keys.
      Then also, the message having come full circle, an OR-NOT gate 246
      disables an AND gate 248 to quash the character select message. It will be
      observed also that a display command detected by the transceiver command
      decoder 242 similarly operates via the OR gate 244 to load the register
      230 with the data contents of the transceiver 240. Thus, the display 232
      is refreshed by display messages.
PAR  Turning now to the channel control module 300, it is the office of this
      module to extract appropriate messages circulating between the
      transceivers of the modules 100, 200 and 300 for transmission to head end
      equipment (such as television reception requests, response mode date, and
      the like) by loading such messages in a message register 352. It is the
      further function of the channel control module 300 to receive messages
      transmitted by the head end in an appropriate module 300 register; and at
      an appropriate time to load such messages into the transceiver 310 for
      circulation between the transceivers 310, 240 and 101.
PAR  Operation of the channel control module 300 proceeds under control of a
      command register 368 which receives messages transmitted from the head end
      via the subscriber terminal control unit 400 considered below. The
      incoming message loaded into the register 368 includes two portions, a
      register and operational mode identifying portion 370, and an equipment
      identifying portion 372. The equipment identifying message component in
      register 368 determines whether or not the message stored in the composite
      register 368 is for the composite equipment controlled by the structure of
      FIGS. 1, 2 and 3 -- it being clear that any subscriber location may
      include additional equipment items communicating with the head end via
      data loading and reading busses 382 and 380. Such other peripherals may
      comprise, for example, security equipment, consumption registers (gas or
      electric meters, or the like) for remote reading; printers, readers or the
      like.
PAR  A decoder 378 responds to the equipment identifying contents of the
      register 368 and, assuming that the decoder confirms that the message is
      indeed intended for the apparatus of FIGS. 1-3, provides an enabling
      signal for loading a decoder 376 with the information contained in the
      mode and register data portion 370 of the register 368. The output of the
      decoder 376 is an enabling one or more of a signal ensemble G.sub.1
      --G.sub.n which control the operational mode of plural registers contained
      in the channel control module 300. Assume first that in incoming digital
      word from the head end is a channel authorization message. The decoder 376
      will provide a high G.sub.3 output which supplies data clocking pulses to
      a channel authorization shift register 342 by enabling a gate 350. The
      channel authorization message would then pass into the enabled register
      342 from the head end, cable 500, and terminal control unit 400 down a
      load data bus 382 into the register 342. Sometime later, when the command
      decoder portion 314 of the transceiver 310 notes an empty train in the
      transceiver, a command decoder signal passes the channel authorization
      message from the register 342 through enabled gating 347 into the data
      portion of the transceiver 310. A translation matrix 338 also responds to
      the decoded empty train signal for loading the prescribed channel
      authorization operation code into the portion of the transceiver shift
      register therefor. The channel authorization message loaded into the
      transceiver 310 then simply circulates into the transceiver 240 and,
      therefrom, into the transceiver 101 for execution in the manner above
      described.
PAR  The message register 352 included in the channel control module 300 is
      employed to temporarily store outgoing (i.e., "response") messages
      generated by the subscriber at the keyboard 201 until the register is
      interrogated for reading and transmission to the head end. To this end, an
      AND gate 376 is partially enabled by a response mode decoded output from
      the command decoder 314 and enters the resulting following response
      message present at the output of the receiver 310 into the message
      receiver 310 via an OR gate 354, the requisite clocking for the shift
      register 352 during such loading being provided by an OR gate 361 and an
      enabled (G.sub.1) AND gate 360.
PAR  When the head end desires to interrogate the register 352, it issues a
      command which generates high G.sub.1 and G.sub.2 signals (at the output of
      decoder 376) which provide shift clocking for the message register 352
      (G.sub.1 enabling gate 360) as well as operatively actuating an output
      gate 358 for connecting the outgoing message to the read data bus 380. An
      additional AND gate 356 is actuated by the G.sub.2 control signal such
      that the data also recirculates and is reloaded into the message register
      352 by way of the gates 356 and 354. Accordingly, the transmitted message
      is again retained in the message register 352 after output reading. This
      makes the message available in case some error occurs during transmission.
      It is also observed that the register 352 may be directly loaded by the
      head end via the load data bus 382 and the OR gate 354 for testing
      purposes.
PAR  Then also, an OR gate 362 is employed to actuate an output AND gate 374 for
      output clocking of the command word contained in register 368 when any of
      the outputs G.sub.1 - G.sub.n is high, i.e., when any command was
      addressed to the channel control unit 300. This results in the
      retransmission of the received command word to the head end, providing
      verification that the message was received and accurately.
PAR  The channel control module 300 further includes a channel status register
      322 which contains information descriptive of the status of the composite
      subscriber terminal. In particular, a channel changing preserving digit
      326 of the status register 322 is set whenever the subscriber changes
      channels, i.e., activates his keyboard 201 to request a channel different
      from that which has been viewed before. This is done by setting a
      flip-flop 315 when a subscriber generated channel select message cycles
      through the transceiver 310, and setting a flag bit in the change register
      326 when the following display train is loaded in the transceiver 310 via
      a fully enabled AND gate 317. It is observed that the output of the gate
      317 also enables a gate 320 to pass the channel identifying data portion
      of the contents of the transceiver 310 into the data storing portion 324
      of the status register 322. It is also observed that an AND gate 316
      examines the transceiver 310 for the incidence of the "send" operation
      code in the register which signifies that a response mode message to be
      transmitted from the subscriber station to the head end has been
      completed. Upon noting the send character at a proper system time
      interval, the gate 316 sets a bit in a message ready stage 327 of the
      composite register 322.
PAR  Loaded registers 326 or 327 thus signify, in summary fashion, that the
      channel control module 300 contains information which should be
      communicated to the head end for action. Any one of the enabled flag bits
      will switch an OR gate 325 which is interrogatable by the head end issuing
      a command to open AND gate 330 by providing a G.sub.6 enabling signal in
      the manner above discussed.
PAR  Turning now to the terminal control unit 400 of FIG. 4, there is included
      supervisory apparatus for implementing the bilateral cable signaling, and
      for determining when the particular subscriber station including the FIG.
      4 apparatus is being addressed by a digital message on the cable 500
      (which, of course, is essentially simultaneously received at all
      subscriber locations). The digital message generated by the head end
      equipment modem 504 comprises a binary sequence of any prescribed format
      and modulation scheme well known to those skilled in the art. For purposes
      of concreteness, it is assumed here that the message pattern consists of
      digital word groups beginning with an address to identify a particular
      subscriber location which is to respond to the following message. The
      address format is taken to be a leading binary zero which follows a
      quiescent 1 rest position for the digital signaling path, a binary 1 in
      the second message bit position, 17 information address bits (capable of
      selecting one-of-2.sup.17 subscribers) and terminating in a binary 1 in
      the 20th bit position (a stop bit). The address word is then followed by a
      command word which signifies the mode of operation desired, possibly
      followed thereafter by one or more data words (propagating in either
      direction) dependent upon the particular mode of operation desired for the
      composite signaling system.
PAR  Examining first system processing for the initial or address word, that
      portion of the signal spectrum on the cable 500 bearing the modulated
      digital subcarrier is isolated and demodulated by a transmit-receive modem
      402. The modem 402, of course, is adapted to effect essentially the
      inverse of the modulation operations effected by the modem 504. Such
      signaling again may be of any modulation-demodulation format well known to
      those skilled in to the art, FSK being one preferable form.
PAR  The 20-bit address word in the output of the modem 402 will typically exist
      in nonreturn-to-zero form to reduce bandwidth, and thus must be strobed in
      a gate 404 to present at the output thereof a 20 bit binary word. To this
      end, the 1 -to- 0 voltage transition at the beginning of the incoming word
      is detected by a voltage transition detector (differentiator) 420 which
      sets a flip-flop 422. The set flip-flop 422 enables a strobe oscillator
      426 which generates a fixed number of strobe pulses for strobing the
      nonreturn-to-zero output of modem 402 about the center of the bit times,
      employing as an instrumentality the AND gate 404. A counter 421 counts the
      strobe pulses and resets the flip-flop 422 after the proper number of
      pulses have been generated. Further, a decoder 430 is connected to the
      counter 428 to provide output indications of particular bit times for
      control purposes as appears below.
PAR  By way of general overview, a shift register 406 is preset with the
      particular address of the terminal shown in FIG. 4, and this address
      clocked out in series to an Exclusive OR gate 418. The contents of the
      register are then compared with the incoming message present at the output
      of the gate 404. Thus, assuming that the address of the message
      transmitted by the head end corresponds to that initially contained in the
      shift register 406, there will be no output of the Exclusive OR gate 418
      during the entire addressing message. A flip-flop 436 is provisionally set
      at the beginning of each addressing message, but will be reset should any
      single bit of the address not be the same as that loaded into the shift
      register 406, i.e., if there is any output of the Exclusive OR gate 418
      which would then reset the flip-flop via an OR gate 438. The output of the
      flip-flop 436 is examined after the 20 bit address message ends, i.e., as
      during a pseudo 21st bit time, and assuming the Q flip-flop output to be a
      1, sets a command ready flip-flop 442 to signify that the following
      command is indeed intended for the particular terminal of FIG. 4.
PAR  The particular station address is determined by the pattern of 1's and 0's
      entered into the inputs to gates 408 by the pattern of opens and closures
      of switches 410, assuming current sinking (e.g., DTL, TTL or the like)
      logic gates 408 are used. This address pattern is loaded via preset inputs
      into the shift register 306 before the cable is to be examined for command
      messages by any appropriate system timing signal. It is observed also that
      the strobe signals generated by the strobe oscillator 426 serve as
      clocking signals for the shift register 406, these signals passing through
      a gate 412 when the FIG. 4 equipment is examining the cable 500 for an
      address (i.e., when the terminal is not in a data input/output mode).
PAR  By way of more detailed discussion of the above address decoding
      functioning, the flip-flop 436 is provisionally set at the beginning of a
      message by an AND gate 434 if, during the second bit time (as determined
      by the appropriate output of decoder 430) the requisite binary 1 is
      present in the incoming (addressing) binary word. Thus, the flip-flop will
      be set during the second bit position only if the requisite 1 is present
      at the output of the gate 404. Similarly, a gate 434 examines the incoming
      command word for the requisite 1 stop bit in the 20th position. If the
      20th bit is a zero, the AND gate 432 (with an inverting input terminal
      connected to the gate 404) is switched and resets the flip-flop via the
      gate 438. Similarly, the flip-flop 438 may be reset if other conditions
      are not met. Thus, for example, the command message at the output of the
      gate 404 may contain parity bit or bits and the flip-flop 436 reset via
      the gate 438 if parity does not verify.
PAR  Thus, if the head end transmitted address is not destined for the terminal
      control module 400 of FIG. 4, the command reception flip-flop 442 is not
      set at the conclusion of the addressing message, and the succeeding
      command and data words are disregarded. However, assuming that the address
      corresponds to that of the module 400 the flip-flop 442 is set. The CRF
      signal then present at the ouput of the flip-flop 442 enables gates 450
      and 482. The following word, corresponding to a command to be executed
      either by the modules of FIGS. 1-4, or some other peripheral attached to
      the data busses 382 or 380 must then respond in a mode specified by the
      following command message. This command message passes via the modem 402
      and gate 404 through the enabled gate 484 to the load data bus 382 for
      execution in accordance with its particular purport in the manner
      discussed above.
PAR  It is also observed that the command passes via the enabled gate 450 into a
      command register 452. The condition may obtain where the command
      identifies a plurality of data words to be forthccoming, and a particular
      field of the register 452 presets a down counter 456 with the number of
      such data fields. A decoder 464 connected to the command register 452
      characterizes the command as being one whereby data is to be transmitted
      from the subscriber station towards the head end (in which case the
      decoder 464 sets a data transmit flip-flop 465), or whereby data is to be
      received by the subscriber from the head end (in which case the decoder
      464 sets a receive-enabling flip-flop 467). Depending upon whether the
      terminal is operating in a data receiving or transmitting mode, one of the
      gates 484 or 486 will be conditioned by the output of a corresponding one
      of the flip-flops 465 or 467 to enable the appropriate one of the data
      busses 380 or 382. Also, the outputs of the flip-flops 465 and 467 pass
      through an OR NOT gate 480 to signal (DATA') when the system is not
      operating in a data mode for purposes of controlling the gate 412 above
      considered.
PAR  Data read from a register in one of the subscriber station channel control
      modules 300 via the read data bus 380 through the enabled terminal control
      modem AND gate 486 and an OR gate 416 flows to the modem 402 for
      modulation and transmission via the cable 500 to the head end modem 504.
      It is there demodulated, and passed to the central processor 502 for
      appropriate action, and/or passage to an input/output unit 507.
PAR  At the end of each data word received by the FIG. 4 terminal control module
      as signaled by system timing or an appropriate output of the decoder 430,
      the counter 456 is decremented by one. When its output reaches zero (as
      determined, for example, by a NOT AND gate 4380 signifying that all the
      data has been received or transmitted, the output of the gate 458 acts
      through OR gates 430 and 438 to reset the flip-flop 436 such that the
      composite equipment returns to its quiescent state examining the cable 500
      for its address.
PAR  The head end equipment has been considered above with respect to its
      salient data communication functions. To breifly reiterate, the head end
      equipment includes a central processor unit 502 which may embody any
      common stored program computer organization with an appropriate control
      program therein. The output words generated by the processor are coupled
      to the modem 504 for modulation and transmission on the cable, and
      incoming messages are demodulated by the modem 504 and supplied to the
      central processor 502. The processor generates appropriate output records
      via the input/output unit 507, for example, billing messages or billing
      accumulation messages responsive to premium program selections by system
      subscribers. The CPU 502 and input/output unit 507 operate upon incoming
      response data messages in any manner desired appropriate to the
      significance of such messages.
PAR  The digital messages issued and received by the modem 504 modulate carriers
      within the frequency spectrum capacity of the cable 500, at frequency
      allocations distinct from those occupied by video program. A video source
      506 supplies the plural commercial and premium video signals which
      propagate on the cable 500 at frequency allocations above discussed. The
      video source 506 may supply video already at its desired RF spectra to the
      cable 500 via a linear combination with the modulated digital information,
      or such radio frequency modulation may be one of the offices implemented
      by the modem 504 in which case the video source 506 may supply video at
      base band or intermediate frequency.
PAR  The above described arrangement has thus been shown to provide commercial
      and premium video programming on a subscriber demand basis with full
      accountability for each premium program viewed. The apparatus also
      provides for reverse transmission of information from subscriber locations
      to the head end for purposes which may be commercial or noncommercial, or
      which may or may not relate to video purposes.
PAR  The above described arrangement is merely illustrative of the principles of
      the present invention. Numerous modifications and adaptations thereof will
      become readily apparent to those skilled in the art without departing from
      the spirit and scope of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination, subscriber terminal means for selectively displaying one
      of plural video programs supplied thereto, each of the plural video
      programs occupying a differing, prescribed frequency allocation, a plural
      stage channel select shift register, means for loading a selected stage of
      said shift register with a predetermined binary character, for selecting a
      particular one of said plural video programs for viewing, a plural stage
      channel suthorization shift register, means for loading said channel
      authorization shift register to enable reception of selected of said
      plural video programs, plural coincidence logic means each connected to a
      differing, associated pair of the outputs of one of said channel select
      shift register stages and one of said channel authorization shift register
      stages, and video selection means responsive to the outputs of said
      coincidence logic means for selectively enabling reception of a particular
      one of the plural video programs wherein said subscriber terminal means
      includes channel selector, channel control, and subscriber control
      modules, each of said modules including a data transceiver, data bus
      interconnecting means for serially-loop connecting the transceivers in
      each of said channel control, subscriber control and channel selector
      modules, each of said modules including means for loading digital messages
      into the transceiver there contained and means for extracting messages
      therefrom, and means for serially propagating messages around the digital
      transmission loop comprising said module transceivers and
NUM  2.
PAR  2. A combination as in claim 1 wherein said video reception enabling means
      comprises a passive network having plural inputs connected to the outputs
      of said coincidence logic means, and a voltage controlled oscillator
      connected to the output of said passive network, said network including
      means for supplying differing control voltage to said voltage controlled
      oscillator dependent upon the input energization thereto from said
      coincidence logic means.
NUM  3.
PAR  3. A combination as in claim 2 wherein said video reception enabling means
      further comprises a mixer connected to the outuput of said voltage
      controlled oscillator, and a band pass filter connected to the output of
      said mixer.
NUM  4.
PAR  4. A combination as in claim 3 further comprising a standard television
      receiver connected to the output of said band pass filter.
NUM  5.
PAR  5. A combination as in claim 1 wherein said subscriber control module
      includes means for entering into said module transceiver a channel select
      message comprising a channel selection operation code and a data field
      identifying the channel selected.
NUM  6.
PAR  6. A combination as in claim 5 wherein said channel selector module further
      comprises a register, a command decoder connected to said channel selector
      transceiver, said command decoder including means responsive to said
      channel select operation code residing in said transceiver for loading
      said register with said channel identifying data field, and means for
      loading said channel select shift register dependent upon the contents of
      said register.
NUM  7.
PAR  7. A combination as in claim 5 wherein said channel select shift register
      loading means comprises a pulse source, a binary counter cycled by said
      pulse source, a digital comparator for comparing the contents of said
      counter and said register, and combinatorial logic means for supplying a
      binary output signal of said predetermined binary value to said channel
      select shift register when said comparator signals match between the
      contents of said register and said counter.
NUM  8.
PAR  8. A combination as in claim 7 wherein said combinatorial logic means
      further comprises means for selectively recirculating data in said channel
      select shift register.
NUM  9.
PAR  9. A combination as in claim 1 wherein each of said channel selector,
      channel control and subscriber control modules further comprises means for
      inhibiting recirculation of a message previously generated by that module,
      said recirculation inhibiting means including command decoding means
      connected to said module transceiver.
NUM  10.
PAR  10. A combination as in claim 1 wherein said subscriber control module
      comprises manually operable command and data entering means, subscriber
      register and decoding means loaded responsive to each actuation of said
      subscriber command and data entering means, gating means for selectively
      connecting said subscriber register and said subscriber control
      transceiver, and sequential logic means for selectively actuating said
      gating means responsive to the output of said subscriber register and
      decoding means.
NUM  11.
PAR  11. A combination as in claim 10 wherein said subscriber control and data
      entering means comprises keyboard means including a control key field and
      a data key field.
NUM  12.
PAR  12. A combination as in claim 10 wherein said subscriber control module
      comprises display means for displaying the video channel selected for
      viewing, display register means for controlling said display means, and
      means for selectively loading said display register means with the
      contents of said subscriber control module transceiver.
NUM  13.
PAR  13. A combination as in claim 12 wherein one of said terminal modules
      includes means for loading the transceiver there located with a display
      train message operation code, and wherein said subscriber control module
      includes means responsive to said display train operation code residing in
      said subscriber control module tranceiver for loading said display
      register with contents of said transceiver.
NUM  14.
PAR  14. A combination as in claim 1 wherein one of said terminal modules
      includes means for loading the associated transceiver with an empty train
      message operation code, and wherein said terminal modules include command
      decoding means responsive to said empty train operation code message
      residing in the module transceiver for enabling message loading into said
      transceiver.
NUM  15.
PAR  15. A combination as in claim 1 wherein said channel control modules
      includes a channel authorization register selectively loaded with a
      channel authorization message comprising a channel authorization operation
      code, a channel identification number and an authorization characterizing
      field, means for selectively loading said transceiver of said channel
      control module with the channel authorization message contained in said
      channel authorization register, and means included in said channel
      selector module for selectively loading a particular stage of said channel
      authorization shift register in accordance with said channel authorization
      message after said message has translated to said transceiver in said
      channel selector module.
NUM  16.
PAR  16. A combination as in claim 15 wherein said channel authorization shift
      register loading means and said channel select shift register loading
      means comprises a register, command decoding means responsive to
      particular operation codes in said channel selector module transceiver for
      loading said register with a channel identification field stored in said
      transceiver, a counter, pulse source means for cycling said counter, a
      digital comparator having inputs connected to each of said register and
      said counter, and first and second logic means for respectively loading
      said channel select shift register and said channel authorization shift
      register depending upon the output of said comparator.
NUM  17.
PAR  17. A combination as in claim 16 wherein said channel selector module
      register further comprises means for storing the authorization
      characterizing field of said channel authorization message, and wherein
      said second logic means further comprises means responsive to said stored
      authorization field for selectively energizing said channel authorization
      shift register.
NUM  18.
PAR  18. A combination as in claim 17 wherein each of said first and second
      logic means further comprises means for recirculating the data contained
      in said associated shift register.
NUM  19.
PAR  19. A combination as in claim 1 wherein said subscriber control module
      comprises means for entering into said transceiver there contained a
      response mode outgoing message comprising a response mode signaling
      operation code and a data field, wherein said channel control module
      further comprises a message register, and further comprising means
      responsive to a response mode message in said channel control module
      transceiver for loading said message register from said channel control
      module transceiver.
NUM  20.
PAR  20. A combination as in claim 19 wherein said channel control module
      further comprises a channel status register, said status register
      including plural, independently presettable stages for selectively
      signaling when said subscriber terminal means requires servicing,
      disjunctive logic means having plural inputs connected to the outputs of
      said presettable status register stages, and means responsive to the
      contents of said channel control module transceiver for selectively
      presetting said presettable channel status register stages.
NUM  21.
PAR  21. A combination as in claim 1 wherein said channel control module
      includes a command register and plural additional register, and decoder
      means connectecd to said command register for selectively enabling said
      other channel control registers.
NUM  22.
PAR  22. A combination as in claim 1 wherein said subscriber terminal means
      further comprises terminal control means comprising modem means for
      providing bilateral digital signaling, means for selectively coupling
      digital words received by said modem to said channel control module, and
      address decoding means responsive to an incoming digital address supplied
      by said modem means for selectively enabling said selective coupling
      means.
NUM  23.
PAR  23. A combination as in claim 22 wherein said address decoding means
      comprises an address shift register, means for presetting said address
      shift register with a particular terminal address, means for shifting said
      address out of said shift register in time coincidence with an incoming
      address message and Exclusive OR logic means having inputs connected to
      the output of said address shift register and said modem means.
NUM  24.
PAR  24. A combination as in claim 23 wherein said address decoding means
      further comprises a flip-flop, means for presetting said flip-flop at the
      beginning of an address message, and means for resetting said flip-flop,
      said resetting means having an input connected ot the output of said
      Exclusive OR logic means.
NUM  25.
PAR  25. A combination as in claim 24 wherein an addressing message has
      prescribed digit values at prescribed time slots therein, said address
      decoding means further comprising coincidence means enabled during said
      predetermined time slot periods for resetting said flip-flop if the proper
      message character is not then present.
NUM  26.
PAR  26. A combination as in claim 22 wherein said terminal control means
      further comprises a command register and means responsive to said terminal
      control means having determined a proper address for enabling data flow
      between the output of said modem means and said command register.
NUM  27.
PAR  27. A combination as in claim 26 further comprising data mode decoder means
      connected to said command register, transmit and receive mode flip-flops
      selectively set by the outputs of said data mode decoder means, and data
      receiving and transmitting gate means respectively enabled by the output
      states of said transmit and receive mode flip-flops.
NUM  28.
PAR  28. A combination as in claim 1 further comprising cable means connected to
      said terminal means, head end means connected to said cable, said head end
      comprising a stored program central processor, input-output means
      connected to said processor, a modem connecting said processor with said
      cable, and head end means for supplying plural video programs to said
      cable.
NUM  29.
PAR  29. In combination in a two-way CATV system, a cable, head end mens
      connected to the cable for supplying thereto plural video programs and
      serial data, at least one subscriber terminal connected to said cable,
      said subscriber terminal including modem means for bilateral digital
      signaling with said head end via said cable, plural transceivers, means
      for circulating messages between said transceivers, first register means
      for storing digital messages transmitted to said subscriber terminal from
      said head end, gating means for loading a selected one of said
      transceivers from said first register means, seecond register means for
      receiving information from one of said transceivers distinct from said
      transceiver selectively loaded by said first register means, subscriber
      channel request means for entering a requested video program channel, and
      video program converter means responsive to a subscriber requested channel
      and to a message transmitted by said head end for operatively enabling
      reception of the requested program.
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ABST
PAL  A record player for disk-shaped video records, provided with an automatic
      record centering device which includes an adjusting mechanism.
PAL  The drive means of the adjusting mechanism includes at least two movable
      transmission elements which act in mutually different directions, each
      transmission element being movably connected to the frame, engaging with
      the turntable under pretension and cooperating with a drive means, at
      least one resilient element being disposed between the drive means and the
      transmission element.
BSUM
PAR  The invention relates to an apparatus for reading a disk-shaped record
      carrier to be placed on a turntable, on which carrier signals are stored
      in substantially circular tracks. The apparatus is provided with a
      centering device, which includes a control mechanism, so that the
      turntable is radially movable relative to a frame which is disposed on a
      rotary shaft. At least one electromagnetic drive means for controlling the
      adjusting mechanism, and an electrical measuring system for measuring the
      eccentricity of the said tracks and supplying a control signal to the
      drive means are also provided.
PAR  Such an apparatus is known from U.S. Pat. No. 2,863,668. The apparatus
      described in this patent is a record player for gramophone records, which
      are provided with sound signals stored in a spiral groove. With the aid of
      a pick-up head which takes the form of a groove scanner, the signals are
      picked up and can be reproduced by loudspeakers via an amplifier. Owing to
      an eccentric location of the groove relative to the axis of rotation --
      for example as a result of the pressing operation of the gramophone record
      -- the circumferential speed of the record will vary at the location of
      the groove scanner. This results in a variation of the pitch of the
      reproduced sound signals.
PAR  Such an effect also occurs with record player provided with so-called video
      records. These are disk-shaped record carriers, in which video signals are
      stored, usually in a spiral structure.
PAR  Such a record player is known from German Pat. No. 1,574,489 and 2,025,032.
      These prior art video records are provided with a spiral groove, whose
      bottom is covered with a structure of ridges. The structure is scanned by
      a groove scanner. It is necessary that said record player has a high speed
      of rotation -- in this case 1500 rpm. In order to ensure a correct
      reproduction of the stored signals, it is essential to maintain the
      circumferential speed of the video record at the location of the groove
      scanner constant with a high accuracy.
PAR  The circumferential speed varies as a result of the eccentricity of the
      groove to be tracked by the groove scanner. The application of the
      centering device according to U.S. Pat. No. 2,863,668 in this record
      player for correcting this variation is not suitable. This is because the
      drive means are provided with broad actuating cams, which would then
      engage with the relevant drive wheels with very great force. Furthermore,
      it has appeared that the adjusting mechanism does not provide adequate
      fine control to attain the required high accuracy of the order of 5
      microns.
PAR  A record player for video disks, which employs an optical scanning system
      is known from German Pat. No. Application 2,320,477, which has been laid
      open for public inspection.
PAR  In this player the track to be followed contains audio and/or video signals
      and is optically scanned in a radial direction via a tilting mirror. The
      speed is then also 1500 rpm. In practice it appears that the mirror can
      only function correctly in conjunction with a separate centering device.
PAR  It is an object of the invention to mitigate these problems, and the
      invention is therefore characterized in that the adjusting mechanism
      comprises at least two movable transmission elements which act in mutually
      different directions, each transmission element of which is movably
      connected to the frame, engages with the turntable under pre-tension, and
      cooperates with a drive means. At least one resilient element is disposed
      between the drive means and the transmission element, with the aid of
      which resilient element a transmission element is movable.
PAR  This yields the advantage that owing to the resilient element the actuation
      forces are substantially reduced and the actuation time is extended.
PAR  The transmission element may take different forms.
PAR  One of them is the embodiment as a lever, which is preferably substantially
      L-shaped, and whose short leg engages with a cam of the turntable.
PAR  In a satisfactorily performing embodiment of the invention the lever is
      journalled horizontally, the outer circumference between the legs of the
      L-shape being rounded with a continuously varying radius of curvature.
      This part rests against a centrally disposed cam of the turntable, while
      the end of the long leg of the L-shape engages with a lead screw in the
      frame. Outside the frame a drive wheel is provided, which co-operates with
      the drive means which are disposed on a stationary chassis underneath the
      frame. It is then advisable to give the central cam a rectangular
      cross-section. A helical spring pressing against each side opposite a
      lever is enclosed in a recess of the frame.
PAR  The above devices operate very satisfactorily with an electromagnetic drive
      means, which consists of an electromagnet with an armature, of which at
      least one projecting part takes the form of a spring.
PAR  The armature should preferably take the form of a fork with two prongs. The
      prongs relative to the drive wheel are disposed diametrically opposed and
      parallel to the lead screw.
PAR  For a smooth engagement of a resilient tooth with the drive wheel the
      latter is provided with a rubber rim. Despite the high speed with which a
      resilient tooth engages with the drive wheel, said tooth "sticks"
      sufficiently long to said wheel to push it slightly, so that it is
      slightly rotated.
PAR  Instead of the lever form, the transmission element may take the form of a
      preferably thin disk, which in a comparatively simple manner can be
      disposed parallel to and between turntable and frame. Thus, a very compact
      assembly can be obtained, because in practice the disks need only have a
      small thickness. The disks may take the form of cam disks, the radius
      between the center of rotation and the outer circumference varying
      continuously.
PAR  In another embodiment each disk is at least partly circular and is provided
      wiht an eccentrically disposed slot, a pin provided underneath the
      turntable engaging all slots, which have mutually different directions. A
      possibility is that each disk takes the form of a segment of a circle and
      is eccentrically pivoted to the frame, while alternatively it is also
      possible to make each disk entirely circular and pivot it centrally to the
      frame.
PAR  In the above-mentioned disk constructions an eccentric displacement of the
      pin or stop cam which engages with the disks, i.e. of the turntable
      itself, is obtained upon rotation of the disks.
PAR  Another embodiment of the transmission element is a wedge, of which a long
      side rests against a pin of the turntable and whose other long side is
      movable along a guide.
PAR  The wedge can be made of a sheet material and provided with a rounded
      protrusion, which cooperates with the drive means.
PAR  Both for the wedge form and all above-stated disk constructions at least
      one bent leaf spring may be used as a resilient element. The lead spring
      is rigidly connected to the frame by one end and its other end is located
      at short distance from the outer circumference of the disk. The drive
      means is essentially provided with a rigid pin, whose location during
      driving is such that it presses against the bent spring and pushes the
      free end against the outer circumference of the disk.
PAR  Owing to the flexibility of the leaf spring the drive time is substantially
      increased. During this time the spring is depressed continually further.
      The free end engages the outer circumference of the disk to be driven and
      remains in this position as long as the pin is in contact with the spring.
      The spring then extends, the free end is moved and takes along the disk
      over a small distance. As soon as the pin and spring are disengaged, the
      spring assumes its rest position, i.e. the free end is clear of the outer
      circumference.
PAR  It is desirable to move the disk also in the opposite direction in the
      manner described above. For this, two of the leaf spring constructions are
      disposed in opposite directions.
PAR  The displacement of the disks is further improved by giving the outer
      circumference a roughened or elastic surface.
PAR  In all embodiments of the adjusting mechanism it is especially favorable
      that the turntable is safeguarded against a rotation relative to the frame
      and is movable via at least two guides, one satisfactorily performing
      modification being characterized in that between the frame and turntable
      and parallel to the turntable a guide ring is disposed which is provided
      with radial perforations, which are interference fits with pins of which
      one facing pair is rigidly connected to the frame and another facing pair
      is rigidly connected to the turntable, both pairs being disposed
      perpendicular to each other. Most important in this respect is that the
      turntable is safeguarded against rotation.
PAR  The device is especially suited for record carriers provided with a
      tangentially extending trackwise arranged structure, in which optically
      coded audio and/or video information is stored. The apparatus comprises an
      optical read unit with a radiation source and a read detection system
      which forms part of the measuring system. The radiation source emits a
      radiation beam, which is projected on the structure to be tracked as a
      read spot of radiation.
PAR  The measuring system used in this apparatus is characterized in that the
      read detection system consists of a first and a second detector, on which
      a first and a second pattern of radiation spots is imaged respectively.
      The detectors supply control signals, which as a result of a deviating
      radial position of the second pattern of radiation spots relative to that
      of the first pattern of radiation spots have a mutual phase shift of at
      least approximately a quarter period. Following this phase shift one of
      the control signals after having passed through a differentiation circuit
      is multiplied by another control signal, anad subsequently the product
      signal is fed to a gate circuit with several outputs. The input of the
      gate circuit also recieves trigger pulses, corresponding to certain
      positions of the turntable. Each output of the gate circuit is connected
      to a drive means. The gate circuit selects between the drive means to be
      controlled in accordance with the polarity of the product signal.
PAR  Preferably, each control signal is converted into a squarewave voltage by
      an amplifier with a feedback circuit provided with a Zener diode.
PAR  Furthermore, it is favorable that the product signal is passed through a
      filter amplifier, which removes disturbing pulses from the squarewave
      product signal.
PAR  The trigger pulse is obtained from a trigger circuit which comprises a
      light-sensitive electrical element, which is disposed opposite the
      turntable and which co-operates with two reflectors. The reflectors are
      attached to the turntable at an angle of 90.degree. relative to each
      other. The light-sensitive element of each detector is preferably disposed
      opposite the rim of the turntable.
PAR  A phototransistor may be used as a light sensitive element, while a black
      vane may be employed as a reflector. During rotation of the turntable the
      vane interrupts the radiation beam which originates from an incandescent
      lamp disposed underneath the turntable. The radiation beam is reflected
      onto the turntable and subsequently projected onto the phototransistor.
DRWD
PAR  The invention will be described in more detail with reference to the
      drawing.
PAR  The drawing includes the following figures, in which:
PAR  FIG. 1 represents a device according to the invention with a lever
      mechanism in perspective:
PAR  FIG. 2 shows the device of FIG. 1 in axial cross-section:
PAR  FIG. 3 shows the device of FIG. 1 in radial cross-section:
PAR  FIG. 4 shows the device of FIG. 1 in schematic form:
PAR  FIG. 5 schematically shows two horizontally operating levers:
PAR  FIG. 6 schematically shows two cam disks:
PAR  FIG. 7 is an axial cross-section of a modification with circular
      transmission elements:
PAR  FIG. 8 is a radial cross-section of the device of FIG. 7:
PAR  FIGS. 9a through c schematically represent various situations of the
      resilient element:
PAR  FIG. 10 schematically shows two circular segmental disks:
PAR  FIG. 11 schematically shows two segments as a transmission element:
PAR  FIG. 12 represents an electronic circuit of the measuring system for the
      centering device according to the invention.
DETD
PAR  FIGS. 1 through 4 show an apparatus for reading disk-shaped record
      carriers. The apparatus -- generally called turntable -- is used with
      record carriers in the form of video disks.
PAR  The record player is provided with a centering device which consists of an
      ajusting mechanism 1, two electromagnetic drive means 2 and an electrical
      measuring system, which is not shown in FIGS. 1 and 2, but which will be
      described hereinafter with reference to FIG. 12.
PAR  The drive means 2 are disposed at a mutual angle of 90.degree. on a
      schematically shown chassis 3. The drive shaft 5 extends through the hole
      4 in the chassis 3, and is connected to a drive motor, not shown, which is
      located underneath chassis 3.
PAR  The frame 6 is secured to the drive shaft 5. The frame 6 is cylindrical and
      carries the turntable 7. The turntable is radially movable relative to the
      frame in two mutually perpendicular directions. For this purpose turntable
      7 is provided with a cam 8 at its underside, whose cross-section is
      rectangular. The cam cooperates with two transmission elements, which take
      the form of levers. For clarity only one lever is shown in the Figures.
      The lever 9 is L-shaped and rests against a first side 11 of cam 8 with
      the short leg 10. The lever 9 has its pivot 12 at the end of the short leg
      10. The pivot is rigidly connected to the frame 6. The long leg 13 of the
      lever 9 rests against a spherical end 14 of a lead screw 15, which is
      vertically disposed in frame 6 and underneath the lever 9.
PAR  Opposite the lever 9 a helical spring 16 presses against a flat side 17 of
      cam 8. The helical spring 16 is enclosed in space 18 of the frame 6.
PAR  Outside the frame 6 the lead screw 15 terminates in a drive wheel 19
      provided with a rubber rim 20. Each drive means 2 consists of an
      electromagnet 21 with an armature 22, which operates horizontally in the
      radial direction.
PAR  The armature 22 protrudes from the electromagnet 21 and at the protruding
      part it is provided with a fork 23 with resilient prongs 24. The spacing
      between the prongs is such that the drive wheel 19, which rotates along
      with the frame b, can just move between the prongs. The prongs are then
      diametrically opposed relative to each other and also parallel to the lead
      screw 15.
PAR  Between frame 6 and turntable 7 a guide ring 25 is disposed parallel to
      both. To accommodate the ring the frame is recessed. The guide ring 25
      connects turntable 7 to frame 6 by means of pins 26 and 27 respectively,
      which are interference fits in radial horizontally disposed bores 28 and
      29 respectively.
PAR  The perforations 28 and 29 are disposed parallel to turntable 7 in mutually
      perpendicular directions. The pins 26 are rigidly connected to the rim 30
      of frame 6 and pins 27 are rigidly connected to the central part 31 of
      turntable 7.
PAR  The turntable 7 is furthermore provided with a central cam 32 for receiving
      the record carrier - in this case video disks - , which for this purpose
      are provided with a central hole.
PAR  Centering of the turntable, i.e. of the video disk, will be described with
      reference to the schematic FIG. 4:
PAR  The track which is provided on the video disk consists of a spiral
      structure, in which a video signal may be stored in optical form, which
      after processing is suitable to be reproduced via a television receiver,
      as is for example described in U.S. Pat. No. 3,381,086. For this, an
      optical read unit is used which by means of a prism or tilting mirror
      follows the spiral structure.
PAR  Owing to the mass production of the video disks it cannot be avoided that
      said disks after leaving the press exhibit out-of-roundness or an
      imperfectly centered pivot. As a result, the path of the spiral structure
      exhibits eccentric deviations, which result in time base errors in the
      detected video signal.
PAR  From the measuring system, which is to be described hereinafter with
      reference to FIG. 12, control signals are derived which control the drive
      means 2. The frame 7 with the turntable 6 rotates at a speed of 1500 rpm.
      Immediately after placing the video disk on the turntable 6 the read unit
      is located above the edge of said turntable. The turntable is subsequently
      started. During starting the measuring system receives control signals
      from the read unit, which are transferred to the drive means 2. In the
      rest position of the drive means 2 each drive wheel 19 revolves between
      the prongs 24 of armature 19 of each drive means 2. Upon receipt of a
      control signal, i.e. if an eccentricity is detected by the read unit, one
      of the resilient prongs 24 comes into contact with the rubber rim 20 of
      the drive wheel 19. The wheel is subject to a slight rotation relative to
      the frame. The rotation is limited to a few degrees of arc and the angular
      speed is minimized owing to the resilient prong 24 and the rubber rim 20,
      because so-called "sticking" occurs between the two elements.
PAR  Owing to the rotation of the drive wheel 19, the leadscrew 15 effects a
      straight-line movement in the frame 6, i.e. the spherical head 14 slightly
      moves the long leg 13 of the lever 9 in a vertical direction. As a result,
      the short leg 10 slides along the flat side 17 of cam 8 of turntable 6.
      This sliding movement is continuous because the short leg 10 is provided
      with a continuous rounding. The turntable 6 is consequently moved radially
      in the axial plane by lever 9.
PAR  A displacement in a direction at an angle of 90.degree. is also possible.
      This happens when the second drive means becomes operative and in an
      identical manner actuates the second lever, not shown, with lead screw and
      drive wheel.
PAR  During starting - in practice within three seconds - the eccentricity is
      constantly measured and corrected. After starting, the eccentricity, which
      is of the order of magnitude of 100 .mu.m is reduced to a few .mu.m. Once
      this slight eccentricity is attained the drive means are disabled.
PAR  FIG. 5 schematically shows two flat levers 40 and 41 respectively as
      transmission elements.
PAR  The levers are L-shaped and disposed in mirror image relative to each other
      and parallel to the turntable, not shown. They have a common rotary shaft
      42.
PAR  The L-form consists of a short leg 43 and 45 respectively and a long leg 44
      and 46 respectively. A cam 47 of the turntable, not shown, engages between
      the short legs 43 and 45. The rotary shaft 42 forms part of the frame
      which is not shown. The cam 47 is connected to the frame by a pressure
      spring 48; consequently, it presses against the short legs 43 and 45 under
      pre-tension. By rotating the lever 40 to the right, the short leg 43
      pushes cam 47 to the right, which cam slides along the short leg 45.
      However, if lever 41 is turned to the left, the short leg 45 pushes the
      cam 47 (in accordance with the drawing) upwards and along the short leg
      43. In this way the turntable can be moved in a radial direction.
PAR  In FIG. 6 the transmission elements consist of so-called cam disks, which
      are disks of which the radius of each point of the circumference varies
      continuously in the form of a section of a spiral, and at the points where
      this variation is discontinuous the disk has a cam.
PAR  Two cam disks 50 and 51 are disposed on a common rotary shaft 52 in mirror
      image. A cam 53 of the turntable, not shown, presses against the two disks
      under pre-tension by means of a pressure spring 54. Upon rotation of the
      cam disks the cam 53 and thus the turntable is radially moved.
PAR  FIGS. 8 and 9 show a record player with two circular disks with
      eccentrically disposed slots as transmission elements. The frame 6 is
      secured to the rotary shaft 5. The frame 6 is provided with a central
      shaft 60, onto which two circular disks 61 and 62 are mounted
      concentrically and loosely rotatable. The disks 61 and 62 have the same
      diameter and are both provided with an eccentrically disposed slotted hole
      63 and 64 respectively. Through said holes a pin 65 extends, which is
      secured to the underside of the turntable 7. The end of pin 65 is attached
      to the frame 6 by a helical spring 66 iin a radial direction. The frame 6
      is cylindrical and provided with a rim 67, which surrounds the disks 61
      and 62 and serves as a rest for turntable 7.
PAR  The rim 67 has two horizontal recesses 68 and 69, each provided with a
      curved leaf spring. Recess 68 contains a leaf spring 70 whose left end 71
      is attached to the inside of rim 67 and the beginning of recess 68. The
      other end 72 is bent over and in the rest position it extends beyond the
      end 63 of recess 68 at the inside of the rim 67, in such a way that said
      end is clear of the rim 67. The central part 74 projects from recess 68.
      In recess 69 a similar spring is disposed but in mirror image.
PAR  On the chassis 3 two drive means 2 are disposed (at an angle of
      90.degree.), one of which is shown in FIGS. 7 and 8. The schematically
      shown drive means 2 takes the same form as that of FIG. 1, but in this
      case it is disposed vertically. The armature is a hard-steel pin 75, which
      cooperates with the leaf springs 70. The arrangement of the drive means 2
      is such that upon rotation of the frame 6 and turntable 7 the central part
      74 of leaf spring 70 comes into contact with pin 75 when the drive means 2
      is energized.
PAR  Armature 75 is then raised and contacts the central part 74 of leaf spring
      70.
PAR  FIGS. 9a through 9c consecutively show the various situations.
PAR  The frame 6 with the disks 61 and 62 rotates in the direction of arrow A.
      The disk 61 is provided with a roughened rim 76, which cooperates with the
      end 72 of leaf spring 70.
PAR  FIG. 9a shows the situation before the pin 75 comes into contact with the
      leaf spring.
PAR  In FIG. 9b pin 75 contacts the central part 74. The leaf spring is
      straigtened and its end 72 pressed against the roughened rim 76 of disk
      61. As a result, the disk is slightly rotated -- a few degrees of arc --
      relative to the frame 6.
PAR  FIG. 9c shows that as soon as the contact between pin 75 and the central
      part 74 is discontinued, the spring assumes its previous position and the
      end 72 is positioned against the rim 73.
PAR  The disk 61 has now been rotated slightly, so that the slotted hole 63 is
      also turned around the central shaft 60. As a result, pin 65 is slightly
      moved in a horizontal direction (in accordance with FIG. 8).
PAR  The disk 61 drives the second leaf spring in recess 69 which is disposed in
      mirror image in a similar manner but in an opposite direction.
PAR  In a similar way disk 62 is driven and pin 65 with turntable 7 is each time
      subjected to small displacements in two mutually perpendicular directions.
PAR  In FIG. 10 the transmission elements consist of disks in the form of a
      segment of a circle.
PAR  Two disks 80 and 81 are provided with rotary shafts 81 and 83 respectively.
      The disks are identical and disposed in mirror image. The disks are
      provided with eccentric slotted holes 84 and 85 respectively in which pin
      86 engages. Pin 86 is disposed at the underside of a turntable, not shown,
      and is attached to the frame, not shown, by a helical spring 87.
PAR  The displacement of pin 86, and thus the turntable, is effected in the same
      way as in the embodiment of FIGS. 7 and 8.
PAR  FIG. 11 schematically represents the possibility of using two wedges as
      transmission elements. Said wedges 90 and 91 respectively are made of
      sheet material and are disposed in mutually perpendicular directions.
PAR  The wedges 90 and 91 are provided with guides 92 and 93 respectively and
      are attached to the frame by helical springs 94 and 95 respectively. The
      arrows denote the directions of movement.
PAR  Between the wedges, i.e. against the oblique sides 96 and 97 respectively
      the pin 98 rests, which is attached to the turntable.
PAR  The pre-tension provided by helical springs 94 and 95, moves the pin 98 and
      thus the turntable upon displacement of the wedges.
PAR  The measuring system of FIG. 12 is particularly suited for controlling
      drive means for one of the record players according to the invention as
      described hereinbefore. Said record player includes an optical scanning
      device as is described in Netherlands patent application No. 73,15,419. A
      tilting mirror directs the radiation beam, which is emitted by a radiation
      source and is projected onto the information track of the disk-shaped
      record carrier.
PAR  FIG. 12 schematically and substantially enlarged represents the information
      track as parallel disposed tracks 100, whose mutual spacing is 2 .mu.m and
      whose width is 0.8 .mu.m. The read unit, not shown, follows said track
      with the aid of a read spot of radiation. The read spot of radiation
      consists of a first pattern of radiation dot 101 and a second pattern of
      radiation dots 102, which are imaged onto a first detector 103 -- main
      detector -- and a second detector 104 -- two auxiliary detectors --. The
      lastmentioned detectors are disposed at either side of the main detector
      103. The position of the detectors is such that the detectors supply
      control signals which have a mutual phase shift of approximately a quarter
      period. This is a result of the deviating radial position of the second
      pattern of radiation spots relative to that of the first pattern of
      radiation spots.
PAR  The signal from the first detector 103 is fed to amplifier 105 which is
      provided with a feedback circuit with a Zener diode 106 and an integration
      network which consists of a series connection of the resistor 107 and
      capacitor 108.
PAR  The amplifier operates as a differentiator and supplies a square-wave
      voltage. The positive value of this voltage corresponds to the positive
      sign of the differentiated input signal, while for a negative sign the
      value of the output voltage is substantially zero.
PAR  Subsequently, the squarewave voltage is fed to a logic multiplier circuit
      109. The a.c. signals from the second detector 104, which consists of two
      auxiliary detectors, is fed to the differential amplifier 110.
      Subsequently the difference signal is fed without a d.c. component to an
      amplifier 111 which includes a feedback circuit with a Zener diode 112 and
      is then applied to the multiplier circuit 109 as a squarewave voltage. In
      said circuit the differentiated squarewave signal from the first detector
      and the squarewave signal from the second detector are logically
      multiplied; subsequently, the product signal is fed to an input 114 of a
      bistable multivibrator 115 via an amplifier 113. The amplifier 113 is
      provided with a filter circuit 116, which serves for removing disturbing
      noise frequencies.
PAR  A trigger circuit 120 supplies a pulse-shaped signal to the other input 117
      of the multivibrator 115. The trigger circuit 120 is provided with a
      phototransistor 118, which cooperates with a luminescence diode 119 whose
      radiation beam is influenced intermittently. This is achieved by mounting
      the diode 119 and the phototransistor 118 below the rim of the turntable
      or frame (not shown in the Figures) and by providing the rim of the
      turntable with two reflectors, which are disposed at an angle of
      90.degree. and which interrupt or influence the beam of radiation during
      rotation of the turntable.
PAR  The multivibrator 115 has two outputs 121 and 122, which each via an
      amplifier 123 and 124 respectively are connected to a schematically shown
      electromagnet 125 and 126 respectively of the drive means 2.
PAR  Which drive means is to be controlled is determined for each position of
      the turntable depending on the sign of the product signal.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for reading a disk-shaped record carrier to be placed on a
      turntable, on which record carrier signals are stored in substantially
      circular tracks, which apparatus comprises a driven rotary shaft, a frame
      disposed on said rotary shaft, an electrical measuring system means for
      measuring the eccentricity of the tracks and for supplying a control
      signal corresponding to said eccentricity, at least two movable
      transmission elements which are drivable in mutually different directions,
      each transmission being movably connected to the frame, an electromagnetic
      drive means connected to each transmission element and to said electrical
      measuring system means for actuating said transmission elements in
      response to said control signals, first resilient means for biasing said
      transmission elements against said turntable, and at least one additional
      resilient element being disposed between the drive means and the
      transmission element, said resilient element coupling the motion of said
      electromagnetic drive means to said transmission element.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, further comprising a pin projecting
      from said turntable, wherein each transmission element takes the form of
      an asymetrical wedge, of which a long side engages with said pin of the
      turntable, the other long side of said wedge being movable along a guide.
NUM  3.
PAR  3. An apparatus as claimed in claim 1, destined for record carriers
      provided with a tangential trackwise arranged structure, in which audio
      and/or video information is stored in optically coded form, said apparatus
      comprising a radiation source, a read detection system which forms part of
      the electrical measuring system means, said radiation source emitting a
      beam of radiation which is projected onto the record carrier as a read
      spot radiation, said read detection system comprising a first and a second
      detector, means for imaging a first and a second pattern of radiation
      spots onto said first and second detectors respectively, said detectors
      providing said control signals, which as a result of a deviating radial
      position of the second pattern radiation spots relative to that of the
      first pattern of radiation spots have a mutual phase shift of
      approximately a quarter period, a differentiation circuit connected to one
      of said detector means for multiplying the output of the differentiation
      circuit by the output of the other detector, a gate circuit connected to
      the output of said multiplying means, said gate circuit having several
      outputs and having an input connected to receive a trigger pulse signal,
      said trigger pulses corresponding to certain positions of the turntable,
      each output of said gate circuit being connected to a separate drive
      means, said drive means comprising at least two driving elements oriented
      in different directions, said gate circuit in accordance with the polarity
      of the product signal selects the drive means to be controlled.
NUM  4.
PAR  4. An apparatus as claimed in claim 3 further comprising means for
      converting each control signal into a squarewave voltage, said converting
      means comprising an amplifier, and a feedback circuit provided with a
      Zener diode.
NUM  5.
PAR  5. An apparatus as claimed in claim 4, wherein the product signal output of
      said multiplying means is passed through a filter amplifier, which removes
      interference pulses from the squarewave product signal.
NUM  6.
PAR  6. An apparatus as claimed in claim 3, further comprising a trigger circuit
      for providing said trigger pulse, said trigger circuit including a
      light-sensitive electrical element which is disposed opposite the
      turntable and two reflectors, which are attached to the turntable and make
      an angle of 90.degree. with each other cooperating with said
      light-sensitive electrical element.
NUM  7.
PAR  7. An apparatus as claimed in claim 6, wherein the light-sensitive element
      is disposed opposite the rim of a turntable.
NUM  8.
PAR  8. An apparatus as claimed in claim 1, wherein each transmission element
      comprises a lever.
NUM  9.
PAR  9. An apparatus as claimed in claim 8, wherein said turntable is provided
      with a cam, and wherein said lever is substantially L-shaped, the short
      leg of the L-member engaging with a cam of the turntable.
NUM  10.
PAR  10. An apparatus as claimed in claim 9, further comprising a stationary
      chassis beneath the frame, said cam being centrally disposed with respect
      to said turntable, a lead screw in the frame, a drive wheel on said lead
      screw, wherein the lever is journalled horizontally, the outer
      circumference between the legs of the L-member is rounded with a
      continuously varying radius of curvature, which member engages with said
      centrally disposed cam of the turntable, the end of the long leg of the
      L-member engaging with said lead screw in the frame, said drive wheel
      cooperating with the electromagnetic drive means.
NUM  11.
PAR  11. An apparatus as claimed in claim 9, wherein the cross-section of the
      central cam is rectangular, said first resilient means comprising a
      helical spring pressing against each side of said central cam opposite
      each lever, which helical spring is enclosed in a recess of the frame.
NUM  12.
PAR  12. An apparatus as claimed in claim 11, each electromagnetic drive means
      consists of an electromagnet with an armature, of which at least one
      protruding part takes the form of a spring.
NUM  13.
PAR  13. An apparatus as claimed in claim 12, wherein armature takes the form of
      a fork with two resilient prongs, which relative to the drive wheel are
      diametrically opposed to each other and are parallel to the lead screw.
NUM  14.
PAR  14. An apparatus as claimed in claim 12, wherein the drive wheel is
      provided with a rubber rim.
NUM  15.
PAR  15. An apparatus as claimed in claim 1, wherein each transmission element
      takes the form of a disk.
NUM  16.
PAR  16. An apparatus as claimed in claim 15, wherein the resilient element
      consists of at least one curved leaf spring, which is rigidly connected to
      the frame with one end and whose other end is free and movably disposed at
      a very short distance from the outer circumference of the disk, and the
      drive means essentially consists of an electromagnet with an armature, a
      rigid pin on said armature, the location of said pin during driving being
      such that said pin presses against the curved spring and presses the free
      end of said spring against the outer circumference of the disk.
NUM  17.
PAR  17. An apparatus as claimed in claim 16, wherein two resilient elements are
      attached to the frame in opposite directions.
NUM  18.
PAR  18. An apparatus as claimed in claim 16, wherein the turntable is movable
      relative to the frame via at least two guides.
NUM  19.
PAR  19. An apparatus as claimed in claim 16, further comprising a guide ring
      disposed between the frame and the turntable and parallel to the
      turntable, said guide ring being provided with radial perforations, and at
      least two pairs of pins in an interference fit with said radial
      perforations of said guide wheel, one facing pair of said pins is rigidly
      connected to the frame and another facing pair is rigidly connected to the
      turntable, the two pairs being disposed at right angles to each other.
NUM  20.
PAR  20. An apparatus as claimed in claim 15, wherein said the disks are
      disposed parallel to and between the turntable and frame.
NUM  21.
PAR  21. An apparatus as claimed in claim 20, wherein said disks take the form
      of cam disks.
NUM  22.
PAR  22. An apparatus as claimed in claim 20, wherein each disk is at least
      partly circular and is provided with an eccentrically disposed slot, said
      apparatus further comprising a pin provided underneath the turntable
      engaging in all slots, which have mutually different directions.
NUM  23.
PAR  23. An apparatus as claimed in claim 22, wherein each disk takes the form
      of a segment of a circle and is eccentrically journalled to the frame.
NUM  24.
PAR  24. An apparatus as claimed in claim 22, wherein each disk is entirely
      circular and is centrally journalled to the frame.
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PAL  Printing Color Negatives pp. 47-48, 1969, Eastman Kodak Company.
LREP
FRM  Rummler & Snow
ABST
PAL  A method and apparatus for reproducing black and white and color copy
      having improved contrast of highlight and shadow areas of the copy by
      recording an optically-produced main image on a light-sensitive emulsion,
      directing the light emanating therefrom via television camera and
      electronically inverting the same and sending this signal through a video
      monitor having contrast and brightness control, and projecting the
      secondary negative image therefrom onto the light-sensitive emulsion in
      register with the main positive image.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In continuous tone and halftone reproduction or enlargements, it is hardly
      ever possible to reproduce the entire tonal range of the copy on the
      printed sheet. Even high speed emulsions or the combination of such
      emulsions with a halftone screen which records a long density range cannot
      prevent the loss of some of the tones of the original. It is common
      practice to overcome these difficulties by giving an "auxiliary exposure".
      Process cameras and enlargers are equipped with so-called "auxiliary
      exposure devices" which can be tilted in front of the lens (on the side of
      the original).
PAR  This kind of exposure has the disadvantage that it flattens the overall
      contrast of the image. While it affects the highlights and bright areas of
      the image very little, the effect becomes more and more pronounced with a
      density increase in the shadow area. The result is a loss of detail in the
      shadows and a grey appearance of the 75 percent tones.
PAR  It must therefore be the aim of a satisfactory reproduction to confine the
      flattening effect of the exposure to the middle tones and to leave the
      contrast in the highlights and shadows unaffected. In color work, this aim
      is reached by making one or several color correction masks prior to the
      color separation. The mask negatives have an S-shaped characteristic
      curve. Highlights and shadows of the mask are flat so that the copy
      contrast in these areas remains materially unaffected. The steeper slope
      of the characteristic curve in the middle tones decreases the copy
      contrast in these areas.
PAR  Masking methods are generally applied in color work. They would, however,
      be much too expensive and too time-consuming for improving black and white
      reproductions.
PAR  It is therefore the purpose of this invention to propose a process and
      means for improving the quality of both black and white and color work by
      recording a satisfactory tonal scale without the use of masking methods. A
      "satisfactory" tone scale records the full contrast of the highlight and
      shadow areas of the copy, while the contrast of the brighter and darker
      middle tones is decreased, the amount of decrease depending on the
      limitations inherent in the printing process applied.
PAR  The gist of this invention lies in a method and an apparatus for projecting
      one and the same copy, for instance color transparency, onto one and the
      same imaging plane where they are both photographically recorded, either
      simultaneously or consecutively, in black and white or in color. Two
      different transmission systems are used for this operation; viz., a first
      process lens on a first optical axis for direct recording of the main
      image therefrom, on the one hand, and a short focal length lens of a black
      and white television camera on a second optical axis for recording a
      negative secondary image thereon, on the other hand. After going from the
      television camera lens through a photo-cathode in the television camera,
      the secondary image is sent through an amplifier and a negative-converter
      to a plane telescreen located in the picture tube of a video-monitor
      having optoelectronic contrast and brightness control and on through a
      second process lens for projecting and superimposing said negative
      secondary image on the main positive image thereof.
PAC  Summary of the Invention
PAR  In accordance with this invention, there is proposed a method for optically
      projecting the primary image of a copy onto the camera ground glass or for
      recording it on the light sensitive emulsion (film) and for superimposing
      thereon, at the same time or after the exposure of the primary image, a
      secondary negative image. The characteristics of this secondary image are
      those of a negative mask, viz. flat highlights, somewhat contrastier
      middle tones and very flat shadows. Said method includes the following
      steps for producing the additional image. Prior to, during or after the
      main exposure, a reversing mirror directs the light emanating from the
      copy to the lens of a black and white television camera; the resulting
      negative video signal is sent to a monitor having contrast optoelectronic
      contrast and brightness control whose picture tube comprises a plane
      telescreen; the picture reproduced on this screen is superimposed on the
      main image via a projection lens and a second reversing mirror. The
      specific adjustment of mirrors and reproduction systems ensures a perfect
      coincidence in size and location of the main and the additional image. The
      contrast and brightness control gives tonal scale adjustment of the image
      that results in improved photo reproduction.
PAR  With regard to the arrangement of the reversing mirrors, two versions are
      proposed. The mirrors can be either partially transmitting, so-called
      non-selective beam splitters or they can be totally reflecting. In the
      former case, the superposition of the video channel produced negative
      image takes place simultaneously with the projection of the main image so
      that a real time visual appraisal of the cumulative effect is possible.
PAR  In the latter case, i.e. with the use of totally reflecting mirrors, a
      mechanism is provided to move the mirrors out of the way for the
      optical-photographic reproduction and to reinsert them into the path of
      rays for producing the additional negative image. In this case, the direct
      optical reproduction via the process lens is interrupted.
PAR  The S-shaped characteristic curve of the additional image, produced via
      video channel, is attained without difficulty. To flatten the tonal scale
      in the highlights, all that is required is to limit the intensity of
      signalling the highlights of the copy by manipulating the contrast control
      on the video monitor. A moderate effect of the additional image in the
      shadows is simply achieved by decreasing the brightness of the image on
      the monitor. The relatively shallow characteristic curve in the entire
      middle tone range can also be easily obtained with standard television
      camera circuitry.
PAR  The brightness of the composite image can also be adjusted in various
      optomechanical ways.
PAR  If the brightness of the telescreen image remains constant, the use of
      neutral density filters enables the brightness of the projected image to
      be reduced. Another means of brightness adaptation of the additional image
      is to close the projection lens aperture.
PAR  In reproducing color copy, filters are interposed on both first and second
      optical axes for direct optical projection and TV recording. If the
      positive and negative video-images of the copy are separately and
      consecutively recorded, the filters can be placed between the light box
      and the color transparency sandwiched between supporting glass plates.
PAR  It is also possible to balance the effect of the additional image on the
      main image by fitting the projection lens with a shutter which closes
      after an empirically determined lapse of time.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The drawing shows a schematic diagram of one version of the invention
      having partially-transmitting mirrors; a second version being indicated by
      the phantom line showing of a pair of totally-reflecting mirrors which can
      be substituted for the partially-transmitting mirrors of the main view for
      certain uses of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The preferred embodiment of the proposed equipment for reproducing black
      and white copy will appear from the following specific description and the
      drawing, in which element 1 is a light box with a given number of
      fluorescent tubes or halogen lamps 2. A light-diffusing screen 3 (for
      instance opal glass) forms the front of the light box 1. Sandwiched
      between two glass plates 4 is a transparent copy, e.g. a continuous tone
      transparency 5.
PAR  The main imaging path of rays in the optical axis 6 of the process lens 7
      strikes the light-sensitive emulsion 8 in the image plane 9 of lens 7, the
      carrier of said light-sensitive emulsion 8 being held in place on an
      adhesion or suction ground glass plate 20 having matted surface 21 on
      which a plurality of parallel surface channels 22 are cut which are in
      fluid communication with a vacuum channel 23 which connects with a vacuum
      pump (not shown) through a rubber hose 24.
PAR  Two partially-transmitting mirrors or non-selective beam splitters are
      interposed at an angle of for instance 45.degree. in the main path of
      rays. Mirror 10 on the copy side directs the light emitted by the light
      source 1 and passing through the copy 5 to the lens 11 of the television
      camera 13. Lens 11 can have a fixed focal length or it can be arranged as
      a vario-lens to simplify setting and adjusting procedures.
PAR  In the image plane of this lens 11 is the television pickup 12, for
      instance in the form of a vidicon.
PAR  The television camera 13 is a commercial mono-bloc camera. The image
      inversion element positive-negative 14 -- an essential part of the
      equipment -- is shown for the sake of clarity outside the camera, although
      it is normally built into it. The video-monitor 15 comprises a picture
      tube 16 with a plane telescreen 17, a contrast control means 20' (not
      shown) having a selection knob 20 and a brightness control means 21' (not
      shown) having a selection knob 21 both being mounted on the front panel
      thereof. The image is directed via the projection lens 18 and reversing
      mirror 19 to the image plane 9 of process lens 7 where it is
      perpendicularly superimposed on the main image in such a way that the
      detail of both images perfectly coincide.
PAR  In another adaptation of my invention, totally-reflecting mirrors 10' and
      19' are substituted for the partially-transmitting mirrors 10 and 19. In
      that case, the mirrors 10' and 19' are moved out of the way off the
      optical axis 6 for primary exposure before projection of the secondary
      system image. A mechanical means 22 (not shown) moves the mirrors 10' and
      19' off the optical axis 6 for primary image exposure and reinserts the
      same for projection of the desired tonal scale adjustment image via the
      television circuit.
PAR  In simultaneously reproducing color copy, a filter 26 is required for
      direct projection along the first optical axis and a filter 25 is required
      for projection along the second optical axis for TV recording. Filter 26
      is located on the first optical axis between the process lens 7 and the
      partially-transmitting mirror 10. Filter 25 is located on the second
      optical axis between the partially-transmitted mirror 10 and the lens 11
      in the black and white television camera 13. If the pictures are
      separately and consecutively recorded, the filters 25 or 26 can be placed
      between the light box 1 and the color transparency 5 sandwiched between
      glass plates 3 and 4.
PAR  Although but two embodiments of this invention have been herein shown and
      described, it will be understood that details of the apparatus shown may
      be altered or omitted without departing from the spirit of the invention
      as defined by the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A method for reproducing black and white transparent copy and improving
      photomechanical reproduction thereof by contrast decrease comprising the
      steps:
PA1  a. Optically directing the projection of a main positive video image of the
      transparent copy along a first optical axis through a first process lens
      onto a first video-imaging plane,
PA1  b. Photographically recording said main positive video-image on a
      light-sensitive emulsion placed on said first video-imaging plane,
PA1  c. Optically directing the projection of a secondary positive video-image
      along a second optical axis onto the second imaging plane of a television
      camera lens,
PA1  d. Converting the secondary positive video-image therefrom on the
      photo-cathode of the picture tube in said TV camera to an electronic
      signal,
PA1  e. Electronically amplifying said electronic signal output from the TV
      camera in an amplifier,
PA1  f. Electronically inverting the amplified electronic signal from the
      amplifier so received to a negative electronic signal on an electronic
      signal image inverter,
PA1  g. Converting the negative electronic signal output from the electronic
      image inverter to a secondary negative video-image on the plane telescreen
      of the picture tube of a television monitor having optoelectronic image
      contrast and brightness control,
PA1  h. Optically directing the projection of the secondary negative video-image
      so contrasted and brightened through a second process lens onto the first
      video imaging plane in register with the main positive video-image
      thereon, and
PA1  i. Photographically recording said negative and positive video-images in
      mutually reciprocal registry on said light-sensitive emulsion.
NUM  2.
PAR  2. A method as set forth in claim 1 for reproducing transparent color copy
      and for improving photo-mechanical color reproduction by contrast decrease
      including the steps of interposing one or more color filters on the first
      optical axis before the optical projection of the secondary positive
      video-image therefrom, or on both the first and second optical axes after
      the optical projection of the secondary positive video-image from the
      first optical axis but before the optical projection of the main positive
      video-image onto the first imaging plane and before the optical projection
      of the secondary positive video-image on the second imaging plane of the
      lens of the TV camera.
NUM  3.
PAR  3. An apparatus for reproducing transparent copy and improving
      photomechanical reproduction by contrast decrease comprising:
PA1  a. A light-box having optical cooperation with a diffusing screen on one
      side thereof and a first optical axis extending therethrough in
      perpendicular relation therewith
PA1  b. a copy plane lying on said first optical axis in perpendicular relation
      thereto having optical cooperating with light emanating from said
      diffusing screen,
PA1  c. A means for supporting the transparent copy in optical cooperation with
      the light diffusing screen lying on said first optical axis,
PA1  d. A first reflecting or refracting means having one optical axis lying on
      said first optical axis in optical cooperation with the transparent copy
      and having a second optical axis intersecting said first optical axis,
PA1  e. A first process lens lying on said first optical axis in optical
      cooperation with the first reflecting or refracting means,
PA1  f. A TV camera lens lying on said second optical axis in optical
      cooperation with the first reflecting or refracting means,
PA1  g. A TV picture tube lying on said second optical axis in optical
      cooperation with the TV camera lens and having an electronic signal
      output,
PA1  h. An electronic signal amplifier operationally connected to the electronic
      signal output of the TV picture tube,
PA1  i. An electronic signal image inversion means operationally connected to
      the output from the picture signal amplifier,
PA1  j. A TV monitor having a picture tube with opto-electronic image contrast
      and brightness control operationally connected to the output of the
      electronic signal image inversion means,
PA1  k. A plane telescreen operationally connected to the output of the picture
      tube of the TV monitor and having a third optical axis extending
      therethrough and intersecting said first optical axis,
PA1  l. A second process lens lying on said third optical axis in optical
      cooperation with the secondary negative video-image on said plane
      telescreen,
PA1  m. A second reflecting or refracting means having one optical axis lying on
      said third optical axis and its other optical axis lying on said first
      optical axis,
PA1  n. An image plane lying on said first optical axis in perpendicular
      relation thereto having optical cooperation with light emanating from said
      first and second process lenses, and
PA1  o. A means for supporting a light sensitive emulsion on said image plane.
NUM  4.
PAR  4. An apparatus for reproducing transparent copy and improving
      photomechanical reproduction by contrast decrease, as set forth in claim
      3, wherein said first and second reflecting or refracting means comprises
      partially-transmitting non-selective beam splitters.
NUM  5.
PAR  5. An apparatus for reproducing transparent copy and improving
      photomechanical reproduction by contrast decrease, as set forth in claim
      3, wherein said first and second reflecting or refracting means comprises
      totally reflective or refractive mirrors.
NUM  6.
PAR  6. An apparatus for reproducing transparent color copy and improving
      photomechanical reproduction by contrast decrease, as set forth in claim
      3, including:
PA1  a. A first color filter interposed on the first optical axis after having
      the secondary positive video-image optically directed therefrom and before
      having said secondary negative video-image superimposed on the main
      positive video-image on the first video-imaging plane, and
PA1  b. A second color filter interposed on the second optical axis after having
      the secondary positive video-image optically directed from the first
      optical axis and before having the secondary positive video-image
      optically directed onto the second imaging plane of the lens of the TV
      camera.
NUM  7.
PAR  7. An apparatus for reproducing transparent color copy and improving
      photomechanical reproduction by contrast decrease, as set forth in claim
      3, including a color filter interposed on the first optical axis between
      the light box and the color transparency copy.
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ABST
PAL  The deleterious effects of backscattering on a video image received from a
     urbid environment is minimized by using a vertical raster scan combined
      with appropriate filtering between the camera and monitor.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention pertains to video imaging techniques. In greater
      particularity, the invention pertains to the transmission and monitoring
      of video images in a turbid medium or other mediums having a high
      incidence of illumination backscatter. In still greater particularity, but
      without limitation thereto, the invention pertains to video imaging
      techniques used in underwater environments.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The use of closed circuit television and other active imaging systems is
      well known in environments, such as underwater, that are difficult for man
      to investigate directly. In many such applications, the medium of the
      environment causes spurious reflections which degrade the image quality.
PAR  A variety of prior art techniques have been employed to minimize or
      overcome the degradation of image quality caused by backscattering. Such
      prior art systems have employed time-gated television systems, narrow-beam
      illumination systems, that synchronously scan the object field, and
      thresholding systems. Although each of these prior art types of
      backscatter correction have met with varying degrees of success and are
      advantageously employed in many circumstances, they all involve the use of
      expensive, fragile, and specialized equipment. Despite their success and
      specialized applicability, a need remains for a low cost system which
      minimizes or reduces the backscatter for general application systems.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides a low cost and simplified solution to the
      aforedescribed backscattering problem by the use of a vertical image
      raster line combined with appropriate filtering between the detector and
      the video monitor. This arrangement is particularly adapted for underwater
      remote vehicles wherein the illumination source is horizontally disposed
      with respect to the detector.
PAC  STATEMENT OF THE OBJECTS OF THE INVENTION
PAR  It is accordingly an object of this invention to provide an improved video
      system.
PAR  Another object of this invention is to provide a video system having
      improved performance in backscattering environments.
PAR  Yet another object of this invention is to provide an improved video
      detection system for use in underwater applications.
PAR  Another object of this invention is to provide an underwater, closed
      circuit television system having minimal sensitivity to backscattered
      light.
PAR  Another object of this invention is to provide an underwater, closed
      circuit television system for use with horizontally disposed illumination
      systems which minimizes backscatter from the illumination source.
PAR  These and other objects of the invention will become more readily apparent
      from the ensuing specification when taken together with the drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a graphic representation of conventional raster scan being
      affected by backscatter;
PAR  FIG. 2 is a graphic representation of a vertical scan having been processed
      according to the invention; and
PAR  FIG. 3 is a diagrammatic showing of the basic components comprising the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, a three dimensional plot of a conventional, underwater
      television system in a backscattering medium is shown. The plurality of
      raster lines are plotted as a series of parallel curves 11. As will be
      well understood, the five lines illustrated are merely a portion of the
      complete raster which customarily has over 400 lines to complete an image
      frame. The backscattering components on each of these lines constitute
      small intensity excursions having a high-frequency component. Because of
      the large change in amplitude in region A, both the desired signal and the
      backscatter have significant, high-frequency components. Therefore, little
      improvement may be had by processing the raster lines on a line-by-line
      basis.
PAR  It should be understood, that the aforedescribed graphic representation
      corresponds to a horizontal placement of the illumination source with
      respect to the detector, or camera, in an underwater environment. In the
      illustrated arrangement, the curves have been drawn to illustrate a
      classic case of the use of a rectangular, beam shape for both the
      illumination souce and the field of view of the detection system. If a
      conical illumination beam is used, there will also be backscatter in the
      mid-portion of the individual raster lines. Such principles are well
      understood in the underwater imaging arts. However, for a more complete
      description of this phenomena, including a mathematical treatment of the
      backscattering phenomena, attention is invited to "Handbook of Underwater
      Imaging System Design", by C. Funk, S. Bryant, and P. Heckman, Jr.,
      published by the Naval Undersea Center, July 1972.
PAR  It should also be understood that the horizontal location of illuminating
      light sources and television cameras and other underwater active detection
      systems is conventional in the underwater arts. This convention is largely
      occasioned by the need for freeing the upper portion of the underwater
      vehicle bearing the image system to permit handling from surface vessels
      by conventional, marine handling apparatus. Similarly, because such
      vehicles work in close proximity to the sea floor, vertically depending
      light sources are seldom employed. As an example of such an
      illumination-detector arrangement designed for underwater applications,
      attention is invited to U.S. Pat. No. 3,757,042 issued on Sept. 4, 1973 to
      Clarence J. Funk for "Pan and Tilt Underwater Optical Viewing System with
      Adjustable Source-Receiver Separation and Zoom Lenses".
PAR  Referring to FIG. 2, the effect of changing the scan raster to a vertical
      arrangement is illustrated. As may be seen, using a vertical raster, the
      individual raster lines 12 now approximately parallel the Y axis and,
      although they are arranged to show the same intensity pattern, it will be
      noted that any backscatter caused noise on the individual lines is now
      along the general direction of the line, such that it has only low
      frequency components. This permits individual raster lines 12 to be
      filtered such as to remove low-frequency components therefrom without
      disturbances of their high-frequency component effecting the image
      intensity represented by the individual raster line giving a greater
      signal-to-noise ratio. Thus, this system is remarkably effective for
      underwater vehicles operating in close proximity to the sea floor where
      object recognition is mainly dependent upon accurate representations of
      silhouette outlines of objects standing proud from the ocean bottom.
PAR  Referring to FIG. 3, a diagrammatic illustration of a system embodying the
      invention is illustrated. A camera 13 is oriented or otherwise adjusted by
      relocation of the deflection circuitry to produce a vertical scan raster,
      a high-pass filter 14 filters the video output of camera 13 on a
      line-by-line basis and feeds this filtered, or processed output to a
      conventional monitor 15, similarly modified to exhibit a vertical raster.
      The vertical line raster may be obtained by rotation of the deflection
      coils of the camera and monitor. In its simplest form, the invention may
      be practiced by merely rotating camera 13 and monitor 14 by 90.degree. and
      then inserting the high-pass filter 14 in the transmission network. Such a
      modification may be very simply incorporated in low-cost, underwater
      viewing equipment now in use with attendant improvement of backscatter
      elimination.
PAR  Obviously, many modifications and variations of the present invention are
      possible in the light of the above teachings, and, it is therefore
      understood that within the scope of the disclosed inventive concept, the
      invention may be practiced otherwise than specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a method for remote viewing in an underwater environment having high
      backscatter employing a television camera, illumination means displaced
      from said television camera, the improvement comprising:
PA1  causing the raster lines of said television camera to extend in a vertical
      direction at right angles to the direction of displacement of said
      illumination source from said television camera;
PA1  filtering the output of said television camera to prevent the passage of
      low frequencies; and
PA1  causing the raster lines of a monitor receiver effectively connected to
      said television camera to extend in the same direction as those of the
      camera, whereby backscatter from the illumination source is effectively
      reduced.
NUM  2.
PAR  2. A remote viewing system for environments having high backscatter
      comprising:
PA1  an underwater television camera displaced from a source of illumination for
      eliminating backscatter having raster lines extending in a vertical
      direction at right angles to the direction of displacement;
PA1  a filter connected to the camera to limit the frequency output thereof to a
      predetermined bandwidth; and
PA1  a monitor connected to said filter to display the filtered output thereof
      and having a raster corresponding to said television camera including
      vertically extending raster lines.
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ABST
PAL  Method and apparatus for processing the information content of a pattern
      drawing in coded form for application to an utilization facility such as a
      storage device for controlling textile machines. The pattern drawing is
      scanned line-by-line and point-by-point and the scanned points are
      projected in enlarged form so that the information content of the scanned
      points is comprehended by an operator who registers its, by pressing a
      corresponding information key, first of all in an intermediate storage
      device of limited capacity, the content of whose stages is made visible in
      corresponding adjacent fields in an optical indication device. The
      information of the intermediate storage device is transferred in groups to
      the storage device as soon as the intermediate storage is filled up.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part application of my copending application Ser.
      No. 342,623, filed Mar. 19, 1973, now abandoned.
BSUM
PAR  This invention relates to a process of and an apparatus for transmitting
      the information content of a pattern drawing in coded form into a storage
      device, for example a program sheet or band, for controlling textile
      machines.
PAR  There have already been suggested several transmitting arrangements of this
      type, whhich are all provided with optical-electronic multi-color scanning
      heads. Although these arrangements automatically scan a pattern drawing,
      they must be adjusted to have the utmost sensitivity to differentiate
      between the several colors. This necessitates corresponding above-average
      demands as to the carefulness of execution of the pattern drawing. The
      pattern drawings, whose information contents are to be read, do not only
      have to be marked with the utmost exactness as to their contour, but also
      must have even coating of colors, so that the degree of reflection of the
      drawn surface is always the same. The pattern drawing should not be
      deformed, so that the scanning points, with which the multi-color scanning
      head is aligned, do not wander out of the middle of the scanning pattern
      fields. The pattern picture must therefore be drawn on a very expensive
      plastic foil, which does not deform but which forms a bad base for the
      adhesion for colors. Automatically working transmitting arrangements of
      the above-described type also create difficulties while reading free
      designed drawings by artists on uncheckered paper. Here, an automatic
      scanning arrangement frequently gets into difficulties with color
      transition points on the pattern drawing in deciding which color should be
      registered on a program sheet, band or other device on which the pattern
      drawing is to be reproduced for controlling a knitting machine. In this
      regard an arrangement has been suggested wherein at such color transition
      points, no color is registered, on the program sheet such unregistered
      points afterwards being filled in manually with a color pencil. On
      irregular patterns with many color transitions, imprinted program sheets
      are created with many white areas; the fill-in or repair work required
      involves a very considerable amount of time, which largely nullifies the
      advantages of an automatic arrangement due to the high cost of equipment.
PAR  It is an object of the invention to provide a process and arrangement with
      which a transmission of information can be achieved that is practically
      free of mistakes and is exactly controllable by avoiding the
      above-mentioned disadvantages of automatic arrangements and which requires
      a much lower cost expeniture. Although a slower transmitting velocity may
      be attained by use of the invention than that of fully automatic
      arrangements, a fault-free transmission is achieved.
PAR  According to the invention the pattern drawing is scanned line-by-line and
      point-by-point and the scanning points are projected in enlarged form, so
      that the information content of the scanning points is comprehended by an
      operator. Such information is registered by the pressing of a
      corresponding information key, first of all in an intermediate storage
      device of limited capacity, whose content is made visible for controlling
      by indicating means, and the information of the intermediate storage
      device is then transferred in groups to an utilization facility such as a
      magnetic tape or other storage device as soon as the intermediate storage
      device is filled up.
PAR  The process according to the invention can be carried out with an
      arrangement having a projection head and a projection surface for showing
      the pattern drawing, said projection head being provided with an
      illuminating and projecting optical means and with a scanning picture
      tube. The projection head and projection surface are adjustably mounted in
      a vertical direction relative to each other, and are adjustable by means
      of stepping motors in parallel planes. The arrangement includes a
      servicing push-button means, an intermediate storage device with optical
      control means, and a post-switched storage means.
PAR  The projection surface is effectively formed by an endless transport-band,
      the scanned picture tube of the projection head has a strongly framed
      central reading field, which projects the respective scanning points of
      the pattern drawing, and the position of the projection head is
      numerically pointed out by digital read-out tubes.
PAR  The intermediate storage device can therefore, for example, be constructed
      in the way of a five-digit electronic shift register, and its optical
      control device displays a number of adjacent, laterally spaced
      illumination fields, corresponding respectively to the number of stages of
      the intermediate storage device, such fields being arranged in the
      projection head next to the picture tube and are therefore within the
      viewing area of the operator. Each of the illumination fields is formed,
      respectively, at the end of a separate light-guiding rod, whose other end
      is located in the region of the rays of several independently actuable,
      differently colored lights. The operator has a push-button equipped
      console means at his disposal with several push-buttons representative of
      different information values, for instance different colors and
      additionally with a push-button for a step-switch motor, with a starter
      button, a line-end push-button, and with a starter for the step-switch
      motors for the arrangement and the correction of the position of the
      projection head.
PAR  The process according to the invention is therefore carried out with a
      semi-automatic arrangement, with which the scanning is carried out more
      slowly than with a fully automatic apparatus, but which has the big
      advantages that the existing pattern drawings do not have to be drawn
      carefully and that it is not necessary to make certain that the
      application of colors thereon is very even. If the central scanning field
      of the picture tube shows a color transition point on the drawing, the
      operator, who can also see the surrounding drawing areas on the picture
      tube, immediately decides which color button should be pushed and in which
      color therefore the corresponding pattern part afterwards should be
      reproduced on a textile machine. An other important advantage is that an
      immediate control through the keypunch of the fed material is possible and
      a correction of wrong information is made possible. The reading is sped up
      in such way, that in sections where the same information is repeated on
      the drawing during successive steps of the scan, a continuance key is
      operated, which enables an increased speed of step-by-step indexing of the
      projection surface. The storage device in which the information is fed
      line-by-line, may be made in different ways. Expediently a storage tape is
      used as an information storage device, in particular a perforated tape in
      connection with a perforated tape matrix and reading device. This
      perforated tape matrix and reading device may be equipped with a keyboard
      for an arbitrary use of the matrix device for the purpose of a correcting
      each track of the perforation tape.
PAR  A printing device is expediently attached to the storage device. The
      printing device has a multi-color pressure head and a pressure surface
      support, which are adjustable in a manner analogous to the projection
      surface and the application surface for the pattern design by means of
      step-by-step switching or indexing motors.
PAR  Details of the invention are shown in the following description in
      connection with the drawings, which show an illustrative embodiment of an
      information transmitter device according to the invention.
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PAC  IN THE DRAWINGS:
PAR  FIG. 1 is a veiw in elevation of a device according to the invention:
PAR  FIG. 2 is a fragmentary view on an enlarged scale of a pattern table;
PAR  FIG. 3 is a schematic side view of a pattern table with a cross-section of
      the projection surface;
PAR  FIG. 4 is a view in plan of the pattern table.
PAR  FIG. 5 is a schematic side view of a printing table with a cross-section of
      the printing apparatus;
PAR  FIG. 6 is a view in plan of the printing table and printing apparatus; and
PAR  FIG. 7 is a block diagram of the control mechanism for the apparatus of the
      invention.
DETD
PAR  In FIG. 1 there is shown an installation for providing programs for
      controlling knitting machines on which there may be produced multi-colored
      knittings. The installation has a pattern table 10, a utilization facility
      such as a perforated tape matrix and reading unit 11, which forms no part
      of the instant invention, and a printing table 12.
PAR  The pattern table 10 according to FIGS. 3 and 4 has an opening 13 in its
      top of the opening being filled by an endless conveyor belt 15 entrained
      over two pin drums 14. This conveyor belt 15 serves as a surface to which
      a pattern drawing 16 may be detachably attached by means of adhesive tape.
      The conveyor belt 15 is driven by means of a step switch or stepping motor
      17, which is connected by a driving belt 18 with the pin drum 14.
PAR  On the pattern table there is arranged a projection head 19 having an
      enclosed space therewithin, there being two horizontal parallel guiding
      sleeves 20 within head 19. The sleeves 20 are mounted on shafts mounted on
      end frames 21 and 22 supported on the pattern table 10. Both guiding
      sleeves 20 are movable at a right angle to the longitudinal direction of
      travel of the endless conveyor band 15, so that the projection head 19 can
      be moved crosswise to the length of the conveyor band 15 by means of screw
      23 which is jornalled in the frames 21 and 22, screw 23 being threadedly
      engaged with a nut on the projection head 19 and being driven by a
      stepping motor 25, which is attached on frame 22, by means of a belt 24.
PAR  As shown in FIG. 3, the projection head has a lamp 26 with an adjustable
      illumination lens 27, with which a desired area of the pattern drawing 16
      on the conveyor band 15 can be illuminated. Above the illumination area in
      the projection head there is a projection means consisting of a lens
      system 28 and a mirror 29 with the aid of which the illuminated area of
      the pattern drawing is projected on a screen 30 which is arranged on the
      front side of projection head 19. As shown in FIGS. 2 and 3, the screen 30
      is divided by means of scanning lines into square fields; in its middle
      the screen 30 is provided with a strongly outlined reading field 31.
      Through the scanning of the screen 30 freehand pattern drawings 16 will be
      automatically subdivided into sub-areas of a mesh or grid field. Above the
      screen 30 in head 19 there are five laterally spaced illumination fields
      32 (FIG. 4) which appear on the ends of five respective light transmitting
      rods 33 (FIG. 3) the longitudinal sides of which are mirrored. The other
      end of each of rods 33 lies in the area of illumination provided by four
      lamps 34, each of such lamps projecting a different colored light. The
      lamps 34 are energizable by conventional means (not shown) via color keys
      39.sub.1 -39.sub.5, one of such keys serving to trigger two of the lamps
      simultaneously to yield white light as indicated below. In the top of the
      pattern table 10 there are mounted two control panels 35 and 36. Panel 35
      has a key 37 for the selective operation of the stepping motor 25 by
      triggerinng a conventional motor actuation means (not shown), as well as
      six transportation keys 38, which permit the correct initial posittioning
      of the projection head with respect to the pattern drawing 16 attached to
      the band 15, and the correction of the position of the projection head
      with respect to conveyor band when necessary. The keys 38 are also
      connected to trigger a conventional actuating means (not shown) for the
      motor 25. The control panel 36 is provided with three additional keys 40,
      41, and 42, of which key 40 functions to register the end of a line in
      storage as described below, key 41 acts to start the stepping movements of
      the conveyor band 15 and key 42 acts to initiate a so-called reading
      return in which the step switch motors 17 and 25 are reversed. It will be
      understood that the keys 40-42 are also suitably coupled to conventional
      driving means (not shown) for the respective motors 17 and 25 to perform
      the indicated functions. In the control panel 36 there are also mounted
      two digital readout tubes 43, who show the numbers of spots of the pattern
      drawing 16 scanned by the projection head. In FIG. 1 the pattern table 10
      is shown as having an interim storage device attached to it: device 101,
      which is not specifically shown in the drawing, can be, for example, a
      five digit electronic slide register. The keys 39 are suitably coupled to
      the interim storage device 101 in a conventional manner so that the
      successive actuation of a key 39 successively shifts the contents of the
      storage device 101 in a corresponding manner, with the information
      dictated by the last key to be actuated being entered in the first stage
      of the register. Additionally, the register 101 is suitably arranged to be
      cleared upon (1) the actuation of a key 39 following the filling of the
      highest order stage of the register and (2) upon the depression of the key
      40 signalling the end of a line.
PAR  The apparatus thus far described functions as follows: After producing a
      pattern design 16, e.g. a freehand design on blank paper, and mounting it
      on the conveyor band 15, the projection head 19 and the conveyor band 15
      are so shifted that the projection of the top spot of the pattern line
      falls in the central pattern field 31 on the screen 30. The corresponding
      adjustment is effected by the operator through the keys 38. After this,
      the installation is switched on by pushing start key 41 into a
      semi-automatic operating position, and thereafter the other installation
      parts of the pattern table are rendered active. Thus, upon pushing one of
      the colored keys 39, through 39.sub.5, or by pushing the continuance step
      key 37, the projection head 19 is shifted step-by-step in the direction of
      a line of the pattern design; by pushing line end key 40 the endless
      conveyor band 15 is switched ahead by one line-step and the projection
      head 19 simultaneously carried back to its starting position. If the
      operator pushes reading return key 42, the above explained operation of
      projection head 19 and conveyor band 15 are reversed. This happens when
      pattern designs exist, where the pattern lines consist of more than 250
      meshes. These bigger pattern designs are turned through 90.degree.  and
      attached on conveyor band 15, so that the pattern line of the drawing
      proceed at right angles to the conveyor band. By pushing a color key 39 or
      a continuance key 37, the conveyor band 15 is moved step-by-step, wherein
      in one line up to 999 steps (the same as the number of meshes) may occur:
      by pushing of line end key 40 the projection head 19 is moved in a line
      crosswise to the conveyor band 15 and the conveyor band 15 is moved back
      to its initial point, so that the starting point of the next line shows on
      the reading field 31 on the screen 33. The operator, after positioning the
      installation so that the first point of the first line of the pattern
      design lies in the reading field 31, and after determining the predominant
      color of such first point pushes the corresponding color key 39. Through
      this the corresponding color value is put in the lowset order stage of the
      interim storage device 101, and in the first of the five illuminating
      fields 32 lights up with the selected color. Such color corresponds with
      the color in the reading field 31. The illuminating fields 32 immediately
      produce a control of the proper operation of color key 39. If key
      39.sub.1, for example, corresponds to the color red, the bulb 34 of the
      first illuminating field 32 lights up. By pushing color key 39 reading
      head 19 is moved by one key step through the stepping motor 25. If the
      same color appears again in reading field 31, color key and continuance
      step key 37 are pushed down together and an accelerated step-by-step
      continuing switching of the projection head is produced, such stepping
      continuing until the freeing of the continuance step key 37. The operator
      not only is able to survey on screen 30 the reading field 31 but also the
      adjacent areas of the pattern design, and the color distribution therein,
      up to where another color area moves up to the reading field 31. With each
      push of the keys the colors shown on the illuminating fields are
      displaced, which means that with the second pushing of the key the first
      color shown in the first indication field 32 moves into the adjacent
      second indication field 32 and the first indication field shows the new
      (or the same) color produced by the second push key, and the stepping of
      the interim storage means proceeds in a corresponding manner. After five
      feeding processes five corresponding information bits are kept in the
      interim storage device 101 and all illuminating fields are occupied.
      Therefore with the sixth feeding step, the contents of the five stages of
      the interim storage device 101 is shifted to the tape punch and reading
      device 11 and the interim storage device is cleared. There is therefore
      always a possibility of control over an area up to five feeding steps. In
      case of a wrongly pushed key, the fed information can be cleared by a
      actuation of a clearing key (not shown) conventionally connected in the
      circuit to disable the lamps 34 and to empty the intermediate storage
      means 101, and projection head 19 can simultaneously be readjusted from
      the wrongly selected spot. As soon as the end of a line is reached, line
      end key 40 is operated, which results in emptying the interim storage
      means, projection head 19 then being returned to its initial position and
      conveyor band 15 with the pattern 16 thereon being switched forward by one
      line. By operating the line end key, a line end sign is registered in the
      storage: thus in the disclosed embodiment the punch device of unit 11
      punches a line-end sign on the perforation tape. The five color keys
      39.sub.1 -39.sub.5 shown should, for example, be selected for the colors
      white, red, blue, yellow, and green. For these five colors only four bulbs
      are necessary, since the green light is produced by a simultaneous
      lightning up of a yellow bulb 34 and a blue bulb 34. The perforation
      tape-punch and reading unit 11 has a tape punch device 50 and a tape
      reading device 51. Moreover, it is equipped with a correction device
      having six selection keys 52 which are suitably connected in the circuit
      by conventional means (not shown) to forward to the digital read-out tubes
      43 of the pattern table the pattern image points on which a correction has
      to be made. Moreover, the correction part has five color keys 53, eight
      correction keys 54, and eight arranged indication bulbs 55, all suitably
      arranged and connected in the circuit in a conventional manner to perform
      the functions indicated below.
PAR  If correction is necessary, the coordination point of the to be corrected
      pattern point is identified by keys 52 and the perforation tape puncher 50
      reproduces up to this marked pattern point a new perforation tape
      according to the information on the old tape. The right information for
      the corrected pattern point is fed with the aid of color key 53, whereas
      the information contained in the last line of the perforation tape is
      indicated by the eight bulbs 55. Further information can be fed by the
      eight correction keys 54, so that a pattern information on an eight track
      perforation tape may also be given over the eight correction keys 54 of
      the unit 11.
PAR  With the printing device 12 shown in FIG. 1, the information contents of a
      perforated tape produced in unit 11 can be printed as a multi-color
      pattern sheet, and through this an overall control of the stored pattern
      may be obtained without having to knit a specimen thereof. The printing
      device 12, which is shown in detail in FIGS. 5 and 6, has a multi-color
      printing head 60 which can be adjusted crosswise analogous to the
      adjustment of the projection head 19 of the pattern table, to a conveyor
      band 62, entrained over rolls 66 on which there is attached a foil to be
      printed. The head 60 is adjustably mounted on two guiding rolls 61. The
      construction of the printing device 12 is similar to the construction of
      the pattern table 10. The printing head is made as a four color printing
      head, since the fifth color is created through the bottom of the printing
      foil. The printing device is also equipped with a conventional interim
      storage means (not shown) which stores the information of a sheet line.
      The printing head runs through the same sheet line four times, printing in
      a different color each time at the corresponding spots.
PAR  The adjusting of the multicolored printing head 60 is produced by a cross
      screw 63, driven by a switching motor 65 via a driving belt 64. One of
      rolls is driven via a driving belt 67 by a switching motor 68. The
      multicolored printing head 60 is, in the example shown, a four-colored
      printing head. A fifth color is supplied by the color of the base of the
      printing foil. For each color there is provided a separate printing pin
      70, which is actuated by an electromagnetic drive 71 arranged in the
      printing head 60. The driving device 71 will be fed with working impulses
      via an intermediate storage 57 (FIG. 7, to be described) by which the
      impulses for the different printing pins 70 may be stored at different
      times in the switching registers 58. The multi-colored printing head 60
      runs four times through the same sheet line; at each time it prints with a
      different one of the four printing pins 70 at the program station.
PAR  The storage means does not have to use a perforation tape punch device, but
      can instead employ a magnetic tape registering and reading unit. The
      conveyed information could also be fed directly into a storage means of a
      computer.
PAR  FIG. 7 is a block diagram indicating generally with arrows how each of the
      parts of the above-described arrangement are operatively connected with
      each other. The perforated tape matrix and reading unit 11 has a
      conventional central electronic control 56, through which single parts of
      the arrangement may be coupled selectively with each other. In association
      with the electronic control 56 within the perforated tape matrix and
      reading unit 11 there are conventionally arranged a perforation punch
      device 50, a perforation reading device 51, several selection keys, i.e.
      52 to 54, and indication bulbs 55. The central electronic control 56 is
      further coupled outside unit 11 with the pattern table 10 via a storage
      means 57 and is also connected with the printing table 12, all in a
      conventional manner.
PAR  With the aid of the central electronic control 56 the information read from
      pattern table 10 may be transmitted to the perforation punch device 50 and
      stored thereby in a perforation tape. Via the central electronic control
      56 and from the perforation reading device 51 the information taken from a
      perforation tape may be transmitted via the storage means 57 to the
      printing table 12. The storage means 57 contains several switch registers
      58 as storage means of different numbers, shown with respective boxes of
      different sizes and lengths. The intermediate storage 57 with its
      different sized switching register 58 causes the signals for the different
      colors to be conducted and inserted at different times to the printing
      arrangement of the printing table 12. The central electronic control means
      56 also transmits information manually via different push-buttons 52 to 54
      in the perforation punch device.
PAR  Although the invention is illustrated and described with reference to a
      plurality of preferred embodiments, it is to be expressly understood that
      it is in no way limited to the disclosure of such a plurality of preferred
      embodiments, but is capable of numerous modifications within the scope of
      the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for processing the information content of a pattern drawing in
      coded form in preparation for application of said content to a utilization
      device wherein the information of each discrete portion of a line of the
      pattern includes a unique characteristic such as color, which comprises
      the steps of scanning each line of the drawing in stepwise fashion so as
      to scan successive discrete areas in each line, illuminating and
      projecting each of said scanned areas of each line in succession upon a
      projection screen for observing the unique characteristics of said
      succession of areas, entering the unique characteristics of a scanned area
      then in registration with a prescribed location on the screen into the
      lowest order stage of a shift register that has a plurality of stages less
      than the number of discrete areas of each line of the pattern drawing, and
      selectively clearing the register and simultaneously outpulsing all the
      information stored therein when the register is filled and when the
      scanning of a line of the pattern drawing is complete.
NUM  2.
PAR  2. Apparatus for processing the information content of a pattern drawing in
      coded form in preparation for application of said content to a utilization
      device wherein the information of each discrete portion of a line includes
      a unique characteristic such a color, comprising means for scanning each
      line of the drawing in stepwise fashion so as to scan successive discrete
      areas in each line, a projection screen, means for illuminating and
      projecting each of said scanned discrete areas in each line in succession
      upon the screen for observing the unique characteristics of said
      succession of areas, an interim storage means including a shift register
      having a fixed plurality of successively higher order stages whose number
      is less than the number of discrete areas in each line for storing the
      information derived from a corresponding plurality of the successively
      scanned discrete areas of a line of the pattern drawing, first keying
      means individually associated with a different one of said unique
      characteristics of said discrete areas and operable for entering in the
      lowest order stage of said shift register the unique characteristic of the
      scanned discrete area then in registration with a prescribed location of
      the projection screen, and second keying means selectively operable upon
      the filling of the shift register and upon the completion of scan of the
      line of the drawing for clearing the register and for outpulsing the said
      information contained therein concerning the fixed plurality of said
      discrete areas of the scanned line of the pattern drawing as a group.
NUM  3.
PAR  3. Apparatus according to claim 2, comprising a projection head carrying
      projection means and a conveyor carrying the pattern drawing and means for
      moving the projecting head and the conveyor step by step, said last named
      means comprising stepping motors controllable by an operator viewing the
      projection screen.
NUM  4.
PAR  4. Apparatus according to claim 3, wherein the conveyor is an endless band
      conveyor.
NUM  5.
PAR  5. Apparatus according to claim 3, wherein the scanning screen is mounted
      on the projection head, said screen having markings thereon forming a
      strongly framed central reading field which defines the respective
      scanning area of the pattern design, said central reading field defining
      the prescribed location on the screen.
NUM  6.
PAR  6. Apparatus according to claim 3, comprising indication tubes to indicate
      of the position of the projection head.
NUM  7.
PAR  7. Apparatus according to claim 2, comprising an optical indication device
      for the interim storage means, said indication device having a number of
      adjacent illumination fields corresponding in number to the number of
      stages of the interim storage means.
NUM  8.
PAR  8. Apparatus according to claim 7, wherein the optical indication device
      has a plurality of light-transmitting rods with one end of each rod
      disposed adjacent an associated one of the respective fields, the other
      end of each rod being disposed adjacent a plurality of colored light
      bulbs.
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ABST
PAL  An audio amplifier system is provided comprising a variable gain amplifier
      adapted to receive an input signal, means for detecting periods when the
      input signal falls below a predetermined level, and sound transducer means
      arranged to provide a signal proportional to the sound level in the area
      or part thereof covered by the system for controlling the gain of the
      amplifier. An inhibitor is provided which is arranged to be controlled by
      the detecting means so as to prevent any change of the gain of the
      variable gain amplifier except during periods when the input signal falls
      below the said predetermined level.
BSUM
PAR  This invention relates to audio amplifier systems in which the gain of the
      amplifier is controlled to compensate for changes in level of the ambient
      background noise level. In such systems it is required that the sound
      level of the reproduced speech or music should be higher in noisy
      locations and lower in quieter locations.
PAR  Hitherto, the gain of the amplifier has been controlled by a signal from a
      microphone placed in the area to be covered.
PAR  The microphone picked up both the general background noise present and the
      sound generated by the amplifier system and in order to derive a signal
      that was proportional to the noise level, for control purposes, a signal
      was taken directly from the amplifier, adjusted to the correct level, and
      subtracted from the combined signal obtained from the monitor microphone.
      Theoretically, the resultant signal was a signal whose amplitude varied
      with the general noise level in the premises covered by the installation.
      However, in practice there was the disadvantage that if the `signal only`
      and `signal plus noise` channels were not correctly set up and perfectly
      balanced there was a tendency for the system to become unstable with the
      result that the sound output became excessively loud when an increase in
      noise level occurred or the sound was turned off by a reduction in the
      noise level.
PAR  An object of the present invention is to provide an improved amplifier
      system in which this disadvantage is mitigated.
PAR  According to the invention, there is provided an audio amplifier system
      comprising a variable gain amplifier adapted to receive an input signal,
      means for detecting periods when the input signal falls below a
      predetermined level, sound transducer means arranged to provide a signal
      proportional to the sound level in the area or a part thereof covered by
      the system for controlling the gain of the amplifier, and inhibitor means
      controlled by the detecting means to prevent the change of the gain of the
      variable gain amplifier except during periods when the input signal falls
      below the said predetermined level.
PAR  Preferably the sound level signal is passed to a store during each of said
      periods and stored until the next said period. The amplifier gain may then
      be controlled according to the stored value. Conveniently, the sound level
      signal is converted to digital form before being stored in a digital store
     .
DRWD
PAR  An embodiment of the invention will now be described, by way of example,
      with reference to the accompanying drawing, which is a block schematic
      diagram of an amplifier system.
DETD
PAR  An input signal, which represents speech, music, warning signals and the
      like, is fed to a buffer amplifier 1 to prevent the system loading the
      signal source and also to isolate the control circuitry from the signal
      path. The signal from buffer amplifier 1 is fed to a variable gain
      amplifier 8 and also to a switching amplifier 2 which detects periods when
      the input signal falls below a predetermined level. This level is set to
      correspond with a level at which the sound level from loudspeakers fed
      from the amplifier 8 does not add significantly to the ambient noise
      level. This level may be set by means of an external control adjusted by
      an operator, or in a more sophisticated installation the level may be set
      at a signal level a given amount below a peak signal level, which peak
      level is determined automatically. Switching amplifier 2 provides a gating
      signal to an inhibitor 3, the action of which will be discussed later.
PAR  In the area to be covered by the loudspeakers there is provided a
      microphone 4 which provides an electrical signal proportional to the sound
      pressure level present. Any transducer which will provide such a signal
      will suffice, for example a loudspeaker similar to the ones used for
      radiating sound may be used as a microphone thus enabling common parts to
      be used. The microphone should be placed where it can respond to the
      general noise level of the area to be covered and care should be taken to
      ensure that nothing can be placed near it, after installation, to mask the
      background noise. The output signal from microphone 4 is amplified in an
      amplifier 5 which has a handling capacity such that it does not overload
      in the presence of the combined speech or music and the ambient noise
      signal.
PAR  The amplified signal is fed to a detector 6 and has a value which
      represents the total sound during speech or music and the noise level
      during quiet periods in between the music or speech. In accordance with
      the invention a signal from inhibitor 3 controls the output of detector 6
      so that an output signal is passed to a store 7 only during quiet periods,
      i.e. when switching amplifier 2 detects that the signal at buffer
      amplifier 1 is below the predetermined level. Detector 6 is arranged to
      follow rapidly the signal from amplifier 5 so that the measure of the
      background noise level is obtained during a quiet period. If the time
      constant remains short during the sensing time any sudden change in noise
      level, e.g. a dropped metallic object, will cause an incorrect level to be
      detected. Preferably, therefore, the time constant of the detector 6 is
      increased during the quiet periods.
PAR  Since there may be long intervals between quiet periods, for example as
      long as 5-10 minutes if music is being played, it is necessary to store
      the detector output in order that the gain of variable gain amplifier 8
      does not change during such an interval. As is apparent the gain of
      amplifier 8 is controlled according to the level stored in store 7. The
      design of the store depends on the degree of control required. A simple
      arrangement is to divide the noise level into a number of discrete levels
      of say 3dB so that it will be necessary to store only a limited number of
      gain settings. In a more sophisticated arrangement there may be provided
      an analogue to digital converter which will supply a coded output giving
      an indication of the detector 6 output.
PAR  Depending upon the number of digits used the number of quantizing levels
      can be made large, e.g. with 10 digits of a binary code the detector
      output can be split into 1,024 levels, and hence each level represents a
      small change in ambient noise. This coded signal can, if it is desired, be
      processed by normal digital techniques, e.g. the threshold of the system
      can be varied by subtracting a fixed number from the number held in the
      store. Further refinements may include the variation of the amplifier gain
      to reduce the sound output at night or to increase the amplitude for
      announcements of particular importance. In both these cases this is
      accomplished by processing the digital information held in the store, in
      the former instance under the control of a time clock and in the latter
      manually by a supervisory operator. Again by using what is in effect
      computer techniques it is possible to instruct the unit not to increase
      the gain above a level which will result in the public address system
      being overloaded or where the sound level would cause annoyance. The
      information in the store, after any processing, is used to control the
      gain of variable gain amplifier 8 under instruction from inhibitor 3.
PAR  Variable gain amplifier 8 provides compensation for changes in the level of
      the ambient background noise so that the music or speech amplification is
      increased in noisy backgrounds and is decreased in quiet backgrounds.
      Amplifier 8 includes a variable gain element which is controlled by the
      signal contained in store 7. Various variable gain elements may be used
      but suitable elements may include the source to drain resistance of a
      field effect transistor or the resistance of a photoconductive cell.
PAR  Although it has been assumed that an increase or decrease in ambient noise
      will result in a proportional change in amplifier gain it is possible for
      a change in noise level to have a greater (or lesser) effect at quieter
      noise levels merely by altering the characteristics of the detector.
PAR  The output of the detector or store may be fed to ancillary equipment 9
      such as a recorder for future analysis. Thus in a shop, by study of a
      record of the noise level one could determine the times when extra staff
      are needed to deal with popular shopping periods, or again on the basis
      that more people make more noise the noise level signal could be used to
      control an air conditioning system.
PAR  The output could also be used to initiate warning devices whenever the
      ambient sound level reaches a predetermined (or dangerous) level.
PAR  A further variation is to provide a timer 10 in addition to the switching
      amplifier 2 whereby at predetermined intervals the timer mutes the input
      signal for a sampling period. During this period the switching amplifier 2
      will detect that the signal has fallen below the predetermined level and
      the system will behave as previously described. It is arranged that each
      time the switching amplifier detects that the signal is below the
      predetermined level it resets the timer; thus the timer will operate only
      after a preset period of uninterrupted signal. Such a system ensures that
      the ambient noise is monitored at intervals not exceeding a given length,
      but with the minimum of unnatural breaks. Arrangements are made to prevent
      the timer operating if essential announcements are being made.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An audio amplifier system comprising a variable gain amplifier adapted
      to receive an input signal and produce an output audio signal therefrom in
      a signal processing channel, threshold means for detecting periods when
      the input singal falls below a predetermined level, sound transducer means
      arranged to provide a noise audio signal proportional to the sound level
      in the area or a part thereof covered by the system developing a gain
      control audio signal and gain control means connected for controlling the
      gain of said variable gain amplifier with said gain control signal,
      inhibitor means controlled by the threshold means connected to prevent the
      change of the gain of the variable gain amplifier in response to said
      noise signal except during periods when the input signal falls below the
      said predetermined level, a timer arranged to mute the input to the
      variable gain amplifier at predetermined intervals and further comprising
      means for resetting the timer each time the input signal falls below the
      said predetermined level.
NUM  2.
PAR  2. An audio amplifier system according to claim 1, comprising a store
      arranged to receive and store the noise audio sound level signal in
      response to said inhibitor means only during the said periods and to
      control the gain of said variable gain amplifier during those periods with
      a stored gain control signal.
NUM  3.
PAR  3. An audio amplifier system according to claim 2, wherein the store is
      arranged to control the gain of the amplifier continuously between said
      periods with said noise audio signal.
NUM  4.
PAR  4. An audio amplifier system according to claim 2, wherein means are
      provided to convert the audio sound level signal to digital form for
      application to the store.
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ABST
PAL  An audio amplifier system is provided comprising a variable gain amplifier
      adapted to receive an input signal, means for detecting periods when the
      input signal falls below a predetermined level, and sound transducer means
      arranged to provide a signal proportional to the sound level in the area
      or part thereof covered by the system for controlling the gain of the
      amplifier. An inhibitor is provided which is arranged to be controlled by
      the detecting means so as to prevent any change of the gain of the
      variable gain amplifier except during periods when the input signal falls
      below the said predetermined level.
PARN
PAR  This application is a continuation-in-part application on U.S. Ser. No.
      455,373, filed Mar. 27, 1974.
BSUM
PAR  This invention relates to audio amplifier systems in which the gain of the
      amplifier is controlled to compensate for changes in level of the ambient
      background noise level. In such systems it is required that the sound
      level of the reproduced speech or music should be higher in noisy
      locations and lower in quieter locations.
PAR  Hitherto, the gain of the amplifier has been controlled by a signal from a
      microphone placed in the area to be covered.
PAR  The microphone picked up both the general background noise present and the
      sound generated by the amplifier system and in order to derive a signal
      that was proportional to the noise level, for control purposes, a signal
      was taken directly from the amplifier, adjusted to the correct level, and
      subtracted from the combined signal obtained from the monitor microphone.
      Theoretically, the resultant signal was a signal whose amplitude varied
      with the general noise level in the premises covered by the installation.
      However, in practice there was the disadvantage that if the `signal only`
      and `signal pulse noise` channels were not correctly set up and perfectly
      balanced there was a tendency for the system to become unstable with the
      result that the sound output became excessively loud when an increase in
      noise level occurred or the sound was turned off by a reduction in the
      noise level.
PAR  An object of the present invention is to provide an improved amplifier
      system in which this disadvantage is mitigated.
PAR  According to the invention, there is provided an audio amplifier system
      including a variable gain amplifier adapted to receive an input signal,
      means for detecting periods when the input signal falls below a
      predetermined level, sound transducer means arranged to provide a signal
      proportional to the ambient noise level in the area or a part thereof
      covered by the system for controlling the gain of the amplifier, and
      inhibitor means controlled by the detecting means to prevent the change of
      the gain of the variable gain amplifier except during periods when the
      input signal falls below the said predetermined level.
PAR  Preferably the ambient noise level signal is passed to a store during each
      of said periods and stored until the next said period. The amplifier gain
      may then be controlled according to the stored value. Conveniently, the
      ambient noise level signal is converted to digital form before being
      stored in a digital store.
DRWD
PAR  An embodiment of the invention will now be described, by way of example,
      with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a block schematic diagram of an amplifier system according to the
      invention;
PAR  FIG. 2 shows switching amplifier and inhibitor circuits which may be
      incorporated in the system of FIG. 1;
PAR  FIG. 3 shows an ambient noise level detector which may be incorporated in
      the systems of FIG. 1;
PAR  FIG. 4 shows a store and processors which may be incorporated in the system
      of FIG. 1; and
PAR  FIG. 5 shows a variable gain amplifier which may be incorporated in the
      system of FIG. 1.
DETD
PAR  Referring to FIG. 1, an input signal, which represents speech, music,
      warning signals and the like, is fed to a buffer amplifier 1 which is
      included to prevent the system loading the signal source and also to
      isolate the control circuitry from the signal path. The signal from buffer
      amplifier 1 is fed to a variable gain amplifier 8 and also to a switching
      amplifier 2 which detects periods when the input signal falls below a
      predetermined level. This level is set to correspond with a level at which
      the sound level from loudspeakers fed from the amplifer 8 does not add
      significantly to the ambient noise level. This level may be set by means
      of an external control adjusted by an operator, or in a more sophisticated
      installation the level may be set at a signal level a given amount below a
      peak signal level, which peak level is determined automatically. Switching
      amplifier 2 provides a gating signal to an inhibitor 3, the action of
      which will be discussed later.
PAR  In the area to be covered by the loudspeakers there is provided a
      microphone 4 which provides an electrical signal proportional to the sound
      pressure level present. Any transducer which will provide such a signal
      will suffice, for example a loudspeaker similar to the ones used for
      radiating sound may be used as a microphone thus enabling common parts to
      be used. The microphone should be placed where it can respond to the
      general noise level of the area to be covered and care should be taken to
      ensure that nothing can be placed near it, after installation, to mask the
      background noise. The output signal from microphone 4 is amplified in an
      amplifier 5 which has a handling capacity such that it does not overload
      in the presence of the combined speech or music and the ambient noise
      signal.
PAR  The amplified signal is fed to a detector 6 and has a value which
      represents the total sound during speech or music and the noise level
      during quiet periods in between the music or speech. A signal from
      inhibitor 3 controls the output of detector 6 so that an output signal is
      passed to a store 7 only during quiet periods, i.e. when switching
      amplifier 2 detects that the signal at buffer amplifier 1 is below the
      predetermined level. Detector 6 is arranged to follow rapidly the signal
      from amplifier 5 so that the measure of the background noise level is
      obtained during a quiet period. If the time constant remains short during
      the sensing time any sudden change in noise level, e.g. a dropped metallic
      object, will cause an incorrect level to be detected. Preferably,
      therefore, the time constant of the detector 6 is increased during the
      quiet periods.
PAR  Since there may be long intervals between quiet periods, for example as
      long as 5 - 10 minutes if music is being played, it is necessary to store
      the detector output in order that the gain of variable gain amplifier 8
      does not change during such an interval. As is apparent the gain of
      amplifier 8 is controlled according to the level stored in store 7. The
      design of the store depends on the degree of control required. A simple
      arrangement is to divide the noise level into a number of discrete levels
      of say 3dB so that it will be necessary to store only a limited number of
      gain settings. In a more sophisticated arrangement there may be provided
      an analogue to digital converter which will supply a coded output giving
      an indication of the detector 6 output.
PAR  Depending upon the number of digits used the number of quantizing levels
      can be made large, e.g. with 10 digits of a binary code the detector
      output can be split into 1,024 levels, and hence each level represents a
      small change in ambient noise. This coded signal can, if it is desired, be
      processed by normal digital techniques, e.g. the threshold of the system
      can be varied by subtracting a fixed number from the number held in the
      store. Further refinements may include the variation of the amplifier gain
      to reduce the sound output at night or to increase the amplitude for
      announcements of particular importance. In both these cases this is
      accomplished by processing the digital information held in the store, in
      the former instance under the control of a time clock and in the latter
      manually by a supervisory operator. Again by using what is in effect
      computer techniques it is possible to instruct the unit not to increase
      the gain above a level which will result in the public address system
      being overloaded or where the sound level would cause annoyance. The
      information in the store, after any processing, is used to control the
      gain of variable gain amplifier 8 under instruction from inhibitor 3.
PAR  Variable gain amplifier 8 provides compensation for changes in the level of
      the ambient background noise so that the music or speech amplification is
      increased in noisy backgrounds and is decreased in quiet backgrounds.
      Amplifier 8 includes a variable gain element which is controlled by the
      signal contained in store 7. Various variable gain elements may be used
      but suitable elements may include the source to drain resistance of a
      field effect transistor or the resistance of a photoconductive cell.
PAR  Although it has been assumed that an increase or decrease in ambient noise
      will result in a proportional change in amplifier gain it is possible for
      a change in noise level to have a greater (or lesser) effect at quieter
      noise levels merely by altering the characteristics of the detector.
PAR  The output of the detector or store may be fed to ancillary equipment 9
      such as a recorder for future analysis. Thus in a shop, by study of a
      record of the noise level one could determine the times when extra staff
      are needed to deal with popular shopping periods, or again on the basis
      that more people make more noise the noise level signal could be used to
      control an air conditioning system.
PAR  The output could also be used to initiate warning devices whenever the
      ambient sound level reaches a predetermined (or dangerous) level.
PAR  A further variation is to provide a timer 10 in addition to the switching
      amplifier 2 whereby at predetermined intervals the timer mutes the input
      signal for a sampling period. During this period the switching amplifier 2
      will detect that the signal has fallen below the predetermined level and
      the system will behave as previously described. It is arranged that each
      time the switching amplifier detects that the signal is below the
      predetermined level it resets the timer; thus the timer will operate only
      after a preset period of uninterrupted signal. Such a system ensures that
      the ambient noise is monitored at intervals not exceeding a given length,
      but with the minimum of unnatural breaks. Arrangements are made to prevent
      the timer operating if essential announcements are being made.
PAR  Particular circuits will now be described for an embodiment of the
      invention in which the detector provides an analogue voltage which is
      converted to a 4 bit digital code, each grouping of four digits
      corresponding to one of sixteen different levels. The control range may of
      course be split into less than or more than sixteen quantized levels if an
      appropriate number of bits are used.
PAR  Referring to FIG. 2 which shows switching amplifier and inhibitor circuits,
      an audio signal, e.g. music, is fed to a buffer amplifier 11 which
      isolates subsequent circuits from the audio channel and provides some
      amplification. This amplification is adjustable by a preset control and
      determines the audio signal level at which switching takes place. The
      amplified signal is applied to the base of a transistor 12 which is
      arranged to be non-conductive if the amplified signal falls below a
      predetermined level. When the transistor 12 is non-conductive, its
      collector will be at the supply potential and a capacitor 13 will charge
      via a resistor 14 and a capacitor 15 will charge via the resistor 14 and a
      variable resistor 16. Capacitor 13 charges more quickly than the capacitor
      15 because of the presence of the variable resistor 16. When transistor 12
      conducts, the capacitors 13 and 15 discharge therethrough. Two DC level
      detectors 17 and 18 detect the voltage level on the capacitors 13 and 15
      respectively and provide an output signal when the voltage level exceeds a
      certain value. These outputs are separated by a time determined by the
      time constants of the charging circuits. The output of detector 17 is
      applied to an ambient noise level detector (FIG. 3) and the output of
      detector 18 is applied to an analogue to digital converter (FIG. 3) a
      store (FIG. 4), and a variable gain amplifier (FIG. 5).
PAR  Referring to FIG. 3, a signal from a microphone 19 located in the area
      covered by the system is amplified to a suitable level by amplifier 20
      before being fed to a rectifying circuit which provides an
      analogue-to-ditigal convertor 21 with a D. C. voltage proportional to the
      noise level as perceived by the microphone 19. The rectifying circuit
      includes capacitors 22, 23 and a pair of switches 24, 25 controlled by the
      output of detector 17 (FIG. 2). When the detector 17 provides an output
      indicative of a signal input to the buffer amplifier 11 above the
      predetermined level, the switches 24, 25, which may be solid state
      switches, are closed. The time constant of the rectifying circuit is
      small, hence the voltage on the capacitors 22, 23 will follow rapidly any
      variations of noise (which will include the audio signal fed to the area)
      picked up by the microphone 19. When the level of audio signal has been
      below the predetermined level for sufficient time for the level detector
      17 to operate, the output from the detector 17 will cause the switches 24,
      25 to open, increasing the charge time of the capacitors 22, 23 so that
      the voltage on these capacitors will vary only slowly in response to
      changes in noise level. Thus, any sudden short duration variations will be
      averaged out. The analogue-to-digital convertor 21 provides a 4 bit
      digitally coded signal corresponding to the analogue voltage present at
      its input. This convertor 21 is arranged to provide an output that
      changes, if a change is required, by one level at a time at a slow
      predetermined rate. The output of the convertor is prevented from changing
      during periods when a signal is present in the amplifier chain by means of
      the control signal from the detector 18. This digital output signal of the
      convertor 21 which corresponds to the noise level is fed to the store
      (FIG. 4) and if desired may also be fed to external recording or
      auxilliary equipment. The analogue voltage on the input of convertor 21
      corresponding to the noise and signal level may be taken out for example
      for recording purposes or the control of ancilliary equipment.
PAR  Referring now to FIG. 4, the coded signal from the analogue to digital
      convertor 21 (FIG. 3) is applied to a store in the form of a quad latch 26
      which provides an output (A) which follows the input whenever a control
      signal from detector 18 (FIG. 2) is present but which provides an output
      which remains constant whenever the control signal is absent, the output
      during the period from "control signal absent" to "control signal present"
      being equivalent to the input that was present immediately before the
      beginning of the period. Thus the output will follow the input whenever no
      audio signal is present but will latch to a steady value whenever the
      audio signal is present. Since this output is to be used to control the
      gain of an amplifier it can be seen that the gain of the amplifier (it can
      be seen that the gain of the amplifier) can only change during periods
      when no audio signal is present. As the convertor 21 can only change
      levels at a slow rate, the gain of the amplifier is not greatly affected
      by for example short pauses in speech or pauses between titles in a music
      programme. The output (A) of latch 26 is taken to a quad AND-OR gate 27
      and the complement (A) of the output (A) is taken to a quad Adder 28. A
      signal (B), in a digitally coded form, is fed from a "set maximum level"
      switch or switches (not shown) to both the quad Adder 28 and the quad
      AND-OR gate 27. The "set maximum level" switch or switches enable
      different maxmimum levels to be selected for example for day-time and
      night-time operation. The signal (B) is the digital code corresponding to
      the gain setting providing the loudest sound level that is required. The
      signal (B) and the signal (A) are added in the quad 28, which in effect is
      the same as subtracting the signal (A) from the signal (B), and an output
      is provided from the Adder 28 whenever the signal (A) corresponds to a
      level lower than that of signal (B). This output and its complement are
      applied to the control terminals of the quad AND-OR gate 27. The AND-OR
      gate 27 is a circuit element which provides an output identical to one of
      either of two inputs under the action of two select signals. In the
      circuit described signal A is selected whenever it corresponds to a level
      lower than that of signal B otherwise signal B is selected as the output
      (B). Thus the output (C) is a gain control signal which varies under the
      control of the ambient noise level until it reaches a preset maximum level
      after which it cannot increase even though the ambient noise becomes
      louder. The signal (C) is fed to a further quad AND-OR gate 29 together
      with a signal (D) from a "set emergency announcement level" switch (not
      shown). Signal (D) is the digital code corresponding to the gain required
      to provide the desired loudness for emergency announcements. The output
      (E) of gate 29 will be equivalent to either signal (C) or signal (D)
      depending upon the control signal fed to the selection terminals of the
      gate. Normally signal (C) will be selected but whenever an emergency
      announcement is to be made signal (D) will be selected, overriding the
      ambient noise controlled gain signal. The output (E) from the gate 29 is
      fed to a variable gain amplifier (FIG. 5).
PAR  An alternative method of providing for maximum level and emergency level
      processing using analogue techniques is to provide electronic switching at
      the output of the ambient noise detector which prevents the D.C. voltage
      rising above a preset (adjustable) level for maximum level limiting and
      permits the switching in of another preset D.C. voltage for emergency
      announcement level setting.
PAR  Referring now to FIG. 5, a variable gain amplifier is illustrated the gain
      control element of which is connected to receive the digital signal (E)
      from the gate 29. The signal (E) is applied to a quad AND-OR gate 30 which
      may select a minimum gain setting (F) for the amplifier during sensing
      periods under the control of the output of detector 18 (FIG. 2). The 4
      bits of the digital output signal (G) of the gate 30 are used to control
      electronic switches 31 (such as field effect transistors) which short out
      resistors 32 in the feedback chain of an operational amplifier 33. By
      suitable selection of the resistor values and weighting of the code
      elements, the gain of the amplifier 33 may be made to vary over the
      desired range in suitable steps. Alternatively, the digital signal may be
      made to control switches shorting out resistors placed in one leg of an
      input attenuator of the amplifier. A further variant is for the digital
      signal to control the current through a lamp which in turn controls the
      resistance of a photo conductive cell forming part of an input attenuator.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An audio amplifier system including a variable gain amplifier adapted to
      receive an input signal, means for detecting periods when the input signal
      falls below a predetermined level, sound transducer means arranged to
      provide a signal proportional to the ambient noise level in the area or a
      part thereof covered by the system for therewith controlling the gain of
      the amplifier, and inhibitor means controlled by said detecting means to
      prevent the change of the gain of said variable gain amplifier except
      during periods when the input signal falls below said predetermined level,
      wherein the sound transducer means comprises signal detecting means whose
      response time is short at the beginning of each said period and increases
      for the remainder thereof, and wherein the said latter signal detecting
      means comprises first and second capacitors arranged to be charged when
      the input signal falls below the said predetermined level and first and
      second level detectors arranged to detect when the voltage across the
      respective capacitors rises above a predetermined voltage level, the first
      capacitor charging at a faster rate than the second, and the first level
      detector controlling the response time of the signal detector of the sound
      transducer means.
NUM  2.
PAR  2. An audio amplifier system according to claim 1, wherein the sound
      transducer means includes a rectifier to which the ambient noise level
      signal is applied and a filter network through which the rectified ambient
      noise level signal is passed, said filter network comprising two
      capacitors connected in shunt with said rectified signal and between them
      a resistor connected in series with said rectified signal and, connected
      in shunt with said resistor, a normally closed switch arranged to be
      controlled by the first level detector and arranged to open when the
      voltage across the first capacitor of the detector means rises above the
      predetermined voltage.
NUM  3.
PAR  3. An audio amplifier system according to claim 2, wherein a convertor is
      provided to convert the analogue sound level signal provided across the
      capacitance of the sound transducer means to digital form for application
      to a store.
NUM  4.
PAR  4. An audio amplifier system according to claim 3, wherein the convertor is
      arranged to change its digital output in response to changes in its
      analogue input by one level at a time at a predetermined rate.
NUM  5.
PAR  5. An audio amplifier system according to claim 3, wherein the convertor is
      controlled by the second level detector so that its output is maintained
      constant when the voltage across the second capacitor is below the
      predetermined voltage level.
NUM  6.
PAR  6. An audio amplifier system according to claim 4, wherein the store
      comprises a latch connected to the output of the convertor and controlled
      by the second detector so that its output follows its input only when the
      voltage detected is above the said predetermined voltage level.
NUM  7.
PAR  7. An audio amplifier system according to claim 6, comprising an AND-OR
      gate arranged to receive the output of the latch and a digital signal
      indicative of the maximum desired operating level of the system, and an
      adder arranged to receive the maximum level signal and the complement of
      the output of the latch, the output of the adder being applied to the
      control terminals of the gate to cause the gate to provide an output which
      follows that of the two inputs thereto, which is indicative of the lower
      level.
NUM  8.
PAR  8. An audio amplifier system according to claim 7, wherein the output of
      the gate is applied to a second AND-OR gate which receives a further input
      indicative of a fixed high level, and the further gate is controlled to
      select one or other of its two inputs by a control signal from a manually
      operable switch.
NUM  9.
PAR  9. An audio amplifier system according to claim 8, wherein the output of
      the second gate is applied to a third AND-OR gate which receives a further
      input indicative of a minimum level, the third gate being controlled by
      the output of the second detector of the detecting means so that its
      output follows the minimum level input when the audio signal drops below
      the said predetermined level.
NUM  10.
PAR  10. An audio amplifier system according to claim 3, wherein the variable
      gain amplifier comprises an amplifier having a feed-back loop including a
      plurality of series arranged resistors, and the signal passed from the
      store to the variable gain amplifier is arranged to control switches which
      short out respective ones of the resistors.
NUM  11.
PAR  11. An audio amplifier systems according to claim 3, comprising a time
      clock arranged to control means operative on the store for adjusting the
      output of the variable gain amplifier during selected periods.
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PAL  To the output side of a matrix four-channel decoder for producing four
      outputs while controlling the mixing coefficients of left and right
      composite signals in accordance with the level or instantaneous amplitude
      relationship between directional audio input signals contained in the
      composite signals are connected first and second low frequency mixers
      respectively receiving front pair outputs and back pair outputs. The
      mixers respectively mix two input signals supplied thereto with each other
      when they fall within a low frequency range, thereby developing mixed
      outputs thereof at its two output terminals, and, when they fall within
      the high frequency range, develop the two input signals at its two output
      terminals respectively. Each of mixed outputs of the first mixer is a sum
      of the composite signals while each of the mixed outputs of the second
      mixer is a difference signal thereof.
BSUM
PAR  This invention relates to a matrix four-channel decoding system.
PAR  In U.S. Pat. Nos. 3,825,684 and 3,783,192 assigned to the same assignee as
      the present invention are disclosed matrix fourchannel decoding systems
      comprising, in order to convert first and second composite signals encoded
      with at least four directional audio input signals, that is, left-front,
      right-front, left-back and right-back directional audio input signals in
      preselected amplitude and phase relationships into left-front,
      right-front, left-back and right-back output signals, matrix means for
      producing the output signals by mixing the first and second composite
      signals with each other, and means for detecting the level relationship
      between the directional audio input signals contained in the first and
      second composite signals and controlling the matrix means so as to produce
      the output signals while varying the mixing coefficients of the first and
      second composite signals in accordance with the level relationship between
      the directional audio input signals.
PAR  Further, in the copending U.S. application Ser. No. 447,759 filed Mar. 4,
      1974 there is proposed for the purpose of obtaining a more natural
      four-channel reproduction sound a decoding system wherein, only in the
      intermediate frequency range, the mixing coefficients of the first and
      second composite signals are controlled in accordance with the level
      relationship of the directional audio input signals whereas, in the low
      and high frequency ranges, the mixing coefficients are substantially
      fixed.
PAR  In the decoding system disclosed in the foregoing copending application,
      the mixing coefficients of the composite signals are so fixed that, in the
      low frequency range, front pair outputs respectively become a substantial
      sum signal of the first and second composite signals while rear pair
      outputs respectively become a substantial difference signal thereof. In
      the embodiment of the copending application, combinations of gain control
      amplifiers, CR filter networks and fixed gain amplifiers, the amplifiers
      and filter networks being adapted to control the coefficients, are used
      for performing the fixing operation of the mixing coefficients or matrix
      coefficients of the first and second composite signals.
PAR  However, the presence of capacitors or capacitors constituting a filter
      network in a signal path renders integration circuit version of the
      decoder apparatus difficult. That is, since it is required for the
      capacitors to be connected to the integrated circuit block from outside,
      capacitor-connecting terminals are required. Where such terminals are
      increased in number, integrated circuit version of the decoder becomes
      impossible.
PAR  An object of the invention is to provide a variable matrix decoding system
      capable of obtaining a more natural reproduction sound field.
PAR  Another object of the invention is to provide a decoding system suitable
      for integrated circuit conversion.
PAR  According to the present invention, to the outputs of matrix means are
      connected first and second low frequency mixers each having first and
      second input terminals and first and second output terminals, the first
      mixer being connected to receive the front pair outputs of the matrix
      means as first and second inputs and the second mixer the back pair
      outputs of the matrix means as first and second inputs. Each of the first
      and second low frequency mixers is operative to develop at the first and
      second output terminals mixed signals of the first and second input
      signals when the input signal frequency is in a low frequency range, and
      develop at the first and second output terminals the first and second
      input signals respectively when the input signal frequency is in a
      frequency range higher than the low frequency range.
PAR  Each of the mixed outputs developed at the first mixer is a substantial sum
      signal of the first and second composite signals while each of the mixed
      outputs developed at the first and second output terminals of the second
      mixer is a substantial difference signal of the first and second composite
      signals.
DRWD
PAR  This invention can be more fully understood from the following detailed
      description when taken in conjunction with the accompanying drawings, in
      which:
PAR  FIG. 1 is a block diagram of a matrix four-channel decoding system
      according to an embodiment of the invention;
PAR  FIG. 2 is a circuit diagram of one example of gain control amplifiers used
      in FIG. 1 and suitable for integrated circuit version;
PAR  FIG. 3 shows the characteristics of the gain control amplifiers of FIG. 2;
      and
PAR  FIG. 4 is a circuit diagram of the low frequency mixers of FIG. 1.
DETD
PAR  There will now be described by reference to FIG. 1 an embodiment of the
      decoding system of this invention. Decoder input terminals 12L, 12R
      receive left and right composite signals L, R containing at least four
      directional audio input signals LF(left-front), RF(right-front),
      LB(left-back) and RB(right-back) vectorially composed as indicated at 10,
      11, for example. The composite signals L, R are supplied to a matrix
      circuit 13 to produce two sum signals (L+R), -(L+R). A matrix circuit 14
      produces a difference signal L-R, whose amplitude is controlled by a first
      gain control amplifier 15. A matrix circuit 16 forms two difference
      signals (L-R), -(L-R). A matrix circuit 17 generates a sum signal (L+R)
      whose amplitude is controlled by a second gain control amplifier 18.
      Output signals from the matrix circuit 13 and an output signal from the
      first gain control amplifier 15 are mixed by a matrix circuit 19 to form a
      left-front signal LF1 and a right-front signal RF1. Output signals from
      the matrix circuit 16 and an output signal from the second gain control
      amplifier 18 are mixed by a matrix circuit 20 to produce a left-back
      signal LB1 and a right-back signal RB1. The right composite signal R has
      its amplitude controlled by a third gain control amplifier 21 and is mixed
      with the left composite signal L by a matrix circuit 22 to form a
      left-front signal LF2 (L+lR) and a left-back signal LB2 (L-lR). The left
      composite signal L has its amplitude controlled by a fourth gain control
      amplifier 23 and is mixed with the right composite signal R by a matrix
      circuit 24 to generate a right-front signal RF2 (R+rL) and a right-back
      signal RB2 (R-rL). The output signal LF1 from the matrix circuit 19 and
      the output signal LF2 from the matrix circuit 22 are mixed in the ratio of
      (1/.sqroot.2) : 1 by a matrix circuit 25 to form a left-front signal LF3.
PAR  Right-front signals RF1, FR2 are mixed in the ratio of (1/.sqroot.2) : 1 by
      a matrix circuit 26 to generate a right-front signal RF3. Left-back
      signals LB1, LB2 are mixed in the ratio of (1/.sqroot.2) : 1 by a matrix
      circuit 27 to form a left-back signal LB3. Right back signals RB1, RB2 are
      mixed in the ratio of (1/.sqroot.2) : 1 by a matrix circuit 28 to form a
      right-back signal RB3.
PAR  The first and second input terminals 12L, 12R are connected to a first
      control unit 30 which comprises a first phase discriminator 31 supplied
      with the left and right composite signals L, R through bandpass filters
      32A, 32B capable of passing signals having a frequency of 500 Hz to 7 kHz,
      for example. The first phase discriminator 31 detects the level or
      instantaneous amplitude relationship or level ratio between the front and
      back audio input signals contained in the left and right composite signals
      L, R in accordance with the phase difference between the composite signals
      L, R and generates two control signals whose voltage levels vary
      symmetrically in the opposite directions with respect to a reference
      voltage. These control signals are converted by correction circuits 33, 34
      into first and second control signals Ef, Eb, in each of which voltage
      variations in positive and negative directions are unsymmetrical with
      respect to the reference voltage level. The first control signal Ef is
      conducted to the first gain control amplifier 15 to control the amplitude
      of the difference signal L-R. The second control signal Eb is supplied to
      the second gain control amplifier 18 to control the amplitude of the sum
      signal L+R.
PAR  The first and second input terminals 12L, 12R are also connected to a
      second control unit 40, which comprises band-pass filters 41A, 41B capable
      of passing signals having a frequency of, for example, 500 Hz to 7 kHz;
      phase shifters 42A, 42B for introducing between the composite signals L, R
      a relative phase difference of 45.degree., for example; matrix circuits
      43, 44 for forming sum and difference signals of the composite signals L,
      R; and a phase discriminator 45 for detecting a phase difference between
      the sum and difference signals. This second control unit 40 detects the
      level or instantaneous amplitude relationship or level ratio between the
      left and right audio input signals contained in the left and right
      composite signals L, R and generates two control signals whose voltages
      vary symmetrically in the opposite directions with respect to the
      reference voltage. The two control signals thus generated are converted by
      correction circuits 46, 47 into third and fourth control signals El, Er,
      in each of which voltage variations in positve and negative directions are
      unsymmetrical with respect to the reference voltage. The third control
      signal El is supplied to the third gain control amplifier 21 to control
      the amplitude of the right composite signal R. The fourth control signal
      Er is conducted to the fourth gain control amplifier 23 to control the
      amplitude of the left composite signal L.
PAR  In the foregoing embodiment, the first control unit 30 detects the level
      relationship between the front and back audio input signals contained in
      the left and right composite signals L, R in accordance with the phase
      difference between the composite signals L, R. The second control unit 40
      detects the level relationship between the left and right audio signals
      contained in the left and right composite signals L, R in accordance with
      the phase relationship between the sum and difference signals of the
      composite signals L, R. However, in order to detect the level relationship
      between the front and back audio input signals, the first control unit 30
      may include a level comparator for detecting the level relationship or
      ratio between the sum signal L+R and difference signal L-R of the
      composite signals L, R, and the second control unit 40 may be comprised of
      a level comparator for detecting the level relationship or ratio between
      the composite signals L, R in order to detect the level relationship
      between the left and right audio input signals. Further, the bandpass
      filters 32A, 32B, 41A, 41B may be replaced by highpass filters capable of
      passing signals of higher frequency than, for example, 500 Hz.
PAR  To the output side of the decoder matrix are connected first and second low
      frequency mixers 48 and 49. The first mixer 48 has first and second input
      terminals 50 and 51 connected to receive front pair outputs LF3 and RF3,
      respectively, and first and second output terminals 52 and 53 at which are
      developed front output signals LF4 and RF4 coupled to front pair
      loudspeakers, respectively. Similarly, the second mixer 49 has first and
      second input terminals 54 and 55 connected to receive back pair outputs
      LB3 and RB3, respectively, from the decoder, and first and second output
      terminals 56 and 57 at which are developed back output signals LB4 and RB4
      coupled to back pair loud-speakers, respectively.
PAR  The first and second low frequency mixers 48 and 49 respectively are so
      constructed that where first and second input signals applied to the first
      and second input terminals have a low frequency, mixed outputs of the
      first and second input signals are developed at the first and second
      output terminals whereas where the input signals have a high frequency,
      they are developed at the first and second output terminals, respectively.
PAR  The output signals LF3, RF3, LB3 and RB3 of the decoder matrix in FIG. 1
      respectively are expressed by the operation equations:
EQU  LF3 = LF1 + LF2 = 1/.sqroot.2 {(L + R) + f(L - R)}+ L + lR = 1.sqroot.2 {(1
      + f + .sqroot.2)L + (1 - f + .sqroot.2l)R}                (1)
EQU  RF3 = RF1 + RF2 =  1.sqroot.2{(L + R) - f(L - R)}+ R + rL = 1/.sqroot. 2
      }(1 + f +.sqroot.2)R + (1 - f + .sqroot.2 r)L}            (2)
EQU  LB3 = LB1 + LB2 = 1/.sqroot.2 {(L - R) + b(L + R)} + L - lR = 1/.sqroot.2
      }(1 + b + .sqroot.2)L - (1 -b + .sqroot.2 l)R}            (3)
EQU  RB3 = RB1 + RB2 = 1/.sqroot.2 {-(L - R) + b(L + R)}+ R - rL = 1/.sqroot.2
      {(1 + b + .sqroot.2)R - (1 - b + .sqroot.2 r)L }          (4)
PAL  where f, b, l and r respectively represent variable matrix coefficients and
      correspond to the respective gain coefficients of the gain control
      amplifiers 15, 18, 21 and 23.
PAR  As described in the foregoing copending application, where it is desired to
      obtain a sum signal of the composite signals L and R as the front pair
      outputs LF3 and RF3 and a difference signal of the composite signals as
      the back pair outputs LB3 and RB3 it is necessary to fix the variable
      matrix coefficients f and b to "0" and the coefficients l and r to "1".
      However, to obtain the relationship of f = b = 0 and r = l = 1 in the low
      frequency range, CR filter networks and fixed gain amplifiers are required
      as stated in the copending application. The presence of capacitors in the
      filters renders integrated circuit version of the decoder matrix very
      difficult.
PAR  This invention is based on the following fact. Namely, adding the equation
      (1) to the equation (2), the following equation is obtained.
EQU  LF3 + RF3 = (.sqroot.2 + 1)(L + R) + lR + rL               (5)
PAL  Further, subtracting the equation (4) from the equation (3), the following
      equation is obtained.
EQU  LB3 - RB3 = (.sqroot.2 + 1)(L - R) + rL - lR               (6)
PAL  As apparent from the equations (5) and (6), if r = l = 0, the aforesaid
      addition produces a sum signal of the composite signals L and R while the
      aforesaid subtraction produces a difference signal thereof.
PAR  Accordingly, if, in the decoder of FIG. 1, the gain coefficients f, b, l
      and r of the gain control amplifiers 15, 18, 21 and 23 are fixed to
      substantially zero in the low frequency range, the first mixer 48 is
      operative to develop, in the low frequency range, a sum signal of the
      input signals LF3 and RF3 at the first and second output terminals 52 and
      53, and the second mixer 49 is operative to develop a difference signal of
      the input signals LB3 and RB3 at the first and second output terminals 56
      and 57, then the same results as in the case where the relationship of f =
      b = 0 and r = l = 1 in the aforesaid copending application is established
      will be obtained.
PAR  A suitable example of the gain control amplifier is illustrated in FIG. 2.
      The emitter at an amplifying transistor Q1 is grounded via a current
      source 60. A series circuit of a capacitor C1, the drain-source path of a
      field effect transistor Q2 a capacitor C2, and a series circuit of a
      capacitor C3 and resistor R1 are connected in parallel with the current
      source 60 in an integrated circuit of the decoder matrix, the capacitors
      C1, C2 and C3, resistor R1 and transistor Q2 are provided exteriorly of
      the integrated matrix circuit block.
PAR  The gain of the transistor Q1 is determined substantially by the ratio of
      the collector resistance / the emitter resistance. A resistance value
      between the drain and source of the transistor Q2 is varied in response to
      the control voltage applied to the gate thereof thereby to control the
      gain of the transistor Q1. Where the capacitor C1 has as small a value as,
      for example, 3.3 microfarads, it exhibits a high impedance in the range of
      low frequency, so that the field effect transistor Q2 is electrically
      disconnected from the emitter circuit of the transistor Q1. Accordingly,
      the gain of the transistor Q1, in the range of low frequency, is
      determined by a high resistance of the current source 60 and the
      resistance of the collector and is rendered substantially zero. The
      capacitor C3 and the resistor R1 are provided for the purpose of causing
      the transistor Q1 to have a relatively high gain in the range of high
      frequency without being affected by the field effect transistor Q2. Since,
      however, provision of the capacitor C3 and resistor R1 causes the
      transistor Q1 to have an unnecessarily high gain in the range of high
      frequency, it is desirable to provide limiter circuits for limiting the
      amplitude of a high frequency signal on the input or output side of the
      decoder thereby to substantially fix the gain in the decoder relative to
      such high frequency signal.
PAR  FIG. 3 shows the frequency characteristic of the gain control amplifier of
      FIG. 2 obtained in the case where limiter circuits, which may each be a
      series circuit of a capacitor and resistor for limiting the amplitude of
      the high frequency component of the composite signals L and R are provided
      on the input side of the decoder. It is apparently understood from FIG. 3
      that the gain control amplifier is so operated as to more widely control
      the amplitude of an intermediate frequency input signal than that of low
      and high frequency input signals.
PAR  A preferred circuit arrangement of the first and second low frequency
      mixers 48 and 49 is illustrated in FIG. 4. In the first mixer 48, two
      parallel circuits each consisting of a resistor R11 and capacitor C11 are
      connected between the first input terminal 50 and the first output
      terminal 52 and between the second input terminal 51 and the second output
      terminal 53 respectively. Two series circuits each consisting of resistors
      R12 and R13 are connected between the first input terminal 50 and the
      second output terminal 53 and between the second input terminal 51 and the
      first output terminal 52, respectively. A capacitor C12 is connected
      between the junction of the resistors R12 and R13 of each of the series
      circuits and ground. The respective values of the resistors R11, R12 and
      R13 are determined so that the resistance value of R11 is substantially
      equal to a sum of the resistance values of R12 and R13. Further, it is
      desirable to make the resistance value of R12 substantially equal to the
      output impedance value of the decoder matrix for the reason as described
      hereinafter. The second mixer 49 is constructed similarly to the first
      mixer 48. Where the decoder outputs LB3 and RB3 are expressed as by the
      foregoing equations (3) and (4) an inverter 62, in order to perform
      subtraction of RB3 from LB3, is connected, for example, between the second
      input terminal 55 and the parallel circuit of the capacitor C11 and
      resistor R11. However, where the decoder matrix is constructed to produce
      an output corresponding to -LB3 or -RB3, provision of the inverter 62 is
      unnecessary.
PAR  The operation of the mixers will hereinafter be described. In the low
      frequency range within which the capacitors C11 and C12 exhibit a high
      impedance, the first mixer 48 is operative to mix the decoder outputs LF3
      and RF3 by the resistors R11 and the series connected resistors R12 and
      R13 thereby to develop mixed outputs of the decoder outputs LF3 and RF3,
      that is, a sum signal of the composite signals L and R at the first and
      second output terminals 52 and 53, respectively. On the other hand, the
      second mixer 49 develops mixed outputs of the decoder outputs LB3 and RB3,
      that is, a difference signal of the composite signals L and R at the first
      and second output terminals 56 and 57, respectively. In the high frequency
      range within which the capacitors C11 and C12 present a low impedance with
      each of the first and second mixers, first and second input signals
      applied to the first and second input terminals appear respectively at the
      first and second output terminals with little mixing of the input signals.
      For example, the decoder output LF 3 is attenuated by a low-pass filter
      consisting of R12 and capacitor C12, and is further attenuated by an
      attenuator consisting of the resistor R13, the capacitor C11 and a decoder
      output impedance at the second input terminal 51. As the result, the high
      frequency output LF3 little appears at the second output terminal 53. When
      the crosstalk of the output LF3 from the input terminal 50 to the output
      terminal 53 at a frequency of 100 Hz is 0 db, the crosstalk at a frequency
      of 1 kHz can be reduced to below -20 db.
PAR  The level of respective signals appearing at the respective output
      terminals is lowered by -6 db due to the mixing operation of the first and
      second mixers 48 and 49 in the range of low frequency. For this reason, it
      is considered that signal levels in the low frequency range are more
      lowered than those in the high frequency range. However, by rendering the
      resistance value of the resistor R12 substantially equal to the value of
      the decoder output impedance a -6db attenuator consisting of the decoder
      output impedance and the resistor R12 is formed relative to high frequency
      signals. Accordingly, the frequency characteristics of the first and
      second mixers 48 and 49 can be rendered substantially flat.
PAR  In the preceding embodiment, the first and second mixers 48 and 49 are
      respectively formed by a resistor-capacitor combination but may be formed
      by differential amplifiers.
PAR  By parallel-connecting the capacitor to the common emitter of paired
      transistors constituting a differential amplifier, it is possible to
      operate the paired transistors as a differential amplifier in the range of
      low frequency and on the other hand to operate the paired transistors as
      two independent amplifiers in the range of high frequency. Where
      differential amplifiers are used, one of the decoder outputs LF3 and RF3
      is coupled to one input terminal of one differential amplifier, and the
      other of the decoder outputs LF3 and RF3  is coupled to the other input
      terminal via an inverter. To the paired input terminals of the other
      differential amplifier are coupled the decoder outputs LB3 and RB3.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a matrix four-channel decoding system for converting first and second
      composite signals encoded with at least left-front, right-front, left-back
      and right-back directional audio input signals in preselected amplitude
      and phase relationships into left-front, right-front, left-back and
      right-back output signals, comprising matrix means for producing said
      output signals by combining said first and second composite signals, and
      means for detecting the level relationship between the directional audio
      input signals contained in said first and second composite signals and
      controlling said matrix means so as to produce said output signals while
      varying the mixing coefficients of said first and second composite signals
      in accordance with the instantaneous amplitude relationship between said
      directional audio input signals,
PA1  said matrix four-channel decoding system comprising
PA1  first and second mixers each having first and second input terminals and
      first and second output terminals,
PA1  said first mixer being connected to receive the left-front and right-front
      output signals from said matrix means at said first and second input
      terminals of said first mixer, respectively, for developing, when the
      first and second composite signals are in a first frequency range, a sum
      of the left-front and right-front output signals which is substantially a
      sum of the first and second composite signals at each of said first and
      second output terminals of said first mixer, and, when the first and
      second composite signals are in a second frequency range above the first
      frequency range, the left-front and right-front output signals at said
      first and second output terminals of said first mixer, respectively, and
PA1  said second mixer being connected to receive the left-back and right-back
      output signals from said matrix means at said first and second input
      terminals of said second mixer, respectively, for developing, when the
      first and second composite signals are in the first frequency range, a
      difference of the left-back and right-back output signals which is
      substantially a difference of the first and second composite signals at
      each of said first and second output terminals of said second mixer, and,
      when the first and second composite signals are in the second frequency
      range, the left-back and right-back output signals at said first and
      second output terminals of said second mixer, respectively.
NUM  2.
PAR  2. A matrix four-channel decoding system as set forth in claim 1 wherein
      each of said first and second mixers comprises first and second
      resistor-capacitor networks connected between said first input terminal
      and said first output terminal and between said second input terminal and
      said second output terminal, respectively, and each having a first
      resistor and a first capacitor connected in parallel with each other; and
      third and fourth resistor-capacitor networks connected between said first
      input terminal and said second output terminal and between said second
      input terminal and said first output terminal, respectively, and each
      having second and third resistors connected in series and a second
      capacitor connected between the junction of said second and third
      resistors and a reference potential point.
NUM  3.
PAR  3. A matrix four-channel decoding system as set forth in claim 2 wherein
      the resistance value of said first resistor is substantially equal to a
      sum of the resistance values of said second and third resistors.
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PAL  A system for demodulating angle modulated waves comprises a phase locked
      loop including a phase comparator and a voltage controlled oscillator. An
      attenuation means is inserted into the phase locked loop. This attenuation
      means does not affect the DC component of an input angle modulated wave,
      but does cause an attenuation with respect to an AC component, to cause a
      decrease in the loop gain. The phase locked loop has a DC lock range
      exhibiting a relatively wide lock range width even when the input level is
      relatively low and an AC lock range produced by the attenuation circuit
      and exhibiting a relatively narrow lock range width when the input level
      is relatively low. The attenuation means detects an abnormality in the
      angle modulated wave, the harmonics component of the direct wave, and the
      like. A variable attenuation circuit controlled by the output of the
      detecting means is varied in its attenuation quantity.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an angle modulated wave demodulation system, and
      more particularly to a system for controlling the lock range of a phase
      locked loop for demodulating an angle modulated wave reproduced from a
      multichannel disc.
PAR  A "phase locked loop" is a filter and demodulator combination using a
      voltage controlled oscillator. The center frequency of the phase locked
      loop is determined by the free-running frequency of the voltage controlled
      oscillator. The "lock range" or tracking range is the range of frequencies
      on either side of the center frequency which may be produced by the
      voltage controlled oscillator while it remains locked on the center
      frequency.
PAR  In general, a record disc of a discrete four-channel system carries direct
      waves comprised of sum signals derived from each of two channels and angle
      modulated waves resulting from the angle modulation of a carrier wave of
      30 KHz by difference signals derived from each of two channels. These
      signals are superimposed and recorded on the two walls of the disc sound
      groove, as disclosed in detail in U.S. Pat. No. 3,686,471 entitled "SYSTEM
      FOR RECORDING AND/OR REPRODUCING FOUR CHANNEL SIGNALS ON A RECORD DISC".
PAR  In some cases, an absence of a signal or an abrupt decrease in the level of
      a signal may be picked up by a phonograph pick-up stylus. This occurs, for
      example, when a pick-up stylus rides over a particle of dust in a groove
      of a record disc. Sometimes the pick-up fails to completely trace on walls
      of the groove. Other times a part of the groove is damaged and part of the
      waveform is lacking from the groove. If the waveform on the groove is fine
      and complicated; the pick-up stylus jumps over it and fails to completely
      trace the waveform. Also, a reproduced part of the groove may be worn away
      due to repeated reproduction of the record disc, by a pick-up cartridge
      having a stylus tip with too large an equivalent mass, i.e., a large
      moment of inertia. As stated above, the frequency range of the angle
      modulated difference signal (20 KHz to 40 KHz) in the signal recorded on
      the groove is higher than the range of the direct wave sum signal.
      Accordingly, the part of the waveform having a relatively long and gradual
      groove wall curve relates to the direct wave sum signal. Another part of
      the waveform is relatively small and fine and relates to the angle
      modulated wave difference signal. Therefore, the absence of a signal or
      the drop in the level in the reproduced signal usually occurs in the angle
      modulated wave difference signal.
PAR  In the absence of a signal or the drop in the level, the frequency of the
      carrier component in the angle modulated wave difference signal abruptly
      deviates to a substantially very low frequency. Accordingly, noise is
      generated in an angle demodulator in a later stage responsive to the
      abrupt deviation of the carrier wave to a low frequency.
PAR  The abrupt decrease in the angle modulated wave and the resulting
      generation of noise is a characteristic of reproduction of the
      multichannel record disc. It is essentially different from a noise
      generation which generally occurs in FM communication, etc. In FM
      communication the carrier is always maintained at a constant level and a
      noise signal is added thereto with a result that the level as a whole
      increases rather than decreases. Furthermore, responsive to fading, the
      change in the level of an angle modulated wave is gradual and not abrupt.
      Whereas in the multi-channel record disc, it is inevitable that the level
      of the angle modulated wave decreases abruptly, due to the relationship
      between the tip of the stylus and the groove, existence of dust, damage of
      the groove and other causes.
PAR  When, the input carrier level is abnormally low, as mentioned above, the
      center frequency of the carrier oscillation frequency does not coincide in
      the voltage controlled oscillator and in the phase locked loop (PLL). This
      lack of coincidence results from a fluctuation in the rotational speed of
      a turntable of a record player or a variation in the temperature of the
      circuit. The PLL deviates from the locked state and generates beats of a
      frequency equal to the difference between the above mentioned oscillation
      frequency and the frequency of the input angle modulated carrier wave.
      Therefore normal demodulation is no longer carried out. These fluctuations
      are such that when there is a deviation in the turntable speed in the
      order of 3 percent or a fluctuation in the frequency of the voltage
      controlled oscillator or a temperature variation in the order of 3
      percent, a frequency difference is produced in the order of 1.8 KHz with
      respect to a carrier frequency of 30 KHz of the input angle modulated
      difference signal.
PAR  As mentioned above, the PLL holds its locked state with respect to
      occurrences such as fluctuations in the turntable speed at the time of
      abnormal deterioration level. In order to prevent generation of beats as
      mentioned above, the applicant has previously proposed a novel
      multichannel disc demodulation system as disclosed in U.S. patent
      application Ser. No. 294,371, filed Oct. 2, 1972 now abandoned, entitled
      "ANGLE MODULATED WAVE DEMODULATION SYSTEM".
PAR  In a system according to our copending application Ser. No. 294,371, the
      time constant circuit 44 is provided at a position succeeding the phase
      comparator, as illustrated in FIG. 4 of that copending application. The
      time constant circuit 44 has a circuit, as there illustrated in FIG. 6.
PAR  In that FIG. 6, an input signal is applied to a left-side terminal and an
      output signal is derived from a right-side terminal. The output signal
      voltage V is represented by the following formula:
      ##EQU1##
      where, E is the voltage of input signal.
PAR  The value of 1/(j2.pi.fC.sub.1) is inverse to the value of frequency f,
      which is a part of the denominator.
PAR  The value of capacitance C.sub.1 is selected to obtain the following
      relationship:
      ##EQU2##
      when the frequency f.sub.1 is an audio frequency and
      ##EQU3##
      when the frequency f.sub.2 is a much lower frequency (i.e., approaches a
      direct current).
PAR  Accordingly, for audio frequency components f.sub.1, the formula (1)
      becomes
      ##EQU4##
      and the output signal is attenuated to R.sub.2 / (R.sub.1 + R.sub.2) of
      the input signal.
PAR  On the other hand, for frequency components f.sub.2 much lower than the
      audio frequencies, the equation (1) becomes
      ##EQU5##
      and, the output signal V(f.sub.2) substantially is equivalent to the input
      signal E(f.sub.2).
PAR  The lower frequency components in the output signal of the phase comparator
      occur when a turn-table of a record player rotates at a speed which
      deviates from the normal speed. When the central oscillation frequency of
      the voltage controlled oscillator deviates from the central frequency of
      the modulated wave, due to changes with respect to a lapse of time, the
      output signal level of the time constant circuit 44 becomes substantially
      equal to the level of the input signal. Therefore, the same result is
      obtained irrespective of the presence of the time constant circuit.
PAR  Accordingly, the DC lock range of the phase locked loop (the lock range
      with respect to the lower frequency components) does not relate to the
      existence or non-existence of the time constant circuit.
PAR  The level of the output signal from the time constant circuit becomes
      smaller than that of the input signal, with respect to the audio frequency
      components out of the output signal of the phase comparator. The lock
      range (AC lock range) of the phase locked loop, with respect to the audio
      frequency components becomes more narrow than the DC lock range.
PAR  While this proposed system of U.S. patent application Ser. No. 294,371
      obtains a narrow AC lock range, it is accompanied by a problem in that the
      DC lock range cannot be widened any further. Accordingly, in order to
      obtain a large ratio of the DC lock range and the AC lock range
      (hereinafter referred to simply as "lock range ratio"), the AC lock range
      must be made small since the DC lock range is constant and cannot be made
      greater than a certain value. However, this measure is not desirable owing
      to the following point.
PAR  When the level of the angle modulated difference signal is high, and any
      harmonics component of the direct wave sum signal coming into the band of
      the former signal can be neglected, it is necessary to carry out
      demodulation with an enlarge lock range of the PLL. On the other hand,
      when there is a high level of noise due to causes such as wear of the disc
      sound groove, or when there is much disturbance due to causes such as the
      harmonics component of the direct wave sum signal, it is necessary to
      carry out demodulation with a small PLL lock range. For this reason, it is
      desirable that the above mentioned lock range ratio be large. That is,
      when the quality of the reproduced angle modulated difference signal is
      good the PLL lock range is expanded to carry out demodulation with a wide
      band and with high fidelity. When the quality is poor, the PLL lock range
      is made narrow to demodulate the signal of only a specific frequency
      range.
PAR  If the above mentioned lock range ratio has a large value (for example,
      approximately 10:1), the maximum value of the AC lock range will also
      become small in the above mentioned proposed system, and high-fidelity
      demodulation cannot be accomplished. This has heretofore been a problem.
PAR  Furthermore, in another example of the practice of the system of the above
      mentioned patent application, the AC lock range is fixed while the DC lock
      range is made large by maintaining the conversion gain of a voltage
      controlled oscillator in the PLL at a large DC value and at a small AC
      value (not especially large), thereby to attain a large lock range ratio.
PAR  By the practice of this example, however, if the lock range becomes
      excessively large, the PLL will be erroneous locked even by a signal of
      the sum signal band (less than 15 KHz). In this case, a signal within the
      sum signal band below 15 KHz will be demodulated as a disturbance wave.
      The demodulation output signal will become a signal containing a noise
      component in addition to the desired demodulated difference signal.
PAR  The following principal conditions are desirable for the demodulation of an
      angle modulated wave signal picked up from a multichannel disc and used in
      a system with a PLL.
PAR  1. The use of a large lock range ratio, for example, of the order of from
      10:1 to 30:1.
PAR  2. The use of a maximum AC lock range of large value, for example, of the
      order of .+-. 10 KHz.
PAR  3. The use of a maximum DC lock range of suitable size, which, moreover,
      does not reach an unnecessary band (below 15 KHz). For this, the ideal
      lock range is of the order of from (30 - 14) KHz to (30 + 29) KHz.
      However, in actual practice, there is no problem if this range is from (30
      + 19) KHz to (30 + 59) KHz.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general object of the present invention to provide a
      new and useful angle modulated wave demodulation system wherein the
      problems of the above mentioned proposed system are solved and the above
      enumerated requirements are satisfied.
PAR  A specific object of the invention is to provide a demodulation system for
      angle modulated waves. Here an object is to provide such a system which is
      capable of accomplishing excellent demodulation without the generation of
      noise by diminishing, when necessary, the lock range of a PLL for
      demodulating angle modulated waves.
PAR  Another object of the invention is to provide a system for demodulating
      angle modulated waves, which system is capable of reducing the AC lock
      range of a PLL, when necessary, thereby to enlarge the ratio of the DC
      lock range and the AC lock range thereof.
PAR  Still another object of the invention is to provide a system for
      demodulating an input angle modulated wave by detecting a low level of the
      angle modulated wave or the large level of the amplitude modulated
      component and thereby effecting a control to diminish the lock range of a
      PLL.
PAR  A further object of the invention is to provide a system for demodulating
      an angle modulated wave by detecting the harmonics of a direct wave
      component within a signal reproduced from a multichannel disc and thereby
      diminishing the AC lock range of a PLL.
PAR  A still further object of the invention is to provide a system for
      demodulating an angle modulated wave by effecting a limitation, whereby
      the lower limit of the frequency range of the lock range of a PLL does not
      reach the frequency band of a direct wave on which the angle modulated
      wave is superimposed.
PAR  Other object and further features of the invention will be apparent from
      the following detailed description set forth with reference to the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a block diagram indicating the essential organization of one
      embodiment of an angle modulated wave demodulation system, according to
      the invention;
PAR  FIG. 2 is a graphical representation indicating the lock ranges of a PLL in
      the system illustrated in FIG. 1;
PAR  FIG. 3 is a block diagram indicating the essential organization of a second
      embodiment of a demodulation system, according to the invention;
PAR  FIG. 4 is a circuit diagram of one embodiment of a specific circuit of a
      PLL section in the system illustrated in FIG. 3;
PAR  FIG. 5 is a block diagram of one embodiment of a part for detecting
      abnormalities in the system shown in FIG. 3;
PAR  FIGS. 6A through 6D are signal waveform charts, respectively, for a
      description of detection operations in the case where the level of an
      input angle modulated wave is low;
PAR  FIGS. 7A through 7D are signal waveform charts, respectively, for a
      description of detection operations when the fluctuation of the level of
      the input angle modulated wave is large;
PAR  FIGS. 8A through 8D are signal waveform charts, respectively, for a
      description of the detection operations when the level of the input angle
      modulated wave is normal;
PAR  FIG. 9 is a circuit diagram of one embodiment of a specific circuit of the
      part for detecting abnormalities shown in FIG. 5; and
PAR  FIG. 10 is a block diagram indicating the essential organization of a third
      embodiment of a demodulation system, according to the invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring first to FIG. 1, the first embodiment of the angle modulated wave
      demodulation system, according to the invention, will be described.
PAR  A four-channel record disc 10 is recorded with signals derived from a total
      of four channels, in accordance with the recording system which has been
      previously proposed. That is, recorded on each wall of the sound groove is
      a multiplexed signal of a direct wave sum signal and an angle modulated
      wave difference signal derived from the signals of two channels. Of the
      signals picked up by a pickup cartridge 11 from this groove of the disc
      10, the multiplexed signal made up from the direct wave sum signal and the
      angle modulated wave difference signal related to the signals of two
      channels are reproduced from the right wall of the groove. This picked up
      signal is supplied to an equalizer 12 of 1/2 RIAA characteristic and
      thereby equalized.
PAR  This reproduced signal is supplied, on one hand, by way of an equalizer 13
      of 2/2 RIAA characteristic to a low-pass filter 14, where the angle
      modulated wave component is removed. Only the direct wave sum signal
      component is derived and is then supplied to a matrix circuit 15.
PAR  The output of the equalizer 12 is supplied, on the other hand, to a
      band-pass filter 16 having a filtration band of from 20 KHz to 40 KHz,
      where the angle modulated wave difference signal component is derived.
      This signal is then supplied through a limiter 17 to a phase comparator
      (phase detector) 18 and a muting control circuit 23. This muting control
      circuit 23 detects the presence or absence of an angle modulated wave
      component and, accordingly, it controls a muting circuit 26.
PAR  The phase comparator 18, together with an amplifier 19, a voltage
      controlled oscillator 22, and other parts, constitutes a phase locked loop
      (PLL). The phase comparator 18 carries out a phase comparison of the input
      angle modulated wave and an output oscillation wave from the voltage
      controlled oscillator 22. Comparator 18 generates an error voltage in
      accordance with the resulting phase difference. The output signal of this
      phase comparator 18 is amplified by the amplifier 19 and is then supplied
      through an attenuation circuit 20, comprising resistors R0 and R1 and a
      capacitor Cl, to an amplifier and limiter 21.
PAR  The attenuation circuit 20 and the amplifier and limiter 21 are essential
      and vital parts in the system of the present invention, and are described
      more fully hereinafter.
PAR  A demodulated difference signal component is produced as an output by the
      amplifier and limiter 21. This output is supplied, on one hand, through a
      de-emphasis circuit 24, a low-pass filter 25, and the above mentioned
      muting circuit 26 to the matrix circuit 15, where it is matrixed with the
      sum signal component from the low-pass filter 14. As a result, channel
      signals such as, for example, left front (first) and left rear (second)
      signals, are obtained at output terminals 27a and 27b of the matrix
      circuit 15.
PAR  The output signal of the amplifier and limiter 21 is supplied, on the other
      hand, to the voltage controlled oscillator 22 as a control voltage for
      controlling the output oscillation frequency thereof. The voltage
      controlled oscillator 22 has a free-running oscillation at a frequency
      equal to the carrier wave frequency (30 KHz in the instant embodiment).
      This carrier frequency is used for angle modulating the difference signal
      in the recording system when there is no input at the phase comparator 18,
      from the limiter 17, or when the PLL becomes unlocked. Furthermore, the
      voltage controlled oscillator 22 is controlled by a voltage from the above
      mentioned amplifier and limiter 21. Thus, its output oscillation frequency
      is equal to the input angle modulated frequency from the limiter 17 to the
      phase comparator 18. Accordingly, the voltage obtained from the amplifier
      and limiter 21 (i.e., the input voltage to the voltage controlled
      oscillator 22) is a voltage corresponding to the frequency deviation of
      the angle modulated wave supplied to the phase comparator 18. Therefore, a
      demodulated output of the angle modulated wave is obtained from the PLL.
PAR  While FIG. 1 illustrates only the circuit system (the left channel system
      in the groove of the disc 10) relating to the signals of the first and
      second channels, an identical circuit system is provided also for the
      third (right front) and fourth (right rear) channels. Therefore, a
      detailed description of this circuit system will not be repeated.
PAR  The above mentioned PLL has a DC range of a characteristic determined by
      the gain of the entire loop, that is, the loop gain, and indicated by the
      curve II in FIG. 2. This DC lock range characteristic is not influenced by
      the existence or nonexistence of the attenuation circuit 20. The
      capacitance value of the capacitor C1 is selected at an amply high value
      to prevent the attenuation characteristic from undergoing change due to
      frequency.
PAR  As for the AC lock range characteristic, the loop gain becomes small as a
      result of the attenuation circuit 20, and, at the same time, the width of
      the maximum lock range is expanded by the amplifier 21, whereby the AC
      lock range characteristic becomes as indicated by the dotted-line curve I
      in FIG. 2. As is apparent from a comparison of the curves II and I in FIG.
      2, there is a difference of 20 dB in input level, that is, a difference of
      10 times, in obtaining the same DC lock range and the AC lock range.
      Therefore, the lock range ratio is 10:1 in the illustrated example.
PAR  As is apparent from the AC lock range characteristic curve I, when the
      reproduced angle modulated wave is good, and the level of the input angle
      modulated wave is high, the PLL demodulates with a large lock range width,
      and reproduction is carried out with high fidelity. On one hand, as
      mentioned hereinbefore, if the level of the input angle modulated wave
      drops abruptly because of damage defect in the disc, dust, or some other
      abnormality, the lock range width of the PLL becomes narrow. The PLL
      easily becomes unlocked, and reproduction of the noise component is
      prevented. Furthermore, as indicated by the characteristic curve II, the
      DC lock range width is large up to the range wherein the input level is
      low. For this reason, the AC lock range can change within this width. Even
      if the carrier frequency fluctuates as a result of a deviation in the
      turntable speed, variation in the circuit temperature, or some similar
      reason as mentioned hereinbefore, this will have no adverse effect.
PAR  The amplifier and limiter 21 accomplishes the function of amplification. At
      the same time, it also accomplishes the restriction of the portion above a
      specific voltage of the input signal to carry out limiting and to hold the
      output below a specific voltage value. The output voltage of the amplifier
      in the amplifier and limiter 21 increases when the deviation frequency of
      the input angle modulated difference signal decreases. Accordingly, the
      limiter limits the voltage level above a specific voltage. As a result,
      the lower portion of the deviation frequency of the lock range
      characteristic is restricted and does not become less than a predetermined
      frequency.
PAR  The limiter in the amplifier and limiter 21 limits the voltage level with
      respect to voltages below a predetermined voltage if the output voltage of
      the amplifier in the amplifier and limiter 21 decreases when the deviation
      frequency of the input angle modulated difference signal decreases.
PAR  In the present embodiment, the limiting value of the amplifier and limiter
      21 is so selected that the lock range characteristic will not become less
      than 20 KHz. Accordingly, the lock range characteristic curves I and II
      extend up to a frequency in the order of 45 KHz on the side higher than 30
      KHz but are held at 20 KHz on the side lower than 30 KHz. The lock range
      characteristics does not extend to a frequency lower than 20 KHz. These
      curves are asymmetrical with respect to 30 KHz.
PAR  Since the lock range characteristic does not extend below 20 KHz as
      mentioned above, there is no erroneous locking of the PLL and no
      generation of noise due to the direct wave sum signal component picked up
      together with the angle modulated wave difference signal.
PAR  For the resistor R1 in the above mentioned attenuation circuit 20, a
      variable resistor may be used instead of a fixed resistor, whereby its
      resistance value can be suitably varied and set.
PAR  Next, the second embodiment of the demodulation system of the invention
      will be described in conjunction with FIG. 3. In FIG. 3, parts which are
      the same as or equivalent to parts in FIG. 1 are designated by like
      reference numerals and characters, and a detailed description of such
      parts will not be repeated.
PAR  In this second embodiment, abnormalities in the input angle modulated wave
      are detected by a detector 31. A variable attenuation circuit 30 is
      thereby controlled.
PAR  One embodiment of this system will be described with respect to the
      detector 31, used as a carrier level detector. An angle modulated wave
      signal which has been filtered by a band-pass filter 16, similarly as in
      the preceding embodiment, is supplied, on one hand, by way of a limiter 17
      to a phase comparator of a PLL and, on the other hand, to the detector 31.
PAR  Then, if the level of the angle modulated wave drops abruptly, the detector
      31 detects this level drop and produces a corresponding output signal.
      This output signal of the detector 31 is amplified by an amplifier 32 and
      then applied to the base of a transistor Q1 of the above mentioned
      variable attenuation circuit 30. The resistance value of this transistor
      Q1 is connected in parallel with a resistor R1. This resistance value
      decreases as the voltage applied to its base becomes high. As a resultant
      effect, the parallel resistance component of the resistor R1 and the
      transistor Q1 becomes small. The loop gain of the PLL decreases.
PAR  Consequently, the AC lock range characteristic I of the PLL moves upward
      relative to the DC lock range characteristic II in FIG. 2 in accordance
      with the degree of level attenuation of the input angle modulated wave.
      Therefore, the optimum AC lock range can be obtained in accordance with
      the level of the input angle modulated wave.
PAR  On the other hand, the output of the detector 31 is also supplied by way of
      a time constant circuit 33 to the muting circuit 26. The output controls
      this muting circuit so that it will not pass the output of the low-pass
      filter 25 when the level of the input angle modulated wave drops abruptly.
PAR  FIG. 4 shows one embodiment of a specific circuit for the PLL circuit, in
      the form of an IC (integrated circuit) using the block systems of FIGS. 1
      and 3. The block circuit parts which are the same as or equivalent to
      those in FIGS. 1 and 3 are designated by like reference numerals.
PAR  The circuit comprising transistors Q12 and Q23 and resistors R11 and R25
      constitutes the amplifier 19. The circuit comprising transistors Q11 and
      Q13 through Q22 and resistors R10 and R12 through R16 constitutes the
      phase comparator 18. The circuit comprising transistors Q27 through Q32
      and resistors R17 through R24 constitutes the amplifier and limiter 21.
      The circuit comprising transistors Q35 through Q49 and resistors R28
      through R36 constitute the voltage controlled oscillator 22. In the
      amplifier and limiter 21, the resistors R17 and R22 function as base
      biases for the transistors Q27 and Q30 and, at the same time, are
      resistors corresponding to the resistor R0 in the attenuation circuit 20
      and the variable attenuation circuit 30. The amplifier and limiter 21
      limit voltage when the transistors Q28 and Q29 become saturated.
PAR  The input angle modulated wave signal from the limiter 17 is supplied
      through input terminals 40a and 40b to the phase comparator 18. The
      demodulation output is derived from an output terminal 41. A circuit
      comprising the resistor R1 and the capacitor C1 or a circuit comprising
      the resistor R1, the capacitor C1, and the transistor Q1 is connected
      between terminals 42 and 43.
PAR  One example of resistance values of the above mentioned resistors is as
      follows.
TBL  ______________________________________                                    

     R10      1      K.OMEGA.   R11      1     K.OMEGA.                        

     R12      1      K.OMEGA.   R13      2     K.OMEGA.                        

     R14      2      K.OMEGA.   R15      1.2   K.OMEGA.                        

     R16      4      K.OMEGA.   R17      18    K.OMEGA.                        

     R18      75     K.OMEGA.   R19      200   .OMEGA.                         

     R20      200    .OMEGA.    R21      75    K.OMEGA.                        

     R22      18     K.OMEGA.   R23      1.2   K.OMEGA.                        

     R24      1      K.OMEGA.   R25      1     K.OMEGA.                        

     R26      15     K.OMEGA.   R27      3.6   K.OMEGA.                        

     R28      4      K.OMEGA.   R29      1.3   K.OMEGA.                        

     R30      4.7    K.OMEGA.   R31      3     K.OMEGA.                        

     R32      20     K.OMEGA.   R33      40    K.OMEGA.                        

     R34      10     K.OMEGA.   R35      2.4   K.OMEGA.                        

     R36      10     K.OMEGA.                                                  

     ______________________________________                                    

PAR  Next to be described is another embodiment of the detector 31 in the system
      shown by block diagram in FIG. 3. This is an arrangement of parts adapted
      to detect a drop in the level of the angle modulated wave. In addition, it
      detects any vibration fluctuation component thereof.
PAR  A specific block organization of the detector 31 is shown in FIG. 5. An
      angle modulated wave from the band-pass filter 16 is supplied through an
      input terminal 50 to an envelope detector circuit 51, where it undergoes
      envelope detection. Accordingly, the output of the detector 51 becomes as
      indicated in FIGS. 6B, 7B, or 8B, respectively, in when the signal at the
      terminal 50 is of a very low level as indicated in FIG. 6A, when the
      amplitude variation is large as indicated in FIG. 7A, or when the level of
      the input angle modulated wave is normal.
PAR  The output signal of the envelope detector 51 is phase inverted by a phase
      inverter 52 and becomes a signal as indicated in FIG. 6C, 7C, or 8C,
      respectively, in correspondence with the above mentioned three cases. This
      phase inverted signal is rectified by a rectifying circuit 53, whereupon a
      control voltage as indicated in FIGS. 6D, 7D, or 8D is obtained at an
      output terminal 54, respectively, in correspondence with the above
      mentioned three cases. This control voltage is applied by way of the
      amplifier 32 to the base of the transistor Q1. Control of the AC lock
      range of the PLL is carried out similarly as described hereinbefore.
PAR  Accordingly, by using a detector 31 (FIG. 5), the following kinds of
      control voltages can be obtained. If the level of the angle modulated wave
      is normal as indicated in FIG. 8A, the control voltage is low as indicated
      in FIG. 8D. On one hand, if the level of the angle modulated wave is very
      low as indicated in FIG. 6A, and if the amplitude of the angle modulated
      wave is fluctuating and thereby has an amplitude modulation component as
      indicated in FIG. 7A, high control voltages are respectively obtained as
      indicated in FIGS. 6D and 7D.
PAR  In any abnormality in the angle modulated wave, as where the level of the
      wave drops abruptly or where there is an amplitude variation component, it
      is possible with a single detector 31 to detect that abnormality with a
      single detector 31.
PAR  One embodiment of a specific circuit of the system represented by block
      diagram in FIG. 5 is shown in FIG. 9. An angle modulated wave signal from
      the band-pass filter 16 is supplied by way of a coupling capacitor C10 to
      the detector circuit 51. Detector 51 comprises a diode D10 suitably biased
      by bias resistors R40 and R41, a capacitor C11, and a resistor R42 where
      it is subjected to envelope detection. The resulting signal is then phase
      inverted by the phase inversion circuit 52 comprising resistors R43, R44,
      and R45 and a transistor Q51. Thereafter, it is rectified by the
      rectifying circuit 53 comprising a transistor Q52 and a capacitor C12,
      whereby a control voltage is obtained at the output terminal 54.
PAR  One example of the constants of the circuit elements in the above described
      circuit is as follows.
TBL  ______________________________________                                    

     Resistors:                                                                

     ______________________________________                                    

     R40      220     K.OMEGA.  R41      22     K.OMEGA.                       

     R42      100     K.OMEGA.  R43      10     K.OMEGA.                       

     R44      2.2     K.OMEGA.  R45      4.7    K.OMEGA.                       

     R46      1.5     K.OMEGA.                                                 

     Capacitors:                                                               

     C10      0.02    .mu.F     C11      1,000  PF                             

     C12      0.1     .mu.F                                                    

     ______________________________________                                    

PAR  A third embodiment of the demodulation system of the invention will now be
      described with reference to FIG. 10. In this embodiment, the output signal
      of the equalizer 12 is supplied to the band-pass filter 16, as in the
      preceding embodiments. Moreover, it is supplied to a harmonics detection
      circuit 60 for detecting the harmonics component of the direct wave sum
      signal and accordingly producing a control signal as output. This control
      signal is used to control the AC lock range of the PLL similarly as in the
      embodiment illustrated in FIG. 3.
PAR  For the harmonics detection circuit 60, a bandpass filter having a pass
      band of, for example, from 15 to 20 KHz is used. The maximum frequency of
      the direct wave sum signal is 15 KHz, while the lower limit of the
      deviation of the angle modulated wave is 20 KHz. For this reason, by
      filtering a band of from 15 to 20 KHz, it is possible to detect the
      harmonics component of the direct wave sum signal.
PAR  Further, this invention is not limited to these embodiments, but various
      variations and modifications may be made without departing from the scope
      and spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for demodulating an angle modulated wave signal which is
      included in a multiplex of signals reproduced from a multichannel record
      disc on which the multiplex of an angle modulated wave signal and a direct
      wave signal are recorded, said system comprising:
PA0  separator means responsive to the reproduced mutliplex of signals for
      individually separating the angle modulated wave signal and the direct
      wave signal from the reproduced multiplex of signals;
PA0  phase locked loop means comprising voltage controlled oscillator means;
      phase comparator means for generating an output signal representing a
      phase difference detected responsive to a comparison of the phase of the
      carrier wave of the separated angle modulated wave signal with the phase
      of a signal generated by said voltage controlled oscillator means;
      variable attenuation means responsive to the output signal of said phase
      comparator means foor variably attenuating audio frequency components in
      the output signal of said phase comparator means more than frequency
      components in the output signal which have frequencies that are lower than
      the audio frequencies so that the attenuation quantity of the audio
      frequency components is varied corresponding to an attenuation control
      signal applied thereto, the output signal of said variable attenuation
      means being a demodulation of the angle modulated wave signal; said
      voltage controlled oscillator means changing the frequency responsive to a
      part of the output signal of said variable attenuation means of the
      generated signal to follow the frequency of the carrier wave;
PA0  whereby said phase locked loop means has a first lock range within which
      the oscillation frequency of said voltage controlled oscillator means
      follows the frequency deviations of the carrier wave which are lower than
      the audio frequencies and a second lock range which is narrower than the
      first lock range and within which the oscillation frequency of said
      voltage controlled oscillator means follows the audio frequency deviations
      of the carrier wave and which second lock range is varied corresponding to
      the attenuation control signal;
PA0  detecting means responsive to the angle modulated wave signal separated by
      said separator means for detecting the envelope of the separated angle
      modulated wave signal to produce an output signal;
PA0  phase-inverting means responsive to the output signal of said detecting
      means for producing a phase-inverted output signal; and
PA0  rectifier means for rectifying the phase-inverted output signal to provide
      said control signal;
PA0  said variable attenuation means being responsive to the control signal from
      said rectifier means for varying the attenuation quantity of the audio
      frequency components corresponding to the level of the output signal of
      said rectifier means.
NUM  2.
PAR  2. A system for demodulating an angle modulated wave signal as set forth in
      claim 1 further comprising limiter means coupled between said variable
      attenuation means and said voltage controlled oscillator means for
      limiting at a predetermined level the amplitude of the output signal of
      said variable attenuation means, said voltage controlled oscillator means
      being responsive to a part of the output signal of said limiter means
      instead of the output signal of said variable attenuation means for
      changing the frequency of the generated signal, whereby the lower
      frequency limits of the first and second lock ranges are higher than the
      frequencies of the direct wave signal.
NUM  3.
PAR  3. A system for demodulating an angle modulated wave signal which is
      included in a multiplex of signals reproduced from a multichannel record
      disc on which the multiplex of signals comprising the angle modulated wave
      signal and a direct wave signal are recorded, said system comprising
      separator means responsive to the reproduced multiplex of signals for
      individually separating the angle modulated wave signal and the direct
      wave signal from the reproduced multiplex of signals;:
PA0  phase locked loop means comprising voltage controlled oscillator means;
      phase comparator means for generating an output signal responsive to a
      comparison of the phase of the carrier wave of the angle modulated wave
      signal separated by said separator means with the phase of an oscillation
      signal generated by said voltage controlled oscillator means, said output
      signal corresponding to the phase difference; variable attenuation means
      responsive to the output signal of said phase comparator means for
      variably attenuating audio frequency components in the output signal of
      said phase comparator means more than frequency components in the output
      signal which have frequencies that are lower than the audio frequencies so
      that the attenuation quantity of the audio frequency components is varied
      corresponding to an attenuation control signal applied thereto, the output
      signal of said variable attenuation means being a demodulation of the
      angle modulated wave signal; said voltage controlled oscillator means
      being responsive to a part of the output signal of said variable
      attenuation means for changing the frequency of the oscillation signal to
      follow the frequency of the carrier wave;
PA0  whereby said phase locked loop means has a first lock range within which
      the oscillation frequency of said voltage controlled oscillator means
      follows the frequency deviations of the carrier wave which are lower than
      the audio frequencies and has a second lock range which is narrower than
      the first lock range and within which the oscillation frequency of said
      voltage controlled oscillator means follows the audio frequency deviations
      of the carrier wave, said second lock range being varied corresponding to
      the attenuation control signal; and
PA0  harmonics detection circuit means having a frequency pass band, the lower
      limit of which is higher than the frequencies of the direct wave signal
      and the upper limit of which is lower than the frequencies of the angle
      modulated wave signal, said harmonics detection circuit means passing the
      higher harmonic components of the direct wave signal responsive to the
      reproduced multiplex of signals for producing an output signal;
PA0  said variable attenuation means being responsive to the output signal of
      said harmonics detection circuit means as the attenuation control signal
      for varying the attenuation quantity of the audio frequency components
      corresponding to the level of the output signal of said harmonics
      detection circuit means.
NUM  4.
PAR  4. A system for demodulating an angle modulated wave signal as set forth in
      claim 3 further comprising limiter means coupled between said variable
      attenuation means and said voltage controlled oscillator means for
      limiting at a predetermined level the amplitude of the output signal of
      said variable attenuation means, said voltage controlled oscillator means
      being responsive to a part of the output signal of said limiter means
      instead of the output signal of said variable attenuation means for
      changing the oscillation frequency, whereby the lower frequency limits of
      the first and second lock ranges are higher than the frequencies of the
      direct wave signal.
PATN
WKU  039340880
SRC  5
APN  4790510
APT  1
ART  232
APD  19740613
TTL  Data terminal for connection to telephone or teleprinter facilities
ISD  19760120
NCL  2
ECL  1
EXA  Stellar; George G.
EXP  Cooper; William C.
NDR  1
NFG  1
INVT
NAM  Marino; Francis C.
CTY  Dix Hills
STA  NY
ASSG
NAM  Redactron Corporation
CTY  Hauppauge
STA  NY
COD  02
CLAS
OCL  179  2DP
XCL  178  3
EDF  2
ICL  H04M 1100
ICL  H04M 1102
FSC  179
FSS  2 DP;2 A;1 C;2 C;3;4
FSC  307
FSS  29;38
UREF
PNO  3213200
ISD  19651000
NAM  Vogelman et al.
OCL  179  3
UREF
PNO  3227806
ISD  19660100
NAM  Kreuzer
OCL  179  3
UREF
PNO  3305839
ISD  19670200
NAM  Looschen et al.
OCL  179  2DP
UREF
PNO  3344401
ISD  19670900
NAM  MacDonald et al.
OCL  179  2DP
UREF
PNO  3636257
ISD  19720100
NAM  Dixon
OCL  179  3
UREF
PNO  3684832
ISD  19720800
NAM  Marguth
OCL  179  2DP
UREF
PNO  3842207
ISD  19741000
NAM  Fretwell
OCL  179  2DP
LREP
FRM  Hane, Baxley & Spiecens
ABST
PAL  A data communication terminal with a single data communications means is
      selectively connected via a first data coupler to a dialed telephone
      facility or via a second data coupler to a teleprinter facility.
BSUM
PAR  This invention pertains to data communication terminals and more
      particularly to such terminals which can be selectively connected to
      different communication facilities.
PAR  As data processing organizations have become more sophisticated there has
      developed a trend to provide remote access to the data processing unit via
      the common carrier facilities such as the dialed telephone facility of,
      for example, the Bell System or the teleprinter facilities such as TWX or
      TELEX of Western Union.
PAR  Heretofore, the data processing unit was connected to only one facility.
      However, as remote data processing becomes more universal it is desirable
      to provide the data processing unit with the ability to be accessed via
      any one of the presently available common carrier facilities or even
      private lines or networks.
PAR  It is accordingly a general object of the invention to provide such an
      ability.
PAR  When such a system exists and the data processing unit is connected to one
      of many different facilities provision must be made to indicate when a
      call is being received from another of the facilities.
PAR  It is another object of the invention to provide apparatus which indicates
      a call from one facility while the unit is connected to another facility.
DRWD
PAR  Other objects, features and advantages of the invention will be apparent
      from the following detailed description of the invention when read with
      the accompanying drawing whose sole FIGURE shows by way of example and not
      limitation, a block diagram of apparatus for realizing the invention.
DETD
PAR  The system shown in the drawing comprises a data terminal DT connected to
      the dialed telephone facility DTF such as the Bell System and the
      teleprinter facility TPF such as the TWX network.
PAR  The data terminal DT includes the modem MD which controllably connects the
      data sink DSK and data source DSR via the line transformer LX to the data
      couplers DC1 and DC2 under control of a switching unit while activity is
      monitored by an indicating unit.
PAR  The switching unit is shown by way of example comprising the relay K1 with
      contact sets C1A and C1B for selectively connecting the secondary winding
      of line transformer LX across data coupler DC1 or data coupler DC2. Relay
      K1 is energized by the closure of manually operable switch S1. While a
      manually operable switch is shown it should be realized more sophisticated
      electronic switching units can and usually would be utilized to perform
      the required switching functions.
PAR  The indicating unit comprises the speaker SK driven by audio amplifier AA
      which has an input connected via resistor R1 to voltage controlled
      oscillator VCO and via resistor R2 to data coupler DC2. Oscillator VCO is
      a tone generator that is keyed on and off by various duty cycle pulses
      from pulse generator PG1 which is connected via AND-circuit AG to modem MD
      and from pulse generator PG2 which is connected to data coupler DC2.
PAR  In operation, it is assumed that the terminal DT is normally connected to
      teleprinter facility TPF. Thus, data can flow between the data source and
      sink of data terminal DT and a remote terminal connected into the
      teleprinter facility TPF. Of course, before data actually flows the usual
      protocols are performed. However, since these are well known and do not
      form part of the invention, they will not be discussed.
PAR  If a call arrives from the dialed telephone facility DTF, and assuming
      non-automatic answering, a local attendant or operator answers the call
      with telephone TEL connected to coupler DC1. If no data is then being
      received from the teleprinter facility TPF, the operator can immediately
      connect the terminal to receive data from the telephone facility. If,
      however, data is being received the operator can wait until the end of the
      message to make the connection.
PAR  In either event, the operator closes switch S1 energizing relay K1 whose
      contact sets C1A and C1B switch states to connect data coupler DC1 to the
      secondary winding of line transformer LX.
PAR  Now data can be transferred between the sink DSK and source DSR of data
      terminal DT and another terminal connected to the dialed telephone
      facility DTF.
PAR  Note that when switch S1 was closed the level on line AL went high alerting
      AND-circuit AG. However, as long as a signal is present on line CD which
      is connected to an inverting input of AND-circuit AG no signal passes to
      pulse generator PG1. A signal will be present on line CD as long as there
      is a connection between the terminal DT and the remote terminal since line
      CD is connected to the carrier detect terminal of the modem and carrier
      will be present as long as the connection between terminal DT and the
      remote terminal exists. When the connection is interrupted, the output of
      AND-circuit AG goes high causing pulse generator PG1 to free-run at a
      characteristic frequency and duty cycle indicative of line interrupts. The
      pulses from pulse generator PG1 pass through OR-circuit OG to key on and
      off voltage controlled oscillator VCO (a 400 hz sinusoidal oscillator).
      The signal from the oscillator passes via resistor R1 to audio amplifer AA
      which drives speaker SK to emit an audio signal to alert the operator to
      the fact that the telephone communication has been interrupted.
PAR  If while the data terminal is connected to the telephone facility, and a
      teleprinter call arrives, this fact is indicated by data coupler DC2
      transmitting a ring indicating signal to line RI which activates pulse
      generator PG2 to free run at another characteristic frequency and duty
      cycle. The pulses from generator PG2 pass through OR-circuit OG to key on
      and off oscillator VCO and speaker SK emits an audio signal which is
      characteristic of a call from the teleprinter facility.
PAR  The operator responds to the call by opening switch S1 causing the
      deenergization of relay K1 and the reconnection of coupler DC2 to the
      secondary winding of transformer LX.
PAR  Since the AND-circuit, the OR-circuit, the pulse generators, the voltage
      controlled oscillator, the relay, the switch, the line transformer, the
      audio amplifier and the speaker are all conventional and well known
      devices they will not be discussed any further. However, the data sink can
      take on many forms, such as the interface or I/O portion of a central
      processing unit or a minicomputer, a storage device, a printer, etc.,
      while the data source can also be the interface or I/O portion of a
      central processing unit or a minicomputer, a storage device, a keyboard,
      etc.
PAR  The modem can be one of any presently available modulator-demodulator
      devices. For example, a suitable modem is a VA300 Series OEM Data Set
      manufactured by the VADIC CORPORATION of Palo Alto, Calif. 94303 and
      described in their Data Sheet 7113 of April, 1971. The Data Coupler DC1
      and telephone TEL can be those which are shown and described particularly
      on pages 1, 2 and 3 of Bell Systems publication "Data Couplers CBS and CBT
      for Automatic Terminals". The Data Coupler DC2 can be the Data Coupler
      1001 as shown and described in the Technical Information Manual entitled
      "TWX ACCESS ARRANGEMENT" published by Western Union, Mahwah, N.J.
PAR  While only one embodiment of the invention has been shown and described in
      detail there will now be obvious to those skilled in the art many
      modifications and variations satisfying many or all of the objects of the
      inventions but not departing from the spirit thereof as defined by the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A data terminal comprising: a modem having a pair of signal transfer
      terminals, a data output terminal, a data input terminal, and a carrier
      output terminal for giving an indication when the modem is receiving a
      signal at the signal transfer terminals; a line transformer having first
      and second windings, said first winding being connected to said pair of
      signal transfer terminals; a first data coupler for connection to a dialed
      telephone facility, said first data coupler having a pair of signal
      transfer terminals, one of said signal transfer terminals being connected
      to one end of the second winding of said line transformer; a second data
      coupler for connection to a teleprinter facility, said second data coupler
      having a pair of signal transfer terminals, one of said signal tranfer
      terminals being connected to said one end of the second winding of said
      line transformer, and having a ring indicating terminal for emitting a
      signal when the teleprinter facility sends a ringing signal; a switch
      means having switching means for alternately connecting the other signal
      transfer terminal of said first data coupler or said second data coupler
      to the other end of the second winding of said line transformer, and
      having output means for giving an indication when said first data coupler
      is connected across the second winding of said line transformer; and a
      signalling means comprising first means for giving an indication that a
      call between the data terminal and the dialed telephone facility is ended
      when the carrier output terminal of said modem is not giving an indication
      while the output means of said switch means is giving an indication that
      said first data coupler is connected across the second winding of said
      line transformer, and second means for giving a different indication upon
      receipt of a signal from the ring indicating terminal of said second data
      coupler.
NUM  2.
PAR  2. The data terminal of claim 1 wherein said signalling means comprises a
      speaker, an audio amplifier having an output connected to said speaker and
      an input, a voltage-controlled oscillator having an output connected to
      the input of said audio amplifier and an input, first and second pulse
      generators having outputs connected to the input of said
      voltage-controlled oscillator, said first pulse generator responsive to
      the absence of an indication from the carrier output terminal of said
      modem while the output means of said switch means is giving an indication
      to transmit pulses of a first frequency and duty cycle to said
      voltage-controlled oscillator, said second pulse generator responsive to
      the signal from the ring indicating terminal of said second data coupler
      to transmit pulses of a second frequency and duty cycle to said
      voltage-controlled oscillator.
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ABST
PAL  In a disconnect circuit including a pair of transistor switches that are
      connected in series between associated lines of a cable pair and a
      subscriber carrier charging circuit for selectively blocking central
      office battery line current to the latter during ringing of a physical
      subscriber handset and when the latter is off hook and is dialing, the
      capacitor controlling delayed turn-on of the switches is coupled thereto
      through a capacitive multiplier circuit. A first resistor, Zener diode,
      and second resistor are connected between the cable pair input sides of
      the switches. A control transistor is connected between the base
      electrodes of the switching transistors and one side of the diode. The
      capacitive multiplier here comprises a pair of transistors connected as a
      Darlington compound between the capacitor and diode for converting a
      variable input current to a constant low-level current for charging the
      capacitor, the multiplier transistors bypassing the remainder of this
      input current. This circuit operation or arrangement greatly increases the
      time for the capacitor to charge to a level that is sufficient to turn on
      the diode, control transistor, and switches without increasing the actual
      capacitance of the capacitor.
BSUM
PAC  FIELD OF INVENTION
PAR  This invention relates to subscriber-carrier telephone communication
      systems in which power from a central office talking battery is used to
      charge a local battery in a self-contained subscriber carrier terminal
      that is at a location remote from the central office, and more
      particularly to a circuit for automatically disconnecting the local
      battery from the central office battery and having a long turn-on delay or
      reconnect time.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  FIG. 1 is a detailed schematic diagram of a prior-art disconnect circuit
      for a subscriber carrier telephone system;
PAR  FIG. 2 is a detailed schematic diagram of a disconnect circuit embodying
      this invention; and
PAR  FIG. 3 is a waveform representing the applied voltage Va in the disconnect
      circuits in FIGS. 1 and 2 as a physical subscriber handset goes off hook
      and dials the number 2, the transient voltage 58 occurring on initiation
      of the dial pulse by the physical subscriber handset.
DETD
PAC  BACKGROUND OF INVENTION
PAR  A typical subscriber carrier telephone system generally comprises: a cable
      pair that is connected to central office equipment including a central
      office battery and A-pulsing relay; a subscriber carrier telephone
      handset; and one or more physical subscriber telephone handsets. The
      subscriber carrier handset may be connected to the cable pair through a
      self-contained subscriber carrier terminal that is powered by a local
      battery. Central office battery current on the cable pair is coupled
      through a subscriber carrier disconnect circuit and a subscriber carrier
      charging circuit to the local battery for maintaining a charge on the
      latter. Each physical subscriber handset is connected to the cable pair
      through an associated lowpass filter.
PAR  The prior-art disconnect circuit that is described in U.S. Pat. No.
      3,840,703, issued Oct. 8, 1974, Automatic Disconnect Circuit For Reducing
      Dial Pulse Distortion and Noise In a Subscriber Carrier Telephone System
      by J. A. Stewart is generally illustrated in FIG. 1. This circuit
      maintains switching transistors Q1 and Q2 thereof cut off during off-hook
      and dialing operation of physical subscriber handsets for disconnecting
      the local battery charging circuit at lines 50, 52 from the cable pair 9,
      10. The time delay associated here with capacitor 43 for turning switches
      Q1 and Q2 on when a physical handset goes on hook is approximately 150
      milliseconds, which is more than twice the duration of the 58 milliseconds
      make interval of a dial pulse (see FIG. 3, times t.sub.1 to t.sub.2). It
      has been found that this time delay is not adequate for central offices
      with equipment performing called-party forced-release operations. It is
      desirable to delay the turn-on of Q1 and Q2 for approximately 1 minute in
      such applications. This delay time is approximately 400 times longer than
      that provided by the prior-art disconnect circuit in FIG. 1. Capacitor 43
      would have an unrealistically large value of capacitance and be physically
      large if it were adjusted to provide such a time delay. Also, since
      switches Q1 and Q2 require approximately 50 microamperes of current drive
      for turn-on, it is impractical to provide this delay by increasing the
      value of one of the resistors 38, 39 or 47.
PAR  An object of this invention is the provision, in a subscriber-carrier
      telephone system including a circuit for charging a local
      subscriber-carrier battery from the cable pair and central office talking
      battery, of an improved disconnect circuit having a long time delay prior
      to reconnection of the charging circuit and the cable pair.
PAC  SUMMARY OF INVENTION
PAR  In accordance with this invention, a long time delay for turning on the
      series switching transistors of a disconnect circuit is obtained by
      coupling the timing capacitor of the circuit to a control transistor, and
      thus to the switches, through a capacitive multiplier which passes a
      limited constant current for charging the capacitor and bypasses the
      remainder of an input current only during turn-on operation.
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The difference between the disconnect circuits in FIGS. 1 and 2 is that a
      capacitive multiplier circuit 69 is connected in FIG. 2 between one side
      43' of capacitor 43 and the cathode of a Zener diode 68 whereas in FIG. 1
      the one side 43' of capacitor 43 is connected directly to the anode of
      Zener diode 48. Since the structure and operation of these two disconnect
      circuits are so much alike, the circuit in FIG. 1 will be described here
      in detail. The same reference numerals are employed to designate common
      elements in FIGS. 1 and 2.
PAR  Referring now to FIG. 1, the prior-art disconnect circuit comprises: a
      diode bridge circuit 33; a first RC network 37 including resistors 38 and
      39, and capacitor 41 which are connected in series across the output
      terminals 34 and 35 of bridge 33; a pair of transistor switches Q1 and Q2;
      a second Rc network 42 that is also connected across the terminals 34 and
      35 and between the emitters of Q1 and Q2 and which includes capacitor 43
      and resistors 47 and 60; a transistor Q3 for detecting transient pulse
      signals and having capacitor 43 connected across the emitter-collector
      junction thereof; and a control transistor Q7 having a Zener diode 48
      connected across the collector-base junction thereof. The switches Q1 and
      Q2 have opposite conduction characteristics. Transistors Q3 and Q7 are
      shown here as having the same conduction characteristics as does Q1.
      Transistor Q7 is an NPN transistor since such a device is more economical,
      particularly for transistors having high collector-to-emitter breakdown
      voltages. Alternatively, Q7 may be a PNP transistor if Q3 and capacitor 43
      are associated with resistor 39 instead of resistor 38, and diode 48 is
      moved to remain electrically connected across the Q7 base-collector
      junction. Transistor Q7 and the switches Q1 and Q2 are essentially cut off
      over the same time intervals. The transistors in this example are silicon
      transistors having 0.6 volt base-emitter turn-on voltages.
PAR  Diode bridge 33 is connected through resistors 21 and 22 to the cable pair
      9, 10. These resistors 21 and 22 ensure line balance at voice and carrier
      frequencies and limit currents induced by lightening surges. The bridge 33
      ensures that a local battery of a subscriber carrier terminal is connected
      to cable pair 9, 10 with the correct polarity regardless of the polarity
      of the central office talking battery voltage on lines 9, 10. The voltage
      produced by bridge 33 is the applied voltage Va between points 34 and 35,
      which is shown in FIG. 3. A curve representing the voltage on input lines
      9, 10 is similar to that in FIG. 3, but is of the opposite polarity.
PAR  Transistors Q1 and Q2 are switches that isolate a charging circuit
      connected to output lines 50, 52 from the central office talking battery
      when base drive current thereto is removed. Capacitor 43 is connected
      across the emitter-collector junction of Q3 and across the base-emitter
      junctions of Q1 and Q7. This means that the charge voltage on capacitor 43
      must reach 1.2 volts before Q1 and Q2 can turn on. The base electrodes of
      the switches Q1 and Q2 are connected in series through the control
      transistor Q7 emitter-collector junction and current-limiting resistor 45,
      as well as through the bias circuit for Q7, which comprises control diode
      48 and the resistors 47 and 60 - 62. Resistor 60 has a large resistance
      and is employed with bias resistor 47 to connect diode 48 to points 34, 35
      in order to provide a path for the leakage current of this diode 48 to
      flow without turning on Q7. Resistor 60 also provides a leakage discharge
      path for capacitor 43. Resistor 62 is employed to render the circuit less
      sensitive to noise spikes and to provide a path for the i.sub.co leakage
      current of Q7 without turning Q2 on. Resistor 61 serves a similar purpose
      and provides a symmetrical circuit. Diode 48 is a Zener diode having a
      breakdown voltage of 24 volts.
PAR  The Q2 collector electrode is directly connected to output terminal 50
      which is preferably connected to a local power reference input line of a
      subscriber carrier terminal charging circuit. The collector electrode of
      Q1, however, is connected through junction diode 51 to the other output
      line 52. A Zener diode 54 is connected between the local power reference
      output terminal 50 and point 35. A Zener diode 55 and junction diode 56
      are conected in series between the same output terminal 50 and point 34.
      The Zener diodes 54 and 55 are connected in the reverse directions to
      terminal 50 and have breakdown voltages of 100 volts to protect
      transistors of the disconnect circuit from voltage surges such as are
      caused by lightening. The diodes 51 and 56 isolate the input lines 9, 10
      from output reference terminal 50 when a longitudinal voltage is induced
      on the former lines 9, 10 by a ringing signal on the subscriber carrier VF
      drop.
PAR  When the voltage Va is greater than approximately 24 volts, e.g., when the
      physical subscriber handsets are on hook prior to time t.sub.1 in FIG. 3,
      capacitor 41 is charged to approximately 47 volts by the voltage Va, Q3
      and diode 59 are cut off, and diode 48 conducts to pass a charging current
      to capacitor 43. If the voltage on capacitor 43 exceeds approximately 1.2
      volts, Q7 is caused to conduct to drive switches Q1 and Q2 into saturation
      to pass a charging current to output lines 50,52. The time constant of the
      second RC network 42 is selected to be in the order of 1.8 seconds to
      ensure that switches Q1 and Q2 are maintained cut off during the 100
      millisecond dialing period, as is described more fully hereinafter. The
      breakdown voltage of diode 48 is selected to cut off this diode, and thus
      Q7 and switches Q1 and Q2, when the applied voltage Va falls below
      approximately 24 volts when a physical subscriber handset goes off hook at
      time t.sub.1 in FIG. 3. When the voltage Va decreases to approximately 24
      volts, diode 48 is cut off. Capacitor 43 discharges through resistor 60
      and through the Q7 base-emitter junction and resistor 61 and the Q1
      base-emitter junction. When the voltage on capacitor 43 drops below 1.2
      volts, Q1 is rendered nonconducting to cut off Q7 and thus Q2 to
      disconnect output lines 50, 52 from lines 9 and 10. Capacitor 43 continues
      to discharge through resistor 60.
PAR  The emitter-collector junction of Q3 is connected across capacitor 43.
      Resistor 38 is connected across the base-emitter junction of Q3. The
      resistors 38 and 39 and Zener diode 59 determine the voltage Va at which
      disconnect occurs under steady state over-voltage. Capacitor 41 acts like
      a short circuit during transients such as the off-hook to on-hook
      transient voltage 58 produced by a physical subscriber handset at the
      start time t.sub.2 of a dial pulse break interval in FIG. 3. Transistor Q3
      operates to detect initiation of the dial pulse. This voltage spike 58
      forces a current through capacitor 41 and resistor 38 to bias Q3 into
      conduction to dump any charge on capacitor 43 and clamp the capacitor 43
      voltage to approximately 0.2 volt. Although diode 48 conducts when the
      voltage Va exceeds approximately 24 volts, Q7 remains cut off since the
      voltage on capacitor 43 is less than the sum of the junction voltages of
      Q1 and Q7. When the charge on capacitor 41 exceeds approximately 37 volts,
      Q3 is cut off and capacitor 43 charges toward 22 volts. If the capacitor
      43 voltage exceeds 1.2 volts, then Q7, Q1, and Q2 will conduct. The time
      interval required to charge capacitor 43 to this level is selected to be
      greater than the duration of the break period between time t.sub.2 and
      t.sub.3, however, so that Q7, Q1, and Q2 remain cut off throughout dial
      pulse intervals produced by a physical subscriber handset. Resistor 63 has
      a very large resistance and is shunted across capacitor 41 to provide a
      leakage path to discharge the latter more rapidly when diode 48 is cut
      off.
PAR  In order to detect a physical handset ringing voltage on input lines 9, 10,
      a 47-volt Zener diode 59 is connected across capacitor 41. This diode
      limits the capacitor 41 voltage to this level. The diode 59 is needed
      since the full-wave rectified voltage Va in response to such a ringing
      voltage on lines 9, 10 may have a rise time that is long compared to the
      time constant of capacitor 41 and will be followed by the latter. When the
      voltage Va exceeds the diode 59 breakdown voltage, this diode 59 bypasses
      capacitor 41. The resultant voltage produced on resistor 38 biases Q3 into
      conduction to dump the charge voltage on capacitor 43 to cut off Q7 and
      Q1, and thus Q2. Since the charge time associated with capacitor 43 and
      conduction of Q1 and Q7 is greater than the time interval between
      rectified ringing voltage pulses across points 34 and 35, Q7 and the
      switching transistors Q1 and Q2 remain cut off throughout application of
      the ringing voltage to the physical subscriber handset. Capacitor 65 is a
      lowpass filter that aids in blocking the high frequency noise generated in
      a charging circuit from the input lines 9, 10 so that it will not affect
      the receiver in the carrier channel.
PAR  The circuit of FIG. 1 is designed to connect output lines 50, 52 to cable
      pair 9, 10 when a physical subscriber handset is on hook for a long time
      period that is greater than the 100 millisecond dial pulse interval (this
      enables a charging circuit on output lines 50, 52 to charge a subscriber
      carrier local battery from a central office talking battery over input
      lines 9, 10); to disconnect lines 50, 52 from lines 9, 10 when the
      magnitude of the line voltage (i) is less than approximately 25 volts,
      which corresponds to a physical subscriber handset being off hook (this
      prevents the charging circuit loading input lines 9, 10 and increasing
      loss to VF signals in the physical channel), (ii) is greater than
      approximately 60 volts which corresponds to a physical handset ringing
      voltage (this prevents the physical channel ringing voltage on input lines
      9, 10 coupling noise through the charging circuit and into a subscriber
      carrier handset), and (iii) is an increasing transient voltage of greater
      than approximately 10 volts such as is produced during the off-hook to
      on-hook transition at time t.sub.1 when a physical subscriber handset is
      dialing (this reduces dial pulse distortion); and to provide discontinuous
      DC paths in the disconnect circuit between input lines 9, 10 and the local
      power reference output terminal 50 (this prevents the VF ringing signal
      for the subscriber carrier subset producing a noise signal in a physical
      subscriber handset when the latter is off hook).
PAR  The detailed operation of the disconnect circuit in FIG. 1 will now be
      described in relation to the waveform in FIG. 3 which represents the
      voltage Va under various conditions.
PAR  When the physical subscriber handsets are on hook prior to time t.sub.1,
      capacitor 41 is charged to 47 volts by the voltage Va, Q3 and diode 59 are
      cut off, diode 48 is conducting, capacitor 43 is charged to approximately
      1.2 volts which is the sum of the base-emitter potentials of Q1 and Q7, Q7
      is conducting, and switches Q1 and Q2 are saturated to pass a charging
      current to output lines 50, 52.
PAR  When a physical subscriber handset goes off hook at time t.sub.1 in order
      to dial the number 2, for example, the magnitude of the line voltage drops
      to something less than 25 volts, e.g., 5 volts. The 47 volts stored on
      capacitor 41 reverse biases and cuts off the diodes of bridge 33, and this
      capacitor 41 rapidly discharges through Q1 and Q2 and network 37. Switches
      Q1 and Q2 continue to conduct in saturation since the voltage developed
      across resistor 38 is not sufficient to bias Q3 into conduction to
      discharge capacitor 43. When the voltage on capacitor 41 decreases to
      approximately 25 volts, diode 48 is cut off. Transistors Q1, Q2, and Q7
      continue to conduct, however, since the voltage on capacitor 43 is
      .gtoreq. 1.2 volts. Capacitor 43 discharges through resistor 60 and
      through the Q7 base-emitter junction. When the voltage on capacitor 43
      drops below 1.2 volts, Q1 is rendered nonconducting to cut off Q7 and thus
      Q2 to disconnect output lines 50, 52 from input lines 9 and 10. Capacitors
      41 and 43 continue to discharge to new equilibrium voltages through
      associated resistors 63 and 60.
PAR  Release of the dial in the physical subscriber handset at time t.sub.2
      opens the dial contacts thereof and causes the transient voltage 58 to
      appear across points 34 and 35. In practice, the transient voltage 58 may
      have a magnitude of hundreds of volts and a duration of approximately 5
      milliseconds. Since capacitor 41 cannot charge instantaneously, the
      voltage spike 58 forces a current through this capacitor 41 and resistors
      38 and 39. The voltage developed across resistor 38 drives Q3 into
      conduction to dump any charge on capacitor 43 and thus to clamp the
      voltage thereon to approximately 0.2 volt, which is the Q3
      emitter-collector potential. When the voltage Va exceeds approximately 24
      volts, diode 48 breaks down. Since the voltage across capacitor 43 is less
      than the 1.2 volts base-emitter turn-on potentials of Q1 and Q7, however,
      these transistors are maintained cut off. Capacitor 41 charges throughout
      the transient voltage 58 to maintain Q3 conducting (and thus Q1, Q2, and
      Q7 cut off) until the voltage developed across this capacitor 41 exceeds
      approximately 37 volts, in approximately 10 milliseconds. At this time,
      the current in resistor 38 is not sufficient to maintain Q3 conducting,
      and it is biased into cut-off.
PAR  With Q3 cut off (as are Q1, Q2, and Q7) and a voltage Va of approximately
      47 volts, capacitor 43 charges through diode 48 from 0.2 volt toward 22
      volts. When the voltage on capacitor 43 reaches 1.2 volts, transistors Q1,
      Q2, and Q7 will conduct. Since the time constant of capacitor 43 and
      resistor 47 is selected to be large (approximately 1.8 seconds), however,
      approximately 150 milliseconds are required for capacitor 43 to charge
      sufficiently to turn Q7 on to drive Q1 and Q2 into saturation. This time
      interval is greater than the duration of the 42 millisecond break portion
      of the dial pulse period. Thus, control transistor Q7 and the switching
      transistors Q1 and Q2 are maintained cut off throughout the dial pulse
      break period between times t.sub.2 and t.sub.3. This operation reduces
      dial pulse distortion to enable the A-pulsing relay contacts in the
      central office to rapidly open in response to the physical subscriber dial
      pulse.
PAR  When the magnitude of the input line 9, 10 voltage again decreases to
      approximately 5 volts during the 58 millisecond make period of the dial
      pulse (see FIG. 3, times t.sub.3 -t.sub.4), the voltage Va is still
      approximately 47 volts due to the charge on capacitor 41 which cuts off
      the diodes of bridge 33. Capacitor 41 discharges through resistor 47,
      diode 48 and capacitor 43 until the capacitor 41 voltage is less than
      approximately 24 volts. At this time, diode 48 is cut off. The time
      constant associated with the discharge path of capacitor 41 is
      approximately 12 milliseconds, which is not long enough for the capacitor
      43 to have charged sufficiently to bias Q7 into conduction. The transistor
      switches Q1 and Q2 are therefore maintained cut off throughout the dial
      pulse interval (time t.sub.2 to t.sub.4) initiated by a physical
      subscriber handset and while that handset is off-hook. Capacitor 41
      continues to discharge to a new equilibrium voltage through resistor 63
      while all of the transistors Q1, Q2, Q3 and Q7 are cut off during the
      remainder of the make period of a dial pulse interval. This operation is
      repeated during the next dial pulse interval.
PAR  When a ringing signal is applied to a physical subscriber handset, the
      voltage on input lines 9 and 10 is a low frequency (e.g., 20 Hz) signal
      superimposed in the 48 volt talking battery voltage. This 100 volt
      low-frequency ringing voltage causes diode 59 to conduct to bypass
      capcitor 41. The resultant current through resistor 38 causes Q3 to
      conduct to dump the charge on capacitor 43 to cut off Q1, Q2, and Q7. This
      operation disconnects output lines 50, 52 from cable pair 9, 10 during
      this ringing pulse and prevents a noise signal being coupled to a
      subscriber carrier handset.
PAR  If the VF drops for both a subscriber carrier and a physical subscriber
      handset are in the same cable sheath, the carrier channel VF ringing
      voltage may be capacitively coupled as a longitudinal signal onto the
      physical VF drop and back through input lines 9, 10 to the input of the
      disconnect circuit. If a continuous path exists through the disconnect
      circuit to the power reference terminal 50, a noise signal is produced in
      a physical subscriber handset when the latter is off hook. The diodes 51
      and 56 are employed to prevent conduction paths through either diode 48 or
      the base-collector junction diode of Q7, and then either through the Q1
      base-collector junction diode and the charging circuit or through the Q1
      base-emitter junction diode and Zener diode 55 to the local power
      reference on output terminal 50.
PAR  In accordance with the preferred embodiment of this invention in FIG. 2, a
      12-volt Zener diode 68 is employed in place of the 24-volt Zener diode 48
      and, capacitor 43 is electrically connected to the cathode of diode 68
      (which is spaced away from the Q7 base electrode) through a capacitive
      multiplier circuit 69. Thus, the capacitor 43 and resistor 70 of circuit
      69 are effectively connected across the series combination of diode 68,
      the Q7 base-emitter junction, and the Q1 base-emitter junction. It is
      readily apparent therefore that in this disconnect circuit the voltage
      across capacitor 43 and resistor 70 must reach approximately 13.2 volts
      for Q7 to conduct to turn on switches Q1 and Q2 and thereby connect a
      central-office battery charging current to output lines 50, 52.
PAR  The capacitive multiplier circuit 69 comprises a pair of transistors Q8 and
      Q9 that are connected as a Darlington compound and a pair of resistors 70
      and 71. The collector electrodes of Q8 and Q9 are both connected to the Q1
      emitter electrode. The Q9 emitter electrode is connected to the cathode of
      diode 68 so that the Q9 emitter-collector junction is across this diode 68
      and resistor 60. The Q8 emitter and base electrodes are connected to the
      Q9 base electrode and to the side 43' of capacitor 43, respectively.
      Resistor 70 is connected across the series combination of base-emitter
      junctions of Q8 and Q9 to provide a constant charging current to capacitor
      43. Resistor 71 is connected across the Q9 base-emitter junction to ensure
      that Q8 and Q9 are cut off during equilibrium conditions when capacitor 43
      is charged to a level sufficient to drive diode 68 and transistors Q7, Q1,
      and Q2 into conduction.
PAR  A basic consideration in this disconnect circuit is that resistor 47 pass a
      sufficient current to turn Q7 on and drive Q1 and Q2 into saturation
      during normal operation, with the physical subscriber handsets on hook. A
      low level of current for charging capacitor 43, however, will increase the
      time interval or delay time for the charge voltage on this capacitor 43 to
      increase to a threshold level that is sufficient to turn on transistors
      Q7, Q1, and Q2. The circuit in FIG. 2 satisfies both of these conflicting
      considerations. A Zener diode 68 that is connected in series with the
      base-emitter junctions of Q1 and Q7 increases this threshold level and
      thus the delay time for the voltage across resistor 70 and the charge
      voltage on capacitor 43 to exceed the prescribed threshold level. Since
      diode 68 is a 12-volt Zener in this example, the prescribed threshold
      level here is approximately 13.2 volts.
PAR  Consider the operation of this circuit in FIG. 2 when a physical subscriber
      handset is off hook for a considerable time interval such that: the
      voltage Va is approximately 5 volts; capacitor 41 is discharged through
      resistor 63; capacitor 43 is discharged through resistors 70, 47, 39, 63,
      and 38 to approximately 5 volts; diodes 59 and 68 are nonconducting; and
      all of the transistors are cut off. When a physical handset goes no hook,
      the transient voltage 58 across points 34 and 35 forces current through
      resistor 38 which biases Q3 into conduction to dump any charge on
      capacitor 43 and clamp the voltage across it to approximately 0.2 volt.
      The voltage 58 also appears across resistor 47, resistor 70, and capacitor
      43 (i.e., the Q3 collector-emitter junction).
PAR  The current on line 72 rapidly increases to produce a voltage drop of
      approximately 1.2 volts across resistor 70 which causes transistors Q8 and
      Q9 to conduct. Since the voltage across this resistor 70 cannot exceed 1.2
      volts, this circuit arrangement then provides a constant low-level current
      on line 72 for charging capacitor 43. During conduction of Q3, however,
      this transistor Q3 bypasses the charging current on line 72 around the
      capacitor 43. When Q3 is cut off, this constant low-level current on line
      72 charges capacitor 43. Since diode 68 and transistors Q7 and Q1 are cut
      off, the remainder of the drive current on line 66 is bypassed by Q8 and
      Q9. As the charge voltage on capacitor 43 increases, the voltage across
      resistor 47 and thus the drive current on line 66, decreases. Thus, a
      varying drive current is produced on line 66 and applied to circuit 69
      during charging of capacitor 43. A constant charging current is provided
      on line 72, however, by the operation of resistor 70 and transistors Q8
      and Q9, the amount of current passed by these transistors being variable.
PAR  When the sum voltage across capacitor 43 and resistor 70 increases to
      approximately 12 volts, diode 68 conducts to bypass some of the current
      previously passed by Q8 and Q9. When this voltage on capacitor 43 and
      resistor 70 increases to approximately 13.2 volts, Q7 conducts to pass
      more of the current on line 66 to drive transistors Q1 and Q2 into
      saturation. When an equilibrium condition is established with Q7, Q1, and
      Q2 conducting, only a very small trickle current is passed by resistor 70
      to maintain the sum of the resistor 70 voltage and the charge voltage on
      capacitor 43 at approximately 13.2 volts. Since the resultant voltage
      developed across resistor 70 by this trickle current is less than 1.2
      volts, transistors Q8 and Q9 are cut off. Resistor 71 is employed to
      ensure cut-off of these transistors Q8 and Q9 when such a small current is
      passed by resistor 70.
PAR  In the disconnect circuit in FIG. 2, the current I on line 72, the
      capacitance C of capacitor 43, the change .DELTA.V in voltage on capacitor
      43, and the time delay .DELTA.t for charging capacitor 43 to a threshold
      level for turning on Q7 are approximately related by the following
      equations:
EQU  I = C (dV/dt)                                              (1)
PAL  and
EQU  .DELTA.T = C (.DELTA.V/I)                                  (2)
PAL  In a disconnect circuit embodying this invention that was successfully
      built and tested, capacitor 43 had a capacitance of 22 microfarads, the
      difference voltage .DELTA.V on capacitor 43 was 13 volts, the resistance
      of resistor 70 was 348 kohms providing a current I = 3.45 microamps on
      line 72 such that the delay time .DELTA.t was approximately 83 seconds.
      Since the Q8 base current adds approximately 0.1 to 0.3 microamps of
      charging current to capacitor 43, the overall time delay .DELTA.t of this
      circuit was approximately 70 seconds. Stated differently, circuit 69
      effectively increases the capacitance of capacitor 43 by the ratio of the
      sum of the currents bypassed by Q8 and Q9, divided by the current through
      resistor 70 on line 72.
PAR  The operation of this disconnect circuit in FIG. 2 will now be considered
      in relation to the voltage Va in FIG. 3. When the physical subscriber
      handsets are on hook prior to time t.sub.1, capacitor 41 is charged to
      approximately 47 volts, Q3 and diode 59 are cut off, the sum of the
      voltages on resistor 70 and capacitor 43 is approximately 13.2 volts,
      transistors Q8 and Q9 are cut off, and diode 68 and transistor Q7 are
      conducting to hold Q1 and Q2 in saturation to pass a central-office
      battery charging current to the output lines 50, 52. When a physical
      subscriber handset goes off hook at time t.sub.1 to dial the number 2, for
      example, the magnitude of the line voltage drops to approximately 5 volts,
      which cuts off diode bridge 33. Capacitor 41 rapidly discharges through Q1
      and Q2 and network 37. When the voltage on capacitor 41 decreases to
      approximately 13.2 volts, capacitor 43 then discharges through diode 68
      and resistor 60, and through the Q7 and Q1 base-emitter junction diodes.
      When the voltage on capacitor 43 and resistor 70 is less than 13.2 volts
      threshold level such that the current on line 73 is insufficient to
      maintain a voltage drop of 1.2 volts across resistor 60, then Q1, Q2, and
      Q7 cut off. Capacitor 43 continues to discharge through diode 68 and
      resistor 60 until the voltage on capacitor 43 and resistor 70 drops below
      12 volts to cut off diode 68. This capacitor 43 continues to discharge
      through resistors 70, 47, 39, 63, and 38. Capacitor 41 also discharges
      during this time interval through resistor 63.
PAR  Upon release of the dial in the physical subscriber handset at time
      t.sub.2, the transient voltage 58 across points 34 and 35 forces current
      to flow through capacitor 41 and resistor 38 to bias Q3 into conduction to
      dump any charge on capacitor 43 and clamp the capacitor 43 voltage to
      approximately 0.2 volt. This voltage pulse 58 is also applied across
      resistor 47 and transistors Q8 and Q9 to cause the latter to conduct
      throughout the 42 millisecond break interval of the dial pulse. The
      current on line 72 is bypassed by Q3 during conduction of the latter so
      that the capacitor 43 voltage is maintained at 0.2 volt. When the current
      through resistor 38 decreases sufficiently, Q3 is cut off and the constant
      charging current on line 72 is applied to capacitor 43. If the sum of the
      voltages on capacitor 43 and resistor 70 exceeds 12 volts or 13.2 volts,
      diode 68 and Q7, respectively, will conduct. Since the delay time required
      to charge capacitor 43 to such levels is greater than the duration of the
      42 millisecond break interval between times t.sub.2 and t.sub.3, however,
      the diode 68 and transistors Q7, Q1, and Q2 remain cut off throughout the
      dial pulse interval between times t.sub.2 and t.sub.4 that is produced by
      a physical subscriber handset.
PAR  If a ringing signal is applied on lines 9 and 10 to a physical subscriber
      handset when the latter is on hook prior to time t.sub.1, the
      approximately 100 volts ringing voltage breaks down Zener diode 59 to
      bypass capacitor 41. The resultant voltage on resistor 38 biases Q3 into
      conduction to dump the charge voltage on capacitor 43 to cut off diode 68
      and transistors Q7, Q1, and Q2. Although resistors Q8 and Q9 are
      conducting, Q3 bypasses the current on line 72 around capacitor 43. Since
      the charge time associated with capacitor 43 and conduction of diode 68
      and the transistors Q1, Q2, and Q7 is greater than the time interval
      between rectified ringing voltage pulses across points 34 and 35, diode
      68, control transistor Q7, and the switching transistors Q1 and Q2 remain
      cut off throughout application of the ringing voltage to a physical
      subscriber handset.
PAR  Although circuitry for charging timing capacitor 43 is described in a
      preferred embodiment in relation to a subscriber carrier disconnect
      circuit, the source voltage on lines 9 and 10, resistor 47, Darlington
      compound 69, resistor 70, and capacitor 43 may also be employed to produce
      a linear ramp voltage across lines 75 and 76. The invention herein is
      therefore defined by the following claims rather than by the detailed
      disclosure of a preferred embodiment thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a disconnect circuit for a remote terminal in a subscriber carrier
      telephone system wherein the circuit has a pair of input terminals
      electrically connected to a central office battery voltage; a pair of
      output terminals; a first transistor which is a transistor switch having
      emitter and collector electrodes electrically connected to one input and
      one output terminal, respectively; first means having a pair of terminals
      electrically connected to associated other input and other output
      terminals for electrically connecting the latter together and having a
      third terminal; a second transistor which is a control transistor having a
      collector-emitter junction electrically connected between the first
      transistor base electrode and the third terminal of the first means; a
      timing capacitor having one terminal electrically connected to the one
      input terminal and having an other terminal; second means normally
      directly electrically connecting the other terminal of the timing
      capacitor to the second transistor base electrode, the timing capacitor
      being operative for storing a voltage controlling turn-on of the first and
      second transistors; third means for resistively coupling drive current
      from the other input terminal for application to the base electrode of the
      second transistor for selectively enabling the latter transistor and the
      first transistor to conduct and for charging the timing capacitor; and
      fourth means responsive to a prescribed voltage condition produced across
      the input terminals for selectively discharging the timing capacitor; the
      improvement wherein said second means comprises: fifth means for
      selectively bypassing away from the second transistor base electrode a
      constant current portion of the drive current from the third means and
      selectively passing it to the capacitor for charging the latter, and for
      bypassing away from the second transistor and the capacitor a variable
      portion of the drive current from the third means during charging of the
      capacitor to maintain a constant charge current to the capacitor during
      charging of the latter; at least part of the current from the third means
      that is passed by said fifth means during charging of the capacitor being
      passed by the second transistor when the charge voltage on the capacitor
      is sufficient to cause the voltage between the second transistor base
      electrode and the first transistor emitter electrode to exceed a threshold
      voltage related to conduction of the second transistor.
NUM  2.
PAR  2. The improved circuit according to claim 1 wherein said fifth means
      comprises third and fourth transistors having collector electrodes
      electrically connected to the one input terminal and having emitter
      electrodes electrically connected to the second transistor base electrod,
      the third transistor base electrode being electrically connected to the
      fourth transistor emitter electrode, and the fourth transistor base
      electrode being electrically connected to the other terminal of the
      capacitor.
NUM  3.
PAR  3. The improved circuit according to calim 2 wherein said fifth means
      comprises a first resistor being electrically connected across the series
      combination of the base-emitter junctions of the third and fourth
      transistors.
NUM  4.
PAR  4. The improved circuit according to claim 3 including a Zener diode in the
      electrical connection of the second transistor base electrode to the third
      means and to the first resistor for increasing the threshold voltage and
      thus the capacitor charge voltage and the charge time required to turn on
      the second transistor.
NUM  5.
PAR  5. The circuit according to claim 4 including a second resistor
      electrically connected between said second transistor base electrode and
      said first transistor emitter electrode.
NUM  6.
PAR  6. In combination with a subscriber carrier disconnect circuit having a
      pair of input terminals for connection to a central office battery
      voltage; a pair of output terminals for connection to a local subscriber
      carrier battery charging circuit; a first capacitor and first resistor
      electrically connected in series across the input terminals; a first
      transistor which is a control transistor having a base-emitter junction
      electrically connected across the first resistor and having a collector
      electrode; a second transistor which is a transistor switch having emitter
      and collector electrodes electrically connected to one input and one
      output terminal, respectively; first means having first and second
      terminals electrically connected to associated other input and other
      output terminals for selectively electrically connecting the latter
      together and having a third terminal; a third transistor which is a
      control transistor having a collector-emitter junction electrically
      connected between the second transistor base electrode and the third
      terminal of the first means; a second capacitor, which is a timing
      capacitor, having first and second terminals electrically connected to the
      first transistor emitter and collector electrodes, respectively, and being
      operative for storing a voltage that controls turn-on of the second and
      third transistors, the second terminal of the second capacitor being
      normally directly electrically connected to the third transistor base
      electrode; and second means for resistively coupling drive current from
      the other input terminal for application to the base electrode of the
      third transistor for selectively enabling the second and third transistors
      to conduct: capacitive multiplier means in the electrical connection of
      the second terminal of the second capacitor to the third transistor base
      electrode for coupling the second capacitor to the second means for
      effectively increasing the capacitance of the second capacitor and the
      time for the latter to accumulate a prescribed charge voltage that is
      sufficient to cause the voltage between the third transistor base
      electrode and the second transistor emitter electrode to be greater than
      the sum of the base-emitter junction voltages of the second and third
      transistors for causing these transistors to conduct.
NUM  7.
PAR  7. The combination according to claim 6 wherein said capacitive multiplier
      means comprises:
PA1  a Darlington circuit electrically connected across the second capacitor and
      to the second means; and
PA1  a second resistor electrically connected in series with the second
      capacitor and the second means and being electrically connected to said
      Darlington circuit for selectively providing a constant charging current
      portion of drive current from the second means to the second capacitor for
      charging the latter to the prescribed charge voltage during nonconduction
      of the first, second, and third transistors, another variable portion of
      the drive current being simultaneously bypassed from the second and third
      transistors by the operation of the Darlington circuit.
NUM  8.
PAR  8. The combination according to claim 7 wherein said Darlington circuit
      comprises fourth and fifth transistors having collector electrodes
      electrically connected to the one input terminal and having emitter
      electrodes electrically connected to the third transistor base electrode,
      the fourth transistor base electrode being electrically connected to the
      fifth transistor emitter electrode, and the fifth transistor base
      electrode being electrically connected to the first transistor collector
      electrode and the second terminal of the second capacitor.
NUM  9.
PAR  9. The combination according to claim 8 wherein said second resistor is
      electrically connected across the series combination of the base-emitter
      junctions of the fourth and fifth transistors.
NUM  10.
PAR  10. The combination according to claim 9 including a Zener diode in the
      electrical connection of the third transistor base electrode to the second
      means and the second resistor for increasing the second capacitor charge
      voltage and the time that is required to turn on the third transistor.
NUM  11.
PAR  11. The combination according to claim 10 including a third resistor being
      electrically connected between the fifth transistor emitter electrode and
      the terminal of said second resistor that is electrically connected to the
      fourth transistor emitter electrode.
NUM  12.
PAR  12. The circuit according to claim 5 including a third resistor
      electrically connected between the emitter electrodes of said third and
      fourth transistors.
NUM  13.
PAR  13. Apparatus producing a ramp voltage that is linear as a function of time
      in response to an input voltage that is greater than a prescribed value,
      comprising:
PA1  an input port having first and second input terminals for receiving the
      input voltage;
PA1  a capacitor having a first terminal electrically connected to the first
      terminal of said input port and having a second terminal, and
PA1  first means coupled across said input port and being operative when the
      input voltage is greater than the prescribed value for coupling a signal
      current therefrom having a value that may vary as a function of time, said
      first means also being operative for passing to the second terminal of
      said capacitor a constant current portion of the signal current for
      linearly charging said capacitor at a linear rate as a function of time
      and for bypassing around said capacitor a variable remainder portion of
      the signal current as a function of time,
PA1  at least one of said input terminals being resistively electrically
      connected to said first means.
NUM  14.
PAR  14. Apparatus according to claim 13 wherein said first means comprises
      first and second transistors having collector and emitter electrodes
      electrically connected to the first and second input terminals,
      respectively, the first transistor base electrode being electrically
      connected to the second transistor emitter electrode, and the second
      transistor base electrode being electrically connected to the second
      terminal of said capacitor.
NUM  15.
PAR  15. Apparatus according to claim 14 wherein said first means comprises a
      resistor that is electrically connected across the series combination of
      the base-emitter junction of said transistors.
NUM  16.
PAR  16. Apparatus according to claim 13 including second means associated with
      said capacitor for selectively discharging said capacitor.
NUM  17.
PAR  17. Apparatus according to claim 16 wherein the final value of the linear
      ramp voltage on said capacitor may approach the input voltage.
NUM  18.
PAR  18. Apparatus for automatically disconnecting a local subscriber carrier
      battery charging circuit that is connected, in a subscriber carrier
      telephone system including a physical subscriber subset and a carrier
      subscriber subset, through a cable pair to a central office power source
      from the latter during off-hook and dial conditions produced on the cable
      pair by the physical subscriber subset, said apparatus comprising
PA1  first and second input terminals for connection to associated lines of the
      cable pair;
PA1  first and second output terminals for connection to the charging circuit;
PA1  a first transistor which is a switching transistor having an emitter
      electrode electrically connected to said first input terminal, having a
      collector electrode electrically connected to said first output terminal,
      and having a base electrode; said first transistor being conducting to
      connect and being cut off to disconnect the charging circuit and power
      source;
PA1  first means having first and second terminals electrically connected to
      said second input and second output terminals, respectively, for
      electrically connecting the latter together;
PA1  a first capacitor having a first terminal electrically connected to said
      first input terminal and having a second terminal;
PA1  a first resistor having a first terminal electrically connected to said
      second input terminal and having a second terminal;
PA1  second means for selectively coupling drive current from the second
      terminal of said first resistor for application to the first transistor
      base electrode for enabling the latter to conduct, said second means and
      the first transistor base-emitter junction voltage determining a threshold
      voltage below which said first transistor is nonconducting;
PA1  third means operative for electrically connecting the second terminal of
      said first capacitor to the second terminal of said first resistor for
      enabling charging said first capacitor during on-hook and break pulse
      conditions produced on the cable pair by the physical subscriber subset;
      said third means being operative for selectively bypassing away from said
      second means a constant current portion of the drive current from said
      first resistor and selectively passing it to said first capacitor for
      charging the latter during the on-hook and break pulse conditions produced
      on the cable pair by the physical subscriber subset; and for selectively
      bypassing around said second means and said first capacitor a variable
      portion of the drive current from said first resistor during charging of
      said first capacitor to maintain a constant charge current to the latter
      during charging thereof;
PA1  said second means coupling at least part of the bypassed drive current away
      from said third means and passing it to said first transistor for causing
      the latter to conduct when the charge voltage on said first capacitor is
      sufficient to cause the voltage between the second terminal of said first
      resistor and said first transistor emitter electrode to be greater than
      the threshold voltage for causing said first transistor to pass a charging
      current from the central office power source; the time interval for the
      charge voltage on said first capacitor to charge to a level for turning on
      said first transistor being longer than the duration of the make and break
      intervals of a dial pulse; and
PA1  fourth means responsive to a transient voltage condition produced across
      said input terminals by the physical subscriber subset on the leading edge
      of a dial pulse break interval for selectively discharging said first
      capacitor.
NUM  19.
PAR  19. Apparatus according to claim 18 wherein said third means comprises a
      second resistor being electrically connected in series with said first
      capacitor and first resistor, said third means selectively providing a
      constant voltage across said second resistor during charging of said first
      capacitor for providing a constant charging current thereto.
NUM  20.
PAR  20. Apparatus according to claim 18 wherein said third means comprises a
      second resistor electrically connected between the second terminals of
      said first capacitor and first resistor; and second and third transistors
      having collector electrodes electrically connected to said first input
      terminal and having emitter electrodes electrically connected to the
      second terminal of said first resistor, the second transistor base
      electrode being electrically connected to the third transistor emitter
      electrode, and the third transistor base electrode being electrically
      connected to the second terminal of said first capacitor.
NUM  21.
PAR  21. Apparatus according to claim 20 wherein said first means has a third
      terminal and wherein said second means comprises
PA1  a fourth transistor having emitter and collector electrodes electrically
      connected in series between said first transistor base electrode and said
      third terminal of said first means, and having a base electrode; and
PA1  a Zener diode electrically connected between the fourth transistor base
      electrode and the second terminal of said first resistor for causing the
      value of the threshold voltage to be greater than the sum of the
      base-emitter junction voltages of said first and fourth transistors.
NUM  22.
PAR  22. Apparatus according to claim 21 wherein said fourth means comprises a
      second capacitor and third resistor electrically connected in series
      between said input terminals, and a fifth transistor having a base-emitter
      junction electrically connected across said third resistor and having an
      emitter-collector junction electrically connected across said first
      capacitor.
NUM  23.
PAR  23. Apparatus according to claim 22 including a second Zener diode and a
      fourth resistor that are each electrically connected in parallel with said
      second capacitor.
NUM  24.
PAR  24. Apparatus according to claim 23 wherein said third means includes a
      fifth resistor in the electrical connection of the third transistor
      emitter electrode to the second terminal of said first resistor.
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ABST
PAL  A timing arrangement for use with a telephone switching system equipped
      with automatic message accounting equipment to adjust call charging times
      to compensate for delays in obtaining access to the automatic message
      accounting equipment. Timing circuitry provided in an automatic message
      accounting recorder measures the period of time since the recorder was
      last idle with no call carrying trunks of the switching system waiting to
      be serviced by the recorder. Apparatus enabled by the timing circuitry
      generates an allowance time used to adjust a registered trunk call
      charging time in accordance with the trunk access delay to the automatic
      message accounting equipment.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention concerns switching systems. In particular, it relates to the
      charging of calls originated by stations served by a switching system.
PAR  2. Description of the Prior Art
PAR  Switching systems designed to interconnect calling telephone stations with
      called telephone stations are oftentimes provided with automatic message
      accounting equipment arranged to assess message charges against calling
      telephone stations. When a telephone station is utilized to originate a
      call to a called telephone station, the serving switching system accesses
      automatic message accounting equipment to record an initial entry
      identifying the calling telephone station, the called telephone station,
      and the switching system trunk equipment used to establish a call
      connection. After the call connection has been established, the switching
      system trunk equipment detects answer of the call by the called telephone
      station and again accesses the automatic message accounting equipment in
      order that an answer entry may be recorded identifying the time the call
      was answered. Subsequently, the switching system trunk equipment detects
      the disconnect of the telephone stations from the call connection and
      again accesses the automatic message accounting equipment in order that a
      disconnect entry identifying the disconnect time of the call connection
      may be recorded. Thus, on a telephone call the automatic message
      accounting equipment of a switching system records the called and calling
      telephone station identities along with the time that the call was
      answered and the time that the telephone stations disconnected from the
      call connection. This recorded information is subsequently assembled at a
      message accounting center to establish a message charge billed to the
      calling telephone station.
PAR  The trunk equipment of a switching system is comprised of a number of trunk
      circuits, hereinafter referred to as trunks, that are arranged to connect
      one switching system with another and which are utilized to establish call
      connections between calling and called telephone stations. Trunks of a
      switching system bid for the services of a recorder of the automatic
      message accounting equipment in order that the initial, answer, and
      disconnect entry information may be entered by the recorder into the
      memory, magnetic tape, or paper tape of a recorder store. In prior art
      message accounting systems, trunks requesting the services of a recorder
      are required to wait until a recorder becomes idle if the recorder is busy
      servicing another trunk. Since there is a possibility that a trunk may be
      required to wait for the services of a recorder and it is highly desirable
      to never overcharge, a time allowance of the maximum time that a trunk may
      be required to wait for the services of a recorder is deducted from the
      disconnect time recorded for each call.
PAR  In actual usage a number of trunks obtain immediate access to a recorder of
      the automatic message accounting equipment without waiting. Some trunks
      obtain access to a recorder after waiting an intermediate interval of time
      while still other trunks are required to wait for a recorder for the
      maximum interval of time. Yet, in all cases, the maximum time that a trunk
      may be required to wait for the services of a recorder is deducted from
      each recorded call disconnect time thereby accounting for a loss of
      revenue that is chargeable for the actual time of a call against a calling
      telephone station.
PAR  Some versions of message accounting equipment are arranged to scan the
      trunks of a switching system to detect the answer and disconnect times of
      call connections. However, this arrangement involves the additional use of
      scanner apparatus and requires some means to associate the identity of a
      trunk with the position of the scanner apparatus in order that the answer
      and disconnect time of a call connection can be associated with a
      particular trunk.
PAR  Accordingly, a need exists in the art for an automatic message accounting
      system arranged to adjust the message charging time of a telephone call to
      compensate for the delay of a call carrying trunk in obtaining access to
      automatic message accounting equipment. A need also exists for enabling an
      automatic message accounting system to record a message charging time more
      closely approximating the actual call handling time of a switching system
      trunk without requiring the scanning of all the trunks of a switching
      system.
PAC  SUMMARY OF THE INVENTION
PAR  In the exemplary embodiment of the invention, a switching system is
      arranged to record call charging times for usage of communication
      facilities. The apparatus includes timing circuitry arranged to record the
      interval of time since a recorder of an automatic message accounting
      system associated with the switching system was last idle with no call
      carrying ones of the communication facilities of the switching system
      waiting to be serviced by the recorder. Additional circuitry responsive to
      the timing circuitry generates an allowance time utilized to adjust the
      recording of the call charging time in accordance with the delay that the
      call carrying ones of the communication facilities experience in obtaining
      access to the recorder.
PAR  In accordance with one feature of the invention apparatus is provided for
      use with the automatic message accounting equipment of a telephone
      switching system to measure the period of time since a recorder of the
      automatic message accounting equipment was last idle with no trunks of the
      telephone switching system waiting to be serviced. The apparatus generates
      an accumulated allowance time from the measured time that is utilized for
      adjusting recorded call charging times of ones of the trunks delayed in
      being serviced by the automatic message accounting recorder.
PAR  Another feature of the invention is the provision of apparatus which
      operates at the start of usage of an automatic message accounting recorder
      and which measures intervals of time until the recorder becomes idle with
      no trunks of a telephone switching system waiting to be serviced by the
      recorder.
PAR  In still another feature of the invention apparatus is provided for use
      with the automatic message accounting equipment of a telephone switching
      office to initiate a timing sequence when an automatic message accounting
      recorder is seized by a switching system call carrying trunk. The
      apparatus responds to other call carrying trunk requests for service by
      the recorder by continuing the timing sequence after release of the
      recorder by the first call carrying trunk and during the access time
      interval of the recorder by the other call carrying trunks. The apparatus
      measures sequential intervals of time until access of the recorder by the
      other call carrying trunks and generates therefrom an accumulated
      allowance time utilized to adjust recorded call charging times to allow
      for delay of the other call carrying trunks in accessing the recorder.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The foregoing objectives and advantages as well as others of the invention
      will be more apparent from a description of the drawing in which FIGS. 1
      and 2, when arranged in accordance with FIG. 3, set forth the circuit
      details of automatic message accounting equipment of a telephone switching
      system embodying the principles of the present invention.
PAR  It will be noted that the drawing employs a type of notation referred to as
      "Detached Contact" in which an X, shown intersecting a conductor,
      represents a normally open "make" contact of a relay, and a "bar," shown
      intersecting a conductor at right angles, represents a normally closed
      "break" contact of a relay; "normally" referring to the unoperated
      condition of the relay. The principles of this type of notation are
      described in an article entitled "An Improved Detached-Contact-Type of
      Schematic Drawing" by F. T. Meyer, in the September, 1955, publication of
      American Institute of Electrical Engineers Transactions, Communications
      and Electronics, volume 74, pages 505-513.
DETD
PAC  GENERAL DESCRIPTION
PAR  Referring now to FIGS. 1 and 2 of the drawing, it is intended that the
      apparatus set forth therein be embodied within a switching system serving
      a plurality of telephone stations, herein represented as telephone
      stations T1, T2. A telephone subscriber initiates a telephone call by
      removing the handset of a telephone station, such as telephone station T1,
      and thereby enabling common control equipment marker 1 in the conventional
      manner to establish a connection between telephone station T1 and
      originating register 3 through switch network 2. Upon receiving dial tone,
      the calling subscriber dials the digits of the called telephone station
      directory number into originating register 3. After dialing is completed,
      originating register 3 obtains access to marker 1 and, in the well-known
      manner, transfers the dialed digits of the called telephone station
      directory number and the switching equipment location of calling telephone
      station T1 thereto.
PAR  Marker 1 determines that the call is to be routed to a telephone station
      for which a message charge is to be assessed against calling telephone
      station T1 by decoding the dialed directory number digits. After decoding,
      marker 1 selects an idle trunk, such as trunk 5, to complete the call to
      the called telephone station. A connection is then established through
      switch network 2 between selected trunk 5 and calling telephone station
      T1. In addition, marker 1 selects an idle sender 6 and transfers thereto
      the dialed directory number digits and the switching equipment location of
      calling telephone station T1.
PAR  Sender 6, recognizing that a message charge is to be assessed against
      calling telephone station T1, accesses transverter 7 of the switching
      system automatic message accounting equipment and transfers thereto the
      dialed directory number digits and the switching equipment location of
      calling telephone station T1. Transverter 7 initiates an initial entry
      identifying the telephone call by requesting translator 8, in the
      well-known manner, to translate the switching equipment location of
      calling telephone station T1 into the directory number assigned telephone
      station T1. Following translation, transverter 7 requests access to
      recorder 9 in order that recorder 9 may direct recorder store 10 to
      register an initial entry in either memory or on magnetic or paper tape.
PAR  After recorder 9 has been seized, transverter 7 requests trunk 5 to signal
      a trunk identifier, hereinafter referred to as call identity indexer 11,
      to transmit the identity of trunk 5 to seized recorder 9. Recorder 9,
      under control of transverter 7, directs recorder store 10 to record the
      initial entry identifying the call by registering the calling and called
      telephone station directory numbers along with the identity of trunk 5
      utilized for establishing the call connection. After recording of the
      initial entry, sender 6 completes outpulsing the dialed directory number
      digits to a distant office for the purpose of establishing a call
      connection of the called telephone station. Sender 6, transverter 7, call
      identity indexer 11, recorder 9, and recorder store 10, releases from the
      call connection which continues to be held under control of trunk 5.
PAR  When the called telephone station answers, trunk 5 bids for the services of
      recorder 9 via call indexer 11 and requests that recorder 9 direct
      recorder store 10 to register an answer entry indicating that a connection
      has been established with the called telephone station. After the answer
      entry, which indicates that the message charge interval has been started
      by identifying trunk 5 and the time designated by master timer 12 that
      recorder store 10 registered the answer entry is recorded, call identity
      indexer 11, recorder 9, and recorder store 10, release from the call
      connection.
PAR  Upon disconnect of the calling and called telephone stations, trunk 5 again
      bids for the services of recorder 9 in order to direct recorder store 10
      to register a disconnect entry. After trunk 5 obtains access, recorder 9
      in connection with master timer 12 directs recorder store 10 to register
      identity of trunk 5 and the time recorder 9 is seized by trunk 5 via call
      identity indexer 11.
PAR  Each trunk of a telephone switching system handling a subscriber billable
      call requests the services of automatic message accounting recorder 9
      several times during the duration of a telephone call. Recorder 9 is
      seized initially to register an initial entry identifying the calling and
      called telephone stations, a second time to register an answer entry
      identifying the time that the message billing interval is to start, and a
      third time to register a disconnect entry identifying the time that the
      message billing interval is to end. A typical telephone switching system
      is equipped with a large number of call carrying trunks 4, 5 and a small
      number of automatic message accounting recorders 9. Thus, when a call
      carrying trunk 4 bids for the services of recorder 9, recorder 9 may be
      servicing another call carrying trunk, such as trunk 5, and trunk 4 is
      required to wait for a period of time until recorder 9 becomes idle.
PAR  In the embodiment of the present invention, recorder 9 is provided with
      apparatus ITM1, ITM2, ITM3, ITM4 for measuring the period of time since
      recorder 9 was last idle waiting to service trunks 4, 5 through
      transverter 7 and call identity indexer 11. When recorder 9 is seized by
      transverter 7 and trunk 5 through call identity indexer 11 to register an
      initial answer or disconnect entry, the aforementioned measuring apparatus
      ITM1, ITM2, ITM3, ITM4 initiates a timing interval. Recorder 9 immediately
      services transverter 7 and trunk 5 by seizing recorder store 10 and
      causing the appropriate initial, answer, or disconnect entry to be
      registered therein. In addition, the aforementioned timing apparatus of
      recorder 9 generates an allowance time of 0 seconds which is transmitted
      to recorder store 10 to indicate that trunk 5 has immediate access to
      recorder 9 and that the registered times initiated by master timer 12 for
      disconnect entries should not be adjusted to compensate for delay in
      obtaining access to recorder 9.
PAR  If, for example, trunk 5 has access to recorder 9 and trunk 4 bids, via
      call identity indexer 11, for the services of busy recorder 9, the timing
      apparatus ITM1, ITM2, ITM3, ITM4 continues to measure time following
      release of trunk 5 and generates an allowance time which is transmitted to
      recorder store 10 to adjust the delayed disconnect time subsequently
      registered by recorder store 10 to the earliest time disconnect could have
      been detected by call carrying trunk 4.
PAC  DETAILED DESCRIPTION
PAC  A. Initial Entry Seizure
PAR  It is assumed for the embodiment of the invention that the switching system
      set forth in FIGS. 1 and 2 of the drawing is a telephone switching system
      of the type disclosed in U.S. Pat. No. 2,585,904, issued to A. J. Busch on
      Feb. 19, 1952. It is further assumed that the Busch telephone switching
      system is equipped with the type of automatic message accounting equipment
      disclosed on June 3, 1952, by H. D. Cahill et al. in U.S. Pat. No.
      2,599,358 for use in assessing message charges against calling telephone
      stations. The designation of apparatus disclosed in the previously issued
      patents is enclosed in parenthesis.
PAR  When recorder 9 is in the idle state waiting to service a call carrying
      trunk, a path extends from ground through normal break contacts CH-3, the
      winding of relay IDEN, and normal contacts (RD-1) to resistance battery.
      The resulting flow of current maintains relay IDEN in the operate state
      thereby closing make contacts IDEN-1 to provide an obvious operate path
      for relay IDENA.
PAR  Transverter 7 seizes recorder 9 to request an initial entry for call
      carrying trunk 5 by closing make contacts (TVM-3) to provide an operate
      path for off normal relay (ON). In addition, ground is applied through
      make contacts (TVM-3), forward biased on diode D1, and normal contacts
      TON-1 to operate start relay ST. Operation of relay ST closes make
      contacts ST-3 to provide an obvious operate path for relay TON and opens
      break contacts ST-5, ST-6, ST-7, and ST-8. The opening of break contacts
      ST-5 removes ground from the input of timing circuit ITM1 and enables
      timing circuit ITM1 to initiate a first timing interval, which for the
      embodiment of the invention is assumed to be 0.2 seconds.
PAR  Following the seizure of recorder 9 by transverter 7, relay (CH), not
      shown, operates in the well-known manner to open normally closed break
      contacts (CH-1), (CH-2), CH-3 and thereby removes the ground formerly
      applied to diodes D7, D8 and the winding of relay IDEN. Relay IDEN then
      releases and thereby opens make contacts IDEN-1 to release relay IDENA.
      Relay IDENA in releasing closes break contacts IDENA-1 to provide a
      holding path to ground for previously operated relay ST through closed
      make contacts ST-1.
PAR  Recorder 9 in the well-known manner then directs recorder store 10 to
      register an initial entry for trunk 5 and releases from transverter 7 in
      order to be available to serve other call carrying trunks. In releasing,
      recorder relay (TVM), not shown, opens make contacts (TVM-3) to remove the
      ground from diode D1. Recorder relay (CH), not shown, also releases and
      closes break contacts (CH-1), (CH-2), CH-3 to apply ground through diodes
      D7, D8 to trunks 4, 5 and to the winding of relay IDEN. Relay IDEN then
      operates over a path extending from ground through break contacts CH-3,
      the relay winding, and break contacts (RD-1) to resistance battery.
      Operated relay IDEN closes make contacts IDEN-1 to subsequently enable
      slow operate relay IDENA and thereby release the hold path for relay ST by
      opening break contacts IDENA-1. Release of recorder start relay ST closes
      break contacts ST-5 to reapply ground to the input of timing circuit ITM1.
PAC  B. Disconnect Entry Following Initial Entry Seizure
PAR  During the registering of an initial entry, the break contacts (CH-1),
      (CH-2), CH-3, (TVM-2) and make contacts (TVM-1), (TVM-3), of recorder 9
      are opened and closed, respectively, thereby maintaining relay ST in the
      operate state. Another call carrying trunk, for example, trunk 4, may
      detect a subscriber disconnect from a call connection during this interval
      and place a bid, via call identity indexer 11, for recorder 9. At the time
      the disconnect is detected, normal contacts (S2-4) of trunk 4 releases
      while contacts (MA-4) and transfer contacts (TC-4) remain, respectively,
      in the operated and released state.
PAR  Following registration of the initial entry for trunk 5 and prior to
      release of recorder 9 by transverter 7, the (CH) relay, not shown,
      releases to close break contacts (CH-1) and thereby apply ground to diode
      D7. Diode D7 conducts and current flows from ground through break contacts
      (CH-1) and diode D7 to trunk 4 through operated make contacts (MA-4) and
      released break contacts (S2-4) to call identity indexer 11 through the
      winding of relay (T0) and make contacts (TVM-1) to resistance battery in
      recorder 9 through closed break contacts (RD-1). Relay (T0) of call
      identity indexer 11 operates over this path to open break contacts (T0-1)
      and close make contacts (T0-2) to partially establish a hold path for
      relay (T0) from ground supplied by recorder 9 through series normal break
      contacts (RD-2), (TVM-2).
PAR  Transverter 7, serving trunk 5, releases from recorder 9 after the
      registering of the initial entry by opening make contacts (TVM-1), (TVM-3)
      and closing break contacts (TVM-2). Ground appearing through closed make
      contacts (T0-2) enables recorder diodes D9, D2 to conduct and thereby
      provide another hold path for relay ST through closed make contacts ST-2.
PAR  The closing of normal contacts CH-3 re-establishes an operate path for
      relay IDEN which closes make contacts IDEN-1 to establish an operate path
      for relay IDENA. Relay IDENA is a slow to operate relay and does not open
      break contacts IDENA to interrupt the previous hold path through make
      contacts ST-1 until the aforementioned hold path has been established
      through diodes D9, D2 from call identity indexer 11. Recorder relay ST
      does not release at this time in that trunk 4, having previously detected
      a call disconnect, provides a hold path for relay ST through the make
      contacts (T0-2) of call identity indexer 11. Timing circuit ITM1 continues
      to measure the time that call carrying trunk 4 could have been waiting to
      be served by recorder 9, and after a first-time interval, herein assumed
      to be 0.2 seconds, operates relay TM1. Relay TM1 in operating opens break
      contacts TM1-2 to remove ground from the input of timing circuit ITM2.
      Timing circuit ITM2 continues to measure the time that trunk 4 waits to be
      serviced by recorder 9 and if trunk 4 still has not been serviced after 1
      second, operates relay TM2 a second time interval, herein represented as
      0.8 seconds, after the operation of relay TM1. Relay TM2 in operating
      opens contacts TM2-2 to remove ground from the input of timing circuit
      ITM3.
PAR  Waiting trunk 4 accesses recorder 9 to initiate registering of the
      disconnect entry by closing make contacts (IPA) to operate relay (ON) and
      apply ground to diode D1 to maintain relay ST in the operate state. When
      recorder 9 directs recorder store 10 to register the disconnect entry,
      ground is applied to leads 0, 1, 2 through operated make contacts ST-4,
      TM1-1, TM2-1 to direct recorder store 10 to adjust the registered
      disconnect entry time by 2 seconds to agree with the time of disconnect
      previously detected by waiting trunk 4.
PAR  Upon disconnect of recorder 9 from recorder store 10, break contacts
      (RD-1), (RD-2) open to release recorder relay IDEN and call identity
      indexer relay (T0). In addition, the removal of ground through call
      identity indexer make contacts (T0-2) inhibits operation of recorder
      diodes D9, D2 and thereby inactivates a holding path for operated relay
      ST. After disconnect of recorder store 10 and call identity indexer 11
      from recorder 9, which then becomes available to serve now idle trunks 4,
      5, break contacts (RD-1) close to establish an operate path for relay IDEN
      and make contacts (IPA) open to interrupt the holding path for relay ST
      through diode D1. Relay IDENA subsequently operates to open break contacts
      IDENA-1 and thereby release relay ST. Release of relay ST opens make
      contacts ST-3 to release a hold path for relay TON and closes break
      contacts ST-5, ST-6, ST-7 and ST-8 to recycle timing apparatus ITM1, ITM2,
      ITM3 and ITM4. When each timer ITM1, ITM2, ITM3, ITM4 recycles, the
      associated relays TM1, TM2, TM3, TM4 release. After all TM- relays release
      relay TON releases, indicating that all timers have recycled. Release of
      relay TON closes break contact TON-1 to establish a path to permit relay
      ST to operate on subsequent recorder seizures.
PAC  C. Disconnect Entry Following a Disconnect Entry
PAR  It may happen that while recorder 9 is busy serving transverter 7, trunks 4
      and 5 both detect a disconnect of a call connection by releasing their
      respective (S2-4), (S2-5) break contacts. Since recorder break contacts
      (CH-1), (CH-2) are open while recorder 9 is registering an initial entry
      via transverter 7, neither of the call identity indexer relays (T0), (T1)
      operate. Following registration of the initial entry, recorder contacts
      (CH-1), (CH-2), CH-3 release and apply ground to diodes D7, D8. One of the
      call identity indexer relays, for example, (T0), will operate over path
      from ground through diode D7, trunk 4 break and make contacts (S2-4),
      (MA-4), respectively, through the winding of relay (T0) and series break
      contacts (T1-1), (T0-1) to resistance battery through break contacts
      (RD-1).
PAR  In the aforementioned manner, recorder 9 completes the initial entry
      registration and is released by transverter 7. Break contacts (TVM-2)
      close and provides a hold path for relays ST, (T0). Operation of relay
      (T0) opens break contacts (T0-1) to inhibit operation of relay (T1). Trunk
      4 seizes recorder 9 through call identity indexer 11 and initiates the
      registration of a disconnect entry by recorder store 10. During this
      interval of time, recorder relay ST remains in the operate state thereby
      continuing the operation of timing apparatus ITM1, ITM2, ITM3, ITM4. Prior
      to completion of registration of the disconnect entry for trunk 4,
      recorder break contacts (RD-1), (CH-1), (CH-2), CH-3 are released and
      relay ST is held operated over paths established through forward biased
      diodes D9, D2 and closed make contacts (IPA).
PAR  After registration of a disconnect entry, recorder break contacts (RD-1),
      (RD-2) are opened during release of recorder store 10 to release relay
      IDEN and to initiate the release of trunk 4 and call identity indexer 11.
      Relay IDEN releases and opens make contacts IDEN-1 to release relay IDENA
      and thereby provide a hold path for relay ST through series break contacts
      ST-1, IDENA-1. Recorder contacts (RD-1), (RD-2) subsequently close after
      release of recorder store 10, call identity indexer 11 and trunk 4. At
      this time, an operate path is established for relay (T1) from ground
      through diode D8 to waiting trunk 5 and through make contacts (MA-5),
      break contacts (S2-5) to the winding of relay (T1), through series break
      contacts (T1-1), (T0-1), (RD-1) to resistance battery. Relay (T1) operates
      and closes make contacts (T1-2) to provide a self-hold path and a hold
      path for recorder relay ST. Release of break contacts (RD-1) reoperates
      relay IDEN and provides an operate path through make contacts IDEN-1 for
      relay IDENA. However, relay IDENA being a slow operate relay does not
      operate until a hold path for relay ST has previously been established
      through closed make contacts (T1-2) and diodes D10, D2.
PAR  During the registration of the initial entry for transverter 7 and the
      disconnect entry for trunk 4, timing apparatus ITM1, ITM2 is assumed to
      have operated relays TM1, TM2 and transmitted an adjustment time of 2
      seconds to recorder store 10 for the trunk 4 disconnect entry. Recalling
      that the operation of relay TM2 activated timing circuit ITM3 and that
      relay ST is held operated by waiting trunk 5, timing circuit ITM3
      continues to measure time and subsequently operates relay TM3. Operation
      of relay TM3 opens break contacts TM3-2 to activate timing circuit ITM4 by
      removing ground from the input thereof. Assuming that waiting trunk 5
      obtains access to recorder 9 at this time, recorder 9 directs recorder
      store 10 to register the disconnect entry and transmits ground to recorder
      store 10 over leads 0, 1, 2, 3 through closed make contacts ST-4, TM1-1,
      TM2-1, TM3-1 to indicate that the register disconnect time is to be
      adjusted by 3 seconds to agree with the earliest time trunk 5 could have
      detected disconnect. After registration of the disconnect entry, recorder
      9 disconnects from trunk 5 and call identity indexer 11 in the
      aforementioned manner and releases relay ST to initialize timing apparatus
      ITM1, ITM2, ITM3, ITM4.
PAC  D. Disconnect Entry Following Initial and Answer Entries
PAR  Transverter 7 initiates the initial entry sequence for a trunk such as
      trunk 5 by bidding for recorder 9. After seizure of recorder 9,
      transverter 7 identifies trunk 5 to recorder 9 by applying ground through
      released portion of transfer contacts (TC-5) of trunk 5 to the winding of
      call identity index relay (T1). Relay (T1) operates over the path
      completed through series break contacts (T1-1), (T0-1), (RD-1) to
      resistance battery and closes make contacts (T1-2) to provide a hold path
      for recorder relay ST. After registration of the initial entry,
      transverter 7, trunk 5, and call identity indexer 11 release from recorder
      9. Following the initial entry sequencing, trunk 5 closes the make portion
      of transfer contacts (TC-5) and waits for called station answer. Trunk 5
      detects called station answer by opening break contacts (S2-5) and closing
      make contacts (MA-5). Upon bidding for the services of idle recorder 9 to
      register an answer entry in recorder store 10, a path is established to
      operate call identity indexer relay (T1) over a path from recorder ground
      and battery extending through operated make contacts (TC-5), (MA-5) of
      trunk 5. Operation of make contacts (T1-2) establishes a hold path for
      recorder relay ST through diodes D10, D2. Following registration of the
      trunk 5 answer entry, trunk 5 make portion of transfer contacts (TC-5)
      release.
PAR  Should trunk 4 detect a call disconnect during the registration of the
      trunk 5 answer entry, trunk 4 will bid for busy recorder 9 and releases
      break contacts (S2-4) to establish a continuity path through break
      contacts (S2-4) and make contacts (MA-4). In the manner previously
      described, trunk 4 establishes a hold path for recorder relay ST after the
      registration of trunk 5 answer entry to continue operation of timing
      apparatus ITM1, ITM2, ITM3, ITM4. When waiting trunk 4 obtains access to
      recorder 9, the timing apparatus generates a value of time which is
      utilized for adjusting the registered disconnect time to agree with the
      earliest time trunk 4 could have detected disconnect.
PAC  Summary
PAR  It is obvious from the foregoing that the facilities, economy, and
      efficiency of switching systems may be substantially enhanced by the
      provision of automatic message accounting equipment apparatus arranged to
      compensate for delays between the time registered for a message disconnect
      entry and the time of disconnect detected by a call carrying trunk of the
      switching system. It is further obvious from the foregoing that the
      instant apparatus for measuring the period of time since recorder
      equipment was last idle with no switching system trunks waiting to be
      served to derive a time for correcting trunk waiting times obviates the
      need to provide trunk scanning apparatus for a switching system.
PAR  While the apparatus of our invention has been disclosed in a telephone
      switching system for use in adjusting registered disconnect times to
      compensate for delays between the time the trunk detected disconnect and
      the time the disconnect is recorded it is to be understood that such an
      embodiment is intended to be illustrative of the principles of our
      invention and that numerous other arrangements may be devised by those
      skilled in the art without departing from the spirit and scope of the
      invention. For example, the instant apparatus may be used to adjust times
      registered for initial and answer entries, or other telephone subscriber
      use entries, to agree with the time that the switching system requested
      the automatic message accounting equipment to register entry information.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a switching system wherein call charging times are recorded for usage
      of a communication facility and wherein the times recorded are subject to
      adjustment to allow for delay in accessing recording equipment, the
      combination comprising
PA1  means for measuring an interval of time since the recording equipment was
      last idle with no request for access thereto, and
PA1  means responsive to said measuring means for generating an allowance time
      signal to adjust the recording of the charge time in accordance with the
      access delay to the recording equipment.
NUM  2.
PAR  2. In a switching system, the combination in accordance with claim 1
      wherein said measuring means comprises a series of sequentially operated
      time circuits.
NUM  3.
PAR  3. In a switching system, the combination in accordance with claim 2
      wherein said generating means comprises a plurality of relays each
      connected to one of said timer circuits and each defining an accumulated
      allowance time signal.
NUM  4.
PAR  4. An automatic message accounting system for use with switching system
      trunks to record call charging times comprising
PA1  means for detecting requests to service call carrying ones of the trunks by
      registering identities thereof at the inception of a call and again at the
      times of call answer and call disconnect,
PA1  means for measuring intervals of time that the automatic message accounting
      system is busy servicing the call carrying trunks, and
PA1  means enabled by said measuring means for generating and registering an
      allowance time to adjust the recorded call charging times of trunks
      delayed in being serviced by the automatic message accounting system.
NUM  5.
PAR  5. The automatic message accounting system set forth in claim 4 wherein
      said detecting means comprises
PA1  means operable for indicating a seizure of the automatic message accounting
      system by one of the call carrying trunks, and
PA1  means for maintaining said indicating means in an operate state when other
      call carrying trunks are waiting to be serviced following release of the
      one call carrying trunk.
NUM  6.
PAR  6. The automatic message accounting system set forth in claim 5 wherein
      said measuring means comprises a plurality of timer circuits activated by
      said indicating means and arranged to generate sequential signals denoting
      predetermined intervals of time.
NUM  7.
PAR  7. The automatic message accounting system set forth in claim 6 wherein
      said generating and registering means comprises a plurality of relays each
      operated by one of said sequential signals and each arranged to close make
      contacts signifying a discrete increase of said allowance time.
NUM  8.
PAR  8. An automatic message accounting system for use with telephone office
      trunks employing transverters and trunk identifiers to record call
      charging times comprising
PA1  first relay means operable by the transverters and the trunk identifiers
      for indicating a seizure of the automatic message accounting system by a
      carrying one of the trunks,
PA1  holding means responsive to the trunk identifiers for maintaining said
      first relay means in an operate state when other ones of call carrying
      trunks are waiting to be serviced following release of the one call
      carrying trunk,
PA1  timing means activated by operation of said first relay means for
      generating sequential signals denoting predetermined intervals of time,
      and
PA1  second relay means operated by ones of the sequential signals for
      registering allowance time signals to adjust the recorded call charging
      times to allow for delay of the call carrying trunks in accessing the
      automatic message accounting system.
NUM  9.
PAR  9. An automatic message accounting system for use with telephone office
      trunks employing trunk identifiers and arranged to record message call
      charging times comprising
PA1  means responsive to the trunk identifiers for recording the message call
      charging times by registering identities of call carrying ones of the
      trunks at the inception of a call and again at answer and disconnect times
      determined at time of access to said recording means by one of the trunk
      identifiers,
PA1  means for measuring the period of time since said recording means was last
      idle with no trunks waiting to be serviced, and
PA1  means enabled by said measuring means for generating and registering a
      discrete allowance time to adjust the registered disconnect times in
      accordance with delay times encountered by ones of said trunk identifiers
      in obtaining access to said recording means.
NUM  10.
PAR  10. A recorder for use with telephone office trunks to record message
      charging times subject to adjustment to allow for delay of ones of the
      trunks in obtaining access to the recorder comprising
PA1  means for measuring intervals of time since the recorder was last idle with
      none of the trunks requesting access thereto, and
PA1  means responsive to said measuring means for generating and registering
      discrete allowance time signals to adjust the recording of the message
      charging times in accordance with delay of ones of the trunks in obtaining
      access to the recorder.
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ABST
PAL  Port circuits in a time division switching system that have their outputs
      connected to a common summing bus by respective summing resistors have
      their output signals attenuated when the conversation is among port
      circuits on the same bus: the simultaneous closure of the respective time
      slot switches causes the summing resistor of one port to shunt the output
      from the other port. However, when the connection involves port circuits
      served by different summing buses, there is usually sufficient isolation
      between the buses to mask the shunting effect. The present disclosure
      shows an arrangement for selectively adding a compensating amplifier and
      an attenuating resistor to each distribution bus. When the call involves
      port circuits served by the same summing and distribution bus pair the
      amplifier completely compensates for all attenuation. When the call
      involves ports served by a different summing and distribution bus pair,
      there is no input shunting to reduce gain but now a pair of compensating
      amplifiers are involved and their input attenuating resistors are in shunt
      to ground reducing the gain to the normal level.
BSUM
PAR  This invention relates to time division switching systems and more
      particularly to such systems, particularly private branch exchanges where
      there may be a high incidence of calls between stations connected to a
      common switching bus.
PAR  Prior art time division switching systems have employed several different
      types of information transfer. In one arrangement such as that disclosed
      in W. D. Lewis U.S. Pat. No. 2,936,337 issued May 10, 1960 a sampling
      capacitor and a low pass filter are used together with an inductor. The
      inductor is in series with the gate respective to each line circuit and
      between the capacitor and the gate. The gate connects the line to a common
      bus during an assigned time slot. When two line gates are operated, the
      two pairs of capacitor-inductor configurations form a resonant circuit for
      transmitting speech samples. The foregoing configuration is known as the
      resonant transfer arrangement.
PAR  In another type of time division system known as the active energy transfer
      type, the outgoing signal from one of a plurality of line or trunk port
      circuits is coupled to a first time division bus during a selected time
      slot, and is applied to an inter-bus or summing amplifier. The amplifier
      couples the signal to a second time division bus in the same time slot.
      Each line and trunk port circuit has a time division hybrid connected to
      the pair of time division buses by two gate switches. The hybrid in each
      line or trunk port circuit subtracts its own outgoing signal from the
      incoming signal obtained from the second time division bus and passes on
      the difference signal to its respective communications path. It is a
      characteristic of circuits of this type that each port circuit has two
      time division switches that are nevertheless operated simultaneously, a
      respective one of the time division switches connecting the hybrid to an
      associated one of the time division buses. Examples of the active energy
      type of time division communications switching are contained in U.S. Pat.
      No. 3,761,624 issued to T. G. Lewis and P. A. Vachon on Sept. 25, 1973,
      and U.S. Pat. No. 3,796,833 issued to T. G. Lewis and J. F. O'Neill on
      March 12, 1974.
PAR  Both port switches in the active energy type of time division switching
      system must be simultaneously operated because telephone systems, as
      opposed to some kinds of radio relay systems, do not operate in the
      push-to-talk mode. It is, therefore, desired that both parties in a
      communications connection be allowed to talk to each other at precisely
      the same instant of time even though one cannot do so as intelligently as
      one could if one listened whenever the other spoke. Since people seem
      naturally inclined to talk simultaneously and to listen selectively, if at
      all, the telephone system over which such "conversation" takes place
      should offer about the same opportunities for simultaneous talking as is
      offered by the free air in face-to-face conversations.
PAR  In the first of the above-mentioned time division systems, no problem is
      encountered because the respective sampling capacitor in each port circuit
      has both speech samples superimposed on it. In active-energy transfer time
      division systems of the second type which employ a single summing and
      distribution bus pair to which all the lines and trunks are connected, no
      problems have been observed in the "simultaneous talking" situation.
      However, in large systems of this type it becomes necessary to employ more
      than one summing and distribution bus pair. This dictates that on some
      calls both the calling and called port circuits will be served by the same
      bus pair but that on other calls the summing bus of one bus pair will be
      employed with the distribution bus of another bus pair. When the two port
      circuits served by such a time division network are both permitted to talk
      during the identical portion of a single time slot, the respective
      coupling resistor that connects each port circuit output to the summing
      bus may appear as a diversionary load to the other port circuit.
PAR  The problem is not apparent in very small systems such as that disclosed in
      the Medill-O'Neill U.S. Pat. No. 3,789,152 issued Jan. 29, 1974, in which
      all the lines and trunks are connected to the same summing and
      distribution buses. This is true because the attenuation that is
      introduced by the "second" summing resistor is always present and is
      compensated for in the common summing amplifier. In larger systems,
      however, where different groups of lines are served by different pairs of
      summing and distributing buses and where a group of trunks may be served
      by a further summing and distributing bus pair, occasions will arise when
      two port circuits served by the same bus pair will be in communication
      with each other and on other occasions port circuits served by different
      bus pairs, either for lines or between lines and trunks, will be in
      communication connection with each other. When different bus pairs are
      involved on the connection there will be less attenuation because of the
      additional isolation provided between different bus inputs to the common
      summing amplifier. Therefore, the greater gain that would be appropriate
      in the common summing amplifier for the case of a single bus pair path
      called will be inappropriate to the case of a different bus pair path
      call. It would, therefore, be appropriate, at least from the standpoint of
      offering utmost realism in conversation, to permit simultaneous speech
      without system-induced attenuation.
PAC  SUMMARY OF THE INVENTION
PAR  The foregoing and other objects and features of my invention are achieved
      in one illustrative embodiment wherein communication may take place among
      port circuits served by the same or by different bus pairs.
PAR  Whenever a call is made between port circuits served by the same or by
      different bus pairs, a compensating amplifier having an input attenuation
      pad is switched into the distribution bus to augment the gain provided by
      the prior art summing amplifier. When the call involves a communications
      path between port circuits served by the same bus pair, an attenuation is
      introduced because of the shunting effect that one port's output summing
      resistor exerts on the port's output to the summing bus. In accordance
      with my invention this attenuation is offset by the compensating
      amplifier. When the call involves a communications path between port
      circuits served by different bus pairs but involving the same summing
      amplifier, a compensating amplifier is inserted in series with each
      distribution bus of the different bus pairs. However, each compensating
      amplifier's input attenuation pad is in shunt with the output of the
      common summing amplifier driving both distribution buses and the input
      pads thereby offset the gain of the respective compensating amplifier. In
      this way no special control of compensator amplifier switching is
      required, the compensating amplifier may be switched-in when any line port
      becomes busy and adds additional gain when circuits on the same bus pair
      are involved in a call. When two different distribution buses are involved
      in a call the two compensating amplifiers are switched-in but the input
      attenuation pads of the compensating amplifiers shunt the summing
      amplifier output and thus reduce the input signal to the compensating
      amplifiers.
PAR  When the communications path involves not only different bus pairs but port
      circuits of different types, e.g., a trunk port and a line port, two
      summing amplifiers are employed, one driving the line port distributing
      bus and one driving the trunk port distributing bus. Because of the
      isolation between the outputs of the summing amplifiers the attenuation
      pads of the compensating amplifiers no longer effectively shunt each
      other. Accordingly, under these circumstances, an additional attenuation
      pad is inserted across the output of the summing amplifier serving each
      type of port circuit, i.e., across the output of the line port summing
      amplifier and across the output of the trunk port summing amplifier. This
      reduces the gain to normal levels.
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PAC  DESCRIPTION OF THE DRAWING
PAR  The foregoing and other objects and features of my invention may become
      more apparent from the following detailed description when read together
      with the drawing, the single figure of which shows an illustrative
      embodiment of my loss equalization system.
DETD
PAC  DETAILED DESCRIPTION
PAR  The drawing shows a time division switching system involving three summing
      buses SUMA, SUMB, and SUMT, three distribution buses DISTA, DISTB, and
      DISTT, and two summing amplifiers LA and TA. Summing amplifier LA
      amplifies the time slot sample appearing on any of the aforementioned
      summing buses and delivers the signal to the two line port distributing
      buses DISTA and DISTB. Summing amplifier TA amplifies the time slot sample
      appearing on any of the summing buses and delivers the signal to the trunk
      port distributing bus DISTT.
PAR  The port circuits and the respective carriers on which the port circuits
      are located have been shown with the sending ends of the line port
      circuits at the left and the receiving ends of the line port circuits at
      the right to better depict the direction of information flow. Let it be
      assumed that a time division switching connection is to be established
      between port circuits A.sub.1 and A.sub.n.
PAR  Each port circuit as disclosed in the above-mentioned Medill-O'Neill patent
      includes a pair of time slot switches for connecting the output and input
      amplifiers of the port circuit hybrid to the summing and distribution
      buses and a recirculating shift register containing a single "1" bit that
      identifies the time slot during which both time slot switches of the port
      circuit are to be operated. In line port A.sub.1, for example, the output
      of shift register SRA1 controls sending switch SWA1 and receiving switch
      RWA1. Switch SWA1 connects the hybrid's output amplifier OA to summing bus
      SUMA and receiving switch RWA1 connects the hybrid's input amplifier IA to
      distribution bus DISTA. In line port A.sub.n shift register SRAN controls
      switches SWAN and RWAN in similar fashion.
PAR  When a communications connection is to be established between line port
      A.sub.1 and the line port A.sub.n, the common control, not shown, inserts
      a corresponding time slot identifying bit in each of shift registers SRA1
      and SRAN. Let it be assumed that line A.sub.1 is talking: the speech
      sample present at the output of hybrid amplifier OA when switch SWA1 is
      closed by shift register SRA1 is applied through line port summing
      resistor RA1 to summing bus SUMA. The line port summing amplifier LA
      amplifies the speech samples and, neglecting for the moment resistors RLD,
      RDA, switch BLA and compensating amplifier CLA, applies the amplified
      sample to distribution bus DISTA. The signal on bus DISTA is applied to
      line A.sub.n 's input hybrid amplifier IA via time division switch RWAN
      which is closed at the same time as the sending time slot switch SWA1 of
      line A.sub.1. Time slot switch RWA1 of line port A.sub.1 is also closed at
      this time and the input amplifier IA of its hybrid receives the signal on
      distribution bus DISTA to enable the line A.sub.1 hybrid to maintain its
      dynamic balance.
PAR  As has been mentioned above, during the time slot, not only is the receive
      switch of the listening party closed but the sending switch (in this case
      switch SWAN) of the party assumed to be listening is also closed. This
      closure permits the station user of line A.sub.n to send a speech sample
      to line A.sub.1 if he so desires. In the most frequent situations,
      however, the station user associated with port A.sub.n will be listening
      to the speech from line A.sub.1. Because, however, switch SWAN is closed
      at this time, the input summing resistor RAN for line A.sub.n is connected
      in series with output impedance of amplifier OA across bus SUMA. The
      output amplifier OA and summing resistor RAN apply an a.c. shunting path
      to ground (not shown) on bus SUMA thereby attenuating the net input
      deliverable to summing amplifier LA.
PAR  Now let it be assumed that a communications connection is to be established
      from line A.sub.1 to line B.sub.n. These two lines appear on different
      line carriers and are served by different bus pairs. As before, the common
      control will insert a time slot bit in corresponding stages of the shift
      registers SRA1 and SRBN of the two line ports. When output amplifier OA of
      the hybrid of line A.sub.1 applies a speech sample to bus SUMA, the signal
      is not attenuated by the closure of switch SWBN and resistor RBN of line
      B.sub.n because switch SWBN and input summing resistor RBN are not
      connected to summing bus SUMA. Summing amplifier LA provides sufficient
      isolation between summing buses SUMA and SUMB that the simultaneous
      closures of switches SWA1 and SWBN have negligible effect on the signal
      applied by line A.sub.1 to amplifier LA. Since the input to amplifier LA
      is higher in this case than when communication was between lines A.sub.1
      and A.sub.n, amplifier LA applies a higher signal under these
      circumstances to bus DISTA.
PAR  In accordance with my invention, I have provided an arrangement for
      inserting a compensating amplifier, such as amplifier CLA, in series with
      the relevant distribution bus, such as bus DISTA whenever any of the line
      ports of a line carrier such as carrier A has an assigned time slot. In
      series between the output of summing amplifier LA and distributing bus
      DISTA, I place coupling resistors RLD and RDA together with coupling
      switch BLA and compensating amplifier CLA. When any of the line port shift
      registers of line carrier A delivers a time slot bit at its output, in
      addition to operating the send and receive switches of its port circuit,
      an enabling time slot signal will be delivered through OR gate GLA to
      switch BLA. Switch BLA when so enabled connects compensating amplifier CLA
      in series between the output of summing amplifier LA and distribution bus
      DISTA. The gain of amplifier CLA is chosen to exactly offset the shunting
      attenuation effect due to the input summing resistor of the listening
      line. Accordingly, when a communications connection is extended between
      line ports served by the same bus pair, the switching-in of the
      compensating amplifier offsets the attenuating effect that one port
      circuit's input summing resistor has on the sampled output of the other
      circuit.
PAR  When a connection is established between ports served by different bus
      pairs, but involving the same summing amplifier, operations proceed as
      described above except that when the time slot arrives at the output of
      the port circuit associated with the other bus pair, e.g., in the case
      described above when shift register SRBN activates switches SWBN and RWBN,
      OR gate GLB will be activated. The activation of OR gate GLB will cause
      switch BLB to be operated thereby connecting compensating amplifier CLB in
      series between the output of summing amplifier LA and distribution bus
      DISTB. Associated with the input of compensating amplifier CLA, there is
      an input attenuating pad resistor RPA and, similarly, associated with the
      input of compensating amplifier CLB, there is an input attenuating pad
      resistor RPB. With the closure of switches BLA and BLB resistors RPA and
      RPB are both effectively placed in shunt across the output of the common
      line summing amplifier LA. The shunt connection attenuates the net input
      signal available to the respective distributing bus compensating
      amplifiers CLA and CLB. Thus, in accordance with my invention when
      communication is between port circuits served by different bus pairs but
      involving the same summing amplifier, the insertion of the compensating
      amplifier in series with each distributing bus is offset by the insertion
      of a shunting pad to ground.
PAR  From the foregoing it is seen that compensating amplifier CLA increases the
      signal on bus DISTA when circuit of only line carrier A are involved in
      the connection. When circuits involving both line carriers A and B are
      involved on the connection, the input to summing amplifier LA is greater
      because input summing resistor RBN does not shunt the input from line
      A.sub.1. To offset the increased signal available at the output of summing
      amplifier LA under these circumstances, input pad resistors RPA and RPB
      are automatically connected in shunt with the output of summing amplifier
      LA. In accordance with my invention therefore, the same net amplitude
      signal will be delivered on distribution bus DISTA and DISTB whether the
      connection involved the other companion summing bus of the same pair or of
      the other bus pair.
PAR  The illustrative embodiment of my invention has thus far been described for
      the case only when port circuits of the same type were involved in the
      connection, i.e., for the case where the port circuits involved the use of
      the same common summing amplifier, LA. When the communication connection
      involves port circuits of different types, two different summing
      amplifiers such as summing amplifier LA serving the line ports and summing
      amplifier TA serving the trunk ports are employed. The use of a second
      summing amplifier means that the output summing resistors of the listening
      port circuit will not shunt the output signal of the talking port circuit.
      In addition, however, the input attenuating pad resistor associated with
      the compensating amplifier will not shunt the output of the summing
      amplifier and the gain will be too high. To compensate for the additional
      gain under these circumstances I provide for the selective insertion of an
      additional shunting resistor.
PAR  For example, let it be assumed that a communications path connection is
      established between line A.sub.1 and trunk T.sub.n. When the time slot
      arrives at the output of shift register SRA1 of line port A.sub.1 OR gate
      GLA is enabled as before. The enabling of OR gate GLA in addition to
      enabling switch BLA of distributing bus DISTA, also enables switch LBI via
      OR gate GAB. Switch LBI inserts shunting resistor RLB across the output of
      the trunk summing amplifier TA. When the time slot bit arrives at the
      output of shift register SRTN, gate GT is enabled and in addition to
      enabling switch BLT of distributing bus DISTT, also enables switch TBI.
      The enabling of switch TBI inserts shunting resistor RTB across the output
      of line summing amplifier LA. The output speech sample from line A.sub.1
      is applied through resistor RA1 to bus SUMA and, amplified by trunk
      summing amplifier TA, is applied through switch BLT and compensating
      amplifier CT to distributing bus DISTT and trunk circuit TN. Likewise, the
      time slot sample from trunk TN is applied through summing resistor RTN to
      summing bus SUMT and, amplified by line summing amplifier LA is applied
      through switch BLA and compensating amplfier CLA to distributing bus DISTA
      and line port circuit A.sub.1.
PAR  Accordingly, I have shown an arrangement where the attenuation introduced
      by the shunting effect of the input summing resistor of the port circuit
      served by the same bus pair may be offset by the use of a compensating
      amplifier and where the effect of the compensating amplifier may be
      cancelled, when different bus pairs are involved, by the shunting effect
      of the compensating amplifiers' input attenuation pad. Further, I have
      shown an arrangement for providing an additional shunting pad to cancel
      the effect of the compensating amplifier when connections are made between
      bus pairs serving port circuits of different types. Further and other
      modifications may be conceived by those skilled in the art without
      departing from the spirit and scope of my invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a time division switching system in which port circuits served by
      different summing buses as well as port circuits served by the same
      summing bus may be interconnected by circuitry providing a specified
      amount of gain comprising
PA1  amplifier means for increasing the gain to port circuits when the port
      circuits involved on a connection are served by the same summing bus, and
PA1  switchable attenuation means for decreasing the gain when the port circuits
      involved on the connection are served by different summing buses.
NUM  2.
PAR  2. In a time division switching system according to claim 1, wherein said
      system further includes distribution buses connected to groups of said
      port circuits, and a common summing amplifier for delivering time slot
      samples from said summing buses to said distribution buses, the
      combination wherein said amplifier means for increasing said gain is
      connected in circuit with each of said distribution buses.
NUM  3.
PAR  3. A time division switching system according to claim 2 wherein said
      switchable attenuation means are connectable to shunt the output of said
      summing amplifier and the input of said amplifier means for decreasing
      said gain.
NUM  4.
PAR  4. In a time division switching system in which any of a plurality of
      different port circuits may be served by the same or by different summing
      and distribution buses on particular calls, an arrangement for selectively
      compensating for the differences in attenuation attributable to the
      differences in switching configuration, comprising
PA1  a respective compensating amplifier for each of said distributing buses,
PA1  input attenuation means respective to each of said compensating amplifiers,
PA1  means for switching-in one of said amplifiers and its corresponding
      attenuation means on calls involving a summing and a distribution bus
      serving the same group of said port circuits in which the calling and
      called port circuits are involved, and
PA1  means for selectively switching-in another of said amplifiers respective to
      the other of said distribution buses and its corresponding attenuation
      means on calls involving port circuits served by different summing and
      distribution buses.
NUM  5.
PAR  5. In a time division switching system in which each of a plurality of
      groups of line circuits is served by a respective summing and distribution
      bus pair and in which a group of trunk circuits is served by a
      corresponding summing and distribution bus pair, the combination
      comprising
PA1  a common line summing amplifier for connecting all of said summing buses to
      said distribution bus for said line circuits,
PA1  a common trunk summing amplifier for connecting all of said summing buses
      to said distribution buses serving said trunk circuits,
PA1  attenuation means respective to each of said common line and trunk summing
      amplifiers,
PA1  a respective compensating amplifier for each of said distribution buses,
PA1  means for selectively switching-in said attenuation means respective to
      said line summing amplifier on calls involving any of said trunks and one
      of said lines, and
PA1  means for switching-in said attenuation means respective to said common
      trunk summing amplifier only on calls involving any of said lines and one
      of said trunks.
NUM  6.
PAR  6. In a time division switching system in which each of a plurality of
      groups of port circuits of a particular kind is served by a respective
      summing and distribution bus pair, each such port circuit of a group being
      connected to the summing bus serving that group by a respective sending
      time slot switch and summing impedance; in which the summing buses for the
      groups of port circuits of the same type are served by a common summing
      amplifier, each of said port circuits also including a receiving time slot
      switch connected to the corresponding distribution bus of the bus pair to
      which its sending time slot switch is connected, the combination
      comprising
PA1  compensating amplifier means in circuit between the output of said common
      summing amplifier and each said distribution bus, and
PA1  respective attenuation means in shunt with the output of said common
      summing amplifier and the input of each of said compensating amplifier
      means,
PA1  said compensating amplifier means having a gain to offset the input
      attenuation to said common summing amplifier when two of said input
      summing impedances are connected during a common time slot to the same
      summing bus, and said respective shunt-connected attenuation means having
      a value to offset said compensating amplifier gain when port circuit
      receiving time slot switches connected to two different distribution buses
      are activated during the same time slot.
NUM  7.
PAR  7. A time division switching system comprising first and second groups of
      port circuits,
PA1  first and second summing and distributing bus means for said first and
      second groups of port circuits, respectively,
PA1  a common summing amplifier connected to both said summing bus means,
PA1  a common resistor connected in series with the output of said summing
      amplifier,
PA1  a first and a second compensating amplifier,
PA1  first and second attenuating means respectively shunting said first and
      second compensating amplifier inputs to ground,
PA1  first and second switch means respectively connecting said first and second
      compensating amplifiers to said common resistor, and
PA1  first and second gate means responsive to said port circuits of said first
      and second groups for controlling said first and second means,
      respectively.
NUM  8.
PAR  8. A time division switching system in accordance with claim 7 further
      comprising a plurality of trunk circuits and a summing and a distributing
      bus therefor,
PA1  third attenuating means and third switch means connected between said
      common resistor and ground, and
PA1  third gate means responsive to any of said trunk circuits for controlling
      said third switch means.
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ABST
PAL  A broadcast system capable of transmitting and receiving a broadcast signal
      containing four discrete stereophonically related audio frequency inputs
      in which there is produced within the transmitter four matrix outputs,
      each of which is a function of one or more of the inputs. A main carrier
      wave is then frequency modulated with the first matrix output, with the
      sidebands of a suppressed first and second subcarrier which has been
      amplitude modulated with the second and third matrix outputs in quadrature
      relationship with each other, and with the lower sideband and a relatively
      small portion of the upper sideband of a depressed third subcarrier that
      has been amplitude modulated with the fourth matrix output. The modulation
      of the third subcarrier is limited to a maximum voltage level
      substantially below the highest level otherwise possible. The first,
      second, and third subcarriers are regenerated in the receiver and the four
      matrix outputs are detected. These outputs are then dematrixed to
      reproduce the four original inputs. The restricted sideband modulation
      associated with the third subcarrier and the amplitude limiting of its
      modulation signal maintain the out-of-band radiation of the transmitted
      energy within acceptable limits.
PARN
PAR  This application is a continuation-in-part of application for U.S. Letter
      Patent, Ser. No. 182,318, filed Sept. 21, 1971 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a new and improved broadcast system, and more
      particularly, a frequency modulation broadcast system in which four
      discrete stereophonically related audio frequency inputs are transmitted
      and received.
PAR  It is well recognized that the realism and listening pleasure associated
      with broadcast or recorded music and other material can, in many
      instances, be increased substantially by providing a plurality of separate
      channels or audio inputs which are supplied to different speakers.
      Accordingly, two channel stereophonic systems have become commonplace, and
      most record discs and magnetic tape recordings are readily available in
      two channel stereophonic form. In addition, two channel stereophonic
      material is broadcast in accordance with standards that have been
      established by the Federal Communications Commission. A two channel
      stereophonic system of the type which has been adopted and standardized by
      the Federal Communications Commission is disclosed in my U.S. Pat. No.
      3,122,610, issued on Feb. 25, 1964. It utilizes a first frequency band
      within which a main carrier wave is modulated with the sum of the left and
      the right channels. This main carrier wave is further frequency modulated
      with the sidebands of a suppressed subcarrier wave at 38 KHz that has been
      amplitude modulated with the difference between the left and right
      channels. A pilot signal is provided at 19 KHz within a gap between the
      two frequency bands to provide a basis for the local regeneration of the
      subcarrier in the receiver and to provide an indication of the presence of
      a stereophonic signal. This highly successful system is fully compatible
      with the prior monophonic, frequency-modulation broadcast systems.
PAR  It is now recognized that there are many advantages to a four channel
      stereophonic system in that it provides increased realism and listening
      pleasure as compared to a two channel system. This is particularly true,
      for instance, when the sound of a large concert hall is to be recreated.
      In that environment, the sound comes to the listener from many directions.
      A large part of this sound is reflected, thus introducing time delays
      which form a significant part of the listening experience. Four channel
      stereophonic music has been recorded on magnetic tapes and reproduced
      through speaker systems with good results. In addition, there has been
      some limited FM broadcasting of four channel stereophonic music utilizing
      two separate stations which are assigned different carrier frequencies.
PAR  It is important that a four channel stereophonic system be fully compatible
      with the large quantity of existing monophonic and two channel
      stereophonic equipment. If complete monophonic and two channel
      stereophonic information is to be provided for this equipment, the
      presently established sum and difference signals and the presently
      established 19 KHz pilot signal must be incorporated in the four channel
      system. Thus, the information needed to further break down the two
      existing stereophonic channels into four channels must be superimposed
      upon the established two channel stereophonic composite signal. It has not
      heretofore been known how to accomplish this objective without producing
      unacceptable out-of-band radiation.
PAR  There are a number of presently known stereophonic receivers which produce
      what may be termed a pseudo or hybrid four channel output. This is
      accomplished by matrixing the two conventional stereophonic inputs in the
      receiver, sometimes with the addition of time delays and loudness
      enhancement, to produce four inputs each of which may be different from
      the other three. These are not, however, four discrete inputs. They are
      four artificially created inputs, and the relationship between the inputs
      to the speakers is determined according to a formula which is preselected
      at the time the receiver is built. Some known systems utilize matrixing of
      four audio inputs at the transmitter, but only two channels are broadcast
      by the transmitter. However as in other hybrid systems, four channels of
      information are not broadcast by the transmitter, and the receiver is not
      equipped to detect this much information if it were present. Thus, the
      presently known four speaker receivers are inherently inferior because
      they are not part of an integrated system, including a transmitter and at
      least one receiver, designed to broadcast four discrete audio inputs.
PAC  SUMMARY OF THE INVENTION
PAR  In providing a broadcast system which will permit the transmission and
      reception of four discrete stereophonic inputs (channels) with
      transmission by a single frequency modulation station, it is, of course,
      necessary to do so without producing out-of-band radiation that would
      interfere with other stations. This can be accomplished if the four
      stereophonic inputs can be multiplexed onto a single main carrier wave
      without allowing the broadcast signal, including its harmonics, to at any
      time substantially exceed the present Federal Communications Commission's
      standards regarding frequency modulation broadcasting. It is important to
      provide a system in which the broadcast signal encompasses a minimum band
      width, because receiver design is inherently a compromise between adjacent
      channel selectivity and receiver channel band width.
PAR  My invention comprises both an apparatus and a method for transmitting and
      receiving a frequency modulated main carrier wave containing four discrete
      stereophonically related audio frequency inputs. The apparatus includes a
      transmitter and one or more receivers. The transmitter comprises a matrix
      means responsive to the four discrete inputs for producing four matrix
      outputs, each of which is a function of at least one of the inputs, means
      for generating a main carrier wave, and means for frequency modulating the
      main carrier wave with the first matrix output. It further comprises means
      for generating a first subcarrier wave, means for amplitude modulating the
      first subcarrier wave with the second matrix output, means for generating
      a second subcarrier wave at the same frequency as the first subcarrier
      wave and in quadrature relationship with the first subcarrier wave, means
      for amplitude modulating the second subcarrier wave with the third matrix
      output, means for suppressing the first and second subcarrier waves, and
      means for frequency modulating the main carrier wave with the sidebands of
      the modulated first and second subcarrier waves. The frequency of the
      first and second subcarrier waves is such that there is a gap between
      their lower sidebands and the frequency band of the first matrix output. A
      means is provided for generating a pilot signal at a frequency that is
      subharmonically related to the subcarrier frequencies and falls within the
      gap, and means is provided for frequency modulating the main carrier wave
      with the pilot signal.
PAR  The transmitting further includes means for generating a third subcarrier
      wave at a frequency above that of the first and second subcarrier waves,
      means for amplitude modulating the third subcarrier wave in accordance
      with the fourth matrix output, means for depressing or suppressing the
      third subcarrier wave and means for reducing the amplitude of the
      modulation of the third subcarrier wave, such as by a limiting operation
      to a maximum substantially below the highest level otherwise obtainable. A
      bandpass filter means is provided for removing all but a relatively small
      portion of the upper sideband of the thrid subcarrier wave and for
      attenuating the uppermost portion of the lower sideband of the third
      subcarrier wave. An equalizer means is provided for equalizing the travel
      time of signals of different frequencies which pass through the filter
      means. The transmitter further includes means for frequency modulating the
      main carrier with the remaining portions of the sidebands of the modulated
      third subcarrier wave. The frequency of the third subcarrier wave is such
      that its lower sideband is separated from the upper sidebands of the first
      and second subcarrier waves.
PAR  The noted filter means has a center frequency located at approximately the
      lower edge of the lower sideband of the third subcarrier wave so that the
      filter response characteristic is relatively flat at the higher modulation
      frequencies, which reduces the burden placed upon the equalizer means in
      achieving travel time equalization. Further, the upper skirt of the filter
      response exhibits about a 6 db attenuation, at the frequency of the third
      subcarrier wave, so that in the receiver the lower audio frequency signals
      can be readily demodulated with a voltage equal to that of the higher
      audio frequency signals. An added advantage of the present broadcast
      system with respect to band utilization, and principally owing to the
      employment of the referred to filter means, a relatively narrow band IF
      filter can be utilized in the receiver. A yet further advantage is that
      SCA (Subsidiary Communications Authorization) may be broadcast together
      with the four channel stereophonic signals.
PAR  The receiver of this system comprises means responsive to the pilot signal
      for regenerating and reinserting the first, second, and third subcarrier
      waves, means for detecting the four matrix outputs, and de-matrix means
      responsive to the four matrix outputs for reproducing the four discrete
      audio frequency inputs.
PAR  In the preferred embodiment of the system described above, assuming that
      the four discrete audio frequency inputs are represented by the symbols
      L.sub.F, L.sub.R, R.sub.F, and R.sub.R, the four matrix outputs represent
      functions of these inputs as follows:
PAR  The first matrix output represents
EQU  L.sub.F + L.sub.R + R.sub.F + R.sub.R ;
PAR  The second matrix output represents
EQU  (L.sub.F + L.sub.R) - (R.sub.F + R.sub.R);
PAR  The third matrix output represents
EQU  (L.sub.F - L.sub.R) - (R.sub.F - R.sub.R); and
PAR  The fourth matrix output represents
EQU  (L.sub.F - L.sub.R) + (R.sub.F - R.sub.R).
PAR  The limiting means limits the modulation of the third subcarrier wave to a
      maximum which lies between 30 and 90 percent of the highest level
      otherwise possible. A maximum of 60 percent is optimum for most purposes.
PAR  As an additional feature the system may include, in the transmitter, means
      for generating a control signal which is indicative of the presence of
      four discrete stereophonically related audio frequency inputs, and, in the
      receiver, switching means responsive to the presence of the control signal
      for disconnecting a portion of the receiver when the control signal is not
      present. This switching means may also be arranged to provide a display
      that indicates the presence of the audio frequency inputs. Preferably, the
      indicator signal has the same frequency as the third subcarrier wave.
PAR  From another point of view, the invention comprises a method of
      transmitting and receiving a frequency modulated main carrier wave
      including four discrete stereophonically related inputs. This method
      comprises generating four matrix outputs each of which is a function of at
      least one of the four discrete audio frequency inputs, generating a main
      carrier wave, and modulating the main carrier wave with the first matrix
      output. The method further comprises generating a first subcarrier wave,
      amplitude modulating the first subcarrier wave with the second matrix
      output, generating a second subcarrier at the same frequency as the first
      subcarrier wave and in quadrature relationship with the first subcarrier
      wave, modulating the second subcarrier wave with the third matrix output,
      and suppressing the first and second subcarrier waves. The main carrier
      wave is then frequency modulated with the sidebands of the modulated first
      and second subcarrier waves. The frequency of the first and second
      subcarrier waves is such that there is a gap between the lower sidebands
      of the first and second subcarrier waves and the frequency band of the
      first matrix output. The method further comprises generating a pilot
      signal at a frequency that falls within the gap and modulating the main
      carrier wave with the pilot signal.
PAR  Further steps of the method are generating a third subcarrier wave at a
      frequency above that of the first and second subcarrier waves, amplitude
      modulating the third subcarrier wave with the fourth matrix output,
      depressing or suppressing the third subcarrier wave, reducing the
      amplitude of the modulation of the third subcarrier wave, such as by
      limiting, to a maximum substantially below the highest level otherwise
      possible, removing all but a relatively small portion of the upper
      sideband of the third subcarrier wave and attenuating the uppermost
      portion of the lower sideband of the third subcarrier wave, and equalizing
      the travel time of portions of the third subcarrier sidebands that are of
      different frequencies. The method further comprises modulating the main
      carrier wave with the remaining portions of the sidebands of the modulated
      third subcarrier wave. The frequency of the third subcarrier wave is such
      that its lower sideband is separated from the upper sidebands of the first
      and second subcarrier waves. The frequency modulated main carrier wave is
      then propagated and sensed with an antenna.
PAR  The method further comprises regenerating and re-inserting the first,
      second and third subcarrier waves by multiplying the frequency of the
      pilot signal, detecting the four matrix outputs, and reproducing from the
      four matrix outputs the four discrete audio frequency signals.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the present invention reference may be
      had to the detailed description which follows and to the accompanying
      drawings in which:
PAR  FIG. 1 is a diagrammatic representation of the baseband utilization of the
      composite signal used to modulate a main carrier wave transmitted and
      received in accordance with the invention;
PAR  FIG. 2 is a pictorial representation of a broadcast system constructed in
      accordance with the invention;
PAR  FIGS. 3a, 3b, 4a, 4b, 5a, and 5b are schematic representations of portions
      of a transmitter that is part of the system of FIG. 2;
PAR  FIGS. 6, 7, 8, and 9 are schematic representations of portions of a
      receiver that is part of the system of FIG. 2;
PAR  FIG. 10 is a schematic representation of a preferred form of a bandpass
      filter circuit and time delay equalizer circuit responsive to the
      modulated third subcarrier wave in the transmitter of FIG. 2; and
PAR  FIGS. 11a, 11b and 11c present several characteristic curves applicable to
      the filter and equalizer circuits of FIG. 10.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A broadcast system capable of transmitting and receiving a frequency
      modulated main carrier wave containing four discrete stereophonically
      related audio frequency inputs includes a transmitter 20 and a receiver 22
      shown in the accompanying FIG. 2. The four audio inputs are supplied by
      four microphones 24 which pick up sound from four parts of an area in
      which music or other broadcast material is presented. Of course, the
      inputs could be generated by any of a number of well known playback
      apparatus adapted to regenerate four prerecorded inputs. The audio inputs
      from one side of the area in which they originate are designated L.sub.F
      and L.sub.R for Left Front and Left Rear. The other two inputs are
      designated R.sub.F and R.sub.R for Right Front and Right Rear. Thus, the
      two left signals, L.sub.F and L.sub.R, may be thought of as corresponding
      to the left input of a conventional two channel stereophonic system, and
      the two right inputs, are R.sub.F and R.sub.R, may be thought of as
      corresponding to the right input of a conventional two channel
      stereophonic system.
PAR  A main carrier wave is frequency modulated within the transmitter 20 and
      disseminated by a transmitter antenna 26. This broadcast signal produces
      potential differences between portions of a receiver antenna 28 connected
      to the receiver 22. Four discrete inputs are then reproduced from the
      broadcast signal by the receiver 22 and applied to four loudspeakers 30
      which are arranged in a manner similar to the microphones 24 to recreate
      the broadcast material for a centrally located listener 32.
PAR  The information needed to reproduce the four discrete audio frequency
      inputs is included in the broadcast signal in such a manner that all the
      frequencies with which the main carrier wave is modulated fall within a
      frequency band of minimum width, thus minimizing out-of-band radiation.
      FIG. 1 is a diagrammatic representation of the base band utilization of
      the composite signal with which the main carrier wave is modulated. The
      information impressed on the main carrier wave by frequency modulation may
      be thought of as falling into four separate channels, each of which
      contains one of the matrix outputs generated in the transmitter 20. The
      first matrix output falls within a frequency band 36 that extends from 50
      Hz to 15,000 Hz and represents the summation of the four audio inputs
      L.sub.F, L.sub.R, R.sub.F, and R.sub.R. Spaced from this first matrix
      output frequency band 36 is another frequency band 38 which contains two
      channels, one of which carries the second matrix output which represents
      (L.sub.F + L.sub.R) - (R.sub.F + R.sub.R) while the other contains the
      third matrix output which represents (L.sub.F - L.sub.R) - (R.sub.F -
      R.sub.R). The portion of the frequency band 38 occupied by the third
      matrix output is represented three dimensionally by the area 40. The
      frequency band 38, 40 extends from 23 KHz to 53 KHz. It includes the
      sidebands of a first subcarrier at 38 KHz and a second subcarrier at the
      same frequency and in quadrature relationship with the first. Another
      frequency band 42 includes the lower sideband of a depressed or suppressed
      third subcarrier at 76 KHz which extends to 61 KHz plus a small portion of
      the upper sideband. This fourth channel includes the fourth matrix output
      which represents (L.sub.F - L.sub.R) + (R.sub.F - R.sub.R).
PAR  The composite signal further includes a pilot signal at 19 KHz which
      preferably accounts for 8-10% of the total modulation of the main carrier
      wave. This pilot signal may be used to regenerate the first, second, and
      third subcarrier waves in the receiver 22 and provides an indication that
      at least two channels are present.
PAR  The third subcarrier at 76 KHz may be suppressed, or it may be depressed to
      the extent that it accounts for about a 5 percent portion of the total
      modulation of the subcarrier wave which is included in the main carrier
      wave. This depressed third subcarrier may be sensed by the receiver 22 and
      used as a control signal to provide an indication of the presence of four
      channels.
PAR  If the third subcarrier is fully suppressed, the modulation of the main
      carrier wave within each of the frequency bands 36, 38-40, and 42 equals
      90 percent of the maximum possible modulation. The formulae for the matrix
      output representations are arranged so that the sum of these three
      modulations will at no time exceed the 90 percent of the maximum possible
      modulation. If the third subcarrier is not fully suppressed but is,
      instead, depressed only to the extent that it is allotted 5 percent of the
      maximum possible modulation of the main carrier wave, the frequency bands
      36, 38-40, and 42 may each be allotted 85 percent of the maximum possible
      modulation.
PAR  Another advantage of the matrixing arrangement described above is that it
      is fully compatible with the monophonic and two channel stereophonic
      systems presently in use. The first matrix output frequency band 36 is the
      only portion of the signal that would be detected by an unmodified
      conventional monophonic receiver, and it includes the summation of all
      four audio inputs to provide a complete monophonic signal. If L.sub.F plus
      L.sub.R is made to correspond to the left channel and R.sub.F plus R.sub.R
      is made to correspond to the right channel of a two channel arrangement,
      the second channel 38 corresponds to the second channel of the
      conventional two channel system disclosed in my U.S. Pat. No. 3,122,610.
      That is, the first two channels provide the sum and difference values of
      the two conventional stereophonic channels and may be de-matrixed in the
      conventional manner. The 19 KHz pilot signal has been adopted as an
      international standard for the transmission of two channel stereophonic
      signals. Accordingly, this aspect of the present arrangement is also
      compatible with conventional two channel systems in current use.
PAR  An advantage of the band utilization of the broadcast system disclosed here
      is that it permits SCA (Subsidiary Communications Authorization), which is
      presently broadcast on a subcarrier (67 KHz), to be broadcast as an
      addition to four channel stereophonic broadcasting at a relatively low
      frequency such as 95 KHz which is the fifth harmonic of the 19 KHz pilot
      43. If a frequency deviation of, for instance, plus or minus 5 KHz is
      employed, there should be adequate separation between the frequency band
      42 which carries the fourth matrix output and SCA information at 95 KHz.
PAR  Still another advantage of the restricted band utilization of the present
      system is that a relatively narrow band IF filter can be employed in the
      receiver.
PAR  The present system requires, of course, a transmitter 20 and at least one
      receiver 22 capable of producing and utilizing the composite signal
      diagrammed in FIG. 1. A signal generator portion of the transmitter 20 is
      shown schematically in FIGS. 3a, 3b, 4a, 4b, 5a, and 5b. The four discrete
      stereophonically related audio frequency inputs from the microphones 24
      are supplied to a plurality of input terminals 45, 46, 48, and 50, (shown
      in FIG. 3a). Input L.sub.F is supplied to the terminals 45 and its
      intensity is adjusted by three variable resistors 52 arranged in a "T"
      formation between the terminal 45 and a line 54 which is connected to
      ground. This is referred to as a signal intensity adjusting circuit 56.
      The input L.sub.F is next supplied to a conventional low pass filter 58 to
      remove noise and information above the 15 KHz audio frequency range. The
      input L.sub.F is then supplied to a conventional 75 microsecond
      pre-emphasis network 60 and then to a transformer 62 by which the
      pre-emphasis network 60 is coupled to a Wheatstone bridge 64.
PAR  Each of the other inputs R.sub.F, L.sub.R, and R.sub.R are adjusted,
      filtered, and pre-emphasized in the same manner as the input L.sub.F and
      are supplied to coupling transformers 66, 68, and 70, respectively. The
      input L.sub.R from the coupling transformer 66 is supplied to the
      Wheatstone bridge 64 where it is combined with the input L.sub.F. L.sub.F
      and L.sub.R are thus added on one side of the bridge 64 to produce L.sub.F
      + L.sub.R in a line 72, and they are subtracted on the other side of the
      bridge 64 to produce L.sub.F - L.sub.R in a line 74. The inputs R.sub.F
      and R.sub.R are supplied from the transformers 68 and 70 to a Wheatstone
      bridge 76 which is arranged in a manner similar to the bridge 64 to
      produce R.sub.F - R.sub.R in a line 78 and R.sub.F + R.sub.R in a line 80.
PAR  The line 74 is connected to a parallel output amplifier 81 (shown in FIG.
      3b) including three transistors 82, 84, and 86. The line 72 is connected
      to a Similar parallel output amplifier 87 including three transistors 88,
      90, and 92. Similarly, the line 78 is connected to a parallel output
      amplifier 93 including three transistors 94, 96, and 98, and a line 80 is
      connected to a parallel output amplifier 99 including three transistors
      100, 102, and 104. The outputs of these amplifiers 81, 87, 93, and 99 are
      connected together to provide the four matrix outputs by which the main
      carrier wave is to be modulated. Thus a first matrix output, L.sub.F +
      L.sub.R + R.sub.F + R.sub.R, is supplied by a line 106 to an amplifier
      108; a second matrix output, (L.sub.F + L.sub.R) - (R.sub.F + R.sub.R), is
      supplied by a line 110 to an amplifier 112; a third matrix output (L.sub.F
      - L.sub.R) - (R.sub.F - R.sub.R), is supplied by a line 114 to an
      amplifier 116; and a fourth matrix output, (L.sub.F - R.sub.R) + (R.sub.F
      - R.sub.R), is supplied by a line 118 to an amplifier 120. The Wheatstone
      bridges 64 and 76 plus the amplifiers 81, 87, 93, and 99 provide a matrix
      means which is responsive to the four audio inputs L.sub.F, L.sub.R,
      F.sub.F, and F.sub.R for producing four matrix outputs each of which is a
      function of at least one--and in this preferred embodiment four--of the
      audio inputs.
PAR  FIGS. 4a and 4b (which are joined together as indicated by the letters A
      through G) show the arrangement for generating the subcarrier waves, pilot
      signal, and control signal which are combined with the output of the
      amplifiers 108, 112, 116, and 120. A 152, KHz crystal oscillator 122 is
      supplied with power from a 117 volt 60 Hz source. The output of the
      oscillator 122 is supplied to two Motorola MC791P Dual J-K Flip-Flops 124
      and 126 from which it is supplied after appropriate frequency division and
      phase shift to four Motorola MC1709C Operational Amplifiers 128, 130, 132,
      and 134. These integrated circuit components are commercially available
      and their internal operation is, therefore, not described here.
PAR  The output of the flip-flops 124 and 126 is a plurality of square waves,
      the frequency of which is varied by addition in or out of phase. The
      operational amplifiers 128, 130, 132, and 134 act as integrators to
      convert the square waves into sawtooth waves. The output of each
      operational amplifier is shaped sinusoidally by one of a plurality of
      field effect transistors 146, 148, 150, and 152. The outputs of these
      field effect transistors are at 76 KHz, 38 KHz, 38 KHz, and 19 KHz,
      respectively, The 38 KHz output of the field effect transistor 150 lags
      the 38 KHz output of the field effect transistor 148 by 90.degree.. The
      output of the transistor 148 and the output of the transistor 146 are both
      harmonics of the 19 KHz output of the transistor 152.
PAR  The current to the base of the first transistor stage of the amplifiers
      154, 156, and 158 is adjusted in each case by one of a plurality of
      variable capacitors 162, 164, and 166 to provide a phase alignment with
      the input to the amplifier 160. A variable capacitor need not be provided
      in association with the amplifier 160 because it is a reference point to
      which the other branches are adjusted.
PAR  The outputs of the circuits shown in FIGS. 3f and 4f are supplied to the
      input terminals 168, 170, 172, 174, 176, 178, 180, and 182 of the circuit
      shown in FIGS. 5a and 5b. The 19 KHz output of the amplifier 160 is
      supplied by the input terminal 168 to a pilot amplifier 184 to provide the
      pilot signal.
PAR  The level and phase of this pilot signal is adjusted by an adjustable
      resistor 185 and another adjustable resistor 186, respectively, to equal
      10 percent of the maximum modulation of the main carrier wave. The output
      of the pilot amplifier 184 is added to the first matrix output from
      amplifier 108 at node 187 and supplied to a preamplifier 188, including a
      transistor 189, and an impedance matching resistor 190. The output of the
      preamplifier 188 is applied to a multistage low pass filter and time delay
      means 191 to which the output of the pilot amplifier 184 is supplied. The
      output of the filter and time delay means 191 is supplied to a transistor
      192 as the first input to a three input adder 194 formed by the transistor
      192 and two other transistors 196 and 198.
PAR  The 38 KHz output of the amplifier 156 is supplied to the input terminal
      172, and the second matrix output from amplifier 112 is supplied to the
      input terminal 174. These terminals provide the input to a Motorola
      MC1596G Balanced Modulator - Demodulator 200. A similar balanced modulator
      202 is supplied, through input terminals 176 and 178, with the 38 KHz
      output of the amplifier 158 and the third matrix output from the amplifier
      116. Each of the balanced modulators 200 and 202 produces two outputs
      which are converted to single outputs by adders 204 and 206 respectively.
      The outputs of the adders 204 and 206 are supplied to another adder 208.
PAR  The outputs of amplifiers 156 and 158 together provide first and second
      quadrature related subcarriers at 38 KHz. The means for generating these
      subcarriers are the crystal oscillator 122, the operational amplifiers 130
      and 132, the field effect transistors 148 and 150, and the amplifiers 156
      and 158. The balanced modulators 200 and 202 form a means for modulating
      this first and second subcarrier waves with the second and third matrix
      outputs, respectively, from the amplifiers 112 and 116. The first
      subcarrier taken from the amplifier 158 and supplied to the input terminal
      172 leads by 90.degree. the second subcarrier taken from the amplifier 156
      and supplied to the terminal 176. The balanced modulators 200 and 202 also
      form a means for suppressing the first and second subcarriers,
      respectively. The output of the adder 208 is the sidebands of the
      modulated first and second subcarrier waves. These are supplied to a 23 to
      53 KHz band pass filter 210 and then to a time delay means 212.
PAR  The 76 KHz output of the amplifier 154, which forms a third subcarrier, is
      supplied to the input terminal 180, and the fourth matrix output from the
      amplifier 120 is supplied to the input terminal 182. These terminals are
      connected to a balanced modulator 214 which is the same as the
      aforementioned balanced modulators 200 and 202. The two outputs of the
      balanced modulator 214 are combined by a differential amplifier formed by
      a pair of transistors 218 and 220 which, along with the transistor 222,
      form a limiting means 224 for limiting the modulation of the third
      subcarrier by the fourth matrix output to a maximum below the highest
      level otherwise possible. This limiting is accomplished through the
      transistor 222 which, in accordance with the bias levels established by a
      variable resistance 225, determines the amplitude of the maximum output of
      the transistors 218 and 220. The function of this limiting means 224 is to
      prevent the modulation of the 76 KHz third subcarrier from reaching a
      level at which out-of-band radiation would become undesirably high. Thus,
      the limiting means may be a compressor, although the limiter arrangement
      224 is preferred. To most effectively accomplish this objective, the
      maximum modulation should be limited to between 30 and 90 percent of the
      highest level otherwise obtainable (if no limiting were employed).
      Considering that the fourth matrix output is equal to (L.sub.F - L.sub.R)
      + (R.sub.F - R.sub.R), in the absence of limiting it may be appreciated
      that this highest level would pertain for the condition in which
      amplitudes of the input signals L.sub.F, L.sub.R, R.sub.F and R.sub.R are
      of equal and maximum value, and L.sub.R and R.sub.R are out of phase with
      L.sub.F and R.sub.F, respectively. Limiting to a maximum of approximately
      60 percent has been found to be optimum for most purposes. There are, of
      course, many circuit arrangements which could be employed to limit the
      modulation of the third subcarrier wave. For instance, it would be
      possible to limit the fourth matrix output before it is applied to the
      balanced modulator 214.
PAR  The limiting of the third subcarrier does not affect the quality of the
      sound produced by the system to a significant extent because, due to the
      definition of the matrix outputs, modulation in accordance with the fourth
      matrix output would infrequently exceed the maximum to which it is
      limited, and when limiting does occur it is generally of short duration.
PAR  The output of the limiter 224 is applied to a 46, KHz to 76 KHz band pass
      filter 228. This filter 228 removes all but a relatively small portion of
      the upper sideband of the suppressed third subcarrier wave and attenuates
      the uppermost portion of the lower sideband. To produce the energy
      distribution shown diagrammatically as frequency band 42 in FIG. 1, it
      should be noted that although the filter 228 would permit the passage of
      frequencies as low as 46 KHz, the lower sideband extends only to 61 KHz. A
      preferred form of the bandpass filter 228 is illustrated in FIG. 10, and
      will be discussed in greater detail subsequently.
PAR  The transmitter 20 may optionally include a means 238 for generating a 76
      KHz control signal which is indicative of the present four discrete
      stereophonically related audio frequency inputs in the composite signals.
      This control signal generating means 238 is similar to the pilot amplifier
      184 and receives a 76 KHz input from a line 240 connected by a switch 248
      to a line 242 which in turn connects the terminals 180 to the balanced
      modulator 214. The output of the control signal generating means 238 is
      supplied to a line 244 to anode 246 at the output end of the additional
      time delay means 232. The switch 248 is provided for disconnecting the
      control signal generating means 238.
PAR  Because the four matrix outputs, the 19 KHz pilot signal, and the control
      signal are, in a sense, added together in the broadcast signal, their
      phase relationship to each other is critical. If the proper phase
      relationship is not maintained, cross talk between the channels will
      result. The plurality of time delay means 191, and 212 lengthens the
      travel time through the signal generator of the first modulated output and
      modulated second, and third matrix matrix outputs to equal that of the
      modulated fourth matrix output which, because of the added complexity of
      the circuit through which it passes, has the longest travel time. It is,
      however, preferable to provide a time equalizer means 230, which forms a
      part of the filter 228. The function of the time equalizer means 230,
      which is an all pass filter, is to equalize the travel time signals of
      different frequencies take to pass through the filter means 228 and the
      equalizer means 230. An additional time delay means 232, is supplied with
      the output of the equalizer means 230 to provide a finer adjustment of the
      travel time.
PAR  The output of the additional time delay means 232 is supplied to the adder
      194, the function of which is to combine the four matrix outputs. The
      output of the adder 194 is amplified by a transistor 250 and supplied to a
      conventional exciter.
PAR  In FIG. 10 there is shown a bandpass filter 728 and a time delay equalizer
      730, which are, respectively, preferred configurations of the filter 228
      and time delay equalizers 230-232 of FIG. 5b. Filter 728 has a pass band
      extending from approximately 46 KHz to 76 KHz, with a center frequency at
      61 KHz, which is the lower edge of the lower sideband of the third
      subcarrier wave. This is illustrated in the filter attenuation versus
      frequency characteristic of FIG. 11a. As also seen from the filter
      response characteristic of FIG. 11a, the upper skirt is generally linear
      about the 76 KHz subcarrier frequency, and exhibits an approximately 6 db
      voltage attenuation at this frequency.
PAR  By locating the center frequency at the edge of the lower sideband and
      having the pass band of the filter extended to approximately twice that of
      the lower sideband, rather than having the pass band of equivalent width
      to the lower sideband with a center frequency at the mean frequency of
      said sideband, i.e., 68.5 KHz, the time delays of the lower modulation
      frequencies (or higher audio frequencies), which are in the middle of the
      filter pass band, are relatively constant and small. The variations in
      time delay occur principally at the higher modulation frequencies (or
      lower audio frequencies) which are at the edge of the pass band. This is
      shown by the time delay versus frequency characteristic of the filter 728
      of FIG. 11b. Variations in the lower audio frequencies are of a less
      critical nature than variations in the higher audio frequencies. Thus,
      through the employment of this filter with the noted positioning of the
      center frequency, time delay euqalization of the diverse frequencies
      traversing the filter can be more readily and completely achieved than
      would otherwise be possible. The equalized time delay characteristic of
      the filter 728 is illustrated by the curve of FIG. 11c.
PAR  The upper skirt of the filter response characteristic, exhibiting an
      approximate 6 db voltage attenuation at the 76 KHz subcarrier frequency,
      provides for the transmission of both upper and lower sideband components
      for the lower audio frequencies only, up to about 2-3 KHz. Within this
      range, corresponding frequencies in the upper and lower sideband
      components are of inversely related voltage, so that, upon demodulation,
      they will be summed to be of equal value to the demodulated signals at the
      higher audio frequencies, which are under the flat portion of the filter
      response characteristic. This has the advantage of providing a relatively
      distortion free demodulation of the lower audio frequencies in the
      receiver, while very appreciably conserving bandwidth by the elimination
      of all but a small portion of the upper sideband.
PAR  The bandpass filter 728 of FIG. 10 is a one and one half section filter
      comprising a pair of input terminals 740 and 742 with the latter grounded.
      A first parallel L-C circuit 744 resonant at about 61 KHz is connected
      between said input terminals. A second parallel L-C circuit 746 also
      resonant at about 61 KHz is connected at the output side of the filter
      with one end at ground. A third parallel L-C circuit 748 resonant at about
      92.5 KHz and a fourth parallel L-C circuit resonant at about 40 KHz are
      serially connected between the ungrounded terminals of L-C circuits 744
      and 746 and together therewith form a full section bandpass filter.
      Coupled between the junction of L-C circuits 746 and 750 and an output
      terminal 752 is a series L-C circuit 754 resonant at about 61 KHz, which
      together with L-C circuit 746 forms an additional one half section
      bandpass filter.
PAR  The inductor and capacitor component values are selected to give the
      desired bandpass filter characteristics. In this regard, the parallel L-C
      circuits 748 and 750 are a pair of M derived filter components which cause
      the frequency response curve of the filter to exhibit poles at the
      indicated resonant frequencies, thereby contributing to shaping of the
      filter skirts. The series L-C circuit 754 is provided for maintaining
      substantial attenuation for frequencies outside of the poles and, in
      particular, beyond 92.5 KHz.
PAR  Formation of the upper skirt is of particular importance in the filter
      design for achieving a partial transmission of the lower audio frequencies
      in both the upper and lower sidebands that makes possible a faithful
      demodulation of these frequencies in the receiver. As shown in FIG. 11a,
      the upper skirt extends from a zero db point about 2-3 KHz below the 76
      KHz subcarrier frequency, having an approximately linear slope with an
      incremental attenuation of about 2.2 db per KHz so as to pass through the
      6 db point at the subcarrier frequency. For the indicated slope, the
      effective upper edge of the filter pass band is 2-3 KHz above the
      subcarrier frequency where the attenuation is about 12 db. Accordingly,
      within this partially attenuated portion of the pass band corresponding
      audio frequencies in the upper and lower sidebands have inversely related
      voltages, the sums of which may be considered to be unity and equal to the
      voltage of the unattenuated higher audio frequencies transmitted only in
      the lower sideband.
PAR  For the above noted relationships to exist exactly, it is necessary that
      the upper skirt pass through the 6 db point at the subcarrier frequency.
      Although the 6 db point is optimum, it is believed satisfactory
      performance can be achieved within a tolerance of approximately .+-. 0.5
      db. In addition, the slope of the skirt may be somewhat different than the
      indicated value, being limited on the one hand by the tolerable signal in
      the upper sideband, and on the other hand by the severity of phase shift
      introduced into the lower audio frequencies by a sharp cut-off. It is
      found that within these limits, the slope may have an attenuation
      increment of 2 to 2.5 db per KHz. With respect to this discussion, the
      bandpass characteristic of the described filter provides the ideal
      compromise between a single sideband transmission, which requires minimum
      bandwidth but has excessive phase shift introduced into the lower audio
      frequencies that causes considerable distortion, and a double sideband
      transmission, which is relatively free of phase shift distortion but
      requires maximum bandwidth.
PAR  In regard to phase shift properties of the bandpass filter 728, reference
      is made to the time delay versus frequency curve of FIG. 11b. This curve
      shows the time delay to be relatively constant, at about 35 microseconds,
      in the middle range frequencies of the pass band and to be variable at the
      edge of the pass band, increasing to 60 microseconds and then falling to
      below 20 microseconds. Differences in time delay between the modulation
      frequencies and subcarrier frequency introduce phase shift distortion.
      This time delay difference may be appreciated to be less critical in the
      lower audio frequencies than the higher audio frequencies because a given
      time delay represents greater phase shift at the higher frequencies. Thus,
      by employing a bandpass filter with a center frequency at about the lower
      edge of the lower sideband, time delays of the higher audio frequencies
      which are in the central portion of the pass band are inherently
      equalized, and it is only the less critical lower audio frequencies that
      primarily require equalization, as provided by time delay equalizer 730.
PAR  Referring again to FIG. 10, equalizer 730 is an all pass network comprising
      three bridged T stages 756, 758 and 760 connected in tandem to the output
      of filter 728. Each bridged T stage is composed of a parallel L-C circuit
      resonant at a given frequency and having split capacitors, the junction of
      which is connected by a series L-C circuit to ground. The parallel L-C
      circuits of stages 756, 758 and 760 are themselves serially connected
      between terminal 752 and an output terminal 762. A load resistor 764 is
      shown connected between terminal 762 and ground.
PAR  As illustrated in FIG. 11c, the time delay equalizer 730 equalizes the
      overall time delay interposed by the combined networks 728 and 730. Thus,
      the time delay is made relatively constant at a given amount of delay,
      shown to be 100 microseconds, for the higher and intermediate audio
      frequencies of the lower sideband, and varies by only several microseconds
      for the lower audio frequencies. Of particular significance, the time
      delay at the 76 KHz subcarrier frequency is equated to the amount of the
      constant delay so that minimal phase distortion is introduced at the
      higher and intermediate audio frequencies. In addition, the differences in
      time delays at the lower audio frequencies with said constant delay are
      insufficient to introduce more than minimal phase distortion at the lower
      audio frequencies. For example, considering as a worst case a time delay
      of 105 microseconds at 3 KHz, which represents a difference in time delay
      with that of the subcarrier wave of 5 microseconds, there is introduced a
      phase shift of about 5.degree. in the 3 KHz audio signal, which is well
      within tolerable limits.
PAR  It is noted that the time delay equalizer 730 selectively adds time delay
      to that of the filter 728 so as to provide the noted equalization. In this
      respect it is not the amount of time delay for the overall circuit that is
      of significance, but rather the invariant nature of this amount over the
      band of frequencies that are passed, for reasons above considered. With a
      relatively constant amount of time delay in the fourth channel, the time
      delays in the remaining three channels are readily adjusted to equal this
      amount.
PAR  The receiver 22 designed to utilize the frequency modulated main carrier
      wave produced by the transmitter 20 is shown schematically in FIGS. 6, 7,
      8, and 9. This receiver 22 includes a conventional antenna 28, a radio
      frequency amplifier 292, a mixer 294, an intermediate frequency amplifier
      296, and an FM detector 298 as well as the circuitry shown and described
      in detail here. It must regenerate the first, second, and third subcarrier
      waves, detect the four matrix outputs, and de-matrix the four matrix
      outputs to reproduce the four discrete audio frequency inputs which are
      supplied, through conventional amplifiers, to the speakers 30. The
      receiver 22 described here is well suited for performing these functions,
      but, like the transmitter 20, the receiver 22 may be modified in many ways
      within the concept of the invention and still perform these functions
      adequately. However, the receiver 22 is part of the broadcast system and
      must be specifically designed to utilize the composite signal produced by
      the cooperating transmitter 20.
PAR  The portion of the preferred receiver 22 shown in FIGS. 6, 7, 8, and 9 is
      of an integrated circuit design and detects the four matrix outputs by
      time division of the composite signal. These features of the receiver 22
      are not absolutely essential and the four matrix outputs could be detected
      by more conventional tuned circuits. Such an arrangement, however, does
      not offer many of the advantages of inductorless integrated circuitry
      which lends itself to the time division technique.
PAR  The signal from the FM detector 298 is applied to an input terminal 300 and
      passes through an amplifier (shown in FIG. 6) including transistors 302,
      304, 306, and 308 by which two separate signal channels are developed.
      This configuration provides a signal readily utilized by the integrated
      circuitry to follow. A DC output is taken from the transistor 306 by a
      line 310, and an AC output plus the DC output is taken from the transistor
      308 by a line 312. Undesired AC components are removed from the signal
      before it reaches the base of the transistor 306 by a capacitor 314.
PAR  A bias voltage generating section 320 (shown in FIG. 6), which is a
      conventional arrangement, is utilized to provide the voltage levels
      required by various portions of the integrated circuit which are described
      below.
PAR  The lines 310, and 312 supply the signal to a guadrature detector 326
      (shown in FIG. 7) where it is applied to the bases of two transistors 328
      and 330 which form a differential amplifier. This amplifier is connected
      to, and drives the emitters of two pairs of transistors 332 and 334, 336
      and 338 which form a double-pole, double-throw switch. The state of this
      switch is determined by a frequency divider 346. The detector 326, a
      current controlled oscillator 348, a DC amplifier 350, and the frequency
      divider 346 form a phase locked loop.
PAR  The output of the detector 326 is applied to the base of transistors 352
      and 354 which form a DC differential amplifier 350. The output of this
      amplifier 350 is converted from a voltage signal to a current signal by
      two transistors 360 and 362 and then supplied to the current controlled
      oscillator 348 at the emitter of a transistor 363.
PAR  The oscillator 348 is an emitter coupled astable multi-vibrator modified so
      that the charging current through a capacitor 364, which is external to
      the integrated circuitry, is a function of the signal current applied
      through the transistor 363. This current flows through a diode 368 and a
      parallel load resistor 376, a transistor 378, the capacitor 364, and a
      transistor 372. Alternatively, the current may flow through a diode 374
      and a parallel load resistor 370, a transistor 371, the capacitor 364, and
      a transistor 380. The transistors 372 and 380 form a differential current
      switch which is responsive to the differential voltage across the
      collectors of the transistors 371 and 378. The transistors 371 and 378
      have cross coupled collectors and bases to provide the positive feedback
      required for astable operation. The voltage bias for the transistors of
      the current controlled oscillator 348 is provided by a line 386 from the
      bias voltage generation section 320. The free running frequency of the
      oscillator 348 is determined by capacitor 364 and the collector current of
      transistor 363.
PAR  The output of the voltage controlled oscillator 348 taken from the bases of
      the transistors 372 and 380 is a square wave at 76 KHz supplied to a pair
      of terminals 387 and 388. This becomes the input to the frequency divider
      346. The frequency divider 346 comprises two modified, current mode logic,
      master-slave flip-flops. The first master-slave flip-flop, comprising a
      pair of transistors 392, 394, and a pair of transistors 408, 410, is
      clocked from the 76 KHz oscillator 348 and produces two 38 KHz signals
      which are in phase quadrature, thus regenerating the first and second
      subcarrier waves. The first 38 KHz subcarrier is taken from a pair of
      output lines 448 and 450. The second subcarrier 38 KHz signal, which lags
      the first by 90.degree., is taken from a pair of output lines 458, 456.
PAR  A transistor pair 412, 414 forms a gate switch means for gating the master
      flip-flop 392, 394 and a transistor pair 404, 406 forms a gate switch
      means for gating the slave flip-flop 408, 410. The outputs from the master
      flip-flop are shifted in DC level by the transistor resistor networks 396,
      398, 400, and 397, 399, 401 which drive the output lines 458, 456.
PAR  The DC levels of the outputs of the slave flip-flops are shifted by the
      transistor and resistor networks 407, 411, 409, and 417, 413, 415 which
      drive the output lines 448, 450. A transistor pair 389, 390 forms a clock
      switch means to drive the master-slave flip-flop from the oscillator 348.
PAR  The second master-slave flip-flop is clocked by the second 38 KHz signal
      from the first master-slave flip-flop, and produces two 19 KHz signals
      which are in phase quadrature. The first 19 KHz signal is taken from a
      pair of output lines 438, 440. The second 19 KHz signal, which leads the
      first by 90.degree. is taken from a pair of output lines 434, 436. The
      operation of the second master-slave flip-flop, including the gate switch
      means, clock switch means and DC level shift means, is identical to the
      first master-slave flip-flop. The 19 KHz output is supplied by lines 434
      and 436 to the transistors 334 and 332, respectively, of the detector 326
      to complete the phase locked loop. A pair of lines 438 and 440 supply the
      output of the flip-flop 430, 432 to the bases of the transistors 542 and
      544, and 540 and 546 of the 19 KHz pilot detector 528 in FIG. 8.
PAR  FIG. 8 shows a means 442 for detecting the four matrix outputs. The 76 KHz
      output of the oscillator 348 is taken from the output terminals 387 and
      388 and supplied to a pair of input terminals 444 and 446 at the matrix
      output detecting means 442. A 38 KHz first subcarrier generated by the
      flip-flop 408, 410 is taken from a pair of output terminals 448 and 450 of
      the frequency divider 346 and applied (reinserted) to a pair of input
      terminals 452 and 454 at the matrix output detector 442. Similarly, the 38
      KHz second subcarrier generated by the flip-flop 392, 394, which lags the
      output of the flip-flop 408, 410 by 90.degree., is taken from a pair of
      output terminals 456 and 458 of the frequency divider 346 and applied
      (reinserted) to a pair of input terminals 460 and 462 at the matrix output
      detecting means 442. Thus, the current controlled oscillator 348 forms a
      means for regenerating and reinserting the third subcarrier wave at 76
      KHz. The flip-flops 392, 394 and 408, 410 of the frequency divider 346
      form a means for regenerating and reinserting the first and second
      subcarrier waves at 38 KHz.
PAR  The 38 KHz signal from the input terminals 452 and 454 is applied to a gate
      comprising transistors 464 and 466 which operates a four transistor
      double-pole, double-throw switch 468 to control the time division sampling
      of the composite signal which is applied by two lines 469 and 470 to the
      bases of two transistors 470 and 472 which form a differential amplifier.
      In a similar manner, the lagging 38 KHz signal from the input terminals
      460 and 462 is applied to a gate 474 which operates a double-pole,
      double-throw switch 476 to control sampling of the signal applied to a
      differential amplifier 478. A gate 480 receives the 76 KHz input from the
      terminals 444 and 446 to operate a double-pole, double-throw switch 482
      which controls sampling by a differential amplifier 484. In this manner
      the signal is sampled at the appropriate times to yield the four matrix
      outputs as outputs of the switches 468, 476, and 482. The switch outputs
      are applied to a de-matrix means 486 which consists of four transistors
      488 which divide each of the outputs of the switch 468 into two outputs,
      four transistors 490 which divide each of the two outputs of the
      transistors 476 into two outputs, and four transistors 492 which divide
      each of the switch 482 into two outputs. The outputs of the transistors
      488, 490, and 492 are connected together to add and subtract the matrix
      outputs yielding the original four audio frequency inputs L.sub.F,
      L.sub.R, R.sub.F, R.sub.R at four output terminals 494, 496, 498, and 500.
PAR  The receiver 22 further comprises a means 528 (shown in FIG. 8) for
      detecting the presence of the 19 KHz pilot signal 43 which includes four
      transistors 540, 542, 544, and 546 arranged to form a double-pole,
      double-throw switch for sampling the signal which is applied by lines 310
      and 312 to the bases of a differential amplifier 548, 550. The switches
      are operated at a 19 KHz rate by the 19 KHz signal from the frequency
      divider 346, and, as a result, the 19 KHz pilot signal in the composite
      signal is detected, and a DC voltage proportional to the 19 KHz pilot
      amplitude is produced across two resistors 552 and 554 and a variable
      resistor 556. A capacitor 558 filters the AC signal across these
      resistors. The resistors 552, 554, and 556 as well as the capacitor 558
      are external components with respect to the integrated circuitry of the
      receiver 22.
PAR  The voltage drop across the arrangement of the resistors 552, 554, and 556
      and the capacitor 558 is proportional to the amplitude of the 19 KHz pilot
      signal 43. This voltage drop is applied to a differential DC amplifier 562
      and then to a differential amplifier 564 which includes a pair of
      transistors 566 and 568. The transistor 568 has a fixed voltage level
      applied to its base by a resistor-divider 570, 572. Thus, if the level of
      the pilot 43 in the composite signal, as amplified by the detector 528 and
      DC amplifier 562 is higher than the threshold determined by the
      resistor-divider 570, 572, the transistor 566 is turned on and the
      transistor 568 is turned off by the regenerative action of a transistor
      564 connecting the collector of the transistor 568 to the base of the
      transistor 566 through resistor 561. When the transistor 568 is turned
      off, the voltage level at its collector rises, increasing the voltage
      level applied as a regenerative feedback to the base of the transistor 566
      which is thus maintained in a turned on condition.
PAR  The conduction of the transistor 566 causes a current to flow to the base
      of a transistor 576 which then develops a voltage across a resistor 578
      and forward biases a transistor 580 and another transistor 582. The
      transistor 582 drives a lamp 584 to provide a display which indicates that
      a 19 KHz pilot is being received which is of sufficient strength to
      reproduce two stereophonic channels.
PAR  The current which forward biases the transistor 576 also forward biases a
      transistor 586, and the collector current from this transistor is supplied
      to a transistor 388 which disconnects the appropriate portion of the
      receiver 22 (the flip-flop 464, 466) by becoming non-conductive if the
      pilot signal level is not sufficiently high for two channel reception.
PAR  The receiver 22 optionally includes a switching means 600 (shown in FIG. 9)
      which is responsive to the presence of a control signal 44 at 76 KHz in
      the composite signal. A function of the switching means 600 is to provide
      a display, by a lamp 602, that indicates the presence of four audio
      frequency inputs. The switching means 600 is also arranged to disconnect a
      portion of the receiver 22 in the matrix output detector 442 when the
      indicator signal 44 is not present. This portion of the receiver 22 is the
      amplifier 484 controlled by the gate 480, which detects the fourth matrix
      output and the amplifier 478 controlled by the gate 474 which detects the
      third matrix output. The control signals to the gates 480 and 474 are
      provided by a line 604 connected to the collector of a transistor 606. The
      switching means 600 is similar to the 19 KHz pilot detector 528 (shown in
      FIG. 8), and the transistor 606 and the lamp 602 are operated in the same
      manner as the transistor 586 and the lamp 584. The lamp 602 is lit and the
      transistor 606 is turned on only if the 76 KHz control signal has
      sufficient amplitude to indicate that four audio inputs can be derived
      from the composite signal. A switch 636 is provided for connecting the
      line 604 to ground whereby the amplifiers 478 and 484 can be disconnected
      manually.
PAR  The switching means 600 is, of course, useful only if the depressed 76 KHz
      third subcarrier is not suppressed, but is only depressed and a part
      thereof is transmitted to provide a control signal.
PAR  The broadcast system described above provides for the transmission of a
      broadcast signal including four discrete stereophonically related audio
      frequency inputs. This signal substantially meets the presently
      established Federal Communications Commission standards for FM broadcast
      and is fully compatible with existing monophonic and two channel
      stereophonic equipment.
PAR  It will be obvious to those skilled in the art that the embodiment
      described above is meant to be merely exemplary and that it is susceptible
      of modification and variation without departing from the spirit and scope
      of the invention. The invention is not deemed to be limited except as
      defined by the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system capable of transmitting and receiving a broadcast signal
      containing four discrete stereophonically related audio frequency inputs
      including a transmitter and one or more receivers, wherein the transmitter
      comprises matrix means responsive to said four inputs for producing four
      matrix outputs each of which is a function of at least one of said inputs,
      means for generating a main carrier wave, means for frequency modulating
      the main carrier wave with the first matrix output, means for generating a
      first subcarrier wave, means for amplitude modulating the first subcarrier
      wave with the second matrix output, means for generating a second
      subcarrier wave at the same frequency as the first subcarrier wave and in
      quadrature relationship with the first subcarrier wave, means for
      amplitude modulating the second subcarrier wave with the third matrix
      output, means for suppressing the first and second subcarrier waves, means
      for frequency modulating the main carrier wave with the sidebands of the
      modulated first and second subcarrier waves, the frequency of the first
      and second subcarrier waves being such that there is a gap between the
      lower sidebands of the first and second subcarrier waves and the frequency
      band of the first matrix output, means for generating a pilot signal at a
      frequency that falls within said gap, means for frequency modulating said
      main carrier wave with the pilot signal, means for generating a third
      subcarrier wave at a frequency above that of the first and second
      subcarrier waves, means for amplitude modulating the third subcarrier wave
      in accordance with the fourth matrix output, means for depressing or
      suppressing the third subcarrier wave, means for reducing the amplitude of
      the modulation of the third subcarrier wave to a maximum level below the
      highest level that would exist in the absence of such a reducing
      operation, filter means for removing all but a relatively small portion of
      the upper sideband of the third subcarrier wave and for attenuating the
      uppermost portion of the lower sideband of the third subcarrier wave, a
      time equalizer means for equalizing the travel time of signals of
      different frequencies that pass through the filter means, and means for
      frequency modulating the main carrier wave with the remaining portions of
      the sidebands of the modulated third subcarrier wave, the frequency of the
      third subcarrier wave being such that the lower sideband of the third
      subcarrier wave is separated from the upper sidebands of the first and
      second subcarrier waves; and each receiver comprises means responsive to
      the pilot signal for regenerating and reinserting the first, second, and
      third subcarrier waves, means for detecting the four matrix outputs, and
      de-matrix means responsive to the four matrix outputs for reproducing said
      four discrete audio frequency inputs.
NUM  2.
PAR  2. The system of claim 1 further comprising a plurality of time delay means
      in the transmitter for equalizing the travel time of the portions of the
      composite signal that include each matrix output.
NUM  3.
PAR  3. The system of claim 1 wherein the first matrix output is representative
      of the sum of the four audio frequency inputs.
NUM  4.
PAR  4. The system of claim 1 wherein, assuming that the four discrete audio
      frequency inputs are represented by the symbols L.sub.F, L.sub.R, R.sub.F,
      and R.sub.R, the four matrix outputs represent functions of these inputs
      as follows:
PA1  the first matrix output represents L.sub.F + L.sub.R + R.sub.F + R.sub.R ;
PA1  the second matrix output represents (L.sub.F + L.sub.R) - (R.sub.F +
      R.sub.R);
PA1  the third matrix output represents (L.sub.F - L.sub.R) - (R.sub.F -
      R.sub.R); and
PA1  the fourth matrix output represents (L.sub.F - L.sub.R) + (R.sub.F -
      R.sub.R).
NUM  5.
PAR  5. The system of claim 1 wherein the amplitude reducing means reduces the
      modulation of the third subcarrier waves to a maximum level which lies
      between 30 and 90 percent of said highest level.
NUM  6.
PAR  6. The system of claim 1 wherein the amplitude reducing means reduces the
      modulation of the third subcarrier wave to a maximum level of
      approximately 60 percent of said highest level.
NUM  7.
PAR  7. The system of claim 1 wherein the transmitter further comprises means
      for generating a control signal having the same frequency as the third
      subcarrier wave which is indicative of the presence of four discrete
      stereophonically related audio frequency inputs in the composite signal
      and the receiver further comprises switching means responsive to the
      presence of the control signal for disconnecting a portion of the receiver
      when the control signal is not present.
NUM  8.
PAR  8. The system of claim 1 wherein the transmitter further comprises means
      for generating a control signal having the same frequency as the third
      subcarrier wave which is indicative of the presence of four discrete
      stereophonically related audio frequency inputs in the composite signal
      and the receiver further comprises switching means responsive to the
      presence of the control signal for providing a display that indicates the
      presence of four audio frequency inputs.
NUM  9.
PAR  9. The system of claim 1 wherein the frequencies of the first, second, and
      third subcarriers waves are multiples of the pilot signal frequency.
NUM  10.
PAR  10. The system of claim 1 wherein the filter means introduces a time delay
      which varies with the frequency of the signal and wherein the time
      equalization means introduces a time delay which varies with the frequency
      of the signal in a manner that compensates for the effect of variations in
      time delay introduced by the filter means, whereby the total time delay to
      which signals of various frequencies are subjected by the filter means and
      the time equalization means together is equal.
NUM  11.
PAR  11. A transmitter capable of broadcasting a broadcast signal including the
      information needed to reproduce four discrete stereophonically related
      audio frequency inputs comprising matrix means responsive to said four
      inputs for producing four matrix outputs each of which is a function of at
      least one of said inputs, means for generating a main carrier wave, means
      for frequency modulating the main carrier wave with the first matrix
      output, means for generating a first subcarrier wave, means for amplitude
      modulating the first subcarrier wave with the second matrix output, means
      for generating a second subcarrier wave at the same frequency as the first
      and in quadrature relationship with the first subcarrier, means for
      amplitude modulating the second subcarrier wave with the third matrix
      output, means for suppressing the first and second subcarrier waves, means
      for frequency modulating the main carrier wave with the sidebands of the
      modulated first and second subcarrier waves, the frequency of the first
      and second subcarrier waves being such that there is a gap between the
      lower sidebands of the first and second subcarrier waveses and the
      frequency band of the first matrix output, means for generating a pilot
      signal at a frequency that falls within said gap, means for frequency
      modulating the main carrier wave with the pilot signal, means for
      generating a third subcarrier wave at a frequency above that of the first
      and second subcarrier waves, means for amplitude modulating the third
      subcarrier wave with the fourth matrix output, means for suppressing or
      depressing the second subcarrier wave, means for reducing the amplitude of
      the modulation of the third subcarrier wave to a maximum level below the
      highest level that would exist in the absence of such a reducing
      operation, filter means for removing all but a relatively small portion of
      the upper sideband of the third subcarrier wave and for attenuating the
      uppermost portion of the lower sideband of the third subcarrier wave, an
      equalizer means for equalizing the travel time of signals of different
      frequencies that pass through the filter means, and means for frequency
      modulating the main carrier wave in accordance with the remaining portions
      of the sidebands of the modulated third subcarrier wave, the frequency of
      the third subcarrier wave being such that the lower sideband of the third
      subcarrier wave is separated from the upper sidebands of the first and
      second subcarrier waves.
NUM  12.
PAR  12. The transmitter of claim 11 wherein the amplitude reducing means
      reduces the modulation of the fourth matrix output to a maximum level
      which lies between 30 and 90 percent of said highest level.
NUM  13.
PAR  13. The transmitter of claim 11 further comprising a plurality of time
      delay means in the transmitter for equalizing the travel time of the
      portion of the composite signal that includes each matrix output.
NUM  14.
PAR  14. A method of transmitting and receiving a broadcast signal including
      four discrete stereophonically related inputs comprising generating four
      matrix outputs each of which is a function of at least one of the audio
      frequency inputs, generating a main carrier wave, frequency modulating the
      main carrier wave with the first matrix output, generating a first
      subcarrier wave, amplitude modulating the first subcarrier wave with the
      second matrix output, generating a second subcarrier wave at the same
      frequency as the first subcarrier wave and in quadrature relationship with
      the first carrier wave, amplitude modulating the second subcarrier wave
      with the third matrix output, suppressing the first and second subcarrier
      waves, frequency modulating the main carrier wave with the sidebands of
      the modulated first and second subcarrier waves, the frequency of the
      first and second subcarrier waves being such that there is a gap between
      the lower sidebands of the first and second subcarrier waves and the
      frequency band of the first matrix output, generating a pilot signal at a
      frequency that falls within said gap, frequency modulating the main
      carrier wave with the pilot signal, generating a third subcarrier wave at
      a frequency above that of the first and second subcarrier waves, amplitude
      modulating the third subcarrier wave with the fourth matrix output,
      depressing or suppressing the third subcarrier wave, reducing the
      amplitude of the modulation of the third subcarrier wave to a maximum
      level below the highest level that would exist in the absence of such an
      amplitude reducing operation, removing all but a relatively small portion
      of the upper sideband of the third subcarrier wave, attenuating the
      uppermost portion of the lower sideband of the third subcarrier wave,
      equalizing the travel time of portions of the third subcarrier sidebands
      that are of different frequencies, frequency modulating the main carrier
      wave with the remaining portions of the sidebands of the modulated third
      subcarrier wave, the frequency of the third subcarrier wave being such
      that the lower sideband of the third subcarrier wave is separated from the
      upper sidebands of the first and second subcarrier waves, propagating the
      broadcast signal formed by the modulated main carrier wave, sensing the
      broadcast signal with an antenna, regenerating and reinserting the first,
      second, and third subcarrier waves by multiplying the frequency of the
      pilot signal, detecting the four matrix outputs, and reproducing from the
      four matrix outputs the four discrete audio frequency inputs.
NUM  15.
PAR  15. The method of claim 14 wherein, assuming that the four discrete audio
      frequency inputs are represented by the symbols L.sub.F, L.sub.R, R.sub.F,
      and R.sub.R, the four matrix outputs represent functions of these inputs
      as follows:
PA1  the first matrix output represents (L.sub.F + L.sub.R) + (R.sub.F +
      R.sub.R);
PA1  the second matrix output represents (L.sub.F + L.sub.R) - (R.sub.F  +
      R.sub.R);
PA1  the third matrix output represents (L.sub.F  - L.sub.R) - (R.sub.F  -
      R.sub.R); and
PA1  the fourth matrix output represents (L.sub.F - L.sub.R) + (R.sub.F -
      R.sub.R).
NUM  16.
PAR  16. The method of claim 14 further comprising limiting the amplitude of the
      modulated third subcarrier wave to a maximum level which lies between 30
      and 90 percent of said highest level.
NUM  17.
PAR  17. The method of claim 14 further comprising equalizing the travel time of
      the portion of the broadcast signal that includes each matrix output.
NUM  18.
PAR  18. The method of claim 14 further comprising frequency modulating the main
      carrier wave with a control signal having the same frequency as the third
      subcarrier wave, and detecting the control signal to provide an indication
      of the presence of four discrete stereophonically related audio frequency
      inputs.
NUM  19.
PAR  19. A method of transmitting a broadcast signal including four discrete
      stereophonically related audio frequency inputs comprising generating four
      matrix outputs each of which is a function of at least one of the audio
      frequency inputs, generating a main carrier wave, frequency modulating the
      main carrier wave with the first matrix output, generating a first
      subcarrier wave, amplitude modulating the first subcarrier wave with the
      second matrix output, generating a second subcarrier wave at the same
      frequency as the first subcarrier wave and in quadrature relationship with
      the first subcarrier wave, amplitude modulating the second subcarrier wave
      with the third matrix output, suppressing the first and second subcarrier
      waves, frequency modulating the main carrier wave with the sidebands of
      the modulated first and second subcarrier waves, the frequency of the
      first and second subcarrier waves being such that there is a gap between
      the lower sideband of the first subcarrier wave and the frequency band of
      the first matrix output, generating a pilot signal at a frequency that
      falls within said gap, frequency modulating the main carrier wave with the
      pilot signal, generating a third subcarrier wave at a frequency above that
      of the first and second subcarrier waves, amplitude modulating the third
      subcarrier wave with the fourth matrix output, depressing or suppressing
      the third subcarrier wave, reducing the amplitude of the modulation of the
      third subcarrier wave to a maximum level below the highest level therefor
      that would exist in the absence of such a reducing operation, removing all
      but a relatively small portion of the upper sideband of the third
      subcarrier wave and attenuating the uppermost portion of the lower
      sideband of the third subcarrier wave, equalizing the travel time of
      portions of the third subcarrier sidebands that are of different
      frequencies, frequency modulating the main carrier wave with the remaining
      portions of the sidebands of the modulated third subcarrier wave, the
      frequency of the third subcarrier wave being such that the lower sideband
      of the third subcarrier wave is separated from the upper sidebands of the
      first and second subcarrier waves, and propagating the broadcast signal
      formed by the modulated main carrier wave.
NUM  20.
PAR  20. A method of receiving a broadcast signal including four discrete
      stereophonically related audio frequency inputs comprising:
PA1  sensing potential differences between portions of an antenna caused by a
      main carrier wave which is frequency modulated with four matrix outputs
      each of which is a function of one or more of the audio frequency inputs,
      the main carrier wave being modulated within a first frequency band by the
      first matrix output, within a second frequency band by the sidebands of
      suppressed first and second subcarrier waves at the same frequency and in
      quadrature relationship with each other that are amplitude modulated with
      the second and third matrix outputs respectively, within a third frequency
      band which is of higher frequency than the first frequency band by all but
      an attenuated uppermost portion of the lower sideband and only a
      relatively small portion of the upper sideband of a depressed or
      suppressed third subcarrier that has been amplitude modulated with the
      fourth matrix output after said fourth matrix output has been reduced in
      amplitude, and further frequency modulated with a pilot signal of a
      frequency that falls between the frequency band of the first matrix output
      and the lower sideband of the first and second subcarriers,
PA1  regenerating the first, second, and third subcarriers by multiplying the
      frequency of the pilot signal;
PA1  reinserting the first, second, and third subcarriers;
PA1  detecting the four matrix outputs; and
PA1  de-matrixing the four matrix outputs to reproduce the four discrete
      stereophonically related audio frequency inputs.
NUM  21.
PAR  21. The method of claim 20 wherein the main carrier wave is also frequency
      modulated with a control signal having the same frequency as the third
      subcarrier further comprising detecting the control signal to provide an
      indication of the presence of four discrete stereophonically related audio
      frequency signals.
NUM  22.
PAR  22. A system capable of transmitting and receiving a broadcast signal
      containing four discrete stereophonically related audio frequency inputs
      including a transmitter and one or more receivers, wherein the transmitter
      comprises matrix means responsive to said four inputs for producing four
      matrix outputs each of which is a function of at least one of said inputs,
      means for generating a main carrier wave, means for frequency modulating
      the main carrier wave with the first matrix output, means for generating a
      first subcarrier wave, means for amplitude modulating the first subcarrier
      wave with the second matrix output, means for generating a second
      subcarrier wave at the same frequency as the first subcarrier wave and in
      quadrature relationship with the first subcarrier wave, means for
      amplitude modulating the second subcarrier wave with the third matrix
      output, means for suppressing the first and second subcarrier waves, means
      for frequency modulating the main carrier wave with the sidebands of the
      modulated first and second subcarrier waves, the frequency of the first
      and second subcarrier waves being such that there is a gap between the
      lower sidebands of the first and second subcarrier waves and the frequency
      band of the first matrix output, means for generating a pilot signal at a
      frequency that falls within said gap, means for frequency modulating said
      main carrier wave with the pilot signal, means for generating a third
      subcarrier wave at a frequency above that of the first and second
      subcarrier waves, means for amplitude modulating the third subcarrier wave
      in accordance with the fourth matrix output, means for depressing or
      suppressing the third subcarrier wave, filter means for removing all but a
      relatively small portion of the upper sideband of the third subcarrier
      wave and for attenuating the uppermost portion of the lower sideband of
      the third subcarrier wave, said filter means having a center frequency at
      about the edge of the lower sideband of the third subcarrier wave and an
      upper skirt that produces a voltage attenuation of about 6 db at the
      frequency of the third subcarrier wave, a time equalizer means for
      equalizing the travel time of signals of different frequencies that pass
      through the filter means, and means for frequency modulating the main
      carrier wave with the remaining portions of the sidebands of the modulated
      third subcarrier wave, the frequency of the third subcarrier wave being
      such that the lower sideband of the third subcarrier wave is separated
      from the upper sidebands of the first and second subcarrier waves; and
      each receiver comprises means responsive to the pilot signal for
      regenerating and reinserting the first, second, and third subcarrier
      waves, means for detecting the four matrix outputs, and de-matrix means
      responsive to the four matrix outputs for reproducing said four discrete
      audio frequency inputs.
NUM  23.
PAR  23. A system as in claim 22 wherein said filter means is constructed to
      provide an upper skirt with a generally linear slope about the third
      subcarrier wave frequency having an incremental value in terms of voltage
      attenuation of between 2 and 2.5 db per KHz.
NUM  24.
PAR  24. A system capable of transmitting and receiving a broadcast signal
      containing four discrete stereophonically related audio frequency inputs
      including a transmitter and one or more receivers, wherein the transmitter
      comprises matrix means responsive to said four inputs for producing four
      matrix outputs each of which is a function of at least one of said inputs,
      means for generating a main carrier wave, means for frequency modulating
      the main carrier wave with the first matrix output, means for generating a
      first subcarrier wave, means for amplitude modulating the first subcarrier
      wave with the second matrix output, means for generating a second
      subcarrier wave at the same frequency as the first subcarrier wave and in
      quadrature relationship with the first subcarrier wave, means for
      amplitude modulating the second subcarrier wave with the third matrix
      output, means for suppressing the first and second subcarrier waves, means
      for frequency modulating the main carrier wave with the sidebands of the
      modulated first and second subcarrier waves, the frequency of the first
      and second subcarrier waves being such that there is a gap between the
      lower sidebands of the first and second subcarrier waves and the frequency
      band of the first matrix output, means for generating a pilot signal at a
      frequency that falls within said gap, means for frequency modulating said
      main carrier wave with the pilot signal, means for generating a third
      subcarrier wave at a frequency above that of the first and second
      subcarrier waves, means for amplitude modulating the third subcarrier wave
      in accordance with the fourth matrix output, means for depressing or
      suppressing the third subcarrier wave, means for reducing the amplitude of
      the modulation of the third subcarrier wave to a maximum level below the
      highest level that would exist in the absence of such an amplitude
      reducing operation, filter means for removing all but a relatively small
      portion of the upper sideband of the third subcarrier wave and for
      attenuating the uppermost portion of the lower sideband of the third
      subcarrier wave, said filter means having a center frequency at about the
      edge of the lower sideband of the third subcarrier wave and an upper skirt
      that produces a voltage attenuation of about 6 db at the frequency of the
      third subcarrier wave, a time equalizer means for equalizing the travel
      time of signals of different frequencies that pass through the filter
      means, and means for frequency modulating the main carrier wave with the
      remaining portions of the sidebands of the modulated third subcarrier
      wave, the frequency of the third subcarrier wave being such that the lower
      sideband of the third subcarrier wave is separated from the upper
      sidebands of the first and second subcarrier waves; and each receiver
      comprises means responsive to the pilot signal for regenerating and
      reinserting the first, second, and third subcarrier waves, means for
      detecting the four matrix outputs, and de-matrix means responsive to the
      four matrix outputs for reproducing said four discrete audio frequency
      inputs.
NUM  25.
PAR  25. A transmitter capable of broadcasting a frequency modulated main
      carrier wave including the information needed to reproduce four discrete
      stereophonically related audio frequency inputs comprising matrix means
      responsive to said four inputs for producing four matrix outputs each of
      which is a function of at least one of said inputs, means for generating a
      main carrier wave, means for frequency modulating the main carrier wave
      with the first matrix output, means for generating a first subcarrier
      wave, means for amplitude modulating the first subcarrier wave with the
      second matrix output, means for generating a second subcarrier wave at the
      same frequency as the first and in guadrature relationship with the first
      subcarrier, means for amplitude modulating the second subcarrier wave with
      the third matrix output, means for surpressing the first and second
      subcarrier waves, means for frequency modulating the main carrier wave
      with the sidebands of the modulated first and second subcarrier waves, the
      frequency of the first and second subcarrier waves being such that there
      is a gap between the lower sideband of the first subcarrier wave and the
      modulation of the main carrier wave by the first output means, means for
      generating a pilot signal at a frequency that falls within said gap, means
      for frequency modulating the main carrier wave with the pilot signal,
      means for generating a third subcarrier wave at a frequency above that of
      the first and second subcarrier waves, means for amplitude modulating the
      third subcarrier wave with the fourth matrix output, means for suppressing
      or depressing the second subcarrier wave, filter means for removing all
      but a relatively small portion of the upper sideband of the third
      subcarrier wave and for attenuating the uppermost portion of the lower
      sideband of the third subcarrier wave, said filter means having a center
      frequency at about the edge of the lower sideband of the third subcarrier
      wave and an upper skirt that produces a voltage attenuation of about 6 db
      at the frequency of the third subcarrier wave, an equalizer means for
      equalizing the travel time of signals of different frequencies that pass
      through the filter means, and means for frequency modulating the main
      carrier wave in accordance with the remaining portions of the sidebands of
      the modulated third subcarrier wave, the frequency of the third subcarrier
      wave being such that the lower sideband of the third subcarrier wave is
      separated from the upper sidebands of the first and second subcarrier
      waves.
NUM  26.
PAR  26. A system as in claim 25 wherein said filter means is constructed to
      provide an upper skirt with a generally linear slope about the third
      subcarrier wave frequency having an incremental value in terms of voltage
      attenuation of between 2 and 2.5 db per KHz.
NUM  27.
PAR  27. A transmitter capable of broadcasting a broadcast signal including the
      information needed to reproduce four discrete stereophonically related
      audio frequency inputs comprising matrix means responsive to said four
      inputs for producing four matrix outputs each of which is a function of at
      least one of said inputs, means for generating a main carrier wave, means
      for frequency modulating the main carrier wave with the first matrix
      output, means for generating a first subcarrier wave, means for amplitude
      for amplitude modulating the first subcarrier wave with the second matrix
      output, means for generating a second subcarrier wave at the same
      frequency as the first and in quadrature relationship with the first
      subcarrier, means for amplitude modulating the second subcarrier, wave
      with the third matrix output, means for surpressing the first and second
      subcarrier waves, means for frequency modulating the main carrier wave
      with the sidebands of the modulated first and second subcarrier waves, the
      frequency of the first and second subcarrier waves being such that there
      is a gap between the lower sideband of the first subcarrier wave and the
      modulation of the main carrier wave by the first output means, means for
      generating a pilot signal at a frequency that falls within said gap, means
      for frequency modulating the main carrier wave with the pilot signal,
      means for generating a third subcarrier wave at a frequency above that of
      the first and second subcarrier waves, means for amplitude modulating the
      third subcarrier wave with the limited fourth matrix output, means for
      suppressing or depressing the second subcarrier wave, means for reducing
      the amplitude of the modulation of the third subcarrier wave to a maximum
      level below the highest level therefor that would exist in the absence of
      such an amplitude reducing operation, filter means for removing all but a
      relatively small portion of the upper sideband of the third subcarrier
      wave and for attenuating the uppermost portion of the lower sideband of
      the third subcarrier wave, said filter means having a center frequency at
      about the edge of the lower sideband of the third subcarrier wave and an
      upper skirt that produces a voltage attenuation of about 6 db at the
      frequency of the third subcarrier wave, an equalizer means for equalizing
      the travel time of signals of different frequencies that pass through the
      filter means, and means for frequency modulating the main carrier wave in
      accordance with the remaining portions of the sidebands of the modulated
      third subcarrier wave, the frequency of the third subcarrier wave being
      such that the lower sideband of the third subcarrier wave is separated
      from the upper sidebands of the first and second subcarrier waves.
NUM  28.
PAR  28. A broadcast system capable of transmitting and receiving a broadcast
      signal composed of more than two stereophonically related audio frequency
      input signals comprising a transmitter and at least one receiver, said
      transmitter including matrix means for producing audio frequency matrix
      output signals equal in number to said input signals and each composed of
      a different function of said input signals, means for generating a main
      carrier wave, means for frequency modulating said main carrier wave with a
      first matrix output signal, means for generating a pilot signal at a
      frequency somewhat greater than the highest audio frequency contained in
      said input and matrix output signals, subcarrier means for generating a
      plurality of subcarrier waves at frequencies which are multiples of the
      pilot signal frequency, means for amplitude modulating each of said
      subcarrier waves with a different one of the remaining matrix output
      signals, filter means for removing all but a relatively small portion of
      the upper sideband of the subcarrier wave of highest multiple frequency
      and for attenuating the uppermost portion of its lower sideband, said
      filter means being defined by a center frequency at about the edge of said
      lower sideband and an upper skirt that produces a voltage attenuation at
      about 6 db at said highest multiple frequency, time equalizer means for
      operating on the sideband components that pass through said filter means,
      said time equalizer means together with said filter means exhibiting a
      time delay versus frequency characteristic that is relatively constant at
      a given value for the high and intermediate audio frequencies of said
      sideband components and for said highest multiple frequency, and varies
      only slightly from said given value for the low audio frequencies of said
      sideband components, so that no more than a minimal phase distortion will
      be introduced during reception, means for frequency modulating the main
      carrier wave with said pilot signal and with the sideband components of
      said plurality of subcarrier waves, each receiver including means
      responsive to the pilot signal for regenerating and reinserting the
      plurality of subcarrier waves, means for detecting each of the matrix
      output signals and de-matrix means responsive to each of the matrix output
      signals for reproducing each of said stereophonically related input
      signals.
NUM  29.
PAR  29. A broadcast system as in claim 28 further comprising a plurality of
      time delay means in the transmitter for equalizing the travel time for
      each of the matrix output signals.
NUM  30.
PAR  30. A broadcast system as in claim 28 wherein the broadcast signal is
      composed of four stereophonically related input signals, said matrix means
      produces four matrix output signals, and said subcarrier means generates
      three subcarrier waves, the first and second subcarrier waves each having
      a frequency at the second multiple of said pilot signal frequency and in
      quadrature relationship with each other, and the third subcarrier wave
      having a frequency at said higher multiple frequency equal to the fourth
      multiple of said pilot signal frequency.
NUM  31.
PAR  31. A broadcast system as in claim 30 further comprising means for limiting
      the modulation of said third subcarrier wave to a maxiumum level below the
      highest level that would exist in the absence of limiting operation.
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ABST
PAL  The present invention relates to a transit exchange for the transmission of
      asynchronous data signals having an unknown character structure and data
      rate with the aid of a control equipment including a processor and a
      sampling device which is common to a number of sending terminal equipments
      and which works on the time multiplex principle. The data signals received
      on each of a number of incoming lines are sampled at a frequency so
      selected in relation to the data rate, expressed in unit elements per
      second, that the number of sampling pulses per unit element of the data
      signals is not less than the reciprocal value of the permitted relative
      time distortion. The transit exchange includes an encoder working
      synchronously with the sampling device which, when detecting a change of
      value of the data signals, delivers a code word comprising a specific
      number of bits indicating the time position for the change to an
      intermediate memory where the code word is stored one bit at a time in an
      address assigned to the receiving terminal equipment. It further includes
      a decoding device which, by successive processing of the bits of the code
      word, forms indication signals which alter their value at time positions
      corresponding to the code word, and also includes a read-out device which
      transfers the values of the indication signals to a regeneration device
      corresponding to the receiving terminal equipment where data signals are
      formed which change their value in synchronism with the indication
      signals.
BSUM
PAR  The present invention relates to a transit exchange for the transmission of
      asynchronous data signals with unknown character structure and data rate
      with the aid of a control equipment operating according to the time
      division multiplex principle.
PAR  According to an earlier known method, described in the Swedish published
      application No. 347,407, changes of state of incoming data signals, i.e.
      switching from binary "0" to binary "1" and vice versa, are detected by a
      receiving line equipment, after which these changes are transferred to a
      sending line equipment by means of address information stored in a
      computer. This method is characterized by the fact that the computer used
      must have a very high processing capacity, as it is used by every data
      connection during the entire duration of each of the connnections, and by
      the fact that the switching principle causes some time distortion of the
      switched data signals owing to the momentary load on the computer, i.e. a
      random prolongation of individual character elements.
PAR  It is conceivable to have the incoming data signals sampled with a density
      determined by the permitted sampling distortion, of the order of 50-100
      times per character element corresponding to 2-1 % time distortion, and
      thereafter to transfer the sampling values to the sending line equipment
      via a switching network operating in the time division multiplex
      principle. As, according to this method, every data connection loads the
      switching network with a very high transmission frequency, a strict
      limitation is placed on the number of data connections which can be
      incorporated in one and the same time division multiplex frame. This means
      that a more complicated switching network, comprising several switching
      stages, must be adopted even for moderate sizes of exchange.
PAR  An object of the invention is to utilize the advantages of such a sampling
      method as regards the well-controlled time distortion, but to a great
      extent to reduce the transmission frequency forced on the switching
      network. This is achieved through the use of a known encoding principle
      according to which changes of state of incoming data signals detected
      through the sampling are expressed in a code containing information
      concerning the time for the change of state in binary form, after which
      the code word can be transmitted by the switching network at a
      transmission frequency that is considerably lower than the sampling
      frequency. The characteristics of the invention appear from the claims.
DRWD
PAR  The invention is explained below by means of an embodiment with reference
      to the accompanying drawing, in which
PAR  FIG. 1 shows a transit exchange for switching of asynchronous data signals,
PAR  FIG. 2 shows a number of timing diagrams for illustration of the mode of
      operation of the transit exchange,
PAR  FIG. 3 is a block diagram of the device according to the invention,
PAR  FIG. 4 shows a number of timing diagrams which illustrate the function of
      the device in FIG. 3,
PAR  FIGS. 5 and 6 show how two functional blocks essential for the transit
      exchange can be realized, and
PAR  FIGS. 7 and 8 show two alternatives for extension of the capacity of a
      transit exchange.
DETD
PAR  FIG. 1 shows a transit exchange FS to which 4 . 16 = 64 terminal equipments
      T 101 - 416 are connected on their respective lines L 101 - L 416 and
      associated line equipments LU 101 - LU 416. The terminal equipments work
      with varying asynchronous modulation rates, preferentially in the range
      50- 300 bauds. All terminal equipments, however, are assumed to execute
      all signalling to the transit exchange, i.e. calling, selection, clearing,
      with a given speed and with a given character structure in accordance with
      CCITT's recommendation No. X.1. This entails the use of the speed of 200
      bauds and the international alphabet No. 5, i.e. the 7-bit alphabet
      standardized by CCITT and ISO, with one parity bit, one start bit and two
      stop bits per character. In a through-connected position the terminal
      equipments start to send at their own specific data speeds and character
      structure, both of which are unknown to the transit exchange. The latter
      must therefore be prepared to transmit each change of state on an incoming
      line, obtained from a sending terminal equipment, to the corresponding
      outgoing line for transfer to the receiving terminal equipment in such a
      way that the time spacing between the changes of state is reproduced with
      the desired accuracy.
PAR  Each of the 16 line equipments, e.g. LU 101 - LU 116, is connected to a
      multiplexor unit, e.g. MUX 1, and to a demultiplexor unit, e.g. DEX 1, the
      functions of which are, in selected time slots, to through-connect the
      line to an incoming bus MUB and to an outgoing bus DEB respectively. The
      multiplexor units MUX 1-4 together constitute a sampling device SA for the
      values of the incoming data signals, and the demultiplexor units DEX 1-4
      together constitute a read-out device UA for transfer of indication
      signals relating to the values of the outgoing data signals to a
      regeneration device RA incorporated in each line equipment, as will be
      described in greater detail. Apart from the regeneration device, the line
      equipments contain circuits of conventional kind for translation between
      the signal representations used on the line and exchange sides
      respectively.
PAR  On the busses MUB and DEB the data signals are transferred which are
      received and sent, respectively, via equipments LU in the form of sampling
      and indication values, respectively, in a time sequence determined by an
      address counter ADR and with a density determined by a clock or timing
      generator TG. This density decides the accuracy with which the changes of
      state of the data signals can be determined and must thus be selected on
      the basis of the allowed time distortion caused by the transit exchange at
      the highest transmission rate. At, for example, a density corresponding to
      a sampling and indication frequency on the busses of 2 MHz the time
      distortion of 300 bauds will be slightly less than 1%. See FIG. 2, lines
      a, c, and j.
PAR  Interconnection of a calling terminal equipment, the A subscriber, with the
      desired other terminal equipment, the B subscriber takes place in a
      conventional way with the aid of a central control equipment SU comprising
      a control processor SD, a switch memory KM, a switch logic KL, an address
      counter ADR and a timing generator TG. The connecting and disconnecting
      procedure does not constitute a part of the invention, but will be briefly
      described in order to facilitate an understanding of the idea of the
      invention. The switch logic KL comprises five subunits MBL, TRL, ARL, SBL
      and UKL, and has as its object to process information, relating to the
      various connections, stored in the corresponding subunits MBM, TRM, ARM,
      SBM and UKM of the switch memory KM, as will be described in greater
      detail. Switching of the data signals from the incoming bus MUB to the
      outgoing bus DEB takes place via an encoding device KA consisting of a
      flank encoder memory FKM and a flank encoder logic FKL, with the aid of
      which incoming sampling values are reformed into code words, an
      intermediate memory FM, consisting of a buffer memory BM and an output
      buffer UB for intermediate storage of the bits in said code words, and a
      decoding device AA, consisting of a decoder memory AKM and a decoder logic
      AKL, with the aid of which the code words are converted into indication
      values. The functions of these devices will appear from the specification.
PAR  Each memory field in the switch memory, as also in the flank encoder
      memory, the buffer memory and decoder memory, has 64 memory positions
      corresponding to each of the 64 line equipments, and these positions are
      addressed at the same time as the respective line equipment obtains access
      to the busses MUB and DEB for writing into the flank encoder memory and
      for read-out from the decoder memory of associated sampling and indication
      values respectively. The addressing takes place cyclically, and each
      addressing cycle, in order to facilitate the read-out from the
      intermediate memory to the decoding device, is divided into 16 sequences
      of five steps each. During the first of the five steps there are
      transferred from the buffer memory BM to the output buffer UB four
      indication values, each relating to a line equipment in its respective
      100-line group, e.g. equipments LU 101, LU 201, LU 301 and LU 401. During
      the other four steps in the same sequence these four indication values are
      transferred from buffer UB to corresponding positions in the decoder
      memory AKM, at the same time as said line equipments are addressed, the
      sampling and indication values being transferred from and to them,
      respectively, on busses MUB and DEB. This is illustrated on lines b - f in
      FIG. 2.
PAR  When the A subscriber's terminal, e.g. terminal T 101, is in the rest
      condition, the sampling values occurring on bus MUB during addressing step
      No. 101 represent binary zero (0). When a call is made, the state changes
      to binary one (1), whereupon the flank encoder logic FKL is activated and
      stores information concerning the event in position 101 in the flank
      encoder memory FKM. The time of the event is compared with the period of a
      clock signal delivered from the timing generator TG, the frequency of
      which is lower than the sampling frequency, e.g. one-eight of it, e.g. by
      counting the number of sampling values which can be received during the
      current period of the clock signal up to the time in question. The result
      of this operation is expressed in a code word comprising, for example,
      four binary bits, one of which indicates that a change of state has
      occurred from 0 to 1 and three indicate the time position of the change,
      and this code word is transferred bit by bit and in synchronism with the
      clock signal to the logic unit MBL, which writes the state "1" into the A
      subscriber's memory position in the receive buffer MBM. After this code
      word, 1 indications are transferred with the same timing as long as this
      state is indicated by the sampling pulses, and in the receiver buffer a
      new 1 value is stored at regular intervals, e.g. every sixth clock signal,
      which is assumed to correspond to the length of a unit interval of
      received characters during the signalling phase. In the receive buffer
      eleven element values are stored corresponding to the length of a
      signalling character, and if all are 1, a call indication is transferred
      to the logic unit TRL for updating of the A subscriber's memory position
      in the state register TRM at the same time as the latter's address is
      written into the corresponding position in the address register memory
      ARM. An acknowledgement of the call, independent of the control processor,
      also takes place through the changing of the output data to the subscriber
      from 0 to 1 by writing in the buffer memory BM in the manner described
      later.
PAR  The call indication is also transferred to the control processor SD, which
      identifies the A subscriber by means of the information in the address
      register. If the control processor is prepared to receive selection
      information from this subscriber, this must be signalled to the latter
      with a given combination of characters, e.g. GA (Go Ahead). This is done
      in the manner that each character, one at a time, is written into the A
      subscriber's position in the send buffer memory SBM, from which it is
      fetched, element by element, by the encoder logic UKL and stored in the
      associated memory UKM. Thence a serial transfer takes place to the A
      subscriber's position in the buffer memory BM of indication pulses which
      in binary form describe the transitions between the binary states in the
      respective characters, on the same principles as in the encoding device
      KA, after which, via the output buffer UB, they are transferred to the
      decoder device AA and stored in the decoder memory AKM. With the guidance
      of the binary information the decoder logic AKL forms new indication
      pulses which, through their value and time position, indicate the changes
      of state in the respective character and which are fed out on bus DEB and,
      in the A subscriber's time slot, via the demultiplexor DEX 1 to line
      equipment LU 101. Here, with the aid of the regeneration device RA 101,
      the indication values are composed into character elements which are
      transmitted one line L 101. After both characters, GA, have been
      transmitted, the control processor marks in the state register that this
      phase of the procedure has been completed.
PAR  The A subscriber is now expected to send selection information in the form
      of a specific number of data characters identifying a B subscriber (or a
      special service) within a specific time. If this transmission does not
      take place, the control processor SD initiates clearing of the A
      subscriber by restoring the output data to 0 and restoring the
      subscriber's memory word in the switching memory. If, on the other hand,
      selection information arrives, the characters are composed, as previously
      described, in the receive buffer, whence they are fetched, one at a time,
      by the control processor. When the necessary number of characters has been
      received for identification of the B subscriber, the control processor
      enters the corresponding position in the state register and investigates
      whether the subscriber is accessible. If not, notification of the fact is
      sent in the form of a number of characters, a so-called service signal,
      after which the A subscriber is cleared. If, on the other hand, the B
      subscriber is accessible, the control processor writes the call state into
      the state register, after which the output data in the B subscriber's
      memory position in BM, e.g. No. 416, are changed from 0 to 1, implying a
      call signal to the B subscriber's terminal T 416. During the first
      addressing step in the sequence during which line equipment LU 416 is
      addressed, i.e. during step 016, the indication values of the call signal
      are transferred to the output buffer from which, during addressing step
      416, they are transferred to the decoder. As before, indication pulses are
      here formed which, via bus DEB and demultiplexor DEX 4, are delivered to
      line equipment LU 416 for composition into a continuous signal in the
      regenerative device RA 416.
PAR  When answering, terminal T 416 executes a shift from 0 to 1 in the
      direction towards the transit exchange, which is notified to the control
      processor via the receive buffer. The control processor writes a
      connect-through signal CT into the memory positions of both subscribers in
      the send buffer SBM, and when the signal has been transmitted, the fact is
      marked in the state register TRM at the same time as the information in
      the address register ARM is changed. Hitherto each subscriber's memory
      position in the address register has addressed its own line equipment but,
      on connect-through, these addresses are reversed. The through-connection
      also has the result that the binary indications which represent the code
      words formed by the encoding device KA are transferred directly to the
      encoder memory UKM. The receive buffer MBM, however, continues to receive
      all indications in order to be able to detect a clearing signal from
      either the A or B subscriber. The reversal of the addresses in the address
      register has the result that the indication values read out of the encoder
      memory in the A subscriber's memory position can be written into the B
      subscriber's memory position in the buffer memory BM, and vice versa.
      Through-connection thus takes place through a change of time slots during
      the transfer from switching memory KM to buffer memory BM.
PAR  The request for clearing consists in the continuous transmission of 0 by
      either terminal. When 0 has been written into the receive buffer in all of
      its eleven element positions, the fact is noted in the state register,
      while the control processor identifies the associated addresses. Both
      terminals are then cleared and the associated memory positions in the
      address register are zeroed.
PAR  The connection and disconnection process described above has been described
      merely in order to give a more complete picture of the mode of operation
      of the transit exchanges and, as earlier noted, does not constitute a part
      of the invention. The computer may be a real time computer of any known
      design of the type used in telecommunication plants.
PAR  The basic principle of the invention can very well be explained by
      describing a stationary state when two subscribers are connected to one
      another, without taking into consideration how the connection was set up.
PAR  FIGS. 3 and 4 show in simplified form the operation which is of interest
      for describing a stationary state, information in the form of asynchronous
      data signals with unknown rate, but maximized to 300 bauds, and with
      unknown character structure, being exchanged between two connected
      subscribers. Thus FIG. 3 shows the encoding device KA with flank encoder
      memory FKM and flank encoder logic FKL, the address register memory ARM
      with associated address register logic ARL forming part of the control
      equipment SU, and the intermediate memory containing the buffer memory BM
      and output buffer UB, and the decoding device AA with decoder memory AKM
      and decoder logic AKL.
PAR  The A and B subscribers are represented by the memory addresses 101 and
      416. Corresponding to each address there is a memory word in each of the
      memory fields FKM, ARM, AKM, and a memory bit in the buffer memory BM. The
      memory bits in BM are arranged in 4-bit memory words which can be accessed
      via special address inputs, in the example 001 and 016.
PAR  Bus ADB is in connection with the address counter ADR shown in FIG. 1,
      while lead TGB is connected to the timing generator TG. Busses MUB and DEB
      are in connection with the multiplexor and demultiplexor units
      respectively, as shown in FIG. 1.
PAR  The timing diagram in FIG. 4 shows the course of events during the transfer
      of data signals from A to B subscriber. The pulse train on line a, which
      corresponds to line j in FIG. 2, indicates the times when the address
      counter is in position 101, i.e. when both the A subscriber's memory word
      is addressed in memory fields FKM, ARM and AKM and the A subscriber's line
      equipment LU 101 is addressed in the multiplexor unit MUX 1. This
      addressing step recurs, according to the example, at the repetition
      frequency 48 times per unit element of the signalling characters, i.e. the
      characters transferred during the setting-up phase, which implies that
      sampling values relating to data signals arriving from the A subscriber
      are transferred at this frequency to the flank encoder logic FKL via bus
      MUB. On line b are shown data signals arriving from line L 101, where the
      first switching from Z state to A state is followed by a signal element of
      a length corresponding, for example, to 44 sampling intervals. The
      sampling values transferred on bus MUB follow the changes of state of the
      received data signals so that, as shown on line c, the flank encoder logic
      FKL is supplied with positive pulses during the intervals when received
      data signals have A state. The first of these positive pulses is compared
      in time with the clock signal shown on line d, which is received from the
      timing generator TG via bus TGB. One period of this clock signal is equal,
      according to the example, to eight sampling intervals and thus it is
      possible to indicate by means of three binary bits the sampling interval
      within the clock signal period during which the first positive sampling
      pulse occurred.
PAR  An encoding device working on this principle may be designed, for example,
      as shown in FIG. 5, in which the flank encoder memory FMK consist of three
      parts, M 1, M 2 and M 3, which interwork with their respective read-out
      buffers UB 1, UB2, UB 3 and their respective write-in buffers IB 1, IB 2,
      IB 3, forming part of the flank encoder logic FKL. Logic FKL also contains
      two write-in gates IG 1, IG 2, a decoder AK, a summation circuit SK, and
      nine gate circuits G 1 - G 9. Read-out and write-in in the three memory
      units takes place, as earlier described, on the basis of the address
      information arriving on bus ADB. On every addressing occasion a read-out
      first takes place of data to the read-out buffers, thereafter processing
      of these data in the logic circuits under control of the signals which at
      the same time arrive on busses MUB and TGB from the multiplexor units and
      timing generator respectively, after which new data are written into the
      memory unit. Via output FKU indication signals are delivered to the
      control equipment SU shown in FIG. 1.
PAR  The memory unit M 1 has five bit positions which are used for storage of
      the code words to be transmitted on output FKU. For write-in in M 1 data
      are delivered to the write-in buffer via the write-in gate IG 1 either via
      inputs 11 - 15 or via inputs 21 - 25 depending on the control conditions
      on inputs 10 and 20 respectively. The memory unit M 2 has one bit position
      in which is stored the present state of the received sampling pulses. New
      state information is delivered to the write-in buffer IB 2 via input D on
      input gate IG 2 in dependence on the control condition on input S. The
      memory unit M3 has three bit positions for storage of a number formed in
      the summation circuit SK, which advances by one every time the control
      input C receives a 1 signal until the number four is reached, after which
      it returns to 0. The decoder AK has an output 0 which assumes the state 1
      when the read-out buffer UB 3 contains the number 0.
PAR  The AND gates G 1, G 2 together with the OR gate G 3 form an EXCLUSIVE-OR
      circuit by means of which every received sampling value is compared with
      the value simultaneously existing in read-out buffer UB 2. In the case of
      a difference, 1 state is received on the output from G 3. In the case of
      similarity 0 is received from G 3, which inhibits the AND gate G 4 and the
      output of the latter assume 0 state. One of the activation conditions of
      the AND gate G 5 is thus fulfilled at the same time as the control input
      20 to the read-in gate IG 1 is inhibited. The control input 10 to IG 1 is
      activated via G 5 if a 1 pulse is simultaneously received on path T 0 from
      the timing generator bus TGB, which occurs for every eight addressing
      cycle. On activation of control input 10 data on inputs 10 - 15 are gated
      over to inputs 1 - 5 on the write-in buffer IB 1, which implies that data
      which have been read out to the bit positions 1-  4 in the read-out buffer
      UB 1 are written into the bit positions 2 - 5 in IB 1, at the same time as
      the information in position 5 in UB 1 is fed out via the AND gate G 6 to
      the output FKU and a new value is fetched from the read-out buffer UB 2
      for writing into position 1 in the write-in buffer IB 1. The complex M 1,
      UB 1, IG 1, IB 1 thus works as a shift register which for every eight
      addressing cycle reads in a new value in its first position and feeds out
      a value from its fifth position as long as control input 10 is activated.
PAR  In the event of dissimilarity between the values from bus MUB and buffer UB
      2 one input to the AND gate G 4 will have 1 state. If at the same time the
      decoder AK indicates the number 0, gate G 4 is activated, as a result of
      which the control input C to the summation circuit SK will have 1 state
      via the OR gate G 7 and the control input 10 to the write-in gate IG 1
      will be inhibited, while instead the control input 20 will be activated.
      The write-in gate IG 2 will also be activated through 1 state on input S.
      SK adds 1 to the number read out from the read-out buffer UB 3 and
      transfers the result, in this case accordingly 1, to the write-in buffer
      IB 3. The read-in gate IG 1 at the same time gates data over from inputs
      21 - 25 on gate IG 1 to inputs 1 - 5 on the write-in buffer IB 1 and new
      state information is delivered to the write-in buffer IB 2 via input D on
      gate IG 2. The data information read in via IG 1 corresponds to the code
      word to be fed out on output FKU for description of the change of state
      indicated by sampling pulses of bus MUB. The code word starts with an
      indication that a change of state has occurred, which is achieved in the
      manner that the previous state value which was fetched from the read-out
      buffer UB 2 is inverted in circuit G 8 and thereafter delivered to input
      25 on the write-in gate IG 1. The following three bits in the code word
      notify the time at which the change of state of the sampling pulses
      occurred and are obtained on path T 1, T 2, T 3 from the timing generator
      bus TGB to inputs 22 - 24 on IG 1. After this information the indication
      of state is repeated, so that input 21 on IG 1 receives the same
      information as input 25.
PAR  According to the above, the number 1 was written into the write-in buffer
      IB 3. The next time the same memory position is addressed, therefore, the
      read-out buffer UB 3 will contain the value 1, so that output 0 from the
      decoder AK assumes the state 0, which constitutes an activation condition
      for the AND gate G 9 but inhibition condition for the AND gate G 4 and
      read-in gate IG 2. The second activation condition for gate G 9 is
      obtained from path T 0 on the timing generator bus TGB and occurs, as
      noted above, for every eighth addressing cycle. On this occasion,
      accordingly, input C receives 1 state on the summation circuit SK, the
      number being advanced to 2, at the same time as control input 10 on the
      read in gate IG 1 is activated and the latter executes a shift operation
      in the manner earlier described. In the meantime the read-in gate IG 2 is
      blocked through the 0 state on input S, so that the state information is
      definitely kept unchanged during this phase. After four shift operations
      the counting cycle is completed and the number 0 has been written into the
      write-in buffer IG 3 in order to indicate that the code word read in via
      inputs 21 - 25 has now been shifted so far that, on the next read-out from
      read-out buffer UB 1, all positions 1 - 5 will contain solely state
      information. The essential part of the code word has thus been fed out via
      the AND gate G 6 to the output FKU, and the encoding device can be allowed
      to register a new change of state of incoming sampling signals.
PAR  According to the above, therefore, the encoding device KA forms a code word
      which, apart from the three time-determined bits, is assumed to contain a
      state-indicating bit, and this word is stored in the A subscriber's memory
      word, address 101, in the flank encoder memory FKM. This information is
      symbolized in FIG. 3 by the upper shaded portion of memory FKM. For data
      signals incoming from the B subscriber, information is stored
      correspondingly in address 416, i.e. the lower shaded portion. In
      synchronism with the signal on line d there are delivered on output FKU
      indication signals in the form of 1 pulses, the fully drawn pulses on line
      e in FIG. 4, and 0 pulses, the dotted pulses, in correspondance with the
      code word stored in FKM. Thus the first fully drawn pulse on line e)
      indicates that switch-over has taken place from Z to A state, while the
      following three pulses form the binary number 110, which expresses that
      the switch-over occurred during the sixth sampling interval within the
      preceding period of the clock signal. The following two pulses constitute
      fillers and contain state information, indication value 1. The indication
      signals are delivered to the buffer memory BM and, on writing into the
      latter, the indication values representing the A subscriber's data signals
      are placed in the B subscriber's memory cell and vice versa. For this
      purpose address information is used which has been stored in the address
      register memory ARM during the setting-up phase, during which selection
      information has been received from the A subscriber and analysed by the
      control processor SD shown in FIG. 1. The latter has written into memory
      ARM the B subscriber's address, 416, in the A subscriber's memory
      position, 101, and the A subscriber's address, 101, in the B subscriber's
      memory position, 416. In synchronism with the signal on line d the buffer
      memory thus fetches via output ARU from the address register logic unit
      ARL information to identify the memory cell in BM to which the indication
      value simultaneously received from the flank encoder logic FKL is to be
      delivered, acccording to the example to address 416.
PAR  As earlier described, the addressing from the address counter takes place
      cyclically, each addressing cycle comprising 16 sequences of 5 steps each.
      During four steps one line in each of four groups of 16 lines each is
      addressed successively, while during the immediately preceding step a
      read-out took place from the buffer memory BM to the output buffer UB
      serving as parallel-series converter of indication values to the four
      outgoing lines which are being addressed during the aforesaid four steps.
      As indicated in FIG. 3, the word in the buffer memory BM containing memory
      cells 101, 201, 301 and 401 is addressed 001 and the word containing cells
      116 - 416 is addressed 016. On line f in FIG. 4 it is shown by means of
      fully drawn pulses how the new indication value in memory cell 416 is
      transferred to the output buffer during address step 016 and, during the
      first following step 416, via output UBU, is transferred to the decoding
      device AA as shown on line g. The time relation between addressing steps
      101, 016 and 416 will be seen from FIG. 2, lines c, g and h.
PAR  The function of the decoding device is, on the basis of the binary
      information in the indication values transferred from buffer UB, to form a
      new indication signal, according to line h in FIG. 4, which is fed out on
      bus DEB in the time position indicated by the code word contained in the
      indication values.
PAR  In the same way as described for the switch-over from Z to A state, the
      next switch-over back to Z state is dealt with. According to FIG. 4, line
      c, no sampling pulses occur after this switch-over, which implies that the
      polarity during the following interval will be indicated by the indication
      value 0, as shown on line e. The time indication for the switch-over is
      010, which means that the switch-over occurred during the second sampling
      interval within the just completed period of the clock signal on line d.
      The indication values are forwarded in the same way as earlier described
      and give rise to an indication signal on bus DEB as shown by the dotted
      pulse on line h. On line i are shown the regenerated data signals as they
      are transmitted to the B subscriber after reconstitution in the line
      equipment by means of the indication signals on line h. The regeneration
      device RA consists of a bistable flip-flop which is set to one of its two
      positions in dependence on the values of the indication signals. The
      accuracy of the reproduction for the shown data pulse (A state) is in this
      example slightly more than 2% of the pulse length. For greater accuracy a
      higher sampling frequency is required, and a corresponding increase of the
      length of the code word.
PAR  The above mentioned decoding device AA may, for example, be designed as in
      FIG. 6, in which the decoder memory AKM consists of three units, M 1, M 2
      and M 3, each of which interworks with its read-out buffer UB 1, UB 2, UB
      3, and its write-in buffer IB 1, IB 2, IB 3, forming part of the decoder
      logic AKL. AKL also contains two write-in gates IG 1, IG 2, a decoder AK,
      a summation circuit SK, a comparator gate KG, a read-out gate, UG and
      seven gate circuits G 1 - G 7. Read-out and write-in in the three units of
      the memory take place, as earlier described, with the guidance of the
      address information arriving on bus ADB. On each addressing occasion a
      readout first takes place of data to the read-out buffers, thereafter
      processing of these data in the logic circuits under the control of the
      signals which at the same time arrive on lines UBU and TGB from the output
      buffer and timing generator respectively, after which new data are written
      into the units of the memory. Via line DEB indication signals are
      delivered to the demultiplexor units shown in FIG. 1.
PAR  The memory unit M 1 has four bit positions which are used for storage of
      the code word arriving on line UBU to input 11 on the write-in gate IG 1.
      With 1 state on input 10 to IG 1 the information on input 11 is gated over
      to input 1 on the write-in buffer IB 1, at the same time as the
      information on inputs 12 - 14 from outputs 1 - 3 on the write-out buffer
      UB 1 is gated over to inputs 2 - 4 on IB 1. The input 10 on UG 1 is
      supplied with a 1 pulse for each eighth addressing cycle from path T 0 on
      the timing generator bus TGB, and for each pulse accordingly a
      one-increment shift-in is achieved of the indication values which arrive
      on line UBU until finally, after four shifts, they become accessible on
      output 4 from read-out buffer UB 1. With 1 state on input 20 to the
      write-in gate IG 1 the information delivered to inputs 21 - 24 from the
      output buffer UB 2 is gated over to inputs 1 - 4 on the write-in buffer IB
      1, so that all bit positions receive the same information. The memory unit
      M 2 has one bit position in which is stored the state information in the
      last received code word. The write-in in write-in buffer IB 2 is done via
      input D to the write-in gate IG 2 in dependence on the control condition
      on input S. The memory unit M 3 has 2 bit positions for storage of a
      number formed in a summation circuit SK by addition of 1 every time the
      control input C is supplied with 1 signal until the number 3 is attained,
      after which it returns to 0. The decoder AK has two outputs, 0 and 1,
      which assume the state 1 when the read-out buffer UB 3 contains the number
      0 and 1 respectively. By means of the comparator gate KG the binary value
      of the three bits read out from inputs 1 - 3 on the read-out buffer UB 1
      is compared with the binary value of the three clock signals T 1, T 2, T 3
      from the timing generator bus TGB. In the event of similarlity between
      these binary values a 1 signal is delivered on the output from KG. The
      read-out gate UG has the function of transferring to the demultiplexor bus
      DEB the state value supplied to input D from the read-out buffer UB 2 when
      the control input S is supplied with a 1 signal.
PAR  The AND gates G 1, G 2 together with the OR gate G 3 form an EXCLUSIVE-OR
      circuit with which a comparison is made between the value read out from
      output 4 on the read-out buffer UB 1 and the value read out from the
      read-out buffer UB 2. In the event of dissimilarity 1 state is obtained on
      the output from G 3, which constitutes an activation condition for one
      input on the AND gate G 4 and input S on the read-in gate IG 2. If at the
      same time the number 0 is read out to the decoder AK, 1 state is obtained
      also on the other input on G 4, so that input C on the summation circuit
      SK receives 1 pulse via the OR gate G 5. Summation circuit SK adds 1 to
      the number read out from the read-out buffer UB 3 and transfers the
      result, in this case accordingly 1, to write-in buffer IB 3 at the same
      time as new state information is delivered to the write-in buffer IB 2 via
      input D on the write-in gate IG 2 from output 4 on buffer UB 1. During the
      subsequent addressing cycle 0 state is obtained from output 0 on the
      decoder AK, which constitutes one activation condition for the AND gate G
      6, and 1 state from output 1 on decoder AK, which constitutes one
      activation condition for the AND gate G 7.
PAR  The fact that the values read out from buffer UB 1, output 4, and buffer UB
      2 differed signifies that a complete code word comprising a first bit for
      state indication and three bits for indication of the time for a change of
      state now exist in the read-out buffer UB 1. On the addressing occasion
      when the binary number formed by the clock signals T 1 - T 3 coincides
      with the binary number read out from the outputs 1-3 on buffer UB 1, gate
      G 7 obtains its second activation condition from the comparator gate KG,
      which results in the delivery of 1 state to input 20 on the read-in gate
      IG 1 and input S on the read-out gate UG. The new state value is then
      gated via inputs 21 - 24 on gate IG 1 over to inputs 1 - 4 on the write-in
      buffer IB 1 and is at the same time gated out on bus DEB via input D on
      gate UG.
PAR  The next 1 pulse on path T 0 from the timing generator bus TGB is conducted
      through gates G 6, G 5 to input C on the summation circuit SK, which
      advances the number read out from buffer UB 3 to 2, so that at the next
      read-out output 1 from the decoder AK reassumes 0 state. Output 0 still
      has 0 state, so that stepping continues for every T 0 pulse. After the
      number 3 a return is made to 0 and the decoding device is then prepared to
      register a new change of state of the incoming indication values.
PAR  As appears from the preceding account, the processing of the indication
      signals in the control equipment SU and intermediate memory FM takes place
      at a speed which is considerably lower than that at which the other units
      work; in the example the speeds differ by a factor of 8. This fact can be
      utilized for extending the capacity of a transit exchange by allowing up
      to eight sampling and encoding devices and decoding and read-out devices,
      each with its line group, to interwork with a common extended buffer
      memory, while retaining a common control equipment with a correspondingly
      extended switch memory. The switch logic of the control equipment can then
      work on the time division principle, in which case, according to FIG. 7,
      for example three sampling devices SA 1 - SA 3, each for 64 lines numbered
      L 1101 - 1416, L 2101 - 2416 and L 3101 - 3416, and three corresponding
      read-out devices UA 1 - UA 3 and the associated encoding devices KA 1 - KA
      3 and decoding devices AA 1 - AA 3 are served successively in a cyclical
      pattern. According to an example which will be explained with reference to
      lines j to p in FIG. 4, the indication signals relating, for example, to
      line L 1101 are made accessible on the output from the encoding device KA
      1 during three successive addressing steps, 1101, as illustrated on line
      j. The said time division principle is illustrated by means of the three
      lines k, l, m, which show the times at which the first memory word in each
      encoding device is processed, i.e. addresses 1101, 1201 and 3101. Every
      time coincidence occurs between the pulses on line j and k, as shown by
      the pulses on line n, a transfer of the indication value takes place from
      output FKU 1 on the encoding device KA 1 to the buffer memory BM where,
      according to the example, it is placed in memory cell 2416 forming part of
      a memory area associated with the line group of the second read-out device
      UA 2.
PAR  The write-in in the buffer memory BM takes place in accordance with the
      address information in the address register memory, while the transfer to
      the output buffer UB takes place cyclically and successively for the
      respective line groups in such a way that the memory words in the
      respective groups, e.g. 2001 - 2016, are transferred in one sequence so
      coordinated that the corresponding memory words are addressed in the
      decoding device AA 2. This transfer is shown on line o in FIG. 4, and on
      line p are shown the data signals transmitted on line L 2416.
PAR  Another advantage of the invention is that it provides simple means for an
      extension to, in principle, eightfold capacity solely by increasing the
      capacity of the buffer memory and output buffer in a number of identical
      units of the type described in conjuntion with FIGS. 1 - 4 and
      interconnecting these identical units with one another via simple OR
      circuits, e.g. G 1 - G 3 in FIG. 8, to produce a threefold capacity. This
      requires a prolongation of the memory words in all units in such manner
      that in each buffer memory there is arranged a memory cell not only for
      the addresses in its own unit, but also for the addresses in all other
      units. The read-out then takes place in parallel form from corresponding
      memory cells, while of course only one of the simultaneously addressed
      memory cells contains any information.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a transit exchange for the relaying of asynchronous data signals
      having an unknown character structure and data rate from sending terminal
      equipments to receiving terminal equipments with the aid of a control
      equipment, containing a computer, and a sampling means, common to a number
      of sending terminal equipments and arranged to work according to the time
      division multiplex principle, for sampling with the aid of sampling pulses
      the instantaneous values of the data signals received on each of a number
      of incoming lines from sending terminal equipments, and encoder means
      arranged to work synchronously with said sampling device, for encoding by
      means of successive processing of the sampling pulses whether the data
      signals have changed said value between two consecutive sampling pulses
      and, in correspondence therewith, for delivering an indication signal in
      the form of a code word having a specific number of binary bits which
      indicate the time position for the sampling pulse occurring after such
      change, the improvement comprising an intermediate memory means for
      storing the data bits serially in an addressed location assigned to the
      receiving terminal equipment, a decoding means connected to said
      intermediate memory for successively processing the binary bits to form
      indication signals which alter their value in accordance with the time
      position indicated by the code words, regeneration means assigned to
      receiving terminal equipments, and a read-out means arranged to work
      synchronously with said decoding means, for transferring the values of the
      indication signals cyclically from said decoding means to said
      regeneration means, and said regeneration means including means for
      forming from the values of the received indication signals data signals
      which change value in synchronism with the indication signals.
NUM  2.
PAR  2. In the transit exchange according to claim 1 said intermediate memory
      means comprises a parallel-series converter means for receiving
      simultaneously a number of the binary bits relating to a corresponding
      number of the receiving terminal equipments and for transmitting said
      binary bits sequentially.
NUM  3.
PAR  3. In the transit exchange according to claim 1, the intermediate memory
      means includes means for storing memory words containing a number of bit
      positions corresponding to the number of binary bits to be transferred
      simultaneously.
NUM  4.
PAR  4. In the transit exchange according to claim 1, means for transferring the
      binary bits from said encoder means to said decoder means at a bit
      frequency which is a fraction of the sampling frequency.
NUM  5.
PAR  5. In the transit exchange according to claim 1, means for transferring the
      binary bits at a bit frequency which is equal to the sampling frequency.
NUM  6.
PAR  6. In the transit exchange according to claim 1, means for transferring the
      indication signals at a frequency equal to the instantaneous frequency at
      which the data signals alter in value.
NUM  7.
PAR  7. In the transit exchange according to claim 1, a plurality of sampling
      and encoder means, similar to said sampling means and said encoder means,
      each having means for interworking with a group of the sending terminal
      equipments and each arranged to work at the sampling frequency, and a
      corresponding number of decoding and read-out means similar to said
      decoding means and said read-out means, each having means for interworking
      with an assigned area in said intermediate memory, so arranged that the
      storage and read-out of said binary bits in said intermediate memory takes
      place sequentially and successively for each said assigned area.
NUM  8.
PAR  8. In the transit exchange according to claim 1, a plurality of sampling
      and means similar to said sampling means and said encoder means, each
      having means for interworking with a group of said sending terminal
      equipments and each arranged to work at the sampling frequency, and a
      corresponding number of decoding and read-out means similar to said
      decoding means and said read-out means, a plurality of intermediate
      memories similar to said intermediate memory, each of said read-out means
      having means for interworking with an assigned area in each of said
      intermediate memories, each of said intermediate memories being associated
      with each of said sampling and encoder means and each of said decoding
      means so arranged that the storage of the binary bits in each of said
      intermediate memories takes place in parallel with and independent of the
      storage in the rest of said intermediate memories, while said read-out
      takes place in parallel and is coordinated to take place simultaneously
      from all of said assigned areas which correspond to the same one of the
      read-out means and successively for each assigned area in each of said
      intermediate memories.
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ABST
PAL  A frequency band converter wherein a signal whose frequency band is to be
      converted is written in a random access memory at a predetermined cycle
      while the contents of the random access memory are read out sequentially
      at a cycle different from the writing cycle thereby to obtain a frequency
      band converted output signal.
BSUM
PAR  This invention relates to a frequency band converter for effecting
      compression and expansion of the frequency band of a signal.
PAR  When an audio signal recorded at normal speed in, say, a tape recorder is
      reproduced at a speed higher than the normal speed, the reproduction time
      is shortened while at the same time the frequency band of the voice is
      accordingly increased. The reproducing of the signal at a speed lower than
      the normal speed, on the other hand, causes the reproduction time to be
      expanded, reducing the frequency band of the voice. Therefore, in order to
      restore the frequency band of the signal to the normal audio frequency
      band, it is necessary to change the speaking speed, that is, tempo without
      adversely affecting the pitch, timbre or the intelligibility of the voice.
PAR  Also, divers who are often required to breathe in an atmosphere filled with
      helium under pressure in doing their jobs fail to hold oral communication
      with others, since in such an atmosphere the frequency band of human
      voices is naturally multiplied. For this reason, it is necessary to
      convert the speech into normal audio frequency band without any
      substantial distortion.
PAR  Further, it is often necessary to convert the frequency band of a signal by
      compressing and expanding it in signal transmission.
PAR  The conventional device for conversion of frequency band for similar
      purposes, as disclosed in U.S. Pat. No. 3,621,150, comprises a pair of
      shift registers in which input signals are alternately stored at a
      predetermined sampling cycle, while the contents of the registers not in a
      storage state are read at a cycle different from the sampling cycle
      thereby to effect the expansion and compression of the frequency band of
      the input signals. In such a device, however, the length of signal
      interval is equal to a length of time represented by the product of the
      sampling cycle and the number of stages of each shift register. Therefore,
      the smaller the number of stages of each shift register, the shorter the
      length of signal interval, with the result that a shortened period of
      click noises due to the occurrence of gaps between signal intervals gives
      rise to a great noise. Increasing the number of stages with the intention
      of preventing such noises leads to the disadvantage of an increased memory
      capacity for increased cost.
PAR  Accordingly, it is an object of the present invention to provide a
      frequency band converter in which the length of signal intervals is
      increased thereby to lengthen the period of click noises.
PAR  Another object of the invention is to provide a low-cost frequency band
      converter.
PAR  According to one aspect of the present invention there is provided a
      frequency band converter comprising random access memory means, input
      means connected to said random access memory means for writing in said
      random access memory means at a predetermined writing cycle a signal whose
      frequency band is to be converted, output means connected to said random
      access memory means for reading the contents of said random access memory
      means at a cycle different from said writing cycle and producing a
      frequency band converted output, and control means connected to said
      random access memory means for controlling the writing and reading
      operations of said random access memory means.
DRWD
PAR  The above and other objects, features and advantages of the present
      invention will become apparent when reading the following detailed
      description in conjunction with the accompanying drawings in which:
PAR  FIG. 1 is block diagram showing the fundamental construction of the
      frequency band converter according to the present invention;
PAR  FIG. 2 is a block diagram showing an embodiment of the construction of the
      frequency band converter according to the present invention; and
PAR  FIGS. 3 and 4 are block diagrams showing actual constructions according
      other embodiments of the frequency band converter of the invention.
DETD
PAR  Referring to FIG. 1 showing the fundamental construction of the frequency
      band converter according to the present invention, reference numeral 1
      shows an input signal processor, numeral 2 a random access memory, numeral
      3 an output signal processor, numeral 4 a controller, numeral 5 a signal
      line for an input signal whose frequency band is to be converted, numeral
      6 a signal line for an output signal which is the result of frequency band
      conversion, numeral 7 a signal line for pulses of a predetermined cycle
      which is used for signal input, numeral 8 a signal line for read control
      pulses, and numeral 9 a signal line for a signal designating a memory
      address. Numerals 23 and 24 show signal lines for write and read signals
      respectively.
PAR  In this arrangement, the input signal which is a signal with its frequency
      band to be converted is applied to the input signal processor 1 through
      the signal line 5, wherefrom an input signal coinciding with the pulses of
      a predetermined cycle applied from the controller 4 by way of the signal
      line 7 is applied through the signal line 23 to the random access memory 2
      as a write signal. The write signals from the input signal processor 1 are
      written in the random access memory 2 sequentially while being controlled
      by the write control pulses applied from the controller 4 through the
      signal line 8. The address of the memory at which the signal is written in
      is designated by the memory address designating signal sent from the
      controller 4 through the signal line 9. The information written in the
      memory 2 is sequentially read out at a cycle different from the cycle of
      the pulses in the signal line 7, the reading address being designated also
      by the memory address designating signal in the signal line 9. The signal
      read out of the memory 2 and produced in the signal line 24 is processed
      by the output signal processor 3, so that a frequency band converted
      output signal is produced at signal line 6.
PAR  The writing and reading operations of the memory 2 will be explained in
      detail below.
PAR  Assuming that the memory capacity of the memory 2 is N bits, the input
      signal represented by the first pulse is stored in address 1, and the
      second pulse is stored in address 2. In like manner, the (N-1)th and Nth
      signals are stored in addresses (N-1) and N respectively. The (N+1)th
      signal is stored in address 1, while at the same time the first pulse
      having been stored in address 1 is erased and replaced by the (N+1)
      signal.
PAR  In similar fashion, the Mth signal is stored in the address K expressed by
EQU  K .tbd. (M- 1) (mod.sub.N) + 1
PAL  wherein (mod.sub.N) is a modulator to subtract from the value (M-1) any
      multiple of N which is the closest to but smaller than (M-1), to obtain a
      remainder which is smaller than N.
PAR  The reading operation is performed in parallel to the above-mentioned
      writing operation. In the process, the information at addresses 1 to N is
      continuously read at a cycle different from the writing cycle in such a
      manner that when reading is reached to address N, reading is returned to
      address 1 for cyclically reading the contents of the memory.
PAR  The frequency band of input signal is converted at the ratio of K.sub.conv
      = T.sub.w /T.sub.r where T.sub.w is a writing cycle and T.sub.r a reading
      cycle. When K.sub.conv is larger than unity, the frequency band of the
      signal is compressed and the length of signal interval of the input signal
      thus compressed is expressed as the time interval from the time when the
      writing and reading operations have started at the same address at the
      same time to the time when the reading address catches up with the writing
      address next, that is,
      ##EQU1##
      The overlying period of signal interval in this case is T.sub.w .times. N.
PAR  When K.sub.conv is smaller than unity, on the other hand, the frequency
      band of a signal is expanded and the length of signal interval is
      expressed as
      ##EQU2##
      the signal being absent for the period T.sub.w .times. N.
PAR  Unlike the conventional device where the length of signal interval is
      always fixed at T.sub.w .times. N, the device according to the present
      invention is such that when the conversion ratio K.sub.conv is 0.8 or
      1.25, for example, the length of signal interval is T.sub. 0.8 = 4 .times.
      T.sub.w .times. N or T.sub. 1.25 = 5 .times. T.sub.w .times. N. This means
      that according as the ratio K.sub.conv approaches 1, the length of signal
      interval becomes longer, so that the cycle of click noises occurring
      between the signal intervals is greatly lengthened, thus substantially
      losing its character as a noise.
PAR  The diagram of FIG. 2 shows an actual example of the construction of the
      frequency band converter according to the invention in which an input
      signal is processed by being sampled into a digital signal. In the
      drawing, reference numeral 12 shows an input filter, and numeral 13 an
      analog-digital converter, the filter and converter making up the input
      signal processor 1 of FIG. 1. Reference numeral 14 shows a digital-analog
      converter circuit, and numeral 15 an output filter, both the circuits
      making up the output signal processor 3. Reference numeral 16 shows an
      address designation signal control circuit, numeral 17 a write address
      counter, numeral 18 a read address counter, numeral 19 a write clock pulse
      generator, and numeral 20 a read clock pulse generator, all of which
      constitute the controller 4.
PAR  In this arrangement, the memory 2 is ready to read under normal conditions,
      the writing operation being done only in response to a write control pulse
      through the signal line 8. Also, the address designation signal control
      circuit 16 selects the output of the output counter 18 under normal
      conditions, the output of the counter 17 being selected only in response
      to the control pulse 8.
PAR  The signal whose frequency band is to be converted is applied to the input
      filter 12 of the input signal processor 1 where only a required frequency
      band component is taken out and applied to the analog-digital converter
      13, whereby it is converted into a digital signal at a predetermined
      sampling cycle by means of the sampling pulses applied thereto through the
      signal line 7 from the write address counter 17 of the controller 4. The
      converted signal is applied to the random access memory 2 by way of the
      signal line 23. The random access memory 2 starts its writing operation in
      response to the memory write control pulse applied from the write address
      counter 17 of the controller 4 through the signal line 8 in synchronism
      with the sampling pulse, thereby writing the sampled digital signal in the
      memory. In the process, the address designation signal control circuit 16
      of the controller 4 is switched by the memory write control pulse, so that
      the address signal of the write address counter 17 is applied through the
      signal lines 10 and 9 as a memory address designating signal to the memory
      2, in response to which the writing operation is effected at the addresses
      designated by the address designating signal.
PAR  In the absence of an applied control pulse, on the other hand, the memory
      is ready to read, so that the address signal of the read address counter
      18 is applied through the signal line 11, through the address designating
      signal control circuit 16 and the signal line 9, to the memory 2 as a
      memory address designating signal, whereupon the contents of the
      designated address are read out. In this connection, the writing cycle
      T.sub.w which is a sampling cycle and the reading cycle T.sub.r are
      determined by the write clock pulse generator 19 and the read clock pulse
      generator 20 respectively.
PAR  The signal read out of the memory 2 and produced at the signal line 24 is
      converted into an analog signal by the digital-analog converter circuit 14
      of the output signal processor 3 and then the required frequency component
      thereof is picked up by the output filter 15 thereby to produce at the
      signal line 6 a frequency band converted output signal 6.
PAR  The sampling pulse and the control pulse in the signal lines 7 and 8
      respectively comprise bits generated as output pulses from the write
      address counter 17 in response to pulses from the write clock pulse
      generator 19. These pulses are generated from the counter 17 with the
      intention of pulse shaping. If such consideration is not required or the
      output of the clock pulse generator 19 is sufficiently shaped already,
      they may alternatively be taken out of the clock pulse generator 19
      directly.
PAR  In the case where the memory 2 is ready to write under normal conditions,
      the read control pulses from the read address counter 18 or the read clock
      pulse generator 20 may be applied to the memory 2 and the control circuit
      16. Further, the write control pulses and read control pulses may be
      utilized at the same time.
PAR  The device of the above-mentioned arrangement as it is applied to the
      conversion of audio frequency band for the tape recorder will be explained
      below.
PAR  If the voices recorded in the tape at normal speed are reproduced at a
      speed of twice the recording speed, the reproducing time is reduced by
      one-half, whereas the frequency band is doubled. For example, the
      frequency band of an input audio signal as it is reproduced at normal
      speed is 3 KHz, whereas the frequency band thereof as it is reproduced at
      a speed twice its normal reproduction speed is 6 KHz. For this reason,
      according to the present invention, the operation of writing in the random
      access memory is effected with the frequency of sampling pulses 7
      maintained at 12 KHz. The signal thus written in is read out at 6 KHz,
      whereby the signal is compressed into 6 KHz which is the same frequency
      band as at the time of reproduction at normal speed. If the voices
      recorded in tape are reproduced at half speed, the reproduction time
      doubles, while the frequency band is reduced by one half. If, as in the
      preceding case, the frequency band of the input audio signal as it is
      reproduced at normal speed is 3 KHz, the frequency band of the signal as
      it is reproduced at half the speed is 1.5 KHz. Thus, the invention is
      characterized in that the operation of writing in the memory 2 is effected
      with the frequency of the sampling pulses 7 maintained at 3 KHz. The
      signal thus stored is read out at 6 KHz, thereby expanding the frequency
      band of the signal to 3 KHz as in the reproduction at normal speed.
PAR  The block diagram of FIG. 3 shows an actual example of the construction of
      the frequency band converter according to another embodiment of the
      invention, in which the input signal is delta-modulated.
PAR  In the drawing under consideration, reference numeral 21 shows a delta
      modulator, and numeral 22 a delta demodulator, the other arrangement being
      quite the same as the arrangement shown in FIG. 2. In this arrangement,
      the signal in signal line 5 the frequency of which is to be converted is
      delta-modulated by the delta modulator 21 after being filtered by the
      input filter 12, and then it is stored in the random access memory 2
      controlled by the controller 4, while it is read out as it is controlled
      by the controller 4, so that it is demodulated into an original signal by
      the delta demodulator 22. The resulting demodulated signal is applied
      through the output filter 15 and produced in the signal line 6 in the form
      of a frequency band converted output signal.
PAR  The processing by delta modulation as mentioned above enables the
      digital-analog converter circuit 13 and the analog-digital converter
      circuit 14 to be replaced by the delta modulator 21 and the delta
      demodulator respectively, thus greatly simplfying the circuit
      construction.
PAR  Still another embodiment of the construction of the frequency band
      converter according to the present invention is shown in FIG. 4, in which
      the analog signal itself is processed.
PAR  The embodiment of FIG. 4 is different from the embodiment of FIG. 2 in that
      in the embodiment of FIG. 4 the need for the analog-digital converter
      circuit 13 and the digital-analog converter circuit 14 is eliminated and
      an analog memory is used as the random access memory 2.
PAR  By this arrangement, the signal before frequency conversion is filtered and
      the required component of frequency band thereof taken out by the input
      filter 12, directly followed by the storage thereof in the analog memory
      2. The analog signal read out of the analog memory 2 is applied through
      the filter 15 wherefrom it is taken out as an output signal 6 which is the
      result of frequency band conversion.
PAR  In this case, neither the circuit 13 nor the circuit 14 is required, thus
      making possible further simplication of the device.
PAR  It will be apparent from the above description that according to the
      present invention a random access memory is used to write and read an
      input signal at appropriately selected writing and reading cycles, thus
      realizing a frequency band converter of simple construction without
      substantially eliminating noise which has a great length of signal
      interval.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A frequency band converter for modifying time and pitch of a speech
      signal shifted in frequency, comprising:
PA1  random access memory means having storage addresses of a predetermined
      number;
PA1  control means for supplying to said random access memory means a write-in
      access control signal at a first rate as well as a read-out access control
      signal at a second rate so as to cause the respective storage addresses of
      said random access memory means to be accessed one after another in a
      predetermined cyclic order at the first rate in response to the write-in
      access control signal and also at the second rate in response to the
      read-out access control signal, respectively, one of the first and second
      rates being different and variable with respect to the other, said control
      means giving precedence to one of the write-in and read-out access control
      signals with respect to the other only when both said write-in and
      read-out access control signals are concurrently supplied to said random
      access memory means;
PA1  input means for receiving the frequency shifted speech signal and for
      intermittently writing sampled pieces of information of the frequency
      shifted speech signal in the respective storage addresses of said random
      access memory means which are accessed only in accordance with the
      write-in access control signal in the predetermined cyclic order at the
      first rate despite interchangeable access of the storage addresses of said
      random access memory means in accordance with the read-out access control
      signal so that each of the storage addresses of said random access memory
      means accessed in accordance with the write-in access control signal
      stores one sampled piece of information which is replaced with another
      sampled piece of information applied to the same address after cyclic
      access of said random access memory means; and
PA1  output means for intermittently reading out the pieces of information
      stored in said random access memory means from the storage addresses of
      said random access memory means which are accessed only in accordance with
      the read-out access control signal in the predetermined cyclic order at
      the second rate despite interchangeable access of the storage addresses of
      said random access memory means in accordance with the write-in access
      control signal, whereby the sampled pieces of information of the frequency
      shifted speech signal are successively written in said storage addresses
      of the random access memory means one after another by said input means
      independently of the reading operation of the thus stored piece of
      information from said storage addresses of the random access memory means
      one after another by said output means such that pieces of information
      read out by the output means are periodically discarded from the pieces of
      information stored when the first rate is faster than the second rate or
      pieces of information read out by the output means are periodically
      repeated in the pieces of information stored when the first rate is slower
      than the second rate, each discard or repetition being limited at most to
      the sampled pieces of information stored in the addresses of only one
      cyclic order.
NUM  2.
PAR  2. A frequency band converter according to claim 1, wherein:
PA1  said input means includes an analog-digital converter for receiving and
      converting the frequency shifted speech signal into digital signals
      representing the sampled pieces of information of the speech signal and
      for writing the digital signals in said random access memory means at the
      first rate; and
PA1  said output means includes a digital-analog converter for reading-out and
      converting the digital signals from said random access memory means into
      analog signal at the second rate.
NUM  3.
PAR  3. A frequency band converter according to claim 1, wherein:
PA1  said input means includes delta modulator means for receiving and
      delta-modulating the frequency shifted speech signal supplied thereto and
      for writing the output signal of said delta-modulator means in said random
      access memory means at the first rate in accordance with the write-in
      access control signal; and
PA1  said output means includes demodulator means for reading the stored
      informations from the respective storage addresses of said random access
      memory means at the second rate in accordance with the read-out access
      control signal and for delta-demodulating the thus read-out signals.
NUM  4.
PAR  4. A frequency band converter according to claim 1, wherein:
PA1  said random access memory means is an analog memory means for storing
      analog pieces of information in the respective storage addresses thereof;
PA1  said input means receives the frequency shifted speech signal and writes-in
      sampled analog pieces of information thereof in the storage addresses of
      said random access memory means in accordance with the write-in access
      control signal; and
PA1  said output means reads-out the informations from the storage addresses of
      said random access memory means in accordance with the read-out access
      control signal.
NUM  5.
PAR  5. A frequency band converter according to claim 1, wherein said control
      means comprises:
PA1  write clock pulse generator means for generating write clock pulses which
      regulates the first rate;
PA1  read clock pulse generator means for generating read clock pulses which
      regulates the second rate;
PA1  write address counter means for counting the write clock pulses so that the
      counted content thereof designates the address to be accessed for write-in
      operation;
PA1  read address counter means for counting the read clock pulses so that the
      counted content thereof designates the address to be accessed for read-out
      operation; and
PA1  address designation signal controller means for selectively applying the
      contents of said write address counter means and said read address counter
      means to said random access memory means with precedence of one over the
      other; said input and output means being controlled by the write clock
      pulses and read clock pulses, respectively.
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PAL  The specification discloses a system for automatically controlling the
      connection of telephone calls between a plurality of input telephone trunk
      lines at a user's dedicated telephone switching facility and a preset
      number of output telephone trunk lines. Circuitry is provided to receive
      user authorization code numbers from the user's facility and for comparing
      the user authorization code numbers with stored code numbers or with a
      specified algorithymic equation. A dial tone allowing further operation of
      the system is provided only if the user authorization code numbers match
      ones of the stored code numbers or is determined valid by the equation.
      The system receives dialing signals from an input telephone trunk line and
      in response thereto selects an available one of the output telephone trunk
      lines according to predetermined efficiency criteria. For example, calls
      are completed on all flat rate trunk lines (WATS, FX, tie lines and the
      like) prior to completing calls on variable rate lines (DDD or the like).
      The system then establishes audio connections between the calling input
      telephone trunk line and the selected available output telephone trunk
      line to complete the inter-city call. If all flat rate output telephone
      trunk lines are busy, an audio message is presented to the caller to
      indicate that the system will attempt to complete the call in a
      predetermined time period and to request that the caller hold. If a flat
      rate output telephone trunk line becomes available during the
      predetermined time period, the call is automatically completed. If the
      predetermined time period runs out without the call being completed, the
      system determines the priority of the caller. If the caller has a low
      priority, an error tone is generated and the caller is disconnected. If
      the caller has a high priority, the call is automatically completed on a
      variable rate direct dial line. If the caller has a special priority
      authorization code number, the predetermined time period is not initiated
      and the call is immediately connected through a variable rate direct dial
      line. Prior to the system connecting the caller to a variable rate direct
      dial line, a warning tone is generated. The caller may then either hang up
      if he does not wish to use the variable rate line or stay on the line to
      complete his call.
BSUM
PAC  RELATED APPLICATIONS
PAR  This application is an improvement on application Ser. No. 430,501, filed
      Jan. 3, 1974 and entitled "METHOD AND SYSTEM FOR AUTOMATICALLY CONTROLLING
      THE CONNECTION OF INTER-CITY TELEPHONE CALLS AT A USERS FACILITY".
PAC  FIELD OF THE INVENTION
PAR  This invention relates to inter-city communication circuits and more
      particularly relates to a method and system for automatically controlling
      the connection of inter-city telephone calls in an economical manner at a
      user's facility.
PAC  THE PRIOR ART
PAR  Large businesses and organizations often utilize a variety of techniques
      for completing inter-city or long distance telephone calls, such as leased
      lines to various telephone area zones, direct distance dialing, foreign
      exchange, tie lines and the like. For large companies or organizations
      having heavy long distance traffic, company-paid operators are often
      required at the user's facility in order to place the long distance calls.
      Not only are such company-paid operators expensive, but the operators are
      not always able to place long distance calls on the most economical
      available lines and are subject to human error resulting in
      misconnections, erroneous billings and the like. Further, with such
      company-paid operator systems, increases in the size of the system means
      proliferation of human operators, thereby resulting in a complex system
      with increasing costs and rising inefficiency. Prior operator controlled
      systems are also subject to unauthorized calls being made and charged to
      the company's expense. Sucn prior systems have also often relied upon
      handwritten data from the operators to provide data about the use of the
      long distance facility, and it has thus been difficult to efficiently
      provide detailed data regarding the system which would enable proper
      allocation of service calls to various departments, cost centers and the
      like.
PAR  The co-pending U.S. patent application Ser. No. 430,501 describes a system
      for automatically controlling the connection of inter-city telephone calls
      in an efficient manner at the user's facility. However, a need has arisen
      for such an automatic control system to provide greater efficiency in the
      handling of calls made when all available output circuits are in use.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention substantially reduces or minimizes problems
      heretofore associated with long distange telephone systems requiring
      company-paid telephone operators at the user's facility. In accordance
      with the present invention, the most economical method of placing each
      long distance call is accurately selected. If the most economical line is
      unavailable, the next least expensive line is then utilized for the call.
      With the use of user authorization codes, only authorized persons are
      allowed to place long distance calls through the present system. Accurate
      accounting and analysis data is automatically recorded for each call and
      may be utilized for charge-back purposes to enable the system to be
      optimumly utilized. If all output circuits are busy at the time of a call
      request, the system will ask the caller to hold for a short period so that
      the call may be completed. If the call cannot be completed during the
      short period, and the caller has a proper authorization code, the call is
      spilled over to a direct dial line. The system constantly monitors all the
      telephone circuits for proper connect, disconnect and for malfunction of
      the system and for apparent malfunctions of the telephone trunks.
PAR  In accordance with a more specific aspect of the invention, a system is
      provided for automatically controlling the connection of inter-city
      communication circuits between a plurality of input lines at a user's
      facility and a plurality of output trunk lines extending to a central
      office. The system includes circuitry for receiving dialing signals from
      the input line and circuitry responsive to the dialing signal for
      selecting available ones of the output trunk lines according to
      predetermined efficiency criteria. Audio connections are then established
      between the calling input lines and the selected available output trunk
      lines. When no output lines are available, the caller is requested to hold
      for a predetermined interval, during which the call is automatically
      completed if an output line becomes available.
PAR  In accordance with another aspect of the invention, a system is provided
      for automatically controlling the connection of inter-city telephone calls
      between a central office and a user's facility having a plurality of user
      terminals. Circuitry receives user authorization code numbers from the
      user terminals. Circuitry in the system compares the authorization code
      numbers with stored code numbers and generates a dial tone to authorize a
      user terminal only if the authorization code numbers match ones of the
      stored code numbers. Dialing signals are then received from the authorized
      user terminal and the system connects the authorized user terminal with a
      selected flat rate output telephone line to the central office for
      completion of the dialed inter-city telephone calls. If no flat rate
      output lines are available, an audio message is generated to request the
      caller to hold for a predetermined time interval during which the call is
      automatically connected if a flat rate output telephone line becomes
      available. Circuitry is responsive to predetermined ones of the user
      authorization codes for immediately connecting the caller with a variable
      rate output telephone line if no flat rate output telephone lines are
      available.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a more complete understanding of the present invention and for further
      objects and advantages thereof, reference is now made to the following
      description taken in conjunction with the accompanying Drawings, in which:
PAR  FIG. 1 is a block diagram illustrating the connection of the present
      inter-city call control system between the user's facility and the
      telephone company central office;
PAR  FIG. 2 is a somewhat diagrammatic block diagram of the present inter-city
      call control system;
PAR  FIG. 3 is a detailed block diagram of the present inter-city telephone call
      control system illustrating the announcement unit circuitry used in the
      present short term queuing invention;
PAR  FIGS. 4-7 are schematic diagrams of the external bus driver circuit shown
      in FIG. 3;
PAR  FIGS. 8-9 are schematic diagrams illustrating the DCM expander circuit
      shown in FIG. 3;
PAR  FIGS. 10 and 11 are schematic diagrams of the VCA control circuit shown in
      block diagram form in FIG. 3;
PAR  FIG. 12 illustrates a schematic diagram of the autopulse dialer;
PAR  FIG. 13 is a schematic diagram of the IDM display;
PAR  FIGS 14-15 are schematic diagrams of the tone signal receiver;
PAR  FIGS. 16-18 are schematic diagrams of the signal generator base circuitry;
PAR  FIG. 19 is a schematic diagram of the dial tone generator;
PAR  FIG. 20 is a schematic diagram of the tone signal generator;
PAR  FIGS. 21-22 are schematic diagrams illustrating the DCM bus terminator
      circuitry;
PAR  FIG. 23 is a block diagram of the switch matrix of the invention;
PAR  FIG. 24 is a schematic diagram of a portion of the switch matrix;
PAR  FIG. 25 is a schematic diagram of the BMM and EMM terminator circuits;
PAR  FIG. 26 is a schematic diagram of the IDM audio transformers; and
PAR  FIG. 27 is a schematic diagram of the announcement unit circuitry used in
      the short term queuing aspect of the system.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a block diagram of the interconnection of the present
      inter-city call control system 10 between a user's dedicated telephone
      switching facility 12 and a telephone central office 14. The user's
      facility 12 may comprise a private branch exchange (PBX), a Centrex system
      or the like. As illustrated, a voice connecting arrangement (VCA) 16 is
      connected to input telephone lines, such as tie trunks, which extend from
      the user's facility 12. The output of the VCA 16 is connected to the input
      of the present inter-city call control system 10. The output of the call
      control system 10 is applied through a VCA 18 and through output telephone
      trunk lines to the telephone company's central office 14. The output
      telephone trunk lines may comprise leased flat rate WATS lines, variable
      rate direct distance dialing (DDD) lines, foreign exchange (FX) lines,
      tie-lines and the like, or any combination of such lines. In a typical
      installation, VCA 18 will be connected to a plurality of WATS lines
      leading to different WATS toll areas. Thus certain of the output telephone
      trunk lines will be more expensive to use than others.
PAR  As will be subsequently described in detail, the inter-city call control
      system 10 operates to select the most economical available output
      telephone trunk lines for connecting each particular call, thereby
      preventing the more expensive output telephone trunk lines from being tied
      up with short distance calls which may be more economically handled by
      less expensive output trunk lines. After the most economical trunk is
      selected for routing the calls, if the trunk is busy, the system proceeds
      to the next highest output telephone trunk line available to the caller.
      In addition, the system 10 allows only authorized persons to place long
      distance calls by the use of user authorization code numbers. The
      authorization code numbers can permit authorization based on priority,
      distance, time (such as specification of certain hours), and the type
      facility such as WATS lines, DDD, foreign exchange, tielines or the like.
PAR  The system also allows for very efficient use of the flat rate output
      telephone lines by transmitting an audio message to a caller when all of
      the flat rate lines are in use and are thus not immediately available. The
      audio message informs the caller that at the present all lines are busy,
      but the audio message requests the caller to hold the line for a
      predetermined short time interval, such as thirty seconds. The caller then
      holds until the time interval expires, or until the caller hangs up, or
      until the call is completed. If the time interval expires without the call
      being completed on one of the flat rate lines, the call is automatically
      switched to a variable rate line and a conventional direct dial call is
      placed if the caller has a predetermined high priority user authorization
      code number. If the caller has a low priority user authorization code
      number, an error tone is generated and the call is terminated. However, if
      the system detects a special high priority user authorization code number,
      the time interval is not initiated if all flat rate output lines are
      unavailable, but the call is immediately connected to a variable rate line
      so that a direct dial call may be placed without delay. However, prior to
      the completion of a variable rate direct dial call, a short warning code
      is generated. The caller may then hand up if he does not wish to make a
      variable rate call, or may hang on the line to complete his call.
PAR  The call control system 10 further provides accounting and analysis of
      inter-city calls made through the system. This accounting feature permits
      allocation of the cost of calls to various departments or individuals as
      desired. At the completion of each inter-city call, system 10 thus records
      data on magnetic recording medium to provide a record of the authorization
      number, the inter-city number called, the duration of the call, the time
      of day the call was placed, the long distance trunk desired and the long
      distance trunk used. The information recording the long distance trunks
      desired and used is available in analyzing whether or not a call was made
      through the least expensive route or whether a higher class trunk was
      utilized. System 10 also records the system usage information for real
      time analysis to provide the number of calls and usage time data for
      immediate review.
PAR  The inter-city call control system 10 also provides automatic call back
      features, wherein if all output telephone trunk lines are busy at the time
      of a call, system 10 will give the caller with the option to enter the
      long term call queue stored by system 10. If the caller enters the queue,
      system 10 will enter his request in the queue at the proper point based
      upon the caller's priority and the caller hangs up. The system 10 will
      then ring and notify the caller when the desired circuit is ready.
PAR  The call control system 10 also allows the use of speed numbers, wherein
      long distance calls to frequently used numbers may be made by replacing
      the telephone company standard ten digit code with a two or three digit
      speed code. These frequently used speed numbers are stored in the memory
      of the call control system 10. If desired, individuals may be assigned
      personal speed numbers and may also have access to universally used speed
      numbers.
PAR  The call control system 10 also constantly monitors all circuits for proper
      connect/disconnect, excessive busy time, inactivity for long periods,
      excessive short calls and other conditions, and detects apparent
      malfunctions from adjoining telephone trunks.
PAR  FIG. 2 illustrates a more detailed diagram of the interconnection of the
      system 10, wherein like numbers are utilized for like and corresponding
      parts previously identified. As noted, the output tie trunks extending
      from the PBX or Centrex 12 are connected through a voice connecting
      arrangement (VCA) 16. In the preferred embodiment, the VCA 16 may comprise
      a CDQ2W voice connecting arrangement presently manufactured by the Bell
      Telephone System. The CDQ2W VCA includes output terminals connected to
      system 10 at a demarc strip 19, the terminals being identified by Bell
      Telephone identification numbers as follows: CT, CR, CS, CG, CBS1 and
      CBS2. Terminals CT and CR are connected to a limiter (not shown) found in
      the voice coupler unit of the VCA 16. Terminals CS-CBS2 are connected to
      outputs from a signal oscillation unit (not shown) in the VCA 16. The VCA
      16 is duplex in that signals may be sent simultaneously in both directions
      without interference.
PAR  The CT terminal of VCA 16 is connected to a first input (IN1) terminal of a
      switching matrix 20 located within the inter-city call control system 10
      of the invention. Switch matrix 20 in the preferred embodiment comprises a
      complex series of 8 .times. 8 switch matrixes, but in the present example
      a simplified one input-one output matrix is shown for clarity of
      illustration. A "Touchtone" or dial tones signal generator (TTG) 22 is
      connected at one terminal to the CR terminal at the demarc strip 19, with
      the other terminal of generator 22 connected to the second input (IN2)
      terminal of the switch matrix 20.
PAR  The CR terminal of the VCA 16 is also connected to a dial or progress tone
      generator (DTG) and a "Touchtone" receiver (TTR) 24. The other terminal of
      the generator and receiver 24 is connected to the second output (OUT2) of
      the switch matrix 20. The first output (OUT1) of the switch matrix 20 is
      connected via lead 26 to the CT terminal of the voice connecting
      arrangement (VCA) 18, which in the preferred embodiment may comprise the
      CDH VCA manufactured and sold by the Bell Telephone System. The CS and CG
      terminals of the VCA 16 are connected to a VCA output control circuit 28.
      A VCA output control 30 is connected to the CS and CG terminals of the VCA
      18.
PAR  The CBS1 and CBS2 outputs from the VCA 16 are connected to a VCA input
      control 32 which is connected to a high speed data bus 34 extending to a
      central processor 36. The TTG 22 and DTG-TTR 24 are also connected to the
      high speed bus 34. A VCA input control 38 is also connected between the
      bus 34 and the CBS2 terminal of the VCA 18. The VCA output control 28 and
      VCA input control 32 constitute the input side of the present system,
      while the VCA output control 30 and VCA input control 38 constitute the
      output side of the present system. A switch matrix control 40 is
      controlled through the data bus 34 by the central processor 36 in order to
      control the interconnections made at the switch matrix 20.
PAR  An announcement unit 41 is also connected to the data bus 34 and to the
      switch matrix 20. As will be subsequently described, unit 41 comprises an
      intercept recorder/announcer such as the Audichron Model J21201(HQ1)
      multichannel Recorder/Announcer manufactured and sold by the Audichron
      Company of Atlanta, Georgia. Unit 41 contains an audible message for
      playback during the short term queuing operation of the system. In place
      of unit 41, it will be understood that a voice response unit may be used.
PAR  In initial description of the operation of the system shown in FIG. 2, it
      will be assumed that the single output trunk line which extends to the
      telephone company central office 14 is available.
PAR  To place a long distance call at the user's facility 12, a user takes the
      hand set of a telephone terminal 42 connected to the PBX 12 off-hook. The
      PBX 12 detects the off-hook condition of the terminal 42 and returns a
      conventional dial tone to the user through the hand set. In this example
      and in subsequent examples, the telephone terminals 42 may comprise either
      rotary dial or touchtone dial terminals. The user then dials the system
      access code which may be for instance a 2-digit number such as "99". In
      response thereto, the PBX 12 routes the phone terminal 42 through the
      system input line to the VCA 16. The VCA 16 detects the service request
      from the PBX 12 and provides the system with a contact closure between
      terminals CBS1 and CBS2. The VCA input control 32 detects the contact
      closure and converts the closure to readable form for the central
      processor 36. The central processor 36, which continually monitors for a
      request signal, detects the service request from the VCA input control 32
      and initiates a service sequence.
PAR  The service sequence includes the operation of matrix control 40 to close
      switch matrix cross point 1-2, identified as point 44 in FIG. 2, which
      thereby connects the dial or progress tone generator (DTG) and Touchtone
      receiver (TTR) 24 across the tip and ring of the VCA 16 (terminals CT and
      CR). The central processor 36 then operates the dial tone generator 24 to
      apply a dial progress tone or dial progress information through the point
      44 in the matrix 20 and through the IN1 lead to the CT or CR terminals of
      the VCA 16. The dial progress tone may comprise a steady dial tone or a
      short signal frequency tone. Alternatively, dial progress information may
      be transmitted from a voice "answer-back" unit. This progress tone or
      information is applied through the PBX 12 to the telephone terminal 42 and
      the user. The central processor 36 then monitors the TTR 24 for dial
      information received from the telephone terminal 42.
PAR  If the telephone terminal 42 is a touchtone device, touchtone dial
      information is applied from the terminal 42 through the PBX 12, through
      the VCA 16 and through the matrix 20 to the TTR 24. If the telephone
      terminal 42 is a rotary dial, the dial information input by the user is
      directed through the PBX 12 and the VCA 16 through the request leads CBS1
      and CBS2 to the VCA input control 32.
PAR  After the user detects the dial progress tone applied from the DTG 24, the
      user dials his authorization code into the telephone terminal 42. This
      authorization code is unique for each user and may comprise for example a
      unique 4-digit code. The central processor 36 detects the authorization
      code from either the TTR 24 or the VCA input control 32 and performs code
      verification. Code verification includes comparing the input user
      authorization code against a stored table of valid authorization codes. If
      the input user's authorization code is found in the stored table,
      authorization to the system is permitted and the central processor 36
      operates the DTG 24 to apply a second dial progress tone through the point
      44 in the matrix 20 to lead IN1. The progress tone is then applied to
      terminal CT and through the VCA 16 and PBX 12 to the telephone terminal
      42. If the central processor 36 determines that the input authorization
      code is not valid, the central processor 36 operates the DTG to generate a
      busy signal and the central processor 36 operates the switch matrix
      control 40 to terminate the connection at point 44 to drop the call.
PAR  Instead of using a stored table of user authorization codes, an algorithmic
      check system may be utilized. In this system, each code includes a self
      checking number. For example in the code number 2349, the number 9 is the
      self checking number. For the code to be correct, the first three digits
      must add up to the self checking number. The computer thus adds the first
      three digits and compares the sum to the self checking number.
PAR  The user detects the second dial progress tone at the telephone terminal 42
      and proceeds to dial the desired telephone number. In practice, the user
      may for example dial 1 plus a 3-digit area code plus a 7-digit telephone
      number. This dialing information is applied through the PBX 12 and the VCA
      16 to the Touchtone receiver (TTR) 24. TTR 24 converts the tone into
      digital signals for application to the bus 34 and to the central processor
      36. If the telephone terminal 42 is a rotary dial, the dialing information
      is applied through the VCA input control 32 to the central processor 36.
PAR  Upon receipt by the central processor 36 of the 3-digit area code, the
      central processor 36 selects the most economical output trunk line
      according to predetermined criteria. Generally, the central processor 36
      will select the output trunk line to place a call upon by matching the
      area code with a stored table representing the area codes serviced by
      various ones of the output trunk lines. The central processor 36 will
      select the least expensive output trunk line servicing the area code and
      will check to determine that the selected output trunk line is available.
      If the selected output trunk line is not available, the central processor
      36 will select the next least expensive output trunk for connection and so
      on. For example, a system will often have a plurality of different output
      trunk lines extending to different areas of the country, with the line
      extending to the longer distances being the most expensive. The present
      system selects the least expensive available output trunk line extending
      to the dialed area zone.
PAR  After selecting the most economical available output trunk line, the
      central processor 36 initiates central office service by activating the
      VCA 18 through the VCA output control 30. This provides a contact closure
      between terminals CS and CG to the VCA 18. This contact closure is
      detected by the telephone central office 14 and central office service is
      provided on the selected output trunk line. The provided central office
      service. is detected by the VCA 18 which then provides contact closure
      between terminals CBS1 and CBS2. The VCA input control 38 senses the
      contact closure and directs this information through the bus 34 to the
      central processor 36. The central processor 36 detects the central office
      service and operates the switch matrix control 40 in order to initiate
      closure of the matrix cross point 2-1 identified as point 46. Contact
      closure of point 46 connects the TTG 22 through the terminal OUT1 of the
      matrix 20 to the VCA 18. The central processor 36 then operates the TTG 22
      in order to repeat the dial information supplied previously by the user
      through the VCA 18 to the central office.
PAR  Upon completion of transmitting the representation of the dialing of the
      7-digit number, the central processor 36 operates the switch matrix
      control 40 in order to disconnect the DTG-TTR 24 and the TTG 22 by
      releasing the relay cross point 1-2 and cross point 2-1. The central
      processor 36 then completes the final call processing by connecting the
      tip and ring of VCA 16 to the tip and ring of VCA 18 by operating the
      switch matrix control 40 to close the matrix relay cross point 1-1
      identified as point 48. This directly connects the user through the
      telephone terminal 42, through the VCAs 16 and 18 to the central office 14
      in order to connect up the desired call. The central processor 36
      continues to monitor the connection at the matrix point 48 until an
      on-hook from either party is detected. The switch matrix control 40 is
      then operated in order to disconnect point 48 to properly terminate the
      call.
PAR  If all of the flat rate output trunk lines are unavailable when the dialing
      signals are received by the central processor 36, the announcement unit 41
      is operated by the processor 36 to play back a recorded message through
      the point 44 in the matrix 20 to the VCA 16 and to the caller. In
      accordance with the short term queuing operation of the system, the
      message audibly tells the caller that all lines are presently busy and
      requests the caller to remain on the line for a predetermined brief
      interval such as 30 seconds. If a flat rate output line becomes available
      during the hold interval, the central processor 36 initiates central
      office service through the available output line and completes the call in
      the manner previously described. If the hold interval expires without a
      flat rate output line becoming available, and the user authorization code
      has the required high priority, the central processor 36 picks an
      available variable rate DDD line and completes the call in the manner
      previously described. If the caller has a low user authorization code, the
      call is terminated and no call is placed on the variable rate lines. If
      the hold interval ends and no flat rate nor variable rate output lines are
      available, a busy signal is transmitted to the caller to signal the caller
      to try again later.
PAR  If the central processor 36 detects a special high priority user
      authorization code, and no flat rate output lines are available, the hold
      interval is not initiated. Rather, the call is immediately completed on a
      variable rate direct dial line.
PAR  In any case, prior to completing a call on a variable rate line, a warning
      signal is generated so that the caller may hang up prior to the completion
      of the variable rate call.
PAR  FIG. 3 illustrates the present system in greater detail, with like numbers
      being utilized for like and corresponding parts previously described. The
      central processor 36 may comprise any suitable automatic data processing
      machine. In the preferred embodiment, the central processor 36 comprises a
      properly programmed digital computer of the mini-computer class such as
      the Nova 1200 CPU manufactured and sold by Data General Corporation. A
      plurality of core memories 50 are connected to a memory bus 52 extending
      from the central processor 36 in order to provide any desired amount of
      core memory for storage and instruction of the central processor.
PAR  An in-out bus 54 extends from the central processor 36 and a real time
      clock 56 is connected thereto, in order to generate timing pulses
      independent of processor timing. The real time clock 56 also provides the
      time-of-day for dating system messages and lists. A Teletype control 58 is
      connected to the in-output bus 54 to provide control between the bus and a
      telecoupler system 60. An acoustic coupler 62 is connected to the
      telecoupler system 60 in order to enable remote diagnosis and monitoring
      of the present system from a remote office. For a more detailed
      description of the construction and operation of the telecoupler system,
      reference is made to the co-pending U.S. patent application Ser. No.
      293,774, filed Oct. 2, 1972, now U.S. Pat. No. 3,889,862, entitled "System
      and Method for Coupling Remote Data Terminals Via Telephone Lines".
PAR  An idle line motor control 64 is connected between the telecoupler 60 and a
      Teletype 66. The idle line motor control 64 is utilized to turn on the
      Teletype 66 prior to message print out by the Teletype 66. The Teletype 66
      may comprise any suitable Teletype such as the well known ASR 33 Teletype.
      The Teletype 66 serves as the control console for the central processor 36
      and is utilized for requesting message print outs and for making user
      authorization number and trunk additions and deletions.
PAR  A magnetic tape control 68 is connected to the bus 54 and operates through
      an adapter 70 to control a magnetic tape transport 72. The magnetic tape
      transport 72 may comprise for example a 7 to 9 track tape transport having
      800 BPI density in order to log all the long distance billing information
      for attempted calls. A suitable magnetic tape transport for use with the
      system is manufactured and sold by the Wang Corporation.
PAR  An external bus driver 74 is connected to the in-out bus 54 and operates to
      drive the high speed external data bus 34 which extends to the device
      control module (DCM) expander circuit 76. Bus driver 74 decodes device
      address signals and routes control signals to the device control module
      (DCM) via the external bus 34. Data input signals, DI00 through DI15, are
      amplified by the driver 74 and routed to the central processor 36 via bus
      54. Data signals DO00 through DO15 are amplified by driver 74 and routed
      to the DCM via bus 34. The expander circuit 76 operates in conjunction
      with the external bus driver 74 in order to provide decoding or buffering.
      A DCM bus 78 extends from the DCM expander circuit 76 to a DCM terminator
      circuit 80. Terminator circuit provides terminating resistance for the
      data bus signals and provides BCD decoding. A VCA control circuit 82
      includes the VCA output and input control circuits 28, 30, 32 and 38
      previously described in FIG. 2. The VCA control circuit 82 processes
      device address signals from the expander 76. The outputs from the VCA
      control circuit 82 are device status signals SELB, SELD and data input
      signals D109 and D110. The VCA control circuit 82 is connected to an
      interface/display module (IDM) display circuit 84 which receives control
      signals CSH and CSQ to provide relay closure. Circuit 84 also provides
      control points for all signal cabling which includes a light emitting
      diode display to illustrate the activity of the input and output VCAs and
      other servicing devices. The IDM display 84 thus receives switch matrix
      input/output port signals and VCA control signals.
PAR  The announcement unit 41 is connected to the VCA control 82 and also to the
      switch matrix outputs. As previously noted, the announcement unit 41 may
      comprise any suitable source of prerecorded audio messages such as the
      Audichron Model J21201(HQ1). The unit 41 is interconnected with the VCA in
      the manner shown in detail in FIG. 27.
PAR  Eight tone signal receivers 86 are connected along the bus 78 and operate
      in conjunction with up to four dial tone generators 88. Receivers 86 and
      generators 88 correspond to the DTG-TTR circuit 24 shown in FIG. 2. The
      output from each receiver 86 is multiplexed and applied to terminator 80.
      Device group address signals (DGA) are used to select the correct
      multiplexed output from each receiver. An IDM display 90 is connected to
      the dial tone generator 88. The switch matrix output ports to be
      subsequently described are applied to the dial tone generator 88 in a
      similar manner as shown in FIG. 2. Up to four tone signal generators 92
      are connected along bus 78 and include an IDM display 94 connected
      thereto. The tone signal generator 92 corresponds to the TTG 22 previously
      shown in FIG. 2. The tone signal generator 92 is coupled to the switch
      matrix input port in a similar manner as that shown in FIG. 2.
PAR  The dial tone generator 88 uses signals 0012 through 0015 from a base
      generator circuit, to be subsequently described, to select one of four
      time signals, CLK, CROSC1, or CROSC2. The signals selected closes a relay
      to provide one of two 440 Hz oscillator signals, OSC1 or OSC2 from the DCM
      terminator circuit 80. The selected oscillator signal is applied to the
      signal generator base output transofrmers, to be subsequently described.
      Signals DISA and DISB are transformers, to the IDM 84 to indicate which
      time signal was selected. Signals MF1 and MF2 are generated by the DCM
      terminator 80 and used by the dial tone generator 88 to detect which
      oscillator is in use, OSC1 or OSC2. Signals H1 through H4 and L1 through
      L4 from tone signal receiver 86 are decoded to provide DPR, SELB and DI11
      through DI15 which are applied to the central processor 36 via the
      bidirectional bus line 34.
PAR  The PBX tie trunks previously shown in FIG. 1 are applied to the input
      voice connecting arrangement (VCA) 16 in the manner shown in FIGS. 1 and
      2. Further, the wide area telephone service (WATS) lines, direct distance
      dialing telephone (DDD) lines, foreign exchange (FX) trunks and the like
      are connected to the output VCA 18 as previously described. VCA control
      signals are applied from the VCAs 16 and 18 to the VCA control 82 via
      leads 96. The tip and ring of the VCA 16 is applied through an audio
      amplifier module (AAM) 98 through a transformer 100 to input ports 102.
      Similarly, the output VCA 18 is applied through a transformer 104 to
      output ports 106. The 64 input ports 102 and 64 output ports 106 are
      applied to 64 8 .times. 8 switch matrixes 108. An expander matrix module
      (EMM) bus 110 extends from the DCM expander circuit 76 to 32 of the switch
      matrixes 108 and to a terminator circuit 112. A basic matrix module (BMM)
      bus 111 extends from the DCM expander circuit 76 to thirty two of the
      switch matrixes 108 and to a terminator circuit 114.
PAR  Operation of FIG. 3 is identical to the circuitry shown in FIG. 2. The
      dialing information from the PBX is transmitted through VCA 16 to the VCA
      control circuit 82 and to the 64 input ports 102 to the switch matrix.
      Similarly, the output VCA 18 is connected to VCA control circuit 82 and to
      the 64 output ports 106. The central processor 36 operates through the
      external data bus 34 to communicate with the VCA control 82 and to control
      the interconnections of the switch matrix in the manner previously
      described in order to initially sense a service request from VCA 16, to
      interconnect the dial tone generator 88 through the switch matrix to the
      VCA 16, to subsequently connect the tone signal receiver 86 through the
      switch matrix to the VCA 16 for reception of dial tone signals, to
      subsequently connect the tone signal generator 92 through the switch
      matrix to the VCA 18 in order to provide representations of the dialing
      signals to the central office over a selected output trunk, and to
      subsequently disconnect the tone signal receiver 86, the dial tone
      generator 88 and the tone signal generator 92 from the VCAs and to
      directly connect the VCA 16 to the VCA 18 through the switch matrix in
      order to complete the desired call.
PAR  In case all available flat rate output lines are unavailable, the processor
      36 actuates the announcement unit 41 through the VCA control 82 and the
      prerecorded message is played back through the switch matrix and through
      the input VCA 16 to the caller. The call is then automatically placed if a
      flat rate line becomes available during the predetermined time interval.
      If the time period expires without a flat rate line becoming available,
      then the call is automatically placed on an available variable rate DDD
      line, if the caller has a specified high priority user authorization code
      number stored in the computer. If the caller has a low priority user
      authorization code number, no call is completed through the variable rate
      lines and the call is automatically terminated. If no flat or variable
      rate lines are available after the expiration of the time period, a busy
      signal is transmitted to the caller. As previously noted, the holding time
      period may be overriden by a special high priority authorization user
      code. The operation and construction of the various components of the
      system will now be described in schematic detail.
PAC  DEFINITION OF SIGNALS
PAR  Prior to a specific description of the present system, the following signal
      definitions will assist in understanding the operation of the system:
     SIGNAL        DEFINITION                                                  

     ______________________________________                                    

     DO00 through DO15                                                         

                   Data Output 00 through 15 are applied from the central      

                   processor 36 to the DCM assembly. DO00 through DO15 are     

                   equal to central processor I/O bus signals DATA0 through    

                   DATA15 buffers. The present system utilizes only DO00 and   

                   DO08 through D015 (9 bits).                                 

     DI00 through DI15                                                         

                   Data Input 00 through 15 are applied from the DCM assembly  

                   to the central processor 36. These data signals originate   

                   at the DCM, are received and buffered by the bus driver 74  

                   to become central processor I/O bus signals DATA0 through   

                   DATA15 respectively. The system utilizes only DI08 through  

                   DI15 (8 bits).                                              

     DOA, DOB, DOC,                                                            

                   These signals are subsequently                              

     DIA, DIB, DIC,                                                            

                   described in detail and are respec-                         

     IORST, IOPLS, tively central processor I/O bus                            

     STRT, CLR     signals DATOA, DATOB DATOC, DATIA, - DATIB, DATIC, IORST,   

                   IOPLS STRT                                                  

                   and CLR which are inverted, buffered                        

                   and delivered to the DCM assembly.                          

                   A few of the inverted signals are                           

                   also used in the bus driver 74.                             

     SELBE, SELDE  These two signals originate at the DCM, are received and    

                   buffered by the bus driver 74 to become the central         

                   processor I/O bus signals SELB and SELD respectively.       

     MS54 through MS57                                                         

                   Matrix Select 54 through 57. These signals are decoded      

                   device address signals. 54 through 57 represents the        

                   decoded octal address as determined by the central          

                   processor I/O bus signals DSO through DS5. Signals          

                   originated at the bus driver 74 are sent to the DCM.        

     DS64 through DS67                                                         

                   Device Control Select 64 through 67. These signals are      

                   decoded device address signals. 64 through 67 represents    

                   the decoded octal address as determined by the central      

                   processor I/O bus signals DSO through DS5. Signals          

                   originate at bus driver 74 and are sent to DCM.             

     DAD0 through DAD8                                                         

                   Device Address Register 0 through 8. These signals provide  

                   expanded addressing bits to the DCM. The DAD register       

                   consists of 9 latches which provide memory of data output   

                   bits DO00 through D015. The register outputs are buffered   

                   and sent to DCM.                                            

     S8A through S15A                                                          

                   System Status bits 8A through 15A. These signals are system 

                   status input signals to the central processor. Suffix A     

                   designates that the CPU samples these status bits by using  

                   DATIA command along with special device code 76 octal.      

     S8B through S15B                                                          

                   System Status bits 8B through 15B. These signals are        

                   additional system status input signals to the central       

                   processor. Suffix B designates that the CPU samples these   

                   status bits by using DATIB command along with special       

                   device code 76 octal.                                       

     HELPI, HELPZ  This pair of signals provides a relay contact closure from  

                   the special "program cycle" monitoring circuit located on   

                   the bus driver 74.                                          

     DGA00 through DGA70                                                       

                   Device Control Group Address 00 through 70. DCM expander 76 

                   decodes signals DAD6, DAD7 and DAD8 along with select       

                   signal DS64 to produce 8 unique device group address        

                   signals.                                                    

     GAI00 through GAI70                                                       

                   Group (card) Address Input 00 through 70 (8).               

     BDO13, BDO14, BDO15                                                       

                   Buffered Data Output 13, 14, 15.                            

     GAO00 through GAO70                                                       

                   Group (card) Address Output 00 through 70 (8).              

     DOB           Data Output Command B.                                      

     DOCMS         DOC.sup.. MS54 (Special Display Command)                    

     DATOA         Data Out A. Generated by the processor after AC has been    

                   placed on the data lines in a DOA to load the data into the 

                   A buffer in the device selected by DSO-5.                   

     DATIA         Data In A. Generated by the processor during a DIA to place 

                   the A buffer in the device selected by DSO-5 on the data    

                   lines.                                                      

     DATOB         Data Out B. Equivalent to DATOA but loads the B buffer.     

     DATIB         Data In B. Equivalent to DATIA but places the B buffer on   

                   the data lines.                                             

     DATOC         Data Out C. Equivalent to DATOA but loads the C buffer.     

     DATIC         Data In C. Equivalent to DATIA but places the C buffer on   

                   the data lines.                                             

     STRT          Start. Generated by the processor in any nonskip IO         

                   instruction with an S control function (bits 8-9 = 01) to   

                   clear Done, set Busy, and clear the INT REQ flipflop in the 

                   device selected by DSO-5.                                   

     CLR           Clear. Generated by the processor in any nonskip IO         

                   instruction with a C control function (bits 8-9 = 10) to    

                   clear Busy, Done and the INT REQ flipflop in the device     

                   selected by DSO-5.                                          

     IOPLS         IO Pulse. Generated by the processor in any nonskil IO      

                   instruction with a P control function (bits 8-9 = 11) to    

                   perform some special function in the device selected by     

                   DSO-5.                                                      

     SELB          Selected Busy. Generated by the device selected by DSO-5 if 

                   its Busy flag is set.                                       

     SELD          Selected Done. Generated by the device selected by DSO-5 if 

                   its Done flag is set.                                       

     RQENB         Request Enable. Generated at the beginning of every memory  

                   cycle to allow all devices on the bus to request program    

                   interrupts or data channel access.                          

                   In any device REQENB sets the INT REQ flipflop if Done is   

                   set and Interrupt Disable is clear. Otherwise it clears INT 

                   REQ.                                                        

                   If any device connected to the data channel RQENB sets the  

                   DCH REQ flipflop if the DCH sync flipflop is set. Other-it  

                   clears DCH REQ.                                             

     INTR          Interrupt Request. Generated by any device when its INT REQ 

                   flipflop is set. This informs the processor that the device 

                   is waiting for an interrupt to start.                       

     INTP          Interrupt Priority. Generated by the processor for          

                   transmission serially to the devices on the bus. If the INT 

                   REQ flipflop in a device is clear when the device receives  

                   INTP, the signal is transmitted to the next device.         

     INTA          Interrupt Acknowledge. Generated by the processor during    

                   the INTA instruction. If a device receives INTA while it is 

                   also receiving INTP and its INT REQ flipflop is set, it     

                   places its device code on data lines 10-15.                 

     MSKO          Mask Out. Generated by the processor during the MSKO        

                   instruction after AC has been placed on the data lines to   

                   set up the Interrupt Disable flags in all devices according 

                   to the mask on the lines.                                   

     DCHR          Data Channel Request. Generated by any device when its DCH  

                   REQ flipflop is set. This informs the processor that the    

                   device is waiting for data channel access.                  

     DCHP          Data Channel Priority. Generated by the processor and       

                   transmitted serially to the devices on the bus. If the DCH  

                   REQ flipflop in a device is clear when the device receives  

                   DCHP, the signal is transmitted to the next device.         

     DCHA          Data Channel Acknowledge. Generated by the processor at the 

                   beginning of a data channel cycle. If a device receives     

                   DCHA while it is also receiving DCHP and its DCH REQ        

                   flipflop is set, it places the memory address to be used    

                   for data channel access on data lines 1-15 and sets its DCH 

                   SEL flipflop.                                               

     DCHMO, DCHMI  Data Channel Modes. Generated by a device when its DCH SEL  

                   flipflop is set to inform the processor of the type of data 

                   channel cycle desired as follows:                           

                 DCHM0  DCHM1                                                  

                 0 (H)  0 (H) Data Out                                         

                 0 (H)  1 (L) Increment Memory                                 

                 1 (L)  0 (H) Data In                                          

                 1 (L)  1 (L) Add to Memory                                    

                   In addition to performing the necessary functions           

                   internally, the processor generates DCH1 and/or DCH0 for    

                   the required in-out transfers.                              

     DCHI          Data Channel In. Generated by the processor for data        

                   channel input (DCHMO=1) to place the data register of the   

                   device selected by DCHA on the data lines.                  

     DCHO          Data Channel Out. Generated by the processor for data       

                   channel output (DCHMO-1 .noteq. 10) after the word from     

                   memory or the arithmetic result has been placed on the data 

                   lines to load the contents of the lines into the data       

                   register of the device selected by DCHA.                    

     OVFLO         Overflow. Generated by the processor during a data channel  

                   cycle that increments memory or adds to memory (DCHM1=1)    

                   when the result exceeds 2.sup.16 - 1.                       

     IORST         IO Reset. Generated by the processor in the IORST           

                   instruction or when the console reset switch is pressed to  

                   clear the control flipflops in all interfaces connected to  

                   the bus. This signal is also generated during power         

     ______________________________________                                    

                   turnon.                                                     

PAC  THE EXTERNAL BUS DRIVER
PAR  FIGS. 4-7 illustrate in schematic detail the external bus driver 74 shown
      in block diagram form in FIG. 3. The external bus driver is utilized as a
      buffer/driver and decoder. Inputs from the central processor 36 and
      outputs to the DCM expander 76 are made via the bi-directional I/O bus 54
      and the external bus line 34. The I/O bus 54 provides 16 data channels,
      nine of which are used by the present system.
PAR  Data bits DATA8-DATA15 are applied to the inputs of the bus driver shown in
      FIG. 4. These data bits from the central processor 36 are applied through
      drivers 120-134 and are applied at data output signal DO08-DI15 to the
      circuit shown in FIG. 5. Data input signal DI08-DI15 are applied through
      drivers 136-150 to the bi-directional bus for application to the central
      processor 36. The circuitry shown in FIG. 4 thus operates as a converter
      for converting the uni-directional bus 54 to two sets of uni-directional
      signals.
PAR  FIG. 5 is connected to the circuitry shown in FIG. 4 as illustrated. Data
      output signals DO08-DI11 are applied to inputs of a 4-bit latch 152. Data
      output signals DO12-DO15 are applied to inputs of 4-bit latches 154.
      Status words S8A-S15B are applied from inputs from NAND gates 156-186. The
      outputs of adjacent pairs of the NAND gates are tied together at the
      outputs and are applied to a common supply of bias voltage. The inputs of
      NAND gates 158, 162, 166, 170, 174, 178, 182 and 186 are commonly tied
      together and receive a gating signal SIB which is generated from the
      circuitry to be later described with respect to FIG. 7. The input of gates
      156, 160, 164, 168, 172, 176, 180 and 184 are commonly tied together to
      receive a gating signal SSIA also from the circuitry shown in FIG. 7.
      Gates 156-186 may thus be selectively gated to allow the central processor
      36 to read the system status as desired.
PAR  A device address strobe clocking signal DADSTB is applied via lead 188 to
      clock the latches 152 and 154 and also to clock a 4-bit latch 190. Latch
      190 also receives a data output DO00 from the central processor 36. The
      outputs from the latches 152, 154 and 190 comprise a 9-bit device address
      signal DAD0-DAD8 which are applied through the drivers 192-208.
PAR  A HELP signal is applied through a driver 210 to a relay coil 212 connected
      across a diode 214. Operation of the relay coil 212 closes a HELP relay
      contact 216.
PAR  FIG. 6 illustrates additional circuitry within the bus driver 74. Drivers
      220-234 receive data signals DATA0-DATA7 from the central processor via
      the in-out bus 54. The data output signals appearing at the output of
      drivers 220-234 comprise DO00-DO07. Data input signals for application to
      the central processor 36, DI00-DI07, are applied through drivers 236-250
      to the bus 54.
PAR  The data out signal DATOA is applied through a NAND gate 252 and an
      inverter 254 to provide a command signal DOA to the present system. The
      DATOA signal is applied to the circuitry shown in FIG. 7. The DATOB signal
      is applied from the central processor 36 through a NAND gate 256 and a
      driver 258 to provide the command signal DOB. Similarly, DATOC is applied
      through NAND gate 260 and driver 262 to provide the command signal DOC.
      Data input signals DATIA-DATIC are applied through AND gates 264-268 and
      drivers 270-274 to provide command signals DIA-DIC.
PAR  The IO reset signal IORST is applied through a NAND gate 276 and a driver
      278 to provide the reset signal IORST. Similarly, command signals IOPLS,
      STRT, and CLR are applied through NAND gate 284 and are applied through
      drivers 286-290 as IOPLS, STRT, and CLR. Command signals SELBE are applied
      through a driver 292 to provide the SELB signal, while SELDE is applied
      through driver 294 to provide SELD.
PAR  Device addresses DS0-DS2 are applied from the central processor to a 3-to-8
      decoder 298 in FIG. 7. Similarly, device address signals DS3-DS5 are
      applied to a 3-to-8 decoder 300. Decoders 298 and 300 may comprise for
      example a SN7442 decoder. The decoded outputs from decoders 298 and 300
      are applied to various inputs of NAND gates 302-316, the outputs of which
      are applied through drivers 318-332. The decoded outputs MS54-MS57 and
      DS64-DS67 are applied to select the switch matrix and other devices when
      desired. The preferred embodiment of the system utilizes only two of the
      decoded outputs, but the provision of the eight device select output
      enables enlargement of the system as desired by adding other selectable
      devices.
PAR  Signals DATOA, DATIA and DATIB are applied to inputs of NAND gates 334-338,
      the outputs of which are applied through drivers 340-344 to provide
      signals SSOS, SSIA and SSIB. A NAND gate 333 is connected to the output of
      gate 310 and applies the DADSTB signal through a driver 339. A NAND gate
      346 is connected at its inputs to the decoder 298 and to an input of gate
      306 and is connected at the output to gates 334-338.
PAR  SSOS is applied to an input of a counter 350 which may comprise for example
      an SN7493 counter. An oscillator which has approximately a 100 millisecond
      duty cycle applied oscillating signals to the counter 350 and to a second
      counter 354 which also may comprise an SN7493 counter. Each of the
      counters 350 and 354 have four possible outputs, one of which may be
      selectively jumpered to an input of an OR gate 356, depending upon the
      time desired for the monitoring feature. The output of gate 356 is applied
      through a driver 358 to an input of a flipflop 360. Flipflop 360 applies
      the HELP signal previously shown in FIG. 5. Flipflop 360 is interconnected
      with a second flipflop 362 in order to generate a reset for the HELP
      circuit.
PAR  The monitor system comprising the oscillator 352, counters 350 and 354, and
      flipflops 360 and 362 is utilized to periodically monitor the status of
      the present system when periodically commanded by the central processor
      36. If the monitor system does not receive a monitor request from the
      central processor 36 within a predetermined time determined by the counter
      350, the flipflop 360 is flipped in order to operate the relay switch 216
      shown in FIG. 5 in order to ring an alarm or to otherwise indicate a
      possible malfunction of the central processor. Counter 354 detects the
      number of monitor requests made by the central processor, and if this
      number is excessive, counter 354 also operates the system to generate a
      HELP signal in order to indicate a possible alarm situation. As previously
      noted, the monitor parameters of the system may be varied by varying the
      jumpers between the counters 350 and 354 and the gate 356.
PAR  The pause signal applied at terminal 366 is generated to release all resets
      applied to the system to enable operation of the system after a shutdown
      when the signal processor 36 has determined that all circuits are
      recovered and available for operation. The central processor 36 generally
      provides a time delay in order to allow all circuits to recover so that
      the system operation does not begin unless all circuits are properly
      operable.
PAR  In operation of the external bus driver shown in FIGS. 4-7, the circuit is
      primarily utilized as a buffer/driver and decoder. Data signals from the
      central processor are applied through the bi-directional input-output bus
      54 which generally provides 16 data channels. In the particular system
      utilized, only nine channels are utilized, DATA0 and DATA8-DATA15. The
      nine data bits are applied to the various driver stages shown in FIGS. 4
      and 5 in order to generate the signals DO00 and DO08-DO15 which are then
      stored in a device address register comprising latches 152, 154 and 190.
      The output signals from the device register is a 9-bit device address DAT0
      and DAD1-DAD8 which is then clocked out to the DCM expander 76 by the
      strobe signal DATSTB (FIG. 5). The strobe signal DATSTB is derived as
      shown in FIG. 7 by the 6-bit address select signals DS0-DS5 which are
      applied from the I/O bus 54 to the decoder 298 and 300.
PAR  An IO command DATOA is inverted by gate 252 (FIG. 6) and is applied to gate
      334 (FIG. 7). The decoder outputs are applied to gate 310 to generate
      device code DS64 which is anded with DATOA to generate the DADSTB signal.
      The outputs from decoder 298 and 300 are applied to gates 302-316 to
      generate the device select signals DS64-DS67 for application to the DCM
      and MS54-MS57 to the switch matrix. Signals SELBE and SELDE are applied to
      drivers 292 and 294 for output to the external bus driver. Control signals
      DATOA-DATOC, DATIA-DATIC, IORST, IOPLS, STRT and CLR are inverted by
      positive NAND gates 252 and 284 and are applied to drivers 254-290 (FIG.
      6).
PAC  THE DCM EXPANDER
PAR  FIGS. 8 and 9 illustrate in schematic detail the device control module
      (DCM) expander 76 previously shown in FIG. 3. The expander circuit is
      utilized to decode, buffer and expand signals from the external bus line
      34. All signals from the expander are applied to the DCM bus line 78, the
      EMM bus 110 and the BMM bus 111 (FIG. 3).
PAR  Device address signals DAD3-DAD5 are applied via lead 380 to three inputs
      of a decoder 382 (FIG. 9) and via lead 380 to three inputs of a second
      decoder 384 (FIG. 9). Device select DS64 is applied from bus 34 via lead
      386 to an input of the decoder 384 in order to generate device group
      address signals DGA0-DGA70 through drivers 388-402 (FIG. 9).
PAR  Signals DO10, DO11 and DO12 are applied via lead 404-408 to inputs of a
      third decoder 410. Matrix select signal MS54 is applied on lead 414 (FIG.
      8) to decoder 382 and decoder 410 in order to generate group address input
      and group address output signals as illustrated. Each of the group address
      input and output signals is expanded through ones of a plurality of
      drivers 418 and 420 to provide GAIOO-12-GAI7012, GAI0013 through GAI7013,
      GAO00-12 through GAO70-12 and GAO00-13 through GAO70-13. Signals ending in
      12 are routed to the BMM bus 111 (FIG. 3), while the signals ending in 13
      are routed to the EMM bus line 110 (FIG. 3). Similarly, DOCMS, DOB, IORST,
      DO and DAD are expanded by the drivers 418 and 420 and are routed to the
      EMM bus 110 and the BMM bus 111 (FIG. 3).
PAR  To summarize the operation of the DCM expander 76, signals DO08-DO15 are
      applied to the register comprising latches 152, 154 and 190 previously
      shown in FIG. 5. The resulting DAD signals are applied to the decoder 384
      shown in FIG. 9 and are strobed by DS64 generated from driver 326 in FIG.
      7 in order to generate the DGA00-DGA70 (FIG. 9). Similarly, DAD signals
      derived from the latches 152, 154 and 190 (FIG. 5) are applied to the
      3-to-8 decoder 382 (FIG. 8) and are strobed by the MS54 signal to generate
      GAI00-GAI70 signals.
PAR  Again, referring to FIG. 8, the DAD signals are applied through driver 418
      in order to generate the BDO13-BDO15 which constitute the matrix inputs
      address one of eight inputs. The DO10 and DO11-DO12 signals are applied to
      the decoder 410 from the central processor through the bus 34 and result
      in the matrix output address (group of eight select), GAO00-GAO70. The
      DO13-DO15 is also applied from the central processor 36 through driver 420
      to generate the matrix output address select (one of eight output select),
      DO13-DO15.
PAC  THE VCA CONTROL
PAR  FIGS. 10 and 11 illustrate in schematic detail the construction of the VCA
      control circuit 82 shown in block diagram in FIG. 3. The VCA control
      circuit 82 processes device address and device group address signals from
      the expander circuit 76. In the preferred embodiment, up to four VCA
      control circuits may be provided, with each circuit containing up to four
      autopulse dialer units each including two identical separate circuits.
PAR  The VCA control circuit 82 processes device addresses to generate control
      signals to the input and output VCAs 16 and 18. Circuit 82 also
      multiplexes VCA signals to provide input data to the central processor 36.
      Referring to FIG. 10, signals from the input VCA 16 (FIG. 1)
      CBSIQO/4-CBSIQ3/7 are applied to terminals 0-3 of a multiplexer 430.
      Signals from the output VCA 18, CBSIHO/4-CBSIH3/7, are applied to input
      terminals 4-7 of the multiplexer 430. DAD signals to be subsequently
      described are converted into device address signals AD8, AD7 and AD016 and
      are applied to terminals A-C of the multiplexer 430. A strobe signal
      SLSTRB is applied to strobe multiplexer 430. The output of the multiplexer
      430 is applied through a NAND gate 432 and a driver 434 to provide the
      DI09 signal which is applied to the central processor 36.
PAR  Signals DNQ014-DNH317 are applied via leads 436 to the inputs of a
      multiplexer 438. In addition, device address signals AD8-AD016 are also
      applied to multiplexer 438. The strobe signal SLSTRB is also applied to
      multiplexer 438 in order to output, via the driver 440, the SELD signal
      which is utilized to provide a check to determine whether or not a request
      has been made on a device.
PAR  Similarly, signals BSQ)14-BSQ3/7 are applied via terminals 442 to the
      inputs of a multiplexer 444. Signals BSHO/4-BSH3/7 are applied from
      autopulse dialers 446 and 448. The device select signals AD8-AD016 and the
      strobe signal SLSTRBR are also applied to multiplexer 444 in order to
      strobe through a driver 450 the SELB signal which is applied to the
      central processor 36.
PAR  The DO12 signal is applied through an exclusive OR gate 452 to the
      autopulse dialers 446 and 448. The DO13 signal is applied through an AND
      gate 454 and an AND gate 456 to an input of exclusive OR gate 452 and also
      to an input of an exclusive OR gate 458 connected to the autopulse dialer
      446. The DO14 signal is applied through an AND gate 460 and an AND gate
      462 and to an exclusive OR gate 464 connected to the autopulse dialers 446
      and 448.
PAR  A timing oscillator 466 generates a 10 Hz 60-40 duty cycle output, with 60
      seconds on and 40 seconds off. The output of oscillator 466 is applied
      through an OR gate 468 and NAND gate 470 to autopulse dialers shown in
      FIG. 11. The output of oscillator 466 is also applied through an NAND gate
      472 and OR gate 474 to the autopulse dialers 446 and 448.
PAR  Referring to FIG. 11, which illustrates the remainder of the VCA control
      circuit, eight device group addresses DGA00DGA70 are applied through
      contacts of a switch 480 to inputs of a NAND gate 482 which is applied to
      a NAND gate 484 to generate the SLSTRB signal. This strobe signal is
      applied to the multiplexers 430, 444 and 438 previously shown in FIG. 10.
      The DOB signal is applied to a NAND gate 486 to generate the OUTSTRB
      signal which is applied to a decoder 488. The DIB signal is applied
      through a NAND gate 490 and a driver 492 to provide the INSTRB signal
      which is applied to strobe the NAND gate 432 shown in FIG. 10.
PAR  The device address signal DAD6 is applied through drivers 496 and 498 to a
      switch 500 for application to the NAND gate 484. Signals DAD7-DAD8 are
      applied through drivers 502 and 504 to the decoder 488 and to the
      multiplexer 430 shown in FIG. 10. Signal DAD0 is applied through a driver
      506, a NAND gate 508, the switch 500 to gate 484 and to the decoder 488.
PAR  The output of decoder 488 is applied to eight flipflops 510. The Q outputs
      of the flipflops 510 represent DNHO/4-DNQ3/7 signals which are applied to
      multiplexer 438 shown in FIG. 10. Flipflops 510 are reset by the IORST
      signal which is applied through drivers 512 and 514. Additional reset
      signals are applied through drivers 516 and 518 for application to various
      other areas of the VCA control circuit.
PAR  The Q outputs of each of the flipflops 510 are applied to eight NAND gates
      520 which generate signals CSHO/4-CHQ3/7 which are utilized in other
      portions of the system. Inputs to the NAND gates 520 are connected to
      terminals of the autopulse dialers 446 and 448 and to autopulse dialers
      524 and 526.
PAR  In operation of the VCA control circuit, the switch 480 may be set to
      select one group of 16 addresses from the eight device group addresses
      DGA0 through DGA70. The device  address signals DAD6 through DAD8 select
      specific device addresses. The signal DAD0 selects either an input or an
      output device, with a logic 1 being provided for an output device and a
      logic "0" being provided for an input device. The configuration of the
      switches 480 and 500 is thus utilized to select eight devices which may
      comprise four input and four output devices, eight input devices, or eight
      output devices.
PAR  The bits DAD7 and DAD8 are applied to the decoder 488. The bit DAD8 and
      DAD6 are applied to the switch 500 as illustrated. The timing oscillator
      466 (FIG. 10) generates a 10 Hz signal the output of which is applied to
      the input of the four autopulse dialers. As will be subsequently shown in
      FIG. 12, this clock output is utilized to clock binary counters within the
      pulse dialers. The BCD inputs D012-D014 (FIG. 10) are applied through the
      illustrated gates, whereon the BCD input is converted to two's complement
      and are applied to each of the autopulse dialers 446, 448, 524 and 526.
PAC  THE AUTOPULSE DIALER
PAR  FIG. 12 illustrates in schematic detail one of the autopulse dialers
      446-448 and 524-526 shown in FIGS. 10 and 11. Signal OSC from the timing
      oscillator 466 (FIG. 10) is applied to a NAND gate 530 and a NAND gate 532
      to the clock input of a counter 534. Similarly, a signal H1/5 is applied
      through a NAND gate 536 to the clock input of a counter 538. Signal H1/5
      is derived from the decoder 488 (FIG. 11).
PAR  Signal HO/4 is applied to the input of gate 532. Signals 2CD-2CA generated
      from the outputs of gates 452, 458, 464 and 465 are applied to inputs of
      counter 534 and 538. Output from the counter 534 is applied through an OR
      gate 540 to a flipflop 542. Outputs from counter 538 are applied through
      NOR gate 544 to a flipflop 546. The Q output from flipflop 542 is applied
      to an input of an AND gate 548 connected to AND gate 530. Similarly, the Q
      output from flipflop 546 is applied to an input of an AND gate 550, the
      output of which is applied through a NAND gate 552 to gate 536.
PAR  The CO output of counter 534 is applied through a NAND gate 554 to a timing
      oscillator 556, the output of which is applied through an OR gate 558 to
      generate either a BSH or BSQ signal as shown in FIGS. 10 and 11. The CO
      output of counter 538 is applied through a NAND gate 560 to a timing
      oscillator 562. Oscillator 562 generates an output applied through an OR
      gate 564 to generate either a BSH or a BSQ signal. The pulses applied from
      the timing circuits 556 and 562 are applied to the multiplexer 444 (FIG.
      10) during the dialing time and for 600 msec thereafter. The SELB signal
      is generated from the driver 450 (FIG. 10) for this time frame and is
      applied to the central processor 36.
PAC  THE IDM DISPLAY
PAR  FIG. 13 illustrates in schematic detail the Interface Display Module (IDM)
      display 84 previously shown in FIG. 3. The IDM display 84 has routed
      therethrough VCA control signals from the VCA control circuit 82 and
      utilizes the control signals to provide a light emitting diode (LED)
      display of the control signal. This circuit includes a switch 570 having
      ten switch contacts. The circuit also includes six relays 572 and relays
      574 and 576. Operation of the relays 572 is controlled by opening and
      closing of switch contact 578 in order to control the routing of certain
      of the signals to the LEDs. The VCA control signals are applied through
      six drivers 580 to six light emitting diodes (LEDs) 582 which become
      illuminated when energized to indicate the activity of the VCA circuitry.
      Relay 574 is operable in response to closure of switch contacts 578 in
      order to control the display of select signals.
PAR  The signals from the output VCA 18 are routed through a transformer (not
      shown) to output ports on the BMM bus 11 (FIG. 3). Signals between the
      input VCA 16 and the BMM input ports are connected to BMM bus 111 (FIG. 3)
      through a transformer (not shown) and an audio amplifier module. The LED
      displays 582 also receive signals from the dial tone generator and the
      tone signal generator, to be subsequently described, in order to display
      the activity thereof.
PAC  TONE SIGNAL RECEIVER
PAR  FIGS. 14 and 15 illustrate in schematic detail the construction of the tone
      signal receiver 86 previously shown in FIG. 3 and which is connected to
      the bus 78 extending from the DCM expander 76 and the DCM terminator 80
      (FIG. 3).
PAR  Referring to FIG. 14, DGA0-DGA70 signals are applied to terminals of a
      switch 590 which is connected to an input of a NAND gate 592. Signal DAD6
      is applied through an invertor 594 and a driver 596 to a switch 598.
      Similarly, signal DAD0 is applied through an invertor 600 and through a
      driver 602 to various other terminals of the switch 598. The output of
      switch 598 is applied to an input of a NAND gate 604, the other input of
      which is connected to the output of gate 592. The output of gate 604
      generates the strobe signal SLSTB which is applied to the circuitry shown
      in FIG. 15 and which also is applied to inputs of NAND gates 606 and 608.
      Signal DIB is applied to gate 606 to generate the signal INSTB, while
      signal DOB is applied to gate 608 to generate the signal OUTSTB.
PAR  Signal DAD7 is applied through an invertor 610 to a decoder 612 and signal
      DAD8 is applied through an invertor 614 to decoder 612. The outputs of the
      decoder 612, DL0-DL7, are applied to inputs of flipflops 616-630. The
      outputs from the decoder 612 are clocked into the flipflop 616-630 when
      DIB is received from the central processor through gate 606. The Q outputs
      of the flipflops 616-630 are applied through NAND gates 632-666 to
      generate display signals DIS0-DIS7. The display signals are routed to the
      IDM circuit shown in FIG. 13 and utilized to turn on the LED 582 to
      indicate to the operator that the central processor 36 has completed
      processing. In addition, the signal DPR is applied through an invertor 668
      to flipflop 630, while signal IORST is applied through invertor 670 and
      driver 672 to the reset inputs of each of the flipflops 616-630.
PAR  Referring to FIG. 15, eight multiplexers 676-690 are connected to receive
      the addressing signals AD016, AD7 and AD8. Each one of the multiplexers
      767-690 has eight inputs connected to one of eight tone receiver circuits,
      not shown. In the preferred embodiment, the tone receiver circuits may
      comprise a conventional ME8810J receiver which is attached to the
      telephone line in order to detect tones generated on the telephone line
      and to provide eight open collector outputs indicative of the tones
      detected:
PAR  Although not shown, the ME8810J receiver will now be briefly described. The
      ME8810J receiver comprises a balanced input attached to the telephone line
      for supplying signals through a high pass prefilter and an ME8801 AGC
      circuit. The output of the AGC circuit is applied to an ME8802 module
      including eight band pass filters. The output of the pass filters is
      applied to two ME8803 module detector triggers. A pivoting trigger voltage
      circuit is attached between the ME8803 detector trigger. The outputs from
      the ME8803 module detector triggers comprise eight open-collector outputs
      which are representative of a particular tone detected from the telephone
      lines.
PAR  These eight outputs are collector connected to the inputs of one of the
      multiplexers 676-690. The output from the multiplexers 676-690 are applied
      through NAND gates 692-706 to provide outputs H1-H4 and L1-L4. These
      outputs represent the following frequencies:
TBL  L1-697 Hz            H1-1209 Hz                                           

     L2-770 Hz            H2-1336 Hz                                           

     L3-852 Hz            H3-1477 Hz                                           

     L4-941 Hz            H4-1633 Hz                                           

PAR  As is known, depression of buttons on a conventional "Touchtone" telephone
      can generate twelve combinations of two tones. The output from the
      multiplexer 676-690 thus provides an indication of the tones being
      generated from the telephone at the user's facility and applies that
      information to the central processor 36. These signals H1-L4 are only
      generated when the multiplexers are addressed by the AD016-AD8 signals.
      The outputs H1-L4 are applied to the terminator circuit 80 (FIG. 3),
      wherein they are decoded and are applied to the central processor 36. The
      central processor 36 is thus provided with an indication of the digits
      dialed by the operator at the user'facility.
PAC  SIGNAL GENERATOR BASE CIRCUITRY
PAR  FIGS. 16, 17 and 18 illustrate the signal generator base circuitry which
      interconnects between bus 78 and four dial tone generators 88 or four tone
      signal generators 92 shown in FIG. 3. In practice, the circuits shown in
      FIG. 3 would then comprise two of the signal generator base circuits
      illustrated in FIGS. 16-18, one of the base circuits being connected to
      four dial tone generators and the other base circuit being connected to
      four tone signal generators.
PAR  Referring to FIG. 16, four transformers 710-716 receive DT and DR signals
      from either the dial tone generator or a tone signal generator (noted as
      circuits 1-4). Each of the transformers 710-716 provide input to the
      touchtone receiver as signals EDT0-3 and EDR0-3. The opposite side of
      transformers T1-T4 connect signals T0-T3 and R0-R3 and to the switch
      matrix to be subsequently described. When the base circuitry is interfaced
      with a dial tone circuit, the transformers 710-716 will connect to the
      switch matrix output port and if the base circuit is interfaced with a
      tone signal generator circuit, the transformers 710-716 will connect to
      the switch matrix input ports.
PAR  DIS0A-DIS3A signals are applied from either the dial tone generator or the
      tone signal generator through drivers 718-724. Similarly, signals
      DIS0B-DIS3 are applied from the circuit to the other inputs of the drivers
      718-724.
PAR  FIG. 17 illustrates another portion of the signal generator base circuitry
      wherein group address signals DGA00-DGA70 are applied through a switch 726
      and NAND gates 728 and 730 to provide the signal SLSTB which is applied to
      the strobe input of a multiplexer 732. Signals DAD6, DAD0 and DAD7 are
      applied through a switch 734 and invertors 736-744 to the NAND gate 730
      and also through a switch 746 to the C inputs of the multiplexer 732 and a
      decoder 748. Signal DOB is applied through a NAND gate 750 to the decoders
      748 from the central processor 36 to generate the signal OUTSTB. Signal
      OUTSTB clocks out the LD0-LD3 signals from the decoder 748 for application
      to the tone signal generator. Signal DIB is applied through a NAND gate
      752 to provide the INSTB signal. The BSY0-BSY3 signals are applied from
      the dial tone generator through the multiplexer 732 and are clocked by
      SLSTB to generate the select busy signal SELB through the driver 754. The
      signals DO12 through DO15 are inverted by inverter 756 to generate
      0D12-OD15 signals for application to the four tone signal generators.
      Similarly, the IORST signals are applied through an invertor 756 and a
      driver 758 to provide the RESET signal to the four tone signal generator.
PAR  Referring to FIG. 18, timing oscillators 764-770 generate chop rate
      oscillator signals CLK and CROSC1-3 each having a different clock period.
      The timing oscillators 764-770 may comprise for example a NE555 oscillator
      circuit. The CLK clock signal is applied through an invertor 772 and is
      utilized to clock a flipflop in the tone signal generator. The CROSC1-3
      signals are applied through invertors 774-778 to the dial tone generator
      to provide a fast or slow chop rate.
PAC  DIAL TONE GENERATOR
PAR  FIG. 19 illustrates in schematic detail the dial tone generator 88
      previously shown in FIG. 3. As previously noted, four dial tone generators
      will be attached to one of the signals generator base circuits shown in
      FIGS. 17 and 18. The dial tone generator provides a 440 Hz signal to the
      signal generator base circuit. Referring to FIG. 19, signals OD12 through
      OD15 are applied to a latch 780. When the LD signal is applied to the
      latch 780, the data is clocked out to a multiplexer 782 and to a NAND gate
      784. The chop rate oscillator signals CROSC1-3 previously generated in the
      circuitry of FIG. 18 is applied to the multiplexer 782 in order to
      generate an output from the multiplexer 782 through the gates 784. This
      output energizes the relay coil 786 to close a relay switch contact 788.
      The 440 Hz OSC1 signal is then applied to the closed relay switch member
      788 to an input of an operational amplifier 790. In addition, multiplexer
      782 operates through NAND gate 792 the relay 794 to supply an alternate
      oscillator signal OSC1 to the amplifier 790 as a back up. The output of
      amplifier 790 is routed to the transformers shown in FIG. 16 in the base
      generator circuits.
PAR  Display signals DISA and DISB are applied through drivers 796 and 798 to
      the base generator card for application to the IDM for operation of the
      LEDs. Signals MF1 and MF2 are detector signals generated by the DCM
      terminator circuitry in order to detect which of the two oscillators is in
      use. Each detector system is applied to two NAND gates 800 and 802 in
      conjunction with the output signal from the multiplexer 782, in order to
      generate the DSY signal which is applied to the base generator circuitry
      to generate the select busy signal for application to the central
      processor 36.
PAC  TONE SIGNAL GENERATOR
PAR  FIG. 20 illustrates the tone signal generator 92 previously shown in FIG.
      3. As previously noted, four tone signal generators 92 will be connected
      to signal generator base circuitry as shown in FIGS. 16-18. Data signals
      DO12 through DO15 from the central processor 36 are routed to the
      generator base circuitry previously described via the DCM bus. These data
      signals are inverted to become OD12-OD15 and are applied to the latch 810
      shown in FIG. 20. The LD signal clocks the latch 810 to thereby apply an
      output to a decoder comprising decoders 812 and 814 and OR gates 816-830.
      Gates 816-830 generate signals L1-L4 and H1-H4 for application to
      amplifying circuits 832 and 834. Amplofying circuits 832 and 834 may
      comprise, for example, the CA3046 transistor array. The amplified signals
      from the amplofyers 832 and 834 are applied to a tone generator 836 which
      may comprise, for example, an MH8913 tone generator. Generator 836
      provides two simultaneous frequencies DT and DR which are routed to the
      signal generator base circuitry previously shown.
PAR  The LD signal is also applied to an OR gate 838, the output of which is
      applied through a NAND gate 840 to a flipflop 842 interconnected with the
      flipflop 844. The CLK50 millisecond clock pulse is applied to NAND gates
      846 and 838 and through a NAND gate 848 to the flipflop 844. The resulting
      output from flipflops 842 and 844 is DISA, which is applied to the
      amplifiers 832 and 834 via lead 850 in order to disable the amplifiers
      when no output is present. Signals DISB and BSY are also routed to the
      signal generator base circuitry previously described. The tone signal
      generator is thus operable in response to data signals from the central
      processor 36 to generate desired simultaneous combinations of tone
      frequencies to simulate dialing tone signals.
PAC  DCM TERMINATOR
PAR  FIGS. 21 and 22 illustrate the DCM bus terminator 80 (FIG. 3) which
      provides termination of the DCM bus signals, generates oscillator and
      detector signals, and decodes signals from the tone signal receiver.
      Termination is provided by a resistor network identified generally by the
      numeral 860 which comprises a plurality of resistors 862 and 864 connected
      in parallel. Resistors 864 may, for example, have a magnitude of 330 ohms,
      wile resistors 864 may have a magnitude of 220 ohms. DGA00-DGA70 signals
      are applied to the resistor network, as are DO08-DO15 signals. Similarly,
      signals DOB, DIB, IORST, SB0, SB1, and DAD0-DAD8 signals are terminated at
      the resistor termination network.
PAR  Signals H1-H4 and L1-L4 are applied from the tone signal receiver
      (previously described) to a decoder circuit comprising OR gate 866-880 and
      decoders 882 and 884. Two out of eight signals applied to the decoder
      circuitry are selected from a BCD output by transmitting signals GH1-GH4
      and GL1-GL4 through OR gates 886 and 888 and through a NAND gate 890 into
      an OR gate 892. The signals GH1-GL4 are also applied through sixteen NAND
      gates 894 and through OR gates 896-902 to inputs of NAND gates 904-912.
      The DIB signal is applied through an OR gate 914 to the remaining inputs
      of the NAND gate 904-912. The output of OR gate 892 is applied to an input
      of gate 904. BCD outputs DI11-DI15 are applied from the output of gates
      904-912 through drivers 920. The BCD output from gates 904-912 thus are a
      BCD equivalent of tone signals applied from the tone signal receiver. For
      example, an input of H2 (1333 Hz) and L4 (941 Hz) provides a BCD output
      from signals DI11-DI15 of 10, which in binary code is 1010.  A complete
      summary of the decoder input and output is provided below in Table I,
      wherein pairs of tones represented by L1-L4 and H1-H4 are converted to
      binary outputs as output signals DI11-DI15.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     697Hz                                                                     

          770Hz                                                                

               852Hz                                                           

                    941Hz                                                      

                         1208Hz                                                

                              1333Hz                                           

                                   1477Hz                                      

                                        1633Hz                                 

                                             D1 D1 D1 D1 D1                    

     L1   L2   L3   L4   H1   H2   H3   H4   11 12 13 14 15                    

     __________________________________________________________________________

                    X                   X    1  0  0  0  0                     

     X                   X                   1  0  0  0  1                     

     X                        X              1  0  0  1  0                     

     X                             X         1  0  0  1  1                     

          X              X                   1  0  1  0  0                     

          X                   X              1  0  1  0  1                     

          X                        X         1  0  1  1  0                     

               X         X                   1  0  1  1  1                     

               X              X              1  1  0  0  0                     

               X                   X         1  1  0  0  1                     

                    X         X              1  1  0  1  0                     

                    X    X                   1  1  0  1  1                     

                    X              X         1  1  1  0  0                     

     X                                  X    1  1  1  0  1                     

          X                             X    1  1  1  1  0                     

               X                        X    1  1  1  1  1                     

     __________________________________________________________________________

PAR  The output from NAND gate 90 is also applied through a driver 920 as SELB.
PAR  FIG. 22 illustrates the dial tone oscillator included within the terminator
      80 shown in FIG. 3 and FIG. 21. A voltage controlled oscillator 930
      generates an output to an operational amplifier 932. The output of the VCO
      930 is adjusted to 444 Hz by potentiometer 93. Potentiometer 934 is
      utilized to adjust the signal amplitude output from the amplifier 932. The
      operational amplifier 932 is utilized as a voltage follower and provides
      an output OCS1 which is routed to the dial tone generator and to a tone
      decoder 936. Decoder 936 detecte the 444 Hz signal from the oscillator and
      generates a locig "O" at signal MFI which is routed to the dial tone
      generator.
PAC  THE SWITCH MATRIX
PAR  FIG. 23 illustrates in block diagram form the entire switch matrix 108
      previously shown in FIG. 3. As shown in FIG. 23, the switch matrix
      comprises 64 8 .times. 8 switch matrices 940 interconnected in a generally
      rectangular configuration. 64 input signals I01-I64 are applied to the
      input of the switch matrix, while sixty-four output signals O01-O64 are
      applied to the output side of the switch matrix as shown in FIG. 23. In
      addition, eight input addressing signals GAI00-GAI70 are applied to the
      input side of the switch matrix, wile eight output address signals
      GAO00-GAO70 are applied to the output side of the matrix. By the proper
      application of the addressing signals, any point within the sixty-four 8
      .times. 8 matrixes may be connected to provide the switching operation
      previously described somewhat diagrammatically in FIG. 2.
PAR  FIG. 24 illustrates in schematic detail the circuitry equivalent to the 8
      .times. 8 switch matrixes 940 shown in the first vertical row of the
      matrix of FIG. 23. These eight 8 .times. 8 matrixes receive 64 input
      signals I01-I64 and receive eight output signals O01-O08. FIG. 24 thus
      shows only 1/8 of the total switch matrix as shown in FIG. 23. However, it
      will be understood that the circuitry shown in FIG. 24 is identical to the
      remaining seven stages of the switch matrix, with only the output signals
      changing.
PAR  Device address signals BDO13-DBO15 are applied through the drivers 942-946
      to a decoder 948. Decoder 948 decodes the device address signal to
      generate signals which are applied to eight flipflops 950. Each flipflop
      950 is clocked by applying the signal DO00 through a driver 952 and 954 to
      supply an OD0 clocking signal. The Q outputs of the eight flipflops 950
      are applied through eight driver stages 956 to control eight relay coils
      958. Each of the relay coils 958 control one of eight relay switches 960
      in order to provide a contact closure between the output terminal O01 and
      one of the eight input terminals I01-I08.
PAR  Data output signals DO13-DO15 are applied to a decoder 962 and group
      address signals GAIZO and GAOYO (the X and Y standing for 0 to 8 as
      indicated in FIG. 23) are applied to a NAND gate 964. When a DOB signal is
      applied to a NAND gate 966 from a central processor, signals 00 through 07
      are clocked from the decoder 962 and are applied to the decoder 948 and
      are also applied to the seven additional decoders (not shown) found in
      circuits 2-8. Each of the circuits 2-8 is identical to the schematic
      circuitry shown in FIG. 24 including decoder 948, flipflops 950, drivers
      956 and relay coils 958 and relay contacts 960. The output from gate 966
      is also utilized to clock a counter 970 which generates display signals
      CDISP0-CDISP3 through NAND gates 972. The SEL signal from the output of
      gate 964 is applied to a flipflop 974, the Q output of which is applied to
      gates 972.
PAR  The DOCMS signal generated from prior circuitry is applied to an input of a
      NAND gate 978 in order to clock the flipflop 974. The IORST reset signal
      is applied through an invertor 980 to apply reset to the circuitry.
PAR  As shown in FIG. 24, any one of the eight illustrated circuits may be
      selected by generation of one of eight GAIX0 and one of eight GAIY0 group
      address signals. The particular contacts to be closed within the 8 .times.
      8 matrix is then selected by the device address signals BDO13-BDO15 and
      DO13-DO15. With the use of the present switch matrix, any one of a
      possible 4096 switch contacts may be made, thereby providing the present
      system with a large degree of flexibility and adaptability in
      interconnecting a wide number of incoming telephone trunk lines without
      outgoing telephone trunk lines in the manner previously described.
PAC  BMM AND EMM TERMINATORS
PAR  FIG. 25 illustrates terminator circuitry for use with both the BMM and EMM
      terminator circuits 112 and 114 previously shown in FIG. 3. Each of these
      terminator circuits comprises a network of resistors 984. Each of the
      resistors 986 are identical and may comprise for example a 330 ohm
      resistor. Similarly, each of the resistors 988 are identical and may
      comprise for example a 220 ohm resistor. The terminator circuit 984
      provides termination for the signals applied to the BMM and EMM bus line.
      For example, the GAO40, GAO60, GAI00 and DO00 are applied to the junctions
      of pairs of the resistors 986 and 988. In a similar manner, the remaining
      signals shown in FIG. 25 are applied to the terminator card for proper
      termination.
PAR  FIG. 26 illustrates in schematic detail the IDM audio transformer utilized
      to couple signals to and from the IDM display 84 previously shown in FIG.
      3. As shown in FIG. 26, eight transformers 990 are connected to receive
      signal TI1-TI8 and RI1-RI8 and to apply the signals as output signals
      TO1-8 and RO1-8. The operation of the audio transformers were previously
      described with respect to the IDM display.
PAC  ANNOUNCEMENT UNIT
PAR  FIG. 27 illustrates in schematic detail the connection of the announcement
      unit 41 with the VCA control 82 and the switch matrix 20. As previously
      noted, the announcement unit may comprise for example the Audichron Model
      J2120I(HQ1) multi-channel recorder-announcer. Unit 41 is connected to
      provide simultaneous message service to as many as four users. The inputs
      and outputs of the Audichron unit are identified in the figure in
      brackets.
PAR  The TT1 and RR1 terminals of unit 41 are applied through a cable 1000 for
      connection to the error bus of the system. The CP1 and CP2 terminals of
      the announcement unit 41 are applied through a cable 1002 for connection
      to the D1 and C2 signal terminals. The C1 signal terminal is applied
      through a resistor 1004 and a relay coil 1006 to a source of negative
      voltage potential. Similarly, signal terminal H1 is connected through
      resistor 1010 and relay coil 1012, signal terminal M1 is connected through
      a resistor 1014 and relay coil 1016, and signal terminal S1 is connected
      through a resistor 1018 and relay coil 1020 for connection to the lead
      1008. Signal terminals D2, F2, L2 and R2 are commonly connected through
      lead 1024 to the RR2 terminal of the announcement unit 41.
PAR  Signal terminal B1 is applied through a resistor 1026 and through the relay
      switch 1028 to lead 1030 connected to the TT2 terminal of the unit 41.
      Similarly, signal terminal F1 is connected through a resistor 1032 and a
      relay switch 1034 to lead 1030 and signal terminal L1 is applied through a
      resistor 1036 and relay switch 1038 to lead 1030. Signal terminal R1 is
      applied through a resistor 1040 and relay switch 1042 to lead 1030.
      Energization of relay coils 1006, 1012, 1016 and 1020 energizes the relay
      switches 1028, 1034, 1038 and 1042. Signal ground is applied to the unit
      41 via lead 1048.
PAR  In operation of the system shown in FIG. 27, signals C1, H1, M1 and S1 from
      the VCA are utilized to select the play back from the announcement unit 41
      of a message over any one of signal terminals B1, F1, L1 or R1 in order to
      allow up to four simultaneous transmissions of the message. As has
      previously been noted, a prerecorded announcement is placed on the
      announcement unit 41 to indicate to the caller that all lines are
      presently busy and to request the caller to hold for a predetermined time
      interval.
PAC  SYSTEM OPERATING PROCEDURES
PAR  The automatic send/receive (ASR) teletype set 66 illustrated in FIG. 3 is
      used as the control console for the system. The idle-line motor control 64
      is used to turn the motor on prior to a message print out. The control is
      turned on automatically by the central processor 36 prior to a message
      pring out, or manually by the operator, and stays activated for a duration
      of one minute after the last character is either sent or received.
PAR  A control character is entered by the operator by depressing CTRL on the
      teletype 66 and typing one of the following desired characters:
     CTRL  A                  Attention                                        

           Z                  Command Reset                                    

           T                  Reads Out Time                                   

           D                  Reads Out Date                                   

           S          W       Speed Numbers (reset)                            

           F          R       Port Status (reset)                              

           H          Y       System Status (reset)                            

           L          O       Authorization numbers (reset)                    

           X                  Maintenance Use Only                             

           P                  Input, Local Paper tape                          

           .rarw.             Copy, Paper tape                                 

PAR  System reports are provided by the system upon operator request and consist
      of lists of authorization numbers, speed numbers, and trunk, system, or
      device status.
PAR  To have a complete list of all authorized numbers printed out, the
      following procedure is followed:
PA1  a. Set idle-line motor control switch to on.
PA1  b. Type CTRL A on teletype 66.
PA1  c. (The Teletype 66 responds with *.)
PA1  d. Type CTRL L
PA1  e. (The teletype 66 responds with the time of day, date, current list of
      numbers, number restrictions, and number of times used.)
PAC  EXAMPLE:
PAR  14:15:41 10/05/73
PAR  List of current authorization numbers
TBL  Authorization                                                             

               Authorization Level                                             

     No.       Personal Use           Usage                                    

     ______________________________________                                    

     4000      15P                    15                                       

     4001      15P                    4                                        

     4002      15P                    1                                        

     4003      15P                    3                                        

     4004      15P                    0                                        

     4005      15P                    2                                        

     4006      15P                    0                                        

     4007      15P                    0                                        

     ______________________________________                                    

PA1  f. When a CTRL A and CTRL O is typed in, the Teletype 66 responds with the
      same list, except the numbers in the usage column are reset to zero.
PAR  To obtain a specific authorization numbers list, the following procedure is
      followed:
PA1  a. Turn on Teletype.
PA1  b. Type in CTRL A.
PA1  c. Type in specific numbers.
PA1  d. Type in CTRL L.
PA1  e. The Teletype responds with the specific authorization number(s), the
      restriction, and the number of times used.
PAC  EXAMPLE:
TBL  *8000       8001                                                          

     8000        15P          19                                               

     8001        15P           2                                               

     14:27:40  10/05/73 Command Accepted.                                      

PA1  f. When a CTRL A and CTRL O is typed in, the Teletype responds with the
      same list, except the numbers in the usage column are reset to zero.
PAR  To provide a print out of system status, the following procedure is
      followed:
PA1  a. Turn on Teletype.
PA1  b. Type CTRL A CTRL H.
PAC  EXAMPLE:
TBL  10/05/73  09:25:57                                                        

     Blockages          :     16                                               

     Empty Storage      :     0                                                

     Current Storage    :     54                                               

     Low-Water Mark     :     44                                               

     Power Failures     :     0                                                

     System Flags       :     000077                                           

     Mag Tape Flags     :     000000                                           

PA1  c. When a CTRL A and CTRL Y is typed in, the Teletype responds with the
      same list, except the numbers in the usage column are reset to zero.
PAR  The system may also be operated to provide a print out of the status of all
      trunk and device ports. Input ports are identified by numbers less than
      1000, output ports by numbers equal or greater than 1000. The trunk caps
      status is indicated by: I for inactive, D for device connected, and T for
      Touchtone, the column identified by LINK indicates the connection at the
      time of the report. A N/C indicates no connection. A 4 in the port column
      and a 1002 in the LINK column indicates input port 4 connected to output
      port 1002. C.F. and D.F. indicate connect failure and disconnect failure,
      of the telephone company central office respectively.
PAR  To obtain a status report:
PA1  a. Turn on Teletype.
PA1  b. Type in CTRL A and a CTRL F.
PAC  EXAMPLE:
TBL  10/05/73  14:23:19                                                        

     Aborted Attempts:  19                                                     

     Port LVL     Status  Link  C.F.  D.F.  Calls Mins.                        

     ______________________________________                                    

     1    0               N/C   0     0     114   400                          

     2    0               N/C   0     0     64    245                          

     3    0               N/C   0     0     35    146                          

     4    0               1002  0     0     36    150                          

     5    1       1       N/C   0     0     0     0                            

     6    8               N/C   0     0     27    80                           

     7    8       D       N/C   0     0     138   0                            

     8    8       D       N/C   0     0     138   0                            

     1001 0       T       N/C   0     0     42    158                          

     1002 0       T        4    0     0     5     7                            

     1003 0       T       N/C   0     0     4     10                           

     1004 0       T       N/C   0     0     7     14                           

     1005 0       T       N/C   0     0     10    1                            

     1006 0       T       N/C   0     0     12    6                            

     1007 0       D       N/C   0     0     15    12                           

     1008 0       D       N/C   0     0     1     2                            

     ______________________________________                                    

PA1  c. When a CRTL A and CTRL R is typed in, the Teletype responds with the
      same list, except the numbers in the usage column are reset to zero.
PAR  To provide status and current call information to specific ports:
PA1  a. Turn Teletype on.
PA1  b. Type CTRL A.
PA1  c. Type in specific port numbers.
PA1  d. Type in CNTL F.
PAC  EXAMPLE:
TBL  1   1006      7                                                           

         1         0           N/C   0   0   114    400                        

         1006      15     T    N/C   0   0   34     16                         

         7         8      D    N/C   0   0   138    0                          

     14:19:09  10/05/73  Command accepted.                                     

PAR  To obtain a report including a list of current universal speed numbers:
PA1  a. Turn Teletype on.
PA1  b. Type in CTRL A and a CTRL S.
PAC  EXAMPLE:
TBL  14:28:59  10/05/73                                                        

     List of Current Universal Speed Numbers                                   

     Universal  Phone                                                          

     Speed No.  Number              Usage                                      

     ______________________________________                                    

     300        2334496         1                                              

     301        1 215 2656700   2                                              

     302        1 408 7321650   0                                              

     303        1 203 8537400   2                                              

     304        1 203 7625521   0                                              

     400        1 414 4532033   0                                              

     401        1 312 8288023   0                                              

     ______________________________________                                    

PA1  c. When a CTRL A and CRTL W is typed in, the numbers in the usage column
      are reset to zero.
PAR  To obtain a list of all Speed Numbers:
PA1  a. Turn Teletype on.
PA1  b. Type in CTRL A.
PA1  c. Type ALL
PA1  d. Type CTRL S.
PAR  The Teletype responds with a list of all Speed Numbers used in the system.
PAR  To obtain a report on the time and date:
PA1  a. Turn Teletype on.
PA1  b. Type in CTRL A and CTRL T.
PA1  c. The Teletype responds with current time-of-day.
PAC  EXAMPLE:
PAR  The Time is 14:35:47.
PA1  d. Type in CTRL A and CTRL D.
PA1  e. The Teletype responds with current date.
PAC  EXAMPLE:
PAR  The date is 10/05/73.
PAR  The system commands are used to add or delete trunk lines, devices,
      personal or universal speed numbers, and authorization numbers and to
      activate or deactivate trunk lines.
PAR  To add speed numbers:
PA1  a. Attendant types in A ADD UNIV 54 - 55
PA1  b. System prints out 54 - Please Enter Associated Telephone Number 1 212
      5551212
PA1  c. Attendant 54 1 212 5551212
PAR  To delete a speed number, user types in "DELETE SPEED 54 Return", or the
      like.
PAR  To change an authorization number:
TBL  a. Attendant A ADD AUTH 5033                                              

     b. System    5033 -- Please Enter Maximum Level                           

                  (0-15)                                                       

     c. Attendant 15 .dwnarw.                                                  

     d. System    Is it WATS -- Restricted? ("Y" or                            

                  "N").                                                        

     e. Attendant N .dwnarw.                                                   

     f. System    Is it TIME -- Restricted?("Y" or                             

                  "N").                                                        

     g. Attendant N.dwnarw.                                                    

     h. System    5033 15 Accepted.                                            

                  (Time)(Date)(Command Accepted)                               

     i. Attendant A DELETE AUTH 4986 .dwnarw.                                  

     j. System    4986  15 -- Deleted or                                       

                  4986 Rejected -- Not in Table.                               

                  (Time)(Date)(Command Rejected).                              

PAR  Magnetic Tape commands are used to control the tape transport and flag
      transport malfunction. An example of Magnetic Tape commands is as follows:
PA1  a. CTRL A TAPE ON RETURN This command writes log records on the magnetic
      tape. FLAG=000001.
PA1  b. CTRL A TAPE OFF RETURN This command suspends logging, tape status at
      start of program. Flag=000000.
PA1  c. CTRL A TAPE END RETURN This command rewinds the tape and puts transport
      in idle status. Tape-mark (EDF) is written. Flag=000002. Idle flag-177777.
PA1  d. CTRL A TAPE BROKEN This command sends log records to the teletype.
      Flag=000003.
PA1  e. CTRL A TAPE FIXED Command same as TAPE OFF.
PAR  The present invention may be processed on a Data General 1200 Nova digital
      computer, along with the associated hardware shown in FIGS. 1-27. A
      suitable computer language for the invention is Data General Assembly
      Language. For a more specific description of the Nova 1200 computer and
      Data General Assembly Language, reference is made to "How to Use the Nova
      Computers", printed October, 1972 by the Data General Corporation.
PAR  Whereas the present invention has been described with respect to specific
      embodiments thereof, it will be understood that various changes and
      mofifications will be suggested to one skilled in the art, and it is
      intended to encompass such changes and modifications as fall within the
      scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for automatically controlling the connection of telephone calls
      between a user's dedicated telephone switching facility having a plurality
      of user terminals and a plurality of flat rate output telephone lines
      extending to a central office comprising:
PA1  means for receiving user authorization code numbers from said user
      terminals,
PA1  means for generating a tone signal only if said authorization code numbers
      meet a predetermined criterion,
PA1  means responsive to dialing signals from the authorized user terminals for
      selecting the most economical available one of said flat rate output
      telephone lines in accordance with a predetermined ranking of said flat
      rate telephone lines according to economy of use,
PA1  means for connecting, when flat rate output telephone lines are available,
      the authorized user terminals with the selected flat rate output telephone
      lines extending to said central office for completion of the dialed
      telephone calls, and
PA1  means for generating an audio message to the caller when no flat rate
      output telephone lines are available, said audio message requesting the
      caller to hold for a predetermined time interval during which the call is
      automatically connected if a flat rate output telephone line becomes
      available.
NUM  2.
PAR  2. The system of claim 1 and further comprising:
PA1  means responsive to predetermined ones of said user authorization codes for
      immediately connecting the caller with a variable rate output telephone
      line if no flat rate output telephone lines are available.
NUM  3.
PAR  3. The system of claim 2 wherein said flat rate telephone lines comprise
      WATS lines and wherein said variable rate telephone lines comprise direct
      dial lines.
NUM  4.
PAR  4. The system of claim 2 and further comprising:
PA1  means for connecting the caller with a variable rate output telephone line
      if said predetermined time interval expires without a flat rate output
      telephone line becoming available
NUM  5.
PAR  5. The system of claim 4 and further comprising:
PA1  means responsive to ones of said user authorization codes having
      predetermined codings for terminating the call upon the expiration of said
      predetermined time interval even if a variable rate telephone line is
      available.
NUM  6.
PAR  6. The system of claim 4 and further comprising:
PA1  means for generating a warning tone prior to the completion of a call on a
      variable rate telephone line to enable the caller to terminate the call if
      desired.
NUM  7.
PAR  7. A system for automatically controlling the interconnection of inter-city
      telephone calls between a plurality of input telephone lines and a
      plurality of output telephone lines extending to a central office
      comprising:
PA1  a switch matrix having a plurality of switches for selectively connecting a
      plurality of paths between matrix inputs and matrix outputs,
PA1  a progress information generator connected to said matrix,
PA1  means connected for detecting a service request generated on one of said
      input telephone lines,
PA1  matrix control means responsive to said detecting means for controlling
      said matrix to connect said progress information generator to said input
      telephone line requesting service,
PA1  a dial tones generator connected to said matrix,
PA1  means responsive to dialing signals applied on said input telephone line
      for selecting one of said output telephone lines,
PA1  means for operating said matrix to connect said dial tones generator to an
      available selected output telephone line such that representations of said
      dialing signals are transmitted from said dial tones generator to the
      central office in order to establish connections with the dialed location,
PA1  means for operating said matrix when output telephone lines are available
      to disconnect said progress information generator and said dial tones
      generator from said telephone lines and to connect said input telephone
      line to said selected output telephone line for completion of the dialed
      inter-city telephone call,
PA1  means for requesting a caller to hold for a predetermined time interval
      when no output telephone lines are available, and
PA1  means responsive to the availability of an output telephone line during
      said predetermined time interval for operating said matrix to connect said
      dial tones generator to the available output telephone line to complete
      the call.
NUM  8.
PAR  8. The system of claim 7 and further comprising:
PA1  means responsive to a high priority authorization user code input by a
      caller to override said requesting means and to complete a call via direct
      dial output telephone lines.
NUM  9.
PAR  9. The system of claim 7 wherein said output telephone lines comprise flat
      rate WATS lines.
NUM  10.
PAR  10. The system of claim 7 and further comprising:
PA1  means for connecting the caller with a variable rate output telephone line
      if said predetermined time interval expires without a flat rate output
      telephone line becoming available.
NUM  11.
PAR  11. The system of claim 7 and further comprising:
PA1  means for generating a warning tone prior to the completion of a call on a
      variable rate telephone line to enable the caller to terminate the call if
      desired.
NUM  12.
PAR  12. A method of controlling the connection of inter-city telephone calls
      between a plurality of input telephone lines at a user's facility and a
      plurality of leased output telephone lines extending to a central office
      comprising:
PA1  receiving a service request signal from the user's facility on one of said
      input telephone lines,
PA1  detecting dialing signals from the input telephone line,
PA1  selecting the most economical one of said leased output telephone lines for
      completing the dialed call in accordance with a predetermined ranking of
      said telephone lines according to economy of use and establishing a voice
      connection through said input telephone line through the selected leased
      output telephone line,
PA1  if no leased output telephone lines are available, generating an audio
      message to the caller via the input telephone lines requesting the caller
      to hold for a predetermined time interval,
PA1  if a leased output telephone line becomes available during the
      predetermined time interval, transmitting representations of the received
      dialing signals to the available leased output telephone line to establish
      connection with the desired called location through the central office,
      and
PA1  operating a switch matrix to connect the calling input telephone line with
      the available output telephone line.
NUM  13.
PAR  13. The method of claim 12 wherein direct dial telephone lines and said
      output telephone lines are connected to the switch matrix and further
      comprising:
PA1  connecting a call to a direct dial telephone line if said predetermined
      time interval expires without one of said output telephone lines becoming
      available.
NUM  14.
PAR  14. The method of claim 12 wherein direct dial telephone lines and said
      output telephone lines are connected to the switch matrix and further
      comprising:
PA1  responding to the reception of a high priority user authorization code in
      said dialing signals for immediately connecting the call through a direct
      dial telephone line if none of said output telephone lines are available
      at the time of the call.
NUM  15.
PAR  15. The method of claim 12 wherein variable rate telephone lines and said
      output telephone lines are connected to the switch matrix and further
      comprising:
PA1  means responsive to first predetermined ones of said user authorization
      codes for automatically establishing connection with the called location
      through an available variable rate telephone line upon expiration of said
      predetermined time interval, and
PA1  means responsive to second predetermined ones of said user authorization
      codes for terminating the dialed call upon the expiration of said
      predetermined time interval even if a variable rate telephone line is
      available.
NUM  16.
PAR  16. The method of claim 12 wherein variable rate telephone lines and said
      output telephone lines are connected to the switch matrix and further
      comprising:
PA1  means for establishing connection with the called location through an
      available variable rate telephone line upon expiration of said
      predetermined time interval, and
PA1  means for generating a warning tone prior to the completion of a call on a
      variable rate telephone line to enable the caller to terminate the call if
      desired.
NUM  17.
PAR  17. A system for automatically controlling the connection of inter-city
      telephone calls at a user's branch exchange between a plurality of input
      telephone lines and a plurality of leased long distance telephone lines
      extending to various area zones through a central office comprising:
PA1  input and output voice connecting arrangements disposed between the user's
      branch exchange and a central office and connected to said telephone
      lines,
PA1  circuitry connected to said input voice connecting arrangements for
      receiving dialing signals from said user's branch exchange,
PA1  a switching matrix connected between said voice connecting arrangements,
PA1  an automatic digital processing machine connected to said circuitry for
      receiving said dialing signals and in response thereto selecting the most
      economical available one of said long distance telephone lines for
      completing each dialed call in accordance with a predetermined ranking of
      said long distance telephone lines according to economy of use, said
      processing machine then operating said switching matrix to establish audio
      connections through said voice connecting arrangements between the calling
      input telephone lines and the selected most economical long distance
      telephone lines, and
PA1  means for generating an audio message to the caller when no leased
      telephone lines are available, said audio message requesting the caller to
      hold for a predetermined time during which the call is automatically
      connected if a leased telephone line becomes available.
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ABST
PAL  A multi-frequency signal receiving circuit comprising a check circuit for
      discriminating the existence of a predetermined number of signal
      frequencies constituting a signal to produce an output, a timing circuit
      for delaying the output of the check circuit, a rectifying circuit for
      receiving the signal to detect the received signal energy and produce an
      output, a timing circuit for delaying the output of the rectifying
      circuit, an AND gate circuit for receiving the outputs of the two timing
      circuits to produce an output, and control means for controlling the
      transmission of the signal to the output circuit of the receiving circuit
      in accordance with the output of the AND gate circuit, whereby the normal
      operation of the receiving circuit can be ensured even when the signal
      frequencies arrive with a large arriving time difference and the operation
      start time is quickened.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a multi-frequency signal receiving circuit in
      which the normal operation can be ensured even when signal frequencies
      constituting a signal arrive with a large arriving time difference, the
      operation start time is quickened, and any fluctuation of an operation
      delay time and a release delay time due to an input signal level shaft is
      minimized.
PAR  2. Description of the Prior Art
PAR  There are two types of prior art systems for receiving a multi-frequency
      signal. In one such system each channel output obtained by rectifying an
      output of each of the filters of a receiving circuit corresponding to
      received signal frequencies, i.e., information of each channel, is applied
      to a common control circuit in which the arrival of a signal is
      discriminated by duration of a predetermined number of channel outputs not
      shorter than a predetermined period of time to control each channel output
      circuit. That is, only information of each channel is applied to the
      common control circuit but information with respect to received signal
      energy is not applied. In another type of system an output obtained by
      rectifying or amplification-rectifying an output of an input signal
      amplifier directly without using such filters, i.e., information with
      respect to received signal energy, is applied to a common control circuit
      in which the arrival of a signal is discriminated by duration of the
      received signal energy not shorter than a predetermined period of time to
      control each channel output circuit. That is, only information of the
      received signal energy is applied to the common control circuit but
      information of each channel is not applied.
PAR  These prior art systems have the following respective disadvantages. In the
      first prior art system, assuming that a signal is constituted by two
      frequencies, it happens that one signal frequency arrives with a delay of
      a certain period of time after the arrival of the other signal frequency
      because signal propagation delay time differs in dependence on the
      frequency in the case of a long transmission line. Even if this arriving
      time difference is in the order of one second, the normal operation of the
      receiver is requested. When the two signal frequencies are received with
      such an arriving time difference, a long period of time for checking the
      existence of a predetermined number of channel outputs is required for
      preventing a malfunction of the receiver. When operating in such a manner,
      however, if the two signal frequencies arrive at the same time, the time
      period from the signal arrival to the receiver output delivery, that is,
      the operation delay of the receiver is inevitably much prolonged. Namely,
      this first prior art system has a disadvantage in that a long operation
      period of the receiver is inevitably required in order to prevent a
      malfunction of the receiver due to a signal constituted by signal
      frequencies arriving with different arriving times.
PAR  In the second prior art system, because the arrival of a signal is
      discriminated by duration of received signal energy not shorter than a
      predetermined period, if a click noise is caused immediately before
      arrival of the correct signal, the common control circuit may discriminate
      it as the arrival of the correct signal. Therefore, it happens that a
      crosstalk output of a channel other than channels of the signal
      frequencies constituting the correct signal may be derived as the output
      of the receiver. Further, when two signal frequencies arrive with
      different arriving times, because the common control circuit discriminates
      the arrival of the earlier propagated signal frequency as the arrival of
      the correct signal by its energy, the receiver will deliver an output
      regarding only the earlier arrived signal frequency as a receiver output.
      Also, at arrival of the later propagated signal frequency, the receiver
      will deliver as its outputs an output regarding the later arrived signal
      frequency and a crosstalk output of another channel in addition to the
      already delivered output regarding the earlier arrived signal frequency.
      Thus, in the second prior art system, the receiver causes a malfunction in
      the case where there is induced a click noise immediately before the
      signal, or the arriving time difference between the two signal frequencies
      constituting the signal is large, which results in impossibility of use in
      this system in such an environment.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a multi-frequency signal receiving
      circuit in which the normal operation can be ensured even when signal
      frequencies constituting a signal arrive with a large arriving time
      difference and the operation time is quickened.
PAR  Another object of the invention is to provide a multi-frequency signal
      receiving circuit in which a fluctuation of the operation start time and
      release time due to an input signal level shift can be minimized to a
      large extent.
PAR  Still another object of the invention is to provide a multi-frequency
      signal receiving circuit in which an incorrect self-holding or latching of
      the output circuit due to a noise or the like can be prevented.
PAR  The main feature of the invention is that an output obtained by rectifying
      an output of each of the filters corresponding to received signal
      frequencies, i.e., information of each channel and an output obtained by
      rectifying or amplification-rectifing an output of an input signal
      amplifier directly without using a filter, i.e., information with respect
      to received signal energy are both applied to a common control circuit in
      which the arrival of a signal is discriminated on the basis of duration of
      a predetermined number of channel outputs not shorter than a predetermined
      period of time and duration of the received signal energy not shorter than
      another predetermined period of time to control an output circuit of each
      channel and in the common control circuit, timing circuits are provided
      respectively for the two kinds of information. This arrangement can
      eliminate the above defects of the prior art systems. Namely, according to
      this invention, it is possible to realize a multi-frequency signal
      receiver which normal operation can be ensured even when signal
      frequencies arrive with a large arriving time difference and the operation
      period is short.
PAR  According to another aspect of this invention, a rectifying circuit having
      a limiter characteristic is used for a rectifying circuit for conducting
      the information with respect to the received signal energy to the common
      control circuit, and thus such an additional effect can be obtained that
      any fluctuation of the release time of the receiver, which depends on the
      height of the input signal level, can be minimized to a large extent.
PAR  Further, according to still another aspect of this invention, a flip-flop
      circuit is used for controlling gate circuits for the output circuit of
      the receiver, which flip-flop circuit is drived by the two above-mentioned
      timing circuits. The outputs of the flip-flop circuit and the
      above-mentioned limiter circuit are fed to and AND circuit which delivers
      an output when receiving the two outputs. The output of the AND circuit is
      applied to another timing circuit which provides a time delay at the
      falling of the signal. The outputs of this timing circuit and the
      flip-flop circuit are applied to an output circuit of each channel so that
      a desired input gate for the output circuit of the receiver can be opened
      only for a desired short period of time. Thus, such an additional effect
      can be obtained that an incorrect self-holding of the output circuit of
      the receiver due to, for example, a noise can effectively be prevented.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a circuit diagram of a conventional MFC(Multi-Frequency Code)
      receiving circuit according to the first prior art system.
PAR  FIG. 2 is a time chart for explaning the operation of the circuit shown in
      FIG. 1.
PAR  FIG. 3 is a circuit diagram showing an example of a limiter rectifying
      circuit.
PAR  FIG. 4 is a circuit diagram of an MFC receiving circuit showing an
      embodiment of the present invention.
PAR  FIG. 5 is a time chart for explaining the operation of the circuit shown in
      FIG. 4.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, which shows an example of a conventional MFC receiving
      circuit according to the above-mentioned first prior art system, symbol IN
      designates an input terminal, numeral 1 designates an input signal
      amplifying circuit, numerals 2 to 7 designate tuning circuits possessing a
      tuning function for selecting signal frequency, each of which generates an
      output in response to an input signal frequency possessing a level more
      than a certain value. Hereinafter, this circuit is called a tuning circuit
      or a tuning rectifier circuit. Numeral 8 designates a conventional check
      circuit of the type which checks for the arrival of two of six signal
      frequencies in the case of MFC, i.e., checks that only two out of the
      tuning circuits 2 to 7 are generating their respective outputs. Numeral 9
      designates a timer circuit for recognizing the continuation of the two out
      of six condition and numeral 10 designates a protective timer circuit
      which protects against any instantaneous disappearance of the two out of
      six condition.
PAR  A time chart in the case of a simultaneous arrival of two frequencies of
      the multi-frequency signal is shown in FIG. 2. In the figure, T.sub.1
      designates a rise time delay of the amplifying circuit, T.sub.2 a rise
      time delay of the tuning circuit, T.sub.3 a fall time delay of the
      amplifying circuit, T.sub.4 a fall time delay of the tuning circuit,
      T.sub.5 a crosstalk at athe rising of the signal, T.sub.6 a crosstalk time
      at the falling of the signal, T.sub.7 a signal continuation checking time
      of the timer circuit 9, T.sub.8 a checking time of the protective timer
      circuit 10, T.sub.OP designates an operation start delay time of an output
      relay RL and is equal to T.sub.1 + T.sub.2 + T.sub.5 + T.sub.7, and
      T.sub.RL designates a release delay time of the output relay RL and is
      equal to T.sub.3 + T.sub.4 + T.sub.6 + T.sub.8.
PAR  A signal transmitted from the sending exchange office is received at the
      input terminal IN, amplified by the input signal amplifying circuit 1, and
      then fed to the tuning circuits 2 to 7. Among the tuning circuits 2 to 7,
      a circuit responsive to each of the two received signal frequencies
      generates the output thereof, thereby the gate of the corresponding AND
      circuit A is opened through the corresponding OR circuits A. On the other
      hand, the output from any of the tuning circuits 2 to 7 is fed to the
      check circuit 8, which check circuit confirms the fact that only two
      circuits among the six circuits of the tuning circuits 2 to 7 generate
      respective outputs and the check circuit 8 then generates an output
      thereof to be fed to the timer circuits 9 and 10. The timer circuit 9
      possesses the characteristic that the rising delay time, that is the
      signal continuation check time T.sub.7, thereof is comparatively long and
      the falling delay time thereof is short, while the timer circuit 10
      possesses the characteristic that the rising delay time thereof is short
      and the falling delay time thereof is comparatively long, that is, the
      protection time T.sub.8 against the instantaneous disappearance of the
      signal. An OR circuit B generates an output by means of the output of the
      timer circuit 9. T.sub.7 is the signal continuation check time.
PAR  The AND circuit A generates an output by means of this output of the OR
      circuit B and the output of timer circuit 10 so that the output relay RL
      corresponding to the tuning circuit responsive to each of the two received
      signal frequencies commences to operate. A part of the output of the AND
      circuit A is positively fed back to the OR circuit A so that the output of
      the AND circuit A is maintained until the gate of the AND circuit A is
      closed, that is, the output of the OR circuit B disappears. Namely, OR
      circuit A and AND circuit A constitute a self-holding or self-latching
      gate circuit. While a part of the output of the OR circuit B is fed back
      to the AND circuit B so that the OR circuit B is self-maintained and
      generates the output thereof until the output of the timer circuit 10
      disappears. Namely, the releasing of the output relay RL is controlled by
      the output of the timer circuit 10. Since the releasing delay of the timer
      circuit 10 corresponds to constant time T.sub.8, the timer circuit
      continues to generate the output thereof even though the output of the
      check circuit 8 temporarily disappears by a temporary input signal
      interruption on the line, if the interruption time is shorter than
      T.sub.8, whereby an malfunction is prevented.
PAR  However, since an FMC signal is intermittently transmitted, it very often
      happens that an output is generated from not only each of the two circuits
      responsive to the signal frequencies among the tuning circuits 2 to 7, but
      also from another circuit due to the crosstalk at the time of rising and
      falling of the signal. The higher the input signal level is, the longer
      the times T.sub.5 and T.sub.6 when an output is generated by the crosstalk
      become. And the times T.sub.5 and T.sub.6 become longest when the receiver
      receives from the line a disturbing wave of the same frequency as the
      tuning frequency of a tuning circuit generating an output by the
      crosstalk. In this case, the time T.sub.5 when an output is generated by
      the crosstalk at the rising of the signal becomes 20 - 25 ms. and the time
      T.sub.6 at the falling of the signal becomes 5 -10 ms.
PAR  As a result, it happens that the check circuit 8 makes a detection as if
      the signal were continuing, whereas the signal has already disappeared,
      and therefore the releasing of the output relay RL of the receiver circuit
      is late by that amount. Namely, the release delay time T.sub.RL of the
      output relay RL of the receiver circuit fluctuates by the change of the
      crosstalk time T.sub.6 due to an input signal level shift.
PAR  On the other hand, at the time of rising of the signal, in the case of the
      simultaneous arrival of the two frequencies of the signal, the check
      circuit 8 does not operate to generate the output thereof because an
      output is generated from another tuning circuit due to the crosstalk
      besides two tuning circuits responsive to the two signal frequencies, and
      therefore the output relay RL corresponding to any of the frequencies of
      the signal operates late by the crosstalk time T.sub.5. That is, the
      operation start delay time T.sub.OP of the output relay RL of the receiver
      circuit fluctuates by the crosstalk time T.sub.5 due to an input signal
      level shift.
PAR  Here, considering the case of the arrival of the signal frequencies at
      different periods, for example, the case that one signal frequency arrives
      at the tuning circuit 4 a second after the other signal frequency arrived
      at the tuning circuit 2, then crosstalk output is derived from the tuning
      circuit 3 at the samae time that the signal output is obtained from the
      tuning circuit 2, and this crosstalk time T.sub.5 becomes 20 - 25 ms. at
      the worst as previously described. In this case, a malfunction is caused
      if the check time T.sub.7 of the timer circuit 9 for evaluating the
      continuation of the two out of six condition is shorter than the crosstalk
      time T.sub.5.
PAR  If the check time T.sub.7 is made longer than the time T.sub.5 so as to
      prevent such a malfunction, the operation start delay time T.sub.OP from
      the arrival of the signal to the operation of the output relay RL becomes
      longer than 50 ms. in the case of a simultaneous arrival, because of the
      relation of T.sub.OP = T.sub.1 + T.sub.2 + T.sub.5 + T.sub.7, T.sub.7 &gt;
      T.sub.5 and T.sub.5 = 25 ms..
PAR  The present invention removes the above-mentioned defects, of which an
      embodiment is shown in FIG. 4. In the figure, symbol IN designates an
      input terminal, numerals 1 to 9 designate respectively the same circuits
      as those shown in FIG. 1. Numeral 8 designates a check circuit which is
      the same as the check circuit 8 desscribed in connection with the system
      of FIG. 1. Its output is obtained when, and only when, two out of six
      inputs are derived from the tuning circuits 2 - 7. Such two-out-of-six
      logic circuits are well known, being constructed of typical logic gates
      such as AND or OR gates using conventional logic. In FIG. 4 numeral 11
      designates a flip-flop circuit, symbols S and R being the set side and
      reset side terminals thereof, respectively. This flip-flop circuit
      generates output 1 on the terminal 1 and output 0 on the terminal 0 when a
      signal 1 is applied to the set side. Numeral 12 designates a timer
      circuit, numeral 13 a rectifying circuit, the rising delay thereof being
      short and the falling delay being comparatively long (the falling delay
      time T.sub.9 is the one for the protection against the temporary
      disappearance of a signal), which rectifying circuit is hereinafater
      called a limiter circuit, numeral 14 a timer circuit which makes it
      possible that the crosstalk at the rising of the signal is neglected. In
      this circuit, another timer circuit 9 evaluates the output duration of the
      check circuit 8. Numeral 15 designates an inverter circuit.
PAR  FIG. 5 shows a time chart in the case of the simultaneous arrival of the
      signal frequencies in the receiver circuit according to the present
      invention. In the figure, T.sub.1 designates the rise delay time of the
      amplifying circuit; T.sub.2 designates the rise delay time of the tuning
      circuit; T.sub.3 designates the fall delay time of the amplifying circuit;
      T.sub.4 designates the fall delay time of the tuning circuit; T.sub.5
      designates the crosstalk time at the rising of a signal; T.sub.6
      designates the crosstalk time of the falling of the signal; T.sub.7
      designates the signal continuation check time of the timer circuit 9;
      T.sub.8 designates the rise delay time of the limiter circuit 13; T.sub.9
      designates the fall delay time of the limiter circuit 13; T.sub.10
      designates the rise delay time of the timer circuit 14. T.sub.11
      designates the time delay from the signal arrival to the setting of the
      flip-flop circuit 11; T.sub.12 designates the delay time in the timer
      circuit 13; and T.sub.13 designates the delay time from the signal
      disappearance to the resetting of the flip-flop circuit 11. T.sub.OP
      designates the operation delay time from the arrival of the signal to the
      operation of relay RL and is equal to T.sub.1 + T.sub.2 + T.sub.5 +
      T.sub.7 or T.sub.1 + T.sub.8 + T.sub.10. T.sub.RL designates a release
      delay time from the signal arrival to the release of relay RL and is equal
      to T.sub.3 + T.sub.9 or T.sub.3 + T.sub.13.
PAR  In the circuit according to the invention, a signal frequency amplified by
      the input signal amplifying circuit 1 is conducted to the limiter circuit
      13 in addition to the tuning circuits 2 and 7. Among the tuning circuits 2
      to 7, a circuit responsive to each of the two signal frequencies generates
      an output which is fed to the AND circuit A to open the gate thereof. On
      the other hand, the output of the limiter circuit 13 is fed to the AND
      circuit D as well as to the timer circuit 14 to generate an output from
      the ANd circuit D together with the reset side output of the flip-flop
      circuit 11. The output of the AND circuit D is conducted to the six AND
      circuits A through the timer circuit 12 so that only two AND circuits A
      corresponding to the signal frequencies generate respective outputs which
      are fed to the respective AND circuits B to open the gate thereof through
      the respective OR circuits A. The output of the AND circuit A is
      controlled by the output of the timer circuit 12. The output generating
      time of the AND circuit A is equal to the sum of the time from the output
      of the limiter circuit 13 being generated to the flip-flop circuit 11
      being set and the fall delay time T.sub.12 of the timer circuit 12. When
      the flip-flop circuit 11 is set, the AND circuit B generates an output, a
      part of which is fed back to the OR circuit A. After this feedback has
      been performed, the output of OR circuit A is maintained even if the
      output of AND circuit 13 A ceases. Namely, AND circuit B and OR circuit A
      perform a self-holding or self-latching operation as long as flip-flop
      circuit 11 remains in the set state. Since the output of timer circuit 12
      ceases a time T.sub.12 after the opening of the AND circuit B, the
      feedback can be performed with certainty. Thereafter the output of the AND
      circuit B is controlled by the set side output of the flip-flop circuit
      11.
PAR  The timer circuit 14 generates its output subsequent to the generation of
      the output of the limiter circuit 13 by a time T.sub.10 for checking out
      against the crosstalk time T.sub.5, thereby opening the gate of the AND
      circuit C. Then the AND circuit C is made to generate its output in
      response to an output which is generated from the timer circuit 9
      subsequent to the output of the check circuit 8 by the amount of the
      signal continuation check time T.sub.7. As a result, the flip-flop circuit
      11 is set and then the AND circuit B is made to generate its output,
      thereby making the output relay RL operate.
PAR  If the output of the timer circuit 9 is generated earlier than the output
      of the timer circuit 14, the output of the timer circuit 9 opens the gate
      of the AND circuit C, which AND circuit C is then made to generate the
      output in response to the output of the timer circuit 14, whereby the
      flip-flop circuit 11 is set. In the case of the releasing of the output
      relay, the flip-flop circuit 11 is reset by means of the falling output of
      the limiter circuit 13, thereby the output relay RL is released. Because
      the limiter circuit 13 possesses the short starting delay time T.sub.8 and
      comparatively long input extension time T.sub.9, even if a temporary
      disappearance .DELTA.T of the arriving signal should occur the output of
      the limiter circuit 13 does not temporarily disappear provided that the
      interruption duration .DELTA.T satisfies the inequality of .DELTA.T +
      T.sub.1 + T.sub.8 &lt; T.sub.9 as shown in FIG. 5. Further, the limiter
      circuit does not recognize the ending of the signal unless all signals are
      stopped during the time not less than T.sub.3 + T.sub.9 - T.sub.8. That
      is, the limiter circuit functions to protect the receiver circuit against
      the temporary disappearance of the signal and to recognize the ending of
      the arrival of the signal.
PAR  There are no fluctuations of T.sub.9 i.e., the fall delay, of the limiter
      circuit 13 due to the input signal level shift because of the limiting
      characteristics of the limiter circuit 13. Furthermore, the limiter
      circuit 13 does not suffer any influence due to crosstalk. Therefore the
      release delay time T.sub.RL of the output relay RL does not fluctuate
      because it is defined by the falling delay time of the limiter circuit 13
      even if the crosstalk time T.sub.6 at the falling of the signal in the
      tuning circuits fluctuates.
PAR  FIG. 3 shows an embodiment of the limiter circuit represented by numeral 13
      in FIG. 4, which possesses short starting delay time and comparatively
      long input extension time. In the figure, symbol A designates an
      amplifying circuit having a limitier characteristic, B a rectifying
      circuit, symbols Q.sub.1 and Q.sub.2 designate NPN transistors, D.sub.1
      and D.sub.2 diodes, R.sub.1 to R.sub.4 resistors, symbol C.sub.1
      designates a capacitor and +E a D.C. power supply terminal.
PAR  Assuming that the amplification degree of the amplifying circuit A is so
      selected that the output of the rectifying circuit B may saturate the
      transistor Q.sub.1 even when an input signal level is at the lower limit
      of the sensible level of the receiver circuit and the resistors R.sub.1
      and R.sub.2 possess high resistance, at the time of the arrival of a
      signal, the transistor Q.sub.1 is put into the ON state by the output of
      the rectifying circuit B, the electric charge of the capacitor C.sub.1 is
      discharged through the diode D.sub.1, the collector of the transistor
      Q.sub.1 and the emitter thereof, and therefore the transistor Q.sub.2 is
      put into the OFF state almost simultaneously when the transistor Q.sub.1
      is put into the ON state, thereby the output thereof becomes 1. In the
      case where the signal disappears and thereby the transistor Q.sub.1 is put
      into the OFF state, since the capacitor C.sub.1 is charged through the
      resistors R.sub.1 and R.sub.2, the charging time becomes long so that the
      transistor Q.sub.2 is put into the ON state later by a time constant
      defined by the summed resistance value of the resistors R.sub.1 and
      R.sub.2 and the capacitance value of the capacitor C.sub.1, thereby the
      output thereof becoming 0, 0 and 1 representing the ground potential and
      the +E, respectively.
PAR  As described above, the transistor Q.sub.2 can be put into the ON state
      later by a time constant in accordance with the resistors R.sub.1 and
      R.sub.2 and the capacitor C.sub.1, independently of the input signal
      level.
PAR  Consider the case of the simultaneous arrival of the signal frequencies in
      the receiver circuit of this invention, in the case of a low input signal
      level, since the crosstalk is small and therefore any one of the tuning
      circuits 2 to 7 will not generate an output due to the crosstalk, the
      operation start delay time T.sub.OP of the output relay RL is equal to the
      sum of the rise time delay T.sub.1 of the input signal amplifying circuit
      1, the rise time delay T.sub.8 of the limiter circuit 13 and the check
      time T.sub.10 of the timer circuit 14 (because of the inequality of
      T.sub.1 + T.sub.2 + T.sub.7 &lt; T.sub.1 + T.sub.8 + T.sub.10); while, in the
      case of a higher input signal level, the operation start delay time
      T.sub.OP of the output relay RL is equal to the sum of the rise time delay
      T.sub.1 of the input signal amplifying circuit 1, the rise time delay
      T.sub.2 of the tunig circuit, the crosstalk time T.sub. 5 at the rising of
      the signal and the check time T.sub.7 of the timer circuit 9 (because of
      the inequality of T.sub.1 + T.sub.2 + T.sub.5 + T.sub.7 &gt; T.sub.1 +
      T.sub.8 + T.sub.10), which operation start delay time is hereinafter
      symbolized T.sub.OP ' to be distringuished from the operation start delay
      time T.sub.OP of the output relay RL in the case of a low input signal
      level.
PAR  The check time T.sub.7 of the timer circuit 9 can be fixed independently of
      the crosstalk time and therefore can be selected to be shorter than the
      crosstalk time at the rising of the signal while it is necessary that
      T.sub.7 is longer than T.sub.5 in a conventional receiver circuit as
      previously described. Further, it is only necessary that the check time
      T.sub.10 of the timer circuit 14 should be longer than the maximum
      crosstalk time T.sub.5 at the rising of the signal. Therefore, the
      operation starting delay of the output relay RL can be quickened reduced
      according to the present invention as compared to a prior art receiver.
PAR  Furthermore, if the check times T.sub.7 and T.sub.10 of the respective
      timer circuits 9 and 14 are so fixed that T.sub.OP is nearly equal to
      T.sub.OP ', the fluctuations of the operation start delay time of the
      output relay RL due to the input signal level shift can be minimized.
PAR  Consider the case of the arrival of signal frequencies at different times.
      Although the limiter circuit generates an output in response to receipt of
      the first signal frequency, the timer circuit 14 generates an output a
      time T.sub.10 thereafter which is longer than the maximum value of the
      crosstalk time T.sub.5, and thereby any malfunction due to crosstalk at
      the rising of the signal can be avoided, T.sub.OP i.e., the operation
      start delay time from the arrival of the second signal frequency to the
      operation of output relay RL is equal to the sum of the rise delay time
      T.sub.1 of the input signal amplifying circuit 1, the rise delay time
      T.sub.2 of the tuning circuit, the crosstalk time T.sub.5 at the rising of
      the signal and the check time T.sub.7 of the timer circuit 9, because the
      output of timer circuit 14 is continued from the arrival of the first
      signal frequency.
PAR  As clearly understood from the above description, according to the present
      invention, it is possible to realize a multi-frequency signal receiver
      such that the normal operation can be ensured even when signal frequencies
      constituting the signal arrive with a large arriving time difference and
      the operation period can be made short. In addition to this essential
      effect, it is possible to obtain the effects that a fluctuation of the
      release time of the receiver due to the input signal level shift is
      scarcely caused by the use of the rectifying circuit having a limiter
      characteristic and that an incorrect self-holding or self-latching of the
      output circuit of the receiver due to a noise or the like can be prevented
      because each of the input gates for the receiver output circuit is opened
      only for a short period of time as understood from the state of the output
      of the timer circuit 12 shown in FIG. 5.
PAR  The present invention is applicable to not only the MFC receiver circuit,
      but also is applicable to a multi-frequency signal receiver circuit or the
      like for receiving signal frequencies which arrive at different times.
      Further, it is a matter of course that the output of the receiver circuit
      need not be constituted by relays.
CLMS
STM  We claim:
NUM  1.
PAR  1. A multi-frequency signal receiving circuit having an input signal
      amplifier, a plurality of frequency detectors each including a tuning
      circuit for generating an output in response to a signal of selected
      frequency received from the output of the input signal amplifier, and
      output circuit means connected to the outputs of said frequency detectors
      for controlling the transmission of the received signal, which comprises:
PA1  check circuit means connected to said frequency detectors for detecting the
      existence of a predetermined number of outputs of said frequency detectors
      and for generating an output only when a predetermined number of outputs
      are detected;
PA1  first timing circuit means connected to the output of said check circuit
      means for delaying the transmission of the output thereof;
PA1  rectifying circuit means connected to the output of said input signal
      amplifier for cnverting the received signal energy to a direct-current
      signal;
PA1  second timing circuit means connected to the output of said rectifying
      circuit means for delaying the transmission of the output thereof;
PA1  first AND gate means connected to said first and second timing circuits and
      operating when simultaneously receiving the outputs of said first and
      second timing circuit means; and
PA1  control means operating in response to the output of said AND gate means
      for controlling the transmission of the received signal in said output
      circuit means.
NUM  2.
PAR  2. A multi-frequency signal receiving circuit according to claim 1, wherein
      said rectifying circuit is a limiter rectifying circuit which possesses
      the characteristic of both quick rise and late fall times, said rise and
      fall times being unchanged according to the input signal level.
NUM  3.
PAR  3. A multi-frequency signal receiving circuit according to claim 2, wherein
      said control means includes a flip-flop circuit which is set by the output
      of said AND gate means and which is reset by the output of said limiter
      rectifying circuit, second AND gate means having a pair of inputs
      connected to the reset output of said flip-flop circuit and the output of
      said limiter rectifying circuit, respectively, a third timing circuit
      means connected to the output of said second AND gate means for providing
      an output with a time delay with respect to the setting of said flip-flop
      circuit, and means connecting the set output of said flip-flop circuit and
      the output of said third timing circuit means to said output circuit means
      whereby the output of each tuning circuit is connected to the output
      circuit means during a period of time between the appearance of the set
      side output of said flip-flop circuit and the disappearance of the output
      of said third timing circuit means and whereby said output circuit means
      is operated in response to any one of the signal frequencies during said
      period of time, while the output of any one of said tuning circuits is
      blocked after the disappearance of the output of said third timing circuit
      means.
NUM  4.
PAR  4. A multi-frequency signal receiving circuit according to claim 3, wherein
      said output circuit means includes a plurality of self-latching gate
      circuits each connected between a respective one of said frequency
      detectors and a respective output of the signal receiving circuit, the
      output of said flip-flop circuit being connected in control of each of
      said self-latching gate circuits.
NUM  5.
PAR  5. A multi-frequency signal receiving circuit according to claim 4, wherein
      said output circuit means further includes third AND gate means connected
      between the outputs of said frequency detectors and said self-latching
      gate circuits, said third AND gate means being controlled by the output of
      said third timing circuit means.
NUM  6.
PAR  6. A multi-frequency signal receiving circuit according to claim 5, wherein
      said first AND gate means is connected to the set input of said flip-flip
      circuit, and further including an inverter circuit connected between the
      output of said limiter rectifying circuit and the reset input of said
      flip-flop circuit.
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ABST
PAL  A method and apparatus for detecting multifrequency tones in a received
      signal by summing aperiodic samples and without using bandpass filters. In
      a receiver capable of detecting m different tones each comprised of n
      different frequencies, the apparatus performs m parallel summations each
      of 2.sup.n samples of the received signal. Each summation corresponds to a
      different detectable tone. In each summation, an initial sample is
      followed by samples delayed from it by respective half-periods of the
      frequencies comprising the corresponding tone and by samples delayed from
      the initial sample by combinations of different ones of such half-periods.
      The detection of a particular tone is indicated when the corresponding sum
      is zero and all other sums have finite values.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates generally to multifrequency tone detection and, more
      specifically, to a method and apparatus for detecting the presence in a
      communication signal of any one of a plurality of tones each comprising a
      combination of discrete frequencies.
PAC  BACKGROUND OF THE INVENTION
PAR  It is a common practice in modern telephone systems to employ
      multifrequency tones for signaling and data communications. Conventional
      receivers for such tones require an individual, highly selective
      narrowband filter for each frequency which can be a component of such a
      tone. The problem with using narrowband filters is that they tend to be
      bulky and expensive, even if they are of the time domain or phase-locked
      loop variety. Also, such filters do not readily lend themselves to
      large-scale integration because they usually require inductors and/or
      precise capacitors. Furthermore, since a plurality of such filters is
      required for a single receiver, the effect of these filters on bulk and
      price can be substantial.
PAR  In receiving tones, two distinguishable operations are performed: tone
      detection and tone verification. Tone detection, conventionally performed
      by narrowband filters, is the process of determining that a particular
      tone is present in a received signal. Tone verification is the process of
      confirming that a bona fide tone has been received and can include such
      operations as testing for the presence of the detected tone for some
      minimum time period and checking that the relative amplitudes of component
      frequencies are within some predetermined ratio. The instant invention
      involves tone detection.
PAR  It is an object of this invention to perform multifrequency tone detection
      in a manner that will not require the use of highly selective narrowband
      filters.
PAR  It is another object of this invention to perform multifrequency tone
      detection in a manner that facilitates manufacture by high-density
      integrated circuit techniques.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, any one of m tones, each comprising n different
      frequencies, not harmonically related, is detected in a received signal by
      performing m summations, each corresponding to one of the detectable tones
      and containing 2.sup.n aperiodic samples of the received signal. The
      sampling times within each summation are selected to cause the summation
      corresponding to the tone present in the received signal to be the only
      one having essentially zero value.
PAR  In sampling the received signal, the first sample, which is included in
      every summation, is taken at some arbitrary starting time t = 0. Each
      summation includes subsequent samples taken at each instant delayed from
      the first sample by a half-period of a different one of the frequencies
      comprising the corresponding tone and additional samples taken at instants
      delayed by combinations of different ones of such half-periods.
      Consequently, a summation corresponding to a tone comprised of three
      frequencies having periods of T.sub.1, T.sub.2, T.sub.3, contains samples
      taken at times 0, 1/2T.sub.1, 1/2T.sub.2, 1/2T.sub.3, 1/2(T.sub.1 +
      T.sub.2), 1/2(T.sub.1 + T.sub.3), 1/2(T.sub.2 + T.sub.3) and 1/2(T.sub.1 +
      T.sub.2 + T.sub.3). Each summation is completed upon the addition of its
      last sample taken at an instant corresponding to the sum of all the
      component half-periods, and, upon the completion of all summations and the
      identification of the vanishing summation, a single detection is
      completed.
PAR  It is a feature of this invention that the one summation which vanishes is
      identified to indicate the tone which was present in the received signal.
PAR  It is a feature of a first embodiment of the invention that the samples
      corresponding to each detectable tone are cumulatively added to form a
      distinct partial summation, that each partial summation is stored in a
      distinct segment of a storage means, that new samples, upon formation, are
      added to appropriate partial summations requiring respective ones of such
      samples and that the new summations thus formed are stored back into the
      appropriate segments of the storage means.
PAR  It is a feature of a second embodiment of this invention that samples of a
      received signal are stored in unique segments of a storage means and that
      the contents of all segments including samples corresponding to the
      components of a single sample summation are simultaneously applied to a
      summation means to form each sample summation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The aforementioned and other objects and features of the invention are
      better understood by reference to the drawing in which:
PAR  FIG. 1 is a functional block diagram demonstrating how the apparatus of the
      invention is employed;
PAR  FIG. 2 is a logic diagram of a sample summing tone detector embodying the
      sequential summation method;
PAR  FIG. 3 is a logic diagram of a sample summing tone detector embodying the
      simultaneous summation method;
PAR  FIG. 4 is a schematic diagram of a sample summing tone detector embodying
      the simultaneous summation method and useful in detecting two-frequency
      telephone signaling tones; and
PAR  FIG. 5 is a waveform diagram helpful in explaining the illustrative
      embodiment of FIG. 4.
DETD
PAC  DETAILED DESCRIPTION
PAR  Multifrequency tone signals employed in communication systems are typically
      a superposition of a plurality, n, of component signals having
      nonharmonically related frequencies, each selected from a plurality of
      possible frequencies. The "value" of the tone signal at any point in time
      is determined by the particular combination of frequencies assumed by the
      component signals, each distinct combination being referred to as a tone.
      Exemplifying the component signals as sinusoids, it is clear that, when
      the j.sup.th tone S.sub.j (t) is present, a received tone signal R(t) can
      be represented mathematically by
      ##EQU1##
      where A.sub.ji is the amplitude of the i.sup.th component of S.sub.j (t)
      and f.sub.ji is its frequency.
PAR  It has been found that the sum of 2.sup.n samples of a tone signal,
      comprised as in equation (1), will have zero value if the samples are
      taken at intervals, to be specified, related to the periods of the
      component signals.
PAR  According to the method of the invention, the presence in a received signal
      of any one of m possible multifrequency tones, comprised as above, can be
      detected by selectively combining aperiodic samples of the tone signal to
      form a plurality of parallel summations and sensing which summation
      assumes zero value. More specifically, the method includes the following
      steps:
PAR  1. Sampling the received signal at some arbitrary starting time t = 0, at
      every subsequent instant corresponding to a half-period of the component
      signals, and at subsequent instants each corresponding to a combination of
      different half-periods; and
PAR  2. For each of m groups of 2.sup.n selected ones of these samples,
      performing a cumulative sample summation corresponding to a different
      receivable tone, including in each summation the initial sample, samples
      taken at instants delayed from the initial sample by respective
      half-periods of the component signals of that tone and samples taken at
      instants delayed by combinations of different half-periods.
PAR  When this process is completed, if one summation has approximately zero
      value, the presence of the corresponding tone in the received signal is
      indicated.
PAR  Two specific methods for performing the summation in step (2) of the above
      procedure are illustratively disclosed. These are named according to the
      manner of adding component samples. The first method, called sequential
      summation, is performed by independently storing intermediate values
      (partial summations) of each of the cumulative summations and sequentially
      adding new values to each summation requiring them as new samples are
      taken. The second method, called simultaneous summation, is performed by
      independently storing the samples taken at the specified intervals and
      simultaneously adding all of the samples required for a given summation
      upon receipt of the last sample for that summation.
PAR  It should also be noted that the method of the invention is not limited to
      the use of component signals that are sinusoids. On the contrary, any
      periodic signal whose alternate half-periods are equal and opposite will
      work equally well.
PAR  FIG. 1 illustrates a typical manner in which the invention is employed to
      receive multifrequency tone signals. A received signal, including
      multifrequency tones, is coupled to automatic gain control (AGC) amplifier
      12 and minimum level enabler 11 via lead 10. Enabler 11 is a threshold
      circuit, of any conventional type responsive to a received signal in
      excess of a predetermined amplitude to enable AGC amplifier 12. AGC
      amplifier 12 is a circuit type commonly used in the art to regulate
      amplitude variations in a signal. Consequently, the signal produced on
      lead 15 is a replica of the received signal with all signal strength
      fluctuations removed. This constitutes the ideal signal for application of
      the method of the invention, since amplitude fluctuations could cause
      errors in sample summation values or could, possibly, result in the
      inability to achieve a null summation.
PAR  Oscillator 13 provides a continuous stream of clock pulses at a much higher
      frequency than any component of a receivable tone. This oscillator can be
      of any conventional type. The clock pulses are used in operating all the
      logic circuits in the tone receiver.
PAR  Sample summing tone detector 14 is the apparatus of the invention. Under
      control of the clock pulses coupled via lead 16, detector 14 employs the
      previously described method to sense the presence of a multifrequency tone
      in the signal appearing on lead 15. In the output signal of detector 14,
      one binary digit (bit) corresponds to each receivable tone, the binary
      state of each bit indicating whether the corresponding tone is present or
      absent. Clearly, these bits could be produced sequentially or in parallel.
      In all of the embodiments of detector 14 described hereafter, it is
      assumed that the bits are produced sequentially. Hence, the output signal
      of detector 14, appearing on lead 20, is a sequence of bits, each bit
      position in the sequence corresponding to a different receivable tone. In
      this sequence the bit corresponding to the tone present in the received
      signal has a first binary state (here assumed ONE) and all other bits have
      a second binary state (here assumed ZERO).
PAR  Tone indicator 17 and qualifying circuits 19 together perform the function
      of tone verification, previously described. Circuits performing the
      functions of indicator 17 and circuits 19 are known to the art and their
      details are not part of the present invention. Under control of clock
      pulses from oscillator 13, qualifying circuits 19 sense the outputs of
      sample summing tone detector 14 and the multifrequency tone signal
      appearing, respectively, on leads 20 and 15, to determine whether a bona
      fide tone is present. Qualifying circuits 19 typically perform such
      functions as ensuring the persistence of a single tone on lead 20 for some
      minimum time period (usually corresponding to the time required for a
      plurality of repeated detections) and guaranteeing that the relative
      amplitudes of the component frequencies of the received tone are within
      some predetermined range of ratios. These operations are performed in a
      time-interleaved fashion on all the bit positions in the signal appearing
      on lead 20. When all of the requirements of qualifying circuits 19 have
      been met by a specific digit position of the bit sequence on lead 20, tone
      indicator 17 indicates on lead 18 that the corresponding tone was present
      in the received signal.
PAR  FIG. 2 is a schematic diagram of an embodiment of a sample summing tone
      detector employing sequential summation. This detector broadly comprises
      control signal generator 21, sampler 25, adder 26, random access memory 27
      and null detector 28. Under control of the clock pulses applied via lead
      16, control signal generator 21 produces an aperiodic sampling pulse
      sequence controlling sampler 25 via lead 22, an address word sequence for
      controlling random access memory 27 via leads 23 and a signal enabling
      null detector 28 via lead 24.
PAR  Read-only memory (ROM) 34 is the key element in control signal generator
      21. It is divided into a plurality of areas addressed by the enumeration
      of counter 33, each area including a plurality of cells each addressed by
      a different enumeration of counter 48. Each cell stores a binary word
      defining the time of taking the next sample, the address of memory 27 to
      be accessed and whether or not null detector 28 is to be enabled. When a
      particular cell is accessed through the production of area and cell
      addresses, its stored word is produced as the output word of the ROM
      (i.e., the composite of the words appearing on leads 35, 23 and 24). The
      portion of the output word appearing on leads 35 is the same for all the
      cells in an area and so is determined solely by the enumeration of counter
      33 to control the time interval between successive sampling pulses
      produced on lead 22. The portion of the output word appearing on leads 23
      and 24 is determined jointly by both enumerations applied to ROM 34. For
      each enumeration of counter 33, the address on leads 23 can change with
      each different enumeration of counter 48 thereby accessing different
      segments of memory 27 and effecting the addition of each sample from
      sampler 25 to different partial summations where it is required. The
      signal on lead 24, enabling null detector 28, is ZERO in all cells except
      those addressed at the 2.sup.n th sample time of each summation.
PAR  Read-only memories are well known in the art and the detailed design of ROM
      34 is not considered to be part of the present invention. The particular
      word which must be stored in each cell of ROM 34 is determined by
      associating the required sequence of output words with the known sequence
      of input addresses.
PAR  A detection cycle begins when sample pulse counter 33 achieves its lowest
      (all-ZEROs) count. In FIG. 2, counter 33 is assumed to be a recycling
      counter and will therefore repetitively achieve this count in the course
      of successive detections. However, it is also possible to use a counter
      which stops counting upon reaching its maximum count, in which case a
      start pulse must be applied to force a reset of the counter by the next
      sample pulse. This alternative is represented by dashed line 54. In either
      case, a sampling pulse produced by AND gate 40 (in the manner to be
      described) is coupled to counter 33, via leads 30 and 32, driving it to
      its lowest count on the leading pulse transition. As a result, a
      predetermined word is presented to settable counter 36 via leads 35. The
      same sampling pulse, coupled via leads 30, 32 and 47, resets counter 48 to
      the all-ZEROs count. With counter 48 in this state, the work produced on
      leads 23 disables all reads and writes in random access memory 27, and the
      signal produced on lead 24 can contain no enable pulses. The trailing
      transition of the sampling pulse, coupled via leads 30 and 31, sets
      counter 36 to the number appearing on leads 35. Control signal generator
      21 is now initialized and the normal detection operation follows.
PAR  In operation, counter 33 is incremented by the leading transition of each
      sampling pulse until an automatic reset is achieved at a maximum
      enumeration equal to one less than the total number of sampling pulses
      (i.e. the maximum count equals p + C, where p is the total number of
      component frequencies and C is the total number of different combinations
      of component frequencies that can occur in receivable tones). Each sample
      pulse also resets counter 48 which is incremented by trailing transitions
      of clock pulses coupled via lead 43. As counter 48 steps through its
      counting sequence, each cell in the area of ROM 34 addressed by counter 33
      is accessed. This effects sequential access of different segments of
      memory 27.
PAR  Counter 48 has a maximum count of m + 1 when there are m receivable tones
      and includes logic which will hold it at its maximum count, once achieved,
      until a reset pulse is applied at lead 47. While counter 48 is at its
      maximum count, the signal produced on leads 23 disables reading and
      writing of memory 27 and the signal on lead 24 includes no enable pulses.
      The signal on leads 35 is unaffected by counter 48.
PAR  Settable counter 36, count decoder 39 and AND gate 40 effectively comprise
      a variable delay element which, under control of the signal appearing on
      leads 35, delays, by an integral number of clock pulse periods, sampling
      pulses coupled from the output of AND gate 40 via leads 30 and 31, counter
      36 and decoder 39 back to gate 40. When a sample pulse occurs on lead 31,
      settable counter 36 is set to a count corresponding to the word appearing
      on leads 35. Thereafter, counter 36 continues counting clock pulses
      coupled to it via lead 37. Count decoder 39 senses the count of counter 36
      and enables AND gate 40 via lead 41 when a predetermined count, for
      example, the all-ONE count, is achieved by counter 36. Consequently, a
      single clock pulse, coupled via lead 38, is passed through AND gate 40. It
      should be clear that this pulse is a sampling pulse. Clearly, the
      difference between the number appearing on leads 35 and the count decoded
      by decoder 39 determines the number of clock pulses occurring between
      sampling pulses. Consequently, to produce sampling pulses at the instants
      required by the method of the invention, specific words must be stored in
      the cells of read-only memory 34 which will produce the correct number on
      leads 35 for each enumeration of counter 33.
PAR  Sampler 25 samples and holds the received signal applied via lead 15 each
      time a sampling pulse appears on lead 22. In operation, analog-to-digital
      converter 42 converts the amplitude of the received signal appearing on
      lead 15 to its binary number representation. When a sampling pulse appears
      on lead 22, this binary number is stored in storage register 44 and
      displayed on leads 45. This binary number is retained in the register
      until a new sampling pulse occurs. Both analog-to-digital converter 42 and
      storage register 44 are standard logic components well-known to the art
      and, generally, commercially available.
PAR  Adder 26 and random access memory 27 interact to produce all of the sample
      summations. Adder 26 adds the sample, coupled via leads 45, to any prior
      accumulations (partial values) of the sample summations stored in random
      access memory 27 and coupled to adder 26 via leads 46. Random access
      memory 27 incorporates m independent storage segments each dedicated to
      storage of partial values of a different sample summation and each
      addressable through the production of a unique address word on leads 23.
      Clock pulses on lead 16, extended to random access memory 27 via lead 29,
      effect a read-from memory followed by a write-into memory on successive
      clock pulse transitions. This results in adder 26 producing an updated
      partial sum value on the leading transition of a clock pulse and in the
      storage of this updated partial sum, via leads 49, upon the occurrence of
      the trailing clock pulse transition. In accordance with this embodiment,
      the occurrence of a sampling pulse initiates a sequence of address words,
      on leads 23, the appearance of the words coinciding with successive
      trailing clock pulse transitions. Each word is read into an address
      register, included in memory 27, when the next leading clock pulse
      transition occurs and effects the addition of the sample to a different
      summation which is supposed to include that sample. In this manner, the
      sample summations are formed on a time-division basis.
PAR  Each newly updated summation is provided to null detector 28 via leads 50.
      Count decoder 51 senses these summations provided by adder 26 and
      indicates when the value of such summations is within some predetermined
      range of zero (positive and negative values are possible) by producing a
      signal having a first binary state (here assumed ONE). Assuming for
      example that j bits are produced by adder 26 and that adder 26 produces
      sums in two's complement arithmetic, count decoder 51 need merely sense
      the occurrence of the all-ONE or all-ZERO state in the j-i most
      significant bits to detect summations in the null range -2.sup.i to
      2.sup.i -1. The occurrence of an enabling pulse on lead 24 permits the
      signal produced by count decoder 51 to be passed through AND-gate 53 to
      output lead 20. These enabling pulses are produced on lead 24 coincident
      with each sampling pulse corresponding to the last sample of a summation.
      Thus, the null detector enabling signal includes a pulse coincident with
      each of the last m sampling pulses in a detection operation.
PAR  Counters (33, 36 and 48), count decoders (39 and 51), AND-gates (40 and
      53), an adder (26) and a random access memory (27) are all logic
      components well-known to the art. Read-only memories are also well-known
      to the art; however, predetermined words must be stored in specific cells
      of read-only memory 34 to enable null detector 28 at the correct times; to
      produce the correct addresses on leads 23 at all times; and to provide
      numbers on leads 35 that will result in a sequence of sample pulses
      correctly spaced. This can be reduced to the problem of producing the
      desired word at the output leads of read-only memory 34 for each input
      word jointly produced by counters 33 and 48. The correct output word is
      arrived at by determining the signals required at leads 23, 24 and 35 for
      every possible input address. Once this correspondence is established by
      truth table, it becomes apparent what word must be stored in each cell of
      ROM 34.
PAR  FIG. 3 is a circuit diagram of a sample summing tone detector embodying the
      simultaneous summation method. The detector broadly comprises control
      signal generator 65, sampler 60, storage circuit 61, adder 63 and null
      detector 64. The function of control signal generator 65 is identical to
      that of control signal generator 21 of FIG. 2, i.e., under control of
      clock pulses coupled via lead 16 it produces sampling pulses on lead 22,
      addresses for storage circuit 61 on leads 23A.sub.1 -23A.sub.L and
      23B.sub.1 -23B.sub.L (hereafter called leads 23A and 23B, respectively,
      when referenced as a group) and an enable signal for null detector 64 on
      lead 24.
PAR  Control signal generator 65 is identical to control signal generator 21 of
      FIG. 2 except for the elimination of counter 48 and the use of a different
      arrangement of words in ROM 34' than in ROM 34. Counter 48 is eliminated
      because, as will be explained subsequently, each sample is stored
      separately and the simultaneous summation of samples obviates the need to
      distribute one sample to different storage segments. Read-only memory 34'
      in FIG. 3 has a different word layout than the corresponding component in
      FIG. 2 because the addressing requirements of storage circuit 61 are
      different than those of random access memory 27. In particular, circuit 61
      requires addresses at only the sample rate as compared with the multiple
      changes per sample interval required by memory 27 of FIG. 2. The
      particular arrangement of words in ROM 34' is arrived at by the same
      method previously described for ROM 34. Because of the virtual identity of
      the two control signal generators, no further description is warranted
      here of the detailed operation of generator 65.
PAR  The signals produced on leads 22 and 24 are the same as in FIG. 2.
      Addresses produced on leads 23A effect storage of L samples from sampler
      60 during one detection operation (L = p+C+1, where p is the total number
      of component frequencies and C is the total number of combinations of
      component frequencies appearing in receivable tones). The L-bit address
      words each have a single ONE bit, the single One bit being in a different
      position in each word. Thus, by dedicating a different bit to the control
      of a different segment of circuit 61, each address word effects storage
      into a different single segment. The L-bit readout address words produced
      on leads 23B each have a different arrangement of 2.sup.n ONEs and thus
      each will effect simultaneous readout of 2.sup.n different segments.
      However, this will not happen until the last sample for each summation
      occurs, so the readout addresses are all in the all-ZERO state until the
      last m of the words on leads 23A occur.
PAR  Under control of sampling pulses coupled via lead 22, sampler 60 produces
      samples of the received signal coupled via lead 15. Sampler 60 is an
      analog sample-and-hold gate of any conventional type having a sufficiently
      low impedance fully to charge any of capacitors 56 in one sampling
      interval.
PAR  Storage circuit 61 stores each sample produced by sampler 60 and displays
      predetermined groups of 2.sup.n of these samples to adder 63 on leads 62.
      Each of storage capacitors 56 comprises a different segment of storage
      circuit 61 and is dedicated to a unique sample produced in the course of a
      detection operation. Capacitors 56 are connected to a common ground at one
      end. Each of normally open, controlled switches 57 permits storage in the
      capacitor having the same subscript when closed by the appearance of a ONE
      on the one of leads 23A having the same subscript. Switches 57 and 58 may
      be of any conventional type, for example, insulated-gate field-effect
      transistors employed in the well-known transmission gate configuration in
      which a signal applied to the gate of the device controls transmission
      between its drain and source. This is represented by the legend of FIG. 4.
      In practice, each of switches 57 is closed in turn by sequencing the ONE
      bit through each of leads 23A in successive address words, thus permitting
      sequential storage of samples. Sampler 60 holds samples between successive
      sampling pulses. With each new count of counter 33, a new address appears
      on leads 23A (the ONE bit is moved) and one of switches 57 is closed to
      permit charging of the corresponding capacitor.
PAR  After all samples have been stored, the reading out of each of capacitors
      56 is achieved by closing the one of switches 58 having the same subscript
      by producing a ONE bit on the one of leads 23B having the same subscript.
      The transmission through AND-gates 59, enabled by sampling pulses coupled
      via lead 55, guarantees that readouts will occur only during sampling
      pulses. In operation, a group of 2.sup.n of capacitors 56 is read out
      simultaneously; every such group of capacitors contains all of the samples
      required by the method of the invention for one of the summations.
PAR  The group of samples read out of storage circuit 61 is applied to adder 63
      via leads 62 coincidentally with the appearance of the last sample of the
      group. Adder 63 produces a signal which has an amplitude equal to the sum
      of the samples. Adder 63 is an analog adder of any conventional design;
      for example, an operational amplifier in the well-known summing
      configuration. It has been assumed here that adder 63 has high impedance
      inputs to prevent discharging capacitors 56. If it does not, it is
      necessary to insert isolation amplifiers of any conventional type between
      storage circuit 61 and adder 63.
PAR  Null detector 64 is enabled by pulses, coinciding with the last sample of
      each group and appearing in the signal on lead 24. It responds to adder
      outputs in some predetermined range about zero by producing, on lead 20, a
      signal having a first binary state (here assumed ONE); the signal having
      the opposite binary state otherwise. Null detector 64 may be of any
      conventional design; for example, a pair of comparators straddling zero
      amplitude. Control of null detection via lead 24 is achieved by gating the
      signal from adder 63.
PAR  FIG. 4 is a schematic diagram of a sample summing tone detector embodying
      the simultaneous summation method and useful in detecting two-frequency
      telephone signaling tones. On a telephone pushbutton pad, the pushbuttons
      are arranged in three columns each including four buttons and a different
      two-frequency tone is produced by pushing each button. This is
      accomplished by assigning a different frequency to each column and row
      (hereafter called column and row frequencies) of the pushbutton pad and
      producing the combination of the corresponding column and row frequencies
      when a particular button is pushed. The column frequencies will here be
      designated, in order of decreasing frequency, as 1/T.sub.1, 1/T.sub.2 and
      1/T.sub.3 and the row frequencies, also in decreasing order, as 1/T.sub.4,
      1/T.sub.5, 1/T.sub.6 and 1/T.sub.7.
PAR  In a sample summing tone detector for telephone signaling tones, each
      sample summation comprises four samples, e.g., the summation corresponding
      to the tone constituting the frequency pair (1/T.sub.1, 1/T.sub.4)
      comprises samples taken at times, t, equal to 0, 1/2T.sub.1, 1/2T.sub.4
      and 1/2(T.sub.1 +T.sub.4). The formation of all such four sample
      summations requires a set of 20 samples comprising: the initial sample, a
      sample at each instant delayed from the initial sample by a component
      half-period (seven half-period samples in all) and a sample at each
      instant delayed from the initial sample by the sum of a column and a row
      half-period (12 combined half-period samples in all).
PAR  In the embodiment of FIG. 4, the initial sample and each of the half-period
      samples are stored on a different storage capacitor. Each of the combined
      half-period samples corresponds to the final sample in a different
      summation, so each summation is formed simultaneously with the taking of
      its last sample. This is accomplished at each combined half-period instant
      by connecting in series the capacitors storing the initial sample and each
      of the half-period samples and placing this series capacitor string in
      series with the source of the received signal, e.g., at t - 1/2 (T.sub.1
      +T.sub.4) the capacitors storing the 0, 1/2 T.sub.1 and 1/2 T.sub.4
      samples are placed in series with the received signal. In this manner each
      sample summation is formed as its final sample is received.
PAR  Control signal generator 93 is responsive to clock pulses applied via lead
      16 to produce, on leads 66, a sequence of binary words which controls the
      operation of computing circuit 94 and switch 76. This sequence of binary
      words comprises a plurality of parallel binary signals A through L
      represented in the timing diagram of FIG. 5 as waveforms A through L. In
      FIG. 4 leads 66 have been labeled A through L to indicate the particular
      leads on which each signal is produced. It should be noted that time is
      not scaled in FIG. 5. Thus, although the indicated time instants have been
      drawn equally spaced for convenience, they are in reality unequally
      spaced. The clock pulses, however, are equally spaced in time.
PAR  In control signal generator 93, counter 91 marks progress through a
      detection operation by counting clock pulses coupled via lead 16. Clearly,
      it must have a maximum count large enough to accommodate the total number
      of clock pulses occurring during a single detection operation. The minimum
      acceptable clock frequency is fixed, in the context of the entire tone
      identification process, by the resolution required in distinguishing the
      sampling instants of interest in the method of the invention. In the
      present implementation, it is assumed that counter 91 is of any
      conventional type and is self-resetting to permit repetitive detections;
      however, detections could equally well be externally controlled by
      resetting with start pulses, as indicated, on dashed lead 54.
PAR  Count decoder 92 is a type of logic circuit well-known to the art. Briefly,
      such a decoder comprises an arrangement of logic gates which responds to
      particular count conditions in counter 91 to develop a value (ONE or ZERO)
      for each of the outputs A-L, the sequence of such values forming each of
      the waveforms A-L of FIG. 5. This, of course, requires that each of the
      time instants indicated on the time axis of FIG. 5 be associated with a
      unique count of counter 91.
PAR  Computing circuit 94 operates in two distinct modes: the storage mode in
      which individual samples are stored on storage capacitors; and the summing
      mode in which sample summations are formed by the series connection of
      storage capacitors as previously explained. Thus, computing circuit 94
      incorporates the functions of sampler 60, storage circuit 61 and adder 63
      of FIG. 3.
PAR  In FIG. 4, capacitor 74 is dedicated to the storage of the initial sample.
      Capacitors 78, 80 and 82 are dedicated to the storage of samples delayed
      from the initial sample by a half-period of a column frequency and, hence,
      will be called column capacitors. Likewise, capacitors 83, 85, 87 and 89
      store samples delayed from the initial sample by a half-period of a row
      frequency and will be called row capacitors.
PAR  The operation of computing circuit 94 is best explained with the aid of
      FIG. 5 which depicts the binary control signals, produced by generator 93
      on leads 66, as waveforms A through L having a common time base. As
      indicated by the legend of FIG. 4, the normally open switches controlled
      by control signals A through L are here assumed to be insulated-gate
      field-effect transistors (IGFETs) operated as transmission gates. It is
      further assumed that the occurrence of a binary ONE value in any control
      signal will effect closing of all switches bearing the same letter
      designation as the control signal.
PAR  A detection operation begins with the storage in capacitor 74 of an initial
      sample of the received signal coupled to computing circuit 94 via lead 15.
      Capacitor 74 is connected between nodes 94 and 96, switch 67 is connected
      between lead 15 and node 95, and switch 71 is connected between node 96
      and ground. Hence, when the pulse appears in waveform A at t - 0,
      capacitor 74 is charged to the amplitude of the received signal through
      the closure of switches 67 and 71. When the pulse in waveform A
      disappears, this charge is retained on capacitor 74. Column capacitors 78,
      80 and 82 are connected between nodes 96 and 97 through switches 77, 79
      and 81, respectively; switch 68 connects node 96 to lead 15; and switch 72
      connects node 97 to ground. Hence, while waveform B goes high, closing
      switches 68 and 72, pulses in waveforms E, F and G effect storage of
      samples in capacitors 78, 80 and 82, respectively, through the sequential
      closure of switches 77, 79 and 81.
PAR  Row capacitors 83, 85, 87 and 89 are connected between nodes 97 and 98
      through switches 84, 86, 88 and 90, respectively; switch 69 connects node
      97 to lead 15; and switch 73 connects node 98 to ground. Hence, while
      waveform C goes high, closing switches 69 and 73, pulses in waveforms H,
      I, J and K effect storage of samples in capacitors 83, 85, 87 and 89,
      respectively, through the sequential closure of switches 84, 86, 88 and
      90.
PAR  The summation mode of operation begins at t = 1/2 (T.sub.1 +T.sub.4) while
      waveform D goes high connecting node 98 to lead 15 through the closure of
      switch 70. At the same time pulses occurring in waveforms E and H effect
      the series connection of capacitors 74, 78 and 83 between nodes 95 and 98
      through the simultaneous closure of switches 77 and 84. This produces the
      first sample summation at node 95. The simultaneous pulse in waveform L
      permits the summation to be transmitted to null detector 64 through switch
      76. Additional summations are formed through serial connection of
      different combinations of row and column capacitors between nodes 96 and
      98, each such summation being accompanied by a pulse in signal L. Finally,
      at t = 1/2 (T.sub.3 +T.sub.7) capacitors 82 and 89 are connected in series
      between nodes 96 and 98 producing the last sample summation. Again, a
      pulse is produced in waveform L, terminating the detection operation.
PAR  Buffer amplifier 75 provides isolation between computing circuit 94 and
      null detector 64 to prevent discharging the storage capacitors. This
      amplifier could be, for example, an IGFET employed in the well-known
      source follower configuration.
PAR  Null detector 64 is identical to the correspondingly numbered element of
      FIG. 3. In FIG. 4, the series gate for enabling null detector 64 is merely
      shown separately in the form of IGFET switch 76. The dashed extension of
      null detector 64 to include switch 76 is meant to signify that the switch
      is actually part of the null detector.
PAR  It should be noted that the configurations of control signal generator 93
      of FIG. 4 and control signal generator 65 of FIG. 3 are interchangeable.
      That is, either configuration could be used in either application when the
      detailed circuitry, specifically read-only memory 34 or count decoder 92,
      is configured to yield the desired control signals.
PAR  Although specific embodiments of this invention have been shown and
      described, it will be understood that various modifications may be made
      without departing from the spirit and scope of the principle thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a multifrequency tone receiver capable of detecting in a received
      signal any one of m different tones each a superposition of n component
      signals having different frequencies, the method of detecting said tones
      comprising the steps of:
PA1  taking a sample of said received signal at some arbitrary starting time and
      at subsequent sampling times delayed therefrom by half-periods and
      combinations of half-periods of different ones of said commponent signals,
PA1  performing m independent summations each summation associated with a
      different one of said tones, and including the starting time sample and
      2.sup.n -1 additional samples delayed therefrom by half-periods and
      combinations of half-periods of the frequencies comprising the
      corresponding tone, the one summation having approximately zero value
      corresponding to the one of said tones present in the received signal.
NUM  2.
PAR  2. The method of claim 1 in which said performing step comprises, for each
      summation:
PA1  sequentially accumulating the samples of such summation.
NUM  3.
PAR  3. The method of claim 1 in which said performing step comprises:
PA1  independently storing each one of said samples and adding all the samples
      required for each one of said summations upon receipt of the last sample
      for that summation.
NUM  4.
PAR  4. In a multifrequency tone detector including a plurality of storage
      capacitors the method of detecting the presence in a received signal of
      any one of m tones, each tone being a superposition of n component signals
      having different frequencies, comprising the steps of:
PA1  taking a sample of said received signal at an arbitrary starting time and
      at subsequent times delayed therefrom by half-periods and combinations of
      half-periods of different ones of said component signals,
PA1  storing, in different ones of said storage capacitors, said starting time
      sample and each subsequent sample delayed therefrom by a combination of
      less than n ones of said half-periods,
PA1  at each final sampling time delayed from said starting time sample by a
      combination of n of said half-periods, connecting in series a subgroup of
      said capacitors and transmitting through said subgroup the sample taken at
      said final sampling time, said subgroup comprising those capacitors
      storing the starting time sample and samples delayed therefrom by
      subcombinations of the half-periods constituting the delay of said final
      sampling time,
PA1  sensing the amplitude of the signal transmitted through said capacitor
      subgroup at each final sampling time, and
PA1  indicating when the summation of samples of one of said tones has
      approximately zero amplitude thereby detecting the presence of a tone
      whose component half-periods constitute the delay, from said starting time
      sample, of the final sampling time at which said zero value occurred.
NUM  5.
PAR  5. In an apparatus capable of detecting the presence in a received signal
      of any one of m tones each including m different component frequencies,
      the combination of:
PA1  means for taking a sample of said received signal at some arbitrary
      starting time and at subsequent times delayed therefrom by half-periods
      and combinations of half-periods of different ones of said component
      frequencies and,
PA1  means for independently combining the samples corresponding to each of said
      m tones, the samples corresponding to a particular tone being the starting
      time sample plus those delayed therefrom by half-periods and combinations
      of half-periods of that tone's component frequencies.
NUM  6.
PAR  6. An apparatus, responsive to a periodic sequence of clock pulses, for
      detecting in a received signal the presence of any of m tones, each tone
      being a superposition of n different component frequencies, said apparatus
      comprising:
PA1  means responsive to said clock pulses for generating first, second and
      third control signals,
PA1  means enabled by said first control signal for taking a sample of said
      received signal at some arbitrary starting time and at subsequent times
      delayed therefrom by half-periods and combinations of half-periods of
      different ones of said component frequencies,
PA1  means responsive to said second control signal for independently combining
      the samples corresponding to each of said m tones, the samples
      corresponding to a particular tone being the starting time sample plus
      those delayed therefrom by half-periods and combinations of different
      half-periods of that tone's component frequencies, and
PA1  means enabled by said third control signal for indicating when sample
      combinations produced by said combining means achieve an approximately
      zero value.
NUM  7.
PAR  7. The apparatus of claim 6 in which said generating means comprises:
PA1  a sample pulse counter responsive to transitions in said first control
      signal said sample pulse counter having a maximum enumeration coextensive
      with the total number of said samples taken in performing a detection,
PA1  a clock pulse counter, resettable by pulses in said first control signal,
      said clock pulse counter having a maximum enumeration of m+1,
PA1  means jointly responsive to the enumerations of said sample pulse counter
      and said clock pulse counter to produce a delay count, said second control
      signal and said third control signal, and
PA1  variable delay means jointly responsive to said clock pulses and pulses in
      said first control signal for delaying pulses in said first control signal
      by the number of clock pulse periods determined by said delay count to
      produce subsequent pulses in said first control signal.
NUM  8.
PAR  8. The generating means of claim 7 in which said variable delay means
      comprises:
PA1  means settable to said delay count upon the occurrence of a transition of a
      pulse in said first control signal for counting said clock pulses, and
PA1  means responsive to a predetermined enumeration of said settable counting
      means to produce a pulse coincident therewith, the sequence of such pulses
      comprising said first control signal.
NUM  9.
PAR  9. The apparatus of claim 6 in which said generating means comprises:
PA1  a sample pulse counter responsive to transitions in said first control
      signal having a maximum enumeration coextensive with the total number of
      said samples taken in performing a detection,
PA1  means responsive to the enumeration of said sample pulse counter to produce
      a delay count, said second control signal and said third control signal,
      and
PA1  variable delay means jointly responsive to said clock pulses and pulses in
      said first control signal for delaying pulses in said first control signal
      by the number of clock pulse periods determined by said delay count to
      produce subsequent pulses in said first control signal.
NUM  10.
PAR  10. The generating means of claim 9 in which said variable delay means
      comprises:
PA1  means settable to said delay count upon the occurrence of a transition of a
      pulse in said first control signal for counting said clock pulses, and
PA1  means responsive to a predetermined enumeration of said settable counting
      means to produce a pulse coincident therewith, the sequence of such pulses
      comprising said first control signal.
NUM  11.
PAR  11. The apparatus of claim 6 in which said generating means comprises:
PA1  means for counting said clock pulses having a maximum enumeration which
      occurs within a predetermined time allotted for detecting a tone, said
      maximum enumeration being sufficiently large for said counting means to
      produce different enumerations during respective instants when said
      samples are taken, and
PA1  count decoding means responsive to the enumeration of said counting means
      to provide said first, second and third control signals.
NUM  12.
PAR  12. The apparatus of claim 6 in which said sample-taking means comprises:
PA1  an analog-to-digital converter responsive to said received signal for
      providing a plurality of output bits representative of the amplitude of
      said recevied signal, and
PA1  a register responsive to said first control signal for storing the output
      bits of said analog-to-digital converter.
NUM  13.
PAR  13. The apparatus of claim 6 in which said combining means comprises:
PA1  means for adding each of said samples to accumulations of preceding
      samples, to produce updated accumulations, and
PA1  segmented means responsive to second control signal for storing updated
      accumulations produced by said adding means, said stored updated
      accumulations being provided as the accumulation of preceding samples to
      said adding means, each segment of said storage means being dedicated to a
      unique one of said m tones, and the segment addressed at any instant being
      determined by the value of said second control signal.
NUM  14.
PAR  14. The apparatus of claim 6 in which said combining means comprises:
PA1  segmented means responsive to said second control signal for storing each
      of said samples in a unique segment and for simultaneously reading out the
      contents of 2.sup.n segments, the particular segments stored in and read
      out at any instant being determined by the value of said second control
      signal, and
PA1  means for adding the contents read out from said 2.sup.n segments.
NUM  15.
PAR  15. An apparatus for detecting the presence in a received signal of any one
      of a plurality of multifrequency tones comprising:
PA1  means for generating a plurality of control signals,
PA1  an input terminal to which said received signal is applied,
PA1  a common terminal connected to ground potential,
PA1  a first storage capacitor,
PA1  first and second capacitor switches responsive to a unique one of said
      control signals for connecting, respectively, a first terminal of said
      capacitor to said input terminal and the second terminal of said capacitor
      to said common terminal,
PA1  a mode switch responsive to a unique one of said control signals and having
      two connection terminals to provide a continuity connection therebetween,
      one of said connection terminals being connected to said input terminal,
PA1  a plurality of two terminal storage networks serially connected between the
      second terminal of said storage capacitor and the free terminal of said
      mode switch, each of said networks comprising:
PA2  a plurality of storage capacitors connected at one end to the same storage
      network terminal,
PA2  a plurality of switches each responsive to a unique one of said control
      signals for providing a connection between the free end of one of said
      capacitors and the free one of said storage network terminals,
PA1  a plurality of network switch pairs, each pair responsive to a unique one
      of said control signals and dedicated to one of said storage networks, one
      switch in each pair providing a connection between a first terminal of the
      corresponding storage network and said input terminal, the remaining
      switch in each pair providing a connection between the second terminal of
      the corresponding storage network and said common terminal,
PA1  a null detector having an input terminal and an output terminal, said
      detector indicating at its output terminal when a signal applied at its
      input terminal exceeds some predetermined value, and
PA1  an output switch responsive to a unique one of said control signals to
      connect the first terminal of said first storage capacitor to the input
      terminal of said threshold detector.
NUM  16.
PAR  16. The combination of claim 5 further comprising
PA1  means for detecting when the combination of samples corresponding to any of
      said tones has approximately zero value thereby indicating the presence of
      such tone in said received signal.
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PAL  A message waiting transfer circuit for use in a telephone system is
      described. An attendant telephone set is arranged to monitor the calls
      received by a plurality of principal telephone sets. The attendant set
      includes a receiver (and transmitter) and a separate line or principal set
      selection key associated with each principal set in the system. Actuation
      of a selected line selection key and the removal of the receiver from its
      cradle or switch hooks at the attendant set seizes the telephone line
      conductors (pair) associated with the selected principal set to enable the
      operator at the attendant set to answer an incoming call, etc.. The
      attendant set includes a message control key for providing a message
      waiting signal to any selected principal set. A separate message waiting
      transfer circuit is connected between each principal set and the attendant
      set. Each message waiting transfer circuit includes a first relay
      responsive to the seizure of the line conductors of the associated
      principal set by the attendant set and a second relay responsive to the
      operation of the first relay and to the message control key for
      transferring a message waiting signal to the associated principal set.
PAL  The message waiting transfer circuit may be employed separately or in
      conjunction with a ring transfer circuit which automatically transfers
      ringing signals from the associated principal set to the attendant set
      after a predetermined time delay to enable the attendant set operator to
      answer calls for absentee principal set users.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to telephone systems and more particularly
      to message transfer circuits for allowing an attendant set to transfer a
      message to a selected principal set.
PAR  2. Description of the Prior Art
PAR  Telephone answering systems which enable a centrally located telephone
      operator to monitor the calls received by a plurality of subscriber
      telephones are in widespread use. Early telephone answering systems
      required that the subscriber contact the operator, normally by telephone,
      to find out if anyone had called while he was away and left a message.
      Progress in the telephone art has resulted in the development of circuits
      which enable the operator to answer a call directed to a principal set and
      leave a message at that principal set in the form of a visual signal,
      e.g., lamp, informing a subscriber that a message is waiting at the
      operator's location. In the past such message waiting circuits have
      required the use of a separate message circuit between each subscriber's
      set and the operator's set. Each such message circuit required the
      actuation of an associated message key or switch at the operator's
      location to energize the message lamp at the subscriber's set. Thus, a
      separate message key was required at the operator's location for each
      subscriber's set. The present invention provides an improvement over the
      prior art message waiting signal transfer circuitry in terms of cost,
      complexity and a reduction in the time required of the central operator.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly described, the present invention relates to a message waiting
      transfer circuit for enabling an attendant telephone set operator to
      monitor the calls received by a plurality of principal sets and transfer a
      message waiting signal to a selected principal set. The attendant set
      includes means such as a receiver (and transmitter) and line or principal
      set selection switches for seizing the telephone lines associated with any
      selected principal set. The attendant set further includes message control
      means such as a message waiting switch for providing a message waiting
      signal to any selected principal set.
PAR  A separate message waiting transfer circuit is connected between each
      principal set and the attendant set. Each message waiting transfer circuit
      includes means responsive to the seizure of the telephone line conductors
      of the associated principal set by the attendant set for providing a
      message enabling signal. Each transfer circuit further includes gating
      means responsive to the message enabling signal and to the message control
      means at the attendant set for transferring a message waiting signal to
      the principal set. The circuit may also include means for transferring
      ringing signals from the associated principal set to the attendant set
      (after a predetermined time delay, if desired) to inform the operator at
      the attendant set of an unanswered incoming call.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram illustrating a telephone monitoring system
      including an attendant telephone set and one principal telephone set.
PAR  FIG. 2 is a schematic circuit diagram of a ring transfer and message
      waiting transfer circuit in accordance with the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to the drawings, an attendant telephone set 10 is adapted for
      monitoring the calls to be received by plurality of principal telephone
      sets, only one of which is shown as telephone set No. 1 and referred to by
      the reference numeral 12. A conventional line card circuit 14 is coupled
      between the incoming pair of telephone line conductors marked T and R and
      the principal telephone set. The line card circuit 14 may be of the type
      illustrated in U.S. Pat. No. 3,647,983.
PAR  The line card circuit 14 is connected to the incoming tip and ring
      conductors by lines 16 and 18 and provides output tip and ring lines 20
      and 22. The line card circuit 14 includes a conductor A' and marked 24 as
      its conventional A lead for providing supervisory and control information
      to the line card circuit in a conventional manner. The line card circuit
      also includes an L (lamp) lead 26 and an R-C (ring control) lead 28 for
      providing conventional electrical signals to the lamps and audible
      (ringer) signaling devices of the associated telephone sets.
PAR  The principal telephone set No. 1 includes a conventional receiver (and
      transmitter) 30 adapted to be connected to the tip and ring leads 20 and
      22 by a switch hook mechanism 32 in a conventional manner. The switch hook
      mechanism 32 also includes an A lead switch 34 for providing a ground
      connection to the A' lead 24 when the receiver is removed from the switch
      hook 32 to connect the receiver across the telephone line conductors as is
      well known. The switch hook mechanism 32 includes an additional switch 36
      which normally provides a ground connection to the lead marked SW-HK when
      the receiver is on the switch hook 32. The switch 36 is opened to remove
      the ground connection from the lead marked SW-HK when the receiver is
      taken off the switch hook 32 to answer or place a call.
PAR  The principal set 12 includes an extension lamp 38 which is energized by
      the line card 14 in a conventional manner to indicate the presence of an
      incoming call, etc. A message lamp 41 is connected to an M-L (message
      line) lead for energization by the attendant telephone set in a manner
      described. The principal telephone set also includes an audible signaling
      device or ringer 40 connected to leads BP (ring battery-principal) and RP
      (ring return-principal) for energization by the line card 14 through the
      ring transfer and message waiting circuit of FIG. 2 as will be described.
      The principal telephone set 12 further includes an immediate transfer
      switch 42 which is connected to a lead ITS (immediate transfer switch) for
      providing an immediate transfer of the ringing signals to the attendant
      telephone set as will be described.
PAR  The attendant telephone set 10 includes a conventional receiver (and
      transmitter) 50, and a switch hook mechanism 52 for connecting a receiver
      50 to a pair of telephone line conductors associated with a selected
      principal set and for grounding the respective A lead in a conventional
      manner. The attendant set includes a plurality of push buttons or
      principal set selection switches, only two of which are shown as 54 and
      56. The line selection switch or key 54 includes switches for connecting
      the receiver 50 to the tip and ring leads of set No. 1 and for connecting
      the A.sub.1 lead to ground as shown. The line key 56 when actuated
      connects the receiver 50 of the attendant set to the tip and ring leads of
      the principal set No. 2 (not shown) and grounds the A lead associated with
      that set. It should be noted that a separate line selection key must be
      included at the attendant telephone set for each of the principal sets to
      be monitored. The attendant telephone set 10 also includes a separate
      extension lamp for each principal set to be monitored to identify for the
      operator which principal set is busy, or receiving an unanswered call.
      Only two extension lamps 58 and 59 are illustrated in FIG. 1.
PAR  The extension lamp 58 is energized by signals on line L-AT (lamp-attendant)
      indicating that principal set No. 1 is receiving, answering a call, etc.
      An audible signaling device or ringer 60 is energized by leads B-AT (ring
      battery-attendant) and R-AT (ring return-attendant) from the ring transfer
      circuit of FIG. 2 as will be described. A control key 62 is provided at
      the attendant telephone set to ground lead C-K (control key) for
      transferring a message waiting signal to a selected principal set.
PAR  Referring now to FIG. 2, a ring transfer circuit is indicated generally at
      70 and a message waiting transfer circuit is indicated generally at 72. In
      response to an incoming call the ring control lead R-C of the ring
      transfer circuit 70 is grounded by the line card circuit 14. This action
      energizes a relay K2 by completing the circuit through the relay K2 from a
      -24 volt power supply connected to a lead 74. The ground connection to the
      R-C lead immediately charges a capacitor C1 which in turn discharges
      through resistors R1 and R2 at a rate determined by the resistance value
      of the resistor of R2. The resistance value of R2 can be changed to
      provide time delays of one to thirty seconds. Operation of relay K2 closes
      contact K2-B which in turn connects relay K1 to the collector of a pair of
      switching transistors 76 and 78. The transistors 76 and 78 will switch on
      when the potential across the capacitor C1 reaches a predetermined level
      thereby energizing relay K1. Operation of relay K2 also causes contact
      K2-A to open the connection of the lamp lead L from the principal set to
      the attendant lamp energizing lead L-AT.
PAR  When the incoming call is answered at the principal telephone set the line
      card circuit 14 removes the ground from the ring control lead R-C which in
      turn de-energizes the relay K2 and terminates the delay operation of the
      capacitor C1 and the resistors R1 and R2. The relay K1 is also
      disconnected from the transistors 76 and 78 (via the opening of contact
      K2-B) to remain unenergized and prevent any ring signal transfer. The
      relay contact K2-A reconnects the lead L-AT to the lead L from the line
      card circuit 14 to energize extension lamp 58 at the attendant telephone
      set informing the operator that the principal set No. 1 is busy.
PAR  If the incoming call is unanswered at the principal set, the relay K1 will
      be energized by transistor 76 and 78 at the end of the predetermined time
      delay, e.g., one to thirty seconds. Energization of relay K1 operates
      contact K1-C to connect the lead L-AT to the L lead from the line card
      circuit to provide a lamp flash on extension lamp 58 indicating that
      principal set No. 1 is receiving an unanswered call. The contacts K1-A and
      K1-B transfer the ringing voltage from the principal set No. 1 via the T
      and R leads to the B-AT and R-AT leads to actuate the ringer 60 at the
      attendant telephone set.
PAR  When the call is answered at the attendant telephone set by actuation of
      the line selection key 54 and the removal of the receiver from the switch
      hook, the A.sub.1 lead is grounded. The ground connection to the A.sub.1
      lead operates the K3 relay of the message waiting circuit 72 through the
      negative 24 volt supply on lead 74. The operation of the K3 relay closes
      contact K3-E grounding the A' lead of the line card circuit 14. This
      action removes the ground from the ring control lead R-C, thus terminating
      the ringing signal and de-energizing relays K2 and K1. It should be noted
      that the principal set user may cause an immediate ring transfer to occur
      by operating the immediate transfer switch 42 at the principal telephone
      set to continuously energize relay K1. With relay K1 energized all
      incoming ringing signals will be transferred through the contacts K1-A and
      K1-B to the attendant telephone set.
PAR  The operation of the message waiting transfer circuit 72 will now be
      described. Actuation of the line key 54 and the off-hook condition of the
      receiver 50 at the attendant set grounds the A.sub.1 lead and causes the
      K3 relay to operate as discussed above. Operation of the K3 relay connects
      the C-K lead to the K4 relay via contact K3-D. The K3 relay thus responds
      to the seizure of the line conductors of the associated principal
      telephone set (set No. 1) to provide a message transfer enabling signal,
      e.g., closure of contact K3-D. The operator at the attendant telephone set
      may transfer a message waiting signal to the principal telephone set No. 1
      by operating the control key 62 to provide a ground on lead C-K which
      energizes K4 relay and closes contacts K4-A and K4-B. The closure of
      contact K4-A connects the lead M-L to the ten volt alternating supply
      voltage via lead 10 VAC, thereby energizing the message lamp 41 at the
      principal telephone set. The K4 relay thus functions as a gating means and
      transfers a message waiting signal to the associated principal set in
      response to the presence of the enabling signal (closure of contact K3-D)
      and operation of the message control means (control key 62) at the
      attendant set. The closure of contact K4-B connects ground to the K4 relay
      via lead SW-HK and switch 35 at the switch hook 32 of the principal
      telephone set. The operator at the attendant telephone set may now replace
      the receiver and open the line key 54. The K4 relay will remain energized
      through its contact K4-B, thereby maintaining the message lamp 41
      energized until the receiver 30 at the principal set is taken off-hook,
      thereby opening switch 36.
PAR  It should be noted that the operator at the attendant telephone set may
      transfer a message waiting signal to any of the principal telephone sets
      independently of intercepting a call directed to such set by merely
      operating the associated line selection key, removing the receiver from
      the switch hook and operating the control key 62.
PAR  There has thus been described an improved message waiting transfer circuit
      which may be used with or without a ring transfer circuit for enabling an
      operator at an attendant set to monitor and transfer messages to a
      plurality of principal sets.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a telephone system in which an attendant telephone set monitors the
      calls received by a plurality of principal telephone sets and transfers a
      message waiting signal to any selected one of the principal sets, the
      attendant set having means for seizing the line conductors associated with
      any of the principal sets, and further having message control means for
      providing a message waiting signal to any selected principal set, the
      improvement of a message transfer circuit individually connected between
      each principal set and the attendant's set, each transfer circuit
      comprising:
PA1  means responsive to the seizure of the line conductors of the associated
      principal set by the attendant set for providing a message transfer
      enabling signal; and
PA1  gating means responsive to the message transfer enabling signal and to the
      message control means for transferring a message waiting signal to the
      principal set.
NUM  2.
PAR  2. The combination of claim 1 wherein the means responsive to the seizure
      of the line conductors includes a first relay.
NUM  3.
PAR  3. The combination as defined in claim 2 wherein the gating means includes
      a second relay.
NUM  4.
PAR  4. The combination of claim 1 wherein the telephone system is arranged to
      provide ringing signals to the principal sets to signify an incoming call,
      the transfer circuit further including means for transferring ringing
      signals from the associated principal set to the attendant set.
NUM  5.
PAR  5. In a telephone system in which an attendant's telephone set monitors a
      plurality of principal telephone sets connected to an exchange via pairs
      of line conductors, each of the principal sets having an electrically
      actuated message indicator and a receiver which is connected across the
      associated pair of line conductors in the off-hook condition, the
      attendant set including a receiver and a line selection key individually
      associated with each principal set for connecting the receiver of the
      attendant set across the pair of line conductors associated with the
      principal set when the receiver is in the off-hook condition, the
      attendant set further including an A lead associated with each principal
      set for providing a line seizure signal in response to the operation of
      the respective line key and the off-hook condition of the attendant set
      receiver, a message transfer circuit connected between each principal set
      and the attendant set which comprises:
PA1  first means responsive to the line seizure signal on the associated A lead
      for providing a message transfer enabling signal; and
PA1  second means responsive to the message transfer enabling signal and to the
      operation of the message control key for transmitting a message signal to
      the message indicator at the associated principal set.
NUM  6.
PAR  6. The combination as defined in claim 5 wherein the first means includes a
      first relay which operates in response to the line seizure signal.
NUM  7.
PAR  7. The combination as defined in claim 6 wherein the second means includes
      a second relay which operates in response to the concurrent operation of
      the first relay and the message control key for energizing the message
      indicator at the associated principal set.
NUM  8.
PAR  8. The combination as defined in claim 7 including means for maintaining
      the second relay energized after the first relay and message control key
      are returned to the off condition.
NUM  9.
PAR  9. In a telephone system in which an attendant's telephone set monitors the
      calls and selectively transmits message waiting signals to a plurality of
      principal telephone sets connected to an exchange via pairs of line
      conductors, each of the principal sets including (1) a message waiting
      indicator and (2) a receiver which is connected across the associated pair
      of line conductorss in the off-hook condition, the attendant's set
      including (1) a receiver (2) a signal message control key, (3) a line key
      individually associated with each principal set for connecting the
      attendant's set receiver in its off-hook condition across the pair of line
      conductors associated with the selected principal set (4) an A lead
      associated with each principal set and (5) means for providing a line
      seizure signal on a selected A lead in response to the operation of the
      associated line key and the off-hook condition of the receiver, and a
      separate message transfer circuit connected between each principal set and
      the attendant's set, the message transfer circuit comprising:
PA1  a message waiting signal line for carrying a message waiting signal;
PA1  gating means coupled between the message waiting indicator at the
      associated principal set and the message waiting signal line, the gating
      means being responsive to the occurrence of a line seizure signal on the A
      lead for the associated principal set and to the operation of the message
      control key for transmitting the message signal to the message indicator
      of the associated principal set.
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ABST
PAL  This specification discloses a time division communication system having a
      plurality of line circuits for coupling telephones over bidirectional
      lines to outgoing and incoming time division buses. Each of the line
      circuits comprises an active hybrid having separate transmit and receive
      operational amplifiers for connecting the outgoing and incoming buses to a
      telephone line via interface circuitry and during selected time slots of a
      time division frame. The interface circuitry comprises transformer and
      capacitor arrangements for coupling a bidirectional telephone line via a
      filter to an input of the hybrid transmit amplifier and an output of the
      receive amplifier. The filter together with a phase lead compensation
      network, a negative feedback resistor and a resistor-capacitor bias
      arrangement cooperate to control hybrid balance, stability and frequency
      response.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a communication systems and particularly to
      active hybrid port circuits for time division multiplex (TDM)
      communication systems.
PAR  The art has progressed to the extent that active electronic hybrid circuits
      are presently available for providing two-way transmission over a
      communication line via separate one-way transmit and receive channels of a
      common time division transmission link. One such electronic hybrid is
      disclosed in D. G. Medill et al., U.S. Pat. No. 3,789,154 of Jan. 29,
      1974, as part of an electronic key telephone station circuit. Other active
      hybrid circuits are described in T. G. Lewis U.S. patent application Ser.
      No. 343,825, filed Mar. 22, 1973 now U.S. Pat. No. 3,828,146 to be issued
      Aug. 8, 1974, and D. G. Medill et al., U.S. patent application Ser. No.
      343,824, filed Mar. 22, 1973, now U.S. Pat. No. 3,835,529.
PAR  Each of the foregoing hybrid circuits utilize capacitor arrangements for
      TDM signal sampling and holding together with operational amplifiers for
      conveying transmit and receive signals for a two-way station line to the
      one-way TDM transmit and receive buses. Feedback arrangements are used
      between the amplifiers to control signal cancellation required for
      precluding the transmit and receive signals from undesirably recirculating
      in the system. The degree of such signal cancellation depends
      substantially upon delicate impedance balance of, for example, the station
      line impedance and circuit components at the frequencies of operation.
PAR  Heretofore, it has proven to be a problem to maintain the impedance
      balances, and hence active hybrid stability and transmission quality over
      operational frequency ranges required by present day customers. Such
      imbalances and instability increase system susceptibility to impaired
      transmission fidelity, objectionable crosstalk, noise transients, and/or
      singing conditions.
PAR  In view of the foregoing, it is apparent that a need exists for means to
      improve impedance balance and stability arrangements in active hybrid
      circuits and particularly to achieve quality transmission with minimal
      crosstalk, singing and noise transients as a result of active hybrid
      circuit operations with a communication line in a TDM system.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with an illustrative embodiment of my invention, the
      foregoing problem is solved by providing electrical networks in circuitry
      which, by way of example, interfaces a telephone line and an active hybrid
      circuit to control balanced and high quality communication over a
      prescribed range of frequencies and through a PAM (Pulse Amplitude
      Modulation) TDM system. The interface circuitry controls the stability and
      impedance balances of hybrid operational amplifiers which control transmit
      and receive TDM communication.
PAR  The hybrid provides a single path for bidirectional communication over the
      telephone line and one-way transmission over separate transmit and receive
      TDM buses. Separate transmit and receive operational amplifiers are
      utilized in the hybrid for achieving hybrid balance and signal
      cancellation. Each of the amplifiers includes a single output together
      with inverting and noninverting inputs. Resistor pad configurations
      between the amplifier outputs and the inverting inputs provide feedback
      for cancellation of transmit and receive signals appearing at the
      noninverting inputs. Signal cancellation is required to preclude a signal
      transmitted from the telephone line over the TDM transmit channel, the TDM
      system and the hybrid receive amplifier from being undesirably returned to
      the transmitting telephone line and the hybrid transmit amplifier. In a
      similar fashion, signal cancellation is required to preclude a signal
      received by the telephone line via the hybrid from being recirculated
      through the hybrid transmit amplifier to the TDM buses. Without such
      signal cancellation and hybrid balance, echo or rain barrel transmission
      effects generally would occur.
PAR  According to the specific exemplary embodiment of my invention, the
      interfacing circuitry includes a high quality line transformer for
      illustratively coupling a telephone line to the hybrid. A circuit
      arrangement of a first winding of the transformer includes a line relay, a
      battery feed inductor and a DC (direct current) isolating capacitor. A
      second winding of the transformer is serially connected with a low
      frequency equalizing capacitor for reducing DC current through the
      transformer and for low frequency feedback to the transmit amplifier as
      later explained.
PAR  It is a feature of my invention that stability margins of the active hybrid
      is increased by connecting the second winding of the line transformer
      serially with an inductor to a common junction of the input network to the
      noninverting input of the hybrid transmit amplifier, output of the hybrid
      receive amplifier, and a capacitor forming an electrical filter with the
      inductor. The capacitor is thus connected in parallel with the second
      winding and the low frequency equalization capacitor. Advantageously, the
      inductor-capacitor filter and its specific connection arrangement reduces
      hybrid imbalance and improves stability margins at frequencies nfs/2 where
      fs is the TDM sampling frequency and n is odd. Without the filter
      arrangement, hybrid imbalances tend to result in TDM oscillations at the
      frequency fs/2. The imbalance is caused in part by the increased
      impedances of the line transformer and the line termination at frequencies
      above fs/2. It is also caused by high frequency attenuation of a TDM
      signal sample/hold capacitor at the noninverting input to the hybrid
      receive amplifier.
PAR  Although the latter filter reduces hybrid impedance imbalances at the
      frequency fs/2, I have discovered that the filter tends to degrade
      transmission performance by causing increased attenuation at the higher
      end of the voiceband frequencies. This problem is remedied, in accordance
      with my exemplary embodiment, by providing a phase lead compensation
      network including a resistor-capacitor at the inverting input to the
      hybrid receive amplifier for reducing signal cancellation at desired
      higher voiceband frequencies.
PAR  The use of a high quality line transformer results in its having a very
      large magnetization inductance at low frequencies. The inductance creates
      at a low frequency a parallel resonant impedance with the DC blocking
      capacitor of the first transformer winding circuitry. The resonant
      impedance unbalances the hybrid and causes instability by a mismatch in
      the voltages applied to the inverting and noninverting inputs of the
      hybrid transmit amplifier. Specifically, the voltage at the noninverting
      input of the transmit amplifier would be greater than the voltage at its
      inverting input due to the resonant impedance at the noninverting input.
PAR  A feature of my invention provides a solution to the low-frequency resonant
      impedance and increases low frequency response of the hybrid by the use of
      a resistor feedback arrangement from the low frequency equalization
      capacitor to the inverting input to the transmit amplifier. At low
      frequencies, the impedance of the equalization capacitor is relatively
      high and, accordingly, the voltage developed across it is proportionately
      higher than at higher frequencies. Accordingly, the feedback resistor
      functions as negative feedback for the transmit amplifier by connecting
      the capacitor voltage to the inverting input of the hybrid transmit
      amplifier for cancelling the undesired low frequency resonant voltage at
      the noninverting input to the same amplifier. This arrangement also
      improves the low frequency transmission through the TDM system. My
      illustrative interface circuitry further comprises a resistor-capacitor
      network for controlling the DC imbalance in the transmit amplifier
      resulting from the use of the feedback resistor.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  The invention, together with its various objects and features, can be
      readily understood from the following more detailed description of the
      specific illustrative embodiment thereof read in conjunction with the
      accompanying single sheet of a schematic and block diagram of an exemplary
      TDM active hybrid circuit and interface circuitry as part of a TDM system
      serving telephone stations.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the drawing, there are shown a plurality of telephones Tl-Tn connected
      over a plurality of two-wire telephone lines TLl-TLn and respective line
      circuits LCl-LCn to sum (send) and distribute (receive) buses shared on a
      TDM basis by all line circuits and other functional service circuits (not
      shown) of the system. The structure of each of the line circuits is
      essentially the same. Accordingly, only the details of circuit LCl are
      disclosed and explained. It comprises two fundamental building blocks,
      namely, an active hybrid AH and interface circuitry IC between the hybrid
      and telephone line TLl.
PAR  Interface circuitry IC is equipped to supply operating -48 volts and ground
      potential to telephone TLl via tip and ring leads 1 and 2 of line TLl,
      windings 3 and 4 of inductor 5, and lower and upper windings 6 and 7 of a
      line relay 8. Windings 3 and 4 of inductor 5 provide a low resistance path
      for DC and a relatively high impedance for frequencies above a few hertz.
      A capacitor 9 is serially connected with lead 2, a first winding 10 of an
      audio transformer 11 to lead 1 for blocking the DC supplied to telephone
      Tl from also flowing through winding 10. Such DC current flows through the
      transformer windings, even at very low levels, can cause core saturation
      and undesired degradation of transmission quality. Transformer 11 also
      furnishes protection to the electronic components of hybrid AH against
      hazards to which the tip and ring leads are occasionally subjected, such
      as lightning strikes and power line crosses.
PAR  A second winding 12 of transformer 11 has one of its terminals 13 connected
      to a low frequency equalization capacitor 14 which provides a low
      impedance path to ground for winding 12 at frequencies above approximately
      300 hertz. At the lower frequencies, capacitor 14 improves transmission
      and reduces hybrid unbalance in accordance with my invention by
      cooperating with a negative feedback resistor 15 to control the gains of a
      hybrid transmit amplifier, as later explained.
PAR  According to another aspect of my invention, an electrical network
      comprising an inductor 16 and capacitor 17 couples another terminal 18 of
      winding 12 to hybrid AH via an impedance matching resistor 19 and a
      voltage divider resistor 20. The filter network performs two important
      functions, namely, it attenuates out-of-band energy incoming to line TLl
      for preventing foldover distortion (aliasing) and it attenuates
      out-of-band modulation products in outgoing signals from line TLl.
PAR  Hybrid AH provides communication signal sampling, storage and transfer for
      the bidirectional transmission line TLl via the interface circuitry and,
      advantageously, to and from the separate one-way sum (outgoing) and
      distribute (incoming) buses under TDM switching control. It comprises
      transmit and receive operational amplifiers 21 and 22, a pad of gain
      controlling resistors 23-26 between the amplifiers, a sample/hold
      capacitor 27, a sample/hold compensating capacitor 28, and a transmit
      pulse current supply capacitor 29 and resistor 30.
PAR  Each of the amplifiers 21 and 22 provides a flat response over the
      voiceband frequencies and comprises inverting and noninverting inputs, -
      and +, and a single output. Resistors 23 and 24 as well as resistors 25
      and 26 establish the inverting and noninverting gains of amplifiers 21 and
      22, respectively, for maintaining hybrid balance and desired transmission
      level.
PAR  Before further describing the gain controlling structure of my exemplary
      embodiment, it is advantageous to note that, in an endeavor to achieve
      quality transmission characteristics, I have found it practicable to
      utilize a transformer 11 which exhibits a very large magnetization
      inductance at low frequencies, illustratively 7 henries at 30 hertz. I
      have discovered that such magnetization inductance in conjunction with
      capacitor 9 causes a parallel resonance at low frequencies. As a result,
      the hybrid AH would heretofore be unbalanced and cause stability problems
      in TDM communications. This instability is due to a mismatch and a larger
      voltage fed back to the hybrid transmit amplifier 21 via resistor 20.
PAR  In accordance with my invention, the instability problem is solved by
      equipping the illustrative embodiment with the negative feedback
      compensating resistor 15 and voltage divider resistors 31 and 32 together
      with capacitor 33. Resistor 15 controls the variation in gain of the
      noninverting -input of amplifier 21 from low to high frequencies and
      concurrently the magnitude of the signal fed back from capacitor 14 into
      the -input of amplifier 21 at the lower frequencies. When the impedance of
      capacitor 14 is relatively large at the low frequencies, resistor 15 feeds
      back a larger signal (relative to high frequencies) from capacitor 14 to
      the -input of amplifier 21 and thereby tends to decrease the overall gain
      for the signal at the +input of amplifier 21. Resistors 31 and 32 and the
      capacitor 33 are included in the voltage divider to correct DC imbalance
      caused by resistor 15. Capacitor 33 is selected virtually to eliminate the
      influence of resistor 32 at frequencies greater than, for example, 10
      hertz. The values of capacitors 14 and 33 are desirably chosen so that the
      effects of the DC balancing components 32 and 33 disappear before the
      impedance of capacitor 14 becomes small.
PAR  Resistor 19 in series with the output of the receive amplifier 22 is a
      hybrid matching resistor that provides an impedance match to the effective
      terminating impedance of the interface circuitry, telephone line TLl and
      telephone Tl for achieving hybrid balance. Advantageously, the value of
      resistor 19 is selected to maximize return loss.
PAR  Line circuit LCl is equipped with time division switches 34 and 35 for
      concurrently connecting the output of the transmit amplifier 21 and the
      +input of the receive amplifier 22 to the respective sum and distribute
      buses extending to the PAM distribution circuit 36 and during a time slot
      of a TDM frame selectively assigned by the TDM control equipment (not
      shown). At the output of amplifier 21, I advantageously utilize the
      resistor 30 and capacitor 29 to supply initial pulse current to the sum
      bus via a summing resistor 37 at the instant that the switch 34 is closed
      and because of the initial inability of amplifier 21 to build up pulse
      current for sampling the signal to be transmitted via amplifier 21 from
      line TLl. Resistor 30 is in series with capacitor 29 for guarding against
      noise and crosstalk through the power supply and, particularly, for
      providing sufficient damping to prevent the TDM pulse sampling transients
      from causing high noise crosstalk transients on the system ground.
PAR  PAM distribution circuit 36, in a manner known in the art, sums all of the
      signal samples in the TDM time slots appearing on the sum bus and
      concurrently supplies them to the distribute bus for application through
      closed switches, such as switch 35, to respective sample/hold capacitors,
      such as capacitor 27. Further to improve transmission quality, I provide a
      resistor 38 bridged across capacitor 27 and, specifically, to limit
      undesired voltage build-up across it due to leakage in switch 35 and
      biasing of amplifier 22. Capacitor 27 stores for an entire TDM sampling
      frame, the sample signal supplied to the distribute bus and, resultingly,
      such storage effects a reconstruction of the sampled waveform into a
      staircase signal in a known manner. Hybrid AH further includes the
      capacitor 28 connected between switches 34 and 35 on the amplifier sides
      thereof for forming a capacitor divider with capacitor 27 and to maintain
      desired hybrid balance throughout the sample frame rather than solely
      during instants of time slot signal sampling.
PAR  I have further discovered a stability problem in the hybrid AH which is
      solved by the addition of a peaking network including resistor 39 and
      capacitor 40 at the -input to the receive amplifier 22. The stability
      problem is in the balance margins at fs/2, where fs is the sampling
      frequency, and particularly for multiline, or line port circuit
      conferencing in a single time slot. The problem is due to hybrid imbalance
      at nfs/2, where n is odd. I have found that imbalances at these
      frequencies are effectively vector voltage summed together by the sampling
      at the input to the sum bus with a resulting propensity to cause
      oscillation at fs/2.
PAR  This high frequency hybrid imbalance results principally from two
      phenomena. First, the receive amplifier 22 tends to become unbalanced at
      high frequencies due to high frequency attenuation of the sample/hold
      capacitor 27 at the noninverting +input relative to the inverting input.
      Secondly, the impedance presented by the filter network components 16 and
      17, and the tip and ring leads 1 and 2, termination tends to increase
      significantly at frequencies above fs/2.
PAR  To reduce the increase in impedance, I have found it advantageous to
      connect the capacitor 17 on the hybrid side of the inductor 16 rather than
      on the transformer 11 side. However, in doing so, I have further
      recognized that transmission performance is degraded due to the increased
      attenuation at the higher end of the voiceband in that configuration. A
      connection of the capacitor 17 on the transformer 11 side of inductor 16
      results in peaking at the higher voiceband frequencies.
PAR  To remedy the premature attenuation resulting from placing capacitor 17 on
      the hybrid side of inductor 16 and simultaneously the degree of mismatch
      in the receive amplifier 22, phase-lead compensation is added by the
      resistor 39 and capacitor 40 connected to the -input of amplifier 22.
PAR  Hybrid AH utilizes a single transmit-receive path via inductor 16 to the
      telephone line TLl and separate sum and distribute paths for TDM
      communication. It is important, therefore, that transmitted signals not be
      returned to the shared path through inductor 16 via the receive amplifier
      22 and, similarly, that received signals not be returned to the transmit
      bus. To achieve these functions, hybrid AH requires balance. It is
      considered balanced when, in transmitting from telephone Tl, no energy of
      the transmitted communication signal is received in an incoming direction
      on the tip and ring leads 1 and 2. The latter is accomplished in part by
      matched terminating impedances of the sum and distribute buses, matched
      impedances of resistor 19 to the terminating impedance toward telephone
      Tl, and by feedback from the output of the transmit amplifier 21 through
      resistor 25 to the inverting -input of amplifier 22 for cancelling
      transmitted communication signals on the distribute bus from appearing at
      the output of amplifier 22. Hybrid AH is also considered balanced when
      telephone Tl receives communication signals from other line or service
      circuits from the distribute bus and no energy of the received
      communication signals at the output of amplifier 22 is returned to the sum
      bus. This is achieved in part with the foregoing matched conditions and by
      feedback from the output of the receive amplifier 22 through resistor 24
      to the inverting -input of amplifier 21 which feedback is effective to
      cancel received signals at the +input of amplifier 21 from appearing at
      its output.
PAR  Hybrid AH functions under balanced conditions as follows to provide two-way
      voice frequency communication to line TLl and separate one-way TDM
      communication over the sum and distribute buses. Illustratively, assuming
      that a voltage V.sub.R of a received communication signal is stored at the
      sample/hold capacitor 27, a V.sub.R voltage appears at the input and
      output of amplifier 22. Since the tip and ring leads 1 and 2 are
      terminated by an impedance of the telephone Tl equal to that of the
      matching resistor 19, a voltage +V.sub.R appears at the -input of
      amplifier 21 and V.sub.R /2 appears at the +input of amplifier 21.
      Accordingly, these signal voltages are combined in amplifier 21 to produce
      a correspondingly zero received signal voltage at the output of amplifier
      21.
PAR  For transmitting in an opposite direction, that is from telephone Tl, and
      assuming that a voltage V.sub.S is present across the tip and ring leads 1
      and 2, it appears as V.sub.S /2 at the +input to the transmit amplifier
      21. Further assuming that the output of amplifier 22 is at ground
      potential, then voltage V.sub.S appears at the output of amplifier 21. The
      voltage V.sub.S is summed during an assigned time slot through the PAM
      distribution circuit 36 and appears at the +input of amplifier 22.
      Accordingly, voltages V.sub.S appear at both the + and - inputs of
      amplifier 22 for cancellation and producing a correspondingly zero
      transmitted voltage at the output of amplifier 22.
PAR  By way of illustration, the following resistor, capacitor, and inductor
      component values have been found to be suitable for use in the
      illustrative line circuit.
TBL                TABLE OF COMPONENT VALUES                                   

     ______________________________________                                    

     Component            Value                                                

     ______________________________________                                    

      9                   4 .mu.f                                              

     14                   10 .mu.f                                             

     15                   1458 Ohms                                            

     16                   10 mHy                                               

     17                   0.1 .mu.f                                            

     19                   400 Ohms                                             

     20                   2050 Ohms                                            

     23                   1000 Ohms                                            

     24                   796 Ohms                                             

     25                   3160 Ohms                                            

     26                   2370 Ohms                                            

     27                   550 pF                                               

     28                   450 pF                                               

     29                   0.1 .mu.f                                            

     30                   4.64 Ohms                                            

     31                   5110 Ohms                                            

     32                   18700 Ohms                                           

     33                   1.0 .mu.f                                            

     37                   374 Ohms                                             

     38                   1 MEG                                                

     ______________________________________                                    

PAR  It is to be understood that the hereinbefore described arrangements are
      illustrative of the application of principles of my invention. In light of
      this teaching, it is apparent that numerous other arrangements may be
      devised by those skilled in the art without departing from the spirit and
      scope of my invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A hybrid circuit for coupling an incoming and an outgoing path to a
      bidirectional path in a communication system and comprising
PA1  a transmit and a receive amplifier each having input means and output
      means,
PA1  means for connecting said output means of said transmit amplifier to said
      outgoing path,
PA1  means for connecting said incoming path to said input means of said receive
      amplifier,
PA1  means for signal feedback from said output means of said transmit amplifier
      to said input means of said receive amplifier for cancelling transmitted
      communication signals conveyed from said transmit amplifier through said
      communication system to said input means of said receive amplifier,
PA1  means for signal feedback from said output means of said receive amplifier
      to said input means of said transmit amplifier for cancelling received
      communication signals conveyed from said receive amplifier output means to
      said input means of said transmit amplifier, and
PA1  means for coupling said bidirectional path to said input means of said
      transmit amplifier and said output means of said receive amplifier,
PA1  said coupling means including
PA1  first and second capacitors,
PA1  a transformer having a first winding connected to said bidirectional path
      in series with said first capacitor and a second winding connected in
      series with said second capacitor and
PA1  means connected to said second capacitor and deriving signal feedback from
      said second capacitor to said input means of said transmit amplifier.
NUM  2.
PAR  2. A hybrid circuit in accordance with claim 1 wherein said signal feedback
      deriving means comprises a resistor connected between said second
      capacitor and said input means of said transmit amplifier.
NUM  3.
PAR  3. A hybrid circuit in accordance with claim 2 further comprising a biasing
      resistor-capacitor network connected to said input means of said transmit
      amplifier and cooperating with said resistor deriving means for feedback
      gain control of said transmit amplifier.
NUM  4.
PAR  4. A hybrid circuit in accordance with claim 1 wherein said coupling means
      further includes a filter network having an inductor in a series circuit
      with said second capacitor and said second winding to said input means of
      said transmit amplifier and said output means of said receive amplifier,
      and a third capacitor connected through said inductor to said second
      winding.
NUM  5.
PAR  5. A hybrid circuit in accordance with claim 2 further comprising a phase
      lead compensation network connected to said input means of said receive
      amplifier.
NUM  6.
PAR  6. A hybrid circuit in accordance with claim 5 wherein said compensation
      network comprises a series resistor-capacitor arrangement.
NUM  7.
PAR  7. A hybrid circuit for coupling a bidirectional path to an outgoing and an
      incoming path in a communication system and comprising
PA1  a transmit and a receive amplifier each having first and second inputs and
      an output,
PA1  means for connecting said output of said transmit amplifier to said
      outgoing path,
PA1  means for connecting said incoming path to said first input of said receive
      amplifier,
PA1  means for signal feedback from said transmit amplifier output to said
      second input of said receive amplifier for cancelling from said receive
      amplifier output transmitted communication signals conveyed from said
      transmit amplifier output through said communication system to said first
      input of said receive amplifier,
PA1  means for signal feedback from said receive amplifier output to said second
      input of said transmit amplifier for cancelling from said transmit
      amplifier output received communication signals conveyed from said receive
      amplifier output to said first input of said transmit amplifier, and
PA1  means for coupling said bidirectional path to said first input of said
      transmit amplifier and said output of said receive amplifier,
PA1  said coupling means comprising a filter network having an inductor which is
      serially connected to said receive amplifier output and said first input
      of said transmit amplifier and a capacitor shuntingly connected to said
      receive amplifier output, said first input of said transmit amplifier and
      said inductor.
NUM  8.
PAR  8. A hybrid circuit in accordance with claim 7 further comprising a phase
      lead compensation network connected to said second input of said receive
      amplifier.
NUM  9.
PAR  9. A hybrid circuit in accordance with claim 8 wherein said compensation
      network comprises a series resistor-capacitor arrangement.
NUM  10.
PAR  10. A hybrid circuit in accordance with claim 7 wherein said coupling means
      further comprises
PA1  first and second capacitors,
PA1  a transformer having a first winding connected to said bidirectional path
      in series with said first capacitor and a second winding connected in
      series with said second capacitor and said inductor.
NUM  11.
PAR  11. A hybrid circuit in accordance with claim 10 wherein said coupling
      means further comprises
PA1  a resistor connected to said second capacitor for deriving a negative
      signal feedback to said second input of said transmit amplifier.
NUM  12.
PAR  12. A hybrid circuit in accordance with claim 11 further comprising
PA1  a resistor-capacitor biasing network connected to said first input of said
      transmit amplifier and cooperating with said second capacitor and said
      resistor deriving means for feedback gain control of said transmit
      amplifier.
NUM  13.
PAR  13. Hybrid circuitry for coupling a bidirectional path to an incoming and
      an outgoing path of an active hybrid circuit including a transmit
      amplifier having input means and an output means connectable to said
      outgoing path and comprising
PA1  first and second capacitors,
PA1  a transformer having a first winding connected in series with said first
      capacitor to said bidirectional path and a second winding connected in
      series with said second capacitor, and
PA1  means connected to said second capacitor and deriving a negative signal
      feedback for said input means of said transmit amplifier.
NUM  14.
PAR  14. Hybrid circuitry in accordance with claim 13 wherein said input means
      comprises a first and a second input to said transmit amplifier,
PA1  said second winding is serially connectable with said second capacitor for
      coupling said bidirectional path to said first input,
PA1  said deriving means includes a resistor connected from said second
      capacitor to said second input.
NUM  15.
PAR  15. Hybrid circuitry in accordance with claim 14 further comprising
PA1  a resistor-capacitor biasing network connectable to said first input of
      said transmit amplifier and for cooperating with said second capacitor and
      said resistor for gain control of said transmit amplifier.
NUM  16.
PAR  16. Hybrid circuitry in accordance with claim 15, wherein
PA1  said active hybrid circuit further includes a receive amplifier having a
      first input connectable to said incoming path, a second input and an
      output, and
PA1  said hybrid circuitry further comprises
PA1  a filter network including an inductor serially connected with said second
      capacitor and said second winding to said receive amplifier output and
      said first input of said transmit amplifier and a capacitor connected to
      said receive amplifier output and said first input of said transmit
      amplifier and in parallel with said inductor, second winding and second
      capacitor.
NUM  17.
PAR  17. Hybrid circuitry in accordance with claim 16 further comprising
PA1  biasing means including a resistor-capacitor network connected to said
      second input of said receive amplifier for frequency dependent bias
      control thereof.
NUM  18.
PAR  18. In circuitry for coupling a bidirectional path to an incoming and
      outgoing path of an active hybrid circuit including a receive amplifier
      having input means connectable to said incoming path and an output means
      connectable to said bidirectional path,
PA1  first and second capacitors and
PA1  a transformer having a first winding connected in series with said first
      capacitor to said bidirectional path and a second winding connected in
      series with said second capacitor, and the invention comprising
PA1  a filter network including an inductor serially connectable with said
      second capacitor and said second winding to said receive amplifier output
      means and a capacitor connectable to said receive amplifier output means
      and in parallel with said inductor, said second winding and said second
      capacitor.
NUM  19.
PAR  19. The invention in accordance with claim 18 wherein said input means of
      said receive amplifier comprises a first input connectable to said
      incoming path and a second input further comprising a phase lead resistor
      capacitor network connected to said second input for gain control of said
      receive amplifier at prescribed frequencies.
NUM  20.
PAR  20. In a time division communication system in which a plurality of time
      slots occur for communication and comprising
PA1  a plurality of bidirectional communication lines;
PA1  an outgoing time division bus;
PA1  an incoming time division bus;
PA1  means for exchanging signals among a plurality of selected ones of said
      communication lines and including
PA1  means interconnecting said outgoing and incoming buses, a plurality of line
      circuits, each of said circuits individually connected to a prescribed one
      of said lines, and time division switch means for selectively connecting
      said one of said lines to said outgoing and incoming buses during a
      distinct one of said time slots;
PA1  each of said circuits comprising
PA1  a transmit and a receive amplifier each having first and second inputs and
      an output,
PA1  means coupling said one of said lines to said first and second inputs of
      said transmit amplifier and said output of said receive amplifier and
      comprising
PA1  first and second capacitors,
PA1  a transformer having a first winding connected in series with said first
      capacitor to said bidirectional path and a second winding connected in
      series with said second capacitor,
PA1  an impedance matching resistor,
PA1  a biasing resistor,
PA1  a filter network including an inductor serially connected with said second
      capacitor, said second winding and through said matching resistor to said
      receive amplifier output and through said biasing resistor to said first
      input of said transmit amplifier and further including a capacitor
      connected to said matching resistor, said biasing resistor and said
      inductor and in parallel with said inductor, said winding and said second
      capacitor,
PA1  a feedback resistor connected to said capacitor and said second input of
      said transmit amplifier for gain control at prescribed frequencies,
PA1  a resistor-capacitor network connected to said first input of said transmit
      amplifier and for cooperating with said second capacitor and feedback
      resistor for gain control of said transmit amplifier,
PA1  a resistor pad arrangement connected between said transmit amplifier output
      and said second input of said receive amplifier and between said receive
      amplifier output and said second input of said transmit amplifier for
      cancelling respective transmit amplifier output signals from coupling to
      said one of said lines and receive amplifier output signals from coupling
      through said matching resistor, said biasing resistor and said transmit
      amplifier to said outgoing bus,
PA1  a resistor-capacitor phase lead device connected to said second input of
      said receive amplifier and for cooperating with said filter network for
      controlling frequency response of said receive amplifier,
PA1  a resistor-capacitor arrangement connected to said transmit amplifier
      output for providing output pulse current for said transmit amplifier upon
      closure of a time slot switch during an occurrence of said distinct one of
      said time slots,
PA1  a sample/hold capacitor for storing a sample of a communication signal
      received at said first input of said receive amplifier upon closure of
      another time slot switch during an occurrence of said distinct one of said
      time slots,
PA1  a resistor bridged across said sample/hold capacitor for bias control of
      said first input of said receive amplifier and voltage limit control on
      said sample/hold capacitor due to electrical leakage in said other time
      slot switch,
PA1  and another capacitor connected between said transmit amplifier output and
      said first input of said receive amplifier for forming a capacitor divider
      with said sample/hold capacitor and said capacitor of said
      resistor-capacitor arrangement connected to said transmit amplifier
      output.
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ABST
PAL  The disclosure is directed to an elongated and tapered, bulb-like hollow
      housing which is constructed and arranged to fit in the outer ear of the
      wearer having a plurality of openings formed therein circumferentially
      disposed to define rib portions which are substantially parallel to the
      longitudinal axis of the housing. The tapered end has a small opening
      formed therein which by comparison is substantially smaller in diameter
      than that of the bulb-like hollow housing. A flexible conduit which has
      one end adapted to fit a sound transmitting device, such as a hearing aid
      or other acoustical device has the other end extending through the hollow
      housing into the small opening in an acoustic coupling relationship. An
      end cap in the form of a disc may be secured in the larger open end of the
      tapered cylindrical housing to receive the flexible conduit and may also
      be formed with a number of apertures therein. Two discs may also be used
      to control the size of the openings by using a side-by-side arrangement.
BSUM
PAR  This invention relates to the field of acoustic devices and more
      particularly to the field of acoustic coupling seals for use with a sound
      transmitting tube which is directed into the outer ear.
PAR  Certain forms of hearing aids, dictating machines, tape players, and
      telephones presently being used today no longer use the ear mold or ear
      tip which forms a tight acoustic seal with the ear canal thus excluding
      all outside sounds. This has generally been the case because of the
      physical arrangement of the components within the hearing aid producing
      feedback which is highly undesirable for the wearer. However, with certain
      types of hearing losses, the acoustic tube may be introduced into the ear
      canal with no mold or other tip closing the space between the ear canal
      and the outer configuration of the tube. With this type of hearing loss,
      the hearing aid amplifies the higher pitched sounds which are then carried
      to the ear drum through the tube and the lower ranges are permitted to
      reach the ear drum directly. However, it is also undesirable to have the
      acoustic tube merely dangling in the outer ear or movable so as to contact
      the outer ear in a loose arrangement.
PAR  Certain present day dictating equipment, radios, and telephones make it
      desirable to be able to receive normal sounds as well as those being
      amplified at the same time.
PAR  The present invention is directed to an ear tip which also forms an
      acoustic connection or coupling to carry out the provisions of permitting
      the higher pitched sounds to be amplified through a hearing aid or other
      amplifier and permitting the lower pitched and normal sounds to be
      received directly into the ear. The ear tip is formed of a soft plastic
      material and openings are formed around the outer portion of the tube
      which extends into the tip member much like the openings between the
      spokes of a wheel. It has also been found that it is desirable in some
      cases to be able to regulate the amplitude and control the frequency of
      the sound received in this manner and a disc is also provided which has
      apertures formed therein which may be used for increasing or reducing the
      amplitude of the lower pitched and other normal sounds received directly.
PAR  It is therefore a general object of the present invention to provide an
      improvement in ear tips used with hearing aids and other electro-acoustic
      devices.
PAR  It is a more specific object of this invention to provide an acoustic
      coupling for use with a sound carrying tube which admits lower range and
      normal sounds to the ear directly.
DRWD
PAR  These and other objects and advantages of the invention will more fully
      appear from the following description, made in connection with the
      accompanying drawings, wherein like reference characters refer to the same
      or similar parts throughout the several views, and in which:
PAR  FIG. 1 is a perspective view of the acoustic seal used with a sound tube;
PAR  FIG. 2 is an elevational side view of the acoustic seal used with a sound
      tube; and
PAR  FIG. 3 is an elevational end view of the acoustic seal used with a sound
      tube as fitted in the ear.
DETD
PAR  As shown in the Figures, an acoustic coupler 10 is shown which has an
      elongated and tapered bulb-like hollow housing 11 which is of a proper
      dimension to be fitted in the outer ear of the wearer. It has been found
      that the outer diameter is generally between the dimensions of 0.265
      inches and 0.335 inches depending upon the size of the ear canal of the
      wearer. The general length of housing 11 is approximately one-half to
      three-fourths of an inch with the thickness of the outer shell being
      approximately 1/32 to 3/32 of an inch. The tapered housing 11 has an end 2
      and an inner opening 14 which communicates with an opening 13 formed in
      12. Portions of the outer housng 11 are exposed providing a plurality of
      openings 15 which, because of their symmetrical relationship, form a
      plurality of ribs 16 which are formed substantially parallel to the
      longitudinal axis of member 11. The ribs 16 may also be formed like screw
      threads if desirable, as long as adequate openings are formed between
      them.
PAR  A flexible conduit 20 has one end adapted to be fitted to a sound
      transmitting device such as a hearing aid or other devices described
      earlier and has a second end 21 which extends through opening 14 in the
      hollow housing into opening 13.
PAR  To provide additional support, but more particularly to provide a means for
      reducing the amplitude of outside sounds, a circular disc 22 may be used,
      and when used, is secured in the larger end of housing 11 through the use
      of an annular groove which releasably secures disc 22 in a radial manner
      at a normal open position of housing 11. Disc 22 has a central opening 23
      for receiving flexible conduit 20 and also includes a plurality of
      apertures 24 which are formed by a plurality of intermediate members 25
      like spokes or round openings, etc. in a wheel. The openings in disc 22
      may be circular in nature and disc 22 may also be made in two cooperating
      parts to adjust the size of apertures 24. Generally speaking, the total
      area of the plurality of apertures 24 are substantially larger than
      central opening 23. Using the acoustic coupler disclosed herein, a wearer
      is able to take advantage of the amplified higher pitched sounds emanating
      from a hearing aid or other device and the lower pitched and normal sounds
      which may be received directly in the ear canal.
PAR  It will, of course, be understood that various changes may be made in the
      form, details, arrangement and proportions of the parts without departing
      from the scope of the invention which consists of the matter shown and
      described herein and set forth in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An acoustic coupler for use with a sound carrying tube directed into the
      outer ear, said coupler comprising:
PA1  a. an elongated and tapered bulb-like hollow housing constructed and
      arranged to fit in the outer ear of a wearer and having a plurality of
      openings formed therein circumferentially disposed to define rib portions
      in said hollow housing;
PA1  b. said tapered hollow housing having a small end portion with a first
      opening formed therein substantially smaller in diameter than that of said
      bulb-like hollow housing;
PA1  c. and a flexible conduit having a first end adapted to be fitted to a
      sound transmitting device and having a second end extending through said
      hollow housing into acoustic sealing relationship with said first opening
      in said end portion.
NUM  2.
PAR  2. The structure set forth in claim 1 including:
PA1  d. an end cap releasably secured in the largest end of said tapered
      cylindrical hollow housing and radially disposed therein, said end cap
      having a central opening for receiving said flexible conduit and a
      plurality of apertures radially disposed around said central opening.
NUM  3.
PAR  3. The structure set forth in claim 1 wherein said rib portions of said
      elongated and tapered bulb-like hollow housing are formed substantially
      parallel to the longitudinal axis thereof.
NUM  4.
PAR  4. The structure set forth in claim 2 wherein said plurality of apertures
      in said end cap have a total area substantially larger than said central
      opening.
NUM  5.
PAR  5. The structure set forth in claim 2 wherein said end cap is formed of a
      pair of cooperating discs, each containing a plurality of apertures in
      which said discs may be rotated to vary said apertures to a predetermined
      effective area.
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ABST
PAL  An electrical switch having a push button type actuator and a plurality of
      circuit-making type contact members, some of which are adapted to be
      momentarily moved by the actuator into contact with stationary electrical
      terminal members while other contact members are simultaneously initially
      slidably moved by the actuator into contact with yet another set of
      electrical terminal members and then adapted for independent slidable
      movement through a multitude of positions into contact with still other
      electrical terminals.
BSUM
PAC  SUMMARY OF THE INVENTION
PAR  A slide switch having a push button type actuator, the movement of which
      simultaneously positions different sets of movable contacts into
      engagement with designated electrical terminal members so as to complete
      predetermined circuits therethrough; one set of contacts is by initial
      movement of the push button actuator momentarily placed into contact with
      a set of electrical terminal members, while the other set of contacts is
      by such initial movement of the push button actuator slidably positioned
      into continuing contact with a set of other electrical terminals.
PAR  After initial movement by the push button actuator, the second set of
      contacts is adapted to be independently moved into contact with other
      selected electrical terminals for establishing predetermined electrical
      circuits therethrough.
PAR  By an indexing element the second set of contacts is maintained in their
      selected position until manual return to their original positions, where
      they may be once again initially moved by the push button actuator.
PAR  The present switch is designed to be incorporated in a relatively confined
      area, such as a turn signal lever mounted on the steering column of an
      automobile. By initial actuation a momentary circuit is completed to a
      window-washing fluid pump and a continuing circuit to the mechanism for
      operating the windshield wipers at a slow speed. By further manual
      independent movement the second set of contacts may be advanced to engage
      other electrical terminals to increase the speed of the windshield wiper
      mechanism.
DRWD
PAR  The invention will be best understood by reference to the accompanying
      drawings showing the preferred embodiment of the invention, and in which:
PAR  FIG. 1 is a fragmentary detailed sectional view of the switch housing and
      components in their original or inoperative position;
PAR  FIG. 2 is a detailed sectional view showing in full the electrical circuit
      terminal members and certain switch contacts of the slide switch;
PAR  FIG. 3 is a detailed sectional end view showing the interior of the switch
      housing with certain components positioned therein;
PAR  FIG. 4 is an exploded view of certain components of the slide switch;
PAR  FIG. 5 is a detailed sectional view of the push button actuator as employed
      in the slide switch; and
PAR  FIG. 6 is a top plan view of the circuit board of the slide switch.
DETD
PAC  GENERAL DESCRIPTION
PAR  The shown embodiment of the present invention illustrates a dielectric
      tubular housing 10 attached by a press-fit to the end of a hollow shaft
      11, which may constitute a turn signal lever normally carried by the
      steering column of an automobile.
PAR  The housing 10 provides an open end adapted to be closed by a disc 12
      having a center aperture through which slidably projects the head 13 of a
      push button actuator 14. The push button actuator 14 includes a circular
      collar 15 normally disposed behind the disc 12 so as to be prevented from
      separation from the housing through the open end, while permitted to be
      moved inwardly through the housing 10 in the manner and for the purpose
      hereinafter explained.
PAR  The interior of the housing 10 provides a cavity 16, the side wall of which
      has formed therein a plurality of sets of aligned grooves 17, 18 and 19,
      as well as a top opening 20.
PAR  Each set of aligned grooves slidably receives an opening of the switch
      structure. Thus, the grooves 17 receive the circuit plate 21, while the
      grooves 18 receive a portion of the push button actuator 14, and the
      grooves 19 receive a slidable switch actuator 22.
PAR  In FIG. 4 the components of the switch are shown in their exploded relation
      and, as shown therein, the inner face of the push button 14 provides a
      recess 23 in which is contained a stud 24 (FIG. 5). A ledge 25 projects
      longitudinally of the inner face of the push button actuator 14, the
      longitudinal side edges of the ledge 25 being adapted to be slidably
      projected into the grooves 18 provided by the housing 10.
PAR  The slide switch actuator 22 consists of a substantially rectangularly
      shaped block 26 having a top wall 27 that provides overlapping side and
      end edges 28 and 29, respectively, with the side edges 28 slidably
      received in the grooves 19 provided by the housing 10.
PAR  The circuit plate 21 consists of a relatively flat body portion 30 which
      provides rails 31 which, in turn, are adapted to be received in the
      grooves 17 provided by the housing 10. When the components are slidably
      mounted within the housing 10, the members will assume the relation, one
      to the other, as shown in FIGS. 1 and 3.
PAR  The front edge of the flat body portion 30 of the circuit plate 21 provides
      a longitudinally extending post 32 which has formed to either side thereof
      diverging rearwardly directed angular edge portions 33 which extend
      rearwardly until they form a junction with the rails 31.
PAR  As shown in FIG. 1, when the circuit plate 21 is mounted in the grooves 17
      and the push button actuator 14 has its ledge 25 projected into the
      grooves 18, with its circular head 13 projecting out of the center
      aperture of the disc 12, the recess 23 formed in the push button actuator
      14 and the stud 24 contained therein will be in longitudinal alignment
      with the post 32 of the circuit plate 21.
PAR  Adapted to be positioned within the recess 23 provided by the push button
      14 and upon the stud 24, is the flattened apex 34 of a V-shaped spring
      contact 35. The arms 36 of the spring contact 35 are adapted to extend
      outwardly of the recess 23 beneath the ledge 25 of the push button 24 into
      the direction of the tapered front edges 33 of the circuit plate 21, as
      clearly shown in FIG. 2. Positioned within the arms 36 of the contact 35
      and having one end coiled about the stud 24 and the other end coiled about
      the post 22 of the circuit plate 21, is a coil spring 37. The coil spring
      37 normally urges the circular collar 15 of the push button 14 into facial
      abutment with the inner wall of the disc 12, maintaining the push button
      14 in the position shown in FIGS. 1 and 2.
PAR  The free forward edge 38 of the ledge 25 of the push button 14, when it is
      mounted in grooves 18 provided by the housing 10, will be in facial
      contact with the front wall 39 of the rectangular block 26 of the slide
      actuator 22, the slide actuator 22 carrying on its bottom wall a pair of
      switch fingers 40 adapted to have sliding contact with electrical
      conductors carried on the upper face 41 of the flat body portion 30 of the
      circuit plate 21. The block 26 of the slide switch actuator 22 provides a
      recess, opening from the bottom wall thereof and housing a spring-urged
      detent 42 which is adapted to have yieldable contact with a set of tapered
      walled recesses 43 formed in the top wall surface 41 of the circuit plate
      21.
PAR  The top wall 41 of the circuit plate 21 carries a first conductor path 44
      which terminates into a wire connector 45, and a second and third
      electrical conductor path 46 and 47 which also terminate into a
      wire-receiving socket 48 and 49, as well as a fourth electrical conductor
      path 50 which includes a head section 51 disposed in alignment with the
      second conductor path 46 and a second conductor head 52 which is disposed
      in longitudinal alignment with the first conductor path 44 and is
      laterally offset with respect to a conductor head 53 of the third
      conductor path 47, all as clearly shown in FIG. 6.
PAR  Extending perpendicularly of each of the tapered front edges 33 of the flat
      body 30 of the circuit plate 21 are disposed fixed terminal plates 54
      which have conductive paths extending beneath the flat body portion 30 of
      the plate 21, and which are shown in dotted lines in FIG. 6.
PAR  The top wall 55 of the slide switch actuator 22 provides a rectangular
      housing 56 which receives a leg 57 of an actuator head 58. The leg 57 is
      adapted to project out of the opening 20 formed in the housing 10, with
      the actuator head 58 exposed externally of the housing 10, as shown in
      FIG. 1.
PAR  In operation, when the switch is desired to be operated the operator will
      manually depress the head 13 of the push button actuator 14 in the
      direction of the disc 12. By this movement the ends of the contact arms 36
      of the contact 35 will, against the compression of the spring 37, be moved
      into momentary contact with the terminal plates 54 carried by the front
      edges 33 of the circuit plate 21. This momentary contact will complete a
      circuit therethrough to energize a selected electrical operation. In the
      preferred embodiment, this would momentarily energize a window washer
      fluid-dispensing pump, which would cause a spray of fluid to be dispensed
      upon the windshield of an automobile. Simultaneously the ledge 25 of the
      push button 14 will move through its grooves 18 and cause the switch
      actuator 22 to be moved in a direction from left to right, as shown in
      FIG. 1, causing the switch fingers 40 thereof to move off the conductor
      heads 52 and 53 of the respective conductor paths 50 and 47 so that they
      will be in contact with the conductor head 51 of the conductor path 50 and
      the elongated conductive path 44.
PAR  In such a position, a complete electrical circuit is made therethrough,
      which, in the preferred mode, will result in the windshield wiper
      mechanism being energized at a slow speed.
PAR  The spring 37 will return the push button 14 to its original position as
      soon as the external pressure is relieved from the head 13 thereof, thus
      breaking the circuit to the windshield washer. By reason of the indexing
      mechanism 42, the circuit through the slide switch actuator 22 and its
      spring fingers 40 and the conductive paths on the circuit plate 21 will
      remain completed until manual return of the slide switch actuator 22
      through external manipulation of the actuator head 58.
PAR  If it is desirable to operate the windshield wipers without employing the
      windshield washer, the operator through the movement of the actuator head
      58 through the opening 20, can manually move the slide switch actuator 22
      into its first position, wherein it is operated at a slow speed in the
      manner hereinbefore described, or, by continuous movement, move the switch
      fingers 40 so that they will engage the conductive paths 44 and 46, which
      will complete a circuit to the windshield wipers, causing them to actuate
      at a greater speed when desired.
PAR  From the foregoing I have disclosed a slide switch construction which
      incorporates both a momentary and continuing switch positions, with the
      components adapted to be housed in a restricted area, such as in a tubular
      housing, whereby the movable components will have generally axial movement
      through the tubular housing to complete the selective circuits associated
      with the switch structure.
PAR  While I have illustrated and described the preferred form of construction
      for carrying my invention into effect, this is capable of variation and
      modification without departing from the spirit of the invention. I,
      therefore, do not wish to be limited to the precise details of
      construction set forth, but desire to avail myself of such variations and
      modifications as come within the scope of the appended claims.
CLMS
STM  Having thus described my invention, what I claim as new and desire to
      protect by Letters Patent is:
NUM  1.
PAR  1. An electrical switch having an elongated tubular dielectric housing
      providing an open end and a partially open top including
PA1  a. means within the housing providing a plurality of spaced electrical
      conductors positioned beneath the open top and in longitudinal alignment
      with the open end of the housing,
PA1  b. a first and second switch actuator movable in the same plane through the
      housing and into circuit-making contact with said plurality of electrical
      conductors,
PA1  c. circuit-making contacts carried by said first and second actuators and
      movable therewith over and into contact with said plurality of electrical
      conductors,
PA1  d. means provided by said first actuator in contact with said second
      actuator for moving said second actuator in one direction through the
      housing,
PA1  e. means provided by said second actuator for moving said second actuator
      in either direction through the housing independently of the movement of
      said first actuator,
PA1  f. and means for yieldably maintaining said second actuator in a selected
      position as it is moved independently by said moving means and by movement
      of said first actuator over and into contact with certain of said
      plurality of electrical conductors.
NUM  2.
PAR  2. An electrical switch as defined by claim 1 and including means within
      the housing for guiding the movement of said first and second actuator in
      the same plane through the housing.
NUM  3.
PAR  3. An electrical switch having a dielectric housing providing an open end
      and a partially open top wherein the improvement comprises
PA1  a. means within the housing providing a plurality of spaced electrical
      conductors positioned beneath the open top and in longitudinal alignment
      with the open end of the housing,
PA1  b. a first actuator carried by said housing and movable through the open
      end in the direction of said first-mentioned means,
PA1  c. a switch contact member movable with said first actuator into contact
      with certain of said electrical conductors provided by said
      first-mentioned means,
PA1  d. a second actuator within the housing and in contact with said first
      actuator and initially moved in one direction thereby into contact with
      certain other of said electrical conductors provided by said
      first-mentioned means,
PA1  e. means provided by said first actuator in abutment with said second
      actuator so as to move said second actuator in said one direction,
PA1  f. means connected to said second actuator for independently moving the
      same in either direction into contact with said certain electrical
      conductors provided by said first-mentioned means,
PA1  g. and means for yieldably positioning said second actuator in a plurality
      of circuit-making positions in contact with said certain of said
      electrical conductors.
NUM  4.
PAR  4. An electrical switch as defined by claim 3 including means provided by
      the housing for guiding the movement of said first and second actuators
      relative to each other and to said plurality of electrical conductors.
NUM  5.
PAR  5. An electrical switch as defined by claim 3 wherein said means for
      yieldably positioning said second actuator in a plurality of
      circuit-making positions in contact with said certain of said electrical
      conductors, comprises a yieldable indexing member carried by said second
      actuator cooperating with switch-positioning means provided by said means
      within the housing which provides a plurality of spaced electrical
      conductors.
NUM  6.
PAR  6. An electrical switch as defined by claim 3, wherein said means within
      the housing providing a plurality of spaced electrical conductors
      comprises a substantially flat-non-conductive circuit plate having mounted
      thereon spaced electrical terminal members and means provided by the
      housing for slidably receiving through its open end said circuit plate so
      as to position the same in longitudinal alignment with the open end and
      beneath the open top of the housing.
NUM  7.
PAR  7. An electrical switch as defined by claim 3 wherein said means connected
      to said second actuator for independently moving the same in either
      direction, comprises an actuator head projecting out of the partially open
      top of the housing and movable parallel to the direction of movement of
      said first actuator for independently moving said second actuator over the
      plurality of spaced electrical conductors.
NUM  8.
PAR  8. An electrical switch as defined by claim 4 wherein said means provided
      by the housing for guiding the movement of said first and second actuators
      relative to each other comprises aligned grooves provided by the interior
      wall of the housing, with means provided by said first and second
      actuators slidably received in said grooves for guiding the movement of
      said actuators through the housing.
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ABST
PAL  An automotive vehicle ignition locking and hood latching apparatus which is
      an improvement over the apparatus disclosed in U.S. Pat. No. 3,766,341
      granted Oct. 16, 1973 on "Locking Device" in the names of Kenneth L.
      Guenther and Charles P. Barcik. The invention includes a key-controlled
      locking device for controlling the operation of the electrical ignition
      system of an automotive vehicle together with a hood latching device under
      the control of the key controlled locking device for latching the hood of
      the vehicle in closed position when the key-controlled ignition locking
      device is in locked position and for automatically unlatching the hood
      latching device when the key-controlled ignition locking device is in
      unlocked position. The switch means which is embodied in the apparatus and
      which is under control of the key-controlled locking device is designed
      and constructed to overcome a difficulty which was sometimes experienced
      in the use of the apparatus disclosed in the above-mentioned patent,
      namely, burning out of a coil spring which was part of the switch means
      and the electrical circuit in the apparatus of the prior art patent
      referred to above.
BSUM
PAC  THE PRIOR ART
PAR  The prior art is exemplified by U.S. Pat. No. 3,766,341 granted Oct. 16,
      1973 on "Locking Device" in the names of Kenneth L. Guenther and Charles
      P. Barcik. In the apparatus disclosed in the above-mentioned patent, an
      electrically conductive compression spring 65 is arranged in a central
      passage 54-56-61-63 in the body of the device between an eyelet 57 and the
      enlarged inner end of a pin 62 and the electrically conductive compression
      spring 65 is a part of the switch means and of the electrical circuit
      embodied in the apparatus and when the key-controlled cylinder or tumbler
      30 is in its rearwardly, or "unlocked" position, as in FIG. 2, the
      electrically-conductive compression spring 65 does not contact both the
      eyelet 57 and the enlarged end or head of the pin 62. However, when the
      keycontrolled cylinder or tumbler 30 is moved forwardly into "locking"
      position, as in FIG. 1, the electrically conductive compression spring 65
      is urged by the pin 62 into electrical contact with the eyelet 57 and
      thereby closes an electrical circuit from the eyelet 57 by way of
      electrical conductors 58 and 59 which lead, respectively, from the primary
      winding of the ignition coil in the primary circuit of the ignition system
      of the vehicle and to the breaker points 60 in the primary circuit of the
      ignition system of the vehicle so as to render the ignition system of the
      vehicle operative.
PAR  However, while the apparatus disclosed in U.S. Pat. No. 3,766,341 is, in
      general, quite satisfactory, it has been found that when it is used with
      high energy electrical ignition systems of present day automotive vehicles
      the electrically conductive compression spring 65 may heat up and burn out
      as the high energy electrical current flows therethrough in the use of the
      device or apparatus, thereby rendering the ignition system of the patent
      inoperative. The present invention is designed and intended to overcome
      the difficulty sometimes experienced in the use of the prior art apparatus
      of U.S. Pat. No. 3,766,341 while, at the same time, retaining the
      advantages inherent in the device of the aforesaid patent.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the invention is to provide a new and improved automotive
      vehicle ignition locking and hood latching apparatus.
PAR  A further object of the invention is to provide a new and improved
      automotive vehicle ignition locking and hood latching apparatus which is
      an improvement upon the apparatus which is disclosed in U.S. Pat. No.
      3,766,341 granted Oct. 16, 1973 on "Locking Device" in the names of
      Kenneth L. Guenther and Charles P. Barcik.
PAR  An additional object of the present invention is to provide a new and
      improved automotive vehicle ignition locking and hood latching apparatus
      which, in use, with present day high energy automotive vehicle ignition
      systems, overcomes the difficulty sometimes experienced in the use of the
      apparatus disclosed in the aforesaid U.S. Pat. No. 3,766,341, as discussed
      above, under the heading "The Prior Art" while, at the same time,
      retaining the advantages inherent in the use of the apparatus of the
      aforesaid patent.
PAR  Other objects will appear hereinafter.
DRWD
PAC  DESCRIPTION OF FIGURES IN THE DRAWINGS
PAR  FIG. 1 is an enlarged central longitudinal sectional view of an apparatus
      embodying the present invention and showing the parts thereof in locked
      and latched position;
PAR  FIG. 2 is an enlarged central longitudinal sectional view of the apparatus
      shown in FIG. 1 but showing the parts of the apparatus in retracted or
      unlocked and unlatched position;
PAR  FIG. 3 is a transverse sectional view on line 3--3 in FIG. 1;
PAR  FIG. 4 is a transverse sectional view on line 4--4 in FIG. 1; and
PAR  FIG. 5 is a schematic view of the invention as installed in an automotive
      vehicle.
DETD
PAC  DETAILED DESCRIPTION OF THE APPARATUS SHOWN IN THE DRAWINGS
PAR   A preferred embodiment of the invention is illustrated in the drawings,
      wherein it is generally indicated at 10, and comprises a generally
      cylindrical housing 11 in one end portion of which (left hand end portion,
      FIGS. 1 and 2) a key-controlled lock cylinder 12 is mounted and is adapted
      to be controlled by a key 13 which manipulates the locking tumblers as 52.
      The housing 11 is adapted to be attached to the frame 14 of a motor
      vehicle, as is well understood in the art.
PAR  The key-controlled lock cylinder 12 has a reduced diameter cylindrical
      inner end section 15 which has an axial passage 16 formed therein for the
      reception of one end portion 17 of a flexible hood latch control member in
      the form of a steel wire 18. The passage 16 has a transverse portion 19
      for the reception of a hook-shaped end portion 20 of the flexible hood
      latch control member or steel wire 18 which is held in position by the
      key-controlled cylinder 12 by means of a fastening element in the form of
      a rivet 21. (FIGS. 1 and 2)
PAR  A generally cylindrical body 22 of electrically insulating or
      non-conductive material is slidably mounted in the inner or forward end
      portion of the housing 11 and a retainer member 23 is mounted in the
      housing 11 and has a reduced diameter end portion 24 in which one end
      portion 25 of a flexible metal sheath 26 for the flexible hood latch
      control member or wire 18 is mounted; a flexible protective cable 27
      encloses the flexible hood latch control member or wire 18, the protective
      sheath 26, and a single electrically conductive wire 18, which will be
      described hereinafter.
PAR  A hood latch member or pin 29 is attached to the forward or inner end
      portion of the flexible hood latch control member or wire 18 and the hood
      latch member or pin 29 is reciprocably or slidably mounted in a pair of
      spaced parallel arms 30 of a bracket 31 which is fixedly attached, as by
      fastening elements 32, to a part 33 of the frame of the motor vehicle
      below the hood 33 thereof. A retainer hood latch bracket 34 is attached,
      as at 35, to the inner surface of the hood 33 and depends therefrom, and
      the hood latch member or pin 29 is movable, by the latch control member or
      wire 18, into and out of latching engagement with the hood latch bracket
      34; it being noted that the hood latch control member or wire 18 is
      slidably mounted in and projects through a first axially extending passage
      53 in the central body 22 (FIGS. 1, 2, 3 and 4).
PAR  The outer or forward end portion of the protective metal sheath 26, and of
      the hood latch control wire or member enclosed thereby, projects into and
      is slidably mounted in a mounting unit 36 which is attached to an upright
      arm 37 of the bracket 31 (FIGS. 1 and 2).
PAR  The body of a contact pin member 39 is slidably mounted in a reduced
      diameter extension 40 of a second axially extending passage 41 which is
      formed in the central insulating body 22. The contact pin member 39 has a
      contact head 42 thereon at its inner end and the contact head 42 is
      slidably mounted in the passage 41 (FIGS. 1 and 2). The contact head 42 of
      the contact member or pin 39, is adapted to engage a contact head 43 which
      is fastened to an inner end portion of the electrically conductive wire
      28, which has a body of insulating material 44 thereon and a compression
      spring 45 is mounted in the passage 41 and surrounds the insulating body
      44 of the electrically conductive wire 28.
PAR  A compression spring 46 is mounted in the housing 11 and one end coil
      thereof abuts an annular shoulder 47 which is formed in the body 22 of the
      insulating materials and the other end coil of the compression spring 46
      abuts a retainer washer 48 which is mounted in the housing 11 between the
      compression coil 46 and the reduced diameter inner end portion 15 of the
      key-controlled lock cylinder 12 (FIGS. 2 and 3).
PAR  As shown in FIG. 5, the electrically conductive wire 28 leads to an
      instrumentality, such as the distributor 49, in the electrical ignition
      system of the automotive vehicle which includes other conventional
      components such as a power source, as 50, and an ignition switch as 51.
PAC  Operation of the Automotive Vehicle Ignition Locking and Hood Latching
      Apparatus Shown in FIGS. 1 to 5, Inclusive, of the Drawings
PAR  In the use of the invention, as illustrated in FIGS. 1 to 5, inclusive, of
      the drawings, when in unlocked and unlatched and retracted position, the
      parts are disposed as in FIG. 3, and the head 42 of the contact member or
      pin 39 is disposed out of electrical contacting engagement with the
      contact head 43 on the electrically conductive wire 28 so that the
      electrical circuit (FIG. 5) to the distributor 49 is open or broken, and
      the latch member or pin 39 on the latch control member or wire 18 is
      retracted our of latching engagement with the hood latch bracket 34, as in
      FIG. 2. At this time the key-controlled lock cylinder 12 and the lock
      tumbler 52 embodied therein are disposed as in FIG. 2 and into which
      position they are urged by the compression coil spring 46 and the coil
      springs 45 and 46 are disposed in their expanded positions, as in FIG. 3,
      with the coil spring 45 engaging the contact head 43 on the inner end
      portion of the electrically conductive wire 28 and urging the contact head
      43 toward the contact head 42 on the contact pin member 39.
PAR  However, when the key-controlled lock cylinder 12 is manually pushed
      inwardly and the key 13 manipulated into inwardly extended and locked
      position in the housing 11, as in FIG. 1, the latch control member or wall
      18 is slidably moved in the central passage 53 in the central body 22 by
      the reduced diameter inner end portion 15 of the key-controlled lock
      cylinder 12, into position to project the latch member or pin 39 thereon
      outwardly into latching engagement with the latching bracket 34 on the
      hood 33, thereby latching the hood 33 in closed position, as in FIG. 1.
      The axially inward movement of the key-controlled lock cylinder 12 causes
      the reduced diameter inner end portion 15 thereof to engage the retaining
      washer 48 which, in turn, engages and compresses the compression coil
      spring 46 while, at the same time, engaging and causing the contact pin 39
      to move axially inwardly in the axially extending passage 41 and thereby
      causing the contact head 42 thereon to engage the contact head 43 on the
      electrically conductive wire 28, thus compressing the coil spring 45 and
      completing the electrical circuit to the distributor 49 in the primary
      circuit of the ignition system of the automotive vehicle.
PAR  It will be noted, however, that when the contact head 42 on the contact
      member or pin 39 engages the contact head 43 on the electrically
      conductive wire 28 the current in the electrical circuit which is thus
      completed to the distributor 49 does not flow through the compression coil
      spring 45, which is insulated from the electrically conductive wire 28 by
      the insulating body 44 on the electrically conductive wire 28. Hence the
      compression coil spring 45 does not form a part of the electrical circuit
      in the ignition system of the automotive vehicle and does not heat up or
      burn out as sometimes happens in the case of the compression coil spring
      65 in the apparatus disclosed in U.S. Pat. No. 3,766,341 due to the fact,
      as pointed out above, that in the apparatus of the aforesaid patent the
      compression coil spring 65 forms a part of the electrical ignition system
      of the vehicle and the electrical current in the circuit flows
      therethrough.
PAR  When the key 13 is manipulated in the lock cylinder 12 the parts of the
      ignition locking system are returned to unlocked position, as in FIG. 2,
      by the expansion of the compression coil springs 46 and 45 and the hood
      latch control member or wire 18 and the hood latching member 29 thereon
      are at the same time returned to unlatched position as in FIG. 2.
PAR  It will thus be seen from the foregoing description, considered in
      conjunction with the drawings, that the present invention provides a new
      and improved automotive vehicle ignition locking and hood latching
      apparatus having the desirable advantages and characteristics and
      accomplishing its intended objects including those hereinbefore pointed
      out and others which are inherent in the invention.
CLMS
STM  We claim:
NUM  1.
PAR  1. A combination automotive vehicle ignition system locking and hood
      latching apparatus comprising:
PA1  a. a generally cylindrical housing adapted to be mounted on the frame of an
      automotive vehicle and having
PA2  1. an axially outer end portion;
PA1  b. a key-controlled lock cylinder slidably mounted in the said axially
      outer end portion of the said housing and having
PA2  1. a reduced diameter axially inner end portion;
PA1  c. a central body slidably mounted in the said housing axially inwardly of
      the said key-controlled lock cylinder; and having therein
PA2  1. a first axially extending passage;
PA1  d. a hood latch control member slidably mounted in the said first axially
      extending passage in the said central body and having
PA2  1. an inner end portion attached to the said reduced diameter axially inner
      end portion of the said key-controlled lock cylinder, and having
PA2  2. an outer end portion extending axially outwardly of the said housing;
PA1  e. a hood latching member carried by the said outer end portion of the said
      hood latch control member and adapted to latchingly engage a hood latching
      member mounted on the inner surface of the hood of the said automotive
      vehicle when the said hood latch control member and the said hood latching
      member carried thereby are in outwardly extended position;
PA1  f. a second axially extending passage in the said central body and having
      slidably mounted therein
PAR  1. an electrically conductive member including
PA3  a. an inner end portion having thereon
PA3  b. a first electrically conductive contact head;
PA1  g. the said electrically conductive wire member having
PA2  1. an outer end portion to be electrically connected to an instrumentality
      in the ignition system of the said automotive vehicle, and having
PA2  2. an inner end portion projecting into the said housing and into the said
      second axially extending passage in the said central body, and having
      thereon
PA2  3. a body of electrically insulating material;
PA1  h. a second contact head on the said inner end portion of the said
      electrically conductive wire and slidably mounted in the said second
      axially extending passage in the said central body;
PA1  i. a first coil spring in the said housing normally urging the said
      key-controlled lock cylinder axially outwardly of the said housing and
      into open or unlocked position and normally urging the said hood latch
      control member and the said hood latching member carried thereby into
      unlatched position;
PA1  j. a generally annular retainer member in the said housing between the said
      reduced diameter inner end portion of the said key-controlled lock
      cylinder and the said first coil spring and adapted to engage the said
      first coil spring and the said first contact member when the said
      key-controlled lock member is manually moved axially inwardly in the said
      housing;
PA1  k. a second coil spring in the said second axially extending passage in the
      said central body and surrounding the said inner end portion of the said
      electrically conductive wire and normally urging the said second contact
      head on the said inner end portion of the said electrically conductive
      wire into electrical contacting engagement with the said first contact
      head on the said electrically conductive member.
NUM  2.
PAR  2. A combination automotive vehicle ignition system locking and hood
      latching device as defined in claim 1 in which
PA1  a. the said second coil spring has
PA2  1. an axially inner end coil portion which engages the said second contact
      head on the said electrically conductive wire and in which
PA1  b. the body of the said second coil spring is disposed out of electrical
      contacting engagement with the said inner end portion of the said
      electrically conductive wire so that electrical current flowing through
      the said electrically conductive member and through the said electrically
      conductive wire member and through the contact heads thereon does not flow
      through the said second coil spring.
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ABST
PAL  A liquid level sensing switch has an open ended chamber in an electrically
      conductive body, has an insulating bushing disposed in the open end of the
      body chamber and has a contact member extending through the bushing to
      dispose one end of the contact member in spaced relation to the body at
      the closed end of the body chamber. An electrically conductive
      magnetizable ball is disposed in the chamber for movement between a closed
      circuit position engaging both the body and the contact member and an open
      circuit position spaced from one of these components. A float is mounted
      on the body exteriorily of the chamber and carries a magnet so that
      movement of the float between two positions outside the body in response
      to change in liquid level is effective to move the ball between open and
      closed circuit positions within the body chamber.
BSUM
PAR  Liquid level sensing switches could be used in a great many different
      applications where it is important to know that a proper liquid level is
      being maintained. Such switches could be used, for example, in sensing the
      liquid levels in automotive brake cylinders, in automotive oil reservoirs,
      and in various oil-filled, water-filled, or fuel-filled containers of many
      different kinds. In many of these applications however, the switching
      device must be extremely compact in order to be properly accommodated in
      the device to be monitored. The devices must also be very inexpensive and
      must be adapted to perform reliably throughout very long service lives.
      Frequently, where a float is to be used in sensing the level of a liquid,
      the float must be of substantial size in order provide the required
      switching forces in a sealed switch device. Thus the required size of the
      float causes problems in accommodating the level sensor in systems to be
      monitored. Further, such devices tend to be relatively expensive in order
      to achieve long service lives in environments where liquids are
      continually present. That is, the requirements for sealing and the
      requirements for providing switching movement in a sealed structure have
      tended to require relatively expensive structures. As a result of these
      various factors, the use of liquid level sensing switches in many
      applications where the switches could be desirably employed is frequently
      barred for reasons of space, economy or device reliability.
PAR  It is an object of this invention to provide a novel and improved liquid
      level sensing switch; to provide such a switch which is of compact
      construction; to provide such a device which is versatile in application;
      to provide such a device which is inexpensive to manufacture; and to
      provide such a device which is of rugged, reliable and long lasting
      construction.
DRWD
PAR  Other objects, advantages and details of the liquid level sensing switch of
      this invention appears in the following detailed description of preferred
      embodiments of the invention, the detailed description referring to the
      drawings in which:
PAR  FIG. 1 is a perspective view of a liquid level sensing switch of this
      invention;
PAR  FIG. 2 is a section view to enlarged scale along line 2--2 of FIG. 1;
PAR  FIG. 3 is a section view similar to FIG. 2 illustrating an alternate
      embodiment of the liquid level sensing switch of this invention; and
PAR  FIG. 4 is a section view similar to FIG. 2 illustrating another alternate
      embodiment of the liquid level sensing switch of this invention.
DETD
PAR  Referring to the drawings, 10 in FIGS. 1 and 2 indicates a preferred
      embodiment of the liquid level sensing switch of this invention. As
      illustrated, the switch 10 includes a body 12 which has a bore 14 therein
      at one end forming a body chamber 16 which is open at one end 18 and
      closed at one end 20. The body 12 also has a second bore 22 at the
      opposite end of the body forming a socket chamber 24 in the body which is
      separated from the body chamber 16 by a thin wall portion 26 of the body.
      The body 12 is formed of an electrically conductive and preferably
      non-magnetic material such as brass, copper, aluminum or more preferably
      stainless steel. In the preferred embodiment of this invention, the body
      12 preferably has a counterbore 28 at the open end of the body chamber,
      has hexagonal surfaces 30 formed on an exterior surface of the body and
      has screw threads 32, which may be pipe threads if desired, formed on
      another exterior portion of the body. As will be understood the body
      construction is inexpensively formed by machining from a hexagonal rod or
      the like and provides a strong rigid and long lasting housing for the
      switch 10.
PAR  In accordance with this invention, an electrically conductive washer or
      annular ring 34 is disposed at the closed end of the body chamber 16 in
      electrically conductive relation to the body. Preferably, the washer 34 is
      formed of an inexpensive non-magnetic metal such as brass but is plated
      with a precious metal such as gold or silver or the like for providing the
      washer with low electrical contact resistance surfaces.
PAR  An electrically insulating bushing 36 having a central aperture 38 and
      preferably having a counterbore 40 at one end of that aperture is then
      combined with an electrical contact member 42. Desirably, for example, the
      contact member has a generally cup-shaped head 44 having a cup rim portion
      46 and has a shank portion 48 extending from the head 44. If desired, the
      shank portion of the contact member has a reduced diameter portion 50
      forming a shoulder 52 on the contact member. As shown in FIG. 2, the
      contact member shank is fitted into the aperture in the bushing 36 with
      the cup-shaped head of the contact member being disposed in the bushing
      counterbore 40. An electrically conductive magnetizable ball 54 is also
      provided. The bushing with the contact member mounted therein is then
      disposed in the open end of the body chamber 16 with the ball 54 so that
      the counterbored end of the bushing bears against the washer 34 for
      holding the washer in position at the closed end of the body chamber and
      so that the ball 54 is enclosed within the body chamber 16 as shown in
      FIG. 2. The body is then preferably staked or otherwise deformed as at 56
      and the contact member shoulder 52 is similarly staked as at 58 for
      securing the contact member, bushing, body and ball in the desired
      assembled relation. If desired, the bushing 36 is formed of a compressible
      rubber or elastomeric material for sealing the open end of the body
      chamber when compressed by the staking 56 and 58. Alternately, if desired,
      the bushing 36 is cemented or otherwise secured in the body chamber 16.
      Where cementing is used, the bushing is typically formed of a relatively
      rigid electrically insulating material such as a phenolic resin or
      glass-filled nylon or the like. The contact member 42 is desirably formed
      of copper or brass or the like and the ball 54 is preferably formed of low
      carbon steel or other readily magnetizable metal and has an outer surface
      coating of a precious metal such as silver or gold providing the ball
      surfaces with low electrical contact resistance.
PAR  In accordance with this invention, a float 60 is also embodied in the
      switch 10, this float having a ball portion 62 at one end and a bouyant
      portion 64 at its opposite end. The ball portion of the float has a bore
      65 therein and has a magnet rod 66 secured in that bore in any
      conventional manner. Typically, the magnet rod is press fitted into the
      bore 64 and is therefore easily adjusted in the bore as may be desired.
      The ball portion of the float provides a pivot point for the float
      indicated at A in FIG. 2 as is hereinafter described and accordingly, the
      magnet 66 is desirably positioned in the float bore 64 so that the weight
      of the magnet rod 66 falls partly on either side of the pivot point so
      that only a selected force is required to be applied to the bouyant
      portion of the float for pivoting the float. Typically, for example, the
      magnet 66 is positioned in the float bore 65 so that the weight of the
      float and magnet to the right of the pivot point A (as seen in FIG. 2)
      only slightly exceeds the weight of the portions of the float and magnet
      disposed to the left of the pivot point A. In this arrangement, the right
      hand side of the float as viewed in FIG. 2 moves down in response to
      gravity but is easily lifted upwardly in response to a force of bouyancy
      as will be understood. In this proportioning, only a very small float is
      required for moving the magnet in the manner hereinafter described.
      Preferably, the float 60 is formed of polyethylene or the like having a
      solid ball portion and a hollow bouyant portion, the end of the hollow
      bouyant portion being closed by cementing or heat-sealing in any
      conventional manner as desired. The ball portion of the float is disposed
      in the socket chamber 24 of the switch body 12 and is secured therein by a
      conventional C-clip or retaining ring 68 or the like as shown in FIG. 2.
PAR  In this arrangement, the switch 10 is adapted to be easily mounted in the
      wall of a tank, such as is indicated in FIG. 2 by the broken lines 70, by
      means of the screw threads 32 for exposing the float 60 to a liquid 72
      within the tank. If desired, an O-ring gasket or the like 73 is clamped
      between the switch and the tank 70 for sealing the tank opening which
      receives the switch 10. The float 60 is then adapted to be pivoted around
      point A between a first position shown in solid lines in FIG. 2 to a
      second position shown in broken lines in FIG. 2 in response to change in
      the level of the liquid 72 to which the float is exposed. As will be
      understood, movement of the float also moves the magnet 66 with the float.
      Accordingly, when the float is in the first position noted above, the
      magnet 66 is spaced at a substantial distance from the magnetizable ball
      54 so that the ball is retained in the closed circuit position shown in
      broken lines in FIG. 2 where the ball engages both the rim portion 46 of
      the contact member and the washer 34 forming an electrical circuit from
      the contact member, through the ball and the washer to the switch body 12.
      However, when the float 60 moves to the second position shown in solid
      lines in response to change in the level of the liquid 72, the magnet 66
      is brought closer to the ball 54 lifting the ball around the inner
      diameter edge of the washer 34 into an open circuit position wherein the
      ball is spaced from the contact member 42. Of course, as the float 60
      returns from the second position to the first position of the float, the
      magnet 66 is unable to lift the ball 54 away from the washer 34 and the
      ball is released to be returned to closed circuit position by the force of
      gravity.
PAR  In this arrangement, the components of the switch which make electrical
      contact with each other are inexpensively sealed from the liquid 72 and
      are retained in good condition throughout a long service life. The ball
      54, being round, engages fresh contact surfaces with the washer 34 and the
      contact member rim 46 each time that a new contact is made during open and
      closing of switch circuits. As a result, good electrical contact is
      consistently achieved between the ball and the washer 34 and contact
      member 42 with minimum contact sticking. Accordingly, a very small float
      60 is effective to move a small magnet 66 to provide the force necessary
      for accomplishing switching in the device 10.
PAR  Another alternate embodiment 74 of the switch of this invention is shown in
      FIG. 3 wherein components of the switch 74 similar to components of the
      switch 10 are identified by corresponding reference numerals. As shown in
      FIG. 3, the switch 74 includes a body 12 having a bore 14 forming a body
      chamber 16 and having a second bore 22 forming a socket chamber 24. A
      float 60 has a ball portion 62 of the float secured in the socket chamber
      24 by a C-clip 68 and has a bouyant portion 64 exposed to a liquid 72. In
      addition, an electrically conductive washer 34 is disposed within the body
      chamber as shown in FIG. 3. In the switch 74, however, contact means 76
      mounted in an electrically insulating bushing 78 includes a contact stud
      80 having a contact rotor 82 which is freely rotatable on a portion of the
      stud 80. That is, the insulating bushing 78 has a central aperture 84 and
      a counterbore 86. This bushing has the stud portion of the contact means
      76 mounted in the bushing aperture and supports the rotor 82 for rotation
      within the body chamber 16 by disposing an axial bore 81 in the rotor over
      the stud 80. A spacer 88 such as a ring of glass-filled nylon or the like
      is disposed within the chamber 16 between the counterbored end of the
      bushing and the washer 34 so that staking of the body as at 74 secures the
      bushing, the spacer 88 and the washer within the body chamber 16 and so
      that the spacer 88 retains the contact rotor 82 on the stud portion of the
      contact means 76. In the switch 74, the contact rotor 82 has a recess 90
      on one side as shown in FIG. 3 and the opposite side of the rotor is
      accordingly weighted so that the rotor moves in response to the force of
      gravity for disposing the rotor recess 90 at a selected position relative
      to the axis of the contact stud 80.
PAR  In the switch 74, the ball 54 is normally rested in an open circuit
      position within the rotor recess 90, as shown in broken lines in FIG. 3,
      when the float 60 of the switch 74 is in its first position, also shown in
      broken lines in FIG. 3. However, when the float 60 is moved to its second
      position, as shown in solid lines in FIG. 3, in response to change in the
      level of the liquid 72, the magnet 66 carried by the float is brought
      closer to the ball 54 and lifts the ball into a closed circuit position
      shown in solid lines in FIG. 3 wherein the ball contacts both the rotor 82
      and the washer 34. In closed circuit position, the ball 54 closes a
      circuit between the contact stud 80, the rotor 82, the washer 34 and the
      switch body 12. Of course, as the float returns to its first position in
      response to another change in liquid level, the ball returns to a position
      nested in the recess 90.
PAR  Another alternative embodiment 92 of the switch of this invention is shown
      in FIG. 4 wherein components of the switch 92 similar to components of the
      switch 10 are identified by corresponding reference numerals. As shown in
      FIG. 4 the switch 92 includes a body 12 having a bore 14 forming a body
      chamber 16 and has a second bore 94 forming an open ended float chamber 96
      of selected cylindrical size at the opposite end of the body. An
      insulating bushing 36 mounts an electrical contact member 42 in the body
      chamber 16 as in switch 10 previously described and an electrically
      conductive magnetizable ball 54 is enclosed within the body chamber. In
      this arrangement, the ball is disposed for movement between a closed
      circuit position shown in broken lines in FIG. 4 wherein the ball engages
      the contact member 42 and the body 12 and an open circuit position as
      shown in solid lines in FIG. 4 wherein the ball is spaced from the contact
      member 42. In the switch 92 however, a float 98 is formed of a bouyant
      material in the form of a cylinder of a size relatively smaller than the
      size of the float chamber 96 previously described. This float 98 has a
      magnet rod 66 longitudinally disposed within the float in any conventional
      manner, the rod preferably being spaced at one side of the central axis of
      the float.
PAR  In this arrangement, the float 98 is responsive to changes in the level of
      a liquid permitted to enter the open end of the float chamber 96 as will
      be understood. The magnet rod in the float weights the float so that the
      magnet is normally disposed at the lower side of the float. With a
      relatively low level in the liquid to which the float is exposed, the
      float drops to the lower side of the float chamber 96 (as viewed in FIG.
      4) and provides a positive magnetic force holding the ball 54 in a closed
      circuit position shown in broken lines in FIG. 4 wherein the ball engages
      both the washer 34 and the contact member 42. On the other hand, as the
      liquid level rises, raising the float 98 in the float chamber, the magnet
      66 lifts the ball 54 to the open circuit position shown in solid lines in
      FIG. 4. The round configuration of the ball 54 permits the float to move
      up and down with liquid level changes even though the float is of
      relatively small size.
PAR  It should be understood that although preferred embodiments of the liquid
      level sensing switch of this invention have been described by way of
      illustrating the invention, this invention includes all modifications and
      equivalents of the described embodiments falling within the scope of the
      appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A liquid level sensing switch comprising an electrically conductive body
      having a chamber open at one end, electrical contact means, electrically
      insulating means mounting said contact means within said chamber in
      electrically insulated relation to said body with one end of said contact
      means in spaced relation to said body within said chamber and with an
      opposite end of said contact means extending from said chamber, an
      electrically conductive magnetizable ball movable within said chamber
      between a closed circuit position engaging said contact means and body and
      an open circuit position spaced from one of said contact means and body, a
      float mounted on said body exteriorly of said chamber for movement between
      first and second positions in response to change in level of a liquid to
      which said float is exposed, and magnet means movable with said float
      exteriorly of said chamber for moving said ball between said open and
      closed circuit positions within said chamber in response to movement of
      said float between said first and second positions exteriorly of said
      chamber, said body having a bore at one end forming said chamber and
      having a bore at an opposite end forming a socket, said bores being
      separated by a wall portion of said body between said bores, said float
      having a ball portion at one end secured in said socket for permitting
      pivotal movement of said float on said body and having a bouyant portion
      at its opposite end to be exposed to a liquid, and said magnet means being
      mounted in said ball portion of said float.
NUM  2.
PAR  2. A liquid level sensing switch comprising an electrically conductive body
      having a chamber open at one end, electrical contact means, electrically
      insulating means mounting said contact means within said chamber in
      electrically insulated relation to said body with one end of said contact
      means in spaced relation to said body within said chamber and with an
      opposite end of said contact means extending from said chamber, an
      electrically conductive magnetizable ball movable within said chamber
      between a closed circuit position engaging said contact means and body and
      an open circuit position spaced from one of said contact means and body, a
      float mounted on said body exteriorly of said chamber for movement between
      first and second positions in response to change in level of a liquid to
      which said float is exposed, and magnet means movable with said float
      exteriorly of said chamber for moving said ball between said open and
      closed circuit positions within said chamber in response to movement of
      said float between said first and second positions exteriorly of said
      chamber, said body having a bore at one end forming said chamber and
      having a bore at an opposite end forming a second open ended body chamber
      of selected cylindrical size, said float comprising a buoyant cylinder of
      relatively smaller cylindrical size having a magnet rod mounted
      longitudinally within said cylinder spaced from the center of said
      cylinder, said float being secured in said second body chamber to be
      responsive to change in level of a liquid permitted to enter said second
      chamber for moving said float between said first and second positions
      within said second chamber.
NUM  3.
PAR  3. A liquid level sensing switch comprising an electrically conductive body
      having a chamber open at one end, electrical contact means, electrically
      insulating means mounting said contact means within said chamber in
      electrically insulated relation to said body with one end of said contact
      means in spaced relation to said body within said chamber and with an
      opposite end of said contact means extending from said chamber, an
      electrically conductive magnetizable ball movable within said chamber
      between a closed circuit position engaging said contact means and body and
      an open circuit position spaced from one of said contact means and body, a
      float mounted on said body exteriorly of said chamber for movement between
      first and second positions in response to change in level of a liquid to
      which said float is exposed, and magnet means movable with said float
      exteriorly of said chamber for moving said ball between said open and
      closed circuit positions within said chamber in response to movement of
      said float between said first and second positions exteriorly of said
      chamber, said electrical contact means comprising a contact stud and said
      electrically insulating means comprising a bushing fitted around said stud
      for disposing one stud end within said body chamber and for disposing an
      opposite stud end extending from said body chamber.
NUM  4.
PAR  4. A liquid level sensing switch comprising an electrically conductive body
      having a chamber open at one end, electrical contact means, electrically
      insulating means mounting said contact means within said chamber in
      electrically insulated relation to said body with one end of said contact
      means in spaced relation to said body within said chamber and with an
      opposite end of said contact means extending from said chamber, an
      electrically conductive magnetizable ball movable within said chamber
      between a closed circuit position engaging said contact means and body and
      an open circuit position spaced from one of said contact means and body, a
      float mounted on said body exteriorly of said chamber for movement between
      first and second positions in response to change in level of a liquid to
      which said float is exposed, and magnet means movable with said float
      exteriorly of said chamber for moving said ball between said open and
      closed circuit positions within said chamber in response to movement of
      said float between said first and second positions exteriorly of said
      chamber, said electrical contact means comprising a contact stud and a
      contact rotor mounted for free rotation on one end of said stud, said
      rotor having a recess at one side thereof and being weighted to be
      responsive to gravity for positioning said recess at a selected location
      relative to the axis of said stud, said electrically insulating means
      comprising a bushing fitted around a portion of said stud for disposing
      said rotor for rotation within said body chamber and for disposing an
      opposite end of said stud extending from said chamber, and said ball being
      normally disposed in said open circuit position within said recess but
      being adapted to be attracted from said recess into said closed circuit
      position by said magnet means when said float is in one of said float
      positions.
NUM  5.
PAR  5. A liquid level sensing switch comprising an electrically conductive body
      having a pair of bores therein forming a body chamber having an open end
      and a closed end and having a socket spaced from said closed end of said
      body chamber by a thin wall, a washer plated with a precious metal
      disposed at said closed end of said body chamber in electrically connected
      relation to said body, an electrically insulating bushing having a central
      bore which is counterbored at one end, said bushing being disposed in said
      body chamber with said counterbored end of said bushing engaging said
      washer, a contact stud having a head disposed in said bushing counterbore
      and having a shank portion extending from said body chamber through said
      bushing aperture, an electrically conductive magnetizable ball disposed
      within said body chamber for movement between a closed circuit position
      engaging said washer and stud head and an open circuit position spaced
      from said stud head, a float having a ball postion at one end and a
      buoyant portion at its opposite end, said float having its ball portion
      secured in said body socket for permitting pivotal movement of said float
      between first and second positions in response to change in level of a
      liquid to which said buoyant portions of said float is exposed, and magnet
      means mounted on said float ball portions for movement with said float to
      move said ball between said open and closed circuit positions within said
      body chamber in response to movement of said float between said first and
      second positions exteriorly of said body chamber.
NUM  6.
PAR  6. A switch as set forth in claim 5 wherein said body and contact chamber
      have staked portions compressing said insulating bushing for securing said
      bushing in said body chamber.
NUM  7.
PAR  7. A switch as set forth in claim 6 wherein said ball comprises a precious
      metal coated steel ball.
NUM  8.
PAR  8. A liquid level sensing switch comprising an electrically conductive body
      having a pair of bores therein forming a body chamber having an open end
      and a closed end and forming a float chamber of selected cylindrical size
      spaced from said closed end of said body chamber by a thin wall, an
      electrically conductive contact member having a cup portion with a cup rim
      and having a shank portion extending from the bottom of said cup portion,
      an electrically insulating bushing having a central aperture therein, said
      bushing being disposed in said body chamber and having said contact shank
      portion extending through said bushing aperture disposing said cup portion
      of said contact member in spaced relation to said closed end of said body
      chamber, an electrically conductive magnetizable ball movable within said
      body chamber between a closed circuit position engaging said body and said
      cup rim and an open circuit position engaging said body and spaced from
      said cup rim, a float comprising a buoyant cylinder of relatively smaller
      diameter than said float chamber movably mounted within said float chamber
      for movement between first and second positions in response to change in
      level of a liquid permitted to enter said float chamber, and a magnet rod
      mounted longitudinally within said buoyant float cylinder spaced from the
      central axis of said float cylinder for moving said ball between said open
      and closed circuit positions within said body chamber in response to
      movement of said float between said first and second positions within said
      float chamber.
NUM  9.
PAR  9. A liquid level sensing switch comprising an electrically conductive body
      having a pair of bores therein forming a body chamber having an open end
      and a closed end and having a socket spaced from said body chamber by a
      thin wall, an electrically insulating bushing having a central aperture
      disposed in said open end of said body chamber, an electrical contact
      means having a stud portion mounted in said bushing aperture and having a
      rotor mounted for free rotation on one end of said stud within said body
      chamber, said rotor having a recess in one side thereof and being weighted
      for positioning said recess at a selected location relative to the central
      axis of said stud, an electrically conductive magnetizable ball movable
      between an open circuit position within said recess spaced from said body
      and a closed circuit position engaging said rotor and said body means, a
      float having a ball portion at one end and a buoyant portion at its
      opposite end, said float having its ball portion secured within said body
      socket permitting pivotal movement of said float between first and second
      positions in response to change in level of a liquid to which said float
      is exposed, and a magnet mounted on said ball portion of said float for
      moving said ball between said open and closed circuit positions within
      said body chamber in response to movement of said float between said first
      and second positions exteriorly of said body chamber.
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ABST
PAL  A push-button electric switch particularly adapted for use in printed
      circuit boards in which the base member has a plurality of terminals
      thereon and the actuating plunger may incorporate one or more bridging
      contact members which cooperate with the terminals to provide varying
      switching configurations, such as a single pole, single throw switch or
      double pole, double throw switch. The base is keyed to the actuating
      plunger and housing so that the housing and plunger may be assembled on
      the base in either one of two positions to provide with a single bridging
      contact in either one of two configurations with respect to the terminals
      connecting to the printed circuit board. The assembly provides for a
      recessed or hollow operating shaft of the plunger and an upstanding post
      on the base member for providing a mounting for an illumination light for
      key top illumination and permitting connection of the electric conductors
      from the illumination light through the base member to the printed circuit
      board.
BSUM
PAR  My invention relates to an electric push-button switch, and more
      particularly to an improved switch of this type adapted for many types of
      mounting, such as on a printed circuit board or to a connector, and which
      facilitates change of the contact configuration therein without a removal
      of the switch from the mounting means.
PAR  Electric switches of the push button type particularly adapted for use on
      printed circuit boards are known and in use. Normally, such structures are
      assembled on the circuit boards by means of nut and bolt configurations,
      riveting, or soldering and provide a permanent installation which is not
      subject to alteration without removal of the complete switch. Such switch
      designs are fixed in design with respect to contact configuration and
      circuit and cannot be altered without removal of the switch and
      substitution of a different switch. A typical switch of this type is shown
      in the Brevick U.S. Pat. No. 3,701,060 entitled PUSH-BUTTON SWITCH FOR
      MOUNTING ON PRINTED CIRCUIT BOARDS, dated Jan. 9, 1973.
PAR  The invention herein is directed to a push-button switch of the type shown
      in the above referenced Brevick patent with modifications which permits
      the actuating plunger and cover to be assembled on the base of the switch
      in either of two ways, to provide for either a single or double pole,
      single throw switch configuration or a triple pole, single throw switch
      configuration. For binary encoding, the switch base may be installed on a
      printed circuit board through eyelets and riveting of the base of the
      switch to the printed circuit board or on any other base upon which it is
      to be mounted. The actuating plunger, housing and base are keyed in
      relationship to each other in such a manner to permit the plunger and
      housing to be assembled on the base in either of two positions to provide
      the different circuit configurations; and the actuating plunger may
      incorporate one or two contact plates to provide for the variations in the
      circuitry of the switch. The improved switch design incorporates
      bifurcated contact wiping blades for a wiping action with button type
      terminals, and it uses an insulating plate which pre-tensions the blades
      to provide for contact blade dampening to achieve low contact bounce. The
      improved switch design permits housing of an illuminating light therein
      without altering the contact configuration or the interchangeability of
      the same for key top illumination and facilitates ready relamping of the
      switch without removal of the switch from the circuit board or disassembly
      of the switch except for removal of the button. The improved switch design
      is a low cost, economical structure which is readily modified by an
      interchange of actuator plungers to provide the various contact
      configurations or by rotation of the plunger and housing assembly to
      provide a variation in the switching configuration without the disassembly
      and removal of the switch base from the printed circuit board to
      facilitate circuit change over and variation.
PAR  Therefore, it is the principal object of this invention to provide an
      improved push-button electric switch which may be altered in circuit
      configuration by a change in relation of parts thereof without removal of
      the switch base from a mounted condition.
PAR  Another object of this invention is to provide an improved push-button
      switch in which various circuit configurations may be obtained therefrom.
PAR  Another object of this invention is to provide an improved switch design
      which facilitates the use of single pole or double pole, single throw
      switching configuration through variation in bridging contacts.
PAR  A further object of this invention is to provide a switch of this type
      which is readily mountable upon a printed circuit board through high speed
      assembly and which may be modified by removal of the covering housing and
      plunger assembly to facilitate fast and easy assembly and change in switch
      function.
PAR  A still further object of this invention is to provide an improved
      push-button switch which has a long life.
PAR  Another object of this invention is to assemble an insulating plate in such
      a relationship to the contacting bifurcated wiping blades so that blades
      are pre-tensioned with enough force to exceed any possible combination of
      physical characteristics of mass, velocity, and reflected energy that
      would cause the closing contacts to bounce open on initial closure.
PAR  A further object of this invention is to provide projections on the housing
      to project through holes in a printed circuit board to key the plunger and
      housing assembly to the printed circuit board so the contacting bifurcated
      wiping blades can contact directly on the printed circuit board conducting
      surface.
PAR  Another object of this invention is to provide an improved switch
      configuration which includes a provision for mounting of an illumination
      light therein.
DRWD
PAR  These and other objects of the invention will become apparent from reading
      of the attached description together with the drawings wherein:
PAR  FIG. 1 is a side elevation view of a switch made according to the present
      invention and with parts cut away and in an unactuated position;
PAR  FIG. 2 is a side elevation view of the switch of FIG. 1 as applied to a
      printed circuit board and with the push button advanced to an actuated
      position and parts cut away to show relationship of the same;
PAR  FIG. 3 is a sectional view of the switch of FIG. 1 taken along the lines
      3--3 therein and showing the base member of the improved push-button
      switch;
PAR  FIG. 4 is a sectional view of the switch of FIG. 1 taken along the lines
      4--4 therein and showing one contact configuration with the base member;
PAR  FIG. 5 is a sectional view similar to FIG. 4 and showing an alternate
      contact orientation with the base member.
PAR  FIG. 6 is a sectional view of the switch of FIG. 1 similar to FIG. 4 and
      showing a second contact configuration for the switch;
PAR  FIG. 7 is a side elevation view of an alternate embodiment of the switch in
      the present invention with parts broken away;
PAR  FIG. 8 is a sectional view of the switch of FIG. 7 taken along the lines
      2--2 therein;
PAR  FIG. 9 of a sectional view of the switch of FIG. 7 taken along the lines
      3--3 therein; and,
PAR  FIG. 10 is a perspective view of the switch housing of the embodiment of
      FIG. 7.
DETD
PAR  My improved push-button switch design is shown in an assembled relationship
      in FIG. 1 and 2 generally at 10. The switch design includes basically a
      base member, indicated generally at 20, an actuating plunger, indicated
      generally at 30, with a cover member or housing indicated generally at 40,
      and a button 50 positioned on the end of the actuating plunger and exposed
      beyond the cover member. The contact means of the switch, as will be
      hereinafter identified, are incorporated in part on the actuating plunger
      and the base member. In FIGS. 1 and 2, the switch is shown mounted on a
      printed circuit board, indicated generally at 60.
PAR  Base member 20, as will be seen in FIG. 3, is generally rectangular in
      cross-section, having a lower surface with terminal stand off bus hubs 22
      protruding therefrom through which terminals 23-26 extend. The upper
      surface of the base member has a generally rectangular raised portion 27
      with an angular groove 28 positioned therein and with an upstanding hollow
      post section 29 projecting therefrom. The terminals 23-26 extend through
      the base and hub 22 from the upper surface of the raised portion 27 and
      have rivet type contacts heads exposed on the upper surface of the same.
      The post section 29 of the base has a cylindrical recess 31 extending from
      the lower surface thereof with the upper surface being solid as at 32 and
      having a pair of passages 33 therein in which are positioned a pair of
      conductive electrode connector members 34 for purposes to be later noted.
      These extend through the recesses 33 in the upper surface 22 of the post
      section and through the recessed interior 31 below the base surface. As
      indicated in FIGS. 1 and 2, the terminals are adapted to extend through
      the terminal board or printed circuit board 60. The base is made of a
      suitable insulating material and the terminal members 23-26 extend through
      the hubs 22 on the lower surface of the same and through a printed circuit
      board 60 in the manner to be later defined.
PAR  The actuating plunger 30 of the switch has a generally rectangular head
      portion 35 with a hollow square shaft portion or member 37 extending
      upward therefrom. The opposite surface of the head 35 has recesses 36
      therein and extended contact mounting pins 38 which flatten, as at 39, to
      secure contact plates and blades dampening plates thereon. Also positioned
      on the under surface of the head 35 of the actuating plunger 30 is a
      contact plate 42 which has a body portion with bifurcated wipers 43
      extending from opposite sides thereof and in respective opposite
      directions. The contact plate has apertures 44 therein which fit over the
      pins 38 and mount the contact plate 42 in an orientation wherein the
      bifurcated wiper portions 43 are positioned over the recesses 36 in the
      under surface of the head 35. A generally cruciformed shape insulating
      dampening plate 45 with apertures therein is mounted on the top of the
      contact plate 42 on the pins 38, and overlies the contact plate 42
      covering the body portion thereof. The edges on the dampening plate on two
      sides thereof overly the bifurcated wipers along the extent of the same to
      bias the wipers and reduce the bounce of the same. The wiper portions 43
      are bent at an angle to the body 42 and have curved contact extremities 46
      at the free ends of the same. The insulating dampening plate is assembled
      in such a relationship to the contacting bifurcated wiping blades so the
      blades are pre-tensioned with enough force to exceed any possible
      combination of physical characteristics of mass, velocity and reflected
      energy that would cause the closing contacts to bounce open on initial
      closure. As will be indicated in FIGS. 4, 5, and 6, one or two such plates
      with insulating dampening plates 45 may be positioned on the under surface
      of the head to contact the terminals 23-26. A helical spring 48 as
      positioned in the recess 28 in the upstanding portion 27 of the base
      member with the opposite extremity bearing against the insulating
      dampening plate 45 of the contact assembly and against the under surface
      of the head 35 of the actuating plunger to bias same in the retracted
      position wherein the curved contact tips 46 of the contact plate or plates
      42 are out of contact with the terminals 23-26.
PAR  Positioned over the plunger 30 is the housing 40 which is generally
      rectangular in cross section having a recess to fit over the raised base
      portion 27 to permit reciprocation of the head portion 35 of the plunger.
      The housing has a generally raised top 52 with a square opening 53 through
      which the generally square plunger shaft portion 37 extends. Within the
      hollow shaft portion of the plunger is positioned an indicating light 55
      whose connecting electrodes or terminals (not shown) extend through and
      contact the tubular members 34 positioned in the post 29 of the base
      member to provide an electrical connection through the insulated post and
      base 20 to the printed circuit board. The push-button cover or push-button
      has a generally rectangular flanged opening 54 fitting over the end of the
      shaft portion 37 of the plunger for the purpose of reciprocating the same
      up and down to bring the contacts 42 into the engagement with the
      terminals 23-26. The push-button has a curved upper surface 56 and is
      translucent to permit the light indication from the light 55 to eminate
      therefrom. Housing member 40, as well as the actuating plunger 30 and the
      base member 20 are all made of an insulating plastic material which may
      take varying forms. The contact member or members will be suitable
      metallic contact material, such as alloys of copper with the terminals of
      the same construction, and precious metal outer plating.
PAR  As will be seen in FIG. 3, the raised portion of the base has two corners
      relieved as at 62, 63, to provide a keying relationship between the
      housing and base as will be hereinafter identified. The head portion 35 of
      the actuating plunger has a similar relieved corner 64 and the housing has
      one corner of the generally rectangular recess which does not come to a
      90.degree. angle but rather provides a mating surface, as indicated at 65,
      to fit over but provide clearance with the relieved portion 64 on the head
      and to cooperate with either of the relieved corners 62, 63, of the
      upstanding portion 27 of the base. Thus, as will be seen in FIG. 4, the
      sectional view shows the exposed contact terminals 23-26 of the base
      member with the wiper portions 43 of the contact plate 42 are in contact
      with the terminals 24 and 25. Its second orientation, as seen in FIG. 5,
      is affected by rotating the actuating plunger and housing relative to the
      base member through a 90.degree. relationship will bring the terminals 23
      and 26 into contact with the wiper portions 43 of the contact plate 42 to
      provide a different circuit configuration for the switch with the terminal
      board or printed circuit with which it is associated.
PAR  In addition, as will be seen in FIG. 6, two such contact plates 42 with
      their respective wiper portions 43 may be mounted on the head with a
      dividing insulating plate 45 positioned therebetween and with another
      insulating plate 45 covering the lower contact plate to provide a stacked
      relationship of contact plates and insulating plates on the under surface
      of the head 35 of the actuating plunger. This will provide a contact
      configuration in which all four terminals 23-26 are contacted
      simultaneously with a circuit being made through the terminals 24, 25, and
      23, 26, simultaneously with depression of the actuating plunger from the
      push-button switch. The insulating dampening plates 45 have portions of
      the cruciformed edges of the same, as will be best seen in FIGS. 4, 5, and
      6, bearing against the bifurcated wiper portions 43 of the contact plates
      to apply a bias against the same to reduce bounce of the contacts upon
      depression of the actuating plunger. Similarly, the recessed surfaces 36
      in the head which underlie the wiper portions or bifurcated wiper blades
      43 permit flexure of the wiper blades as they contact the terminals 23-26
      to prevent interference of the same with the undersurface of the head 35
      of the actuating plunger.
PAR  As will be best seen in FIGS. 1 and 2, the printed circuit board with which
      such a push-button switch is normally associated, will be provided with
      conductive type mounting holes 70 connected to portions of the printed
      circuit on the board, as indicated at 72, so that the terminals extending
      beyond the insulating hubs of the base member 20 will extend through the
      connectors 70 on the printed circuit board and be rounded off or suitably
      riveted, as at 75, to secure the base permanently to the printed circuit
      board. Similarly, in the illuminated switch, the conductive tubes which
      frictionally mount the wires or leads from the bulb 55 may be suitably
      connected to portions of the printed circuit, as indicated by the
      conductive portions 78 thereon. All mechanical connections are further
      soldered for suitable electrical contact. The assembly of the parts of the
      push-button switch includes a protruding detent portion 82 on the sides of
      the raised portion 27 of the base member which fit into suitable grooves
      83 in the inner surface of the housing member and on three sides thereof
      so that the housing may be frictionally latched or connected to the base
      member and enclose the head portion of the actuating plunger therein. The
      plunger assembles within the housing in only one position due to the keyed
      surfaces or relieved corner and filled corner of the housing. However, the
      housing member or overall housing 40 assembles on the base member in any
      one of two positions, such as is indicated in FIGS. 4 and 5, and this will
      permit orientation of the contact plate 42 and the wiper portions 43
      thereof to provide for two different circuit relationship between the four
      terminals 23-26 positioned in the base member and connected to the printed
      circuit. Thus, after installation, the switch configuration may be altered
      by removal of the housing rotation of the housing and actuating plunger on
      the base member 20 to provide for either of these circuit configurations.
      This will provide for single pole, single throw circuit of a second
      terminal configuration. Similarly, by the use of two contact plates 42
      separated and insulated from one another, the bridging contact
      relationship of the wiper portions thereof with the respective terminals
      may provide for a double pole, single throw type push button switch
      completing both of the two circuits on the printed circuit board
      independently from each other. In addition, and depending upon the circuit
      configuration of the board, one such terminal can be a common electrode or
      conductor in the printed circuit with the remaining three terminals
      providing different circuits for suitable binary counting.
PAR  The eyelet or rivet type assembly of the base on the printed circuit board
      provides for high speed automated assembly and the housing, and plunger
      assembly snaps onto the base to facilitate fast and easy assembly and a
      switch function change without having to disassemble the switch and remove
      the same from the printed circuit board. It also permits cleaning of the
      board after assembly and before the switch is completely assembled to
      protect delicate switch parts during cleaning. The insulated cruciform
      dampening plates 45 provide a dampening action on the bifurcated wiper
      portions 43 of the contact plates 42 to achieve low contact bounce due to
      pretension of the blades against the dampening plates. The bifurcated
      wiper portions insure a longer switching life through the use of a
      redundancy of two by paralleling inputs and outputs. The separate blades
      or wiper portions of the contact plates achieve various contacting
      combinations, as referred to above, and the various normally open contact
      configurations simplify encoding techniques in the printed circuit board.
      The improved switch design further permits the insertion of an
      illumination bulb within the assembly for key top illumination without
      altering the switching characteristics or combinations. Relamping is
      available from the top of the assembly by removal of the button and the
      bulb therefrom. The post type terminals in the switch further permit
      customer insertion of the switches in a printed circuit board and varying
      type of connections thereto may be utilized from the standpoint of
      securing the switch to the printed circuit board and the electrical
      connections to the terminals.
PAR  In the embodiment shown in FIGS. 7 and 8, the push-button electric switch
      is modified to eliminate the base member 20 so that the switch contacts on
      the plunger may cooperate with contact elements affixed to the printed
      circuit board and made a part thereof. Thus, as will be seen in FIGS. 7
      and 8, the printed circuit board 60 has mounted thereon contact terminals
      93, 94, 95 and 96, which will be connected in circuit on the board or
      omitted from circuit depending upon the desired switching configuration
      for the overall circuit. The housing 100 in this embodiment takes the
      overall shape as in the previous embodiment including the square opening
      104 in the upper surface thereof through which the stem or body of the
      plunger or actuator 107 extends. The head 110 of the actuating plunger
      remains unchanged in shape with suitable recesses 106 and with the posts
      109 mounting the contact plate 105 with bifurcated wipers 103 extending
      from the body of the plates. The wipers have the curved extremities 111
      which contact the contact members 93-96 on the printed circuit board in a
      conventional manner and the insulated dampening plate 115 is positioned
      over the contact plate to mount the same on the head of the actuator and
      on the under surface thereof prebiasing the bifurcated wiper blades 103.
PAR  In the embodiment shown herein, the stem of the actuator is solid, although
      it may be made hollow to permit the mounting of a suitable light (not
      shown) on the circuit board and the extension of the same into the hollow
      recess of the actuating plunger. The button 120 mounting on the end of the
      plunger fits over the end thereof with its suitable square portion 124
      sliding on the body of the stem and including friction gripping members
      (not shown) to prevent movement of the same under the presence of spring
      pressure which will be later noted. The button has a flanged portion 125
      extending at the end of the cylindrical mounting portion 124 which forms a
      retainer for the bias spring 128 which bears against the flange 125 and
      the upper surface of the housing 100 surrounding the stem to bias the
      plunger in a retracted position.
PAR  The lower surface or open surface of the housing is positioned or mounted
      directly on the printed circuit board 60 and suitable projections or pins
      130 extend from two corners thereof as seen in FIG. 10 for locating the
      housing on a printed circuit board. Interior of the housing are guide
      ridges 132, as seen in FIGS. 8 and 9, extending along the inner surface of
      the same which contact and guide the head 110 of the actuating plunger 107
      and reduce frictional engagement between the plunger and the housing as
      the same is reciprocated. The printed circuit board will have an
      arrangement of varying mounting holes 138 therein which may be equipped
      with suitable friction gripping devices (not shown) to provide the housing
      with a plug-in type of installation. By orienting the housing with the
      plunger therein on the printed circuit board and with respect to the
      contacts positioned on the surface thereof, the wiping contacts of the
      actuating plunger may be oriented to contact different pairs of contacts
      on the printed circuit board in the manner described in the embodiments
      shown in FIGS. 4 and 5. Similarly, a pair of contact plates may be mounted
      on the contacting plunger and all contacts 93-96 on the printed circuit
      board may be engaged simultaneously. The housing includes different sized
      beveled corners 139 on the interior surface thereof. Proper mating of the
      beveled recessed corners 140 on the actuating head of the plunger will
      orient the same in a predetermined manner with the housing 100 and further
      provides for the construction of the mounting pins 130 for the housing on
      the printed circuit board. In this embodiment, as in the preferred
      embodiment, an indicating light may be utilized with the switch, the
      indicating light being mounted directly on the printed circuit board and
      positioned through the hollow stem of the actuating plunger (not shown) to
      provide the same cooperation and illumination of the push-button switch.
      Similarly, the switch may be oriented on a printed circuit board with
      respect to the contacts thereof to provide the varying switch and
      configurations described above.
PAR  Therefore, in considering the present invention, it should be remembered
      that the present disclosure is illustrative only and the scope of the
      invention should be determined by the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A push-button electric switch comprising, a base member having a lower
      surface adapted to rest on a circuit board, said base member having a
      center guide post and a raised upper surface with contact terminals
      positioned in said raised upper surface and extending through the base
      member being exposed on the upper surface, an actuating plunger having a
      head symmetrical with the raised upper surface of the base member and a
      hollow shaft section adapted to be positioned over the center guide post
      of the base for reciprocal movement thereon, contact means positioned on
      the under surface of the head having common wiper members adapted to
      contact diametrically positioned terminals in the base member, housing
      means having a center recess positioned over the acturating plunger and
      the raised upper surface of the base member with the center opening
      providing passage for the shaft section of the actuating plunger, means
      included in part on the housing means and in part on the base member to
      releasably secure the housing means to the base member, and key means
      positioned in part on the raised upper surface of the base member and in
      part on the head of the actuating plunger and on the housing means to
      permit the actuating plunger to be rotated a predetermined rotation with
      respect to the base member and bring the contact means on the head of the
      plunger into engagement and selectively with two pair of diametrically
      positioned terminals in the base member.
NUM  2.
PAR  2. The push-button electric switch of claim 1 in which the key means is an
      irregular surface positioned at two points on the raised upper surface of
      the base member and at a single point in head of the plunger member and
      and in the housing means.
NUM  3.
PAR  3. The push-button electric switch of claim 1 and including spring bias
      means positioned around the post of the base member and engaging the
      hollow shaft section of the plunger to bias the plunger to a position
      where the contact means on the head are displaced from the terminals on
      the base member.
NUM  4.
PAR  4. The push-button electric switch of claim 1 in which the means positioned
      in part on the housing and in part on the base member are a cooperating
      detent and a recess to frictionally secure the housing means on the base
      member selectively.
NUM  5.
PAR  5. The push-button electric switch of claim 1 in which the center guide
      post of the base member and the shaft section of the actuating plunger are
      hollow and adapted to position a light bulb with energizing terminals
      thereof extending through the base member.
NUM  6.
PAR  6. The push-button electric switch of claim 1 and including button means
      positioned on the top of the hollow shaft of the actuating plunger for
      reciprocating the same.
NUM  7.
PAR  7. The push-button switch of claim 1 in which the base member and the
      raised upper surface thereof are generally rectangular in cross section
      with the same shape for the head of the actuating plunger and the interior
      of the housing means to telescopically fit the housing means over the
      actuating plunger and the interior of the housing means to telescopically
      fit the housing means over the actuating plunger and the raised inner
      surface of the base member, and in which the key means is a relieved
      corner on two of the corners of the raised upper surface of the base
      member and one corner of the rectangular head of the actuating plunger and
      the housing member to permit rotation of the actuating plunger to vary the
      pair of contact terminals in which the contact means contact.
NUM  8.
PAR  8. The push-button electric switch of claim 7 in which the contact means
      has two pair of bridging contacts thereon separated from one another by an
      insulating plate and with a pair of actuating fingers on each of the
      bridging contacts adapted to contact pairs of terminals on the base
      member.
NUM  9.
PAR  9. The push-button electric switch comprising, a base member having a
      center post and a raised upper surface with contact terminals positioned
      in the raised upper surface and extending through the base member, and
      said base member being made of an insulating material and having terminal
      insulating hubs on the lower surface adapted to contact the rest on a
      circuit board for mounting of the switch thereon, an actuating member
      having a head symmetrical with the raised upper surface of the base member
      and a hollow shaft section adapted to be positioned over the post of the
      base member to permit movement of the plunger thereon, said actuating
      plunger being made of an insulating material and mounting contact means on
      the under surface thereof, said contact means having common wiper members
      adapted to contact diametrically positioned terminals in the base member,
      a housing of insulating material having a center recess positioned over
      the actuating plunger and the raised upper surface of the base member with
      a center opening providing a passage for the shaft section of the
      actuating plunger, irregular corners positioned on two of the corners of
      the raised upper surface of the base member and on one of the corners of
      the head of the actuating plunger and the inner surface of the housing
      member, means included in part in the housing means and in part in the
      base member to releasably secure the housing means on the base member with
      the irregular corners providing an assembly of the actuating plunger and
      the housing in only one position and the housing with the actuator therein
      on the base member in either of two positions, and bias means positioned
      on the center post of the base member and contacting the plunger to bias
      the actuating plunger to a position in which the contact means are out of
      contact with the terminal in the base member.
NUM  10.
PAR  10. The push-button electric switch of claim 1 in which the base member,
      actuating plunger and housing member are made of an insulating plastic
      material.
NUM  11.
PAR  11. The push-button electric switch of claim 5 and including tubular
      conductor means positioned in the center post of the base member and
      adapted to mount the energizing terminals of the light bulb.
NUM  12.
PAR  12. The push-button electric switch of claim 9 in which the contact means
      mounted on the head of the actuating plunger includes two bridging
      contacts with wiper portions extending on opposite sides thereof with
      wiper portions insulated from one another, and in which the terminals in
      the base member include terminals at four corners thereof adapted to be
      contacted by the wipers of the contact means to provide a pair of
      insulated circuits therethrough.
NUM  13.
PAR  13. The push-button electric switch of claim 9 in which the contact means
      mounted on the head of the space member includes a single bridging contact
      member with a pair of wiper members on opposite sides thereof and in which
      the orientation of the housing means with the actuating plunger therein on
      the base member selectively in two positions of the assembly will provide
      selective contact with two pair of diametrically positioned terminals in
      the base member.
NUM  14.
PAR  14. The push-button electric switch of claim 1 and including a cruciform
      shaped insulating plate positioned over the contact-means with opposite
      edges overlying and engaging the wiper members under tension to dampen
      movement of the same.
NUM  15.
PAR  15. The push-button electric switch of claim 9 and including an insulating
      plate having edges which overlay and engage under tension the wiper
      members and to dampen the movement of the same.
NUM  16.
PAR  16. A push-button electric switch adapted to be mounted on a base surface
      associated with a circuit board with contact terminals positioned in said
      base surface comprising, an actuating plunger having a head, contact means
      positioned on the under surface of the head with the contact means having
      common wiper members adapted to contact diametrically positioned terminals
      in the base surface, housing means having a center recess positioned over
      the actuating plunger and enclosing the head of the plunger, said housing
      means being adapted to be mounted on and secured to the base surface of
      the circuit board, means including in part in the housing means and in
      part in the head of the plunger to guide the plunger for movement in a
      predetermined relationship with respect to the housing means, and key
      means positioned in part on the base surface and in part on the housing
      means to permit the actuating plunger and the housing means to be rotated
      a predetermined rotation with respect to the base surface and secured
      thereon to bring the contact means on the head of the plunger, and to
      engage selectively with a pair of diametrically positioned terminals in
      the base surface.
NUM  17.
PAR  17. The push-button switch of claim 16 and including bias means associated
      with the plunger for positioning the plunger in a predetermined
      relationship with respect to the housing means.
NUM  18.
PAR  18. The push-button switch of claim 17 in which the spring bias means is
      positioned between the plunger and the housing means.
NUM  19.
PAR  19. The push-button switch of claim 16 in which the key means positioned in
      part on the base surface and in part on the housing means are prong
      members projecting from the lower surface of the housing means and
      cooperating recessed surfaces in the base surface.
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ABST
PAL  A miniature momentary push button switch includes a light emitting diode
      mounted in a dual-in-line package having rows of electrical leads for
      pluggable connection in a printed circuit board. The electrical leads
      provide an interruptible circuit path through the package and are
      fabricated from a standard lead frame. The circuit is normally open and is
      momentarity closed by manual actuation of a push button. For ease in
      manufacture, the interruptible circuit path is not electrically connected
      to the diode within the package. Instead the depending electrical leads
      are capable of pluggable connection to a circuit means which connects the
      diode electrically in series with the interruptible portion of the circuit
      by any one of a variety of techniques.
PARN
PAR  This is a continuation of application Ser. No. 468,321, filed May 9, 1974,
      and now abandoned.
BSUM
PAC  BACKGROUND OF THE PRIOR ART
PAR  With the advent of circuit miniaturization in the form of solid state
      circuit elements, there has been a long existing need for a go, no-go
      indicator of miniature size which can be incorporated on a printed circuit
      board together with the circuit elements. Such an indicator is utilized to
      check the electrical continuity of the circuit elements and the circuit
      incorporating the circuit elements. Also the indicator is used to
      precisely locate in the circuit a malfunctioning element. The present
      invention incorporates a momentary push button switch of miniature size
      and in the form of a dual-in-line package for mounting directly to the
      printed circuit board as one of the passive circuit elements. Electrical
      leads in the dual-in-line package provide an interruptible circuit portion
      contained within the package which is momentarily closed by actuating a
      push button to light a low power illumination device such as a light
      emitting diode (led) as an indication of circuit continuity. For ease in
      manufacture, the led and push button are mounted in a cover portion of the
      package, and the contacts or leads are assembled onto a base portion which
      mates with the cover. The inerruptible circuit is electrically isolated
      within the package from the led, eliminating the need for internal
      bridging circuitry therebetween. Instead the leads of the package project
      from the base portion for pluggable connection to external circuitry which
      is used to connect the interruptible circuit portion with the led. Such a
      feature allows for ease in manufacturing the interruptible circuit portion
      as a standard lead frame without a need for interconnecting circuitry
      within the package.
PAC  OBJECTS OF THE INVENTION
PAR  It is accordingly an object of the present invention to provide a
      dual-in-line package switch with a light emitting circuit element and an
      interruptible circuit portion actuated by a push button, with depending
      leads of the package adpated for pluggable connection to electrical
      circuitry which connects the lightable circuit element with the
      interruptible circuit portion electrically in series externally of the
      package.
PAR  Another object of the present invention is to provide a dual-in-line
      package wherein the electrical leads thereof are arranged in opposed rows
      with a first pair of opposed leads being connected electrically to a light
      emitting diode and a second pair of leads forming an interruptible circuit
      portion momentarily connected upon actuation of a push button, the led and
      a push button being mounted in a cover portion separate from the base.
DRWD
PAR  Other objects and many attendant advantages of the present invention will
      be become apparent upon perusal of the following detailed description
      taken in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an enlarged perspective of a dual-in-line package containing a
      momentary contact switch array and light emitting diode array according to
      the present invention.
PAR  FIG. 2 is an enlarged section taken along the line 2--2 in FIG. 1.
PAR  FIG. 3 is an enlarged fragmentary exploded perspective illustrating the
      component parts of the present invention.
PAR  FIG. 4 is a fragmentary enlarged perspective in exploded configuration
      illustrating exemplary electrical circuitry for use in conjunction with
      the dual-in-line package according to the present invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  With more particular reference to FIGS. 1, 2, and 3, there is illustrated
      generally at 1 a dual-in-line package according to the present invention
      including a generally inverted rectangular cover 2 generally of box-like
      configuration. The invention further includes a base portion 4 which has a
      plurality of parallel spaced paritions 6 each of which has a stepped
      projecting central portion 8. In the spaces between the partitions are
      provided a corresponding plurality of electrical leads 10 arranged in a
      first row. The leads 10 are elongated leaf spring contacts having the
      central portions thereof disposed incorresponding grooves, some of which
      are shown at 12 in the surface of the base portion 4. As shown the grooves
      12 are of stepped rectangular or otherwise irregular shape allowing the
      leads 10 to be fabricated with complimentary shapes for latching retention
      in position within the corresponding grooves 12. First end portions 14 of
      the row of leads 10 are formed into depending relationship and are tapered
      to form relatively narrow projecting external leads for pluggable
      connection externally of the dual-in-line package. The leads 10 are
      doubled back on themselves with the other end portions 16 thereof being
      projecting angularly outward in spaced relationship from the base portion
      4 for location within the space between the projecting partitions 8. The
      arcuate portion 18 of the doubled back leads are in registration against
      an upright projecting portion 20, of the base portion, which further
      serves to locate or position the corresponding leads 10 in desired
      position on the base portion 4. A second row of electrical leads 22 have
      depending end portions 24, which are similar in configuration to the end
      portions 14 of leads 10, to provide leads for pluggable connection
      externally of the dual-in-line package. The leads 22 are formed to overlie
      and conform to the intersection of the base portion 4 and the
      corresponding projection 20. Such a portion 26 further extends above a
      corresponding projection 20 to provide a resiliently deflectable end
      portion 28 overlying in spaced relationship the corresponding projection
      20. As shown in FIG. 3, each one of the leads 22 includes a portion 28'
      which projects outwardly at an angle to overlie in spaced relationship a
      corresponding opposed lead 16. The terminal end of the lead portion 28' is
      bifurcated by a notch 30. Accordingly the base portion 4 has mounted
      thereto rows of electrical leads arranged in opposed pairs. The leads
      which are bifurcated alternate with leads which are of relatively short
      length to overlie corresponding projections 20 of the base portion.
PAR  A typical diode assembly is shown more particularly in FIGS. 2 and 3. A
      transparent semispherical encapsulent material 32 is provided with a light
      emitting diode imbedded therein according to a well-known practice in the
      prior art. The diode typically has two electrical leads, one of which is
      connected to a first stamped and formed contact 34. The other diode lead
      is electrically connected to another stamped and formed contact 36. The
      contacts 34 and 36 are encapsulated within a block 37 of thermosetting
      plastic material. The contact 34 has a depending leg portion 38 which is
      bifurcated at 40. The contact portion 36 is doubled back on itself and has
      the terminal end thereof bifurcated at 42. The cover 2 is provided with a
      row of apertures 44 complementary in shape with the thermosetting block 38
      and the circumference of the transparent material 32, permitting a row of
      light emitting diode assemblies as described to be mounted within the
      cover. When the cover is assembled on the base 4 as shown, the contact
      portion 38 will resiliently impinge against the lead portion 16, and the
      contact 36 will impinge against the lead portion 28 thereby connecting an
      individual diode electrically in bridging relationship between
      corresponding opposed pairs of contacts.
PAR  Also as shown in FIG. 3, a molded cylindrical knob or push button 46 of
      plastic material is provided with integral resilient fingers 48 which
      project in opposite directions diagonally outward. The cover 2 is provided
      with a row of apertures 50 which receive the corresponding knobs or
      buttons 46 therein, thereby mounting the push buttons in the cover 2. The
      fingers 48 of each button project diagonally outward from the cover and
      initially engage corresponding partitions 8, serving to continuously bias
      resiliently the buttons to protrude from the cover 2. Each button 46 is
      provided with a depending knob 52 for impingement against a corresponding
      contact portion 28' when the cover is assembled to the base portion 4 as
      shown in FIG. 2.
PAR  As shown in FIG. 4, an examplary printed circuit board 54 is provided with
      a first row of apertures 56 into which the terminal leads 14 are to be
      pluggably connected. A second row of terminal 58 pluggably receive the
      terminal leads 23 therein. The printed circuit board is provided with a
      first circuit path 60 communicating with one of the apartures 58. A second
      circuit path 62 communicates between one of the apertures 56 and the other
      of the apertures 58. A circuit path 64 communicates with the other one of
      the apertures 56. The first opposed pair of contacts connects the diode
      assembly 31 between the circuit paths 60 and 62. The second opposed pair
      of contacts comprises an interruptible circuit portion which is connected
      electrically between the circuit paths 62 and 64. The circuit path 62
      provided on the printed circuit board 54 connects electrically in series
      the diode assembly 31 and the interruptible circuit portion, such that as
      the illustrated push button 46 is manually displaced toward the base
      portion, the knob 52 will engage and resiliently deflect the lead portion
      28' into electrical engagement on the lead portion 16, thereby completing
      an electrical circuit through the diode assembly 31, and thereby enabling
      the diode to light as an indication of circuit continuity.
PAR  The resilient fingers 48 as well as the inherent resiliency in the leads
      28' automatically separate the lead portions 28' and 16 to interrupt the
      circuit. The resilient fingers 48 resilient project the push button 46 in
      return displacement to project externally of the cover 2. Accordingly a
      momentary lighting of the diode is accomplished serving as an indicator of
      circuit continuity. As shown in the figure, the leads or contacts are
      electrically isolated in opposed pairs. The external circuit 62 is relied
      upon to interconnect electrically between corresponding pairs of leads,
      thereby eliminating the need for assembling such a connection internally
      of the dual-in-line package. By eliminating such interconnection
      circuitry, the electrical leads 10 and 22 may be stamped and formed in
      rows and merely assembled in position without requiring the expense and
      time consuming need for interconnection between corresponding opposed
      pairs of leads. Additionally the circuit paths 62 may have an alternative
      configuration as shown at 62' in FIG. 4. Accordingly the use of external
      electrical circuit means to complete the interconnection between the
      opposed pairs of leads of the package allows greater versatility in
      circuit path selection as well as eliminates the need for complexity in
      manufacture of the package according to the present invention.
PAR  Although preferred embodiments and modifications of the invention are
      illustrated and described in detail other embodiments and modifications
      are intended to be covered in the scope of the apended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A momentary optical signal switch, for plugging into a printed circuit
      board, comprising:
PA1  a base,
PA1  a cover on said base,
PA1  a plurality of electrical contacts mounted in opposed rows along said base,
PA1  light emitting diodes having pairs of resilient electrical leads, said
      diodes being mounted in rows in said cover,
PA1  said pairs of leads resiliently bridging across and engaging first
      corresponding opposed pairs of said contacts,
PA1  an array of push buttons mounted in rows in said cover and having
      corresponding pairs of resilient fingers engaged on said base for
      resiliently biasing said push buttons to project outwardly from said
      cover,
PA1  said push buttons overlying second corresponding opposed pairs of said
      contacts and momentarily connecting second corresponding opposed pairs of
      contacts upon displacement of said pushbuttons toward said base, and
PA1  said rows of contacts projecting from said base for pluggable connection to
      electrical circuit means to enable bridging one of said first opposed
      pairs of contacts in series with one of said second opposed pairs of
      contacts, thereby to complete an electrical circuit through a
      corresponding diode as a corresponding push button is displaced to
      momentarily connect a second corresponding opposed pair of contacts.
NUM  2.
PAR  2. The structure as recited in claim 1, wherein said push buttons include
      integral resilient fingers, said fingers resiliently biasing said button
      into protruding relationship from said cover.
NUM  3.
PAR  3. A momentary optical signal switch for plugging into a printed circuit
      board, comprising:
PA1  a base, a cover on said base,
PA1  a plurality of electrical contacts mounted in opposed rows along said base,
PA1  light emitting diodes mounted in said cover and having pairs of electrical
      leads engaging first corresponding opposed pairs of said contacts,
PA1  an array of movable switch means projecting from said cover and overlying
      second corresponding opposed pairs of said contacts,
PA1  each said switch means being movable toward and connecting momentarily a
      circuit path between a second corresponding opposed pair of contacts, and
PA1  said contacts projecting from said base for pluggable connection to
      electrical circuit means enable bridging one of said first opposed pairs
      of contacts in series with one of said second opposed pairs of contacts,
      thereby to complete an electrical circuit through a corresponding diode as
      a corresponding switch means is movable to connect momentarily a second
      corresponding opposed pair of contacts.
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ABST
PAL  Apparatus is disclosed for heating with microwave energy utilizing
      nonresonant means for converting and transforming free space plane waves
      within the oven enclosure into fringing electric field patterns to brown
      or sear the load surfaces similar to broiling. One embodiment comprises
      parallel abutting plates with alternate plates of a high dielectric
      constant material to provide a predetermined phase lag and with the
      intervening low dielectric constant sections to provide alternating
      fringing electric fields, illustratively, in the pi or any other desired
      mode pattern. Alternate embodiments include microwave strip transmission
      lines comprising conductive strips separated by a dielectric substrate to
      couple and convert the free space waves into the desired heating mode
      pattern. A load supporting shelf within the microwave oven may be readily
      adapted to include the alternating dielectric materials to provide the
      desired fringing electric field patterns. Conveyor belts may also be
      adapted to incorporate browning surface means by strips of a high
      dielectric material on the belt material. Further embodiments include
      microwave oven enclosures radiated by horn means which may be
      cross-polarized, as well as, the combination of horn radiators coupled to
      microwave browning plates.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  This is a division of application Ser. No. 395,469, filed Sept. 10, 1973,
      now U.S. Pat. No. 3,857,009.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to microwave heating and apparatus for producing
      broiled surfaces on a radiated load.
PAR  2. Description of the Prior Art
PAR  The heating of articles by microwave energy has become widely accepted both
      here and abroad in recent years due to the rapid preparation times
      resulting from the so-called "dielectric heating phenomenon." Such
      apparatus typically includes an energy source such as a magnetron with the
      energy fed within a conductive wall oven enclosure through waveguide
      transmission means. The electromagnetic waves are radiated and reflected
      within the enclosure in free space and are distributed by such means as
      mode stirrers to uniformly surround and be absorbed by the load to result
      in high frequency oscillatory movements of the molecules to cause heating
      by molecular friction. The allocated frequencies for such heating
      apparatus are assigned by the Federal Communication Commission and are
      915.+-. 13 MHz and 2450.+-. 50 MHz. The term "microwaves" is intended to
      define electromagnetic energy radiation having wavelengths in the order of
      1 meter to 1 millimeter and frequencies in the order of 300 MHz to 300
      GHz.
PAR  All materials exposed to electromagnetic radiation have differing
      dielectric constant and loss tangent characteristics and, therefore, the
      rate of heating becomes a varying factor. Accordingly, the varying
      absorption of the radiated energy causes the depth of penetration and
      surface coloration of loads to vary. Where a browned surface is desired,
      similar to broiling, this is difficult to achieve without long exposure
      which results in overcooking of the interior regions because the microwave
      oven enclosure is cooler relative to electric and gas apparatus so that
      the exterior load surfaces tend to be cooler than the interior and there
      is heat loss due to evaporation of moisture. Microwave cooked exterior
      surfaces, therefore, have been treated in a slightly different manner to
      produce the desirable coloration.
PAR  Prior art techniques for browning include the incorporation of electric or
      gas broiling elements in the microwave oven. Another method involves the
      coating of the outer surfaces with a food additive having a higher energy
      absorbing characteristic which will lead to more rapid heating of the
      outer surfaces, while the remainder of the load achieves the desired
      degree of cooking. Still another example of prior art teachings involves
      the use of lossy ovenware or utensils having a selective heating
      capability by means of the use of conductive materials. Such conductive
      materials may be incorporated in a shelf of a dielectric material
      supporting the load or comprise radiating means having a plurality of rods
      with a pre-determined spacing to cause the rapid absorption of the
      microwave energy by the rods as shown in U.S. Pat. No. 3,591,751, issued
      July 6, 1971 to C. E. Goltsos U.S. Pat. No. 2,830,162, issued Apr. 8, 1958
      to D. A. Copson et al., and assigned to the assignee of the present
      invention, utilizes a utensil of a ferromagnetic material responsive to
      the energy impinging thereon up to the Curie temperature point.
      Thereafter, the utensil becomes substantially nonresponsive and is
      pervious to the electromagnetic energy. Ferromagnetic materials sustain
      the alternating electric and magnetic fields and, characteristically have
      high energy loss at the temperatures below the Curie point. Such materials
      include alloys of manganese, tin and copper, or manganese, alumnium and
      copper as well as alloys of iron and sulphur, such as pyrrhotite, whose
      crystals have the form of hexagonal prisms. Examples of such materials are
      zircomates of lead and barium and the titanates of lead, barium and
      strontium.
PAR  Other examples of the prior art are found in U.S. Pat. No. 3,219,460 issued
      Nov. 23, 1965 to E. Brown which discloses containers of a dielectric
      material having electrically conductive shields such as aluminum wrapped
      completely around the side and bottom surfaces. Other geometric patterns
      are achieved in the aluminum foil. U.S. Pat. No. 3,302,632 issued Feb. 7,
      1967 to E. C. Fichtner also relates to a plastic-type package having
      varying microwave transparent characteristics. Such containers are readily
      adaptable to the preparation of frozen foods, such as T.V. dinners.
PAR  The prior art radiant heaters, selected heating packaging and lossy
      utensils have been utilized, however, a need still exists for a simple,
      less costly apparatus which will not be subject to breakage; require
      additional cleaning or reduce the amount of power available for heating.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the teachings of the present invention a plate, dish,
      shelf or any load supporting means is provided with substantially parallel
      alternating regions of varying dielectric characteristics to result in
      intense alternating electric fields in close proximity of a load with said
      fields rapidly decaying a short distance from the load surfaces. The
      pi-mode or electric fields 180.degree. out-of-phase is an illustrative
      electric field pattern for browning the load surfaces. The free space
      electromagnetic waves within the oven enclosure are converted by the
      nonfrequency-responsive and nonresonant means comprising the dielectric
      members from plane waves into the desired alternating fringing electric
      field patterns. The alternate dielectric members of high dielectric
      constant materials provide a phase reversal or phase lag relative to the
      intervening low dielectric constant or air-filled members which provide a
      different propagation characteristic. There are no size limitations other
      than the oven enclosure and there is no frequency dependency so that the
      invention is readily adaptable to conveyor systems or complete shelves in
      addition to plates or utensils to provide the fringing field patterns.
PAR  Alternate embodiments of the invention may be realized using strip
      microwave transmission line techniques providing a capacitor effect
      between conductive strips on opposing sides of the dielectric substrate. A
      plane wave entering the bottom of the microwave coupling and transformer
      means will effectively charge all the conductive strips to convert the
      waves into the desired mode patterns. Alternatively, all the embodiments
      of the invention utilizing parallel plates or conductive strips of varying
      propagation characteristics may be disposed on both sides of the load to
      shorten the browning time. Ceramic materials having a high dielectric
      constant of 25-50 have been utilized in exemplary embodiments and a rule
      of thumb for the high dielectric materials for the energy coupling and
      transformer browning means to obtain the desired phase reversal would be
      to use a material having a dielectric value approximately equal to the
      square root of the dielectric constant value of the material being heated.
PAR  In all the embodiments it is noted that in view of the rapidly decaying
      fields a short distance from the load relatively little splattering or
      heat is generated along the oven walls. Further, the materials utilized
      can be readily cleaned and are of a more durable nature than the lossy
      type ovenware utilizing ferromagnetic materials which become very brittle
      and are easily broken at the temperatures encountered in the oven. The
      invention may also be adapted to any desired mode field patterns such as
      TM.sub.01 which would be useful for illustratively baked potatoes. A
      rotisserie arrangement is also possible and horn radiators for feeding the
      microwave energy into the oven enclosure are utilized with the horns being
      cross-polarized. The microwave coupling and transformer means can also be
      used in combination to couple the energy from the feed means to further
      enhance the advantages of microwave cooking.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Details of the illustrative embodiments of the invention will be described
      with reference to the accompanying drawings, wherein;
PAR  FIG. 1 is a vertical cross-sectional view of the microwave apparatus
      embodying the invention;
PAR  FIG. 2 is a diagramatic representation to assist in the understanding of
      the invention;
PAR  FIG. 3 is a diagramatic representation of a browning plate embodiment of
      the invention illustrating the alternating fringing electric field
      orientation along the top surface.
PAR  FIG. 4A is a top view of a partial portion of a conveyer belt embodiment
      utilizing the invention;
PAR  FIG. 4B is a diagramatic representation of the alternating fringing
      electric fields disposed in close proximity to the top surface of the
      embodiment of FIG. 4A;
PAR  FIG. 5 is a top view of a browning plate embodiment shown supporting a
      load;
PAR  FIG. 6 is an end view of the browning plate embodiment shown in FIG. 5;
PAR  FIG. 7 is a bottom view of a strip microwave transmission line embodiment
      of the invention;
PAR  FIG. 8 is a cross-sectional view taken along the line 8-8 in FIG. 7;
PAR  FIG. 9 is a cross-sectional view of an embodiment of the invention utilized
      as a shelf in a microwave oven;
PAR  FIG. 10 is a perspective view of a microwave oven adapted for a rotisserie
      and radiated by horn-type radiators with cross-polarized fields; and
PAR  FIG. 11 is a perspective view of the apparatus shown in FIG. 10 in
      combination with the microwave coupling and transformer browning means
      embodying the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  A typical microwave oven apparatus 10 found in the art today is illustrated
      in FIG. 1. Top and bottom conductive walls 12 define with sidewalls 14 the
      resonant oven enclosure 16 having predetermined dimensions to support a
      plurality of free space wavelengths at the apparatus operating frequency.
      At least one of the sidewalls 14 is provided with an access opening which
      is closed by means of a door and choke assembly commonly used in such
      apparatus of the side or bottom-hinged type. A case 18 surrounds the oven
      enclosure and is provided with a front panel member 20 for mounted timers
      22 and 24, as well as, buttons 26, 28 and 30 for actuation, respectively,
      of the start, stop and light circuits.
PAR  A magnetron energy generator 32 of the type described in the text
      "Microwave Magnetrons," Radiation Laboratory Series, Volume 6, by G. B.
      Collins, McGraw-Hill Book Company, Inc., 1948 is mounted behind the front
      panel member. Such sources are energized by rectified line voltages of
      approximately 3,000 to 6,000 volts DC and the electrical circuits, as well
      as details of the energy source have been purposely omitted since they are
      considered to be well-known in the art. The microwave energy is coupled to
      the resonant cavity enclosure 16 by means of an antenna 34 within a
      dielectric member 36 extending into the launching rectangular waveguide
      38. A terminating end wall 40 is disposed at one end of the launching
      means spaced approximately one-quarter of a wavelength from the antenna 34
      for maximum launching efficiency. The opposing end is open as at 42 to
      provide for the radiation of the energy within the enclosure. Such
      launched energy represented by plane waves 44 is distributed in a
      cyclically varying manner by such means as a mole stirrer 46 having a
      plurality of vanes 48 which are rotated by a motor 50. The energy waves
      bounce off the conductive walls at the top, back, side and bottom of the
      oven enclosure. The load 52 to be heated and browned, such as a steak or
      roast, is supported on the energy coupling and transformer means 54 of the
      invention which converts the plane waves into the fringing electric field
      patterns of rapidly decreasing intensity in close proximity of the
      exterior surfaces of the load.
PAR  The browning means 54 comprise an arrangement of parallel plate members
      having varying dielectric characteristics with members 56 of a high
      dielectric constant value while the intervening spaces 58 may be filled
      with a low dielectric constant material or air. The spaces 58 are lined
      with a conductive material 60, such as copper or other metal tape to
      provide a capacitor effect. Where desired the energy coupling and
      transformer browning plate means 54 is supported on a spacer 62 of a
      microwave permeable material having a thickness to provide for the
      entrance of the plane bouncing waves from the bottom wall 12. The
      invention is also practiced by the provision of another microwave coupling
      and transformer browning plate means 64 on the opposing side of the load
      52 to thereby simultaneously brown both sides of the product.
PAR  Referring now to FIG. 2 the principle of the invention will be explained.
      Plane wave 44 distributed within enclosure 16 have no specific field
      orientations and have a wavelength of approximately 4.8 inches for 2450
      MH.sub.z. From the free space region 66 the plane waves are coupled by
      mode transformer region 68 to evolve the fringing electric fields 70
      adjacent to the steak 52. It is noted that the function of transforming of
      free space waves into the fringing electric field patterns may be achieved
      by an integral assembly or the mode transformer portion may be separate
      with a superimposed top plate member. With the invention essentially all
      of the energy entering the transformer region 68 is transformed into a
      desired heating pattern, illustratively, the pi-mode where the electric
      fields alternate 180.degree. out-of-phase as shown diagramatically in FIG.
      3. In this view the assembly comprises a plurality of parallel plates
      stacked together in an array with alternate plates providing a high
      dielectric constant to obtain a desired degree of phase reversal or phase
      lag for the resultant pattern. To obtain this fringing field configuration
      plane waves, indicated by vectors 74, enter the bottom of the browning
      plate means 72 and in the low dielectric constant or air-filled regions 76
      a field orientation (+) and E-field vector 78 is obtained extending
      perpendicular to the direction of transport of the plane waves. Alternate
      parallel plates 80 are provided of a high dielectric material such as K-50
      or the material sold under the name Stycast with the electric field
      orientations now reversed as shown by vectors 78. In the reorientation of
      the plane waves, the H or magnetic field vector extends in an orthogonal
      direction, designated by the vector 82, parallel to the longitudinal axis
      of the plate 72. The alternating fringing electric fields are indicated by
      arrows 84. These fringing field patterns are of high intensity adjacent to
      the top surface of the plate 72 and decay rapidly in a direction
      perpendicular to the plate. Unique means for achieving rapid browning and
      searing of the exterior surfaces of load are thereby achieved utilizing
      the structure of the invention.
PAR  Referring next to FIGS. 4A and 4B another embodiment of the invention will
      be discussed. A conveyor belt 90 of a dielectric material having good
      microwave transmission characteristics is provided with a plurality of
      high dielectric constant material strips or a coating at alternate
      intervals, with the strips extending transversely to the direction of
      travel of the conveyer, as indicated by the arrow 94. The invention is not
      restricted to the transverse disposition of the alternating dielectric
      material and the array, therefore, may be disposed extending parallel to
      the direction of travel of the conveyer. FIG. 4B indicates by means of
      arrows 96 the disposition of the fringing electric fields in the region of
      the exposed conveyer dielectric material while arrows 98 indicate the
      phase reversal provided by the high dielectric constant regions 92. It is
      common in conveyorized systems to have the energy distributed from a
      position above or below the conveyer belt as desired. In either case the
      invention will provide the fringing electric fields in close proximity to
      the conveyer belt surfaces.
PAR  In FIG. 5 a microwave browning plate means 100 is illustrated carrying a
      load 102 which is capable of being readily inserted and removed from the
      oven enclosure. The parallel plates 104 define the regions of low
      dielectric constant material which is readily permeable to microwave
      energy and parallel plate members 106 comprise the high dielectric
      constant material. In FIG. 6 the configuration of the high loss dielectric
      members 106 will be noted having slightly tapered surfaces 106a and 106b.
      The waves represented by the E-vectors 108 entering the bottom portion are
      coupled and transformed into the fringing fields exiting from the top
      surface as represented by the arrows 110. It will be noted that the
      fringing electric fields adjacent to load 102 extend a short distance from
      the top surface and, therefore, the desired browning effect is readily
      obtained on the exterior surfaces of the load 102. FIGS. 7 and 8 represent
      a strip microwave transmission line embodiment of the invention. A
      dielectric substrate body 112 is provided on the bottom side with parallel
      strips 114 of a highly conductive material such as copper. The upper
      portion of the substrate 112 is provided with twice as many conductor
      strips 116. Alternate conductive strips 116a are connected to the bottom
      strips 114 by wires 118 to thereby achieve an alternating electric field
      as indicated by the + and - signs of the alternate upper strip members.
      The unconnected strips form capacitors with the bottom conductive strips
      114. Plane waves fed into the bottom as indicated by the E-vectors 120
      charge all the conductive strips 114 on the bottom side at the same
      potential. The unconnected strips 116 on the top which are separated by
      spaces 122 result in an out-of-phase fringing electric field being
      established across the top surface in the alternating pi-mode. This
      configuration of the invention represents a low cost method of making a
      nonreasonant means for coupling and transforming microwave energy into any
      desired fringing electrical field pattern.
PAR  FIG. 9 illustrates an alternative embodiment of the invention comprising a
      shelf member 124 made up of alternate parallel plate sections of
      dielectrics 126 and 128. Such an embodiment is mounted on brackets
      attached to the oven enclosures sidewalls 14 to space the shelf at any
      desired height from bottom walls 12. Parallel sections 126 comprise the
      low dielectric constant material while the intervening sections 128
      comprise the high dielectric constant material. The fringing electric
      fields provided by this arrangement are indicated by the arrows 130.
PAR  FIGS. 10 and 11 illustrate another embodiment of a microwave oven apparatus
      with the microwave energy from a source 132 fed through the bottom wall
      134 by means of horn radiators 135 and 136. The load 138 comprising a fowl
      is supported on a rotisserie arrangement including a rod member 140
      supported by the sidewalls 142 and actuated by motor means (not shown). In
      this embodiment the energy radiated from horn 135 comprises radiated waves
      144 with the energy polarized in a direction to provide the E-vector 146
      and the H-vector 148. These vectors are the orthogonal components of the
      plane wave indicated by vector 150. The adjacent horn radiator 136 also
      provides for the radiation of a polarized wave in the direction indicated
      by the vector 150. This radiator, however, is structured to provide for a
      different polarization of the energy so that the E-vector 152 and H-vector
      154 are approximately 90.degree. out-of-phase with the orthogonal
      distribution from the radiator 135.
PAR  In this embodiment the oven enclosure 156 may be larger than present day
      microwave ovens since the energy is radiated directly from the radiators
      135 and 136 and the distribution effectively controlled by the angle of
      radiation. The energy reflected from the surfaces of the load 138 as the
      load rotates are redirected into the meat because of the reflection from
      the oven enclosure walls. In FIG. 11 a microwave plate member 158, similar
      to that described in FIG. 9, having alternate dielectric constant material
      members 160 and 162 is supported on brackets 164. Parallel plate regions
      160 represent the high dielectric constant material and the intervening
      members 162 represent the low dielectric constant material.
PAR  It is evident that numerous other variations, modifications and alterations
      may be practiced by those skilled in the art, for example, it is possible
      to provide an energy coupling and transformer browning means with a
      TM.sub.ol mode field pattern. Such a pattern would be suited for baking
      potatoes. It is intended, therefore, that the foregoing description of the
      embodiment of the invention be considered broadly and not in a limiting
      sense.
CLMS
STM  We claim:
NUM  1.
PAR  1. A utensil for microwave heating comprising:
PA1  a base member having regions of alternately high and low dielectric
      constant characteristics to provide a fringing electric field pattern
      having a substantially 180.degree. phase differential adjacent to a
      surface of said member when exposed to radiating free space
      electromagnetic wave energy.
NUM  2.
PAR  2. A utensil according to claim 1 wherein said base member comprises an
      array of high dielectric constant materials with alternate intervening
      spaces with a coating of a conductive material disposed on the walls of
      said dielectric members bounding said spaces.
NUM  3.
PAR  3. The utensil according to claim 1 wherein said base member comprises a
      dielectric substrate body having spaced conductive strips on opposing
      sides interconnected to provide the predetermined fringing electric field
      pattern.
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ABST
PAL  The invention provides a process for repairing slag ladles for iron and
      steel making, the process including securing a steel plate to the exterior
      of the ladle over a damaged area, and subsequently forming successive
      welded layers within the ladle using a variety of electrodes, the
      lowermost layer forming a homogeneous joint with the steel plate. The
      invention also embraces a slag ladle produced by the above process.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a process for repairing slag ladles, as used in
      the production of iron and steel, which are damaged as a result of thermal
      and chemical stresses.
PAR  Some types of slag ladles are made from hematite or steel iron and, when
      used, can suffer thermally or chemically produced damage as, apart from
      the slag to be removed, liquid metal occasionally inadvertently entering
      with the slag can cause damage too. Because its specific gravity is
      greater, the liquid metal accumulates at the bottom of the ladle and can
      cause the ladle material to melt so that considerable erosion takes place
      over a long period of use, which usually can even be seen on the exterior
      of the ladle in the form of cracks or holes. The ladle can no longer be
      used in production and frequently has to be scrapped as no suitable repair
      processes are available.
PAR  Slag ladles damaged in this way cannot be repaired using known welding
      repair methods.
PAR  In one known process for filling the eroded or burnt parts of cast iron or
      hematite iron ingot and casting moulds, the damaged part is first covered
      with a layer of cast iron rods and steel electrodes. Then, intermediate
      spaces are filled by means of a steel electrode with simultaneous melting
      of a cast iron rod, following which other layers are applied exclusively
      with a current-carrying cast iron rod. In so far as with this state of the
      art, and with the present application, these are considered as welding
      processes, then these belong to the class of so-called cold welding
      processes. With the aforesaid known method, networks of fine cracks form
      in the walls of the mould which also continue through the welding material
      so that finally, cracks are also present in the region of the completely
      welded over damaged area, so that expansion and contraction is possible
      without destroying the material. Cracks of this type also occur in the
      case of slag ladles. However, as the damaged parts are considerably deeper
      and completely penetrate the wall, use of the known process would means
      that the complete welded layer would fall out of the bottom of the ladle
      when contraction took place.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the invention is to provide a process such that the damaged
      parts of slag ladles can be satisfactorily repaired and the ladles can
      continue to be used as required.
PAR  According to the invention, this is achieved in that first of all, a
      suitably sized steel plate is secured to the exterior of the ladle over
      the damaged area, a homogeneous joint with the steel plate is then
      produced within the ladle by building up a first welded layer by means of
      steel electrodes, at least one further layer is welded on using steel
      electrodes and cast iron electrodes simultaneously, and finally at least
      one further layer is welded on using cast iron electrodes so that in all,
      the filling formed by the layers corresponds in size to the transverse
      section of the interior of the slag ladle at the location occupied by the
      layers. Welding a layer using a steel electrode and a cast iron electrode
      simultaneously can be done so that only the steel electrode carries
      current, while the cast iron electrode is held in the arcs as a rod not
      connected to the welding current supply. As is known, for practical
      purposes, the steel electrodes have a lime based coating.
PAR  In the case of a slag ladle repaired according to the invention, the
      build-up weld containing shrinkage cracks is effectively prevented from
      crumbling away by the welded layers being homogeneously and firmly joined
      to the external steel plate. The size of the plate is such that it covers
      the whole damaged area. As a result of the firm joint between the steel
      plate and the welded material there is an active tractive force, even when
      the weld cools down, so that the steel plate on the one side and the inner
      welded area on the other are drawn together. When cooling, any cracks
      which might be present are then sealed and not opened, as is the case in
      the known art.
PAR  In order to be able to produce a reliable joint in the wall area of the
      damaged section too, the transitional area between the wall of the damaged
      area of the ladle and the welded material disposed within the damaged wall
      portion; is welded to the undamaged peripheral area of the damaged section
      exclusively by means of a steel electrode. Therefore, the liquified
      material which results consists of the material melted off the steel
      electrode and of the slag ladle's melted wall material.
PAR  As the steel plate placed outside the damaged area according to the
      invention is held by the material introduced by welding which projects
      inside the ladle and opens out at the top, no additional demands are made
      on it concerning a reliable joint with the bottom of the slag ladle.
      Nevertheless, it may be advantageous to secure the steel plate with bolts
      held in the undamaged wall material of the slag ladle. With renewed
      erosion, this is an additional means of preventing the crack from opening
      wider in a known way. It is also possible to weld the steel plate to the
      outside wall of the slag ladle.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The invention will now be described, by way of example, with reference to
      the accompanying drawing in which:
PAR  The FIGURE shows a section of the damaged bottom of a slag ladle including
      the individual layers after being repaired according to the invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The FIGURE illustrates part of the bottom of a slag ladle damaged by use in
      the way described and designated 1. The damaged area starts from the
      inside 2 and extends downwards to form a generally funnel-shaped hole or
      crack 4 in the outside wall 5 of the bottom of the slag ladle. Bolts 6 are
      introduced into the undamaged material of the slag ladle bottom round the
      damaged area and secure a steel plate 7 in position over the hole. This
      plate can also be attached to the bottom of the slag ladle by welding
      seams 8 in addition or by these alone.
PAR  When the steel plate 7 has been fitted, the damaged area sealed at the
      bottom by this plate is filled up in the way described until the original
      internal dimension 9 of the slag ladle is reached. This value can also be
      slightly exceeded at first, in which case it is levelled off by grinding.
PAR  The layers produced with the repair process are illustrated in the FIGURE
      which is a diagram of a vertical section through a damaged area. The
      lowermost layer is the steel plate 7 sealing the damaged area from the
      exterior, as described above. A layer 10 is first welded onto the steel
      plate with steel electrodes. This is followed by a layer 11 produced from
      steel electrodes and cast iron electrodes, where only the steel electrodes
      carry current, whereas the cast iron electodes are held in the arcs. A
      layer 12 is produced where only a current carrying cast iron electrode is
      used. Finally, layer 13 is a steel plus cast iron layer produced by
      welding the wall of the damaged ladle with the steel electrode.
PAR  If a network of cracks forms in the repaired area of slag ladles repaired
      according to the invention, this is not harmful as the damaged area is
      supported by the steel plate 7.
PAR  By appropriate use of the inventive principle, the process according to the
      invention can also be used to repair other, similarly affected items.
PAR  Moreover, the invention can be applied to damaged areas which are wider at
      their lower ends or which are cylindrical.
CLMS
STM  I claim:
NUM  1.
PAR  1. A process for repairing slag ladles, used in the production of iron and
      steel, which are damaged by thermal and chemical stresses, comprising the
      steps of: first securing a suitably sized steel plate to the exterior of
      the ladle over the damaged area; forming a homogeneous joint with the
      steel plate within the ladle by building up a first welded layer by means
      of steel electrodes; welding on at least one further layer using steel
      electrodes and cast iron electrodes simultaneously; and finally, welding
      on at least one layer using cast iron electrodes so that, in all, the
      filling formed by the layers is at least equal to the original thickness
      of the slag ladle at the location occupied by the layers.
NUM  2.
PAR  2. The process according to claim 1, further comprising welding the
      transitional area between the wall of the damaged area of the ladle and
      the layers of welded steel and cast iron disposed within the damaged wall
      portion to the undamaged peripheral area of the damaged section by means
      of steel electrodes only.
NUM  3.
PAR  3. The process according to claim 1, wherein the steel plate is secured by
      means of bolts secured in the undamaged wall material of the slag ladle.
NUM  4.
PAR  4. The process according to claim 1, wherein the steel plate is secured by
      being firmly welded to the outside wall of the slag ladle.
NUM  5.
PAR  5. A slag ladle produced by the process according to claim 1.
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ABST
PAL  A segment of electrically conductive wire is extended through a collet in a
      capillary tool and is mechanically bonded at one extended portion to a
      circuit point. Thereafter, an electric current having a decreasing
      ramp-shaped waveform is applied to the portion of the wire between the
      bonded circuit point and the collet to resistively heat the wire until it
      ruptures and forms integral balls on the ends of the wire at the rupture.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improvement in a method and apparatus for
      accomplishing lead bonding to electrical circuits.
PAR  In the manufacture of semiconductor devices, a large number of circuits are
      formed on a single semiconductor slice and certain points in the various
      circuits are connected together by an electrical conductor having a very
      small cross-sectional area. Such a wire may be as small as one circular
      mil. There are various ways in which the ends of the wires may be attached
      to the circuit point, such as by thermocompression, eutectic bonding, or
      ultrasonic bonding. The wire in such methods is typically extended through
      a hollow, capillary type tool which is lowered to the circuit point to
      which the wire is to be attached. One technique which is sometimes used in
      these methods, and particularly in the thermocompression type bonding, is
      to form the extended end of the wire into a ball having a diameter greater
      than the diameter of the wire to which it is attached. The capillary tool
      is then used to press this balled end of the wire against the circuit
      point to which it is to be attached and the capillary tool and circuit
      point and wire are heated to a predetermined temperature to effect the
      bond. The capillary tool is then raised, while simultaneously extending
      additional wire out of the tool, and is moved to a second circuit point.
      The capillary tool is pressed downwardly to mechanically bond a second
      portion of the wire to a second circuit point and is then raised again.
      The portion of the wire extending between the capillary tool and the
      second circuit point is then severed, either by simply putting the wire in
      tension until it breaks, or by flame heating it until it is severed. One
      disadvantage of the first technique is that the length of wire left
      extending from the capillary tool must then be heated to form another
      ball. This requires an additional step in the operation and since it is
      desirable to minimize the number of steps in such operations, this is a
      disadvantage. Also the capillary tool must move in only one predetermined
      direction while breaking the wire. This limits its mobility and increases
      the time required to perform a large number of lead bonding operations. A
      disadvantage in the flame severing type of operation is that a pigtail is
      left on the circuit board. The pigtail is a small portion of the wire
      which extends upwardly from the second circuit point to the end of the
      wire where the flame severed it. This portion must be removed by a time
      consuming manual operation to prevent it from contacting any other part of
      the circuit.
PAC  SUMMARY OF THE INVENTION
PAR  The above and other disadvantages of the prior art are overcome by the
      present invention of an improved lead bonding apparatus of the type in
      which a segment of electrically conductive wire is extended through a
      capillary tool and is mechanically bonded along different portions of its
      length to separate circuit points, wherein the improvement comprises means
      in contact with the length of wire at the capillary tool for establishing
      a heat sink and means for applying an electric current in a portion of the
      wire between the capillary tool and a select one of the circuit points to
      which one portion of the wire is bonded to thereby resistively heat that
      portion of the wire until it ruptures and forms integral balls on the ends
      of the wire at the rupture.
PAR  In the preferred embodiment, the electric current means generate a
      decreasing ramp-shaped waveform and the heat sink means comprise a collet
      which is snug-fitted about the wire and is mounted in the end of the
      capillary tool. The circuit point to which the wire is attached and the
      collet act as heat sinks, thereby preventing those portions of the wire
      which are in contact with them from becoming so hot from the resistive
      heating that they will melt. Thus only the intermediate portion of the
      wire is ruptured by the resistive heating. In the preferred embodiment,
      means are provided for sensing the interruption of the current in the
      portion of the wire when it ruptures and for generating a position control
      signal for moving the capillary tool relative to the circuit. Since the
      capillary tool need not move to accomplish the severing, as in the tension
      severing method, the tool is free to move in any direction immediately
      after the severing, thus effecting a savings in manufacturing time.
PAR  It is therefore an object of the present invention to provide an improved
      lead bonding apparatus in which the wire is severed from a mechanical bond
      to the circuit point by means of an decreasing ramp-shaped electric
      current which simultaneously ruptures the wire and forms balls on the ends
      of the wire at the rupture.
PAR  It is another object of the invention to provide a lead bonding apparatus
      which severs the wire from the circuit point to which it is bonded without
      leaving a pigtail.
PAR  The foregoing and other objectives, features and advantages of the
      invention will be more readily understood upon consideration of the
      following detailed description of certain preferred embodiments of the
      invention, taken in conjunction with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1, 2, 3 and 4 are side views, partly in section, illustrating the
      various steps in the lead bonding sequence according to one embodiment of
      the invention;
PAR  FIG. 5 is a schematic diagram of a ramp current generating circuit; and
PAR  FIG. 6 is a waveform of the current generated by the circuit depicted in
      FIG. 5.
DETD
PAC  DETAILED DESCRIPTION OF CERTAIN PREFERRED EMBODIMENTS OF THE INVENTION
PAR  As shown in FIG. 1, a wire 10 is fed from a source 50 through an
      electrically heated capillary tool 12 which is otherwise conventional
      except that it is provided with a collet 14 fitted in its lowermost end.
      The capillary tool 12 and the wire source 50 are mounted on the end of an
      actuator arm 52 of a conventional bonding machine 54. The portion of the
      wire which has been extended through the collet 14 is bonded to a
      grounded, first circuit point 16 by any of the variety of mechanical
      bonding techniques referred to above, such as thermocompression. The wire
      10 is then paid out through the capillary tool 12 and the collet 12 as the
      capillary tool is moved relative to the circuit point 16 until it is over
      a grounded, second circuit point 18. The portion of wire extending between
      the circuit point 16 and the circuit point 18 is referenced for purposes
      of this description by the numeral 20. The end of the portion of the wire
      20 at the circuit point 18 is then mechanically bonded, such as by
      thermocompression, under the force of the electrically heated bonding
      surface 56 of the lowered capillary tool 12 against the circuit point 18
      as is illustrated in FIG. 2.
PAR  The capillary tool 12 is then raised and more wire 10 is paid out leaving a
      portion 22 extending between the collet 14 and the circuit point 18. An
      electric current is supplied from a source 24 connected in series with a
      chuck control circuit 26 between the capillary tool 12 and the circuit
      point 18. The capillary tool 12 makes contact with the wire 10 through the
      collet 14.
PAR  The collet 14 and the circuit point 18 act as heat sinks for the portions
      of the wire with which they are in contact and the intermediate portion 22
      of wire extending between them thus heats to a higher temperature than
      these portions. When the intermediate portion 22 is resistively heated to
      the melting point temperature, the wire ruptures and forms a ball 28 on
      the portion of the wire at the circuit point 18 and a ball 30 on the end
      of the wire 10 extending from the capillary tool 12 and adjacent to the
      bonding surface 56. These balls 28 and 30 are formed because the molten
      wire attempts to take a shape having the smallest surface area, which is a
      sphere. No pigtail is formed because, in contrast to flame severing, the
      entire intermediate portion is heated to the melting point.
PAR  When the portion 22 ruptures due to the resistive heating, the current
      through the chuck control circuit 26 is interrupted and it generates a
      control signal to the bonding machine 54 on a lead 32 which causes the
      capilllary tool 12 to move relative to the circuit points 16 and 18 to
      reposition the capillary tool over new circuit points. The mechanism 54
      for moving the capillary tool 12 is not shown since such mechanisms are
      well known to those skilled in the art and are not a part of the present
      invention. One such mechanism is described in U.S. Pat. No. 3,776,447, for
      example. Other bonding machines and capillary tool control mechanisms are
      disclosed in U.S. Pat. Nos. 3,430,835 and 3,767,101.
PAR  The magnitude of the current density passed through the intermediate
      portion of the wire is important. If the current density is too high the
      intermediate portion will be blown out of the gap between the capillary
      tool and the circuit point and will not form the balled ends. If the
      current density is too low, the intermediate portion will just soften to
      the point where it breaks and falls back onto the circuit, without forming
      balled ends. The magnitude of the current depends on the material used for
      the wire and its diameter. It has also been found that a decreasing
      ramp-shaped current waveform is most effective.
PAR  Referring now more particularly to FIG. 5, a circuit diagram of the
      ramp-shaped current supply source 24 is illustrated. The positive terminal
      of a voltage source 34, which may be a battery but is more typically an
      external power supply, is connected through a resistance 36 to the emitter
      electrode of a PNP, power transistor 38 and through a resistance 40 to the
      base electrode of the transistor 38. The base electrode of the transistor
      38 is also connected through a capacitor 42 to one terminal of a
      pushbutton switch 44 and to an external terminal 46. The other terminal of
      the switch 44 is connected to the negative terminal of the power supply
      34. The collector electrode of the transistor 38 is connected to a second
      external terminal 48. The terminal 48 is connected through the chuck
      control circuit 26 to the capillary tool 12 and the terminal 46 is
      connected to the lead-bonded circuit point 18.
PAR  When the switch 44 is closed, the current flows through the resistor 40
      thereby charging the capacitor 42 and building up the base bias voltage
      applied to the transistor 38. As the base bias voltage is increased, the
      transistor 38 becomes increasingly less conductive and a decreasing,
      ramp-shaped current waveform is developed in the circuit connected between
      the terminals 46 and 48 which, in fact, is the wire portion 22. Such a
      decreasing ramp-shaped waveform is illustrated in FIG. 6.
PAR  In one example of the method and apparatus of the invention, a one mil
      diameter aluminum wire, of approximately 25 mils in length, was ruptured
      intermediate the circuit point to which it was bonded and the capillary
      tool by the application of 13 amps peak current from a circuit, such as is
      shown in FIG. 5, when powered by a 12 volt source 34. Integral balls were
      formed on the ends of the wire at the rupture. Gold wire is also suitable
      for use with this invention.
PAR  To discharge the capacitor 42 for repeated operations, a normally closed
      switch 45 is connected in parallel with the capacitor. The switch 45 is
      preferably ganged with the switch 44 so that when the switch 44 is closed
      the switch 45 is opened.
PAR  The terms and expressions which have been employed here are used as terms
      of description and not of limitation, and there is no intention, in the
      use of such terms and expressions, of excluding equivalents of the
      features shown and described, or portions thereof, it being recognized
      that various modifications are possible within the scope of the invention
      claimed.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An improved lead bonding apparatus of the type in which a segment of
      electrically conductive wire is extended through a capillary tool having a
      bonding surface and is mechanically bonded along different portions of its
      length to separate circuit points by being pressed against the circuit
      points by the capillary tool bonding surface, wherein the improvement
      comprises:
PA1  means in contact with the length of wire at the capillary tool for
      establishing a heat sink at the bonding surface and
PA1  means for producing an electric current of such shape and magnitude in a
      portion of the wire between the capillary tool and a select one of the
      circuit points to which the wire is bonded to resistively heat that
      portion of the wire such that it ruptures and forms integral balls on the
      ends of the wire at the capillary tool bonding surface and at the circuit
      point.
NUM  2.
PAR  2. An improved bonding apparatus as recited in claim 1 wherein the electric
      current has a decreasing ramp-shaped waveform.
NUM  3.
PAR  3. An improved bonding apparatus as recited in claim 1 wherein the heat
      sink means comprises a collet mounted in the capillary tool and
      snug-fitted about the wire.
NUM  4.
PAR  4. An improved lead bonding apparatus as recited in claim 1 further
      comprising means for sensing the interruption of current in the portion of
      the wire when it ruptures and for generating a position control signal for
      moving the capillary tool relative to the circuit points.
NUM  5.
PAR  5. An improved lead bonding method of the type wherein a segment of
      electrically conductive wire is extended through a capillary tool having a
      bonding surface and is mechanically bonded by the capillary tool along
      different portions of its length to separate circuit points; wherein the
      improvement comprises the steps of
PA1  placing the length of wire in contact with a heat sink adjacent the bonding
      surface of the capillary tool and
PA1  producing an electric current of such shape and magnitude in a portion of
      the wire between the capillary tool and a select one of the circuit points
      to which the wire is bonded so as to resistively heat the wire portion and
      rupture it, forming integral balls on the ends of the wire at the
      capillary tool bonding surface and the circuit point.
NUM  6.
PAR  6. An improved lead bonding method as recited in claim 5 wherein the step
      of applying the electric current includes applying a current having a
      decreasing ramp-shaped waveform.
NUM  7.
PAR  7. An improved lead bonding method as recited in claim 5 wherein the heat
      sink contacting step comprises holding the wire in a collet adjacent to
      the bonding surface in the capillary tool.
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ABST
PAL  This is a knitting machine latch needle. The latch pivot is formed by
      displacing portions of the walls of the slot so that the displaced
      portions extend into the pivot hole of the latch. The displaced portions
      of the walls are fused together by a high energy heat source emitting
      sufficient energy to either drill a hole through the displaced portions or
      melt the displaced portions.
PARN
PAR  This is a division, of application Ser. No. 265,706 filed June 23, 1972,
      now U.S. Pat. No. 3,850,011.
BSUM
PAR  This invention relates to knitting machine needles. More particularly this
      invention is a new and improved method for making a latch pivot.
PAR  Current methods of making latch pivots include using a pair of punches to
      displace a portion of the side walls of the blade of the latch needle
      adjacent the latch slot. The side walls are punched inwardly after the
      latch is placed into the latch slot and the latch pivot hole is aligned
      with the punches so the displaced portion of the side walls will extend
      into the latch pivot hole. The displaced portions may be completely
      displaced or angularly displaced.
PAR  Such currently made latch pivots have many advantages over the old screw
      rivet type. However, in rough service, high speeds and tight loops, the
      latch tends to spread the cheeks. This sometimes causes fatigue failures.
      In addition, the needle may be slightly spread open, leaving the latch
      with less support then it should have. In tightly arranged knitting
      elements, such a latch may strike adjacent elements which it should clear.
      This leads to wear in areas not intended. Also such extra loose latches do
      not always behave exactly as do properly supported latches. For such
      reasons, it would be desirable to fuse the two displaced portions
      together. However, to properly fuse the two parts together is very
      difficult. This is so, among other things, because the latch is already in
      place when the two sides of the latch slot are displaced. The latch
      completely covers the very area you desire to fuse together.
PAR  Our invention is a novel method for fusing together the displaced portions
      after the latch needle is completely assembled with the latch pivotally
      mounted on the displaced portions.
DRWD
PAR  The invention as well as its many advantages will be further understood by
      reference to the following detailed description and drawings in which:
PAR  FIG. 1 is a side elevational view showing a portion of a typical latch
      needle;
PAR  FIG. 2 is an enlarged sectional view showing a regular pressed latch pivot;
PAR  FIG. 3 is a view similar to FIG. 2 but showing an angular pressed latch
      pivot;
PAR  FIG. 4 is a top view, partly in section, of a preferred embodiment of our
      invention;
PAR  FIG. 5 is a top view partly in section showing a second preferred
      embodiment of our invention;
PAR  FIG. 6 is a side elevational view showing the molten metal splash pattern
      resulting from our invention;
PAR  FIG. 7 is a view similar to FIGS. 4 and 5 showing a further modification of
      our invention and
PAR  FIG. 8 is a schematic of a laser beam which may be utilized in practicing
      our new method.
DETD
PAR  Referring to the drawings, FIG. 1, the latch needle includes a blade 10
      with a hook 12 on the end of the blade. The latch 14 pivots about pivot 16
      extending transversely across a slot 18.
PAR  FIG. 2 is an enlarged sectional view of a regular pressed pivot. The latch
      pivot is formed by placing the latch 14 with the pivot hole of the latch
      in the proper position within the slot 18. The sides 20 and 22 of the
      blade 10 are then punched to form the displaced opposite side portions 24
      and 26. The displaced opposite side portions 24 and 26 extend into the
      pivot hole of the latch 14.
PAR  The angular pressed pivot, shown in FIG. 3, is formed by a slightly
      different shaped punch from the shape of the punch used to form the
      regular pressed pivot of FIG. 2.
PAR  Unfortunately, a space such as space 32 in FIG. 2 or space 34 in FIG. 3
      usually exists between the two displaced portions. Spaces 32 and 34 are
      exaggerated in FIG. 2 and FIG. 3, respectively, for clarity. These spaces
      usually run from 0.001 to 0.002 inches. The space is caused by the spring
      back of the metal after the displaced portions are formed by the punch.
      Previous attempts to weld or fuse the displaced portions together have
      never been completely satisfactory. Electrical discharge methods often
      weld segments of the needle not desired, or fail to weld the
      non-contacting displaced portions. If the needles are mechanically closed
      together sufficiently to assure contact of the displaced portions, the
      latch is often so pinched as to retard its motion. Heat sources other than
      electricity have been tried but none have proved sufficiently accurate or
      reliable.
PAR  Our new method comprises applying controlled heat from a high energy heat
      source against at least one of the displaced side wall portions to melt at
      least a portion of the side wall portion so that molten metal forms
      between the two displaced wall portions. The molten metal is allowed to
      solidify to fuse the two displaced wall portions together.
PAR  Since these latch needles are very small, it is necessary that the heat
      source be such as to provide the required very well defined and very
      accurate intense heat source. It is now possible to use certain types of
      laser beams to provide such required very well defined and very accurate
      intense heat concentration. One such laser is the Model AO-11 Pulsed Laser
      made by American Optical Corporation of Southbridge, Massachusetts. It is
      also possible to use a maser beam. Certain types of electronic beams may
      also be used.
PAR  As shown in FIG. 4 one way of fusing together the displaced portions 24 and
      26 is to focus a laser for drilling very fine holes. When the laser is
      focused to drill fine holes, a small hole 40 extends entirely through the
      center of displaced portion 24. Also a small hole 42 extends through the
      center of displaced portion 26. The holes 40 and 42 may be formed by
      drilling from the outside of the side portions 24 and 26 inwardly or
      directly through one side portion 24 or 26. The space between the
      displaced portions 24 and 26 are fused together by the molten metal 44
      formed from the metal of the displaced portions. The amount of molten
      metal 44 is greatly exaggerated in FIGS. 4, 5, and 7 for clarity. The
      fusion results from a splash of molten metal which is melted by the
      focused laser beam and boiled out into the space between the parts 24 and
      26. The molten metal is then allowed to solidify thus fusing the parts 24
      and 26 into one unitary pivot for the latch 14. The shape of the
      solidified molten metal 44 is shown in FIG. 6.
PAR  Holes similar to holes 40 and 42 in FIG. 4 can be made in the displaced
      portions 28 and 30 of the angular pressed pivot shown in FIG. 3. It is
      only necessary to focus the laser beam in a direction perpendicular to the
      outside walls of the angled parts, 28 or 30, or directly perpendicular to
      side 20 or side 22.
PAR  In FIG. 5 instead of penetrating entirely through both displaced portions
      24 and 26 the drill hole 40 extends entirely through the portion 24 but
      then only slightly into portion 26. The fused metal portion 44 pattern is
      the same as in FIG. 6.
PAR  In the embodiment shown in FIG. 7, the laser was focused to melt the metal
      rather than to drill a hole through the metal. This is done by moving
      further from the focal point, preferably toward the laser itself. The
      laser beam is hot enough to melt the metal but lacks sufficient energy to
      boil the metal. The result is that the inwardly displaced portion 24 which
      was hit from the outside by the laser beam has a portion of its metal
      melted and when the metal portion 44 solidifies is fused to the portion 26
      leaving a concave shape 48 on the outside of portion 24. If desired, the
      laser beam could be applied not only to the displaced portion 24 but also
      against the outside of the displaced portion 26. In such case, a concave
      surface would also be formed on the outside of the displaced portion 26.
PAR  FIG. 8 is a schematic illustration of a laser or maser beam. The parallel
      rays of light 50 are focused by a lens 52 with the most concentrated
      energy being at the focal point 54. To drill holes such as holes 40 and 42
      in FIG. 4, the displaced portions are placed at the focal point 54 of the
      laser beam. However, if it is desired not to completely boil the metal but
      only to melt the metal, the displaced portions are placed along the line
      56--56.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a method of forming a latch pivot for the latch of a latch needle,
      having portions of the opposite walls of the slot in the needle displaced
      into a pivot hole of the latch, with a space between the displaced
      portions and with spaces separating the latch from each of the opposite
      walls of the slot, the improvement comprising the steps of: applying
      controlled heat from a high energy heat source against at least one of
      said displaced wall portions to at least melt a portion of said displaced
      wall portion so that molten metal is formed in the space between the two
      displaced wall portions; the extent of the molten metal being controlled
      to substantially fill said space without contacting the latch and allowing
      the molten metal to solidify to fuse the displaced wall portions together
      without changing the spaces separating the latch from each of the opposite
      walls of the slot.
NUM  2.
PAR  2. The method of forming a latch pivot in accordance with claim 1 wherein
      the molten metal is formed by applying heat of sufficient thermal energy
      to the outside of said displaced wall portion to make a small hole
      entirely through said displaced wall portion to form a splash of molten
      metal between the two displaced wall portions.
NUM  3.
PAR  3. The method of claim 2 wherein a small hole is formed through both of the
      displaced wall portions.
NUM  4.
PAR  4. The method of claim 1 wherein the molten metal is formed by applying
      against said displaced wall portion a high energy heat beam of sufficient
      energy to melt at least a portion of said displaced wall portion.
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ABST
PAL  A system and method for controlling a welding program during arc initiation
      wherein the output current of a welding power supply is dropped in manner
      such that the generator excitation is limited, or the diode of a rectified
      machine is controlled, as the case may be, accordingly as the electrode or
      weld wire is motivated downwardly via a feed motor toward a work or
      cooperating electrode under a condition of low voltage and no current
      drain, to the end of precluding sticking or adhering of the electrode to
      the work upon initial contact therewith. Upon contact, and with generator
      current output at such a minimal value that the electrode will not adhere,
      a relay becomes deenergized closing other relays and thereby switching the
      motor so as to be driven in the reverse or up direction at a preset speed
      and simultaneously reestablishing the full generator output and switching
      to a sensing circuit for controlling the feed motor drive. This reverse
      motion stops when the arc voltage reaches a preset welding value. A motor
      reversal in the form of another downward motion follows a sensing of the
      attainment of the desired welding voltage with the running speed of the
      motor being controlled so as to match the desired burn off rate of the
      electrode. By means of a push button or limit switch or similar stop
      system, the motor is stopped and the welding current is simultaneously
      reduced to a nominal value so that continued burn off is precluded. The
      operation of the power supply involves a safety feature in that at no time
      is the open circuit voltage allowed to exceed a maximum of 40 volts. The
      open circuit voltage approximates 20-25 volts as compared to conventional
      use where the open circuit voltage is from 100 to 125 volts, obviously
      more of a hazard.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In arc welding operations where a consumable electrode is utilized, it is
      desirable first to proceed toward the work under controlled conditions and
      to make contact with the work without the risk of the electrode freezing
      or attaching thereto. To drive the electrode down to the work under a
      state of full welding current is to cause the wire to freeze or adhere
      thereto.
PAC  THE PRIOR ART
PAR  The known art comprehends the feature of operating a feed motor to send the
      electrode downwardly to the work by way of a manually-controlled "inch
      down" button. As in one system, it is left in that position until an arc
      start button is activated, engaging additional equipment to furnish a DC
      current in excess of the welding need but yet in a supply adequate to
      establish the welding arc. In another system, a high frequency starting
      circuit is used, entailing a need for additional equipment for
      arc-starting wherein the feed motor makes its downward motion, and
      immediately prior to contact, the high frequency AC current jumps a gap
      and induces the arc. Once started, the unit shuts down automatically,
      leaving only the original current for achieving the welding function.
PAC  FIELD OF THE INVENTION
PAR  This invention is directed to a new and novel system and means for starting
      an arc between the electrode or weld wire and work.
PAC  SUMMARY OF THE INVENTION
PAR  The concept envisions electrically controlling the exciter current of the
      welding generator or the diode of a rectified machine in conjunction with
      a feed motor which feeds the electrode. The speed and direction of
      movement of the feed motor toward and away from the work is controlled
      through the application of a voltage, variable between a zero and a
      desired voltage responsive to a characteristic of the welding arc.
DRWD
PAC  THE DRAWINGS
PAR  The FIGURE is a schematic circuit diagram of a welding system constructed
      in accordance with the principles of the invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  According to the diagram, wherein certain elements are shown in block form,
      an electrode or weld wire 10 may be fed toward and away from a cooperating
      electrode in the form of a work piece 12 by means of an electrode feed
      motor 14.
PAR  At the commencement of operational use, electrode 10 driven by feed motor
      14 is in a retracted position of farthest withdrawal away from the work
      piece 12.
PAR  A starting button PB1 is actuated to energize relay RL1 to switch relay
      contact RLiA and thereby latch relay RL1. Relay RL1, also causes the
      opening of relay contact RL1B, thereby limiting the output voltage and
      current of a generator 20 and sending the current from an exciter 22
      through a resistor R1 to the generator.
PAR  Relay contact RL1C connects the motor direction input of motor direction
      control 26 to ground and thereby causes feed motor 14 to drive the
      electrode in a direction downwardly toward the work piece 12. Motor
      direction control 26 is a commerically available device such as, for
      example, the VE series of DC motor controls manufactured by Boston Gear
      Division, Rockwell International, of Quincy, Massachusetts.
PAR  With the feed motor in feed motor-down position so as to feed the electrode
      toward the work piece, the output of the generator 20 is nominally
      controlled by the exciter 22, it being reduced to such a minimal value by
      the voltage drop across resistor R1 that the electrode will not adhere to
      the work.
PAR  Relay RL1, heretofore latched, is de-energized as the electrode contacts
      the work piece so as to short circuit the relay coil, thereby effecting a
      closure of relay contact RL1B and allowing the generator 20 to reestablish
      its full output.
PAR  Simultaneously, relay contact RL1C switches to the feed motor-up position
      and relay contact RL1A switches the generator output to the welding
      voltage sensing circuit.
PAR  The salient feature is that the generator is allowed to reestablish itself
      to full output, while simultaneously therewith, the direction of the feed
      motor is reversed during the all-important arc-establishing program. Feed
      motor reversal ensues with relative ease, due to the absence of any
      influencing attraction between electrode and work.
PAR  As the feed motor drives the electrode upwardly away from the work, the
      speed thereof is as determined by potentiometer R2 which is connected
      through relay contacts RL2B and RL3C to the motor speed input of motor
      direction control 26.
PAR  The voltage ratio at the base of transistor Q1 is set by resistors R5, R4
      and R6, R4 being adjustable so as to cause transistor Q1 to turn on at the
      desired welding voltage.
PAR  At the desired welding voltage, the voltage at the base of transistor Q1
      matches the reference voltage of Zener Z1 by virtue of transistor Q2
      turning transistor Q1 on, thereby causing transistor Q3 to turn on and to
      energize relay RL2.
PAR  With relay contact RL2 energized, relay RL2A sets the motor direction again
      to the down mode.
PAR  With generator voltage restored back to normalcy, the welding voltage
      sensing circuit senses the proper arc voltage an energizes relay RL2 so as
      to effect this reversal of feed motor direction in another forward
      controlled motion for suitable welding.
PAR  Relay contact RL2B transfers the drive speed control to potentiometer R3,
      the potentiometer being set to give a speed corresponding to the burn off
      rate of the electrode 10.
PAR  Relay contact RL2C also opens to lock out the start button during the
      welding cycle.
PAR  When the weld is completed, stop arc button PB2 is activated so as to
      energize relay RL3, causing relay contact RL3A to open, and placing
      resistor R1 back in series with the exciter line, thereby limiting the
      generator output. This extinguishes the arc.
PAR  Relay contact RL3B sets the motor direction to up.
PAR  Relay contact RL3C sets the return speed to its maximum.
PAR  Stop arc button PB2 is held until the motor has returned to start position
      and is then released, wherefore the cycle may be once again pursued.
PAR  The voltage at VI is suitable for the operation of the welding voltage
      sensing circuit and motor direction control 26 and the voltage at V2 is
      suitable for the operation of feed motor 14. Voltages V1 and V2 may be
      obtained from an external source, such as 28, or may be obtained directly
      from generator 20 or other power source. Voltage V1 is preferentially in
      excess of the desired welding voltage, say 25 volts. Voltage V2 is
      preferentially equal to the voltage of the feed motor 14.
PAR  The invention may be described in another way. In preparation for use, the
      exciter supply lead to the main generator fields is opened up and a
      control, containing a relay contact RL1B and a resistor R1 in parallel, is
      inserted in one lead from exciter 22 to generator 20. The relay contact
      RL1B is used to short out the resistor R1 and to restore the full output
      of the generator, or prior to shorting, the resistor R1 is included in the
      circuit to limit the generator output. The resistor is in the circuit up
      to the time the electrode 10 contacts the work piece 12. When the start
      switch PB1 is activated, the feed motor 14 drives the electrode 10 to the
      work piece 12 and upon contact therewith, the shorting effect of the
      electrode causes the relay RL1 to deenergize, thereby shorting out the
      resistor. The same relay R1 also reverses the motor 14 and establishes the
      arc length, voltage and current for a proper welding program.
PAR  As in the case of my prior Pat. U.S. NO. 3,501,612 for stud welding device
      with orbital weld head, this continues until the proper cycle has been
      completed. At a point of 365 degrees in the operation of my stud welding
      device, the motor is stopped, and the high welding current is reduced to
      nominal by opening the relay contact RL3A across the resistor R1. This
      stops the welding and reverses the motor 14, returning it to starting or
      idle position.
PAR  The operation of the power supply involves a safety feature in that at no
      time is the open circuit voltage allowed to exceed a maximum of 40 volts.
      The open circuit voltage here is again about 20-25 volts es compared to
      conventional use where the open circuit voltage is from 100 to 125 volts,
      obviously more of a hazard.
PAR  The operating cycle may be otherwise defined as follows:
PAL  1. -- In rest position, the generator 20 output voltage is controlled to a
      nominal value of less than 40 volts.
PAL  2. -- A down motion ensues to touch the electrode 10 to the work piece 12.
PAL  3. -- Delay while the weld current rises to welding value or a preset
      controlled value and simultaneously on up motion at a preset speed to
      establish the arc; the up motion stops when the arc voltage reaches a
      desired welding value.
PAL  4. -- A down motion when the arc voltage reaches the welding value; the
      speed is varied by the controller to hold a preset arc voltage during
      welding.
PAL  5. -- The arc is stopped and a return motion initiated by a signal at the
      end of the travel; this signal could be from a current limit in the motor
      drive or from a limit switch.
PAL  6. -- In the rest position, the stop is initiated by the current limit or
      limit switch.
PAR  In the event a fully manual operation is contemplated, that is an operation
      which is under the welder's own full manual control and without a motor
      means for motivating the electrode toward and away from the work, a system
      is envisioned within the spirit and scope hereof wherein the welder is
      allowed to maintain his control merely by holding his operating finger or
      thumb upon a knob of a hand-held operator adjacent the generator and
      exciter. In theory, the purpose of the arrangement is to allow the
      operator to manually bring his electrode into contact with the work in a
      state of low voltage. Therefollowing, by means of the actuating switch, he
      resets the generator to its full output wherein the open circuit voltage
      is that of the arc and well below 40 volts.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a welding system including a welding power supply and an electrode
      feed motor, said power supply being adapted to be connected across a
      workpiece and a consumable electrode which is driven toward or away from
      said workpiece by said feed motor, the system for arc starting and control
      comprising:
PA1  means for initiating a welding operation,
PA1  first switch control means energized by said initiating means,
PA1  switchable voltage limiting means in said power supply and controlled by
      said first switch control means to limit the output of said power supply,
PA1  first switchable motor direction means controlled by said first switch
      control means for causing said feed motor to drive said consumable
      electrode toward said workpiece,
PA1  a circuit including said first switch control means which circuit is
      completed by the contact of said consumable electrode with said workpiece
      to de-energize said first switch control means thereby switching said
      switchable voltage limiting means to permit full output from said power
      supply and switching said first switchable motor direction means to cause
      said feed motor to drive said consumable electrode away from said
      workpiece,
PA1  a switchable voltage threshold device connected across said power supply by
      the de-energization of said first switch control means, said threshold
      device providing an output when the voltage across said power supply
      reaches a preset value,
PA1  second switch control means energized by the output of said threshold
      device,
PA1  second switchable motor direction means controlled by said second switch
      control means for causing said feed motor to drive said consumable
      electrode toward said workpiece, and
PA1  switchable motor speed means controlled by said second switch control means
      for causing said feed motor to feed said consumable electrode at a preset
      rate corresponding to the burn off rate.
NUM  2.
PAR  2. A system for arc starting and control as recited in claim 1 further
      comprising:
PA1  means for stopping the welding operation,
PA1  third switch control means energized by said stopping means, said
      switchable voltage limiting means in said power supply being further
      controlled by said third switch control means to limit the output of said
      power supply, and
PA1  third switchable motor direction means controlled by said third switch
      control means for causing said feed motor to drive said consumable
      electrode away from said workpiece.
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ABST
PAL  A grid of heating conductors for defrosting applied to the window of a
      vehicle is connected to a source of electrical energy through a
      relay-operated switch. This switch is closed either in response to a drop
      in the resistance between two conductors or electrodes mounted in spaced
      relation on an insulating support such as the window (the drop occurring
      by accumulation of moisture on the support and between the conductors) or
      in response to a drop in temperature at or near the window. For this
      purpose the resistance between the two conductors over the surface of the
      support may be paralleled by a thermostatic switch which closes with drop
      in temperature, both this resistance and the thermostatic switch being in
      the input to a trigger circuit controlling the relay to energize it in
      response to a decline in resistance at that input. Alternatively the
      trigger circuit may include thermistors which sense the drop in
      temperature and set the trigger circuit to the condition which energizes
      the relay.
BSUM
PAR  The present invention pertains to apparatus for automatic control of
      electric heaters applied to vehicle windows for removal of fog or ice
      therefrom.
PAR  Electric heaters are widely used for this purpose on the windshields or
      rear windows of automotive vehicles. These heaters may comprise strips of
      conducting material applied to the glass or other transparent material of
      which the window is made. The strips may be made of a paste of finely
      divided silver suspended with a binder in a frit. The strips may be
      applied to the window by the silk screen process and thereafter baked
      thereon, and then optionally reinforced by coatings of copper or nickel
      applied by chemical or galvanoplastic processes.
PAR  Operation of such a heater typically requires from 100 to 150 watts.
      Consequently it is desirable to control such operation automatically. When
      the heater is controlled manually, even with a signal lamp to remind the
      driver of the vehicle that the heater is energized, it often occurs that
      the driver neglects to turn the heater off when its further use is
      unnecessary.
PAR  The use of a timed relay or similar device to shut the heater off after a
      fixed or adjustable interval arguably constitutes an improvement, but the
      result is still unsatisfactory since such a device must in general be set
      for the longest anticipated required time of operation. It has hence been
      recognized as desirable to control the operation of such heaters by means
      of a detector of humidity or of frost, and apparatus of this kind is
      disclosed and claimed in the copending application of Hans Dieter Edel,
      Ser. No. 465,164 filed Apr. 29, 1974, a continuation-in-part of
      application Ser. No. 227,074, filed Feb. 17, 1972 now abandoned and
      assigned to the assignee hereof. In the apparatus there disclosed, the
      humidity detector comprises two electrodes disposed in spaced-apart
      relation on the inside surface of the window whose heater is to be
      controlled. With decline in the resistance between the two electrodes due
      to accumulation of moisture on the surface of the window between those
      electrodes, a trigger circuit responds to such decline in resistance and
      energizes a relay to connect the heater grid to the vehicle battery.
PAR  Such a device effects a desirable economy of energy from that battery,
      which possesses of course a limited capacity. In general, it automatically
      maintains good visibility through the window so long as the temperature on
      the inside face thereof is below the dew point of the atmosphere inside
      the vehicle, i.e., in cool, humid weather and also in the case of snowfall
      or of the formation of frost on the exterior surface of the window. It has
      been found however that under particular atmospheric conditions this
      control device is slow to energize the heater. This may occur for example
      when the vehicle has been left for a long time outdoors in winter, the
      outside of the window being covered with snow, frost or ice while the
      inside face remains dry. It is then necessary for the dew point to be
      raised inside the vehicle by the presence of occupants so as to result in
      the condensation of moisture on the inside face of the window where the
      detector is located in order for the latter to energize the heater.
      Similarly, even if frost has formed on the inside surface of the window,
      it may not sufficiently reduce the resistance of the path over the glass
      between the two electrodes of the humidity detector to cause the circuit
      to operate and energize the heater.
PAR  It is therefore an object of the invention to provide means for
      automatically controlling operation of window heaters of vehicles. To this
      end the invention provides on the inside of the vehicle two detectors
      responsive to different local atmospheric conditions. The first or
      principal detector is a humidity detector of the type already described,
      on the inside face of the window. The second or auxiliary detector detects
      the presence of low temperatures and thereupon energizes the heater if the
      humidity detector has not done so.
PAR  The shortcomings of the prior art systems hereinabove cited occur only in
      cold weather. Applicants have thus found that it is possible to replace
      the humidity detector, until the latter is rendered operative by rise of
      temperature inside the vehicle, by means of such an auxiliary detector,
      whose operation does not depend on the formation of a conductive coating
      or deposit on the inside of the window to which the heater is applied.
      Applicants have found that there exist within the vehicle, preferably
      toward the front thereof and along its exterior walls, regions which are
      protected from action of the space heater of the vehicle (to be
      distinguished from the window heaters with which the invention is
      concerned) where the atmospheric conditions reflect, with a time delay,
      those existing in the vicinity of the window which bears or incorporates
      the window heater to be controlled. This window may be, for example,
      either the windshield or the rear window of the vehicle.
PAR  Thus, for control of a rear window heater having a humidity detector
      thereon, it is possible to take advantage of the fact that the temperature
      in the front of the vehicle is close to that which exists in the immediate
      vicinity of the rear window, but that the humidity is usually higher in
      the front, e.g., at locations on the windshield where condensation rapidly
      forms in cold weather from the presence of the driver's body as soon as he
      enters the vehicle.
PAR  According to one embodiment of the invention therefore, for control of a
      rear window heater, having a humidity detector thereon, the auxiliary
      detector can take the form of a second humidity detector on the inside of
      the windshield in front of the driver's position, at the lower edge of the
      windshield and preferably outside the field of action of the hot air
      blower provided for space heating of the vehicle or for defrosting of the
      windshield with heat derived from the engine.
PAR  According to another embodiment, the humidity detector is on the window or
      windshield to be heated, the auxiliary detector is responsive exclusively
      to the temperatures existing in a suitably selected location inside the
      vehicle, preferably one sufficiently sheltered from the space heater of
      the vehicle but nevertheless sufficiently responsive to outside
      temperatures so as to take up temperatures between the inside and outside
      temperatures. Such locations exist behind the dashboard and against the
      outer wall of the vehicle, for example. Advantageously the auxiliary
      detector is then incorporated into a window heater control unit mounted
      against or along the exterior of the vehicle body. The temperature at
      which, or the range of temperatures within or over which, the auxiliary
      detector responds to temperature change may be in the vicinity of
      0.degree.C. The value to be given to this temperature or temperature range
      and the location of the window heater control unit obviously depend upon
      the construction of the vehicle and must be experimentally determined.
PAR  Such an auxiliary detector operates to control the window heater whatever
      the degree of ambient humidity inside the vehicle but it does not energize
      the heater unnecessarily. Experience shows that when the outside
      temperature is below 0.degree.C. the presence of the driver in the vehicle
      results in the deposition of condensation or even of frost sufficient to
      render the humidity detector operative, if the temperature inside is high
      enough, and that with his presence this temperature is soon reached so
      that control of the window heater is returned to the primary, humidity
      detector. Of course the window heater circuits should be wired through or
      otherwise controlled by the ignition switch of the vehicle.
PAR  In this second embodiment wherein the auxiliary detector is a
      temperature-responsive one, various types of temperature detectors may be
      employed. According to one presently preferred construction, the
      temperature detector may comprise a simple thermostatic switch including a
      bimetallic strip, the strip closing when the temperature drops below
      0.degree.C. and this switch being mounted in parallel to the humidity
      detector. Both detectors may then be in the input of an amplifier
      including a trigger circuit or flip-flop whose output controls a relay
      which in turn controls energization of the window heater.
PAR  According to another embodiment, thermistors are employed to shift
      reversably, with change of temperature, the conduction state of the
      flip-flop.
DRWD
PAR  The invention will now be further described in terms of a number of
      presently preferred exemplary embodiments and with reference to the
      accompanying drawings in which:
PAR  FIG. 1 is a graph showing the variation in resistance of a humidity
      detector as a function of temperature;
PAR  FIGS. 2 and 3 are diagrams illustrating two embodiments of the invention;
PAR  FIG. 4 is a graph showing the properties of a temperature detector
      employing two commercially available thermistors, and showing also the
      variation with temperature of the gain of an amplifier forming part of the
      embodiment of FIG. 3 and employing such thermistors; and
PAR  FIG. 5 is a diagrammatic representation of a vehicle incorporating one
      embodiment of the invention.
DETD
PAR  Referring first to FIG. 1, there is shown in this figure, in the full line
      curve thereof, a graph indicating the variation with temperature of the
      resistance between the two terminals of a two-electrode humidity detector
      of the type shown at H in FIG. 2, already described hereinabove and
      further described below, for a given state of moisture between the
      electrodes thereof. While the numerical data represented by the full line
      curve in FIG. 1 are for a particular detector, the curve is representative
      of the behavior of such detectors generally. The curve shows that, for a
      given layer of moisture between the two electrodes of the detector, the
      resistance between those electrodes increases as temperature falls, rising
      to very high values at temperatures in the vicinity of 0.degree.C. and
      below.
PAR  Since the detector is to be responsive to variations in inter-electrode
      resistance due to changes in humidity conditions there, variations due to
      temperature change alone may impair proper functioning of the detector,
      especially at low temperatures.
PAR  The full line curve of FIG. 1 thus illustrates the problem to which the
      invention is directed, and which besets the apparatus disclosed in the
      copending application above-identified.
PAR  Referring now to FIG. 2, there is there shown in diagrammatic pictorial
      fashion a window 1 such as a windshield or rear window of an automotive
      vehicle, bearing a heater or defroster grid generally indicated at 2,
      including conductive resistance strips 2'. These extend approximately or
      substantially geometrically parallel to each other over the portion of the
      window of interest at a spacing from each other which may be of the order
      of some centimeters. These conducting strips are connected electrically in
      parallel between bus bars 3 and 4 having terminals 6 and 8 respectively.
      There is also applied to an exterior surface of the window, preferably
      that which is turned to the inside of the vehicle, a humidity detector H.
      This detector includes two conductors or electrodes on the same face of
      the window. These electrodes are out of contact with each other but are
      separated by a spacing of the order of a millimeter of less. In the sensor
      H one electrode may connect to one of the bus bars as indicated at 3. The
      other leads to an independent terminal 5. The two electrodes of the sensor
      may take the form of two intercalated combs, the adjacent portions of the
      two combs being separated by a distance of about 0.3 to 0.4 mm. and having
      a developed length of about 150 mm.
PAR  Applicants have found that it is possible to deposit directly on the glass
      of a window, by the silk screen process, conductors of this type capable
      of operating as a detector and capable of operating over resistance ranges
      between 10.sup.4 and 10.sup.7 ohms with currents of the order of a few
      microamperes, making the detector H relatively insensitive to electrolytic
      phenomena. The window with its defroster grid and humidity sensor may be
      of the type illustrated in FIG. 1 or in FIGS. 1 and 2 of the above
      mentioned abandoned application of Hans Dieter Edel, Ser. No. 227,074,
      filed Feb. 17, 1972, and assigned to the assignee hereof. The strips 2',
      bus bars, detector H and the leads for the latter to terminals 5 and 6 may
      but need not be laid down by the process hereinabove described.
PAR  In the circuit of FIG. 2 the terminal 6 for the bus band 3 is grounded as
      is the negative pole of the source of electrical energy for the vehicle,
      indicated as a battery 7. The terminal 8 of the bus band 4 connects via a
      lead 4' to a terminal 8' of a control unit identified by the dash line box
      10. Terminal 5 of the detector H connects via a lead 3' to another
      terminal 5' on the control unit 10. This control unit may have its
      components assembled within a suitable container which also includes the
      thermostatic switch T to be described presently and which may be mounted
      against the outside sheet metal of the vehicle body, although on the
      inside thereof, in order that when the vehicle is not in use that switch T
      will be subjected essentially to outdoor ambient temperature.
PAR  The terminal 8' leads through the normally open contact b of a relay S to
      the signal input terminal 9' of the control unit. A manually operable
      switch 9, which may be coupled to the ignition switch of the vehicle to be
      closed when the ignition is turned on, applies power from the source 7 to
      the terminal 9'. Accordingly with switch 9 closed, power will be applied
      by the source 7, for example in the form of 12 volts D.C., to the heating
      grid 2 on the window whenever contact b is closed.
PAR  The control unit 10 includes in addition to the thermostatic switch T and
      the relay S a circuit to control energization of that relay. This circuit
      comprises essentially a first transistor 11 connected at 12 to the
      terminal 5' and thereby to the detector H, the detector H constituting the
      input impedance to this transistor. Transistor 11 is connected in an
      emitter base circuit so as to effect preamplification. It is followed by
      an amplifying stage comprising the transistor 13, which controls a
      two-level flip-flop including transistors 14 and 15. The flip-flop in turn
      controls a power stage comprising the transistor 16 which is connected in
      series with the actuating coil of the relay S and which is protected by
      the diode 17.
PAR  In accordance with the invention, energization of the defroster grid 2 is
      controlled not only by the humidity detector H but also by the
      thermostatic switch T, the latter constituting an auxiliary detector which
      is responsive to temperature and which is included in the control unit 10.
      This detector T comprises in the embodiment of FIG. 2 a switch including a
      bimetallic element which causes the switch to close with declining
      temperature. Switch T may be set to close when the temperature of the
      bimetallic element thereof falls to a selected value which may be in the
      vicinity of 0.degree.C. Conversely, the contacts of the switch T open when
      the temperature at the detector rises above that value. The switch T is
      connected electrically in parallel with the humidity detector H, i.e.,
      between the terminals 5' and ground in the circuit of FIG. 2, at the input
      to the transistor 11.
PAR  Provided of course the switch 9 is closed, the contact b is thus closed by
      the relay S, and the heating grid 2 is energized, whenever either of the
      detectors H and T becomes sufficiently conductive. That is to say, either
      upon the formation of a deposit of humidity at the detector H, from
      whatever cause, or when the temperature at the detector T falls
      sufficiently. This latter condition will notably be fulfilled when the
      vehicle is to be set into operation from a cold start in cold weather.
PAR  FIG. 3 illustrates another embodiment of the invention. It shows a window
      21, similar to the window 1 of FIG. 2, provided with a heater grid 22 and
      with a humidity detector H which may be of the same construction as in the
      embodiment of FIG. 1, on the face of the window turned to the inside of
      the vehicle. The bus bands possess terminals 23 and 24. The humidity
      detector H disposed in the upper portion of the window, optionally near
      the middle thereof, includes terminals 25 and 26. Terminal 23 for the
      heater grid 22 is connected through ground to the vehicle battery 27.
      Terminal 24 is connected via lead 23' to terminal 24' of a control unit
      identified at dash line box 30 which may be mounted in the vehicle in the
      same manner as control unit 10 of FIG. 2, or which may be mounted in the
      engine compartment of the vehicle.
PAR  Terminal 24' connects in this unit through the normally open contact b of a
      relay S to a fuse 28 and thence, outside of the control unit, through a
      switch 29, like the switch 9 of FIG. 2, to the opposite pole of the
      vehicle battery 27.
PAR  The two terminals 25 and 26 of the detector H are connected by leads as
      shown to the input terminals 25' and 26' of the control unit 30. A shunt
      resistor R connects these terminals and has a value of the same order of
      magnitude as the maximum resistance of the detector H, for example, 1
      megohm.
PAR  The terminal 25' is fed through a capacitor 31 from an oscillator which
      provides an alternating current signal and which comprises a transistor 32
      connected in an oscillating circuit of known type. This oscillator circuit
      delivers an alternating current voltage of the order of 1 volt and of a
      frequency of the order of 1000 hz.
PAR  The terminal 26' is connected through a resistor 33 to the mid-point 34 of
      a voltage divider which comprises resistors 35 and 36. The junction is
      thus held at an average voltage in the vicinity of 6 volts. This
      arrangement makes it possible to apply to the detector H a low-valued
      alternating current voltage and eliminates all risk of deterioration even
      when the climatic conditions are severe. The control unit 30 also encloses
      an amplifier, a rectifier, a flip-flop responsive to two different input
      levels for shifting its conductive status in opposite directions, a power
      stage, and a relay S as in FIG. 2 driven by that power stage.
PAR  The amplifier comprises an integrated circuit 37 of the type known by the
      model number 741. Its positive input terminal is connected to the terminal
      26' and thus receives an alternating signal whose amplitude is an inverse
      function of the resistance of the principal detector. Thus, the higher the
      resistance at H, the higher the resistance of the parallel combination of
      R and H, and the smaller the fraction of the output of oscillator 32
      appearing across the input of amplifier 37. The output from the amplifier
      is moreover affected in amplitude by the resistances of thermistors T1 and
      T2 in a manner presently to be described.
PAR  The output of amplifier 37 is applied through an RC circuit comprising
      capacitor 39 and resistor 40 to a rectifier including diode 38. The
      rectified signal so obtained is applied to a flip-flop or trigger circuit
      which includes an integrated circuit 41 of the same type as that of the
      amplifier 31. Its negative input terminal receives the rectified signal
      and its positive input terminal receives the voltage measured between the
      resistor 42 and a feedback resistor 43. In this way, and ignoring for the
      moment the thermistors T1 and T2, when the resistance at detector H falls
      sufficiently, due to the accumulation of moisture between its electrodes
      on window 21, the input signal to amplifier 37 will rise to a level such
      that the rectified output of the amplifier will shift trigger circuit 41
      to that one of the latter's two states of conduction in which the power
      transistor 46 is rendered conducting. This energizes relay S, closes
      contact b and results in the application of power to the heater grid. The
      properties of the trigger circuit are such that, if for example the input
      level at the negative terminal of amplifier 41 which shifts the trigger
      circuit to the state of conduction just described is 2 volts positive with
      respect to ground when that input level is rising from smaller to greater
      positive values, then the trigger circuit will not revert to its opposite
      state of conduction, in which transistor 46 is effectively cut off, until
      that input level at the negative terminal to amplifier 41 falls back to a
      lower level, for example below 1 volt positive with respect to ground. The
      value selected for the resistors 44 and 45 which supply the feed back
      circuit including resistor 43 controls the separation of these two input
      levels at which the trigger circuit shifts its state of conduction.
PAR  The trigger circuit 41 thus turns on or off the power stage comprising
      transistor 46 which is connected in the supply circuit of the relay S. The
      transistor 46 is protected by a diode 47.
PAR  In accordance with the invention, the control unit further comprises an
      auxiliary detector responsive to temperature as such, identified in FIG. 3
      by the dash-line box X, and comprising in the example illustrated two
      thermistors T1 and T2. These are connected in series at the output of
      amplifier 37, and their junction 48 provides negative feedback to
      amplifier 37 to alter the gain thereof.
PAR  The thermistor T1 is a resistance of negative temperature coefficient
      whereas the thermistor T2 possesses a positive temperature coefficient.
PAR  If .theta. is the temperature existing at the thermistors and if t1 and t2
      are the resistances of the thermistors T1 and T2 at this temperature, then
      the feedback voltage existing at the terminal 48 is proportional to t2/t1
      and the total gain G of the amplifier is reduced by a factor t1/t2.
PAR  FIG. 4 illustrates the properties of two thermistors of commercially
      available type as sold by Siemens & Halske which are suitable for use as
      the thermistors T1 and T2 of FIG. 3. In that figure curve A shows the
      variation of resistance with temperature of one thermistor of type
      K-11-100K suitable for use as the thermistor T1 of FIG. 3 and curve B
      shows that of a thermistor of type P 270 C11, suitable for use as the
      thermistor T2. The curve G shows the reduction in gain for amplifier 37
      with increasing temperature. The use of a single thermistor is also
      possible to obtain such a marked change in amplifier gain with
      temperature.
PAR  As long as the temperature inside the vehicle (and more particularly at the
      location of thermistors T1 and T2) remains low, e.g., below freezing,
      those thermistors will give to amplifier 37 a high gain. This will
      compensate for the low input signal which the amplifier will receive due
      to the high resistance exhibited at such temperatures by the detector H,
      despite the possible presence of frost on the window 21 between the
      electrodes of that detector. As long therefore as the temperature of the
      thermistors remains low, trigger circuit 41 will be held in the state of
      conduction thereof which causes transistor 46 to conduct, thereby
      energizing relay S and energizing in turn the heater grid 22. The shunt
      resistor R insures that, however high the resistance of the detector H, a
      sufficient portion of the output of oscillator 32 is applied to amplifier
      37 to achieve the result just described, given the attendant high gain
      conferred on that amplifier by the thermistors.
PAR  The operation of the embodiment of FIG. 3 can be further described in
      exemplary terms as follows:
PAR  1. Ambient temperature above freezing, of 10.degree. to 20.degree.C. for
      example. Let it be assumed that the vehicle is at rest with switch 29 open
      and the heating grid 22 accordingly de-energized. Let the driver enter the
      vehicle and close switch 29. A film of moisture soon condenses on the
      window, lowering the resistance of detector H to a value of the order of
      10.sup.4 ohms, for example. This produces an input signal to amplifier 37
      high enough, despite the relatively low gain possessed by that amplifier
      at such temperature, to produce conduction in transistor 46 and consequent
      energization of relay S and of the heater grid 22. The moisture on the
      window is thereupon dissipated by evaporation, the resistance of the
      detector H rises, to a value of the order of 10.sup.5 ohms for example,
      the input to amplifier 37 declines, and trigger circuit reverses
      conduction phase to cut off conduction in transistor 46 and thereby to
      de-energize the heater grid. 2. Formation of frost--Decline of temperature
      at the auxiliary detector X progressively raises the gain of amplifier 37
      and thereby the value of resistance of detector H at which, or the range
      of values of that resistance within or over which, trigger circuit 41 will
      with changes in that resistance by shifted from one conduction state to
      the other to turn the heater grid on or off. With a gain for amplifier 37
      of 500, this value of resistance may reach 5.10.sup.5 ohms.
PAR  3. Vehicle at rest for a long time at low temperature--As soon as the
      ignition switch is closed, the presence of the shunt resistor R will
      suffice to energize the heater grid 22, however high the resistance of
      detector H. The rise in temperature in the interior of the vehicle, from
      operation of its engine or from the presence of its occupants, will
      progressively reduce the gain of amplifier 37 by action of the auxiliary
      detector X. When the temperature in the colder portions of the vehicle
      interior rises sufficiently above 0.degree., normal operating conditions
      will be restored. Grid 22 will be de-energized unless there remains
      moisture or frost at the detector H. Further operation is then as set
      forth hereinabove at (1).
PAR  FIG. 5 shows schematically an automotive vehicle, generally indicated at
      50, having a rear window 1 which bears a heater grid 2 and a humidity
      detector H connected to a control unit 10 which is mounted against the
      outside sheet metal 52 of the vehicle, all as hereinabove described. The
      control unit 10 is separated from the passenger compartment 54 of the
      vehicle by a partition 56.
PAR  It will thus be seen that the invention provides apparatus for heating a
      vehicle window comprising a plurality of heating conductors such as the
      conductors 2' and 22 of FIGS. 2 and 3 applied to the window, a switch such
      as the switch b of those figures for connection of those conductors to a
      source of electrical energy, a first means such as the humidity detector H
      to control that switch, these first means being responsive to an
      atmospheric condition at a first location adjacent the window, and second
      means such as the thermostatic switch T of FIG. 2 or the detector X of
      FIG. 3 to control that switch b, these second means being responsive to an
      atmospheric condition at a second location adjacent the window.
PAR  The first and second means may each comprise a humidity detector. In
      certain preferred embodiment however, the second means comprise instead
      means to close the switch b upon appearance of a temperature below a
      specified value at the location of those second means. Desirably, although
      not necessarily, the first of these two locations is on the window itself,
      on the face thereof turned toward the interior of the vehicle, and the
      means there located to control the switch b take the form of a humidity
      detector comprising two electrodes disposed in spaced apart relation there
      (as in the detector H of FIGS. 2 and 3), and means responsive to a decline
      in the resistance between those electrodes such as occurs in the presence
      of water between those electrodes.
PAR  The second means to close the switch b may comprise a thermostatic switch
      such as the switch T of FIG. 2, advantageously located outside the
      passenger compartment of the vehicle and adjacent an outer wall thereof.
      The thermostatic switch and the two electrodes of the humidity detector
      are advantageously connected in the input circuit of an amplifier such as
      the amplifier 11, 13, 14, 15, 16 controlling the switch b, and indeed the
      contacts of the thermostatic switch such as the switch T of FIG. 2 may be
      connected electrically in parallel with the two electrodes of the humidity
      detector H.
PAR  The arrangement according to the invention may be such as is illustrated in
      FIG. 3 wherein the electrodes of the humidity detector H are so connected
      in the input to an amplifier such as the amplifier 37 of FIG. 3 that upon
      a decline in resistance between those electrodes the input signal applied
      to the amplifier increases in amplitude, so that the input signal varies
      inversely in amplitude with the value of the resistance between those
      electrodes. Instead of a thermostatic switch such as the switch T of FIG.
      2, the means to close the switch b upon the appearance of a temperature
      below a specified value may take the form of a resistor such as the
      resistor T1 or the resistor T2 of FIG. 3 having a large temperature
      coefficient of resistivity, and connected with the amplifier to vary the
      gain thereof inversely with the temperature of that resistor. Separate
      resistors of large positive and negative temperature coefficient may be
      combined as are the thermistors T1 and T2 of FIG. 3 into a feedback loop
      of the amplifier so as to vary the gain of that amplifier in even more
      pronounced fashion inversely with the temperature of those thermistors.
PAR  While the invention has been described hereinabove in terms of a number of
      presently preferred embodiments thereof, the invention itself is not
      limited thereto but rather comprehends all modifications of and departures
      from those embodiments properly falling within the spirit and scope of the
      appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for heating a vehicle window comprising a plurality of heating
      conductors applied to the window, a switch for connection of said
      conductors to a source of electrical energy, first means to close said
      switch in response to the presence of water at a first location adjacent
      the window, and second means at a second location to close said switch,
      independently of the operation of said first means, upon appearance of a
      temperature below a specified value at said second location, wherein said
      second location is inside the vehicle at a region sheltered from the space
      heater of the vehicle and which reflects the temperature existing in the
      vicinity of said window.
NUM  2.
PAR  2. Apparatus for heating a vehicle window comprising a plurality of heating
      conductors applied to the window, a switch for connection of said
      conductors to a source of electrical energy, first means to close said
      switch in response to the presence of water at a first location adjacent
      the window, and second means at a second location in said vehicle to close
      said switch upon appearance of a temperature below a specified value at
      said second location, said second location being one which is sheltered
      from the space heater of the vehicle, being one which is adjacent an outer
      all of the vehicle, and being one where the atmospheric conditions reflect
      those existing in the vicinity of the window which bears the conductors.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said first means comprise two
      electrodes disposed in spaced apart relation on an insulating support and
      means responsive to a decline in the resistance between said conductors to
      close said switch.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein said electrodes are disposed on
      the surface of said window facing the inside of the vehicle.
NUM  5.
PAR  5. Apparatus according to claim 3 wherein said second means to close said
      switch comprise a thermostatic switch.
NUM  6.
PAR  6. Apparatus according to claim 5 wherein said thermostatic switch is
      connected in parallel with said two electrodes.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said electrodes and thermostatic
      switch are connected in the input circuit of an amplifier controlling said
      first-named switch.
NUM  8.
PAR  8. Apparatus according to claim 3 wherein said means responsive to a
      decline in resistance include an amplifier receiving as input a signal
      varying inversely in amplitude with the value of said resistance and
      having its output connected to control said first-named switch, and
      wherein said second means to close said first-named switch comprise at
      least one resistor having a large temperature coefficient of resistivity
      connected with said amplifier to vary the gain thereof inversely with the
      temperature of said resistor.
NUM  9.
PAR  9. Apparatus according to claim 3 wherein said means responsive to a
      decline in resistance includes an amplifier receiving as input a signal
      varying inversely with the value of said resistance and having its output
      connected to control said first-named switch, and wherein said second
      means to control said first-named switch comprises a thermistor of
      positive temperature coefficient, a thermistor of negative temperature
      coefficient, and means connecting said thermistors into a feedback loop of
      said amplifier.
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ABST
PAL  An electrographic printing system in which an improved apparatus and method
      are used to evaporate a volatile carrier used to deposit toner particles
      on a printing medium from the medium, and to fix the deposited colored
      toner particles permanently to the medium. The apparatus includes a unique
      platen and electrical heaters for dissipating different amounts of
      electrical power in different areas of the platen. The circulation system
      circulates air over the platen in order to maintain the concentration of
      carrier vapor below a maximum safe level.
BSUM
PAC  BACKGROUND AND SUMMARY OF THE INVENTION
PAR  The present invention relates to non-impact printing and more particularly
      relates to an electrographic printing system in which a liquid carrier is
      removed from the printing medium in order to fix colored toner particles
      on the medium.
PAR  In the past, non-impact, electrographic printing systems have been proposed
      for use in connection with data processing systems in order to increase
      the speed on which data can be permanently recorded on a printing medium.
      Two prior art electrographic printing systems are described in U.S. Pat.
      No. 3,687,107 (Borelli et al -- Aug. 29, 1972) and U.S. Pat. No. 3,701,337
      (Borelli et al -- Oct. 31, 1972).
PAR  According to these proposals, printing is done on a printing medium
      composed of a conductively treated paper base that supports a plastic
      dielectric coating. The medium is positioned between an electrode that
      contacts the conductive base and a second electrode whose surface is
      shaped or selectively changed to conform to the image to be printed. A
      high voltage applied between the two electrodes excites the paper medium
      and establishes an electrostatic field across the dielectric coating. The
      coating retains a residual electrostatic field that constitutes a charged
      latent image of the shape to be printed.
PAR  The latent image is developed, that is, made visible by contacting the
      paper medium with charged toner particles. These particles are applied
      from a suspension of liquid toning carrier and toner particles. The
      carrier also softens the particles. The residual electrostatic field of
      the dielectric surface attracts these particles and holds them, thus
      making the image visible.
PAR  The image is then fixed or made permanent by vaporizing the liquid carrier
      with heat. When the liquid carrier is removed, the particles remain, and
      through application of heat are hardened and bond themselves to the
      coating.
PAR  Vaporizing the liquid carrier creates problems. It produces vapors which,
      if generated at rapid rates and accumulated in large quantities, may be
      irritating or harmful. The rate of evaporation with the environment can
      tolerate limits the speed of printing. On the other hand, if the carrier
      is not rapidly evaporated, the medium is too wet and it cannot be
      processed without reducing its speed of travel through the take up rolls
      to unacceptably low levels. Attempts to cope with these conflicting design
      requirements in the past have been unsuccessful.
PAR  The foregoing problems have been solved by providing a heater platen having
      an inlet edge over which the printing medium is first passed and an exit
      edge over which the printing medium leaves the platen. The platen is
      provided with separate electrical heater elements which dissipate
      controlled quantities of electrical power in separate defined areas of the
      platen.
PAR  It has been discovered that the quantity of power dissipated adjacent the
      inlet edge must be greater than the quantity of power dissipated adjacent
      the exit edge.
PAR  According to another feature of the invention, the quantity of electrical
      power dissipated adjacent the edges of the printing medium exceeds the
      quantity of power dissipated in the central portion of the printing medium
      between the edges.
PAR  According to yet another feature of the invention, the heater elements are
      connected together to form separate electrical circuits controlled by
      independent switches in order to accommodate printing media having
      different widths.
PAR  According to still another feature of the invention, the heater platen is
      supported by a cantilever and the heater elements adjacent the unsupported
      or cantilevered side of the platen are maintained at higher temperatures
      than the heater elements adjacent the side of the platen supported by a
      frame.
PAR  According to another feature of the invention, the gas is cooled before it
      is circulated over the platen in order to reduce the concentration of
      carrier vapor.
PAR  According to still another feature of the invention, the carrier is
      evaporated by a unique method in which the printing medium is passed
      through defined spaces in which heat is generated at different rates.
PAR  By using the foregoing features and others described in the following
      detailed description of a preferred embodiment, it has been possible to
      safely evaporate carrier liquid from a printing medium moving at 30 inches
      per second, thereby drastically increasing the speed with which
      information can be printed and fixed on the medium
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  These and other objects, advantages and features of the present invention
      will be described in connection with the accompanying drawings in which:
PAR  FIG. 1 is a schematic diagram of an electrographic printing system
      employing a preferred form of the present invention;
PAR  FIG. 2 is a plan view of a preferred form of drying station made in
      accordance with the present invention;
PAR  FIG. 3 is a cross sectional view taken along line 3--3 in FIG. 2;
PAR  FIG. 4 is a cross sectional view taken along line 4--4 in FIG. 2;
PAR  FIG. 5 is a plan view of the heater platen shown in FIGS. 3 and 4;
PAR  FIG. 6 is a plan schematic diagram of the heating elements located below
      the heater platen shown in FIG. 5; and
PAR  FIG. 7 is a cross sectional view of the heater platen and electrical
      elements taken along line 7--7 in FIG. 5.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 2, the present invention is adapted for use in
      connection with a sheet printing medium M having opposed, parallel edges
      10 and 12 and a central area 14 located between the edges. Medium M is a
      plane surface electrographic medium of the type known in the art having a
      dielectric side and an opposite conductive side for receiving and
      retaining an electrostatic charge which is later developed into
      electrographic printing.
PAR  Referring to FIG. 1, printing medium M is stored on a roll 16 which is
      provided for continuous operation of the electrographic printing process.
      A forms station, which is here depicted as a forms drum 18 and a backup
      roller 20, is located down stream of the electrographic paper supply roll
      16 but prior to any other device for operating on medium M.
PAR  Immediately after the forms station, a toner station 22 is located, such
      that the forms information is developed on the electrostatic medium prior
      to receiving any variable information. Toner station 22 may include any
      type of such device well known in the art, or preferably of the type shown
      in U.S. Pat. No. 3,687,107 and U.S. Pat. No. 3,701,337 issued in the name
      of Borelli et al, which are assigned to the assignee of the present
      invention. As a complete discussion of the elements and operation of such
      devices as found in these references, no further discussion is deemed
      necessary for an understanding of the present preferred embodiment.
PAR  From toner station 22, electrographic medium M passes through a drying
      station 24, over a roller 26 and to a print station 28 at which variable
      information is placed on the medium in the form of an electrostatic
      charge. Medium M then passes through a second toner station 30 and another
      drawing station 38 to a pair of dry rollers 32 and 34 which serve to move
      the medium through the apparatus. Toner stations 22 and 30 and drying
      stations 24 and 38 may be identical. Although two drying stations are
      illustrated, preferably a single drying station is employed and it is
      positioned downstream of second toner station 30.
PAR  Print station 28 is of the type which receives variable information from a
      data processor or other equipment, and through selective charging of a
      plurality of electrodes or excitation means, disposed in a print head 36,
      generates alphanumeric characters or other variable printing by
      electrostatic discharge onto medium M. The details of print station 28
      have not been illustrated. However, the specific elements of such a
      station, together with an explanation of its operation, are shown and
      described in U.S. Pat. No. 3,624,661 issued to Shebanow et al. As a
      result, no further discussion of the station is required.
PAR  In operation, medium M is fed from supply roller 16 through the various
      stations described and shown in FIG. 1. Forms drum 18 is biased against a
      backup roller 20 and the conductive side of printing medium M is arranged
      to contact with backup roller 20. A relatively high potential of about
      +700 volts is applied to roller 20. An electrostatic image is generated by
      switching conductive drum 18 to ground potential, thereby causing
      ionization to occur between raised characters located on drum 18 and the
      conductive side of medium M.
PAR  In the arrangement illustrated, printing medium M is held taut around a
      section of backup roller 20 and is pulled by a drive mechanism attached to
      rollers 32 and 34 which form a driving means capable of driving the medium
      at 30 inches per second or more. Medium M, in turn, drives roller 20 which
      drives drum 18. After passing between rollers 18 and 20, medium M passes
      through forms station 22 which contains a toning liquid comprising a
      suspension of colored particles in a volatile carrier, such as kerosene. A
      preferred carrier is a highly paraffinic liquid such as Isopar G. Printing
      medium M then travels through drying station 24 shown in FIGS. 2-7. From
      drying station 24, printing medium M travels through electrographic
      printing apparatus to print station 28 where variable information is
      printed on the medium. The printing medium is subsequently developed at
      toner station 30 and drying station 38 to complete the printing process.
PAR  Referring to FIGS. 2-4, a preferred form of drying station 24 or 38
      comprises a frame 40 having a vertical member 42 which supports
      cantilevers 44, 46. The frame supports a horizontal table 48 which carries
      end struts 50, 52 and side struts 54, 56. The struts, in turn, support an
      aluminum sheet heater platen 60 which forms a portion of the perimeter of
      a cylinder having a 20 inch radius. The platen has an upper surface 62 and
      a lower surface 64. Platen 60 forms a portion of the lower side of a
      chamber assembly 70. Assembly 70 includes a cover plate 72 which is
      located parallel to platen 60. The space between cover plate 72 and platen
      60 forms a slot-shaped chamber 74 about 1/8 inch in height. As best shown
      in FIG. 3, cover plate 72 terminates in an edge 76 around which gas, i.e.,
      air, may escape from chamber 74.
PAR  Assembly 70 also includes a top plate 78 having depending side walls 80, 82
      which mate with cover plate 72. Side wall 80 comprises a lip 84 which
      mates with a lip 88 of a releasable lock assembly 86 comprising a lever 90
      and a spring 92.
PAR  Top plate 78 is hinged to the frame via a flexible sheet 100 which is
      attached to top plate 78 by rivets 102 and to an outlet duct 110 by rivets
      104.
PAR  Outlet duct 110 receives air flowing through a space 112 formed between top
      plate 78 and cover plate 72. Space 112, in turn, receives gas, i.e., air,
      flowing around edge 76 and through chamber 74 from an inlet duct 106. Air
      flowing out through outlet duct 110 communicates with a blower 114 which
      circulates air in a direction shown by arrows A and B at the rate of 45
      cubic feet per minute. Before passing through inlet duct 106, the air is
      cooled by conventional condensor coils 116. The air in the inlet duct and
      outlet duct comprises a mixture of air and vaporized carrier fluid. A
      portion of the carrier fluid is condensed from the air by coils 116 and is
      removed via line 150. The air is cooled to about 56.degree.F before being
      transmitted to chamber 74. This is an important feature which helps to
      increase the evaporation rate of the carrier fluid on medium M due to the
      low amount of carrier in the air.
PAR  As best shown in FIGS. 2 and 4, an inlet roller 120 is rotatably journaled
      on struts 54 and 56. The inlet roller is located adjacent an inlet port
      124 through which medium M is pulled in the direction of arrow D. An exit
      port 126 is located opposite inlet port 124 and provides a slot through
      which paper printing medium M is withdrawn from chamber 74. The relative
      positions of inlet port 124, exit port 126 and the cylindrical, curved
      shape of platen 60 are important features which help to hold the printing
      medium firmly in contact with upper surface 62 of the platen as the paper
      travels through chamber 74.
PAR  Referring to FIG. 5, platen 60 defines a plane 130 which is parallel to
      direction D of travel of medium M and which bisects platen 60 from left to
      right. Platen also defines another plane 132 perpendicular to platen 130
      which bisects platen 60 from inlet to exit. Platen 60 has an inlet edge
      136 adjacent inlet port 124 and an opposed exit edge 138 adjacent exit
      port 126. Side edges 140 and 142 extend between inlet edge 136 and exit
      edge 138. The platen is divided by imaginary lines 144-148 into 20
      distinct areas, A-S. Each area has a separate heater element as shown in
      FIG. 6, which dissipates the quantity of electrical power per unit of the
      area shown in the following Table A.
TBL                TABLE A                                                     

     ______________________________________                                    

                    AVERAGE POWER DISSI-                                       

     AREA           PATED BY HEATER ELEMENT                                    

                    AREA IN WATTS PER SQUARE                                   

                    INCH                                                       

     ______________________________________                                    

     A              39.1                                                       

     B              36.8                                                       

     C              31.1                                                       

     D              20.7                                                       

     E              34.5                                                       

     E'             34.5                                                       

     F              28.2                                                       

     G              18.4                                                       

     H              34.5                                                       

     H'             34.5                                                       

     J              28.2                                                       

     K              18.4                                                       

     L              34.5                                                       

     L'             34.5                                                       

     M              28.2                                                       

     N              18.4                                                       

     P              39.1                                                       

     Q              36.8                                                       

     R              31.1                                                       

     S              20.7                                                       

     ______________________________________                                    

PAR  The temperature of the heater elements for areas A-S are maintained at the
      values shown in the following Table B.
TBL                TABLE B                                                     

     ______________________________________                                    

                     AVERAGE TEMPERATURE IN                                    

     AREA            DEGREES CENTIGRADE OF                                     

                     HEATER ELEMENT IN AREA                                    

     ______________________________________                                    

     A               220                                                       

     B               230                                                       

     C               290                                                       

     D               260                                                       

     E               200                                                       

     E'              290                                                       

     F               320                                                       

     G               290                                                       

     H               200                                                       

     H'              280                                                       

     J               330                                                       

     K               320                                                       

     L               200                                                       

     L'              280                                                       

     M               330                                                       

     N               320                                                       

     P               230                                                       

     Q               280                                                       

     R               335                                                       

     S               320                                                       

     ______________________________________                                    

PAR  It should be noted that the electrical power dissipated in the areas A, E,
      H, L and P is maximum adjacent inlet port 124. It is possible to increase
      the power dissipated in these areas because the evaporation of carrier
      liquid from the printing medium tends to cool the paper, platen and heater
      element. As a result, the temperature of the heater elements, as shown in
      Table B, remains lower than the temperature of the heater elements in area
      D, G, K, N and S. It should also be noted that the power dissipated in
      side areas A, B, C, D, P, Q, R and S is greater than the amount of power
      dissipated in the central area E, E', F, G, H, H', J, K, L, L', M and N.
      This is an important feature which maintains a uniform drying capability
      across the entire width of the printing medium. In addition, the
      temperature of the element in areas P, Q, R and S is maintained higher
      than the temperature of the heater elements in the other areas. This is an
      important feature which maintains uniform driving capability in zones P-S
      even though the paper is held less tightly to the platen due to the
      cantilever suspension of table 48. By maintaining the temperature of the
      elements in areas P-S somewhat higher than the other areas, uniform drying
      and curing properties can be maintained across the entire width of the
      medium M in spite of the non-uniform pressure between medium M and various
      areas of platen 60.
PAR  The heater elements A-S are joined together to form individually operable
      electrical circuits. A first circuit is formed by connecting the heater
      elements in areas A, B, C, D, E, E', F and G. The second electrical
      circuit is formed by connecting the heater elements in the areas H, H', J
      and K. The third electrical circuit is formed by connecting the heater
      elements in areas L, L', M and N, and a fourth electrical circuit is
      formed by connecting the heater elements in areas P, Q, R and S. By
      switching the circuits independently in operation, by means of the
      switches shown in FIG. 6, printing media with diverse widths can be
      accommodated. For example, in order to dry a printing medium 5 to 51/2
      inches wide, the first electrical circuit alone is energized. In order to
      accommodate printing media 71/2  to 8 inches wide, the first and second
      electrical circuits alone are energized. In order to accommodate a
      printing medium 81/2  inches wide, the first, second and third electrical
      circuits alone are energized. In order to accommodate an 11 inch wide
      printing medium, all of the electrical circuits (first through fourth) are
      simultaneously energized. This is an important feature which enables a
      uniform drying and carrying capability to be maintained across the entire
      width of a printing medium having diverse dimensions.
PAR  According to the method aspect of the preferred embodiment, the projection
      of the boundary lines of areas A-S define spaces between upper platen
      surface 62 and cover plate 72. The heater elements below the platen vary
      the rate at which heat is generated in each of the defined spaces in
      proportion to the average power dissipated in the corresponding areas
      listed in Table A. As the printing medium passes through each defined
      space in chamber 74, carrier fluid is rapidly evaporated over areas A, E,
      H, L and P and the colored particles are fixed to the printing medium and
      remaining areas. As the printing medium is passing through chamber 74,
      blower 114 moves air in the direction of arrow B (FIG. 3) through inlet
      duct 106, chamber 74, around the right hand end of edge 76, and from right
      to left through space 112, through outlet duct 110. As previously
      described, the air entering inlet duct 106 is precooled to about
      56.degree.F by condensor coils 116. To remove carrier and moisture which
      may be present in the air, the condensed carrier and/or moisture is
      removed by line 150 for further processing and recovery. The temperature
      of the inlet gas should be maintained above 32.degree.F to maximize the
      rate of evaporation of the carrier fluid from medium M. The proximity of
      cover plate 72 to platen 60 reduces the size of the chamber 74 and offers
      the following advantages.
PAR  1 The volume of air in chamber 74 is minimized to reduce the capacity
      required for condensor coils 116; and
PAR  2 The velocity of the gas passing through chamber 74 is maximized to
      increase the rate of evaporation of the carrier fluid.
PAR  Those skilled in the art will recognize that the specific embodiment as
      described herein may be altered and modified without departing from the
      true spirit and scope of the invention as defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electrographic printing system including a print station for
      applying an electrostatic charge to a printing medium and a toner station
      for coating the printing medium with a toning liquid comprising a
      suspension of colored particles in a volatile carrier, the improved
      apparatus for evaporating the carrier from the medium and for fixing the
      colored particles permanently to the medium comprising in combination:
PA1  chamber means for defining a chamber having an inlet port and an opposed
      exit port;
PA1  means for moving the printing medium into the inlet port and out of the
      exit port in a predetermined direction at a predetermined speed;
PA1  platen means for supporting the printing medium in the chamber between the
      inlet port and the exit port, said platen means being substantially
      bisected by a first plane parallel to the predetermined direction and by a
      second plane perpendicular to the first plane, an inlet edge on the inlet
      side of the second plane adjacent the inlet port, an exit edge on the exit
      side of the second plane adjacent the exit port, a first side edge
      extended between the inlet edge and the exit edge on a first side of the
      first plane and a second side edge extending between the inlet edge and
      the exit edge on a second side of the first plane opposite the first side;
PA1  first electrical heater means for dissipating a first predetermined average
      quantity of electrical power per unit of area in a first side inlet area
      of the platen means located adjacent the first side edge between the inlet
      edge and the second plane;
PA1  second electrical heater means for dissipating a second predetermined
      average quantity of electrical power per unit of area in a first side exit
      area of the platen means located adjacent the first side edge between the
      exit edge and the second platen;
PA1  third electrical heater means for dissipating a third predetermined average
      quantity of electrical power per unit of area in a second side inlet area
      of the platen means located adjacent the second side edge between the
      inlet edge and the second plane;
PA1  fourth electrical heater means for dissipating a fourth predetermined
      average quantity of electrical power per unit of area in a second side
      exit area of the platen means located adjacent the second side edge
      between the exit edge and the second plane;
PA1  fifth electrical heater means for dissipating a fifth predetermined average
      quantity of electrical power per unit of area in a central inlet area of
      the platen means located between the first side inlet area and the second
      side inlet area on the inlet side of the second plane;
PA1  sixth electrical heater means for dissipating a sixth predetermined average
      quantity of electrical power per unit of area in a central exit area of
      the platen means located between the first side exit area and the second
      side exit area on the exit side of the second plane; and
PA1  circulation means for circulating a gas through the chamber at a
      predetermined rate, so that the vaporization rate of the carrier from the
      printing medium is maximized by the heater means and the concentration of
      carrier vapor in the chamber is maintained below a predetermined value by
      the circulation means.
NUM  2.
PAR  2. Apparatus, as claimed in claim 1, wherein the predetermined speed is
      greater than 1 foot per second.
NUM  3.
PAR  3. Apparatus, as claimed in claim 1, wherein the surface of the platen
      means in contact with the printing medium defines a portion of a
      cylindrical surface.
NUM  4.
PAR  4. Apparatus, as claimed in claim 1, wherein the first predetermined
      average quantity of electrical power per unit of area is greater than the
      second predetermined average quantity of electrical power per unit of
      area, and wherein the third predetermined average quantity of electrical
      power per unit of area is greater than the fourth average quantity of
      electrical power per unit of area.
NUM  5.
PAR  5. Apparatus, as claimed in claim 4, wherein the fifth predetermined
      average quantity of electrical power per unit of area is greater than the
      sixth predetermined average quantity of electrical power per unit of area.
NUM  6.
PAR  6. Apparatus, as claimed in claim 5, wherein the fifth predetermined
      average quantity of electrical power per unit of area is less than the
      first predetermined average quantity of electrical power per unit of area
      and is less than the third predetermined average quantity of electrical
      power per unit of area.
NUM  7.
PAR  7. Apparatus, as claimed in claim 6, wherein the first predetermined
      average of quantity of electrical power per unit of area and the third
      average predetermined quantity of electrical power per unit of area are
      substantially equal.
NUM  8.
PAR  8. Apparatus, as claimed in claim 7, wherein the second predetermined
      average quantity of electrical power per unit of area and the fourth
      predetermined average quantity of electrical power per unit of area are
      substantially equal.
NUM  9.
PAR  9. Apparatus, as claimed in claim 1, wherein the fifth electrical heater
      means comprises:
PA1  seventh electrical heater means for dissipating a seventh predetermined
      average quantity of electrical power per unit of area in a first side
      central inlet area of the platen means located between the first side
      inlet area and the first plane on the inlet side of the second plane; and
PA1  eighth electrical heater means for dissipating an eighth predetermined
      average quantity of electrical power per unit of area in a second side
      central inlet area of the platen means located between the second side
      inlet area and the first plane on the inlet area side of the second plane.
NUM  10.
PAR  10. Apparatus, as claimed in claim 9, wherein the sixth electrical heater
      means comprises:
PA1  ninth electrical heater means for dissipating a ninth predetermined average
      quantity of electrical power per unit of area in a first side central exit
      area of the platen means located between the first side exit area and the
      first plane on the exit side of the second plane; and
PA1  tenth electrical heater means for dissipating a tenth predetermined average
      quantity of electrical power per unit of area in a second side central
      exit area of the platen means located between the second side exit area
      and the first plane on the exit side of the second plane.
NUM  11.
PAR  11. Apparatus, as claimed in claim 10, and further comprising:
PA1  first connector means for interconnecting the first electrical heater
      means, second electrical heater means, seventh electrical heater means and
      ninth electrical heater means into a first electrical circuit;
PA1  second connector means for interconnecting the eighth electrical heater
      means, and the tenth electrical heater means into a second electrical
      circuit;
PA1  third connector means for interconnecting the third electrical heater means
      and the fourth electrical heater means into a third electrical circuit;
PA1  first switch means for operating the first electrical circuit independently
      of the second and third electrical circuits;
PA1  second switch means for operating the second electrical circuit
      independently of the first and third electrical circuit; and
PA1  third switch means for operating the third electrical circuit independently
      of the first and second electrical circuit, whereby the first, second and
      third electrical circuits can be independently energized to provide heat
      for printing media having different widths.
NUM  12.
PAR  12. Apparatus, as claimed in claim 1, wherein the platen means is supported
      by a cantilever attached to a frame located adjacent the first side edge
      and displaced from the second side edge.
NUM  13.
PAR  13. Apparatus, as claimed in claim 12, wherein the first electrical heater
      means is maintained at a first predetermined average temperature, the
      second electrical heater means is maintained at a second predetermined
      average temperature, the third electrical heater means is maintained at a
      third predetermined average temperature, the fourth electrical heater
      means is maintained at a fourth predetermined average temperature, the
      fifth electrical heater means is maintained at a fifth predetermined
      average temperature and the sixth electrical heater means is maintained at
      a sixth predetermined average temperature.
NUM  14.
PAR  14. Apparatus, as claimed in claim 13, wherein the first predetermined
      average temperature is less than the second predetermined average
      temperature.
NUM  15.
PAR  15. Apparatus, as claimed in claim 14, wherein the third predetermined
      average temperature is less than the fourth predetermined average
      temperature.
NUM  16.
PAR  16. Apparatus, as claimed in claim 15, wherein the fifth predetermined
      average temperature is less than the sixth predetermined average
      temperature.
NUM  17.
PAR  17. Apparatus, as claimed in claim 16, wherein the first predetermined
      average temperature is less than the third predetermined average
      temperature and the second predetermined average temperature is less than
      the fourth predetermined average temperature.
NUM  18.
PAR  18. Apparatus, as claimed in claim 17, wherein the fifth predetermined
      average temperature is less than the first predetermined average
      temperature.
NUM  19.
PAR  19. Apparatus, as claimed in claim 1, wherein the circulation means
      comprises:
PA1  a cover located over the platen so that the printing medium is between the
      cover and the platen, said cover being displaced from the platen by a
      predetermined distance;
PA1  an inlet duct for transmitting the gas into the space between the platen
      and the cover;
PA1  an outlet duct for receiving gas transmitted from said space; and
PA1  blower means communicating with the inlet duct and the outlet duct for
      circulating the gas through said space.
NUM  20.
PAR  20. Apparatus, as claimed in claim 19, and further comprising cooling means
      for cooling the gas circulating through the inlet duct.
NUM  21.
PAR  21. Apparatus, as claimed in claim 20, wherein the gas is air and wherein
      the predetermined distance is less than 1/4 inch.
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PAL  Fuser apparatus and support structure therefor characterized by the
      provision of pairs of support brackets which independently support a
      heated fuser roll structure and a resilient backup roll structure to form
      a nip therebetween through which copy sheets carrying toner images pass
      for fusing of the toner images to the copy sheets. The brackets supporting
      the backup roll are rigidly affixed to the planar portion of a
      channel-shaped member while the brackets supporting the fuser roll
      structure are pivotably attached to the backup roll brackets by means of
      flexure hinges. A pair of adjustable fasteners utilized for applying
      contact pressure between the two roll structures couples the fuser roll
      brackets to the backup roll brackets at the sides thereof opposite to the
      flexure hinges.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to xerographic copying apparatus and, more
      particularly, to a contact fusing system for fixing electroscopic toner
      material to a support member.
PAR  In the process of xerography, a light image of an original to be copied is
      typically recorded in the form of a latent electrostatic image upon a
      photosensitive member with subsequent rendering of the latent image
      visible by the application of electroscopic marking particles, commonly
      referred to as toner. The visual image can be either fixed directly upon
      the photosensitive member or transferred from the member to a sheet of
      plain paper with subsequent affixing of the image thereto.
PAR  In order to permanently affix or fuse electroscopic toner material onto a
      support member by heat, it is necessary to elevate the temperature of the
      toner material to a point at which the constituents of the toner material
      coalesce and become tacky. This action causes the toner to be absorbed to
      some extent into the fibers of the support member which, in many
      instances, constitutes plain paper. Thereafter, as the toner material
      cools, solidification of the toner material occurs causing the toner
      material to be firmly bonded to the support member. In both the
      xerographic as well as the electrographic recording arts, the use of
      thermal energy for fixing toner images onto a support member is old and
      well known.
PAR  One approach to thermal fusing of electroscopic toner images onto a support
      has been to pass the support with the toner images thereon between a pair
      of opposed roller members, at least one of which is internally heated.
      During operation of a fusing system of this type, the support member to
      which the toner images are electrostatically adhered is moved through the
      nip formed between the rolls with the toner image contacting the fuser
      roll to thereby effect heating of the toner images within the nip.
PAR  In prior art contact fuser devices, the fuser roll structure and the backup
      roll structure are supported such that one of the roll structures can be
      cammed into and out of pressure engagement with the other of the
      structures. It has been found that in the presently contemplated contact
      fuser it is not necessary to move the roll structures into and out of
      pressure contact. Consequently, a much simpler and less costly mounting
      structure including means for effecting pressure engagement between the
      roll structures can be provided.
PAR  Accordingly, the primary object of this invention is to provide a new and
      improved contact fuser apparatus and mounting means therefor.
PAR  It is another object of this invention to provide a new and improved
      mounting means for a contact fuser apparatus which mounting means is much
      simpler in construction and les costly.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  Briefly, the above-cited objects are accomplished by the provision of a
      contact heat and pressure fuser for fixing toner images to support sheets
      characterized by a heated fuser roll structure cooperating with a
      resilient backup roll structure to form a nip therebetween through which
      the support sheets pass with the toner images contacting the heated fuser
      roll structure.
PAR  Pairs of support brackets, one pair for each roll structure are provided,
      one pair being rigidly attached to a channel-shaped base member and the
      other pair being attached to the one pair by flexure hinges disposed at
      the ends of said structures and to one side thereof. The position of the
      flexures is such that they do not interfere with support sheets moving
      through the aforementioned nip. A pair of adjustable fasteners and bias
      springs couple the bracket pairs at the opposite side of the roll
      structures. By the provision of such adjustable means, it is possible to
      vary the contact pressure between the roll structures in accordance with a
      predetermined pressure.
PAR  The roll structures are supported with the fuser roll structure positioned
      above the backup roll with the backup roll being supported by the bracket
      pair attached to the base member. A tie bar extending along the
      longitudinal axis of the roll structures and positioned on the same side
      of the roll structures as the hinges secures the fuser roll brackets to
      each other and thereby cooperates with the base member, the adjustable
      fasteners, and the brackets to provide support means that is quite rigid
      and allows for variable pressure engagement between the roll structures
      without causing distortion thereof. It will be appreciated that while the
      fuser and backup roll structures are shown as being supported in a
      specific orientation therefor with the fuser roll disposed above the
      backup roll the positions of the roll structures can be reversed.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      when read in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a schematic representation of a xerographic reproducing apparatus
      incorporating the novel image fuser of the present invention;
PAR  FIG. 2 is a top plan view of a fuser assembly incorporated in FIG. 1;
PAR  FIG. 3 is a right side elevational view of the fuser assembly of FIG. 2;
PAR  FIG. 4 is a cross-sectional view taken on the line IV--IV of FIG. 3;
PAR  FIG. 5 is an enlarged fragmentary view in section of a release agent
      doctoring structure forming a part of the fuser assembly of FIGS. 2 thru
      4;
PAR  FIG. 6 is a perspective view of the composite doctoring structure of FIG.
      5;
PAR  FIG. 7 is an elevational view of the fuser assembly as viewed from the left
      in FIG. 3;
PAR  FIG. 8 is a perspective view of a copy sheet stripper finger;
PAR  FIG. 9 is a cross-sectional view of a fuser roll system showing a modified
      stripper finger arrangement and a backup roll cleaning structure;
PAR  FIG. 10 is a cross-sectional view of a sprocket drive and one-way clutch
      arrangement incorporated in the fuser assembly.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The reproducing machine illustrated in FIG. 1 employs an image recording
      drum-like member 10 the outer periphery of which is coated with a suitable
      photoconductive material 11. One type of photoconductive material is
      disclosed in U.S. Pat. No. 2,970,906 issued to Bixby in 1961. The drum 10
      is suitably journaled for rotation within a machine frame (not shown) by
      means of a shaft 12 and rotates in the direction indicated by arrow 13, to
      bring the image retaining surface thereon past a plurality of xerographic
      processing stations. Suitable drive means (not shown) are provided to
      power and coordinate the motion of the various cooperating machine
      components whereby a faithful reproduction of the original input scene
      information is recorded upon a sheet of final support material such as
      paper or the like.
PAR  Since the practice of xerography is well known in the art, the various
      processing stations for producing a copy of an original are herein
      represented in FIG. 1 as blocks A to E. Initially, the drum moves
      photoconductive surface 11 through a charging station A. At charging
      station A an electrostatic charge is placed uniformly over the
      photoconductive surface 11 of the drum 10 preparatory to imaging. The
      charging may be provided by a corona generating device of a type described
      in U.S. Pat. No. 2,836,725 issued to Vyverberg in 1958.
PAR  Thereafter, the drum 10 is rotated to exposure station B where the charged
      photoconductive surface 11 is exposed to a light image of the original
      input scene information, whereby the charge is selectively dissipated in
      the light exposed regions to record the original input scene in the form
      of a latent electrostatic image. A suitable exposure system may be of the
      type described in U.S. patent application, Ser. No. 259,181 filed June 2,
      1972.
PAR  After exposure, drum 10 rotates the electrostatic latent image recorded on
      the photoconductive surface 11 to development station C, wherein a
      conventional developer mix is applied to the photoconductive surface 11 of
      the drum 10 rendering the latent image visible. A suitable development
      station is disclosed in U.S. patent application, Ser. No. 199,481 filed
      Nov. 17, 1971. This application describes a magnetic brush development
      system utilizing a magnetizable developer mix having carrier granules and
      toner comprising electrophotographic resin plus colorant from dyes or
      pigments. A developer mix is continually brought through a directional
      flux field to form a brush thereof. The electrostatic latent image
      recorded on photoconductive surface 11 is developed by bringing the brush
      of developer mix into contact therewith. The developed image on the
      photoconductive surface 11 is then brought into contact with a sheet of
      final support material 14 within a transfer station D and the toner image
      is transferred from the photoconductive surface 11 to the contacting side
      of the final support sheet 14. The final support material may be plain
      paper, gummed labels, transparencies such as Polycarbonate, Polysulfane
      and Mylar, etc., as desired.
PAR  After the toner image has been transferred to the sheet of final support
      material 14, the sheet with the image thereon is advanced to a suitable
      fuser assembly 15 which fuses the transfer powder image thereto. After the
      fusing process, the final support material 14 is advanced by a series of
      rolls 16 to a copy paper tray 17 for subsequent removal therefrom by a
      machine operator.
PAR  Although a preponderence of the toner powder is transferred to the final
      support material 14, invariably some residual toner remains on the
      photoconductive surface 11 after the transfer of the toner powder image to
      the final support material 14. The residual toner particles remaining on
      the photoconductive surface 11 after the transfer operation are removed
      from the drum 10 as it moves through cleaning station E. Here the residual
      toner particles are first brought under the influence of a cleaning corona
      generating device (not shown) adapted to neutralize the electrostatic
      charge remaining on the toner particles. The neutralized toner particles
      are then mechanically cleaned from the photoconductive surface 11 by
      conventional means as for example, the use of a resiliently biased knife
      blade as set forth in U.S. Pat. No. 3,660,863 issued to Gerbasi in 1972.
PAR  The sheets of final support material 14 processed in the automatic
      xerographic reproducing device may be stored in the machine within a
      removable paper cassette 18. A suitable paper cassette is set forth in
      U.S. patent application, Ser. No. 208,138 filed Dec. 15, 1971.
PAR  The copier can also have the capability of accepting and processing copying
      sheets of varying lengths. The length of the copy sheet, of course, being
      dictated by the size of the original input scene information recorded on
      the photoconductive surface 11. To this end, the paper cassette 18 is
      preferably provided with an adjustable feature whereby sheets of varying
      length and width can be conveniently accommodated therein.
PAR  In operation, the cassette 18 is filled with the stack of final support
      material 19 of pre-selected size and the cassette 18 is inserted into the
      machine by sliding along a baseplate (not shown) which guides the cassette
      18 into operable relationship with a pair of feed rollers 20. When
      properly positioned in communication with the feed rollers 20 the top
      sheet of the stack 19 is separated and forwarded from the stack 19 into
      the transfer station D by means of registration rollers 21.
PAR  It is believed that the foregoing description is sufficient for purposes of
      present application to illustrate the general operation of an automatic
      xerographic copier which can embody the teachings of the present
      invention.
PAR  The fuser assembly 15 as best illustrated in FIGS. 2 through 4 comprises a
      heated fuser roll structure 30 and a backup roll 32 which cooperate to
      form a nip 33 therebetween through which copy paper having toner images
      thereon passes with the toner images contacting the fuser roll structure
      30.
PAR  A channel shaped support base 34 (FIG. 3) is provided for supporting the
      fuser assembly 15 in the copier apparatus. The backup roll 30 is supported
      by a pair of support brackets 36 which are secured to the support base 34
      by means of right angle brackets 38, the bases of which are spot welded or
      otherwise suitably affixed to the support base 34. A pair of ball bearings
      40 are supported by the brackets 36 and are captivated in the brackets by
      means of retaining rings 42. The backup roll structure may comprise any
      suitable construction, for example, a steel cylinder, but preferably
      comprises a rigid steel core or shaft 46 having a Viton elastomer surface
      or layer 48 disposed thereover and affixed thereto. A pair of shaft ends
      49 of the core or shaft 46 are received in the bearings 40 for supporting
      the backup roll 30. A suitable backup roll has an overall dimension of
      approximately 1.55 inches including a 0.1 inch cover or layer of Viton
      elastomer or other suitable high temperature elastomeric material, for
      example, fluorosilicone or silicone rubber. The specific dimensions of the
      backup roll will be dictated by the requirements of the particular copying
      apparatus wherein the fuser assembly 15 is employed, the dimensions being
      greater or less depending upon the process speed of the machine. In this
      embodiment the length of the roll is approximately 151/2inches to
      accomodate various paper sizes.
PAR  A pair of support brackets 50 (FIG. 2) having a generally E-shaped
      configuration similar to the support brackets 36 are provided for mounting
      the fuser roll structure in the fuser assembly 15. To this end, a pair of
      ball bearings 52 one in each of the support brackets 50 are provided, the
      bearings being retained in the brackets by means of retaining rings 54. A
      pair of end caps 55 are secured to a hollow cylinder or core 56 (FIGS. 3
      and 4) forming a part of the fuser roll structure 30 and reduced portions
      57 thereof are received in the bearings 52 for supporting the fuser roll
      structure. A heating element 58 is supported internally of the core 56 for
      providing thermal energy to elevate the temperature of the core to
      operating limits. The heating element may comprise any suitable type
      heater for elevating the surface temperature of the cylinder to
      operational temperatures, therefore 285.degree.-290.degree.F. For example,
      it may be a quartz envelope having a tungsten resistance heating element
      disposed therein. The cylinder or core 56 is fabricated from any suitable
      material capable of efficiently conducting the heat to the external
      surface of the core. Typical materials are anodized aluminum and alloys
      thereof, steel, stainless steel, nickel and alloys thereof, nickel plated
      copper, chrome plated copper, copper and alloys thereof. The resulting
      structure has an outside diameter on the order of 1.5 inches and has a
      length equal to that of the backup roll. The power requirements for the
      foregoing are 420 watts peak power with an average power of 320 watts and
      100 watts for standby.
PAR  The heater element 58 is supported internally of the core 56 by a pair of
      spring supports 60 which are mounted by insulator blocks 62 to the support
      brackets 50. The free ends of the springs supporting the heater element
      are each provided with a locating ball 64 while the opposite end of the
      spring is disposed in contact with an electrical terminal 66 to which
      electrical wires (not shown) may be attached for supplying electrical
      energy to the heater element. The terminal blocks can be secured to the
      support brackets in any suitable manner, for example, by screws. The
      springs supports and terminals are preferably rivoted to the terminal
      block.
PAR  The aforementioned materials from which the core 56 of the fuser roll
      structure may be fabricated are relatively high surface energy materials,
      consequently, hot toner material contacting such surfaces would readily
      wet the surface of the fuser roll and it would be difficult to remove the
      toner therefrom. Accordingly, there is provided a sump 68 (FIGS. 2 and 4)
      for containing a material 69 capable of interacting with the core in a
      manner describd in U.S. patent application, Ser. No. 383,231 filed July
      27, 1973 in the name of Moser, et al. and assigned to the same assignee as
      the instant application. The material is preferably a low molecular weight
      substance which is solid at room temperature and which has a relatively
      low viscosity at the operating temperatures of the fuser roll structure.
      An example of such a material is polyethylene homopolymer manufactured by
      Allied Chemical Co. and having the designation AC-8 hopolymer.
PAR  The sump 68 comprises a rear wall 70 having a generally sloping portion
      connected to a generally vertical portion. The rear wall is provided with
      a pair of apertured flanges 72 for receiving supports 74 for mounting the
      sump 68 to the flanges 51 secured to the brackets 50 in a manner to allow
      pivotal movement thereof. The sump also comprises a front wall (FIG. 5)
      which comprises a composite doctoring blade 78 including a base member 80
      with an elongated strip 82 secured to the base member. The strip 82 is
      fabricated from a high temperature elastomeric material which is
      compatible with the particular material 69, for example, silicone rubber
      or Viton. By compatible with the strip it is meant that the dimensions of
      the strip are not altered by contact with the material.
PAR  The base member 80 and therefore the blade 78 is supported by the rear wall
      70 by means of a rubber seal attached to a lip 84 forming a part of the
      rear wall and a retainer 86 which is suitably secured by, for example,
      screws 87, to the rear wall 70. The base member 80 is provided with a
      plurality of slots 88 in which the screws 87 ride to allow mounting of the
      base member intermediate the retainer 86 and the rear wall 70. The base
      member is also provided with a plurality of apertures 90 disposed on the
      sides of the slots 88. The apertures receive dimples 92 forming a part of
      the retainer 86. The slots and the apertures are oversized with respect to
      the dimples and screws so that the base member can move due to thermal
      expansion without buckling thereof. It will be appreciated that in
      addition to serving as a metering blade the composite structure 78 serves
      to clean toner from the fuser roll structure 30 and also act as a seal to
      prevent the liquid or low viscosity polyethylene from leaking out of the
      sump 68. A pair of arcuate recesses 94 provided in the rear wall 70 have
      disposed therein end seals 96 which contact the fuser roll structure and
      thereby cooperate with the strip 82 to prevent leakage of polyethylene
      from the sump.
PAR  A pair of links 100 attached to extensions 101 of the rear wall by
      retaining pins 102 have their ends threaded for receiving nuts 104. A tie
      bar 106 attached to the support brackets 50 support L-shaped brackets 108
      having slots 110 therein. The links 100 are received in the slots 110 to
      thereby provide means for adjusting the pivotal orientation of the sump 68
      to thereby increase or decrease the pressure of the composite doctoring
      structure 78 on the fuser roll structure to thereby control in accordance
      with a predetermined amount, for example, a layer less than 1 micron
      thick, the application of polyethylene to the fuser roll structure. This
      is accomplished by tightening or loosening of the nuts 104.
PAR  As mentioned hereinbefore, the polyethylene is solid at room temperature
      and is liquid at operational temperatures. The polyethylene in solid form
      is placed in the sump and is heated by the thermal energy of the fusing
      roll structure and thereby liquified. When the polyethylene resolidifies
      after the machine has been inoperative for a period of time the
      polyethylene tends to move away from the fuser roll structure consequently
      when the machine is restarted the polyethylene may not be applied to the
      fuser roll structure immediately. This means that the fuser roll structure
      may not be properly protected against toner offsetting to the bare metal.
      In order to safeguard against the foregoing, the surface of the rear wall
      contacting the polyethylene is coated with a material that has a low
      affinity for the polyethylene, for example, silicone rubber. In order to
      insure that the polyethylene is in contact with the fuser roll structure
      at the time of restarting the machine, a collecting bar 111 is provided in
      the sump and attached thereto such that it is positioned adjacent the
      fuser roll structure. Accordingly, when the polyethylene resolidifies it
      will pull away from the rear wall 70 and it will solidify on the
      collecting bar such that it is still in contact with the fuser roll
      structure. This arrangement will insure proper operation of the fuser
      assembly until the bulk of the polyethylene is melted in the sump.
PAR  The axis of the backup roll which should be apparent from a consideration
      of its mounting as discussed above is fixed relative to the support base
      34. However, the fuser roll structure is mounted such that it's pressure
      engagement with the backup roll can be adjusted to thereby enable
      variation of the length of the nip 33 formed between the two roll
      structures. To this end, the fuser roll support brackets 50 are mounted to
      the backup roll support brackets 36 by a pair of flexures 112 which are
      secured to the support brackets 36 and 50 by means of retaining plates
      114, dowl pins 116 and caps screws 118. The flexures 112 are preferably
      fabricated from spring steel having a relatively small thickness but
      sufficiently sturdy to hingedly mount the fuser roll support brackets to
      the backup roll support brackets. A force at the nip on the order of 150
      pounds is provided by means of socket head screws 120 and commercial
      compression springs 122 which are supported by the upper flanges 51
      secured to the fuser roll support brackets 50. The screws 120 are received
      in threaded lower flanges 126 which are fixedly mounted to the backup roll
      support brackets 36. It will be appreciated that by adjusting the socket
      head screws 120 against the force exerted by the springs 122, the nip
      pressure can be varied to produce the desired nip pressure.
PAR  The copy paper 14 carrying the fused images comprising toner 124 is moved
      through a lower guide plate 128 (FIG. 4) which is supported by mounting
      brackets 129 attached to the backup roll supporting brackets 36 and an
      upper guide plate 130 attached to the tie bar 106. The upper guide plate
      is mounted to the tie bar by means of a generally U-shaped flange 132
      having an open area which is integral with the plate 130 and disposed at
      an acute angle relative thereto. To insure that the copy paper follows
      along a predetermined path including the space between the lower and upper
      guide plates a plurality of generally L-shaped stripper fingers 134 (FIGS.
      4 and 8), preferably two in number, are provided. The leading edges of the
      stripper fingers are biased into engagement with the fuser roll structure
      30 by means of a pair of combination mounting brackets and bias member 136
      in the form of leaf springs. The leaf springs are mounted to the tie bar
      106 such that a cantilevered portion 137 thereof engages a cam surface 138
      of the stripper finger 134. Portions of the mounting bracket 136 are
      rolled as indicated at 140 to provide a bearing surface for shafts 141
      carried by the stripper fingers 134.
PAR  An alternate form of stripper finger may be employed which comprises
      stripper fingers 142 (FIG. 9) supported on a shaft 143 which is supported
      indirectly by the support brackets 50 of the fuser roll structure 30. A
      counterweight 144 is provided for each of the stripper fingers 142 and is
      secured thereto by means of a cap screw 145 which is threaded into the
      stripper finger. The position of the counterweight can be varied relative
      to the stripper finger to increase or decrease the amount of pressure
      which is applied by the stripper finger to the fuser roll structure. The
      position of the stripper fingers 142 are maintained on the shaft in a
      position relative to the longitudinal axis of the fuser roll structure 30
      by grip rings 146. The grip rings while maintaining the position of the
      stripper fingers fixed relative the fusing roll structure 30 allow
      movement relative to the aforementioned axis of the stripper fingers with
      respect to the fuser roll structure so that the fuser stripper fingers can
      be repositioned in the event of wear of the fuser roll structure.
PAR  The surface temperature of the fuser roll structure 30 is controlled by
      contacting the surface thereof with a thermistor probe 148 of the type
      described in U.S. Pat. No. 3,327,096, issued in 1967 to Bernous and
      incorporated herein by reference.
PAR  During operation of the fuser assembly 15, particularly during duplex
      copying, toner accumulates on the backup roll structure 32. Accordingly, a
      backup roll cleaning structure or assembly 150 is provided which comprises
      a triangular shaped support member 152 having a wiper member 153 carried
      thereby. The cleaning assembly is supported for movement in the direction
      of the backup roll structure by a plurality of roller supports 154 and a
      spring member 156 supported by a member 158 urges the wiper surface into
      wiping contact with the backup roll. As can be seen from the drawings, the
      cleaning assembly is disposed adjacent the support base 34 so that toner
      removed from the backup roll will be deposited onto the support base. In
      operation it has been found that the toner accumulates on the exit side of
      the nip formed between the backup roll and the wiper member. The wiper
      member is preferably a high temperature material with a high degree of
      resiliency and low affinity for toner particles and preferably comprises
      tetrafluoroethylene, commonly referred to as TFE.
PAR  In order to accomplish rotational movement of the fuser and backup rolls,
      the main machine drive is coupled to the fuser roll structure via a drive
      sprocket 160, which is coupled to a driven sprocket 161 by means of a
      one-way clutch 162, a bushing 164, and stub shaft 166. The driven sprocket
      161 is coupled to a sprocket 170 carried by the shaft of the fuser roll
      structure 30 via a chain 172. The clutch 162 serves as a coupling between
      the input from the main machine drive and the fuser roll structure, which
      allows the fuser roll structure and backup roll to be rotated
      independently of the sprockets provided for power driving the fuser roll
      structure. In the event that a machine jam occurs, a sheet of copy paper
      which has started through the nip of the fuser assembly 15 can be manually
      moved out of the fuser assembly while simultaneously fusing the toner
      images to the copy paper. Accordingly, unlike prior art fuser structures
      utilized in the xerographic process, a copy which has started through the
      fuser but has not been completely fused can be saved because it can be
      fused notwithstanding a paper jam.
PAR  A cover structure 174 protects the fuser assembly from contaminates. As
      viewed in FIG. 7, the cover structure has a bifurcated flange portion 176
      which receives a pin member 178 carried by the bracket 50. There are two
      such flanges and pin members, one on each side of the fuser assembly. A
      sidewardly projecting flange 180 has an aperture through which a screw 181
      is inserted and received in a threaded aperture in a flange 182 forming a
      part of the sump 68. The combination bifurcated flanges and pin members
      together with the screw 181 secures the cover in place. As viewed in FIG.
      3, the cover has an inclined top surface 184 and an opening 186 at the
      extreme right end thereof for directing vapors out of the fuser assembly.
      A pair of depending flanges 190 cooperate with pins 192 carried by the tie
      bar 106 to assist in maintaining the cover in place.
PAR  While the invention has been described with respect to a preferred
      embodiment, it will be apparent that certain modifications and changes can
      be made without departing from the spirit and scope of the invention, for
      example, the images to be fused can be formed by other than the
      xerographic process disclosed and it is therefore intended that the
      foregoing disclosure be limited only by the claims appended hereto.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Fuser apparatus and support means therefor comprising:
PA1  a base member having a substantially planar portion;
PA1  means including a first pair of support brackets rigidly affixed to said
      base member;
PA1  a first fuser member supported only adjacent the ends thereof by said means
      including a first pair of support brackets;
PA1  means including a second pair of support brackets;
PA1  a second fuser member supported only adjacent the ends thereof by said
      means including a second pair of support brackets and independently of
      said first fuser member;
PA1  means for pivotally attaching said second pair of brackets to said first
      pair of brackets, said attaching means being disposed to one side of said
      fuser members adjacent the ends thereof;
PA1  said fuser members forming a nip through which copy sheets to be fused are
      moved, said nip being disposed intermediate said means for pivotally
      attaching said pairs of brackets; and
PA1  means for applying pressure contact between said fuser members, said
      pressure apply means being disposed to the opposite side of said fuser
      members from said attaching means.
NUM  2.
PAR  2. Apparatus according to claim 1, wherein said fuser members comprise a
      heated fuser roll structure and a resilient backup roll structure.
NUM  3.
PAR  3. Apparatus according to claim 2, wherein said backup roll structure is
      supported by said first pair of brackets.
NUM  4.
PAR  4. Apparatus according to claim 3 further including means for securing said
      second pair of brackets to each other and wherein said attaching means
      comprises a pair of flexure hinges.
NUM  5.
PAR  5. Apparatus according to claim 4, wherein said securing means comprises a
      tie bar disposed to said one side of said roll structures.
NUM  6.
PAR  6. Apparatus according to claim 5, wherein said means for applying pressure
      contact comprises a pair of adjustable fasteners and bias means therefor,
      said adjustable fasteners operatively coupling said first pair of brackets
      to said second pair of brackets.
NUM  7.
PAR  7. Apparatus according to claim 1, wherein said means for applying pressure
      contact comprises a pair of adjustable fasteners and bias means therefor,
      said adjustable fasteners operatively coupling said first pair of brackets
      to said second pair of brackets.
NUM  8.
PAR  8. Apparatus according to claim 1, further including means for securing
      said second pair of brackets to each other and wherein said attaching
      means comprises a pair of flexure hinges.
NUM  9.
PAR  9. Apparatus according to claim 1, further including means for securing
      said second pair of brackets to each other and wherein said attaching
      means comprises a pair of flexure hinges and further wherein said means
      for applying pressure contact comprises a pair of adjustable fasteners and
      bias means therefor, said adjustable fasteners operatively coupling said
      first pair of brackets to said second pair of brackets.
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ABST
PAL  An electric hair curling iron having vapor generating means includes a
      handle portion having an elongated hair curling body extending from an end
      thereof. Stationary thermostatically controlled electric heating element
      and a movable heat conducting means in heat exchange relation therewith
      are arranged in the body. A liquid reservoir is supported at the end of
      the hair curling body and includes liquid transfer wick spaced from the
      heat conducting means to define therebetween a vaporization space.
      Actuator means are provided on the handle for selectively moving the heat
      conducting means into and out of engagement with the wick to effect
      generation of vapor in the vaporization space. The vapor produced is
      passed exteriorly through openings in the body into contact with the hair
      wound on the curling body.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention is directed to new and useful improvements in hair styling
      apparatus and in particular to hand-held electrically heated curling irons
      having vapor generating means.
PAR  Electric curling irons for styling and setting the hair of the user are
      well-known. Certain of these devices include elongated casings having one
      end comprising the handle portion and the opposite end provided with a
      cylindrical shaped heated operative portion. Clamp or clip means are
      usually provided on the casing which are pivoted to the handle and
      function upon manipulation of the pivoted end thereof to clamp a tuft or
      lock of hair to the heated portion of the iron. The curling iron is then
      rotated in the hand of the user to wind the hair about the iron with the
      heat of the iron causing the formation of the curl when the hair is
      released from the implement.
PAR  As mentioned in certain of these devices means are provided for emitting
      the vapor such as through openings in the heated portion of the iron and
      which vapor assists in forming a more soft and well-shaped curl. Typical
      of the prior art devices for accomplishing these ends include reservoir
      means in the handle portion of the instrument for storing the liquid to be
      vaporized. Hand-operated valve means are provided for releasing the liquid
      from the handle to the heated element for causing vapor to be generated
      when the liquid contacts the heated element. In other devices the liquid
      reservoir is provided in the forward end of the casing and is provided
      with an absorbent wick which is adapted to be moved into contact with the
      heated element within the casing for generating vapor preferably steam. In
      these known devices excessive manipulation of the casing and associated
      parts thereof is required to obtain the desired vaporization which causes
      general inconvenience to the user. Further disadvantages of these known
      type devices is that the location and structure of the vapor generating
      means results in less efficient heating of the implement.
PAR  It is an object of the present invention to provide a novel hair styling
      device.
PAR  It is a further object to provide a novel electric hair curling iron having
      novel means for generating and emitting vapor such as steam therefrom.
PAR  A further object is to provide a novel steam hair curler iron having a
      novel heat and steam generating means which include a novel actuator
      arrangement in the casing for effecting the steam generation.
PAR  A further object is to provide a novel hair styling appliance which
      includes novel electrical cord connector means to allow for swiveling
      rotation of the implement in the hand of the user without interference
      with the appliance power cord.
PAR  A still further object is to provide a novel hair styling device that
      results in more efficient assembly procedure effecting a cost in both
      savings and in parts.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention contemplates a novel hand-held electric curling iron
      having vapor generating means preferably steam, within an elongated casing
      comprising a handle portion and an operative heated portion extending
      therefrom. A hair clip or clamp is provided intermediate the ends of the
      iron and is adapted for pivotable movement toward and away from the
      operative end of the iron to selectively clamp and unclamp hair to the
      outer surface of the operative end. A liquid reservoir is provided at one
      end of the casing having an absorbent wick projecting into the casing.
      Heat transfer means are provided in the casing in association with the
      means for heating the iron. Actuator means are provided on the handle to
      cause movement of the heat transfer means into contact with the wick for
      generating steam upon contact. The generated steam escapes through
      openings in the iron to the hair wrapped about the operative end. Novel
      power cord connector means are also provided in the handle for
      transmitting current to the heat and steam generating means and which
      connector means permit rotation of the handle member without interference
      with the power cord.
DRWD
PAR  These above and other objects and advantages of the present invention will
      appear more fully hereinafter from a consideration of the detailed
      description which follows taken together with the accompanying drawings
      wherein one embodiment is illustrated.
PAC  DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a perspective view of a hair curling iron device embodying the
      present invention;
PAR  FIG. 2 is a bottom view of the device of FIG. 1 with parts broken away to
      show interior portions of the device;
PAR  FIG. 3 is a side longitudinal view of the implement of FIG. 1;
PAR  FIG. 4 is a view of the liquid reservoir or container removed from the
      operative end of the curler iron;
PAR  FIG. 5 is an enlarged sectional view taken longitudinally of the entire
      length of the hair curler iron of FIG. 4 showing portions of the inner
      structure thereof;
PAR  FIG. 6 is a sectional view taken on the line 6--6 of FIG. 5;
PAR  FIG. 7 is an enlarged sectional view of the power cord end connection and
      terminal contacts within the device taken on the line 7--7 of FIG. 8;
PAR  FIG. 8 is a sectional view taken on the line 8--8 of FIG. 7;
PAR  FIG. 9 is an enlarged fragmentary sectional view taken longitudinally
      through the mid portion of the implement and shows details of the
      structure thereof;
PAR  FIG. 10 is a sectional view taken on the line 10--10 of FIG. 9; and
PAR  FIG. 11 is a simplified schematic wiring diagram for the device.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawings for a more detailed description of the
      present invention, a hair curling iron in which is contained one
      embodiment of the present invention is generally indicated by the
      reference numeral 10 in FIGS. 1, 2, 3 inclusive. Iron 10 includes a casing
      comprising a handle portion 12 from which extends an operative end portion
      14. A hair clip 16 is pivotally mounted on handle 12 whereupon
      manipulation of a depressible button 17 a lock of hair may be clamped to
      operative end 14 of iron 10. Manual rotation of the iron 10 wraps the hair
      about end 14. Heat emitted from end 14 in a manner to be explained causes
      a curl to be formed. The reverse rotation of iron 10 permits release of
      the curl from clamp 16 in a usual well-known manner.
PAR  Handle portion 12 is made of a suitable hard plastic material comprising
      complementary formed casing sections 20-21 which are held in assembled
      mated relationship by a suitable fastening means such as spaced threaded
      fasteners 22-23.
PAR  The hair clamp 16 includes a metal semi-cylindrical member conforming to
      the outer surface of operative end 14. A bent end 25 (FIG. 5) of clamp 16
      is press-fitted within a recess of button 17 (FIG. 5). Button 17 is
      disposed within a cavity 26 of handle 12 formed by the mating of sections
      20 and 21. Projections 27 on the walls of cavity 26 (FIGS. 9-10) are
      fitted within openings 28 in the depending sidewalls of button 17 (FIG.
      10) to provide a pivot therefor. A torsion spring 30 is disposed within
      button 17 and has one arm 31 bearing against the under surface thereof and
      the end of the other arm 32 fitted within projections 34 of the bottom
      wall of cavity 26. As will be appreciated the depression of button 17
      (FIG. 9) in cavity 26 about pivot members 27-28 will cause clamp 16 to
      pivot against the urging of spring 30 away from operative end portion 14
      of iron 10. Upon release of button 17 clamp 16 is restored by spring 30
      against the surface of operative end portion 14.
PAR  Operative end 14 of iron 10 includes an elongated metallic cylindrical
      casing 35 which extends into handle 12 between mated sections 20 and 21.
      Cylindrical casing 35 is held securely in handle 12 by the engagement of
      sections 20 and 21 and screw fastener 22 which extends through one end
      thereof. Additional suitable means (not shown) are provided on the forward
      end of handle 12 to position casing 35 therein in a usual manner.
PAR  A second tubular casing 38 FIGS. 8 and 9 which houses the heat generating
      means (generally indicated by the reference numeral 39) and the electrical
      circuit elements (generally indicated by the reference numeral 40) is
      disposed concentrically within tubular casing 35 and is spaced from the
      inner wall surfaces of casing 35 by spaced insulating grommets 42-43. A
      third tubular casing comprising a heat transfer tube 48 is slidably
      mounted over the leading end of casing 38. An aluminum heat sink member 49
      is press fitted into the open end of tube 48 and is normally spaced from
      heater 39 by the distance established by the engagement of the opposite
      end of tube 48 with grommet 42 (FIG. 9). As seen in FIGS. 9 and 10 heater
      element 39 comprises a cylindrical ceramic member 50 having a resistance
      wire 51 embedded therein. Member 50 is press fitted in tubular casing 38.
      Additional circuit elements in tube 38 include theremostat 52 and fuse 56
      secured to a flanged member 53 which is insulated from tube 38 by suitable
      spacing insulation such as RTV adhesive indicated at 62 in FIG. 9.
PAR  Thermostat 52 is provided with an abutting elongated probe 54 which extends
      into an axial conduit 55 provided in ceramic member 50. In use when
      current is applied to iron 10 through power cord 57 (FIGS. 1 to 3) having
      internal connections with circuit wires 58 through connector 82 in a
      manner to be explained ceramic heater 50 is heated by resistance wire 51
      in a usual manner to heat tube 48 and the outer surface of operative end
      14. Thermostat 52 controls a suitable cut-off temperature with probe 54
      sensing the heat the length of ceramic member 50 insuring uniform heat
      throughout. Additional circuit elements include an indicator light 60 to
      advise the user that iron 10 is operative.
PAR  As mentioned it is a feature of the present invention to provide vapor or
      steam generating means for iron 10. To this end a liquid storage reservoir
      comprising a bottle member 64 detachably secured to casing 35 by threaded
      connections 65 thereon in a socket 66 provided in casing 35. An absorbent
      wick 68 having one end extending into bottle 64 and the opposite end into
      casing 35 is provided for transmitting liquid from bottle 64 to heater 39.
PAR  In order to generate steam actuator means are provided for moving transfer
      tube 48 whereby heat sink element 49 is moved into contact with wick 68
      i.e., from the disengaged position shown in FIG. 5 to the engaged position
      shown in FIG. 9. The actuator means include an actuator button 70 on the
      under surface of handle 12. A coil spring 71 (FIG. 9) is disposed within
      actuator button 70 urging button 70 in the direction of arrow A in FIG. 9.
      An actuator bar 73 having one end 74 secured to button 70 and the opposite
      end 75 press fitted in a slot 76 in tube 48. An elongated slot 78 (FIG. 2)
      is provided in handle 12 to allow for movement of bar 73 when button 70 is
      moved in the direction of arrow B (FIG. 9). Movement of button 70 in the
      direction of arrow B will cause actuator bar 73 to drive tube 48
      longitudinally of outer casing 35. In this manner heat sink 49 engages
      wick 68. Under conditions where wick 68 is moist and heat sink 49 heated
      by element 50 steam will be generated for release through openings 80 in
      casing 35. As will be appreciated bottle 64 is readily accessible for
      filling with liquid by removing it from socket 66, filling it with liquid
      and then refastening it to socket 66. Release of button 70 causes coil
      spring 71 to restore tube 48 to the position of FIG. 5 whereat heat sink
      49 is disengaged from wick 68.
PAR  It is also a feature of this invention to permit connector 82 of power cord
      57 to be free for swivel movement so as not to interfere with the use of
      iron 10 when hair is curled about end 14. To this end connector 82
      includes a reduced diameter portion 83 fitted within a circular recess 84
      formed in handle 12. Electrical contact is established by connector 82 by
      means of a first ring output metallic conducting member 85 fitted about a
      shaft portion 86 of connector 82 having contact with a fixed input contact
      87 fixed to a terminal board 88 in handle 12. A second ring output
      terminal 89 is secured to shaft 86 and which contact 89 is spaced from
      contact 85 by insulated portion 90 of shaft 86. A second input contact 91
      on board 88 engages ring contact 89. The ends of contacts 85 and 89 extend
      into connector 82 and have soldered connections 93 and 94 with the wires
      of power cord 57.
PAR  In a similar manner contacts 87 and 91 are connected to wires 58 in circuit
      with the electrical elements 40 as previously described. As will be
      appreciated rotation of handle 12 permits connector 82 to swivel about the
      walls of recess 84. Input contacts 87-91 remain in sliding electrical
      contact with output contacts 85-89 as the handle 12 is rotated without
      breaking the circuit connection.
PAR  The electrical elements 40 are schematically illustrated in circuit in FIG.
      11. Heating element 50 is in parallel with indicator light 60 which is
      provided with protective resistor R. Thermostat 52 is in line with fuse 56
      and heater 50 to control the selected temperature of heater 50. Cord
      contacts 85-89 are shown in circuit establishing connection with input
      contacts 87-91.
PAR  As will be appreciated from the foregoing description curling iron 10 has
      many advantages in use. By holding handle 12 a user can without changing
      positions of the hand manipulate the hair clip 16 to clamp a tuft of hair
      to the operative end 14 and at the same time with the remaining fingers
      manipulate actuator button 70 to move casing 48 to engage heat sink 49
      with wick 68 and generate steam for transmission outwardly of the steam
      outlets 80 in operative end 14. The novel connector 82 connection further
      permitting ready swivel movement at the handle.
PAR  Although one embodiment of the invention has been illustrated and described
      in detail, it is to be expressly understood that the invention is not
      limited thereto. Various changes can be made in the design and arrangement
      of parts without departing from the spirit and scope of the invention as
      the same will now be understood by those skilled in the art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electric hair curling iron including means for selective generation
      of liquid vapors for styling the hair of the user therewith, comprising:
PA1  a. a handle casing and a hair curling body extending therefrom, said hair
      curling body including a heating chamber therein having openings in
      communication with an exterior surface of said body,
PA1  b. stationary heat generating means arranged in said handle casing and said
      body,
PA1  c. movable heat conducting means within said body disposed to receive heat
      from said stationary heat generating means,
PA1  d. liquid storage means spaced from said handle casing and at one end of
      said hair curling body and including liquid transfer means in
      communication with the liquid storage means,
PA1  e. said liquid transfer means being spaced from said movable heat
      conducting means to define therebetween a vaporization space within said
      heating chamber, said openings communicating with said vaporization space
      and
PA1  f. actuator means carried by the handle casing and operably associated with
      said movable heat conducting means for selectively bringing said movable
      heat conducting means into and out of engagement with said liquid transfer
      means to effect generation of vapors from the liquid in the liquid
      transfer means, whereby, vapors are formed in said vaporization space and
      pass exteriorly through said openings in the hair curling body.
NUM  2.
PAR  2. The electric hair curling iron of claim 1, wherein said hair curling
      body includes,
PA1  a. an outer tubular member having said openings therethrough, one end of
      said tubular member being secured within said handle casing and an
      opposite end supporting said liquid storage means,
PA1  b. a stationary inner tubular member arranged within said outer member and
      having disposed therein said stationary heat generating means, and
PA1  c. means supporting said movable heat conducting means on said inner
      tubular member for relative axial movement thereon.
NUM  3.
PAR  3. The electric hair curling iron of claim 2, wherein said movable heat
      conducting means includes a tubular support member slidably mounted on
      said inner tubular member for relative axial movement thereon, a heat sink
      member disposed at one end of said support member and normally spaced from
      and in alignment with said liquid transfer means.
NUM  4.
PAR  4. The electric hair curling iron of claim 1, wherein said stationary heat
      generating means includes an elongated electrical resistance heating
      member co-extensive with a portion of said hair curling body,
PA1  a. a thermostat in series circuit with said heating member for controlling
      electrical energization thereof,
PA1  b. said thermostat having a heat sensing probe arranged within said heating
      member and disposed to receive heat from a major portion of the length of
      said elongated heating member, and
PA1  c. said heat sensing probe communicating the heat received from the length
      of said heating member to said thermostat to effect said energization
      control of the heating member, thereby maintaining a uniform heat level
      over a major portion of said hair curling body.
NUM  5.
PAR  5. The hair curling iron of claim 4, wherein said thermostat is arranged
      within an inner tubular member in alignment with one end of said heating
      member and said probe extends from said thermostat into said heating
      member.
NUM  6.
PAR  6. The electric hair curling iron of claim 1, wherein said handle casing
      actuator means includes a finger-operable actuator member movably mounted
      on an outer surface of said handle casing, and means connecting said
      actuator member to said movable heat conducting means to bring the latter
      into contact with said liquid transfer means upon operation of said
      actuator member.
NUM  7.
PAR  7. The electric hair curling iron of claim 6, wherein said handle casing
      includes a hair clamp mounted for pivotal movement thereon and having
      means for pivoting said hair clamp toward and away from said hair curling
      body, and said actuator member includes a spring urged button on said
      handle casing outer surface located 180.degree. from said hair clamp
      pivoting means.
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ABST
PAL  Thin material such as hair or paper is severed by a singeing process using
      the heated and opposed edges of two thin strips of metal with the edges
      closely spaced apart to form a slot and with the edges heated by high
      frequency electrical current or currents flowing along such strips and
      exhibiting therewith and therebetween skin and proximity effects, and by
      moving such strips relative to such material so that the material to be
      singed or severed enters such slot and is therein singed to effect
      severance by such singeing.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This device is a singeing cutter that singes thin material, such as hair,
      close to the skin, or paper.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  It is well known to singe hair or feathers to remove them from skin.
      However, no process is known or device known that controls the application
      of heat to effect singeing of hair where the zone of application of such
      heat can be limited to a small and precise line, and, yet, very close to
      the skin, which prevents burning or blistering of the live skin supporting
      such hair, and to effect such singeing close enough to the skin to be
      acceptable in comparison with the other type razors now available. It is
      also known to shear paper or other thin material.
PAR  The razor disclosed by Reich, U.S. Pat. No. 3,197,612, July 27, 1965
      employs high frequency to heat and singes hair coming into such field.
PAR  The razor disclosed by Hills, U.S. Pat. No. 2,727,132, Dec. 13, 1955
      employs a single hot wire to singe hair brought into contact therewith.
PAR  Neither of these prior devices discloses an apparatus in which the singeing
      zone can be brought close enough to the skin to achieve a shave comparable
      to that of the mechanical cutters now available.
PAR  It is an object of the present invention to devise a razor that may be used
      for severing hair from live skin by singeing such hair close to the skin
      in a manner comparable to the shaving closeness of present shear type
      mechanical razors, or for severing other thin material by singeing.
PAR  It is a further object of the present invention to devise a singer razor in
      which the heat to effect singeing of hair from live skin is generated by
      the use of high frequency currents evidencing skin and proximity effects.
PAR  Further, it is an object of the invention to devise a razor having therein
      a sharp-edged narrow slot that has such edges heated and insulated
      thereadjacent.
PAC  SUMMARY OF THE INVENTION
PAR  One embodiment of the present invention is had by the use of a short length
      of cylindrical tubular ceramic material of very low thermal conductivity;
      by forming such tube with a flat chordal face that intersects the inner
      surface of the tube enough to form a narrow slot the length of the tube;
      by plating on or adhering to the tube, along each opposed edge of such
      slot, a very narrow strip of electrically conductive metal; and by passing
      along each such very narrow strip a current of such high frequency that it
      will exhibit skin effect and, in addition, the electron current in one
      strip will be at any instant in opposite direction of travel to that in
      the other so that, as between the two strips, the currents will exhibit
      the proximity effect to cause such currents to concentrate in and heat the
      opposed edges of said strips across such slot. When material such as hair
      or paper enters such slot, the heat from such edges singes the material
      between such edges. It is to be noted that such heating is confined to a
      very small slot containing the very narrow edges of such strips.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above outline of an embodiment of the invention is hereinafter
      described in detail and illustrated in the drawings herewith, in which:
PAR  FIG. 1 is a perspective view of a razor embodying the present invention.
PAR  FIG. 2 is a side view of the razor.
PAR  FIG. 3 is a perspective view of the ceramic head of the razor with parts
      broken away.
PAR  FIG. 4 is a partial expanded view of FIG. 3 showing the opposed
      current-conducting strips.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The razor of the present invention has four principle sub-assembly parts
      that are shown in the illustrations of FIGS. 1 and 2. These parts are two
      casing halves 11 and 12 that clamp together to retain therebetween along
      one edge thereof a ceramic sleeve 13. Inside of the main portions of the
      clamped together casing halves is a power pack 14 for supplying a
      particular quality current to two very narrow strips of metal 15 and 16
      inside of the sleeve 13 and in current series with such power pack.
PAR  The ceramic sleeve is open ended and is flattened outwardly of such casing
      in a chordal plane 17 parallel to the axis of the sleeve and to a depth
      that will open and form a narrow slot 18 through the wall of the sleeve.
      This slot is only wide enough to allow the easy ingress of hair or like
      thin material between the opposed edges thereof and preferably as small as
      possible and yet permit the hair to enter therein. There is adhered to the
      inside surface of the sleeve the narrow strip of electrically conductive
      metal 15 and 16 parallel to and one at the side of each edge of the slot.
      These strips are very thin and need not be more than a cover of plating on
      the ceramic. They are also preferably very narrow. An edge of each of the
      strips is coextensive with the sharp ceramic edge of the slot except that
      the ends of the strips are in a short distance from the ends of the slot.
      Adjacent one end of the slot, a connector 19 electrically connects the
      adjacent ends of the strips by passing from one to the other circularly
      around the inside of the sleeve. Adjacent the other end of the slot each
      of the strips is in electrical conductivity with a separate conductive
      leads 20 and 21 that extend upward through a separate hole in the sleeve
      and into the power pack where each of the leads is suitably connected into
      the circuitry of the power pack.
PAR  The power pack receives external electrical power through a connector in
      the opening 22 of the case near the end away from the ceramic sleeve. When
      suitable power is delivered to the power pack it transforms the power to
      high frequency alternating current, about 100 kc to 500 kc. The criteria
      is that the current flowing in the circuit including the edge to edge
      strips 15 and 16 is of a frequency that will cause it to flow with greater
      density adjacent the surfaces of the conductors, including the strips 15
      and 16 than axially thereof, the skin effect, and it will further
      concentrate in the portions of the strips 15 and 16 that are close
      together and opposed to each other across the slot 18, by having the two
      currents such that the electrons travel in opposite directions at any and
      all instants of time causing the proximity effect. The value of the
      current is such that this concentration of the current in the opposed
      edges will heat these edges, with concentration on the faces of the edges,
      to the required temperature, that will cause hair or other thin material
      entering the slot to be singed and severed in the narrow line area between
      the opposed edges of the strips 15 and 16. This singeing should be of a
      degree that will sever the thin material.
PAR  There are several advantages to the particular construction. Among these
      are, first, the use of the ceramic sleeve provides a skin contacting
      surface that can be smooth, free of corrosion, small enough to conform to
      the curves of a person's skin, and provides high resistance to heat and
      high electrical resistance. Second, putting the strips 15 and 16 on the
      inside of the sleeve allows the ceramic sleeve to insulate the skin being
      shaved from the hot metal strips 15 and 16 and allows the strips 15 and 16
      to be rigidly mounted throughout their lengths. Third, the sharp edges of
      the ceramic along the edges of the slot 18 allow the hot edges of the
      strips to be close to the skin so as to singe the hair close to the skin.
      And, fourth, the device has no moving mechanical parts to vibrate, wear,
      and cause frictional losses, and the heat loss of the power pack and the
      singeing strips 15 and 16 will probably, in most embodiments of the
      invention, be less than the motor losses in motor driven mechanical
      razors, or shavers.
PAR  Connecting the two strips 15 and 16 in series in the circuit has the
      necessary characteristics mentioned above of achieving the proximity
      effect. This characteristic is that, at any instant of current flow, the
      electrons of the current in one of the opposed strips 15 and 16 must have
      a direction of travel in opposition at any instant to the travel of the
      current in the other strip to exhibit the proximity effect.
PAR  This proximity effect may be achieved by placing the parallel closely
      spaced conductors in series in a circuit as above disclosed or they may be
      placed in parallel separate circuits as disclosed in my U.S. Pat. No.
      3,004,136, Oct. 10, 1961.
PAR  While the preferred embodiment of the invention shows its application to
      the severence of hair, other material such as a thin paper sheet may be
      severed along a line by placing it between the described and functioning
      opposed metal edges, or by moving it between such edges longitudinally
      thereof.
CLMS
STM  Having thus described an embodiment of my invention, its construction and
      operation, I claim:
NUM  1.
PAR  1. The method of severing a thin material by the application of sufficient
      heat along a line on each of the opposite sides of said material in
      back-to-back relationship to sever such material along a line, that
      comprises inserting said material between two elongated, closely spaced
      strip electrical conductors, each having in opposition to the other a
      narrow edge, causing to travel along each of said conductors a high
      frequency current exhibiting in such travel the skin effect, and said
      edges of said conductors being sufficiently close enough together and the
      electron travel of each said currents being opposite one another at any
      instant such that the currents in said conductors exhibit the proximity
      effect whereby the current in each conductor is concentrated in the face
      of the edge of each conductor to heat the edges to the severing
      temperature for the material, and whereby said inserted material will be
      severed along such line by the heat generated along and between such
      opposed narrow edges.
NUM  2.
PAR  2. A singer cutter comprising: a pair of elongated, closely spaced narrow
      metallic strips, means for supporting said strips in spaced relation so
      that parallel opposed edges of will form therebetween a narrow, elongated
      slot, a source of high frequency current, means connected to each strip
      for passing high frequency current along each said strip, means
      electrically connecting said strips and arranged so as to cause said
      current to flow in a direction in one said strip opposite to that in the
      other said strip at any instant, said currents being of a sufficient
      frequency to exhibit a skin effect and said edges being sufficiently close
      together to exhibit a proximity effect therebetween so as to concentrate
      said currents in the opposed edges of such slot to heat said edges to the
      severing temperature of a material to be cut between said edges.
NUM  3.
PAR  3. In the combination of claim 2, said means supporting said strips in
      spaced relation comprising an interior and an exterior and being formed of
      a low thermal conductivity material, said strips being coextensive with
      said low thermal conductivity material and adhering thereto.
NUM  4.
PAR  4. The combination of claim 3 in which said means for supporting said
      strips is in the form of a cylindrical sleeve formed with an axially
      extending sharp edged slot coextensive with and adjacent to the slot
      formed by said strips.
NUM  5.
PAR  5. The combination of claim 4 in which said sleeve slot is formed by a
      plane parallel to the axis of said sleeve.
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ABST
PAL  The heater assembly comprises a sheathed electric heating element and an
      elastomeric bushing within a sheath end opening. A mounting flange is
      rigidly secured to the sheath inwardly of an end, and the bushing is held
      under longitudinal compression at the time the mounting flange is secured
      to the sheath.
PARN
PAR  This is a division of application Ser. No. 427 823, filed Dec. 26, 1973 now
      Pat. No. 3859721.
BSUM
PAC  BACKGROUND AND SUMMARY
PAR  The invention is particularly adapted for electric heating elements for
      heating liquids in a container, such as the commercially known water
      heater elements adapted to heat water in a tank. The heater is held to the
      wall of the tank by a mounting flange which is rigidly connected to the
      heater sheath.
PAR  The heater assembly comprises a conventional sheathed electric heating
      element, the components of which include a tubular metal sheath; a
      resistance member, such as a helical resistance wire, within the sheath
      and electrically insulated from the inner wall surface thereof by
      compacted refractory material; and metal terminal pins electrically
      connected to the ends of the resistance wire. A mounting flange is rigidly
      connected to the end (or ends) of the sheath by a mechanical connection,
      such as by staking. Representative of the prior art of connecting a metal
      flange to a sheathed heating element by a staking operation is U.S. Pat.
      No. 2,670,529.
PAR  An end seal of some type is usually disposed within the open end of the
      sheath, and U.S. Pat. Nos. 2,489,998 and 2,861,162 disclose rubber
      bushings held within the sheath end. In mechanical staking of a mounting
      flange or screw plug to a sheathed heater, the staking displaces the metal
      of the flange or plug inwardly towards the tubular leg of the heater.
      However, in order to effect a satisfactory seal between the engaging
      surfaces of the mounting flange and tubular leg, the latter must have
      sufficient internal backup to prevent it from collapsing during the
      staking operation.
PAR  It has been found that a relatively soft rubber bushing within the end of
      the tubular leg does not provide a satisfactory backup and for that reason
      relatively hard bushings, such as hard plastic or rubber were used. The
      hard bushings provided satisfactory backup but did not always provide an
      effective seal. Since finished tank assemblies are presently being tested
      with air pressure to check for leaks, it is necessary to provide an
      effective seal that will not leak air at approximately 100 p.s.i.
PAR  Our invention enables the use of the softer rubber bushings to provide the
      effective air seal, and the invention makes use of the fact that rubber
      behaves similar to fluids when subjected to pressure. By applying end
      pressure axially on the rubber bushing within the end of the tubular
      element, it is possible to transmit that pressure to the side wall of the
      tube to provide the necessary backup.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  In the drawing accompanying this specification and forming a part of this
      application, there are shown, for purpose of illustration, several
      embodiments which our invention may assume, and in this drawing:
PAR  FIG. 1 is a broken perspective view of a conventional tubular heating
      element,
PAR  FIG. 2 is a broken perspective showing the element of FIG. 1 after bending
      to hairpin shape, with a mounting flange connected across the tubular
      legs,
PAR  FIG. 3 is an enlarged, fragmentary, longitudinal sectional view
      illustrating apparatus at the start of the operation of assembling a
      mounting member to a tubular sheath,
PAR  FIG. 4 is a view similar to FIG. 3, but further enlarged, showing the
      apparatus after it has effected the assembly,
PAR  FIG. 5 is a fragmentary longitudinal sectional view, drawn to reduced
      scale, showing another form of assembly, and
PAR  FIG. 6 is a view similar to FIG. 5 showing an optional step in the assembly
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The heater assembly comprises a conventional sheathed electric heating
      element, such as shown in FIG. 1. Briefly, the element comprises an
      elongated tube 10 formed of any suitable metal to meet requirements. When
      the heating element is to be operated in a corrosive environment, the tube
      has frequently been formed of copper or a copper alloy.
PAR  A resistance member, such as the helically wound resistance wire 11, is
      disposed within the sheath and is insulated therefrom by granular
      refractory material 12, such as magnesium oxide. A metal terminal pin 14
      is mechanically and electrically connected to each end of the resistance
      wire and each terminal pin extends outwardly of the respective tube end
      for connection to source of electrical energy. An insulating bushing 15 is
      disposed within each end of the tube and in the disclosed embodiment this
      bushing is formed of silicone rubber.
PAR  The bushings 15 have a fairly close fit with the tube openings and as an
      example, the tube may have an outside diameter of 0.375 inches and an
      inside diameter of 0.319 inches, while the bushing may have an outside
      diameter of 0.317 inches. The assembly thus far described is subjected to
      a rolling or side pressing operation to reduce the diameter of the tube
      (to an outside diameter of 0.315 inches in the example given) and thus
      compact the refractory material and firmly lock the bushings in place.
PAR  For water heater purposes, the tubular element is usually bent to the
      hairpin shape shown in FIG. 2, and a mounting member 16 is rigidly
      connected across the legs of the bent element. The member 16 may be in the
      form of a flat plate, having holes near its periphery to pass mounting
      bolts, or it may be in the form of a screw plug so that it may be threaded
      into an opening in the tank wall. In the construction illustrated in FIGS.
      2 through 4, the member 16 is shown as a flat plate with holes 17 to pass
      mounting bolts.
PAR  FIGS. 3 and 4 show only one heater leg and it will be appreciated that if
      two legs of a hairpin heater are to be connected to the mounting plate 16,
      side-by-side assemblies would be required. As seen in FIG. 3, the inner
      end of the bushing 15 abuts the adjacent end portion of the compacted
      refractory material 12 to reduce voids and restrict its inward movement;
      however, the bushing 15 is firmly locked in position and would resist
      longitudinal movement in any case.
PAR  The mounting plate 16 has an opening to closely pass the end of the tube 10
      so that the parts may be positioned as shown in FIG. 3. A stationary lower
      stake holder 20 surrounds, and is clamped to, the tube 10 so that the
      latter is held against longitudinal movement. The holder 20 has a conical
      stake projection 21 extending upwardly therefrom. A punch holder 22
      carries the upper staking member 23, the latter having a lower conical
      projection 24.
PAR  The holder 22 is adapted to be secured to the movable platen 25 of a press
      (not shown) and the lower stake holder 20 is adapted to be carried by the
      bed of the press. The holder 22, in the disclosed embodiment, comprises a
      sleeve 26 which is threaded at its lower end to receive an exteriorly
      threaded sleeve 27, and the staking member 23 is also threaded on the
      sleeve 27 so that its upper end abuts the lower end of the sleeve 26.
PAR  A plunger 30 is mounted for axial movement and is provided with a head
      portion 31 slidable within the sleeve 26 and a reduced lower portion 32
      slidable within the sleeve 27. The plunger 30 has an axial opening to
      closely but slidably receive the end of the terminal pin 14, and the end
      of the sheath 10 is adapted to fit within the annular space 33. Resilient
      means 34 is disposed within the sleeve 26, between the upper end of the
      head portion 31 and a plug 35 threaded into the upper end of the sleeve
      26. In the disclosed embodiment, the resilient means is in the form of a
      compressible rubber plug, but such means may also take the form of a
      compression spring.
PAR  When the platen 25 of the press is moved downwardly, the punch holder 22
      will drive the upper staking projection 24 into the upper surface of the
      mounting plate 16 and in turn will drive the lower staking projection 21
      into the lower surface of the plate. Movement of the platen 25 will be
      controlled so that the staking projections will reach the condition shown
      in FIG. 4 wherein it will be seen that the staking projections have cut
      into the metal and displaced metal inwardly to seal against the exterior
      surface of the tube 10.
PAR  As the punch holder is driven downwardly, the lower end of plunger 32 is
      pressed against the upper end of the bushing 15 and the head portion 31
      will move upwardly into the sleeve 26 but will be resiliently resisted by
      the resilient means 34 so as to apply an axial force downwardly on the
      bushing 34. The resiliency of the means 34 may be chosen to apply the
      axial force in a predetermined amount to adequately back up the tube while
      mechanical staking the steel flange in the described manner. As seen in
      FIG. 4, the staking operation with the bushing under longitudinal
      compression, causes flange metal to be forced against the tube at the
      staking projections, as suggested at 40, while the tube intermediate
      staking projections bulges slightly, as suggested at 41, and the
      combination of these conditions produces a water and air tight seal
      between the tube 10 and the wall surface defining the flange opening. The
      bushing, being locked in the tube end by the rolling or side pressing
      action, and being further locked in the staking operation, will be in
      sealing contact with the inner wall of the tube and the periphery to the
      terminal pin to produce a water and air tight seal at these locations.
PAR  It has been calculated that an internal pressure of about 10,000 to 11,000
      p.s.i. on the copper tube will bring it to the yield point and pressure
      above this value would actually cause the tube to expand. Again, by
      calculation, it has been determined that an axial end force on the
      bushing, of the size noted, about in the order of about 500 pounds will
      supply sufficient force to raise the internal pressure on the tube close
      to the yield point and provide the backup required.
PAC  DESCRIPTION OF OTHER EMBODIMENT
PAR  Since it has been determined that sufficient internal pressure may be
      applied to tube to bring it to and beyond its yield point, it is possible
      to cause the tube to expand to a water and air tight seal with the wall
      surface defining the opening in the mounting flange without a staking
      operation, and FIGS. 5 and 6 show this condition. In this case an axial
      end force in excess of 500 pounds has been applied to the bushing 15a by
      the plunger 32a. It will be noted that the tube 10a has been expanded in
      sealing contact with the flange opening and that the tube on opposite
      sides of the flange has bulged slightly beyond the size of the flange
      opening to lock the tube in place. It has been determined that the bushing
      will remain in its longitudinally stressed relation after end pressure
      thereon has been removed; however, in some cases it may be desirable to
      turn in the tube end, as seen at 45 in FIG. 6, before end pressure is
      removed from the bushing.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electric heating element, comprising:
PA1  a metal tube,
PA1  a resistance member within said tube and insulating material within said
      tube to electrically insulate said resistance member from said tube,
PA1  a pair of metal terminal pins, each having one end within a respective tube
      end and mechanically and electrically connected to a respective end of
      said resistance member and having an opposite end extending outwardly of
      the respective tube end,
PA1  a metal mounting member for attaching said heating element to the wall of a
      container, said mounting member having a hole through which one end of
      said tube passes with close tolerance,
PA1  means holding said tube one end within said mounting member hole and
      providing a sealing connection therebetween, said means including metal
      deformation adjacent to said tube end and the surface defining the hole in
      said mounting member, and an elastomeric bushing closely fitting within
      said tube one end and closely around the terminal pin thereat, said
      bushing being locked within said tube one end under axial compression.
NUM  2.
PAR  2. The construction according to claim 1 wherein said holding means
      comprises a stake connection between said mounting member and said one
      tube end, wherein metal of said mounting member around the hole in the
      latter is deformed inwardly against said tube end.
NUM  3.
PAR  3. The construction according to claim 1 wherein said holding means
      comprises an outward deformation of said tube one end against the surface
      defining the hole in said mounting member.
NUM  4.
PAR  4. The construction according to claim 1 wherein the extremity of said tube
      one end is turned over the end of said bushing.
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ABST
PAL  An electric heating device for heating fluid media includes a plurality of
      disc-shaped porous bodies each consisting of a plurality of felted
      togehter polycrystaline metal whiskers grown out of a gas phase and
      connected each to one another at their points of contact. A plurality of
      disc-shaped electric heating elements alternate with the bodies to form a
      column for connection to a voltage source. The total electrical resistance
      of the elements is greater than the total electrical resistance of the
      porous bodies. In one embodiment the bodies and elements are both porous
      and form a longitudinal passage along the column and means are provided
      for delivering fluid medium to one end of the passage to be heated as it
      flows lengthwise of the column. In another arrangement the bodies and
      elements are centrally apertured to form a central longitudinal passage
      and means are provided for delivering the fluid medium to one end of the
      passage. In this arrangement the heating elements may be non-porous
      whereby the fluid medium flows radially through the porous bodies for
      heating. Alternatively, the heating elements may also be porous in which
      case fluid medium is heated as it flows radially through the elements as
      well as through the elements bodies.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to electric heating devices. It is particularly
      concerned with the rapid heating of fluid media using at least one porous
      member. This may consist of a plurality of polycrystalline metal whiskers
      grown out of the gas phase, felted together and connected at their points
      of contact. The member is heated electrically and the medium which is to
      be heated is passed through it.
PAR  An electric heating device of this type is described, inter alia, in German
      Pat. No. 1,288,705.
PAR  Porous members which consist of inter-connected polycrystalline metal
      whiskers can be produced with an extremely large inner surface area for
      their overall volume. This is possible because the polycrystalline metal
      bodies have a well above average strength for their diameter (of the order
      of a few microns to less than 1 micron) and can therefore be worked into
      skeletal structures capable of standing up to fluid or gas pressures at
      which skeletons of other materials would be torn apart or excessively
      compressed. Manufacture and properties of such polycrystalline metal
      whiskers are described, inter alia, in German Pat. No. 1,224,934 and in
      the "Zeitschrift fur Metallkunde" Vol. 59 (1968, No. 1, pages 18-22.
PAR  Such porous members are used with great success as resistance heating
      elements for the vaporizing or atomization of liquid fuels (see Ingenieur
      Digest 1972, No. 12, pages 43 to 44). A certain difficulty arises,
      however, from the ready electrical conductivity, i.e. the low electrical
      resistance of such a whisker skeleton, which gives rise to heavy currents.
      The use of compensating resistances for the purpose of reducing the
      current strength is not justifiable on economic grounds, and the use of a
      transformer for the purpose of lowering the voltage is in many cases
      impossible or not desirable. Furthermore, the electrical resistance of
      such whisker skeletons can be varied only within relatively narrow limits.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is based on the problem of providing an electric heating
      device of the type mentioned above, the current absorption of which can be
      varied at will and adapted to given circumstances without the aid of
      expensive or uneconomical accessory equipment.
PAR  According to one aspect of the present invention there is provided an
      electric heating device for heating fluid media, comprising at least one
      porous body consisting of a plurality of felted-together polycrystalline
      metal whiskers grown out of the gas phase and connected to one another at
      their points of contact, means for guiding the medium to be heated through
      the body, and an element with which the body is in heat-conductive
      communication, said element being adapted to be heated by the passage of
      an electric current therethrough and having an electrical resistance
      greater than that of the porous body.
PAR  With such a device the porous body is not or at least not exclusively
      heated directly by an electric current. Instead, it is heated indirectly
      by a structural element which is in turn heated by electric current. The
      electrical resistance of this element can be adapted to the available
      current source and the heat energy required.
PAR  In one preferred embodiment the element which is heated by electrical
      current is a conductor wound around a tube of readily heat-conductive
      material in which the porous body is disposed in heat-conductive
      communication with the tube wall. When current passes along the electric
      conductor the heat generated heats the porous body indirectly through the
      tube wall.
PAR  In another embodiment the element which is heated by electric current
      consists of a tube of electrically conductive material in which the porous
      body is disposed and with whose wall it is in heat-conducting
      communication, the tube wall being electrically insulated from said body
      over the greater part of its length. The tube and the porous body are
      electrically connected in series. The total resistance of this electric
      heating device is the sum of the individual resistances of the tube and of
      the porous body, and since the electrical resistance of the tube is a
      multiple of the electrical resistance of the porous body, the porous body
      is only negligibly heated directly by electric current. Its main heating
      is effected by the absorption of heat from the more intensely heated tube.
PAR  The electric heating device can also be built-up into a column from
      alternately superimposed disc-shaped porous bodies and disc-shaped
      electric heating elements which are in heatconductive connection with one
      another, the total electrical resistance of the heating elements being a
      multiple of the total electrical resistance of the porous bodies. The
      electric heating elements are connected electrically in series, possibly
      via the interposed porous bodies. With this construction also the porous
      bodies are mainly heated by the absorption of heat from the electric
      heating elements. In order to achieve a rapid heat absorption these discs
      should be relatively thin, for example only a few millimeters or fractions
      of millimeters thick; and the diameter will generally be a multiple of
      their thickness.
PAR  The electric heating elements may be formed by a woven fabric or felt,
      constituted by metallized carbon threads for example. A principal object
      of such metallization is to set the total resistance of the electric
      heating device at a definite value. This metallization may be effected
      after the column has been assembled, the column being connected to a
      current source and the electric heating elements consisting of carbon
      threads being heated by direct passage of current. The temperature is
      raised to the decomposition temperature of a thermally decomposable metal
      compound, preferably a metal carbonyl, after which the metal compound is
      passed in vapor form through the column, decomposing and depositing metal
      on the carbon threads. The heating and the passage of the metal compound
      through the column is continued until such time as the desired total
      electrical resistance of the column is achieved. This can be monitored
      constantly by means of an ohm meter.
PAR  Alternatively, the electric heating elements may be constituted by plates
      or screens made from a heat conductive alloy or felts made from organic or
      inorganic fibers or polycrystalline metal whiskers which are provided with
      a coating of collodal graphite.
PAR  The disc-shaped porous bodies and the disc-shaped electric heating elements
      may be disposed serially and alternately in the direction of flow of the
      medium which is to be heated, so that one heating element is disposed
      between each adjacent pair of porous bodies. To enable the heating
      elements to be traversed by the medium to be heated they must be permeable
      to the medium.
PAR  Particularly for the heating of gasification of hydrocarbons, it is
      advantageous for the heating device to be traversed radially from inwards
      outwardly, since with such a through-flow, an ever larger pore volume is
      available to the medium which is to be heated. This is in line with the
      increase in volume of the hydrocarbon which becomes converted to vapor as
      it passes through the heating device. In this way the danger of clogging
      or localized overheating of the heating device is largely avoided. For
      this purpose the column may consist alternately of disc-shaped porous
      bodies and disc-shaped electric heating elements, each being centrally
      apertured to form a central longitudinal duct which communicates with a
      supply line for the medium to be heated. The column is enclosed at a
      distance by a casing which accommodates the heated medium emerging
      radially from the column. The disc-shaped electric heating elements are
      preferably substantially pore-free; in other words they have closed
      lateral faces in order to be able to offer the adjacent disc-shaped porous
      bodies a large heat transfer area. Such pore-free electric heating
      elements may for example, be a felt or fabric of possibly metallized
      carbon threads whose pores are filled with a suitable medium, for example,
      a heat-resistant cement.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  For a better understanding of the invention some constructional forms will
      now be described by way of example, with reference to the accompanying
      drawing in which
PAR  FIG. 1 is a longitudinal sectional view of a first embodiment of a heating
      device in accordance with the invention.
PAR  FIG. 2 is a longitudinal sectional view of a second embodiment of a heating
      device in accordance with the invention.
PAR  FIG. 3 is a longitudinal sectional view of a third embodiment of a heating
      device in accordance with the invention.
PAR  FIG. 4 is a longitudinal sectional view of a fourth embodiment of a heating
      device in accordance with the invention.
PAR  FIG. 5 is a longitudinal sectional view of a fifth embodiment of a heating
      device in accordance with the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In each example to be described at least one porous body is provided and
      consists of a plurality of felted-together polycrystalline metal whiskers.
      Preferably they are connected metallically to one another at their points
      of contact and are grown out of the gas phase. The porous body is
      traversed by the medium which is to be heated. The heating of the porous
      body is mainly effected indirectly by means of electrical energy, the
      porous body being in heat-conductive communication with an element which
      is heated by the passage of electric current through it. The electrical
      resistance of this element will be several times that of the porous body.
PAR  In FIG. 1, the porous body 1 is disposed inside a tube 2 made from readily
      heat-conductive material and is in heat-conductive contact with the tube
      wall 3. The tube 2 may be formed for example, by a layer of insulating
      lacquer applied to the surface of the porous body 1. The tube 2 has wound
      around it an electric heating conductor 4, the ends of which are connected
      to the poles of a current source. The entire heating device is enclosed by
      an insulating cover 5 indicated in outline. The porous body 1 is traversed
      by the liquid or gaseous medium which is to be heated flowing in the
      direction of the arrows 6. The medium is heated solely by heat radiation
      or conduction from the heating conductor 4. Since the porous body 1
      consists of polycrystalline metal whiskers which at their points of
      contact are connected to one another metallically, preferably by
      decomposition of metals from the gaseous phase, it has a very high heat
      conductivity. Thus the heat given off by the electric heating conductor 4
      is very rapidly and evenly dispersed throughout the entire porous body 1.
PAR  In FIG. 2 a thin-gauge tube 7 made from a heat and electrically conductive
      alloy encases the porous body 1', which is in heat conductive contact with
      the inner wall of the tube but is electrically insulated therefrom. The
      electrical insulation is achieved by a layer 8 of an insulating lacquer.
      The tube 7 is in turn enclosed by a heat insulating cover 10 shown in
      outline.
PAR  In this example the tube 7 and the porous body 1' are electrically
      connected in series. The right-hand ends (as seen in the Figure) of the
      porous body 1 and the tube 7 are connected to each other in an
      electrically-conductive manner by a metal cap 11. The left-hand end of the
      porous body 1 is provided with a fluid inlet duct 12 which is connected to
      one pole of a current source. The other pole of this current source is
      connected to the left-hand end of the tube 7, which is electrically
      insulated from the duct 12 as well as from the porous body 1 over most of
      its length. The medium to be heated is supplied via the duct 12, traverses
      the porous body 1' in the direction of the arrows 6 and possibly in vapor
      form emerges through a central aperture 13 in the cap 11.
PAR  As mentioned above, the electrical resistance of the tube 7 is a multiple
      of the electrical resistance of the porous body 1'. Consequently the
      porous body 1' is substantially less heated by direct passage of current
      than the tube 7 and so the desired heating of the porous body 1' occurs
      predominantly by absorption of the heat given off by the tube 7. The
      proportion of the resistances of the tube 7 and of the porous body 1' may
      be approximately 5 : 1. In order to increase the electrial resistance, the
      tube 7 may be wound from a strip, the turns of which are spaced or
      electrically separated from one another so that the entire length of the
      strip serves as a heating conductor.
PAR  In FIG. 3 where identical or equivalent component parts are identified by
      the same reference numerals as in FIG. 2 but with a suffix a, there are
      alternately disposed in the electrically conductive tube 7a disc-shaped
      porous bodies 15 made from polycrystalline metal whiskers and disc-shaped
      electrical heating elements 16. The diameter of each disc is a multiple of
      the thickness, and the discs are electrically insulated from the tube 7a
      by a coating 8a. The disc-shaped heating elements 16 are electrically
      connected in series by means of the interposed porous bodies 15. The
      column formed from discs 15 and 16 is electrically connected in series
      with the tube 7a, in a similar manner to the body 1' of FIG. 2. Since the
      disc-shaped heating elements 16 have a considerably greater electrical
      resistance than the disc-shaped porous bodies 15, the heating elements 16
      are more intensely heated by the electric current than are the porous
      bodies 15, and so they give off heat to the porous bodies 15.
PAR  As in the case of the preceeding examples, the heating device is
      transversed in the longitudinal direction of the tube 7a by the medium
      which is to be heated. This requires that the disc-shaped electric heating
      elements 16 should also be permeable to the medium which is to be heated.
      These heating elements 15 may consist, for example, of carbon threads,
      either in the form of a felt or in the form of a gauze. The individual
      heating elements 16 may consist of several layers of gauze. Alternatively,
      the heating elements 16 may consist of screens or perforated plates of a
      heat conductive alloy, or a felt made from organic or inorganic fibers or
      polycrystalline metal whiskers which have a graphite coating consisting of
      colloidal graphite.
PAR  In this embodiment, the total electrical resistance can be adjusted to a
      predetermined value by the extent to which the threads or fibers forming
      the heating elements 16 are coated with metal. For this purpose the
      complete heating device formed by the porous bodies 15, the heating
      elements 16 and the tube 7a is connected to a current source so that the
      heating elements 16 are heated by direct electric current passing through
      them. The temperature is raised to that of decomposition of a thermally
      decomposable metal compound, preferably a metal carbonyl. Then the
      carbonyl in vapor form is passed through the device, the carbonyl
      decomposing and depositing metal onto the heating threads of the heating
      elements 16. This metallization also produces an attachment of the heating
      elements 16 to the adjacent porous bodies 15. When the desired total
      resistance is attained, which can be established during metallization by a
      connected resistance measuring device, heating of the column and the
      supply of carbonyl vapor are stopped.
PAR  Without metallization, the electrical resistance of the heating elements 16
      may be approximately a hundred times as great as the porous bodies 15.
PAR  Similarly to the example of FIG. 3, the device of FIG. 4 is provided with a
      column built up from small discs, disc-shaped porous bodies 15' of
      polycrystalline metal threads alternating the disc-shaped electric heating
      elements 16'. However, the discs are centrally apertured to create an
      axial passage 20. The heating elements 16' are electrically connected in
      series by means of the interposed porous bodies 15, while the outermost
      pair of heating elements 16' are electrically associated respectively with
      a duct 21 for the supply of the medium to be heated and with a metal
      casing 22 which encloses the column of discs, leaving an annular space.
      The column is connected to the poles of a current source via the duct 21
      and casing 22.
PAR  In FIG. 4 the medium to be heated is directed along the axial passage 20,
      whence it escapes in a radially outward direction. The electric heating
      elements 16' can, but do not have to be porous since the medium to heated
      can be passed solely through the porous bodies 15'. As with the preceeding
      example, the electric heating elements 16' may consist of a woven fabric
      or a felt, possibly composed of metallized carbon threads. The pores may,
      however, be filled with a cement.
PAR  FIG. 5 depicts the heating elements 16" as being porous with the remaining
      component parts which are identical to components of FIG. 4 bearing the
      same reference numerals.
PAR  The heated medium which emerges possibly in vapor form radially from the
      porous bodies 15' collects in the casing 22 and is drawn or forced out
      through the apertures 23, at the right hand end.
PAR  Thus the several aforenoted objects and advantages are most effectively
      attained. Although several somewhat preferred embodiments have been
      disclosed and described in detail herein, it should be understood that
      this invention is in no sense limited thereby and its scope is to be
      determined by that of the appended claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An electric heating device for heating fluid media, comprising;
      disc-shaped porous bodies consisting of a plurality of felted together
      polycrystalline metal whiskers grown out of the gas phase and connected to
      one another at their points of contact, disc-shaped electric heating
      elements alternating with said bodies to form a column for connection to
      an electric voltage applying means, said disc-shaped bodies and elements
      being centrally apertured to form a central longitudinal passage along the
      column, means for delivering the medium to be heated to said passage, and
      a casing enclosing the column to form a surrounding space, the passage
      communicating with said space through at least the disc-shaped porous
      bodies, said space having an outlet for the heated medium, the total
      electrical resistance of said elements being greater than the total
      electrical resistance of said porous bodies.
NUM  2.
PAR  2. A device according to claim 1, wherein the disc-shaped electric heating
      elements are substantially pore-free.
NUM  3.
PAR  3. An electric heating device for heating fluid media, comprising;
      disc-shaped porous bodies consisting of a plurality of felted together
      polycrystalline metal whiskers grown out of the gas phase and connected to
      one another at their points of contact, disc-shaped electric heating
      elements alternating with said bodies to form a column for connection to
      an electric voltage applying means, said disc-shaped bodies and elements
      being porous to form a longitudinal passage along the the column, means
      for delivering the medium to be heated to said passage for passage through
      said bodies and elements, the total electrical resistance of said elements
      being greater than the total electrical resistance of said porous bodies.
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ABST
PAL  This invention relates to an improvement in electric kettles and in
      particular to the temperature controls for such kettles. The temperature
      control is adjustable to provide a variation in operating temperature of
      the heating element of the kettle and thus control the wattage input to
      the kettle. By this means it is possible to control the rate at which
      water is boiled or evaporated from the kettle. By setting the temperature
      control to its highest heat position, full wattage is supplied to the
      heater element to bring the water in the vessel to a boil and vapourize
      the contents thereof in the shortest possible time. If the temperature
      controller is left in the high heat position the kettle will evaporate at
      an approximate rate of two quarts of water in one hour. If the control is
      set to the low end of the range the contents will be brought up to a boil
      condition in the same time as if the thermostat were set on the high heat
      position, but the same amount of water will be evaporated in 12 to 15
      hours. No matter which setting is used the temperature control is
      effective to protect the kettle during a "boil dry" overheat cycle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Vessels such as water kettles have been heating water for mankind for some
      time and the electric kettle has probably been the last link to evolve in
      the kettle chain of development. The first electric kettles were provided
      with a simple sheath covered electric heating element located in the
      bottom of the vessel which heated the water by heat transfer through the
      sheath into the water. A thermostat of the "reset" type was usually
      provided to protect the kettle against resulting damage during "boil dry."
PAR  Subsequently kettles evolved which could heat the water in the vessel at
      two substantially different rates. This was accomplished by providing two
      separately energizable elements in the bottom of the vessel so that by
      moving a switch either of the elements could be selected for energization.
      This kettle functioned to provide heated water in a very short time with
      vigorous boiling on the "fast boil" setting or if the kettle was set on
      the lower heat setting the kettle would evaporate the water in the vessel
      at a safe rate to perform the function of a vapourizer. The inclusion of a
      switch and a low heat element have functioned to add heat to the water in
      the vessel at two widely differing rates. Because of the inclusion of the
      two additional components required to give the "low heat" operation,
      substantial additional manufacturing costs were incurred during the
      manufacture of kettles of this type.
PAC  SUMMARY OF THE INVENTION
PAR  The kettle of the present invention overcomes the serious cost disadvantage
      of the prior art kettles in which heat at two different specific rates
      were added to the water in the vessel. By the addition of an adjustable
      thermostat to the single heating element of this kettle, the rate of
      energy flow to the heating element may be varied in small increments over
      a very large range. The result is a kettle which has an infinitely
      variable temperature operating range and the cost of such an additional
      feature is minimal.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWINGS
PAR  FIG. 1 is an exploded perspective view of the bottom of the kettle which is
      the subject of this invention;
PAR  FIG. 2 is an enlarged view of the thermostat as shown in FIG. 1; and
PAR  FIG. 3 is a side view of the thermostat showing the calibration device in
      particular.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT OF INVENTION
PAR  Throughout the disclosure reference will be made to a kettle with a
      variable wattage input. It is understood that the wattage of an electric
      heating appliance may be varied in a number of ways such as by controlling
      the amplitude of the current through the heating element by voltage
      adjustment or impedance adjustment.
PAR  It must also be remembered that the wattage of a heating element may also
      be varied by periodically interrupting the current passing through the
      element so that the current which has a fixed amplitude is switched "on"
      and "off" to effectively vary the wattage input to the heating element.
      Although the wattage input to the heating element is constant during
      periods when the current flows, if the time period is chosen which is long
      in comparison to the cycling rate of the thermostat, it will be found that
      the average wattage input to the element during the chosen period varies
      according to the ratio of on to off time that current flows to the heating
      element. It is in this manner that the thermostat of the present invention
      functions to vary the wattage into the heating element of the kettle.
PAR  Referring to FIG. 1 wherein the bottom of the kettle of this invention is
      shown, it will be seen that the base 10 has been removed from the main
      body 12. Main body 12 is suitably manufactured from some metal such as
      copper, aluminum, or steel. The body 12 is fitted with a lid 14 which
      performs the function of providing a spout and handle for the vessel 12.
      Lid 14 may be secured to vessel 12 in a number of ways, none of which are
      related to the present invention.
PAR  Vessel 12 is provided with a recess 16 in the lower surface thereof for the
      housing of thermostat 18 and the terminals 20 and 22 of the heater
      element.
PAR  The heater of the kettle 12 is a sheath-type heater in common use which is
      formed by surrounding a resistance wire with an electrical insulating
      medium which is a good heat conductor. The wire and insulation are
      enclosed in a metallic sheath which may be copper or some other suitable
      metallic material. The heater is mounted at or on the lower surface of the
      kettle in such a manner that the two ends of the sheath protrude through
      the lower surface and are sealed in the metallic vessel by soldering etc.
      The termianls 20 and 22 are formed at the ends of the resistance heater
      which are extended slightly beyond the ends of the sheath. Although the
      description of the sheathed heater and the method of sealing the sheath
      have been described in some detail, it is understood that this technique
      is old and as such forms no part of this invention.
PAR  Recess 16 is suitably enclosed by base 10 which is held in place by nut 24
      on stud 26 which stud is secured to the lower surface of the bottom of
      vessel 12 by resistance welding, brazing or any other suitable means.
PAR  A supply cord 28 is arranged to be connected to the terminal 22 of the
      heater and to terminal 30 of thermostat 18. Thermostat 18 is supplied with
      a handle 32 which adjusts the rate of energy flow to the heater in the
      kettle.
PAR  An enlarged view of the thermostat and adjusting means is shown in FIGS. 2
      and 3. Thermostat 18 is held in good heat transfer relationship with the
      bottom of vessel 12 by means of bolt 34 which in this instance is
      threadably engaged in the bottom surface of vessel 12. The thermostat 18
      may be secured to the lower surface in a variety of ways as long as the
      thermostat is in good heat conducting relationship with the bottom of said
      vessel. Bolt 34 holds the entire assembly 18 together in compression. At
      the top of assembly 18 as shown in FIG. 2 is a bracket 36 in which the
      adjustable control lever 32 is mounted. Actually, lever 32 is press fitted
      on to cylindrical member 38 which is provided with threaded end 40 at the
      lower end thereof, the threaded end 40 threadably engages with
      corresponding threads in member 36. Thus when lever 32 is moved clockwise
      or counterclockwise so as to rotate member 38, the member 38 will move up
      or down with respect to member 36. Member 38 is provided with a
      cylindraceous recess 42 in the lower portion thereof which is of a
      suitable dimension to accept the long cylindrical insulating member 44
      therein.
PAR  Member 38 is also provided with post 39 which provides limits for the arc
      of rotation of member 38. Post 39 engages stop pin 41 or the upturned tang
      in the end of bracket 36 at the limit of rotation in either direction.
      Member 44 is received in recess 42 in a good sliding fit, and is arranged
      to rest against the lower surface 46 of screw 48. Screw 48 is threadably
      received in member 38 and is provided to calibrate the thermostat so that
      the position of lever 32 will be in the correct temperature operating
      range when manufacture is complete.
PAR  Below member 36 is an insulating spacer 50 and below this is a conducting
      terminal 30 which is arranged to be in good electrical conductivity
      relationship with member 52 of thermostat 18. Member 52 is capable of
      carrying the rated current of the heating element of the kettle and is
      held in fixed position in compression by bolt 34. Member 52 is provided
      with a clearance hole 54 so that member 44 may pass therethrough in an
      unobstructed manner and a contact 56 is mounted at the lower surface near
      the end remote from bolt 34.
PAR  Spacer 58 separates member 52 from lower members 60 and 62. Member 62 is
      arranged to be more or less parallel with member 52 and member 62 is
      provided with a dimple in the top surface thereof to receive the lower end
      of member 44 therein.
PAR  The position of the free end of the member 62 is thus determined by the
      position of member 44 which in turn translates by rotation either member
      38 or 48. Member 62 has a contact 64 which faces upwardly and is arranged
      to be positioned in working relationship with contact 56 of member 52.
      Member 60 which is a bus member connected to terminal 20 is arranged to be
      in good electrical contact with member 62. An insulating spacer 66
      separates the bimetal member 68 from the member 62. Member 68 is arranged
      to be in a more or less parallel relationship with the member 62 and at
      the same time member 68 must be in good heat conducting relationship with
      the lower surface of vessel 12. Member 68 is provided with a recess 70
      formed therein by having a portion of the material removed therefrom.
      Recess 70 serves to fixedly receive insulating member 72 therein.
      Insulating member 72 is provided with post 74 which extends toward member
      52.
PAR  The thermostat functions as follows. Current from supply cord enters the
      thermostat on terminal 30 and passes into member 52. Contact 56 on member
      52 is in contact with contact 64 of member 62 and current thus passes into
      member 62 and into bus member 60 to terminal 20 of the heater element.
      Current then passes from heater element to terminal 22 thence to supply
      cord 28.
PAR  As the heater element heats the water in vessel 12, a small proportion of
      heat travels into bimetal member 68 to deflect it upwardly. When the
      temperature of bimetal 68 is elevated sufficiently, bimetal 68 and
      insulating member 72 move up sufficiently to cause post 74 of member 72 to
      push member 52 up so as to move contact 56 away from contact 64 on member
      62 and thus open the circuit. This point would normally be set to the
      boiling point of the water in vessel 12. Bimetal member 68 thus moves
      member 72 up and down in response to the temperature of the bimetal to
      control the energy flow into the heating element.
PAR  The input wattage rate is adjusted by moving the lever 32 so as to rotate
      member 38 in member 36. This causes member 44 to translate and move member
      62 up or down.
PAR  If it is desired to change the "boil rate" of the kettle, lever 32 is moved
      to a higher heat position, member 38 rotates and tends to unthread itself
      in member 36 thus allowing member 44 to move upwardly, thus allowing
      member 62 which is spring loaded against member 44 to move upwardly. This
      causes contacts 56 and 64 to close at a temperature which will be
      significantly higher than previously, and the rate at which energy is fed
      into the heater will be increased. If the water in vessel 12 was
      previously boiling, it will boil more vigorously, thus the rate of
      evaporation will be increased.
PAR  Screw 48, which is a calibration screw, is set at the factory to adjust the
      position of member 62 so that the lever 36 will be in its proper position
      in the working range. Screw 48 may be restrained from further movement
      after calibration by the addition of thermosetting cement around the heat
      thereof to bind screw 48 in member 38.
PAR  It is seen that a kettle has been described which is much more versatile in
      its operation than prior art models and yet is basically simplistic in
      concept and manufacture. Because of this, manufacturing problems are
      lessened and associated service problems are minimized.
CLMS
STM  The embodiments of the invention in which an exclusive property or
      privilege is claimed are defined as follows:
NUM  1.
PAR  1. An electric kettle comprising a covered metallic vessel having a lid
      sealedly attached thereto, said lid having a handle and spout formed
      integrally therein, a cavity formed in the lower surface of said vessel
      for housing a thermostatic device, said vessel having a sheath type heater
      sealedly mounted in the bottom of said vessel to heat water in said
      vessel, the ends of said heater passing in a sealed relation through the
      lower surface of said vessel into said cavity, a power supply cord also
      being supplied to said cavity, said cavity being covered by an insulating
      base plate, said power supply cord being connected in a circuit comprising
      said heater and said thermostatic device, said thermostatic device being
      mounted in good heat transfer relationship with the lower surface of said
      vessel so as to sense the temperature of water in said vessel, said
      thermostatic device having handle means extending through said base plate
      so as to enable the operating temperature range of said thermostatic
      device to be conveniently adjusted from the exterior of said base plate.
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ABST
PAL  An electrical resistance heater on a metal substrate. Bonded to a surface
      of the substrate is an insulating layer of a cured polyimide or
      polyamide-imide resin. A second layer of a cured polyimide or
      polyamide-imide resin having dispersed therein at least approximately 60%
      by weight of graphite flakes is bonded to the insulating layer.
      Intermediate and bonded to a portion of the insulating layer and an
      opposing portion of the second layer is an electrically conductive stripe
      which provides a high conductivity path to interconnect the second layer
      to an external electrical circuit. The stripe is formed from a cured
      polyimide or polyamide-imide resin having dispersed therein flakes of a
      conductive metal. The layers are flexible and the second layer and stripe
      have electrical conductivities which are not substantially degraded during
      operation at temperatures of at least 200.degree.C. for extended periods
      of time.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to electrical resistance heaters and more
      particularly to such heaters formed in situ on metal substrates.
PAR  Electrically heated metal bodies have a wide variety of commercial and
      industrial uses, such as in thermostatic devices, thermal relays,
      time-delay relays, circuit breakers, etc. It is advantageous to have the
      electrically energized heater in good heat-exchange relation to the metal
      body, frequently a bimetal strip or disk, which changes its configuration
      as a function of temperature. Also, it is desirable to be able to supply
      such heater-metal units in various shapes and configurations at minimal
      expense. By providing a heater constituted by a relatively thin layer or
      coating applied on a surface area of the metal substrate to be heated,
      excellent heat transfer can be achieved. However, such heater layers are
      subjected to high temperatures for extended periods of time and in many
      applications must undergo repeated flexing. Epoxy resins mixed with
      graphite or other materials have been used for this purpose but at
      elevated temperatures, i.e., in the order of 200.degree.C. or higher,
      these materials tend to degrade and deteriorate and fail to provide stable
      resistance characteristics necessary to long-term reliable functioning.
      Electrical resistance heater tapes and films have been made of polyimide
      and polyamide-imide resin compositions containing carbon particles, as
      disclosed in U.S. Pat. Nos. 3,444,183, 3,563,916, Belgium Pat. No. 630,749
      and Netherlands application Ser. No. 6,511,346. There remains, however, a
      need for heater-metal composite units which will reliably function at
      elevated temperatures and economically provide for convenient supply of
      electrical current to the unit and flow through desired paths.
PAC  SUMMARY OF THE INVENTION
PAR  Among the several objects of this invention may be noted the provision of
      an electrical resistance heater bonded to a metal substrate surface which
      operates satisfactorily for extended periods of time at temperatures of at
      least about 200.degree.C. without substantial degradation of its
      resistance characteristics, which will withstand flexing of the substrate,
      and to which electrical current is conveniently supplied for flow through
      desired paths; the provision of such heater on substrate units which are
      economical in cost and reliable in operation. Other objects and features
      will be in part apparent and in part pointed out hereinafter.
PAR  Briefly, the invention is directed to an electrical resistance heater on a
      metal substrate which comprises an insulating layer of a cured polyimide
      or polyamide-imide resin bonded to a surface of the substrate. A second
      layer of a cured polyimide or polyamide-imide resin, having dispersed
      therein at least approximately 60% by weight of graphite flakes, is bonded
      thereto. Intermediate and bonded to a portion of the insulating layer and
      an opposing portion of the second layer is an electrically conductive
      stripe which constitutes a high conductivity path to interconnect the
      second layer to an external electrical circuit. The stripe is formed from
      a cured polyimide or polyamide-imide resin having dispersed therein flakes
      of a conductive metal. The layers are flexible and the second layer and
      stripes have electrical conductivities which are not substantially
      degraded during operation at temperatures of at least 200.degree.C. for
      extended periods of time.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1-5 illustrate sequential steps in a process for fabricating an
      electrical resistance heater on a metal substrate made in accordance with
      the present invention;
PAR  FIG. 6 is a perspective of a heater and bimetal composite illustrating the
      present invention;
PAR  FIG. 7 is a plan view of the FIG. 6 composite;
PAR  FIG. 8 is a cross-section on line 8--8 of FIG. 7;
PAR  FIG. 9 is a circuit diagram of the composite of FIGS. 6-8 utilized in a low
      current circuit breaker for an electrical load; and
PAR  FIG. 10 graphically illustrates the relationship between the resistance of
      an electric heater on a metal substrate formed in accordance with this
      invention and the percentage of loading of a conductivity-modifying
      material.
DETD
PAR  Corresponding reference characters indicate corresponding parts throughout
      the several views of the drawings.
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring now to the drawings, a metal substrate constituted, for example,
      by a strip of bimetal is indicated at numeral 3. Strip 3 typically
      comprises a layer 3a of metal or an alloy having one thermal coefficient
      of expansion and a layer 3b of another metal or alloy bonded thereto and
      having a different thermal coefficient of expansion. Exemplary metallic
      layers are nickel-plated copper and stainless steel clad aluminum. The
      substrate, for example, may be 25-35 mils in thickness and has an exposed
      surface of layer 3a which does not oxidize at temperatures in the order of
      200.degree.C. That surface is cleaned by any of the conventional cleaning
      methods such as by abrading, a degreasing solvent (e.g.,
      trichloroethylene), or ultrasonic cleaning, etc.
PAR  A thin layer 5 of a polyamic acid or polyamide-imide polymer, as formed by
      condensation reaction of an anhydride, such as pyromellitic dianhydride or
      trimellitic anhydride and an aromatic diamine, and dissolved in a solvent
      therefor, e.g., N-methyl pyrrolidone, is then applied by roller, doctor
      blade, brush, or silk screening, etc., to an exemplary thickness of 0.7 or
      0.8 mil, preferably after wiping the substrate surface with N-methyl
      pyrrolidone. Such polyamic polymers are commercially available under the
      trademark "Pyre-ML" from E. I. DuPont de Nemours and Co., while
      polyamide-imide polymers are are commercially available under the
      trademark "AI-10" from Amoco Chemicals Corporation. The former is a
      viscous liquid of the polyamic acid dissolved in N-methyl pyrrolidone,
      while the latter polymer is in a dry particulate state ready for mixing
      with a desired amount of solvent. Both of these polymers may be converted
      into cured resins by heating as will be described hereinafter at
      prescribed temperature and time conditions. The polymer-solvent (e.g., 17%
      solids) layer is then dried for about 2 minutes at about 70.degree.C. the
      temperature then being increased slowly up to about 150.degree.C. for a
      total drying time of 7 minutes, the thickness of the dried film being
      about 0.1 mil. As a thicker layer is usually desired this process is
      repeated several times, but with the application of somewhat thicker
      polymer-solvent layers. A typical total thickness of dried insulating
      layer 5 is 1-1.5 mil. This dried uncured insulating polymer layer is then
      further heated to 250.degree.C. for one hour to effect a partial curing.
PAR  A paste is then prepared from 2.7 g. of a mixture of polyamic acid (or
      polyamide-imide) polymer dissolved in N-methyl pyrrolidone (17% polymer by
      weight) and 3 g. of silver flakes (e.g., 40-50 micron particle size). This
      paste, containing approximately 87% by weight of silver, is silk-screened
      on the surface of the partially cured insulating layer 5 as illustrated at
      7 of FIG. 2 to form a stripe about 3-5 mils in thickness. After drying at
      40.degree.C. for about 10 minutes and gradually increasing the temperature
      stepwise to 150.degree.C. the solvent is evaporated and then the
      insulation layer, substrate, stripe assembly is heated to 250.degree.C.
      for an hour to effect partial curing of the stripe 7 which has a final
      thickness of about 1.5-2.5 mils. The underlying insulating layer, while
      further cured, remains only partially cured. The resistivity of this
      conductive stripe is 0.2-0.3 .OMEGA./  /0.001 inch. It will be understood
      that flakes of other conductive metals, such as nickel, or silver-copper
      alloys, may be used instead of silver.
PAR  An electrical conductor is then temporarily attached to the exposed surface
      of stripe 7. A masking layer of a non-conductive coating (acrylic,
      polystyrene, etc.), that is not attacked by and is compatible with an
      electrolyte such as CuSO.sub.4, is applied to the assembly except for
      stripe 7 which is left exposed. After rubbing the exposed surface of
      stripe 7 with steel wool or other abrasive, the assembly of FIG. 2 is
      immersed in a copper plating bath (e.g., 28 oz./gal. CuSO.sub.4 and 7
      oz./gal. H.sub.2 SO.sub.4) and plated at a rate not greater than 10
      amp./ft..sup.2 to form a thin conductive surface film 8 (FIG. 3) of copper
      on the exposed surface of stripe 7. The resistivity of the thus coated
      stripe is 0.002-0.008 .OMEGA./  /0.001 inch. The protective masking
      coating is then removed by an appropriate solvent, and preferably a thin
      margin portion of the upper surface of layer 3a of substrate 3 is exposed
      as indicated at 6 (FIG. 3) by steel brushing or abrading so as to remove
      the overlying insulating layer 5 therefrom.
PAR  A second paste is then prepared from 3 g. of a mixture of polyamic acid (or
      polyamide-imide) polymer dissolved in N-methyl pyrrolidone (30-32% polymer
      by weight) and 2 g. of graphite flakes (-325 mesh-40 micron particle
      size), such as that obtainable under the trade designation "2134" from
      Superior Graphite Co.). This paste containing about 67% graphite was
      applied, preferably after washing the assembly of FIG. 3 with N-methyl
      pyrrolidone, by silk screening or brushing on the exposed surface of the
      FIG. 3 assembly to form a 3-5 mil thick coating. This coating after drying
      (as described above in regard to the conductive stripe 7) and partial
      curing by baking the assembly at 250.degree.C. for an hour, constitutes an
      electrical heater layer 9 as shown in FIG. 4 having a thickness of about
      1.5-2 mils. The resistivity of this heater layer 9 is about 200 .OMEGA./
      /0.001 inch. If a lower resistance, higher current-carrying heater layer 9
      is desired, conductive metal flakes, e.g., silver or nickel, may be added
      when forming the heater paste. For example 5% by weight of silver flakes
      (of about 40 microns particle size), such as those obtainable under the
      trade designation "grade 750" from Alcan Metal Powders, when added to the
      heater paste described above, will reduce the resistivity thereof to about
      70 .OMEGA./  /0.001 inch. In accordance with this invention the resistance
      or conductivity of layer 9 may be adjusted or trimmed to provide a precise
      value by abrading the exposed surface of heater layer 9 to the extent
      desired. This adjusting or "trimming" of the resistance of layer 9 may be
      used to increase the resistance up to 20-25%.
PAR  As illustrated in FIG. 4, an exposed area of the conductive metal stripe
      surface 8 and an exposed area 6 of the substrate may be left exposed for
      securing electrical leads (not shown) for connection to electrical
      components and circuitry. Optionally, as shown in FIG. 5 a layer 10 of a
      polyamic acid or polyamide-imide polymer may be applied to the assembly of
      FIG. 4, as described above in regard to insulating layer 5 to partially or
      completely envelope the assembly which is then dried and partially cured
      in a similar manner.
PAR  It will be noted that the heater layer 9, the conductive stripe 7 and the
      insulating layer 5 are partially cured in varying degrees, inasmuch as
      these polymers require baking about 4 hours at 250.degree.C. (or somewhat
      shorter periods of time at elevated temperatures above 250.degree.C.) for
      full curing. However, as partially cured, the assembly may be put into use
      and after a relatively short period of time operating in its ultimate
      environment as a thermal relay, etc., all layers and stripes will soon
      become fully cured.
PAR  A typical utilization of the heater and bimetal composite of FIG. 5 is as a
      switch arm for a circuit breaker such as illustrated in FIGS. 6-8 wherein
      a conventional electrical contact button 11 is secured, by welding
      preferably, to the undersurface of the heater on bimetal assembly of FIG.
      5.
PAR  FIG. 9 shows a low current circuit breaker utilizing such a heater on
      bimetal assembly to energize an electrical load from an electrical power
      source L1, L2, with L1 being electrically connected to the exposed portion
      of conductive stripe 7. The left end of the assembly as viewed in FIGS. 6
      and 7 is secured to a base (not shown) so that it is cantilever-mounted
      thereon with contact 11 positioned for mating engagement with a fixed
      contact 13 also secured to the base. With layer 3b the higher expansion
      bimetal layer and contacts 11 and 13 normally engaged, the heater layer 9
      will heat to a temperature which is a function of the load current flow
      therethrough. At a temperature corresponding to a predetermined level of
      overload current the differential expansion of layers 3a and 3b will cause
      contact 11 to move away from contact 13 thereby breaking the circuit to
      the load and providing overload protection. The current flow through the
      electrical resistance layer 9 is indicated by arrows in FIG. 8. As
      insulation layer 5 has good thermal conductivity and is quite thin and the
      major portion of electrical resistance layer 9 is in contact therewith,
      there is excellent thermal contact and heat transfer between heater 9 and
      bimetal strip 3. The conductive stripe 7 with its overlying conductive
      layer 8 provides a high conductivity path for the flow of electrical
      current into the resistance heater layer 9 and avoids any tendency for
      localized heating and possible separation of these layers because of
      localized areas of increased resistance along the bonded interface
      therebetween.
PAR  The degree of loading of the graphite relative to the resistivity of the
      resulting heater layer 9 is represented in FIG. 10. It has been found in
      accordance with this invention that the percentage of weight of these
      particles should be at least 60% whereby the resistivity of the layer is
      essentially a function of the resistance of the particles themselves
      rather than partially a function of the resin material parameters as is
      the case where lower bonding or packing is employed. Similarly the
      concentration or loading of the conductive particles in stripe 7 is
      maintained at such high levels.
PAR  In view of the above, it will be seen that the several objects of the
      invention are achieved and other advantageous results attained.
PAR  As various changes could be made in the above constructions without
      departing from the scope of the invention it is intended that all matter
      contained in the above description or shown in the accompanying drawings
      shall be interpreted as illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electrical resistance heater on a flexible metal substrate
      comprising:
PA1  an insulating layer of a cured resin selected from the group consisting of
      polyimide and polyamide-imide resins bonded to a surface of said
      substrate;
PA1  a second layer having an electrical conductivity substantially greater than
      that of said insulating layer bonded at one side of said second layer to
      said insulating layer, said second layer comprising a cured resin selected
      from the group consisting of polyimide and polyamide-imide resins having
      dispersed therein at least approximately 60% by weight of graphite flakes,
      said second layer having spaced portions electrically connectable in an
      external electrical circuit for directing electrical current through said
      second layer; and
PA1  at least one electrically conductive stripe bonded to one of said spaced
      portions of said second layer for providing flexible electrical connection
      of said one portion of said second layer in said external electrical
      circuit, said stripe comprising a cured resin selected from the group
      consisting of polyimide and polyamide-imide resins having dispersed
      therein flakes of a conductive metal;
PA1  said layers being flexible and said second layer and stripe having
      electrical conductivities which are not substantially degraded during
      operation at temperatures of at least 200.degree.C. for extended periods
      of time.
NUM  2.
PAR  2. An electrical resistance heater as set forth in claim 1 in which the
      second layer further includes at least about 5% by weight of conductive
      metal flakes dispersed together with the graphite flakes whereby an
      electrical resistance heater of a somewhat lower resistivity is provided.
NUM  3.
PAR  3. An electrical resistance heater as set forth in claim 1 in which the
      conductive stripe has a coating of electrically conductive metal applied
      to the surface thereof in contact with the second layer.
NUM  4.
PAR  4. An electrical resistance heater as set forth in claim 1 wherein said
      flexible metal substrate comprises a multilayer thermostat metal.
NUM  5.
PAR  5. An electrical resistance heater as set forth in claim 1 wherein said
      other electrically connectable portion of said second layer is bonded to a
      portion of said metal substrate for facilitating electrical connection of
      said second layer in said external electrical circuit.
NUM  6.
PAR  6. An electrical resistance heater as set forth in claim 4 wherein said
      electrically conductive stripe bonded to said one spaced portion of said
      second layer is disposed between portions of said second layer and said
      insulating layer and is further bonded to a portion of said insulating
      layer.
NUM  7.
PAR  7. An electrical resistance heater as set forth in claim 6 having an
      additional insulating layer of a cured resin selected from the group
      consisting of polyimide and polyamide-imide resins bonded to said second
      layer at an opposite side of said second layer.
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ABST
PAL  A device for electrical connection of marks produced by means of an
      electroconductive writing substance to a readout device, by applying said
      marks in electroconductive relationship with pairs of mutually isolated
      conductive paths on at least one isolating substrate. Said substrate with
      its pairs of paths is removably connectable to the readout device by means
      of separate connection elements for each path. A mark bridges the
      conductive paths in one pair and closes an electric circuit on at least
      one substrate, whereby readout can take place without mechanical motion,
      and all electric circuits on such a marked substrate exist at the same
      time and the marks are readable electrically as well as visually.
BSUM
PAR  The present invention relates to a device for electroconductive connection
      between a readout device and marks for reading the marks, which are
      produced by means of an electrically conductive writing substance, which
      are also optically detectable and which represent data.
PAR  Known devices making possible such a connection for reading are usually
      associated with some kind of mechanical motion, the presence of a mark for
      instance being sensed by a movable brush or the like. Examples of such
      devices are found in the U.S. Pat. Nos. 2,171,556 and 3,461,276 and in the
      German Pat. No. 923,095. Thus, this known technique does not permit
      readout without mechanical motion, and it is not practically possible, to
      add new marks during the readout process, which is often desired with real
      time processing. Moreover it is necessary always to perform readout in the
      same sequence due to the mechanical construction used.
PAR  Other devices known, for instance according to the U.S. Pat. No. 3,678,251,
      permit fairly careful readout without mechanical motion, but present
      instead a strong restriction of the number of marks that can appear
      simultaneously and be read, as the device is based on the principle with
      analogous readout.
PAR  The invention is based on the principle of creating a connection making
      possible readout of marks on one or more substrates without mechanical
      motion.
PAR  The disadvantages associated with known technique are eliminated with a
      device according to the invention by measures reported in the
      characterizing portion of the appended claim 1.
PAR  The principle of the invention is that the readout device is connectable to
      electric circuits, each circuit comprising; two or more conductive paths
      or sheets, which are isolated from each other and are positioned on and/or
      in one or more isolating substrates, and two connection elements, which
      each makes contact with its conductive path, preferably under pressure,
      and via which the electric circuit is electroconductively connectable with
      the readout device, and one or more marks, which close the electric
      circuit and which are alternatively applied (a) on conductive paths on the
      same isolating substrate and possibly on this substrate (FIG. 1), or (b)
      on an isolating substrate without paths, which substrate is combined with
      another isolating substrate with conductive paths, which are in conductive
      contact by the mark (FIG. 2), or (c) on a first conductive path on an
      isolating substrate and partly on this substrate, in addition to which a
      second conductive path on another isolating substrate is in conductive
      contact with the first conductive path through the mark (FIG. 6), all
      marks to be read from the same or different substrates being included in
      their simultaneously present electric circuits and readout therefore
      taking place without mechanical motion. By mechanical motion for instance
      motion of substrates relative to each other or motion of the readout
      device relative to the substrates or vice versa is intended.
PAR  By the invention it is possible to write down marks at the same time as
      readout is going on. By the marks a graphical storage of data is achieved,
      which are legible optically as well as electroconductively, and in this
      way an optical as well as an electrical memory function is obtained.
PAR  The electrically conductive writing substance should have such properties
      that it can be applied over conductive paths and/or substrates by means of
      writing implements, such as a pen or a pencil, or by means of some
      printing method, or in other manner. After application the material should
      have a resistivity suitable for electrical contact.
PAR  The expression "electrically conductive paths" does not mean any
      restriction with regard to the shape of the paths or the method of
      applying them on or in the substrate. The paths can thus e.g. occur as
      layers, threads, fibres or points, but may also have the shape of bands,
      strips or sheets, all depending on the intended purpose.
PAR  Within the scope of the invention the conductive paths may also have
      arbitrarily reciprocal positions. However, they should be arranged so that
      electric circuits can be formed by their having a short distance between
      each other at least at the positions, where the writing substance is to be
      applied. This condition can be satisfied by the paths being applied on the
      same of different isolating substrates. The paths can for instance also be
      placed irregularly or be positioned in a latticed pattern or in the form
      of a net. However, the condition is that electric circuits are formed by
      means of marks and that the electric circuits are arranged so that
      electroconductive readout is made possible.
PAR  The invention will be described more closely below under reference to the
      enclosed drawings illustrating some non-binding and non-limiting examples.
PAR  FIGS. la and 1b show one embodiment.
PAR  FIGS. 2a-2c show another embodiment.
PAR  FIGS. 3a-3c show a third application.
PAR  FIGS. 4a and 4b show an application with simultaneous readout from several
      substrates.
PAR  FIGS. 5a-5c show another embodiment.
PAR  Other illustrative examples appear from FIGS. 6-8.
DETD
PAR  According to FIGS. 1a, 1b conductive paths 12 are positioned on an
      electrically isolating substrate 11. The conductive paths are electrically
      isolated from each other and are separated from each other on the
      substrate by means of an interspace 13. An electrically conductive writing
      substance 14 is used, which has the previously mentioned properties. It is
      applied so that it covers two or more conductive paths. The writing
      substance 14 applied is shown in the figures by means of a plan view in
      the form of a cross. According to FIGS. 1a, 1b the writing substance is
      applied over two conductive paths 12 and over the interspace 13 between
      these on the substrate 11. Moreover, the paths are connected with a
      readout device 16 for electroconductive readout via connection elements
      15, which make contact, for instance under spring pressure, with portions
      of the conductive paths intended therefor. Thus, each electric circuit and
      each mark, respectively, has a sense of its own in respect of information,
      is separated and, possibly simultaneously with other marks on the
      substrate, is optically as well as electroconductively legible. In the
      figure an explaining text of the substrate in FIG. 1b is given as a
      non-binding illustrative example, which text refers to airport booking,
      the purpose of the marks appearing optically.
PAR  The sense of the data elements applied by marks can be of many different
      types. Thus, it can also indicate hotel booking or the like, and in all
      cases the information will be optically as well as electrically available.
      As data will be electrically legible according to the invention, the
      substrates, on which a conductive writing substance has been applied, can
      be used in a possibly continued data processing in a conventional manner.
PAR  According to FIGS. 2a-2c a writing substance 14 is applied on another
      substrate 11b than the substrate 11a, on which the conductive paths 12 are
      applied. In this case the electrical connection of the conductive paths on
      the substrate 11a takes place by the two substrates 11a and 11b being
      compressed or combined with the paths 12 and the writing substance 14
      turned towards each other. This state is shown in FIG. 2c, where the
      substrates are shown compressed with a force F.
PAR  The text on the substrate in FIG. 2b indicates an example of reception
      control in a hotel with points of time of occurrences, such as calling,
      departure and arrival. In addition to readout of information the readout
      device 16 can connect via a time device acoustic or optical signalling for
      reminding of the information content. Also at a substrate 11a applied to
      the substrate 11b the marks 14 can in this example be optically legible,
      if the substrate 11a is quite or partly made of a transparent material.
PAR  At the embodiment of the invention shown in FIGS. 3a-3c the electrical
      connection of the conductive paths is intended to be effected in such a
      way that marks of arbitrary appearance can also be written, after which
      readout can take place optically as well as electrically. The electrical
      connection is brought about by applying the writing substance 431 on
      conductive paths in the form of a system of coordinates in two planes and
      form contact points between the paths at the crossings between paths in
      the different planes. Conductive paths 23a, 23b which are reciprocally
      isolated, are arranged on a substrate 21 in two planes, the paths in the
      two planes being isolated from each other by an isolating layer 22. The
      system of coordinates in the example has perpendicular paths.
PAR  If a mark of arbitrary appearance, e.g. a C, is applied by means of a
      writing implement over the conductive paths, the conductive writing
      substance 431 will close contacts between paths in different planes, so
      that the mark will be electroconductively legible in coordinate
      representation at the same time as it is optically legible. The writing
      substance 431 should have a resistivity preventing erroneous reading due
      to longitudinal current conduction along the writing substance. It also
      contributes to preventing erroneous reading, if the uppermost conductive
      paths 23b are provided with an isolating layer on their upper surface. To
      the right in FIG. 3b a groove between two paths 23b is shown, which is to
      have an isolated upper surface, but where parts marked more strongly at
      the edges of the paths towards the groove and at the bottom of the groove
      indicate places where the writing substance makes electrical contact. In
      FIG. 3c also such a groove has been marked furthest to the right. Each
      path 23a and 23b is electrically connectable with a readout device via a
      connection element of its own.
PAR  FIGS. 4a and 4b show a number of substrates 75a, 75b, 75c provided with
      marks, for instance paper sheets, which are to be placed on each other. On
      these paper sheets pre-prints may be present as in FIGS. 1 and 2 for a
      desired application object. Information on these paper sheets is
      represented by the presence of marks 50 of writing substance betweeen a
      path 20a, 20b, 20c common to each sheet, and one or more conductive paths
      41, 42, 43 (each a -d) reciprocally isolated, and also, as will be
      explained below more in detail, a sheet selecting, conductive path 31, 32,
      33 (each a -c). To make possible connection of conductive paths 31, 32, 33
      and 41, 42, 43 placed over each other on different paper sheets, each such
      path is in some way connected with a piece of conductive path 34, 35, 36
      (in FIGS. 4b, 34a, 35a, 36a) located on the rear side of the sheet, at
      least at one of its edges, and in this way geometrically identical
      conductive paths on different paper sheets will be connected with each
      other, when the sheets lie upon each other and are exposed to contact
      pressure F between a connection element 30 and conductive paths 33 and 43
      on the uppermost paper sheet.
PAR  By applying a writing substance 50 between the conductive paths 20 (a - c)
      common to each paper sheet, and the conductive paths 31, 32, 33 (a - c)
      adapted on the sheets, and serving as sheet selectors, for instance
      between the paths 20a and 33a on the sheet 75a or between the paths 20b
      and 32b on the sheet 75b, a paper sheet, from which information in the
      form of marks is to be read. can be selected electronically by means of an
      electronical readout device 60, which is common to all the paper sheets.
      Via connection elements 30 (a - c) and 40 (a - d), which are each common
      to all the sheets, the electronic readout device 60 is connected with the
      sheet selecting paths 31, 32, 33 and with the conductive paths 41, 42, 43
      on each sheet supplying the information. Reading takes place by
      electronical switches in the readout device 60 connecting readout circuits
      in this with the connection elements corresponding to the desired paper
      sheet. If for instance the connection element 30a is connected with the
      readout circuits, marks on the sheet 75a will be read. In FIG. 4a two step
      swtiches are indicated in the readout device 60, of which the uppermost
      one connects in turn the sheets 75a - 75c, while the lower step switch is
      intended to read for each sheet the electric circuits with respect to
      marks existing there. Thus, reading of all the marks 50 can take place
      without mechanical motion of the electronic readout device relative to the
      sheets 75 and without mechanical motion of the sheets relative to each
      other. Thus, it is not necessary that marks to be read electrically are
      visually available in reading.
PAR  FIGS. 5a-5c show a modification of the invention. Electroconductive paths
      82a, 82b are each positioned on its substrate 81a, 81b. The placement of
      the paths is such that they will be close to each other with an interspace
      of electrical isolation when the substrates are put against each other. An
      electrically conductive writing substance 84 can be applied on and outside
      the conductive path on one of the substrates, for instance according to
      the figure on the path 82b and the substrate 81b. When the substrates will
      be put together as indicated above, the writing substance applied will
      make contact between the conductive paths on the two substrates, as the
      part of the writing substance on the substrate 81b will get in contact
      with the conductive path on the other substrate 81a. The conductive paths
      can preferably continue around the edge and some way into the rear side of
      the substrates. This is shown in FIG. 5c as well as how one can achieve
      electrical connection between the paths and a readout device 86 for
      electroconductive reading by means of contact springs 85 as connection
      elements. The parts of the paths on the rear sides of the substrates are
      designated by 83a and 83b.
PAR  The conductive paths may for instance consist of metal applied by
      evaporation to a paper sheet in a desired pattern, and the marks can then
      be made by means of a pencil.
PAR  In FIG. 6 additional examples of paths positioned in different planes are
      shown. The paths 103 and 104 are completely embedded in the substrate 102,
      are isolated from each other and form a system of coordinates. The paths
      appear by branching for instance only on one surface of the substrate 102
      in the form of points 103a and 104a, their position in the coordinate
      field being defined. The paths also appear on the surface for contact with
      the connection elements 105. An electroconductive substance applied in the
      form of a mark 106 closes electrically two paths belonging to the x- and
      y-axis, respectively, near to a point of crossing in the system of
      coordinates. The path points are placed near to each other in pair to make
      clear the position of the mark.
PAR  A variant of this embodiment is for instance if the y-paths 104 are placed
      completely on the surface of the substrate in the form of strips beside
      the points 103a. Several variables can be established in similar manner,
      which have the common properties that paths or their branchings, for
      instance 103 and 103a, belonging to the x- and y-axis, appear together on
      one or both of the substrate surfaces in practically any shape, to be
      connected by an electroconductive substance, while the other parts of the
      paths that are not intended for contacting, can be positioned in or on the
      substrate, on the other side of the substrate, in or on isolating layers
      which are in some way or other combined with the substrate etc. As
      distinguished from FIG. 3b the paths are according to FIG. 6a connected by
      a writing substance in one and the same plane.
PAR  FIG. 7 shows a device for recognizing characters. It is a combination
      between a device with common paths and paths positioned in different
      planes. A common path 73 of mainly rectangular shape has a number of
      incisions and a central square hole. Seven character identifying paths
      74(1-7) appear in the incisions and the square hole of the common path on
      the same surface on the substrate so near each other that a mark with an
      electroconductive substance can connect one or several of these
      identifying paths with the common path. In FIG. 7a only that part of the
      paths to be connected by the body line (contour line) of the character is
      shown, and must consequently appear on one surface of the substrate. In
      FIG. 7c the remaining part of the paths 74(1-7) is shown with broken
      lines, which means that they are positioned in the substrate or on the
      other side of the substrate.
PAR  All the paths are electrically isolated from each other and positioned on
      and/or in the substrate, for instance as in FIGS. 3 and 6, or in another
      manner. The paths are connectable to a readout device via connection
      elements. A character identifying path 74-1 and the closest part of the
      common path (in FIG. 7a parts marked more strongly) constitute one pair of
      paths, which is electrically connected by the writing substance and forms
      an electric circuit in a way as described above. Such a circuit is an
      electrical memory element. In the example here described seven identifying
      paths and memory elements, respectively, are included. The identifying
      paths are regularly spread in a two-dimensional field of coordinates and
      form together with the common path a memory group suitable for recognizing
      for instance decade digits, provided they are written in a certain size
      and the body line follows a certain pattern. In FIG. 7c the digit 6 is
      applied by means of an electroconductive writing substance on the
      right-hand memory field and connects the identifying paths 74-1, 2, 4, 5,
      6 and 7 with the common path 73-2, forming six electric circuits. Through
      these six electric circuits the readout device can identify the digit 6.
PAR  In FIG. 7b the identifying paths do not have identical shape and are not
      symmetrically placed. Similar measures can adapt the memory field to
      different hand-writings. In the same figure a pattern is shown indicating
      how the digits (to the right of the field) are to be written. The digit 4
      can be written in two different ways, 7 in several ways etc. All the
      characters should be written with the same size and position on the field.
      An increased number of identifying paths eliminates this disadvantage.
PAR  The body line of the character is thought to be divided into several
      sections, which extend between two adjacent pairs of paths. In FIG. 7c,
      where the digit 6 is applied, the body line is thought to be divided into
      six sections. The number of the sections and their position relative to
      each other in the memory group are specific to the character. The digit 9
      has also six sections, but they have another position relative to each
      other. Several memory groups can be placed on the same substrate (FIG.
      7c). The paths 74(1-7) are connected in parallel, but the common paths are
      separated and used as means for character searching on the substrate. By
      an adapted design of the readout device information written down can be
      read in the desired sequence or simultaneously from each of the memory
      elements or memory groups.
PAR  The number of character identifying paths appearing in a memory group can
      vary with the configuration of the characters applied. The form of the
      common path used on the surface of the substrate can be designed as a
      circle, spiral, system of coordinates, net, a star with several angles,
      several points etc. to obtain a satisfactory resolution. As examples of
      applications of the device for recognizing characters automatic telephone
      dialling, automatic data processing etc. can be mentioned.
PAR  According to the invention the substrates, for instance paper sheets, are
      i.a. intended for treatment, i.e. to be provided with notes and be marked,
      while they are connected to the readout device. This presupposes a long
      line with several wires between sheet and readout device, if these are not
      arranged together, and is unpractical if both are positioned on a
      writing-table. This disadvantage is eliminated by placing the sheets on a
      pad that is extended for having room for the readout device or the like.
      The appearance of the extended pad can be compared with a handy note-book
      that can easily be moved. In certain cases it is necessary to connect the
      extended pad to other devices, for instance for data processing, and then
      it is important to use a minimum number of lines, which can be realized if
      the built-in components convert the marks into a pulse train.
PAR  In FIG. 8 an extended pad 128 is shown, on which the sheet 120 is placed.
      Two holes 126 in the sheet and two guide pins 127 on the pad fix the
      position of the sheet and of the paths, respectively, on the pad. A
      foldable cover 129 on the left side of the sheet, presses by means of a
      spring the connection elements 125 against the sheet and the paths,
      respectively, to produce electrical contact and to attach the sheet
      simultaneously to the pad. The position of the cover relative to the sheet
      can be fixed by means of the same guide pins. A flexible and isolating
      underlayer 130 is underneath provided with printed conductors 131 and at
      the left hand side with printed circuits. The conductors 131 connect the
      active and passive components 132, forming the readout device or the like,
      with the connection elements 125. The part of the flexible conductors 131
      carrying the connection elements 125 is bound to the cover 129 and follows
      its movements, while the other part with the components 132 is bound to a
      rigid board 133. The connection elements 125 can consist of the wire
      conductors 131 themselves by a special design and treatment of the
      conductors.
PAR  In another variant the components can be placed on the foldable cover and
      be directly connected to the connection elements. A third design makes it
      possible for the cover 129 to be stationary, while part of the pad 128 is
      foldable. An arrangement with one or several rolls placing the sheet in
      the right position and pressing the sheet against the connection elements,
      is a fourth variant.
PAR  Several sheets intended for separate readout can be bound to a note-block.
      The electrical readout of each sheet can take place by opening the block
      and securing the sheet in question to the connection elements.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A data storage and retrieval memory device comprising:
PA1  a. at least one exchangable sheet of material which is electrically
      substantially non-conductive having a plurality of conductive paths and a
      plurality of data storage positions on at least one side, each data
      storage position defined by a gap between two conductive paths, at least
      one individual conductive path being provided for each data position, each
      data position adapted to be individually coded by the application on
      selected positions of marking material which is electrically substantially
      conductive;
PA1  b. a stationary pad on which said sheet is removably supported in overlying
      relationship having first means with a plurality of contacts for
      releasably engaging said side of said sheet said contacts including at
      least an individual one of said contacts contacting each said individual
      conductive paths provided for each data storage position;
PA1  c. second means coupled to said plurality of contacts providing an
      electrical readout device for sensing the presence and absence of said
      marking material at each of said data storage positions while said sheet
      is stationary on said stationary pad and said contracts are stationary;
      and
PA1  d. wherein said gaps defining data storage positions are located so as to
      be visibly exposed and available for coding even during sensing to permit
      a user to make marks closing said gaps using a conductive material as well
      as to open the gaps by removal of said material and can correlate marks on
      said sheet with a response of said electrical readout device by a visual
      inspection of said gaps.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein each gap is formed between an
      individual conductive path and a conductive path acting as a bus for a
      plurality of gaps.
NUM  3.
PAR  3. Apparatus according to claim 1 wherein said gaps are physically exposed
      to permit coding even while sensing is in progress.
NUM  4.
PAR  4. Apparatus according to claim 1 and further comprising first and second
      clamping supports, at least one of said clamping supports having disposed
      thereon said plurality of contacts whereby opening of at least one of said
      clamping supports will permit insertion and removal of said exchangable
      sheet of material.
NUM  5.
PAR  5. Apparatus according to claim 1 wherein said plurality of conductive
      paths comprise a first plurality of essentially parallel conductive paths
      extending laterally and a second plurality of essentially parallel
      conductive paths extending transversely thereto with insulating means
      separating said first and second pluralities of conductive paths at their
      intersections in order to form said gaps.
NUM  6.
PAR  6. Apparatus according to claim 1 where at least two sheets of material
      each containing a plurality of conductive paths thereon are provided and
      wherein said conductive paths are extended to the other side of said
      sheet, said sheets having said conductive paths aligned whereby the
      conductive paths of a top sheet on the other side will be in contact with
      the conductive path of a lower sheet on said one side said sheets all
      being releasably engaged together in said first means, said sheets of
      sufficient flexibility to permit lifting one to examine gaps on the other
      even during sensing.
NUM  7.
PAR  7. Apparatus according to claim 6 wherein said plurality of conductive
      paths and gaps on each sheet comprise a first plurality of paths and gaps
      defining said data positions and a second plurality of gaps and paths
      defining sheet selection positions.
NUM  8.
PAR  8. Apparatus according to claim 1 wherein said conductive paths comprise a
      first plurality of essentially parallel conductive paths embedded in said
      sheet extending in one direction and a second plurality of essentially
      parallel conductive paths located therebelow and extending in another
      direction so as to form a coordinate matrix with said first plurality
      insulated from said second plurality of conductive paths and wherein said
      plurality of data storage positions are defined by a plurality of pairs of
      thin extensions from said conductive paths brought to the surface of said
      one side of said sheet each pair formed by extensions from a path of said
      first plurality and a path of said second plurality adjacent the points of
      crossing.
NUM  9.
PAR  9. Apparatus according to claim 1 wherein said conductive paths are
      arranged so as to form pluralities of gaps, each plurality of gaps
      arranged essentially on two abutting circles and symmetrically disposed
      about said circles with one gap at the point of abutment thereof whereby,
      by writing on said area of a plurality of gaps with a conductive material
      figures can be formed and coded.
NUM  10.
PAR  10. Apparatus according to claim 4 wherein said first element carrying said
      contacts includes means releasably pressing said element against said pad.
NUM  11.
PAR  11. Apparatus according to claim 10 wherein said contacts comprise a
      plurality of spring contacts rigidly coupled on their one side at one end
      to said pad and having said element rigidly secured thereto at the other
      end on the other side whereby said element can be lifted against the
      spring force of said contacts to permit inserting and removing said sheet
      of material, said contacts being said means releasably pressing.
NUM  12.
PAR  12. Apparatus according to claim 1 wherein said second means providing an
      electrical readout device are installed on said pad.
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ABST
PAL  The counter means serve for a counting of events. A counter is provided as
      well as a code detector adapted to receive a coded punched card in a
      predetermined position. Counter control means are operable to control said
      counter in response to the arrival of said card in said predetermined
      position. Said code detector comprises replaceable, pivoted code detector
      elements, which represent a predetermined code and are adapted to enter
      holes in said punched card if, and only if, said holes also represent said
      predetermined code. Said code detector prevents a movement of said card to
      said predetermined position unless said code detector elements have
      entered said holes in said card.
BSUM
PAR  This invention relates to particularly compact counter means for counting
      events, particularly for a recording of time in organizations having
      sliding working hours.
PAR  In connection with the increasing adoption of sliding working hours, times
      are recorded by counters so that extensive counter arrays are required
      particularly in large plants having numerous employees.
PAR  It is an object of the invention to provide time-recording means, which can
      be used in such large counter arrays and involve lower costs. This object
      has been accomplished according to the invention by the provision of a
      unit, which includes a counter and a card verifier and enables also the
      use of conventional coded cards in the form of identity cards of plastics
      material, such as are known, e.g., as so-called check cards, for starting
      and stopping the recording. These cards are somewhat larger than is
      required for the inscriptions and identification codes provided on the
      cards. The use of these cards, which are already in existence for numerous
      other identification functions, also for the control of the counter for
      recording sliding working hours eliminates the need for special identity
      cards for data counters. This is another object of the invention.
PAR  The invention relates to counter means for counting events, particularly
      for recording time, which counter means can be started by means of a coded
      card and comprises a card verifier including a number of code detector
      elements for cooperating with the coded card, which card verifier responds
      to the detection of the allocated code by permitting the card to start the
      counter. For this purpose, the counter means are characterized in that the
      code detector elements are pivoted and replaceable and provided with
      teeth, which are adapted to enter holes in the punched card inserted into
      the card verifier, switch contacts are preferably provided, which are
      associated with one or more code detector elements, and the counter and
      card verifier form a unit, preferably a plug-in unit.
PAR  Another object of the invention is to reduce costs and to provide
      protection against an unauthorized or unintended reset. This object is
      accomplished by the provision of a specific reset card, which can be
      inserted through the card-receiving slot to actuate means for resetting
      the counter. The reset means, which are thus operated act only on part of
      the digits, whereby the counter is further simplified. This partial reset
      results in further advantages in use because only hours should be read and
      used in the calculation. The values of the two digits, which are not reset
      to zero remain in storage.
PAR  The following advantages are afforded compared to known designs:
PAR  1. As a result of the combination of the counter and card verifier, the
      unit has smaller dimensions for given sizes of the digit and of the
      identity card whereas the unit still consists of a plug-in unit.
PAR  2. The provision of novel allocation code elements in the form of marginal
      holes permits of the use of a thinner card of plastics material. The
      marginal holes are disposed in the margin, which is not used for
      conventional codes, so that cards of plastics material used for another
      purpose may be used also for the identification required in connection
      with the recording of sliding working hours.
PAR  3. The allocation code detector elements act mechanically and can be
      changed to a defferent code when the unit has been opened.
PAR  4. The code detector elements are designed to snap into the inserted card
      and to start the counter, e.g., by means of a contact at the same time.
PAR  5. The partial reset of the counter eliminates parts and substantially
      improves the reliability in operation. The clutch is eliminated as well as
      the clutch drive wheel. Besides, the reading and transfer are simplified
      as well as the calculation because the number of digits to be considered
      is reduced by two.
PAR  6. The initiation of the reset by means of a special reset card reduces the
      costs of the counter because the reset key is eliminated. Besides, an
      unintended or unauthorized reset is prevented without need for special
      means, such as covers or interlocks. If the allocation code is shared,
      e.g., by a group, the reset card may also be allocated to the counter
      array.
PAR  7. In the embodiment comprising a contact, one or more additional contacts
      are provided for a simultaneous initiation or switching of additional
      operations. This one additional contact or these additional contacts are
      adapted to be operated by one identity card at the same time or are
      alternatively operable by different identity cards. A selection between
      alternative switching operations may be provided for in that the card is
      inserted in a normal or, e.g., inverted orientation. This has the
      advantage that there is no need for an additional identity card for
      initiating these alternative switching operations.
DRWD
PAR  Further details of illustrative embodiments of the counter means according
      to the invention will now be described and explained with reference to the
      drawing, in which
PAR  FIG. 1 is a front elevation showing a counter unit consisting of a counter,
      plug means and code detector.
PAR  FIGS. 2 and 3 are sectional views showing the code detector before and
      during its operation.
PAR  FIG. 4 is an elevation showing the associated coded punched card.
PAR  FIGS. 5 and 6 are sectional views showing contact means before and during
      the operation of the contact.
PAR  FIGS. 7 and 8 are, respectively, transverse and longitudinal sectional
      views showing the plug means, code detector and contact means.
PAR  FIGS. 9 to 11 are, respectively sectional views showing bistable contact
      means and a stepping ratchet mechanism before and during the operation and
      a top plan view thereof.
PAR  FIGS. 12 and 13 are sectional views showing a code detector and reset means
      before and during the operation, respectively.
PAR  FIG. 14 is an elevation showing the associated coded reset card.
PAR  FIGS. 15 to 18 are, respectively, elevations and top plan views showing the
      reset means before and during the operation.
PAR  FIGS. 19 to 22 are, respectively, elevations and top plan views showing the
      locking means before and during the reset.
PAR  FIG. 23 is an elevation showing a digit combination with an additional
      counter, and
PAR  FIG. 24 is an elevation showing the associated punched card having holes on
      both sides.
DETD
PAR  FIG. 1 shows the forward side of a counter unit 1, which constitutes a
      plug-in module including a counter mechanism 2, a signal area 3 for
      indicating the switched condition, an identification area 4, and a slot 5
      for receiving a punched identity card 6, such as is shown in FIG. 4. The
      margin of the card has punched code holes 7, which allocate the card to a
      specific counter and to a specific person or item.
PAR  FIGS. 2 and 3 show pivoted gearlike code detector elements 8, which are
      replaceably mounted in resilient holders 10 by means of end pins 9. The
      code is selected in that the gear elements are snapped into associated
      receiving slots 11. It is apparent that the marginal holes 7 of the
      punched cards 6 can cooperate with the stop finger 12 and switching finger
      13 of a gearlike code detector element 8 so that a punched card 6 can be
      inserted in the direction A if it is provided with the proper hole code
      whereas other punched cards are blocked. The punched card 6 is adapted to
      be located in a non-inserted position and an inserted position because a
      detent spring 14 cooperates with two detent notches 15.
PAR  FIGS. 5 and 6 show how such code detector element 8a, which has also end
      pins 9 mounted in resilient holders 10, cooperates with detent springs
      14a, which cooperate with detent notches 15a having different elevations
      and with switch contacts 16 as the corresponding punched card 6 is
      inserted. In this connection,
PAR  FIGS. 7 and 8 show in a sectional view and a top plan view by way of
      example a complete arrangement of snap-in code detector elements 8a in
      receiving slots 11 of the kind described hereinbefore. When actuated by
      the punched card 6, the grooves 15a of the code detector elements act on
      the detent springs 14a. These grooves 15a have different elevations and
      control the switching stroke "B" of the contact springs 16 for different
      switching functions. In this representation the counter unit 1 having a
      receiving slot 5 and a punched card 6 are shown at the beginning of the
      operation performed as the card is inserted in the direction A.
PAR  FIGS. 9 and 10 show also code detector elements together with detent
      springs and contact springs as shown in FIGS. 5 and 6. By the provision of
      a stepping ratchet mechanism 17, 18, known per se, the switching function
      is extended to provide a bistable switch, which serves, e.g., to close a
      pulse-generating circuit. In other words, if the pulse-generating circuit
      is open when the properly coded punched card 6 is inserted, i.e., when the
      employee is "arriving", the pulse-generating circuit will be closed
      thereby to initiate the recording of working hours, and when the card is
      inserted for the next time, when the employee is "leaving", the
      pulse-generating circuit will be opened thereby. In the embodiment
      described before, the punched card must remain inserted to close the
      pulse-generating circuit.
PAR  FIGS. 12 and 13 illustrate the operation of reset means by the insertion of
      a reset card 19 as shown in FIG. 14 in conjunction with the code detector
      means described hereinbefore. To increase the length of the insertion path
      C of the reset card 19, the same is provided with slots 20 rather than
      holes. As the reset card is inserted further, it causes the tie rod 22,
      which is angled at 21, to move in the direction C so that the counter,
      with the drive wheels 23 disengaged, is reset by the operation of reset
      levers 24 acting on heart-shaped cams 25 mounted on the digit wheels 26.
      This is shown in
PAR  FIGS. 15 to 18. In this case the known reset function performed by means of
      the reset levers 24 and heart-shaped cams 25 when the drive wheels 23 are
      disengaged is restricted to the digits 26c to 26e whereas there are no
      reset means for the first two digits 26a, 26b. The first drive wheel 23a
      has a fixed axis, different from the following drivers 23b to 23d.
PAR  According to FIGS. 19 to 22, in an arrangement, which comprises a reset key
      and a partially resettable counter the stepping is prevented during the
      operation of the resetting means. For this purpose, a locking pin 28 is
      provided, which is associated with the drive wheel carrier 27 and is
      normally disposed in a recess 29 of the stepping rocker 30, to permit the
      latter to operate the stepping gear 31. In response to an operation of the
      reset means, the locking pin 28 is moved out of the recess 29 to a
      position, in which the rocker 30 is blocked. In counters, which are only
      partly resettable, this arrangement prevents a carry from the
      non-resettable part of the counter during the reset operation.
PAR  A stepping, e.g., from a count of 99 to 00, during a reset operation would
      otherwise cause said count to be lost because there is no carry to the
      resettable part of the counter.
PAR  FIG. 23 shows two digit wheel sets 2 and 32, which are driven by a common
      drive wheel set. The additional counter 32 is preferably used to record
      partial times worked on a given job and can be read out for a recording of
      data. That extended counter arrangement may be used to count events in
      such a manner that the time worked on to specific jobs is recorded as well
      as the time of the sliding working hours or hours of attendance. Because
      the same drive wheel set is used for both digit wheel sets, the time
      worked on a given job can be recorded only simultaneously with a recording
      of the time of attendance.
PAR  In the application described by way of example, the means for reading out
      the additional counter for the job times is used to control a printer for
      printing job time tickets. Locking means are provided, which are known per
      se for this purpose and which control the sequence, in which data are
      transferred so that a wrong operation is prevented.
PAR  In this embodiment, the punched card 33 is coded at both ends and when
      inserted with the first end 34 starts the counting and when inserted with
      the second end 35 initiates the print-out operation, which may be
      succeeded by an automatic reset, if desired.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Counter means for a counting of events which comprises:
PA1  a counter;
PA1  a code detector adapted to receive a coded punched card in a pre-determined
      position; and
PA1  counter control means operable to control said counter in response to the
      arrival of said card to said predetermined position;
PA1  said code detector comprising replaceable, pivoted code detector elements,
      which represent a pre-determined code and are adapted to enter holes in
      said punch card, if, and only if, said holes also represent said
      pre-determined code;
PA1  said code detector preventing movement of said card to said pre-determined
      position unless said code detector elements had entered said holes in said
      card;
PA1  said code detector comprising further a plastics material structure which
      carries resilient holders, said resilient holders disposed on opposite
      ends of said code detectors and formed with locating slots which said code
      detector elements snap in said slots and the axis of said code detector
      elements in pre-determined positions corresponding to said pre-determined
      code;
PA1  said plastic material structure designed to guide said card as it is moved
      toward said pre-determined position and carrying spring detents adapted to
      cooperate with said code detector elements to yieldably hold each code
      detector element in different angular positions;
PA1  said code detector element provided with peripheral notches and stub shafts
      located at its opposite ends; with each of said slots forming a bearing
      for rotatably mounting one of said stub shafts with its axis in a
      predetermined position; and
PA1  said spring detents adapted to enter said notches to yieldably hold said
      code detector elements in their angular position.
NUM  2.
PAR  2. Counter means as set forth in claim 1, in which
PA1  said code detector is adapted to receive a second card in a predetermined
      resetting position, and
PA1  counter reset means are provided, which are mechanically operable by said
      second card to reset said counter as said second card is moved to said
      predetermined resetting position.
NUM  3.
PAR  3. Counter means as set forth in claim 2, in which
PA1  said code detector elements represent a predetermined resetting code,
PA1  said second card is a punched coded card,
PA1  said code detector elements are adapted to enter holes in said second card
      if, and only if, said holes in said second card also represent said
      resetting code, and
PA1  said code detector prevents a movement of said second card to said
      predetermined position unless said code detector elements have entered
      said holes in said second card.
NUM  4.
PAR  4. Counter means as set forth in claim 3, for use with said second card
      having marginal slots, which constitute said holes representing said
      re-setting code.
NUM  5.
PAR  5. Counter means as set forth in claim 1, in which
PA1  each of said code detector elements are moveable between at least three
      angular positions as said card is moved to and from said pre-determined
      position, and
PA1  summing means are provided for integrating the extent of the successive
      movements imparted to one of said code detector elements said one of said
      code detector elements consisting of a cam portion, said cam portion in
      engagement with a cam follower.
NUM  6.
PAR  6. A counter as set forth in claim 1 which comprises
PA1  a resettable digit wheel,
PA1  a non-resettable digit wheel, and
PA1  counter reset means, which are operable to reset said resettable digit
      wheel without setting said non-resettable digit wheel comprising a cam
      wheel fixed to said resettable digit wheel.
PA1  a drive wheel associated with said resettable digit wheel,
PA1  a drive wheel carrier, in which said drive wheel is rotatably mounted and
      which is pivotably moveable to move said drive wheel into and out of
      engagement with said resettable digit wheel,
PA1  a stepping wheel, coaxially fixed to said non-resettable digit wheel, and
PA1  a stepping rocker, which is operable to step said stepping wheel in a
      predetermined sense, and which is formed with a recess,
PA1  said drive wheel carrier carrying a locking pin, which is adapted to enter
      said recess when said drive wheel is engaged with said resettable digit
      wheel to permit of the operation of said rocker, said locking pin being
      adapted to lock said rocker when said drive wheel is disengaged from said
      resettable digit wheel,
PA1  said drive wheel carrier being arranged to move said drive wheel out of
      engagement with said digit wheel in response to the initiation of the
      operation of said counter reset means.
NUM  7.
PAR  7. Counter means, which comprise
PA1  an array of counter units, each of which comprises a counter, a code
      detector adapted to receive a coded punched card in a predetermined
      position, counter control means operable to control said counter in
      response to the arrival of said card in said predetermined position, said
      code detector comprising replaceable, pivoted code detector elements,
      which represent a predetermined code and are adapted to enter holes in
      said punched card if, and only if, said holes also represent said
      predetermined code, said code detector preventing a movement of said card
      to said predetermined position unless said code detector elements have
      entered said holes in said card,
PA1  said code detector being adapted to receive a second punched coded card in
      a predetermined resetting position,
PA1  each of said counter units comprising counter reset means, which are
      mechanically moveable by said second card as it is moved to said
      predetermined resetting position in the associated code detector,
PA1  said code detector elements of each of said units representing a
      predetermined resetting code and being adapted to enter holes in said
      second card if, and only if, said holes in said second card also represent
      said resetting code,
PA1  said code detector preventing a movement of said second card to said
      predetermined resetting position unless said code detector elements have
      entered said holes in said second card,
PA1  said resetting code being a group code, which is common to a plurality of
      and less than all units of said array.
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ABST
PAL  An electronic security card and system for authenticating ownership of the
      card is disclosed. The system comprises a security card and a terminal.
      The security card includes logic circuitry which is responsive to a
      plurality of input signals and which is operative to provide an output
      signal if the input signals are in a preselected sequence and to develop a
      feedback control signal which is applied to, and deactivates, the logic
      circuitry if the input signals are not in the preselected sequence. The
      terminal comprises a source of input signals, a switching network for
      selectively interconnecting the source to the logic circuitry so as to
      apply a sequence of input signals to the logic circuitry when the security
      card is received by the terminal, and an indicator responsive to the
      output signal and operative to provide an indication of the authenticity
      of the user of the security card. The logic circuitry includes a plurality
      of stages, each of which comprises an AND gate and a flip-flop, and which
      is arranged so that the signal developed at the output of one of the
      stages is applied to gate a preceding stage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an electronic security card and to a system for
      authenticating ownership of the card and, more particularly, to such a
      security card including logic circuitry adapted to provide an output
      signal if input signals to the circuitry are in a preselected sequence and
      which is deactivated if the input signals are not in the predetermined
      sequence.
PAR  2. Description of the Prior Art
PAR  Credit cards have become a popular and widely used technique for purchasing
      goods and services. A major problem, however, resides in the use of credit
      cards or any other security cards by unauthorized persons. The prior art
      is replete with credit or security cards and systems for authenticating
      the cards.
PAR  Examples of authenticating systems and security cards are found in the
      following U.S. Pat. Nos. 3,221,304, entitled "Electronic Identification
      System Employing a Data Bearing Identification Card," by O. C. Enikeieff
      et al.; 3,401,830, entitled "Vending Machine for Credit Card Purchasing,"
      by H. A. Mathews; 3,513,298, entitled "High Security Credit Card System,"
      by J. B. Riddle et al.; 3,697,729, entitled "Dispensing System and
      Security Card for Use Therewith," by Edwards et al.; 3,719,804, entitled
      "Permanent Information Store," by D. A. Illing; 3,740,530, entitled
      "Apparatus and Method for Verification of a Credit Card," by Hoffer et
      al.; 3,750,828, entitled "Access-Control Equipment and Item Dispensing
      Systems Including Such Equipment," by G. E. P. Constable.
PAR  However, in the authenticating systems disclosed in the prior art the
      security cards contain a code which is read by a reader and compared to a
      code which is inserted by the person using the card. Accordingly, the
      cards are passive devices and their codes may easily be determined.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide an electronic
      security card and a system for authenticating that the user is the owner
      of the card.
PAR  Another object of the present invention is to provide a security card which
      is operative if input signals are applied thereto in a preselected
      sequence and which is deactivated if the input signals are not in the
      preselected sequence.
PAR  Still another object is to provide such a system which includes a security
      card that cannot be decoded by a person gaining possession of the terminal
      or through other means.
PAR  In accordance with the present invention, an electronic security card and a
      system for authenticating card ownership is provided. The security card
      includes logic circuitry which is responsive to a plurality of input
      signals. An output signal is provided by the card if the input signals are
      in a preselected sequence. If the input signals are not in the preselected
      sequence, a feedback control signal is developed and applied to deactivate
      the logic circuitry. The system includes a terminal for receiving the
      security card. The terminal includes a source to provide a plurality of
      input signals, a switching network for selectively interconnecting the
      source to the logic circuitry so as to apply a sequence of the input
      signals to the logic circuitry when the security card is received by the
      terminal, and indicating means responsive to the output signal and
      operative to provide an indication that the user is the owner of the card.
      The logic circuitry comprises a plurality of stages which are arranged so
      that the signal developed at the output of one of the stages is applied to
      gate a preceding stage. Each stage includes an AND gate and a bistable
      multivibrator.
PAR  Among the advantages of the present invention is that the security card
      code cannot be determined by a person gaining possession of a terminal or
      through other means.
PAR  Another advantage of the present invention is that the security card
      produces acknowledgment, or identification, of the holder when the holder
      keys in signals in a preselected sequence.
PAR  Still another advantage of the present invention is that operation of the
      system is inhibited if an incorrect sequence of signals is provided to the
      security card until such time as the circuitry within the card is reset.
PAR  Other objects and advantages will be apparent to those skilled in the art
      after having read the following detailed disclosure which makes reference
      to the several figures of the drawing.
DRWD
PAC  IN THE DRAWING
PAR  FIG. 1 is a schematic diagram of an authenticating system of the present
      invention illustrating electronic circuitry associated with the electronic
      security card and the terminal; and
PAR  FIG. 2 is a perspective view of the security card of the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 illustrates a schematic diagram of an authenticating system of the
      present invention. The system comprises a security card designated by the
      general reference numeral 10 and a terminal or means for authenticating
      the card designated by the general reference numeral 12. The security card
      10 is further illustrated in FIG. 2 as an integral molded structure
      encapsulating a plurality of conductors 13-22; a logic circuit network 23;
      a reset pulse generator 24, such as a monostable single shot
      multivibrator; and a selector grid network 25.
PAR  In the preferred embodiment the logic circuitry 23 and reset pulse
      generator 24 are provided in an integrated circuit and encapsulated along
      with the selector grid 25 in opaque plastic so as to form the security
      card 10. The security card 10 is about the same size as present-day credit
      cards. Card 10 is rigid enough to prevent damage to the integrated
      circuits, but flexible enough to be carried in a wallet.
PAR  The logic circuit network 23 comprises four stages. The stages each include
      an AND gate 26, 27, 28, and 29 that is serially connected to a respective
      flip-flop 30, 31, 32 and 33, or bistable multivibrator. AND gates 26 and
      27 include A, B and C input terminals and AND gates 28 and 29 include A
      and B input terminals. Each of flip-flops flip-flots 30-33 includes a pair
      of output terminals. One of the output terminals is in the initially OFF
      state and is represented by a logical "0", and the other output terminal
      is in the initially ON state and is represented by a logical "1". The
      initially ON output terminals of the flip-flops 31 and 32 are respectively
      connected to the C input terminal of AND gates 26 and 27 respectively. The
      initially ON output terminal of flip-flop 33 is connected to the A input
      terminal of each of the AND gates 26-29. The initially ON output terminal
      of the flip-flop 30 is unconnected. Accordingly, conductive paths are
      provided from the output of one of the stages of the logic circuitry to
      the input terminals of a preceding stage. In accordance with the present
      invention, the person holding the card keys in a preselected sequence of
      digits to the terminal 12, thereby causing the generation of a
      corresponding sequence of input signals. If the input signals are not in
      the preselected sequence, then paths are provided such that feedback
      control signals can be applied to preceding states to deactivate the logic
      circuitry as will be hereinafter described. The normally OFF output
      terminals of the flip-flops 30, 31, and 32 are respectively connected to
      the A, B and C input terminals of an AND gate 35. Consequently, AND gate
      35 is rendered conductive only if flip-flops 30, 31 and 32 are caused to
      change state. A conductor 36 connects the output terminal of the reset
      pulse generator 24 to corresponding reset terminals R of the flip-flops
      30-33 so as to reset the flip-flops to their initial conditions after the
      reset pulse generator 24 is appropriately energized. Conductor 20 serves
      as the output terminal of the AND gate 35 and terminates at one edge of
      the security card 10.
PAR  The selector grid network 25 interconnects the conductors 13-17 and the
      logic circuit 23. Conductors 14 and 17 are connected to the input
      terminals A and B respectively of an OR gate 38. An output terminal of the
      OR gate 38 is connected to the B input terminal of the AND gate 29.
      Conductors 16, 13 and 15 are respectively connected to the B input
      terminals of the AND gates 26, 27 and 28. These interconnections in the
      selector grid network 25 define a preselected code which must be keyed in
      by the user of the card in order for the system to authenticate that the
      user is the owner of the security card. As shown, the preselected code
      comprises the sequence of digits 4-1-3. It is recognized that other
      sequences of digits may be formed by merely rearranging the connections in
      the selector grid network 25 between the conductors 13-17 and the logic
      circuitry 23.
PAR  The terminal 12 houses a trigger source 40 which is connected to a
      plurality of conductors 13A, 14A, 15A, 16A, 17A and 18A. The conductors
      13A - 17A terminate in an appropriate socket, preferably at one surface of
      the terminal 12 and serve to mate with the corresponding conductors 13-17
      of the security card 10. A switching network comprising switches 13B-17B
      and reset switch 18B serves to selectively interconnect the source 40 to
      the conductors 13-18 of the security card 10. A reset indicator 42 is
      disposed on a display panel of the housing and is electrically connected
      to mate with the conductor 19 at the output of the reset pulse generator
      24. An authenticity indicator 42' is also disposed on the display panel
      and is arranged so as to mate with the output conductor 20 from the AND
      gate 35. The authenticity indicator 42' is energized when the preselected
      sequence of input signals is applied to the logic circuitry 23 and an
      output signal is present at the output of the AND gate 35. The terminal 12
      also houses a DC power source 44 which is coupled through the conductors
      21 and 22 to energize the electronics of the security card 10.
PAR  The operation of the authenticating system will be described assuming that
      the holder keys the logic circuitry in the correct code sequence. The
      security card 10 is inserted in the terminal 12 with the conductors 13-22
      plugged into the corresponding mating conductors of the terminal 12. The
      first operation is to reset the logic circuitry 23. Accordingly, the reset
      switch 18B is depressed such that the reset pulse generator 24 is
      energized, thereby activating the reset indicator 42 and causing a reset
      pulse after a set interval to be applied through conductor 36 to
      initialize the flip-flops 30-33.
PAR  Thereafter the holder or user of the card depresses the appropriate switch
      13B-17B so as to provide the first digit in the preselected code to the
      logic circuitry. In this case, since the code is 4-1-3, switch 16B is
      depressed. It should be noted that for additional security the switches
      should be of the "momentary on" type, which typically do not remain closed
      during the period they are depressed. As switch 16B is depressed a trigger
      pulse is conducted from trigger source 40 through the AND gate 26 to
      flip-flop 30, causing the flip-flop 30 to change state. Accordingly, a
      first enable signal is applied to the A input terminal of AND gate 35.
      Thereafter, switch 13B is activated, such that a trigger pulse is applied
      through conductor 13 to the B input of the AND gate 27 causing the signals
      appearing on the output terminals of the flip-flop 31 to change state.
      Consequently, a second or disenable signal is applied to the B input
      terminal of the AND gate 35 and to the C input terminal of AND gate 26,
      thus deactivating the first stage of the logic circuitry. Finally, switch
      15B is depressed, causing a pulse from trigger source 40 to be conducted
      on conductor 15 to the B input of the AND gate 28, causing the output
      signals of the flip-flop 32 to change state. Accordingly, a third enable
      signal is produced at the C input of the AND gate 35. Since first, second
      and third signals are present at the respective A, B and C inputs of the
      AND gate 35, an output signal is developed on conductor 20 which energizes
      the authenticity indicator 42', thereby indicating that the selector
      switches have been operated in the correct sequence and verifying that the
      user of the security card knows the correct code.
PAR  It should be recognized that if the user does not key the preselected code
      into the terminal 12, then the authenticity indicator 42 would not be
      energized. For example, assuming again that the correct code sequence is
      4-1-3, if, after switches 18B and 16B have been operated, the user
      depresses switch 15B, then a pulse would appear on conductor 15 to the B
      input terminal of the AND gate 28, consequently causing the output signals
      of the flip-flop 32 to change state. Accordingly, a logic zero is applied
      to the C input of the AND gate 27, thereby disabling AND gate 27 until the
      reset switch 18B is once again actuated. Since AND gate 27 is disabled,
      flip-flop 31 will not change state. Thus, AND gate 35 is inhibited and the
      authenticity indicator 42' cannot be energized. In another example, if the
      switch 13B is closed instead of 16B, then a trigger pulse will be
      conducted through the selector grid network 25, the AND gate 27 and the
      flip-flop 31 such that the AND gate 35 is gated OFF, thereby inhibiting
      operation of indicator 42'. Similarly, if any of the switches 13B through
      17B are actuated in an improper sequence, then the authenticity indicator
      42' will not be energized.
PAR  For the three digit code 4-1-3, if switch 17B is actuated, a pulse would
      appear on conductor 17 at the B input of the OR gate 38 causing the OR
      gate 38 to conduct such that the pulse is conducted through AND gate 29 to
      the flip-flop 33. Consequently, a logical zero signal would appear at A
      input of the AND gates 26-29, thereby inhibiting further operation of the
      logic circuitry 23 until the flip-flops 30-33 are reset. The same result
      occurs if switch 14B is actuated.
PAR  While there has been described what is at present considered to be the
      preferred embodiment of the invention, it will be understood that various
      modifications may be made therein, and it is intended to cover in the
      appended claims all such modifications as falls within the true spirit and
      scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system for authenticating the ownership of an electronic security card
      comprising:
PA1  a security card means including logic circuitry which is responsive to a
      plurality of input signals and is adapted to provide an output signal when
      said input signals are in a preselected sequence and to develop a feedback
      control signal which is applied to and deactivates said logic circuitry
      when said input signals are not in said preselected sequence; and
PA1  terminal means for receiving said security card means, said terminal means
      including a signal source operative to provide a plurality of input
      signals, a switch means for selectively interconnecting said signal source
      means to said logic circuitry so as to apply a sequence of said input
      signals to said logic circuitry when said security card means is received
      by said terminal means, and indicating means responsive to said output
      signal and operative to indicate that said selective interconnection
      occurs in a predetermined manner.
NUM  2.
PAR  2. A system for authenticating the ownership of an electronic security card
      as recited in claim 1 wherein said logic circuitry includes a plurality of
      stages arranged so that the signal developed at the output of one of said
      stages is applied to the input of a preceding stage so as to gate said
      preceding stage.
NUM  3.
PAR  3. A system for authenticating the ownership of an electronic security card
      as recited in claim 2 wherein said security card means further includes
      reset means for initializing each of said stages, and wherein said
      terminal means includes means for energizing said reset means, and reset
      indicating means responsive to said reset means to provide an indication
      when said logic circuitry is initialized.
NUM  4.
PAR  4. A system for authenticating the ownership of an electronic security card
      as recited in claim 3 wherein said logic circuitry further includes a
      plurality of conductors for carrying said input signals, said conductors
      being connected to said reset means, and wherein said security card means
      further includes an integral molded structure encapsulating said logic
      circuitry, said reset means and said conductors, said conductors extending
      within said structure so as to terminate at one edge thereof.
NUM  5.
PAR  5. A system for authenticating the ownership of an electronic security card
      comprising:
PA1  a security card including a first stage having a first AND gate with first,
      second and third input terminals, a first bistable multivibrator serially
      connected to said first AND gate and having an initially-off output
      terminal, a second stage having a second AND gate with first, second and
      third input terminals, a second bistable multivibrator serially connected
      to said second AND gate and having an initially-on output terminal and an
      initially-off output terminal, the initially-on terminal being connected
      to said third input terminal of said first AND gate; a third stage having
      a third AND gate with first and second input terminals, and a third
      bistable multivibrator serially connected to said third AND gate and
      including an initially-on output terminal and an initially-off output
      terminal, the initially-on terminal being connected to said third input
      terminal of said second AND gate; a fourth stage having an OR gate with a
      plurality of input terminals, a fourth AND gate serially connected to said
      OR gate and including a first input terminal, and a fourth bistable
      multivibrator serially connected to said fourth AND gate and including an
      initally-on output terminal that is connected to said first input
      terminals of said first, second, third and fourth AND gates; a fifth AND
      gate connected to said initially-off output terminals of said first,
      second and third multivibrators and including an output terminal; a first
      plurality of conductors selectively connected to said second input
      terminals of said first, second and third AND gates and said plurality of
      input terminals of said OR gate; and reset means coupled to said first,
      second, third and fourth bistable multivibrators for initializing the
      corresponding output terminals thereof; and
PA1  means for receiving said security card and including source means operative
      to provide a plurality of input signals; a second plurality of conductors
      coupled to said source means and arranged to mate with respective ones of
      said first plurality of conductors of said security card when said
      security card is received; switch means for selectively interconnecting
      said source means and one of said first plurality of conductors of said
      security card such that a sequence of said input signals is selectively
      applied to said AND gates, whereby when said sequence is such that input
      signals are applied consecutively to said first, second and third AND
      gates then an output signal is developed on said output terminal of said
      fifth AND gate, and when said input signals are applied in any other
      sequence or to said fourth stage, then said first, second, third and
      fourth AND gates are deactivated; and indicating means responsive to said
      output signal and operative to indicate when said proper sequence has been
      applied.
NUM  6.
PAR  6. An electronic security card for use in a system for authenticating the
      ownership of said security card which includes a card authenticator for
      receiving said security card, said authenticator housing an electronic
      source operative to provide a plurality of input signals, switch means for
      selectively interconnecting said source to said security card and
      indicating means responsive to an output signal and operative to indicate
      when a predetermined interconnection is made, said security card
      comprising:
PA1  a logic circuitry network responsive to a plurality of input signals and
      operative to provide an output signal when said input signals are in a
      preselective sequence and to develop a feedback control signal which is
      applied to and deactivates said logic circuitry network when said input
      signals are not in said preselected sequence; and
PA1  a conductive means for interconnecting said logic circuitry network to said
      switch means and said indicating means, said logic circuitry network and
      said conductive means being encapsulated within a card-shaped plastic
      member.
NUM  7.
PAR  7. An electronic security card as recited in claim 6 wherein said logic
      circuitry network includes a plurality of stages arranged so that the
      signal developed at the output of one of said stages is applied to the
      input of a preceding stage to gate said preceding stage.
NUM  8.
PAR  8. An electronic security card as recited in claim 6 wherein said card
      authenticator includes reset indicating means to provide an indication
      when said logic circuitry network is initialized, said security card
      including reset means coupled between said switch means and said reset
      indicating means for initializing each of said stages.
NUM  9.
PAR  9. An electronic security card as recited in claim 6 wherein said logic
      circuitry network includes:
PA1  a first stage having a first AND gate with first, second and third input
      terminals, and a first bistable multivibrator serially connected to said
      first AND gate and having an initially-off output terminal;
PA1  a second stage having a second AND gate with first, second and third input
      terminals, a second bistable multivibrator serially connected to said
      second AND gate and having an initially-on output terminal and an
      initially-off output terminal, the last mentioned initially-on terminal
      being connected to said third input terminal of said first AND gate;
PA1  a third stage having a third AND gate with first and second input
      terminals, and a third bistable multivibrator serially connected to said
      third AND gate and including an initially-on output terminal and an
      initially-off output terminal, the last mentioned initially-on output
      terminal being connected to said third input terminal of said second AND
      gate;
PA1  a fourth stage having an OR gate with a plurality of input terminals, a
      fourth AND gate serially connected to said OR gate and including a first
      input terminal, and a fourth bistable multivibrator serially connected to
      said fourth AND gate and including an initially-on output terminal that is
      connected to said first input terminals of said first, second, third and
      fourth AND gates;
PA1  a fifth AND gate connected to said initially-off output terminals of said
      first, second and third multivibrators and including an output terminal;
PA1  said conductive means including a plurality of conductors formed so as to
      terminate on one edge of said security card and connected to respective
      second input terminals of said first, second and third AND gates and said
      plurality of input terminals of said OR gate, and to said output terminal
      of said fifth AND gate; and
PA1  reset means coupled to said first, second, third and fourth bistable
      multivibrators for initializing the corresponding output terminals thereof
      whereby when a sequence of said input signals is applied on said
      conductors to said AND gates such that input signals are applied in order
      to said first, second and third AND gates, an output signal is developed
      on said output terminal of said fifth AND gate and when said input signals
      are applied in any other sequential order or to said fourth stage, said
      first, second, third and fourth AND gates are deactivated, said conductors
      applying said output signal to said indicating means to provide an
      indication when the proper sequence has been applied.
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ABST
PAL  An event recorder which includes a plurality of counters. An interface
      circuit is provided between the event recorder and a machine, the events
      of which are to be monitored. Signals corresponding to machine events are
      accumulated on the counters. A separate display unit having a connector
      mating with the event recorder is mated with the event recorder and the
      status of the counters is transferred to the display unit and displayed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Various types of machines perform a repetitive function or number of events
      and in some instances, such as where the machine is leased, it is
      necessary to determine or record the number of events the machine
      performs. Most commonly employed recorders or monitors are mechanical
      counters which normally have a decimal display. These mechanical counters
      are normally expensive, need approximately 1/2 inch on an actuating arm to
      function or they require a solenoid relay to drive them. Also, they are
      subject both to "skimming" where the counter is by-passed and events are
      not recorded, and tampering, where the counter itself is tampered with to
      modify readings.
PAR  Thus, there exists a need for an electronic counter which does not rely on
      mechanical movement of any of the machine parts to record events. Further,
      the counter should accumulate counts internally and the counts should be
      displayed only when a compatible display unit is mated with the counter.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is broadly directed to a method and apparatus for monitoring
      a discrete number of events. More particularly, the invention embodies a
      recorder to count a plurality of events performed by a machine. The
      invention in one embodiment includes a count recorder adapted to interface
      with and is responsive to a signal from the machine and includes a display
      unit removably mated with the count recorder.
PAR  In the preferred embodiment of the invention, an electronic recorder is
      provided and includes an interface circuit to insure that the signal
      derived from the machine is compatible with the recorder. The signal is
      related to the events to be recorded and the number of events counted are
      coded and stored in the recorder. To determine the number of counts stored
      in the recorder a display unit is placed in electrical communication with
      the recorder. The display unit essentially is a portable circuit with
      decoders. The circuit is compatible with the circuit of the recorder and
      the state of the counter is displayed when desired.
PAR  In a further aspect of the invention, the display unit is keyed to function
      only with a certain recorder(s). For example, unique codes may be devised
      requiring a specific decoder to be used in the display unit.
      Alternatively, standard codes may be used, but the mating connection
      between the recorder and the display unit may be scrambled. Also,
      combinations of special codes and scrambled connections may be used.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic illustration of the invention;
PAR  FIG. 2 is a schematic illustration of the event recorder and display unit
      of the preferred embodiment of the invention; and
PAR  FIG. 3 is a schematic illustration of an alternative embodiment of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The preferred embodiment will be described in reference to a machine which
      has a shaft which rotates once every event or machine function cycle,
      which event it is desired to monitor or count. Referring to FIG. 1, a
      shaft 10 of the machine (not shown) has a magnet 12 secured thereto. A
      reed switch 14 is responsive to the position of the magnet 12. An event
      recorder 16 counts the signals from the switch 14. A display unit 18 when
      mated with the event recorder displays the count stored in the recorder.
PAR  Referring to FIG. 2, the recorder 16 and the counter 18 are shown in
      greater detail.
PAR  The event recorder 16 comprises a plurality of standard counters CD4029A
      identified as units, tens, hundreds, and thousands. The units and tens
      counters are shown in detail, it being understood that the hundreds and
      thousands units are similarly configured. The counters are four-bit BCD
      counters, and pin 9 on each of the counters is grounded while it functions
      as a BCD counter. If pin 9 were returned to V.sub.dd, it would function as
      a binary counter. Pin 10 is returned to V.sub.dd to cause counter 14 to
      count up. Its jam inputs are returned to ground, so that when the zero
      reset line 26 is momentarily connected to V.sub.dd by switch SW-1, the
      counters are reset to zero. A battery 20, such as a standard 9V battery,
      provides the internal V.sub.dd supply for the operation of the event
      recorder 16.
PAR  For each shaft rotation, the opening of the magnetic reed switch 14
      provides a signal which causes the counters to count up. Once the units
      counter has counted to its maximum, the tens counter will then commence to
      count, as is well understood. Diodes CR1 and CR2 allow an external
      V.sub.dd supply to pass from the battery 30 when the display unit 18 is
      connected to the counter to eliminate any possible interference from
      different supply voltages being used in the counter and the display
      simultaneously. The outputs Q.sub.1 -Q.sub.16 from the counters are
      received in a connector 24a, such as a Amphenol No. 157-20240.
PAR  The display unit 18 comprises four BCD to seven-segment decoder drivers for
      the units, tens, hundreds, and thousands inputs, such as standard decoder
      drivers CD4055A. The tens decoder is shown in detail. The decoder drivers
      receive their input Q'.sub.1 -Q'.sub.16 from the mating connector 24b when
      joined with the connector 24a, whereby the outputs from the counters are
      properly mated to the inputs of the decoders. Each of the decoders drives
      a seven-segment liquid crystal display such as LC7001R. A 60 hz square
      wave oscillator 28 provides an input to the decoder drivers and insures
      proper operation of the liquid crystal displays.
PAR  The external supply of higher voltage such as 15 volts from battery 30 is
      used to power both the event recorder 16 and the display unit 18 when the
      display is connected for reading. Thus, the present invention provides a
      counter which cannot be read until the mating display unit is secured
      thereto to provide a reading.
PAR  In an alternative embodiment of the invention the display units and
      counters through the connectors may be keyed to work correctly only with
      associated event recorders for privacy and thus security if desired. The
      connections between the display unit 18 and event recorder 16 may be
      scrambled. Thus, only a correctly wired mating connector or display unit
      will generate a correct display of the status of the counter. Either with
      or without the scrambled connectors, a special code may be devised for the
      counter which requires a specific decoder to be used in the display unit.
      As shown in FIG. 3, the status of the counter is used as the address for a
      read-only memory ROM 32. This encodes the information stored in the
      counters. The ROM 32 used with the preferred embodiment is a function of
      the number of events which must be recorded before the counters fill up
      and start over. In this embodiment there is one ROM 32 for all counters.
      Using the C-MOS technology for the counters, there is one address for each
      event number in the counters. The ROM 32 provides a 12-bit code output
      which will allow a count of up to 4096. If desired, other arbitrary codes
      of suitable length may be used. As in the preferred embodiment, to display
      the information stored in the counters the display unit 18 must be mated
      to the event counter 16, which is accomplished by joining the connectors
      24a and b. When the display unit 18 is secured to the event recorder 16,
      the output code of the ROM 32 is used to address the decoder ROM 34. The
      ROM 34 then converts the information received from the ROM 32 to drive the
      drivers in the display unit 18 and the status of the counters is then
      displayed as before.
PAR  The event recorder has been described with a self-contained internal power
      supply. It should be noted that by using the self-contained power supply
      in the preferred embodiment, such as the battery, that the counters are
      powered at all times regardless of whether or not the machine is powered
      or functioning. An external supply may be used but the unit would then
      lend itself to tampering. Although described with a dual power supply, the
      power supply with the event recorder could be used to power the display
      unit if desired.
PAR  It should be understood that any arrangement may be used to generate a
      signal for the recorder, which signal has a relationship to the event to
      be counted. If the event corresponds to shaft rotation, as described
      above, an encoder or generator may be used to provide the signal. In
      coin-actuated machines, the signal generated by the coin falling through
      the chute may be employed. Alternatively, the signal which effects the
      machine function may be taken at full or partial strength. The term
      machine as used in this application includes any device which performs a
      function, which function it is desired to monitor. This would include
      meters, casting or injection machines, copying machines, etc.
PAR  Although a typical BCD recorder configuration of a specific length and
      configuration has been described, it is understood that the recorder can
      be of any arbitrary length and configuration and counters to count binary,
      hex, octal, BCD, gray code, biquinary, or other codes may be employed.
      Correspondingly, the display unit, which in essence is a portable circuit
      to plug into the event recorder providing access to the state of the
      counter, would assume a format corresponding to binary, decimal, or octal
      codes, etc.
CLMS
STM  Having described our invention, what we now claim is:
NUM  1.
PAR  1. A recorder to count the number of events performed by a machine, which
      comprises in combination:
PA1  a. an event recorder which includes:
PA2  i. an interface circuit in electrical communication with the machine and
      adapted to provide a signal, which signal relates to an event performed by
      the machine;
PA2  ii. at least one digital counter in communication with the interface
      circuit to record the number of events;
PA2  iii. a first connector in communication with the counter; and
PA2  iv. a first power supply to effect the transfer of the signal from the
      circuit and to power the counter, which first power supply is isolated
      from the machine;
PA1  b. a display unit which includes:
PA2  i. a second connector adapted to be removably mated with the first
      connector;
PA2  ii. at least one decoder;
PA2  iii. means to display digitally the decoded information which reflects the
      status of the counter; and
PA2  iv. a second power supply disposed within the decoder to both power the
      counter to transfer the information stored therein and to drive the
      decoder in the display unit when the first and second connectors are
      mated.
NUM  2.
PAR  2. The recorder of claim 1, which includes means secured to the counter to
      scramble the information transferred from the counter; and
PA1  means disposed in the display unit to unscramble the information
      transferred from the counter.
NUM  3.
PAR  3. The recorder of claim 1, wherein the counter includes a plurality of BCD
      serially connected counters.
NUM  4.
PAR  4. The recorder of claim 1, wherein the means to display the decoded
      information includes a liquid crystal display.
NUM  5.
PAR  5. The recorder of claim 1, wherein the means to display the decoded
      information is a liquid crystal display.
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PAL  "Self-organizing Control" (Parts I and II), by Barron Control Engineering,
      Feb. and Mar., 1968, pp. 70-74 in Feb. and 69-74 in Mar.
ABST
PAL  The word self-adaptive has been used to describe the capability of human
      beings and machines to adjust their characteristics in accordance with a
      changing environment. Recently a more advanced form of self-adaptive
      system has been theorized and implemented called "self-organizing"
      controller because it performs even more like a human being. Its control
      action has a "dual" character. It studies the response from the system
      being controlled and then brings about its desired state by adjusting its
      own characteristics. Its performance can be somewhat likened to a blind
      man's actions as he attempts to follow a desired path. The controller can
      perform 250 or more solutions per second to make the sensed output
      response agree with the command signal with the desired limits. Each
      controller consists of a performance assessment part and a probability
      state variable (PSV) part. On-line biasing of the probability states of
      the PSV part results in the continual restructuring of the statistical
      control law. Information about the system's behavior is obtained from the
      error signal and its derivatives, while information about actions of the
      PSV part is obtained by monitoring its output. At the heart of the PSV
      part is a gaussian noise generator, which enables the system to perform
      cautiously, while simultaneously eliminating undesirable noise. Such a
      system can be described as having the ability to learn very rapidly.
PAL  The improvements in this concept and technique involve a reduction in the
      number of parts, the replacement of binary multipliers, with analog type
      multipliers and the introduction of an error squarer device to enable
      plants having lower frequency responses to be controlled.
PAL  This control system has the inherent capability to handle situations for
      which rigidly programmed systems are not particularly suited. BACKGROUND
      OF THE INVENTION
BSUM
PAR  Reference is made to Disclosure Document No. 010693 dated May 9, 1972,
      entitled "Study, Simulation, Design and Application of a Self-Organizing
      Control System to a Vehicle."
PAR  The present invention relates to a fast response self-organizing controller
      requiring minimum proiri information. This controller was applied to two
      of the six axes of a simulated high performance helicopter. The
      self-organizing controllers enabled the aircraft to exhibit good damping
      characteristics even when the helicopter equations were made nonlinear.
      The aircraft's loading, speed and altitude were changed over a wide range
      and still the aircraft exhibited good damping characteristics to large
      step command inputs. In no case were limit cycle oscillations observed
      with two controllers in the overall system. For prior art one may refer to
      the work performed by Roger L. Barron of Adaptronics, Inc., McLean, Va. By
      using analog type multipliers instead of binary multipliers, the limit
      cycle oscillation responses obtained using the Adaptronics controller were
      eliminated. The use of analog multipliers made possible and elimination of
      at least two crossover detectors and one limiting amplifier without
      sacrificing any degradation in the system's response.
PAR  The helicopter is one of the most complicated of vehicles. It is an
      extremely high order plant. Its body is not a perfectly elastic structure,
      its linkages bend, have hysteresis and dead zones. In its aerodynamics is
      unsteady flow phenomena associated with the rotors and wings, if any.
      Nonlinearities include surface rate limiting, saturation of amplifiers
      supplyng signals from amplifiers and a little hysteresis in the control
      surfaces and in the hydraulic actuator valves. Cross-couplings between the
      actuators that drive multiple response variables provide additional
      nonlinearities. For the above reasons the helicopter is a good candidate
      for self-organizing control systems. Furthermore, the F.A.A. will grant
      IFR certification only to multi-engine, two-piloted helicopters with very
      strong stability augmentation systems (SAS) designed to duplicate airplane
      fixed wing flying characteristics. The self-organizing controller will
      provide strong stability augmentation even in conjunction with
      conventional SAS, if desired. The self-organizing controller will perform
      equally satisfactorily with or without other conventional types of control
      in the system. Hence, either the conventional or the self-organizing
      control system may serve as a backup for the other should either one fail
      in part or in entirety. In many industrial plant processes, in which
      temperature, level. flow or pressure are controlled, the rate of response
      is slow. By adding an error squaring circuit to the controller, slow
      response systems may be controlled.
DRWD
PAR  Further objects and advantages of the improvements made in self-organizing
      controllers will become apparent from the description of the figures and
      claims.
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  FIG. 1 is a block diagram of a single coal, single actuator self-organizing
      controller in a closed loop with the plant, showing the various inputs
      which might occur simultaneously.
PAR  FIG. 2 is a block diagram of the controller itself showing the two parts of
      the system, the P.A. part and the correlation actuation part.
PAR  FIG. 3 is an assumed plot of error rate versus error signals, indicating
      the various paths the error signal can take in reducing to zero.
PAR  FIG. 4 is the error response trace obtained on a CRT screen of an
      oscilloscope.
PAR  FIGS. 5A to 5D illustrate in four plotted curves how the P.A. can operate
      to reduce predicted error to zero.
PAR  FIG. 6A illustrates the prior art PA system.
PAR  FIG. 6B illustrates the improved PA system.
PAR  FIG. 7 is a block diagram of the error squaring function to indicate how
      the sign of the error may be retained following the squaring of the error.
PAR  FIG. 8 is a block diagram of the relay driver.
PAR  FIG. 9A illustrates the prior art PSV system.
PAR  FIG. 9B illustrates the improved PSV system.
PAR  FIG. 10 is a diagram of the vectors composing the PSV subpart.
PAR  FIG. 11 shows the time response waveforms of a fourth order dynamic system
      with and without SOC.
PAR  FIG. 12 shows the time response waveforms of a highly undamped second order
      dynamic system with and without the squaring circuit in the loop.
DETD
     DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a block diagram of a single loop, single actuator
      system showing the in-line self-organizing controller and the plant it
      controls. The control system is evaluated with respect to:
PA1  1. Transient response to control command input R(t);
PA1  2. Transient response to wind gusts, g.sub.3 ;
PA1  3. Control system noise and stability of plant outputs.
PAL  The undesirable inputs are shown as:
PA1  1. Transmission noises, g.sub.4 ;
PA1  2. Wind gust disburbance, g.sub.3 ;
PA1  3. Corruption within the plant, g.sub.2 ;
PA1  4. Actuator and sensor noise, g.sub.1 and g.sub.5.
PAR  The only desirable input is the command signal R(t). The self-organizing
      controller (SOC) performs in a manner to be virtually insensitive to most
      of the undesirable inputs. It also is less sensitive both to control
      system and to plant system nonlinearities. A desirable time response to
      the step input R(t) is shown for a typical plant output variable as c(t).
PAR  In FIG. 1, the in-line controller 14 is utilized to control a typical plant
      18 driven by a control signal sgn u(t) which is generated by controller
      14, based on the system error signal e(t). The error signal may be formed
      by a conventional summing amplifier 12 receiving a control signal source,
      Y.sub.A , and a feedback signal, Y.sub.F, produced by sensor 20,
      monitoring the plant control variable c(t). The control signal source may
      be an aircraft joy stick transmitting noise g.sub.4 with the signal.
      Likewise actuator G, a hydraulic or an electric motor, may generate noise
      g.sub.1. Plant 18, if an aircraft, could be disturbed either by external
      wind gusts g.sub.3 or by internal engine vibrations g.sub.2. Sensor 20
      generates noise g.sub.5 as a result of air frame vibrations and internal
      electronic component noise. The controller's purpose is to enable a plant
      to perform in a stable manner in the presence of noise corruptions and
      changing plant dynamics. These controllers are self-organizing because
      they can modify their own internal signal pathways as shall be pointed out
      in FIG. 2, in addition to being fast-learning, doing a job hundreds of
      times faster than a human to stabilize unstable systems in an unknown
      environment. This system is capable of handling and being less sensitive
      to:
PA1  1. A high order plant system, involving more than two integrations;
PA1  2. Nonlinear elements and components in the system;
PA1  3. Variable quantities due to environmental conditions and changes in plant
      configurations;
PA1  4. Noise caused by electrical, mechanical and environmental fluidic
      phenomena, such as is present under aircraft flight conditions;
PA1  5. Large input command signals without causing system instability.
PAR  FIG. 2 illustrates the two main portions of the controller 14, namely the
      performance assessment part 8 and the cross-correlation actuation part 9.
      Briefly, the controller functions to reduce error between command input
      and output response signals in the following manner. The predictor 1
      introduces a lead signal having error plus error-rate terms. In so doing,
      it establishes a switching line T in the error, error-rate phase plane.
      shown in FIG. 3, according to the equation: ep = (1 + Ts) e. Signal ep is
      positive above switching line T and negative below said line. On the line
      it has a value of zero (0). The predictor's purpose is to avoid
      oscillation through anticipating the response's trend and switching
      polarity of the control action before the signal error changes sign. This
      control action is explained in a graphical manner in FIG. 4. Predictor 1,
      in effect, produces a damped response, the amount of damping governed in
      part by the predictor time constant T. Referring to FIG. 3 when a step
      input R(T) is applied, the error signal immediately goes to point A. From
      this point the controller acts to reduce error e. At point A, relative to
      switching line T, it has a plus value. In FIG. 2 for error e to decrease,
      if previously it has increased, output of multiplier .DELTA.U should
      change sign. In FIG. 3, perpendicular distance of point A from switching
      line T is given by "n" and represents the vector addition of e and Te. If
      predicted error ep passes switching line T, then "n" has changed sign.
      When even "n" changes sign, .DELTA.U' (FIG. 2) should not change sign,
      (since the product of two minuses gives a plus sign), in order for the
      error to be decreasing. Hence, then in FIG. 2, the correlation logic
      should maintain polarity, and it does, when its gain devices and inverting
      amplifiers are designed to give the desired polarity, enabling the
      controller to "close in" on the origin of phase plane, FIG. 3. The sooner
      ep reaches and stays on the switching line, the sooner the controller
      output will cause error e to approach zero. Angle .alpha. of switching
      line, FIG. 3, should be optimized to enable this minimum time to occur.
      Thus in FIG. 3, the solid line represents an improvement over the dashed
      line for which a larger T value was used. The controller operates to
      produce sign reversals and gains to achieve the desired plant response.
      The CRT trace FIG. 4 illustrates the actual behavior of the error signal
      with time. Notice that the error has been reduced to zero in 1.5 seconds.
      The controller's output is a smoothed-over pulse-width modulated waveform
      with perhaps some high frequency noise superimposed thereon.
PAR  The operation of the performance assessment part which follows explains the
      role of the value function v to provide the proper polarity to the
      correlation actuation logic part. Consider the waveforms of ep and its
      differentiations as shown in FIG. 5. Referring to FIG. 5a., assume that ep
      is parabolically increasing for the first clock interval .DELTA.t.
      Differentiating this waveform once produces a ramp function, FIG. 5b.
      Differentiating again produces ep, a positive square waveform, FIG. 5c.
      The product of the two waveform segments, ep, and ep, produces another
      positive waveform ep .sup.. ep = v, also parabolic in shape. Being
      positive, a polarity change is required in order to reduce predicted error
      ep to 0. Thus, during the next time interval, the slope of the waveform is
      changed from concave to convex, FIG. 5a. Because v is positive, the
      correlation actuation part changes the polarity of its output and, hence
      the plant's response correspondingly changes. Dirrerentiating the convex
      waveform gives a negative ramp function, FIG. 5b. Now the second
      dirrerentiation ep also has negative polarity FIG. 5c and the product ep
      .sup.. ep produces a negative waveform, FIG. 5d. Since ep and ep are now
      of opposite sign, as required, the trend of ep is continued in the next
      clock interval. This time predicted error ep is further reduced and the
      differentiations are repeated producing smaller "V" values. As long as the
      product ep .sup.. ep has negative polarity, the trend of the ep slope is
      continued. Note that at the end of four clock intervals, ep is reduced
      effectively to 0. Therefore, product ep .sup.. ep also must go to zero.
      Once ep goes to 0, the "SOC" output also must approach 0, since "n"
      approaches 0. Note in FIG. 2 that the product of F(ep) and sgn.DELTA.U'
      produces output sgn.DELTA.U. Controller output sgn.DELTA.u remains at a
      fixed value or 0 until the input command R(t) is changed. A clock pulse
      from clock 33, FIG. 8, initiates each new action. In this example, note
      that all sign reversals in sgn.DELTA.U, FIG. 2, have been performed by
      value function "V", not any by "n", since ep has not changed sign implying
      that switching line T, FIG. 3, has not been crossed. For a higher order
      plant system, the time taken for stabilization could take longer than 4
      clock intervals and also it is likely that switching line T could be
      crossed as shown by curved paths taken by the error signal, FIG. 3. Small
      non-detectable high frequency oscillations occur about the origin of the e
      vs e plot after ep approaches 0. To summarize, the performance assessment
      part does the following:
PA1  1. Identifies plant dynamic changes which have taken place.
PA1  2. Determines if a control action has had a desirable effect on predicted
      error;
PA1  3. Processes the signal into a pulse-width-modulation signal by means of
      zero-crossing detector 6, FIG. 2.
PAR  FIGS. 6A and 6B show the major portion of the performance assessment (PA)
      part. FIG. 6A represents prior art. As shown, a total of three stages of
      differentiation are performed by path P1 which includes predictor 1 and
      differentiators 11 and 21. A single differentiation is performed over path
      P2, which includes predictor 1. The binary multiplier compares the
      detected polarities of predicted error ep and the second derivative of
      predicted error, ep. When both polarities are opposite, the P.A. produces
      a positive Sgn v. When both polarities are the same, the error is
      accelerating away from switching line T, FIG. 3, producing a negative Sgn
      v. In FIG. 6B multiplier 5 is the analog type and detector 6 converts the
      analog signal to pulse-width modulation. It should be noted that in other
      PA units, multiplier 5 is the binary type and, therefore, two
      zero-crossing detectors are required, in order for the output signal "V"
      to be pulse-width modulated. squarer 40 squares the error signal while
      retaining its sign. This is desirable for low plant response frequencies,
      such as frequencies in the neighborhood of 1 radian per second which
      cannot be damped without the squaring function in the loop. The squarer
      increases the slope of the signal so the slope's polarity can be
      recognized by the performance assessment part. The circuitry of the
      squarer is shown in FIGS. 7 and 8. Error signal e follows two paths. In
      the one, "e" is applied to electronic comparator 13, which provides a
      positive output signal to relay driver 17 when e is positive and no signal
      when e is negative. Squaring circuit 37 provides e.sup.2. Limiting circuit
      15 is capable of amplifying the output of e.sup.2 if required and also
      limiting the output so it will not exceed a predetermined value according
      to settings of potentiometers 22 and 23. Limiter's output f(-e.sup.2)
      applied to the NO pole of relay 41 and its inverted output f(e.sup.2) is
      applied to the NO pole of relay 41. Output of relay 41 may be attenuated
      by potentiometer 19. Let f(.+-.e.sup.2) = Z(t). Signal Z (t) is now
      applied to predictor 1. The self-organizing controller is blocked in with
      dashed lines. In FIG. 8 is shown relay driver 24 of interface 17. Relay
      driver 24 operates switch 41. FIGS. 9A and 9B show block diagrams of the
      actuation correlation logic (ACL) part, which includes a probability state
      variable portion (PSV), and may be referred to as the algorithm. As
      indicated, FIG. 9A represents prior art and FIG. 9B represents the
      improvements in the state of the art. Both diagrams are referred to in the
      explanation which follows. As information is acquired from the performance
      assessment part, this algorithm biases the polarity of future
      "experiments" to direct the "search" into regions of reward, corresponding
      to a signal which will reduce the error e to 0. For a single input, single
      actuator system, the PSV portion is useful in stabilizing both linear and
      nonlinear analog higher order systems. If its input sgn V is positive,
      then prior control action has produced a desirable stable response trend.
      If sgn V is negative, an undesirable trend is indicated. Thus, negative
      "V" encourages continuation of the existing pattern of control action, and
      positive "V" prompts the controller to try different combinations in
      search for rewards. This ACL part is necessary for the following reasons:
PA1  1. To attenuate high frequency components, such as noise, in the signal.
PA1  2. Without the addition of the PSV portion, "hard" switching action of the
      zero-crossing detector would result. Soft switching characteristics are
      desirable to minimize ringing and limit-cycle oscillations and loss of
      plant stability resulting from loss of control of the plant's response
      signal.
PA1  3. The cross correlation part guides the search in order to reduce error e
      to 0;
PA1  4. The cross correlation part discerns the relative magnitude and phase
      between the system's input and output so that the action it takes can
      reduce the error in the smoothest and shortest possible time;
PA1  5. The averaging of more than one sample interval is provided by the
      smoothing block 26, a lag circuit, so that a more conclusive measure of
      correlation between sgn V and sgn.DELTA.u'(t- t) is indicated. Smoothing
      of sgn.DELTA.U' also occurs following scaler 32 by another lag circuit 36,
      shown in FIG. 2. The lag circuit may consist of an integration amplifier
      with an added feedback loop having a resistor of the proper size.
PAR  Value function sgnV is multiplied by a delayed feedback signal,
      sgn.DELTA.U'(t-.DELTA.t) via multiplier 25 to form product "X". This
      product is positive when the two signals have like polarities. The product
      is negative when these two signals have unlike polarities. In this way X,
      input to the PSV decision portion, conveys information about the
      cross-correlation between "V" and .DELTA.U'(t-.DELTA.t). If "V" and
      .DELTA.U'(t-.DELTA.t) are strongly correlated, then the duty cycle of "X"
      approaches either 0 or 100%, depending on the sense of the correlation.
      For a weak correlation the duty cycle of "X" will approach 50%. The
      interval .DELTA.t between changes in .DELTA.U'(t) should be sufficient to
      allow time for plant responses to become observable by the controller.
      FIG. 9 is a functional diagram of the PSV decision-making process. An
      important objective of the PSV is to attenuate signal components having
      higher frequencies than those needed to control a desired plant variable.
      In FIG. 9, the PSV portion generates a mixture of noise and a sequence of
      plus and minus voltages of equal magnitude. At any given time, the
      probability that the PSV output is positive is governed by the probability
      control voltage PCV being positive. To obtain a positive output, the
      average value of PCV and noise voltages must be positive over the
      frequency region in which the PCV signal exists. The noise is a balanced
      random function and, therefore, the PCV is the only source of bias in
      reaching the plus or minus voltage decision. (This bias may be obtained by
      averaging the input signal "X" over a number of clock signals). Limiter
      27, used to reduce the magnitude of the smoothed signal in other
      self-organizing controllers, is actually unnecessary since both the
      sgn.DELTA.U' and sgn V signal are already limited in magnitude by
      zero-crossing detectors and scalers. Similarly, zero-crossing detector 30
      was found to be unnecessary since the signals from summing device 29 and
      detector 30 are virtually identical. Detector 30 is used in other
      self-organizing controllers. The sample-and-hold circuit, a bistable
      flip-flop circuit, filters out some of the noise while responding to bias
      created by the PCV signal. Clock interval .DELTA.t generated by clock 33
      governs both the duration of the delay inserted in sgn U'(t-.DELTA.
      t)feedback and the moment at which the output of the summing device 29 is
      sampled and held until the next clock event. Note that a sample-and-hold
      procedure is not used with sgnV and this signal is allowed to switch from
      plus to minus whenever V changes polarity. The binary quantity X therefore
      switches with V polarity changes, unless .DELTA.U'(t-.DELTA.t) feedback
      also switches, and one purpose of the smoothing filter 26 is to average
      the "X" signal in the presence of these possible fluctuations due to V. If
      .DELTA.t is too short, meaningful information cannot be obtained via the
      plant/sensor feedback path to the PA part. If .DELTA.t is too long, the
      duration of the ACL experiment is excessive and the plant over-responds.
PAR  FIG. 10 is a typical diagram for the average instantaneous magnitudes and
      phases of the PCV signal, Ws noise n(t),Wn, and modulated noise WNM
      frequencies at PCV. Statistically, the noise frequencies do not alter the
      phase of the signal frequency over many clock intervals. Therefore, the
      signal phase angle is not altered. The noise and signal sources are
      uncorrelated. Any coeherence in the PSV output is determined by the "X"
      signal characteristics. Thus, statistically, the PSV phase remains
      identical to the phase of the PCV. Because the noise signal is obtained
      from a relatively broad-band random noise generator, the noise value is
      stronger at high frequencies. If the noise signal value is high relative
      to the PCV signal, the low frequency signals play a less dominant role in
      switching the flip-flop to the desired state, and the decisions are
      softened. If the noise signal value is small relative to the PCV signal,
      the low frequency signals play a more dominant role in switching flip-flop
      31. In short, the signal frequencies act as a low frequency bias on the
      noise. The PSV portion can be considered as a zero phase shift filter
      whose cut-off frequency is determined by the low end of the frequency
      range of the gaussian noise generator because of the presence of signal
      PCV, FIGS. 9A and 9B.
PAR  FIG. 11A represents the time response of a fourth order dynamic system with
      dead zone to a step input. FIG. 11B represents the time response of the
      identical system with the said controller in the loop. Notice the
      improvement in a marked reduction in undesirable oscillations. The error
      squarer was not in the loop.
PAR  FIG. 12A shows the time response of a highly underdamped second order
      dynamic system having a natural frequency of 10 radians per second, with
      the said controller in the loop. FIG. 12B shows the time response of the
      identical second order system with the squaring circuit in the loop.
      Notice the same fast rise time but without any ascillations.
PAR  For a complicated plant, such as a helicopter, conventional feedback
      control systems may be combined with in-line self-organizing controllers
      to improve performance as well as provide backup should any part of the
      control system fail. With a self-organizing controller in the loop, good
      performance can be achieved with increased gain in the plant loop. As a
      consequence, faster responses, reduced sensitivity to disturbances result.
      Using conventional controls alone, one finds that increasing the loop gain
      tends to make the system responses more oscillating. Since the controller
      is a highly nonlinear system, defying rigorous mathematical analysis,
      simulation of the system was implemented on an E.A.I. analog computer with
      digital logic. Solutions were obtained for various inputs and
      environmental conditions.
PAC  SYMBOLOGY AND TERMINOLOGY SUBMITTED FOR PURPOSES OF CLARIFICATION
PA1  Acl = actuation correlation logic
PA1  e = Error signal
PA1  e.sub.p = Linear error prediction signal = 1 = Te
PA1  e.sub.p = predicted error rate signal = .sup.de p/dt
PA1  e.sub.p = predicted error acceleration signal = de.sub.p.sup.2 /dt.sup.2
PA1  n = normal distance from system representative point in phase plane or
      space to the switching line or surface in the plane or space.
PA1  Pa = performance assessment
PA1  Pcv = probability control voltage
PA1  Psv = probability state variable unit
PA1  sgn()= 1 if ().gtoreq.0, -1 if ()&lt;0
PA1  s = laplace complex variable and operator =.sigma.+ j.omega., where
      .sigma.= real part and j.omega. = imaginary part in the s-plane.
PA1  Soc = self-organizing controller
PA1  T = prediction interval (constant)
PA1  T.sub.1 = time constant of smoothing circuit
PA1  t = time
PA1  .DELTA.t = interval = clock time between pulses
PA1  .DELTA.t.sub.1 = delay time of delay circuit
PA1  u = actuation logic output signal
PA1  u' = correlation logic output signal
PA1  .DELTA.u = increment in u
PA1  .DELTA.u' = increment in u'
PA1  Actuator = electric, hydraulic or pneumatic motor
PA1  Augmented differentiator = 1 + Te
PA1  Command signal = an input signal that is developed externally and is
      independent of the feedback control system.
PAC  GLOSSARY OF TERMINOLOGY SUBMITTED FOR PURPOSES OF CLARIFICATION
PA1  Constant = a quantity which remains unchanged. Its range is a single
      number.
PA1  Controlled variable = the quantity of the feedback system that is
      controlled.
PA1  Disturbance = undesirable signals that attempt to affect the value of the
      controlled variable.
PA1  Limiting circuit = An operational amplifier whose overall gain is reduced
      abruptly, changing the slope of the input-output relationship. In hard
      limiting, the output voltage remains constant for values of input voltage
      outside a given interval.
PA1  Limit cycles = the steady-state oscillations of given amplitude into which
      a system settles.
PA1  Plant = the system or vehicle being controlled by the actuating signal u.
PA1  R-s flip-flop = a bistable set-reset circuit capable of assuming two stable
      states, a given state depending upon the pulse history of one or more
      inputs and having two outputs, a normal output and an output of opposite
      polarity from the normal.
PA1  Regulating control signal = a signal whose purpose is to adjust the output
      to a desired value and regulate it against undesirable variations.
PA1  Sensor = an automatically-operated device capable of converting various
      types of input signals, including position, rate and acceleration, of
      mechanical or electrical origin into other forms and/or magnitudes.
PA1  Shift register = a circuit which will shift a binary digit either to the
      left or to the right for each input signal, in this case a clock pulse.
PA1  Clock = source of equally spaced pulses of .DELTA.t interval.
PA1  Damping ratio = ratio of actual damping coefficient to the critical damping
      coefficient of a second order plant system, in which a critically damped
      system yield a response without any overshoot. In the second order
      equation: s.sup.2 + 2.delta..omega..sub.n s + .omega..sub.n.sup.2,
      2.delta..omega..sub.n = damping coefficient and .delta. = damping ratio.
PA1  E.a.i. = electronic Associates Incorporated.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a plant controller of the type that includes:
PA1  a summing device responsive to command and feedback signals, respectively,
      to provide an output error signal e;
PA1  a predictor coupled to the output of said summing device for providing a
      predicted error signal ep as a function of said error signal e;
PA1  a differentiating means coupled to the output of said predicted error
      signal ep;
PA1  first multiplier means for producing a product of said predicted error
      signal ep and the output of said differentiated signal;
PA1  actuation correlation logic (ACL) for producing a pulse-width modulation
      (PWM) signal as a function of the output of said multiplier means, said
      PWM constituting the investigative part of a control action;
PA1  a lag circuit coupled to the output of the actuation correlation logic;
PA1  a second multiplier means responsive to lagged output of the said ACL and
      amplitude limited output of said predictor to produce an actuation logic
      output signal (.DELTA.U), whereby said ACL enables said plant controller
      to be insensitive to relatively high frequency noise and to be more
      cautious in making a polarity decision,
PA1  the improvement in said plant controller that comprises:
PA2  said 1st and second multiplier means being analog multiplier means;
PA1  one input of said first multiplier means being directly coupled to the
      output of said predictor;
PA1  the second input of said first multiplier means being directly coupled to
      the output of said differentiating means; and
PA1  a bivalue function means coupled between the output of said first
      multiplier and input of said ACL.
NUM  2.
PAR  2. The improved plant controller as set forth in claim 1 further comprising
      means coupled between said summing device and said predictor and including
      a squarer circuit for retaining the sign of said error signal e, said
      squarer circuit enabling said plant controller to be responsive to
      relatively low frequency plant responses.
NUM  3.
PAR  3. In a plant controller as set forth in claim 1, said ACL comprising:
PA1  a third multiplier means for producing a product signal (x) from the output
      of said first multiplier and the correlation logic output signal
      (.DELTA.u') delayed by time interval .DELTA.t;
PA1  a signal smoothing circuit means coupled to the output of said third
      multiplier means for producing an output signal representing the mean
      value of said product signal x;
PA1  a second summing device means for adding the output signal of said
      smoothing means and the output of a balanced noise generator means for
      producing a probability state variable (PSV) signal,
PA1  a sample-and-hold circuit coupled to said summing device, comprising a type
      R-S flip-flop having set and reset input for producing an output bivalue
      logic signal (sgn.DELTA.U) dependent on the state of said flip-flop, the
      sampling rate of said sample-and-hold circuit means being governed by the
      repetitive signals received from a clock pulse signal generator means;
PA1  said repetitive signals from said clock pulse signal generator means also
      applied to a time delay device for producing a delayed feedback signal
      (sgn.DELTA.U'(t-.DELTA.t)) to apply to one input of said third multiplier
      means;
PA1  the improvement in said actuation correlation logic (ACL) part that
      comprises:
PA1  said third multiplier means being analog multiplier means;
PA1  said summing device means receiving signals directly from said smoothing
      circuit means and from said noise generator means;
PA1  said sample-and-hold circuit means receiving its signal directly from said
      summing device means.
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ABST
PAL  An automatic vehicle operation system which responds to a plurality of
      speed commands and a plurality of stopping commands. The vehicle is
      controlled to travel at one of a plurality of speeds in response to one of
      a plurality of speed commands. The vehicle can also be controlled to stop
      a predetermined distance after receipt of one of the two stopping
      commands. Which of the two stopping commands is received determines the
      distance over which the vehicle travels between receipt of the stopping
      command and the point at which the vehicle comes to rest. Regardless of
      which of the commands is received the vehicle is controlled so as to
      respect predetermined acceleration and jerk limits during periods of
      acceleration and deceleration. The acceleration control circuit is
      responsive not only to velocity rate of change but also to the grade over
      which the vehicle is traveling so as to limit the total acceleration of
      deceleration forces to a predetermined maximum. The jerk limit control
      circuit is responsive to the vehicle load and limits the rate of change of
      tractive effort to in light of the particular loading of the vehicle so as
      to limit jerk to a predetermined maximum.
PAL  The receipt of a stop command initiates the operation of a digital circuit
      to generate a stopping pattern which controls the subsequent velocity and
      position of the vehicle.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Automatic vehicle operation systems which control the propulsion and
      braking equipment on board a vehicle to bring the actual vehicle velocity
      into agreement with a command velocity have been available in the art for
      many years. Systems of this type are particularly useful in mass transit
      applications which involve high speed and close headway operations of
      vehicles. Automatic vehicle operations in these applications eliminates
      the necessity for vehicle operators with the associated risk of operator
      error. Although failsafe systems, which limit the consequences of operator
      error, have been in use for an even longer period of time, these circuits
      do not prevent operator errors from reducing the vehicle speed to a speed
      below an optimum or allowable speed. Therefore, one object of the present
      invention is to provide an automatic vehicle operator system which
      eliminates the necessity for a vehicle operator.
PAR  Mass transit applications of vehicle control systems ordinarily encounter
      high speed and close headway vehicle operation requirements. A
      characterizing feature of most mass transit vehicles is their relatively
      light weight in comparison to long-haul vehicle operations. The associated
      high acceleration and speed requirement can result in large acceleration
      and deacceleration forces exerted upon the passengers of the vehicles. At
      the very least three large acceleration and deacceleration forces can
      cause discomfort and in some instances can even be dangerous. It is
      therefore another object of the present invention to provide an automatic
      vehicle operation system which limits the acceleration and deacceleration
      forces to a predetermined maximum. Since these forces can be caused by
      grade conditions in addition to rate of change of velocity, the
      acceleration control circuit takes into account not only the rate of
      change of velocity but also the grade over which the vehicle is traveling
      in order to limit the total acceleration forces to a predetermined
      maximum.
PAR  Jerk, which is the rate of change of acceleration, can also cause passenger
      discomfort and/or possibly passenger injury. Therefore, in addition to
      controlling the maximum acceleration forces, the maximum jerk is also
      controlled to be within predetermined limits. The jerk is not directly
      controlled. The circuit controls the maximum rate of change of tractive
      effort. In order to keep the jerk within predetermined limits the maximum
      rate of change of tractive effort is limited in light of the vehicle
      loading. As a result, the jerk is controlled within a predetermined
      maximum regardless of vehicle loading.
PAR  The vehicle is also responsive to one of two different stop commands. The
      difference between the two stop commands is that one stops the vehicle in
      a shorter distance than the other stopping command. In response to one of
      the two stop commands the vehicle registers the associated distance from
      the vehicle to the stopping point. As the vehicle proceeds toward the
      stopping point this distance is continuously decremented. The stopping
      profile generator continuously generates a signal proportional to this
      distance which is utilized as the command velocity for the vehicle. Thus,
      within the allowable acceleration and jerk limits, the vehicle comes to a
      smooth and precisely controlled stop.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be explained in conjunction with the attached drawings
      in which:
PAR  FIG. 1 is a block diagram of the automatic vehicle operation system;
PAR  FIG. 2 is a schematic diagram of the decoding logic;
PAR  FIG. 3 is a schematic of the analog speed command selection circuit;
PAR  FIG. 4 is a schematic of a control circuit for converting analog speed
      commands into propulsion and braking equipment control signals;
PAR  FIG. 5 is a schematic of the stopping profile generator;
PAR  FIG. 6 is a schematic of a compensation circuit;
PAR  FIG. 7 is a schematic of a digital analog converter; and
PAR  FIG. 8 is a schematic of a propulsion and brake signal control circuit.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the entire automatic vehicle operation control
      system. The system accepts speed information input signals F1, F2, F3, F4,
      and LSOB and MSOB. When properly decoded the combination of these signals
      selects the speed command velocity for the vehicle. An additional input
      are tachometer pulses which are received from a conventional toothed wheel
      or other equivalent device. Each pulse represents a predetermined amount
      of rotation of the vehicle wheels and the rate of receipt of tachometer
      pulses is proportional to the rate of rotation of the vehicle wheels. When
      properly compensated for wheel diameter variations these signals can be
      interpreted to determine distance traveled or vehicle velocity. The
      control system also receives an accelerometer input signal which is
      proportional to the acceleration forces exerted on the vehicle in its
      direction of travel. This acceleration signal is, as is well known,
      related to both rate of change of velocity as well as the grade over which
      the vehicle is traveling. Furthermore, an air spring pressure input
      provides a signal which is proportional to vehicle load. If the vehicle is
      traveling at a speed below the command speed, an output signal is provided
      for the propulsion motor control to increase the tractive effort of the
      vehicle so as to bring its velocity in agreement with the command
      velocity. An additional input to the control system is the brake cylinder
      pressure signal which is proportional to the braking effort being exerted
      on the vehicle. The braking effort may be increased or decreased
      respectively by the brake apply signal or brake release signal.
PAR  Before discussing further the control apparatus it will be helpful to first
      discuss the philosophy of the overall control system into which the
      automatic vehicle operation system is but a component. As is the case with
      most automatic vehicle operation systems, information is received from the
      wayside with respect to allowable limits. This information is received in
      the form of one or more of the signals F1, F2, F3, and F4. The designation
      F1, etc., should not be taken to mean that this signal is represented by a
      single frequency signal. Rather, in some cases these can be multifrequency
      signals. The combination of these signals which are present is interpreted
      in accordance with the table reproduced below:
TBL  F1      F2       F3       F4     Limit/Command                            

     ______________________________________                                    

     0       0        0        0        O/O                                    

     1       1        0        0        H/M                                    

     0       1        1        0        M/L                                    

     1       1        1        0        H/H                                    

     1       0        0        1        L/S                                    

     0       1        0        1        M/P                                    

     1       1        0        1        L/S*                                   

     ______________________________________                                    

PAR  For each of the combinations of F1, F2, F3, and F4 which is present
      (indicated by a 1 in the table) the appropriate limit/command is decoded.
      The system in which the automatic vehicle operation system, disclosed
      herein, is designated to operate transmits both a speed limit a speed
      command to the automatic vehicle operation system. In the table above the
      right-hand column lists the appropriate limit/command for each of the
      combinations of signals F1, F2, F3, and F4 which is valid. In the
      limit/command column the first letter represents the speed limit and the
      letter following the slash represents the speed command. Thus, the
      combination 1100 represents a high speed limit with a medium speed command
      (hereinafter designated H/M). The control system disclosed herein would
      control a train receiving this combination of input signals to a medium
      speed; and anything below a high speed would not be considered an over
      speed condition such as to cause the application of emergency braking. In
      a like manner the combination 0110 represents a medium speed limit with a
      low speed command (M/L) and a combination 1110 represents a high speed
      limit with a high speed command (H/H). The next two combinations L/S and
      M/P are stopping commands. The first, represented by 1001, is a low stop
      which, when received by a vehicle proceeding at a low speed, will stop the
      vehicle in a predetermined distance. The other stopping command 1010 will
      stop a vehicle receiving it while traveling at a medium speed in a
      somewhat longer predetermined distance.
PAR  It will be noticed that for the vehicle to proceed one or the other of the
      signals F1 and F2 must be received. The absence of both of these signals
      results in a zero speed limit and a zero speed command. These signals,
      that is F1 and F2, are considered vital signals which must be received on
      the vehicle for it to proceed. In practice each of these signals can be a
      complex combination of two frequencies, one of which is on and the other
      of which is off at all times. The decoding apparatus checks to see that
      the signal is indeed of this character before it determines that the
      signal has been received. In contrast, the signals F3 and F4 may be single
      frequency signals which can simply be decoded. The complex decoding of the
      signals F1 and F2 necessitates the use of the last combination, that is
      the L/S* combination. Under control conditions a vehicle which undergoes a
      transition from a M/L command to a L/S command would first receive 0110
      and then receive a 1001. It will be apparent that there are two changes in
      this combination. The first is that the signal F4, which is not present in
      the M/L input, is present in the L/S input. The decoding of this signal
      presents no problem. However, the second change is in F2 which is present
      in the M/L input but which is absent in the L/S input. In order to
      precisely control the stopping position of the vehicle, the stopping
      operation must be initiated immediately upon receipt of the stopping
      command. However, the decoding circuits necessary to check for the
      presence or absence of F1 and/or F2 require an appreciable time
      (approximately 1/2 second) to operate. Therefore, in order to initiate the
      stopping operation as soon as possible, the last command, that is L/S*, is
      considered valid for one second. If, after receipt of this command for one
      second, the 1101 has not changed to a 1001, it is considered an invalid
      command. However, prior to the expiration of that one second it is
      considered a valid stopping command.
PAR  Any combination other than that shown in the table above is considered an
      invalid signal and is not operative to control the vehicle.
PAR  Therefore the decoding logic 100 receives as an input a combination of the
      signals F1, F2, F3, and F4 and produces one of the output signals H/H,
      H/M, M/L, M/P, L/S or O which is provided as an input to the analog speed
      selection circuit 101. A further input to the analog speed selection
      network 101 comes from the supervisory modifier circuit 108. This circuit
      provides up to two bits of information to the analog speed selection
      circuit 101 if the information is received on board the vehicle. Either
      the LSOB (least significant override bit), the MSOB (most significant
      bit), neither of them, or both of them, can be present. In the absence of
      these signals the analog speed selection network 101 is controlled solely
      from the decoding logic circuit 100. The presence of LSOB or MSOB modifies
      the analog speed command signal as will be explained below. The presence
      of both these signals causes a 0 speed command to be selected by the
      analog speed selection circuit 101. The presence of LSOB, alone, reduces
      the speed command by a predetermined percentage while the presence of
      MSOB, alone, reduces the speed command by a larger percentage. The analog
      speed selection network 101, in response to the presence and absence of
      its various input signals, selects a provisional analog input signal to
      the velocity command network 102. In the absence of an input from the
      stopping profile generator 109 the velocity command circuit 102 merely
      passes this signal on to the acceleration and jerk limiting circuitry.
PAR  The automatic vehicle operation system also receives tachometer pulses from
      a conventional tachometer generator on board the vehicle. These pulses are
      then compensated, if necessary, in the compensation circuit 111. The
      output of compensation circuit 111 is a series of pulses each of which
      represents a predetermined amount of travel of the vehicle. This pulse
      train is applied to the stopping profile generator 109 for reasons which
      will appear hereinafter. The same pulse train is applied to the
      frequency-to-voltage converter 110 which produces an output voltage
      proportional to the frequency of tachometer pulses. This voltage is then
      proportional to the actual velocity of the vehicle.
PAR  Velocity command circuit 102 provides the selected velocity command to
      summing amplifier 104. A further input to summing amplifier 104 is a
      signal proportional to actual vehicle velocity from the frequency voltage
      converter 110. A third input to summing amplifier 104 comes from summing
      amplifier 107.
PAR  One input to the summing amplifier 107 is an accelerometer signal which is
      proportional to the total acceleration forces on the vehicle. This signal
      has two components, one related to grade and the other related to rate of
      change of velocity. A second input to summing amplifier 107 is provided by
      the rate circuit 106. The input to rate circuit 106 is the signal
      proportional to actual vehicle velocity, supplied by the frequency to
      voltage converter 110. Thus, the output of summing amplifier 107 is a
      signal proportional to the acceleration forces due to the grade of the
      terrain upon which the vehicle is traveling. This is a third signal
      provided to summing amplifier 104. The output of summing amplifier 104 is
      a velocity error signal which is provided to limiting circuit 103.
      Limiting circuit 103 has a linear relationship between output and input
      between the predetermined acceleration limits. Above and below these
      limits the limiting circuit 103 saturates and provides a constant signal
      equal to the allowable acceleration. The output of limiting circuit 103 is
      provided to summing amplifier 105. A second input to summing amplifier 105
      is the accelerometer signal which is identical to the accelerometer input
      signal to summing amplifier 107. The output of summing amplifier 105 is a
      signal proportional to the required change in tractive effort to bring the
      actual vehicle velocity in line with the command velocity within allowable
      acceleration limits.
PAR  A more complete understanding of the interaction of circuits 102-107 can be
      obtained by considering two distinct cases. In the first case, the
      limiting circuit 103 operates to limit the output of the circuit to
      something below its input. In this case, the output of summing amplifier
      105 is equal to the difference between the allowable acceleration of the
      vehicle and the acceleration forces being exerted on the vehicle by the
      existing level of tractive effort. Thus, the signal is equal to the
      allowable change in tractive effort that is available.
PAR  When the limiting circuit 103 is not in its saturated state, then the input
      to summing amplifier 105 is a linear combination of the velocity error at
      the tractive effort then existent. The grade information which is included
      in the accelerometer signal provided as one input to summing amplifier 105
      balances out the grade information which passed through summing amplifier
      104. The result is, therefore, the allowable change in tractive effort
      required to increase the vehicle velocity to its command velocity.
PAR  The output of summing amplifier 105 is provided to jerk limit circuit 112.
      To limit the jerk this circuit limits the rate of change of tractive
      effort in proportion to vehicle load. The vehicles are supported by air
      springs and as a result the air spring pressure is proportional to vehicle
      load. Therefore, the command input to the jerk limit circuit 112 is the
      air spring pressure. Jerk is rate of change of acceleration which is equal
      to
      ##EQU1##
      where df/dt is rate of change of tractive effort. The limiting circuit
      limits df/dt to be less than k.sup.. m, where k is the jerk limit and m is
      the vehicle load.
PAR  The output of the jerk limit circuit 112 is fed through an integrator to
      provide a resultant signal which is indicative of the required change in
      tractive effort of the vehicle in order to reach the command velocity. In
      this sense the term "tractive effort" is generic to both acceleration and
      deceleration. If the signal is positive, it is fed to the propulsion motor
      control system in order to control the propulsion system and to therefore
      control the velocity of the vehicle. If the signal is negative it is then
      compared with the existing brake cylinder pressure and if a change in
      braking force is desired, that change is communicated to the braking
      system through either the brake apply magnet valve or the brake release
      magnet valve, as required.
PAR  The stopping profile generator 109 provides a second provisional command
      velocity to velocity command circuit 102. This velocity command circuit
      102 selects the lower of the two provisional velocity commands provided to
      it. The manner in which the stopping profile generator provides a
      provisional velocity command will now be explained.
PAR  Reference to the table above will show that a stopping command is indicated
      by the presence of the signal F4. This signal produces the PM output from
      the decoding logic 100. This indicates to the stopping profile generator
      109 that a stopping pattern has been initiated. When one of the two
      signals M/P or L/S is available, it too is provided to the stopping
      profile generator 109 so as to select a distance over which the vehicle
      will stop. This distance is registered and decremented by the compensated
      tachometer pulses fed to the stopping profile generator 105 from the
      compensation circuit 111. Therefore, the output of the stopping profile
      generator is, at any instant of time, a voltage which is proportional to
      the distance the vehicle has to go to the stopping point. The velocity
      command circuit interprets this voltage as a provisional velocity command.
      In the early stages of a stopping profile this voltage may be above the
      low command speed voltage provided by analog speed selection network 101.
      The velocity command circuit 102 chooses the lower of the two provisional
      velocity commands, that is the velocity command from analog speed
      selection circuit 101 and the velocity command from stopping profile
      generator 109. This chosen velocity command then acts with the remaining
      portions of the control system to control the propulsion motors and brakes
      of the vehicle to bring it to a smooth precise stop at the stopping point.
PAR  Before discussing the remaining figures of the drawings which show the
      circuit schematics of the various functional blocks illustrated in FIG. 1,
      a word is in order about the components not shown in FIG. 1.
PAR  In the apparatus shown in FIG. 1, that is the automatic vehicle operation
      system, controls the propulsion motors and braking apparatus of the
      vehicle so as to bring the velocity into correspondence with the command
      portion of the signal received from the wayside. The speed limit portion
      of the signal is not utilized by the automatic vehicle operation system
      whatsoever. A frequency responsive speed governor, not shown in FIG. 1,
      comprises the vehicle velocity with the speed limit portion of the wayside
      signal. If the vehicle ever does exceed the speed limit then an emergency
      brake application is initiated by the frequency responsive governor. One
      such governor is illustrated in copending application Ser. No. 395,674,
      filed Sept. 10, 1973  now U.S. Pat. No. 3,886,420 and assigned to the
      assignee of this application.
PAR  FIG. 2 illustrates the decoding logic circuit 100 (shown in FIG. 1). This
      circuit receives as an input a combination of the signals F1, F2, F3 and
      F4. For convenience these inputs are shown in FIG. 2 in the form of relay
      contacts F2R, F1NVR, F3R, and F4R. As has been referred to previously, the
      F2 signal, and thus picking contact F2R, may take an appreciable amount of
      time after the signal is received. The designation of F1NVR refers to F1
      non-vital. This signal is decoded in a simple fashion (for the automatic
      vehicle operation system) and is thus available more quickly. These
      signals can be transmitted to the vehicle from the way side in a variety
      of manners and also decoded in a variety of manners.
PAR  A positive source of energy is connected to one of each of these relay
      contacts and when the relay is energized, that is when the associated
      signal is received and decoded, the transfer contact is pulled up and the
      source of energy is coupled to one of the inverters 201, 202, 203, and
      204, respectively, for the signals F2, F1NV, and F3 and F4. Thus, for
      example, when the signal F2 is received the relay contact F2R is pulled up
      providing an input source of energy to converter 201 to provide a low
      output signal indicating the absence of F2 or correspondingly the presence
      of F2. One Nand gate 207 receives as inputs FINV, F3 and F4. Reference to
      the decoding logic table on page 5 shows that the signal L/S is made up of
      1001. The output gate 207, therefore, negated by inverter 212 provides the
      L/S signal. Nand gate 208 receives as input signal FINV, F2, F3, and F4.
      Therefore, it receives the signals 0101. When negated by inverter 213 this
      produces the M/P signal. Nand gate 205 receives F2 and F4. The output of
      Nand gate 206 is then F2.sup.. F4 which is provided as an input to Nand
      gates 209, 210, and 211. Nand gate also receives FINV and F3. Thus, the
      output signal of Nand gate 209 when negated by inverter 214 produces the
      M/L signal.
PAR  Nand gate 210 receives in addition to the output of Nand gate 206, FINV and
      F3 and, its output signal, when negated by inverter 215 produces the H/M
      signal.
PAR  Nand gate 211 is provided with FINV in addition to F3 and the output of
      Nand gate 206. When the output of Nand gate 211 is negated by inverter 216
      it produces the H/H. These logical functions can be verified by the
      reference to the table on page 5. Nand gate 217 receives the inputs L/S
      and M/P and therefore the output of Nand gate 218 is L/S.sup.. M/P which
      is provided as one input to Nand gate 219. The other input to Nand gate
      219 is provided by Nand gate 223. The input to Nand 223 comes from Nand
      gate 222 in turn whose inputs are M/L, H/M, and H/H. Thus, Nand gate 219
      can only be satisfied by the code combination 0000 or some other invalid
      code combination. This signal negated by inverter 20 produces a zero speed
      command signal.
PAR  The output of Nand gate 223 is H/H .sup.. H/M .sup.. M/L. When the output
      of Nand gate 223 is high and F4 is low, flip-flop 221 is set which results
      in PM being high. This action can only take place when either M/P or L/S
      is being received. Either of these conditions is a profile mode, that is,
      the stopping profile generator 109 is to be initiated. Therefore, this
      signal initiates operation of that circuit indicating that one of the two
      stops is to be made.
PAR  An invalid command logic is also provided by the wired "or" circuit
      combination of Nand gates 224 and 225. If both of these gates are high an
      invalid command has been received. Nand gate 224 can only be high if its
      input is low which means that H/H, H/M, and M/L have not been received.
      Nand gate 225 can only be high if neither of the stopping commands has
      been received. The resulting logic issues an invalid command since none of
      the valid commands have been received.
PAR  Thus, the decoding logic 100 shown in more detail in FIG. 2 produces from
      the combination of four input signals the output signals H/H or H/M or M/L
      or M/P or L/S or zero in addition to the PM signal, when proper.
PAR  The analog speed selection circuit 101 is shown in more detail in FIG. 3.
      This circuit receives as inputs the six possible commands from the
      decoding logic circuit 100 and also the modifier bits LSOB and MSOB, when
      present. The analog speed command selection circuit 101 shown in FIG. 3
      controls the analog speed command output in relationship to the signals
      received from the decoding logic netword 100. When a high speed command is
      received, for instance, relay 309 is energized to insert resistor 315 in
      the input circuit for operational amplifier 301. On the other hand, of a
      medium speed command is received, relay 310 is picked up to insert
      resistor 316 in the input circuit of operational amplifier 301. The
      variation in input resistance results in a variation in output voltage
      corresponding to high or medium speed command. If any of the M/P, M/L, or
      L/S signals are received relay 311 is picked to insert resistor in the
      input circuit of operational amplifier 301. Resistor 317 corresponds to a
      low speed command for the vehicle. The zero speed command, when present,
      causes relay 312 to pick up grounding the output of operational amplifier
      301. As a result, a zero output voltage is provided for a zero speed
      command. Receipt of modifier LSOB causes conduction of transistor 307
      which results in relay 313 being energized. Energization of relay 313
      reduces the output resistance of the operational amplifier reducing its
      output voltage. If MSOB is received, this energizes transistor 308 which
      causes relay 314 to become energized. This, in turn, shorts out resistor
      319 in the output resistance of the operational amplifier also reducing
      its output voltage. Resistor 319 can be chosen to be greater in value than
      318 such that receipt of MSOB reduces the output voltage of the
      operational amplifier 301 by a greater amount than receipt of LSOB. As a
      result, the resultant speed command will be lower when MSOB is received
      than when LSOB is received. Receipt of both LSOB and MSOB shorts out both
      resistors 318 and 319 in the operational amplifier output circuit
      effectively grounding this circuit and reducing the output voltage to
      zero. Thus, receipt of LSOB and MSOB is equivalent to a zero speed
      command.
PAR  Before discussing FIGS. 4 and 5, it will be helpful to first discuss FIGS.
      6 and 7 to show the manner in which wheel diameter variations are
      compensated for and the manner in which the frequency to voltage converter
      110 operates.
PAR  Since the automatic vehicle operation system disclosed herein is capable of
      being used with pneumatic tired vehicles, the possibility of variations in
      tire diameter exists. Conventional tachometer pulse generators produce
      pulses in response to rotation. If tire diameter varies this will result
      in variation in the number of pulses per unit distance traveled. Since the
      stopping profile generator 109 must have an input in which pulses
      accurately represent distance, compensation circuit 111 is utilized to
      provide this compensation. There are a number of reasons which cause
      variations in tire diameter, some of which are actual tire wear,
      variations in tire diameter due to variations in inflation pressure, etc.
      The compensation circuit 111 enables the necessary compensation to be
      determined experimentally. A multi-position switch 601 controls the state
      of a diode matrix 602. A second input to the diode matrix 602 comes from
      each of the flip-flops 603-610 which forms an eight-stage counter.
      Depending upon the selected condition of diode matrix 602 and the state of
      the flip-flops 603-610 one or more of a plurality of inverters 611 through
      615 and 617 and the plurality of gates 616 and 618 will be enabled.
      Enabling gate 618 enables flip-flop 619 so that on the next tachometer
      pulse gate 620 will cause the counter to reset. As tachometer pulses are
      received through gate 621 they enable gate 622. So long as gate 618 and
      gate 619 are not enabled, gate 622 can pass these tachometer pulses
      through gate 623 through the output of the compensation circuit 111.
      However, when the gates 618 and 619 are enabled the next tachometer pulse
      cannot pass gate 622. However, this next tachometer pulse causes the
      counter to reset and begin the cycle again. Therefore, for instance, in
      position 1 the diode matrix 602 causes 128 pulses to require gate 618 to
      be enabled. Therefore, the compensation circuit 111 will pass these 128
      pulses. However, the next pulse, the 129th pulse will not be passed. As a
      result, when the multi-position switch 601 is in its first position, every
      129th pulse will be omitted from the output of the compensation circuit
      111. In position 2 of switch 601, 74 pulses will be passed before
      eliminating one; in position 3, 51 pulses will be passed before
      eliminating one; in position 4, 39 pulses will be passed before
      eliminating one and in the 5th position, 32 pulses will be passed before
      eliminating one. In this manner, the output of gate 623 can be adjusted so
      that each of the tachometer pulses is related to a predetermined unit
      distance regardless of tire diameter variations.
PAR  FIG. 7 illustrates the schematic for frequency to voltage converter 110.
      The input to this circuit is the compensated distance pulses from
      compensator 111. This input is provided as one input to Nand gate 704.
      Before describing the operation of this circuit in some detail, its
      necessity will be explained. The tachometer pulses or the compensated
      distance pulses provided as an input to this circuit have an approximately
      50% duty cycle. The integrator 701 is provided to produce an output signal
      whose DC level is proportional to the frequency of the pulses. However,
      the approximately 50% duty cycle of these pulses would negate the
      effectiveness of the integrator 701 to produce an analog DC velocity
      proportional to pulse repetition rate. Therefore, the distance pulses
      provided by compensation circuit 111 must be reduced to a standard width
      such that the integrator 701 will produce a DC voltage proportional to the
      pulse repetition rate. To this effect a 33 kilohertz clock 15 is provided
      for retiming the distance pulses to pulses of a standard width. In order
      to do this a counter comprising flip-flop stages 709 through 712 is
      provided. A gate 707 provides a 15 signal, that is a signal which is high
      when the counter is not full and a gate 708 provides a high signal
      whenever the counter is not zero. The outputs of gates 707 and 708 are fed
      to gate 713 which provides a low signal to the converter 702 during the
      period when the counter is counting.
PAR  Assuming there is no distance pulse, that is, one input to gate 704 is low
      and that the counter is in some intermediate state, the other input to
      gate 704 would also be low producing a high input to gate 706. Of course
      the clock input to gate 705 will change at a 33 kilohertz rate. The other
      input to gate 705 will be high since the counter is not full. Thus, one
      input to gate 706 is high and the other alternates between low and high
      and as a result the counter counts up to 15. When the counter reaches 15
      inverter 714 produces a high input to gate 704 and gate 704 continues to
      produce a high output due to the absence of the distance pulse. However,
      the non-clock input to gate 705 now goes low since the counter is full.
      Thus, gate 705 produces a high output regardless of the clock and gate 706
      produces a low output. In this condition, the counter ceases to count.
PAR  When a distance pulse arrives, it provides a second high input to gate 704
      which produces a low output causing the output of gate 706 to go high
      making the count in the counter zero. As a result, the non-clocked input
      to gate 705 now goes high again and the output of gate 705 switches back
      and forth at the clocking rate. The output of gate 704 goes high in
      response to the low input from inverter 714. As a result, the counter
      again begins counting. The point in time when the distance pulse ceases
      has no effect upon the operation of the circuit. The counter continues to
      count up 15 just as it did before. During the period of time that the
      counter is counting between zero and 15, the output of gates 707 and 708
      are high producing a low output from gate 713. The width of this low
      output from gate 713 is equal to the period of 15 clockpulses. Thus, the
      leading edge of each of the distance pulses is converted to a pulses from
      gate 713 of predetermined width.
PAR  This predetermined width pulse is inverted to a constant level by the
      converter 702. Potentiometer 703 provides a level setting device for
      adjusting a level of the input to the integrator or low pass filter 701.
      The output of filter 701 is a DC level which is proportional to the
      repetition rate of the pulses produced by gate 713 which is in turn
      related to the repetition rate of the distance pulses. Therefore, this DC
      level is proportional to vehicle velocity.
PAR  FIG. 5 is a schematic of the stopping profile generator 109 (shown in FIG.
      1). This circuit receives as inputs the signals M/P at gate 501 and L/S at
      gate 502, both from the decoding logic circuit 100. In addition, the
      circuit receives the input signal PM at flip-flop 503 also from the
      decoding logic 100. Another input signal to this circuit is the
      compensated distance pulses negated (CDP) the signals provided by the
      compensation circuit 111, and in particular by the output of gate 622 (see
      FIG. 6). This input is directed to gate 504 (FIG. 5). Additional inputs
      are the PM and PM signals applied to gates 506 and 507, respectively, as
      well as CDP (compensated distance pulse) applied to gate 506 and the 33
      khz clock applied to gate 507. The main output from the starting profile
      generator is a DISTANCE TO GO analog signal produced by the
      digital-to-analog converter 505. As the operation of this circuit is
      explained we will see that the digital-to-analog converter 505 is fed a
      digital signal which is related to the real time distance from the vehicle
      to the stopping point. As the vehicle proceeds towards the stopping point
      this digital input is continually decremented such that the analog output
      of the digital-to-analog converter 505 is at all times a quantity
      representative of the actual distance to go from the vehicle to the
      stopping point. A second output of stopping profile generator 109 is an
      initializing signal from the flip-flop 503 which is provided to the
      velocity command circuit 102 shown in FIG. 1 and shown in more detail in
      FIG. 4.
PAR  Before describing the system in some detail, it will be helpful to gain an
      understanding of the overall philosophy of the system.
PAR  The stored profile lengths, that is, the approximate stopping distance
      required of the vehicle are stored in matrix 543. As has been explained
      above there are two different stopping distances, one for the M/P stopping
      profile and the other for the L/S stopping profile. Depending upon which
      is selected, the matrix 543 sets a ten-stage counter composed of
      flip-flops 508-517 via lines 2-11. The 8 most significant bits of this
      counter feed the 8-stage digital-to-analog converter 505. The state of the
      counter is sensed on leads 22-31. Some of these leads are connected
      directly to gate 542 for sensing purposes and others are fed through
      expandor 544 to gate 542. In any event, the output of gate 542 is a
      COUNTER ZERO signal, that is, it is high when the counter contains a
      non-zero count. The complement of this signal, COUNTER ZERO, also forms an
      input to the circuit of FIG. 4.
PAR  After the initial stopping distance has been set into the 10-stage counter,
      the counter is decremented one count for each of the compensated distance
      pulses through gates 506, 539 and 537.
PAR  In order to insure that all code changes have occurred and the signals have
      stabilized, the period of time required for the first foot and onehalf of
      travel after receipt of the stopping command is given special treatment.
      The receipt of a stopping command is registered by the presence of an F4
      signal. A 6-stage counter made up of flip-flops 545-550 counts an
      initial-foot and one-half of vehicle travel before enabling gates 501 and
      502 to select one or the other of the stored profile lengths in matrix 543
      for setting the 10-stage counter.
PAR  To ensure proper operation of the stopping profile generator the output of
      digital-to-analog converter 505 must represent the distance between the
      vehicle and the stopping point. One essential requirement necessary to
      ensure this operation is that the 10-stage counter prior to being set to
      one of the stored profile lengths be in its zero state. To assure this,
      the circuit of FIG. 5 provides a means of zeroing this counter whenever a
      stopping operation is not in progress. Gate 507 receives a PM on one input
      and the 33 kilohertz clock signal on the other input. The PM signal is
      produced in response to the absence of F4 by flip-flop 221 (see FIG. 2).
      From the table on page 5 it will be apparent that the absence of F4 occurs
      only when a stopping operation has not been requested. Therefore, when PM
      is high gate 507 will produce a continuous series of output pulses in
      response to the 33 kilohertz clock input. These count pulses are provided
      as one input to gate 539. A second input to gate 539 comes from gate 542
      and is the COUNTER ZERO signal. When the counter contains a non-zero count
      this signal will, of course, be high. The third input to gate 539 is
      provided by the output of gate 551. The inputs to gate 551 are provided by
      flip-flops 549 and 550 of the foot and a half counter. We will see as this
      description proceeds that on the completion of its counting operation,
      this counter is reset and therefore the output of gate 551 will be high.
      The only remaining input to gate 539 is the output from flip-flop 541.
      Flip-flop 541 responds to the zero output of flip-flop 503 which, as we
      shall see, as the description proceeds, is high prior to initiating a
      stopping operation. Therefore, the one output of flip-flop 541 will be
      high. Thus, all of the inputs to gate 539 will be high except for the
      input on which the count pulses are applied. As a result, the output of
      gate 539 and the output of gate 537 will follow the count pulses. Gate 537
      provides the input to step the 10-stage down counter.
PAR  As a result, the count pulses produced by gate 507 are translated into
      decrementing pulses produced by gate 537 so long as the counter does not
      contain a zero count and so long as no stopping operation is being
      requested. This operation will continue until the counter counts down to
      zero. At that point the COUNTER ZERO signal goes low thereby disabling
      gate 539 from passing any further count pulses. Thus, the 10-stage counter
      made up of flip-flops 508-517 is decremented to zero prior to the receipt
      of a stopping signal.
PAR  When a stop is requested the first manifestation is the decoding of the F4
      signal and the production at flip-flop 221 (in FIG. 2) of the PM signal.
      Receipt of the PM signal at each of the flip-flops making up the foot and
      a half counter (545-550) resets each of these to zero and it also sets
      flip-flop 503 so that its one output is high. This enables gate 504 to
      pass CDP pulses to increment the foot and a half counter. When the foot
      and a half counter receives a count equivalent to 48 the one output of
      flip-flops 549 and 550 will both be high causing gate 551 to be low and
      gate 552 to be high. This output of gate 552 enables both gates 501 and
      502. At any time subsequent to the 48th count, either gate 501 or 502 will
      produce an output dependent upon whether the stopping profile requested is
      M/P or L/S. Depending upon which of these stopping requests is received,
      one of the two values stored in matrix 543 will set the 10-stage counter
      508-517. As we will see below, some additional counts are received in the
      11/2 foot counter to allow for the 10-stage counter to set up. As a
      result, the values stored in the matrix 543 are actually 11/2 feet less
      than the stopping distance for the respective stop. That is, if the total
      distance for an M/P stop is D feet, then the number stored in matrix 543
      with respect to the M/P command would be D - 11/2 feet. In a like manner,
      the distance stored in matrix 543 with respect to the L/S command will
      also be 11/2 foot less than the actual stopping distance.
PAR  Although the counter at a count of 48 causes the 10-stage counter to be set
      the 11/2 foot counter continues to count beyond 48. Sixteen counts beyond
      the count of 48 the counter will have cycled completely around back to
      zero again which will result in a high output of gate 551 and a low output
      of gate 552. At this point flip-flop 503 is switched so that its zero
      output is high. At the same time, the high output of gate 551 partially
      enables gate 539. The high zero output of flip-flop 503 sets flip-flop 541
      to provide another partially enabling signal to gate 539. The COUNTER ZERO
      signal is now high since this counter, having been set to the respective
      length stored in matrix 543, is now not registering a count of zero.
      Finally, the presence of the PM and CDP signals as the input to gate 506
      now allows the last input of gate 539 to alternate for each of the CDP
      pulses. These pulses then begin decrementing the values stored in the
      10-stage counter. Each of the CDP pulses decrements the value stored in
      the 10-stage counter by the one unit. Since each of these pulses is
      representative of the vehicle having traveled one unit of distance and
      since the number originally stored in the counter was representative of
      the number of units of distance required to stop the vehicle the digital
      value remaining in the counter at any period of time during a stopping
      operation is representative of the number of distance units between the
      vehicle and the desired stopping point. The digital-to-analog converter
      505 produces an analog voltage which is thus directly proportional to the
      distance from the vehicle to the stopping point.
PAR  Now that we have identified each of the inputs to the detailed schematic
      shown in FIG. 4 we can discuss the manner in which that circuit operates.
PAR  Before discussing the operation of the circuit of FIG. 4 in detail we will
      identify the manner in which it corresponds to the block diagram in FIG.
      1. The velocity command circuit 102 in FIG. 1 is required to select
      between two possible provisional velocity commands, one from the analog
      speed selection circuit 101 and the second from the stopping profile
      generator 109. That apparatus corresponds to operational amplifiers 401,
      407, and 410 and their associated components. The rate circuit 106 which
      receives an analog actual velocity signal and produces an analog rate of
      change in velocity signal comprises operational amplifiers 412, 413, 414,
      and 415 and their associated components. The summing amplifier 107
      corresponds to operational amplifier 416. The summing amplifier 104
      corresponds to operational amplifier 417 and its associated components.
      The limiting circuit 103 corresponds to operational amplifiers 418, 419,
      and 422 and thier associated components. The summing amplifier 105
      corresponds to operational amplifier 425. The jerk limit circuit 112
      corresponds to operational amplifiers 426, 427 and 428 and 431 and their
      associated components. The air spring pressure input to the jerk limit
      circuit 112 is provided at terminal 440 to operational amplifiers 437 and
      438. The accelerometer signal is provided at terminal 441 and is processed
      through a direction relay and a low pass filter comprising operational
      amplifier 447 and its associated components. The integrator corresponds to
      operational amplifier 434.
PAR  To further aid in the understanding of this operation, we will now specify
      the source of the various input signals. The input to operational
      amplifier 401, the ANALOG SPEED COMMAND is provided by the output of
      operational amplifier 301 (FIG. 3). The INITIAL input to gate 408 is
      provided by the INITIAL output of flip-flop 503 (FIG. 5). The DISTANCE TO
      GO input signal to operational amplifier 407 is provided by the output of
      the digital-to-analog converter 505 (FIG. 5). The COUNTER ZERO input to
      amplifier 411 is provided by the output of inverter 540 (FIG. 5). The
      signal ACTUAL VELOCITY provided to amplifiers 412 and 417 is produced from
      the output of low pass filter 701 (FIG. 7). The signal COUNTER ZERO
      applied to gate 450 is provided by the output of gate 542 (FIG. 5).
PAR  In the absence of a stop command the signal INITIAL is high, providing a
      low output from gate 408 clamping the input to amplifier 407 at a low
      level. This results in a high output of amplifier 407. Since the
      combination of diodes 402 and 403 selects the lower of the two outputs of
      amplifiers 401 and 407, the high output of amplifier 407 will not enter
      into the operation of the remainder of the circuit. It is only when the
      signal INITIAL is low that the DISTANCE TO GO and COUNTER ZERO signals
      have any effect on the circuitry of FIG. 4. The analog speed command
      voltage provided to amplifier 401 will then be provided as one input to
      amplifier 417 through amplifier 410. The signal ACTUAL VELOCITY is
      provided to amplifier 417 so that it may take the difference between the
      analog speed command and the ACTUAL VELOCITY signal. A third input to
      amplifier 417 is provided from amplifier 416.
PAR  One of the inputs to amplifier 416 is the velocity rate of change provided
      by amplifier 414. The velocity rate of change signals produced by
      amplifiers 412 through 415 which comprises a rate circuit. A second input
      to amplifier 416 is the acceleration sensed by the vehicle's
      accelerometer.
PAR  The accelerometer itself is connected to terminal 441. Although many
      accelerometers could be used a suitable accelerometer is available from
      Columbia Research Laboratories designated Model SA-107. Since this
      accelerometer is direction sensitive and since the vehicle on which this
      control system is to be used is capable of movement in two opposite
      directions, the accelerometer must be connected in the control circuit in
      accordance with the direction of movement of the vehicle. To this end, a
      direction relay is provided which has contacts 445 and 446, depending upon
      the direction of travel of the vehicle. The accelerometer signal is
      provided to an amplifier 442 which is connected to contact 446. The output
      of amplifier 442 is provided to amplifier 444. The output of amplifier 444
      is provided to relay contact 445. The outputs of the two amplifiers are
      opposite in sense and therefore relay contact 445 corresponds to one
      direction of movement of the vehicle and relay contact 446 corresponds to
      the reverse direction. Therefore, depending upon the direction of movement
      of the vehicle one or the other of the relay contacts 445 and 446 will
      properly connect the accelerometer signal in accordance with the direction
      of movement of the vehicle. The accelerometer signal is passed through a
      low pass filter associated with amplifier 447 in order to provide a smooth
      accelerometer signal. This accelerometer signal is provided to amplifier
      425 in addition to amplifier 416.
PAR  The output of amplifier 416 which is the difference between the time rate
      of change of velocity and the acceleration of the vehicle is thus a signal
      proportional to the grade over which the vehicle is traveling.
PAR  Amplifier 417 sums the analog speed command signal, the actual velocity
      signal and the grade signal to produce a velocity error signal which is
      compensated in respect of the terrain of the vehicle. This velocity error
      signal is provided as one input to amplifier 425. Amplifiers 419 and 422
      and their associated components form a limiting circuit for limiting the
      amount of velocity error which is provided as an input to amplifier 425.
      This is the acceleration limiting circuit which is designed to limit the
      acceleration to which the vehicle is subjected within predetermined
      limits. Those limits are established by the positive and negative sources
      of supply voltage connected by these amplifiers. If the total acceleration
      force exerted on the vehicle, that is, the grade acceleration and the rate
      of change of velocity acceleration is below the acceleration force limit
      the grade compensation included in the velocity error signal is cancelled
      out by the operation of amplifier 425. That is, the grade signal which is
      added in at amplifier 417 is subtracted out at amplifier 425. The result,
      at the output of amplifier 425 is a signal indicative of the increased
      tractive effort required of the vehicle in order to reduce the difference
      between the command speed and actual speed to zero.
PAR  Before that signal is utilized in the propulsion and braking control of the
      vehicle, it is modified, if necessary, by the jerk limiting circuitry
      comprising amplifiers 426 and 427. Jerk is the time rate of change of
      acceleration and is therefore equal to the time rate of change of tractive
      effort multiplied by the inverse of the vehicle mass. Since it is the time
      rate of change of tractive effort which is being controlled that must be
      limited to a value which is proportional to vehicle mass so that the jerk
      is limited to a constant value. Therefore, the limiting circuitry,
      amplifiers 428 and 431, is provided a limiting signal which is
      proportional to vehicle load. The vehicles may be air supported and
      therefore the air spring pressure is proportional to load. Of course,
      other means may be used to sense vehicle loading in this circuitry.
      Therefore, a signal proportional to the air spring pressure is applied to
      terminal 440 which supplies the limiting value for the limiter comprising
      amplifiers 428 and 431. In this manner the tractive effort called for will
      not cause the predetermined jerk limits to be exceeded. The output of
      amplifier 427 is a signal proportional to the allowable and necessary rate
      of change of tractive effort required to reduce the velocity error to
      zero. The signal is integrated by operational amplifier 434 to provide a
      signal proportional to the change in tractive effort required to reduce
      the velocity errror to zero. Operational amplifier 434 is, however,
      inhibited from operation when relay contact 436 is closed. This contact is
      closed only when the vehicle is not running; when thhe vehicle begins
      movement, relay contact 436 opens allowing integrator 434 to operate.
PAR  Now that the mode of operation of this circuit has been explained under
      general running conditions, the manner in which it operates in a stopping
      profile will be explained.
PAR  The first manifestation of a stopping command is the receipt of an F4
      signal which, as has been discussed above, produces the PM signal. This in
      turn generates a low INITIAL signal in flip-flop 503. This produces a high
      output from gate 408 enabling amplifier 407 to follow its other input
      signals. Amplifier 407 receives a COUNTER ZERO signal from amplifier 411
      and a DISTANCE TO GO signal from digital-to-analog converter 505. Until
      the counter comprising flip-flops 508-517 is set the output of amplifier
      411 will keep the output of amplifier 407 high. It will be recalled that
      the counter comprising flip-flops 508-515 is not set until the decoding of
      one of the signals M/P or L/S. Until that time, the circuit of FIG. 4
      operates as though no stopping command had been received, that is, it
      operates in response to the velocity command produced by amplifier 401.
PAR  However, when the counter does receive a non-zero count, a number of
      actions take place. In the first place, the COUNTER ZERO input to gate 450
      will go high producing a low output. Transistor 449 which has previously
      been on due to the high output of gate 450 will now cease conducting. This
      will interupt the path of current flow through the PR relay opening
      contacts PR-1 which had previously been closed. This is merely a scale
      changing device to change the velocity rate scale factor in the profile
      mode as compared to its factor in the non-profile mode.
PAR  The COUNTER ZERO signal going low when the counter is loaded results in the
      output of amplifier 411 going high enabling amplifier 407 to follow its
      other input which is the DISTANCE TO GO signal. Once the counter is loaded
      the digital-to-analog converter 505 presents a non-zero input to amplifier
      407. However, this DISTANCE TO GO signal may not be the one selected for
      transmission through amplifier 410. Reference to FIG. 3 shows that a
      decoded signal of M/P, M/L, or L/S are all equivalent to a low speed
      command for the vehicle. The decoding of any of these signals causes relay
      311 to be energized inserting resistor 317 into the input circuit of
      amplifier 301 which corresponds to a low speed command. In the initial
      phases of stopping profile, this velocity command may well be less than
      the effect of the DISTANCE TO GO signal. As has been explained before, the
      diodes 402 and 403 cause the lower of the signals from amplifiers 401 and
      407 to be selected as the velocity command. If that is the case, however,
      as the DISTANCE TO GO decreases, control will be shifted from the output
      of amplifier 401 to the output of amplifier 407. As a result, the vehicle
      velocity is continually decreased proportional to the real time distance
      between the vehicle and its chosen stopping point.
PAR  In all other respects, the circuit operates identically, whether under
      control of the profile generator or under the control of some other analog
      speed command. Just as in the case with a high medium or low speed
      command, the vehicle is stopped with due respect to acceleration and jerk
      limits.
PAR  Now that the manner in which the vehicle response to the various speed and
      stopping commands has been explained up to the point of generating a motor
      or brake signal we can discuss the schematic of FIG. 8 and the manner in
      which this signal actually operates the propulsion or braking apparatus of
      the vehicle. The signal, which is representative of a change in tractive
      or braking effort, is communicated from the output of amplifier 434 to the
      input of amplifier 801.
PAR  The signal applied to amplifier 801 is indicative of the change in tractive
      effort required, where the term "tractive effort" is used in its generic
      sense. The sense of the signal will be indicative of whether or not the
      control is applicable to the propulsion or the braking apparatus of the
      vehicle. Amplifiers 802 and 803 couple respectively the propulsion and
      braking commands. The diodes associated with each of these amplifiers
      perform the selecting operation, that is, the diodes associated with
      amplifier 802 select those signals whose sense indicates they are
      applicable to the control of the vehicle propulsion equipment. Of course,
      a signal of the opposite sense would not pass these diodes and therefore
      would have no effect on the vehicle propulsion equipment. Correspondingly,
      the diodes associated with the amplifier 803 select those signals whose
      sense indicates they are for brake control purposes only. It has been
      found useful, when a braking operation is to be initiated, to precharge
      the brake apparatus of the vehicle so that the vehicle can respond rapidly
      to a request for braking. To this end, diode 435 (in FIG. 4) couples a
      pre-brake signal as one input of amplifier 806. The resistors of the
      amplifier 806 are chosen such that, when applied, the prebrake signal
      increased brake pressure by a small amount to minimize the braking lag in
      the transition from propulsion to braking.
PAR  When a braking command is necessitated an input is presented to amplifier
      805. This signal is compared with a signal representative of brake
      cylinder pressure to determine whether or not any increase or decrease in
      the braking is required. If the braking demand exceeds the braking that is
      taking place, the output of amplifier 805 will be positive and the signal,
      after passing the amplifier 807, buffer 808, and inverter 809 will result
      in a high output of inverter 809 causing brake apply magnet valve 810 to
      become deenergized. This, as is conventional in pneumatic braking systems,
      allows the brake cylinder pressure to increase the braking applied to the
      vehicle. When the increasing brake pressure equals the braking demand, the
      output of amplifier 805 will go to zero which will cause relay 810 to
      again become energized to stop the change in brake cylinder pressure and
      maintain the braking level which had been achieved.
PAR  If at any time the brake signal demand presented to amplifier 805 decreases
      below the actual brake cylinder pressure then the braking effort aboard
      the vehicle is above what is required by the control system. This results
      in a negative output signal from amplifier 805 which, after passing
      through amplifiers 811, buffer 812, and inverter 813 will result in a low
      output signal which will cause relay 814, the brake release magnet valve
      to become energized. Again, as is conventional in the pneumatic braking
      art, this will cause the brake cylinder pressure to decrease. When the
      brake cylinder pressure has decreased to the point where it is equal to
      the braking demand and the output of amplifier 805 will go to zero which
      will deenergize the relay 814 which will stop the change in brake cylinder
      pressure. Thus, the braking effort which has then been achieved will be
      maintained until there is some change in the signal presented to amplifier
      805 by amplifier 803.
PAR  In the absence of a request for braking, that is, in the absence of a
      signal that can pass amplifier 803, relay 814 is deenergized by reason of
      high output of inverter 813. At the same time, however, relay 810 is
      energized by reason of the low output of inverter 809. This action is
      accomplished when the output of amplifier 805 is zero by reason of the
      biasing voltages applied to amplifiers 807 and 811.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Vehicle control apparatus for accurately stopping a self-propelled
      vehicle within a predetermined distance at a predetermined point after
      receipt of a stop command by the automatic control of propulsion and
      braking apparatus on said vehicle including,
PA1  speed control means to control said vehicle to a velocity equal to a
      command velocity,
PA1  means for receiving said stop command,
PA1  digital registering means,
PA1  means for storing, responsive to receipt of said stop command for storing
      in said registering means a quantity lineraly related to said
      predetermined distance,
PA1  signal producing means responsive to vehicle wheel rotation for producing a
      signal related to wheel rotation,
PA1  decrementing means connected to said signal producing means for
      decrementing the quantity stored in said digital registering means in
      response to said signal, and
PA1  means connected to said registering means for generating a command velocity
      proportional to the value stored in said registering means.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said means for receiving said stop
      command includes means for receiving and decoding a plurality of different
      stop commands,
PA1  said means for storing selecting a quantity related to a received decoded
      stop command for storage in said registering means.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said signal producing means includes,
PA1  means for producing a pulse signal for each rotation of a vehicle wheel.
NUM  4.
PAR  4. The apparatus of claim 3 in which said signal producing means further
      includes compensation means connected to said pulse producing means and
      producing a compensated pulse signal, switch means for conditioning said
      compensation means to delete selected pulses from said signal to thereby
      provide said decrementing means with a compensated pulse signal.
NUM  5.
PAR  5. The apparatus of claim 1 in which a digital to analog converter is
      included in said means for generating a command velocity.
NUM  6.
PAR  6. The apparatus of claim 1 in which said means for receiving said stop
      command generates a provisional stop command and a stop command subsequent
      to said provisional stop command,
PA1  said means for storing providing a quantity representative of said
      predetermined distance -.DELTA. wherein .DELTA. is a length over which
      said vehicle may travel between production of said provisional stop
      command and said stopcommand,
PA1  a counter,
PA1  means responsive to said provisional stop command for enabling said counter
      to count in response to said signal,
PA1  means responsive to said counter reaching a predetermined count for
      enabling said storing means to store said quantity in said digital
      registering means, and
PA1  means responsive to said counter counting to a second predetermined count
      for enabling said decrementing means.
NUM  7.
PAR  7. The apparatus of claim 1 further including acceleration limiting means,
      including within said speed control means for limiting the acceleration of
      said vehicle to a predetermined maximum.
NUM  8.
PAR  8. The apparatus of claim 1 further including jerk limiting means to limit
      the jerk of the vehicle to a predetermined maximum.
NUM  9.
PAR  9. The apparatus of claim 8 in which said jerk limiting apparatus senses
      the vehicle loading and controls the rate of change of tractive effort to
      a value proportional to vehicle load.
NUM  10.
PAR  10. Position control apparatus to accurately stop a self-propelled vehicle
      a predetermined distance from a predetermined location by automatic
      control of propulsion and braking apparatus in response to a stop command
      including,
PA1  speed control means to control said vehicle to a velocity equal to a
      command velocity,
PA1  means for receiving said stop command,
PA1  means responsive to said last named means for registering said
      predetermined distance,
PA1  signal producing means responsive to vehicle wheel rotation for producing a
      signal related to wheel rotation,
PA1  decrementing means connected to said signal producing means for
      decrementing the value stored in said means for registering in response to
      said signal,
PA1  means connected to said means for receiving for generating a provisional
      command velocity equal to a predetermined low speed in response to receipt
      of said stop command,
PA1  further means for generating a further provisional command velocity in
      response to receipt of said stop command, said further means being
      connected to said registering means and generating a further provisional
      command velocity which is proportional to the value stored in said
      registering means,
PA1  selection means connected to both said means for generating and to said
      further means for generating for selecting the lower of said provisional
      command velocity and said further provisional command velocity,
PA1  the output of said selection means supplying the selected command velocity
      to said speed control means to control said vehicle to stop after
      traveling said predetermined distance.
NUM  11.
PAR  11. The apparatus of claim 10 in which said means for receiving said stop
      command can receive and identify two different stop commands, the one
      command being effective to stop said vehicle in one predetermined distance
      and another stop command being effective to stop said vehicle in another
      predetermined distance,
PA1  said means for registering responsive to said means for receiving to
      register said one predetermined distance or said another predetermined
      distance in response to receipt of said one or said another of said stop
      commands.
NUM  12.
PAR  12. Speed control apparatus to control the propulsion and braking of a
      self-propelled vehicle to achieve a command velocity within acceleration
      limits including,
PA1  command velocity signal generating means,
PA1  means for generating a signal prorportional to actual velocity and
PA1  means for controlling the propulsion and braking of said vehicle to
      equalize said command velocity signal and said actual velocity signal,
PA1  said last named means including acceleration sensing means for sensing
      actual vehicle acceleration and means for comparing said sensed
      acceleration within said acceleration limits, said means for comparing
      being effective to limit vehicle acceleration within said acceleration
      limits, and jerk limiting means for limiting vehicle jerk in light of
      vehicle load,
PA1  said jerk limiting means including an amplifier and a limiting circuit to
      limit the input to said amplifier between variable predetermined limits,
PA1  said limiting circuit establishing said limits in accordance with the input
      to said limiting circuit,
PA1  and means connecting a signal proportional to vehicle load to said limiting
      circuit input.
NUM  13.
PAR  13. The apparatus of claim 12 which further includes,
PA1  means for sensing a vehicle load and producing a signal proportional to
      vehicle load.
NUM  14.
PAR  14. The apparatus of claim 13 which includes integrating means, connected
      to said amplifier, to provide a signal proportional to tractive effort,
      said integrating means being connected to propulsion and braking apparatus
      on board said vehicle.
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ABST
PAL  A control device for a dragline excavator, comprising hoist and drag rope
      length increment transducers and revolving platform swing angle
      transducers responding to the movement of a bucket from its breakout point
      on the face to the dumping point and from the dumping point to the point
      where the bucket is lowered onto the face, speed transducers for the
      bucket hoisting and dragging and revolving platform swinging mechanism, as
      well as a bucket transportation time calculator and speed setters for the
      bucket hoisting and dragging and platform swinging mechanisms, associated
      with said transducers. The device of the invention determines bucket
      travel times by measuring the hoist and drag rope length increments and
      the swing angle of the platform, in the presence of limitations on the
      speeds and accelerations, and then calculates and plots velocity diagrams
      for the bucket hoisting and dragging and platform swinging mechanisms.
PARN
PAR  This is a continuation of application Ser. No. 429,700, filed Dec. 28,
      1973, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to control devices for mining machinery, and
      more particularly to a control device for a dragline excavator. It may be
      employed for automating such operations as transportion of the loaded
      bucket from its breakout point to the dumping point, further
      transportation of the emptied bucket from the dumping point to the point
      where it is lowered on the face, as well as digging at open-cast mines.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  It is known in the dragline excavator control art to employ a device
      operating on the principle of determining the time of bucket travel from
      its breakout point on the face to its dumping point and then computing and
      plotting the velocity diagrams of the mechanisms hoisting and dragging the
      bucket and swinging the platform. The time of bucket transportation is
      calculated by the hoist and drag rope length increments as well as by the
      swing angle of the dragline platform, in the presence of limitations on
      the rates and accelerations of motion.
PAR  The known device incorporates a unit for determining the time of
      transportation of the bucket from the breakout point on the face to the
      dumping point, which unit comprises three adders for determining the
      minimal times of program execution by the bucket hoisting and dragging and
      platform swinging mechanisms, respectively. To the inputs of the adders is
      fed information on the hoist and drag rope length increments and on the
      swing angle of the dragline platform while the bucket is transported from
      its breakout point on the face to its dumping point, as well as on the
      rates of motion of the bucket hoisting and dragging and platform swinging
      mechanisms, respectively. The outputs of the adders are coupled via a
      maximum signal selector to the input of a memory storage element formed as
      an integrator operating either as an initial conditons setter or as a
      storage unit.
PAR  The known device comprises a unit setting the speed of the hoisting
      mechanism. This unit is built around two strings of computing elements,
      one of which determines the instant at which the hoisting mechanism stops
      accelerating, while the other determines the instant at which the
      mechanism starts decelerating. The outputs of these two circuits are
      connected to the control circuits of two gates provided at the input of
      the integrator whose output is proportional to the predetermined speed of
      the bucket hoisting mechanism. The speed setters for the bucket dragging
      and platform swinging mechanisms may be similarly structured.
PAR  The known device does not take into account such operations as the
      transportation of the bucket from the dumping point to the point where it
      is lowered on the face, automatic breakout of the bucket from the face
      according to a predetermined program, steering of the loaded bucket clear
      of the spontaneous-dumping zone as the bucket from the breakout point on
      the face to the dumping point, dumping of the bucket at a predetermined
      height and in a minimum of time, lowering of the bucket in such paths as
      to rule out drag rope slackening, adjustment of the platform swinging
      mechanism accelerations depending on the steady speed thereof, variation
      of the acceleration time of the platform swinging mechanism depending on
      the initial length of the pendulum (bifilarly suspended bucket), and the
      determination of the initial instant of deceleration of the platform
      swinging mechanism allowing for the current horizontal deflection and
      speed of the swinging bucket. Furthermore, the known device fails to
      provide for a 360-degree mode of operation of the dragline excavator, for
      automatic variation of tension of the hoist rope while digging, or for the
      protection of the dragline mechanism by preventing the bucket from getting
      dangerously close to the boom axis or to the hoist and drag rope pulleys.
PAC  OBJECTS OF THE INVENTION
PAR  It is an object of the present invention to provide automatic operation of
      the dragline excavator as the bucket is transported from the dumping point
      to the point where it is lowered on the face or face-contact point.
PAR  Another object of the invention is to provide an automatic breakout of the
      bucket from the face according to a predetermined program. Still another
      object of the invention is to provide the passage of the loaded bucket
      clear of the spontaneous-dumping zone as it is transported from the
      breakout point on the face to the dumping point.
PAR  Yet another object of the invention is to provide for the dumping of the
      bucket at a predetermined height and in a minimum of time.
PAR  A further object of the invention is to provide for the lowering of the
      bucket along paths so as to eliminate such as would rule drag rope
      slackening.
PAR  A still further object of the invention is to minimize the dynamic load
      exerted by the swinging bucket on the dragline boom by adjusting the
      platform swinging mechanism acceleration time depending on the initial
      length of the pendulum (bifilarly suspended bucket).
PAR  It is also an object of the invention to provide for the determination of
      the initial instant of platform swinging mechanism deceleration with an
      allowance being made for the current horizontal deflection and speed of
      the swinging bucket.
PAR  One more object of the invention is to provide for automatic 360.degree.
      operation of the dragline excavator.
PAR  It is likewise an object of the invention to provide for automatic
      variation of the drag rope tension during the digging operation.
PAR  Moreover, an object of the invention is to protect the dragline excavator
      mechanisms by preventing the bucket from approaching dangerously close to
      the boom axis and to the hoist and drag rope pulleys.
PAC  SUMMARY OF THE INVENTION
PAR  The invention contemplates providing a control device for a dragline
      excavator which would provide for automatic operation of the dragline
      excavator while the bucket is transported from the dumping point to the
      face-contact point, for partial automation of the digging process,
      automatic breakout and transportation of the bucket to the dumping point
      along such paths as would rule out untimely dumping of the bucket and
      prevent it from approaching dangerously close to the boon axis and to the
      drag and hoist rope pulleys, and would also provide for the execution of
      automatic operations in a minimum of time.
PAR  Accordingly, there is provided a control device for a dragline excavator
      which determines the time of transportation of the bucket from the
      breakout point on the face to the dumping point by measuring the hoist and
      drag rope length increments and the swing angle of the dragline excavator
      platform taking into account limitations on the speeds and accelerations
      of the bucket hoisting and dragging and platform swinging mechanisms. On
      the basis of the bucket transportation time thus found, the control device
      computes and plots the velocity diagrams of the bucket hoisting and
      dragging and platform swinging mechanisms, which, in accordance with the
      invention, comprises hoist and drag rope length increment transducers and
      a platform swing angle transducer operating as the bucket is transported
      from the breakout point on the face to the dumping point, hoist and drag
      rope length increment transducers and a platform swing angle transducer
      operating as the bucket is transported from the dumping point to the
      face-contact point, bucket hoisting and dragging and platform swing
      mechanisms speed transducers, all of said transducers being connected to
      their respective mechanisms, a bucket transportation time calculator with
      the inputs thereof connected to the outputs of the hoist and drag rope
      length increment transducers and to the outputs of the platform swing
      angle transducers which operate as the bucket is transported from the
      breakout point on the face to the dumping point and back from the dumping
      point to the face-contact point, as well as to the outputs of the bucket
      hoisting and dragging mechanism speed transducers and bucket hoisting and
      dragging and platform swinging mechanism speed setters, each of which has
      one input thereof connected to the output of the bucket transportation
      time calculator, the other inputs of the hoisting mechanism speed setter
      having connected thereto the output of the transducer responsive to the
      hoist rope length increments as the bucket is transported from the
      breakout point to the dumping point, the output of the transducer
      responsive to the hoist rope length increments as the bucket is
      transported from the dumping point to the face-contact point, and the
      output of the hoisting mechanism speed setter is connected to the speed
      control unit of the latter mentioned mechanism, and the other inputs of
      the dragging mechanism speed transducer. The output of the hoisting
      mechanism speed setter is connected to the speed control unit of the
      latter mechanism, and the other inputs of the dragging mechanism speed
      setter have connected thereto the outputs of the transducers responsive to
      the drag and hoist rope length increments as the bucket is transported
      from the breakout point on the face to the dumping point, the outputs of
      the transducers responsive to the drag and hoist rope length increments as
      the bucket is transported from the dumping point to the face-contact
      point, the output of an element for manual setting of the dragging
      mechanism speed and the output of the hoisting mechanism speed setter,
      while the output of the dragging mechanism speed setter is connected to
      the speed control unit of the latter mentioned mechanism, and the other
      inputs of the platform swing mechanism speed setter have connected thereto
      the output of the swing angle transducer sensing the swing of the platform
      as the bucket is transported from the breakout point on the face to the
      dumping point, the output of the angle transducer sensing the swing of the
      platform as the bucket is transported from the dumping point to the
      face-contact point and the output of the platform swing speed transducer,
      while the output of the platform swinging mechanism speed setter is
      connected to the speed control unit of the latter mentioned mechanism.
PAR  It is preferable to connect the outputs of the speed transducers of the
      hoisting, dragging and swinging mechanisms respectively to one of the
      inputs of each speed control unit of the hoisting, dragging and swinging
      mechanisms, to connect via a gate the second input of the swinging
      mechanism speed control unit to the output of the swing mechanism manual
      speed setting element and to the speed setter of this mechanism, and to
      connect the second input of the speed control unit of the dragging
      mechanism to the output of a first OR circuit, whereof one of the inputs
      should be preferably coupled via a gate to the manual element setting the
      dragging mechanism speed and to the output of the speed setter of that
      mechanism. The device may also comprise a hoist rope tension transducer, a
      hoist rope tension setting circuit and a hoist rope tension controller,
      the inputs of which are connected to the outputs of the tension transducer
      and the tension setting circuit, while the output of the tension
      controller may be connected via a gate, coupled to the output of the
      hoisting mechanism speed setter, to the input of a second OR circuit,
      whereof the output may be connected to the input of the hoisting mechanism
      speed control unit.
PAR  The device of this invention may also comprise a transducer of the hoist
      rope length at the point of bucket dumping, a transducer of the overall
      length of the hoist and drag ropes, a transducer of the angular deflection
      of the bucket in a horizontal plane, and also protection means for the
      hoisting and dragging mechanisms of the dragline excavator.
PAR  The bucket transportation time calculator as well as the speed setters of
      the hoisting and dragging mechanisms and of the platform swing mechanism
      may be composed of adders, integrators, inverters and relays as well as
      multiplying and dividing circuits, squarers, threshold and inverting
      elements.
PAR  The device may likewise comprise a protection unit of an electromechanical
      type for program speed setting of the bucket dragging mechanism.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  A specific embodiment of the present invention will now be described, by
      way of example, with reference to the accompanying drawings, in which:
PAR  FIG. 1 is a block diagram of a control device for a dragline excavator, in
      accordance with the invention;
PAR  FIG. 2 is a schematic diagram of protection means for the dragline
      excavator mechanisms, in accordance with the invention;
PAR  FIG. 3 is a block diagram of a bucket transportation time calculator, in
      accordance with the invention;
PAR  FIG. 4 is a block diagram of a bucket hoisting mechanism speed setter, in
      accordance with the invention;
PAR  FIG. 5 is a block diagram of a bucket dragging mechanism speed setter, in
      accordance with the invention;
PAR  FIG. 6 is a block diagram of a platform swing mechanism speed setter, in
      accordance with the invention;
PAR  FIG. 7 is a diagram of a hoist rope tension setter, in accordance with the
      invention;
PAR  FIG. 8 is a diagram of a gate of the bucket hoisting mechanism speed
      setter, in accordance with the invention;
PAR  FIG. 9a, b, c are timing charts of signals proportional to the speed of the
      bucket hoisting and dragging mechanisms and the platform swing mechanism,
      in accordance with the invention;
PAR  FIG. 10 represents bucket paths in automatic control of a dragline
      excavator, in accordance with the invention;
PAR  FIG. 11 represents limiting velocity diagrams of the platform swing
      mechanism provided the latter is the limiting one;
PAR  FIG. 12 represents velocity diagrams of the turn table swinging mechanism
      in case the latter is not the limiting one;
PAR  FIG. 13a, b, c, d, e, f represents a timing chart of a signal proportional
      to the speed of the hoisting mechanism, a timing chart of the output
      signal of the starting circuit of the transportation time calculator, and
      timing charts of the output signals of the threshold elements of the
      starting circuit of the dragging mechanism speed setter, of a circuit for
      determining the steady speed of the hoisting mechanism, of a circuit for
      determining the instant the hoisting mechanism starts decelerating, and of
      a circuit for determining the sense of motion of the hoisting mechanism;
PAR  FIG. 14a, b, c, d, e, f, g, h, i, j represents a timing chart of a signal
      proportional to the speed of motion of the bucket dragging mechanism, a
      timing chart of the output signal of the starting circuit of the
      transportation time calculator, a timing chart of the output signal of the
      threshold element of the starting circuit of the dragging mechanism speed
      setter, a timing chart of the voltage on the timing relay of the dragging
      mechanism speed setter, and timing charts of the output signals of the
      threshold elements of the dragging mechanism motion delay circuit, of a
      circuit for determining the steady speed of the dragging mechanism, of a
      dragging mechanism accelerating circuit, of a circuit for determining the
      instant the dragging mechanism starts decelerating, of a circuit for
      determining the sense of motion of the dragging mechanism, and of a
      circuit for determining the maneuverability of the dragging mechanism;
PAR  FIG. 15a, b, c, d, e, f represents a timing chart of a signal proportional
      to the speed of the swing mechanism, a timing chart of the output signal
      of the starting circuit of the transportation time calculator, a timing
      chart of the voltage across the timing relay of the dragging mechanism
      speed setter, and timing charts of the output signals of the threshold
      elements of a circuit for determining the steady speed of the swing
      mechanism, of a circuit for determining the instant the swing mechanism
      starts decelerating and of a circuit for determining the sense of motion
      of the swing mechanism;
PAR  FIG. 16 is a diagram of a gate at the output of the bucket dragging
      mechanism speed setter, in accordance with the invention; and
PAR  FIG. 17 is a diagram of a gate at the output of the swing mechanism speed
      setter, in accordance with the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, it will be seen to schematically illustrate a
      dragline excavator 1 with a mechanism 2 hoisting a bucket 3, a mechanism 4
      dragging the bucket 3, a swing mechanism 5 which swings a platform 6 of
      the dragline excavator 1, a boom 7, a hoist rope 8 and a drag rope 9. The
      proposed control device for the dragline excavator 1 comprises transducers
      10 and 11 for sensing the length increments of the hoist and drag ropes 8
      and 9, respectively, and also a transducer 12 for sensing the angle of
      swing of the platform 6 as the bucket 3 is transported from the breakout
      point on the face to the dumping point, as well as transducers 13 and 14
      for sensing the length increments of the hoist and drag ropes 8 and 9,
      respectively, and also a transducer 15 for sensing the angle of swing of
      the platform 6 as the bucket 3 is transported from the dumping point to
      the point where it is lowered on the face or face-contact point.
PAR  In order to measure the speed of the mechanisms of the dragline excavator
      1, there is mounted on the platform 6 a transducer 16 for sensing the
      speed of the mechanism 2 hoisting the bucket 3, a transducer 17 for
      sensing the speed of the mechanism 4 dragging the bucket 3 and a
      transducer 18 for sensing the speed of the mechanism 5 swinging the
      platform 6 of the excavator 1. All the transducers from 10 to 18 inclusive
      are connected with the respective shafts 19, 20 and 21 of the mechanisms
      2, 4 and 5.
PAR  The outputs of the transducers 10, 11, 13 and 14 for sensing the length
      increments of the hoist and drag ropes are connected to inputs 22, 23, 24
      and 25 of a unit 26 for calculating the time of transportation of the
      bucket 3. The outputs of the transducers 12 and 15 for sensing the swing
      angle of the platform 6 are connected to inputs 27 and 28 of unit 26, with
      the outputs of the transducers 16 and 17 for sensing the speeds of the
      mechanisms 2 and 4 hoisting and dragging the bucket 3 being connected to
      inputs 29 and 30 of the same unit 26.
PAR  The proposed control device for the dragline excavator 1 also comprises a
      unit 31 for setting the speed of the bucket hoisting mechanism 2, a unit
      32 for setting the speed of the bucket dragging mechanism 4, a unit 33 for
      setting the speed of the platform swing mechanism 5 and three speed
      control units for the mechanisms 2, 4 and 5. The speed control unit of the
      hoisting mechanism 2 incorporates a speed control circuit 34 governing the
      rotation of an electric motor 35, the speed control unit of the dragging
      mechanism 4 incorporates a speed control circuit 36 governing the rotation
      of an electric motor 37, and the speed control unit of the swing mechanism
      5 incorporates a speed control circuit 38 governing the rotation of an
      electric motor 39.
PAR  The unit 31 has its outputs 40, 41, 42 and 43 respectively connected to the
      output of the unit 26 and to the outputs of the transducers 10, 13 and 16.
      The unit 32 has its inputs 44, 45, 46, 47, 48 and 49 respectively
      connected to the outputs of the units 26 and 31 and to the outputs of the
      transducers 10, 11, 13 and 14. The unit 33 has its inputs 50, 51, 52 and
      53 likewise connected to the output of the unit 26 and to the outputs of
      the transducers 12, 15 and 18, respectively. The output of the unit 32 is
      coupled via a gate 54 and an OR circuit 55 to the input of the speed
      control circuit 36, the other input of the gate 54 together with input 56
      of the unit 32 having coupled thereto the output of a manual speed setting
      element 57 which sets the speed of the mechanism 4 dragging the bucket 3.
      The output of the transducer 17 is coupled to the second input of the
      circuit 36.
PAR  One of the outputs of the unit 33 is coupled via a gate 58 to the input of
      the speed control circuit 38, while the other output of the unit 33 is
      coupled to input 59 of the unit 26, the other input of the gate 58 having
      coupled thereto the output of a manual speed setting element 60 which sets
      the speed of the swing mechanism 5 of the platform 6. The transducer 18 is
      coupled to the second input of the speed control circuit 38.
PAR  The output of the unit 31 is coupled via a gate 61 and an OR circuit 62 to
      an input of the circuit 34. The output of a manual speed setting element
      63 of the mechanism 2 hoisting the bucket 3 is coupled to a second input
      of the gate 61, while the output of the transducer 16 is coupled to a
      second input of the circuit 34.
PAR  To provide for the possibility of adjusting the tension of the hoisting
      rope during the process of digging, the proposed device comprises a
      transducer 64 for sensing the tension of the hoist rope 8, a tension
      controller 65 for the hoist rope 8 and a tension setting circuit 66 for
      the hoist rope 8, the output of the transducer 64 being connected to one
      of the inputs of the controller 65, whereof the other input is connected
      to the circuit 66 while the output of the controller 65 is connected to a
      third input of the gate 61.
PAR  The proposed device also comprises a transducer 67 for sensing the length
      of the hoist rope 8 at the dumping point of the bucket 3, a transducer 68
      for sensing the overall length of the hoist rope 8, a transducer 69 for
      sensing the overall length of the drag rope 9 and a transducer 70 for
      sensing the angular deflection of the bucket 3 in a horizontal plane.
PAR  The transducers 67 and 68 are coupled to the shaft 19 of the hoisting
      mechanism 2 and the transducer 69 is coupled to the shaft 20 of the
      dragging mechanism 4. The output of the transducer 67 is connected to
      input 71 of the unit 26 and to input 72 of the unit 32, whereas the
      outputs of the transducers 68 to 70 inclusive are connected to respective
      inputs 73, 74 and 75 of the unit 33.
PAR  For emergency protection of the working equipment of the dragline excavator
      1, the device of this invention comprises protection means 76, illustrated
      in FIG. 2, which limits the minimal allowable length of the hoist rope 8
      and the minimal allowable length of the drag rope 9 and also prevents the
      bucket 3 from entering the dangerous strut zone. In its turn, the means 76
      comprises a protection unit 77 of program speed setting for the bucket
      hoisting mechanism 2 with a cam mechanism 78 and a potentiometer 79, a
      protection unit 80 of program speed setting for the bucket dragging
      mechanism 4 with a cam mechanism 81 and a potentiometer 82, a second
      protection unit 83 of program speed setting for the bucket dragging
      mechanism 4 with a cam mechanism 84 and a potentiometer 85, and a
      mechanical adder 86.
PAR  The input of the protection unit 77 is mechanically coupled with the shaft
      19 of the mechanism 2, while its output is electrically connected to a
      second input of the OR circuit 62. The input of the protection unit 80 is
      mechanically coupled to the adder 86, while its output is electrically
      connected to a second input of the OR circuit 55. The input of the
      protection unit 83 is mechanically coupled with the shaft 20 of the
      mechanism 4, while its output is electrically connected to a third input
      of the OR circuit 55. The adder 86 is coupled by way of its inputs to the
      shafts 19 and 20 of the mechanisms 2 and 4, respectively.
PAR  The unit 26 of FIG. 1 which calculates the transportation time of the
      bucket 3 comprises an adder 87 (FIG. 3) for calculating the minimal
      possible operating time of the hoisting mechanism 2, an adder 88 for
      calculating the minimal possible operating time of the dragging mechanism
      4, and an adder 89 for calculating the minimal possible operating time of
      the mechanism 5 swinging the platform 6. Selection of the maximum of the
      three values calculated by the adders 87, 88 and 89 is accomplished by a
      maximum value selection circuit 90 built around parallel-placed diodes 91,
      92, 93 and 94, so that the diode 92 is connected to the output of the
      adder 87, the diode 93 at the output of the adder 88 and the diode 94 at
      the output of the adder 89.
PAR  The calculator 26 also comprises a circuit 95 forming a bucket
      transportation time signal, which circuit is built around two
      parallel-coupled integrators 96 and 97.
PAR  Two groups 101 and 102 of parallel-placed input resistors are connected to
      summing point 98 of the adder 87 via contacts 99 of a relay 100, with a
      negative bus 103 of a reference voltage source 104, the output of the
      transducer 10, the output of the transducer 16 and one of the outputs of
      the unit 31 (FIG. 1) via a varistor 105 (FIG. 3) being respectively
      coupled to the resistors of the group 101, whereas the resistor group 102
      is connected to the negative bus 103 of the source 104 and the output of
      the transducer 13.
PAR  Two groups 108 and 109 of parallel-placed input resistors are connected to
      summing point 106 of the adder 88 via contacts 107 of the relay 100, the
      group 108 being connected to the negative bus 103 of the source 104, the
      output of the transducer 11 and the output of the transducer 67,
      respectively, whereas the group 109 is connected to the negative bus 103
      of the source 104, the output of the transducer 14, the output of the
      transducer 17 and one of the outputs of the unit 32, respectively, the
      connection of the latter being effected via a varistor 110.
PAR  The varistors 105 and 110 should be treated hereinafter as accomplishsing a
      quadratic relationship between the input and output voltages.
PAR  To a common point 111 of the resistors of the group 109, are connected in
      series diode 112 and two parallel-placed resistors 113 and 114, the
      resistor 113 being connected to the output of the transducer 11, while the
      resistor 114 is connected to a positive bus 115 of the source 104.
PAR  Two groups 118 and 119 of parallel-placed input resistors are coupled via
      contacts 117 of the relay 100 to summing point 116 of the adder 89.
      Resistor 120 of the group 118 is connected to the output of the transducer
      12, resistor 121 of the group 118 is connected to one of the outputs of
      the unit 33 (FIG. 1), resistor 122 (FIG. 3) of the group 118 is coupled
      via a contact 123 to the negative bus 103 of the source 104. Resistor 124
      of the group 119 is connected to the output of the transducer 15, resistor
      125 of the group 119 is coupled via a contact 126 to one of the outputs of
      the unit 33 (FIG. 1), and resistor 127 (FIG. 3) of the group 119 is
      connected to the negative bus 103 of the source 104.
PAR  In order to limit the minimal allowable values of bucket transportation
      time, there are two Zener diodes 129 and 130 coupled to the diode 91 via
      contacts 128 of the relay 100. The voltages on cathodes 131 and 132 of the
      Zener diodes 129 and 130, respectively, correspond to the minimal
      allowable times of bucket transportation from the breakout point on the
      face to the dumping point (the voltage on the cathode 131) and back from
      the dumping point to the face-contact point (the voltage on the cathode
      132). The cathodes 131 and 132 of the Zener diodes 129 and 130 are coupled
      via respective resistors 133 and 134 to the positive bus of the source
      104.
PAR  The integrator 96 of the signal-shaping circuit 95 comprises a diode 135
      which prevents a positive signal from being produced at the output of the
      integrator 96 and a capacitor 136, the diode 135 and the capacitor 136
      being connected in parallel into the feedback circuit of the integrator
      96. To make the integrator 96 follow-up the output signal of the circuit
      90, there is a resistor 137 connected in parallel with the capacitor 136,
      which resistor is connected to zero point 138 of the integrator 96 via
      contacts 139 of a relay incorporated in the dragging mechanism speed
      setter 32. A resistor 140 connected to the output of the circuit 90 is
      also coupled to the zero point 138 of the integrator 96 via the contacts
      139. In order to provide for the operation of the integrator 96 in an
      integrating mode, a resistor 141 connected to the negative bus 103 of the
      source 104 is coupled to the zero point 138 via the contacts 139.
PAR  The integrator 97 is similarly built in that its feedback circuit includes,
      in parallel, a diode 142, a capacitor 143 and a resistor 146, the latter
      coupled via contacts 144 of a relay 145. The integrator 97 has its zero
      point 147 connected to the output of the circuit 90 via the contacts 144
      and a resistor 148 and with the negative bus 103 of the source 104 via a
      resistor 149 and the contacts 144 of the relay 145.
PAR  The relay 100 is designed to switch the adders 87, 88 and 89, using the
      contacts 99, 107, 117 and 128, from calculating the minimal possible times
      of displacement of the bucket hoisting and dragging and platform swing
      mechanisms, respectively, when the bucket 3 (FIG. 1) is transported from
      the breakout point to the dumping point, to calculating the analogous
      values when the bucket 3 is transported from the dumping point to the
      face-contact point, and vice versa.
PAR  Control circuit 150 (FIG. 3) of the relay 100 is connected to the output of
      an OR circuit 151 built around parallel-placed diodes 152 and 153, two
      outputs of the unit 31 (FIG. 1) being connected to the inputs of the OR
      circuit 151.
PAR  The output of an inverter 154 (FIG. 3) serves as the output of the
      transportation time calculator. The input128 of the inverter 154 is
      coupled via contacts 155 of the relay 145 to the outputs of the
      integrators 96 and 97 of the shaper 95. With the help of its contacts 144
      the relay 145 transfers the integrator 97 from the input signal follow-up
      mode to an integrating mode and vice versa, and with the help of its
      contacts 155 the relay 145 connects the outputs of the integrators 96 and
      97 to the input of the inverter 154. Control circuit 156 of the relay 145
      is coupled through a diode 157 and contacts 158 to one of the outputs of
      the unit 33 (FIG. 1) and of the unit 31.
PAR  FIG. 3 will also be seen to illustrate starting circuit 159 of the unit 26,
      comprising a relay 160 whereof a control circuit 161 is coupled to the
      positive bus 115 of the source 104 via series-connected pushbuttons 162
      and 163, contacts 164 of the relay 160, which block the pushbutton 163 as
      it is depressed by the operator, being connected in parallel with the
      push-button 163.
PAR  Contacts 165 and 166 of the relay 160 connect the buses 103 and 115 of the
      source 104 with the dragging mechanism speed setter 32 (FIG. 1).
PAR  The speed setter 31 (FIG. 1) of the mechanism 2 hoisting the bucket 3
      incorporates a hoisting mechanism steady speed determining circuit 167
      (FIG. 4), a circuit 168 for determining the instant the hoisting mechanism
      starts decelerating, a circuit 169 for determining the sense of rotation
      of the hoisting mechanism, a logic circuit 170 and a shaper 171 forming a
      predetermined speed signal of the hoisting mechanism.
PAR  The shaper 171 comprises an integrator 172 and a resistor 175 coupled in
      parallel to a capacitor 173 of the integrator 172 via contacts 174. There
      is a resistor 177 connected to the output of the transducer 16, which
      resistor is coupled to zero point 176 of the integrator 172 via the same
      contacts 174, whereby the integrator 172 can follow up the output signal
      of the transducer 16.
PAR  An inverter 178 is connected in series with the integrator 172, with two
      diodes 179 and 180 poled in opposition being connected in parallel with
      the inverter 178. Common point 181 of the diodes 179 and 180 produces a
      signal proportional to the negative modulus of the preset speed value.
PAR  The common point 181 is connected to the varistor 105 (FIG. 3). The output
      of the logic circuit 170 is connected to an input resistor 182 (FIG. 4) of
      the integrator 172.
PAR  The circuit 167 comprises an adder 183, of which an input resistor 184 is
      connected to the output of the inverter 154 (FIG. 3) and of which input
      resistors 185 and 186 (FIG. 4) are coupled via contacts 187 of a relay 188
      to the common point 181 of the diodes 179 and 180. A multiplier 189 is
      connected in series with the adder 183, the other input of the multiplier
      189 being connected to the common point 181, and the output of the
      multiplier 189 is connected to an input resistor 190 of a threshold
      element 191. Input resistor 192 of the threshold element 191 is coupled
      through contacts 193 of a relay 194 to the outputs of the transducers 10
      and 13. At the output of the threshold element 191 there is included an
      inverting element made as a relay with two windings 195 and 196. The
      example considered uses a conventional relay, for the output voltage of
      the threshold element 191 changes in a step from a certain positive value
      to a certain negative value and vice versa. This relay, of which a contact
      197 switches the negative and positive buses 103 and 115 of the source
      104, helps shape a signal whose polarity is reversed with respect to the
      polarity of the threshold element 191.
PAR  The winding 195 is coupled to the output of the threshold element 191
      through a diode 198, the contact 197 being coupled via a diode 199 to an
      input resistor 200 of the threshold element 191, whereby the element 191
      is blocked after it has operated. Input resistor 201 is coupled through a
      diode 202 to one of the outputs of the unit 32 (FIG. 1).
PAR  The circuit 168 (FIG. 4) comprises a squarer 203, a threshold element 204
      and an inverting element similar to the one included in the circuit 167,
      which inverting element is made as a relay with two control windings 205
      and 206. The input of the squarer 203 is connected to the common point
      181, while its output is connected via contacts 207 of the relay 188 to
      input resistors 208 and 209 of the threshold element 204. Input resistor
      210 of the threshold element 204 is coupled via the contacts 193 of the
      relay 194 to the outputs of the transducers 10 and 13. Input resistor 211
      is coupled via a diode 212 to one of the outputs of the unit 32 (FIG. 1)
      The relay coil 205 (FIG. 4) is coupled via a diode 213 to the output of
      the threshold element 204. Contact 214 of the output relay of the
      threshold element 204 is coupled via a diode 215 to input resistor 216 of
      the threshold element 204, which arrangement ensures that the threshold
      element 204, which arrangement ensures that the element 204 is blocked
      after it has operated.
PAR  The circuit 169 comprises a threshold element 217 and an inverting element
      made similarly to the one described hereabove, as the relay 188. Input
      resistor 218 of the element 217 is connected to the output of the
      integrator 172. The coil of the relay 188 is coupled via a diode 219 to
      the output of the threshold element 217, contact 220 of the relay 188
      being coupled to input resistor 222 of the threshold element 217 via a
      diode 221. Input resistor 223 has connected thereto a gate 224 comprising
      diodes 225, 226 and 227 and a resistor 228, the latter being connected to
      the positive bus 115 of the source 104. The output of the threshold
      element 204 and the contact 220 of the relay 188 are connected to the
      inputs of the OR circuit 151 (FIG. 3).
PAR  The diode 225 (FIG. 4) is connected to the movable contact 220, while the
      diode 226 is connected to the output of the threshold element 204. The
      gate 224 fixed the threshold element 217 in its initial state irrespective
      of the sign of the initial conditions in respect of the hoisting mechanism
      speed.
PAR  The logic circuit 170 comprises gates 229, 230, 231 and 232, interconnected
      in parallel. The gate 229 is built around diodes 233, 234, 235 and 236 and
      a resistor 237, the latter being connected to the negative bus 103 of the
      source 104. The anodes of the diodes 233, 234 and 235 are connected to one
      of the outputs of the unit 32 (FIG. 1), to the movable contact 197 (FIG.
      4) and to the output of the threshold element 217, respectively. The gate
      230 is built around diodes 238, 239 and 240 and a resistor 241, the latter
      being connected to the positive bus 115 of the source 104. The cathodes of
      the diodes 238 and 239 are connected to the movable contact 214 and to the
      movable contact 220, respectively. The gate 231 is built around diodes
      242, 243, 244 and 245 and a resistor 246, the latter being connected to
      the positive bus 115 of the source 104. The cathodes of the diodes 242,
      243 and 244 are respectively coupled to the output of the threshold
      element 191, to the output of the threshold element 217 and via a contact
      247 to one of the outputs of the unit 33 (FIG. 1). The gate 232 (FIG. 4)
      is built around diodes 248, 249 and 250 and a resistor 251, the latter
      being connected to the negative bus 103 of the source 104. The anodes of
      the diodes 248 and 249 are respectively connected to the output of the
      threshold element 204 and to the movable contact 220. Electric circuit 252
      of the windings 196 and 206 is connected to the output of the threshold
      element 217 via a diode 253, a resistor 254 and a capacitor 255, the
      latter two being interconnected in parallel.
PAR  Control circuit 256 of the relay 194 is coupled via diodes 257 and 258 to
      the contact 220 and to the output of the threshold element 204,
      respectively.
PAR  In order to prevent the output signal of the integrator 172 from being
      transferred to the positive region at the end of the automatic cycle, the
      feedback circuit of the integrator 172 includes, in series a diode 259 and
      a contact 260 of a relay 261, of which a control circuit 262 is connected
      to the contact 214, while a control circuit 263 of the relay 261 is
      coupled via a diode 264 and a resistor 265 to the contact 220.
PAR  The unit 32 (FIG. 1), which sets the speed of the dragging mechanism of the
      bucket 3, comprises a circuit 266 (FIG. 5) for determining the steady
      speed of the dragging mechanism, a circuit 267 for determining the instant
      at which the dragging mechanism starts decelerating, a circuit 268 for
      determining the sense of rotation of the dragging mechanism, a starting
      circuit 269, a circuit 270 for retarding the speed of the dragging
      mechanism, a circuit 271 for accelerating the dragging mechanism speed in
      bucket dumping, a circuit 272 for determining whether or not the dragging
      mechanism maneuvers to rule out the slackening of the drag rope 9 (FIG. 1)
      as the bucket 3 is transported from the dumping point to the point it is
      lowered on the face. In addition, the unit 32 comprises a logical circuit
      273 (FIG. 5) and a shaper 274 for forming a predetermined dragging
      mechanism speed signal.
PAR  The shaper 274 comprises an integrator 275 and a resistor 278 (FIG. 5)
      coupled via contacts 277 of the relay 160 (FIG. 3) in parallel with a
      capacitor 276 of the integrator 275. These same contacts 277 serve to
      connect zero point 279 of the integrator 275 with a resistor 280 coupled
      to the output of a maximum signal selector 281 built around diodes 282 and
      283. The anode of the diode 282 is connected to the output of the manual
      speed setting element 58 (FIG. 1) of the mechanism 4, whereas the anode of
      the diode 283 (FIG. 5) has connected thereto the output of a reference
      voltage source 284, the source being connected with the positive bus 115
      of the source 104. The reference voltage source is formed as a Zener diode
      285 and a resistor 286.
PAR  The feedback circuit of the integrator 275 includes a diode limiter, built
      around a resistor 287 and a diode 288, and a resistor 289 connected
      through a gate circuit comprising a resistor 290 and diodes 291, 292 and
      293. An inverter 294 is connected in series with the integrator 275, and
      two diodes 295 and 296 interconnected in opposition are connected in
      parallel with the inverter 294, the common point 297 of the diodes 295 and
      296 generating a signal which is proportional to the negative modulus of
      the predetermined speed value. The output of the logic circuit 273 is
      coupled to an input resistor 298 of the integrator 275.
PAR  The circuit 266 comprises an adder 299, of which an input resistor 300 is
      connected to the output of the inverter 154 (FIG. 3) of the unit 26, while
      an input resistor 301 (FIG. 5) of the adder 299 is connected to the common
      point 297 of the diodes 295 and 296. A multiplier 302 is connected in
      series with the adder 299, the other inputs of the multiplier 302 being
      coupled via contacts 303 to the outputs of the integrator 275 and the
      inverter 294, while the output of the multiplier 302 is connected to an
      input resistor 304 of a threshold element 305. Zero point 306 of the
      threshold element 305 is coupled via a commutator in the form of contacts
      307 of a relay 308 to a resistor 309 and to common point 310 of resistors
      311 and 312. The resistor 309 is connected to common point 313 of diodes
      314 and 315 connected in parallel with an inverter 316, whereof the input
      is connected to the output of the transducer 14. The common point 313
      produces a signal proportional to the negative modulus of the output
      signal of the transducer 14.
PAR  The resistors 311 and 312 are respectively connected to the output of the
      transducer 67 and to the output of the transducer 11. An inverting element
      formed as a relay with two control windings 317 and 318 is connected to
      the output of the threshold element 305.
PAR  The movable contact of this relay is arranged intermediate the positive bus
      115 and the negative bus 103 of the source 104. As the relay operates, the
      movable contact connects one of the outputs of the circuit 266 either to
      the positive bus 115 or to the negative bus 103, thereby producing at this
      output a signal of reversed polarity with respect to the signal generated
      by the threshold element 305. The output of the threshold element 305
      serves as a second output of the circuit 266.
PAR  The control winding 317 is coupled to the output of the threshold element
      305 via a diode 319, and a contact 320 is connected via a diode 321 to an
      input resistor 322 of the threshold element 305, thereby providing for the
      blocking of the element 305 after it has operated.
PAR  The circuit 267 comprises a squarer 323, a threshold element 324 and an
      inverting element formed, similarly with the ones described hereabove, as
      a relay with two control windings 325 and 326. The input of the squarer
      323 is connected to the common point 297 of the diodes 295 and 296, while
      its output is connected to an input resistor 327 of the threshold element
      324. Input resistor 328 of the element 324 is coupled via contacts 329 of
      the relay 308 to the output of the transducer 11 and to the common point
      313 of the diodes 314 and 315. The relay winding 325 is coupled via a
      diode 330 to the output of the threshold element 324, and a contact 331
      thereof is coupled via a diode 332 to an input resistor 333 of the
      threshold element 324, thereby providing for the blocking of the threshold
      element 324 after it has operated.
PAR  The circuit 268 comprises a threshold element 334 and an inverting element
      formed as a relay 335. Input resistor 336 of the threshold element 334 is
      coupled to the output of the integrator 275. The winding of the relay 335
      is coupled via a diode 337 to the output of the threshold element 334,
      whereas a contact 338 thereof is coupled via a diode 339 to an input
      resistor 340 of the threshold element 334, thereby providing for the
      blocking of the threshold element 334 after it has operated. Input
      resistor 341 of the threshold element 334 has connected thereto a gate 342
      comprising diodes 343, 344 and 345 and a resistor 346, the latter being
      connected to the positive bus 115 of the source 104. The diode 344 is
      connected to the movable contact 338, whereas the diode 345 is connected
      to the output of the threshold element 324.
PAR  The contact 303 at the input of the multiplier 302 belongs to the relay
      335.
PAR  The circuit 269 comprises a threshold element 347, an inverting element in
      the form of a relay 348 and a delay element in the form of a timer 349.
      Input resistor 350 of the threshold element 347 is connected to the
      positive bus 115 of the source 104, input resistor 351 is connected to the
      output of the integrator 275, input resistor 352 is connected through a
      diode 353 to the contact 166 (FIG. 3) of the relay 160. The control
      windings of the relay 348 (FIG. 5) and of the timer 349 are coupled via a
      diode 354 to the output of the threshold element 347. Movable contact 355
      of the relay 348 is coupled via a diode 356 to an input resistor 357 of
      the threshold element 347, thereby providing for the self-blocking of the
      threshold element 347 after it has operated.
PAR  Contacts 139 (FIG. 3) and contacts 174 (FIG. 4) belong to the relay 348
      (FIG. 5). Movable contact 355 of the relay 348 is also coupled via a diode
      202 (FIG. 4) and a diode 212 to the resistors 201 and 211 respectively,
      whereas the diode 233 of circuit 170 is connected to the output of element
      347 (FIG. 5).
PAR  The circuit 270 comprises a threshold element 358 and an inverting element
      in the form of a relay 359, of which the winding is coupled via a diode
      360 to the output of the threshold element 358. Input resistor 361 is
      coupled via a diode 362 to a movable contact 363 of the timer 349. Input
      resistor 364 is connected to the output of the transducer 67, input
      resistor 365 is coupled through an inverter 366 to the output of the
      transducer 10, and input resistor 367 is connected to the output of the
      transducer 11. Movable contact 368 of the relay 359 is coupled via a diode
      369 to input resistor 370 of the threshold element 358.
PAR  The circuit 271 comprises a threshold element 371 and an inverting element
      in the form of a relay 372, of which the control winding is coupled to the
      output of the threshold element 371 via a diode 373. Zero point 374 of the
      threshold element 371 is coupled via contacts 375 of the relay 308 to
      input resistor groups 376 and 377. Resistor 378 is connected to the
      positive bus 115 of the source 104 and resistor 379 of the group 376 is
      connected to the output of the transducer 10. Resistor 380 of the group
      377 is connected to the output of the transducer 14, while resistor 381 is
      connected to the output of the transducer 13. Contact 382 of the relay 372
      is coupled via a diode 383 to a resistor 384 of the group 376 and via a
      diode 385 to a resistor 386 of the group 377. Input resistor 387 on one
      side is directly connected to the zero point 374 and on the other side it
      is directly connected to diodes 388 and 389, the diode 388 being connected
      to the contact 166 (FIG. 3) of the relay 160, whereas the diode 389 forms
      a gate with a diode 390 (FIG. 5) and a resistor 391. The resistor 391 is
      connected to the output of the threshold element 324, while the diode 390
      is connected to the output of the threshold element 334.
PAR  The circuit 272 comprises a threshold element 392 and an inverter element
      formed as a relay 393, of which the control winding is coupled to the
      output of the threshold element 392 via a diode 394. Contact 395 of the
      relay 393 is connected to the input of the threshold element 392. Input
      resistor 396 is connected to three parallel-placed diodes 397, 398 and
      399. The diode 398 is connected to the output of the threshold element
      371. The diode 397 forms a gate with a diode 400 and a resistor 401, the
      resistor 401 having connected thereto the contact 331 of the relay 325,
      while the diode 400 is connected to the output of the threshold element
      334. The diode 399 likewise forms a gate with a diode 402 and a resistor
      403, the resistor 403 being connected to the contact 395 of the relay 393
      and the diode 402 - to the contact 338 of the relay 335. Input resistor
      404 has connected thereto a gate formed by diodes 405 and 406 and a
      resistor 407, the resistor 407 being connected to the contact 395 of the
      relay 393 and the diode 406 to the output of the threshold element 334.
      Input resistor 408 is connected to the output of the transducer 14, and
      input resistor 409 is coupled via an inverter 410 to the output of the
      transducer 13.
PAR  In order to ensure that prior to the instant the mechanism 4 (FIG. 1)
      starts moving the threshold element 305 and 324 stay in a blocked state,
      input resistor 411 (FIG. 5) of the element 305 and input resistor 413 of
      the element 324 are respectively coupled via a diode 421 and a diode 414
      to the output of the threshold element 358.
PAR  In order to ensure that during the time when the dragging mechanism 4 (FIG.
      1) is maneuvered with a view to preventing the slackening of the drag rope
      9 as the bucket 3 is transported from the dumping point to the point where
      it is lowered on the face, input resistor 415 (FIG. 5) of the element 305
      and input resistor 416 of the element 324 are connected to a gate formed
      by diodes 417, 418 and 419 and a resistor 420, the resistor 420 being
      connected to the outputs of the threshold element 392 and the diode 419 to
      the contact 338 of the relay 335.
PAR  The logic circuit 273 comprises parallel-coupled gates 421, 422, 423, 424,
      425, 426, 427 and 428. The gate 421 is built around diodes 429, 430 and
      431 and a resistor 432, the latter being connected to the negative bus 103
      of the source 104. The anodes of the diodes 429 and 430 are respectively
      connected to the contact 165 (FIG. 3) of the relay 160 and to the contact
      355 (FIG. 5) of the relay 348. The gate 422 is built around diodes 433,
      434 and 435 and a resistor 436, the latter being connected to the negative
      bus 103 of the source 104. The anodes of the diodes 433 and 434 are
      respectively connected to the contact 363 of the relay 349 and to the
      output of the threshold element 358.
PAR  The gate 423 is built around diodes 437, 438, 439 and 440 and a resistor
      441 which is connected to the negative bus 103 of the source 104. The
      anodes of the diodes 437, 438 and 439 are respectively connected to the
      contact 320 of the output relay of the threshold element 305, to the
      contact 368 of the relay 359 and to the output of the threshold element
      334.
PAR  The gate 424 is built around diodes 442, 443 and 444 and a resistor 445
      which is connected to the positive bus 115 of the source 104. The cathodes
      of the diodes 442 and 443 are respectively connected to the contact 331 of
      the output relay of the threshold element 324 and to the contact 338 of
      the relay 335. The gate 425 is built around diodes 446, 447, 448 and 449
      and a resistor 450 which is connected to the positive bus 115 of the
      source 104. The cathodes of the diodes 446, 447 and 448 are respectively
      connected to the output of the threshold element 305, to the output of the
      threshold element 334 and to the output of the threshold element 392. The
      gate 426 is built around diodes 451, 452 and 453 and a resistor 454 which
      is connected to the negative bus 103 of the source 104. The anodes of the
      diodes 451 and 452 are respectively connected to the output of the
      threshold element 324 and to the contact 338 of the relay 335. The gate
      427 is built around diodes 455, 456 and 457 and a resistor 458 which is
      connected to the negative bus 103 of the source 104. The anodes of the
      diodes 455 and 456 are respectively connected to the output of the
      threshold element 371 and to the output of the threshold element 334. The
      gate 428 is built around diodes 459, 460 and 461 and a resistor 462 which
      is connected to the output of the transducer 16. The anodes of the diodes
      459 and 460 are respectively connected to the output of the threshold
      element 392 and to the contact 338 of the relay 335.
PAR  The feedback circuit of the integrator 275 includes a diode 463 coupled via
      a contact 464 of a relay 465. The control winding of the relay 465 is
      connected by way of one end thereof to common point 466 of diodes 467 and
      468, the cathodes thereof being connected to the output of the threshold
      element 324 and to the output of the threshold element 358, respectively.
      The other end of the control winding of the relay 465 is coupled via a
      resistor 460 to common point 470 of diodes 471 and 472, whereof the anodes
      are connected to the output of the threshold element 334 and to the
      contact 368 of the relay 359, respectively.
PAR  Output bus 473 of the unit 32 is coupled via contact 474 of a relay 475 to
      the output of the inverter 294 and to the output of the integrator 275.
      One end of the control winding of the relay 475 is connected to common
      point 476 of diodes 477 and 478, whereof the cathodes are respectively
      connected to the output of the threshold element 371 and to the output of
      the threshold element 392. The other end of the control winding of the
      relay 475 is coupled via a resistor 479 to the output of the threshold
      element 334.
PAR  The control winding of the relay 308 is connected to common point 480 of
      diodes 481 and 482, whereof the anodes are respectively connected to the
      output of the threshold element 334 and to the contact 331 of the output
      relay of the threshold element 324.
PAR  The electric circuit of the windings 318 and 326 is coupled to the output
      of the threshold element 334 through a diode 483, a resistor 484 and a
      capacitor 485, the resistor 484 and the capacitor 485 being connected in
      parallel and forming a differentiating string.
PAR  The unit 33 (FIG. 1) for setting the speed of the swing mechanism 5
      comprises a circuit 486 (FIG. 6), which converts the coordinates of the
      bucket position to the acceleration time of the swing mechanism 5
      proportional to the period of swing of a pendulum, a circuit 487 for
      determining the steady speed of the swing mechanism, a circuit 488 for
      determining the value of the mechanism starting acceleration, a circuit
      489 for determining the instant the mechanism starts decelerating, a
      circuit 490 for determining the sense of motion of the mechanism, a shaper
      491 for forming a predetermined mechanism speed signal, and a swing
      mechanism start-up delay circuit 492.
PAR  The shaper 491 comprises an integrator 493 and resistors 497 and 498
      coupled via contacts 495 of a relay 496 in parallel with a capacitor 494
      of the integrator 493. These same contacts 495 serve to connect to zero
      point 499 of the integrator 493 a resistor 500 which is coupled via
      contacts 501 of the relay 160 (FIG. 3) to the output of the transducer 13
      (FIG. 6). Contacts 502 of the relay 160 (FIG. 3) are connected in parallel
      with the resistor 498. Input resistor 503 of the integrator 493 is coupled
      via contacts 504 of a relay 505 and contacts 506 to the output of a
      reference voltage source 507. The source 507 is built around a Zener diode
      508 and a resistor 509, the latter being connected to the positive bus 115
      of the source 104. Input resistor 510 of the integrator is coupled via
      contacts 511 of the relay 496 and contacts 512 to the output of the
      circuit 488. The output of the integrator 493 is connected to the input of
      an inverter 513.
PAR  The circuit 486 is formed as an x-y converter 514 coupled by way of the
      inputs thereof to the output of the transducer 68 and to the output of the
      transducer 69.
PAR  The circuit 487 comprises an adder 515, a divider 516, a memory element
      517, a threshold element 518 and a memory element 519. Input resistor 520
      of the adder 515 is connected to the negative bus 103 of the source 104,
      input resistor 521 is connected to the output of the converter 514, and
      input resistor 522 is connected to the output of the inverter 154 (FIG. 3)
      of the unit 26. The output of the adder 515 (FIG. 6) is connected to an
      input of the divider 516, the output of the transducer 12 and the output
      of the transducer 15 being coupled to the other input of the divider 516
      via contacts 523 of the relay 505 and contacts 524 of a relay 525. The
      element 517 is formed as an integrator, with a resistor 529 being coupled
      via contacts 527 of a relay 528 to a capacitor 526 of the ientegrator.
      These same contacts 527 also serve to connect to zero point 530 of the
      integrator a resistor 531 connected to the output of the divider 516.
PAR  The element 519 is likewise formed as an integrator, with a resistor 535
      being connected in parallel to a capacitor 532 of said integrator via
      contacts 533 of a relay 534. A resistor 537 connected to the output of the
      element 517 is connected to zero point 536 of the integrator via these
      same contacts 533. The output of the memory element 519 is coupled via the
      contacts 504 of the relay 505 and via the contacts 506 to the input
      resistor 503 of the integrator 493.
PAR  The output of the memory element 517 is coupled via contacts 538 of the
      relay 505 to an input resistor 539 of the threshold element 518. Input
      resistor 540 of the threshold element 518 is connected to the output of
      the integrator 493. Input resistor 541 of the threshold element 518 is
      coupled via a diode 542 to the contact 363 (FIG. 5) of the relay 349
      included in the unit 32.
PAR  At the output of the threshold element 518 (FIG. 6) there is provided an
      output relay with two windings 543 and 544, the relay contacts 512 being
      connected into the circuit of the input resistor 510 of the integrator
      493. The movable contact of the output relay is arranged intermediate the
      positive and negative buses 115 and 103 of the source 104. As the relay
      operates, its movable contact 546 connects one of the outputs of the
      circuit 487 either to the positive bus 115 or to the negative bus 103,
      thereby causing the output in question to generate a signal of reversed
      polarity with respect to the output signal of the threshold element 518.
      The output of the threshold element 518 serves as a second output of the
      circuit 487. The relay winding 543 is coupled via a diode 545 to the
      output of the element 518, whereas the relay movable contact 546 is
      coupled via a diode 547 to an input resistor 548 of the element 518.
PAR  The circuit 488 comprises a memory element 549 and a divider 550. The
      memory element 549 is formed as an integrator, with a resistor 553 coupled
      via contacts 552 of the relay 528 in parallel with a capacitor 551 of the
      integrator. These same contacts 552 serve to connect to zero point 554 of
      the integrator a resistor 555 connected to the output of the converter
      514. The output of the element 549 is connected to an input of the divider
      550, the other input thereof having connected thereto the output of the
      element 517 and the output of the source 507 via the contacts 538 of the
      relay 505. The output of the divider 550 is coupled via the contacts 511
      of the relay 496 and the contacts 512 with the input resistor 510 of the
      integrator 493.
PAR  The circuit 489 comprises an adder 556, a differentiator 557, a multiplier
      558 and a threshold element 559. Input resistor 560 of the adder 556 is
      coupled via the contacts 523 of the relay 505 and the contacts 524 of the
      relay 525 to the output of the transducer 12 and to the output of the
      transducer 15. Input resistor 561 is coupled to the output of the
      transducer 70 via parallel-connected contacts 562 of the relay 505 and
      contacts 563 of a relay 564 included in the circuit 490. The output of the
      adder 556 is connected to the input of the differentiator 557. The output
      of the differentiator 557 is connected to an input of the multiplier 558,
      of which the other input has connected thereto the output of the inverter
      154 (FIG. 3) of the unit 26. The output of the multiplier 558 (FIG. 6) is
      connected to an input resistor 565 of the threshold element 559. Input
      resistor 566 of the threshold element 559 is connected to the output of
      the adder 556. Input resistor 567 is connected to common point 568 of
      diodes 569 and 570. The diode 569 has connected thereto the contact 363
      (FIG. 5) of the relay 349, whereas the diode 570 (FIG. 6) has coupled
      thereto via contact 571 of the relay 505 the contact 220 (FIG. 4) of the
      relay 188. At the output of the threshold element 559 (FIG. 6) there is
      connected an output relay with two windings 572 and 573, the contacts 506
      of the relay being included in the circuit of the input resistor 503 of
      the integrator 493. Movable contact 574 of this relay is arranged
      intermediate the positive bus 115 and the negative bus 103 of the source
      104. As the relay operates, the movable contact 574 connects one of the
      outputs of the circuit 489 either to the positive bus 115 or to the
      negative bus 103, thereby causing the output in question to generate a
      signal of reversed polarity with respect to the output signal of the
      threshold element 559.
PAR  The output of the threshold element 559 serves as a second output of the
      circuit 489.
PAR  The movable contact 574 of the output relay of the element 559 is coupled
      via a diode 575 to an input resistor 576 of the element 559.
PAR  The circuit 490 comprises a threshold element 577 and an inverter element
      which is the relay 564 of which the winding is coupled via a diode 578 to
      the output of the threshold element 577. Input resistor 579 of the
      threshold element 577 is coupled via contacts 580 of the relay 505 to the
      output of the inverter 513 and to the positive bus 115 of the source 104.
      Contact 581 of the relay 564 is coupled via a diode 582 to input resistor
      583. Input resistor 584 is coupled via a diode 585 to common point 586 of
      a capacitor 587, a resistor 588 and a resistor 589. A diode 590 is
      connected in series with the resistor 589, and the contact 363 (FIG. 5) of
      the relay 349 is connected to the anode of the diode 590 and to the
      resistor 588.
PAR  The circuit 492 (FIG. 6) comprises a threshold element 591. Input resistor
      592 of the element 591 is connected to the movable contact 155 (FIG. 3) of
      the relay 145 included in the unit 26. Input resistor 593 (FIG. 6) of the
      element 591 is connected to the output of the adder 89 (FIG. 3) of the
      unit 26. Input resistor 594 (FIG. 6) is coupled via a diode 595 to a
      movable contact 596 of the relay 349 (FIG. 5) which switches the positive
      bus 115 (FIG. 6) and the negative bus 103 of the source 104. The output of
      the threshold element 591 is coupled via contacts 597 of the relay 505 and
      a diode 598 to the winding of the relay 496. The diode 598 is also
      connected by the contacts 597 to the contact 363 (FIG. 5) of the relay 349
      included in the unit 32. Movable contact 599 (FIG. 6) of the relay 496 for
      switching the negative bus 103 and the positive bus 115 of the source 104
      is connected via a diode 600 to an input resistor 601 of the element 591.
PAR  The winding of the relay 525 is connected to common point 602 of diodes 603
      and 604, the cathode of the diode 603 being connected to the contact 574
      of the output relay of the threshold element 559, while the cathode of the
      diode 604 is connected to the contact 581 of the relay 564.
PAR  One end of the control winding of the relay 528 is connected to common
      point 605 of diodes 606 and 607, whereof the anodes are respectively
      connected to the contact 574 of the output relay of the element 559 and to
      the output of the threshold element 577. The other end of the winding of
      the relay 528 is coupled via a resistor 608 to the contact 363 (FIG. 5) of
      the relay 349.
PAR  The electric circuit of the windings 544 (FIG. 6) and 573 is coupled via a
      diode 609 and parallel-connected resistor 610 and capacitor 611 to the
      output of the threshold element 577. The control winding of the relay 534
      is coupled on one side via a resistor 612 to the contact 363 (FIG. 5) of
      the relay 349 and on the other side via a diode 613 to the contact 581 of
      the relay 564.
PAR  The unit 33 comprises a function selector for switching the excavator to
      either of two modes of operation: 360 degree or reversing. Movable contact
      614 of the function selector is coupled to the negative bus 103 of the
      source 104 and with the winding of the relay 505. The contacts 123 (FIG.
      3) 126 and 158 belong to the relay 505 (FIG. 6). The output of the
      converter 514 (FIG. 6) is coupled to the resistor 125 via the contacts 126
      (FIG. 3), while the winding of the relay 145 (FIG. 3) is coupled via the
      contacts 158 to the output of the element 577 (FIG. 6) and to the output
      of the element 217 (FIG. 4). The diode 244 (FIG. 4) of the circuit 170 is
      coupled via the contacts 247 of the relay 505 (FIG. 6) to the output of
      the element 577.
PAR  The unit 33 also incorporates an initial swing direction switch of the
      platform, of which movable contact 615 is coupled to the output of the
      threshold element 577, with the contact 581 and via a diode 616 with a
      relay 617, contact 618 thereof being coupled to the output of the
      integrator 493 and to the output of the inverter 513.
PAR  The hoist rope tension setting circuit 66 (FIG. 1) comprises a digging path
      transducer 619 (FIG. 7), a hoist rope initial tension setter 620, a hoist
      rope final tension setter 621, an adder 622, a digging path setter 623, a
      multiplier 624 and an adder 625.
PAR  The outputs of the setters 620 and 621 are coupled to the inputs of the
      adder 622, of which the output is connected to the input of the setter
      623. The multiplier 624 has its inputs connected to the output of the
      setter 623 and to the output of the transducer 619. The outputs of the
      setter 620 and of the multiplier 624 are connected to the respective
      inputs of the adder 625, of which the output is connected with one of the
      inputs of the tension controller 65.
PAR  The transducer 619 comprises a synchro 626, whereof a shaft 627 is coupled
      via an electromagnetic clutch 628 to the shaft 20 of the mechanism 4. The
      output of the synchro 626 is coupled via a rectifier 629 to one of the
      inputs of the multiplier 624. The shaft 627 of the synchro 626 is also
      connected to a spring 630 resetting the synchro 626.
PAR  The circuit 66 comprises a voltmeter 631 designed for visual detection of
      hoist rope tension variation and a voltmeter 632 designed for visual
      detection of digging path changes. The voltmeter 631 is electrically
      connected to the output of the transducer 64, and the voltmeter 632 is
      electrically connected to the output of the transducer 619. The circuit 66
      comprises a start button 633 included in a circuit which connects the
      positive bus 115 of the source 104 to the winding of a relay 634. The
      button 633 is shunted by contacts 635 of the relay 634. Contacts 636 of
      the relay 348 (FIG. 5) are connected in series with the button 633. The
      control winding of the clutch 628 (FIG. 7) is connected to the positive
      bus 115 of the source 104 via contacts 637 of the relay 634.
PAR  The gate 61 (FIG. 8) comprises a contact assembly 638 of the relay 634
      (FIG. 7) and a contact assembly 639 (FIG. 8) of the relay 348 (FIG. 5).
      The ouput of the element 63 and the output of the controller 65 are
      respectively connected to fixed contacts 640 (FIG. 8) and 641 of the
      contact assembly 638, while movable contact 642 of the assembly 638 is
      connected to a fixed contact 643 of the contact assembly 639. The output
      of the unit 31 is connected to the other fixed contact 644 of the assembly
      639, while movable contact 645 of the contact assembly 639 is connected to
      one of the inputs of the OR circuit 62.
PAR  In order to extend the range of working paths of the bucket 3 (FIG. 1) in
      the vicinity of the boom 7, the protection unit 80 (FIG. 2) of the
      assembly 76 incorporates an adder 646. The inputs of the adder 646 are
      connected to the output of the gate 61, to the output of the potentiometer
      82 and to the positive bus 115 of the source 104. The output of the adder
      646 is connected to the second input of the OR circuit 55.
PAC  OPERATION
PAR  The following describes the operation of the proposed control device for a
      dragline excavator which will be referred to hereafter as simply an
      excavator.
PAR  Analyzing the operation of the excavator, one can represent its full
      operating cycle as a sequence of operations common to and independent of
      the various process diagram, used in mining. The operations of digging,
      transportation of the loaded bucket to the dumping point and
      transportation of the empty bucket to the point where it is lowered on the
      face form a closed cycle which is frequently repeated while the face is
      being worked, whereas the operation of walking is repeated only after
      considerable intervals of time. The overall performance of the excavator
      depends to a considerable degree on how the former three operations are
      carried out.
PAR  The device of this invention is a means of automating the following three
      operations:
PAR  a. transportation of the filled bucket to the dumping point;
PAR  b. transportation of the empty bucket to the point at which it is lowered
      on the face; and
PAR  c. digging.
PAR  The bucket 3 is moved in space by the mechanisms 2, 4 and 5 acting
      concertedly. The minimal time that may be spent on transporting the bucket
      3 from one point in space to another is determined by that one of the
      three mechanisms which takes the greatest time to operate, with the
      proviso that this mechanism moves at its top speed and accelerations.
PAR  Such a mechanism will be referred to hereafter as the limiting one in a
      given operation.
PAR  Any one of the mechanisms 2, 4 and 5 may be the limiting one in an
      operation, depending on the coordinates of the breakout point of the
      bucket 3, its dumping point and the point where is makes contact with the
      face.
PAR  The laden bucket is transported to the dumping point or the empty bucket is
      transported to the face-contact point within a minimum of time only if the
      electric drive of the mechanism which is the limiting one in the operation
      in question conforms to its optimal speed diagram.
PAR  The optimal speed diagram for a limited-power electric drive is shaped like
      a trapezoid, the height of which is equal to the maximal speed value while
      the tangents of the angles of the lateral sides correspond to the maximum
      acceleration values. Further, a basic condition for automatic control of
      the transportation of the bucket 3 to the dumping point, or the
      transportation of the bucket 3 to the face-contact point, is synchronized
      operation of the electric drives of the mechanisms 2, 4 and 5 so that all
      the mechanisms (2, 4 and 5) preferably take an equal amount of time to
      perform their operations. From the two conditions, whereby the bucket 3
      should be transported from one point to another as fast as possible and
      the electric drives of the mechanisms 2, 4 and 5 should operate in a
      synchronized manner, it follows that the minimal time within which an
      operation can be carried out is equal to the minimal time it takes the
      electric drive of the limiting mechanism to execute its program, and the
      speeds of the electric drives of the limiting mechanisms should not be
      less than their maximum values so that these drives can execute their
      programs within an interval of time equal to the duration of a given
      operation.
PAR  The duration of a working operation depends not only on the length
      increment of the hoist rope 8 or the drag rope 9 or on the swing angle of
      the platform 6, but also on initial speed conditions of the mechanism, on
      the steady-state value of this speed as well as on the acceleration and
      deceleration values.
PAR  The length increment of the hoist rope 8 or the drag rope 9 should be
      hereinafter taken to imply the difference between the length of the rope
      in question with the bucket 3 at the breakout point and that with the
      bucket 3 at the dumping point in the transportation operation of the
      bucket 3 from the breakout point to the dumping point, and the difference
      between the length of the rope with the bucket 3 at the dumping point and
      that with the bucket 3 at the face-contact point in the trangentation
      operation of the bucket 3 from the dumping point to the face-contact
      point.
PAR  Thus, while an operation is being carried out, the values of the length
      increments of the ropes 8 and 9 and of the swing angle of the platform 6
      vary from certain initial values determined by the coordinates of the
      breakout and dumping points of the bucket 3 or the dumping and
      face-contact points of the bucket 3, to zero at the end of the operation.
PAR  The synchronized minimal duration of the operation to transport the bucket
      from the breakout point to the dumping point T.uparw. or the operation to
      transport the bucket from the dumping point to the face-contact point
      T.dwnarw. is
EQU  T.uparw..dwnarw. = max [min T.sub.1 .uparw..dwnarw., min T.sub.2
      .uparw..dwnarw., min T.sub.3 .uparw..dwnarw.](1)
PAL  where T.sub.1, T.sub.2 and T.sub.3 are the times of program execution by
      the mechanisms 2, 4 and 5, respectively.
PAR  The index .uparw. hereinafter designates the operation of transporting the
      bucket from the breakout point to the dumping point, while the index
      .dwnarw. designates the operation of transporting the bucket from the
      dumping point to the face-contact point. The subscripts "1," "2" and "3"
      correspond to the mechanisms 2, 4 and 5, respectively.
PAR  In a general form, the steady speed of the hoisting or dragging mechanisms
      2 or 4 is expressed by the following function:
      ##EQU1##
      where sgn is the function of the sign;
PA1  T is the duration of the operation;
PA1  t is the current time;
PA1  v(t) is the current value of the corresponding mechanism;
PA1  a.sub.3 is the magnitude of deceleration of the mechanisms 2 or 4, and
PA1  l(t) is the current value of the rope length increment, while the instant
      at which deceleration begins is expressed by the function
      ##EQU2##
PAR  Should the mechanism 2 or 4 be the limiting one in the operation, its
      steady speed (the height v of the trapezoid v.sub.1 (t) in FIG. 9) is at
      its maximum value, while if the mechanism 2 or 4 is not the limiting one
      in the operation, its steady speed is below the maximum value.
PAR  The paths of the bucket of the automatically controlled excavator 1 (FIG.
      10) should lie within the operating zone of the excavator delimited by the
      zones of minimal permissible approach of the bucket 3 to the excavator 1
      (zone a), to the head of the boom 7 (zone c) and, lest there should be
      undesirable load exerted on the ropes 8 and 9 and the boom 7, to the axis
      of the boom 7 (zone b). Further, as the laden bucket 3 passes through the
      spontaneous dumping zone d its fill spills out, which is the reason why
      the bucket 3 should be lifted off and transported to the dumping point
      staying clear of this zone d, whereas at the end of the operation, in
      order to speed up the dumping process, the bucket 3 should enter the
      spontaneous dumping zone d with the drag rope 9 payed out at a maximum
      speed, thereby providing for the highest possible precision of dumping at
      a prescribed point. When the filled bucket 3 is lifted off the face, the
      dragging mechanism 4 should not be reversed until after the bucket 3 has
      been lifted off the face, for otherwise the bucket 3 may tip off.
PAR  All the listed requirements constitute a system of geometrical limitations
      on the paths of motion of the bucket 3.
PAR  As has been noted, accurate dumping of the bucket 3 at a prescribed height
      may be achieved only provided the bucket 3 crosses the spontaneous-dumping
      zone d along the shortest path, with the drag rope 9 being payed out at a
      maximum speed.
PAR  To fulfill these conditions, the bucket 3 is first moved to a certain
      theoretical or reference point M (FIG. 10) in the vicinity of the
      contemplated dumping point A and then, having crossed the boundary of this
      vicinity (point Z), the speed of the dragging mechanism 4 is accelerated
      to the maximum possible limit. In such a case, whatever the speed of the
      bucket 3 outside the spontaneous-dumping zone d, inside this zone the
      bucket 3 moves at its greatest speed.
PAR  FIG. 9 illustrates the laws of speed variation of the mechanisms 2, 4 and
      5, whereby the bucket 3 moves along the paths graphically represented in
      FIG. 10, the letters designating the main time instants and their
      corresponding points on the paths of motion of the bucket 3.
PAR  The reference point M lies beyond the spontaneous-dumping zone d, though
      close to its boundary. The bucket 3 initially moves to the reference point
      M because the coordinates of the point M are allowed for when determining
      the speed of the mechanism 4 dragging the bucket 3. The coordinates of the
      point M, just as those of any dumping point (for example point A), are
      determined by the length increments of the hoist and drag ropes 8 and 9
      and the swing angle of the platform 6 as the bucket 3 is transported from
      the breakout point to the dumping point. The length increment of the hoist
      rope 8 and the swing angle of the platform 6 are the same as those for the
      real dumping point A, whereas the length increment of the drag rope 9
      diminishes by a certain value .DELTA. 1.sub.2 determined by the position
      of the boundary of the spontaneous-dumping zone d of the bucket 3.
PAR  The value .DELTA. 1.sub.2, by which the length increment of the drag rope 9
      should be decreased if the bucket 3 is to move to the reference point M,
      is proportional to the length L.sub.1.sup.A of the hoist rope 8 when the
      bucket 3 is disposed at the dumpint point A. Thus, a change in position of
      the dumping point A of the bucket 3 will cause a change in the length
      L.sub.1.sup.A of the hoist rope 8 when the bucket 3 is located at the
      dumping point A, thereby varying the value .DELTA. 1.sub.2 (L.sub.1.sup.A)
      by which the length increment of the drag rope 9 diminishes as the bucket
      3 is transported from the breakout point c to the dumping point A.
PAR  The steady speed of the dragging mechanism 4 as the bucket 3 is transported
      from the breakout point to the dumping point is determined by the function
      (2) which looks as follows:
      ##EQU3##
      where a.sub.32 is the rate of deceleration of the mechanism 4.
PAR  The instant at which the speed of the dragging mechanism 4 of the bucket 3
      starts to be increased (point Z in FIG. 10) is determined by the current
      length increment l.sub.1 .uparw.(t) of the hoist rope 8 reaching a certain
      reference value .DELTA. l.sub.1 as the bucket is transported to the
      dumping point. The value .DELTA. l.sub.1 is chosen to be equal to the
      breaking distance of the hoisting mechanism 2 from the top speed down to
      zero.
PAR  Thus, the time instant Z (FIG. 9) is defined by the function
EQU  sgn[l.sub.1 .uparw.(t) - .DELTA. l.sub.1 ]                 (5)
PAR  When determining the instant at which the dragging mechanism 4 of the
      bucket 3 starts decelerating in accordance with function (3), the length
      increment l.sub.2 .uparw.(t) of the drag rope 9 corresponds to the real
      dumping point A.
PAR  If the paths from the breakout point C of the bucket 3 lie close to the
      spontaneous-dumping zone d, in order to prevent the bucket 3 moving to the
      reference point M from prematurely entering the spontaneous-dumping zone
      d, the actuation of the dragging mechansim 4 is delayed, and the initial
      part of the path is traversed by the bucket 3 with the drag rope 9
      remaining constant in length, that is to say the bucket 3 moves in a
      circumference (section DK). When the ratio of the length increments of the
      hoist rope 8 and the drag rope 9 reaches a certain value .alpha..sub.1,
      the dragging mechanism 4 is started (point K). In this case the time T of
      transportation of the bucket 3 from the breakout point to the dumpimg
      point does not increase, for the dragging mechanism 4 cannot be the
      limiting one in the operation with the breakout point C of the bucket 3
      located close to the spontaneous-dumping zone d. If the bucket 3 moves
      along paths lying closer to the dragline excavator 1, the startup of the
      dragging mechansim 4 is not delayed. FIG. 10 indicates by a dot-and-dash
      line one of such paths, and FIG. 9 shows the corresponding section of the
      speed diagram of the dragging mechanism 4. In this case the section DK is
      absent. As a result, the instant of start-up of the dragging mechanism 4
      (point K) is determined by the function
EQU  sgn[l.sub.2 .uparw.(t) - .DELTA.l.sub.2 (L.sub.1.sup.A) - .alpha..sub.1
      l.sub.1 .uparw.(t)].                                      (6)
PAR  An important phase preceding the transportation of the bucket 3 to the
      dumping point is the breakout of the laden bucket 3 from the face. During
      the digging operation the tension of the hoist rope 8 is regulated to
      prevent slackening of the hoist rope 8 both in digging and in the breakout
      of the bucket 3 from the face, with the result that dynamic loading on the
      boom 7 is substantially reduced and one of the chief requirements to the
      bucket breakout process -- jerkless running of the hoist rope 8 -- is
      satisfied.
PAR  Toward the end of the digging operation (point C' in FIGS. 9 and 10), the
      predetermined speed of the mechanism 5 (section CC') is reduced to a
      certain fixed value G and maintained at this level a certain time CD
      during which the hoisting mechanism 2 performs the breakout of the bucket
      3. This provides for the tautness of the drag rope 9 when the bucket 3
      emerges from earth and prevents the bucket 3 from tipping off at the
      instant of its breakout from the face of the excanation.
PAR  The instant of start-up of the hoisting mechanism 2 (point C) is determined
      from the function
EQU  sgn[v(t) - G]                                              (7)
PAL  where V(t) is the output signal of the integrator 275 (FIG. 5)
PAR  While transporting the bucket 3 from the dumping point A to the
      face-contact point B, two modes of controlling the dragging mechanism 4
      are adopted. If the bucket is lowered into the remotest parts of the face,
      for example vertically downward, the drag rope 9 slakens, an undesirable
      feature liable to cause the slack drag rope 9 to be drawn into the face as
      the platform 6 swings.
PAR  In order to avoid slackening of the drag rope 9 when the bucket 3 is
      lowered onto remote parts of the face, a law is adopted whereby the speed
      diagram of the dragging mechanism 4 has the form of two sequential
      trapezoidal signals of different polarities, the bucket 3 moving along a
      deformed path made up of two sections. Over the first section the length
      of the drag rope 9 diminishes and the path of the bucket 3 deviates from
      the vertical (section AN) (FIG. 10). causing the drag rope 9 to remain
      taut; over the second section (section NB) the bucket 3 is brought to the
      face-contact point, with the drag rope 9 increasing in length.
PAR  This kind of maneuvering of the dragging mechanism 4 does not affect the
      duration of the operation, for the mechanism 4 cannot be the limiting one
      when the bucket 3 is lowered onto the parts of the face most remote from
      the excavator 1. The boundary of the "maneuver zone" is defined by a
      certain path moving along which the slack of the drag rope 9 is eliminated
      the instant the bucket 3 has reached a horizontal level. The position of
      the face-contact point of the bucket with respect to the "maneuver zone"
      is determined by the ratio of the length increments of the hoist rope 8
      and the drag rope 9 as the bucket 3 is transported from the dumping point
      to the point where it is lowered on the face.
PAR  This position is defined by the function
EQU  sgn[l.sub.1 .dwnarw.(t) - .beta. .sub.1 l.sub.2 .dwnarw.(t)](8)
PAL  where .beta..sub.1 is the proportionality factor characterizing the length
      increment ratio for the ropes 8 and 9 at the instant the bucket 3 crosses
      the boundary of the "maneuver zone."
PAR  Movement along the first section of the path is made possible by the
      constant speed ratio of the hoisting and dragging mechanisms 2 and 4, and
      the transfer of the bucket to the second section of the path is indicated
      by the instant (point N in FIGS. 9 and 10) at which the length increments
      of the hoist rope 8 and the drag rope 9 (.beta..sub.1 ') reach a certain
      ratio expressed by the formula
EQU  sgn[.beta..sub.1 ' l.sub.2 .dwnarw.(t) - l.sub.1 .dwnarw.(t)](9)
PAR  In case the bucket 3 is lowered on the face at a point lying outside the
      "maneuver zone," that is to say located near the excavator or in the
      middle of the face, the speed diagram of the mechanism 4 is shaped like a
      single trapezoidal signal, and the bucket path has a single characteristic
      section. Such a path and section of the speed diagram of the mechanism 4
      are indicated in FIGS. 9 and 10 by a dot-and-dash line. It will be seen
      that the section AN is absent here.
PAR  The trapezoidal speed diagram of the swing mechanism 5, in case it is not
      the limiting one in the operation, is deformed by decreasing the
      steady-state speed value and the acceleration values, the acceleration and
      deceleration times of the mechanism 5 as well as the duration of the
      operation remaining unchanged. As a consequence of such a change of the
      speed diagram of the mechanism 5, while the platform 6 is slewed the
      bucket 3 exerts minimal inertial load on the boom 7, its angular and speed
      deviations being comparatively small. At the same time, from one operation
      to another, the magnitude of acceleration of the swing mechanism 5 or its
      acceleration time depend on the assumed length of the pendulum --
      bifilarly suspended bucket -- by the instant the operation begins. In this
      case the acceleration time of the mechanism 5 is proportional to the
      period of swing of the pendulum which is obtained by converting the
      coordinates of the bucket breakout and dumping points expressed as the
      overall lenghts of the hoist rope 8 and the drag rope 9 (L.sub.1 and
      L.sub.2, respectively).
PAR  The limiting speed diagrams of the slewing mechanism 5 of the platform 6,
      if the mechanism 5 is the limiting one, are given in FIG. 11. Dotted lines
      indicate how the acceleration times or acceleration of the mechanism 5
      vary depending on the initial assumed length of the pendulum (different
      periods of swing of the pendulum).
PAR  The speed diagram of the mechanism 5 is given in FIG. 12 for the case where
      the mechanism 5 is not the limiting one in the operation.
PAR  FIGS. 11 and 12 have the following deisgnations: .OMEGA. (t) is the current
      speed of the mechanism 5, T is the duration of the operation, t.sub.1,
      t.sub.2 and t.sub.3 are the acceleration time, the steady speed time and
      the deceleration time of the mechanism 5, respectively, and .OMEGA.
      .sub.max is the maximum permissible speed of the mechanism 5.
PAR  The acceleration time t.sub.1 of the mechanism 5 is determined by
      converting the overall lengths of the hoist rope 8 and the drag rope 9
      into a quantity proportional to the period of swing of the pendulum -
      bifilarly suspended buckle: which is done in the following manner. The
      operating zone of the excavator is shown to be convered by a coordinate
      grid, whereof each node is assigned a valve of the acceleration time
      t.sub.1 of the mechanism 5 precalculated to be proportional to the period
      of swing of the bucket. The proportionality factor for different pendulum
      lengths is chosen depending on the period of swing of the bucket. At all
      intermediate points of the operating zone the acceleration time t.sub.1 of
      the mechanism 5 is calculated by linear interpolation. The coordinates of
      the nodes are determined by the overall lengths L.sub.1 and L.sub.2 of the
      hoist rope 8 and the drag rope 9, i.e.,
EQU  t.sub.1 =  f(L.sub.1, L.sub.2)                             (10)
PAR  The steady speed of the mechanism 5 is determined as
      ##EQU4##
      where .phi. is the swing angle of the platform when the bucket is
      transported to the dumping point or the face-contact point.
PAR  The acceleration E.sub.1 and deceleration E.sub.3 of the mechanism 5 are
      determined as follows:
      ##EQU5##
PAR  The job of controlling the mechanism 5 as the bucket 3 is transported from
      the breakout point to the dumping point consists in swinging the platform
      6 by the angle .phi. through which the platform 6 is to be slewed.
PAR  The initial instant of deceleration of the mechanism 5 swinging the
      platform 6 as the bucket 3 is transported from the breakout point to the
      dumping point is defined by the function
EQU  sgn[.phi.(t) - 0.5(T - t).OMEGA.(t)]                       (14)
PAR  The task of controlling the mechanism 5 as the bucket 3 is transported from
      the dumping point to the face-contact point consists in displacing the
      bucket 3 by the angle through which the platform 6 is turned. Therefore,
      the initial instant of deceleration of the mechanism 5 is determined not
      only on the basis of the current swing angle of the platform 6 and its
      speed .OMEGA.(t), but also with due regard for the current angular
      deflection .psi.(t) of the swinging bucket 3 in the horizontal plane and
      the rate .psi.(t) of its variation.
PAR  The initial deceleration instant is determined by the function
EQU  sgn{.phi.(t) + .psi.(t) - 0.5(T - t)[.OMEGA.(t) + .psi.(t)]} (15)
PAR  When determining the minimal possible times of program execution by the
      mechanisms 2, 4 and 5 as the bucket 3 is transported from the breakout
      point C to the dumping point A and from the dumping point A to the
      face-contact point B, it is necessary to take into account the maximum
      capabilities of the mechanisms 2, 4 and 5, that is to say the maximum
      speed and accelerations of these mechanisms. The instant the bucket 3 is
      lifted off the face (instant C on the diagrams of FIG. 9 and point C on
      the paths of FIG. 10) is taken to be the initial instant of the operation
      to transport the bucket 3 to the dumping point A. The instant of sign
      reversal of the motion of the mechanisms 2 and 5 (instant A on the
      diagrams of FIG. 9) is taken to be the initial instant of the operation to
      transport the bucket 3 from the dumping point A to the face-contact point
      B.
PAR  The minimal possible time of program execution by the mechanism 2 hoisting
      the bucket 3 as the bucket 3 is transported from the breakout point C to
      the dumping point A is determined according to the following expression:
      ##EQU6##
      where a.sub.11 is the value of acceleration of the mechanism 2,
PA1  a.sub.31 is the value of deceleration of the mechanism 2,
PA1  V.sub.1 is the top speed of the mechanism 2, and C is the time instant in
      FIG. 9.
PAR  At the instant the bucket 3 is to be transported from the dumping point A
      to the face-contact point B (instant A in FIG. 9), the initial speed of
      the hoisting mechanism 2 is equal to zero. Therefore, the minimal time of
      program execution by the mechanism 2 as the bucket 3 is transported to the
      face-contact point B is determined by the formula
      ##EQU7##
PAR  The minimal possible time of program execution by the mechanism 4 as the
      bucket 3 is transported from the breakout point C to the dumping point A
      is determined with due regard for the fact that prior to the dumping
      instant Z the bucket 3 has moved to the reference point M and also that
      the initial speed of the mechanism 4 by the instant C is known equal to G:
      ##EQU8##
      where .theta. = const is the time interval CD in FIG. 9 within which the
      bucket 3 is raised clear of the face.
PAR  In formula (18) all the terms but the first one are constant quantities
      which can be determined in advance.
PAR  As has already been noted, the steady speed of the mechanism 4 as the
      bucket 3 is transported to the dumping point is determined by calculating
      the movement of the bucket 3 to the reference point M, and the initial
      instant of deceleration of the mechanism 4 is determined on the basis of
      the coordinates of the real dumping point A. Consequently, the mechanism 4
      is reversed later than the mechanisms 2 and 5, and by the instant the
      bucket 3 starts to move toward the face-contact point B (instant A in FIG.
      9) the speed of the mechanism 4 may be less than or equal to the maximum
      value.
PAR  Depending on the coordinates of the breakout point C and the dumping point
      A of the bucket 3, at the beginning of the operation to transport the
      bucket 3, to the face-contact point B the speed diagram of the mechanism 4
      may contain a maximum speed section (section q in the speed diagram of the
      mechanism 4 in FIG. 9). This means that the mechanism 4 may be reversed
      both prior to the instant A (the section q of the speed diagram of the
      mechanism 4 for this case is indicated by a dotted line in FIG. 9) and
      following it.
PAR  The minimal time of program execution by the mechanism 4 as the bucket is
      transported from the dumping point A to the face-contact point B is
      determined from the formula
      ##EQU9##
      where
      ##EQU10##
PAR  The minimal time of program execution by the mechanism 5 as the bucket 3 is
      transported from the breakout point C to the dumping point A is
      ##EQU11##
PAR  The minimal time of program execution by the mechanism 5 as the bucket is
      transported from the dumping point A to the face-contact point B is
      determined from the following formula:
      ##EQU12##
PAR  In case the platform 6 is turned through sufficiently large angles it may
      be found expedient to switch to a 360.degree. mode of operation of the
      dragline excavator 1. Then the speed diagram of the mechanism 5 reduces to
      two rectangular trapezoidal diagrams which correspond to the operation to
      transport the bucket 3 from the breakout point to the dumping point and
      the operation to transport the bucket 3 from the dumping point to the
      face-contact point. One of such diagrams is indicated in FIG. 9 by a
      dot-and-dash line.
PAR  The minimal time of program execution by the mechanism 5 as the bucket 3 is
      transported to the dumping point, the excavator operating in a 360.degree.
      made, is
      ##EQU13##
      while that for the operation to transport the bucket 3 to the face-contact
      point is
      ##EQU14##
PAR  In the 360.degree. mode of excavator operation, the limiting mechanism is
      usually the mechanism 5 for swinging the platform 6. The steady speed of
      the mechanism 5 is known in advance and is equal to its maximum value.
PAR  In some cases, however, at large length increments of the hoist rope 8 and
      the drag rope 9 while the bucket 3 is transported from the breakout point
      to the dumping point, the mechanism 5 may not be the limiting one. For
      such cases a provision is made to delay the start-up of the mechanism 5
      until an equality is established:
EQU  T.uparw. - t = minT.sub.3 .uparw.                          (24)
PAL  whereby it is possible to avoid calculating the steady speed of the
      mechanism 5 which is equal to the maximum value with the excavator
      operating in a 360.degree. mode.
PAR  The bucket 3 is lowered on the face (section BB' in FIGS. 9 and 10) by the
      operator acting on the elements 57, 60 and 63.
PAR  The operation of digging (section B'C' in FIGS. 9 and 10), the last in the
      operating cycle of the dragline excavator 1, is performed by the operator
      acting on the elements 57 and 60, the mechanism 2 being controlled with
      the help of the hoist rope tension setter 66, wherein the initial and
      final tension values S.sub.1 and S.sub.2, respectively, of the hoist rope
      8 are established in a trial digging run, and where the digging path H is
      also memorized.
PAR  The law of variation of the hoist rope tension as a function of the current
      digging path S[h(t)] is formed in accordance with the function
      ##EQU15##
PAR  When the bucket 3 approaches dangerously near the strut zone (zone b in
      FIG. 10), control of the dragging mechanism 4 of the bucket 3 is
      transferred to protection means which varies the speed of the mechanism 4
      as a function of deviation .phi. of the sum of lengths of the hoist and
      drag ropes from the boundary value of this sum .delta..sub.1, i.e.,
      V.sub.2 (.delta.) adjusted depending on the current velocity V.sub.1 (t)
      of the hoisting mechanism 2. The programmed variation of the speed V.sub.2
      ' of the dragging mechanism 4, with the turned-on bucket protection means,
      is carried out according to the function
EQU  V.sub.2 '= V.sub.2 (.delta.) + [V.sub.1.sup.max - V.sub.1 (t)] (26)
      ##EQU16##
      where
      ##EQU17##
PAR  Before starting the excavator 1 in an automatic mode of operation, the
      operator, controlling the mechanisms 2, 4 and 5 with the help of the
      elements 57, 60 and 63, performs a trial cycle during which he establishes
      the initial conditions of the system requisite or its automatic operation.
PAR  Having stopped the bucket 3 at a desired dumping point, the operator notes
      the zero positions of the transducers 10, 11 and 12, thereby establishing
      points of reference of said transducers.
PAR  Continuing the trial cycle, the operator lowers the bucket 3 onto the face,
      stops it and fixes the zero positions of the transducers 13, 14 and 15,
      thereby establishing reference points for the transducers 13, 14 and 15.
PAR  While performing the last operation of the trial cycle, that of digging,
      the operator notes visually the values of the initial and final tension of
      the hoist rope, S.sub.1 and S.sub.2  respectively, using the instrument
      621 for the purpose. Prior to carrying out the automatic cycle, the
      operator uses the setters 610, 611 and 613 to set the initial tension
      S.sub.1 of the hoist rope 8, the final tension S.sub.2 of the hoist rope 8
      and the digging path H.
PAR  The trial run being over, the operator presses the button 163 (FIG. 3),
      thereby transferring the system to automatic operation.
PAR  The output signals of the transducers 10 (FIG. 3), 16, 11, and 67
      continuously vary in the process of digging, the above transducers being
      respectively coupled to the inputs of the adders 87 and 88. The output
      signals of the transudcer 12 and of the circuit 486 (FIG, 6) coupled to
      the inputs of the adder 89 (FIG. 3) also continuously vary in the process
      of digging.
PAR  Expression (16) is realized with the help of the input resistor group 101.
PAR  The constant term of expression (16) (the second term of the sum) is
      accomplished by connecting the source 115 to one of the input resistors of
      the group 101, whereas the quadratic relationship (the third term of the
      sum) is accomplished with the help of the varistor 105.
PAR  The input resistor group 108 accomplishes expression (18). The constant
      terms of expression (18) (all the terms of the sum but the first one) are
      accomplished by connecting the source 115 to one of the input resistors of
      the group 108.
PAR  Similarly, expression (20) is accomplished with the help of the input
      resistor group 118.
PAR  The continuously varying output signals of the adders 87, 88 and 89 are
      proportional to the values min T.sub.1, min T.sub.2 and min T.sub.3
      calculated according to expressions (16), (18) and (20).
PAR  The diodes 92, 93 and 94 help to continuously select the maximum output
      signal of the adders 87, 88 and 98 in accordance with expression (1). The
      diode 91 has connected thereto the cathode 131 of the Zener diode 129, the
      voltage of which is proportional to the minimal accepted time of the
      operation of transporting the bucket 3 from the breakout point to the
      dumping point.
PAR  The output of the circuit 90 is fed to the inputs of the integrators 96 and
      97 and charges the capacitors 136 and 143 to a voltage proportional to the
      value of T.uparw..
PAR  Visually observing how the bucket 3 is being filled in the process of
      digging, the excavator operator presses the button 163, thereby fixing the
      instant when the bucket 3 is lifted off the face and starts moving toward
      the dumping point (instant C in FIG. 9).
PAR  After the output of the integrator 275 (FIG. 5) drops to the value G
      according to expression (7), the relay 348 operates to connect via the
      contacts 139 (FIG. 3) the zero point 138 of the integrator 96 to the input
      resistor 141. The integrator 96 is switced to the integrating mode, and
      its output signal inverted by the inverter 154 is proportional to T.uparw.
      - t, i.e., the duration of the operation of transporting the bucket 3 from
      the breakout point to the dumping point, which value decreasses with time.
PAR  At the end of the operation to transport the bucket 3 from the breakout
      point to the dumping point, at the instant when the mechanism 2 hoisting
      the bucket 3 starts decelerating, the threshold element 204 (FIG. 4)
      operates. The output of the threshold element 204 actuates the relay 100
      (FIG. 3) which couples via the contacts 99, 117 and 107 the input resistor
      groups 102 and 119 and the common point 111 to the zero points 98, 116 and
      106, respectively.
PAR  As a result, the adders 87, 88 and 89 calculate the values of min T.sub.1,
      min T.sub.2 and min T.sub.3 in accordance with expressions (17), (19) and
      (21). The last term of expression (19) (.tau.) is accomplished by the
      resistors 113 and 114 and the diode 112. Thus, if
      ##EQU18##
      the diode 112 is conducting and the last term of (19)
      ##EQU19##
      But if
      ##EQU20##
      the diode 112 is blocked and .tau. = .upsilon..
PAR  The capacitor 143 of the integrator 97 is charged to a voltage proportional
      to the magnitude of T.dwnarw..
PAR  At the instant of sign reversal of the motion of the mechanism 5 swinging
      the platform 6 (instant A in the diagrams of FIG. 9), the threshold
      element 577 (FIG. 6) operates, actuating by its output the relay 145 (FIG.
      3), the latter coupling via the contacts 144 the resistor 149 to the zero
      point 147 of the integrator 97, thereby transferring the integrator 97 to
      an integrating mode. Simultaneously, the output of the integrator 97 is
      coupled via the contacts 155 to the input of the inverter 154. The output
      voltage of the inverter 154 is proportional to T.dwnarw. - t.
PAR  While determining and forming a signal proportional to the time of
      transportation of the bucket 3 from the breakout point to the dumping
      point, the input of the inverter 154 is connected to the output of the
      integrator 96, and while determining and forming a signal proportional to
      the time of transportation of the bucket 3 from the dumping point to the
      face-contact point, the input of the inverter 154 is connected to the
      output of the generator 97.
PAR  The unit 26 is reset by the operator pressing the button 162.
PAR  Following is a discussion of the operation of the unit 31.
PAR  On the basis of information furnished by the unit 26 and the transducers 10
      and 13, the circuit 167 determines in accordance with expression (2) the
      instants when the mechanism 2 hoisting the bucket 3 stops accelerating.
      Expression (3) is accomplished by the circuit 168, thereby determining the
      instants of the onset of deceleration of the mechanism 2.
PAR  During the operation of digging, the threshold elements 191, 204 and 217
      are blocked in their initial states. Thus, the threshold elements 191 and
      204 are blocked by the negative voltage of the source 104 delivered via
      the contact 355 (FIG. 5) of the relay 348 and via the conducting diodes
      202 (FIG. 4) and 212 to the input resistors 201 and 211 of the elements
      191 and 204. The gains at the above inputs are considerably in excess of
      the gains at the remaining inputs of the elements 191 and 204, in
      consequence of which no variation of the voltages fed to the resistors 190
      and 192 of the elements 191 and to the resistors 210 and 208 of the
      element 204 can actuate the securely blocked elements 191 and 204.
PAR  The threshold element 217 is blocked in its initial state by the positive
      voltage of the source 104, the bush 115 of which is connected via the open
      gate 224 to the input resistor 223 of the element 217. The positive
      voltage is fed to the resistor 223 via the resistor 228 and the conducting
      diode 227. The gate 224 in its initial state is open, for the diode 225 is
      blocked by the positive voltage of the source 104 delivered from the bus
      115 via the contact 220 of the relay 188 to the cathode of the diode 225,
      and the diode 226 is blocked by the positive output voltage of the element
      204.
PAR  In the initial state, the output signal of the circuit 170 is equal to
      zero, for the diodes 236, 240, 245 and 250 are cut off and consequently
      the gates 229, 230, 231 and 232 are closed. The diode 236 is cut off by
      the positive output signal of the threshold element 347 (FIG. 5) which
      passes through the conducting diode 229 (FIG. 4). The diode 240 is cut off
      by the negative voltage of the source 104 which passes through the
      conducting diode 238. The diode 245 is cut off by the negative output
      signal of the threshold element 217 which passes through the conducting
      diode 243. The diode 250 is cut off by the positive output signal of the
      threshold element 204 which passes through the conducting diode 248.
PAR  In the initial state, that is to say during the operation of digging, the
      integrator 172 of the shaper 171 operates as an initial conditions setter.
      The output signal of the speed transducer 16 of the mecanism 2 is
      delivered to the input resistor 177 of the integrator 172 and, since in
      the initial state the output signal of the circuit 170 is equal to zero,
      the output signal of the integrator 172 is proportional to the speed of
      the mechanism 2.
PAR  FIG. 13 represents the timing chart V.sub.1 (t) of the signal proportional
      to the speed of the mechanism 2, the timing chart U.sub.159 of the output
      signal of the starting circuit 159 (FIG. 3), and the timing charts
      U.sub.347, U.sub.191, U.sub.204 and U.sub.217 of the output signals of the
      threshold element 347 (FIG. 5) of the circuit 269, of the threshold
      element 191 (FIG. 4) of the circuit 167, of the threshold element 204 of
      the circuit 168 and of the threshold element 217 of the circuit 169.
PAR  After the operator has pressed the button 163 (FIG. 3) (instant C in FIG.
      13) and after 11speed of the mechanism 4 has dropped down to V.sub.2 = G
      (instant C), the threshold element 347 (FIG. 5) and the relay 348 are
      actuated, with the result that the contact 355 of the relay 348 is
      connected to the bus 115 of the source 104, while the contact 174 (FIG. 4)
      disconnects the resistors 177 and 175 from the zero point 176 of the
      integrator 172, thereby transferring the integrator 172 to an integrating
      mode. The threshold elements 191 and 204 are unblocked, for the voltage
      fed to the diodes 202 and 212 has reversed polarity, rendering said diodes
      non-conductive. Simultaneously the gate 229 is enabled due to the blocking
      of the diode 233 by the negative output voltage of the element 347 (FIG.
      5), and the input resistor 182 of the integrator 172 is coupled via the
      conducting diode 236 (FIG. 4) and the resistor 237 to the bus 103 of the
      source 104. A voltage proportional to the starting acceleration a.sub.11
      .uparw.  of the mechanism 2 is delivered to the input of the integrator
      172. The output signal of the integrator 172 starts linearly increasing
      from a certain initial value dependent on the output voltage of the
      transducer 16 at an instant preceding the operation of the element 347
      (FIG. 5) and the relay 348.
PAR  The inputs of the adder 183 (FIG. 4) receive a linearly increasing signal
      proportional to the negative modulus of the predetermined speed signal for
      the mechanism 2 produced at the point 181, and a linearly diminishing
      signal proportional to the difference T.uparw. - t. The output signal of
      the adder 183 is multiplied by the signal arriving from the common point
      181 at the second input of the multiplier 189, whereof the output signal
      is compared by the threshold element 191 with the signal of the transducer
      10. In other words, the sequence of the above elements accomplishes
      relationship (2). As long as the decreasing signal at the output of the
      transducer 10 exceeds the increasing output signal of the multiplier 189,
      the threshold element 191 will be maintained in its initial state. At the
      instant said signals are equalized (instant C.sub.1 in FIG. 13) the output
      signal of the threshold element 191 changes in a step from a certain
      positive value to a certain negative value. Simultaneously current passes
      through the winding 195, and the contact 197 connects the diodes 199 and
      234 to the bus 115 of the source 104. The positive voltage of the source
      104 is fed via the conducting diode 199 to the input of the threshold
      element 191 blocking the latter in its new state. This same positive
      voltage also unblocks the diode 234 and cuts off the diode 236, i.e., the
      gate 229 is closed, and since all the other gates (230, 231 and 232) of
      the logic circuit 170 are closed, its output signal is equal to zero. The
      signal at the output of the integrator 172 stops increasing and acquires a
      magnitude proportional to the steady speed of the mechanism 2. The signal
      at the output of the squarer 203 is proportional to the path of retarded
      motion of the mechanism 2, i.e.,
      ##EQU21##
      The output signal of the squarer 203 is compared with the decreasing
      output signal of the transducer 10 by the threshold element 10 in
      accordance with (3). When the output signal of the transducer 10 equalizes
      with the calculated output signal of the squarer 203 (instant C.sub.2 in
      FIG. 13), the threshold element 204 operates reversing the polarity of its
      output signal. Simultaneously current passes through the winding 205 and
      the contact 214 connects the diodes 215 and 238 to the bus 115 of the
      source 104. The positive voltage of the source 104 is fed via the
      conducting diode 215 to the input of the threshold element 204, blocking
      it in its new state. This same positive voltage also serves to cut off the
      diode 238, thereby opening the gate 230, with the result that a positive
      signal proportional to the decelaration a.sub.31 .uparw.  of the mechanism
      2 is fed to the input of the integrator 172 through the resistor 240 and
      the conducting diode 241.
PAR  The output signal of the integrator 172 starts decreasing from the
      calculated steady speed of the mechanism 2 down to zero.
PAR  As the threshold element 204 operates (instant C.sub.2 in FIG. 13), the
      negative output signal of the element 204 unblocks the diodes 226 and 258,
      actuating the relay 194 to connect the output of the transducer 13 to the
      inputs of the threshold elements 191 and 204 via the contacts 193, and
      also cutting off the diode 227 of the gate 224, thereby unblocking the
      threshold element 217. When the output of the transducer 13 is connected
      to the threshold elements 191 and 204, the latter are not actuated, being
      in a blocked state.
PAR  The sign reversal of the output signal of the integrator 173 (instant A in
      FIG. 13) actuates the threshold element 217 and the relay 188.
PAR  At the instant the output signal of the threshold element 217 reverses
      polarity, an enabling pulse passes through the differentiating string
      composed of the capacitor 255 and the resistor 254 to the second windings
      196 and 206 of the output relays of the threshold elements 191 and 204,
      with the result that the contacts 197 and 214 are reset, connecting the
      bus 103 of the source 104 to the diodes 199 and 215 which are thus
      rendered non-conducting. The threshold elements 191 and 204 are unblocked,
      and, since the output signals of the multiplier 189 and the squarer 203
      are equal to zero, the output signal of the transducer 13 resets the
      threshold elements 191 and 204, which are thus prepared to accomplish the
      next operation. Simultaneously the contacts 187, 207 and 220 of the relay
      188 are switched over.
PAR  The contacts 187 and 207 respectively connect the point 181 with the
      resistor 186 and the output of the squarer 203 with the resistor 209,
      which corresponds to a change of the coefficients proportional to the
      magnitude of a.sub.31 .dwnarw. in accordance with formulas (2) and (3).
      The contact 220 connects the bus 103 of the source 104 to the diode 221;
      rendering the latter conductive and thus, blocking the threshold element
      217. The positive and thus, blocking the threshold element 217. The
      positive output signal of the element 217 cuts off the diode 243 of the
      gate 231, and, since the diode 242 is cut off by the positive output
      signal of the threshold element 191 while the diode 244 is cut off by the
      positive (as will be shown hereafter) output signal of the threshold
      element 577 (FIG. 6), the gate 231 opens and a signal proportional to the
      magnitude of a.sub.11 .dwnarw.  is delivered to the input of the
      integrator 172 via the resistor 246 and the conducting diode 245.
PAR  The output signal of the integrator varies toward a higher absolute value.
      The instant at which steady speed is achieved (instant A.sub.1 in FIG. 13)
      is determined in a way similar to the one described above by comparing the
      output signals of the multiplier 189 and the transducer 13. When the
      threshold element 191 operates, its negative output signal enables the
      diodes 242 and cuts off the diode 245, the gate 231 is closed and, since
      the gates 229, 230 and 232 are closed, the output signal of the circuit
      170 is equal to zero. The element 191 is blocked in a similar manner. The
      instant at which the mechanism 2 starts decelerating (instant A.sub.2 in
      FIG. 13) is also found by comparing the output signals of the squarer 203
      and the transducer 13. As the element 204 operates, its negative output
      signal cuts off the diode 248, thereby opening the gate 232. A signal
      proportional to the deceleration a.sub.31 .dwnarw. of the mechanism 2 is
      delivered to the input of the integrator via the resistor 251 and the
      conducting diode 250. The output signal of the integrator starts
      decreasing. Simultaneously the threshold element 204 is blocked and the
      relay 261 operates, causing current to flow in the relay winding through a
      circuit made up of the bus 115, the contact 214, the winding of the relay
      261, the conducting diode 264, the resistor 265, the contact 220 and the
      bus 103 of the source 104. The contact 260 of the relay 261 closes,
      thereby connecting the diode 259 into the feedback circuit of the
      integrator 172, the diode 259 preventing polarity reversal of the output
      signal of the integrator 172 when that signal becomes equal to zero.
      Having reached zero, the output signal of the integrator 172 is maintained
      at zero level until the operator depresses the button 161, which
      corresponds to the transfer of control of the mechanisms 2, 4 and 5 of the
      excavator 1 to the elements 57, 60 and 63.
PAR  Following is a discussion of the operation of the unit 32 (FIG. 5).
PAR  The circuit 269 accomplishes relationship (7), i.e., the instant of
      equality V.sub.2 = G is determined and the time delay .theta. is realized.
      The circuit 270 accomplishes relationship (6) and delays the motion of the
      dragging mechanism 4 (instant K in FIG. 9). The circuit 266 accomplishes
      expressions (4) and (2), i.e., determines the instants at which the
      mechanism 4 stops accelerating when the bucket 3 is transported from the
      breakout point to the dumping point and from the dumping point to the
      face-contact point.
PAR  The circuit 267 accomplishes relationship (3), i.e., determines the
      instants at which the mechanism 4 starts decelerating when the bucket 3 is
      transported from the breakout point to the dumping point and from the
      dumping point to the face-contact point. The circuit 271 accomplishes
      expression (5) when the bucket 3 is transported from the breakout point to
      the dumping point, i.e., it determines the instant at which dumping of the
      bucket 3 begins (instant Z in FIG. 9). The circuit 271 also accomplishes
      relationship (9), i.e., it determines the instant at which the mechanism 4
      stops maneuvering when the bucket 3 is transported from the dumping point
      to the face-contact point (instant N in FIG. 9).
PAR  The circuit 272 accomplishes relationship (8), determining whether or not
      the mechanism 4 maneuvers when the bucket 3 is transported from the
      dumping point to the facecontact point.
PAR  The circuit 268 is designed to determine the sense of rotation of the
      mechanism 4. The threshold elements 347, 358, 305, 324, 334, 371 and 392
      of the circuits 269, 270, 266, 267, 268, 271 and 272 in their initial
      states, i.e., during the operation of digging, are blocked by respective
      signals. The threshold element 347 is blocked by a voltage delivered from
      the circuit 159 (FIG. 3) by the bus 103 via the contact 166 of the relay
      160 and via the conducting diode 353 (FIG. 5) to the input resistor 352 of
      the threshold element 347. The threshold element 358 is blocked by the
      voltage delivered from the bus 115 of the source 104 via the contact 363
      of the relay 349 and via the conducting diode 362 to the input resistor
      361 of the threshold element 358.
PAR  The threshold elements 305 and 324 are blocked by the negative output
      voltage of the threshold element 358 delivered via the conducting diodes
      412 and 414 to their input resistors 411 and 413, respectively. The
      threshold element 334 is blocked in its initial state by the voltage
      derived from the bus 115 of the source 104 via the open gate 342 to the
      input 341. The gate 342 is open because the diode 345 is cut off by the
      output signal of the threshold element 324 and the diode 344 is cut off by
      the voltage derived from the bus 115 of the source 104 via the contact 338
      of the relay 335. The threshold element 371 is blocked by the voltage
      derived from the bus 103 of the source 104 via the contact 166 (FIG. 3) of
      the relay 160 and the conducting diode 388 (FIG. 5) to the resistor 387.
      The diode 389 is cut off by the positive output signal of the threshold
      element 324.
PAR  The threshold element 392 is blocked by the voltage derived from the bus
      103 of the source 104 via the contact 331 of the relay 325, the resistor
      401 and the conducting diode 397 to the resistor 396 of the threshold
      element 392. The diode 400 is cut off by the negative output signal of the
      threshold element 334, the diode 398 is cut off by the positive output
      signal of the threshold element 371, and the diode 399 is cut off by the
      voltage delivered thereto from the bus 115 of the source 104 via the
      contact 338 of the relay 335 and the conducting diode 402.
PAR  In its initial state the circuit 273 has a zero output, since the diodes
      431, 435, 440, 444, 449, 453, 457 and 461 are cut off, that is to say the
      gates 421, 422, 423, 424, 425, 426, 427 and 428 are closed. The diode 431
      is cut off by the positive voltage of the source 104 delivered from the
      bus 115 via the contact 165 (FIG. 3) of the relay 160 and the conducting
      diode 429 (FIG. 5). The diode 435 is cut off by the positive voltage of
      the source 104 derived from the bus 115 via the contact 363 of the relay
      349 and the conducting diode 433. The diode 440 is cut off by the positive
      voltage of the source 104 derived from the bus 115 via the contact 368 of
      the relay 359 and the conducting diode 438. The diode 444 is cut off by
      the negative voltage of the source 104 derived from the bus 103 via the
      contact 331 of the output relay of the threshold element 324 and via the
      conducting diode 442. The diode 449 is cut off by the negative output
      signal of the threshold element 334 derived via the conducting diode 447.
PAR  The diode 453 is cut off by the positive voltage of the source 104
      delivered from the bus 115 via the contact 338 of the relay 335 and the
      conducting diode 452. The diode 457 is cut off by the positive output
      signal of the threshold element 371 delivered via the conducting diode
      455.
PAR  The diode 461 is cut off by the positive voltage of the source 104
      delivered via the contact 338 of the relay 335 and the conducting diode
      460.
PAR  The integrator 275 in its initial state operates as an initial conditions
      setter. The output signal of the element 58 is fed via the circuit 281 to
      the input resistor 280. The output signal of the source 284 is fed to the
      other input of the circuit 281. The signal of the source 284 limits the
      minimal possible output signal of the circuit 281 delivered to the input
      resistor 280. The output signal of the integrator 275 during the operation
      of digging varies proportionately to the variation of the output signal of
      the element 58 if the latter signal exceeds the output signal of the
      source 284, or proportionately to the output signal of the source 284 if
      the output signal of the element 58 is equal to or less than the output
      signal of the source 284.
PAR  FIG. 14 represents the timing chart V.sub.2 (t) of the signal proportional
      to the speed of the mechanism 4, the timing chart U.sub.159 of the output
      signal of the starting circuit 159 (FIG. 3), the timing chart U.sub.347 of
      the output signal of the threshold element 347 of the circuit 269, the
      timing chart U.sub.363 of the voltage across the contact 363 of the relay
      349, the timing charts U.sub.358, U.sub.305, U.sub.371, U.sub.324,
      U.sub.334 and U.sub.392 of the output signals of the threshold element 358
      of the circuit 270, the threshold element 305 of the circuit 266, the
      threshold element 371 of the circuit 271, the threshold element 324 of the
      circuit 267, the threshold element 334 of the circuit 268 and the
      threshold element 392 of the circuit 272, respectively. When at the end of
      the digging operation the operator presses the button 163 (FIG. 3), the
      relay 160 operates to connect the contact 165 to the bus 103 of the source
      104 and the contact 166 to the bus 115.
PAR  The negative voltage of the source 104 is delivered from the bus 103 via
      the contact 165 of the relay 160 to the diode 429 (FIG. 5) of the circuit
      273, rendering the diode 429 non-conducting. With the diode 429 cut off,
      the gate 421 is opened, with the result that a signal proportional to the
      deceleration of the mechanism 4 at the end of the digging operation is
      delivered to the input resistor 298 of the integrator 275 via the resistor
      432 and the conducting diode 431. Simultaneously, the contact 277 of the
      relay 160 (FIG. 3) disconnects the resistors 278 and 280 from the feedback
      circuit of the integrator 275 (FIG. 5), thereby switching the integrator
      275 to an integrating mode. The output signal of the integrator 275 starts
      varying from a value equal to the output signal of the circuit 281. The
      threshold element 347 (FIG. 5), unblocked at the moment of starting (FIG.
      3) (instant C' in FIG. 14) when the relay 160 operates, compares the
      output signal of the integrator 275 with the constant voltage of the
      source 104 proportional to the magnitude of G in accordance with
      relationship (7). As there is established an equality V.sub.2 = G, the
      threshold element 347 and the relay 348 operate, connecting the contact
      355 to the bus 115 of the source 104 (instant C in FIG. 14). The threshold
      element 347 is blocked by the positive voltage of the source 104 which is
      delivered from the bus 115 via the contact 355 (relay 348) and the
      conducting diode 356 to the input resistor 357. Simultaneously, the
      positive voltage of the source 104 delivered via the contact 355 of the
      relay 348 and the conducting diode 430 cuts off the diode 431. The output
      signal of the circuit 273 becomes equal to zero, with the result that the
      output signal of the integrator 275 stops varying and is maintained equal
      to V.sub.2 = G.sub.D till the timer 349 operates (instant D in FIG. 14).
      When the timer 349 operates, its contact 363 is connected to the bus 103
      of the source 104. The negative voltage of the source 104 delivered from
      the bus 103 via the contact 363 (timer 349) cuts off the diode 433 of the
      circuit 273. The gate 422 is opened and the voltage of the source 104
      proportional to the acceleration of the mechanism 4 is fed to the input
      resistor 298 of the integrator 275 via the resistor 436 and the conducting
      diode 435.
PAR  The output signal of the integrator 275 drops to zero and remains at zero
      level, since there is a shunting diode 463 included in the feedback
      circuit of the integrator 275. At the instant the relay 349 operates, the
      threshold element 358 is unblocked, since the negative voltage of the
      source 104 cuts off the diode 362, and the output signals of the
      transducers 67, 11 and 10 are compared at the inputs of the threshold
      element 358, that is to say relationship (6) is accomplished. The
      operation of the threshold element 358 and the relay 359 (instant K in
      FIG. 14) causes the diode 435 to be cut off by the positive output signal
      of the threshold element 358 which is delivered via the conducting diode
      434. Simultaneously, with the diode 468 being cut off, the control winding
      of the relay 465 is deenergized and its contact 464 in the feedback
      circuit of the integrator 275 opens. The negative voltage of the source
      104 is delivered via the switched-over contact 368 of the relay 359 to the
      circuit 273, cutting off the diode 438. The gate 423 is opened and a
      signal proportional to the acceleration of the mechanism 4 is fed to the
      input of the integrator 275 via the resistor 441 and the conducting diode
      440. The output signal of the integrator 275 starts increasing. At the
      instant the threshold element 358 operates the threshold element 305 and
      324 are unblocked because the positive output signal of the threshold
      element 358 cuts off the diodes 412 and 414.
PAR  The process of determining the steady speed of the mechanism 4 is similar
      to that employed for the mechanism 2. The unblocked threshold element 305
      compares the total signal of the transducers 67 and 11 with the output
      signal of the multiplier 302 in accordance with relationship (4). At the
      instant of operation of the threshold element 305, the winding 317 of its
      output relay carries current, and the contact 320 is connected to the bus
      115 of the source 104 (instant K.sub.1 in FIG. 14). The element 305 is
      blocked. The positive voltage of the source 104 via the contact 320 and
      the conducting diode 437 cuts off the diode 440. The output signal of the
      integrator 275 is maintained at a constant level equal to the calculated
      magnitude of the steady speed of the mechanism 4. The unblocked threshold
      element 371 compares the output signal of the transducer 10 with the
      positive voltage of the source proportional to the value .DELTA. l.sub.1
      in accordance with relationship (5).
PAR  At the instant of operation of the threshold element 371 and the relay 372
      (instant Z in FIG. 14) the element 371 is blocked by the positive voltage
      of the source 104 which is delivered from the bus 115 via the
      switched-over contact 382 of the relay 372 and via the conducting diode
      383 to the input resistor 384.
PAR  The negative output signal of the threshold element 371 cuts off the diode
      455 of the gate 427, opening the latter so that a signal proportional to
      the acceleration of the mechanism 4 is delivered to the input of the
      integrator via the resistor 458 and the conducting diode 457. The output
      signal of the integrator starts increasing toward a value corresponding to
      the maximum speed of the mechanism 4 which is limited by the diode limiter
      built around the diode 288 and the resistor 287.
PAR  The initial instant of deceleration of the mechanism 4 (instant Z.sub.1 in
      FIG. 14) is determined by comparing at the threshold element 324 the
      output signals of the squarer 323 and of the transducer 11 in accordance
      with relationship (3). When the threshold element 324 operates, the
      winding 325 of its output relay carries current and the contact 331 is
      connected to the bus 115 of the source 104. The element 324 is blocked.
      The negative output signal of the threshold element 324 delivered to the
      resistor 391 resets the threshold element 371, whereof the positive output
      signal passes through the conducting diode 455 to cut off the diode 457.
      Simultaneously the positive voltage of the source 104 is fed via the
      contact 331 to the circuit 273 to cut off the diode 442. The gate 424 is
      opened and a signal proportional to the deceleration of the mechanism 4 is
      fed to the input of the integrator via the resistor 445 and the conducting
      diode 444. The positive voltage of the source 104 delivered via the
      contact 331 and the conducting diode 482 to the control winding of the
      relay 308 makes the latter operate and switch over its contacts 307, 329
      and 375. The contacts 375 connect the group 377 of input resistors to the
      point 374. The contact 307 connects the zero point 306 of the threshold
      element 305 to the resistor 309 coupled to the point 313 which produces
      the negative modulus of the output signal of the transducer 14. The
      contact 329 of the relay 308 connects the point 313 with the input
      resistor 328 of the threshold element 324. Simultaneously, i.e., at the
      instant Z.sub.1 in FIG. 14, the threshold element 334 is unblocked by the
      negative output signal of the threshold element 324 which passes through
      the conducting diode 345 and cuts off the diode 343, while the threshold
      element 392 is unblocked by the positive voltage of the source 104
      delivered through the contact 331 and the resistor 401 and cutting off the
      diode 397.
PAR  The output signal of the integrator 275 decreases and at the instant it
      reaches zero, the threshold element 334 and the relay 335 operate,
      blocking the element 334 by the negative voltage of the source 104
      delivered to the input of the element 334 via the switched-over contact
      338 of the relay 335 and the conducting diode 339.
PAR  The unblocking of the threshold elements 305 and 324 is effected with the
      help of the second windings 318 and 326 of the output relays of the
      threshold elements 305 and 324. The unblocking pulse is fed to the
      windings 318 and 326 via a differentiating string, formed by the resistor
      484 and the capacitor 485, at the instant of operation of the threshold
      element 334. The threshold element 392 compares the output signals of the
      transducers 13 and 14 and thereby determines the position of the
      face-contact point of the bucket 3 relative to the "maneuver zone," i.e.,
      accomplishing expression (8). At the instant of operation of the threshold
      element 334 (instant A.sub.1 in FIG. 14), the diode 402 is cut off by the
      negative voltage of the source 104 and the diode 406 is cut off by the
      positive output signal of the element 334, so that the threshold element
      392 is blocked with the help of the contact 395 of the relay 393 in a
      position characteristic of the previous instant. If the facecontact point
      of the bucket 3 is inside the "maneuver zone," the negative output signal
      of the threshold element 392 cuts off the diodes 449 and 459, while the
      positive voltage of the source 104 is delivered via the contact 395 of the
      relay 394 to the diode 293, cutting off same. The resistors 289, 290 and
      the diode 291 are connected into the feedback circuit of the integrator
      275, and the output signal of the unit 31 which is proportional to the
      speed of the mechanism 2 is fed to the input of the integrator 275 via the
      resistor 462 and the conducting diode 461, the output signal of the unit
      31 having a certain negative value (line "ab" in FIG. 9) at the instant
      A.sub.1 (FIG. 9) of sign reversal of the speed of the mechanism 4. The
      parameters of the resistors 289 and 290 are so chosen that in a stepwise
      change of the input signal the rise time of the output pulse of the
      integrator 275 will not exceed the maximum permissible acceleration of the
      mechanism 4. The integrator 4 operates as an initial conditions setter
      with its output signal being proportional to the speed of the mechanism 2.
      The bucket 3 is lowered along the path section AN (FIG. 10) defined by the
      predetermined speed ratio of the mechanisms 2 and 4. This ratio is
      assigned with the help of a proportionality factor and is determined by
      the parameters of the resistors 462 and 298. The threshold elements 305
      and 324 are blocked for the time of the maneuver by the negative output
      signal of the threshold element 392 delivered via the resistor 420 and the
      conducting diodes 417 and 418 to the input resistors 415 nd 416 of the
      elements 305 and 324, respectively.
PAR  The threshold element 371 is used to compare the continuously varying
      output signals of the transducers 13 and 14 in accordance with
      relationship (9). At the instant of operation of the threshold element
      371, the latter is blocked by the relay 372, with the negative output
      signal fed via the conducting diode 398 to the input resistor 396 of the
      threshold element 392, actuating same. The positive output signal of the
      threshold element 392 passes through the conducting diode 459 and cuts off
      the diode 461 of the circuit 273. Simultaneously the negative voltage fed
      from the bus 103 via the switched-over contact 395 of the relay 393 and
      the conducting diode 293 cuts off the diode 291, thereby disconnecting the
      resistors 289 and 290 from the feedback circuit of the integrator 275 and
      switching the integrator 275 to an integrating mode. Since the output
      signal of the threshold element 392 becomes positive in sign, the diodes
      417 and 418 of the threshold elements 305 and 324 are cut off, thereby
      unblocking the latter two threshold elements. The positive output signal
      of the threshold element 392 cuts off the diode 448 so that a signal
      proportional to the acceleration of the mechanism 4 is delivered to the
      integrator 275 via the conducting diode 449. The output signal of the
      integrator 275 starts varying from the value which was present at the
      instant of operation of the threshold elements 371 and 392 (instant N in
      FIG. 14).
PAR  The process of determining the steady speed of the mechanism 4 while the
      bucket 3 is transported from the dumping point to the face-contact point
      is carried out in a manner similar to the one described hereabove. As the
      threshold element 305 operates (instant N.sub.1 in FIG. 14), its negative
      output signal cuts off the diode 449, with the result that the output
      signal of the integrator 275 stops varying. As the threshold element 324
      operates (instant N.sub.2 in FIG. 14), its negative output signal cuts off
      the diode 451 so that a signal proportional to the deceleration of the
      mechanism 4 is fed to the input of the integrator 275 via the conducting
      diode 453.
PAR  The negative output signal of the threshold element 324 passing through the
      diode 467 and the positive output signal of the threshold element 334
      passing through the diode 471 to the winding of the relay 465, actuate the
      latter relay which connects with its contact 464 the diode 463 into the
      feedback circuit of the integrator 275. When the output signal of the
      integrator 275 reaches zero it remains at zero level, for the shunting
      diode 463 prevents any further variation of the output signal of the
      integrator 275.
PAR  The output signal of the unit 32 is formed at the bus 473 which is
      connected via the contact 474 of the relay 475 to the outputs of the
      integrator 275 and the inverter 294. If the mechanism 4 is not maneuvered
      while the bucket 3 is transported from the dumping point to the
      face-contact point, that is to say when the output signals of the
      threshold elements 371 and 392 are positive, the winding of the relay 475
      is deenergized and the contact 474 of the relay 475 is connected to the
      output of the inverter 294.
PAR  If the mechanism 4 is maneuvered, the bus 473 prior to the instant A.sub.1
      (FIG. 14) is connected to the output of the inverter 294, and at the
      instant of operation of the threshold element 334 the negative output
      signal of the threshold element 392 and the positive output signal of the
      threshold element 334 actuate the relay 475 so that the bus 473 is
      connected by the contact 474 to the output of the integrator 275.
PAR  If the mechanism 4 is not maneuvered while the bucket 3 is transported from
      the dumping point to the face-contact point, the positive output signal of
      the threshold element 392 cuts off the diodes 448 and 461, while the
      negative voltage from the bus 103 delivered via the contact 395 of the
      relay 393 cuts off the diode 291 so that a signal proportional to the
      acceleration of the mechanism 4 is fed via the conducting diode 449 to the
      input of the integrator 275. In other words, the process of determination
      and formation of the steady speed of the mechanism 4 begins immediately
      following the sign reversal of the speed of the mechanism 4 at the instant
      A.sub.1 (FIG. 14). FIG. 9 indicates by a dash-and-dot line the section
      A.sub.1 B of the velocity diagram of the mechanism 4 for the case when the
      latter is not maneuvered.
PAR  When the operator presses the button 161 (FIG. 3) and the relay 160
      operates, the unit 32 is reset, with all the threshold elements blocked in
      a manner described hereinabove.
PAR  Following is a discussion of the operation of the unit 34 (FIG. 6).
PAR  The serially connected converter 514, adder 515 and divider 516 accomplish
      expression (11). On the basis of information delivered from the
      transducers 68 and 69 to the converter 514, the acceleration times of the
      mechanism 5 are continuously calculated in accordance with expression
      (10). In the process of digging, variation of the lengths of the hoist
      rope 8 and the drag rope 9 causes variations in the output signal of the
      converter 514 which is added to the output signals of the unit 26 and of
      the source 104 by the adder 515. The output signal of the divider 516 is
      proportional to the steady speed of the mechanism 5. The memory elements
      517 and 519 in their initial state follow up the output signal of the
      divider 516, while the memory element 549 follows up the output signal of
      the converter 514. The output signal of the memory element 517 is fed to
      the threshold element 518 to be compared with the output signal of the
      integrator 493 and also to one of the inputs of the divider 550, the other
      input thereof receiving the output signal of the memory element 549. The
      output signal of the divider 550 is proportional to the starting
      acceleration of divider 550 is proportional to the starting acceleration
      of the mechanism 5 according to expression (12). In its initial state the
      threshold element 518 is blocked by the positive voltage of the source 104
      which is delivered from the bus 115 via the contact 363 (FIG. 5) of the
      relay 349 and the conducting diode 543 (FIG. 6) to the input resistor 541
      of the element 518.
PAR  The series connected adder 556, differentiator 557, multiplier 558 and
      threshold element 559 accomplish expression (14) while the bucket 3 is
      transported from the breakout point to the damping point, and expression
      (15) while the bucket 3 is transported from the dumping point to the
      face-contact point. In the initial state, the output signal of the
      transducer 12 is fed to the input of the adder 556, and the threshold
      element 559 is blocked by the positive voltage of the source 104 which is
      delivered from the bus 115 via the contact 363 (FIG. 5) of the relay 349
      and the conducting diode 569 (FIG. 6) to the input resistor 567 of the
      element 559. The threshold element 577 determines the sign of the speed of
      the mechanism 5. In the initial state, the threshold element 577 is
      blocked by the positive voltage of the source 104 which is delivered from
      the bus 115 via the contact 363 (FIG. 5) of the relay 349, the diode 590
      (FIG. 6), an integrating string composed of the resistors 589 and 588 and
      the capacitor 587, and the conducting diode 585 to the resistor 584 of the
      threshold element 577.
PAR  In its initial state the integrator 493 operates as an initial conditions
      setter. The output signal of the transducer 18 is delivered via the
      contact 501 of the relay 160 (FIG. 3) to the input resistor 500 (FIG. 6)
      of the integrator 493. Thus, the output signal of the integrator 493 in
      the initial state is proportional to the speed of the mechanism 5.
PAR  FIG. 5 is the timing chart .OMEGA.(t) of the signal proportional to the
      speed of the mechanism 5, the timing chart U.sub.159 of the output signal
      of the starting circuit 159 (FIG. 3), the timing chart U.sub.363 (FIG. 15)
      of the voltage at the contact 363 of the relay 349, and the timing charts
      U.sub.518, U.sub.559 and U.sub.577 of the output signals of the threshold
      elements 518, 559 and 577, respectively.
PAR  At the instant C' (FIG. 15), when the operator presses the button 163 (FIG.
      3), the relay 160 operates to disconnect with the contact 501 (FIG. 6) the
      output of the transducer 18 from the input resistor 500 and to break with
      the contact 502 the circuit shunting the resistor 498. The capacitor 494
      starts discharging into the resistors 497 and 498. The output signal of
      the integrator continuously decreases from its initial magnitude
      proportional to the speed of the mechanism 5 at the instant C' down to
      zero.
PAR  After the bucket 3 is lifted clear of the face at the instant D (FIG. 15),
      the negative voltage of the source 104 is delivered via the contact 363
      (FIG. 5) of the relay 349 to the control windings of the relays 496 (FIG.
      6), 528 and 534, and also cuts off the diodes 569 and 542 of the threshold
      elements 559 and 518, respectively, unblocking the latter two threshold
      elements. The contacts 552 and 527 of the relay 528 and the contacts 533
      of the relay 534 are open, switching the memory elements 549, 517 and 519
      to storage duty. Their output signals are maintained constant and equal to
      the values that were obtained while switching over the contacts 552, 527
      and 533.
PAR  When the relay 496 operates, its contacts 495 disconnect the resistors 497
      and 498 from the feedback circuit of the integrator 493, and the contact
      511 of the relay 496 connects the output of the divider 550 to the input
      of the integrator 493 which is switched to an integrating mode, the output
      signal of the divider 550 being proportional to the starting acceleration
      of the mechanism 5. The output signal of the integrator 493 starts
      increasing.
PAR  The negative voltage delivered from the bus 103 of the source 104 via the
      contact 363 (FIG. 5) of the relay 349 to the integrating string provided
      at the input of the threshold element 577 (FIG. 6), recharges the
      capacitor 587, and at the instant the voltage at the point 586 passes
      through zero the threshold element 577 is unblocked, for the diode 585
      blocks the negative signal from the input of the element 577. At the
      instant of unblocking of the threshold element 577, the output signals of
      the integrator 493, and hence those of the inverter 513, are not equal to
      zero so that the unblocked threshold element 577 is in a stable initial
      state.
PAR  The output signal of the memory element 517 proportional to the calculated
      value of the steady speed of the mechanism 5 at the instant D (FIG. 15) is
      compared at the threshold element 518 with the linearly increasing output
      signal of the integrator 493.
PAR  At the instant D.sub.1 (FIG. 15) of equality of said signals, the threshold
      element 518 is actuated and, now that the winding 543 is carrying current,
      the output relay of the element 518 operates, with the contact 546 of the
      output relay of the element 518 connecting the input of the element 518 to
      the bus 103 of the source 104. The threshold element 518 is blocked. The
      contact 512 of the output relay of the element 518 opens to disconnect the
      output of the divider 550 from the input resistor 510 of the integrator
      493, with the result that the output signal of the integrator 493 stops
      increasing. Its value is proportional to the calculated magnitude of the
      steady speed of the mechanism 5. The instant D.sub.2 (FIG. 15) at which
      the mechanism 5 starts decelerating, the bucket 3 being transported from
      the breakout point to the dumping point, is determined in accordance with
      function (14) when the threshold element 559 and its output relay operate,
      the winding 572 of said output relay carrying current. The contact 547 of
      said relay is used to block the element 559 by the negative voltage of the
      source 104. The contact 506 of the output relay of the threshold element
      559 closes, connecting the output of the memory element 519 to the input
      resistor 503 of the integrator 493.
PAR  A signal proportional to the deceleration of the mechanism 5 is fed to the
      input of the integrator 493, the magnitude of said signal in keeping with
      expression (13) being proportional to the calculated value of the steady
      speed of the mechanism 5. The output signal of the integrator 493 starts
      increasing.
PAR  At the instant D.sub.2 (FIG. 15) the negative voltage from the bus 103
      delivered via the contact 574 of the output relay of the element 559 to
      the diodes 603 and 606, actuates the relay 525 so that, the diode 606
      being cut off, the relay 528 is reset. The contacts 524 of the relay 525
      connect the output of the transducer 15 to the input of the adder 556 and
      to the input of the divider 516. Simultaneously the contacts 527 and 552
      of the relay 528 are closed, transferring the memory elements 517 and 549
      to the mode of following up the output signals of the divider 516 and the
      converter 514, respectively, which prepares the system for the operation
      of transporting the bucket 3 from the dumping point to the face-contact
      point.
PAR  At the instant A (FIG. 15) at which the output signal of the integrator 493
      (FIG. 6), and consequently the output signal of the inverter 513, reaches
      zero, the threshold element 577 and its output relay 564 are actuated, and
      the element 577 is blocked by the negative voltage of the source 104 which
      is delivered to the resistor 583 via the switchedover contact 581 of the
      relay 564 and the conducting diode 582. An unblocking pulse is generated
      at the output of the threshold element 577, which pulse is delivered via
      the differentiating string, formed by the resistor 610 and the capacitor
      611, to the second windings 544 and 573 of the output relays to the
      threshold elements 518 and 559, respectively, unblocking and resetting the
      latter elements. The contact 506 of the output relay of the threshold
      element 559, which disconnects the output of the memory element 519 from
      the input resistor 503 of the integrator 493, and the contact 512 of the
      output relay of the threshold element 518, which connects the input
      resistor 510 of the integrator 493 with the output of the divider 550, are
      also reset. A signal proportional to the acceleration of the mechanism 5
      arrives at the input of the integrator 493.
PAR  At the instant A (FIG. 15) of operation of the threshold element 577, its
      positive output signal again actuates the relay 528 which opens its
      contacts 527 and 552 in the circuits of the memory elements 517 and 549,
      respectively, transferring the latter elements to storage duty.
      Simultaneously, the diode 613 being cut off by the negative voltage of the
      source 104 delivered via the contact 581 of the relay 564, the relay 534
      is reset to close its contacts 533 in the circuit of the memory element
      519, thereby transferring the latter element to the mode of following up
      the output signal of the memory element 517. The output signal of the
      integrator 493 starts increasing.
PAR  The subsequent steps of the process of determining the steady speed of the
      mechanism 5 and forming the output signal of the unit 33, with the bucket
      3 being transported from the dumping point to the face-contact point, is
      similar to the process for the operation of transporting the bucket 3 from
      the breakout point to the dumping point. But the instant at which the
      mechanism 5 starts decelerating is determined with due regard for the
      angular deflection of the swinging bucket 3 in a horizontal plane in
      accordance with expression (15). To this end, at the instant A (FIG. 15)
      of operation of the threshold element 577 and the relay 564, the contacts
      563 of the relay 564 connect the output of the transducer 70 to the input
      resistor 561 of the adder 556. After the threshold element 559 and its
      output relay have operated, the output signal of the integrator 493 drops
      to zero.
PAR  Since the output signal of the integrator 493 is invariably of negative
      polarity, while the output signal of the inverter 513 is invariably of
      positive polarity, to form the output signal of the unit 33 shaped as two
      sequential trapezoidal pulses of opposite polarities, the output bus 647
      of the unit 33 is connected to the outputs of the inverter 513 and the
      integrator 493 via the contact 618 of the relay 617. The initial sense of
      rotation of the platform 6 (FIG. ) of the excavator 1 is set by the
      operator with a switch, of which the contact 615 (FIG. 6) is connected
      either to the output of the threshold element 577 or to the contact 581 of
      the relay 564 commutating the positive bus 115 and the negative bus 103 of
      the source 104. Thus, with the dragline excavator 1 (FIG. 1) operating in
      a reversing mode, when the threshold element 577 and the relay 564 operate
      at the instant A (FIG. 15), the output bus 647 is switched from the output
      of the inverter 513 to the output of the integrator 493, or vice versa,
      depending on the position of the contact 615 of the sense of rotation
      switch of the platform 6 (FIG. 1).
PAR  The 360-degree mode of operation of the dragline excavator 1 is set by the
      operator with a switch, of which the contact 614 (FIG. 6) is connected to
      the control winding of the relay 505. The voltage from the source 104
      delivered via the contact 614 of the switch to the winding of the relay
      505 actuates the latter relay so that its contacts 504, 538, 571, 580,
      597, 523 and 562 are switched over.
PAR  The output of the source 507, the voltage of which is proportional to the
      maximum rate of motion of the mechanism 5, is connected by the contacts
      504 to the input resistor 503 of the integrator 493. The output of the
      source 507 is also connected by the contact 538 to the input of the
      divider 550. Hence, the acceleration and deceleration of the mechanism 5
      are determined with due regard for the maximum value of the steady speed
      of the mechanism 5. The threshold element 577 is blocked in its initial
      state until the end of the automatic cycle by the contacts 580 which
      disconnect the output of the inverter 513 from the input resistor 579 and
      connect the blocking positive voltage of the source 104 to the resistor
      579. The movable contact 220 (FIG. 4) of the relay 188 is connected to the
      input resistor 567 of the threshold element 559 via the diode 570 by the
      contacts 571. The threshold element 559 (FIG. 6) is consequently blocked
      until the instant A (FIG. 9) at which the speed of the mechanism 2 (FIG.
      4) passes through zero. The contacts 523 (FIG. 6) and 562 connect the
      outputs of the transducers 15 and 70 to the input resistors 560 and 561 of
      the adder 556. The control winding of the relay 496 is connected by the
      contacts 597 to the output of the threshold element 591. At the same time,
      to ensure that the minimal time of program execution by the mechanism 5 is
      calculated in accordance with expressions (22) and (23), the contacts 123
      and 136 of the relay 505 (FIG. 6) are open at the inputs of the adder 89
      in the unit 26 (FIG. 3). The control winding of the relay 145 (FIG. 3) is
      connected by the contacts 158 of the relay 505 (FIG. 6) to the output of
      the threshold element 217 (FIG. 4).
PAR  When the dragline excavator 1 (FIG. 1) operates in a 360-degree mode, the
      threshold element 591 (FIG. 6) in its initial state is blocked by the
      negative voltage of the source 104 delivered from the bus 103 via the
      contact 596 of the relay 349 (FIG. 5) and the conducting diode 595 (FIG.
      6) to the input resistor 594. At the instant D (FIG. 9) of operation of
      the relay 349 (FIG. 5), the threshold element 591 (FIG. 6) is unblocked so
      that the output signals of the integrator 95 (FIG. 3) and of the adder 89
      are compared in accordance with expression (24) at the resistors 592 and
      593 of the threshold element 591.
PAR  If the mechanism 5 is the limiting one, the threshold element 591 (FIG. 6)
      is actuated immediately following the unblocking, but if the mechanism 5
      is not the limiting one in the operation, the element 591 is actuated at
      the instant when the diminishing output signal of the integrator 95 (FIG.
      3) becomes equal to the output signal of the adder 89 -- T - t, that is to
      say the start-up of the mechanism 5 is delayed.
PAR  In the 360-degree mode of operation, the steady speed is known in advance
      to equal the maximum speed of the mechanism 5. Therefore, the threshold
      element 518 compares the output signal of the integrator 493 with the
      voltage of the source 507 proportional to the maximum speed of the
      mechanism 5. As the threshold element 518 and its output relay are
      actuated, the contacts 512 of the output relay are open and the output
      signal of the integrator 493 stops increasing. The threshold element 518
      is blocked until the bucket 3 has been transported from the dumping point
      to the face-contact point.
PAR  At the instant A (FIG. 9) at which the mechanism 2 changes its direction of
      motion, the negative voltage of the source 104 delivered from the bus 103
      via the contact 220 (FIG. 4) of the relay 188 cuts off the diode 570 (FIG.
      6), thereby unblocking the threshold element 559. The instant A.sub.2
      (FIG. 9) at which the mechanism 5 starts decelerating is determined in
      accordance with expression (15) when the threshold element 559 and its
      output relay are actuated, with the contacts 506 of the output relay being
      closed to connect the output of the source 507 to the input of the
      integrator 493. The output signal of the integrator 493 drops to zero.
PAR  The unit 33 is reset by pressing the button 162 (FIG. 3), which causes all
      the threshold elements to be blocked in their initial states, as has been
      noted herein before.
PAR  According to the invention, when the excavator operates in a 360-degree
      mode, at the instant A (FIG. 9) the operation of the units 31 and 33 is
      synchronized. To this end, the output signal of the threshold element 577
      (FIG. 6) is fed to one of the control circuits of the gate 231 (FIG. 4) of
      the circuit 170. Until the threshold element 577 (FIG. 6) is actuated,
      that is to say as long as its output signal has a negative polarity, the
      gate 231 (FIG. 4) remains closed, for the negative output signal of the
      threshold element 577 (FIG. 6) keeps the diode 245 (FIG. 4) cut off.
      Therefore, in cases the output signal of the integrator 172 becomes zero
      before the output signal of the integrator 493 (FIG. 6) at the end of the
      operation to transport the bucket 3 from the breakout point to the dumping
      point (instant A in FIG. 9), the output signal of the integrator 172 (FIG.
      4) will be maintained equal to zero until the instant the output signal of
      the threshold element 577 (FIG. 6) reverses its sign and the gate 231
      (FIG. 4) of the circuit 170 opens. When the excavator operates in a
      360.degree. mode, the contact 247 of the relay 506 (FIG. 6) disconnects
      the output of the threshold element 577 from the gate 231 (FIG. 4).
PAR  The bucket 3 is lowered on the face by operator controlling the mechanisms
      2, 4 and 5 with the elements 63, 57 and 60. For this purpose operator
      observes the movement of the bucket 3 from the dumping point to the
      face-contact point and at the end of this operation chooses an instant to
      transfer the system from automatic to manual control (instant B in FIG. 9
      and point B in FIG. 10). The system is switched to manual control by
      pressing the button 162 (FIG. 3), which resets the units 26 (FIG. 1), 31,
      32 and 33 together with all their elements. The contacts 648 (FIG. 16) of
      the relay 160 (FIG. 3) connect the output of the element 57 to one of the
      inputs of the OR circuit 55 (FIG. 16). The contacts 649 (FIG. 17) of the
      relay 160 (FIG. 3) connect the output of the element 60 to the input of
      the circuit 38 (FIG. 17). The contact 645 (FIG. 8) of the relay 348 (FIG.
      5) connects the output of the element 63 to the input of the OR circuit 62
      (FIG. 8).
PAR  Controlling the mechanisms 2 (FIG. 1), 4 and 5 with the elements 63, 57 and
      60, the operator lowers the bucket 3 on the face and at the instant B
      (FIG. 9), at the point B (FIG. 10), presses the button 633 (FIG. 7),
      simultaneously, with the element 57 (FIG. 1), increasing the speed of the
      mechanism 4 toward a reduction in length of the drag rope 9. The relay 634
      (FIG. 7) is actuated, closing it contact 635 which blocks the button 633,
      and connecting by the contacts 642 (FIG. 8) and 641 the output of the
      controller 65 to the input of the OR circuit 62. Simultaneously, the
      contacts 637 of the relay 634 connect the source 104 to the control
      winding of the electromagnetic clutch 628 which in turn connects the shaft
      20 of the mechanism 4 with the shaft 627 of the synchro 626 of the
      transducer 619. The output signal of the synchro 626 is rectified by the
      rectified 629 and fed to the input of the multiplier 624.
PAR  The setters 620, 621 and 623, the adders 622 and 625 and the multiplier 624
      accomplish expression (25). The output signal of the adder 622 which is
      proportional to the difference between the initial and final tensions of
      the hoist rope 8, S.sub.2 - S.sub.1, is delivered as the supply voltage to
      the digging path setter 623. The output of the setter 623 gives out a
      signal proportional to the quotient
      ##EQU22##
      which is then multiplied in the multiplier 624 by the output signal of the
      transducer 619. The output of the adder 625 forms a program of
      predetermined tension adjustment for the hoist rope 8 during the operation
      of digging from the predetermined initial tension to the predetermined
      final tension of the hoist rope 8 as a function of the current digging
      path.
PAR  Watching the bucket 3 being filled, the operator fixes the end of the
      digging operation by pressing the button 163 (FIG. 3) -- instant C in FIG.
      9 and point C in FIG. 10. The output of the unit 32 is connected to the OR
      circuit 55 (FIG. 9) with the help of the contacts 649 (FIG. 9) of the
      relay 160 (FIG. 3). Simultaneously the contacts 649 (FIG. 17) of the relay
      160 (FIG. 3) connect the output of the unit 33 to the circuit 38 (FIG.
      17).
PAR  The output signal of the unit 32 linearly diminishes, and at the instant C
      (FIG. 9) when the bucket 3 starts being lifted off the face, the relay 348
      (FIG. 5) is actuated to connect via its contacts 645 (FIG. 8) and 644 the
      output of the unit 31 to the input of the OR circuit 62.
PAR  The contact 636 (FIG. 7) of the relay 348 (FIG. 5) breaks the supply
      circuit of the relay 634 (FIG. 7), resetting the circuit 66.
PAR  The blocking contact 635 of the relay 634 and the contact 637 connected to
      the supply circuit of the electromagnetic clutch 628 are open. The shaft
      20 of the mechanism 4 is disconnected from the shaft 627 of the synchro
      626 and the latter is reset by the spring 630.
PAR  The initial information required to set the predetermined parameters of the
      digging process on the setters 620, 621 and 623 is obtained by the driver
      in trial digging runs by the readings of the voltmeters 631 and 632. The
      operator may adjust the predetermined parameters of the digging process,
      if same is required, while the bucket 3 is transported either to the
      dumping point or to the face-contact point.
PAR  The protection means 76 ensures that the bucket 3 of the dragline excavator
      stays clear of the zones a, b and c (FIG. 10). In order to prevent the
      bucket 3 from getting into the strut zone b there is envisaged a limiting
      path f  of bucket motion in the form of an elliptic curve characterized by
      the constant sum of lengths of the hoist rope 8 and the drap rope 9. The
      actual sum of lengths of the ropes 8 and 9 is measured by an adder.
PAR  If the signals produced at the outputs of the gates 54 and 61 are such that
      the bucket 3 following the path e (FIG. 10) approaches the limiting path
      f, then, at a certain distance therefrom, the output signal of the
      protection unit 80 starts varying in accordance with law (26). The output
      signal of the unit 80 is compared with the output signal of the gate 61 in
      the OR circuit 55, the output signal of which is equal to the least of the
      signals being compared. Should the output signal of the gate 61 exceed
      that of the unit 80, the circuit 55 automatically passes the output signal
      of the unit 80 to the input of the circuit 36, with the result that the
      path of motion of the bucket is shaped as indicated in FIG. 10 by the
      section EF. Here the unit 80 (FIG. 2) takes over at the point E (FIG. 10),
      and at the point F the bucket 3 reaches the limiting path f and thence
      follows it to the dumping point.
PAR  Bucket protection against overlifting is effected as a function of the
      length of the hoist rope 8. When the length of the hoist rope 8 drops to a
      value defined as the lower limit, the cam mechanism 78 starts moving the
      slider of the potentiometer 79, linearly varying the output signal of the
      unit 77 from the value corresponding to the maximum speed of the mechanism
      2 down to zero. The output signal of the unit 77 is compared with the
      output signal of the gate 61 in the circuit 62 which passes to the input
      of the circuit 32 the least of the signals being compared.
PAR  The protection unit 83, which limits the minimal length of the drag 9 and
      whose output signal is fed of one of the inputs of the circuit 55,
      operates in a similar manner.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A control device for a dragline excavator comprising a bucket, a hoist
      rope and a drag rope of said bucket, a platform, a mechanism for hoisting
      said bucket, a mechanism for dragging said bucket, and a mechanism for
      swinging said platform of the dragline excavator; wherein all of said
      mechanisms move the bucket in a digging operation and in the
      transportation of the bucket to the dumping point and to the point where
      the bucket is lowered on the face of an excavation; wherein the control
      device comprises: a transducer for sensing the length increments of said
      hoist rope as the bucket is transported from the breakout point on the
      face of said excavation to the dumping point; a transducer for sensing the
      length increments of said drag rope as the bucket is transported from the
      breakout point of the face of said excavation to the dumping point; a
      transducer for sensing the swing angle of said platform as the bucket is
      transported from the breakout point on the face of said excavation to the
      dumping point; a transducer for sensing the length increments of the hoist
      rope as the bucket is transported from the dumping point to the point
      where it is lowered on the face of said excavation; a transducer for
      sensing the length increments of the drag rope as the bucket is
      transported from the dumping point where it is lowered on the face of said
      excavation; a transducer for sensing the swing angle of the platform as
      the bucket is transported from the dumping point to the point where it is
      lowered on the face of said excavation; a transducer for sensing the speed
      of said bucket hoisting mechanism; a transducer for sensing the speed of
      said bucket dragging mechanism; a transducer for sensing the speed of said
      platform swinging mechanism; a speed control unit of the bucket hoisting
      mechanism for controlling the bucket hoisting mechanism; a speed control
      unit of the bucket dragging mechanism for controlling the bucked dragging
      mechanism; a speed control unit of the platform swinging mechanism for
      controlling the platform swinging mechanism; a bucket transportation time
      calculator unit having a plurality of inputs and an output; said inputs of
      the bucket transportation time calculator being connected to the output of
      said hoist rope length increment transducer as the bucket is transported
      from the breakout point on the face of said excavation to the dumping
      point, to the output of said drag rope length increment transducer as the
      bucket is transported from the breakout point on the face of said
      excavation to the dumping point, to the output of said platform swing
      angle transducer as the bucket is transported from the breakout point on
      the face of said excavation to the dumping point, to the output of said
      hoist rope length increment transducer as the bucket is transported from
      the dumping point to the point where it is lowered on the face of said
      excavation, to the output of said drag rope length increment transducer as
      the bucket is transported from the dumping point to the point where it is
      lowered on the face of said excavation, to the output of said platform
      swing angle transducer as the bucket is transported from the dumping point
      to the point where it is lowered on the face of said excavation, to the
      output of said bucket hoisting mechanism speed transducer, and to the
      output of said bucket dragging mechanism speed transducer; a bucket
      hoisting mechanism speed setter unit having a plurality of inputs and
      outputs; the first input of said setter being connected to the output of
      said bucket transportation time calculator, the second input of said
      setter being connected to the output of said hoist rope length increment
      transducer as the bucket is transported from the breakout point to the
      dumping point, the third input of said setter being connected to the
      output of said hoist rope length increment transducer as the bucket is
      transported from the dumping point to the point where it is lowered on the
      face of said excavation, and the fourth input of said setter being
      connected to the output of said bucket hoisting mechanism speed
      transducer, said output of the bucket hoisting mechanism speed setter
      being connected to said bucket hoisting mechanism speed control unit; a
      manual speed setting element of the dragging mechanism; a bucket dragging
      mechanism speed setter unit having a plurality of inputs and an output,
      the first input of said bucket dragging mechanism speed setter being
      connected to the output of said bucket transportation time calculator, the
      second input being connected to the output of said drag rope length
      increment transducer as the bucket is transported from the breakout point
      to the dumping point, the third input being connected to the output of
      said hoist rope length increment transducer as the bucket is transported
      from the breakout point to the dumping point, the fourth input being
      connected to the output of said drag rope length increment transducer as
      the bucket is transported from the dumping point to the point where it is
      lowered on the face of said excavation, the fifth input being connected to
      the output of said hoist rope length increment transducer as the bucket is
      transported from the dumping point to the point where it is lowered on the
      face of said excavation, the sixth input being connected to the output of
      said manual speed setting element of the dragging mechanism, the seventh
      input being connected to the output of said bucket hoisting mechanism
      speed setter, and said output of the bucket dragging mechanism speed
      setter being connected to said bucket dragging mechanism speed control
      unit; a platform swinging mechanism speed setter unit having a plurality
      of inputs and an output; the first input of said platform swinging
      mechanism speed setter being connected to the output of said bucket
      transportation time calculator, the second input of said platform swinging
      mechanism speed setter being connected to the output of said platform
      swing angle transducer as the bucket is transported from the breakout
      point to the dumping point, the third input of said platform swinging
      mechanism speed setter being connected to the output of said platform
      swing angle transducer as the bucket is transported from the dumping point
      to the point where it is lowered on the face of said excavation, the
      fourth input of said platform swinging mechanism speed setter being
      coupled to the output of said platform swinging speed transducer, and the
      output of said platform swinging mechanism speed setter being connected to
      said platform swinging mechanism speed contol unit.
NUM  2.
PAR  2. A device as recited in claim 1, further comprising: a hoist rope tension
      transducer; a hoist rope tension setting circuit; a hoist rope tension
      controller having a plurality of inputs and an output; one input of said
      controller connected to the output of said hoist rope tension transducer;
      the other input of said controller connected to the output of said hoist
      rope tension setting circuit; a first gate having an input connected to
      the output of said tension controller and to the output of said hoisting
      mechanism speed setter; the input of said hoisting mechanism speed control
      unit connected to the output of said hoisting mechanism speed transducer;
      the input of said dragging mechanism speed control unit connected to the
      output of said dragging mechanism speed transducer; the input of said
      platform swinging mechanism speed control unit connected to the output of
      said platform swinging mechanism speed transducer; a manual speed setting
      element of the dragging mechanism; a manual speed setting element of the
      platform swinging mechanism; a second gate having a plurality of inputs
      and an output; one input of said second gate connected to the output of
      said manual speed setting element of the swinging mechanism and to the
      output of said swinging mechanism speed setter unit; the second input of
      said swinging mechanism speed control unit connected to the output of said
      second gate; a first OR circuit having a plurality of inputs and an
      output; one input of said first OR circuit connected to the output of the
      third gate; the other input of said first OR circuit connected to the
      output of said dragging mechanism speed setter unit; the output of said
      first OR circuit connected to the second input of the dragging mechanism
      speed control unit; a second OR circuit having a plurality of inputs and
      outputs; the input of said second OR circuit connected to the output of
      said first gate; the output of said second OR circuit connected to the
      input of said hoisting mechanism speed control unit.
NUM  3.
PAR  3. A device as recited in claim 2, further comprising: a transducer for
      sensing the hoist rope length at the bucket dumping point, the output
      thereof being connected to the input of said bucket transportation time
      calculator and to the input of said dragging mechanism speed setter; a
      hoist rope overall length transducer connected to the input of said
      swinging mechanism speed setter; a drag rope overall length transducer
      connected to the input of said swinging mechanism speed setter; a
      transducer for sensing the angular deflection of the bucket in a
      horizontal plane, said angular deflection transducer being connected to
      the input of said swinging mechanism speed setter, the output of which is
      connected to the input of said bucket transportation time calculator.
NUM  4.
PAR  4. A device as recited in claim 2, further comprising: protection means for
      the hoisting and dragging mechanisms having a plurality of inputs and
      outputs; the inputs of said protection means connected to the outputs of
      said hoisting and dragging mechanisms; one output of said protection means
      connected to the second input of said second OR circuit, the second and
      third outputs of said protection means connected respectively to the
      second and third inputs of said first OR circuit.
NUM  5.
PAR  5. A device as recited in claim 4, wherein said protection means comprises:
      a protection unit of hoisting mechanism program speed setting; the input
      of said protection unit connected to said hoisting mechanism; the output
      of said protection unit connected to the second input of said second OR
      circuit; a mechanical adder having inputs connected to said hoisting and
      dragging mechanisms; two protection units of dragging mechansim program
      speed setting; the input of the first protection unit connected to the
      output of said mechanical adder, the output of said first protection unit
      connected to the second input of said first OR circuit, the input of the
      second protection unit connected to said dragging mechanism, and the
      output of said second protection unit connected to the third input of said
      first OR circuit.
NUM  6.
PAR  6. A device as recited in claim 3, wherein said bucket transportation time
      calculator includes means for determining the minimal possible times of
      operation of each of the three mechanisms and selects the maximum out of
      said three time values; said time calculator comprises: three adders
      connected in parallel and each having a plurality of inputs and an output;
      the inputs of the first adder being connected to the output of said hoist
      rope length increment transducer as the bucket is transported from the
      breakout point to the dumping point, to the output of said hoist rope
      length increment transducer as the bucket is transported from the dumping
      point to the point where it is lowered on the face of said excavation, and
      to the output of said hoisting mechanism speed transducer; the inputs of
      said second adder being connected to the output of said drag rope length
      increment transducer as the bucket is transported from the breakout point
      to the dumping point, to the output of said drag rope length increment
      transducer as the bucket is transported from the dumping point to the
      point where it is lowered on the face of said excavation, to the output of
      said dragging mechanism speed transducer and to the output of said
      transducer sensing the hoist rope length at the dumping point; the inputs
      of said third adder being connected to the output of said platform swing
      angle transducer as the bucket is transported from the breakout point to
      the dumping point, to the output of said platform swing angle transducer
      as the bucket is transported from the dumping point to the point where it
      is lowered on the face of said excavation, and to the second output of
      said swinging mechanism speed setter; a maximum displacement value
      selector, the inputs of which are connected to the outputs of said adders;
      a bucket transportation time signal-shaper, the inputs of which are
      connected to the output of said maximum displacement value selector.
NUM  7.
PAR  7. A device as recited in claim 6, wherein said transportation time signal
      shaper comprises: a first integrator and a second integrator connected in
      parallel and each having an input and an output; the inputs of said
      integrators connected to the output of said maximum displacement value
      selector; and a relay means for forming the times of bucket transportation
      from the breakout point to the dumping point and from the dumping point to
      the point where the bucket is lowered on the face of said excavation, the
      contacts of said relay being connected at the outputs of said integrators.
NUM  8.
PAR  8. A device as recited in claim 6, wherein said bucket transportation time
      calculator comprises a starting circuit, the outputs thereof being
      connected to said dragging mechanism speed setter unit.
NUM  9.
PAR  9. A device as recited in claim 6, wherein said hoisting mechanism speed
      setter comprises a circuit for determining the steady speed of the
      hoisting mechanism, the inputs thereof being connected to the output of
      said transportation time signal shaper, to the output of said hoist rope
      length increment transducer as the bucket is transported from the breakout
      point to the dumping point, and to the output of said hoist rope length
      increment transducer as the bucket is transported from the dumping point
      to the point where it is lowered on the face of said excavation; a circuit
      for determining the instant at which the hoisting mechanism starts
      decelerating, the inputs of which are connected to the output of said
      hoist rope length increment transducer as the bucket is transported from
      the breakout point to the dumping point, and to the output of said hoist
      rope length increment transducer as the bucket is transported from the
      dumping point to the point where it is lowered on the face of said
      excavation; a circuit for determining the sense of rotation of the
      hoisting mechanism; a logic circuit having a plurality of inputs and an
      output; the inputs of said logic circuit connected to the outputs of said
      circuit for determining the steady speed of the hoisting mechanism, to the
      outputs of said circuit for determining the instant at which the hoisting
      mechanism starts decelerating, and to the outputs of said circuit for
      determining the sense of rotation of the hoisting mechanism; and a
      hoisting mechanism predetermined speed signal shaper having two inputs and
      two outputs; the first input of said shaper connected to the output of
      said logic circuit; the second input of said shaper connected to the
      output of said hoisting mechanism speed transducer; the first output of
      said shaper connected to the input of said circuit for determining the
      sense of rotation of the hoisting mechanism; the second output of said
      shaper connected to the input of said circuit for determining the steady
      speed of the hoisting mechanism and to the input of the circuit for
      determining the instant at which the hoisting mechanism starts
      decelerating.
NUM  10.
PAR  10. A device as recited in claim 7, wherein said hoisting mechanism speed
      setter comprises a circuit for determining the steady speed of the
      hoisting mechanism having inputs connected to the output of said
      transportation time signal shaper, to the output of said hoist rope length
      increment transducer as the bucket is transported from the breakout point
      to the dumping point, and to the output of said hoist rope length
      increment transducer as the bucket is transported from the dumping point
      to the point where it is lowered on the face of said excavation; a circuit
      for determining the instant at which the hoisting mechanism starts
      decelerating having inputs connected to the output of said hoist rope
      length increment transducer as the bucket is transported from the breakout
      point to the dumping point, and to the output of said hoist rope length
      increment transducer as the bucket is transported from the dumping point
      to the point where it is lowered on the face of said excavation; a circuit
      for determining the sense of rotation of the hoisting mechanism; a logic
      circuit having a plurality of inputs and an output; the inputs of said
      logic circuit connected to the outputs of said circuit for determining the
      steady speed of the hoisting mechanism, to the outputs of said circuit for
      determining the instant at which the hoisting mechanism starts
      decelerating, and to the outputs of said circuit for determining the sense
      of rotation of the hoisting mechanism; and a hoisting mechanism
      predetermined speed signal shaper having two inputs and two outputs; the
      first input of said shaper connected to the output of said logic circuit;
      the second input of said shaper connected to the output of said hoisting
      mechanism speed transducer; the first output of said shaper is connected
      to the input of said circuit for determining the sense of rotation of the
      hoisting mechanism; the second output of said shaper connected to the
      input of said circuit for determining the steady speed of the hoisting
      mechanism and to the input of said circuit for determining the instant at
      which the hoisting mechanism starts decelerating.
NUM  11.
PAR  11. A device as recited in claim 9, wherein said hoisting mechanism
      predetermined speed signal shaper comprises: an integrator having an input
      connected to the output of said logic circuit and an output connected to
      the input of said circuit for determining the sense of rotation of the
      hoisting mechanism; a circuit for setting the initial conditions of said
      integrator, said circuit being connected to the output of said hoisting
      mechanism speed transducer; an inverter having an input connected to the
      output of said integrator; a first diode and a second diode poled in
      opposition and having a common point of connection; said first and second
      diodes connected in parallel with said inverter; said common point of said
      diodes producing a signal proportional to the negative modulus of the
      predetermined speed of the hoisting mechanism.
NUM  12.
PAR  12. A device as recited in claim 10, wherein said hoisting mechanism
      predetermined speed signal shaper comprises: an integrator having an input
      connected to the output of said logic circuit and an output connected to
      the input of said circuit for determining the sense of rotation of the
      hoisting mechanism; a circuit for setting the initial conditions of said
      integrator, said circuit being connected to the output of said hoisting
      mechanism speed transducer; an inverter having an input connected to the
      output of said integrator; a first diode and a second diode poled in
      opposition and having a common point of connection; said first and second
      diodes connected in parallel with said inverter; said common point of
      connection of said diodes for producing a signal proportional to the
      negative modulus of the predetermined speed of the hoisting mechanism.
NUM  13.
PAR  13. A device as recited in claim 11, wherein said circuit for determining
      the steady speed of the hoisting mechanism comprises: an adder having one
      input connected to the output of said bucket transportation time signal
      shaper, and a second input connected to said common point of said diodes;
      a multiplier having one input connected to the output of said adder and a
      second input connected to said common point of said diodes; a threshold
      element having one input connected to the output of said multiplier; a
      relay with contacts; a second input of said threshold element being
      connected via said contacts to the output of said hoist rope length
      increment transducer as the bucket is transported from the breakout point
      to the dumping point, and to the output of said hoist rope length
      increment transducer as the bucket is transported from the dumping point
      to the point where it is lowered on the face of said excavation; the
      output of said threshold element connected to the input of said logic
      circuit; an inverter element having an input connected to the output of
      said threshold element and an output connected to the input of said logic
      circuit.
NUM  14.
PAR  14. A device as recited in claim 12, wherein said circuit for determining
      the steady speed of the hoisting mechanism comprises: an adder having one
      input connected to the output of said bucket transportation time signal
      shaper, and a second input connected to said common point of said diodes;
      a multipler having one input connected to the output of said adder, and a
      second input connected to said common point of said diodes; a threshold
      element having one input connected to the output of said multiplier; a
      relay with contacts; a second input of said threshold element being
      coupled via said contacts to the output of said hoist rope length
      increment transducer as the bucket is transported from the breakout point
      to the dumping point, and to the output of said hoist rope length
      increment transducer as the bucket is transported from the dumping point
      to the point where it is lowered on the face of said excavation; the
      output of said threshold element connected to the input of said logic
      circuit; and an inverter element having an input connected to the output
      of said threshold element and an output connected to the input of said
      logic circuit.
NUM  15.
PAR  15. A device as recited in claim 11, wherein said circuit for determining
      the instant at which the hoisting mechanism starts decelerating comprises:
      a squarer having an input connected to said common point of the diodes; a
      threshold element having one input connected to the output of said squarer
      and a second input connected to the output of said hoist rope length
      increment transducer as the bucket is transported from the breakout point
      to the dumping point, and to the output of said hoist rope length
      increment transducer as the bucket is transported from the dumping point
      to the point where it is lowered on the face of said excavation, the
      output of said threshold element being connected to the input of said
      logic circuit; an inverter element having an input connected to the output
      of said circuit for determining the instant at which the hoisting
      mechanism starts decelerating and an output connected to the input of said
      logic circuit.
NUM  16.
PAR  16. A device as recited in claim 14, wherein said circuit for determining
      the initial instant of deceleration comprises: a squarer having an input
      connected to said common point of the diodes; a threshold element having
      one input connected to the output of said squarer and a second input
      coupled via said contacts of the relay to the output of said hoist rope
      length increment transducer as the bucket is transported from the breakout
      point to the dumping point, and to the output of said hoist rope length
      increment transducer as the bucket is transported from the dumping point
      to the point where it is lowered on the face of said excavation, the
      output of said threshold element being connected to the input of said
      logic circuit; an inverter element having an input connected to the output
      of said threshold element of said circuit for determining the initial
      instant of deceleration and an output connected to the input of said logic
      circuit.
NUM  17.
PAR  17. A device as recited in claim 11, wherein said circuit for determining
      the sense of rotation of the hoisting mechanism comprises: a threshold
      element having an input connected to the output of said integrator of the
      hoisting mechanism predetermined speed signal shaper and an output
      connected to the input of said logic circuit; and an inverter element
      having an input connected to the output of said circuit for determining
      the sense of rotation and an output connected to the input of said logic
      circuit of the hoisting mechanism speed setter.
NUM  18.
PAR  18. A device as recited in claim 16, wherein said circuit for determining
      the sense of rotation of the hoisting mechanism comprises a threshold
      element having an input connected to the output of said integrator of the
      hoisting mechanism predetermined speed signal shaper and an output
      connected to the input of said logic circuit, and an inverter element
      having an input connected to the output of said threshold element of said
      circuit for determining the sense of rotation, the output of said inverter
      element connected to the input of said logic circuit of the hoisting
      mechanism speed setter.
NUM  19.
PAR  19. A device as recited in claim 11, wherein said logic circuit of the
      hoisting mechanism speed setter comprises a source of reference voltage
      and four gates, each gate having a main input and a plurality of control
      circuits; said main input of each gate connected to the output of said
      reference voltage source; said control circuits of the first gate
      connected to the output of said dragging mechanism speed setter, to the
      output of said circuit for determining the steady speed of the hoisting
      mechanism, and to the output of said circuit for determining the sense of
      rotation of the hoisting mechanism; said control circuits of the second
      gate connected to the output of said circuit for determining the instant
      at which the hoisting mechanism starts decelerating and to the output of
      said circuit for determining the sense of rotation of the hoisting
      mechanism; one of said control circuits of the third gate connected to the
      output of said circuit for determining the steady speed of the hoisting
      mechanism; another of said control circuits of the third gate connected to
      the output of said circuit for determining the sense of rotation of the
      hoisting mechanism; said control circuits of the fourth gate connected to
      the output of said circuit for determining the instant at which the
      hoisting mechanism starts decelerating and to the output of said circuit
      for determining the sense of rotation of the hoisting mechanism.
NUM  20.
PAR  20. A device as recited in claim 18, wherein said logic circuit of the
      hoisting mechanism speed setter comprises a reference voltage source and
      four gates, each gate having a main input and a plurality of control
      circuits; said main input of each gate connected to the output of said
      reference voltage source; said control circuits of the first gate
      connected to the output of said dragging mechanism speed setter, to the
      output of said inverter element of the circuit for determining the steady
      speed of the hoisting mechanism and to the output of said threshold
      element of the circuit for determining the sense of rotation of the
      hoisting mechanism; said control circuits of the second gate connected to
      the output of said inverter element of the circuit for determining the
      instant at which the hoisting mechanism starts decelerating and to the
      output of said inverter element of the circuit for determining the sense
      of rotation of the hoisting mechanism; one of said control circuits of the
      third gate connected to the output of said threshold element of the
      circuit for determining the steady speed of the hoisting mechanism;
      another of said control circuits of the third gate being connected to the
      output of said threshold element of the circuit for determining the sense
      of rotation of the hoisting mechanism; said control circuits of the fourth
      gate connected to the output of said threshold element of the circuit for
      determining the instant at which the hoisting mechanism starts
      decelerating and to the output of said inverter element of the circuit for
      determining the sense of rotation of the hoisting mechanism.
NUM  21.
PAR  21. A device as recited in claim 6, wherein said dragging mechanism speed
      setter unit comprises: a circuit for determining the steady speed of the
      dragging mechanism having inputs connected to the output of said bucket
      transportation time calculator, to the output of said drag rope length
      increment transducer as the bucket is transported from the breakout point
      to the dumping point, to the output of said transducer sensing the hoist
      rope length at the dumping point, and to the output of said drag rope
      length increment transducer as the bucket is transported from the dumping
      point to the point where it is lowered on the face of said excavation; a
      circuit for determining the initial instant of deceleration of the
      dragging mechanism having inputs connected to the output of said drag rope
      length increment transducer as the bucket is transported from the breakout
      point to the dumping point, and to the output of said drag rope length
      increment transducer as the bucket is transported from the dumping point
      to the point where it is lowered on the face of said excavation; a circuit
      for determining the sense of rotation of the dragging mechanism; a
      starting circuit; a dragging mechanism motion delay circuit having inputs
      connected to the output of said drag rope length increment transducer as
      the bucket is transported from the breakout point to the dumping point, to
      the output of said transducer for sensing the hoist rope length at the
      dumping point, and to the output of said hoist rope length increment
      transducer as the bucket is transported from the breakout point to the
      dumping point; a circuit for accelerating the dragging mechanism speed in
      bucket unloading having three inputs and an output; the first input of
      said circuit for accelerating the dragging mechanism speed connected to
      the output of said hoist rope length increment transducer as the bucket is
      transported from the breakout point to the dumping point; a logic circuit
      having inputs connected to the outputs of said circuit for determining the
      steady speed of the dragging mechanism, to the outputs of said circuit for
      determining the instant at which the dragging mechanism starts
      decelerating, to the outputs of said circuit for determining the sense of
      rotation of the dragging mechanism, to the output of said starting
      circuit, to the outputs of said dragging mechanism motion delay circuit,
      and to the output of said circuit for accelerating the dragging mechanism
      speed; a dragging mechanism predetermined speed signal shaper having a
      plurality of inputs and three outputs; the inputs of said shaper connected
      to the output of said logic circuit, to the output of said manual speed
      setting element of the dragging mechanism and to the output of the circuit
      for determining the sense of rotation of the dragging mechanism; the first
      output of said shaper connected to the input of said circuit for
      determining the sense of rotation of the dragging mechanism, to the input
      of the starting circuit, and to the input of the circuit for determining
      the steady speed of the dragging mechanism; the second output of said
      shaper connected to the input of said circuit for determining the steady
      speed of the dragging mechanism, the third output of the shaper connected
      to the inputs of said circuit for determining the steady speed of the
      dragging mechanism and to the input of said circuit for determining the
      instant at which the dragging mechanism starts decelerating.
NUM  22.
PAR  22. A device as recited in claim 21, wherein said dragging mechanism speed
      setter unit comprises a circuit for determining whether or not the
      dragging mechanism is maneuvered in order to prevent slackening of the
      drag rope as the bucket is transported from the dumping point to the point
      where it is lowered on the face of said excavation, the inputs of said
      maneuver determining circuit connected to the output of said hoist rope
      length increment transducer as the bucket is transported from the dumping
      point to the point where it is lowered on the face of said excavation, to
      the output of said drag rope length increment transducer as the bucket is
      transported from the dumping point to the point where it is lowered on the
      face of said excavation, and to the output of said circuit for
      accelerating the dragging mechanism speed in bucket unloading; the second
      input of said circuit for accelerating the dragging mechanism speed
      connected to the output of said hoist rope length increment transducer as
      the bucket is transported from the dumping point to the point where it is
      lowered on the face of said excavation; the third input of said dragging
      mechanism speed accelerating circuit connected to the output of said drag
      rope length increment transducer as the bucket is transported from the
      dumping point to the point where it is lowered on the face of said
      excavation in order to fix the instant at which the dragging mechanism
      stops maneuvering as the bucket is transported from the dumping point to
      the point where it is lowered on the face of said excavation; the output
      of said dragging mechanism maneuver determining circuit connected to the
      input of said logic circuit of the dragging mechanism speed setter.
NUM  23.
PAR  23. A device as recited in claim 7, wherein said dragging mechanism speed
      setter unit comprises: a circuit for determining the steady speed of the
      dragging mechanism having inputs connected to the output of said bucket
      transportation time calculator, to the output of said drag rope length
      increment transducer as the bucket is transported from the breakout point
      to the dumping point, to the output of said transducer for sensing the
      hoist rope length at the dumping point, and to the output of said drag
      rope length increment transducer as the bucket is transported from the
      dumping point to the point where it is lowered on the face of said
      excavation; a circuit for datermining the instant at which the dragging
      mechanism starts decelerating having inputs connected to the output of
      said drag rope length increment transducer as the bucket is transported
      from the breakout point to the dumping point, and to the output of said
      drag rope length increment transducer as the bucket is transported from
      the dumping point to the point where it is lowered on the face of said
      excavation; a circuit for determining the sense of rotation of the
      dragging mechanism; a starting circuit; a dragging mechanism motion delay
      circuit having inputs connected to the output of said drag rope length
      increment transducer as the bucket is transported from the breakout point
      to the dumping point, to the output of said transducer for sensing the
      hoist rope length at the dumping point, and to the output of said hoist
      rope length increment transducer as the bucket is transported from the
      breakout point to the dumping point; a circuit for accelerating the
      dragging mechanism speed during bucket unloading having three inputs and
      an output; the first input connected to the output of said hoist rope
      length increment transducer as the bucket is transported from the breakout
      point to the dumping point; a logic circuit having inputs connected to the
      outputs of said circuit for determining the steady speed of the dragging
      mechanism, to the outputs of said circuit for determining the instant at
      which the dragging mechanism starts decelerating, to the outputs of said
      circuit for determining the sense of rotation of the dragging mechanism,
      to the output of said starting circuit, to the outputs of said dragging
      mechanism motion delay circuit, and to the output of said dragging
      mechanism speed accelerating circuit; a dragging mechanism predetermined
      speed signal shaper having a plurality of inputs and three outputs; the
      inputs of said shaper connected to the output of said logic circuit, to
      the output of said manual speed setting element of the dragging mechanism
      and to the output of the circuit for determining the sense of rotation of
      the dragging mechanism; the first output of said shaper connected to the
      input of said circuit for determining the sense of rotation of the
      dragging mechanism, to the input of the starting circuit, and to the input
      of the circuit for determining the steady speed of the dragging mechanism;
      the second output of said shaper connected to the input of said circuit
      for determining the steady speed of the dragging mechanism and the third
      output of said shaper connected to the inputs of said circuit for
      determining the steady speed of the dragging mechanism and to the input of
      said circuit for determining the instant at which the dragging mechanism
      starts decelerating.
NUM  24.
PAR  24. A device as recited in claim 9, wherein said dragging mechanism speed
      setter unit comprises: a circuit for determining the steady speed of the
      dragging mechanism having inputs connected to the output of said bucket
      transportation time calculator, to the output of said drag rope length
      increment transducer as the bucket is transported from the breakout point
      to the dumping point, to the output of said transducer for sensing the
      hoist rope length at the dumping point, and to the output of said drag
      rope length increment transducer as the bucket is transported from the
      dumping point to the point where it is lowered on the face of said
      excavation; a circuit for determining the instant at which the dragging
      mechanism starts decelerating having inputs connected to the output of
      said drag rope length increment transducer as the bucket is transported
      from the breakout point to the dumping point, and to the output of said
      drag rope length increment transducer as the bucket is transported from
      the dumping point to the point where it is lowered on the face of said
      excavation; a circuit for determining the sense of rotation of the
      dragging mechanism; a starting circuit; a dragging mechanism motion delay
      circuit having inputs connected to the output of said drag rope length
      increment transducer as the bucket is transported from the breakout point
      to the dumping point, to the output of said transducer sensing the hoist
      rope length at the dumping point, and to the output of said hoist rope
      length increment transducer as the bucket is transported from the breakout
      point to the dumping point; a circuit for accelerating the dragging
      mechanism speed during bucket unloading having three inputs and three
      outputs; the first input of said accelerating circuit connected to the
      output of said hoist rope length increment transducer as the bucket is
      transported from the breakout point to the dumping point; a logic circuit
      having inputs connected to the outputs of said circuit for determining the
      steady speed of the dragging mechanism, to the outputs of said circuit for
      determining the instant at which the dragging mechanism starts
      decelerating, to the outputs of said circuit for determining the sense of
      rotation of the dragging mechanism, to the output of said starting
      circuit, to the outputs of said dragging mechanism motion delay circuit,
      and to the output of said dragging mechanism speed ascelerating circuit; a
      dragging mechanism predetermined speed signal shaper having a plurality of
      inputs and three outputs; the inputs of said shaper connected to the
      output of said logic circuit, to the output of said manual speed setting
      element of the dragging mechanism, and to the output of the circuit for
      determining the sense of rotation of the dragging mechanism; the first
      output of said shaper connected to the input of said circuit for
      determining the sense of rotation of the dragging emchanism, to the input
      of the starting circuit and to the input of the circuit for determing the
      steady speed of the dragging mechanism; the second output of said shaper
      connected to the input of said circuit for determining the steady speed of
      the dragging mechanism, and the third output of said shaper connected to
      the inputs of said circuit for determining the steady speed of the
      dragging mechanism and to the input of said circuit for determining the
      instant at which the dragging mechanism starts decelerating.
NUM  25.
PAR  25. A device as recited in claim 19, wherein said dragging mechanism speed
      setter unit comprises: a circuit for determining the steady speed of the
      dragging mechanism having inputs connected to the output of said bucket
      transportation time calculator, to the output of said drag rope length
      increment transducer as the bucket is transported from the breakout point
      to the dumping point, to the output of said transducer for sensing the
      hoist rope length at the dumping point, and to the output of said drag
      rope length increment transducer as the bucket is transported from the
      dumping point to the point where it is lowered on the face of said
      excavation; a circuit for determining the instant at which the dragging
      mechanism starts decelerating having inputs connected to the output of
      said drag rope length increment transducer as the bucket is transported
      from the breakout point to the dumping point, and to the output of said
      drag rope length increment transducer as the bucket is transported from
      the dumping point to the point where it is lowered on the face of said
      excavation; a circuit for determining the sense of rotation of the
      dragging mechanism; a starting circuit; a dragging mechanism motion delay
      circuit having inputs connected to the output of said drag rope length
      increment transducer as teh bucket is transported from the breakout point
      to the dumping point, to the output of said transducer for sensing the
      hoist rope length at the dumping poijt, and to the output of said hoist
      rope length increment transducer as the bucket is trnasported from the
      breakout point to the dumping point; a circuit for accelerating the
      dragging mechanism speed in bucket unloading having three inputs and an
      output; the first input of said forcing circuit connected to the output of
      said hoist rope length increment transducer as the bucket is transported
      from the breakout point to the dumping point; a logic circuit having
      inputs connected to the outputs of said circuit for determining the steady
      speed of the dragging mechanism, to the outputs of said circuit for
      determining the instant at which the dragging mechanism starts
      decelerating, to the outputs of said circuit for determining the sense of
      rotation of the dragging mechanism, to the output of said starting
      circuit, to the outputs of said dragging mechanism motion delay circuit,
      and to the output of said dragging mechanism speed accelerating circuit; a
      dragging mechanism predetermined speed signal shaper having a plurality of
      inputs and three outputs; the inputs of said shaper connected to the
      output of said logic circuit, to the output of said manual speed setting
      element of the dragging mechanism, and to the output of the circuit for
      determining the sense of rotation of the dragging mechanism; the first
      output of said shaper connected to the input of said circuit for
      determining the sense of rotation of the dragging mechanism, to the input
      of the starting circuit, and to the input of the circuit for determining
      the steady speed of the dragging mechanism; the second output of said
      shaper connected to the input of said circuit for determining the steady
      speed of the dragging mechanism; and the third output of said shaper
      connected to the inputs of said circuit for determining the steady speed
      of the dragging mechanism and to the input of said circuit for determining
      the instant at which the dragging mechanism starts decelerating.
NUM  26.
PAR  26. A device as recited in claim 21, wherein said dragging mechanism
      predetermined speed signal shaper comprises: an integrator having an input
      connected to the output of said logic circuit of the dragging mechanism
      speed setter; an initial conditions setting circuit fo said integrator
      connected to the output of said manual speed setting element of the
      dragging mechanism; a feedback circuit of said integrator; a diode limiter
      connector to said integrator feedback circuit; an inverter having an input
      connected to the output of said integrator; a third diode and a fourth
      diode connected in opposition and having a common point; said thrid and
      fourth diodes connected in parallel with said inverter; said common point
      of the diodes for producing a signal proportional to the negative modulus
      of the predetermined mechanism speed value.
NUM  27.
PAR  27. A device as recited in claim 23, wherein said dragging mechanism
      predetermined speed signal shaper comprises: an integrator having an input
      connected to the output of said logic circuit of the dragging mechanism
      speed setter; an initial conditions setting circuit of said integrator
      connected to the output of said manual speed setting element of the
      dragging mechanism; a feedback circuit of said integrator; a diode limiter
      connected to said integrator feedback circuit; an inverter having an input
      connected to the output of said integrator; a third diode and a fourth
      diode poled in opposition and having a common point; said third and fourth
      diodes connected in parallel with said inverter; said common point of the
      diodes for producing a signal proportional to the negative modulus of the
      predetermined speed value of the mechanism.
NUM  28.
PAR  28. A device as recited in claim 24, wherein said dragging mechanism
      predetermined speed signal shaper comprises: an integrator having an input
      connected to the output of said logic circuit of the dragging mechanism
      speed setter; an initial conditions setting circuit of said integrator
      connected to the output of said manual speed setting element of the
      dragging mechanism; a feedback circuit of said integrator; a diode limiter
      connected into said integrator feedback circuit; an inverter having an
      input connected to the output of said integrator; a third diode and a
      fourth diode poled in opposition and having a common point; said third and
      fourth diodes connected in parallel with said inverter; said common point
      of the diodes for producing a signal proportional to the negative modulus
      of the predetermined speed value of the mechanism.
NUM  29.
PAR  29. A device as recited in claim 26, wherein said dragging mechanism
      predetermined speed signal shaper comprises a source of reference voltage
      and a maximum signal selector circuit having two inputs and an output; one
      input of said maximum signal selection circuit connected to the output of
      said manual speed setting element of the dragging mechanism, the output
      input of said maximum signal selection circuit connected to the output of
      said reference voltage source; said maximum signal selection circuit
      including means for ensuring that during the period the bucket is being
      lifted off the face of said excavation the dragging mechanism receives a
      minimal setting signal, the signal produced by said manual speed setting
      element of the dragging mechanism being smaller than the signal generated
      by said reference voltage source.
NUM  30.
PAR  30. A device as recited in claim 27, wherein said circuit for determining
      the steady speed of the dragging mechanism comprises: an adder having one
      input connected to the output of said bucket transportation time signal
      shaper and another input connected to said common point of the diodes of
      said dragging mechanism predetermined speed signal shaper; a multiplier
      having two inputs and an output, the first input of said multiplier being
      connected to the output of said adder; a relay having contacts; the second
      input of said multiplier coupled via the contacts of said relay to the
      output of said integrator of the dragging mechanism predetermined speed
      signal shaper and to the output of said inverter of said shaper; a
      threshold element having two inputs and an output; the first input of said
      threshold element connected to the output of said multiplier; the output
      of said threshold element connected to the input of said logic circuit of
      the dragging mechanism speed setter; a commutator having inputs connected
      to the output of said drag rope length increment transducer as the bucket
      is transported from the breakout point to the dumping point, to the output
      of said transducer sensing the hoist rope length at the dumping point, and
      to the output of said drag rope length increment transducer as the bucket
      is transported from the dumping point to the point where it is lowered on
      the face of said excavation; the output of said commutator connected to
      the second input of said threshold element; an inverter element connected
      in series with said threshold element; the output of the inverter element
      being connected to the input of said logic circuit of the dragging
      mechanism speed setter.
NUM  31.
PAR  31. A device as recited in claim 28, wherein said circuit for determining
      the steady speed of the dragging mechanism comprises: an adder having one
      input connected to the output of said bucket transportation time signal
      shaper and another input connected to said common point of the diodes of
      said dragging mechanism predetermined speed signal shaper; a multiplier
      having two inputs and an output, the first input of said multiplier being
      connected to the output of said adder; a relay having contacts; the second
      input of said multiplier coupled via the contacts of said relay to the
      output of said integrator of said dragging mechanism predetermined speed
      signal setter and to the output of said inverter of said shaper; a
      threshold element having two inputs and an output; the first input of said
      threshold element connected to the output of said multiplier; the output
      of said threshold element connected to the input of said logic circuit of
      the dragging mechanism speed setter; a commutator having inputs connected
      to the output of said drag rope length increment transducer as the bucket
      is transported from the breakout point to the dumping point, to the output
      of siad transducer for sensing the hoist rope length at the dumping point,
      and to the output of said drag rope length increment transducer as the
      bucket is transported from the dumping point to the point where it is
      lowered on the face of said excavation; the output of said commutator
      connected to the second input of said threshold element; an inverter
      element connected in series with said threshold element; the output of
      said inverter element connected to the input of said logic circuit of the
      dragging mechanism speed setter.
NUM  32.
PAR  32. A device as recited in claim 27, wherein said circuit for determining
      the instant at which the dragging mechanism starts decelerating comprises:
      a squarer having an input connected to said common point of said third and
      fourth diodes; a second relay having contacts; a threshold element having
      two inputs; the first input of said threshold element connected to the
      output of said inverter; the second input of said threshold element
      coupled via the contacts of said second relay to the output of said drag
      rope length increment transducer as the bucket is transported from the
      breakout point to the dumping point and to the output of said drag rope
      length increment transducer as the bucket is transported from the dumping
      point to the point where it is lowered on the face of said excavation; the
      output of said threshold element connected to the input of said logic
      circuit of the dragging mechanism speed setter; an inverter element
      connected in series with said threshold element, the output of said
      inverter element being connected to the input of said logic circuit of the
      dragging mechanism speed setter.
NUM  33.
PAR  33. A device as recited in claim 31, wherein said circuit for determining
      the instant at which the dragging mechanism starts decelerating comprises:
      a squarer having an input coupled to said common point of said third and
      fourth diodes; a second relay having contacts; a threshold element having
      two inputs; the first input of said threshold element connected to the
      output of said inverter; the second input of said threshold element
      coupled via the contacts of said second relay to the output of said drag
      rope length increment transducer as the bucket is transported from the
      breakout point to the dumping point and to the output of said drag rope
      length increment transducer as the bucket is transported from the dumping
      point to the point where it is lowered on the face of said excavation; the
      output of said threshold element connected to the input of said logic
      circuit of the dragging mechanism speed setter; an inverter element
      series-connected with said threshold element, the output of said inverter
      element being connected to the input of said logic circuit of the dragging
      mechanism speed setter.
NUM  34.
PAR  34. A device as recited in claim 21, wherein said circuit for determining
      the sense of rotation of the dragging mechanism comprises a threshold
      element and an inverter element interconnected in series.
NUM  35.
PAR  35. A device as recited in claim 33, wherein said circuit for determining
      the sense of rotation of the dragging mechanism comprises a threshold
      element and an inverter element interconnected in series.
NUM  36.
PAR  36. A device as recited in claim 33, wherein said circuit for determining
      the sense of rotation of the dragging mechanism comprises a threshold
      element and an inverter element interconnected in series.
NUM  37.
PAR  37. A device as recited in claim 21, wherein said starting circuit of said
      dragging mechanism speed setter comprises a threshold element and an
      inverter element interconnected in series.
NUM  38.
PAR  38. A device as recited in claim 27, wherein said starting circuit of said
      dragging mechanism speed setter comprises a threshold element and an
      inverter element interconnected in series.
NUM  39.
PAR  39. A device as recited in claim 36, wherein said starting circuit of said
      dragging mechanism speed setter comprises a threshold element and an
      inverter element interconnected in series.
NUM  40.
PAR  40. A device as recited in claim 21, wherein said dragging mechanism motion
      delay circuit comprises a threshold element and an inverter element
      interconnected in series.
NUM  41.
PAR  41. A device as recited in claim 27, wherein said dragging mechanism motion
      delay circuit comprises a threshold element and an inverter element
      interconnected in series.
NUM  42.
PAR  42. A device as recited in claim 39, wherein said dragging mechanism motion
      delay circuit comprises a threshold element and an inverter element
      interconnected in series.
NUM  43.
PAR  43. A device as recited in claim 21, wherein said circuit for accelerating
      the dragging mechanism speed in bucket unloading comprises a threshold
      element and an inverter element interconnected in series.
NUM  44.
PAR  44. A device as recited in claim 27, wherein said circuit for accelerating
      the dragging mechanism speed in bucket unloading comprises a threshold
      element and an inverter element interconnected in series.
NUM  45.
PAR  45. A device as recited in claim 42, wherein said circuit for accelerating
      the dragging mechanism speed in bucket unloading comprises a threshold
      element and an inverter element interconnected in series.
NUM  46.
PAR  46. A device as recited in claim 22, wherein said circuit for determining
      whether or not the dragging mechanism is maneuvered comprises a threshold
      element and an inverter element interconnected in series.
NUM  47.
PAR  47. A device as recited in claim 27, wherein said circuit for determining
      whether or not the dragging mechanism is maneuvered comprises a threshold
      element and an inverter element interconnected in series.
NUM  48.
PAR  48. A device as recited in claim 45, wherein said circuit for determining
      whether or not the dragging mechanism is maneuvered comprises a threshold
      element and an inverter element interconnected in series.
NUM  49.
PAR  49. A device as recited in claim 37, wherein said starting circuit of the
      dragging mechanism speed setter comprises a delay element means for fixing
      the minimal speed of the dragging mechanism over the time interval during
      which the bucket is lifted off the face of said excavation in order to
      provide for tautness of the drag rope; the input of said delay element
      connected to the output of said threshold element, and the output of said
      delay element connected to the input of said logic circuit of the dragging
      mechanism speed setter.
NUM  50.
PAR  50. A device as recited in claim 22, wherein said logic circuit of the
      dragging mechanism speed setter comprises: a source of reference voltage;
      a first gate having a main input and a plurality of control circuits; said
      main input of said first gate connected to the output of said reference
      voltage source; said control circuits of said first gate connected to the
      output of said bucket transportation time calculator and to the output of
      said starting circuit of the dragging mechanism speed setter; a second
      gate having a main input and a plurality of control circuits; said main
      input of said second gate connected to the output of said reference
      voltage source; said control circuits of said second gate connected to the
      output of said starting circuit of the dragging mechanism speed setter and
      to the output of said dragging mechanism motion delay circuit; a third
      gate having a main input and a plurality of control circuits; said main
      input of said third gate connected to the output of said reference voltage
      source; said control circuits of said third gate connected to the output
      of said circuit for determining the steady speed of the dragging
      mechanism, to the output of said dragging mechanism motion delay circuit,
      and to the output of said circuit for determining the sense of rotation of
      the dragging mechansim, a fourth gate having a main input and a plurality
      of control circuits; said main input of said fourth gate connected to the
      output of said reference voltage source; said control circuits of said
      fourth gate connected to the output of said circuit for determining the
      instant at which the dragging mechanism starts decelerating and to the
      output of said circuit for determining the sense of rotation of the
      dragging mechanism; a fifth gate having a main input and a plurality of
      control circuits; said main input of said fifth gate connected to the
      output of said reference voltage source; said control circuits of said
      fifth gate connected to the output of said circuit for determining the
      steady speed of the dragging mechanism, to the output of said circuit for
      determining the sense of rotation of the dragging emchanism, and to the
      output of said circuit for determining whether or not the dragging
      emchanism is maneuvered; a sixth gate having a main input and a plurality
      of control circuits; said main input of said sixth gate connected to the
      output of said reference voltage source; said control circuits of said
      sixth gate connected to the output of said circuit for determining the
      instant at which the dragging mechanism starts decelerating and to the
      output of said circuit for determining the sense of rotation of the
      dragging mechanism; a seventh gate having a main input and a plurality of
      control circuits; said main gate of said seventh gate connected to the
      output of said reference voltage source; said control circuits of said
      seventh gate connected to the output of said circuit for accelerating the
      dragging mechanism speed in bucket unloading and to the output of said
      circuit for determining the sense of rotation of the dragging mechanism;
      an eighth gate having a main input and a plurality of control circuits;
      said main input of said eighth gate connected to the output of said
      hoisting mechanism speed transducer; said control circuits of said eighth
      gate connected to the output of said circuit for determining whether or
      not the dragging mechanism is maneuvered and to the output of said circuit
      for determining the sense of rotation of the dragging mechanism.
NUM  51.
PAR  51. A device as recited in claim 26, wherein said circuit for determining
      the steady speed of the dragging mechanism comprises: an adder having one
      input connected to the output of said bucket transportation time signal
      shaper, the other input of said adder connected to said common point of
      the diodes of said dragging mechanism predetermined speed signal shaper; a
      multiplier having two inputs and an output, the first input of said
      multiplier being connected to the output of said adder; a relay having
      contacts; the second input of said multiplier coupled via the contacts of
      said relay to the output of said integrator of the dragging mechanism
      predetermined speed signal shaper and to the output of said inverter of
      that same shaper; a threshold element having two inputs and an output; the
      first input of said threshold element connected to the output of said
      multiplier; the output of said threshold element connected to the input of
      said logic circuit of the dragging mechanism speed setter; a commutator
      having inputs connected to the output of said drag rope length increment
      transducer as the bucket is transported from the breakout point to the
      dumping point, to the output of said transducer for sensing the hoist rope
      length at the dumping point, and to the output of said drag rope length
      increment transducer as the bucket is transported from the dumping point
      to the point where it is lowered on the face of said excavation; the
      output of said commutator connected to the second input of said threshold
      element; an inverter element connected in series with said threshold
      element; the output of said inverter element connected to the input of
      said logic circuit of the dragging mechanism speed setter; said circuit
      for determining the instant at which the dragging mechanism starts
      decelerating comprising a squarer having an input connected to said common
      point of said third and fourth diodes; a second relay having contacts; a
      threshold element having two inputs; the first input of said threshold
      element connected to the output of said inverter; the second input of said
      threshold element coupled via the contacts of said second relay to the
      output of said drag rope length increment transducer as the bucket is
      transported from the breakout point to the dumping point and to the output
      of said drag rope length increment transducer as the bucket is transported
      from the dumping point to the point where it is lowered on the face of
      said excavation; the output of said threshold element connected to the
      input of said logic circuit of the dragging mechanism speed setter; an
      inverter element connected in series with said threshold element, the
      output of said inverter element being connected to the input of said logic
      circuit of the dragging mechanism speed setter; said circuit for
      determining the sense of rotation of the dragging mechanism comprising a
      threshold element and an inverter element interconnected in series; said
      starting circuit of said dragging mechanism speed setter comprising a
      threshold element and an inverter element interconnected in series; said
      dragging mechanism motion delay circuit comprising a threshold element and
      an inverter element interconnected in series; said circuit for
      accelerating the dragging mechanism speed in bucket unloading comprising a
      threshold element and an inverter element interconnected in series; said
      circuit for determining whether or not the dragging mechanism is
      maneuvered comprising a threshold element and an inverter element
      interconnected in series; said starting circuit of the dragging mechanism
      speed setter comprising a delay element which fixes the minimal speed of
      the dragging mechanism over the time interval during which the bucket is
      lifted off the face of said excavation in order to provide tautness in the
      drag rope during the breakout operation; the input of said delay element
      connected to the output of said threshold element, the output of said
      delay element being connected to the input of said logic circuit of the
      dragging mechanism speed setter; said bucket transportation time
      calculator comprising a starting circuit having an output connected to the
      input of said logic circuit of the dragging mechanism speed setter.
NUM  52.
PAR  52. A device as recited in claim 51, wherein said logic circuit of the
      dragging mechanism speed setter comprises: a source of reference voltage;
      a first gate having a main input and a plurality of control circuits; said
      main input of said first gate connected to the output of said reference
      voltage source; said control circuits of said first gate connected to the
      output of said starting circuit of the bucket transportation time
      calculator and to the output of said inverter element of the starting
      circuit of the dragging mechanism speed setter; a second gate having a
      main input and a plurality of control circuits; said main input of said
      second gate connected to the output of said reference voltage source; said
      control circuits of said second gate connected to the output of said delay
      element of the starting circuit of the dragging mechanism speed setter and
      to the output of said threshold element of the dragging mechanism motion
      delay circuit; a third gate having a main input and a plurality of control
      circuits; said main input of said third gate connected to the output of
      said reference voltage source; said control circuits of said third gate
      connected to the output of said inverter element of the circuit for
      determining the steady speed of the dragging mechanism, to the output of
      said inverter element of the dragging mechanism motion delay circuit, and
      to the output of said threshold element of the circuit for determining the
      sense of rotation of the dragging mechanism; a fourth gate having a main
      input and a plurality of control circuits; said main input of said fourth
      gate connected to the output of said reference voltage source; said
      control circuits of said hourth gate connected to the output of said
      inverter element of the circuit for determining the instant at which the
      dragging mechanism starts decelerating and to the output of said inverter
      element of the circuit for determining the sense of rotation of the
      dragging mechanism; a fifth gate having a main input and a plurality of
      control circuits; said main input of said fifth gate connected to the
      output of said reference voltage source; said control circuits of said
      fifth gate connected to the output of said threshold element of the
      circuit for determining the steady speed of the dragging mechanism, to the
      output of said threshold element of the circuit for determining the sense
      of rotation of the dragging mechanism, and to the output of said threshold
      element of the circuit for determining whether or not the dragging
      mechanism is maneuvered; a sixth gate having a main input and a plurality
      of control circuits; said main input of said sixth gate connected to the
      output of said reference voltage source; said control circuits of said
      sixth gate connected to the output of said threshold element of the
      circuit for determining the instant at which the dragging mechanism starts
      decelerating and to the output of said inverter element of the circuit for
      determining the sense of rotation of the dragging mechanism; a seventh
      gate having a main input and a plurality of control circuits; said main
      input of said seventh gate connected to said reference voltage source;
      said control circuits of said seventh gate connected to the output of said
      threshold element of the circuit for accelerating the dragging mechanism
      speed in bucket unloading and to the output of said threshold element of
      the circuit for determining the sense of rotation of the dragging
      mechanism; an eighth gate having a main input and a plurality of control
      circuits; said main input of said eighth gate connected to the output of
      said hoisting mechanism speed transducer; said control circuits of said
      eighth gate connected to the output of said threshold element of the
      circuit for determining whether or not the dragging mechanism is
      maneuvered and to the output of said inverter element of the circuit for
      determining the sense of rotation of the dragging mechanism.
NUM  53.
PAR  53. A device as recited in claim 26, wherein said dragging mechanism
      predetermined speed signal shaper comprises a gate circuit and a resistor
      coupled via said gate circuit into said feedback circuit of the
      integrator; the control circuits of said gate circuit connected to the
      output of said circuit for determining the sense of rotation of the
      dragging mechanism and to the output of said circuit for determining
      whether or not the dragging mechanism is maneuvered; said resistor
      including means for preventing a stepwise change of the output signal when
      said shaper receives at the input thereof a signal proportional to the
      speed of the hoisting mechanism when the dragging mechanism is maneuvered
      to prevent slackening of the drag rope as the bucket is transported from
      the dumping point to the point where it is lowered on the face of said
      excavation.
NUM  54.
PAR  54. A device as recited in claim 24, wherein said logic circuit of the
      hoisting mechanism speed setter has connected thereto the output of said
      starting circuit of the dragging mechanism speed setter.
NUM  55.
PAR  55. A device as recited in claim 6, wherein said swinging mechanism speed
      setter comprises: a circuit for converting the coordinates of the bucket
      position to the acceleration time of the swinging mechanism, said
      acceleration time being proportional to the period of swing of the
      pendulum, and said circuit having a plurality of inputs and outputs; said
      inputs of the converter circuit connected to the output of said hoist rope
      overall length transducer, and to the output of said drag rope overall
      length transducer; a circuit for determining the steady speed of the
      swinging mechanism, said circuit having a plurality of inputs and outputs;
      said inputs of said circuit for determining the steady speed of the
      swinging mechanism connected to said output of the bucket position
      coordinate converter circuit, to the output of said bucket transportation
      time calculator, to the output of said platform swing angle transducer as
      the bucket is transported from the breakout point to the dumping point,
      and to the output of said platform swing angle transducer as the bucket is
      transported from the dumping point to the point where it is lowered on the
      face of said excavation; a circuit for determining the value of the
      starting acceleration of the swinging mechanism having inputs connected to
      the output of said bucket position coordinate converter circuit and to the
      output of said circuit for determining the steady speed of the swinging
      mechanism; a circuit for determining the instant at which the swinging
      mechanism starts decelerating having inputs connected to the output of
      said platform swing angle transducer as the bucket is transported from the
      breakout point to the dumping point, to the output of said platform swing
      angle transducer as the bucket is transported from the dumping point to
      the point where it is lowered on the face of said excavation, to the
      output of said transducer for sensing the bucket angular deflection in a
      horizontal plane, and to the output of said bucket transportation time
      calculator; a swing mechanism predetermined speed signal shaper having
      inputs coupled to the output of said circuit for determining the steady
      speed of the swinging mechanism, to the output of said platform speed
      transducer, and to the output of said circuit for determining the value of
      the starting acceleration of the swinging mechanism; a circuit for
      determining the sense of rotation of the swinging mechanism having an
      input connected to the output of said swinging mechanims predetermined
      speed signal shaper.
NUM  56.
PAR  56. A device as recited in claim 9, wherein said swinging mechanism speed
      setter comprises: a circuit for converting the bucket position coordinates
      to the time of acceleration of the swinging mechanism, said acceleration
      time being proportional to the period of swing of the pendulum, said
      converter circuit having a plurality of inputs and outputs; said inputs of
      the converter circuit connected to the output of said hoist rope overall
      length transducer and to the output of said drag rope overall length
      transducer; a circuit for determining the steady speed of the swinging
      mechanism and having a plurality of inputs and outputs; said inputs
      connected to said output of the bucket position coordinate converter
      circuit, to the output of said bucket transportation time calculator, to
      the output of said platform swing angle transducer as the bucket is
      transported from the breakout point to the dumping point, and to the
      output of said platform swing angle transducer as the bucket is
      transported from the dumping point to the point where it is lowered on the
      face of said excavation; a circuit for determining the value of the
      starting acceleration of the swinging mechanism having inputs connected to
      the output of said bucket position coordinate converter circuit and to the
      output of said circuit for determining the steady speed of the swinging
      mechanism; a circuit for determining the instant at which the swinging
      mechanism starts decelerating having inputs connected to the output of
      said platform swing angle transducer as the bucket is transported from the
      breakout point to the dumping point, to the output of said platform swing
      angle transducer as the bucket is transported from the dumping point to
      the point where it is lowered on the face of said excavation, to the
      output of said transducer for sensing the bucket angular deflection in a
      horizontal plane, and to the output of said bucket transportation time
      calculator; a swinging mechanism predetermined speed signal shaper having
      inputs connected to the output of said circuit for determining the steady
      speed of the swinging mechanism, to the output of said platform speed
      transducer, and to the output of said circuit for determining the value of
      the starting acceleration of the swinging mechanism; a circuit for
      determining the sense of rotation of the swinging mechanism having an
      input connected to the output of said swinging mechanism predetermined
      speed signal shaper.
NUM  57.
PAR  57. A device as recited in claim 21, wherein said swinging mechanism speed
      setter comprises: a circuit for converting the coordinates of the bucket
      position to the acceleration time of the swinging mechanism, said
      acceleration time being proportional to the period of swing of the
      pendulum, said converter circuit having a plurality of inputs and outputs;
      said inputs of said converter circuit connected to the output of said
      hoist rope overall length transducer and to the output of said drag rope
      overall length transducer; a circuit for determining the steady speed of
      the swinging mechanism having a plurality of inputs and outputs; said
      inputs connected to said output of the bucket position coordinate
      converter circuit, to the output of said bucket transportation time
      calculator, to the output of said platform swing angle transducer as the
      bucket is transported from the breakout point to the dumping point, and to
      the output of said platform swing angle transducer as the bucket is
      transported from the dumping point to the point where it is lowered on the
      face of said excavation; a circuit for determining the value of the
      starting acceleration of the swinging mechanism having inputs connected to
      the output of said bucket position coordinate converter circuit and to the
      output of said circuit for determining the steady speed of the swinging
      mechanism; a circuit for determining the instant at which the swinging
      mechanism starts decelerating having inputs connected to the output of
      said platform swing angle transducer as the bucket is transported from the
      breakout point to the dumping point, to the output of said platform swing
      angle transducer as the bucket is transported from the dumping point to
      the point where it is lowered on the face of said excavation, to the
      output of said transducer for sensing the bucket angular deflection in a
      horizontal plane, and to the output of said bucket transportation time
      calculator; a swinging mechanism predetermined speed signal shaper having
      inputs connected to the output of said circuit for determining the steady
      speed of the swinging mechanism, to the output of said platform speed
      transducer, and to the output of said circuit for determining the value of
      the starting acceleration of the swinging mechanism; a circuit for
      determining the sense of rotation of the swinging mechanism having an
      input connected to the output of said swinging mechanism predetermined
      speed signal shaper.
NUM  58.
PAR  58. A device as recited in claim 55, wherein said circuit for determining
      the steady speed of the swinging mechanism comprises: an adder having
      inputs connected to the output of said circuit for converting the bucket
      position coordinates to the swinging mechanism acceleration time
      proportional to the period of swing of the pendulum and to the output of
      said bucket transportation time calculator; a first divider having inputs
      connected to the output of said adder, to the output of said platform
      swing angle transducer as the bucket is transported from the breakout
      point to the dumping point, and to the output of said platform swing angle
      transducer as the bucket is transported from the dumping point to the
      point where it is lowered on the face of said excavation; a first memory
      element having an input connected to the output of said first divider; a
      second memory element having an input connected to the output of said
      first memory element; a threshold element having inputs connected to the
      output of said first memory element and to the output of said swinging
      mechanism predetermined speed signal shaper; an output relay having a
      control winding; said control winding of the output relay connected to the
      output circuit of said threshold element.
NUM  59.
PAR  59. A device as recited in claim 57, wherein said circuit for determining
      the steady speed of the swinging mechanism comprises: an adder having
      inputs connected to the output of said circuit for converting the bucket
      position coordinates to the swinging mechanism acceleration time
      proportional to the period of swing of the pendulum and to the output of
      said bucket transportation time calculator; a first divider having inputs
      connected to the output of said adder, to the output of said platform
      swing angle transducer as the bucket is transported from the breakout
      point to the dumping point, and to the output of said platform swing angle
      transducer as the bucket is transported from the dumping point to the
      point where it is lowered on the face of said excavation; a first memory
      element having an input connected to the output of said first divider; a
      second memory element having an input connected to the output of said
      first memory element; a threshold element having inputs connected to the
      output of said first memory element and to the output of said swinging
      mechanism predetermined speed signal shaper; an output relay having a
      control winding; said output relay control winding connected into the
      output circuit of said threshold element.
NUM  60.
PAR  60. A device as recited in claim 55, wherein said circuit for determining
      the value of the swinging mechanism starting acceleration comprises: a
      third memory element having an input connected to the output of said
      bucket position coordinate converter; a second divider having inputs
      connected to the output of said first memory element and to the output of
      said third memory element; the output of said second divider connected to
      the input of said swinging mechanism predetermined speed signal shaper.
NUM  61.
PAR  61. A device as recited in claim 59, wherein said circuit for determining
      the value of the swinging mechanism starting acceleration comprises: a
      third memory element having an input connected to the output of said
      bucket position coordinate converter; a second divider having inputs
      connected to the output of said first memory element and to the output of
      said third memory element; the output of said second divider connected to
      the input of said swinging mechanism predetermined speed signal shaper.
NUM  62.
PAR  62. A device as recited in claim 55, wherein said circuit for determining
      the instant at which the swinging mechanism starts decelerating comprises:
      an adder having inputs connected to the output of said platform swing
      angle transducer as the bucket is transported from the breakout point to
      the dumping point, to the output of said platform swing angle transducer
      as the bucket is transported from the dumping point to the point where it
      is lowered on the face of said excavation, and to the output of said
      transducer for sensing the bucket angular deflection in a horizontal
      plane; a differentiator having inputs connected to the output of said
      adder; a multiplier having inputs connected to the output of said bucket
      transportation time calculator and to the output of said differentiator; a
      threshold element said multiplier and to the output of said adder; an
      output relay having a control winding; said control winding being coupled
      into the output circuit of said threshold element of the circuit for
      determining the instant at which the swinging mechanism starts
      decelerating.
NUM  63.
PAR  63. A device as recited in claim 61, wherein said circuit for determining
      the instant at which the swinging mechanism starts decelerating comprises:
      an adder having inputs connected to the output of said platform swing
      angle transducer as the bucket is transported from the breakout point to
      the dumping point, to the output of said platform swing angle transducer
      as the bucket is transported from the dumping point to the point where it
      is lowered on the face of said excavation, and to the output of said
      transducer for sensing the bucket angular deflection in a horizontal
      plane; a differentiator having inputs connected to the output of said
      adder; a multiplier having inputs connected to the output of said bucket
      transportation time calculator and to the output of said differentiator; a
      threshold element having inputs connected to the output of said multiplier
      and to the output of said adder; an output relay having a control winding;
      said control winding connected to the output circuit of said threshold
      element of the circuit for determining the instant at which the swinging
      mechanism starts decelerating.
NUM  64.
PAR  64. A device as recited in claim 55, wherein said swinging mechanism
      predetermined speed signal shaper comprises: an integrator having two main
      inputs, an initial conditions setting circuit, a feedback circuit and an
      output; the input of said initial conditions setting circuit connected to
      the output of said swinging mechanism speed transducer, said first main
      input being connected to the output of said circuit for determining the
      steady speed of the swinging mechanism; said second main input connected
      to the output of said circuit for determining the value of the swinging
      mechanism starting acceleration; an inverter connected in series with said
      integrator; the output of said inverter connected to the input of said
      circuit for determining the sense of rotation of the swinging mechanism.
NUM  65.
PAR  65. A device as recited in claim 63, wherein said swinging mechanism
      predetermined speed signal shaper comprises: an integrator having two main
      inputs, an initial conditions setting circuit; a feedback circuit and an
      output; said initial conditions setting circuit having coupled to an input
      thereof the output of said swinging mechanism speed transducer; contacts
      of said output relay of the circuit for determining the instant at which
      the swinging mechanism starts decelerating; said first main input of the
      integrator coupled to the output of said second memory element via said
      contacts of the output relay of the circuit for determining the instant at
      which the swinging mechanism starts decelerating; contacts of said output
      relay of the circuit for determining the steady speed of the slewing
      mechanism; said second main input coupled to the output of said second
      divider via said contacts of the output relay of the circuit for
      determining the steady speed of the swinging mechanism; an inverter having
      an input connected to the output of said integrator and an output
      connected to the input of said circuit for determining the sense of
      rotation of the swinging mechanism.
NUM  66.
PAR  66. A device as recited in claim 57, wherein said swinging mechanism speed
      setter comprises: a function selector of the dragline excavator; a relay
      with contacts being controlled by said function selector; a swinging
      mechanism start-up delay circuit for the operation of the dragline
      excavator in a 360.degree. mode, inputs of said delay circuit being
      coupled to the output of said bucket transportation time signal shaper,
      and to the output of said third adder of the bucket transportation time
      calculator; a starting relay having a control winding and contacts; said
      control winding of the starting relay via said contacts of the relay
      controlled by the function selector being coupled to the output of said
      swinging mechanism start-up delay circuit and to the output of the
      starting circuit of the dragging mechanism speed setter.
NUM  67.
PAR  67. A device as recited in claim 25, wherein said swinging mechanism speed
      setter comprises: a function selector of the dragline excavator; a relay
      with contacts controlled by said function selector; a swinging mechanism
      start-up delay circuit for the operation of the dragline excavator in a
      360.degree. mode, inputs of said delay circuit being connected to the
      output of said bucket transportation time shaper and to the output of said
      third adder of the bucket transportation time calculator; a starting relay
      with a control winding and contacts; said control winding of the starting
      relay via said contacts of the function selector-controlled relay being
      coupled to the output of said swinging mechanism start-up delay circuit
      and to the output of the starting circuit of the dragging mechanism speed
      setter.
NUM  68.
PAR  68. A device as recited in claim 65, wherein said swinging mechanism speed
      setter comprises: a function selector of the dragline excavator; a relay
      with contacts controlled by said function selector; a swinging mechanism
      start-up delay circuit for the operation of the dragline excavator in a
      360.degree. mode, inputs of said delay circuit being connected to the
      output of said bucket transportation time signal shaper and to the output
      of said third adder of the bucket transportation time calculator; a
      starting relay with a control winding and contacts; said control winding
      via said contacts of the function selector-controlled relay being coupled
      to the output of said swinging mechanism start-up delay circuit and to the
      output of the starting circuit of the dragging mechanism speed setter;
      said contact of the starting relay connected to the circuit for connecting
      the output of said second divider with the input of said integrator of the
      swinging mechanism predetermined speed signal shaper.
NUM  69.
PAR  69. A device as recited in claim 65, wherein said circuit for determining
      the sense of rotation of the swinging mechanism comprises a threshold
      element and an inverter element interconnected in series.
NUM  70.
PAR  70. A device as recited in claim 67, wherein said circuit for determining
      the sense of rotation of the swinging mechanism comprises a threshold
      element and an inverter element interconnected in series.
NUM  71.
PAR  71. A device as recited in claim 69, wherein said swinging mechanism speed
      setter comprises a switch of the initial sense of rotation of the platform
      and a relay having contacts; a winding of said relay coupled via said
      switch of the initial sense of rotation to the output of said threshold
      element of the circuit for determining the sense of rotation of the
      swinging mechanism and to the output of the inverter element of the
      circuit for determining the sense of rotation of the swinging mechanism;
      the contacts of said relay coupled to the circuit for connecting the
      output of the swinging mechanism speed setter with the input of the
      integrator of the swinging mechanism predetermined speed signal shaper and
      with the output of the inverter of said shaper.
NUM  72.
PAR  72. A device as recited in claim 55, wherein the output of said circuit for
      converting the bucket position coordinates to the swinging mechanism
      acceleration time proportional to the period of swing of the pendulum is
      connected to the input of said third adder of the bucket transportation
      time calculator.
NUM  73.
PAR  73. A device as recited in claim 70, wherein said control circuit of the
      third gate of said logic circuit of the hoisting mechanism speed setter is
      coupled via said dragline excavator function selector to the circuit for
      determining the sense of rotation of the swinging mechanism.
NUM  74.
PAR  74. A device as recited in claim 2, wherein said hoist rope tension setting
      circuit comprises: a digging path transducer connected to said bucket
      dragging mechanism; a hoist rope initial tension setter; a hoist rope
      final tension setter; a first adder having inputs connected to the output
      of said hoist rope initial tension setter and to the output of said hoist
      rope final tension setter; a digging path setter having an input connected
      to the output of said first adder; a multiplier having inputs connected to
      the output of said digging path setter and to the output of said digging
      path transducer; a second adder having inputs connected to the output of
      said multiplier and to the output of said hoist rope initial tension
      setter, the output of said second adder being connected to the input of
      said hoist rope tension controller.
NUM  75.
PAR  75. A device as recited in claim 5, wherein said first protection unit of
      the dragging mechanism program speed setting comprises a cam mechanism; a
      potentiometer coupled to said mechanical adder, the slider of said
      potentiometer being coupled to said cam mechanism, and an adder having
      three inputs and an output, one input of said adder being connected to the
      output of said potentiometer, the second input being connected to the
      output of said gate, the third input being connected to the output of said
      reference voltage source, the output of said adder being connected to the
      second input of said first OR circuit.
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ABST
PAL  Apparatus for producing a digital or analog output directly proportional to
      the ratio of the densities of two gases at the same temperature and
      pressure. The ratio is usually that of the density of a gas of interest to
      the density of air. One outstanding feature of this instrument resides in
      the use of an automatic DC current control for gas and air vibrating
      ferromagnetic vanes which unexpectedly provides temperature compensation.
      The gas vane is immersed in the gas. The air vane is immersed in air. Gas
      and air piezoelectrical crystals for the respective gas and air vanes
      produce output signals of frequencies corresponding to the vibrational
      frequencies of the respective gas and air vanes. In combination with other
      gear, phase lock loops adapted for frequency multiplication are employed
      and advantageously improve accuracy. Substantial economy is surprisingly
      achieved in solving the equation. Still another feature resides in the
      equipment saving involved in time sharing two long counters.
PAL  It is striking that the gravity of a fluid has been found to be directly
      proportional to either one of the following two expressions:
EQU  (T.sub.g - T.sub.go) (f.sub.a - f.sub.ao ')
PAL  And
      ##EQU1##
      WHERE T.sub.go is a constant, T.sub.ao is a constant, f.sub.ao is a
      constant, T.sub.ao is a constant, T.sub.g is the sample fluid vane period,
      T.sub.a is the reference (e.g. air) vane period, f.sub.a is the reciprocal
      of T.sub.a, and f.sub.ao ' is a constant.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the art of fluid measurement, and more
      particularly, to apparatus for producing an output directly proportional
      to the ratio of the densities of two gases.
PAR  The word "gravity" is hereby defined for use herein and for use in the
      clamis to mean either the ratio of the densities of two fluids or the
      ratio of the density of a gas of any type to the density of air at the
      same temperature and pressure. As will be explained hereinafter, the
      gravity of a gas is otherwise substantially independent of temperature and
      pressure.
PAR  In the past, it has been practice to measure the gravity of a gas by
      loading a gas tight cylinder with a gas and placing it on a balance with a
      gas tight cylinder of air. This apparatus is expensive and combersome to
      use. Moreover, gravity is obtained by performing a batch process which
      cannot run continuously with flowmeter apparatus to indicate
      instantaneously what the rate of volume flow and the total volume flow in
      a pipeline is.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present inventin, an instantaneous indication of
      density or gravity or signals directly proportional thereto may be
      obtained through the use of a vibration densitometer having a spring metal
      cantilevered ferromagnetic vane.
PAR  Two such densitometers may be used in a gravitometer.
PAR  In accordance with the present invention, the gravitometer thereof may be
      used in one or more total volume or rate volume flow flowmeters to provide
      an output signal directly proportional to rate of volume flow.
PAR  The present invention may take the form of apparatus for producing a
      digital or analog output directly proportional to the ratio of the
      densities of two gases at the same temperature and pressure.
PAR  One outstanding feature of the present invention resides in the use of an
      automatic DC current control for gas and air vibrating ferromagnetic vanes
      which unexpectedly provides temperature compensation.
PAR  Gas and air piezoelectrical crystals for the respective gas and air vanes
      produce output signals of frequencies corresponding to the vibrational
      frequencies of the respective gas and air vanes. In combination with other
      gear, frequency multipliers employed and advantageously improve accuracy.
      Substantial economy is surprisingly achieved in the manner the equation is
      solved.
PAR  Another advantageous feature of the present invention resides in an
      equipment saving made possible by time sharing two long counters.
PAR  It is striking that the gravity of a fluid has been found to be driectly
      proportional to either one of the following two expressions:
EQU  (T.sub.g - T.sub.go)(f.sub. a - f.sub.ao ')
PAL  and                                                        (1)
      ##EQU2##
      where, T.sub.go is a constant,
PA1  T.sub.ao is a constant,
PA1  f.sub.ao is a constant,
PA1  T.sub.ao is a constant,
PA1  T.sub.g is the sample fluid vane period,
PA1  T.sub.a is the reference (e.g. air) vane period,
PA1  f.sub.a is the reciprocal of T.sub.a, and
PA1  f.sub.ao ' is a constant.
PAR  The gravitometers of the present invention have a much faster speed of
      response and are more accurate than gravitometers of the prior art.
PAR  The gravitometers of the present invention have utility when used by
      themselves or in a flowmeter. For example, the output of a gravitometer
      constructed in accordance with the present invention may be connected to
      one or more process controllers, or to a DC milliammeter or recorder
      calibrated in gravity, or any other apparatus.
PAR  Different natural gases are frequently blended to achieve a desired BTU
      content based on the gas gravities.
PAR  A gravity indication is, thus, useful in estimating the BTU content of
      natural gas. It can be used in determining performance under gas delivery
      contracts specifying BTU content. Further, estimated BTU content is also
      frequently used for billing purposes.
PAR  As will be understood from the foregoing, automatic process controllers can
      be operated from the gravitometers of the present invention to maintain
      automatically any desired gravity or BTU content.
DRWD
PAR  The above-described and other advantages of the present invention will be
      better understood from the following detailed description when considered
      in connection with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings which are to be regarded as merely illustrative:
PAR  FIG. 1 is a diagrammatic view of a flowmeter;
PAR  FIG. 2 is a schematic diagram of a pickup shown in FIG. 1;
PAR  FIG. 3 is a graph of a group of waveforms characteristic of the operation
      of the flowmeter shown in FIG. 1;
PAR  FIG. 4 is a diagrammatic view of a gravitometer constructed in accordance
      with the present invention;
PAR  FIG. 5 is a top plan view of a twin cell assembly indicated
      diagrammatically in FIG. 4;
PAR  FIG. 6 is a vertical sectional view taken on the line 6--6 through a
      mounting bolt shown in FIG. 5;
PAR  FIG. 7 is a vertical sectional view taken on the line 7--7 shown in FIG. 5;
PAR  FIG. 8 is a horizontal sectional view taken on the line 8--8 shown in FIG.
      7;
PAR  FIG. 9 is a vertical sectional view taken on the line 9--9 shown in FIG. 5;
PAR  FIG. 10 is a vertical sectional view taken on the line 10--10 shown in FIG.
      9;
PAR  FIG. 11 is a vertical sectional view taken on the line 11--11 shown in FIG.
      5;
PAR  FIG. 12 is a horizontal sectional view taken on the line 12--12 shown in
      FIG. 11;
PAR  FIG. 13 is a perspective view of a ferromagnetic rod shown in FIGS. 5, 9,
      10 and 11;
PAR  FIG. 14 is a vertical sectional view taken on the line 14--14 shown in FIG.
      5;
PAR  FIG. 15 is a horizontal sectional view taken on the line 15--15 shown in
      FIG. 14;
PAR  FIG. 16 is a rear elevational view of an alternative gravity cell
      constructed in accordance with the present invention;
PAR  FIG. 17 is a top plan view of the cell shown in FIG. 16;
PAR  FIG. 18 is a side elevational view of the cell shown in FIG. 17;
PAR  FIG. 19 is a transverse sectional view of the cell taken on the line 19--19
      shown in FIG. 16;
PAR  FIG. 20 is a vertical sectional view of the cell taken on the line 20--20
      shown in FIG. 17;
PAR  FIG. 21 is a schematic diagram of a preamplifier shown in FIG. 4;
PAR  FIG. 22 is a schematic diagram of a power amplifier illustrated in FIG. 4;
PAR  FIGS. 23 and 24 are graphs of waveforms characteristic of the operation of
      the power amplifier;
PAR  FIG. 25 is a detailed block diagram of a digital computer shown in FIG. 4;
PAR  FIG. 26 is a graph of a group of waveforms illustrating the operation of
      the computer of FIG. 25;
PAR  FIG. 27 is a block diagram of a resetting mechanism for a counter; and
PAR  FIGS. 28, 29, 30 and 31 are block diagrams of three other alternative
      systems of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  THE FLOWMETER OF FIG. 1
PAR  Although the gravitometers of the present invention will have utility in a
      great many systems or by themselves, one use thereof is in a flowmeter, to
      be described.
PAR  It is well known in the prior art that the total flow .intg. Q dt where t
      is time and Q is the volume rate of gas flow per unit time, Q being
      measured in standard cubic feet. This standard cubic feet (at, for
      example, 14.7 pounds/cubic feet pressure and 68.degree. F.) of a gas in a
      pipeline may be calculated from the following equation (1) defining mass
      flow rate Q.
      ##EQU3##
      where, P is the static pressure in a pipeline 3000 shown in FIG. 1,
PA1  .DELTA.p is the differential pressure across an orifice 32,
PA1  T.sub.1 is the absolute temperature of the gas, and
PA1  G is the "gravity" of the gas.
PAL  The gravity, G, of a gas is defined by
EQU  G = .rho..sub.g /.rho..sub.a                               (4)
PAL  where,
PA1  .rho..sub.g is the density of the gas at a predetermined temperature and at
      a predetermined pressure, and
PA1  .rho..sub.a is the density of air at the same said predetermined
      temperature and predetermined pressure.
PAR  It is interesting to note that G is substantially "independent" of
      temperature and pressure. That is, for the same gas, the value of G will
      be the same regardless of which "predetermined temperature" and
      "predetermined pressure" it is measured. The proof for this characteristic
      follows.
PAR  Boyle's law and Charles' law may be combined into the single expression
EQU  PV/T.sub.1                                                 (5)
PAL  which is equal to a constant. Hence,
EQU  PV = MRT.sub.1                                             (6)
PAL  where,
PA1  P is pressure,
PA1  V is volume,
PA1  M is mass,
PA1  R is the gas constant, and
PA1  T.sub.1 is absolute temperature.
PAR  If .rho. is density, then
      ##EQU4##
      Thus, combining (6) and (7),
      ##EQU5##
      where,
      ##EQU6##
PAR  Equations (10) and (11) are analogous to (8) for a gas, g, of interest and
      air, a.
      ##EQU7##
      Dividing (10) and (11) and assuming P.sub.g = P.sub.a and T.sub.g =
      T.sub.a,
      ##EQU8##
      Combining (4), (8) and (12),
      ##EQU9##
      Equation (13), thus, indicates that G is truly "independent" of which set
      of temperature and pressure conditions are selected.
PAR  Equation (3) may be proven as follows. The flow, Q.sub.s, through an
      orifice is
EQU  Q.sub.s = K.sub.2 A .sqroot.2gH.sub.g                      (14)
PAL  where,
PA1  K.sub.2 is a constant,
PA1  A is the orifice area,
PA1  g is acceleration due to the earth's gravity, and
PA1  H.sub.g is the differential pressure head in feet across the orifice.
PAR  To convert the differential head to inches of air,
      ##EQU10##
      Hereinafter, the 68.degree. F. and the 14.7 pounds/square inch will be
      referred to as "standard temperature and pressure T.sub.a and P.sub.a,
      respectively."
PAR  Equation (10) can, thus, be divided by equation (11) as follows:
      ##EQU11##
      where, P is equal to P.sub.g,
PA1  T.sub.1 is equal to T.sub.g, and
PA1  .rho. is equal to .rho..sub.g.
PAR  Substituting .rho. = .rho..sub.g into (15), (16) into the resultant, one
      obtains
      ##EQU12##
PAR  Substituting (17) into (14), one obtains
      ##EQU13##
PAR  Thus,
      ##EQU14##
      where,
      ##EQU15##
PAR  From expression (5),
      ##EQU16##
      Thus,
      ##EQU17##
      Combining (19) and (22),
      ##EQU18##
      where,
      ##EQU19##
      and .DELTA.P is equal to H.sub.a .rho..sub.a (pressure equals height times
      density).
PAR  The embodiment of FIG. 1 mechanizes equation (3) for continuously
      indicating total volume flow in standard cubic feet.
PAR  In FIG. 1, a portion of a pipeline is indicated at 3000 having a disc 378
      fixed therein to provide an orifice 32. A differential pressure transducer
      33 senses the difference between the pressures on opposite sides of
      orifice 32. A static pressure transducer 34 senses the pressure on one
      side of orifice 32. A temperature transducer 35 senses the temperature on
      one side of the orifice 32.
PAR  In FIG. 1, a multiplier 36, a multiplier 37, a divider 38 and a square root
      extractor 39 are provided. An output circuit 40 is connected from the
      output of square root extractor 39. Output circuit 40 includes a pickoff
      41, a saw-tooth generator 42, an inverter 43, a burst oscillator 44, a
      gate 45 and a counter 46.
PAR  Differential pressure transducer 33 produces a DC current on an output lead
      47 which is directly proportional to the difference between the pressures
      on opposite sides of the orifice 32.
PAR  Static pressure transducer 34 produces a DC current on an output lead 48
      directly proportional to the pressure on one side of orifice 32.
      Temperature transducer 35 produces a DC current on an output lead 49
      directly proportional to the temperature of the gas inside pipeline 3000
      on one side on orifice 32. of
PAR  A gravitometer 50 is connected from pipeline 3000 on one side of orifice 32
      to produce a DC output current on an output lead 51 of a digital-to-analog
      converter 1001 directly proportional to the gravity of the gas in pipeline
      3000.
PAR  Multiplier 36 is connected from leads 49 and 51. The output of multiplier
      36 is impressed upon an output lead 52 which is connected to divider 38.
      Multiplier 36 then produces an output current in lead 52 which is directly
      proportional to the product of the outputs of temperature transducer 35
      and gravitometer 50.
PAR  Multiplier 37 is connected from both of the pressure transducers 33 and 34
      to divider 38. Multiplier 37 has an output lead 53, the current in which
      is directly proportional to the product of the current outputs of the
      pressure transducers 33 and 34. Divider 38 has an output lead 54 which
      carries a DC voltage directly proportional to the output of multiplier 37
      divided by the output of multiplier 36. Divider 38 may, if desired,
      include a current-to-voltage converter at its output. A current-to-voltage
      converter, for example, may be simply a resistor connected from the output
      of divider 38 to ground.
PAR  Notwithstanding the foregoing, any component part of the invention employed
      to produce a current analog may be employed to produce a voltage analog.
PAR  Square root extractor 39 has an output lead 55 upon which a DC voltage is
      impressed which is directly proportional to the square root of the output
      of divider 38.
PAR  Pickoff 41 has an output lead 56 upon which a square wave is impressed.
      This square wave is generated by comparing the amplitude of the saw-tooth
      output of generator 42 with the amplitude of the DC voltage on lead 55.
PAR  Inverter 43 is connected over an output lead 57 to gate 45. Inverter 43
      inverts the square wave output of pickoff 41.
PAR  It is to be noted that the dimensions of a square wave are conventionally
      vertical in volts and horizontal in time. The work "square," thus, has no
      reference to any particular relationship between the amplitude and period
      of such a wave. The phrase "square wave" is, therefore, hereby defined for
      use herein and in the claims to mean "a rectangular wave" or vice versa.
PAR  Burst oscillator 44 produces output pulses at a constant rate and at a
      pulse repetition frequency (PRF) which is large in comparison to the PRF
      of the square wave appearing on inverter output lead 57. Gate 45 is opened
      during the positive pulses of the square wave on lead 57, and passes
      pulses from the burst oscillator 44 to counter 46 during the pulses of the
      square wave on lead 57.
PAR  All of the parts shown in FIG. 1 may be entirely conventional, if desired,
      except gravitometer 50. Gravitometer 50 is constructed in accordance with
      the present invention, as will be explained.
PAR  Multipliers 36 and 37 may be entirely conventional voltage or current
      multipliers, if desired. Divider 38 may be an entirely conventional
      divider, if desired. Square root extractor 39 may be an entirely
      conventional square root extractor or function generator, if desired.
PAR  Saw-tooth generator 42, gate 45, inverter 43 and counter 46 may all be
      entirely conventional. Pickoff 41 may also be entirely conventional, if
      desired.
PAR  If desired, an indicator 1000 connected from counter 46 may be calibrated
      in total volume flow in standard cubic feet. Counter 46, if desired, may
      be an entirely conventional binary counter.
PAR  In FIG. 2, pickoff 41 is shown including input terminals 58 and 59, and an
      output terminal 60. An amplifier 61 is also shown in FIG. 2 connected to
      ground at 62 and having an input lead 63 connected to a summing junction
      64. A resistor 65 is connected from terminal 59 to junction 64. A diode 66
      and a resistor 67 are connected in series in that order from terminal 58
      to junction 64. A capacitor 68 is connected from the output of amplifier
      61 to terminal 60.
PAR  In FIG. 1, terminal 58 would be connected from saw-tooth generator 42.
      Terminal 59 would be connected from square root extractor 39. Output
      terminal 60 would be connected to inverter 43. The voltage supplied to
      terminal 59 by square root extractor 39 would be a negative voltage. The
      output signal of saw-tooth generator 42 would be a positive going voltage.
      It would begin at ground and increase from there to its peak value. When
      the potential at terminal 58 equals or slightly exceeds the negative
      potential at 59, amplifier 61, if it is a high gain amplifier having a
      gain of several hundred thousand, will produce a square wave output by
      being driven into saturation. The pulses at the output amplifier 61 will
      then have a pulse width directly proportional to the output voltage of
      square root extractor 39.
PAR  The saw-tooth output voltage of saw-tooth generator 42 is indicated at 69
      in FIG. 3. The corresponding positive magnitude of the negative output
      voltage of square root extractor 39 is indicated at the horizontal line 70
      in FIG. 3. The horizontal level of line 70 may vary from time to time, but
      will generally not vary as fast as the PRF of the saw-tooth voltage.
PAR  As shown in FIG. 3, pulses 71 are produced at the output of pickoff 41 in
      FIG. 1 which have a time width determined by the end of each saw-tooth 69
      and a beginning which occurs where the inclined portion of each saw-tooth
      crosses line 70.
PAR  As shown in FIG. 3, inverter 43 has output pulses 72, the time width of
      which is directly proportional to the amplitude of the output signal of
      square root extractor 39. In FIG. 3, the portion of the output pulses of
      burst oscillator 44, which are counted by counter 46, are indicated at 73.
PAC  OPERATION OF THE FLOWMETER OF FIG. 1
PAR  In FIG. 1, the transducers 33, 34 and 35 produce differential pressure,
      static pressure and temperature analogs. The pressure analogs are
      multiplied together by multiplier 37. The temperature analog is multiplied
      by the gravity analog appearing on the output lead 51 of converter 1001 by
      multiplier 36. The output of multiplier 37 is divided by the output of
      multiplier 36 in divider 38. The square root of the output of divider 38
      is taken by square root extractor 39. The analog output of square root
      extractor 39 is then integrated in output circuit 40. Saw-tooth generator
      42, pickoff 41 and inverter 43 produce a time analog at the output of
      inverter 43 of the output of square root extractor 39. This is converted
      to a digital number which is accumulated in binary counter 46, this
      digital number representing total volume flow in standard cubic feet. This
      digital number is indicated by indicator 1000 which has one lamp for each
      flip-flop or stage in counter 46 or is digital and calibrated.
PAC  THE GRAVITOMETER OF THE PRESENT INVENTION ILLUSTRATED IN FIG. 4
PAR  In FIG. 4, a pipeline is illustrated at 310 having a conduit 300 connected
      therefrom to a twin cell assembly 103. Conduit 300 has a disc 311 sealed
      therein that has an orifice 312 to admit a sample of the gas flowing in
      pipeline 310 to assembly 103 at a relatively low flow rate and at a
      relatively low pressure.
PAR  Assembly 103 includes a gas vane 109 which vibrates in the gas sample, and
      an air vane 110 which vibrates in air at ambient temperature and pressure.
PAR  Neither of the vanes 109 and 110 vibrate naturally. There are losses. Vanes
      109 and 110 must, thus, be driven. They are driven by a driver 313. Driver
      313 forms a link in two combined closed loop electromechanical oscillators
      which oscillate both of the vanes 109 and 110 unexpectedly at different
      frequencies and at different rate of change of frequencies, the former
      being functions of respective densities.
PAR  It is a striking thing that the density of the gas and air in which vanes
      109 and 110, respectively, vibrate are unexpected functions of the vane
      frequencies and periods.
PAR  The frequency and period of the vibration of air vane 110 is detected by a
      piezoelectric air crystal 112. Similarly, the frequency and period of the
      vibration of gas vane 109 is detected by a piezoelectric gas crystal 111.
      The output of air crystal 112 is connected to the input of a preamplifier
      316. The output of gas crystal 111 is connected to the input of a
      preamplifier 317.
PAR  The output of preamplifier 316 is connected to the input of a phase lock
      loop 318. The output of preamplifier 317 is connected to the input of
      phase lock loop 319. Each of the phase lock loops 318 and 319 may or may
      not be identical to each other, if desired. Each of the phase lock loops
      318 and 319 may be entirely conventional including adaptations which they
      have to produce two square wave output signals each, all four of such
      signals normally having different frequencies. All four output signals may
      have a mark-to-space ratio of unity although that is not always necessary
      and may never be necessary. Phase lock loop 318 has an adaptation which
      makes it a frequency multiplier by the addition of a divide-by-1,000
      divider 302. Similarly, phase lock loop 319 has a divide-by-1,000 divider
      303 which makes phase lock loop 319 a frequency multiplier as well.
PAR  In production, it is impossible to make two air vanes precisely alike. It
      is also impossible to make two gas vanes precisely alike. As will be
      explained, each vane is calibrated independently. It is impossible to
      predict what the vibrational frequency of air vane will be in advance.
      Thus, all the numerical values given herein are typical. However, these
      values could not be predicted with the accuracy desired for any given
      vane. The air vane 110 might have a vacuum frequency of 316.000 Hz. The
      air vane might have a frequency of 314.000 Hz. for a dry air density of
      0.001205 gram per milliliter at 20.degree. C. and at 760 millimeters of
      Mercury. Call this density d.sub.c. For a density of 2d.sub.c, the air
      vane may have a frequency of 312.025 Hz.
PAR  Again, typically, the gas vane 109 may have a vacuum frequency of 314.000
      Hz. At d.sub.c, the gas vane frequency may be 312.000 Hz.
PAR  Phase lock loop 318 has a phase detector 320, the output of which is
      impressed upon a low pass filter 321. Low pass filter 321 may or may not
      have an amplifier. Similarly, amplifiers and inverters may be omitted or
      added throughout this disclosure, as desired.
PAR  The loop is closed by connection from low pass filter 321 through a voltage
      controlled oscillator (VCO) 322, a squarer 323, divider 302 to phase
      detector 320.
PAR  Squarer 323 may be omitted in some or all cases. It is conventional to
      employ a VCO which has a square wave output.
PAR  Phase lock loop 318 has an output junction 324 connected from the output of
      divider 302, and an output junction 325 connected from the output of
      squarer 323. Similarly, phase lock loop 319 has an output junction 326,
      and an output junction 327.
PAR  Because both of the phase lock loops 318 and 319 may be identical, the
      remaining details of phase lock loop 319 will not be described.
PAR  The output from junction 324 in phase lock loop 318 is connected to one
      input of a power amplifier 304. Similarly, the output junction 326 of
      phase lock loop 319 is connected to the other input of power amplifier
      304.
PAR  The power amplifier 304 has an output which is connected to driver 313 in
      assembly 103.
PAR  Junctions 325 and 327 in phase lock loops 318 and 319 are connected to a
      digital computer 328 which, in turn, is connected to utilization means
      329.
PAR  In accordance with the foregoing, the frequencies appearing at junctions
      324 and 326 in phase lock loops 318 and 319, respectively, for a gas
      density of d.sub.c and an air density of d.sub.c may, for example, be
      312.000 Hz. and 314.000 Hz., respectively. On the other hand, the
      corresponding frequency of the square wave having the legend f.sub.a will
      have a frequency for a density d.sub.c of 314,000 Hz. The lead having the
      legend f.sub.g will have a corresponding frequency for gas density of
      d.sub.c equal to 312,000 Hz.
PAR  In accordance with the foregoing, f.sub.a is directly proportional to or
      equal to the air vane frequency depending upon whether the multiplication
      factor of frequency multiplier 318 is something other than 1.0 to 1.0,
      respectively. Similarly, f.sub.g is directly proportional to or equal to
      the gas vane frequency depending upon whether the multiplication factor of
      frequency multiplier 319 is something other than 1.0 or 1.0, respectively.
PAR  Digital computer 328 converts the inputs thereto labeled f.sub.a and
      f.sub.g to a digital number which is directly proportional to the gravity
      of the gas flowing in pipeline 310.
PAR  The instrument as illustrated in FIG. 4 may be sold without the utilization
      means 329. The utilization means 329 may take many forms. The gravitometer
      of the present invention may be used in larger computation systems. It may
      be used as gravitometer 50 in the flowmeter of FIG. 1 or in any other
      systems. It may be employed in process control systems. Utilization means
      329 may, thus, be a flowmeter, a process control system, simply means to
      indicate the gravity of the gas flowing in pipeline 310 or otherwise. For
      this reason, the phase "utilization means" is defined for use herein and
      for use in the claims to mean a flowmeter, another system, a process
      control system, an indicator, or otherwise.
PAC  THE TWIN CELL ASSEMBLY 103 ILLUSTRATED IN FIGS. 5-15
PAR  A top plan view of assembly 103 is shown in FIG. 5 including a supporting
      plate 175, a supporting bolt 176, a central block 177, an inlet block 178
      and an outlet block 179. Inlet block 178 is fixed to central block 177 by
      six cap screws 180, only three of which are shown in FIG. 5. Similarly,
      outlet block 179 is fixed to central block 177 by six cap screws 181. A
      cover plate 182 is positioned between the heads of screws 180 and inlet
      block 178. Inlet block 178 has an inlet ferrule 183 into which conduit 300
      may be inserted and sealed.
PAR  Four cap screws 184 fix a subassembly to block 177. Similarly, four cap
      screws 185 fix another subassembly to block 177. Both of the said
      subassemblies will be described hereinafter.
PAR  Driver 313 includes a ferromagnetic rod 186 which projects into and is
      fixed relative to block 177, as will be described. A driver coil 187 is
      fixed relative to rod 186 therearound.
PAR  Outlet block 179 carries gas and air vent ferrules 188 and 189,
      respectively, that are fixed relative thereto. A conduit 190 is inserted
      into ferrule 189 and may be sealed therein, if desired. A dessicator 191
      is connected from conduit 190 and has a vent tube 192 allowing air to pass
      back and forth through dessicator 191 from the atmosphere into and out of
      block 177, respectively.
PAR  Only one bolt 176 is shown in FIG. 5. However, four bolts are preferably
      employed. Other bolts would pass through holes 193, 194 and 195 in plate
      175, as shown in FIG. 5.
PAR  All the structures shown in FIG. 6 are fixed relative to each other. A
      plate 196 is provided below plate 175. Bolt 176 has a head 197 that rests
      on top of plate 175, a shank 198 which is slidable therethrough and a
      threaded lower end 199 which is threaded into plate 196. A cylindrical
      spacer 200 is held in axial compression between plates 175 and 196, bolt
      shank 198 extending through the center of spacer 200.
PAR  Plate 196 has four threaded holes 201, only one of which is shown in FIG.
      6. The other three holes lie substantially in registration with holes 193,
      194 and 195, respectively, of plate 175.
PAR  As shown in FIG. 7, block 178 has two cap screws 202 and 203 fixed relative
      thereto. The structure immediately surrounding screw 202 is substantially
      identical to that surrouding screw 203. Thus, the structure immediately
      surrounding screw 203 will be the only structure described. The same is
      true of the structure surrounding screws 204 and 205 in FIG. 14. In FIG.
      7, plate 175 is recessed at 206 and 207. Plate 175 has a web 208 which
      separates the recesses 206 and 207. Web 208, itself, has an opening 209
      therethrough through which the shank 210 of screw 203 projects. Screw
      shank 210 is, thus, slidable through opening 209. A spring 211 is trapped
      and held in compression between web 208 and the lower end of block 178, as
      viewed in FIG. 7. A spring 212 is trapped and held in compression between
      web 208 and the head 213 of screw 203. A resilient mounting is, thus,
      provided for all the structure above plate 175 which is fixed relative to
      screws 202, 203, 204 and 205.
PAR  Screws 180, shown in FIGS. 5 and 7, are slidable through corresponding
      holes in plate 182 and block 178 and threaded part way into block 177.
PAR  As shown in FIG. 8, gas can be introduced into block 178 through a conduit
      214 therein through a frusto-conical port 215 into a thin space 216. A
      number of the relative dimensions shown herein may be employed, if
      desired. Space 216 is defined by a recess 217 in block 178 shown in FIG.
      8. Gas can then enter a conduit 218, shown in FIG. 8, through another
      frusto-conical port 219. A larger frusto-conical outlet surface 220 then
      lies in communication with conduit 218. One end of conduit 218 is closed
      by a screw 221 threaded thereinto and sealed therein.
PAR  As shown in FIG. 8, the depth of recess 217 is quite small and is
      represented by the dimension A1. It is, thus, possible to equalize the
      temperatures of the gas and air in block 177, to be described. Preferably,
      blocks 177, 178 and 179 are made of 302 stainless steel or are made of 303
      stainless steel. Blocks 177, 178 and 179 may be made of these or any other
      conventional materials which have a fairly good thermal conductivity and
      are nonmagnetic. However, it makes little difference whether or not any of
      the cap screws shown in FIGS. 5, 6, 7 and 14 are or are not magnetic. They
      may or may not be magnetic, as desired.
PAR  The lower face 222 of block 178, shown in FIG. 8, fits on the face opposite
      223 of block 117, shown in FIG. 9, with the cylindrical surface 225, shown
      in FIG. 9, having an axis that is the same as that of conical surface 220,
      shown in FIG. 8. The width and heights of blocks 177, 178 and 179 are all
      the same. They also are all aligned as in FIG. 5.
PAR  As shown in FIG. 9, another cylindrical surface is provided at 224.
      Cylindrical holes 224 and 225 extend completely through the width of block
      177, spaces inside thereof being mostly defined by the surfaces 224 and
      225. These spaces may be hereinafter referred to as the gas chamber 226
      and the air chamber 226. Note that surface 222 in FIG. 8 closes one end of
      air chamber 226.
PAR  Air vane 110 extends into air chamber 226. Gas vane 109 projects into gas
      chamber 227.
PAR  As shown in FIG. 10, rod 186 is fixed in block 177 by a set screw 230. Rod
      186 and set screw 230 may also be sealed therein, if desired. As shown in
      FIG. 11, vanes 109 and 110 and silver soldered at 231 to respective
      circular inserts 233 and 232 fixed relative to block 177 by screws 184 and
      185, respectively.
PAR  Inserts 232 and 233 have respective recesses 234 and 235 at the bottom of
      which piezoelectric crystals 112 and 111 are bonded with any conventional
      agent such as a conventional epoxy.
PAR  A device 301, to be described further, is fixed relative to insert 232.
PAR  In FIG. 11, note will be taken that the lower end of rod 186 is disposed
      slightly above the upper surface of vane 110, as viewed in FIG. 11.
PAR  If desired, vanes 109 and 110 may be identical. Moreover, the upper and
      lower surfaces thereof may lie in two corresponding single planes. Certain
      symmetry will be evident from FIGS. 11 and 12.
PAR  The location of the lower end of rod 186 above the vanes is indicated at A2
      in FIG. 11.
PAR  As shown in FIG. 11, inserts 232 and 233 have cylindrical portions 238 and
      239, respectively, which mate with the cylindrical surfaces 224 and 225.
      respectively.
PAR  Note will be taken that each vane is set the same distance in a
      corresponding insert in a notch therein which has a depth A3, shown in
      FIG. 11. The nearest vane edges are, thus, spaced distances from the
      crystals equal to A4, shown in FIG. 11.
PAR  As shown in FIG. 13, rod 186 may have a flat 240 for set screw 230.
PAR  As shown in FIGS. 14 and 15, block 179 has frusto-conical surfaces 241 and
      242 partially defining spaces from which air and gas are vented to the
      atmosphere, respectively, through ferrules 189 and 188, respectively.
PAR  The air and gas flow into and out of block 177, shown in FIG. 5, may or may
      not be perfectly fluid tight, as desired. It will be noted that, when
      operating at very how pressures, the need for sealing, in some cases, may
      not practically exist.
PAR  In FIG. 11, if desired, dimension A5 may be .015 inch, but this dimension
      is not critical. Similarly, in FIG. 11, dimension A2 may be 0.03 inch, but
      this dimension is not critical. Surfaces 224 and 225 may have a diameter
      of 1 inch. Vanes 109 and 110 may each have a maximum horizontal dimension,
      as viewed in FIG. 11, of 1 inch. Again, the 1 inch dimension is not
      critical.
PAR  Assuming the foregoing dimensions, in FIG. 11, dimensions A3 would then be
      0.015 inch. Dimension A4 might typically be 0.005 inch, but, again, this
      dimension is not critical.
PAR  Inserts 232 and 233, shown in FIG. 11, may be perfect solids of revolution
      except for surfaces 238 and 239. However, the inserts 232 and 233 need not
      be of this particular configuration. For example, insert 232 could be a
      solid of revolution about a horizontal axis in the plane of the drawing of
      FIG. 11 about which the cylindrical surface of recess 234 is concentric.
      Surface 238 is a portion of a surface of revolution bounded by two planes
      intercepting the same through the axis of chamber 227. The radius of
      surface 238 is, thus, 1/2 inch, assuming the dimensions used are those
      given hereinbefore. A mathematical cylinder defined by a cylindrical
      surface of a diameter of 1 inch would, thus, lie congruent with surfaces
      238 and 239 in FIG. 11.
PAR  That portion of the apparatus shown in FIG. 11 may be considered to be, if
      desired, precisely symmetrical about a plane perpendicular to the drawing
      through the axis of rod 186. However, perfect symmetry is, of course, not
      a requirement. In other words, inserts 232 and 233 may be identical,
      although that is not required.
PAR  Vanes 109 and 110 preferably are made of Ni-Span-C, a conventional magnetic
      material. However, the use of this magnetic material is not critical. The
      material Ni-Span-C is preferred because it has a very low thermal
      coefficient of expansion. The material Ni-Span-C is old and well known in
      the art, by itself.
PAR  In FIG. 12, dimension A6 may be 1.0 inch, if desired. However, this
      dimension is not critical.
PAR  Each of the vanes 109 and 110 may have a thickness of 0.010 inch, although
      this thickness is not critical. If desired, vanes 109 and 110 may be
      silver soldered to inserts 233 and 232, respectively, in slots slightly
      larger than 0.010 inch. Such insert slots are preferably no larger than is
      necessary to permit an easy sliding fit of the vanes thereinto.
PAR  Preferably, the free vibratable ends of vanes do not touch the contiguous
      surfaces of block 177.
PAR  All gas and air connections herein, if desired, may be made with any
      conventional sealent such as that sold under the trademark, "Locktite,"
      but as explained previously, this is not necessarily required.
PAC  THE ALTERNATIVE TWIN CELL ASSEMBLY 503 ILLUSTRATED IN FIGS. 16-20
PAR  An alternative gravity cell 503 is shown in FIG. 16 and is mounted
      resiliently on springs 509 relative to a fixed plate 510. Cell 503
      includes a block 511 which may be identical to much of the construction of
      blocks 177, 178 and 179 shown in FIG. 5, with these three blocks welded
      together in a gas tight manner.
PAR  In FIG. 16, a drive coil 512 is fixed relative to block 511, as before.
      Drive coil 512 has a cover 513 which is fixed to block 511 by cap screws
      514.
PAR  Block 511 has projections 517, 518, 527 and 528. A connecting tube 519
      exits from projection 518 and enters a thermally conductive block 520
      having a slot 521 therein.
PAR  As before, block 511, including projections 517, 518, 527 and 528, may be
      made of a thermally conductive metal. The same is true of block 520. As
      shown in FIG. 20, tube 519 being hollow, the chamber 507 is filled with
      gas through a flexible bellows 522. This gas is circulated through tube
      519, slot 521 and out through flexible bellows 523. The left ends of
      bellows 522 and 523 are mounted on a plate 524. Plate 524, in turn, is
      fixed relative to plate 510.
PAR  As shown in FIG. 17, projections are provided at 527 and 528.
PAR  In FIG. 17, a flexible bellows 529 is connected from plate 524 to
      projection 528. See also FIG. 19.
PAR  In FIG. 19, the gas chamber 507 and the air chamber 506 are shown.
      Cantilever leaf spring vanes 530 and 531 are vibrated in a manner
      identical to the manner in which vanes 109 and 110 are vibrated. Moreover,
      the size and shape of vanes 530 and 531 may be identical to those of vanes
      109 and 110. The same is true of their mountings, except that gas tight
      seals are provided by O-rings 532 and 533, respectively.
PAC  THE PREAMPLIFIER OF FIG. 21
PAR  A preamplifier 330 is illustrated in FIG. 21 including a piezoelectric
      crystal 331 having one side grounded at 322 and an output lead 333.
      Differential amplifiers are illustrated at 334 and 335. Junctions are
      provided at 336, 337, 338, 339, 340 and 341. Junction 341 is connected to
      potential VI. A typical value for VI is 2.5 volts. A typical value for V2,
      referred to hereinafter, is 24.0 volts.
PAR  A capacitor 342 is connected from lead 333 to junction 336. Junction 336 is
      connected to the noninverting input of amplifier 334. A resistor 343 is
      connected between junctions 336 and 341. The inverting input of amplifier
      334 is connected from junction 339. The output of amplifier 334 is
      connected to junction 337. A resistor 344 is connected between junctions
      337 and 339. A resistor 345 is connected between junctions 339 and 341.
      Junctions 340 and 341 are connected together. The inverting input of
      amplifier 335 is connected from junction 340. A capacitor 346 is connected
      between junctions 337 and 338. A resistor 347 is connected between
      junctions 338 and 340. The noninverting input of amplifier 335 is
      connected from junction 338. The output of amplifier 335 is then connected
      to a phase lock loop. Crystal 331 may be crystal 112 or crystal 111. Each
      of the preamplifiers 316 and 317 may, if desired, be identical to
      preamplifier 330 shown in FIG. 21.
PAC  THE POWER AMPLIFIER 304 OF FIG. 22
PAR  A schematic diagram of the power amplifier 304 is shown in FIG. 22. Power
      amplifier 304 does more than merely amplify the input signals thereto, as
      will be explained now and hereinafter.
PAR  As shown in FIG. 4, power amplifier 304 has input leads 376 and 377, which
      are also shown in FIG. 22. Junctions are provided at 700, 701, 702, 703,
      704, 705, 706, 707, 708, 709, 710, 711, 712 and 713. Junction 700 acts as
      a summing junction. It sums the square waves appearing on leads 376 and
      377, and a DC voltage which may or may not vary due to the flow of current
      through a resistor 355 connected between junctions 700 and 711. A
      capacitor 356 and a resistor 357 are connected in succession in series in
      that order from lead 376 to junction 700. Similarly, a capacitor 358 and a
      resistor 359 are connected in succession in series in that order from lead
      377 to junction 700. A differential amplifier is provided at 360 having
      its noninverting input connected from junction 700.
PAR  In FIG. 22, a double-pole, double-throw switch 714 is provided. This switch
      will not ordinarily be employed. Instead, the connections of a thermistor
      illustrated at 301 (device 301 in FIG. 11 is the thermistor 301) will be
      made manually. Thermistor 301 can be located anywhere on the twin cell
      assembly. Thermistor 301 is to be connected in a bridge in a manner such
      that the DC current in coil 187 is changed. This change reduces the
      temperature error by a factor of 10. That is, the rate of change of
      gravity produced by the instrument with respect to temperature is reduced
      by a factor of 10. For example, such a rate may be reduced from
      10.sup.-.sup.5 per degree Fahrenheit to 10.sup.-.sup.6 per degree
      Fahrenheit. This temperature compensation is not only unexpected ana
      unobvious, but inexplicable.
PAR  The reason switch 714 is shown is that, when the gravitometer is being
      calibrated, it is not known whether or not the rate of change of gravity
      with respect to temperature is a positive or a negative number. Thus, the
      connection of thermistor 301 is made manually, and normally is never
      changed from the time it is so connected at the factory.
PAR  As a matter of convenience, a potentiometer 716 is provided having a
      winding 717 connected between junctions 702 and 706. Potentiometer 716 has
      a wiper 718. The position of wiper 718 is conventionally adjusted so that
      the temperature error is zero at room temperature, i.e. 75.degree. F.
      Notwithstanding the foregoing, the potentiometer 716 may be omitted
      entirely, if desired. The same is employed in production primarily to
      cause the gravitometer of the present invention to have exactly the same
      characteristics as all those which are produced. A differential amplifier
      719 is provided having a noninverting input lead connected from junction
      707, and an inverting input lead connected from junction 709. The output
      of amplifier 719 is connected to junction 711. Junctions 710 and 711 are
      connected together. A potentiometer 720 having a winding 721 and a
      resistor 722 are provided. Winding 721 and resistor 722 are connected in
      series in succession in that order from junction 710 to junction 708
      forming a feedback path for amplifier 719. Junctions 708 and 709 are
      connected together. Potentiometer 720 has a wiper 723 connected from
      junction 710, the adjustment of which wiper 723 determines the rate of
      change of DC current through coil 187. It is the adjustment of wiper 723
      which determines the temperature correction.
PAR  In calibration, the circuit and the entire gravitometer are maintained at
      the said room temperature, and wiper 718 is adjusted so that, with a gas
      of a known gravity the indicator of the instrument indicates the correct
      gravity. The entire circuit and the entire gravitometer are then raised to
      an elevated temperature such as 175.degree. F., at which point wiper 723
      is adjusted until the gravitometer indicator indicates the gravity of a
      gas passing therethrough, the gravity of the gas passing therethrough
      being known.
PAR  Junction 703 is connected to potential V2. Junctions 701, 702 and 703 are
      connected together. Junctions 705 and 706 are connected together.
PAR  Switch 714 has one pole 724 engageable either with a contact 725 or a
      contact 726. Switch 714 also has a pole 727 ganged with pole 724
      engageable either with a contact 728 or a contact 729.
PAR  The temperature compensation circuit is generally indicated at 730. The
      bridge circuit is generally indicated at 731. Bridge circuit 731 has
      terminals 732, 733 and 734. Terminal 733 is generally at the center
      between two legs of the bridge. Junction 704 is connected from terminal
      733. A resistor 735 is connected from junction 704 to junction 709.
PAR  Contacts 725 and 729 are connected to terminal 732. One side of thermistor
      301 is connected to terminal 733. Pole 727 is connected to terminal 733
      through junction 704.
PAR  The other side of thermistor 301 is connected to pole 724. Terminal 734 is
      connected from both of the contacts 726 and 728.
PAR  In the position shown, thermistor 301 is connected in one upper leg of the
      bridge 731, and terminals 733 and 734 are jumpered. Conversely, when
      switch 714 is moved to the position not shown, thermistor 301 is placed in
      a lower leg of the bridge, and terminals 732 and 733 are jumpered.
PAR  Whether or not switch 714 is used, thermistor 301 is connected in one leg
      of the bridge as aforesaid. It then can be switched to the other leg.
      Whether or not the thermistor should be in one leg or the other can be
      determined by reading the gravitometer indicator. Thermistor 301 is then
      either left in the leg where the temperature correction is the greatest,
      or it is moved to the other leg where the temperature correction is the
      greatest.
PAR  A zener diode 736 is connected between junctions 701 and 705 for voltage
      regulation. A resistor 737 is connected between junctions 703 and 707. A
      resistor 738 is connected between junctions 707 and 706. A resistor 739 is
      connected from terminal 734 to junction 705. A resistor 740 is connected
      from junction 706 to ground.
PAR  A resistor 800 is connected between terminal 732 and junction 701. A
      resistor 801 is connected from potentiometer wiper 718 to junction 708.
PAR  Amplifier 360 has a feedback connection 741 from junction 712 to the
      inverting input lead thereof. The output of amplifier 360 is connected to
      a base 742 of a transistor 743 via a resistor 744. Transistor 743 has a
      collector 755 connected to junction 713 and an emitter 756 connected to
      junction 712. A resistor 757 is connected from junction 712 to potential
      V2. A capacitor 758 and a resistor 759 are connected in succession in that
      order in series from junction 713 to ground. Coil 187 is also connected
      from junction 713 to ground.
PAR  The current through resistor 355 determines the voltage thereacross and
      determines the DC current through driver coil 187. Such a DC current is
      desirable to keep air and gas vanes 110 and 109 from vibrating at
      frequencies twice the frequencies of the signals f.sub.a /1,000 and
      f.sub.g /1,000. Note will be taken in FIG. 11 that regardless of the
      direction of current in driver coil 187, when such current reaches a
      maximum, vanes 109 and 110 will be attracted to rod 186. Control of the
      current of driver coil 187 also provides automatic temperature
      compensation, as has been explained.
PAR  In FIG. 23, square waves 7300 and 7320 at the outputs of dividers 302 and
      303, respectively, are indicated. When square waves 7300 and 7320 are
      added together, the waveform 8580 is obtained. From the following Fourier
      analysis of the waveform 8580, by inspection, the envelope 8470 of the
      fundamental may appear as shown in dotted lines in FIG. 23.
PAR  The envelope 8470 is again shown in FIG. 24 with a fundamental carrier
      8600.
PAR  In FIG. 5, the outputs of dividers 302 and 303 are square waves. That is,
      they are perfectly square. The mark-to-space ratio is substantially equal
      to unity in each case. The frequency of one may or may not be slightly
      different from the other. The same is true of their pulse widths. However,
      the square wave amplitude in each case is the same.
PAR  It is well known that the Fourier analysis of a square wave yields
      ##EQU20##
      where, x.sub.o = 2.pi.f.sub.o t,
PA1  .pi. = 3.14159
PA1  f.sub.o is frequency, and
PA1  t is time.
PAR  The Fourier analysis of the output of the air input circuit yields
      ##EQU21##
      where, x = 2.pi.ft, and
PA1  f is, for example, 314 Hz.
PAR  The Fourier analysis of the output of the gas input circuit yields
      ##EQU22##
      where, k = 1 .+-. .DELTA., and
PA1  .DELTA. is in the range 0.003 to 0.01.
PAR  Using the trigonometric identify,
      ##EQU23##
PAR  Note that the driver coil may have an inductive reactance given by
EQU  X.sub.L = 2.pi.f.sub.m L                                   (31)
PAL  where L is the inductance, and
      ##EQU24##
PAR  The term f.sub.m is the fundamental carrier. Note,
      ##EQU25##
PAR  Note that the amplitude of the third harmonic is one-third that of the
      fundamental. However, the inductive reactance of the driver coil triples
      for the third harmonic, 3f.sub.m. Thus, the driver coil current may be,
      more or less, only about 11 percent of the fundamental amplitude. It is,
      thus, possible to use square waves rather than sine waves at the outputs
      of the input circuits without disturbing the resonant operation of the
      device as two combined electromechanical oscillators. Moreover, the
      circuit is more economical to construct because the square waves are used.
PAR  It is important to note two things:
PA1  1. There are no even harmonics.
PA1  2. All odd harmonics go to zero when the fundamental goes to zero.
PAL  This means that a sharp notch in the envelope is created. The notches are
      shown at 8480 in FIG. 24. The notches 8480 may be much deeper than as
      shown in FIG. 24. This provides for exceptionally good monitoring of the
      fundamental envelope frequency.
PAR  Not only do the terms cos 3x, cos 5x, etc., go to zero when cos x = 0, the
      terms cos 3 x/2, cos 5 x/2, etc., go to zero when cos x/2 = 0. That is,
      not only the odd harmonics all go to zero at the same time, their
      envelopes all go to zero at the same time as well.
PAC  THE DIGITAL COMPUTER 328 AND UTILIZATION MEANS 329 SHOWN IN FIG. 25
PAR  Digital computer 328 shown in FIG. 4 is illustrated in greater detail in
      FIG. 25 wherein utilization means 329 is illustrated as an indicator 2700.
      Indicator 2700 is connected from a storage register 2600. In the
      alternative, if the gravitometer of the present invention illustrated in
      FIG. 4 is to be employed in the flowmeter of FIG. 1, indicator 2700 is
      removed, and the output of the gravitometer is connected to multiplier 36
      through digital-to-analog converter 1001.
PAR  Leads 348 and 349 are illustrated in both of the FIGS. 4 and 25. A series
      of AND gates 380, 381, 382 and 383 are provided for inputs on leads 348
      and 349, AND gates 381 and 382 also being connected from an output lead
      384 of a 1 MHz. clock 385. Lead 348 is connected to one input of AND gate
      380. Lead 349 is is connected to one input of AND gate 383. A cycle
      flip-flop 386 has a set input connected from an AND gate 3900, and a reset
      input connected from an AND gate 3600. Flip-flop 386 has a "1" output lead
      387 and a "0" output lead 388. Lead 388 is connected to one input of AND
      gate 3900. Lead 387 is connected to one input of AND gate 3600.
PAR  Lead 387 is also connected to one input of each of AND gates 380 and 382.
      Lead 388 is also connected to one input of each of the AND gates 381 and
      383.
PAR  An OR gate 389 is connected from the outputs of AND gates 380 and 381 to
      the input of a counter 390. An OR gate 391 is connected from the outputs
      of AND gates 382 and 383 to the input of a counter 392. Counter 392 has a
      capacity of 106 and resets on the millionth pulse input thereto via a lead
      393 which is connected to counter 390, the reset input lead 394 of a
      flip-flop 395, its own reset lead 396 and to one input of each of AND
      gates 3900 and 3600.
PAR  In accordance with the foregoing, the reset pulse on the output lead 393 of
      counter 392 acts to reset most of the circuits illustrated in FIG. 25. At
      least most of the circuits that require resetting are reset by the reset
      pulse of counter 392. The outputs of AND gates 3900 and 3600 are connected
      to leads 397 and 398, respectively, the output pulses of AND gates 3900
      and 3600 acting to reset and perform other functions.
PAR  The pulse impressed upon lead 397 via the output of AND gate 3900 serves to
      reset a counter 309, a rate multiplier 308 and a rate multiplier 1002. The
      pulse applied to lead 397 by AND gate 3900 also actuates a gating circuit
      1006.
PAR  The pulse applied to lead 398 by AND gate 3600 is employed to operate a
      gating circuit 1004.
PAR  AND gates 399 and 400 are connected from counter 390 and produce output
      pulses on respective output leads 401 and 402 at predetermined counts of
      counter 390. These are impressed upon the set input of flip-flop 395 via
      an OR gate 403.
PAR  The "1" output of flip-flop 395 is connected to an output junction 404.
      Junction 404 is connected to one input of an AND gate 405 via a lead 406.
      Junction 404 is also connected to an input of an AND gate 407 via a lead
      408.
PAR  AND gate 405 also receives another input over lead 409 connected to a
      junction 410, lead 348 also being connected to junction 410.
PAR  AND gate 407 also has another input lead 411 connected from clock 385.
PAR  The output of AND gate 405 is impressed on the counter 309 which
      temporarily stores a counted number of pulses while a second group of
      pulses are passed through rate multiplier 1002, the same being introduced
      to rate multiplier 1002 from the output of AND gate 407.
PAR  The output of rate multiplier 1002 is impressed upon rate multiplier 308
      which multiplies a number manually set in a matrix 306 of switches 412.
PAR  The remainder of the structure of FIG. 25 not described hereinbefore and
      connected from a junction 413 over leads 414, 415 and 416 and the output
      of rate multiplier 308 may be entirely conventional. That is, the
      components and the combination thereof may be entirely conventional. Still
      further, each component part of the invention illustrated in FIG. 5, by
      itself, may be conventional. However, the combinations of the other
      structures thus far described are new.
PAR  The output of rate multiplier 308 is connected to a counter 2300 including
      a switch 3200, a logic circuit 1300, a storage register 1003 and an OR
      gate matrix 1005.
PAR  A switch matrix 307 and a gating circuit 1004 are connected in succession
      in that order to OR gate matrix 1005.
PAR  A gating circuit 1006, storage register 2600 and indicator 2700 are
      connected in succession in that order from storage register 1003.
PAC  OPERATION
PAR  In the operation of the embodiment of FIG. 25, a number is stored in
      counter 309 which is directly proportional to the difference between the
      gas period and a constant. A number of pulses are then run through rate
      multiplier 1002 from the output of AND gate 407 which is directly
      proportional to the reciprocal of the difference between the period of the
      air frequency and a constant.
PAR  Each pulse group which exits rate multiplier 1002 is then multiplied by a
      number adjustable with the switches 412 of switch matrix 306. The product
      of this constant times the ratio of the differences exits rate multiplier
      308 and are counted in counter 2300. By virtue of the conventional
      operation of counter 2300, a number may be added or subtracted to the
      number of pulses in a group exiting rate multiplier 308 by the adjustment
      of switches 417 of switch matrix 307. The result is then indicated on
      indicator 2700. The indication may be binary or decimal or binary coded
      decimal (BCD).
PAR  It is old in the art to operate a counter such as counter 309 with a rate
      multiplier such as rate multiplier 1002 to perform a multiplication
      function. The same is true of switch matrix 306 and rate multiplier 308.
      Still further, each component and the combination thereof of the following
      components of FIG. 25 are old in the art: switch matrix 307, gating
      circuit 1004, OR gate matrix 1005, logic circuit 1300, storage register
      1003, gating circuit 1006, storage register 2600 and indicator 2700.
PAR  In FIG. 26, the approximate reciprocal calculation period is P1. The
      calculation of the difference period is P2. Typically, P1 is 1.0 second
      and P2 is 3.2 seconds.
PAR  Pulses are indicated having widths P3 and P4. The widths of pulses P3 and
      P4 have been greatly exaggerated for clarity. Pulses P3 and P4 are
      comparatively much smaller than as illustrated. Pulse P3 has a width which
      is typically about 2/314 of the period P1. The width of P4 is similarly
      typically about 2/321 of the period P2.
PAR  Period P1 is determined by how long the "1" output of flip-flop 386 in FIG.
      25 is high.
PAR  When counter 392 in FIG. 25 is counting the clock pulses, counter 390 is
      counting the air pulses via gates 382 and 380, respectively. On a fixed
      constant count, the calculation of which will be explained hereinafter,
      AND gate 399 sets flip-flop 395. Flip-flop 395 then opens AND gate 405 and
      loads counter 309 with air pulses until flip-flop 395 is reset by counter
      392. Lead 418 is connected from lead 387 to insure that counter 309 only
      counts during period P1. Waveform 419 in FIG. 28 shows the "1" output of
      flip-flop 386.
PAR  Pulses P3 and P4 are generated at the "1" output of flip-flop 395.
PAR  During period P2, counter 390 counts the clock, and counter 392 counts the
      gas frequency. AND gate 400 then produces a pulse before counter 392
      resets and sets flip-flop 395 so that it produces a pulse P4.
PAR  The output of AND gate 405 is, thus, a pulse group having a period P3 of a
      frequency f.sub.a, and the output of AND gate 407 is a group of pulses of
      the clock frequency which extend over the period P4.
PAR  Typically, counter 390 is a long counter and counts perhaps a little more
      than 3,200,000 pulses before counter 392 resets it. The reason for this is
      that it is difficult and sometimes impossible to obtain highly accurate,
      very high frequency sources. The problem is that in order to solve the
      gravity equation, a very short time and/or a very high frequency must be
      very accurately measured.
PAR  Groups of pulses are illustrated at 421, 422, 420 and 423 in FIG. 26 having
      locations corresponding to pulses P3, P4 and other pulses, respectively.
      The pulses in groups 420 and 422 are of a 1 MHz. frequency. The pulses in
      groups 421 and 423 are of the f.sub.a frequency.
PAR  Counter 309 in FIG. 25 and rate multiplier 1002 therein then multiply, for
      example, the number of pulses of group 421 by the number of pulses of
      group 422.
PAR  The purpose of the remainder of the structures illustrated in FIG. 25
      mainly is for calibration, normalization, and readout. However, as will be
      explained, factory calibration may be somewhat more complicated. For this
      reason, switch matrices 306 and 307 may or may not be employed for span
      and zero corrections for field calibration, as desired. These and other
      structures may sometimes be omitted. However, switch matrix 306 and rate
      multiplier 308 or some other structure is required for calibration.
PAR  With the structures shown in FIG. 25, the decimal equivalent of gravity may
      be read directly from indicator 2700 is conventional strucutres are used.
PAR  Counter 309 preferably has a capacity of counting 2,000 to 3,000 pulses.
      Preferably, a number of pulses are run through rate multiplier 1002 which
      is slightly more than ten times the maximum number expected to be stored
      in counter 309, as is conventional for binary coded decimal (BCD)
      operation.
PAR  Throughout this description, reference will be made to the text of certain
      U.S. patents and U.S. patent applications. These patents and patent
      applications are listed for convenience forthwith.
PAR  Reference is hereby made to the following patents:
PA1  1. U.S. Pat. No. 3,677,067.
PA1  2. U.S. Pat. No. 3,706,220.
PA1  3. U.S. Pat. No. 3,738,155.
PA1  4. U.S. Pat. No. 3,741,000.
PA1  5. U.S. Pat. No. 3,783,259.
PAR  The foregoing patents of paragraphs (1), (2), (3), (4) and (5) are
      hereinafter referred to as patents P1, P2, P3, P4 and P5, respectively.
PAR  Reference is hereby made to the following U.S. patent applications:
PA1  1. U.S. patent application Ser. No. 265,327 filed June 22, 1972, for METHOD
      OF AND APPARATUS FOR PRODUCING ANALOGS AND FLOWMETERS INCORPORATING
      GRAVITOMETERS by G. L. Schlatter and C. E. Miller.
PA1  (2) U.S. patent application Ser. No. 321,662 filed Jan. 8, 1973, for PULSE
      TRAIN MODIFICATION CIRCUIT by P. Z. Kalotay and G. A. Fitzpatrick.
PAR  The foregoing U.S. patent applications (1) and (2) are referred to
      hereinafter as applications L1 and L2, respectively.
PAR  An off-set digital computer 3100 in FIG. 25 receives an input from rate
      multiplier 1002 and from the outputs of AND gates 3600 and 3900.
PAR  An indicator 2700 is connected from the output of off-set digital computer
      3100. Off-set digital computer 3100 may be decimal or binary. The
      indicator 2700 may be a simple indicator with one lamp for each binary
      stage or a decimal indicator. Indicator 2700 may be entirely conventional.
      Off-set digital computer 3100 may be entirely conventional or any of the
      types disclosed in copending application Ser. No. 423,409 filed Dec. 10,
      1973, for DENSITOMETER by G. L. Schlatter, and assigned to the assignee of
      this application. The entire contents of said copending applications L1,
      L2 and Ser. No. 423,409 are incorporated herein hereat by this reference
      hereto.
PAR  Off-set computer 3100 in FIG. 25 produces a binary or a binary coded
      decimal (BCD) output so that indicator 2700 may be read directly, binary
      or decimal, in specific gravity G, where
EQU  G = KN.sub.g + B                                           (33)
PAL  and K is the setting of switch matrix 306, N.sub.g is the number of rate
      multiplier 1002 output pulses in a group.
PAR  The constant B is the setting of switch matrix 307. The constant B may be
      zero after factory calibration. The constants K and B are employed for
      convenience in field calibration. The constant B apparatus may be
      eliminated in some cases.
PAR  The constant B may be positive or negative. The position of a switch 3200
      in FIG. 25 determines whether a counter 2300 counts up (B positive) or
      down (B negative).
PAR  A main storage register 1003 is illustrated in FIG. 25. As will be
      described, a predetermined number B is entered in storage register 1003
      periodically.
PAR  A logic circuit is provided at 1300. Logic circuit 1300 has an input from
      rate multiplier 308 through switch 3200.
PAR  In FIG. 25, the said predetermined number B is periodically entered in
      storage register 1003. The magnitude of the predetermined number B may be
      selected or changed by operating binary or binary coded decimal (BCD)
      switches which are located in a switch matrix 307. The switches in matrix
      307 are either connected from a positive potential or ground. The outputs
      of the switches are sampled and impressed upon storage register 1003
      periodically. A gating pulse is impressed upon a gating circuit 1004 for
      this purpose.
PAR  Gating circuit 1004 is connected from matrix 307 to an OR gate matrix 1005.
      The output of OR gate matrix 1005 is then impressed upon storage register
      1003.
PAR  Once the said predetermined number B has been entered into storage register
      1003, logic circuit 1300 then controls the register 1003 to count up or
      down depending upon whether the algebraic sign of B, switch 3200 in FIG.
      25 being placed in the one or the other corresponding positions thereof,
      respectively, on this account. The output of logic circuit 1300 is, thus,
      impressed upon storage register 1003 through OR gate matrix 1005. Logic
      circuit 1300 receives pulses to count from switch 3200. Logic circuit 1300
      receives other inputs from storage register 1003.
PAR  From the foregoing, it will be appreciated that matrix 1005 with logic
      circuit 1300 and storage register 1003 form either a count up counter or a
      count down counter depending upon in which position switch 3200 lies. This
      counter may be entirely conventional, if desired.
PAR  The output of storage register 1003 is also sampled periodically by a
      gating circuit 1006 which may be of the same type as gating circuit 1004.
      Gating circuit 1006 receives pulses from AND gate 3900 in FIG. 25 to cause
      it to sample the output of register 1003. The output of gating circuit
      1006 is impressed upon a storage register 2600. The output of the storage
      register 2600 is impressed upon indicator 2700.
PAR  If desired, indicator 2700 may be a binary indicator or a BCD indicator.
PAR  All of the structures 1003, 1300, 307, 1004, 1005, 1006, 2600 and 2700 may
      be entirely conventional or may or may not be identical to the
      corresponding structures disclosed in U.S. Pat. No. 3,775,597.
PAR  Alternatively, indicator 2700 may simply be a row of lamps each connected
      from the "1" output of each of the flip-flops in storage register 2600.
PAR  Pulses are supplied from AND gate 3600 to gating circuit 1004.
PAR  The purpose of the switch matrix 307 is to set, periodically, the
      flip-flops in storage register 1003 to selected states.
PAR  Switch matrix 307 may have one double-pole, double-throw switch for each
      bit or flip-flop in register 1003. Gating circuit 1004 may have an AND
      gate for the set "1" and set "0" inputs to each bit or flip-flop in
      register 1003. The OR gate matrix 1005 may have an OR gate for the set "1"
      and set "0" inputs of each bit in register 1003.
PAR  The same outputs of the bits in register 1003 are connected both to logic
      circuit 1300 and to gating circuit 1006.
PAR  Although a symbol has been used consistently in the drawings to represent
      OR gates, it is to be understood that the symbol includes, but is not
      limited to, a wire OR gate. Thus, one or more or all of the symbols
      employed herein to represent an OR gate may or may not be a wire OR gate,
      as desired.
PAR  The phrase "AND gate," as used herein and as used in the claims, is hereby
      defined to include a NAND gate with or without an inverter, and vice
      versa.
PAR  The phrase "OR gate," as used herein and as used in the claims, is hereby
      defined to include a NOR gate with or without an inverter, and vice versa.
PAR  All of the said patents P1, P2, P3, P4 and P5 are hereby incorporated
      herein by this reference hereto as though fully set forth herein hereat.
PAR  The said L1 application is, by this reference hereto, hereby incorporated
      herein as though fully set forth herein hereat.
PAR  Indicator 2700 may be entirely conventional. For example, it also may be
      one sold by the Burroughs Corporation under the trademark PLANAPLEX.
PAR  Rate multipliers 1002 and 308 may be entirely conventional. Any one
      including, but not limited to, those sold by Motorola Semi-conductor
      Products, Inc. and Texas Instruments Incorporated may be employed. The
      Motorola model numbers are MC 14527AL and MC 14527CL. The Texas
      Instruments rate multipliers are described as synchronous rate multipliers
      with circuit types SN7497 and SN74167. The foregoing Motorola and Texas
      Instruments model numbers are generally given for what is described herein
      as a "rate multiplier decade" which may be connected seriatim ad
      infinitum, if desired.
PAR  Off-set digital computer 3100 shown in FIG. 25 may be entirely
      conventional. One or many such computers may be employed. One such
      computer is sold as an MOS by Hughes Aircraft Company. This MOS is
      described further as a counter/latch/decoder/driver HCTRO107D/HCTRO107F.
PAR  Alternatively, a portion of or all of the digital structures disclosed
      herein may be BCD or binary.
PAR  The theory of operation of the embodiment of FIG. 25 is as follows.
      Computation of gravity G is made in accordance with the formula
      ##EQU26##
      where, K' is a constant,
PA1  T.sub.go is the gas vacuum period,
PA1  f.sub.ao ' is a constant,
PA1  f is the constant pulse repetition frequency (PRF) of the output signal
      (e.g. square wave--mark-to-space ratio unity) of clock 385 (e.g. 1.0
      MHz.),
PA1  T is a constant period (e.g. 1.0 second),
PA1  f.sub.a is the PRF of the input signal applied over lead 348 to the input
      of each of the AND gates 380 and 405, and
      ##EQU27##
      where, f.sub.g is the PRF of the input signal applied to the input of AND
      gate 383 over lead 349.
PAR  Each pulse group output of rate multiplier 1002 is equal to G/K'. When the
      embodiment of FIG. 25 is fully calibrated except for K', the gas of a
      known gravity is passed through the gas chamber, and switches 412 are
      operated until indicator 2700 shows the said known gravity. Normally, but
      not as an absolute necessity, nothing is added to or subtracted from each
      pulse group output of rate multiplier 308 in this factory calibration and
      switches 417 are all normally, but not necessarily, set to zero.
PAR  During the high "1" output of flip-flop 386, gate 382 is opened to admit
      clock pulses to 10.sup.6 counter 392 which counts the 1 megahertz clock
      frequency forming the period T equal to exactly 1 second.
PAR  At the same time that counter 392 counts the clock pulses, counter 390
      counts the pulses f.sub.a. Gate 399 is set to produce an output pulse when
      the count of counter 390 is f.sub.ao. In this case, gate 399 sets
      flip-flop 395 which opens gate 405 and allows it to dump the balance of
      the f.sub.a pulses into counter 309 provided that (as assumed
      previously--the "1" output of flip-flop 386 is high. Note that AND gate
      405 has input leads from three signal sources, viz. f.sub.a lead 348,
      flip-flop "1" output lead 387 and lead 406 connected from the "1" output
      of flip-flop 395.
PAR  In accordance with the foregoing, and in this case, the pulse from the "1"
      output of flip-flop 395 has a time width
      ##EQU28##
      where, T may be 1.0, and
EQU  f.sub.ao '/f.sub.a                                         (37)
PAL  is the period (T = 1.0) between the start of the f and f.sub.a counts by
      counters 392 and 390, respectively, and the output pulse of gate 399.
      Notice that the reset output lead 393 of counter 392 is connected to the
      reset input of flip-flop 395 terminate the "1" output pulse thereof at the
      end of the one second time interval.
PAR  The number of pulses in any single group exiting AND gate 405 is then equal
      to
      ##EQU29##
      because f.sub.a pulses pass AND gate 405 for the period (36).
PAR  The product of (38) and (39) (combination of counter 309 and rate
      multiplier 1002), thus, gives G/K' which is converted to G by the
      calibration procedure described previously.
      ##EQU30##
PAR  Product (39) is obtained when flip-flop 386 is reset and the "0" output
      thereof is high. In this case, counter 392 is fed with f.sub.g pulses to
      arrive at
EQU  T.sub.g /10.sup.- .sup.6
PAL  or                                                         (40)
EQU  T.sub.g .times. 10.sup.6
PAR  The clock pulses are simultaneously fed to counter 390 which has AND gate
      400 that produces an output pulse on the count of T.sub.go .times.
      10.sup.6. Because flip-flop 395 is set on this count and reset at T.sub.g
      .times. 10.sup.6, the time width of the "1" output of flip-flop 395 in
      this case is
      ##EQU31##
PAR  Making sure that the "0" output of flip-flop 386 is high by a connection
      from lead 388 thereof to AND gate 407, AND gate 407 passes clock pulses
      for the duration of the period (41). Note that AND gate 407 has
      connections from three leads, viz. output lead 384 of clock 385, the "0"
      output lead 388 of flip-flop 386 and lead 408 connected from the "1"
      output of flip-flop 395.
PAR  The number of pulses in any group at the output of AND gate 407 is then
      equal to
      ##EQU32##
PAR  Note that the product of (38) and (39) performed by counter 309 and rate
      multiplier 1002 is equal to G/K', and that (39) is equal to (42).
PAR  Equation (34) may be simplified to
EQU  G = K (T.sub.g - T.sub.go) (f.sub.a - f.sub.ao ')          (43)
PAL  where,
      ##EQU33##
PAR  The term T.sub.ao will not necessarily and maybe never be equal to the
      reciprocal of f.sub.ao for the best corresponding mechanizations of both
      of the equation (43). The terms of equation (43) are not the result of
      rigorous mathematical analysis, but a gravity output in accordance
      therewith is strikingly accurate and to not only an extraordinary, but to
      an astonishing degree.
PAR  The gravitometer of the present invention mechanized as in equation (34) is
      calibrated as follows.
PAR  Draw a vacuum (small density in comparison to density to be measured) on
      the gas vane chamber and measure the frequency or period of the wave
      appearing at junction 327 in FIG. 4. This frequency is called the gas
      vacuum frequency. If the frequency is measured, calculate the period by
      calculating the reciprocal of the frequency. Preferably, all measurements
      should be accurate to six or more decimal places. The period of the gas
      vacuum frequency is the gas vacuum period and is T.sub.go. Set AND gate
      400 to produce an output pulse on the count of T.sub.go .times. 10.sup.6.
PAR  Measure, or measure and then calculate, the frequencies f.sub.m and f.sub.n
      or respective periods T.sub.m and T.sub.n of the wave appearing at
      junction 325 in FIG. 4 with one gas at two different known densities
      d.sub.m and d.sub.n. Alternatively, two different gases of two known, but
      different, densities d.sub.m and d.sub.n may be employed. However, a
      single gas may be employed at different pressures and/or temperatures so
      long as d.sub.m .noteq. d.sub.n.
PAR  Use the formula
EQU  d = C (f.sub.a - f.sub.ao)                                 (45)
PAL  where,
PA1  d is air density, and
PA1  C is a constant.
PAR  Solve (46) and (47) simultaneously for C and f.sub.ao "
EQU  d.sub.m = -C (f.sub.m - f.sub.ao ")                        (46)
EQU  d.sub.n = -C (f.sub.n - f.sub.ao ")                        (47)
PAR  Thus,
      ##EQU34##
      and
      ##EQU35##
PAR  Then find f.sub.ao ' as follows:
      ##EQU36##
PAR  Set AND gate 399 to produce an output pulse on the count of f.sub.ao '
      given by (50).
PAR  There are two alternative methods of computation that may give exactly the
      same and sometimes, or always at least a slightly more accurate value for
      f.sub.ao '. These follow.
EQU  d = C(T.sub.a - T.sub.ao)
PAR  Find
      ##EQU37##
PAR  The third alternative is to draw a vacuum on the air chamber to obtain air
      vacuum period T.sub.ao. Then find C in (51) using one gas of known density
      d.sub.p at which the air vane period is T.sub.p.
PAR  Again, compute C
      ##EQU38##
PAR  The approximation error is then zero at air frequency f.sub.c when
      ##EQU39##
PAR  If desired,
      ##EQU40##
      where C is as defined in (56).
PAR  It is to be noted that each counter or other component which is reset may
      have added an override, if desired or necessary. Such an override may be
      added external or internal. Such an override is illustrated in FIG. 27
      where a counter 451 is shown having an input lead 452 connected thereto
      through an AND gate 453. A reset input lead is shown at 454 connected to a
      junction 455. An inverter 456 is connected from junction 455 to a second
      input of AND gate 453. The conventional reset input lead of counter 451 is
      shown at 457 connected from junction 455.
PAC  THE ALTERNATIVE EMBODIMENT OF FIG. 28
PAR  In the embodiment of FIG. 28, switch matrix 306 and rate multiplier 308 are
      duplicated from FIG. 25. To form the embodiment of FIG. 28, all of the
      structures shown in FIG. 28 would be added to all those shown in FIG. 25
      except switch matrix 306, rate multiplier 308, switch matrix 307, gating
      circuit 1004, counter 2300, gating circuit 1006, storage register 2600 and
      indicator 2700. Counter 2300 would be replaced by a counter 23000 in FIG.
      28. Counter 23000 may be identical to counter 2300 except that AND gates
      459 and 460 are employed in FIG. 28 to perform the same function as switch
      3200 in FIG. 25.
PAR  The embodiment of FIG. 28 may, for example, employ a counter 461 to divide
      f.sub.g by two times the gas vacuum frequency. A counter 462 may be
      employed to divide the air frequency by two times the air vacuum
      frequency.
PAR  Counter 461 has an output lead 463 upon which a pulse is impressed thereby
      when the counter 461 has counted 2f.sub.go pulses. Counter 462 has an
      output lead 464 upon which is impressed a pulse when the counter 462
      counts the pulse 2f.sub.ao. The pulses on leads 463 and 464 set flip-flops
      465 and 466, respectively.
PAR  The "1" output of flip-flop 466 is connected to the inputs of AND gates 467
      and 469. The "0" output of flip-flop 466 is connected to the input of AND
      gate 470. The "1" output of flip-flop 465 is connected to AND gates 469
      and 470. The "0" output of flip-flop 465 is connected to AND gate 467.
PAR  The 1 MHz. clock 472 is connected to the inputs of AND gates 469 and 471.
      The outputs of AND gates 467 and 470 are connected to respective inputs of
      an OR gate 473, the output of which is passed through AND gate 471 and
      rate multiplier 308 to one input of each of AND gates 459 and 460.
PAR  AND gate 459 receives another input from the output of AND gate 467. AND
      gate 460 receives another input from the output of AND gate 470.
PAC  OPERATION
PAR  AND gate 467 produces an output pulse when flip-flop 466 is set before
      flip-flop 465 is set. The number of these pulses then passed by AND gate
      471 is determined by the width of the output pulse of AND gate 467. The
      number of these pulses is directly proportional to the difference between
      a normalized gas period and a normalized air period. The converse is true
      relative to AND gate 470.
PAR  AND gate 469 is the reset gate which resets by the clock when the "1"
      output of each of the flip-flops 465 and 466 are high. Counters 461 and
      462 are reset at the same time as flip-flops 465 and 466 are reset.
PAR  In FIG. 28, the gravity computation is made thus:
      ##EQU41##
PAR  The constants K and B are determined by solving two simultaneous equations
      knowing two gravities, two respective periods T.sub.g, two respective
      periods T.sub.a, and measuring T.sub.go and T.sub.ao during evacuation of
      each of the respective gas and air chambers.
PAR  The constant K is the setting of switch matrix 306 in FIG. 25, as before.
      The constant B is the setting of switch matrix 307 in FIG. 25.
PAR  Counter 462 is set to count f.sub.ao. The counter 461 is set to count
      f.sub.go. On the count of f.sub.ao, counter 462 sets flip-flop 466. From
      reset by AND gate 469 to count f.sub.ao is the period
EQU  T.sub.a /T.sub.ao                                          (60)
PAR  Similarly, from reset to the set of flip-flop 465 is the period
EQU  T.sub.g /T.sub.go                                          (61)
PAR  The logic of gate 467 is such that it produces an output pulse only when
EQU  T.sub.g /T.sub.go                                          (62)
PAL  is larger than
EQU  T.sub.a /T.sub.ao                                          (63)
PAR  Thus, from (59), counter 23000 counts up. Note that clock 472 supplies
      pulses during the period of the output pulse of gate 467 through AND gate
      471 and rate multiplier 308 to the "count up" input of reversible counter
      23000 through AND gate 459. Note that AND gate 459 has a second input from
      the output of AND gate 467 to gate AND gate 459 on.
PAR  When AND gate 467 produces an output pulse, AND gate 470 does not, and vice
      versa.
PAR  The converse of all that has been said since (59) is also true.
PAR  When flip-flop 465 is set before flip-flop 466 is set, only AND gate 470
      and no AND gate 467 produces an output pulse which gates the clock only to
      the "count down" input of counter 23000.
PAR  Reset by AND gate 469 occurs only on the first clock pulse after the "1"
      output of each of the flip-flops 465 and 466 is high. For better stability
      if desired, AND gate 469 may or may not have the input leads thereto from
      flip-flops 465 and 466 replaced with delay devices each having a delay at
      least slightly more than the maximum expected value of T.sub.g /2 or
      T.sub.a /2, whichever is larger, and connected from each "1" output of
      each respective flip-flop 465 and 466.
PAR  Orifice 312 in FIG. 4 provides a substantially constant flow rate of the
      sample gas.
PAR  In the prior art, gravitometers have had, for example, a 45 minute time
      constant. The gravitometer of the present invention more accurately
      follows and has a superior dynamic response in that gravity calculated
      every 4 seconds or in less than 1.7 seconds.
PAR  From the foregoing, it will be apparent that all of the systems herein may
      be binary, or all of them may be binary coded decimal (BCD), or one or
      more or all of the systems may be part binary and part BCD.
PAR  Differentiators and/or one-shots may or may not be added or deleted in any
      system disclosed herein, as desired.
PAR  From the foregoing, it will also be apparent that the signals appearing at
      junctions 324, 325, 326 and 327 in FIG. 4 are all square waves similar to
      the square waves illustrated at 7300 and 7320 in FIG. 23.
PAR  The phrase "AND gate" is hereby defined to include a NAND gate with or
      without an inverter.
PAR  The phrase "NAND gate" is hereby defined to include an AND gate with or
      without an inverter.
PAR  The word "gravitometer" is hereby defined to include any instrument which
      produces an output directly proportional to the ratio of the density of
      two fluids.
PAR  The word "fluid" is hereby defined to mean a gas or liquid, when
      applicable.
PAR  The word "gravitometer" is not necessarily limited to an instrument for
      producing an output directly proportional to the density of a sample gas
      to air or the data of a sample liquid to water, or the density of a sample
      fluid, liquid or gas, to any reference fluid, liquid or gas.
PAR  The word "gravitometer" is hereby defined for use herein and for use in the
      claims as are the other definitions herein, as a device for producing
      either an analog or digital output directly proportional to gravity with
      or without utilization means including, but not limited to, a voltmeter
      calibrated in density, a process controller, a flowmeter, a digital
      indicator or any other device or system.
PAR  The word "gravity" is hereby defined for use herein and for use in the
      claims as the output of a gravitometer and is not limited in definition
      any more than the word "gravitometer" is limited by the definitions
      herein. Moreover, the word "gravity" is as broad as the broadest
      definition of "gravitometer" herein.
PAR  The phrase "rate multiplier" is hereby defined for use herein and for use
      in claims to mean a counter of any radix including, but not limited to, a
      binary coded decimal (BCD) or decimal counter having one or preferably
      four stages or decades resetting on the ten thousandth count.
PAR  All the definitions set forth hereinbefore and hereinafter are for use
      herein and for use in the claims.
PAR  The phrase "rate multiplier" is hereby defined to include, but not be
      limited to, all the stages or decades in any BCD or decimal counter
      employing more than one stage or decade.
PAR  In FIG. 4, low pass filter 321 and low pass filter 3210 may be identical.
      One or both or neither may or may not have a cut-off frequency below the
      second harmonic of the output signals of the outputs of phase detectors
      320 and 3200 but may conveniently be so constructed with a cut-off
      frequency below the said second harmonic and above the fundamental, which
      is, in the cases of phase detectors 320 and 3200, perhaps midway between
      300 and 400 Hz.
PAR  In FIG. 4, each of the phase detectors 320 and 3200 may be conventional or
      may be four quandrant analog multipliers. See Neil Marshall, U.S. Pat. No.
      3,783,259.
PAR  The clocks disclosed herein may include crystal controlled oscillators
      which produce square wave output signals with or without the use of
      internal or external squarers.
PAR  In FIG. 29, AND gates 424, 425, 426 and 427 are provided, as before.
      However, these AND gates are reconnected in a different way. The same is
      true of AND gates 428 and 429. All the structures in FIG. 29 may be
      substituted for that illustrated in the dotted box 430 shown in FIG. 25
      except that counter 309 and rate multiplier 1002 are illustrated in FIG.
      25. The same is true of leads 348 and 349.
PAR  Lead 348 is connected to one input of AND gate 424 in FIG. 29. Lead 349 is
      connected to one input of AND gate 427. A 1 MHz. clock 430 is again
      provided and connected to one input of each of the AND gates 425 and 426.
      A flip-flop 431 is provided with a "1" output lead 432 and a "0" output
      lead 433.
PAR  The "1" output lead 432 is connected to AND gates 424 and 426. "0" output
      lead 433 is connected to AND gates 425 and 427.
PAR  A cycle counter 434 receives the output of AND gates 426 and 427 via an OR
      gate 435. Counter 434 has AND gates 436 and 437 connected therefrom to
      produce output pulses at different predetermined counts. Further, AND gate
      436 is connected from the "1" output lead 432 of flip-flop 431 and does
      not produce an output pulse unless the "1" output of flip-flop 431 is
      high.
PAR  A reset pulse appears upon an output lead 438 of an OR gate 439 that resets
      counter 434 as before, and also resets a counter 440, a flip-flop 441 and
      changes the state of flip-flop 431 in the conventional way via AND gates
      442 and 443.
PAR  The outputs of AND gates 436 and 437 are connected to respective inputs to
      OR gate 439.
PAR  The outputs of AND gates 424 and 425 are passed to counter 440 via an OR
      gate 444. Counter 440 has two AND gates 445 and 446 which produce output
      pulses at predetermined different respective counts. However, AND gate 445
      cannot produce an output pulse unless the "1" output of flip-flop 331 is
      high because of a connection from lead 432. Such connections for AND gates
      436 and 445 are indicated at 447 and 448, respectively. A similar
      connection 4480 is provided in FIG. 25. The reason for this is that only
      the "1" output of flip-flop 441 in FIG. 29 is employed to produce pulses
      P3 and P4 in FIG. 26 and it is desirable to produce an output from gates
      436 and 445 only on alternate "half cycles" and not on each "half cycle"
      because different computations are made during any two immediately
      adjacent "half cycles." For convenience only, reference is made throughout
      this specification to period P1 in FIG. 26 as being a "half cycle" and to
      period P2 being a "half cycle," even though P1.noteq.P2.
PAR  The outputs of AND gates 445 and 446 are employed to set flip-flop 441
      through an OR gate 449. As before, each of the AND gates 428 and 429
      receives three inputs. Each of the AND gates 428 and 429 receive one input
      from the "1"  output of flip-flop 441. AND gate 428 receives another input
      from the "1" output of flip-flop 431. Still further, both of the AND gates
      428 and 429 receive clock pulses which is one of several differences from
      the embodiment of FIG. 25 which allows a data period reduction of from
      about 4.2 seconds to about 3.3 seconds. A different method of computation
      is used, as will be described.
PAR  Counter 434 still can count 1 million pulses. However, AND gate 436
      produces an output at a count of slightly over 300,000 which, with the
      output of gate 445, causes the "1" output of flip-flop 441 to be high for
      only 0.002 second, or thereabouts. At this time, the clock pulses are
      entered in counter 309 through AND gate 428. The other computation "half
      cycle" or interval is the same as in FIG. 25. Counter 440 counts perhaps
      slightly above 3.2 million pulses and somewhat in excess of 20,000 pulses
      are passed through rate multiplier 1002 from the output of AND gate 429.
PAR  In FIG. 29, the computation of gravity is performed by the equation
EQU  G = K (T.sub.g - T.sub.go)(T.sub.ao ' - T.sub.a)           (64)
PAL  where T.sub.go is the gas vacuum frequency measured as before, and
EQU  T.sub.ao ' = 2T.sub.c - T.sub.ao                           (65)
PAL  where,
PA1  T.sub.c is the air period at density d.sub.c, and
PA1  T.sub.ao is the air vacuum period measured as before.
PAR  Counter 309 requires only one-tenth the number of pulses that rate
      multiplier 1002 does. When the f.sub.a pulses are fed to counter 440,
      clock pulses are fed to counter 434 at the same time. Gate 445 later
      produces an output at T.sub.a .times. 10.sup.5 second from reset (slightly
      more than T.sub.ao ' .times. 10.sup.5). Gate 436 produces an output pulse
      at T.sub.ao ' .times. 10.sup.5 second from reset (about 0.32 second). The
      clock pulses are then fed to counter 309 from time T.sub.ao ' .times.
      10.sup.5 to time T.sub.a .times. 10.sup.5 (about 2,000 pulses at density
      d.sub.c).
PAR  The pulses to rate multiplier 1002 are supplied in exactly the same way as
      in FIG. 25.
PAR  Alternatively, the (T.sub.g - T.sub.go) clock pulses may be fed to counter
      309 reduced from .times. 10.sup.6 to .times. 10.sup.5 and the (T.sub.ao '
      - T.sub.a) clock pulses may be fed to rate multiplier 1002 increased in
      number from .times. 10.sup.5 to .times.10.sup.6.
PAC  THE ALTERNATIVE EMBODIMENT OF FIG. 30
PAR  The embodiment of FIG. 30 is similar to the embodiment of FIG. 28 but
      somewhat more accurate. Counters are provided at 600 and 601 in FIG. 30
      which may be identical to counters 461 and 462 shown in FIG. 28.
PAR  One addition in FIG. 30 is a junction 602 connected from an input lead 603
      carrying f.sub.a pulses. An AND gate 604 receives an input from junction
      602 as well as counter 601. AND gate 604 also receives an input from an
      output of OR gate 605. Flip-flops 606 and 607 may be identical to
      flip-flops 466 and 465, respectively, in FIG. 28.
PAR  An AND gate 608 is provided in FIG. 30 which may be identical to AND gate
      469 in FIG. 28.
PAR  Other AND gates 609 and 610 are provided in FIG. 30 which may be identical
      to AND gates 467 and 470 in FIG. 28.
PAR  In FIG. 30, a flip-flop 611 changes state each cycle and is set and reset
      alternately by the output reset pulses of AND gate 608.
PAR  From previous discussions, it will be apparent that AND gate 609 produces
      an output pulse when the gas period exceeds the air period. Conversely,
      AND gate 610 produces an output pulse when the air period exceeds the gas
      period. As will be explained, a moderate improvement in accuracy is
      achieved from the use of the embodiment of FIG. 30 over the embodiment of
      FIG. 28. This involves the use of f.sub.a pulses to the "1" input of gate
      604 alternately with the input of clock pulses to an AND gate 612. Which
      of the AND gates 604 and 612 should produce output pulses depends upon
      four conditions. Which way reversible counter 23000 should count also
      depends upon the same four conditions. These four conditions are detected
      by AND gate 613, 614, 615 and 616. OR gate 605 produces an output pulse
      when gate 609 produces an output pulse and the "1" output of flip-flop 611
      is high, or the "0" output of flip-flop 611 is high, and AND gate 610
      produces an output pulse. This means that f.sub.a pulses should be passed
      through rate multiplier 308, and reversible counter 23000 set to count up.
      That is the purpose of AND gates 604 and 617, respectively.
PAR  An OR gate 618 produces an output pulse either when a pulse is produced at
      the output of AND gate 609 and the "0" output of flip-flop 611 is high, or
      an output pulse is produced from AND gate 610 and the "1" output of
      flip-flop 611 is high.
PAR  The connections from OR gate 605 operate AND gates 604 and 617. The output
      of OR gates 618 operates AND gate 612 corresponding to AND gate 604 to
      admit clock pulses to an OR gate 619, the same being adapted to admit
      output pulses of AND gate 604 to rate multiplier 308 as well as the clock
      pulses produced at the output of AND gate 612. In this case, counter 23000
      counts down because of a connection to AND gate 620 from the output of OR
      gate 618.
PAR  Clock 472 is provided, as before.
PAR  The computer of FIG. 30 produces an output signal directly proportional to
      G where
      ##EQU42##
      is computed on alternate half cycles because of the cycle of flip-flop
      611.
      ##EQU43##
      is computed on the other half cycles. The frequency f is the 1.0 MHz.
      clock frequency.
PAR  The AND gates 621 and 622 produce outputs on the counts of
EQU  f.sub.ao .times. f.sub.ao ' .times. 10.sup.-.sup.6
PAL  and                                                        (69)
EQU  f.sub.go .times. f.sub.ao ' .times. 10.sup.-.sup.6         (70)
PAL  respectively.
PAR  One half cycle is about 1.0 second. The other is about 1/3 second.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gravitometer comprising: a twin cell assembly having first and second
      chambers to house first and second fluids, respectively, of the same or
      different densities at substantially the same temperature and pressure;
      electromechanical feedback oscillator means including first and second
      vanes mounted in said first and second chambers, respectively, and means
      to oscillate both of said first and second vanes at the same or different
      first and second vibrational frequencies, respectively, said oscillator
      means having first and second output leads with first and second
      respective signals thereon of first and second respective frequencies
      directly proportional to said first and second vibrational frequencies,
      respectively, said first and second signals each having first annd second
      characteristic variables, said first and second variables of said first
      signal being the frequency f.sub.a thereof and the period T.sub.a thereof,
      respectively, said first and second variables of said second signal being
      the frequency f.sub.g thereof and the period T.sub.g thereof,
      respectively; and computer means connected from said oscillator means
      output leads having an output lead means for producing an output thereon
      directly proportional to the ratio of the density of said second fluid to
      that of said first fluid as a function of only the first variable of one
      signal and only the second variable of the other signal.
NUM  2.
PAR  2. The invention as defined in claim 1, wherein said computer means
      produces an output directly proportional to G where
EQU  G = K (T.sub.g - T.sub.go)(f.sub.a - f.sub.ao ')
PAL  where,
PA1  T.sub.go is said second signal period when said second vane is in a vacuum,
      and
PA1  f.sub.ao ' is a constant.
NUM  3.
PAR  3. The invention as defined in claim 2, wherein
EQU  f.sub.ao ' .congruent. 2f.sub.c
PAL  where f.sub.c is the first signal frequency when said first vane vibrates
      in said first fluid at midrange density thereof.
NUM  4.
PAR  4. The invention as defined in claim 3, wherein said midrange density is
      the density of air at about 760 mm. of mercury and about 20.degree. C.
NUM  5.
PAR  5. The invention as defined in claim 2, wherein
      ##EQU44##
      where, f.sub.ao is the first signal frequency when said first vane is in a
      vacuum, and
PA1  f.sub.c is the first signal frequency when said first vane vibrates in said
      first fluid at a midrange density thereof.
NUM  6.
PAR  6. The invention as defined in claim 5, wherein said midrange density is
      the density of air at about 760 mm. of mercury and about 20.degree. C.
NUM  7.
PAR  7. The invention as defined in claim 2, wherein said first and second
      signals include f.sub.a and f.sub.g pulses, respectively, said computer
      means including a clock having an output lead, said clock providing clock
      pulses at a constant pulse repetition frequency on said output lead
      thereof, first, second and third counters each having a counting input
      means connected from said clock output lead for simultaneously first
      admitting pulses on said oscillator means first output lead to said first
      counter counting input means while first admitting clock pulses to said
      second counter counting input means, means connected from said first
      counter for producing an f.sub.ao ' output pulse at the first count of
      f.sub.ao ', said second counter producing a first output pulse at a first
      constant predetermined number of said clock pulses, means for gating said
      f.sub.a pulses to the said third counter counting input means during a
      first interval of time between the occurence times of said f.sub.ao '
      output pulse and said second counter first output pulse, said first
      predetermined number being sufficiently large so as to cause said second
      counter first output pulse always to occur on or after said f.sub.ao '
      output pulse, cycle means connected from said second counter to cause said
      second counter first output pulse to reset both of said first and second
      counters, but not said third counter, the number of pulses counted by said
      third counter being stored therein, said cycle means causing said f.sub.g
      pulses to be admitted to said second counter counting input means on said
      reset thereof while admitting clock pulses to said first counter counting
      input means, means to produce a T.sub.go output pulse from said first
      counter upon the count T.sub.go, said second counter producing a second
      output pulse after said T.sub.go pulse, a multiplier, means to gate said
      clock pulses to said multiplier during a second interval of time from said
      T.sub.go pulse to said second counter second output pulse, said multiplier
      being connected from said third counter to produce a number of output
      pulses responsive to said second interval clock pulses directly
      proportional to the product of the number thereof and said stored number,
      and adjustable calibration means connected from the output of said
      multiplier to multiply the number of output pulses exiting therefrom by a
      constant but adjustable factor, said computer means recycling said
      functions repeatedly, said second counter output pulse resetting all of
      said first, second and third counters to count again as aforesaid.
NUM  8.
PAR  8. The invention as defined in claim 7, wherein utilization means are
      connected from the output of calibration means including an update counter
      to indicate the number of pulses in each group passed thereby.
NUM  9.
PAR  9. The invention as defined in claim 8, wherein
EQU  f.sub.ao ' .congruent. 2f.sub.c
PAL  where f.sub.c is the first signal frequency when said first vane vibrates
      in said first fluid at a midrange density thereof.
NUM  10.
PAR  10. The invention as defined in claim 9, wherein said midrange density is
      the density of air at about 760 mm. of mercury and about 20.degree. C.
NUM  11.
PAR  11. The invention as defined in claim 8, wherein
      ##EQU45##
      where, f.sub.ao is the first signal frequency when said first vane is in
      vacuum, and
PA1  f.sub.c is the first signal frequency when said first vane vibrates in said
      first fluid at a midrange density thereof.
NUM  12.
PAR  12. The invention as defined in claim 11, wherein said midrange density is
      the density of air at about 760 mm. of mercury and about 20.degree. C.
NUM  13.
PAR  13. The invention as defined in claim 7, wherein
EQU  f.sub.ao ' .congruent. 2f.sub.c
PAL  where f.sub.c is the first signal frequency when said first vane vibrates
      in said first fluid at a midrange density thereof.
NUM  14.
PAR  14. The invention as defined in claim 13, wherein said midrange density is
      the density of air at about 760 mm. of mercury and about 20.degree. C.
NUM  15.
PAR  15. The invention as defined in claim 7, wherein
      ##EQU46##
      where, f.sub.ao is the first signal frequency when said first vane is in a
      vacuum, and
PA1  f.sub.c is the first signal frequency when said first vane vibrates in said
      first fluid at a midrange density thereof.
NUM  16.
PAR  16. The invention as defined in claim 15, wherein said midrange density is
      the density of air at about 760 mm. of mercury and about 20.degree. C.
NUM  17.
PAR  17. The invention as defined in claim 1, wherein said computer means
      produces an output directly proportional to G, where
      ##EQU47##
      where, T.sub.go is said second signal period when said second vane is in a
      vacuum,
PA1  T.sub.ao is said first signal period when said first vane is in a vacuum,
PA1  f.sub.ao ' is a constant,
PA1  K is a constant, and
PA1  B is a constant.
NUM  18.
PAR  18. The invention as defined in claim 17, wherein
EQU  f.sub.ao ' .congruent. 2f.sub.c
PAL  where f.sub.c is the first signal frequency when said first vane vibrates
      in said first fluid at a midrange density thereof.
NUM  19.
PAR  19. The invention as defined in claim 18, wherein said midrange density is
      the density of air at about 760 mm. of mercury and about 20.degree. C.
NUM  20.
PAR  20. The invention as defined in claim 17, wherein
      ##EQU48##
      where, f.sub.ao is said first signal frequency when said first vane is in
      a vacuum, and
PA1  f.sub.c is the first signal frequency when said first vane vibrates in said
      first fluid at a midrange density thereof.
NUM  21.
PAR  21. The invention as defined in claim 20, wherein said midrange density is
      the density of air at about 760 mm. of mercury and about 20.degree. C.
NUM  22.
PAR  22. A gravitometeer comprising: a twin cell assembly having first and
      second chambers to house first and second fluids, respectively, of the
      same or different densities at substantially the same temperature and
      pressure; electromechanical feedback oscillator means including first and
      second vanes mounted in said first and second chambers, respectively, and
      means to oscillate both of said first and second vanes at the same or
      different first and second vibrational frequencies, respectively, said
      oscillator means having first and second output leads with first and
      second respective signals thereon of first and second respective
      frequencies directly proportional to said first and second vibrational
      frequencies, respectively, said first and second signals each having first
      and second characteristic variables, said first and second variables of
      said first signal being the frequency f.sub.a thereof and the period
      T.sub.a thereof, respectively, said first and second variables of said
      second signal being the frequency f.sub.g thereof and the period T.sub.g
      thereof, respectively; and computer means connected from said oscillator
      means output leads having an output lead means for producing an output
      signal thereon directly proportional to the ratio of the density of said
      second fluid to that of said first fluid as a function of only the second
      variable of one signal and at least one variable of the other signal.
NUM  23.
PAR  23. The invention as defined in claim 22, wherein said computer means
      produces an output directly proportional to the product
EQU  (T.sub.g - T.sub.go)(T.sub.ao ' - T.sub.a)
PAL  where,
PA1  T.sub.go is the second signal period when said second vane is in a vacuum,
      and
PA1  T.sub.ao ' is a constant.
NUM  24.
PAR  24. The invention as defined in claim 23, wherein
EQU  T.sub.ao ' .congruent. 2T.sub.c - T.sub.ao
PAL  where,
PA1  T.sub.c is the first signal period when said first vane is in said first
      fluid in air at a standard midrange density thereof, and
PA1  T.sub.ao is the first signal period when said first vane is in a vacuum.
NUM  25.
PAR  25. The invention as defined in claim 22, wherein said computer means
      produces an output directly proportional to G, where
      ##EQU49##
      where, K is a constant,
PA1  B is a constant,
PA1  T.sub.ao is the frequency of said first signal when said first vane is in a
      vacuum, and
PA1  T.sub.go is the period of said second signal when said second vane is in a
      vacuum.
NUM  26.
PAR  26. A gravitometer comprising: a twin cell assembly having first and second
      chambers to house first and second fluids, respectively, of the same or
      different densities at substantially the same temperature and pressure;
      electromechanical feedback oscillator means including first and second
      vanes mounted in said first and second chambers, respectively, and driver
      means to oscillate both of said first and second vanes at the same or
      different first and second vibrational frequencies, respectively, said
      oscillator means having first and second output leads with first and
      second respective signals thereon of first and second respective
      frequencies directly proportional to said first and second vibrational
      frequencies, respectively, said first and second signals each having first
      and second characteristic variables, said first and second variables of
      said first signal being the frequency f.sub.a and the period T.sub.a
      thereof, respectively, said first and second variables of said second
      signal being the frequency f.sub.g thereof and the period T.sub.g thereof,
      respectively; and computer means connected from said oscillator means
      output leads having an output lead means for producing an output thereon
      directly proportional to the ratio of the density of said second fluid to
      that of said first fluid as a function of at least one of said first
      signal variables and at least one of said second signal variables, said
      oscillator means including first and second sensors having first and
      second output leads, respectively, to produce electrical output signals of
      first and second frequencies, respectively, thereon equal to the said
      first and second vibrational frequencies, respectively, first and second
      phase lock loops having first and second input leads connected from the
      respective first and second output leads of said sensors, said first and
      second phase lock loops having first and second respective output leads,
      said driver means being connected from said first and second phase lock
      loops to vibrate both of said vanes at the same or different vibrational
      frequencies.
NUM  27.
PAR  27. The invention as defined in claim 26, wherein said oscillator means
      first and second output leads are connected from said first and second
      phase lock loops, respectively, to said computer means, said first phase
      lock loop producing a signal on said oscillator means first output lead of
      a frequency directly proportional to, but larger than, said first
      vibrational frequency, said second phase lock loop producing a signal on
      said oscillator means second output lead of a frequency directly
      proportional to, but larger than, said first vibrational frequency.
NUM  28.
PAR  28. The invention as defined in claim 27, wherein said first phase lock
      loop includes a first phase detector, a first low pass filter, a first
      voltage controlled oscillator (VCO) and a first frequency divider
      connected in succession in that order from said first sensor, said first
      frequency divider having an output lead connected to an input lead of said
      first phase detector, said driver means being connected from said first
      frequency divider output lead, said first frequency divider having an
      input lead connected from an output lead of said first VCO, said
      oscillator means first output being connected from said first VCO output
      lead.
NUM  29.
PAR  29. The invention as defined in claim 28, wherein said second phase lock
      loop includes a second phase detector, a second low pass filter, a second
      voltage controlled oscillator and a second frequency divider connected in
      succession in that order from said second sensor, said second frequency
      divider having an output lead connected to an input lead of said second
      phase detector, said driver means being connected from said second
      frequency divider output lead, said second frequency divider having an
      input lead connected from an output lead of said second VCO, said
      oscillator means second output lead being connected from said second VCO
      output lead.
NUM  30.
PAR  30. A gravitometer comprising: a supporting body; first and second
      ferromagnetic members mounted on said body in a position to vibrate; a
      ferromagnetic driver including a coil, said electromagnetic driver being
      fixed relative to said body in a position to establish a magnetic field to
      attract both of said ferromagnetic members when said coil is energized;
      first and second devices mounted on said body to produce first and second
      AC electrical output signals, respectively, of first and second
      frequencies, respectively, of first and second frequencies of vibration of
      said first and second members, respectively; a coil input junction, said
      coil being connected from said coil input junction; and driver means
      connected from both of said devices to said coil input junction for
      impressing an AC voltage on said coil input junction to establish an AC
      component of current through said coil, said driver means including a
      source connected to said coil input junction to supply thereto a DC
      component of current in addition to the said AC component of current, said
      AC component of current modulating the intensity of said magnetic field in
      a manner to cause both of said ferromagnetic members to vibrate, said
      source causing said first and second devices to produce first and second
      output signals of frequencies equal to said vibrational frequencies of
      said first and second members, respectively, said ferromagnetic driver
      including said coil, said magnetic field, said ferromagnetic members, said
      devices, and said driver means forming a closed loop electromechanical
      oscillator, said driver means including an amplifier having a gain
      adequate to sustain vibration of both of said members continuously; and
      temperature sensitive means to vary said DC component of current in a
      direction such that the product
EQU  (T.sub.g - T.sub.go)(f.sub.a - f.sub.ao)
PAL  varies less with temperature than when said DC component of current is
      constant,
PA1  T.sub.g being the period of vibration of said first member,
PA1  T.sub.go being the vacuum period of said first member,
PA1  f.sub.a being the vibrational frequency of said second member, and
PA1  f.sub.ao is a constant.
NUM  31.
PAR  31. The invention as defined in claim 30, wherein said source is adapted to
      supply said coil with current in a manner such that the magnitude of said
      DC component of current exceeds the peak value of said AC component of
      current.
NUM  32.
PAR  32. The invention as defined in claim 31, wherein said driver means
      includes zero apparatus to adjust the magnitude of said DC component of
      current.
NUM  33.
PAR  33. The invention as defined in claim 32, wherein said driver means
      includes span apparatus to adjust the rate of change of said DC component
      of current with respect to temperature.
NUM  34.
PAR  34. The invention as defined in claim 31, wherein said driver means
      includes span apparatus to adjust the rate of change of said DC component
      of current with respect to temperature.
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PAL  The throttle and governor valves of a steam turbine are operated by a
      digital computer control system to provide speed and load control for the
      turbine. The computer includes a speed and load control which periodically
      generates control outputs and a separate logic control which responds to
      panel and contact inputs to generate logicals which structure the speed
      and load control. An analog scan periodically enters feedback parameters
      into the computer for use by the controls. An input contacts scan enters
      feedback logicals into the computer on demand, or under certain conditions
      periodically. A monitor operates with an auxiliary synchronizer to control
      the execution of the scans and the controls. The speed and load controls
      are bid for execution once each second to generate the control outputs
      which are applied to an external electrohydraulic control for the valves.
      The analog scan is bid for execution once each half second and the logic
      control is bid for execution on demand for performance of a logic
      function. The auxiliary synchronizer is bid for execution once each tenth
      of a second. The monitor controls the execution with a priority order of
      auxiliary synchronizer, speed and load control, analog scan and logic
      control. Certain logic and controller functions are performed commonly by
      a single programmed element as needed at different points in time by
      multiple parts of the controls.
PARN
PAR  This is a continuation of application Ser. No. 247,551 filed Apr. 26, 1972,
      now abandoned.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  1. Ser. No. 722,779, entitled "Improved System and Method for Operating a
      Steam Turbine and an Electric Power Generating Plant" filed by Theodore C.
      Giras and Manfred Birnbaum on Apr. 4, 1968, assigned to the present
      assignee, and continued as Ser. No. 124,993 on Mar. 16, 1971, and Ser. No.
      319,115, on Dec. 29, 1972.
PAR  2. Ser. No. 408,962, entitled "System and Method for Starting,
      Synchronizing and Operating a Steam Turbine with Digital Computer Control"
      filed as a continuation of Ser. No. 247,877 which had been filed by
      Theodore C. Giras and Robert Uram on Apr. 26, 1972 and assigned to the
      present assignee and hereby incorporated by reference; other related cases
      are set forth in Ser. No. 408,962.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to steam turbine operating systems and more
      particularly to sampled data turbine control systems which are organized
      to provide more efficient and more flexible turbine operation.
PAR  In Ser. No. 319,115, there is generally disclosed a prior sampled data
      digital computer control system for steam turbines in electric power
      plants. In Ser. No. 408,962, there is disclosed a detailed computer
      embodiment of a sampled data turbine control system. The present
      application has a disclosure like the latter patent application, and it is
      directed to certain features related to structural organization of a
      sampled data control system not specifically disclosure in Ser. No.
      319,115 and not within the scope of Ser. No. 408,962.
PAR  The description of prior art herein is made on good faith and no
      representation is made that any prior art considered is the best
      pertaining prior art nor that the interpretation placed on it is
      unrebuttable.
PAC  SUMMARY OF THE INVENTION
PAR  A system for operating a steam turbine includes an arrangement of throttle
      and governor valves and means for actuating the valves in accordance with
      valve position signals. A digital controller is provided for the turbine
      and means are provided for coupling turbine speed and load signals
      periodically to speed and load controls in the digital controller to
      generate periodically valve position outputs for turbine speed and load
      control. Means are provided for scanning contact signal inputs and turbine
      variable signal inputs for registration in the digital controller.
      Preferably, a separate logic control is provided for generating mode
      control outputs in response to the signal inputs to the digital
      controller, and the mode control outputs are applied to the speed and load
      controls to provide for switching control elements in and out of the
      latter. The digital controller further includes means for generating
      synchronous outputs for triggering the operation of the speed and load
      controls on a periodic basis.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows a schematic diagram on an electric power plant including a
      large steam turbine and a fossile fuel fired drum type boiler and control
      devices which are all operable in accordance with the principles of the
      invention;
PAR  FIG. 2 shows a schematic diagram on a programmed digital computer control
      system operable with a steam turbine and its associated devices shown in
      FIG. 1 in accordance with the principles of the invention;
PAR  FIGS. 3A, 3B and 3C show a hydraulic system for supplying hydraulic fluid
      to valve actuators of the steam turbine;
PAR  FIG. 4 shows a simplified block diagram of the digital Electro Hydraulic
      Control System in accordance with the principle of the invention;
PAR  FIG. 5 shows a block diagram of a control program used in accordance with
      the principles of the invention;
PAR  FIG. 6 shows a block diagram of the programs and subroutines of the digital
      Electro Hydraulic and the automatic turbine startup and monitoring program
      in accordance with the principles of the invention;
PAR  FIG. 7 shows a table of program or task priority assignments in accordance
      with the principles of the invention;
PAR  FIG. 8 shows the location of subroutines in accordance with the principles
      of the invention;
PAR  FIG. 9 shows a block diagram of a proportional-plus-reset controller
      program which is operable in accordance with the principles of the
      invention;
PAR  FIG. 10 shows a flow chart of the proportional-plus-reset subroutine
      (PRESET) which is operable in accordance with the principles of the
      invention;
PAR  FIG. 11 shows a block diagram of a proportional controller function with
      dead band which is operable in accordance with the principles of the
      invention;
PAR  FIG. 12 shows a flow chart of a speed loop (SPDLOOP) subroutine which is
      operable in accordance with the principles of the invention;
PAR  FIG. 13 shows a block diagram of a subroutine for scanning contact close
      inputs of the Digitial Electro Hydraulic System which is operable in
      accordance with the principles of the invention; and
PAR  FIG. 14 shows a block diagram of an auxiliary synchronizer computer program
      which is operable in accordance with the principles of the invention.
PAR  FIG. 15 shows a view of a part of an operator's control panel which is
      operable in accordance with the principles of the invention;
PAR  FIG. 16 shows a view of a part of the operator's control panel which is
      operable in accordance with the principles of the invention;
PAR  FIG. 17 shows a view of a portion of the operator's control panel which is
      operable in accordance with the principles of the invention;
PAR  FIG. 18 is a block diagram of an analog scan system which is operable in
      accordance with the principles of the invention;
PAR  FIG. 19 is a timing chart of the various programs and functions within the
      Digitial Electric Hydraulic System which is operable in accordance with
      the principles of the invention;
PAR  FIG. 20 is a block diagram of conditions which cause initiation of a logic
      program which is operable in accordance with the principles of the
      invention;
PAR  FIG. 21 is a simplified block diagram of a portion of the logic function
      which is operable in accordance with the principles of the invention;
PAR  FIG. 22 is a block diagram of the logic program which is operable in
      accordance with the principles of the invention;
PAR  FIG. 23 is a block diagram of a load control system which is operable in
      accordance with the principles of the invention;
PAR  FIG. 24 is a flow chart of a breaker logic program which is operable in
      accordance with the principles of the invention;
PAR  FIG. 25 is a block diagram of a megawatt feedback loop subroutine which is
      operable in accordance with the principles of the invention;
PAR  FIG. 26 is a block diagram of an impulse pressure loop with a megawatt loop
      in service which is operable in accordance with the principles of the
      invention;
PAR  FIG. 27 is a flow chart of an automatic synchronize logic program which is
      operable in accordance with the principles of the invention;
PAR  FIG. 28 is a flow chart of an automatic dispatch logic program which is
      operable in accordance with the principles of the invention;
PAR  FIG. 29 is a flow chart of an automatic turbine startup program which is
      operable in accordance with the principles of the invention;
PAR  FIG. 30 is a flow chart of a remote transfer logic subroutine which is
      operable in accordance with the principles of the invention;
PAR  FIG. 31 is a block diagram showing a panel task interaction function which
      is operable in accordance with the principles of the invention;
PAR  FIG. 32 is a block diagram of a panel program which is operable in
      accordance with the principles of the invention;
PAR  FIG. 33 is a block diagram showing a control task interface which is
      operable in accordance with the principles of the invention;
PAR  FIG. 34 is a block diagram showing a control program which is operable in
      accordance with the principles of the invention;
PAR  FIG. 35 shows a block diagram of speed instrumentation and computation
      interface with special speed sensing circuitry which is operable in
      accordance with the principles of the invention;
PAR  FIG. 36 shows a block diagram of an operating mode selection function which
      is operable in accordance with the principles of the invention;
PAR  FIGS. 37A and 37B show a flow chart of a select operating mode function
      which is operable in accordance with the principles of the invention;
PAR  FIG. 38 shows a symbolic diagram of the use of a speed/load reference
      function which is operable in accordance with the principles of the
      invention;
PAR  FIG. 39 is a block diagram showing a speed control function which is
      operable in accordance with the principles of the invention;
PAR  FIG. 40 shows a block diagram of the load control system which is operable
      in accordance with the principles of the invention;
PAR  FIG. 41 includes a flow chart of the load control system which is operable
      in accordance with the principles of the invention;
PAR  FIG. 42 shows a block diagram of the throttle valve control function which
      is operable in accordance with the principles of the invention;
PAR  FIG. 43 shows a mixed block diagram of a governor control function program
      which is operable in accordance with the principles of the invention;
PAR  FIG. 44 shows a block diagram of the Digital Electro Hydraulic System which
      is operable in accordance with the principles of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAC  A. POWER PLANT
PAR  More specifically, there is shown in FIG. 1 a large single reheat steam
      turbine constructed in a well known manner and operated and controlled in
      an electric power plant 12 in accordance with the principles of the
      invention. As will become more evident through this description, other
      types of steam turbines can also be controlled in accordance with the
      principles of the invention and particularly in accordance with the
      broader aspects of the invention. The generalized electric power plant
      shown in FIG. 1 and the more general aspects of the computer control
      system to be described in connection with FIG. 2 are like those disclosed
      in the aforementioned Giras and Birnbaum patent application Ser. No.
      319,115. As already indicated, the present application is directed to
      general improvements in turbine operation and control as well as more
      specific improvements related to digital computer operation and control of
      turbines.
PAR  The turbine 10 is provided with a single output shaft 14 which drives a
      conventional large alternating current generator 16 to produce three-phase
      electric power (or any other phase electric power) as measured by a
      conventional power detector 18 which measures the rate of flow of electric
      energy. Typically, the generator 16 is connected through one or more
      breakers 17 per phase to a large electric power network and when so
      connected causes the turbo-generator arrangement to operate at synchronous
      speed under steady state conditions. Under transient electric load change
      conditions, system frequency may be affected and conforming
      turbo-generator speed changes would result. At synchronism, power
      contribution of the generator 16 to the network is normally determined by
      the turbine steam flow which in this instance is supplied to the turbine
      10 at substantially constant throttle pressure.
PAR  In this case, the turbine 10 is of the multistage axial flow type and
      includes a high pressure section 20, an intermediate pressure section 22,
      and a low pressure section 24. Each of these turbine sections may include
      a plurality of expansion stages provided by stationary vanes and an
      interacting bladed rotor connected to the shaft 14. In other applications,
      turbines operating in accordance with the present invention may have other
      forms with more or fewer sections tandemly connected to one shaft or
      compoundly coupled to more than one shaft.
PAR  The constant throttle pressure steam for driving the turbine 10 is
      developed by a steam generating system 26 which is provided in the form of
      a conventional drum type boiler operated by fossil fuel such as pulverized
      coal or natural gas. From a generalized standpoint, the present invention
      can also be applied to steam turbines associated with other types of steam
      generating systems such as nuclear reactor or once through boiler systems.
PAR  The turbine 10 in this instance is of the plural inlet front end type, and
      steam flow is accordingly directed to the turbine steam chest (not
      specifically indicated) through four throttle inlet valves TV1-TV4.
      Generally, the plural inlet type and other front end turbine types such as
      the single ended type or the end bar lift type may involve different
      numbers and/or arrangements of valves.
PAR  Steam is directed from the admission steam chest to the first high pressure
      section expansion stage through eight governor inlet valves GV1-GV8 which
      are arranged to supply steam to inlets arcuately spaced about the turbine
      high pressure casing to constitute a somewhat typical governor valving
      arrangement for large fossil fuel turbines. Nuclear turbines might on the
      other hand typically utilize only four governor valves.
PAR  During start-up, the governor valves GV1-GV8 are typically all fully opened
      and steam flow control is provided by a full arc throttle valve operation.
      At some point in the start-up process, transfer is made from full arc
      throttle valve control to full arc governor valve control because of
      throttling energy losses and/or throttling control capability. Upon
      transfer the throttle valves TV1 TV4 are fully opened, and the governor
      valves GV1-GV8 are normally operated in the single valve mode.
      Subsequently, the governor valves may be individually operated in a
      predetermined sequence usually directed to achieving thermal balance on
      the rotor and reduced rotor blade stressing while producing the desired
      turbine speed and/or load operating level. For example, in a typical
      governor valve control mode, governor valves GV5-GV8 may be initially
      closed as the governor valves GV1-GV4 are jointly operated from time to
      time to define positions producing the desired corresponding total steam
      flows. After the governor valves GV1-GV4 have reached the end of their
      control region, i.e., upon being fully opened, or at some overlap point
      prior to reaching the fully opened position, the remaining governor valves
      GV5-GV8 are sequentially placed in operation in numerical order to produce
      continued steam flow control at higher steam flow levels. This governor
      valve sequence of operation is based on the assumption that the governor
      valve controlled inlets are arcuately spaced about the 360.degree.
      periphery of the turbine high pressure casing and that they are numbered
      consecutively around the periphery so that the inlets corresponding to the
      governor valves GV1 and GV8 are arcuately adjacent to each other.
PAR  After the steam has crossed past the first stage impulse blading to the
      first stage reaction blading of the high pressure section, it is directed
      to a reheater system 28 which is associated with a boiler or steam
      generating system 26. In practice, the reheater system 28 may typically
      include a pair of parallel connected reheaters coupled to the boiler 26 in
      heat transfer relation as indicated by the reference character 29 and
      associated with opposite sides of the turbine casing.
PAR  With a raised enthalpy level, the reheated steam flows from the reheater
      system 28 through the intermediate pressure turbine section 22 and the low
      pressure turbine section 24. From the latter, the vitiated steam is
      exhausted to a condenser 32 from which water flow is directed (not
      indicated) back to the boiler 26.
PAR  Respective hydraulically operated throttle valve actuators indicated by the
      reference character 42 are provided for the four throttle valves TV1-TV4.
      Similarly, respective hydraulically operated governor valve actuators
      indicated by the reference character 44 are provided for the eight
      governor valves GV1-GV8. Hydraulically operated actuators indicated by the
      reference characters 46 and 48 are provided for the reheat stop and
      interceptor valves SV and IV. A computer monitored high pressure fluid
      supply 50 provides for controlling fluid actuator operation of the valves
      TV1-TV4, GV1-GV8, SV and IV. A computer supervised lubricating oil system
      (not shown) is separately provided for turbine plant lubricating
      requirements.
PAR  The respective actuators 42, 44, 46 and 48 are of conventional
      construction, and the inlet valve actuators 42 and 44 are operated by
      respective stabilizing position controls indicated by the reference
      characters 50 and 52. If desired, the interceptor valve actuators 48 can
      also be operated by a position control 56 although such control is not
      employed in the present detailed embodiment of the invention. Each
      position control includes a conventional analog controller (not shown in
      FIG. 1) which drives a suitably known actuator servo valve (not indicated)
      in the well known manner. The reheat stop valve actuators 46 are fully
      open unless the conventional trip system or other operating means causes
      them to close and stops the reheat steam flow.
PAR  Since the turbine power is proportional to steam flow under the assumed
      control condition of substantially constant throttle pressure, steam valve
      positions are controlled to produce control over steam flow as an
      intermediate variable and over turbine speed and/or load as an end control
      variable or variables. Actuator operation provides the steam valve
      positioning, and respective valve position detectors PDT1-PDT4, PDG1-PDG8
      and PDI are provided to generate respective valve position feedback
      signals for developing position error signals to be applied to the
      respective position controls 50, 52 and 56. One or more contact sensors
      CSS provides status data for the stop valving SV. The position detectors
      are provided in suitable conventional form, for example, they may make
      conventional use of linear variable differential transformer operation in
      generating negative position feedback signals for algebraic summing with
      respect to position setpoint signals SP in developing the respective input
      error signals. Position controlled operation of the interceptor valving IV
      would typically be provided only under a reheat steam flow cutback
      requirement.
PAR  A speed detector 58 is provided for determining the turbine shaft speed for
      speed control and for frequency participation control purposes. The speed
      detector 58 can for example be in the form of a reluctance pickup (not
      shown) magnetically coupled to a notched wheel (not shown) on the
      turbo-generator shaft 14. In the detailed embodiment subsequently
      described herein, a plurality of sensors are employed for speed detection.
      Analog and/or pulse signals produced by the speed detector 58, the
      electric power detector 18, the pressure detectors 38 and 40, the valve
      position detectors PDT1-PDT4, PDG1-PDG8 and PDI, the status contact or
      contacts CSS, and other sensors (not shown) and status contacts (not
      shown) are employed in programmed computer operation of the turbine 10 for
      various purposes including controlling turbine performance on an on-line
      real time basis and further including monitoring, sequencing, supervising,
      alarming, displaying and logging.
PAC  B. DEH - COMPUTER CONTROL SYSTEM
PAR  As generally illustrated in FIG. 2, a Digital Electro-Hydraulic control
      system (DEH) 1100 includes a programmed digital computer 210 to operate
      the turbine 10 and the plant 12 with improved performance and operating
      characteristics. The computer 210 can include conventional hardware
      including a central processor 212 and a memory 214. The digital computer
      210 and its associated input/output interfacing equipment is a suitable
      digital computer system such as that sold by Westinghouse Electric
      Corporation under the trade name of P2000. In cases when the steam
      generating system 26 as well as the turbine 10 are placed under computer
      control, use can be made of one or more P2000 computers or alternatively a
      larger computer system such as that sold by Xerox Data Systems and known
      as the Sigma 5. Separate computers, such as P2000 computers, can be
      employed for the respective steam generation and turbine control functions
      in the controlled plant unit and interaction is achieved by
      interconnecting the separate computers together through data links or
      other means.
PAR  The digital computer used in the DEH control system 1100 is a P2000
      computer which is designed for real time process control applications. The
      P2000 typically uses a 16 bit word length with 2's complement, a single
      address and fixed word length operated in a parallel mode. All the basic
      DEH system functions are performed with a 16,000 word (16K), 3 microsecond
      magnetic core memory. The integral magnetic core memory can be expanded to
      65,000  words (65K).
PAR  The equipment interfacing with the computer 210 includes a contact
      interrupt system 124 which scans contacts representing the status of
      various plant and equipment conditions in plant wiring 1126. The status
      contacts might typically be contacts of mercury wetted relays (not shown)
      which operate by energization circuits (not shown) capable of sensing the
      predetermined conditions associated with the various system devices. Data
      from status contacts is used in interlock logic functioning and control
      for other programs, protection analog system functioning, programmed
      monitoring and logging and demand logging, etc.
PAR  Operator's panel buttons 1130 transmit digital information to the computer
      2010. The operator's panel buttons 1130 can set a load reference, a pulse
      pressure, megawatt output, speed, etc.
PAR  In addition, interfacing with plant instrumentation 1118 is provided by an
      analog input system 1116. The analog input system 1116 samples analog
      signals at a predetermined rate from predetermined input channels and
      converts the signals sampled to digital values for entry into the computer
      210. The analog signals sensed in the plant instrumentation 1118 represent
      parameters including the impulse chamber pressure, the megawatt power, the
      valve positions of the throttle valves TV1 through TV4 and the governor
      valves GV1 through GV8 and the interceptor valve IV, throttle pressure,
      steam flow, various steam temperatures, miscellaneous equipment operating
      temperature, generator hydrogen cooling pressure and temperature, etc. A
      detailed list of all parameters is provided in Appendix 1. Such parameters
      include process parameters which are sensed or controlled in the process
      (turbine or plant) and other variables which are defined for use in the
      programmed computer operation. Interfacing from external systems such as
      an automatic dispatch system is controlled through the operator's panel
      buttons 1130.
PAR  A conventional programmer's console and tape reader 218 is provided for
      various purposes including program entry into the central processor 212
      and the memory 214 thereof. A logging typewriter 1146 is provided for
      logging printouts of various monitored parameters as well as alarms
      generated by an automatic turbine startup system (ATS) which includes
      program system blocks 1140, 1142, 1144 (FIG. 6) in the DEH control system
      1100. A trend recorder 1147 continuously records predetermined parameters
      of the system. An interrupt system 124 is provided for controlling the
      input and output transfer of information between the digital computer 210
      and the input/output equipment. The digital computer 210 acts on interrupt
      from the interrupt system 124 in accordance with an executive program.
      Interrupt signals from the interrupt system 124 stop the digital computer
      210 by interrupting a program in operation. The interrupt signals are
      serviced immediately.
PAR  Output interfacing is provided by contacts 1128 for the computer 210. The
      contacts 1128 operate status display lamps, and they operate in
      conjunction with a conventional analog/output system and a valve position
      control output system comprising a throttle valve control system 220 and a
      governor valve control system 222. A manual control system is coupled to
      the valve position control output system 220 and is operable therewith to
      provide manual turbine control during computer shut-down. The throttle and
      governor valve control systems 220 and 222 correspond to the valve
      position controls 50 and 52 and the actuators 42 and 44 in FIG. 1.
      Generally, the manual control system is similar to those disclosed in
      prior U.S. Pat. No. 3,552,872 by T. Giras et al and U.S. Pat. No.
      3,741,246 by A. Braytenbah, both assigned to the present assignee.
PAR  Digital output data from the computer 210 is first converted to analog
      signals in the analog output system 224 and then transmitted to the valve
      control system 220 and 222. Analog signals are also applied to auxiliary
      devices and systems, not shown, and interceptor valve systems, not shown.
PAC  C. SUBSYSTEMS EXTERNAL TO THE DEH COMPUTER
PAR  Making reference now to FIGS. 3A-3C, a hardwired digital/analog system
      forms a part of the DEH control system 1100 (FIG. 2). Structurally, it
      embraces elements which are included in the blocks 50, 52, 42 and 44 of
      FIG. 1 as well as additional elements. A hybrid interface 510 is included
      as a part of the hardwired system. The hybrid interface 510 is connected
      to actuator system servoamplifiers 414 for the various steam valves which
      in turn are connected to a manual controller 516, an overspeed protection
      controller, now shown, and redundant DC power supplies, not shown.
PAR  A controller shown in FIG. 3A is employed for throttle valve TV1-TV4
      control in the TV control system 50 of FIG. 1. The governor valves GV1-GV8
      are controlled in an analogous fashion by the GV control system 52.
PAR  While the steam turbine is controlled by the digital computer 210, the
      hardwired system 511 tracks single valve analog outputs 520 from the
      digital computer 210. A comparator 518 compares a signal from a
      digital-to-analog converter 522 of the manual system with the signal 520
      from the digital computer 210. A signal from the comparator 518 controls a
      logic system 524 such that the logic system 524 runs an up-down counter
      526 to the point where the output of the converter 522 is equal to the
      output signal 520 from the digital computer 210. Should the hardwired
      system 511 fail to track the signal 520 from the digital computer 210 a
      monitor light will flash on the operator's panel.
PAR  When the DEH control system reverts to the control of the backup manual
      controller 516 as a result of an operator selection or due to a
      contingency condition, such as loss of power on the automatic digital
      computer 210, or a stoppage of a function in the digital computer 210, or
      a loss of a speed channel in the wide range speed control all as described
      in greater detail infra, the input of the valve actuation system 322 is
      switched by switches 528 from the automatic controllers in the blocks 50,
      52 (FIG. 1) or 220, 222 (FIG. 2) to the control of the manual controller
      516. Bumpless transfer is thereby accomplished between the digital
      computer 210 and the manual controller 516.
PAR  Similarly, tracking is provided in the computer 210 for switching
      bumplessly from manual to automatic turbine control. As previously
      indicated, the presently disclosed hybrid structural arrangement of
      software and hardware elements is the preferred arrangement for the
      provision of improved turbine and plant operation and control with backup
      capability. However, other hybrid arrangements can be implemented within
      the field of application of the invention.
PAC  D. DEH PROGRAM SYSTEM
PAC  DEH Program System Organization, DEH Control Loops And Control Task Program
PAR  With reference now to FIG. 4, an overall generalized control system of this
      invention is shown in block diagram form. The digital electrohydraulic
      (DEH) control system 1100 operates valve actuators 1012 for the turbine
      10. The digital electrohydraulic control system 1100 comprises a digital
      computer 1014, corresponding to the digital computer 210 in FIG. 2, and it
      is interconnected with a hardwired analog backup control system 1016. The
      digital computer 1014 and the backup control system 1016 are connected to
      an electronic servo system 1018 corresponding to blocks 220 and 222, in
      FIG. 2. The digital computer control system 1014 and the analog backup
      system 1016 track each other during turbine operations in the event it
      becomes necessary or desirable to make a bumpless transfer of control from
      a digital computer controlled automatic mode of operation to a manual
      analog backup mode or from the manual mode to the digital automatic mode.
PAR  In order to provide plant and turbine monitor and control functions and to
      provide operator interface functions, the DEH computer 1014 is programmed
      with a system of task and task support programs. The program system is
      organized efficiently and economically to achieve the end operating
      functions. Control functions are achieved by control loops which
      structurally include both hardware and software elements, with the
      software elements being included in the computer program system. Elements
      of the program system are considered herein to a level of detail
      sufficient to reach an understanding of the invention. More functional
      detail in various programs is presented in Appendix 2. Further, a detailed
      listing of a DEH system program substantially conforming to the
      description presented herein is presented in Appendix 3 in symbolic and
      machine language. Most of the listing is compiled by a P2000 compiler from
      instructions written in Fortran IV. A detailed dictionary of system
      parameters is presented in Appendix 1, and a detailed computer
      input/output signal list is presented in Appendix 4. Appendix 5 mainly
      provides additional hardware information related to the hardwired system
      previously considered as part of the DEH control system.
PAR  As previously discussed, a primary function of the digital electrohydraulic
      (DEH) system 1100 is to automatically position the turbine throttle valves
      TV1 through TV4 and the governor valves GV1 through GV8 at all times to
      maintain turbine speed and/or load. A special periodically executed
      program designated the CONTROL task is utilized by the P2000 computer
      along with other programs to be described in greater detail subsequently
      herein.
PAR  With reference now to FIG. 5, a functional control loop diagram in its
      perferred form includes the CONTROL task or program 1020 which is executed
      in the computer 1010. Inputs representing demand and rate provide the
      desired turbine operating setpoints. The demand is typically either the
      target speed in specified revolutions per minute of the turbine systems
      during startup or shutdown operations or the target load in megawatts of
      electrical output to be produced by the generating system 16 during load
      operations. The demand enters the block diagram configuration of FIG. 5 at
      the input 1050 of a compare block 1052.
PAR  The rate input either in specified RPM per minute or specified megawatts
      per minute, depending upon which input is to be used in the demand
      function, is applied to an integrator block 1054. The rate inputs in RPM
      and megawatts of loading per minute are established to limit the buildup
      of stresses in the rotor of the turbine-generator 10. An error output of
      the compare block 1052 is applied to the integrator block 1054. In
      generating the error output the demand value is compared with a reference
      corresponding to the present turbine operating setpoint in the compare
      block 1052. The reference value is representative of the setpoint RPM
      applied to the turbine system or the setpoint generator megawatts output,
      depending upon whether the turbine generating system is in the speed mode
      of operation or the load mode of operation. The error output is applied to
      the integrator 1054 so that a negative error drives the integrator 1054 in
      one sense and a positive error drives  it in the opposite sense. The
      polarity error normally drives the integrator 1054 until the reference and
      the demand are equal or if desired until they bear some other
      predetermined relationship with each other. The rate input to the
      integrator 1054 varies the rate of integration, i.e. the rate at which the
      reference or the turbine operating setpoint moves toward the entered
      demand.
PAR  Demand and rate input signals can be entered by a human operator from a
      keyboard. Inputs for rate and demand can also be generated or selected by
      automatic synchronizing equipment, by automatic dispatching system
      equipment external to the computer, by another computer automatic turbine
      startup program or by a boiler control system. The inputs for demand and
      rate in automatic synchronizing and boiler control modes are preferably
      discrete pulses. However, time control pulse widths or continuous analog
      input signals may also be utilized. In the automatic startup mode, the
      turbine acceleration is controlled as a function of detected turbine
      operating conditions including rotor thermal stress. Similarly, loading
      rate can be controlled as a function of detected turbine operating
      conditions.
PAR  The output from the integrator 1054 is applied to a breaker decision block
      1060. The breaker decision block 1060 checks the state of the main
      generator circuit breaker 17 and whether speed control or load control is
      to be used. The breaker block 1060 them makes a decision as to the use of
      the reference value. The decision made by the breaker block 1060 is placed
      at the earliest possible point in the control task 1020 thereby reducing
      computational time and subsequently the duty cycle required by the control
      task 1020. If the main generator circuit breaker 17 is open whereby the
      turbine system is in wide range speed control the reference is applied to
      the compare block 1062 and compared with the actual turbine generator
      speed in a feedback type control loop. A speed error value from the
      compare block 1062 is fed to a proportional plus reset controller block
      1068, to be described in greater detail later herein. The proportional
      plus reset controller 1068 provides an integrating function in the control
      task 1060 which reduces the speed error signal to zero. In the prior art,
      speed control systems limited to proportional controllers are unable to
      reduce a speed error signal to zero. During manual operation an offset in
      the required setpoint is no longer required in order to maintain the
      turbine speed at a predetermined value. Great accuracy and precision of
      turbine speed whereby the turbine speed is held within one RPM over tens
      of minutes is also accomplished. The accuracy of speed is so high that the
      turbine 10 can be manually synchronized to the power line without an
      external synchronizer typically required. An output from the proportional
      plus reset controller block 1068 is then processed for external actuation
      and positioning of the appropriate throttle and/or governor valves.
PAR  If the main generator circuit breaker 17 is closed, the CONTROL task 1020
      advances from the breaker block 1060 to a summer 1072 where the REFERENCE
      acts as a feedforward setpoint in a combined feedforward-feedback load
      control system. If the main generator circuit breaker 17 is closed, the
      turbine generator system 10 is being loaded by the electrical network
      connected thereto.
PAR  In the control task 1020 of the DEH system 1100 utilizes the summer 1072 to
      compare the reference value with the output of speed loop 1310 in order to
      keep the speed correction independent of load. A multiplier function has a
      sensitivity to varying load which is objectionable in the speed loop 1310.
PAR  During the load mode of operation the DEMAND represents the specified
      loading in MW of the generator 16 which is to be held at a predetermined
      value by the DEH system 1100. However, the actual load will be modified by
      any deviations in system frequency in accordance with a predetermined
      regulation value. To provide for frequency participation, a rated speed
      value in box 1074 is compared in box 1078 with a "two signal" speed value
      represented by box 1076. The two signal speed system provides high turbine
      operating reliability to be described infra herein. An output from the
      compare function 1078 is fed through a function 1080 which is similar to a
      proportional controller which converts the speed error value in accordance
      with the regulation value. The speed error from the proportional
      controller 1080 is combined with the feedforward megawatt reference, i.e.,
      the speed error and the megawatt reference are summed in summation
      function or box 1072 to generate a combined speed compensated reference
      signal.
PAR  The speed compensated load reference is compared with actual megawatts in a
      compare box or function 1082. The resultant error is then run through a
      proportional plus reset controller represented by program box 1084 to
      generate a feedback megawatt trim.
PAR  The feedforward speed compensated reference is trimmed by the megawatt
      feedback error multiplicatively to correct load mismatch, i.e. they are
      multiplied together in the feedforward turbine reference path by
      multiplication function 1086. Multiplication is utilized as a safety
      feature such that if one signal e.g. MW should fail a large value would
      not result which could cause an overspeed condition but instead the DEH
      system 1100 would switch to a manual mode. The resulting speed compensated
      and megawatt trimmed reference serves as an impulse pressure setpoint in
      an impulse pressure controller and it is compared with a feedback impulse
      chamber pressure representation from input 1088. The difference between
      the feedforward reference and the impulse pressure is developed by a
      comparator function 1090, and the error output therefrom functions in a
      feedback impulse pressure control loop. Thus, the impulse pressure error
      is applied to a proportional plus reset controller function 1092.
PAR  During load control the megawatt loop comprising in blocks 1082 and 1084
      may be switched out of service leaving the speed loop 1310 and an impulse
      pressure loop operative in the DEH system 1100.
PAR  Impulse pressure responds very quickly to changes of load and steam flow
      and therefore provides a signal with minimum lag which smooths the input
      response of the turbine generator 10 because the lag dynamics and
      subsequent transient response is minimized. The impulse pressure input may
      be switched in and out from the compare function 1090. An alternative
      embodiment embracing feedforward control with impulse pressure feedback
      trim is applicable.
PAR  Between block 1092 and the governor valves GV1-GV8 a valve characterization
      function for the purpose of linearizing the response of the values is
      interposed. The valve characterization function described in detail in
      Appendix III infra herein is utilized in both automatic modes and manual
      modes of operation of the DEH system 1100. The output of the proportional
      plus reset controller function 1092 is then ultimately coupled to the
      governor valves GV1-GV8 through electrohydraulic position control loops
      implemented by equipment considered elsewhere herein. The proportional
      plus reset controller output 1092 causes positioning of the governor
      valves GV1-GV8 in load control to achieve the desired megawatt demand
      while compensation is made for speed, megawatt and impulse pressure
      deviations from desired setpoints.
PAR  Making reference to FIG. 6, the control program 1020 is shown with
      interconnections to other programs in the program system employed in the
      Digital Electro Hydraulic (DEH) system 1100. The periodically executed
      program 1020 receives data from a logic task 1110 where mode and other
      decisions which affect the control program are made, a panel task 1112
      where operator inputs may be determined to affect the control program, an
      auxiliary synchronizer program 1114 and an analog scan program 1116 which
      processes input process data. The analog scan task 1116 receives data from
      plant instrumentation 1118 external to the computer as considered
      elsewhere herein, in the form of pressures, temperatures, speeds, etc. and
      converts such data to proper form for use by other programs. Generally,
      the auxiliary synchronizer program 1114 measures time for certain
      important events and it periodically bids or runs the control and other
      programs. An extremely accurate clock function 1120 operates through a
      monitor program 1122 to run the auxiliary synchronizer program 1114.
PAR  The monitor program or executive package 1122 also provides for controlling
      certain input/output operations of the computer and, more generally, it
      schedules the use of the computer to the various programs in accordance
      with assigned priorities. For more detail on the P2000 computer system and
      its executive package, reference is made to Appendix 4. In the appendix
      description, the executive package is described as including analog scan
      and contact closure input routines, whereas these routines are considered
      as programs external to the executive package in this part of the
      disclosure.
PAR  The logic task 1110 is fed from outputs of a contact interrupt or sequence
      of events program 1124 which monitors contact variables in the power plant
      1126. The contact parameters include those which represent breaker state,
      turbine auto stop, tripped/latched state interrogation data states, etc.
      Bids from the interrupt program 1124 are registered with and queued for
      execution by the executive program 1111. The control program 1110 also
      receives data from the panel task 1112 and transmits data to status lamps
      and output contacts 1128. The panel task 1112 receives data instruction
      based on supervision signals from the operator panel buttons 1130 and
      transmits data to panel lamps 1132 and to the control program 1020. The
      auxiliary synchronizer program 1114 synchronizes through the executive
      program 111 the bidding of the control program 1020, the analog scan
      program 1116, a visual display task 1134 and a flash task 1136. The visual
      display task transmits data to display windows 1138.
PAR  The control program 1020 receives numerical quantities representing process
      variables from the analog scan program 1116. As already generally
      considered, the control program 1020 utilizes the values of the various
      feedback variables including turbine speed, impulse pressure and megawatt
      output to calculate the position of the throttle valves TV1-TV4 and
      governor valves GV1-GV8 in the turbine system 10, thereby controlling the
      megawatt load and the speed of the turbine 10.
PAR  To interface the control and logic programs efficiently, the sequence of
      events program 1124 normally provides for the logic task 1110 contact
      status updating on demand rather than periodically. The logic task 1110
      computes all logical states according to predetermined conditions and
      transmits this data to the control program 1020 where this information is
      utilized in determining the positioning control action for the throttle
      valves TV1-TV4, and the governor valves GV1-GV8. The logic task 1110 also
      controls the state of various lamps and relay type contact outputs in a
      predetermined manner.
PAR  Another important part of the DEH system is the OPERATOR'S PANEL program.
      The operator communicates through the panel with the DEH control programs
      by means of various buttons which have assigned functions. When any button
      is pressed, a special interrupt is generated; this interrupt triggers a
      PANEL INTERRUPT program which decodes the button pressed, and then bids
      the PANEL task. The PANEL program processes the button and takes the
      proper action, which usually means manipulating some panel lamps, as well
      as passing on the button information to both the LOGIC and the CONTROL
      tasks.
PAR  The Operator's Panel also has two sets of display windows which allow
      display of all turbine program parameters, variables, and constants. A
      visual display task presents this information in the windows at the
      request of the operator through various dedicated display buttons and a
      numerical keyboard. The visual display values are periodically updated in
      the windows as the quantity changes.
PAR  Certain important turbine operating conditions are communicated to the DEH
      operator by way of flashing lamps on the panel. Therefore a special FLASH
      program is part of the DEH system. Its function is to monitor and detect
      such contingency conditions, and flash the appropriate lamp to alert the
      operator to the state.
PAC  E. TASK PRIORITY ASSIGNMENTS
PAR  With reference now to FIG. 7, a table of program priority assignments is
      shown as employed in the executive monitor. A program with the highest
      priority is run first under executive control if two or more programs are
      ready to run. The stop/initializer program function has top priority and
      is run on startup of the computer or after the computer has been shut down
      momentarily and is being restarted. The control program 1020 is next in
      order of priority. The operator's panel program 1130, which generates
      control data, follows the control task 1020 in priority. The analog scan
      program 1116 also provides information to the control task 1020 and
      operates at a level of priority below that of the operator's panel 1130.
      The automatic turbine starting (ATS) periodic program 1140 is next in the
      priority list. ATS stands for automatic turbine startup and monitoring
      program, and is shown as a major task program 1140 of FIG. 6 for the
      operation of the DEH system 1100. The ATS-periodic program 1140 monitors
      the various temperatures, pressures, breaker states, rotational velocity,
      etc. during start-up and during load operation of the turbine system.
PAR  The logic task 1110, which generates control and operating mode data,
      follows in order of operating priority. The visual display task program
      1134 follows the logic task program 1110 and makes use of outputs from the
      latter. A data link program for transmitting data from the DEH system to
      an external computer follows. An ATS-analog conversion task program 1142
      for converting the parameters provided by the ATS-periodic program 1142 to
      usable computer data follows in order of priority. The flash task program
      1136 is next, and it is followed by a programmer's console program which
      is used for maintenance testing and initial loading of data tapes. The
      next program is an ATS-message writer 1144 which provides for printout of
      information from the ATS analog conversion program 1142 on a suitable
      typewriter 1146. The next program in the priority list is an
      analog/digital trend which monitors parameters in the turbine system 10
      and prints or plots them out for operator perusal. The remaining two
      programs are for debugging and special applications.
PAR  In the preferred embodiment, the stop/initialize program is given the
      highest priority in the table of FIG. 7 because certain initializing
      functions must be completed before the DEH system 1100 can run. The
      auxiliary synchronizer program 1114 provides timing for all programs other
      than the stop/initialize program while the DEH system 1100 is running.
      Therefore, the auxiliary synchronizer task program 1400 has the second
      order of priority of the programs listed. The control program 1020 follows
      at the third descending order of priority since the governor valves GV1
      through GV8 and the throttle valves TV1 through TV4 must be controlled at
      all times while the DEH system 1100 is in operation.
PAR  The operator's panel program 1130 is given the next order of priority in
      order to enable an operator to exercise direct and instantaneous control
      of the DEH system 1100. The analog scan program 1116 provides input data
      for the control program 1020 and, therefore, is subordinate only to the
      initialize synchronizer control and operator function.
PAR  In the preferred embodiment the ATS-periodic program 1140 is next in order
      of priority. During automatic turbine startup, the scanning of inputs by
      the ATS-periodic program 1140 is almost on the same order of priority as
      the inputs to the DEH system 1100. However, the ATS program 1140 in
      alternative embodiments, could be reduced in its priority, without any
      considerable adverse effect, because of the relatively limited duty cycle
      problems in the ATS system.
PAR  The logic task 1110 which control the operations of some of the functions
      of the control task program 1020 is next in order of priority. The visual
      display task 1134 follows in order of priority in order to provide an
      operator with a visual indication of the operation of the DEH program
      1100. The visual display program 1134 is placed in the relatively low
      eighth descending order of priority since the physical response of an
      operator is limited in speed to to 0.2 to 0.5 sec. as to a visual signal.
      The rest of the programs are in essentially descending order of importance
      in the preferred embodiment. In alternative embodiments of the inventions,
      alternate priority assignments can be employed for the described or
      similar programs, but the general priority listing described is preferred
      for the various reasons presented.
PAR  A series of interrupt programs interrupt the action of the computer and
      function outside the task priority assignments to process interrupts. One
      such program in FIG. 6 is the sequence events or contact interrupt program
      1124 which suspends the operation of the computer for a very short period
      of time to process an interrupt. Between the operator panel buttons 1130
      and the panel task program 1112 a panel interrupt program 1156 is utilized
      for signalling any changes in the operator's panel buttons 1130. A valve
      interrupt program 1158 is connected directly between the operator's panel
      buttons 1130 and the panel task program 1112 for operation during a valve
      test or in case of valve contingency situations.
PAR  Proportional plus reset controller subroutine 1154 FIG. 9 is called by the
      control task program 1020 of FIG. 5 as previously described when the
      turbine control system is in the speed mode of control and also, for
      computer use efficiency, when the turbine 10 is in the load mode of
      control with the megawatt and impulse pressure feedback loops in service.
      Utilizing the proportional plus reset function 1068 during speed control
      provides very accurate control of the angular velocity of the turbine
      system.
PAR  In addition to previously described functions, the auxiliary synchronizer
      program 1114 is connected to and triggers the ATS periodic program 1140,
      the ATS analog conversion routine 1142 and the message writer 1144. The
      ATS program 1140 monitors a series of temperature, vibration, pressures,
      speed, etc. in the turbine system and also contains a routine for
      automatically starting the turbine system 10. The ATS analog conversion
      routine 1142 converts the digital computer signals from the ATS periodic
      program 1140 to analog or digital or hybrid form which can be typed out
      through the message writer task 1144 to the logging typewriter 1146 or a
      similar recorder.
PAR  The auxiliary synchronizer program 1114 also controls an analog/digital
      trend program 1148. The analog digital trend program 1148 records a set of
      variables in addition to the variables of the ATS periodic program 1140.
PAR  Ancillary to a series of other programs is a plant CCI subroutine 1150
      where CCI stands for contact closure inputs. The plant CCI subroutine 1150
      responds to changes in the state of the plant contacts as transmitted over
      the plant wiring 1126. Generally, the plant contacts are monitored by the
      CCI subroutine 1150 only when a change in contact state is detected. This
      scheme conserves computer duty cycle as compared to periodic CCI
      monitoring. However, other triggers including operator demand can be
      employed for a CCI scan.
PAR  As shown in FIG. 6, the control task 1020 calls ancillary thereto a speed
      loop task 1152 and the preset or proportional plus reset controller
      program 1154. Ancillary to the executive monitoring program 1122 is a task
      error program 1160. In conjunction with the clock program 1120 a
      stop/initialize program 1162 is used. Various other functions in FIG. 6
      are described in greater detail infra.
PAC  F. DEH PROGRAMS OR TASKS
PAR  Making reference now to FIG. 9, a functional diagram of the proportional
      plus reset controller task program 1068 of FIG. 5 is shown in greater
      detail. The proportional plus reset controller subroutine 1068 is called
      by the control program 1020 of FIG. 5 when the DEH turbine control system
      1100 is in the speed mode of control and also when the DEH turbine control
      system 1100 is in the load mode of control with the megawatt and impulse
      pressure feedback loops in service. As already indicated utilizing a
      proportional plus reset function during speed control provides very
      accurate control of the angular velocity of the turbine system.
PAR  The proportional plus reset controller 1068 provides an output which is
      composed of the sum of two parts. One part of the output is proportional
      to an input and the other part is an integral of the input. Therefore,
      instantaneous response is available as well as the capability of zero
      input error. A setpoint or dynamic reference from a demand source is
      applied to an input 1210 of a difference function 1212. The difference
      function 1212 compares the input and the actual controlled process value.
      An output from the difference function 1212 is fed to a proportional gain
      function 1216 and to an input of an integrator or integrating function
      1218 having a reset time TR. An output from the integrator 1218 is high
      and low limited by the program as represented by the reset windup
      prevention function 1220 in order to avoid excessive integrator outputs
      which could occur with a reset windup.
PAR  Proportional and integral outputs from the gain function 1216 and the
      windup limited integrator 1218 are summed in a summing function 1222. The
      total output from the summing function 1222 is high and low limited by
      another function 1224 and fed to a process function 1226 thereby limiting
      the total output to a useful output range.
PAR  Making reference now to FIG. 10, a pictorial representation of a flow chart
      for the proportional plus reset controller program is shown. In the
      preferred embodiment the Preset program is designed such that a call from
      the control program 1030 provides a list of variables necessary to
      evaluate the controller 1068 output. The structure of the subroutine is
      indicated by the Fortran statement given below.
PAR  SUBROUTINE PRESET (ERR, ERRX, G, TR, HL, XLL, RES, PRES)
PAR  The variables in the above equation are defined as follows:
TBL                     English Language                                       

     FORTRAN Variables  Equivalents                                            

     ______________________________________                                    

     ERR                The current input                                      

     ERRX               The last input                                         

     G                  The controller                                         

                        proportional gain                                      

     TR                 The controller reset                                   

                        time                                                   

     HL                 The controller high                                    

                        limit                                                  

     XLL                The controller low                                     

                        limit                                                  

     RES                The controller integral                                

                        output                                                 

     PRES               The controller total                                   

                        output.                                                

     ______________________________________                                    

PAR  Again making reference to FIG. 10, where standard FORTRAN notation is used,
      the Preset subroutine 1068 first evaluates the integral part of the
      controller output according to equation:
      ##EQU1##
      The subroutine 1068 next saves the current input ERR in storage location
      ERRX 1250 for the following call to the subroutine 1068. The controller
      integral output RES 1252 is then checked against the high limit 1254 and
      the low limit 1256 to prevent reset/windup. The proportional part of the
      output is computed and added to the integral part of the output integrator
      1218 to form the total output PRES 1258. PRES 1258 is checked against high
      limit 1260 and low limit 1262 after which the proportional plus reset
      controller subroutine 1068 returns to the control task 1020.
PAR  As previously considered, the proportional plus reset controller subroutine
      1068 is used by the control task program 1020 during three different
      phases of operation of the turbine system. During startup of the turbine
      system 10, the proportional plus reset controller subroutine program 1068
      is used as a speed controller in order to regulate and hold the speed of
      the turbine 10 at a predetermined value or at a predetermined acceleration
      rate. Because of the integral function of the proportional plus reset
      controller subroutine program 1068 the speed of the turbine system 10 can
      be held to within 1 rpm. Also, in order for an operator to keep the speed
      of the turbine system 10 at a predetermined value, an error offset input
      signal typical of a purely proportional system is not required. Therefore,
      the reference and the controlled variable, both turbine speed in this
      case, will be equal. The proportional plus reset controller subroutine
      program 1068 is also used in the megawatt controller feedback loop and the
      impulse chamber pressure controller feedback loop.
PAR  During turbine startup, the quantity REFDMD is the internal speed reference
      while WS is the actual turbine speed. GS1 and T1 are the proportional gain
      and reset time, HLS and 0. are the high and low limits. RESSPD is the
      integral part of the output, SPDSP is the total output, and RESSPDX is the
      last value of the input.
PAR  In the megawatt controller during megawatt loop operation, REF1 is the
      megawatt set point, MW is the megawatt feedback, and GR2 is a ranging gain
      to convert from engineering units to per-unit form. GL2 and T2 are the
      proportional gain and the reset time, while HEL and LEL are high and low
      limits. RESMW is the integral output, Y is the total output, and RESMWX is
      the last input.
PAR  With impulse pressure loop operation, PISP is the set point for the impulse
      pressure controller, PI is the feedback and GL3 and T3 are the
      proportional gain and the reset time. GR4 and 0. are the high and low
      limits, RESPI is the integral output, VSP is the total output, and RESPIX
      is the last input.
PAC  2. SPEED LOOP SUBROUTINE
PAR  Making reference not to FIG. 11, a speed loop program 1310 which
      functionally is part of the arrangement shown in FIG. 5 is shown in
      greater detail. The speed loop (SPDLOOP) program 1310 normally computes
      data required in the functioning of the speed feedback loop in the load
      control comprising as shown in FIG. 5 the rated speed reference 1074, the
      actual turbine speed 1076, the compare function 1078, the proportional
      controller 1080 and the summing function 1072. During the load control,
      the speed feedback loop adjusts the load reference (and thus the governor
      valves) to correct for any turbine speed deviation from rated speed. The
      speed feedback loop uses a proportional controller to accomplish this
      function. The speed loop subroutine 1310 is called upon to perform speed
      control loop functions by the control program 1020. In FIG. 11, the
      functioning of the proportional controller 1080 is shown in detail. The
      error output from the compare function 1078 is fed through a deadband
      function 1312. A proportionality constant (GR1) 1314 and a high limit
      function (HLF) 1316 are included in the computation.
PAR  The speed loop (SPDLOOP) subroutine is called by the control task during
      the load control mode and when switching occurs between actual speed
      signals. Subroutine form reduces the requirement for memory storage space
      thereby reducing computer the expense required for operation of the DEH
      system 1100.
PAR  The deadband function 1312 provides for bypassing small noise variations in
      the speed error generated by the compare function 1078 so as to prevent
      turbine speed changes which would otherwise occur. Systems without a
      deadband continuously respond to small variations which are random in
      nature resulting in undue stress in the turbine 10 and unnecessary, time
      and duty cycle consuming operation of the control system. A continuous
      hunting about the rated speed due to the gain of the system would occur
      without the deadband 1312. The speed regulation gain GR1 at 1314 is set to
      yield rated megawatt output power speed correction for a predetermined
      turbine speed error. The high limit function HLS at 1316 provides for a
      maximum speed correction factor.
PAR  The turbine speed 1076 is derived from three transducers. The turbine
      digital speed transducer arrangement is that disclosed in greater element
      and system implementation detail in the aforementioned Reuther Application
      Ser. No. 412,513. Briefly, in the preferred embodiment for determining the
      speed of the turbine, the system comprises three independent speed
      signals. These speed signals consist of a very accurate digital signal
      generated by special electronic circuitry from a magnetic pickup, an
      accurate analog signal generated by a second independent magnetic pickup,
      and a supervisory analog instrument signal from a third independent
      pickup. The DEH system compares these signals and through logical
      decisions selects the proper signal to use for speed control or speed
      compensated load control. This selection process switches the signal used
      by the DEH control system 1100 from the digital channel signal to the
      accurate analog channel signal or vice versa under the predetermined
      dynamic conditions. In order to hold the governor valves at a fixed
      position during this speed signal switching the control program 1020 uses
      the speed loop subroutine 1310 and performs a computation to maintain a
      bumpless speed signal transfer.
PAR  Making reference to FIG. 12, the speed loop (SPDLOOP) subroutine flow chart
      1310 is shown in greater detail. Two FORTRAN statements signify the
      operations of the speed loop subroutine program flow chart 1310. These
      statements are:
PAL  Call spdloop
EQU  ref1 = refdmd + x
PAR  variables in the flow chart 1310 are defined as follows:
TBL  FORTRAN VARIABLES                                                         

                      ENGLISH LANGUAGE EQUIVALENT                              

     ______________________________________                                    

     REFMD            Load reference                                           

     WR               The turbine rated speed                                  

     REF1             Corrected load reference                                 

     WS               The actual turbine speed                                 

     TEMP             Temporary storage location                               

                      variable                                                 

     SPDB             The speed deadband                                       

     GR1              The speed regulation gain                                

                      (normally set to yield rated                             

                       megawatt speed correction for                           

                       a 180 rpm speed error)                                  

     X                Speed correction factor                                  

     HLF              The high limit function.                                 

     ______________________________________                                    

PAC  3. PLANT CONTACT CLOSURE INPUT (PLANTCCI) SUBROUTINE
PAR  A plant contact closure input subroutine 1150 as shown in FIG. 6 scans all
      the contact inputs tied to the computer through the plant wiring 1126 and
      sets logic data images of these in designated areas within the memory 214
      of the computer 210. Various situations call for the PLANTCCI subroutine.
      The most common case represents a basic design feature of the DEH system;
      that is, the situation in which a change of state of any contact input
      triggers a sequence of events interupt. A corresponding interrupt program
      then calls the PLANTCCI subroutine to do a scan of all contact inputs and
      to update the computer contact image table. Thus (under normal conditions)
      a contact scan is carried out only when necessary. A block diagram
      illustrating the operation of the plant contact closure input subroutine
      1150 is shown in FIG. 13. The plant contact closure input subroutine 1150
      is also utilized when power to the computer 210 is turned on or when the
      computer buttons reset-run-reset are pressed on a maintenance panel 1410.
      Under these circumstances, a special monitor power-on routine 1412 is
      called upon. This program executes the computer STOP/INITIALIZE task 1414
      described previously, which in turn calls the plant contact closure input
      subroutine 1150 for performance of the initializing procedure.
PAR  The operator can also call the plant contact closure input subroutine 1150
      through the auxiliary synchronizer program 1114, if desired, whereby a
      periodic scan of the entire computer CCI system is implemented for
      checking the state of any one or group of relays in the CCI system. This
      call is contingent upon the entry of a non-zero value for the constant
      PERCCI from the DEH Operator's Panel keyboard.
PAC  4. AUXILIARY SYNCHRONIZER PROGRAM
PAR  With reference to FIG. 14, the block diagram shows an overall scheme which
      illustrates the operation of the auxiliary synchronizer program 1510. The
      auxiliary synchronizer program 1510 has two functions. It performs
      accurate counting to determine the time duration of important events to be
      described in more detail and it synchronizes the bidding for execution of
      all periodic programs in the digital electrohydraulic system 1100 on a
      predetermined schedule. The AUX SYNC task is on priority level E.sub.16
      (14.sub.10) and is initiated by the 60 Hz synchronizing program of the
      Monitor every 1/10 sec. Highly accurate and stable timing is provided by a
      clock to align all parts of the system in a repetitive working pattern.
      Such timing sources are called clocks or synchronizers. Clocks may
      generate their timing pulses in a number of ways; the most common clocks
      consist either of a very accurate electronic oscillator, or a timing
      circuit triggered by the 60 Hz supply frequency to the computer.
PAR  The DEH control system utilizes the line frequency as its timing source. As
      shown in FIG. 14, a clock pulse is generated every cycle (1/60 sec), and
      triggers a counting circuit in the computer Monitor system. The Monitor is
      initialized to generate an interrupt every six cycles (1/10 sec). When
      this interrupt occurs, the Monitor executes its own internal scheduling
      functions and then bids the AUX SYNC task to run. AUX SYNC proceeds to
      carry out its various timing calculations and bids all remaining periodic
      DEH programs.
PAC  OPERATOR'S PANEL AND FLASH PROGRAM
PAR  Referring now to FIGS. 15, 16 and 17, the control panel 1130 for the
      digital electrohydraulic system 1100 is shown in detail. Specified
      functions have control panel buttons which flash in order to attract the
      attention of an operator. The FLASH task has two functions: it flashes
      appropriate lights to alert the operator to various important conditions
      in the DEH system, and it sets contact outputs to pass these same
      conditions to the Analog Backup and Boiler Control Systems. The FLASH task
      is on priority level 5 and is bid by the AUX SYNC task every 1/2 sec. The
      concept behind the FLASH task is that flashing will attract the operator's
      attention much more quickly than simply maintaining a steady on condition.
      Most of the flashing lights indicate contingency conditions; a few
      indicate such things as invalid keyboard entries or that the DEH system is
      ready to go on automatic control. The flashing frequency is set at 1/2 sec
      on and 1/2 sec off as long as the condition exists. At the termination of
      the flashing condition, the corresponding lights and contacts are turned
      off.
PAR  A total of nine conditions are continually monitored for flashing by the
      FLASH task. These are listed below with a brief description of each.
TBL  __________________________________________________________________________

     1.                                                                        

       Reference Low Limit                                                     

                      --                                                       

                        The turbine load reference is                          

                        being limited by the low load                          

                        limit.                                                 

     2.                                                                        

       Reference High Limit                                                    

                      --                                                       

                        The turbine load reference is                          

                        being limited by the high load                         

                        limit.                                                 

     3.                                                                        

       Valve Position Limit                                                    

                      --                                                       

                        The turbine governor valve output                      

                        is being limited by the valve                          

                        position limit.                                        

     4.                                                                        

       Throttle Pressure Limit                                                 

                      --                                                       

                        The turbine load reference is                          

                        being run back because throttle                        

                        pressure is below set point. No                        

                        light is flashed in this case but                      

                        a contact output is set during                         

                        the throttle pressure limiting.                        

     5.                                                                        

       DEH Ready for Automatic                                                 

                      --                                                       

                        The DEH control system has tracked                     

                        the manual backup system and is                        

                        ready to go on automatic control.                      

     6.                                                                        

       Valve Status Contingency                                                

                      --                                                       

                        While on automatic control, the                        

                        DEH system has detected a valve                        

                        LVDT position not in agreement                         

                        with its corresponding analog                          

                        output.                                                

     7.                                                                        

       Governor Valve Contingency                                              

                      --                                                       

                        A governor valve LVDT position is                      

                        not in agreement with its analog                       

                        output.                                                

     8.                                                                        

       Throttle Valve Contingency                                              

                      --                                                       

                        A throttle valve LVDT position                         

                        is not in agreement with its                           

                        analog output.                                         

     9.                                                                        

       Invalid Request                                                         

                      --                                                       

                        An invalid keyboard entry has                          

                        been made.                                             

     __________________________________________________________________________

PAR  In order to determine whether to flash a light or to suppress flashing, the
      FLASH task maintains two arrays in core memory. One of these is called
      LIMIT and contains the current value of the nine limiting or flashing
      conditions listed above, as they are set by various other DEH programs.
      The second array is called OLDLIMIT and is an image of the immediate past
      value of the LIMIT array. These two arrays are examined every 1/2 sec by
      the FLASH task according to the following table of combinations:
TBL  FLASH TASK LAMP COMBINATIONS                                              

     LIMIT        OLDLIMIT      Action                                         

     ______________________________________                                    

     0            0             Do Nothing                                     

     0            1             Turn Light Off                                 

     1            0             Turn Light On                                  

     1            1             Turn Light Off                                 

     ______________________________________                                    

PAL  After the proper action is taken by the FLASH task, the OLDLIMIT array is
      then updated to agree with the current LIMIT array for the next pass
      through the task 1/2 sec later.
PAR  A third array called CCOFLAG is also maintained by the FLASH task in order
      to set contact outputs when a limiting condition exists. The contact
      outputs are not set and reset regularly (as are the flashing lights) but
      rather the contacts are set and remain on as long as the flashing
      condition exists. When the flashing condition ceases the contacts are
      reset. A table of combinations illustrating this action
TBL  FLASH TASK CONTACT COMBINATIONS                                           

     LIMIT        CCOFLAG       Action                                         

     ______________________________________                                    

     0            0             Do Nothing                                     

     0            1             Reset Contact                                  

     1            0             Set Contact                                    

     1            1             Do Nothing                                     

     ______________________________________                                    

PAL  It should be noted that only the first five flash conditions listed above
      have contact outputs associated with them; the remaining four simply flash
      Operator's Panel lights.
PAR  The control of the operation of the DEH control system 1100 is greatly
      facilitated for the operator. by the novel layout of the operator's panel
      1130, the flashing and warning capabilities thereof, and the interface
      provided with the turbine control and monitor functions through the
      pushbutton switches. In addition, simulated turbine operation is provided
      by the DEH system for operator training or other purposes through the
      operation of the appropriate panel switches during turbine down time.
      Further, it is noteworthy that manual and automatic operator controls are
      at the same panel location for good operator interface under all operating
      conditions. More detail on the functioning of the panel pushbuttons is
      presented in Appendix 2 and elsewhere in the description of the DEH
      programs herein.
PAR  In addition the layout of the panel 1130 of FIGS. 15, 16 and 17 is unique
      and very efficient from operation and operator interface considerations.
      The control of the DEH system 1100 by the buttons of the panel 1130 and
      the software programs thereto provides improved operation of the computer
      210 and turbine generator 10.
PAR  Software details of the panel 1130 interface are available in the
      appendices 3,4,5 and 6.
PAR  In the field-installation phase of computer control systems, checkout of
      all parts of the system can be a tedious and frustrating chore. Debugging
      of programs, computer hardware and plant wiring is often a slow and
      painful process, and isolation of problems to one of these areas is
      sometimes difficult. It is during this time that the CCO TEST task
      provides a powerful tool for helping to bring the DEH system to full
      operating capabilities quickly.
PAR  The CCO TEST task is patterned along the lines of the DEH Input/Output
      (I/O) listing. The I/O list has a description of all contact outputs in
      numerically increasing order, from C001 to C224. The list includes a
      verbal description of the contact output function, its bit position,
      hardware word, set channel, and cabinet-half-shell terminal connection
      information. Since each contact output is identified by its C-number, to
      set or reset a contact or group of consecutive contacts, it is necessary
      only to type in the contact number(s) from the Programmer's Console and
      bid the CCO TEST task. Since analog outputs are essentially groups of
      contact outputs, the CCO TEST task may also be used to set any value on an
      analog output. This allows additional soft-ware and hardware testing prior
      to interfacing of the entire system.
PAC  5. SEQUENCE OF EVENTS INTERRUPT PROGRAM
PAR  Once the PLANTCCI subroutine identifies the plant condition that changed
      state and activated the sequence of events program 1124 the execution of
      an appropriate function program may be initiated in accordance with the
      task priorities. Contact inputs scanned by the CCI subroutine are set
      forth in the input/output signal list in Appendix 4.
PAC  6. BREAKER OPEN INTERRUPT PROGRAM
PAR  Referring now to FIG. 1, if the breaker 17 opens thereby removing
      electrical load 19 from the generator 16, the turbine system 10 will begin
      to accelerate. The acceleration will overspeed the turbine generator
      system 10 and damage the turbine generator system 10 if it is not checked.
      It is mandatory that the turbine governor valves be closed an instant
      after the breaker opens, to cut off steam flow. The control system then
      reverts to speed control and positions the governor valves to maintain
      synchronous speed. In order to restrict turbine overspeed when the breaker
      17 opens, the breaker open contact is used to produce an interrupt. The
      Monitor interrupt handler then runs a BREAKER OPEN INTERRUPT program 1710
      which immediately closes the governor valves by setting the appropriate
      analog output to zero. An independent hydraulic overspeed protection
      system shown in Ser. No. 189,322 by Fiegbein and Csanady also acts
      directly under predetermined conditions to close the governor valves
      GV1-GV8 and the throttle valves TV1-TV4 by dumping the hydraulic fluid in
      the valve actuators thereby giving additional protection to the turbine
      system 10. When the hydraulic overspeed protection system reacts to a
      breaker open operation (i.e. a full load rejection), the turbine steam
      valves are directly and immediately closed and the DEH system functions on
      a following basis to update its valve position outputs to call for valve
      closure. When a partial load rejection occurs, i.e. the breaker remains
      closed, a control strategy like that described in the aforementioned
      Birnbaum Braytenbah and Richardson Patent 3,552,872 is effected by the DEH
      system.
PAC  7. TASK ERROR PROGRAM
PAR  A task error program 1810 shown in FIG. 6 has supervisory control over all
      the other programs in the DEH system 1100. If any program is not
      functioning properly in correspondence to certain predefined error
      conditions, the task error program 1810 will switch the DEH system 1100 to
      manual control thereby preventing any accident, overload, underload,
      overspeed, or underspeed from happening. Thus, the TASK ERROR program 1810
      switches control of the turbine from automatic to manual if certain
      important control tasks are disabled by the Monitor during input/output
      activity. The TASK ERROR program 1810 is initialized by the Monitor error
      handler.
PAR  The P2000 Monitor is composed of a variety of programs which handle all I/O
      activity for the DEH system. Thus, when some turbine control program
      wishes to use the I/O system, it calls the proper Monitor handler with a
      set of arguments describing the function to be performed. The handler then
      carries out the request and returns to the calling task at the completion
      of the function. However, in usual applications, if the handler finds
      erroneous information in the arguments passed along by the calling task,
      then the I/O request is ignored and the calling task is disabled. An
      example of such an error is a zero, negative or non-existent register
      number when calling the contact output handler. An example of the usual
      operation of the P2000 Monitor in this particular case, i.e. in the DEH
      system, would be when a turbine operating program such as the panel task
      1112 calls to use an input/output system such as the panel lamp program
      1132. The panel task 1112 calls the monitor program 1122 with a set of
      arguments describing the function to be performed. The monitor program
      1122 then carries out the request and returns to the panel task program
      1112 at the completion of the function. However, if the monitor program
      1122 finds erroneous information in the arguments or data passed along by
      the panel task 1112 then the input/output request for the panel lamp 1132
      is ignored and the panel task 1112 is disabled. A monitor reference
      manual, TP043, of the Computer and Instrumentation Division of the
      Westinghouse Electric Corporation describes in detail all possible error
      conditions.
PAR  TURBINE TRIP INTERRUPT program provides for throttle and governor valve
      closure immediately after the turbine latch mechanism is released. The
      TURBINE TRIP INTERRUPT program is initiated by the Monitor interrupt
      handler.
PAR  The mechanical latching mechanism of a turbine has a series of interlocks
      which are designed to trip the turbine off the line when any serious
      discrepancy is found in the system. Such factors as hydraulic fluid
      system, mechanical levers, emergency trip button, and solenoids operated
      by detection circuits may unlatch the turbine. When this happens, all
      throttle and governor valves must be closed to cut off steam flow
      immediately, after which the turbine begins to decelerate.
PAC  8. TURBINE TRIP INTERRUPT PROGRAM
PAR  In FIG. 6, a turbine trip interrupt program 1850 is shown coupled to the
      plant wiring 1126 and to the throttle valves TV1-TV4 and the governor
      valves GV1-GV8 1021. If the turbine system 10 reaches a trip condition,
      and reaches a predetermined speed for example 105% of synchronous speed, a
      latch open contact 1852 changes state and indicates a trip to the turbine
      trip interrupt program 1850 by means of an interrupt signal. The Monitor
      interrupt handler then runs the TURBINE TRIP INTERRUPT program, which
      immediately calls for throttle and governor valve closure. Simultaneously
      the analog backup system detects the trip condition and provides a large
      closing bias voltage to the throttle and governor valve servo system, thus
      assuring via redundant circuits that all valves are closed. By closing all
      the valves in the turbine system 10, dangerous turbine overspeed and other
      conditions are avoided.
PAC  9. PANEL INTERRUPT PROGRAM
PAR  The PANEL INTERRUPT program responds to Operator's Panel pushbutton
      requests by decoding the pushbutton identification and bidding the PANEL
      task to carry out the appropriate response. The PANEL INTERRUPT program is
      initiated by the Monitor interrupt handler.
PAR  The DEH turbine control system is designed to provide maximum flexibility
      to plant personnel in performing their function of operating the turbine.
      This flexibility is evidenced by an Operator's Panel with an array of
      pushbuttons arranged in functional groups, and an internal software
      organization which responds immediately to pushbutton requests by the
      operator. The heart of this instant response is the interrupt capability
      of the DEH control system.
PAR  Pressing any panel pushbutton activates a diode-decoding network which
      identifies the pushbutton, sets a group of six contacts to an appropriate
      coded pattern, and generates an interrupt to the computer. The Monitor
      interrupt handler responds within microseconds and runs the PANEL
      INTERRUPT program, which does a demand contact input scan of the special
      panel pushbutton contacts and bids the PANEL task to carry out the
      function requested by the operator.
PAC  10. VALVE TEST, VALVE POSITION LIMIT AND VALVE INTERRUPT PROGRAM
PAR  Certain valve testing and limiting functions have been a traditional
      turbine control feature over the years to provide assurance of the
      emergency performance of valves and to give the operator a final override
      on the control valve position. Thus, on line testing of throttle valves
      periodically will detect potential malfunctions of the throttle valve
      mechanism which could be dangerous if not corrected. In addition, valve
      position limiting of the governor valves during on line operation provides
      a manual means of limiting steam flow from the Operator's Panel.
PAR  In the DEH control system these two important functions are initiated by
      appropriate pushbuttons on the panel. As long as the operator presses one
      of these pushbuttons, the proper action is carried out by the CONTROL
      program. When the operator releases any of these pushbuttons, this
      generates a special interrupt to terminate the action which has been
      performed.
PAR  Referring again to FIG. 6, a valve test program 1810 and a valve position
      limit program 1812 are subroutines of the control task program 1020. The
      valve test program 1810 tests the operation of any predetermined valve or
      valves such as the throttle valves TV1 through TV4 by the operator
      pressing a valve test button 1814 of FIG. 16 on the operator's panel 1130.
      The valve position limit program 1812 of the control task 1020 operates
      when an operator presses either of the two buttons, valve position limit
      lower 1816 or valve position limit raise 1818 of FIG. 16.
PAR  Referring again to FIG. 16, upon the release of the valve test button 1814,
      the valve position limit lower button 1816 or the valve position limit
      raise button 1818 by an operator, the valve interrupt program 1158 shown
      in FIG. 6, is run by the monitor program 1122. The monitor program 1122
      runs the valve interrupt program 1158 and thereby resets various flags and
      counters thus signaling to the control task 1020 that the action is to
      cease.
PAC  11. STOP/INITIALIZER PROGRAM
PAR  The STOP/INITIALIZE task 1162 (FIG. 6) initializes the DEH system to a
      known starting condition after the computer has stopped for any reason.
      (Note that stop here includes placing the computer out of sync.) The
      STOP/INITIALIZE task is assigned the highest priority level F.sub.16
      (15.sub.10) and is bid by special insert instructions in the Monitor
      POWER-ON routine.
PAR  To control a continuously operating process successfully, a computer must
      be designed to run for very long periods of time without stopping.
      However, it must be recognized that power failures, computer hardware
      malfunctions of program errors will eventually cause all control computers
      to stop at some time in their operation. At these times, backup systems
      take over the process while the necessary maintenance is done on the
      computer or its software.
PAR  In FIG. 6, a stop/initializer program 1162 is shown ancillary to the clock
      program 1120. Should the DEH system 1100 have a power failure or be turned
      off, the stop/initializer program 1162, which has the highest priority
      (FIG. 9) of any program in the DEH system 1100, starts to run. Within the
      time that the voltages of the power supplies, not shown, decay to an
      unusable limit, the stop/initializer program 1162 sets the DEH system 1100
      into a known state for the impending stop. Upon restarting, the
      stop/initializer program 1162 resets the system to the known state, i.e.
      it sets all contact and analog outputs to the throttle valves TV1 through
      TV4 and the governor valves GV1 through GV8 shown in box 1021 at reset
      position; all internal counters and logic states are reset; certain
      systems counters are set to starting values; a scan of all contact inputs
      from the plant wiring 1126 is carried out and the logic program 1110 is
      executed to align the DEH system 1100 to existing plant conditions.
      Finally, the controller reset lamp 1820 on the operator's panel 1130 as
      shown in FIG. 16 is turned on and the DEH system 1100 is ready to restart.
PAR  When the operator presses the CONTROLLER RESET button, thus acknowledging
      the fact that the DEH system is operational again, all periodic programs
      begin to execute regularly and the control system tracks to the existing
      plant conditions. Operation from this point on is identical in all
      respects to normal execution of the DEH control system programs.
PAC  12. VISUAL DISPLAY PROGRAM
PAR  Visual display of numerical information which resides in memory has been a
      traditional function of control computer systems. This feature provides
      communication between the operator and the controller, with both display
      and changing of internal information usually available. Continuous display
      of a quantity provides visual indication of trends, patterns and dynamic
      response of control system variables; periodically updated values of the
      displayed quantity are entered into the windows so that fast changes may
      readily be observed by operating and technical personnel.
PAR  The DEH control system has provision for visual display of six important
      control quantities through dedicated individual pushbuttons. In addition,
      complete valve status (i.e. position) may be displayed through a group of
      appropriate pushbuttons; all remaining control system variables,
      parameters or constants may be displayed through another pushbutton, in
      conjunction with keyboard-entered dictionary addresses which select the
      desired quantity for display.
PAR  The visual display program 1134 as shown in FIG. 6 is connected with the
      panel interrupt program 1156 and the auxiliary synchronizer program 1114.
      The visual display program 1134 controls the display windows 1138 with a
      reference window 1852 and a demand window 1854. The demand window 1854 and
      the reference window 1852 are also shown in FIG. 16 as part of the
      operator's panel 1130. By pressing an appropriate button such as the
      reference button 1856 a reference value will be displayed in the reference
      window 1852 and a demand value will be displayed in the demand window
      1854. Similarly, for example, if a valve position limit display button
      1858 is pressed a valve position limit value will be displayed in the
      reference window 1852 and the corresponding valve variable being limited
      is displayed in the demand window 1854. Upon pressing the load rate button
      1858 the load rate will be displayed in the reference window 1852. In
      addition, a keyboard 1860 has the capability through an appropriate
      program to select virtually any parameter or constant in the DEH system
      1100 and display that parameter in the reference window 1852 and the
      demand window 1854.
PAC  13. ANALOG SCAN PROGRAM
PAR  In order to carry out its function, a computer control system must be
      provided with input signals from the process or plant variables which are
      to be controlled. However, the vast majority of real process variables
      (for example pressure, temperature and position) are analog or continuous
      in their natural form, whereas the organization and internal structure of
      computers is digital or discontinuous in nature. This basic difference in
      information format between the controller and the controlled process must
      be overcome with interfacing equipment which converts process signals to
      an appropriate computer numerical value.
PAR  A device which can accomplish this function is the analog-to-digital (A/D)
      converter. The A/D converter provides the interface between plant analog
      instrumentation and the digital control system. Normally the analog signal
      as picked up from a transducer is in the millivolt or volt range, and the
      A/D converter produces an output bit pattern which may be stored in
      computer memory. A/D converters can only convert a limited number of
      analog inputs to digital form in a given interval of time. The usual
      method of stating this limit is to indicate the number of points (analog
      inputs) which can be converted in 1 sec. Thus, the A/D converter used in
      the DEH system has a capacity of 40 pps. Since the total number of analog
      inputs to the DEH system may be as high as 224, depending on the type of
      turbine to be controlled and the control system options selected, most of
      these must be scanned at a reduced frequency.
PAR  The nature of the plant variables which represent the analog inputs, and
      the sampling frequency of control programs using these inputs, are
      normally considered when one determines the scanning frequency of various
      analog input signals. In the DEH system, the control programs execute once
      a second and the primary analog signals used by the control system are
      generated megawatts, impulse pressure, throttle pressure, turbine speed
      and valve position. Since each of these variables may change a significant
      amount in a few seconds, all of these are scanned once a second. On the
      other hand, the majority of the analog inputs to the ATS program are
      temperatures which require minutes before significant changes in them may
      be observed. Consequently, all temperatures in the DEH system are scanned
      once a minute. The ATS program also requires a group of vibrations, which
      are scanned once every 5 sec, and a group of miscellaneous variables which
      are scanned once every 10 sec.
PAR  A timing diagram, or scan-frequency chart, is shown in FIG. 19 to indicate
      the complete analog scanning system for an end-bar-lift turbine having two
      throttle valves and two governor valves. The scanning pattern has been
      designed so that the A/D converter and the DEH computer system have an
      approximately uniform distribution of activity. A close look at FIG. 19
      will indicate that once every 15 sec the analog scan system performs what
      is known as a SPAN/ADJUST operation. The purpose of this is to adjust the
      analog input bit patterns to account for drift in the A/D converter
      electronic circuitry and to account for the frequency variations, since
      the A/D converter operates on a voltage to frequency conversion principle.
PAR  The analog scan program 1116, shown in FIG. 6 periodically scans all analog
      inputs to the DEH system 1100 for control and monitoring purposes. The
      function of the analog scan program 1116 is performed in two parts. The
      first part of the analog scan program 1116 comprises the scanning of a
      first group of analog inputs. Values of scanned inputs are converted to
      engineering units and the values are checked against predetermined limits
      as required for computations in the DEH computer.
PAR  The second part of the function of the analog scan program 1116 comprises
      the scanning of the analog inputs required for the automatic turbine
      startup program as shown in FIG. 6. Conversion and limit-checking of this
      latter group of inputs is performed by another program. The automatic
      turbine startup program is shown in FIG. 6 as the ATS periodic program
      1140, the ATS analog conversion routine 1142 and the ATS message writer
      program 1144.
PAR  A functional organization diagram of the ANALOG SCAN task is shown in FIG.
      18. The AUX SYNC task bids the ANALOG SCAN program every 1/2 sec. The
      ANALOG SCAN task then selects the appropriate group of inputs to be
      scanned, according to the timing diagram of FIG. 19, and calls the analog
      input handler portion of the Monitor. This handler triggers the A/D
      converter hardware to scan these points and suspends the ANALOG SCAN task
      until the bid patterns are available. The handler then restarts the ANALOG
      SCAN task, which converts the input bit patterns to engineering units,
      does appropriate limit-checking and makes logical decisions, and then
      exists until the next call from the AUX SYNC task, 1/2 sec later.
PAC  14. LOGIC TASK
PAR  The LOGIC task determines the operational status of the DEH turbine control
      system from information provided by the plant, the operator, and other DEH
      programs.
PAR  Referring now to FIG. 20, a block diagram representing the operation of the
      logic task 1110 is shown. A contact input from the plant wiring 1126
      triggers the sequence of events or interrupt program 1124 which calls upon
      the plant contact closure input subroutine 1150 which in turn requests
      that the logic program 1110 be executed by the setting of a flag called
      RUNLOGIC 1151 in the logic program 1110. The logic program 1110 is also
      run by the panel interrupt program 1156 which calls upon the panel task
      program 1112 to run the logic program 1110 in response to panel button
      operations. The control task program 1020 in performing its various
      computations and decisions will sometimes request the logic program 1110
      to run in order to update conditions in the control system. In FIG. 21,
      the functioning of the logic program 1110 is shown. FIG. 22 shows a more
      explicit block diagram of the logic program 1110.
PAR  The mechanism for actual execution of the LOGIC program is provided by the
      AUX SYNC task, which runs every 1/10 sec and carries out the scheduled and
      demand bidding of various tasks in the DEH system. AUX SYNC checks the
      state of the RUNLOGIC flag and, if it is set, bids the LOGIC task
      immediately. Thus, the maximum response time for LOGIC requests is 1/10
      sec; on the average the response will be much faster than this.
PAR  In order to allow immediate rerunning of the LOGIC task should system
      conditions require, the LOGIC program first resets RUNLOGIC. Thus any
      other program may then set RUNLOGIC and request a bid which will be
      carried out by the AUX SYNC program within 1/10 sec. There are two major
      results of the LOGIC task: the computation of all logic states necessary
      for proper operation of the DEH system, and the processing of all status
      and monitor lamp contact outputs to inform the plant control system and
      operating personnel of the state of the DEH system.
PAR  The logic program 1110 controls a series of tests which determine the
      readiness and operability of the DEH system 1100. One of these tests is
      that for the overspeed protection controller which is part of the analog
      backup portion of the hardwired system 1016 shown in FIG. 4. Generally,
      the logic program 1110 is structured from a plurality of subroutines which
      provide the varying logic functions for other programs in the DEH program
      system, and the various logic subroutines are all sequentially executed
      each time the logic program is run.
PAC  LOGIC CONTACT CLOSURE OUTPUT SUBROUTINE
PAR  The logic task 1110 includes a subroutine called a logic contact closure
      output subroutine 1910 (FIG. 20) therein. The logic contact closure output
      subroutine 1910 updates all the digital outputs to the status lamps and
      contacts 1128 for transmission thereto. The logic program 1110 handles a
      great number of contact outputs thereby keeping the output logic states of
      the DEH computer current.  In addition, certain logical variables, which
      are normally set by the PANEL task, must be aligned by the LOGIC task with
      conditions as they exist instant by instant in the power plant. To do
      these functions in-line for each contact output in the LOGIC task would
      take considerable core storage to accommodate the individual situations.
      Thus, the logic contact closure output subroutine 1910 reduces the total
      storage requirements otherwise required for the logic program 1110.
PAC  MAINTENANCE TEST
PAR  In order to take advantage of the full flexibility, adjustability and
      dynamic response of the DEH system 1100 a maintenance test system 1810 is
      provided. The maintenance test program 1810 allows an operator to change,
      adjust or tune a large number of operational parameters and constants of
      the DEH system 1100. The constants of the DEH system 1100 can therefore be
      modified without extensive adjustment or reprogramming. An operator is
      able to optimize the DEH system 1100 from the control panel 1130 as shown
      in FIGS. 15 and 16 which allows for an essentially infinite variability in
      the choice of constants. Great flexibility and control is therefore
      available to an operator.
PAR  In addition, the maintenance test program 1810 allows an operator to use a
      simulation mode for operator training purposes.
PAC  TURBINE SUPERVISION OFF LOGIC
PAR  In the DEH control system, the ATS program 1141 is an optional feature
      which automatically accelerates the turbine during speed control and
      performs monitoring functions during load control. When this option is
      purchased by the user, the operator's panel has an extra back-lighted
      pushbutton which allows these turbine supervisory functions to be turned
      on or off at the operator's discretion. In addition to this off-on
      control, another mechanism exists to turn off the supervision programs. To
      understand this method, it is first necessary to realize that supervision
      means monitoring of a large number of analog inputs which represent
      various turbine metal and steam temperatures, steam pressures, and turbine
      mechanical vibrations. These analog inputs are converted to digital
      signals by an electronic analog-to-digital (A/D) converter and an analog
      scan program. As happens with any device occasionally, the A/D converter
      may be out of service for a short interval of time; since all analog
      inputs are then meaningless, it is necessary to immediately turn the
      turbine supervision programs off.
PAR  When the supervisory programs are off, whether due to the operator pressing
      the pushbutton or due to the A/D converter being out of service, the lamp
      behind the pushbutton is turned on. To place the supervisory programs back
      on, it is only necessary to press the button again and, assuming the A/D
      converter is in service, the lamp will be turned off.
PAC  COMPUTER SET MANUAL LOGIC
PAR  When the DEH system is in automatic control, it is possible for certain
      conditions to occur which require transfer to manual operator control. One
      of these is the case in which the maintenance test switch is moved to the
      test position. Even though a wired connection places the control in manual
      operation, the DEH LOGIC program sets a contact output requesting transfer
      to manual as a backup. The second situation occurs when the turbine is on
      automatic speed control and all speed input signals fail, as determined by
      the speed selection program in the CONTROL task. This speed channel
      failure will also require transfer to manual operation by a contact output
      from this LOGIC task.
PAC  BREAKER LOGIC
PAR  The state of the main circuit breaker which connects the generator to the
      power system determines a primary control strategy of the DEH system. When
      the breaker is open, the DEH system is on speed control and thus positions
      the throttle and governor valves to maintain speed demand as requested by
      the operator, an automatic startup program, or an automatic synchronizer.
      When the breaker is closed, the DEH system is on load control and thus
      positions the governor valves to maintain load demand as requested by the
      operator or by an automatic dispatching system.
PAR  The function of the breaker logic program is to detect changes in the state
      of the main breaker and take the appropriate action. When the breaker
      opens, it is necessary to reset the breaker flip-flop to place the DEH
      control system on speed control; in addition, both the REFERENCE and
      DEMAND are set to synchronous speed, and the speed integral controller is
      reset to zero. The control system will then position the governor valves
      to maintain synchronous speed. When the breaker closes and the unit is
      synchronized to the line, the breaker logic program must set the breaker
      flip-flop to place the DEH system on load control; in addition both the
      REFERENCE and DEMAND are set to pick up an initial megawatt load so that
      the turbine does not tend to motor. The control system will then position
      the governor valves to maintain this initial load.
PAR  Referring again to FIG. 1, upon synchronization of the turbine system 10
      with a power grid, not shown, the governor valves GV1 through GV8 must
      allow sufficient steam to flow through the turbine system 10 to overcome
      turbine system losses. Otherwise, upon synchronization of the generator 16
      with other generators in the power grid by closing the breakers 17, the
      turbine system 10 would as already indicated have a tendency to motor. The
      DEH control system 1100, in order to prevent motoring and subsequent
      damage to the low pressure turbine section 24, automatically opens the
      governor valves GV1 through GV8 such that a predetermined load is picked
      up by the generator 16 upon synchronization.
PAR  The value of the initial megawatt pickup is defined as MWINIT upon
      synchronization is entered from the keyboard 1860 in FIG. 16 and is
      typically set at about 5% of the rating of the turbine-generator 10. In
      the load control system 1814, as shown in FIG. 23, the actual megawatt
      pickup is modified by a factor which is the ratio of the rated throttle
      pressure to the existing throttle pressure at synchronization. This factor
      is utilized by the DEH system 1100 in maintaining approximately the same
      initial megawatt load pickup whether the turbine system 10 is synchronized
      at rated throttle pressure or at some lower or even higher throttle
      pressure.
PAR  A second condition must be handled by the breaker logic program to properly
      position the governor valves in picking up initial load. This concerns the
      fact that the governor valves just prior to synchronizing will be at some
      small position necessary to maintain synchronous speed. Then immediately
      after synchronization the initial megawatt pickup must be added to the
      existing valve position. Since the existing position is computed by the
      speed control program and the new position will be computed by the load
      control program, then an equivalent load position must be computed from
      the existing speed position. Reference is made to Appendix 3 for details
      on the Breaker Logic Program.
PAC  MEGAWATT FEEDBACK LOGIC
PAR  Megawatt feedback is one of the two major loops used on turbine load
      control to maintain the governor valves at the correct position. The other
      feedback is impulse pressure; between these two loops it is possible to
      adapt the computer outputs to account for valve non-linearities and to
      assure that the megawatt setting in the reference window is actually being
      supplied by the turbine/generator.
PAR  The megawatt feedback logic places the megawatt loop in service on request
      from an operator's panel pushbutton, providing all permissive conditions
      are satisfied, and removes the loop from service from the operator's panel
      pushbutton or when any condition exists which requires removing the
      megawatt feedback. Placing the loop in service or removing it is done
      bumplessly, so that the governor valves remain at the same position. In
      addition, the REFERENCE and DEMAND values are automatically adjusted to
      agree with the new state of the DEH control system.
PAR  Referring to FIG. 25, a block diagram of the megawatt feedback loop is
      shown in greater detail than in FIG. 5. It should be noted that the speed
      compensated reference 1087, at the input of multiplication function 1086,
      is multiplied by the megawatt compensation 1089. The multiplication of the
      signals instead of a differencing provides an additional safety feature
      since the loss of either of the signals 1087 or 1089 will produce a zero
      output rather than a runaway condition.
PAC  IMPULSE PRESSURE FEEDBACK LOGIC
PAR  Impulse pressure feedback is the other of the two major loops used in the
      turbine load control to maintain the governor valves at the correct
      position. The impulse pressure feedback logic places the impulse pressure
      feedback loop in service on request from an operator's panel pushbutton,
      providing all permissive conditions are satisfied, and removes the loop
      from service on request from the operator or when any condition exists
      which requires removing impulse pressure feedback. Placing the loop in
      service or removing it is done automatically and bumplessly, so that the
      governor valves remain at the same position. With a digital computer,
      bumpless transfer is achieved without the use of elaborate external
      circuitry because of the digital computational nature of the machine. A
      value can be computed instantaneously and inserted in the integrator 1218
      of the proportional plus reset controller subroutine 1068 as shown in FIG.
      9. In the preferred embodiment of the Digital Electro-Hydraulic control
      system 1100, the proportional plus reset controller 1168 is utilized by
      the following functions: the megawatt feedback loop 1091, the impulse
      pressure feedback loop 1816 and the speed feedback loop made up of the
      rated speed reference 1074, the compare function 1076 and the actual
      turbine speed function 1076.
PAR  During the process of accelerating a turbine on automatic speed control,
      the normal steps of operation may be summarized as follows: latch and roll
      the turbine on throttle control, accelerate to near synchronous speed,
      transfer to governor valve control, accelerate to synchronous speed, and
      synchronize the turbine with the power system. Most turbines are brought
      on the line with conventional automatic synchronizing equipment which
      carefully matches turbine conditions with power system conditions before
      automatically closing the main generator breaker.
PAR  The DEH control system 1100 provides an interface with synchronizing
      equipment by turning over supervision of the turbine reference and demand
      to the automatic synchronizer, which provides raise and lower pulses to
      the DEH system via contact inputs. Each pulse will raise and lower the
      turbine speed reference one rpm, thus providing the mechanism for
      adjusting the turbine speed to the power system. Provision has been made
      in the DEH system to allow selection of the auto sync mode through a
      pushbutton on the operator's panel or from an automatic turbine startup
      program, while the auto sync mode may be rejected by simply pressing the
      OPER AUTO pushbutton on the panel. The automatic synchronizer (auto sync)
      logic program detects those conditions concerned with auto sync, and sets
      all logical conditions accordingly, The turbine 10 operates in accordance
      with actions generated by the DEH control program in response to the
      synchronizer signals. FIG. 27 shows a flow chart of the automatic
      synchronizer logic program.
PAR  Because of the extreme accuracy of the ATS program 1141 in controlling the
      speed of the turbine 10 synchronization can be and preferably is performed
      without external automatic synchronizer equipment.
PAC  AUTOMATIC DISPATCH LOGIC
PAR  During the process of operating a turbine on automatic load control, the
      normal method of changing load is by entering new values of load demand
      from the keyboard, as described in the operating instructions. Then by
      using the GO and HOLD pushbuttons in conjunction with the load rate
      pushbutton, the operator may supervise the loading on the turbine which is
      actually carried out by the DEH system of control programs. This will
      result in the desired load being supplied to the power system by the
      turbine/generator.
PAR  Another method of supervising load on the turbine is through use of a
      remote automatic dispatching system. By turning over supervision of the
      turbine reference to an ADS operating mode, which provides raise and lower
      pulses whose width determines the requested load change, the DEH control
      system allows the turbine loading to be coordinated by a central
      dispatching office which can allocate total utility load on an economic
      basis to all units in the power system. Provision has been made in the DEH
      system to allow selection of the automatic dispatch mode through a
      pushbutton 1870 (FIG. 16) on the operator's panel; in addition, the ADS
      mode may be rejected by simply pressing the operator automatic pushbutton
      on the panel. The automatic dispatch logic program detects those
      conditions concerned with ADS, and sets all DEH states accordingly. A flow
      chart for the automatic dispatch logic program is shown in FIG. 28. It is
      triggered into operation on demand for automatic dispatch on order to
      interface the remote data with the DEH system.
PAC  AUTOMATIC TURBINE STARTUP (ATS) LOGIC
PAR  Modern methods of starting up turbines and accelerating to synchronous
      speed require careful monitoring of all turbine metal temperatures and
      vibrations to assure that safe conditions exist for continued
      acceleration. Until recently, these conditions have been observed by plant
      operators visually on various panel instruments. However, all of the
      important variables are rarely available from the plant instrumentation,
      and even if they were, the operator can not always be depended upon to
      make the right decision at a critical time. In addition to these factors,
      it is impossible to instrument the internal rotor metal temperatures,
      which are extremely important for indicating potentially excessive
      mechanical stresses.
PAR  To improve the performance at startup, automatic turbine accelerating
      programs have been written and placed under computer control. Such
      programs monitor large numbers of analog input signals representing all
      conceivable turbine variables, and from this information the program makes
      decisions on how and when to accelerate the unit. In addition, these
      programs numerically solve the complex heat distribution equations which
      describe temperature variations in the critical rotor metal parts. From
      these thermal computations it is possible to predict mechanical stresses
      and strains, and then to automatically take the proper action in the
      acceleration of the turbine.
PAR  The DEH system has such an automatic turbine startup program available as
      an optional item. Besides supervising the acceleration as described above,
      the program provides various messages printed on a typewriter to keep the
      operator informed as to the turbine acceleration progress. In addition, a
      group of monitor lamps are operated to indicate key points in the startup
      stages and to indicate alarm or contingency conditions. The automatic
      turbine startup logic program detects those conditions concerned with this
      DEH feature and sets all logical states accordingly.
PAC  REMOTE TRANSFER LOGIC
PAR  In the DEH turbine control system philosophy, the operator has overall
      autority in a control system hierarchy which has three general states:
      manual operation, operator automatic control, and remote automatic
      control. The manual operating mode is a contingency state which is used
      only when the computer is not available, as when the software control
      system is being tuned or modified. The operator automatic mode is the
      normal operating state during which speed/load demand and all other
      operating data are entered and displayed from the keyboard by the
      operator. Remote automatic control modes are those in which speed/load
      demand and rate are supervised from a source outside the basic DEH system.
PAR  The DEH Operator's Panel is the focal point of turbine operation; it has
      been designed to make use of the latest digital techniques to provide
      maximum operational capability. The Operator's Panel provides the primary
      method of communicating information and control action between the
      operator and the DEH Control System. This is accomplished through a group
      of pushbuttons and a keyboard (which together initiate a number of diverse
      actions), and two digital displays (which provide the operator with visual
      indication of internal DEH system numerical values).
PAR  When pressed, any of the buttons on the Operator's Panel provide momentary
      action during which a normally-open contact is connected to an electronic
      diode matrix. Operation of a button energizes a common computer interrupt
      for the Operator's Panel and applies voltage to a unique combination of 6
      contact inputs assigned as a pushbutton decoder. The diode matrix may be
      used to identify up to 60 pushbuttons. When a button is pressed, the
      associated interrupt is read within 64 .mu. sec, and the corresponding
      contact inputs scanned and stored in computer memory as a bit pattern for
      further processing.
PAR  Each of the buttons on the panel are backlighted. When a button is pressed
      and appropriate logical conditions exist, the lamp is turned on to
      acknowledge to the operator that the action he initiated has been carried
      out. Should the proper logical conditions not be set, the lamp is not
      turned on. This informs the operator that the action he requested cannot
      be carried out.
PAR  A few of the buttons are of the digital push-push type which when pushed
      once initiate an action, and when pushed again suppress that action. Some
      of these buttons also contain a split lens which indicates one action in
      the upper half of the lamp and another (usually opposite) action in the
      lower lens. In addition, certain button backlights are flashed under
      particular operating circumstances and conditions.
PAR  The buttons and keys on the Operator's Panel may be grouped in broad
      functional groups according to the type of action associated with each set
      of buttons. A brief description of these groups follows:
PAR  1. CONTROL SYSTEM SWITCHING - These buttons alter the configuration of the
      DEH Control System by switching in or out certain control functions.
      Examples are throttle pressure control and impulse pressure control.
PAR  2. DISPLAY/CHANGE DEH SYSTEM PARAMETERS - These buttons allow the operator
      to visually display and change important parameters which affect the
      operation of the DEH system. Examples are the speed and load demand, high
      and low load limits, speed and and rate settings, and control system
      tuning parameters.
PAR  3. OPERATING MODE SELECTION - This group of buttons provides the operator
      with the ability to select the turbine operating mode. Examples are
      permitting an Automatic Synchronizer or an Automatic Dispatch System to
      set the turbine reference, or selecting local operator automatic control
      of the turbine (which includes hold/go action).
PAR  4. VALVE STATUS/TESTING/LIMITING - This group of buttons allows valve
      status information display, throttle/governor valve testing, and valve
      position limit adjustment.
PAR  5. AUTOMATIC TURBINE STARTUP - This group of buttons is used in conjunction
      with a special DEH program which continuously monitors important turbine
      variables, and which also may start up and accelerate the turbine during
      wide-range speed control.
PAR  6. MANUAL OPERATION - These buttons allow the operator to manually control
      the position of the turbine valves from the Operator's Panel. The DEH
      PANEL task has no direct connection with this group of buttons.
PAR  7. KEYBOARD ACTIVITY - These buttons and keys allow numerical data to be
      input to the DEH system. Such information may include requests for
      numerical values via the display windows, or may adjust system parameters
      for optimum performance.
PAR  The panel task 1112 responds to the buttons pressed on the operator's panel
      1130 by an operator of the DEH control system 1100. The control panel 1130
      is shown in FIGS. 15 and 16. Referring now to FIGS. 31 and 32, the
      interactions of the panel task 1112 are shown in greater detail.
      Pushbuttons 1110 are decoded in a diode decoding network 1912 which
      generates contact inputs to activate the panel interrupt program 1156. The
      panel interrupt program scans the contact inputs and bids the panel task
      1112 whereby the pressed button is decoded and either the panel task 1112
      carries out the desired action or the logic task 1110 is bid or the visual
      display task 1134 is called to carry out the desired command.
PAR  Automatic control of turbine speed and load requires a complex, interacting
      feedback control system capable of compensating for dynamic conditions in
      the power system, the boiler and the turbine-generator. Impulse chamber
      pressure and shaft speed from the turbine, megawatts from the generator,
      and throttle pressure from the boiler are used in the controlled operation
      of the turbine.
PAR  In addition to the primary control features discussed above, the DEH system
      also contains provisions for high and low load limits, valve position
      limit, and throttle pressure limit; each of these can be adjusted from the
      Operator's Panel. A number of auxiliary functions are also available which
      improve the overall turbine performance and the capabilities of the DEH
      system. Brief descriptions of these follow:
PA0   1. Valve position limit adjustment from the Operator's Panel.
PA0   2. Valve testing from the Operator's Panel.
PA0   3. Speed signal selection from alternate independent sources.
PA0   4. Automatic instantaneous, and bumpless operating-mode selection from the
      Operator's Panel.
PA0   5. A continuous valve position monitor and contingency-alert function for
      the operator during automatic control.
PA0   6. A digital simulation and training feature which allows use of the
      Operator's Panel and most of the DEH system at any time on manual control,
      without affecting the turbine output or valve position. This powerful aid
      is used for operator and engineer training, simulation studies, control
      system tuning or adjustment, and for demonstration purposes.
PAL  In order to achieve these objectives, the CONTROL task is provided with
      analog inputs representing the various important quantities to be
      controlled, and also is supplied with contact inputs and system logical
      states.
PAR  The control program 1012 and related programs are shown in greater detail
      in FIG. 33. In the computer program system, the control program 1012 is
      interconnected with the analog scan program 1116, the auxiliary sync
      program 1114, the sequence of events interrupt program 1124 and the logic
      task 1110. FIG. 34 shows a block diagram of the control program 1012. The
      control program 1012 accepts data from the analog scan program 1116, the
      sequence of events interrupt program 1124 and is controlled in certain
      respects by the logic program 1110 and the auxiliary synchronizing program
      1114. The control program 1012, upon receiving appropriate inputs,
      computes the throttle valve TV1-TV4 and the governor valve GV1-GV8 outputs
      needed to satisfy speed or loud demand.
PAR  The control program 1012 of the DEH control system 1100 functions, in the
      preferred embodiment, under three modes of DEH system control. The modes
      are manual, where the valves GV1-GV8 and TV1-TV4 are positioned manually
      through the hardwired control system and the DEH control computer tracks
      in preparation for an automatic mode of control. The second mode of
      control is the operator automatic mode, where the valves GV1-GV8 and
      TV1-TV4 are positioned automatically by the DEH computer in response to a
      demand signal entered from the keyboard 1130, of FIG. 16. The third mode
      of control is remote automatic mode, where the valves GV1-GV8 and TV1-TV4
      are positioned automatically as in the operator automatic mode but use the
      automatic turbine startup program 1141 or an automatic synchronizer or an
      automatic dispatch system for setting the demand value.
PAC  SPEED SELECTOR FUNCTION
PAR  When operating a steam turbine, the single most important variable which
      must be controlled is shaft speed. During load operation, speed regulation
      is necessary to help the power system maintain line frequency. During
      wide-range speed control, precise speed control is doubly important to
      bring the unit to synchronous speed and to overcome critical speed points
      at which excessive vibrations may cause a turbine trip. To accomplish such
      demanding control objectives, it is necessary to provide high-accuracy
      speed input signals to the control system so that exact valve position
      outputs may be computed by the speed controllers.
PAR  The DEH Control System has three independent speed signals available; these
      are used to achieve the precision required in speed control. The first of
      these (which is called the digital speed) is generated by a magnetic
      pickup, shaped and counted by specially-designed electronic printed
      circuitry, and passed on to the DEH Control System in the form of a
      digital numerical value. The second speed signal (which is called the
      analog speed) is generated by an identical independent magnetic pickup,
      processed in the analog packup circuitry for use there, and passed on to
      the DEH system as the analog input. The third speed signal (which is
      called the supervisory speed) is also generated by its own magnetic
      pickup, processed by supervisory instrumentation methods, and passed on to
      the DEH Control System as an analog input.
PAR  Referring now to FIG. 35, a block diagram of the DEH speed instrumentation
      and computation interface is shown. A digital counting and shaping circuit
      2010 described in the copending Ruether application Ser. No. 412,513,
      referred to supra, generates the highly accurate digital signal. The
      digital shaping and counting circuitry 2010 includes a magnetic pickup, a
      shaping and counting circuit which passes the data to the DEH computer in
      the form of a digital numerical value. The second or analog speed signal
      is generated by high accuracy analog processing circuitry 2012. The third
      or supervisory signal is generated by analog supervisory instrumentation
      processing circuitry 2014 and transmitted to an analog to digital
      converter 2016 with the signal from the high grade analog processing
      circuitry 2012.
PAR  The digital signal from the digital shaping and counting circuitry 2010
      passes through a speed channel interrupt 2018 to a speed channel decoding
      program 2020 as shown in FIG. 35. In this speed counting program 2020 an
      output quantity designated ICOURSE is the low range course value used from
      about 0 to 1600 rpm, while the IFINE quantity is the high range fine value
      used between about 1600 to 4500 rpm.
PAR  An analog to digital converter 2016 makes both the high precision analog
      signals from the analog processing circuitry 2012 and the supervisory
      circuitry 2014 available to the analog scan program 1116 which in turn
      provides the represented speed values available to the speed selection
      program 2022. The speed selection program 2022 compares the digital speed
      value and the high grade analog speed value with the supervisory analog
      speed value in order to determine whether both the digital value and the
      high grade analog value are accurate or whether there is any discrepancy
      between the two. The supervisory speed value is generally not accurate
      enough for speed control. Therefore, the speed selection program 2022
      makes use of the supervisory speed value to determine which of the high
      grade speed values is accurate if they are not equal.
PAR  The speed selection function determines which of these available speed
      inputs should be used in the DEH Control System. If the speed selection
      process concludes that the digital speed is reliable, then under all
      circumstances it is used as the controlling speed signal because it is the
      most accurate. If the selection process concludes that the digital speed
      is unreliable, the analog speed is used as the controlling speed signal
      since it is of acceptable accuracy. If neither the digital nor the analog
      speed signal is reliable, the speed selection function must disable the
      speed feedback control loop, because the supervisory speed is not of
      acceptable accuracy for controlling turbine speed response.
PAR  Although the supervisory speed is unacceptable for control requirements, it
      performs a valuable role in helping to detion process is the value WS
      which is used by all other programs in the DEH system.
PAR  The digital speed value from the digital shaping and counting circuitry
      2010 is used as the reference WS at 1076 if it is found to be accurate
      enough for control purposes. The high grade analog speed value from the
      analog processing circuitry 2012 is utilized if the digital speed value is
      not accurate enough for control purposes. If either of the high grade
      signals becomes unreliable, appropriate monitor lamps on the control panel
      1130 alert an operator to this fact.
PAR  If both the high grade analog and the high grade digital speed values
      become unreliable and if the DEH system 1100 is on wide range speed
      control then a transfer takes place to the manual mode of control.
      However, if the turbine system 10 is on load control, the DEH system 1100
      opens the speed feedback loop bumplessly and continues on automatic
      control with the remaining feedback loops intact.
PAC  SELECT OPERATING MODE FUNCTION
PAR  Input demand values of speed, load, rate of change of speed, and rate of
      change of load are fed to the DEH control system 1100 from various sources
      and transferred bumplessly from one source to another. Each of these
      sources has its own independent mode of operation and provides a demand or
      rate signal to the control program 1020. The control task 1020 responds to
      the input demand signals and generates outputs which ultimately move the
      throttle valves TV1 through TV4 and/or the governor valves GV1 through
      GV8.
PAR  With the breaker 17 open and the turbine 10 in speed control, the following
      modes of operation may be selected:
PAR  1. Automatic synchronizer mode -- pulse type contact input for adjusting
      the turbine speed reference and speed demand and moving the turbine 10 to
      synchronizing speed and phase.
PAR  2. Automatic turbine startup program mode -- provides turbine speed demand
      and rate.
PAR  3. Operator automatic mode -- speed, demand and rate of change of speed
      entered from the keyboard 1860 on the operator's panel 1130 shown in FIG.
      16.
PAR  4. Maintenance test mode -- speed demand and rate of change of speed are
      entered by an operator from the keyboard 1860 on the operator's control
      panel 1130 of FIG. 16 while the DEH system 1100 is being used as a
      simulator or trainer.
PAR  5. Manual tracking mode -- the speed demand and rate of change of speed are
      internally computed by the DEH system 1100 and set to track the manual
      analog back-up system 1016 as shown in FIG. 4 in preparation for a
      bumpless transfer to the operator automatic mode of control.
PAR  With the breaker 17 closed and the turbine 10 in the level mode control,
      the following modes of operation may be selected.
PAR  1. Throttle pressure limiting mode a contingent mode in which the turbine
      load reference is run back or decreased at a predetermined rate to a
      predetermined minimum value as long as a predetermined condition exists.
PAR  2. Run-back mode -- a contingency mode in which the load reference is run
      back or decreased at a predetermined rate as long as a predetermined
      condition exists.
PAR  3. Automatic dispatch system mode -- pulse type contact inputs are supplied
      from an automatic dispatch system to adjust turbine load reference and
      demand when the automatic dispatch system button 1870 on the operator's
      panel 1130 is depressed.
PAR  4. Operator automatic mode -- the load demand and the load rate are entered
      from the keyboard 1830 on the control panel 1130 in FIG. 16.
PAR  5. Maintenance test mode -- load demand and load rate are entered from the
      keyboard 1860 of the control panel 1130 in FIG. 16 while the DEH system
      1100 is being used as a simulator or trainer.
PAR  6. Manual tracking mode -- the load demand and rate are internally computed
      by the DEH system 1100 and set to track the manual analog back-up system
      1016 preparatory to a bumpless transfer to the operator automatic mode of
      control.
PAR  The select operating mode function responds immediately to turbine demand
      and rate inputs from the appropriate source as described above. This
      program determines which operating mode is currently in control by
      peforming various logical and numerical decisions, and then retrieves from
      selected storage locations the correct values for demand and rate. These
      are then passed on to the succeeding DEH control programs for further
      processing and ultimate positioning of the valves. The select operating
      mode function also accommodates switching between operating modes,
      accepting new inputs and adapting the DEH system to the new state in a
      bumpless transfer of control.
PAR  Various contact inputs are required for raise and lower pulses, manual
      operation, maintenance test, and so forth; these are handled by the
      SEQUENCE OF EVENTS interrupt program and the PLANTCCI subroutine, which
      performs a contact input scan. In addition, certain panel pushbuttons
      affect the operating mode selection; these are handled by the PANEL
      INTERRUPT program and the PANEL task, which decode and classify the
      pushbuttons pressed. The LOGIC task then checks all permissive conditions
      and current control system status, and computes the appropriate logical
      states for interpretation by the CONTROL task and the SELECT OPERATING
      MODE program.
PAR  Referring now to FIG. 36, a block diagram is shown illustrating the select
      operating mode function 2050. Contact inputs from plant wiring 1126
      activate the sequence of events interrupt program 1124 which calls the
      plant contact input subroutine 1150, to scan the plant wiring 1126 for
      contact inputs. Mode pushbuttons such as automatic turbine startup 1141,
      automatic dispatch system 1170 and automatic synchronizer 1871 activates
      the panel interrupt program 1156 which calls the panel program 1112 for
      classification and which in turn calls upon the logic program 1110 to
      compute the logic states involved. The logic program 1110 calls the
      control program 1020 to select the operating mode in that program.
PAR  In FIGS. 37A and 37B a flow chart of the select operating mode logic is
      shown. As one example of mode selection referring to a path 2023, after a
      statement 7000, provisions are made for a bumpless transfer from an
      automatic or test mode to an operator mode. The bumpless transfer is
      accomplished by comparing the computer outputs and the operator mode
      output signals for the governor valve GV1-GV4 positions. The DEH system
      1110 inhibits any transfer  until the error between the transferring
      output and the output transferred is within a predetermined deadband
      (DBTRKS). Bumpless transfer is accomplished by the DEH control system 1100
      by comparing output from one mode of control of the governor valves GV and
      the throttle valves TV and the same output from another output mode
      controlling the same parameters. The flow chart of FIGS. 37A and 37B shows
      mode selection for a complete operating system. In a hardwired or analog
      control system, the analog parameter output, to be transferred to must
      continuously track the parameter output to be transferred from. This
      tracking method is expensive and cumbersome since it has to be done
      continuously and requires complex hardware. However, in a digital system,
      such as the DEH control system 1100, the equating of the two parameter
      outputs need be performed only on transfer. Therefore, great economy of
      operation is achieved.
PAC  SPEED/LOAD REFERENCE FUNCTION
PAR  In the DEH turbine controller, the speed/load reference is the central and
      most important variable in the entire control system. The reference serves
      as the junction or meeting place between the turbine speed or load demand,
      selected from any of the various operating modes discussed in the last
      section, and the Speed or Load Control System, which directs the reference
      through appropriate control system strategy to the turbine throttle and
      governor valves to supply the requested demand. FIG. 38 is a diagram which
      indicates the central importance of the reference in the DEH control
      system.
PAR  The speed/load reference function increments the internal turbine reference
      at the selected rate to meet the selected demand. This function is most
      useful when the turbine is on Operator Automatic, on the AUTOMATIC TURBINE
      STARTUP program, or in the Simulator/Trainer modes. This is because each
      of these control modes requests unique rates of change of the reference,
      while the remaining control modes, such as the Automatic Synchronizer and
      the Automatic Dispatch System, move the reference in pulses or short
      bursts which are carried out in one step. The Runback and Throttle
      Pressure contingency modes use some of the features of the reference
      function, but they bypass much of the subtle reference logic in their
      hurry to unload the turbine.
PAR  For these modes which request movement of the reference at a unique rate,
      the reference function must provide the controlled motion. Not only must
      the rate be ramped exactly, but the logic must be such that, at the
      correct time, the reference must be made exactly equal to the demand, with
      no overshoot or undershoot. In addition, the reference logic must be
      sensitive to the GO and HOLD states, and must start or stop movement
      instantly if requested to do so. Finally, the reference system must turn
      off the GO and HOLD lamps, if conditions dictate, by passing on to the
      LOGIC task the proper status information to accomplish this important
      visual indication feature.
PAR  The decision breaker function 1060, of FIG. 5, is identical to the
      speed/load reference function 1060, of FIG. 38. A software speed control
      subsystem 2092 of FIG. 38, corresponds to the compare function 1062, the
      speed reference 1066 and the proportional plus reset controller function
      1068, of FIG. 5. The software load control subsystem 1094, of FIG. 38,
      corresponds to the rated speed reference 1074, the turbine speed 1076, the
      compare function 1078, the proportional controller 1080, the summing
      function 1972, the compare function 1082, the proportional plus reset
      controller function 1084, the multiplication function 1086, the compare
      function 1090, the impulse pressure transducer 1088 and the proportional
      plus reset controller 1092, of FIG. 5. The speed/load reference 1060 is
      controlled by, depending upon the mode, and automatic synchronizer 1080,
      the automatic turbine starter program 1141, and operator automatic mode
      1082, a manual tracking mode 2084, a simulator/trainer 2086, an automatic
      dispatch system 2088, or a run-back contingency load 2090. Each of these
      modes increments the speed/load reference function 1060 at a selectd rate
      to meet a selected demand.
PAC  SPEED CONTROL FUNCTION
PAR  The speed control function positions the throttle and governor valves to
      achieve the existing speed reference with optimum dynamic and steady state
      response. This is accomplished by using individual proportional-plus-reset
      controllers for throttle and governor valve speed control, as shown in
      FIG. 39. The speed error between the turbine speed reference and actual
      speed drives the appropriate controller, which then reacts by positioning
      the proper valves to reduce the speed error to zero. The speed controller
      outputs are low-limit checked against zero and high-limit checked against
      the quantity HLS, which is a keyboard-entered constant set at 4200 rpm.
      This prevents the controllers from reaching a reset-windup condition which
      may inadvertently occur in odd circumstances. The speed controller output
      is then suitably ranged from 0 to 100 percent and sent downstream as the
      quantity SPD in the CONTROL task to the THROTTLE and GOVERNOR VALVE
      programs.
PAC  LOAD CONTROL FUNCTION
PAR  The load control function positions the governor valves to achieve the
      existing load reference with optimum dynamic and steady state response.
      This is accomplished with a feedforward-feedback control system strategy
      designed to stabilize interactions between the major turbine-generator
      variables: impulse chamber pressure, megawatts, shaft speed and valve
      position. FIGS. 40 and 41 show the control system which satisfies these
      objectives.
PAR  The main feedforward path is represented by the turbine load reference
      value (REFDMD), which is computed by the operating mode selection function
      described earlier. The feedforward variable (REFDMD) is compensated with
      two feedback trim factors to account for frequency (speed) participation
      and megawatt mismatch. The speed compensation is provided by a
      proportional feedback loop in which the droop regulation gain (GR1) is
      adjusted to yield rated megawatts correction for a 180 rpm speed error.
      This speed feedback factor (X) is then summed with the turbine load
      reference (REFDMD) to produce the speed-corrected load reference (REF1).
PAR  A special feature which has been incorporated in the speed feedback loop is
      a software speed-deadband; this non-linear function filters out
      high-frequency low-amplitude noise on the speed input signal, thus keeping
      the load control system from responding to such meaningless information.
      The width of the speed deadband may be adjusted from the keyboard by
      setting the appropriate value into the constant SPDB. Another special
      feature of the speed deadband is the method of implementing this function
      in comparison with most standard control systems. The common way to
      incorporate the speed deadband in previous systems is to allow speed
      errors greater than the width of the deadband to enter the control system
      completely. This has been found to shock many systems into oscillatory
      conditions which may have undesirable effects. In the DEH Control System
      the speed error, when it is larger than the deadband, is smoothly entered
      into the speed compensation factor by a linear relationship. Thus the
      shock effect of a sudden speed error is removed completely.
PAR  The megawatt feedback loop provides a trim correction signal which is
      applied to the speed-compensated load reference (REF1) in a product form
      to yield the speed-and-megawatt corrected load reference (REF2). An
      additional highly desirable feature of megawatt feedback in the DEH system
      is that with it the reference and demand display windows on the Operator's
      Panel are calibrated in actual megawatts when the loop is in service. A
      proportional-plus-reset controller is used to reduce megawatt error to
      zero, with the loop providing a feedback factor (Y) which floats around
      unity (1.0) in performing its corrective action. As usual, high and low
      limits are provided to prevent reset windup and to bound the range of
      megawatt compensation.
PAR  The load reference (REF2), now corrected for speed and megawatt errors,
      becomes the set point for the impulse pressure cascade feedback loop or
      the direct demand for valve position, depending on whether the impulse
      pressure loop is in or out of service. REF2 is multiplied by a ranging
      gain (GR3) to convert to impulse pressure set point (PISP) in psi. If the
      loop is in service, then a proportional-plus-reset controller is
      implemented to drive the impulse pressure error to zero; as always, high
      and low limits restrict the range of variation of the controller to
      eliminate the possibility of reset windup. The final governor valve set
      point (VSP), whether it is generated by the feedback loop or directly from
      the load reference (REF2), is then converted into a percent valve demand
      (GVSP) by suitable ranging and is sent downstream in the control task to
      the THROTTLE and GOVERNOR VALVE programs.
PAR  The load control function block diagram shown in FIGS. 65 and 65A is an
      expansion of the load control, shown in FIG. 5, incorporating the speed
      loop subroutine and proportional control of function diagram of FIG. 11.
PAC  THROTTLE VALVE CONOTROL FUNCTION
PAR  The throttle valve control function (FIG. 42) computes the correct value of
      the throttle valve analog output at all times. When the DEH system is on
      automatic control, this analog output actually positions the throttle
      valves; when the DEH system is on manual control, this analog output
      tracks the backup system preparatory to transfer to automatic control.
PAR  To accomplish its objective, the throttle valve control function must
      interrogate various turbine logical and numerical states, and proceed to
      act on the outcome of these decisions. There are five distinct situations
      which must be detected by these logical and numerical interrogations. A
      brief description of these follow; refer to Figure for the method of
      performing these tests and the major actions taken.
PAR  1. The turbine is unlatched and in neither throttle nor governor valve
      control. During this time the throttle valves are held closed by the
      throttle valve control function.
PAR  2. The turbine is latched and in positive throttle valve control while the
      DEH system is in wide-range speed control. During this time the throttle
      valve control function accepts the output of the speed controller (SPD)
      and positions the throttle valves accordingly.
PAR  3. The DEH system is in a transition period, transferring from throttle to
      governor valves during wide-range speed control. For this interval of
      time, the throttle valves are still in positive control and the throttle
      valve control function continues to accept the speed controller output
      (SPD) and positions the throttle valves accordingly.
PAR  4. The DEH system remains in the transition period of transferring from
      throtte to governor valve control; but now the governor valves are in
      positive control. During this time the throttle valve control function
      drives the throttle valves to the wide-open position with a throttle valve
      bias integrator (TVBIAS), which has a constant input (BTVO) incrementing
      the integrator.
PAR  5. The transition period is over and the transfer from throttle to governor
      valve control is complete; the turbine is now on either wide-range speed
      control or on load control after having been synchronized with the power
      system. During this time the throttle valve control function keeps the
      throttle valves wide open.
PAC  GOVERNOR VALVE CONTROL FUNCTION
PAR  The governor valve control function (FIG. 43) computes the correct value
      for the governor valve analog output at all times. When the DEH system is
      on automatic control, this analog output actually positions the governor
      valves; when the DEH system is on manual control, this analog output
      tracks the backup system preparatory to transfer to automatic control.
PAR  To accomplish its objective, the governor valve control function must
      interrogate various turbine logical states and proceed to act on the
      outcome of these decisions. There are five distinct situations which must
      be detected by these logical interrogations. A brief description of these
      follows; refer to Figure for the method of performing these tests and the
      major action taken.
PAR  1. The turbine is unlatched and in neither throttle nor governor control.
      During this time the governor valves are held closed by the governor valve
      control function.
PAR  2. The turbine is latched and in positive throttle valve control while the
      DEH system is in wide-range speed control. During this time the governor
      valve control function drives the governor valves wide open with a
      governor valve bias integrator (GVBIAS).
PAR  3. The DEH system is in a transition period, transferring from throttle
      valve to governor valve control during wide-range speed operation. For
      this interval of time, the governor valve control function drives the
      governor valves to the closed position with the governor valve bias
      integrator (GVBIAS). The governor valve control function then waits for a
      decrease in turbine speed and for the Analog Backup System to track the
      computer outputs.
PAR  4. The DEH system remains in the transition period but now the governor
      valves are in positive control during wide-range speed operation. During
      this time the governor valve control function accepts the output of the
      speed controller (SPD) and positions the governor valves accordingly.
PAR  5. The main generator circuit breaker is closed and the DEH system is in
      load control. During this time the governor valve control function accepts
      the output of the load control system (GVSP) and positions the governor
      valves accordingly.
PAR  FIG. 67 shows a block diagram of the governor valve control function which
      computes the position of the governor valve output at all times.
PAC  TURBINE OPERATION SIMULATION
PAR  In order to allow operators to become proficient in the operation of the
      DEH system 1100 without risking damage to a multimillion dollar
      turbine-generator system 10 a simulation subroutine 2110, in FIG. 64, is
      provided during speed control. A similar subroutine 2111 is provided for
      simulation of the turbine-generator system dynamics.
PAC  BUMPLESS TRANSFER
PAR  A flow chart path (FIG. 43) allows for the smooth and bumpless transfer
      from governor valve control to throttle valve control and vice versa. A
      function 2102 tests whether a governor valve bias integrator GVBIAS has
      reached zero. By forcing the DEH system 1100 to wait until the governor
      valve bias integrator GVBIAS has reached zero a bumpless transfer from
      governor to throttle valve control and vice versa is effectuated. Other
      bumpless transfer features are considered elsewhere herein.
PAC  DEH SYSTEM PROGRAMS
PAC  AUXILIARY SYNCHRONIZER (AUX SYNC) TASK
PAR  The program first checks the CONTROLLER RESET pushbutton on the DEH
      Operator's Panel; if the button is backlighted, the operator has not
      acknowledged computer return from a power failure or an out-of-sync
      condition. When the button is pressed, the AUX SYNC task proceeds to carry
      out its functions.
PAR  The program checks three counters for timing. IVPL is incremented in 1/10
      sec steps as long as the VALVE POSITION LIMIT RAISE or LOWER buttons are
      pressed. CADSUP is similarly incremented as long as the Automatic Dispatch
      System (ADS) raise contact input is set. CADSDOWN is incremented while the
      ADS lower contact input is set. Finally, if the RUNLOGIC variable is set,
      AUX SYNC bids the LOGIC task to run.
PAR  The program then initiates a FORTRAN DO loop to check for normal execution
      of the DEH system periodic tasks. Each entry in the array ICOUNTER is
      incremented and tested against its maximum count (IMAX). If ICOUNTER has
      expired, it is reset to zero and transfer is made to appropriate portions
      of the remaining program. Otherwise the next counter is examined in the
      same way until all have been tested; at this time the AUX SYNC task exits
      until the next bid from the Monitor.
PAR  When the first ICOUNTER expires, the CONTROL task is bid and a flag (ISCAN)
      is set for further action in both the AUX SYNC and the ANALOG SCAN tasks.
      When the second ICOUNTER expires, logical decisions are made on ISCAN and
      INTSCAN to set up the necessary information to properly execute the ANALOG
      SCAN task. This task and the FLASH task are then bid to run.
PAR  When the third ICOUNTER expires, the AUTOMATIC TURBINE STARTUP (ATS) task
      is bid. In addition, the VISUAL DISPLAY task is bid if no key entry is
      being made on the Operator's Panel keyboard. The PLANTCCI subroutine is
      called if the constant PERCCI has been set non-zero from the keyboard to
      request a periodic contact input scan. Finally, when the fourth ICOUNTER
      expires the ATS MESSAGE WRITER task is bid.
PAR  The AUX SYNC program communicates with the various counters, flags and
      variables in the DEH system through the COMMON areas BETA, DELTA, ZETA and
      THETA. The program size is 135 words, the data pool size is 36 words, and
      the task header size is 9 words, for a required minimum storage of 180
      locations. AUX SYNC is linked as a separate task and is loaded into the
      computer through the tape reader. The core area assigned to the task is
      from (14EO to 149F).sub.16 ; this is CO.sub.16 (192.sub.10) locations,
      thus allowing some room for expansion.
PAC  VALVE INTERRUPT PROGRAM
PAR  The VALVE TEST CLOSEPB is interrogated to determine if it was the
      pushbutton released. If so, the pushbutton flag is reset and the contact
      output holding the throttle valve in a test close position is reset. If
      not, the VALVE TEST OPENPB is interrogated to determine if it was the
      pushbutton released. If so, the pushbutton flag is reset and the test
      analog output (TESTAO) is checked to determine if it has been reduced to
      zero. If not, no further action is taken since the test is not completed.
      But if the test analog output is zero, then the counter (NVTEST)
      indicating which valve was being tested is reset to zero and the contact
      output connecting this test signal to the governor valve servo amplifier
      is reset.
PAR  If neither the CLOSEPB nor the OPENPB had been released, then the VALVE
      INTERRUPT program concludes that it was a VALVE POSITION LIMIT RAISE or
      LOWER pushbutton; therefore, both of these are reset and return is made to
      the Monitor interrupt handler indirectly through location OODF.sub.16
      (0223.sub.10) in the Monitor zero table.
PAC  ANALOG SCAN TASK
PAR  The ANALOG SCAN task is assigned priority level B.sub.16 (11.sub.10) and is
      bid by the AUX SYNC task every 1/2 sec.
PAR  The ANALOG SCAN task communicates with other parts of the DEH system
      through various COMMON areas. The BETA COMMON contains the variable FLGWRD
      which is set by the Monitor analog handler to indicate that the A/D
      converter is out of service. The converted base DEH system analog inputs
      are stored in the GAMMA COMMON area, while DELTA contains the arrays SLOPE
      and BINT for conversion of inputs to engineering units. Additional logic
      states are accessed via ZETA COMMON, while the ATS analog inputs and
      control words are located in TAAI and TAADBUF.
PAR  The program first checks the value of ISCAN, which is set by the AUX SYNC
      program to indicate whether to scan base DEH inputs or ATS inputs. These
      groups are each scanned on alternate 1/2 sec; the AUX SYNC task arranges
      the timing so that 1/2 sec prior to bidding the CONTROL task, the ANALOG
      SCAN task is directed to scan the inputs necessary for the control system.
      The following 1/2 sec, while the CONTROL task is running, the AUX SYNC
      task arranges the timing so that the ANALOG SCAN task will scan a group of
      ATS inputs. This is done by setting ISCAN = 0 for base DEH inputs and
      ISCAN = 1 for ATS inputs.
PAR  When ISCAN = 0, the Monitor analog handler is called to scan the 15 base
      DEH inputs. The handler must be provided with a list of control words, one
      per input, which defines the hardware configuration of each input which
      are stored in ADBUF1. The P2000 Monitor Reference Manual, TP043, describes
      the format and function of each bit in these words, but essentially these
      bits define the channel, bit, multiplexer word and A/D gain setting for
      each input.
PAR  When the A/D converter completes the scanning of these inputs, the raw bit
      patterns are stored in a temporary buffer (VALBUF). The scan program then
      executes a FORTRAN DO loop to process these inputs. The two inputs MW and
      PI are checked for sensor failure against absolute low and high limits,
      and appropriate action is initiated if either failure occurs.
PAR  The remaining 10 base DEH inputs represent governor and throttle valve
      demand from the analog backup system and the digital system, and the
      actual LVDT position of each governor and throttle valve. These inputs are
      not converted but are kept in their raw form until used by the appropriate
      program. The reason for this is that these quantites are used much less
      frequently than the above inputs. In addition, the format of these inputs
      in engineering units is a percent value from 0 to 100; consequently, there
      is not much advantage to their conversion. However, these values are
      checked for low sensor limit, and if this occurs, they are set to zero. A
      portion of the instructions to do this work are written in Assembly
      language to reduce the program size. The inputs for the valve demands are
      stored in array ITVGV and the LVDT inputs are stored in arrays ITVGVSS.
PAR  The last action taken in this part of the ANALOG SCAN program is to check
      the A/D converter. The Monitor analog handlers set the variable FLGWRD if
      the A/D converter cannot be adjusted to the existing plant conditions; if
      this flag is set, the converter is said to be out of service and all
      feedback loops must be removed from the control system.
PAR  The variable ISCAN is reset to zero and a GO TO statement is executed; the
      transfer point depends on the value of INTSCAN, which is incremented once
      a second and runs from 1 to 10 before being reset back to 1. INTSCAN
      values 1, 3, 6 and 8 represent intervals of time when no addditional work
      need be done, as can be seen on the timing chart of FIG. 2. INTSCAN values
      of 2 and 7 (thus being 5 sec apart) transfer to statement 200. Here a
      second counter (ISPAN) is incremented in steps of 1; when ISPAN = 3, this
      represents a 15 sec interval and thus a SPAN/ADJUST call must be made. As
      this is done, the counter ISPAN is set back to zero.
PAR  When INTSCAN = 9, it is time to call for a group of temperature analog
      inputs; these are scanned in groups of 10, and there are 6 such groups.
      Thus, the counter NSYNC1 is incremented from 1 to 6 to indicate to the ATS
      conversion program which group has been input at this time. Also, the
      variable NSYNC2 is set to -1 to indicate that temperatures are coming in
      now. Finally, J is a pointer to the proper control words in the ATS COMMON
      area ITAAI.
PAR  When INTSCAN = 4, the ATS miscellaneous inputs which are scanned every 10
      sec will be input. Statement 400 sets J to the proper pointer and sets
      NSYNC2 = -2 to indicate this fact.
PAR  When INTSCAN = 5 or 10, transfer is to statement 500 which sets up J to
      point to the ATS 5 sec vibration inputs. A flag (BIDATSCV) is also set at
      this point so that the ATS CONVERSION task may be bid further on in this
      program (note that this conversion task is bid every 5 sec). Finally, the
      Monitor analog handler is called with the proper  pointer to control word
      tables and buffer areas where the raw bit patterns are stored for the
      appropriate group of ATS inputs.
PAR  The ANALOG SCAN task size is 335 words, its data pool size is 89 words, and
      its header is 9 words for a required minimum storage of 433 locations.
      ANALOG SCAN is linked as a separate task and loaded into the computer
      through the tape reader. The core area assigned to ANALOG SCAN is (16DO to
      188F).sub.16 ; this is 11CO.sub.16 (448.sub.10) locations, which allows a
      few spares.
PAC  LCCO SUBROUTINE
PAR  The subroutine is called only by the LOGIC task and thus is not reentrant.
      Arguments to the LCCO subroutine include three variables which indicate
      the appropriate action to be taken, and a pointer to a table of contact
      output words and bits which define the hardware connections for the
      quantities which must be set or reset.
PAR  The LCCO subroutine is designed so that a call from the LOGIC task provides
      a list of the variables necessary to evaluate whether or not contact
      outputs should be actuated and, if so, whether they should be set or
      reset. Not all calls to LCCO involve the logical pushbutton state; in
      those cases this argument (LVIPB) is a dummy which satisfies the calling
      sequence but accomplishes no other significant action. An exclusive-OR
      test is made on LV and LVX; if they are alike, no further action is taken.
      If they are different, this means contact outputs must be actuated.
PAC  LOGIC TASK
PAR  The LOGIC task is organized as a series of small subprograms which are
      executed sequentially and which address themselves to particular aspects
      of the total DEH Control System logical operation. The subprograms are in
      some cases quite simple, as when monitor lights are turned on or off, and
      in other cases they are quite complex, as when it is necessary to account
      for many permissive conditions to allow feedback loops to be put into
      service.
PAC  FLIP-FLOP FUNCTION
PAR  The flip-flop is a basic building block of most logic systems, whether the
      system be of hardware or of software construction. A flip-flop is
      essentially a memory element which may be set or reset by other logical
      elements to achieve a desired result. The flip-flop has two input
      terminals, one for setting and one for resetting (or clearing), and one
      output terminal, which indicates the state of the flip-flop.
PAR  The operation of the flip-flop is as follows. A logically true signal at
      the set terminal results in a logical true signal at the output terminal,
      while a logically true signal at the reset terminal produces a logical
      false signal at the output terminal. Simultaneous logically true signals
      at both the set and reset terminals yield a logical false signal at the
      output terminal, thus providing the reset terminal with precedence over
      the set terminal. Simultaneous logically false signals at both the set and
      reset terminals yield no change at the output terminal; that is, the
      output stays at whatever state it had been, thus providing the memory
      feature of the flip-flop.
PAR  The flip-flop function has been incorporated into the DEH system with a
      FORTRAN FUNCTION statement, thus allowing evaluation of the flip-flop
      element anywhere in the LOGIC task as an in-line statement.
PAC  MAINTENANCE TEST
PAR  The MAINTENANCE TEST system is activated by a two-position key-lock switch
      on the Operator's Panel. The function of this switch is to allow tuning or
      adjusting of certain constants in the DEH Control System, or to allow
      operation of the DEH system in a simulation mode for training purposes.
      When such tests are to be performed, the maintenance test key is moved to
      the right position; this immediately switches the turbine to manual
      control by a wired connection and sets a contact input to the DEH system.
      The LOGIC task then reacts in three ways: first, a contact output is set
      which turns on a monitor lamp above and to the right of the maintenance
      test switch; second, another contact output is set which requests transfer
      to manual as a backup to the wired connection; and third, the
      manual-tracking portion of the DEH Control System is disabled.
PAR  When the maintenance test action is completed and the test switch returned
      to the off position, the LOGIC task resets the two contact outputs to turn
      off the maintenance test lamp and to release the request for manual
      control. In addition, this part of the program enables the manual-tracking
      system by resetting the turbine REFERENCE and DEMAND to zero and allowing
      the normal control programs to run.
PAC  TURBINE SUPERVISION OFF LOGIC
PAR  The logical state (TSOFF) may be set by either the panel pushbutton
      represented by TURBSPOF or by the A/D converter out of service as given by
      VIDAROS. The pushbutton state (TURBSPOF) is generated by the PANEL task
      while VIDAROS is generated by the ANALOG SCAN task. A call to the LCCO
      subroutine is then made to update the pushbutton lamp status.
PAC  OPERATION AUTOMATIC LOGIC
PAR  The state of manual or automatic operation of the DEH system is actually
      determined by circuitry in the analog backup system, and the DEH programs
      simply respond to these states. When the DEH system is in manual control,
      the analog backup system ignores the computer output signals and positions
      the valves according to its up/down counter circuitry. Conversely, when
      the DEH system is in automatic control, the analog backup system uses the
      computer outputs to position the valves and adjusts its up/down counter to
      track the computer outputs.
PAR  When transfer is made to manual, either by pushbutton or computer request,
      the analog backup system opens contacts carrying the computer outputs to
      the valves and simultaneously closes contacts carrying backup system
      outputs to the valves. In addition, a contact input is sent to the DEH
      system LOGIC task indicating manual operation. When transfer is made to
      automatic control by pressing the OPERATOR AUTOMATIC pushbutton, and
      assuming that the computer system is tracked and ready for automatic, the
      analog backup system opens contacts carrying its own signals to the valves
      and simultaneously closes contacts carrying the computer outputs to the
      valves. The operator automatic logic thus merely updates internal computer
      variables to the state of manual or automatic control as determined by the
      backup system.
PAR  In updating the DEH system programs to the existing control state, the
      internal operator automatic variable (OA) is set to the logical inverse of
      the manual contact input represented by TM. Then a decision is made to
      determine if the system has just been switched to automatic by comparing
      OA and its last value (OAX). If automatic has just occurred, ready
      tracking flags are reset; if not, no action is taken. In either case, the
      last value (OAX) is set to the current automatic state (OA) for use in the
      next bid of the LOGIC task.
PAC  GO LOGIC
PAR  When the DEH system is on operator automatic control, the turbine
      speed/load (DEMAND) is entered from the keyboard. The operator then may
      allow the turbine reference to adjust to the demand by pressing the GO
      pushbutton. When the operator does this, the GO lamp is turned on and
      logical states are set to begin moving the reference in the CONTROL task.
      When the reference equals the demand, the GO lamp is turned off. The GO
      logic detects the various conditions affecting the GO state and sets the
      status and lamp accordingly.
PAR  The GO pushbutton (GOPB), which is updated by the PANEL task, is the set
      signal for the GO flip-flop. The reset or clear signal, which will
      override the set signal, can occur from a number of different conditons as
      follows: the HOLD pushbutton (HOLDPB) as updated by the PANEL task, a
      computed hold condition (HOLDCP) as set by the CONTROL or LOGIC tasks, the
      DEH system not being in operator automatic control (OA) or in the
      maintenance test condition (OPRT) (during which the system may be used as
      a simulator/trainer), or the condition in which the reference has reached
      the demand and the CONTROL task sets the GOHOLDOF state to clear the GO
      lamp.
PAC  HOLD LOGIC
PAR  When the DEH system is an operator automatic control, the turbine
      speed/load (DEMAND) is entered from the keyboard. The operator may then
      inhibit the turbine reference from adjusting to the demand by pressing the
      HOLD pushbutton. When the operator does this, the HOLD lamp is turned on
      and logical states are set to prohibit the reference from moving in the
      CONTROL task. The HOLD logic detects the various conditions affecting the
      HOLD state and sets the status and lamp accordingly.
PAR  The HOLD pushbutton state (HOLDPB), which is set by the PANEL task, or the
      hold state (HOLDCP) computed by the CONTROL or LOGIC tasks, acts as the
      set signal for the HOLD flip-flop. The reset or clear signal, which will
      override the set signal, can occur from a number of different conditions
      as follows: the DEH system not being on operator automatic control (OA) or
      in the maintenance test condition (OPRT) (during which the system may be
      used as a simulator/trainer), the GO fip-flop being set and thus
      overriding the HOLD state, or the condition in which the reference has
      reached the demand and the CONTROL task sets the GOHOLDOF state to clear
      the HOLD lamp. The HOLD logic program then resets the computed hold state
      (HOLDCP) and the GOHOLDOF state, so that they may be used in future
      decisions by the CONTROL and LOGIC tasks.
PAC  GOVERNOR CONTROL LOGIC
PAR  Control of turbine steam flow with the governor valves is required during
      speed and load control. Normally governor control is initiated when the
      turbine has been accelerated to near synchronous speed, after which the
      unit is brought up to synchronous speed, synchronized and then loaded with
      the governor valves as the normal mode of operation.
PAR  The governor control logic detects turbine latch and unlatching conditions,
      transfer from throttle valve to governor valve control, and manual
      operation of the governor valves. When any of these conditions occur, the
      governor logic must align the DEH system to the appropriate governor
      control state.
PAR  The governor control flip-flop (GC) may be set by a number of conditions,
      the most common of which occurs on automatic control when the operator
      presses the transfer TV/GV pushbutton (TRPB). Assuming that the governor
      valves are at their maximum open position as indicated by GVMAX and that
      the automatic turbine startup mode (ATS) is not selected, then the
      governor flip-flop will be set. An alternate path for setting this
      flip-flop occurs if the automatic turbine startup program (ATS) requests
      transfer via the logical variable ATSTRPB. In addition, when the throttle
      valves reach about 90 percent position, a contact input (THI) is activated
      by the analog backup system, and this contact sets the GC flip-flop. This
      last case occurs when the turbine is a manual control. Finally, the
      governor control flip-flop is reset when the turbine latch contact input
      (ASL) is released.
PAR  Following the GC flip-flop, a decision is made to determine if the system
      has just switched to governor control by comparing GC with its last state
      (GCX). If transfer has just occurred, the turbine speed (WS) at this
      instant is saved as WSTRANS, the speed at throttle/governor valve
      transfer. This value is used in the CONTROL task for a special valve
      position control logic decision. The last operation in the governor
      control program is to call the LCCO subroutine to update the GC lamp.
PAC  THROTTLE VALVE CONTROL LOGIC
PAR  Control of turbine steam flow with the throttle valves is required when the
      turbine is initially rolled and during speed control up to the point of
      transfer to governor valve control. After this the throttle valves are
      kept wide open during normal operation. The throttle control logic detects
      turbine latch and unlatching conditions, transfer from throttle to
      governor valve control, and manual operation of the throttle valves. When
      any of these conditions occur the throttle logic must then align the DEH
      system to the appropriate throttle control state.
PAR  The throttle control state (TC) is simply the logical inverse of the
      governor control state (GC) when the turbine is latched. However, the
      throttle control lamp flip-flop (TCLITE) may be set by either TC or by
      manual operation (TM) while the throttle valves are below 90 percent open
      as indicated by the contact input (THI) not being set. The TCLITE
      flip-flop is reset by the contact input (THI) indicating throttle valves
      wide open or by the turbine latch contact input (ASL) not set.
PAR  The throttle control logic also indicates that the transfer from throttle
      to governor valve state (TRTVGV) is underway when governor control (GC)
      exists but the throttle valves are not yet wide open. In addition, the
      transfer complete state (TRCOM) is set when the throttle valves are wide
      open on governor control as indicated by THI. Finally, the program sets
      various contact outputs to pass this information on to the plant and
      operating personnel by calling the LCCO subroutine.
PAC  TURBINE LATCH LOGIC
PAR  Before the turbine can be rolled and accelerated, it must be mechanically
      latched; this means the hydraulic fluid system must be prepared to move
      the throttle and governor valves, and a series of safety features as
      described in the turbine instruction book must be satisfied. After the
      turbine is latched, if unlatching should occur at any future time during
      speed or load control, then the control system must trip the turbine and
      close all valves immediately. The turbine latch logic detects latching or
      unlatching, and instantly sets the turbine reference and the control
      system to the proper states. A decision is made to determine if the
      turbine has just unlatched by comparing the current latch state (ASL) with
      the last state (ASLX). If unlatched has just occurred, then the DEH
      turbine reference given by REFDMD, the demand given by ODMD, and the speed
      integral controller given by RESSPD are immediately reset to zero. If the
      turbine has not unlatched, then a decision is made to determine if the
      turbine has just latched by a similar comparison of ASL and ASLX. If the
      unit has just latched, the DEH reference (REFDMD) and demand (ODMD) are
      set to the existing speed so that the control system may "catch the unit
      on the fly" should it be decelerating. The speed integral controller
      (RESSPD) is set to a zero value, from which point the control system will
      act to control the throttle valves.
PAC  BREAKER LOGIC
PAR  The necessary and sufficient condition which must be satisfied when
      transferring from speed to load control is that the governor valve analog
      output must remain constant. This may be expressed as:
EQU  GVAO.sub.LOAD = GVAO.sub.SPEED                             (1)
PAL  The computed values for these outputs may be written by referring to FIG.
      23. This diagram shows the path taken by the CONTROL program on initial
      load control, when the megawatt and impulse pressure feedbacks are out of
      service, and on speed control prior to breaker closing. The expressions
      for the two governor valve analog outputs given in Equation (1) above
      follow.
EQU  GVAO.sub.LOAD = GR8 * GVPOS
EQU  GVAO.sub.SPEED = GR7 * SPD
PAL  These may be substituted into Equation (1 ) and solved for the governor
      valve position (GVPOS) in terms of the governor valve speed position (SPD)
      and ranging gains (GR7 and GR8).
      ##EQU2##
PAR  The required position (GVPOS) may in turn be related to the governor valve
      set point (GVSP) and the governor valve characterization curve. This
      relationship follows.
      ##EQU3##
      POS(2) and SP(2) are points on the valve characterization and represent
      the slope of the first segment of the curve. Substitution of Equation (3)
      into (2) and solution for GVSP yields the required set point for correct
      valve position.
      ##EQU4##
PAR  Referring to the load control system an expression for the governor valve
      set point can be written in terms of additional computed quantities as
      follows:
      ##EQU5##
      VSP is the governor valve set point in psi and GR4 is a ranging constant
      to convert to percent position. Substitution of Equation (5) into (4)
      produces the necessary value of VSP.
      ##EQU6##
PAR  Note that immediately after synchronizing, the impulse pressure loop is out
      of service. In this case, then the governor valve set point (VSP) in psi
      is identical to the impulse pressure set point (PISP) in psi. This is
      given below.
EQU  VSP = PISP                                                 (7)
PAL  Substitution of Equation (7) into (6) yields the required value of PISP.
      ##EQU7##
      Now the impulse pressure set point (PISP) can be related to the megawatt
      set point (REF2) as follows:
EQU  PISP = GR3 * REF2                                          (9)
PAL  Gr3 is a ranging gain which converts megawatts to psi. Substitution of
      Equation (9) into (8) allows computation of REF2.
      ##EQU8##
PAR  Note that at the instant of synchronization, the megawatt feedback loop is
      out of service and that the speed error is essentially zero (otherwise the
      unit would not have been synchronized). Thus, the expression for the
      turbine reference is:
EQU  REFDMD = REF2                                              (11)
PAL  Substitution of Equation (11) into (10) yields the desired result:
      ##EQU9##
PAR  Equation (12) thus gives the required value which must be set into the
      turbine reference when the main breaker closes to maintain governor valve
      position on transfer from speed to load control. When this is added to the
      throttle-pressure modified initial megawatt pickup discussed above, the
      DEH Control System will make a smooth transfer from speed to load control
      with no potential motoring action by the turbine.
PAR  As shown in FIG. 24, the main generator breaker contact input (MGB) sets
      the breaker flip-flop (BR), while loss of either MGB or the latch contact
      input (ASL) resets the BR flip-flop. Then a test is made to determine if
      the breaker just closed by comparing BR with its last state (BRX) as
      indicated by the leading edge of the BR pulse. If the breaker just closed,
      then the initial megawatt pickup (MWINIT) modified by throttle pressure
      ratio is computed as discussed above, the equivalent load governor
      position as given in Equation (12) is computed, and these are added
      together to form the new load REFERENCE and DEMAND.
PAR  If the breaker did not close, then BR and BRX are tested to see if the
      breaker opened as indicated by the trailing edge of the BR pulse. If this
      is the case, the turbine REFERENCE and DEMAND are set to synchronous
      speed, and logical flags set to rerun the LOGIC task to update the DEH
      system status. The final operation in the program then is to set the last
      states (MGBX and ASLX) to the current values of MGB and ASL for succeeding
      bids of the LOGIC task.
PAC  THROTTLE PRESSURE CONTROL LOGIC
PAR  Control of throttle pressure in a fossil fired power plant is primarily a
      function of the boiler control system. Traditional turbine control
      practice is to react defensively to throttle pressure variations such that
      protection of the turbine is guaranteed. The DEH Control System is
      designed to detect throttle pressue below a set point and to runback the
      turbine reference at a preselected rate until the throttle pressure
      condition is corredted. For this purpose, the throttle pressure detector
      112 of FIG. 1, transmits a signal to the DEH computer which is compared to
      a predetermined pressure set by keyboard 1816 entry on the Operator's
      Panel 1130. The throttle pressure control logic allows the throttle
      pressure controller to be placed in service or to be taken out of service
      by the operator when the turbine is on automatic control. In addition,
      this logic will automatically remove the loop from service under certain
      contingency conditions or when the turbine is in speed control.
PAR  The throttle pressure control flip-flop (TPC) may be set by the throttle
      pressure pushbutton (TPCPB) on the Operator's Panel or by the analog
      backup system having its throttle pressure controller in service prior to
      transfer to automatic control; this latter case is given by the last state
      (MANTPCX) of the contact input (MANTPC) being set while in manual control.
      The TPC flip-flop is reset by a number of conditions; the panel pushbutton
      (TPCPB) when the loop is in service, breaker (BR) open, manual operation
      (TM), throttle pressure transducer failure (TPTF) which is a contact input
      from the backup system, the analog-to-digital converter out of service
      (VIDAROS), or an attempt to put the loop in service when the existing
      throttle pressure (PO) is below the set point (POSP). After evaluation of
      the TPC flip-flop, the program calls the LCCO subroutine to place the
      throttle pressure contact outputs in the correct state. Then the last
      values of the manual control and throttle pressure circuit are updated.
PAC  MEGAWATT FEEDBACK LOGIC
PAR  To place the loop in service bumplessly, it is necessary to maintain
      constant governor valve position while inserting the megawatt
      proportional-plus-reset controller in the control system computations.
      This means that the integrator in this controller must be instantly set to
      the proper value, the reference must be reset to that value which will
      yield no change in governor valve position, and proper account must be
      taken of the speed feedback effect at the instant of putting the loop in
      service. A derivation of the equations necessary to guarantee these
      conditions follows.
PAR  REF2 is effectively the governor valve set point which must remain fixed in
      placing the loop in service, REFDMD is the turbine reference, X is the
      speed feedback effect and REF1 is the speed modified reference. When the
      loop is placed in service, the proper values of Y, the megawatt feedback
      factor, and RESMW, the megawatt integrator, must be computed, and REFDMD
      then readjusted to produce exactly the same value for REF2 to yield
      bumpless transfer. The necessary and sufficient condition for bumpless
      transfer then is that REF2 before and after the switching must be
      identical, as shown in Equation (13).
EQU  REF2.sub.IN = REF2.sub.OUT                                 (13)
PAL  The value of REF2 before the switch is retained in computer memory, whereas
      the expression for REF2 after the loop is in may be determined result
      follows.
EQU  REF2.sub.IN = Y * REF1.sub.IN                              (14)
PAR  Immediately after the switch, the value of REF1 must equal the existing
      analog input representing megawatts (MW), so that the integrator sees a
      zero error. Thus, an equation for this condition is:
EQU  REF1.sub.IN = MW                                           (15)
PAL  Substituting Equations (13) and (15) into (14) and solving for the required
      value of the megawatt factor (Y) and therefore the megawatt integrator
      output (RESMW) yields the following result:
      ##EQU10##
PAR  Finally, to guarantee that the transfer will be bumpless the new value of
      REFDMD must be computed as follows.
EQU  REF1.sub.IN = REFDMD.sub.IN + X                            (17)
PAL  Substituting Equation (15) into (17) and solving for REFDMD completes the
      required derivation.
EQU  REFDMD.sub.IN = MW - X                                     (18)
PAL  The steps in the computation may be summarized: compute the new value of Y
      and RESMW from Equation (16), compute the new value of REFDMD from
      Equation (18), set the megawatt integrator last input (RESMWX) to zero,
      and place the loop in service.
PAR  To remove the megawatt loop from service bumplessly, a similar set of
      computations must be followed. The necessary and sufficient condition for
      bumpless transfer is to retain a constant value for REF2 as follows.
EQU  REF2.sub.OUT = REF2.sub.IN
PAL  The value of REF2 before the switch is retained in computer memory, whereas
      the expression for REF2 after the switch may be determined as given below.
EQU  REF2.sub.OUT = REF1.sub.OUT
PAL  Immediately after the switch, the value of REF1 must equal the value of
      REF2 before the switch, since the megawatt loop is now out of service.
EQU  REF1.sub.OUT = REF2.sub.IN                                 (19)
PAR  Finally, to guarantee the bumpless transfer, the new value of the reference
      REFDMD must be computed to satisfy Equation (19).
EQU  REF1.sub.OUT = REFDMD.sub.OUT + X                          (20)
PAL  Substituting Equation (19) into (20) and solving for REFDMD yields the
      final result.
EQU  REFDMD.sub.OUT = REF2.sub.IN - X                           (21)
PAL  Thus to take the megawatt loop out of service, the reference is reset to
      the value given in Equation (21) and the monitor lamp indication is reset.
PAR  The megawatt pushbutton, represented by MWIPB and updated by the PANEL
      program, sets the megawatt flip-flop (MWI), while this flip-flop may be
      reset by a number of conditions as follows: the main breaker (BR) open; a
      megawatt transducer failure (MWTF), which is a contact input set by the
      analog backup system; a valve position limit condition as indicated by
      VPLIM; an analog input failure (AIFAILMW) of the megawatt feedback signal
      as set by the ANALOG SCAN program; or the analog-to-digital converter out
      of service (VIDAROS). After evaluation of the megawatt flip-flop,
      decisions are made to determine if the megawatt loop has just been put
      into service or just taken out of service, assuming that the main breaker
      (BR) is closed. If the loop has just been put in, as indicated by the
      leading edge of the MWI pulse, then the bumpless transfer computations
      listed in Equations (16) and (18) are executed. If the loop has just come
      out of service, as indicated by the trailing edge of the MWI pulse, then
      the bumpless transfer computation listed in Equation (21) is executed. In
      both cases a call to the LCCO subroutine is made to place the megawatt
      lamp and two status contact outputs for the megawatt loop in the proper
      state.
PAC  IMPULSE PRESSURE FEEDBACK LOGIC
PAR  To place the impulse pressure loop in service bumplessly, it is necessary
      to maintain the governor valves constant while inserting the impulse
      pressure proportionalplus-reset controller in the control system
      computations. This means that the integrator in the controller must be
      instantly positioned at the proper value. Depending on whether the
      megawatt feedback loop is in service at this time, one of the following
      two sets of derivations will be appropriate.
PAR  GR3 is a ranging constant which converts the megawatt reference value
      (REF2) to an impulse pressure set point (PISP) while IPI is the impulse
      pressure flip-flop. The analog input (PI) is the actual impulse pressure
      at the instant of placing the loop in service, RESPI is the impulse
      pressure integrator, and VSP is the governor valve set point. When the
      loop is put in service, both the integrator values (RESMW and RESPI) must
      be instantly recomputed to hold the governor valve set point (VSP)
      constant. Thus to remain bumpless, the following expression must hold.
EQU  VSP.sub.IN = VSP.sub.OUT
PAL  The value of VSP before the switch is retained in computer memory, whereas
      after the loop is in service, the value of VSP will be given by the
      integrator (RESPI). Therefore this integrator output must be instantly set
      to the value of VSP.
EQU  RESPI = VSP.sub.OUT
PAR  The additional requirement is that the impulse pressure set point (PISP) be
      identical to the existing impulse pressure analog input at the instant of
      switching so that the integrator sees a zero error. This is satisfied as
      follows.
EQU  PISP.sub.IN = PI                                           (23)
PAL  The computed value for PISP now may be written to determine what changes
      must be made to the megawatt integrator.
EQU  PISP = GR3 * REF2.sub.IN                                   (24)
PAR  The value of REF2 in turn may be determined in terms of REF1, which does
      not change when the impulse pressure is switchhed in since REF1 is
      upstream of the megawatt loop.
EQU  REF2.sub.IN = Y * REF1                                     (25)
PAL  Substituting Equations (23) and (24) into (25), and remembering that the
      megawatt correction factor (Y) and the megawatt integrator output (RESMW)
      are equal, the new value which must be given to RESMW may be solved for as
      follows:
      ##EQU11##
      The steps in the computation to place impulse pressure feedback into
      service when the megawatt loop is already in service may be summarized:
      compute the new value of the impulse integrator from Equation (22), set
      the last value of the impulse integrator input (RESPIX) to zero, compute
      the new value of the megawatt integrator from Equation (26), and place the
      loop in service.
PAR  To remove the impulse pressure feedback from service bumplessly, a similar
      set of computations must be followed. The necessary and sufficient
      condition is to hold the value of VSP constant as follows:
EQU  VSP.sub.OUT = VSP.sub.IN                                   (27)
PAL  The value of VSP before the switch will be retained in computer memory,
      whereas the value of VSP after the switch can be determined when the loop
      is out.
EQU  VSP.sub.OUT = PISP                                         (28)
PAL  The set point (PISP) can in turn be computed as follows:
EQU  PISP = GR3 * REF2                                          (29)
PAL  Finally, REF2 may be determined from REF1 which does not change since it is
      upstream of the megawatt integrator.
EQU  REF2 = Y * REF1                                            (30)
PAR  Substituting Equations (27), (28) and (29) into (30), and remembering that
      the megawatt correction factor (Y) and the megawatt integrator (RESMW) are
      equal, the new value which must be given to RESMW may be solved for as
      follows:
      ##EQU12##
      The steps in the computation to remove the impulse pressure feedback from
      service when the megawatt loop is in service are to compute the new value
      of the megawatt integrator from Equation (31) and then place the loop out
      of service.
PAR  The above set of computations hold for switching the impulse pressure loop
      while the megawatt loop is in service. The situation is significantly
      different when the megawatt loop is out of service, since then the
      reference must be reset to maintain a bumpless transfer. To put the
      impulse pressure loop in service bumplessly, it is necessary, as always,
      to keep the governor valve set point constant.
EQU  VSP.sub.IN = VSP.sub.OUT
PAL  Again, the value of VSP before the switch will memory. in computer memory.
      The remaining equations describing the system after the switch may be
      derived with results as follows:
EQU  RESPI = VSP.sub.OUT
EQU  PISP = PI
EQU  PISP = GR3 * REF2
EQU  REF2 = REF1
EQU  REF1 = REFDMD + X                                          (32)
PAL  Solving this set of equations for the new value of REFDMD yields the
      required condition.
      ##EQU13##
      Thus, to summarize, when placing impulse pressure feedback in service with
      the megawatt loop out of service, it is necessary to set the impulse
      integrator (RESPI) to the value given in Equation (32), reset the last
      input to this integrator (RESPIX) to zero, compute the new reference
      REFDMD from Equation (33), and place the loop in service.
PAR  The last case to cover is that of removing the impulse pressure loop when
      megawatt feedback is out of service. Once more the governor valves must
      remain constant to assure bumpless transfer, as indicated below.
EQU  VSP.sub.OUT = VSP.sub.IN
PAL  As always, the value of VSP prior to the switch will be in computer memory.
      The set of equations describing the computations may be written as
      follows:
EQU  VSP.sub.OUT = PISP
EQU  PISP = GR3 * REF2
EQU  REF2 = REF1
EQU  REF1 = REFDMD + X
PAL  Solving this set of equations for the new value of REFDMD yields the
      required condition.
      ##EQU14##
      Thus, REFDMD is computed according to Equation (34), the impulse pressure
      loop is removed, and the transfer proceeds bumplessly.
PAR  The impulse pressure pushbutton, represented by IPIPB and updated by the
      PANEL program, sets the impulse pressure flip-flop (IPI), while a number
      of conditons may reset the flip-flop as follows: the main breaker (BR)
      open; a valve position limiting conditon as indicated by VPLIM; an analog
      input failure (AIFAILPI) for the impulse pressure feedback signal as set
      by the ANALOG SCAN task; the analogto-digital converter out of service
      (VIDAROS); or a contact input (SIO) to set impulse pressure out of servie
      when in the automatic dispatch system (ADS) mode. After evaluation of the
      impulse pressure flip-flop (IPI), decisions are made to determine if the
      loop has just been put into service or just taken out of service assuming
      that the main breaker (BR) is closed. If the loop has just come in, as
      indicated by "the leading edge of the IPI pulse," then the bumpless
      transfer computations discussed and derived above are evaluated. If the
      loop has just come out, as indicated by "the trailing edge of the IPI
      pulse," then again appropriate bumpless transfer conditions are evaluated
      as discussed above. An additional decision is made on MWI as to whether or
      not the megawatt feedback loop is in service. As derived above, the form
      of the bumpless transfer computations depends on the state of the megawatt
      loop. After all expressions are evaluated, calls are made to the LCCO
      subroutine to place the impulse pressure lamp and two status contact
      outputs in the proper state.
PAC  SPEED FEEDBACK LOGIC
PAR  The speed feedback loop is critically important when the turbine is on
      automatic speed control, and is of somewhat less importance on load
      control. Without speed feedback on automatic speed control, the DEH system
      must reject to manual operation, while on automatic load control the DEH
      system merely removes the speed feedback loop from service. The operator
      may place the speed loop back in service after it has been rejected by
      pressing the speed loop pushbutton, providing the speed inputs have in the
      meantime been corrected and are again valid.
PAR  Once the speed feedback loop is in service, the operator cannot take it out
      of service, since standard turbine control practic requires speed in
      service at all times if the input signals are valid. Thus when the loop is
      in service, pressing the pushbutton is ignored. The only mechanism for
      taking the loop out of service is by automatic action of the DEH system
      programs when a speed transducer failure occurs. The speed feedback logic
      program responds to those conditions which will activate or deactivate the
      speed loop, whether the conditions be an operator pushbutton request or
      automatic rejection by the transducer failure.
PAC  AUTOMATIC SYNCHRONIZER LOGIC
PAR  The auto sync flip-flop (AS) may be set by the auto sync pushbutton (ASPB)
      or by the automatic turbine startup program request (ATSASPB), provided in
      both cases that the unit is on automatic control (OA), the breaker (BR) is
      open, the turbine is on governor control (GC), and the automatic
      synchronizer equipment permissive contact input (ASPERM) is set. Otherwise
      the AS flip-flop will be reset. Decisions are then made to determine if
      the AS flip-flop has just come on. If AS just came on, the temporary
      variable (T3) is set to indicate a remote control transfer for later logic
      programs. Then a call is made to the LCCO subroutine to set the auto sync
      lamp to the correct state; arguments in the call consist of the current
      state of AS, the last state (ASX), the auto sync pushbutton state (ASPB)
      which must be aligned with the AS flip-flop, and a pointer (N9) to a table
      of contact output words and bits which define connections to the auto sync
      lamp.
PAR  Decisions must be made in the auto sync logic program, when the AS mode has
      been selected, to detect whether the automatic synchronizing equipment is
      sending raise or lower pulses to the DEH system. Thus, if the leading edge
      of the ASUP contact input pulse has just come on, then the logical
      variable ASINC is set so that the CONTROL task may increment the turbine
      reference by one rpm. Similarly, if the leading edge of the ASDOWN contact
      input pulse has just come on, then the logical variable (ASDEC) is set so
      that the CONTROL task may decrement the turbine reference by one rpm.
      Finally, last values (ASUPX and ASDOWNX) are updated to the current states
      (ASUP and ASDOWN) in preparation for future bids of the LOGIC task.
PAC  AUTOMATIC DISPATCH LOGIC
PAR  The automatic dispatch flip-flop (ADS) may be set by the automatic dispatch
      button (ADSPB), which is updated by the PANEL program, providing the unit
      is on automatic control (OA), the breaker (BR) is closed, and the
      automatic dispatch permissive contact input (ADSPERM) is set. Otherwise
      the ADS flip-flop will be reset. Decisions then are made to determine if
      the ADS flip-flop has just come on. If ADS just came on, the temporary
      variable (T3) is set to indicate a remote control transfer for later logic
      programs. Then a call is made to the LCCO subroutine to set the ADS lamp
      to the correct state; arguments in the call consist of the current state
      of ADS, the last state (ADSX), the automatic dispatch button (ADSPB) which
      must be aligned with the ADS flip-flop, and a pointer (N10) to a table of
      contact output words and bits which define connection to the ADS lamp.
PAR  Additional decisions must be made in the ADS logic program, when the ADS
      mode has been selected, to detect whether the ADS equipment is sending
      raise or lower pulses to the DEH system. Thus if the leading edge of the
      ADSUP contact input pulse has just come on, then a flip-flop (CADSUP) is
      set to start a counter which is handled by the AUX SYNC program. As long
      as CADSUP is set the AUX SYNC will count in 1/10 sec increments, thus
      determining the length of time the raise pulse is on. When the trailing
      edge of the ADSUP contact input pulse is detected, this means the raise
      contact has been released; this then resets the CADSUP flip-flop and the
      AUX SYNC program will stop counting. Finally, a logical state (ADSINC) is
      set so that the CONTROL task may raise the turbine reference by an amount
      proportional to the CADSUP counter. Identical checks and logical decisions
      are made with respect to the ADS lower contact input (ADSDOWN), after
      which last values of both ADSUPX and ADSDOWNX are updated with the current
      state of ADSUP and ADSDOWN in preparation for future bids of the LOGIC
      task.
PAC  AUTOMATIC TURBINE STARTUP LOGIC
PAR  As shown in FIG. 29, the automatic startup flip-flop (ATS) may be set by
      the pushbutton (AUTOSTAR), which is updated by the PANEL task, provided
      the turbine is on automatic control (OA), the main breaker (BR) is not
      closed, and the turbine supervision off pushbutton (TURBSPOF) has not been
      pushed. Otherwise the ATS flip-flop will be reset by the lack of any of
      these conditions or by the automatic startup program itself through the
      variable SSPROA if the program detects improper conditions for startup.
PAR  Decisions are then made to determine if the ATS flip-flop has just come on.
      If so, a temporary logical variable (T3) is set to indicate a remote
      control transfer for later logic programs. A decision is also made to
      determine if the ATS flip-flop has just gone off. If this is the case,
      then a group of logical variables used in the ATS program must be reset.
      In addition, certain DEH system conditions must be aligned properly; these
      include the auto sync pushbutton (ASPB), which may have been set by the
      ATS program, and the reference/demand windows on the DEH Operator's Panel,
      which may have been left in an unequal state by the startup program. These
      conditions are cleared by setting RUNLOGIC to request another bid of the
      LOGIC task. Finally a call is made to the LCCO subroutine to set the ATS
      lamp to the proper state. Arguments in the call are the current state of
      ATS, the last state (ATSX), the auto start pushbutton (AUTOSTAR) which
      must be aligned with ATS, and a pointer (N11) to a table of contact output
      words and bits which define the hardware connections to the ATS lamp.
PAC  REMOTE TRANSFER LOGIC
PAR  To transfer from operator automatic to a remote mode, the operator simply
      presses the appropriate pushbutton on the Operator's Panel. Then, assuming
      all permissive conditions as described elsewhere in this writeup are
      satisfied, the new mode will be selected with a bumpless transfer in which
      the turbine valves remain at the existing position. In addition, a lamp
      behind the pushbutton selected will be turned on and the lamp for the
      previous mode will be turned off. Conversely, in order to return from any
      remote mode to operator automatic, the operator simply presses the OPER
      AUTO pushbutton. The remote transfer logic program detects operating mode
      changes and updates the panel lamps according.
PAR  As shown in FIG. 30, the temporary logical variable (T3), which has been
      updated in earlier portions of the logic program, is checked to determine
      if any remote state has been selected. If so, the operator demand (ODMD)
      is set equal to the current reference (REFDMD), and logical flags are set
      to run the LOGIC task again to set the appropriate conditions in the DEH
      system. Then the status of the operator automatic lamp (OALITE) is
      determined since a remote control mode selection must result in turning
      off this lamp. Finally, a call to the LCCO subroutine is made to place
      this lamp in the proper state.
PAC  PANEL TASK
PAR  FIG. 32 shows a block diagram of the major functions performed by the PANEL
      task. These include executing each of the button group functions discussed
      above, as well as additional decisions, checks, and bookkeeping necessary
      to properly perform the action requested by the operator.
PAC  BUTTON DECODE
PAR  The BUTTON DECODE program examines the button identification (IPB) provided
      by the PANEL INTERRUPT program, and transfers to the proper location in
      the PANEL task to carry out the action required by this button. The
      program also does some bookkeeping checks necessary to keep the panel
      lamps in the correct state. A total of 54 buttons can be decoded in the
      current version of the DEH PANEL task.
PAR  The identification of the last button (IPBX), which had been pressed and
      which has associated with it a visual display mode lamp, is stored in a
      temporary integer location (JJ) for later use in turning off the last
      lamp. Then the current button identification (IPB) is checked to determine
      if it represents the ENTER pushbutton; if so, a special logical variable
      ENTERPB is reset for later use should the ENTER button be pressed two or
      more consecutive times. This has been found to be a rather common operator
      error and is flashed as an invalid request. The program then simply
      executes a FORTRAN computed GO TO statement and transfers to the
      appropriate portion of the PANEL task.
PAC  CONTROL SYSTEM SWITCHING
PAR  There are six buttons on the Operator's Panel which may switch control
      states of the DEH system. A brief description of each follows:
PAR  1. TRANSFER TV/GV -- This button initiates a transfer from throttle valve
      to governor valve control during wide-range speed operation. The
      pushbutton has a split lens. When control is on the throttle valves, the
      upper half of the lens is backlighted. When the button is pressed, to
      transfer control, the entire lens is backlighted. At the completion of the
      transfer, only the bottom half of the lens remains on. Once the DEH system
      is on governor control, it stays in this mode until the turbine is tripped
      and relatched. At this time, it is again in throttle valve control.
PAR  2. IMPULSE PRESSURE FEEDBACK IN/OUT -- This is a push-push button with
      split lens. It places the impulse pressure feedback loop in or out of
      service, with appropriate backlighting of the button lens.
PAR  3. MEGAWATT FEEDBACK IN/OUT -- This is a push-push button with split lens.
      It places the megawatt feedback loop in or out of service, with
      appropriate backlighting of the button lens.
PAR  4. SPEED FEEDBACK IN/OUT -- This split lens button places the speed
      feedback loop in service in the DEH system. Normally the speed loop is
      always in service; however, when the DEH CONTROL task detects a speed
      channel failure condition in which all speed input signals are unreliable,
      the speed feedback loop is disabled and the speed channel monitor lamps
      turned on. When the speed inputs become reliable, the monitor lamps are
      turned off, thus indicating to the operator that he may place the speed
      feedback loop back in service. As long as the speed signals are reliable,
      the operator cannot take the speed loop out of service.
PAR  5. THROTTLE PRESSURE CONTROL IN/OUT -- This is a push-push button with
      split lens which places the throttle pressure controller in or out of
      service, with appropriate backlighting of the lens.
PAR  6. CONTROLLER RESET -- The button restores the DEH system to an active
      operating state after the computer has been stopped due to a power failure
      or hardware/software maintenance.
PAR  The logical variable TRPB is set when the TRANSFER Tv/GV button is pressed.
      The impulse pressure, megawatt, and throttle pressure logical states
      (IPIPB, MWIPB AND TRCPB respectively) are set to the logical inverse of
      their previous state when the corresponding buttons are pressed. This is
      the mechanism which provides the push-push nature of these buttons. The
      logical variable SPIPB is set when the speed feedback button is pressed.
      Finally, each of these buttons initiate a bid for the LOGIC task by
      setting the RUNLOGIC variable prior to exit from the PANEL task.
PAR  The CONTROLLER RESET button is handled somewhat differently. The state
      CRESETPB is set by the STOP/INITIALIZE task, which does cleanup and
      initialization after a computer stop condition. Then CRESETPB is checked;
      if it is not set, the computer has been running, and thus the button
      pressed is ignored. If CRESETPB is set, this means the computer had been
      stopped; CRESETPB is reset and the lamp behind the button is turned off.
      In addition, the PANEL task effectively presses the speed feedback button
      by setting the logical state SPIPB. This is done so that the DEH system
      restarts after a power failure or other computer stop condition with the
      speed feedback loop in service. The LOGIC task is requested to run by
      setting the RUNLOGIC state. The REFERENCE display button is also
      effectively pressed so that the display windows always start out in the
      same mode after a stop condition on the computer.
PAC  DISPLAY/CHANGE DEH SYSTEM PARAMETERS
PAR  Eight buttons allow the operator to display or change various DEH system
      parameters. Six of these buttons are dedicated to the display or change of
      a single important parameter for each button. The remaining two buttons
      provide the ability to display or change a group of DEH system variables
      from each button. In addition, two special buttons (GO and HOLD) are
      intimately associated with one of the dedicated display/change buttons,
      and thus are also included in this discussion.
PAR  Before listing each of these buttons, a brief description of the display
      window mechanism is given. The DEH Operator B Panel contains two digital
      displays which are provided with five windows each. The left display,
      labeled REFERENCE, has two major functions. It either presents numerical
      information which currently exists in computer memory for the six
      dedicated buttons mentioned above, or it accepts address inputs from the
      keyboard for the two buttons assigned to display or change groups of DEH
      system variables. The right display, labeled DEMAND, also has two major
      functions. It either accepts keyboard inputs in preparation for changing
      any of the currently existing numerical information in computer memory for
      the six dedicated buttons mentioned above, or it presents currently
      existing information in computer memory for the two buttons assigned to
      display or change groups of DEH system variables.
PAR  Of the five windows in each digital display, the left-most is reserved for
      mnemonic characters. These characters combine to form a short message
      identifying the numerical quantity in the remaining four windows. The
      following table lists the 11 available messages and an explanation of
      each. The four right windows in each display provide the numerical digits
      0 through 9 and a decimal point where appropriate.
TBL  MNEMONIC CHARACTER DEFINITION                                             

     Message     Explanation                                                   

     ______________________________________                                    

     MW          Megawatt Symbol for Load Control                              

     SPEED       Speed Symbol for Speed Control                                

     % VALVE POSITION                                                          

                 Percent Valve Position for Valve Status                       

     RPM/MIN     Acceleration Rate                                             

     MW/MIN      Load Rate                                                     

     SYS PAR     General DEH System Parameter                                  

     IMP PRESS % Impulse Pressure in Percent For Load                          

                 Control                                                       

     PRESS       General Pressure Variable                                     

     TEMP        General Temperature Variable                                  

     VALVE NO.   Valve Identification for Valve Status                         

                 Algebraic Negative Quantity                                   

     ______________________________________                                    

PAR  A brief description of the eight buttons associated with display/change as
      well as the GO and HOLD buttons, follows:
PAR  1. REFERENCE -- This button initiates a display or change of the DEH
      reference and demand for speed or load operation. When the turbine is on
      operator automatic control, new demand values may be entered from the
      keyboard. However, when the turbine is in a remote operating mode such as
      automatic synchronizer, dispatch or ACCELERATION program, the demand
      cannot be changed from the keyboard. Any attempt to do so is flashed as an
      invalid request.
PAR  2. ACCELERATION RATE -- This button initiates a display or change of the
      acceleration rate used on wide-range speed operation. When the turbine is
      on operator automatic control, this value is entered by the operator, and
      may be changed from the keyboard. However, when the turbine is being
      accelerated by an AUTOMATIC STARTUP program, the displayed value is the
      rate selected by this program and cannot be changed from the keyboard. Any
      attempt to do so is flashed as an invalid request.
PAR  3. LOAD RATE -- This button initiates a display or change of the load rate
      used on operator automatic control. This value may be displayed or changed
      at any time.
PAR  4. LOW LIMIT -- This button is an optional feature which initiates a
      display or change of the low load limit used on all automatic load control
      modes. This value may be displayed or changed at any time.
PAR  5. HIGH LIMIT -- This button is an optional feature which initiates a
      display or change of the high load limit used on all automatic load
      control modes. This value may be changed at any time.
PAR  Each of these buttons have high or low limits, whichever is appropriate,
      associated with them when changes are to be made in the values discussed
      above. Violation of these limits from a keyboard entry is flashed as an
      invalid request and the entry is ignored. More details of these limits are
      discussed in a later section where the KEYBOARD program is described.
PAR  6. VALVE POSITION LIMIT -- This button initiates a display of the governor
      valve position limit and the quantity being limited. Change or adjustment
      of the valve position limit is accomplished by raise/lower buttons
      (described in a later section where the valve buttons are discussed). Any
      attempt to enter values from the keyboard in this display mode is flashed
      as an invalid request.
PAR  7. VALVE STATUS -- This button initiates a display of the status (position)
      of the turbine throttle and governor valves. Thus, this button is
      associated with a group of DEH system variables. A description of the
      steps necessary to carry out this display function is given in later
      paragraphs (where the valve buttons are discussed).
PAR  8. TURBINE PROGRAM DISPLAY -- This button initiates a display or change of
      any DEH system parameter not otherwise addressable with one of the unique
      buttons described above. These variables include pressures, temperatures,
      control system tuning constants, and calculated quantities in all parts of
      the DEH system. A dictionary is provided so that the address of such
      quantities may be entered from the keyboard. Further discussion of these
      points is given in later paragraphs where the keyboard is described.
PAR  9. GO -- This button initiates a special DEH CONTROL program to adjust the
      turbine reference. The program ultimately positions the valves on operator
      automatic control. The reference then moves at the appropriate load or
      acceleration rate until the reference and demand are equal. The updated
      reference value is continually displayed in the REFERENCE windows so that
      the operator may observe it changing to meet the demand, which is
      displayed in the DEMAND windows.
PAR  10. HOLD -- This button interrupts the reference adjustment process
      described above, and holds the reference at the value existing at the
      moment the HO-LD button is pressed. In order to continue the adjustment
      process on the reference, the operator must press the GO button.
PAR  A brief description of the steps necessary to display or change any of the
      first six variables discussed above follows; description of cases 7 and 8
      are withheld until a later section. When the operator wishes to display or
      change any of the DEH dedicated system parameters, he must execute a
      sequence of steps which result in the desired action. The steps are listed
      as follows:
PAR  1. The operator presses the appropriate button; the DEH programs display
      the current value of the parameter in the reference windows while the
      demand windows are cleared to allow for possible keyboard entry.
PAR  2. If the operator wishes only to observe the parameter value, then he does
      nothing else. The value remains in the reference windows until some new
      button is pressed.
PAR  3. If the operator wishes to change the parameter, he types in on the
      keyboard the new value which he desires. This is displayed in the DEMAND
      windows, but will not yet be entered into the DEH programs.
PAR  4. If the operator is satisfied with the new value as it appears in the
      demand windows, he may enter the new quantity into the DEH operating
      system by pressing the ENTER button. The ENTER button is described in more
      detail in a later section on the keyboard.
PAR  5. If for any reason the operator is not satisfied with the value as it
      appears in the demand windows, he may press the CANCEL button. The CANCEL
      button will be described in more detail in a later section on the
      keyboard. This removes the number from the DEMAND windows and allows the
      operator to begin a new sequence for the parameter.
PAR  6. Assuming that the operator is satisfied with the number and that he
      presses the ENTER button, the new value of the parameter appears in the
      REFERENCE window and the DEMAND window is cleared. This is an
      acknowledgement that the DEH programs have accepted the number and are
      using the new value from that point on.
PAR  7. If for any reason the numerical value entered into the DEH system
      violates preprogrammed conditions (such as high limits less than low
      limits), the entire operation is aborted and the INVALID REQUEST lamp is
      flashed.
PAR  The above description of data manipulation is modified somewhat when the
      operator wishes to display or change the turbine reference and demand.
      Both of these quantities are displayed when the reference button is
      pressed. During wide-range speed control, the left REFERENCE display
      contains the turbine speed reference value, while the right DEMAND display
      contains the turbine speed demand. During load control the REFERENCE
      display contains the turbine load reference while the demand display
      contains the turbine load demand.
PAR  Since the reference and demand control the turbine valves directly, it is
      essential that the operator have a unique handle on these quantities so
      that he may start or stop reference changes quickly and easily. This is
      accomplished by use of the GO and HOLD buttons in conjunction with the
      reference button. The GO and HOLD buttons control two reference states in
      the DEH system, which indicate whether the reference and demand are equal
      or unequal. When these quantities are equal, both the GO and HOLD
      backlights are off. When these quantities are unequal, either the GO or
      the HOLD lamp is on. If the GO light is turned on, the reference is
      changing to meet the demand value at the selected rate. Should the
      operator wish to stop the reference adjustment process, he simply presses
      the HOLD button. The HOLD button then backlights and holds the reference
      at its current value. When the operator wishes to start the reference
      moving again, he must press the GO button, which then backlights and
      enables the reference to adjust to the proper value.
PAR  The sequence of steps for displaying or changing the reference follows:
PAR  1. The operator presses the reference button. The DEH programs display the
      current value of reference in the left windows and the current value of
      demand in the right windows.
PAR  2. If the operator wishes to change the demand, he types the new value on
      the keyboard. This is displayed in the DEMAND windows, but is not yet
      entered into the DEH programs.
PAR  3. If the operator is satisfied with the new value, he presses the ENTER
      button. This places the new demand value in the DEH programs and turns the
      HOLD lamp, assuming that the new demand satisfies certain limit checks to
      be described shortly. If these conditions are not met, the INVALID REQUEST
      lamp is flashed, the new value is ignored, and the original value is
      returned to the DEMAND windows.
PAR  4. If the operator is not satisfied with the new value (set in Step 3), he
      simply presses the CANCEL button. The DEH programs then ignore this value
      and return the original value to the DEMAND windows.
PAR  5. If a new demand is finally entered and the HOLD lamp comes on, the
      operator may start the reference adjusting to this new demand by pressing
      the GO button. The HOLD lamp is turned off, the GO lamp is turned on, and
      the reference begins to move at the selected rate toward the demand.
PAR  6. At any time, the operator may inhibit the reference adjustment by
      pressing the HOLD button. He may then restart the reference adjustment by
      pressing the GO button.
PAR  7. When the reference finally equals the demand both the GO and HOLD lamps
      will be turned off.
PAR  Each of the eight display buttons set the integer pointer (IPBX) to its
      assigned value and the appropriate panel lamps are turned off and on. IPBX
      is then checked by the VISUAL DISPLAY task, which selects the numerical
      values from computer memory and displays then in the windows.
PAR  The TURBINE PROGRAM DISPLAY button also resets a few logical states in
      preparation for keyboard entries. These are discussed in later paragraphs
      on the keyboard description. The remote control modes AS, ADS and ATS for
      the Automatic Synchronizer, Dispatch System and TURBINE STARTUP program
      are checked, along with the manual control state (TM) if the maintenance
      test switch (OPRT) is not set. All of these modes exclude the possibility
      of the GO and HOLD buttons being active, so these buttons are ignored in
      these states and the PANEL program simply exits. However on operator
      automatic control, the HOLD button state (HOLDPB) is set, or the GO button
      state (GOPB) is set. In the latter case, HOLDPB is also reset. The LOGIC
      task is requested to run by setting the RUNLOGIC variable, and the program
      then exits.
PAC  OPERATING MODE SELECTION
PAR  There are five buttons which may be used to select the turbine operating
      mode. When any of these are pressed, they initiate major operating changes
      in the DEH Control System, assuming the proper conditions exist for the
      mode selected. A brief description of these buttons follows:
PAR  1. OPERATOR AUTOMATIC (OPER AUTO) -- This button places the turbine in
      automatic control with the operator providing all demand, rate, and set
      point information from the keyboard. If the turbine had been previously in
      manual control, the OPER AUTO lamp must be flashing to indicate that the
      DEH system is ready to accept automatic control; otherwise pressing the
      OPER AUTO button is ignored. If the turbine had been in one of the remote
      control modes listed below, then pressing the OPER AUTO button rejects the
      remote and returns automatic control to the operator.
PAR  2. AUXILIARY SYNCHRONIZER (AUTO SYNC) -- This button allows automatic
      synchronizing equipment to synchronize the turbine generator with the
      power system by indexing the speed demand and reference with raise/lower
      pulses, in the form of contact inputs.
PAR  3. AUTOMATIC DISPATCHING SYSTEM (ADS) -- This button allows automatic
      dispatching equipment to operate the turbine generator by setting the load
      demand and reference. A number of dispatching options are available,
      including raise/lower pulses, raise/lower pulse-width modulation, and
      analog input values to set the reference.
PAR  4. AUTOMATIC TURBINE STARTUP (TURBINE AUTO START) -- This button allows a
      special computer program to automatically start up and accelerate the
      turbine during wide-range speed control. The program may reside in the DEH
      computer or it may exist in another computer in the plant or at a remote
      location.
PAR  5. COMPUTER DATA LINK (COMP DATA LINK) -- This optional button allows
      another computer, either in the plant or at a remote location, to provide
      all demand, rate, and set point information to the DEH system.
PAR  The OPER AUTO button resets the remote mode button states (ASPB, ADSPB and
      AUTOSTAR) for Automatic Synchronizer, the Automatic Dispatch System, and
      the AUTOMATIC TURBINE STARTUP program, respectively. Since the operator
      automatic state (OA) is merely the logical inverse of the turbine manual
      state (TM), the PANEL task cannot actually set OA, but can only request
      the LOGIC task to run, by setting the RUNLOGIC variable. The LOGIC program
      then determines whether or not operator automatic is accepted by the
      manual backup system.
PAR  The remote buttons set their corresponding pushbutton states after which
      RUNLOGIC is set. As in the case of operator automatic, the LOGIC task then
      determines if the requested mode will be accepted.
PAR  The data link button is handled somewhat differently; this is a push-push
      button whose state (DLINK) is given the logical inverse of its previous
      value at statement 14. The new state is then interrogated in order to
      determine whether to turn the button backlight on or off, after which the
      program exits.
PAC  AUTOMATIC TURBINE STARTUP
PAR  Five buttons are associated with the automatic turbine startup feature of
      the DEH system. A brief description of these buttons follows:
PAR  1. AUTOMATIC TURBINE STARTUP (TURBINE AUTO START) -- This button allows a
      special computer program to automatically start up and accelerate the
      turbine during wide-range speed control.
PAR  2. TURBINE SUPERVISION OFF -- This is a push-push button which controls the
      printout of messages from the turbine supervisory programs. Normally, the
      messages are always printed; the operator may suppress printing by
      pressing this button, which then backlights. Should the messages be
      desired later, then the button may be pressed again; the lamp is turned
      off and the supervisory messages are printed on the typewriter.
PAR  3. OVERRIDE ALARM -- This button overrides certain alarm stops which the
      AUTOMATIC TURBINE STARTUP program may detect. When this happens, the
      program waits for operator action before proceeding with the acceleration.
      If the operator decides to continue the startup, he presses the OVERRIDE
      ALARM button.
PAR  4. OVERRIDE SENSOR HOLD -- This button overrides certain analog input
      sensor stops, which the AUTOMATIC TURBINE STARTUP program may detect. When
      this happens, the program waits for operator action before proceeding with
      the acceleration. If the operator decides to continue the startup, he
      presses this button.
PAR  5. RETURN SENSOR TO SCAN -- This button returns certain analog inputs to
      scan after their sensor has been repaired. Should a sensor fail, the
      AUTOMATIC TURBINE STARTUP removes the corresponding input from scan; when
      the sensor is detected valid again, this button is backlighted to notify
      the operator. He then presses the button to return the input to its normal
      scan.
PAC  MANUAL BUTTONS
PAR  Six buttons on the Operator's Panel are associated with manual operation of
      the turbine. Even though the DEH PANEL program does not interface directly
      with these buttons, a brief description of their funcion is given for
      completeness. In general, these buttons allow the operator to control the
      position of the turbine throttle and governor valves directly from the
      panel.
PAR  1. TURBINE MANUAL -- This button places the turbine under manual control of
      the operator, with the transition from automatic being achieved
      essentially bumplessly.
PAR  2. TV LOWER -- This button lowers, or decreases, the throttle valves at a
      fixed rate as long as the button is held down.
PAR  3. TV RAISE -- This button raises, or increases, the throttle valves at a
      fixed rate as long as the button is held down.
PAR  4. GV LOWER -- This button lowers, or decreases, the governor valves at a
      fixed rate as long as the button is held down.
PAR  5. GV RAISE -- This button raises, or increases, the governor valves at a
      fixed rate as long as the button is held down.
PAR  6. FAST ACTION -- This button opens or closes the throttle and governor
      valves, at a fast rate, in manual control. The FAST ACTION button must be
      held down at the same time as any of the TV or GV RAISE/LOWER buttons
      described above to achieve the fast action effect.
PAC  KEYBOARD ACTIVITY
PAR  There are fourteen buttons associated with keyboard activity on the DEH
      Operator's Panel. Of this total, eleven are numerical keys; these include
      the integers 0 through 9 and a decimal point. Three additional buttons are
      available for use with the keyboard to aid in data display or change. A
      brief description of these buttons follows:
PAR  1. NUMERICAL BUTTONS 0 THROUGH 9 -- When the operator keys in numbers of
      these buttons, the correspoding values are displayed in the reference or
      demand windows, whichever are appropriate, for the function being
      performed. The values move from right to left in the windows as new keys
      are pressed, and both leading and trailing zeros are always displayed. If
      more than four numerical keys are pressed, the left-most value in the
      windows is lost as the new value is entered in the right-most window, and
      the remaining values shift left one position.
PAR  2. DECIMAL POINT BUTTON -- When the decimal point key is pressed, the PANEL
      program retains this information but does not yet display it. When the
      next numerical key is pressed, both the value and the decimal point appear
      in the right-most window. The decimal point is positioned in the lower
      left-hand corner of the window position. Should additional numerical keys
      be pressed, the decimal point moves one position to the left with the
      number with which it was originally entered. Should the decimal point be
      shifted out of the left-most window it is lost, and a new point may be
      entered.
PAR  3. ENTER -- When this button is pressed, the PANEL program enters the value
      residing in the reference or demand windows, whichever is appropriate,
      into core memory and performs the correct action requested by the keyboard
      activity. This action may consist of visual display, parameter change, or
      intermediate steps in a sequence of operations as described in preceding
      sections.
PAR  4. CANCEL -- When this button is pressed, the PANEL program clears both the
      reference and demand windows, deletes any intermediate values in computer
      memory, and aborts the entire sequence of operations which was canceled.
      The operator may then begin a new sequence of steps.
PAR  5. CHANGE -- This button indicates a sequence of operations necessary to
      alter numerical values residing in the DEH system memory. The steps
      necessary to change parameters are described earlier.
PAR  The decimal point key and keys 0-9 are serviced to check the validity of
      the requested entry and to set the entry if it is valid. Among other
      checks, a check is made on the integer IPBX, which represents the visual
      display and change button which has been previously pressed. If this value
      equals 2, thus indicating the acceleration rate button has been pressed,
      and the Automatic Turbine Startup mode (ATS) is in control, all keyboard
      buttons are invalid. During the ATS mode the acceleration rate is
      controlled by the startup program, and thus may be visually displayed but
      cannot be changed from the keyboard.
PAR  Should the ATS state be satisfied, the pointer IPBX is checked to determine
      if it is equal to 6; if so, the keyboard entry is flashed as invalid
      because this represents the valve position limit display mode, which
      cannot use the keyboard. If this situation is all right, the valve test
      button state (VTESTPB) is checked; should VTESTPB be set and the valve
      being tested NVTEST is non-zero, the keyboard entry is invalid. This is
      because NVTEST indicates that some valve has already been selected for
      test, thus implying that no further keyboard activity is necessary.
PAR  Finally, some special tests are made if IPBX equals 1; this means the
      reference display mode has been selected. If this is the case, all remote
      control modes such as Automatic Synchronizer (AS), Automatic Dispatch
      System (ADS), and Automatic Turbine Startup (ATS), imply that the keyboard
      cannot be used during reference display. Thus these result in the INVALID
      REQUEST lamp being flashed. In addition, should the turbine be on manual
      control (TM) or unlatched (NOT ASL), and not in the maintenance test mode
      (OPRT), then keyboard activity is also invalid during reference display.
      All of these cases are invalid for keyboard entry because the turbine
      demand and reference are set by the remote mode or the manual tracking
      system. The only time that the operator may use the keyboard in the
      reference display mode is during operator automatic control or during the
      maintenance test condition in which the DEH system is being used as a
      simulator and trainer.
PAR  Should all of these tests be passed properly, the logical state KEYENTRY is
      set and the numerical value in location KEY is checked. This is the
      keyboard button which has just been pressed, and must lie between 0 and 9
      inclusive; otherwise, the entry is flashed as invalid. For a valid value
      of KEY, the program then places the new number in its proper position in
      the integer array (IW). This array has a place for each of the four window
      positions of the visual display and, as keyboard buttons are pressed, the
      entries move down one position in IW and the latest key is entered in the
      top position. The pointer ID maintains the proper position for each new
      key. Thus, if ID equals 0, this means there are no entries in the array
      IW. The value KEY is thus placed in the first position of IW. However, if
      ID is not zero, then a FORTRAN DO loop is executed to move the entries in
      IW down one position prior to entering the new value of key in the first
      position at statement 414. Then the value of the pointer ID is checked
      again; if it is less than 3, it is incremented by 1. If it is equal to 3,
      it retains that value. This is the mechanism used to accept more than four
      keyboard values with only the last four key entries being retained.
PAC  CONTROL TASK
PAC  Speed Selection Function
PAR  An additional task which the speed selection function must accomplish is
      the bumpless transfer mechanisms necessary when the speed input signals
      are switched, and when all speed inputs fail. These bumpless transfers are
      incorporated only on load control, since speed switching then can be
      significant in affecting governor position and thus turbine load. During
      speed control, no noticeable effect of speed signal switching may be
      expected.
PAR  Consider first the case when the speed signal is to be switched from the
      digital to the analog channel, or from the analog to the digital channel.
      The portion of the Load Control System which will be affected by such a
      change includes essentially the speed feedback loop output (X, considered
      simply as a single block since the details are not important in this
      context), the turbine load reference (REFDMD), and the turbine speed
      modified load reference (REF1).
PAR  When the speed signal is switched, the factor X changes, in general, so it
      is necessary to change the reference (REFDMD) to avoid a bump in REF1 and
      ultimately in the valves. Suppose that the system has been using one of
      the two speed inputs (it is immaterial which one), and thus had been
      yielding a speed feedback factor (X.sub.1). Then the value of REF1 is
      given by:
EQU  REF1.sub.1 = REFDMD.sub.1 + X.sub.1                        (35)
PAL  Now the system switches to the other input and yields a speed feedback
      factor (X.sub.2). The corresponding value for REF1 is given in:
EQU  REF1.sub.2 = REFDMD.sub.2 + X.sub.2                        (36)
PAL  To yield a bumpless transfer, it is necessary to hold the value of REF1
      constant, as indicated in the following expression:
EQU  REF1.sub.2 = REF1.sub.1 Substituting Equations (35) and (36) into (37) and
      solving for the new value of REFDMD gives the proper condition for a
      bumpless transfer, as shown below:
EQU  REFDMD.sub.2 = REFDMD.sub.1 + X.sub.1 - X.sub.2            (38)
PAL  Thus when the speed signal is switched, the speed selection function
      recomputes the new value of turbine reference according to Equation (38)
      and achieves the required bumpless transfer.
PAR  Consider next the situation in which both the digital and the analog
      signals fail, thus requiring the speed feedback loop to be disabled and
      taken out of service. Again this must be accomplished bumplessly so that
      the governor valves, and thus turbine load, do not change significantly.
      The value of the speed compensated reference when the speed loop (SPI) is
      in service is given by:
EQU  REF1.sub.in = REFDMD.sub.in + X                            (39)
PAL  When the loop is taken out of service due to speed channel failure, the
      value of REF1 is computed from:
EQU  REF1.sub.out = REFDMD.sub.out                              (40)
PAL  To yield a bumpless transfer, it is necessary to hold the value of REF1
      constant as follows:
EQU  REF1.sub.out = REF1.sub.in                                 (41)
PAL  Substituting Equations (39) and (40) into (41) and solving for the new
      value of REFDMD gives the proper conditions to maintain a bumpless
      transfer, as shown below:
EQU  REFDMD.sub.out = REFDMD.sub.in + X                         (42)
PAL  Thus, to satisfy the conditions for bumpless transfer with respect to the
      speed loop, the speed selection function must reset the reference as given
      in Equation (42) to maintain constant valve position and thus constant
      load during this interval. Brief consideration will now be directed to the
      two out of three logical error detection scheme used by the speed
      selection function. It must be realized first that the three speed signals
      will rarely, if ever, be exactly equal; thus, it is necessary to compare
      these signals with each other and check for a significant difference. The
      value of the allowable difference given by WSERROR and is a keyboard
      entered constant; should any two speeds differ in magnitude greater than
      WSERROR, then one or both of the speeds are faulty. The allowable speed
      error (WSERROR) is usually set about 100 rpm.
PAR  The speed selection process compares the three speeds and bases its logical
      conclusions on the results of this test. Since there are three differences
      (between the digital and the analog, the digital and the supervisory, and
      the analog and the supervisory), which may or may not be greater than
      WSERROR, then there are eight possible combinations which must be
      examined. Table 1 lists these combinations, the decision as to which speed
      to be used, and a comment on each situation. The column titles in Table 1
      indicate "approximately equal", which means that the various speeds agree
      within WSERROR rpm. The letter Y in the table means YES they do agree,
      while the letter N means NO they do not agree.
PAR  The speed selection function simply compares the speed differences which
      exist every 1 sec (the sampling interval for the CONTROL task) and finds
      the corresponding entry in Table 1. Logical conditions are then set to
      carry out the appropriate action as indicated by the comments in Table 1,
      to assure proper control by the remaining parts of the DEH system.
PAC  SELECT OPERATING MODE FUNCTION
PAR  The SELECT OPERATING MODE program must distinguish between speed and load
      control by examining the state of the main generator circuit breaker. For
      wide-range speed control, the program flow chart is shown in FIG. 37A. The
      automatic synchronizer state (AS) is first interrogated; if it is the
      operating mode, the auto sync increase and decrease states (ASINC and
      ASDEC) are examined. These states are flip-flops which are controlled by
      the LOGIC task when the auto sync raise or lower contact inputs are set.
      The program carefully checks to see if both the increase and decrease
      states are set; if so, no action is taken. Otherwise a temporary location
      (TEMP) is set to +1 rpm or -1 rpm for each pass through the program during
      which the appropriate contact input is set. The turbine speed reference
      and demand are then incremented properly, the ASINC and ASDEC states are
      reset for the next time, and the program passes to the next stage of the
      CONTROL task.
PAR  If the automatic synchronizer is not the operating mode, then the Automatic
      Turbine Startup (ATS) state is interrogated at statement 4000 (FIG. 37A.
      If it is the operating mode, as determined by the LOGIC task, the turbine
      speed demand and rate are selected from this program via computer
      locations TASDMD and TASRATE. The rate is then checked against an absolute
      high limit (OARATMAX), which is a keyboard entered constant usually set at
      800 rpm after which the program passes on to the next stage of the CONTROL
      task.
PAR  If the AUTOMATIC TURBINE STARTUP program is not the operating mode, the
      Operator Automatic (OA) state, and the Maintenance Test (OPRT) state are
      interrogated at statement 6000 (FIG. 37A). If either of these states are
      set, the turbine speed demand and rate are selected from the keyboard and
      the program proceeds to the next stage of the CONTROL task. Note that on
      Operator Automatic the keyboard values control the turbine, while in
      Maintenance Test the keyboard values simulate a turbine.
PAR  If neither Operator Automatic nor Maintenance Test is the operating mode,
      then the turbine is in Manual control and the SELECT OPERATING MODE
      program goes into the manual tracking mode at statement 7000. If the
      contact input (THI) is set, this means the throttle valves are wide open
      and the turbine is in speed governor control. Then the error between
      manual and computer governor valve outputs (IGVMAN and IGVAO) is
      multiplied by a gain factor (GR10) and saved in a temporary location. If
      the contact input (THI) is not set, then the turbine is in speed throttle
      control and the error between manual and computer throttle valve outputs
      (ITVMAN and ITVAO) is multiplied by a gain factor (GR5) and saved in a
      temporary location.
PAR  In either case, assuming the speed loop (SPI) is in service, the valve
      output error is checked against a speed tracking deadband (DBTRKS, which
      is a keyboard entered constant usually set at 1 percent) and the reference
      is checked against actual speed (WS) through a reference tracking deadband
      (DBTRKREF, which is also a keyboard entered constant usually set at 50
      rpm). If both conditions are met, the READY state is set to indicate the
      DEH system is ready to assume automatic control. The READY state is
      detected by the FLASH task, which then flashes the OPER AUTO light to let
      the operator known that he may transfer to automatic control.
PAR  Finally, the gained valve position error in the temporary location (TEMP)
      is uused to increment the reference (REFDMD), which is then checked
      against an absolute high speed limit (HLS). This is a keyboard entered
      constant which is normally set at 4200 rpm. The program then transfers to
      statement 15500 for some final bookkeeping checks.
PAR  When the SELECT OPERATING MODE program determines that the main generator
      circuit breaker is closed, thus indicating the turbine is on load control,
      transfer is made to statement 10000 which is shown in FIG. 37B. The
      Throttle Pressure Control (TPC) state is interrogated; if it is in
      service, then the actual throttle pressure (PO) is compared against a set
      point (POSP), which is a keyboard entered constant usually set at about
      1600 psia. If the throttle pressure (PO) is above the set point (POSP), no
      further action is taken. But if PO is below POSP, then the governor valve
      position (GVSP) as called for by the computer is checked against a minimum
      governor valve set point (GVSPMIN). This is a keyboard entered constant
      usually set at about 25 percent. If GVSP is less than GVSPMIN, no further
      action is taken; but if GVSP is greater than GVSPMIN, then the throttle
      pressure limiting state (TPLIM) is set and the reference load rate is set
      to runback the reference at the rate TPCRATE, which is a keyboard entered
      constant usually set at 200 percent per minute. The program then transfers
      to statement 11500 for further bookkeeping computation.
PAR  If no throttle pressure contingency exists, the RUNBACK contact input (RB)
      is interrogated; if it is set, the load reference is runback at the rate
      (RBRATE, which is a keyboard entered constant set at about 100 percent per
      minute. Then at statement 11500 some bookkeeping details are taken care
      of. Thus if the Automatic Dispatch System (ADS) state has been in control
      when either a throttle pressure limit or runback condition occurred, this
      mode is rejected by resetting the automatic dispatch system pushbutton
      state (ADSPB) and setting the RUNLOGIC flag. Within 1/10 sec the AUX SYNC
      task bids the LOGIC task, which then realigns all states to the correct
      position. A second bookkeeping check is made at statement 11700 where the
      HOLD state is checked. If HOLD is reset, then it is set so that the
      operator has an indication of why the reference has been runback.
PAR  If no runback contingency exists, then the Automatic Dispatch System (ADS)
      state is interrogated at statement 1200. If it is the operating mode, the
      ADS increase and decrease states (ADSINC and ADSDEC) are examined. These
      are flip-flops which are controlled by the LOGIC task when the ADS
      increase and decrease contact inputs are set. The program carefully checks
      to see if both the increase and decrease contacts are set; if so no action
      is taken. Otherwise a temporary location (TEMP) is set to the ADS raise or
      lower pulse count (IADSUP or IADSDOWN). The AUX SYNC task keeps track of
      these pulse counts according to the conditions set up by the LOGIC task.
      However, a maximum ADS pulse-width is imposed on both the raise and lower
      pulses in the SELECT OPERATING MODE program by comparing their counts
      (IADSUP and IADSDOWN) with a limit (ADSMAXT), which is a keyboard entered
      constant usually set to 10 counts of 1/10 sec each (thus yielding a
      maximum pulse-width of 1 sec). After the pulse-width limiting action, at
      statement 12400 the turbine load reference and demand are incremented by
      an amount proportional to the pulse-width; the proportionality factor
      (ADSRATE) is a keyboard entered constant usually set somewhere between 1
      and 10 MW per sec of pulse-width. Finally, at statement 12600, various ADS
      counters and states are reset prior to moving on to the next stage of the
      CONTROL task.
PAR  If the ADS state is not set, then the select operating mode program checks
      the Operator Automatic (OA) state and the Maintenance Test (OPRT) state at
      statement 14000. If either of these states are set, then the turbine
      demand and rate are accepted from the keyboard and the program proceeds to
      the next stage of the CONTROL task. Note that in Operator Automatic the
      keyboard values control the turbine, while in Maintenance Test the
      keyboard values simulate a turbine.
PAR  If neither Operator Automatic nor Maintenance Test is the operating mode,
      then the turbine is in Manual control and the SELECT OPERATING MODE
      program goes into the Manual Load Tracking mode at statement 1500. The
      error between the manual and computer governor valve outputs (IGVMAN and
      IGVAO) is stored in a temporary location (TEMP) and compared against a
      load tracking deadband (DBTRKL), which is a keyboard entered constant
      usually set at about 1 percent. If the outputs agree within DBTRKL, then
      the READY state is set to indicate the DEH system is ready to assume
      automatic control. The READY state is detected by the FLASH task, which
      then flashes the OPER AUTO light to let the operator know that he may
      transfer to automatic control.
PAR  The valve output error is then gain multiplied by GR9 and added to the
      current reference (REFDMD), which is high-limit-checked against MWMAX, a
      keyboard entered constant usually set to about 120 percent of rated
      megawatts. REFDMD is also low-limit-checked against zero, thus assuring
      that the tracking scheme will not windup in either direction. Finally, a
      last check is made to determine if a voltage exists on the test analog
      output lines; if so, the READY state is reset so that transfer to
      automatic control is inhibited until this voltage is removed. This may be
      done by pressing the OPEN valve test pushbutton until the lights behind
      the OPEN and CLOSE pushbutton go out.
PAC  SPEED/LOAD REFERENCE FUNCTION
PAR  The GO state is checked; if GO is off, the HOLD state is checked. If HOLD
      is on and the demand and reference value (REFDMD) are equal, then the
      logical states (GOHOLDOF and RUNLOGIC) are set. This results in the LOGIC
      task being bid within 1/10 sec by the AUX SYNC task, which recognizes the
      RUNLOGIC state. The LOGIC task then turns off the HOLD flip-flop and lamp
      as requested by the GOHOLDOF state.
PAR  If the GO state is set back however, then this is the signal to allow the
      reference to move toward the demand. The magnitude of the difference
      between the reference and the demand is computed and stored in a temporary
      location. Then the magnitude of the incremental step size taken each
      second by the selected rate, as discussed above, is saved in another
      temporary location. These two temporary quantities are then compared and
      if the demand/reference difference in TEMP is greater than the incremental
      step size in TEMP1, this means the reference must continue to move closer
      to the demand. However, the governor valve position limiting state (VPLIM)
      is checked; if it is set and the demand is above the reference, then no
      movement is allowed in the reference. This is because the valve position
      limit function is operating and refuses to allow any increase in reference
      because this will attempt to increase the governor valve position beyond
      the limit.
PAR  If there is no valve position limiting action, then the reference is
      incremented by the incremental rate step size and the program transfers
      for final exit.
PAR  Eventually the reference will approach within the allotted boundary of the
      demand. Then the reference program immediately sets the reference equal to
      the demand. Finally, the state of the breaker (BR) is interrogated; if it
      is set, the program transfers for the Load Control System computations,
      while transfer is made for the Speed Control System computations if the
      breaker state (BR) is reset.
PAC  SPEED CONTROL FUNCTION
PAR  To provide the simulation and training feature, FIG. 39 shows an additional
      program path which will internally generate a simulated speed signal
      (SIMWS) in the Maintenance Test mode of operation. This is accomplished by
      feeding back the speed controller output (SPDSP) through a first order lag
      transfer function which approximates the turbine inertia response. This
      simulated speed then replaces the actual speed in developing a speed error
      during the Simulation/Training mode of operation.
PAR  All speed control system parameters, such as gains, reset times and limits,
      are keyboard entered constants which are available for tuning or
      adjustment during the Maintenance Test mode. These changes require
      transfer of the turbine control to manual operation.
PAR  Logical checks are made to determine whether the speed computations should
      be evaluated. Thus, if the speed inputs failed and are unreliable, then
      the speed loop (SPI) is taken out of service, and there is no speed
      information by which to control the turbine. In addition, if the overspeed
      speed protection circuit in the Analog Backup System is operating, as
      indicated by the contact input (OPCOP), this closes the governor valve and
      thus overrides the DEH Speed Control System; consequently in this case, no
      speed control computations are performed.
PAR  Assuming that neither of these situations exist, the speed error is
      calculated. If the system is in the Simulation/Training mode, this error
      is the difference between the reference and simulated speed; the speed
      error is the difference between the reference and actual speed in all
      other cases. Following this error computation, a decision is made as to
      whether the turbine is on governor or throttle control. Appropriate calls
      are then made to the PRESET subroutine to evaluate the
      proportional-plus-reset controller action for the throttle or governor
      valve. This subroutine takes care of evaluating the controller algorithm
      and the high/low limit checks to eliminate reset windup.
PAC  LOAD CONTROL FUNCTION
PAR  As in the Speed Control System, all parameters in the Load Control System
      are keyboard entered constants, which may be tuned or adjusted in the
      Maintenance Test mode. As always, changes of this type require transfer to
      manual control for the adjustment, after which the DEH system will track
      and permit return to automatic control.
PAR  To provide the simulation and training feature disclosed previously, FIG.
      40 shows additional program paths which internally generate simulated
      megawatt and impulse pressure signals (SIMMW and SIMPI) in the Maintenance
      Test mode of operation. These are accomplished by feeding back the load
      reference (REF2) and the valve set point (VSP) (through software) to first
      order lag transfer functions which approximate the generator and turbine
      responses. These simulated signals then replace the actual feedbacks in
      developing megawatt and impulse pressure errors during the
      Simulation/Training mode of operation.
PAR  A check is first made (FIG. 41) to determine if a change has occurred in
      the throttle pressure limit state (TPLIM); if so the LOGIC task aligns all
      status variables accordingly. The LOAD CONTROL program next checks the
      speed transducer failure state (SPTF). If there is no failure, the speed
      feedback loop is evaluated with a call to the SPDLOOP subroutine; if there
      is a speed transducer failure, the speed feedback loop is bypassed and the
      speed compensation factor (X) is set to zero. Whichever is the case, the
      factor (X) is summed with the turbine load reference (REFDMD) to form the
      speed compensated load reference (REF1). A low-limit-check against zero is
      performed on REF1 to keep it from going negative, which is possible should
      a turbine overspeed condition result.
PAR  The LOAD CONTROL program then checks the maintenance test contact input
      (DPRT), which if set means the DEH system is being used as a
      simulator/trainer or control system tuning is underway. In either case,
      simulated megawatt and impulse pressure signals (SIMMW and SIMPI) are
      generated; if the turbine is not in this mode, then the simulated signals
      are set equal to the actual signals.
PAR  The state of the megawatt feedback loop (MWI) is checked; if the loop is
      out of service, the speed/megawatt compensated load reference (REF2) is
      simply set equal to the speed compensated load reference (REF1). But if
      the megawatt loop is in service, the megawatt error is computed and ranged
      to a per unit value by using the ranging gain (GR2), which is normally set
      at rated turbine generator megawatts. Then the PRESET subroutine is called
      to evaluate the megawatt proportional-plus-reset controller, including
      high/low limit checking. The result of this computation is the megawatt
      trim factor (Y), which is then applied to the speed compensated load
      reference (REF1) in a product relationship to form the speed/megawatt
      corrected load reference (REF2).
PAR  The speed/megawatt compensated load reference (REF2) is converted to an
      impulse pressure set point (PISP) by use of ranging gain (GR3). The state
      of the impulse pressure feedback loop (IPI) is then interrogated; if it is
      out of service the governor valve set point (VSP) is simply set equal to
      the impulse pressure set point (PISP) in psi. But if the impulse pressure
      loop is in service, then the impulse pressure error is computed and used
      as the driving signal for the proportional-plus-reset controller, which is
      evaluated by a call to the PRESET subroutine; this also does the high/low
      limit checking.
PAR  Finally, the governor valve set point (VSP) in psi is converted to a
      governor valve set point from 0 to 100 percent by use of the ranging gain
      (GR4), which is normally set at rated impulse pressure. The program then
      transfers to the final stages of the CONTROL task which actually compute
      the throttle and governor valve outputs.
PAC  THROTTLE VALVE CONTROL FUNCTION
PAR  The throttle control state (TC) is interrogated (FIG. 42); if it is set,
      this means the throttle valves are in positive control, and the program
      computes the throttle valve analog output from the speed controller value
      (SPD) and the keyboard entered ranging constant (GR6). However, if the
      throttle control state (TC) is not set, then the governor control state
      (GC) is checked. If it is not set, this means that the turbine is
      unlatched and that the throttle valves should be at their minimum position
      of completely closed. The program then computes the throttle valve analog
      output of zero.
PAR  If the governor control state (GC) is set, it is then necessary to
      determine if the throttle/governor transfer is complete by checking the
      TRCOM state. If TRCOM is not set, this means the transfer is still in
      progress; an additional check is made to determine if the governor valves
      have closed as indicated by GVMIN. If GVMIN is not set, then the throttle
      valves are still in positive control and the program computes the throttle
      valve analog output as required by the speed controller value (SPD) and
      the ranging gain (GR6).
PAR  Eventually the state GVMIN will be set to indicate that the governor valves
      are now in positive control. Then the throttle valve maximum position
      state (TVMAX) is questioned. If it is not set, then the throttle valve
      bias integrator (TVBIAS) is incremented by the bias constant (BTVO) and
      the throttle valve analog output set accordingly. In a short time the
      throttle valves are wide open; after this all logical states will be set
      to indicate this fact. Succeeding passes through the THROTTLE VALVE
      CONTROL program will then hold the throttle valve analog outputs wide open
      until the turbine is unlatched and tripped for some reason.
PAC  GOVERNOR VALVE CONTROL FUNCTION
PAR  The governor valve position, as set by the governor valve control function,
      is compared to (and high limited by) the valve position limit (VPOSL) at
      all times. This gives the operator the ability to override the control
      system at any time that he considers it necessary, and allows him to
      control the position of the governor valves from VALVE POSITION LIMIT
      RAISE and LOWER pushbuttons on the Operator's Panel. If the governor
      valves are limited by the valve position limit (VPOSL), the lamp behind
      the VALVE POSITION LIMIT DISPLAY pushbutton flashes, thus alerting the
      operator to the condition.
PAR  Various logical numerical checks are necessary to determine which of the
      five situations the turbine is currently in, on a second-by-second real
      time basis. Further, the actual governor valve analog output computation
      is made for each of these five situations, along with the valve position
      limit checking feature and additional bookkeeping computations necessary
      for coordination of the various DEH programs.
PAR  Considering the flow chart of FIG. 43 at statement 1200, the valve position
      limit state (VPLIM) is reset at each pass through the governor valve
      control program. Then the governor control state (GC) is interrogated; if
      it is not set, the throttle control state (TC) is checked. If throttle
      control (TC) is not set, this means the turbine is unlatched and the
      governor valve minimum state (GVMIN) is checked. If GVMIN is not set, then
      at statement 1270 all governor valve open states are reset and all
      governor valve close states, including GVMIN, are set. The program then
      transfers to statement 1320 for analog output computation and valve
      position limit checking to hold the governor valves closed. Succeeding
      passes through the program will find the GVMIN state set and transfer
      directly to statement 1320.
PAR  If the turbine is latched, then the throttle control state (TC) is set. The
      governor valve control function finds itself at statement 1210, where the
      governor valve maximum state (GVMAX) is interrogated. If it is not set,
      then the governor valve bias integrator (GVBIAS) is incremented by the
      governor valve open-bias constant (BGVO), which is keyboard entered
      constant usually set at 10 percent to open the governor valves
      incrementally when the turbine is latched. The program then transfers to
      statement 1240 where the governor control state (GC) is again checked,
      since this point in the program may be reached from alternate paths. For
      the present situation, GC will not be set, thus leading to a check on
      whether the governor valve bias integrator (GVBIAS) has reached 100
      percent and therefore have positioned the governor valves wide open.
      Assuming that GVBIAS has incremented up to 100 percent, all governor valve
      close states are reset and all governor valve open states are set,
      including GVMAX. The program then transfers to statement 1320 for analog
      output computation and valve position limit checking to hold the governor
      valves wide open. Succeeding passes through the program find the GVMAX
      state set at statement 1210 and transfer directly to statement 1320.
PAR  Each of the cases discussed above apply when the governor control state
      (GC) is not set. Once the throttle/governor transfer is initiated,
      however, this sets the governor control state (GC), in which case the
      GOVERNOR VALVE CONTROL program arrives at statement 1220. The state of the
      breaker (BR) is checked; if BR is set, this means the DEH system is on
      load control and the program transfers to statement 1340 for load
      computation of the governor valve analog outputs and valve position limit
      checking.
PAR  However, if the breaker (BR) is open and the DEH system still in speed
      control, the check of BR at statement 1220 finds it not set. Then the
      throttle/governor transfer complete state (TRCOM) is checked; assuming it
      has not yet been set, the governor valve closed state (GVMIN) is checked.
      Normally this will not be set at this point in time, thus requiring the
      governor valve bias integrator (GVBIAS) to be decremented by the governor
      valve close-bias constant (BGVC), which is a keyboard entered quantity
      normally set at 100 percent to instantly close the governor valves when
      the transfer from throttle to governor control is initiated.
PAR  The program then passes on to statement 1240 where the governor control
      state (GC) is checked again; since GC is set for the present discussion,
      then at statement 1260 the manual contact input (TM) is interrogated. If
      the turbine is in manual control at this time, the program transfers to
      statement 1270 for appropriate bookkeeping which will be described
      shortly. If the turbine is in automatic control, then the test at
      statement 1260 on the state of TM finds it not set and an additional test
      is made on whether the governor valve bias integrator (GVBIAS) has reached
      zero to indicate the governor valves are closed. If it has not, then the
      program cycles through this area until the GVBIAS value is zero. Normally
      this will take only a few passes since the closing bias constant (BGVC)
      will be quite large to achieve a fast, smooth throttle/governor valve
      transfer.
PAR  Once GVBIAS is zero, the GOVERNOR VALVE CONTROL program searches to
      determine if the turbine speed (WS) has dropped below the speed at
      transfer WSTRANS by an amount WSDIP, which is a keyboard entered constant
      usually set at 10 rpm. When this has occurred, and assuming that the
      analog backup system has followed the computer governor valve analog
      output as indicated by the manual not tracking state (MANOTRAK) the
      GOVERNOR VALVE CONTROL program transfers to statement 1270. All governor
      valve open states are reset and all governor valve close states, including
      GVMIN, are set and the program passes on to statement 1320 for computation
      of the governor valve analog output and valve position limit checking to
      hold the governor valves closed.
PAR  The setting of GVMIN at statement 1270 leads to execution of the LOGIC
      task, which then uses this information to generate the throttle/governor
      valve transfer complete state (TRCOM). Succeeding passes through the
      GOVERNOR VALVE CONTROL program at statement 1220 find TRCOM set and
      immediately transfer to statement 1380 for computation of the governor
      valve analog output and valve position limit checking to control turbine
      speed. The portion of the program at statement 1320 is that necessary to
      hold the governor valves at the value residing in the governor valve bias
      integrator (GVBIAS).
PAR  The computations necessary to position the governor valves on load control
      determine where the load control governor valve set point (GVSP) lies with
      respect to a nonlinear curve which characterizes the governor valve stroke
      mechanism. The result of this search positions GVSP along the abscissa of
      the curve, after which the actual valve position (GVPOS) is computed from
      analytical solution of points along the curve.
PAR  The computed governor valve position (GVPOS) is compared with the current
      valve position limit (VPOSL). If GVPOS is below VPOSL, no action is taken,
      if GVPOS is greater than VPOSL, then the valve position limiting state
      VPLIM is set, RUNLOGIC is set and the actual governor valve position GVPOS
      is reset to the value residing in VPOSL. The LOGIC and FLASH task perform
      their assigned functions of aligning the DEH system to these conditions
      and flashing the VALVE POSITION LIMIT DISPLAY lamp, respectively.
PAR  In the computations necessary to position the governor valves on speed
      control, the speed controller percent output (SPD), suitably ratioed to
      account for differences between the speed ranging gain (GR7) and the
      maximum ranging factor of 20.47, is checked against the current valve
      position limit (VPOSL). If the ratioed speed controller output is below
      VPOSL, no special action is taken; if VPOSL is violated, then the valve
      position limiting states (VPLIM and RUNLOGIC) are set to trigger the
      appropriate responses from the LOGIC and FLASH tasks. In addition the
      speed controller output (SPD) and the speed integrator (RESSPD) are reset
      to values consistent with VPOSL.
PAR  A FORTRAN DO loop is executed to make final checks on both the throttle and
      governor valve analog outputs. They are low-limit-checked to guarantee
      that they do not go below zero and high-limit-checked to guarantee that
      they do not go above the maximum analog output voltage pattern. Then, the
      analog output handler is called to output the computed throttle and
      governor valve patterns. Finally, the CONTROL task exits to the Monitor
      for the next bid 1 sec later.
PAC  CCI SCAN MONITOR -- ANNUNCIATOR ALARM
PAR  The DEH system scans contact inputs on a demand basis. The scan is
      initiated by a change of state of any contact. This change triggers a
      sequence of events interrupt which in turn bids the CONTACT SCAN program.
      However under certain conditions such as may occur during initial plant
      startup when all wiring has not been completely checked out,
      high-frequency noise on a contact can result in the sequence interrupt
      being generated continuously. This activity essentially "captures" the
      computer and prevents the DEH programs from carrying out their normal
      functions.
PAR  In order to counteract such a condition, special logic detects
      high-frequency contact noise. Should this occur, the DEH system
      immediately switches from a demand scan to a 1/2 sec periodic contact
      scan, the sequence interrupt is disabled, and a contact output is set
      which triggers the DEH CCI SCAN MONITOR annunciator alarm. If this
      happens, the noisy contact input should be found and the field problem
      fixed. After this is done, the DEH system may be returned to its
      originally designed demand scan by entering a particular constant from the
      keyboard as follows:
PAR  1. Turn the MAINTENANCE TEST key to the TEST position; this switches the
      turbine to manual control.
PAR  2. Press the PROGRAM DISPLAY button, which then back-lights.
PAR  3. Key in the address 3141 and press the ENTER buttons. The address appears
      in the left windows and the value 1.000 appears in the right windows.
PAR  4. Press the CHANGE button, which backlights. The right windows clear to
      zero.
PAR  5. Key in the value 0 and press the ENTER button. The CHANGE lamp goes out
      and the DEH CCI SCAN MONITOR annunciator is turned off.
PAR  6. Return the MAINTENANCE TEST key to the OFF position. The DEH system
      tracks the manual backup system preparatory to transfer to automatic
      control, which the normal demand scan being used.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for operating a steam turbine in an electric power plant, said
      system comprising an arrangement of throttle and governor valves for
      supplying steam to the turbine, means for actuating said valves to
      position said valves in accordance with valve position signals, means for
      generating signals representative of the turbine speed and the turbine
      load and other turbine variables, a digital controller having means for
      generating a speed setpoint and means for generating a load setpoint,
      means for coupling the turbine speed and load signals and the other
      turbine variable signals to said digital controller on a periodic or
      demand basis, means for registering the coupled speed and load and other
      turbine variables in said digital controller, said digital controller
      including a speed control for periodically generating valve position
      outputs in response to the turbine speed and speed setpoint during turbine
      startup, said digital controller further including a load control for
      periodically generating valve position outputs in response to the turbine
      load and load setpoint during turbine load operation, means for
      continuously generating the valve position signals in response to the
      valve position outputs, said coupling means including means for generating
      contact signals representative of predetermined turbine variables and for
      scanning such signals on a predetermined basis for registration in said
      digital controller, said coupling means further including means for
      converting input analog signals to digital signals and for periodically
      scanning the digital signals for registration in said digital controller,
      an operator panel having switching means for generating control mode and
      control parameter signals, means for coupling the operator panel signals
      to said digital controller and for registering such signals in said
      digital controller, said speed and load controls having a plurality of
      control elements and mode switching means for determining which elements
      are operative in the functioning of the controls, a logic control for
      generating mode control outputs for operating said mode switching means in
      response to the registered control mode panel signals and the registered
      turbine contact signals, said digital controller including means for
      generating synchronous outputs to trigger the operation of said speed and
      load controls on a periodic basis, and means for operating said logic
      control on demand in response to changes in the panel or turbine contact
      signals.
NUM  2.
PAR  2. A steam turbine operating system as set forth in claim 1 wherein said
      digital controller is embodied with a digital computer which further
      includes monitor means for controlling the execution of said logic control
      and said speed and load controls and other predetermined program elements
      in response to program run bids and in accordance with a predetermined
      priority system.
NUM  3.
PAR  3. A steam turbine operating system as set forth in claim 2 wherein said
      synchronous generator output means includes an auxiliary synchronizer
      which generates trigger outputs for speed and load control program
      execution for which periodic bids are placed for its own execution at a
      rate substantially more frequent than the rate at which the control
      program is to be executed, said monitor means placing a higher priority on
      execution of said auxiliary synchronizer than on said speed and load
      controls.
NUM  4.
PAR  4. A steam turbine operating system as set forth in claim 3 wherein bids
      are placed for execution of said logic control on demand and said monitor
      means places a higher priority on control program execution than on logic
      control program execution.
NUM  5.
PAR  5. A steam turbine operating system as set forth in claim 3 wherein said
      auxiliary synchronizer further generates trigger outputs for said analog
      scan at a rate faster than the execution rate for said speed and load
      controls and slower than the auxiliary synchronizer execution rate, and
      wherein said monitor means places priorities on execution bids in the
      other auxiliary synchronizer, speed and load control, analog scan and
      logic control.
NUM  6.
PAR  6. A steam turbine operating system as set forth in claim 2 wherein said
      synchronous generator output means includes an auxiliary synchronizer
      which generates trigger outputs for operating said periodic analog
      scanning means and for which periodic bids are placed for its own
      execution at a rate substantially more frequent than the rate at which the
      analog scan is to be executed, said monitor means placing a higher
      priority on execution of said auxiliary synchronizer than on said analog
      means.
NUM  7.
PAR  7. A steam turbine operating system as set forth in claim 2 wherein the
      input contact signals are normally scanned on demand initiated by a
      contact signal change wherein said computer includes means for scanning
      the input contact signals periodically if computer duty above a
      predetermined level is being applied to contact scanning on a demand
      basis.
NUM  8.
PAR  8. A steam turbine operating system as set forth in claim 1 wherein the
      input contact signals are normally scanned on demand initiated by a
      contact signal change.
NUM  9.
PAR  9. A steam turbine operating system as set forth in claim 1 wherein said
      speed and load control functions approximately once each second and said
      analog scanning means functions approximately once each half second.
NUM  10.
PAR  10. A steam turbine operating system as set forth in claim 1 wherein said
      speed and load controls include a proportional plus reset controller,
      means for coupling said porportional plus reset controller to each of said
      control elements which require a proportional plus reset function when
      such control elements are to be operated, means for uncoupling said
      proportional plus reset controller for each of the latter control elements
      when an output has been provided for each of such control elements, and
      means for registering the outputs from said proportional plus reset
      controller for use in the operation of the speed and load concontrols.
NUM  11.
PAR  11. A steam turbine operating system as set forth in claim 1 wherein a
      speed controller is provided for generating a characteristic output in
      response to speed error, and means are provided for coupling said speed
      controller in said speed control or said load control according to the
      control mode.
NUM  12.
PAR  12. A steam turbine operating system as set forth in claim 11 wherein the
      speed controller is a proportional plus integral controller and said speed
      controller coupling means includes means for applying one characterization
      in speed control and another characterization in load control.
NUM  13.
PAR  13. A system for operating a steam turbine in an electric power plant, said
      system comprising an arrangement of throttle and governor valves for
      supplying stream to the turbine, means for actuating said valves to
      position said valves in accordance with valve position signals, means for
      generating signals representative of the turbine speed and the turbine
      load and other turbine variables, a digital controller having means for
      generating a speed setpoint and means for generating a load setpoint,
      means for coupling the turbine speed and load signals and the other
      turbine variable signals to said digital controller on a periodic or
      demand basis, means for registering the coupled speed and load and other
      turbine variables in said digital controller, said digital controller
      including a speed control for periodically generating valve position
      outputs in response to the turbine speed and speed setpoint during turbine
      startup, said digital controller further including a load control for
      periodically generating valve position outputs in response to the turbine
      load and load setpoint during turbine load operation, means for
      continuously generating the valve position signals in response to the
      valve position outputs, said coupling means including means for generating
      contact signals representative of predetermined turbine variables and for
      scanning such signals on a predetermined basis for registration in said
      digital controller, said coupling means further including means for
      converting input analog signals to digital signals and for periodically
      scanning the digital signals for registration in said digital controller,
      an operator panel having switching means for generating control mode and
      control parameter signals, means for coupling the operator panel signals
      to said digital controller and for registering such signals in said
      digital controller, said speed and load controls having a plurality of
      control elements and mode switching means for determining which elements
      are operative in the functioning of the controls, means for controlling
      said mode switching means in response to the registered control mode panel
      signals and the registered turbine contact signals, a flip-flop for
      generating switch outputs, means for connecting said flip-flop at least
      into said load and speed controls to function as each of at least some of
      said mode switching means and to generate a switch output for registration
      and speed and load control operation when so connected.
NUM  14.
PAR  14. A system for operating a steam turbine in an electric power plant, said
      system comprising an arrangement of throttle and governor valves for
      supplying steam to the turbine, means for actuating said valves to
      position said valves in accordance with valve position signals, means for
      generating signals representative of the turbine speed and the turbine
      load and other turbine variables, a digital controller having means for
      generating a speed setpoint and means for generating a load setpoint,
      means for coupling the turbine speed and load signals and the other
      turbine variable signals to said digital controller on a periodic or
      demand basis, means for registering the coupled speed and load and other
      turbine variables in said digital controller, said digital controller
      including a speed control for periodically generating valve position
      outputs in response to the turbine speed and speed setpoint during turbine
      startup, said digital controller further including a load control for
      periodically generating valve position outputs in response to the turbine
      load and load setpoint during turbine load operation, means for
      continuously generating the valve position signals in response to the
      valve position outputs, said coupling means including means for generating
      contact signals representative of predetermined turbine variables and for
      scanning such signals on a predetermined basis for registration in said
      digital controller, said coupling means further including means for
      converting input analog signals to digital signals and for periodically
      scanning the digital signals for registration in said digital controller,
      an operator panel having switching means for generating control mode and
      control parameter signals, means for coupling the operator panel signals
      to said digital controller and for registering such signals in said
      digital controller, said speed and load controls having a plurality of
      control elements and mode switching means for determining which elements
      are operative in the functioning of the controls, means for controlling
      said mode switching means in response to the registered control mode panel
      signals and the registered turbine contact signals, said digital
      controller being embodied with a digital computer having monitor means for
      controlling the execution of said speed and load controls and other
      predetermined program elements in response to program run bids and in
      accordance with a predetermined priority system said synchronous generator
      output means including an auxiliary synchronizer which generates trigger
      outputs for speed and load control program execution for which periodic
      bids are placed for its own execution at a rate substantially more
      frequent than the rate at which the control program is to be executed,
      said monitor means placing a higher priority on execution of said
      auxiliary synchronizer than on said speed and load controls.
NUM  15.
PAR  15. A steam turbine operating system as set forth in claim 14 wherein said
      auxiliary synchronizer also triggers said analog scan means at a rate
      faster than the execution rate for said speed and load controls and slower
      than the auxiliary synchronizer execution rate and wherein said monitor
      means places priorities on execution bids in the other auxiliary
      synchronizer, speed and load control, and analog scan.
NUM  16.
PAR  16. A system for operating a steam turbine in an electric power plant, said
      system comprising an arrangement of throttle and governor valves for
      supplying steam to the turbine, means for actuating said valves to
      position said valves in accordance with valve position signals, means for
      generating signals representative of the turbine speed and the turbine
      load and other turbine variables, a digital controller having means for
      generating a speed setpoint and means for generating a load setpoint,
      means for coupling the turbine speed and load signals and the other
      turbine variable signals to said digital controller on a periodic or
      demand basis, means for registering the coupled speed and load and other
      turbine variables in said digital controller, said digital controller
      including a speed control for periodically generating valve position
      outputs in response to the turbine speed and speed setpoint during turbine
      startup, said digital controller further including a load control for
      periodically generating valve position outputs in response to the turbine
      load and load setpoint during turbine load operation, means for
      continuously generating the valve position signals in response to the
      valve position outputs, said coupling means including means for generating
      contact signals representative of predetermined turbine variables and for
      scanning such signals on a predetermined basis for registration in said
      digital controller, said coupling means further including means for
      converting input analog signals to digital signals and for periodically
      scanning the digital signals for registration in said digital controller,
      an operator panel having switching means for generating control mode and
      control parameter signals, means for coupling the operator panel signals
      to said digital controller and for registering such signals in said
      digital controller, said speed and load controls having a plurality of
      control elements and mode switching means for determining which elements
      are operative in the functioning of the controls, means for controlling
      said mode switching means in response to the registered control mode panel
      signals and the registered turbine contact signals, said speed and load
      controls including a proportional plus reset controller means for coupling
      said proportional plus reset controller to each of said control elements
      which require a proportional plus reset function when such contact
      elements are to be operated, means for uncoupling said proportional plus
      reset controller from each of the latter control elements when an output
      has been provided for each of such control elements, and means for
      registering the outputs from said proportional plus reset control for use
      in other operation of the speed and load controls.
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ABST
PAL  A system for evaluating the performance of a sailing boat wherein average
      boat speed, average apparent wind speed and average apparent wind
      direction are sensed and are utilized to determine the performance
      characteristics of sailing boats. The system includes an apparent wind
      direction indicator which senses the instantaneous apparent wind direction
      and compares it with a previously generated average apparent wind
      direction signal to obtain an error signal. The error signal is
      intergrated to obtain an average error signal which is utilized to correct
      the previously generated average apparent wind direction signal by
      changing the position of an average apparent wind direction indicator.
PARN
PAR  This is a division, of application Ser. No. 347,380, filed Apr. 3, 1973,
      and now U.S. Pat. No. 3,881,095.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to a system for automatically determining performance
      characteristics of a sailing boat which system includes means for
      ascertaining and utilizing the average boat speed, average apparent wind
      speed and average apparent wind direction to thereby enable a sailor to
      most efficiently sail the boat at the maximum hull speed under
      continuously varying conditions. The invention relates in particular to an
      apparent wind direction indicator for generating the average apparent wind
      direction for use in the system for evaluating the performance of a sail
      boat.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Many attempts have been made toward evaluating the performance of a
      sailboat in an effort to assure that the sailboat is performing as close
      to its "hull speed" as possible. It is well understood that sail design,
      hull design, sea conditions, and wind conditions cooperate in determining
      the speed of a sailboat. While, as pointed out, the above items determine
      boat speed, much of this basic information has never been properly checked
      from an emperical standpoint because there have been no systems employing
      really meaningful metering equipment. Previous apparent wind direction
      indicators have generated either the indications of the instantaneous
      apparent wind direction or of an average apparent wind direction where the
      average was obtained by integrating the instantaneous apparent wind
      direction signal.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to produce a wind direction
      indicator for generating the average apparent wind direction for use in a
      system for evaluating the performance of a sailboat capable of
      ascertaining average boat speed, average apparent wind speed and average
      apparent wind direction.
PAR  Another object of the invention is to produce a wind direction indicator
      for use in a system for evaluating the performance of a sailboat wherein
      means are provided to automatically sense average apparent wind direction
      either individually or in combination with means to automatically sense
      average boat speed and average apparent wind speed.
PAR  A further object of the invention is to produce an average apparent wind
      direction indicator which may be readily and economically installed as
      auxiliary equipment on existing boats or may be incorporated as an
      integral portion of sailboats during construction.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram illustrating the course for a sailboat between points X
      and Y.
PAR  FIG. 2 is a vector diagram showing the relationship between boat speed,
      apparent wind speed and true wind speed.
PAR  FIG. 3 illustrates a trigonometric solution for true wind speed and the
      angle between true wind direction and boat heading.
PAR  FIG. 4 illustrates a trigonometric solution for the boat speed into the
      wind and apparent boat speed when boat speed and the angle between the
      true wind direction and boat heading are known.
PAR  FIG. 5 is a functional block diagram of the system for indicating the
      average apparent wind direction.
PAR  FIG. 6 illustrates one embodiment of the invention in which average
      apparent wind direction, average wind velocity and average boat speed are
      available for visual inspection.
PAR  FIG. 7 is a functional block diagram of the system for ascertaining average
      apparent wind direction, average boat speed and average wind speed and
      utilizing them to automatically produce true wind direction, true wind
      speed and boat speed into the wind.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In sailboating, the accurate measurements of average apparent wind
      direction, average apparent wind speed and average boat speed are
      important whether it is desired to sail from point X to point Y in the
      shortest possible time or simply to determine if a new piece of equipment
      has changed the speed of the boat. FIG. 1 is a diagram illustrating a
      problem in which a sailboat desires to sail from point X to point Y in the
      shortest possible time. Here the wind is blowing from the general
      direction of point Y at an angle of W to the desired course XY. The speed
      of a sailboat into the wind varies with the angle between the boat heading
      and the direction of the wind, designated as angle B, given a constant
      wind speed. Therefore by tacking, first sailing a course XZ at an angle to
      course XY and then sailing course ZY at 90.degree. to the first course, a
      boat speed may be achieved that will compensate for the increased distance
      and will result in a shorter elapsed time from mark to mark. If the
      distance XY and angles B and W are known, then the distance XZ+ ZY may be
      calculated using the well known formulas for a right triangle. The elapsed
      time is calculated by dividing distance XZY by the average boat speed. A
      table of boat speed for various wind speeds and angles between wind
      direction and boat heading may be compiled by testing the boat under
      actual sailing conditions with the present invention. With this
      information the course XZY may be plotted before reaching point X, if for
      example point X is a mark in a race, thus giving an advantage over
      competitors who must experiment to find the best heading after they reach
      point X.
PAR  The wind direction shown in FIG. 1 is not the wind direction shown by
      conventional wind indicators. When an object moves through still air, an
      observer, moving with the object, will experience a wind of speed equal to
      that of the object and in a direction opposite the direction of movement
      of the object. Any actual or true wind will be added vectorially to
      produce an apparent wind direction and speed. FIG. 2 is a vector diagram
      showing the relationship between boat speed, apparent wind speed and true
      wind speed. The boat movement is from point C to point D at a speed
      represented by the length of vector EF. This boat movement creates a wind
      past the boat of magnitude EF in the direction opposite the boat heading.
      A true wind of magnitude GE is blowing from the starboard or right side of
      the boat at an angle B. The addition of vectors EF and GE results in
      vector GF at angle A which is the apparent wind magnitude and direction as
      indicated on the boat.
PAR  Since conventional instrumentation provides apparent wind direction and
      speed, the true wind direction and speed must be calculated in order to
      plot the best course. FIG. 3 illustrates a trigonometric solution for true
      wind speed TWS and the angle between true wind direction and boat heading.
      Boat speed BS, apparent wind speed AWS and the angle between the boat
      heading and apparent wind direction, A, are known. BS, AWS and TWS form an
      oblique triangle with the angle between boat heading and TWS direction, B,
      as an exterior angle. TWS may be found from the formula TWS=
      .sqroot.(BS).sup.2 + (AWS).sup.2 - .sqroot.2 (BS) (AWS) cos A when two
      sides and the included angle of a triangle are known. To solve for angle
      B, side BS is extended to a point where if it joins perpendicular H from
      the intersection of sides AWS and TWS. In a right triangle H= TWS sin B
      and R= AWS sin A so sin B= AWS sin A/TWS.
PAR  Since sea conditions affect the boat speed, it is advantageous to recheck
      the projected course XZY after passing point X. The apparent boat speed
      along course XY is equal to the elapsed time for course XZY divided by
      distance XY. Therefore, the higher the apparent boat speed along course XY
      the better the actual course XZY. The apparent boat speed is proportional
      to a speed in the direction of the wind called boat speed into the wind
      BSIW. As shown in FIG. 3 BSIW is the vector component of BS along the TWS
      direction. FIG. 4 illustrates a trigonometric solution for BSIW when BS
      and angle B are known. BSIW= BS cos B. Now vector BSIW may be broken down
      into its components, the component in the direction of course XY being
      apparent boat speed ABS. ABS= BSIW cos W. Therefore, BSIW is proportional
      to ABS for a constant angle W and is a reliable indicator of the elapsed
      time.
PAR  An accurate indicator of the apparent wind direction is necessary for a
      calculation of the best course. The boat cannot react to rapid
      fluctuations in wind speed and direction so it responds instead to an
      average wind speed and direction. Data obtained from instantaneous
      readings of the wind direction indicator may vary significantly from the
      average and thus produce erroneous results. The present invention
      overcomes this problem by providing an indicator of an average apparent
      wind direction. FIG. 5 is a functional block diagram of the preferred
      embodiment for indicating the average apparent wind direction. In this
      system instantaneous apparent wind direction is compared to the average
      apparent wind direction and an error signal is generated. The error signal
      is integrated to produce an average error signal which is utilized to
      correct the average apparent wind direction indicator. The position of the
      average apparent wind direction indicator is controlled by a stepper
      motor. The frequency of motor rotation is proportional to the error
      magnitude. Thus the system responds in a linear manner producing an
      indication that is a close approximation to an exponentially weighted
      average over the time of the input shaft angular position.
PAR  A conventional wind direction sensing element 10 is coupled to the input
      shaft of a synchro transmitter 12. Element 10 rotates the input shaft and
      rotor of 12 to indicate instantaneous wind direction. Single-phase power
      is supplied to the rotor of 12 by a 400 Hz oscillator 14. The stator of 12
      has three windings which are Y-connected and have output terminals. These
      terminals are connected by a three wire line 16 to the terminals of
      similar windings in the stator of synchro receiver 18. The voltage on the
      rotor induces a voltage across each stator winding of 12. The output
      voltages between each pair of terminals vary as a sine wave as the input
      shaft of 12 is rotated and they are out of phase by 120.degree.. If the
      angular position of the rotor of 18 corresponds with the angular position
      of the rotor of 12 then the flux patterns produced in the synchros are the
      same and no voltage will be induced in the rotor winding of 18. However,
      if the rotor positions are not the same an error voltage is produced on
      line 20 with a magnitude proportional to the sine of the angular
      difference between the rotor positions.
PAR  The magnitude of the error signal on line 20 is compared to the signal
      being provided by oscillator 14 in synchro detector 22 and a DC error
      signal is produced. This error signal is integrated by integrator 24 with
      a predetermined time constant to produce an average error signal. A limit
      detector 26 checks the integrator output against a positive and a negative
      error limit. If either limit is exceeded a signal is sent to toggle
      flip-flop 28. Each time the toggle flip-flop 28 receives an error limit
      exceeded signal it signals the synchro detector 22 to change the polarity
      of its output. This is achieved by reversing the phase of the reference
      signal from oscillator 14 in the detector 22. Now the integrator output
      will reverse direction and fall below the limit exceeded.
PAR  The positive limit exceeded output of limit detector 26 is connected to the
      set input of limit flip-flop 30 while the negative limit exceeded output
      is connected to the reset input. Therefore, flip-flop 30 is set when the
      positive limit is exceeded and reset when the negative limit is exceeded.
      The outputs of flip-flop 28 and 30 are compared by motor control logic 32.
      When the flip-flop outputs are in like states the motor control logic will
      cause stepper motor 34 to rotate a predetermined increment in one
      direction and when the flip-flop outputs are in opposite states the
      stepper motor 34 is rotated in in the other direction. A gear 36 is
      attached to the shaft of stepper motor 34 and as the motor shaft rotates
      gear 36 drives a similar gear 38 attached to the shaft of synchro receiver
      18. This rotation brings the shaft of synchro receiver 18 closer to the
      angular position of the shaft of synchro transmitter 12 thus reducing the
      error signal on line 20. Since the stepper motor 34 rotation is controlled
      by an average error signal there must be a significant shift in the wind
      direction to actuate 34. An indicator 40 attached to the shaft of the
      stepper motor 34 provides an indication of the average wind direction.
PAR  If, after the first actuation of stepper motor 34, the error signal on line
      20 is still significant the process will be repeated. For example, assume
      the error signal on line 20 is in phase with the reference signal in the
      detector 22. This will produce a positive DC error signal from 22 and a
      positive average error signal from 24. When the average error signal
      exceeds the positive limit, flip-flop 30 is set and, assuming a set on
      flip-flop 28 produces a positive polarity from 22, flip-flop 28 is reset.
      The set from 30 and the reset from 28 cause motor control logic 32 to
      signal stepper motor 34 to step in a direction to reduce the error. The
      reset of 28 changes the phase of the reference signal in the detector 22
      by 180.degree. to thus changing the error signal from 22 to negative.
      Integrator 24 changes the average error signal output from positive to
      negative. If the signal on 20 is still too large the negative error limit
      will be exceeded which will cause flip-flop 30 to reset and flip-flop 28
      to set. The outputs of the flip-flops are still in opposite states and
      motor 34 will be signalled to again step in a direction to reduce the
      error. The set of 28 will cause the phase of the reference signal in the
      detector 22 to again change by 180.degree. which produces a positive DC
      error signal from 22. The sequence is repeated until the difference in
      shaft positions produces an error signal on 20 below the accepted limits.
PAR  If a change in wind direction should reverse the phase of the error signal
      on line 20 the DC error signal is also reversed. Assuming the conditions
      from the last change in the previous example, the reference signal in the
      detector 22 in phase with the error signal on line 20, flip-flop 28 is
      set, flip-flop 30 is reset and the error signal on line 20 is below the
      limit. A change in the wind direction changes the error signal on line 20
      by 180.degree. in phase. The DC error signal and the average error signal
      also become negative. When the negative error limit is reached flip-flop
      28 is reset and flip-flop 30 remains reset. The outputs of the flip-flops
      are the same and the motor 34 is stepped in the opposite direction to
      correct the negative error signal.
PAR  A feedback line 42 is provided between limit detector 26 and integrator 24
      to prevent the average error output of the integrator from becoming locked
      outside the limits. This might occur, for example, when the unit is first
      turned on. The average error signal could exceed the limit while the
      polarity of the DC error signal would be the same so as to hold the
      average error output over the limit. This would prevent the limit detector
      26 from activating the flip-flops 28 and 30 and the stepper motor 34 would
      not be actuated to correct the difference in shaft positions.
PAR  Each time a limit is exceeded a signal is sent on line 42 to reduce the
      magnitude of the average error voltage by a small fraction. Where the
      limit has just been reached this reduces the voltage below the limit
      level. Where the limit has been substantially exceeded the reduction will
      not reduce the average error voltage below the limit level and the limit
      detector will continue to emit limit exceeded signals on line 42 until the
      average error voltage is within the limits.
PAR  As utilized on a sailboat the present invention provides an indication of
      average apparent wind direction over a period of time governed by the time
      constant of the integrator. FIG. 6 illustrates one embodiment of the
      invention in which the average apparent wind direction is available for
      visual inspection. By including detectors and readouts for average wind
      velocity and average boat speed all the information is available for
      calculating true wind speed and direction with which to plot the best
      course. The average apparent wind direction, average wind velocity and
      average boat speed signals might also be connected as inputs to a small
      shipboard computer programmed to provide true wind speed and direction and
      boat speed into the wind as shown in FIG. 7. Boat speed detector 50 and
      wind speed detector 52 may be conventional units of known construction.
      The outputs of 50 and 52 are read by averaging units 54 and 56 which
      produce average boat speed and average wind speed signals. Average
      apparent wind direction signals are provided by unit 58 which may be of
      the type shown in the preferred embodiment of FIG. 5. The average apparent
      wind direction signal from 58, the average boat speed signal from 54 and
      the average wind speed from 56 are the inputs to computer 60 which may be
      a small general purpose unit of the type commonly referred to as
      "mini-computers". The computer provides output signals representing true
      wind direction, true wind speed and boat speed into the wind with which to
      evaluate the sailboat performance.
PAR  An averaging time selector 62 may be provided to change the averaging time
      period to correspond with the reaction time of the boat. A boat having a
      slower reaction time would utilize a long averaging period. If for
      example, the outputs from boat speed detector 50 and wind speed detector
      52 are pulse trains with the pulse generation rate proportional to the
      magnitude of the input, then units 54 and 56 would have a predetermined
      signal read period for counting the number of pulses supplied. An average
      number of counts per signal read period would then be calculated from all
      the read periods contained in an averaging period variable between several
      seconds and several minutes. The average number of counts per signal read
      period is then proportional to the average magnitude of the boat speed and
      wind direction during the averaging period. Averaging units 54 and 56 may
      also produce an update signal which represents the average of all
      preceding read periods during an averaging period. If the update signal is
      produced after each read period, the last update signal during an
      averaging period would be the average of all read periods contained in
      that averaging period. If it is desired that each averaging period contain
      the same number of read periods, the duration of the read periods would be
      varied as the duration of the averaging period changed. For example, where
      eight read periods are involved, averaging period durations of 15, 60 and
      120 seconds would result in read period durations of 1.875, 7.5 and 15
      seconds respectively. The averaging time selector 62 may be provided with
      an adjustable control for manual selection among several averaging period
      durations.
PAR  Integrator 24 of average apparent wind direction unit 58 has a
      predetermined time constant which determines the time delay between the
      occurrence of a significant change in wind direction and the moment the
      error limit is exceeded. Since the polarity of the input to the integrator
      is reversed each time a limit is exceeded, the integrator time constant
      also determines the frequency at which stepper motor 34 is stepped for a
      given difference in position between instantaneous wind direction and
      average apparent wind direction. As with the above-mentioned averaging
      units 54 and 56, the average apparent wind direction unit may be provided
      with an averaging time selector 64. Selector 64 changes the integrator
      time constant to compensate for the reaction time of the sailboat.
      Therefore, a long time constant will smooth out rapid fluctuations in wind
      direction and provide an average direction to which the sailboat is
      responding. If the averaging time selector 64 is set for a long time
      constant and it is desired to make a substantial change in the heading of
      the boat, the unit 58 will not be able to produce an accurate output
      signal for a relatively long period of time. To solve this problem, come
      about switch 66 is provided to set averaging time selector 64 for the
      smallest time constant available. After the heading change, averaging time
      selector 64 is then reset to the previously selected time constant.
PAR  The system as described herein provides a sailor with an accurate
      measurement of the performance of his boat under all types of conditions.
      The accuracy of the information is such that a small change in apparent
      wind direction, that may provide an extra one tenth of a knot in boat
      speed, may be detected and utilized to win a close race.
PAR  In accordance with the provisions of the patent statutes, we have explained
      the principle and mode of operation of our invention and have illustrated
      and described what we now consider to represent its best embodiment.
      However, we desire to have it understood that the invention may be
      practiced otherwise than as specifically illustrated and described without
      departing from its spirit or scope.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for indicating the average apparent wind direction,
      comprising:
PA1  a source for generating a signal representing instantaneous apparent wind
      direction;
PA1  a source of a reference signal;
PA1  means responsive to said instantaneous apparent wind direction signal, said
      reference signal and an average apparent wind direction indication for
      producing an average error signal; and
PA1  means responsive to said average error signal for indicating the average
      apparent wind direction.
NUM  2.
PAR  2. An apparatus according to claim 1 wherein said signal source
      representing instantaneous apparent wind direction includes a wind
      detector responsive to the instantaneous apparent wind and coupled to the
      input shaft of a synchro transmitter, said synchro transmitter being
      responsive to the position of said wind detector for generating said
      instantaneous apparent wind direction signal.
NUM  3.
PAR  3. An apparatus according to claim 1 wherein said means for producing an
      average error signal includes means for comparing said instantaneous
      apparent wind direction signal to said average apparent wind direction
      indication to produce a first error signal; means for comparing said first
      error signal to said reference signal to produce a second error signal;
      and means responsive to said second error signal for producing a
      time-weighted average of said second error signal for said average error
      signal.
NUM  4.
PAR  4. An apparatus according to claim 3 wherein said means for producing a
      first error signal is a synchro receiver responsive to said instantaneous
      apparent wind direction signal and the position of said means for
      indicating the average apparent wind direction.
NUM  5.
PAR  5. An apparatus according to claim 3 wherein said source of a reference
      signal is a 400 Hz single-phase oscillator.
NUM  6.
PAR  6. An apparatus according to claim 3 wherein said means for producing a
      second error signal is a synchro detector.
NUM  7.
PAR  7. An apparatus according to claim 3 wherein said means for producing an
      average error signal is an integrator.
NUM  8.
PAR  8. An apparatus according to claim 3 wherein said means for indicating
      average apparent wind direction includes means for generating an error
      limit exceeded signal when said average error signal exceeds a
      predetermined limit and for generating a set signal in response to an
      average error signal of one polarity and a reset signal in response to an
      average error signal of the other polarity; means responsive to said error
      limit exceeded signal for reversing the phase of said reference signal;
      means responsive to said set and reset signals for indicating the polarity
      of said average error signal; control means responsive to the phase of
      said reference signal and the polarity of said average error signal for
      producing a direction signal; and means responsive to said direction
      signal for rotating said means for indicating the average apparent wind
      direction to reduce said first error signal.
NUM  9.
PAR  9. An apparatus according to claim 8 wherein said means for generating said
      error limit exceeded signal and said set and reset signals includes means
      for generating a limit exceeded signal when said average error signal
      exceeds said predetermined limit and wherein said means for producing said
      average error signal is responsive to said limit exceeded signal for
      reducing the magnitude of said average error signal below said
      predetermined limit.
NUM  10.
PAR  10. An apparatus according to claim 8 wherein said means for reversing the
      phase of said reference signal is a toggle flip-flop having two separate
      output states which alternate in response to said error limit exceeded
      signal.
NUM  11.
PAR  11. An apparatus according to claim 10 wherein said means for indicating
      the polarity of said average error signal is a limit flip-flop having two
      separate output states corresponding to the output states of said toggle
      flip-flop and representing positive and negative average error signals.
NUM  12.
PAR  12. An apparatus according to claim 11 wherein said control means produces
      a first direction signal when the output states of said toggle flip-flop
      and said limit flip-flop are alike and a second direction signal when said
      output states are opposite.
NUM  13.
PAR  13. An apparatus according to claim 12 wherein said means for rotating said
      means for indicating the average apparent wind direction includes a
      stepper motor in geared relation with said means for producing a first
      error signal, such that an increment of rotation of a shaft of said
      stepper motor produces the same increment of rotation of a shaft of said
      means for indicating the average apparent wind direction, said stepper
      motor being responsive to said first and second direction signals to
      rotate said increment in a direction to reduce the magnitude of said
      average error signal; and wherein said means for indicating average
      apparent wind direction includes a wind direction indicator coupled to
      said stepper motor shaft.
NUM  14.
PAR  14. An apparatus according to claim 3 wherein said signal source
      representing instantaneous apparent wind direction includes a wind
      detector responsive to the instantaneous apparent wind and coupled to the
      input shaft of a synchro transmitter, said synchro transmitter being
      responsive to said reference signal and the position of said wind detector
      for generating said instantaneous apparent wind direction signal, and
      wherein said means for producing a first error signal is a synchro
      receiver responsive to said instantaneous apparent wind direction signal
      and the position of said means for indicating the average apparent wind
      direction; said source of a reference signal is a 400Hz single-phase
      oscillator; said means for producing a second error signal is a synchro
      detector which compares said 400Hz single-phase reference signal to said
      first error signal; and said means for producing a time-weighted average
      of said second error signal is an integrator responsive to said second
      error signal.
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ABST
PAL  An improved digital differential analyzer (DDA) circuit wherein the output
      pulses, representing incremental changes of an integral, are generated at
      a rate as determined by a remainder size number. An integrand counter
      responds to pulses representing an incremental change of the integrand to
      keep track of the correct value of the integrand. Upon the occurrance of a
      pulse representing an incremental change of the variable of integration
      the present value of the integrand is added to the number stored in a
      remainder register thereby generating a new remainder number. The new
      remainder number is compared to the programmed remainder size number and
      if the new remainder is equal to or greater than the remainder size number
      a pulse representing an incremental change of the integral is generated
      and the new remainder is modified by subtracting the remainder size number
      from the new remainder number.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to improved digital differential analyzer
      (DDA) circuits and more particularly to DDA circuits in which the output
      pulse rate can be scaled by factors other than powers of the radix of the
      number system in use.
PAR  The operation of the DDA circuit is well known in the art and is described
      in U.S. Pat. No. 2,841,328 -- Steele et al. In DDA computer circuits a
      variable is represented by a train of pulses having a rate proportional to
      the derivative of the variable. As described by Steele et al., the basic
      DDA circuit consists of three elements: a counter which responds to
      incremental changes, .DELTA. v, of the integrand to keep track of the
      current value of the integrand, V, a remainder register which stores the
      fractional portion of the integral, and an add-subtract circuit that adds
      the current value of the integrand to the fractional value of the integral
      in response to a unit change of the variable of integration, .DELTA. u.
      The overflow output of the remainder register represents a unit change,
      .DELTA. z, of the value of the integral. Neglecting the error due to the
      value of the remainder, the DDA output rate is given as:
      ##EQU1##
      The above equation states that the output rate of the DDA varies in direct
      proportion to the variable, V, and to the input rate of the variable of
      integration. The constant, M, is a scale factor which is dependent on the
      base of the arithmetic number system employed and the number of stages of
      the remainder register. Thus, if binary arithmetic is used and the
      remainder register has 12 stages; M equals 2.sup.12, or if decimal
      arithmetic is used and the remainder register has 5 decimal digits, M will
      equal 10.sup.5. Quite often the input rate of the variable of integration,
      U, is uniform and is determined by the time it takes to add the value of
      the integrand to the remainder register. The maximum value that V can have
      if the remainder register is a 12 stage binary register is 2.sup.12 -1
      which means that the output rate can approach, but never equal or exceed
      the input rate of the variable of integration. As the value of V
      decreases, the output rate will decrease proportionally. If the value of
      the integrand V never exceeds 2.sup.11 , the maximum output rate will not
      exceed 0.5 times the input rate. In certain applications it is desirable
      to maintain a high output pulse rate even though the average value of the
      integrand is small. One prior art approach for increasing the output rate
      involves taking the overflow signal, .DELTA. z, from a lower order stage
      of the remainder register. Thus, if the integrand, V, will never exceed
      2.sup.11, and the overflow signal is taken from the 11th stage rather than
      the 12th stage of the remainder register, the output rate will again be
      almost equal to the input rate. In this manner it is possible to maintain
      an output rate of between 0.5 to 1.0 times the input rate depending on the
      value and range of the variable V. In certain applications it would be
      desirable to maintain the output pulse rate very close to the input pulse
      rate regardless of the value of the integrand V. For example, it is common
      to use DDA's as a function generator to numerically control a machine
      tool. Such a function generator is described in U.S. Pat. No. 3,449,554 --
      Kelling, in which the function generator accepts a train of pulses
      representing a desired contouring velocity and resolves the pulse train
      into two components of pulses, wherein each pulse represents a commanded
      incremental distance along one of two orthogonal axes. As is well-known in
      the art, if the output of the X integrator is applied to incrementally
      change the Y integrand, and vice versa, the function generator will
      command the machine tool to contour a circular arc. The initial value of
      the integrands are the X and Y arc center offsets from the starting point
      of the arc. Each output pulse represents an incremental distance of motion
      along the axis. Although the prior art approach of taking the overflow
      signal from a lower order stage of the remainder register will keep the
      actual contouring velocity within the range of 0.5 to 1.0 times the
      desired contouring velocity, it would be desirable to provide the desired
      contouring velocity for all values of x and y arc center offsets.
PAR  It is, therefore, one object of this invention to provide a DDA in which
      the output pulse rate can be selected to be other than a factor of the
      radix of the number system in use.
PAR  Another object of this invention to provide a DDA in which the output pulse
      rate is controlled independently of the input pulse rate and the size of
      the integrand.
PAR  Another object of this invention is to provide an improved function
      generator for use in a numerical control for a machine tool.
PAR  Another object of this invention is to provide a function generator for use
      in a numerical control for a machine tool in which the actual contouring
      velocity can be maximized regardless of the initial size of the X and Y
      arc center offsets.
PAR  And yet another object of this invention is to provide an improved method
      of generating the X and Y axis command pulses in a numerical contouring
      control for a machine tool.
PAC  SUMMARY OF THE INVENTION
PAR  The DDA circuit of this invention generates output pulses representing
      incremental changes of an integral, at a rate as determined by a remainder
      size number. An integrand counter responds to pulses representing an
      incremental change of the integrand to keep track of the correct value of
      the integrand. Upon the occurrence of a pulse representing an incremental
      change of the variable of integration, the present value of the integrand
      is added to the number stored in a remainder register thereby generating a
      new remainder number. The new remainder number is compared to the
      programmed remainder size number and if the new remainder is equal to or
      greater than the remainder size number a pulse representing an incremental
      change of the integral is generated and the new remainder is modified by
      subtracting the remainder size number from the new remainder number.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  While the specification concludes with claims particularly pointing out and
      distinctly claiming that which is regarded as the present invention, the
      objects and advantages of this invention can be more readily ascertained
      from the following description of a preferred embodiment when read in
      conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a block diagram of a prior art DDA circuit;
PAR  FIG. 2 is a block diagram of one embodiment of a DDA circuit of this
      invention;
PAR  FIG. 3 is a block diagram of a second embodiment of a DDA circuit of this
      invention;
PAR  FIG. 4 is a block diagram of a numerical contouring control system in which
      the DDA circuit of this invention can be used;
PAR  FIG. 5 is a block diagram of the velocity control and function generator
      portions of the numerical contouring control of FIG. 4 implemented with
      the prior art DDA circuits;
PAR  FIG. 6 is a block diagram of the velocity control and function generator
      portions of the numerical contouring control of FIG. 4 implemented with
      the DDA circuits of this invention; and
PAR  FIG. 7 is a graph comparing the values of contouring velocity theoretically
      obtainable using prior art DDA circuits with that obtained when using the
      DDA circuits of this invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  In a DDA computing circuit, the variables are represented by pulse trains
      in which each pulse represents an incremental change in the represented
      variable.
PAR  FIG. 1 is a block diagram of a prior art DDA circuit as described in U.S.
      Pat. No. 2,841,328 -- Steele et al.
PAR  The prior art DDA 10 consists of an integrand up-down counter 12, an
      adder-subtractor 13 and a remainder register 14. The counter 12 responds
      to a pulse at the .DELTA. v input, representing an incremental change of a
      variable, V, and to a SIGN signal indicating whether the incremental
      change represents an increase or a decrease in the value of the variable,
      to maintain the correct value of the variable V. Counter 12 also has the
      capability of being set to an initial value, V.sub.o, of the variable V.
      Upon the occurrence of a pulse at the .DELTA. u input, representing an
      incremental change of a variable U, adder-subtractor 13 will cause the
      present value of the variable V stored in counter 12 to be added to the
      old remainder portion of the integral stored in the remainder register 14
      thereby generating a new remainder. Typically, remainder register 14 has
      the same number of stages as the integrand up-down counter 12. If as a
      result of adding the present value of the integrand to the old value of
      the remainder, the capacity of the remainder register 14 is exceeded an
      overflow signal, .DELTA. z, will be generated representing an incremental
      change in the value of the integral Z. Integral counter 16, responsive to
      the overflow signal, .DELTA. z, keeps track of the correct value of the
      integral Z. Neglecting the error resulting from the value of the
      accumulated remainder, the pulse rate at the .DELTA. z output is given by
      the following equation:
      ##EQU2##
      where M depends on the number system that is employed and on the number of
      stages in remainder register 14. The maximum input pulse rate
      .DELTA.u/.DELTA. t is usually determined by the time it takes to complete
      the addition of the integrand to the old remainder number. Since V must
      always be less than M, the maximum output pulse rate can almost equal the
      maximum input pulse rate. The above equation states that the output pulse
      rate is directly proportional to the value of the integrand and inversely
      proportional to the value of M. If a binary number system is employed and
      the integrand counter 12 and the remainder register 14 each consist of 12
      stages, M will equal 2.sup.12 or 4096. If in a given problem the maximum
      value of the integrand is 2047, the maximum output pulse rate will be
      limited to one-helf the input pulse rate. One prior art approach for
      increasing the output pulse rate when it was known that the maximum value
      of the integrand was 2047 considered the remainder register 14 as an 11
      stage register and generated an overflow signal, .DELTA. z, whenever the
      add-subtract circuit 13 caused the capacity of the 11 stage register to be
      exceeded. In this manner, even though the maximum value of the integrand
      is 2047, the maximum output pulse rate will now be almost equal to the
      input pulse rate. This prior art approach for increasing the output pulse
      rate is helpful in certain cases but is not much help if the maximum value
      of the integrand is 2100. In this case, the full capacity of the remainder
      register must be used and the maximum output rate will be slightly greater
      than one-half the input rate.
PAR  For the sake of convenience, an element depicted in more than one Figure
      will retain the same element number in each Figure. FIG. 2 is a block
      diagram of the improved DDA circuit of this invention in which the maximum
      output pulse rate can be achieved for any maximum value of the integrand.
      Like the prior art conventional DDA circuit, the integrand is accumulated
      in up-down counter 12. A remainder size register 18 stores a number
      representing a value of the remainder, which, if exceeded will cause an
      overflow pulse, .DELTA. z, representing an incremental change in the value
      of the integral. Add-subtract circuit 13 responds to an incremental change
      of the variable U to cause the present value of the integrand stored in
      up-down counter 12 to be added to the old remainder portion of the
      integral stored in remainder register 14 and the result of the addition is
      stored in register 14 through AND gate 30 and OR gate 34. Comparator 22 is
      also responsive to the incremental change of the variable U and compares
      the new remainder generated by add-subtract circuit 13 with the number in
      the remainder size register 18 and generates an overflow signal, .DELTA.
      z, whenever the new remainder is greater than or equal to the remainder
      size number. Add-subtract circuit 20 responds to a signal on line 28 from
      the comparator 22 indicating that the new remainder is greater than the
      remainder size number and causes the remainder size number to be
      subtracted from the new remainder with the result of the subtraction
      stored in remainder register 14 through AND gate 32 and OR gate 34.
PAR  In operation, the V integrand counter 12 responds to a pulse at the
      .DELTA.v input and counts up or down one count depending upon the SIGN
      signal. When a pulse appears at the .DELTA.u input, add-subtract circuit
      13 adds the present value of the integrand to the old remainder and stores
      the result in remainder register 14, while comparator 22 compares the new
      remainder with the number in the remainder size register 18. If the new
      remainder is less than the remainder size number, the DDA circuit is ready
      to respond to the next pulse at the .DELTA.u input. If the new remainder
      is equal to or greater than the remainder size number, comparator 22
      generates an overflow pulse at the .DELTA.z output representing an
      incremental change of the value of the integral and enables add-subtract
      circuit 20 which subtracts the remainder size number from the new
      remainder and stores the result in the remainder register 14. The DDA
      circuit will then be ready to respond to the next pulse at the .DELTA.u
      input indicating another incremental change of the variable U. The number
      in the remainder size register 18 is chosen to be equal to or slightly
      greater than the maximum value of the integrand. Therefore, when the
      integrand is at the maximum value, the output pulse rate will equal or
      very nearly equal the input pulse rate.
PAR  Although the DDA of this invention has been described in terms of a
      specific embodiment thereof, it will be appreciated by those skilled in
      the art that the DDA can be implemented in a programmed digital computer.
      Thus, the remainder size register 18 and the remainder register 14 and the
      integrand storage could be computer memory locations, and the counting
      function of counter 12 as well as the functions performed by add-subtract
      circuits 13, 20, comparator 22 and logic gates 30, 32, 34 can be performed
      by appropriate arithmetic and logic instructions of the computer.
PAR  In the above discussion of FIG. 2 only that case has been considered in
      which the new remainder number cannot exceed two times the value of the
      remainder size number. If the new remainder number can exceed two times
      the value of the remainder size number, it will be necessary to perform a
      division operation. Thus, in the embodiment depicted in FIG. 3, the new
      remainder number generated by adder-subtractor 13 is applied to the
      dividend input of arithmetic divider 21 and the remainder size number is
      applied to the divisor input of arithmetic divider 21. The remainder
      output of the arithmetic divider 21 is applied to the remainder register
      14 and the quotient output of arithmetic divider 21 is applied to a
      .DELTA.z pulse generator circuit 23 which generates the number of .DELTA.z
      pulses as determined by the value of the quotient.
PAR  It will be apparent to those skilled in the art that in certain DDA
      applications, either the remainder size number or the value of the
      integrand could be a constant and, therefore, could be manually
      established by means of switches.
PAR  The benefits of the DDA circuit of this invention is illustrated in the
      following description of a function generator used in a numerical
      contouring control for a machine tool.
PAR  FIG. 4 is a simplified block diagram of a typical numerical contouring
      control.
PAR  As illustrated, the numerical contouring control has been assumed to
      provide an X axis of motion and a Y axis of motion, these axes usually
      being mutually perpendicular, and generally lying in a plane. However,
      more or less axes of motion may be provided. The combined axes of motion
      provide the resultant motion. The system is provided with numerical
      command information from numerical data input unit 40. This information
      may be on a punched tape, punched card, magnetic tape, or on some other
      medium. Typically, this information indicates the desired speed of
      relative movement of a tool (such as a milling machine cutter) and a
      workpiece, and the desired direction of the path of relative movement of
      the tool and workpiece. The numerical data input unit 40 reads the
      commanded information and generates appropriate electrical signals for
      controlling the system and the relative movement of the tool and
      workpiece. The system utilizes pulses or trains of pulses which convey or
      indicate commanded increments of motion. As shown in the Figure, a clock
      oscillator 41 generates pulses at a C1 rate. This C1 rate is divided or
      reduced by a pulse rate divider 42 which produces pulses at various rates
      including the C2 rate indicated. The pulse rate divider 42 also supplies
      pulses to a sine and cosine generator 43 which produces sine and cosine
      signals for use in the servo portion of the system.
PAR  Pulses from the pulse rate divider 42 are supplied to a manual feed
      override 44 which enables an operator to manually control the speed of
      relative movement. Pulses from the manual feed override 44 are supplied to
      a velocity command 45 which modifies the incoming pulse rate from the
      manual feed override 44 by an amount called for by the numerical data
      input unit 40, and provides contouring velocity pulses, CV. These
      contouring velocity pulses, CV, occur at a rate which indicates the
      resultant velocity of relative motion of the tool and workpiece.
PAR  The contouring velocity pulses, CV, are supplied to a contouring function
      generator 46 which resolves these pulses into X and Y components of pulses
      wherein each pulse represents a commanded increment of motion along the
      axis. The pulse output rate will then be representative of the commanded
      velocity along the axis. These components of pulses are indicated as
      .DELTA.y and .DELTA.x and are applied to Y and X distance counters 47, 48
      and to Y and X command phase counters 49, 50. As indicated by the dashed
      lines, the .DELTA.y pulses and .DELTA.x pulses can be respectively applied
      to Y and X distance counters 47, 48 or X and Y distance counters 48, 47.
      This provision is made so that the contouring function generator 46 need
      operate in only one quadrant, that is through an angle of 90 degrees. If
      additional quadrants of motion are desired, input information from the
      numerical data input unit 40 is supplied to the contouring function
      generator 46 and to the distance counters 47, 48 to effectively shift the
      function generator quadrant of operation to another quadrant. Thus motion
      in all four quadrants (through an angle of 360 degrees) can be provided.
      Information is supplied to the distance counters 47, 48 to limit the
      distance traveled in a given operation to some predetermined absolute
      point so that errors do not accumulate. Thus, after the predetermined
      number of .DELTA.y or .DELTA.x pulses have passed through the respective
      distance counters, the distance counters prevent further pulses from
      passing through to the command phase counters 49, 50 and stop motion along
      their respective axes. Each command phase counter 49, 50 generates a
      signal whose phase varies in proportion to the number of .DELTA.x or
      .DELTA.y pulses applied to its input. The phase varying output signals of
      command phase counters 49, 50 are applied to respective Y and X phase
      discriminators 51, 52.
PAR  The phase discriminators 51, 52 compare the phases of signals from the
      respective Y and X command phase counters 49, 50 with the phases of
      signals from Y and X resolvers 53, 54, and produce control signals which
      are applied to Y and X servos 55, 56. These servos 55, 56 effect motion of
      a machine tool 57 in the Y and X directions as indicated by the dashed
      lines. These Y and X servos 55, 56 also move or operate the Y and X
      resolvers 53, 54. As these resolvers 53, 54 move, the respective phases of
      their output signals shift. As long as a difference in phase exists
      between the two signals supplied to a phase discriminator, motion is
      called for. This motion moves the machine tool and the resolvers. If the
      system is operating properly, no further motion signals are produced after
      the time that the machine tool reaches its commanded or desired position.
PAR  FIG. 5 shows how the prior art DDA circuits of FIG. 1 can be connected to
      generate the CV pulse train and to generate the .DELTA.y and .DELTA.x
      pulse trains to accomplish the contouring of a circular arc. The pulse
      train from the manual feed override 44 is applied to the .DELTA.u input of
      DDA circuit 10C. The numerical data input unit 40 causes a constant, F, to
      be placed in the integrand up-down counter of DDA circuit 10C. The output
      rate of DDA circuit 10C will then be directly proportional to the ratio of
      F to M. The Y.sub.o and X.sub.o offset distances from the starting point
      of the arc to the center of the arc are stored in the respective integrand
      up-down counters of DDA circuits 10A and 10B. The sign inputs of DDA
      circuits 10A and 10B are also controlled by the numerical data input unit
      40 depending on the quadrant of operation and the direction of rotation.
      For a given circular arc one integrand will always be counted down and the
      other integrand counted up. The .DELTA.y output of DDA circuit 10A is
      applied to the .DELTA.v input of DDA circuit 10B and the .DELTA.x output
      of DDA circuit 10B is applied to the .DELTA.v input of DDA circuit 10A.
PAR  If it is assumed that the CV pulse rate is at the maximum value, Vmax, the
      actual commanded contouring velocity will be some fraction of the maximum
      rate as determined by the X and Y radius offsets programmed into the DDA
      integrand counters. As mentioned before, if binary arithmetic is employed,
      it is possible to take the overflow or .DELTA.z output of DDA circuit 10
      from a lower order stage and thereby increase the output pulse rate of the
      DDA circuit 10. If this technique is used in the prior art function
      generator, the relationship of the actual commanded velocity to the
      theoretical maximum velocity is given by the solid line of FIG. 7. Thus,
      if the contouring radius is 2 .sup.(n.sup.+3) units, the contouring
      velocity will almost equal the maximum value Vmax. As the radius
      decreases, the actual commanded velocity proportionally decreases. Once
      the radius falls below 2 .sup.(n.sup.+2), the overflow, .DELTA.z, output
      can be taken from the next lower stage and the maximum velocity Vmax can
      again almost be achieved. As the radius continues to decrease, the
      overflow output can be similarly taken from successive lower order stages.
PAR  FIG. 6 shows how the DDA circuits of this invention can be connected to
      generate .DELTA.y and .DELTA.x pulse trains to accomplish the contouring
      of circular arcs at a desired velocity. Like the function generator of
      FIG. 4, numerical data input unit 40 programs the radius offset distances
      X.sub.o and Y.sub.o into the integrand counters and also controls the sign
      input of DDA circuits 11A and 11B. The pulse train from manual feed
      override 44 is applied to the .DELTA.u input of DDA circuits 11A and 11B.
      The .DELTA.x output pulse train of DDA circuit 11B is fed into the
      .DELTA.v pulse input of DDA circuit 11A and the .DELTA.y output pulse
      train of DDA circuit 11A is fed into the .DELTA.v pulse input of DDA
      circuit 11B in order to generate a circular arc. The numerical data input
      unit 40 programs the remainder size number into the remainder size
      registers of DDA circuits 11A and 11B. If the pulse rate from the manual
      feed override 44 is the maximum rate and the remainder size number is
      selected to be equal to the radius of the contouring arc, the actual
      contouring velocity will equal the maximum value, and the programmed
      remainder size number will be inversely proportional to the velocity along
      the path and directly proportional to the radius or the slope length,
      wherein the radius is equal to the square root of the sum of the squares
      of the individual integrand values. In FIG. 7, dashed line 61 shows a plot
      of actual commanded velocity versus radius when DDA circuits of this
      invention are used to implement the function generator of a numerical
      contouring control for a machine tool. The curve shows that the maximum
      contouring velocity can be achieved for any value of the contouring
      radius.
PAR  While the present invention has been described with reference to a specific
      embodiment thereof, it will be obvious to those skilled in the art that
      various changes and modifications may be made without departing from the
      invention in its broader aspects. For example, as is well known in the
      art, if the numbers programmed into the X and Y integrand counters are not
      altered by the .DELTA.y and .DELTA.x output pulses, the function generator
      will command a linear path having a slope as determined by the numbers
      stored in the X and Y integrand counters. Furthermore, by controlling the
      modification of the X and Y integrand counters, other contouring shapes,
      e.g., parabolas, can be generated.
PAR  It is contemplated in the appended claims to cover all variations and
      modifications of the invention which come within the true spirit and scope
      of the invention.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. A digital differential analyzer circuit for generating an output signal
      representing an incremental change of an integral scaled by a factor other
      than powers of the radix of the number system employed comprising:
PA1  a. means for storing a first digital number representing the current value
      of a first variable;
PA1  b. means for storing a second digital number representing a selectable
      remainder size;
PA1  c. a memory register for storing a new remainder number;
PA1  d. arithmetic and logic means responsive to an input signal representing an
      incremental change of a second variable for algebraically combining the
      first digital number and the number in the memory register to form a new
      remainder number, for comparing the magnitude of the new remainder number
      to the magnitude of the selected remainder size number, for causing said
      new remainder number to be stored in the memory register if the magnitude
      of the new remainder number is less than the magnitude of the remainder
      size number, for forming the difference between the magnitude of the new
      remainder number and the remainder size number if the magnitude of the new
      remainder number is greater than the magnitude of the remainder size
      number, and for storing said difference in the memory register; and
PA1  e. circuit means for generating said output signal when the magnitude of
      the new remainder number is greater than the magnitude of the remainder
      size number.
NUM  2.
PAR  2. A digital differential analyzer as recited in claim 1 wherein the input
      signal is a pulse train in which each pulse represents an incremental
      change of the second variable and the output signal is a pulse train in
      which each pulse represents an incremental change of the integral.
NUM  3.
PAR  3. A digital differential analyzer circuit for generating an output signal
      representing an incremental change of an integral scaled by a factor other
      than powers of the radix of the number system employed comprising:
PA1  a. first memory register for storing a digital number representing the
      current value of a first variable;
PA1  b. second memory register for storing a number representing a selectable
      remainder size;
PA1  c. third memory register for storing a new remainder number;
PA1  d. arithmetic and logic means responsive to an input signal representing an
      incremental change of a second variable for algebraically combining the
      numbers in the first and third registers to form a new remainder number,
      for comparing the magnitude of a new remainder number to the magnitude of
      the selected remainder size number, for causing said new remainder number
      to be stored in the third register if the magnitude of the new remainder
      number is less than the magnitude of the remainder size number, for
      forming the difference between the magnitude of the new remainder number
      and the remainder size number if the magnitude of the new remainder number
      is greater than the magnitude of the remainder size number, and for
      storing said difference in the new remainder register; and
PA1  e. circuit means for generating said output signal when the magnitude of
      the new remainder number is greater than the magnitude of the remainder
      size number.
NUM  4.
PAR  4. An improved digital differential analyzer for generating a signal
      representing the differential of an integral scaled by a factor other than
      powers of a radix of the number system in use, the digital analyzer having
      an integrand memory register for accumulating the present value of a first
      variable, a remainder memory register, and adder-subtractor means,
      responsive to a signal representing an incremental change of a second
      variable, for adding the number in the integrand register to the number in
      the remainder register to form a new remainder number, wherein the
      improvement comprises:
PA1  a. scaling memory register for storing a number representing a selected
      remainder size;
PA1  b. logic circuit means for causing the difference between the magnitude of
      the new remainder number and the magnitude of the remainder size number to
      be formed and stored in the remainder memory register when the magnitude
      of the new remainder number is equal to or greater than the magnitude of
      the selected remainder size number; and
PA1  c. circuit means for generating said differential signal when the magnitude
      of the new remainder is equal to or greater than the magnitude of the
      selected remainder size number.
NUM  5.
PAR  5. A digital differential analyzer circuit for generating an output signal
      representing an incremental change of an integral scaled by a factor other
      than powers of the radix of a number system comprising:
PA1  a. means for storing a first digital number representing the current value
      of a first variable;
PA1  b. means for storing a second digital number representing a selectable
      remainder size;
PA1  c. a memory register for storing a new remainder number;
PA1  d. arithmetic and logic means responsive to a signal representing an
      incremental change of a second variable for algebraically combining the
      first and third digital numbers to form a new number, for dividing the new
      number by the selected remainder size number to generate a quotient and a
      new remainder number, and for storing the new remainder number in the
      memory register; and
PA1  e. circuit means responsive to the quotient for generating said output
      signal.
NUM  6.
PAR  6. An improved digital differential analyzer for generating an output pulse
      representing the differential of an integral scaled by a factor other than
      powers of a radix of the number system in use, the digital analyzer having
      an integrand memory register for accumulating the present value of a first
      variable, a remainder memory register, and adder-subtractor means,
      responsive to a pulse representing an incremental change of a second
      variable, for adding the number in the integrand register to the number in
      the remainder register to form a new remainder number, wherein the
      improvement comprises:
PA1  a. scaling memory register for storing a number representing a selected
      remainder size;
PA1  b. logic circuit means for causing the difference between the magnitude of
      the new remainder number and the magnitude of the remainder size number to
      be formed and stored in the remainder memory register when the magnitude
      of the new remainder number is equal to or greater than the magnitude of
      the selected remainder size number; and
PA1  c. circuit means for generating said output pulse when the magnitude of the
      new remainder is equal to or greater than the magnitude of the selected
      remainder size number.
NUM  7.
PAR  7. A method of generating an output signal representing the differential of
      an integral scaled by a factor other than a power of the radix of a number
      system comprising the steps of:
PA1  a. storing a digital number representing the value of a first variable in a
      first memory register;
PA1  b. storing a digital number representing a selected remainder size in a
      second memory register;
PA1  c. storing a digital number representing a new remainder in a third memory
      register;
PA1  d. algebraically combining, in response to a signal representing an
      incremental change of a second variable, the numbers in the first and
      third memory registers to form a new number;
PA1  e. dividing the new number by the magnitude of the selected remainder size
      number to generate a quotient and a new remainder number;
PA1  f. storing the new remainder in the third memory register; and
PA1  g. generating said output signal as determined by the quotient number.
NUM  8.
PAR  8. A method of generating an output signal representing the differential of
      an integral scaled by a factor other than a power of the radix of a number
      system comprising the steps of:
PA1  a. storing a digital number representing the value of a first variable in a
      first memory register;
PA1  b. storing a digital number representing a selected remainder size number
      in a second memory register;
PA1  c. storing a digital number representing a new remainder number in a third
      memory register;
PA1  d. algebraically combining, in response to a signal representing an
      incremental change of a second variable, the numbers in the first and
      third memory registers to form a new remainder number;
PA1  e. comparing the magnitude of the new remainder number to the magnitude of
      the selected remainder size number;
PA1  f. storing the new remainder number in the third memory register if the
      magnitude of the new remainder number is less than the magnitude of the
      remainder size number; and
PA1  g. if the magnitude of the new remainder number is equal to or greater than
      the remainder size number;
PA2  i. forming the difference between the magnitude of the new remainder number
      and the remainder size number;
PA2  ii. storing said difference in the third memory register; and
PA2  iii. generating said output signal.
NUM  9.
PAR  9. In a numerical control for producing relative motion of a tool and
      workpiece along a commanded path in response to control numbers, generated
      by a control unit, representing the instantaneous slope and velocity along
      the commanded path, a function generator for generating twopulse trains
      wherein each pulse represents an increment of motion along an orthogonal
      axis, said function generator comprising:
PA1  a. first and second memory registers for storing first and second control
      numbers having a ratio proportional to the instantaneous slope of
      commanded path;
PA1  b. third and fourth memory registers for storing first and second new
      remainder numbers;
PA1  c. fifth memory register for storing a third control number inversely
      proportional to the velocity along the path;
PA1  d. arithmetic and logic means, responsive to a control signal,
PA2  i. for algebraically combining the numbers in the first and third memory
      registers and the numbers in the second and fourth memory registers for
      generating respectively first and second new remainder numbers;
PA2  ii. for comparing the magnitude of the first and second new remainder
      numbers to the third control number;
PA2  iii. for storing the first new remainder number in the third memory
      register if the first new remainder number is less than the third control
      number;
PA2  iv. for storing the second new remainder number in the fourth memory
      register if the second new remainder number is less than the third control
      number;
PA2  v. for generating a pulse representing an increment of motion along one of
      said orthogonal axes, forming the difference between the magnitude of the
      first new remainder number and the third control number, and storing said
      difference in the third memory register if the first new remainder number
      is equal to or greater than the third control number; and
PA2  vi. for generating a pulse representing an increment of motion along the
      other of said orthogonal axes, forming the difference between the
      magnitude of the second new remainder number and the third control number,
      and storing said difference in the fourth memory register if the second
      new remainder number is equal to or greater than the third control number.
NUM  10.
PAR  10. A function generator as recited in claim 9 wherein the number in the
      first memory register is altered in response to certain of said pulses
      representing an increment of motion along said other orthogonal axis and
      wherein the number in the second memory register is altered in response to
      certain of said pulses representing an increment of motion along said one
      orthogonal axis whereby the relative motion of the tool and workpiece
      follows a non-linear path.
NUM  11.
PAR  11. A function generator as recited in claim 9 wherein one is added to the
      number in the first memory register in response to each pulse representing
      an increment of motion along said other orthogonal axis and wherein one is
      subtracted from the number in the second memory register in response to
      each pulse representing an increment of motion along said one orthogonal
      axis whereby the relative motion of the tool and workpiece follows a
      circular path.
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PAL  The proposed command controller responds to the true or desired command
       d pattern and its complement which are outputted from the computer
      interlaced in time and checks these true-complement patterns to determine
      if a command format error exists. Moreover, the command pattern is checked
      for timing errors by comparing it against preselected minimum and maximum
      delay intervals corresponding to the permissible minimum and maximum time
      intervals for a command signal output. If the command format or its timing
      is incorrect, an error flag is fed back to the computer to initiate an
      interrupt and/or to trigger a back-up mode. The invention facilitates the
      use of high speed general purpose computer machines as real time, hands
      off, control devices for certain applications such as onboard a spacecraft
      or within medical electronics systems, for example.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Because of the extreme flexibility and high put-through capability of a
      high speed general purpose computer, there has been significant reluctance
      to accept such computers as real time, hands off, control devices. This
      reluctance stems primarily from the fear that undesired commands might be
      initiated by the computer.
PAC  SUMMARY OF THE INVENTION
PAR  In order to overcome this reluctance and to increase the utility of general
      purpose digital computers as remote control devices capable of
      effectuating delayed or conditional commands, the proposed output
      controller of the present invention has been conceived.
PAR  As will be pointed out in more detail hereinafter, the output controller of
      the present invention provides apparatus which combines true-complement
      discrimination (parity check on a bit-by-bit basis) and time
      discrimination, to guarantee that a general purpose computer does not
      execute undesired commands. If either type of error is detected, the
      apparatus of the present invention generates an error flag feedback signal
      which is applied to the computer to initiate either an interrupt and/or a
      back-up mode of operation.
PAR  A primary object of the present invention is thus to enhance the utility
      and acceptability of the computer as a real time, automatic control device
      wherein the possibility of initiating undesired commands is minimized.
DRWD
PAR  Other objects, purposes and characteristic features of the present
      invention will in part be pointed out as the description of the invention
      progresses and in part be obvious from the accompanying drawings, wherein:
PAR  FIG. 1 is a generalized block diagram of the present invention;
PAR  FIG. 2 is a more detailed block diagram of one embodiment of the proposed
      output controller of the present invention; and
PAR  FIG. 3 is a timing diagram associated with the embodiment illustrated in
      FIG. 2.
DETD
PAR  Referring now to the generalized block diagram of FIG. 1, a general purpose
      computer 10 provides, at an output data bus, a pair of data signals
      corresponding respectively to the true or desired output command,
      represented at line 11, and the complement of the desired command at line
      12. This data, typically in the form of bit streams interlaced in time,
      are applied to comparator means 13 which performs a bit-by-bit parity
      check between the true and complement data so as to detect any errors in
      the format of command data pattern. Additionally, in accordance with the
      present invention, the output command signal from the computer 10 is
      applied to timing error detection means which detect errors in the command
      output relative to predetermined time limits corresponding to the
      permissible minimum and maximum command intervals of the system, as
      represented in FIG. 1 by the detector units 14 and 15 respectively.
PAR  If, as a result of the dual true-complement check and timing check, no
      error is detected, the desired output command is then permitted to pass
      the illustrated command gate unit represented at 16. On the other hand, if
      an error is detected, of either type, a suitable error flag represented at
      line 17 is fed back to the computer 10 where it can initiate either a
      backup operational mode or produce a computer interrupt. As shown in FIG.
      1, the computer 10 also generates control signals represented at lines 18
      and 19 in the FIG. 1 to control the start and finish respectively of the
      actual outputting of a desired output command; e.g., by means of a
      start-finish flip-flop circuit 20 which controls the command gate 16.
PAR  A more detailed understanding of the presently preferred embodiment of the
      present invention may be had by reference to the detailed block diagram of
      FIG. 2, when considered in connection with the timing diagram of FIG. 3.
      More particularly, upon executing an output instruction, a computer 10
      typically outputs a clock signal 21 which is used by external equipment as
      a clock strobe. The computer 10 also normally includes a data bus,
      represented at 22 in FIG. 2, which may typically consist of one or more
      data lines. One such data line 22a is assigned, in accordance with the
      present invention, to the proposed command output controller.
PAR  In the typical general purpose computer, an address bus 23 is normally
      decoded into a variety of address or external device control lines by a
      suitable address decoder 24, well-known to those skilled in the computer
      arts. As applied to the implementation of output command control, in
      accordance with the present invention, four different address bus
      combinations are decoded to provide the following address control signals
      illustrated in FIG. 2: true address appearing on line 25, complement
      address appearing at 26, start address appearing at line 27, and stop
      address appearing at line 28.
PAR  At the initiation of a desired output command, the command program software
      within the computer 10 (not shown) executes an output instruction which
      gives rise to a start address signal at line 27. This start address signal
      raises the illustrated J input, or clock synchronous set input, of a
      start-stop flip-flop circuit designated 29 in FIG. 2, while the output
      instruction clock pulse applied over line 21 triggers the clock CK input
      of the start-finish flip-flop 29. The trailing or negative-going edge of
      this output instruction clock signal 21 sets the start-finish flip-flop
      29, thus raising the Q output, line 30, from the start-finish flip-flop
      29. This output signal on line 30 from the flip-flop 29 in turn enables
      each of the illustrated error flag gate 31, the command data output gate
      32 and the command clock output gate 33. At the same time, the start
      address signal appearing at line 27 is gated, by the clock on line 21,
      through the gate 34 to trigger a retriggerable maximum delay one-shot
      multivibrator 35, through OR gate 36, and also to trigger the
      retriggerable minimum delay one-shot 37, through OR gate 38.
PAR  The next step in outputting the desired command is for the computer 10 to
      output the first true data bit onto the data line 22a which is applied to
      the output controller of the present invention. This is accomplished by an
      output instruction generating the true address signal on line 25 which,
      when gated with the output instruction 39, strobes the contents of the
      data line 22a into the illustrated data flip-flop unit 40. As noted in the
      timing diagram of FIG. 3, after the outputting of a true data bit to the
      data flip-flop 40, as just described, a complement address output
      instruction is executed by the computer 10 and during such execution, the
      complement address line 26 is raised and gated with the output instruction
      clock 21, at gate 41. At the same time, the data output line 22a, which
      should now contain the complement command data bit, undergoes an exclusive
      OR logic comparison with the contents of the data flip-flop 40, by means
      of exclusive OR gate 42.
PAR  As seen in FIG. 2, the gated complement address output instruction
      appearing at the output of gate 41 enables three separate gate circuits;
      namely, a true-complement error gate 43, a minimum delay error gate 44 and
      a maximum delay error gate 45. Accordingly, if at this time the data line
      22a does not contain the complement of the data bit previously stored in
      the data flip-flop 40, a true-complement error signal will appear at line
      46 at the output of the gate 43. On the other hand, if the complement
      address output instruction, timed from the execution of the start address
      instruction (see FIG. 3), is less than the minimum delay one-shot time, a
      minimum delay error signal will be generated at the output of gate 44;
      whereas, if the complement address output instruction, timed from the
      execution of the start address instruction, is greater than the maximum
      delay one-shot time, a maximum delay error signal will be generated at the
      output of the gate 45.
PAR  As shown in FIG. 3, the trailing edge of the complement data address signal
      appearing at the output of gate 41, retriggers the minimum delay one-shot
      37, through OR gate 38 (see FIG. 2), and the maximum delay one-shot 35,
      through OR gate 36. The maximum delay one-shot output will normally
      already be in the triggered state and a new maximum delay time interval
      will begin without interruption of its triggered state. Subsequently
      clocked complement data signal pulses at the output of the gate 41 must
      also occur between the minimum delay interval timed by the one-shot 37 and
      the maximum delay interval timed by the one-shot 35, in order to prevent
      an error signal appearing respectively at the outputs of gates 44 and 45.
PAR  As shown in FIG. 2, the outputs of the three error gates 43, 44 and 45, are
      applied to the logical OR gate 47, whose output is applied as input to the
      error flag gate 31 which, as previously pointed out, is gated by the
      output of the start-finish flip-flop circuit 29. An error flag signal
      appearing at the output of the error flag gate 31 will directly clear the
      start-finish flip-flop preventing further command outputting and is also
      applied back to the computer 10, as noted earlier, in order to interrupt
      the computer operation and/or to trigger a suitable back-up mode of
      operation.
PAR  During normal operation, a serial data bit stream from the command data
      gate 32 and clock timing strobes from the command clock gate 33 will
      output the desired command to the external device being controlled by the
      computer system. As indicated in the timing diagram of FIG. 3, the command
      output clock from gate 33 occurs at the time of a complement address data
      bit output instruction. At the completion of a command output data
      sequence, a finish output address instruction from the computer raises the
      finish address line 28 and clears the start-stop flip-flop 29, thus
      terminating the output command interval.
PAR  In view of the foregoing discussion, it will be seen that in accordance
      with the present invention an output controller is provided by which a
      general purpose computer is prevented from outputting undesired or
      improper commands. Thus, the proposed output controller will greatly
      facilitate the utility and acceptability of the general purpose computer
      as a means for automatically controlling the initiation of delayed and/or
      conditional commands; e.g., in such applications as onboard a spacecraft.
PAR  Various modifications, adaptations and alterations of the present invention
      are of course possible in light of the above teachings. It should
      therefore be understood at this time that, within the scope of the
      appended claims, the invention may be practiced otherwise than as
      specifically described hereinabove.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A command controller for a computer system comprising, in combination,
PA1  a computer means for outputting a data signal corresponding to each desired
      command,
PA1  comparator means responsive to said data output signal for detecting data
      errors within said data signal,
PA1  timing error detecting means for checking said data signal corresponding to
      the desired command output for timing errors relative to a pair of
      preselected time limits corresponding respectively to minimum and maximum
      permitted times within said computer system for outputting of a command,
PA1  said computer means further generating a signal means demarcating the
      desired beginning and ending time limits for said desired output command,
      and
PA1  means responsive to said comparator means and said timing error detecting
      means for generating an error flag signal fed back to said computer means
      if a data or timing error is detected for said command output signal from
      said computer means.
NUM  2.
PAR  2. The combination specified in claim 1 wherein said computer means
      generates a command signal demarcating the intended start of a command
      output and wherein said timing error detecting means includes first and
      second multivibrator means each responsive to the start command signal
      generated by said computer means for respectively generating signals
      defining minimum and maximum time intervals during which said desired
      command signal should be outputted.
NUM  3.
PAR  3. The combination specified in claim 1 wherein said error flag signal fed
      back to said computer means is utilized to control operation of said
      computer means.
NUM  4.
PAR  4. The combination specified in claim 1 wherein said data signal comprises
      a pair of complementary multi-bit signals corresponding respectively to
      the true or desired command signal and the complement of said desired
      command signal, and wherein said comparator means comprises means for
      performing a bit-by-bit parity check between the true and complement
      multi-bit signals.
NUM  5.
PAR  5. The combination specified in claim 4 wherein each data bit and its
      complementary bit occur in succession within said data signal and wherein
      said comparator means includes an exclusive OR logic circuit means
      operably connected to determine if in fact each data bit is followed by
      its complement bit.
NUM  6.
PAR  6. The combination specified in claim 1 wherein said error flag signal
      producing means comprises an OR logic circuit means operably connected to
      said data signal error detecting means and said timing error detecting
      means.
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PAL  A shift network is provided which may operate on one full width operand or
      on two one-half width operands, by splitting the shift network in the
      middle. The shift network in the present embodiment for 96 bit full width
      operands is constructed in four ranks so that the first rank shifts
      operand bits 0, 1, 2 or 3 bit positions, the second rank shifts operand
      bits 0 or 4 bit positions, the third rank shifts operand bits 0, 32, 64 or
      96 bit positions, and the fourth rank shifts operand bits 0, 8, 16 or 24
      bit positions, all shifts dependent upon the input shift count.
PAL  The shift network is responsive to two independent shift counts and a
      control signal specifying the half width mode when it is desired to split
      the network. Each rank of the shift network is divided into an upper half
      and a lower half. Special logic circuits are provided to extend the sign
      bit for the lower half operand into the lower half of each rank when
      operating in the two operand mode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to digital computers and has application to pipeline
      methods of computing where a string of operands is passed through a system
      continuously and sequentially through various logic levels. More
      particularly this invention is related to a shift network in which the
      bits in the respective bit positions of an operand are shifted or
      relocated in a resultant operand. This invention is related to and may be
      used with the apparatus shown in U.S. Patent application Ser. No. 345,613,
      filed Mar. 28, 1973, now U.S. Pat. no. 3,831,012.
PAC  SUMMARY OF THE INVENTION
PAR  This invention is a special purpose shift network adapted for use in
      pipeline computing systems through the use of various logic levels or
      ranks so that sequentially received operands can be stepped through the
      shift network in sequence. A feature of this shift network is the ability
      to operate in either of two alternate modes, that is on full width
      operands or on two one-half width operands simultaneously.
PAR  Each of the ranks of the shift network is generally composed of logic
      associated with the individual bits of the resultant from that rank and
      having either multiple bits of the input operand input to each output
      generator or multiple bits from the previous rank input to each output
      generator together with control signals to determine which of the input
      bits is to be gated to the output. Conventional decode logic can be used
      to decode the input shift count operand into gating signals for the ranks
      of the network. For example, each rank of the network could be based on
      the condition of a single bit of the shift count operand and accordingly
      gate in either of two directions. However, in the present embodiment of
      the invention, three of the four ranks are based on decodes of two
      adjacent bits of the input shift count operand to gate any one of four
      inputs as the resultant for that rank.
PAR  The network is split by providing gates which in alternate modes of
      operation transfers either bits from the upper half of operands to the
      lower half of the same operand or gates the sign bit of the lower operand
      in the two operand mode of operation. The operation of the sign transfer
      system requires additional gates in some portions of the ranks to account
      for the possible transfer of sign bits rather than operand bits.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified logic diagram of a typical group of bits of rank one
      of the shift network according to one form the present invention where the
      logic is repeated throughout the network.
PAR  FIG. 2 is a simplified logic diagram of a typical group of bits of rank two
      of the shift network according to one form or the present invention where
      the logic is repeated throughout the network.
PAR  FIG. 3 is a simplified logic diagram of a typical group of bits of rank
      three of the shift network according to one form of the present invention
      where the logic is repeated throughout the network.
PAR  FIG. 4 is a simplified logic diagram of a typical group of bits of rank
      four of the shift network according to one form of the present invention
      where the logic is repeated throughout the network.
PAR  FIG. 5 is a schematic of a shift network according to the present invention
      and shown in greater detail in FIGS. 1-4 and 6-9.
PAR  FIG. 6 is detailed logic diagram of a particular group of bits of rank 1 of
      the shift network shown in FIG. 5 for the lower half of the shift network
      showing sign extension logic for the two operand mode of operation.
PAR  FIG. 7 is a detailed logic diagram of a particular group of bits of rank 2
      of the shift network shown in FIG. 5 for the lower half of the shift
      network showing sign extension logic for the two operand mode of
      operation.
PAR  FIG. 8 is a detailed logic diagram of a particular group of bits of rank 3
      of the shift network shown in FIG. 5 for the lower half of the shift
      network showing sign extension logic for the two operand mode of
      operation.
PAR  FIG. 9 is a detailed logic diagram of a particular group of bits of rank 3
      of the shift network shown in FIG. 5 for the upper half of the shift
      network showing sign extension into the lower half of rank 4 in the two
      operand mode of operation.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 5, a shift network 10 according to the present invention
      is shown which may operate on either one full width operand or,
      alternatively on two independent one-half width operands simultaneously.
      Network 10 is divided into an upper half 12 and a lower half 14. The upper
      half 12 of the shift network is, in this embodiment of the invention
      composed of four ranks 16, 18, 20 and 22. These ranks perform shift
      operations on the upper half of single operands containing bits having the
      highest positional values or on one of the two independent operands which
      will herein be called the upper operand. Similarly, the lower half 14 of
      the shift network is, in this embodiment of the invention composed of
      ranks 24, 26, 28 and 30 which perform shift operations on the lower half
      of full width operands or on the other one of the two independent
      operands, herein called the lower operand. Each of ranks 16, 18, 20, 22,
      24, 26, 28 and 30 contains a label indicating the shift capability of that
      rank in respect to 96 bit operands which is the full width operand
      capability of this embodiment of the invention. It will be seen by one
      skilled in the art how to use fewer ranks for smaller operands or more
      ranks for larger operands in other embodiments of the invention. The ranks
      are designated 1, 2, 3 and 4 in association with their shift capability to
      facilitate understanding of FIGS. 1, 2, 3 and 4.
PAR  In FIG. 5, input operands containing bits 00 through 95 are supplied on a
      96 bit data trunk 32. Data trunks are labeled with trunks widths and
      contents, as shown, throughout FIG. 5. Data trunk 32 is divided into upper
      half data trunk 34 connected with the upper half 12 of the shift network
      10 and into lower half data trunk 34 connected to the lower half 14 of the
      shift network. Similarly output half width data trunks 38 and 40 are
      combined into full width output data trunk 42.
PAR  Signals are provided on control lines 44 and 46 to indicate that the shift
      operation is to be performed on one full width operand. Similarly, control
      lines 48 and 50 carry signals indicating the shift of two independent half
      width operands.
PAR  Control line 44 is connected with AND gates 52, 54, 56 and 58 to control
      the gating of signals from the upper half of the shift network to the
      lower half during shifting of full width operands. Similarly control line
      48 is connected to AND gate 60 to control gating of the lower sign bit to
      the lower half of the shift network when operating in the two operand
      mode. This is to allow sign extension, since in right shifting, operand
      bit positions, which are vacated with no entering replacement bit, have
      the sign bit extended into the bit position. OR gates 62, 64, 66 and 68
      gate whichever of the input quantities is received to the lower half 14.
      It is obvious that these OR gates will be as wide as the data trunk
      extending between the respective ranks of the upper half and lower half of
      the shift network. The lower sign bit is provided as the second input to
      AND gate 60.
PAR  The upper shift count operand is provided on data trunks 70 and 72 to the
      network when operating in the full width mode, the lower half of the
      network 14 receives the same shift count operand as the upper half of the
      network. Thus, in the full width mode, the control signal on line 46
      causes an AND gate 74 to transfer the upper shift count to OR gate 76 and
      thereafter to ranks 24, 26, 28 and 30. The upper sign bit is supplied on
      data trunk 78 and the lower sign bit on data trunk 80. The lower shift
      count operand is supplied on data trunk 82 connected with AND gate 84 so
      that the lower shift count is gated to OR gate 76 in the two operand mode.
      It should be obvious that the network operates in either one mode or the
      other so that OR gates 62, 64, 66, 68 and 76 will only receive one input
      at a time.
PAR  Referring now to FIGS. 1, 2, 3 and 4, the operations of ranks 1, 2, 3 and
      4, respectively, for both the upper and lower halves of the shift network
      is shown in simplified form with respect to operation on full width
      operands. In FIG. 1, OR gates 100, 102 and 104 produce the outputs for the
      operand bits, as labeled, by gating the output of whichever of AND gates
      106, 108, 110 and 112 associated with OR gate 100, AND gates 114, 116, 118
      and 120 associated with OR gate 102, AND gates 122, 124, 126 and 128
      associated with OR gate 104 is activated by the appropriate shift control
      signal. For example, if a shift of three is required of rank one, then AND
      gate 106 is made to transmit bit N-3 to OR gate 100 and thus as output
      resultant bit N.
PAR  Similarly, in FIG. 2, OR gates l30, l32, l34 and l36 are associated with
      AND gates 138 and 140; 142 and 144; 146 and 148; and 150 and 152,
      respectively, for rank two. in FIG. 3, OR gates 154, 156 and 158 are
      associated with AND gates 160, 162, 164 and 166; 168, 170, 172 and 174;
      and 176, 178, 180 and 182, respectively. Finally, in FIG. 4, OR gates 184,
      186 and 188 are associated with AND gates 190, 192, 194 and 196; 198, 200,
      202 and 204; and 206, 208, 210 and 212 respectively. From FIGS. 1-4 it can
      be seen how operands are stepped through the ranks of the shift network in
      response to control signals generated from the input shift operand.
PAR  Referring now to FIG. 6, the sign extension logic is shown for splitting
      rank one of the shift network. The three data lines labled 300, 302 and
      304 represent the input data trunk to rank 24 in the lower half of the
      network. OR gates 306, 308 and 310 generate the signals flowing into these
      lines. AND gates 52a, 52b and 52c generate one input to these OR gates
      from the control line 44 input and the respective operand bits from rank
      16, as labled and shown, on FIGS. 5 and 6. The output of AND gate 60, on
      FIG. 5 is line 61, which is connected to AND gates 312, 314 and 316 to
      provide second inputs to OR gates 306, 308 and 310 respectively. The
      remainders of FIG. 6 follows the same pattern as FIG. 1 with bit 48 of
      FIG. 6 taking the place of bit N in FIG. 1, bit 49 taking the place of bit
      N + 1, and bit 50 taking the place of bit N + 2. FIG. 6 shows the sign
      extension logic between ranks 16 and 24 of FIG. 5 and the remainder of
      ranks 16 and 24 is patterned after the system of FIG. 1.
PAR  FIG. 7 shows the adaptation of rank 2 shown in FIG. 2 to perform the sign
      extension function for the upper four bits of rank 26 in FIG. 5. OR gate
      400 for bit 48, in effect, has an extra AND gate 402 for half width
      operation which has as inputs the half width control line 48, the lower
      sign data line 80 and the shift operand four control line. This is in
      effect taking gate 60 shown on FIG. 5 and adding as an additional input
      the shift count control line. Bits 52, 56 and 60 shown on FIG. 7 operate
      as shown in connection with FIG. 2. Bits 49, 50 and 51 of rank 26 are
      configured similarly to bit 48 as shown on FIG. 7. One of the features of
      this design configuration is that the number inputs to OR gate 400 may be
      reduced since for a zero shift it does not make any difference to bit 48
      if the system is configured in half width or full width mode.
PAR  FIG. 8 shows the pattern of gates which must be superimposed on the
      configuration of FIG. 3 to form rank 28 shown on FIG. 5 having full width
      and half width capability. For example, OR gate 500 is connected with AND
      gates 502, 504, 506 and 508. The logic is simplified considerably by
      recognizing that for bit 48, a full width shift of 64 or 96 or a half
      width shift, where bit 48 becomes bit O of the lower operand, of 32, 64 or
      96 produces only sign extension, allowing combination of these functions
      in a single gate rather than in three separate gates. Obviously the
      combination of the shift operand control lines for 32, 64 and 96 can be
      made by a single OR gate which is not shown in FIG. 8, for the sake of
      simplicity. Thus, the logic pattern shown in FIG. 8 is demonstrative of
      what is accomplished in rank 28 shown in FIG. 5.
PAR  For pipeline operation it is important that operands flow through ranks 16
      and 24; 18 and 26; 20 and 28; and 22 and 30 in roughly the same amount of
      time based on the computers cycle time so that resultant operands are
      produced at the same time. As may be apparent from FIG. 8, the
      simplification of logic produced by recognizing that certain shift
      operations produce the equivalent results to other shift operations allows
      the logic levels to operate on the same time scale as between ranks in the
      upper half of the network and the lower half of the network.
PAR  Referring now to FIG. 9, the upper half of rank 3, equivalent to rank 20 of
      FIG. 5 is shown in combined form with bits of rank 28 to show the
      generation of outputs to rank 4 in both the upper half and lower half of
      the shift network. The network of FIG. 9 is patterned from FIG. 3, but
      shows in the same manner as does FIG. 8, that certain logic functions may
      be simplified for particular bits of the ranks by recognizing that certain
      shift operations will produce identical results for particular bits. From
      the FIGURES it is believed to be clear how to construct the logic for each
      and every bit of the entire shift network according to this or any other
      embodiment of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A shift network which may operate in two alternate shift modes, the
      shift mode being preselected, the first mode being the shifting of a
      single full width input operand and the second mode being the shifting of
      two independent one half width input operands, said network comprising
PA1  an upper half section,
PA1  said section being comprised of a plurality of ranks of logic gates which
      operate on individual bits of operands to switch said operand bits to
      different outputs corresponding to a partial shift to be performed by said
      rank, connected in serial order, each rank being responsive to a
      preselected control signal to perform the designated partial shift such
      that all of said ranks can perform any operand shift of a designated
      possible group of shifts, said upper half section receiving as an input in
      said first mode the upper half of full width operands and in said second
      mode the upper operand of a pair of operands, said input depending on the
      preselected shift mode,
PA1  a lower half section,
PA1  said section being comprised of a plurality of ranks of logic gates which
      operate on individual bits of operands to switch said operand bits to
      different outputs corresponding to a partial shift to be performed by said
      rank, connected in serial order each rank being responsive to a
      preselected control signal to perform a designated partial shift such that
      all of said ranks can perform any operand shift of a designated possible
      group of shifts, said lower half section receiving as an input in said
      first mode the lower half of full width operands and in said second mode
      the lower operand of a pair of operands, said input depending on the
      preselected shift mode; and
PA1  means for connecting said upper and lower half sections comprised of logic
      gates responsive to control signals designating the preselected shift mode
      of said shift network to transfer bits of operands from the upper half
      section to the lower half section in the full width mode and to transfer
      sign extension bits in the half width mode to the lower half section.
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ABST
PAL  Apparatus for displaying a corrected value of the total shear force in a
      given cross-section of a ship, comprising means for generating a signal
      representing the total shear force in the selected cross-section and means
      for modifying said signal in relation to the cargo forward and aft of said
      cross-section.
BSUM
PAR  The present invention relates to an apparatus for correcting a total sheer
      force in a given cross-section of a ship for the distribution of shear
      forces within said section, a signal representing the total shear force
      within said cross-section being generated by means of an electronic or
      electromechanical device for establishing the total shear force within a
      selected cross-section of the ship.
PAR  There are previously known various electronic and electromechanical aids
      for calculating the bending and shear force stresses of a ship with
      respect to a desired cargo distribution to avoid non-permissible bending
      and shear force stresses within the compartments of the hull. These
      electronic or electromechanical aids frequently operate on a principle
      according to which the deadweight is obtained by adding useful load,
      bunker and ballast, the displacement is obtained by adding the deadweight
      and the lightweight, and the mean draught is a function of the
      displacement. The ship's trim is obtained by taking the difference between
      the load moments of the fore and aft halves of the ship. The shear force
      in a selected cross-section of the ship is obtained as the algebraic sum
      of the displacement, the lightweight, the cargo within the compartment
      concerned, and the shear force within the section between two
      compartments, while the bending moment is obtained by multiplying the
      shear force with the distance to the point of attack. The shear force thus
      established is the total shear force within the selected section, a given
      distribution of the shear forces within the section being presupposed. If
      there occurs a change in the distribution, the calculated shear force must
      be corrected, for instance by increasing or decreasing the deflection of
      an indicating instrument. This instrument may show the shear force in
      percent of the permissible value. Hitherto, this correction has been
      carried out by manual calculations with the aid of diagrams and the like.
      However, for reasons of safety and reliability, it was found desirable to
      provide for an automatic correction of the calculated shear force
      distribution within a selected section. To this end, the shear force
      signal of the selected cross-section is supplied to a second device and a
      third device, said signal being modified in said second device with
      respect to at least a part of or the entire cargo forward of the selected
      section and in said third device with respect to at least a part of or the
      entire cargo aft of the selected section, the numerically largest signal
      of the modified signals being selected and presented on a suitable
      instrument.
PAR  In the apparatus according to the invention, means for generating a signal
      representing a total shear force in a cross-section of the ship is
      connected to a first summing amplifier circuit and a second summing
      amplifier circuit, and a signal representing at least a part of or the
      entire cargo forward of the selected cross-section is connected to said
      first amplifier circuit via a first constant-representing element, while a
      signal representing at least part of or the entire cargo aft of the
      selected cross-section is connected to said second amplifier circuit via a
      second constant-representing element, the two amplifier circuits being
      connected to a selector circuit adapted to pass on the numerically largest
      signal of the two signals obtained from said amplifier circuits for
      indicating said signal on a suitable instrument.
PAR  The present invention makes it possible automatically to correct the shear
      force distribution between longitudinal bulkheads and the shell plating as
      well as any forces that are transferred directly via the bottom structure.
      Consequently, there are calculated two corrected values of the respective
      shear force T.sub.i, viz. T'.sub.Ki and T".sub.Ki
EQU  T'.sub.Ki = T.sub.i + constant .times. d.sub.j-1 + constant .times.
      W.sub.j-1 . . .                                           (1)
EQU  T".sub.Ki = T.sub.i + constant .times. d.sub.j + constant .times. W.sub.j .
      . .                                                       (2)
PAL  wherein
PA1  d.sub.j-1 = draught of hull compartment aft of the cross-section
PA1  d.sub.j = draught of hull compartment forward of the cross-section
PA1  W.sub.j-1 = cargo in hull compartment aft of the cross-section
PA1  W.sub.j = cargo in hull compartment forward of the cross-section.
PAR  The total shear force obtained by means of the electronic or
      electromechanical aid for a section thus is added to the respective
      correction, whereupon the numerically greatest shear force T'.sub.Ki or
      T".sub.Ki is presented by means of a suitable instrument.
DRWD
PAR  The invention will now be described in more detail, reference being had to
      the accompanying drawing which illustrates a circuit diagram of an
      embodiment of the apparatus according to the invention.
DETD
PAR  The apparatus according to the present invention comprises essentially
      three components 1, 2 and 3 as shown by dash and dot lines. Component 1 is
      a summing amplifier circuit serving to produce the quantity T'.sub.Ki in
      equation (1), while component 2 is a basically identical summing amplifier
      circuit for producing the quantity T".sub.Ki in equation (2). Component 3
      is a selector circuit for selecting the numerically largest quantity of
      either T'.sub.Ki and T".sub.Ki as obtained from said amplifier circuits 1
      and 2. The selected largest quantity, either T'.sub.Ki or T".sub.Ki, is
      represented by means of an instrument 4 which in the present case is a
      pointer instrument indicating in percent of a permissible value the shear
      force corrected within a given section with respect to the shear force
      distribution. The circuits illustrated in the drawing are required for
      each cross-section of the ship, in which section it is desired to correct
      the shear force or the shear force stresses in the above-mentioned manner.
PAR  The amplifier component 1 comprises an operation amplifier 5, the plus
      input of which is connected to e.g. an electronic or electromechanical
      device for generating a number of voltage signals representing the
      lightweight, mean draught, and trim of the ship, the shear force within a
      given cross-section of the ship, and the cargo in the hull compartments
      forward of the selected section. The lightweight signal is applied to the
      plus input of the operation amplifier 5 via resistor R.sub.1, the
      deadweight signal is applied to the plus input via a resistor R.sub.2, the
      trim signal is applied to the plus input via a resistor R.sub.3, the shear
      force signal is applied to the plus input via a resistor R.sub.4, and the
      load circuit is applied to the plus input via a resistor R.sub.5.
      Essentially the same is true also of the summing amplifier circuit 2 which
      comprises an operation amplifier 6, the minus input of which is applied to
      the above-mentioned signal voltages, and in addition the shear force
      signal is applied to the plus input of the amplifier 6 via a resistor
      R.sub.6, and the cargo signal represents the cargo in the hull
      compartments aft of the selected section and is applied to the minus input
      via a resistor R.sub.7. The trim signal is applied to the minus input via
      a resistor R.sub.8, the deadweight signal is applied to the minus input
      via a resistor R.sub.9, and the lightweight signal is applied to the minus
      input via a resistor R.sub.10. In the summing amplifier circuit 1 the
      deadweight signal is modified by means of the resistor R.sub.2 in such a
      manner that there occurs on the plus input a signal representing the
      draught of the compartments forward of the selected section. In the
      summing amplifier circuit 2 the resistance R.sub.9 has a corresponding
      function in that it modifies the deadweight signal into a signal on the
      minus input of the amplifier 6, which signal represents the draught of the
      compartments aft of the selected section. The minus input of the amplifier
      6 besides is connected to a reference source of 0V via a resistor R.sub.11
      and to the output of the amplifier 6 via a resistor R.sub.12. The
      amplifier 5 also has a feedback resistor R.sub.13 which is connected
      between the output and the minus input of the amplifier 5, the minus input
      besides being connected to a voltage input of -10V via a resistor
      R.sub.14, while the plus input of the amplifier 6 is connected to a
      voltage input of -10V via a resistor R.sub.15.
PAR  The outputs of the summing amplifier circuits 1 and 2 are so connected to
      the selector component 3 that the output of the operation amplifier 5 is
      connected to a diode bridge D.sub.1 -D.sub.4 via a resistor R.sub.17,
      while the output of the operation amplifier 6 is connected to the diode
      bridge D.sub.1 -D.sub.4 via a resistor R.sub.16. The resistor R.sub.16 is
      connected to the connection between the diodes D.sub.3 and D.sub.4, while
      the resistor R.sub.17 is connected to the connection between the diodes
      D.sub.1 and D.sub.2. Furthermore, the output of the operation amplifier 5
      is connected to the source of a field effect transistor 7 and to the gate
      of the field effect transistor 7 via a resistor R.sub.18, while the output
      of the operation amplifier 6 is connected to the source of a field effect
      transistor 8 directly and to the gate of a field effect transistor 8 via a
      resistor R.sub.19. The drains of the field effect transistors 7 and 8 are
      connected via a resistor R.sub.20  to one input of an instrument 4, the
      output of which is connected to a voltage input of 0V. The connection
      between the diodes D.sub.1 and D.sub.4 in the diode bridge D.sub.1
      -D.sub.4 is connected to the minus input of an operation amplifier 9,
      while the connection between the diodes D.sub.2 and D.sub.3 in the diode
      bridge is connected to the plus input of the operation amplifier 9. The
      minus input of the operation amplifier 9 is connected to a voltage input
      of 0V via a resistor R.sub.21 and to the output of the operation amplifier
      9 via a capacitor C. The plus input of the operation amplifier 9 is
      connected to a voltage input of 0V via a resistor R.sub.22 and to a
      voltage input of 0V via resistors R.sub.23 and R.sub.24 connected in
      series with one another. The connection between the resistors R.sub.23 and
      R.sub.24 is connected to the output of the amplifier 9 via a resistor
      R.sub.25. The output of the amplifier is connected via a zener diode Z and
      two resistors R.sub.26 and R.sub.27 to a voltage input of -15V. The zener
      diode Z and the resistors R.sub.26 and R.sub.27 are connected in series
      with one another. The connection between the resistors R.sub.26 and
      R.sub.27 is connected to the base of a transistor 10, the emitter of which
      is connected to a voltage input of -15V, while the collector of the
      transistor 10 is connected to the control electrode of the field effect
      transistor 8 via a diode D.sub.5, to a voltage input of +15V via a
      resistor R.sub.28, and to the base of a transistor 11 via a resistor
      R.sub.29. The base of the transistor 11 is connected to a voltage input of
      -15V via a resistor R.sub.30, while its emitter is connected to a voltage
      input of -15V, and the collector is connected on one hand to a voltage
      input of +15V via a resistor R.sub.31 and, on the other hand, to the
      control electrode of the field effect transistor 7 via a diode D.sub.6.
PAR  The circuit of the selector component 3 operates in such a manner that when
      the signal of the output from the operation amplifier 5 is greater than
      the signal of the output from the operation amplifier 6, the circuit
      throttles the field effect transistor 8 and renders the field effect
      transistor 7 conductive, whereby the signal from the output of the
      operation amplifier 5 is passed on to the instrument 4 which shows the
      largest shear force prevailing in the selected cross-section and corrected
      for shear force distribution within the selected section. If, on the other
      hand, the output signal from the operation amplifier 6 is greater than the
      output signal from the operation amplifier 5, the field effect transistor
      7 will be throttled and the field effect transistor 8 will be rendered
      conductive to pass the output signal from the operation amplifier 6 on to
      the instrument 4 which will thus always show the greatest shear force in a
      selected cross-section independently of its sign.
PAR  The opening and closing of field effect transistors 7 and 8 is controlled
      by the flip-flop formed by transistors 10 and 11. This flip-flop is set
      from the signal output of the operation amplifier 9. If the signal at the
      output of the operation amplifier is insufficient to render the transistor
      10 conductive the transistor 11 will be made conductive and open the
      transistor 7. If however the signal on the operation amplifier 9 is
      sufficiently large the transistor 10 is rendered conductive and transistor
      11 is rendered nonconductive whereby the transistor 8 will be conductive.
      When the transistor 7 is made conductive the signal from the output of the
      amplifier 5 is shown on the pointer instrument 7 and if the transistor 8
      is made conductive the output signal from the output of the amplifier 6 is
      shown on the pointer instrument 4.
PAR  The diode bridge D1-D4 and the operation amplifier 9 are utilized for
      obtaining the numerical difference of the signals from the amplifiers 5
      and 6 regardless of the sign. The output signal from the operation
      amplifier will always be the difference of the output signal from the
      amplifier 5 and the output signal from the amplifier 6 regardless of the
      sign of these signals.
CLMS
STM  What we claim and desire to secure by Letters Patent is:
NUM  1.
PAR  1. An apparatus for correcting a signal representing total shear force in a
      given cross-section of a ship for the distribution of shear forces within
      said section, comprising means for applying said signal to a first summing
      amplifier means means for applying a signal representing at least part of
      the entire cargo forward of the selected cross-section to said first
      summing amplifier means, means for applying said total shear force signal
      to a second summing amplifier means, means for applying a signal
      representing at least part of the cargo aft of the selected cross-section,
      to said second summing amplifier means, selector circuit means connected
      to said amplifier means and for passing on the numerically largest signal
      of the two output signals obtained from said amplifier means and means for
      indicating said largest signal.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, further comprising means for
      applying a signal representing the draught of the compartments forward of
      the selected cross-section to said first amplifier means and means for
      applying a signal representing the draught of the compartments aft of said
      selected cross-section to said second amplifier means.
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ABST
PAL  A lamp mounting for a material-handling tractor including a boom pivotally
      mounted on the tractor and having a material-handling bucket on the
      extending end of the boom. A lamp mounting member is pivotally mounted on
      the boom, and a link is connected between the tractor and the
      pivotally-mounted member for orienting the member in accordance with, but
      different from, the pivotal movement of the boom. A headlamp and a
      floodlamp are mounted on the lamp mounting member for illuminating the
      bucket in all pivoted positions of the boom, including the lower position
      of loading the bucket and the raised position of dumping the bucket, and
      the lamps are adjustable for directing their beams forwardly.
BSUM
PAR  This invention relates to a lamp mounting for a material-handling tractor,
      and, more particularly, it relates to a mounting for supporting lamps on
      the boom of a tractor such that the material-handling bucket will be
      illuminated in the various raised and lowered positions of the bucket.
PAC  BACKGROUND OF THE INVENTION
PAR  Illumination of work tools and the like by means of lamps is very old in
      the industrial arts generally. That is, the prior art is already aware of
      different arrangements of lamps on apparatus having work tools which are
      illuminated by the lamp. Further, the prior art is aware of having the
      lamps movably mounted on the apparatus so that the operator can direct the
      beam of light to the desired location on either the material being worked
      on or on the work tool or the like itself.
PAR  The present invention pertains to the mounting of a lamp in relation to a
      material-handling bucket which is pivotally mounted on a tractor. The
      general purpose and main advantage of the present invention is to mount
      the lamp so that the bucket, or the area immediately therearound, can be
      illuminated in all raised and lowered positions of the bucket, that is, in
      all positions of pivot of the boom which is on the tractor and supporting
      the bucket. Accordingly, it is the primary object of this invention to
      accomplish the aforementioned and to do so with reliable and accurately
      functioning mounting members, and with the entire arrangement being of a
      relatively simple and inexpensive nature.
PAR  Still further, the present invention provides for the mounting of lamps in
      relation to a pivotally-mounted material-handling bucket on a tractor, and
      with the arrangement being such that the lamp will generally direct a beam
      of light at the top of the bucket, when the bucket is in the lowered
      position adjacent the ground and being filled, and the lamp will direct
      its beam in the general direction of the bottom of the bucket, when the
      bucket is in the raised position over a truck or the like and the contents
      of the bucket are to be emptied into the truck. That is, the lamp is
      arranged so that the operator can see the material when the bucket is
      being loaded, and that is when the lamp is illuminating the material being
      loaded, and also the operator can see the bucket and the material when the
      bucket is raised and is being emptied.
PAR  Still further, the present invention provides for the mounting of a vehicle
      headlight type of lamp and also a flood type of lamp, with both lamps
      being mounted on a movable mounting member which automatically adjusts its
      orientation to that of a pivotally-mounted boom on which the lamp mounting
      member is pivoted.
PAR  Other objects and advantages will become apparent upon reading the
      following description in light of the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevational view of a tractor and its material-handling
      apparatus and the lamps and mounting members of this invention.
PAR  FIG. 2 is an enlarged view of a fragment of the apparatus shown in FIG. 1,
      and with the dot-dash lines showing that fragment of apparatus in a
      different position.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 shows a conventional type of tractor, generally designated 10, and
      it has ground engaging wheels 11 and is of course supported on the ground
      designated 12. Further, the tractor has an operator's station designated
      13 and the station 13 is located rearwardly of a steering wheel 14 which
      is controlled by the operator, all in a conventional and usual
      arrangement.
PAR  A boom 16 is pivotally mounted on the tractor at a pivot mounting
      designated 17, and the extending end of the boom 16 has a material
      handling bucket 18 pivoted to the boom at the pivot connection designated
      19, and that may all be of a conventional arrangement. A power cylinder
      assembly 21 is pivotally mounted between the tractor and the boom 16 at
      pivot connections 22 and 23, respectively. The cylinder assembly 21
      extends and contracts and is of a conventional arrangement and is
      conventionally powered, all for up and down pivot movement of the boom 16
      about its pivot connection 17. Also, a cylinder assembly 24 is pivotally
      connected in a manner shown in FIG. 1 such that the rod end of the
      assembly 24 is pivotally connected at a connection 26 to a link 27 which
      in turn is pivotally connected at a pivot connection 28 on the boom 16.
      Also, a link 29 is pivotally connected between the connection 26 and a
      connection 31 on the back of the bucket 18. With that arrangement of the
      connection for the cylinder assembly 24, it will be seen and understood
      that the cylinder 24 determines and controls the pivot of the bucket 18
      about its pivot connection 19 on the boom 16, especially in view of the
      hereinafter described support and connection for the rear end of the
      cylinder assembly 24.
PAR  FIGS. 1 and 2 show a lamp mounting member 32 which is pivotally connected
      and mounted on the beam 16 through a pin 33. The member 32 has an upper
      portion above the pin 33 and designated 34, and it has a lower portion
      adjacent a pin 36 which is pivotally connected to a link 37 which in turn
      is pivotally mounted on the tractor by means of a pin 38.
PAR  With the arrangement shown and described, it will be seen and understood
      that the lamp mounting member 32 is in the nature of a bellcrank
      controlled by the link 37 which is an alignment member for determining the
      upright orientation of the member 32 in accordance with and in response to
      and throughout the range of pivot of the boom 16. That is, FIG. 2 shows
      the boom 16 in its lower pivoted position, and it shows the member 32 in
      solid lines in accordance with the lowered pivot position of the boom 16;
      and FIG. 2 shows the boom 16 in dot-dash lines representing the raised
      pivoted position of the boom 16, and it shows the member 32 in dot-dash
      lines in the corresponding raised position. In the range of positions for
      the member 32 between the lowered solid-line position and the raised
      dot-dash line position of FIG. 2, the member 32 remains substantially
      upright in its orientation, all by virtue of the connection with the
      alignment member 37 which is also shown in dot-dash lines in FIG. 2 in the
      raised position of those members.
PAR  FIG. 2 further shows that there are actually two boom members 16, and they
      are disposed parallel to each other in side-by-side relation and are both
      pivotally mounted on the pivot connection 17. Also, there are two mounting
      members 32 on each of the two booms 16, one on each side thereof, and each
      member 32 is pivotally mounted on the pivot pin 33. Finally, there is only
      one link or alignment member 37 for each pair of members 32, and the
      member 37 carries the pivot pin 36 which pivotally connects to the
      respective lower end of each of the members 32. With this arrangement, the
      member 37 can swing up between the two booms 36, to achieve the dot-dash
      line position for the member 37 as shown in FIG. 2. Also, the pair of
      members 32 on each boom 16 can pivot or swing on the outside of each boom
      16, to also achieve the dot-dash line position of FIG. 2.
PAR  A headlamp 41 and a floodlamp 42 are mounted on the outer one of the
      mounting members 32, as shown in FIGS. 1 and 2. Electric wires 43 extend
      from the tractor and to the two lamps 41 and 42, in any conventional
      wiring arrangement, so that the lamps can be energized and illuminate in
      the forward direction of the apparatus, and each lamp is of a sealed beam
      type having a central axis designated 44 and 46 as indicated in FIG. 2.
      Further, the lamps 41 and 42 can be adjustably mounted on the member 32,
      by means of the adjusting nuts 47, and thus the lamp beams 42 and 46 can
      be directed upwardly and downwardly, with respect to the horizontal, as
      required and desired.
PAR  FIG. 1, and the solid-line showing of FIG. 2, show the direction of the
      beams of the lamps 41 and 42 when the boom is in the lowered position, and
      here it will be seen that the floodlamp 42 is mounted below the headlamp
      41 and casts a beam having an angle of approximately 25.degree., and the
      headlight lamp 41 casts a beam having an angle of approximately 7.degree..
      In both instances of the lamp beams and when the boom 16 is in its lowered
      position, the beams are directed substantially horizontally but across the
      upper portion of the bucket 18 which is shown in the material-loading
      position, for example. Thus, the ground or road in advance of the bucket
      18 is illuminated by the two lamps 41 and 42 in the FIG. 1 and solid-line
      FIG. 2 position of the boom 16. However, when the boom 16 is raised to its
      upper position, such as for dumping the bucket into a truck or the like,
      and this is the position shown in the dot-dash lines in FIG. 2, then the
      beam axis 44 and 46 are directed slightly above the true horizontal
      direction, as shown in FIG. 2, and that direction causes the lamps to
      illuminate toward the bottom of the raised bucket 18, and then the
      operator can see the bucket and still see forwardly of the tractor and he
      can see the contents being emptied from the bucket. That is, in the
      bucket-raised position, the lamp beams 44 and 46, and their subtended
      angles as shown in FIG. 1, illuminate the bottom of the bucket and
      therebelow when the boom 16 is in its raised position such as shown by the
      dot-dash lines of FIG. 2.
PAR  In the present invention, and according to the arrangement described, the
      lamps are therefore automatically adjustably mounted on the boom 16 for
      casting their beam of illumination forwardly, in accordance with but not
      with the same angle of pivoting the boom 16. The lamps 41 and 42
      themselves may be of a conventional arrangement, and thus the lamp 41 is a
      conventional headlight lamp for a tractor, and the lamp 42 is a
      conventional flood type of lamp. When the boom 16 is lowered, the headlamp
      41 does not have its beam blocked by the bucket 18, and this is also true
      when the boom 16 is raised to the dot-dash position of FIG. 2, and thus
      the tractor can be used in transport without having the headlight beam
      blocked by the bucket 18. The lamps 41 and 42 are adjustable in their beam
      up and down orientation in mounting 32 by means of a screw post and nut
      assembly at 47.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a tractor-mounted material-handling bucket apparatus of the type
      including a tractor and a boom pivotally mounted on the tractor for up and
      down pivotal movement and a bucket pivotally supported by said boom and
      being movable between a lowered loading position and a raised dumping
      position, the improvement comprising a lamp mounting member movably
      connected with said boom for movement in response to and according to
      pivotal movement of said boom, an alignment member connected with said
      lamp mounting member for moving said lamp mounting member relative to said
      boom and thereby align said lamp mounting member according to but
      different from the various up and down pivoted positions of said boom on
      said tractor, and a lamp attached to said lamp mounting member for
      illuminating toward said bucket.
NUM  2.
PAR  2. The tractor-mounted material-handling bucket apparatus as claimed in
      claim 1, wherein said lamp mounting member is pivotally mounted on said
      boom.
NUM  3.
PAR  3. The tractor-mounted material-handling bucket apparatus as claimed in
      claim 2, wherein said alignment member is a link pivotally connected with
      both said tractor and said lamp mounting member.
NUM  4.
PAR  4. The tractor-mounted material-handling bucket apparatus as claimed in
      claim 2, wherein said lamp mounting member has a portion extending away
      from the location of the pivot mounting on said boom, and said lamp being
      a sealed beam type of lamp and adjustably mounted on said portion whereby
      the beam from said lamp can be directed to the upper portion of said
      bucket, when said boom is in its lowered pivotal position, and to the
      lower portion of said bucket, when said boom is in its raised pivotal
      position.
NUM  5.
PAR  5. The tractor-mounted material-handling bucket apparatus as claimed in
      claim 1, including an additional said lamp on said lamp mounting member,
      the two said lamps bieng of the sealed beam type and mounted adjacent each
      other with the axis of their beams being parallel to each other, one of
      said lamps being a flood type of lamp and the other of said lamps being a
      vehicle headlight type of lamp, and with said one lamp having an overall
      angle of its beam greater than that of said other lamp.
NUM  6.
PAR  6. The tractor-mounted material-handling bucket apparatus as claimed in
      claim 1, wherein said lamp mounting member is pivotally mounted on said
      boom and has a portion extending away from the location of the pivotal
      mounting, said lamp being attached to said lamp mounting member on said
      portion thereof and being of a beam type oriented with said beam being
      directed substantially horizontally in the pivotally lowered position of
      said boom, and said alignment member being a link pivotally connected with
      both said tractor and said lamp mounting member and being of a length
      between its said pivotal connections and being pivotally connected at
      locations relative to the pivotal mounting of said boom on said tractor
      and of said lamp mounting member on said boom to have said lamp mounting
      member remain substantially in its same vertical orientation throughout
      the pivoting of said boom, whereby said beam is again directed
      substantially horizontally in the pivotally raised position of said boom.
NUM  7.
PAR  7. The tractor-mounted material-handling bucket apparatus as claimed in
      claim 6, including an additional said lamp mounted on said lamp mounting
      member, both said lamps being of the sealed beam type, and with one
      thereof having a beam of an angle greater than that of the other.
NUM  8.
PAR  8. The tractor-mounted material-handling bucket apparatus as claimed in
      claim 1, wherein said lamp mounting member is pivotally mounted on said
      boom and is pivotally connected with said alignment member in a manner to
      render said lamp mounting member in the nature of a bellcrank.
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ABST
PAL  A fluorescent lamp fitting which includes a sheet metal base having a pair
      of inwardly-directed flanges and a flexible plastic diffuser having
      outwardly-directed flanges which cooperate with said inwardly-directed
      flanges to hold said diffuser in relation to said base.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to fluorescent lamp fittings and particularly to
      ceiling-mounted units.
PAR  There are several criteria which are often required to be met by
      fluorescent lamp units which are to be ceiling-mounted. One of these is a
      good light distribution, both as far as spreading light evenly over the
      area to be illuminated and also by making the best use of the light from
      the tube or tubes of the unit. It is also desirable to provide a unit
      which is simple for the manufacturer to assemble. A third is to make a
      unit which can easily be serviced when in position, bearing in mind that
      such units are often located at 10 feet to 12 feet above floor level.
PAR  There have previously been proposed various fluorescent light units which
      satisfy one or more of the foregoing criteria, but generally they do not
      satisfy each of these criteria.
PAR  It is an object of the present invention to provide a fluorescent lamp
      fitting which is economical to manufacture, while being sturdy, which can
      be serviced relatively easily when located and which, at the same time,
      provides a good light output.
PAC  SUMMARY OF THE INVENTION
PAR  By virtue of this invention there is provided a fluorescent lamp fitting
      which includes a base plate and a diffuser which can be clipped to the
      base plate, the base plate having inwardly-directed flanges and the
      diffuser having outwardly-directed flanges which are adapted to
      inter-engage whereby the diffuser is held in its required position.
PAR  Preferably there are also provided end caps which are frictionally fitted
      within the ends of the base plate or connecting sleeves, whereby two lamps
      can be inter-connected, with little or no spacing therebetween.
PAR  In a preferred form of the invention the end caps are provided with flanges
      along their lower surfaces, which flanges act to cause the diffuser to
      adopt a required shape and which may also act, together with part of the
      diffuser, to enable the diffuser to be pivoted from either side, so that,
      for example, lamp replacement or cleaning of the diffuser can be achieved
      without the necessity of removing the diffuser completely from the lamp.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In order that the invention may be more readily understood and put into
      practice, reference will be made to the following drawings in which:
PAR  FIG. 1 is a transverse section through a lamp made in accordance with the
      invention;
PAR  FIG. 2 is a transverse section of the diffuser of the lamp of FIG. 1 in its
      rest condition;
PAR  FIG. 3 is a sectional view taken substantially along line 3--3 of FIG. 1
      looking in the direction of the arrows;
PAR  FIG. 4 is a partial elevation of the fitting looking along line 4--4 of
      FIG. 1;
PAR  FIG. 5 is a sectional view of the lamp showing the diffuser in its hinged
      downwardly condition;
PAR  FIG. 6 is a perspective view of one of the end caps of the lamp;
PAR  FIG. 7 is a partial perspective of the base plate; and
PAR  FIG. 8 is a perspective from above of the completed lamp.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIGS. 1 and 7, the base plate 10, which may be made of sheet
      metal, has a web 11 from which there are two downwardly-extending flanges
      12, at the outer end of each of which there is an inwardly-directed flange
      13. This base plate may be made from a single sheet of metal and can be
      continuously rolled and cut to length, thus simplifying manufacture.
PAR  When a single fitting is to be used, there is fitted to each end of the
      base plate 10 an end cap 15. This end cap may be of a synthetic plastic
      material and has an end member 16, an upper flange 17 and two side flanges
      18, the flanges 17 and 18 being adapted to frictionally fit within the
      base plate 10, as can be seen in FIG. 1. The end cap also has a lower
      flange 19 and two lower side flanges 24 which are adapted to retain and
      form the diffuser as will be hereinafter described.
PAR  The diffuser 20 has a main surface 21, a pair of inwardly-directed flanges
      22 and a pair of outwardly-directed flanges 23. The diffuser may be an
      acrylic panel approximately 0.125 inch thick and may be formed on its
      outer surface as a prismatic panel, each prism redirecting light incident
      thereon at under 45.degree.. The diffuser is slightly flexible to enable
      fitting, as will be described hereinafter.
PAR  When a lamp fitting is to be assembled, a base plate of the correct length
      is made or cut from a longer length, a diffuser of the same length is
      formed and two end caps are required. The fitting, of course, also needs
      the conventional components, connector brackets to receive the fluorescent
      tube or tubes, ballast(s) and starter(s). Some or all of these components
      may be mounted on a removable gear tray which is not illustrated.
PAR  In order to assemble the lamp it is only necessary to frictionally engage
      the end caps within the base plate, to locate one side of the reflector 20
      with the outwardly-directed flange or extension 23 extending beyond the
      inwardly-directed flange or extension 13 of the base plate and with the
      side flange 24 lying on the outside of the reflector, and then slightly
      deform the diffuser by causing it to curve around the flange 19, at which
      time the other side of the diffuser can be located by bending
      inwardly-directed flange 22, so that flange 23 can pass within the flange
      13 again with the flange 24 being on the outside of the diffuser. Once
      this position is achieved, the diffuser is fully located, its main surface
      adopts a curve, the shape of which is controlled by the flange 19 and the
      unit gives a neat and pleasing appearance. It has been found that using
      the unit of the invention good spread of light up to approximately
      60.degree. is obtained, there is little light output between 70.degree.
      and .pi..degree. and there is a certain amount of light directed to the
      ceiling, which is desirable.
PAR  If it is required to change a tube or clean the diffuser, it is possible to
      unclip one side of the diffuser and permit the diffuser to rotate until
      the flange 22 assumes a position where it lies along flange 19, that is a
      position more or less shown in FIG. 5. As this can be done from either
      side, it means that in a multitube fitting, either tube can be replaced
      simply, and it also means that access can be obtained from either side.
PAR  In the illustrated embodiment we have shown the use of a particular form of
      end cap. If fittings of this general type are to be butted, it is possible
      to physically butt them without using end caps or if required, a
      double-sided end cap can be provided so that the fittings terminate
      closely adjacent one another but, at the same time, the span of any
      diffuser is not so great as that the required orientation is not
      maintained throughout its length.
PAR  It is to be understood that many modifications can be made in the present
      fitting within the scope of the appended claims.
PAR  What is claimed and desired to be secured by Letters Patent of the United
      States is:
CLMS
NUM  1.
PAR  1. A fluorescent light fitting adapted to be mounted on a surface for
      projecting light therefrom which includes: a base plate adapted for
      securement to said surface, said plate having inwardly-directed flanges; a
      removable diffuser for mounting to said base plate and for projecting said
      light in a predetermined manner, said diffuser having outwardly-directed
      flanges which are adapted to inter-engage said inwardly-directed flanges
      of said base plate so as to hold said diffuser in position with respect to
      said base plate; and end caps for mounting to the ends of said base plate,
      each of which have extensions complementary to said base plate for
      frictional inter-engagement with said base plate and where the end caps
      extend below the base plate and each has an inwardly-directed lower
      flange, which lower flange defines a required shape for the diffuser, the
      diffuser being flexible, and when located with its ends beneath the said
      lower flanges, assumes the required shape; wherein said diffuser has a
      main surface which lies beneath the lower flanges, an intermediate
      inwardly-directed flange along each edge of the main surface, and the
      outwardly-directed flange extends from the intermediate flanges; and
      wherein the lower flange of the end caps are so formed relative to the
      intermediate flanges of the diffuser, that the diffuser can hinge at
      either end of the lower flanges.
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PAL  Circuitry providing a scanning threshold for a scanning apparatus in
      response to the output of a photomultiplier of the apparatus produced
      during a threshold determining scan of the field uses a first memory
      circuit to store a signal level indicative of the maximum light intensity
      sensed by the photomultiplier with a second memory circuit provided to
      store a signal level indicative of the minimum light intensity sensed. A
      threshold circuit connects with the stored signals to provide a threshold
      signal intermediate the two stored signal levels. An inhibiting circuit
      may be provided to prevent the second memory circuit from responding to
      signals below a predetermined level. Inhibiting circuitry and memory
      deletion circuitry are used to condition the memories prior to and
      immediately following a threshold determining scan.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to threshold signal determining circuits for use in
      scanning instruments.
PAR  Various scanning instruments are available for scanning a field which
      varies in opacity or reflectivity. Such instruments generally employ a
      light to electric transducer, which presents an output in accordance with
      the light received from the field as it is scanned. A photomultiplier
      amplifier, a vidicon tube or image dissector tube are examples of light to
      electric transducers used in scanning instruments. The output from the
      light to electric transducer is generally related to some threshold signal
      level when the instrument is required to provide an output involving an
      interpretation of the scan. For example, when the output from the light to
      electric transducer exceeds an established threshold signal level such
      output may indicate that the portion of the field giving rise to such
      output contains a condition being sought while any lesser output indicates
      the field portion then being scanned does not contain the condition being
      sought or visa versa.
PAR  Some instruments require manual adjustment of the threshold level by the
      operator with the results obtained checked against an operator count or
      operator measurement of the condition being examined.
PAR  It is desirable that any threshold level signal for a scanning instrument
      be established as quickly and accurately as possible without requiring any
      judgment or apparatus adjustment by the operator and that it be made for
      each field to be examined. In addition, it is desirable that the threshold
      level signal be established immediately prior to an operative scan of the
      field.
PAR  There are applications for scanning instruments which require the scan of
      the field presented on a petri plate on which paper discs are located. It
      is desirable that a threshold signal determining circuit for an instrument
      used for such purpose be arranged so that the threshold level signal will
      not be determined in any way by the output of the light to electric
      transducer produced when such paper discs are scanned.
PAC  SUMMARY OF THE INVENTION
PAR  The invention disclosed herein is embodied in a circuit for providing a
      scanning threshold signal or signals for a scanning apparatus in response
      to the output of the light to electric transducer of the apparatus
      produced during a threshold signal determining scan of a field wherein the
      circuit comprises a first memory circuit portion connected to the output
      of the light to electric transducer for storing a signal proportional to
      the maximum light intensity received by the light to electric transducer
      during the threshold signal determining scan; a second memory circuit
      portion connected to the output of the light to electric transducer for
      storing a signal proportional to the minimum light intensity received by
      the light to electric transducer during the threshold determining scan;
      and a threshold level circuit portion connected for responding to said
      signal stored by the first memory circuit portion and the signal stored by
      the second memory circuit portion for providing a threshold level signal
      that is less than said signal stored by the first memory circuit portion
      and greater than the signal stored by the second memory circuit portion.
PAR  The invention presented herein also provides for an inhibiting circuit
      portion connected to the second memory circuit portion when it is desired
      that the second memory circuit portion be prevented from responding to the
      output from the light to electric transducer when said output is less than
      a predetermined portion of the signal stored by the first memory circuit
      portion. This inhibiting circuit portion is useful where fields to be
      scanned may be of the type mentioned wherein discs or the like are
      present, and it is desired that the output of the light to electric
      transducer due to the discs be disregarded when establishing the scanning
      threshold signal. In this case, the inhibiting circuit portion can provide
      an output indicative of the presence of a disc which can be used in an
      analysis of the scan made of the field.
PAR  In addition, the goal of eliminating operator functions is furthered by the
      inclusion of an inhibiting circuit portion connected to said first and
      second memory circuit portions for preventing said first and second memory
      circuit portions from responding to the output of the light to electric
      transducer after completion of the threshold signal determining scan of
      the field.
PAR  Automatic operation of the circuit is enhanced still further by providing a
      memory deletion circuit portion connected to said first and second memory
      circuit portions for deleting the signals stored by said first and second
      memory circuit portions in response to a start signal initiating the start
      of the threshold signal determining scan of the field.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be understood and its various advantages will become
      apparent from the description to follow given in conjunction with the
      accompanying drawing wherein like numerals refer to like elements and
      wherein:
PAR  FIG. 1 is a block diagram of the circuitry embodying the invention; and
PAR  FIG. 2 is a schematic exemplary showing of circuit details for the circuit
      portions shown in block diagram form in FIG. 1.
DETD
PAC  DESCRIPTION
PAR  FIG. 1 shows in block diagram form the various circuit portions providing
      the threshold signal determining circuit embodying this invention. The
      light to electric transducer 10 is a part of a scanning apparatus (not
      shown) and provides an output signal that is determined by the light
      intensity received from a field as it is scanned by the scanning
      apparatus. Any scanned pattern that will provide good coverage of the
      field can be used when determining a threshold signal using a circuit of
      this invention. The output of the transducer 10 is applied to a maximum
      light level memory 12, a minimum light level memory 14, an inhibiting
      circuit 16 and a comparator circuit 26. The comparator circuit 26 is
      connected to receive a second input from a threshold level circuit portion
      18. In addition, the circuit includes an inhibiting circuit portion 20 and
      a memory deletion circuit portion 22. Each of the circuit portions 20 and
      22 are connected with the circuit portion 12 and circuit portion 14. The
      inhibiting circuit portion 20 and the memory deletion circuit portion 22
      are each controlled by a start signal applied at the start signal input
      24. The threshold level circuit portion 18 is connected to the memory
      circuit portions 12 and 14. Inhibiting circuit portion 16 is connected to
      the connection between memory circuit 12 and threshold circuit 18. The
      connection between the inhibiting circuit portion 16 and the memory
      circuit portion 14 completes the diagram of FIG. 1. The comparator circuit
      26 is included in the diagram to illustrate how the threshold signal is
      used.
PAR  The maximum light level memory 12 responds to the output of transducer 10,
      which varies in proportion to the light intensity received by the
      transducer 10 during the scan of a field (not shown), to store a signal
      which is proportional to the maximum light intensity level received by
      transducer 10. Similarly, the minimum light level memory 14 responds to
      the output of transducer 10 to store a signal which is proportional to the
      minimum light intensity level received by transducer 10. The signal stored
      in memory 12 and memory 14 are applied to the threshold level circuit 18
      to provide the comparator 26 with a threshold signal for the scanner that
      is less than the signal stored in memory 12 and greater than the signal
      stored in memory 14. The comparator circuit portion 26 also receives the
      output signal from the transducer 10 which is compared with the threshold
      level signal received from circuit portion 18 for providing a signal of
      one polarity when the output of the transducer 10 is in excess of the
      threshold level signal and providing a signal of the opposite polarity
      when the output of transducer 10 is less than the threshold level signal.
PAR  Once the threshold level signal has been determined in response to a
      threshold level signal determining scan of the field, it is desirable that
      the memories 12 and 14 be inhibited not to respond to any further output
      from transducer 10 which will be produced when an operational scan of the
      field is made. An operational scan means a scan made of a field for
      obtaining output data relative to the factors to be considered with
      respect to the field. Accordingly, inhibiting circuit portion 20 is
      provided which serves to inhibit the memory circuit portion 12 and 14 from
      responding to any input from transducer 10 provided after the threshold
      level signal determining scan is completed. While the inhibiting circuit
      portion 20 is connected to receive a start signal applied to the input 24,
      the inhibiting circuit portion 20 is not effective to inhibit the
      operation of memories 12 and 14 until the threshold signal determining
      scan has been completed. Since the threshold level signal determined with
      respect to one field normally will not be valid for another field to be
      scanned, it is desirable that the signals stored in memories 12 and 14 in
      response to a threshold signal determining scan for a field be deleted and
      a threshold signal be determined prior to the scanning of each subsequent
      field. The deletion function is accomplished by the memory deletion
      circuit portion 22 which is connected to the memories 12 and 14. The
      memory deletion circuit portion 22 responds to a start signal applied to
      the input 24 to delete the signal stored in memories 12 and 14 at the
      start of a threshold signal determining scan for a field to be examined.
PAR  There are applications for a scanning apparatus where the fields to be
      examined will contain areas of opacity or reflectivity that provide output
      signals from the transducer 10 which should not be considered when making
      a threshold signal determining scan of the field. An application of this
      type may, for example, involve the scanning of petri plates on which an
      agar medium has been placed with a pathogen and a number of paper discs
      containing antibiotics located on the agar. Three distinct levels of
      opacity are obtained with such a plate: the zone areas in which no
      bacteria grow, these areas being more clear than any other area; the
      bacteria areas which are slightly opaque, and the discs which are almost
      totally opaque. Two independent intensity thresholds are desired: a first
      to distinguish zone areas from bacteria areas, and a second to distinguish
      bacteria areas from discs. Because the thickness of the agar varies from
      plate to plate and the extent of growth of bacteria varies from plate to
      plate, no single set of intensity thresholds can be used for all plates.
      If the transducer 10 output produced when a disc is scanned were to be
      used in establishing the threshold signal for use in distinguishing zone
      areas from bacteria areas, the minimum light level memory 14 would most
      likely store a signal having a level corresponding to that produced when a
      disc was scanned. The inhibiting circuit portion 16 is used as a part of
      the circuitry when scanning involves a problem of the type just described.
      The circuit portion 16 provides an inhibiting signal to memory 14 whenever
      the output of transducer 10 is less than a predetermined portion of the
      signal stored by the memory 12 so the output of memory 14 will not be
      influenced by signals applied to it from transducer 10 when the inhibiting
      signal from circuit 16 is present. The inhibiting circuit portion 16 in
      such case also provides a signal indicative of a disc. As will be
      explained when discussing the details of portion 16, this requires the
      second threshold mentioned plus a comparator circuit.
PAR  FIG. 2 is a schematic exemplary showing of specific circuitry that can be
      used for the various circuit portions shown in FIG. 1. To simplify the
      drawing, the various operational amplifiers used are shown without the
      necessary positive and negative voltage sources shown connected to the
      amplifiers. For purposes of illustration, the light to electric transducer
      10 is shown to include a photomultiplier 27 and an operational amplifier
      28. The photomultiplier 27 is connected to the negative (inverting) input
      of the operational amplifier 28 so an increase in light intensity detected
      by the photomultiplier 27 will cause its input to the operational
      amplifier 28 to become more negative causing a positive going signal to be
      presented at the output of the operational amplifier 28. The maximum light
      level memory 12 includes an operational amplifier 29 which has its output
      connected to an integrating circuit for integrating any positive signals
      presented at the output of the amplifier 29 with an operational amplifier
      33 connected to the integrating circuit. The integrating circuit includes
      the resistor 30, diode 31 and capacitor 32. The side of the capacitor 32
      connected to the cathode of diode 31 is connected to the positive input
      terminal of the operational amplifier 33 while the other side of the
      capacitor 32 is connected to ground. The output of operational amplifier
      33 is connected to its negative input and to the negative input of
      operational amplifier 29. With such an arrangement, the voltage presented
      on capacitor 32 will be presented at the output of operational amplifier
      33. As will be explained, the voltage present on capacitor 32 prior to the
      start of a scan for determining the threshold level signal for a field to
      be scanned is deleted at the beginning of such scan by discharging
      capacitor 32. The capacitor 32 is then charged in accordance with the
      maximum signal level received from operational amplifier 29.
PAR  The minimum light level memory 14 is identical in structure with the
      maximum light level memory circuit portion 12 with the exception that the
      diode in circuit 14 is poled in the opposite direction from diode 31 of
      circuit 12. The various corresponding components are, therefore,
      identified in FIG. 2 using the same reference numerals as were used for
      the components in circuit 12 with the prime mark added to the reference
      numeral. As will be explained, the voltage present on capacitor 32' prior
      to the start of a scan for determining the threshold level signal for a
      field to be scanned is deleted at the beginning of such scan by charging
      the capacitor 32'. Whenever the output of operational amplifier 29'
      presents a signal level which is below the voltage on capacitor 32',
      capacitor 32' discharges to such voltage level. The discharge path for
      capacitor 32' is via diode 31', resistor 30' and thence to ground via the
      negative voltage supply (not shown) for the amplifier 29'. Upon completion
      of the threshold level signal scan, the charge on capacitor 32' will be
      equal to the lowest output voltage presented at the output of operational
      amplifier 29'.
PAR  Upon completion of the scan for determining the threshold level signal, the
      output of memory 12 will have a voltage that is proportional to the
      highest light intensity detected by the photomultiplier 27 during such
      scan while the output of memory 14 will present a voltage proportional to
      the lowest light intensity detected by the photomultiplier 27 during such
      scan. Series connected resistors 34 and 35 are connected between the
      output of operational amplifiers 33 and 33' to provide the threshold level
      circuit 18. The threshold level signal is obtained at the connection
      common to resistors 34 and 35. The threshold level signal will have a
      value that is the average of the voltage at the output of operational
      amplifier 33 and the voltage at the output of operational amplifier 33' if
      like resistors are used for resistors 34 and 35.
PAR  The comparator circuit portion 26 includes an operational amplifier 36
      which has its negative terminal connected to receive the threshold level
      signal from circuit 18 and its positive terminal connected to the output
      of transducer 10 via a resistor 37. The output signal of comparator
      circuit 26 is positive when the output of the transducer 10 presents a
      signal that is greater than the threshold level signal and is negative
      when the output of the transducer 10 is less than the threshold level
      signal.
PAR  The memory deletion circuit portion 22 includes the NPN transistors 38 and
      39 and the PNP transistor 40. Transistors 38 and 39 have their emitter
      electrodes connected to ground with the collector electrode of transistor
      38 and the base electrode of transistor 39 connected to a positive voltage
      (shown as +15 volts) via a resistor 41. The collector electrode of
      transistor 39 is connected via a diode 42 and resistor 43 to the positive
      input of the operational amplifier 33 for the maximum light level memory
      12. The cathode of diode 42 is connected to the collector electrode of
      transistor 39. The collector electrode of transistor 39 is also connected
      to a positive voltage source (shown as +15 volts) via the series connected
      resistors 44 and 45. The base of transistor 40 is connected to the
      connection common to resistors 44 and 45, while the emitter electrode is
      connected to the positive voltage source (shown as +15 volts). The
      collector electrode of transistor 40 is connected via a resistor 46 to
      capacitor 32'  of the minimum light level memory 14. The input 24 is
      connected to the base of transistor 38 via a capacitor 72 and a resistor
      47. The connection common to capacitor 72 and resistor 47 is connected to
      a positive voltage source (shown as +5 volts) via a resistor 8.
PAR  Since the start signal at input 24 is applied to both the inhibiting
      circuit 20 and the memory deletion circuit 22 causing the operation of the
      two circuits to be inter-related, details of the inhibiting circuit
      portion 20 will be considered before discussing the operation of the
      memory deletion circuit portion 22. The inhibiting circuit portion 20
      includes an NPN transistor 48 and a PNP transistor 49. The base of
      transistor 48 is connected to a positive voltage source (shown as +5
      volts) via series connected resistors 50 and 51. The input 24 is connected
      to the connection common to resistors 50 and 51. The emitter of transistor
      48 is connected to ground while the collector is connected to a positive
      voltage source (shown as +15 volts) via series connected resistors 73 and
      53. The emitter of transistor 49 is connected to the same voltage source,
      while its base is connected to the connection common to resistors 73 and
      53. The collector of transistor 49 is connected directly to the cathode of
      diode 31' of the minimum level memory circuit portion 14. Diode 74, which
      has its cathode connected to the collector of transistor 48, has its anode
      connected to the anode of diode 31 in the maximum light level memory
      circuit portion 12. The collector of transistor 48 is also connected to
      the collector of transistor 39 via a diode 75, which has its anode
      connected to the collector of transistor 48.
PAR  The signal present at the input 24 will be referred to as either being high
      or low for purposes of explaining the operation of the inhibiting circuit
      portion 20 and the memory deletion circuit portion 22. Input 24 is
      normally high and upon application of a start signal which initiates the
      scanning of the field for purposes of establishing the threshold level
      signal, the signal at input 24 is low. Presence of a low signal at input
      24 causes the transistors 48 and 49 of the inhibiting circuit portion 20
      to be off. With the signal at input 24 low, the voltage at the base of
      transistor 38 is reduced for a time due to the discharge of capacitor 46
      causing the transistor 38 to be turned off. With transistor 38 turned off,
      current flows to the base of transistor 39 causing transistor 39 to
      conduct. The conduction of transistor 39 reduces the voltage at the base
      of transistor 40 causing transistor 40 to conduct to cause capacitor 32'
      of the minimum light level memory 14 to be charged to approximately the
      positive voltage level applied to the emitter of transistor 40. The
      voltage presented at the output of minimum light level memory 14
      representative of the minimum light level that had been detected during
      the preceding threshold level signal determining scan is thereby
      effectively deleted being replaced by a higher voltage. The voltage
      present on capacitor 32 of the maximum light level memory 12 is reduced to
      a small fraction of a volt since capacitor 32 is discharged via diode 42
      and the conducting transistor 39. The voltage present at the output of
      operational amplifier 33 representative of the maximum light level
      detected during the preceding threshold level signal determining scan is
      thereby deleted. It should be noted that when transistor 39 is conducting
      the output of operational amplifier 29 of the maximum light level memory
      12 is shunted to ground via the diodes 74, 75 and transistor 39, so the
      output of operational amplifier 29 will not interfere with the rapid
      discharge of capacitor 32 by the memory deletion circuit portion 22.
PAR  though the signal at the input of 24 remains low, capacitor 72 is allowed
      to charge so the base of transistor 38 again becomes sufficiently positive
      to cause transistor 38 to conduct which in turn causes transistors 39 and
      40 to be turned off. With transistors 39 and 40 turned off, the maximum
      light level memory circuit portion 12 and the minimum light level memory
      circuit portion 14 respond to the signals received from the transducer 10
      during the threshold level signal determining scan. The signal to the
      input 24 is high when the threshold signal determining scan is completed
      causing transistors 48 and 49 to conduct. The conduction of transistor 48,
      which has its collector connected via diode 74 to the output produced by
      the operational amplifier 29 serves to inhibit the application of the
      output of operational amplifier 29 to the capacitor 32. Similarly, since
      the collector of transistor 49 is connected to the cathode of diode 31',
      conduction of transistor 49 causes the cathode of diode 31' to be
      sufficiently positive to prevent any further discharge of the capacitor
      32'.
PAR  The inhibiting circuit portion 16 includes an operational amplifier 54
      connected as a comparator circuit which has its negative input connected
      to a threshold level circuit which includes resistors 55 and 56 connected
      in series between the output from the operational amplifier 33 of the
      circuit portion 12 and ground. The negative input of operational amplifier
      54 is connected to the connection common to resistors 55 and 56. In one
      circuit using an inhibiting circuit portion 16, the values for resistors
      55 and 56 were chosen so that the voltage threshold signal applied to the
      negative terminal of operational amplifier 54 would be only approximately
      5% of the voltage level available from the maximum light level memory
      circuit portion 12. The output of the transducer 10 is connected to the
      positive input for operational amplifier 54 via a resistor 7. When the
      output of transducer 10 provides a signal which is less than the signal
      applied to the negative input terminal of operational amplifier 54, a
      negative signal will appear at the output of operational amplifier 54 and
      visa versa. In the case of antibiotic discs on agar plates with bacteria
      present, a disc when scanned will cause a negative signal to appear at the
      output of operational amplifier 54. The output from operational amplifier
      54 is applied to an inverter 57 via a resistor 58 with a diode 59
      connected between the input to the inverter 57 and a positive voltage
      source (shown as +2 volts) to limit the input to the inverter to safe
      levels. With the input signal to the inverter 57 negative, a positive
      signal will be produced at its output which is applied to the cathode of
      diode 31' via diode 60 to inhibit the operation of the minimum light level
      memory circuit portion 14 from responding to the output of transducer 10
      applied to the circuit portion 14 at that time. Until the output of the
      inverter goes positive, the output of the inverter 57 is at ground.
      Accordingly, a signal from transducer 10 which is less than the signal
      applied to the negative input terminal of operational amplifier 54 will
      not affect the voltage stored on capacitor 32' of the minimum light level
      memory 14.
PAR  The output of the inverter is shown connected to a positive voltage (shown
      as +5v) via a resistor 61. The 5 volts available via resistor 61 assures
      that a full 5 volts will be presented as an inhibiting signal when the
      output of inverter 57 does go positive.
PAR  For use in the case of antibiotic discs on agar plates with bacteria
      present, the operation of the circuitry which includes the inhibiting
      circuit portion 16 can be summarized as follows. Amplifier 33 presents an
      output that is a measure of the greatest intensity detected during the
      threshold determining scan. Zones present a high intensity. Amplifier 33'
      presents an output that is a measure of the least intensity detected
      during the threshold determining scan, exclusive of discs scanned. The
      most opaque bacteria areas provide this measure of intensity. The junction
      of resistors 34 and 35 provide an intensity threshold signal indicative of
      the dividing point between zones and bacteria. The junction of resistors
      55 and 56 provides an intensity threshold signal indicative of the
      dividing point between bacteria and discs. With such threshold signals
      provided and an operational scan of the field made, the output of
      operational amplifier 54 is negative when a disc is seen, while the output
      of operational amplifier 36 is positive when a zone is seen. In addition,
      when bacteria are seen during an operational scan, the output of
      operational amplifier 36 is negative and the output of operational
      amplifier 54 is positive.
PAR  This circuitry, when using the inhibiting circuit portion 16, can be
      applied to other applications where three general opacity levels are
      observed, and it is desired to automatically generate binary signals
      indicative of which of the three classes is being sensed.
PAR  In the light of the above teachings, alternative arrangements and
      techniques embodying the invention will be suggested to those skilled in
      the art. The scope of protection afforded the invention is not intended to
      be limited to the specific embodiments disclosed, but is to be determined
      only in accordance with the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A circuit for providing a scanning threshold signal for a scanning
      apparatus having a light to electric transducer, said signal determined in
      response to the output of said transducer produced during a threshold
      signal determining scan of a field comprising:
PA1  a first memory circuit portion connected to the output of the light to
      electric transducer for storing a signal indicative of the maximum output
      of the light to electric transducer during the threshold signal
      determining scan;
PA1  a second memory circuit portion connected to the output of the light to
      electric transducer for storing a signal indicative of the minimum output
      of the light to electric transducer during the threshold determining scan;
PA1  inhibiting circuit portion connected to said transducer, said first memory
      circuit portion and said second memory circuit portion for preventing said
      second memory circuit portion from responding to the output from the light
      to electric transducer that is less than a predetermined portion of the
      signal stored by said first memory circuit portion; and
PA1  a threshold level circuit portion connected for receiving said signal
      stored by said first memory circuit portion and said signal stored by said
      second memory circuit portion for providing a threshold level signal that
      is less than said signal stored by said first memory circuit portion and
      greater than said signal stored by said second memory circuit portion.
NUM  2.
PAR  2. A circuit in accordance with claim 1 further comprising an inhibiting
      circuit portion connected to said first and second memory circuit portions
      for preventing said first and second memory circuit portions from
      responding to the output of the light to electric transducer upon
      completion of the threshold signal determining scan of the field.
NUM  3.
PAR  3. A circuit in accordance with claim 1 further comprising a memory
      deletion circuit portion connected to said first and second memory circuit
      portions for deleting the signals provided by said first and second memory
      circuit portions at the start of the threshold signal determining scan of
      the field.
NUM  4.
PAR  4. A circuit in accordance with claim 1 further comprising an inhibiting
      circuit portion connected to said first and second memory circuit portions
      for preventing said first and second memory circuit portions from
      responding to the output of the light to electric transducer upon
      completion of the threshold signal determining scan of the field and a
      memory deletion circuit portion connected to said first and second memory
      circuit portions for deleting the signals stored by said first and second
      memory circuit portions at the start of the threshold signal determining
      scan of the field.
NUM  5.
PAR  5. A circuit for providing a scanning threshold signal for a scanning
      apparatus having a light to electric transducer, said signal determined in
      response to the output of said transducer produced during a threshold
      signal determining scan of a field comprising:
PA1  a first memory circuit portion connected to the output of the light to
      electric transducer for storing a signal indicative of the maximum output
      of the light to electric transducer during the threshold signal
      determining scan;
PA1  a second memory circuit portion connected to the output of the light to
      electric transducer for storing a signal indicative of the minimum output
      of the light to electric transducer during the threshold determining scan;
PA1  a inhibiting circuit portion connected to said first and second memory
      circuit portions for preventing said first and second memory circuit
      portions from responding to the output of the light to electric transducer
      upon completion of the threshold signal determining scan of the field; and
PA1  a threshold level circuit portion connected for receiving said signal
      stored by said first memory circuit portion and said signal stored by said
      second memory circuit portion for providing a threshold level signal that
      is less than said signal stored by said first memory circuit portion and
      greater than said signal stored by said second memory circuit portion.
NUM  6.
PAR  6. A circuit for providing a scanning threshold signal for a scanning
      apparatus having a light to electric transducer, said signal determined in
      response to the output of said transducer produced during a threshold
      signal determining scan of a field comprising:
PA1  a first memory circuit portion connected to the output of the light to
      electric transducer for storing a signal indicative of the maximum output
      of the light to electric transducer during the threshold signal
      determining scan;
PA1  a second memory circuit portion connected to the output of the light to
      electric transducer for storing a signal indicative of the minimum output
      of the light to electric transducer during the threshold determining scan;
PA1  a memory deletion circuit portion connected to said first and second memory
      circuit portions for deleting the signals stored by said first and second
      memory circuit portions at the start of the threshold signal determining
      scan of the field; and
PA1  a threshold level circuit portion connected for receiving said signal
      stored by said first memory circuit portion and said signal stored by said
      second memory circuit portion for providing a threshold level signal that
      is less than said signal stored by said first memory circuit portion and
      greater than said signal stored by said second memory circuit portion.
NUM  7.
PAR  7. The circuit in accordance with claim 6 further comprising an inhibiting
      circuit portion connected to said first and second memory circuit portions
      for preventing said first and second memory circuit portions from
      responding to the output of the light to electric transducer upon
      completion of the threshold signal determining scan of the field.
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ABST
PAL  In an optical scanning device in which radiation beams from different zones
      of a field of view are consecutively converged onto a radiation sensitive
      detector, an optical projection system is included in the radiation path
      between an objective and an optical cylinder which is provided with
      optical convergence systems at its circumference. Said projection system
      conjugates the center of the objective and the center of rotation of the
      cylinder.
BSUM
PAR  The invention relates to an optical scanning device in which radiation
      beams originating from different zones of a field of view consecutive
      converge onto a radiation-sensitive detector, which device in this order
      comprises an objective and a rotatable optical cylinder, which at its
      circumference is provided with at least one optical convergence system,
      the detector being disposed in the center of rotation of the cylinder.
PAR  Such a device is especially employed in apparatus for visualizing terrain
      which is observed with the aid of infra-red radiation. Such an apparatus
      is described in French Patent Specification No. 7,303,746. Such equipment
      displays visible images at a rate which is generally required to be as
      high as possible. This rate mainly depends on the speed of rotation of the
      cylinder and the number of optical convergence systems disposed at its
      circumference.
PAR  An optical scanning device of the abovementioned type in which the
      objective consists of a spherical mirror, is described in French Patent
      Specification No. 1,494,885. The known device exhibits good optical
      properties over a very wide field of view (up to approx. 180.degree.).
PAR  However, the known device performs less satisfactorily when objects which
      are located very deep in the field of view are to be observed at a small
      angle.
PAR  In that case it is important to gather a maximum amount of radiation, which
      is emitted by the remote objects, which means that the objective of the
      scanning device must have a maxiumum useful aperture.
PAR  In the known device the entrance pupil is smaller than the area of the
      objective, i.e. that a given instant not the entire area of the objective
      is used.
PAR  If the entrance pupil is to be enlarged in spite of this, a choice can be
      made between the two solutions only:
PAR  The first solution is to enlarge the numerical aperture of the optical
      convergence system. However, in that case it is difficult to design the
      optical convergence system because of problems caused by optical
      aberration. On the other hand, it is then no longer possible to dispose a
      multitude of said optical convergence systems at the circumference of the
      cylinder. Consequently, to obtain a high scanning rate of the entire field
      of view, the optical cylinder must be driven with a higher speed.
PAR  The second solution is to proportionally enlarge all dimensions of the
      device. A drawback of this solution is that the device may not only become
      too bulky, but especially that the moment of inertia of the optical
      cylinder becomes too great to be driven at high speed.
PAR  It is an object of the invention to provide an optical scanning device
      whose field of view is of the order of some degrees, whose resolving power
      can reach values which are practically diffraction limited, and in which
      the diameter of the entrance pupil is independent of the properties of the
      optical convergence system.
PAR  The scanning device according to the invention is characterized in that in
      the radiation path from the objective to the cylinder is included an
      optical projection system which directs a radiation beam which passes
      through the objective at the detector.
PAR  For the conception of said cylinder in the device according to the
      invention it is then possible to choose the best compromise between the
      number of convergence systems disposed at the circumference of the
      cylinder and the moment of inertia thereof, so that the rate at which the
      images are displayed by the apparatus is as high as possible, regardless
      of the desired aperture of the objective.
PAR  Furthermore, arbitrary objectives may be used (lenses, spherical mirrors,
      parabolic mirrors, etc.).
DRWD
PAR  The invention will be described with reference to the accompanying
      drawings, in which:
PAR  FIG. 1 shows a first embodiment of an optical scanning device according to
      the invention,
PAR  FIG. 2 shows a second embodiment of an optical scanning device according to
      the invention,
PAR  FIG. 3 shows an embodiment of an optical projection system, and
PAR  FIG. 4 shows an optical scanning device provided with a mechanism for
      scanning in a second direction.
DETD
PAR  In the device of FIG. 1 the optical cylinder 1 rotates in the direction of
      the arrow. At the circumference of the cylinder convergence systems 2 are
      disposed, only one system being shown for simplicity. In said embodiment
      the optical convergence system consists of a lens, which is shown in two
      positions P1 and P2 of the cylinder 1.
PAR  By rotating the cylinder the field can be scanned in one direction.
PAR  A radiation sensitive detector 3, which provides an indication of the
      radiation intensity which is incident upon it, is considered to be
      point-shaped and coincides with the center of rotations 0 of the cylinder
      1. The lens 4 is an objective which intercepts the radiation from the
      field of view. The optical center of said objective is denoted by the
      reference numeral 0'.
PAR  The incident central beam, whose edges are parallel to the optical axis'
      00' converges in the point S. This beam subsequently illuminates one of
      the lens elements 2, which is then in position P1. The lens element 2
      converges the beam on the detector 3.
PAR  In FIG. 1 the dotted line SF represents the focal plane of the objective
      4.sub.1. The curve RB represents the locus of the images of the detector 3
      formed by the lens elements 2 during rotation of the cylinder 1.
PAR  According to the invention the radiation path between the objective 4.sub.1
      and the cylinder 1 includes an optical projection system. This projection
      system directs the beams which are limited by virtually the full aperture
      of the objective and which come from different field zones at the detector
      3.
PAR  In the embodiment of FIG. 1 the optical projection system consists of a
      field lens 5.sub.1 which is disposed near the focal plane SF of the
      objective 4.sub.1, which focal plane is tangent to the curve RB in S. The
      focal length of the lens 5.sub.1 is such that the centre 0' of the
      objective and the center of rotation 0 of the cylinder 1 are conjugated by
      said lens.
PAR  The device according to the invention operates as follows. A beam which
      comes from one of the scanned field zones and which makes an angle .DELTA.
      with the axis 00' converges in point T which is located on the focal plane
      SF.
PAR  For clarity, the value of the angle .DELTA. is shown exaggerated and
      furthermore from point T only the path of the center ray Rm which passes
      through point 0' is shown.
PAR  The ray Rm is directed to the center 0 by the lens 5.sub.1 so that points 0
      and 0' are conjugated by said lens. The beam to which the ray belongs is
      converged in point 0 by the lens 2.
PAR  The sharp field of view of the present device is determined by the optical
      path between the point T and the point U, the latter point being
      determined by the intersection of the center ray Rm with the curve RB. If
      said optical path is too great, the beam coming from the lens 2 is badly
      converged on the element 3. The distance T-U increases as the angle
      .DELTA. increases. The field of view of the device of FIG. 1 suffices for
      certain applications.
PAR  Although in FIG. 1 the curves SF and RB are represented as tangent in S, it
      is of importance in practice that the curves intersect each other, so as
      to spread differences in pathlength TU. In said last instance TU becomes
      zero in the case of incidence at an angle which is half the maximum angle
      of view.
PAR  When designing such a device the requirements with which the cylinder
      should comply are taken as a starting point. The requirements are
      determined by the specifications of the apparatus of which the device
      forms part. For example, to display visible images at a high rate by means
      of said apparatus, it is necessary to arrange a multiplicity of lenses
      over the circumference of the cylinder in such a way that the speed of
      rotation does not become too high and without thereby increasing the
      moment of inertia.
PAR  After designing the cylinder the aperture of each lens 2 is then known
      (which aperture is determined by the diameter d of the pupil) and the
      distance f between the curve RB and the lens 2.
PAR  If the entrance pupil of the objective 4.sub.1, which determines the
      aperture thereof, should have a diameter D, an objective is to be chosen
      whose focal length F will be:
EQU  F = f (D/d)
PAR  The lens 5.sub.1 will image the objective 4.sub.1 in 0; the image is
      denoted by 4'.sub.1 in FIG. 1.
PAR  Although the entire beam which is limited by the objective converges in
      point 0, the said beam is not stopped down by the aperture of the lens 2.
PAR  FIG. 2 shows a second embodiment of a device according to the invention,
      which provides a more extensive field of view. In FIG. 2 corresponding
      elements have the same reference numerals as in FIG. 1. In the device of
      FIG. 2 the optical projection system consists of a spherical field mirror
      5.sub.2. In point S the reflecting face of the mirror is tangent both to
      the curve RB and the curve SF.
PAR  An incident beam with parallel edges which makes an angle .DELTA. with the
      axis 00' and which falls onto the lens 4.sub.1, converges in point V of
      the focal plane SF. The mirror 5.sub.2 forms an image W of V, which image
      is located closer to the surface RB as the angle .DELTA. becomes smaller.
      The focal length of the field mirror 5.sub.2 is determined in the same
      manner as the focal length of the lens 5.sub.1 in FIG. 1.
PAR  The device of FIG. 2 has a wider field of view than that of FIG. 1, because
      the curves RB and SF in FIG. 2 are better juxtaposed than in FIG. 2. The
      field of view of the device of FIG. 2 is of the order of some degrees.
PAR  The arrangement of FIG. 2 may be modified. For example, the reflecting face
      of the mirror 5.sub.2 may be disposed at a substantial distance from S.
      Furthermore, the curves RB and SF may intersect. In that case the field of
      view is extended at the expense of the quality of the image in the center
      of the field.
PAR  In FIG. 3 the projection system 5.sub.3 consists of a reflecting mirror 8
      which is cemented onto a lens 7 (a so-termed catadioptric mirror). By a
      suitable choice of the radii of curvature of the surfaces and of the
      thickness of the mirror, the field of view may be further extended.
PAR  FIG. 4 shows a device which enables a field to be scanned in two
      directions. Corresponding elements have the same reference numerals as in
      the preceding Figures.
PAR  The objective of the device of FIG. 4 consists of a parabolic mirror
      4.sub.2. A beam which is incident on the mirror is reflected to the mirror
      5.sub.2 via a plane reflecting mirror 11. The beam from the field mirror
      5.sub.2 reaches a lens 2 via a second plane mirror 12. The lens 2
      converges the beam onto the detector 3 via a third plane mirror 13.
PAR  By rotating the cylinder 1 with the aid of a motor 14 rapid scanning is
      possible in one direction and slow scanning in a second direction by
      oscillating the parabolic mirror 4.sub.2 through small angles about an
      axis XX' through the vertex of the parabola. The oscillation is obtained
      with the aid of a linear motor 15 and a lever 16 which forms part of the
      mount of the parabolic mirror 4.sub.2.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An optical scanning device in which radiation beams originating from
      different zones of a field of view are consecutively converged onto a
      radiation sensitive detector, which device comprises an objective, a
      rotatable opitcal cylinder, at least one optical convergence system on the
      circumference of the cylinder, the detector being disposed in the center
      of rotation of the cylinder, and an optical projection system means
      between the objective and the cylinder for directing a radiation beam
      which passes through the objective towards the detector and for optically
      conjugating the center of the objective with the center of rotation of
      said cylinder.
NUM  2.
PAR  2. A scanning device as claimed in claim 1, wherein the optical projection
      system means comprises a lens which is disposed near the focal plane of
      the objective and near the locus of the images of the detector which
      images are formed by the optical convergence system during rotation of the
      cylinder, the focal length of the lens being such that the center of the
      objective and the center of rotation of the cylinder are conjugated by
      said lens.
NUM  3.
PAR  3. A scanning device as claimed in claim 1, wherein the optical projection
      system means comprise a spherical concave mirror, which is disposed near
      the focal plane of the objective and near the locus of images of the
      detector, which images are formed by the optical convergence system during
      rotation of the cylinder, the focal length of the spherical concave mirror
      being such that the center of the objective and the center of rotation of
      the cylinder are conjugated by the mirror.
NUM  4.
PAR  4. A scanning device as claimed in claim 1, wherein the optical projection
      system means comprises a catadioptric mirror, which is disposed near the
      focal plane of the objective and the locus of images of the detector,
      which images are formed by the optical convergence system during rotation
      of the cylinder.
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ABST
PAL  An apparatus for measuring stress on the surface of a polycristalline body
      X-ray diffraction including an X-ray source assembled together with two
      position-sensitive radiation detectors of known type located symmetrically
      with respect to the primary X-ray beam emitted by said source. The
      diffracted radiation gives rise to gaseous discharges within said
      detectors, which deliver signals respectively indicating the location of
      the ionizing event along their collector electrodes. From these locations
      along the collector, it is possible to determine the interplanar spacing d
      of the crystal lattice, which varies with the stress it is subjected to.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an apparatus for measuring stress at the
      surface of a polycrystalline structure by means of X-ray diffraction
      techniques. It is well known, that when an X-ray beam strikes a crystal,
      part of the incident energy is transmitted, part thereof is absorbed by
      the crystal and part is diffused or diffracted, that is to say that
      radiation of the same wavelength as the incident radiation is emitted in
      directions differing from those of the incident primary beam.
PAR  The diffraction conditions are determined by Bragg's law .lambda. = 2 d sin
      .theta. which is a simple expression of the conditions of phase matching
      between the waves diffracted by the different atoms of the crystal. In
      this formula, .lambda. is the wavelength, d is the interplanar spacing
      i.e. spacing between the neighboring planes of a set of parallel lattice
      planes, and .theta. is the diffraction angle i.e. the angle of the
      incident (or diffracted) beam in relation to the set of parallel lattice
      planes.
PAR  Thus, it will be seen, that, as will be familiar to those skilled in the
      art, the measurement of the diffraction angle makes it possible, through
      use of the Bragg relationship, to determine in the interplanar spacing if
      the wavelength of the X-ray radiation is known.
PAR  The existence of a stress at the surface of a polycrystalline body produces
      a modification of the shape of the crystal lattice, which can be measured
      as a variation .DELTA. d of the interlattice spacing d of the set of
      lattice planes.
PAR  The determination of stress can thus be carried out by measuring the value
      .DELTA. d/d.
PAR  Excellent prior art equipment for laboratory use is available in the shape
      of the counter-type diffractometer.
DRWD
PAR  Such a diffractometer using the goniometric method of measurement includes
      a radiation detector of the scintillation or proportional type and, as
      will be explained hereinafter with reference to FIGS. 1 and 2 of the
      accompanying drawings schematically illustrating this prior art equipment,
      necessitates the following features:
PAR  A. A MONOCHROMATIC AND COLLIMATED SOURCE OF X-rays using a crystal type
      monochromator to select the K.sub..alpha..sub.1 line of the characteristic
      spectrum of the X-ray tube and provide a unique wavelength .lambda.;
PAR  B. PRECISE MECHANICAL MEANS FOR THE RESPECTIVE ANGULAR POSITIONING AND
      DISPLACEMENTS OF THE SPECIMEN OR THE X-ray source and the radiation
      detector in order to satisfy the conditions of diffraction;
PAR  C. MEANS FOR DISPLACING THE DETECTOR AND THE ANALYSER SLOT ALONG THE
      DIFFRACTED SECONDARY BEAM SO AS TO FOLLOW THE FOCAL POINT THEREOF, WHOSE
      DISTANCE WITH RESPECT TO THE SPECIMEN VARIES ACCORDING TO THE ANGLE .psi.
      BETWEEN THE NORMAL TO THE SURFACE OF THE SPECIMEN AT THE POINT OF IMPACT
      OF THE PRIMARY X-rays and the normal to the internal set of parallel
      lattice planes causing the diffraction; and
PAR  d. means for precisely measuring the angles .theta. and .psi..
PAR  From the above considerations, it can easily be seen that such an apparatus
      it too complex and bulky to carry out stress measurements on the site,
      i.e. to measure the stress at the surface of heavy and bulky components
      whose transportation and location inside a laboratory equipped with the
      afforementioned apparatus is difficult or impossible.
PAR  It is an object of the present invention to provide apparatus for measuring
      stress of polycristalline bodies by X-ray diffraction techniques, on the
      site, by using positionsensitive radiation detectors such as those
      described in U.S. Pat. No. 3,483,377 filed Nov. 3, 1967 or U.S. Pat. No.
      3,517,194 filed Oct. 24, 1968, wherein a gaseous discharge generated by
      the incident secondary radiation gives rise to a signal allowing the
      localisation thereof with respect to the extremities of such a detector.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, there is provided an apparatus for measuring
      stress on the surface of a polycrystalline body by X-ray diffraction, by
      means of measuring the variation of the interplanar spacings of a set of
      lattice planes as a function of the angle .psi. between the normal to the
      lattice planes diffracting the incident primary X-ray beam and the normal
      at the point of impact of said primary beam to the surface of the body
      whose stress is to be measured, said apparatus comprising:
PAR  an X-ray source for emitting a narrow primary X-ray beam rendered
      quasi-monochromatic by filtering and having a focal point whereon said
      X-ray beam originates;
PAR  a first and a second position-sensitive radiation detector for respectively
      simultaneously receiving two secondary X-ray beams diffracted by a single
      set of lattic planes at the surface of said body, said detectors being
      assembled integrally with said X-ray source, including elongated collector
      electrodes located symmetrically to said primary X-ray beam and
      respectively delivering signals for simultaneously localizing, by means of
      an electronic measuring circuit, the respective points of penetration of
      said secondary beams into said detectors; and
PAR  means for pivotably mounting the assembly made up from said X-ray source
      and said detectors for rotation about an axis traversing said point of
      impact at said body surface and perpendicular to a plane defined by said
      focal point, said primary beam and said collector electrodes, combined
      with means for measuring the angular position of said focal point
      relatively to said normal to said body surface, whereby to simultaneously
      measure the differences of the interplanar spacings corresponding to two
      different angles .psi., either relatively to an unstressed first specimen
      placed at the point of impact of said primary beam, or relatively to a
      position of said focal point where the primary beam is aligned with said
      normal to said body surface and where both angles .psi. are equal to zero,
      these differences indicating the magnitude of the stress to be measured,
      whose calibration is carried out by placing a second specimen subjected to
      a known amount of stress at said point of impact.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other features and advantages of the present invention will
      become apparent from the following description, given by way of example,
      when taken in conjunction with the accompanying drawings, wherein:
PAR  FIGS. 1 and 2 schematically illustrate the prior art equipment of the above
      described type when used for the measurement of stress;
PAR  FIG. 3 schematically illustrates a first embodiment of the apparatus
      according to the invention;
PAR  FIG. 4 is a diagram for illustrating the operation of the apparatus of FIG.
      3; and
PAR  FIG. 5 represents schematically a second embodiment of the apparatus
      according to the invention.
DETD
PAC  DESCRIPTION OF THE PRIOR ART -
PAR  FIG. 1 schematically illustrates prior art equipment for laboratory use,
      wherein the specimen 1 is arranged at the centre 0 of a goniometer circle
      2. The X-ray source 3 is a sealed tube with a carefully stabilised power
      supply (not shown) and including cristal monochromator (not shown) for
      producing monochromatic radiation in the form of a beam having a small
      divergence of a few degrees, which is incident upon the flat face of the
      specimen 1. When the abovecited angle .psi. is equal to zero, the
      diffracted beam is focussed on the goniometer circle 2 at the input
      analysis slot of the counter 4. On the goniometer circle, the angular
      interval between the source 3 and the counter 4 is equal to .pi. - 2
      .theta. . As stated earlier, a knowledge of the wavelength and of the
      angle .theta. makes it possible to calculate the interplanar spacing d by
      using Bragg's equation.
PAR  Those skilled in the art will be aware that the determination of stress by
      the measurement of the interlattice distance d has to be carried out for
      two angular values differing by an angle .psi. which, as mentioned before,
      is equal to the angle between the geometric normal to the flat face of the
      specimen 1 at the point of impact 0 of the radiation and the normal to the
      set of parallel lattice planes used.
PAR  FIG. 2 illustrates the diffractometer of FIG. 1 after the specimen 1 has
      been rotated through 30.degree.. If the specimen is subjected to stress,
      the angular position of the counter 4 varies by no more than a few tenths
      of a degree, but the focussing of the diffracted beam occurs outside the
      goniometer circle and it is necessary to radially displace the counter 4,
      with respect to the goniometer circle 2, in order to shift it the position
      4', where the beam focus coincides with input slot of the counter.
PAR  The use of the apparatus described hereinbefore is not too restrictive for
      laboratory applications where measurements on relatively small samples are
      being carried out.
PAR  FIG. 3 shows an apparatus according to the invention particularly adapted
      to carry out on site measurements of stress.
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  Referring to FIG. 3, the specimen 1 is subjected to a monochromatic
      radiation, coming from an X-ray source 3 including filters, i.e. not using
      the bulky crystal monochromator nor the regulated power supply of the
      prior art. As those skilled in the art will appreciate, the diffracted
      beam is distributed on a cone of which only sections taken through the
      plane of the Figure have been shown. Each of the two diffracted beams
      focusses on a circle which is tangential to the specimen at the point of
      impact of the primary X-ray beam and passes through the focus of the
      source 3.
PAR  The two beams are respectively analysed by two position-sentive
      proportional radiation detectors 5 and 6 of the type described in the
      first mentioned United States Patent, for example. In FIG. 3, the detector
      5 is located beyond the focal point of the diffracted beams, while the
      detector 6 is placed before it. The X-ray source 3, the collimator 7, and
      the detectors 5 and 6 form an integral assembly.
PAR  Such a position-sensitive proportional radiation detector comprises an
      ionizing radiation detecting element having a very high resistance
      collector in the shape of a straight highly resistive wire for delivering
      at one of its extremities an output voltage pulse having a rise time
      proportional to the distance between the location of an ionizing event and
      the output end of the collector. In one of the embodiments of the
      position-sensitive detector, this wire is placed inside a gas-filled
      detector tube surrounded by a conductive cylindrical wall coaxial
      therewith; the distributed resistance of said wire and the distributed
      therewith; capacitance forms a distributed RC integrating network
      controlling the rise time of the output pulses according to the distance
      of the ionizing event relatively to the output end of the detector and
      allows the measurement of this distance by means of a rise time measuring
      electronic circuit including a multipolar pulse shaping network,
      cross-over or zero crossing detectors, time-to-amplitude converters and a
      multichannel pulse height analyser recording the signals delivered by said
      converter. The data recorded are utilized to deliver on an oscilloscope
      screen curves in the shape indicated by FIG. 4 or may be handled by a
      computer.
PAR  In FIG. 3, the two detectors 5, 6 respectively include collector wires
      whose respective extremities are indicated by A, B and C, D.
PAR  The wires AB and CD are directly electrically connected together by means
      of a connection shown by a dashed line in FIG. 3.
PAR  The two detectors 5 and 6 are symmetrically located in relation to the
      collimator 7 which focusses the primary beam coming from the source 3 and
      irradiating the specimen 1, i.e. relatively to the X-ray beam axis, and in
      the first embodiment of FIG. 3 the collector wire AB, CD are tangent to a
      circle whose center is located at the point of impact 0 of the primary
      beam with the surface of the specimen 1.
PAR  The penetration of the diffracted beam inside the detector volume at a
      specific location gives rise to a ionizing discharge between the collector
      and the wall, generating on the wire AB of detector 5 a pulse which
      propagates towards both ends A and B thereof. Detector 6 operates in a
      similar manner. The adjacent ends B and C of detectors 5 and 6 are
      conductively connected together and outer ends A and C are respectively
      connected to two rise time measuring circuits 10 and 11, which indicate
      pricisely the location of the ionizing events in both detectors. The half
      way line of the wires of the two detectors 5, 6 is to be located in such a
      way as to correspond the average diffraction angle .theta. to be measured
      and the lengths of the detectors 5 and 6 are chosen such that each of them
      intercepts the whole of the angular range covered by the angles .theta.
      used for measuring, depending on the nature of the specimen to be
      measured. Under these conditions, it is no longer necessary to provide for
      goniometer movements in the way which was required with the counter-type
      diffractometer of FIGS. 1 and 2.
PAR  Moreover, the determination of the position of the ionizing events due to
      radiation is carried out by the detector itself and no longer by the
      displacement of a detector with an input slot in the manner employed with
      the system shown in FIG. 2, so that there is no need to follow the
      variations in the focal length, this latter phenomenon results only in a
      widening of the diffraction curves (see FIG. 4) recorded in the
      multichannel pulse height analysers (not shown) as will be explained
      hereinafter.
PAR  Each of the resistive collector wires AB and CD feeds a multichannel
      pulse-height analyser through an intermediate circuitry as mentioned
      above, these analysers record in each of their channels a limited range of
      pulse amplitudes which correspond to the rise times of the signals
      delivered by the aforementioned collectors and consequently to the
      location of the ionizing event caused by the diffracted X-ray beam.
PAR  When the recorded information is to be reproduced, for example, by an
      oscilloscope by successively sweeping through the channels to read out the
      number of pulses recorded therein.
PAR  Such a read out gives to bell-shaped curves as indicated in FIG. 4, whose
      peaks, called a diffraction peaks, indicate the location of the ionizing
      events along the collector wires, this location being indicative of the
      diffraction angle .theta. and consequently of interplanar spacing d.
PAR  Diagram a (the upper one) of FIG. 4 shows two bell-shaped curves obtained
      by consecutive sweeping of the two multichannel analysers respectively
      contained in the electronic measuring circuits 10 and 11.
PAR  In FIG. 4a, the peaks are substantially equidistant from the point B = C,
      which is generally the case for unstressed specimens, and the interval kd
      between the peaks (k being a constant) is obviously proportional to the
      interplanar spacing of such a specimen.
PAR  In FIG. 4b, the bell-shaped curves indicate a shift of the respective
      ionizing events along the collector wires and thus a shift of the
      interlattice spacing. The respective shifts .DELTA. .sub.1 d and
      .DELTA..sub.2 d of the two peaks of diffraction with respect to those of
      the unstressed specimen, indicate the presence of stress at the surface of
      the specimen thus measured. If the stress the specimen is subjected to is
      known, this measurement can be used, as will be explained hereinafter, for
      calibrating the apparatus according to the invention, to enable it to
      measure the stress of a random specimen.
PAR  From the abovementioned shifts .DELTA..sub.1 d and .DELTA..sub.2 d, it is
      easily possible, if the stress in the stressed specimen is known, to
      calculate the corresponding angles .psi. .sub.1 and .psi. .sub.2.
PAR  Knowing the angles .psi. .sub.1 and .psi. .sub.2 for each detector,
      measurements of the shifts of the diffraction peaks in the case of the
      irradiation of a specimen whose stress state is unknown, makes it possible
      to determine said unknown stress.
PAR  If no calibrating specimen subjected to a known stress were available, it
      is also possible to determine the angles .psi. corresponding to the stress
      of the specimen, by using a mechanical rotary device for carrying the
      sourcedetector assembly (3, 7, 5 and 6), mounted thereon, rotatably about
      an axis perpendicular to the plane of the drawing at the center 0 of the
      goniometer circle 2. This rotary device includes graduated means for
      measuring the angular position of the focal point of the X-ray source 3 on
      the goniometer circle. For calibration purposes, the X-ray source 3 is
      positioned to provide a primary beam perpendicular to the surface of the
      specimen at its point of impact thereon. This so called "normal" position
      of the source 3 produces in the two detectors 5 and 6 and their respective
      allied circuitry 10 and 11, two responses having diffraction peaks (Debye
      ring section) which are perfectly symmetrically centered with respect to
      the primary beam, i.e. in this case .psi. .sub.1 = .psi. .sub.2 = 0.
PAR  Thereafter, when the source-detector assembly is rotated about the
      aforementioned axis, which can be materialized in the shape of a spindle
      (not shown) aligned with the surface of the specimen to be measured and
      rigid arm member (not shown) whose one end pivots about this spindle and
      whose other end is fixedly secured to said assembly, the angles .psi.
      differing from zero can be measured from the relative position of the
      X-ray source 3 to the previously measured "normal" one and the respective
      positions of the ionizing events along the collector wires A, B and C, D
      of the two detectors 5 and 6.
PAR  FIG. 5 illustrates a variant embodiment of the apparatus, in which the two
      collector electrodes of both detectors 5 and 6 are arranged along a single
      straight line normal to the axis of the incident beam and located
      symmetrically to said beam and in a plane perpendicualr to the axis of
      pivoting of the source-detector assembly.
PAR  A source-detector assembly combined with the rotary mechanical device and
      the goniometer circle can be easily mounted on the site of a bulky object
      whose surface stress is to be measured, such as a pressure boiler or a
      locomotive wheel, i.e. the measurements can thus be carried out in field
      locations and not only in laboratory conditions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for measuring stress on the surface of a polycrystalline body
      by X-ray diffraction, by means of measuring the variation of the
      interplanar spacings of a set of lattice planes as a function of the angle
      .psi. between the normal to the lattice planes diffracting the incident
      primary X-ray beam and the normal, at the point of impact of said primary
      beam to the surface of the body whose stress is to be measured, said
      apparatus comprising in combination: a single X-ray source for emitting a
      narrow primary X-ray beam rendered quasi-monochromatic by filtering and
      having a focal point whereon the X-ray beam originates; first and second
      position-sensitive radiation detectors having elongated collector
      electrodes for respectively simultaneously receiving two secondary X-ray
      beams diffracted by a single set of lattice planes at the surface of said
      body and for respectively delivering signals for simultaneously
      localizing, by means of an electronic measuring circuit, the respective
      points of penetration of said secondary beams into said detectors, said
      detectors being assembled fixedly and integrally with said X-ray source,
      summetrically to said X-ray source and primary X-ray beam and facing the
      same side of said body surface as said X-ray source;  and means for
      pivotably mounting the integral assembly made up from said X-ray source
      and said symmetrically positioned detectors for rotation about an axis
      traversing said primary X-ray beam at said point of impact on said body
      surface, tangentially to said surface, and perpendicular to a plane
      defined by said focal point, said primary beam and said collector
      electrodes, combined with means for measuring the angular position of said
      focal point relatively to said normal to said body surface, whereby to
      simultaneously measure the differences of the interplanar spacings
      corresponding to two different angles .psi. , preferably by means of one
      of two equivalent methods for obtaining the indication corresponding to
      absence of stress, i.e. either relatively to an unstressed first specimen
      of the same material as said body placed at the point of impact of said
      primary beam, or relatively to a position of said focal point where the
      primary beam is aligned with said normal to said body surface and where
      both angles .psi. are equal to zero, these differences indicating the
      magnitude of the stress to be measured, whose calibration is carried out
      by placing a second specimen of said same material, subjected to a known
      amount of stress, at said point of impact.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein said collector electrodes of
      said first and second detectors are respectively located along two
      straight lines tangent to a circle drawn around said point of impact and
      intersecting with each other on the axis of said primary X-ray beam; said
      lines, said primary beam axis and said point of impact lying in a plane
      perpendicular to the axis of rotation of said source-detector assembly.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, wherein said collector electrodes of
      said first and second detectors are both aligned along a single straight
      line perpendicular to the axis of said primary X-ray beam, said line being
      located in a plane perpendicular to the axis of rotation of said
      source-detector assembly.
NUM  4.
PAR  4. Apparatus as claimed in claim 1, wherein the adjacent ends of said
      collector electrodes are electrically connected together.
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ABST
PAL  An apparatus for continuously measuring with safety and high accuracy the
      calorific power of a sample containing hydrocarbon compounds and sulfur,
      such as crude oil and petroleum products. The apparatus supplies two
      energy levels of radioactive rays to be absorbed by the sample, a first
      supply of the radioactive rays having an energy level at which the mass
      absorption coefficient of carbon differs from that of hydrogen, and a
      second supply of rays having an energy level at which the mass absorption
      coefficient of carbon is approximately equal to that of hydrogen. The
      first rays yield a signal varying with the concentrations of hydrogen,
      carbon and sulfur in the sample, while the second rays yield a signal
      varying with the concentration of sulfur in the sample. The signals are
      density compensated, and mathematically correlated according to a
      predetermined arithmetic formula to determine the calorific power of the
      sample hydrocarbon compound.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to apparatus for measuring the calorific
      power of hydrocarbon compounds such as crude oil and petroleum products.
PAR  2. Description of the Prior Art
PAR  Calorific power is an important measure to determine the quality of crude
      oil and petroleum products. For example, in a power plant where a large
      amount of petroleum fuel is consumed, the calorific power of the fuel used
      is a significant factor in determining the cost of the power generated.
      This circumstance has called for the most precise calorific power
      measurement or analysis, which, however, has been dependent upon manual
      processes even in a highly automated power plant. One well-known calorific
      power measuring method uses an adiabatic bomb wherein a given amount of
      petroleum is burned to measure the calorific power. In this method the
      calorific power can be measured directly, but at the sacrifice of time
      taken for measuring preparations and procedures. Furthermore, this method
      requires the use of a precision thermometer to detect very small
      temperature variations, and measuring accuracy is significantly affected
      by the manner of measurement and the instruments used.
PAR  Another method of measuring the calorific power of a hydrocarbon compound
      uses neutrons and proceeds on the principle that the hydrogen atomic
      nucleus in crude oil has the prime decelerating effect on the neutron. The
      density of the hydrocarbon atomic nuclei is measured through measurement
      of thermal neutrons generated by the deceleration and the calorific power
      is approximately measured by the use of a nearly constant
      carbon-to-hydrogen weight ratio. This method permits continuous calorific
      power measurement without the necessity of extracting a sample of the
      process hydrocarbon compound, with the result that labor is saved and the
      measuring accuracy is independent of a technician's personal skill.
      However, because this method is primarily intended to measure the density
      of hydrogen atomic nuclei, some measuring error is inevitable if a third
      substance such as sulfur is present in the process hydrocarbon compound,
      which leads to changes in the carbon-to-hydrogen concentration ratio.
      Furthermore, the neutron detecting instrument used in this method is
      generally of low stability and often causes measuring error. In addition,
      when exposed to neutrons, a substance is caused to radiate gamma rays
      which are dangerous to man and can give rise to measuring error.
PAC  SUMMARY OF THE INVENTION
PAR  The principal object of the present invention is to provide an apparatus
      capable of continuously measuring with safety and high accuracy the
      calorific power of hydrocarbon compounds such as crude oil and petroleum
      products.
PAR  In one aspect of the invention gamma rays or X-rays, at an energy level for
      which the mass absorption coefficient of carbon differs from that of
      hydrogen, are applied to a sample hydrocarbon compound, the absorption
      rate is detected, and a signal varying with the carbon-to-hydrogen
      concentration ratio, given in terms of the absorption rate detection
      signal, is compensated with respect to density by a signal related to the
      measured density of the sample and then computed or modified according to
      a given formula by a computing means to determine the calorific power of
      the sample hydrocarbon compound.
PAR  In a second aspect of the invention the apparatus further comprises a
      sulfur concentration measuring means, and a sulfur concentration signal
      and said density-compensated carbon-to-hydrogen concentration ratio signal
      applied to the computing means and computed according to a given
      correlating formula to measure the calorific power of the sample
      containing sulfur with high accuracy.
PAR  In a third aspect of the invention, a measuring apparatus is provided with
      a gamma ray source and a target which, when irradiated with gamma rays,
      emits flourescent X-rays, in order to provide both gamma rays or
      flourescent X-rays at an energy level on which the mass absorption
      coefficient of carbon differs from that of hydrogen, and flourescent
      X-rays at an energy level which the two mass absorption coefficients are
      the same. The gamma rays or flourescent X-rays having different energy
      levels are applied to a sample hydrocarbon compound, and a detector means
      comprising one or separate detectors is used to generate both a signal
      varying with the concentrations of carbon, hydrogen and sulfur, and a
      signal varying with the sulfur concentration independently of the
      concentrations of carbon and hydrogen.
PAR  Other objects, aspects and advantages of the invention will be pointed out
      in, or apparent from, the following detailed description, taken in
      conjunction with the following drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram showing an apparatus arranged for measuring
      calorific power in accordance with the present invention, and
PAR  FIGS. 2 and 3 are schematic diagrams showing modified detectors for the
      measuring apparatus of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Before describing the specific measuring apparatus M illustrated in FIG. 1,
      it is helpful to supply a parallel mathematical analysis and explanation
      of the operations which the measuring apparatus undertakes in obtaining a
      measurement.
PAR  Assume that gamma rays or X-rays, at an energy level of, for example, 60
      keV, for which the mass absorption coefficient of carbon differs from that
      of hydrogen, are applied to a sample hydrocarbon compound and the
      absorption rate thereof is detected by a suitable detector such as an
      ionization chamber. Then the output current I.sub.1 of the ionization
      chamber is given as
EQU  I.sub.1 = I.sub.o1
      e.sup.-.sup..rho..sbsp.1.sup.t.sbsp.1(.sup..mu..sbsp.sC.sbsp.s.sup.+.sup..
     mu..sbsp.hC.sbsp.h.sup.+.sup..mu..sbsp.cC.sbsp.c)          (1)
PAL  where
PA1  I.sub.01: the output current of the ionization chamber without the sample
PA1  .rho..sub.1 : the density of the sample
PA1  t.sub.1 : the effective length of the sample cell
PA1  .mu..sub.S, .mu..sub.H, .mu..sub.C : the mass absorption coefficients of
      sulfur, hydrogen, and carbon
PA1  C.sub.2, c.sub.h, c.sub.c : the concentrations of sulfur, hydrogen and
      carbon.
PAL  The relationship among C.sub.S, C.sub.H and C.sub.C is:
EQU  C.sub.S + C.sub.H + C.sub.C = 1                            (2)
PAL  the carbon-to-hydrogen concentration ratio R is
      ##EQU1##
      Rearranging Eq. (1) in terms of R and C.sub.S according to Eqs. (2) and
      (3),
PAR  The calorific power Q of the sample is given as follows if the amount of
      impurity content is negligible.
EQU  Q = Q.sub.S C.sub.S + Q.sub.H C.sub.H + Q.sub.C C.sub.C    (5)
PAL  where Q.sub.S, Q.sub.H and Q.sub.C stand for calorific powers per unit
      weight of sulfur, hydrogen and carbon.
PAR  The concentrations C.sub.H and C.sub.C of Eq. (5) may be replaced by R and
      C.sub.S by using Eqs. (2) and (3),
      ##EQU2##
      It is apparent that the exponential term in the braces of Eq. (4) is
      similar in form to Eq. (6) with respect to C.sub.S and R. If the output
      current I.sub.1 of the ionization chamber given by Eq. (4) is linearized
      by a linearizing circuit such as a logarithmic amplifier, a signal X' as
      given by Eq. (7) is obtained.
      ##EQU3##
PAR  When the signal X' is divided by the density signal .rho..sub.1 of the
      sample by using a divider and multiplied by a suitable factor, i.e.
      1/t.sub.1, one obtains a signal X given as
      ##EQU4##
      By eliminating R from Eqs. (6) and (8), then Eq. (6) may be rewritten as
      expressed by Eq. (9) below.
      ##EQU5##
PAR  In Eq. (9) the terms in braces are all constants. Therefore the calorific
      power Q (i.e., the total calorific power) of the sample can be measured
      when the sulfur concentration C.sub.S is found by a sulfur concentration
      measuring means, and the sulfur concentration signal C.sub.S and the
      signal X, which varies with sulfur concentration C.sub.S and with the
      carbon-to-hydrogen concentration ratio R as in Eq. (8), are computed or
      correlated according to Eq. (9) by using a suitable computing means.
PAR  If no sulfur is contained in the tested hydrocarbon compound or if sulfur
      is present therein but negligible in amount, the sulfur concentration
      signal is zero and no sulfur concentration measuring means is needed.
PAR  To satisfy Eq. (9), the condition .mu..sub.H .noteq. .mu..sub.C must hold.
      This indicates that the calorific power of a hydrocarbon compound can be
      measured by the use of gamma rays or X-rays at an energy level on which
      the mass absorption coefficient of carbon differs from that of hydrogen.
PAR  Referring now to the specific measuring apparatus M shown in FIG. 1, the
      apparatus M includes a detector 1 (hereinafter referred to as an
      R-detector) capable of generating a signal which varies, as will be
      explained below, with the concentration ratio R of carbon to hydrogen, the
      concentraton C.sub.S of sulfur, and the density .rho..sub.1 of a sample
      hydrocarbon compound SPL. The R-detector 1 comprises a sample cell 2 to
      which the sample SPL is continuously supplied through a supply line SL, a
      radiation source 3 generating gamma rays or X-rays at an energy level of,
      for example, 60 keV, for which the mass absorption coefficient of carbon
      differs from that of hydrogen, and a detector 4, for example, an
      ionization chamber, located next to the sample cell 2 opposite the
      radiation source 3, for detecting the gamma rays or X-rays transmitted
      through the sample in the sample cell 2. The output signal I1 from the
      ionization chamber 4 is supplied to an R-signal converter 5 for
      impedance-converting the output current I1 as well as for converting it
      into a constant level electric signal such as a voltage signal E1 of 1 to
      5 V DC. The voltage signal E1 is applied to a linearizing circuit 6, such
      as a logarithmic amplifier for linearizing the output of the R-signal
      converter 5.
PAR  Measuring apparatus M further includes a sulfur concentration detector 7
      capable of generating a signal I2 which varies not with the
      carbon-to-hydrogen concentration ratio R of the sample SPL but instead
      varies with its sulfur concentration C.sub.S. The sulfur concentration
      detector 7 comprises a primary radiation source 8, such as 241.sub.Am
      whose energy is 60 to 100 keV or an X-ray generator, a target 9 made, for
      example, of silver and tin in an area ratio of 50/50, or of indium,
      capable of generating flourescent X-rays whose energy is about 20 keV, or
      preferably 23 to 24.5 keV, and a radiation detector 11 such as an
      ionization chamber located next to sample cell 10 opposite the target 9.
      The sample cell 10 communicates with the sample cell 2 of R-detector 1 and
      is continuously supplied with the sample SPL. The output current of the
      ionization chamber 11 is applied to a sulfur concentration signal
      converter 12 for impedance-converting, as well as for converting it into a
      constant level voltage signal E2 such as 1 to 5 V DC. A linearizing
      circuit 13, such as a logarithmic amplifier, is provided for linearizing
      the output E2 of the sulfur concentration signal converter 12.
PAR  A density detector 14, such as a vibration type density meter, measures the
      density of the sample SPL by measuring the lateral free vibration of the
      pipe carrying the sample. This type of density meter is desirable because
      it can continuously measure density with high accuracy. The density
      detector 14 is located in the middle of the sample line SL which
      communicates between the R-detector 1 and the sulfur concentration
      detector 7 so that the density of the sample SPL flowing through the
      R-detector and the sulfur concentration detector can be measured as it
      exists at each such detector.
PAR  Density converters 15 and 16, each having a temperature compensation
      circuit, are responsive to (1) the temperature of the sample in the
      density detector 14 as detected by a resistance bulb 17, and either (2)
      the temperature of the sample flowing through the sample cell 2 of
      R-detector 1 as detected by a resistance bulb 18, or (3) the temperature
      of the sample flowing through the sample cell 10 of the sulfur
      concentration detector 7 as detected by a resistance bulb 19. Density
      converters 15 and 16 convert the density signal .rho. from detector 14
      into reference temperature converted density signals .rho..sub.1 and
      .rho..sub.2 relating density as detected by detector 14 to the
      temperatures as sensed by bulbs 18 and 19 respectively in the R-detector 1
      and sulfur concentration detector 7. A density signal .rho..sub.1 for the
      sample at the R-detector and a density signal .rho..sub.2 for the sample
      at the sulfur concentration detector are obtained.
PAR  The density signals .rho..sub.1 and .rho..sub.2 are applied to division
      circuits 20 and 21 for eliminating the density variables contained in the
      outputs of the linearizing circuits 6 and 13 and for generating both a
      linear signal X which varies with sulfur concentration C.sub.S and the
      ratio R irrespective of density changes, and a linear signal C.sub.S which
      varies with the sulfur concentration C.sub.S. A computing element 22
      receives the outputs X and C.sub.S of the division circuits 20 and 21, and
      computes or correlates them according to Eq. (9) to generate on output
      line 23 the signal Q representing the calorific power of the sample.
PAR  The measuring apparatus M of FIG. 1 operates in the following manner.
      Assume that the sample SPL is continuously introduced into the R-detector
      1, density detector 14, and the sulfur concentration detector 7. Then the
      R-detector 1 generates a signal I.sub.1 related to R as in Eq. (4). This
      signal I.sub.1 is impedance converted into a 1 to 5 V DC signal E.sub.1 by
      the R signal converter 5 and then logarithmically converted into a signal
      X' as in Eq. (7) by the linearizing circuit 6. The density signal output
      .rho. of the density detector 14 is converted with respect to a reference
      temperature and compensated with respect to the temperature at which R is
      detected, yielding the density signal .rho..sub.1 at that detector. The
      signal X' is then divided by the density-compensated signal .rho..sub.1
      and multiplied by 1/t.sub.1 whereby a signal X related not to density but
      to C.sub.S and R as in Eq. (8) is obtained.
PAR  In the sulfur concentration detector 7, the target 9, when irradiated with
      gamma rays from the radiation source 8, emits flourescent X-rays of 23.5
      keV energy. The ionization chamber 11 generates a current signal I.sub.2
      corresponding to the absorption rate of the flourescent X-rays transmitted
      through the sample in the cell 10. This signal I.sub.2, not related to R,
      is given as
EQU  I.sub.2 = I.sub.o2
      e.sup..sup.-.sup..rho..sbsp.2t.sbsp.2.sup.{(.sup..mu..sbsp.s .sup.-
      .sup..mu..sbsp.c.sbsp.h)C.sbsp.s .sup.+ .sup..mu..sbsp.c.sbsp.h.sup.}(10)
PAL  where
PA1  I.sub.o2 : the output current of the ionization chamber 11 when the sample
      cell 10 is empty
PA1  .rho..sub.2 : the density of the sample when the sulfur concentration is
      measured
PA1  t.sub.2 : the effective length of the sample cell 10
PA1  .mu..sub.CH : the mass absorption coefficient of a hydrocarbon compound
PAR  The output signal I.sub.2 of the detector 7 as in Eq. (10) is converted
      into a voltage signal E.sub.2, for example, a DC 1 to 5 V signal after
      impedance conversion by the sulfur concentration signal converter 12. Then
      the signal E.sub.2 is linearized through logarithmic conversion by the
      linearizing circuit 13 and supplied as an input to the division circuit
      21. The division circuit 21 is supplied also with density signal
      .rho..sub.2 which is the output of the density detector 14 after being
      converted according to a reference temperature and then compensated with
      respect to the temperature at which the sulfur concentration is detected.
      Division circuit 21, using this density signal .rho..sub.2, in addition to
      other necessary arithmetic operations, eliminates the density .rho..sub.2,
      the effective length t.sub.2 of the sample cell 10, the current I.sub.o2
      of the ionization chamber when the sample cell 10 is empty, and the mass
      absorption coefficients .mu..sub.S and .mu..sub.CH of sulfur and
      hydrocarbon to obtain an output signal C.sub.S related only to the sulfur
      concentration C.sub.S.
PAR  The output X of the division circuit 20 and the output C.sub.S of the
      division circuit 21 are supplied to the computing element 22 in which the
      two outputs X and C.sub.S are computed or correlated according to Eq. (9).
      The computed result, an electrical signal proportional to the calorific
      power Q of the sample, is available at the output terminal 23.
PAR  The following numbers set forth one concrete example wherein the calorific
      power Q of a hydrocarbon compound is determined by the use of gamma rays
      of 60 keV energy, at which .mu..sub.H = 0.37 cm.sup.2 /g, .mu..sub.C =
      0.175 cm.sup.2 /g, and .mu..sub.S = 0.43 cm.sup.2 /g. Substituting Q.sub.H
      (33,888 kcal/kg), Q.sub.C (7,831 kcal/kg) and Q.sub.S (2,210 kcal/kg) for
      Eq. (8),
EQU  Q = 133625.64X - 39693.13 C.sub.S - 15552.55 kcal/kg
PAL  When this hydrocarbon compound is petroleum where R = 7 and C.sub.S = 0.02
      (2%), then X = 0.20448. Substituting these values for Eq. (11),
EQU  Q = 10976.89 kcal/kg
PAR  In this example, if the calorific power is measured with a resolution
      .DELTA.Q = 20 kcal/kg (or about 0.2%), the resolution .DELTA.X of X should
      be 0.015%, and the resolution .DELTA.C.sub.S of sulfur concentration
      C.sub.S should be 0.05 wt%-S.
PAR  Such resolutions of X and C.sub.S may be obtained using a
      density-compensated signal from measuring apparatus M in FIG. 1, wherein
      the effective length of the sample cell 2 of R-detector 1 is elongated,
      and the voltage applied to the ionization chamber is increased to increase
      the measuring sensitivity. For the sulfur concentration detector 7, a
      gamma ray source or an X-ray source of 60 to 100 keV energy is used
      whereby a silver-tin target (silver-to-tin area ratio: 50/50), a cadmium
      target or an indium target is caused to emit 23 to 24.5 keV flourescent
      X-rays as in the embodiment of FIG. 1. This sulfur detector, as set forth
      in U.S. Pat. No. 3,746,874 is capable of detecting sulfur concentrations
      with a sensitivity of 0.01 wt%-S by the use of 23 to 24.5 keV flourescent
      X-rays.
PAR  The required repeatability of an apparatus handled by one identical person,
      defined in JIS (Japanese Industrial Standards) K2279-1971 for the method
      of testing the calorific power of petroleum products, is 50 kcal/kg. Thus
      the resolution available according to the invention is 1/2.5 of the
      repeatability defined in JIS and a calorimeter of high sensitivity can be
      realized according to the invention.
PAR  FIGS. 2 and 3 show detectors of other embodiments of the invention. The
      detector 30 shown in FIG. 2 comprises a radiation source 31 generating
      gamma rays or X-rays with an energy level, for example, of 60 keV, and a
      concave target 33 opposite to the radiation source 31 and having an
      aperture 32 in the center. This target is of silver-tin as in the
      foregoing example, from which gamma rays 34 are emitted with an energy
      level at which .mu..sub.H and .mu..sub.C differ from each other, and
      X-rays 35 with an energy level at which .mu..sub.H and .mu..sub.C are
      about equal to each other are obtained. The gamma rays are opposite in
      direction to the flourecent X-rays as shown in FIG. 2. Detectors such as
      ionization chambers 38 and 39 are located opposite the sample cells 36 and
      37 in the direction in which the gamma rays and flourescent X-rays are
      generated. The sample SPL is branched (as indicated by the solid line)
      from the main sample line or is introduced directly (as indicated by the
      broken line) from the main sample line continuously into the sample cells
      36 and 37 seriatim.
PAR  In detector 30 of FIG. 2, one radiation source and one target will suffice
      and hence the cost of the apparatus can be reduced, its safety can be
      increased, and the R-detector and the sulfur concentration detector can be
      integrally constructed.
PAR  The detector 40 shown in FIG. 3 comprises a radiation source 41 for
      generating gamma rays or X-rays with an energy level, for example, of 60
      to 100 keV, and targets 42 and 43 located opposite to the radiation source
      41. The target 42 is of germanium, capable of emitting flourescent X-rays
      of 10 keV at which .mu..sub.H and .mu..sub.C differ from each other, or of
      barium, capable of generating flourescent X-rays of 32 keV energy. The
      other target 43 is of the aforementioned silver-tin construction
      generating flourescent X-rays with an energy level at which .mu..sub.H and
      .mu..sub.C are equal to each other, or of cadmium or indium. The two
      targets 42 and 43 are mounted on a concave support member 45 having an
      aperture 44 in the center so that the two targets are suitably distant
      from each other to prevent flourescent X-rays with different energy levels
      from mixing. The support member 45 is rotated on a shaft 46 by a motor M.
      A shielding plate 47 is located opposite to the targets 42 and 43 and has
      an opening 48 alignable with one of the rotating targets 42 or 43. A
      sample cell 49 and a radiation detector such as an ionization chamber 50
      are located on the side opposite to the target in view of the opening 48.
      A shielding wall 51 shields the gamma rays or X-rays escaping from the
      aperture 44 in the center of the support member 45.
PAR  In operation, detector 40 has its targets 42 and 43 rotated along with the
      support member 45 at a constant speed by the motor M. As a result, the
      targets 42 and 43 alternately pass a position in front of the opening 48
      of the shielding plate 47. The flourescent X-rays with different energy
      levels generated from the targets 42 and 43 alternately pass through the
      opening 48 of the shielding plate 47 and enter the sample cell 49. The
      flourescent X-rays transmitted through the sample cell 49 are detected by
      the ionization chamber 50. Thus a signal which varies with the sulfur
      concentration C.sub.S and the ratio R of the sample, and a signal which
      varies not with R but with the sulfur concentration C.sub.S, are
      alternately generated from the detector 40 as if controlled on a
      time-division basis. These two signals are separated from each other by a
      suitable signal separation circuit and then processed as in the example
      illustrated with reference to FIG. 1 to obtain the calorific power Q of
      the sample.
PAR  In detector 40 of FIG. 3, one radiation source, one sample cell, and one
      radiation detector are sufficient, which makes it possible to construct
      the entire detector into a small size and manufacture it at a lower cost.
PAR  In the above example gamma rays of 60 keV energy and X-rays of 10 to 32 keV
      energy are the illustrative examples used for the R-detector. Instead,
      other gamma rays and X-rays may be used as long as their energy levels are
      sufficiently distant from the value (about 20 keV) at which .mu..sub.H is
      equal to .mu..sub.C. However, when gamma rays whose energy level is about
      60 keV are used, the mass absorption coefficient of sulfur becomes small.
      Hence the amount of sulfur compensation is reduced and transmittance of
      gamma rays is increased, with the result that the thickness of the window
      of the sample cell can be increased.
PAR  In the foregoing examples, a computer system or element 22 may be used for
      the division computations eliminating the density signal as performed by
      division circuits 20 and 21, as well as for the arithmetic operations
      correlating the signal X which varies with R to the signal C.sub.S which
      represents sulfur concentration.
PAR  According to the invention, as has been described, gamma rays or X-rays
      with an energy level at which .mu..sub.H differs from .mu..sub.C are
      utilized, such radioactive rays are applied to a sample whereby a signal
      which varies with C.sub.S and R is obtained, this signal is compensated
      with respect to density by the density signal of the sample and then
      computed according to a given formula to determine the calorific power of
      the sample. According to the invention, therefore, the calorific power of
      a hydrocarbon compound can be measured continuously with high accuracy.
      Moreover, because the calorific power is measured through a given formula
      correlating the signal varying with C.sub.S and R to the signal
      representing sulfur concentration C.sub.S, the calorific power of a
      sulfur-containing hydrocarbon compound such as crude oil and petroleum can
      be continuously measured with high accuracy.
PAR  Thus it is evident that the apparatus of this invention is highly suited
      for the measurement of calorific power of crude oil and petroleum products
      in various plants such as power plants where a large volume of crude oil
      or petroleum is consumed as fuel.
PAR  Although specific embodiments of the invention have been disclosed herein
      in detail, it is to be understood that this is for the purpose of
      illustrating the invention, and should not be construed as necessarily
      limiting the scope of the invention, since it is apparent that many
      changes can be made to the disclosed structure by those skilled in the art
      to suit particular applications.
CLMS
STM  We claim:
NUM  1.
PAR  1. An apparatus for measuring the calorific power of a sample containing
      hydrocarbon compounds and sulfur, comprising:
PA1  means for generating gamma rays or x-rays at an energy level for which the
      mass absorption coefficient of carbon differs from that of hydrogen;
PA1  means for applying the gamma rays or x-rays to the sample;
PA1  means for detecting the absorption rate of the gamma rays or x-rays by the
      sample and for generating a signal varying with the samle density and with
      the concentrations of carbon, hydrogen and sulfur in the sample;
PA1  means for measuring the density of the sample and for generating a signal
      varying therewith;
PA1  means for measuring the concentration of sulfur in the sample and for
      generating a signal varying therewith, said means comprising means for
      generating gamma rays or x-rays at an energy level for which the mass
      absorption coefficient of carbon is about equal to that of hydrogen, means
      for applying the gamma rays or x-rays to the sample, an ionization chamber
      for generating a signal varying exponentially with the concentration of
      sulfur in the sample, and linearizing circuit means receiving the
      exponentially varying signal and generating a signal varying linearly with
      the concentration of sulfur in the sample, and
PA1  means for accepting the signal varying with density and the concentrations
      of carbon, hydrogen and sulfur, the signal varying with density, and the
      signal varying with sulfur concentration and for mathematically
      correlating said signals according to a predetermined arithmetic formula
      to directly obtain the calorific power of the sample.
NUM  2.
PAR  2. An apparatus for measuring the calorific power of a sample containing
      hydrocarbon compounds and sulfur, comprising:
PA1  means for generating gamma rays or x-rays at an energy level for which the
      mass absorption coefficient of carbon differs from that of hydrogen;
PA1  means for applying the gamma rays or x-rays to the sample;
PA1  means for detecting the absorption rate of the gamma rays or x-rays by the
      sample and for generating a signal varying with the sample density and
      with the concentrations of carbon, hydrogen and sulfur in the sample, said
      means comprising an ionization chamber for generating a signal varying
      exponentially with the concentration of carbon, hydrogen and sulfur and
      with density, and linearizing circuit means accepting the exponentially
      varying signal and generating a signal varying linearly with density and
      with the concentrations of carbon, hydrogen and sulfur in the sample,
PA1  means for measuring the density of the sample and for generating a signal
      varying therewith;
PA1  means for measuring the concentration of sulfur in the sample and for
      generating a signal varying therewith; and
PA1  means for accepting the signal varying with density and the concentrations
      of carbon, hydrogen and sulfur, the signal varying with density, and the
      signal varying with sulfur concentration and for mathematically
      correlating said signals according to a predetermined arithmetic formula
      to directly obtain the calorific power of the sample.
NUM  3.
PAR  3. An apparatus for measuring the calorific power of a sample containing
      hydrocarbon compounds and sulfur, comprising:
PA1  means for generating gamma rays or x-rays at an energy level for which the
      mass absorption coefficient of carbon differs from that of hydrogen;
PA1  means for applying the gamma rays or x-rays to the sample;
PA1  means for detecting the absorption rate of the gamma rays or x-rays by the
      sample and for generating a signal varying with the sample density and
      with the concentrations of carbon, hydrogen and sulfur in the sample;
PA1  means for measuring the density of the sample and for generating a signal
      varying therewith;
PA1  means for measuring the concentration of sulfur in the sample and for
      generating a signal varying therewith; and
PA1  means for accepting the signal varying with density and the concentrations
      of carbon, hydrogen and sulfur, the signal varying with density, and the
      signal varying with sulfur concentration and for mathematically
      correlating said signals according to a predetermined arithmetic formula
      to directly obtain the calorific power of the sample,
PA1  the means mathematically correlating the signals comprising
PA2  means for combining (a) the signal varying with density with (b) the signal
      varying with density and with the concentrations of carbon, hydrogen and
      sulfur to provide (c) a signal varying only with the concentrations of
      carbon, hydrogen and sulfur, and
PA2  means for combining (c) the signal varying only with the concentrations of
      carbon, hydrogen and sulfur with (d) the signal varying with the
      concentration of sulfur to obtain the calorific power of the sample.
NUM  4.
PAR  4. An apparatus for measuring the calorific power of a sample containing
      hydrocarbon compounds and sulfur, comprising:
PA1  means for generating gamma rays or x-rays at an energy level for which the
      mass absorption coefficient of carbon differs from that of hydrogen;
PA1  means for applying the gamma rays or x-rays to the sample;
PA1  means for detecting the absorption rate of the gamma rays or x-rays by the
      sample and for generating a signal varying with the sample density and
      with the concentrations of carbon, hydrogen and sulfur in the sample;
PA1  means for measuring the density of the sample and for generating a signal
      varying therewith;
PA1  means for measuring the concentration of sulfur in the sample and for
      generating a signal varying therewith, said means comprising means for
      generating gamma rays or x-rays at an energy level for which the mass
      absorption coefficient of carbon is about equal to that of hydrogen, means
      for applying the gamma rays or x-rays to the sample, and means for
      detecting the absorption rate of the rays by the sample and for generating
      a signal varying with the concentration of sulfur in the sample;
PA1  the means for generating rays at an energy level for which the mass
      absorption coefficient of carbon differs from that of hydrogen, and the
      means for generating rays at an energy level for which the mass absorption
      coefficient of carbon is about equal to that of hydrogen, being provided
      by a single source of radioactive rays and target means for receiving the
      radioactive rays and emitting further rays, the source and target means
      together providing gamma rays or x-rays at said two energy levels; and
PA1  means for accepting the signal varying with density and the concentrations
      of carbon, hydrogen and sulfur, the signal varying with density, and the
      signal varying with sulfur concentration and for mathematically
      correlating said signals according to a predetermined arithmetic formula
      to directly obtain the calorific power of the sample.
NUM  5.
PAR  5. An apparatus for measuring the calorific power of a sample containing
      hydrocarbon compounds and sulfur as claimed in claim 4 wherein the means
      for applying the rays at an energy level for which the mass absorption
      coefficient of carbon differs from that of hydrogen to the sample
      comprising means for directly impinging rays from the radioactive source
      upon the sample, and wherein the means for applying rays at an energy
      level for which the mass absorption coefficient of carbon is about equal
      to that of hydrogen to the sample comprises means for impinging rays
      emitted by the target means upon the sample.
NUM  6.
PAR  6. An apparatus for measuring the calorific power of a sample containing
      hydrocarbon compounds and sulfur as claimed in claim 4 wherein the target
      means comprises first and second portions emitting rays at different
      energy levels, and the means for applying rays at an energy level for
      which the mass absorption coefficient of carbon differs from that of
      hydrogen to the sample comprises means for impinging rays emitted from the
      first portion of the target means upon the sample, and wherein the means
      for applying rays at an energy level for which the mass absorption
      coefficient of carbon is about equal to that of hydrogen to the sample
      comprises means for impinging rays emitted from the second portion of the
      target means upon the sample.
NUM  7.
PAR  7. An apparatus for measuring the calorific power of a sample containing
      hydrocarbon compounds and sulfur as claimed in claim 6 wherein the means
      for detecting the absorption rate of rays at an energy level for which the
      mass absorption coefficient of carbon differs from that of hydrogen, and
      the means for detecting the absorption rate of the rays at an energy level
      for which the mass absorption coefficient of carbon is about equal to that
      of hydrogen, have a common detection chamber, and wherein said first and
      second portions of the target means are arranged to alternately impinge
      emitted rays upon the detection chamber.
NUM  8.
PAR  8. An apparatus for measuring the calorific power of a sample containing
      hydrocarbon compounds and sulfur, comprising:
PA1  a radioactive source of gamma rays;
PA1  target means for emitting flourescent x-rays upon receiving gamma rays from
      the gamma ray source;
PA1  said gamma ray source and target means being arranged to furnish first
      gamma rays or flourescent x-rays with an energy level at which the mass
      absorption coefficient of carbon differs from that of hydrogen, and second
      flourescent x-rays at an energy level at which the mass absorption
      coefficient of carbon is about equal to that of hydrogen;
PA1  means for applying said first and second rays to the sample;
PA1  means for detecting the absorption rates of each of said first and second
      rays by the sample and for generating a first signal varying with density
      and with the concentrations of carbon, hydrogen and sulfur in the sample,
      and a second signal varying with density and with the concentration of
      sulfur in the sample;
PA1  means for measuring the density of the sample and for generating a signal
      varying therewith; and
PA1  means for receiving the signal varying with density and the concentrations
      of carbon, hydrogen, and sulfur in the sample, the signal varying with
      density in the concentration of sulfur in the sample, and the signal
      varying with density, and for mathematically correlating said signals
      according to a predetermined arithmetic formula to obtain the calorific
      power of the sample.
NUM  9.
PAR  9. An apparatus for measuring the calorific power of a sample containing
      hydrocarbon compounds and sulfur as claimed in claim 8 wherein the means
      for detecting the absorption rates of said first and second rays by the
      sample comprises a first detector continuously receiving said first rays
      and a second detector continuously receiving said second rays.
NUM  10.
PAR  10. An apparatus for measuring the calorific power of a sample containing
      hydrocarbon compounds and sulfur as claimed in claim 8 wherein the means
      for detecting the absorption rates of said first and second rays by the
      sample comprises a single detector arranged to alternately receive said
      first and second rays.
NUM  11.
PAR  11. An apparatus for measuring the calorific power of a sample containing
      hydrocarbon compounds and sulfur as claimed in claim 10 wherein the target
      means is arranged with different areas for emitting the first and second
      rays, and wherein the apparatus comprises means for alternately aligning
      the different areas with the single detector.
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PAL  An X-ray diagnostic apparatus intended in particular for the examination of
      the injured comprising: an X-ray tube-carrying arm member and a
      film-handling device which are respectively carried by two coaxial shafts,
      the common axis of which passes through the plane of the film. A
      horizontal patient-supporting plate is carried by means of an arrangement
      which enables the plate to be moved longitudinally, transversely and
      vertically and to be swung about a first vertical shaft, this arrangement
      being connected to the framework which supports the coaxial shafts in such
      a way as to enable it to swing about a second vertical shaft the axis of
      which intersects at the center of the exposure field with both the common
      axis and the central X-ray beam.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to X-ray diagnostic apparatus intended in
      particular for the radiological examination of the injured, in which the
      various parts of the body may be brought within the examination area
      without moving the patient on his horizontal support.
PAC  BRIEF DESCRIPTION OF PRIOR ART
PAR  Prior art apparatus for examining the injured employs, for example, a fixed
      horizontal support for the patient and a support for the X-ray tube which
      is in the form of a semicircular arcuate arm which may be moved parallel
      to the axis of the patient and which may pivot about a horizontal axis.
      Such apparatus has the drawback that it is necessary to move the arcuate
      arm along the patient to examine the various parts of his body, which
      gives rise to difficulties at certain angles of incidence and to loss of
      time when readjusting and which also makes it necessary to turn the
      patient over on the support so as to examine him on the side opposite from
      that first examined (left to right or vice versa).
PAC  SUMMARY OF THE INVENTION
PAR  The present invention enables this shortcoming to be overcome while
      preserving a very simple and inexpensive form of construction and it has
      the advantage that it is principally the patient support that is made
      movable and that it allows the patient's body be fully examined from all
      directions with minimum movement of the examination equipment. It is thus
      possible to make a complete survey from the skull to the feet, with or
      without oblique views, in a very short space of time.
PAR  In accordance with the invention, there is provided an X-ray diagnostic
      apparatus intended in particular for the radiographic and/or radioscopic
      examination of injured persons, having an arm for carrying an X-ray source
      and which is in the shape of a quarter-circular arc or a jib and a
      film-handing device contained in a light-proof housing. The source and
      film-handling device are respectively supported by means of two horizontal
      coaxial shafts pivotable individually or together about a common axis
      which passes through the center of the film plane, the film-handling
      device being so orientated that the lengthwise movement of the film F is
      substantially parallel to the common axis. The coaxial shafts are
      supported in bearings in a rigid supporting frame-work rests on the ground
      through a fixed plate. A patient-support arrangement is mounted on a
      movable plate which is pivotable about a first vertical shaft whose axis
      passes through the center of the X-ray field, and intersects both with the
      common axis of the coaxial shafts and that of the X-ray beam in a common
      point of intersection, the first vertical shaft being secured to the fixed
      plate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The invention will be better undestood and other features and advantages
      will become apparent from the following description, which is given by way
      of example, and from the accompanying drawings referring thereto, in
      which:
PAR  FIG. 1 is a diagrammatic view in side-elevation of a simplified embodiment
      of the apparatus according to the invention with the X-ray source and the
      patient-support means in one of their possible positions;
PAR  FIG. 2 is a front-elevational view of the apparatus in the same position as
      in FIG. 1;
PAR  FIG. 3 is a front-elevational view of the apparatus according to the
      invention with the X-ray source/image-receiver assembly pivoted through
      90.degree. with respect to FIGS. 1 and 2;
PAR  FIG. 4 is a front-elevational view with the patient-support swung round;
PAR  FIG. 5 shows, partly in cross-section, the general details of the
      patient-support means assembly in an apparatus according to the invention,
      and
PAR  FIG. 6 shows, partly in cross-section, a preferred embodiment of the
      mechanism for controlling the movements of the X-ray source/image-receiver
      assembly.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  In FIG. 1, reference numeral 1 refers to an arm member for carrying an
      X-ray tube which is in the form of an L- or C-shaped bracket or a
      quarter-circular arc and of which one end carries an X-ray tube T
      contained in a protective casing (not shown). The other end of the
      tube-carrying arm member 1 is secured to a first hollow shaft 2, which
      passes into a supporting framework 3 through a cylindrical opening 4
      provided in a rigid vertical wall 5. As a matter of fact, carrying arm
      member 1 enables the X-ray tube to be positioned at a predetermined
      distance form its mounting point on shaft 2, this distance having,
      relatively to the shaft axis, both axial and normal components. The
      framework 3 is supported on the ground by means of a fixed supporting
      plate 30. Each end of the opening 4 contains a bearing 6, thus enabling
      the hollow shaft to rotate about a horizontal axis F. Within the frame 3,
      the other end of the hollow shaft 2 has secured to it a first gear 7 which
      enables the shaft to be driven via a second gear 8, by a motor 9 the shaft
      of which carries a third gear 10.
PAR  An image-receiver formed by a film-handling device 11 (which may be of the
      general type described in U.S. Pat. No. 3,636,351 filed Sept. 19, 1970 to
      the same assignee or corresponding British Pat. No. 1,318,758) is secured
      to one end of a second shaft 12 which is mounted inside hollow shaft 2
      coaxially therewith. The second shaft 12 is mounted within hollow shaft 2
      by means of bearings 13 and its end situated within framework 3 is secured
      to a fourth gear 14 having the same diameter as the first gear 7 which is
      mounted on hollow shaft 2. The fourth gear 14 meshes with a fifth gear 15,
      which is of the same diameter as the second gear 8 and whose shaft is
      coupled to that of gear 8 by means of, for example, electrically
      controlled coupling means (clutch) 16. This makes it possible for the
      motor 9 to drive either only the hollow shaft 2, or the two shafts 2 and
      12 together and at the same time, when the X-ray source T is positioned
      perpendicularly to the plane of film F. This position is indicated by
      means of, for example, an electrical contact (not shown) which is carried
      by the hollow shaft 2 and is operated by a cam or a stop (not shown)
      carried by the second shaft 12 (or vice versa). This contact is connected
      into the control circuit for coupling means 16 so as to enable gear 15 to
      be coupled to gear 8 when the contact closes.
PAR  Within a light-proof housing, the film-handling device 11 contains, a space
      for a roll R of film, a group of intensifying screens surrounding film F
      in the exposure field, a magazine M to store the exposed photographs and
      an image intensifier A located in the exposure field below the plane of
      the film F. The film-handling device 11 is mounted on the second shaft 12
      in such a way that the common axis C of the two coaxial shafts 2 and 12
      passes through the plane of the film F and through the centre of the
      exposure field as well.
PAR  In the area facing the source, the housing containing the film-handling
      device 11 is covered by a protective lid 17 which is transparent to X-rays
      and which is mounted on the top of the housing by elastic means such as a
      set of springs 18 which hold it at a distance from the upper wall of the
      housing. A set of contacts 19 mounted around the periphery of the upper
      wall, which are operated when the lid 17 moves towards this wall, are
      connected into the control circuit (not shown) of the motor 9, thus
      allowing the pivoting movement of film-handling device 11 to be halted
      when, for example, the lid 17 strikes the patient supporting plate, which
      will be described below.
PAR  The patient-supporting means, which is shown in greater detail in FIG. 5,
      comprises a horizontal plate 20 which is intended to receive the patient
      in a recumbent position. The horizontal plate 20 is provided with a frame
      consisting of two lateral beams 21 which are able to slide in
      slide-bearings (not shown in FIGS. 1 to 4) and it may thus move
      horizontally in translation in the two directions shown by arrow 23, i.e.
      in parallel to its longitudinal axis. The slide-bearing are carried by a
      turnable plate 22, which is pivotable through .+-. 180.degree. about a
      vertical shaft 24 in the manner indicated by arrow 25; its pivoting
      movement about shaft 24 enabling the patient to be examined
      radiographically or radioscopically from head to foot or vice versa
      without his being moved on the plate 20.
PAR  The vertical shaft 24 carrying the turnable plate 22 is in turn carried by
      an elongated rectangular plate 26 (see FIGS. 1 and 2) which is able to
      slide perpendicularly to the longitudinal axis of the horizontal
      patient-supporting plate 20 in the direction shown by arrows 27 (FIG. 2),
      when the table in the position shown in FIGS. 1 and 2. To this end the
      elongated plate 26 is provided with sliding runners which fit into fixed
      seatings or bushings (not shown in FIGS. 1 to 4) which form part of a
      support block 28 which is small in comparaison with the elongated plate 26
      in the direction in which this latter moves. The support block 28 is
      secured to the upper end of a vertical, cylindrical rod 29 which is
      movable vertically in the direction shown by arrows 31 by means of a
      conventional mechanism contained in a pedestal 32. The cylindrical rod 29
      may be caused to move vertically by means of a rack and pinion assembly
      (not shown in FIGS. 1 to 4) or any other type of jack, for example. The
      pedestal 32 is mounted on a movable second support plate 33, which is
      capable of swinging through at least .+-. 90.degree. in the direction show
      by arrow D about a further vertical shaft 34 which is mounted on the first
      fixed plate 30 associated with framework 3. The pedestal 32 is secured to
      the second plate at a distance from said second vertical shaft 34, greater
      than half the length of the film-handling device housing. The axis of the
      second shaft 34, when extended, passes through the centre of the plane of
      the film F, i.e. through the intersection between the common horizontal
      axis C and the axis of the X-ray beam. The pivoting movement of the
      support-plate 33 is assisted by rollers 35 which run on a semi-circular
      track 35 situated at ground level.
PAR  FIG. 2 is a front-view of the apparatus shown in FIG. 1 in which an
      inclined position of the X-ray tube-carrying arm 1 is shown in dashed
      lines, such a position enables photographs to be taken at an oblique angle
      (of approximately 45.degree. to the vertical), the plane of the film F
      being horizontal.
PAR  FIG. 3 shows a front-view of the X-ray diagnostic apparatus according to
      the invention in a position which enables photographs to be taken
      laterally, i.e. sidewise relatively to the patient. To this end, the
      sliding plate 26 is brought up against block 28, rod 29 is withdrawn into
      pedestal 32 (lowered position of patient-supporting plate 20) and the
      tube-carrying arm 1 and the film-changer 11 are simultaneously pivoted
      through 90.degree. about the common axis C by engaging coupling means 16
      before starting the motor 9.
PAR  FIG. 4 is a front-view of the apparatus according to the invention, when
      the movable plate 33 bearing the pedestal 32 has been swung through
      90.degree. about the vertical shaft 34 from the position shown in FIGS. 1
      and 2.
PAR  Considered as whole, the movements of the apparatus which are described
      above and shown in FIGS. 1 to 4 enable an injured patient lying on the
      support 20 to be examined radiographically or radioscopically, from head
      to foot, at various angles to the vertical and to the longitunal axis of
      the patient, and they further enable any part requiring detailed
      examination to be centered relatively to the exposure field by moving the
      horizontal patient-supporting plate 20 by translatory movement in two
      perpendicular directions (longitudinal and transverse with respect to the
      patient) and the respective pivotings of the patient-supporting plate 20
      about one vertical shaft 24 and of the movable support plate 33 about
      another vertical shaft 34.
PAR  FIG. 5 shows, partly in cross-section along line B--B of FIG. 4, details of
      an embodiment of the patient-supporting means. The horizontal
      patient-supporting plate 20, made of a material which is transparent to
      X-rays, is bordered at the edge by tubular beams 21 of square
      cross-section. On their underside, these beams 21 carry guide-strips 37
      fitting into sets of three rollers 38, which are mounted on either side of
      the turnable plate 22. These sets of rollers 38 maintain the table 20 in a
      fixed position perpendicularly to its longitudinal axis and allow it to be
      moved parallel to this axis. At the center, the turnable plate 22 has a
      cylindrical seating 39, into which fits the first vertical shaft 24 about
      which the turnable plate 22 is able to pivot. The vertical shaft 24 is
      securely attached to the center of the elongated plate 26, which latter is
      provided with a device (not shown) for locking the turnable plate 22 at
      any desired angular position.
PAR  The elongated plate 26 contains at least two cylindrical, horizontal rods
      40 which are parallel to its longitudinal axis and are arranged
      symmetrically thereto. The rods 40 pass through cylindrical openings 41
      provided in the support block 28 which have at both ends ball-bearing
      bushings 42 which allow the rods 40 to slide axially within the openings
      41. The support block 28 is secured to the top of the vertical rod 29,
      which latter fits into a cylindrical seating 43 forming part of the
      pedestal 32. This arrangement allows the displacements of elongated
      rectangular support plate 26 perpendicularly to a straight line connecting
      the axis of rod 29 to that of vertical shaft 24. The vertical rod 29 is
      provided with a rack 44 secured to it and which meshes with a pinion 45
      driven by an electric motor 46.
PAR  FIG. 6 shows, partly in cross-section, a detail of a preferred embodiment
      of mechanism for controlling the movements of and for carrying the
      assembly comprising the X-ray source and the image-receiver (film-handling
      device 11).
PAR  In this embodiment, the assembly formed by the tube-carrying arm 1 and the
      film-handling device 11 is supported by a carriage 50 in the shape of a
      parallelepiped slide-block, which is guided by a set of rigid vertical
      slideways 51 of L-shaped cross-section. The slideways 51 surround the
      vertical edges of the carriage 50 and allow it to be moved vertically,
      which is done by means of a threaded rod 52 which engages in an internally
      threaded bore 53 provided in the body of carriage 50. The threaded rod 52
      is driven by a first motor 54, which is fixed with respect to the
      framework 3, by means of bevel gears 55.
PAR  The carriage 50 comprises a cylindrical opening 4, wherein supports through
      the two bearings 6, the hollow shaft 2 and it also carries a second motor
      56 which drives a first pinion 57. Pinion 57 meshes with the gear 14 which
      is secured to the central shaft 12 which carries the film-handling device
      11 and which passes through the hollow shaft 2 in a further pair of
      bearings 13. A third motor 58, which is mounted on the body of gear 14 by
      means of a support bracket 59, carries at the end of its shaft 61 a second
      pinion 60 which meshes with the gear 7 secured to the hollow shaft 2
      carrying the arm member 1.
PAR  The first motor 54 carries out the vertical movement of carriage 50 by
      means of gears 55 and the threaded rod 52, and the second motor 56 effects
      the simultaneous pivoting movement of the two coaxial shafts 2 and 12,
      when the shaft 61 of the third motor 59 has been immobilised for example,
      by inserting a non-reversible reduction gear (not shown) between shaft 61
      and the second pinion 60, and the third motor 59 effects the pivoting
      movement of hollow shaft 2, and consequently that of the tube-carrying arm
      1 with respect to the central shaft 12, thus enabling the X-ray beam to
      strike the plane of the film F obliquely.
PAR  The X-ray diagnostic apparatus according to the present invention is
      principally intended for the radioscopic and radiographic examinations of
      injured persons since it enables patients to be examined from head to foot
      by manoeuvring the support table longitudinally, laterally, vertically and
      by swinging it about a vertical axis passing through the centre of the
      film, without the patient being moved on the table, the plane of which in
      any position is always parallel to its plane in any other position.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An X-ray diagnostic apparatus particularly intended for examining
      injured patients, comprising:
PA1  an X-ray source for emitting an X-ray beam;
PA1  a film-handling device for receiving said X-ray beam traversing said
      patient, for delivering a visible image thereof and including within a
      lightproof housing a mechanism for displacing the film it contains in
      substantially one direction to and from the exposure field irradiated by
      said X-ray beam;
PA1  an arm member for carrying said X-ray source at one end thereof and for
      locating said source at a predetermined distance from said exposure field;
PA1  a pair of coaxial, horizontal, independently rotatable shafts having a
      common horizontal axis, the first one of which having the other end of
      said arm member secured thereto and the second one supporting said film
      handling device in such a way that said common axis is located in the
      plane of the film in the exposure field and that said direction of film
      displacement is parallel to said common axis;
PA1  a framework including a mechanism for driving said coaxial shaft pair and
      for supporting it through a cylindrical opening thereof by means of
      bearings;
PA1  a first supporting plate fixed to the ground for carrying said framework
      thereon; and
PA1  means for horizontally supporting a patient mounted on a second, movable
      supporting plate pivotable about a first vertical shaft secured to said
      first supporting plate, said first vertical shaft having an axis
      intersecting, at the center of said exposure field, with both said common
      axis and the central ray of said X-ray beam.
NUM  2.
PAR  2. Apparatus as claimed in claim 1, wherein said driving mechanism includes
      at least one first motor for driving said first horizontal shaft
      independently in rotation about said common axis and means for coupling
      said first horizontal shaft to said second one for simultaneously rotating
      both, when said X-ray source carrying arm member is so orientated that the
      central ray of said X-ray beam is perpendicular to the film plane in the
      exposure field.
NUM  3.
PAR  3. Apparatus as claimed in claim 1, wherein said patient-supporting means
      comprises a pedestal mounted on said movable second supporting plate at a
      distance, from said first vertical shafts, greater than half the length of
      said film-handling device housing; a jack mounted in said pedestal
      including a vertically movable rod; a support-block secured to the upper
      end of said rod; an elongated rectangular support plate movably mounted on
      said block for displacements perpendicular to a straight line connecting
      together the respective axes of said first vertical shaft and of said rod;
      a second vertical shaft mounted on said movable elongated plate; a
      turnable plate pivotably mounted on said second vertical shaft and a
      horizontal patient-supporting plate mounted on said turnable by means of
      slide bearings for longitudinal displacements thereof.
NUM  4.
PAR  4. Apparatus as claimed in claim 2, wherein said framework further includes
      means for movably supporting both said horizontal coaxial shafts and said
      driving mechanism thereof including said first motor, made up from a
      carriage mounted for vertical displacements along a plurality of slideways
      integral with said framework, said carriage displacements being controlled
      by means of a second motor.
NUM  5.
PAR  5. Apparatus as claimed in claim 4, wherein said first motor mounted on
      said carriage drives a first gear meshing with a second gear secured to
      said second horizontal shaft; said second gear supporting on its body a
      third motor coupled by means of gears to said first horizontal shaft,
      whereby said first motor simultaneously drives both of said horizontal
      coaxial shafts and said third motor drives the first horizontal shaft
      relatively to the second one.
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ABST
PAL  Apparatus for automatically regulating the amount of charge applied to an
      insulating surface. In a first embodiment an electrometer measures the
      electrostatic potential, or charge, on the insulating surface and
      generates an output voltage proportional thereto. The output voltage is
      continuously monitored and compared in a comparison means with a reference
      potential, the difference therebetween corresponding to an error signal.
      The error signal is periodically sampled and applied to an analog
      incremental integrator, the output thereof being coupled to a corona
      generator power supply, the power supply in turn being coupled to a corona
      electrode. The voltage applied by the power supply to the corona electrode
      is of a magnitude to cause the wire to apply sufficient charge to the
      insulating surface to reduce the error signal to substantially zero. In a
      second embodiment the output of the comparison means is sampled and
      delayed and then coupled to the corona generator power supply. A digital
      incremental integrator, which may be utilized in lieu of the analog
      incremental integrator, is also disclosed.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the art of electrophotography, including xerography, an
      electrophotographic material comprising a photoreceptor overlying a
      conductive substrate is electrically charged generally by means of a
      corona discharge, the charged material is exposed to light from an image
      and subsequently electrically charged particles are deposited selectively
      thereon so as to produce a visible image. When the electrophotographic
      material is subjected to an electric charging, the amount of charge
      deposited on the material varies with the conditions associated with the
      corona discharge, such as relative humidity, contamination of the charging
      wire or electrode, spacing between the surface of the photoreceptor and
      the corona generator, the voltage applied to the corona generator, ambient
      pressure and temperature. Since the above enumerated factors can vary with
      time, a variable photoreceptor charge may result with the attendant
      variation in the copy produced. Further, the thickness, dielectric
      constant and dielectric leakage of the photoreceptor can vary from
      receptor to receptor and as a function of time, also producing a variable
      photoreceptor charge.
PAR  A prior art technique for compensating for the variation of charge applied
      to the surface of a photoreceptor is disclosed in U.S. Pat. No. 3,586,908.
      The apparatus disclosed therein regulates the photoreceptor potential by
      comparing the output of an electrometer to a preset fixed potential value
      and generating a signal representing the difference therebetween the
      integrating the difference signal. The integrated difference signal causes
      a high voltage supply to supply a corresponding input voltage to a corona
      generator whereby the latter charges the photoreceptor surface to the
      preset fixed potential value. A switch may be interposed at the input
      terminal of the integrator to restrict the input to those times when a
      valid sample is disclosed, providing discontinuous sampling that may be
      required when plates or sheets, as opposed to drums, are being utilized as
      the photoreceptor support.
PAR  In the opposite sense, the "discontinuous sampling" technique disclosed,
      however, is not adapted for use when the photoreceptor is supported on a
      drum or the electrophotographic material comprises a continuous
      photosensitive web.
PAR  The use of a continuous control system as disclosed in the aforementioned
      patent does not allow the measurement of photoreceptor potentials at any
      point in the cycle due to delay time problems associated therewith.
      Further, the output of the corona generator is not periodically corrected
      for the duration of the cycle. The potential level per cycle therefore may
      be variable.
PAR  As exemplified in the aforementioned patent, the integrator utilized to
      integrate the difference, or error, signal is generally of the analog
      type, i.e., an operational amplifier having a feedback capacitor coupling
      the output to one of the amplifier inputs. Although analog integrators
      perform satisfactorily, long intervals between sampling increments may
      affect the charge retention capabilities of the integrating capacitor.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The present invention provides apparatus for regulating the charge applied
      to the surface of an insulator, such as a photoreceptor, whereby the
      quality of the reproduced images may be maintained for a substantial
      period of time. In particular, an electrometer measures the electrostatic
      potential, or charge, on the insulating surface and generates an output
      voltage proportional thereto. The output voltage is continuously monitored
      and compared in a comparison means with a reference potential, the
      difference therebetween corresponding to an error signal. The error signal
      is periodically sampled and transferred to an analog incremental
      integrator by gating a field effect transistor (FET) with a monostable
      multivibrator triggered at a desired point in the machine cycle. The
      output of the integrator is applied to a corona generator power supply
      which supplies an input voltage to the corona generator to cause the
      latter to charge the insulator surface to a value proportional to the
      reference potential, thereby reducing the error signal to substantially
      zero. In a second embodiment, the output of the comparison means is
      sampled, as set forth hereinabove, and then is delayed in time by
      interposing a second FET and a storage capacitor between the integrator
      output and the corona generator power supply, allowing the photoreceptor
      voltage to be sampled at one point in the machine cycle and the corona
      generator potential to be corrected at a different point in the cycle. A
      digital incremental integrator is provided which may be utilized in lieu
      of the analog incremental integrator.
PAR  It is an object of the present invention to provide apparatus for
      regulating the electrostatic potential on an insulating surface.
PAR  It is a further object of the present invention to provide apparatus for
      regulating the electrostatic potential on a photoreceptor by measuring the
      potential on the surface of the photoreceptor, comparing the measured
      value with a reference value and generating a signal representing the
      difference therebetween, sampling the difference signal at predetermined
      points in the machine cycle, the sampled output being applied to an
      integrator, the integrator output in turn controlling a high voltage
      supply which supplies a corresponding input voltage to a corona generator
      whereby the photoreceptor surface is charged to a value proportional to
      the reference potential.
PAR  It is still a further object of the present invention to provide apparatus
      for regulating the electrostatic potential applied on the surface of a
      photoreceptor by measuring the potential on the surface of the
      photoreceptor, comparing the measured potential with a reference value and
      generating a signal representing the difference therebetween, sampling the
      difference signal at predetermined points in the machine cycle, delaying
      the sampled signal for a predetermined period, the delayed sampled signal
      being applied to an integrator, the integrator output in turn controlling
      a high voltage supply which supplies a corresponding input voltage to a
      corona generator whereby the photoreceptor surface is charged to a value
      proportional to the reference potential.
PAR  It is a further object of the present invention to provide a digital
      incremental integrator which may be utilized in the electrostatic
      potential regulating apparatus described hereinabove.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of the invention as well as other objects and
      further features thereof, reference is made to the following description
      which is to be read in conjunction with the following drawings wherein:
PAR  FIG. 1 is a schematic diagram of a sampled control circuit in accordance
      with the teachings of the present invention;
PAR  FIG. 1a illustrates how the control circuit of FIG. 1 is utilized with the
      insulator supported on a drum;
PAR  FIG. 2 is a schematic diagram of a digital incremental integrator which may
      be utilized in the circuit described with reference to FIG. 1;
PAR  FIG. 3 is a schematic diagram of a delayed sampled control circuit utilized
      in accordance with the teachings of the present invention; and
PAR  FIG. 4 is a schematic diagram of a multiple control system in accordance
      with the teachings of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a schematic diagram of the charge regulating
      circuit wherein the electrostatic potential on a photoreceptor surface is
      periodically sampled is illustrated. In particular, the electrometer 10 is
      positioned adjacent insulating surface 8, such as a photoreceptor, and
      generates an output voltage which represents the magnitude and polarity of
      the actual electrostatic potential on the insulating surface 8. The output
      of electrometer 10 is coupled to the inverting input of operational
      amplifier 12, the output thereof being coupled to one input terminal of
      operational amplifier 16. The other input of amplifier 12 is coupled to
      ground via resistor 18. The output of amplifier 12 is also coupled to its
      non-inverting input via potentiometer 20, comprising resistor 22 and
      adjustable tap 24, and resistor 26. The output of amplifier 16 is coupled
      to the inverting input thereof via resistor 28 and to ground via resistor
      30. A reference voltage +Vref is coupled to the non-inverting input of
      amplifier 16 via potentiometer 40, comprising resistor 42 and adjustable
      tap 44, and resistor 46. The output of amplifier 16 is coupled to the
      drain electrode of field effect transistor (FET) 50 via resistor 52. The
      source electrode of FET 50 is connected to the inverting input of
      operational amplifier 62 having an integrating feedback capacitor 64
      coupled between the output and inverting input thereof. The non-inverting
      input of amplifier 62 is connected to ground. Operational amplifier 62
      functions as an analog integrator in the configuration shown. The output
      of integrator 62 is coupled to one input of operational amplifier 66 via
      resistor 68, the non-inverting input of operational amplifier 66 being
      coupled to ground via resistor 70. The output of operational amplifier 66
      is coupled to the inverting input thereof via resistor 72, operational
      amplifier 66 functioning as a summing amplifier. The inverting input of
      operational amplifier 66 is coupled to Vref via resistor 74. The output of
      operational amplifier 66 is coupled to corona generator power supply 76,
      the output thereof being connected to the corona electrode 78 of corona
      generator 80.
PAR  In operation, electrometer 10 produces a voltage signal which is
      proportional to the electrostatic potential on the surface of insulator 8.
      Electrometers are commercially available and, for example, may comprise
      the system disclosed in U.S. Pat. No. 3,667,036. The output of
      electrometer 10 is applied to amplifier 12 which amplifies the
      electrometer output and provides an impedance buffer between the
      electrometer output and the input of operational amplifier 16. If the
      output of the electrometer is current, adjustable tap 24 is positioned
      such that the output current is transformed into a voltage within the
      output limits of amplifier 16. The output of the buffer amplifier 12 is
      coupled to the non-inverting input of amplifier 16. The reference voltage
      Vref, adjusted by potentiometer 40 and resistor 46 to provide a value
      proportional to a desired predetermined fixed electrostatic potential on
      the insulator surface, is also coupled to the non-inverting input of
      amplifier 16. Since amplifier 12 inverts the electrometer signal applied
      thereto, a positive electrostatic potential, for example, on the surface
      of the insulator will be reflected as a negative potential at the input of
      amplifier 16. Therefore, the positive modified reference potential is
      differentially compared with the measured electrostatic potential at the
      input of amplifier 16. If the measured potential is equal to the
      predetermined potential value, no output is generated by amplifier 16. If
      the measured value is less than the predetermined potential value, a
      positive potential will appear at the output of amplifier 16. If the
      measured value is greater than the predetermined potential, a negative
      potential will appear at the output of amplifier 16.
PAR  FET 50 is essentially a signal transferring device and comprises an output
      circuit between its source and drain electrodes and a gate electrode into
      which a control signal is applied. When a negative signal is applied to
      the gate electrode, the output circuit of the field effect transistor 50
      is conductive; and when it is absent, i.e., positive, its output circuit
      is non-conductive. In the circuit shown in FIG. 1, when a trigger signal
      is applied to terminal 82, monostable multivibrator 84 is gated and a
      negative pulse of a predetermined period, 100 milliseconds, for example,
      is generated. The FET output circuit is therefore conductive during the
      pulse period and the output of amplifier 16 corresponding to the
      difference between the measured potential and the predetermined potential
      (hereinafter referred to as the error signal) is applied to operational
      amplifier, or integrating amplifier, 62. The integrated error signal is
      thereafter applied to the input of amplifier 66. It should be noted at
      this point that the reference potential applied to the inverting terminal
      of amplifier 66 is related to the reference potential applied to the input
      terminal of amplifier 16 in that, in the absence of an error signal, its
      magnitude is sufficient to control corona generator power supply 76 such
      that corona electrode 78 applies a nominal or desired electrostatic charge
      to the insulator surface 8 (the corona electrode 78 is actually positioned
      adjacent electrometer 10). Therefore, if the measured potential on the
      insulator surface is greater than the desired potential, the error signal
      at the input to amplifier 66 will be negative in polarity and, when summed
      with the reference potential thereat, will reduce the voltage applied to
      power supply 76, which in return will reduce the voltage applied to corona
      electrode 78. If the measured potential is less than the desired
      potential, the error signal at the input to amplifier 66 will be positive
      in polarity and, when summed with the reference potential thereat, will
      increase the voltage applied to power supply 76, which in turn will
      increase the voltage applied to corona electrode 78.
PAR  In accordance with the teaching of the present invention, the error signal
      is sampled once each machine cycle for a preset period of time in order to
      incrementally correct the output of integrator 62. This output, therefore,
      will be constant until the next sampling period and is conditioned by
      amplifier 66 to levels suited for controlling the corona generator power
      supply 76. Therefore, the bipolar output of operational amplifier 16,
      which continuously represents the error between the potential measured on
      insulating surface 8 and the predetermined, or desired, value is
      transferred to the integrator 62 once each cycle. The transfer takes place
      by gating FET 50 with the output of monostable multivibrator 84 which is
      triggered by a microswitch positioned at a desired point in each machine
      cycle where it is desired to correct the output of corona generator 76 in
      order to minimize the error signal for the succeeding cycle.
PAR  The logic of the machine which incorporates the charge regulating circuit
      described hereinabove may be easily arranged to generate the trigger
      signal applied to terminal 82 at the desired point in the machine cycle.
      For example, the machine logic system described in U.S. Pat. No. 3,667,036
      is arranged to generate a triggering signal as the scanning lens passes
      the midpoint of its programmed path of travel. The trigger signal,
      generated, for example, by a microswitch, is applied to terminal 82 as
      described hereinabove which triggers the operation of the monostable
      multivibrator 84, the output thereof comprising a negative output pulse of
      predetermined period. The multivibrator output is coupled to the gate
      electrode of FET 50. Therefore, the error signal at the output of
      amplifier 16 is coupled to integrator 62 for a time period dependent upon
      the monostable multivibrator period which can be variable.
PAR  The advantage of a sampled regulating or control system over a continuous
      control system is that a measurement of the electrostatic potential on an
      insulating surface can be obtained at any point in the cycle without delay
      time difficulties. This provides a periodically corrected constant corona
      generator output for the duration of the cycle thereby assuring a fixed
      potential level per cycle.
PAR  FIG. 1a illustrates the operation of the present invention as applied to a
      xerographic drum potential control system. The electrometer 10 is
      positioned adjacent xerographic drum 85 which rotates in the direction
      indicated. The electrometer 10 is positioned in the forward direction
      relative to corona generator 80 with respect to the direction of rotation
      of drum 85. The corona generator 80 is angularly displaced from
      electrometer 10 by angle .beta.. In accordance with the teachings of the
      present invention, the triggering signal applied to terminal 82 may be
      arranged to occur, for example, each time point C on the surface of drum
      85 passes fixed point d external to drum 85.
PAR  Referring now to FIG. 2, a block diagram of a digital incremental
      integrator which may be utilized in lieu of the analog integrator 62 shown
      in FIG. 1 is shown. The advantage of a digital incremental integrator is
      its information retention capability without deterioration. This is a
      desirable property if long intervals between sampling increments, as in
      relatively long cycle machines, is a requirement. Further, if the
      integrating capacitor 64 shown in FIG. 1 is accidentally grounded, the
      information signal would be lost.
PAR  The negative pulse generated by monostable multivibrator 84 (FIG. 1) is
      applied to terminal 90 and to one of the inverter inputs of NAND gate 92
      via inverter 94. The output of NAND gate 92 is applied to the down input
      of a reversible 8-bit, up-down counter 96, to one of the inverter inputs
      of NAND gate 98 and NAND gate 100. The output of monostable multivibrator
      84 (FIG. 1) is applied to an inverter input of NAND gate 102 and NAND gate
      104. The clock input, generated by a high frequency oscillator (not shown)
      is necessary in the digital mode of operation, and is applied to another
      input of NAND gate 92, a second input of NAND gate 102, a second input of
      NAND gate 104, and to the clock input of JK flip-flop 106. The output from
      the amplifier 16 is applied to one input of analog comparators 108 and
      110, the latter via inverter 112. The output of comparator 108 is applied
      to the K input of JK flip-flop 106 and to the third input of NAND gate
      102. The output of analog comparator 110 is applied to the J input of JK
      flip-flop 106 and to the other input of NAND gate 104. The outputs of NAND
      gates 102 and 104 are each coupled to an input of NAND gate 103, the
      output thereof being coupled to the up terminal of up-down counter 96. The
      output of the up-down counter 96 is applied to the input of NAND gate 114,
      the output of which is coupled to the other input of NAND gate 92. The
      output of up-down counter 96 is also applied to the input of digital
      analog converter 116, the output thereof being coupled to the other input
      of analog comparators 108 and 110. The Q output of JK flip-flop 106 is
      coupled to the other input of NAND gate 98 and the Q output is coupled to
      the other input of NAND gate 100. The output of NAND gate 98 is coupled to
      the down input of 8-bit up-down counter 118, and the output of NAND gate
      100 is coupled to the up input of up-down counter 118. The output of the
      up-down counter 118 is coupled to the input of digital-analog converter
      120. The output of digital-analog converter 120 is coupled to the input of
      amplifier 66 (FIG. 1).
PAR  In operation, the error signal generated at the output of differential
      amplifier 16 is applied to the positive input of comparator 108 and to
      inverter 112. The output of inverter 112 drives the positive input of
      comparator 110. A positive error signal will unbalance comparator 108
      which in turn will enable one input of a three input NAND gate 102 and the
      set, or K, input of flip-flop 106 which enables one input of two input
      NAND gate 98.
PAR  The incremental update signal from monostable multivibrator 84 enables a
      second input of NAND gate 102 which allows a higher frequency clock rate
      signal to count up counter 96 via NAND gate 103. The digitized output of
      the up-down counter is transferred to a D/A converter 116, where it is
      converted to an analog equivalent and fed back to the negative inputs of
      comparators 108 and 110.
PAR  The state of the up-down counter 96 is increased until its analog
      equivalent at the negative terminals of the comparators is equal to the
      value of the error signal. At this point, the output of the comparator 108
      will change state, inhibiting NAND gate 102.
PAR  Any count registered in up-down counter 96 will produce an output from NAND
      gate 114 which in turn enables one input of NAND gate 92. A second input
      of NAND gate 92 is enabled by inverter 94 upon termination of the
      incremental update signal. This enables the clock pulse to count down
      counter 96 and through NAND gate 98, also count down counter 118. The
      clock pulses will continue to decrease the state of counter 118 until the
      state in counter 96 is reduced to zero. When this occurs, NAND gate 114
      will inhibit one input of NAND gate 92 and the state of counter 118 will
      have been reduced by the value that was initially registered in counter
      96.
PAR  The analog equivalent to the reduced state of counter 118 will result at
      the output of D/A converter 120 and is applied to amplifier 66 shown in
      FIG. 1.
PAR  A negative error signal will unbalance comparator 110 which in turn will
      enable one input of NAND gate 104 and reset flip-flop 106, enabling one
      input of NAND gate 100.
PAR  The operation of the incremental integrator for the negative error signal
      is similar to that described hereinabove with reference to the detected
      positive error signal, the result being an increase in the state of
      counter 118.
PAR  Referring now to FIG. 3, a schematic diagram of a delayed sampled control
      circuit in accordance with the teachings of the present invention is
      shown. Elements in FIG. 3 and FIG. 1 having the same reference numerals
      are identical.
PAR  In essence, FIG. 3 modifies the embodiment shown in FIG. 1 by interposing
      an additional switching, or transfer, element and storage capacitor
      between the output of integrator 62 and amplifier 66. In particular, the
      source electrode of FET 122 is coupled to the output of amplifier 62 via
      resistor 124. The drain electrode of FET 122 is connected to one terminal
      of a sample-and-hold capacitor 126, the other terminal of which is
      grounded, and to the noninverting input of unity gain buffer amplifier
      127, the output thereof being coupled to the inverting input of amplifier
      66 via resistor 68. The output of monostable multivibrator 128 is coupled
      to the gate electrode of FET 122. The multivibrator 128 is triggered by a
      signal applied to terminal 129.
PAR  Referring to the operation of the circuit shown in FIG. 1 set forth
      hereinabove, integrating amplifier 62 generates an output at predetermined
      sampling periods determined by the period of the signal generated by
      monostable multivibrator 84. The interposition of FET 122 between the
      output of integrating amplifier 62 and amplifier 66 provides an additional
      control level. The added storage capability provided by sample-and-hold
      capacitor 126 and amplifier 127 enables an operational sequence that
      samples a photoreceptor error signal at one point of the machine (or drum)
      cycle and then correspondingly corrects the output of corona electrode 78
      at another specified point in the drum cycle. It should be noted at this
      point that the system response time is minimized when the electrometer
      probe is placed as close to the corona generator 80 as is feasible.
PAR  When a triggering pulse is applied to terminal 129 by the closing of a
      microswitch when the photoreceptor is detected at a predetermined point in
      the machine (for example, fixed point e shown in FIG. 1a), monostable
      multivibrator 128 is triggered and a negative pulse of a predetermined
      period (100 milliseconds, for example) is applied to the gate of FET 122.
      During the duration of the negative pulse, the previously sampled error
      signal appearing at the output of integrating amplifier 62 is transferred
      to capacitor 126 and then to amplifier 66. The high voltage corona
      generator 76, controlled by the output of amplifier 66, supplies a
      corresponding input voltage to corona electrode 78 whereby the surface of
      the photoreceptor is charged to the predetermined value.
PAR  Referring now to FIG. 4, a multiple control system for allowing a machine
      operator to select either of the control circuits shown in FIGS. 1 and 3
      is shown. Elements in FIGS. 3 and 4 having the same reference numerals are
      identical. FIG. 4 modifies the embodiment shown in FIG. 3 by the additiona
      of a double pole, double throw switch 130. In the position illustrated,
      contact 132 is at terminal a and contact 134 is at termina a', and the
      sampled control circuit of FIG. 1 is incorporated into the system. In
      particular, the output of integrating amplifier 62 is coupled to amplifier
      66 via lead 136, terminal a', contact 134 and resistor 68. Similarly Vref
      is coupled to the input of amplifier 66 via the voltage divider comprising
      resistors 73 and 75, terminal a, contact 132 and resistor 74.
PAR  When the switch is positioned such that contact 132 is at terminal b and
      contact 134 is at position b', the delayed sampled control circuit shown
      in FIG. 3 is incorporated into the system. In particular, the output from
      integrating amplifier 62 is transferred to the input of amplifier 66 via
      resistor 124, FET 122, storage capacitor 126, amplifier 127, terminal b',
      contact 134 and resistor 68. Similarly, Vref is coupled to the input of
      amplifier 66 via the voltage divider comprising resistors 73 and 75,
      terminal b, contact 132 and resistor 74.
PAR  The advantage of the embodiment shown in FIG. 5 is that the operator of the
      machine incorporating a charge regulating circuit may, at his option,
      choose either one of two control circuits which may be appropriate for a
      particular situation.
PAR  While the invention has been described with reference to its preferred
      embodiments, it will be understood by those skilled in the art that
      various changes may be made and equivalents may be substituted for
      elements thereof without departing from the true spirit and scope of the
      invention. In addition, many modifications may be made to adapt a
      particular situation or material to the teaching of the invention without
      departing from its essential teachings.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for maintaining the electrostatic potential on the surface of
      an insulator at a predetermined value, a point on said insulator surface
      passing a fixed reference point in a periodic manner comprising:
PA1  first means for generating a first signal indicative of the magnitude of
      the electrostatic potential on said insulator surface,
PA1  second means for producing a reference signal which is proportional to said
      predetermined electrostatic potential,
PA1  third means coupled to said first means and said second means for producing
      an error signal indicative of the difference between said first signal and
      said reference signal,
PA1  integrator means connected to the output of said third means,
PA1  switching means interposed between the output of said third means and said
      integrator means whereby the output of said third means is directly
      coupled to said integrator means for a predetermined time period when said
      switching means is enabled,
PA1  means for applying a pulse of said predetermined time period to said
      switching means whereby said switching means is enabled,
PA1  a high voltage supply coupled to the output of said integrator means and
      controlled thereby, and
PA1  means for coupling the output of said high voltage supply to a corona
      electrode positioned adjacent said insulator surface, the charge on said
      insulator surface being controlled thereby during said predetermined time
      period thereby causing said insulator surface to be maintained at said
      predetermined electrostatic potential.
NUM  2.
PAR  2. The apparatus as defined in claim 1 wherein said switching means
      comprises a field effect transistor having drain, source and gate
      electrodes, said switching means being enabled for said predetermined time
      period by applying said pulse of said predetermined time period to said
      gate electrode.
NUM  3.
PAR  3. The apparatus as defined in claim 2 wherein said pulse is applied to
      said gate electrode each time a selected point on said insulator surface
      passes said fixed reference point.
NUM  4.
PAR  4. The apparatus as defined in claim 3 wherein said insulator surface
      comprises a photoreceptor.
NUM  5.
PAR  5. The apparatus as defined in claim 3 wherein said pulse is generated by a
      monostable multivibrator triggered each time said selected point on said
      insulator surface passes said fixed reference point.
NUM  6.
PAR  6. Apparatus for maintaining the electrostatic potential on the surface of
      an insulator at a predetermined value, a point on said insulator surface
      passing first and second fixed reference points, in sequence, in a
      periodic manner comprising:
PA1  first means for generating a first signal indicative of the magnitude of
      the electrostatic potential on said insulator surface,
PA1  second means for producing a reference signal which is proportional to said
      predetermined electrostatic potential,
PA1  third means coupled to said first means and said second means for producing
      an error signal indicative of the difference between said first signal and
      said reference signal,
PA1  integrator means connected to the output of said third means,
PA1  first switching means interposed between the output of said third means and
      said integrator means whereby the output of said third means is directly
      coupled to said integrator means for a first predetermined time period
      when said first switching means is enabled,
PA1  first means for applying a first pulse of said first predetermined time
      period to said first switching means whereby said first switching means is
      enabled,
PA1  a high voltage supply coupled to the output of said integrator means and
      controlled thereby,
PA1  second switching means interposed between the output of said integrator
      means and said high voltage supply whereby the output of said integrator
      means is directly transferred to said high voltage supply for a second
      predetermined time period when said second switching means is enabled,
PA1  second means for applying a second pulse of said second predetermined time
      period to said second switching means whereby said second switching means
      is enabled, and
PA1  means for coupling the output of said high voltage supply to a corona
      electrode positioned adjacent said insulator surface, the charge on said
      insulator surface being controlled thereby during said second
      predetermined time period thereby causing said insulator surface to be
      maintained at said predetermined electrostatic potential.
NUM  7.
PAR  7. The apparatus as defined in claim 6 wherein said first and second
      switching means each comprise a field effect transistor having drain,
      source and gate electrodes, said first and second switching means being
      enabled for said first and second predetermined time periods,
      respectively, by applying said first and second pulses of said
      predetermined time periods to the gate electrode of said first switching
      means and to the gate electrode of said second switching means,
      respectively.
NUM  8.
PAR  8. The apparatus as defined in claim 7 wherein said first pulse is applied
      to said first gate electrode each time said selected point on said
      insulator surface passes said first fixed reference point and said second
      pulse is applied to said second gate electrode each time said selected
      point on said insulator surface passes said second fixed reference point.
NUM  9.
PAR  9. The apparatus as defined in claim 8 wherein said insulator surface
      comprises a photoreceptor.
NUM  10.
PAR  10. The apparatus as defined in claim 6 further including third switching
      means operatively coupled to said integrator means and to said second
      switching means, said third switching means having first and second
      operative positions, the output of said integrator means being directly
      coupled to said high voltage supply when said third switching means is in
      said first operative position or through said enabled second switching
      means to said high voltage supply when said third switching means is in
      said second operative position.
NUM  11.
PAR  11. Apparatus for maintaining the electrostatic potential on the surface of
      an insulator at a predetermined value, comprising:
PA1  first means for generating a first signal indicative of the magnitude of
      the electrostatic potential on said insulator surface,
PA1  second means for producing a reference signal which is proportional to said
      predetermined electrostatic potential,
PA1  third means coupled to said first means and said second means for producing
      an error signal indicative of the difference between said first signal and
      said reference signal,
PA1  a digital incremental integrator connected to the output of said third
      means,
PA1  logic means coupled to said digital incremental integrator whereby the
      output of said third means is operatively coupled to said digital
      incremental integrator for a first predetermined time period when said
      logic means is enabled,
PA1  first means for applying a pulse of said first predetermined time period to
      said logic means whereby said logic means is enabled,
PA1  a high voltage supply coupled to the output of said digital incremental
      integrator and controlled thereby,
PA1  switching means interposed between the output of said digital incremental
      integrator and said high voltage supply whereby the output of said digital
      incremental integrator is directly transferred to said high voltage supply
      for a second predetermined time period when said switching means is
      enabled,
PA1  second means for applying a pulse of said second predetermined time period
      to said switching means whereby said switching means is enabled, and
PA1  means for coupling the output of said high voltage supply to a corona
      electrode positioned adjacent said insulator surface, the charge on said
      insulator surface being controlled thereby during said second
      predetermined time period thereby causing said insulator surface to be
      maintained at said predetermined electrostatic potential.
NUM  12.
PAR  12. Apparatus for maintaining the electrostatic potential on the surface of
      an insulator at a predetermined value, a point on said insulator surface
      passing a fixed reference point in a periodic manner comprising:
PA1  first means for generating a first signal indicative of the magnitude of
      the electrostatic potential on said insulator surface,
PA1  second means for producing a reference signal which is proportional to said
      predetermined electrostatic potential,
PA1  third means coupled to said first means and said second means for producing
      an error signal indicative of the difference between said first signal and
      said reference signal,
PA1  a digital incremental integrator connected to the output of said third
      means,
PA1  logic means coupled to said digital incremental integrator whereby the
      output of said third means is operatively coupled to said digital
      incremental integrator for a predetermined time period when said logic
      means is enabled.
PA1  means for applying a pulse of said predetermined time period to said logic
      means whereby said logic means is enabled,
PA1  a high voltage supply coupled to the output of said digital incremental
      integrator and controlled thereby, and
PA1  means for coupling the output of said high voltage supply to a corona
      electrode positioned adjacent said insulator surface, the charge on said
      insulator surface being controlled thereby during said predetermined time
      period thereby causing said insulator surface to be maintained at said
      predetermined electrostatic potential.
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PAL  Radiographic apparatus is described in which a thin planar slice of the
      body is examined by a swath of penetrating radiation such as X-rays.
      Collimators are provided for collimating the radiation after it has passed
      through the body into a set of beams which are directed into respective
      detectors. The swath of radiation, the collimeters and the detectors are
      orbited in the plane of the slice so that the beams pass through the body
      from many different angular directions. Means are provided for
      additionally displacing at least the collimators relative to the source so
      that the relative position of the beams and gaps between the beams are
      changed during the orbital movement.
BSUM
PAR  The present invention relates to radiography, and it relates in particular
      to apparatus for examining a thin planar slice or section of a body.
PAR  In our British Patent Specification No. 1,283,915 there is described
      apparatus for examining a thin planar slice of the human body. In one form
      of the apparatus a source of X-radiation produces a collimated beam which
      is directed through the body to a detector disposed at the other side of
      the body from the source. Scanning movements are imparted to the source
      and detector which are such that the beam executes successive traverses at
      right angles to its length, so that the beam sweeps through the slice
      under examination. After each such traverse, the source and detector are
      rotated through a small angle, say, 1.degree., so that the successive
      traverse occurs with the beam in different angular dispositions. The
      output of the detector is sampled during each traverse so that successive
      output signals are obtained dependent on the transmissions of the beam
      through a succession of narrow paths which during any one traverse are
      parallel to one another. The sampling is carried out so that the signals
      derived during any one traverse are dependent on the transmission or
      absorption of all elements of the body in the planar slice swept by the
      beam during the particular traverse. From the many sets of output signals
      thus obtained, corresponding to sets of parallel beam paths, disposed at
      different angular orientations, a reconstruction of the absorption or
      transmission of the elements in the planar slice is produced. The scanning
      procedure outlined above is however relatively slow, and for the
      examination of parts of the body which move due to heart beats or
      breathing, a faster scanning techinque is required. With a view to
      providing such a technique it has been proposed to irradiate the entire
      slice under examination with a swath of radiation and to detect the
      transmission along narrow beams in the swath by means of a bank of
      collimated detectors, each detector thus providing the output of a single
      beam. With such an arrangement, the lateral scanning traverses can be
      dispensed with and the scanning can be effected by a continuation orbital
      movement of the source and the detectors. However, the need to provide a
      bank of detectors with associated collimators has the disadvantage that
      gaps are left between the adjacent beams. This means either that each set
      of output signals may include fewer than the desired number, or that
      narrower beams have to be used, reducing the signal to noise ratio of the
      signals.
PAR  The object of the present invention is to reduce this disadvantage.
PAR  According to the present invention there is provided radiographic apparatus
      comprising a source of penetrating radiation arranged to project a swath
      of radiation across a space for location of a body to be examined, means
      for collimating the radiation into a set of beams with gaps between
      adjacent beams, detector means for detecting the respective beams and for
      producing output signals dependent on the radiation transmitted in said
      beams, means for orbiting said source, said collimating means, and said
      detector means in the plane of said swath, and means for additionally
      displacing at least said collimating means relative to the source so that
      the relative positions of the beams and the gaps are changed during the
      orbital movement.
DRWD
PAR  In order that the present invention may be clearly understood and readily
      carried into effect, one embodiment thereof will now be described with
      reference to the accompanying drawing, the single FIGURE of which shows,
      in schematic view, one example of apparatus in accordance with the present
      invention.
DETD
PAR  Referring to the drawing, a body to be examined is located in a short
      flexible hose 1, which forms one wall of a water reservoir 2, the hose
      being shown in section on the drawing. The hose 1, made of rubber, for
      example, is attached at each end to a rigid ring secured to the frame of
      the apparatus, one of these rings being denoted by the reference 3. The
      hose 1 is of sufficient size to allow the body of a patient to be examined
      to be inserted through the hose, so that the hose surrounds the abdomen
      for example. The other walls the reservoir 2, namely the end walls, one of
      which is shown at 4, and the outer wall 5, shown in section, are secured
      to a turntable 6, and to ensure that the reservoir is watertight,
      watertight seals, one of which is denoted at 7, are provided between the
      end rings 3 of the hose and the end walls 4 of the reservoir. After the
      body has been located within the hose 1, water is pumped into the
      reservoir by inlet 8, until the hose fits snugly around the patient,
      extruding air from between the patient and the hose. The walls 4 and 5 of
      the reservoir 2 are constructed of a plastics material which is
      substantially transparent to the radiation which is to be used in
      examining the body.
PAR  A source 9 of penetrating radiation such as X- or .gamma.- radiation is
      arranged to produce a substantially planar sectoral swath 10 of the
      radiation and is mounted on the turntable 6. It will be observed that the
      path lengths for all rays on the swath 10 through the reservoir are
      substantially equal though part of the paths for some rays will be through
      the body, not through the water. The source 9 can be orbited around the
      body in the plane of the swath by rotation of the turntable 6, which can
      be effected by means of an electrical motor 11 which drives a gear wheel
      12 engaging with gear teeth (not shown) provided all around the inner
      periphery of a stationary member 13. This member 13 is part of the frame
      of the apparatus to which the rings 3 are attached. As the outer wall 5 of
      the reservoir 2 is attached to the turntable, it rotates with it, and
      always presents the same profile to the swath 10.
PAR  A bank of radiation sensitive crystals 14.sub.1, 14.sub.2 . . . 14.sub.r,
      are mounted on the turntable 6, so as to be generally disposed, as shown,
      on the opposite side of the body to the source 9. Each crystal 14 can
      receive radiation via a respective collimator 15.sub.1, 15.sub.2 . . . 15
      which collimates the radiation into a beam through the body. Two such
      beams are denoted by the reference 16.sub.n, 16.sub.n + 1. In this
      example, the crystals 14 each comprise a scintillator crystal which gives
      light pulses in response to incident radiation photons. Such light pulses
      are conveyed from each crystal via a respective light pipe 17.sub.1,
      17.sub.2 . . . 17.sub.r to a respective photo-multiplier 18.sub.1,
      18.sub.2, . . . 18.sub.r. The photo-multipliers 18 produce output
      electrical signals dependent upon the incident light from the respective
      cyrstals and these electrical input signals are applied via conductors
      19.sub.1, 19.sub.2 . . . 19.sub.r to a signal processing circuit 20.
PAR  In operation, the output of each photo-multiplier is integrated for
      successive short intervals of time, during each of which the turntable 6
      moves through only a small angle. There is thus produced for each of a
      series of small increments of the orbital motion of the turntable, a set
      of output signals from the photo-multipliers dependent on the absorption
      of the respective beams 16 in the body enclosed by the hose 1. The timing
      of the integrations is controlled by a timing circuit 21 which controls
      the rate of rotation of the motor 11. The processing circuit 20 is
      arranged to reconstruct an image of the variable absorption of the
      elements of the section of the body, which is traversed by the swath 10 of
      radiation. The circuit 20 may include a digital computer arranged to carry
      out image reconstruction in the manner described in the aforesaid U.S.
      Pat. No. 1,283,915, or in the manner described in the complete
      specification of our co-pending U.S. Patent Ser. No. 19,528/73. To aid in
      the image reconstruction, the circuit 20 may include means for sorting the
      output signals, which are derived in sets corresponding to the beams
      defined by the collimators 15, into sets corresponding to parallel beams.
PAR  In the drawing, only a small number of detectors comprising crystals 14,
      optical couplings 17 and photo-multipliers 18 are shown and it will be
      appreciated that many more such detectors will be provided in a practical
      apparatus. For example a hundred or more detectors may be used. The
      drawing, however, indicates in exaggerated fashion now, by reason of the
      physical size of the collimators the beams 16 are separated from each
      other by gaps which although traversed by the radiation do not contribute
      to the output signals. This leads to a reduction in the number of output
      signals which, for a given beam width can be used in the image
      reconstruction, and it therefore impairs the quality of the image
      reconstruction. For example, the shaped region 22 between the beams
      16.sub.n and 16.sub.n +1 makes no contribution to the output signals of
      the set which is derived when the turntable 6 is in the angular position
      shown in the drawings. There is of course a similar gap between each two
      adjacent beams 16. However, as will be described, the apparatus
      illustrated enables information to be derived from the regions such as 22
      so that the effective number of readings taken through the planar slice of
      the body can be substantially increased whilst using the same number of
      detectors.
PAR  As shown on the drawings the bank of collimators 15 and crystals 14 is made
      slidably movable in a pair of runners 23 which are fixedly mounted on the
      turntable 6 and the bank can be moved linearly in the direction shown by
      the arrow 24 by a distance corresponding to approximately one half of the
      spacing of the entrance apertures of the collimators.
PAR  This linear movement can be effected in a variety of ways, but is
      represented as being produced by a crank 24 connected to the bank of
      collimator 15 by a connecting link 25, the crank being driven by a motor
      26, the operation of which is timed in relation to that of the motor 11 by
      the control circuit 21. The photo-multipliers 18 do not take part in the
      "side-step" of the collimators 15 and crystals 14, and the light pipes 17
      which optically couple the crystals 14 to the respective photo-multipliers
      18 are sufficiently flexible to allow the side-step to occur. The linear
      motion of the collimator and the crystals is correlated with the rate of
      rotation of the turntable 6 such that the aforementioned distance of
      travel of the bank of detectors is achieved after 360.degree. of rotation
      of the turntable 6. The full amount of linear motion of the bank 11 of
      detectors is achieved in one step, i.e. the member 6 rotates through
      360.degree. with the bank collimators and crystals in the position shown
      in the drawing and then the bank is moved linearly through a distance
      corresponding to one half of the collimator spacing. The turntable member
      6 then rotates through a further 360.degree. with the bank in its new
      position. Thereafter the banks of collimators and crystals are returned to
      the first mentioned position, in readiness for the start of another
      examination.
PAR  It will be appreciated that during the second of the two rotations, the
      relative positions of the beams 16 and the gap 22 are interchanged,
      compared with the first rotation.
PAR  During the second rotation, the output signals in the sets for
      corresponding angular positions are dependent upon absorption occurring in
      the areas which were missed by the output signals derived during the first
      rotation. The additional signals improve the quality of image
      reconstruction achieved by the circuit 20. In general the beams 16 may be
      wider than the gaps so that there will be some overlapping of the beams
      during the first and second revolutions of the turntable 6.
PAR  The side step of the collimators 15 and crystals 14 may occur after a
      rotation of 180.degree., instead of 360.degree.. Where the step occurs at
      360.degree., the beams during the second 180.degree. of a complete
      revolution will substantially register with, though being oppositely
      directed from those of the first 180.degree. rotation. However, this may
      be preferred, since it enables the output signals derived from the pairs
      of oppositely directed, but substantially registering beams, to be
      combined.
PAR  If the bank 11 of the detectors is to be moved linearly through the
      aforementioned distance after 360.degree. of rotation of the turntable 6,
      then instead of imparting the complete linear motion to the bank in one
      step as described above, the bank can be moved linearly at a slow rate,
      synchronously with the rotation of member 6, and throughout the
      360.degree. of rotation thereof, so that the bank has achieved the
      required amount of linear motion (i.e. half the collimator spacing) at the
      completion of the 360.degree. of rotation. The turntable 6 then completes
      a further 360.degree. of rotation whilst the bank moves through a further
      distance corresponding to half the inter-detector spacing. This
      arrangement can be achieved by driving the crank 24 continuously from the
      motor 11 via a gear box which provides a large reduction in rotational
      speed. The same modification can of course be employed when the required
      amount of linear motion is completed in 180.degree. of rotation of the
      turntable 6. It has been discovered that, in the arrangement in which the
      linear motion of the bank of collimators 15 is slow but continuous
      throughout a full revolution of turntable 6, the slight continuous
      precession of the detectors relative to the source 9 is of little
      consequence with regard to the determination of the aforementioned
      absorption (or transmission) coefficients.
PAR  In some cases only the collimators 15 may take part in the additional
      displacement provided each crystal can receive the radiation from its
      respective collimator in its different positions. On the other hand the
      photo-multipliers and the crystals may both take part in the additional
      displacement. Other forms of detectors than that illustrated may also be
      used.
PAR  In a modification of the invention, the number of absorption readings
      derived per move. can be increased further by causing the bank of
      detectors to move linearly at a slower rate than that previously envisaged
      so that the bank of collimators and crystals moves through the
      aforementioned distance corresponding to half the inter-detector spacing
      in, say, four revolutions of the turntable 6. This can result in
      obtaining, for each angular orientation of the swath, output signals
      corresponding to substantially overlapping beams, which has special
      advantages which need not be described here. In this case, moreover, it is
      preferable that an apertured shutter be provided between the source 9 and
      the body. The shutter is moved linearly in synchronism with the linear
      motion of the collimators and crystals and effectively divides the
      sectoral swath 10 of radiation into discrete beams such as 16, which move
      relative to the body as the bank of collimators and crystals more. This
      reduces the amount of radiation to which the body is exposed.
PAR  Other embodiments of the invention will be evident to those skilled in the
      art, and it is not intended that the scope of the invention be limited by
      the preceding specific description of one embodiment of the invention, and
      modification thereof.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. Radiographic apparatus comprising a source of penetrating radiation
      arranged to project a swath of radiation across a space for location of a
      body to be examined, means for collimating the radiation into a set of
      beams with gaps between adjacent beams, detector means for detecting the
      respective beams and for producing output signals dependent on the
      radiation transmitted in said beams, means for orbiting said source, said
      collimating means, and said detector means in the plane of said swath, and
      means for additionally displacing at least said collimating means relative
      to the source so that the relative positions of the beams and the gaps are
      changed during the orbital movement.
NUM  2.
PAR  2. Apparatus according to claim 1, in which said means for additionally
      displacing said collimating means is such that the additional displacement
      is provided by a side step of the collimating means at a particular
      angular displacement of the collimating means.
NUM  3.
PAR  3. Apparatus according to claim 1 in which said means for additionally
      displacing the collimating means is such that the additional displacement
      occurs gradually during the orbital movement.
NUM  4.
PAR  4. Apparatus according to claim 1 in which said means for additionally
      displacing the collimating means is such that the beams and gaps are
      interchanged after an orbital movement of 180.degree. or a multiple
      thereof.
NUM  5.
PAR  5. Apparatus according to claim 1 in which the beams are at least as wide
      as the gaps.
NUM  6.
PAR  6. Apparatus according to claim 1 in which the widths of the beams and the
      gaps and the additional movement are all such that the effect of
      substantially overlapping beams is produced.
NUM  7.
PAR  7. Apparatus according to claim 1 in which said detector means comprise a
      set of scintillators which produces light pulses in response to incident
      radiation photons and respective photo-sensitive devices for producing an
      electrical output in response to said light pulses, and wherein said
      scintillators, but not said devices are arranged to undergo said
      additional displacement, the scintillator being optically coupled to the
      respective devices in such a way that displacement of scintillators
      relative to the devices can occur.
NUM  8.
PAR  8. Apparatus according to claim 1, in which said source is arranged to
      produce a sectoral swath of radiation.
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ABST
PAL  A detector for ionizing radiation, comprising a semiconductor plate having
      electrode strips, which extend along the upper surface of the plate, which
      is passed through by the rays, from an edge portion of the semiconductor
      plate in the direction of its opposite edge portion, and which communicate
      with a signal utilizing arrangement, the latter of which forms signals
      from the signals tapped from the electrode strips in correspondence with
      or indicative of the locations of the focal points of the radiation spots
      produced on the detector. All electrode strips are positioned on one side
      of the semiconductor plate, and vary in cross-section along the direction
      of their longitudinal extension pursuant to a predetermined function, and
      wherein on the other side of the semiconductor plate there is mounted a
      common electrode covering substantially the entire surface of the plate.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to a detector for ionizing rays, comprising a
      semiconductor plate having electrode strips, which extend along the upper
      surface of the plate, which is passed through by the rays, from an edge
      portion of the semiconductor plate in the direction of its opposite edge
      portion, and which communicate with a signal utilizing arrangement, the
      latter of which forms signals from the signals tapped from the electrode
      strips in correspondence with or indicative of the locations of the focal
      points of the radiation spots produced on the detector.
PAC  DISCUSSION OF THE PRIOR ART
PAR  A detector having a semiconductor plate and thereon positioned electrode
      strips is described in U.S. Pat. Nos. 3,529,159 and 3,529,161. In this
      known prior art detector, the electrode strips, which are positioned on
      the upper surface facing towards the radiation consist of gold, while the
      electrode strips positioned on the lower surface consist of aluminum. The
      monocrystal plate on which the electrode strips are mounted, consists of
      n-silicon. Insulation of the electrode strips from each other is attained,
      in that a voltage is applied to the electrodes so as to create a reduced
      strength layer which covers substantially the entire space between the
      electrodes and so as to thereby insulate the ohmic nature electrode strips
      relative to each other. The electrode strips of similarly directed nature
      are naturally insulated from each other.
PAR  In practice, however, it has been indicated that insulation of the ohmic
      nature electrode strips with respect to each other, such as in the example
      described in the Swiss patent with respect to the insulation of the
      aluminum electrodes, can only be unsatisfactorily effected. A mutual
      influence of the ohmic nature of the electrode strips on the tapped off
      signals from the lower surface of the detector is quite difficult to
      exclude. Consequently, this creates the danger that the signals delivered
      by the detector are falsified, in view of which the locations of the
      radiation spots on the detector cannot be exactly reproduced by means of
      the corresponding signals. Furthermore, extremely low-ohmic preamplifiers
      must be utilized, which is technically difficult to construct.
PAR  A detector of the above described type may be employed in conjunction with
      an image converter, pursuant to the U.S. Pat. No. 3,812,361. In this
      instance, the gamma energy elements emanating from a patient are coverted
      into electron beams which impinge on the detector. However, also in this
      utilization of a detector of the above-described type there is encountered
      the problem in providing a precise insulation, in particular of the
      electrode strips of ohmic nature with respect to each other, whereby the
      mutual influence of the tapped off signals from the electrode strips is
      reduced as much as possible.
PAC  SUMMARY OF THE INVENTION
PAR  It is, accordingly, an object of the present invention to provide a
      detector of the above-described type which provides good insulation
      between all electrode strips, so as to largely prevent any mutual
      influence being exerted over the electrical signals (transmission) tapped
      from the electrode strips.
PAR  This problem is inventively solved in that all electrode strips are
      positioned on one side of the semiconductor plate, and vary in
      cross-section along the direction of their longitudinal extension pursuant
      to a predetermined function, and wherein on the other side of the
      smiconductor plate there is mounted a common electrode covering
      substantially the entire surface of the plate. In the object of the
      invention, the locating signals are tapped exclusively from electrode
      strips of similarly directed nature which are insulated in a natural
      manner from each other. consequently, only a single electrode of an ohmic
      nature is present so as to practically entirely exclude any mutual
      influence of the signals. The signal tapped from an electrode strip
      depends thereby, due to the cross-sectional variation, upon the impinging
      location of the radiation in consideration of the longitudinal extension
      of the electrode strips. An assured locating sequence is thereby provided.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  Further advantages and details of the invention may be ascertained from the
      following detailed description of an exemplary embodiment, having
      reference to the accompanying drawing, in which:
PAR  FIG. 1 is a plan view of a detector according to the present invention;
PAR  FIG. 2 is a sectional view through the detector taken along line II--II in
      FIG. 1; and
PAR  FIG. 3 is a schematic block diagram of a signal converting arrangement for
      the detector of FIGS. 1 and 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  The detector illustrated in FIGS. 1 and 2 includes a semiconductor member 1
      on whose upper surface there are located triangularly-shaped electrode
      strips 2 to 13. The electrode strips 2 to 13 may be obtained by infusion
      into the semiconductor member 1 of a powdered silicon material, so as to
      form electrode strips 2 to 13 of p-conductive silicon, whereas the
      remaining portion of the semiconductor member 1 is constituted of
      n-conductive silicon. As p-pulverulent material boron or phosphorus may be
      infused into the semiconductor member 1. In this manner there are formed
      between the electrode strips 2 to 13 and the semiconductor body 1,
      pn-junctions 14. Between the electrode strips 2 to 13 there are positioned
      connectors 15 which are formed of silicon dioxide so as to effect the
      separation of the electron strips 2 to 13 from each other.
PAR  The diffusion depth of the infused powder material, and consequently the
      thickness of the electrode strips 2 to 13, depends upon the absorption
      properties for the to be received radiation.
PAR  On the lower surface of the semiconductor member 1 there is mounted a
      common electrode 16, which covers substantially the entire surface
      thereof, and which provides ohmic contact with the semiconductor member 1.
      The electrode 16 may, for example, be constituted of aluminum which is
      plated on the surface of the semiconductor member. The electrode strips 2
      to 13 form telescoped triangles, which respectively extend from one edge
      of the detector to the other edge thereof. At two mutually opposite edges
      of the semiconductor member 1 there respectively follows a triangle side
      and a triangle corner in an alternating relationship. The electrode strips
      2 to 13 vary in cross-section in the direction of their longitudinal
      extension in pursuance to a predetermined function.
PAR  From the electrode strips 2 to 13 there are tapped signals a1 through a6,
      and b1 through b6. These signals depend upon the position of the radiation
      spot appearing on the detector. One such radiation spot is illustrated,
      for example, in FIG. 1 through chain-dotted lines and identified by
      reference numeral 17. From the signals a1 through a6 and b1 through b6
      there may be obtained x-signals and y-signals indicative of the position
      of the concentrating or focal points of the radiation spots, for example
      the radiation spot 17, in a coordinate system according to FIG. 1. An
      arrangement therefore is illustrated in FIG. 3 of the drawing.
PAR  From FIG. 3 it may be ascertained that the signals a1 through a6 are
      conveyed to a summing element 18, which forms a summed signal
      ##EQU1##
      therefrom. In an identical manner, the signals b1 through b6 are conveyed
      to a summing element 19 which forms therefrom a summed signal
      ##EQU2##
      i extends therein from 1 through n (1 through 6). These summed signals are
      then conveyed to a substracting element 20 which produces a differential
      signal
      ##EQU3##
      at its output 21. This differential signal concurrently formulates the
      y-signal for the position of the focal point of the radiation spot 17,
      while the a-and b-signals depend upon the y-coordinate of the focal point
      of the beam spot 17 in correspondence with the cross-sectional variation
      of the electrode strips 2 to 13.
PAR  The a-and b-signals further are conveyed to adding elements 22 through 27,
      which form therefrom the sums a1 + b1, a2 + b2, and so forth. The output
      signals of the adding elements 22 through 27, which correspond to these
      sums, are conveyed to a calculating element 28, which next multiplies
      these output signals with factors c1 through c6 which characterize the
      abscissas of the electrode pairs a1, b1; a2, b2; and so forth, through a6,
      b6. The summed signal a1 + b1, and so forth, are then weighted next in the
      calculating element 28 pursuant to the abscissa of the coordinate system
      according to FIG. 1. Additionally, the calculating element 28 forms
      ##EQU4##
      which means, .SIGMA. (a1 + b1) .times. c1 + (a2 + b2) .times. c2 + - - -
      (a6 + b6) .times. c6. The signals corresponding to this sum appears in the
      conduit 29 and is conveyed to a dividing element 30. The dividing element
      30 has, through a conduit 31, conveyed thereto a signal formed by an
      adding element 32, which corresponds to
      ##EQU5##
      in effect, a signal which is equal to the sum of signals a1 through a6 and
      b1 through b6. For this purpose, the adding element 32 is connected to the
      outputs of the adding elements 18 and 19.
PAR  The sums
      ##EQU6##
      may be formed directly in a summator, which has the ability to weight the
      inputs with coefficients. The signal
      ##EQU7##
      serves, in addition to the locating, also for providing discrimination
      against stray and background radiation of other types of energy as that of
      the utilized radiation.
PAR  The dividing element 30 forms a signal from the signals received at its
      inputs 29 and 31 which is equal to the quotient from
      ##EQU8##
      This signal, which is delivered at the output 33, corresponds to the
      abscissa of the focal point of the radiation spot 17.
PAR  The arrangement disclosed in FIG. 3 permits that from the signals a1
      through a6 and b1 through b6 there are formed x-signals and y-signals,
      which embody the abscissas and the ordinates of the focal points of the
      radiation spots on the detector. By means of the arrangement of FIG. 3,
      there are formed locating signals which, for example, may be communicated
      to an imaging or copying apparatus for the production of gamma ray images.
      The detector according to FIGS. 1 and 2 may therefore be employed in a
      gamma camera for determining the distribution of radioactive materials in
      the body of a patient. The distribution of the radioactives materials can
      thereby be further reproduced on an imaging or copying apparatus. The
      detector according to FIGS. 1 and 2 is adapted for installation in an
      image converter, since it contains a scintillation crystal at its input,
      and in which the light ray is converted into electron beams which impinge
      on the upper surface of the detector of FIGS. 1 and 2 of the drawing. The
      radiation spots, in this instance represent electron spots.
PAR  The detector of FIGS. 1 and 2 also is adapted for directly locating
      ionizing radiation, insofar as it concerns itself with radiation particles
      and energy element in coincidence with the radiation, and which have a
      symmetric distribution of the radiation intensity.
PAR  It is an important aspect of the invention that all of the electron strips
      employed for obtaining of the locating signals, be positioned on one side
      of the semiconductor member 1. In this manner it becomes possible to form
      all electrode strips in the shape of pn-junctions in which a mutual
      influence on the tapped off signals (transmission) is practically
      excluded. Ohmic junctions between the electrode strips and the
      semiconductor member, as in the present state of the technology, may be
      completely eliminated through the present invention. In contrast to the
      state of the technology, pursuant to the present invention there is
      provided on the lower surface of the semiconductor member only a single
      electrode which covers substantially the entire surface of the lower side
      of the semiconductor member. This common electrode is connected to a
      common input conduit 34, which lies, for example on the material.
PAR  Within the scope of the invention, there may be utilized, in lieu of the
      illustrated triangularly-shaped electrodes, other electrode shapes having
      variable electrode cross-sections. It is further possible, by employing an
      semiconductor member having a circular base portion, to position the
      electrode strips in star-shapes in which all of these point toward the
      center of the circle. When using triangularly-shaped electrode strips, in
      this instance the triangle points lie approximately in the center of the
      circle. A positioning is in this instance possible by means of the basic
      formulation of polar coordinates.
PAR  While there has been shown what is considered to be the preferred
      embodiment of the invention, it will be obvious that modifications may be
      made which come within the scope of the disclosure of the specification.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a detector for ionizing radiation, comprising semiconductor plate
      means having a plurality of electrode strip means, said electrode strip
      means being positioned on the surface of said semiconductor plate means
      passed through by said radiation and extending from a first edge of said
      semiconductor plate means in the direction of the opposite edge thereof;
      and signal converting means connected to said electrode strip means, said
      signal converting means including computing means being adapted to compute
      and generate signals in response to signals tapped off from said electrode
      strip means indicative of the locations of focal points of radiation spots
      generated on said detector, the improvement comprising; said plurality of
      electrode strip means each varying in cross-section along the length
      thereof being positioned on said one surface of said semiconductor plate
      means and varying in cross-section along their longitudinal extensions in
      conformance with a predetermined function; a plurality of connectors each
      respectively connecting one of said electrode strip means to said signal
      converting means for separately transmitting the signals from each said
      electrode strip means to said signal converting means; and a common
      electrode means being positioned on the opposite surface of said
      semiconductor plate means and being dimensioned so as to cover
      substantially said entire surface said computing means being connected to
      derive a signal as a mathematical function of the signals on a plurality
      of said connectors.
NUM  2.
PAR  2. A detector as claimed in claim 1, said plurality of electrode strip
      means extending from said one edge of the surface of said semiconductor
      plate means to the other edge in a substantially triangularly-shaped
      configuration.
NUM  3.
PAR  3. A detector as claimed in claim 2, said triangularly-shaped electrode
      strip means being positioned on said surface in telescoped relationship so
      as to form on two oppositely located edges of said semiconductor plate
      means alternately a triangle side and a triangle point in sequential
      order.
NUM  4.
PAR  4. A detector as claimed in claim 1, said plurality of electrode strip
      means being formed essentially of p-conductive silicon, and said
      semiconductor plate means being formed essentially of n-conductive
      silicon.
NUM  5.
PAR  5. A detector as claimed in claim 1, said common electrode means being
      constituted essentially of aluminum.
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ABST
PAL  An X-ray tire inspection machine for rapid and precise determination of
      accuracy of placement of internal elements, by visual or automated sensing
      of dimensions and of uniformity, precisely places each of a random
      succession of pneumatic tires for highway vehicles from the smallest to
      the largest sizes, scans the entirety of bead-to-bead sectors or any part
      of each sector, without gaps or significant overlaps, and displays all or
      any desired portions of the X-ray shadow pictures as a succession of still
      pictures, or senses automatically the presence of irregularities of
      various kinds in any desired locations. Precise placement of tires is
      accomplished by gripping of the tread of a horizontal tire by four spools
      having upper and lower flanges positively moved toward one another at a
      fixed speed until they grip the shoulders of the tread. Precise location
      of internal elements is accomplished by simultaneous introduction into the
      bead circle, exactly midway between the upper and lower supporting
      flanges, of a bead spreading device and an X-ray source directed toward
      the tire.
BSUM
PAC  CROSS-REFERENCES
PAR  This invention may include the stepwise scanning, with display of a
      succession of still pictures, of the patent of Green and Snarr U.S. Pat.
      No. 3,758,723 dated Sept. 11, 1973; the automatic tire handling devices of
      the patent of Green and Snarr U.S. Pat. No. 3,789,226 dated Jan. 29, 1974;
      and the optical system for depicting in a single picture the internal
      structure of a bead-to-bead sector of a tire, of the application for
      patent of Green and DeBenedetti Ser. No. 455,544 filed Mar. 28, 1974; all
      owned by the owner of this invention.
PAC  BACKGROUND
PAR  Pneumatic tires for highway service are subjected to severe stresses from
      the heavy loads, high driving and braking torque, cornering forces, and
      high speed flexing, which occur in present day operation. Even the most
      modern tire building equipment does not always place the internal elements
      with the intended degree of uniformity, and the final molding operation
      hides non-uniform placement which can lead to stress concentration and
      consequent premature failure, so that external inspection is not adequate
      for separating good tires from bad ones.
PAR  The most successful procedure for locating defects in internal placement of
      elements of pneumatic tires is X-ray inspection, but in spite of many
      recent advances, it has continued to be so slow and expensive that routine
      inspection of every tire has added significantly to cost and therefore to
      sales price.
PAR  An object of this invention accordingly is to automate the operation of an
      X-ray inspection machine, so that it will require a minimum of attention
      and therefore a minimum labor cost.
PAR  Another object is to make an X-ray inspection machine of maximum
      versatility so that it can handle random mixes of types and sizes as they
      appear in production operations without requiring any expensive
      presorting. Still another object is to provide equipment which will accept
      the smallest highway tires in spite of the difficult geometrical problems
      of fitting into a small bead circle an X-ray tube of irreducible size
      because of the need for very high voltage insulation, and bead spreading
      mechanism of adequate size and strength so that it will also separate the
      large and stiff beads of large highway truck tires.
PAR  A further object is to provide a machine which can be used optionally for
      100% visual inspection or for automated examination for specific
      conditions, or for both together or sequentially.
PAC  SUMMARY OF THE INVENTION
PAR  In this invention, in its preferred form, a continuous succession of tires
      which may be a random sequence of tires of widely varying sizes and types,
      ranging from tires for miniature motor cars or light trailers, with bead
      diameters of 10 inches (25.4 cm.), to the largest and heaviest highway
      truck tires, with bead diameters of 24.5 in. (62.1 cm.) or more, flow in a
      horizontal position on a roller conveyor to the X-ray inspection machine,
      where they are admitted one by one as the previous tire is discharged. The
      conveyor rollers at the entrance are skewed to direct the tires along a
      lateral fence, where a tire sensing device is located just beyond the
      center of the machine. Sensing of the presence of the advancing tire stops
      the conveyor and leaves the tire centered in the machine. It also triggers
      horizontal advance of a pair of spools with vertical axes, which engage
      the tread of the tire and push it laterally of the conveyor toward an
      X-ray imaging system. An electric eye has its vertical beam first
      interrupted and then exposed again as the open center of the tire passes
      opposite the electric eye. The passage of the light beam through the
      center of the tire stops advance of the spools, leaving the tire with the
      laterally most advanced part of the bead opening in a predetermined
      position. The light beam also triggers advance of another pair of spools
      with vertical axes, from the other side, toward the tire tread.
PAR  When the second pair of spools engage the tread of the tire with sufficient
      force to move the tire bead back into the beam of the electric eye, the
      advance of the spools is stopped and the upper and lower flanges of all of
      the spools are moved axially toward one another, one up and one down at
      the same speed along the cylindrical surfaces of the spools. The lower
      flanges, being initially closer to the tires, first engage the lower
      shoulder of the tire tread and lift the tire off the conveyor. When the
      upper flanges engage the opposite shoulder of the tire with a
      predetermined force, motion of the flanges is stopped, leaving the tire
      held with its midplane exactly at a predetermined level.
PAR  The stoppage of vertical motion of the flanges triggers vertical motion of
      a bead spreader mechanism and an X-ray tube head from a position above or
      below the tire to a position within the open center or bead circle of the
      tire. These elements are preferably mounted on a common support above the
      tire for simultaneous vertical downward movement. When they are centered
      with respect to the predetermined level of the midplane of the tire, they
      are moved horizontally to place the bead spreader fingers between the tire
      beads.
PAR  The bead spreader is preferably of the general type shown in the
      aforementioned U.S. Pat. No. 3,789,226, having two pairs of fingers,
      freely rotatable on their individual longitudinal axes, one pair for
      engaging one bead and the other pair for engaging the other bead, with
      their axes of rotation approximately radial to the tire. When the two
      pairs of fingers are separated vertically, they spread the beads in the
      sector where the fingers are located without spreading the beads at the
      opposite part of the tire circumference, but permit easy rotation of the
      tire for complete examination of the entire circumference.
PAR  Because of the limited space in the bead circle of small highway tires, it
      is difficult to fit bead spreaders of adequate strength and also a
      suitable X-ray tube simultaneously into this space. The compact
      juxtaposition of these elements is accomplished in this invention by
      mounting each pair of bead spreader fingers on a bent plate, with a
      vertical face which carries the stub axles on which the fingers
      individually rotate, and a horizontal face which is connected to the end
      of a vertical support, with the X-ray tube in the space provided by the
      angles of the bent plates. The vertical supports are a pair of telescoping
      tubes which collectively make up a post for the bead spreaders and which
      are provided with a power drive for moving them at equal speed in opposite
      vertical directions.
PAR  The X-ray tube is preferably of the type which can be rotated on its
      longitudinal axis by suitable power mechanism, for directing the X-ray
      beam at different intervals of the inspection procedure toward different
      zones such as a bead and sidewall zone, the tread and shoulder zone, and
      the opposite bead and sidewall zone. For this purpose, the axis of
      rotation of the X-ray tube is placed in the midplane of the tire, and the
      focal spot from which the X-rays radiate is preferably placed close to the
      beads but not actually between them. Because of the length of the X-ray
      tube required for accommodating the high voltage elements and for
      accelerating and focusing the electron beam, the end most distant from the
      focal spot is thrust between the beads, and the hollow post which supports
      the tube and carries the electric cables is offset at the end which is
      connected to the tube so as to clear the beads when the tube is in
      operating position.
PAR  As already stated, the X-ray tube preferably is initially in the angle of
      the bead spreader supports, but is located closer to the tire beads during
      operation, for the most advantageous relation to the imaging system. This
      relocation of the X-ray tube is accomplished by pivoting the X-ray tube
      support on the bead spreader support, to move into the space provided by
      the spreading of the beads by separation of the bead spreader fingers. In
      the case of an X-ray tube having its focal spot near one end, the pivot is
      at a small angle to the pivot of the common support so as to move the
      focal spot from an off-center to an accurately centered position.
PAR  The X-ray tube is then swiveled into three successive positions, for
      directing X-rays through the three zones of the tire already mentioned,
      toward three adjacent fluorescent screens at an angle of about 120.degree.
      to one another. These three screens form part of an imaging system of the
      type shown in the aforementioned application for patent. In this system,
      electronic images of the three shadow pictures on the screens are
      successively transmitted to adjacent thirds of the target of a storage
      tube to form a composite image of the entire width of the tire from bead
      to bead. The composite image is then displayed as a still picture on a
      picture tube of a monitor while the spools are rotated by a predetermined
      angle to bring another sector of the tire into position for similar
      imaging and display.
PAR  Alternatively, or additionally, photocells may be provided at critical
      locations, either for direct measurement of X-ray transmission, or for
      measurement of the light after transformation of the X-ray energy into
      light energy, for automatic sensing of the presence or absence of
      structural elements or of the proper spacing or density of structural
      elements.
DRWD
PAC  THE DRAWINGS
PAR  In the accompanying drawings:
PAR  FIG. 1 is a plan view of the machine of this invention containing the
      smallest size tire which it will handle.
PAR  FIG. 2 is a transverse vertical section through the machine.
PAR  FIG. 3 is a view on a larger scale of the supporting mechanism for the
      X-ray tube and bead spreaders, looking toward the entrance end of the
      machine.
PAR  FIG. 4 is a view from the plane 4--4 of FIG. 3.
PAR  FIG. 5 is a plan view from the plane 5--5 of FIG. 4.
PAR  FIG. 6 is a sectional view through the plane 6--6 of FIG. 3.
PAR  FIG. 7 is a partial section along the broken plane 7--7 of FIG. 5, with the
      bead spreaders and X-ray tube in operating position as they would be for
      the largest size highway tire.
PAR  FIG. 8 is a partial section similar of FIG. 7 but with the X-ray tube in
      its laterally retracted position.
PAR  FIG. 9 is a view similar to the lower part of FIG. 7 except that it shows
      the bead spreaders in position for the smallest highway tire, with the
      X-ray tube turned for scanning the upper bead and sidewall of the tire.
PAR  FIG. 10 is a view similar to FIG. 9 with the X-ray tube turned for scanning
      the tread or crown of the tire.
PAR  FIG. 11 is a view similar to FIGS. 9 and 10 with the X-ray tube turned for
      scanning the lower bead and sidewall of the tire.
PAR  FIG. 12 is a vertical section on a larger scale along the plane 12--12 of
      FIG. 5, showing the bead spreader driving racks.
PAR  FIG. 13 is a horizontal section along the plane 13--13 of FIG. 12 showing
      the gearing for the racks.
PAR  FIG. 14 is a vertical section along the plane 14--14 of FIG. 13.
PAR  FIG. 15 is a plan view showing how the bead spreaders and X-ray tube fit in
      the smallest highway tire.
PAR  FIG. 16 is a partial section in a vertical plane, corresponding to FIG. 15.
PAR  FIG. 17 is like FIG. 16 with the bead spreaders moved between the beads.
PAR  FIG. 18 is a plan view like FIG. 15 but with the bead spreaders and X-ray
      tube in operating position.
PAR  FIG. 19 is like FIGS. 16 and 17 but with bead spreaders and X-ray tube in
      the operating position shown in FIG. 18.
PAR  FIG. 20 is a vertical section through a tire supporting spool.
PAR  FIG. 21 is a diagrammatic elevation showing location of photocells for
      control of intensity of radiation.
PAR  FIG. 22 corresponds to FIG. 21 in plan view.
PAR  FIG. 23 is a diagrammatic view showing sensing devices for completely
      automatic inspection.
DETD
PAC  DETAILED DESCRIPTION
PAR  The tire inspection machine in the presently preferred form shown in FIGS.
      1 and 2 is located in the path of a roller conveyor and is enclosed in the
      usual X-ray opaque lead shield 20 having a power operated inlet door 21,
      and an exit closure 22 which may be a flap of lead-loaded flexible
      material.
PAR  The portion of the conveyor system just in advance of the inlet 21 is
      composed of an array of skewed rollers 25 which guide each tire as it
      approaches the machine against a fence consisting of vertical rollers 26
      so that each tire will enter the machine at one lateral extremity of the
      conveyor. The inlet door 21 is constructed to admit only one tire at a
      time, as is usual, and to admit the next tire only as the preceding one is
      on its way out of the exit.
PAR  The portion of the conveyor system within the machine enclosure 20 contains
      an array of power-driven rollers 27 for supporting each tire on its way
      into and out of the machine. As will be described below, spaces are
      required for operation of some of the tire handling mechanism, and
      permanently mounted power-driven rollers 27 are omitted in those spaces,
      but where intervening supports are required temporary rollers 28 on swing
      arms are placed in these spaces.
PAR  Just past the center of the enclosure, a sensing device is located which
      may be an electric eye but in this instance is shown as a mechanically
      operated electric switch 30 which shuts off the power to the rollers 27
      and simultaneously starts the advance of a pair of tire supporting spools
      31, transversely of the conveyor, in a suitable gap between the conveyor
      rollers. These spools 31 are mounted with vertical axes on a power-driven
      horizontally sliding frame, and are provided with lower flanges 35 and
      upper flanges 36, with the lower flanges just below the level of the
      conveyor rollers 27 and the upper flanges sufficiently higher to clear the
      largest tire which the machine is designed to handle.
PAR  A vertically directed electric eye 33, arranged to sense the absence of an
      obstruction, is placed equidistant from the two spools 31, that is,
      opposite to the switch 30 but about three-fourths of the distance across
      the conveyor from it. As the spools 31 are advanced in unison, they push
      the tire which closed the switch 30 directly across the conveyor until the
      electric eye 33 senses the absence of the tire by passage of the light
      beam through the bead circle. The signal from the electric eye directs a
      change of the advance of spools 31 from fast to slow motion. A second
      electric eye 34, a short distance beyond electric eye 33, similarly senses
      the passage of the tire and stops further advance of spools 31, with the
      tire positioned with one part of the circumference of its beads in a
      predetermined location such that the largest tire which the machine can
      handle will clear all structures on the side of the conveyor opposite from
      the side along which it entered the machine.
PAR  The second electric eye 34, in addition to stopping further advance of
      spools 31, starts the advance of another identical set of spools 32 which
      also have lower flanges 35 and upper flanges 36. In order to clear the
      light box of the preferred imaging system, which will be described below,
      the spools 32 are preferably advanced at an angle to the crosswise
      direction of the conveyor, and it is convenient to arrange them on
      swinging arms which are interconnected so as to move in unison through
      identical angles. When the spools 32 make contact with the tread of the
      tire in the machine, they compress the tire against spools 31, moving the
      tire bead back into the path of electric eye 34. This shuts off further
      advance of spools 32, and causes brief reversal of the drive to relieve
      the compression of the tire.
PAR  All four spools 31 and 32 are left in light contact with the tread surface
      of the tire in the machine, with sufficient pressure for rotating the
      tire, as will be described below, but not sufficient pressure to deform
      the tire significantly.
PAR  The second interruption of the beam of electric eye 34 not only stops
      horizontal motion of spools 32 but also triggers the mechanism for moving
      lower flanges 35 and upper flanges 36 of both sets of spools 31 and 32
      vertically toward one another at equal speeds. This mechanism, shown in
      FIG. 20, includes inside the cylindrical part of each spool 31 and 32 a
      nut 40 with right hand thread and a nut 41 with left hand thread mounted
      on a right and left hand screw 42 driven by a motor 43. The nut 40 is
      connected to lower flange 35 and the nut 41 to upper flange 36 by means of
      a pin 44 in a slot 45 in the cylindrical body of each spool so as to
      prevent relative rotation between the nuts and the spools. Between the
      motor 43 and screw 42 is a magnetic clutch 46 which establishes a driving
      connection during operation of the motor 43 but releases the connection
      when motor 43 is not operating so as to permit freedom of rotation of the
      spool as a whole.
PAR  The connection between lower flange 35 and nut 40 is a solid connection so
      as to provide firm and immovable support, but the connection between upper
      flange 36 and nut 41 provides slight freedom of motion in the vertical
      direction against spring 49, with a micro switch 47 to sense the relative
      vertical motion.
PAR  The operation of the spool mechanism thus far described is that the second
      electric eye 34 activates motor 43 and magnetic clutch 46 of all spools 31
      and 32, driving screw 42 to raise in unison all four of the lower flanges
      35 and thereby lift the tire engaged by the four spools 31 and 32 while at
      the same time lowering all four upper flanges 36 until the upper flanges
      36 rest upon the upper shoulder of the tire tread with sufficient force to
      lift the upper flanges 36 from their supports and activate switch 47, in
      each spool, which disengages both motor 43 and magnetic clutch 46. In
      addition, the number of revolutions of motor 43 is counted by a suitable
      built-in mechanism for controlling the extent of separation of the beads,
      as will be explained below.
PAR  The construction of spools 31 and 32 as just described is such tht lower
      flanges 35 and upper flanges 36 are always equidistant from a datum plane.
      The consequence is that a tire firmly gripped with one shoulder resting on
      lower flanges 35 and the other tread shoulder supporting upper flanges 36
      will always have its midplane coincident with the datum plane, regardless
      of its size (unless it is an unsymmetrically designed tire, which is not
      ordinarily the case).
PAR  The precise placement of all tires, regardless of size or type, with their
      midplanes at a definite level, and with one side of the bead opening at a
      definite position both in the direction of entrance and exit of the tire,
      and also in the transverse direction, is an important feature of this
      invention. This precise placement greatly simplifies and facilitates
      automation of the tire handling procedure and also the production of the
      most useful kind of visual images as well as automated sensing of the
      presence of defects, as will be explained below.
PAR  In addition to the foregoing mechanism, each of the spools 31 and 32 is
      provided with a positive drive mechanism which is preferably a stepping
      motor (not shown) driving a cog belt pulley 48. The motor is arranged for
      rotating the tire in the machine through a succession of steps, each step
      being somewhat less then the distance required to advance the tire
      undergoing examination to present successive sectors of the tire for
      examination without overlap.
PAR  Since the tires which the machine is capable of examining vary in diameter
      over a wide range, from less than 20 inches (50 cm.) to 54 inches (137
      cm.), the external circumferential distance through which the tire should
      be advanced in moving one sector after another into examining position
      also varies. Actually this distance, or sector width, is approximately
      proportional to section height, which can be sensed in various ways, such
      as by attaching a pulse generator to the driving mechanism for swinging
      spools 32 into position, and providing a means for counting the pulses and
      converting the count, at the moment of cessation of swinging motion of
      spools 32, into a command for the magnitude of each step of the stepping
      motors coupled to the driving pulleys 48. Thus, all four spools 31 and 32
      are intermittently rotated in unison for stepwise advance of the tire
      without gaps and without excessive overlaps between tire sectors.
PAR  After the tire is properly positioned with its midplane in the
      predetermined datum plane, which is exactly midway between lower flanges
      35 and upper flanges 36, the bead spreaders and X-ray tube are introduced
      into the center of the tire.
PAR  The bead spreaders in the embodiment shown are supported on a cage
      consisting of an upper cross member 50 and a lower cross member 51 solidly
      connected to essentially vertical guide rods 52. The upper cross member 50
      has a pair of trunnions 53 which pivot through a small angle in fixed
      bushings, not shown, in a stationary part of the frame.
PAR  The lower cross member 51 is offset in its center to clear the supported
      mechanism and to provide a base for cylinder 55, which has a piston rod 56
      connected to a gear box 60 sliding vertically on guide rods 52. The lower
      cross member 51 is also connected to a short stroke horizontal cylinder
      57, the opposite end of which engages a stationary frame member, for the
      swinging motion of the entire assembly in trunnions 53, from a retracted
      position as shown in FIG. 3 and FIG. 16, to a truly vertical operating
      position as shown in FIGS. 7 to 12, 17 and 19.
PAR  The gear box 60, as shown in FIGS. 12, 13, and 14, has aligned vertical
      cylindrical bores through which protrude, above and below, the ends of the
      bead spreader post consisting of a telescoping outer tube 65 having a rack
      66 along part of its length, and a snugly fitting inner rod 67 having a
      rack 68 along part of its length. The tube 65 is slotted to expose rack
      68. The racks 66 and 68 face in opposite directions and mesh with
      identical pinions 69 driven by a pair of identical worm gear drives having
      their worms 70 on a common shaft for actuation by a speed reducer and
      motor assembly 71. This motor, therefore, moves outer tube 65 and inner
      rod 67 at equal speeds and for equal distances in opposite directions.
PAR  To the bottom of outer tube 65 is welded an upper bent plate 72 extending
      horizontally and then vertically down. To the bottom of inner rod 67 is
      welded a lower bent plate 73 extending horizontally and then vertically
      upward to make contact with plate 72 in the closed position. On each bent
      plate 72 and 73 are a pair of horizontal stub axles a few inches (or
      centimeters) apart, on each of which is a freely rotatable bead spreader
      finger 75 about one inch (25 mm) in diameter and twice that long, with
      rounded ends. These fingers are placed so as to be in vertical contact
      when the spreader is closed, the fingers of each pair horizontally
      separated enough to be outside of the X-ray beam, and directed
      approximately radially of the tires when in operating position.
PAR  When motor 71 is activated in one direction, it will separate the bent
      plates 72 and 73 and the pairs of bead spreader fingers 75 mounted on
      them, and in the other direction it will move them together again.
PAR  Mounted on gear box 60 is a rigid conduit 80, which also functions as a
      support for the X-ray tube housing 81, and carries within it the wires and
      cables for heating the cathode and for the high voltage activating
      current, as well as the tubes for coolant supply. The X-ray tube 82 is of
      the type having the focal spot 83 from which the X-rays originate near one
      end, and is mounted for rotation on its longitudinal axis so that the
      X-rays can be pointed in various directions. The housing 81 has the end
      opposite the focal spot 83 offset for connection with the supporting
      conduit 80 to permit part of the housing to be between the beads of the
      being examined, even though the focal spot 83 from which the X-ray beam
      radiates is not between the beads or inside the tire.
PAR  The support and conduit 80 for the X-ray tube is mounted on gear box 60 by
      a pivot 85 shown in FIG. 5. This pivot 85 is not parallel to the trunnions
      53 but at a slight angle so that the X-ray tube housing 81 can fit
      approximately centered in the bead circle of a tire, with its focal spot
      off center, and then swing in such a direction as to bring the focal spot
      83 into a centered operating position, with the housing then off center.
      The actual swinging motion of the X-ray equipment is brought about by a
      toggle linkage 86 actuated by a cylinder 87, shown in FIG. 7 in an
      operating position and in FIG. 8 in a retracted position.
PAR  The functioning of the sub-assembly of bead spreader and X-ray tube is as
      follows. The tire which is to be examined is in its predetermined location
      with its midplane in the predetermined horizontal datum plane and with one
      part of the bead circle just above electric eye 34. The cylinder 55 lowers
      the gear box 60 to the extremity of its motion, positioning the closed
      bead spreaders and X-ray tube within the bead circle, and with the
      division between upper and lower bead spreader fingers 75, and also the
      focal spot 83, slightly above the datum plane. In the very smallest tire
      which the machine will accommodate, these parts fit with close but
      adequate clearance inside the bead circle as shown from above in FIG. 15
      and in vertical section in FIG. 16.
PAR  This is a very desirable arrangement because it is not only extremely
      compact and mechanically simple, but also protects the somewhat fragile
      X-ray tube by surrounding it with strong structural members.
PAR  The cylinder 57 is then actuated to swing the assembly toward the imaging
      system and thrust the bead spreader fingers 75 between the tire beads, as
      shown in FIG. 17, with the X-ray tube still protected.
PAR  Motor 71 then moves tube 65 up and rod 67 down to an extent programmed from
      the previous sensing of section width, so that the bead spreader fingers
      separate the beads in the circumferential location closest to the imaging
      system, to a width approximating or slightly exceeding the maximum section
      width. This leaves a space between upper bent plate 72 and lower bent
      plate 73 into which the X-ray tube can move.
PAR  Cylinder 87 swings the X-ray tube 82 in its housing in a slightly diagonal
      path, positioning the focal spot in a centered position with respect to
      the image axis and also with respect to the four bead spreader fingers 75.
      In this final operating position shown in FIGS. 18 and 19 the telescoping
      tube 65 and rod 67, and also the X-ray tube support and conduit 80, are in
      essentially vertical positions, which is desirable for avoidance of any
      unbalanced stresses on the tire which might distort it and lead to
      spurious evaluations.
PAR  The particular spot chosen for location of the source of the X-rays--the
      focal spot 83--is the most advantageous from many points of view. It is
      symmetrical so that both sides of the tire can be examined with equal
      facility. It does not require distortions of the tire which could damage
      it in any way. It is enough away from all parts of each tire sector so
      that a reasonably area can be inspected without repositioning of either
      the tire or the X-ray source. At the same time, it is close enough for
      X-ray images of reasonable intensity, and also for examination of every
      part of the tire with X-rays passing through the tire at nearly a right
      angle to the surface. A rapid, meaningful, and accurate evaluation is the
      result.
PAR  During the X-ray inspection of the tire, X-ray tube 82 is rotated on its
      longitudinal axis to turn its focal spot 83 in several directions,
      preferably in three directions so as to direct the X-ray beam toward three
      adjacent fluorescent screens, a central vertical screen 90, an upper
      screen 91 tilted toward the X-ray source to receive an X-ray beam about
      60.degree. above the horizontal, and a lower screen 92 similarly tilted to
      receive an X-ray beam below horizontal. For this purpose the tube housing
      81 is of the kind having bearings for the rotation of the tube, and
      flexible or sliding connections for the electric and coolant supply. A lug
      84 on the X-ray tube is pinned to the lower end of connecting rod 88, the
      other end of which is joined to a pivot point on gear box 60 by axially
      aligned twin cylinders 89. The rod 88 is curved so as to fit around the
      curve of tube housing 81 when the rod 88 is in its most extended position.
PAR  The turning of the X-ray tube is in precise angles determined by the stroke
      of the pistons in the twin cylinders 89. As shown in FIG. 9, when both
      cylinders have their piston rods extended, the X-ray beam will be turned
      upward, toward upper fluorescent screen 91. When either one of the piston
      rods is retracted, the X-ray beam in its mid position will be turned
      toward central screen 90, as shown in FIG. 10. When both are retracted,
      the X-ray beam will be turned downward as shown in FIG. 11, toward lower
      screen 92.
PAR  The screens 90, 91, and 92, or their equivalents, are the input end of the
      imaging system. For visual inspection, the imaging system is preferably
      constructed for display of a composite image of the entire internal
      structure of a tire sector from bead to bead as described and claimed in
      the application for patent identified in the introductory paragraph. For
      automated inspection, various kinds of devices for sensing and comparing
      intensity of transmitted radiation may be used with or instead of the
      visual means.
PAR  The visual imaging equipment in its presently preferred form has the three
      fluorescent screens 90, 91, and 92 closely adjoining, so that they will
      present shadow pictures of an entire tire sector, with upper screen 91
      showing one bead and sidewall, central screen 90 showing the shoulders and
      tread portion, and lower screen 92 showing the other sidewall and bead.
      These screens are enclosed in a light box 95 with light-absorbent black
      interior surfaces.
PAR  Facing central screen 90 at a 45.degree. angle, inside light box 95, as
      indicated by dash lines in FIG. 1, is a mirror 96 to reflect the image on
      the screen at a right angle horizontally. Other mirrors 97 and 98 reflect
      the image again at right angles and a rotating mirror 99 reflects the
      image into the lens of a video camera 100. The purpose of the succession
      of mirrors is simply to bring the camera 100 close enough so that it can
      view all three screens 90, 91, and 92 with the same focus and the same
      magnification.
PAR  Facing upper screen 91 at an angle of approximately 45.degree., inside
      light box 95, as shown by dash lines in FIG. 2, is a mirror 101. The light
      from it is reflected again, at an obtuse angle, by mirror 102 at about
      30.degree. to the vertical. The exact position and angle of these mirrors
      is such that the light path screen 90 and its image is transferred to
      another third of the target of the storage tube, followed in the same
      manner by the image of the other side of the tire on the last third of the
      target of the storage tube. The composite image of the tire sector so
      formed is then read out of the storage tube for continuous display as a
      still picture on the picture tube of a television monitor.
PAR  While the composite image is being displayed on the monitor, the tire
      supporting spools 31 and 32 are rotated through the angle programmed from
      the sensing of section height, so as to bring another sector of the tire
      into the field of view. The transfer of the shadow pictures on the three
      screens to different thirds of the target of a second storage tube then
      occurs in the same manner, followed by display of that composite picture,
      replacing the previous one on the monitor, and then storage of the next
      composite picture in the first storage tube, and so on alternately.
PAR  Only a second or two are required for production and display of each
      composite image, and are also sufficient for determination of the presence
      of an irregularity constituting an objectionable defect in the tire sector
      under observation, when it is presented as a still picture. With screens
      of a suitable size, the number of steps for complete inspection of an
      entire small tire can be considerably less than a minute and for the
      largest tire not much more, because the geometry of the system is such
      that the walls of large tires are farther from the X-ray source than small
      tires, so that the number of sectors from screen 91, when the rotating
      mirror 99 is in the proper position, is of exactly the same length as that
      from central screen 90 and enters the camera 100 along its axis. A similar
      series of mirrors reflects the image from lower screen 92 into the camera
      100 when rotating mirror 99 faces in the proper direction.
PAR  The rotating mirror 99 may be faced toward each light path in turn by a
      Geneva drive, suitably coordinated with other steps of the machine
      operation, since such a drive will turn through an exact angle and then
      remain at rest for a period of time.
PAR  Since each mirror reverses the image, an odd number of reflections leave
      the image reversed, but an even number will rereverse and leave the image
      in its original posture. In this embodiment the four reflections of the
      image on central screen 90 present it to the camera in the proper posture,
      but the three reflections of upper and lower screens 91 and 92 present a
      reversed image. Accordingly the electric circuits connected to the camera
      100 are so chosen as to scan the electronic images of screens 91 and 92 in
      the opposite direction from that of screen 90 to bring them all into the
      same relation to the viewer.
PAR  A composite image is formed by turning X-ray tube 82 toward one sidewall
      and bead to form a shadow picture on the corresponding screen, with
      rotating mirror 99 in the proper position, and then transferring the
      electronic image in the video camera 100 to one-third of the width of the
      target of a storage tube. The X-ray tube and mirror are then turned toward
      the central screen 90 and its image is transferred to another third of the
      target of the storage tube, followed in the same manner by the image of
      the other side of the tire on the last third of the target of the storage
      tube. The composite image of the tire sector so formed is then read out of
      the storage tube for continuous display as a still picture on the picture
      tube of a television monitor.
PAR  While the composite image is being displayed on the monitor, the tire
      supporting spools 31 and 32 are rotated through the angle programmed from
      the sensing of section height, so as to bring another sector of the tire
      into the field of view. The transfer of the shadow pictures on the three
      screens to different thirds of the target of a second storage tube then
      occurs in the same manner, followed by display of that composite picture,
      replacing the previous one on the monitor, and then storage of the next
      composite picture in the first storage tube, and so on alternately.
PAR  Only a second or two are required for production and display of each
      composite image, and are also sufficient for determination of the presence
      of an irregularity constituting an objectionable defect in the tire sector
      under observation, when it is presented as a still picture. With screens
      of a suitable size, the number of steps for complete inspection of an
      entire small tire can be considerably less than a minute and for the
      largest tire not much more, because the geometry of the system is such
      that the walls of large tires are farther from the X-ray source then small
      tires, so that the number of sectors required for complete circumferential
      inspection will not differ greatly from one size to another.
PAR  If a defect is observed by the operator, he can actuate a marking device
      which will project a spot of color on or near the defective area, and also
      actuate a diversion gate for segregation of the defective tire for special
      handling. Moreover, a temporary or permanent record of the nature of the
      defect can be prepared easily by photographing the picture displayed on
      the monitor, or by transferring the image in the storage tube to magnetic
      film or disc for more leisurely examination in a different location.
PAR  When the machine has presented the entire circumference of a tire for
      inspection, by operating the required number of cycles or steps for a
      particular size of tire, the programming equipment will retract the X-ray
      tube into the bead circle, bring the bead spreader fingers together and
      retract them into the bead circle, lift the assembly out of the tire,
      separate the flanges of the spools to lower the tire, and restart the
      conveyor rollers to carry the tire out of the machine.
PAR  If it is desired to use the machine for determining only the regularity of
      location of such structures as the circumferential belt under the tread,
      or the bead and associated elements such as flippers, the tire can be
      rotated continuously instead of stepwise, and the image on each screen can
      be transferred to a part of a picture tube or to an entire tube.
PAR  If it is found to be inconvenient to obtain partial images which exactly
      match at their edges, because of physical problems of bringing edges of
      the several fluorescent screens exactly together, or of reproducing the
      images with their edges exactly coinciding or if it is desired to produce
      partial images which will have slightly overlapping edges for some other
      reason, it may be preferred to have the X-ray source for the several
      partial images slightly displaced from a common point of origin, in a
      direction away from the screens. For this purpose, it is only necessary to
      mount the X-ray tube in its rotating support slightly off center so that
      the focal spot will be slightly farther from the fluorescent screen in
      each position than the axis of rotation of the X-ray tube.
PAR  If it is desired to automate the actual inspection in whole or in part,
      instead of relying entirely on visual inspection by a human operator, it
      is helpful to regulate the intensity of the radiation to a constant level,
      to establish a norm from which deviations can be measured. This is also
      useful for other reasons, such as for extending the life of the X-ray tube
      by reducing the voltage during inactive intervals and stepping it up again
      to a level which will produce a predetermined intensity after passing
      through the tire wall.
PAR  Accordingly, it is preferred to mount radiation sensing devices for use in
      controlling the intensity of radiation. In the ususal case in which
      fluorescent screens are used, it is simplest to sense the visible light
      produced by the screens. This is easily accomplished by suitable placement
      of one or two photocells of the kind which focus light from a spot onto
      the photosensitive element. In the case of the imaging system specifically
      described above, with mirrors to reflect the shadow pictures on
      fluorescent screens into a single video camera, one or two photocells 105
      may be mounted on or near the edges of the first mirror 96 for the central
      screen, and another one or two photocells 106 on or near the edges of the
      first mirror 101 for the upper screen and the corresponding mirror for the
      lower screen, as shown in FIGS. 21 and 22.
PAR  These photocells are then connected to the programming equipment in such a
      way that when a tire is in position for examination with its beads spread
      and the X-ray tube is being thrust into its operating position the voltage
      is raised until the brightness of the image on the fluorescent screen 90
      or 91 (or 92), as the case may be, reaches an optimum level for which the
      electric circuits have been adjusted. The voltage is then automatically
      maintained at the same level until the X-ray beam is shifted to another
      screen, and the voltage is automatically returned to the same level again
      when the X-ray beam is shifted back to the same screen for examination of
      another sector of a tire. If, as is frequently the case, densities of
      different portions of tires are markedly different, as when steel cords
      are in the belts under the treads but are absent from the sidewalls, the
      electrical equipment may be programmed to direct high voltage X-ray to the
      dense areas and lower voltage X-rays to the others, in response to the
      different sensings of the photocells.
PAR  The same kind, or different kins, of photocells can be used not only for
      automatic regulation of the X-ray source as mentioned above, but also for
      actual automated sensing of irregularities in structure, such as
      constitute defects which may cause concentrations of stress and lead to
      premature failure. For this purpose, one or a few photocells may be
      programmed to signal variations in circumferential density such as result
      from crowding of cords or abnormally wide spacing of cords. Such signals
      can be arranged to activate a reject gate so that the particular tire can
      be excluded from sale or use, or can be subjected to more careful scrutiny
      to determine whether it is acceptable for use.
PAR  As indicated above, automated inspection can occur simultaneously with
      visual inspection, in which case it is preferred to carry out the visual
      part of the inspection stepwise with visual examination of a succession of
      still pictures. However, it is equally possible to employ either or both
      modes of inspection with the tire in continuous uniform rotation.
PAR  If only automated inspection is being employed, it can be preferred to
      rotate the tire continuously at a uniform speed for slightly more than one
      revolution. Because of the speed of response of suitable photocells, such
      inspection can be much more rapid than visual inspection, twice or more
      times as fast.
PAR  For automated inspection of random sizes and types of tires, it may be
      sufficient to provide as the sole radiation responsive devices a sequence
      of radiation sensitive elements 108 across all or any desired part of the
      beam or beams of X-rays or other penetrating radiation. Such elements 108
      can either be directly responsive to X-rays or can contain a fluorescent
      material combined with a photoelectric element. The elements 108 are then
      connected individually or collectively to control circuits such that
      uniform intensity throughout the revolution of a tire will produce no
      response, but either local or extensive variation of intensity will
      produce a signal which can be used to reject the tire or to divert it for
      special handling.
PAR  As an example of local variation, a foreign object can cause a shadow to
      pass across the field. As another example, a partial lateral displacement
      of a belt ply can cause a particular photoelement to be brightly
      illuminated in one part of the circumference and dimly illuminated in
      another part of the circumference. In both instances the tire is clearly
      imperfect.
PAR  As an example of a more extensive departure from normal, a tread ply or
      plies may be laterally displaced as a whole, so that the margin of the
      belt, although a true circle, is farther from the midplane on one side
      than on the other. Such a situation can also be detected automatically by
      programming the equipment to sense a different number of intensely
      radiated elements on one side than on the other, or a different length of
      a radiation sensitive strip, and in such event to reject the tire.
PAR  With different designs of tires, different factors will be important and
      can be detected easily with machines made in accordance with this
      invention, because of the precision of placement of the tires with their
      midplanes exactly in a predetermined datum plane and their beads placed in
      an exact location relative to the radiation sensing equipment. This
      precision of placement gives the visual observer a clear guide as to
      symmetry and uniformity and gives an automated system a precise datum
      plane from which symmetry and dimensional differences can be sensed
      automatically.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a tire inspection machine
PA1  means for sensing the presence of one side of the bead opening of a
      pneumatic tire in a predetermined position;
PA1  b. means for moving the one side of the bead opening toward the
      predetermined position;
PA1  c. means, responsive to the means for sensing, for terminating the motion
      of the side of the bead opening;
PA1  d. means for engaging one shoulder of the tread of the tire and opposing
      means for engaging the other shoulder, which means are positively driven
      toward one another at identical speeds axially of the tire for positioning
      the tire with its midplane coinciding with a predetermined plane;
PA1  e. means having a predetermined location with respect to the predetermined
      position and predetermined plane, for indicating the presence of
      structural irregularities in a tire and the location of the irregularities
      with respect to the predetermined plane.
NUM  2.
PAR  2. A machine as in claim 1, in which the means for sensing the presence of
      one side of the bead opening of a pneumatic tire includes a narrow radiant
      beam and a transducer.
NUM  3.
PAR  3. A machine as in claim 1, in which the means for indicating the presence
      of structural irregularities includes a source of X-rays within the bead
      circle of the tire.
NUM  4.
PAR  4. A machine as in claim 3, in which means are provided for forcefully
      separating at least the portions of the beads nearest to the predetermined
      position.
NUM  5.
PAR  5. A machine as in claim 4, in which the source of X-rays is close to the
      predetermined position and predetermined plane.
NUM  6.
PAR  6. A machine as in claim 5, in which fluorescent screens are located on the
      outside of the tire opposite to the source of X-rays for receiving a
      shadow picture of an entire sector of a tire from bead to bead.
NUM  7.
PAR  7. A machine as in claim 5, in which the source of X-rays and the means for
      separating the beads are on a common support and are movable together into
      the bead circle.
NUM  8.
PAR  8. A machine as in claim 7, in which the means for separating the beads are
      movable from a closed position surrounding the source of X-rays to an open
      position in which the tire beads are spread and in which there is
      clearance for advancement of the source of X-rays radially outward.
NUM  9.
PAR  9. A machine as in claim 1, in which the tire inspection machanism includes
      a source of penetrating radiation on the radially inward side of the tire
      wall and means on the radially outward side of the tire wall for sensing
      irregularities in the intensity of transmitted radiation in a particular
      location transversely of the tire.
NUM  10.
PAR  10. A machine as in claim 9, in which the means for sensing irregularities
      are closely adjacent plural means which will collectively indicate the
      location of the edge of a circumferential tire element.
NUM  11.
PAR  11. A machine as in claim 9, in which the means for sensing irregularities
      are plural means spaced across the width of the beam of radiation.
NUM  12.
PAR  12. In a tire inspecting machine, means for rotably supporting a tire in a
      fixed position, a source of X-rays, a means for separating the beads of
      the tire, and a common support for the source of X-rays and the means for
      separating the beads, the common support being movable to position both
      the source of X-rays and the means for separating the beads alternately in
      a position within the bead circle of a tire supported in the fixed
      position and in a position completely outside of the bead circle of the
      tire.
NUM  13.
PAR  13. A machine as in claim 12, in which the means for separating the beads
      are movable from a closed position surrounding the source of X-rays to an
      open position in which the tire beads are spread and in which there is
      clearance for advancement of the source of X-rays radially outward.
NUM  14.
PAR  14. A machine as in claim 12, in which the source of X-rays and means for
      separating the beads of the tire are jointly movable radially between the
      position within the bead circle of the tire and a position in which the
      means for separating the beads are between the beads of the tire.
NUM  15.
PAR  15. A machine as in claim 14, in which the means for separating the beads
      are movable from a closed position surrounding the source of X-rays to an
      open position in which the tire beads are spread and in which there is
      clearance for advancement of the source of X-rays radially outward.
NUM  16.
PAR  16. A machine as in claim 15, including means for moving the source of
      X-rays radially outward toward the bead circles of the tire.
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ABST
PAL  An ionization smoke detector particularly suited to residential use is
      disclosed. The detector is battery-operated and is connected with a
      non-latching, pulsating alarm circuit. The detector has a sensing chamber
      formed by a perforated metallic shell and an electrode within which an
      insulated radiation source is centrally positioned to generate an
      ionization current for detecting smoke or other similar aerosols. The
      alarm circuit provides a pulsating alarm signal when smoke levels above a
      predetermined value are sensed. The alarm circuit also includes a low
      voltage detection circuit for sounding the alarm when the end of useful
      battery life is approaching.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  The subject matter disclosed and illustrated in this application is related
      to subject matter in a copending design application Ser. No. 409,283,
      filed Oct. 24, 1973 by the same Assignee and entitled Smoke Detector or
      the Like.
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an ionization smoke detector connected to
      an alarm circuit triggered by a sensor in the detector when a
      predetermined smoke level is exceeded. The detector has particular utility
      as a fire detector in residences since it is battery-operated and the
      alarm circuit provides warnings for both fires and approaching weak
      battery conditions.
PAR  Ionization smoke detectors such as shown in U.S. Pat. No. 3,728,706, are
      already well known in the art. Such detectors operate upon the principle
      that an ionization current catalyzed by a radiation source is affected by
      the presence of particulate matter such as that found in aerosols or smoke
      emanating from a fire. The particulates reduce the ionization current and
      such a reduction in current can be detected and correlated with the
      density of the particulate matter to provide a fairly accurate indication
      of a smoke condition.
PAR  It is desirable to operate such a detector with a battery, especially in
      residential homes and apartments. To provide a prominent alarm signal, a
      pulsating circuit energized by the battery may be triggered by the smoke
      detector. A pulsating circuit reserves battery strengths so that the alarm
      may continue for an extended period of time even after the life of the
      battery is partially expended.
PAR  In view of the reliance that may be placed upon a smoke detector,
      particularly in a residential environment, safety considerations must be
      given careful consideration. The limited life of a battery might suggest
      that it is not suitable for an alarm device; however, it is also
      recognized that fire can destroy or cut off outside electrical sources
      before the fire is detected. The battery-operated system functions
      independently and can be safely relied upon if it includes low-voltage
      detection circuitry for sounding the alarm when the battery level is
      approaching a weakened or marginal condition.
PAR  It is, accordingly, a general object of the present invention to disclose a
      battery-operated ionization smoke detector connected to an alarm circuit
      possessing features insuring safe operation in the residential
      environment.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention resides in a battery-operated ionization smoke
      detector and its alarm circuitry forming a reliable smoke alarm system.
      The smoke detector has a sensing chamber comprised of a perforated
      metallic shell supported at one side on a mounting board. An electrode is
      mounted on the board and positioned within the open interior space of the
      metallic shell in electrically insulated relationship with the shell. The
      electrode has a surface facing away from the board and toward the shell so
      that an electrical field can be generated in the interior space of the
      shell when the shell and electrode are connected to the respective poles
      of the battery. The electrode defines an aperture in the middle of the
      surface facing the interior space and a radiation source is supported from
      the mounting board in the aperture for exposure within the metallic shell.
PAR  The radiation source produces alpha particles which impinge upon atoms to
      release electrons within the interior space of the shell and to generate
      an ionization current when the electrode and shell are operatively
      connected to a battery. Smoke particles or other particulate matter in
      aerosols reduce the ionization current and effectively increase the
      resistance of the sensing chamber. The increased resistance can be
      detected in an electrical alarm circuit connected to the chamber and an
      alarm is triggered whenever a predetermined level of smoke or other
      particulate matter is exceeded.
PAR  The alarm circuit employs a high impedance coupling means, such as a
      metal-oxide-semiconductor field-effect transistor, MOSFET, to sense the
      resistive changes in the sensing chamber and trigger a switching device in
      the alarm circuit to turn the alarm on. Deactivating means resets the
      switching device and shuts the alarm off a predetermined time after the
      alarm is turned on and recycling means including the coupling means again
      triggers the switching device to turn the alarm on an interval after the
      alarm is turned off, provided that the sensing chamber still detects the
      smoke condition. Such alarm circuitry and sensing chamber, therefore, form
      a non-latching, pulsating alarm system in which the alarm signal continues
      in an on-and-off pattern until the system is shut off or the smoke
      condition disappears.
PAR  As a safety measure, the battery-operated system includes a low-battery
      level detection circuit which is also connected to the alarm and set to
      sound the alarm before the battery strength reaches a level at which the
      alarm can no longer be operated with reasonable certainty.
PAR  In the preferred form of the invention, the mounting board for the sensing
      chamber is the printed circuit board defining the electrical circuitry of
      the alarm system. Solid state components are used throughout the system
      for compactness, accuracy, reliability and economy.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view showing the exterior of the ionization smoke
      detector of the present invention as it appears in a suspended condition
      when viewed from below.
PAR  FIG. 2 is a side elevation view of the smoke detector in cross-section and
      shows the detector resting on the mounting surface of the housing base.
PAR  FIG. 3 is a top plan view of the detector as shown in FIG. 2 with the upper
      portion or cover of the housing removed to expose the interior components.
PAR  FIG. 4 is two fragmentary views of the mating locking tangs and grooves in
      the housing which permit the base and cover of the housing to be locked
      and unlocked for access to the interior components of the detector.
PAR  FIG. 5 is a fragmentary cross-sectional view of the sensing chamber shown
      in FIGS. 1-3.
PAR  FIG. 6 is a fragmentary cross-sectional view showing details of the
      electrode and source mounting structure.
PAR  FIG. 7 is an electrical diagram of the entire detector which forms a smoke
      alarm system including the components of the pulsating and low voltage
      detection circuitry.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates in a perspective view one form which the ionization
      smoke detector of the present invention may take. The detector has
      particular utility as a residential fire alarm system since it is
      battery-operated and is formed of components that can be easily assembled
      in a compact unit for installation on a wall or ceiling. FIG. 1
      illustrates the appearance of the detector in a ceiling installation.
PAR  The detector, generally designated 10, has a housing 12 that can be
      injection-molded from a material such as polypropylene or can be
      stretch-formed from metal, such as aluminum, for attractive appearance in
      the home environment. The housing has a generally cylindrical shape and
      one exemplary embodiment having a six-inch diameter readily accommodates
      all of the components needed to form a self-contained, independently
      operating fire alarm system.
PAR  The housing 12 is a two-piece item composed of a base 14 and a cover 16.
      Around the periphery of the base 14 are a plurality of apertures 18 or
      slots extending radially through the housing wall to provide complete
      communication between the ambient environment surrounding the detector and
      the interior portions of the detector. The cover 16 has a central aperture
      through which a ventilated sensing chamber 20 is exposed. It will be
      understood that smoke or other aerosols will pass freely in and out of the
      housing 12 through the apertures 18 and through the apertures illustrated
      in the sensing chamber 20.
PAR  The peripheral wall 17 of the base 14 is sloped and diverges away from the
      flat bottom 19 to capture smoke at the apertures 18 when the detector is
      mounted flush against a wall or ceiling. The cover 16 has a concave
      surface 21 disposed generally parallel to the flat bottom 19 and
      surrounding the aperture exposing the sensing chamber 20 to capture smoke
      in a ceiling installation and direct the smoke to the chamber.
PAR  The base 14 and the cover 16 are held together by any suitable means;
      however, in a preferred embodiment of the detector, mating tangs 24 and
      grooves 26 shown in FIGS. 3 and 4 in the base 14 and cover 16 respectively
      are utilized to form a convenient twist lock for installing and removing
      the cover 16. Access to the interior of the housing is, therefore, made
      relatively simple.
PAR  As shown in FIGS. 2 and 3, the base 14 has a flat external mounting surface
      28 and a set of mounting bosses 30 and 32 projecting inwardly from the
      bottom 19 for attaching the detector 10 to a wall, ceiling or other
      fixture where the detector would be exposed to smoke emanating from a
      fire. The base 14 also serves as the structure to which each of the
      internal components of the detector are fastened. For example, the battery
      B is supported on a pair of resilient brackets 34 and 36 which, as
      illustrated, can be made as integral portions of the base. Battery holders
      38 and 39 can also be molded integrally in the base with sufficient
      flexibility to spread slightly as a battery is removed or inserted.
      Together with the brackets 34 and 36 the holders capture the battery
      securely and permit installation and removal.
PAR  The alarm 40 is also connected to the base and can take the form of a horn,
      bell, buzzer or any other device which will produce an audible warning
      sound. It is also possible to incorporate in the detector a visual warning
      device which is operated jointly with the alarm 40.
PAR  Mounted in the center of the base 14 are the principal functional
      components of the detector including a sensing chamber 20 and the alarm
      circuit embodied in a printed circuit board 44. The chamber 20 is mounted
      directly on the circuit board 44 and the board 44 is mounted on bosses
      (not shown) in the base by means of the screws 46 and 48. A conductive
      grounding shield 50 held in the base by a snap clip 51 extends from the
      housing of the alarm 40 to the cladding on the bottom side of the circuit
      board and a separate insulated lead 52 extends between the interior of the
      alarm 40 and the printed circuit board 44. Leads 54 and 56 interconnect
      the battery and the circuit board on which the remaining electrical
      components of the alarm circuit are mounted.
PAR  FIGS. 5 and 6 illustrate the detailed structure of the sensing chamber 20
      mounted on the printed circuit board 44. The sensing chamber is comprised
      primarily of a porous or perforated metallic shell 60 serving as an anode
      and exposed through the cover 16 in FIGS. 1 and 2, a ground electrode 62
      and a radiation source 64.
PAR  The metallic shell is generally cylindrical in shape with a dish-shaped
      cover or partition 66 at one side or end of the cylinder and an open,
      interior space closed at the opposite side by the printed circuit board 44
      but otherwise ventilated through the perforations in the other sides. The
      shell 60 is adequately perforated to permit smoke and other aerosols to
      enter the open interior space. A circular plate 68 is riveted to the
      center of the partition 66 and provides an emission surface extending
      generally parallel to the circuit board 44 directly opposite a
      corresponding emitting surface on the electrode 62. The shell is fastened
      to the printed circuit board 44 and is electrically connected to the
      cladding sections 70 on the lower side of the board by a pair of rivets 72
      and 74.
PAR  The electrode 62 has a symmetric horn-shaped configuration which flares
      into a circular flange defining the emitting surface extending parallel to
      and directly opposite the plate 68. The center of the electrode,
      therefore, defines an aperture 80 in which the radiation source 64 is
      mounted on a pedestal 82. The height of the pedestal above the circuit
      board 44 is selected to locate the radiation source substantially in the
      plane of the emitting surface on the flange of the electrode. Captured
      between a shoulder on the pedestal 82 and the circuit board 44 is a spacer
      84 which in one embodiment of the invention is a polypropylene sleeve
      insulating the pedestal and source 64 from the electrode 62. The bottom
      end of the pedestal is crushed to rivet both the pedestal 82 and the
      spacer 84 to the board 44. The radiation source 64 is held in place on the
      upper end of the pedestal by means of a crimped bead.
PAR  FIG. 6 illustrates in detail the manner in which the electrode 62 is
      electrically connected to the cladding sections 88 on the circuit board
      44. Diametrically opposed tangs 90 and 92 extend downwardly from the
      central portion of the electrode 62 through slots in the printed circuit
      board 44 and through terminal holes in the cladding sections 88. The tangs
      are then soldered to the cladding to hold the electrode fastened to the
      board with the radiation source 64 centrally positioned within the
      electrode aperture 80.
PAR  Functionally, the perforated shell 60 with the plate 68 is connected to the
      positive pole of the battery B and the electrode 62 is connected to the
      negative pole. Alpha particles emitted by the radiation source 64 into the
      open space between the plate 68 and electrode 62 ionize the air and other
      molecules and produce free electrons and positive ions. The electrons
      gravitate toward the positively charged shell 60 and plate 68 while the
      positive ions move toward the negatively charged electrode 62. An
      ionization current thus passes between the shell and electrode.
PAR  If smoke or other aerosols enter the interior space of the sensing chamber
      20, the collisions between alpha particles from the radiation source 64
      and the oxygen and nitrogen molecules of the air are reduced because
      collisions now occur with the relatively larger and heavier combustion
      products and particulate matter suspended in the smoke. While ionization
      of the combustion products and particulate matter may also occur, the rate
      at which the heavier positively charged ions move toward the negatively
      charged electrode 62 is less than that of the nitrogen and oxygen ions,
      and greater neutralization of the ions before they reach the shell and
      electrode occurs. Reduced collisions, reduced numbers of ions and reduced
      speed of the heavier ions contribute to an overall reduction in the
      ionization current and an apparent increase in the resistance of the
      sensing chamber 20. It is the decreased current or increased resistance at
      a particular smoke level which is utilized to trigger the alarm 40.
PAR  FIG. 7 is an electrical diagram illustrating the complete smoke alarm
      system including the battery B and sensing chamber 20. Illustrated at the
      right-hand portion of the diagram is the low-voltage detection circuitry
      which detects a weakening battery and triggers the alarm 40. A pulsating
      circuit is illustrated adjacent the low-voltage circuit and includes
      components allowing the alarm 40 to be turned on for limited periods of
      time so that a cyclic alarm signal is heard when smoke is detected or when
      a low-voltage battery condition is detected. The remaining portion of the
      electrical diagram illustrates the alarm circuit including components for
      coupling the sensing chamber 20 to the alarm 40 and triggering the alarm
      in a cyclic manner when the smoke condition exceeds a predetermined level.
PAR  The sensing chamber 20 is connected across the battery poles in series with
      a load resistor 100. It is also possible to utilize the present invention
      in a dual chamber alarm system and, in such case, the load resistor 100 is
      replaced by a second, mating sensing chamber which would be exposed to
      environmental variables, such as temperature and pressure, but not to the
      smoke which is to be detected. In such an installation, the second chamber
      compensates for various factors affecting the resistance of the chambers
      other than the smoke itself and, hence, a more accurate smoke-sensitive
      system is provided.
PAC  TRIGGERING ALARM
PAR  The electrical resistance of both the resistor 100 and the chamber 20 are
      approximately equal and in an exemplary case it would lie in the range of
      300,000 megohms. With a 12.5 volt battery, the average voltage at the
      junction of the load resistor 100 and the chamber 20 is approximately 6
      volts. As the apparent resistance of the chamber 20 increases due to
      increased smoke level, the voltage at the junction of the resistor 100 and
      chamber 20 may change by 1 or 2 volts and it is this change which must be
      detected to trigger the alarm 40. However, due to the high resistance of
      the chamber and load resistor, the slightest current drawn by the
      measuring circuit would cause undue loading and obscure the true
      fluctuation produced by the chamber alone. For this reason, a
      metal-oxide-semiconductor field-effect transistor MOSFET 102, having a
      very high input impedance is utilized as a coupling device between the
      chamber and the rest of the alarm circuitry.
PAR  The gate of the transistor 102 is, accordingly, coupled to the junction of
      the chamber 20 and resistor 100, the drain is connected to the positive
      pole of the battery and the source is connected to the negative pole of
      the battery through bias resistor 104. Zero bias is applied to the
      substrate of the transistor by the conductor 106. With the voltage levels
      as described, the transistor 102 is forward-biased and when the gate
      voltage drops due to increased resistance of the chamber 20, the source
      voltage follows the gate and drops correspondingly.
PAR  The source of the transistor 102 is connected to the gate of a programmable
      unijunction transistor 108. When the alarm 40 is off, the anode of the
      transistor 108 acquires a voltage determined by the resistors 110 and 112
      and the potentiometer 114. A capacitor 116 is also connected to the anode
      of the transistor 108 in parallel with the resistor 112 and a portion of
      the potentiometer 114. A load resistor 118 is connected to the cathode of
      the transistor 108 to develop a voltage when the transistor is turned on.
      The cathode is connected to the gate of a silicon-controlled rectifier
      (SCR) 120 which is connected in series with the alarm 40 across the poles
      of the battery B and serves as a switching device for turning the alarm on
      and off. A holding resistor 122 is also connected to the SCR 120 in
      parallel with the alarm 40 to provide a holding current through the SCR
      after it is turned on. A suppressing diode 124 shunts the alarm 40 to
      protect the SCR 120 when the alarm is turned off.
PAR  To trigger the alarm 40 into operation when the smoke condition exceeds a
      predetermined level and causes the resistance of the sensing chamber 20 to
      increase, the voltage at the gate of the transistor 102 drops and the
      voltage at the source of transistor 102 and the gate of transistor 108
      drops correspondingly. Transistor 108 is turned on when the offset voltage
      of the gate and anode forward-biases the transistor by approximately 0.6
      volt. By programming the anode voltage of the transistor 108 by means of
      the potentiometer 114, the smoke level which turns the transistor 108 on
      can be adjusted. When the transistor 108 is turned on, the gate of SCR 120
      receives a current pulse due to the discharging of the capacitor 116
      through the transistor 108, switches the SCR into conduction and, thereby,
      turns the alarm 40 on. The alarm signal is, therefore, sounded as soon as
      the smoke level in chamber 20 reaches a predetermined value. A capacitor
      126 connected to the gate of the transistor 108 eliminates spurious
      transients that might inadvertently turn the alarm on.
PAC  PULSATING CIRCUIT
PAR  To prevent the alarm 40 from remaining latched on if the smoke level again
      drops below that which triggers the alarm, or to cycle the alarm on and
      off in the presence of a continuing smoke condition, the pulsating circuit
      illustrated in FIG. 7 is provided and deactivates the alarm a fixed
      interval after it is turned on.
PAR  Prior to the turning on of the alarm 40, a commutating capacitor 130 is
      charged with the polarity illustrated primarily through resistor 122
      having a relatively low resistance, the alarm 40 and a resistor 132
      forming a voltage divider with resistor 134. Also, the capacitor 136 is
      charged in a similar manner through the diode 138. The voltage divider
      formed by resistors 132 and 134 is connected to the anode of a
      programmable unijunction transistor 140 and established a reverse-biasing
      offset voltage between the anode and gate connected to the capacitor 136
      which biases the transistor off.
PAR  When the alarm 40 is turned on, the voltage at the anode of SCR 120 drops
      almost to ground potential and commutating capacitor 130 discharges
      through the SCR and recharges with a polarity opposite that shown through
      the resistor 134. At the same time, capacitor 136 discharges through a
      resistor 142 and begins to drop the voltage level on the gate of the
      programmable unijunction transistor 140. When the offset voltage between
      the anode and gate is approximately 0.6 volt, the transistor is forward
      biased and turns on. The transistor 140, thusly, discharges the
      commutating capacitor 130 which reverse biases SCR 120 and turns it off by
      blocking the holding current passing through the alarm 40 and resistor
      122. The capacitor 136 then recharges and transistor 140 is turned off.
      The suppressing diode 144 protects the transistor from excessive reverse
      potentials.
PAR  It will thus be seen that the capacitor 136 and resistor 142 form a timing
      circuit and in conjunction with the programming resistors 132 and 134
      determine the interval during which the alarm 40 remains on. At the end of
      that interval transistor 140 is turned on and the alarm is deactivated by
      the commutating capacitor 130 operating upon the SCR 120 as described
      above. It will be noted that the SCR 120 would be held on by the resistor
      122 in the absence of the reversing voltage obtained from the capacitor
      130; however, the blocking of the holding current by the capacitor
      converts what would otherwise be a latching circuit into a non-latching
      circuit and turns the alarm signal off a fixed period of time after it has
      been turned on.
PAC  RECYCLING ALARM
PAR  In accordance with the present invention, the alarm 40 pulsates on and off
      as long as the smoke level in the sensing chamber 20 is above a
      predetermined value set by the potentiometer 114.
PAR  Recycling of the alarm signal is accomplished by the capacitor 116 and the
      diode 148 coupling the capacitor to the anode of SCR 120. The capacitor is
      completely discharged through the diode 148 and SCR 120 when the alarm is
      turned on. Discharging of the capacitor 116 in this manner suppresses the
      voltage on the anode of transistor 108 and turns it off shortly after the
      alarm signal turns on. As long as the alarm 40 remains on, the coupling
      diode 148 holds the anode of transistor 108 close to ground potential
      rather than that set by the potentiometer 114 and the inoperative
      transistor cannot be turned on. When the SCR 120 is reverse biased by the
      commutating capacitor 130 and shuts the alarm 40 off, capacitor 116
      recharges through the resistor 110 and potentiometer 114 to a level
      approaching that established by the potentiometer 114 in the quiescent
      state of the alarm circuitry. During the recharging of the capacitor 116,
      the offset voltage of the gate and anode of transistor 108 changes the
      transistor from a reversed biased condition to a forward biased condition.
      When the offset is approximately 0.6 volt, the transistor again conducts
      and triggers SCR 120 to actuate alarm 40. The pulsating circuit repeats
      its deactuating function and the alarm recycles through the on-off signal
      pattern as long as the smoke level detected by the chamber 20 persists. If
      for any reason the smoke condition ceases due, for example, to the
      extinguishing of a fire producing the smoke, the alarm 40 stops the cyclic
      signaling and the alarm circuit reverts to its quiescent state which
      existed prior to the detection of the smoke condition.
PAR  It should also be noted that the repetition rate of the cycling alarm
      signal increases with increased smoke levels and, therefore, indicates a
      greater urgency to individuals hearing the alarm signal. The increased
      repetition rate results because the increased smoke level increases the
      resistance of the sensing chamber 20 and suppresses the voltage on the
      gates of the transistor 102 and transistor 108. As a consequence, the
      voltage to which capacitor 116 must charge in order to reach the offset
      voltage needed to forward bias transistor 108 is lower and, therefore, the
      charging period or off-interval between alarm signals is reduced.
PAC  LOW VOLTAGE DETECTION CIRCUIT
PAR  The operation of the smoke detector from a battery source is particularly
      desirable since it allows the detector to be installed at locations remote
      from existing electrical power outlets. At the same time, however, the
      limited useful life of the battery could be a hazard and result in a
      failure of the detector at a most crucial time. In accordance with the
      present invention, therefore, the low voltage detection circuitry
      illustrated in FIG. 7 is connected in parallel with the circuitry coupled
      to the sensing chamber 20 to sound the alarm 40 and indicate that the end
      of the useful battery life is approaching.
PAR  The low voltage detection circuitry includes a programmable unijunction
      transistor 150 having a cathode connected directly to the SCR 120 for
      turning the alarm on. The gate of the transistor 150 is connected to the
      output of a voltage divider which is connected across the poles of the
      battery B and which is formed by a resistor 152 and a reverse-biased zener
      diode 154. The voltage divider is rendered insensitive to transient
      fluctuations in the battery output by capacitor 156.
PAR  The anode of the transistor 150 is also connected to a voltage divider
      which is connected across the poles of battery B and which is formed by a
      reverse-biased zener diode 158 and a resistor 160. It will be observed
      that the resistor 152 is connected between the gate of the transistor 150
      and the negative pole of the battery while the diode 154 is connected
      between the gate and the positive pole of the battery. The diode 158 is
      connected between the anode of the transistor and the negative pole of the
      battery and the resistor 160 is connected between the anode and the
      positive pole of the battery.
PAR  In the low voltage detection circuit the transistor 150 compares the
      voltage on the gate representative of the battery potential with a
      reference voltage on the anode. By appropriate selection of the zener
      diodes 154 and 158, the voltage levels at the gate and anode of transistor
      150 reverse bias the transistor when the output voltage of the battery is
      high and the battery is new. As the battery ages, however, the output
      voltage declines, and the voltage on the gate of the transistor 150 is
      decreased relative to the reference voltage on the anode due to the
      positions of the diodes 154 and 158 in the two voltage dividers. In
      particular, the diode 154 sets the gate of the transistor at a voltage
      level which is a fixed differential below the waning battery voltage while
      the diode 158 programs the anode at a zener voltage level above ground,
      for example 8 volts or something less than the full battery potential. The
      gate voltage, therefore, follows the battery voltage while the anode is
      set at a reference value determined by zener diode 158.
PAR  As the end of the useful battery life is approached and the battery voltage
      depreciates, a point is reached when the voltage offset of the gate and
      anode forwardly biases the transistor 150 into conduction. A capacitor 162
      connected in parallel with the zener diode 158 and previously charged to
      the zener voltage through resistor 160 discharges at least partially
      through the transistor 150, the resistor 118 and the gate of SCR 120 to
      turn the SCR 120 and the alarm 40 on. In this respect, the capacitor 162
      is identical to the capacitor 116 in functional operation. When the alarm
      is turned on, the capacitor 162 completely discharges through the diode
      164 and the SCR 120 and suppresses the voltage on the anode of transistor
      150 to turn the transistor off.
PAR  With the alarm 40 turned on, the pulsating circuitry including the timing
      capacitor 136 and resistor 142 begins to operate as described above in
      connection with smoke detection and shuts the alarm 40 off when the
      commutating capacitor 130 blocks the holding current through the SCR 120.
      Recycling of the alarm signal continues when the capacitor 162 recharges
      through resistor 160 to the voltage producing the gate-to-anode offset
      that forwardly biases the transistor 150 into conduction. To preserve what
      remaining life there may be in the battery and to provide a battery
      warning signal distinctly different from that due to a fire or other smoke
      condition, the time constant of the charging resistor 160 and capacitor
      162 is made substantially larger than the time constant of the capacitor
      116 and resistor 110, 114 network for smoke alarm signals. Accordingly,
      the repetition rate for a low-battery voltage condition is much lower than
      the repetition rate for a smoke condition due to the longer interval
      between alarm sounds.
PAR  The ionization smoke detector and the non-latching, pulsating alarm system
      described above have particular utility in residential environments since
      they operate from a battery source with safety, reliability and no
      maintenance over extended periods of time. The radiation source 64 is
      adequate to operate the sensing chamber at sensitivity levels suitable for
      smoke detection but, at the same time, does not produce radiation which is
      hazardous to human beings in the adjacent vicinity. The safety features
      provided by the low voltage detection circuitry inform a user of the
      limited residual life of the battery before operation of the alarm 40 is
      no longer possible. The pulsating circuit also conserves battery strength
      when an unsafe smoke level has been sensed.
PAR  While the present invention has been described in a preferred embodiment,
      it should be understood that modifications and substitutions to the
      detailed structure can be had without departing from the spirit of the
      invention. For example, the locking arrangement between the base 14 and
      cover 16 illustrated in FIG. 4 can be replaced by auxiliary fasteners or
      threading between the two portions of the housing 12. The shape of the
      detector 10 and the mounting of the components within the detector may be
      varied correspondingly although the positioning of the sensing chamber 20
      on the printed circuit board bearing the alarm circuitry is particularly
      useful in obtaining a compact assembly. The design of the sensing chamber
      may be varied, for example, by molding the perforated shell from an
      insulating material and supporting an electrically conductive element
      within the shell opposite the electrode to serve as the anode in place of
      the metallic shell. The conductive element could be a plate, such as the
      plate 68, or a plating on the interior of the shell. The specific
      components in the detection circuitry may be varied although the
      programmable unijunction transistors provide flexibility in designing the
      circuitry for different operating values and the use of a single SCR and
      pulsating circuit for operating the alarm in response to both smoke and
      low battery voltages contributes to the economies of manufacturing a smoke
      detector suitable for residential use. Accordingly, the present invention
      has been described in a preferred embodiment by way of illustration rather
      than limitation.
CLMS
STM  We claim:
NUM  1.
PAR  1. An ionization smoke detector having a sensing chamber comprised of:
PA1  a mounting board;
PA1  a perforated metallic shell defining an open interior space and supported
      at one side on the mounting board with the one side and the board in
      adjacent relationship;
PA1  an electrode mounted on the board and positioned within the open interior
      space of the metallic shell adjacent the one side in electrically
      insulated relationship to the metallic shell, the electrode having a
      surface facing away from the board and toward the side of the shell
      opposite the one side and defining an aperture in the middle of the
      surface; and
PA1  a radiation source supported from the mounting board in the aperture of the
      electrode for exposure within the interior space of the shell.
NUM  2.
PAR  2. An ionization smoke detector having a sensing chamber as defined in
      claim 1 wherein the radiation source is electrically isolated from the
      metallic shell and the electrode.
NUM  3.
PAR  3. An ionization smoke detector as in claim 1 wherein:
PA1  the radiation source is supported in the aperture close to the plane of
      said surface of the electrode.
NUM  4.
PAR  4. An ionization smoke detector having a chamber as defined in claim 1
      wherein:
PA1  a pedestal is connected to the mounting board and extends into the aperture
      of the electrode; and
PA1  the radiation source is mounted on the pedestal.
NUM  5.
PAR  5. The ionization smoke detector of claim 4 further including:
PA1  an insulating spacer interposed between the pedestal and the portion of the
      electrode defining the aperture to electrically isolate the pedestal and
      source from the electrode.
NUM  6.
PAR  6. The ionization smoke detector having a sensing chamber as defined in
      claim 1 wherein:
PA1  the mounting board is a printed circuit board having electrical conductors
      defined in cladding on one side of the board; and
PA1  the metallic shell and the electrode are electrically connected to
      different conductors in the cladding of the board.
NUM  7.
PAR  7. The ionization smoke detector of claim 6 wherein:
PA1  the metallic shell and the electrode are mounted on the side of printed
      circuit board opposite that bearing the conductors to which the shell and
      electrode are electrically connected.
NUM  8.
PAR  8. An ionization smoke detector having a sensing chamber comprising:
PA1  a platform;
PA1  a porous shell mounted on the platform and defining an interior chamber
      space ventilated through the walls of the shell;
PA1  an electrode mounted within the chamber space defined by the shell;
PA1  a radioactive source mounted near the center of the electrode in
      electrically insulated relationship to the electrode; and
PA1  an electrically conductive element supported by the porous shell in the
      chamber space at another side of the space separated from said one side.
NUM  9.
PAR  9. An ionization smoke detector as in claim 8 wherein the conductive
      element is formed by an electrically conductive plating on the interior of
      the shell.
NUM  10.
PAR  10. An ionization smoke detector as in claim 8 wherein the conductive
      element is a plate supported within the shell.
NUM  11.
PAR  11. A housing for an ionization smoke detector having a ventilated sensing
      chamber comprising:
PA1  a base portion having a bottom and a sloped, peripheral wall containing a
      plurality of apertures and diverging away from the bottom; and
PA1  a cover portion engaged with the base portion and having a concave outer
      surface disposed generally parallel to the bottom of the base portion, the
      cover portion also defining a central aperture circumscribed by the
      concave surface and exposing the ventilated sensing chamber.
NUM  12.
PAR  12. A housing for a battery-operated ionization smoke detector as defined
      in claim 11 wherein:
PA1  the base portion has a molded bottom; and
PA1  a battery holder is integrally molded into the bottom of the base portion.
NUM  13.
PAR  13. A housing as defined in claim 12 wherein:
PA1  the battery holder is a resilient battery holder molded integrally in the
      bottom.
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ABST
PAL  The invention relates to a time-measuring device for an X-ray generator
      comprising an automatic exposure device. The measurement of the actuation
      time which is controlled on the primary side by an automatic exposure
      device is inaccurate because the effect exposure time, which is the time
      during which the X-ray tube emits the desired radiation, is shorter than
      the actuation time in the primary circuit. This is due to the fact that,
      because of the always present stray inductances and cable capacitances
      etc., the high-voltage on the secondary side can follow the voltage on the
      primary side only with a given delay. For the accurate measurement of the
      effective exposure time, therefore, the actuation time is reduced by an
      amount which is dependent of the exposing tube current.
BSUM
PAR  The invention relates to a time-measuring device for an X-ray generator,
      comprising a switch which is connected in a primary circuit of a
      transformer for the current supply of an X-ray tube and which is
      controlled by an automatic exposure device.
PAR  The switch in the primary circuit of the transformer for the current supply
      of the X-ray tube is opened by the automatic exposure device when the
      latter has measured a given, presettable radiation dose. In the X-ray
      generators known thus far it is not possible to determine the effective
      exposure time (this is the time during which the X-ray tube emits the
      desired radiation) when use is made of an automatic exposure device.
      However, the physician will often wish to know the effective exposure
      time. Therefore, an object of the present invention is to provide an X-ray
      generator of the kind set forth in which, when use is made of an automatic
      exposure device, the effective exposure time can be exactly measured and
      displayed, if desired.
PAR  According to the invention, a time-measuring device of this kind is
      characterized in that means are provided for measuring the actuation time,
      which is reduced by an amount which is dependent on the tube current.
PAR  The actuation time (this is the period during which the primary circuit of
      the transformer for the current supply of the X-ray tube is connected to a
      supply voltage) in an X-ray generator of the kind set forth is larger than
      the effective exposure time, because the voltage at the X-ray tube can
      only follow the voltage in the primary circuit with a given delay because
      of unavoidable stray inductances, cable capacitances etc., so that the
      emission of the X-ray tube starts only after the delay following the
      switching on of the primary voltage. Consequently, the actuation time
      exceeds the effective exposure time by a given amount (in the order of a
      few ms).
PAR  It was found that the delay at which the X-ray radiation commences after
      switching on the primary circuit is larger as the tube current to be
      switched is larger. Because this switch-on delay is not accompanied by an
      equivalent switch-off delay, at least not in X-ray generators whose
      primary circuit is switched on and off by means of thyristors, the
      effective exposure time will be shorter than the actuation time by an
      amount which is dependent on the tube current. Therefore, according to the
      invention, the actuation time, reduced by an amount which is dependent of
      the tube current, is measured, thus providing a correct measurement of the
      effective exposure time.
PAR  The reduction of the actuation time by an amount which is dependent on the
      tube current can be effected, for example, by means of time-measuring
      devices comprising a measuring member which supplies a voltage which is
      proportional to the time expiring after the switching on of the primary
      voltage in that a voltage which is dependent on the tube current is
      subtracted from this voltage.
DRWD
PAR  A preferred embodiment of the device according to the invention will be
      described in detail hereinafter with reference to the drawing in which:
PAR  FIG. 1 shows a preferred embodiment of a time-measuring device according to
      the invention,
PAR  FIG. 2 shows a preferred embodiment of a correction-time member according
      to the invention, and
PAR  FIG. 3 shows a diagram so as to illustrate the operation of the
      correction-time member shown in FIG. 2.
DETD
PAR  The time-measuring device which is shown in the form of a block diagram in
      FIG. 1 comprises a pulse generator 1 which generates pulses of constant
      frequency (for example, 1 kHz) which are applied to the input of a gate
      circuit 2. When the gate circuit 2 is open, the pulses of the pulse
      generator 1 are applied to a counter 4, the position of which can be
      displayed in known manner by means of digital display tubes 5.
PAR  The gate 2 is opened by a start pulse from the correction-time member 3
      which itself is controlled by a switch-on pulse, supplied via a line 7,
      for switching on the supply voltage in the primary circuit of a
      transformer for the power supply of the X-ray tube. The gate 2 is blocked
      by a switch-off pulse originating from an automatic exposure device 6.
      This pulse at the same time opens the switch which is connected in the
      primary circuit of the transformer for the current supply of the X-ray
      tube and which is shown in detail, with the result that the exposure is
      terminated.
PAR  The automatic exposure device 6 can in known manner comprise an ionisation
      chamber or a photomultiplier for the dose measurement, and also switching
      members which generate the switch-off pulse as soon as a given radiation
      dose or a given film blackening is reached during the exposure.
PAR  The correction-time member (i.e. time delay unit) can comprise, for
      example, RC elements, the resistance thereof being adjustable by means of
      the adjusting members for the tube current. During operation of an X-ray
      generator comprising an automatic exposure device, generally only the
      voltage can be selected at random, while the current is automatically
      derived from the chosen focal spot and the chosen voltage. Therefore, the
      resistances in the RC circuit of the correction-time member 3 must be
      variable in dependence on the chosen focal spot and of the adjusted
      voltage, i.e. such that the delay of the start pulse generated by the
      correction-time member 3 with respect to the switch-on pulse arriving via
      the line 7 is varied as a function of the tube current, which in turn is
      determined by the choice of the focal spot and the tube voltage
      adjustment. By a suitable proportioning of the correction-time member, it
      can be achieved that the gate 2 is open only for the period during which
      the desired amount of X-rays is emitted, with the result that the number
      of pulses which is counted by the counter 4 and displayed by the digital
      display tubes 5 is proportional to the effective exposure time.
PAR  FIG. 2 shows an embodiment of a correction-time member in which the delay
      between the switch-on pulse and the start pulse is not produced by the
      adjusting members for the exposure parameters influencing the tube
      current, but directly in dependence on the measured tube current. For
      measuring the tube current, a resistor 10, which is grounded on one side,
      is connected in the high-voltage circuit of an X-ray tube 13, which
      circuit is diagrammatically represented by the blocks 11 and 12. The
      voltage drop across the measuring resistor 10 is applied to an input of a
      comparison circuit 32 which is incorporated in the correction-time member
      3 (denoted by a broken line), another input of the said comparison circuit
      being supplied with an increasing signal which is generated by a generator
      31 as soon as the latter is started by the switch-on pulse arriving on
      line 7 so as to start the exposure. As soon as the amplitude of the
      increasing signal becomes equal to the amplitude of the signal
      proportional to the tube current, the comparison circuit 32 supplies the
      start pulse for the gate circuit 2.
PAR  By superimposition of the constant direct voltage, it can then be achieved
      that the delay time T.sub.d of the start pulse with respect to the
      switch-on pulse is composed of a constant amount T.sub.c and an amount
      which is proportional to the current, so that the following formula can be
      established:
EQU  T.sub.d = T.sub.c + T.I/I.sub.0,
PAL  in which T is a constant time, I is the measured current and I.sub.0 is a
      reference current. It was found that this delay time very closely
      approximates the delay of the high voltage on the X-ray tube and hence of
      the radiation caused by the primary voltage.
PAR  FIG. 3 shows that the increasing voltage reaches the value of the voltage
      proportional to the tube current (I.sub.1, I.sub.2, I.sub.3) before the
      tube current reaches its stable final value. This produces a time error
      which can be corrected in that the increasing voltage does not exactly
      linearly increase but according to an e-function, so it corresponds to the
      variation in time of the voltage on a capacitor which is charged by a
      direct voltage source via a constant resistance.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A time-measuring device for an x-ray generator of the type including a
      high voltage transformer for supplying anode current to an x-ray tube, a
      switch connected in the transformer primary circuit and an automatic
      exposure device for determining the radiation dose of an irradiated body
      comprising, means for effectively measuring time intervals, and means
      responsive to a switch-on pulse for the x-ray generator for effectively
      reducing the time interval measured by said time measuring means by an
      amount which varies with the anode current of the x-ray tube.
NUM  2.
PAR  2. A time-measuring device as claimed in claim 1 wherein said time
      measuring means is started by a start pulse and is stopped by a switch-off
      pulse so as to terminate the x-ray exposure, and said means for reducing
      the time interval measured comprises a time delay unit which generates a
      start pulse for the time measuring means which is delayed with respect to
      the switch-on pulse for the x-ray exposure by a period of time which is
      dependent on the tube current.
NUM  3.
PAR  3. A time-measuring device as claimed in claim 2 wherein the x-ray
      generator includes means for adjusting the x-ray tube anode current and
      the time delay unit comprises at least one time-determining resistor, the
      value of which can be adjusted by the adjusting means for the tube anode
      current.
NUM  4.
PAR  4. A time-measuring device as claimed in claim 2 wherein the time delay
      unit comprises a signal generator which is responsive to the switch-on
      pulse to produce an increasing signal, the start pulse for the time
      measuring means being generated as soon as the amplitude of said
      increasing signal equals the amplitude of a signal proportional to the
      anode tube current.
NUM  5.
PAR  5. A time-measuring device as claimed in claim 4 wherein said signal
      generator includes means for producing a direct voltage that is
      superimposed on the increasing signal.
NUM  6.
PAR  6. A time-measuring device as claimed in claim 4 wherein the signal
      generator produces an increasing signal that has an exponential curvature.
NUM  7.
PAR  7. A time-measuring device as claimed in claim 2 wherein the time-measuring
      means controls a display unit.
NUM  8.
PAR  8. A time-measuring device for an x-ray system of the type including a high
      voltage transformer for supplying anode current to an x-ray tube and a
      switching element connected in the transformer primary circuit and
      responsive to a switch-on pulse for initiating an x-ray exposure, said
      device comprising, means for measuring time, a time delay unit responsive
      to the switch-on pulse for producing a delayed start pulse delayed for a
      period of time which is dependent on the x-ray tube anode current, means
      for applying the delayed start pulse to the time-measuring means to
      initiate a timing operation, an automatic exposure device for generating a
      switch-off pulse to terminate an x-ray exposure, and means for coupling
      the switch-off pulse to said time-measuring means to terminate the timing
      operation.
NUM  9.
PAR  9. A time-measuring device as claimed in claim 8 wherein said time-delay
      unit comprises a signal generator for generating an increasing signal in
      response to the switch-on pulse and a comparison device having a first
      input coupled to said signal generator and a second input, means for
      deriving a control voltage that is proportional to the x-ray tube anode
      current, and means for applying the control voltage to said second input
      of the comparison device.
NUM  10.
PAR  10. A time-measuring device as claimed in claim 8 wherein said time
      measuring means comprises, a counter, a pulse generator, a gate circuit
      having an output coupled to a counter input and first, second and third
      inputs coupled to the pulse generator, the time delay unit and the
      automatic exposure device, respectively.
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ABST
PAL  A device for supporting a patient, having a carrying member and a
      horizontally extending lying support for the patient, with a motor for
      varying the distance between the support and a medicinal unit. The
      invention is particularly characterized by the provision of a spring scale
      between the patient support and its carrying member, having a switching
      member which can be shifted corresponding to the weight of the patient.
      Switching means are connected with the switching member for interrupting
      the current circuit of the motor, the distance between the switching means
      and the switching member being adjustable.
BSUM
PAR  This invention relates to a patient supporting device with a carrying
      member and a horizontally extending lying support for the patient provided
      with a motor for varying the distance between it and a medicinal unit.
PAR  A patient supporting device of this type is used, for example, in
      combination with a gamma camera for determining the distribution of
      radioactive substances in the body of a patient. For that purpose it is
      necessary to be able to adjust the distance between the collimator of the
      gamma camera and the patient in such manner that the collimator can be
      placed directly at the surface of the patient. Then there is the danger
      that the patient will be squeezed between the lying support and the gamma
      camera.
PAR  The German patent specification No. 1,960,625 discloses a protecting device
      for a medicinal or dental unit, consisting of a height-adjustable or fixed
      bracket of a treating device and a device for carrying a patient. In order
      to prevent the squeezing of a patient between the bracket and the carrying
      device, an electronic switch is provided which prevents all contact with
      the patient. Its actuating distance is either fixed or variable and it can
      interrupt the current circuit of the motor operating the height
      adjustment. However, such a protecting device can not be used in all
      cases, particularly not in an isotope diagnosing device. In an isotope
      diagnosing device it is necessary, as already stated, that the gamma
      camera should be movable so close to the patient that it can touch him. On
      the other hand, it must provide measurements under different angles. For
      that purpose it is mounted so as to be swingable about a horizontal axis
      and so that it can be moved to the patient under different angles. A
      protecting switch which would prevent all contact with the patient can not
      be used. A switching strip which could replace such a protecting switch is
      also not useable, since it also does not act upon the patient in all
      positions of the gamma camera and does not permit a direct contact of the
      collimator of the gamma camera with the patient.
PAR  An object of the present invention is to provide a patient supporting
      device of the described type which, on the one hand, positively prevents
      the appearance of improper high forces between a patient and a medical
      unit and, on the other hand, makes possible a contact between the medical
      unit and the surface of a patient.
PAR  Other objects of the present invention will become apparent in the course
      of the following specification.
PAR  In the accomplishment of the objectives of the present invention it was
      found desirable to provide a spring scale between the patient's support
      and its carrying member with a switching member which can be shifted
      corresponding to the weight of the patient; furthermore, switching means
      are connected with the switching member for interrupting the current
      circuit of the motor, the distance between the switching means and the
      switching member being adjustable.
PAR  It is of importance for the subject of the present invention that the
      spring scale should be so dimensioned or made so adjustable that the motor
      will stand still in case of a predetermined force exerted upon the support
      and adjusted to the weight of the patient. Independent from the patient's
      weight, forces can be exerted upon the patient within a predetermined
      range. The motor will be stopped when the predetermined force acting upon
      the patient is exceeded. This force is given by the measure of the spring
      scale or by the distance between the switching member and the switching
      means.
PAR  According to a practical embodiment of the present invention, the switching
      means are frictionally connected with a guide and interrupt the current
      circuit of the motor in their initial position. To free the shifting they
      are pressed manually by an actuating member from the initial position
      toward the switching member. In this embodiment of the invention the force
      which when exceeded will stop the motor is determined by the sizing of the
      spring scale.
PAR  Within the scope of the present invention, the motor which changes the
      distance between the patient's support and the medical unit can be either
      an adjusting motor for the patient's support or an adjusting motor for the
      medical unit.
PAR  The invention will appear more clearly from the following detailed
      description when taken in connection with the accompanying drawings
      showing by way of example only, a preferred embodiment of the inventive
      idea.
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PAR  In the drawings:
PAR  FIG. 1 is a side view of a patient supporting device of the present
      invention combined with a gamma camera.
PAR  FIG. 2 is a diagrammatic perspective view showing parts of the patient
      supporting device of FIG. 1 which are important for the present invention.
PAR  FIG. 3 is a block switch diagram showing means actuating the adjusting
      motor in the device of FIG. 1.
PAR  FIG. 4 shows in side view and partly in section and on an enlarged scale
      the adjusting mechanism for the patient's support.
PAR  FIG. 5 is a section along the line V--V of FIG. 4.
DETD
PAR  FIG. 1 shows a gamma camera 1 which is adjustable in height upon a stand 2.
      The gamma camera is swingable about different axes, including the
      horizontal axis 2' shown in FIG. 1. A patient supporting device 3 combined
      with the gamma camera 1 consists of a carrying member 4 mounted upon the
      floor and a patient support 5. The carrying member 4 is shaped as a double
      parallelogram. The patient support 5 is connected with the upper holding
      head 6 of this double parallelogram, while the lower holding head 7 is
      fixed to a socket 80.
PAR  The patient lying upon the support can be raised by a motor-operated height
      shifting device connected with the support up to the collimator 8 of the
      gamma camera 1. However, when the patient is immovable the gamma camera 1
      with the collimator 8 can be moved by motor to the body surface of the
      patient.
PAR  FIG. 2 shows that the patient support 5 is connected by a spring scale with
      the holding head 6. This spring scale includes a parallelogram rod
      connection with four levers 9 to 12 which on the one hand are swingably
      mounted in pedestals 13 fixed to the patient support 5, and on the other
      hand, are swingable about two shafts 14 and 15 which are fixed in the
      holding head 6. The levers 9 and 10 have two angularly shifted beams 16
      and 17 interconnected by a rod 18. Between the rod 18 and four stops 19 to
      22, four pressure springs 23 to 26 are guided. For that purpose are used
      four rods 27 to 30 upon which the springs 23 to 26 are shifted. Four stops
      31 and 34 connected with the rod 18 act upon the left hand end of the
      springs 23 to 26, so that the stops 31 to 34 can be resiliently supported
      against stops 19 to 22. For that purpose the stops 31 to 34 are shiftable
      sleeve-like upon the rods 27 to 30. The stops 19 to 22 are fixed upon a
      shaft 35 swingable in the holding head 6.
PAR  A bracket 36 firmly connected with the lever 9 and cooperating with a lever
      37 serves as a switching member. The lever 37 carries at its free end a
      switch 38 with an actuating member 39 and is connected with the shaft 15
      by a friction coupling 40. A lever 41 extends out of the holding head 6.
      The lever 37 can be swung by the lever 41 through an intermediate lever 42
      in the direction toward the bracket 36, so that the bracket 36 will press
      upon the actuating member 39.
PAR  The operation of the device of FIG. 2 is further described in connection
      with the basic circuit of FIG. 3.
PAR  FIG. 3 shows a motor 43 which, for example, serves for the height
      adjustment of the patient support 5 and which can be actuated by two
      buttons 44 and 45 so that the patient support 5 can be raised or lowered.
      In front of the motor 43 is the contact 46 of the switch 38.
PAR  A downward movement of the patient support 5 is possible independently from
      the contact 46, namely, when the button 45 is actuated the support 5 will
      always move downwardly since there is no danger for the patient. However,
      an upward movement of the support 5 is possible only when the contact 46
      is closed.
PAR  When a patient is placed upon the support 5, it will move downwardly
      somewhat in the direction of the arrow 47, whereby one or several springs
      23 to 26 will be compressed corresponding to the weight of the patient.
      The bracket 36 will move a distance relatively to the level 37 and thus
      also to the actuating member 39, which corresponds to the weight of the
      patient.
PAR  The actuating member 39 will assume initially the position I in which the
      switch 46 is opened due to the distance between the member 39 and the
      bracket 36. When a patient is placed upon the support 5 thus it will not
      be able to move upwardly. To provide an upward movement the operator will
      swing clockwise the lever 41, whereby the lever 42 will swing the lever 37
      counterclockwise until the actuating member 39 lies upon the bracket 36
      and is moved into the position II. After the lever 41 is released the
      lever 37 and the actuating member 39 keep this position due to the
      frictional connection between the shaft 15 and the lever 47.
PAR  In the position II the contact 46 is closed, so that the patient then can
      be moved upwardly.
PAR  If a force acts upon the patient support 5 in the direction of the arrow
      47, which exceeds by a predetermined amount the weight of the patient,
      then the distance between the holding head 6 and the patient support 5 is
      somewhat diminished while one or several of the springs 23 to 26 are
      compressed, whereby the bracket 36 is removed from the actuating member
      39. The actuating member 39 swings into its position I and opens the
      contact 46, so that the motor is switched off for the upward movement of
      the support 5.
PAR  The springs 23 to 26 are so measured that in a predetermined range of
      patient's weight, for example, from 30 to 135 kp, the path of movement of
      the bracket 36 in case of an increase of a specific patient's weight by a
      predetermined amount, for example, 3 kp, will be always the same. This
      provides that when the patient's weight is higher by more than 5 kp, there
      is an automatic stop to the upward movement of the patient support 5. Thus
      if, for example, the patient strikes the collimator 8 of the gamma camera
      1, the upward movement of the support 5 will stop.
PAR  The spring scale between the patient support 5 and the holding head 6 has
      the advantage that the collimator 8 can be moved to the patient until it
      touches him without a switchoff. The motor for the high movement of the
      support 5 is stopped only when an improperly high force acts upon the
      patient. The spring scale has also the advantage that an unavoidable
      running of the motor after it has been switched off will not damage the
      patient, since the support 5 can give in relatively to the holding head 6.
PAR  The present invention makes possible a simple adjustment to the actual
      weight of the patient by operating the lever 41. Moreover, within the
      scope of the present invention, it is also possible to use a stop
      adjustable relatively to the bracket 36, while accepting an additional
      difficulty in the mounting. Thus stop would be adjustable in such manner
      that for each patient a precisely predetermined distance between these two
      parts would be set, the bracket 36 causing the stoppage of the motor after
      it is overcome. Consequently, a predetermined distance must be set
      manually in this case which would correspond to a specific force exceeding
      the patient's weight of, for example, 5 kp, whereby after it is reached
      the upward movement of the carrier 5 is switched off.
PAR  The present invention has been described in connection with a patient
      supporting device which is adjustable in height by a motor and wherein the
      motor raising the patient support can be automatically stopped. Moreover,
      within the framework of the present invention the motor 43 can be also a
      motor which moves downwardly the gamma camera 1. In that case the gamma
      camera 1 will be stopped with the same precision when the force upon the
      patient exceeds a predetermined amount. In that case the buttons 44 and 45
      must be exchanged.
PAR  As shown in FIGS. 4 and 5 the adjusting mechanism for the patient support 5
      includes four parallel guides 50 to 53. The parallel guides 50 and 51
      consist of U-shaped profiles, whereby the open U sides extend toward each
      other, so that the two profiles interengage. The parallel guides 52 and 53
      are shaped in the same manner. The holding heads 6 and 7 are also U-shaped
      so that the parallel guides 50 to 53 can engage between these holding
      heads. In this construction the rodes are closed from all sides so that
      there can be no accidents caused by unintentional engagement.
PAR  FIG. 4 shows that to provide power transmission between the two
      parallelogram rods, the parallel guide 50 and the parallel guide 53 are
      pivotally interconnected by a guide 54. The movement of the patient
      support 5 takes place by the motor 43 through a threaded rod 55 which is
      guided in a guide screw 56. The guide screw 56 is connected with the
      parallel guide 50 and is swingable about an axis 57. When the motor 43
      turns the threaded rod 55, the parallel guide 50 as well as the parallel
      guide 51 will be shifted, and also the parallel guides 52 and 53 through
      the guide 54. The shifting takes place in such manner that the patient
      support 5 will be moved vertically upwardly from the illustrated initial
      position. The motor 43 is movably guided in the direction of the arrow 59
      by wheels 58 and rails in the pedestal 80, so that the movements of the
      guiding screw 56 can be balanced in a horizontal direction.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for supporting a patient for use with a medical apparatus, said
      device comprising a carrying member, a substantially horizontally
      extending support for the patient, a motor for varying the distance
      between said support and said medical unit, a supply circuit for said
      motor, and a spring scale between said support and said carrying member,
      said spring scale having a switching member shiftable depending upon the
      weight of a patient, said switching member having switching means for
      interrupting said supply circuit for said motor and means adjusting the
      distance of said switching means from said switching member.
NUM  2.
PAR  2. A device in accordance with claim 1, comprising parallelogram rods
      supporting said support upon said carrying member, and spring means
      engaging said rods.
NUM  3.
PAR  3. A device in accordance with claim 1, wherein said motor serves for the
      movement of said medical unit.
NUM  4.
PAR  4. A device in accordance with claim 1, wherein said medical unit is a
      gamma camera.
NUM  5.
PAR  5. A device in accordance with claim 1, wherein said motor serves for the
      movement of said support in a vertical direction.
NUM  6.
PAR  6. A device in accordance with claim 1, comprising a guide fixed upon an
      upper portion of said carrying member, said switching means being
      frictionally connected with said guide, and a manually operable actuating
      member, said switching means interrupting said supply circuit in a basic
      position and being pressable by said actuating member against said
      switching member for being switched out of said basic position, thereby
      freeing the upward movement of said support.
NUM  7.
PAR  7. A device in accordance with claim 6, wherein said switching member is a
      switch lever, and wherein said switching means consist of a switch and
      another lever carrying said switch and having a swinging axle, said device
      comprising a friction coupling located between said other lever and said
      swinging axle.
NUM  8.
PAR  8. A device in accordance with claim 6, wherein said spring characteristic
      is such that switching member always moves by the same distance for a
      predetermined force added to any weight of a patient.
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ABST
PAL  A light distributing assembly such as a direction lamp utilizing a
      fluorescent plastic member which is capable of emitting light from its
      ends or edges when a light source is impinged on its surface combined with
      a cylindrical dowel, rod, spherical ball, reflector or the like which will
      pick up a substantial portion of the light emitted from the end or edge
      and direct such light in a restricted direction while concentrating the
      light into a beam capable of use in many orientations.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention generally relates to direction lamps, marker lights
      or other signal type devices in which a fluorescent plastic sheet is
      combined with cylindrical dowels, spheres, reflectors, other plastic
      sheets and the like for constructing various types of devices in which
      light emitted from an edge of a fluorescent plastic member is controlled
      for useful purposes.
PAR  2. Description of the Prior Art
PAR  The capability of fluorescent plastics emitting light from the edges when
      light is impinged upon the flat surfaces thereof is well known and is used
      for various practical purposes. Most practical uses of this technique
      involve observance of the light emitted from the edge of the fluorescent
      plastic sheet. For example, devices are known which utilize a source of
      light at one end of a rod or the like so that light will be emitted from
      the other end of the rod for illumination of inaccessible areas and the
      like. The following U.S. patents relate to this subject matter:
TBL  3,131,670   G. K. C. Hardesty                                             

                                  May 5, 1964                                  

     3,489,482   H. A. Brill      Jan. 13, 1970                                

     3,760,297   G. H. B. Thompson                                             

                                  Sept. 18, 1973                               

PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention is to provide a combination of a
      fluorescent plastic sheet and a device for controlling and directing the
      edge emitted light from the fluorescent plastic sheet.
PAR  Another object of the invention is to provide a fluorescent plastic sheet
      or rod and a cylindrical dowel device, spherical ball device, curved
      reflector, straight reflector or other equivalent devices for controlling
      the light emitted from the edge of the fluorescent plastic sheet or end of
      the rod for utilization of such light in desired orientation and utility.
PAR  A further object of the invention is to provide a fluorescent plastic
      controlled direction lamp which utilizes commercially available components
      rendering the device relatively inexpensive to manufacture and capable of
      many and varied uses.
PAR  These together with other objects and advantages which will become
      subsequently apparent reside in the details of construction and operation
      as more fully hereinafter described and claimed, reference being had to
      the accompanying drawings forming a part hereof, wherein like numerals
      refer to like parts throughout.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of one embodiment of the present invention
      utilizing a fluorescent plastic sheet and a cylindrical plastic dowel
      along one edge thereof.
PAR  FIG. 2 is a sectional view taken along section line 2--2 on FIG. 1
      illustrating the manner in which light rays are emitted from the
      fluorescent plastic sheet and collected and directed by the dowel.
PAR  FIG. 3 is an elevational view of another embodiment of the invention in
      which the plastic sheet has one edge thereof reversely curved and with
      each edge of the plastic sheet being associated with a dowel.
PAR  FIG. 4 is a side elevational view of the construction of FIGS. 1 and 2
      associated with a concave reflective surface.
PAR  FIG. 5 is a perspective view, with portions broken away illustrating a
      circular plastic sheet and an annular ring in the form of a continuous
      dowel.
PAR  FIG. 6 is a perspective view of an arrangement similar to FIG. 5 but
      illustrating the plastic sheet and encircling ring as polygonal in shape.
PAR  FIG. 7 is an elevational view of another embodiment of the invention in
      which a planar reflective surface is employed.
PAR  FIG. 8 is a fragmental elevational view illustrating a dowel provided with
      a spherical ball at one end thereof.
PAR  FIG. 9 is a front view of an assembly in which the construction of FIG. 8
      is utilized in association with a panel or baffle.
PAR  FIG. 10 is a sectional view taken substantially upon a plane passing along
      section line 10--10 on FIG. 9 illustrating further associational
      relationship of the structure of the bent dowels and the spherical balls
      associated therewith.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The embodiments of the invention illustrated in FIGS. 1 and 2 is designated
      by reference numeral 12 and includes a sheet of fluorescent plastic
      material 14 disposed alongside of, in alignment with and spaced slightly
      from a cylindrical rod or dowel 16 of plastic or glass. The fluorescent
      plastic sheet 14 will emit light as indicated by the arrows 18 from each
      edge thereof when light impinges upon either flat surface thereof as
      indicated by the arrows 19. The dowel 16 picks up the emitted edge light
      and focuses the rays thereof so as to form a relatively narrow band of
      light with slight divergence as indicated by the arrows 20 in FIG. 2, with
      the angle of divergence of the arrows 18 being substantially greater than
      the angle of divergence of the arrows 20. Thus, the cylindrical rod or
      dowel generates a light beam that is relatively strong or brilliant since
      the light rays emitted from the edge of the plastic sheet are
      concentrated. The light rays impinging upon the fluorescent plastic sheet
      14 may be daylight with the fluorescent plastic sheet 14 being an acrylic
      plastic such as "Plexiglas" fluorescent plastic, either colorless or of a
      transparent color with the edge light emitted from the fluorescent sheet
      being the color of the sheet itself. The dowel may be transparent, glass
      or plastic and of a diameter substantially greater than the thickness of
      the plastic sheet so that the edge light emitted from the sheet will be
      picked up and directed in a restricted but useful direction with the light
      energy being concentrated into a beam of useful configuration and
      direction. In tests, a 1 inch dowel used with a 1/8 inch sheet is quite
      successful and resulted in an 8.degree. divergence of the final light
      beam. Generally, the higher the ratio of dowel diameter to sheet
      thickness, the narrower will be the angle of divergence of the final beam.
      This will hold true for the other embodiments of the invention.
PAR  FIG. 3 illustrates the same basic arrangement as FIG. 1 but in this
      construction, the fluorescent plastic sheet 22 is of U-shaped
      configuration with one leg thereof being longer than the other with each
      edge 24 being associated with a dowel or rod 26 so that the edge emitted
      light from the sheet 22 will be directed and concentrated by the rods or
      dowels 26 as illustrated in FIG. 3.
PAR  FIG. 4 illustrates another embodiment of the invention in which the
      assembly of FIG. 2 has a concave reflector 28 associated with the edge of
      the sheet 14 opposite from the dowel 16 so that the edge emitted light
      rays 30 will be reflected as substantially parallel rays 32 which have
      little divergence in relation to each other thus enabling both edges of
      the sheet 14 to be utilized with the light rays 30 from one edge being
      reflected by the reflector 28.
PAR  FIG. 5 illustrates a circular sheet 34 encircled by an annular rod or dowel
      36 in spaced concentric relation thereto whereby the edge light emitted
      from the plastic sheet 34 will be concentrated and directed by the annular
      dowel or rod 36. This same arrangement may be employed in a plastic sheet
      and rod which are semi-circular in configuration or any other suitable
      segment of a circle.
PAR  FIG. 6 illustrates a similar embodiment except that the fluorescent plastic
      sheet 38 is of polygonal construction and the encircling rod or dowel 40
      is correspondingly shaped with the configuration being hexagonal,
      octagonal or any other suitable polygonal shape.
PAR  FIG. 7 illustrates an arrangement in which the fluorescent plastic sheet 42
      is provided with a dowel 44 along one edge thereof in alignment therewith
      and a dowel 46 along the other edge thereof slightly spaced above the axis
      of the plastic sheet 42 so that the light rays collected by the dowel 46
      will be projected upwardly as at 48 with a slight degree of divergence for
      impingement upon a planar angulated reflective surface 50 so that the rays
      52 are emitted therefrom at a slight angle of divergence.
PAR  FIG. 8 illustrates an arrangement in which a fluorescent plastic rod or
      dowel 54 has light impinging on the peripheral surface thereof as
      indicated by the arrows 56 thus emitting light 58 from the end thereof as
      indicated by numeral 58. A spherical ball 60 receives and collects the
      light rays 58 and concentrates them and discharges the light rays 62 on
      the opposite surface thereof with a slight angle of divergence with the
      ball 60 being a clear ball of glass, plastic or the like.
PAR  FIGS. 9 and 10 disclose an arrangement in which the structure of FIG. 8 is
      utilized and is associated with a baffle or panel 64 having a plurality of
      U-shaped rods or dowels 66 associated therewith and projecting through
      apertures 68 therein. Spherical balls 70 are oriented in closely spaced
      relation to the ends of the dowels thus emitting light rays therefrom. In
      this arrangement, the dowel being of fluorescent plastic will emit light
      from each end thereof. A clear ball of glass, fluorescent plastic or the
      like at the end of the dowel will project the end light as a fairly narrow
      conical beam of relatively intense light. To a viewer in line with the
      beam, the ball will appear completely filled with light when properly
      spaced from the end of the dowel.
PAR  An observer viewing any of the embodiments will see a light which appears
      to fill the entire cylinder or the entire ball thus providing an edge or
      end light which is considerably magnified in size. This device does not
      utilize electrical energy or the like and does not depend upon batteries,
      light bulbs or the like for actuation. Rather, daylight or sunlight is
      picked up by the flat or cylindrical surface and emitted from the edges or
      ends thereof. In both the flat sheet and the cylindrical rod, the light
      intensity emitted from the edge or end is directly proportional to light
      intensity impinging on the member and the surface area receiving the
      incident light. Thus, for a given diameter fluorescent plastic cylinder,
      the end light increases with increased length of the dowel.
PAR  In the fluorescent plastic dowel arrangement, a transparent glass or
      plastic ball is centered on the axis of the dowel and spaced a slight
      distance from the end of the dowel so that the light emitted from the
      dowel end is practically all passed into and through the ball which is of
      substantially larger diameter than the diameter of the dowel. The light
      emerges from the ball as a relatively narrow and bright beam of light of
      conical shape. This is especially useful where the view of the lamp is to
      be restricted to a limited direction as in aiming down a straight road
      where any light shining on areas to the side of the road would be wasted.
      Thus, the control provided by the dowel-ball combination provides maximum
      efficiency of use of the light available. The ball could be a half ball or
      lens of particular design with the resulting beam varying somewhat
      according to the geometry of the resulting optical system. The use of such
      shapes as described renders the assembly relatively inexpensive inasmuch
      as these shapes are standard manufactured shapes and are readily
      available.
PAR  Although the cylindrical rod used with the fluorescent plastic sheet
      embodiment of the invention is usually colorless and transparent, it may
      be colored providing the color is compatible with the color of the edge
      light emitted. For example, a red rod could be used with plastic sheets of
      a similar color or a color in the red spectrum such as orange, yellow,
      magenta or the like. Similarly, a red ball may be used with similar edge
      light colors emitted from the fluorescent dowel arrangement.
PAR  A lamp device incorporating the present invention may be used in various
      installations, especially outdoors from dawn to dusk. For example, the
      lamp may be used as an emergency light, directed down the roadway toward
      an oncoming vehicle to warn the operator of the oncoming vehicle of a
      disabled vehicle or the like, to warn motorists and identify road
      construction, hazards and the like, and to identify and make conspicuous
      various vehicles, especially motorcycles, bicycles and the like thus
      enhancing the safe operation of such vehicles. Additionally, the lamp may
      be used to quite conspicuously identify airport features such as runway
      outlines, visual approach slope indicators, edges of taxi-ways, ramps and
      the like and also provide daylight warning and identifying obstruction
      lights for hazards defined such as poles, antennas and various tall
      structures. The device may be used for signs, beacons, signals or other
      various attention attracting arrangements and for marking various items
      for directing attention thereto or enabling observation thereof.
      Additional uses of the invention include the construction of markers for
      trains, boats, vehicles of various types, sporting uses such as golf hole
      markers, football goal post outlines, baseball foul lines, identification
      of fire and emergency alarm locators, lighted wands for use by traffic
      policemen, use on channel markers or buoys and many other similar uses
      where observation or warning is a significant factor.
PAR  The foregoing is considered as illustrative only of the principles of the
      invention. Further, since numerous modifications and changes will readily
      occur to those skilled in the art, it is not desired to limit the
      invention to the exact construction and operation shown and described, and
      accordingly all suitable modifications and equivalents may be resorted to,
      falling within the scope of the invention.
CLMS
STM  What is claimed as new is as follows:
NUM  1.
PAR  1. A controlled light distributing unit comprising a fluorescent plastic
      member having a terminal light emitting surface emitting light therefrom
      in response to sunlight impinging upon a surface with the sunlight
      impinging surface being larger than the terminal light emitting surface,
      and a transparent, light collecting and distributing member having a
      curved surface in spaced, adjacent and aligned relation to the terminal
      light emitting surface of the fluorescent plastic member for receiving
      light emitted therefrom and a curved surface opposite from the terminal
      light emitting surface for emitting the received light therefrom, said
      fluorescent plastic member being a substantially flat circular sheet with
      the peripheral edge thereof defining the terminal light emitting surface,
      said light collecting and distributing member being an annular ring having
      a circular cross section disposed in adjacent spaced aligned concentric
      relation with the peripheral edge of the circular sheet and receiving
      light therefrom.
NUM  2.
PAR  2. A controlled light distributing unit comprising a fluorescent plastic
      member having a terminal light emitting surface emitting light therefrom
      in response to sunlight impinging upon a surface with the sunlight
      impinging surface being larger than the terminal light emitting surface,
      and a transparent, light collecting and distributing member having a
      curved surface in spaced, adjacent and aligned relation to the terminal
      light emitting surface of the fluorescent plastic member for receiving
      light emitted therefrom and a curved surface opposite from the terminal
      light emitting surface for emitting the received light therefrom, said
      fluorescent plastic member being a substantially flat polygonal sheet with
      the peripheral edge thereof forming the terminal light emitting surface,
      said light collecting and distributing member being a continuous ring
      disposed in adjacent spaced aligned concentric relation with the
      peripheral edge of the polygonal sheet and receiving light therefrom.
NUM  3.
PAR  3. A controlled light distributing unit comprising a fluorescent plastic
      member having a terminal light emitting surface emitting light therefrom
      in response to sunlight impinging upon a surface with the sunlight
      impinging surface being larger than the terminal light emitting surface,
      and a transparent, light collecting and distributing member having a
      curved surface in spaced, adjacent and aligned relation to the terminal
      light emitting surface of the fluorescent plastic member for receiving
      light emitted therefrom and a curved surface opposite from the terminal
      light emitting surface for emitting the received light therefrom, said
      fluorescent plastic member being a flat sheet defined by parallel unequal
      length leg portions connected by a curved bight portion with the edges of
      the member facing in the same direction defining terminal light emitting
      edges, said light collecting and distributing member being a pair of equal
      diameter cylindrical rods disposed in spaced parallel relation to the
      terminal light emitting edges of the fluorescent plastic sheet and
      receiving light therefrom.
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PAL  Infiltrators into protected zones are identified by depositing a tacky
      narrow band fluorescent material, on a perimeter portion of the zone, by
      illuminating infiltrators of the perimeter with a beam of ultra-violet
      light and by spectroscopically analyzing a telescopic-received image of
      the illumination. Most suitably, the fluorescent material is a europium
      chelate composition, such as europium trifluoracetonate dissolved in
      acetonitrile and added to an uncatalyzed resin.
GOVT
PAC  STATEMENT OF GOVERNMENT INTEREST
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental purposes
      without the payment of any royalties thereon or therefor.
PARN
PAC  CROSS-REFERENCES TO RELATED APPLICATIONS
PAR  This application is a continuation-in-part of application Ser. No. 726,615
      filed May 3, 1968 now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In combat areas, such as Vietnam, it has proven extremely difficult to
      distinguish between friendly and unfriendly native forces. Individual
      screening and interrogation is not always possible or feasible and,
      frequently, it simply compounds the confusion. Substantial efforts have
      been devoted toward providing a more reliable means of identification, the
      instant proposal being to deposit fluorescent materials on the perimeter
      of a particular zone. Infiltrators pick up the fluorescent material
      permitting identification to be made.
PAR  Such a concept is entirely feasible, but there have been difficulties both
      in providing suitable marker materials and in developing adequate means
      for producing and viewing the fluorescence. While there are a number of
      devices capable of both illuminating and viewing fluorescence at close
      range, such a procedure requires personal and individual contact with the
      suspect and therefore does not permit a broad scanning of an area such as
      would enable a suspect to be picked out of a relatively large group. One
      complication arising particularly during daylight hours is that the
      fluorescence is relatively dim and difficult to detect particularly when
      sunlight or other light sources produce interfering backgrounds.
PAR  Also, from a practical point of view, apparatus suitable for such uses
      should be easily portable and also relatively inexpensive if it is to be
      used extensively in the field. Expensive, heavy equipment which
      conceivably might generate sufficient power to accomplish the present
      purposes are not acceptable.
PAC  OBJECTS OF THE INVENTION
PAR  One of the objects of the present invention is to provide a method of
      identifying the infiltrators, the method permitting identifications to be
      made at substantial distances from the suspect and also permitting the use
      of inexpensive, lightweight, portable apparatus.
PAR  A further object is to provide an identification method in which the
      fluorescence to be detected is clearly distinguishable from interfering
      background fluorescences.
PAR  Another object is to provide a marker material capable of use with the
      methods of the foregoing objects.
PAR  Other objects will become more apparent in the detailed description which
      is to follow.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 illustrates the manner in which the present identification method is
      conducted, and
PAR  FIG. 2 is a sectional view of apparatus suitable for accomplishing the
      present purposes.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  It first is to be noted that the apparatus illustrated in FIGS. 1 and 2
      also is disclosed and claimed in a co-pending patent application by the
      same inventors and entitled "Apparatus for Viewing a Distant Fluorescent
      Object", Ser. No. 726,617 issued as U.S. Pat. No. 3,836,782. This
      apparatus, as well as other comparable apparatus, can be used to perform
      the present identification method and also it can be employed to detect
      the fluorescence of the marker material which forms a part of the present
      invention.
PAR  A detailed understanding of the illustrated apparatus is not essential for
      present purposes. Briefly considered, it is mounted in a portable casing 1
      preferably supported on a tripod or the like to permit training and
      elevation for scanning purposes. A short-arc ultra-violet light source 2
      produces a beam of ultra-violet light to illuminate a target which,
      according to the present method, would be a suspect individual or possibly
      a boat or other piece of equipment which for purpose of this application
      may be referred to collectively as infiltrators. The fluorescent marker
      material which will be described later is detectable through a telescope 3
      mounted on the side of casing 1. Also, the fluorescence can be both viewed
      and analyzed through another telescope 4 provided with an optical system
      capable of focusing the received image into a spectroscope 6.
PAR  In illuminating the target, light from source 2 is projected in a beam
      cylindrical portion 7 of the casing, the beam having an optical axis
      substantially parallel to the optical axes of the receiving telescopes.
      The light source is energized by a standard 24-volt battery 8 and,
      preferably, the source is pulsed through an appropriate pulse network
      coupled between the electrodes of the light source and the battery.
      Conservation of the battery power can be achieved by varying the source
      pulse rate to suit operating conditions, the variable pulse rate being
      achieved in any conventional manner such as the use of electronic
      circuitry including a silicon controlled rectifier. Since the range of the
      projected beam is a significant consideration, it is desirable to utilize
      all of the light generated by the source and certain components, such as a
      spherical mirror 9 disposed behind the source, can be employed to gather
      and concentrate the generated light. The optical systems employed in the
      apparatus are somewhat conventional in that they include a standard
      arrangement of lenses forming a light gathering and collimating unit 11
      and certain ultra-violet transmitting filters carried in cylindrical
      portion 7. The optics of the telescopes also are conventional although it
      is important that a unit, such as unit 11, be employed to collimate and
      focus all of the received image onto an objective lens 14 of the
      spectroscope. A system, such as that employed in this apparatus, is
      capable of illuminating and viewing targets in a zone at distances upwards
      of 150 yards, which can be considered as being a remote area capable of
      telescopic viewing. In this regard, another significant factor determining
      maximum range is the brilliance or intensity of the fluorescence of the
      marker material.
PAR  One of the features of the present invention is the use of a particular
      composition as a marker material. Since the present method includes a
      spectroscopic analysis of the fluorescence of the material, one of the
      prime requisites is that any such material must be characterized by its
      narrow spectral-bandwidth to enable the concentrated energy to be detected
      by the eye and distinguished from the background fluorescence due to the
      sunlight. In addition, its fluorescence must be unusually intense and
      bright to enhance the range of the surveillance. Such criteria are
      fulfilled by employing compositions formulated with rare earth chelates of
      the lanthanide series such, for example, as the europium chelates. In
      particular, europium trifluoroacetone and europium benzoylacetonate
      prepared with acetonitrile provide an unusually narrow emission bandwidth
      of a bright red-orange hue that yields maximum contrast relative to
      background light. Such chelates are known in the prior art and their
      preparations described in a published article "Stimulated Emission in an
      Europium Chelate Solution at Room Temperature." Fluorescent materials in
      the range of 100 angstroms or less are classifiable as having a "narrow"
      bandwidth, and the above described fluorescent materials which have been
      found in tests to be particularly suitable fall within this definition.
PAR  Formulations incorporating these chelates should be related to the intended
      use of the marker material, it being noted that the material may be
      deposited on foliage of a zone perimeter, or, in some applications, on the
      water of rivers or other bodies of water. Compositions formulated for
      dispersion on foliage preferably utilize a clear, colorless, very sticky,
      uncatalyzed polyester resin such as Rezyl 315 or Pittsburg 500-48. The
      Rezyl resin is a proprietary product of American Cyanamid Company and the
      Pittsburg resin is a commercial product produced by Pittsburg Coke and
      Chemical Company. In preparing the marker composition, the selected resin
      is thinned with any commercially available thinner, such as xylol, toluene
      or xylene, to the desired physical condition best suited for application.
      Thus, if the resin is to be deposited by a spraying, it is thinned to such
      a point that spraying is permissible. Europium chelate then is dissolved
      in a small amount of acetonitrile in accordance with the teachings of the
      previously-mentioned publication and the acetonitrile solution added to
      the resin to provide 1-5% by weight of the chelate in the mixture.
PAR  A water-borne composition, preferably employs a polyurethane resin in place
      of the polyester resin, the polyurethane resin being clear, uncatalyzed,
      and physically capable of forming a tacky film on water. One resin
      suitable for the water-borne purposes is polyurethane Spenkle F-77- 60X, a
      proprietary product of Spencer-Kellogg & Sons, Inc. Again, the europium
      chelate is dissolved in acetonitrile and added to the resin to provide
      about 1-3% chelate by weight. Other resins, of course, may be found
      suitable for either foliage or water-borne uses. Also, it may be found
      desirable to utilize fluorescent materials of different colors for
      different perimeter zones. An appropriate substitute for the europium
      chelate is a terbium chelate which provides a narrow emission bandwidth of
      a bright green color. Either of these chelates allow both visual detection
      and spectroscopic analysis and they both are particularly beneficial for
      sunlight surveillance in which contrast enhancement relative to background
      interference is important.
PAR  Another feature of the present invention is the method or manner in which
      this material is used to identify infiltrators or unfriendly forces
      penetrating a protected zone or encampment. As has been indicated, the
      method contemplates depositing the marker material on a perimeter portion
      of the zone which may either be foliage or water and the dispersion and
      deposition of the material preferably is accomplished by spraying
      techniques. The apparatus previously described with reference to FIGS. 1
      and 2 is employed to scan suspected infiltrators of the perimeter with its
      beam of ultra-violet light and, of course, if the infiltrator has picked
      up any of the marker material, the illumination will produce the bright
      narrow band fluorescent emission. Scanning can be accomplished by
      employing telescope 3 which, particularly at night, should easily pick out
      the fluorescent emission. The emission then can be studied
      spectroscopically using spectroscope 6 of the apparatus. Alternatively,
      telescope 4 which provides the input for the spectroscope can be used for
      initial scanning purposes although it will be found that telescope 3, due
      to its broader field, may facilitate this phase of the detection. In any
      event, final analysis and resolution of the identification problem
      contemplates the use of the spectroscope image.
PAR  The advantages of the present marker material and the method in which it is
      used have been stated. One principal advantage is that the method permits
      the scanning operation to select suspects from an entire group.
      Consequently, it eliminates the need for individually interrogating each
      suspect although, of course, selected suspects would be questioned since
      conceivably the fluorescent material could have been picked up
      inadvertently. Also, the spectroscopic analysis permits the use of a
      relatively small size, low-powered field instrument which is sufficiently
      inexpensive and simple to justify extensive use. The particular marker
      material significantly enhances the present method since it expands its
      range due to the brilliance of its fluorescent emission. Further, the
      particular compositions provided by the present invention are physically
      capable of wide dispersion and, due to their colorless nature, are not
      susceptible of being detected by the infiltrators.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of identifying infiltrators at a distance up to 150 yards in
      sunlight and nighttime conditions that have passed through a protected
      outdoor zone comprising the steps of:
PA1  depositing a tacky, high intensity, fluorescent material having a narrow
      spectral bandwidth in the range of 100 angstroms or less over a perimeter
      portion of the surface of said outdoor zone;
PA1  illuminating from a remote observation station infiltrators of said
      perimeter having contacted the fluorescent material with a beam of
      ultraviolet;
PA1  telescopically receiving at said station an image of said illuminated
      infiltrators;
PA1  spectroscopically analyzing at said station said telescopically received
      image of said illumination to observe the presence of said narrow
      bandwidth fluorescent material characterized by a sharp spike-like energy
      emission, enabling distinctive visual discrimination between the
      fluorescent light from the marked infiltrator and the fluorescent light of
      any reflected sunlight from the zone.
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PAL  A photographic sheet film feeding device has a film loading section
      receiving sheets of film contained in an internally loaded bag in a
      light-tight condition and loading the same, a cutter mechanism for cutting
      and unsealing the lower end of the internally loaded bag, and a film
      discharging means for raising the internally loaded bag and a U-shaped
      doubling plate covering the two sides and the top edge of the film sheets
      in order to allow discharge of the sheets of film contained in the bag
      from the unsealed and cut portion of the internally loaded bag.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a photographic sheet film feeding device used,
      for example, for loading a photographic sheet-like film sheet by sheet
      into a cassette.
PAR  2. Description of the Prior Art
PAR  In conventional X-ray photographic film feeding devices, sheets of film are
      removed from a bag i.e., an internally loaded bag, in a dark room to load
      them into a light-tight magazine, and the sheets of film retained in the
      feeding device are fed sheet by sheet from this magazine. Feeding devices
      of this kind however suffer from various disadvantages in that a dark room
      for loading must be provided; the loading is inefficient since the sheets
      of the film must be loaded into the magazine by hand in a dark room;
      pressure fogging and scratches are produced in the photosensitive
      materials for reasons as described above; and a heavy magazine must be
      carried about.
PAR  In order to remove the disadvantages noted above with respect to prior art
      devices, therefore, a device has been proposed in which the film in a
      state received in an internally loaded package is loaded into a film
      automatic feeding device (such as disclosed in U.S. patent application
      Ser. No. 438,516, filed Jan. 31, 1974), and the bag is unsealed to remove
      the film contained therein.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide X-ray photographic film sheet
      feeding device of the type as described above, and in a preferred form of
      the invention, the internally loaded bag and a hygroscopic doubling plate
      (cardboard) laid on the film sheets are raised to be able to discharge and
      feed the lower end of the film sheets so that the sheets of film thus
      discharged can be removed therefrom and fed sheet by sheet.
DRWD
PAC  BRIEF DESCRIPTION OF THE ACCOMPANIED DRAWINGS
PAR  FIG. 1 is perspective view of the photographic sheet-like film feeding
      device of the invention when housing 11 is open.
PAR  FIG. 2 is sectional view of cutter 2 taken along the A-A' line of FIG. 1.
PAR  FIG. 3 is a side view of housing 11.
PAR  FIG. 4 is a sectional view of housing 11 taken along the B-B' line of FIG.
      1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  The present invention will now be described with reference to the
      accompanying drawings.
PAR  The film feeding device of the invention comprises, in its broadest aspect,
      a film loading portion 1 for rendering the film received in an internally
      loading bag light-tight and loading the same, a bag cutter mechanism 2 for
      cutting and unsealing the lower end of the internally loaded bag, and a
      film discharging mechanism 3 for raising the bag and a hydroscopic
      doubling plate, which is adapted to protect the film and to control the
      humidity, so as to discharge the lower portion of the film received from
      the portion of the bag which has been opened by cutting.
PAR  These elements will individually be described in detail as follows: FIG. 1
      is a perspective view showing the film loading portion 1 pivoted outwardly
      from a body 5. There is shown a housing 11 hinged on the body 5 through
      hinges 12, and an internally loaded bag 61 with film 6 contained therein
      is loaded inside the housing when the housing is opened and the housing is
      rendered internally light-tight when it is closed. A pawl 13 biased by
      means of a spring not shown is engaged, when the film loading portion 1 is
      closed on body 5, in an engaging slot 51 to hold the loading portion. A
      handle grip 14 is provided to rotate the film loading portion 1.
PAR  Referring now to FIG. 2, a cutter mechanism 2 is shown. A cutter 21 is
      disposed integrally with a cutter knob 22 mounted outside the housing 11
      and is slidable back and forth in the figure, and the knob 22 is slid to
      cut open the lower end of the bag 61. In order to lock the bag 61 so as to
      cut the lower end thereof, a female-shaped member 23 biased by a spring 27
      for locking the lower end of the bag is pressed fit into engagement with a
      male-shaped member 24. Engaging members 25 and 26 are provided to maintain
      the locking female-shaped member 23 open against the spring 27 when the
      bag 61 is loaded, with engaging member 25 being biased clockwise by means
      of a spring 28.
PAR  Turning again to FIG. 1, the film discharging mechanism 3 comprises
      gripping members 31 and 32 for pressing and gripping the bag 61 with the
      film contained therein from both sides of the bag, one member being biased
      by means of a spring, e.g., a spring biasing gripping member 31. These
      gripping members 31 and 32 grip only the bag 61 and doubling plate 62. To
      this end, it is necessary to have the width of the doubling plate 62
      larger than that of a photosensitive material sheets 6. These gripping
      members 31 and 32 are disposed on a sliding plate 33 slidable in a
      direction to raise the bag 61 and the doubling plate 62.
PAR  Describing the internally loaded bag 61 and the doubling plate 62, the bag
      61 is formed of three layers, that is, an outer paper layer having a
      thickness of, e.g., about 40 microns, an intermediate aluminum layer
      having a thickness of, e.g., about 10 microns, and an inner polyethylene
      layer having a thickness of, e.g., about 100 microns. The doubling plate,
      e.g., a rigid paper having hygroscopic characteristics, has a thickness of
      about 1 mm (about 0.0393 inch) and a width of about 6 mm (0.236 inch)
      wider than that of film sheets 6. The dimension of the film sheets covered
      by the doubling plate is about 10 .times. 12 inches (254 mm .times. 304.80
      mm). The width of the doubling plate are about 6 mm (0.236 inch) longer
      than 304.80 mm (12 inches).
PAR  The operation of the film discharging mechanism 3 will be best understood
      by the following description with reference to FIGS. 3 and 4. When the
      gripping members 31 and 32 are slid from the position as indicated by the
      full line to the position as indicated by the dotted line, the bag 61,
      with the lower end cut by the cutter portion 2, and the doubling plate 62
      are raised, the film sheets 6 received therein remaining while their lower
      ends are discharged from the bag 61. In this case, if the doubling plate
      62 is connected at the top in a   shape in section to form the plate on
      one side of the stack of film sheets and the plate on the opposite side of
      the stack of film sheets into an integral relationship, a raised member 34
      can be provided on the gripping members 31 and 32 so that the latter can
      be slid with the doubling plate 62 covered by the bag 61. This operation
      of the film discharging mechanism 3 can be carried out by means of a
      sliding knob 35 connected to the sliding plate 33 in a light-tight manner
      and mounted on the outer wall of the housing 11. This film discharging
      mechanism 3 is constructed so that only the lower ends of the film sheets
      6 are discharged from the bag, and therefore the film sheets 6 can be
      fitted in the bag 61 and doubling plate 62 when the knob 35 is lowered
      from its raised position. This is due to the fact that the lower end
      receives most of the load of the film 6 to minimize loads applied to the
      surface, and a relatively firm material such as polyethylene in the range
      from about 150 to 200 micron is usually used in consideration of
      conditions such as the light-tightness required for the bag 61 in its
      nature whereby the bag 61 is never torn off.
PAR  With the arrangement as described above, the exposure of film can be
      minimized even if the film loading portion 1 should accidentally be
      opened. Furthermore, the bag 61 is a laminate which is impermeable to
      moisture and doubling plate 62 is normally made of a hygroscopic material
      and, thus, even if the bag 61 contains some amount of moisture, the
      doubling plate 62 absorbs such. In addition difficulties such as adhesion
      of the emulsion surface can be avoided even when the loaded film is left
      under conditions of high temperatures and high humidity due to the
      hygroscopic nature of doubling plate 62.
PAR  Referring again to FIG. 1, a film removal portion 4 is provided with a
      plurality of suction discs 41, which are moved in a synchronous
      relationship with a rotable crank 43. These suction discs 41 are
      synchronized through a vacuum mechanism (not shown) so as to attract and
      remove only the top sheet using a vacuum. A separator member 42 is
      provided to better separate the top sheet of the film from the next sheet
      of film.
PAR  As is apparent from the above, in use of the film removal device according
      to the present invention the film received in the bag is loaded in the
      housing 11 with the housing opened, the housing is then closed and the
      lower end of the bag 61 is cut in a light-tight state, and thereafter the
      bag 61 and the doubling plate 62 are raised to discharge the lower portion
      of the film 6. The lower portion of the film thus discharged is attracted
      by the suction discs 41 so that sheets of film can be removed sheet by
      sheet.
PAR  From the above-described arrangement of the present invention, it can be
      understood that both the bag and the doubling plate are raised to expose
      the lower ends of the film sheets, thus preventing the film from being
      scratched or pressure applied to the film, and in addition, the doubling
      plate can be operative even if the size of this plate is made sufficiently
      large as compared with the size of film in order to satisfactorily attain
      the effect of the doubling plate. Furthermore, the present device provides
      the ability to use any film without application of a specific working,
      such as notching, to the film.
PAR  While the invention has been described in detail and with reference to
      specific embodiments thereof, it will be apparent to one skilled in the
      art that various changes and modifications can be made therein without
      departing from the spirit and scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A photographic sheet film feeding device comprising:
PA1  a film loading means for receiving stacked sheets of film, said film sheets
      being covered by an inverted U-shaped doupling plate and contained in an
      internally loaded bag in a light-tight condition and supporting said film
      sheets and said bag in an upright position, a cutter mechanism for cutting
      and unsealing the lower end of said internally loaded, upright bag, and a
      film discharging means for raising the upper end of said internally loaded
      bag and said U-shaped doubling plate covering the front, rear and upper
      edge of the upright film sheets in order to uncover the sheets of the film
      contained in said bag from the raised portion of said internally loaded
      bag.
NUM  2.
PAR  2. The feeding device of claim 1, further including means for locking the
      lower end of said upright internally loaded bag in a position for cutting
      the lower end of said internally loaded bag with the cutter mechanism.
NUM  3.
PAR  3. The feeding device of claim 1, wherein said film discharging means
      comprises gripping members for gripping the upper end of said upright
      internally loaded, bag and an upper portion of said doubling plate.
NUM  4.
PAR  4. The feeding device of claim 1, further including a sheet removal means
      comprising suction cups synchronously activatable and operatively
      positioned relative to said uncovered sheets of film for removing under
      vacuum pressure, a sheet of film from said uncovered stack of film sheets
      and means for releasing the vacuum pressure to discharge the sheet of film
      removed from said stack at a desired position.
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PAL  A chopper assembly or shutter apparatus is disclosed for X-ray machines for
      controlling a chopper or shutter for selectively exposing the areas of a
      patient's body for obtaining X-ray photographs.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The prior art shows various types of shutter apparatus and mounting
      arrangements for controlling the exposure of the patient's body to X-ray.
      Such examples of this art are U.S. Pat. Nos. 3,588,511; 3,069,549 and
      3,048,700.
PAR  The present invention discloses an improved light chopper shutter apparatus
      for an X-ray machine including improved means for mounting and selectively
      moving the chopper mechanisms. One method of taking X-ray photographs
      consists of placing a patient in a standing or upright position for
      exposure to X-rays from a source spaced horizontally from the patient. The
      foregoing X-ray sources normally include means for collimating the beam
      such that the X-ray will tend to be parallel in a defined cone to
      penetrate the desired portion of the patient's body. The present invention
      is directed toward the use in this type of operation.
PAR  Certain problems have been experienced in obtaining clear and uniform X-ray
      pictures of a patient's body such as along the spinal column because of
      the differences in the size and density of the body areas along the spinal
      column.
PAR  An advantage of the present invention is that it provides shutter assembly
      for use with an X-ray source or machine for selectively controlling the
      X-rays penetrating the patient's body to thereby time the exposure of
      different areas of the body to the X-rays.
PAR  An additional advantage of the present invention is to provide a means to
      prevent over exposure of the less dense portions of the patient's body
      while allowing proper exposure to X-rays to the larger or more dense
      portions.
PAR  Another advantage of the present invention is that it can be easily mounted
      on a conventional X-ray machine; it can easily be removed for subsequent
      operations and further it can easily be operated and manipulated by the
      X-ray technician.
PAR  The foregoing and other obejcts, features and advantages of the invention
      will be apparent from the following more particular description of a
      preferred embodiment of the invention, as illustrated in the accompanying
      drawings wherein:
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a side elevation of the inventive chopper assembly mounted on an
      associated X-ray machine for use in making an X-ray photograph of a
      patient;
PAR  FIG. 2 is a more detailed view of the chopper assembly showing the brackets
      for mounting the chopper assembly on the associated X-ray machine;
PAR  FIG. 3 is a front view of the chopper assembly showing the chopper, and
      indicating the various stopped positions of the chopper;
PAR  FIG. 4 is a side view of a cross section of the chopper assembly useful in
      explaining the operation of the chopper unit;
PAR  FIG. 5 is a modification of the structure of FIGS. 1--4 wherein two
      choppers are employed, each of which choppers drop to a single selected
      position;
PAR  FIG. 6 is a top view of the structure of FIG. 5; and,
PAR  FIG. 7 is a top view of the inventive chopper assembly.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The chopper or shutter assembly 11 of the invention is shown in FIG. 1.
      Chopper assembly 11 is mounted on an X-ray machine 12 of any suitable
      known design and in the position shown, the X-rays are being suitably
      collimated and directed from the X-ray machine 12 to penetrate the
      patient's body 10 to expose a conventional photographic film indicated
      generally as 14. The chopper assembly 11 is mounted on the X-ray machine
      12 by suitable mounting brackets as will be explained in more detail with
      reference to FIG. 2.
PAR  The shutter assembly 11, includes a chopper 15 which may be of lead, is
      approximately 3/8 inches thick, 4 inches in height and about 5 inches in
      width. The detail of the chopper assembly will be explained with reference
      to FIGS. 3 and 4 which provide, in conjunction with X-ray machines,
      controls to select three timing periods and the precisely selected areas
      of the patient's body which the X-rays penetrate.
PAR  As indicated in FIG. 1, the patient is positioned to receive the X-ray from
      the X-ray machine. As mentioned above briefly, and as is well known,
      suitable means are provided to properly collimate the X-ray toward the
      patient. The areas of the body which are to be exposed are first
      emperically selected dependent on the height and measurement of the
      patient as by a source of luminescent light which is directed to simulate
      the X-rays to irradiate the patient's body. The source of X-rays, the
      patient and the chopper assembly are thus arranged as desired.
PAR  In an initial position, the position of the chopper 15 allows the entire
      cone of the X-rays to penetrate the patient's body to impinge on the film
      14, this is indicated by the arrowed line A in FIG. 1 and line A of FIG.
      3. In a second position, chopper 15 of chopper assembly 11 is moved to a
      position to shield out or stop a portion of the X-rays and only the
      intermediate and lower portions of the patient's body receive the X-rays;
      this is indicated by the arrowed line B of FIG. 1 and line B of FIG. 3. In
      a third position, the chopper 15 is moved to another position to shield
      out a large portion of the X-rays and only the lower extremeties of the
      patient's body recieve the X-rays; this is indicated by the arrowed line C
      of FIG. 1 and line C of FIG. 3. Thus, by selectively moving and
      positioning the shutter 15, the X-ray energy penetrating a selected area
      of a patient's body can be properly controlled.
PAR  Referring to FIGS. 2 and 3, the chopper assembly 11 includes a vertical
      frame essentially in rectangular form including two upright or vertical
      arms 17 and 19 which are mounted in spaced horizontal position on a base
      member 21 and a top cross piece 23. The cross piece 23 includes a folded
      over or horizontal extending flange 25 as indicated in FIG. 2. flange 25
      attaches through a suitable L-bracket 27 to an adjustable and a second,
      slidable L-bracket 29, which in turn, is connected to an extension bracket
      31, which includes a downwardly extending flange 33 to engage a shoulder
      support of the X-ray machine 12. Referring to FIG. 7, bracket 29 includes
      elongated slots 28 therein for receiving suitable thumb bolts such as 35
      and 37 for permitting relative positionable adjustment of the brackets 27,
      29 and 31 on the X-ray machine 12. Thumb bolt 39 adjusts flange 22 against
      the X-ray machine. Thumb bolts 35, 37 and 39 thus provide a means of
      conveniently securing and releasing the bracket from the X-ray machine.
      Note also thumb bolts 50 and 52 (FIG. 3) which extend through base member
      21 to abut against the X-ray machine 12 to permit vertical canting and
      thus vertical positioning of the chopper assembly 11.
PAR  Solenoids 40 and 42 of conventional construction and operation are mounted
      on frame 13 by respective adjustable brackets 45 and 46 which may be
      secured in position by suitable bolts 47, 49, 51 and 53. Elongated slots
      55 and 57 in the arms 17 and 19 of frame 13 permit vertical adjustment of
      brackets 45 and 46. Solenoids 40 and 42 each include electrically actuated
      plungers 41 and 43 which extend through respective slots 55 and 57 in arms
      17 and 19. Plungers 41 and 43 position, that is stop downward movement of
      the chopper 15 in selectively controlled sequence as will be explained.
PAR  The solenoids 40 and 42 are connected to be actuated in time sequence
      through suitable known electrical connectors 48 by a time clock means of
      any suitable known electrical design, generally labeled 60, which clock
      means can be manually adjusted by suitable known controls for the desired
      time sequences. For example, time clock 60A controls solenoid 40 and time
      clock 60B controls solenoid 42. Time clock 60 is connected in series
      through lead 54 with the on-off switch of the X-ray source such that the
      time sequence for actuating the chopper is initiated when the X-ray source
      is directed to the patient; that is, zero reference time for applying the
      X-rays to the patient would be zero time reference for the time clock 60.
      In addition to the foregoing, time clock 60 includes a by-pass switch 65
      such that the timing sequence can be initiated manually by the operator,
      as desired.
PAR  Refer now to FIG. 4. A vertical slot or guideway 36 is formed in arm 17.
      The chopper 15 is mounted for vertical movement in the guideway 36 and
      when solenoid 40 is actuated plunger 41 is moved outwardly (to the right)
      from the position shown in arm 17 permitting chopper 15 to drop, due to
      gravity, to a position supported by plunger 43 of solenoid 42. The time
      period during which chopper 15 is in a position shown in FIG. 4 after the
      X-rays are initiated is determined by clock 60A. The period of time during
      which chopper 15 is supported by plunger 43 is determined by clock 60B;
      that is, clock 60B determines the instant at which solenoid 42 is
      energized to withdraw plunger 43, and permit chopper 15 to fall to its
      stop 38. At a time period determined by the clock settings on the X-ray
      machine, the X-ray source will be turned off. The timing sequence is set
      by the operator in accordance with standard calculation techniques.
PAR  After the X-rays are turned off the operator manually lifts the chopper 15
      to its initial position to ready the assembly for subsequent operations.
PAR  Note that in the present system, X-rays are provided to the patient's body
      in a given time interval, and the chopper 15 merely interrupts or shields
      portions of the patient's body from the X-rays.
PAR  FIG. 5 shows a modification of the inventive structure wherein a pair of
      choppers 15A and 15B are mounted in respective guideways 36A and 36B in
      arm 17A and identical guideways, not shown, and the corresponding opposite
      arms. In this modification, the plunger 41A extends through the frame to
      provide a stop for chopper 15A as well as stop for chopper 15B. Upon
      actuation of the solenoid 40A determined by clock 60A, solenoid plunger
      41A is caused to be withdrawn to an intermediate position permitting
      shutter 15A to drop its top position at 38A. Upon the second or subsequent
      actuation of solenoid 40A determined by clock 40B, plunger 41A is
      withdrawn to its second position to permit chopper 15B to drop to its stop
      position 48B. In this manner, the same result is obtained as obtained for
      FIG. 4.
PAR  FIG. 6 shows still another modification of the inventive structure wherein
      two choppers 15C and 15D are employed. The choppers are mounted in
      respective guideways 36D and 36E in arm 17B and in guideway 36F, and 36G
      and arm 19B. As can be appreciated from FIG. 6, the movement of chopper
      36D is controlled by solenoid 40B and plunger 41B and solenoid 40C and
      plunger 41C. Upon actuation of solenoid 41B, chopper 15D is caused to drop
      to a position and upon actuation of solenoid 40C, plunger 41C is withdrawn
      to permit chopper 15C to drop to its desired position.
PAR  Note that in each of the various embodiments, the stop position of the
      chopper is completely adjustable which renders the invention extremely
      convenient and useful.
PAR  While the invention has been particularly shown and described with
      reference to preferred embodiments thereof, it will be understood by those
      skilled in the art that various changes in form and details may be made
      therein without departing from the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An assembly for use in operating conjunction with an X-ray machine for
      obtaining X-ray photographs of a patient, a chopper subassembly comprising
      a frame mountable between the source of X-ray of the machine and the
      patient, said frame including an opening therein for permitting the X-rays
      to pass therethrough, at least two vertically movable chopper plates each
      slidably mounted for selectively covering a portion of said opening, said
      chopper plates movable downwardly by gravity, movable stop means
      comprising solenoids with each solenoid controlling and stopping downward
      movement of a respective chopper plate at least two time clocks
      electrically connected with the X-ray machine, said solenoids being
      respectively controllable by said clocks and said clocks being operable in
      conjunction with the machine to controllably actuate said solenoids to
      control the movement and positioning of said chopper plates.
NUM  2.
PAR  2. An assembly as in claim 1 wherein said solenoids each have a plunger
      selectively movable in response to the settings on said time clocks to
      control said chopper plates at distinct time periods.
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PAL  An enclosure for confining radio-active products or waste comprising a
      fluid-tight underground rigid supporting outer shell of reinforced
      concrete opening to the outside through a reinforced concrete chimney, an
      innermost vessel for containing said radioactive products or waste,
      surrounded by said shell and made from thin corrugated stainless steel
      sheet material, an intermediate vessel made from thin corrugated stainless
      steel sheet material, located between said shell and innermost vessel and
      surrounding the latter, means for cooling said vessels through fluid flow
      circulation by natural convection within ducts adjacent to at least one of
      said vessels and means for feeding and/or discharging said radio-active
      products or waste into or from said innermost vessel.
BSUM
PAR  The present invention relates essentially to an enclosure for confining
      radio-active waste or products which are stored within tanks, containers,
      vats or like vessels or within silos, bunkers or like store-pits buried in
      the ground.
PAR  According to the present regulations radio-active waste is at first stored
      for ten years in the state of a liquid such as for instance a concentrated
      acid solution or an alkaline solution, this ten years period corresponding
      to a quick degeneracy or decay of the radio-active waste. The latter is
      usually contained within self-supporting metal vessels, tanks, shells or
      like casings located within underground enclosures made from reinforced
      concrete. In the case of products or waste exhibiting a strong
      radio-activity there is usually provided one or two self-supporting
      stainless steel envelopes positioned within a reinforced concrete vault
      and these envelopes are cooled from the outside or the inside through
      forced water flow circulation for instance by means of coils extending
      within the inside of the vaults or envelopes into the radio-active waste
      or by providing a natural or forced water flow circulation at the outside
      of these envelopes.
PAR  As radio-active liquid waste exhibits a relatively low radio-activity only
      it is presently contained within a self-supporting metal vessel positioned
      in turn within a carbon steel tank which forms an inner lining, facing or
      like covering of a reinforced concrete casing or shell buried in the
      ground. A forced or natural circulation of water is caused to flow through
      the intermediate space left between the first self-supporting vessel
      holding the radio-active waste and the carbon steel tank.
PAR  At the end of this ten years period the liquid radio-active waste is
      artificially converted into powdery solid materials which have to be
      confined, kept in or stored for 500 years. This solid waste is presently
      stored within cylindrical self-supporting stainless steel silos or like
      bunkers such as those assuming the shape of vertical columns which are
      located within buried concrete vaults and cooled through natural or forced
      circulation of air.
PAR  These known devices for confining radio-active products or waste exhibit a
      number of significant drawbacks. In particular carbon steel tanks in which
      are located the self-supporting metal vessels or containers holding the
      radio-active waste are sensitive to corrosion and may therefore become
      cracked or broken or undergo failure in course of time during the ten
      years period. In addition the self-supporting vessels or containers are
      made from stainless steel and have walls of a relatively large thickness
      so that they are particularly expensive.
PAR  These stainless steel vessels or containers are moreover found to be
      exposed to break hazards owing to the presence of hot spots due to
      settling or like deposition of the sludges or slurries, precipitates,
      deposits present in suspension in the liquid radio-active waste. The
      cooling devices or systems usually employed also suffer from drawbacks
      since the cooling coils located in some cases inside of the vessels
      holding the radio-active waste may become cracked whereby the radio-active
      waste then contaminates the cooling water and such a contamination is
      likely to be conveyed or spread to the outside of the confining enclosure.
      In addition in the case where forced circulation of cooling water is used
      the life times of the pumps used are not long enough so that there are
      risks of break-down, failure and leakage hazards. The operation of these
      pumps also requires an outer power source.
PAR  As to the cylindrical silos or bunkers in which the solid radio-active
      waste is confined for 500 years they incur risks of breaking or failure
      hence a hazard of contamination by radio-active dust carried along by the
      cooling air. These silos or bunkers are of self-supporting structure and
      therefore formed with thick stainless steel walls so that they are also
      particularly costly.
PAR  The object of the present invention is accordingly to avoid all the
      aforesaid inconveniences of the devices known from the prior state of the
      art and it proposes for this purpose an enclosure for confining
      radio-active products or waste which is characterized in that it comprises
      in combination a substantially fluid-tight or sealed rigid outer
      supporting shell structure made from reinforced concrete and buried in the
      ground and opening to the outside by means of a chimney-stack made of
      reinforced concrete, a first vessel or tank holding said radio-active
      products or waste which forms a primary barrier and consists of thin
      corrugated stainless steel sheet material formed for instance with two
      orthogonally intersecting series of parallel spaced corrugations, a second
      vessel or tank forming a secondary barrier made from thin corrugated steel
      for example stainless steel sheet material formed for example with two
      orthogonally intersecting series of parallel spaced corrugations and which
      is located between said rigid supporting shell structure and said first
      vessel, means for cooling said vessels through fluid circulation induced
      by natural convection within channels or ducts adjacent to at least one of
      said vessels and means for feeding and/or discharging said radio-active
      products or waste into or from said first vessel.
PAR  A particularly significant advantage of the invention is therefore the fact
      that the radio-active products or waste are contained within a stainless
      steel vessel having a corrugated thin wall and which is surrounded or
      enclosed by a second vessel having also a thin corrugated wall, both of
      these vessels being carried by a rigid supporting shell structure made
      from reinforced concrete such as a vault or like casing buried in the
      ground. The vessels, tanks or like containers used according to the
      present invention are therefore of a substantially lower cost price than
      the self-supporting vessels used in the prior state of the art and
      moreover they do no longer incur the risks of becoming cracked and
      subjected to breaks or failures due to the presence of hot spots since the
      thin corrugated walls forming said vessles may sustain local deformations
      or strains due to being irregularly heated and which are caused by the
      deposits of settlings of the precipitates contained within the
      radio-active liquid.
PAR  The invention is thus also applicable to the provision of enclosures for
      confining radio-active liquid products for ten years and enclosures for
      confining or holding radio-active products in powdery condition for 500
      years.
PAR  According to another characterizing feature of the invention the
      corrugations of said first and second vessels are directed radially to
      project inwards and outwards, respectively, from said confining enclosure
      and cooling fluid circulation channels or ducts are located between said
      vessels in substantially parallel relationship with each other and consist
      of stainless steel ducts or pipes forming in the longitudinal direction
      radially overlying fluid feed and return channels, the cold fluid feed or
      supply ducts being adjacent to the wall of said second vessel, the hot
      fluid return ducts being adjacent to said vessel.
PAR  The cooling channels are thus located outside of the vessel holding the
      radio-active products or waste and are therefore unable to cause any
      contamination when they become broken or cracked or are subject to
      failure.
PAR  According to a further characterizing feature of the invention the
      corrugations of said vessels are directed radially to project inwards from
      said confining enclosure and fluid circulation channels are arranged
      substantially vertically adjacent to the outer wall of said second vessel
      between said rigid supporting shell structure made from reinforced
      concrete and said second vessel.
PAR  The flow circulation channels are in this case located outside of both
      vessels and may not either result in any contamination when they become
      broken or cracked or have undergone any failure.
PAR  The circulation of the cooling fluid or fluids is therefore carried out in
      every case through natural convection without any extraneous power supply.
DRWD
PAR  The invention will be better understood and other objects, characterizing
      features, details and advantages therof will become apparent as the
      following explanatory description proceeds with reference to the
      accompanying diagrammatic drawings given by way of non-limiting examples
      only illustrating several presently preferred specific forms of embodiment
      of the invention and wherein:
PAR  FIG. 1 shows a view in vertical section of a first embodiment of the
      invention applied to the confinement for ten years of liquid waste
      exhibiting strong radio-activity;
PAR  FIG. 2 is a partial view in cross-section taken upon the line II--II of
      FIG. 1;
PAR  FIG. 3 is a fragmentary view in cross-section taken upon the line III--III
      of FIG. 2;
PAR  FIG. 4 is an enlarged view of a detail shown in FIG. 2, illustrating the
      channels for the circulation of the cooling fluid according to the
      invention;
PAR  FIG. 5 is a view in cross-section taken at different levels of the
      confining enclosure shown in FIG. 1;
PAR  FIGS. 6,7 and 8 show various lengths of cooling channels used in this
      confining enclosure;
PAR  FIG. 9 is a sectional half-view diagrammatically illustrating the cooling
      of this confining enclosure;
PAR  FIG. 10 is a view in longitudinal section of a second embodiment of the
      invention as applied to the confinement for 500 years of radio-active
      waste as powdery solid materials; and
PAR  FIG. 11 is a partial enlarged view in cross-section through a wall of the
      enclosure shown in FIG. 10.
DETD
PAR  Reference should be first made to FIGS. 1 through 9 in which has been shown
      a first embodiment of the invention serving for the confinement of
      radio-active products or waste in a liquid state such as concentrated acid
      solutions or alkaline solutions having a rather high radio-activity. These
      radio-active products are enclosed for ten years within this enclosure,
      this time period corresponding to a quick degeneracy of decay of these
      products and to a corresponding significant lowering or decrease in
      radio-activity.
PAR  The confining enclosure shown in FIG. 1 comprises a first outer shell or
      casing 1 made from reinforced or prestressed concrete which is buried in
      the ground and the lower part of which assumes in the present instance a
      substantially cylindrical shape. The outer shell or casing 1 forms the
      rigid supporting structure for the vessels or containers holding the
      radio-active products or waste in the liquid state and it comprises a
      first roof or celing 2 located at some distance below ground level and in
      the middle of which is formed the lower portion, bottom or base 3 of a
      substantially cylindrical chimney-stack, funnel or flue opening to the
      outside. A layer of insulating material 4 such as dry sand is positioned
      between the roof 2 and a substantially horizontal intermediate reinforced
      concrete partition wall 5 located about at the outer ground level. A basin
      or pool 6 forming a cooling water storage tank is provided between this
      intermediate partition 5 and a second roof or ceiling 7 lying above ground
      level and in the middle of which is formed the upper portion or top
      section 8 of said chimney-stack. Substantially vertical supporting pillars
      or like uprights 9 extend from the lower roof 2 up to above the free
      surface of the water contained in the pool or basin 6 and support the
      intermediate partition 5 forming the bottom of the basin.
PAR  The radio-active products or waste in liquid state are contained within a
      first vessel 10 forming a primary barrier which consists of a thin
      corrugated stainless steel sheet formed for instance with two orthogonally
      intersecting series of spaced parallel corrugations. A second vessel 11
      forming a secondary barrier and which is also advantageously made from a
      thin corrugated stainless steel sheet formed for instance with two
      orthogonally intersecting series of spaced parallel corrugations is placed
      about the first vessel 10 between this first vessel 10 and the rigid
      supporting shell structure 1. The corrugations of the first vessel 10 are
      directed radially to project inwards from the confining enclosure whereas
      the corrugations of the second vessel 11 are directed radially to project
      towards the opposite direction, i.e. outwards of said enclosure and
      substantially vertical channels for cooling fluid circulation are provided
      in the space separating both vessels 10 and 11 from one another. This
      arrangement is shown in more detail in FIGS. 2 and 3.
PAR  The cooling fluid flow channels consist advantageously of stainless steel
      ducts 12 which are arranged in parallel relationship with each other
      between the vessels 10 and 11 and which form longitudinal channels 13 and
      14 joined side by side and radially superposed for feeding and returning
      the cooling water contained in the basin or pool 6. These channels 13 and
      14 advantageously comprise sectional members 15 made from asbestos cement
      and arranged within the ducts 12 and a layer of insulating material 16
      positioned between the ducts 12 separates the sectional members 15
      arranged back to back within the channels 13 and the channels 14.
PAR  These cooling fluid flow channels extend in substantially vertical planes
      along the walls of the aforesaid vessels and the corresponding fluid feed
      channels 13 and fluid return channels 14 are joined together at their
      lower ends while communicating with each other substantially at the bottom
      level of said vessels. The upper ends of these channels are connected to
      substantially vertical ducts 17 and 18 extending through the lower roof 2
      and the intermediate partition 5 and opening into the basin or pool 6, the
      duct 17 connected to the channel 13 opening below the free surface of the
      water contained within this basin and the duct 18 connected to the channel
      14 opening above said free surface for the back flow of hot water. In
      order to provide coverage of substantially the whole surface of the bottom
      and roof or top of said vessels the stainless steel ducts 12 containing
      the channels 13 and 14 have differing lengths so that their ends are
      imbricated into each other in interfitting relationship thereby forming a
      substantially continuous surface. This arrangement is illustrated in
      particular in FIGS. 5 and 8 where have been shown and designated by the
      reference numerals 12a, 12b, 12c, respectively, the stainless steel ducts
      of small length, medium length and great length.
PAR  The first vessel 10 having a corrugated wall and which holds the
      radio-active products or waste is desirably secured by welding onto the
      radially inner face of the stainless steel ducts 12 as this may be seen in
      FIG. 2. These ducts 12 are secured in turn with their radially outer face
      by welding to the inner wall of the second corrugated vessel 11 and the
      latter may be secured as by welding onto anchoring stainless steel
      elements integral or rigidly connected with the walls of the outer
      reinforced concrete shell 1 and which are regularly distributed over the
      inner surface of the concrete shell. The inner surface of said reinforced
      concrete shell 1 is advantageously also corrugated to comprise series of
      corrugations similar to those of the corrugations of the second vessel 11,
      so that this second vessel 11 may be applied to and supported directly by
      the reinforced concrete shell. At 20 has been diagrammatically shown
      anchoring and support means for the ducts 12 forming the cooling fluid
      flow circulation channels. This arrangement offers the advantage that the
      substantially sealed or fluid-tight channels 21 are formed of and defined
      by the inner concave surfaces of the corrugations of the second vessel 11
      and by the corresponding walls lying in front of the ducts 12. Likewise
      the channels 22 are formed of and defined by the concave surfaces of the
      corrugations of the first vessel 10, the correspoinding walls in front of
      the ducts 12 and the wall confronting the second vessel 11. The invention
      has advantageously contemplated to use these channels, 21 and 22 for
      cooling air circulation purposes the channels 21 located radially outwards
      being used to supply fresh air and the ducts 22 lying radially inwards
      being used for returning the hot air. These channels 21 and 22 are
      connected at their lower ends substantially at the bottom level of said
      vessels the upper ends of the channels 21 being connected to substantially
      vertical ducts 23 formed within the thickness of the concrete pillars 9
      and opening above the free surface of the water in the basin 6 whereas the
      upper ends of the hot air return channels 22 open into the atmosphere by
      means of a Venturi nozzle 24 provided at the top of said vessels and
      contained within said chimney-stack.
PAR  The circulation of the cooling fluids is therefore effected through natural
      convection without any outer power supply. The cold air is drawn in by the
      ducts 23 above the free surface of the water contained within the basin 6
      owing to the openings 25 provided for the passage of air in the wall of
      the shell 1 right underneath the upper roof 7 and located above the free
      surface of the water within said basin. The cold air therefore passes from
      duct 23 into the channels 21 provided by the corrugations of the second
      vessel 11 and it circulates within these flow channels 21 down to about
      the centre of the bottom of said shell where it passes into the channels
      22 formed of the corrugations of the first vessel. It is then heated
      through contact with the wall of said vessel 10 holding the radio-active
      waste and flows upwards through these channels 22 to the Venturi nozzle 24
      where it flows into the chimney-stack and is exhausted or rejected to the
      atmosphere. A filter or like stainer 26 is disposed within the
      chimney-stack and Venturi nozzle 24 and forms a trap for the radio-active
      dusts which could be carried along by the hot air issuing from the
      channels 22 in case of cracking or failure of the first vessel 10. The
      passage of hot air within the Venturi nozzle 24 causes a suction of fresh
      air through the holes 25 provided below the upper roof 7, thereby
      providing the circulation cycle for the cooling air. The circulation of
      cooling water is also carried by natural convection and its flow cycle is
      the following:
PAR  The cold water flows downwards through gravity within the duct 17 connected
      to the channel 13 which is provided adjacent to the wall of the second
      vessel 11. It circulates throughout the height of the vessel 11 and at the
      bottom level of this vessel passes into the corresponding duct 14 adjacent
      to the wall of the first vessel 10. The water is then heated up through
      contact with this wall and flows upwards throughout the height of the
      first vessel 10, passes into the duct 18 and is discharged into the basin
      6 at the end of this duct 18. The fresh air drawn in through the openings
      25 passes above the surface of the water contained in the basin 6 and the
      evaporation of the hot water present at the surface gradually cools the
      water of the basin in depth. The cold water collects on the bottom of the
      basin and flows off through gravity into the ducts 17. The circulation
      cycle for the cooling water is then closed. Such a cooling system
      comprises no movable part and does not require any pump for circulating
      the water. The heat evolved from the radio-active waste supplies all the
      power required for circulating the cooling air and water and the cooling
      thus achieved is related to the thermal energy evolved from the
      radio-active products or waste.
PAR  The surface of the water within the basin 6 is kept at a constant level by
      means of an overflow pipe 27 leading to the outside of the shell 1 and
      provided with a shut-off valve. On the other hand a water supply duct 28
      opens through a hole of the upper roof 7 above the basin 6 and possibly
      enables to restore or replenish the water level within said basin.
PAR  The invention also comprises means for detecting possible leakages of the
      vessels or channels for circulating the cooling fluids as well as means
      enabling to prevent any contamination at the outside of the shell. In the
      case of a leakage in the first vessel 10 containing the radio-active
      products or waste such a leakage is detected forthwith by controlling or
      sensing the radio-activity of the hot air stream flowing into the Venturi
      nozzle 24. The circulation of cooling air is then immediately stopped, the
      channels 21 and 22 for circulating the cooling air are filled with fresh
      water and a steam ejector 30 located at the outlet of the Venturi nozzle
      24 is used for creating a draught of fresh air through the orifices 25
      above the surface of the water within the basin 6. The filter or strainer
      26 located at the outlet of the Venturi nozzle 24 enables to retain or
      trap the radio-active dusts or particles carried along by the hot air
      stream.
PAR  In the case of leakages occurring in one of the water circulation channels
      the amount of steam or water vapour present in the hot air stream
      increases whereas the back flow rate of hot water through the cracked
      channel decreases. Thus this leakage may be detected or sensed. The
      damaged channel is then isolated as follows: the end of the duct 17
      corresponding to the downward flow of cold water is caused to be connected
      to a duct opening above the free surface of the water in the basin 6. In
      the same manner the outlet of the corresponding duct 18 is connected to
      the inside of the chimney-stack through an additional pipe. The damaged
      water circulation channel is then converted into an air circulation
      channel thereby to allow to also cool that portion of the vessel 10 which
      is in contact with this channel. If such a cooling is not sufficient the
      temperature of this portion of the vessel will increase thereby resulting
      in a slight distorsion or strain of the corrugations provided at this
      location.
PAR  In order to prevent the formation of hot spots on the inner wall of the
      vessel 10 compressed air is blown into the inside of this vessel in the
      vicinity of the bottom thereof by means of a feed duct 31 and distribution
      ducts and nozzles 32 positioned right above the bottom of said vessel 10.
      This compressed air is used on the one hand to prevent the radio-active
      slurries, sludges or precipitates from settling onto the bottom of the
      vessel 10 and on the other hand from diluting the radio-active gases
      produced by the liquids themselves. The radio-active gases thus diluted
      are discharged or removed through the chimney-stack by means of a central
      duct 33 provided at the top of the vessel 10 and which opens into the
      inside of the Venturi nozzle 24. The radio-active gases are therefore
      diluted once more with the hot air flowing from the circulation channels
      22 and once more with the cold air sucked in through the holes 25 before
      being discharged or vented to the atmosphere through the chimney-stack
      which has a sufficient height for the ambient radio-activity not exceeding
      an acceptable value. The duct 33 is also provided with a shut-off valve.
PAR  The enclosure also comprises a feed line 35 for supplying the radio-active
      liquids and enabling to fill the vessel 10 through gravity. The same line
      is used for emptying said vessel 10. The upward flowing stream of liquid
      is produced in this case by a steam ejector 36 the Venturi nozzle 37 of
      which is positioned within the vessel 10 adjacent to the lower end of the
      line 35. In the case where this stream ejector 36 could not operate it
      suffices to shut the valve of said duct 33 and to admit the compressed air
      into said vessel by means of the duct 31 and the nozzles 32. The increase
      in pressure above the surface of the radio-active liquid enables to empty
      the vessel 10.
PAR  The radio-active liquids are therefore confined for ten years within the
      enclosure which has just been described with reference to FIGS. 1 and 9
      and after this period of time they are withdrawn from said enclosure and
      artificially converted into powdery solid materials and confined within
      the enclosure which will now be described with reference to FIGS. 10 and
      11.
PAR  It is of the same kind as the enclosure previously described for confining
      radio-active liquid products or waste to the extent that it also comprises
      an outer reinforced concrete vault 50 buried in the ground and opening to
      the atmosphere by means of a chimney-stack 51. This vault 50 forms the
      rigid supporting shell structure for both vessels 52 and 53 consisting of
      two thin corrugated stainless steel sheets formed for instance with two
      othogonally intersecting series of spaced parallel corrugations the inner
      vessel 52 holding powdery radio-active products or waste and the vessel 53
      being located between the rigid supporting shell structure 50 and the
      inner tank or vessel 52.
PAR  In this instance the corrugations of the vessels 52 and 53 are directed
      radially to project inwards from the enclosure so that said vessels 52 and
      53 are superposed to each other. The cooling fluid circulation channels 54
      are located outside of the vessel 53 while being adjacent thereto. They
      consist advantageously of sectional members 55 made from fibro-cement the
      radially outer part 56 of which is embedded in concrete while being
      surrounded by clamping steel hoops or like binding steel bands or collars
      57. The sectional members 55 are arranged in regularly spaced relationship
      all about said vessel 53 in front of the flat portions of the wall of this
      vessel. The spacing between any two adjacent sectional members 55 and
      which corresponds to the corrugations of the vessels 52 and 53 is at least
      partially filled with concrete to form the seatings for sliding anchoring
      means for said vessels. These sliding anchoring means comprise for
      instance each one a fastening rod 53 radially directed inwards from the
      enclosure and the outer end of which extends through the corresponding
      clamping or binding steel hoop 57 and is fitted with a bolt nut 59
      threaded thereon. The opposite end of the rod 58 is fitted with a
      transverse plate 60 which is slidably mounted within grooves or slideways
      61 rigidly connected to the outer wall of the vessel 53. These slideways
      61 may consist of built-on parts welded to the outer wall of the vessel 53
      on either side of a corrugation.
PAR  The inner vessel 52 is secured as by spot welding onto the flat portions of
      the walls of the vessel 53 and the whole assembly is thus secured by the
      sliding anchoring means just described.
PAR  As it may be seen in FIG. 10 the confining enclosure comprises a
      substantially vertical central duct 62 which extends through said vessels
      52 and 53 and which opens with its outer end into the chimney-stack 51. At
      its lower end this central duct 61 is connected to a substantially
      vertical fresh air supply duct 63 which is provided within the thickness
      of the reinforced concrete vault 50 and which opens into the atmosphere
      slightly above ground level surface. At its bottom end this air feed duct
      63 is joined on the one hand to the central duct 62 and on the other hand
      to said channels 54 located adjacent to the outer vessel 53. These
      channels 54 are also connected with their top ends to the bottom or base
      portion of the chimney-stack 51. The fresh air supplied by the duct 63
      thus distributes between the vertical central duct 62 and the side
      channels 54; it is heated up through contact with the outer wall of the
      vessel 53 and is discharged or vented to the atmosphere through the
      chimney-stack 51. A draught of fresh air is thus created through the duct
      63.
PAR  The small inner space left between the walls of the vessels 52 and 53
      communicates with at least one duct 65 opening to the outside of the
      enclosure and which enables to effect a partial vacuum between both
      vessels. Thus any cracking or any damage, flaw or like impairment
      occurring in either of the vessels may immediately be detected or sensed
      by control of the relative pressure at the end of the pipe 65.
PAR  A pipeline 66 extends through the thickness of the vault 50 and into the
      inside of the vessel 52 downwards to the vicinity of the bottom thereof.
      This pipeline enables to fill said vessel with fluidized powdery
      radio-active products or waste the fluidizing air being discharged through
      a second pipeline 67 connecting the inside of the vessel 52 to the outside
      of the vault 50. Expansion joints 68 are of course provided at those
      connection areas where the aforesaid pipes 65, 66 and 67 are joined to the
      walls of the vessels 52 and 53.
PAR  The provision of the central duct 62 inside of the vessel 52 containing the
      radio-active products or waste enables to use vessels of larger diameter
      while retaining acceptable wall temperatures as the hotest spots are
      located between the central pipe 62 and the walls of the vessel 52 due to
      the fresh air circulation.
PAR  The pipe forming the central duct 62 is made from stainless steel as well
      as the sheets forming the vessels 52 and 53. In the same manner as in the
      previous example the power required for the circulation of the cooling
      fluid is supplied directly by the radio-active products themselves and the
      cooling of the stainless steel walls of the vessels varies according to
      the temperatures of these walls.
PAR  The enclosures for confining radio-active products or waste which have just
      been described are much less expensive than those known from the prior
      state of the art; they are much more reliable as the configuration of the
      corrugated wall vessels enables them to accept irregular local distorsions
      or strains and they are less subject to troubles in operation since the
      cooling devices and systems used do not comprise any movable parts and do
      not require any outer or extraneous power.
PAR  It should be understood that the invention should not at all be construed
      as limited to the forms of embodiment described and shown which have been
      given by way of illustrative examples only. In particular it comprises all
      the means constituting technical equivalents of the means described as
      well as their combinations if the latter are carried out according to its
      gist and used within the scope of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An enclosure for confining radio-active products, comprising in
      combination: a substantially fluid-tight outer rigid supporting shell
      structure made from reinforced concrete and buried in the ground and
      opening to the outside through a reinforced concrete chimney-stack; a
      first vessel containing said radio-active products which forms a primary
      barrier and consists of thin corrugated stainless steel sheet material
      formed with two orthogonally intersecting series of spaced parallel
      corrugations, a second vessel forming a secondary barrier made from thin
      corrugated stainless steel sheet material formed with two orthogonally
      intersecting series of spaced parallel corrugations and which is located
      between said rigid supporting shell structure and said first vessel; means
      for cooling said vessels through fluid flow circulation induced by natural
      convection within channels adjacent to at least one of said vessels and
      means for feeding and discharging said radio-active products into and from
      said first vessel.
NUM  2.
PAR  2. A construction according to claim 1, wherein the corrugations of said
      first and second vessels are directed radially to project inwards and
      outwards, respectively, from said confining enclosure and cooling fluid
      flow circulation channels are provided in substantially parallel
      relationship with each other between said vessels and consist of stainless
      steel ducts forming in the longitudinal direction radially superposed
      fluid feed and return channels, the cold fluid feed ducts being adjacent
      to the wall of said second vessel and the hot fluid return ducts being
      adjacent to the wall of said first vessel.
NUM  3.
PAR  3. A construction according to claim 2, wherein the superposed cooling
      fluid feed and return channels extend along substantially vertical walls
      of said vessels and over different lengths along the bottom wall and the
      top wall of said vessels so that all of said cooling channels cover
      substantially the whole surfaces of the walls of said vessel, the
      corresponding superposed fluid feed and return channels being joined to
      each other through their corresponding lower ends.
NUM  4.
PAR  4. A construction according to claim 1, wherein the corrugations of said
      first and second vessels are directed radially to project inwards from
      said confining enclosure and fluid flow circulation channels are located
      to extend substantially vertically adjacent to the outer wall of said
      second vessel between said rigid supporting shell structure made from
      reinforced concrete and said second vessel.
NUM  5.
PAR  5. A construction according to claim 4, comprising a substantially vertical
      fresh air supply duct provided within the thickness of said rigid
      supporting reinforced concrete shell structure and the lower end of which
      is connected on the one hand to said cooling fluid flow circulation
      channels located between said rigid supporting shell structure and said
      second vessel and on the other hand to the lower end of a substantially
      vertical central duct which extends through said vessels and opens to the
      outside through said chimney-stack.
NUM  6.
PAR  6. A construction according to claim 4 for holding ratio-active powdery
      solid materials, wherein said first vessel is secured by spot welding to
      said second vessel which is secured in turn to said supporting shell
      structure by sliding anchoring means comprising each one a fastening rod
      rigidly affixed to said supporting shell structure and fitted at its
      radially inner end with a transverse plate slidably mounted within
      slideway grooves provided by built-on parts secured to the outer wall of
      said second vessel.
NUM  7.
PAR  7. A construction according to claim 6, wherein sectional members made from
      fibro-cement form said cooling fluid flow circulation channels and are
      provided between the outer wall of said second vessel and said rigid
      supporting shell structure while being distributed between said sliding
      anchoring means and are surrounded externally by binding steel hoop
      clamping means also supporting the radially outer ends of said rods of
      said anchoring means.
NUM  8.
PAR  8. A construction according to claim 2, for holding ratio-active liquids,
      wherein said first vessel is secured by spot welding onto the radially
      inner faces of the stainless steel pipes forming said cooling channels
      which are in turn secured by welding onto the inner face of said second
      vessel, the latter being affixed by welding onto stainless steel anchoring
      members uniformly distributed in said supporting reinforced concrete shell
      structure.
NUM  9.
PAR  9. A construction according to claim 8, wherein said reinforced concrete
      supporting shell structure comprises a first roof in the middle of which
      is formed the base of said chimney-stack, a layer of insulating material
      such as dry sand being disposed above said first roof and extending
      substantially to ground level while having a thickness large enough for
      shielding against the radiations emitted by said radio-active products;
      whereas a basin forming a cooling water storage tank is provided above
      said layer of insulating material slightly above ground level on an
      intermediate partition, said basin being covered by a second reinforced
      concrete roof topping said rigid supporting shell structure and in the
      middle of which is formed the upper portion of said chimney-stack.
NUM  10.
PAR  10. A construction according to claim 8, comprising cooling air flow
      circulation channels which are defined by the concave surfaces of the
      corrugations of said first and second vessels and by the corresponding
      surfaces of the stainless steel ducts forming the cooling water flow
      circulation channels, the cold air passing within the corrugations of said
      second vessel and the hot air flowing upwards within the corrugations of
      said first vessel, the hot air passageway channels being in communication
      with the outer atmosphere through Venturi nozzle means located inside of
      said chimney-stack, whereas filtering strainer means forming a trap for
      radio-active dusts and particles are provided at the outlet of said
      chimney-stack.
NUM  11.
PAR  11. A construction according to claim 9, wherein said second roof of the
      reinforced concrete supporting shell structure comprises holes for
      providing communication with the ambient atmosphere and said chimney-stack
      comprises holes of communication with the free space left between said
      second and first roofs so that the hot air issuing from said chimney-stack
      and flowing from the channels constituted by the corrugations of said
      first vessel creates a draught of fresh air on the surface of said basin
      forming a cooling water storage tank.
NUM  12.
PAR  12. A construction according to claim 11, wherein said fresh air feed and
      hot water return channels open above the free surface of the water within
      said basin whereas said cold water feed channels open below the free
      surface of the water within said basin.
NUM  13.
PAR  13. A construction according to claim 8, comprising compressed air blowing
      means within the bottom wall of said first vessel for preventing
      radio-active solid particles contained within the radio-active liquids of
      said first vessel from settling and depositing on the walls of said first
      vessel.
NUM  14.
PAR  14. A construction according to claim 13, wherein said first vessel
      comprises an upper outlet opening for the exit of compressed air and
      radio-active gases, said opening being located within said chimney-stack
      and being provided with shut-off valve means.
NUM  15.
PAR  15. A construction according to claim 8, comprising sensing means for
      detecting leakages in said vessels and said cooling fluid circulation
      channels and means for preventing any contamination of the ambient
      atmosphere in case of leakage of either of said vessels and said cooling
      fluid circulating channels.
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ABST
PAL  A Bragg cell spectrum analyzer in which the output of the Bragg cell is
      detected by a unique electro-optic system which allows the selection of
      any desired dynamic power detection range. As is known in the art, the
      output of a Bragg cell consists of a radiation spot or spots along a line
      in which the position of each spot along the line is related to the
      frequency of a component of the input signal to the Bragg cell, and the
      intensity of radiation of each spot is proportional to the strength of the
      component causing that spot. In the disclosed embodiment the output of the
      Bragg cell is directed upon a cylindrical lens system which expands each
      spot into a line of radiation. This results in a two dimensional pattern
      of lines with the position of each line being the same as the position of
      the radiation spot causing the line, and the intensity of radiation in
      each line being proportional to the intensity of radiation in the spot
      causing that line. The two dimensional pattern of radiation, consisting of
      spaced lines of radiation, is directed through a stepped density filter
      onto a two dimensional photodiode array. The photodiode array is utilized
      to detect the position of each line, which indicates the frequency of the
      input component causing that line, and is utilized to detect the number of
      photodiodes reaching saturation along the line, which indicates the
      strength of the component.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The dynamic power range of many electro-optic systems is limited by the
      characteristics of current photodetector arrays. For example, in the
      disclosed embodiment wherein the electro-optic system is a Bragg cell
      spectrum analyzer, the dynamic range of the Bragg cell is over 50 dB, but
      the dynamic range of the photodiode array is limited to a 20 to 25 dB
      range in light power, primarily because of residual noise in the switching
      circuits which access the photodiode array. The limitations on dynamic
      power range are further complicated by the square law characteristics of
      the detectors which result in the requirement of an output electronic
      dynamic range of 50 dB to handle a 25 dB range of input light power.
      Because of this requirement, an electro-optic system designed to fully
      utilize the 50 dB dynamic power range capability of a Bragg cell with a
      single photodetector array would require an output electronic dynamic
      power range of 100 dB, which, if at all possible, would be extremely
      difficult.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with a preferred embodiment, a system is disclosed for
      measuring the intensity of radiation. The radiation is formed into a line
      and directed against a stepped density filter which varies the intensity
      of the radiation along the line to allow a substantial portion of the
      radiation in the line to pass at one segment along the line and to allow
      less and less radiation to pass at other segments along the line. The
      stepped density filter has a predetermined function from segment to
      segment such that the variation in intensity of the radiation caused by
      the stepped density filter assumes that same predetermined function. A
      linear array of photodetectors is positioned to detect radiation passed by
      the stepped density filter. The intensity of the radiation is determined
      by detecting the number of detectors in the linear array which receive
      radiation above a given threshold level.
PAR  Further, in accordance with one disclosed embodiment of the invention a
      system is disclosed for measuring the distribution and intensity of a
      two-dimensional radiation pattern formed at the output of a spectrum
      analyzer. The spectrum analyzer has an acousto-optic modulator which
      receives an acoustic input signal. The output of the spectrum analyzer is
      a line of radiation with the position of radiation along the line being
      related to frequency components of the acoustic signal and the strength of
      radiation along the line being related to the strength of the components
      of the acoustic input signal. The line of radiation is then directed
      against a cylindrical lens system to form the two dimensional pattern of
      radiation which has radiation signals spaced along an X axis, and each
      radiation signal has a component extending along a Y axis. The two
      dimensional pattern of radiation is then directed against a stepped
      density filter which varies the intensity of the radiation along the Y
      axis such that a substantial portion of the radiation is passed at one
      segment along the Y axis and less and less radiation is passed at other
      segments along the Y axis. The radiation passed by the stepped density
      filter is directed to a two dimension photodetector. The photodetector
      detects the position of signals along the X axis and also detects the
      amount of radiation along the Y axis, which indicates the intensity of the
      radiation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The FIGURE illustrates a schematic representation of one embodiment of the
      present invention.
DETD
PAC  DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the FIGURE, there is illustrated a Bragg cell spectrum
      analyzer system. The spectrum analyzer includes a Bragg cell 10 having an
      acoustical input 12 and a radiation input from a laser 14. As is known
      with this type of system, an electrical input signal at 12 excites an
      acoustical transducer on the Bragg cell to cause acoustical waves to be
      formed across the cell. The acoustical waves cause the radiation beam
      traveling through the cell to be diffracted to form an output radiation
      beam 16 which is illustrated in the FIGURE as one beam but which may
      actually consist of an angular array of beams. As is known regarding Bragg
      cells, the acoustical waves cause part of the laser beam traveling through
      the cell to deflect, with the intensity of the deflected beam being
      proportional to the strength of the acoustical wave and the angle of
      deflection being proportional to the frequency of the acoustical wave. If
      the acoustical wave has multiple components at different frequencies the
      output of the Bragg cell will consist of multiple spots of light with the
      position of each light spot being related to the frequency of each
      component and the intensity of each light spot being proportional to the
      strength of each component.
PAR  With the current state of the art of Bragg cells, the dynamic range of a
      typical Bragg cell is over 50 dB, but the photodiode dynamic range is
      limited to a 20 to 25 dB range in light power, primarily because of
      residual noise introduced by the switching circuit which accesses the
      photodiode array. The limitations on dynamic power range are further
      complicated by the square law characteristics of the diode detectors. Each
      diode produces an output voltage proportional to its input light power,
      and since the power out of each diode is V.sup.2 /R the electrical power
      output of each diode is proportional to the square of its input light
      power. Because of that characteristic an output electronic dynamic range
      of 50 dB is required to handle a 25 dB light power input range. To build a
      system with the capability of fully utilizing the 50 dB dynamic range of
      the Bragg cell with a single photodiode array would require an output
      electronic dynamic range of 100 dB, which, if possible, would be extremely
      difficult.
PAR  The output 16 of the Bragg cell 10 is normally detected by a photodetector
      array, which may consist of a linear array of photodiodes such as a linear
      array of 500 diodes as is available from Reticon Corp. The linear array of
      photodiodes produces an output signal which indicates the angular
      components of the output beam 16 and also the strengths of each of the
      components.
PAR  The FIGURE illustrates a system for extending the dynamic power detection
      range of the output of a Bragg cell spectrum analyzer to any desired power
      range. In the FIGURE, the output of the Bragg cell, which normally
      consists of a spot or spots of radiation along a line 17, is directed upon
      the flat face of a cylindrical lens system 18. In the FIGURE the Bragg
      cell output is illustrated as one radiation spot 19 which the cylindrical
      lens system forms into a radiation line 20. The radiation line is formed
      on a stepped density filter 22 which has density steps 23 formed on it
      perpendicular to the direction of the radiation line 20. The filter
      transmits radiation through it in accordance with the density steps to a
      two dimensional array 24 of photodetectors. In the preferred embodiment
      the two dimensional array of photodetectors may be an array such as a 50
      .times. 50 photodiode array available from Reticon Corporation.
PAR  In accordance with this arrangement the detector array has the frequency
      information from the Bragg cell available along one axis and the amplitude
      information from the Bragg cell available along the other axis, as shown
      in the FIGURE. Now, consider a signal on one column of detectors
      perpendicular to the frequency axis. If the signal is large the detectors
      with the minimum density steps in front of them will be saturated. Higher
      on the column the density filter will reduce the signal to within the
      linear range of the detectors, and higher on the column the signal will be
      reduced below a minimum detectable value. If the detector output were
      scanned in a raster to produce a two dimensional image, the picture would
      be vertical lines in which the frequency information is related to the
      horizontal position of each line and the signal strength information is
      related to the height of each line. The picture would be fully white at
      the bottom where the detectors are saturated and fade to black at the top
      where the signal is below the detection level.
PAR  The step density filter 22 may be made by a variety of methods, and may
      have any arbitrary density function. This is an important feature of this
      invention, and is applicable in general to many electro-optic systems. The
      output of the photodiode array may be selected to be any arbitrary
      function of the input by selection of that same arbitrary function for the
      filter, which is a very valuable feature in the design of many
      electrooptic systems. Also, this feature may be utilized in embodiments of
      electro-optic systems forming just one line from one spot, and thereby
      requiring only a linear array of photodetectors.
PAR  In the preferred embodiment, a logarithmic variation in the step density
      filter may be utilized. If the input light intensity is I.sub.0 the light
      on the nth detector in a column may be represented as
EQU  I.sub.n = .alpha..sub.n I.sub.0
PAL  where .alpha..sub.n is the density of the filter at row n and
      ##EQU1##
      where A is the density change per detector. For example, if A is 0.1 then
      each detector has 1-dB less power than the previous detector.
PAR  If the detector array is scanned column by column and a threshold detector
      is used to count the number of photodetectors above a fixed threshold,
      then the number is proportional to the signal strength in dB's and can be
      used as the input to a digital system.
PAR  If the photodetector array has a well-defined saturation characteristic an
      analog output may easily be obtained by summing the charge stored in any
      column. The output charge Q.sub.out is
      ##EQU2##
      where Q.sub.n is the charge in the nth detector and k is the total number
      of detectors in the array.
PAR  While several embodiments have been described, the teachings of this
      invention will suggest many other embodiments to those skilled in the art.
      Although the preferred embodiment illustrates a transmissive density
      filter, in some embodiments a reflective density filter might be utilized.
CLMS
STM  We claim:
NUM  1.
PAR  1. A system for measuring the intensity of radiation and comprising:
PA1  a. means for forming the radiation into a line of radiation the intensity
      of which may be measured;
PA1  b. a density filter means, having said line of radiation directed thereon,
      for varying the intensity of the radiation along the line to allow a
      substantial portion of the radiation in the line to pass at one segment
      along the line and to allow less and less radiation to pass at other
      segments along the line, said density filter means having a predetermined
      function from segment to segment such that the variation in intensity
      caused by said density filter means assumes said predetermined function;
PA1  c. a linear array of photodetectors positioned to detect said line of
      radiation passed by said density filter means such that individual
      detectors within the array detect particular segments of the radiation
      line; and
PA1  d. means for determining the intensity of the radiation and including means
      for determining the number of detectors in said linear array which detect
      radiation above a given threshold level, whereby the number of radiation
      detectors detecting radiation above the given threshold level is
      indicative of the intensity of the detected radiation.
NUM  2.
PAR  2. A system as set forth in claim 1 wherein said linear array of
      photodetectors includes a linear array of photodiodes.
NUM  3.
PAR  3. A system as set forth in claim 1 wherein said means for determining the
      number of detectors in said linear array which detect radiation above a
      given threshold value includes means for determining the number of
      detectors in said linear array which are saturated by their radiation
      input.
NUM  4.
PAR  4. A system for measuring the distribution and intensity of a two
      dimensional radiation pattern having radiation signals spaced along an X
      axis and each radiation signal having a component extending along a Y axis
      substantially perpendicular to said X axis, and comprising:
PA1  a. two dimensional photodetector means for detecting radiation along both
      said X and Y axes;
PA1  b. means for directing said two dimensional pattern of radiation onto said
      two dimensional photodetector means, said radiation pattern having
      radiation signals spaced along said X axis and each radiation signal
      having a component extending along a Y axis substantially perpendicular to
      said X axis; and
PA1  c. a density filter means, positioned in the radiation path between said
      means for directing radiation and said two dimensional photodetector
      means, for varying the intensity of radiation along said Y axis such that
      the density filter means allows a substantial portion of the radiation to
      pass at one segment along the Y axis and allows less and less radiation to
      pass at other segments along the Y axis, whereby the output of the
      photodetector means defines the position of all signals along said X axis,
      and the amount of radiation detected along said Y axis by said
      photodetector means indicates the intensity of the detected radiation.
NUM  5.
PAR  5. A system as set forth in claim 4 wherein said means for directing said
      two dimensional pattern of radiation onto said two dimensional
      photodetector means includes:
PA1  a. means for producing a radiation pattern along a line; and
PA1  b. a cylindrical lens means, having said radiation pattern along a line
      incident thereon, for forming a two dimensional pattern of radiation from
      said radiation pattern along a line.
NUM  6.
PAR  6. A system as set forth in claim 5 wherein said means for producing a
      radiation pattern along a line includes a spectrum analyzer means having
      an acousto-optic modulator which receives an acoustic input signal, said
      spectrum analyzer means producing an output radiation pattern along a line
      with the position of radiation along the line being related to the
      frequency of components of said acoustic input signal and the strength of
      radiation along the line being related to the strength of components of
      said acoustic input signal.
NUM  7.
PAR  7. A system as set forth in claim 6 wherein said two dimensional
      photodetector means includes a two dimensional array of photodiodes.
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ABST
PAL  This invention pertains to an ultraviolet light generator which mixes, or
      frequency doubles, light by means of a borate crystal such as AB.sub.5
      O.sub.8.4H.sub.2 O where A=Ammonium (NH.sub.4), Potassium (K), Rubidium
      (Rb), or Cesium (Cs). This ultraviolet light generator is pumped with a
      dye laser capable of emitting coherent light of wavelengths from 4000 to
      5600 A (Angstroms) to generate phase matched second harmonics between
      about 2150 A and 2650 A, a range not readily attained by systems using
      other crystals.
PARN
     This application is a continuation-in-part application of applicant's
      copending application Ser. No. 572,995, filed May 24, 1974, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention concerns crystals for nonlinear optical devices, in
      particular for the generation of coherent ultraviolet light by mixing or
      frequency doubling of longer wavelength light.
PAR  Crystals for nonlinear optical applications are normally found among those
      materials which lack a center of symmetry and are at least weakly
      piezoelectric. Numerous examples of nonlinear optical crystals have been
      discovered in recent years, most of which were already known to be
      piezoelectric. It was quickly found that tremendous enhancement of the
      second harmonic generation intensity was obtained under phase-matched
      conditions, i.e., when the index of refraction of the primary beam equals
      that of the doubled frequency vibrating at right angles to the direction
      of the primary beam (1). The wide range of crystals now available allows
      phase matching over a wide range of wavelengths, not including, however,
      the ultraviolet below 2300 A. The reason for this is that most materials
      strongly absorb light of these lower wavelengths, which eliminates or
      greatly reduces UV intensity. A second problem is the phase matching
      requirement. All materials which are transparent in the visible eventually
      reach an absorption edge in the UV. As this absorption edge is approached
      the indices of refraction increase at an increasingly rapid rate,
      effectively eliminating any possibility of phase matching. At present, two
      crystals which are used for phase matched frequency doubling into the UV
      are ammonium dihydrogen phosphate (ADP) which will room-temperature phase
      match to about 2624 A (2), and the recently reported lithium formate
      monohydrate, which is limited by ultraviolet absorption to 2360 A and
      above (3). A crystal which will phase match somewhat farther into the UV
      is most desired.
PAC  SUMMARY OF THE INVENTION
PAR  According to this invention, crystals of the type AB.sub.5 O.sub.8.4H.sub.2
      O, with A=K, NH.sub.4, Rb, or Cs allow phase matched second harmonic
      generation farther into the ultraviolet than previously known materials.
      The effect is somewhat weaker than that of ammonium dihydrogen phosphate,
      but is strong enough to be useful. Light transmission is high even below
      2000 A. Thus it is the primary object of the invention to provide an
      optical system utilizing one member of a particular crystal family for
      phase-matched frequency doubling farther into the ultraviolet range than
      has heretofore been achieved.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Further features and advantages of this invention will become apparent from
      the following detailed description, taken together with the drawings
      wherein:
PAR  FIG. 1 shows the potassium pentaborate crystal;
PAR  FIG. 2 shows the ammonium pentaborate crystal;
PAR  FIG. 3 shows the orientation of the crystal element;
PAR  FIG. 4 is a graph showing wavelength versus index of refraction of two
      crystal elements;
PAR  FIG. 5 is a graph showing wavelength versus angle of rotation .theta. of
      two crystal elements;
PAR  FIG. 6 shows a block diagram of a typical system embodying a crystal
      element.
DETD
PAC  DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENT
PAR  The invention will now be described in detail for the particular case of a
      single wavelength illumination of the nonlinear crystal element. The
      modification for obtaining the sum frequency of light of two different
      wavelengths follows methods well known to those skilled in the art.
PAR  In FIGS. 1 and 2, typical crystals of pentaborates are shown. For example,
      the potassium pentaborate crystal of FIG. 1 is pictured as it appears when
      grown from a solution made by dissolving one mole of KOH and between 3.5
      and 5 moles of HBO.sub.3 in aqueous solution and slowly cooling from
      45.degree.C to room temperature.
PAR  FIG. 2 shows a typical crystal of ammonium pentaborate, grown in a similar
      manner.
PAR  FIG. 3 shows an oriented piece of such a crystal ready for use a frequency
      doubler, with the polished parallel front and back faces indicated by
      reference characters 10 and 10'. The directions of the vibration
      directions of the indices of refraction (na, nb, nc) are shown; the angle
      .theta. designates the rotation of the direction of the primary beam from
      the b axis toward the c axis, and may be in any position from 0.degree.to
      90.degree.. The choice of .theta. depends on which of the pentaborate
      crystals is used and also the desired ultraviolet wavelength for the
      doubled frequency. While good practice makes desirable a close parallelism
      between the direction of the light and the normal to the polished faces,
      it is not necessary that these two directions be identical, as is well
      known in the art.
PAR  It should be pointed out that some confusion on the crystal axes of the
      pentaborates existed in the literature prior to 1957. For this reason, the
      axes being used are herein defined as those of Cook and Jaffe in 1957 (4),
      repeated here for convenience, and conforming to the crystals pictured in
      FIGS. 1 and 2.
PA1  Potassium pentaborate: a= 11.065A, b= 11.171A, c= 9.054A.
PA1  Ammonium pentaborate: a= 11.324A, b= 11.029A, c= 9.235A.
PAR  These crystals, and in addition rubidium pentaborate and cesium
      pentaborate, are isostructural.
PAR  In FIG. 4 are shown the indices of refraction of the K and NH.sub.4
      pentaborate crystals as presently known. Dotted and dashed areas of the
      curves are known with less precision. From data such as these, the phase
      matched angles for a wavelength in the ultraviolet may be calculated,
      according to methods well known in the art.
PAR  In FIG. 5 is shown the phase matched angle for each wavelength; the angles
      are exact for potassium pentaborate, but are only approximate for ammonium
      pentaborate. It should be noted that the doubled frequencies attainable
      are not limited to those shown in FIG. 5. By rotating around a second axis
      one can obtain additional wavelengths in the near ultraviolet. The
      calculation of such rotation angles is well known in the art. In order to
      remain in the more useful regions of the spectrum, it should be no more
      than 45.degree.. The novel feature is the existence of indices of
      refraction changing so slowly in the ultraviolet as to allow phase
      matching well below 2500 A, as shown in FIG. 5.
PAR  In FIG. 6, light of the desired fundamental wavelength from a nitrogen
      laser-pumped dye laser 13 operating in the range 4000 to 5600 A passes
      through a pentaborate crystal 17, which is rotatable around the a axis (as
      shown) or tilted towards the a axis (not shown), and a second harmonic is
      produced in the pentaborate crystal at a wavelength between 2150 and 2650
      A. units. The light is then fed through a fused quartz collimating lens 18
      and a fused quartz prism 19 which latter separates the second harmonic
      from the fundamental beam and allows it to be used. In FIG. 6 it is shown
      being fed into a detector 20, but this could be any desired utilization
      apparatus, such as a material whose ultraviolet absorption spectrum is to
      be studied, for instance. In this latter case, the material to be studied
      would be interposed between the fused quartz prism 19 and the detector 20.
PAR  Other features of FIG. 6 are the Echelle grating 11 which serves as one
      cavity mirror and controls the laser linewidth, a focusing lens 12, the
      output mirror 14 which serves as the other side of the cavity; variable
      attenuators 15 in case it is desired to reduce the intensity of the second
      harmonic, and a focusing lens 16 for the crystal 17.
PAR  Current data on the value of the nonlinear optical coefficient for
      potassium pentaborate in the useful direction indicate that in the
      vicinity of 2800 A (doubled frequency) it is about one-seventh of that of
      ADP at the same wavelength. This is of sufficient magnitude to obtain
      useful intensity of ultraviolet light variable continuously over a range
      from 2800 A to about 2150 A by frequency doubling the light from a
      variable frequency dye laser.
PAR  While the setup of FIG. 6 represents one useful embodiment of the
      invention, it only serves as an illustration; the invention should not be
      construed as limited to this setup. Any sufficiently powerful laser source
      in any reasonable configuration which provides the desired range of
      fundamental wavelengths will be satisfactory. Alternatively, the light
      from a variable frequency coherent source, such as a dye laser, may be
      mixed with a powerful fixed frequency laser such as an argon ion laser.
      The various configurations of lenses and attenuators shown represent a
      convenient configuration, and can be modified to fit the desires of the
      user, as will be recognized by anyone skilled in the art. Additionally,
      while the previous discussion is limited to room temperature operation,
      cooling the crystal element typically extends the operating range farther
      into the ultraviolet, as is known to those skilled in the art.
PAC  REFERENCES:
PAR  1. G. C. Baldwin, An Introduction to Nonlinear Optics, Plenum Press, New
      York (1974).
PAR  2. Calculated from the indices of refraction of F. Zernike Jr., "Refractive
      Indices of Ammonium Dihydrogen Phosphate and Potassium Dihydrogen
      Phosphate between 2000 A and 1.5 micron", J. Opt. Soc. Am. 54, 1215-18
      (1964).
PAR  3. F. B. Dunning, F. K. Tittel, and R. F. Stebbings, "Generation of Tunable
      Coherent Radiation in the Wavelength Range 2300-3000 A Using Lithium
      Formate Monohydrate", Opt. Commun. 7, 181-3 (1973).
PAR  4. W. R. Cook Jr. and Hans Jaffe, "The Crystallographic, Elastic, and
      Piezoelectric Properties of Ammonium Pentaborate and Potassium
      Pentaborate", Acta Cryst. 10, 705-7 (1957).
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A device for the generation of coherent light in the wavelength range
      from 2000 A to 2800 A comprising an optically nonlinear crystal element of
      a pentaborate compound of the formula AB.sub.5 O.sub.8.4H.sub.2 O, with A
      from the group NH.sub.4, K, Rb, or Cs, and means to illuminate said
      crystal element with coherent light of at least wavelength greater than
      2800 A.
NUM  2.
PAR  2. An optical second harmonic generator of the type in which a transparent
      crystal having a significant second order nonlinear coefficient is pumped
      by a fundamental optical beam to produce a second harmonic optical beam of
      a wavelength below 2800 A, said generator being characterized in that the
      said crystal is a crystal of a pentaborate compound of the formula
      AB.sub.5 O.sub.8.4H.sub.2 O, with A from the group NH.sub.4, K, Rb, or Cs.
NUM  3.
PAR  3. A generator of the type claimed in claim 2, characterized in that said
      crystal is a crystal of potassium pentaborate, KB.sub.5 O.sub.8 H.sub.2 O.
NUM  4.
PAR  4. A generator of the type claimed in claim 2, characterized in that said
      crystal is a crystal of ammonium pentaborate, NH.sub.4 B.sub.5
      O.sub.8.4H.sub.2 O.
NUM  5.
PAR  5. A generator of the type claimed in claim 3, wherein the direction of
      optical transmission is rotated from the b axis towards the c axis in any
      position from 0.degree. to 90.degree., and is rotated towards a no more
      than 45.degree..
NUM  6.
PAR  6. A generator of the type claimed in claim 4, wherein the direction of
      optical transmission is rotated from the b axis towards the c axis in any
      position from 0.degree. to 90.degree. and is rotated towards a no more
      than 45.degree..
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ABST
PAL  A power supply arrangement, which includes buses sectionalized by a switch,
      further includes feeders and service lines. Connected in series with the
      sectionalizing switch is a quick-acting switch apparatus closing the
      network, in case of a fault in one of the feeders, during the first cycle
      of hunting of the electromotors until the phases of such electromotors are
      in phase opposition with another feeder to which the electromotors are now
      connected by the quick acting switch apparatus.
BSUM
PAR  The present invention relates to arrangements for supplying power to
      customers using sychronous and asynchronous motors, and to arrangements
      for supplying power to customers operating with maximum permissible breaks
      in power supply of no more than 0.15 to 0.20 sec.
PAR  Primarily, such arrangements are intended for use in chemical,
      petrochemical, petroleum refining and gas industries, as well as to
      satisfy the needs of power stations and other industrial enterprises
      characterized by continuous production processes.
PAR  Well known in the art are power supply arrangements comprising buses
      sectionalized by a switch, and further having feeders and service lines
      terminating in electromotors.
PAR  In the above-mentioned applications, a power supply arrangement may form a
      loop with the feeders being placed in parallel; i.e., the sectionalizing
      switch is normally closed. Such an arrangement provides for stable
      operation of synchronous or asynchronous motors in case of a fault in one
      of the feeders by means of isolation of the faulty portion of the line.
      However, such an arrangement is too expensive since the level of the
      short-circuit current therein is, in a limiting case, twice as high as
      that in an open network.
PAR  As is known, the cost of 6-20 kV switches is in direct quadratic
      relationship with their short-circuit breaking capacity. In addition, the
      high level of short-circuit currents necessitates the employement of
      thicker cables depending on the thermal stability conditions.
PAR  Another disadvantage of a loop arrangement is that a fault in any one of
      the feeders may affect the whole network.
PAR  Also widely used is an open power supply arrangement with the
      sectionalizing switch being normally open, which makes it possible to
      provide for mutual reservation of feeders. When a fault occurs in one of
      the feeders, by operating the sectionalizing switch one can restore the
      voltage across the load. In this case, the full interval of a break in
      power supply from the instant the short circuit occurs includes the
      automatic circuit breaker operation time, the time of operation of the
      circuit breaker of the faulty line and the time of operation of the
      sectionalizing switch.
PAR  Taking into consideration the time characteristics of the currently used
      electric equipment, the minimum break in power supply may be estimated to
      be equal to some 0.25 to 0.50 secs. The lower limit corresponds to the
      latest equipment designed for a voltage of 6 - 20 kV. It is, however, not
      easy to maintain this minimum break time in the case of power supply to
      customers using electromotors, and this is due to the fact that, during
      this interval, the motor voltage vector reaches the zone of phase
      opposition with the feeder voltage vector, and connection of motors to an
      intact feeder may result in their failure. In this connection, motor and
      feeder phases are normally controlled in order that the motors should be
      switched in at the right moment or after the motor residual voltage has
      come down to a safe value. All this renders the power supply break still
      longer. Therewith, synchronous motors require restarting, and asynchronous
      motors require high starting currents due to their hard braking.
PAR  In industries involving continuous production processes, such breaks in
      power supply are inadmissible.
PAR  It is an object of the present invention to provide a power supply
      arrangement which will provide for stable operation of synchronous and
      asynchronous motors when they are switched over from one feeding line to
      another in the case of a fault in the main line associated therewith.
PAR  This object is attained in a power supply arrangement comprising buses
      sectionalized by a switch, and further having feeders and service lines
      terminating in electromotors, in which, according to the invention,
      connected in series with the sectionalizing switch is a quick-acting
      switch apparatus closing the associated network, in case of a fault in one
      of the feeders, during the first cycle of hunting of the electromotors
      until they are in phase opposition with another feeder.
PAR  The proposed arrangement insures reliable operation for consumers when they
      are switched over to a reserve feeder in case of a fault in the related
      main feeder.
DRWD
PAR  The invention will now be described in greater detail with reference to a
      preferred embodiment thereof taken in conjunction with the accompanying
      drawing in which the sole figure is a circuit diagram of a power supply
      arrangement, according to the invention.
DETD
PAR  Referring now to the drawing, the proposed power supply arrangement
      comprises bus sections 1 and 2 sectionalized by a switch 3, and
      respectively provided with feeders 4, 5 and service lines 6, 7. The
      feeders 4 and 5 include circuit breakers 8, 9 and a power transformer 10,
      while the service lines 6 and 7 include circuit breakers 11 and
      synchronous and asynchronous motors 12. Connected in series with the
      sectionalizing switch 3, which is normally closed, is a quick-acting
      switch apparatus 13 of a known design, which is normally open and whose
      intrinsic make time is 0.029 (cf. "Vestnik elektropromyshlennosti",
      Gosenergoizdat, 1959, No.5, pp.18-22).
PAR  Any other quck-acting switch apparatus having an intrinsic make time
      ranging from 0.04 to 0.10 secs., can be used in the arrangement disclosed
      herein.
PAR  The proposed power supply arrangement operates as follows:
PAR  When a short circuit occurs at a point K of the feeder 4, the sections 1
      and 2 of the buses are closed by means of the switch apparatus 13, whereby
      the entire network is closed before the fault (short circuit) is removed.
      The switches in the circuit described can be, for example, manually
      reopened.
PAR  The present invention makes it possible to attain in a normally
      sectionalized network the same effect as in the case of parallel
      arrangement of sources. Therewith, in case of a short circuit at any point
      of the distribution network, power is supplied to this point only from one
      source incorporated in the feeder, while second power source remains
      inactive and no voltage drop takes place thereat. On the other hand,
      similarly to a parallel arrangement of power sources, the loss of one of
      the sources does not in the least affect the stable operation of
      synchronous and asynchronous motors used by the customer, and there is no
      danger that the motors may be in phase opposition with the mains.
PAR  Expenditures involved in the realization of the invention depend on the
      parameters of the equipment incorporated or intended for incorporation in
      the power supply arrangement. Proper selection of that equipment will
      minimize or even reduce to zero all the expenditures involved.
PAR  Practically, the present invention enables the sectionalized power supply
      network to be used for any customer using electromotors, instead of a
      network with parallel arrangement of power sources.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A power supply arrangement comprising: sectionalized buses; a switch
      sectionalizing said buses; feeders feeding the bus sections; service lines
      connected to said bus sections; electromotors to which said service lines
      are connected; a quick-acting switch means connected in series with said
      sectionalizing switch for coupling the buses in case of a fault in one of
      said feeders, said switch means being adapted to act during the first
      cycle of hunting of said electromotors until the phases of said
      electromotors are in phase opposition with another of said feeders to
      which the electromotors are now connected by operation of said switch
      means.
NUM  2.
PAR  2. A power supply arrangement as claimed in claim 1 wherein said
      quick-acting switch means has a make time with an order of magnitude of
      about 0.029 to 0.10 secs.
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ABST
PAL  Apparatus for reducing the consumption of power by controlling the
      application and removal of power to and from a plurality of load circuits
      connected to AC power sources of the same or different phases in response
      to the movement and absence of movement of an object within a prescribed
      area.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to apparatus for reducing the consumption
      of power by controlling the application and removal of power to loads in
      response to the movement and absence of movement of an object within a
      prescribed area.
PAR  The conservation of energy in general is of paramount concern to all and
      the conservation of electrical energy and its attendant conservation of
      fossil fuel used to produce the electrical energy is becoming more
      critical and of increasing importance.
PAR  Various movement responsive control means are known to the prior art,
      however, as is known to those skilled in such prior art, such prior art
      apparatus and systems typically suffer from one or more unwanted or
      undesirable characteristics. For example, the movement responsive light
      control means disclosed in U.S. Pat. No. 3,459,961 to Ravas, suffers from
      the undesirable characteristic of the control or sensing means disclosed
      therein being able to only control the application and removal of power to
      loads which must be connected to a power source or power sources of the
      same phase. Obviously, it is highly desirable for simplicity and economy
      in the arrangement of controlled loads and in the simplicity of the
      circuit connection for interconnecting the controlled loads with various
      sources of power to be able to control and connect such loads to power
      sources of the same or different phase. Further, economy can be achieved
      by utilizing a single control circuit or apparatus to control a plurality
      of loads and to be able to connect such loads to different power sources
      of the same or different phase with only a single control circuit or
      apparatus.
PAR  The other problem generally inherent to prior art movement responsive
      control apparatus, particularly movement responsive control apparatus for
      controlling the application and removal of electrical power to room lights
      such as tungsten filament lamps is the problem known to those skilled in
      the art as in-rush current which is caused by the switching current or
      switching voltage produced in switching the electrical power on and off of
      the tungsten filament lamps. An attendant problem to the inrush current
      problems, as is further known to those skilled in the art, is that of
      electro-magnetic interference caused by the switching current.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides apparatus for reducing the consumption of
      power by controlling the application and removal of power to and from a
      plurality of load circuits having a load connected in each circuit, such
      as for example, room lamps, and most significantly, the apparatus of the
      present invention provides such control and yet permits the loads in each
      of the load circuits to be connected to power sources of the same or
      different phases.
PAR  Additionally, the apparatus of the present invention permits the loads in
      the controlled load circuits to have or be of different power factors.
PAR  The phase and power factor advantages are accomplished, inter alia, by
      providing isolation means which isolate each load circuit from each other
      and which isolate the load circuits from the sensing means providing the
      electrical output signals which ultimately control the switching of the
      load circuits to and from the power sources.
PAR  The present invention also overcomes the above-noted in-rush and
      electro-magnetic interference problem by providing zero current and zero
      voltage switching.
PAR  Additionally, the control apparatus of the present invention may be used
      most advantageously by being integrated with various security and other
      energy control systems to enhance or otherwise improve their effectiveness
     .
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagrammatic illustration of the present invention;
PAR  FIGS. 2A and 2B combine to show a schematic illustrating the present
      invention, and FIG. 2B illustrates schematically two different embodiments
      of a power switch or switching means according to the present invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  Referring now to FIG. 1, there are shown apparatus for reducing the
      consumption of power by controlling the application and removal of power
      to and from a plurality of load circuits 1, 2, . . . N-1 and N in
      accordance with the movement and absence of movement of an object within
      the prescribed area.
PAR  Each load circuit may include a load 10 which may be, for example, a room
      light such as a flourescent lamp or tungsten filament lamp or which may be
      other electrical energy utilization means or loads, such as for example, a
      horn used to provide an audible signal in a security or surveillance
      system.
PAR  The apparatus of the present invention may further include transmitter
      means 12 for producing and transmitting a sound wave having a
      substantially constant frequency to the prescribed area and sensing means
      14 for receiving the sound wave and for producing an electrical output
      signal in response to a doppler shift in the frequency of the received
      sound wave caused by movement of the object within the prescribed area.
PAR  In accordance with the further teaching of the present invention, each load
      circuit may be provided with isolation means 16 connected in each of the
      load circuits intermediate the sensing means 14 and the load 10 and the
      isolation means 16 isolate each of the load circuits from the sensing
      means 14 and from each other. The isolation means 16 receives the
      electrical output signal from the sensing means 14 and produces a gating
      signal in response thereto.
PAR  Further, in accordance with the present invention, each load circuit may
      include a gating circuit 18 connected intermediate the isolation means 16
      and the load 10 and which gating circuit receives the gating signal from
      the isolation means and produces a switching signal in response thereto.
      An isolated power supply 20 is provided for each load circuit and provides
      power for operating the associated gating circuit as well as any other
      stages or components of each load circuit which may require power for its
      operation.
PAR  Further, in accordance with the present invention, a power switch or
      switching means 22 is connected in each of the load circuits intermediate
      the gating circuit 18 and the load and is receiving the switching signal
      from the gating circuit and in response thereto completing an energization
      circuit 24 between the load 10 and an AC power source. Upon the removal of
      the switching signal from the switching means 22 in response to the
      absence of movement of the object within the prescribed area and in
      response to the absence of any sensing of any doppler shift in the
      frequency of the received sound wave by the sensing means 14, the power
      switch or switching means 22 removes or disconnects the energization
      circuit 24 between the load 10 and the AC power source at the next time of
      zero current.
PAR  Referring again to the isolation means 16, such isolation means may be
      comprised of an electrical element providing only unidirectional signal
      flow, voltage or current, from the sensing means to the load circuit.
PAR  Depending upon the signal current required by the number of isolation means
      16 included in the apparatus of the present invention, a driver circuit 30
      may be provided intermediate the sensing means 14 and the isolation means
      16 as a buffer for amplifying the electrical output signal from the
      sensing means to a predetermined level sufficient to drive the total
      number of isolation means 16 which may be included in the specific
      embodiment of the apparatus of the present invention.
PAR  Further, the present invention may include time delay means 32 connected
      intermediate the sensing circuit 14 and the isolation means 16 for
      providing the electrical output signal from the sensing means to the
      isolation means and for removing the electrical output signal from the
      isolation means at a predetermined time after the cessation of movement of
      the object within the prescribed area causing the doppler shift in the
      frequency of the received sound wave. Thus, for example, the time delay
      means 32 may be utilized to turn off room lights a predetermined time
      after a person has left the room thereby assuring that such person will
      depart the room before the room lights are turned off by the present
      invention.
PAR  The transmitter means 12 transmits or radiates a substantially constant
      frequency ultrasonic sound wave in the prescribed area and the ordinary
      movement of a person or persons in the area, for example even though
      slight, causes a sufficient doppler shift in the frequency of the sound
      wave that is detected by the sensing means 14 and the electrical output
      signal produced in response thereto.
PAR  Referring now to combined FIGS. 2A and 2B, apparatus of the present
      invention is shown in further detail. A power supply 36, common to the
      stages of the transmitter means 12 and the sensing means 14, is connected
      across the AC line 41 through a bridge circuit including diodes D6, D7, D8
      and D9 and a voltage dropping resistor R12 with the negative point of the
      bridge circuit being connected to a circuit common or ground line 38.
PAR  A DC voltage regulator circuit 40 is provided in the power supply 36
      comprising a transistor Q5, a transistor base resistor R11, an emitter
      resistor R10 and a Zener diode D2 connected between the circuit common 38
      and the base of the transistor.
PAR  The sensing means 14, the delay circuit 32 and the driver circuit 30 are
      connected to the power supply 36 for B+ voltage through a resistor R1. A
      by-pass capacitor C6 is connected between the B+ line and the common line
      38.
PAR  The power supply 36 further comprises an input filter capacitor C5
      connected across the voltage regulator 40, a second regulated low voltage
      supply comprising a blocking diode D5, a voltage dropping resistor R7, a
      filter capacitor C7 and a Zener diode D3. Amplifiers 46 and 47 are
      supplied with low voltage DC from this power supply.
PAR  The transmitter means 12 may comprise an ultrasonic frequency oscillator
      energizing a transmitting device such as a ceramic transducer 49 and may
      include an ultrasonic oscillator 50 comprising a transistor Q4, a tank
      circuit consisting of a coil L2 and a capacitor C9 connected in the
      collector circuit of the transistor, a blocking diode D4 and a grid leak
      type of arrangement consisting of a resistor R8 and a capacitor C8 in the
      base circuit of the transistor. The oscillator further includes a coil L1
      connecting the base circuit of the transistor to its emitter over the
      common line 38, and a resistor R9 connecting the B+ supply to the base
      circuit of the transistor to facilitate oscillator startup. The transducer
      49 is connected across the tank circuit. Other suitable oscillator
      circuits could be used in place of the one disclosed.
PAR  The sensing means 14 may comprise a detector circuit 52 including a
      transistor Q1 with its base connected to the output of the tuned amplifier
      and AGC circuit 47 through a coupling capacitor C12 and an RF filter
      resistor R5. The base and the collector of the transistor are connected
      together through a bypass capacitor C2, the base being further connected
      to the B+ line by a resistor R2, and the collector connected to B+ through
      a resistor R3. The emitter of the transistor Q1 is connected directly to
      the common line 38 while the collector of the transistor is connected to
      the common line through a capacitor C4. Other suitable detector circuits
      may be employed since the invention is not limited to the one described.
PAR  The time delay means 32 may include two cascaded transistors Q2 and Q3 with
      the base of the transistor Q2 connected to the collector output of the
      detector transistor Q1 through a blocking diode D1 and resistor R6. The
      base of the transistor Q2 is connected to its collector and the collector
      of the transistor Q3 through an integrating capacitor C3. B+ voltage is
      supplied to the collector through a resistor R4 while the emitter of the
      transistor Q3 is connected directly to the common line 38. The time delay
      means may be variable time delay means for varying the amount of time
      permitted to elapse, for example, after a person has left the prescribed
      area. Accordingly, in accordance with the present invention, the time
      delay means 32 may further include a variable threshold comparator circuit
      which may comprise an operational amplifier A1 having two inputs (-) and
      (+). The inverting input (-) is connected to the output of the integrator
      circuit and the non-inverting input is connected to the variable resistor
      or voltage divider R13.
PAR  The driver circuit 30 may be comprised of a Darlington power transistor
      circuit connected to the output of the time delay means 32 by the coupling
      resistor R24 and may include cascaded transistors Q7 and Q8 and resistors
      R25 and R26 connected as shown.
PAR  The electrical output signal provided by the sensing means 14 may be
      applied through the time delay means 32 and the driver circuit 30, if
      provided in accordance with the teaching above, to a pair of common
      terminals T1 and T2 to which the plurality of load circuits 1, 2 . . . N-1
      and N may be connected.
PAR  With the ultrasonic carrier radiated in the prescribed area, and with no
      object movement in the area, the carrier is received by the receiving
      transducer 45, which may also be a ceramic transducer, and converted into
      electrical energy having the same frequency. The low alternating voltage
      developed across the coil L1 is rectified by the diode D5, and filtered
      and regulated respectively by the capacitor C7, resistor R7 and the Zener
      diode D3. This voltage is applied to the amplifiers 46 and 47 as shown.
      The carrier frequency is amplified by the two amplifiers 46 and 47, and
      the amplified carrier is coupled to the detector circuit 52 by the
      capacitor C12. With no modulation on the carrier, the carrier is by-passed
      around the detector transistor Q1 by the capacitor C2, which, in
      combination with the resistor R5, forms an RC circuit having a time
      constant suitable for such by-pass action.
PAR  The capacitor C3 in the time delay circuit 32 charges slowly with a small
      amount of B+ current flow therethrough and through the base of the
      transistors Q2 and Q3 to ground. When the capacitor C3 approaches its
      maximum level of charge, the transistor current flows approach zero.
PAR  The collector of the transistor Q1 is held in saturation unless there is
      some amplitude variation on the carrier signal coupled to the base of the
      transistor. In that case, collector current pulses are developed and
      directed to the time delay circuit 32 in a manner presently to be
      explained.
PAR  Thus, with no carrier modulation, the signal to the base of the transistor
      Q1 is minimal so that its output signal is minimal which is insufficient
      to cause conduction of the diode D1.
PAR  Referring again to combined FIGS. 2A and 2B, in operation with no movement
      in the prescribed area or area under surveillance, the energization paths
      24 are removed or not established so that no power is applied to the loads
      and hence if the loads are room lamps they would be "off." The diode
      circuit 39 rectifies the alternating current voltage from the line 38, and
      the filter capacitor smooths the resulting DC ripple. The Zener diode D2
      and the transistor Q5 function together to regulate the direct current
      (B+) ) voltage with the voltage at the base of the transistor being fixed
      by the Zener diode so that the transistor circuit functions as an emitter
      follower circuit.
PAR  The oscillator circuit is energized by the regulated B+ voltage with the
      collector of the transistor Q4 connected thereto through the tank coil L2.
      Base current therefore is provided through the resistor R9 and the diode
      D4. The grid leak type arrangement (comprising resistor R8 and capacitor
      C8) in the base circuit provides current flow through the coil L1 which
      develops a low alternating voltage thereacross for the low voltage supply.
PAR  The electrical values of the tank coil L2 and capacitor C9 are chosen to
      develop a carrier frequency preferably in the ultrasonic range so that,
      when radiated, it will not be heard by persons in the prescribed area,
      i.e. the room or rooms under surveillance. The sound transmitting or
      radiating transducer 49 is directly energized by the electrical energy
      developed in the tank circuit, and converts the electrical energy into
      ultrasonic energy for radiation. The capacitor C6 by-passes any of the
      carrier frequency energy in the B+ line to ground.
PAR  In accordance with the further teaching of the present invention, one
      alternate embodiment thereof is shown with regard to load circuit 2 of
      FIG. 2B wherein the isolation means 16 may comprise a uni-directional
      signal flow electrical apparatus such as for example a photocoupled switch
      comprising a light emitting diode 60 and a photo-transistor 62. The anode
      and cathode of the light emitting diode 60 are connected across the common
      terminals T1 and T2 through resistor R14 and the photo-transistor 62 is
      positioned opposite the light emitting diode 60 such that the photons or
      illumination emitting from the light emitting diode upon being energized
      strikes or falls on the photo-transistor 62 placing it in a state of
      conduction. The collector of the photo-transistor 62 is connected to the
      B+ line by a coupling resistor R15, B+ being provided by the isolated
      power supply 20 comprised of the diode bridge D10, D11, D12 and D13
      connected by an isolating transformer 64 connected in turn to a suitable
      power source.
PAR  The gating circuit 18 may be comprised by an integrated circuit IC2-7 as
      shown. Such integrated circuits IC2 may be comprised of a MFC8070
      integrated circuit produced by Motorola or a GEL300 integrated circuit
      produced by the General Electric Company. Input pin 2 of the integrated
      circuit IC2 is connected to the collector of the photo-transistor 62 of
      the isolation means 16 and the input pin 3 is connected to a voltage
      divider network comprised of resistors R16 and R19 connected across the B+
      supply; pins 4 and 5 are also connected to the B+ supply as shown.
PAR  The power switch or switching means 22 may be comprised of transistor Q6
      and triac 1 wherein the gate of the triac is connected to the emitter of
      the transistor Q6. The switching means 22 is connected to the gating
      circuit 18 by the base of the transistor Q6 being connected to the pin 7
      of the integrated circuit IC2; the base of the transistor Q6 being
      connected to the B+ by coupling resistor R17 and the collector of the
      transistor being connected to the ground or circuit common 66 by the
      coupling resistor R21. One side of the triac 1 is connected to B+ and the
      other side of the triac is connected to pin 6 of the integrated circuit
      IC2 by coupling resistor R20. Upon the triac 1 being placed in a state of
      conduction as described in detail below, the triac completes the
      energization circuit 24 between the load 10 and the AC source 2. As is
      known to those skilled in the art, the load circuit may be provided with a
      snubber circuit, or suppression circuit comprised of a series connection
      of resistor R18 and capacitor C11.
PAR  Alternatively, and in accordance with the further teaching of the present
      invention, the present invention may be embodied as shown with regard to
      load circuit N wherein load circuit N may include isolation means 16,
      gating circuit 18 and isolated power supply 20 as shown and taught above
      with regard to load circuit 2. Alternatively, the power switch or
      switching means 22 may comprise SCR1 and SCR2 connected in parallel and in
      opposite polarity across the load, and may further comprise the series
      connection of diode D14, triac 2 and diode 15 connected in parallel with
      the SCR's, as shown; diodes D14 and D15 are connected in opposite polarity
      as is also shown. The gate of SCR1 is connected to one side of triac 2 at
      the point of its series connection with diode D15 and the gate of SCR2 is
      connected to the other side of triac 2 at the point of its series
      connection with diode D14. It will be noted that relative voltage
      reference points A, B, and C are provided as shown and that the gate of
      triac 2 is connected to point A by coupling resistor R23 and that the
      triac 2 is connected across points B and C by coupling resistors R22 and
      R24; resistor R17 is connected across points B and A and point C is
      connected to pin 6 of integrated circuit IC3 by coupling resistor R20.
PAR  Upon being placed in a state of conduction as taught in detail below, and
      upon alternate half cycles of the power from AC source 3, triac 2
      alternately places SCR1 and SCR2 in a state of conduction thereby
      completing alternately energization paths 24A and 24B between the load 10
      and the AC source 3 upon such alternate half cycles.
PAR  Referring particularly to the isolation means 16 and to the teaching above
      with regard thereto, the term "isolation" as used in the context of normal
      or intended operation of the apparatus of the present invention connotes
      that each load circuit has no interaction or influence on either the
      sensing circuit or any other load circuit, accordingly, the load circuits
      may be supplied by a power source, or sources, of the same or different
      phase. Also, the loads may be of or have any power factor because the
      switching circuit 22 senses the voltage across the triac and not across
      the load. Further, it will be understood that the integrated circuits IC2
      and IC3 perform zero voltage switching thereby eliminating or rendering
      negligible in-rush current to the loads (e.g. tungsten filament lamps) and
      also eliminates or renders negligible electro-magnetic interference.
PAR  With no object movement in the prescribed area, no doppler shift in
      frequency is produced in the received sound wave and hence no electrical
      output signal is produced by the sensing means 14. Thus, no signal is
      provided to the base of the time delay transistors Q2 and Q3 (except for
      the small charging current of the capacitor C3) to cause actuation thereof
      so that no electrical output signal is provided to the common terminals T1
      and T2 and hence the energization paths 24 are not completed and no power
      is applied to the loads 10.
PAR  When an object moves in the predetermined area, e.g. when a person enters
      the area, the frequency of the sound carrier in the room is modulated by a
      doppler shift frequency which is received by the receiving transducer 45
      and converted into electrical energy with the carrier. The modulated
      carrier is amplified by the amplifiers 46 and 47, and applies to the
      detector circuit 52 by the coupling capacitor C12. The modulating or
      doppler shift frequency is detected by the circuit 52 with the modulation
      frequency providing a base signal for the transistor Q1. The transistor
      conducts to provide an output voltage capable of triggering the diode D1
      which, in turn, provides a train of voltage pulses across the resistor R6
      to the base of the transistors Q2 and Q3 in the delay circuit 32. This
      causes the transistors to conduct causing current to flow through resistor
      R4 thereby building up voltage across capacitor C3, with the voltage or
      potential across capacitor C3 being removed at any time the voltage across
      the diode D1 exceeds its forward conduction potential. When the voltage
      across capacitor C3 goes to zero, the negative input of the operational
      amplifier A1 becomes more negative than the positive input thereby driving
      the output of the operational amplifier A1 positive toward the positive
      voltage supply B+. The voltage on the positive input of the operational
      amplifier is determined by the above-noted variable resistor or voltage
      divider R13 and it will be understood that the output of the operational
      amplifer A1 swings, substantially, between ground and the positive voltage
      supply B+. Upon the output of the operational amplifier A1 swinging to the
      positive voltage supply B+, an electrical signal or current is applied to
      the driver circuit 30 which, as noted above, acts as a current buffer to
      supply voltage or the electrical output signal from the sensing means 14
      to the common or output terminals T1 and T2.
PAR  With regard to the alternate embodiment of the invention disclosed with
      regard to load circuit 2 of FIG. 2B, upon the electrical output signal
      being applied to the terminals T1 and T2 current flows in the light
      emitting diode 60 causing it to be illuminated and causing such
      illumination or photons to strike the photo-transistor 62 thereby placing
      it in a state of conduction; current flow in the light emitting diode 60
      is limited to a level within its dissipation rating by the limiting
      resistor R14.
PAR  Upon the phototransistor 62 being placed in a state of conduction, its
      collector goes low or drops in potential to the voltage level of line 66
      thereby providing the gating signal to the gating circuit 18 or integrated
      circuit IC2 by driving pin 2 low. Gating circuit 18 performs its gating
      function by examining the voltage appearing at pin 6 and when this voltage
      goes through zero volts, relative to the voltage at pins 4 and 5, the
      switching signal is provided at pin 7 which drives the transistor Q6 of
      the switching circuit 22 to turn it on and thereby through its emitter
      connection to the gate of triac 1 to turn on or place triac 1 in a state
      of conduction; as noted above, voltage is fed to pin 6 through coupling
      resistor R20 which may be referred to as the voltage across the triac 1.
PAR  As noted above, upon triac 1 being placed in a state of conduction, the
      energization circuit 24 is completed between the load 10 and the AC power
      source 2 whereby energy or power is supplied to the load and, for example,
      upon the load 10 being a room lamp the room is illuminated in response to
      the above-noted movement of the object within the prescribed area. Upon
      the cessation of movement within the prescribed area no electrical output
      signal is produced by the sensing means 14 and ultimately no switching
      signal is applied to the gate of triac 1 and hence the triac does not
      conduct and the energization path 24 is removed or no longer established
      thereby disconnecting the AC source 2 from the load 10.
PAR  As noted above, the time delay circuit 32 delays the removal of the
      switching signal from the gate of the triac 1 a predetermined amount of
      time after the cessation of movement within the prescribed area whereby,
      for example, a person in a room may leave the room in illumination and
      upon the prescribed area of the room being frequented by an object such as
      a person, the illumination will remain on continuously.
PAR  Referring now to the embodiment of the present invention as disclosed with
      regard to load circuit N of FIG. 2B, photons or illumination from the
      light emitting diode striking the photo-transistor will swing the
      collector of the phototransistor to the negative power supply thereby
      providing the gating signal to pin 2 of the gating circuit 18 which will
      operate the integrated circuit IC3 at the next time zero voltage appears
      on pin 6 which will cause the switching signal to appear at pin 7 or
      reference point A which point will then become more negative than
      reference point B thereby biasing the gate of triac 2 and placing it in a
      state of conduction. Upon point B being more positive than point C,
      current will flow through diode D14 and triac 2 into the gate of SCR1
      turning on SCR1 thereby allowing current to flow from point B to point C
      and thereby establishing energization path 24A between the load 10 and the
      AC source 3 thereby applying energy or power to the load 10.
PAR  If the gating signal is present at pin 2 of the integrated circuit IC3 at
      the next half cycle of power from the AC source 3, another switching
      signal will appear at point A causing triac 2 to remain in the state of
      conduction thereby allowing current to flow through diode D15 and triac 2
      into the gate of SCR2 thereby establishing energization path 24B to
      complete an energization path between the load 10 and the AC source 3.
      Upon cessation of movement within the prescribed area, as with regard to
      the above teaching related to load circuit 2, ultimately no switching
      signal is applied to the gate of triac 2 and neither of the energization
      paths 24A and 24B are established and hence power or energy is removed or
      not applied to the load 10.
PAR  It will be understood by those skilled in the art that many modifications
      and variations may be made in the present invention without departing from
      the spirit and from the scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for reducing the consumption of power by controlling the
      application and removal of power to and from a plurality of load circuits
      in response to the movement and absence of movement of an object within a
      prescribed area, each of said load circuits having a load connected
      therein and said loads being connectable to AC power sources of different
      phase, comprising:
PA1  transmitter means for producing and transmitting a sound wave having a
      substantially constant frequency to said area;
PA1  sensing means for receiving said sound wave and for producing an electrical
      output signal at a pair of output terminals in response to a doppler shift
      in the frequency of the received sound wave caused by said movement of
      said object within said prescribed area;
PA1  a plurality of isolation means connected in parallal to said pair of output
      terminals, each of said isolation means connected in one of said load
      circuits intermediate said sensing means and said load connected in each
      of said load circuits, said isolation means isolating each of said load
      circuits from said sensing means and from each other, and each of said
      isolation means receiving said electrical output signal from said sensing
      means and producing a gating signal in response thereto;
PA1  a plurality of signal distribution means, each of said signal distribution
      means connected intermediate one of said isolation means and said pair of
      output terminals for evenly distributing said electrical output signal
      between said plurality of isolation means;
PA1  a plurality of gating circuits, each of said gating circuits connected in
      one of said load circuits intermediate the isolation means and the load
      connected therein, each of said gating circuits receiving said gating
      signal and producing a switching signal in response thereto;
PA1  a plurality of isolated power supplies, each of said isolated power
      supplies connected to one of said gating circuits for operating said
      gating circuit; and
PA1  a plurality of switching means, each of said switching means connected in
      one of said load circuits intermediate the gating circuit and the load
      connected therein, said switching means receiving said switching signal
      and in response thereto completing an energization circuit between said
      load and one of said AC power sources, and upon the removal of said
      switching signal from said switching means, in response to said absence of
      movement of said object within said prescribed area and in response to the
      absence of any sensing of any doppler shift in said frequency of the
      received sound wave by said sensing means, said switching means removing
      said energization circuit between said load and said one of said AC power
      sources.
NUM  2.
PAR  2. Apparatus according to claim 1 wherein each of said isolation means
      comprises electrical apparatus providing uni-directional signal flow from
      said sensing means to the load circuit in which the isolation means is
      connected.
NUM  3.
PAR  3. Apparatus according to claim 2 wherein said electrical apparatus
      providing uni-directional signal flow comprises a light emitting diode and
      a photo-transistor, said light emitting diode receiving said electrical
      output signal from said sensing means and providing illumination in
      response thereto and said photo-transistor receiving said illumination and
      providing said gating signal.
NUM  4.
PAR  4. Apparatus according to claim 3 wherein with regard to each load circuit,
      the switching means connected therein comprises a transistor having a
      base, emitter and collector and a triac connected between the load
      connected therein and one of said AC power sources, said triac having a
      gate, the base of said transistor being connected to the gating circuit
      connected therein, the emitter being connected to said gate of said triac
      and the collector being connected to the isolated power supply connected
      therein, said transistor acting as a buffer and receiving a switching
      signal from said gating circuit and providing predetermined current to
      said triac sufficient to place said triac in a state of conduction thereby
      completing an energization circuit between said load and one of said AC
      power sources.
NUM  5.
PAR  5. Apparatus according to claim 3 wherein with regard to each of said load
      circuits the switching means connected therein comprises a pair of SCR's
      connected in parallel and in opposite polarity across said load connected
      therein and one of said AC power sources and the switching means further
      comprises the series connection of a diode, a triac and another diode
      connected in parallel with said pair of SCR's and with said diodes
      connected in opposite polarity, the gate of one of said SCR's being
      connected to one side of said triac at the point of its series connection
      with one of said diodes and the gate of the other SCR being connected to
      the other side of said triac at the point of its series connection with
      the other of said diodes, said connection of said SCR's, diodes and triac
      being connected between said load and said one of said AC power sources,
      upon said triac receiving a switching signal from said gating circuit and
      upon one half cycle of said one of said AC power sources said triac being
      placed in a state of conduction and providing current to the gate of one
      of said SCR's thereby turning on said one of said SCR's and completing an
      energization circuit between said load and said one of said AC power
      sources, and upon said triac receiving the switching signal from said
      gating circuit and upon the other half cycle of said one of said AC power
      sources said triac being placed in a state of conduction thereby providing
      current to the gate of said other SCR thereby turning on said other SCR
      and completing an energization circuit between said load and said one of
      said AC power sources.
NUM  6.
PAR  6. Apparatus according to claim 4 further including a driver circuit
      connected intermediate said sensing means and said plurality of isolation
      means, said driver circuit receiving said electrical output signal from
      said sensing means and amplifying said electrical output signal to the
      current density required to drive all of said plurality of isolation means
      and applying the amplified electrical output signal to said plurality of
      isolation means.
NUM  7.
PAR  7. Apparatus according to claim 6 further including time delay means
      connected intermediate said sensing means and said driver circuit, said
      time delay means removing said electrical output signal from said driver
      circuit at a predetemined time after the cessation of said movement of
      said object within said prescribed area.
NUM  8.
PAR  8. Apparatus according to claim 7 wherein said time delay means are
      variable time delay means and wherein said variable time delay means
      include an integrator circuit and a variable threshold comparator circuit
      having two inputs and wherein said integrator circuit is connected to one
      of the inputs of said variable threshold comparator circuit and wherein a
      variable electrical signal is applied to the other of the inputs of said
      variable threshold comparator circuit to provide variable time delay.
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ABST
PAL  A logic gate circuit includes parallel drive of an output transistor and an
      inverter transistor by an input transistor. The inverter transistor then
      drives an active pull-up transistor which improves switching speed. The
      parallel drive of the invention allows the use of the active pull-up
      transistor without requiring a change in circuit voltage levels.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an improved logic arrangement suitable for
      incorporation in an integrated semiconductor device.
PAR  Included in the types of digital logic circuits which are particularly
      amenable to fabrication as monolithic integrated circuit networks are
      transistor-transistor logic (TTL) circuits. An example of such a circuit
      is taught in U.S. Pat. No. 3,629,609 issued to R. A. Pedersen et al. on
      Dec. 21, 1971. Operating characteristics of TTL circuits which are often
      important in applications include switching speed, response to load
      variations, compatibility of voltage levels, and immunity to spurious
      signals.
PAR  The immunity of logic circuits to spurious signals is generally referred to
      in terms of the circuit's noise margins. These noise margins are defined
      relative to a threshold which is itself defined as the level of the
      voltage applied at the input of the gate required to produce the same
      voltage level at the output of that gate.
PAR  The first noise margin, or low-level noise margin, is the difference
      between the maximum low-level input signal voltage and the threshold
      voltage. Analogously, the second, or high-level noise margin, is the
      difference between the minimum high-level voltage and the threshold
      voltage. Further, the signal swing of the circuit is defined as the
      difference between the maximum high-level voltage and the minimum
      low-level input signal voltage.
PAR  To improve the operation of TTL circuits it is desirable to have increased
      switching speed and relatively quick charging of any output capacitance.
      It is further desirable to attain these objectives while maintaining
      voltage levels and noise margins compatible with prevalent TTL circuits.
PAR  An example of a TTL circuit which includes a favorable switching speed and
      a relatively fast charging of output capacitance is U.S. Pat. No.
      3,571,616 issued to J. R. Andrews on Mar. 23, l971. The Andrews patent
      discloses a circuit which uses a pull-up transistor to reduce the
      resistance of the charging path of the output capacitance. However, along
      with reduced resistance in the charging path, the circuit of the Andrews
      patent has some increased voltage levels. As a result, the voltage levels
      may not be compatible with certain other TTL circuits. It would be
      desirable to achieve the faster switching possible through the use of a
      pull-up transistor without the necessity to change voltage levels.
PAC  SUMMARY OF THE INVENTION
PAR  The invention is a logic gate circuit which includes parallel drive of an
      output transistor and an inverter transistor by an input transistor. The
      input transistor has an emitter connected to an input node and a base
      connected to a voltage source, V. The collector of the input transistor is
      connected to both the base of the output transistor and the base of the
      inverter transistor. The emitter of the output transistor is grounded. The
      collector of the output transistor is connected to an output node. The
      emitter of the inverter transistor is connected to ground. The collector
      of the inverter transistor is connected both to the voltage source and to
      the base of a pull-up transistor. The emitter of the pull-up transistor is
      connected to the output node. The collector of the pull-up transistor is
      connected to the voltage source.
PAR  In operation, an input signal is applied to the input node. The input
      signal determines whether the voltage at the collector of the input
      transistor is sufficient to turn on the output transistor and the inverter
      transistor. If the voltage is insufficient to turn on these two
      transistors, the inverter transistor functions to turn on an active
      pull-up transistor. That is, when the inverter transistor is OFF the base
      of the pull-up transistor is isolated from ground. The base voltage of the
      pull-up transistor rises toward the voltage source, V, until the pull-up
      transistor turns ON. When the output transistor is OFF, any output
      capacitance can be charged through a charging path which includes the
      active pull-up transistor. Such a path can have an advantageously low
      resistance.
PAR  The voltage level required to turn on the output transistor is the same as
      if the active pull-up transistor were not used. This is particularly
      advantageous because it permits the voltage levels of the logic circuit of
      the invention to be compatible with certain other logic circuits not using
      a pull-up transistor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows a schematic drawing of a TTL logic gate of the prior art;
PAR  FIG. 2 shows a schematic drawing of a TTL logic gate of the prior art which
      includes a pull-up transistor; and
PAR  FIG. 3 shows a schematic drawing of a TTL logic gate in accordance with
      this invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  Logic circuits of the prior art are shown in FIGS. 1 and 2. The preferred
      embodiment of the present invention is shown in FIG. 3. All the circuits
      include an input transistor and an output transistor.
PAR  FIG. 1 illustrates a typical transistor-transistor logic (TTL) gate circuit
      the operation of which is described in detail in the cited Pedersen
      patent. Each of the emitters of an input transistor 11 is connected to a
      different respective input node. The base of input transistor 11 is
      connected through a series combination of resistors 16 and 17 to a voltage
      source, V. A resistor 18 is connected between the base and collector of
      input transistor 11. A diode 19 is connected between the collector of
      input transistor 11 and a node between resistors 16 and 17. As is known,
      the combination of resistor 18 and diode 19 is used advantageously to
      limit the inverse current flowing in input transistor 11. The base of an
      output transistor 12 is connected to the collector of input transistor 11.
      The collector of output transistor 12 is directly connected to an output
      node and, in addition, is connected to the source V via a resistor 13. The
      emitter of the output transistor is connected to ground.
PAR  Input signals applied to the input nodes of FIG. 1 control the ON-OFF
      condition of input transistor 11. In turn, input transistor 11 is used to
      control the ON-OFF condition of output transistor 12. More particularly,
      when a logical ZERO is applied to any of the emitters of input transistor
      11 the base-emiter junction of transistor 11 is forward-biased. For
      example, a logical ZERO may be represented by a O V potential level and
      the source voltage may be 3 V. Typically, transistor 11 is then conducting
      and there is a voltage drop between the emitter and collector of about 0.2
      V. Hence, the voltage of the collector of transistor 11 is about 0.2 V.
      Output transistor 12 is OFF because it requires about 0.7 V applied to the
      base of the transistor to turn it ON.
PAR  When a logical ONE is applied to each of the emitters of input transistor
      11, the potential level of the collector of transistor 11 rises. As the
      potential level rises through 0.7 V there is sufficient voltage to turn ON
      output transistor 12. Advantageously, this threshold voltage is about
      midway between the potential levels representing a logical ONE and a
      logical ZERO.
PAR  When output transistor 12 is OFF, the output node connected to the
      collector of transistor 12 is at its high level or logical ONE level. When
      output transistor 12 is ON, the output node is at its low or logical ZERO
      level. When output transistor 12 is switching OFF, any output capacitance
      must be charged through resistor 13 connected between the voltage source V
      and the output node. Accordingly, the switching speed of the circuit is
      limited by the RC time constant of the output capacitance and resistor 13.
PAR  It is known that the charging time of the output capacitance can be reduced
      by clamping the output with a series combination of a diode 14 and a
      resistor 15 in parallel with the output. In effect, this reduces the
      voltage magnitude to which the output capacitance must charge before the
      alternate path including diode 14 and resistor 15 conducts. As a result,
      the switching time is reduced. However, this solution is not entirely
      satisfactory. The output voltage is reduced and, as indicated above, the
      noise margin is also reduced.
PAR  FIG. 2 shows a prior art configuration which reduces the RC time constant
      for the output capacitance of the circuit shown in FIG. 1. A pull-up
      transistor 23 has been inserted into the logical gate configuration and
      replaces resistor 13 as shown in FIG. 1. The emitter of pull-up transistor
      23 is connected to an output node. The base of pull-up transistor 23 is
      connected to a voltage source V through a resistor 26. A resistor 25 is
      connected between the collector of transistor 23 and the voltage source V.
      As in FIG. 1, there is an output transistor 22 having the collector
      connected to the output node and the emitter connected to ground.
PAR  Additionally, a phase splitting transistor 24 is connected to switch
      transistors 23 and 22. The emitter of phase splitting transistor 24 is
      connected to the base of output transistor 22 and to ground through a
      resistor 28. The collector of phase splitting transistor 24 is connected
      to the base of pull-up transistor 23. The base of phase splitting
      transistor 24 is connected to the collector of input transistor 21. The
      base of input transistor 21 is connected through a resistor 27 to the
      voltage source, V. The emitters of input transistor 21 are each connected
      to a different respective input node. In operation, when transistor 23 is
      ON, transistor 22 is OFF; when transistor 22 is ON, transistor 23 is OFF.
PAR  The circuit of FIG. 2 has increased switching speed compared to the circuit
      of FIG. 1. When output transistor 22 is switching OFF, the output
      capacitance can be charged through pull-up transistor 23 and resistor 25.
      Resistor 25 can be significantly smaller in magnitude than resistor 13 of
      FIG. 1. For example, resistor 25 can be about 20 to 50 ohms while a
      typical value for resistor 13 is about 2,000 ohms. Accordingly, the
      resistance of a path for charging the output capacitance is substantially
      less. As a result, the RC time constant of the charging of the output
      capacitance is reduced. This improves switching time.
PAR  The alternate switching of transistors 22 and 23 is controlled by phase
      splitting transistor 24. More specifically, inputs applied to the emitters
      of input transistor 21 determine the voltage on the collector of the input
      transistor and, in turn, the signal applied to the base of phase splitting
      transistor 24. When phase splitting transistor 24 is ON, the base of
      transistor 22 is at its high state and the base of transistor 23 is at its
      low state. Conversely, when transistor 24 is OFF, the base of transistor
      22 is at its low state and the base of transistor 23 is at its high state.
PAR  A result of adding phase splitting transistor 24 to the circuit is that the
      threshold input voltage level which must be applied to input transistor 21
      to turn ON phase splitting transistor 24 and then output transistor 22
      must be increased over the level required by the circuit of FIG. 1. As
      noted, the threshold input voltage of FIG. 1 must be sufficient to provide
      a voltage of 0.7 V at the collector of the input transistor. In contrast,
      the threshold input voltage of FIG. 2 must be sufficient to provide a
      voltage twice that, i.e., about 1.4 V, at the collector of the input
      transistor. This is because the voltage at the collector of input
      transistor 21 must be sufficient to provide for the base-emitter voltage
      drops of both transistor 24 and transistor 22.
PAR  If the same high-level noise margins are to be maintained for the circuit
      of FIG. 2 as those for the circuit of FIG. 1, the voltage representing a
      logical ONE must be increased. As a result, a logical ONE output from the
      circuit of FIG. 1 could not be used as a logical ONE input for the circuit
      of FIG. 2. There are occasions when it is desirable to have improved
      switching while maintaining the logical ONE potential level of the circuit
      of FIG. 1.
PAR  Further, because of the higher voltage requirements, the circuit of FIG. 2
      typically has a voltage supply of greater magnitude than that of FIG. 1.
      For example, a typical voltage supply for a circuit in accordance with
      FIG. 1 is 3 volts. A typical voltage supply for a circuit in accordance
      with FIG. 2 is 5 volts. It can be appreciated that it is often desirable
      to be able to use the same power supply for all logic circuits in a given
      application.
PAR  FIG. 3 shows a circuit in accordance with this invention. An input
      transistor 31 can have multiple emitters each connected to a different
      respective input node. An output transistor 32 has an emitter connected to
      ground, a base connected to the collector of input transistor 31, and a
      collector connected to an output node. An inverter transistor 35 has an
      emitter connected to ground, a base connected to the collector of input
      transistor 31 and a collector. Advantageously, both transistor 32 and
      transistor 35 are Schottky clamped. A pull-up transistor 33 has an emitter
      connected to the output node, a base connected to the collector of
      inverter transistor 35 and a collector. A voltage source V is connected
      through a resistor 36 to the collector of transistor 33, through a
      resistor 37 to the collector of transistor 35, and through a serial
      combination of resistors 38 and 39 to the base of input transistor 31.
      Also, a by-pass resistor 40 is connected between the base and collector of
      input transistor 31. Further, a by-pass diode 41 is connected between the
      collector of input transistor 31 and a node between resistors 38 and 39.
PAR  In operation, input signals representing logical information are applied to
      the input nodes. When any of the applied input signals is a logical ZERO,
      there is a relatively low voltage at the collector of input transistor 31
      which is insufficient to turn on output transistor 32. Similarly, this low
      voltage is insufficient to turn on inverter transistor 35. Since
      transistor 35 is off, the base of pull-up transistor 33 is isolated from
      ground and the voltage supplied to the base of pull-up transistor 33 from
      voltage source V is sufficient to turn on pull-up transistor 33. With
      transistor 33 ON, a voltage from voltage source V is applied to the output
      node. This voltage represents a logical ONE.
PAR  When all of the inputs applied to the input nodes are a logical ONE, the
      voltage at the collector of input transistor 31 is sufficient to turn on
      output transistor 32 and inverter transistor 35. With transistor 35
      conducting, the base of pull-up transistor 33 is essentially connected to
      ground and transistor 33 is OFF. Accordingly, the output node is isolated
      from voltage source V by nonconducting transistor 33 and is connected to
      ground through conducting transistor 32. This represents a low voltage or
      a logical ZERO.
PAR  It can be appreciated that when output transistor 32 is switched OFF, any
      output capacitance can be charged through a conducting path including
      pull-up transistor 33. As with resistor 25 of FIG. 2, resistor 36 is in
      this path and can be substantially less than the resistor 13 of FIG. 1.
PAR  However, unlike the logic circuit shown in FIG. 2, this advantage has been
      obtained without increasing the input threshold voltage needed to switch
      output transistor 32. That is, as in the logic circuit of FIG. 1, the base
      of output transistor 32 is directly connected to the collector of input
      transistor 31. Therefore, the input threshold voltage must be sufficient
      to provide at the collector of the input transistor a voltage equal to one
      base-emitter drop, or about 0.7 V. As indicated above, since the input
      threshold voltage is not changed, the potential level representing a
      logical ONE need not be changed to maintain the same high-level noise
      margin. Further, this means that the power supply for the circuits of FIG.
      1 and FIG. 3 can be the same. As a result, there is provided a logic
      circuit with improved speed which, nevertheless, is compatible with the
      input voltage levels of logic circuits without a pull-up transistor, such
      as that shown in FIG. 1.
PAR  A typical magnitude for the power supply of FIG. 3 is 3 volts. Illustrative
      voltage levels are 0.25 volts to represent a logical ZERO and 2.3 volts to
      represent a logical ONE. Examples of resistor values are: resistor 36 =
      100 ohms, resistor 37 = 500 ohms, resistor 38 = 1000 ohms, resistor 39 =
      200 ohms, and resistor 40 = 800 ohms.
PAR  Various other modifications and variations will no doubt occur to those
      skilled in the various arts to which this invention pertains. All such
      variations which basically rely on the teachings through which this
      description has advanced the art are properly considered within the scope
      of this invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A logic gate comprising:
PA1  an input transistor having a base terminal, a collector terminal and at
      least one emitter terminal connected to an input node,
PA1  an output transistor having an emitter terminal adapted to be connected to
      ground, a base terminal connected directly to the collector terminal of
      the input transistor and a collector terminal connected to an output node,
PA1  an inverter transistor having an emitter terminal adapted to be connected
      to ground, a base terminal connected directly to the collector terminal of
      the input transistor and a collector terminal, and
PA1  a pull-up transistor having an emitter terminal connected to the output
      node, a base terminal connected to the collector terminal of the inverter
      transistor and a collector terminal.
NUM  2.
PAR  2. A logic gate as recited in claim 1 wherein said input transistor
      includes multiple emitters each connected to a different respective input
      node.
NUM  3.
PAR  3. A logic gate as recited in claim 2 further comprising:
PA1  a series combination of a first and second resistor connected to the base
      of the input transistor,
PA1  a third resistor connected to the collector of the inverter transistor,
PA1  a fourth resistor connected to the collector of the pull-up transistor,
PA1  a fifth resistor connected between the base of the input transistor and the
      collector of the input transistor, and
PA1  a diode connected between the collector of the input transistor and an
      intermediate node between the first and second resistors.
NUM  4.
PAR  4. A logic gate as recited in claim 3 wherein:
PA1  the first resistor is about 1,000 ohms,
PA1  the second resistor is about 200 ohms,
PA1  the third resistor is about 500 ohms,
PA1  the fourth resistor is about 100 ohms, and
PA1  the fifth resistor is about 800 ohms.
NUM  5.
PAR  5. A logic gate as recited in claim 4 further comprising a source of D.C.
      potential connected to the base terminal of the input transistor through
      the series combination, the collector terminal of the inverter transistor
      through the third resistor, and the collector terminal of the pull-up
      transistor through the fourth resistor.
NUM  6.
PAR  6. A logic gate as recited in claim 5 wherein the source of D.C. potential
      has a magnitude of about 3 volts.
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ABST
PAL  An improved switching means is provided in a loudspeaker system, which
      includes a power amplifier of direct coupled type having no output
      condensor to deliver an audio-frequency current to the loudspeaker, to
      eliminate undesirable effects by rapidly breaking an electrical connection
      between the power amplifier and the loudspeaker upon cutting off an a.c.
      power source. The switching means comprises circuitry having a remarkably
      short "time constant" compared with another circuitry provided outside the
      switching means but within the loudspeaker system, so that the
      above-mentioned rapid breaking is accomplished.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a switching circuit and particularly to
      a switching circuit for rapidly breaking an electrical connection between
      a power amplifier and a loudspeaker upon cutting off an a-c power source.
PAR  Various amplifiers of direct-coupled type having no output condensor find
      extensive use in audio-frequency power amplifiers and other applications.
      In such audio-frequency power amplifiers, there is sometimes employed an
      a-c power source, from which a suitable d-c power is obtained through
      rectifying and filtering means and then fed to the amplifier. However, in
      the above case of making use of the a-c power source, some disadvantages
      are encountered as described below. When the a-c power supply is cut off,
      there is unwanted noise from a loudspeaker connected to the amplifier,
      which is generated by a direct voltage arising from an unbalance of direct
      current in the amplifier. Furthermore, when conditions are at the worst,
      there is a fear that the loudspeaker suffers irrecoverably from the
      excessive direct current flowing through its voice coil due to the
      above-mentioned unbalance. Therefore, there have heretofore developed
      several protecting circuits of the loudspeaker from such undesirable
      conditions. Each of the prior art for the purpose gain success in
      preventing the loudspeaker from being destroyed, whereas it is not
      sufficient to eliminate the noise from the loudspeaker, in that it can not
      respond quick to the cut-off of the a-c power source.
PAC  SUMMARY OF THE INVENTION
PAR  An object of the present invention, therefore, is to provide an improved
      switching circuit for use with a transistor amplifier of the
      direct-coupled type having no output condensor to rapidly break a
      connection between the power amplifier and a loudspeaker upon cutting off
      an a-c power source, whereby the loudspeaker is prevented from generating
      unwanted noise and being destroyed.
PAR  In the present invention, there is provided an improved switching circuit
      to rapidly break the connection between a power amplifier and a
      loudspeaker upon cutting off an a-c power source. First rectifying means
      is provided for converting a-c voltage to a first rectified d-c voltage.
      First filtering means is connected to the first rectifying means and
      derives the first rectified voltage therefrom for smoothing ripple
      variations thereof and then the first smoothed voltage is supplied to the
      power amplifier. To the first filtering means is connected a relay control
      transistor which is supplied with a first preset potential therefrom to
      remain conductive when the power switch is closed. A relay is connected to
      the relay control transistor and is controlled to make the connection when
      the transistor remains conductive. In relation to the first smoothed
      voltage, its transition time is considerable to decrease below the first
      preset potential upon cutting off the a-c power source. An improved
      switching means is connected to the relay control transistor. The
      switching means includes a circuit with a considerably short "time
      constant" in comparison with the transition time upon cutting off the a-c
      power source. The switching means is arranged to control the first preset
      potential to maintain it constant while the power switch is closed, and on
      the other hand to rapidly decrease the first preset potential upon cutting
      off the a-c power source, which is achieved by the above-mentioned short
      time constant, so that the relay control transistor is rendered
      non-conductive to rapidly break the connection between the amplifier and
      the loudspeaker.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  These and other objects, features and many of the attendant advantages of
      this invention will be appreciated more readily as the same becomes better
      understood by reference to the following detailed description, when
      considered in connection with the accompanying drawings, wherein like
      parts in each of the several figures are identified by the same reference
      characters, and wherein:
PAR  FIG. 1 is a circuit diagram illustrating a switching circuit in accordance
      with the present invention together with a conventional circuit employed
      therewith.
PAR  FIGS. 2 and 3 roughly illustrate waveforms of two kinds of voltages
      appearing in the switching circuit in accordance with the present
      invention for clarity of explanation.
PAR  FIG. 4 is an another circuit diagram of the switching circuit in accordance
      with the present invention, wherein the FIG. 1 circuit is modified so as
      to be employed with an undesirable condition detecting circuit.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Reference is now made to FIGS. 1 through 3. In FIG. 1 there is illustrated
      a switching circuit in accordance with the present invention together with
      a conventional circuit arrangement employed therewith. A primary winding
      5a of a transformer 5 is connected to an a-c power source through a power
      switch 3 for deriving the a-c power therefrom. The transformer 5 is a
      conventional one and a secondary winding 5b thereof is connected to a
      bridge type full-wave rectifier 10, which has four diodes 11, 13, 15 and
      17 in series in a bridge circuit. The alternating voltage is applied to
      one pair of opposite junctions 10a and 10b, and direct voltage is obtained
      from the other pair of junctions 10c and 10d. It is to be noted that the
      rectifier is not restricted to the bridge-type of full-wave rectifier, but
      any other suitable rectifier can be available regardless of full or
      half-wave. The pulsating voltage developed by the rectifier output is fed
      across serially coupled capacitors 19 and 21, which are arranged in
      parallel with respect to the rectifier 10. As seen from the drawing, a
      junction between the capacitors 19 and 21 is grounded. The supplied
      pulsating voltage is smoothed into a steady d-c voltage suitable for
      applying to a power amplifier 61. The capacitors 19 and 21 each has a
      considerably large capacitance, for example, 4700 microfarads, so that it
      is understood that the smoothed voltage has a considerably large
      transition time to become a steady state upon cutting off the power switch
      3. The power amplifier 61, as is explained at the outset, is of
      direct-coupled type having no output capacitor to deliver a voice current
      to a loudspeaker 65 connected thereto. A next stage is a relay-control
      transistor 29, the collector 29c of which is connected through a relay 25
      to a bus line 27 extending from the filter means consisting of the
      capacitors 19 and 21. The relay 25 is provided to make complete a
      connection 67 between the power amplifier 61 and the loudspeaker 65 only
      while energized. The base 29b of the relay-control transistor 29 is
      connected by way of a resistor 23 to the bus line 27 and supplied with a
      preset potential therefrom such that the transistor 29 remains conductive
      while the power switch 3 is closed. It is assumed that a transistor 53,
      which is connected to the base 29b of the transistor 29 by its collector
      53c, is non-conductive while the power switch 3 is closed, so that the
      preset potential appearing at the base 29b is maintained during the closed
      time of the power switch 3. With the circuit arrangement described above,
      that is, the FIG. 1 circuit in the absence of a circuit enclosed by a
      dotted line, provided that the power switch is opened, there is a fear
      that the loudspeaker 65 generates noise or might be damaged upon opening
      the power switch 3 due to the loss of the direct current balance in the
      amplifier 61, which results from the aforementioned large transition time
      of the smoothed voltage due to the capacitors 19 and 21 with such large
      capacitances. However, this undesirable occurrence will be avoided by
      making use of a switching circuit denoted by numeral 2, which operation is
      described hereinafter. An another secondary winding 5c with a center-tap 9
      is connected to a full-wave rectifier 34 consisting of diodes 35 and 37.
      The two diodes alternately supply rectified current to a next stage. The
      next stage is filtering means consisting of a capacitor 39 and a resistor
      41. The capacitance of the capacitor 39 is selected to be relatively
      small, for instance, 1 microfarad, and the resistor 41, for instance, 5.6
      kilohms, so that the time constant thereof is 5.6 milliseconds. Therefore,
      it is concluded that the rectified and filtered voltage would decrease
      rapidly in its value upon opening the power switch 3. Thus filtered
      voltage includes, as natural result, a number of ripple variations therein
      due to the short time constant as roughly shown by character A in FIG. 2,
      so that it must be flattened by suitable means before being fed to a next
      stage. To this end, there is employed in the present embodiment a peak
      clipper or peak limiter which consists of a resistor 43 and a zener diode
      45 coupled in series relationship. The clipper operates in such a manner
      as to prevent positive amplitude of the wave from ever exceeding a value
      set thereby. The clipped voltage is illustrated in FIG. 3, wherein the
      filtered voltage having a waveform denoted by character A in FIG. 2 is
      clipped by the voltage indicated by character B. In this embodiment, the
      zener diode can be replaced by an another suitable voltage limiting
      element. Following, the clipped voltage is fed to the base 49b of a
      transistor 49 through a base resistor 47 such that it remains conductive.
      The collector 49c of the transistor 49 is connected by way of a collector
      resistor 51 to the bus line 27, and also connected directly to the base
      53b of the transistor 53. So long as the power switch is closed, the
      clipped voltage is constantly fed to the base 49b, as a result of the fact
      that the potential of the base 53b is nearly equal to zero because the
      transistor 49 is conductive. Therefore, the transistor 53 is in the state
      of being non-conductive during the closed time of the power switch 3,
      which means that the potential at the base 29b is maintained at the preset
      one as mentioned above in detail. Now, let it be assumed that the power
      switch 3 is caused to open, then the voltage being filtered by the
      capacitor 39 and the resistor 41 is rapidly reduced by its value, and it
      is the same statement for the clipped voltage being fed to the base 49b of
      the transistor 49. Therefore, the transistor 49 is rendered non-conductive
      because of insufficient potential of the base thereof, which operation
      affects to the following transistor 53 in such a manner as to render it
      conductive by feeding suitable base potential, then the base 29b is
      virtually forced to be connected to ground, thus resulting in making
      quickly non-conductive the transistor 29. It is to be noted in this
      connection that the voltage appearing on the bus line 27 decreases slowly
      due to the large transition time as mentioned above. Consequently, the
      relay 25 breaks rapidly the connection between the power amplifier 61 and
      the loudspeaker 65 by being de-energized.
PAR  The present invention have been explained in connection with the circuit
      having the transformer. However, it is to be noted that the transformer 5
      is not necessarily needed to lower a-c power voltage to a desired value
      and therefore the invention is not restricted to the FIG. 1 circuit with
      the transformer 5. When employed is the circuit with no transformer, the
      full-wave rectifiers, 10 and 34, should be replaced with half-wave
      rectifiers, respectively.
PAR  In FIG. 4, there is illustrated a modification of the FIG. 1 circuit,
      wherein like parts are identified by the same reference characters and the
      explanation of the operations thereof will be omitted for the sake of
      simplicity.
PAR  According to the circuit arrangement of FIG. 4, the switching circuit
      described in connection with FIGS. 1 through 3 can be combined, by adding
      a few parts thereto, with detecting means responsive to unwanted
      occurrence in the direct-coupled amplifier with no output condenser, such
      as unbalanced direct voltages appearing therein. The differential
      amplifier 87 is connected to and derives the unbalanced voltage from the
      amplifier 61, and then derives its output proportional to the voltage to
      the base of a transistor 85, which in turn is rendered conductive on the
      condition that the supplied voltage thereto exceeds a predetermined value.
      The base 53b of the transistor 53 is connected through a resistor 83 and
      the transistor 85 to the bus line 27, while the cathode of a diode 81 is
      also connected to the base 53b and the anode thereof to the collector 49c,
      so that the potential of the base 53b can be elevated to the
      above-mentioned preset value sufficient to render conductive the
      transistor 53 because the diode 81 serves to prevent the collector current
      of the transistor 85 from flowing into the collector 49c. As described in
      connection with FIG. 1, the transistor 53 remains non-conductive while the
      power switch 3 is closed with the result that the relay 29 is energized to
      make complete the connection between the power amplifier 61 and the
      loudspeaker 65. However, it is understood from the above that the
      occurrence of the unbalance voltage in the direct-coupled power amplifier
      causes the connection to break instantly even while the power switch 3 is
      closed, so that the loudspeaker 65 can be protected against excessive
      direct current flowing therethrough. Furthermore, the current-blocking
      diode 81 is arranged as described above, the FIG. 4 circuit can achieve
      the same operation as the embodiment of FIG. 1 upon opening the power
      switch 3.
PAR  The present invention has been described in connection with certain
      preferred embodiment however, it is appreciated that various changes may
      be made in the various components and circuits without departing from the
      intended spirit and scope of the present invention as defined by the
      appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In combination with a power amplifier having a loudspeaker, an a-c power
      source connected for supplying power to said power amplifier, including a
      power switch, a switching circuit for breaking a connection between a
      power amplifier and a loudspeaker upon cutting off an a-c power source by
      opening said power switch, which includes:
PA1  first rectifying means provided for converting a-c voltage received from
      said power source to a first rectified d-c voltage,
PA1  first filtering means connected to said first rectifying means and deriving
      said first rectified voltage therefrom for smoothing ripple variations
      thereof, to develop a first smoothed voltage, means supplying the first
      smoothed voltage to said power amplifier,
PA1  a relay control transistor connected to said first filtering means and
      supplied with a first preset potential therefrom to maintain the relay
      control transistor conductive when said power switch is closed, a relay
      connected to said relay control transistor controlled to make the
      connection when the relay control transistor remains conductive, the
      transition time being considerable for said first smoothed voltage to
      decrease below said first preset potential upon cutting off said a-c power
      source,
PA1  the improvement comprising:
PA1  switching means connected to said relay control transistor, said switching
      means including a circuit having means with a considerably short time
      constant in comparison with said transition time upon cutting off said a-c
      power source by opening of said power switch, said switching means having
      means controlling said first preset potential to maintain it constant
      while said power switch is closed and to rapidly reduce said first preset
      potential upon cutting off said a-c power source, which is achieved by
      said short time constant, including means rendering said relay control
      transistor non-conductive to rapidly break said connection between said
      amplifier and said loudspeaker by de-energizing of said relay.
NUM  2.
PAR  2. The combination claimed in claim 1, wherein said switching means further
      comprises:
PA1  second rectifying means for converting the a-c voltage received from said
      power source to a second rectified d-c voltage,
PA1  second filtering means connected to said second rectifying means and
      deriving the second rectified voltage therefrom for smoothing ripple
      variations thereof, said second filtering means including said circuit
      with said short time constant,
PA1  clipping means connected to and derived from said second filtering means
      the second smoothed voltage for flattening it by clipping a voltage
      portion in excess of a present value,
PA1  control means connected to said clipping means for deriving the clipped
      voltage, means connecting said control means to said relay control
      transistor and controlling said first preset potential such that said
      relay control transistor remains conductive only when said clipped voltage
      is supplied to said control means.
NUM  3.
PAR  3. The combination claimed in claim 2, wherein said second filtering means
      consists of a resistor-capacitor circuit.
NUM  4.
PAR  4. The combination claimed in claim 2, wherein said clipping means consists
      of a resistor and a voltage limiting element.
NUM  5.
PAR  5. The combination claimed in claim 2, wherein said control means
      comprises:
PA1  a first transistor and a second transistor, means connecting the base of
      said first transistor to said clipping means, means connecting the
      collector thereof to the base of said second transistor, and means
      connecting the collector of said second transistor to said base of said
      relay control transistor.
NUM  6.
PAR  6. The combination claimed in claim 5, including a bus line and said
      switching means further comprises:
PA1  a sensing transistor, detecting means, a diode connected between the
      collector of said first transistor and the base of said second transistor
      for preventing a current flowing from said sensing transistor to said
      collector of said first transistor, means connecting said sensing
      transistor between said diode and the bus line extending from said first
      filtering means and base therefore connected to said detecting means in
      order to derive its output, said sensing transistor being rendered
      conductive upon said output exceeding a predetermined potential.
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PAL  Insulated gate-type field effect transistors used in capacitive memory
      circuits and having protective diodes for protecting the insulating films
      below the gate electrodes from electrical breakdown, in which parasitic
      transistor action which might be caused by minority carriers injected into
      semiconductor substrates by noise signals applied to the protective diodes
      are eliminated by means for suppressing the injection of minority carriers
      or by means for preventing injected minority carriers from reaching the
      drain regions of the field effect transistors.
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PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to improved semiconductor devices and more
      particularly to improved integrated devices which include insulated
      gate-type field effect transistors and protective diodes for protecting
      the insulating films between the gate electrodes of the field effect
      transistors and the semiconductor bodies from electrical breakdown.
PAR  2. Description of the Prior Art
PAR  In general, since the gate G1 of an insulated gate-type field effect
      transistor Q1 as shown in FIG. 1 has a high capacitive input impedance, a
      very small amount of electric charge accumulated on the gate G1 induces a
      high voltage and sometimes causes the insulating film (usually silicon
      dioxide) between the gate G1 and semiconductor substrate 1 to break down.
      Therefore, it has been proposed that a protective diode be formed, i.e. a
      zener diode, integrally in the semiconductor body 1 and that the diode be
      connected in parallel with the gate G1 as shown in FIG. 1. It has been
      believed that the protective diode could prevent the insulating film from
      breakdown without interfering with the characteristics of the field effect
      transistor.
PAR  According to investigation, however, it has been revealed that since the PN
      junction J.sub.R of the diode is biased in the forward direction by noise
      pulses e.sub.N, a bipolar transistor is formed by the region 2 (as an
      emitter), the substrate 1 (as a base) and the drain region D1 of the field
      effect transistor Q1 (as a collector) since the junction J.sub.D1 is
      usually biased in the backward direction. Minority carriers injected into
      the substrate 1 from the diode region 2 diffuse in the substrate 1 and
      reach the drain region D1, as shown by the broken line arrow in FIG. 1.
      The emitter common current amplifier factor .beta. of this transistor
      structure is in the order of 10.sup.-.sup.3 to 10.sup.-.sup.4 . This
      factor of the transistor structure is much smaller than those of usual
      bipolar transistors (in the order of several tens to several hundreds).
      Therefore, the parasitic bipolar transistor seems to be of negligible
      value because of the extremely small current amplifier factor.
PAR  When an insulated gate-type field effect transistor having a protective
      diode is used as a control switch for storing an information signal or an
      input signal in a memory element having very small capacitance, the
      parasitic bipolar transistor, according to our study, cannot be neglected
      even if the current amplifier factor .beta. is extremely small as
      aforementioned. For example, in a semiconductor integrated circuit, such
      as a dynamic shift register, as shown in FIG. 2, the capacitive memory
      element C represents the capacitance between the drain D1 of the insulated
      gate-type field effect transistor Q1 and the semiconductor substrate 1,
      the capacitance between the gate G2 of the insulated gate-type field
      effect transistor Q2 and the semiconductor substrate 1, the distributed
      capacitance existing between the drain D1 of the transistor Q1 and the
      gate G2 of the transistor Q2, etc. which capacitance is very small, for
      example, several pF. This capacitor C stores an information signal
      V.sub.IN applied to the input terminal I.sub.1. In other words, as shown
      in FIGS. 3a to 3c when clock pulse V.sub.CP is at voltage level -E.sub.2,
      the transistor Q1 turns to its ON-state and the "1" or unit level voltage
      (i.e. the voltage -E.sub.1) of the information signal V.sub.IN is stored
      in the capacitor C. Thereafter, the capacitor C holds the "1" level
      voltage regardless of the V.sub.IN signal until the voltage -E.sub.2 of
      clock pulse V.sub.CP is again applied to the transistor Q1 after the zero
      voltage of V.sub.CP once returns the transistor Q1 to its OFF-state.
PAR  Since the zero voltage level part of the pulse V.sub.CP, however, often
      includes a noise signal e.sub.N which comprises high frequency components
      of fairly large amplitude, as shown in FIG. 3a, the diode Rec 1 is biased
      in the forward polarity by the noise signal e.sub.N. Only in this instant,
      a parasitic bipolar transistor Q3 is established, the collector current
      i.sub.C flows through the transistor Q3 and the capacitor C in spite of
      the OFF-state of the transistor Q1. Therefore the stored charge in the
      capacitor C discharges. Especially in such a memory circuit device as that
      which uses a capacitive memory element of very little capacitance an
      extremely small amount of collector current i.sub.C of the parasitic
      transistor Q3 causes the charge stored in the capacitor C to be reduced
      considerably since the amount of the stored charge is very small, and it
      results in misoperation of the memory circuit device.
PAR  The curves 9, 18, 25, 37 and 47 in FIGS. 7, 11, 19, 24 and 28 show the
      minimum operating frequency v. noise signal level e.sub.N characteristics
      of the circuitry (a half bit dynamic shift register) as shown in FIG. 2,
      in which the minimum operating frequency f.sub.C is the frequency below
      which the wave form of the output signal V.sub.OUT is deformed by noise
      signals, as shown by broken lines in FIG. 3c, provided that in the
      relationship as shown in FIGS. 3a to 3c the frequency of the information
      signal V.sub.IN equals one half of the frequency of the clock pulse
      V.sub.CP and the duty cycle of the information signal V.sub.IN is 0.5. The
      lower the minimum operating frequency, the more effective is the memory
      function of the capacitive element C
PAR  It can be read from curve 9 in FIG. 7 that when the noise signal level
      e.sub.N becomes over 0.5 volt the memory function is reduced. The lowering
      of the memory function causes trouble especially when a dynamic shift
      register is formed by connecting in series a plurality of unit circuits as
      shown in FIG. 2. Curves 7, 12, 23, 33 and 45 in FIGS. 6, 10, 18, 23 and 27
      show the minimum operating frequency f.sub.c v. noise signal level e.sub.N
      characteristics of a 16 bit dynamic shift register composed of circuit
      devices as shown in FIG. 2. It can be seen from curve 7 in FIG. 6 that the
      minimum operating frequency f.sub.C goes up especially in dynamic shift
      registers of many bits and the operating frequency in the low frequency
      region is restricted by noise signals when noise signal levels become over
      0.5 volt.
PAC  SUMMARY OF THE INVENTION
PAR  One of the principal objects of this invention is to provide improved
      insulated gate-type field effect devices having protective diode elements
      in which a misoperation based on the parasitic transistors caused by noise
      signals which bias the PN junctions of the diodes in the forward polarity
      is eliminated.
PAR  Another object is to provide improved devices such as shift registers using
      insulated gate-type field effect transistors having protective diode
      elements in which the minimum operating frequency under a large noise
      signal level is so improved or lowered that driving of the devices by low
      frequency clock pulses can be done regardless of noise levels.
PAR  A further object of this invention is to provide improved integrated
      circuit devices free from misoperation caused by noise signals.
PAR  Other objects and advantages of the invention will be apparent during the
      course of the following description.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross-sectional view of a field effect device according to the
      prior art,
PAR  FIG. 2 is a schematic circuit diagram of an integrated semiconductor device
      used in a dynamic shift register according to the prior art,
PAR  FIGS. 3a to 3c are waveform diagrams of clock pulses, input signals and
      output signals for the dynamic shift register,
PAR  FIG. 4a is a schematic circuit diagram including a cross-sectional view
      illustrating one embodiment according to the invention,
PAR  FIG. 4b is a schematic circuit diagram illustrating one variation of the
      embodiment shown in FIG. 4a,
PAR  FIG. 5 is a graph showing forward current v. forward voltage curves for
      diodes usable in the invention,
PAR  FIGS. 6, 7, 10, 11, 18, 19, 23, 24, 27 and 28 are graphs showing minimum
      operating frequency v. noise signal level curves for the circuit devices
      according to the invention,
PAR  FIGS. 8, 9, 12 and 13 are schematic circuit diagrams of another embodiment
      and its variations according to the invention,
PAR  FIGS. 14a and 14b are graphs showing diode input current v. noise signal
      level curves for the circuit devices as shown in FIGS. 8, 9, 12 and 13,
PAR  FIGS. 15, 16, 17a and 17b are schematic circuit diagrams of a further
      embodiment and its variations according to the invention,
PAR  FIGS. 20a to 20d are waveform diagrams of clock pulses, input signals and
      output signals for the circuit devices shown in FIGS. 15, 16 and 17,
PAR  FIGS. 21a to 21e are cross-sectional views of a further embodiment and its
      variations according to the invention,
PAR  FIGS. 22a and 22b are equivalent circuit diagrams for the integrated
      semiconductor circuit shown in FIG. 21a,
PAR  FIGS. 25a, 26a and 26b are cross-sectional views of a further embodiment
      and its variations according to the invention, and
PAR  FIG. 25b is a cross-sectional view of a part of the integrated circuit
      shown in FIG. 25a illustrating the operation thereof.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAC  EXAMPLE 1
PAR  This embodiment is characterized mainly in that an auxiliary protective
      diode is connected in parallel with the protective diode Rec 1 which is
      formed integrally in a semiconductor body in which the insulated gate-type
      field effect transistor Q1 is formed and that the auxiliary protective
      diode is formed in another semiconductor body separated or composed
      independently from the semiconductor body which includes said transistor
      Q1 and the diode Rec 1. Therefore, since the protective diode Rec 1 is
      formed integrally in a common semiconductor substrate with the field
      effect transistor Q1, the insulating film below the gate electrode is
      protected by the diode Rec 1 from breakdown thereof until the combination
      is assembled in a circuit system, and also, after assembling the auxiliary
      diode into the circuit system, the insulating film below the gate
      electrode is protected from the breakdown by either the protective diode
      Rec 1 or the auxiliary diode Rec2. Furthermore, if the protective diode
      Rec 1 is biased in the forward direction by noise signals the equivalent
      collector current of the parasitic transistor is considerably reduced
      since the auxiliary diode Rec2 shunts the noise signal current, and
      therefore the memory function of the capacitive element C is effectively
      retained.
PAR  Referring now to FIG. 4a, transistors Q1 and Q2, and a protective diode Rec
      1 are constructed integrally in a semiconductor substrate 1 which may be
      of any of the semiconductor materials used to prepare transistors in the
      semiconductor art. For example, the substrate 1 may be a single crystal of
      N-type silicon of few .OMEGA. cm material.
PAR  In the manufacture of an integrated circuit device shown in FIG. 4a, a
      silicon oxide layer 3 of, for example, 6000 A thickness is formed on the
      surface of the silicon substrate 1 by heating the substrate 1 in an
      oxidizing atmosphere. By means of a photo-resist and acid etching, or
      other suitable technique, the silicon oxide 3 is removed to make holes
      which correspond to the surface portions at which a drain D2 and a source
      S2 of the transistor Q2, a drain D1 and a source S1 of the transistor Q1,
      and one region 2 of the diode Rec 1 are to be formed, respectively. The
      silicon oxide layer 3 is left intact over the other surface areas of the
      substrate 1.
PAR  By a common diffusing method an impurity determining the P conductivity
      type, for example, boron is then introduced into the semiconductor
      substrate 1 though the holes in the silicon oxide layer 3 to prepare the
      p-type regions 2, S1, D1, S2 and D2. PN junctions J.sub.R, J.sub.S1,
      J.sub.D1, J.sub.S2 and J.sub.D2 are also formed between P-type regions 2,
      S1, D1, S2 and D2 and the N-type common substrate 1, respectively. Since
      the diffusion of impurities are usually performed in an oxidizing
      atmosphere, the surface of the substrate 1 in the holes is again covered
      with silicon oxide during the diffusion.
PAR  By means of another photo-resist and acid etching or the like step, the
      silicon oxide layer 3 is made thin, for example, to a thickness of 1,500 A
      where gate electrodes G1 and G2 are to be formed, and also the silicon
      oxide layer 3 is removed to make holes reaching to the regions 2, S1, D1,
      S2, D2 and the surface part of the substrate 1 in the vicinity of the
      region S2.
PAR  Electrodes are formed for the regions 2, S1, D1, S2, D2, gates G1 and G2,
      and substrate 1, as shown in FIG. 4, by means of evaporation of metal, for
      example, aluminum and common photo engraving technique. The region 2 and
      the gate G1, and also the drain region D1 and the gate G2, may be
      connected by respective metal layers disposed on the oxide layer 3. And
      also, as shown in FIG. 4a, an electrode 4 for the substrate 1 and the
      source region S2 are connected with a common reference potential. The
      drain region D2 is connected to a source V.sub.CC through load resistance
      R.sub.L. The capacitor C includes the capacitance between the drain region
      D1 and the substrate 1, the capacitance between the gate G2 and the
      substrate 1, and the distributed capacitance of the wiring between the
      drain D1 and gate G2.
PAR  The diode Rec2 according to the invention is then connected in parallel
      with and in the same direction as the diode Rec 1. When the conductivity
      type of the substrate 1 is N-type as shown in FIG. 4a, the anode A of the
      diode Rec2 is connected with the P-type region 2 and the cathode K of the
      diode Rec2 is connected with the substrate 1 or the reference potential.
      Each region in the diode Rec2 is isolated from the semiconductor substrate
      1 which includes the transistor Q1 and the diode Rec 1. Namely, carriers
      which cause the parasitic transistor to act must be prevented from moving
      from the diode Rec2 to the drain region D1 in the transistor Q1 by certain
      means, for example, an air gap or dielectric insulating material.
PAR  One method of performing the isolation of carriers is to make the diode Rec
      1 independently from the semiconductor substrate 1 and to connect the
      diode Rec 1 electrically with the integrated circuit device including the
      diode Rec1 and the transistor Q1. Another method is to form the diode Rec2
      in a substrate integrally or unitarily with the transistor Q1 and the
      diode Rec 1 with isolating means, such as a silicon dioxide layer,
      interposed therebetween.
PAR  Such a diode, as has a smaller forward voltage for a small current I.sub.FQ
      than that of the diode Rec 1, is chosen as the diode Rec2 as shown in FIG.
      5, where the curve 5 is the I--V characteristic for the diode Rec 1 and
      the curve 6 is the characteristic for the diode Rec2. In this figure
      current I.sub.FQ represents a forward current of the diode Rec 1, above
      which the parasitic transistor structure composed of the drain region D1
      and the region of the diode Rec1 acts effectively as a transistor. The
      forward voltage V.sub.FR is, for example, about 0.5 volt when silicon is
      used as the material for the semiconductor substrate 1. In general as the
      diode Rec 2 a germanium diode may be used which has a forward voltage
      about half as much as that of a silicon diode since a silicon substrate is
      usually used as the semiconductor substrate 1.
PAR  On the other hand the backward breakdown voltage for the diode Rec 2 may be
      larger than that of the diode Rec1. Where silicon dioxide SiO.sub.2 is
      used as the material for the insulating film 3 below the gate electrode,
      the breakdown voltage of the diode Rec2 may be several tens of volts, for
      example, 50 volts or more since the breakdown voltage of the diode Rec 1
      is usually determined to a value of several tens of volts, for example, 50
      volts which is lower than the breakdown voltage of the insulating film 3
      below the gate electrode G1.
PAR  Furthermore, it is desirable for the diode Rec 2 to have a steeper rising
      I-V characteristic in the forward direction than that of the diode Rec 2.
PAR  The operation of the circuit shown in FIG. 4a under the condition of the
      diode Rec 2 described hereinabove is as follows: Now, assume that such
      signal voltages V.sub.CP and V.sub.IN as shown in FIGS. 3a and 3b are
      applied to the clock pulse input terminal I.sub.2 and the information
      signal input terminal I.sub.1, respectively. When a negative clock pulse
      signal V.sub.CP having a peak value of E.sub.2, for example, 23V is
      applied to the terminal I.sub.2 during the time between t.sub.1 and
      t.sub.2 as shown in FIG. 3a, the voltage E.sub.2 is applied to the gate G1
      of the transistor Q1 since the diodes Rec 1 and Rec2 have breakdown
      voltages larger than the pulse signal voltage E.sub.2. Since the voltage
      E.sub.2 applied to the gate G1 turns on the channel between the source S1
      and the drain D1 of the transistor Q1, the information signal V.sub.IN is
      applied to the capacitive element C and the "1" or unit level E.sub.1, for
      example 12V, of the information signal V.sub.IN is stored in the
      capacitive element C.
PAR  The transistor Q1 is then turned off during the time between t.sub.2 and
      t.sub.3. During this time undesirable noise signals e.sub.N, which
      includes voltage components of the positive polarity, may be applied to
      the terminal I.sub.2. According to the invention, however, since the noise
      signal voltage is clamped to a value corresponding to a the current
      voltage of the diode Rec 2 lower than the forward voltage V.sub.FR of the
      diode Rec 1, the emitter current of the parasitic bipolar transistor is
      reduced to a value which is substantially negligible and the undesirable
      noise signal current i.sub.N is shunted through the auxiliary diode Rec 2
      as a current i.sub.B. Furthermore, since the body of the diode Rec 2 is
      separated or isolated from the semiconductor substrate 1, the current
      i.sub.B does not contribute injected emitter carriers for the parasitic
      bipolar transistor. As a result, the equivalent collector current i.sub.C
      of the parasitic bipolar transistor, namely the current discharging the
      charged voltage in the capacitive element C, becomes substantially zero.
      Accordingly, a discharge of the stored voltage E.sub.1 in the capacitor C
      does not occur during the time from t.sub.2 to t.sub.3. In other words,
      the capacitor C retains the voltage E.sub.1 constantly during the time
      from t.sub.2 to t.sub.3 without being disturbed by noise signals e.sub.N.
PAR  When the clock pulse signal v.sub.CP is again applied to the gate G1 and
      the transistor Q1 is turned on during the time from t.sub.3 to t.sub.4,
      the "0" or zero level voltage (zero volt) of the information signal
      V.sub.IN is then stored in the capacitive element C. As a result thereof
      the information signal V.sub.IN as shown in FIG. 3(b) which is applied to
      the input terminal I.sub.1 is converted in the output terminal O of the
      buffer amplifier Q2 to an information signal V.sub.OUT as shown in FIG. 3c
      which synchronizes with the clock pulse signal V.sub.CP.
PAR  Curves 10 and 11 in FIG. 7 show minimum operating frequency v. noise signal
      level characteristics for the devices (half bit dynamic shift registers)
      according to the invention, as shown in FIG. 4a. The curve 10 shows the
      characteristics in the case where a point contact germanium diode (1N60)
      is used as the auxiliary diode Rec2, while the curve 11 shows the case
      where a junction type silicon diode (1S1473) is used as the diode Rec 2.
      As is apparent from FIG. 7, the minimum operating frequency characteristic
      of the devices according to the invention is considerably improved, and
      the characteristics of a 16 bit dynamic shift register according to the
      invention is also improved, as shown by curve 8 in FIG. 6.
PAR  In contrast, the waveform shown by broken lines in FIG. 3c represents a
      state of improper operation for a device according to the prior art, as
      shown in FIG. 2, in which the diode Rec2 according to the invention is not
      connected into the circuit. Namely, when a positive noise signal voltage
      e.sub.N is applied to the device according to the prior art, a discharge
      from the capacitive element C by the collector current of the parasitic
      bipolar transistor results in the improper operation so that V.sub.OUT
      starts to return to the original state (-E.sub.4) from the instant near
      t.sub.2 and the minimum operating frequency characteristic is largely
      influenced by noise signals, as shown by broken line curve 9 in FIG. 7.
PAR  As the auxiliary diode Rec2 according to the invention, a diode having the
      same forward threshold voltage as the protective diode Rec1, can be used
      if the diode to be used as the diode Rec2 has a steeper rising I-V
      characteristic in the forward direction than that of the diode Rec2.
PAR  Furthermore, as materials for the insulating film 3, silicon nitride, oxide
      glasses, aluminum oxide, or silicon oxide deposited from vapor phase can
      be also used instead of the thermally grown silicon oxide in the
      embodiment disclosed hereinabove.
PAR  Considering that the source impedance of noise signal sources is low, an
      appropriate resistance R of several K.OMEGA. may be connected in series
      with the input terminal I.sub.2 for the clock pulses to make the shunting
      function by the diode Rec2 effective, as shown in FIG. 4b.
PAC  EXAMPLE 2
PAR  The gist of this embodiment is to insert an impedance means for dividing
      the noise signal voltage between the input terminal I.sub.2 and a
      connecting point to which the gate electrode G1 of the transistor Q1 and
      one region of the protecting diode Rec 1 are connected, where the
      transistor Q1 and protecting diode Rec 1 are formed as a unitary device in
      a semiconductor substrate and the body of the impedance means is isolated
      from the semiconductor substate. Since, when a voltage including such a
      noise signal component which biases the PN junction of the diode Rec1 in
      the forward direction is applied to the input terminal I.sub.2, the noise
      signal voltage is divided by the impedance means, the forward voltage to
      be applied to the protective diode Rec 1 is considerably reduced.
      Accordingly, as injection of carriers to the semiconductor substrate is
      suppressed and collector current of the parasitic bipolar transistor is
      also suppressed, the memory function of the capactive element C is
      effectively retained.
PAR  In FIG. 8, the insulated gate-type field effect transistors Q1 and Q2 and
      the protective diode Rec 1 are formed integrally in a semiconductor
      substrate in the same manner as described in Example 1 and as shown in
      FIG. 4a.
PAR  The impedance Z1, according to the invention, is connected to a junction
      point of the gate G1 of the transistor Q1 and one terminal (region 2 shown
      in FIG. 4a) of the diode Rec1. Although two diodes are shown as the
      impedance Z1 in FIG. 8, the number of diodes forming the impedance Z1 is
      not limited to two. Any number of diodes can be used for the impedance Z1
      according to circumstances. The diodes forming the impedance Z1 are
      connected in a polarity opposite to that of the protective diode Rec1. In
      FIG. 8 since a P type channel field effect transistor is used as the
      transistor Q1 and the anode (region 2 shown in FIG. 4a) of the diode Rec 1
      is connected with the gate G1, the anode A of the diode impedance Z1 is
      connected with the junction point of the gate G1 and region 2, shown in
      FIG. 4a, of the diode Rec1, while cathode K of the diode impedance Z1 is
      connected with the input terminal to the clock pulse V.sub.CP.
PAR  The operation of the circuit device shown in FIG. 8 when signal voltages
      V.sub.CP and V.sub.IN as shown in FIGS. 3a and 3b are applied to the input
      terminals I.sub.2 and I.sub.1, respectively, is as follows: When a clock
      pulse V.sub.CP having normal negative voltage (-E.sub.2) is applied to the
      input terminal I.sub.2 during the time from t.sub.1 and t.sub.2, the clock
      pulse voltage (-E.sub.2) is conducted to the gate G1 of control switch
      transistor Q1 without being impeded by the diodes Z1 since the diodes Z1
      are biased in the forward direction. The clock pulse voltage (-E.sub.2)
      applied to the gate G1 switches the transistor Q1 to its ON-state and
      information signal V.sub.IN (the negative voltage -E.sub.1) is stored in
      the capacitive element C. When an undesirable positive noise signal
      e.sub.N is applied to the input terminal I.sub.2 during the time from
      t.sub.2 to t.sub.3, the diodes Z1 have a high enough impedance to impede
      the noise signal current i.sub.N since the diode Z1 are biased in the
      backward direction by the positive noise signal voltage, and a forward
      current i.sub.R to flow through the diode Rec 1 is suppressed to a
      substantially negligible value. Therefore, the capacitor element C retains
      the voltage (-E.sub.2) stored during the time from t.sub.1 to t.sub.2
      until the time t.sub.3 without being disturbed by noise signal e.sub.N,
      and a normal wave form shown by the solid line in FIG. 3c can be obtained
      at the output terminal O of buffer transistor Q2. The wave form shown in
      broken lines in FIG. 3c represents the state to which the memory function
      of the conventional circuit devices is lowered.
PAR  Curves 13 and 19 in FIGS. 10 and 11 show the minimum operating frequency v.
      noise signal level characteristics for circuit devices according to the
      invention (FIG. 10 is for a 16 bit dynamic shift register while FIG. 11 is
      for a half bit dynamic shift register) in which one diode is used as the
      impedance Z1. From these curves it will be understood that according to
      the invention the minimum operating frequency f.sub.C is remarkably
      reduced and the memory function of the capacitive element C is not
      disturbed by noise signals. In contrast, curves 12 and 18 represent the
      conventional circuit device shown in FIG. 2.
PAR  In the case where a plurality of diode elements is employed as the
      impedance Z1 it is desirable to connect in parallel with the protective
      diode Rec 1 such a resistance R.sub.D as does not interfere with the power
      loss of the circuit device, as shown in FIG. 9, in order to prevent the
      gate G1 of the transistor Q1 from being at a floating potential because of
      the high impedance of the diodes Z1 biased in the backward direction.
PAR  Another variation of this embodiment is shown in FIG. 12, in which a
      resistive element Z2 is used as the impedance according to the invention
      instead of the diodes Z1 in FIG. 8. Curves 14, 15, 16 and 17 are for the
      cases wherein resistances of 10 k.OMEGA., 30 k.OMEGA., 50 k.OMEGA. and 100
      k.OMEGA. are used as the resistive element Z2 respectively. The larger the
      resistance of the resistive element Z2, the lower becomes the minimum
      operating frequency under a high noise signal level, and in using
      resistances over 100 k.OMEGA. the minimum the operating frequency is
      determined practically without considering the noise signal level.
PAR  In general since the gate input impedance of the transistor Q1 is high
      (direct current input resistance is in the order of 10.sup.8 .OMEGA.) when
      the protective diode Rec 1 is biased in the backward direction, a
      resistance element having a considerably higher resistive value, for
      example, several hundred k.OMEGA. can be used as the impedance element Z2
      without interfering with the supply power of normal clock pulses V.sub.CP.
PAR  Furthermore, since noise signals are generally composed of high frequency
      components, a capacitive element C.sub.D may be connected in parallel with
      the protective diode Rec 1, as shown in FIG. 13, to reduce the impedance
      to noise signals across both of the terminals of the dioded Rec 1. In this
      case the divided level of noise signals by the diode Rec 1 can be reduced
      by using an impedance element Z2 having an impedance of relatively small
      value.
PAR  FIG. 14a shows an input forward current i.sub.R v. noise signal level
      e.sub.N curve for the protective diode Rec 1 when a diode is used as the
      impedance element Z1, in which curve 20 is the I-V characteristic for the
      diode Rec 1 while curve 21 is for the use of a diode as the impedance
      element Z1. FIG. 14b is for the case where a resistance element is used as
      the impedance element Z2, in which line 22 is the I-V characteristic for
      the resistance element.
PAC  EXAMPLE 3
PAR  The gist of this embodiment is that clock pulses are applied to the gate G1
      of the insulated gate-type field effect transistor Q1 as a control switch
      through a uni-directional bias source which is connected in a polarity
      opposite to the conductive direction of the protective diode Rec 1 in
      order to convert the voltage level of noise signals having a forward
      polarity with respect to the diode Rec 1 to a backward polarity and
      thereby to prevent the parasitic bipolar transistor action. This
      embodiment is based on the fact that the noise signal level (peak value)
      in the capacitive memory circuit device is generally below 1 volt, and
      that threshold voltages of insulated gate-type field effect transistors
      (the threshold voltages means gate voltages, above which channels of the
      field effect transistors become conductive) are usually several volts.
PAR  In FIG. 15 the insulated gate-type field effect transistors Q1 and Q2 and
      the protective diode Rec 1 are formed integrally or unitarily in a
      simiconductor body 1 and interconnected as shown in FIG. 4a and as
      described in Example 1. B.sub.P is a uni-directional bias source according
      to the invention, the polarity of which is such as to bias the protective
      diode Rec 1 in the backward direction, and the voltage of which has a
      voltage value lower than the threshold voltage Eth, for example, 7 volts
      of the transistor Q1.
PAR  Now, assume that the control pulse signal V.sub.CP has a noise signal level
      E.sub.3, for example, 1 volt during the time from t.sub.2 to t.sub.3 as
      shown in FIG. 20a. Since the uni-directional bias source B.sub.p has a
      voltage value E.sub.B, the level of the control pulse signal V.sub.CP is
      converted to a level as shown in FIG. 20b. In other words noise signals
      e.sub.N are shifted by E.sub.B volts in the negative direction relative to
      the reference potential. Therefore, the protective diode Rec 1 is always
      biased in the backward direction regardless of noise signals e.sub.N and a
      parasitic bipolar transistor is no longer formed. Furthermore, as the
      voltage E.sub.B of the source B.sub.P is below the threshold voltage Eth
      of the transistor Q1 (E.sub.B &lt; Eth - E.sub.3), the OFF-state condition of
      the transistor is not hampered by the source B.sub.P. Accordingly, the
      voltage (-E.sub.1) of the information pulse signal V.sub.IN which is
      stored in the capacitive element C during the time t.sub.1 to t.sub.2 as
      shown in FIG. 20c is retained during the time t.sub.2 and t.sub.3 and a
      normal waveform as output voltage V.sub.OUT is obtained at the output
      terminal O as shown by a solid line in FIG. 20d. In contrast, the waveform
      as shown by broken lines in FIG. 20d relates to a conventional memory
      device, and shows that the device loses its memory function since a
      parasitic bipolar transistor is established by noise signals e.sub.N.
PAR  One variation according to this embodiment is shown in FIG. 16. Since
      control pulse signal sources are generally composed of multivibrators, a
      control pulse signal source may include an inverter transistor Q4, as
      shown in FIG. 16. Therefore, a unidirectional bias source according to the
      invention may be composed of a resistance R.sub.B connected in the output
      circuit of the inverter transistor Q4. That is, the level of control
      signal pulses at the terminal I.sub.2 is converted as shown in FIG. 20b by
      making the voltage at the terminal I.sub.2 which equals V.sub.C R.sub.B
      /R.sub.B +R.sub.I lower than the threshold voltage Eth of the transistor
      Z1(V.sub.C R.sub.B /R.sub.B +R.sub.I &lt;Eth - E.sub.3). A DC bias voltage
      V.sub.B may be used as shown in FIG. 17a instead of the resistance R.sub.B
      and a constant voltage element like a zener diode may also be used as
      shown in FIG. 17b instead of the resistance R.sub.B.
PAR  Since noise signal level E.sub.3 is generally less than 1 volt, the voltage
      value of at most several volts, for example, 1.5 volts is enough as the
      voltage E.sub.B of the uni-directional bias source B.sub.p, which can be
      restricted to a value below the threshold voltage Eth of the transistor.
PAR  Curves 24 and 26 in FIGS. 18 and 19 are for circuit devices according to
      the invention, in which the voltage E.sub.B of the unidirectional source
      B.sub.p is 1.5 volts. In contrast, curves 23 and 25 represent conventional
      devices. FIG. 18 is for 16 bit dynamic shift registers while FIG. 19 is
      for half bit dynamic shift registers.
PAC  EXAMPLE 4
PAR  The gist of this embodiment is to provide an electrical isolation means
      between a first semiconductor region in which a protective diode Rec 1 is
      formed and a second semiconductor region in which an insulated gate-type
      field effect transistor Q1 is formed, and to connect protective diode Rec
      1 in parallel with the insulated gate G1 of the transistor Q1 by outer
      conductive paths of non-semiconductive material. Since, when the PN
      junction of the diode Rec 1 is biased in the forward direction by a noise
      signal voltage, a current according to the minority carriers injected into
      the first semiconductor region in the diode Rec 1 flows as a recombination
      current through one of the outer conductive paths of non-semiconductor
      material, transistor actions are suppressed which might be caused by
      diffusion of injected minority carriers to the drain region D1 of the
      transistor Q1. Furthermore, since the protective diode Rec 1 is formed in
      a semiconductor substrate unitarily with the insulated gate type field
      effect transistor with which the diode is connected by outer conductive
      paths, the insulating film below the gate G1 is always protected from
      breakdown throughout the time of manufacture and application (assembling
      and operation) of the integrated semiconductor device; accordingly,
      misoperation of the device by noise signals can be prevented without
      losing the protecting function of the diode Rec 1.
PAR  In FIG. 21a P type source and drain regions S1 and D1 and a gate electrode
      G1 constitute an insulated gate-type field effect transistor corresponding
      to the transistor Q1 in FIG. 4a, P type source and drain regions S2 and D2
      and a gate electrode G2 constitute another insulated gate-type field
      effect transistor corresponding to the transistor Q2 in FIG. 4a, and P
      type source and drain regions S3 and D3 and a gate electrode G3, which is
      connected with the drain region D3, constitute a further insulated
      gate-type field effect transistor which works as a load resistor
      corresponding to R.sub.L in FIG. 4a. These transistors Q1, Q2 and the
      resistor R.sub.L compose a half bit circuit part of a dynamic shift
      register. A protective diode corresponding to the diode Rec 1 in FIG. 4a
      which is composed of a P-type region 31 and an N-type region 29a is formed
      integrally in a semiconductor body with the dynamic shift register but
      isolated electrically from the insulated gate-type field effect transistor
      by P-type isolation regions 28 and 30.
PAR  In the manufacture of an integrated circuit device shown in FIG. 21a a
      highly doped semiconductor substrate, for example, an N-type single
      crystal silicon body 27 having resistivity of about 0.01 ohm cm is first
      prepared. By means of a common selective diffusion process, a P-type layer
      28 is then formed on a plane surface of the substrate 27 and an N-type
      silicon single crystal layer 29 having resistivity of, for example, 1.5
      ohm cm, is epitaxially grown on the plane surface by depositing silicon
      from vapor phase. On the epitaxial layer 29 a silicon oxide film 32 is
      formed by heating the combination in an oxidizing atmosphere. By means of
      a selective diffusion process in which impurities are diffused through
      holes formed in the oxide film 32, the P-type isolation region 30 which
      reaches the P-type region 28 and surrounds the N-type region 29a to divide
      the region 29a from the region 29b as well as the P-type regions 31, S1,
      D1, S2, D2, S3 and D3 are formed in the epitaxial layer 29 (29a and 29b).
      Finally electrodes of, for example, aluminum are connected to the regions
      29a, 29b, 30, 31, S1, D1, S2, S3 and D3 through holes made in the film 32
      while gate electrodes G1, G2 and G3 are disposed on appropriate portions
      of the film which are made thin to a thickness, for example 1,500 A. These
      electrodes may be interconnected by conductive layers disposed on the
      region 29b for the transistors that are electrically connected by an outer
      conductive path of non-semiconductive material, for example, aluminum
      which may be disposed on the insulating film 32.
PAR  In the operation of the device signal voltage V.sub.CP and V.sub.IN as
      shown in FIGS. 3a and 3b, are applied to input terminals I.sub.2 and
      I.sub.1, respectively, the terminal E is connected to a reference
      potential and a power source V.sub.CC is connected to the drain D.sub.3.
PAR  The isolation regions 28 and 30 may be used without connecting the terminal
      I.sub.3 to any part of the device or to any potential, namely they may be
      provided in a floating state. In this case (referred as a 1st connection),
      when such noise voltage e.sub.N as biases the PN junction J.sub.R of the
      protective diode in the forward direction is applied to the region 31, a
      common base two stage transistor amplifier circuit as shown in FIG. 22a is
      formed between the region 31 and the drain region D1, and assuming that
      the current amplifier factor of each amplifying stage is .alpha..sub.1 and
      .alpha..sub.2, respectively, and noise signal current is i.sub.N, the
      current flowing into the drain D1 is expressed as i.sub.N x.alpha..sub.1
      x.alpha..sub.2 which is so little that discharge from the capacitor C does
      not effectively occur during the time from t.sub.2 to t.sub.3.
PAR  The terminal I.sub.3 which is connected to the isolation regions 28 and 30
      may be connected with the reference potential, namely the potential of the
      isolation regions 28 and 30 is the same as that of the regions 29a and
      29b. In this case (referred as a 2nd connection) since the connecting
      point of the collector of the 1st stage transistor and the emitter of the
      second stage transistor in the common base two stage transistor amplifier
      circuit is connected to the reference potential, only a part of the
      regions 28 and 30 far from the electrode thereof is a slightly biased by
      the voltage drop caused by the current i.sub.N x.alpha..sub.1 flowing
      through the spreading resistance r in the regions 28 and 30 as shown in
      FIG. 22b, therefore the current flowing into the drain region D1 is
      further reduced than by the 1st connection.
PAR  Furthermore the terminal I.sub.3 may be connected with the potential
      -V.sub.CC, namely the regions 28 and 30 are biased in the backward
      direction relative to the regions 29a and 29b. In this case (referred as a
      3rd connection) since a parasitic transistor is no longer constructed
      among the regions 30 (28) - 29b - D1 and the noise signal current i.sub.N
      flows as the base and collector current for the transistor, respectively,
      which is composed of the regions 31, 29a and 30 (28), the noise signal
      current i.sub.N no longer gives any effect to the drain region D1.
      Accordingly, since even in such a case where the noise signal level
      e.sub.N is large, the leakage of the charge stored in the capacitive
      element C is very little, leakage of the stored signal no longer occurs
      even if the frequency of the clock pulses is very low. In other words, the
      minimum operating frequency f.sub.C (c/s) under a large noise signal level
      can be reduced sufficiently.
PAR  FIGS. 23 and 24 show the minimum operating frequency f.sub.C v. noise
      signal level e.sub.N curves for 16 bit shift registers and for half bit
      shift registers, respectively, in which curves 34 and 38, 35 and 39, and
      36, and 40 are for the 1st, 2nd and 3rd connections in FIG. 21,
      respectively. It will be understood from these Figures that the shift
      registers according to the invention have better characteristics than
      those according to the prior art, the characteristics of which are shown
      by curves 33 and 37. Especially in the case of the 3rd connection the
      minimum operating frequency f.sub.C is constantly low regardless of the
      noise signal level e.sub.N. Furthermore, complicated roundabout paths for
      interconnections can be avoided by using the regions 28 and 30 as an
      interconnection path, and this interconnection technique is effective
      especially when shift registers of from several to several hundred bits
      are formed unitarily in a semiconductor substrate.
PAR  In the embodiment described above a semiconductor substrate 27' the
      conductivity type of which is opposite to the epitaxial layer 29, for
      example, a P-type substrate may be used as shown in FIG. 21b instead of
      the substrate 27. In this case the diffused region 28 is unnecessary.
      Furthermore, an insulating material layer 30' or an air gap 30" may be
      used as an isolation layer between regions 29a and 29b as shown in FIGS.
      21c and 21d instead of the regions 28 and 30. In FIG. 21d, 27" is a
      silicon policrystalline substrate and 28' is an insulating layer, for
      example, a silicon oxide layer.
PAC  EXAMPLE 5
PAR  The gist of this embodiment is to provide an auxiliary region or regions
      for interrupting or absorbing minority carriers between the drain region
      D1 and the regions for the protective diode.
PAR  Referring to FIG. 25a, P-type regions S1, D1, S2, D2, S3 and D3, an
      insulating layer 44, electrodes to the each region and gate electrodes G1,
      G2 and G3 are formed in or on a semiconductor body, for example, N-type
      silicon substrate 41 and interconnected in the same manner as is described
      in Example 1 or 4 and shown in FIG. 4a or 21a. The numerals 41, 42, 44 and
      45 in FIG. 25a correspond to the numerals 1, 2, 3, and 4 in FIG. 4a,
      respectively. An annular or ring region 43 according to the invention can
      be formed at the same time as the P-type regions 42, S1, D1 etc. are
      formed so as to surround the P-type region 42 in the major surface of the
      substrate 41. Accordingly, this annular ring region 43 does not require an
      additional diffusion process.
PAR  In the operation of the device shown in FIG. 25a, the region 43 may be used
      without being connected to any part of the device or to any potential,
      namely in the floating state. In this case, when such noise signal
      voltages e.sub.N as bias the PN junction J.sub.R in the forward direction
      is applied to the junction J.sub.R, the minority carriers injected from
      the junction J.sub.R and diffusing in the surface portion of the substrate
      41 are so interrupted or absorbed by the region 43 that the number of
      minority carriers reaching the drain region D1 is considerably reduced.
      The minority carriers can be interrupted or absorbed more effectively by
      connecting the region 43 to the reference potential E, namely by
      connecting the same to the substrate 41. Furthermore, by biasing the
      region 43 in the backward direction with respect to the substrate 41 a
      parasitic transistor will no longer be established among the regions
      42-41-D1 since almost all of the minority carriers injected into the
      substrate 41 from the region 42 are absorbed by the region 43. This
      operation will be explained more clearly by referring to FIG. 25b.
PAR  Most of the minority carriers injected from the region 42 are recombined in
      the I portion of the substrate 41 and flow to the reference potential E as
      base current i.sub.Nb, and the remaining part of the minority carriers
      which are not recombined diffuse to the II portion of the substrate 41, as
      indicated in FIG. 25b. However, since a depletion layer D.sub.P extends
      into the substrate 41 from the region 43 by the backward bias, minority
      carriers in a broad area are absorbed into the region 43 and flow to the
      terminal I.sub.3 as collector current i.sub.Nc. Furthermore, a small
      amount of the remainder of the minority carriers which diffuse to the
      portion II of the substrate 41 will be also recombined in the substrate 41
      during the diffusion thereof and flow to the terminal E as the base
      current i.sub.Nb. Accordingly, minority carriers will scarcely reach the
      drain region D1.
PAR  Furthermore, the region 43 may be used as an interconnection path for the
      power source V.sub.CC, by which complicated roundabout paths for
      interconnecton can be aoivded, and it is specially effective in its
      application to large scale integration circuit devices of from several to
      several hundred bits.
PAR  Another variation will be described by referring to FIG. 26a, in which the
      semiconductor body includes a highly doped substrate 41' of resistivity
      of, for example, 0.1 ohm cm and a high resistivity epitaxial layer 41" of
      resistivity of, for example, 1.5 ohm cm formed on the substrate 41' by the
      common epitaxial process. The bottom of the annular region 43 reaches the
      highly doped substrate 41'. Other portions are made in the same manner as
      the device shown in FIG. 25a. In this structure minority carriers injected
      from the diode region 42 will be recombined easily in the highly doped
      substrate 41', and by biasing the region 43 at the reference potential E
      or at a negative potential relative to the substrate 41' minority carriers
      will not actually reach the drain region D1. Besides, the highly doped
      substrate 41' does not change the threshold voltage of the insulated
      gate-type field effect transistors.
PAR  FIGS. 27 and 28 show the minimum operating frequency f.sub.C v. noise
      signal level e.sub.N curves for dynamic shift registers of 16 bits and a
      half bit, respectively. The curves 46 and 48 are for the device as shown
      in FIG. 26a in which the region 43 is biased at the potential -V.sub.CC.
      On the contrary the curves 45 and 47 are for the conventional devices
      using circuit units as shown in FIG. 2. It will be understood from the
      Figures that the dynamic shift registers according to the invention have
      remarkably improved characteristics in large noise signal level.
PAR  Still another variation will be described by referring to FIG. 26b, in
      which there is a distance between the substrate 41' and each one of the
      regions 42, 43, S1, D1, S2, D2, S3 and D3. Other portions are formed in
      the same manner as the device shown in FIG. 26a. Such a potential that the
      depletion layer from the region 43 reaches the substrate 41' may be
      applied to the region 43 in the negative polarity relative to the
      substrate 41' to prevent minority carriers from diffusing through the
      layer 41" between the region 43 and the substrate 41'. The distance
      between the substrate and each one of the P-type regions may be determined
      according to the breakdown voltage necessary to the PN junctions between
      the layer 41" and each P-type region. For example, the distance may be
      larger than the distance to which depletion layers extend into the layer
      41" from the drain regions D1, D2 and D3 in operation.
PAR  Although various embodiments have been described in connection with
      insulated gate-type field effect transistors having P-type channels, other
      types of insulated gate-type devices may be used. For example a P-type
      semiconductor substrate may be used as the substrate 1 in FIG. 4a. In this
      case the diffusion regions 2, S1, D1, S2 and D2 are of N-type
      semiconductor materials. Furthermore, as semiconductor materials for the
      substrates, germanium or other intermetallic compound semiconductor
      materials, for example, GaAs may also be used instead of silicon described
      hereinabove. On the other hand as materials for an insulating film
      covering the semiconductor substrate silicon nitride, oxide glass,
      aluminum oxide or silicon oxide deposited from vapor phase may be used
      instead of the silicon oxide grown thermally on the silicon substrate.
      Further, the diode region of the diode Rec 1, for example, the region 2 in
      FIG. 4a may be formed more shallowly than the drain regions D1 and D2 to
      reduce the breakdown voltage of the protective diode, and also the devices
      according to the invention can be used with a resistance 31' which is
      connected between the gate G1 and diode Rec 1 to improve the protection
      function of the diode, for example, as shown in FIG. 21e and the input
      I.sub.2 is applied to the connection point of the resistance and the
      diode.
PAR  It will be appreciated by those skilled in the art that the invention may
      be carried out in various ways and may take various forms and embodiments
      other than the illustrative embodiments heretofore described. Accordingly,
      it is to be understood that the scope of the invention is not limited by
      the details of the foregoing description, but will be defined in the
      following claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a semiconductor device comprising:
PA1  an insulated gate-type field effect component including a semiconductor
      substrate of first conductivity type, source and drain regions of second
      conductivity type opposite to said first conductivity formed in a surface
      of said semiconductor substrate, and an insulated gate electrode disposed
      on said surface between said source and drain regions and insulated from
      said substrate by an insulating film; and
PA1  a protecting semiconductor diode formed integrally in said substrate and
      connected in parallel between said insulated gate electrode and said
      semiconductor substrate for protecting the insulating film interposed
      between said gate electrode and said substrate from breakdown; the
      improvement comprising
PA1  auxiliary means connected with said semiconductor device for preventing
      minority carriers from said protecting semiconductor diode from reaching
      said drain region through said semiconductor substrate when noise signals
      are applied to the protecting diode.
NUM  2.
PAR  2. In a semiconductor device comprising:
PA1  an insulated gate-type field effect element including a semiconductor
      substrate of first conductivity type, source and drain regions of second
      conductivity type opposite to said first conductivity type formed in a
      surface of said semiconductor substrate, an insulated gate electrode
      disposed on said surface between said source and drain regions, and an
      insulating film interposed between said insulated gate electrode and said
      semiconductor substrate;
PA1  a protecting diode means formed in said semiconductor substrate unitarily
      with said insulated gate-type field effect element for protecting the
      insulating film below said gate electrode from breakdown, said protecting
      diode means including a terminal means connected with said semiconductor
      substrate and a rectifying barrier disposed between said terminal means
      and said semiconductor substrate; conductive means for connecting said
      terminal means of said protecting diode means with said insulated gate
      electrode; and
PA1  an input terminal connected with said terminal means of said protecting
      diode means; the improvement comprising
PA1  auxiliary means connected with said semiconductor device for suppressing
      injection of minority carriers through said rectifying junction of said
      protecting diode means into said semiconductor substrate when noise
      signals are applied to said diode means.
NUM  3.
PAR  3. The semiconductor device of claim 2, further comprising means connected
      in parallel with said drain region and said semiconductor substrate for
      producing capacitance in connection therewith.
NUM  4.
PAR  4. The semiconductor device of claim 2, wherein said auxiliary means
      comprises an additional diode connected in parallel with said protecting
      diode means with the same polarity as that of said protecting diode means,
      the semiconductor body in which said additional diode is formed being
      electrically isolated from said semiconductor substrate.
NUM  5.
PAR  5. The semiconductor device of claim 4, wherein the threshold voltage of
      said additional diode in the forward direction is less than that of said
      protecting diode means.
NUM  6.
PAR  6. The semiconductor device of claim 5, wherein the semiconductor material
      for said semiconductor substrate in which said protecting diode means is
      formed is silicon, and the semiconductor material for said semiconductor
      body in which said additional diode is formed is germanium.
NUM  7.
PAR  7. The semiconductor device of claim 4, wherein the rising slope in the
      forward current v. voltage curve for said additional diode is steeper than
      that for said protective diode means.
NUM  8.
PAR  8. The semiconductor device of claim 4, further comprising a resistance
      connected with said input terminal in series with said protecting diode
      means and said conductive means.
NUM  9.
PAR  9. The semiconductor device of claim 2, wherein said auxiliary means
      comprises an impedance element connected with said input terminal in
      series with said protecting diode means and said conductive means.
NUM  10.
PAR  10. The semiconductor device of claim 9, wherein said impedance element
      comprises at least one additional semiconductor diode connected in the
      opposite polarity to said protecting diode means.
NUM  11.
PAR  11. The semiconductor device of claim 10, further comprising a resistance
      connected in parallel with said protecting diode means.
NUM  12.
PAR  12. The semiconductor device of claim 9, wherein said impedance element is
      a resistance element of 10 k.OMEGA. or more.
NUM  13.
PAR  13. The semiconductor device of claim 12, wherein the resistance of said
      resistance element is not less than 100 k .OMEGA..
NUM  14.
PAR  14. The semiconductor device of claim 12, further comprising a capacitor
      connected in parallel with said protecting diode means.
NUM  15.
PAR  15. The semiconductor device of claim 2, wherein said auxiliary means
      comprises level shifting means having such a polarity as biases said
      protecting diode means in the backward direction for shifting the level of
      voltage applied to said input terminal.
NUM  16.
PAR  16. The semiconductor device of claim 15, wherein said level shifting means
      comprises a D.C. voltage source connected with said input terminal in
      series with said protecting diode means and said conductive means.
NUM  17.
PAR  17. The semiconductor device of claim 15, wherein said level shifting means
      comprises an inverter transistor having first, second and third terminals;
      a first resistance connected between said first terminal and a power
      source; and a second resistance connected between said second terminal and
      the common reference potential; said first terminal being connected with
      said input terminal, and said third terminal being adapted for applying an
      input signal.
NUM  18.
PAR  18. The semiconductor device of claim 15, wherein said level shifting means
      comprises an inverter transistor having first, second and third terminals;
      a load resistance connected between said first terminal and a power
      source; and a D.C. voltage source connected between said second terminal
      and the common reference potential; said first terminal being connected
      with said input terminal and said third terminal being adapted for
      applying an input signal.
NUM  19.
PAR  19. The semiconductor device of claim 15, wherein said level shifting means
      comprises an inverter transistor having first, second and third terminals;
      a load resistance connected between said first terminal and power source;
      and a constant voltage element connected between said second terminal and
      the common reference potential; said first terminal being connected with
      said input terminal and said third terminal being adapted for applying an
      input signal.
NUM  20.
PAR  20. In a memory circuit device comprising;
PA1  an insulated gate type field effect transistor including a semiconductor
      substrate of first conductivity type, a pair of source and drain regions
      of second conductivity type opposite to said first conductivity type
      formed in a surface of said substrate and an insulated gate electrode
      disposed on said surface between said source and drain regions and
      insulated from the substrate by an insulating film interposed
      therebetween,
PA1  a protective diode formed unitarily with said field effect transistor and
      having a first region of said second conductivity type and a second region
      of said first conductivity type contacting with said first region with a
      PN junction therebetween, the PN junction of the diode having a breakdown
      voltage lower than the breakdown voltage of said insulating film between
      said insulated gate electrode and said substrate;
PA1  a first conductive means for connecting said first region of the diode with
      said insulated gate electrode;
PA1  a second conductive means for connecting said second region of the diode
      with said substrate of said first conductivity type; and
PA1  a capacitive element connected in parallel between said drain region and a
      common reference potential; the improvement comprising
PA1  auxiliary means connected with said memory circuit device for preventing a
      signal voltage stored in said capacitive element from being discharged by
      parasitic transistor action between said first region of the diode and
      said drain region by injection of minority carriers from said first region
      of the diode to said second region of the diode during the time when said
      insulated gate type field effect transistor is in nonconductive state.
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ABST
PAL  An arrangement for producing electrical signals by way of semiconductor
      elements which are dependent upon a magnetic field employs at least two
      field plates which are arranged adjacent to each other on at least one
      pole of a magnet. An iron part can be moved over the field plates whose
      width is selected in such a way and which is guided with respect to the
      field plates in such a way that when the iron part completely covers one
      field plate the other plate is not covered. The field plates are magnetic
      field dependent two pole elements having an electrical resistance
      characteristic which changes as a function of an applied magnetic field so
      that electrical signals are generated in response to field change when the
      field plates are connected in an electrical circuit.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates to an arrangement for the production of
      electrical signals by way of semiconductor component elements which are
      dependent upon a magnetic field, and more particularly to such an
      arrangement in which at least two component elements, in the form of field
      plates, are arranged next to each other and spaced apart on at least one
      pole of a magnet. The component elements are dependent upon a magnetic
      field and the magnetic circuit in which the field dependent component
      elements are located can be influenced by an iron part which is moved over
      the component elements.
PAR  2. Description of the Prior Art
PAR  Arrangements of the above-mentioned type are generally known from the
      German Pat. No. 2,036,361. In that publication, two field plates are
      arranged on one pole of a magnet. An iron member which guides the magnetic
      flux is moved over these field plates so that every time when the iron
      part is situated above a field plate the magnetic flux is increased by the
      field plate and the resistance value of the field plate is thus changed.
      Due to this change of resistance, also the current flowing through the
      field plates changes, by means of which the movement of the iron part can
      be transformed into an electrical signal, which signal is a measure of
      this movement.
PAR  It is important for such an arrangement that the change of resistance be
      linear in as large a range as possible as a function of the change in the
      path of the iron member.
PAC  SUMMARY OF THE INVENTION
PAR  The primary object of the present invention is to provide an arrangement of
      the aforementioned type in which the linear zone is increased.
PAR  The problem of increasing the linear work is solved, according to the
      present invention, in that the projection of the width of the iron member
      onto the longitudinal plane of the magnetic fielddependent component
      element is at least equivalent to the length of the diagonal of a
      component element which is dependent upon the magnetic field and that the
      iron part in the plane of the magnetic field-dependent component elements
      is inclined in its longitudinal direction with respect to the longitudinal
      direction of the magnetic field-dependent component elements at an angle
      which may be so great as the most that, when the iron member completely
      covers one of the elements, the other element is not covered.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the invention, its organization,
      construction and operation will be best understood from the following
      detailed description taken in conjunction with the accompanying drawings,
      on which:
PAR  FIG. 1 is an elevational view of an arrangement constructed in accordance
      with the present invention;
PAR  FIG. 2 is a top plan view of the arrangement illustrated in FIG. 1;
PAR  FIG. 3 is an elevational view of another embodiment of the invention;
PAR  FIG. 4 is a schematic circuit diagram of a bridge circuit which includes
      the field plates of the arrangements illustrated in FIGS. 1-3;
PAR  FIG. 5 is a schematic illustration of a pressure sensing element
      constructed in accordance with the principles of the invention;
PAR  FIG. 6 is an illustration of an axial-play sensing element constructed in
      accordance with the principles of the present invention; and
PAR  FIG. 7 is an illustration of a linear potentiometer which utilizes the
      arrangement of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, a permanent magnet 1 includes a north pole N and a
      south ple S. A pole piece 2 is carried on the north pole N and has a
      central zone which includes a recess 3 having a width c. A pair of field
      plates 4 and 4', respectively, are arranged on the parts of the pole piece
      2 which have a width a and which are separated by the recess 3. These
      field plates 4, 4' may be mounted on the pole piece 2, for example, by way
      of an adhesive. The field plates 4, 4' are magnetic field dependent
      elements having an electrical resistance which varies as a function of a
      magnetic field applied thereto.
PAR  An iron member 6 is moved over the above described arrangement, the change
      of path of the iron member 6 over the field plates 4 and 4' being
      converted into a corresponding electrical signal. As the top view of FIG.
      2 illustrates, the longitudinal axis of the iron member 6, which has a
      width b, is inclined at an angle .alpha. with respect to the longitudinal
      direction of the field plates 4 and 4' (horizontal direction in the plane
      of the character). Furthermore, the projection d of the iron member 6 with
      the width b onto the longitudinal axis is, at least in this embodiment,
      equivalent to the width a of a field plate 4 or 4', respectively.
PAR  In FIG. 2, the iron member 6 is illustrated in two possible end positions.
      In the first position the iron member 6 completely covers the field plate
      4, as is illustrated by the solid lines. In the second position, the iron
      member 6 completely covers the field plate 4', as illustrated by the
      broken lines.
PAR  If the iron member 6 in FIG. 2 is moved in one direction, the linear zone
      which can be obtained by this arrangement is then provided by a path
      length e which corresponds to a displacement in the x direction between
      the two end positions. The linear zone provided by the length e can be
      changed by changing the angle .alpha. and the projection d.
PAR  In FIG. 3, an embodiment of the invention is illustrated which can be
      selected for smaller ranges of linearity in which the parts which are
      equivalent to those in FIGS. 1 and 2 are provided with the same reference
      characters. In the sample embodiment illustrated in FIG. 3, the angle
      .alpha. equals 90.degree., while the width f of the iron member 6 is
      equivalent to the width a of a field plate 4 or 4' and the space c between
      the field plates. The linearity range in this exemplary embodiment is
      equivalent to the distance g when the iron member 6 is moved in the x
      direction.
PAR  FIG. 4 illustrates a bridge circuit in which the field plates 4 and 4' are
      connected with two resistors R.sub.1 and R.sub.2 . This bridge circuit is
      supplied at its input with a voltage U and is adjusted in such a way that
      its output voltage U.sub.A is zero in the center of the linearity zone
      corresponding to the path e in FIG. 2 or the path g in FIG. 3,
      respectively. When moving the iron member 6, the resistance changes or the
      changes in the voltage U.sub.A, respectively, then extend linearly in the
      mentioned zones.
PAR  FIG. 5 illustrates the use of an arrangement according to the invention in
      which the aforementioned structure is designated with a reference
      character 51 and which it is utilized in a pressure sensing element. The
      iron member 6 in FIGS. 1-3 is connected to a membrane 50 upon which a
      pressure P acts. With this structure, the linear movement of the iron
      member 6 in the x direction, which is caused by the pressure P via the
      membrane 50, can be converted into a corresponding electrical signal.
PAR  As applied to an axial-play sensing means, as illustrated in FIG. 6, the
      iron member 6 of the arrangement of the invention is arranged on a shaft
      60 which rotates about its axis, while at least one arrangement 61, 62 of
      permanent magnet, pole piece and field plates is located adjacent to, in
      the drawing above and below, respectively, the shaft 60. Therefore, an
      axial displacement of the shaft in the x direction can be determined.
PAR  FIG. 7 illustrates a linear potentiometer in which an iron covering 72 is
      provided on a body 71 carried on a shaft 70 in such a way that the
      covering 72 is inclined at an angle .alpha. in the form as illustrated in
      FIG. 2, with respect to the arrangement designated with 74 and illustrates
      schematically as comprising a permanent magnet, pole piece and field
      plates. In this manner, the potentiometer is linear in a zone which, when
      rotating the shaft 70, corresponds to a displacement of the iron covering
      72 between the two possible end positions above the field plates.
PAR  Although I have described my inventio by reference to particular
      illustrative embodiments thereof, many changes and modifications of the
      invention may become apparent to those skilled in the art without
      departing from the spirit and scope of the invention. I therefore intend
      to include within the patent warranted hereon, all such changes and
      modifications as may reasonably and properly be included with the scope of
      my contribution to the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. An arrangement for producing electrical signals by way of semiconductor
      component elements which are dependent upon a magnetic field, comprising:
      a magent having a pair of poles, a pole piece on one of said poles, a pair
      of magnetic field dependent semiconductor component elements arranged next
      to each other and spaced apart upon said pole piece, an iron member
      movable over said component elements, said iron member having a projection
      width onto the longitudinal plane of the magnetic field dependent elements
      which is at least equivalent to the length of the diagonal of a magnetic
      field dependent element, said iron member being inclined with respect to
      said magnetic field dependent component elements in its longitudinal
      direction with respect to the longitudinal direction of said elements
      lying at an angle which is sufficient to provide complete coverage of one
      of said elements while the other of said elements remains uncovered, the
      longitudinal plane of the magnetic field dependent component elements
      positioned parallel to the plane of motion of said iron part.
NUM  2.
PAR  2. An arrangement according to claim 1 wherein the angle of inclination is
      90.degree., the width of the iron member is equivalent to the width of a
      magnetic field dependent component element plus the space between said
      magnetic field dependent component elements.
NUM  3.
PAR  3. An arrangement according to claim 1, comprising a bridge circuit which
      includes said magnetic field dependent component elements connected in
      series, a pair of resistors connected in parallel with said component
      elements, the parallel connected elements adapted to receive an input
      voltage, and a pair of output terminals connected to the respective
      junctions between said magnetic field component elements and said
      resistors.
NUM  4.
PAR  4. The arrangement according to claim 1, comprising means for moving said
      iron member with respect to said magnetic field dependent component
      elements, and means for detecting the change in magnetic field intensity
      caused by such movement.
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ABST
PAL  The disclosure relates to a system for controlling the total charge
      collected on a charge-coupled imager to, in effect, provide an electronic
      shuttering action for the charge-coupled imager. The charge-coupled imager
      works in standard fashion and is normally biased into depletion whereby
      minority carriers, generated by the light impinging on the imager, are
      collected in predetermined charge collecting areas or wells, the charges
      in each well then bring read out in a serial fashion. In order to prevent
      collection of an excess number of charges, which is equivalent to
      overexposure in a photographic sense, the majority carriers which are
      necessarily generated simultaneously with the minority carriers, are
      collected and integrated so that when a predetermined amount of charge is
      measured, a shuttering action can take place. When the basic imager is
      formed from p-type silicon, the majority carrier charges are collected by
      providing an ohmic contact to the p-type substrate. Two modes ofoperation
      are disclosed. The first mode is suitable for imaging applications and the
      second mode is suitable for laser warning receivers.
BSUM
PAR  This invention relates to a system of limiting charge accumulation in a
      charge-coupled imager and, more specifically, to a system for preventing
      the further accumulation of charge in a charge-coupled imager after a
      predetermined charge level has been obtained.
PAR  Charge-coupled devices are metal-insulated-semiconductor devices which
      belong to a general class of semiconductor charge devices which store and
      transfer information in the form of electrical charge. The charge-coupled
      devices are distinguished by the property that the semiconductor portion
      of the devices is, for the most part, homogeneously doped, regions of
      different conductivity being required only for injecting or extracting
      charge. A typical semiconductor charge-coupled device shift register is
      described in an article of Boyle et al, Bell System Technical Journal 49,
      587 (1970). In the shift register, a dc bias sufficient to invert the
      semiconductor surface is applied between electrodes and the semiconductor
      material, and clocking pulses are applied sequentially to the electrodes.
      Because of the inversion of the semiconductor surface, minority carriers
      are drawn to the semiconductor insulator interface and tend to collect in
      the potential wells under the electrodes. When the clocking pulses are
      sufficiently large, the minority carriers migrate from the area under one
      electrode to the area under the next electrode following a potential well
      produced by the clocking pulses.
PAR  The charge-coupled device may advantageously be utilized as an optical
      imager. Bertram, "Application of the Charge-Coupled Device Concept to
      Solid-State Image Sensors," 1971 IEEE International Convention, March
      22-25, New York, N.Y., describes such a charge-coupled imager which
      includes an optical integration section and a separate storage section.
      Charge-coupled imagers are also set forth in an article by M. F. Tompsett,
      entitled "Charge-Transfer Devices," Journal of Vacuum Science and
      Technology, Vol. 9, No. 4, July-August, 1972, as well as in an article of
      M. F. Tompsett et al, entitled "Charge-Coupling Improves Its Image,
      Challenging Video Camera Tubes," Electronics, Jan. 18, 1973, pps. 162-169.
      A problem which has been encountered with such charge-coupled device
      imagers is that they are presently unable to operate over a wide range of
      light intensities. Such imagers can be designed to have good sensitivity
      at low light levels, but they quickly saturate at high light levels. This
      problem can be alleviated by operating the imager at a very high frame
      rate, however this requires a large power expenditure.
PAR  Briefly, in accordance with the present invention, the above noted problems
      of the prior art are substantially over come. In order to prevent
      collection of an excess number of charges, which is equivalent to
      over-exposure in a photographic sense, the majority carriers are collected
      and integrated so that when a predetermined amount of charge is measured,
      a shuttering action can take place. When the basic imager is formed from
      p-type silicon, the majority carrier charges are collected by providing an
      ohmic contact to the p-type substrate. Two modes of operation are
      disclosed. One mode is with the charge-coupled device initially biased
      into accumulation. The device is then biased into depletion whereby the
      wells of charge are biased as they would be for integration. The charge
      carriers collected in the depletion wells at this time induce a current in
      the ground line through the substrate bulk. When the appropriate charge is
      moved along the ground line, the information in the depletion wells is
      shifted into a storage register for interrogation at the appropriate time
      and the imager returns to accumulation. In the second mode, the imager is
      initially biased into depletion (integration mode) until the proper amount
      of charge has moved along the ground line. The imager is either pushed
      into accumulation long enough for the collected charge to be pushed into
      the substrate bulk and then removed or the collected information is
      shifted into the storage register. The difference between the two modes is
      that in the first mode the imager is normally in accumulation and comes
      into depletion only long enough to collect the desired amount of photons
      from the scene, while in the second mode the imager is normally
      integrateing and goes into accumulation only long enough to dispose of
      unwanted charge. The first mode is suitable for imaging applications and
      the second mode is suitable for laser warning receivers.
PAR  It is therefore an object of this invention to provide a charge-coupled
      device imager which is capable of operation over a wide range of light
      intensities.
PAR  It is a further object of this invention to provide a charge-coupled device
      imager having a sensor system which will place the imager into
      accumulation when a predetermined charge has been accumulated thereon.
PAR  It is a yet further object of this invention to provide a charge-coupled
      device imager having an electronic shutter coupled thereto to prevent more
      than a predetermined charge to collect thereon.
DRWD
PAR  The above objects and still further objects of the invention will
      immediately become apparent to those skilled in the art after
      consideration of the following preferred embodiments thereof, which are
      provided in way of example and not by way of limitation; wherein
PAR  FIG. 1 is a schematic diagram of a prior art charge-transfer image sensing
      array having an optical integration or imager section and a read-out
      storage section;
PAR  FIG. 2 is a cross-section of a first embodiment of a charge-coupled imager
      which would be substituted for the image sensing array of FIG. 1 and is
      shown when substituted in FIG. 1 along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a cross-section of a second embodiment of a charge-coupled imager
      which would be substituted for the image sensing array of FIG. 1 and is
      shown when substituted in FIG. 1 along the line 3--3 of FIG. 1;
PAR  FIG. 4 is a block diagram of a charge-coupled imager with automatic
      sensitivity control and laser pulse detection; and
PAR  FIG. 5 is a typical accumulation biasing circuit of FIG. 4 which can be
      used.
DETD
PAR  Referring first to FIG. 1, there is shown a schematic diagram of the
      "frame-transfer" method of organizing a charge-transfer image sensing
      array as set forth in the above noted article from the Journal of Vacuum
      Science and Technology. The array includes, in the optical integration
      section, frame transfer lines .phi..sub.11, .phi..sub.21, and .phi..sub.31
      which provide the well-known three phases of transfer as discussed in the
      above noted articles, the metallization gaps, the transfer electrodes and
      the channel diffusion stops between the rows of transfer electrodes. The
      portion of the array labelled "read-out store" includes frame and step
      transfer inputs .phi..sub.12, .phi..sub.22, and .phi..sub.32 as well as
      line transfer inputs .phi..sub.13, .phi..sub.23, and .phi..sub.33, an
      output diode and an output gate. In conjunction with the phase transfer
      signals, charge stored under designated electrodes in the optical
      integration section can be transferred in a shift register manner as is
      well-known in the art into the read-out store section prior to read out
      through the output diode and the output gate. The specific operation of
      this device will not be discussed herein since the operation thereof is
      well-known in the art and fully described in the above noted literature.
      As previously noted, when the optical integration section has an excessive
      amount of light impinging thereon, an excessive amount of charge is stored
      up under the transfer electrodes, thereby quickly saturating the frames of
      the optical integration section and providing little differentiation
      between different light levels. The result, in effect, is the same as an
      overexposed photograph. It is therefore necessary that some type of
      shuttering operation be provided, wither to prevent the excessive amount
      of light from falling on the optical integration section, or
      alternatively, to prevent an excessive buildup of charges when an
      excessive amount of light falls thereon, thereby providing the same effect
      as a camera shutter.
PAR  One method of overcoming this problem is shown with reference to FIG. 2.
      Here, one embodiment of the optical integration section of FIG. 1 is shown
      in cross-section. It will be seen that whereas the normal prior art
      optical integration section will have the transfer electrodes 1 as well as
      a silicon dioxide layer 3 thereunder which is positioned over a substrate
      5 of p-type silicon, there is added a further n+ region 7 on th bottom
      side of the silicon substrate. When the embodiment of FIG. 2 is
      substituted for the optical integration section of FIG. 1, the optical
      integration or imager section integrates for the desired period and then
      shifts the image into the storage section as determined by the frame
      transfer and frame and step transfer signals of FIG. 1. During the
      integration and shifting period, the n+ region 7 and a contact thereto
      (not shown) is open-circuited so that it collects no charge except that
      generated within the n+ region itself or the depletion region arising from
      the built-in potential. After another integration period, bias is applied
      to the MOS field plates to drive them into accumulation while the n+
      junction is reversed biased. The minority carriers collected under the
      field plates diffuse across the bulk of the substrate. After the minority
      carriers are collected by the n+ region, the field plates are biased to
      recreate depletion wells while the n+ contact is open-circuited again.
      This dumping action can be repeated until, after a field-time, the buffer
      register or read-out store is emply and the integrated charge is shifted
      into the buffer rather than dumped. An alternative mode of operation is to
      leave the field plates biased to accumulation except for one integration
      field per field period when the information is collected. The system for
      enabling this function to be performed in conjunction with the embodiment
      of FIGS. 1 and 2 will be discussed hereinbelow.
PAR  Referring now to FIG. 3, there is shown a further embodiment of the present
      invention. The embodiment of FIG. 3 is a cross-sectional view of the
      optical integration section and is used in lieu of the optical
      intergration section of FIG. 1. FIG. 3 is shown in a direction turned
      90.degree. to that of FIG. 2. FIG. 3 includes the aluminum metallization 1
      positioned over a silicon dioxide insulating layer 3, the insulating layer
      being positioned over a substrate 5 of p-type silicon. A p+ region 9 is
      positioned on the bottom surface of the substrate 5. The p+ channel stops
      11 are shown with n+ channels 13 diffused into the centers of the channels
      stops. These n+ channels are kept reverse-biased at all times. The
      channels act as the carrier sinks if the field plates are biased to
      accumulation to provide dumping of charge. The embodiment of FIG. 3
      provides an additional advantage in that it inherently incorporates
      blooming control. Blooming occurs when the light focused on one resolution
      element generates, in one integration period, more than enough carriers to
      fill a depletion well. The excess carriers then spill over into adjacent
      wells. If the channel stops are not too heavily doped, that is in the
      range of 10.sup.16 /centimeter.sup.3, the potential barrier of the channel
      stop is less than the barrier erected along the channel by the containing
      electrodes and the excess carriers spill into the n+ drains or channels 13
      rather than into the adjacent wells.
PAR  Referring now to FIG. 4, there is shown a block diagram of a system
      incorporating the embodiments of FIGS. 2 or 3 above in a system of the
      type shown in FIG. 1. FIG. 4 is a block diagram of a charge-coupled imager
      with automatic sensitivity control and laser pulse detection for use with
      the embodiments of FIGS. 2 or 3. The charge-coupled device includes an
      imager portion 15 and a storage portion 21 which are equivalent to the
      optical integration section and read-out store sections of FIG. 1,
      respectively as modified by FIGS. 2 and/or 3. A lead 24 is coupled to the
      p+ region 9 of FIG. 3 or would be coupled to the top surface of the
      substrate 5 in the embodiment of FIG. 2 by a small p+ region (not shown)
      formed to the top surface therein. Substrate bias is applied to the imager
      15 from an accumulation biasing circuit 29 via a bias current detecting
      operational amplifier 26. Any charge passing to the lead 24 from the small
      p+ region (not shown) of the embodiment of FIG. 2 or the region 9 of the
      embodiment of FIG. 3 will pass through the amplifier 26 to an integrator
      17 having a reset switch 27 thereacross. The output of the integrator 17
      is coupled to a threshold device 16 which is triggered when the integrator
      17 has stored a predetermined charge to provide a signal to a comparator
      18. The threshold device 16 also operates the reset switch 27 which then
      discharges the capacitor of the integrator and starts the integrator back
      from a zero condition. Actuation of the comparator 18 causes a counter 20
      to start to count down for a number of counts equal to the number of
      transfers required to transfer all of the charge stored in all of the
      wells in the imager 15 into the store 21. The counter will enable a
      phase-line driver 14 in conjunction with a clock 10 to provide these frame
      transfer signals to the inputs .phi..sub.11, .phi..sub.21, .phi..sub.31,
      .phi..sub.12, .phi..sub.22, and .phi..sub.32 as shown in FIG. 1. The clock
      10 also provides pulses through a counter 12 which is set to provide a
      reference frame whereby, at the end of the predetermined period, whether
      the threshold device 16 or the threshold device 19 has been operated, the
      charge stored in the imager 15 will be transferred to the store 21. An
      amplifier 22 is utilized in the event that a very high intensity
      short-term pulse is provided along the line 24 from the imager 15. This
      amplifier would come into operation, for example, if a very large
      intensity pulse from a laser or the like were to impinge on the imager 15.
      This pulse will pass through the capacitor 28, since only AC will be able
      to pass through the amplifier 22, and, if sufficient intensity, will
      operate the threshold device 19 to then operate the comparator 18 as
      described above. The threshold device 19 also can provide the signals
      thereto to a code comparator 23 to determine whether a plurality of laser
      pulses are in accordance with a predetermined code. At the end of a field
      time, a signal from the counter 12 will reset the comparator 18 and the
      counter 20 to allow the transfer electrodes to again be biased for
      depletion.
PAR  To follow the circuit of FIG. 4 for a cycle of high illuminance, if it is
      assumed that the cycle begins with a pulse from the counter 12, then the
      imager 15 begins integrating and, after collecting the proper amount of
      charge, the threshold of the integrator 17 is reached. The charge packets
      in the depletion wells are shifted quickly from the imager 15 into the
      buffer or store section 21 under control of the comparator 18, counter 20
      and phase line driver 14 and the integrator 17 is reset by a signal from
      threshold device 16 to the reset switch 27. The imager 15 integrates
      again, and again the threshold detector 16 is tripped. If a field time has
      passed, the comparator 18 has received another pulse from the counter 12
      and the imager charge packets are shifted into the buffer or store 21 even
      if they have not been previously shifted. If a field time has not elapsed,
      the comparator 18 directs the imager 15 to dump the charge. The output of
      the threshold detector 19 in the pulse detection chain acts as a priority
      interrupt, causing this image containing the laser spot to be shifted into
      the empty buffer register even though a field time has not elapsed.
PAR  As an alternative to dumping, when the charge is stored in the imager 15 or
      transferred to the store 21 for the first time during a field time, the
      imager 15 will then be biased into accumulation rather than depletion.
      This situation will continue until the end of the field time at which time
      the imager 15 will be biased into depletion or for integration and the
      operation will continue as set forth herein above. In this way, the imager
      15 will not be able to store any charge after the initial operation during
      the field time.
PAR  In this case, the comparator 18 will direct the phase driver/substrate bias
      circuit 29 to bias the imager 15 into accumulation so that the imager 15
      will store no further charge until a pulse from the counter 12 indicates
      to the comparator 18 that the field time has elapsed.
PAR  The imager 15 can be accumulated by either inhibiting all of the phase
      drivers so that the phase lines are approximately at ground and biasing
      the substrate a few volts positive or by leaving the substrate bias
      constant and causing the inhibit signal to drive the phase lines a few
      volts more negative than the substrate bias. A circuit for providing the
      latter function is illustrated in FIG. 5.
PAR  When the inhibit line of the circuit shown in FIG. 5 is a logical 0,
      toggling the .phi..sub.i input toggles the .phi..sub.i output. For
      example, when the .phi..sub.i input is a 0, the output of the NOR gate 31
      is a 1 so that the output of NOR gate 32 is a 0. Thus, the transistor
      Q.sub.1 is cut off and the transistor Q.sub.2 is turned on, thereby
      putting the output to the .phi..sub.i lines approximately at ground.
      Conversely, when the .phi.input is a 1, the output of NOR gate 31 goes to
      0 and the output of NOR gate 32 goes to 1. This turns on transistor
      Q.sub.1 and turns off transistor Q.sub.2 so that the .phi..sub.i output
      goes to approximately B+ volts. If the inhibit line goes to a 1, the
      output of NOR gate 31 becomes 0 and the output of NOR gate 32 becomes 0
      regardless of the state of the .phi..sub.i input. Thus, the inhibit 1
      keeps the transistor Q.sub.1 cut off while at the same time it turns on
      the transistor Q.sub.4 which pulls the output to approximately B- volts.
PAR  It can be seen that there have been provided means for controlling the
      amount of charge that can be collected on a charge-coupled imager to
      prevent the effect of overexposure and lack of definition in the final
      image.
PAR  Through the invention has been described with respect to specific preferred
      embodiments thereof, many variations and modifications thereof will
      immediately become apparent to those skilled in the art. It is therefore
      the intention that the appended claims be interpreted as broadly as
      possible in view of the prior art to include all such variations and
      modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electronic shutter for a charge-coupled imager which comprises, in
      combination:
PA1  a. a charge-coupled imager comprising a substrate of semiconductor material
      of predetermined conductivity type, an insulating layer on a surface of
      said substrate, and plural transfer electrodes over said insulating layer
      such that radiation incident on said imager causes generation of minority
      carrier-majority carrier pairs in said substrate for storage of
      minority-carrier charge beneath said transfer electrodes during an
      integration period;
PA1  b. storage means coupled to said imager; and
PA1  c. means electrically connected to said substrate for responding to current
      flow induced by said majority carriers to cause transfer to said storage
      means of said minority carrier induced charge stored beneath said transfer
      electrodes and for terminating said integration period, at a predetermined
      level of said current.
NUM  2.
PAR  2. An electronic shutter as set forth in claim 1, further including means
      responsive to said majority-carrier-induced current for biasing said
      imager into accumulation.
NUM  3.
PAR  3. An electronic shutter as set forth in claim 1, further including means
      for setting a field time period and further means responsive to said
      majority-carrier-induced current during a field time for dumping further
      minority carrier charge stored in said imager.
NUM  4.
PAR  4. An electronic shutter as set forth in claim 1, wherein said
      charge-coupled imager further includes a layer of conductivity type
      opposite from said substrate on the opposite surface of said substrate.
NUM  5.
PAR  5. An electronic shutter as set forth in claim 2, wherein said
      charge-coupled imager further includes a layer of a conductivity type
      opposite from said substrate on the opposite surface of said substrate.
NUM  6.
PAR  6. An electronic shutter as set forth in claim 3, wherein said
      charge-coupled imager further includes a layer of a conductivity type
      opposite from said substrate on the opposite surface of said substrate.
NUM  7.
PAR  7. An electronic shutter as set forth in claim 1, wherein said
      charge-coupled imager further includes a plurality of substantially
      parallel and spaced apart channels in one surface of said substrate of the
      same conductivity type as said substrate and more highly doped than said
      substrate, a channel within each of said spaced apart channels and
      extending to the surface of said substrate of opposite conductivity type
      than said substrate, said plural transfer electrodes extending normal to
      said channels.
NUM  8.
PAR  8. An electronic shutter as set forth in claim 2, wherein said
      charge-coupled imager further includes a plurality of substantially
      parallel and spaced apart channels in one surface of said substrate of the
      same conductivity type as said substrate and more highly doped than said
      substrate, a channel within each of said spaced apart channels and
      extending to the surface of said substrate of opposite conductivity type
      than said substrate, said plural transfer electrodes extending normal to
      said channels.
NUM  9.
PAR  9. An electronic shutter as set forth in claim 3, wherein said
      charge-coupled imager further includes a plurality of substantially
      parallel and spaced apart channels in one surface of said substrate of the
      same conductivity type as said substrate and more highly doped than said
      substrate, a channel within each of said spaced apart channels and
      extending to the surface of said substrate of opposite conductivity type
      than said substrate, said plural transfer electrodes extending normal to
      said channels.
NUM  10.
PAR  10. An electronic shutter as set forth in claim 7, further including a
      layer of the same conductivity type as said substrate but more highly
      doped than said substrate on the opposite surface of said substrate.
NUM  11.
PAR  11. An electronic shutter as set forth in claim 8, further including a
      layer of the same conductivity type as said substrate but more highly
      doped than said substrate on the opposite surface of said substrate.
NUM  12.
PAR  12. An electronic shutter as set forth in claim 9, further including a
      layer of the same conductivity type as said substrate but more highly
      doped than said substrate on the opposite surface of the said substrate.
NUM  13.
PAR  13. An electronic shutter for a charge-coupled imager having a substrate of
      semiconductor material of predetermined conductivity type, an insulation
      layer on one surface thereof, and a plurality of spaced transfer
      electrodes disposed on said insulation layer, such that radiation incident
      on said imager causes generation of minority carrier-majority carrier
      pairs in said substrate for storage of minority-carrier charge beneath
      said transfer electrodes during an integration period, said electronic
      shutter comprising:
PA1  a. storage means coupled to said imager;
PA1  b. substrate bias circuit means having a bias line connected to said
      substrate such that said majority carriers induce corresponding current
      flow in said bias line during operation of said imager; and
PA1  c. control means operably connected to said substrate bias circuit means
      for controlling said substrate bias circuit means in response to a
      predetermined level of majority carrier induced current flow in said bias
      line corresponding with a predetermined level of radiation incident on
      said imager, so as to impart bias to said substrate in a manner regulating
      charge transfer from said imager to said storage means.
NUM  14.
PAR  14. An electronic shutter for a charge-coupled imager having a substrate of
      semiconductor material of predetermined conductivity type, an insulation
      layer on one surface thereof, and a plurality of spaced transfer
      electrodes disposed on said insulation layer, said electronic shutter
      comprising:
PA1  a. charge storage means coupled to said imager;
PA1  b. substrate bias circuit means having a bias line connected to said
      substrate and being responsive to current induced in said bias line by
      majority carriers generated in the operation of said imager; and
PA1  c. control means operably connected to said substrate bias circuit means
      for controlling said substrate bias circuit means so as to impart bias to
      said substrate in a manner regulating charge transfer from said imager to
      said storage means, said control means comprising:
PA1  i. an integrator circuit connected to said bias line for receiving current
      therefrom,
PA1  ii. a threshold device connected to the output of said integrator circuit
      and being responsive to an output of a predetermined magnitude to generate
      a threshold signal, and
PA1  iii. a comparator connected to the output of said threshold device and
      being actuated upon receiving a threshold signal therefrom to provide an
      output signal, and
PA1  iv. said substrate bias circuit means being connected to said comparator
      and being responsive to an output signal therefrom for imparting bias to
      said substrate so as to transfer charge represented by minority carriers
      collected by said imager from said imager to said storage means.
NUM  15.
PAR  15. An electronic shutter as set forth in claim 14, wherein said control
      means further comprises
PA1  a. a counter connected to said comparator and also being responsive to an
      output signal therefrom for counting a total count number equal to the
      number of charge transfers required to transfer all of the charge
      represented by minority carriers collected by said imager from said imager
      to said storage means,
PA1  b. a phase-line driver connected to the output of said counter and operably
      associated with said spaced transfer electrodes of said imager, and
PA1  c. said counter enabling said phase-driver upon implementation of each
      count to sequentially provide transfer signals from said phase line driver
      to said imager so as to transfer all of the charge respresented by
      minority carriers collected by said imager from said imager to said
      storage means.
NUM  16.
PAR  16. An electronic shutter as set forth in claim 14, further including reset
      switch means connected across said integrator circuit, said reset switch
      means also being connected to the output of said threshold device and
      being responsive to a threshold signal generated therefrom for discharging
      said integrator circuit to return said integrator circuit to a start
      condition.
NUM  17.
PAR  17. An electronic shutter as set forth in claim 14, wherein said control
      means further comprises
PA1  a. high intensity pulse signal detecting means connected to said bias line
      in parallel with said integrator circuit for receiving high intensity
      short-duration pulses from said bias line,
PA1  b. a second threshold device connected to the output of said high intensity
      pulse signal detecting means and being responsive to an output of a
      predetermined magnitude therefrom to generate a threshold signal, and
PA1  c. said comparator being connected to the output of said second threshold
      device and being actuated upon receiving a threshold signal therefrom to
      provide an output signal.
NUM  18.
PAR  18. In a charge coupled device imager which comprises, in combination, a
      substrate of semiconductor material of predetermined conductivity type, an
      insulating layer on a surface of said substrate, and plural transfer
      electrodes over said insulating layer such that radiation incident on said
      imager causes generation of minority-carrier majority-carrier pairs in
      said substrate for storage of minority-carrier charge beneath said
      transfer electrodes during an integration period:
PA1  incident radiation sensing means comprising means electrically coupled to
      said substrate for responding to current flow induced by said
      majority-carriers to measure the amount of radiation incident upon said
      imager.
NUM  19.
PAR  19. In a charge coupled device imager which comprises, in combination, a
      substrate of semiconductor material of predetermined conductivity type, an
      insulating layer on a surface of said substrate, and plural transfer
      electrodes over said insulating layer such that radiation incident on said
      imager causes generation of minority carrier majority carrier pairs in
      said substrate for storage of minority-carrier charge beneath said
      transfer electrodes during an integration period:
PA1  incident radiation sensing means comprising means electrically coupled to
      said substrate for response to current flow induced by said majority
      carriers to measure the amount of radiation incident upon said imager; and
      means operatively coupled to said incident radiation sensing means for
      terminating said integration period at a predetermined incident radiation
      level thereby providing automatic exposure control for said imager.
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ABST
PAL  The present invention relates to a miniaturized nuclear battery, consisting
      of several in series connected cells, wherein each cell contains a support
      which acts as positive pole and which supports on one side a
      .beta.-emitter, above said emitter is a radiation resisting insulation
      layer which is covered by an absorption layer, above which is a collector
      layer, and wherein the in series connected cells are disposed in an
      airtight case.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a miniaturized nuclear battery, composed of
      several cells mounted in series.
PAR  Such sources of electricity are needed, so that electrically driven
      apparatus, as for example electric or electronic watches, can operate
      without interruption caused by the periodic replacing of the batteries.
PAR  Batteries as mentioned above are already known, but satisfying results
      could not be obtained for a miniaturized nuclear battery, fulfilling all
      conditions relative to security, a life of 10 to 20 years, and an
      appropriate output power.
PAR  In particular such batteries are known which contain higher energetic
      .beta.-sources as Sr 90, Pm 147, etc. For safety reasons such batteries
      are not suited for uncontrolled use.
PAR  Because of the limited intensity of the radiation for safety and in
      particular because of its half-life of 12.5 years, tritium (T or .sup.3 H)
      appeared to be singularly suited as a source of radiation, in spite of the
      fact that only vacuum could be used as dielectric medium. This is a
      disadvantage vis-a-vis the mentioned higher energetic .beta.-sources, as
      they could have allowed a solid, and thus a more dense dielectric with a
      half-value-thickness for these emitters far above the 40 mg/cm.sup.2 for
      tritium. Due to the medium intensity of radiation of about 6 keV of the
      tritium, batteries with this source are only feasible with vacuum as
      dielectric. Although by more recent embodiments of such batteries the
      freed helium no longer lowers the vacuum in a short time, there exist no
      results wherein a vacuum of 10.sup..sup.-3 Torr is maintained as long as
      the life of the battery lasts, without losses.
PAR  Another drawback of the vacuum battery turns up when a satisfying amount of
      current has to be furnished, which has to be done by increasing the flow
      of electrons to the collector and that means, as the surface activity has
      to be limited, an increase of the total surface. This is reached by a
      special arrangement of the emitter surface, which increases the volume of
      the battery. For the application of such batteries in miniaturized devices
      as for example watches, hearing aids, pace-makers, etc., the dimensions
      play an eminent role, often tenths of millimeters are most important.
PAR  An impedance matching of such batteries to the devices to be supplied is
      very difficult as their no-load voltage corresponds practically to the
      mean radiation energy of tritium. With a matched load, U.sub.eff is still
      2-3 kV.
PAC  SUMMARY OF THE INVENTION
PAR  The aim of the present invention is to provide for a miniaturized nuclear
      battery which eliminates the disadvantages of the vacuum battery with
      tritium and the difficulties of the impedance matching, and which has a
      solid dielectric medium. The battery should have a terminal voltage of
      about 500 V.
PAR  This problem is solved according to the invention in that each cell
      contains a support-element which acts as positive pole and which supports
      on one side a .beta.-emitter, above said emitter is a radiation resisting
      insulation layer which is covered by an absorption layer above which is a
      collector layer, and that the in series connected cells are put in an
      airtight case.
PAR  In an advantageous modification of the invention the cells lay superimposed
      in the case.
PAR  The advantages reside in particular in that although several cells with a
      weak radiation intensity are used, a relatively great radiation intensity
      per unit surface can be realized, so that the total power output of the
      nuclear battery becomes high. It is further possible to make the emitter
      film on the support-element so thin, that even the electrons of the lowest
      layer can penetrate to the surface and are not already absorbed by the
      emitter film. The absorption layer above the insulation layer prevents the
      creation of a counter-field by electrons reflected from the collector.
PAR  An example of an embodiment of the invention is shown in the drawing and
      will be described more in detail.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The sole FIGURE shows schematically and in section the construction of one
      embodiment according to the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the FIGURE the case 1 consists of a cup-shaped base 2 and a flat lid 3.
      The lid 3 is welded to the base 2. It has an opening 4 in which a contact
      pole 5 is cast-in with a casting compound 6. At its interior end this
      contact pole 5 has a contact spring 7, which connects pole 5 with a
      protrusion 8 of a contact disc 9. Above disc 9 is an insulating disc 10
      with an opening 11, through which the raised part 8 of disc 9 protrudes. A
      pressure spring 13 is located between the lower side 12 of the lid and the
      insulating disc 10. The inner lateral surfaces 14 of case 1 are covered by
      an electric insulating and radiation resisting insulation layer 15.
      Particulary well suited as, insulating materials are synthetic material
      films, for example "Parylene" (registered trademark), consisting of a
      group of polymers, or of polyester, "Mylar"(registered trademark), or the
      like.
PAR  The said case 1 can of course be constructed otherwise, if the following
      points are considered:
PAR  The case must be airtight. It must have a contact pole 5 which is
      electrically insulated from base 2 and lid 3 and which is electrically
      connected to the collector of the top cell, the latter being described
      later. It is important that the cells be held strongly avoiding electric
      contacting of parts to be isolated with the case or another conducting
      part.
PAR  Between the bottom of base 2 and contact disc 9 are piled up several
      identical cells 17. In this example there are 10. Each of those 10 cells
      17 consists of a support-element 18, for example of copper or a Cr-Ni-
      alloy. Other metallic materials are possible, too. Said support 18 has
      advantageously a surface which matches that of the bottom 16. Its
      thickness is some microns, by realized prototypes about
      1-3.times.10.sup..sup.-2 mm, whereas the surface was about 2 cm.sup.2.
PAR  On this support is a .beta.-emitter 19 with a somewhat smaller surface, as
      an evaporated or otherwise deposed film. Preferentially said
      .beta.-emitter consists of a tritium-titanium-compound, subsequently
      called Ti-T- compound, in the ratio of one part titanium and two parts
      tritium. This film has a thickness which is enough to generate an activity
      of about 40 mC/cm.sup.2 and amounts to 0.5 - 1 .mu.m.
PAR  Said film of radioactive material is covered by a radiation resisting
      insulation layer 20, which reaches advantageously over the sides 21 of
      support 18, so that only the lower side 22 of it remains uncovered. In
      order to warrant a maximum efficiency of cell 17 the insulation layer 20
      must be so thin that the electrons which are emitted from the
      .beta.-emitter 19 with a mean energy of 0.5 - 6.0 keV can pass without
      obstruction. It has been found that a film of "Parylene" or "Mylar" with a
      thickness of 1.times.10.sup..sup.-4 mm is convenient.
PAR  Above the insulation layer 20 is an absorption layer 23, which prevents
      reflected electrons from the overlaying collector 24 from penetrating
      again the insulation layer 20. Said layer 23, which consists
      advantageously of carbon with a thickness of about 1.times.10.sup..sup.-2
      mm has further the task to bind the helium which is freed by the decay.
      The surface of the layer 23 matches approximately that of the
      .beta.-emitter 19 and is thus a little smaller than that of the support
      18. As top layer of each cell 17, the collector layer 24 is above the
      absorption layer and has a surface area which matches that of the
      absorption film. Preferentially the collector layer is made of Al, Fe or
      an alloy of these substances, and has a thickness of 1 -
      2.times.10.sup..sup.-2 mm.
PAR  As mentioned above, there are several such cells piled up, with support 18
      of each succeeding cell disposed atop the collector of the subjacent cell.
PAR  Each of the cells 17, which in this example is circular in plan, has a
      total thickness of about 3.times.10.sup..sup.-2 mm, and an activity of
      nearly 40 mC, and generates a power of approximately 0.012.mu.W under a
      potential of 50 V. That means that the battery in the example with 10 in
      series connected cells has an effective activity of about 400 mC, a power
      of nearly 0.12.mu.W, and a voltage of nearly 500 V.
PAR  According to the construction of the cells, with respect to the flow of the
      electrons, base 2 forms the positive pole and contact pole 5 forms the
      negative pole of the battery.
PAR  Thus this battery fulfills all demanded requirements. Nevertheless for
      particular applications its power may be too low. It is then quite easy to
      increase the total power output by connecting in parallel several
      batteries, of course put in one case. Due to the smallness of the
      individual cells, the overall volume of such a battery is practically not
      modified. It has, in connection with this, to be borne in mind that the
      proportions of the drawing are distorted, to allow a better understanding
      of the invention.
PAR  In the following the physical properties of the nuclear battery according
      to the invention and those of conventional vacuum batteries are compared.
PAR  In order to obtain a useful quantity of electrons an effective activity of
      240 mC is needed. The total activity, which is needed in a vacuum battery
      for such an effective activity is about 5 C, which can easily be
      calculated from known physical constants. A vacuum battery with an optimum
      efficiency has under these conditions a no-load voltage of about 3000 V,
      whereas the no-load power is about 6 .mu.W. Because such a high voltage is
      not useful, an impedance matching has to be effectuated. To be able to
      compare, let the vacuum battery have an effective voltage U.sub.eff of 500
      V. With an optimum impedance matching an effective output power of the
      battery of about 0.75 .mu.W can be obtained.
PAR  As mentioned above, a battery with 10 in series connected cells of 40 mC
      and 50 V has a terminal voltage of about 500 V and a total effective
      activity of about 400 mC. It has to be mentioned that the effective
      activity of 40 mC per cell is obtained with only 100 mC total activity due
      to the extremely thin emitter film.
PAR  This means that 10 such cells have a total activity of about 1 C with an
      output power of 0.12 .mu.W, and further that with the same total activity
      as with the vacuum battery, 5 C, five packages of 10 cells each, which can
      easily be parallel-connected, can produce an effective output power of 0.6
      .mu.W under 500 V. It should be mentioned that in practice the theoretical
      maximum impedance matching of the vacuum battery cannot be obtained. In
      general the output of a vacuum battery with a no-load voltage of 3000 V
      and a no-load power of 6 .mu.W will not exceed 0.6 .mu.W under 500 V. On
      the contrary the battery according to the invention needs no impedance
      matching, the output voltage being 500 V, so that the output power of the
      above described battery is effectively 0.6 .mu.W under 500 V. It means
      that the efficiency of both types of battery is practically identical,
      that is with a total activity of 5 C an effective output power of 0.6
      .mu.W is generated. Nevertheless it is important to note that the battery
      according to the invention does not have the drawbacks of the vacuum
      battery and is substantially smaller than the latter.
PAR  It is obvious that the battery depending on the application can have
      another relationship between the in series connected cells and that the
      surface of each cell can be varied too.
PAR  The case of the battery may be also directly a component of the device
      operated by the battery.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A nuclear battery comprising a plurality of in series connected,
      superposed cells, each cell including a generally flat support element
      acting as a positive pole, a .beta.-emitter supported on one side of said
      support element, a radiation resisting insulation layer disposed on said
      support layer and completely overlying said .beta.-emitter, an absorption
      layer atop said insulation layer, and a collector layer atop said
      absorption layer, wherein the support element of each superposed cell lies
      directly on the collector layer of its subjacent cell without space
      between them and the in series connected cells are disposed in an airtight
      case where a compact battery is obtained.
NUM  2.
PAR  2. A nuclear battery according to claim 1, wherein said support element is
      made of a copper- or a Cr-Ni-disc.
NUM  3.
PAR  3. A nuclear battery according to claim 1, wherein said .beta.-emitter is
      made of a Ti-T-compound.
NUM  4.
PAR  4. A nuclear battery according to claim 1, wherein said radiation resisting
      insulation layer consists of a synthetic material made of polyester or
      polymer groups.
NUM  5.
PAR  5. A nuclear battery according to claim 1, wherein said absorption layer is
      made of carbon.
NUM  6.
PAR  6. A nuclear battery according to claim 1, wherein said collector layer is
      made of Fe,Al or an alloy of these substances.
NUM  7.
PAR  7. A nuclear battery according to claim 1, wherein said cells are circular
      in plan.
NUM  8.
PAR  8. A nuclear battery according to claim 1, wherein each cell has a
      thickness of about 30 .mu.m.
NUM  9.
PAR  9. A nuclear battery according to claim 1, wherein each cell generates
      voltage of about 50 V.
NUM  10.
PAR  10. A nuclear battery according to claim 1, wherein the output power of a
      cell is about 0.012 .mu.W.
NUM  11.
PAR  11. A nuclear battery according to claim 1, wherein the cells are piled up
      in the case.
NUM  12.
PAR  12. A nuclear battery according to claim 1, wherein said case consists of a
      cup-shaped base and a thereon welded flat lid.
NUM  13.
PAR  13. A nuclear battery according to claim 1, wherein said case acts as the
      positive pole of the battery.
NUM  14.
PAR  14. A nuclear battery according to claim 1, wherein case (1) contains 10
      cells.
NUM  15.
PAR  15. A nuclear battery according to claim 2, wherein the copper disc has a
      thickness of 1 - 2.times.10.sup..sup.-2 mm.
NUM  16.
PAR  16. A nuclear battery according to claim 3, wherein the Ti-T-compound
      consists of one part titanium and two parts tritium.
NUM  17.
PAR  17. A nuclear battery according to claim 16, wherein said Ti-T-compound
      forms a film with an activity of about 40 mC.
NUM  18.
PAR  18. A nuclear battery according to claim 4, wherein the insulation layer
      has a thickness of about 1.times.10.sup..sup.-4 mm.
NUM  19.
PAR  19. A nuclear battery according to claim 5, wherein said carbon layer has a
      thickness of about 1.times.10.sup..sup.-2 mm.
NUM  20.
PAR  20. A nuclear battery according to claim 6, wherein said collector layer
      has a thickness of about 1 - 2.times.10.sup..sup.-2 mm.
NUM  21.
PAR  21. A nuclear battery according to claim 7, wherein each cell has an
      effective surface of about 2 cm.sup.2.
NUM  22.
PAR  22. A nuclear battery according to claim 11, wherein above the top cell is
      a contact disc with a raised part, said part protruding through an
      insulating disc.
NUM  23.
PAR  23. A nuclear battery according to claim 12, wherein the inner surfaces of
      the side wall of the base have an insulation layer thereon.
NUM  24.
PAR  24. A nuclear battery according to claim 12, wherein said lid has a cast-in
      contact pole.
NUM  25.
PAR  25. A nuclear battery according to claim 22, wherein a spring is put
      between the lid and the insulation disc.
NUM  26.
PAR  26. A nuclear battery according to claim 24, wherein the contact pole and
      the raised part are electrically connected.
NUM  27.
PAR  27. A nuclear battery according to claim 26, wherein said contact pole acts
      as negative pole.
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PAL  The machine comprises a rotary assembly comprising a hollow shaft
      containing the inductor, a passive screen for protecting the inductor
      against rapid variations in field due to disturbances in the armature. An
      auxiliary winding borne by the shaft creates a rotary magnetic field of
      intensity and frequency such that it completes the compensation of the
      magnetic fields created by the armature. The machine is useful for
      synchronous power alternators.
BSUM
PAR  The present invention relates to polyphase synchronous electrical machines
      and, more particularly, to high power polyphase synchronous electrical
      machines for converting mechanical power that they receive from a rotary
      shaft into electrical power in the form of alternating voltages and
      currents, although it is also applicable to synchronous motors.
PAR  Certain windings of a rotary electric machine have already been constituted
      by means of superconductors. Superconductors are in fact advantageous due
      to the fact that extremely high currents can circulate therein with very
      low losses and that, correspondingly, it is possible, for a given power,
      to have a minimum volume. On the other hand, the use of superconductors to
      constitute a winding implies the maintenance of the latter at very low
      temperature. When the mechanical power supplied to the machine must be
      transmitted entirely from the shaft to the rotating coil, direct coupling
      between the inductor coil and the shaft constitutes a thermal leakage path
      whose existance is manifested by the necessity of a very high powered
      cooling installation.
PAR  Moreover, superconducting materials have a magnetic hysteresis such that a
      release of heat is produced which is hardly compatible with maintenance at
      the low temperatures necessary for the preservation of the
      superconductivity when they are subjected to rapid or periodic variations
      of magnetic field. This property makes it difficult to constitute the
      armature of a superconductor. It also necessitates the taking of steps to
      limit the variations in the magnetic field of the armature caused by
      variations in load.
PAR  A solution already used consists of placing, between the inductor (or
      field) coil and the fixed windings (armature windings), a rotary screen,
      whose constitution is similar to that of dampers in conventional
      alternators. It can be for example a short-circuited winding which, in
      steady state condition, is not subject to any variation in flux and which
      is hence not the site of any current. It can also consist of conducting
      bars assembled as a squirrel cage. However such a screen, if it reduces in
      an efficient manner the magnetic fields, which rotate with respect to it
      at a high rotary frequency, is incapable of damping the magnetic fields
      within the low frequency range, due for example to cyclic variations in
      rotary speed of the inductor coil, of very low amplitude and of low
      frequency.
PAR  It is an object of the present invention to provide a polyphase synchronous
      electrical machine with a superconductor inductor coil which responds
      better to the exigencies of practice than prior superconducting winding
      rotary machines, especially in that it reduces considerably the variations
      in field to which the inductor coil is subject.
PAR  To this end, according to the invention, there is provided a synchronous
      polyphase electrical machine with a superconducting inductor coil,
      characterised particularly in that it comprises a rotary assembly
      comprising the inductor coil, separated from an armature by a passive
      shield and by an auxiliary winding in which a servocoupling circuit causes
      the flow of currents for creating a rotary magnetic field of such
      intensity and frequency that it compensates for the interfering fields of
      the armature in disturbed operation.
PAR  Any auxiliary winding constitution enabling the creation of a rotary field
      is utilisable. However, it is generally advantageous to use a winding
      constituted by two coils, of which one, which will in the following be
      called "transverse auxiliary winding," has for each phase a magnetic axis
      in quadrature with the magnetic axis of the inductor coil, and of which
      the other, which will in the following be called "longitudinal auxiliary
      winding," has a magnetic axis coincident with that of the inductor coil.
PAR  The auxiliary winding of the machine according to the invention enables the
      effect of the conventional passive screen to be completed, down to very
      low frequencies at which this passive screen is inoperative (down to
      several hertz). This auxiliary winding could even be entirely substituted
      for the passive screen, but without this arrangement representing an
      advantage, given that the passive screen gives satisfactory results at
      high frequencies and that, for the same frequencies, the servocoupling
      circuit must have a short time constant.
PAR  The invention is particularly applicable to electrical machines with a
      superconducting inductor coil in which this inductor coil is provided so
      that the torque which is exerted between a drive shaft and itself is very
      low. In this case, the inductor coil is only made fast to the shaft by
      means of low mechanical strength and on the other hand the servocoupling
      circuit is provided to cause the passage, in the transverse auxiliary
      winding, of a direct current of a value such that the torque transmitted
      between the shaft and the inductor coil is substantially nil.
      Consequently, the coupling means of the shaft and the inductor coil, being
      of low mechanical strength, can be constituted so as to have very low
      thermal conductivity, hence so as to reduce, to a very great extent, the
      drawback of the above-mentioned conventional alternators consisting of an
      excessive loss of cooling power through the coupling.
PAR  In this embodiment, the shaft is advantageously hollow and contains a
      cryostat in which the inductor coil is placed.
PAR  The invention is applicable to any synchronous electrical machine operating
      at low frequency, whether it relates particularly to the usual industrial
      frequencies (50 or 60 hertz) or to frequencies normally used for other
      applications, for example 400 hertz which is the frequency used in
      aviation.
DRWD
PAR  The invention will be better understood on reading the description which
      follows of a synchronous electrical machine which constitutes a particular
      embodiment thereof, given by way of non-limiting example. The description
      refers to the accompanying drawings in which:
PAR  FIG. 1 shows an embodiment of the machine according to the invention, in
      very diagrammatic manner, in a section along a plane passing through its
      axis;
PAR  FIG. 2 is a partial diagrammatic view, on a larger scale, in section along
      the line II--II of FIG. 1 showing additional details; and
PAR  FIG. 3 is a simplified block diagram showing the servocoupling circuit
      which regulates the value of the current in the auxiliary winding; and
PAR  FIG. 4 is an alternative embodiment of the circuit of FIG. 3.
DETD
PAR  For greater simplicity, it will be considered in the following that the
      rotary machine described is a three-phase di-polar machine, but it must be
      well understood that the number of phases and the number of pairs of poles
      could be entirely different. This machine comprises a rotary assembly of
      generally cylindrical shape in which are arranged coaxially, from the axis
      of the machine, the inductor coil contained in a cryostat, the shaft which
      receives the motive power, a passive screen and an auxiliary winding.
      However, a different arrangement could be adopted and providing, for
      example, from the axis, the inductor coil, the auxiliary winding and the
      shield. There could also, although this solution seems less satisfactory,
      be used a solid shaft instead of a hollow shaft and the assembly of
      windings and passive shield placed around the shaft.
PAR  The machine illustrated in FIG. 1, constituting a synchronous alternator,
      has a general constitution similar to that of the machine described and
      claimed in U.S. patent application Ser. No. 412,127, filed Nov. 2, 1973 by
      applicant and whose teachings are herein incorporated by reference.
PAR  The alternator comprises a fixed frame 10 (FIG. 2) which bears a stator
      coil 11 and in which is mounted the rotary assembly. The stator winding is
      connected, for example, to a receiver network for electrical energy. It is
      constituted of an electrically good conducting material, for example
      copper or aluminum, operating the usual temperatures of armature coils of
      conventional alternators. On operation, the rotation of the inductor coil
      and that of the auxiliary winding of the rotary assembly which will be
      described below give rise in the armature 11 to electromotive forces.
PAR  The frame 10 carries, at its end, centering bearings 12 and 13 for a rotary
      hollow shaft 14. These bearings are sufficiently spaced from the armature
      and from the rotary assembly windings for the magnetic flux which passes
      through them to remain small.
PAR  The rotary assembly comprises a superconducting inductor winding 15. This
      winding, di-polar in the embodiment described, is traversed by the D.C.
      energizing current of the machine, which is constant under steady state
      conditions. This inductor winding 15 is formed according to the usual
      technology of superconducting magnets, so that it is not necessary to
      describe its constitution here in detail. The superconducting material can
      for example be of the composite multifilamentary type, associating
      elemental filaments of an alloy of niobium and of titanium buried in a
      matrix of copper and formed into wires of circular or rectangular
      cross-section. The suitably insulated elemental conductors are arranged,
      in sufficient number to ensure overall distribution of current resulting
      in a two-pole field, for example in grooves or notches formed at the
      periphery of a cylindrical mandrel 29. This mandrel 29 (FIG. 2) may be of
      steel (magnetic or amagnetic, the inductions being very high), of an
      insulating material or even of a metal having good mechanical strength and
      being a good heat conductor. If a plastics material is used, the latter is
      advantageously reinforced with fibres. Among the metallic products usable,
      there may be mentioned for example light aluminum based alloys. The
      inductor winding 15 and the mandrel which carries it are provided with
      cooling channels to enable the cryogenic fluid to circulate. The inductor
      winding 15 being subject to magnetic stresses due its own field and to
      mechanical stresses due to the centrifugal force on operation, it must be
      locked on the mandrel 29. This result can be achieved by using notch
      wedges of a material with good mechanical strength, or metallic bands, or
      again impregnation with a thermo-setting resin. The above methods may
      obviously be also used in combination.
PAR  The inductor winding 15 must be supplied with continuous current, at least
      during the period of starting. The current can be supplied either by a
      generator or driven by the shaft, associated with static rectifiers, or
      from the outside. It is this second solution which is illustrated by way
      of example in FIG. 1, which shows sliding contacts 16 and 17, comprising
      fixed brushes and rings borne by a jacket 18 attached to the mandrel
      supporting the inductor winding. The conductors connecting the sliding
      contacts to the inductor winding are situated inside the jacket; they must
      obviously be devised so as to reduce as much as possible the transmission
      of heat towards the low temperature zone.
PAR  Whatever the solution adopted to supply the inductor winding on increase in
      speed, this winding advantageously comprises a superconducting switch,
      open as long as the power increases in speed and which is closed under
      steady conditions so as to loop the inductor winding on itself and to trap
      the flux necessary for operation. At the same time, the supply can be
      interrupted.
PAR  The inductor winding is enclosed in a cryostat, comprising an internal wall
      19 and an external wall 20. The inductor winding is fixed to the outer
      wall 20 of the cryostat by centering parts. These parts comprise, in the
      embodiment described, the jacket 18 and flanges 21. The outer wall 20 of
      the cryostat itself is centered in the shaft and fixed to the latter by
      members which must have as low a thermal conductivity as possible, which
      members are denoted at 22. On the other hand, these members can only have
      a very limited mechanical strength.
PAR  Between the cryostat and the shaft 14 there is provided a thermal
      insulation, which may be constituted in conventional manner by a double
      walled jacket under vacuum, or by a conventional super-insulating
      material. There may also be used, either separately, or jointly with the
      preceding devices, a screen at an intermediate temperature, for example
      traversed by liquid nitrogen at 77.degree.K. The members 22 may be
      constituted of flanges or structural members with a symmetry of revolution
      of stainless steel with low thermal conductivity.
PAR  These connections can be of very small cross-section since, as will be
      seen, the inductor is only subject to a small torque tending to rotate it
      with respect to the shaft, and even nil under steady state conditions.
PAR  The cryostat itself must be provided with means for supply of fluid for
      maintaining cryogenic temperatures. In the diagrammatically illustrated
      embodiment, these means comprise a central pipe 23 which opens inside the
      mandrel bearing the inductor winding 15.
PAR  Through this pipe, cryogenic fluid is injected, which can be liquid helium
      or, even better, hypercritical helium. The vaporised helium returns into
      the space comprised between the pipe 23 and the jacket 18 (the latter
      being advantageously provided with heat insulation). The helium is
      evacuated through a pipe 24 which opens into a fixed collector 25,
      cooperating with the end surface of the jacket 18 through a rotary sealing
      joint 26.
PAR  The shaft 14 bears a passive electrical screen or shield 27 and an
      auxiliary winding 28. In the embodiment illustrated, these two members are
      placed outside the shaft, auxiliary winding on the outside. The shaft is
      selected of a material with a high mechanical strength, generally of
      magnetic or amagnetic steel. It can be provided with radial notches 30
      open outwardly enabling the placing of windings constituting the screen 27
      and the auxiliary winding 28.
PAR  The screen 27 can have the constitution used normally in alternators with a
      superconducting inductor to protect the superconducting material against
      variable interfering magnetic fields produced by disturbances in the
      armature or stator winding. This screen will generally be constituted by a
      short circuited winding, according to an arrangement identical with
      squirrel cages of asynchronous motors.
PAR  In the embodiment illustrated in FIG. 2, this winding is placed in notches
      30 of the shaft 14 which also receive the windings which constitute the
      auxiliary coil. For greater simplicity, only some notches are shown in
      FIG. 2.
PAR  The shaft also carries two windings of the auxiliary coil 28. It will be
      assumed in the following that one of these windings, called the
      longitudinal auxiliary winding, has its magnetic axis coincident with the
      magnetic axis of the superconducting inductor. This winding is denoted by
      31 in the simplified block diagram of FIG. 3. The other winding, denoted
      by 32 in the block diagram of FIG. 3, is in electrical quadrature with the
      magnetic axis of the inductor and, for this reason, is called the
      transverse auxiliary winding. As has already been indicated above, this
      relative angular location of the two windings is not the only one which
      can be used, but has the advantage of leading to the simplest possible
      construction of the servocoupling circuit which regulates the currents so
      as to compensate for interfering fields due to the armature 11.
PAR  All of the windings of the secondary coil can be formed according to
      conventional winding techniques for turbo-alternator rotors. It is
      obviously necessary to reduce as much as possible the thickness of the
      assembly constituted by the auxiliary winding, the screen and the hollow
      shaft, to an extent compatible however with the forces to be withstood.
      The windings must be kept at a temperature compatible with the use of
      conventional electrical insulators and which limits the transfer of heat
      to the cryostat. Generally, water cooling will be used. However, cooling
      by cryogenic fluid at a temperature intermediate between the temperature
      of superconductivity and ambient temperature, could also be adopted. There
      could for example be used cooling by circulation of liquid nitrogen.
PAR  The windings 31 and 32 must be supplied by suitable currents. In the
      embodiment envisaged here, the longitudinal auxiliary winding is not
      supplied at undisturbed steady state, and the passive shield is likewise
      not traversed by any current. Given that it is sought to reduce to as low
      as possible the value the torques tending to rotate the inductor 15 with
      respect to the shaft 14, the transverse auxiliary winding 32 is then, on
      the contrary, supplied by D.C. current of intensity proportional to the
      active component of the current delivered to the armature winding of the
      alternator, the coefficient of proportionally being selected to cancel the
      torque acting on the inductor, whatever the electrical power supplied.
PAR  In case of faulty operation or in unbalanced conditions on the contrary,
      the servocoupling circuit causes the passage in the two windings 31 and 32
      of the auxiliary winding, of currents intended to reduce the interfering
      magnetic field acting on the inductor 15 to a value compatible with
      suitable operation. In the embodiment illustrated, this result will be
      achieved by causing to pass in the longitudinal auxiliary winding 31, and
      by superposing on the continuous current in the transverse auxiliary
      winding 32, an alternating current, so as to create a rotary field of
      suitable amplitude and frequency.
PAR  The servocoupling circuit may have the constitution illustrated in
      principle in FIG. 3. The amplitude and phase of the alternating current
      supplied by the armature 11 to the mains 33 are measured by a conventional
      sensor apparatus 34 which supplies signals representative of the magnitude
      and phase of the current to a computer or processing network 35 the
      elements for determining the reaction field of the armature.
PAR  A tachometer and a sensor for sensing the angular offset of the inductor
      with respect to the rotary field of the armature 11 (field detector borne
      by the stator for example), shown diagrammatically at 36, supply a speed
      and displacement related input to the computer 35, in the form of analog
      electrical signals. From these elements, the computer 35, constituted by
      an analog computing system, for example, determines the principal periodic
      component of the reaction field of the armature. The formulae for the
      computation of this field being conventional, a suitable computer 35 is
      easily constructed with commercial analog computer units. A comparator 37,
      provided with a reference generator 38 for setting maximum acceptable
      values for the disturbances, that is, the values which are not to result
      in activation of the servocoupling, controls a computer or control network
      40 which regulates current generators 39 which cause suitable currents to
      flow in the two windings 31 and 32.
PAR  The generators 39 can be external to the machine. In this case, as
      indicated in FIG. 3, the auxiliary winding is supplied by three sliding
      contacts 41 (or four if it is desired to avoid a common point). The
      sliding contacts can be constituted by carbon brushes rubbing on the
      metallic rings, or liquid metal contacts. Instead of external generators,
      there may obviously be used a generator driven by the shaft, provided with
      built-in static rectifiers.
PAR  The armature 11 is constituted by a distributed three phase two pole
      winding, constructed in conventional manner of a material which is a good
      conductor of electricity (copper or aluminum) vigorously cooled, for
      example by forced circulation of water. The conductors must be sub-divided
      and transposed to minimise losses by eddy-currents.
PAR  A servocoupling circuit having a different constitution from that
      illustrated in FIG. 3 can be used, the only condition being that it
      determines the periodic components of the reaction field of the armature
      (or at least the principal component) and supplies to the windings 31 and
      32 the necessary currents for the required compensation.
PAR  A circuit constituting a modification of that of FIG. 3 is shown wherein
      corresponding, or similar, elements are given the same numbers with primes
      attached. The circuit comprises, at 34', current transformers which supply
      to the computer 35' signals proportional to the momentary value of the
      currents i.sub.a, i.sub.b, i.sub.c supplied by the armature 11' and the
      angular frequency .omega. of these currents.
PAR  The device 36 of FIG. 3 is omitted in FIG. 4 and the computer 35' comprises
      three multipliers 41 (Hall effect probes for example) which supply the
      product of i.sub.a, i.sub.b, i.sub.c respectively by a corresponding
      sinusoidal signal whose angular frequency is .omega.. This sinusoidal
      signal, supplied by a generator provided in the computer 35', has an
      amplitude proportional to the fundamental term of the harmonic
      distribution analysis of the armature conductors (which is a
      constructional characteristic of the alternator and is substantially the
      same for the three phases) and is out of phase by 90.degree. with respect
      to the voltage at the terminals of the winding supplying the corresponding
      signal i. For each current i.sub.a, i.sub.b, or i.sub.c, the corresponding
      multiplier supplies a signal which comprises a constant term and (when the
      alternator is in unbalanced state) a component whose angular frequency is
      2 .omega. . The three 2 .omega. components obtained from the currents
      i.sub.a, i.sub.b and i.sub.c are summed, for example by means of an
      operational amplifier 42 connected as an adder. The sum obtained gives the
      amplitude and the phase of the angular frequency component 2 .omega. of
      the reaction field of the armature applied to the inductor. These data are
      transmitted to the comparator 37' which transmits them to the computer 40'
      if the amplitude exceeds the value set at terminal 38'. The computer 40'
      then controls the current generators 39' by multiplying the signal
      received from comparator 37' for the one, this signal displaced by
      90.degree. for the other, by a constant proportionality coefficients which
      are equal if the windings 31' and 32' are identical, and whose value is
      fixed by the characteristics of the alternator.
PAR  The windings 31' and 32', located at 90.degree. with respect to each other
      and dipolar if the inductor is also dipolar, thus cooperate to provide a
      rotary field, with an angular frequency 2 .omega. with respect to the
      inductor field, which compensates for the effect of the component at the
      same frequency of the disturbances on the inductor.
CLMS
STM  I claim:
NUM  1.
PAR  1. Polyphase synchronous electrical machine comprising polyphase stator
      coil means for conducting A.C. armature currents, a rotary assembly
      comprising a superconducting D.C. inductor winding, a shaft for
      transmitting mechanical power and polyphase auxiliary windings for
      providing a rotary field when conducting polyphase A.C. currents and
      circuit means for circulating, in response to unbalance of said polyphase
      armature currents, currents in said auxiliary windings to create a
      rotating magnetic field of such amplitude as to substantially compensate
      for the low frequency variations of the armature reaction field in
      unbalanced operation.
NUM  2.
PAR  2. Electrical machine according to claim 1, wherein said polyphase windings
      comprise a first winding which has for each phase a magnetic axis in
      quadrature with the magnetic axis of the inductor and a second winding
      which has a magnetic axis coincident with that of the inductor.
NUM  3.
PAR  3. Electrical machine according to claim 2 wherein said circuit means
      comprise means for causing a D.C. current to circulate in the quadrature
      auxiliary winding which creates a field substantially cancelling the
      torque tending to cause the inductor winding to rotate with respect to
      said shaft, the inductor winding being non-rotatably connected to the
      shaft.
NUM  4.
PAR  4. Electrical machine according to claim 3, wherein the inductor is
      connected to the shaft by means having slight mechanical strength and high
      thermal resistance.
NUM  5.
PAR  5. Electrical machine according to claim 3, wherein the shaft is hollow and
      a cryostat containing the inductor is placed inside the shaft.
NUM  6.
PAR  6. Electrical machine according to claim 4, wherein the shaft is hollow and
      a cryostat containing the inductor is placed inside the shaft.
NUM  7.
PAR  7. Electrical machine according to claim 1, wherein the rotary assembly
      comprises a passive electrically conducting shield for protecting the
      inductor.
NUM  8.
PAR  8. Electrical machine according to claim 7, wherein the shaft bears the
      shield and the auxiliary windings which separate the inductor from the
      stator coil means.
NUM  9.
PAR  9. Polyphase synchronous electrical machine comprising:
PA1  polyphase stator coil means for producing a field rotating about an axis
      when polyphase alternating currents circulate therein;
PA1  a superconducting D.C. inductor winding, mounted for rotation about said
      axis, for providing a rotating, at least bipolar magnetic field;
PA1  a power shaft rotatably mounted about said axis and nonrotatably connected
      to said inductor winding for transmission of mechanical power;
PA1  first and second auxiliary windings carried by said shaft and having
      different phase displacements with respect to the magnetic axis of the
      inductor;
PA1  and means for circulating in said auxiliary windings A.C. currents of such
      magnitude as to compensate for the low frequency variations in the
      reaction field of the stator coil means of the inductor in unbalanced
      operation.
NUM  10.
PAR  10. Polyphase synchronous electrical machine as claimed in claim 9 wherein
      said first auxiliary winding has, for each phase, a magnetic axis in
      quadrature with the magnetic axis of the inductor winding and said second
      auxiliary winding has, for each phase, a magnetic axis coincident with the
      magnetic axis of the inductor winding.
PATN
WKU  039341640
SRC  5
APN  5502365
APT  1
ART  252
APD  19750214
TTL  X-ray tube having composite target
ISD  19760120
NCL  20
ECL  13
EXA  Hostetter; Darwin R.
EXP  Rolinec; R. V.
NDR  1
NFG  2
INVT
NAM  Braun; Martin
CTY  Stamford
STA  CT
INVT
NAM  Suffredini; Joseph R.
CTY  Darien
STA  CT
ASSG
NAM  The Machlett Laboratories, Incorporated
CTY  Stamford
STA  CT
COD  02
CLAS
OCL  313 60
XCL  313330
EDF  2
ICL  H01J 3510
FSC  313
FSS  330;60
UREF
PNO  3842305
ISD  19741000
NAM  Braun
OCL  313 60
LREP
FR2  Meaney; John T.
FR2  Pannone; Joseph D.
FR2  Murphy; Harold A.
ABST
PAL  An X-ray tube including an evacuated envelope having therein a rotatable
      anode target comprising a cup-shaped disc open toward an electron emitting
      cathode and having a sloped inner wall provided with an annular groove
      wherein a plurality of rod-like members are disposed in side-by-side
      relationship, the rod-like members being made of rare earth composite
      material to provide substantially monochromatic X-radiation when bombarded
      with electrons.
BSUM
PAC  BACKGROUND OF THE DISCLOSURE
PAR  This invention relates generally to X-ray generating apparatus and is
      concerned more particularly with an X-ray tube having an anode target made
      of composite material.
PAR  It is well known that the use of highly monochromatic X-radiation in a
      diagnostic imaging process provides greater contrast and improved image
      quality, as compared to the continuous, or "white" X-radiation produced by
      a conventional X-ray tube. Generally the required limited bandwidth of
      X-radiation is obtained by disposing one or more filters in the path of an
      X-ray beam emanating from a conventional X-ray tube. However, this
      technique is inherently wasteful in that most of the X-radiation generated
      by the conventional X-ray tube is not used in the imaging process.
PAR  Therefore, it is advantageous to provide an X-ray tube having means for
      exciting substantially monochromatic X-radiation directly by electron
      bombardment.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, this invention provides an X-ray tube comprising an evacuated
      envelope wherein a rotatable cup-shaped anode disc has a sloped inner wall
      surface provided with an annular focal track. The focal track comprises an
      annular channel in the wall surface and having therein a plurality of
      rod-like target members disposed in side-by-side relationship. The target
      members are made of a composite material comprising an element from the
      lathanide series and a lower atomic number element, preferably from the
      group comprising boron, carbon, and beryllium. Thus, the focal track may
      comprise an annular array of rod-like members, each being made of cerium
      boride material, for example.
PAR  Disposed in operative spaced relationship with a portion of the focal track
      is an electron emitting cathode from which the electrons are
      electrostatically beamed onto the aligned portion of the focal track. As a
      result, the target members emit characteristic X-radiation which passes
      out of the tube envelope through an aligned port therein.
PAR  Arcuate portions of the annular array of target members may comprise
      differing respective materials, at least one being a composite material
      made of a rare earth metal and a lower atomic number element. The annular
      array of rod-like target members permits arcuate portions thereof to be
      made of respective materials which are difficult to fabricate or which
      otherwise perform unsatisfactorily in the form of relatively large mass
      anode discs. Thus, as the respective arcuate portions pass sequentially
      into intercepting relationship with the electron beam, there is produced
      an X-ray beam comprising sequential pulses of respective K characteristic
      X-radiation emanating from the port of the tube.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a better understanding of this invention, reference is made in the
      following more detailed description to the accompanying drawing wherein:
PAR  FIG. 1 is an axial view, partly in section, of an X-ray tube embodying the
      invention; and
PAR  FIG. 2 is an enlarged fragmentary isometric view of the cup-shaped anode
      disc shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawing, there is shown in FIG. 1 an X-ray generating
      device 10 of the type, for example, disclosed in U.S. Pat. No. 3,842,305
      granted to the inventor and assigned to the assignee of this invention.
      The device 10 includes a substantially cylindrical housing 11 having at
      one end thereof a conventional pair of cable terminal horns, 12 and 14,
      respectively. The opposite end of housing 11 is provided with a port 16
      wherein a bezel 18 supports an X-ray transparent window 20 made of
      suitable material, such as beryllium, for example.
PAR  Within housing 11, an axially extending X-ray tube 22 having an evacuated
      envelope 24 is maintained in lateral positional relationship with the port
      16 by an encircling dielectric ring 23. The adjacent end of envelope 24 is
      provided with a reentrant portion 26 which is peripherally sealed to one
      end of a cathode support cylinder 28. The other end of support cylinder 28
      is hermetically attached to a hollow arm 30 which extends radially within
      the opening of a cup-shaped anode disc 32. An angled distal end portion of
      arm 30 supports a cathode head 34 in operative spaced relationship with a
      portion of an annular focal track 36 disposed in a sloped inner wall
      surface of the anode disc 32. Suitably supported within an opening of the
      cathode head 34 is a filament 38 which emits electrons in the direction of
      the aligned portion of track 36. The filament 38 is electrically heated to
      electron emitting temperatures and is maintained at a suitable negative
      potential with respect to anode disc 32 by means of wires in bundle 40
      connecting the filament to respective terminals (not shown) in the horn
      12.
PAR  The X-ray tube 22 is supported axially with respect to the port 16 by a
      shoulder 44 extending radially inward from the wall of housing 11.
      Suitably secured, as by bolt 46, for example, to the shoulder 44 is an
      induction type stator assembly 48 which has an inner peripheral portion
      attached to an elongated dielectric cup 50. The closed end of cup 50 is
      fixedly secured to one end of an anode support cylinder 52 which extends
      hermetically within the envelope 24. Bearingly mounted on the inner end
      portion of cylinder 52 is an anode skirt 54 which is rotated by the
      electromotive action of stator assembly 48. Fixedly attached to the inner
      end of skirt 54 is a shaft 56 which is secured to a central portion of
      anode disc 32, whereby the disc 32 rotates with the skirt 54. A bolt 56
      threadingly engages an externally extending stud portion of anode support
      cylinder 52, to electrically connect a wire 60 extending from the horns 14
      thereto. The wire 60 provides means for maintaining the anode disc 32 at a
      suitably high positive potential with respect to the filament 38 in
      cathode head 34.
PAR  As shown in FIG. 2, the focal track 36 may comprise a slotted groove or
      channel 62 recessed in the sloped inner wall surface of the cup-shaped
      anode disc 32. The channel 62 may be provided with upper and lower
      projecting lips, 64 and 66, respectively, for retaining an annular array
      of juxtaposed pins or rod-like members 68 within the channel. The members
      68 also may comprise wafers or plates of target material having projecting
      edge portions 69 which extend longitudinally between the lips 64 and 66.
      Thus, the projecting edge portions 69 may form a laminated annular target
      surface which is substantially flush with the inner sloped wall surface of
      the anode disc 32, for example. A suitable opening 70 may be provided in
      the upper lip 64 of channel 62 whereby the target members 68 may be
      inserted into the channel and slid arcuately until a suitable annulus of
      the members is produced. Then a keeper 72 may be suitably secured, as by
      dowel 74, for example, in the opening 70 to provide a continuous channel
      62. Alternatively, the keeper 72 may comprise a continuous retaining ring
      which is snapped or press-fitted into the open end of anode disc 32 to
      form the upper edge of channel 62.
PAR  In operation, the anode disc 32 is rotated at a suitable velocity, such as
      ten thousand revolutions per minute, for example, and the filament 38 is
      electrically heated to an incandescent temperature. As a result, electrons
      are emitted copiously from the incandescent filament and are
      electrostatically beamed onto an aligned area, called the "focal spot
      area" of the focal track 36. Accordingly, the beamed electrons bombard the
      target members 68 as they rotate sequentially through the focal spot area
      and generate X-rays which radiate therefrom. The useful portion of this
      X-radiation passes in a beam out of the tube 22 through the X-ray
      transparent window 20 in port 16. In order to obtain high resolution in
      the X-ray imaging process, it is important that the X-ray beams appear to
      be emanating from a point source of X-radiation. Therefore, the electrons
      emitted from filament 38 are electrostatically focused onto a very small
      focal spot area having projected dimensions, as viewed through window 20,
      on the order of about 1 millimeter square or less. However, the minimized
      area of the focal spot generally is limited by the heat energy generated
      by the bombarding electrons pitting the target material. Also, the
      rotational velocity of the disc 32 is determined by allowing adequate time
      for the target members 68 to cool sufficiently before again entering the
      focal spot area of track 36.
PAR  Preferably, the juxtaposed target members are assembled in channel 62 with
      sufficient looseness to permit independent movement of each member 68
      within its respective plane. Thus, as the anode disc 32 rotates, each of
      the members 68 will be urged by centrifugal force against the longitudinal
      wall of channel 62 and into good thermal contact with the material of
      anode disc 32. The disc 32 may be made of a material, such as graphite,
      for example, having relatively high heat capacity to serve as a heat sink
      for the members 68. Also, the juxtaposed target members 68 are provided
      with suitable longitudinal dimensions to avoid abutting engagement with
      the upper and lower transverse walls of channel 62 while undergoing
      thermal elongation. Accordingly, this flexibility of independent movement
      provided for each of the target members 68 ensures that the heat generated
      by the bombarding electrons will not adversely affect the X-ray generating
      quality of focal track 36.
PAR  Thus, when generating substantially monochromatic (or mono-energetic)
      X-radiation by direct electron bombardment, it is important that the
      target material have suitable thermal and structural characteristics, as
      well as being an efficient source of the desired X-radiation. Elements of
      the lanthanide series, for example, which includes the rare earth elements
      having atomic numbers from 57 to 71, emit K characteristic X-rays having
      associated photon energy values slightly greater than the absorption edge
      energy value of iodine, a commonly used contrast agent. Accordingly, when
      iodine is introduced into a selected portion of a patient and irradiated
      with K characteristic X-rays from a rare earth source, the iodine
      preferentially absorbs this X-radiation thereby providing a sharply
      defined image of the selected portion. However, as electron bombarded
      target materials, the rare earth metals generally exhibit poor thermal and
      structural characteristics, such as low vaporization pressures, low
      melting points, low mechanical strength, and the like.
PAR  Consequently, other means have been devised for obtaining the desired
      limited bandwidth X-radiation. One means comprises disposing a number of
      filters in the path of a continuous bandwidth beam emanating from a
      conventional X-ray tube in order to remove substantially all but the
      desired X-ray wavelengths from the beam. Another means comprises
      irradiating a sample of rare earth material with a continuous bandwidth
      X-ray beam to obtain, by fluorescence, the desired K characteristic
      X-radiation from the sample. These filtering and fluorescent techniques
      provide the desired limited bandwidth X-radiation, but at a greatly
      reduced intensity as compared to the primary X-ray beam. Furthermore,
      resolution achieved with the desired X-radiation, thus obtained, is
      relatively low because the secondary or apparent source does not closely
      approximate a point source.
PAR  Accordingly, attempts have been made to develop an anode target disc made
      of a rare earth compound material in order to obtain the desired K
      characteristic radiation by direct electron bombardment. However, these
      attempts have not been too successful generally due to the low thermal
      shock resistance of the rare earth compound. Thus, the temperature
      difference between material comprising an element of the lanthanide series
      and a lower atomic number element in the focal spot area and material in
      cooler portions of the disc causes the rare earth compound to disintegrate
      into small pieces. On the other hand, in the practice of this invention,
      rod-like members 68 made of rare earth compound material do not exhibit
      such adverse effects. This advantageous result may be due, in part, to the
      flexibility provided for each of the members 68 to move within its
      respective plane. Consequently, the members 68 are urged by centrifugal
      force into good thermal contact with the material of disc 32, which may be
      made of a material having a relatively high thermal capacity. Also, each
      of the members 68 is allowed to elongate thermally without adversely
      affecting the other members 68 in the annular array. Furthermore, it
      appears that the relatively small mass of each rod-like member 68 permits
      the entire member to heat up simultaneously, thereby avoiding the
      undesirable effects of thermal shock due to portions of the target
      material being heated unequally. As a result, more electron power may be
      beamed into the focal spot area to provide a higher intensity X-ray beam
      which requires a shorter exposure time, than would be practical with a
      solid anode disc made of the same target material.
PAR  Therefore, in accordance with this invention, the rod-like members 68 are
      made of a composite material comprising an element of the lanthanide
      series and a lower atomic number element, preferably in the group
      including boron, carbon, and beryllium. It is believed that the lower
      atomic number element functions as an effective heat sink to dissipate a
      greater quantity of energy than would be realizable with a target made of
      a pure rare earth metal. Thus, each of the members 68 in the annular array
      may be made of cerium hexaboride (CeB.sub.6) material, for example, which
      has a melting point of approximately 2200.degree.  C. as opposed to the
      approximately 800.degree.  C. melting point of pure cerium.
PAR  The cerium component of the compound emits a K characteristic line
      X-radiation having an associated photon energy value of approximately 34.7
      Kev, which is close to the approximate photon energy value of 33 Kev
      associated with the absorption edge of iodine. Since the cerium component
      constitutes 70 percent by weight of the compound material, the yield of
      the desired K characteristic X-radiation is only 30 percent less than
      provided by a target of pure cerium. However, this difference in X-ray
      yield can be compensated by increasing the electron power input to the
      focal spot area of track 36, because the cerium boride target material has
      a much higher melting point and a greater heat capacity than the pure
      cerium target material.
PAR  When iodine is used as a contrast agent, any element of the lanthanide
      series from cerium to approximately gadolinium may constitute the rare
      earth component of the specified composite target material. Since
      gadolinium, for example, emits higher energy K characteristic photons than
      cerium, it may be more suitable for irradiating thick tissue portions of a
      patient, where the K characteristic photons emitted by cerium are heavily
      absorbed.
PAR  Also, as shown in FIG. 2, the focal track 36 may include arcuate portions
      designated as "A" and "B", respectively, each comprising a plurality of
      target members 68 made of a rare earth composite material in accordance
      with this invention. However, the target members 68 in arcuate portion "A"
      are made of a different material with respect to the target members 68 in
      arcuate portion "B". Thus, the resulting X-ray beam passing through the
      X-ray transparent window 20 may comprise a sequential series of alternate
      pulses from the target members 68 in respective arcuate portions "A" and
      "B" of focal track 36. Accordingly, an electronic subtraction technique
      via video processing may be used, wherein the system is synchronized with
      the rotation of anode disc 32 to obtain greatly enhanced X-ray images.
PAR  Furthermore, the annular focal track 36 may include a plurality of distinct
      arcuate portions, one of which includes a plurality of rod-like members 68
      made of a composite material comprising an element of the lanthanide
      series and a lower atomic number element. Another arcuate portion may
      include a plurality of rod-like members 68 made of a barium composite
      material, for example, since barium emits K characteristic line radiation
      having an associated photon energy value slightly less than the absorption
      edge energy value of iodine. Another arcuate portion may include a
      plurality of rod-like members 68 made of tungsten, for example, which
      emits K characteristic line radiation having an associated photon energy
      value much greater than the absorption edge energy value of iodine. Also,
      another arcuate portion may include a plurality of rod-like members 68
      made of a material, such as manganese, for example, which is difficult to
      fabricate as a solid anode disc target but may be readily reduced to
      practice in the form of rod-like target members 68.
PAR  From the foregoing, it will be apparent that all of the objectives of this
      invention have been achieved by the structure shown and described herein.
      It also will be apparent, however, that various changes may be made by
      those skilled in the art without departing from the spirit of the
      invention as expressed in the appended claims. It is to be understood,
      therefore, that all matter shown and described is to be interpreted as
      illustrative and not in a limiting sense.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An X-ray tube comprising:
PA1  an envelope;
PA1  a cup-shaped anode target rotatably supported within the envelope and
      having an inner wall surface;
PA1  an electron emitting cathode supported within the envelope in spaced
      relationship with the inner wall surface of the target; and
PA1  an annular focal track disposed on the inner wall surface, the track
      including composite material made of an element of the lanthanide series
      and a second element having an atomic number lower than 57.
NUM  2.
PAR  2. An X-ray tube as set forth in claim 1 wherein the second element
      comprises an element of the group including boron, carbon, and beryllium.
NUM  3.
PAR  3. An X-ray tube as set forth in claim 2 wherein the composite material is
      cerium boride.
NUM  4.
PAR  4. An X-ray tube as set forth in claim 1 wherein the target is made of a
      material having a higher heat capacity than the composite material.
NUM  5.
PAR  5. An X-ray tube as set forth in claim 4 wherein the target is made of
      graphite material.
NUM  6.
PAR  6. An X-ray tube as set forth in claim 1 wherein an arcuate portion of the
      annular focal track comprises a plurality of members having respective
      elongated surface areas exposed toward the axial centerline of the target.
NUM  7.
PAR  7. An X-ray tube as set forth in claim 6 wherein the arcuate portion
      comprises a plurality of rod-like members arranged in side-by-side
      relationship.
NUM  8.
PAR  8. An X-ray tube as set forth in claim 7 wherein each of said members is
      made of the composite material.
NUM  9.
PAR  9. An X-ray tube as set forth in claim 8 wherein each of said members is
      made of cerium boride.
NUM  10.
PAR  10. An X-ray tube as set forth in claim 7 wherein each of said members is
      made of barium compound material.
NUM  11.
PAR  11. An X-ray tube as set forth in claim 7 wherein each of said members is
      made of tungsten.
NUM  12.
PAR  12. An X-ray tube as set forth in claim 7 wherein each of said members is
      made of manganese.
NUM  13.
PAR  13. An X-ray target of the rotating type comprising:
PA1  a cup-shaped body having an inner wall surface; and
PA1  an annular focal track disposed on the inner wall surface and including a
      composite material made of an element of the lanthanide series and a
      second element having an atomic number lower than 57.
NUM  14.
PAR  14. An X-ray target as set forth in claim 13 wherein said inner wall
      surface is provided with an annular channel and the focal track comprises
      an annular array of members disposed in the channel.
NUM  15.
PAR  15. An X-ray target as set forth in claim 14 wherein at least an arcuate
      portion of the array comprises a plurality of juxtaposed rod-like members.
NUM  16.
PAR  16. An X-ray target as set forth in claim 15 wherein each of the rod-like
      members is made of said composite material.
NUM  17.
PAR  17. An X-ray target as set forth in claim 16 wherein each of the rod-like
      members is made of cerium boride.
NUM  18.
PAR  18. An X-ray target as set forth in claim 15 wherein each of the rod-like
      members is made of barium compound material.
NUM  19.
PAR  19. An X-ray target as set forth in claim 15 wherein each of the rod-like
      members is made of tungsten.
NUM  20.
PAR  20. An X-ray target as set forth in claim 15 wherein each of the rod-like
      members is made of manganese.
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ABST
PAL  An improved gas-filled proportional counter which includes a resistor
       netk connected between the anode and cathode at the ends of the counter
      in order to eliminate "end effects".
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to gas-filled proportional counters and more
      particularly to a construction which eliminates end effects.
PAR  In general, conventional proportional counters comprise two electrodes in a
      surrounding of a desired gas at a desired pressure. Radiation entering the
      proportional counter ionizes the gas molecules therein to produce ions.
      The negatively charged ions produced will travel to the anode whereas the
      positively charged ions travel in the opposite direction to the cathode.
      The resulting output of the counter is a measure of the energy of the
      ionizing radiation which enters into the ionization chamber.
PAR  It is well known in the art that proportional counters produce electrical
      pulses in response to the absorption of a photon. When photons are
      absorbed near the ends of gas-filled proportional counters, the pulse
      amplitudes produced are less than if absorption had taken place in the
      middle of the counter. Conventionally, the ends of the proportional
      counter are not used, i.e., masks are placed so that no photon absorption
      occurs near the ends. Therefore a potentially useful part of the prior art
      counters are not being utilized. This may be a serious disadvantage
      whenever weight and volume are important.
PAC  SUMMARY OF THE INVENTION
PAR  This invention overcomes the disadvantages of the prior art by inserting a
      resistor-conductor network at the ends of the counter structure, thereby
      defining the mathematical boundary conditions there. In particular, the
      resistor-conductor network can be designed in such a way that the
      potential at the ends duplicates the potential on an infinitely long
      counter of similar cross section. By so defining the potential at the
      ends, the potential everywhere inside the counter becomes that of an
      infinitely long counter, i.e., eliminating end effects.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a cross sectional view illustrating the relative parts.
PAR  FIG. 2 illustrates an end view of the resistor-conductor network on the
      inside-end of the tube.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Now referring to the drawing, there is shown by illustration proportional
      counter including cylindrical metallic housing 11 such as stainless steel
      or any other suitable metal with an open end 12. The cylindrical housing
      forms the cathode which surrounds an axially disposed wire or rod anode
      13. The anode wire is secured to an insulator disk 14 at each end passing
      through the insulator disk at the open end. The insulator disks may be
      made of alumina, mica or any other suitable insulator material and the
      disk is sealed to the open end of the housing to provide a gas tight
      chamber. A resistor network 16 in the form of a printed circuit is applied
      onto each of the insulator disk or deposited by other means thereon. The
      resistor is connected at one end to the anode and secured at the opposite
      end to the cathode housing. The counter is filled by known means not shown
      with a suitable gas at a suitable pressure.
PAR  The resistor added to the end insulator material may be in the form of a
      solid thin layer of the same cross section as the counter as shown in FIG.
      1 or other arrangement such as the network shown in FIG. 2 for a counter
      of circular cross section. A modification of the resistor arrangement 16
      might, as shown in FIG. 2, then include spaced concentric rings 18 of
      conductive material, each ring having a greater diameter, upon which the
      resistor material is secured in order to define the field completely
      around the anode. This will result in much higher resistances between the
      anode and cathode than the solid thin layer. In the network shown in FIG.
      2., the spiral resistor element is deposited between the anode and cathode
      and obeys the formula
      ##EQU1##
      where b is the inner radius of the counter body, r is the radial distance
      from the center of the anode and .theta. is the angle in radians. Such a
      network will duplicate the potential of an infinitely long counter of
      circular cross-section along the resistor.
PAR  The total resistance with concentric rings of conductive material deposited
      onto the end insulator with the spiral of resistance material contacting
      the concentric rings will reproduce the potential on an infinitely long
      counter. In this case, the total resistance is a factor 2 .pi. b/g larger
      than the solid thin layer, where g is the width of the resistor element.
      The requirement on the resistor network is
      ##EQU2##
      where .phi.(X) is the potential of the infinitely long counter of similar
      cross-section (a function of position), V is a potential between the anode
      and cathode, .rho. is the resistivity of the material (ohm-cm), (t is the
      thickness which may vary), W(X) is the width of the material deposited,
      and dl is the distance along the resistor material. The total resistance,
      R.sub.t, between anode and cathode is just this integral over the total
      length of material. Thick or thin film microcircuitry can be used to
      produce such resistor networks, yielding total resistances of 300 M ohm or
      more. Such resistances are well known in the art.
PAR  Except in the solid thin layer, it is necessary to deposite conductors
      along potential contours to define the field completely around the anode.
PAR  By inserting a resistor network at the ends of the counter, a potential can
      be established there between the anode and cathode which duplicates the
      potential of an infinitely long counter of similar cross-section. Thus,
      the potential produced every where in the counter will be the same as that
      of an infinitely long counter.
PAR  Thus, the improved proportional counter will avoid end effects normally
      found in the prior art proportional counters.
PAR  Obviously many modifications and variations of the present invention are
      possible in light of the above teachings. It is therefore to be understood
      that within the scope of the appended claims the invention may be
      practiced otherwise than as specifically described.
CLMS
STM  What is claimed and desired to be secured by letters patent of the United
      States is:
NUM  1.
PAR  1. An improved proportional counter including a gas filled cathode housing
      with a coaxially disposed anode and an insulator substrate at each end of
      said housing, the improvement comprising;
PA1  a resistor conductor network of resistive material deposited upon said
      substrate at each end of said counter on the inner surface of each of said
      substrates with the ends of said resistive material secured electrically
      to the cathode and anode,
PA1  where the resistor-conductor network obeys the formula
      ##EQU3##
      where b is the inner radius of the counter body, r is the radial distance
      from the center of the anode, and .theta. is the angle in radians.
NUM  2.
PAR  2. An improved proportional counter as claimed in claim 1; in which,
PA1  said resistor material is in the form of a spiral with the resistor ends
      connected between said anode and said cathode.
NUM  3.
PAR  3. An improved proportional counter as claimed in claim 1; which includes,
PA1  a plurality of electrically conductive concentric rings deposited on said
      substrates and electrically connected to said resistor material.
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ABST
PAL  In a gas-filled lamp an arc is initiated by withdrawal of a stinger
      electrode from contact with a stationary cathode, with subsequent transfer
      of the arc to the gap between the cathode and a stationary anode. The
      anode is cylindrical; and the stinger is elongate and is movably mounted
      within and electrically insulated from the anode. The cathode is elongate,
      having a long axis parallel to but spaced apart from the long axis of the
      stinger. The stinger contacts the cathode at other than the tip of the
      cathode, thereby precluding continual impacting of the stinger on the
      cathode tip with concomitant blunting of the cathode tip during the use
      cycle of the lamp. A magnetic core is affixed to the stinger, whereby the
      stinger can be moved by the energization of a solenoid. The magnetic core
      is apertured to provide a dashpot effect to damp the motion of the
      stinger.
PARN
PAR  This is a division of application Ser. No. 424,399 filed Dec. 13, 1973.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention is a further development with respect to gas-filled arc
      lamps. In particular, an improved electrode configuration is provided for
      an arc lamp in which the arc is initiated by the withdrawal of a stinger
      electrode from contact with a first stationary electrode with subsequent
      transfer of the arc to the gap between the first stationary electrode and
      a second stationary electrode.
PAR  2. Description of the Prior Art
PAR  The technique of initiating an arc in an enclosure filled with an ionizable
      gas by using a stinger electrode to draw the arc from one stationary
      electrode to another stationary electrode is well known. This technique
      has been used, for example, by Edward T. Chan in the invention disclosed
      in Patent application Ser. No. 337,234, filed on Mar. 1, 1973, now U.S.
      Pat. No. 3,876,908 Varian Associates, assignee of the present invention.
      In the Chan application, an electric circuit is provided whereby a
      low-voltage power supply can be used to start a gas-filled arc lamp
      wherein the arc is initiated by the withdrawal of a stinger from contact
      with a stationary cathode, with subsequent transfer of the arc to the gap
      between the cathode and a stationary anode.
PAR  In a plasma discharge arc between a cathode and an anode, the brightest
      portion of the arc occurs in a small region of the arc located immediately
      adjacent the tip of the cathode. Most of the light from the arc originates
      in this small region, which is called the "hot spot." In an arc lamp, in
      order to maximize the amount of light reflected out through the lamp
      window, it is necessary to fixedly position the tip of the cathode with
      respect to the reflector so that the hot spot remains constantly at the
      focus of the reflector during lamp operation. A technique for fixedly
      positioning the tip of the cathode with respect to the focus of the
      reflector is disclosed in U.S. Pat. No. 3,725,714, which issued on Apr. 3,
      1973 to Norman C. Anderson and which is assigned to Varian Associates.
PAR  In an arc lamp of the type disclosed in the Chan application mentioned
      above, it is desirable to mount the cathode with respect to the reflector
      so that the tip of the cathode will remain fixedly positioned with respect
      to the focus of the reflector, not only during the manufacturing process
      but also throughout the expansion and contraction of the lamp components
      during the lamp's use cycle. The mounting technique disclosed in the
      Anderson patent mentioned above assures that the cathode itself will
      remain fixedly positioned with respect to the reflector during temperature
      cycling of the lamp. However, it has been found that repeated impacting of
      the stinger on the tip of the cathode tends to blunt the cathode tip,
      thereby changing the location of the hot spot of the arc relative to the
      focus of the reflector.
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides an electrode configuration for an arc lamp whereby
      the repeated impacting of a stinger electrode against a fixed electrode
      during the use cycle of the arc lamp will not blunt the tip of the fixed
      electrode.
PAR  Accordingly, it is an object of this invention to provide an arc lamp in
      which the arc is initiated by the withdrawal of a stinger from contact
      with a fixed cathode, with subsequent transfer of the arc to the gap
      between the cathode and a fixed anode, wherein the stinger makes contact
      with the cathode at other than the tip of the cathode.
PAR  It is likewise an object of this invention to provide an arc lamp in which
      the electrodes comprise a cylindrical fixed anode, an elongate stinger
      movably mounted within and electrically insulated from the anode, and an
      elongate fixed cathode, wherein the long axis of the cathode is parallel
      to but spaced apart from the long axis of the stinger in such a way that
      the stinger does not come into contact with the tip of the cathode during
      the use cycle of the lamp.
PAR  It is a further object of this invention to provide an arc lamp wherein the
      movement of a stinger electrode in either direction between an extended
      position in contact with a fixed electrode and a retracted position away
      from contact with the same fixed electrode is damped by the dashpot effect
      of gas within the lamp passing through an aperture in a member affixed to
      the stinger.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 shows a cross-sectional view of an arc lamp according to this
      invention;
PAR  FIG. 2 shows a frontal view of the lamp shown in FIG. 1 viewed along line
      2-2 in the direction of the arrows; and
PAR  FIG. 3 shows a side elevational view of the anode shown in FIG. 2 viewed
      along a line 3--3 in the direction of the arrows.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown in FIG. 1, the arc lamp of this invention comprises a gas-filled
      hermetically sealed envelope 1, typically containing xenon gas. An
      elongate metal cathode 2 is fixedly mounted within the envelope. A metal
      anode 3 in the form of a hollow cylindrical structure is likewise fixedly
      mounted within the envelope, with the axis of the cylindrical anode
      structure 3 being parallel to yet spaced apart from the long axis of the
      cathode 2. The cathode 2 and the anode 3 are mounted so that a gap
      separates an apical end portion of one of these electrodes from an apical
      end portion of the other of these electrodes. A third electrode, which is
      an elongate metal stinger 4, is disposed coaxially within the hollow anode
      structure 3 and is electrically insulated therefrom by an insulating
      sleeve 5. The stinger 4 is slidably movable within the bore of the
      insulating sleeve 5 from a retracted position at which the tip of the
      stinger is completely withdrawn into the cylindrical anode structure 3 (as
      shown by solid lines) to an extended position at which the tip of the
      stinger contacts the cathode 2 at other than the tip of the cathode (as
      shown by broken lines). The stinger 4 is mechanically biased by a metal
      spring 8 to remain in the retracted position. Movement of the tip of the
      stinger out of the anode structure 3 into the gap between the anode and
      the cathode occurs when solenoid coils 9 are energized, which counteracts
      the mechanical bias of the spring 8.
PAR  The arc lamp also comprises a generally cylindrical ceramic side envelope
      wall member 12. A transparent window disc 13 is hermetically sealed to the
      front end of ceramic cylinder 12 by means of metal rings 14, 15 and 16 all
      brazed together. Ring 14 is metallically bonded to the ceramic cylinder
      12, and ring 16 is metallically bonded to the window 13. Cathode 2 is
      bonded to metal support arms 17 which extend radially out through slots in
      a reflector 18 adjacent the front edge thereof to a metal support ring 19.
      Support arms 17 are brazed to support ring 19, which is brazed to ring 14,
      thereby forming a continuous electrical path from the cathode 2 to the
      outer metal ring 14 which cylindrically surrounds the front portion of the
      lamp, i.e., which encompasses all portions of the window-end of the lamp
      mounted forwardly of the insulating ceramic cylinder 12. The front end of
      the reflector 18 is also brazed to support ring 19, so that the reflector
      18 maintains the same electrical potential as the cathode 2. Since the
      window-end of the lamp is the end that is exposed to the external
      environment, it is contemplated that the cathode 2, and therefore all
      components at the same electrical potential as the cathode, will be
      maintained at ground potential.
PAR  Anode 3 is brazed in a bore provided in massive metal base member 20, which
      serves to conduct heat away from the anode. Base member 20 is electrically
      insulated from the forwardly mounted members of the lamp by means of
      ceramic cylinder 12. A hermetic seal is provided between base member 20
      and ceramic cylinder 12 by metal ring 21 which cylindrically surrounds
      adjacent portions of base member 20 and ceramic cylinder 12. Base member
      20 is bonded to ring 21 by brazing, and ceramic cylinder 12 is bonded to
      ring 21 by any well-known ceramic-to-metal sealing technique applied to
      the outside rim portion of the ceramic cylinder 12 adjacent ring 21. Ring
      21 also serves to provide an electrical lead path through base member 20
      to the anode 3, whereby anode 3 can be maintained at an electrical
      potential different from cathode 2. Within the hollow anode structure 3,
      insulating sleeve 5 is metallically bonded thereto. Stinger 4 is slidably
      movable within the bore of insulating sleeve 5 and is prevented by sleeve
      5 from contacting the anode 3, so that the anode and the stinger are
      electrically isolated from each other.
PAR  Affixed to the rear of base member 20, surrounding the bore in which anode
      3 is brazed, is a metal cylinder 26. Hermetically bonded to metal cylinder
      26 is a ceramic insulating cylinder 27, and hermetically bonded to ceramic
      insulating cylinder 27 is a metal cylinder 28. Cylinders 26, 27 and 28 are
      coaxial with the long axis of stinger 4, and serve to house the elongate
      stinger. Metal cylinder 28, at its end remote from ceramic cylinder 27,
      terminates with a metal end plug 29 and with a metal pinch-off tubulation
      30. The inner walls of cylinders 26, 27 and 28 and of end plug 29 and
      pinched off tubulation 30 comprise portions of the hermetically sealed
      envelope 1, with gas communication from the window side to the solenoid
      side of base member 20 being provided by a bore 31 through base member 20.
      Ceramic cylinder 27 serves to electrically isolate metal cylinder 28 from
      metal cylinder 26 and therefore from anode 4. The inside diameter of
      ceramic cylinder 27 is smaller than the inside diameter of the adjoining
      metal cylinder 28, so that the end of ceramic cylinder 27 remote from
      metal cylinder 26 presents to the region within metal cylinder 28 a
      wall-like barrier 33 having a central apertured portion through which the
      stinger 4 can pass. The bore 31 in base member 20 and the recess 32 in the
      inner surface of end plug 29 permit evacuation of the lamp and subsequent
      filling thereof with a desired ionizable gas through tubulation 30 before
      it is pinched off.
PAR  Solenoid coils 9 surround cylinder 28. Attached to the end of stinger 4
      remote from the cathode 2 is a magnetic core 25 as of iron, which fits
      slidingly within cylinder 28. The metal spring 8 is disposed within
      cylinder 28 between the iron core 25 and the apertured wall 33 which is
      presented by cylinder 27. Spring 8 is biased to keep the iron core 25 in
      contact with the end plug 29. When the solenoid coils 9 are energized
      through lead lines 46 and 47, the iron core 25, which is the armature of
      the solenoid, is caused to move forwardly against the spring bias. Stinger
      4, which is affixed to the iron core 25, is thereby carried forward to the
      position shown by broken lines in FIG. 1 into contact with cathode 2. An
      electrical path is maintained from lead line 44 to the stinger 4 by the
      sliding contact which exists between the iron core 25 and the inner wall
      of metal cylinder 28, and by the contact of spring 8 with both iron core
      25 and metal cylinder 28. Lead line 44 makes electrical contact with metal
      end plug 29 which is brazed to metal cylinder 28. To initiate the arc, the
      solenoid coils 9 are first energized to bring the stinger 4 into contact
      with the cathode 2. A power supply is also connected to the cathode 2, the
      anode 3 and the stinger 4. (One suitable circuit for connecting a power
      supply to these electrodes is disclosed in the above-mentioned Patent
      application Ser. No. 337,234 now U.S. Pat. No. 3,876,908.) Then, the
      solenoid coils 9 are deenergized. The mechanical bias of spring 8
      thereupon causes the stinger 4 to be retracted from contact with cathode 2
      to a position, as shown by solid lines in FIG. 1, at which the tip of the
      stinger is within the region enclosed by the cylindrical anode structure
      3. As the tip of the stinger separates from contact with the cathode 2, a
      difference of electric potential develops between the stinger 4 and the
      cathode 2, which is sufficient to ionize the gas in the gap therebetween.
      As the stinger 4 withdraws into the anode structure, the arc in the gap
      between the stinger 4 and the cathode 2 initially "follows" the stinger 4.
      However, as the tip of stinger 4 moves into the region enclosed by the
      anode structure 3, the arc will "jump" to the apex of the anode 3 as will
      be discussed more fully below. After the arc has been created, it can
      thereafter be maintained at a typical current value of about 50 amperes
      with a typical difference of electrical potential of about 20 volts
      between the anode 3 and the cathode 2.
PAR  The principal feature of this invention is that the electrodes are
      configured so that the stinger 4 does not impact the cathode 2 at the
      cathode tip when solenoid 9 is energized. In a plasma discharge arc
      between a cathode and an anode, the brightest portion of the arc occurs in
      a small region of the arc located immediately adjacent the tip of the
      cathode. Most of the light from the arc originates in this small region,
      which is called the "hot spot." In an arc lamp, in order to maximize the
      amount of light reflected out through the lamp window, it is necessary to
      fixedly position the tip of the cathode with respect to the reflector so
      that the hot spot remains constantly at the focus of the reflector
      throughout the use cycle of the lamp. In the arc lamps known to the prior
      art, wherein the arc is initiated by withdrawing a stinger from contact
      with a stationary cathode, the stinger continually impacts the tip of the
      cathode throughout the use cycle of the lamp. In other words, every time a
      prior-art lamp is to be started, the stinger is driven by a solenoid into
      collision with the tip of the stationary cathode. Such continual impacting
      of the stinger on the cathode tip results in blunting of the cathode tip
      with a resulting change in the location of the cathode tip relative to the
      reflector. Such deformation of the cathode tip is especially severe when
      the lamp is to be turned on, off, and on again within a short period of
      time. After the arc is initiated, the tip of the cathode becomes white
      hot. If the lamp is turned off, and then the arc is reinitiated before the
      cathode has had a chance to cool off, the momentum transfer caused by the
      impacting of the stinger 4 on the hot cathode tip will readily cause
      deformation of the cathode tip. It should be noted that it is important
      for the cathode tip to terminate in as sharp a point as possible in order
      that the position of the hot spot can be defined as precisely as possible.
      The surface of the reflector is usually a concave surface, at least a
      portion of which is designed to be a surface of revolution whose foci can
      be determined by optical techniques. Since the hot spot may for practical
      purposes be taken to lie immediately adjacent the cathode tip, it is
      desirable to locate the cathode tip precisely at a focus of the reflector,
      or at the focus of a particular portion of the reflector which comprises a
      segment of a particular surface of revolution. If, for example, the
      reflector surface comprises a segment of an ellipsoid, it may be desirable
      to locate the cathode tip such that the brightest spot in the arc gap,
      i.e., the hot spot, will be positioned precisely at the internal focus of
      that ellipsoid so that the maximum amount of light will be reflected out
      through the arc lamp window.
PAR  To achieve the object of this invention which is to preclude impacting of
      the stinger on the apex of the stationary cathode, the electrodes are
      configured so that the axis of the stinger is offset from the axis of the
      cathode whereby the stinger will make contact with the cathode at other
      than the cathode tip. As is shown in FIG. 1, the stinger 4 and anode 3 are
      coaxial with each other; and the coaxes of the stinger 4 and of the anode
      3 is parallel to but spaced apart from the axis of the cathode 2. The
      stinger 4 will therefore impact the cathode 2 at a place on the cathode 2
      where the PSI loading, i.e., the momentum transfer in a given time
      interval per unit area expressed in pounds per square inch, will be much
      lower than at the tip of the cathode. As can be seen in FIG. 1, the tip of
      the stinger 4 is shaped to present a flat contact interface with the area
      of the cathode 2 which it impacts. This feature results in the lowest
      possible PSI loading on the cathode 4, and would not have been possible if
      the stinger were required to impact the cathode 4 at the cathode tip.
PAR  A further improvement which this invention provides over the prior art lies
      in the design of the anode structure 3. According to the prior art, a
      suitable anode structure would be a hollow cylindrical metal structure
      completely symmetrical about its axis. In a prior art lamp, as the stinger
      was withdrawn into the anode structure, the arc in the gap between the
      stinger and the cathode would "jump" from the stinger to some place on the
      edge of the anode facing the tip of the cathode as soon as the gap
      distance between the tip of the stinger and the cathode tip became greater
      than the gap distance between a point on the edge of the anode and the
      cathode tip. Since the anode structure in the prior art was symmetrical
      about its axis, all points on the anode edge facing the tip of the cathode
      were (in principle) equally distant from the cathode tip. Thus, there was
      no dominating tendency according to the prior-art anode design for the arc
      to prefer one point on the anode edge to any other point thereon. The arc
      could therefore fluctuate in a conical pattern, with the apex of the cone
      being at the cathode tip and the base of the cone being the circular edge
      of the anode. The tendency of the arc to "roam" around the edge of the
      anode was an instability that increased the likelihood that the arc might
      jump to some other metal component of the lamp at anode potential. The
      most stable arc, i.e., the arc least likely to jump to other metal
      components of the lamp, would be an arc that is maintained in a gap
      between only two points, which two points are closer together than any
      other two points between which the arc discharge is possible. Therefore,
      according to this invention, the anode 3 is designed to have an apex 53
      that is closer than any other portion of the anode 3 to the tip of the
      cathode 2. As can be seen in FIG. 1, the anode 3 has a flat end face 51
      perpendicular to the axis of the cathode 2, with a spike-like projection
      52 extending from the end face 51 toward the cathode 2. This projection 52
      is shown in frontal view in FIG. 2 and in side elevation in FIG. 3. The
      apex 53 of projection 52 is disposed coaxially with the tip of the cathode
      2 on the axis of cathode 2. This disposition of apex 53 is possible
      because the axis of cylindrical anode structure 3 is offset from the axis
      of cathode 2. Thus, apex 53 is closer than anyother portion of anode 3 to
      the tip of cathode 2. An arc initiated in the gap between anode 3 and
      cathode 2 will therefore stabilize between unique points on each
      electrode, i.e., between the apex 53 of the anode 3 and the tip of the
      cathode 2.
PAR  Another improvement which this invention provides over the prior art
      resides in the provision of channel 60 through iron core 25, whereby a
      dashpot effect is created as the iron core 25 moves within the housing
      cylinder 28. Gas within the envelope 1 passes through channel 60 as the
      stinger 4 is moved in either direction. The resulting dashpot effect
      serves to damp the motion of the stinger, thereby preventing unnecessarily
      jarring impacts either of the stinger 4 on the cathode 2 or of the iron
      core 25 on the end plug 29.
PAR  Since changes could be made in particular details of the embodiment of the
      invention disclosed herein without departing from the scope of the
      invention, it is intended that the above description and accompanying
      drawing be interpreted as illustrative only and not as limiting.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1.  An arc lamp electrode comprising a generally cylindrical metal
      structure, with a bore extending from one end thereof into the interior of
      said structure, said one end having a face circumferentially surrounding
      said bore, said face being generally planar except for an integral portion
      thereof which projects therefrom generally parallel to the axis of said
      cylindrical structure.
NUM  2.
PAR  2. The electrode of claim 1 wherein said bore is generally coaxial with
      said cylindrical metal structure.
NUM  3.
PAR  3. The electrode of claim 1 wherein said generally planar portion of said
      face is generally perpendicular to the axis of said cylindrical structure.
NUM  4.
PAR  4. The electrode of claim 1 wherein said projecting portion of said face is
      a minor portion of said face.
NUM  5.
PAR  5. The electrode of claim 1 further comprising means for mounting another
      electrode within the interior of said metal structure in electrical
      isolation therefrom.
NUM  6.
PAR  6. The electrode of claim 5 wherein said mounting means comprises an
      electrically insulating sleeve disposed within the bore of said
      cylindrical metal structure, said sleeve itself having a bore within which
      said other electrode may be disposed.
NUM  7.
PAR  7. The electrode of claim 6 in combination with another electrode disposed
      within the bore of said electrically insulating sleeve.
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ABST
PAL  In an electric discharge tube, for example, for an argon ion laser, the
      cathode is formed by a double-walled tube of tantalum or tungsten, the
      inner tube of which is the shorter. Under the influence of the discharge
      in the order of 100 A, said inner tube starts glowing. An auxiliary anode
      may be present near the end of the cathode.
PARN
PAR  This is a continuation of application Ser. No. 332,121, filed Feb. 13,
      1973, now abandoned.
BSUM
PAR  The invention relates to an electric discharge tube comprising a gas
      filling and a hollow non-activated cathode in the form of a cylinder which
      is open at least at one end.
PAR  Hollow, non-activated cathodes are used, inter alia, in discharge tubes for
      infrared lasers the gas filling of which consists of carbon dioxide and
      nitrogen with one or more other gases. The electrodes described in British
      Patent Specification 1,087,803 consist of platinum sleeves in separate
      side tubes, which sleeves have a comparatively small aperture for the
      discharge. In British Patent Specification 1,155,000 the cathode consists
      of a nickel foil in the form of a cylinder clamped against the wall of the
      discharge space. In British patent specification 1,158,977 platinum is
      used for this foil. In the discharge tubes described in these three papers
      the current density at the cathode is in the order of 10 mA/sq.cm.
PAR  In applications in which higher currents are required, for example, in
      argon ion lasers in which the current density at the cathode may be
      10A/sq.cm and higher, these known cathodes are unsuitable because of the
      restricted life thereof.
PAR  From Dutch patent application 6,514,113 laid open to public inspection,
      hollow cathodes are also known for currents up to in the order of 100 A,
      in which a low pressure prevails in the main discharge space and the
      ignition is effected inside the hollow cathode where the pressure is
      higher. In the devices described, the discharge space is being pumped
      constantly and fresh gas admitted to remove the impurities in the gas
      filling which are released during the electron bombardment of articles
      placed on the anode for treatment. The cathode consists of a tube of
      tantalum of 1.5 mm inside diameter and the discharge acts substantially
      entirely on the outside. A strong evaporation and sputtering of the
      cathode occurs, which in this application need not be a drawback.
PAR  In most other applications of hollow cathodes, the ignition of the
      discharge inside the cathode is not possible and the sputtering and
      evaporation constitute a great drawback.
PAR  In the I.E.E.E. Journal of Quantum Electronics QE3 (no 9), 398 - 399, 1967
      and in the Rev. Sci. Inst. 39, 1472 - 1477, 1968 there has been described
      an argon in laser ion which the cathode consists of a hollow tantalum tube
      surrounded by an electrically floating indication shield. The anode is a
      similar tube about 20 centimeters, remote from the cathode. The laser is
      of the flowing gas type and the flow is increased for starting the
      discharge, whereafter the pressure is lowered. The cathode tube with a
      length of 8 cm and a diameter of 5 mm gave a discharge current of about 20
      A at a pressure of 0.009 Torr argon. The life of the cathode was about 20
      hours.
PAR  It is the object of the invention to provide a construction which can give
      better results for a number of applications.
PAR  According to the invention, in an electric discharge tube comprising a gas
      filling and a hollow nonactivated cathode in the form of a cylinder which
      is open at least at one end, the cathode consists of two tubes of tantalum
      or tungsten located coaxially one in the other and which are open at the
      end facing the discharge, the inner tube ending within the outer tube and
      the two tubes being connected together and to the cathode support at the
      other end.
PAR  In connection with the hollow cathode effect, the discharge in the case of
      none too large currents will mainly act upon the inner tube which, in the
      case of sufficiently large current density, starts glowing so that thermal
      electron emission occurs. The outer tube does not only fulfil the function
      of a screen against sputtering and evaporation but it moreover screens the
      inner tube so that the temperature can increase to a higher value than
      would be the case without an outer tube.
PAR  The discharge will start in the space between the two tubes and when the
      inner tube becomes hot the discharge will transfer to the inner side
      thereof. This type of starting is possible at the low pressure of the
      sealed off tube, in contradistinction to the starting at high pressure of
      the known device with the single walled cathode.
PAR  The diameters of the tubes are in the order of from 3 to 8 mm and from 10
      to 20 mm, respectively, with a length in the order of 50 mm. The inner
      tube ends at a distance of 1 to 11/2 times its diameter from the outer
      tube.
PAR  From such cathodes, currents can be drawn in argon at a pressure in the
      order of from 0.05 to 5 Torr in which a cathode drop of approximately 20
      volts occurs at currents of tenths of an amp. The life of the cathode will
      be a few hundred hours.
PAR  For effecting the ignition, the discharge tube may be provided with an
      auxiliary anode consisting of a cylindrical sleeve which is entirely open
      at one end and is arranged at a distance to the outer tube approximately
      equal to the diameter thereof, and the bottom of which has an aperture
      with a diameter approximately equal to that of the outer tube. This
      obviates the necessity of higher pressures for starting the tube.
PAR  In order that the invention may be readily carried into effect, it will now
      be described in greater detail, by way of example, with reference to the
      accompanying drawing, the sole FIGURE of which shows the cathode
      compartment of a discharge tube according to the invention.
PAR  Two tungsten pins 2 in the quartz wall 1 support by means of the supports 3
      the cathode which consists of an inner tube 4 and an outer tube 5
      connected by a flange. The material of the cathode is tantalum. Two pins 6
      sealed in the side wall of 1, support the auxiliary anode which consists
      of a cylindrical part 7 and a flat part 8 having therein an aperture 9.
      This auxiliary anode consists of tantalum.
PAR  When the cathode compartment forms part of the discharge tube of 1 cm
      diameter of an argon ion laser, it is filled with argon at a pressure of
      0.2 Torr and a cathode current is obtained of, for example, 100 A with a
      total arc voltage of 100 volts (with an arc length of approximately 50
      cm). The cathode drop then is between 15 and 20 volts. The temperature of
      the inner tantalum tube increases at the end to above 2500.degree.C.
      Opposite to the cathode, the inner tube 4 of which is entirely open, the
      quartz wall 1 comprises an optic plane parallel window 10 for passing the
      laser radiation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a discharge tube having an anode and a cathode the improvement which
      comprises a generally cylindrical cathode having disposed thereabout in
      coaxial relationship a generally cylindrical auxiliary anode, said
      auxiliary anode having a diameter greater than said cathode and disposed
      with a first axial end portion overlapping a first axial end portion of
      said cathode, said auxiliary anode having an axial portion extending
      closer to the anode than said cathode to provide shielding for said
      cathode, said discharge tube being provided with an argon filling at a
      pressure between 0.05 and 5 Torr at a cathode current in the order of
      tenths of amperes, said cathode being non-activated and comprising inner
      and outer tubes of a material selected from the group consisting of
      tantalum and tungsten, said inner and outer tubes being disposed in
      coaxial relationship with at least a first axial extremity of said outer
      tube overlapping a first axial extremity of said inner tube, said inner
      and outer tubes being open at said first axial extremity which faces the
      discharge, the first axial extremity of said inner tube ending within the
      first axial extremity of the outer tube and the outer tube being carried
      on the circumference of the inner tube, and means for supporting said
      inner tube carried on said discharge tube.
NUM  2.
PAR  2. Apparatus as described in claim 1 wherein said first axial extremity of
      said inner tube terminates at a distance 1 to 1 1/2 times its own diameter
      from the first axial extremity of the outer tube.
NUM  3.
PAR  3. Apparatus as described in claim 2 wherein the first axial extremity of
      said auxiliary anode is disposed at an axial distance to said first axial
      extremity of said outer tube which is substantially equal to the diameter
      thereof, one end thereof proximate to said cathode being open, and the
      other end thereof having a wall defining an aperture with a diameter
      substantially equal to that of said outer tube.
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ABST
PAL  A grid electrode for an electron tube with planar electrodes consists of a
      planar array of fine wires mounted on a support frame. The support frame
      has a circular outside rim and interconnected interior elements dividing
      the area inside the rim into three or more separated apertures. The
      interior elements include radial elements connected to non-radial
      elements, forming a mechanically rigid structure with good heat conduction
      to the outside rim which resists buckling out of its plane when
      differentially heated.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The invention relates to electron tubes of the planar grid-controlled type
      which are widely used to generate high frequency electromagnetic energy.
      The upper frequency of such tubes is limited by the time of transit of
      electrons through the electrode structure, which must be short compared to
      the radio frequency cycle period to allow efficient operation. The transit
      time is reduced by positioning the electrodes close together, particularly
      the grid close to the cathode. For the precise mechanical tolerances
      required, a planar structuring of the electrodes is desirable.
PAC  PRIOR ART
PAR  Previous planar grids comprise a mesh or parallel array of fine wires
      joined to a frame. The wires are usually tensioned by mechanical stress or
      thermal expansion differential at the time they are joined to the frame.
      The tension helps to hold them accurately in their plane as they become
      heated by radiation from the thermionic cathode and by electron
      bombardment. Since the wires are heated more than the support frame they
      tend to expand, eventually losing their tension and, upon further heating,
      buckle.
PAR  For larger electrode dimensions the grid wires get hotter because the heat
      conduction path to the frame is longer and the thermal expansion
      difficulty is more severe. Also, the mechanical stiffness of the wires is
      reduced and their resonant frequencies go down so that the tube is less
      resistant to shock and vibration.
PAR  Several methods have been devised to support the wires at intervals within
      the active area of the electrodes by relatively massive members which
      increase mechanical stiffness and heat conductivity, in an attempt to
      simulate the performance of smaller grids. U.S. Pat. No. 2,446,271, issued
      Aug. 3, 1948, to W. W. Eitel, shows bars across the grid joined to and
      perpendicular to the array of fine wires which control the electron
      stream. While these bars improve the thermal and mechanical properties,
      the bars themselves become hotter than the peripheral grid frame and tend
      to buckle out of their plane.
PAR  U.S. Pat. No. 3,082,339, issued Mar. 19, 1963 to R. E. Manfredi, shows a
      cross-bar slotted in the middle to allow differential expansion without
      buckling, Unfortunately, the slot reduces the mechanical stiffness.
PAR  U.S. Pat. No. 3,297,902, issued Jan. 10, 1967, to J. E. Beggs shows an
      array of curved grid elements which cooperate with an array of finer
      elements to control the discharge. In this structure, if the heavier
      elements are massive enough to provide mechanical rigidity and thermal
      conductivity, they no longer control the discharge but merely form a dead
      area whence no electrons reach the anode. Also, the curved elements cannot
      be tensioned.
PAC  SUMMARY OF THE INVENTION
PAR  The objective of this invention is to provide a planar grid having improved
      thermal dissipation and mechanical rigidity which will not buckle out of
      its plane when differentially heated.
PAR  A further objective is to provide a grid frame which is easily fabricated
      as by photoetching.
PAR  A further objective is to provide a grid frame which can be accurately
      fabricated with a high ratio of member thickness to width.
PAR  The invention comprises a circular grid for planar tubes. The structure
      controlling the electron flow is an array of fine grid wires parallel to
      the cathode. Either parallel wires or a woven mesh may be used. The array
      of wires is supported by brazing it to a relatively massive frame, the
      wires preferably being in tension after the mounting operations. The frame
      has an outer rim connected with interior support elements which reduce the
      free length of fine wires between supports. To maximize the thermal
      conductivity of the interior support elements to the outer rim, as well as
      the mechanical rigidity, some of the interior support elements are radial,
      providing the shortest possible path to the outer rim. Interconnecting the
      radial elements are other, non-radial frame elements. The combination of
      radial and non-radial elements further shortens the free lengths of fine
      wires by dividing the grid area into a multiplicity of apertures bounded
      by frame members. In one preferred embodiment the non-radial elements lie
      on a circle concentric with the outer rim. The support elements are
      preferably extended rib portions of a unitary metallic sheet from which
      intervening openings have been etched away.
PAR  In prior-art grids the interior frame elements were either straight bars
      across the outer rim and subject to buckling when heated, or else free at
      their inner ends and subject to bending by shock and vibration. The
      present invention overcomes both of these disadvantages by joining the
      radial elements with non-radial elements which permit thermal expansion in
      the plane of the grid and still provide mechanical support and thermal
      conductivity.
PAR  Further features of the invention will become apparent on examination of
      the figures and following description.
DRWD
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 shows in section a planar triode tube employing the invention.
PAR  FIG. 2 is a plan of a grid electrode according to the invention.
PAR  FIG. 3 is an enlarged section of a portion of the electrode of FIG. 2.
PAR  FIG. 4 is a plan of an alternative design of grid frame.
PAR  FIG. 5 is a plan of another grid frame.
PAR  FIG. 6A to 6D show several grid frames in which the nonradial elements are
      straight bars.
PAR  FIG. 7 is a plan of a frame in which the radial elements extend inside the
      non-radial elements.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  FIG. 1 illustrates a planar triode embodying the invention. The triode
      electrodes are a thermionic cathode 20, a grid electrode 21 and an anode
      surface 22. The electrodes 20, 21, 22 are housed in a vacuum-tight
      envelope 23 comprising dielectric cylinders 24, 25, 26, as of alumina
      ceramic, sealed at their ends to thin metal flanges 27, 28, 29, 30, 31,
      32, as of copper-nickel alloy, an anode heat dissipation body 33, as of
      copper, and an evacuation pinch-off 34, as of copper. The envelope is
      assembled by joining, as by welding, flange 28 to 29 and 30 to 31. After
      evacuation, pinch-off 34 is cold-welded shut by pressure.
PAR  Cathode 20, as of porous tungsten impregnated with barium aluminate, is
      heated by a coil of wire 35, as tungsten, embedded in a dielectric
      insulator 36, as of alumina. One end of wire 35 is joined, as by spot
      welding, to cathode 20 and the other is joined through heavy lead-in wire
      37 to heater terminal flange 27. Cathode 20 is supported, as by spot
      welding, on a thin metal heat dam 38, as of iron-nickel-cobalt alloy,
      which is mounted on envelope flange 29.
PAR  Anode body 33 is joined, as by brazing, to envelope flange 32. Heat is
      removed from anode body 33 by a circulating fluid, as water, contained and
      directed by a water jacket 39 comprising inlet and outlet pipes 40, 41, an
      external housing 42, and internal flow-directing pipe 43 and an O-ring
      seal 44, as of rubber, for containing the fluid. The metallic parts of the
      water jacket, 40, 41, 42, 43 may be of any noncorrodible metal, as Monel,
      stainless steel, brass, etc.
PAR  Grid electrode 21 is mounted, as by brazing or spot welding, on envelope
      flange 30.
PAR  FIGS. 2, 3 and 4 illustrate the detailed structure of grid electrode 21. A
      mesh of fine wires 44, as of tungsten, is brazed, as with gold, to an
      apertured frame 45 consisting of a relatively heavy outer rim support
      element 46 and a flat web 47 of support elements with cross section large
      compared to the wires of mesh 44. Both parts 46, 47 of frame 45 are
      preferably made of the same metal, as tungsten, and are brazed, as with
      gold, together and to the intervening mesh 44. Web 47 comprises radial
      support elements 48 interconnected with non-radial support elements 49. In
      this preferred embodiment the non-radial elements 49 lie on concentric
      circles and the radial elements lie on radii of these circles.
PAR  The radial elements 48 form the shortest possible path for conducting heat
      from the center of grid 21 to the outer rim 46 from which it is easily
      conducted by flange 30 to the cooled envelope 23. Being thus short also
      increases their mechanical rigidity and the ability of the tube to operate
      properly while subjected to shock and vibration. In this preferred
      embodiment, radial elements 48 terminate at the outer ring 46 in arcuate
      tabs 50 forming increased areas for brazing to grid mesh 44 and outer ring
      46. At their inner ends radial elements 48 terminate at their junctions 51
      with non-radial elements 49. During the brazing assembly of the grid frame
      the interior elements of web 47 are heated to a higher temperature than
      the outer ring 46, thereby expanding radially relative to ring 46. Tabs 50
      are separated from each other rather than joined into a complete circle,
      so they slide radially outward over ring 46 without the buckling that
      would occur if they were restrained by a complete colder ring. Parts 46,
      47 and 44 are then brazed together. On cooling the interior elements of
      web 47 tend to contract more than outer ring 46 but are restrained by the
      more massive ring 46. The interior elements are thus left in tension,
      which restrains them to stay accurately planar.
PAR  In operation of the tube the central part of the grid is heated more than
      the outer ring 46. The tendency of the interior elements to expand is
      cancelled by their residual tension, so the differential heating merely
      results in a decrease of tension. If the heating becomes excessive so that
      the tension is completely relieved, further heating will cause the radial
      members 48 to expand inwardly with respect to outer ring 46, forcing
      junctions 51 inward. However, non-radial elements 49 are deformable in the
      plane of the grid 21, as shown, greatly exaggerated, by the dashed line
      "hot shape" 52. If radial elements 48 were joined to form complete
      diametral bars as in many prior-art grids, their expansion would force
      them to buckle, at least partly out of the grid plane.
PAR  The connection of radial and non-radial support elements divides the grid
      area into smaller apertures 53 so the heat conduction path along the mesh
      wires to the support elements is reduced and the mechanical resonances of
      the mesh within an individual aperture are inhibited.
PAR  FIG. 3 is an expanded section of a portion of FIG. 2. Fabrication of the
      web structure 47 is most easily done by photoetching a sheet of metal. Rib
      support elements 48, 49 can by photoetching be made with a width W no less
      than about equal to the thickness of the sheet T. It is desirable to keep
      the width W small to minimize current interception by the support
      structure, but for good rigidity and heat conduction it is better to have
      the support elements thick in the direction perpendicular to the plane of
      the grid. This may be accomplished by making two or more identical webs
      47, stacking them in alignment as shown and brazing them together. Tabs 54
      are used to jig the web structures in azimuthal alignment. After brazing,
      tabs 54 are broken off and discarded.
PAR  FIG. 4 shows only the outline of an alternative grid frame suitable for
      large area grids. A second set of apertures 55 is formed surrounding set
      53 by intermediate non-radial elements 56 connected to outer rim elements
      50' by additional radial elements 57.
PAR  FIG. 5 illustrates a simple form of the invention suitable for small grids
      where only two radial elements 48 and two non-radial elements 49 are
      connected within outer rim elements 50.
PAR  FIG. 6 shows embodiments of the invention wherein the non-radial elements
      49' are formed of straight sections instead of curved. The straight
      sections are easier to deform in the plane of the grid to accommodate
      thermal expansion of the radial elements 48. FIGS. 6, a, b, c, d show
      respectively 3, 4 and 6 outer radial elements. FIG. 6 d shows 6 outer
      radial elements and an inner set of 3 radial elements.
PAR  FIG. 7 shows an embodiment in which radial elements 48 extend within the
      innermost non-radial elements 49. The shortness of free length permits
      them to maintain mechanical rigidity.
PAR  Those skilled in the art may realize many embodiments of the invention
      other than those examples described above. The true scope of the invention
      includes the content of the following claims and their legal extensions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An electron tube comprising; an envelope, a plurality of substantially
      planar and parallel electrodes, support means for said electrodes, and
      means for electrical connection to said electrodes, said electrodes
      comprising an electron emissive cathode, an electron collective anode, and
      at least one electron permeable grid between said cathode and said anode,
      said grid comprising a circular frame and an array of spaced wires, said
      frame comprising an outer rim interconnected with a web of support
      elements, said support elements having cross sections larger than said
      wires, said web having planar faces parallel to said cathode, said support
      elements comprising a plurality of radial elements connected to said rim
      and interconnected by non-radial elements lying entirely within said rim
      to form at least three enclosed apertures within said rim, said array of
      wires being joined to the face of said web facing said cathode, and
      covering said apertures.
NUM  2.
PAR  2. The apparatus of claim 1 wherein one of said apertures is a central
      aperture substantially surrounded by other of said apertures.
NUM  3.
PAR  3. The apparatus of claim 1 wherein said non-radial elements lie on one or
      more circles concentric with said circular frame.
NUM  4.
PAR  4. The apparatus of claim 1 wherein at least one of said radial elements
      extends over less than a full radius of said circular frame.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said radial elements are spaced from
      the center of said circular frame.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said web is a structure comprising a
      plurality of identical joined layers parallel to said planar array.
NUM  7.
PAR  7. The apparatus of claim 1 wherein said radial elements are under tension
      when said grid is isothermal.
NUM  8.
PAR  8. The apparatus of claim 1 wherein said outer rim comprises a massive
      circular ring, and said plurality of radial elements connected to said rim
      are separately joined to said ring.
NUM  9.
PAR  9. The apparatus of claim 1 wherein said radial elements are interconnected
      within said rim only by said non-radial elements and said array of wires.
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PAL  In a picture display tubes having deflection angles of 110.degree. and more
      the conical central part near the transition to the neck has a
      substantially flat variation perpendicular to the tube axis. As a result
      of this an accurate positioning of the deflection device on the display
      tube is seriously hampered. This problem is solved by centering members
      which are present on the conical central part and which cooperate in a
      self-centering manner with centering members forming part of the
      supporting cage of the deflection device. The position of the deflection
      device in the axial direction is accurately fixed by abutment members
      forming part of the supporting cage in co-operation with abutment surfaces
      forming part of the envelope of the tube.
BSUM
PAR  The invention relates to a picture display device comprising a picture
      display tube whose envelope is formed by a conical central part which is
      closed by a display screen at its wide end and which changes, at the
      narrow end, into a tubular neck which is closed at its free end, in which
      neck an electrode system is present to generate at least one electron
      beam, on which envelope a system of deflection coils arranged coaxially
      around the tube is mounted near the transition from neck and cone and
      secured in a supporting cage, for which purpose the envelope comprises on
      its conical central part means to centre the said supporting cage.
PAR  Such a picture display device is known from the U.S. Pat. No. 2,354,661.
PAR  The development of picture display tubes has of late years bean
      considerably directed to the construction of display tubes having smaller
      and smaller dimensions in the axial direction. For that purpose, the
      electron beam or beams generated in an electrode system are deflected over
      an ever increasing angle. Starting with a deflection angle of 70.degree.,
      said development has continued via a deflection angle of 90.degree. to the
      nowadays usual construction having a deflection angle of 110.degree.. The
      problems associated with this development, however, do not only relate to
      the construction of the deflection coils themselves, but also to the
      connection of the supporting cage thereof on the envelope of the display
      tube. As the deflection angle is made larger, more stringent requirements
      are imposed upon the accuracy with which the system of deflection coils
      can be positioned relative to the optical axis of the electrode system
      present within the neck of the tube. In particular in the case of color
      television display tube it is of importance that the central axis of the
      system of deflection coils coincides as accurately as possible with the
      said optical axis so as to minimize colour defects as a result of
      mislandings of an electron beam on the display screen.
PAR  In the usual connection, the supporting cage is slid over the neck of the
      tube until a supporting ring forming part of the supporting cage engages
      the conical central part. The supporting cage is clamped on the rear side
      on the neck of the tube by means of a clamping band.
PAR  Since in tubes having a deflection angle of 110.degree. the conical central
      part near the transition to the neck has a substantially flat variation at
      right angles to the axis of the tube, an accurate positioning of the
      supporting cage at the area where it engages the said conical central part
      is seriously hampered.
PAR  In the picture display device known from the said U.S. patent specification
      the cathode-ray tube described therein which otherwise has a comparatively
      small deflection angle shows a cylindrical part at the area of the centre
      of gravity of the tube around which means are provided to support the tube
      during mounting thereof in a cabinet. For that purpose, the said
      cylindrical part has screwthread or a flange which may be moulded in the
      glass and on which the supporting cage of the system of deflection coils
      is also screwed or secured by means of bolts. Such a way of connection is
      not easy to control and hardly ensures an accurate positioning of the
      system of deflection coils since for each of the members required for said
      connection an accurate positioning and precision is required.
PAR  It is the object of the invention to provide a picture display device of
      the type mentioned in the preamble in which the said problems are solved
      in a simple and efficacious manner.
PAR  For that purpose, a picture display device according to the invention is
      characterized in that the means for centering the supporting cage present
      on the conical central part cooperate in a self-centering manner with
      centering members forming part of the supporting cage. According to the
      invention, said self-centering effect may start either from the centering
      means present on the conical central part, or from the centering members
      forming part of the supporting cage. In the former case, according to the
      invention the said centering means consist of a conical centering edge
      which forms one assembly wiht the conical central part and is present
      coaxially around the tube axis. In the latter case, according to the
      invention the centering members forming part of the supporting cage
      consist of cams which have centering faces which are present on a surface
      which is conical relative to the tube axis. Said cams then cooperate with
      a centering edge which forms one assembly with the conical central part
      and which in this case need consequently not be conical.
PAR  In both above cases, according to the invention, the said centering edge
      may be interrupted so that a number of centering cams are obtained. The
      embodiment having a non-interrupted centering edge, however, is to be
      preferred since in that case the matrix for the conical central part is
      simpler to manufacture.
PAR  According to a particularly favorable embodiment the conical central part
      of the tube according to the invention has an axial abutment for the
      supporting cage present in a plane perpendicular to the tube, namely for
      abutment members present on the supporting cage, in the form of an
      abutment edge or a number of abutment cams. According to the invention,
      the said axial abutment preferably consists of an end face which bounds
      the centering edge on the side facing the neck of the tube.
PAR  In the above-described favorable embodiment the supporting cage according
      to the invention comprises on its side facing the display screen a
      supporting edge which preferably forms a polygon in cross-section. The
      centers of the sides of said supporting edge is cooperation with a conical
      centering edge on the envelope deviate resiliently in the radial direction
      until the abutment members of the supporting cage bear on the axial
      abutment.
PAR  In the case of a non-conical centering edge, according to the invention the
      supporting edge of the supporting cage has self-centering cams. These are
      present on the inside of the supporting edge, namely on the centers of the
      sides thereof.
PAR  When self-centering cams are present on the inner wall of a known circular
      cylindrical supporting edge, according to the invention said supporting
      edge has incisions which extend in the axial direction on either side of
      said cams so as to obtain the said resilient action.
PAR  In the two above-described cases of cams on the supporting edge, according
      to the invention said cams may form one assembly with the above-mentioned
      abutment members.
PAR  The invention ensures a readily defined and very accurate position of the
      supporting cage on the envelope of a picture display tube. The manner of
      securing is very reproducible and is excellently suitable for use in
      picture display devices for color television. As already noted, an
      accurate position of the system of deflection coils is an indispensable
      requirement in this application. The invention is particularly suitable
      when used in a picture display device for color television the picture
      display tube of which comprises an electrode system which generates three
      electron beams which are present substantially in one plane. In such a
      system, as is known, means for a dynamic convergence of the electron beams
      may be omitted. A condition in that case is, however, that the system of
      deflection coils for the said three beams is very accurately positioned
      relative to the electron optical axis so as to compensate for the lack of
      electric correction means.
PAR  It is to be noted that it is known to use in such a picture display tube
      for the connection of the deflection device a ring which is cemented to
      the conical central part (see I.E.E.E. Transactions on Broadcast and
      Television Receivers, 1972, Volume BTR-18, Nr. 3, pp. 193-200). Said ring
      has projections which project with ample play through recesses provided in
      the supporting cage. After providing the deflection device in the desired
      position, the recesses are filled with a thermoplastic material and the
      deflection device is permanently secured to the tube. In this case there
      is no question of a self-centering ring. Such a manner of connection
      presents problems in a possible repair of the tube while readjustment of
      the deflection device can be carried out with difficulty only.
DRWD
PAR  The invention will be described in greater detail with reference to a
      drawing, in which
PAR  FIG. 1 is a partial cross-sectional view of an embodiment according to the
      invention,
PAR  FIG. 2 is a perspective view of the deflection device shown in FIG. 1,
PAR  FIG. 3 shows an embodiment of a circular cylindrical supporting edge, and
PAR  FIG. 4 shows another embodiment of a supporting edge in cooperation with a
      non-conical centering edge.
DETD
PAR  The device shown in FIG. 1 consists inter alia of a color television
      display tube 1, the envelope of which is formed by a display screen 2, a
      conical central part 3 and a neck 4. An electrode system 5, shown
      diagrammatically, for generating three electron beams located in one plane
      is present in the neck 4. Said beams on their way to the display screen 2
      are deflected by a magnetic field generated by a deflection device 6
      secured to the tube. For that purpose, said deflection device comprises a
      system of deflection coils which is secured on an inner cage 7 of a
      synthetic material and which consists of a number of deflection coils 8
      and an annular core 9 which are shown diagrammatically in FIG. 1. The
      inner cage 7 has studs 10 which project through holes 11 in the supporting
      cage 12 of synthetic material. The holes 11 are elongated in the axial
      direction. The studs 10 also project through holes 13 which are elongated
      in the radial direction and are provided in the closing plates 14 (see
      FIG. 2). So relative to the supporting cage 12, the inner cage 7 can be
      moved along its longitudinal direction and be rotated thereabout. By
      tightening the wingnuts 15, the inner cage is secured relative to the
      supporting cage.
PAR  As is obvious from FIG. 2, the supporting cage has a hexagonal supporting
      ring 16 of which the centers of the sides which are denoted by 17
      cooperate with a conical centering edge 18. Said centering edge is bounded
      externally by a curved centering surface 19 and an end face 20 which is
      present in a plane perpendicular to the tube axis. The curved surface 19
      and the end face 20 intersect each other at an angle of 100.degree.. (This
      angle is not critical but is preferably chosen to be between 100.degree.
      and 130.degree.). The end face 20 forms an axial abutment for the
      supporting cage 12, namely for a number of abutment members 22 thereof.
      (Although six abutment members are shown, said three are already
      sufficient).
PAR  Upon assembling, the deflection device 6 is slid over the tube neck 4 until
      the centers of the sides of the hexagonal supporting edge 16 which are
      denoted by 17 bear on the curved centering surface 19. The side of the
      deflection device remote from the display screen is centered on the neck
      of the tube by means of a guide 24 which forms part of the supporting
      cage. The side of the deflection device facing the display screen is now
      centred by moving the supporting edge further in the direction of the
      display screen. The centres 17 of the sides of the supporting edge 16 are
      slightly forced outwardly radially by the curved centring surface 19, as
      is denoted by 21. In this stage of the assembly, the deflection device is
      accurately centred relative to the tube axis by the self-centering action
      of the curved surface 19. The position in the axial direction is fully
      established by the abutment members 22 in cooperation with the end face 20
      of the centering edge 18. The clamping band 23 provided around the guide
      24 is now tightened so that the deflection device 6 is accurately centered
      on the display tube 1.
PAR  FIGS. 3 and 4 show two embodiments in the case in which the centering edge
      present on the conical central part of the tube is not conical. In FIG. 3
      the circular cylindrical supporting edge 30 has centering cams 34 with
      centering surfaces 31 present on a conical surface relative to the tube
      axis. On either side of the cams 34 the supporting edge 30 has incisions
      32 which extend in the axial direction and which permit of a deviation of
      the cams 34 in the radial direction. The abutment members 33 are shown
      individually but, as shown in FIG. 4, they may also form one assembly with
      the centering cams. The centering cams 41 cooperate with the non-conical
      centering edge 44 and have centering surfaces 43 and abutment faces 42.
      The supporting edge 40 in cross-section may be either a polygon or a
      circle.
PAR  In the axial direction the position of the supporting cage is fully
      determined by a centering edge (18, 44) forming one assembly with the
      conical central part. Said centering edge may serve as a common reference
      both during the positioning of the system of deflection coils and that of,
      for example, the electrode system in the neck of the tube. Such a common
      reference increases the accuracy in the positioning of the components
      mutually.
CLMS
STM  We claim:
NUM  1.
PAR  1. A picture display device tube having a longitudinal axis and comprising
      a conical central part, a neck mounted on said central part, means for
      generating at least one electron beam disposedin said neck, and means
      disposed on said central part for self centering a deflection coil
      supporting cage with respect to the longitudinal axis of said tube, the
      said centering means comprising a centering edge integrally formed with
      the conical central part of the tube and which is disposed coaxially
      around the longitudinal axis of the tube, the centering edge having a
      centering surface which is conical relative to the longitudinal axis, the
      angle enclosed by the centering surface of the centering edge and the
      longitudinal axis is smaller than the angle enclosed by the one surface at
      the area of the centering edge and the longitudinal axis.
NUM  2.
PAR  2. A picture display device as claimed in claim 1, wherein the said
      centering edge is interrupted.
NUM  3.
PAR  3. A picture display device as claimed in claim 1, wherein the picture
      display tube is a color television display tube, and said generating means
      comprises means for generating three electron beams which are disposed in
      a substantially common plane near said generating means.
NUM  4.
PAR  4. A picture display device as claimed in claim 1, wherein the conical
      central part of the tube has an abutment means for the supporting cage
      disposed in a plane substantially perpendicular to the tube axis.
NUM  5.
PAR  5. A picture display device as claimed in claim 4, wherein the said axial
      abutment means comprises an end face which bounds the centering edge on
      its side facing the neck of the tube.
NUM  6.
PAR  6. A deflection coil device for a picture display tube having a
      longitudinal axis and a conical central part with a centering edge, said
      device comprising a supporting cage, a system of deflection coils mounted
      on said cage, and radially resilient centering member means disposed on
      said cage for self centering said coils on said centering edge with
      respect to the longitudinal axis of said tube.
NUM  7.
PAR  7. A device as claimed in claim 6, wherein the supporting cage has an
      annular portion and means disposed in said annular portion for cooperating
      with axial abutment means on the tube.
NUM  8.
PAR  8. A device as claimed in claim 6 in which the supporting cage on its side
      facing the tube display screen has a supporting edge, said supporting edge
      in cross-section comprises a polygon.
NUM  9.
PAR  9. A device as claimed in claim 6 in which the supporting cage on its side
      facing the tube display screen has a supporting edge having an inside
      facing said longitudinal axis, the supporting edge having centering cams
      on said inside.
NUM  10.
PAR  10. A device as claimed in claim 9, wherein the supporting edge on either
      side of each cam has incisions which extend substantially in the
      longitudinal direction.
NUM  11.
PAR  11. A device as claimed in claim 9, wherein the said centering cams also
      comprise the abutment members which cooperate with the tube axial abutment
      means.
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ABST
PAL  In an image tube, a photocathode is disposed to receive a photon image for
      emitting into the tube a corresponding electron image which is accelerated
      by an accelerating anode and focused upon an output device, such as a
      fluorescent screen or a microchannel electron multiplier. A gating
      electrode is interposed along the beam path between the anode and the
      output device. The potential difference between the photocathode and the
      gating electrode is periodically pulsed such that the gating electrode is
      sufficiently negative relative to the potential of the photocathode for
      reflecting the image electrons passing through the anode back to the anode
      for collection thereof and thus for gating off the electron image to the
      output device. This potential difference may be pulsed by pulsing the
      photocathode positive with respect to the gating electrode or by pulsing
      the gating electrode negative with respect to the photocathode.
GOVT
PAC  GOVERNMENT CONTRACT
PAR  The invention herein described was made in the course of or under a
      contract with the Department of Defense.
PARN
PAR  This is a continuation of application Ser. No. 189,973, filed Oct. 18,
      1971, now abandoned.
BSUM
PAC  DESCRIPTION OF THE PRIOR ART
PAR  Heretofore, it has been proposed to gate on and off the electron image of
      an image tube by gating on and off a potential applied to a gating
      electrode interposed between the anode and the photocathode. Such a prior
      art image tube is disclosed and claimed in U.S. Pat. No. 3,474,275 issued
      Oct. 21, 1969.
PAR  The problem with gating the electron image by means of an electrode
      interposed between the anode and the photocathode is that such a gating
      electrode operates by reflecting the electron images back to the
      photocathode, thereby building up space charge and unwanted capacitive
      effects. Thus, upon gating on of the electron image, there is a
      substantial finite recovery time before the space charge and capacitive
      effects are dissipated to allow the electron image to come into focus at
      the output screen or device. The capacitive effects are manifested by
      ringing and overshoot of the gating potential resulting in transient
      defocusing effects.
PAR  It is also known from the prior art for an image tube to employ a
      distortion corrective electrode between the anode and the output screen of
      the tube. The distortion corrective electrode is operated at a potential
      approximately 20% of the cathode-anode voltage more positive than the
      cathode and serves to alter the electron trajectories of the electron
      image such that the electrons intercept the output screen at nearly normal
      angles to the plane of the screen. This corrects for "pin cushion" type
      distortion in the output image. An image intensifier tube utilizing a
      distortion corrective electrode is disclosed and claimed in U.S. Pat.
      application No. 74,058 filed Sept 21, 1970, now abandoned, and assigned to
      the same assignee as the present invention.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  The principal object of the present invention is the provision of an
      improved image tube and method and apparatus for gating same.
PAR  In one feature of the present invention, the image tube includes a gating
      electrode interposed between the anode and the output device. The
      potential difference between the gating electrode and the photocathode is
      pulsed periodically such that the potential of the gating electrode is
      sufficiently negative with respect to the potential of the photocathode
      such that the image electrons passing through the anode are reflected back
      to the anode, thereby periodically gating off the electron image reaching
      the output device.
PAR  Another feature of the present invention is the same as the preceeding
      feature wherein the potential difference between the gating electrode and
      the photocathode is periodically pulsed, for gating off the electron image
      of the tube, by pulsing the potential of the gating electrode negative
      with respect to the operating potential of the photocathode.
PAR  Another feature of the present invention is the same as the first feature
      wherein the potential difference between the gating electrode and the
      photocathode is periodically pulsed by periodically pulsing the potential
      of the photocathode to a potential positive with respect to the potential
      of the gating electrode.
PAR  In another feature of the present invention, the magnification of the image
      tube falls within the range of 1.2 to 0.8 and the ratio of the axial
      spacing between the photocathode and the anode to the axial spacing
      between the photocathode and the output means falls within the range of
      0.28 to 0.43.
PAR  In another feature of the present invention, the magnification of the image
      tube falls within the range of 1.2 to 0.8 and the ratio of the axial
      spacing between the anode and the center of the gating electrode to the
      axial spacing between the anode and the output means falls within the
      range of 0.45 to 0.67.
PAR  Other features and advantages of the present invention will become apparent
      upon a perusal of the following specification taken in connection with the
      accompanying drawings wherein:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a longitudinal sectional view, partly in block diagram form, of
      an image tube incorporating features of the present invention, and
PAR  FIG. 2 is a plot of operating potential versus axial distance depicting the
      potential profile along the beam path from the photocathode to the output
      screen or output device.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIG. 1, there is shown an image tube 1 incorporating
      features of the present invention. Image tube 1 comprises an evacuated
      tubular envelope 2 closed at the forward end thereof by means of a photon
      transparent disc-shaped input plate 3, as of glass, having a spherically
      concave surface 4 facing into the tube 1. An optically transparent
      electrode 5, as of tin oxide, is deposited over the spherical face 4 and a
      photocathode layer 6 is deposited overlying the optically transparent
      electrode 5. The input plate 3 is sealed in a gas-tight manner to the
      tubular envelope 2 by means of an annular metallic flange 7, which also
      serves for making electrical contact to the transparent electrode and thus
      to the overlaying photocathode 6.
PAR  An optically transparent disc-shaped plate 8, as of glass, is sealed across
      the other end of the tubular envelope 2 via the intermediary of an annular
      metallic flange 9. A cathode ray luminescent screen 11 is deposited over
      the inside face of the output plate 8. An electron permeable electrode 12,
      as of aluminum, is deposited over the inside face of the cathode ray
      luminescent layer 11 for applying a uniform electrical potential over the
      cathode luminescent layer 11.
PAR  An anode electrode 13 is interposed along the beam path between the
      photocathode 6 and the output screen 12 for accelerating the electron
      images emitted from the photocathode 6 and for focusing such images upon
      the cathode ray luminescent output screen 12. The anode 13 has a generally
      spherical convex face 14 facing the spherical photocathode 6 and a small
      central circular aperture 15, e.g. 0.10 inch diameter, on the axis of the
      tube for passing the converged electron images therethrough. The anode
      electrode 13 has an outwardly flared portion extending rearwardly from the
      spherical portion and being affixed at its outer end to an anode support
      ring 16 passing through a tubular dielectric portion of the vacuum
      envelope 2.
PAR  A generally cylindrical focus electrode 17 is interposed along the beam
      path between the photocathode 6 and the anode 13 to assist in focusing the
      electron images emitted from the photocathode 6 through the central
      aperture 15 in the anode 13. The focus electrode 17 is electrically
      connected to the photocathode for operation at essentially the same
      potential.
PAR  A generally cylindrical gating electrode 18 is deposited on the inside wall
      of the dielectric envelope 2 in the region along the beam path
      intermediate the anode 13 and the output screen 12. A contact electrode
      passes through the envelope for making electrical contact to electrode 18.
      The spherical photocathode 6, cylindrical focus electrode 17, spherical
      anode 13, and the cylindrical gating electrode 18 have common axes of
      revolution such that the axis of revolution for each of the aforementioned
      electrodes is the central longitudinal axis 19 of the tube 1.
PAR  In a typical example of an image tube 1 incorporating features of the
      present invention, the tube 1 has a magnification falling within the range
      of 1.2 to 0.8, the ratio of the axial spacing A between the photocathode 6
      and the anode 13 to the axial spacing B between the photocathode 6 and the
      output screen 12 falls within the range of 0.28 to 0.43 and is preferably
      0.36. In addition, the ratio of the axial spacing C between the anode 13
      and the center of the gating electrode 18 to the axial spacing D between
      the anode 13 and the output screen 12 falls within the range of 0.45 to
      0.67 and is preferably 0.56. The output screen 12 is preferably planar and
      may comprise a cathode ray luminescent screen as aforecited or some other
      type of output device such as a microchannel electron multiplier which
      would have its input face disposed at the position of the cathode ray
      luminescent screen 12 and an output screen 12 would be disposed adjacent
      the output face of the microchannel multiplier.
PAR  In operation, the anode 13 and the output screen or device 12 are
      preferably operated at the same potential, such as ground potential. A
      potential source 22 provides a negative potential, as of -2,500 volts, to
      the photocathode 6 and focus electrode 17 relative to the anode and screen
      potential. In addition, the potential source 22 provides a steady state
      bias potential to the gating electrode 18 which is negative with respect
      to the anode potential and to the potential of the output screen, and
      which is preferably within .+-.20% of the cathode potential for correcting
      "pin cushion" type distortion of the electron image focused on the output
      device by causing the electrons to take trajectories which will intercept
      the plane of the output device 12 at substantially right angles. This is
      especially important when employing a microchannel electron multiplier as
      the output device, since if the electrons do not intercept the face of the
      microchannel array at right angles, some of the electrons pass straight
      through the array of channels which are canted to the axis 19, producing
      dark spots on the fluorescent screen which follows the electron
      multiplier. Thus, in the steady state condition, the gating electrode 18
      serves as a distortion corrective electrode.
PAR  Image tube 1 is gated off by pulsing the potential difference between
      photocathode 6 and the electrode 18 in such a way that the potential
      difference between these electrodes is substantially increased and the
      potential of the gating electrode 18 is sufficiently negative with respect
      to the potential of the photocathode 6 such that electron images flowing
      through the anode are reflected from the gating electrode back to the
      anode, thereby cutting off the flow of image electrons to the output
      screen or output device 12.
PAR  In a preferred method for pulsing the tube, a pulser 24 is transformer
      coupled via transformer 25 to the lead supplying the operating potential
      to the gating electrode 18. Pulser 24 is energized for superimposing a
      negative pulse, as of -1800 volts, on the d.c. bias of the gating
      electrode 18 for pulsing the total potential on the gating electrode 18 to
      approximately -4,000 volts, whereas the photocathode voltage remains at
      -2,500 volts. This provides an electron mirror in the plane of the gating
      electrode 18 for reflecting the image electrons back to the anode 13,
      thereby cutting off the flow of said electrons to the output screen 12.
PAR  The advantage to pulsing the gating electrode 18 is that this electrode
      does not draw current and has negligible capacitance to the other
      electrodes. Therefore, the pulse power supplied to the electrode via the
      pulser 24 need only be of a negligible amount, thereby permitting a
      relatively low power pulser 24 to provide pulses to electrode 18.
      Moreover, since the capacitance of the gating electrode to the adjacent
      anode 13 and screen electrode 12 is relatively small, fast rise times on
      the order of nanoseconds are obtainable without overshoot.
PAR  As an alternative to pulsing the gating electrode 18, the photocathode 6
      may be pulsed positive with respect to the potential applied to the gating
      electrode 18, thereby reducing the effective beam voltage and allowing the
      gating electrode potential, which is now much more negative than the
      cathode potential, to reflect the image electrons to the anode 13 for
      gating off the flow of images to the output device. In a typical example,
      a pulser 27 is coupled to the input lead of the photocathode 6 via
      transformer 28 for superimposing a positive pulse, as of +1,500 volts, on
      the d.c. cathode potential for gating off the tube 1. The positively
      pulsed photocathode 6 produces a potential profile as depicted by dotted
      line 29 and solid line 30 of FIG. 2, whereas the negatively pulsed gating
      electrode 18 produces a potential profile as depicted by dotted curve 31
      and solid line 32 of FIG. 2.
PAR  For the aforecited ratios of dimensions, A/B and C/D, the steady state
      distortion corrective potential applied to gating electrode 18 should be
      within .+-.20% of the photocathode potential, and the anode potential
      should be within .+-.30% of the output screen potential, said percentages
      being percentages of the cathode-to-screen potential, and the radius R of
      the spherical portion of the anode cone 13 should be within 40-100% of the
      photocathode radius.
PAR  The advantage to the utilization of these ratios and this method of gating
      the image tube is that low distortion is obtained in the output image as
      received on the output device 12, such as the fluorescent screen or
      microchannel array. By lower distortion it is meant that the distortion is
      less than 2.5% as contrasted with prior overall distortions of 8-20%.
      Distortion D is defined by the following relation:
EQU  D = (M.sub.e - M.sub.c)/M.sub.c
PAL  wherein M.sub.e is the magnification at the edge of the output screen, and
      M.sub.c is the center magnification at 4% of maximum diameter.
PAR  In addition, another advantage is that the electron trajectories as they
      intercept the output screen 12 have deviations from the normal of less
      than 5.degree.. Another advantage to the present method of gating as
      contrasted with the prior art focus grid gating method, where electrons
      were returned to the photocathode, is that gating is achieved without
      deleteriously affecting the focus of the image thereby allowing much
      faster rise and recovery times. In addition, the tube is much less
      sensitive to deficiencies in the gating pulse, such as ringing and
      overshoot which could produce, in the prior art method, defocusing effects
      and unwanted space charge effects.
PAR  In other words, the gating method of the present invention provides means
      for gating the image tube which is independent of focus of the image and
      much less critical as to the characteristics of the gating pulse. This is
      important for fast gating pulses of a pulse length less than 1 microsecond
      and is particularly useful in light ranging systems where it is desired to
      gate the image tube off for a certain period immediately following the
      main bang of transmitted light beam to exclude unwanted background and
      unwanted reflections which could deleteriously effect the tube, due to
      their high intensity, while permitting observation of targets at a
      predetermined range.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an electron image tube, a photocathode disposed to receive a photon
      image for emitting into the tube an electron image corresponding to the
      received photon image, an output means spaced from said photocathode for
      receiving the emitted electron image, an accelerating anode electrode
      means interposed between said photocathode and said output means for
      accelerating and converging the image electrons, said anode means
      containing a central aperture small compared to said photocathode for
      passing said converged image electrons from said photocathode and
      focussing said electron image upon said output means, gating electrode
      means adjacent said output means for gating the electron image to said
      output means, said gating electrode means being radially spaced outside
      said electron image and means for periodically pulsing the potential
      difference between said gating electrode and said photocathode such that
      the potential of said gating electrode periodically becomes sufficiently
      negative with respect to the potential of said photocathode that said
      image electrons are returned to said anode.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said photocathode has a generally
      spherically curved concave emitting surface facing said anode, said anode
      has a centrally apertured convex surface portion facing said photocathode,
      said gating electrode has a generally cylindrical electron passageway
      therethrough, and wherein said photocathode, said accelerating anode, and
      said gating electrode all have substantially common axes of revolution.
NUM  3.
PAR  3. The apparatus of claim 2 wherein the magnification of the image tube
      falls within the range of 1.2 to 0.8 and the ratio of the axial space A
      between said photocathode and said anode to the axial spacing B between
      said photocathode and said output means falls within the range of 0.28 to
      0.43.
NUM  4.
PAR  4. The apparatus of claim 2 wherein the magnification of the image tube
      falls within the range of 1.2 to 0.8 and the ratio of the axial spacing C
      between said anode and the center of said gating electrode to the axial
      spacing B between said anode and said output means falls within the range
      of 0.45 to 0.67.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said means for periodically pulsing the
      potential difference between said gating electrode and said photocathode
      includes, means for periodically pulsing the potential of said gating
      electrode negative with respect to the operating potential of said
      photocathode.
NUM  6.
PAR  6. The apparatus of claim 1 wherein said means for periodically pulsing the
      potential difference between the gating electrode and said photocathode
      includes, means for periodically pulsing the potential of said
      photocathode to a potential positive with respect to the potential of said
      gating electrode.
NUM  7.
PAR  7. The apparatus of claim 2 wherein said output means has a generaly planar
      electron image receiving face facing said accelerating anode.
NUM  8.
PAR  8. The apparatus of claim 1 including means for applying to said gating
      electrode a distortion corrective potential which is within .+-.20% of the
      operating potential of said photocathode during the period electron images
      are flowing from said photocathode to said output means.
NUM  9.
PAR  9. In a method for operating an image tube having a photocathode disposed
      to receive a photon image and to emit a corresponding electron image over
      a beam path corresponding to the received photon image, an output means
      spaced from said photocathode for receiving the emitted electron image, an
      accelerating anode electrode means interposed between said photocathode
      and said output means for accelerating and converging the image electrons,
      said anode means containing a central aperture small compared to said
      photocathode for passing said converted image electrons from said
      photocathode and focussing said electron image on said output means,
      gating electrode means adjacent said output means and spaced radially
      outside the electron paths, the step of periodically pulsing the potential
      difference between said gating electrode and said photocathode such that
      the potential of said gating electrode periodically becomes sufficiently
      negative with respect to the potential of said photocathode that said
      image electrons are returned to said anode, thus gating off the electron
      image to said output means.
NUM  10.
PAR  10. The method of claim 9 wherein the step of periodically pulsing the
      potential difference between the gating electrode and the phhotocathode
      includes the step of, periodically pulsing the potential of the gating
      electrode negative with respect to the operating potential of said
      photocathode.
NUM  11.
PAR  11. The method of claim 9 wherein the step of periodically pulsing the
      potential difference between the gating electrode and the photocathode
      includes the step of, periodically pulsing the potential of the
      photocathode to a potential positive with respect to the potential of said
      gating electrode.
NUM  12.
PAR  12. The method of claim 9 including the step of applying a distortion
      corrective potential to said gating electrode which is within the range of
      .+-.20% of the potential of said photocathode during the period electron
      images are flowing to said output device.
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ABST
PAL  An electron gun for use in a cathode-ray tube is provided with two control
      grids between the cathode and an accelerating electrode. The control grids
      are both provided with separate control voltages bearing the same
      intensity-modulation information for control of the electron beam from the
      cathode. The two control voltages are caused to vary, one according to a
      linear function of the variation of the other. When this linear function
      is caused to have a particular slope, the area of the cathode which emits
      the electron beam remains approximately constant over a wide range of
      control voltage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an electron gun of the type used principally in
      cathode-ray tubes.
PAR  2. Description of the Prior Art
PAR  A conventional prior art triode gun found in cathode-ray tubes consists of
      a cathode 2, a grid electrode 4 and an anode or accelerating electrode 6,
      as shown in FIG. 1. For discussion, the cathode is taken as a reference
      and is assumed to be at zero potential. The anode is at a positive
      potential and the grid is at a negative potential. This structure forms an
      electron beam 8 whose current can be controlled by varying the potential
      of the grid electrode, usually extending over a range from zero voltage
      for maximum beam current to a certain negative cut-off voltage for no beam
      current. A modification of this conventional gun is a tetrode gun, in
      which the anode is followed by another positive electrode, as in U.S. Pat.
      No. 2,276,320 to Linder and U.S. Pat. No. 2,939,703 to Niklas. This
      modification is not relevant to this discussion of prior art.
PAR  An important characteristic of an electron gun, especially of those used in
      television tubes, is the variation of the electron beam current I.sub.b
      with grid voltage V.sub.g, or with "drive voltage", defined as V.sub.d =
      V.sub.g - V.sub.gc where V.sub.gc is the cut-off voltage.
PAR  A mathematically rigorous analysis for I.sub.b = f(V.sub.d), taking into
      account the gun geometry, space-charge effects and aberrations, is only
      possible by means of computers. Several approximate methods have been used
      to derive relations of the type
EQU  I.sub.b = K V.sub.d .sup..alpha.V.sub.gc .sup..beta.
PAL  With exponents varying between 3/2 and 7/2. Measurements on experimental
      triodes by various investigators appear to confirm the theoretical
      predictions. The exponent .alpha. is usually referred to as the "gamma" of
      the characteristic. The value of gamma is fixed in conventional electron
      guns. By "fixed", it is not meant that it is absolutely constant, because
      the gamma is probably a slowly varying function of V.sub.d and is only
      approximately or substantially constant. However, the value of gamma is
      fixed in the sense of being predetermined in a conventional tube by the
      nature of the tube itself.
PAC  SUMMARY OF THE INVENTION
PAR  This invention relates to an electron gun in which the gamma may be varied
      by an adjustment of the operating conditions of the gun. Such an electron
      gun permits an electrically adjustable control of the area of the cathode
      surface which emits the electron beam in response to the drive voltage
      applied. This control is accomplished by varying the potential on the
      control grid nearest the cathode, which potential may be fixed at some
      chosen value to establish the emitting area, or preferably varied in
      synchronism with the drive voltage applied to the second control grid.
PAR  As a result of the above feature, it is possible to operate this electron
      gun, in a manner which requires tracking both grid voltages, such that the
      emitting area remains constant over most of control grid characteristic
      from zero bias to cutoff.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a cross-sectional view of the beam-emitting section of a
      conventional prior-art electron gun.
PAR  FIG. 2 is a cross-sectional view of the beam-emitting section of an
      electron gun according to the present invention.
PAR  FIG. 3 is a cross-sectional view of such a gun installed in a cathode-ray
      tube.
PAR  FIG. 4 is a schematic diagram of a linear function generator, the details
      of which form no part of the claimed invention, but which illustrates how
      a skilled artisan might choose to construct the function generator of FIG.
      2.
PAR  FIG. 5 is a graph showing, in solid lines, two different linear functions
      of the control voltage value on one control grid with respect to the
      control voltage value on the other control grid, and showing, in broken
      lines two corresponding linear functions of the resulting electrical field
      value at the cathode with respect to the control voltage value on the
      other grid.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In addition to a conventional control grid 10, corresponding to grid 4 in
      FIG. 1, the improved gun of FIG. 2 includes an auxiliary grid 12 between
      the cathode 2 and the accelerating electrode 6 in the path of beam 8. The
      gun is used, as shown in FIG. 3, in a cathode-ray tube (CRT) 14 to cause
      the beam 8 to trace an image on a screen 16. Further focusing,
      acceleration and deflection are preferably provided for use in a CRT. A
      voltage function generator 18 receives on line 20 a video signal V.sub.s,
      which in the prior art device might have been applied directly to the only
      control grid to modulate the intensity of the beam. Generator 18 produces
      one control voltage V.sub.g on a line 22 for control of the conventional
      control grid 10 and produces another control voltage V.sub.go on a line 24
      for control of the auxiliary control grid 12.
PAR  FIG. 4 is provided, not as part of the claimed invention, but only as an
      example of how a skilled artisan might design a function generator 18 to
      put into effect the functions of FIG. 5.
PAR  In FIG. 5, a solid line 30 shows a graph of control voltage V.sub.g as a
      linear function one (f.sub.1) of control voltage V.sub.go, with y
      intercept at -V.sub.gol. A dotted or broken line 32 shows a graph of the
      electrical field at the cathode as a linear function (f.sub.1') of control
      voltage V.sub.g. When the control voltage V.sub.g reaches a certain
      negative value V.sub.gcl, the field E.sub.c at the cathode drops to zero
      and cutoff of the electron beam occurs. Throughout the linear range,
      V.sub.g becomes more negative as V.sub.go becomes more positive.
PAR  When the slope of the solid line (call the slope a) is changed and the y
      intercept V.sub.gol is unchanged, a new solid line 34 and a new broken
      line 36 are generated, representing a different set of operating
      conditions for the gun (call it function two or f.sub.2). A new cathode
      cutoff point V.sub.gc2 occurs. The y intercept, representing the effective
      maximum beam current, remains at V.sub.gol. However, because the
      functional dependence of the beam current on V.sub.g (i.e.
      transconductance) changes from curve 30 to curve 34, the gamma has been
      changed. There is, for example, some slope a, which may be found by
      observation or calculation for a particular gun arrangement, at which the
      gamma becomes such that the area of the cathode which emits the electron
      beam ramains approximately constant over a range of V.sub.g values.
PAR  In one mode of operation of the gun, the first grid 12, which operates with
      potential V.sub.go, may remain at a fixed negative potential, in which
      case the gun operation resembles that of a normal triode geometry, but
      there is little advantage to such operation. The primary function of
      V.sub.go in such case would be to predetermine the emitting area by
      limiting the field penetration of the positive anode. This emitting area,
      which becomes maximum at zero control grid bias V.sub.g, can therefore be
      electrically controlled. However, in the preferred embodiment, with proper
      linear tracking of both voltages, V.sub.go and V.sub.g, the emitting area
      may be made to remain constant, or may be made to vary in a predetermined
      fashion over most of the control grid operating range.
PAR  In yet another mode of operation the gun may be operated with the same d.c.
      grid voltage applied to both grids. By proper spacings of the grid
      electrodes relative to the anode electrode, the emitting area operative at
      full grid drive can be predetermined and preset. In this mode of
      operation, a d.c. level corresponding to the control grid cutoff, such as
      V.sub.gcl, is applied to both grids. Modulation is then applied only to
      the control grid (in a form which makes this grid appear less negative
      with respect to the cathode potential) in order to control the emission
      level and electron beam current.
PAR  In the preferred embodiment with operation according to FIG. 5, V.sub.go is
      derived as a linear function of V.sub.g with slope a and a y intercept at
      V.sub.gol. In equation form:
EQU  V.sub.go = V.sub.gol + a V.sub.g
PAL  The value of V.sub.g must be taken from V.sub.s as V.sub.s divided by some
      constant K.sub.1, which could be 1 and may include a bias value V.sub.bias
      to preset an operating point. Depending upon the source of V.sub.s, the
      value of V.sub.bias could be zero. Thus:
EQU  V.sub.g = V.sub.bias + (V.sub.s /K.sub.1)
PAL  The circuit of FIG. 4 mechanizes these two equations to derive V.sub.g and
      V.sub.go from V.sub.s.
CLMS
STM  We claim:
NUM  1.
PAR  1. An electron gun system comprising
PA1  A. a cathode for emitting an electron beam,
PA1  B. an accelerating grid having a positive grid having a positive voltage
      impressed thereon with respect to the cathode for accelerating the
      electron beam,
PA1  C. first and second control grids located in the path of the electron beam
      between the cathode and the accelerating grid, and
PA1  D. means responsive to an input control signal bearing information
      concerning the desired intensity of the electron beam for generating first
      and second control voltages both bearing said information and for
      respectively applying the first and second control voltages to the first
      and second control grids,
PA1  whereby the first and second control grids jointly control the intensity of
      the electron beam emitted from the cathode.
NUM  2.
PAR  2. An electron gun system according to claim 1 mounted in a cathode-ray
      tube, wherein the intensity of the electron beam controls the brightness
      of a portion of the image on a screen of the cathode-ray tube.
NUM  3.
PAR  3. An electron gun system according to claim 1 wherein the generating means
      generates the first and second control voltages such that the one control
      voltage is a linear function of the other control voltage, one control
      voltage becoming more negative as the other becomes more positive.
NUM  4.
PAR  4. An electron gun system according to claim 3 wherein the slope of said
      linear function is chosen to cause the area of the cathode which emits the
      electron beam to remain substantially constant over a range of control
      values.
NUM  5.
PAR  5. The method of operating an electron gun system comprising a cathode for
      emitting an electron beam, an accelerating grid for accelerating the
      electron beam, and first and second control grids for controlling the
      intensity of the electron beam, comprising the steps of:
PA1  A. receiving variable input control signal bearing information concerning
      various desired intensities of the electron beam over the range of the
      input control signal,
PA1  B. generating, from the input control signal, first and second control
      voltages which, when applied respectively to the first and second control
      grids, will cause the electron beam to have said desired intensities, one
      control voltage varying as a linear function of the other control voltage
      when the input control signal varies,
PA1  C. adjusting the slope of the linear function to cause the area of the
      cathode which emits the electron beam to remain approximately constant
      over the range of the input control signal, and
PA1  D. applying the first and second control voltages respectively to the first
      and second control grids.
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ABST
PAL  A flat discharge panel comprises a plurality of cathodes parallel to one
      another, a plurality of intermediate electrodes each of which intersects
      the cathodes, and has holes at parts intersecting with the respective
      cathodes and which are parallel to one another. Anodes are disposed on the
      sides of the intermediate electrodes remote from the cathodes in a manner
      to be respectively parallel with the cathodes and auxiliary discharge
      spaces are provided for the respective cathodes. Main discharge spaces are
      provided in the anodes in correspondence with the respective priming holes
      of the intermediate electrodes, so that principally electrons in plasma,
      created in the auxiliary discharge space, are diffused and accelerated
      into the main discharge space. A method of driving the flat discharge
      panel including scanning, based on the transfer of the glow of the
      auxiliary discharge, is carried out by the use of the intermediate
      electrodes.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a flat discharge panel in which the main
      discharge is induced by electrons diffusing from the auxiliary discharge,
      and to a method of driving the flat discharge panel.
PAR  2. Description of the Prior Art
PAR  A prior-art flat discharge panel has the fundamental construction as shown
      by the sectional view of FIG. 1. An auxiliary discharge space 2 is formed
      between an auxiliary anode 13 and a cathode 3. A main discharge space 7 is
      formed by a space in an insulating plate 6 between the cathode 3 and an
      anode 9. These spaces are, of course, filled with a well known discharge
      gas. The discharge space consisting of the auxiliary discharge space 2 and
      the main discharge space 7, is a part which corresponds to a picture
      element for displaying a letter, character, numeral or television picture.
      Numeral 8 designates a phosphor which is applied on the side wall of the
      insulating plate 6 in the main discharge space. In order to display, for
      example, a television picture by such discharge spaces, predetermined
      voltages for effecting a discharge in the respective discharge spaces and
      for scanning due to the transfer of the discharge by the cathodes 3 are
      impressed on the respective electrodes. That is, a D.C. voltage I, having
      a magnitude of 250 volts, is applied from a terminal S through a resistor
      R.sub.S to the auxiliary anode 13. A pulse voltage II, having an amplitude
      of 100 volts, is applied from a terminal K to the cathode 3. A pulse
      voltage III, having an amplitude of 120 volts, is applied from a terminal
      A through a resistor R.sub.A to the anode 9. By the voltage applied
      between the auxiliary anode 13 and the cathode 3, plasma is produced in
      the auxiliary discharge space 2. Ions, principally, in the plasma diffuse
      into the main discharge space 7, and a main discharge is created. The
      creation of the main discharge is effected by the secondary discharge
      mechanism in which the secondary electrons generated by the diffusing ions
      are the initial electrons at the beginning of the main discharge. For this
      reason, transitional characteristics of the main discharge such as
      formative lag and time lag must still be improved. Further problems are
      the energy efficiency of the discharge, the quantity of ultraviolet rays
      to be radiated, and the efficiency of the phosphor excitation attributable
      to the small quantity of radiation.
PAR  Also, as a driving method for performing the scanning in the display device
      as shown in FIG. 1, there is employed the self-scanning method (the method
      of transferring the glow discharge forming the auxiliary discharge as is
      generally adopted in the devices of this type.) The outline of the
      self-scanning method will be explained with reference to FIG. 2 which
      illustrates only the electrode arrangement of the prior-art device. The
      auxiliary discharge glow created by the voltage applied between the
      auxiliary anode 13 and the cathode 3 is transferred by the potentials of
      the cathodes 3 or K.sub.R, K.sub.1,K.sub.2 . . . . The device is of the
      cathode transfer type in which, as illustrated in FIG. 2, one of the
      cathodes 3 located at one end is a resetting cathode K.sub.R. Cathodes
      K.sub.1 K.sub.4, K.sub.7 . . . K.sub.2,K.sub.5,K.sub.8 . . . and
      K.sub.3,K.sub.6,K.sub.9 . . . of the remaining cathodes
      K.sub.1,K.sub.2,K.sub.3 . . . are respectively commonly connected in
      three-phase connection, and the auxiliary discharge glow is successively
      transferred by impressing a reset pulse on a resetting cathode terminal
      K.sub..phi..sub.R and pulses on terminals K.sub..phi..sub.1,
      K.sub..phi..sub.2 and K.sub..phi..sub.3 of the respective phases. In order
      to raise the scanning speed with this prior-art driving method, the glow
      discharge must be intensified by making the auxiliary discharge current
      large. However, even when the auxiliary discharge current is made large,
      the luminance in the main discharge space does not increase. The luminous
      efficiency of the overall device is, therefore, lowered.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide a flat discharge panel having
      improved transitional characteristics for the main discharge, and a
      driving method therefor.
PAR  Another object of this invention is to provide a flat discharge panel
      enhancing the energy efficiency of the discharge or the luminous
      efficiency of the device, and a driving method therefor.
PAR  This invention for accomplishing such objects is characterized in that
      electrons in plasma produced in an auxuiliary discharge space are diffused
      into a main discharge space to thus induce the main discharge by the
      electrons, and that the anode transfer type is adopted in which the
      auxiliary discharge glow is transferred by the use of intermediate
      electrodes.
PAR  Hereunder this invention will be described in detail with reference to the
      drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view showing the fundamental construction of a
      prior-art flat discharge panel;
PAR  FIG. 2 is a perspective view for explaining a method of driving the
      prior-art device shown in FIG. 1;
PAR  FIG. 3 is a sectional view showing the fundamental construction of a flat
      discharge panel according to this invention;
PAR  FIG. 4 is a perspective view for explaining a driving method according to
      this invention;
PAR  FIG. 5a and 5b are diagrams for explaining ionization couplings attained in
      the devices of this invention and the prior art;
PAR  FIG. 6 is a diagram showing driving waveforms for use in the driving method
      according to this invention;
PAR  FIG. 7 is a perspective view showing the construction of an embodiment of
      the flat discharge panel according to this invention; and
PAR  FIGS. 8a and 8b are sectional views showing the construction of another
      embodiment of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 3 is a sectional view which shows the fundamental construction of a
      flat discharge panel according to this invention. An intermediate
      electrode 4 is arranged between anode 9 and cathode 3. The auxiliary
      discharge is increased between cathode 3 and intermediate electrode 4. The
      main discharge is carried out between anode 9 and intermediate electrode
      4. A space in insulating plate 6 between the anode 9 and the intermediate
      electrode 4 forms a main discharge space. Numeral 10 indicates a display
      hole which is formed in the anode 9 and which serves also as part of the
      main discharge space. For transferring the auxiliary discharge flow, a
      D.C. voltage IV whose magnitude is, for example, -250volts (or - 400
      volts) is applied from a terminal K through a resistor R.sub.K to the
      cathode 3, a pulse voltage V whose magnitude changes, for example, from
      -100 volts (or -250 volts) to 0 volts (or -150 volts) is applied from a
      terminal I.sub..phi. to the intermediate electrode 4, and a pulse voltage
      VI whose magnitude changes, for example, from 0 volts (or - E.sub.D volts)
      to + E.sub.D volts (or 0 volts) is applied from a terminal A.sub.D through
      a resistor R.sub.A to the anode 9. With such construction, ions in plasma,
      principally, produced in the auxiliary discharge space 2 by the voltage
      applied between the cathode 3 and the intermediate electrode 4 diffuse
      into the main discharge space 7. Under the control of the potential
      difference between the intermediate electrode 4 and the anode 9, a
      positive column-like discharge being an abundant ultraviolet ray source
      can be formed in the main discharge space. A further advantage is that,
      since the flat discharge panel cannot maintain the main discharge by the
      main discharge alone, the display resistor R.sub.A is unnecessary in
      principle. A still further advantage is that, since a potential drop in
      the scanning resistor R.sub.K performs the current feedback action, the
      discharge can be stably maintained.
PAR  FIG. 4 is a view for explaining the driving method of this invention for
      the device shown in FIG. 3, the method adopting the self-scanning of the
      anode transfer type which employs the intermediate electrodes. It shows
      only an electrode arrangement similarly to FIG. 2.
PAR  In FIG. 4, a large number of intermediate electrodes 4 are provided. The
      intermediate electrode I.sub.R at one end of the array is used for
      resetting. The remaining intermediate electrodes I.sub.1,I.sub.2,I.sub.3 .
      . . are divided into, for example, three blocks namely, the block
      (I.sub.1,I.sub.4,I.sub.7 . . . ), the block (I.sub.2,I.sub.5,I.sub.8 . . .
      ) and the block (I.sub.3,I.sub.6,I.sub.9 . . . ). Pulse signals
      I.sub..phi..sub.1, I.sub..phi..sub.2, and I.sub..phi..sub.3 as shown by
      way of example in FIG. 6, are supplied to the terminals I.sub..phi..sub.1
      ', I.sub..phi..sub.2 ', and I.sub..phi..sub.3 ' of the respective blocks.
      A pulse signal I.sub..phi..sub.R, as shown by way of example in FIG. 6, is
      applied from a resetting terminal I.sub..phi..sub.R ' to the resetting
      intermediate electrode I.sub.R.
PAR  On the other hand, the voltage E.sub.D to be applied to the anode for the
      display is synchronized with the signal voltages of the intermediate
      electrodes, as illustrated by way of example in FIG. 6. It is supplied to
      the anode terminal A.sub.D in FIG. 3 by the use, of for example, a
      constant current source. As indicated at AM or PW in FIG. 6, the
      brilliance modulation of the display is effected through pulse peaks
      (amplitude modulation) or pulse widths or pulse numbers (current
      modulation) corresponding to input signals. The brilliance modulation may
      also be made by the combination of these modulations.
PAR  When, in this manner, the self-scanning method of the anode transfer type
      in which the potentials of the intermediate electrodes 4 are transferred
      is used, the ionization coupling indispensable to the self-transfer can be
      enhanced, as will be described with reference to FIGS. 5a and 5b. This
      brings forth such advantages that low voltage drive is possible and that
      the scanning speed can be made high.
PAR  (A-1) and (A-2) in FIG. 5a are circuits for measuring the degrees of
      ionization coupling in the self-scanning methods of the anode transfer
      type of this invention and the cathode transfer type of the prior art,
      respectively. FIG. 5b shows an example of characteristic diagram in which
      the measurement results under the same conditions are compared. Here,
      V.sub.I and V.sub.K denote voltmeters for measuring floating potentials
      applied to the N-th intermediate electrode and cathode, respectively,
      while M denotes an ammeter for measuring an auxiliary discharge current.
PAR  With the anode transfer type of device according to this invention, when a
      discharge is produced between the cathode 3 and the (N-1) -th one of the
      intermediate electrodes 4 provided in opposition to the common cathode 3,
      charged particles consisting chiefly of metastable atoms, of a long life
      time, diffuse along the auxiliary discharge space 2, and they charge the
      adjacent N-th intermediate electrode I.sub.N to a positive potential.
      Consequently, in comparison with a case where no discharge takes place
      between the cathode 3 and the (N-1)-th intermediate electrode
      I.sub.N.sub.-1, the voltage to be externally applied for the firing or the
      initiation of a discharge between the cathode 3 and the N-th intermediate
      electrode I.sub.N may be smaller in value to that extent. For this reason,
      when a certain voltage is applied to the (N-1)-th intermediate electrode
      I.sub.N.sub.-1 so as to induce a discharge, a discharge between the
      adjacent N-th intermediate electrode I.sub.N and the cathode 3 is thereby
      promoted. When the same voltage as that of the electrode I.sub.N.sub.-1 is
      applied to the electrode I.sub.N transfer is facilitated.
PAR  As is understood from the characteristic curves shown in FIG. 5b, the
      quantity of charges to which the adjacent intermediate electrode is
      charged up or the floating potential of the adjacent intermediate
      electrode is much greater for the anode transfer type of this invention
      than for the cathode transfer type of the prior art. For example, at an
      auxiliary discharge current of 100 .mu.A the floating potential of the
      adjacent intermediate electrode in this invention is about 6 times as high
      as in the prior art. As is illustrated in the figure, the rate of
      ionization coupling is largely dependent upon the magnitude of the
      auxiliary discharge current between the cathode 3 and the (N-1)-th
      intermediate electrode I.sub.N.sub.-1. The rate of ionization coupling is
      a function of the distance between the intermediate electrodes
      I.sub.N.sub.-1 and I.sub.N. For a certain range of auxiliary discharge
      currents, as the distance becomes smaller, the rate becomes larger.
PAR  As is described above, the anode transfer type of this invention is a
      system in which, unlike the flickering of the auxiliary discharge glow
      owing to the switching of the cathode potential as in the prior art, the
      potential distribution on the common cathode surface is transferred by
      switching the potential of the intermediate electrodes, to control the
      distribution of electron emission from a part of the cathode surface as
      corresponds to the intermediate electrode. Therefore, the electrons are
      very easily emitted and distributed. In consequence, ionization coupling
      is intensified to facilitate transfer. In other words, the transfer speed
      can be made high.
PAR  In order to increase the scanning speed in the prior-art system, the
      auxiliary discharge current must be made large. In this case, the
      luminance of the device does not increase, and hence, the luminious
      efficiency decreases. On the contrary, since the auxiliary discharge
      current and the main discharge current are integral, in principle, in this
      invention, the scanning speed can be enhanced and, simultaneously, the
      luminance increases by making the auxiliary discharge current large, and
      hence, the efficiency is not lowered.
PAR  Furthermore, since the cathode 3 can be constructed of a fine wire, a high
      current density can be set for a certain fixed current, which is
      advantageous from the viewpoint of electron emission. In this manner, the
      flat discharge panel of this invention has many excellent points over the
      prior-art device.
PAR  An embodiment of concrete structure of the flat discharge panel according
      to this invention is shown in FIG. 7. Referring to the figure, an
      insulating substrate 1 is provided with slots 2 for forming the auxiliary
      discharge spaces. Cathodes 3 are disposed in the slots 2. On the
      insulating substrate 1, intermediate electrodes 4 each having a number of
      holes 5 are disposed so as to orthogonally intersect with the cathodes 3.
      On the intermediate electrodes 4, an insulating plate 6 having a number of
      main discharge spaces 7 is disposed. Each of the main discharge spaces
      corresponds to one or a plurality of holes 5.
PAR  For a color display, a phosphor 8 is applied to the main discharge space
      region. In this case, when the main discharge space 7 is, conical as shown
      by sections in FIGS. 8a and 8b, the application of the phosphor is
      facilitated and, moreover, the directional characteristics of brilliance,
      etc. are enhanced. FIGS. 8a and 8b are sections in the x-and y-directions
      which are determined as indicated in FIG. 7, respectively.
PAR  The phosphor may be applied to those parts of the intermediate electrode 4
      which face the main discharge spaces 7.
PAR  On the insulating plate 6, there are disposed anodes 9 each of which is
      made of, for example, a metal plate or a metal wire with display holes 10
      serving also as parts of the main discharge spaces, or a light-permeable
      conductor. Further, a light-permeable insulating plate 11 is disposed on
      the anodes 9. In the case of the color display, a light-permeable phosphor
      12 may be applied to the side facing the anodes 9 of the light-permeable
      insulating plate 11.
PAR  Although the above description has been made of the case of controlling a
      single main discharge by a single auxiliary discharge, it is a matter of
      course that a plurality of main discharges can also be controlled.
PAR  When a substance increasing the coefficient of electron emission, for
      example, hexafluoride or barium oxide is applied to the cathode, the
      electron emission becomes efficient.
PAR  In the above, description has been made of the structure of the flat
      discharge panel and the intermediate electrode transfer which is the
      fundamental driving method for the panel. Any modification of the driving
      system in which appropriate D.C. biases are applied to the anode and other
      electrodes or in which the driving pulse waveforms are changed in covered
      within the scope of this invention.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A flat discharge panel comprising:
PA1  a plurality of cathodes which are parallel to one another;
PA1  a plurality of parallel intermediate electrodes the projection of each of
      which intersects said cathodes, each of said intermediate electrodes
      having priming holes respectively corresponding to its projection upon
      said cathodes;
PA1  parallel anodes which are disposed on the sides of said intermediate
      electrodes remote from said cathodes in a manner to be respectively
      parallel to said cathodes;
PA1  auxiliary discharge spaces provided for the corresponding cathodes and each
      of which is common to said intermediate electrodes;
PA1  main discharge spaces provided in said anodes in correspondence with the
      respective priming holes in said intermediate electrodes; and
PA1  a gas which is hermetically contained in said main and auxiliary discharge
      spaces.
NUM  2.
PAR  2. The flat discharge panel according to claim 1, wherein a fluorescent
      substance is disposed within said main discharge spaces.
NUM  3.
PAR  3. The flat discharge panel according to claim 1, wherein a substance
      having a large coefficient of electron emission is disposed upon said
      cathodes.
NUM  4.
PAR  4. The flat discharge panel according to claim 1, wherein said main
      discharge spaces are substantially conically shaped.
NUM  5.
PAR  5. The flat discharge panel according to claim 4, wherein the diameter of
      said substantially conically shaped discharge spaces increases in the
      direction from said priming holes toward said anodes.
NUM  6.
PAR  6. A flat discharge panel comprising:
PA1  an insulating substrate which has a plurality of slots parallel to one
      another, each slot forming an auxiliary discharge space;
PA1  cathodes respectively provided in said plurality of slots;
PA1  intermediate electrodes the projections of which intersect said cathodes
      and which have holes at the respective intersecting parts;
PA1  anodes provided in parallel to said cathodes and which are disposed in
      correspondence with the hole parts of said intermediate electrodes;
PA1  an insulating plate provided between said intermediate electrodes and said
      anodes and which has penetrating holes in places corresponding to said
      priming hole parts of said intermediate electrodes;
PA1  a transparent insulating substrate disposed on said anodes; and
PA1  a gas hermetically contained in main discharge spaces, formed by said
      penetrating holes, and said auxiliary discharge spaces;
PA1  whereby electrons in an auxiliary discharge, produced in said auxiliary
      discharge space, diffuse into said main discharge space.
NUM  7.
PAR  7. A flat discharge panel according to claim 6, wherein said penetrating
      holes in said insulating plates are substantially conically shaped.
NUM  8.
PAR  8. A flat discharge panel according to claim 7, wherein the diameter of
      said penetrating holes increases in the direction from said intermediate
      electrodes toward said anodes.
NUM  9.
PAR  9. A method of driving a flat discharge panel,
PA1  said panel including
PA2  a plurality of cathodes which are parallel to one another;
PA2  a plurality of parallel intermediate electrodes the projection of each of
      which intersects said cathodes, each of said intermediate electrodes
      having priming holes respectively corresponding to said cathodes;
PA2  parallel anodes which are arranged on the sides of said intermediate
      electrodes remote from said cathodes in a manner to be respectively
      parallel to said cathodes;
PA2  auxiliary discharge spaces provided for the corresponding cathodes and each
      of which is common to said intermediate electrodes;
PA2  main discharge spaces provided in said anodes in correspondence with the
      respective priming holes in said intermediate electrodes; and
PA2  a gas which is hermetically contained in said main and auxiliary discharge
      spaces;
PA1  said method comprising the step of
PA2  applying a predetermined D.C. voltage to said cathodes, and
PA2  sequentially applying a scanning voltage to said intermediate electrodes,
      to transfer the glow of auxiliary discharge.
NUM  10.
PAR  10. A method of driving a flat discharge panel,
PA1  said panel including
PA2  an insulating substate which has a plurality of slots parallel to one
      another, each slot forming an auxiliary discharge space;
PA2  cathodes which are respectively provided in said plurality of slots;
PA2  intermediate electrodes the projections of which intersect said cathodes
      and which have priming holes at the respective intersecting parts;
PA2  anodes provided in parallel to said cathodes and which are disposed in
      correspondence with the hole parts of said intermediate electrodes;
PA2  an insulating plate between said intermediate electrodes and said anodes
      and which has penetrating holes in places corresponding to said hole parts
      of said intermediate electrodes;
PA2  a transparent insulating substrate disposed on said anodes; and
PA2  a gas which is hermetically contained in main discharge spaces, formed by
      said penetrating holes, and said auxiliary discharge spaces;
PA1  said method comprising the steps of
PA2  applying a predetermined D.C. voltage to said cathodes, and
PA2  sequentially applying a scanning pulse voltage to said intermediate
      electrodes, to transfer the glow discharge of auxiliary discharge.
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ABST
PAL  A field deflection output circuit in which the deflector coil is divided in
      two halves which are connected between the terminals of a direct-voltage
      source, in series during the trace interval and in parallel in the retrace
      interval. As a result the retrace interval may be given the correct
      duration whilst dissipation is kept low so as to enable the circuit
      arrangement to be integrated in a semiconductor body.
BSUM
PAR  The invention relates to a circuit arrangement for generating a sawtooth
      deflection current comprising a trace and a retrace through a coil for
      vertical deflection in a display tube, comprising means for applying
      control signals to an output amplifier to an output terminal of which the
      deflector coil may be connected, which coil is divided in two coil halves.
PAR  As is known, the repetition rate of the vertical deflection, the field
      frequency, in a display apparatus is comparatively low, i.e. 50 or 60
      Hertz, and the retrace interval of the deflection current is very short
      compared with the field period, i.e. of the order of one-twentieth
      thereof. Hence during the trace interval in most field deflector coils the
      reactive part of the impedance is negligibly small compared with the
      resistive part, whereas during the retrace interval the converse applies.
      Thus during the trace interval the voltage across the coil is
      substantially equal in shape to the current through the coil, i.e. is
      linear. During the retrace interval this current must rapidly reverse
      direction. Because during this interval the coil is no longer to be
      considered as an ohmic resistor but mainly as an inductance, this reversal
      requires a comparatively high voltage across the coil. When the retrace
      voltage is not high enough, the retrace interval will be unduly long.
PAR  It is possible to use the supply voltage of the output amplifier to provide
      the said high voltage. However, this has the disadvantage that during the
      trace interval this voltage is far too high, which involves a large
      unnecessary dissipation in the output amplifier and requires much power
      from the voltage supply source. Circuit arrangements are known in which
      during the retrace interval a voltage is applied which is higher than the
      supply voltage. This step, however, requires an additional pulse generator
      including a capacitor having a comparatively large capacitance.
PAR  It is an object of the present invention to provide a circuit arrangement
      having a low dissipation and not requiring such a generator, and for this
      purpose the circuit arrangement according to the invention is
      characterized in that it further comprises switching elements by which
      during the trace interval the coil halves are connected in series with one
      another and in the retract interval the two coils halves are each
      connected between the terminals of a direct voltage source.
PAR  Because the dissipation in the circuit arrangement is kept low and the
      supply voltage need not be high, the circuit arrangement may
      advantageously be integrated in a semiconductor body.
DRWD
PAR  Embodiments of the invention will now be described, by way of example, with
      reference to the accompanying diagrammatic drawings, in which:
PAR  FIG. 1 is a circuit diagram showing schematically the basic elements of an
      embodiment of the circuit arrangement according to the invention during
      the trace interval,
PAR  FIG. 2 is a circuit diagram showing schematically the basic elements of an
      embodiment of the circuit arrangement according to the invention during
      the retrace interval,
PAR  FIG. 3 illustrates the current flowing through, and the voltage set up
      across, a coil half,
PAR  FIG. 4 is a schematic circuit diagram of an embodiment of the circuit
      arrangement according to the invention, and
PAR  FIG. 5 is a circuit diagram showing schematically the basic elements of the
      circuit arrangement according to the invention during the trace interval.
DETD
PAR  Referring now to FIG. 1, a field deflection circuit of a television
      receiver, not shown further, includes a field deflection coil the two
      halves L.sub.1 and L.sub.2 of which, which are assumed to be identical,
      are connected in series during the trace interval. The emitter of a
      transistor T.sub.1 of the npn type and the emitter of a transistor T.sub.2
      of the pnp type are connected to one another and to an end P of the coil
      half L.sub.1. The collector of the transistor T.sub.1 is connected to the
      positive terminal 2, and the collector of the transistor T.sub.2 is
      connected to the negative terminal 1, of a voltage supply source. A direct
      voltage V.sub.B is set up between the said terminals, whilst the terminal
      1 may be grounded. The bases of the transistors T.sub.1 and T.sub.2  are
      interconnected and form an input terminal 3. An npn transistor T.sub.3 and
      a pnp transistor T.sub.4 are connected similarly to the transistors
      T.sub.1 and T.sub.2 respectively, the junction point of the interconnected
      emitters being connected to an end Q of a coil half L.sub.2, whilst the
      interconnected bases form an input terminal 4. Two equal substantially
      linearly varying control voltages of opposite polarities are applied to
      the terminals 3 and 4.
PAR  The transistors are biassed so as to be non-conductive in the absence of
      input voltages. In these conditions each pair of transistors T.sub.1,
      T.sub.2 and T.sub.3, T.sub.4 forms a class-B output amplifier. At the
      instant t.sub.o at which the trace interval begins the control voltage at
      the terminal 3 is positive relative to the bias voltage at the bases of
      the transistors T.sub.1 and T.sub.2, whilst the control voltage at the
      terminal 4 is negative relative to the bias voltage at the bases of the
      transistors T.sub.3 and T.sub.4. Consequently the transistors T.sub.1 and
      T.sub.4 conduct whereas the transistors T.sub.2 and T.sub.3 are cut off.
      Between the points P and Q a deflection current i.sub.y flows in the
      direction indicated by an arrow. For simplicity in FIG. 1 the biassing
      means of the transistors and the means for satisfactory take-over of the
      currents through the transistors are not shown.
PAR  Because during the trace interval the two coils halves L.sub.1 and L.sub.2
      behave substantially as ohmic resistors, the current i.sub.y also is a
      substantially linearly varying function of time, with a maximum negative
      intensity -i.sub.M at the instant t.sub.o (see FIG. 3a). For simplicity
      the so-called S correction and further corrections are neglected. At an
      instant t.sub.1 at about the middle of the trace interval the two input
      voltages become zero relative to the bias voltages of the transistors and
      subsequently reverse polarity. Thus the current i.sub.y becomes zero at
      substantially the same instant t.sub.1 and subsequently reverses
      direction. After the instant t.sub.1 the transistors T.sub.2 and T.sub.3
      conduct whilst transistors T.sub.1 and T.sub.4 are cut off. At the end
      t.sub.2 of the trace interval the control voltages reach their maximum
      values so that the current i.sub.y assumes its maximum positive intensity
      i.sub.M at about the same instant, the intensities at the instant t.sub.o
      and t.sub.2 being substantially equal in absolute value.
PAR  At the instant t.sub.o the collector emitter voltage of the transistor
      T.sub.1 assumes its minimum value v. At the same instant the collector
      emitter voltage of the transistor T.sub.4 also is a minimum. If for
      simplicity it is assumed that the latter value is equal to v it will be
      seen that the voltage v.sub.L across each coil half is equal to - V.sub.B
      /2 + v at the instant t.sub.o, the voltage across a coil being termed
      positive when the voltage relative to ground in FIG. 1 is higher at the
      right-hand end than at the left-hand end. Similarly the voltage V.sub.L is
      substantially equal to V.sub.B /v - v at the instant t.sub.2. In FIG. 3b
      the voltage v.sub.L is plotted against time. It will be seen that the
      voltage at the junction point of the coil halves L.sub.1 and L.sub.2 is
      equal to V.sub.B /2 during the entire trace interval.
PAR  FIG. 2 shows schematically the situation produced according to the
      invention at the instant t.sub.2. A switch S.sub.1 is opened between the
      end M of the coil half L.sub.1 and N of the coil half L.sub.2 which before
      the instant t.sub.2 have been interconnected. Simultaneously the end M is
      connected to the terminal 1 via a switch S.sub.2 which now is closed, and
      the end N is connected to the terminal 2 via a switch S.sub.3 which now is
      closed, the end P being connected to the terminal 2 via a switch S.sub.4
      and the end Q being connected to the terminal 1 via a, switch S.sub.5.
      Each coil half now is connected between the terminals of the voltage
      source so that the voltage v.sub.L across each coil half has become equal
      to -V.sub.B (FIG. 3b). After the instant t.sub.2 this condition is
      maintained during a time interval about equal to the time .tau. required
      for the current i.sub.y to pass from the intensity i.sub.M to the
      intensity -i.sub.M. At an instant t'.sub. o .apprxeq. t.sub.2 + .tau. the
      switch S.sub.1 is closed and the switches S.sub.2, S.sub.3, S.sub.4 and
      S.sub.5 are opened, so that the new situation is the same as that at the
      instant t.sub.o in FIG. 1. Consequently a new trace interval commences at
      the instant t'.sub.o.
PAR  During the retrace interval, in a first approximation the impedance of the
      deflector coil may be considered to be purely reactive. Assuming the
      inductance value of each coil half to be L, we have
PA1  V.sub.B = L (di.sub.y /dt), so that i.sub.y = - (V.sub.B /L) t + i.sub.M,
PAL  where t = O at the instant t.sub.2.
PAR  At the instant t'.sub.o we have
PA1  t = .tau. and -i.sub.M = - (V.sub.B /L) .tau. + i.sub.M, from which
PA1  i.sub.M = - (V.sub.B /L ). .tau./2 and i.sub.y = - (V.sub.B /L) (t -
      .tau./2).
PAR  With this approximation the variation of the current i.sub.y is linear
      during the retrace interval, the current i.sub.y becoming zero at an
      instant t.sub.3 (FIG. 3a) at the middle of the retrace interval and then
      reversing direction. From the above it is found that the duration .tau. of
      the retrace interval is inversely proportional to the voltage V.sub.B and
      hence can be determined by this value with given values of L and i.sub.M.
      If the coil halves had remained in series, the retrace interval would have
      been longer. Because in actual fact during the retrace interval the
      current i.sub.y does not vary linearly but varies exponentially, the
      retrace interval would be more than doubled and hence could be
      inadmissibly long.
PAR  FIG. 4 shows a practical embodiment of the circuit arrangement according to
      the invention, elements corresponding to those of FIGS. 1 and 2 being
      designated by the same reference symbols. Because the current which flows
      through the switches of FIG. 2 in the closed condition thereof must be
      capable of reversing direction at the instant t.sub.1, the switches take
      the form of bipolar switches, in the embodiment shown as the inverse
      parallel arrangement of a transistor and a diode. The term "inversely
      parallel" is used herein to mean that one electrode of the diode is
      connected to the collector of the transistor and the other electrode of
      the diode is connected to the emitter of the transistor, the pass
      direction of the diode being opposite to that of the collector current of
      the transistor. Thus the switch S.sub.1 comprises a transistor T.sub.5 and
      a diode D.sub.1, the switch S.sub.2 a transistor T.sub.6 and a diode
      D.sub.2, and the swtich S.sub.3 a transistor T.sub.7 and a diode D.sub.3.
PAR  Positive-going pulses at the field repetition frequency with a duration
      about equal to .tau.are applied to a terminal 5. These pulses may be
      produced, for example, by a negative-feedback circuit to be described
      hereinafter. Via a transistor T.sub.8 pulses of suitable polarity are
      applied to the transistors T.sub.5, T.sub.6 and T.sub.7, with the result
      that in the retrace interval the transistors T.sub.6 and T.sub.7 are
      highly conductive whilst the transistor T.sub.5 is cut off. A diode
      D.sub.4 ensures that the base emitter voltage of the transistor T.sub.5
      does not become more negative than is permissible. In contradistinction
      thereto, during the trace interval the transistor T.sub.5 is in the
      saturation condition owing to a base resistor R.sub.1 being connected to
      the terminal 2, whilst the transistor T.sub.6 and T.sub.7 are cut off and
      the diodes D.sub.2 and D.sub.3 cannot pass current because the voltage at
      their cathodes is higher than that at their anodes. During the time
      interval t.sub.o to t.sub.1 the current i.sub.y flows through the diode
      D.sub.1, and during the interval t.sub.1 to t.sub.2 this current flows
      through the transistor T.sub.5.
PAR  As will be set out more fully hereinafter, the switch S.sub.4 comprises the
      transistor T.sub.1, which forms part of the output amplifier T.sub.1 and
      T.sub.2, and a diode D.sub.5 connected the inverse parallel with the
      transistor. Similarly the switch S.sub.5 comprises the transistor T.sub.4,
      which forms part of the output amplifier T.sub.3 and T.sub.4, and a diode
      D.sub.6  connected in inverse parallel with the transistor. In the retrace
      interval the transistors T.sub.1 and T.sub.4 are saturated. During the
      time interval t.sub.2 to t.sub.3 the current through the coil half L.sub.1
      flows through the diodes D.sub.2 and D.sub.5, and the current through the
      coil half L.sub.2 flows through the diodes D.sub.6 and D.sub.3. During the
      time interval t.sub.3 to t'.sub.o the former current flows through the
      transistor T.sub.1 and T.sub.6 whilst the latter current flows through the
      transistors T.sub.7 and T.sub.4.
PAR  A measuring resistor R.sub.2 of small value (about 0.5 .OMEGA. ) is
      connected between the switch S.sub.1 and the end N of the coil half
      L.sub.2. The voltage across this resistor is a measure of the deflection
      current. The emitters of two pnp transistors T.sub.9 and T.sub.10 are
      connected each to an end of the resistor R.sub.2, whilst a resistor
      R.sub.3 and a resistor R.sub.4, both of about 1 k .OMEGA., are connected
      between the emitter of the transistor T.sub.10 and the base of the
      transistor T.sub.9 and between the emitter of the transistor T.sub.9 and
      the base of the transistor T.sub.10, respectively. The collector of an npn
      transistor T.sub.11 is connected to the base of the transistor T.sub.9 and
      the collector of an npn transistor T.sub.12 is connected to the base of
      the transistor T.sub.10. The emitters of the transistors T.sub.11 and
      T.sub.12 are interconnected via two resistors R.sub.5 and R.sub.6 of about
      560 .OMEGA. each, the junction point of the said resistors being connected
      to the collector of a transistor T.sub.13 which acts as a supply of
      constant current.
PAR  The base of the transistor T.sub.11 is connected via a capacitor C.sub.1 to
      a terminal 6 to which a field-frequency sawtooth-shaped input voltage V is
      applied, which during the trace interval has the same polarity as the
      voltage v.sub.L of FIG. 3b and has a peak value of about 1 volt. The
      collector current of the transistor T.sub.11 has the same polarity as the
      voltage V, whilst that of the transistor T.sub.12 has opposite polarity.
      The bias direct voltage at the base of the transistor T.sub.11 is
      constant, but that at the base of the transistor T.sub.12 may be adjusted
      so that in the absence of the voltage V the said collector currents are
      equal. Thus the transistors T.sub.11 and T.sub.12 constitute a
      differential amplifier.
PAR  The collector currents of the transistors T.sub.9 and T.sub.10 control the
      bases of a control transistor T.sub.14 and of a control transistor
      T.sub.15 respectively the collectors of which are directly connected to
      the bases of transistors T.sub.2 and T.sub.4 respectively and via small
      take-over resistors R.sub.8 and R.sub.9 of, for example, 33 .OMEGA. to the
      bases of transistors T.sub.1 and T.sub.3 respectively. Thus the collectors
      of the transistors T.sub.14 and T.sub.15 are the points 3 and 4
      respectively of FIG. 1. Furthermore constant-current sources 7 and 8 are
      connected between the terminal 2 and the bases of the transistors T.sub.1
      and T.sub.3 respectively.
PAR  During the trace interval the circuit arrangement described operates as
      follows. When the voltage V increases, the base voltage of the transistor
      T.sub.9 falls whilst that of the transistor T.sub.10 rises. Consequently
      the base voltage of the transistor T.sub.14 increases and that of the
      transistor T.sub.15 decreases. As a result the voltage at the point P and
      hence that at the point M decrease, whereas the voltage at the point Q and
      hence that at the point N increase. This results in a decrease of the
      emitter voltage of the transistor T.sub.9 and an increase of the emitter
      voltage of the transistor T.sub.10. Thus the circuit arrangement described
      provides negative feedback, attempting to maintain the base emitter
      voltages of the transistors T.sub.9 and T.sub.10 constant. The resistance
      value of the measuring resistor R.sub.2 is selected so that the maximum
      voltage drop across this resistor, which is about 0.4 volt at i.sub.M =
      0.8 A, is lower than the said voltage, whilst the power dissipated by it
      is low compared with the power dissipated by the coil halves L.sub.1 and
      L.sub.2 which each have an ohmic resistance of about 12 to 15 .OMEGA.. The
      negative-feedback circuit ensures that the deflection current varies
      substantially in the same manner as the input voltage V. Also, no
      linearity error is produced which might be due to the fact that the
      voltage drop across the transistor T.sub.5 differs from the across the
      diode D.sub.1.
PAR  At the instant t.sub.2 the voltage V rapidly decreases so that the base
      voltage of the transistor T.sub.14 abruptly decreases and that of the
      transistor T.sub.15 abruptly increases. Because in the case of rapid
      variations the coil halves L.sub.1 and L.sub.2 have a predominantly
      reactive impedance, the deflection current cannot follow these variations.
      Under these conditions the transistor 14 is cut off and the transistor
      T.sub.15 becomes saturated. The current generated by the current source 7
      entirely flows to the base of the transistor T.sub.1 which just before the
      insant t.sub.2 was cut off and now is saturated. Similarly the transistor
      T.sub.4, which also was cut off just before the instant t.sub.2, is
      saturated. The transistors T.sub.2 and T.sub.3 are conducting before the
      instant t.sub.2 and are cut off after it. Thus, the potential at the point
      P becomes substantially equal to that of the supply source, whereas that
      at the point Q becomes about zero. The voltage V.sub.B is approximately
      set up across the series combination of the coil halves so that the
      negative-feedback circuit also ensures the retrace. From the discussion of
      FIG. 2 it has been found, however, that the retrace interval will be
      longer than the desired duration .tau..
PAR  Approximately at the instant t.sub.2, however, according to the invention
      the ascending edge of the pulse at the terminal 5 occurs, with the result
      that, as stated hereinbefore, the voltage set up across each coil half is
      not V.sub.B /2 but V.sub.B, so that the retrace interval will have the
      desired shorter duration .tau.. From the foregoing it will be clear that
      the transistors T.sub.1 and T.sub.4, which during the trace interval from
      part of class-B amplifiers, i.e linear amplifiers, in the retrace interval
      form part of bipolar switches, namely the switches S.sub.4 and S.sub.5 of
      FIG. 2. Thus they each have a dual function. Obviously the invention may
      also be carried out with the use of separate switches S.sub.4 and S.sub.5.
      The invention may also be carried out with the use of output amplifiers of
      another type than class B. It should be noted that the supply voltage for
      the amplifiers need not necessarily be the voltage applied to the coil
      halves during the retrace interval. As a further alternative a single
      output amplifier may be used. FIG. 5 shows such a design during the trace
      interval, two transistors T'.sub.1 and T'.sub.2 constituting the output
      amplifier which is fed with two supply voltages +V.sub.b.sbsb.1 and
      -V.sub.b.sbsb.2. The coil and Q now is grounded, possibly via a measuring
      resistor, whilst the end of P is connected to the output amplifier
      T'.sub.1, T'.sub.2 by means of switch S.sub.6 during the trace interval
      and to the terminal 2 by means of a switch S'.sub.4 during the retrace
      interval. The embodiment illustrated in FIGS. 1, 2 and 4 has the advantage
      that a single direct-voltage source is sufficient.
PAR  In the embodiment shown in FIG. 4 the negative-feedback circuit ensures
      stabilization of the current i.sub.y and the voltage v.sub.L. Further
      stabilization is obtained by ensuring that the electrical midpoint of the
      resistor R.sub.2 is maintained at the potential V.sub.B /2 during the
      entire trace interval. For this purpose two resistors R.sub.10 and
      R.sub.11 of substantially equal values (about 5.6 k .OMEGA.) are connected
      in series between the points P and Q. The junction A of these resistors is
      connected to the base of a transistor T.sub.16 which together with a
      transistor T.sub.17 constitutes a differential amplifier. The base of the
      transistor T.sub.17 is biassed by the voltage V.sub.B /2 by means of two
      equal resistors R.sub.12 and R.sub.13 of about 10 k .OMEGA. and its
      collector is connected to that of the transistor T.sub.13 via a resistor
      R.sub.14 of, for example, 1 k .OMEGA.. When for any reason the voltage at
      the point A differs from the value V.sub.B /2, the collector currents of
      the transistors T.sub.11 and T.sub.12 vary with respect to the nominal
      situation so that the balanced condition in which the voltage at A had the
      correct value is rapidly restored. During the retrace interval this
      circuit arrangement is not subject to change, because the voltage at the
      point A must still be equal to V.sub.B /2.
PAR  The circuit arrangement of FIG. 4 further includes the following details: a
      capacitor C.sub.2 of about 100 pF is connected between the collector of
      the transistors T.sub.9 and T.sub.14, a similar capacitor C.sub.3 is
      connected between the collectors of the transistors T.sub.10 and T.sub.15,
      and the series combination of a resistor R.sub.15 of about 150 .OMEGA. and
      a capacitor C.sub.4 about 100 nF is connected between the point A and the
      terminal 2, for the purpose of preventing oscillation; the coil halves
      L.sub.1 and L.sub.2 are each shunted by a resistor R.sub.16 and R.sub.17
      respectively of about 220 .OMEGA. which serve to short-circuit
      line-frequency voltages produced by the line-deflection coil and induced
      via the core of the deflection unit; a resistor R.sub.18 of about the same
      value as the resistor R.sub.1 (about 470 .OMEGA.) is connected between the
      point M and the terminal 1 to remove the asymmetry introduced by the
      resistor R.sub.1.
PAR  It should be noted that the dissipation in the circuit arrangement
      according to the invention, except for that due to the coil halves, is
      comparatively low, for in FIG. 4 only the transistors T.sub.1, T.sub.2,
      T.sub.3, T.sub.4, T.sub.5, T.sub.6 and T.sub.7 pass heavy currents and/or
      have to withstand high voltages, whilst the remaining elements of the
      circuit arrangement handle small signals. During the trace interval, only
      the transistors T.sub.1 and T.sub.4 conduct between the instants t.sub.o
      and t.sub.1 and only the transistors T.sub.2 and T.sub.3 conduct between
      the instants t.sub.1 and t.sub.2, the supply voltage not being increased
      owing to the step according to the invention, whilst the transistor
      T.sub.5 is saturated and hence causes substantially no dissipation, and
      the transistors T.sub.6 and T.sub.7 are cut off. During the retrace
      interval the dissipation is substantially zero, because the transistors
      T.sub.1, T.sub.4, T.sub.6 and T.sub.7 are saturated and the transistors
      T.sub.2, T.sub.3 and T.sub.5 are cut off. Owing to this low dissipation
      the circuit arrangement, except for the capacitors and the coil halves,
      may advantageously be integrated in a semiconductor body. This is
      posssible also because the supply voltage, in the embodiment of FIG. 4
      about 25 volts, may be low. To render the circuit arrangement adapted to
      be integrated it must be slightly modified in known manner. For example,
      the transistors T.sub.2 and T.sub.4 must be replaced by npn transistors.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Circuit arrangement for generating a sawtooth-shaped deflection current
      comprising a trace interval and a retrace interval through a coil for
      vertical deflection in a display tube, comprising means for applying
      control signals to an output amplifier having output terminal, means for
      coupling the deflection coil to the output terminal, which coil is divided
      in two coil halves, characterized in that the circuit arrangement further
      comprises switching elements by which during the trace interval the coil
      halves are connected in series with one another and in the retrace
      interval the two coil halves are each connected between the terminals of a
      direct-voltage source.
NUM  2.
PAR  2. Circuit arrangement as claimed in claim 1, characterized in that there
      is connected between the second end of the first coil half, which end is
      not connected to the output terminal of the output amplifier, and a first
      end of the second coil half a first switch which conducts during the trace
      interval, in that between this second end of the first coil half and a
      first terminal of the direct-voltage source there is connected a second
      switch which conducts in the retrace interval, and in that between the
      first end of the second coil half and the second terminal of the
      direct-voltage source there is connected a third switch which conducts in
      the retrace interval, whilst in the retract interval the first end of the
      first coil half is connected to the second terminal of the direct-voltage
      source and the second end of the second coil half is connected to the
      first terminal of the direct-voltage source.
NUM  3.
PAR  3. Circuit arrangement as claimed in claim 2 in which the output amplifier
      comprises two amplifying elements which are connected in series, their
      junction point constituting the output terminal, characterized in that the
      connection established between a coil half and a terminal of the
      direct-voltage source in the retrace interval includes an amplifier
      element.
NUM  4.
PAR  4. Circuit arrangement as claimed in claim 3 in which the switching
      elements are transistors, characterized in that control means are provided
      for driving a transistor into saturation in the retrace interval, a diode
      being connected in inverse parallel with the said transistor.
NUM  5.
PAR  5. Circuit arrangement as claimed in claim 4 in which a control signal is
      applied to the transistors via a control transistor, characterized in that
      the collector load of the control transistor is a source of substantially
      constant current.
NUM  6.
PAR  6. Circuit arrangement as claimed in claim 2, characterized in that the
      switches are bidirectionally conductive.
NUM  7.
PAR  7. Circuit arrangment as claimed in claim 6, characterized in that each
      swtich comprises the inverse parallel connection of a transistor and a
      diode, control means being provided for driving the transistor into
      saturation.
NUM  8.
PAR  8. Circuit arrangement as claimed in claim 1 further comprising a
      negative-feedback circuit including a differential amplifier,
      characterized in that two resistors are connected in series between the
      first end of the first coil half and the second end of the second coil
      half, the junction point of these resistors being connected to an input of
      a comparison stage for comparing the voltage at the said point to a
      constant voltage, whilst an output of the comparison stage influences the
      differential amplifier.
NUM  9.
PAR  9. Circuit arrangement as claimed in claim 8, characterized in that at
      least the amplifying elements, the switches, the control means, the
      negative-feedback circuit and the comparison stage are integrated in a
      semiconductor body.
NUM  10.
PAR  10. circuit arrangement as claimed in claim 1 characterized in that the
      direct-voltage source is the voltage supply source of the output
      amplifier.
NUM  11.
PAR  11. A circuit for generating from a direct voltage source a sawtoothed
      shaped current having trace and retrace intervals through a coil having
      two halves, said circuit comprising an amplifier having an input means for
      receiving control signals and an output terminal, means for coupling said
      coil to said terminal, and switching means for coupling said coil halves
      in series with one another during said trace interval and for coupling
      each of said coil halves to said direct voltage source during said retrace
      interval.
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ABST
PAL  A transfer switch for load-tap changers of the Jansen-type is provided with
      a non-linear surge voltage protective resistor forming a shunt across two
      taps of a tapped transformer winding and arranged in such a way that a
      breakdown of the resistor does not result in a short-circuit across the
      section of the tapped winding situated between the two taps.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to load-tap changers for tapped regulating
      transformers, and more particularly for load-tap changers of the Jansen
      type. Such load-tap changers include a selector switch used to select the
      desired tap on a tapped transformer winding, and a transfer switch used to
      effect tap changes without interrupting the flow of the load current.
      Selector switches do not make and break, and transfer switches do make and
      break, energized circuits.
PAR  This invention refers more specifically to polyphase Jansen-type transfer
      switches as shown, for instance, in U.S. Pat. No. 3,396,254 to A.
      Bleibtreu, Aug. 6, 1968 for ARRANGEMENT FOR AVOIDING EDDY CURRENT LOSSES
      IN TRANSFER SWITCH AND SELECTOR SWITCH UNITS WITH INTERPOSED GEAR DRIVE
      and in U.S. Pat. No. 3,671,687 to A. Bleibtreu, June 20, 1972 for TRANSFER
      SWITCH FOR TAP-CHANGING REGULATING TRANSFORMER INCLUDING LOST MOTION
      INTERCONNECTION DRIVING MECHANISM.
PAR  The primary object of the present invention is to cope effectively by the
      provision of non-linear voltage surge protective resistors with voltage
      surges which may occur in equipment of the kind under consideration.
      Resistors the resistivity of which decreases inversely to the magnitude of
      the applied voltage are widely used in the art of surge voltage
      protection. The present invention relates more specifically to the
      application of voltage surge protective resistors to transfer switches for
      tapped transformer windings.
PAR  Tapped transformer windings are capable of generating very high voltage
      surges. The magnitude of such voltage surges depends largely upon the
      structure of the transformer and upon the nature of winding sections
      situated between a pair of immediately adjacent taps. Oscillatory build-up
      phenomena occurring in sections of a transformer winding may tend to
      damage the winding as well as a transfer switch which is connected to it.
      Among the most critical voltage surges which may impair a transfer switch
      are those which occur between a selected current carrying and a
      pre-selected noncurrent carrying tap of a tapped transformer winding. The
      aforementioned criticality of such voltage surges results from the fact
      that they appear on various points of a load-tap changer, at the selector
      switch, at the bushings of the transfer switch, etc. Increasing the
      dimensions of a load-tap changer and of its transfer switch so as to be
      capable of withstanding the voltage surges that may occur therein would
      result in prohibitive cost, and in prohibitive bulk. For these reasons it
      is necessary to provide means for limiting the magnitude of voltage surges
      to which a transfer switch may be subjected, e.g. to 120 kV. This is
      currently generally achieved by non-linear surge protective resistors
      which interconnect permanently a selected current carrying tap with a
      selected noncurrent carrying tap.
PAR  In the past the provision of such surge protective resistors resulted in a
      real danger to the equipment in connection with which they were used. Such
      resistors undergo changes which may be due to various reasons, including
      thermal ageing, resulting in instability of the current path formed by the
      resistors. In the worst possible case the resistance of the voltage surge
      protective resistor may drop to zero, thus resulting in a short-circuit of
      the section of the tapped winding situated between two taps which are
      interconnected by the resistor. Such a short-circuit may cause severe
      damage, including total destruction of the regulating transformer.
PAR  Heretofore non-linear tap-interconnecting voltage surge protective
      resistors were arranged in the same space as the tapped transformer and
      the selector switch, which is generally an oil-filled tank. This tends to
      make matters even worse because it renders the resistors relatively
      inaccessible for maintenance checks and repairs.
PAR  Another means for protecting transfer switches in load-tap changers against
      surge voltages is the provision of protective spark gaps therein supposed
      to break down incident to a voltage surge of predetermined magnitude. The
      provision of spark gaps for the above purpose is, however, subject to very
      serious limitations and drawbacks. It is difficult to maintain precisely
      the required spacing between the electrodes of a spark gap, and its
      breakdown voltage changes also with the dielectric -- normally oil -- in
      which the spark gap is submersed. The response characteristics of spark
      gaps are, therefore, wide bands rather than lines. Once a spark gap breaks
      down, the electric discharge across the gap may continue indefinitely. The
      fact that the response characteristics of spark gaps are wide bands may
      result in a gap breakdown during routine voltage tests, and such a gap
      breakdown cannot be distinguished from an insulation breakdown somewhere
      in the load-tap changer.
PAR  These were the principal reasons for the trend of using non-linear voltage
      surge protective resistors rather than arc gaps for the protection of
      load-tap changers. However, as is apparent from the above, the current use
      of non-linear resistors as surge voltage protectors in load-tap changers
      is likewise not a satisfactory or safe measure.
PAC  SUMMARY OF THE INVENTION
PAR  Transfer switches embodying this invention include a pair of terminals for
      connecting the contact means of the transfer switches to a pair of taps of
      a tapped transformer winding. The aforementioned contact means include a
      pair of relatively movable switch-over contact means and a pair of
      relatively movable current-carrying contact means. The former are each
      arranged to connect selectively one of said pair of terminals to an
      outgoing load-current-carrying line. The transfer switches further include
      a pair of switch-over resistors each interposed between one of said pair
      of terminals and one of said pair of switch-over contact means. Each of
      the aforementioned pair of relatively movable current-carrying contact
      means is shunted across one of said pair of switch-over contact means to
      connect selectively each of said pair of terminals directly with said
      outgoing load-current-carrying line. The aforementioned contact means are
      arranged inside of a tank containing a body of insulating fluid. A
      non-linear surge voltage protective resistor is arranged inside said tank,
      submersed in said body of insulating fluid and interconnecting the ends of
      said pair of switch-over resistors remote from said pair of terminals and
      adjacent said pair of switch-over contact means so that in case of
      breakdown of said surge protective resistor the current resulting from a
      voltage applied across said pair of terminals is limited by said pair of
      switch-over resistors.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit diagram of a single-phase transfer switch embodying
      this invention; and
PAR  FIG. 2 is in part a vertical section and in part a front elevation of a
      polyphase or three phase transfer switch embodying this invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, characters SW have been applied to indicate a
      tapped transformer winding having two taps a.sub.1,a.sub.2. Tap a.sub.1 is
      conductively connected to terminal A.sub.1 of a transfer switch generally
      designated by reference character T, and tap a.sub.2 is conductively
      connected to terminal A.sub.2 of said transfer switch T. Reference
      characters H.sub.1,H.sub.2 have been applied to indicate a pair of
      relatively movable switch-over contact means arranged to connect
      selectively each of terminals A.sub.1,A.sub.2 to an outgoing
      load-current-carrying line Y. Each of a pair of switch-over resistors
      R.sub.1 ,R.sub.2 is interposed between one of terminals A.sub.1 ,A.sub.2
      and one of the pair of switch-over contact means H.sub.1,H.sub.2. Each of
      switch-over contact means H.sub.1,H.sub.2 includes a pair of fixed
      contacts and a contact bridge movable relative to said pair of fixed
      contacts. As shown in FIG. 1 switch-over contacts H.sub.1 are open and
      switch-over contacts H.sub.2 are closed. Reference characters
      D.sub.1,D.sub.2 have been applied to indicate a pair of current-carrying
      contact means each shunted across one of said pair of switch-over contact
      means H.sub.1,H.sub.2 to connect selectively each of said pair of
      terminals A.sub.1,A.sub.2 directly with said outgoing
      load-current-carrying line Y. As shown in FIG. 1 contact means D.sub.2 is
      closed and contact means D.sub.1 is open.
PAR  The structure described so far is that of a conventional Jansen type
      transfer switch. In FIG. 1 the selector switch normally interposed between
      winding SW and transfer switch T has been deleted, the arrangement of a
      selector switch having been shown in the prior art patents referred-to
      above, and its presence or absence being of no import as far as an
      understanding of this invention is concerned.
PAR  In FIG. 1 reference sign SAW has been applied to indicate a non-linear
      surge voltage protective resistor interconnecting the ends of switch-over
      resistors R.sub.1,R.sub.2 remote from terminals A.sub.1,A.sub.2. In other
      words, resistor SAW interconnects the ends of switch-over resistors
      R.sub.1,R.sub.2 adjacent switch-over contact means H.sub.1,H.sub.2.
PAR  In the position of parts shown in FIG. 1 a current flows from tap a.sub.2
      by way of terminal A.sub.2 and current-carrying contact means D.sub.2 to
      line Y. Preparatory to a change-over from tap a.sub.2 to tap a.sub.1 the
      current-carrying contact means D.sub.2 is opened. This establishes a
      current path from tap a.sub.2 by way of terminal A.sub.2, switch-over
      resistor R.sub.2 and switch-over contact means H.sub.2 to line Y.
      Thereupon switch-over contact means H.sub.1 is closed, establishing a
      current path from tap a.sub.1 by way of terminal A.sub.1, switch-over
      resistor R.sub.1 and switch-over contact means H.sub.1 to line Y. The next
      step in the tap-changing process consists in opening or separating
      switch-over contacts H.sub.2, as a result of which line Y henceforth is
      supplied with current from tap a.sub.1 only. The tap-changing operation is
      completed by closing current-carrying contacts D.sub.1, thus shunting the
      current from tap a.sub.1 and terminal A.sub.1 around switch-over resistor
      R.sub.1 and switch-over contact means H.sub.1.
PAR  The presence of non-linear surge voltage protective resistor SRW normally
      prevents dangerous voltage surges on account of the equalization current
      path which it provides. If the resistance of resistor SRW should drop
      close to zero on account of ageing, or for some other reason, the location
      of resistor SRW, or its topology, preclude such defect to turn into a
      short-circuit across the section of transformer winding SW situated
      between taps a.sub.1,a.sub.2. In case of breakdown of resistor SRW the
      current resulting from a voltage applied across terminals D.sub.1,D.sub.2
      is limited by switch-over resistors R.sub.1,R.sub.2 connected in series
      with resistor SRW.
PAR  Switch means D.sub.1,D.sub.2,H.sub.1,H.sub.2 and resistors R.sub.1,R.sub.2
      and SAW are preferable housed in a common tank separate from the tank
      housing the transformer, its tapped winding SW and the selector switch
      (not shown). This separate tank is filled with oil, or another insulating
      fluid, as will be shown below in more detail in connection with FIG. 2.
      The arrangement of resistor SAW in the tank housing the transfer switch
      rather than in the tank housing the transformer proper makes it relatively
      easy to perform maintenance checks of resistor SAW and to replace the
      latter if found to be defective. The tanks of transfer switches are
      generally provided with relays responsive to the generation of gas inside
      of said tanks. Since deterioration and breakdown of resistors SAW are
      likely to result in gas evolution, these relays will generally respond to
      a defect of resistors SAW and thus operate as fault locators at no extra
      cost.
PAR  Referring now to FIG. 2, numeral 1 has been applied to indicate the
      operating shaft for a polyphase transfer switch arranged inside of a tank
      3. Tank 3 is cylindrical and shaft 3 is arranged inside of tank 3 in
      coaxial relation to the latter. Reference numeral 4 has been applied to
      indicate fixed contacts and reference numeral 4' has been applied to
      indicate a movable contact bridge. The contacts 4,4' of FIG. 2 are the
      equivalents of contacts H.sub.1,H.sub.2,D.sub.1,D.sub.2 of FIG. 1, i.e.
      contacts 4,4' may be considered either as switch-over contacts, or as
      current-carrying contacts. In the position shown in FIG. 2 contact bridge
      4' is separated from fixed contacts 4. Contact bridge 4' may be caused by
      a rotary motion of shaft 1 to move radially inwardly into engagement with
      fixed contacts 4. Reference character 7 has been applied to generally
      indicate a mechanism for converting the rotary motion of shaft 1 into
      radially inward and radially outward motions of contact bridges 4'. Such a
      mechanism has been shown in detail in the above referred-to U.S. Pat. No.
      3,674,687. This patent also shows that the fixed contact means and the
      movable contact means of each of the three phases are grouped in the form
      of a cylinder sector or a cylinder segment. In a three phase transfer
      switch the number of such sectors or segments is three. These sectors or
      segments are angularly displaced 120.degree.. Reference numeral 8 has been
      applied to indicate a pair of bearings for shaft 1 supported by horizontal
      partitions 9. The cylinder 6 of electric insulating material is arranged
      inside of tank 3 in coaxial relation to the latter, and at a level below
      that of contact bridge operating mechanism 7 and contact means 4,4',4. The
      switch-over resistors R.sub.1,R.sub.2 of each phase of the transfer switch
      are arranged inside of an annular space 10 bounded radially outwardly by
      tank 3 and radially inwardly by insulating cylinder 6. While FIG. 2 shows
      but two switch-over resistors R.sub.1,R.sub.2, it will be understood that
      since the structure of FIG. 2 is a three phase structure it includes 3
      .times. 2 = 6 switch-over resistors R.sub.1,R.sub.2 all of which are
      arranged inside of space 10. Reference characters SAW have been applied to
      indicate three non-linear surge voltage protective resistors each for one
      of the three phases of the transfer switch shown in FIG. 2. These
      resistors SAW are in the form of columns parallel to and spaced from the
      axis of cylinder 6 and arranged inside of the latter. Resistors SAW are
      arranged inside of cylinder 6 between a pair of parallel support plates 2.
      It will be apparent from FIG. 2 that all resistors R.sub.1,R.sub.2 and SAW
      are arranged at a level below contact means 4,4', and below their drive
      mechanism 1,7. Cylinder 6 forms a partition separating resistors
      R.sub.1,R.sub.2 from resistors SAW. Reference numeral 11 has been applied
      to indicate a body of insulating fluid, e.g. oil, inside of tank 3 in
      which parts 1,4,4',6,7 and R.sub.1,R.sub.2 and SAW are submersed. The
      arrangements of parts shown in FIG. 2 maximizes compactness and insulation
      levels and facilitates wiring of the constituent parts of the transfer
      switch.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. In a transfer switch for load-tap changers the combination of
PA1  a. a pair of terminals for connecting the contact means of the transfer
      switch to a pair of taps of a tapped transformer winding;
PA1  b. a pair of relatively movable switch-over contact means each arranged to
      connect selectively each of said pair of terminals to an outgoing
      load-current-carrying line;
PA1  c. a pair of switch-over resistors each interposed between one of said pair
      of terminals and one of said pair of switch-over contact means;
PA1  d. a pair of relatively movable current-carrying contact means each shunted
      across one of said pair of switch-over contact means to connect
      selectively each of said pair of terminals directly with said outgoing
      load-current-carrying line;
PA1  e. a tank with a body of insulating fluid therein housing said pair of
      switch-over contact means and said pair of current-carrying contact means;
      and
PA1  f. a non-linear surge voltage protective resistor arranged inside said tank
      submersed in said body of insulating fluid and interconnecting the ends of
      said pair of switch-over resistors remote from said pair of terminals and
      adjacent said pair of switch-over contact means so that in case of
      breakdown of said surge protective resistor the current resulting from a
      voltage applied across said pair of terminals is limited by said pair of
      switch-over resistors.
NUM  2.
PAR  2. A polyphase transfer switch as specified in claim 1 wherein
PA1  a. said pair of relatively movable switch-over contact means and said pair
      of current-carrying contact means are arranged inside of a cylindrical
      tank and operable by a driving shaft arranged in coaxial relation to said
      tank;
PA1  b. a cylinder of electric insulating material is arranged inside of and in
      coaxial relation to said tank;
PA1  c. said pair of switch-over resistors for each of the phases of said
      transfer switch are arranged inside the annular space bounded by said tank
      and said cylinder of insulating material; and wherein
PA1  d. said non-linear voltage surge protective resistor for each of the phases
      of said transfer switch is in the form of a column arranged inside said
      cylinder of insulating material and parallel to and spaced from the axis
      thereof.
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ABST
PAL  A power surge on an incoming electrical line is predominantly dissipated
      through a spark gap and the remaining energy is grounded through a pn
      silicon junction to protect electrical equipment connected to the
      electrical line. A delay line intermediate the spark gap and the pn
      silicon junction segregates the operation of the two protection devices on
      a time basis, whereby they operate independently of one another.
PARN
PAR  This application is a continuation-in-part of my application entitled
      "POWER SURGE PROTECTION SYSTEM", filed on Dec. 3, 1973, and assigned Ser.
      No. 420,850, now abandoned.
BSUM
PAR  The present invention relates to electrical protection systems, and, more
      particularly, to systems for protecting electrical equipment against the
      destructive effects of fast rise time voltage pulses such as those
      generated by induced lightning and Electromagnetic Pulse (EMP) generated
      transient voltages.
PAR  Prior art devices for protecting electrical equipment against power surges
      have generally been one of two types, spark gaps or semiconductor devices.
      Spark gaps are quite effective in dissipating power surges, however, they
      cannot dissipate the full amount of the energy. The residual energy may be
      and often is of a sufficient level to cause damage to delicate voltage
      sensitive electronic equipment. Semiconductor devices are easily
      configured to dissipate a power surge to an acceptable level. However, the
      semiconductor devices are limited with respect to the upper level of
      energy that they can dissipate without being destroyed.
PAR  Realizing that spark gaps and semiconductor devices may be used in a
      complementary manner, some protection systems have been developed to
      incorporate the beneficial features of both. An example of such a system
      is shown in U.S. Pat. No. 3,480,832. It teaches the use of two series
      connected Zener diodes placed across an incoming line and in parallel with
      an arrester unit. The common point between the two Zener diodes is
      connected to an intermediate electrode within the arrester unit through a
      pules transformer. A magnetically variable resistor is in series with each
      incoming line between one terminal of the arrester unit and the non-common
      terminal of one Zener diode. In operation, a power surge will cause the
      Zener diodes to break down. The high rise time current through the Zener
      diodes will generate a potential across the intermediate electrode of the
      arrester unit and one of the other arrester unit electrodes, which
      potential ionizes the air gap within the arrester unit. The ionized air
      gap will permit an arc to form thereacross and dissipate the power surge.
      Simultaneously, the magnetic resistors will increase in resistance to
      prevent damage to the Zener diodes. An inductor cannot be used in place of
      the magnetic resistors due to the damage that would occur to the Zener
      diodes from the resulting transient voltage spike.
PAR  It is therefore a primary object of the present invention to protect
      electronic equipment from fast rise time voltage pulses such as induced
      lightning and electromagnetic pulse generated transient voltages.
PAR  Another object of the present invention is to provide a dual mode
      overvoltage protection system for electronic equipment.
PAR  Yet another object of the present invention is to provide a protection
      system for electronic equipment having a predetermined low level energy
      transfer and maximum clamping voltage regardless of the magnitude of the
      superimposed power surge.
PAR  A further object of the present invention is to provide a protection system
      for electronic equipment having independently operating elements.
PAR  These and other objects of the present invention will become apparent to
      those skilled in the art as the description thereof proceeds.
DRWD
PAR  The present invention may be described with more specificity and clarity
      with reference to the following figures, in which:
PAR  FIG. 1 illustrates a block diagram of the present invention.
PAR  FIG. 2 illustrates the circuit of the present invention.
PAR  FIG. 3 illustrates a graphic representation of an incoming power surge.
PAR  FIG. 4 graphically illustrates the residual energy not dissipated by the
      spark gap.
PAR  FIG. 5 graphically illustrates the residual energy dissipated by the
      avalanche semiconductor element.
PAR  FIG. 6 illustrates a general form of the present invention.
DETD
PAR  Referring to FIG. 1, there is shown a block diagram of electronic equipment
      incorporating the present invention. An antenna 1 detects a transmitted
      signal and conveys it through electrical lines 2, 2' to a radio receiver 6
      via means for dissipating energy, identified as apparatus 3, a delay line
      4, and an avalanche semiconductor element 5. It is to be understood that
      antenna 1 is only representative of an electrical conductor and could be a
      communication line, or power cable; that apparatus 3 may be a spark gap or
      slow acting semiconductor device, such as a thyristor for certain
      electromagnetic pulse protection applications; and, that receiver 6 may be
      any type of electrical or electronic equipment. For reasons which will
      become more apparent as the description proceeds, the apparatus 3, delay
      line 4 and avalanche semiconductor 5 cooperate to inhibit a power surge
      experienced by electrical lines 2, 2' from reaching receiver 6 and causing
      damage to the receiver.
PAR  Apparatus 3 is configured as a three element spark gap across electrical
      lines 2, 2', as shown in FIG. 2. It includes a first electrode 11
      connected to electrical line 2 by a conductor 14 and a second electrode 12
      connected to electrical line 2' by conductor 15. A third grounded
      electrode 13 is disposed intermediate electrodes 11 and 12.
PAR  A pair of avalanche semiconductor elements 20 and 21 are connected in
      series across lines 2, 2'. The common point between the semiconductor
      elements is grounded and may be directly connected to electrode 13 as
      shown.
PAR  A delay line 17, formed by an inductor 17A and a resistor 17B,
      interconnects conductor 14 and the ungrounded terminal of avalanche
      semiconductor element 20. Similarly, a second delay line 18 interconnects
      conductor 15 and the ungrounded terminal of avalanche semiconductor
      element 21.
PAR  The receiver 6, or other electronic equipment, is connected across the
      ungrounded terminals of avalanche semiconductor elements 20 and 21. It is
      to be understood that the electronic equipment may be connected across
      only one of the avalanche semiconductors without departing from the
      teachings of the present invention.
PAR  In the preferred embodiment of the present invention, it has been
      determined that bipolar TransZorbs, which name is a registered trademark
      describing avalanche semiconductor elements and owned by the present
      assignee, are particularly suited for use with the present invention. The
      construction and installation of the TransZorbs are further described in
      an application for United States Letters Patent, Ser. No. 272,355, and
      filed on Aug. 14, 1972.
PAR  The operation of the present invention will be described with particular
      reference to the graphs shown in FIGS. 3-5. FIG. 3 graphically illustrates
      a power surge, or incoming pulse 25, which might occur on antenna 1 due to
      induced lightning or an Electromagnetic Pulse. The pulse duration may be
      less than 1 micro second or greater with an input voltage surge of 3
      kilovolts or more. The incoming pulse, having a transient voltage of 3
      kilovolts or more, will fire the spark gap in 10 to 15 nanoseconds. The
      resulting arc may occur across either electrodes 11 and 13 or 12 and 13 or
      both and the energy dissipated may be on the order of ten joules.
PAR  Because of the finite rise time of the power surge, and the delay
      contributed by the inductor, a pulse of energy 28, shown in FIG. 4, will
      be transmitted through one or both of the delay lines 17 and 18 to
      TransZorbs 20 and 21, respectively. The energy represented by pulse 28,
      which energy was not dissipated by spark gap 3, may be on the order of 1.5
      joules. In example, the width of pulse 28 may be about 10 nanoseconds for
      power surges having a potential of 2 kilovolts or greater and impressed
      upon spark gaps known in the trade as 90v gas gaps.
PAR  The delay lines 17 and 18 serve to electrically separate the spark gap 3
      from the TransZorbs 20 and 21 by preventing the TransZorbs from clamping
      the pulse voltage of the incoming pulse 25 below a value necessary to fire
      the spark gap. In addition, the delay lines 17 and 18 reduce the slope of
      pulse 28 impressed upon the TransZorbs. Thus, the voltages produced by the
      L di/dt effects are reduced.
PAR  For fast rise times of the transient voltages, the use of inductors 17A and
      18A may suffice; however, for slower rise time voltages (in the order of
      1000 volts per microsecond) the imposed voltage drop across the inductors
      may not suffice. The resistors 17B and 18B, however, produce sufficient
      voltage drops at slow rise times to limit the damping voltage of the
      TransZorbs to allow the gas gap to attain break down. The inductors 17A
      and 17B electrically isolate the TransZorbs more effectively at fast rise
      times and the resistors perform more effectively at slow rise times.
PAR  Summarizing, the bulk of the energy of the power surge impressed upon one
      or both of lines 2, 2' is dissipated by spark gap 3 and the residual
      energy is transmitted through one or both of the delay lines 17, 18 to one
      or both TransZorbs 20, 21. Thereby, the latter will not be damaged or
      destroyed should the power surge impressed upon lines 2, 2' be of any
      energy level substantially greater than their power tolerance capability.
PAR  FIG. 5 graphically illustrates a pulse of energy impressed upon one of the
      TransZorbs 20, 21. The shaded area 30 of the pulse represents the energy
      dissipated by the TransZorb. The dissipated energy may be on the order of
      1.5 joules without causing damage to the TransZorb. The remainder of the
      pulse, identified by numeral 30, is of an insufficient voltage and energy
      level to cause damage to receiver 6. It is to be understood that the
      voltage and energy level of pulse 30 may be varied by incorporating
      differently rated TransZorbs or other avalanche semiconductor elements, or
      any semiconductor or combination of semiconductors biased in such a manner
      as to be current limiting.
PAR  In the present form of the present invention, as shown in FIG. 6, apparatus
      3 is illustrated as a two element spark gap 30. Spark gap 30 includes a
      first electrode 31 connected to electrical line 2 by conductor 33 and a
      second electrode 32 connected to electrical line 2' by conductor 34. It is
      to be understood that spark gap 30 may be replaced by slow acting
      semiconductor devices, such as thyristors, for special situations.
PAR  Depending upon the requirements of the electrical equipment connected to
      the present invention (see FIG. 1), line 2' may or may not be grounded.
      Further, line 2 may be a single wire with line 2' representing a grounded
      or ungrounded part of the device incorporating the present invention.
PAR  An avalanche semiconductor element 36 is connected across lines 2, 2' in
      parallel with spark gap 30. In the preferred embodiment, a TransZorb is
      employed. However, other similar single pn silicon junction elements or
      varistors may be substituted without departing from the scope of the
      present invention.
PAR  At inductor 35, which may be formed by a coil or a length of wire, and a
      resistor 37 interconnects electrode 31 with one terminal of semiconductor
      element 36. The inductor and resistor provide the previously discussed
      delay in transmitting the pulse of energy 28 (see FIG. 4) to the
      semiconductor element 36.
PAR  In conclusion, the spark gap absorbs or dissipates the bulk of a power
      surge impressed upon the incoming line or lines and the avalanche
      semiconductor or semiconductors, separated in operating time from that of
      the spark gap by delay lines, clips the peak of the pulse passed by the
      spark gap to provide full protection to the attached electronic equipment
      regardless of the magnitude of the power surge.
PAR  While the principles of the invention have now been made clear in an
      illustrative embodiment, there will be immediately obvious to those
      skilled in the art many modifications of structure, arrangement,
      proportions, the elements, materials, and components, used in the practice
      of the invention which are particularly adapted for specific environments
      and operating requirements without departing from those principles.
CLMS
STM  I claim:
NUM  1.
PAR  1. A surge suppressor for dissipating power surges impressed upon an
      electrical line, said suppressor comprising:
PA1  a. means for dissipating the bulk of the energy for a power surge on the
      electrical line, said dissipating means having an electrode connected to
      the electrical line;
PA1  b. an avalanche semiconductor element connected in parallel with said
      dissipating means, said avalanche semiconductor element clipping the
      remaining energy of the power surge impressed upon the electrical line;
PA1  c. a delay line comprising a series connected inductor and resistor for
      preventing said avalanche semiconductor element from clamping said
      dissipating means, said delay line being disposed intermediate said
      electrode of said dissipating means and said avalanche semiconductor
      element; whereby the bulk of the power surge impressed upon the electrical
      line is dissipated by said dissipating means and the remainder of the
      power surge is clipped by said avalanche semiconductor element.
NUM  2.
PAR  2. The suppressor as set forth in claim 1 wherein said dissipating means
      includes a further electrode; said avalanche semiconductor element
      includes a first terminal connected to said delay line and a second
      terminal; and, means for interconnecting said further electrode and said
      second terminal.
NUM  3.
PAR  3. The suppressor as set forth in claim 2 wherein said interconnecting
      means is grounded.
NUM  4.
PAR  4. The suppressor as set forth in claim 1 wherein said dissipating means
      comprises a spark gap.
NUM  5.
PAR  5. The suppressor as set forth in claim 4 wherein said avalanche
      semiconductor element comprises a pn silicon junction element.
NUM  6.
PAR  6. The suppressor as set forth in claim 5 wherein said dissipating means
      comprises a slow acting semiconductor device.
NUM  7.
PAR  7. The suppressor as set forth in claim 4 wherein said avalanche
      semiconductor element comprises a TransZorb.
NUM  8.
PAR  8. A surge suppressor for dissipating power surges on a pair of electrical
      lines, said suppressor comprising:
PA1  a. a spark gap having a first electrode connected to one of the pair of
      electrical lines, a second electrode connected to another of the pair of
      electrical lines and a grounded electrode common to said first and second
      electrodes for dissipating the bulk of a power surge impressed upon the
      pair of electrical lines;
PA1  b. a pair of avalanche semiconductor elements for clipping the remaining
      energy of the power surge impressed upon the pair of electrical lines,
      each of said pair of avalanche semiconductor elements having a grounded
      terminal and an ungrounded terminal;
PA1  c. a first delay line comprising a series connected inductor and resistor
      interconnecting said first electrode with the ungrounded terminal of one
      of said avalanche semiconductor elements; and
PA1  d. a second delay line comprising a series connected inductor and resistor
      interconnecting said second electrode with the ungrounded terminal of
      another of said avalanche semiconductor elements; whereby, said first and
      second delay lines electrically segregate the operation of said spark gap
      and said pair of avalanche semiconductor elements to prevent said pair of
      avalanche semiconductors from clamping said spark gap.
NUM  9.
PAR  9. The suppressor as set forth in claim 8 wherein said avalanche
      semiconductor elements comprise TransZorbs.
NUM  10.
PAR  10. The suppressor as set forth in claim 9 wherein said avalanche
      semiconductor elements comprise TransZorbs connected back-to-back.
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PAL  Safety control apparatus of substantially improved reliability and
      sensitivity is provided for detecting faults and automatically
      deenergizing electrically powered mobile or portable equipment, such as
      mining machinery, which is energized in the field by means of relatively
      long cables often carrying high voltage electrical power from a
      sub-station, in the event of either a short circuit between a sensing
      conductor and ground or any failure of the ground connection included in
      the system to protect the operators of the equipment and the equipment
      itself. The improved safety apparatus is further characterized by its
      ability to respond to detected faults so quickly as to virtually eliminate
      any chance for operator injury or damage to equipment, even when very high
      voltage power is being used. Although the apparatus responds to both
      ground interruption (or high resistance to ground) and the mentioned type
      of short faults in a highly sensitive manner, it is essentially immune to
      the effects of induced transients such as have plagued the reliability of
      prior safety systems for the same general purpose.
BSUM
PAR  This invention relates to the field of safety apparatus for electrical
      equipment and, more particularly, to safety control apparatus for use in
      connection with systems of electrically powered machinery employed under
      field conditions, such as in mining operations.
PAR  Broadly, the apparatus of the invention is concerned with the detection of
      electrical faults affecting the safety of personnel, equipment or both and
      the electrical deenergization of the system in response to the detection
      of such faults. The apparatus detects faults of both the type involving
      the occurrence of certain electrical shorts and the type involving an
      absence or interruption or a high-resistance coupling of the grounding of
      individual units of machinery required for safety purposes.
PAR  A typical example of one of the primary areas of application for the
      apparatus of the invention is in systems of electrical machinery used in
      the surface or so-called "strip" mining of coal. Such systems commonly
      employ various types of relatively movable functional units interconnected
      by relatively long electrical cables. One of the units of such systems
      will normally be what is usually called a power sub-station unit, which
      serves as a source of high voltage electrical power to be distributed to
      the other units via cabling. The other units will typically be large
      electrically powered shovels or other machines for excavating or otherwise
      handling either the material being mined or material which must be moved
      to expose the material to be mined. The latter type material working units
      must be moved as the work requires and are often physically separated from
      the power sub-station unit by distances of several hundred feet, so that
      the electrical cabling interconnecting the units may be relatively long
      and is generally just laid along any paths that may be temporarily
      convenient over the surface of the terrain, where it is exposed both to
      the elements and to the possiblity of being run over, cut, broken or
      damaged by trucks or other equipment operating in the area.
PAR  From the electrical standpoint, such systems commonly employ at the power
      sub-station unit a power transformer adapted to be energized from either
      an associated field generator or any other available primary power source
      and having a three-phase output winding for supplying the operating power
      required by the electrical motors of the working units via the mentioned
      interconnecting cabling. The cables heretofore used for interconnecting
      the units normally employed four conductors, of which three were for
      carrying the three-phase power and the fourth was a grounding conductor.
      Since the movable nature of the working units precludes convenient and
      reliable local grounding of the metal frames and parts thereof, as well as
      the fact that such units are often mounted on wooden "sleds" or other
      ground engaging assemblies not providing any effective "direct grounding"
      of the frames thereof, it is customary and a matter of practical necessity
      in such systems to provide local grounding only at the sub-station unit
      and to couple such sub-station ground with the frames of the other units
      for safety purposes through the mentioned fourth conductor of the cabling.
PAR  In such systems, the center of the "Y" of the output winding of the
      transformer at the sub-station unit has also been coupled through a
      resistance to the local ground with the intention of limiting the fault
      condition operating current of the three-phase power being distributed to
      the working units to some value (typically 25 Amperes) for minimizing the
      electrical shock hazard in the event of certain types of faults involving
      shorting of a power conductor. In addition, the three-phase output line
      was heretofore provided at the sub-station unit with an automatic circuit
      breaker for interrupting the power distribution connection between the
      transformer output winding and the cabling to the working units in
      response to the sensing of any overload above the normal operating
      current, such as might arise from a short circuit occurring in a cable or
      one of the working units.
PAR  Such prior systems were deficient from the saftey standpoint, however, for
      a number of reasons. They did not provide any really reliable protection
      against an interruption of the ground coupling to a working unit, such as
      could occur from breaking of the grounding conductor of the cabling, an
      ineffective plug connection or the like, and such grounding failure faults
      often existed undetected. Even when prior attempts to sense such faults
      through employment of a pilot or sensing conductor in the cable with a
      terminating resistance at the remote unit were made, the effects of
      voltages induced in the pilot conductor from the power conductors
      prevented sufficient sensitivity being employed to obtain the quick
      response to faults needed for safety purposes, and although system
      deenergization might eventually be accomplished in response to the
      resulting overload, the time lag involved in sensing the fault was so
      relatively great that the damage was usually done before deenergization
      could be accomplished.
PAR  The gravity of the consequences of electrical faults in such systems, and
      particularly the great danger to operating personnel at the various units,
      has prompted the appropriate governmental agencies to seek and require
      increasingly better safety protection against the mentioned type of
      industrial hazard. Various methods of remedying the situation have been
      considered, including attempts to adapt electrical safety control
      apparatuses that have proved satisfactory in less demanding applications
      to the more stringent demands encountered in systems involving field
      installations of heavy, electrically operated equipment. In the latter
      regard, it is noted that field shovels used in strip mining operations
      typically require three-phase power of 480 to 23,000 volts distributed
      through cables of commonly 500 to 1,500 feet in length just laid along the
      top of the ground in all sorts of weather. Such prior attempts to solve
      the problem with means conventionally used in more moderate environments
      have, however, proved generally unsatisfactory and unreliable for the type
      of systems to which this invention is primarily directed, for a variety of
      reasons including the difficulty of achieving sufficient sensitivity and
      quickness of response with conventional techniques, without impairing
      stability through the tendency of conventional apparatus to respond to
      false fault sensings arising from the electrical transients that are
      common in lengthy cables operating at high potentials and currents into
      electrical loads that vary sharply even during normal operation.
PAR  Accordingly, it is the primary object of this invention to provide improved
      safety control apparatus for electrical systems operated under adverse
      conditions, which overcomes the disadvantages and limitations of apparatus
      previously proposed or used for such general purpose.
PAR  It is another important object of this invention to provide such improved
      safety control apparatus, which is extremely sensitive, quick acting and
      reliable in responding to faults of either the interruption of ground or
      excessive ground resistance types.
PAR  It is another important object of this invention to provide such apparatus,
      which, although employing relatively simple and straightforward electronic
      means for accomplishing the desired results, is nevertheless highly
      resistant to responding to false fault signals and conditions such as
      those generated in long cables operating at high potentials and terminated
      by sharply varying loads.
PAR  Still other important objects of this invention, including the employment
      of a fifth "pilot" or sensing conductor in the inter-unit cabling, the
      employment of a relatively low resistance, terminating connection between
      the pilot conductor and the grounding conductor at each working unit to
      provide a reference parameter to be sensed with respect to the condition
      of the cabling leading to each working unit, the employment of bridge type
      resistance sensing in the fault detection module, the utilization of a
      "window range" for the parameter being sensed by the detection module in
      order to provide fault detection upon sensing that the parameter has
      varied outside of the window range in either direction, and a number of
      other more specific constructional and functional features, will be made
      clear or become apparent to those skilled in the art from the drawings and
      the description hereunder of a preferred embodiment of the apparatus.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a schematic representation of a simplified, illustrative system
      involving a single working unit requiring electrical power for operation
      thereof, a power sub-station unit for supplying electrical power to the
      working unit, and safety control apparatus in accordance with this
      invention and including an improved fault detecting module and cabling
      interconnecting the work unit with the sub-station unit and the fault
      detection module associated with the latter;
PAR  FIG. 2 is a circuit diagram of a preferred embodiment of the fault
      detecting module employed by the invention.
DETD
PAR  Referring initially to FIG. 1, the somewhat simplified system depicted to
      illustrate the manner in which the safety control apparatus of this
      invention is applied thereto broadly includes an electrically powered
      working unit 10 interconnected by electrical cable 12 with a power
      sub-station unit 14, with the latter of which it will be noted a fault
      detection module as contemplated by the invention is associated and
      generally identified by the reference numeral 16.
PAR  The working unit 10 (of which more than one may be employed, if desired)
      normally is in the nature of an electrically powered shovel or other piece
      of heavy materials handling machinery including some sort of metal frame
      and other metal machine structure, the details of which are not shown in
      the drawing, but which is indicated by the dotted outline 18. The frame
      and machine structure 18 are commonly mounted upon some sort of means 20
      for rendering the unit 10 movable. The means 20 may be a wooden "sled",
      rubber tired wheels, caterpillar type tracks or the like, any of which
      serve either to electrically insulate the frame and machine structure 18
      from the ground upon which the unit 10 is resting or, at least, to provide
      only an imperfect and unreliable electrical path between the frame and
      structure 18 and ground. As previously noted, and as well known to those
      skilled in the art, one of the requirements for safety protection in
      connection with such units 10 is that the frame and machine structure 18
      be at all times effectively grounded in an electrical sense, for example,
      to prevent electrocution of an operator while mounting the frame 18 from
      the ground or vice versa in the event of some fault condition by which the
      metal frame 18 may have become charged with an electrical potential.
PAR  Mounted on the frame 18 of the working unit 10 is a three-phase electrical
      motor 22 suitably coupled mechanically with the machine structure of the
      unit by conventional means (not shown) for driving such machine structure
      during normal operation of the unit 10 in the field. Since such operation
      may commonly involve stopping and starting of the motor 22 or frequently
      varying the speed thereof in certain types of equipment, it will be clear
      that the motor 22 presents a highly variable load to the electrical source
      and connecting leads by which it is energized, thereby resulting in the
      creation of frequent electrical transients in the cable 12, which are of
      substantial magnitude by virtue of the high currents usually involved in
      powering heavy machinery such as typified by the unit 10. The motor is
      provided with three-phase input leads 24, 26 and 28, through which it
      receives normal energizing power from the corresponding conductors of the
      electrical cable means 12.
PAR  A fourth "grounding" conductor 30 of the cable means 12 is electrically
      coupled with the frame and machine structure 18 of the unit 10, as
      indicated by the solid colored dot 32 representing an electrical
      connection point (as contrasted with the open points such as 34 and 36
      which merely represent possible terminals of a suitable plug and socket
      connector on the unit 10 for receiving and coupling with the conductors at
      the adjacent end of the cable means 12). The metallic housing frame of the
      motor 22 is also preferably connected by a line 38 with the electrical
      interconnection point 32 between the frame and machine structure 18 and
      the grounding conductor 30 of the cable 12.
PAR  The items thus far noted in connection with the working unit 10 and the
      cable 12 are generally conventional in virtually all systems of the type
      under consideration and, in particular, even the connection of a grounding
      conductor 30 of the cable leading to the unit 10 with the frame and
      machine structure 18 of the latter has been commonly employed in such
      systems in the past, with the vain hope that electrical grounding of the
      frame and machine structure 18 would be thereby accomplished. As
      previously observed, however, conventional prior "safety apparatus" for
      such systems, being functionally oriented to respond merely to overloads
      or other particular conditions affecting the power being supplied to the
      connecting cable, were insensitive to faults such as a break in the
      grounding conductor 30, a failure to effect proper electrical
      interconnection with the frame 18 as at 32 and the like, with the result
      that the unit 10 of prior system could continue operating with its motor
      fully energized, in which condition neither the operator nor the equipment
      was protected against the possible consequences of one of the power leads
      24, 26 or 28 (or the cable conductors coupled therewith) becoming shorted
      to the frame or machine structure 18 until such time as a sufficient
      overload or other special conditions had developed in the power carrying
      lines themselves to actuate a circuit-breaker back at the sub-station unit
      14. If the over-load or other condition, such as earth leakage, was
      insufficient to activate the circuit-breaker, operating personnel were
      subjected to a severe shock hazard.
PAR  In the unit 10 is provided what may be called a terminating resistance 40
      of relatively low value (typically of the order of four ohms) coupled
      between the "grounding point" 32 on the frame 18 by means of a lead 42 and
      an opposite lead 44 coupled with a fifth "pilot" or sensing conductor 46
      in the cable means 12.
PAR  The power sub-station unit 14 normally includes some sort of metal frame
      indicated by the dotted outline 48, in turn mounted for mobility upon
      means 50, which either tend to electrically insulate the frame 48 from
      ground or at least do not provide a reliable electrical ground therefor.
      Accordingly, an effective electrical ground 52 for the system is locally
      provided adjacent the unit 14 by any conventional means (such as a
      conductive grounding stake, not shown). The frame 48 of the unit 14 is
      coupled at a connection point represented by the solid dot 54 with the
      local ground 52 by a conductive lead 56, which is preferably protected in
      any suitable manner against being disturbed (because of the importance of
      maintaining such basic coupling between the system and the local ground
      52).
PAR  The sub-station unit 14 is usually provided with a power transformer 58
      having a three-phase output winding 60 adapted to deliver three-phase
      power of the desired voltage to three power output leads 62, 64 and 66. It
      will be understood that a primary winding (not shown) of the transformer
      58 will conventionally be coupled with and energized by any available
      primary source of suitable alternating current power (not shown), such as
      a local generator associated with the unit 14 or a coupling with an
      electrical power line from a remote generating station. In a localized
      sense with respect to the field system under consideration, however, the
      transformer 58 and its output winding 60 may be regarded as representing
      the source of power to be distributed to the unit(s) 10 and over which the
      apparatus of the invention is intended to exert control for safety
      purposes.
PAR  It will be noted that the center 68 of the output winding 60 is coupled
      with a second local ground 52' through a lead 70, a limiting resistance
      72, and lead 73 in conventional fashion for the purpose of limiting the
      possible fault current drawn from the winding 60 to some limit value
      (typically 25 Amperes in high voltage systems). Similarly, the grounding
      conductor 30 of the cable means 12 is conventionally coupled with the
      local ground 52' via leads 76 and 73. The local grounds 52 and 52' are
      separated by a distance specified by safety regulations to reduce voltage
      gradient effects during faults.
PAR  It may be helpful to observe that the portions of the sub-station unit 14
      thus far described are all essentially conventional, in order that the
      novel portions thereof hereinafter described will be more readily
      recognized, both individually and in their relationships to each other and
      to the pilot conductor 46 of the cable means 12 and the reference
      resistance 40 associated with the working unit 10.
PAR  The improved unit 14 employs a quick-acting direct current circuit-breaker
      relay having an operating coil 78 and three heavy current switches 82, 84
      and 86. The output leads 62, 64 and 66 are respectively coupled with the
      relay switches 82, 84 and 86, which are in turn oppositely coupled with
      leads 86, 88 and 90, to which the three power conductors of the cable 12
      are connected through suitable connector plug means represented in the
      drawing by open-dot connection points as at 92. The switches 80, 82 and 84
      are illustrated in the drawing in their normally open condition, which
      prevails when the operating coil 78 is deenergized. Thus, it will be
      understood that power can be supplied from the transformer 58 to the cable
      12 only when the switches 80, 82 and 84 are closed by energization of the
      coil 78, which is one of the ways in which the apparatus protects against
      even internal faults of the control portion thereof (in this instance, for
      example, non-functioning of the detecting modile 16 due to a localized
      loss of power thereto or the like).
PAR  The fault detector module 16 located at the power substation unit 14
      broadly includes a panel 94 provided with a pair of indicator lights 96
      and 98, a calibrated control knob 100 and a number of connection terminals
      A, B, C, D, E, F and G, the functional significance of which parts will be
      hereinafter described. Before turning attention from FIG. 1 to the
      electrical details of the module 16 illustrated in FIG. 2, however,
      several further observations should be made. First, the terminal A of the
      module 16 is coupled by a lead 102 and the lead 56 to the local ground 52,
      in order to permit connection to the latter within the module 16 of the
      control circuitry hereinafter explained. Secondly, the direct current
      operating voltage required by the circuity of the module 16 is supplied to
      the latter through a positive lead 104 coupled with the terminal D and a
      negative lead 106 coupled with the terminal C. The voltage required for
      application to leads 104 and 106 may be derived from any suitable source,
      including batteries, but the preferred embodiment employs a local
      alternating current source 108 on the unit 14 (often derived from the main
      power source), a bridge rectifier generally designated 110 for rectifying
      the output of the source 108, and a conventional filter capacitor 112 and
      output resistance 114 coupled between the positive and negative output
      lines 116 and 118 of such power supply to which the leads 104 and 106 are
      respectively connected. Thirdly, it will be noted that the pilot conductor
      46 of the cable 12 is coupled with the terminal B by lead 120. Fourthly,
      the terminal C, which is also connected with the negative power supply
      lead 106 is coupled by a lead 122 with one side of the operating coil 78,
      while the other side of the latter is coupled back to the terminal F
      through a lead 124, a current measuring meter 126 (typically 0-200
      milliamperes), a lead 128, a current limiting resistance 130 (which
      typically limits the current that may flow to the operating coil 78 to
      about 150 milliamperes or less), and a lead 132. The module 16 may be
      provided with additional terminal points for convenience in making other
      connections not relevant to the invention or to facilitate distribution
      within the module 16 of a particular external signal or voltage.
PAR  Referring next to the circuitry of the preferred embodiment of the fault
      detection module 16 shown in FIG. 2, it should be most understandable to
      initially identify the primary components and their general functions and
      to then explain the overall operation of the circuitry in the context of
      the relationships between such components.
PAR  The terminals A, B, C, D, E, F and G are similarly identified in FIGS. 1
      and 2, and it will be recalled that terminal A represents the connection
      point at the module 16 with the remote reference resistance 40 at the
      working unit 10 via leads 102, 74 and 76 of sub-station unit 14, grounding
      conductor 30 of cable 12, and lead 42 of working unit 10; terminal B
      represents the connection point at the module 16 with the remote reference
      resistance 40 via lead 102 of unit 14, pilot conductor 46 of cable 12, and
      lead 44 of unit 10; terminal C represents the point at which the negative
      lead 118 of the power supply for the module 16 is connected with the
      latter via lead 106 and with one side of the operating coil 78 via lead
      122; terminal D represents the point at which positive lead 116 of the
      power supply for the module 16 is connected with the latter via lead 104
      and with the terminal E via a jumper; terminal E is thus a second point of
      connection of the positive power supply voltage with the module 16 via the
      jumper from terminal D; terminal F is the point from which external
      connection from the module 16 is made to the "controlled" side of the
      operating coil 78 via lead 132, current limiting resistance 130, lead 128,
      the meter 126 and lead 124 (See Fig. 1); and terminal G is coupled via
      lead 103 with a connection point 105 with the frame 48, the latter being
      in turn coupled with local ground 52 via connection point 54 and lead 56.
      In some installations, terminals A and G may, if desired, be jumpered
      together. The other terminal 138 shown in FIG. 2 merely presents a test
      point for external monitoring, when desired, of a regulated voltage
      employed by the circuitry.
PAR  An electronic voltage regulator 140 of any suitable type (a Model 7824
      voltage regulator marketed by Fairchild Semiconductor Products Company is
      quite satisfactory) receives the voltage input from the external power
      supply of the unit 14 via the terminals D and C; the positive voltage from
      terminal D is coupled through a diode 142 and 144 with the regulator 140,
      while the negative side of the power supply voltage proceeds from the
      terminal C to the regulator 140 via leads 146 and 148. An input filtering
      capacitor 154 and bleeder resistance 156 are shunted across such voltage
      input for decreasing the effects of possible transients. The diodes 142,
      143 and 144 provide protection from the regulator 140 in the event of
      possible external shorting of the terminals D and C or inadvertent
      reversal of the connections being made thereto from the external power
      supply for the module 16 or from voltage transients that might occur under
      certain conditions. The unregulated direct current voltage delivered to
      terminals D and C from the external power supply will preferably be of
      level so as to provide a regulated output between the positive and
      negative output leads 158 and 160 of the regulator 140 of about 24 volts
      direct current, it being noted that the negative regulated voltage output
      lead is grounded to lead 150 via the lead 162. An output bleeder
      resistance 164 and a further filter capacitor 166 are shunted across the
      regulated voltage output leads 158 and 160. A resistor 176 limits the
      surge current through the regulator 140.
PAR  A sensitive, quick acting, preferably reed type relay having an operating
      coil 168 and a normally open switch 170 constitute the component to be
      ultimately controlled internally of the module 16 itself by the
      functioning of the circuitry of the latter, but it will be noted that the
      reed relay switch 170 in turn controls the energization of the operating
      coil 78 or the main power relay of the unit 14 in such manner that the
      operating coil 78 will be energized to close its main power circuit
      completing relay switches 80, 82 and 84 only when the operating coil 168
      of the reed relay is energized to close its switch 170. The regulated
      positive voltage lead 158 is coupled with one side of the reed relay
      operating coil 168 via a lead 167, while the opposite side of the coil 168
      is connected to a lead 169 "heading toward" ground (but the flow of
      current to which is controlled as hereinafter explained).
PAR  A resistance measuring bridge may next be identified having its "top" at
      the regulated positive voltage lead 158, a "left mid-point" at 172, a
      "right mid-point" at 174, and its "bottom" at the negative or ground lead
      150, in which the "left upper" arm is presented by a resistance 176
      coupled between the positive lead 158 and the "mid-point" 172, the "left
      lower" arm is presented by the reference resistance 40 at the remote
      working unit 10 which is coupled between the "mid-point" 172 and ground
      lead 150 via a lead 178, a fuse 180 (for protection of the module 16 in
      the event of shorting of a power conductor of the cable 12 to the pilot
      conductor 46 thereof), a lead 182, the terminal B, the pilot and grounding
      conductors 46 and 30 of the cable 12, and terminal A; the "upper right"
      arm is presented by resistances 184 and 186 coupled in series between the
      positive lead 158 and the mid-point 174; and the lower right arm is
      presented by the manually variable resistance 188 which is coupled between
      the mid-point 174 and the negative or ground lead 150. It may be noted
      that the upper right arm is provided with an intermediate connection point
      190 between the resistances 184 and 186 for purposes hereinafter
      explained. In the preferred embodiment, suitable values are about 30 ohms
      for resistance 176, about 143,000 ohms for resistance 184, about 7,000
      ohms for resistance 186, and a range of about 0 to 50 K ohms for variable
      resistance 188; a value of about 4 ohms for resistance 40, plus about 1
      ohm more in the conductors 30 and 46 of the cable 12 give an effective
      resistance for the lower left, remote arm of the bridge of about 5 ohms. A
      capacitor 192 of, say 8.2 mfd, is coupled between the intermediate
      connection point 190 of the bridge and the "bottom" of the latter
      represented by the negative or ground lead 150, the purpose of such
      capacitor being to dynamically balance the bridge circuit so that any
      small fluctuation in the regulated supply voltage (such as may occur
      during start up of the motor 22 of a large machine unit 10) will not cause
      a false fault condition to be sensed by the bridge. The condition of
      balance or imbalance of the bridge, which is most significantly dependent
      upon the integrity of the sensing path to the unit 10 through the pilot
      conductor 46, through the reference 40 at the unit 10 and back to the
      ground lead 150 of the module 16 via the grounding conductor 30, is
      measured relative to the ground lead 150 from both the right mid-point 174
      and the intermediate connection point 190 simultaneously and as separate
      voltages available for use in the potential comparing functions
      hereinafter described. Thus, those skilled in the art will perceive that
      the type of measuring bridge arrangement presented by the above mentioned
      components and connections provide a basis for establishing a fault
      sensing "window", with respect to which an imbalance of the potential at
      point 172 in either direction outside of the window or range selected for
      permitting normal operation of the system will result in an immediate and
      valid fault detection by which the reed relay switch 170 may be controlled
      in the manner hereinafter described. Before leaving consideration of the
      components associated with the measuring bridge portion of the apparatus,
      it should be noted that a resistance-capacitance filter for eliminating
      the adverse effects upon the bridge of alternating current transients is
      employed and involves a series pair of resistances 194 and 196 coupled
      with the left mid-point 172 (which is in turn coupled with the pilot
      conductor 46), a pair of capacitors 198 and 200 respectively shunted from
      the ends of the resistances 194 and 196 remote from the mid-point 172 to
      the ground lead 150 and a capacitor 201 coupled with the non-invert
      sensing lead 206 hereinafter further identified. This filter arrangement
      is particularly effective in eliminating transients being returned to the
      module 16 via the pilot and ground conductors 46 and 30 in order to
      exclude from one of the inputs to the voltage comparator stages
      hereinafter described those alternating current transients that are likely
      to occur at the operating frequency of the main power source 58 involved
      in the system and at harmonics and sub-harmonics thereof.
PAR  For utilizing the continuing voltage level measurements being derived from
      points 174 and 190 of the measuring bridge, in terms of their respective
      relationships to the voltage level sensed at the left mid-point 172 of the
      bridge, a pair of voltage comparator stages are employed. Each of such
      stages uses an operational amplifier operating in voltage comparing mode,
      such comparators being respectively designated 202 and 204 in FIG. 2.
      Although various types of operational amplifiers could be selected, the
      preferred embodiment satisfactorily employs type 741 op amps made and
      distributed by Fairchild Semiconductor Products Company. In each of the op
      amps 202 and 204 the output terminal conventionally appears at the right
      extremity of the op amp symbol in FIG. 2, and the other terminals thereof
      are identified by small numerals within the symbol as follows: terminal 2
      is the non-invert input terminal, terminal 3 is the invert input terminal,
      terminal 4 is the negative or ground terminal, and terminal 7 is the
      positive voltage supply terminal, it being noted both that such terminal
      reference numerals will not necessarily correspond to those specified by
      the manufacturers for other types of operationally equivalent op amps and
      that many commercially available op amp components will have additional
      terminals intended for other purposes and which are not needed or used in
      the apparatus of this invention.
PAR  The non-invert input for the comparator 202 is the measured voltage level
      derived from the interconnection point 190 of the measuring bridge via a
      lead 206. The invert input for the comparator 202 is derived from the left
      mid-point 172 of the bridge via resistance 194, lead 208, resistance 196
      and leads 210 and 212. The op amp 202 obtains its negative supply
      connection from a negative lead 151 and terminal C, and the required
      positive operating voltage for the comparator 202 is obtained from the
      positive regulated lead 158 via a connecting lead 216. The output from the
      comparator 202 presented at its output lead 218, which responds to the
      voltage differential between the non-invert and invert inputs between the
      voltage levels applied to the comparator 202 from leads 206 and 212
      respectively and may vary from essentially 0 to about 24 volts with a 24
      volt regulated supply (operated from typically 32 volts input to the
      regulator 140), branches into two paths represented by the leads 220 and
      222. The path began by the lead 220 is the main output path to be used for
      control purposes as hereinafter described. The branch path began by the
      lead 222, however, is a negative feedback path to the non-invert input of
      the comparator 222, which is traceable from lead 222 through a filter
      comprising a parallelled resistance 224 and capacitance 226 and a lead 228
      connected to the lead 206 running to the non-invert terminal of the
      comparator 202. Such negative feedback through the filter 224-226 provides
      further suppression of the adverse effects upon the reliability of fault
      detection that would otherwise tend to result from alternating current
      transients carried to the module 16 from the cable means 12, it being
      noted that special attention in such respect must be paid to transients
      occurring at the main power frequency or harmonics or subharmonics
      thereof. The values used in the preferred embodiment of the module 16 for
      employment in connection with a 60 cycle primary power frequency are: 4.7
      megohms for the resistance 224 and 0.015 mfd for the capacitance 226. It
      may similarly be noted that satisfactory values for the components of the
      filter 194, 196, 198, 200 have been found to be: 20,000 ohms for the
      resistance 194, 10,000 ohms for the resistance 196, and 4.3 mfd for each
      of the capacitances 198, 200 and 201. With the mentioned negative feedback
      and filtering, the output of the comparator 202 delivered to the main
      control signal output therefrom is essentially insensitive to all of the
      types of transients normally encountered in the types of system under
      consideration and constitutes a direct current electrical potential
      closely and immediately following any changes in the potential
      differential applied to the non-invert and invert inputs of the comparator
      202 from the intermediate connection point 190 and the left mid-point 172
      of the measuring bridge.
PAR  In similar fashion, the comparator 204 derives its non-invert input from
      the right mid-point 174 of the measuring bridge via lead 230 and its
      invert input from the left mid-point 172 of the measuring bridge via the
      same circuit traced for the comparator 202 plus the lead 232. The
      comparator 204 is connected to the negative lead 151 by a lead 234 and is
      connected to the regulated positive supply potential line 158 via a lead
      236. The output lead 238 from the comparator 204 splits into a main
      control branch lead 240 and a negative feedback lead 242, the latter of
      which leads to the non-invert input lead 230 through a parallel R-C filter
      employing a resistance 242 and a capacitance 244. Again, the direct
      current potential presented on output branch lead 240 from the comparator
      204 faithfully and immediately reflects any changes in the potential
      difference between the non-invert and invert inputs to the comparator 204
      from the right mid-point 174 and the left mid-point 172 respectively of
      the measuring bridge.
PAR  The remaining primary components of the module 16 are a pair of
      Photo-Darlington switching amplifiers 246 and 248 (which may suitably be
      of type MCA2-30 made and marketed by the semi-conductor division of
      Monsanto Chemical Company). Each of the amplifiers is essntially employed
      as an electronically controlled switch and conventionally includes a photo
      emitting diode 250 (or 252) which radiates when conducting, a photo
      sensitive transistor 254 (or 256) which conducts in response to radiation
      from the diode 250 (or 252), and a switching transistor 258 (or 260)
      directly coupled in the usual manner to the transistor 254 (or 256) which
      conducts between its collector and emitter only when the diode 250 (or
      252) is radiating. The collector to emitter structures of the transistors
      258 and 260 are coupled in series with each other and with the circuit for
      controlling energization of the reed relay operating coil 168 through a
      path traceable from the regulated positive supply lead 158 through lead
      167, coil 168, lead 169, transistor 258 of amplifier switch 246, a lead
      262, transistor 260, and a lead 264 to the ground extension lead 150'. As
      will be apparent, the coil 168 will be energized to close the reed relay
      switch 170, and thereby energize the coil 78 (FIG. 1) for closing the main
      power relay switches 80, 82 and 84, only when both of the transistors 258
      and 260 are conducting, which in turn will occur only when both of the
      diodes 250 and 252 are conducting. Thus, a cessation of conduction by
      either of the diodes 250 or 252 from any cause, including either fault
      detection in connection with the main power distribution system or a local
      electrical failure such as loss of operating power within the control
      module 16 itself, will result in immediate deenergization of the main
      power distribution system by the deenergization of the relay coil 78 and
      opening of the main power switches 80, 82 and 84. It is significant that,
      with the improved apparatus of this invention, such protective action is
      normally effectuated within about the duration of a single cycle of the
      main 60 cycle power source current following the occurrence of the fault
      precipitating such action.
PAR  From the structural viewpoint, it remains only to identify the paths
      through which control over conduction of the diodes 250 and 252 is
      accomplished in response to the outputs from the comparators 202 and 204.
      As to the comparator 202, and assuming a positive to negative current flow
      convention for convenience of description, such path proceeds from the
      regulated positive supply lead 158 through a lead 266, the diode 252 of
      amplifier-switch 248, a lead 268, a light emitting diode 270 (which
      provides the indicator 96 identified on the panel 94 in FIG. 1), a lead
      272, a diode 274 provided merely to protect the more delicate photo diode
      252 against possible reverse transients, a lead 276, and a current
      limiting resistance 278 to the control output branch lead 220 of the
      comparator 202. Similarly, for the comparator 204, and with the same
      convention, the path may be traced from the control output branch lead 240
      of the comparator 204 through a current limiting resistance 280, a lead
      282, the photo diode 250 of amplifier-switch 246, a lead 284, a light
      emitting diode 286 (which provides the indicator 98 on panel 94) a lead
      288, a diode 290 for protecting against possible reverse transients, and a
      lead 292 to the ground extension lead 150'.
PAR  Attention may now be turned to the manner in which the circuitry of the
      module 16 operates to accomplish the desired control of the coil 168 and
      switch 170 of the reed relay in response to the measurements made by the
      above described bridge, which senses the resistance presented between the
      left mid-point 172 (or pilot conductor 46) and the bottom of the bridge at
      ground lead 150 (or grounding conductor 30) in terms of the relationships
      between the potential sensed at the left mid-point 172 of the bridge in
      relation to the voltage levels sensed at each of the intermediate
      connection point 190 and the left mid-point 174 of the bridge. It should
      be apparent, therefore, that the aggregate resistance of the remote
      reference resistance 40, plus the relative nominal additional series
      resistance in the pilot conductor 46 and the grounding conductor 30, or
      more accurately the proportional relationship thereof to the selected
      value of the upper left bridge arm resistance 176, is being compared with,
      first, the proportionate part of the entire resistance of the right side
      of the bridge (including resistance 184, 186 and 188) that is represented
      by the aggregate values of the resistances 186 and 188 interposed between
      the connection point 190 and the ground lead 150 and secondly, the
      proportionate part of the entire resistance of the entire right side of
      the bridge that is represented by the variable resistance 188 only
      interposed between the right mid-point 174 and the ground lead 150. It
      should be further understood that the resistance 186 or, equivalently, the
      difference in potential levels sensed at points 190 and 174 of the right
      side of the bridge represent the window or range of the variation of the
      remote resistance 46, 40, 30 or, equivalently, the voltage sensed at the
      left mid-point 172 of the bridge which will be considered normal and as
      confirming the absence of an external fault. The width of such window or
      range of variation treated as normal should preferably be of the order of
      only 2 or 3 ohms of variation of the remote resistance 46, 40, 30. The
      width of such window is established by the choice of resistance values of
      the resistances in the various fixed arms of the bridge and particularly
      by the relationship between the resistances 186, 184 and the resistance
      value to which the resistance 188 is adjusted. With the valued of the
      bridge resistances being those previously noted as employed in the
      preferred embodiment, the variable resistance 188 will normally be set by
      the knob 100 to about half of its maximum value or approximately 25,000
      ohms. In relationship to the resistance values of the other bridge arms,
      however, such a setting corresponds to a lower limit for the window of
      about 5 ohms for the remote resistance 46, 40, 30 (which setting may be
      appropriately altered, however, by adjustment of the variable resistance
      188 to accommodate different types of cable means 12 than the one assumed
      for illustrative purposes to present only about 1 ohm of additional
      resistance in the conductors 46 and 30 to be added to the resistance of
      the remote reference resistance 40 itself).
PAR  It will next be observed that the output from the comparator 202 is
      essentially 0 or at ground level whenever the voltage level applied to the
      non-invert input thereof from the intermediate connection point 190 is
      more positive than the voltage level applied to the invert input thereof
      from the left mid-point 172. With such 0 or low level output from the
      comparator 202 applied via the path previously traced to the side of the
      photo diode 252 of the switch 248 opposite from the side of such diode to
      which the regulated positive supply potential is applied, the photo diode
      252 conducts and emits radiations ultimately causing the transistor 260 to
      also conduct in the manner previously described thereby "closing" switch
      248. This condition essentially represents a sensing that the remote
      resistance 46, 40, 30 does not exceed the top limit of the normal
      operating window primarily selected by the resistances 186, 184 and 188.
      On the other hand, if the voltage level applied to the non-invert input of
      the comparator 202 from the connection point 190 should be less positive
      than the voltage level applied to the invert input thereof from the left
      mid-point 172, which would indicate that the remote resistance 46, 40, 30
      had exceeded the upper limit of the window, then the output from the
      comparator 202 rises to a normally substantial positive value sufficient
      to prevent the photo diode 252 from continuing to conduct and radiate
      sufficiently to sufficiently the transistor 260 in its conductive state,
      thereby opening the switch 248.
PAR  The operation of the second comparator 204 is generally analogous, but with
      what might be called a polarity reversal in terms of the ultimate effect
      of its output upon the photo diode 250, which it will be noted has its
      side opposite to that receiving such output connected with the negative or
      ground potential of the module 16, rather than with the positive potential
      thereof that was comparably applied to the photo diode 252. Thus, the
      photo diode 250 conducts and radiates sufficiently to maintain conduction
      of the transistor 258, and thereby closing of the switch 246 when the
      output from the comparator is at a positive value materially above ground
      level. Such condition occurs when the voltage level sensed from the right
      mid-point 174 of the bridge and applied to the non-invert input of the
      comparator 204 is less positive than the voltage level sensed from the
      left mid-point 172 of the bridge and applied to the invert input of the
      comparator 204, it being understood that such condition therefore further
      corresponds to a sensing that the unknown resistance 46, 40, 30 equals or
      exceeds the lower limit of the window. The other condition for the
      comparator 204 and the photo diode 250 occurs when the non-invert input
      from point 174 becomes more positive than the level of the invert input
      from the point 172, which corresponds to a sensing that the remote
      resistance 46, 40, 30 has fallen below the lower limit of the window,
      which produces at the output of the comparator 204 a potential of low or
      essentially ground level that causes the photo diode 250 to cease to
      conduct and radiate sufficiently to maintain the transistor 258 in its
      conductive condition, thereby opening the switch 246.
PAR  It will now be further apparent that, since both of the switches 246 and
      246 must remain simultaneously closed in order for the operating coil 168
      of the reed relay to remain energized, the occurrence of any fault
      condition causing the module 16 to sense a variance in the remote
      resistance 46, 40, 30 outside of the relatively narrow window of 2 or 3
      ohms will result in immediate deenergization of the coil 168, opening of
      the reed relay switch 170 and resultant opening of the main power relay
      switches 80, 82 and 84, regardless of the direction in which the sensing
      of the remote resistance 46, 40, 30 may depart from the narrow, permitted
      window range.
PAR  To further illustrate the operation of the module 16 in response to faults
      occurring at the external system level, consider as a first example any
      case wherein either the pilot conductor 46 or the ground conductor 30 of
      the cable means 12 is broken or cut between the unit 10 and the unit 14.
      In such case, the left mid-point 172 of the bridge is essentially rendered
      in a "floating" condition, since its coupling with the grounded bottom of
      the bridge through what normally constitutes the lower left arm of the
      bridge has been severed, which immediately results in the voltage level
      sensed at the point 172 and being applied to the invert inputs of both of
      the comparators 202 and 204 rising substantially to the positive supply
      level. This in turn results in the invert inputs from the point 172
      becoming more positive than the non-invert input for the comparator 202
      sensed from the connection point 190, which as previously noted results in
      a substantial positive level of output from the comparator 202 which
      renders the photo diode 252 non-conductive and opens the switch 248,
      thereby cutting off distribution of the high voltage main power in the
      system. The same result occurs in substantially the same way, in the event
      of failure to properly effect the grounding connection 32 to the frame 18
      of the unit 10, from whence the "ground side" connection with the
      reference resistance 40 is derived through the lead 42.
PAR  Secondly, consider a fault condition in which the pilot conductor 46
      becomes shorted to the grounding conductor 30 (either within the cable 12
      or at a plug connecting point for the latter, thereby shunting the normal
      resistance of the cable conductors 46 and 30 only across the reference
      resistance 40. This condition would present a lower left bridge arm of
      very low resistance normally of the order of 1 ohm, thereby reducing the
      potential at the left mid-point 172 of the bridge to a very low positive
      value below the voltage levels at either connection point 190 or the
      mid-point 174 on the right side of the bridge. In this condition wherein
      the remote resistance sensed to exist between the pilot conductor 46 and
      the grounding conductor 30 falls below the lower limit of the window, it
      will be clear that the non-invert voltage input to the comparator 204 from
      the point 174 is more positive than the invert input to the comparator 204
      from the point 172, which results in the output of the comparator 204
      immediately falling to a low or essentially ground level, thereby causing
      the photo diode 250 to cease to conduct and the switch 246 to open. In the
      great majority of cases, when the cable means 12 is damaged, one or the
      other of the above noted conditions affecting the remote resistance 46,
      40, 30 in manner to alter the latter outside of the normal operating
      window will occur and result in fault sensing and protective action by the
      module 16 in one of the ways above noted.
PAR  A short fault between a power conductor and the pilot conductor 46 causes
      the quick acting fuse 180 in the path from the pilot conductor 46 to the
      left mid-point 172 of the bridge, it being understood that actuation of
      the fuse 180 would provide a bridge imbalance analogous to that occurring
      when the pilot conductor 46 is interrupted to produce a shutdown of the
      system in the manner previously described for such last mentioned
      condition.
PAR  It will be observed that the indicators 96 and 98 on the panel are actuated
      whenever the corresponding photo diodes 250 and 252 are conducting and the
      corresponding switches 246 and 248 are closed, as they will be under
      normal operating conditions. If the knob 100 which controls the variable
      resistance 188 is calibrated, however, in terms of the equivalent
      resistance of the remote resistance 46, 40, 30 (typically from 0 to 10
      ohms), rather than in terms of the actual setting of the lumped resistance
      presented by the resistance 188, then an additional function may be
      derived from the indicator 96. Since the indicator 96 will be actuated
      only when the photo diode 250 is conducting, if during initial start up or
      a test period the knob 100 is rotated from a low resistance setting in the
      direction of increasing resistance of the resistance 188, the indicator 96
      will blink on as the photo diode 250 commences to conduct, which will
      represent the actual resistance of the remote resistance 46, 40, 30 in
      terms of the calibrations on the knob 100 just as the remote resistance
      46, 40, 30 enters the window from the lower limit of the latter. This
      feature has been found most advantageous in the preferred embodiment,
      since it permits checking the integrity of the pilot conductor 46, the
      ground conductor 30, the reference resistance 40 and the various
      connections to those elements prior to the application of energizing power
      to the cable 12.
PAR  Those skilled in the art will appreciate that a number of the
      constructional details of the preferred embodiment described for purposes
      of illustrating the invention could be modified or equivalents substituted
      without departing from the gist and essence of the invention. For example,
      although we prefer to employ the Photo-Darlington amplifier components for
      the switches 246 and 248 because of their sensitivity, reliability and
      quick acting nature, other electronic switching components adapted to
      respond to appropriate outputs from the comparators 202 and 204 could be
      substituted with perhaps some sacrifice in the mentioned advantages of the
      preferred embodiment. In any event, however, it should be understood that
      the invention is believed and intended to be construed as limited only by
      the fair scope of the claims that follow and mechanical equivalents
      thereof.
CLMS
STM  We claim:
NUM  1.
PAR  1. Safety control apparatus for use with an electric system of the class
      having a power unit provided with means presenting a source of electrical
      power available for distribution, means providing an electrical ground at
      the power unit, a working unit spaced from and moveable relative to the
      power unit which requires electrical coupling with said ground for safety
      purposes and is provided with means requiring electrical power for
      operation thereof, cable means extending between said units and provided
      with a grounding conductor for coupling said ground with the working unit,
      a pilot conductor and power conductors for coupling said power source
      presenting means at the power unit with said power requiring means at the
      working unit, a resistance component coupled between the ends of said
      grounding and pilot conductors at the working unit, and electrically
      controllable power switching means at the power unit for interrupting the
      coupling of said power conductors to the power source presenting means,
      said apparatus including:
PA1  a resistance measuring bridge circuit having a pair of opposed end-points,
      a pair of opposed mid-points, an arm between each end-point and each
      mid-point respectively, and means applying a direct current voltage across
      said end-points;
PA1  a first resistance component coupled in the arm of the bridge circuit
      between one end-point and one mid-point thereof;
PA1  means coupling the ends of said pilot and grounding conductors at the power
      unit with said one mid-point and the other end-point of said bridge
      circuit respectively;
PA1  an intermediate connection point in the arm of said bridge circuit between
      said one end-point and the other mid-point thereof;
PA1  a second resistance component coupled between said one end-point and said
      intermediate connection point and said other mid-point of said bridge
      circuit;
PA1  a third resistance component coupled between said intermediate connection
      point and said other mid-point of said bridge circuit;
PA1  a fourth resistance component coupled between said intermediate connection
      point and said other end-point of the bridge circuit;
PA1  first voltage comparator means having a pair of input terminals and an
      output terminal and adapted to produce at said output terminal a
      comparison result output dependent upon the relationship between
      electrical potentials applied to said input terminals thereof;
PA1  second voltage comparator means having a pair of input terminals and an
      output terminal and adapted to produce at said output terminal a
      comparison result output dependent upon the relationship between
      electrical potentials applied to said input terminals thereof;
PA1  means electrically coupling said one mid-point of said bridge circuit with
      one input terminal of each of said comparator means;
PA1  means electrically coupling said intermediate connection point of said
      bridge circuit with the other input terminal of said first comparator
      means;
PA1  means electrically coupling said other mid-point of said bridge circuit
      with the other input terminal of said second comparator means; and
PA1  control means operably coupled with said output terminals of said first and
      second comparator means and with said power switching means for
      controlling the latter in response to said comparison result outputs.
NUM  2.
PAR  2. The invention of claim 1, wherein:
PA1  said fourth resistance component is of adjustably variable resistance
      level.
NUM  3.
PAR  3. The invention of claim 1, wherein:
PA1  said control means is arranged for opening said power switching means
      whenever the electrical potential applied to said one input terminal of
      said comparator means from said one mid-point of said bridge circuit is
      either greater than the potential applied to said other input terminal of
      said first comparator means from said intermediate connection point of
      said bridge circuit or less than the potential applied to said other input
      terminal of said second comparator means from said other mid-point of said
      bridge circuit.
NUM  4.
PAR  4. The invention of claim 3, wherein:
PA1  said control means includes a pair of Photo-Darlington circuits each
      provided with a control path and a switched path, means coupling said
      output terminal of each of said comparator means with the control path of
      a corresponding Photo-Darlington circuit, and a control output circuit
      having said switched paths of both of said Photo-Darlington circuits
      coupled in series therewith.
NUM  5.
PAR  5. The invention of claim 4, wherein:
PA1  said control means further includes a control relay having an operating
      coil coupled in series with said control circuit.
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ABST
PAL  A case containing and supported on a channel like bracket that divides the
      case into two chambers. A first chamber contains the signal processing
      circuitry. The second chamber contains the power circuitry. The power
      transistors are mounted on the main wall of the bracket, in the second
      chamber, so that the bracket acts as a heat sink. The bracket has side
      walls which extend along inner walls of the case in good thermal contact
      therewith to provide heat conduction. A variable resistor faces out an
      opening in the top of the case to permit used adjustment of the timing
      constant. The resistor is mechanically supported on an edge of the bracket
      to prevent the resistor being pushed into the case while being adjusted.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Electrical timers are an old and varied group of devices. They operate
      using a wide variety of techniques including mechanical, dashpot, thermal
      and electronic. The various types of timers have different advantages, as
      a function of cost, over each other in the areas of reliability,
      repeatability, life expectancy, size, recycle time, power consumption and
      versatility.
PAR  For modern uses, size has become an increaseingly important consideration.
      Small size units generally carry with them the additional advantages of
      lesser weight and smaller power consumption. The use of modern
      semiconductors can be a big advantage in reducing size, weight and power
      consumption. However, the advantages attendant upon the use of
      semiconductors are obtained only if they are operated within their
      electrical and thermal ratings. The thermal rating, in particular, becomes
      a critical factor when designing for small size. It becomes necessary to
      adequately dissipate the heat so as to prevent the detoriated performance
      that ocurrs when the thermal ratings are exceeded.
PAR  Accordingly, it is a major purpose of this invention to provide a small
      size, semiconductor based, electronic timer having heat dissipation
      characteristics which will maintain the semiconductors within their
      thermal ratings.
PAR  In many functions, a timer may be used repeatedly over a relatively short
      period of time. As the timer is used, the ambient temperature of the
      timing circuit tends to increase because of the heat generated. This may
      cause the time constant of the timing circuit to vary as a function of
      temperature.
PAR  Accordingly, it is another purpose of this invention to provide a timer
      design in which not only is the heat adequately dissipated but in which
      the temperature rise to which the timing circuit is subjected is minimized
      during a period of repeated use of the timer.
PAR  In most applications, a timer has to be designed so the user can set the
      switching time to the desired interval. Accordingly, it is a further
      purpose of this invention to achieve the above purposes in a design that
      permits the user to readily and simply adjust the switching time.
PAR  As is usually the case in industrical applications, it is an important
      purpose of the invention to achieve all the above results in an economical
      design that is efficient not only in its use of power but is also
      relatively easy to fabricate, simple to maintain and inexpensive to
      produce.
PAR  Thus, it can be said that an overall purpose of this invention is to
      provide an optimum trade off between the conflicting parameters of small
      size, high thermal dissipation, high versatility and low cost.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In brief, this invention employs a main bracket of relatively substantial
      mass and size; at least, substantial relatively to the total timer
      dimensions and weight. This bracket acts as a heat sink for the power
      transistors in the timer. The bracket also acts as an effective means to
      conduct heat directly to the case so that the case can operate as a heat
      radiator and so that convection cooling does not have to be relied on
      alone. The bracket divides the interior of the timer case into two
      compartments. In one compartment all of the power circuitry, including the
      power transistors, are located. In the other compartment the timing
      circuitry is located. Thus the bracket acts as a heat shield between the
      heat generating power portion and the timing portion.
PAR  In cross section, the bracket is roughly a U-shaped channel. It has a main
      wall which divides the case into two compartments and which operates as
      the heat shield. The bracket has two side walls which extended along two
      of the walls of the case in good thermal contact therewith to provide heat
      conduction to the case itself.
PAR  The main components of the timer are mechanically mounted to the bracket
      rather than to each other. The timing circuit is spaced from the bracket
      and mounted to the bracket by two spacers. The spacing serves to minimize
      the temperature rise at the elements of the timing circuit. A
      potentiometer is electrically connected to the timing circuit and extends
      through the case so that the user can vary its resistance, thus vary an RC
      time constant thereby setting the switching time of the timer. This
      potentiometer rests on an edge of the bracket so that, in use, the
      manipulation of the potentiometer will not result in pushing the
      potentiometer into the case. The power circuit is mounted directly to the
      bracket through the transistors. The metal heat sink head of the
      transistors is screwed directly onto the bracket so that the bracket will
      operate as a heat sink for the transistors. The base of the timer has a
      series of pins to which the signal and power leads are connected. The base
      is also mounted to a depending leg of the bracket. The metal case slips
      over the entire structure such that two walls of the case slip over the
      side walls of the bracket in good thermal contact therewith.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of the electronic timer of this invention.
PAR  FIG. 2 is an exploded perspective view showing the case removed from the
      rest of the timer.
PAR  FIG. 3 is an exploded perspective view of the main units within the case
      illustrating, primarily, two PC boards, the main bracket and a base.
PAR  FIG. 4 is a perspective view of a main bracket employed in the timer.
PAR  FIG. 5 is an edge view of the interior of the case with the sidewall of the
      main bracket cut away so that the interior can be viewed.
PAR  FIG. 6 is a cross-sectional view along the line 6--6 of FIG. 5 showing the
      interior of a case looking at the transistors mounted on the main wall of
      the bracket.
PAR  FIG. 7 is a cross-sectional view along the line 7--7 of FIG. 6 showing the
      interior of a case as viewed from the top from a plane just under the
      potentiometer.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  With references to the FIGS., all of which relate to the same embodiment,
      the timer 10 of this invention includes a case 12. A main U-shaped bracket
      14 has an L-shaped leg 15. A screw 16 fastens a base 18 to the leg 15. The
      main bracket 14 is within the case 12 and divides the interior of the case
      12 into two main chambers 20 and 22. As will be described in greater
      detail below, the purposes of this main bracket 14 include functioning as
      a heat shield, functioning as a heat sink and providing mechanical
      support.
PAR  Within the first chamber 20 of the interior of the case 12, there is
      mounted a first printed circuit (PC) board 24. This PC board 24 is mounted
      (by screws) to the main bracket 14 but held spaced from the main bracket
      14 by two diagonally positioned spacers 26. This PC board 24 contains the
      timing modules and thus the chamber 20 will be referred to herein as the
      control portion of the timer 10.
PAR  The second chamber 22 contains two power transistors T1 and T2 as well as a
      second PC board 28 to which the power circuitry of the timer is mounted.
      Accordingly, the chamber 22 will be referred to herein as the power
      portion of the timer 10. The two transistors T1 and T2 are electrically
      connected to this second PC board 28. Indeed, the second PC board 28 is
      supported by the leads of the transistors.
PAR  A potentiometer 30 is mounted to face through an opening in the top of the
      case 12 so that the user can vary the resistance of this potentiometer 30.
      This variable resistor 30 is electrically connected to the timing
      circuitry in the first PC board 24.
PAR  The transistors T1 and T2 have a metal heat sink head portion 32. These
      heads 32 are fastened by eyelets, in good thermal contact, to the main
      bracket 14. Thus the main bracket 14 acts as a heat conductor and assures
      that the transistors T1, T2 are provided with an effective heat sink.
PAR  Because the transistors T1 and T2 and all the power components are
      positioned on the power portion 22 side of the bracket 14, the bracket 14
      serves as a shield to keep the temperature of the components on the timing
      board 24 from getting excessively high. As a consequence, there is an
      improved stability in the reset timing selected by the user over the range
      of conditions from a cold start to whatever temperature is achieved in the
      timer after it has been running for a substantial period of time.
PAR  The variable resistor 30 is connected to the timing board 24 by small
      flexible leads. The base of this variable resistor (potentiometer) 30, and
      more specifically the molded plastic case within which the resistance
      element is mounted, is set against an upper edge of the bracket 14. Thus
      the bracket 14 provides support for the potentiometer 30 when the user
      sets the time desired. The leads from the potentiometer do not provide
      enough support to prevent the potentiometer 30 from being pushed into the
      interior of the shell 12 and thus the bracket 14 provides mechanical
      support for this potentiometer 30. The bracket 14 also provides mechanical
      support for the timing board 24, through the two diagonally placed spacers
      26. The bracket 14 further provides mechanical support for the power board
      28 through the transistors T1 and T2.
PAR  A light emitting diode (LED) 34 is mounted to the power board 28 and
      extends through a second opening in the top of the case 12 in order to
      provide an indication that the timer is on. Four vent openings 40 aid in
      dissipating heat.
PAR  Although broadly speaking the bracket 14 is U-shaped, it is more like a
      channel having a main wall 14a and two side walls 14b. The leg 15 of the
      bracket extends down from the main wall 14a. The transistors T1, T2 as
      well as the two PC boards 24 and 28 are all mounted to the main wall 14a.
      The case 12 is attached to the two side walls 14b of the bracket 14 by
      three small screws 36. Thus good thermal contact is made between the case
      12 and the bracket 14 so that heat can be dissipated and the case 12 will
      aid in the dissipation of heat.
PAR  The base 18 has a series of pins 38 which extend through the base. The
      leads from the timing circuit and from the power circuit are connected to
      these pins 38 and the result is that the entire assembled timer can be
      plugged into a circuit in which it is designed to be used.
PAR  Thus, all of the elements of the timer are mounted directly or indirectly
      to the main bracket 14. Although all of the elements of the timer 10 are
      mounted within the case 12, none of these elements are mounted to the
      walls of the case 12 except through the main bracket 14.
PAR  Because of this support structure, the separation of the timing circuitry
      and the power circuitry and the use of the bracket 14 as heat sink, heat
      conductor, heat shield and main support member, it was possible in one
      embodiment to provide a two ampere switch in a case approximately 11/2
      .times. 11/4 .times. 11/4 inches. In that embodiment, the bracket 14 was
      fabricated from 0.062 inch thick aluminum.
PAR  To simplify illustration, FIGS. 5-7 do not show the electrical elements
      (resistors and capacitors mainly) that project inboard from the two PC
      boards 24, 28 and FIGS. 2-3 only suggest some of the circuit elements.
PAR  The timing PC board 24 is held to the bracket 14 by two screws 41 and held
      spaced by the spacers 26 through which the screws 41 extend. So too, the
      power PC board 28 is held to the bracket 14 by the transistor leads 42 and
      is held spaced by the sidewalls 14b of the bracket.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A manually adjustable electrical circuit support structure comprising:
PA1  a case,
PA1  a channel-shaped bracket having a main wall and two side walls, said main
      wall extending longitudinally and laterally through said case to divide
      the interior of said case into substantially first and second chambers,
      said side walls extending along attached to the inner walls of said case
      in thermal contact with said walls of said case,
PA1  a processing first circuit board spaced from said bracket and within said
      first chamber, said circuit board being mechanically supported by said
      bracket,
PA1  a second circuit board within said second chamber and mechanically
      supported by said bracket,
PA1  power transistors connected with said second circuit board said power
      transistors mounted directly on said bracket in said second chamber and in
      thermal contact with said bracket, said bracket acting as a heat sink for
      said transistors, and
PA1  a variable electrical element connected to said first circuit board, said
      variable element operable through an opening in a wall of said case to
      permit user adjustment of the electrical parameter of said element, a
      surface of said element bearing on an edge of said main bracket, said main
      bracket preventing said element from being pushed into said case.
NUM  2.
PAR  2. The structure of claim 1 further comprising:
PA1  a base mechanically mounted to the lower edge of said bracket, and
PA1  pins extending through said base, said first circuit board and said second
      circuit board being electrically connected to said pins of said base.
NUM  3.
PAR  3. The structure of claim 2 wherein:
PA1  said base is mechanically supported solely by said bracket,
PA1  said second circuit board is mechanically supported solely by said bracket,
PA1  said first circuit board is mechanically supported solely by said bracket,
      and
PA1  said variable element is mechanically supported by said bracket in a
      direction orthogonal to the plane of said case wall through which said
      elements extend.
NUM  4.
PAR  4. The structure of claim 1 wherein said side walls of said bracket extend
      along the walls of said case in said second chamber and away from said
      first circuit board.
NUM  5.
PAR  5. The structure of claim 2 wherein said side walls of said bracket extend
      along the walls of said case in said second chamber and away from said
      signal circuit.
NUM  6.
PAR  6. The structure of claim 3 wherein said side walls of said bracket extend
      along the walls of said case in said second chamber and away from said
      first circuit board.
NUM  7.
PAR  7. A manually adjustable electrical unit comprising:
PA1  a case,
PA1  a channel-shaped bracket having a main wall and two side walls, said main
      wall extending longitudinally and laterally through said case to divide
      the interior of said case into substantially first and second chambers,
      said side walls extending along and attached to the inner walls of said
      case in thermal contact with said walls of said case,
PA1  a first circuit board spaced from said bracket and within said first
      chamber, said circuit board being mechanically supported by said bracket,
PA1  a second circuit board within said second chamber and mechanically
      supported by said bracket.
PA1  power transistors connected with said second circuit board, said power
      transistors mounted directly on said bracket in said second chamber and in
      thermal contact with said bracket, said bracket acting as a heat sink for
      said transistors, and
PA1  a variable resistor electrically connected to said first circuit board,
      said variable resistor operable through an opening in a wall of said case
      to permit user adjustment of the resistance of said resistor, a surface of
      said resistor bearing on an edge of said main bracket, said main bracket
      preventing said resistor from being pushed into said case.
NUM  8.
PAR  8. The unit of claim 7 further comprising:
PA1  a base mechanically mounted to the lower edge of said bracket, and
PA1  pins extending through said base, said first circuit board and said second
      circuit board being electrically connected to said pins of said base.
NUM  9.
PAR  9. The timer of claim 8 wherein:
PA1  said base is mechanically supported solely by said bracket,
PA1  said second circuit board is mechanically supported solely by said bracket,
PA1  said first circuit board is mechanically supported solely by said bracket,
      and
PA1  said resistor is mechanically supported by said bracket in a direction
      orthogonal to the plane of said case wall through which said resistor
      extends solely by said brakcet.
NUM  10.
PAR  10. A timer of claim 7 wherein said side walls of said bracket extend along
      the walls of said case in said second space and away from said first
      circuit board.
NUM  11.
PAR  11. A timer of claim 8 wherein said side walls of said bracket extend along
      the walls of said case in said second space and away from said timing
      circuit.
NUM  12.
PAR  12. A unit of claim 9 wherein said side walls of said bracket extend along
      the walls of said case in said second space and away from said first
      circuit board.
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ABST
PAL  For the purpose of assuring the holding latching relay in a nonconductive
      situation whenever an operator turns off a power switch, this invention
      provides a circuit for generating a signal for a predetermined time
      interval after the power switch is opened. The circuit includes a power
      switch, a capacitor charge only when the power switch is closed, a
      transistor and means for applying a terminal voltage of the capacitor to
      the transistor in order to render it conductive when the power switch is
      opened. A rectifier may be provided to prevent a reverse current and the
      capacitor maybe charged through the rectifier.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a circuit for generating a signal for a
      predetermined time interval after a power switch is opened.
PAR  2. Description of the Prior Art
PAR  In the case of a conventional latching relay, for example, a contact is
      closed when a conduction signal is supplied and the contact is kept closed
      even after the conduction signal is cut off; and the contact is opened if
      a nonconduction signal is subsequently supplied and the contact is kept in
      the same situation until the next conduction signal is supplied. In such a
      case, if a power switch of a signal generating device is opened after a
      conduction signal is applied, the contact of the latching relay is kept
      closed since a nonconduction signal will not be supplied thereafter.
PAR  However, it is sometimes very desirable that the latching relay is
      maintained in a nonconductive situation whenever an operator turns off the
      power switch.
PAR  Further, in the case of a RC integrating circuit, for another example, when
      a time duration required to raise a terminal voltage of an integrating
      capacitor up to a predetermined value from its initial state where said
      terminal voltage of the integrating capacitor is zero is measured and its
      charging time is used for a particular purpose, a certain amount of
      electric charge is held on the capacitor if the power supply of the RC
      integrating circuit is interrupted before the terminal voltage across two
      terminals of the capacitor reaches the predetermined value.
PAR  When the power switch is closed again after a period of time, a
      disadvantage is noted in that the time required to charge up the capacitor
      to the predetermined voltage is shorter than normal value because the
      capacitor retains some residual charge before it is charged again. Thus,
      it is necessary to bring down the capacitor terminal voltage to zero
      (initial condition) whenever the power source is switched off.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, I have conceived the present invention whereby I am able to
      provide an improved device overcoming the disadvantages of the prior art
      and to generate a signal for a predetermined time interval after the power
      switch is turned off.
PAR  According to my invention, the device or circuit comprises a power switch,
      a capacitor charged only when the power switch is closed, a transistor and
      means for applying a terminal voltage of the capacitor to the transistor
      in order to make the transistor conductive when the power switch is
      opened.
PAR  There has thus been outlined rather broadly the more important features of
      the invention in order that the detailed description thereof that follows
      may be better understood, and in order that the present contribution to
      the art may be better appreciated. There are, of course, additional
      features of the invention that will be described hereinafter and which
      will form the subject of the claims appended hereto. Those skilled in the
      art will appreciate that the conception upon which this disclosure is
      based may readily be utilized as a basis for the designing of other
      structures for carrying out the several purposes of the invention. It is
      important, therefore, that the claims be regarded as including such
      equivalent construction as do not depart from the spirit and scope of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Specific embodiments of the invention have been chosen for purposes of
      illustration and description, and are shown in the accompanying drawings
      forming a part of the specification wherein:
PAR  FIG. 1 is an electric circuit diagram of the first illustrative embodiment
      of the invention;
PAR  FIG. 2 is an electric circuit diagram of a RC integrating circuit provided
      with the first embodiment of the present invention;
PAR  FIG. 3 is a wiring diagram of a latching relay circuit applying the same
      embodiment of the present invention;
PAR  FIG. 4 is a waveform diagram useful to explain the operation of the circuit
      shown in FIG. 3;
PAR  FIG. 5 is an electric circuit diagram of the second illustrative embodiment
      of the present invention;
PAR  FIG. 6 is an electric circuit diagram of a RC integrating circuit applying
      the second embodiment of the present invention;
PAR  FIG. 7 is a wiring diagram of a latching relay circuit applying the second
      embodiment of the present invention; and
PAR  FIGS. 8 through 10 shown respectively the third through the fifth
      embodiments of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring to FIG. 1, the emitter of a transistor 1 is connected to a
      positive terminal of a power source 3 in series with a power switch 2, the
      collector electrode of the transistor 1 is connected to a negative
      terminal of the power source 3 through a capacitor 4, and the base
      electrode is connected to the negative terminal of the power source 3 in
      series with a resistor 5. Two series connected resistors 6 and 7 are
      connected to the power source 3 in series with the power switch 2.
PAR  The base of a transistor 8 is connected at a junction point of resistors 6
      and 7, the collector electrode of the transistor 8 is connected at a
      junction point of the collector of the transistor 1 and the capacitor 4
      through a resistor 9, and the emitter of the transistor 8 is connected to
      the negative terminal of the power source 3.
PAR  Resistance values of both resistors 6 and 7 are selected so as to render
      the transistor 8 conductive when the power switch 2 is closed.
PAR  The base of a transistor 10 is connected at a juncture point of the
      collector of the transistor 8 and the resistor 9, the emitter of the
      transistor 10 is connected to the negative terminal of the power source 3,
      and the collector of the transistor 10 is connected to the positive
      terminal of the power source 3 through a resistor 11. A resistor 12 which
      has a high resistance is connected in shunt with the capacitor 4.
PAR  The circuit explained above operates as follows:
PAR  Both of the transistors 1 and 8 become conductive as the power switch 2 is
      closed. On the other hand, the transistor 10 is nonconductive because its
      emitter and base are substantially short circuited by the conducting
      transistor 8. The capacitor 4 is charged as the power switch 2 is closed.
PAR  When the switch 2 is opened after a period of time, both of the transistors
      1 and 8 are turned off. On the contrary, the transistor 10 becomes
      conductive because the voltage across two terminals of the capacitor 4,
      which has been charged by this time, is applied between the base and the
      emitter of the transistor 10.
PAR  In other words, the transistor 1 is turned off upon opening of the power
      switch 2, therefore charges on the capacitor 4 cannot flow through the
      circuit of the resistors 6 and 7, but the voltage across the two terminals
      of the capacitor 4 is applied between the base and emitter of the
      transistor 10.
PAR  Then the charges on the capacitor 4 are consumed as a current flow in the
      circuit of the resistor 9 and the base emitter junction of the transistor
      10. A predetermined time later, when the voltage across the terminals of
      the capacitor 4 is less than a threshold voltage of the transistor 10, the
      transistor 10 automatically turns into the nonconductive state. As a
      result, all of the circuit elements are brought back to their initial
      situation or nonoperative condition.
PAR  Thus, it will be seen that the aforementioned circuit generates a signal
      which causes conduction of the transistor 10 for a predetermined constant
      time interval when the power switch 2 is turned off.
PAR  The resistor 12 serves to prevent the prolongation of the time required to
      discharge the capacitor 4 by an increase in an input impedance as the
      terminal voltage of the capacitor 4 approaches the threshold voltage of
      the transistor 10 when the charge on the capacitor 4 is discharged.
PAR  The predetermined time interval can be set optionally by selecting the
      resistance values of the resistors 9 and 12 and the capacity of the
      capacitor 4.
PAR  Referring now to FIG. 2, there is shown a circuit diagram including the
      first embodiment of the invention wherein the time required to raise the
      terminal voltage of a capacitor in a RC integrating circuit from zero to a
      predetermined value in the initial state is detected, and its charging
      time is used for a given purpose.
PAR  Two RC integrating circuits respectively comprise resistors R, R' and
      capacitors C, C' in series relation, are connected to a power source 3
      through a switch 2. Two level detecting circuits 15 and 15' are
      respectively connected to corresponding juncture points J and J' of C, C'
      and R, R' of the two RC integrating circuits to detect the potentials at
      the respective juncture points J and J'.
PAR  The operation of the RC integrating circuits and the level detecting
      circuits will be explained. Assuming that the voltage across the terminals
      of each capacitor C and C' is zero when the power switch is opened, the
      potential at each juncture point J and J' rises as time passes after the
      switch 2 is closed.
PAR  Each of the level detecting circuits 15 and 15' detects respectively the
      potentials at each juncture point, and provides output signals at the
      corresponding output terminals PO and PO' when the potentials at the
      corresponding juncture points become equal to the respectively
      predetermined values. Therefore, I provide two predetermined constant time
      values required for the potentials at two juncture points J and J' to rise
      from zero to the respective predetermined constant levels.
PAR  However, if the power switch is opened before the potentials at two
      juncture points reach the corresponding constant levels, charges on the
      capacitors C and C' are held as they are so that the capacitors C, C' have
      some amount of residual charges on them at the moment the power switch 2
      is closed again. As a result, a problem arises in that the time required
      to build the potential of the juncture points J and J' up to the
      predetermined level is shorter than the predetermined constant time, which
      is the time required for the terminal voltages of the capacitors C and C'
      to rise from zero up to the respective predetermined values.
PAR  This problem is solved by connecting respectively the terminals of the
      capacitors C and C' in shunt with the emitter and the collector of the
      corresponding transistors 10 and 10', as shown in FIG. 2.
PAR  With this configuration, when the power switch 2 is closed, the integrating
      circuits carry out the proper integration without affecting the
      transistors 10 and 10' which are now nonconductive, and the level
      detecting circuits 15 and 15' respectively detect when the potentials of
      the juncture points J and J' rise up to the respectively predetermined
      values and generate the output signals on the output terminals PO and PO'
      at that time.
PAR  When the power switch 2 is opened, as beforementioned, the transistors 10
      and 10' become conductive, the capacitors C and C' are short circuited by
      the transistors 10 and 10' respectively, their terminal voltages drop to
      zero, and all of the circuit elements return to their initial state.
      Therefore, if the power switch 2 is closed again, the level detecting
      circuits detect the time required for the potentials of the juncture
      points J and J' to rise up to the predetermined levels without any error
      since the integrating circuits start from their initial state, each of the
      juncture points J and J' being at zero level.
PAR  FIG. 3 shows the second embodiment of this invention which includes a
      latching relay.
PAR  A pulse signal generator 20, which produces pulse signals alternately on
      its two output terminals 20a and 20b, is connected to a power source 3 in
      series with a power switch 2.
PAR  The collector electrodes of transistors 21 and 22 are respectively
      connected to their corresponding coils La and Lb, their base electrodes
      are respectively connected to the output terminals 20a and 20b of the
      pulse signal generator 20, and their emitter electrodes to a negative
      terminal of the power source 3.
PAR  The coil La is connected to a positive terminal of the power source 3 in
      series with the switch 2 and the coil Lb is directly connected to the same
      positive terminal of the source 3.
PAR  When the output signals I and II respectively on the output terminals 20a
      and 20b are supplied to the corresponding transistors 21 and 22, the
      transistors are turned on and pulse currents ia and ib flow through the
      coils La and Lb.
PAR  An electric contact 23 is closed when the pulse current ia passes through
      the coil La, and is held in the same position by magnetic or mechanical
      means till the other pulse current ib flows through the coil Lb, at which
      time the contact 23 is opened, and the same remains opened until the
      current ia flows through the coil La again.
PAR  The pulse signal generator 20, the transistors 21 and 22, coils La and Lb
      and the contact 23 as explained above constitute a latching relay.
PAR  In operation, if the power switch 1 is closed, the boltage Eb of the power
      source 3 is applied to the circuit shown in FIG. 3. (See waveform a in
      FIG. 4). The pulse signal generator 20 alternately provides the signals I
      or II shown in waveforms b and c of FIG. 4, and the contact 23 is opened
      or closed as shown in waveform d of FIG. 4.
PAR  Assuming that the power switch 2 is opened after the signal I was supplied
      as seen in the waveform a of FIG. 4, the contact 23 is kept closed since
      the signal II is no longer supplied.
PAR  Therefore, if the contact 23 is connected in series with a lamp 24 and a
      power source 25, the lamp 24 is kept lighted and the power source 25 is
      wasted.
PAR  In the above case, it is desired that the contact 23 of the relay is opened
      whenever the power switch 2 is opened. This invention can be used for this
      purpose.
PAR  The transistor 1 and the resistor 5 are used for the purpose of preventing
      reverse current in the embodiment of FIG. 1. Instead of that, a diode D is
      connected between the power switch 2 and the capacitor 4 and a collector
      electrode of a transistor 10 is connected to a juncture point of the coil
      Lb and the collector electrode of the transistor 22 for the same purpose.
PAR  A capacitor 30 is also connected in shunt between the base and the emitter
      electrodes of the transistor 10 in order to prevent the malfunction of
      this circuit and to decrease the consumption of the contact caused by
      chattering of the power switch 2.
PAR  The remaining configurations of the circuit are the same as those shown in
      FIG. 1.
PAR  In accordance with the circuit in FIG. 3, the transistor 10 is turned on
      for a predetermined time interval to cause the current ic to flow through
      the coil Lb because the terminal voltage of the capacitor 4 is applied to
      the transistor 10 even if the power switch 2 is opened after the signal I
      was impressed (see waveform e in FIG. 4).
PAR  Therefore, the contact 23 is opened and kept opened thereafter (see
      waveform f in FIG. 4).
PAR  After the predetermined time interval, the transistor 10 turns off and all
      circuit elements of this circuit are brought back to a non-operative
      situation.
PAR  The transistor 8 shown in FIG. 1 through FIG. 3, which is turned on in
      order to effect a short circuit between the base and the emitter
      electrodes of the transistor 10 when the power switch 2 is closed, can be
      replaced with a mechanical switch that is linked with the power switch 2
      to be opened or closed respectively in accordance with opening or closing
      of the latter.
PAR  Embodiments in which the transistor 8 has been replaced with the mechanical
      switch 8A are shown in FIG. 5, FIG. 6 and FIG. 7.
PAR  The operation of the circuits in these Figures is the same as in the FIG. 1
      through FIG. 3. The embodiments shown in FIG. 2 and FIG. 6 teach that a
      linked switch is enough to reset plural circuits at the same time in
      accordance with this present invention.
PAR  As shown in FIG. 8, a switch 8B is connected between a resistor 9 and the
      base of a first transistor and is linked with a power switch 2 in order to
      be opened or closed respectively in accordance with closing or opening of
      the power switch 2. By this configuration, it is also possible that the
      first transistor is switched on since a voltage across the terminals of a
      first capacitor is applied between the base and the emitter electrodes of
      the first transistor through the resistor 9 and the switch 8B.
PAR  Furthermore, the switch can be connected in the emitter circuit or the
      collector circuit of the first transistor instead of its base circuit to
      generate a signal for a predetermined period after the power switch 2 is
      opened. These modifications are shown respectively in FIG. 9 and FIG. 10.
PAR  From the foregoing description, it will be seen that I contribute a circuit
      according to which a generating signal is established for a predetermined
      period after a power switch is turned off, and it can be automatically
      terminated without a switch or with only one switch linked with the power
      switch.
PAR  I believe that the construction and operation of my novel circuit will now
      be understood and that the advantages thereof will be fully appreciated by
      those persons skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. A circuit for generating a signal for a predetermined time interval
      after a power switch is opened, comprising a power switch, a capacitor
      coupled to be charged by current from a power source only when said power
      switch is closed, a transistor having a control electrode, and having a
      pair of principal conducting electrodes, means for applying a terminal
      voltage of said capacitor to said transistor control electrode to render
      said transistor conductive for a predetermined time interval after said
      power switch is opened, and a latching relay having first and second
      coils, having switch means biased in a first switch position when the
      first coil is energized and biased in a second switch position when the
      second coil is energized, and having means for supplying current
      alternately to the first and the second coils when the power switch is
      closed, wherein said second coil is connected in series with said
      principal conducting electrodes of said transistor and supplied with
      current through said transistor when the power switch is opened.
NUM  2.
PAR  2. A circuit for generating a signal for a predetermined time interval
      after a power switch is opened comprising
PA1  a power switch;
PA1  a capacitor connected to be charged only during the time said power switch
      is closed;
PA1  a first transistor;
PA1  circuit means for applying a terminal voltage of said capacitor to said
      first transistor to render it conductive for a predetermined time interval
      after said power switch is opened; and
PA1  a latching relay including a first coil, a second coil, switch means biased
      in one condition when said first coil is energized and biased in another
      condition when said second coil is energized, means for supplying current
      alternately to said first and said second coils when said power switch is
      closed, and means coupling said first transistor to energize one of said
      coils when said transistor is rendered conductive.
NUM  3.
PAR  3. A circuit according to claim 2, wherein said circuit means includes
      switch means for rendering said first transistor non-conductive when said
      power switch is closed.
NUM  4.
PAR  4. A circuit according to claim 3, wherein said switch means is a second
      transistor connected between the base and the emitter of said first
      transistor, and further comprising means connected to render said second
      transistor conductive when said power switch is closed.
NUM  5.
PAR  5. A circuit according to claim 3, wherein said switch means is a ganged
      switch linked with said power switch.
NUM  6.
PAR  6. A circuit according to claim 3, wherein said means for supplying current
      to said coils includes a pair of coildriving transistors connected
      respectively in series with said first and second coils, and means for
      controlling said coildriving transistors to conduct alternately when said
      power switch is closed, said first transistor being connected in parallel
      with one of said coil-driving transistors.
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ABST
PAL  An anode for electrolytic devices formed from pressed and sintered compacts
      of an agglomerated refractory metal powder comprised of polynodal granules
      of adhered particles with the nodes being of a size the same order of
      magnitude as the size of the individual particles. Such agglomerated
      powder is produced by the method including the steps of heating a powder
      under chemically non-reactive conditions to effect agglomeration between
      the powder particles, and subsequently crushing the resultant particulate
      porous agglomerated mass to form said agglomerated polynodal granules. The
      anodes combine low green and sintered density, equivalent series
      resistance, dissipation factor and D.C. leakage with a high specific
      capacitance.
PARN
PAC  BACKGROUND OF INVENTION
PAR  This is a continuation of co-pending application Ser. No. 290,624, filed
      Sept. 20, 1972, which was a division of co-pending application Ser. No.
      132,075, filed Apr. 7, 1971, now abandoned, which was a continuation of
      co-pending application Ser. No. 756,357, filed Aug. 30, 1968, now
      abandoned, which was a division of co-pending application Ser. No.
      701,870, filed Jan. 31, 1968, now U.S. Pat. No. 3,418,106, which was a
      continuation-in-part of co-pending application Ser. No. 369,039, filed May
      17, 1967, now abandoned.
BSUM
PAR  The use of refractory metals, such as, for example, tantalum, has become
      increasingly widespread in recent years due to the well known
      characteristics of such metals. One of these characteristics, the high
      melting point, makes it difficult to process such materials in
      conventional manners and has resulted in the development of powder
      metallurgy technology to fully utilize such materials. Typically, in
      powder metallurgy, metal powders are pressed into basic shapes, sintered
      to form a compact and then, if necessary, worked into a desired final
      shape.
PAR  One desirable characteristic of such powder metal products is that the
      sintered compacts are often porous, a characteristic useful, for example,
      for infiltration of other materials into the compact. Often, however, the
      pressures required to obtain sintered compacts result in products having a
      greater density than might be desired.
PAR  For example, one common use of tantalum powder is for the formation of
      electrodes for use in electrolytic capacitors. These components are made,
      as is well known in the art, by pressing the tantalum powder to form a
      coherent compact, sintering this compact and subsequently forming a
      dielectric film on the sintered compact. Such electrodes are advantageous
      since, being porous, they have a surface area considerably larger than the
      area of the outside surface of the electrode itself.
PAR  Accordingly, when such sintered tantalum compacts are used as anodes in
      electrolytic capacitors they provide a large reactive surface area in a
      relatively small volume. This is important since the capacitance of a
      capacitor is directly related to the surface area of its electrodes.
PAR  Problems are encountered, however, in obtaining desired density and
      porosity of powder metal compacts. For example, in tantalum anodes, high
      purity of the metal is a factor in minimizing current leakage across the
      dielectric film formed on the anode. High purity is obtained by utilizing
      high sintering temperatures to volatilize various detrimental impurities
      present in the powder. In the formation of tantalum anodes, for example,
      temperatures of at least 1700.degree.C and usually 1800.degree.C or more
      are used in order to provide a high purity compact.
PAR  This high sintering temperature results in a sintered compact of increased
      density and lower surface area, thereby providing an anode of lower
      capacity, as compared with those compacts prepared at lower sintering
      temperatures. Since low current leakage is almost a necessity for high
      voltage application, and since the capacity of an anode further decreases
      as formation voltage increases, such sintered tantalum powder electrodes
      are not completely satisfactory for use in high voltage application where
      relatively high capacitance, low dissipation and low leakage are desired.
PAC  SUMMARY OF INVENTION
PAR  In accordance with the present invention there is provided an agglomerated
      refractory metal powder, such as tantalum powder, which is capable of
      being pressed and sintered to form compacts of reduced density, higher
      surface area and more uniform porosity than previously existing sintered
      compacts. When such compacts are utilized as anodes, e.g., in tantalum
      electrolytic capacitors, they possess increased capacity, have a lower
      dissipation factor and have current leakage levels as low as existing
      tantalum anodes or lower.
PAR  Furthermore, when using the powder of the present invention, sintered
      compacts can be advantageously prepared by pressing the powder at lower
      pressures since the agglomerated powder tends to shift less than
      nonagglomerated powders and possesses better flow characteristics than
      existing high capacity tantalum powders.
PAR  Powders of this invention are prepared by heating metal powder, such as
      tantalum, the agglomeration under chemically non-reactive conditions.
      Agglomeration of such powders should be understood to include the heating
      of the powder at temperatures sufficient to allow the individual powder
      particles to begin to physically adhere one to the other but not
      sufficient to allow the individual identity of the particles to be lost,
      such as occurs when such powders are sintered.
PAR  The resulting particulate porous mass is crushed to form agglomerated
      polynodal powder granules of adhered particles having a greater bulk
      volume and lower bulk density than unagglomerated powder of the same
      particle size as the powder from which the agglomerated powder is formed,
      and in which the nodes of the granules are of a size the same order of
      magnitude as the size of the particles from which the agglomerated powder
      is formed.
PAR  As indicated above, the particulate porous mass is formed by heating the
      metal powder, such as tantalum, to agglomeration under chemically
      non-reactive conditions. It should be noted that this particulate porous
      mass is a mass of agglomerated tantalum metal powder. This particulate
      porous tantalum mass is directly crushable as tantalum to form the
      agglomerated polynodal powder granules of the present invention without
      the necessity of using any supplemental chemical or metallurgical
      treatment, e.g., without subjecting the particulate porous mass to a
      hydriding process. Not only is the particulate porous mass so crushable,
      but the agglomerated polynodal powder granules of adhered particles of
      tantalum metal are also crushable under the same conditions.
PAR  One suitable tantalum powder which can be processed in accordance with the
      present invention is prepared by crushing and separating into desired
      particle size a tantalum ingot, typically formed by electron beam melting
      procedures, as is well known in the art. The powder produced in this way
      from such electron beam melted ingots generally comprises crystalline
      granules of cubic habit.
PAR  Another type of powder which can be prepared in accordance with the present
      invention is a powder made from reducing a salt of tantalum, such as
      potassium fluorotantalate (K.sub.2 T.sub.a F.sub.7), with an alkali metal,
      such as sodium, typically at temperatures above the melting point of all
      ingredients and products except tantalum which precipitates as a fine
      dendritic powder.
PAR  Typically, this sodium reduced powder is formed into tantalum electrodes
      having higher capacity and larger current leakage than sintered electrodes
      prepared from the electron beam melted material. For this reason, such
      sodium powders are not as suitable for use in high voltage applications as
      are electron beam powder products.
PAR  In the formation of agglomerated powder for use in capacitor anodes,
      tantalum powder particles, typically ranging in size between about 2 and
      30 microns are heated at temperatures of about 1200.degree.-1550.degree.C
      to form a particulate porous agglomerated mass. The mass is crushed to
      form polynodal granules having a size from 50-100 weight per cent smaller
      than 325 mesh in which the nodes of the granules range in size between
      about 2 and about 30 microns. The bulk density of such agglomerated powder
      ranges between about 65-75 grams per cubic inch in comparison with
      unagglomerated powder which has a bulk density of about 80-85 grams per
      cubic inch.
PAR  The optimum reaction temperature depends in part upon the particle size
      distribution of the tantalum powder used. A tantalum powder with most if
      its particles being less than ten microns is agglomerated at a temperature
      in the vicinity of 1200.degree.-1300.degree.C in order to avoid excessive
      fusion of the tantalum particles into a unitary mass. Contrariwise, when a
      tantalum powder consists essentially of particles of a size greater than
      20 microns, the agglomerating temperature is likely to be higher, or the
      time of agglomeration longer.
PAR  The agglomeration process is generally performed under an inert atmosphere
      such as argon or helium, or in a vacuum, typically of one micron of
      mercury or less.
PAR  The measurement of the size and distribution of powder particles is
      conventional. The powder particles can be sorted, if desired, by an
      instrument, such as a Roller Separator, and the measurement taken
      microscopically.
PAR  In the formation of tantalum powder for use as electrodes, it is desirable
      to continue crushing the particulate mass until from 75-90 weight percent
      of the resulting powder passes through a 325 mesh screen (U.S. standard
      screen scale). It is generally desirable to discontinue the crushing
      action when about 95 weight percent of the powder product passes through a
      325 mesh screen, as excessive crushing can cause the unique
      characteristics of the powder of this invention to diminish. Powders in
      which less than 50 percent of their weight pass through a 325 mesh screen
      tend to form structurally weak, sintered electrodes of lower electrical
      capacity. Empirically, it has been found that agglomerated tantalum powder
      which has been crushed to pass completely through a 60 mesh screen has a
      size distribution which closely resembles the size distribution of a
      tantalum powder which has been crushed until 90 per cent of the powder
      passes through a 325 mesh screen, and the two powders form sintered
      electrodes having roughly similar characteristics.
PAR  It is desirable to use only a simple crushing action during the crushing
      step rather than using a more severe milling action in order to preserve
      the agglomerated condition of the powder. A smooth-jaw jaw crusher is
      highly suitable for this use.
PAR  The sintering temperature ranges between about 1700.degree.C and about
      2100.degree.C in order to purify the tantalum by volatilizing the harmful
      contaminates in the electrode, as is known in the art. The sintering step
      is typically performed in a vacuum. The powdered tantalum may be initially
      held together after pressing and before sintering by the addition of a
      small amount, e.g., two weight percent, of a binding agent for the
      compressed powder. Waxes are suitable binding agents, particularly
      polyethyleneglycol wax.
DETD
PAR  The following examples are for illustrative purposes only and should not be
      construed to limit the invention, which is described in the appended
      claims.
PAR  Quantitative measurements of the capacitance of the composite tantalum
      powder electrodes described in this application are expressed in terms of
      specific capacity (CV/g), which is the capacitance of the electrode in
      microfarads, multiplied by the anodizing of forming voltage used for
      placing an anodized film on the given electrode, and divided by the weight
      of the electrode in grams.
PAC  EXAMPLE 1
PAR  a. A tantalum powder prepared by crushing an electron beam melted tantalum
      ingot into particles having a size ranging essentially from 2-30 microns
      was heated in a vacuum at 1350.degree.C for 1 hour. The resulting
      agglomerated mass was then crushed to a powder in a smooth-jaw jaw crusher
      until 75 weight percent of the product was less than 325 mesh.
PAR  b. A two-gram portion of the agglomerated powdered product was mixed with
      two weight percent of a polyethyleneglycol wax binder (e.g., Carbowax
      6000, sold by the Union Carbide Company) and pressed in a quarter inch
      cylinder at about 40 pounds pressure to form a compact of about 62 mm. in
      length.
PAR  c. A two-gram portion of the original, unagglomerated tantalum powder was
      mixed with about two weight percent of the same polyethyleneglycol wax and
      similarly pressed into a compact having same dimensions as the above. In
      this case, about 80 pounds of pressure were required in order to obtain a
      coherent compact.
PAR  d. The two compacts were sintered in a vacuum at 1900.degree.C for 10
      minutes, cooled and measured for their electrical capacity as follows: The
      sintered compacts were formed to 200 volts in a 0.01 percent solution of
      phosphoric acid at 90.degree.C, holding a constant current of 70 milliamps
      until desired potential was achieved.
PAR  e. The formed compacts were then dried, and their capacitance checked in a
      ten weight percent aqueous solution of phosphoric acid with a General
      Radio Company capacitance bridge.
PAR  The specific capacity (CV/g) of the formed compacts was then calculated,
      being the capacitance in microfarads multiplied by the forming voltage
      (200 volts in this case) and divided by the weight of the compact (two
      grams).
PAR  The compact of (b) above, made from the agglomerated powder, exhibited CV/g
      of 3600, while the compact of (c) above exhibited a CV/g of 3360.
PAC  EXAMPLE 2
PAR  Tantalum compacts, otherwise identical to those of Example 1, were sintered
      in a vacuum at 1900.degree.C for 50 minutes. The CV/g, obtained as shown
      above, of the sintered compacts made from the agglomerated powder was
      2800, while the CV/g of the sintered compact made from the unagglomerated
      powder was 2350.
PAC  EXAMPLE 3
PAR  a. An unagglomerated tantalum powder, prepared as in Example 1, and having
      a range of particle sizes of 90 weight percent of the powder greater than
      five microns and 96 weight percent of the powder less than twenty microns,
      was agglomerated in a helium atmosphere for 1 hour at 1440.degree.C.
PAR  b. This particulate mass was then crushed in a smooth-jaw jaw crusher until
      84 weight percent of the product was less than 325 mesh.
PAR  c. Two-gram portions, each of the above agglomerated and unagglomerated
      powders, were fabricated into quarter-inch compacts by the methods
      described in paragraphs (b) and (c) of Example 1. The green density of the
      compact (the density before sintering) made from agglomerated powder was
      about 8.0, while the density of the rod made from unagglomerated powder
      was about 8.5.
PAR  d. The green compacts were sintered in a vacuum at 2000.degree.C for 30
      minutes, after which the densities of the sintered compacts made from the
      agglomerated and unagglomerated powders were, respectively, 9.2 and 10.5.
PAR  e. The sintered compacts were then anodized and tested in the manner of
      Example 1.
PAR  The compacts prepared from the agglomerated powder exhibited a CV/g of 2850
      and had a dissipation factor of 10.2 percent, while the compact prepared
      from the unagglomerated powder exhibited a CV/g of 2250 and had a
      dissipation factor of 15.3 percent.
PAR  Both compacts had a direct current leakage at full charge of about 2
      microamps, tested in a 0.01 percent solution of phosphoric acid at 140
      volts.
PAC  EXAMPLE 4
PAR  a. An unagglomerated tantalum powder, prepared as in Example 1, had a range
      of particle sizes of 90 weight percent of the powder greater than 5
      microns and 96 weight percent of the powder less than 20 microns, was
      agglomerated in a helium atmosphere for 1 hour at 1440.degree.C.
PAR  b. This particulate mass was then crushed in a smooth-jaw jaw crusher until
      84 weight percent of the product was less than 325 mesh.
PAR  c. Two-gram portions, each of the above agglomerated and unagglomerated
      powders, were fabricated into quarter-inch compacts by the methods
      described in paragraphs (b) and (c) of Example 1.
PAR  d. Both green compacts were sintered in a vacuum at 1800.degree.C for 30
      minutes. The sintered density of the compact formed from the agglomerated
      powder was 9.2, while the compact formed from the unagglomerated powder
      had a sintered density of 11.5.
PAR  e. They were then anodized and tested in the manner of Example 1.
PAR  The compact prepared from the agglomerated powder had a CV/g of 4100 and a
      dissipation factor of 14 percent, while the compact prepared from the
      unagglomerated powder had a CV/g of 3600 and a dissipation factor of 30
      percent.
PAR  Both compacts had a direct current leakage at full charge of about 1.5
      microamps, tested in a 0.01 percent solution of phosphoric acid at 140
      volts.
PAC  EXAMPLE 5
PAR  a. An unagglomerated tantalum powder prepared by the reduction of potassium
      fluorotantalate with sodium, and having a range of particle sizes of 80
      weight percent of the powder greater than five microns and 98 weight
      percent of the powder less than twenty microns, was agglomerated in a
      helium atmosphere for one hour at 1250.degree.C.
PAR  b. The resulting product was then crushed in a smooth-jaw jaw crusher until
      about 70 weight per cent of the product was less than 325 mesh.
PAR  c. Two-gram portions, each of the above agglomerated and unagglomerated
      powders, were fabricated into quarter-inch compacts by the methods
      described in Example 1.
PAR  d. Both compacts were sintered in a vacuum at 2000.degree.C for 30 minutes.
PAR  e. They were then anodized and tested in a manner similar to that of
      Example 1.
PAR  The CV/g of the (compact) prepared from the agglomerated powder was 4500
      and its dissipation factor was 24 percent, while the CV/g of the (compact)
      prepared from the unagglomerated powder was 4200, and its dissipation
      factor was 30 percent.
PAR  Both compacts had a direct current leakage at full charge of about 0.6
      microamps, tested in a 0.01 percent solution of phosphoric acid at 140
      volts.
PAC  EXAMPLE 6
PAR  a. A tantalum powder prepared by crushing an electron beam melted tantalum
      ingot into a powder having a range of particle sizes such that 97 percent
      of the powder was less than 20 microns and 94 percent greater than 3
      microns. This powder was heated in a vacuum of less than 0.1 micron of Hg
      at a temperature of about 1400.degree. to 1425.degree.C for 1 hour. The
      resulting agglomerated mass was then crushed to a powder in a smooth-jaw
      jaw crusher until the entire product was less than 60 mesh.
PAR  b. Two-gram portions of both the agglomerated powder and the original
      unagglomerated powder were each pressed in a quarter-inch diameter
      cylinder with about 675 pounds applied to a quarter-inch pressing punch to
      form a compacted mass.
PAR  c. The compacts were sintered in a vacuum of less than 0.1 micron of Hg at
      a temperature of 2000.degree.C for 30 minutes. The sintered compacts were
      formed to 200 volts and measured for their CV/g in the manner shown by
      Example 1, and measured for direct current leakage at full charge in a
      0.01 percent solution of phosphoric acid at 140 volts.
PAR  Five different runs of tantalum powder having the above stated particle
      size distribution were processed and tested in the manner described above.
      The result of the testing was as follows:
TBL  ORIGINAL, UNAGGLOMERATED                                                  

                      AGGLOMERATED TANTALUM                                    

     TANTALUM POWDER  POWDER                                                   

     ______________________________________                                    

     Run Number                                                                

               CV/gm      CV/gm                                                

     ______________________________________                                    

     1         2407       2937                                                 

     2         2387       2900                                                 

     3         2387       3035                                                 

     4         2432       3035                                                 

     5         2432       3180                                                 

     ______________________________________                                    

PAR  The densities (in grams per c.c.) of the two compacts of run number 1 above
      were measured both before and after sintering. The density of the compact
      made from unagglomerated tantalum powder was 8.9 before sintering and 11.6
      after sintering, while the density of the compact made from agglomerated
      tantalum powder was 7.0 before sintering and 9.2 after sintering.
PAR  The compacts of the other runs of this example exhibit similar densities.
PAC  EXAMPLE 7
PAR  Tantalum powder was compacted and sintered at a temperature of about
      2200.degree. to 2400.degree.C until a unitary mass was formed. The
      sintered product was cooled, and then reheated at 600.degree.C in a
      hydrogen atmosphere. The product was again cooled and then milled to form
      a powdered product having a size distribution such that 95 percent of the
      powder was of particle size greater than 3 microns and 98 percent was of
      particle size less than 25 microns. This powdered product was then
      agglomerated at 1400.degree. to 1425.degree.C for 1 hour in a vacuum of
      less than 0.1 micron of Hg, and was cooled and crushed in a smooth-jaw jaw
      crusher until all of the powder was less than 60 mesh.
PAR  The powder was then pressed into compacts, sintered, formed (anodized), and
      tested in the manner of Example 6.
PAR  The sintered, unagglomerated powder was also prepared for testing and
      tested in a similar manner. The results were:
TBL             Original    Agglomerated                                       

                Unagglomerated                                                 

                            Tantalum                                           

                Tantalum    Powder                                             

                Powder                                                         

     ______________________________________                                    

     Density (g/cc)                                                            

                  9.08          7.97                                           

     Sintered                                                                  

     Density      12.44         10.16                                          

     CV/g         2187          2887                                           

     Dissipation                                                               

     Factor %     36            18                                             

     ______________________________________                                    

PAR  It will be readily observed from the foregoing detailed description of the
      invention and in the illustrated embodiments thereof that numerous
      variations and modifications may be effected without departing from the
      true spirit and scope of the novel concepts and principles of this
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A pressed and sintered compact for use as a tantalum anode in
      electrolytic devices formed from a pressed compact of agglomerated
      tantalum ingot-hydride powder having a green density no greater than about
      8 g./c. and sintered at a temperature of about 2,000.degree.C for a period
      of about 30 minutes, said pressed and sintered anode exhibiting a specific
      capacity of at least 2,700 microfarad-volts per gram when formed to 200
      volts in a 0.01 percent solution of phosphoric acid at 90.degree.C at a
      constant current of 35 ma. per gram and when tested at full charge at 140
      volts in a 0.01 percent solution of phosphoric acid.
NUM  2.
PAR  2. A pressed and sintered compact for use as a tantalum anode as claimed in
      claim 1 having a sintered density of no more than about 9.2 g./c.c.
NUM  3.
PAR  3. A pressed and sintered compact for use as a tantalum anode as claimed in
      claim 1 wherein the particles forming the agglomerated powder range in
      size between about 2 and about 30 microns.
NUM  4.
PAR  4. A pressed and sintered compact for use as a tantalum anode as claimed in
      claim 1 having a dissipation factor of no more than about 18%.
NUM  5.
PAR  5. A pressed and sintered compact for use as a tantalum anode in a
      electrolytic device formed from a pressed compact of agglomerated tantalum
      powder produced from sodium reduced tantalum and having a green density of
      no more than about 8 g./c.c. and sintered at a temperature of about
      2,000.degree.C for a period of about 30 minutes, said pressed and sintered
      anode having a dissipation factor of no more than about 26% and a direct
      current leakage of no more than about 0.6 microamps per gram when formed
      in 200 volts in a 0.01 percent solution of phosphoric acid at 90.degree.C
      at a constant current of 35 ma. per gram and tested at full charge at 140
      volts in a 0.01 per cent solution of phosphoric acid.
NUM  6.
PAR  6. In a tantalum electrolytic device of the type having an electrolyte, and
      an anode formed from a pressed compact of agglomerated tantalum
      ingot-hydride powder, sintered at a temperature of about 2,000.degree.C
      for a period of about 30 minutes, and formed at 200 volts in a 0.01
      percent solution of phosphoric acid at 90.degree.C at a constant current
      of 35 ma. per gram, said electrolytic device having a specific capacity of
      at least 2,700 microfarad/volts per gram when tested at full charge at 140
      volts in a 0.01 percent solution of phosphoric acid.
NUM  7.
PAR  7. A pressed and sintered compact as claimed in claim 1 wherein the
      agglomerated tantalum ingot-hydride powder is a powder produced by the
      steps of heating tantalum powder particles under chemically non-reactive
      conditions to effect adherence and resultant agglomeration between the
      particles to form an agglomerated mass, and crushing the resultant
      particulate porous agglomerated mass to form a polynodal granules of
      adhered particles.
NUM  8.
PAR  8. A pressed and sintered compact for use as a tantalum anode as claimed in
      claim 5 wherein the agglomerated tantalum ingot-hydride powder is a powder
      comprised of polynodal granules of adhered particles produced by the steps
      of heating tantalum powder particles under chemically non-reactive
      conditions to effect adherence and agglomeration between the particles,
      and crushing the resultant particulate porous agglomerated mass to form
      the polynodal granules of adhered particles.
NUM  9.
PAR  9. The pressed and sintered compact for use as a tantalum anode as claimed
      in claim 8 in which the agglomerated tantalum ingot-hydride powder is
      produced by heating the tantalum powder particles at a temperature of
      between about 1200.degree. and about 1550.degree.C.
NUM  10.
PAR  10. A pressed and sintered compact for use as a tantalum anode as claimed
      in claim 8 in which said particulate porous agglomerated mass is crushed
      until about 50-95 weight percent of said granules is less than 325 mesh.
NUM  11.
PAR  11. A pressed and sintered compact for use as a tantalum anode as claimed
      in claim 8 in which said particulate porous mass is crushed until
      essentially all said granules are less than 60 mesh.
NUM  12.
PAR  12. A pressed and sintered compact as claimed in claim 5 wherein the
      agglomerated tantalum powder produced from sodium reduced tantalum is a
      powder produced by the steps of heating tantalum powder particles under
      chemically non-reactive conditions to effect adherence and resultant
      agglomeration between the particles to form an agglomerated mass, and
      crushing the resultant particulate porous agglomerated mass to form
      polynodal granules of adhered particles.
NUM  13.
PAR  13. A pressed and sintered compact for use as a tantalum anode as claimed
      in claim 5 wherein the agglomerated tantalum powder produced from sodium
      reduced tantalum is a powder comprised of polynodal granules of adhered
      particles produced by the steps of heating tantalum powder particles under
      chemically non-reactive conditions to effect adherence and agglomeration
      between the particles, and crushing the resultant particulate porous
      agglomerated mass to form the polynodal granules of adhered particles.
NUM  14.
PAR  14. The pressed and sintered compact for use as a tantalum anode as claimed
      in claim 13 in which the agglomerated tantalum powder produced from sodium
      reduced tantalum is produced by heating the tantalum powder particles at a
      temperature of between about 1200.degree. and about 1550.degree.C.
NUM  15.
PAR  15. A pressed and sintered compact for use as a tantalum anode as claimed
      in claim 13 in which said particulate porous agglomerated mass is crushed
      until about 50-95 weight percent of said granules is less than 325 mesh.
NUM  16.
PAR  16. A pressed and sintered compact for use as a tantalum anode as claimed
      in claim 13 in which said particulate porous mass is crushed until
      essentially all said granules are less than 60 mesh.
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ABST
PAL  An original electrostatic charge pattern on an electrically insulating
      image-bearing surface is reproduced, on an electrically insulating film,
      in an intensified form by the steps of:
PA1  A. placing one surface of the film in contact with the original charge
      pattern on the image-bearing surface,
PA1  B. wiping, with a grounded wetted sponge, the other surface of the film to
      induce thereon a monopolar charge pattern of opposite polarity to that of
      the original charge pattern,
PA1  C. separating the film from the image-bearing surface and wiping, with a
      grounded wetted sponge, said one surface, whereby to induce a bipolar
      charge pattern on the film,
PA1  D. disposing said one surface of the film in contact with the image-bearing
      surface so that the electrostatic charge patterns of the same polarities
      contact each other and are in register with each other,
PA1  E. wiping, with a grounded wetted sponge, said other surface of the film to
      induce thereon a monopolar electrostatic charge pattern superimposed on
      the bipolar charge pattern, and
PA1  F. repeating the steps (c), (d), and (e), if necessary, until the
      reproduced electrostatic charge pattern on the film is of a desired
      intensity.
BSUM
PAR  This invention relates to a method of reproducing, on an electrically
      insulating film, an electrostatic charge pattern in an intensified form
      conforming substantially in configuration to an original electrostatic
      charge pattern on an electrically insulating image-bearing surface. The
      novel method is particularly useful in the electrostatic and the
      electrophotographic printing arts for increasing the intensity of latent
      electrostatic images prior to their detection and/or development to render
      them visible.
PAR  The sensitivity of an electrophotographic or electrostatic printing process
      is limited by the charge density of electrostatic charge patterns (latent
      images) produced on an image-bearing surface of a recording element. The
      lower the charge density at which a photoconductor, for example, is
      operable, the lower is the number of photons needed to discharge the
      electrostatically charged photoconductor. A low charge density
      electrophototraphic process is, therefore, synonymous with high
      sensitivity electrophotography. On the other hand, the detection and/or
      the development of low charge density electrostatic charge patterns with a
      high resolution present serious difficulties. It is highly desirable,
      therefore, to intensify the latent electrostatic charge patterns prior to
      their further processing.
PAR  It has been proposed, in U.S. Pat. No. 3,766,634 for Apparatus for and
      Method of Reproducing an Electrostatic Charge Pattern, to reproduce, on a
      collector plate, an intensified electrostatic charge pattern of an
      original electrostatic charge pattern on an image-bearing surface with the
      aid of a transfer sheet. In this prior-art method both the transfer sheet
      and the collector plate have a plurality of discrete areas of electrically
      conductive material thereon, and an intensified electrostatic charge
      pattern is formed on the collector plate by periodically inducing charge
      patterns on the transfer sheet and transferring each of the induced charge
      patterns completely to the collector plate. While this prior-art method is
      useful for many applications, it requires a transfer sheet and a collector
      plate of special construction.
PAR  The novel method utilizes an electrically insulating film readily available
      on the commercial market, not requiring any special structure. Also, the
      novel method can be carried out manually with only a single electrically
      insulating film and without the need of a collector plate.
PAR  Briefly, the novel method of reproducing, on an electrically insulating
      film, an electrostatic charge pattern in an intensified form conforming
      substantially in configuration to an original electrostatic charge pattern
      on an electrically insulating image-bearing surface comprises the steps
      of:
PA1  a. placing one surface of the film into an area of influence of the
      original electrostatic charge pattern on the image-bearing surface,
PA1  b. applying momentarily a source of charge migration to all areas of the
      other surface of the film, to induce a monopolar charge pattern thereon,
PA1  c. removing the film from the image-bearing surface and applying
      momentarily a source of charge migration to all areas of said one surface
      of the film, to provide a bipolar charge pattern on said film,
PA1  d. disposing said one surface of the film into an area of influence of the
      original electrostatic charge pattern on said image-bearing surface so
      that the electrostatic charge patterns of the same polarities on said film
      and on said image-bearing surface are in register, and
PA1  e. applying momentarily a source of charge migration to all areas of said
      other surface of the film.
PAR  If the electrostatic charge patterns on the film are now of a desired
      intensity, they can be processed further, for example, as by detection
      and/or development. If, however, electrostatic charge patterns of greater
      intensity on the film are desired, the sequence of the aforementioned
      steps (c), (d), and (e), is repeated, one or more times, after the initial
      sequence of the steps (a)-(e), until the desired electrostatic charge
      density of the electrostatic charge patterns on the film is obtained.
DRWD
PAR  The novel method of the present invention will be explained with the aid of
      the accompanying drawing in which:
PAR  FIG. 1 is a side elevation of a recording element, having an electrically
      insulating image-bearing surface, and showing an original electrostatic
      charge pattern of negative polarity thereon;
PAR  FIGS. 2, 4, and 6 are schematic drawings of an electrically insulating
      film, in side elevation, in the area of influence of the original
      electrostatic charge pattern on the image-bearing surface shown in FIG. 1,
      and in the operation of inducing monopolar electrostatic charge patterns
      on the upper surface of the film; and
PAR  FIGS. 3, 5, and 7 are schematic drawings of the electrically insulating
      film, in side elevation, in the operation of converting the monopolar
      charge patterns on the film to bipolar charge patterns.
DETD
PAR  Referring now to FIG. 1 of the drawing, there is shown a recording element
      10 having an image-bearing surface 11 on which there is an original
      electrostatic charge pattern of negative electrostatic charges. It is,
      however, within the contemplation of the present invention for the
      original charge pattern to be of any polarity. The novel method of the
      present invention comprises a series of operations for reproducing the
      original monopolar charge pattern on the image-bearing surface 11 of the
      recording element 10 to an electrically insulating film 12, shown in FIGS.
      2-7.
PAR  The original electrostatic charge pattern on the image-bearing surface 11
      is a monopolar electrostatic image of either polarity, or it may comprise
      a monopolar charge pattern of opposite polarities. The monopolar charge
      pattern can be of the type induced on an insulating film from the surface
      of an electrophotographic recording element, comprising, for example, a
      layer of a photoconductor on a conductive backing, as employed in the
      electrophotographic art, and as described in the aforementioned U.S. Pat.
      No. 3,766,634. The recording element 10 can also be a sheet or film of
      electrically insulating plastic material, such as "MYLAR" (trademark of
      Dupont de Nemours), and the monopolar electrostatic charge pattern on the
      image-bearing surface 11 can be produced thereon by a method described in
      a copending patent application, Ser. No. 451,093, for a "METHOD OF
      ELECTROSTATIC RECORDING ON ELECTRICALLY INSULATING FILM BY NON-WETTING
      ELECTRICALLY CONDUCTIVE LIQUIDS," now U.S. Pat. No. 3,872,480, is issued
      on Mar. 18, 1975.
PAR  The electrostatic charge pattern on the image-bearing surface 11 may be of
      such a low intensity that it may be desirable to intensify a reproduction
      thereof so that it may be suitably detected and/or developed. The first
      step in the novel method of reproducing, on the film 12, the original
      charge pattern on the image-bearing surface 11 is to place the film 12 in
      an area of influence of the original charge pattern on the image-bearing
      surface 11. Preferably, one (lower) surface 13 of the film 12 is placed in
      direct intimate contact with the (upper) image-bearing surface 11 of the
      recording element 10. In the FIG. 2, as in FIGS. 4 and 6, the film 12 is
      shown spaced from the recording element 10 in order to show clearly the
      electrostatic charges on the adjacent surfaces of the recording element 10
      and the film 12. In practice, however, it is preferable for the surface 13
      of the film 12 to contact the image-bearing surface 11 of the recording
      element 10. It is, however, within the contemplation of the present method
      for the film 12 to be slightly spaced from the image-bearing surface 11,
      provided that the film 12 is within the area of influence of the original
      electrostatic charge pattern.
PAR  Means are provided to produce a monopolar charge pattern, on the other
      (upper) surface 14 of the film 12, of opposite polarity to that of the
      original electrostatic charge pattern on the image-bearing surface 11. To
      this end, a source of charge migration, such as a sponge 15 wetted with a
      conductive fluid or liquid 16 is electrically connected to a common
      electrical connection, such as a bias of ground potential, as shown in
      FIG. 2. The conductive liquid 16, such as water, methanol, or ethanol, for
      example, is substantially non-wetting on the film 12. Thus, with the lower
      surface 13 of the film 12 in intimate contact with the image-bearing
      surface 11 of the recording element 10, a monopolar (positive)
      electrostatic charge pattern is induced on the upper surface 14 of the
      film 12 by momentarily wiping all areas of the surface 14 with the
      grounded wetted sponge 15, as by moving the sponge 15 over the surface 14
      in the direction of the arrow 17.
PAR  The electrically insulating film 12 is removed from the recording element
      10, and the monopolar (positive) electrostatic charge pattern thereon is
      converted to a bipolar charge, as shown in FIG. 3, by moving the grounded
      wetted sponge 15 momentarily over all areas of the lower surface 13 of the
      film 12 in the direction of the arrow 17. Thus, as shown in FIG. 3, the
      film 12 now has a bipolar charge thereon and is, therefore, neutral to the
      outside world.
PAR  An additional monopolar (positive) electrostatic charge pattern is now
      superimposed over the bipolar charge pattern on the film 12, by the
      operation shown in FIG. 4. To this end, the lower surface 13 of the film
      12 is placed in the area of influence of, and preferably in intimate
      contact with, the image-bearing surface 11 of the recording element 10 so
      that the electrostatic charge patterns of the same (negative) polarity are
      superimposed upon each other in register, and momentarily wiping all areas
      of the upper surface 14 with the grounded wetted sponge 15, in the
      direction of the arrow 17. The film 12, shown in FIG. 4, now has an
      additional (positive) monopolar electrostatic charge pattern added to the
      bipolar charge pattern on the film 12.
PAR  In the next operation, the monopolar electrostatic charge pattern on the
      film 12 is converted to a bipolar electrostatic charge pattern, as shown
      in FIG. 5. This is accomplished by separating the film 12 from the
      recording element 10, and moving the grounded wetted sponge 15 over all
      areas of the lower surface 13 of the film 12 in the direction of the arrow
      17.
PAR  It will now be observed, looking at FIG. 5, that the upper and lower
      surface 14 and 13 of the film 12 are charged with electrostatic charge
      patterns of opposite polarity, respectively, and that the intensity of
      each electrostatic charge pattern is greater than that of the original
      electrostatic charge pattern on the image-bearing surface 11 of the
      recording element 10, shown in FIG. 1. If these electrostatic charge
      patterns on the upper and lower surfaces 14 and 13, respectively, of the
      film 12 are now of a desired intensity, they can be processed further in
      an electrostatic printing process as for example, by developing these
      charge patterns with suitable electroscopic toners.
PAR  If, however, it is desired to intensify the electrostatic charge patterns
      on the surfaces 13 and 14 of the film 12 further, the aforementioned steps
      of first adding a monopolar electrostatic charge pattern to the bipolar
      charge pattern, on the film 12, and then converting the monopolar charge
      pattern to a bipolar charge pattern can be repeated. Thus, by placing the
      film 12 over the recording element 10 so that the (negative) electrostatic
      charge patterns of the same polarity on adjacent surfaces thereof contact
      each other and are in register with each other as shown in FIG. 6, an
      additional monopolar (positive) charge is added to the electrostatic
      charge on the upper surface 14 by momentarily wiping all areas of the
      surface 14 with the grounded wetted sponge 15, in the direction of the
      arrow 17.
PAR  The film 12 is now separated from the recording element 10 and the
      additional monopolar (positive) electrostatic charge pattern on the
      surface 14 of the film 10 is converted to a bipolar charge by wiping all
      areas of the lower surface 13 with the grounded wetted sponge 15, in the
      direction of the arrow 17, as shown in FIG. 7. Thus, the electrostatic
      charge patterns on the opposite surfaces 13 and 14 of the film 12, as
      shown in FIG. 7, are intensified, in comparison to the charge pattern on
      these surfaces shown in FIGS. 1, 3, and 5. If charge patterns of still
      greater intensity are desired, the operations of adding a monopolar charge
      pattern to the previous bipolar charge pattern on the film 12, and then
      converting the additional monopolar charge pattern to a bipolar charge
      pattern can be repeated.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of reproducing, on an electrically insulating film, an
      electrostatic charge pattern in an intensified form conforming
      substantially in configuration to an original monopolar electrostatic
      charge pattern on an electrically insulating image-bearing surface, said
      method comprising the steps of:
PA1  a. placing one surface of said film into an area of influence of said
      original monopolar electrostatic charge pattern on said image-bearing
      surface,
PA1  b. applying momentarily a source of charge migration to all areas of the
      other surface of said film, whereby to induce on said other surface a
      monopolar electrostatic charge pattern of opposite polarity to that of the
      original monopolar electrostatic charge pattern,
PA1  c. removing said film from said image-bearing surface and applying
      momentarily a source of charge migration to said one surface of said film,
      whereby to induce an electrostatic charge pattern of the same polarity as
      that of said original monopolar electrostatic charge pattern thereon and
      to provide said film with a bipolar charge,
PA1  d. disposing said one surface of said film adjacent to said image-bearing
      surface so that the electrostatic charge patterns thereon of the same
      polarities are in register with each other, and,
PA1  e. applying momentarily a source of charge migration to all areas of said
      other surface of said film, whereby to induce on said other surface a
      monopolar electrostatic charge superimposed on said bipolar charge.
NUM  2.
PAR  2. A method as described in claim 1 wherein:
PA1  the sequence of the steps (c), (d), and (e) are repeated after the initial
      sequence of the steps (a), (b), (c), (d), and (e), until a desired
      electrostatic charge density of the electrostatic charge patterns on said
      film is obtained.
NUM  3.
PAR  3. A method as described in claim 1, wherein:
PA1  said electrically insulating film is a sheet of plastic material,
PA1  said image-bearing surface comprises a surface of an electrostatic
      recording element, and
PA1  the steps of applying momentarily a source of charge migration to all areas
      of said one or said other surface of said film comprises wiping said one
      or said other surface with an electrode connected to a source of reference
      potential.
NUM  4.
PAR  4. A method as described in claim 3, wherein:
PA1  said electrode comprises a grounded wetted sponge, said sponge being wetted
      with an electrically conductive fluid that is substantially non-wetting on
      said film.
NUM  5.
PAR  5. A method as described in claim 1, wherein:
PA1  the steps of placing one surface of said film into an area of influence of
      said original electrostatic charge pattern comprises placing said one
      surface of said film into intimate contact with said image-bearing
      surface.
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PAL  The control system includes a plurality of light responsive devices and a
      mask structure having a part which is movable with respect to the devices
      to control the transmission of light thereto. The movable part of the mask
      structure may be a ball-like member, which is universally supported in a
      spherical receptacle which supports the light responsive devices. Four
      light responsive devices may be used, with the mask structure having a
      portion with a variable width slot associated with each device, so that as
      the ball-like member is pivoted universally to control the light
      transmitted through the slots to the devices, electrical signals are
      produced which represent the movement. The light responsive devices have
      an electrical characteristic which changes with the light applied thereto
      to produce electrical signals, and are connected in a control circuit so
      that signals therefrom control apparatus, such as drive units for
      controlling the movement of a device. The ball-like member can control
      switches connected in the circuit to control the direction of operation of
      the drive units.
PARN
PAR  This application is a continuation-in-part of application Ser. No. 315,791,
      filed Dec. 18, 1972.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Control systems are required for controlling the positioning or movement of
      various devices which can operate in any direction in a plane. That is,
      movement may be required along a first axis, or along a second axis at
      right angles to the first axis, or along any line between the axes. One
      application for such a control is in a motor driven wheelchair or cart
      having two motors for respectively driving the two wheels of the chair, as
      described and claimed in U.S. Pat. No. 3,100,860, issued Aug. 13, 1963 to
      Harry Rosenthal. In this drive, a joy stick operator controls an actuator
      which operates four leaf switch assemblies to control the direction and
      speed of the two motors to propel the chair in any direction within the
      plane. Although this drive control has been highly satisfactory in use, it
      has the objection of any electrical switch apparatus that the contacts
      deteriorate with use, and that the speed control provided by operation of
      the various leaves of the switches produces step changes in speed, rather
      than a continuous change. Auxiliary controls can be used to provide
      continuous variations in speed, but this has the objection that a
      different actuator is required for the auxiliary controls. Further, the
      structure must be relatively large to provide the degree of control which
      is desired, and an auxiliary speed control further increases the size of
      the unit.
PAR  A multi-axis control system is required for other applications, such as in
      an audio system for controlling the volume and/or tone, and for
      controlling the balance in a multichannel system.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide an improved multi-axis
      optical control system which has no movable part other than the actuator
      and mask connected thereto.
PAR  Another object of the invention is to provide a control system including a
      plurality of photoelectric devices and a movable mask structure for
      controlling the application of light thereto, so that the devices provide
      signals for controlling apparatus in accordance with the movement of an
      actuator for the mask structure.
PAR  A further object of the invention is to provide a joy stick type control
      unit having an actuator connected to a spherical member forming a mask for
      moving the same to control the light from a source which is directed onto
      a plurality of light responsive devices, with the mask further having
      portions adjacent the devices shaped to control the light applied to the
      devices in response to movement of the actuator.
PAR  A still further object of the invention is to provide a control system for
      electrical apparatus including a plurality of light responsive devices
      each controlling the current applied to charge a capacitor in accordance
      with the received light, and wherein the voltage across the capacitor acts
      through a trigger circuit to control a rectifier to thereby control the
      current supplied to the electrical apparatus.
PAR  A still further object of the invention is to provide a positioning system
      for moving an object in any direction in a plane by use of two electrical
      drive units, each of which can be reversed in direction and controlled in
      speed, and wherein an actuator moves a mask with respect to four right
      angle positioned light responsive devices, each of which controls the
      operation of one drive unit in one direction.
PAR  In practicing the invention, a control system is provided including a
      plurality of light responsive devices and a mask structure including a
      movable portion for controlling the light applied to the individual
      devices. The control system can be used for controlling drive units to
      thereby control the movement or position of a device. The device may be a
      wheelchair or other vehicle for carrying a person, or some other device
      which is controlled in a balanced manner. The light responsive devices
      have an electrical characteristic which varies with the light applied
      thereto, such as photo semiconductors or photoelectric cells. An actuating
      member moves at least a portion of the mask structure, which has portions
      adjacent the devices for controlling the light applied thereto. The mask
      can include a spherical member which moves universally within a support on
      which the devices are mounted, with portions on the mask or on the support
      shaped to provide a desired variation of the light with the movement. For
      controlling movement in any direction in a plane, four devices are
      positioned at 90.degree. positions about the light source, and the mask
      has four portions, one adjacent each of the devices.
PAR  A plurality of electrically responsive units can be controlled by the
      system, such as two motors which are reversible in response to direct
      current of opposite polarities, and which have speeds dependent upon the
      amount of current supplied. Current can be supplied to each motor from an
      alternating current supply through a pair of rectifiers, each providing
      current of one polarity. Each rectifier is triggered by a circuit
      connected to one of the light responsive devices in accordance with the
      light applied thereto. The half cycles of each polarity of the alternating
      current are controlled by a circuit including a capacitor connected in
      series with a light responsive device, and the voltage across the
      capacitor controls a unijunction transistor which in turn controls a
      silicon controlled rectifier. Each half cycle of one polarity charges the
      capacitor at a rate dependent upon the resistance of the light responsive
      device to trigger the unijunction transistor at a point in the cycle which
      varies with the light applied. As more light is applied, the capacitor
      charges more rapidly to fire the unijunction transistor earlier in the
      half cycle to apply more current to the motor, so that it runs at a faster
      speed. Each of the two motors is controlled for rotation in the opposite
      directions by two devices, each of which controls the current to the motor
      in one direction. The four devices, therefore, control relative forward
      and reverse rotation of the two motors to cause movement in any direction
      within a plane. Other electrical apparatus than motors can be similarly
      controlled.
PAR  In one embodiment of the invention, switches are provided which control the
      connections to the motors, or other drive units, to control the direction
      of operation thereof. The switches are operated by the mask structure as
      it controls the light applied to the light responsive devices.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a wheelchair including the control system
      of the invention;
PAR  FIG. 2 is a view partly in section of the actuator for the control system;
PAR  FIG. 3 is a developed view of the mask structure of the actuator;
PAR  FIG. 4 shows the circuit connected to the light responsive devices of the
      actuator for controlling the drive motors;
PAR  FIG. 5 shows a variation of the mask structure of FIG. 3; and
PAR  FIGS. 6 to 9 show a second embodiment of the control system of the
      invention.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1 there is shown a wheelchair which utilizes the control system of
      the invention. It is pointed out that the wheelchair is only an example of
      devices which can be controlled by the system. Any other device having
      electrically operated units for controlling the same, or an element
      thereof, can be so controlled.
PAR  The wheelchair of FIG. 1 has a frame 10 supported by main wheels 12 and 14
      on opposite sides thereof, and front wheels 15 and 16, which are pivotally
      mounted to the frame. Drive units are provided on opposite sides of the
      chair including drive motors 18 and 20, each of which has connected
      thereto appropriate gearing and drive wheels 22 and 24 which engage the
      main wheels 12 and 14 of the wheelchair. The drive motors 18 and 20 are
      energized from a battery 26, which may be supported at the back of the
      wheelchair, through control unit 28. The control unit 28 includes a power
      switch 29 and an actuator arm 30 to control the direction of rotation and
      speed of the motors 18 and 20, as will be described.
PAR  FIG. 2 is a cross-sectional view, partly in section, of the actuator for
      the control system. This includes the actuator arm 30 which extends above
      the control unit 28 to be operated by the person using the chair. The arm
      30 is connected to an opaque member 32 which is of generally spherical
      configuration having a concave recess 33 at the bottom. The spherical
      member 32 is positioned in a spherical support 34, which may also be of
      opaque material. The support 34 is secured to a base 36 which may be
      mounted in the control unit 28. Also supported on the base 36 is a lamp
      38, with the illuminating portion thereof extending into the concave
      recess 33 in the sperical member 32. This permits movement of the member
      32 within the support 34, without interference from the lamp 38. The
      spring 35 acts to return the arm 30 to its normal position.
PAR  Positioned on the support 34 at 90.degree. positions thereabout, are light
      responsive devices 40, 41, 42 and 43 which have an electrical
      characteristic which changes with the amount of light applied thereto.
      These devices may be photosemiconductors, or photoelectric cells, the
      resistance of which is reduced with the light applied. Although only two
      devices 41 and 43 are shown in FIG. 2, two more devices 40 and 42 are also
      provided on support 34, which are shown in FIG. 3.
PAR  The spherical surface of the member 34 forms a mask, and has four
      transparent triangular slots 46 which are shown in developed form in FIG.
      3. These slots 46 are adjacent the light responsive devices and form
      apertures for the passage of light. These slots or apertures 46 cooperate
      with member 32 to control the amount of light from the lamp 38 which falls
      on the respective devices 40, 41, 42 and 43, as the opaque member 32 moves
      within the support 34. The normal position of the opaque member 32 is
      shown by the dashed line 45 in FIG. 3, and in this position it blocks the
      passage of light to all the devices 40 to 43. The shape of the apertures
      can be selected to control the amount of light applied to the devices in
      response to movement of the arm 30. It will be apparent that the light
      transmitting apertures can be formed by making the support 34 of
      transparent material, with a mask thereon having the configuration shown
      in FIG. 3.
PAR  The spherical member 32 can move universally within the sperhical support
      34, and can move toward the device 41, as shown by the dot-dash line 47 in
      FIG. 3. This exposes a part of the triangular aperture or slot 46 adjacent
      the device 43, so that some light is provided on this device. The arm 30
      can be moved in the opposite direction to expose light on device 41, and
      not on device 43, and can likewise move to pass more or less light to the
      devices 40 and 42. Also, the arm 30 can move member 32 in directions other
      than toward one of the devices and can move, for example, in the direction
      of the dot-dash line 48, intermediate the devices 40 and 41. The member 32
      will then be in the position shown by the dotted line 49 in FIG. 3. In
      this position, no light is applied to both of the two devices 40 and 41,
      and some light is applied to the devices 42 and 43. The actuator can be
      mounted on the control unit so that the line 48 represents the front to
      back direction of the wheelchair, and movement of actuator arm 30 along
      the line 48 will control the movement of the chair in forward and backward
      directions, as will be explained.
PAR  FIG. 4 shows a control circuit which may be used for controlling the speed
      and direction of rotation of the motors 18 and 20 (FIG. 1) in response to
      the light received by the devices 40, 41, 42 and 43. Direct current from
      the battery 26 is converted to alternating current by inverter 50. A
      variable control may be provided for controlling the level of the
      alternating current at the output terminals 52 and 53 of the inverter 50.
      This output may be a 60 cycle alternating current output having a voltage
      of the order of 12 volts.
PAR  The motor 18 is connected across the alternating current output of inverter
      50 in series with rectifiers 54 and 55. Each rectifier blocks current in
      one direction, so that no current can flow therethrough to motor 18. Each
      rectifier 54 and 55 is bypassed by a control circuit coupled to one of the
      light responsive devices 40 and 42. Connected in series with device 40 is
      capacitor 56, which charges from the alternating current at a rate
      depending upon the resistance of device 40. The resistance of device 40 is
      high when no light is applied thereto, and is substantially reduced when
      light is applied to provide current flow to charge capacitor 56. The
      voltage across capacitor 56 is applied to the emitter of unijunction
      transistor 58, and when this voltage reaches a predetermined value,
      transistor 58 conducts. Unijunction transistor 58 is connected to the gate
      of silicon controlled rectifier 60 which is bridged across the diode 55.
      This causes the rectifier 60 to fire so that an energizing circuit is
      provided for the motor 18 through diode 54 and silicon controlled
      rectifier 60 during the half cycles of the alternating current when
      terminal 52 is positive with respect to terminal 53. The resistor 61
      connected to the gate of silicon controlled rectifier 60 clamps the gate
      to prevent false triggering.
PAR  The light responsive device 42 is connected to a similar circuit including
      capacitor 64 and unijunction transistor 66, which is coupled to the gate
      of silicon controlled rectifier 68. When the resistance of device 42
      decreases, the capacitor 64 will charge more rapidly on each cycle to
      trigger unijunction transistor 66, which provides a voltage to the gate of
      silicon controlled rectifier 68 to fire the same. This provides a circuit
      for energizing motor 18 through diode 55 and silicon controlled rectifier
      68 during the half of the cycle of the alternating current from the
      inverter 50 when terminal 53 is positive and terminal 52 is negative.
PAR  The devices 41 and 43 are connected to circuits for controlling the
      energization of motor 20 from the alternating current applied at terminals
      52 and 53 of inverter 50. These circuits may be identical to the circuits
      connected to devices 40 and 42. When light is applied to device 41, this
      will trigger unijunction transistor 70 to fire silicon controlled
      rectifier 72 during the half cycles of the alternating current when
      terminal 52 is positive and terminal 53 is negative. Similarly device 43
      triggers unijunction transistor 74 to fire silicon controlled rectifier 76
      to apply current to motor 20 when the inverter terminal 53 is positive and
      the inverter terminal 52 is negative.
PAR  The portion of each half cycle during which current is supplied to the
      motor by the control circuit depends upon the time required for the
      capacitor in series with the light responsive device to charge to a value
      to render the associated unijunction transistor conducting. When the
      transistor conducts, it fires the silicon controlled rectifier coupled
      thereto to energize the associated motor and cause it to rotate in one
      direction. The speed of rotation will depend upon the portion of each half
      cycle during which current is applied. When the resistance of the light
      responsive device is reduced greatly in response to the application of
      more light thereto, the capacitor will charge rapidly to cause the
      rectifier to fire rapidly. This applies current to the motor during a
      large portion of the cycle to cause it to rotate faster.
PAR  When the silicon controlled rectifier 60 fires, the motor 18 will tend to
      rotate in one direction, and when rectifier 68 fires, the motor will tend
      to rotate in the opposite direction. Similarly, motor 20 rotates in one
      direction when light is applied to device 41 to trigger unijunction
      transistor 70 and fire silicon control rectifier 72, and in the opposite
      direction when light is applied to device 43 to trigger transistor 74 and
      fire rectifier 76.
PAR  When the control device is used in a wheelchair as illustrated in FIG. 1,
      the actuator is positioned so that the center line 48 shown in FIG. 3
      extends in the front to back direction of the chair, as previously stated.
      When the actuator arm 30 is moved forward, no light is directed on light
      responsive devices 40 and 41, and some light is directed on light
      responsive devices 42 and 43. This will cause rectifiers 68 and 76 in the
      control circuit of FIG. 4 to conduct current to energize motors 18 and 20.
      The rotation of motors 18 and 20 will be in the direction to cause the
      wheels 12 and 14 to rotate to move the chair forward. The operation is
      such that the person in the chair moves the arm 30 in the direction which
      he wants to move. If the arm 30 is moved backward, some light will be
      applied to devices 40 and 41, which will cause rectifiers 60 and 72 to
      conduct and energize the motors 18 and 20 for rotation in the opposite
      direction, to thereby move the chair backward. When the actuator is moved
      to the right, no light will be applied to devices 41 and 42 and some light
      will be applied to devices 40 and 43. This will cause rectifiers 60 and 76
      to conduct and energize motor 18 to turn wheel 12 in the backward
      direction, and energize motor 20 to turn wheel 14 in forward direction, so
      that the chair will turn to the right. It is obvious that movement of the
      actuator in intermediate directions will cause the chair to move in
      intermediate directions.
PAR  In FIG. 5, there is illustrated a second embodiment of the actuator for the
      control system. In this embodiment, the spherical member 32 (FIG. 2) is
      transparent with an opaque coating 80 thereon which forms the mask. The
      coating 80 is shown in FIG. 5 in developed form. This forms a mask to
      cover all four light responsive devices 40 to 43, inclusive, in its normal
      unactuated position. The mask 80 has V-shaped slots or apertures 82
      adjacent the devices, and as the member 32 and mask 80 thereon move in the
      direction away from one device, the aperture 82 will expose this device so
      that light from the source 38 is applied thereon. In this construction,
      the support 34 may also be made of transparent material, or can be made of
      opaque material with openings at the light responsive devices to allow the
      passage of light thereto. The actuator illustrated by FIG. 5 can be used
      in the circuit of FIG. 4, and will provide the same operation which has
      been described.
PAR  FIGS. 6, 7, 8 and 9 show an alternate embodiment of the system which
      includes many of the same features as the system in FIGS. 2 to 4. A
      spherical mask 80 is rotatably supported with respect to light responsive
      devices 40, 41, 42 and 43 set at right angle positions, as in the prior
      embodiment. The structure of the light responsive devices is shown in
      FIGS. 6 and 7, with FIG. 7 showing the V-shaped aperture 82 which
      cooperates with the edge of the spherical mask 80 to control the light
      from the lamp 81 which falls on the light responsive devices.
PAR  In addition to controlling the light on the light responsive devices, the
      mask 80 also actuates switches 84, 85, 86 and 87 which are positioned at
      right angles with respect to each other. These switches can be
      commercially available microswitches which are highly reliable. Each
      switch is mounted immediately below one of the light responsive devices.
      As shown in FIG. 6, the switch 87 has an actuator extending therefrom with
      a roller 88 to be engaged by the edge of the spherical mask 80.
      Accordingly, when the actuating arm 78 moves the mask 80, the switches 84
      to 87 are selectively operated.
PAR  It is apparent from FIG. 6 that as the actuator 78 is moved to the right,
      the actuator 88 of the switch 85 is moved toward the right to the dotted
      position, and this actuates the switch 85. This movement of the mask 80
      will provide light on the light responsive device 43, which is opposite to
      the switch 85 which is actuated.
PAR  FIG. 9 shows the interconnection of the switches 84 to 87 in circuit with
      the light responsive devices 40 to 43, and connected to the motors 18 and
      20 of the drive system for controlling the direction and speed thereof.
      Each of the switches is a double throw switch and the switches are shown
      in FIG. 9 in their unoperated position. When each switch is operated, it
      provides the connection shown by the dotted lines in FIG. 9. It will be
      noted that when no switch is operated, the motors 18 and 20 are
      disconnected on at least one side thereof, so that no current can flow to
      the motors.
PAR  The switches 84 to 87 reverse the direction of current flow to the motors
      18 and 20, so that the same silicon controlled rectifier circuit can be
      used to control each motor for both directions of rotation. When the
      actuator 78 of FIG. 6 is moved to the right, as previously mentioned, this
      will cause the mask 80 to engage actuating arm 88 of switch 85 to operate
      this switch. This will cause the switch 85 to have the dotted position
      shown in FIG. 9, so that the motor 20 will be energized for rotation in
      one direction. Then when the mask 80 moves to allow light from the lamp 81
      to fall on light responsive device 43, this will cause capacitor 74 to
      charge to actuate the unijunction transistor 70. Transistor 70, in turn,
      causes silicon controlled rectifier 72 to fire to complete the circuit
      from the battery 26 to the motor 20.
PAR  It is noted that operation of switches 85 and 87 control the direction of
      the current supply to the motor 20, and when switch 87 is operated the
      motor 20 will rotate in the opposite direction as when switch 85 is
      operated. This makes it possible to connect the two light responsive
      devices 41 ad 43, which are on opposite sides of the mask 80, to the same
      control circuit, since the direction of rotation of the motor 20 is
      controlled by operation of the switches 85 and 87. This simplifies the
      control circuit and insures that the motor is disconnected when none of
      the switches is actuated. This prevents operation of the motor in the
      event of some defect or failure in the control circuit.
PAR  Similarly, the light responsive devices 40 and 42 are connected to the same
      control circuit which includes unijunction transistor 58 and silicon
      controlled rectifier 60. The microswitches 84 and 86 control the
      connections to motor 18 so that it can be energized only when one of the
      switches is operated, and the direction or rotation is determined by the
      microswitch which is operated.
PAR  As in the prior embodiment, the actuator 78 can move the mask 80 to a
      position to operate two adjacent switches, to cause the two motors to
      rotate in the same direction to propel the chair forward or backward. In
      can also be operated to actuate two adjacent switches to cause the two
      motors to operate in reverse directions to cause the chair to turn. The
      speed of rotation depends upon the extent of movement of the mask, which
      controls the amount of light applied to the light responsive devices. This
      operation is exactly the same as previously described.
PAR  In the system of FIGS. 6 to 9, wherein the direction of rotation of the
      motors is controlled by the microswitches, the light responsive control
      circuit is simplified and a single circuit is used for both directions of
      rotation. This makes it possible to use other known electronic control
      circuits, which may be preferable in certain applications.
PAR  The control system of the invention provides effective control in a
      multi-axis system and has no moving members other than the actuator and
      mask connected thereto. This contrasts with prior systems which use leaf
      switches and other moving elements for control. In the system of FIGS. 6
      to 9 the switches may be standard switches which are highly reliable and
      have long life. The use of these switches simplifies the control circuit
      and insures that the drive units are not energized when the control arm is
      in the normal position, even if a transistor. The control also is
      continuous, and can be made to respond in a desired manner with movement
      of the actuator by shaping of the apertures in the mask.
CLMS
STM  I claim:
NUM  1.
PAR  1. A control system, including in combination:
PA1  light supply means;
PA1  a plurality of light responsive means having an electrical characteristic
      which changes with the light applied thereto;
PA1  electrical drive means operable in various modes in accordance with the
      electrical current applied thereto;
PA1  circuit means coupled to said light responsive means and to said drive
      means for supplying an electrical signal to said drive means which varies
      with the magnitude of light striking said light responsive means from said
      light supply means; and
PA1  mounting and masking means comprising a support defining a spherical
      receptacle surface portion and supporting said light responsive means in
      fixed spaced relationship adjacent said spherical receptacle surface, mask
      means comprising a spherical insert surface portion mounted within said
      spherical receptacle surface portion for universal movement relative
      thereto, said mask means defining a cavity within said spherical insert
      surface which receives light from said light supply means,
PA1  said spherical surface portions having areas of differing light
      transmitting characteristics which are in overlying relationship and
      shaped to cooperatively control the amount of light striking said light
      responsive means as a function of the relative positions of said
      cooperating spherical surface portions.
NUM  2.
PAR  2. A control system of claim 1 wherein said spherical insert surface
      portion is opaque, and said spherical receptacle surface portion includes
      a pattern of diaphanous areas adjacent said light responsive means,
      whereby said amount of light striking said light responsive means varies
      as the relative positions of said spherical insert surface portion and
      said spherical receptacle surface portion is changed.
NUM  3.
PAR  3. A control system of claim 2 wherein said light responsive means comprise
      photosemiconductor devices.
NUM  4.
PAR  4. A control system of claim 2 wherein said movement of said spherical
      insert surface portion is controlled by actuating means coupled thereto,
      said actuating means being biased toward a predetermined neutral position
      by resilient biasing means and universally movable therefrom.
NUM  5.
PAR  5. A control system of claim 1 wherein
PA1  said spherical insert surface portion includes diaphanous areas of varying
      width adjacent each of said light responsive means, whereby said amount of
      light striking said light responsive means varies as the relative
      positions of said spherical insert surface portion and said spherical
      receptacle receptacle surface portion is changed;
PA1  said light responsive means comprise photosemiconductor devices; and
PA1  said movement of said spherical insert surface portion is controlled by
      actuating means coupled thereto, said actuating means being biased toward
      a neutral position by resilient biasing means and universally movable
      therefrom.
NUM  6.
PAR  6. A control system of claim 2 wherein said light responsive means
      comprises four light responsive devices located in a fixed spaced
      relationship and distributed about said spherical receptacle surface
      portion to exhibit an array of electrical characteristics correpsonding to
      the orientation of said spherical insert surface portion and responsive to
      movement thereof and produces orthogonally related drive signals.
NUM  7.
PAR  7. The control system of claim 1 including switching means proximate said
      spherical insert surface portion comprising a plurality of electrical
      switching devices coupling said circuit means to said drive means, said
      electrical switching devices being selectively operable in accordance with
      the movement of said spherical insert surface portion.
NUM  8.
PAR  8. The control system of claim 5:
PA1  wherein said light responsive means consists of a plurality of
      photosemiconductor devices located in fixed space relationship and
      distributed about said spherical receptacle surface portion to exhibit an
      array of electrical characteristics corresponding to the orientation of
      said spherical insert surface portion, and
PA1  wherein said control system includes switching means proximate said
      spherical insert surface portion comprising a plurality of electrical
      switching devices coupling said circuit means to said drive means, said
      electrical switching devices being selectively operated in accordance with
      the movement of said spherical insert surface portion to alter the
      polarity of the signals applied to said drive means.
NUM  9.
PAR  9. A control system of claim 6 wherein said orientation of said spherical
      insert surface portion is controlled by actuating means coupled thereto,
      said actuating means being biased toward a neutral position and free to
      move universally therefrom.
NUM  10.
PAR  10. The control system of claim 9 wherein
PA1  said switches control the direction of electric current supplied to said
      drive means, said direction corresponding to the orientation of said
      actuating means and said switches supply no current to said drive means
      when said actuating means is in said neutral position, and
PA1  wherein said mask means prevents light from striking said light responsive
      devices when said actuating means is in said neutral position.
NUM  11.
PAR  11. The control system of claim 6 wherein said drive means includes first
      and second drive motors, and said circuit means includes a first circuit
      coupled to each of said drive motors for selectively applying current
      thereto and a second circuit coupling said light responsive devices to
      said first circuit for controlling the conductivity thereof.
NUM  12.
PAR  12. The control system of claim 9 wherein said light responsive means
      consists of four light responsive devices distributed at equal intervals
      about said spherical receptacle surface, and including four electrical
      switching devices, each positioned adjacent one of said light responsive
      devices, said electrical switching devices coupling said circuit means to
      said drive means and being selectively operated by said spherical insert
      surface to control the polarity of the signals to said drive means.
NUM  13.
PAR  13. A position sensing device comprising:
PA1  light supply means;
PA1  a plurality of light responsive means having an electrical characteristic
      which changes with the light applied thereto;
PA1  circuit means coupled to said light reponsive means for producing an
      electrical signal corresponding to the magnitude of light striking said
      light responsive means from said light supply means; and
PA1  mounting and masking means comprising a support defining a spherical
      receptacle surface portion and supporting said light responsive means
      adjacent said spherical receptacle surface,
PA1  mask means comprising a spherical insert surface portion mounted within
      said spherical receptacle surface portion for universal movement relative
      thereto,
PA1  said mask means defining a cavity within said spherical insert surface
      which receives light from said light supply means; and
PA1  said spherical surface portions having areas of differing light
      transmitting characteristics which are in overlying relationship and
      shaped to cooperatively control the amount of light striking said light
      responsive means as a function of the relative positions of said
      cooperating spherical surface portions.
NUM  14.
PAR  14. A position sensing device of claim 13 wherein said spherical insert
      surface portion is opaque, said spherical receptacle surface portion
      includes diaphanous areas of varying width adjacent said light responsive
      means, and said amount of light striking said light responsive means
      varies as the relative positions of said spherical insert surface portion
      and said spherical receptacle surface portion is changed.
NUM  15.
PAR  15. A position sensing device of claim 14 wherein said light responsive
      means consists of four light responsive devices located in a fixed spaced
      relationship and distributed about said spherical receptacle surface
      portion to exhibit an array of electrical characteristics corresponding to
      the orientation of said spherical insert surface portion and responsive to
      movement thereof.
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ABST
PAL  Synchronizing apparatus is disclosed in accordance with the teachings of
      the present invention wherein the operation of a first device is regulated
      in accordance with the operation of a second device. The phase
      relationship between signals representing the operation of the first and
      second devices, respectively, is determined by comparison means which
      produces a pulse width modulated signal indicative of said phase
      relationship. Control signal generating means responds to the pulse width
      modulated signal to generate an analog signal having an amplitude
      established by said phase relationship. Feedback means, including variable
      frequency generating means, is controlled by the analog signal to modify
      the operation of the first device whereby said first device is urged into
      a synchronous relationship with said second device and the signals
      representative of the operation of said first and second devices admit of
      a desired phase relationship.
BSUM
PAR  This invention relates to apparatus for regulating the operation of a first
      device in accordance with the operation of a second device and, in
      particular to apparatus for synchronizing the production of a first signal
      with that of a second signal.
PAR  The desirability of maintaining a rigid synchronous relationship between
      two or more operating devices is common to many applications such as an
      industrial assembly line, web combining techniques, photographic
      processing, switching devices, and the like. A basic requirement of each
      of these applications is to sustain a constant relationship between the
      operating characteristics, such as speed, of critical devices. For
      example, in an industrial assembly line, the speed of a transporting
      conveyor belt must bear a fixed and unvarying relationship with respect to
      the operating speeds of the processing machines that act in a cooperative
      manner therewith. Failure to maintain this relationship results in
      misalignment of component parts and impairment of the assembly line.
      Consequently, if the speed of the conveyor belt varies because of the
      effects of loading or external factors, the speed of the processing
      machines must be varied in a corresponding manner.
PAR  Similarly, where a plurality of webs are to be combined, as in a newspaper
      or magazine printing press, the association of a pre-printed web with a
      main web must be accomplished with a minimal amount of misregistration.
      However, spacings between the indicia on the pre-printed web might differ
      slightly from the spacings between indicia on the main web, causing a
      slight error in alignment that would be rapidly cumulative and readily
      noticeable. Hence, the speed of insertion of the pre-printed web must be
      precisely regulated to obviate this error. Likewise, when a photographic
      print on a strip of positive film is to be made from an image prerecorded
      on negative film, movement of the two strips must be synchronized. In many
      instances the negative, which has been processed, has experienced a slight
      degree of shrinkage, thereby altering the relationship between the picture
      areas. It is necessary, then, to alter the velocity of one or both of the
      strips to re-establish that relationship. Additionally, if the sound and
      picture of sound films are recorded on separate carriers, it is essential
      that reproduction of the sound and the picture, or display thereof, be
      synchronized.
PAR  The prior art has attempted to synchronize the operating speeds of
      cooperating devices by utilizing a common source of motive power. Various
      speeds are ascertained by providing different speed reducing driving gear
      ratios between the single motor which comprises the source of motive power
      and each device. This technique suffers from the disadvantages of being
      economically prohibitive and inflexible. A high torque, constant velocity
      motor capable of driving each device for prolonged periods of time and
      highly durable gears exhibiting minimal backlash must be employed.
      Adoption of this arrangement provides fixed speed ratios between the
      operating devices which ratios cannot be altered unless the individual
      gears of the speed reducing gears are replaced. In addition, the
      introduction of an infinitesimal synchronization error cannot be
      eliminated and rapidly becomes cumulative. To overcome these disadvantages
      particular electromechanical synchronizing systems have been designed for
      specific applications. Relatively few of these systems, however, are
      adaptable for universal service. Thus, a system that successfully
      synchronizes the speed of a first mechanical device with the speed of a
      second mechanical device meets with failure when attempting, for example,
      to synchronize the speed of various peripheral devices with the operation
      of an electronic digital computer.
PAR  Therefore, it is an object of the present invention to provide apparatus
      for synchronizing the operation of a first device in accordance with the
      operation of a second device.
PAR  It is another object of this invention to provide apparatus for regulating
      the production of a signal by first signal producing means in accordance
      with a signal produced by second signal producing means.
PAR  It is a further object of this invention to provide phasing apparatus for
      eliminating a relative phase difference between a plurality of signals.
PAR  It is yet another object of this invention to provide apparatus for
      regulating the velocity of a first moveable member in accordance with the
      velocity of a second moveable member.
PAR  A further object of this invention is to provide apparatus for
      synchronizing the operating speeds of a plurality of devices having
      variable speed ratios therebetween.
PAR  Still another object of the present invention is to provide apparatus for
      synchronizing the alignment of a moveable member.
PAR  Various other objects and advantages of the invention will become clear
      from the following detailed description of exemplary embodiments thereof,
      and the novel features will be particularly pointed out in connection with
      the appended claims.
PAR  In accordance with this invention, apparatus for synchronizing the
      production of a first signal in accordance with the production of a second
      signal is provided wherein said first and second signals are applied to
      phase comparison means, said phase comparison means being adapted to
      generate signals indicative of the phase relationship between said first
      and second signals; the signals generated by the phase comparison means
      are applied to control signal generating means whereby an analog signal
      having an amplitude representative of said phase relationship is generated
      and feedback means responds to said analog signal to modify the production
      of said first signal such that said first signal admits of a desired phase
      relationship with respect to said second signal. If the first and second
      signals represent the velocities of first and second moveable members, the
      feedback means may include an electric motor for imparting a velocity to
      said first moveable member such that the speed of said electric motor is
      dependent upon said analog signal whereby the velocity of said first
      moveable member is synchronized with the velocity of said second moveable
      member.
DRWD
PAR  The invention will be more clearly understood by reference to the following
      detailed description of exemplary embodiments thereof in conjunction with
      the accompanying drawings in which:
PAR  FIG. 1 is a block diagram of the synchronizing apparatus of the present
      invention;
PAR  FIG. 2 is a schematic diagram of a portion of the apparatus of FIG. 1;
PAR  FIG. 3 is a graphical representation of the waveforms generated by the
      apparatus of FIG. 2; and
PAR  FIG. 4 is one exemplary embodiment of a system wherein the apparatus of the
      present invention may be utilized.
DETD
PAR  Referring now to the drawings wherein like reference numerals are used
      throughout, and in particular to FIG. 1, there is illustrated a block
      diagram of an embodiment of the synchronizing apparatus of the present
      invention which comprises first signal producing means 11, second signal
      producing means 12, comparison means 13, control signal generating means
      14 and feedback means 15. First signal producing means 11 may comprise a
      conventional signal generator for providing a signal having a phase
      characteristic to be controlled in accordance with the present invention.
      The signal produced by first signal producing means 11 may be an analog
      signal having an a.c. and/or d.c. component, or a pulse signal. As will be
      further described hereinbelow, the signal produced by first signal
      producing means 11 may be indicative of the speed of a first moveable
      member such as a rotating device having an angular velocity or a
      translating device having a rectilinear velocity. Typical examples of the
      former may comprise rotating drums or shafts, and typical examples of the
      latter may comprise a strip of recording medium or endless belt. Those
      skilled in the art will recognize that the speed of a moving member may be
      indicated by providing one or a plurality of indexing means on said moving
      member and sensing means for detecting the passage of said indexing means
      through a predetermined position. Thus, if said moving means comprises a
      rotating device, said indexing means may comprise an electrically
      conductive strip mounted on the periphery of said rotating device and said
      sensing means may comprise an electrical contact whereby an electrical
      circuit is completed each time said conductive strip rotates into the
      vicinity of said electrical contact. Similarly, said indexing means may
      comprise a light-reflecting strip or a sense marking adapted to modulate
      radiant energy and said sensing means may comprise a photocell responsive
      to the increase in the intensity of the light reflected by said
      light-reflecting strip or to the modulation of radiant energy by said
      sense marking. If said moving means comprises a translating device, the
      indexing means may be similar to those aforedescribed and spaced uniformly
      along the length of said moving means.
PAR  Second signal producing means 12 may be similar to first signal producing
      means 11; however, as will soon become apparent, the phase characteristic
      of the signal produced by said second signal producing means 12 need not
      be controlled and, for the purpose of the present description, may act as
      a reference for controlling the signal produced by said first signal
      producing means 11. Hence, second signal producing means 12 may comprise a
      reference signal generator, well known to those skilled in the art.
      Comparison means 13 is coupled to the first and second signal producing
      means 11 and 12, respectively, and is adapted to determine the phase
      relationship between the signals respectively supplied thereto, and to
      generate signals indicative of said phase relationship. Accordingly,
      comparison means 13 may comprise a conventional phase detecting circuit
      wherein the signal produced by second signal producing means 12 is
      utilized as a reference signal. Comparison means 13 may comprise pulse
      duration modulation means for generating a pulse signal having a time
      duration proportional to the difference between the phases of the signals
      supplied thereto. The forthcoming description of FIG. 2 will specify one
      embodiment of such pulse duration modulation means.
PAR  Control signal generating means 14 is coupled to comparison means 13 and
      serves to provide a control signal having a magnitude determined by the
      signals generated by said comparison means 13. As illustrated in FIG. 1,
      control signal generating means 14 may comprise integrating means 16
      coupled to storage means 17 which, in turn, is coupled to a control
      voltage generator 18. Integrating means 16 may comprise a conventional
      operational amplifier integrating circuit of the type well known in the
      prior art. Alternatively, integrating means 16 may comprise a low-pass R-C
      circuit or, if desired, a digital integrating circuit. In addition,
      integrating means 16 preferably includes means to reset the output signal
      thereof to an initial condition. Storage means 17 is adapted to store the
      maximum amplitude obtained by the integrated signal provided by
      integrating means 16 and may comprise an analog storage device such as a
      grounded capacitor or other conventional analog storage means, or a
      digital storage device such as a storage register or magnetic storage
      device. A specific embodiment of storage means 17 will subsequently be
      described and the manner in which the maximum amplitude obtained by the
      integrated signal is stored will be explained in detail. However, it
      should be understood that, for the purpose of describing the block diagram
      of FIG. 1, storage means 17 may comprise a conventional sample and hold
      network.
PAR  The control voltage generator 18 coupled to storage means 17 is adapted to
      provide the control signal referred to hereinabove and may comprise
      amplifying means to amplify the signal supplied thereto by storage means
      17 to a desired value. In the absence of a stored signal, control voltage
      generator 18 provides at its output terminal, a d.c. voltage of constant
      amplitude for a purpose soon to become apparent. It is recognized that if
      the amplitude of the signal stored by storage means 17 is of a sufficient
      magnitude, the control voltage generator 18 may be omitted.
PAR  Integrating means 16 and storage means 17 are additionally coupled to
      sequence control means 22 and are supplied with operating control signals
      therefrom. The operating control signal supplied to integrating means 16
      from sequence control means 22 is adapted to reset the integrating means
      16 to its initial condition. Further, the operating control signal
      supplied to storage means 17 serves to enable the storage means 17 to
      store the maximum amplitude obtained by the integrated signal. Hence, if
      storage means 17 comprises a sample and hold network, the operating
      control signal supplied thereto may be analogous to a sampling signal.
      Accordingly, sequence control means 22 may comprise a digital logic
      circuit that automatically generates the aforementioned operating control
      signals when comparison means 13 has determined the phase relationship
      between the signals produced by first and second signal producing means 11
      and 12, respectively. A more detailed discussion of sequence control means
      22 is set forth below in conjunction with the description of FIG. 2.
PAR  The output of control signal generating means 14 is coupled to feedback
      means 15, the latter being adapted to modify the operation of the first
      signal producing means 11 in accordance with the control signal provided
      by control signal generating means 14. Feedback means 15 comprises
      variable frequency generating means 19 having an output coupled to
      modifying means 21 via amplifier 20. The variable frequency generating
      means 19 is supplied with the control signal generated by control signal
      generating means 14 and is capable of producing a periodic signal having a
      frequency determined by the magnitude of said control signal. Hence,
      variable frequency generating means 19 may comprise conventional frequency
      modulating means such as a voltage controlled oscillating means. Modifying
      means 21 is coupled to the first signal producing means 11 and serves to
      alter the operating characteristics of first signal producing means 11
      whereby the phase of the signal provided by first signal producing means
      11 is altered in accordance with the periodic signal produced by variable
      frequency generating means 19. Accordingly, if the first signal producing
      means 11 comprises a moveable member as described hereinabove, modifying
      means 21 may comprise an electric motor mechanically coupled to the
      moveable member and operative to impart a velocity thereto. It is evident
      that the speed of the moveable member is proportional to the angular
      velocity of the electric motor, and the angular velocity of the electric
      motor is dependent upon the frequency of the signal applied thereto. The
      electric motor may comprise a synchronous motor. It is, of course,
      understood that modifying means 21 may comprise an electric motor whose
      angular velocity is dependent upon the magnitude of the signal applied
      thereto. In that case, the variable frequency generating means 19 may be
      omitted and the output of control signal generating means 14 coupled
      directly to amplifier 20; or, alternatively, control signal generating
      means 14 may be coupled to a conventional amplitude modulating means.
PAR  The operation of the apparatus illustrated in FIG. 1 will now be described.
      It will be initially assumed that first and second signal producing means,
      11 and 12, comprise first and second moveable members having velocities
      imparted thereto by first and second driving means, respectively. It will
      be further assumed that the velocities of the first and second moveable
      members are not necessarily equal. As was described hereinabove, the
      velocity of the first moveable member may be indicated by signals which
      are produced by first sensing means fixedly located in a first
      predetermined position when the indexing means includable in the first
      moveable member traverse said first predetermined position. Hence, the
      frequency of the signals produced by first signal producing means 11 is
      directly related to te velocity of the first moveable member. Similarly,
      the velocity of the second moveable member may be indicated by signals
      which are produced by second sensing means fixedly located in a second
      predetermined position when indexing means includable in the second
      moveable member traverse said second predetermined position. The frequency
      of the signals produced by second signal producing means 12 is directly
      related to the velocity of the second moveable member. The ratio of the
      spacing between the consecutive indexing means of the first moveable
      member to the spacing between the consecutive indexing means of the second
      moveable member should be equal to the ratio of the velocity of the first
      moveable member to the velocity of the second moveable member.
      Accordingly, the frequencies of the signals applied to comparison means 13
      will be equal, notwithstanding the different velocities represented
      thereby, when the velocity of the first moveable member is synchronized
      with the velocity of the second moveable member.
PAR  If the signals applied to comparison means 13 are pulses, comparison means
      13 produces a pulse having a time duration equal to the phase difference
      between the leading edges of the applied pulses. If the signals applied to
      comparison means 13 are a.c. signals, comparison means 13 may additionally
      include zero crossing detecting means to generate impulses at the zero
      crossing times of the applied signals. A pulse having a time duration
      equal to the phase difference between the generated impulses may then be
      produced. The pulse produced by comparison means 13 may admit of a first
      polarity when the signal supplied by the first signal producing means 11
      exhibits a phase leading relationship with respect to the signal supplied
      by the second signal producing means 12; and, conversely, the pulse
      produced by comparison means 13 may admit of a second polarity when the
      signal supplied by the first signal producing means 11 exhibits a phase
      lagging relationship with respect to the signal supplied by the second
      signal producing means 12. It is, therefore, understood, that when the
      alignment of a first moving member admits of a desired relationship with
      respect to the alignment of a second moving member, the signals applied to
      comparison means 13 are in phase and comparison means 13 does not produce
      a pulse. If the signals applied to phase comparison means 13 maintain a
      phase coincidence relationship throughout a substantial interval of time,
      it can be deduced that the velocity of the first moving member is in
      synchronism with the velocity of the second moving member. An exemplary
      embodiment of comparison means 13 is described below with respect to FIG.
      2, and one skilled in the art will readily perceive several equivalents
      thereof.
PAR  The pulse produced by comparison means 13 is applied to integrating means
      16 of control signal generating means 14. As is understood, the integral
      of a pulse signal will approximate a linearly increasing signal such as a
      ramp signal or sawtooth waveform, having a slope proportional to the
      amplitude of the pulse signal. The maximum amplitude obtained by the
      integrated signal during each integrating cycle is established by the
      duration of the pulse signal. Hence, if the pulse produced by comparison
      means 13 is of positive polarity, the slope of the integrated signal is
      positive and, conversely, if the pulse produced by comparison means 13 is
      of negative polarity, the slope of the integrated signal is negative. When
      the integrated signal obtains its maximum amplitude, sequence control
      means 22, in a manner to be described, enables storage means 17 to store
      said maximum amplitude. If storage means 17 comprises an analog storage
      device, such as a grounded capacitor, it should be apparent that the
      amplitude of the signal stored thereby represents an error signal
      indicative of the phase relationship between the signals produced by the
      first and second signal producing means 11 and 12, respectively, and the
      polarity of the stored signal represents a leading or lagging phase
      relationship. At a predetermined period of time subsequent to the storing
      of the integrated signal, sequence control means 22, in a manner described
      below, applies a reset signal to integrating means 16 to reset the
      integrating means to an initial condition whereby a succeeding integrating
      cycle may be effected.
PAR  The error signal stored by storage means 17 is amplified by control voltage
      generator 18, which may comprise amplifying means, and applied to the
      variable frequency generating means 19 of feedback means 15. It is
      preferred, in some applications of the present invention, to provide a
      medial frequency about which the frequency of the periodic signal produced
      by variable frequency generating means 19 will vary in accordance with the
      error signal stored by storage means 17. Therefore, control voltage
      generator 18 may include combining means such as a summing amplifier to
      combine the error signal with a nominal or threshold voltage which
      corresponds to said medial frequency. Accordingly, the control signal
      applied to variable frequency generating means 19 will vary about a
      threshold level in accordance with the error signal stored by storage
      means 17. When the integrated signal applied to and stored by storage
      means 17 is zero, i.e., when the signals applied to comparison means 13
      are in phase, control voltage generator 18 will supply the variable
      frequency generating means 19 with the nominal or threshold voltage. The
      periodic signal produced by variable frequency generating means 19 is
      amplified by amplifier 20 and applied to modifying means 21 as a supply
      signal therefor. If modifying means 21 comprises an electric motor, the
      angular velocity thereof is dependent upon the frequency of the supply
      signal.
PAR  It should now be readily apparent that when the alignment of a first
      moveable member admits of a desired relationship with respect to the
      alignment of a second moveable member, the signals produced by the first
      and second signal producing means 11 and 12, respectively, are in phase.
      If said desired relationship is maintained over an interval of time, the
      velocity of said first moveable member is in synchronism with the velocity
      of said second moveable member. Comparison means 13 does not produce a
      pulse and the output of the integrating means 16 is zero. Accordingly, the
      error signal stored by storage means 17 is zero and control voltage
      generator 18 applies a nominal or threshold voltage to the variable
      frequency generating means 19. Consequently, the frequency of the signal
      supplied to the electric motor by the variable frequency generating means
      19 is unchanged and the motor continues to drive the first moveable member
      at the synchronized speed. If, however, the speed of the first moveable
      member is decreased because of external influence, or if the speed of the
      second moveable member is increased, the signals produced by the first
      signal producing means 11 will be applied to comparison means 13 in a
      phase lagging relationship with respect to the signals produced by the
      second signal producing means 12. Accordingly, comparison means 13
      produces a pulse of a first polarity which, solely for the purpose of
      explanation, may be assumed to be positive, having a duration equal to the
      difference in the phases of the signals applied thereto. Integrating means
      16 integrates the pulse produced by comparison means 13 to derive an
      analog signal representative of the phase relationship of the signals
      produced by the first and second signal producing means 11 and 12,
      respectively. The maximum amplitude obtained by the analog signal during
      the integrating cycle comprises an error signal that is applied to and
      stored by storage means 17. The error signal, which is here assumed to be
      of positive polarity, is added to te nominal or threshold voltage, by
      control voltage generator 18 to produce a control signal that is supplied
      to variable frequency generating means 19. The frequency of the periodic
      signal produced by variable frequency generating means 19 exceeds the
      medial frequency by an amount determined by the error signal, thereby
      driving the electric motor at an increased angular velocity. Consequently,
      the speed of the first moveable member is increased to advance the phase
      of the signal produced by first signal producing means 11, whereby the
      error signal is reduced to a null value and proper alignment of the first
      moveable member is obtained. If, now, the speed of the first moveable
      member is increased because of external influences, or if the speed of the
      second moveable member is decreased, thereby altering the relative
      alignment of said first moveable member the signals produced by the first
      signal producing means 11 will be applied to comparison means 13 in a
      phase leading relationship with respect to the signals produced by the
      second signal producing means 12. Accordingly, comparison means 13
      produces a pulse of a second polarity, which, solely for the purpose of
      explanation, may be assumed to be negative, having a duration equal to the
      difference in the phases of the signals applied thereto. Integrating means
      16 integrates the pulse produced by comparison means 13 to derive an
      analog signal representative of the phase relationship of the signals
      produced by the first and second signal producing means 11 and 12,
      respectively. The maximum amplitude obtained by the analog signal during
      the integrating cycle comprises an error signal that is applied to and
      stored by storage means 17. The error signal, which is here assumed to be
      of negative polarity, is subtracted from the nominal or threshold voltage
      by control voltage generator 18 to produce a control signal that is
      supplied to variable frequency generating means 19. The frequency of the
      periodic signal produced by variable frequency generating means 19 is less
      than the medial frequency by an amount determined by the error signal,
      thereby driving the electric motor at a decreased angular velocity.
      Consequently, the speed of the first moveable member is decreased to
      retard the phase of the signal produced by first signal producing means
      11, whereby the error signal is reduced to a null value and proper
      alignment of the first moveable member is obtained.
PAR  It should be understood that the present invention is not limited to the
      embodiment employing first and second moveable members and an electric
      motor. For example, the second signal producing means 12 may comprise a
      reference signal oscillator for producing reference signals with which to
      synchronize the speed of the first moveable member. In addition, first
      signal producing means 11 may include a device other than a moveable
      member, such as a variable frequency generator or variable delay
      generator, thereby obviating the need for an electric motor.
PAR  FIG. 2 is a schematic diagram of a portion of the apparatus that may be
      utilized in the embodiment of FIG. 1 and comprises comparison means 13,
      integrating means 16, storage means 17, control voltage generator 18 and
      sequence control means 22. Comparison means 13 comprises first and second
      bistable multivibrators 131 and 132, respectively, and first and second
      coincidence means 133 and 134, respectively. Each bistable multivibrator
      is provided with first and second input terminals and first and second
      output terminals and is capable of assuming a first or second output state
      in accordance with the signals applied to the input terminals thereof. The
      first input terminal of bistable multivibrator 131 is adapted to be
      provided with a pulse signal such as a pulse signal derived from first
      signal producing means 11 of FIG. 1. Similarly, the first input terminal
      of bistable multivibrator 132 is adapted to be provided with a pulse
      signal such as a pulse signal derived from second signal producing means
      12. Coincidence means 133 may comprise a conventional AND gate and
      includes a first input terminal coupled to a first output terminal of
      bistable multivibrator 131 and a second input terminal coupled to a second
      output terminal of bistable multivibrator 132. Coincidence means 134 is
      similar to the coincidence means 133 and includes a first input terminal
      coupled to a first output terminal of bistable multivibrator 132 and a
      second input terminal coupled to a second output terminal of bistable
      multivibrator 131.
PAR  Bistable multivibrators 131 and 132 initially assume their second output
      states, respectively. Accordingly, each of coincidence means 133 and 134
      is provided with a signal at the second input terminal thereof. If a pulse
      signal is applied to the first input terminal of bistable multivibrator
      131 prior to the application of a pulse signal to the first input terminal
      of bistable multivibrator 132, bistable multivibrator 131 will assume its
      first output state, thereby providing coincidence means 133 with a signal
      at the first input terminal thereof and removing the signal previously
      provided at the second input terminal of coincidence means 134. Hence,
      coincidence means 133 will initiate an output pulse signal when the pulse
      applied to bistable multivibrator 131 exhibits a leading phase
      relationship with respect to the pulse applied to bistable multivibrator
      132. When bistable multivibrator 132 is subsequently provided with a pulse
      at the first input terminal thereof, bistable multivibrator 132 will
      assume its first output state, thereby removing the signal previously
      provided at the second input terminal of coincidence means 133, causing
      the output pulse signal initiated by coincidence means 133 to terminate.
      It should now be readily apparent that if the pulse applied to bistable
      multivibrator 131 exhibits a lagging phase relationship with respect to
      the pulse applied to bistable multivibrator 132, the comparison means 13
      operates in a manner complementary to that just described whereby
      coincidence means 134 produces an output pulse signal having a time
      duration equal to the time delay between the pulses applied to bistable
      multivibrators 132 and 131, respectively.
PAR  Integrating means 16 includes first and second integrating circuits. The
      first integrating circuit comprises an input resistance means 160,
      amplifier means 163, capacitance means 164 and switch means 166.
      Resistance means 160 couples coincidence means 133 to amplifier means 163,
      and exhibits a resistance of R ohms. Amplifier means 163 is preferably a
      high gain, solid state amplifier having a very high input impedance, and
      may comprise a conventional operational amplifier. Feedback capacitance
      means 164 couples the output of amplifier means 163 to the input thereof
      and exhibits a capacitance of C microfarads. A switch means 166 is
      connected in parallel relationship with capacitance means 164. As is
      understood by those skilled in the art, the closing of switch means 166 is
      effective to discharge capacitance means 164 thereby resetting the first
      integrating means to an initial state. Hence, an integrating cycle may be
      terminated by the closure of switch means 166. Switch means 166 may
      comprise a solid-state switch, such as a switching transistor, or may
      comprise one of a plurality of armatures of reset relay means 228, further
      described below. It is clear that if a pulse signal is applied to
      resistance means 160, the pulse signal will be integrated by the first
      integrating circuit, resulting in a ramp signal having a constant slope
      equal to the product of the amplitude of the pulse signal and the inverse
      of the time constant (RC) of the integrating circuit. At the termination
      of the pulse signal applied to the resistance means 160, the amplitude
      obtained by the ramp signal is equal to the product of the slope thereof
      and the time duration of the applied pulse signal. Hence, the signal at
      the output of amplifier means 163 is an analog signal representative of
      the duration of an input pulse signal applied thereto.
PAR  The second integrating circuit of integrating means 16 is similar to the
      just described first integrating circuit and comprises an input resistance
      means 159, amplifier means 161, capacitance means 162 and switch means
      165. Resistance means 159, having a resistance R, couples coincidence
      means 134 to amplifier means 161, the latter being similar to amplifier
      means 163. Feedback capacitance means 162 couples the output of amplifier
      means 161 to the input thereof and exhibits a capacitance of C
      microfarads. Switch means 165, which is similar to switch means 166, is
      connected in parallel relationship with capacitance means 162 and is
      adapted to discharge capacitance means 162 thereby resetting the second
      integrating means to an initial state. The second integrating means serves
      to integrate a pulse signal applied to resistance means 159, resulting in
      a ramp signal having a constant slope equal to the product of the
      amplitude of the pulse signal and the inverse of the time constant (RC) of
      the integrating circuit. Upon the termination of the pulse signal applied
      to resistance means 159, the amplitude obtained by the ramp signal is
      equal to the product of the slope thereof and the time duration of the
      applied pulse signal. It should be realized that each of amplifier means
      161 and 163 may be so chosen, or the bias thereof so adjusted, that the
      ramp signal produced by the amplifier means obtains a saturation voltage
      prior to the termination of the pulse signal applied to the amplifier
      means. As will soon become apparent, this limits the maximum amplitude of
      the error signal stored by storage means 17.
PAR  For a purpose soon to be understood, it is desired to convert the polarity
      of the analog signal produced by amplifier means 163. Accordingly,
      polarity inverting means comprised of amplifier means 167 and resistance
      means 168 and 169 is provided, wherein resistance means 168 couples
      amplifier means 163 to amplifier means 167 and resistance means 169 is a
      feedback resistor interconnecting the output of amplifier means 167 to the
      input thereof. Amplifier means 167 is similar to aforedescribed amplifier
      means 163 and may be an operational amplifier. It is understood that a
      polarity inverting means having alternative configurations may be
      utilized.
PAR  Storage means 17 comprises a first grounded capacitance means 171
      selectively coupled to amplifier means 167 by switch means 173 and a
      second grounded capacitance means 172 selectively coupled to amplifier
      means 161 by switch means 174. Switch means 173 is similar to switch means
      174 and may comprise a solid-state switch, such as a switching transistor,
      or may be one of a plurality of armatures of sample relay means 226,
      further described below. Switch means 173 is adapted to be closed for a
      sufficient period of time to enable grounded capacitance means 171 to
      charge to the level of the inverted analog signal appearing at the output
      of amplifier means 167; and switch means 174 is adapted to be closed for a
      sufficient period of time to enable grounded capacitance means 172 to
      charge to the level of the analog signal appearing at the output of
      amplifier means 161. It is clear that each combination of switch means and
      grounded capacitance means comprises a conventional "sample and hold"
      circuit.
PAR  Control voltage generator 18 comprises amplifier means 181, resistance
      means 182-185 and adjustable resistance means 186. Amplifier means 181 is
      similar to aforedescribed amplifier means 163 and may comprise an
      operational amplifier. Resistance means 182 couples grounded capacitance
      means 172 to amplifier means 181, resistance means 183 couples grounded
      capacitance means 171 to amplifier means 181 and resistance means 184
      couples adjustable resistance means 186 to amplifier means 181. In
      addition, resistance means 185 is a feedback resistor interconnecting the
      output of amplifier means 181 to the input thereof. Adjustable resistance
      means 186 is adapted to be provided with a constant supply voltage V and
      may comprise a potentiometer having an adjustable contact 187. Hence, the
      magnitude of the voltage applied to resistance means 184 is dependent upon
      the position of adjustable contact 187. In the illustrated configuration,
      amplifier means 181 serves to algebraically combine the signals applied to
      each of resistance means 182, 183 and 184.
PAR  The sequence control means 22 comprises coincidence means 223, 225 and 227,
      bistable multivibrators 224, 229 and 230, sample relay means 226 and reset
      relay means 228. Coincidence means 223 may comprise a conventional AND
      gate and is adapted to produce a signal at an output terminal thereof when
      the input terminals thereof are provided with coinciding input signals.
      First and second input terminals of coincidence means 223 are coupled to
      level inverting means 221 and 222, respectively. A third input terminal of
      coincidence means 223 is coupled to the first output terminal of bistable
      multivibrator 229. The latter is similar to aforedescribed bistable
      multivibrator 131, and includes first and second input terminals
      selectively provided with an activating signal from source +V by
      complementary switch means 233 and 234. Switch means 233 normally assumes
      a closed state and may comprise a solid-state switch, such as a switching
      transistor, or may comprise one of a plurality of armatures of reset relay
      means 228. Switch means 234 normally assumes an open state and may
      comprise a solid-state switch, such as a switching transistor, or may
      comprise one of a plurality of armatures of reset relay means 228.
PAR  The output terminal of coincidence means 223 is coupled to the second input
      terminal of each of bistable multivibrators 131 and 132 and is adapted to
      reset said bistable multivibrators to their respective second output
      states. The output terminal of coincidence means 223 is additionally
      coupled to the second input terminal of bistable multivibrator 224 whose
      second output terminal is coupled to an input terminal of coincidence
      means 225. The first input terminal of bistable multivibrator 224 is
      coupled to the first output terminal of bistable multivibrator 230; and
      the first output terminal of bistable multivibrator 224 is coupled to an
      input terminal of coincidence means 227. Accordingly, bistable
      multivibrator 224 is effective to assume a first output state when
      bistable multivibrator 230 assumes a first output state and to assume a
      second output state when bistable multivibrators 131 and 132 are reset to
      their respective second output states.
PAR  Coincidence means 225 is similar to aforedescribed coincidence means 223
      and includes additional input terminals respectively coupled to the first
      output terminals of bistable multivibrators 131 and 132. The output
      terminal of coincidence means 225 is coupled to the energizing coil of
      sample relay means 226 and is adapted to activate said relay means when
      the analog signal produced by integrating means 16 has obtained its
      maximum amplitude during an integrating cycle. It is understood that the
      output terminal of coincidence means 225 may alternatively be coupled to
      the activating input terminal of a solid-state switch means.
PAR  Coincidence means 227 is similar to coincidence means 223, described
      hereinabove, and includes an additional input terminal coupled to the
      second output terminal of bistable multivibrator 230. Bistable
      multivibrator 230 is similar to bistable multivibrator 229 and includes
      first and second input terminals selectively provided with an activating
      signal from source +V by complementary switch means 231 and 232. Switch
      means 231 normally assumes a closed state and may comprise a solid-state
      switch, such as a switching transistor, or may comprise one of a plurality
      of armatures of sample relay means 226. Switch means 232 normally assumes
      an open state and may comprise a solid-state switch, such as a switching
      transistor, or may comprise one of a plurality of armatures of sample
      relay means 226. The output terminal of coincidence means 227 is coupled
      to the energizing coil of reset relay means 228 and is adapted to activate
      said relay means subsequent to the storing by storage means 17 of the
      analog signal produced by integrating means 16. The output terminal of
      coincidence means 227 may be coupled, in the alternative, to the
      activating input terminal of a solid-state switch means, as is readily
      appreciated.
PAR  The operation of the apparatus of FIG. 2 will now be described in
      conjunction with the explanatory waveform diagram of FIG. 3 wherein primed
      reference numerals identify the waveforms produced by corresponding
      elements identified by unprimed reference numerals. Initially, each
      bistable multivibrator assumes its second output state, the first and
      second integrating circuits of integrating means 16 are reset to their
      initial states, respectively, and switch means 172 and 173 are open. It
      will first be assumed that a pulse signal I' is applied to the first input
      terminal of bistable multivibrator 131 prior to the application of a pulse
      signal II' to the first input terminal of bistable multivibrator 132. It
      is recalled that this occurrence indicates that the relative alignment of
      a first moveable member is displaced in a leading relationship with
      respect to a second moveable member. Stated otherwise, the signal produced
      by the first signal producing means 11 of FIG. 1 is in a phase leading
      relationship with respect to the signal produced by the second signal
      producing means 12 of FIG. 1. Bistable multivibrator 131 responds to pulse
      signal I' to assume its first output state as indicated at 131'.
      Accordingly, coincidence means 133 responds to the first output state of
      bistable multivibrator 131 and the second output state of bistable
      multivibrator 132 to produce a pulse 133'. The pulse 133' is applied to
      resistance means 160 and the first integrating circuit of integrating
      means 16 proceeds to integrate the pulse 133'. The polarity of the
      integrated signal is inverted by amplifier means 167, or an equivalent
      polarity inverting means, to produce the ramp signal 167' having negative
      slope. As indicated in FIG. 3, the ramp signal produced by the first
      integrating circuit obtains a saturation voltage prior to the termination
      of pulse 133'. It is observed that when coincidence means 133 is provided
      with two input signals, coincidence means 134 is inhibited from producing
      an output signal. Consequently, resistance means 159 of the second
      integrating circuit is not provided with a signal and the output of
      amplifier means 161 maintains the initial state thereof.
PAR  When the pulse II' is applied to the first input terminal of bistable
      multivibrator 132 at a time t.sub.1 seconds subsequent to the occurrence
      of pulse I', bistable multivibrator 132 assumes its first output state, as
      manifested by the signal 132'. Accordingly, the signal previously applied
      to the second input terminal of coincidence means 133 is removed therefrom
      and pulse 133' produced by coincidence means 133 terminates.
PAR  When bistable multivibrator 132 assumes its first output state, coincidence
      means 225 is provided with an input signal at each input terminal thereof,
      thereby generating an output signal to energize sample relay means 226 as
      indicated at 226'. The energization of sample relay means 226 closes all
      open armatures thereof and opens all closed armatures. Hence, switch means
      232 provides an activating signal from source +V to the first input
      terminal of bistable multivibrator 230 and switch means 231 removes the
      activating signal supplied to the second input terminal of said bistable
      multivibrator. Bistable multivibrator 230 then assumes its first output
      state, as illustrated by the pulse 230'. The slight time delay between the
      leading edges of pulse 226' and pulse 230' is attributed to the inherent
      delay of the energizing coil of sample relay means 226. In addition,
      switch means 173 and 174 apply the analog signals produced by amplifier
      means 167 and 161 to grounded capacitance means 171 and 172, respectively.
      Since an analog signal is produced only at the output of amplifier means
      167, grounded capacitance means 171 is supplied with an analog signal 167'
      whose magnitude is proportional to the phase difference t.sub.1 between
      pulses I' and II', and whose polarity represents a phase leading
      relationship. The analog signal stored by grounded capacitance means 172
      is effectively zero. It should here be noted that, even if the ramp signal
      produced by the first integrating circuit does not obtain a saturation
      voltage, the maximum voltage obtainable by the ramp signal occurs at the
      termination of the pulse 133' and is equal to the product of the slope of
      the ramp signal and the duration t.sub.1 of pulse 133'. Thus, the error
      signal 171' stored by grounded capacitance means 171 is equal to the
      maximum voltage obtained by the ramp signal during the integrating cycle,
      because switch means 173 is closed immediately following the termination
      of pulse 133'.
PAR  When bistable multivibrator 230 assumes its first output state, pulse 230'
      is applied to the first input terminal of bistable multivibrator 224,
      thereby setting the latter to its first output state as indicated at 224'.
      It is observed that when bistable multivibrator 224 assumes its first
      output state, the signal previously applied to an input terminal of
      coincidence means 225 by the second output terminal of bistable
      multivibrator 224 is removed therefrom. Hence, coincidence means 225 is
      deactivated and sample relay means 226 is de-energized as shown at 226'.
      The slight delay between the leading edge of pulse 224' and the trailing
      edge of pulse 226' is attributable to the inherent delay in the response
      of the energizing coil of sample relay means 226. Switch means 173, 174,
      231 and 232 assume the positions illustrated in FIG. 2 as a result of the
      de-energization of sample relay means 226. Consequently, the output of
      amplifier means 167 is removed from grounded capacitance means 171. The
      error signal stored by grounded capacitance means 171 maintains a
      substantially constant value, because of the low inherent leakage
      characteristics of capacitance means 171. The leakage characteristics may
      be further improved by connecting a conventional voltage follower circuit
      to capacitance means 171. The error signals stored by grounded capacitance
      means 171 and 172 are algebraically combined by amplifier means 181 with a
      nominal or threshold voltage V.sub.N, derived at adjustable contact 187,
      to produce the control signal 181'. It should be recognized by one skilled
      in the art that the rate of change of the magnitude of control signal 181'
      may be limited by providing a filter capacitor in parallel relationship
      with resistance means 185. In addition, the closing of switch means 231
      and opening of switch means 232 resets bistable multivibrator 230 to its
      second output state. Coincidence means 227 is, therefore, provided with an
      input signal at each input terminal thereof, thereby generating an output
      signal to energize reset relay means 228 as indicated at 228'. The
      energizing of reset relay means 228 closes all open armatures thereof and
      opens all closed armatures. Hence, switch means 234 provides an activating
      signal from source +V to the first input terminal of bistable
      multivibrator 229 and switch means 233 removes the activating signal
      supplied to the second input terminal of said bistable multivibrator.
      Bistable multivibrator 229 then assumes its first output state, as
      illustrated by the pulse 229'. The slight time delay between the leading
      edges of pulse 228' and pulse 229' is attributed to the inherent delay of
      the energizing coil of reset relay means 228. In addition, switch means
      165 and 166 discharge capacitance means 162 and 164 to reset the first and
      second integrating circuits of integrating means 16 to their initial
      conditions, as indicated at 16', thereby terminating the integrating
      cycle.
PAR  When bistable multivibrator 229 assumes its first output state, coincidence
      means 223 is provided with pulse 229' at an input terminal thereof. The
      remaining input terminals of coincidence means 223 are provided with input
      signals by level inverting means 221 and 222, respectively, when pulses I'
      and II' terminate. At that time, coincidence means 223 produces an output
      signal that resets bistable multivibrators 131, 132 and 224 to their
      respective second output states. Hence, coincidence means 225 and 227 are
      deactivated, and the energizing signal supplied by coincidence means 227
      to reset relay means 228 is removed. Reset relay means 228 is
      de-energized, as shown by the termination of pulse 228', and switch means
      165, 166, 233 and 234 assume the positions illustrated in FIG. 2.
      Consequently, bistable multivibrator 229 is reset to its second output
      state, and the apparatus of FIG. 2 is now operable to respond to
      subsequently applied signals.
PAR  Thus, it is seen that when a signal produced by first signal producing
      means 11 is in a phase leading relationship with respect to the signal
      produced by second signal producing means 12, coincidence means 133
      produces pulse 133' having a time duration representative of the phase
      relationship. The time duration of pulse 133' is transformed to an analog
      signal by the first integrating circuit of integrating means 16, and the
      polarity of the analog signal is inverted by amplifier means 167 to
      produce the analog signal 167'. Grounded capacitance means 171 stores the
      maximum value obtained by analog signal 167' during the integrating cycle,
      as an error signal 171'. The error signal 171' is algebraically combined
      with a nominal or threshold voltage V.sub.N by amplifier means 181 to
      produce a control signal 181' which is applied to feedback means 15. The
      feedback means 15 modifies the operating characteristics of first signal
      producing means 11 in a manner that tends to synchronize the signal
      produced by first signal producing means 11 with the signal produced by
      second signal producing means 12.
PAR  When the first signal producing means 11 is synchronized with the second
      signal producing means 12, the leading edges of pulses I' and II'
      coincide. Accordingly, bistable multivibrators 131 and 132 are
      simultaneously set to their respective first output states, as indicated
      at 131' and 132'. Consequently, coincidence means 133 and 134 remain in
      their quiescent states and neither resistance means 159 nor resistance
      means 160 are provided with signals. Hence, the analog signal produced by
      each integrating means 16 is zero. Coincidence means 225 responds to the
      first output state assumed by bistable multivibrator 131, the first output
      state assumed by bistable multivibrator 132 and the second output state
      maintained by bistable multivibrator 224 to energize sample relay means
      226. Energization of sample relay means 226 closes switch means 173, 174
      and 232, and opens switch means 231. Grounded capacitance means 171 and
      172 store the analog signals produced by the first and second integrating
      circuits. In addition, bistable multivibrator 230 is set to its first
      output state, as illustrated at 230', which, in turn, sets bistable
      multivibrator 224 to its first output state, as indicated at 224'.
      Coincidence means 225 is thereby deactivated and sample relay means 226 is
      de-energized. Switch means 173, 174, 231 and 232 resume the positions
      illustrated in FIG. 2 and the error signals stored by grounded capacitance
      means 171 and 172, the amplitudes of which are equal to zero, are
      algebraically combined, by amplifier means 181, with the nominal or
      threshold voltage V.sub.N to produce the control signal 181' having a
      magnitude equal to V.sub.N.
PAR  The closing of switch means 231 resets bistable multivibrator 230 to its
      second output state which coincides with the first output state assumed by
      bistable multivibrator 224. Coincidence means 227 is thus provided with a
      signal at each input terminal thereof to energize reset relay means 228.
      Energization of reset relay means 228 closes switch means 165, 166 and 234
      and opens switch means 233. The closing of switch means 165 and 166 has no
      appreciable effect on the first and second integrating circuits of
      integrating means 16 inasmuch as the integrating circuits had not been
      disturbed from their initial states. However, the closing of switch means
      234 sets bistable multivibrator 229 to its first output state. When pulses
      I' and II' terminate, coincidence means 223 receives a signal at each
      input terminal thereof to effectuate the resetting of bistable
      multivibrators 131, 132 and 224 to their respective second output states.
      Pulse 224' is removed from the input terminal of coincidence means 227 and
      reset relay means 228 is de-energized. Switch means 165, 166, 233 and 234
      assume the positions shown in FIG. 2 and bistable multivibrator 229 is
      reset to its second output state. It is thus seen, that when the time of
      occurrence of pulse I' is in synchronism with the time of occurrence of
      pulse II', the control signal 181' maintains the nominal or threshold
      level V.sub.N and does not vary thereabout.
PAR  If, now, the signals produced by first signal producing means 11 exhibit a
      lagging phase relationship with respect to the signals produced by second
      signal producing means 12 as, for example, when the proportional speed of
      a second moveable member exceeds that of a first moveable member such that
      the relative alignment of said first moveable member is displaced in a
      lagging relationship with respect to said second moveable member, pulse
      II' will be applied to the first input terminal of bistable multivibrator
      132 prior to the application of pulse I' to the first input terminal of
      bistable multivibrator 131. Accordingly bistable multivibrator 132 assumes
      its first output state as indicated at 132' and coincidence means 134 is
      provided with a signal at each input terminal thereof. Therefore,
      coincidence means 134 applies a pulse signal 134' to resistance means 159
      of the second integrating circuit of integrating means 16. The second
      integrating circuit integrates pulse 134' to produce the analog signal
      161' at the output of amplifier means 161. It is assumed, merely for the
      purpose of explanation, that the analog signal 161' does not obtain a
      saturation voltage prior to the termination of pulse 134'.
PAR  When the pulse I' is applied to the first input terminal of bistable
      multivibrator 131 at a time t.sub.2 seconds subsequent to the occurrence
      of pulse II', bistable multivibrator 131 assumes its first output state to
      produce pulse 131'. Accordingly, the signal previously supplied by the
      second output terminal of bistable multivibrator 131 to an input terminal
      of coincidence means 134 is removed therefrom, causing pulse 134' to
      terminate. It is understood that when pulse 134' terminates, the slope of
      the integral thereof is reduced to zero and the amplitude of the analog
      signal 161' maintains a constant value until the second integrating
      circuit is reset to its initial condition. The assumption of their
      respective first output states by bistable multivibrators 131 and 132, and
      the assumption of the second output state by bistable multivibrator 224
      activates coincidence means 225 to energize sample relay means 226, as
      indicated at 226'. The energization of sample relay means 226 closes all
      open armatures thereof and opens all closed armatures. Hence, as
      previously described with reference to the occurrence of pulse I' in phase
      leading relationship with respect to the occurrence of pulse II', switch
      means 232 provides an activating signal to the first input terminal of
      bistable multivibrator 230 from source +V to set bistable multivibrator
      230 to its first output state as indicated at 230'. In addition, switch
      means 173 and 174 apply the analog signals produced by amplifier means 167
      and 161 to grounded capacitance means 171 and 172, respectively. The
      analog signal produced by amplifier means 167 is effectively zero and,
      therefore, only grounded capacitance means 172 is supplied with an analog
      signal 161' whose magnitude is proportional to the phase difference
      t.sub.2 between pulses I' and II', and whose polarity represents a lagging
      phase relationship. Thus, grounded capacitance means 172 stores an error
      signal 172' equal to the maximum voltage obtained by analog signal 161'.
PAR  The assumption of its first output state by bistable multivibrator 230
      provides pulse 230' to the first input terminal of bistable multivibrator
      224, thereby setting the latter to its first output state, as indicated at
      224', and removing the signal applied by the second output terminal of
      bistable multivibrator 224 to an input terminal of coincidence means 225.
      Hence, coincidence means 225 is deactivated, thereby de-energizing sample
      relay means 226, as illustrated by the termination of pulse 226'.
      Consequently, the electrical path between amplifier means 161 and grounded
      capacitance means 172 is interrupted. The error signal 172' stored by
      grounded capacitance means 172 is algebraically combined by amplifier
      means 181 with the nominal or threshold voltage V.sub.N, derived at
      adjustable contact 187, to produce the control signal 181'. In addition,
      the de-energization of sample relay means 226 closes switch means 231 to
      reset bistable multivibrator 230 to its second output state. Coincidence
      means 227 is, therefore, provided with an input signal at each input
      terminal thereof, and generates an output signal to energize reset relay
      means 228 as indicated at 228'. The energization of reset relay means 228
      closes switch means 234 to provide an activating signal from source + V to
      the first input terminal of bistable multivibrator 229, thereby setting
      bistable multivibrator 229 to its first output state, as illustrated by
      the pulse 229'. In addition, switch means 165 and 166 discharge
      capacitance means 162 and 164, respectively, to terminate the integrating
      cycle and reset the first and second integrating circuits of integrating
      means 16 to their respective initial conditions.
PAR  When pulses I' and II' terminate, coincidence means 223 is provided with an
      input signal from level inverting means 221, an input signal from level
      inverting means 222 and pulse 229'. Accordingly, coincidence means 223
      produces an output signal to reset bistable multivibrators 131, 132 and
      224 to their respective second output states. Hence, pulse 224' is removed
      from an input terminal of coincidence means 227 and reset relay means 228
      is deenergized. Consequently, switch means 233 is closed to reset bistable
      multivibrator 229 to its second output state, and the apparatus of FIG. 2
      is operable to respond to signals subsequently applied thereto.
PAR  To summarize the operation of the apparatus schematically represented in
      FIG. 2, when the pulse I' adopts a phase leading relationship with respect
      to the pulse II', coincidence means 133 produces pulse 133' having a time
      duration representative of the phase relationship, and coincidence means
      134 remains in its quiescent state. When, however, pulse I' adopts a phase
      lagging relationship with respect to pulse II', coincidence means 134
      produces pulse 134' having a time duration representative of the phase
      relationship, and coincidence means 133 remains in its quiescent state.
      The time duration of pulse 133' is transformed to an analog signal 167' by
      the first integrating circuit of integrating means 16, and the time
      duration of pulse 134' is transformed to an analog signal 161' by the
      second integrating circuit of integrating means 16. Accordingly, error
      signals 171' and 172' are selectively stored by grounded capacitance means
      171 and 172, respectively, in accordance with the leading or lagging phase
      relationship between pulses I' and II'. The stored error signal 171' or
      172' is algebraically combined with a nominal or threshold voltage by
      amplifier means 181 to produce control signal 181'. It is observed, that
      when pulse I' is in a phase leading relationship with respect to pulse
      II', error signal 171' exhibits a first polarity whereby the control
      signal 181' is effective to produce a retardation in the phase of pulse
      I'. However, when pulse I' is in a phase lagging relationship with respect
      to pulse II', error signal 172' exhibits a second polarity whereby the
      control signal 181' is effective to produce a progression in the phase of
      pulse I'.
PAR  It is to be understood that variations of the exemplary embodiment
      illustrated in FIG. 2 are within the contemplation of the present
      invention. For example, integrating means 16 may be comprised of a single
      integrating circuit such as a differential integrator that integrates the
      difference between the signals produced by coincidence means 133 and 134.
      Or an algebraic subtracting circuit may couple the output terminals of
      coincidence means 133 and 134 to a single integrating circuit. It is
      recognized that a single integrating circuit obviates the necessity of a
      plurality of grounded capacitors included in storage means 17. Further,
      bistable multivibrators 131, 132, 229 and 230 may be replaced by
      monostable multivibrators exhibiting satisfactory duty cycle
      characteristics. If desired, the nominal or threshold voltage supplied to
      amplifier means 181 may be derived from a transducer coupled to the second
      moveable member whereby said transducer produces a signal directly
      proportional to the velocity of said second moveable member.
PAR  The apparatus of FIG. 2 admits of operating characteristics to accomodate
      momentary or intermittent alterations of the relative speed of moveable
      devices. Prolonged alterations of speed may be nullified by selectively
      positioning the adjustable contact 187 of adjustable resistance means 186.
      The selective positioning of adjustable contact 187 is facilitated by the
      monitoring circuit comprised of amplifier means 190, resistance means
      191-195 and metering means 198. Amplifier means 190 is similar to
      aforedescribed amplifier means 181 and may comprise an operational
      amplifier. Resistance means 191 couples grounded capacitance means 172 to
      amplifier means 190, resistance means 192 couples grounded capacitance
      means 171 to amplifier means 190 and resistance means 193 couples
      adjustable resistance means 195 to amplifier means 190. In addition,
      resistance means 194 is a feedback resistor interconnecting the output of
      amplifier means 190 to the input thereof. Adjustable resistance means 195
      is adapted to be provided with a constant supply voltage V and may
      comprise a potentiometer having an adjustable contact 196. The output of
      amplifier means 190 is coupled to metering means 198 by current limiting
      resistance means 197. The metering means 198 may comprise a conventional
      ammeter. It is recognized that the foregoing monitoring circuit is
      arranged in a configuration similar to that of control voltage generator
      18 and, accordingly, a detailed explanation of the operation of the
      monitoring circuit is not deemed necessary.
PAR  The purpose of the monitoring circuit is to provide a visual indication of
      the operation of the synchronizing apparatus of the present invention. If
      metering means 198 is of the moving coil type, adjustable contact 196 is
      disposed such that the voltage supplied thereby to resistance means 193 is
      adequate to position the moving coil at a predetermined location on the
      scale of the metering means 198.
PAR  It is expected that, during the normal operation of the apparatus of the
      present invention, the control signal 181' applied to variable frequency
      generating means 19 will admit of the nominal or threshold level, and the
      frequency of the periodic signal generated by variable frequency
      generating means 19 will be sufficient to maintain synchronism between
      first and second moveable members. Accordingly, the moving coil of
      metering means 198 will remain at said predetermined location. If, now the
      synchronous relationship between the first and second moveable members is
      disturbed, the error signal 171' applied to resistance means 192 by
      grounded capacitance means 171 will displace the moving coil in a first
      direction. However, the control signal 181' will be sufficient to adjust
      the first moveable member in a manner whereby synchronism is restored, and
      the moving coil of metering means 198 will again be positioned at the
      predetermined location. Similarly, if an error signal 172' is applied to
      resistance means 191 by grounded capacitance means 172, the moving coil of
      metering means 198 will be displaced in a second direction. Consequently,
      it is anticipated that the moving coil will be subjected to occasional
      displacements during the operation of the apparatus of the present
      invention. If, however, the alignment of the first moveable member remains
      out of synchronism with respect to the alignment of the second moveable
      member for a prolonged period of time, the moving coil of metering means
      198 will be subjected to prolonged or frequent displacements. This
      indicates that the frequency of the periodic signal generated by variable
      frequency generating means 19 is not sufficient to maintain the desired
      synchronism between the first and second moveable members. Accordingly,
      adjustable contact 187 must be positioned in a manner to correspondingly
      alter the nominal or threshold voltage applied thereby to resistance means
      184, whereby the frequency of the periodic signal produced by variable
      frequency generating means 19 in response to control signal 181' is again
      sufficient to maintain synchronism.
PAR  FIG. 4 illustrates a system for reproducing information wherein the
      apparatus of the present invention may be employed, and comprises
      synchronizing apparatus 400, as was described in detail in conjunction
      with FIG. 1, a filmstrip 411, optical projecting means 404, photoreceptor
      means 405, developing means 406, and web 421. The filmstrip 411 may
      comprise a web of microfilm bearing images of information prerecorded
      thereon, and uniformly spaced sense markings distributed along the length
      thereof. Filmstrip 411 is adapted to be transported from supply spool 412,
      over guide rolls 413 and 414, normal to slit 403, over capstan 415, guide
      roll 416, and on to take-up spool 417. The capstan 415 is mechanically
      coupled to electric motor 418, the latter being coupled to synchronizing
      apparatus 400. Capstan 415 is adapted to drive take-up spool 417 via
      spring loaded belt 418'. Lamp means 419 is fixedly disposed relative to
      the filmstrip 411 and is in optical communication with photocell means
      420. Photocell means 420 is electrically coupled to synchronizing
      apparatus 400 and is adapted to provide signals in response to modulations
      of the radiant energy transmitted by lamp means 419.
PAR  Optical projecting means 404 comprises at least one magnifying lens adapted
      to project images at a predetermined magnification ratio. The images
      projected by optical projecting means 404 may be provided by illuminating
      the filmstrip 411 that is normal to slit 403. Accordingly, lamp 401 is
      capable of emitting light of the desired intensity and condenser lens 402
      serves to conduct the light to an area of concentration disposed in the
      vicinity of slit 403.
PAR  Photoreceptor means 405 may take the form of an electrophotographic plate
      comprised of a photoconductive insulating body overlying a conductive
      backing. The photoconductive insulating body is adapted, in the well known
      manner, to have an electrostatic charge applied to its surface and to
      selectively dissipate such electrostatic charge upon the exposure thereof
      to illumination corresponding to a light and dark pattern, such as an
      information pattern, whereupon a latent image of such pattern is formed.
      The electrophotographic plate may comprise, for example, a layer of
      selenium in the configuration of a drum, as illustrated in FIG. 4.
      However, as will be apparent to those of ordinary skill in the art, the
      electrophotographic plate may take any convenient form such as an endless
      belt. The photoreceptor means 405 is adapted to be translated to a
      cleaning station 432, for a purpose subsequently described, and to
      charging unit 433. Cleaning station 432 may be of the type described in
      U.S. Pat. No. 2,751,616 issued to M. I. Turner, Jr., et al. The
      electrostatic charge applied to the surface of photoreceptor means 405 may
      be deposited thereon by charging unit 433 which may comprise a corona
      discharge device of the type described in U.S. Pat. No. 2,777,957 issued
      to L. E. Walkup.
PAR  Developing means 406 may comprise any well known form of
      electrophotographic developing apparatus which acts to develop an
      electrostatic latent image by the application of electroscopic material
      407 capable of adhering to the electrostatic charge pattern on the
      photoreceptor means 405. The electroscopic material 407 may be applied to
      slide 409 from a dispenser 408, whereupon the electroscopic material 407
      cascades down and over the electrostatic latent image on the surface of
      photoreceptor means 405.
PAR  Web 421 acts as a support surface to receive the developed image from
      photoreceptor means 405 at transfer station 410. Accordingly, the web 421
      may be of any convenient type, such as paper, and is adapted to be
      transported from supply spool 422, over guide roll 423, through transfer
      station 410, over guide roll 424, through heat fusing means 431, guide
      roll 425 and on to take-up spool 426. The take-up spool 426 is
      mechanically coupled to electric motor 427. Guide rolls 423 and 424 serve
      to direct the web 421 into surface contact with photoreceptor means 405 in
      the vicinity of charging unit 430 at transfer station 410. Charging unit
      430 may be similar to aforedescribed charging unit 433. In addition, the
      frictional forces between web 421 and photoreceptor means 405 may be such
      as to impart a rotational velocity to photoreceptor means 405.
      Alternatively, photoreceptor means 405 may be directly driven by a motor
      means, such as electric motor 427, mechanically coupled thereto. The heat
      fusing means 431 may be of a type disclosed in U.S. Pat. No. 2,852,651
      which issued to Crumrine et al. The web 421 may include pre-established
      notations thereon, such as appropriate headings, columns and the like,
      wherein it is desired to print the information prerecorded on the
      filmstrip 411. In addition, the web 421 includes uniformly spaced sense
      markings distributed along the length thereof. Lamp means 428 is fixedly
      disposed relative to the web 421 and is in optical communication with
      photocell means 429. Photocell means 429 is electrically coupled to
      synchronizing apparatus 400 and is adapted to provide signals in response
      to modulations of the radiant energy transmitted by lamp means 419.
PAR  In the operation of the printing apparatus illustrated in FIG. 4, electric
      motor 418 drives capstan 415 at a speed determined by the synchronizing
      apparatus 400 in the now understood manner. It is recognized that, if
      desired, electric motor 418 may drive take-up spool 417. At the same time,
      electric motor 427 drives take-up spool 426 at a speed determined by the
      operating characteristics of the electric motor 427. The ratio between the
      speed of take-up spool 426 and the speed of capstan 415 should be equal to
      the magnification ratio of optical projecting means 404. As filmstrip 411
      is transported, the radiant energy transmitted by lamp 419 is modulated by
      the sense markings distributed along the length of filmstrip 411.
      Photocell means 420 responds to the modulated radiant energy to apply
      signals to synchronizing apparatus 400. Hence, photocell means 420 may
      correspond to first signal producing means 11 of FIG. 1. It should be
      understood that the radiant energy transmitted by lamp means 419 may be
      transmitted directly to photocell means 420, as illustrated in FIG. 4, or
      may be reflected from the filmstrip 411 to photocell means 420.
PAR  In a similar manner, as web 421 is transported, the radiant energy
      transmitted by lamp 428 is modulated by the sense markings distributed
      along the length of web 421. Photocell means 429 responds to the modulated
      radiant energy to apply signals to synchronizing apparatus 400. Hence,
      photocell means 429 may correspond to second signal producing means 12 of
      FIG. 1. The radiant energy transmitted by lamp means 428 may be reflected
      from web 421 to photocell means 429, as illustrated in FIG. 4, or may be
      transmitted directly from lamp means 428 to photocell means 429. Hence,
      the signals applied to synchronizing apparatus 400 by photocell means 420
      and 429 represent the alignments of filmstrip 411 and web 421,
      respectively, from which the respective transport speeds may be
      established. The synchronizing apparatus 400 operates in the manner
      previously described to synchronize the speed of filmstrip 411 with the
      speed of web 421 by varying the operating speed of electric motor 418. If
      desired, the speed of filmstrip 411 may be synchronized with the
      rotational velocity of photoreceptor means 405. It is, of course,
      understood that position detecting means other than the aforedescribed
      detecting means may be utilized to apply signals to synchronizing
      apparatus 400.
PAR  As photoreceptor means 405 rotates beneath charging unit 433, a uniform
      electrostatic charge is deposited on the surface thereof. The charged
      photoreceptor means 405 is rotated to a location subtending the output of
      optical projecting means 404. At this location, photoreceptor means 405 is
      exposed to a magnified image of the information recorded on filmstrip 411.
      Exposure of the photoreceptor means 405 selectively dissipates the charge
      thereon in accordance with the light and dark portions of the character
      pattern prerecorded on filmstrip 411 and transmitted by optical projecting
      means 404, resulting in an electrostatic latent image of a magnified
      character pattern.
PAR  When photoreceptor means 405 is rotated to the developing means 406, the
      electrostatic latent images are developed to form visible images by well
      known treatment with electroscopic material 407. The developed image is
      transferred to web 421 when photoreceptor means 405 is rotated to the
      transfer station 410. The electroscopic material may be transferred to web
      421 by electrostatic transfer, adhesive transfer, or other conventional
      electrophotographic transfer techniques. After transfer of the image from
      photoreceptor means 405 to web 421, the photoreceptor means 405 is rotated
      to cleaning station 432, where any electroscopic material adhering to
      photoreceptor means 405 is removed and photoreceptor means 405 is prepared
      for re-use in a well known and conventional manner as described in U.S.
      Pat. No. 2,751,616.
PAR  It should be noted that a plurality of optical projecting means may be
      selectively provided with varying magnification ratios. If this is
      desired, means must be provided to selectively vary the ratio of the speed
      of web 421 to the speed of filmstrip 411 in a corresponding manner. This
      may be accomplished by the proper positioning of the adjustable contact
      187 of control voltage generator 18. In addition, exposure control means
      including shutter control apparatus may be disposed in the optical path
      between optical projecting means 404 and photoreceptor means 405.
PAR  It should be clear from the foregoing description that the present
      invention is effective to maintain a predetermined alignment between first
      and second moveable members to thereby synchronize the velocity of the
      first moveable member with the velocity of the second moveable member.
PAR  While the invention has been particularly shown and described with
      reference to a plurality of embodiments thereof, it will be obvious to
      those skilled in the art that the foregoing and various other changes and
      modifications in form and details may be made without departing from the
      spirit and scope of the invention. It is, therefore, intended that the
      appended claims be interpreted as including all such changes and
      modifications.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for synchronizing the time of occurrence of a first pulse
      signal with the time of occurrence of a second pulse signal comprising:
PA1  first pulse signal generating means for generating said first pulse signal;
PA1  second pulse signal generating means for generating said second pulse
      signal;
PA1  first means coupled to said first and second pulse signal generating means
      and having a first state and a quiescent state, said first means being
      adapted to assume its first state when said first pulse signal is
      generated prior to the generation of said second pulse signal and to
      assume its quiescent state when said second pulse signal is generated,
      whereby the time duration of said first state is proportional to the time
      delay between said first and second pulse signals;
PA1  second means coupled to said first and second pulse signal generating means
      and having a first state and a quiescent state, said second means being
      adapted to assume its first state when said second pulse signal is
      generated prior to said first pulse signal and to assume its quiescent
      state when said first pulse signal is generated, whereby the time duration
      of said first state is proportional to the time delay between said second
      and first pulse signals;
PA1  first integrating means coupled to said first means for producing a first
      analog signal having an amplitude proportional to the integral of the time
      duration of the first state assumed by said first means;
PA1  second integrating means coupled to said second means for producing a
      second analog signal having an amplitude proportional to the integral of
      the time duration of the first state assumed by said second means;
PA1  first storage means coupled to said first integrating means for storing the
      maximum amplitude obtained by said first analog signal;
PA1  second storage means coupled to said second integrating means for storing
      the maximum amplitude obtained by said second analog signal;
PA1  combining means coupled to said first and second storage means for
      selectively producing a control signal above a predetermined threshold
      level in response to the maximum amplitude stored by said first storage
      means and below said predetermined threshold level in response to the
      maximum amplitude stored by said second storage means;
PA1  voltage controlled oscillating means coupled to said combining means for
      producing an oscillating signal having a frequency of oscillation
      determined by said control signal; and
PA1  modifying means coupled to said first pulse signal generating means and
      responsive to said oscillating signal for modifying the time of occurrence
      of said first pulse signal in accordance with the frequency of oscillation
      of said oscillating signal whereby the magnitude of said control signal
      obtains said predetermined threshold level.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said combining means includes means for
      selectively establishing a ratio between the operating frequency of said
      first pulse signal generat means and the operating frequency of said
      second pulse signal generating means.
NUM  3.
PAR  3. In apparatus for synchronizing the velocities of first and second
      movable members including driving means mechanically coupled to said first
      movable member, first and second detecting means for deriving first and
      second signals representative of the velocities of said first and second
      movable members, respectively, comparison means coupled to said first and
      second detecting means for determining the phase relationship between said
      first and second signals and feedback means coupled to said driving means
      for adjusting the speed of said driving means in accordance with said
      determined phase relationship, the improvement comprising:
PA1  control signal generating means coupled to said comparison means for
      applying to said feedback means a control signal having an amplitude
      proportional to said phase relationship and including means for
      selectively establishing a ratio between the velocity of said first and
      second movable members, said control signal generating means comprising
PA1  analog signal integrating means coupled to said comparison means for
      generating a time dependent analog signal having an amplitude that
      selectively increases or decreases with the passing of time in accordance
      with a phase lagging or phase leading relationship, respectively;
PA1  sample and hold means coupled to said analog signal integrating means for
      sampling the amplitude of said time dependent analog signal and for
      storing the maximum amplitude obtained by said analog signal during an
      integrating cycle; and
PA1  algebraic combining means coupled to said sample and hold means and to said
      means for selectively establishing a ratio between the velocities of said
      first and second movable members for generating said control signal.
NUM  4.
PAR  4. The improvement of claim 3 wherein said means for selectively
      establishing a ratio between the velocities of said first and second
      moveable members comprises a source of variable voltage coupled to said
      algebraic combining means whereby said control signal admits of an
      amplitude that is an algebraic combination of said variable voltage and
      said stored maximum amplitude.
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ABST
PAL  A linear reluctance motor for the drive of rail transportation means which
      includes a primary part whose coils are fed with a.c. power while its
      secondary part is constructed rail-like, is arranged parallel to the track
      and is fixedly installed on the ground; the secondary part is thereby in
      the form of a toothed rack of ferromagnetic material whereby the primary
      part produces a magnetic field traveling cyclically in a direction
      opposite the drive direction and cooperating with the toothed rack.
PARN
PAR  This application is a Continuation-in-Part application of Ser. No. 200,088,
      filed Nov. 18, 1971, now abandoned, the disclosure of which is herein
      incorporated by reference.
BSUM
PAR  The present invention relates to a linear reluctance motor for the drive of
      rail transportation means, whose primary part having coils fed with
      impulses is arranged in the vehicle and whose secondary part, constructed
      rail-like, is arranged fixed on the ground and parallel to the track.
PAR  It is known that the heretofore customary wheel drives of rail vehicles
      become problematical at velocities above 300 km/h because the adherence of
      the wheels on the rails no longer suffices in order to transmit from the
      wheels to the rail the considerable driving forces required for the
      acceleration and for overcoming the vehicle air resistance. It has already
      been contemplated heretofore to utilize propeller drives or
      jet-propulsions for high-velocity rail vehicles. However, such solutions
      are disadvantageous by reason of the strong noise and exhaust-gas
      development and cannot be considered in particular along such lines in
      which tunnels have to be traversed.
PAR  The linear reluctance motor has already been recognized as that drive
      system which has the best chances to find application in connection with
      high-velocity rail vehicles of the future. The linear reluctance motor
      involves in practice a normal electric motor, cut up radially and
      developed in a plane, whose one part is extended corresponding to the
      length of the traveled track and is laid parallel to the track whereas the
      other part is fixedly arranged in the vehicle. The most economical
      solution resides in that the primary part traversed by current is fixedly
      arranged in the vehicle whereas the secondary part consisting in the
      simplest case of a metallic rail is secured between the rails and the
      ground.
PAR  The advantages of the linear electric motor in the vehicle propulsion or
      drive systems consist, on the one hand, in that the velocity is not
      limited by centrifugal forces and that, on the other hand, by reason of
      the elimination of transmissions and bearings, the motor is not subjected
      to wear. Additionally, the motor operates noiselessly, in vibration-free
      and produces no air pollution.
PAR  The present invention is concerned with the task to provide a linear
      reluctance motor of the aforementioned type with economic manufacture.
      Additionally, the traction and brake moment should possess a value
      corresponding to the requirements of a high-velocity rail vehicle.
PAR  As solution to the underlying problems, the present invention provides that
      the secondary part is a toothed rack of ferromagnetic material and that
      the primary part produces a magnetic field which travels cyclically
      opposite the drive direction and cooperates with the rack. The reluctance
      motor according to the present invention therefore operates similarly to
      the reluctance motor known as a rotary motor, wherein the rotor
      corresponds to the rack provided according to the present invention. The
      magnetic field produced by the primary part seeks to take along the rack
      so that by reason of the secure anchoring of the rack on the ground, the
      vehicle is displaced or moved in the opposite direction corresponding to
      the velocity of the traveling magnetic field. The traveling velocity of
      the magnetic field is to be matched to the respective vehicle velocity of
      the rail vehicle, which takes place appropriately by an automatic control
      of known construction. With changes in the velocity of the magnetic field
      traveling opposite the drive direction, for the purpose of acceleration or
      for the purpose of braking of the vehicle, the inertia masses to be moved
      or moved as well as other resistances are to be considered in such a
      manner that optimum acceleration and deceleration values are obtained.
PAR  Advantageously, the teeth and tooth gaps have the same dimensions in the
      longitudinal direction. With this construction it is appropriate that two
      double coils of the primary part each correspond in their effective width
      to the longitudinal dimension of a tooth or toothed gap. Preferably four
      double-coils are arranged altogether one behind the other so that
      respectively one tooth and one tooth gap are covered by coils.
PAR  A preferred embodiment of this invention provides that two double coils
      each, following one another are cyclically energized sequentially, and
      more particularly in such a manner that upon engagement of the
      energization of two double coils disposed one behind the other, the
      forwardly disposed double coil is disposed in the forward half of a tooth
      and the cyclically following double coil is disposed in the forward half
      of the tooth gap disposed therebehind, whereas during discontinuance of
      the energization the corresponding coils are essentially in alignment with
      a tooth.
PAR  In the linear reluctance motor according to the present invention, the
      driving powers can be increased relatively simply by a multiplication of
      the coils in the primary part. In other words, a larger number of teeth is
      simultaneously used therefore for the drive. Thus, a preferred embodiment
      provides that several double-coil groups-of-four are arranged one behind
      the other.
PAR  It is also possible according to the present invention that only the teeth
      consist of ferromagnetic material. The teeth can be mounted therefore on a
      support rail of any suitable material, for example, of plastic material or
      of concrete. A considerable cost decrease during the manufacture of the
      secondary part can be achieved thereby. Appropriately, the support rail
      made from suitable material is installed at first whereupon the teeth of
      ferromagnetic material are mounted in the desired arrangement.
PAR  An embodiment is preferred in particular, in which the teeth are stacked
      from magnetic sheet metal plates disposed parallel to the double coil
      axis, whereby each second sheet metal member is constructed narrower in
      such a manner that with respect to the pole surfaces periodic recesses
      exist in the side surfaces of the toothed rack. The magnetic plates are
      thereby also preferably aligned parallel to the longitudinal direction of
      the toothed rack.
PAR  This preferred embodiment means a magnetic dilution or attenuation of the
      rack teeth so that the magnetic energization of the coils can be chosen so
      high that the remaining magnetic circuit never becomes saturated and a
      maximum field strength prevails in the air gap where the force production
      takes place.
PAR  In the construction provided with magnetic dilution or thinning of the
      teeth, it is particularly appropriate if the teeth are made as separate
      structural parts and are mounted on a rail. The magnet sheet metal plates
      subsequently forming the teeth can be manufactured very easily in a
      rational mass production and can then be mounted by an automatically
      operating tool in an accurate arrangement on the pre-installed support
      rail.
PAR  The tooth thickness is selected according to the present invention
      sufficient in such a manner that the distance between tooth side surface
      and pole surfaces has a value sufficient for practical operation. In other
      words, it is important that the ratio of air gap to tooth thickness has as
      small as possible a value. With a predetermined thickness of the air gap,
      this ratio can be favorably influenced by increasing the tooth thickness.
PAR  The control of the coil energization takes place preferably pulse-like by
      means of high-power thyristors whereby a conventional feeler or sensor
      responding to the position of the primary part relative to the teeth
      controls the thyristors and thus assures for an automatic control. The
      pulses energize two double coils disposed one behind the other always at
      that instant and in that manner that a maximum force is transmitted onto
      the primary part in the direction of the drive.
PAR  A particular problem with high-velocity rail vehicles especially in
      transportation installations resides in a sufficiently rapid braking,
      especially at the highest velocities. This problem can be solved in a
      simple manner by the present invention in that a brake circuit of known
      construction is provided which energizes the coils of the primary part
      with the respectively prevailing velocity at such a rate and cycle that a
      maximum counterforce is produced.
PAR  The velocity control can advantageously take place by control of the pulse
      frequency or repetition rate by conventional means. In other words, the
      built-in automatic control system can be so influenced that by changing
      the pulse frequency or repetition rate the velocity is increased or
      decreased.
PAR  Accordingly, it is an object of the present invention to provide a linear
      reluctance motor for the drive of rail transportation means which avoids
      by simple means the aforementioned shortcomings and drawbacks encountered
      in the prior art.
PAR  Another object of the present invention resides in a propulsion system for
      rail vehicles which is independent of the problem of inadequate adhesion
      of the wheels on the rails to achieve very high velocities.
PAR  A further object of the present invention resides in a propulsion system
      for rail vehicles which does not produce any noises in the propulsion
      system nor pollute the atmospheric air by exhaust gases.
PAR  A further object of the present invention resides in a drive system for
      rail vehicles in which the maximum velocity is not limited by centrifugal
      forces and which minimizes wear and tear in the parts thereof by the
      elimination of gears and bearings.
PAR  Stil another object of the present invention resides in a linear reluctance
      motor for the propulsion of rail vehicles which operates noiselessly,
      vibration-free and without air pollution.
PAR  Another object of the present invention resides in a propulsion system for
      rail vehicles which can be economically mass-produced and possesses good
      efficiency while at the same time permitting relatively favorable traction
      and braking moments.
DRWD
PAR  These and other objects, features and advantages of the present invention
      will become more apparent from the following description when taken in
      connection with the accompanying drawing which shows, for purposes of
      illustration only, one embodiment in accordance with the present
      invention, and wherein:
PAR  FIG. 1 is a schematic side view, partially in cross section, of a toothed
      rack of a linear reluctance motor according to the present invention
      whereby additionally one-half of the double coils and connecting members
      are indicated;
PAR  FIG. 2 is a cross-sectional view taken along Line II--II of FIG. 1 on an
      enlarged scale, whereby in addition to two wheels of a vehicle driven by
      the motor also associated rails on cross ties are indicated;
PAR  FIG. 3 is a circuit diagram showing the electric power system in the motor
      of the present invention; and
PAR  FIG. 4 is a schematic diagram showing the control system for the present
      invention.
DETD
PAR  Referring now to the drawing wherein the like reference numerals are used
      throughout the two views to designate like parts, cross ties 31 are laid
      on the ground 10 on which are secured two rails 13. A toothed rack
      generally designated by reference numeral 11 is arranged according to the
      present invention between the rails 13, which consists of a support rail
      28 and of teeth generally designated by reference numeral 14 arranged
      thereon at uniform spacings.
PAR  In FIG. 2, two wheels 29 of the rail vehicle are indicated in dash and dot
      lines which run on the rails 13. However, it should be mentioned that the
      drive system according to the present invention is suitable also for any
      other type of rail vehicles inclusive air cushion vehicles or magnetic
      cushion vehicles guided on rails.
PAR  The support rail 28 of the secondary part can be made from any suitable
      material which is particularly well-suited for a rational mass production
      and which takes into consideration the requirements for simple
      installation between the rails and form-rigidity also under extreme
      weather conditions. Particularly appropriate is the use of concrete.
PAR  The teeth 14 consist preferably of stacked magnetic sheet-metal members 24
      and 25.
PAR  The teeth 14 consisting of stacked magnetic plates 24, 25 placed one on top
      of the other are secured in any suitable manner on the support rail 28.
      According to the present invention, the magnetic members 24 and 25 are
      aligned parallel to the ground and magnetic members 24 with larger width
      alternate with magnetic members 25 of smaller width. Periodic recesses 26
      result therefrom in the side surfaces of the teeth 14, which bring about
      the magnetic thinning or dilution necessary for an economic operation. A
      magnetic attenuation or thinning can also be attained in that one inserts
      non-ferromagnetic materials between the magnetic members and thus
      increases the magnetic resistance of the teeth.
PAR  The primary part generally designated by reference numeral 12 which is
      secured at the vehicle consists of a series arrangement of double coils
      16, 17, 18, 19, etc., of which the double coil 16 can be recognized in
      FIG. 2.
PAR  The curved connecting member 30 not only has to absorb the magnetic
      attraction forces but also must close the magnetic flux. Consequently, it
      must have a sufficient cross section and must therefore be made from a
      material of high rigidity as well as low magnetic resistance, i.e., high
      permeability.
PAR  An air gap is present between the pole surfaces 27 of the double coils and
      the side edges of the wider magnetic members 24, which on the one hand, is
      sufficiently small for producing the necessary propulsion force and on the
      other, has a sufficient width in order to satisfy the requirements of the
      practical operation. Appropriately the primary part 12 is arranged on the
      inside of the vehicle so as to be movable in a lateral direction, and an
      automatic device assures the maintenance of a predetermined width of the
      air gap. Since such control devices as will automatically maintain a
      predetermined width of the air gap are known as such and form no part of
      the present invention, a detailed description thereof as well as of the
      actuating means which produce any readjustment of the air gap, are
      dispensed with herein.
PAR  According to FIG. 1, the double coils are subdivided into groups-of-four
      20, 21, 22 and 23. The teeth 14 and the tooth gaps 15 have the same
      dimensions in the longitudinal direction. The dimensions of each double
      coil in the longitudinal direction corresponds to half a tooth length.
PAR  The energization of the individual coils takes place pulse-like preferably
      by means of power thyristors in the following manner:
PAR  As soon as a double coil (for example, double coil 17 in FIG. 1) is
      disposed in the rear half of a tooth 14 and the following double coil
      (i.e., double coil 18 in FIG. 1) is disposed in the forward half of the
      adjoining tooth gap 15, both coils are energized by a pulse in such a
      manner that a maximum force in the drive direction (arrow S in FIG. 1) is
      attained. This pulse lasts for such length of time until the two double
      coils following one another (i.e., coils 17 and 18) are in alignment with
      a tooth 14.
PAR  At that instant the forwardly disposed double coil (17) is de-energized and
      the two double coils (18, 19) disposed therebehind are energized in the
      same manner as the two double coils (17, 18) were energized before. This
      operation continues cyclically so that the double coils are always
      cyclically energized sequentially in the following manner:
TBL  16, 17                                                                    

     17, 18                                                                    

     18, 19                                                                    

     19, 16                                                                    

     etc.                                                                      

PAR  During braking, two double coils each, for example, 19, 18; 18, 17, 17, 16,
      16, 19 have to be simultaneously and analogously energized at that instant
      when they are in alignment with the tooth 14. If the double coil 19 has
      left the operating range of the tooth 14, then it must be de-enerigzed and
      the coil 17 which in the meantime has come into alignment with the tooth
      14, has to be energized.
PAR  The same cyclic operation takes place within the group-of-four 20, 21, 22
      and 23.
PAR  In case a more uniform driving force at the primary part 12 is desired, the
      teeth may also have a trapezoidal profile.
PAR  The output of the linear reluctance motor according to the present
      invention can be increased to a very high value in that at each instant a
      larger number of teeth is used for the propulsion by the arrangement of a
      corresponding larger number of groups-of-four. The electric energy for the
      drive of the linear motor can be obtained by a gas generator driven by a
      gas turbine or also by a contact wire, such as, for example, an overhead
      line.
PAR  The electric power system described in principle in FIG. 3 is controlled by
      a speed indicator or speedometer via a corresponding control system and
      makes possible the following functions: forward motion, reverse motion,
      speed control and electrical braking with recovery of the kinetic energy.
      A current limitation is obviously required for this.
PAR  The coils 16, 17, 18 and 19 according to the present application are shown
      in diagrammatical representation in FIG. 3. A smoothing choke coil 40
      advantageously is connected in series with a shunt-resistance which
      controls the current and also controls an input of the electric control
      system 42, according to FIG. 4.
PAR  The operations obtained by the present invention may be by a corresponding
      control of the main thyristors 32, 33, 34, 35 (see FIG. 4). The quenching
      of these thyristors takes place at the end of each period-of-four (one
      period corresponding to the space interval 1 toothwidth + 1 toothgap),
      while ignition via the regulator 45 can be engaged earlier or later (but
      at the earliest at the beginning of the period-of-four). In this way, the
      medium voltage supplied to the motor is varied and thus the speed or
      braking regulated.
PAR  The reset and ignition pulses are produced by the control system 42 which,
      in turn, receives signals or data from the speed and position indicator 43
      regarding the speed of travel and the relative position of the primary and
      secondary part of the motor. This information is obtained by optical or
      magnetic means (not shown).
PAR  The direction of travel or the traction (motor or braking) are determined
      by means of direction of travel control elements 44. For the forward
      direction, the thyristors are ignited in the following sequence:
PA1  32, 34; 34, 33; 33, 35; 35, 32;
PAR  For the reverse direction, they are ignited in the following sequence:
PA1  35, 33; 33, 34; 34, 32; 32, 35;
PAR  If the vehicle moves, for example, in the forward direction and is to be
      electrically decelerated, ignition must take place in the reverse
      direction.
PAR  Correct functioning of the motor with electrical braking operation and
      starting with motor operation is only ensured if the electric control
      system makes it possible to limit the current. This means that the torque
      (or the amplitude of the currents flowing through the coils 16, 17, 18,
      19) is kept constant at a specific value to be obtained from the travel
      program. For this purpose a shunt-resistance 41 which continually measures
      the motor current is connected in series with the choke 40. The voltage
      tapped at the terminals of this resistance is supplied to an electric
      control system 42. The ignition or excitation of the main thyristors is
      then such that the amplitude of the current remains constant.
PAR  With electrical braking it is desirable for a part of the kinetic energy of
      the decelerating vehicle to be converted into electrical energy and to be
      returned to the energy source via diodes 36, 37, 38 and 39 of the electric
      power system.
PAR  To this end, the motor operates as a generator and current limitation will
      be present.
PAR  While I have shown and described only one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to those
      skilled in the art and I therefore do not wish to be limited to the
      details shown and described herein but intend to cover all such changes
      and modifications as are encompassed by the scope of the appended claims.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A linear electric motor for the drive of rail transporting means, which
      comprises a primary part including at least one group of four double coil
      means, each double coil means of said group arranged one adjacent the
      other, a magnetic yoke joining each double coil means, and means for
      simultaneously feeding each double coil means with an alternating current,
      said group of double coil means disposed in said rail transporting means
      longitudinally in the drive direction; a rail-like secondary part disposed
      fixedly on the ground and substantially parallel to track of said rail
      means, said secondary part including a toothed rack means having teeth of
      ferromagnetic material and tooth gaps, with substantially the same
      dimensions in the longitudinal direction, disposed along said toothed rack
      means in the longitudinal direction, wherein each said double coil means
      of said group is disposed with one coil oppositely positioned on either
      side of said rack means, the axis of each coil of said double coil means
      being in line with one another and perpendicular to said rack means, and
      wherein said group of four double coil means corresponds in its operating
      width to the longitudinal dimensions of one tooth and one tooth gap of
      said rack means; and means for energizing pulse-wise each said double coil
      means of said group successively such that a magnetic field is produced
      cyclically opposite the drive direction and cooperating with said toothed
      rack means, characterized in that the teeth and tooth gaps of the toothed
      rack means have substantially the same dimensions in the longitudinal
      direction, and in that two double coil means of the primary part
      correspond in their operating width to the longitudinal dimensions of a
      tooth or tooth gap.
NUM  2.
PAR  2. A motor according to claim 1, characterized in that said energizing
      means includes control means for sequentially energizing two successive
      double coil means cyclically one after the other in such a manner that
      upon initiation of the energization of two double coil means disposed one
      behind the other, the forwardly disposed double coil means is within the
      area of the rear half of a tooth and the cyclically following double coil
      means is disposed in the forward half of the next tooth gap disposed
      therebehind whereas during the discontinuance of the energization the
      respective coil means are substantially aligned with a tooth.
NUM  3.
PAR  3. A motor according to claim 1, characterized in that for purposes of
      braking two double coil means each are energized at that instant when they
      are in substantial alignment with a tooth.
NUM  4.
PAR  4. A linear electric motor for the drive of rail transporting means, which
      comprises a primary part including at least one group of four double coil
      means, each double coil means of said group arranged one adjacent the
      other, a magnetic yoke joining each double coil means, and means for
      simultaneously feeding each double coil means with an alternating current,
      said group of double coil means disposed in said rail transporting means
      longitudinally in the drive direction; a rail-like secondary part disposed
      fixedly on the ground and substantially parallel to track of said rail
      means, said secondary part including a toothed rack means having teeth of
      ferromagnetic material and tooth gaps, with substantially the same
      dimensions in the longitudinal direction, disposed along said toothed rack
      means in the longitudinal direction, wherein each said double coil means
      of said group is disposed with one coil oppositely positioned on either
      side of said rack means, the axis of each coil of said double coil means
      being in line with one another and perpendicular to said rack means, and
      wherein said group of four double coil means corresponds in its operating
      width to the longitudinal dimensions of one tooth and one tooth gap of
      said rack means; and means for energizing pulse-wise each said double coil
      means of said group successively such that a magnetic field is produced
      cyclically opposite the drive direction and cooperating with said toothed
      rack means, characterized in that the teeth of the rack means are formed
      of laminated ferromagnetic members disposed substantially parallel to the
      double coil axis, and substantially parallel to the longitudinal direction
      of the toothed rack means, whereby each second magnetic member is
      constructed narrower in such manner that periodic recesses are present in
      the side surfaces of the toothed rack means opposite pole surfaces.
NUM  5.
PAR  5. A motor according to claim 4, characterized in that non-ferromagnetic
      materials are interposed between the ferromagnetic members and thus the
      magnetic resistance of the teeth is increased.
NUM  6.
PAR  6. A motor according to claim 4, characterized in that the teeth are made
      as separate structural parts and are mounted on a rail.
NUM  7.
PAR  7. A motor according to claim 4, characterized in that the tooth thickness
      is selected to be sufficient in such a manner that the distance between a
      toothed rack side surface and a pole surface has a size sufficient for
      practical operation but is also sufficiently small for the production of
      the requisite driving force.
NUM  8.
PAR  8. A motor according to claim 7, characterized in that control means for
      the coil energization includes high-power thyristor means and means for
      producing pulses including feeler means responding to the position of the
      primary part relative to the teeth of the rack means which controls the
      thyristor means and thus provides an automatic control.
NUM  9.
PAR  9. A motor according to claim 8, characterized in that a brake circuit
      means is provided.
NUM  10.
PAR  10. A motor according to claim 9, characterized in that the velocity
      control takes place by control of the pulse frequency.
NUM  11.
PAR  11. A linear electric motor for the drive of rail transporting means, which
      comprises a primary part including at least one group of four double coil
      means, each double coil means of said group arranged one adjacent the
      other, a magnetic yoke joining each double coil means, and means for
      simultaneously feeding each double coil means with an alternating current,
      said group of double coil means disposed in said rail transporting means
      longitudinally in the drive direction; a rail-like secondary part disposed
      fixedly on the ground and substantially parallel to track of said rail
      means, said secondary part including a toothed rack means having teeth of
      ferromagnetic material and tooth gaps, with substantially the same
      dimensions in the longitudinal direction, disposed along said toothed rack
      means in the longitudinal direction, wherein each said double coil means
      of said group is disposed with one coil oppositely positioned on either
      side of said rack means, the axis of each coil of said double coil means
      being in line with one another and perpendicular to said rack means, and
      wherein said group of four double coil means corresponds in its operating
      width to the longitudinal dimensions of one tooth and one tooth gap of
      said rack means; and means for energizing pulse-wise each said double coil
      means of said group successively such that a magnetic field is produced
      cyclically opposite the drive direction and cooperating with said toothed
      rack means, characterized in that for use as an oscillator the toothed
      rack means has a limited length and forms said fixed secondary part and in
      that the primary part is movably arranged whereby the energization of the
      coil means is so controlled that a to and fro movement of the respective
      primary part is achieved within the length of the toothed rack means.
NUM  12.
PAR  12. A linear electric motor for the drive of rail transporting means, which
      comprises a primary part including at least one group of four double coil
      means, each double coil means of said group arranged one adjacent the
      other, a magnetic yoke joining each double coil means, and means for
      simultaneously feeding each double coil means with an alternating current,
      said group of double coil means disposed in said rail transporting means
      longitudinally in the drive direction; a rail-like secondary part disposed
      fixedly on the ground and substantially parallel to track of said rail
      means, said secondary part including a toothed rack means having teeth of
      ferromagnetic material and tooth gaps, with substantially the same
      dimensions in the longitudinal direction, disposed along said toothed rack
      means in the longitudinal direction, wherein each said double coil means
      of said group is disposed with one coil oppositely positioned on either
      side of said rack means, the axis of each coil of said double coil means
      being in line with one another and perpendicular to said rack means, and
      wherein said group of four double coil means corresponds in its operating
      width to the longitudinal dimensions of one tooth and one tooth gap of
      said rack means; and means for energizing pulse-wise each said double coil
      means of said group successively such that a magnetic field is produced
      cyclically opposite the drive direction and cooperating with said toothed
      rack means, characterized in that said energizing means includes control
      means for sequentially energizing two successive double coil means
      cyclically one after the other in such a manner that upon initiation of
      the energization of two double coil means disposed one behind the other,
      the forwardly disposed double coil means is within the area of the rear
      half of a tooth and the cyclically following double coil means is disposed
      in the forward half of the next tooth gap disposed therebehind whereas
      during the discontinuance of the energization of the respective coil means
      are substantially aligned with a tooth.
NUM  13.
PAR  13. A motor according to claim 12, characterized in that for purposes of
      braking two double coil means each are energized at that instant when they
      are in substantial alignment with a tooth.
NUM  14.
PAR  14. A linear reluctance motor for driving rail transporting means, said
      linear reluctance motor comprising a primary part arranged on the rail
      transporting means and a rail-like secondary part arranged fixedly on the
      ground and substantially parallel to a track of the rail transporting
      means, wherein the primary part includes at least one section of adjacent
      coil means and energizing means for producing a traveling magnetic field
      from said coil means, said traveling magnetic field moving oppositely the
      drive direction of the rail transporting means, and wherein the secondary
      part is a linear rail having a plurality of adjacent projections made of
      magnetic material, which are in cooperative relationship with the at least
      one section of coil means, wherein the projections from the linear rail of
      the secondary part are laminated magnetic layers disposed in parallel to
      the direction of the magnetic field and in parallel to the longitudinal
      direction of the rail, and wherein alternate lamina project to a distance
      from the linear rail less than that of the adjacent lamina.
NUM  15.
PAR  15. A linear reluctance motor for driving rail transporting means, said
      linear reluctance motor comprising a primary part arranged on the rail
      transporting means and a rail-like secondary part arranged fixedly on the
      ground and substantially parallel to a track of the rail transporting
      means, wherein the primary part includes at least one section of adjacent
      coil means and energizing means for producing a traveling magnetic field
      from said coil means, said traveling magnetic field moving oppositely the
      drive direction of the rail transporting means, and wherein the secondary
      part is a linear rail having a plurality of adjacent projections made of
      magnetic material, which are in cooperative relationship with the at least
      one section of coil means, wherein said at least one section of adjacent
      coil means includes at least two adjacent coil means arranged in the
      direction of said track, said at least one section of coil means including
      a quadruplet group of adjacent double coils, each of said double coils
      being disposed on opposite sides of said linear rail of the secondary
      part, and said double coils of said quadruplet group being adjacently
      arranged on said rail transporting means in the direction of the track,
      and wherein said energizing means include control means for controlling
      sequential excitation by said energizing means of each of said at least
      two adjacent coil means in a direction opposite to said drive direction,
      at least one of said plurality of projections electromagnetically
      cooperating with one of said at least two adjacent coil means, wherein
      said control means sequentially excite at least two respective adjacent
      ones of said double coils, the first of said two adjacent double coils
      being initially disposed in juxtaposition with a half portion of one of
      said plurality of adjacent projections of said secondary part, and the
      second of said two adjacent double coils being initially disposed in
      juxtaposition with a gap between said one projection and the next
      following projection of said plurality.
NUM  16.
PAR  16. A linear reluctance motor according to claim 15, wherein the
      projections from the linear rail of the secondary part are laminated
      magnetic layers disposed in parallel to the direction of the magnetic
      field and in parallel to the longitudinal direction of the rail, and
      wherein alternate lamina project to a distance from the linear rail less
      than that of the adjacent lamina.
NUM  17.
PAR  17. A linear reluctance motor according to claim 15, wherein said first of
      said two adjacent double coils is disposed juxtaposed to the rear half
      portion of said one projection in the drive direction.
NUM  18.
PAR  18. A linear reluctance motor for driving rail transporting means, said
      linear reluctance motor comprising a primary part arranged on the rail
      transporting means and a rail-like secondary part arranged fixedly on the
      ground and substantially parallel to a track of the rail transporting
      means, wherein the primary part includes at least one section of adjacent
      coil means and energizing means for producing a traveling magnetic field
      from said coil means, said traveling magnetic field moving oppositely the
      drive direction of the rail transporting means, and wherein the secondary
      part is a linear rail having a plurality of adjacent projections made of
      magnetic material, which are in cooperative relationship with the at least
      one section of coil means, wherein said at least one section of adjacent
      coil means includes at least two adjacent coil means arranged in the
      direction of said track, said at least one section of coil means including
      a quadruplet group of adjacent double coils, each of said double coils
      being disposed on opposite sides of said linear rail of the secondary
      part, and said double coils of said quadruplet group being adjacently
      arranged on said rail transporting means in the direction of the track,
      and wherein said energizing means include control means for controlling
      sequential excitation by said energizing means of each of said at least
      two adjacent coil means in a direction opposite to said drive direction,
      at least one of said plurality of projections electromagnetically
      cooperating with one of said at least two adjacent coil means, wherein
      said control means sequentially excites a pair of said double coils in
      dependent sequence with a first of said pair to be excited being disposed
      in juxtaposition with a rear portion of one of said projections while the
      second of said pair to be excited being in juxtaposition with a gap
      between respective ones of said plurality of projections.
NUM  19.
PAR  19. A linear reluctance motor according to claim 18, wherein a plurality of
      quadruplet groups of adjacent double coils are formed in electromagnetic
      cooperation with said secondary part.
NUM  20.
PAR  20. A linear reluctance motor for driving rail transporting means, said
      linear reluctance motor comprising a primary part arranged on the rail
      transporting means and a rail-like secondary part arranged fixedly on the
      ground and substantially parallel to a track of the rail transporting
      means, wherein the primary part includes at least one section of adjacent
      coil means and energizing means for producing a traveling magnetic field
      from said coil means, said traveling magnetic field moving oppositely the
      drive direction of the rail transporting means, and wherein the secondary
      part is a linear rail having a plurality of adjacent projections made of
      magnetic material, which are in cooperative relationship with the at least
      one section of coil means, wherein said at least one section of adjacent
      coil means includes at least to adjacent coil means arranged in the
      direction of said track, said at least one section of coil means including
      a quadruplet group of adjacent double coils, each of said double coils
      being disposed on opposite sides of said linear rail of the secondary
      part, and said double coils of said quadruplet group being adjacently
      arranged on said rail transporting means in the direction of the track,
      and wherein said energizing means include control means for controlling
      sequential excitation by said energizing means of each of said at least
      two adjacent coil means in a direction opposite to said drive direction,
      at least one of said plurality of projections electromagnetically
      cooperating with one of said at least two adjacent coil means, wherein the
      projections from the linear rail of the secondary part are laminated
      magnetic layers disposed at least approximately in parallel to the axis of
      said double coils and at least approximately in parallel to the axis of
      said double coils and at least approximately in parallel to the
      longitudinal direction of the rail, and wherein adjacent lamina project
      from the linear rail at different distances such that alternate lamina
      have a smaller spacing from the double coils.
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ABST
PAL  An improved arrangement for regulating the speed of an asynchronous motor
      in which an real performance regulator is inserted between the speed
      regulator and the means controlling the input voltage and/or current to
      the motor. The subsidiary regulator inserted between the speed control and
      the motor control circuits receives as an input a value of the real power
      which is proportional to the torque or traction force thereby resulting in
      linear control of the motor based on its actual performance.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to asynchronous motors in general and more
      particularly to an improved arrangement for regulating the speed of such
      motors.
PAR  In the prior art, systems have been proposed, for example in German
      Auslegeschrift 1,806,769, for improving the speed regulation in an
      asynchronous polyphase linear motor by using an auxiliary regulating
      control which has as an input the torque of the machine. In this system,
      the torque is determined using a relatively complicated actual value
      computer which simulates the fluxes occurring in the machine. Although
      such a system results in a linear relationship between the main and
      auxiliary control magnitudes, which is needed for optimum regulation,
      i.e., between the speed control and the torque control, the use of such an
      real value computer entails substantial expense. Thus, it can be seen that
      there is a need for a simplified means of providing improved control of
      asynchronous motors of this type.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides such a control system. In the preferred
      embodiment of the present invention a real performance control is inserted
      between the speed control and the control means regulating the voltage
      and/or current supplied to the motor, e.g. a controlled rectifier. The
      input to the real performance control is a quantity proportional to the
      power being provided to the motor. The arrangement of the present
      invention thus takes advantage of the knowledge that, with a constant
      primary frequency input and negligable slip, the power provided to an
      asynchronous machine is almost directly proportional to its torque.
      Similarly, in the case of asynchronous polyphase linear motor, it is
      proportional to the tractive force. Thus through the use of this input
      proportional to power, an excellent approximation of the torque or
      tractive force of the machine is obtained and regulation in accordance
      therewith accomplished. Generally, to obtain the performance indicated by
      input to the speed regulator, the motor current is not considered.
      However, in order to prevent a heat overload of the machine, the
      illustrated embodiment also provides a minimum value circuit between the
      real performance control and the controlled rectifier or the like which
      has as a limiting input the output of a current limiting regulator which
      has as an input a voltage proportional to the real current being supplied
      to the motor and a voltage proportional to the maximum allowable current.
      Asynchronous three phase linear motors are gaining widespread use in
      driving speed regulated high speed vehicles such as vehicles for carrying
      passengers and freight. When so used, it is generally desirable to limit
      the amount of jerking which is experienced at the motor. Thus in
      accordance with a further feature of the present invention the input to
      the real performance control is provided through top speed regulator
      circuit which prevents abrupt changes. In addition to prevent oscillations
      of the actual speed during the correction of regulatory deviations, a
      second minimum value circuit is included between the speed control
      amplifier and the top speed regulator. This second minimum value circuit
      has as its limiting input the output of a limiting circuit which in turn
      has as inputs a reference voltage and the output of the real performance
      regulator. Since in some applications it is necessary to be able to have
      an input which can be controlled directly in proportion to desired torque
      or traction force, and which also results in being able to limit jerking,
      means are provided to switch the desired value being input to the real
      performance control from the speed control to a second top speed regulator
      which has as an input the output of a variable potentiometer. Because of
      these two modes of control, i.e., through the speed control or through the
      torque/tractive force potentiometer, means are further provided to update
      the one of the controls not in use so that it follows the one which is
      being used resulting in jerk-free switching back and forth between the two
      modes of operation.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE is a block-circuit diagram of the preferred embodiment of
      the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  As shown on the FIGURE an asynchronous three-phase linear motor 1 is
      supplied from the three-phase line 2 through a control means 3 which
      typically may comprise a controlled rectifier which is capable of
      controlling the amount of power supplied to the motor 1. The motor control
      3 is controlled in conventional fashion by a control means 4 which may
      comprise for example means to provide appropriate output firing pulses to
      thyristors contained within the controlled rectifier. Such a means
      receives a voltage input proportional to a desired speed of rotation and
      converts that into firing pulses to properly fire the thyristor or the
      like in the motor control 3 in well known fashion.
PAR  In various prior art systems the input to the control means 4 has been a
      voltage developed by comparing an actual speed with a commanded speed.
      However, as noted above it has been found that an additional control loop
      which responds to motor torque or tractive force is desirable. Thus there
      is provided a real performance control 6 which has as its one input the
      desired value indicated by N* and as a second input a signal N
      proportional to the real power being supplied to the motor, which as
      described above approximates the torque or tractive force. (In
      conventional fashion control 6 adjusts its output up and down in
      accordance with the difference between its two inputs, i.e., it may
      comprise an integrator circuit which will integrate to the point where it
      provides an output which will cause the desired input N* and actual input
      N to be equal. As long as neither input changes this output will be
      maintained. A change in either will result in an error causing integration
      up or down to restore the balance.) This signal is developed in a power
      computer 7 which has as its inputs a voltage proportional to the current
      being supplied to the motor, obtained from a current transformer 8 and a
      voltage proportional to the voltage supplied thereto, obtained from a
      voltage transformer 9.
PAR  To avoid excessive current in the motor and overheating therefrom the
      output of the actual performance controller 6 is provided through a
      minimum value circuit 5 comprised of diodes arranged in conventional
      fashion to result in an output which is the smaller of two inputs. The
      second input to the minimum value circuit 5 is obtained from a current
      limiting regulator 11 having as inputs a maximum current I* and a
      rectified actual current obtained from current transformer 8 and provided
      through a rectifier 10. As the current measured at the current transformer
      8 increases to above the maximum permissible current I* the output of
      current regulator 11 will become decreasingly smaller so that it
      effectively regulates the maximum currents applied to the motor 1. The
      input N* is developed from a speed control comprising an amplifier 15 and
      a top speed regulator 13. A tachometer or the like 16 provides an input V
      proportional to the actual speed of the machine 1 which is compared with a
      commanded speed V* at the input of amplifier 15. The output of amplifier
      15 is provided through a second minimum value circuit, identical to that
      described above, to the top speed regulator 13. Such a top speed regulator
      may be constructed as described in German patent 1,126,487 and is designed
      such that the output will always tend to approach the input but that the
      change of output is controlled so that it does not exceed a predetermined
      rate. Thus the top speed regulator 13 prevents large input changes from
      immediately being felt at the output. Through its inclusion jerking is
      avoided. The output of the top speed regulator 13 is fed back through a
      capacitor 18 and resistor 17 in series to the input of amplifier 15 to
      result in a proportional integral control behavior for this portion of the
      system. The second input to the minimum value circuit 14 is obtained from
      a regulator 19 which has as its inputs a fixed voltage .mu..sub.B and the
      output of the real performance regulator 6. As with the regulator 11,
      regulator 19 will limit the output of the minimum value circuit 14 if the
      voltage output of controller 6 exceeds that of the voltage .mu..sub.B. The
      regulator 19 may be constructed so that the limiting effect of the voltage
      .mu..sub.B is applied slowly, in which case the output voltage of the real
      performance regulator 6 may become greater than the limiting voltage
      .mu..sub.B momentarily.
PAR  In many applications, e.g., in switchyard operation of locomotives or when
      the motor is used with axle drives, it is desirable that the tractive
      force be controllable directly. For this purpose a second means for
      inputting a desired valve and a switch 12 are provided. When operating in
      this mode the switch 12 is moved to the position not shown, thereby
      breaking the connection of the top speed regulator 13 and real performance
      control 6 along with breaking the path from the real performance control 6
      to the regulator 19. The input to the controller 6 is now provided from a
      second top speed regulator 20 which has as its input the ouput of a
      potentiometer 24 which may be manually controlled to provide a desired
      value of torque or traction. Thus, complete control of the motor is now
      accomplished through the use of the control loop associated with control
      6. Top speed regulator 20 will be similar to top speed regulator 13,
      preventing abrupt changes at potentiometer 21 being directly transmitted
      to the real performance control 6.
PAR  Since switching between these two modes of operation must be accomplished
      without jerking, a compensating regulator 22 is provided. The outputs of
      top speed controller 13 and 20 are subtracted at the input of regulator 22
      to provide a signal proportional to their difference. When operating under
      speed control the output of regulator 22 is provided back to the input of
      top speed controller 20. Thus through this feedback path, the top speed
      controller 20 will tend to have an output equal to that of top speed
      controller 21 so that a smooth switchover will be possible. Similarly,
      when operating with top speed controller 20, i.e., torque control, the
      output of the regulator 22 is provided back to the input of the top speed
      controller 13 thereby causing its output to equal that of top speed
      controller 20 so that switching back to speed control may be done
      smoothly.
PAR  Thus an improved arrangement for regulating the speed of an asynchronous
      motor has been shown. Although specific embodiments have been illustrated
      and described, it will be obvious to those skilled in the art that various
      modifications may be made without departing from the spirit of the
      invention which is intended to be limited solely by the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An arrangement for regulating the speed of an asynchronous motor which
      is supplied with power at a constant frequency and has associated with it
      a multi-loop regulating circuit comprising:
PA1  a. regulating means including means to develop from a commanded speed and
      actual speed, a first control signal;
PA1  b. means for measuring the real power being consumed by the asynchronous
      motor and providing a signal proportional thereto;
PA1  c. an real performance regulator including means to develop from said first
      control signal and from said signal proportional to the real power a
      second control signal; and
PA1  d. means responsive to said second control signal to control one of the
      voltage and current being supplied to the motor.
NUM  2.
PAR  2. The invention according to claim 1 and further including a minimum value
      circuit interposed between said real performance controller and said motor
      control means having as a second input the output of a current limiting
      regulator which has as inputs a maximum allowable current and the real
      current being supplied to the motor.
NUM  3.
PAR  3. The invention according to claim 1 wherein said means to develop said
      control signal includes a first top speed regulator.
NUM  4.
PAR  4. The invention according to claim 3 wherein said first top speed
      regulator obtains its input from an amplifier having as inputs the
      commanded speed and the actual speed and further including a second
      minimum value circuit between said amplifier and said first top speed
      regulator said minimum value circuit having as a second input the output
      of a regulator having as inputs the output of said actual performance
      regulator and a constant limiting voltage and further including a series
      capacitance resistance circuit coupling the output of said first top speed
      regulator to the input of said amplifier.
NUM  5.
PAR  5. The invention according to claim 4 and further including a second top
      speed regulator having as an input the output of a potentiometer and means
      to switch the input of said real value controller from the output of said
      first top speed regulator to said second top speed regulator.
NUM  6.
PAR  6. The invention according to claim 5 and further including a compensating
      regulator having as inputs the output of said first and second top speed
      regulators and means to switch the output of said compensating regulator
      to the input of one of said first and second top speed regulators, said
      means to switch being coupled to said first switch so that when said first
      top speed regulator is coupled to said real performance controller the
      output of said compensating regulator is coupled to the input of said
      second top speed regulator and when said actual performance controller is
      coupled to said second top speed regulator the output of said compensating
      regulator is coupled to the input of said first top speed regulator.
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ABST
PAL  A machine tool control system moves a grinding wheel from a retracted
      position to a forward position by causing hydraulic fluid to be applied
      under pressure to a hydraulic cylinder to effect rapid forward movement of
      the grinding wheel to a forward position whereupon further movement of the
      grinding wheel to a final position is effected by supplying a
      predetermined number of pulses to a stepping motor for driving the feed
      screw in accordance with a predetermined sequence of grinding movements.
      Upon completion of the grinding operation, the grinding wheel is reset to
      the initial retracted position by applying hydraulic fluid to another
      portion of a cylinder to rapidly move the grinding wheel from the forward
      position to the retracted position while at the same time applying the
      same predetermined number of pulses to the stepping motor so as to
      reversely rotate the feed screw to return the grinding wheel to the
      initial position. To confirm an accurate resetting of the grinding wheel
      within an acceptable margin of error, a pulse generator operated by the
      actual movement of the feed screw produces verification pulses which are
      received by a reset confirmation circuit which at the conclusion of the
      resetting operation monitors a number of pulses corresponding to the
      acceptable margin of error to determine whether the grinding wheel has
      been reset to the initial position. If the reset confirmation circuit
      receives an insufficient number of verification pulses, indicating an
      underreset condition, or receives too many pulses within a period of time
      corresponding to the acceptable margin of error, indicating an overreset
      condition, then further operation of the machine tool will be prevented.
PARN
PAR  This is a continuation of copending U.S. Application Ser. No. 322,468,
      filed Jan. 10, 1973, now abandoned.
BSUM
PAR  This invention relates to a control system for a machine tool, for example
      a grinding machine, in which a grinding wheel is advanced from an initial
      starting position to a final position in accordance with pulses
      representative of a given distance to effect grinding of a workpiece to a
      desired size, and more particularly to a control system for accurately
      confirming a proper resetting of the grinding wheel to the initial
      starting position by monitoring pulses produced during the resetting
      operation.
PAR  In operating a grinding machine, a workpiece is loaded into a suitable
      support mechanism on the machine while the grinding wheel is at a rest or
      retracted position, and then the grinding wheel is advanced into
      engagement with the workpiece and to a final position to grind the
      workpiece to a final desired size. Subsequently, the grinding wheel is
      removed to the retracted position to enable another workpiece to be loaded
      into the grinding machine. To minimize the amount of time necessary to
      grind a workpiece to a desired size, it is desirable to move the grinding
      wheel rapidly from the retracted position to a forward position closely
      adjacent the workpiece whereupon the grinding wheel may be advanced at a
      slower rate in accordance with a sequence of grinding movements. However,
      unless the grinding wheel is fully returned to the initial starting
      position, then the grinding wheel may be brought into contact with the
      workpiece during the above-mentioned rapid movement, resulting in damage
      to the workpiece and possible injury to an operator. Alternatively, if the
      grinding wheel is reset beyond the initial starting position, then the
      next workpiece will not be ground to a final desired size. Accordingly, an
      object of the present invention is to provide a control system for a
      machine tool moved between an initial starting position to a final
      position in accordance with pulses representative of distance with means
      for confirming a correct resetting of the machine tool to the starting
      position.
DRWD
PAR  Still other objects, features and advantages of the present invention will
      become apparent to those skilled in the art from a reading of the
      following detailed description of a preferred embodiment of the invention,
      taken in conjunction with the accompanying drawing, wherein:
PAR  The FIGURE is a diagrammatic view of a grinding machine illustrating the
      drive mechanism and a schematic block diagram of a control circuit for
      operating the drive mechanism.
DETD
PAR  Referring now in detail to the FIGURE in the drawing, there is shown
      diagrammatically a grinding machine, generally indicated 11, for grinding
      a workpiece, not shown, to a selected size. Although not shown, the
      workpiece may be supported in a conventional manner between a head stock
      and a tail stock of a work support mounted at one end of a bed 13 of the
      grinding machine 11. Also mounted on the bed 13 is a rotatably driven
      grinding wheel 15 which is carried by a wheel base 12 which is slidably
      supported on the bed 13 for movement relative to the workpiece. To grind
      the workpiece to a selected size, the grinding wheel 15 is moved from a
      retracted position to a forward position by a rapid hydraulic feed
      arrangement, generally indicated 17, which is controlled by a rapid feed
      valve controller 19. Upon reaching the forward position, the grinding
      wheel 15 is further advanced at a slower rate toward a final position by a
      feed screw 21 which is rotatably driven through a gear drive, generally
      indicated 22, by an electric motor 23 which is controlled by a grinding
      control circuit, generally indicated at 25. Upon grinding the workpiece to
      a selected size as determined by the final position to which the grinding
      wheel 15 is advanced, the grinding wheel 15 is then removed from the
      workpiece by reversely driving the feed screw 21 to move the wheel base 12
      to a reset position and by operating the rapid feed valve controller 19 to
      drive the wheel base 12 from the forward position to the retracted
      position.
PAR  As shown, the rapid hydraulic feed arrangement 17 is in the form of a
      piston 27 slidably disposed in the cylinder 29 which is formed in the bed
      13 of the grinding machine 11 for moving the wheel base 12 between the
      retracted position and the forward position. The hydraulic feed
      arrangement 17 includes a pair of hydraulic conduits 31, 33 each leading
      from different openings at the opposite ends of the cylinder 29 to the
      rapid feed valve controller 19 for controlling the flow of hydraulic fluid
      to the cylinder 29. The rapid feed valve controller 19 may be in the form
      of a conventional solenoid-controlled valve having input and output
      conduits 35, 37 respectively, leading to a supply of hydraulic fluid, not
      shown, in a conventional manner. The piston 27 is secured to the feed
      screw 21 which threadably engages a half nut 39 associated with the wheel
      base 12 for moving the grinding wheel 15 relative to the bed 13 of the
      grinding machine 11. When the rapid feed valve controller 19 is operated
      to move the grinding wheel 15 from the retracted position to the forward
      position, hydraulic fluid is supplied through the conduit 33 to the
      rearward end of the cylinder 29 so as to push the piston 27 forwardly
      until the end of the feed screw 21 abuts against a forward stop 41. To
      move the wheel base 12 from the forward position to the retracted
      position, the rapid feed valve controller 19 is operated to supply
      hydraulic fluid through the conduit 31 to the forward end of the cylinder
      29 to push the piston 27 rearwardly until a collar 43 on the feed screw 21
      abuts a rearward stop 45. The manner of supplying hydraulic fluid to the
      rapid feed valve controller 19 and the means by which the rapid feed valve
      controller 19 operates to control the flow of fluid to the cylinder 29 are
      not shown since they form no part of the present invention and may be
      desirably conventional.
PAR  In grinding the workpiece to a final selected size, the grinding wheel 15
      is typically advanced from the forward position to the final position in a
      sequence of grinding movements in which the grinding wheel is advanced at
      a much slower rate than the rapid feed rate by which the grinding wheel
      moved from the retracted position to the forward position. As more
      particularly described in copending U.S. Pat. No. 3,716,949, the grinding
      wheel 15 is advanced over a preselected range at a preselected rate until
      reaching the end point of the selected range whereupon there is a
      predetermined dwell period before beginning the next grinding movement,
      and there may be several sequences of grinding movements with different
      feed ranges, different feed rates and different dwell periods until the
      workpiece is finally ground to the selected size when the grinding wheel
      15 reaches the final position. At the final position, there is a dwell
      period commonly referred to as the "spark out" period, and upon completion
      of the "spark out" period the grinding wheel 15 may be withdrawn from the
      workpiece to a reset position.
PAR  To advance the grinding wheel 15 from the forward position to the final
      position, the feed screw 21 is rotatably driven by the motor 23, which may
      be a suitable electric stepping motor, and which is operated in accordance
      with pulses supplied from the grinding control circuit generally indicated
      at 25, with each pulse being representative of a predetermined feed
      distance or degree of rotation of the feed screw 21. To enable an operator
      to establish a program of grinding movements, the grinding control circuit
      25 includes operator programming controls, generally indicated at 47 which
      consist of feed rate switches 49, feed range switches 51, and dwell timers
      53 which may be individually set by the operator. The feed range switches
      51 determine the total number of pulses to be supplied to the electric
      stepping motor 23 and thereby define the distance over which the grinding
      wheel 15 is advanced, the feed rate switches 49 determine the rate at
      which the selected number of pulses are supplied to the motor 23, and the
      dwell timers 53 determine the amount of time that the grinding wheel 15
      will remain at the end point of a corresponding feed range before
      undergoing further movement. The details of the movement of the grinding
      wheel 15 during a grinding operation, and the details the feed range
      switches 51, the feed rate switches 49 and the dwell timers 53 are not
      described since they are adequately explained in the above mentioned
      copending U.S. Pat. No. 3,716,949, to which reference may be made for
      additional details of the involved grinding control circuit 25.
PAR  To initiate the operation of the grinding machine 11, a suitable start
      switch 55 may be actuated to supply a start signal to the rapid feed valve
      controller 19 so as to cause hydraulic fluid to be supplied to the
      rearward end of the cylinder 29 to move the grinding wheel 15 from the
      retracted position to the forward position whereupon the end of the feed
      screw 21 abuts against the forward stop 41. Upon reaching the forward stop
      41, a limit switch 57 is operated by a projection 59 associated with the
      feed screw 21 so as to provide a signal to initiate the operation of the
      grinding control circuit 25. The signal from the limit switch 57 is
      supplied to a sequence controller 61 which supplies an ON signal to a gate
      63 to enable pulses to pass from a frequency converter 65 to a motor
      control circuit, generally indicated 67 for driving the stepping motor 23.
      At the same time, the sequence controller 61 supplies operating signals to
      the feed rate switch 49 and the feed range switch 51 determining the first
      grinding sequence. The feed rate switch 49 actuates the frequency
      converter 65 which receives signals from a crystal controlled oscillator
      68 and produces a series of pulses at the rate determined by the selected
      feed rate switch 49. The feed range switch 51 supplies a signal to a
      control counter and compare circuit 69 which receives the same pulses
      being supplied to the motor control circuit 67. The signal supplied by the
      selected feed range switch 51 is representative of the total number of
      pulses to be supplied to the motor control circuit 67 during the selected
      sequence of grinding movement, and when the control counter and compare
      circuit 69 has counted the selected number of pulses, it supplies a signal
      to the sequence controller 61 which in turn supplies an OFF signal to the
      gate 63 to stop the series of pulses being supplied to the motor control
      circuit 67. At the same time the sequence controller 61 initiates the
      operation of the dwell timer 53 associated with the first grinding
      sequence. Upon completion of the operation of the selected dwell timer 53,
      the timer 53, actuates the sequence controller 61 to initiate another
      grinding operation.
PAR  As the pulses from the frequency converter 65 are supplied to the motor
      control circuit 67, the pulses are received by a suitable up/down counter
      71 which counts the incoming pulses and produces a digital signal
      representative of the total incoming pulses received by the counter. The
      digital signal produced by the counter 71 is received by a suitable
      digital to analogue converter 73 which supplies an analogue signal of
      corresponding magnitude to a suitable pulse generator 75 which supplies
      pulses to the stepping motor 23 at a frequency rate dependent upon the
      magnitude of the analogue signal. Although not shown, the pulse generator
      75 may be in the form of a suitable unijunction transistor relaxation
      oscillator in which the emitter of the unijunction transistor is connected
      to a junction between a series-connected resistor-capacitor(RC) timing
      circuit. The analogue signal is applied across the RC timing circuit and
      the capacitor is charged at a rate determined by the magnitude of the
      analogue signal and the series resistance until the emitter break-over
      voltage is reached, whereupon the capacitor is discharged through the
      emitter of the unijunction transistor producing a pulse supplied to the
      stepping motor. As the pulse generator 75 supplies pulses to the motor 23,
      the same pulses are fed back to the counter 71 to reduce the total pulse
      count. Since the pulse generator 75 initially produces pulses at a slower
      rate than the rate at which the series of pulses are supplied to the
      counter 71 by the frequency converter 65, the count in the counter 71 will
      rise until the pulse generator 75 produces pulses at the same rate as the
      pulses are received from the frequency converter 65. After the gate 63 has
      been turned off by the sequence controller 61, as described hereinabove,
      the count in the couner 71 will be reduced at a decreasing rate as the
      magnitude of the analogue signal across the RC timing circuit diminishes.
PAR  In the manner of operation explained above, the sequence controller 61 may
      advance the grinding machine 11 through a series of grinding sequences
      until the workpiece is ground to the desired size with the grinding wheel
      at the final position. Upon reaching the final position, the grinding
      machine 11 undergoes a final dwell period which is generally referred to
      as the "spark out" period, and when the "spark out" period is completed
      the sequence conroller 61 is actuated by the dwell timer 53 determining
      the "spark out" period to reset the grinding wheel to the retracted
      position for grinding another workpiece in the programmed grinding
      sequence.
PAR  To reset the grinding machine 11 for grinding another workpiece, the
      sequence controller 61 supplies an ON signal to the gate 63, to enable
      pulses to be supplied from the frequency converter 65 to the motor control
      circuit 67 for reversely rotating the motor 23. In the reset mode, pulses
      are supplied to the motor control circuit 67 at a relatively high
      frequency rate until the number of pulses supplied to the motor control
      circuit 67 equals the number of pulses used to advance the grinding wheel
      15 during the preceding sequence of grinding movements. The pulses
      supplied to the motor control circuits 67 during the reset mode are also
      received by the control counter and compare circuits 69, and when the
      number of pulses equals the total pulses as represented by the signals
      from the feed range switches 51, the control counter and compare circuit
      69 supplies a signal to the sequence controller 61 which in turn supplies
      an OFF signal to the gate 63 to prevent the passage of further pulses to
      the motor control circut 67. In addition, during the reset mode the
      sequence controller 61 supplies a retract signal to the rapid feed valve
      controller 19 so as to cause hydraulic fluid to be supplied to the forward
      end of the cylinder 29 to push the grinding wheel base 17 rearwardly to
      the retracted position. Upon reaching retracted position, another limit
      switch 77 is operated which supplies an enable signal to the start switch
      55 to enable the start switch to subsequently supply another start signal
      to the rapid feed valve controller 19 if the grinding machine is properly
      reset as will be explained herein below.
PAR  In resetting the grinding machine 11, it is desirable that the grinding
      wheel 15 be returned the same distance to the initial position from which
      it was advanced by the grinding control circuit 25 during the preceding
      sequence of grinding movements. If the grinding wheel 15 is not reset a
      sufficient distance, then it may engage the workpiece during the next
      rapid feed movement, resulting in damage to the workpiece as well as
      possible injury to the operator. If the grinding wheel 15 is reset too
      great a distance, then the subsequent advancement of the grinding wheel 15
      to a final position, as determined by the pulses supplied to the motor
      control circuit 67, will result in the workpiece not being ground to the
      desired size. This problem may occur due to an improper operation of the
      control circuit, the motor control circuit or even the motor. In the past,
      the proper resetting of the grinding wheel 15 was accomplished by always
      moving the grinding wheel 15 to a safe distance to prevent contact with
      the workpiece during the subsequent rapid feed movement, and by providing
      the grinding machine 11 with a suitable measuring instrument to monitor
      the actual size of the workpiece being ground. If the workpiece was not
      ground to the desired size at the completion of the sequence of grinding
      movements, the measuring instrument operated the sequence controller 61 to
      effect further feeding movement of the grinding wheel 15 until the
      workpiece was finally ground to the desired size as measured by the
      measuring instrument which thereupon supplied a reset signal to the
      sequence controller 61 to initiate the resetting of the grinding machine
      11 as explained hereinabove.
PAR  In accordance with the present invention, the proper resetting of the
      grinding wheel 15 is determined without a measuring instrument monitoring
      the size of the workpiece by providing the grinding control circuit 25
      with means to confirm the proper resetting of the grinding wheel 15 to an
      initial position in accordance with the pulses supplied to the motor
      control circuit 67 from the frequency converter 65. To determine that the
      feed screw 21 is being driven by the motor 23 in accordance with the
      series of pulses supplied to the motor control circuit 67, a pulse
      verification arrangement is provided whereby pulses are produced in
      accordance with the actual rotation of the feed screw. As shown, the pulse
      verification arrangement is in the form of a pulse generator 79 which is
      rotatably driven by the gear drive 22 for the feed screw 21 in accordance
      with the actual rotation of the feed screw 21. The verification pulse
      generator 79 may produce, in a conventional manner, a dual series of
      opposite pulses which lead or lag relative to each other in accordance
      with the direction of rotation of the feed screw 21. The verification
      pulses are received by a reset confirmation circuit 81 which detects the
      direction of rotation of the feed screw 21 and supplies pulses to a
      monitor counter and compare circuit 83 where the total number of pulses
      counted is compared with the total number of pulses indicated by the feed
      range switches 51. If the number of pulses counted by the monitor counter
      and compare circuit 83 is less than the number indicated by the feed range
      switches 51, the monitor counter and compare circuit 83 will supply an
      inhibit signal to the sequence controller 61 inhabiting the operation of
      the start switch 55 to prevent further operation of the grinding machine
      11 to avoid a subsequent unsafe operation. If the number of pulses
      received by the monitor counter and compare circuit 83 equals the number
      of pulses indicated by the feed range switches 51 then the monitor counter
      and compare circuit 83 supplies a signal to the reset confirmation circuit
      81 which, in a manner to be explained below, will supply a reset
      confirmation signal to the sequence controller 61 enabling further
      operation of the grinding machine 11. If the number of verification pulses
      exceeds the number of pulses indicated by the feed range switch, then the
      reset confirmation circuit 81 will not supply a reset confirmation signal
      to the sequence controller 61, but instead will energize an indicator
      light 84 to notify the operator that the grinding wheel has been over
      reset.
PAR  Since the number of verification pulses produced by the pulse generator 79
      may not be precisely representative of the actual reset position of the
      grinding wheel 15 due to slack in the gear drive 22 or other difficulties,
      for example jitter, and since there is usually an acceptable margin of
      error in resetting the grinding machine 11, the reset confirmation circuit
      81 is provided with means to accommodate a small margin of error in the
      number of verification pulses received from the verification pulse
      generator 79. For purpose of illustration only, it will be assumed that
      the acceptable margin of error in resetting the grinding machine 11 would
      be a distance within a range of 14 pulses. Furthermore, since the period
      of time necessary for the motor control circuit 67 to supply the final 15
      pulses to the motor 23 may be accurately determined, the reset
      confirmation circuit 81 is provided with means to limit the pulses
      received within the margin of error to a predetermined time period.
PAR  In a reset operation according to the present invention, at the end of the
      "spark out" period the sequence controller 61 will supply signals to the
      control counter and compare circuit 69 and the monitor counter and compare
      circuit 83 to clear the counters, and then preload the monitor counter 83
      with, for example, 8 pulses corresponding to the central number in the
      range of 15 pulses. Next, as explained above, the motor control circuit 67
      is supplied with pulses in accordance with the total number of pulses
      indicated by the feed range switches 51, whereupon the control counter and
      compare circuit 69 will supply a signal to the sequence controller to
      cause an OFF signal to be supplied to the gate 63. In addition, the
      control counter and compare circuit 69 will supply an enabling signal to
      the reset confirmation circuit 81 to condition for operation a counter and
      limit detector 85 which forms a portion of the reset confirmation circuit
      81. As the motor 23 is reversely driven to reset the grinding wheel 15,
      the verification pulses produced by the pulse generator 79 will lag the
      pulses produced by the frequency converter 65 due to the inherent delay in
      the operation of the motor control circuit 67, and accordingly, the
      counting of pulses by the monitor counter and compare circuit 83 will lag
      the counting of pulses by the control counter and compare circuit 69.
PAR  When the monitor counter and compare circuit 83 counts the same number of
      pulses indicated by the feed range switches 51, including the 8 pulses
      supplied to the counter 83 at the beginning of the reset operation, the
      monitor counter and compare circuit 83 will supply an actuating signal to
      the reset confirmation circuit 81 to initiate the operation of the counter
      and time limit detector 85 for counting any additional pulses received by
      the monitor counter and compare circuit 83. In addition, the actuating
      signal initiates a timer having a predetermined period of operation
      corresponding to the time necessary to receive the final 15 verification
      pulses. Accordingly, if the grinding machine 11 is reset precisely to the
      correct initial position, only 8 additional verification pulses will be
      counted within the time limit required to receive 15 pulses, and the reset
      confirmation circuit 81 will supply a reset confirmation signal to the
      sequence controller 61 enabling further operation of the grinding machine
      11. Due to the margin of error provided by the reset confirmation circuit
      81, the additional verification pulses counted by the counter and time
      limit detector 85 may range from 1 to 14 within the predetermined time
      limit and the reset confirmation circuit 81 will still supply a reset
      confirmation signal to the sequence controller 61. However, if 15 or more
      pulses are received within the predetermined time limit, then the reset
      confirmation circuit 81 will not supply a confirmation signal to the
      sequence controller 61 but instead will energize a light 84 to indicate an
      overreset condition of the grinding machine 11.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A machine tool control system comprising
PA1  a machine element,
PA1  means for advancing said machine element including
PA2  a stepping motor, and
PA2  means for supplying a selected number of pulses to said stepping motor to
      advance said machine element from a retracted position within a
      predetermined zone, defined by a predetermined number of pulses, to an
      advanced position,
PA1  means for retracting said machine element including
PA2  said stepping motor, and
PA2  means for supplying said selected number of pulses at a predetermined rate
      to said stepping motor,
PA1  reset confirmation means,
PA1  means for supplying pulses, representative of the actual position of said
      machine element to said reset confirmation means as said machine element
      is retracted from said advanced position to said retracted position,
PA1  timer means selectively set to time out after a time selected to correspond
      to the time required for said predetermined number of pulses plus one to
      be supplied to said reset confirmation means,
PA1  means for energizing said timer means when said machine element has been
      retracted to the proximate edge of said zone,
PA1  means for ascertaining whether said machine element is located within said
      zone when said timer times out, and
PA1  means for disabling said advancing means
PA2  when said machine element retraction terminates intermediate said advanced
      position and said proximate edge of the zone, or
PA2  when said machine element retraction terminates beyond said zone.
NUM  2.
PAR  2. A machine tool control system according to claim 1, further comprising
PA1  means for advancing said machine element from a fully retracted position to
      said retracted position, and
PA1  means for retracting said machine element from said retracted position to
      said fully retracted position.
NUM  3.
PAR  3. A machine tool according to claim 1, further comprising means for
      resetting said timer means and enabling said advancing means when said
      machine element retraction terminates within said zone.
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PAL  A program control unit for industrial robots comprising programming means
      to check instructions from arm-position memory means in which the arm
      motions are set by means of an arm-position selecting circuit and
      generates arm-position setting signals and also instruction signals for
      the grip and the exterior through an instruction signal converter circuit,
      and a stepping circuit to which are led quick-feed or jumping instructions
      as well as instructions based on actual arm-position signals, grip and
      exterior motion signals, and confirmation signals from the programming
      means, so that the programming means can be allowed to proceed with the
      processes by said stepping circuit.
PARN
PAC  CROSS-REFERENCE TO PRIOR APPLICATION
PAR  This is a continuation-in-part application of Ser. No. 232,441 now
      abandoned filed Mar. 7, 1972.
BSUM
PAR  This invention relates to a control system for robots for industrial use,
      and more specifically to improvements of a program control system for such
      robots.
PAR  Conventional program control systems for industrial robots have the
      following disadvantages:
PA1  1. In positioning an arm of the robot a timer is used but the operation is
      not checked afterwards. Consequently there is a danger of an erroneous
      operation breaking the positioning mechanism.
PA1  2. Gripping is partly checked. However, it is checked by simply stopping
      the motion temporarily. Because the conventional systems are unable to
      evaluate the results and switch over to another motion according to the
      conditions, their applications are limited.
PA1  3. Where programs partly in common for individual steps are to be used,
      they are planned in the order of process, that is, two or more idential
      programs have to be prepared. Thus the overall volume of the programs is
      increased to such an extent that the capacity limit of one system is
      reached too soon.
PAC  SUMMARY OF THE INVENTION
PAR  It is a principal object of the invention to provide industrial robots
      which operate with the same program capacity and the same system as
      conventional robots but are capable of performing more functions in a
      safer way.
PAR  Advantages of the industrial robots according to this invention are as
      follows:
PA1  A. When a robot has to be stopped for positioning, its motion is checked.
      When the robot is partly in operation and has only to bypass a certain
      range for the purpose of positioning, it may be operated with a timer to
      move as if under a continuous series of instructions while it is actually
      moving under point-to-point instructions.
PA1  B. External conditions given can be judged and, on the basis of the
      judgment, the robot can be so instructed as to proceed to some other
      motion.
PA1  C. Common programs are consolidated into one and the program is planned
      once for all. As a result, a comprehensive program covering an accordingly
      increased variety of instructions can be prepared.
PAR  Thus the control system according to the present invention gives
      instructions on arm positions, grip and exterior motions, and checks and
      makes certain that the robot has functioned in conformity with those
      instructions, and then issues following instructions.
PAR  The present invention will be more fully described hereunder with reference
      to the accompanying drawing showing a preferred embodiment thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Such description makes reference to the annexed drawings wherein:
PAR  FIG. 1 is a diagrammatic representation of a control system according to
      the invention;
PAR  FIG. 2 illustrates the second embodiment of this invention that is
      concerned with arm-position memory connected to the arm-position signal
      selecting circuit incorporated in the program control system of this
      invention as illustrated in FIG. 1;
PAR  FIG. 3 illustrates a program board comprising matrix as illustrated in FIG.
      1;
PAR  FIG. 4 illustrates a servo-amplifier and setting completion circuit as
      illustrated in FIG. 1;
PAR  FIG. 5 illustrates a confirmation instruction signal inverter circuit and
      stepping instruction circuit as illustrated in FIG. 1;
PAR  FIG. 6 illustrates a stepping circuit and quick-feed setting circuit as
      illustrated in FIG. 1;
PAR  FIG. 7 illustrates instruction-signal converter circuit as illustrated in
      FIG. 1; and
PAR  FIG. 8 illustrates an example of programming of this invention.
DETD
PAC  DESCRIPTION OF THE INVENTION
PA1  i. Positions which a robot has to assume in going through a step are set in
      an arm-position memory 1 as shown in FIG. 1, and they are connected to an
      arm-position signal selecting circuit 2 with a plurality of wires
      indicated by a dotted line. A program covering the entire motions of the
      robot and the exterior is incorporated in a program board 3. In response
      to instructions from the board 3, the selecting circuit 2 selects signals
      from the arm-position memory 1 and transmits the selected signals to
      servo-amplifier 4, which in turn generates signals 5 for an
      electric-hydraulic servo-system to set the arm position.
PA1  ii. As the program board 3 a programming pinboard is used. (At each pinned
      point longitudinal and lateral lines contact crosswise. If the operation
      proceeds from process to process transversely, only the pinned columns for
      each process give instructions in the longitudinal direction.) A stepping
      circuit 8 for the progress of process comprises ring counters which
      correspond to the respective columns of the program board 3.
PA1  iii. Instruction signals 17 for the grip and the exterior are generated by
      passing the signals (on   off) from the program board 3 directly through
      an instruction-signal converter circuit 6 in accordance with the program
      set in the program board 3.
PA1  iv. As the operation proceeds from one step to another following the
      testing of the instructions, the signals (on   off) from the program board
      3 are directly given to a stepping instruction circuit 9 by way of a
      confirmation instruction signal converter circuit 7 in accordance with the
      program set in the program board 3.
PA1  v. The arm position is given from the arm in terms of a feedback signal 12
      for the servo-system. When the signal is compared and found to agree with
      the input signal, it is then introduced from a setting completion circuit
      10 into the stepping instruction circuit 9 as one of the command
      conditions for stepping. In the foregoing description the wires indicated
      by dotted lines represent plural lines required between the individual
      circuits.
PA1  vi. When the arm position is to be confirmed as in (v) above, the arm is
      once stopped in that position. If it need not be stopped, a program may be
      prepared in the program board 3 in such a way that the arm can proceed to
      the next step after having moved only a period of time (as set by a timer
      11) sufficient for bypassing any obstacle which may be present on its
      path.
PA1  vii. A grip and exterior motion confirmation signal 13 is given to the
      stepping instruction circuit 9 as one of the conditions for stepping for
      each instruction.
PA1  viii. When any one and same program is to be repeatedly used in a single
      step, a quick-feed program is set beforehand in the program board 3. In
      this way its output signal 14 is given to a quick-feed setting circuit 15,
      and the program output of the latter is given to the stepping circuit 8.
      The state of the stepping circuit 8 is thereby changed, and the ring
      counters perform jumping as accordingly designated.
PA1  ix. Where a "yes" or "no" instruction given to a certain process
      necessitates a change in the following process, a yes-no condition signal
      16 is given to the quick-feed setting circuit 15. A program thereby set is
      given to the stepping circuit 8 and the state of the latter circuit is
      changed, thus causing the ring counters to perform jumping as accordingly
      designated.
PAR  FIG. 2 illustrates the second embodiment of this invention that is
      concerned with arm-position memory 1 connected to arm-position signal
      selecting circuit 2 incorporated in the program control system of this
      invention as illustrated in FIG. 1. In said Fig., VR1, VR2, . . . , VRn
      represent variable resistors connected in parallel to the DC power supply,
      respectively. Voltages set at respective variable resistors, VR1, VR2, . .
      . , VRn, are conveyed to arm-position selecting circuit 2. If short pins
      are fitted into adequate lattice points on matrix MX comprising
      arm-position signal selecting circuit 2, voltages set at variable
      resistors, VR1, VR2, . . . , VRn, can be transmitted through relay
      contacts, CR1a, CR2a, . . . , CRna, to lines, R, .theta., Z, Y.
PAR  FIG. 3 illustrates program board 3 comprising matrix MX. If diode pins are
      fitted in at adequate lattice points of such matrix MX, a plurality of
      relays, CR1, CR2, . . . , CRn, and RA1, RA2, RA3, can be driven at
      arbitrary steps, respectively. Thus in the example of programming as
      illustrated in FIG. 8, line P.sub.1 is fitted with diode pins at 1st, 4th,
      6th, 8th, 10th rows simultaneously to excite, among the relays shown in
      FIG. 3, relays, CR1, CR4, CR6, CR8, RA1, and therefore in FIG. 2 voltages
      of variable resistors, VR1, VR4, VR6, VR8, are transmitted to lines, R,
      .theta., Z, Y, through said relay contacts, CR1a, CR4a, CR6a, CR8a,
      respectively, while in FIG. 7 lead solenoid SOL is driven by closing the
      contact of relay RA1a.
PAR  The circuit operates similarly for other lines, P2, P3, . . . .
PAR  Voltages transmitted from variable resistors, VR1, VR2, . . . , VRn to
      lines, R, .theta., Z, Y are applied to the inputs of servo-amplifiers 4 as
      shown in FIG. 4. Servo-amplifier 4 consists of servo-amplifiers A.sub.1
      and A.sub.2 of the same type in cascade connection. FIG. 4 is given
      specifically for the input from line R, but circuits of the same type are
      provided for the inputs from other lines .theta., Z, Y. Voltage applied to
      line R is amplified by amplifiers A.sub.1 and A.sub.2 to drive servo-valve
      S.V. Feedback output signal from position detector R.sub.3 that is
      attached to the machine driven by said servo-valve and voltage applied to
      line R are added in said amplifier A.sub.1. When the output voltage from
      said amplifier reaches within the limits adjusted beforehand by position
      detectors R.sub.2 and R.sub.3 that are involved in setting completion
      circuit 10 comprising a comparator, the signal that indicates setting
      completion is produced at terminal T as the comparator output. Said
      setting completion circuit 10 consists of amplifiers A.sub.3 and A.sub.4
      connected to outputs of detectors R.sub.2 and R.sub.3 and to input stage
      of NAND circuit N that is followed by inverter IN.
PAR  If diode pins are fitted into adequate lattice points on matrix MX, signals
      appear at output lines C.sub.1, C.sub.2, C.sub.3  shown in FIG. 3. In FIG.
      3, A represented either of amplifier and relay driver. Logical product of
      signals appearing on said output lines C.sub.1, C.sub.2, C.sub.3, external
      input signals, for example from limit switches, applied to terminals
      EX.sub.1, EX.sub.2, EX.sub.3 in FIG. 5, and comparator output on said
      terminal T is formed to appear at terminal S.T as the shift signals.
PAR  Circuits shown in FIG. 5 correspond to confirmation instruction signal
      inverter circuit 7 and stepping instruction circuit 9. In said Fig.,
      outputs of amplifiers A's, the inputs of which are connected to input
      terminals EX.sub.1, EX.sub.2, EX.sub.3 from exterior and outputs on output
      lines C.sub.1, C.sub.2, C.sub.3 are applied to respective NAND circuits
      N's followed by inverters to produce the shift signal at output terminal
      S.T. In said Fig. TI denotes the timer.
PAR  Said shift signal is transmitted to stepping circuit 8 and quick-feed
      setting circuit 15. Stepping circuit 8 consists of delay circuit 18
      comprising timer TI and NAND circuit N, differentiation pulse generator 19
      comprising two inverters IN's, flip-flop F.F and NAND circuit N, and mod-m
      counter 20 with output connected to said program board 3. On the other
      hand, quick-feed setting circuit 15 consists of program switching circuit
      21 comprising two flip-flops in cascade connection provided with NAND
      circuit N and inverter IN at the output stage thereof, pin insertion
      detector 22 comprising inverters IN's connected to respective lines L, M,
      N, B receiving quick-feed output signals 14 from said program board 3,
      NAND circuits provided, respectively, at the output stages of said
      inverters, and inverter IN, NAND circuit N, and inverter IN in cascade
      connection commonly provided at the outputs of said NAND circuits
      corresponding to lines L, M, N, and program identification circuit 23
      comprising NAND circuit N, inverter IN and flip-flop F.F.
PAR  With line L assigned to the program by program switching circuit 21 in the
      circuit diagram of FIG. 6, if the diode pin is inserted into row L, the
      shift signal is effectively transmitted to differentiation pulse generator
      19, so that the next differentiation pulse is generated only after a lapse
      of fixed time because of the operation of delay circuit 18. On the
      contrary, with no insertion of the diode pin the shift signal becomes
      ineffective and terminal K of flip-flop F.F involved in differentiation
      pulse generator 19 is set at "H" level to produce the clock signal. Said
      clock signal gives a quick stepping operation (quick-feed) to mod-m
      counter 20 till next step when another diode is inserted in row L.
PAR  Program switching circuit 21 assigns program M for operation as soon as the
      last step signal for row L is transmitted to P.sub.m. Thus the series of
      programs L, M, N can be repeated. As a matter of course, the assignment of
      more programs can be performed similarly.
PAR  In program identification circuit 23 the input signal from exterior inverts
      flip-flop F.F, if the specific condition is satisfied, and makes the shift
      signal effective only when the diode pin is inserted in the line leading
      to terminal B in program board 3. In particular, the output signal B.C of
      FIG. 3 is put into a known AND gate, together with any exterior input
      signal to be generated by a limit switch etc., provided outside so that
      the output of said AND gate can be supplied through a suitable amplifier
      to the signal B.C terminal of FIG. 6. In this manner, it is possible to
      confirm the presence or absence of the exterior input signal. For example,
      in the program as shown in FIG. 8, a diode pin is inserted in B.C line of
      P5 so that when the output signal B.C of FIG. 3 and the exterior input
      signal happen to occur at the same time, the flip-flop F.F of the program
      identification circuit 23 is sure to change state until the program P24,
      P25 of B line, with insertion of a diode pin, can be performed.
PAR  A flip-flop (not shown) is connected to program board 3 or P.sub.1 terminal
      of m-step counter 20 and can be reset by a single step.
PAR  As mentioned above, mod-m counter 20 can provide the quick-feed, step-feed
      and condition identification operations.
PAR  We now see the principles of operation in the program control system for
      the industrial robot embodied from this invention by referring to an
      example of programming as illustrated in FIG. 8.
PAR  In FIG. 8, rows 1 to 9 are provided for programming for operation
      instructions to be given to arm-position signal selection circuit 2: rows
      10 to 12 for programming for output signals to drive external devices:
      rows C.sub.1, C.sub.2, C.sub.3 for programming for setting required
      conditions to the inputs from external devices: rows L, M, N for setting
      the program: BC to give the program identification condition.
PAR  In other words rows B and BC are provided for the branch program and the
      assignment of branch condition, respectively. In the program shown in FIG.
      8, the program proceeds in the order L .fwdarw. M .fwdarw. N .fwdarw. L,
      as mentioned above, according to the switching operations of program
      switching circuit 21, so that the instructions are assigned by program
      board 3 in reference to P.sub.1 to P.sub.11, P.sub.21 to P.sub.23
      (P.sub.12 to P.sub.20, P.sub.24, P.sub.25 correspond to quick-feed) for
      row L, P.sub.1 to P.sub.5, P.sub.12 to P.sub.17, P.sub.21 to P.sub.23
      (P.sub.6 to P.sub.11, P.sub.18 to P.sub.20, P.sub.24, P.sub.25 correspond
      to quick-feed) for row M, and P.sub.1 to P.sub.5, P.sub.18 to P.sub.23
      (P.sub.6 to P.sub.17, P.sub.24, P.sub.25 correspond to quick-feed) for row
      N.
PAR  On the other hand, when the required conditions to the inputs from exterior
      are satisfied at step P.sub.5, namely, when the exterior input due to the
      limit switch, etc., is imparted to B.C. terminal of FIG. 6 at the same
      time with signal B.C. of FIG. 3, instructions become effective for row B
      in relation to columns with diode pin insertion on the same row.
      Therefore, for program B the instructions are P.sub.24, P.sub.25 (P.sub.6
      to P.sub.23 correspond to quick-feed).
PAR  It is noted that in the aforementioned programs L, M, N, lines P.sub.1 to
      P.sub.5 and P.sub.21 to P.sub.23 are common so that there is no need for
      repeating the programming in this regard. In the above-mentioned quick
      feed mechanism, there is a significant difference in the stepping speed
      under ordinary conditions and the quick stepping speed in quick-feed
      operation so the program signal relative to the quick-feed operation will
      also be transmitted under such conditions. In other words, the
      jump-instruction signal as it is, will provide some influence or other on
      the outside. Therefore, for example, the above mentioned inconvenience can
      be easily prevented by employing a known AND gate at each program output
      and flip-flop F.F. output in the program identification circuit 23 of FIG.
      6, as will be understood, for blocking any unwanted external influence.
PAR  As will be obvious from the foregoing detailed description, the control
      system of the present invention is practically advantageous because: (1)
      it can proceed from one motion process to another after having confirmed
      the entire motion including the arm positioning; (2) where the
      confirmation of motion is not required or where the robot is to proceed to
      another motion after a certain period of time, the program can be planned
      accordingly in advance; (3) when a single process involves the same motion
      to be performed twice or more, only one such motion has to be programmed
      and the rest is omitted by giving a "jump" instruction to the stepping
      circuit. In this manner the motions of one process alone are programmed;
      and (4) a program can be prepared by which the conditions given are
      evaluated and on the basis of the evaluation another motion is performed.
CLMS
STM  We claim:
NUM  1.
PAR  1. A program control system for use with an industrial robot having an arm
      for performing predetermined manipulations, said arm capable of grip
      control and said robot also capable of motion external to said arm, said
      system comprising:
PA1  memory means for determining arm position;
PA1  pin-board type means for programming the sequence of operations for said
      robot;
PA1  arm-position selecting means responsive to said memory means and
      programming means for supplying preselected servo control signals;
PA1  servo means responsive to said servo control signals for moving said arm,
      feedback signals being generated by said arm in response thereto;
PA1  comparator means responsive to feedback signals from said arm for detecting
      coincidence with said memory means;
PA1  means responsive to said programming means for generating arm grip and
      exterior motion instruction signals, grip and exterior motion confirmation
      signals being received from said robot in response thereto;
PA1  means responsive to said grip and exterior motion confirmation signals and
      to said comparator means and programming means for confirming that
      confirmation signals and comparator means output come within predetermined
      limits;
PA1  stepping means responsive to said confirmation means for advancing the
      programming means from one step to another; and
PA1  means for detecting those positions of said pinboard memory with inserted
      pins and those without pins, said stepping means for performing normal
      stepping operations corresponding to pin-inserted positions, and including
      jumping means for jumping positions without pin insertion.
NUM  2.
PAR  2. The program control system of claim 1, wherein said stepping means
      includes a ring counter.
NUM  3.
PAR  3. The system of claim 1, wherein operations which are repeated are
      programmed in said programming means only once and said jumping means
      permits predetermined jumping to said repeated operation, said jumping
      being provided by means for quick-feeding the stepping means at a
      substantially higher rate than during normal operation.
NUM  4.
PAR  4. The program control system of claim 1, also including a program
      identification means for detecting the presence of the prior selected
      specific input condition of the programming step assigned to the
      programming means, and a pin insertion detector for detecting the
      positions with pin insertion in the programming means for programs
      assigned by said program identification means.
NUM  5.
PAR  5. A program control system for use with an industrial robot having an arm
      for performing predetermined manipulations, said arm capable of grip
      control and said robot also capable of motion external to said arm, said
      system comprising:
PA1  memory means for determining arm position;
PA1  pinboard type means for programming the sequence of operations for said
      robot;
PA1  arm-position selecting means responsive to said memory means and
      programming means for supplying preselected servo control signals;
PA1  servo means responsive to said servo control signals for moving said arm,
      feedback signals being generated by said arm in response thereto;
PA1  comparator means responsive to feedback signals from said arm for detecting
      coincidence with said memory means;
PA1  means responsive to said programming means for generating arm grip and
      exterior motion instruction signals, grip and exterior motion confirmation
      signals being received from said robot in response thereto;
PA1  means responsive to said grip and exterior motion confirmation signals and
      to said comparator means and programming means for confirming that
      confirmation signals and comparator means output come within predetermined
      limits;
PA1  stepping means responsive to said confirmation means for advancing the
      programming means from one step to another; and
PA1  wherein said confirmation means includes a confirmation instruction signal
      converter and stepping instruction circuit, and said stepping means
      includes a differentiation pulse generator for differentiating step
      signals supplied by said confirmation instruction signal converter and
      stepping instruction circuit, a delay circuit and a counter for changing
      the condition of said programming means.
NUM  6.
PAR  6. The program control system of claim 5, also including timing means and
      means responsive to said timing means for blocking said stepping means
      during a predetermined time period.
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ABST
PAL  A device for the accurate positioning of an object holder in relation to
      the elements of a particle-type optical system, for example an
      electron-optical system, comprises for each direction of displacement a
      comparator which compares the position required by a computer, with the
      number recorded by a counter counting the fringes in an interferometer.
      The comparator is connected to a three-output logic circuit which can
      adopt each of two logic levels. The states of the outputs represent the
      direction of displacement to be produced, and its amplitude. A stepping
      motor receives the pulses from a clock which adopts two preset frequencies
      that are controlled by said three outputs.
BSUM
PAR  The present invention relates to devices, for example electronic optical
      devices, designed to produce a particle beam the particles of which are
      intended to bombard a specific point on a sample.
PAR  A device of this kind may be utilised to record information upon a
      substrate constituted by a plate coated with a layer of electron-sensitive
      resin, in particular to manufacture masks intended for use in
      semiconductor work, or also to read out information carried upon a
      substrate or carrier on which there are discrete zones which, under the
      effect of electron bombardment, may either emit secondary electrons, or
      back scatter electrons or x or light rays.
PAR  In devices of this kind, the problem arises of bombarding a specific
      reference point on the sample, the coordinates of this point in relation
      to fixed axes associated with said sample, being defined with high
      accuracy. For this point, the scanning of the sample may take place by
      programming using an electronic computer acting through the medium of
      digital-analogue converters, upon the beam deflection system.
PAR  Devices of this kind are known, but hitherto they have not made it possible
      to achieve a relative accuracy in excess of 10.sup.-.sup.4 and an absolute
      accuracy of more than a few microns, something which is often
      insufficient.
PAR  The device proposed in accordance with the invention for the precision
      positioning of a sample-holder in relation to the elements of a particle
      optical system producing a particle beam, makes it possible to achieve
      absolute accuracy of at least 400 Angstroms units and to permanently
      correct the effects of any vibration which is present.
PAR  The device in accordance with the invention is of the kind utilising
      interferometers and fringe counters in order to measure the displacements
      of the sample holder in two mutually perpendicular directions.
PAR  It comprises for each displacement, a digital comparator whose inputs are
      connected on the one hand to the outputs of a register displaying the
      position required by the computer, and to the outputs of a counter which
      counts the interference fringes in the interferometer, and an output
      controlling a decoder with at least three outputs of its own, each
      acquiring a logic 0 or 1 state, the state of the first of the these
      outputs translating the direction of the displacement to be produced, the
      state of the second controlling the speed of the motor which displaces the
      sample holder, and giving it a first speed V.sub.1 when the displacement
      to be produced is greater than a given amplitude, and a second speed
      V.sub.o &lt;V.sub.1 when the amplitude of the displacement to be produced is
      between said first amplitude and a second amplitude lower than the first.
DRWD
PAR  The invention will be better understood from a consideration of the
      following description and by reference to the attached drawings in which:
PAR  FIG. 1 illustrates an electron-optical apparatus with which the device in
      accordance with the invention is associated.
PAR  FIG. 2 is a block diagram of one of the two identical parts of the device
      in accordance with the invention.
PAR  FIG. 3 is a set of explanatory graphs illustrating the operation of the
      device shown in FIG. 2.
DETD
PAR  In FIG. 1, there is a highly schematic illustration of an electron-optical
      device of the so-called geographic addressing type. A device of this kind
      comprises a cathode 1, and an accelerator anode 2, in which a hole is
      provided to pass the electron beam emitted by the cathode, this anod
      giving the electrons a speed which is determined by the potential
      difference between cathode and anode.
PAR  Two systems of deflection plates of a type well known per se, are arranged
      in order to surround the beam. Two of these plates which are perpendicular
      to one another, are connected to one another and earthed, the two others
      31 and 32 receive voltages supplied by a computer and numerical-digital
      converters not shown in the figure. They thus make it possible to effect
      programmed deflection of the beam in accordance with the two directions X
      and Y. The beam bombards an object (not shown), positioned on an object
      holder 4 in a highly accurate fashion by means of wedges, for example, or
      by some other well known device.
PAR  Stepping motors 41 and 42 control the displacement of the object holder in
      the two directions X and Y respectively.
PAR  Said object holder is associated with two interferometers 51 and 52.
      Connected to each of these interferometers, there is a counter 101, or 102
      as the case may be. When the object holder displaces, interference fringes
      displace accordingly. A photosensitive cell 71 or 72, emits a pulse with
      each fringe passage (white for example). The signals are counted by the
      two counters; the numbers which they display translate the X and Y
      coordinates.
PAR  For given voltages aaplied to the deflecting plates, the problem arises of
      bombarding an accurate point on the object being printed, indeed with an
      absolute accuracy of less than 500 Angstroms units. This precise point
      will for example be the start of a line programmed by the computer. To
      bombard this point, the object holder must have a perfectly defined
      position in relation to the X and Y axes. An auxiliary system of
      deflecting plates 61, 62 arranged upstream as it were on the main plates
      and connected to the device in accordance with the invention, makes it
      possible, by displacing the beam, either to reduce the residual error or
      to eliminate the effects of vibrations.
PAR  The device in accordance with the invention comprises two identical parts
      acting respectively upon the correction channels X or Y. Only that part of
      the device corresponding to the X channel has actually been shown in FIG.
      2. An identical device acts on channel Y.
PAR  This device comprises, associated with the computer 100 programming the
      scanning of the beam, the counter 101 which records the instantaneous
      coordinate position X.
PAR  The output of the counter 101 and the output of a register 102 which
      records the X value required by the computer, are connected to the two
      inputs of a comparator or substractor 103. The latter forms the difference
      E between the coordinate X.sub.o called up by the computer, and the
      coordinate X.sub.1 displayed by the counter.
PAR  The output of this substractor is connected to the input of a decoder
      circuit 104 which supplies at three outputs the three two-level logic
      signals, namely DE.sub.o, DE.sub.1 and S. E.sub.o is the minimum error
      value which can be corrected by a mechanical displacement.
PAR  E.sub.1 is the maximum value of the error which can be corrected by the
      deflection of the electron beam, so that we have .vertline.E.sub.1
      .vertline. &gt; .vertline.E.sub.o .vertline..
PAR  The voltage DE.sub.o will for example have the value 1 when
      .vertline.E.vertline. &gt; .vertline.E.sub.o .vertline. the value 0 when
      .vertline.E.vertline. &gt; .vertline.E.sub.o .vertline.
PAR  The voltage DE.sub.1 will for example have the value 1 when
      .vertline.E.vertline. &gt; .vertline.E.sub.1 .vertline. and will have the
      value 0 when .vertline.E.vertline. &lt; .vertline.E.sub.1 .vertline. and we
      therefore have:
EQU  S = 1 for E &gt; 0
EQU  S = 0 for E &lt; 0.
PAR  The output DE.sub.o and the output DE.sub.1 are connected to two inputs of
      a clock 105 capable of emitting pulses whose frequency ranges between two
      values F.sub.B and F.sub.H. F.sub.B is the maximum frequency of the pulses
      for which the stepping motor controlling the displacements of the object
      holder will start, in view of its load. F.sub.H is the maximum frequency
      of the pulses for which the motor acquires its maximum speed.
PAR  The computer produces a positioning command by acting through one of its
      outputs to place a bistable trigger stage 108 in the 0 state; this trigger
      stage is reset to the 1 state by a signal indicating the end of the
      mechanical positioning, and its output voltage is connected to an input of
      the computer.
PAR  When the positioning command has been given, the computer indicates the
      desired position, the comparator furnishing at its output a number DP. The
      clock frequency if DE.sub.1 is initially equal to 1, changes progressively
      from F.sub.B to F.sub.H, in accordance with a law depending upon the motor
      characteristics.
PAR  The clock output is connected to the motor through the medium of two
      circuits 106 and 107. The circuits 106 and 107 are respectively connected
      to two inputs of the motor (not shown), which control its rotation in
      either one direction or the other. The output S is connected respectively
      directly to another input of the AND-gate 106 and to the AND-gate 107
      through the medium of a logic inverter 109 which produces at its output
      the complement S of S. Moreover, the output DE.sub.o is connected to a
      third input of the circuit 106 and 107.
PAR  The output DE.sub.o, is connected on the other hand to an input of an
      And-gate 110 through the medium of a logic inverter 112, the output of
      said AND-gate being connected to a monostable trigger circuit 111 which
      produces a so-called correct position pulse and supplies it to a first
      input of the computer and to the bistable trigger stage 108, which changes
      to the 1 state.
PAR  The other input of the circuit 110 is connected in the same fashion to the
      output DE.sub.o of the part not shown of the device associated with the
      other channel, i.e. the channel Y.
PAR  In other words, said AND-gate 110 produces an output voltage when the two
      valves DE.sub.o are equal to 0 or when their complements DE.sub.o are
      equal to 1.
PAR  The output DE.sub.1 is connected to an input of the OR- gate 113. The
      circuit 113 is supplied at its other input with the DE.sub.1 output of the
      other channel. Its output is connected to a first input of an AND-gate
      114. The output of the bistable trigger stage 108 is connected on the one
      hand to the second input of the AND-gate 114, whose output is connected to
      a second input of the computer, and on the other hand to an AND-gate 115
      whose other input is connected directly to the output DP.
PAR  The output of the AND-gate 115 is connected to a digital-analogue converter
      116 whose voltage is applied to the corresponding deflecting plate or coil
      61 or 62.
PAR  The operation of the system will be better understood from a consideration
      of the graphs shown in FIG. 3. In each graph, the abscissae represent the
      time t. The graph a illustrates the positioning error in the channel in
      question.
PAR  The graph b illustrates the speed of the associated motor.
PAR  The graph c illustrates the deviations of the beam, required in order to
      correct the effects of vibrations.
PAR  The graph d illustrates the correct position signal.
PAR  The graph e illustrates the incorrect position signal which is produced
      when the object holder is submitted to vibrations.
PAR  As a matter of fact, positioning occupies two phases, one which we will
      call mechanical positioning, in which it is solely the motor which is
      involved, and the other the correction of vibrations, in which accidental
      displacements are corrected solely by acting upon the electron beam.
PAR  In the first phase, which starts at the time t.sub.o, the correcting
      command is given by the computer and places the bistable trigger stage 108
      in the zero state. The required position is recorded by the register 102.
      The error is displayed by the comparator 103. The gate 114 is closed, the
      trigger stage being in the 0 state.
PAR  We will commence from the hypothesis that DP is greater than E.sub.1.
PAR  DE.sub.1 goes into the 1 state. S adopts the state corresponding to the
      direction of the displacement which is to be produced. The clock shifts
      progressively from the frequency F.sub.B to the frequency F.sub.H. One of
      the gates 106 and 107 is open depending upon the sign of S. Moreover,
      DE.sub.o = 1 since .vertline.E.sub.1 .vertline. is greater than
      .vertline.E.sub.o .vertline.. The motor therefore rotates at maximum speed
      as the graph (b) shows.
PAR  At the time t.sub.1, E becomes smaller than E.sub.1 but remains greater
      than E.sub.o. DE.sub.o remains equal to 1 but DE.sub.1 changes to 0.
PAR  The clock produces the frequency F.sub.B and the motor rotates at its
      lowest speed (graph b).
PAR  At the time t.sub.2, E is equal to E.sub.o, the motor stops and the
      inverter 112 supplies to the AND-gate 110 the voltage 1. If the same
      result is acheived in the other channel, the AND-gate 110 produces a
      signal 1, and the bistable trigger stage 111 supplies a correct position
      signal (graph d) which is applied on the one hand to the computer and on
      the other to the bistable trigger stage 108 which changes to the 1 state
      and stays there.
PAR  If, as a consequence of vibrations, DE.sub.1 changes to the 1 state, one of
      the inputs of the circuit 113 is excited.
PAR  Circuit 114 is supplied on the one hand with the voltage of level 1 from
      this circuit, and on the other with the voltage 1 coming from the trigger
      stage 108. The gate is opened and supplies the computer with an incorrect
      position signal (time t.sub.3 and time t.sub.4, graph (e)).
PAR  The gate 115 is also open with the result (graph c) that the beam b
      experiences correcting deflections via the output DP.
PAR  It will be seen that the described apparatus makes it possible to effect
      accurate positioning and automatic correction of the effects caused by
      vibration.
CLMS
STM  What I claim is:
NUM  1.
PAR  1. A system for the accurate positioning of a sample holder, in relation to
      the elements of a corpuscular optical system producing a particle beam,
      this system comprising two interferometers and two interference fringe
      counters, having respective outputs for measuring respectively the
      displacements of said sample holder in two mutually perpendicular
      directions, said system comprising in combination, for each of said
      directions: a digital comparator having two inputs and one output, a
      register recording the position required by a computer, said two inputs of
      said comparator being respectively connected to said counter output and
      said register output,; a logic circuit having an input connected to said
      comparator output, and three two state outputs, each of said two state
      outputs delivering respectively two logic voltage levels corresponding
      respectively to states "0" and "1", the state of said first input being
      significant of the sign of the correction to be made, a motor, a motor
      controlling speed device, for giving two said motor one of said direction
      and first and second predetermined speeds and for stopping said motor,
      said controlling device having a first and a second control input
      respectively connected to said second and said third output of said logic
      circuits and giving to said motor said first speed when both said outputs
      of said logic circuit are in the state 1, said second speed when only said
      third input is in state "1" and stopping said motor when both said outputs
      are in the "0" state, said respective states of said outputs being
      significant of the amplitude of the correction to be effected; said first
      output of said controlling device controlling the rotation direction of
      said motor.
NUM  2.
PAR  2. A system as claimed in claim 1, further comprising a logical circuit
      actuating a digital to analog converter, for correcting the effects of
      random displacements of said sample holder.
NUM  3.
PAR  3. A system as claimed in claim 1, wherein said system includes a clock
      having an output delivering pulses at two predetermined recurrent
      frequencies, said motor being of the step by step type, means being
      provided for controlling the rotation speed of the motor as a function of
      said pulses frequency.
NUM  4.
PAR  4. A system according to claim 3, wherein speed rotation controlling means
      comprise a first and a second AND-gate, having each one output, connected
      to said motor, each of said outputs when actuated giving respectively to
      said motor one direction of rotation and the opposite one, and a first,
      second and third inputs, said first inputs being connected to said clock
      output, the second inputs of said first gate and of said second gates
      being respectively directly and by means of an inverter connected to said
      logic circuit first outputs, said third inputs being directly connected to
      said logic circuit first output.
NUM  5.
PAR  5. A system as claimed in claim 4, wherein means are provided for
      controlling the start of said clock by said computer.
NUM  6.
PAR  6. A system as claimed in claim 5, wherein said means comprises a bistable
      toggle emitting a pulse when actuated by said computer.
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ABST
PAL  The voltage of a battery connected to a load is monitored to provide a
      continuous instantaneous indication of the voltage level of the battery
      and to provide an indication that the battery voltage has fallen to some
      critical level. Means are provided for generating a control signal which
      is representative of the battery voltage when the apparatus is operated in
      the battery testing mode and an independent voltage when the apparatus is
      operated in the self-testing mode. A first indicator means responsive to
      the control signal is provided for continually indicating the
      instantaneous level of the battery voltage when the apparatus is operating
      in the battery testing mode and the instantaneous level of the independent
      voltage when the apparatus is operating in the self-testing mode. A second
      indicator means is provided for indicating that the battery voltage has
      dropped below a first predetermined value when the apparatus is operating
      in the battery testing mode or that the independent value when the
      apparatus is operating in the self-testing mode. The second indicator
      means also disables the load after a predetermined time period has elapsed
      following a decrease in the battery voltage below the first predetermined
      value when the apparatus is operating in the battery testing mode or after
      a decrease in the independent voltage below the second predetermined level
      when the apparatus is operating in the self-testing mode.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  The present invention is a continuation-in-part of my co-pending
      application entitled "Self-Testing Battery Discharge Indicator", Ser. No.
      536,134 filed Dec. 24, 1974.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to a battery discharge indicator. More
      particularly, the present invention relates to a battery discharge
      indicator which indicates the voltage for the battery and automatically
      disconnects a load connected to the battery when the battery voltage drops
      below a predetermined value. Furthermore, the present invention relates to
      battery discharge indicators having a self-test capability.
PAR  Various devices for sensing the state of charge of a battery and for
      disconnecting a load connected to the battery are known in the prior art.
      A battery connected to a load will drive the load until the battery is
      incapable of supplying the current necessary for proper operation of the
      load. For example, a truck battery connected to a lift pump will drive the
      pump until the continued load of the battery causes the battery charge to
      be depleted so that the battery can no longer supply the required voltage
      for operating the pump.
PAR  Although devices are known for sensing the state of charge of a battery and
      for disconnecting a load connected to the battery when the charge drops
      below a predetermined level, these devices only warn the operator of the
      vehicle that the battery has discharged to a critical level and do not
      indicate the relative charge in the battery before the critical level is
      reached. Examples of such prior art devices can be found in U.S. Pat. Nos.
      3,475,061; 3,568,175; and 3,786,342. Other prior art devices provide no
      visual indication of the state of charge of the battery so that the load
      continues to drain the battery of its charge until the load is
      automatically disconnected after the specified interval of time has
      expired. In either class of devices, an operator is not given the
      opportunity to disconnect the load from the battery and to recharge the
      battery before it becomes substantially depleted of its charge.
PAR  The present invention overcomes this deficiency by providing a continuous
      indication of the instantaneous battery voltage. By so providing a means
      for reading continuously and directly the exact amount of energy left in
      the battery, the operator of the vehicle is given the option of recharging
      the battery before it reaches the critical level. Additionally, if there
      is any malfunction in the warning and disabling circuitry which would
      otherwise warn of a drop in battery voltage below a critical level and
      disable the load a short time thereafter, there is a continuous visual
      indication of the state of charge of the battery.
PAR  Furthermore, conventional devices for indicating the state of charge of a
      battery do not have a self-testing capability. That is, these devices
      operate only in response to the actual rate of decay of the battery
      charged. Consequently, a conventional device may be defective, as
      manufactured, or may malfunction during the course of operation, and be
      unable to disconnect the load from the battery when the critical level of
      discharge is reached. As a result, the battery may become damaged
      permamently due to the continued operation below the discharge level.
PAR  For these reasons, a battery discharge indicator device is needed for
      indicating the state of charge of the battery and for providing the
      operator with an opportunity to disconnect the battery from the load so
      that is can be removed and recharged. Such a device should also have a
      self-testing capability to forewarn the indicator that it will not operate
      to indicate the state of charge of the battery or disconnect the load when
      the battery charge is sufficiently depleted.
PAR  A principal advantage of the present invention is that it provides a
      continuous indication of the instantaneous battery voltage thereby
      permitting the operator to remove and recharge the battery before it
      reaches a critical level and before the load is automatically
      disconnected.
PAR  A further advantage of the present invention is that it can automatically
      test itself before the battery charge has been appreciably depleted due to
      the operation of the load.
PAR  Other advantages appear below in the detailed description of the preferred
      embodiment.
PAR  For the purpose of illustrating the invention, there is shown in the
      drawings a form which is presently preferred; it being understood,
      however, that this invention is not limited to the precise arrangements
      and instrumentalities shown.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1A and 1B together form a schematic diagram of a self-testing battery
      discharge indicator circuit constructed in accordance with the principles
      of the present invention.
PAR  FIG. 2 is a schematic diagram of a load connected to the present invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, wherein like numerals indicate like elements, a
      battery, such as a vehicle battery used in a forklift truck, is connected
      to a load 72 and to a battery discharge indicator and self-testing circuit
      constructed in accordance with the principles of the present invention and
      designated generally as 10 in FIGS. 1A and 1B. More specifically, the
      battery is connected to circuit 10 which includes an input selector
      circuit 12, a threshold detector and continuous energy indicator circuit
      14, a low energy indicator circuit 16, and a delay timer and disabling
      circuit 18.
PAR  The present invention is designed to continually monitor the condition of
      the battery voltage, to warn the operator of the vehicle that the battery
      has fallen to some critical level and to disable the load a short time
      thereafter. Particularly, the load is to be disabled after a predetermined
      time interval has passed since the battery voltage has fallen to some
      critical value E.sub.cr. E.sub.cr is a predetermined battery voltage which
      approaches the minimum safe operating voltage E.sub.min of the battery but
      is still within the safe operating range defined by the minimum safe
      operating voltage E.sub.min and a maximum normal operating voltage
      E.sub.max. In order to insure that the vehicle is not operated when the
      battery falls below the minimum safe operating voltage E.sub.min, the
      present invention warns the operator of the vehicle that the battery
      voltage has fallen to the critical value E.sub.cr and then disconnects the
      load a predetermined time interval after the critical voltage has been
      reached. By way of example, not limitation, a typical safe operating range
      of the battery is between 36 and 40 volts dc. If it is desirable to warn
      the operator of the vehicle that the battery should be recharged once it
      falls to within 5 percent of the minimum safe operating voltage E.sub.min,
      E.sub.cr would be 36.2 volts.
PAR  Referring now to FIGS. 1A and 1B, the battery is connected through input
      selector circuit 12 to threshold detector and continuous energy indicator
      circuit 14. As noted, above, the present invention is capable of operating
      in two modes; a battery testing mode and a self-testing mode. The mode of
      operation of circuit 10 is determined by the position of contact arm S1 of
      single pole, double throw switch 20. In particular, switch 20 includes
      three terminals, 22, 24 and 26, and a contact arm S1 connected to terminal
      22. The switch 20 may be any suitable two position switch; by way of
      example, it may be a push button type switch which, in one position,
      connects terminals 22 and 24, and in the other position, connects
      terminals 22 and 26.
PAR  When operating in the battery testing mode, switch 20 is in the position
      shown in FIG. 1A wherein terminal 22 is connected to terminal 24. In this
      position, switch 20 connects the battery voltage to the input of threshold
      detector and continuous energy indicator circuit 14. When operating in the
      self-testing mode, contact arm S1 is switched to the alternate position
      wherein terminal 22 is connected to terminal 26. In this condition, a
      decaying voltage determined by the voltage across capacitor C1 is
      connected to the input of threshold detector and continuous energy
      indicator circuit 14.
PAR  More particularly, when operating in the battery testing mode, switch 20
      applies a fixed percentage of the battery voltage to the non-inverting
      input 28 of operational amplifier 30, the particular percentage being
      dependent upon the voltage divider comprising resistors R1, R2 and R3. R2
      is a variable resistor and can be adjusted to select the exact percentage
      of the battery voltage desired. As will be shown in greater detail below,
      resistor R2 (in conjunction with resistor R7) will determine the value of
      battery voltage at which low energy indicator circuit 16 and delay timer
      and disabling circuit 18 will be enabled. Alternatively, when operating in
      the self-testing mode, the decaying voltage representing the voltage
      across capacitor C1 is applied to the non-inverting input terminal 28 of
      operational amplifier 30.
PAR  Operational amplifier 30 is a standard operational amplifier which is
      connected to act as a follower circuit. Particularly, the output 32 of
      operational amplifier 30 is directly connected to its inverting input
      terminal 34 and its non-inverting input 28 is connected to terminal 22 of
      switch 20. So connected, operational amplifier 30 exhibits an extremely
      high input impedance and low output impedance which, in conjunction with
      capacitor C2, will resist rapid voltage changes in the battery voltage so
      that transient drops in battery voltage due to such factors as increased
      load conditions will not effect the operation of threshold detector and
      continuous energy indicator circuit 14.
PAR  The voltage E.sub.I at output terminal 32 of operational amplifier 30, is
      the input to threshold detector and continuous energy indicator circuit
      14. Since the follower circuit exhibits a unity gain factor, it should be
      recognized that the voltage E.sub.I at terminal 32 will be directly
      proportional to the battery voltage during the battery testing mode of
      operation and equal to the exponentially decaying voltage across capacitor
      C1 during the self-testing mode of operation.
PAR  From the above, it can be seen that the function of input selector circuit
      12 is to generate an input voltage E.sub.I which is applied to threshold
      detector and continuous energy indicator circuit 14. Particularly, the
      input voltage E.sub.I is selectively representative of the actual battery
      voltage or the independent decaying voltage generated by the RC circuit
      comprising capacitor C1 and resistor R4.
PAR  The function of threshold detector and continuous energy indicator circuit
      14 is to continually monitor the battery voltage and to generate an
      enabling signal E.sub.sat when the battery voltage falls to the critical
      level E.sub.cr. The input voltage E.sub.I into threshold detector and
      continuous energy indicator circuit 14 is applied through resistor R5 to
      the non-inverting input terminal 36 of operational amplifier 38.
      Operational amplifier 38 is a standard operational amplifier which has
      been connected to operate as a difference amplifier. More specifically,
      output terminal 40 of operational amplifier 38 is connected to its
      inverting input terminal 36 through resistors R6 and R7. A constant
      voltage is applied to the non-inverting input terminal 42 by Zener diode
      D2 which is biased by the battery voltage through resistors R14 and R15.
PAR  Since operational amplifier 30 is connected to operate as a difference
      amplifier, the output signal at terminal 40 is proportional to the
      difference between the voltages appearing at the non-inverting input
      terminal 42 of operational amplifier 38 and the output terminal 32 of
      operational amplifier 30. Since terminal 42 is connected through Zener
      diode D2 to ground, a relatively constant voltage signal appears thereat.
      In contrast, the voltage at output terminal 32 decreases in accordance
      with the decreasing battery voltage. As such, as the battery voltage
      decreases, the output voltage E.sub.c appearing at output terminal 40 of
      operational amplifier 38 will increase. The output voltage E.sub.c of
      operational amplifier 38 is a control voltage which controls the operation
      of meter M1 and operational amplifier 44.
PAR  Meter M1 may be any standard volt meter such as Stewart Warner volt meter
      model number 80060. In the preferred embodiment, meter M1 is calibrated
      from 0 to 100 percent wherein a 0 meter reading indicates that the battery
      has fallen to the minimum safe operating voltage E.sub.min and a 100 meter
      reading indicates that the battery is fully charged to the maximum normal
      operating voltage E.sub.max. The purpose of meter M1 is to provide the
      operator of the vehicle with a continuous instantaneous indication of the
      relative charge in the battery. Since meter M1 is connected between
      resistor R8 and junction 46, it literally indicates the potential
      difference between output terminal 40 and junction 46. Junction 46 is kept
      at a constant voltage E.sub.k by Zener diode D3 and the voltage divider
      comprising resistors R10, R11 and R12. In the preferred embodiment, the
      constant voltage E.sub.k is chosen so that it will always be greater than
      the control voltage E.sub.c in order that increasing control voltage
      causes a decreasing voltage across meter M1. Under these conditions, a
      decrease in the battery voltage results in a corresponding decrease in
      meter reading M1.
PAR  As noted above, the control voltage E.sub.c is also applied to operational
      amplifier 44. The function of operational amplifier 44 is to generate an
      enabling signal which will enable low energy indicator circuit 16 and
      delay timer and disabling circuit 18 when the battery voltage has fallen
      to the critical value E.sub.cr. Operational amplifier 44 is a standard
      operational amplifier, which has been connected to operate as a
      comparator. Particularly, output terminal 48 is connected to the
      non-inverting input terminal 50 through resistor R13. In addition,
      inverting input terminal 52 has connected to a constant referral voltage
      E.sub.ref determined by Zener diode D3 and the voltage divider circuit
      comprising resistors R10, R11 and R12.
PAR  The output signal at terminal 48 of operational amplifier 44, therefore, is
      switched between two voltage levels in response to the relative value of
      control voltage E.sub.c and reference voltage E.sub.ref. Particularly,
      when the control voltage E.sub.c is greater than the reference voltage
      E.sub.ref, terminal 48 will be at the + E.sub.sat value and when the
      control voltage E.sub.c is less than the reference voltage E.sub.ref,
      terminal 48 will be at the -E.sub.sat value. The output of operational
      amplifier 44, therefore, is directly dependent upon the value of the
      control voltage E.sub.c. As mentioned above, control voltage E.sub.c is
      inversely proportional to the battery voltage and will increase as the
      battery voltage decreases. As such, as the battery voltage decreases
      towards the critical value E.sub.cr the control voltage increases towards
      the reference voltage E.sub.ref. Finally, when the critical battery
      voltage is reached, the control voltage surpasses the reference voltage
      and the output of operational amplifier 44 switches from the -E.sub.sat
      condition to the -E.sub.sat condition.
PAR  Since resistor R2 controls the relationship between the battery voltage and
      the input signal E.sub.I to threshold detector and continuous energy
      indicator circuit 14 and resistor R7 controls the amplification factor of
      the operational amplifier 38, these resistors control the relationship
      between the battery voltage and the control voltage E.sub.c. As such, it
      becomes possible to select the exact battery voltage E.sub.cr which will
      cause the operational amplifier 44 to switch states by simply adjusting
      resistors R2 and R7 as desired.
PAR  As noted above, the output of operational amplifier 44 controls the
      operation of both low energy indicator circuit 16 and delay timer and
      disabling circuit 18. Particularly, when the battery voltage is less than
      the critical value E.sub.cr, the output terminal 48 will be at the
      negative saturation value -E.sub.sat and transistors Q1, Q2 and Q3 will be
      off. When the battery voltage reaches the critical value, output terminal
      48 will switch to the +E.sub.sat value and both low energy indicator
      circuit 16 and delay timer and disabling circuit 18 will be enabled.
PAR  Referring to low energy indicator circuit 16 first, the positive saturation
      voltage at terminal 48 will enable astable multivibrator circuit 56 which
      comprises transistors Q1 and Q2, resistors R14, R15, R16, R17, R18 and
      R19, capacitors C3 and C4, and diodes D4 and D5. The operation of astable
      multivibrator circuit 56 is well-known and need not be described in
      detail. Generally, when terminal 48 switches to the +E.sub.sat value, the
      transistors Q1 and Q2 will alternately be driven into saturation and
      cutoff. More particularly, as transistor Q1 turns on its collector is
      clamped to ground. This decrease in collector voltage is immediately
      coupled to the base of transistor Q2 through capacitor C3 and diode D5,
      thereby turning Q2 off. This condition is maintained as long as the
      charging current through capacitor C3 develops sufficient voltage across
      resistor R17 to hold Q2 cutoff. The time constant of C3 and R17,
      therefore, determines the time that Q2 remains cut off. As the capacitor
      C3 charges, the base of transistor Q2 will become increasingly positive
      until the voltage drop across resistor R17 is insufficient to keep Q2 off.
      As a result of this regenerative action, transistor Q2 is driven into
      saturation and its collector clamped to ground. The decreased collector
      voltage is immediately clamped to the base of transistor Q1 through
      capacitor C4 and diode D4 turning transistor Q1 off. This condition is
      maintained as long as the voltage drop across resistor R18 is sufficient
      to hold Q1 cut off. Since Q1 is off, capacitor C4 will begin charging
      towards +E.sub.sat volts. The charging current through capacitor C4
      decreases exponentially with time and eventually becomes so small that the
      voltage developed across resistor R18 is insufficient to hold Q1 off. At
      this time, Q1 turns on and the cycle is repeated.
PAR  In accordance with the above discussion, junction 58 at the collector of
      transistor Q2 alternately switches between ground and an open circuit
      condition, alternately enabling and disabling indicator lamp 60. Indicator
      lamp 60 will therefore flash on and off whenever the battery voltage has
      fallen to the critical value E.sub.cr and the output of operational
      amplifier 44 has switched from the -E.sub.sat to the +E.sub.sat condition.
PAR  As noted above, the output of operational amplifier 44 is also applied to
      delay timer and disabling circuit 18. Circuit 18 disconnects the load 72
      after a predetermined time period has elapsed following a decrease in the
      battery voltage to the critical value E.sub.cr. Circuit 18 comprises
      transistor Q3, Programmable Unijunction Transistor (PUT) 62, Silicon
      Controlled Rectifier (SCR) 64 and Silicon Controlled Rectifier (SCR) 66.
      Generally, the collector of transistor Q3 is connected to the gate of PUT
      62 through diode D7 and resistor R31. The anode of PUT 62 is connected
      through R32 to a constant voltage appearing at junction 68, and the
      cathode of PUT 62 is connected through resistor R33 to ground. The cathode
      of PUT 62 is also connected through diode D8 to the gate of SCR 64. The
      anode of SCR 64 is connected to the battery voltage through resistor R34
      and diode D9, and the cathode of SCR 64 is connected through resistor R36
      to ground. The anode of SCR 64 is also connected through Diac 70 to the
      gate of SCR 66. The anode of SCR 66 is connected to load 72 and the
      cathode of SCR 66 is connected to ground.
PAR  Examining the condition of circuit 18 before the battery voltage has fallen
      to the critical value E.sub.cr, the control voltage E.sub.c will be at the
      -E.sub.sat value and transistor Q3 will be biased off. Particularly, a
      portion of the -E.sub.sat volts appearing at output terminal 48 will be
      applied to the anode of diode D6 through the voltage divider comprising
      resistors R23 and R24. In this condition, diode D6 will be biased off and
      the base of transistor Q3 will be clamped to ground through resistor R25.
      Transistor Q3 will thereby be biased off and diode D7 will be forward
      biased by the battery voltage and the voltage divider comprising resistors
      R26 and R27. Since diode D7 is forward biased, the voltage appearing at
      junction 74 is applied through resistor R31 to the gate of PUT 62. PUT 62
      will remain non-conductive as long as its gate voltage is higher than its
      anode voltage. In order to keep PUT 62 non-conductive as long as
      transistor Q3 is off, the values of resistors R26 and R27 as well as
      resistors R28, R29 an R30 are chosen so that the voltage at junction 74
      will be more positive than the voltage at junction 68 as long as the
      battery voltage is above the critical value E.sub.cr. Since PUT 62 is
      non-conductive at this time, there will be no driving current through
      diode D8 into the gate of SCR 64 and SCR 64 will also be non-conductive.
      In this condition, capacitor C5 will charge to the instantaneous battery
      voltage thereby forward biasing Diac 70 in the direction from the anode of
      SCR 64 to the gate of SCR 66. As a result, SCR 66 is conducting, and the
      load 72 is connected between the positive battery voltage and ground.
      Referring to FIG. 2, in a preferred application of the invention, the
      anode of SCR 66 is connected to a pump contacter coil 76 which in turn is
      connected through a lift switch 78 to the positive terminal of the
      battery. As long as the battery voltage is above the critical value and
      SCR 66 is conducting, the pump contactor coil 76 will be connected between
      the positive battery voltage and ground whenever the lift switch 78 is
      closed.
PAR  Referring again to FIG. 1B, the battery voltage will continually decrease
      until it reaches the critical value E.sub.cr. As the battery voltage
      attains this value, the output of operational amplifier 44 will switch to
      the +E.sub.sat value and transistor Q3 will turn on. Particularly, the
      +E.sub.sat volts appearing at terminal 48 will forward bias diode D6 and a
      portion of the positive saturation voltage will be applied to the base of
      transistor Q3 thereby turning transistor Q3 on.
PAR  When transistor Q3 turns on the anode of diode D7 will be clamped to
      ground, diode D7 will be reverse biased, and time delay circuit 79
      comprising PUT 62, capacitors C6 and C7 and their associated discharge
      resistors will be enabled. Particularly, capacitors C6 and C7, which are
      initially charged to the voltages appearing at junctions 74 and 68
      respectively, will start discharging at independent time constants. The
      value of capacitors C6 and C7 as well as the resistors comprising their
      respective discharge paths are chosen such that capacitor C6 discharges
      appreciably faster than capacitor C7. Assuming this condition, as
      capacitors C6 and C7 continue to discharge, the gate voltage will
      eventually fall below the anode voltage and PUT 62 will become conductive.
      In the preferred embodiment, the values of capacitors C6 and C7 and the
      resistors in their respective discharge paths are chosen so that PUT 62
      will become conductive approximately 15 minutes after the battery voltage
      has fallen to the critical value E.sub.cr. It should be recognized
      however, that other delay times may be used without departing from the
      scope or spirit of the present invention. As PUT 62 becomes conductive,
      current flows through resistor R33 causing diode D8 to become forward
      biased. Since diode D8 is forward biased an enabling current is applied to
      the gate of SCR 64 and SCR 64 becomes conductive. In this condition,
      capacitor C5 will discharge at a very fast time constant through resistor
      R36 and Diac 70 will become forward biased in the direction from the gate
      of SCR 66 to the anode of SCR 64. This will cause SCR 66 to be
      non-conductive thereby disabling load 72.
PAR  At the same time that the load 72 is disabled, the current through SCR 64
      will flow through resistor R36 and forward bias diode D10. Since diode D10
      is forward biased, the IR drop appearing across resistor R36 will be
      applied to the base of transistor Q2 causing indicator lamp 60 to attain a
      steady state condition which indicates that the load 72 has been disabled.
PAR  The preferred values of the components of circuits 10, as described above,
      are given in Table 1 below.
TBL                                    TABLE 1                                 

     __________________________________________________________________________

     Diodes    Resistors        Capacitors                                     

                                       Transistors                             

                                                Diac SCR's   PUT               

     __________________________________________________________________________

     D1  1N4002                                                                

               R1  19.1K                                                       

                        R19 10K C1 10.mu.f                                     

                                       Q1 2M 3904                              

                                                1N5758                         

                                                     64 C106B2                 

                                                             62                

                                                               2N6028          

     D2  1N4742A                                                               

               R2  1K   R20 47K C2 10.mu.f                                     

                                       Q2 MPS-U05    66 C106D1                 

     D3  1N4746A                                                               

               R3  11.5K                                                       

                        R21 47K C3  2.mu.f                                     

                                       Q3 2N4410                               

     D4  1N4002                                                                

               R4  1M   R22 47.OMEGA.                                          

                                C4  2.mu.f                                     

     D5  1N4002                                                                

               R5  5.1K R23 10K C5 .1.mu.f                                     

     D6  1N4002                                                                

               R6  18K  R24 2K  C6 33.mu.f                                     

     D7  1N4002                                                                

               R7  20K  R25 47K C7 10.mu.f                                     

     D8  1N4002                                                                

               R8  10K  R26 36K                                                

     D9  1N4002                                                                

               R9  10K  R27 47K                                                

     D10 1N4002                                                                

               R10 1K   R28 10K                                                

     D11 1N4002                                                                

               R11 68.OMEGA.                                                   

                        R29 3K                                                 

               R12 5.K  R30 5.1K                                               

               R13 180K R31 1K                                                 

               R14 330.OMEGA.                                                  

                        R32 470K                                               

               R15 1K   R33 100.OMEGA.                                         

               R16 10K  R34 10K                                                

               R17 100K R35 22M                                                

               R18 100K R36 560.OMEGA.                                         

     __________________________________________________________________________

PAL  In addition, operational amplifiers 38, 44 and 56 are Fairchild 741TC
      integrated circuits. It should be understood, however, that other
      integrated circuits and components having other values may also be used
      without exceeding the spirit and scope of the present invention.
PAR  In review, when operating in the battery testing mode, input and selector
      circuit 12 applies a predetermined percentage of the battery voltage to
      threshold detector and continuous energy indicator circuit 14. Threshold
      detector and continuous energy indicator circuit 14 monitors the voltage
      of the battery and provides a continuous indication of the instantaneous
      battery voltage. When the battery voltage falls to the critical value
      E.sub.cr, threshold detector and continuous energy indicator circuit 14
      generates an enabling signal +E.sub.sat which enables both low energy
      indicator circuit 16 and delay timer and disabling circuit 18.
      Particularly, the enabling signal enables multivibrator circuit 56 causing
      indicator lamp 60 to flash off and on. The enabling signal also turns on
      transistor Q3 thereby enabling time delay circuit 79. Once PUT 62 becomes
      conductive, it enables SCR 64 and disables SCR 66 thereby disabling load
      72. As load 72 is disabled, transistor Q2 is biased on and indicator lamp
      60 remains on until the battery is disconnected or recharged.
PAR  When operating in the self-testing mode, contact arm S1 of switch 20 is
      placed in contact with terminal 26 permitting capacitor C1 to discharge
      through resistor R4. Although, in the preferred embodiment, an RC circuit
      is used to generate an exponentially decaying signal, it should be
      understood that other signals and circuits having predictable decay rates
      may also be used within the spirit and scope of the invention.
PAR  When contact arm S1 initially makes contact with terminal 26, capacitor C1
      is fully charged and the input voltage E.sub.I is sufficiently high to
      cause the output of operational amplifier 44 to remain at the -E.sub.sat
      value. As a capacitor discharges through resistor R4, input voltage
      E.sub.I will decrease causing control voltage E.sub.c to increase
      proportionally. The decreasing input voltage E.sub.I will be indicated by
      meter M1 and will eventually become sufficiently low to cause the output
      of operational amplifier 44 to switch to the +E.sub.sat value. At this
      time, indicator lamp 60 will begin flashing and transistor Q3 will be
      turned on enabling time delay circuit 79. When the predetermined time
      period has elapsed, PUT 62 will become conductive, the load 72 will be
      disabled and indicator light 60 will attain the steady state condition. As
      such, a decay in battery voltage to the critical value may be simulated in
      a matter of seconds and the operation of circuit 10 may be tested in a
      matter of minutes.
PAR  In the preferred embodiment described above, indicator lamp 60 is used as a
      visual alarm device to indicate the condition of the battery. It should be
      understood, however, that other alarm devices are also suitable for use in
      the invention. For example, an audible alarm device may be used in
      conjunction with, or in place of, lamp 60 within the spirit and scope of
      the invention.
PAR  The present invention may be embodied in other specific forms without
      departing from the spirit or essential attributes thereof and,
      accordingly, reference should be made to the appended claims, rather than
      to the foregoing specification as indicating the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Apparatus for indicating the voltage level of a battery and for
      disabling a load connected to the battery, comprising:
PA1  means for generating a control signal which is representative of the
      battery voltage when a first signal representative of the battery voltage
      is applied to said generating means and which is representative of an
      independent voltage which decreases at a fixed rate when said second
      signal representative of said independent voltage is applied to said
      generating means;
PA1  means for selectively applying either said first signal or said second
      signal to said generating means so as to operate said apparatus in a
      battery testing or self-testing mode, respectively;
PA1  first indicator means responsive to said control signal for continually
      indicating the instantaneous level of said battery voltage when said
      apparatus is in said battery testing mode and the instantaneous level of
      said independent voltage when said apparatus is operating in said
      self-testing mode, said first indicator means being electrically connected
      to said generator means; and
PA1  second indicator means responsive to said control signal for indicating
      that said battery voltage has dropped below a first predetermined value
      when said apparatus is operating in said battery testing mode or that said
      independent voltage has dropped below a second predetermined value when
      said apparatus is operating in said self-testing mode, said second
      indicator means also for disabling the load after a predetermined time
      period has elapsed following a decrease in said battery voltage below said
      first predetermined value when said apparatus is operating in said battery
      testing mode or after a decrease in said independent voltage below said
      second predetermined level when said apparatus is operating in said
      self-testing mode, said second indicator means being electrically
      connected to said generator means.
NUM  2.
PAR  2. Apparatus in accordance with claim 1, including:
PA1  second generating means for generating said first signal in response to the
      actual decay rate of the battery;
PA1  third generating means for generating said second signal at a fixed decay
      rate independent of the actual decay rate of the battery; and
PA1  a switch for selectively connecting said second generating means or said
      third generating means to said means for generating a control signal.
NUM  3.
PAR  3. Apparatus in accordance with claim 1, wherein said generating means
      includes a means for adjusting the relationship between said control
      signal and said battery and independent voltages so that said first and
      second predetermined levels of battery and independent voltages may be
      adjusted.
NUM  4.
PAR  4. Apparatus in accordance with claim 3, wherein said generating means
      comprises an operational amplifier connected to operate as a difference
      amplifier with a variable resistor in its feedback loop.
NUM  5.
PAR  5. Apparatus in accordance with claim 1, wherein said generating means
      comprises:
PA1  an amplifier means for generating said control signal; and
PA1  a follower circuit for resisting rapid voltage changes in said battery and
      said independent voltages, the input of said follower circuit being
      electrically connected to said selective means, the output of said
      follower circuit being electrically connected to said amplifier means.
NUM  6.
PAR  6. Apparatus in accordance with claim 1, wherein said independent voltage
      is an exponentially decaying voltage.
NUM  7.
PAR  7. Apparatus in accordance with claim 1, wherein said selective means
      comprises a double pole, single throw switch.
NUM  8.
PAR  8. Apparatus in accordance with claim 1, wherein said second indicator
      means comprises:
PA1  third indicating means for indicating that said battery voltage has dropped
      below said first predetermined value when said apparatus is operating in
      said battery testing mode or that said independent voltage has dropped
      below said second predetermined value when said apparatus is operating in
      said self-testing mode;
PA1  time delay means for disabling the load after a predetermined time period
      has elapsed following a decrease in said battery voltage below said first
      predetermined value when said apparatus is operating in said battery
      testing mode or below said second predetermined value when said apparatus
      is operating in said self-testing mode;
PA1  an enabling means responsive to said control signal for enabling said
      indicating means and said time delay means when said battery voltage has
      dropped below said first predetermined value when said apparatus is
      operating in said battery testing mode or when said independent voltage
      has dropped below said second predetermined value when said apparatus is
      operating in said self-testing mode.
NUM  9.
PAR  9. Apparatus in accordance with claim 8 wherein said enabling means
      comprises an operational amplifier connected to operate as a comparator.
NUM  10.
PAR  10. Apparatus in accordance with claim 8 wherein said third indicating
      means comprises a bistable multivibrator whose output is electrically
      connected to an indicator light such that said indicator light will flash
      on and off when said multivibrator is enabled.
NUM  11.
PAR  11. Apparatus in accordance with claim 8, wherein said time delay means
      comprises:
PA1  a time delay circuit electrically connected to said enabling means for
      generating a disabling signal after a predetermined time period has
      elapsed following a decrease in said battery voltage below said first
      predetermined battery when said apparatus is operating in said battery
      testing mode or a decrease in said independent voltage below said second
      predetermined level when said apparatus is operating in said self-testing
      mode; and
PA1  a disabling means responsive to said disabling signal for disabling the
      load connected to the battery.
NUM  12.
PAR  12. Apparatus in accordance with claim 11, wherein said time delay means
      includes a programmable unijunction transistor with a RC circuit
      electrically connected to the gate of said programmable unijunction
      transistor.
NUM  13.
PAR  13. Apparatus in accordance with claim 11, wherein said disabling means
      includes a diac and a silicon control rectifier, said diac being
      electrically connected to the gate of said silicon controlled rectifier.
NUM  14.
PAR  14. Apparatus in accordance with claim 1, including means for indicating
      that the load has been disconnected.
NUM  15.
PAR  15. Apparatus for indicating the voltage of a battery and for disabling a
      load connected to the battery, comprising:
PA1  first generator means for generating a first signal representative of a
      battery voltage;
PA1  second generator means for generating a second signal representative of an
      independent voltage which decreases at a fixed rate;
PA1  amplifier means for generating a control signal which is representative of
      said battery voltage when said first signal is applied to said amplifier
      means and which is representative of said independent voltage when said
      second signal is applied to said amplifier means;
PA1  means for selectively applying either said first or said second signal to
      said amplifier means so as to selectively operate said apparatus in a
      battery testing or a self-testing mode, respectively;
PA1  first indicator means responsive to said control signal for continually
      indicating the instantaneous level of said battery voltage when said
      apparatus is operating in said battery testing mode and the instantaneous
      level of said independent voltage when said apparatus is operating in said
      self-testing mode, said first indicator means being electrically connected
      to said amplifier means;
PA1  second indicator means for indicating that said battery voltage has dropped
      below a first predetermined value when said apparatus is operating in said
      battery testing mode or that said independent voltage has dropped below a
      second predetermined value when said apparatus is operating in said
      self-testing mode;
PA1  disabling means for disabling the load after a predetermined time period
      has elapsed following a decrease in said battery voltage below said first
      predetermined value when said apparatus is operating in said battery
      testing mode or following a decrease in said independent voltage below
      said second predetermined level when said apparatus is operating in said
      self-testing mode; and
PA1  an enabling means responsive to said control signal for enabling said
      second indicating means and said disabling means when said battery voltage
      has dropped below said first predetermined value when said apparatus is
      operating in said battery testing mode or when said independent voltage
      has decreased below said second predetermined value when said apparatus is
      operating in said self-testing mode.
NUM  16.
PAR  16. Apparatus in accordance with claim 15 wherein said amplifier means
      comprises an operational amplifier connected to operate as a difference
      amplifier.
NUM  17.
PAR  17. Apparatus in accordance with claim 15, wherein said enabling means
      comprises an operational amplifier connected to operate as a comparator.
NUM  18.
PAR  18. Apparatus in accordance with claim 15, wherein said disabling means
      comprises:
PA1  a time delay circuit electrically connected to said enabling means for
      generating a disabling signal after a predetermined time period has
      elapsed following a decrease in said battery voltage below said first
      predetermined battery when said apparatus is operating in said battery
      testing mode or a decrease in said independent voltage below said second
      predetermined level when said apparatus is operating in said self-testing
      mode; and
PA1  a disabling means responsive to said disabling signal for disabling the
      load connected to the battery.
NUM  19.
PAR  19. Apparatus in accordance with claim 15, including means for indicating
      that the load has been disconnected.
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ABST
PAL  A power supply system which reduced total power consumption during
      high-line operation by providing a portion of the load current normally
      supplied by the series regulator of a series type regulated power supply
      from a lower voltage source through a passive device.
PARN
PAR  This is a continuation of application Ser. No. 333,812 filed Feb. 20, 1973,
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In many prior art circuits, means and methods have been available to
      minimize power consumption of series pass devices of series type regulated
      power supplies. However, such prior art means have not minimized the total
      power consumption. One example of such means is the bypassing of the
      series pass device using resistive means during such high line operation.
      Other examples of series type voltage regulators are found in "Power
      Supply Circuits", TEKTRONIX, INC., assignee of the present invention.
PAR  Means and methods directly related to the present invention (i.e., total
      power consumption of series type regulated power supplies during high line
      operation) are shown and described in U.S. Pat. No. 3,060,320, wherein
      means have been added between the source of primary supply voltage and the
      series type voltage regulator to reduce voltage variations into the series
      regulator, hence a reduced consumption of power. Disadvantages of such
      disclosed prior art are the addition of active components and various
      reference voltage means required for operation of the active components.
      Another disadvantage is that all the load current must flow through
      another active component having current capabilities equivalent to the
      series pass device capabilities of the series regulated power supply.
PAC  BRIEF SUMMARY OF THE INVENTION
PAR  The means particularly adapted for minimizing total power consumption of
      series type regulated power supplies during high line operation of the
      present invention overcomes the disadvantages of the prior art by using
      passive devices. The present invention is directed to a resistance
      connected between a primary supply voltage and the output of the
      series-type regulated power supply.
PAR  In the preferred embodiment, and at high line operation, a voltage lower
      than the voltage applied to the series pass device is developed across a
      resistor, which conducts current to a current summing point at the output
      of the regulated power supply, therefore shunting part of the load current
      to lower potential. Thus, a reduction of total power consumption is
      realized.
PAR  Accordingly, it is an object of the present invention to minimize total
      power consumption of regulated power supplies during high line operation.
PAR  It is another objective of the present invention to minimize total power
      consumption of regulated power supplies during high line operation using
      passive devices.
PAR  It is yet another object of this invention to provide a power supply
      regulator having reduced power dissipation requirements at high line.
PAR  It is still another object of the present invention to provide a power
      supply regulator having less power consumption at high line than at normal
      line.
PAR  It is still yet another object of the present invention to minimize the
      power dissipation requirements of series pass devices of regulated power
      supplies during high line operation.
PAR  It is a further object of the present invention to provide a power supply
      regulator having less power consumption at high line whereby high line
      variations are not disconnected from the series pass device of the power
      supply regulator.
PAR  The subject matter of the present invention is particularly pointed out and
      distinctly claimed in the following description. The invention, however,
      both to organization and method of operation together with further
      advantages and objects thereof may best be understood by reference to the
      following description taken in connection with the accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF DRAWING
PAR  The single FIGURE is a schematic diagram of the preferred embodiment
      according to the present invention.
DETD
PAC  DETAILED DESCRIPTION OF PREFERRED EMBODIMENT
PAR  The power input line is connected to supply power to a load 16 connected
      across output terminals 15 and 17. Transformer 4 having primary winding 3
      and secondary winding 5 transforms the voltage of the primary supply N to
      the level required by series regulator 14. The varying output of secondary
      winding 5 across terminals 6 and 9 is rectified and filtered by rectifier
      and filter 13 and connected directly to series regulator 14 having load 16
      connected across its output terminals 15 and 17. Hence, rectifier and
      filter 13 and series regulator 14 may be a plurality of such circuits
      well-known by those skilled in the art such as full-wave or half-wave
      diode bridge rectifiers and conventional series type regulators
      respectively.
PAR  As can be discerned from the above discussion, series regulator 14 must
      pass all current supplied to the load 16; hence, any voltage increase in
      the power input line above the minimum voltage necessary to ensure proper
      regulation of the load must be absorbed by the series pass device of the
      series regulator 14 resulting in increased power dissipation in said
      device. Alternatively, a resistance could be shunted across the series
      pass device as described in the background of the invention.
PAR  The passive circuitry comprising diodes 10 and 11, capacitor 18, and
      resistor 12 is designed to lower the total amount of power consumed by the
      regulated power supply under high line conditions to a level which is
      lower than the power consumed or equal to the power consumed during normal
      operation; such power savings is obtained by supplying most of the load
      current through resistor 12 from a voltage source at point 19 which is
      lower than the voltage source at point 20.
PAR  The secondary winding 5 of transformer 4 has selectable taps 7 and 8
      connected to the anodes of asymonetrically conducting diodes 10 and 11
      respectively. Taps 7 and 8 are selected so that diodes 10 and 11 begin to
      conduct as the power input line increases above medium line. The cathodes
      of diodes 10 and 11 are connected together. Disposed between the common
      connection of the cathodes of diodes 10 and 11 is a resistor 12 and a
      capacitor 18 connected to output terminal 15 and common connection 21
      respectively. As is well-known by those skilled in the art, capacitor 18
      may be eliminated if desired. Diodes 10 and 11 in conjunction with
      capacitor 18 are therefore connected as a full-wave rectifier and filter
      as is well-known by those skilled in the art.
PAR  Circuit operation can best be understood by the following example, which
      assumes medium line operation as initial condition. Further, assume that
      with medium line operation, voltage at the point 20 and the output
      terminal 15 are positive 20 and positive 15 volts respectively when
      measured with respect to common connection 21. Taps 7 and 8 alternately
      reach positive 15 volts as the input line alternates. Diodes 10 and 11 are
      therefore not forward biased and operation of the circuit is well-known by
      those skilled in the art.
PAR  During a period of high line operation, voltage at point 20 increases, but
      the voltage at output terminal 15 remains at positive 15 volts due to
      series regulator action; therefore, the voltage at taps 7 and 8 of winding
      5 is greater than the voltage at output terminal 15. Diodes 10 and 11
      become alternately forward biased, and due to the value of resistor 12
      (value of resistor 12 should be chosen so that approximately 90% of the
      minimum load current will flow through resistor 12), most load current
      will flow through resistor 12 from point 19, a lower voltage point than
      point 20 from which current through the pass device must flow. Therefore,
      total power consumption is reduced for the entire system.
PAR  While there has been shown and described the preferred embodiment of the
      present invention, it will be apparent to those skilled in the art that
      many changes and modifications may be made without departing therefrom in
      its broader aspects; therefore, the appended claims are intended to cover
      all such changes and modifications as fall within the true spirit and
      scope of this invention.
CLMS
STM  The invention is claimed in accordance with the following:
NUM  1.
PAR  1. A power supply regulator high-line shunt bypass circuit comprising:
PA1  a first voltage source means;
PA1  a second voltage source means of relatively higher magnitude than said
      first voltage source means, each of said voltage source means adapted for
      energization by a changing primary voltage;
PA1  output terminals;
PA1  resistance means having a value of resistance substantially higher than
      that of conductive wire connected between said first voltage source means
      and said output terminals for coupling a first voltage from said first
      voltage source means to said output terminals only when said first voltage
      source means is energized; and
PA1  voltage regulating means coupled between said second voltage source means
      and said output terminals for coupling a second voltage from said second
      voltage source means to said output terminals when said second voltage
      source means is energized and for coupling at least a portion of said
      second voltage to said output terminals when said first voltage source
      means is energized.
NUM  2.
PAR  2. A power supply regulator high-line shunt bypass circuit according to
      claim 1 wherein said first and second voltage source means comprise a
      transformer having a primary winding and a secondary winding having a
      plurality of means for providing said secondary voltage source means of
      relatively higher magnitude than said first voltage source means, said
      first voltage source means being energized at a high line primary voltage
      condition.
NUM  3.
PAR  3. A power supply regulator high-line shunt bypass circuit according to
      claim 1 wherein said means for providing said first and second voltage
      source means defines a transformer having selectable connection taps on
      the secondary winding thereof.
NUM  4.
PAR  4. A power supply regulator high-line shunt bypass circuit according to
      claim 1 wherein said first voltage source means defines a full-wave
      rectifier.
NUM  5.
PAR  5. A power supply regulator high-line shunt bypass circuit according to
      claim 1 wherein said first impedance resistance means defines a resistor.
NUM  6.
PAR  6. A power supply regulator high-line shunt bypass circuit according to
      claim 1 wherein said voltage regulating means includes an active variable
      resistance device as a series pass element.
NUM  7.
PAR  7. A voltage regulator for reducing total power consumption at high line
      voltage comprising:
PA1  first and second alternating sources, the second of which delivers a higher
      voltage than the first;
PA1  a first plurality of asymmetrically-conducting devices connected to said
      first alternating source for rectifying the output thereof;
PA1  a second plurality of asymmetrically-conducting devices connected to said
      second alternating source for rectifying the output thereof;
PA1  output terminals;
PA1  a resistive element of predetermined valve, said valve being substantially
      higher than that of conductive wire, connected between said first
      plurality of asymmetrically-conducting devices and said output terminals
      for shunting a percentage of current to said output terminals only during
      peak excursions of said first alternating source; and means connected
      between said second plurality of asymmetrically-conducting devices and
      said output terminals for continuously regulating a voltage at said output
      terminals to maintain said voltage at a predetermined value at low-line
      and high-line voltage conditions.
NUM  8.
PAR  8. A voltage regulator according to claim 7 wherein said means for
      continuously regulating a voltage at said output terminals includes a
      series-pass element.
NUM  9.
PAR  9. A power supply regulator high-line shunt bypass circuit comprising:
PA1  a first voltage source means;
PA1  a second voltage source means having a higher voltage magnitude than said
      first voltage source means each of said source means adapted for
      energization by a changing primary voltage;
PA1  output terminals;
PA1  a series type regulator means connected between said second voltage source
      means and said output terminals for providing a continuously regulated
      voltage to said output terminals for all values of said changing primary
      voltage; and
PA1  a resistor directly connected between said first voltage source means and
      said output terminals for providing a predetermined voltage to said output
      terminals only during peak excursions of said changing primary voltage.
NUM  10.
PAR  10. The circuit according to claim 9 wherein said first and second voltage
      source means comprises a transformer having a primary winding adapted for
      energization by said changing primary voltage and a secondary winding
      having selectable connection taps for selecting a plurality of voltage
      values, and first and second full-wave bridge rectifiers connected to said
      selectable connection taps.
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ABST
PAL  Compressors and expanders for effecting dynamic range modification are
      constructed by connecting reactive networks in series for voltage dividing
      action or in parallel for current dividing action. The output signal is
      derived from the voltage across or current through one of the networks
      which includes a series or parallel variable resistance. The variable
      resistance is controlled in dependence upon the voltage thereacross in the
      sense required to achieve compression or expansion, as the case may be.
      The resistance change shifts a turnover frequency of the circuit so as to
      exclude large amplitude components from the amplitude increase or
      reduction which is applied to low level components within a restricted
      frequency band to create the compressor or expander action.
PARN
PAR  This is a continuation of application Ser. No. 395,280, filed on Sept. 7,
      1973.
BSUM
PAR  This invention relates to signal compressors and expanders and concerns an
      improvement in the invention disclosed in the specification of my
      co-pending application Ser. No. 232,113 corresponding to British Patent
      Application No. 6747/71.
PAR  The circuits described in the aforementioned specification utilize a
      plurality of series connected impedance networks which are voltage or
      current driven in response to an input signal. An output signal is derived
      from the voltage across or current through at least one of the networks
      and at least one of the networks is a frequency selective network
      determining a restricted frequency band within which modification of
      dynamic range (compression or expansion) takes place. The frequency
      selective network includes variable circuit means which respond to an
      increase in the level of a signal component within the restricted band in
      such a way as to narrow the restricted band and thereby exclude the
      increased level component therefrom. This action creates a compressor or
      expander characteristic in a way which will be explained below.
PAR  The circuits described in the said specification utilize relatively complex
      impedance networks and one object of the present invention is to provide
      circuits which can be of very simple form, and which may require as the
      said networks only two reactive impedances (i.e. capacitors or inductors)
      and one resistance network, (although the networks can be made more
      complex if the designer so requires). The circuits are designed to allow
      noise reduction facilities to be incorporated in inexpensive tape
      recorders and other equipment.
PAR  The present invention exists in two analogous forms, depending upon when
      the circuit is voltage or current driven.
PAR  According to the present invention in one aspect, there is provided a
      circuit for modifying the dynamic range of a signal, comprising an input
      terminal coupled to an output terminal through a first reactive impedance,
      the output terminal being connected to a point of reference potential
      through the series combination of a second reactive impedance and a
      variable resistance network, whose resistance is responsive to the level
      of a signal in the circuit to change the value of the resistances as the
      said level increases, in such a sense as to exclude increased level signal
      components from the dynamic range modification.
PAR  According to the present invention in another aspect, there is provided a
      circuit for modifying the dynamic range of a signal, comprising a signal
      source including series impedance and feeding a parallel combination of a
      plurality of impedance networks, and means for deriving an output signal
      from one of the networks, at least one of the networks serving to create a
      frequency selective characteristic determining a restricted frequency band
      within which the modification of dynamic range takes place and including
      variable circuit means responsive to the level of one or more signals in
      the circuit to narrow the restricted band as the level of such signals
      increases.
DRWD
PAR  The invention will now be described in more detail, by way of example, with
      reference to the accompanying drawings, in which:
PAR  FIGS. 1 to 4 show four circuits embodying the invention; and FIGS. 1a, 2a
      and 4a are corresponding characteristic curves for the embodiments of
      FIGS. 1, 2 and 4.
DETD
PAR  FIG. 1 shows a voltage driven circuit which can be operated either as a
      high frequency compressor (e.g. as part of a hiss noise reduction system),
      or as a low frequency expander (e.g. as part of a rumble noise reduction
      system). In the illustrated circuit, first and second reactive impedances
      are capacitors C1 and C2 and a series resistive network consists of a
      variable resistance R1. A control circuit CC senses the voltage across the
      resistive network and produces a rectified and smoothed control signal on
      a line CS which controls the value of R1. R1 can be, for example, a
      transistor, an FET or a light sensitive resistor illuminated by a lamp
      which is energised by the control signal.
PAR  If the circuit is to be used as a high frequency compressor, the value of
      R1 is reduced as the mean voltage thereacross increases. When R1 has a
      high value, the circuit has a response characteristic versus frequency as
      shown in full lines in FIG. 1a. As the value of R1 drops, the
      characteristic shifts through the broken line showing to the dashed line
      showing. Compressor action arises, at a frequency f for example as
      follows. When the signal level is low, (e.g. - 30 dB), the amplitude
      response at f is high, namely at point P1, at which there may be a 10 dB
      boost, for example. When the signal level at f is high, (e.g. at the
      maximum level of 0dB), the characteristic shifts upwardly and the response
      at f is low, namely at point P2, at which there is no boost. The change
      between these extreme situations is progressive and the progressive
      removal of the 10 dB boost as the signal level rises clearly creates a
      compressor characteristic.
PAR  The compressor of FIG. 1 can be used with a complementary expander to
      effect noise reduction in a high frequency band, e.g. high frequency tape
      noise reduction. One suitable expander will be described below with
      reference to FiG. 2. The resistor R1 preferably has a fixed resistor R2 in
      parallel with it in order to provide a definite low frequency limit, e.g.
      1 kHz, above which the compression takes place in the circuit of FIG. 1.
PAR  The circuit of FIG. 1 can be used as a low frequency expander by making the
      value of R1 increase as the mean voltage thereacross rises. Even at low
      signal levels, R1 should still have a value sufficient to provide a
      definite high frequency limit (e.g. a few hundred Hertz) below which the
      expansion takes place. If necessary, a further resistor in series with R1
      can be employed for this purpose.
PAR  If, as shown in FIG. 2, C1 and C2 are replaced by inductors L1 and L2, a
      preferential low pass action is substituted for the preferential high pass
      action of FIG. 1, the characteristics thus being as in FIG. 2a. Therefore,
      the circuit of FIG. 2 can be used for high frequency expansion or low
      frequency compression.
PAR  The circuits of FIGS. 1 and 2 operate by the principle of voltage division.
      Circuits operating analogously by the principle of current division will
      now be described. FIG. 3 shows a general circuit employing just two
      parallel impedance branches Z1 and Z2 as an example. Any current i is fed
      into the network from a current source (or from a voltage source with
      series impedance ZS) and will divide between the two branches in
      accordance with their relative impedance. If the branch currents are
      i.sub.1 and i.sub.2, it can be seen that i.sub.1 = Z2i/(Z1 + Z2) and
      i.sub.2 = Z1i/(Z1 + Z2) since the higher impedance branch will carry the
      lower current, and vice versa.
PAR  The output can be derived from either one of the two branches and is
      proportional to i.sub.1 or i.sub.2 as the case may be. As shown, a small
      resistor R3 in series with Z2 is used to pick off an output voltage
      proportional to i.sub.2.
PAR  Both branches can be variable as a function of the signal level but
      preferably one branch has fixed characteristics and only the other is
      variable. As illustrated, a control circuit CC varies Z2 in dependence
      upon the current therethrough. As in the embodiments of FIGS. 1 and 2, the
      same circuit can yield compressor or expander action, depending upon the
      sense in which Z2 is varied when the current therethrough increases.
      Furthermore, if, for example, a compressed signal is obtained by taking
      the output from i.sub.2, an expanded signal can be obtained by taking the
      output from i.sub.1.
PAR  The control of the variable branch Z2 is desirably such that dynamic range
      modification is confined to low level signal components, e.g. components
      below - 20 dB, in order to avoid distortion and other undesirable effects
      on high level signals.
PAR  The impedances Z1 and Z2 can be very simple, such as capacitances,
      resistances and inductances although complex networks, including active
      networks can be used if required.
PAR  FIG. 4 shows one more detailed embodiment of the circuit of FIG. 3, a high
      frequency expander circuit being illustrated. A transistor T1 with emitter
      resistor R6 provides a source of signal current i which is distributed
      between the two parallel impedance branches which are the fixed branch C3
      and the variable branch comprising C4, R4 and R5. The output signal is
      derived from the current i.sub.2 in the variable branch, the transistor T2
      serving as a current to voltage converter. The control circuit cc responds
      to the voltage across the variable branch. The source impedance ZS is
      provided by T1.
PAR  At low frequencies the capacitive reactances of C3 and C4 are high. Thus,
      essentially, all of the input current passes through resistors R4 and R5
      to provide the output signal. At very low levels the resistor R5 has a
      very high value. At high frequencies, at which the capacitive reactance of
      C4 is much lower than R4, the input current will be divided between C3 and
      C4 in accordance with their capacitance ratio. If C3 = 2.16 .times. C4,
      for example, then most of the high frequency current will be shunted
      through C3 and the current through C4 will be 10 dB less than the input
      current, thereby providing high frequency expansion. For high level, high
      frequency signals the control circuit reduces the value of R5, which
      causes the turnover frequency to shift upwards and narrow the band in
      which expansion takes place, as is illustrated in FIG. 4a.
PAR  An alternative circuit may be constructed by replacing the capacitors C3
      and C4 by inductors.
PAR  Any of the compressors or expanders in accordance with this invention can
      be placed in the negative feedback loop of a high gain amplifier to
      produce a complementary characteristic.
CLMS
STM  I claim:
NUM  1.
PAR  1. A circuit for modifying the dynamic range of a signal, comprising an
      input terminal and an output terminal, a first reactive impedance coupling
      said input terminal to said output terminal, an intermediate terminal, a
      second reactive impedance coupling said output terminal to said
      intermediate terminal, and a variable resistance network coupled between
      said intermediate terminal and a point of reference potential, said first
      and second impedances being of like nature such that the impedance and
      voltage ratios of the impedance between said input and output terminals
      and the voltage produced thereacross, respectively, to the impedance
      between said output and intermediate terminals and the voltage produced
      thereacross are frequency independent, the resistance of the variable
      resistance network being responsive to the level of a signal in the
      circuit to change the value of the resistance as the said level increases,
      in such a sense as to exclude increased level signal components from the
      dynamic range modification.
NUM  2.
PAR  2. A circuit according to claim 1, wherein said variable resistance network
      comprises a variable resistance in parallel with a fixed resistance.
NUM  3.
PAR  3. A circuit according to claim 1, wherein said variable resistance network
      comprises a variable resistance in series with a fixed resistance.
NUM  4.
PAR  4. A circuit according to claim 1, wherein the first and second reactive
      impedances are both capacitances.
NUM  5.
PAR  5. A circuit according to claim 4, wherein the value of said resistance is
      arranged to fall as the voltage thereacross tends to increase.
NUM  6.
PAR  6. A circuit according to claim 4, wherein the value of said resistance is
      arranged to rise as the voltage thereacross increases.
NUM  7.
PAR  7. A circuit according to claim 1, wherein the first and second reactive
      impedances are both inductances.
NUM  8.
PAR  8. A circuit according to claim 7, wherein the value of said resistance is
      arranged to rise as the voltage thereacross increases.
NUM  9.
PAR  9. A circuit according to claim 7, wherein the value of said resistance is
      arranged to fall as the voltage thereacross tends to increase.
NUM  10.
PAR  10. A circuit for modifying the dynamic range of a signal, comprising a
      signal source including series impedance so as to act as a current source,
      a parallel combination of a plurality of impedance networks fed from said
      source to form a current-dividing arrangement, and means for deriving an
      output signal from the current through one of the networks, at least one
      of the networks serving to create a frequency selective characteristic
      determining a restricted frequency band within which the modification of
      dynamic range takes place and including variable circuit means responsive
      to the level of one or more signals in the circuit to narrow the
      restricted band as the level of such signals increases.
NUM  11.
PAR  11. A circuit according to claim 10, wherein the said one or more signals
      are signals within the restricted band, whereby the circuit excludes such
      components from dynamic range modification.
NUM  12.
PAR  12. A circuit according to claim 10, wherein said networks comprise a first
      network consisting of a fixed first reactance and a second network
      consisting of a fixed second reactance shunted by a variable resistance
      network.
NUM  13.
PAR  13. A circuit according to claim 12, wherein said variable resistance
      network comprises a variable resistance in parallel with a fixed
      resistance.
NUM  14.
PAR  14. A circuit according to claim 12, wherein said variable resistance
      network comprises a variable resistance in series with a fixed resistance.
NUM  15.
PAR  15. A circuit according to claim 12, wherein said means for deriving an
      output signal derive an output signal from the current through said second
      network.
NUM  16.
PAR  16. A circuit according to claim 12, wherein said means for deriving an
      output signal derive an output signal from the current through said first
      network.
NUM  17.
PAR  17. A circuit according to claim 12, wherein the first and second
      reactances are both capacitances.
NUM  18.
PAR  18. A circuit according to claim 17, wherein the resistance of said
      variable resistance network is arranged to fall as the voltage thereacross
      tends to increase.
NUM  19.
PAR  19. A circuit according to claim 17, wherein the resistance of said
      variable resistance network is arranged to rise as the voltage thereacross
      increases.
NUM  20.
PAR  20. A circuit according to claim 12, wherein the first and second
      reactances are both inductances.
NUM  21.
PAR  21. A circuit according to claim 20, wherein the resistance of said
      variable resistance network is arranged to fall as the voltage thereacross
      tends to increase.
NUM  22.
PAR  22. A circuit according to claim 20, wherein the resistance of said
      variable resistance network is arranged to rise as the voltage thereacross
      increases.
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ABST
PAL  Integrated circuit for superposition of an AFC control voltage on a
      stabilized direct voltage for varactor diode tuning in radio or television
      receivers. It features a voltage divider having a controlled current
      applied to it. A circuit disables it when tuning.
BSUM
PAR  The invention relates to a circuit arrangement for generating a stabilized
      direct voltage with superposition of a control voltage for combined tuning
      and automatic frequency control of a receiver using a
      variable--capacitance diode, commonly referred to as varactor diode or
      even tuner diode.
PAR  The tuning sections of, for example, present-day radio and television
      receivers usually include varactor diodes. The tuning voltage applied to
      these diodes generally is obtained by means of a manually operated tuning
      potentiometer or a preselection potentiometer. These potentiometers are
      fed with a direct voltage which is highly stabilized against supply
      voltage fluctuations and/or temperature variations (for example 30 volts
      .+-. 50 millivolts). This stabilized direct voltage is to be derived from
      a reference voltage source which generally produces a considerably lower
      voltage (for example 6.4 volts).
PAR  Frequently in such receivers automatic frequency control (AFC) also is
      used. If no separate AFC varactor diode but the tuning varactor diode
      provided in any case is to be used, the AFC voltage generated is to be
      superposed on the tuning voltage, preferably on the said stabilized direct
      voltage. Care should be taken to ensure that in this process no
      unstabilized or insufficiently stabilized voltage portion also is
      superposed.
PAR  It is an object of the present invention to provide a circuit arrangement
      which enables the said purposes to be simply achieved in largely
      monolithically integrated form, and the circuit arrangement according to
      the invention is characterized by the provision of a differential
      amplifier comprising a first and a second emitter-coupled transistor
      stage, a reference voltage source which is connected to the control
      electrode of the first transistor stage, a collector load for the second
      transistor stage, a resistive voltage divider having a tapping which is
      connected to the control electrode of the second transistor stage, and a
      buffer amplifier connected between the said collector load and the
      resistive voltage divider, a control current which produces the control
      voltage being supplied to a tapping, in particular to the said tapping, on
      the resistive voltage divider in order to superpose the control voltage on
      the direct voltage across the resistive voltage divider. The collector
      load for the second transistor stage preferably comprises a current mirror
      controlled from the collector of the first transistor stage.
PAR  The control voltage to be superposed frequently is available as a
      difference voltage between two terminals which themselves have a given
      non-defined voltage with respect to earth. According to a further aspect
      of the invention, however, the control current required for the
      superposition may simply be derived from the available control voltage by
      means of a control voltage differential amplifier which comprises a third
      and a fourth emitter-coupled transistor stage, to the coupled emitters of
      which stages is connected a stabilized direct-current source, the third
      transistor stage supplying the said control current for the resistive
      voltage divider.
PAR  When the stabilized direct voltage with the control voltage superposed on
      it is applied to the upper end of a tuning potentiometer and/or a
      preselection potentiometer and the tuning voltage for the varactor diodes
      is taken from the slider of the potentiometer, the extent of the lowering
      of the slider causes not only a progressively decreasing part of the
      direct voltage but also a progressively decreasing part of the control
      voltage to be applied to the varactor diode. This is advantageous, because
      the sensitivity (dC/dV) of varactor diodes wherein C is the capacitance
      and V the voltage, increases with decreasing direct voltage, so that the
      said step causes the control sensitivity to remain substantially constant.
      However, when the potentiometer is turned down to a large extent
      (corresponding to a direct voltage of less than 4 volts), which may be
      required in some cases (for example in television receivers) to enable the
      entire tuning range to be covered, the control sensitivity proves to be
      greatly decreased. In the circuit arrangement according to the invention
      this difficulty may readily be obviated by supplying an additional control
      current, for example a current supplied by the fourth transistor stage, to
      the lower end of the potentiometer.
PAR  In general it is desirable to have the possibility of switching off the
      automatic frequency control during tuning, because with the AFC switched
      on a strong transmitter signal considerably impedes or even prevents
      tuning to an adjacent weaker transmitter signal. Care should be taken to
      ensure that with the AFC switched off the circuit arrangement supplies a
      voltage which accurately corresponds to the voltage which it supplies with
      the AFC switched on when the receiver is exactly tuned to a transmitter
      signal. In a circuit arrangement according to the invention the said
      requirements may simply be fulfilled, and for this purpose the circuit
      arrangement according to the invention may be characterized in that the
      control-voltage differential amplifier also acts as a control-voltage
      switch-off circuit for preventing the control voltage from being
      superposed on the stabilized direct voltage in that the said third and
      fourth transistor stages are in the form of Darlington stages each
      comprising a pre-transistor and a main transistor, a switch-off voltage
      being applied to each of the connections between the pre-transistor and
      the main transistor via an isolating pn junction.
PAR  To prevent an inadmissibly high reverse voltage from being applied to the
      said pre-stages when the AFC is switched off, provision may further be
      made of means for varying the amplitude of the said switching voltage in
      accordance with the voltage level of either or both inputs of the
      control-voltage differential amplifier.
PAR  To enable the circuit including AFC which may be switched off to be used
      both in receivers provided with continuous tuning, in which it must be
      possible to switch off the control during the entire tuning operation, and
      in receivers having discontinuous tuning (tuning in steps) in which the
      control is to be switched off for a given period only, the circuit
      arrangement according to the invention may include a switch-off control
      terminal for continuously generating a switching voltage which prevents
      the control voltage from being superposed on the stabilized direct voltage
      in the case of continuous control of the said switch-off control terminal,
      and a further terminal for connection at will to a capacitor for
      generating the switching voltage during a given period the duration of
      which depends upon the value of the capacitor, in the case of pulsed
      control of the said switch-off control terminal.
DRWD
PAR  An embodiment of the invention will now be described, by way of example,
      with reference to the accompanying diagrammatic drawing, the single FIGURE
      of which is a circuit diagram of a circuit arrangement according to the
      invention.
DETD
PAR  The circuit arrangement shown in the FIGURE includes a differential
      amplifier having transistors T.sub.1 and T.sub.2 the emitters of which are
      connected to a direct-current source constituted by a transistor T.sub.3
      provided with an emitter resistor R.sub.1 and having its base connected to
      a diode D.sub.4 (point b). A collector load, which is in the form of a
      known current mirror comprising three transistors T.sub.4, T.sub.5 and
      T.sub.6 and is controlled by the collector current of T.sub.1, is
      connected between the collector of T.sub.2 and a non-stabilized supply
      voltage V.sub.i. The collector of T.sub.2 is also connected to the input
      of a Darlington buffer amplifier T.sub.7, T.sub.8 the output electrode of
      which (the emitter of T.sub.8) is connected to an output terminal O of the
      circuit via a small resistor R.sub.2. A resistive voltage divider R.sub.3,
      R.sub.4 the tapping on which is connected to the base of the transistor
      T.sub.2 is connected between the output terminal O and earth. The base of
      the transistor T.sub.1 is connected to a reference voltage source, for
      example a Zener diode D.sub.1, which provides a voltage E (6.4 volts) and
      is fed from the output terminal O via a resistor R.sub.15.
PAR  The circuit arrangement described so far operates as follows: The current
      from the direct-current source T.sub.3, R.sub.1 is divided between T.sub.1
      and T.sub.2 and then flows through the current mirror T.sub.4, T.sub.5,
      T.sub.6, the current through T.sub.1 being the control current and that
      through T.sub.2 being the output current of the current mirror. Because
      the output current of the current mirror is equal to its control current,
      the two emitter-collector currents of T.sub.1 and T.sub.2 are equal also.
      This means that the base voltage of T.sub.2 is accurately adjusted to the
      same value as the base voltage (E) of T.sub.1. Even a small imbalance (of
      a few millivolts) between the base voltages of T.sub.1 and T.sub.2 gives
      rise to a correction current to the base of T.sub.7 which, greatly
      amplified by the Darlington amplifier T.sub.7, T.sub.8, so modifies the
      current passing through the voltage divider R.sub.2, R.sub.3, R.sub.4 as
      to restore the balanced condition.
PAR  Assuming the current I.sub.3 flowing through R.sub.3 to be equal to the
      current I.sub.4 flowing through R.sub.4, the voltage V.sub.O at the output
      terminal O will be
      ##EQU1##
PAR  Thus the output voltage V.sub.O is dependent only upon the reference
      voltage E and the resistors R.sub.3 and R.sub.4. Consequently a very
      stable output voltage is obtained the value of which is greater than that
      of the reference voltage and may be accurately adjusted by means of the
      resistors R.sub.3 and R.sub.4.
PAR  As described hereinbefore it is desirable for an AFC-dependent voltage to
      be superposed on the output voltage V.sub.O. For this purpose an
      AFC-dependent current I.sub.AFC, which is produced in a manner to be
      described hereinafter, is supplied to the junction point of R.sub.3 and
      R.sub.4. Now we no longer have I.sub.3 = I.sub.4, but I.sub.3 = I.sub.4 -
      I.sub.AFC. Owing to the abovedescribed interplay of the differential
      amplifier T.sub.1, T.sub.2 and the current mirror T.sub.4, T.sub.5,
      T.sub.6, however, the differential amplifier remains balanced, so that the
      voltage at the junction point of R.sub.3 and R.sub.4 remains equal to E (=
      I.sub.4.sup.. R.sub.4). The output voltage V.sub.O = I.sub.3 R.sub.3 +
      I.sub.4 R.sub.4 then will be
      ##EQU2##
      which means that this voltage is constituted by the superposition of a
      stabilized direct-voltage component
      ##EQU3##
      and an AFC-voltage component I.sub.AFC R.sub.3.
PAR  The circuit arrangement includes a further transistor T.sub.9 having its
      base connected to the upper end of R.sub.2, its emitter to the output
      terminal O and its collector to the collector of T.sub.2. T.sub.9 and
      R.sub.2 together act as a shortcircuit protection. The resistor R.sub.2 is
      so small (20.OMEGA.) that in the normal operating condition the voltage
      across R.sub.2 is not sufficient to cause the transistor to conduct. In
      the case of overloading or a short-circuit of the output O to earth the
      transistor T.sub.9 becomes conductive and takes over such a part of the
      collector current of T.sub.6 that the control current to T.sub.7 and hence
      the supply current to T.sub.8 are sufficiently limited.
PAR  The control current I.sub.AFC is produced by means of a differential
      amplifier comprising two Darlington transistor stages T.sub.10, T.sub.11
      and T.sub.12, T.sub.13. The emitters of T.sub.10 and T.sub.12 are
      connected to the bases of T.sub.11 and T.sub.13 respectively. The emitters
      of T.sub.11 and T.sub.13 each are connected through a resistor R.sub.5 and
      R.sub.6 respectively to a direct-current source comprising a transistor
      T.sub.14 having an emitter resistor R.sub.7. The bases of T.sub.10 and
      T.sub.12 are connected to input terminals 1 and 2 respectively between
      which an AFC voltage V.sub.AFC (of at most about 6 volts) can be set up.
      The collector current of T.sub.11 is mirrored in a current mirror T.sub.17
      and T.sub.18, T.sub.19 and then supplied as the control current I.sub.AFC
      to the junction point of R.sub.3 and R.sub.4. The collector current of
      T.sub.13 is mirrored and amplified in an amplifier comprising resistors
      R.sub.8, R.sub. 9, a diode D.sub.2 and transistors T.sub.20, T.sub.21 and
      then supplied to an output terminal 3.
PAR  In addition to converting a control voltage (V.sub.AFC) into a control
      current (I.sub.AFC) the differential amplifier T.sub.10 to T.sub.13 is
      mainly required to suppress the influence of the input voltages at the
      terminals 1 and 2 with respect to earth (common mode suppression), and to
      amplify only the voltage difference between these terminals. Consequently
      the control voltage V.sub.AFC can be applied to the terminals 1 and 2 at
      widely different voltage levels (for example from 5 to 15 volts) with
      respect to earth. As a result the circuit arrangement is capable of
      universal application.
PAR  The control current I.sub.AFC depends not only upon the difference voltage
      V.sub.AFC between the terminals 1 and 2 but also upon the direct current
      flowing through the transistor T.sub.14. Hence this direct current must be
      highly stabilized. For this purpose the circuit arrangement includes a
      transistor T.sub.22 having its base connected to the reference voltage
      source D.sub.1 and its emitter to the series combination of two resistors
      R.sub.10, R.sub.11 and two diodes D.sub.3, D.sub.4. The connection (a)
      between R.sub.10 and R.sub.11 is connected to the bases of T.sub.14 and
      T.sub.16. Assuming that the highly temperature-dependent diode voltages of
      D.sub.3 and D.sub.4 and the base emitter voltages of T.sub.22, T.sub.14
      and T.sub.16 all are equal to one another, it may readily be shown that
      the currents produced by T.sub.14 and T.sub.16 are temperature-independent
      if R.sub.10 = 2R.sub.11, for example R.sub.10 = 4k .OMEGA. and r.sub.11 =
      2 k .OMEGA..
PAR  The output voltage V.sub.O is applied to the upper end or ends of at least
      one tuning potentiometer P, the slider of the or each potentiometer being
      connected via at least one isolating resistor R.sub.s to at least one
      varactor diode C.sub.v. The or each varactor diode is connected in a
      tuning circuit of a receiver in a manner not shown. An adjustable part of
      the direct-voltage component of V.sub.O and an adjustable part of the AFC
      component of V.sub.O are applied to the or each varactor diode via the
      respective potentiometer P. As has been set forth at the beginning of this
      specification, it is desirable for an additional AFC signal to be applied
      to the lower end of the tuning potentiometer P. For this purpose the lower
      end of this potentiometer is connected to earth via a resistor R.sub.12,
      the AFC output current from T.sub.21 (output terminal 3) being supplied to
      the junction point of P and R.sub.12.
PAR  In general, in AFC circuits it is desirable to have the possibility of
      switching off disabling the AFC in particular during tuning from one
      transmitter signal to another transmitter signal, because the AFC
      interferes with the tuning operation. The term "AFC switch-off" is to be
      understood to mean not only that no longer any AFC information reaches the
      tuning means (varactor diodes), but also that the adjustment of these
      tuning means is made equal to the adjustment which they would have if,
      with the AFC switched on, the receiver should be exactly tuned to a
      transmitter signal. In other words, with the AFC switched-off the AFC
      currents supplied by T.sub.19 and T.sub.21 must not be zero but have the
      values which they normally have when the voltage at the terminal 1 is
      equal to the voltage at the terminal 2 (V.sub.AFC = 0).
PAR  For this purpose the fact is used that the control voltage differential
      amplifier comprises two Darlington pairs. A diode D.sub.23 is connected to
      the junction point of T.sub.10 and T.sub.11 and a diode D.sub.24 is
      connected to the junction point of T.sub.12 and T.sub.13. During the
      periods in which the AFC is to be switched off a switching voltage V.sub.s
      is applied to the interconnected anodes of D.sub.23 and D.sub.24. This
      voltage must exceed the highest possible voltage which may appear at the
      input terminals 1 and 2. This ensures that the diodes D.sub.23 and
      D.sub.24 are rendered conductive and the transistors T.sub.10 and T.sub.12
      are cut off by the switching voltage V.sub.s. This results in that:
PA0  1. owing to the transistors T.sub.10 and T.sub.12 being cut off the control
      voltage V.sub.AFC no longer influences the circuit and moreover the
      switching voltage V.sub.s does not adversely affect the circuit which
      generates the AFC voltage;
PA0  2. any differences between the base emitter voltages of T.sub.11 and
      T.sub.13 and any differences between R.sub.5 and R.sub.6 which give rise
      to an intrinsic imbalance of the differential amplifier are automatically
      taken into account, at switch-off, because these elements remain operative
      in the circuit arrangement. Hence, with the AFC switched off the circuit
      arrangement produces substantially the same current at the junction point
      of the R.sub.3 and R.sub.4 and at the terminal 3 as when the AFC is
      switched on with V.sub.AFC = 0, so that correct AFC switch-off is
      obtained.
PAR  As has been stated hereinbefore, the circuit arrangement is designed so
      that the AFC voltage V.sub.AFC can be applied to the terminals 1 and 2 at
      various voltage levels (for example between 5 and 15 volts) with respect
      to earth. However, the switch-off voltage V.sub.s must exceed the highest
      voltage which may appear at the terminals 1 and 2, i.e. V.sub.s  must
      exceed 15 volts. But this would mean that, when the AFC voltage is applied
      at a level of 5 volts with respect to earth, the reverse voltage across
      the base emitter junction of each of the transistors T.sub.10 and T.sub.12
      would be about 10 volts. This would give rise to Zener breakdown of
      T.sub.10 and T.sub.12, which may give rise to an undesirable difference
      voltage containing much Zener diode noise between the bases of T.sub.11
      and T.sub.13. To avoid this the circuit arrangement includes an
      arrangement which converts a switch-off current I.sub.s into a switch-off
      voltage V.sub.s which follows the level of the voltage at the terminals 1
      and 2. For this purpose the switchoff current I.sub.s is supplied to a
      diode D.sub.5 which together with a transistor T.sub.25 forms a first
      current mirror and also together with a transistor T.sub.26 forms a second
      current mirror. Thus the transistors T.sub.25 and T.sub.26 each supply a
      current I.sub.s. The output current of T.sub.25 is supplied via a diode
      D.sub.6 to the emitter of a transistor T.sub.27 the base of which is
      connected to the input terminal 1, and similarly the output current of
      T.sub.26 is supplied via a diode D.sub.7 to the emitter of a transistor
      T.sub.28 the base of which is connected to the input terminal 2.
      Furthermore, two series-connected diodes D.sub.8 and D.sub.9 are connected
      with opposite pass directions between the collectors of T.sub.25 and
      T.sub.26, the switch-off voltage V.sub.s being produced at the junction
      point of these diodes.
PAR  When a switch-off current I.sub.s flows the diodes D.sub.6 and D.sub.7 and
      the transistors T.sub.27 and T.sub.28 are conductive. Denoting the
      voltages at the input terminals 1 and 2 by V.sub.1 and V.sub.2
      respectively, and denoting the voltage across a conductive pn junction
      (diode or base-emitter junction) which is about 0.6 to 0.7 volt by
      V.sub.pn, the voltage at the emitter of T.sub.27 is: V.sub.1 + V.sub.pn,
      the voltage at the emitter of T.sub.28 is: V.sub.2 + V.sub.pn, the voltage
      at the anode of D.sub.6 is: V.sub.1 + 2V.sub.pn and the voltage at the
      anode of D.sub.7 is: V.sub.2 + 2V.sub.pn. Of the two diodes D.sub.8 and
      D.sub.9 the one having the higher anode voltage will conduct. Thus, when
      V.sub.1 &gt; V.sub.2, D.sub.8 will conduct and V.sub.s = V.sub.1 + V.sub.pn.
      When, however, V.sub.1 &lt; V.sub.2, D.sub.9 will conduct and V.sub.s =
      V.sub.2 + V.sub.pn. Consequently via the conducting diodes D.sub.23 and
      D.sub.24 the emitter voltages of T.sub.10 and T.sub. 12 will be equal to
      V.sub.1 when V.sub.1 &gt; V.sub.2 and equal to V.sub.2 when V.sub.2 &gt;
      V.sub.1. Thus the emitter voltages of T.sub.10 and T.sub.12 always are
      equal to the higher of the two terminal voltages V.sub.1 and V.sub.2. This
      ensures that T.sub.10 and T.sub.12 are cut off (AFC switched-off), but the
      cut-off voltage cannot exceed the difference between V.sub.1 and V.sub.2,
      i.e. the AFC-voltage V.sub.AFC.
PAR  When the switch-off current I.sub.s flowing through D.sub.5 is removed, the
      diodes D.sub.5 to D.sub.9 and D.sub.23, D.sub.24 and the transistors
      T.sub.25 to T.sub.28 become non-conductive. In this case T.sub.10 and
      T.sub.12 are conducting and the AFC is normally operative.
PAR  The circuit arrangement includes two emitter-coupled transistors T.sub.29
      and T.sub.30 for producing the switch-off current I.sub.s. The coupled
      emitters are connected to the collector of a transistor T.sub.31 provided
      with an emitter resistor R.sub.13 and having its base connected to the
      diode D.sub.4, which transistor acts as a direct-current source. Depending
      upon whether the base voltage of T.sub.30 is higher or lower than the base
      voltage of T.sub.29 the collector direct current of T.sub.31 either flows
      via T.sub.30 to the terminal O, which acts as the source of the supply
      voltage V.sub.O, or it flows via T.sub.29 and D.sub.5 as the switch-off
      current I.sub.s. The fixed base voltage for T.sub.29 is obtained by means
      of two series-connected diodes D.sub.10 and D.sub.11 which pass the
      constant collector current T.sub.16 from T.sub.16. Thus the voltage at the
      base of T.sub.29 is V.sub.O - 2V.sub.pn, where V.sub.pn is the pass
      voltage (of 0.7 volts) of D.sub.10 and D.sub.11. The diode D.sub.10 is
      connected between the emitter and the base of a transistor T.sub.32 the
      collector of which is connected to the base of T.sub.30. This collector is
      also connected to the collector of a control transistor T.sub.33 the base
      of which is connected via an isolating resistor R.sub.14 to a switch-off
      (AFC-disabling) control terminal 4. This terminal serves for controlling
      the AFC circuit.
PAR  If the terminal 4 is open or connected to a voltage which cuts off the
      transistor T.sub.33, the collector current of T.sub.32 cannot flow to
      earth. As a result, the transistor T.sub.32 bottoms, so that the collector
      voltage of T.sub.32 and hence the base voltage of T.sub.30 is smaller than
      the voltage V.sub.O by the knee voltage (of 0.1 volt) of T.sub.32 only.
      Consequently the base voltage of T.sub.30 (V.sub.O - 0.1 volt) is higher
      by about 1.3 volts than the base voltage of T.sub.29 (V.sub.O - 1.4
      volts). Hence the collector current of T.sub.31 flows through T.sub.30 ;
      no current flows through D.sub.5, and the AFC is switched on in the
      aforedescribed manner.
PAR  If a sufficiently high positive voltage is applied to the terminal 4,
      T.sub.33 bottoms and the collector current of T.sub.32 can flow to earth
      via T.sub.33. As a result, the base voltage of T.sub.30 is low, and the
      current of T.sub.31 flows via T.sub.29 and D.sub.5 and thus switches off
      the AFC.
PAR  The aforedescribed AFC switch-off may be used in the case of a receiver
      provided with continuous tuning. As long as the receiver is being tuned,
      for example by shifting the slider on the tuning potentiometer P, a
      positive voltage is applied to the control terminal 4 in a non-specified
      manner and the AFC is switched off. In the case of a receiver using
      discontinuous tuning, i.e. a receiver which is stepped from one tuned
      position to another, it is desirable for the AFC to be switched off during
      a given time (of for example 1 s). For this purpose a capacitor C is
      connected to a terminal 5 connected to the collector of T.sub.33, a
      short-duration positive switching pulse (of for example a few ms) being
      applied to the control terminal 4. Under the influence of this switching
      pulse the capacitor C rapidly discharges via T.sub.33. After the control
      transistor T.sub.33 has been cut-off again, the capacitor C is gradually
      charged by the collector current of T.sub.32, and the AFC is switched on
      again only when the capacitor voltage has risen to about the value V.sub.O
      -  2V.sub.pn of the base of T.sub.29. The charge time T of the capacitor
      is
      ##EQU4##
      Thus this time is a function of the collector current I.sub.32 of
      T.sub.32. By deriving this current from the stabilized current I.sub.16 of
      T.sub.16 a constant AFC switch-off time is obtained.
PAR  When during the time in which the capacitor C is charged the tuning is
      changed the capacitor discharges again via T.sub.33. In the event of a
      rapid sequence of discontinuous tuning changes the AFC remains inoperative
      until the said period of is has elapsed after the last change.
PAR  Preferably the entire circuit arrangement shown within a frame of broken
      lines IC is manufactured in monolithic integrated-circuit form with the
      exception of the elements D.sub.1, R.sub.3, R.sub.4 and R.sub.15. Moreover
      the resistor R.sub.7 is preferably mounted externally of the IC, because
      via T.sub.14 it determines the values of the AFC currents supplied to the
      junction point of R.sub.3 and R.sub.4 and to the output terminal 3, and
      via T.sub.16, D.sub.10 and T.sub.32 it determines the charge time constant
      of the capacitor C.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Circuit arrangement for generating a stabilized direct voltage upon
      which a control voltage is superposed for combined tuning and automatic
      frequency control of a receiver including a varactor diode, said circuit
      comprising a differential amplifier comprising first and second
      emitter-coupled transistor stages, a fixed reference voltage source
      coupled to the control electrode of the first transistor, a collector load
      for the second transistor, a passive resistive voltage divider having a
      first tapping coupled to the control electrode of the second transistor
      stage, a buffer amplifier coupled between the said collector load and the
      resistive voltage divider, and means for supplying a control current which
      produces the said control voltage to a second tapping on the resistive
      voltage divider for superposing the control voltage on the direct voltage
      across the resistive voltage divider.
NUM  2.
PAR  2. Circuit arrangement as claimed in claim 1, wherein the collector load
      for the second transistor stage comprises a current mirror controlled from
      the collector of the first transistor stage.
NUM  3.
PAR  3. Circuit arrangement as claimed in claim 1, further comprising a control
      voltage differential amplifier comprising third and fourth emitter-coupled
      transistor stages and a stabilized direct-current source coupled to the
      emitters of said third and fourth transistors, the said third transistor
      stage comprising said supplying means.
NUM  4.
PAR  4. A circuit as claimed in claim 3 further comprising a tuning
      potentiometer having an upper end, a lower end, and a slider, means for
      applying the stabilized direct voltage with the superposed control voltage
      to the upper end, a varactor diode coupled to said slider, and means for
      providing an additional control current to the lower end.
NUM  5.
PAR  5. Circuit arrangement as claimed in claim 4, wherein said providing means
      comprises the fourth transistor stage.
NUM  6.
PAR  6. Circuit arrangement as claimed in claim 1, further comprising a tuning
      potentiometer having an upper end, a lower end, and a slider, means for
      applying the stabilized direct voltage with the superposed control voltage
      to the upper end, at least one varactor diode coupled to said slider, and
      means for applying an additional control current to the lower end of the
      tuning potentiometer.
NUM  7.
PAR  7. Circuit arrangement as claimed in claim 1, further comprising a
      switch-off control terminal means for continuously generating a switching
      voltage which upon continuous control of the said switch-off terminal
      prevents the control voltage from being superposed on the stabilized
      direct voltage, a capacitor, and a further terminal means for selective
      connection to said capacitor for generating the switching voltage during a
      given period the duration of which depends upon the value of the capacitor
      in the case of pulsed control of the said switch-off control terminal.
NUM  8.
PAR  8. A circuit as claimed in claim 1 wherein said second tapping comprises
      said first tapping.
NUM  9.
PAR  9. A circuit arrangement for generating a stabilized direct voltage upon
      which a control voltage is superposed for combined tuning and automatic
      frequency control of a receiver including a varactor diode, said circuit
      comprising a differential amplifier comprising first and second
      emitter-coupled transistor stages, a reference voltage source coupled to
      the control electrode of the first transistor, a collector load for the
      second transistor, a resistive voltage divider having a first tapping
      coupled to the control electrode of the second transistor stage, a buffer
      amplifier coupled between the said collector load and the resistive
      voltage divider, means for supplying a control current which produces the
      said control voltage to a second tapping on the resistive voltage divider
      for superposing the control voltage on the direct voltage across the
      resistive voltage divider, a control voltage differential amplifier
      comprising third and fourth emitter-coupled transistor stages, a
      stabilized direct-current source coupled to the emitters of said third and
      fourth transistors, the said third transistor stage comprising said
      supplying means, the control voltage differential amplifier comprising a
      control voltage switch-off device means for preventing the control voltage
      from being superposed on the stabilized direct voltage, wherein said third
      and fourth transistor stages comprise Darlington stages each comprising a
      pre-transistor and a main transistor coupled thereto, and means for
      applying a switch-off voltage to each connection between pre-transistor
      and main transistor via an isolating pn junction.
NUM  10.
PAR  10. A circuit as claimed in claim 9 wherein said second tapping comprises
      said first tapping.
NUM  11.
PAR  11. Circuit arrangement as claimed in claim 9, further comprising means for
      varying the amplitude of the said switching voltage in accordance with the
      voltage level of at least one of the inputs of the control voltage
      differential amplifier.
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PAL  A process wherein a solution is allowed to fall from the end of a capillary
      tube in the presence of a gradient field of an applied force field
      (magnetic or electric). If the fluid contains ions that are susceptible to
      the applied field, then the content of those ions can be correlated to the
      change in the specific characteristics of the capillary drop (i.e., the
      drop weight or equivalently the drop volume). This finds use as an assay
      technique for those susceptible ions, and it further can be used to give
      information as to the degree of susceptibility that the ions show to the
      applied force field.
GOVT
PAR  The invention described herein was made, in part, in the course of or under
      a contract from the National Science Foundation, an agency of the United
      States Government.
BSUM
PAR  The present invention relates to methods of and apparatus for determining
      either the content of an ion in solution or the susceptibility of an ion
      in solution, said ion being one that is susceptible to an applied force
      field.
PAR  Determination of the content of an ion in solution such as, for example, to
      find the total iron content in a sample of ore, is a laborious and
      time-consuming job. Similarly, the determination of the degree of
      susceptibility of such ion can be difficult, if not impossible.
PAR  An object of this invention is to provide a way of determining the content
      of an ion in solution when that ion is susceptible to an applied force
      field, and performing this assay with a high degree of accuracy.
PAR  Another object is to provide a method of determining the magnetic moment of
      an ion in solution, as well as obtaining information as to the basic
      magnetic susceptibility of that solution.
PAR  These and still further objects are evident in the description that follows
      and are particularly delineated in the appended claims.
PAR  The objects of the invention are attained by a process that includes,
      allowing a drop of fluid to fall from a capillary tip with no applied
      field and recording the volume of that drop (or weight), allowing a second
      drop to fall from the capillary tip with a gradient field of an applied
      force field acting at the point of drop formation, said field acting to
      either levitate the fluid drop or strip it from the capillary depending on
      the direction of the gradient of that field and the sign of the
      susceptibility of the fluid, computing the change that has occurred in the
      drop volume due to the application of the gradient field, and correlating
      to the volume change that has occurred (or equivalently of the weight
      change) to the content of the susceptible ion.
DRWD
PAR  The invention is hereinafter described with reference to the accompanying
      drawing in which:
PAR  FIG. 1 is a diagrammatic figure showing a capillary tip with a fluid drop,
      located between the poles of an electromagnet that produces a magnetic
      field gradient;
PAR  FIG. 2 is a table of all symbols used in the discussion that follows;
PAR  FIG. 3 shows graphically the weight and volume readings that are obtained
      when the percent weight content of the ion Fe.sup..sup.+3 is varied in a
      solution of 15% HCl in water;
PAR  FIG. 4 is a graphical demonstration that the function .DELTA.V/V.sub.o
      corrects out the variations that occur due to differing amounts of
      non-susceptible additives;
PAR  FIG. 5 shows graphically the variations that occur for five different ions
      in solution;
PAR  FIG. 6 contains the same information as FIG. 5 with the difference that it
      is plotted as absolute volume readings rather than percent volume changes;
PAR  FIG. 7 is a table listing the values of the ionic magnetic moments that are
      computed using this technique;
PAR  FIG. 8 shows graphically the oxidation of the ferrous ion to the ferric
      form in solution, as demonstrated by this process;
PAR  FIG. 9 is a table showing the experimentally determined values of the total
      iron content for some laboratory samples of an iron ore;
PAR  FIG. 10 is a diagrammatic figure that shows the placement of the capillary
      tube in a temperature-controlled environment;
PAR  FIG. 11 shows diagrammatically the placement of the capillary tube between
      the magnetic poles, as well as a plot of the magnetic field gradient that
      was used in this work;
PAR  FIG. 12 shows graphically the change in drop weight (equivalent to plotting
      the change in drop volume) that occurs for different settings of the
      magnetic field strength;
PAR  FIG. 13 shows graphically the curves that are obtained when the gradient
      direction acts up and down the capillary axis;
PAR  FIG. 14 shows graphically the significantly larger effect that is obtained
      when using a capillary tip with a conical geometry;
PAR  FIG. 15 is a schematic representation of a conical tip geometry;
PAR  FIG. 16 shows diagrammatically the apparatus used for the case of an
      electric force field, as well as the volume change that can be observed
      for three different fluid systems; and
PAR  FIG. 17 is a diagrammatic representation of apparatus adapted to determine
      the fractional content in a solution of an ion susceptible to a magnetic
      field.
DETD
PAR  Colloidal chemists have for many years probed into the properties of
      liquids by the measurement of such properties as the surface tension. One
      static method of surface tension measurement, the drop weight method or
      stalagmometer, provides the starting point for the work that is described
      here.
PAR  The weight of a liquid drop that falls from the end of a capillary tube is
      directly related to two parameters; namely, the radius r of the capillary
      and the surface tension .gamma.. A geometric correction term also arises
      in the formulation. The gradient field of an applied force now acts
      vertically along the axis of the capillary tube (e.g., the capillary tube
      labeled 10 in FIG. 1), so as to maximize the product of the force
      intensity F and the gradient of the force .gradient.F at the site of drop
      formation. (FIG. 1 shows a magnetic field gradient). Under these
      circumstances, the volume at which the fluid drop falls from the capillary
      can be altered if the molecules of the solution are susceptible to this
      applied force.
PAR  For example, if the solution exhibits an effective paramagnetic response, a
      gradient magnetic field increasing up the axis of the capillary as in FIG.
      1 will in effect levitate the liquid at the end of the tube and the drop
      size will increase. If, however, the diamagnetic response of the fluid
      outweighs the content of paramagnetic ionic species, the drop will be
      stripped away from the capillary sooner because of the field gradient.
PAR  In all of the experimental work done in connection with the present
      invention, the force employed is magnetic, the ions in solution
      paramagnetically susceptible and the force due to the applied magnetic
      field is made to work against gravity. However, if the gradient field of
      FIG. 1 were made to increase down the axis of the vertically oriented tube
      10, rather than up, then the drop would be stripped away earlier than
      normal if the liquid has an effective paramagnetic response. The Field
      Gradient Stalagmometer discussed here works equally well for field
      gradients in either direction along the capillary tube, but a gradient
      that opposes gravity for a liquid of positive susceptibility is more
      useful, as will be discussed later.
PAR  The emphasis throughout this work is on the use of a magnetic field and
      field gradient. However, a properly prepared electric gradient field
      should produce an analogous effect on an electrically susceptible system.
PAR  Two of the most apparent uses for this technique are discussed in detail in
      this disclosure: (1) calculation of the magnetic moments of ions in
      aqueous solution, and (2) assaying the quantity of a given ion in solution
      when that ion is paramagnetically susceptible to an applied force field.
PAR  In the first use discussed, the Field Gradient Stalagmometer is used for
      magnetic susceptibility measurements and to obtain information concerning
      the magnetic moments of ions in solution. Magnetic susceptibility
      measurements by this method are similar to the accepted techniques of
      susceptibility determination, such as the Gouy and Quincke methods (Mulay,
      L. N., Magnetic Susceptibility, Interscience Publishers, 1963, pp.
      1785-1790).
PAR  In the second use discussed, the measurement of the change in drop volume
      (or drop weight) in the presence of a field gradient provides a
      quantitative assay of the content of a susceptible molecule. In practice,
      the drop volume change can be observed to within 0.3% accuracy (typical
      drop volume is 0.08 ml) without any special concern for temperature
      changes in the fluid. When the ambient temperature at the site of drop
      formation is controlled carefully, and a gradient of sufficient intensity
      is used, the drop volume change is found to be observable to within 0.02
      to 0.03 percent. For a typical assay operation, this allows the
      determination of an ion content to between 0.1 and 0.01 percent accuracy.
      It should be remarked here that any ion that is susceptible to the
      gradient field will respond, so that the reading from a mixed system can
      be very complicated. Some multi-ion systems, however, provide ways of
      sorting out the various contributions of the components, as is noted
      later. A discussion of the underlying theory now follows.
PAR  One of the simplest methods of surface tension measurement is to determine
      the weight or volume of a drop that falls slowly from a vertical capillary
      tube (Adamson, A. W., Physical Chemistry of Surfaces,  2nd Edition,
      Interscience Publishers, New York, 1967, pages 21-24). The theory relating
      to this process has evolved empirically based upon an overly simplified
      expression known as Tate's law. In Tate's early formulation of this
      theory, the actual weight of the liberated drop was given by the relation
EQU  W.sub.o = 2.pi.r.gamma.
PAL  where all of the symbols are defined in FIG. 2. An empirical correction has
      been added to Tate's work, so that the expression becomes
EQU  W.sub.o = gV.sub. o (.rho.-.rho..sub.s) =
      2.pi.r.gamma..phi.(r/V.sub.o.sup.1/3)                     (1)
PAR  The weight W.sub.o used in the above expression (1) is that due to the
      gravitational and surface tension forces acting on the liquid drop. In the
      process that is under consideration here, a force in addition to gravity
      is allowed to act on the system, causing a measurable change in the
      observed weight and volume of the drop.
PAR  Under the influence of the applied force, the new actual weight W.sub.f of
      the drop at the moment that it detaches is given by the expression W.sub.f
      = F (Force) + F (Surface Tension), where the sign of the force is positive
      if it opposes gravity and negative when it enhances the gravitational
      force. The surface tension force always opposes the force of gravity. For
      this development, the gradient field of the applied force is considered to
      act counter to the gravitational field for a material of positive
      susceptibility. Therefore,
EQU  W.sub.f = (.rho.-.rho..sub.s)V.sub.F g = (X-X.sub.s)V.sub.F (F F).sub.
      V.sbsb.f  + 2.pi.r.gamma..phi.(r/V.sub.F.sup.1/3)         (2)
PAR  it has been found for present purposes, the surface tension is not
      sensitive to the values of the magnetic field used, so the value of
      .gamma. from equation (1) can be substituted into equation (2). Therefore,
      the expression becomes
      ##EQU1##
PAR  In all of the work that was performed, the medium surrounding the drop was
      the ambient laboratory atmosphere. However, equation (3) was written to
      demonstrate the versatility of this method. By forming the drop in various
      media, the terms (.rho.-.rho..sub.s) and (X-X.sub.s) can be varied. For
      example, for a water drop in an oil medium, the diminishing difference
      between .rho. and .SIGMA..sub.s will increase the drop volume, thereby
      accentuating the effect. The closer the term (.rho.-.rho..sub.s) is to
      zero, however, the more difficult it is to determine the point of
      detachment of the drop. When .rho. is very close to .rho..sub.s, a low
      power field telescope is necessary to observe when the drop releases.
PAR  More flexibility is offered by the term (X-X.sub.s). In the magnetic case,
      for example, when the surrounding medium is normal air, the term X.sub.s
      is positive because of the presence of paramagnetic atmospheric oxygen.
      However, if the measurement is done in the presence of another gas which
      is diamagnetic, this term will be negative and will increase the effect of
      applying the magnetic field. Due to the low density of gases, however,
      this susceptibility effect will normally be small.
PAR  For work at atmospheric conditions, equation (3) becomes:
      ##EQU2##
PAR  FIG. 3 represents readings taken for a system of ferric chloride in a
      solution of water and hydrochloric acid. As in any of these techniques,
      care must be taken to know the form that the ion takes when in solution.
      For example, the effective magnetic moment of an aqueous solution of
      Fe.sup.+.sup.3 ions is sensitive to the pH and, more importantly, to the
      species of the ligand ion that complexes to the ferric ion in solution.
      Work with the salt of ferric chloride is difficult in pure water for
      anything but very dilute solutions, since the polymerization of the ionic
      complexes yields results that are difficult to interpret. For this reason,
      the solvent used was a strong solution of HCl in water.
PAR  The data of FIG. 3 show weight and volume readings with and without an
      applied magnetic field as a function of ferric ion content. These two
      curves do not represent the same experimental conditions, since the radius
      of the glass capillary that was used for the weight readings was
      effectively larger. However, these curves do show the nature of the data
      that is derived from this technique. The significance of FIG. 3 appears in
      the readings for no applied magnetic field. The weight readings are
      constant within the experimental error encountered in the work, whereas
      the volume readings decrease linearly with increasing iron content, that
      is with increasing density.
PAR  This last fact, which is predicted by equation (1) becomes very significant
      in the implementation of this technique. For example, when comparing
      susceptibility measurements between two ionic solutions, the relative
      densities must also be known. This information is contained in the zero
      field volume, V.sub.o, of the drop since it is inversely related to the
      solution density. Volume readings, therefore, contain more information
      than the corresponding weight values.
PAR  It is important here to consider how variations that occur between samples
      affect the determination of the ion weight percent. To illustrate this,
      consider the readings that are obtained from two samples that contain the
      same weight percent of a paramagnetically susceptible molecule, but that
      differ in the content and species of other non-paramagnetic ions. The
      paramagnetic ions will be referred to as the solute ions.
PAR  What is found mathematically is that if the density and surface tension of
      the two samples are not too drastically different and the species of
      non-solute ions does not differ magnetically too much from sample to
      sample, then a computation of the fractional volume change
      (.DELTA.V/V.sub.o) gives the ion weight percent to a high degree of
      accuracy.
PAR  FIG. 4 shows experimentally this same point. To a normal mixture of ferric
      chloride in a prepared solvent (15% HCl in water) were added other ions
      that change the non-solute nature of the solution. Some of the
      experimental points were water rich, some acid rich and some contained
      aluminum chloride as an additive on the order of 2 to 6 percent by weight.
      When the fractional volume change is plotted against the ion weight
      percent, as in FIG. 4, the samples with and without additives all follow
      the same curve accurately.
PAR  FIG. 4 plots these points for two different glass capillaries that had
      slightly different radii. The data of FIG. 4 are presented on a much
      expanded scale by comparison to the other figures in this disclosure. This
      figure is the only one on which error bars appear large enough to plot.
      From FIG. 4, the experimental error is found to be .+-. 0.01%
      Fe.sup.+.sup.3 by weight.
PAR  FIG. 5 gives a plot of (.DELTA.V/V.sub.o) as a function of ion weight for
      five different solute ions. The ions that were examined were
      Fe.sup.+.sup.3, Fe.sup.+.sup.2, Cr.sup.+.sup.3, Ni.sup.+.sup.2 and
      Cu.sup.+.sup.2. The salts from which these ions were taken are listed on
      the figure, and the solvent used throughout was a 15% HCl mixture. A flat
      polished capillary tip was used and the magnetic field strength was 11.4
      KGauss.
PAR  Using information similar to what is plotted in FIG. 5, it is possible to
      determine the magnetic moments of paramagnetic ions in solution. The
      results of the mathematical derivation are described here as they pertain
      to the present disclosure. From a derivation based on equation (4), an
      expression can be derived for the ratio of the molar susceptibilities of
      one ion in solution to a second in an identical solution. This ratio, it
      is found, depends only on the ratio of the two ion molecular weights (M)
      and inversely on the ratio of the solution weight percents (p), multiplied
      by a factor that includes the functions V.sub.o, V.sub.f, as well as a
      term that corrects for the underlying diamagnetism of the non-solute
      molecules in the system. The numerical values of these functions can be
      obtained from the data of FIGS. 5 and 6.
PAR  FIG. 6 is identical to the plot of FIG. 5 except that it shows the absolute
      volume change rather than (.DELTA.V/V.sub.o). It is important in computing
      the magnetic moments to compare the points that have the same V.sub.f,
      since this will eliminate the unknown nature of the term F F over V.sub.f.
      The ratio that is computed for the molar susceptibilities can be used to
      obtain data on the ratio of the magnetic moments.
PAR  It is important to this disclosure, however, to realize that information as
      in FIG. 5 or FIG. 6 leads to values of the magnetic moment of an ion in
      solution, as given in FIG. 7. One moment must be known to act as a
      comparative base for the computation of the others. For this set of
      computed moments, the moment of Cr.sup.+.sup.3 was assumed to be 3.80,
      since Selwood gives this number as a near absolute for the moment of
      Cr.sup.+.sup.3 under widely varying coordination conditions (Selwood,
      Magnetochemistry, Interscience Publishers, 1956, page 204). Based on this
      number, the other moments that are calculated are very close to what is
      expected.
PAR  As discussed earlier, the function (.DELTA.V/V.sub.o) will correct for
      minor variations in the density, surface tension and diamagnetic response
      of the solvent molecules. This was experimentally demonstrated, as
      indicated by FIG. 4. This is a very important fact, since it allows the
      determination of the weight % of the solute ion content with reasonable
      assurance that this calculation is not sensitive to the variations that
      can and do occur between samples. For example, this technique can be used
      to determine the total iron content in a sample of an iron ore that has
      been digested in a solution of HCl and water, even though the ore samples
      can vary in the content of silicas and clays and other non-solute
      additives. As long as two samples of the ore are not dramatically
      different, a quantitative assay can be made.
PAR  The advantage of such a method of total iron analysis is the ease, speed
      and accuracy with which the assay can be performed. The fluid in the Field
      Gradient Stalagmometer apparatus is in contact with rubber and glass only,
      so that a strong solution of HCl can be used. Therefore, the ore sample
      can be digested in warm HCl and diluted to a 15% acid solution, so that
      the calibration curve of FIG. 5 can be used. With two or perhaps three
      readings (approximately 10 to 20 minutes) and with the suitable
      calibration curve, the total Fe content can be determined accurately. This
      stands in sharp contrast to existing methods of chemical analysis for
      total iron content.
PAR  The present approach has obvious value when dealing with a single component
      system (only one species of solute material) in which the content of the
      solute ion must be accurately determined, as in FIGS. 5 and 6. Also, a
      system in which the content of solute ions remains constant but the
      magnetic response of the system changes (for example, due to the
      polymerization of the ions) is easily monitored using this technique. This
      Field Gradient Stalagmometer has potential use as a very simple research
      tool.
PAR  The only serious drawback that occurs when using this technique for
      quantitative assay is when dealing with a system that has more than one
      species of paramagnetically susceptible ion. When there are two kinds of
      solute ions present, each ion contributes to (.DELTA.V/V.sub.o) in
      proportion to the square of its magnetic moment. Therefore, such a
      two-component system requires two data points in order to solve for the
      two unknowns. This is possible in many circumstances, due to the different
      oxidation states of the ions involved. An example that relates to iron ore
      analysis is considered now.
PAR  The statement was made earlier that iron analysis can be performed on an
      iron ore sample quickly and accurately. Now it is of interest to consider
      what effect, if any, the different oxidation states of iron will have on
      this analysis. When an unknown sample of iron ore is dissolved in a strong
      acid such as, for example, HCl, the solution will contain some ratio of
      Fe.sup.+.sup.2 to Fe.sup.+.sup.3 ions, which is exactly the ratio that
      existed in the ore. The use of HCl as a solvent under normal conditions of
      low oxidation potential prevents oxidation of the ferrous species to the
      ferric form. With a minimum of two readings on the Field Gradient
      Stalagmometer, it is possible to determine both the total iron content of
      the system, as well as the Fe.sup.+.sup.2 /Fe.sup.+.sup.3 ratio.
PAR  To show this, reference will be made to the graph of FIG. 8. In this graph,
      a section of the calibration curve for Fe.sup.+.sup.2 and Fe.sup.+.sup.3
      is shown. The points on this graph that are numbered 1 and 4 are the same
      sample at different ratios of Fe.sup.+.sup.2 to Fe.sup.+.sup.3. These
      variations are caused by oxidation of the ferrous to ferric form using
      hydrogen peroxide H.sub.2 O.sub.2. As the oxidation of Fe.sup.+.sup.2 to
      Fe.sup.+.sup.3 becomes more complete, the experimental readings fall on a
      straight line that approaches the Fe.sup.+.sup.3 calibration curve. When
      all the ferrous ions have been oxidized to the ferric form, the readings
      begin to move down the Fe.sup.+.sup.3 curve (point 4) because the addition
      of the H.sub.2 O.sub.2 only decreases the weight percent of the iron ions.
PAR  Each of the points 1, 2 and 3 in FIG. 8 correspond to well defined ratios
      of ferrous to ferric ions, which can be easily determined. Point 4 has a
      unique position on the H.sub..sup.3 calibration curve, since an excess of
      h.sub.2 O.sub.2 has assured that all of the ferrous ions have been
      oxidized. The relative position of point 4 to the other three points is
      given absolutely, since the weight % of H.sub.2 O.sub.2 needed to go from
      points 1, 2 or 3 to point 4 is known. Therefore, when performing an
      analysis on the sample represented by point 1, the only data points that
      are absolutely necessary are points 1 and 4. Care must be taken to
      ascertain the weight % of H.sub.2 O.sub.2 added to go from point 1 to
      point 4. Given an unknown sample like that represented by point 1, then,
      it is necessary only to take two data points to obtain the total iron
      content in weight percent and the ferrous to ferric ratio. The ferrous to
      ferric ratio gives a good qualitative indication as to the ratio of
      magnetite to hematite in the original ore that was digested in acid, when
      iron ore is being analyzed. These two facts concerning the unknown sample
      take the order of 15 to 30 minutes to obtain.
PAR  FIG. 9 presents results that were obtained when iron oxides of known
      content were analyzed. In each case, the time that was required for a
      single reading was no more than 15 minutes, starting from the already
      digested ore. A calibration curve for Fe.sup.+.sup.3 was used, as for
      example the curve included in FIG. 5 or 6 The use of HCl as a solvent was
      chosen to expedite the subsequent iron ore analysis.
PAR  Two methods have been used in this work for the determination of the drop
      size change that occurs when a magnetic field is applied. A simple
      measurement of the drop weight was first used to establish the basic
      features of this effect. This technique was then abandoned in favor of the
      more versatile approach of measuring the change in the drop volume. This
      latter method is more useful because of the simplicity of the apparatus
      involved as well as the comparative ease and greater accuracy with which
      individual measurements can be made. The apparatus employed is discussed
      hereinafter with reference to FIG. 17.
PAR  The specifics of the experimental procedure that was followed in the
      measurement of drop weight and volume are preceded by some general
      comments. To obtain the limits of accuracy that are reported here, it is
      important to allow the last 1 to 2 percent of the drop volume to flow into
      the capillary slowly (Adam, N. K., The Physics and Chemistry Surfaces,
      Dover Publications, 1968, page 329). This will allow the breakaway of the
      drop from the end of the capillary to be clean and even. If such care is
      taken, for example, the drop volume can be measured reproducibly to an
      average deviation of 3 parts in 10,000, or 0.03 percent accuracy. Since
      the majority of the drop volume can be fed to the tip rapidly without
      affecting the measurement, it is possible to make a single drop volume
      reading in a minute or less.
PAR  If the accuracy of 0.03 percent is required, it is necessary to control the
      ambient environment at the point of drop formation. This was accomplished
      in this work using a temperature controlled water bath that circulated
      around a cylindrical glass tube. This glass tube enclosed the region of
      the drop formation. (See FIG. 10.) The temperature of the bath was
      controlled to within 0.2.degree.C. The base of the glass cylinder that
      surrounded the capillary tube was stopped down to a small circular
      aperture, so that it would retain in a second hanging drop the liquid that
      had fallen from the capillary tube. This serves a dual purpose. First, it
      provides a barrier against air currents that might otherwise circulate
      through the inside of the glass cylinder and destabilize the capillary
      drop. Second, the presence of the fluid at the base of the glass cylinder
      helps to saturate the atmosphere in the tube so that evaporation loss from
      the surface of the drop as it forms is minimal.
PAR  If the accuracy in the volume readings of 0.3 percent is satisfactory, then
      the temperature control is not necessary. In this case, a simple
      cylindrical glass tube should surround the capillary tip so that air
      currents do not detach the drop prematurely. A drop of liquid should be
      made to hang from the bottom of the glass tubing as before.
PAR  The end of the capillary tube from which the drop falls should be either
      hand polished or fire polished to remove scratches from the surface. If
      imperfections in the surface remain, there is an inaccuracy in the value
      of the radius r that is used in computations but this error occurs
      consistently and does not affect the accuracy of the results. More
      importantly, however, these surface scratches make it difficult to remove
      all surface dirt and grease prior to a series of readings. Dirt, and
      especially grease, on the capillary tip will introduce a variable error
      which diminishes the accuracy of the results. The glass capillary tip
      should be cleansed by allowing a strong solution (15 percent) of
      hydrochloric acid to drip from the end of the capillary before starting a
      series of readings. For most of the work presented here, a flat
      fire-polished pyrex glass capillary was used. The diameter of this tube
      measured approximately 6.4mm.
PAR  For the volume measurements during drop formation, a fifty turn precision
      micrometer A in FIG. 17, (50 turns to an inch) with a 0.25 ml precision
      ground glass plunger B was mounted on the side of a 10 ml reservoir C. The
      precision micrometer with the 0.25 ml plunger barrel reads the drop volume
      to within 10.sup.-.sup.5 ml, with a reproducibility of 3 .times.
      10.sup.-.sup.5 ml. The glass plunger B had access to the reservoir through
      an o-ring seal. Valved ports allowed easy filling and cleaning of the
      reservoir, and a second smaller reservoir D was attached above the main
      one and separated from it by a teflon stopcock E.
PAR  When making a volume measurement, the reservoir C was filled with liquid,
      care being taken to exclude air bubbles. The valve E separating the
      smaller container from the larger one was now opened to allow some liquid
      to flow from the end of the capillary 10. In this way, air was flushed
      from the capillary tube 10 as well as from the liquid at the capillary
      tube tip. Before isolating the main reservoir, 80 to 90 percent of a drop
      volume was allowed to form on the capillary tip. With the reservoir
      sealed, the micrometer was manually advanced rapidly at first and very
      slowly toward the end, until the drop on the capillary detached. The
      reading of the micrometer was recorded. Then the micrometer was advanced
      again until a second drop fell from the tube end. The difference in these
      two readings represented the drop volume.
PAR  Use of a micrometer in this manner allows great accuracy since the positive
      displacement of the fluid by the glass plunger makes it easy to feed the
      last 1 to 2 percent of the drop volume slowly. This procedure was
      unaltered in the presence of the magnetic field.
PAR  Weight measurements also utilized the slow feed capability of the
      micrometer system. The capillary drop was allowed to fall into a weighing
      bottle whose weight had been recorded on a four place Mettler balance. The
      new weight of the bottle then gave the drop weight. The Mettler
      electrobalance measures to within one ten-thousandths of a gram. Including
      inaccuracies introduced by evaporation of the drop from the weighing
      bottle, handling of the bottle and zero drift of the balance, the overall
      reproducibility of the drop weight was 3 .times. 10.sup.-.sup.4 grams,
      which is less accurate than the volume readings.
PAR  The equipment required for the volume measurement is much simpler and
      cheaper than that for a weight measurement. A volume measurement also
      gives more information than a weight reading, since V.sub.o is related to
      the fluid density. All of these reasons make a volume measurement superior
      to a weight reading.
PAR  Some remarks should be made concerning the intensity of the magnetic field
      and the magnetic field gradient that was used in the work herein
      discussed, as well as the effect of changing the intensity of the magnetic
      field.
PAR  FIG. 11 shows schematically the magnetic field gradient used in most of the
      work described here. The intensity of the magnetic field for these
      gradient readings was 12.5 kGauss in the homogeneous region. Before data
      was taken in this work, the point of maximum volume V.sub.f was determined
      by trial and error. That point is pictured in FIG. 11 by the drawing on
      the left-hand side of the graph. From the gradient numbers in this graph,
      it is clear that the optimum placement of the capillary tube does not put
      the liquid drop in the region of highest gradient. However, the force due
      to the magnetic field depends on the product of the magnetic field
      intensity and the gradient of that field over the volume of the drop,
      which is maximum for the position of the capillary tube.
PAR  FIG. 12 indicates the effect of altering the magnetic field intensity. The
      larger the percent volume change that occurs, the more accurate is the
      determination of the solute ion weight percent. Therefore, lower magnetic
      fields can be used, as is shown in FIG. 12, but at these lower field
      values, the same change in the ordinate values causes a larger change in
      the abscissa numbers. The experimental accuracy, in other words, decreases
      for decreasing field strengths.
PAR  The data that has been presented here in accurate and reproducible because
      it is not necessary for the gradient to be constant over the drop volume.
      What is important is that the magnetic field contour remain unchanged for
      the same set of experimental conditions. If a drop of a given volume
      V.sub.f always experiences the same variation of the term F F over its
      volume, then the readings will be consistent and reproducible. This
      requires that the magnetic field intensity be accurately adjusted and that
      the capillary tube remain at the same physical location in the magnetic
      contour. Under those circumstances, the functional relationship between
      .DELTA.V/V.sub.o and the ion weight percent will not be predictable
      (because the gradient of the magnetic field is not constant over V.sub.f)
      but it will be reproducible.
PAR  For the work that has been described thus far, the magnetic field gradient
      increased up the capillary axis. For a fluid with an effective
      paramagnetic response, this has the effect of levitating the capillary
      drop. It is also possible to have the gradient increase down the axis.
      Such a force will add to gravity for a fluid of positive susceptibility
      and strip it from the capillary earlier. The magnet that was used in this
      work has cylindrical iron poles with a base diameter of 4 inches.
      Placement of the capillary tube as shown in FIG. 11 takes advantage of the
      gradient that increases up the axis. By placing the capillary above the
      poles rather than below as in FIG. 11, the gradient magnetic field is made
      to increase down the axis. FIG. 13 presents data for the percent volume
      change using both gradient directions.
PAR  When the force works against gravity to levitate the liquid at the
      capillary tip, it is often possible to obtain (.DELTA.V/V.sub.o) values
      greater than unity, or equivalently values of V.sub.f more than double the
      zero field value of V.sub.o. For example, using a conical capillary a
      (.DELTA.V/V.sub.o) value of 1.0 occurs for 3.1% Fe.sup.+.sup.3 content,
      and values for (.DELTA.V/V.sub.o) as high as 1.4 were observed for higher
      Fe.sup.+.sup.3 contents. When the applied field works with gravity, it is
      not possible to obtain accurate readings for values of (.DELTA.V/V.sub.o)
      greater than about -0.9. Therefore, using the field gradient to levitate
      the fluid is more useful and more accurate.
PAR  It is possible to increase the (.DELTA.V/V.sub.o) change that occurs by
      altering the contour of the capillary tip. FIG. 14 shows a comparison
      between two capillary geometries. A flat polished capillary tip is used
      most often in measurements of surface tension by the drop weight
      technique, and it was used in most of the work discussed thus far.
      However, it is found experimentally in FIG. 14 that a cone-shaped tip
      increases the change in (.DELTA.V/V.sub.o) by more than a factor of two.
      This will in turn improve the accuracy of the experimental results,
      because a steeper slope for the FIG. 14 curves means greater accuracy in
      the determination of the ion weight percent.
PAR  FIG. 15 is a sketch of a conical capillary tube. At zero magnetic field, as
      the drop volume increases, the drop moves down the cone and reaches a
      value of the effective capillary radius r' that is smaller than the radius
      of the capillary r. When the magnetic field is applied, however, the
      levitating force due to the field allows the drop to remain at the top of
      the cone and so the effective radius is closer to r than to r'. This, in
      effect, decreases the value of V.sub.o that is observed, while it does not
      alter significantly the volume V.sub.f. The net result is that
      (.DELTA.V/V.sub.o) increases dramatically. Although the radius is variable
      in the manner just discussed, the reproducibility and accuracy is not
      altered. Other tip geometries might also enhance this effect. Because of
      the contact angle between the fluid and the tip, a hemispherical capillary
      tip would probably be even better than the conical tip already discussed.
PAR  The radius of the flat capillary that was used in this work is r = 6.4mm.
      For a typical conical capillary tip, the value of r = 6.4mm and r' would
      measure approximately 2mm. The selection of these values was arbitrary,
      and it is possible to enhance this effect still further by increasing the
      value of r more. The literature on surface tension measurements is replete
      with discussions concerning the optimum value of the radius r, and values
      greater than 6.4mm are common. (See Campbell, "Surface Tension Measurement
      by Drop Weight Technique," J. Phs. D. Appl. Phys., 1970, Vol. 3, pages
      1499-1500.)
PAR  The capillary itself can be used as a conductor of magnetic flux, producing
      a magnetic gradient at the capillary tip. For example, if the capillary
      tube designated 10 in FIG. 1 is made of a magnetically permeable material
      like iron and a coil is placed around that capillary tube, as shown in
      FIG. 17, then flux lines are conducted through the tube itself and they
      diverge from the capillary tip. This creates a gradient field at the end
      of the capillary tube, producing the effect that is discussed herein.
PAR  The magnetic syringe greatly simplifies the practical considerations that
      are involved in making a proper magnetic geometry. If corrosive fluids are
      to be used in this process, the iron tube requires coating to prevent
      degradation. Also, sufficient current is required in the coil arrangement
      so that the magnetic field intensity as well as the gradient are of ample
      strength. However, this approach has the advantage that the magnetic
      gradient is completely defined by the chosen geometry of the capillary
      tip. Therefore the relationship between (.DELTA.V/V.sub.o) and the ion
      weight percent would be easier to predict, although reproducibility would
      not be any different than the magnetic geometry already discussed in this
      work.
PAR  In the foregoing, a magnetic force field was used to demonstrate the
      usefulness of the Field Gradient Stalagmometer. A properly prepared
      electric gradient should act similarly on a fluid that contains
      electrically susceptible molecules. There are, however, significant
      differences between the magnetic and the electric case that makes the
      electric gradient method less useful.
PAR  When an ion with a magnetic moment is added to a solution, that ion
      produces a magnetic effect that is roughly 100 times or more greater than
      the magnetic strength of the solvent ion that it replaces. Therefore, at
      even low concentrations of magnetically susceptible ions, it is possible
      to observe changes that occur. However, in the case of an electric field,
      the replacement of one ion in solution by another goes almost unnoticed
      since electric dipole moments in solution vary only slightly from one
      molecular species to another. Therefore, in the electric case, only large
      solute contents are detectable, but with such solutions significant
      changes in the surface tension and density of the fluid are also
      occurring. This makes the results difficult to interpret.
PAR  Further, it is more difficult to structure an electric gradient. In
      creating an electric gradient, it is far easier to let the gradient act
      down the capillary axis, as depicted in FIG. 16. A piece of brass was
      machined to produce a cone-shaped cavity. This brass electrode was
      connected to the high side of a regulated d.c. power supply, which created
      a downward acting gradient and increased the force that would strip the
      fluid from the capillary. FIG. 16 also shows the volume change that occurs
      as a function of voltage for pure water, water-glycerin and methanol
      systems. The values for the water-glycerin system are below that of pure
      water, since the addition of the glycerin increases the density and
      therefore decreases the observed volume V.sub.o. Methanol is a fluid with
      a very low surface tension, and the volume readings demonstrate this.
PAR  Keeping the foregoing principles in mind, reference is again made to FIG.
      17 that shows diagrammatically apparatus or system 101 that is adapted to
      determine the fractional content in a solution of an ion susceptible to a
      magnetic field. The system 101 contains the reservoir or chamber C to
      receive the solution from the reservoir D through the valve E. The
      elevated source D assures that the chamber C is completely filled and,
      when filled, the valve E is closed, at this juncture the chamber C is
      sealed, as before noted. The capillary tube again designated 10 in FIG. 17
      is made of a magnetically permeable material so that when a coil 11 is
      energized by a d.c. power source 12 it magnetizes the tube 10 in the axial
      direction causing fringing fields to exist at the tip labeled 10A of the
      tube 10. The magnitude of the field in the tube 10 and, therefore, the
      magnitude of the fringing fields at its tip, is controlled by a variable
      resistance 13. The plunger B when moved to the left in the figure by
      rotating the micrometer A in the direction of the arrow numbered 14, feeds
      the solution in the sealed chamber C slowly so that a drop 15 will form at
      the capillary tip 10A, as shown. As the drop size is increased by slowly
      moving the plunger B to the left, the drop will eventually attain a size
      sufficient to cause it to separate from the tube. The size of the drop
      thus emitted can be determined by noting the difference in the reading of
      the micrometer A between initiation of the drop and the instant when the
      drop separates from the tube tip. In fact, what is done is to take the
      reading at the time of the last drop, making it the initial reading for
      the next drop. In this way, the size (in this case the volume) is
      determined and, of course, it is determined without a magnetic field
      (i.e., V.sub.o) and with a magnetic field (i.e., V.sub.f), as before
      discussed. In the work done and above referred to, the operation has been
      manual and the correlation function was accomplished by reference to
      graphs, as above explained. The micrometer readings can, however, be
      sensed by a digital revolution counter 16 and the readings can be fed to a
      general or special-purpose computer 17 to give the fractional ion content
      in the drop on the basis of V.sub.o and V.sub.f. It is not particularly
      difficult to program a general purpose computer to perform the necessary
      functions. For magnetic ions the tube 10 is made of a soft permeable
      material so that its magnetization drops substantially to zero when the
      background field is removed. It will be appreciated, however, on the basis
      of the above explanation, that what is required here is two levels of
      magnetic field, and it is not necessary that one be zero, or substantially
      so, but as a practical matter it is desirably so. Also, the high field can
      be one which saturates the tube 10; again this is not necessary, but
      accuracy of the ion determination is enhanced.
PAR  Since the electric case is sensitive mainly to the solvent and not to ions
      in that solvent, an electric gradient could be used to meter out a set
      volume of solution from a capillary of a set radius. By changing the
      magnitude of the applied electric field, the volume of the capillary drop
      would also change, as shown in FIG. 16.
PAR  Further modifications of the invention herein disclosed will occur to
      persons skilled in the art, and all such modifications are deemed to be
      within the spirit and scope of the invention as defined by the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of determining the fractional content in a liquid solution of
      an ion susceptible to a gradient field of an applied force field, that
      comprises, forming at the end of a capillary tube a first drop of the
      solution containing the ion with no applied gradient field and noting at
      least one of the volume, V.sub.o, and equivalently the weight, W.sub.o, of
      the first drop that detaches from the capillary tube, forming at the end
      of the capillary tube a second drop of the solution containing the ion
      with a gradient field of an applied force field in the region occupied by
      the second drop and noting at least one of the volume, V.sub.f, and
      equivalently the weight, W.sub.f, of the second drop that detaches from
      the capillary tube in the presence of the gradient field, determining at
      least one of the volume change, .DELTA.V, between the first and second
      drop and the actual weight change, .DELTA.W, therebetween, and correlating
      at least one of the volume change, .DELTA.V, and the actual weight change,
      .DELTA.W, with the content in the drops of the susceptible ion.
NUM  2.
PAR  2. A method as in claim 1 in which the end of the capillary tip is disposed
      in a fluid medium.
NUM  3.
PAR  3. A method as in claim 2 in which the density of the medium surrounding
      the capillary drop is varied to alter the effective density of the forming
      drop.
NUM  4.
PAR  4. A method as in claim 2 in which the susceptibility of the medium
      surrounding the capillary drop is changed to alter the effective
      susceptibility of the forming drop.
NUM  5.
PAR  5. A method as in claim 1 in which the applied field gradient is a magnetic
      field gradient.
NUM  6.
PAR  6. A method as in claim 5 in which the susceptible ion is an ion from a
      class of ions that have a positive magnetic moment in solution.
NUM  7.
PAR  7. A method as in claim 1 in which the applied field gradient is an
      electric field gradient.
NUM  8.
PAR  8. A method as in claim 1 in which the capillary tube is vertically
      oriented and in which the gradient increases up the capillary axis and
      acts to increase the drop weight for a fluid of positive susceptibility to
      the applied field.
NUM  9.
PAR  9. A method as in claim 1 in which the capillary tube is substantially
      vertically oriented and in which the gradient decreases up the capillary
      axis and acts to decrease the drop weight for a fluid of positive
      susceptibility to the gradient field of the applied force field.
NUM  10.
PAR  10. A method as in claim 1 that utilizes the correlation between volume
      change or the weight change and susceptible ion content to determine the
      content of a susceptible ion in an unknown sample.
NUM  11.
PAR  11. A method as in claim 10 in which the force field is a magnetic gradient
      force field and the susceptible ion is the ferric ion (Fe.sup.+.sup.3),
      said method being used for determination of the total iron content of the
      solution.
NUM  12.
PAR  12. A method as in claim 10 that uses a magnetic field gradient and a
      mixture of the ferric and ferrous species in solution, said solution
      containing a strong acid at a low oxidation potential to maintain the
      integrity of the iron oxidation states.
NUM  13.
PAR  13. A method as in claim 12 in which the method of claim 1 is first applied
      to the mixture of ferric and ferrous species and then an oxidant is used
      to convert the ferrous species to the ferric species, thus allowing the
      determination of the total iron content as well as the amount of the
      original sample that was the ferrous species.
NUM  14.
PAR  14. A method as in claim 1 that utilizes the correlation between volume
      change or weight change and susceptible ion content to compare magnetic
      moment values for the ions in solution, such comparison giving the value
      of the magnetic moment of one ion when the magnetic moment value of the
      other ion is known.
NUM  15.
PAR  15. A method as in claim 1 in which any liquid solution can be used.
NUM  16.
PAR  16. A method as in claim 1 in which the temperature at the site of drop
      formation is controlled carefully to within a few tenths of a degree
      Centigrade so as to increase the accuracy of the drop volume or weight
      determination.
NUM  17.
PAR  17. Apparatus for determining the fractional content in a liquid solution
      of an ion positively susceptible to a magnetic field, that comprises, a
      capillary tube made of a magnetically permeable material, means for
      magnetizing said capillary tube in the axial direction, means for feeding
      the solution into the capillary tube slowly so that drops will form
      consistently at the capillary tip, the volume and weight of the drops
      being different for a condition wherein the capillary tube is magnetized
      than for a condition wherein the capillary tube is not magnetized, and
      means for determining at least one of the volume and weight of emitted
      drops with and without a magnetic field applied to the capillary tube and
      for determining the difference in at least one of the volume and the
      weight of the emitted drops with and without a magnetic field applied.
NUM  18.
PAR  18. Apparatus as claimed in claim 17 in which the volume only of the drops
      is determined with and without a magnetic field applied to the capillary
      tube and in which the means for feeding the solution determines, as well,
      the volume of the drop in each instance.
NUM  19.
PAR  19. Apparatus as claimed in claim 18 in which the means for introducing the
      solution to the tube and for determining the drop volume comprises a
      micrometer.
NUM  20.
PAR  20. Apparatus for determining the fractional content in a liquid solution
      of an ion susceptible to a magnetic field, as well as the degree of
      susceptibility of the ion, that comprises, a capillary tube made of a
      magnetically permeable material, means for applying a magnetic field to
      the capillary tube to magnetize the same, means for feeding the solution
      into the tube slowly so that a drop will form at the capillary tube tip
      and separate therefrom, the size of the drop being variable as a function
      of the susceptibility of the contained ion, the content of the ion in the
      solution and the magnetization of the capillary tube, and means for
      determining the size of a drop of the solution emitted from the capillary
      tip at one value of magnetization and the size of a drop of the solution
      emitted from the capillary tube tip at another value of magnetization.
NUM  21.
PAR  21. Apparatus as claimed in claim 20, in which the size of the drop is
      determined at essentially zero magnetization of the capillary tube and at
      a level of magnetization at which the capillary tube is magnetized to
      saturation or above and in which the means for determining the size of a
      drop comprises means for determining the drop volume.
NUM  22.
PAR  22. Apparatus as claimed in claim 20, in which the means for determining
      the size of the drop comprises means for determining the drop volume that
      includes means for determining the change between the volume of the drop
      with a magnetic field applied to the capillary tube and the volume of the
      drop without a magnetic field applied and for relating said change with
      the content in the drops of the susceptible ion.
NUM  23.
PAR  23. Apparatus as claimed in claim 20 in which the means for determining the
      size of the drop comprises means for determining the drop volume and that
      includes means for determining the change between the volume of the drop
      with a magnetic field applied to the capillary tube and the volume of the
      drop without a magnetic field applied thereto and for relating said change
      to the susceptibility of the ion.
NUM  24.
PAR  24. Apparatus as in claim 20 in which the capillary tip is flat and
      polished.
NUM  25.
PAR  25. Apparatus as in claim 20 in which the capillary tip has a conical
      geometry.
NUM  26.
PAR  26. Apparatus as in claim 20 in which the capillary tip has a spherical
      geometry.
NUM  27.
PAR  27. Apparatus as in claim 20 in which the capillary tube is made of a
      magnetically permeable material around which is wrapped an electric
      conductor.
NUM  28.
PAR  28. Apparatus for determining the fractional content in a liquid solution
      of an ion susceptible to a gradient field of an applied force field, that
      comprises, a capillary tube to receive the solution which emits as drops
      from the tip thereof, means for applying a gradient field of an applied
      force field to the region of said tip of the capillary tube, means for
      feeding the solution into the tube slowly so that a drop will form at the
      capillary tube tip and separate therefrom, the size of the drop being
      variable as a function of the susceptibility of the contained ion, the
      content of the ion in solution and the intensity of the applied force
      field gradient at the capillary tube tip, and means for determining the
      size of a drop of the solution emitted from the capillary tip at one value
      of the applied force field gradient and the size of a drop of the solution
      emitted from the capillary tube tip at another value of the applied force
      field gradient and for relating any difference in the size of the drop at
      said one value of applied force field gradient and the size of a drop at
      said another value of applied force field gradient to the content of the
      ion in solution.
NUM  29.
PAR  29. Apparatus as in claim 28 in which the capillary tip is flat and
      polished.
NUM  30.
PAR  30. Apparatus as in claim 28 in which the capillary tip has a conical
      geometry.
NUM  31.
PAR  31. Apparatus as in claim 28 in which the capillary tip has a spherical
      geometry.
NUM  32.
PAR  32. A method of determining the fractional content in a liquid solution of
      an ion susceptible to a gradient field of an applied force field, that
      comprises, forming at the end of a capillary tube a first drop of the
      solution containing the ion with no applied gradient field and noting at
      least one of the volume and equivalently the weight of the first drop that
      detaches from the capillary tube, forming at the end of the capillary tube
      a second drop of the solution containing the ion with a gradient field of
      an applied force field in the region occupied by the second drop and
      noting at least one of the volume and equivalently the weight of the
      second drop that detaches from the capillary tube in the presence of the
      gradient field, the drops being formed by feeding the solution into the
      capillary tube slowly so that the drops will form consistently at the
      capillary tip, the volume and weight of the drops being different for a
      condition wherein they are formed in the presence of the force field in
      the region occupied by the drops than when there is no applied field,
      determining any change in at least one of the volume and weight between
      the first drop and second drop, and correlating said change with the
      content in the drops of the susceptible ion.
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ABST
PAL  An electrolytic conductivity detector is disclosed that is particularly
      useful for gas chromatography. Small gas molecules that will support
      conductivity are conducted to a gas-liquid contactor where the gas is
      mixed with a solvent to form a heterogeneous gas-liquid mixture. The
      gas-liquid mixture is thereafter directed to a unitized gas-liquid
      separator-conductivity cell where liquid phase is separated from gas phase
      and separated liquid phase utilized for conductivity measurement. The
      preferred embodiment of the unitized gas-liquid separator-conductivity
      cell includes an inner electrode tube extending upwardly into a larger
      diameter bore of a metallic outer electrode block, the portion between the
      block and upper portion of the tube forming a liquid phase reservoir with
      the liquid phase in the reservoir being utilized for conductivity
      measurement while between the two electrodes. Three alternate embodiments
      of a unitized separator-conductivity cell are disclosed as is a gas-liquid
      separator and separate conductivity cell. The overall system is small and
      compact, yet rugged, and is particularly well suited for selective
      detection of nitrogen, halogen and sulfur containing compounds, although
      not being limited thereto.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to an electrolytic conductivity detector and more
      particularly to an electrolytic conductivity detector for gas
      chromatography.
PAC  DESCRIPTION OF THE PRIOR ART
PAR  The application of electrolytic conductivity for the determination of gas
      chromatographic eluates has been reported by O. Piringer and M. Pascalau
      in the Journal of Chromatography, Volume 8, page 410, 1962. In this
      reported application, organic compounds were combusted to CO.sub.2 in a
      furnace containing CuO, the CO.sub.2 dissolved in deionized water in a
      long capillary tube, and the conductivity of the resulting solution
      monitored. The sensitivity of the detector was specified to be between
      that of thermal conductivity and flame ionization detectors.
PAR  A detection system similar to that mentioned immediately hereinabove has
      also been used by D. M. Coulson, as reported in the Journal of Gas
      Chromatography, Volume 3, page 134, 1965, for the selective detection of
      halogen, nitrogen, and sulfur containing compounds. The detector designed
      by Coulson, unlike the Piringer and Pascalau detector, was designed to
      give a low response to carbon containing compounds, and the sensitivity
      achieved was approximately 1-5 ng for polyhalogenated pesticides.
PAR  An electrolytic conductivity detector for the determination of chlorine,
      nitrogen, and sulfur compounds has also been recently described by P.
      Jones and G. Nickless in the Journal of Chromatography, Volume 73, page
      19, 1972. The detector described by Jones and Nickless includes components
      similar to that of the detector described by Coulson, but utilizes a
      commercially available conductivity cell and conductivity meter that was
      originally designed for monitoring liquid or ion-exchange chromatography
      columns to achieve the conductivity measurements. In addition, the
      detector utilized was unlike that of the Coulson detector in that it
      employed a specially prepared nickel catalyst for the reduction of
      chlorine, nitrogen, and sulfur compounds to HCl, NH.sub.3, and H.sub.2 S,
      respectively, and a dilute HCl solution was used as the conductivity
      solvent for monitoring Cl and N compounds. Halogenated compounds were
      detected by an increase in conductivity, whereas nitrogen compounds were
      detected by a decrease in conductivity. A dilute reactive EtOH--I.sub.2
      --HCl solution was used for the detection of sulfur containing compounds
      (H.sub.2 S + I.sub.2 .fwdarw.S + 2HI). Sensitivity to the halogenated
      compounds was found to be approximately ten times that of the Coulson
      detector, but sensitivities to nitrogen and sulfur compounds were found to
      be similar to that of the Coulson detector.
PAR  A conductivity detector based on a modified flame ionization detector has
      also been described in the prior art by J. C. Sternberg and D. T. L. Jones
      at the Pittsburg Conference of Analytical Chemistry and Applied
      Spectroscopy, at Cleveland, Ohio, Mar. 5 through 9, 1970.
PAR  Besides the selective determination of compounds containing a specific
      element, electrolytic conductivity detectors have also been used
      heretofore, at moderate furnace temperatures, for the determination of
      certain compounds containing the same elements. For example, an
      electrolytic conductivity detector as designed by Coulson has been
      utilized heretofore for the selective determination of chlorinated
      hydrocarbon insecticides in the presence of polychlorinated biphenyls, the
      achieved slectivity being reported as &gt;10.sup.4, with a furnace
      termperature of 710.degree.C and no reaction gas (See J. W. Dolan, R. C.
      Hall and T. M. Todd. J. Ass. Office, Anal. Chem., Vol. 55, page 537,
      1972), and the same type detector has also been utilized with a furnace
      temperature of 400.degree.-600.degree.C for the selective detection of
      N-nitrosamines in the presence of other nitrogen compounds (See J. W.
      Rhoades and D. E. Johnson, J. Chromtogr. Sci., Vol. 8, page 616, 1970).
PAC  SUMMARY OF THE INVENTION
PAR  This invention provides an electrolytic conductivity detector that is small
      and compact yet is rugged and is suitable for gas chromatography. Small
      molecules that will support conductivity are mixed in a gas-liquid
      contactor with a solvent after which liquid phase is separated with
      conductivity measurement of separated liquid phase then occurring. A
      unitized separator-conductivity cell is preferably utilized to provide
      separation and conductivity measurement. Enhanced sensitivity and
      versatility, as well as compactness and simplicity of design and
      construction, are provided.
PAR  It is therefore an object of this invention to provide an improved
      electrolytic conductivity detector.
PAR  It is another object of this invention to provide an improved electrolytic
      conductivity detector that is small and compact yet is rugged.
PAR  It is still another object of this invention to provide an improved
      electrolytic conductivity detector that is suitable for gas
      chromatography.
PAR  It is yet another object of this invention to provide an improved
      electrolytic conductivity detector that has enhanced sensitivity and
      versatility.
PAR  It is still another object of this invention to provide an improved
      electrolytic conductivity detector that has simplicity of design and
      construction.
PAR  It is yet another object of this invention to provide an improved
      electrolytic conductivity detector that has an improved electrolytic
      conductivity detector with an improved gas-liquid separator.
PAR  It is still another object of this invention to provide an improved
      electrolytic conductivity detector that has an improved gas-liquid
      separator wherein the liquid phase is separated prior to conductivity
      measurement.
PAR  It is still another object of this invention to provide a novel gas-liquid
      separator.
PAR  It is yet another object of this invention to provide an improved
      electrolytic conductivity detector having a unitized gas-liquid separator
      and conductivity cell.
PAR  It is still another object of this invention to provide a novel unitized
      gas-liquid separator and conductivity cell.
PAR  With these and other objects in view, which will become apparent to one
      skilled in the art as the description proceeds, this invention resides in
      the novel construction, combination, and arrangement of parts
      substantially as hereinafter described and more particularly defined by
      the appended claim, it being understood that such changes in the precise
      embodiments of the herein disclosed invention are meant to be included as
      come within the scope of the claims.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The accompanying drawings illustrate complete embodiments of the invention
      according to the best mode so far devised for the practical application of
      the principles thereof, and in which:
PAR  FIG. 1 is a block diagram of a system utilizing an electrolytic
      conductivity detector of this invention;
PAR  FIG. 2 is an exploded side view of the unitized electrolytic conductivity
      detector including one embodiment of the unitized separator-conductivity
      cell;
PAR  FIG. 3 is a cutaway side view of the preferred embodiment of the unitized
      separator-conductivity cell of the electrolytic conductivity detector
      shown in block form in FIG. 1;
PAR  FIG. 4 is a side sectional view of the unitized separator-conductivity cell
      shown in FIG. 2;
PAR  FIG. 5 is a side sectional view of a preferred embodiment of the unitized
      separator-conductivity cell as shown in FIG. 3;
PAR  FIG. 6 is an alternate embodiment illustrating a separate separator and a
      separate conductivity cell in a side sectional view;
PAR  FIG. 7 is a second alternate embodiment of a unitized
      separator-conductivity cell;
PAR  FIG. 8 is a third alternate embodiment of a unitized separator-conductivity
      cell;
PAR  FIG. 9 is a cutaway perspective view of a reaction furnace that may be
      utilized with this invention;
PAR  FIGS. 10A through C are graphs illustrating detector response to
      chlorinated hydrocarbon pesticides in the reductive mode;
PAR  FIGS. 11A and B are graphs illustrating detector response to chlorinated
      hydrocarbon pesticides in the oxidative mode;
PAR  FIG. 12 is a graph illustrating detector response (peak height) versus
      grams of heptachlor;
PAR  FIGS. 13A and B are graphs illustrating comparison of microelectrolytic
      conductivity and flame photometric response to sulfur containing
      compounds; and
PAR  FIGS. 14A, B, C and D are graphs illustrating detector response identifying
      the preferred embodiment of the separator-conductivity cell.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  As shown in the block diagram in FIG. 1, the system for the gas
      chromatograph electrolytic conductivity detector may include a furnace 25
      (or other device for the formation of compounds that will support
      electrolytic conductivity), a gas-liquid contactor 26, a unitized
      gas-liquid separator-conductivity cell 27, a solvent delivery system 29,
      and electrical components 30 for measuring conductivity. In this type of
      detection system, a compound is transferred from a supply source, such as
      from a gas chromatograph 32, for example, to the furnace where it is
      degraded to small inorganic compounds that will support electrolytic
      conductivity, such as, for example, HCl, SO.sub.3, NH.sub.3, or CO.sub.2.
      As also shown in FIG. 1, gas from an appropriate reaction gas source 36
      may be utilized to carry the compound to furnace 25, and the gas reaction
      source is preferably connected to furnace 25 through a conventional valve
      (not shown).
PAR  The small gaseous molecules are transported from furnace 25 to gas-liquid
      contactor 26, preferably through glass or Teflon capillary tubing. At
      gas-liquid contactor 26, the molecules are mixed either with an aqueous or
      organic solvent. The gas and liquid phases are then conducted to
      gas-liquid separator-conductivity cell 27 where the liquid phase is
      separated from any insoluble gases with the collected liquid phase being
      then utilized for measurement of the electrolytic conductivity. As will be
      readily appreciated, the unitized separator-conductivity cell functions by
      having the separator also serve as a concentric electrode conductivity
      cell. In the unitized separator-cell, the heterogeneous gas-liquid mixture
      from the gas-liquid contactor separates into two smooth flowing
      homogeneous phases when the mixture comes into contact with the inside
      wall of the detector block of the separator-cell. The liquid phase then
      flows down the wall as a sheath with the gas phase as the core. In so
      doing, the liquid phase passes between the inside wall of the detector
      block (outer electrode) and the outside wall of the inner gas exit tube
      (inner electrode) of the separator-cell, with the phases then being
      finally vented through the gas exit tube. Thus, the driving forces that
      make the separator-cell function are the bonding attraction between the
      liquid phase and detector surface, the downward forces of the moving
      liquid phase, and the positive pressure on the liquid phase in the
      detector. The principal force responsible for separation of the gas-liquid
      mixture is the bonding attraction between the liquid phase and the
      separator surfaces. By the liquid phase adhering to the separator
      surfaces, the gases are forced to separate from the liquid phase and
      formed into a gaseous core that is vented from the detector. The stated
      remaining forces that make the separator-cell function, namely the
      downward forces of the moving liquid phase and the positive pressure on
      the liquid phase in the detector cause the liquid phase to flow between
      the inner and outer electrodes. The positive pressure on the liquid phase
      is due to the continuous flow of liquid and gas phases into the detector,
      while the bonding attraction is the result of the materials used. The
      bonding attraction of the liquid phase to the separator surfaces is
      thought to be the result of known forces such as van der Walls and
      hydrogen bonding. With metal used for the separator surfaces and with
      organic solvents used, van der Walls forces are thought to be more
      important while hydrogen bonding is thought to play a significant role in
      the case of a polar liquid such as water used along with moderately polar
      separator surfaces such as glass. Hence materials and geometry are
      important, and metal surfaces seem superior to glass, which, in turn, is
      superior to most plastics in achieving separation (glass is superior to
      metal, however, for separation of gas and water mixtures).
PAR  Specificity in electrolytic conductivity detectors can be achieved by
      reaction gas composition, reaction temperature, use of abstractors, and
      conductivity solvent. In the oxidative mode, SO.sub.2 --SO.sub.3, HCl,
      CO.sub.2, H.sub.2 O, and N.sub.2 are the products produced from compounds
      containing sulfur, chlorine, or nitrogen. Water and N.sub.2 give little or
      no response, SO.sub.2 and SO.sub.3 can be removed by a CaO scrubber in the
      furnace tube, HCl can be removed by a AgNO.sub.3 scrubber, and the
      response due to CO.sub.2 can be made negligible by a very short gas-liquid
      contact time or the use of a nonaqueous solvent. In the reductive mode,
      H.sub.2 S, HCl, NH.sub.3, and CH.sub.4 are the products obtained from
      organic compounds containing sulfur, chlorine, or nitrogen. Hydrogen
      sulfide has too weak of an ionization constant to give an appreciable
      response, HCl can be removed by an acid scrubber such as Sr(OH).sub.2, and
      the formation of NH.sub.3 requires a catalyst. Consequently, by the proper
      choice of conditions high specificity can be achieved for either sulfur,
      halogen, or nitrogen compounds.
PAR  As shown in FIG. 1, measurement of conductivity at conductivity cell 27 can
      be made by a conventional conductivity meter 40 and the resulting readings
      at the meter can, if desired, be recorded by a recorder 41 connected
      conventionally with meter 40.
PAR  Solvent circulating system 29 includes a solvent reservoir 43 which
      receives the solvent passed through the conductivity cell. The liquid is
      pumped from reservoir 43 by means of a pump 44, which pump may, for
      example, be a Teel No. 1P676 centrifugal pump with the solvent from the
      reservoir being pumped through a bed of Duolite ARM-381 mixed H/OH ion
      exchange resin (not shown) to gas-liquid contactor 26. A valve (not shown)
      can be utilized to regulate flow rate.
PAR  An exploded view of the electrolytic conductivity detector of this
      invention is shown in FIG. 2 with one embodiment of the
      separator-conductivity cell shown. As shown, gas-liquid contactor 26 is
      mounted to detector cap 49 with gas-liquid separator-conductivity cell 27
      being mounted below cap 49. Conductivity cell electrical leads 50 and 51
      extend upwardly therefrom through detector cap 49 and are connected with
      the conductivity meter 40. A brass solvent splatter shield and inner
      electrode connector 52 is mounted on inner tube and electrode 53. A
      stainless steel shield and solvent cup 54 fits over the
      separator-conductivity cell 27 and a reservoir cap 55 is positioned at the
      bottom of the detector. Cap 55 has a tube 56 extending therefrom connected
      to inner tube 53 through which solvent is expelled from the detector. The
      detector, as shown in FIG. 2, is small and compact and need have a
      diameter no greater than about one inch.
PAR  FIG. 3 shows a side view of the preferred embodiment of the unitized
      electrolytic conductivity detector of this invention. As shown, the
      detector includes a contactor block 57, preferably of Teflon. Block 57 has
      a bore therein for receiving a solvent delivery tube 58, the bore
      extending downwardly to the central portion of the block to communicate
      with a side bore opening to reaction product delivery tube 60. The
      reaction product delivery bore is preferably of the same dimensions as the
      solvent delivery bore 58. A solvent-gas delivery passageway 61 extends
      downwardly from the junction of the inlet bores, the delivery passageway
      opening into the upper end of the unitized separator-conductivity cell 63
      (shown in greater detail in FIG. 5). Solvent delivery passageway 61 is
      preferably of the same dimensions as the inlet bores. As shown, the
      unitized separator-conductivity cell 63 has an insulating sleeve 64
      extending to an inner electrode connecting block 65 adapted to receive a
      tube 66 at the lower end through which gas and solvent may be expelled.
PAR  The embodiment of the gas-liquid separator-conductivity cell 27 shown in
      FIG. 2 is shown in greater detail in FIG. 4. As shown therein, outer
      electrode and detector block 68 has a bore 69 therein for receiving the
      gas and liquid mixture from contactor 26. Inner electrode and solvent
      liquid exit tube 53 extends upwardly and partially into the bore 69. A
      reservoir 70 is formed between the block 68 and the upper portion of tube
      53 with solvent being expelled from the reservoir through aperture 72 in
      tube 53 near the bottom of the reservoir to allow solvent removal from the
      separator-conductivity cell 27. Insulating sleeve 74 surrounds tube 53
      below reservoir 70 and sleeve 74 preferably extends to the upper edge of
      connector block 52 through which tube 53 extends and is electrically
      connected therewith. As can be appreciated from the foregoing, tube 53
      (and block 52) and block 68 (inner and outer electrodes) are thus
      electrically isolated from one another.
PAR  In operation the liquid and gas mixture is received in bore 69 from
      contactor 26. The liquid phase flows downwardly into reservoir 70 where
      the conductivity measurement is obtained by means of the inner and outer
      electrodes 53 and 68 (during flow of liquid phase between the electrodes)
      connected through leads 50 and 51 to conductivity meter 40. The liquid
      phase is then expelled from the separator-conductivity cell through
      aperture 72 and tube 53.
PAR  The preferred embodiment (63 as identified in FIG. 3) of the unitized
      separator-conductivity cell is shown in detail in FIG. 5. As shown in FIG.
      5, the preferred embodiment is like separator-conductivity cell 27 except
      for modified stainless steel connector blocks 76 and 77. Block 77
      preferably engages the lower end of insulating sleeve 74 at the upper edge
      and has a cylindrical flange 78 extending outwardly from the lower edge,
      which flange receives a tube or the like such as shown in FIG. 3. Block 76
      has a beveled upper edge so as to be received in the mating lower portion
      of contactor block 57 as shown in FIG. 3. Operation of the preferred
      embodiment is identical to that as described hereinabove with respect to
      the embodiment shown in FIGS. 2 and 4.
PAR  A still further alternate embodiment for gas-liquid separator and
      conductivity measurement is shown in FIG. 6 to consist of a separator 80
      and conducitivity cell 81. In gas-liquid separator 80, assembly block 83
      has an axial bore therethrough, the upper end of which receives
      solvent-gas delivery tube 84 and may be, for example, a continuation of
      the solvent-gas delivery tube extending downwardly from gas-liquid
      contactor 26. Assembly block 83 may be of stainless steel and the axial
      bore therein has a larger diameter in the lower portion thereof and has an
      upwardly extending gas exit tube 85 received therein. As shown, tube 85
      extends to a point just below a tapered shoulder 86 forming the enlarged
      portion of the axial bore in the assembly block. Gas exit tube 85 is of
      smaller diameter than the lower portion of the bore and is preferably
      0.0625 inches outside diameter times 0.030 inches internal diameter with
      the spacing between the gas exit tube and the inner wall of the block 83
      forming a small reservoir 87 therebetween (the internal diameter of the
      bore being preferably 0.0730 inches). A solvent exit tube 88, preferably
      of Teflon having a 0.0625 inch outside diameter times 0.023 inch internal
      diameter, is received in a side bore in the assembly block and
      communicates with the reservoir 87 at or near the bottom thereof. A seal
      89, preferably of Teflon, is provided at the bottom of the reservoir
      extending between the inner wall of the assembly block and the outer wall
      of gas exit tube 85. The gas and liquid phases enter vertically into the
      separator 80 through delivery tube 84 and flow down the outside walls and
      enter vertically into the small reservoir provided between the inner wall
      of the assembly block and the outer wall of gas exit tube 85. The liquid
      phase collecting in the reservoir is then withdrawn therefrom through
      solvent exit tube 88 and conducted to conductivity cell 81.
PAR  Conductivity cell 81 is also shown in detail in FIG. 6. As shown therein, a
      center electrode 91, preferably of 0.0625 inches outside diameter is
      received within the axial bore of an outer electrode 92 with center
      electrode 91 being maintained spaced from outer electrode 92 by means of
      Teflon seals 93 at each end of the cell. Near the lower end of the cell, a
      side bore in the outer electrode receives solvent entry tube 94,
      preferably having the same dimensions as solvent exit tube 88 (and
      connected thereto) of separator 80 and made also of Teflon. Tube 94
      supplies liquid phase to passageway 95 in the conductivity cell formed
      between the center and outer electrodes. A second side bore near the top
      of the conductivity cell receives solvent exit tube 96 for expelling
      liquid phase from the conductivity cell, the exit tube being preferably of
      Teflon and of 0.0625 inch outer diameter times 0.031 inches internal
      diameter.
PAR  A second alternate embodiment 99 of the unitized separator-conductivity
      cell of this invention is shown in FIG. 7 to include a stainless steel
      outer electrode and detector housing 100 with a central bore thereon. A
      gas-liquid inlet and center electrode 101 extends downwardly into the
      central bore of housing 100 and terminates a short distance above a lower
      Teflon seal 102 at the bottom portion of the bore to form a passageway 103
      between the inner and outer electrodes. A gas exit tube 104 extends
      upwardly within the bore through lower seal 102 and extends partially
      within center electrode 101 so as to form a reservoir 105 therebetween. An
      upper Teflon seal 106 seals the upper end of the passageway 103 formed
      between the inner and outer electrodes and a side opening exit tube 108
      for solvent exit opens from the top of passageway 103 below seal 106.
PAR  In operation, embodiment 99 receives the liquid and gas mixture through
      inlet and center electrode 101. The mixture separates in the tube 101 and
      a liquid phase is received in reservoir 105 and exits therefrom at the
      bottom of the reservoir through passageway 109 formed between center
      electrode 101 and lower seal 102. The liquid phase exiting from the
      reservoir through passageway 109 is introduced into passageway 103 where
      it is urged upwardly between the inner and outer electrodes to exit from
      solvent exit tube 108, the conductivity measurement being made of the
      liquid phase while in passageway 109.
PAR  A third embodiment 112 of the unitized separator-conductivity cell of this
      invention is shown in FIG. 8 to include an outer electrode and detector
      housing 114 having a central bore therein, said bore being of reduced
      diameter at the top portion 115 to form a gas-liquid inlet. An inner
      electrode and liquid exit tube 117 extends upwardly into the bore, said
      inner electrode 117 being maintained spaced from the outer electrode 114
      by means of insulating sleeve 118. Inner electrode 117 terminates before
      the reduced diameter portion 115 of the bore and a reservoir 119 is formed
      between the inner and outer electrodes. A side-opening exit tube 120 opens
      from the bottom of the reservoir to allow liquid phase in said reservoir
      to exit from the separator-conductivity cell. Conductivity measurement is
      obtained from liquid phase in the reservoir while between the inner and
      outer electrodes.
PAR  As can be seen from the foregoing, the detector system of this invention
      features extremely small size as compared to herefore known or utilized
      electrolytic conductivity detectors and may include a small furnace on the
      order of 2 .times. 2 inches. This is contrasted, for example, to the
      detector of Coulson, referenced hereinabove, which utilizes an all glass
      detector assembly of about 4 .times. 26 inches. The detector of this
      invention also features a novel gas-liquid separator that will function at
      any angle including being inverted, has separate 0 to ml quantities of
      liquid, and is self-starting and maintaining. The detector system of this
      invention also features the use of an AC conductivity meter with
      synchronous detection that prevents peak broadening due to polarization
      effects and provides a linear dynamic range of at least 10.sup.5. The
      detector system of this invention also allows the use of nonaqueous
      conductivity solvent (ETOH) which enables the detector to be operated in
      the oxidative mode without solvent venting and provides a selectivity
      &gt;10.sup.5. The overall design of the detector system of this invention
      enables the detector assembly to be mounted either at or removed from the
      furnace and the small size of the furnace allows it to be mounted in any
      location a standard gas chromatograph detector (i.e. flame ionization) can
      be mounted.
PAR  Furnace 25 is shown in detail in FIG. 9 for illustrative purposes. As
      shown, furnace 25 includes a furnace housing 125, a quartz reaction tube
      126, a reaction gas and column eluant gas entrance tee 127, and a tee
      mounting device 128. A reaction tube securing device (not shown) can be
      utilized. The furnace core includes an alumina tube 129 surrounding that
      portion 130 of quartz reaction tube 126 that is within the furnace with
      the alumina tube having No. 25 gauge Tophet 30 wire 131 wound thereabout.
      Insulating filler 132 then surrounds the alumina tube within the furnace.
      The quartz reaction tube 126 is preferably mounted to the inlet tee by
      Teflon ferrules (not shown) and secured by a stainless steel nut 134.
PAR  Performance of the detector of this invention as shown in FIG. 8, is
      illustrated in the various graphs and charts of FIGS. 10 through 13. The
      detector of FIG. 8 was evaluated both in the reductive and oxidative modes
      using a Chromatronix conductivity meter. The detector furnace was operated
      at 820.degree. centigrade in the reductive mode and at 840.degree.
      centigrade in the oxidative mode with 1cc/min of either hydrogen or oxygen
      reaction gas. Reaction tubes were 6 mm OD .times. 0.5 mm ID .times. 150 mm
      length quartz tubes and were used empty with no prior conditioning. The
      detector was mounted on a Tracor MT-220 gas chromatograph and interfaced
      to the column exit by approximately 6 inches of 1/16 inch stainless steel
      tubing. For separations in the evaluation of the detector in the oxidative
      mode, a 6 feet .times. 1/4 inches glass column containing 3% OV-1 and 3%
      OV-210 on 80/100 mesh Gas Chrom Q was operated at 215.degree. centigrade
      with a nitrogen carrier gass flow rate of 40-50 cc/min (for helium a flow
      rate of 50 cc/min was utilized), with an inlet temperature of 230.degree.
      centigrade. The conductivity solvent was 95-100% ethyl alcohol. Solvent
      flow rate through the detector was 0.41 cc/min. For separations in the
      evaluation of the detector in the reductive mode, a similar glass column
      on 80/100 mesh acid washed Chromosorb W was utilized with a furnace
      temperature of 820.degree. centigrade.
PAR  Detector response to chlorinated hydrocarbon pesticides in the reductive
      mode for 1 ng (FIG. 10A), 0.1 ng (FIG. 10B), and 0.05 ng (FIG. 10C) of
      lindane, heptachlor, aldrin, heptachlor epoxide, and dieldrin, in order of
      elution, with a detector sensitivity of 0.2 .mu.mho/mv. Detector response
      for the same pesticides in the oxidative mode is shown for 1 ng with
      detector sensitivity of 0.4 .mu.mho/mv (FIG. 11A) and 0.1 ng with detector
      sensitivity of 0.2 .mu.mho/mv (FIG. 11B).
PAR  As can be seen from these illustrations, the detector of this invention
      exhibits high sensitivity and stability, the detector being much more
      sensitive than heretofore known detectors such as, for example, the
      Coulson electrolytic conductivity detector. Selectivity (relative to
      hydrocarbon) is also extremely high. Detector response (peak height)
      versus grams of heptachlor is shown in FIG. 12.
PAR  A comparison of microelectrolytic conductivity and flame photometric
      responses to sulfur containing compounds is shown in FIG. 13. The order of
      elution is diazinon, malathion, and parathion with FIG. 13A showing the
      electrolytic conductivity detector and FIG. 13B showing the flame
      photometric detector. The electrolytic conductivity detector of this
      invention gives approximately 50 percent full scale deflection at 0.5
      percent noise for 5 ng of diazinon, malathion, and parathion. In contrast,
      the flame photometric detector of the prior art gives only about 2 to 3
      percent deflection at twice the noise level for the same quantity of
      compound. The electrolytic conductivity detector of this invention has
      high sensitivity to sulfur compounds and has wide linear dynamic range
      (the flame photometric detector's response is exponential with
      concentration) making it an attractive device for the analysis of sulfur
      containing pesticides and air pollutants.
PAR  Detector response for the preferred embodiment shown in FIGS. 3 and 5 has
      been found to be at least as good as that shown for the detector in FIG. 8
      as set forth hereinabove, and in many instances better. The graphs of FIG.
      14 illustrate performance of the detector utilizing the preferred
      embodiment of the separator-conductivity cell shown in FIGS. 3 and 5.
      Detector response to chlorinated hydrocarbon pesticides in the reductive
      mode is shown, for illustrative purposes in FIG. 14. A Tracor 550 gas
      chromatograph was used, as were coiled glass columns with the same packing
      as described hereinabove in conjunction with the detector system producing
      the response indicated by the graphs as shown in FIGS. 10-13. The column
      temperature was 185.degree. centigrade and helium carrier gas was used at
      a flow rate of 30 ml/min. The furnace was operated at 850.degree.
      centigrade with .about./cc/min H.sub.2 reaction gas. The quartz tube
      utilized was 3 mm O.D. .times. 1 mm I.D. times 100 mm. long, and solvent
      flow was 0.15 ml/min ETOH with a sensitivity of 0.2 .mu.mho/mv. Detector
      response is shown to chlorinated hydrocarbon pesticides in the reductive
      mode for 0.02 ng (FIG. 14A), 0.05 ng (FIG. 14B), 0.1 ng (FIG. 14C), and
      0.2 ng (FIG. 14D) of lindane, heptachlor, aldrin, heptachlor epoxide, and
      dieldrin, in order of elution.
PAR  From the foregoing, it can be seen that the electrolytic conductivity
      detector of this invention provides an improved detector having improved
      and novel elements, including unitized separator and conductivity cell.
      The gas-liquid separator-conductivity cell is felt to operate on a
      different principle than known prior detectors in that the geometry and
      principle of operation as utilized in the detector of this invention
      allows the dimensions to be easily altered as desired. The ability of the
      detector of this invention to utilize small quantities of solvent is
      advantageous because the sensitivity of detecting devices such as a
      conductivity cell is inversely proportional to the quantity of solvent
      utilized. This is shown to be a further advantage of this invention since
      utilized quantities of solvent may be as low as 0.15 ml per minute while
      prior art devices required utilization of a minimum of 3 to 5 ml of water
      per minute, which can result in a 20 to 30 fold increase in sensitivity of
      the electrolytic conductivity detector of this invention.
PAR  Thus, the electrolytic conductivity detector of this invention gives high
      performance, is easy to use, and is of small size and enables easy
      mounting. In addition, since the detector has high sensitivity, it is more
      useful than known devices of this type. Since the detector also has high
      selectivity and wide linear dynamic range, the detector is more useful in
      many instances than is the electron capture detector. Finally, the
      detector requires little maintenance and can be used trouble-free for long
      periods of time.
PAR  The gas-liquid separator-conductivity cell makes the detector capable of
      high performance and small size. The concentric tube separator does not
      require a minimum solvent flow rate for operation, and since the primary
      force that drives the solvent through the conductivity cell is the
      downward force of the moving solvent, solvent flow rate through the cell
      approaches zero as the total solvent flow rate approaches zero. Thus, the
      cell is always filled with solvent which prevents bubbles being lodged
      between the closely spaced electrodes, which is advantageous since the
      solvent often tends to channel around a bubble rather than displacing it.
PAR  The separator-conductivity cell functions efficiently and delivers a smooth
      solvent flow through the cell with solvent flow rates from 0.1 to 1.0
      cc/min and gas flow rates from 5 to 500 cc/min or more.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A unitized separator and measuring cell, comprising: an outer electrode
      having a bore therethrough, said bore receiving a mixture that is
      separated into liquid and gas phases during passage through said bore; an
      inner electrode having at least a portion within said bore of said outer
      electrode to form a passageway therebetween, said separated liquid phase
      passing into said passageway; and insulating means for electrically
      isolating said inner and outer electrodes from one another so that said
      electrodes are utilized to measure the conductivity of said separated
      liquid phase while between said electrodes.
NUM  2.
PAR  2. The unitized separator and measuring cell of claim 1 wherein said inner
      electrode extends upwardly into said bore of said outer electrode, wherein
      said bore is adapted to receive a mixture at the top thereof and
      separating said mixture into liquid and gas phases in said separator and
      measuring cell with separated liquid phase passing into said passageway
      between said inner and outer electrodes, and wherein said inner electrode
      has an aperture therein opening into said passageway to expel liquid phase
      passing through said passageway.
NUM  3.
PAR  3. The unitized separator and measuring cell of claim 1 wherein said
      separator and measuring cell includes a metallic block positioned below
      said outer electrode and electrically connected with said inner electrode.
NUM  4.
PAR  4. The unitized separator and measuring cell of claim 3 wherein said
      metallic block has a downwardly extending flange through which said inner
      electrode extends, said flange being adapted to receive an exit tube.
NUM  5.
PAR  5. The unitized separator and measuring cell of claim 1 wherein said outer
      electrode has a tapered upper edge.
NUM  6.
PAR  6. The unitized separator and measuring cell of claim 5 wherein said
      separator and measuring cell is adapted to be connected with the mixing
      means of an electrolytic conductivity detector, said mixing means
      including a block having a recess therein adapted to receive said tapered
      upper edge of said outer electrode of said separator and measuring cell.
NUM  7.
PAR  7. The unitized separator and measuring cell of claim 1 wherein said inner
      electrode extends upwardly into said bore of said outer electrode, wherein
      said bore has a smaller diameter portion at the top thereof for receiving
      a mixture and separating the same into liquid and gas phases with liquid
      phase passing into said passageway between said inner and outer
      electrodes, and wherein said outer electrode also includes a said bore
      communicating with said passageway and through which liquid phase is
      expelled after passing through said passageway.
NUM  8.
PAR  8. A unitized separator and conductivity cell, comprising: an outer
      electrode; a hollow center electrode and inlet means having one portion
      extending within said outer electrode a predetermined distance, said inlet
      means providing an inlet for a mixture and forming liquid and gas phases
      therefrom, said one portion of said center electrode and said outer
      electrode being spaced from one another to form a passageway therebetween;
      a gas phase outlet means having one portion extending into said center
      electrode so as to be surrounded by said center electrode to form a liquid
      phase reservoir therebetween; liquid phase outlet means opening from said
      reservoir at the end of said center electrode into said passageway formed
      between said electrodes; and discharge means opening into said passageway
      near the end opposite to the said liquid phase outlet means and through
      which liquid phase passing through said passageway is expelled from said
      unit.
NUM  9.
PAR  9. The unitized separator and conductivity cell unit of claim 8 wherein
      said electrodes and said gas phase outlet means are tubular and wherein
      said center electrode and gas phase outlet means are concentrically
      positioned with respect to one another.
NUM  10.
PAR  10. A unitized separator and measuring cell, comprising: an outer electrode
      having a bore therethrough; an inner electrode having at least a portion
      within said bore of said outer electrode to form a passageway therebetween
      to receive liquid phase therein, said inner and outer electrodes being
      electrically isolated from one another with said electrodes being
      utilizable to measure the conductivity of said liquid phase while between
      said electrodes; and means defining an aperture in said inner electrode
      opening into said passageway and through which liquid phase in said
      passageway is expelled therefrom.
NUM  11.
PAR  11. The unitized separator and measuring cell of claim 10 wherein said bore
      of said outer electrode receives a mixture and separates the same into
      liquid and gas phases within said bore, wherein said gas phase is expelled
      from said bore through said inner electrode, and wherein said liquid phase
      is expelled from said passageway into said inner electrode.
NUM  12.
PAR  12. The unitized separator and measuring cell of claim 11 wherein said
      liquid phase expelled from said passageway into said inner electrode
      recombines with said gas phase therein being expelled from said bore.
NUM  13.
PAR  13. The unitized separator and measuring cell of claim 12 wherein said cell
      is capable of operation over a broad range of flow rates.
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ABST
PAL  An instrument for providing information concerning the condition of a
      horizontal output transformer in a television set.
BSUM
PAR  This invention relates generally to television set maintenance equipment.
PAR  A principal object of the present invention is to provide a solid state
      flyback transformer checker for giving a complete information as to the
      condition of a horizontal output transformer in a television receiver set.
PAR  Another object of the present invention is to provide a solid state flyback
      transformer checker wherein the transformer may have an open winding or a
      partially shorted winding; the instrument providing a test for either
      continuity or shorted one or more windings.
PAR  Still another object of the present invention is to provide a solid state
      flyback transformer checker which will save a great deal of time to
      television technicians.
PAR  Other objects of the present invention are to provide a solid state flyback
      transformer checker which is simple in design, inexpensive to manufacture,
      rugged in construction, easy to use and efficient in operation.
DRWD
PAR  These and other objects will be readily evident upon a study of the
      following specification and the accompanying drawing, wherein:
PAR  FIG. 1 is an electric circuit of the present invention;
PAR  FIG. 2 is a meter face associated with the present invention;
DETD
PAR  Reference is now made to the drawing in detail, and the following is a
      circuit description thereof.
PAR  The flyback transformer checker contains a NPN transistor connected in an
      oscillator circuit. The oscillator transformer contains three separate
      windings: W1- the transistor base winding, W2- the collector winding, and
      W3- the main winding. The main winding is made of an autotransformer with
      a few taps in order to provide for the testing of various types of flyback
      transformers. The unit operates from a 9-volt battery of the flat type
      commonly used in transistor radios. During a test, the oscillator develops
      a bidirectional signal having a frequency of approximately 2400 Hertz and
      reaches a peak value or amplitude, measured between ground and tap No. 4,
      of approximately 120 volts, although the effective value does not exceed
      50 volts; this value being practically harmless to the operator when
      handling the test leads. A 0-50 .mu.A meter is used to measure collector
      voltage rectified by diode D1 to form a unidirectional signal and the
      indication on this meter is controllable by a potentiometer P1 mounted on
      the front panel and marked "CAL."
PAR  When using the instrument for a "short" test, the flyback transformer under
      test is connected across the oscillating circuit which, as shown in FIG. 1
      comprises capacitor C3, transformer TR, and NPN transistor T. Switch SW2
      is placed in the "ON" position and switch SW3 in the No. 1 or "NORMAL"
      position. In order to make the test, the flyback transformer, which
      employs the H.V. (high voltage) rectifier (not shown but which is either a
      tube or solid state device in most television receivers), switch SW4 must
      be set in postion No. 4 and the flyback transformer is connected to the
      oscillator circuit, as shown in FIG. 1, by using the leads of the
      transformer, one of which (e.g., "A") normally is connected to the plate
      cap of the horizontal amplifier and the other of which (e.g., "B")
      normally is connected to the plate cap of the high voltage rectifier (not
      shown).
PAR  Taps No. 3, 2 and 1 make it possible to provide for testing of flyback
      transformers used in solid state and tube-type television receivers
      employing a voltage tripler circuit instead of a regular high voltage
      rectifier. A good flyback transformer normally has a high impedance and,
      when connected across the oscillator, will have little affect on the
      reading of the meter. However if flyback transformer has any shorted turns
      in it, in any winding, the shorted section will "absorb" power and this
      power will be effectively removed from the oscillator causing a decrease
      in the reading of the meter.  In other words, the shorted turns in the
      transformer being tested reduce the impedance of the transformer so that,
      when it is connected in parallel with the oscillator circuit, the
      decreased impedance reduces the magnitude of the unidirectional signal
      applied to meter M, causing meter M to indicate a lower or "bad" reading.
PAR  When using the instrument for a "continuity" test, the switch SW1 is Set in
      position No. 2 which is marked, continuity. The flyback transformer is
      connected to terminal A and B and, if it has continuity, it will short one
      side of the calibrate potentiometer P1 to ground causing the
      unidirectional signal applied to potentiometer P1 by resistor R3 to be
      substantially atenuated, which causes the meter indication to drop to an
      indicated "good" region for transformer continuity.
PAR  In order to check the battery's condition, SW3 is set to position No. 2
      marked "Battery check." With no flyback transformer connected to terminals
      A and B, and for a good battery, the meter indication shows in the
      "battery good" region. To obtain an accurate test, the meter pointer has
      to be set in position CAL. point and then the flyback transformer may be
      connected to provide a test.
PAR  Thus there is provided a novel solid state flyback transformer checker.
PAR  While various changes may be made in the detailed construction, it is
      understood that such changes will be within the spirit and scope of the
      present invention as is defined by the appended claims.
CLMS
STM  What I now claim is:
NUM  1.
PAR  1. An instrument for determining the relative impedance of a possibly
      defective transformer, of the type commonly used to develop the high
      voltage supply in a television receiver, compared with that of a normal
      transformer of that type, comprising:
PA1  an oscillator circuit for generating a bidirectional signal of a
      predetermined frequency and amplitude;
PA1  rectifying means coupled to said oscillator circuit for converting said
      bidirectional signal into a unidirectional signal;
PA1  display means responsive to said unidirectional signal for indicating the
      magnitude of said unidirectional signal;
PA1  calibration means, including a variable impedance coupled between said
      rectifying means and said display means for establishing a reference
      indication for said display means corresponding to the impedance of said
      normal transformer;
PA1  means for coupling the transformer to be tested in parallel with said
      oscillator circuit to supply the bidirectional signal to said transformer,
      whereby the loading on said oscillator circuit caused by the parallel
      impedance presented by said transformer systematically varies the
      magnitude of said unidirectional signal relative to said reference
      indication to thereby cause the display means to indicate whether or not
      the impedance of the transformer being tested corresponds to that of a
      normal transformer.
NUM  2.
PAR  2. A testing instrument according to claim 1, in which said oscillator
      circuit includes a transformer having three windings, one of said windings
      having multiple taps and a switch connected thereto, whereby the testing
      instrument may be used for testing transformers of said type which have
      different normal impedances.
NUM  3.
PAR  3. A testing instrument according to claim 1, which further comprises:
PA1  battery means coupled to said oscillator circuit for supplying
      unidirectional voltage and current to said oscillator circuit, whereby
      said testing instrument is rendered portable;
PA1  switch means coupled between said display means and said battery means, so
      that said switch means may be actuated to cause said display means to
      indicate whether or not the voltage of said battery means is sufficient to
      power the instrument.
NUM  4.
PAR  4. A testing instrument in accordance with claim 1, which further comprises
      switching means connected between said oscillator circuit and said display
      means, whereby said instrument may be used to determine the continuity of
      the transformer winding being tested.
NUM  5.
PAR  5. A testing instrument for determining the relative impedance of a
      possibly defective transformer, of the type commonly used to develop the
      high voltage supply in a television receiver, compared with that of a
      normal transformer of that type, comprising:
PA1  an oscillator circuit, including a three-winding transformer, a capacitor,
      and a transistor, for generating a bidirectional signal of a predetermined
      frequency and amplitude;
PA1  rectifying means, including a capacitor connected to the collector of said
      transistor and a diode connected between said capacitor and ground, for
      converting said bidirectional signal into a unidirectional signal;
PA1  display means including a microammeter responsive to said unidirectional
      signal for indicating the magnitude of said unidirectional signal;
PA1  calibration means, including a variable resistor connected between said
      diode and said microammeter for establishing a reference indication for
      said display means corresponding to the impedance of said normal
      transformer;
PA1  means for coupling the transformer to be tested in parallel with said
      oscillator circuit to supply the bidirectional signal to said transformer,
      whereby the loading on said oscillator circuit caused by the parallel
      impedance presented by said transformer decreases the magnitude of said
      unidirectional signal relative to said reference indication to thereby
      cause the microammeter to indicate whether or not the impedance of the
      transformer being tested corresponds to that of a normal transformer.
NUM  6.
PAR  6. A testing instrument according to claim 5, in which the one of said
      transformer windings to which the transformer to be tested is connected
      has multiple taps and a switch connected thereto, whereby the testing
      instrument may be used for testing transformers of said type which have
      different normal impedances.
NUM  7.
PAR  7. A testing instrument according to claim 5, which further comprises:
PA1  battery means coupled to said oscillator circuit for supplying
      unidirectional voltage and current to said oscillator circuit, whereby
      said testing instrument is rendered portable;
PA1  switch means coupled between said display means and said battery means, so
      that said switch means may be actuated to cause said display means to
      indicate whether or not the voltage of said battery means is sufficient to
      power the instrument.
NUM  8.
PAR  8. A testing instrument in accordance with claim 5, which further comprises
      switching means connected between said oscillator circuit and said
      microammeter, whereby said instrument may be used to determine the
      continuity of the transformer winding being tested.
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ABST
PAL  A portable electric tester energized by a self-contained battery including
      switch means and a Light Emitting Diode (LED) device for testing
      capacitors upon visual interpretation of the luminosity of the Light
      Emitting Diode.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates in general to portable electric testing devices and
      more particularly to a pocket size meterless device having a Light
      Emitting Diode indicator for testing capacitors as to whether they are
      shorted, open, leaky, or capable of holding a capacitive charge, for
      testing continuity of electric circuits, and for indicating presence of a
      wide range of voltages.
PAR  Prior electric testing devices of this general character are dependent upon
      relatively expensive construction, including electric meter movements for
      indicating capacitance values, are relatively large and bulky for handling
      in close quarters and subject to failure from mishandling or shock. Others
      utilize a neon indicator as the heart of the tester which necessitates use
      of voltages in excess of 60 volts which can be hazardous to the operator.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention overcomes the above objections and disadvantages by
      the provision of a relatively simple rugged battery energized tester of
      relatively small size for convenient handling and provides for testing a
      capacitor to determine if it is shorted, open, leaky, or capable of
      holding a capacitive charge.
PAR  A further object of the invention is the provision of such a tester having
      an additional switch which allows using the same Light Emitting Diode and
      associated circuit for indicating presence of both AC and DC voltages.
DRWD
PAR  These and other objects and advantages in one embodiment of the invention
      are described and shown in the following specification and drawing, in
      which:
PAR  FIG. 1 is a front face view of the tester
PAR  FIG. 2 is a plan view of the tester shown in FIG. 1 with the cover portion
      removed, showing the elements secured to the front side of a panel in the
      casing and the location of the battery and battery clip.
PAR  FIG. 3 is a lower end elevation of the tester shown in FIG. 1.
PAR  FIG. 4 is a plan view of the tester shown in FIG. 1 with rear cover
      removed, showing the underside of the panel shown in FIG. 2.
PAR  FIG. 5 is a cross sectional side view of the tester taken through section
      line A--A shown in FIG. 1.
PAR  FIG. 6 is a schematic circuit diagram of the circuit panel shown in FIG. 4
      for connecting the elements shown in FIG. 2.
DETD
PAR  FIGS. 1, 2, 3, 4, and 5 show views of a casing having a cover portion 1 and
      a mating base portion 2 for retaining the circuit elements of the tester
      to be hereinafter described.
PAR  Refering to FIG. 1, a probe tip 3 feeds through the upper end of the casing
      1 which is connected to the circuit panel 12 as herewithin described. A
      transparent jeweled bullseye 4 is secured on the cover portion 1 for
      transmitting light from the Light Emitting Diode 5 (hereafter referred to
      as LED) on the circuit panel 12 adjacent thereto. Switches 6 and 7 are
      attached to the cover portion 1 and electrically connected to the circuit
      panel 12. The flexible test cord conductor 8 of predetermined length
      terminates at one end with an alligator type clip probe 16 and the
      opposite end is fed through the lower end of the casing 1 and is
      electrically connected to the circuit panel 12.
PAR  FIG. 3 shows the opening through which the flexible test cord conductor 8
      is fed at the connection of casing portions 1 and 2.
PAR  Referring to FIG. 4, a circuit panel 12, of uniform thickness made of
      dielectric material, such as fiber reinforced phenol formaldehyde plastic,
      contains a so called "printed circuit" of flat copper conductors retained
      on the surface of the rear side thereof and connected to all of the
      circuit components of the device mounted on the front surface of the
      circuit panel 12 and within the cover portion 1.
PAR  The circuit panel 12 is secured within the cover portion 1 by screw 13 as
      shown in FIG. 5. The cover portion 1 and the base portion 2 are held
      together by screw 14, as shown in FIG. 5.
PAR  FIG. 2 shows the placement of all of the circuit elements on panel 12,
      which are retained thereon by the connection of their terminals, through
      the connection holes of panel 12 in FIG. 4, by known solder means.
PAR  In this particular embodiment, one 9 volt battery 15, such as Everready No.
      216, is connected by a battery clip 29 to hereafter described portions of
      the printed circuit panel 12.
PAR  The terminals of S.P.S.T. switch 6 are connected to hereafter described
      portions of the printed circuit panel 12. The terminals of the momentary
      contact S.P.D.T. push button switch 7 are connected to hereafter described
      portions of the printed circuit panel 12.
PAR  In this embodiment, a LED 5 of the red and green visible light, dual LED
      type, such as Monsanto MV 5091, is positioned adjacent the transparent
      jeweled bullseye 4. The terminals of the LED 5 are connected to hereafter
      described portions of the printed circuit panel 12.
PAR  The resistors 9, 10, and 11 are connected to hereafter described portions
      of the printed circuit panel 12. Specific values of resistors in this
      particular embodiment for resistors 9, 10, and 11 are in the order of
      15,000 ohms, 1,000 ohms, and 150 ohms, respectively. However, the specific
      resistances are dependent upon the LED 5 characteristics and the desired
      range of voltages to be tested, such as hereinafter described.
PAR  Referring to the schematic diagram FIG. 6 of the printed circuit shown in
      FIG. 4, the clip probe 16 is connected to the LED 5 by test cord 8, the
      remaining terminal of LED 5 is connected to pole 21 of switch 7 by
      conductor 26, pole 19 of switch 7 is connected to one terminal of resistor
      11 by conductor 25, the remaining terminal of resistor 11 is connected to
      the positive terminal of battery 15, and the negative terminal of battery
      15 is connected to the probe tip 3 by conductors 23 and 27. Pole 20 of
      switch 7 is connected to the junction of resistor 9 and resistor 10 by
      conductor 28, the remaining terminal of resistor 10 is connected to pole
      18 of switch 6, and pole 17 of switch 6 is connected to the junction of
      resistor 9 and battery terminal lead 23, which is connected to probe tip 3
      by conductors 22 and 27.
PAR  In operation and before making capacitor or circuit tests, a test of the
      battery 15 is made by touching probe tip 3 to clip probe 16 and closing
      momentary contact switch 7, which will energize LED 5, producing a bright
      red light. It is apparent that the operation of this circuit also provides
      for the tester to be used as a continuity and resistance tester.
PAR  A capacitor to be tested, presumed to be in the range of values between 0.5
      MFD to 500 MFD, is tested by connecting clip probe 16 to the positive
      terminal of the capacitor under test and touching probe tip 3 to the
      remaining terminal of the capacitor under test. It will be noted that if
      the capacitor under test is of the non-polarized type it makes no
      difference which terminal clip probe 16 is attached. Next the momentary
      contact switch 7 is depressed, corresponding to connecting the common pole
      21 of switch 7 to the normally open pole 19 of switch 7. The circuit will
      be completed through a portion of the printed circuit, through the battery
      15, through resistor 11, through LED 5, which will give a visual
      indication through bullseye 4 which is interpreted by the user to
      determine the electrical condition of the capacitor under test. With a
      little practice, the user will be able to interpret which electrical
      condition of the capacitor exists as follows: If the tested capacitor is
      short circuited, the LED 5 will produce a bright red light through the
      bullseye 4. If the tested capacitor is open circuited, the LED 5 will not
      produce any light through the bullseye 4. If the tested capacitor produces
      a voltage leak, the LED 5 will produce a visible red light in varying
      degrees through the bullseye 4 indicating proportionately the amount of
      voltage leakage. The greater the voltage leak the brighter the red light
      through the bullseye 4. If the tested capacitor is capable of holding a
      capacitive charge, the LED 5 will produce a bright light then turn itself
      off. This flicker of light denotes that the capacitor has accepted a
      charge and can be considered to be electrically good. Upon completion of
      the capacitor test, the momentary contact switch 7 is released,
      corresponding to connecting the common pole 21 of the switch 7 to the
      normally closed pole 20 of switch 7. The circuit will now be completed
      through a portion of the printed circuit, through the resistive network
      made up of resistor 9 and resistor 10, through the switch 7, through LED
      5, which will give a flicker of green light indicating the tested
      capacitor is discharged. It will be noted that this discharge function is
      essential in that it will allow for multiple tests on the same capacitor
      and that it will remove any shock hazard to the user.
PAR  The present invention is useful for indicating the presence of voltage,
      either AC or DC, for voltages ranging from 6 volts to 600 volts in two
      ranges. In addition, the present invention will visually indicate if the
      tested voltage is AC or DC and if DC, will indicate polarity. It will be
      noted that when measuring DC voltages this discussion assumes polarity
      will be that of probe tip 3 relative to the clip probe 16.
PAR  Before making a voltage test the user must decide which voltage range the
      voltage to be tested will be within. The slider switch 6 is used to select
      either the 6 volts to 60 volts range or the 60 volts to 600 volts range
      corresponding to the "LO" and "HI" positions of the slider switch
      respectively. The recommended procedure for testing unknown voltages is to
      select the HI  position of the slider switch 6 initially and if there is
      little or no indication from LED 5 through bullseye 4 then switch to the
      LO position of slider switch 6.
PAR  The voltage to be tested, presumed to be in the range between 6 volts and
      60 volts, either AC or DC, is tested by connecting the clip probe 16 and
      the tip probe 3 thereto and placing the operator of the slider switch 6 in
      the LO position, corresponding to connecting the common pole 18 of switch
      6 to pole 17 of swich 6. The circuit will be completed through a portion
      of the printed circuit, through a resistive network comprised of resistor
      9 and resistor 10 in parallel, through the normally closed position of
      switch 7 pole 20 to pole 21, through LED 5 which will produce a red and
      green light, a red light or a green light, depending on whether the
      voltage under test is AC, positive DC, or negative DC, respectively, which
      will be visible in varying degress of brilliance through the bullseye 4.
      The brilliancy of the light will be proportional to the voltage under
      test. Thusly the LED 5 will produce an appropriate color close to the
      threshold of visibility when the voltage under test is close to 6 volts
      and will produce full brilliancy when the voltage under test is close to
      60 volts.
PAR  The voltage to be tested, presumed to be in the range between 60 volts and
      600 volts, either AC or DC, is tested by connecting the clip probe 16 to
      the tip probe 3 and placing the operator of the slider switch 6 of the HI
      position, corresponding to disconnecting the common pole 18 of switch 6
      from pole 17 of switch 6. The circuit will be completed through a portion
      of the printed circuit, through resistor 9, through the normally closed
      position of switch 7, pole 20 to pole 21, through LED 5 which will produce
      a red and green light, a red light or a green light depending on whether
      the voltage under test is AC, positive DC or negative DC, respectively,
      which will be visible in varying degrees of brilliance through the
      bullseye 4. The brilliancy of the light will be proportional to the
      voltage under test. Thus, the LED 5 will produce an appropriate color
      close to the threshold of visibility when the voltage under test is close
      to 60 volts and will produce full brilliancy when the voltage under test
      is close to 600 volts. Thus the user, with little practice, will be able
      to determine the presence of a wide range of voltages and determine if the
      tested voltage is AC, positive DC, or negative DC.
PAR  This invention also comprehends the use of a wide range of LEDs of
      different characteristics described, as well as the use of batteries of
      different potentials for a variety of circuits of a large range of
      characteristics.
CLMS
STM  Having described my invention, I claim:
NUM  1.
PAR  1. A portable electric tester for hand use comprising a casing having a
      cover portion and a demountable base portion,
PA1  a panel member secured within said cover portion including a printed
      circuit means on the underside thereof for providing circuit conductors
      for said tester, and three resistor means secured to said printed circuit
      means,
PA1  a battery means connected by a clip means and retained in said cover
      portion and connected in said circuit means,
PA1  a S.P.S.T. switch means secured on the said upper side of said printed
      circuit panel with the two terminals thereof connected in said circuit
      means and with the finger operator thereof extending through said cover
      portion of said casing,
PA1  a S.P.D.T. momentary contact switch means secured on the said upper said of
      said printed circuit panel with the three terminals thereof connected in
      said circuit means and with the push button operator thereof extending
      through said cover portion of said casing,
PA1  a LED indicator means secured to said printed circuit panel with the two
      terminals thereof connected in said circuit means,
PA1  a transparent jeweled bullseye secured through said cover portion of said
      casing adjacent to said LED indicator means,
PA1  a tip probe means secured to said cover portion of said casing connected to
      said circuit means and a flexible test cord conductor means with one end
      of said test cord conductor means connected to said circuit means and the
      opposite end of said test cord conductor terminating in a clip probe
      means, both said probe means connected across a capacitor within a
      predetermined range of capacitances and the movement of said S.P.D.T.
      momentary contact switch means to the normally open position of said
      switch by said push button operator will energize said LED indicator and
      associated circuit means to produce a predetermined illuminance through
      said bullseye means with the said illuminance corresponding to the
      electrical condition of said capacitor under test and whereby when said
      push button operator of said S.P.D.T. momentary contact switch means is
      released to return to the normally closed position of said switch that
      said capacitor under test will discharge through said LED indicator and
      its associated circuit means to allow for subsequent testing of said
      capacitor and render said capacitor under test non-hazaradous to the user.
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ABST
PAL  A torque motor incorporating a permanent magnet rotor and winding therewith
      for providing the indicating mechanism of a servoed indicating unit. The
      circuitry for use with the indicating mechanism first applies a reference
      feedback-producing pulse, then provides the signal for application of
      torque to the indicator to move it toward the desired position, and then
      has a quiescent period to clear the stator windings of the mechanism of
      currents before recommencing the voltage reference and torquing cycle.
BSUM
PAC  THE INVENTION
PAR  The present invention is generally concerned with electrical apparatus and
      more specifically with a servoed type mechanism for providing indications
      of input signals.
PAR  Many attempts have been made in the prior art to produce servoed pointer
      units. However, in all known instances these units have used the
      D'Arsonval-type meter movements or other similar type prime moving
      arrangement. An example of such a system is shown in a U.S. Pat. No.
      3,577,195. These prior art devices have been found lacking by the present
      inventor in terms of costs and/or the reliability of the overall mechanism
      and in particular the feedback mechanism under various temperature
      extremes.
PAR  The present invention utilizes a relatively standard torque motor design
      incorporating a permanent magnetic rotor having a feedback winding
      attached to the rotor in one embodiment. The torque motor is used in a
      limited rotation application and thus the output from the feedback
      windings may either utilize slip rings or flexible leads where the leads
      may be of the standard variety or the hair spring terminal type as
      examples.
PAR  While the preferred embodiment has the feedback winding on the rotor,
      especially when rate indication is not required, the reference input
      winding may alternately be that on the rotor with the feedback winding
      and/or a rate feedback winding being the stator. In either instance, the
      operation is very similar.
PAR  It is, therefore, an object of the present invention to provide improved
      servoed indicating apparatus.
DRWD
PAR  Other objects and advantages of the present invention may be ascertained
      from a reading of the specification and appended claims in conjunction
      with the drawings wherein:
PAR  FIG. 1 is a block diagram of a preferred embodiment of the invention having
      the control winding on the stator;
PAR  FIG. 2 is a waveform presentation of signals within FIG. 1;
PAR  FIG. 3 is a symbolic drawing of a torque motor designed in accordance with
      the present inventive concept;
PAR  FIG. 4 is a detailed schematic diagram of the circuit for controlling the
      torque motor indicator presented in FIG. 1;
PAR  FIG. 5 is a block diagram of the preferred embodiment of the invention
      utilizing rate control in addition to the feedback of FIG. 1;
PAR  FIG. 6 is a set of waveforms representing signals in FIGS. 5 and 7;
PAR  FIG. 7 is a block diagram of the inventive concept in an embodiment for
      controlling the speed of a DC motor; and
PAR  FIG. 8 is a detailed schematic diagram of the circuit of FIG. 5.
DETD
PAC  DETAILED DESCRIPTION
PAR  In FIG. 1 an input terminal 10 supplies a first input to a summing means or
      comparator 12 which has an output applied through resistor 14 to junction
      point 16. A positive reference potential 18 is connected through a single
      pole single throw switch generally designated as 20 to the junction point
      16. As shown, the switch 20 is open. Junction point 16 is connected
      through resistor 22 to an inverting input 24 of an amplifier generally
      designated 26 and having a non-inverting input thereof connected to ground
      28. An output 30 of amplifier 26 is connected through normally open single
      pole single throw switch 32 back to inverting input 24. Output 30 is also
      connected through a normally closed single pole single throw switch 34 to
      a transistor driver circuit 36. An output of transistor driver circuit 36
      is connected in a feedback fashion through resistor 38 to input 24 of
      amplifier 26. The output of driver 36 is also connected to one end of a
      stator winding 40 on a stator of torque motor mechanism or indicator means
      generally indicated as 42. A pointer 44 is coupled or otherwise physically
      attached to a permanent magnet rotor upon which a rotor winding 46 is
      coupled. One end of each of the stator and rotor windings 40 and 46,
      respectively, are connected to ground 28. The other end of rotor winding
      46 is connected to an input of a sample and hold circuit 48. A second
      input 50 providing a 400-Hz sine wave is applied to squaring circuit 52
      and produces an output waveform C as illustrated. This is further
      illustrated in FIG. 2 in comparison with other signals C1 and C2. Waveform
      C is applied to controller circuit 54 which has output leads 56 and 58.
      Lead 56 is applied to control switches 32 and 34 while lead 58 is applied
      to a second input of sample and hold circuit 48 as well as being used to
      control the operation of switch 20. An output of sample and hold circuit
      48 is applied to compensation circuit 60 which provides a lead effect to
      feedback signals. An output of compensation circuit 60 is applied to a
      second input of summer 12.
PAR  It should be noted here that the stator winding may in actuality be only
      one winding, which is time shared for the functions of control and either
      reference input or pickoff information as shown, or two separate windings.
      The rotor winding, on the other hand, will normally be a single winding
      having the function of either reference input or pickoff information as a
      complement to that of the stator winding.
PAR  As indicated above, the three waveforms in FIG. 2 are shown as representing
      the waveforms to be found in various portions of FIG. 1. Further comment
      is believed unnecessary except to state that the waveform C2 appears on
      lead 56 and in the positive condition actuates the switches 32 and 34 from
      the position shown to the opposite position. The waveform C1 which is
      found on lead 58 in the positive condition changes switch 20 to a
      condition opposite to that shown.
PAR  FIG. 3 illustrates the torquing motor or servoed indicator device generally
      indicated as 42 in FIG. 1 and indicates the stator windings 40 as well as
      the rotor winding 46. The stator itself in FIG. 3 is labeled as 65 while
      the rotor is labeled 67. The pointer 44 is shown indicating approximately
      10 on a scale designated as 69. The control torque winding is that
      connected in FIG. 1, respectively, to the transistor driver 36 and ground
      28. The pickoff winding is that connected to ground 28 and to the input of
      sample and hold circuit 48. As illustrated these leads are flexible and
      within predetermined design limits will provide adequate flexibility to
      allow operation of the indicating unit. While maximum operational
      limitations are not presently known, it appears that the device will work
      satisfactorily within .+-.50.degree. of the null point (that point wherein
      the north and south poles of the permanent magnet rotor are at right
      angles to the electrical north and south poles of the stator control
      windings).
PAR  In view of the application of designating numbers in FIG. 4 which are the
      same as those illustrated in FIG. 1, it is believed that very little
      explanation is required in FIG. 4. However, it will be noted that the
      various switches 20, 32, and 34 are transistors. The amplifiers such as 26
      and those within blocks 12 and 48 are standard operational differential
      input amplifiers and the remaining components are obvious to one skilled
      in the art.
PAR  As previously stated, FIG. 5 is substantially the same as FIG. 1 with the
      added circuitry of a sample and hold 82 to provide a rate signal. FIG. 5
      does not contain the compensation circuit 60 because the rate circuit is
      utilized to perform the same function. In FIG. 5 a junction point at the
      output of driver 36 is labeled 80. This output supplies one lead of
      resistor 38 and one end of winding 40. It further is applied to a first
      input of sample and hold circuit 82 having a second input on a line 84
      which is further labeled as C3. An output of sample and hold circuit 82 is
      labeled 86 and is further labeled as rate and is applied as a further
      input to summing means 12. As will be noted, the summing means 12 has
      negative inputs of rate and position while it has a positive input of a DC
      command signal in the embodiment as shown.
PAR  In FIG. 6 various waveforms are illustrated with labels corresponding to
      the places within the circuits of FIGS. 5 and 7 wherein these waveforms
      may be found.
PAR  In FIG. 7 a DC input 100 is supplied through a resistor 102 to a negative
      input of a differential amplifier 104 having an output which is returned
      through a switch 106 to the input of the amplifier 104 and is also
      supplied through a switch 108 to an input of a transistor driver 110. An
      output of transistor driver 110 is supplied to a DC motor 112 and also to
      an input of a sample and hold circuit 114. An alternating signal 116 is
      supplied to a square circuit 118 whose output is applied to a controller
      circuit 120. The controller 120 has an output on a lead 122 for
      controlling switches 106 and 108 in the fashion shown of waveform C2 in
      FIG. 6. An output on lead 124 is the same as that designated as C3 in FIG.
      6. An output of sample and hold circuit 114 is supplied through a resistor
      126 and also supplied to the negative input of amplifier 104. The positive
      input of this amplifier is connected to ground 128.
PAR  In reviewing FIG. 8 and comparing this circuit with FIG. 4, it will be
      realized that the two circuits are fairly comparable. The distinction lies
      in that the reference input signal is supplied to the rotor and the
      pickoff signal is taken off the stator as mentioned supra. Thus, FIG. 8 in
      combination with FIG. 4 illustrates that the preferred embodiment of FIG.
      1 may be modified with the rotor winding having the function of either a
      reference signal input or a pickoff, and the stator winding having the
      function of being a control signal winding and in addition being either a
      reference signal input or pickoff winding depending upon the function of
      the complementary rotor winding.
PAC  OPERATION
PAR  Referring first to FIG. 3, it will be noted that the motor device, prime
      mover or servoed indicator device 42 utilizes a permanent magnetic rotor
      67 having a single winding 46 thereon. Flux generated in the torque
      control winding 40 produces a north and south pole on the quadrature axis
      of the rotor poles of the permanent magnet 67 when the indicator is
      pointing to zero and thus creates torque on the rotor. It may also be
      noted that if a reference voltage is applied to this same control torque
      winding 40, flux generated thereby passes through the rotor at right
      angles to the axis of the rotor winding when at null. Thus, there is no
      electrical output from the rotor winding 46 when the rotor 67 is at the
      null indication. When the rotor 67 is moved from the null indication
      condition, reference flux obtained from control torque winding 40 begins
      to couple into loops of rotor winding 46 thereby generating an output
      voltage proportional to deviation of rotor 67 from the null condition and
      of a phase dependent upon the direction of movement from the null
      condition. The phase will be substantially opposite or 180.degree.
      different in one direction of rotation from null as compared to the other
      direction. If a short duration reference voltage pulse is applied to the
      control torque winding 40, the output from rotor winding 46 will also be a
      short pulse. The polarity of the output pulse from the rotor winding will
      indicate direction of deviations from null and the number of degrees of
      rotation from the null point will determine the magnitude of the pulse
      appearing at the output of the pickoff winding 46.
PAR  Referring now to FIG. 1 and FIG. 2, it will be noted that a signal
      appearing on lead 50 is utilized to produce the various waveforms of FIG.
      2. These waveforms provide for operation of torque motor 42 for one-half
      of each input cycle whereby the device may remain in a quiescent condition
      for the other half-cycle. While it was convenient to utilize full-half
      cycles of operation and quiescent conditions, the active and quiescent
      conditions need not be identical but can be altered in relative duration.
      Thus, the quiescent condition could be shortened considerably as compared
      to the active or rotor moving time period.
PAR  In normal operation, beginning with a rising voltage on waveform C, it will
      be determined that initially a pulse C1 is applied. This pulse C1
      activates switch 20 as well as sample and hold circuit 48. The activation
      of switch 20 applies a reference voltage at 16. Although as will be
      explained later, there is an error voltage being applied to resistor 14
      from summer 12 simultaneous with the reference voltage, this error voltage
      is overridden by the reference voltage. This error voltage at 16 is
      amplified by amplifier 26 and driver 36 and produces flux in the stator
      winding 40. Thus, flux is coupled into rotor winding 46 whereby an output
      voltage is produced and sampled by sample and hold circuit 48. As
      mentioned supra, this output voltage is of a polarity depending upon
      direction of rotation of the rotor 67 from the null condition and of a
      magnitude depending upon the amount of rotation. This signal is sampled
      and held by sample and hold circuit 48 and applied through the
      compensation circuit 60 to be compared with the input voltage. If the
      input on lead 10 is exactly the same as that fed back, after the pulse C1
      is dissipated and switch 20 returns to its illustrated normal condition,
      there will be no signal to be amplified by amplifier 26 and driver 36 and
      thus no control voltage will be applied to stator winding 40. However, if
      the input does not equal the feedback, the error signal will drive the
      amplifiers thus producing a current in stator 40 which will generate
      torque to rotate the permanent magnet rotor 67 in such a direction as to
      minimize the error. As will be realized, the single polarity reference
      pulse will cause a slight amount of servo error to cancel the slight
      torquing effect of the single polarity reference pulse. That is, the
      single polarity reference pulse in stator winding 40 tends to create
      another torque component on permanent magnet rotor 67, and in order to
      achieve an overall zero torque effect on the rotor, the servo loop
      feedback signal must change appropriately which in turn means the rotor
      position (i.e., the indicator position) has to be slightly different from
      the one desired. This servo error is small and relatively constant, since
      the time duration of the pulse is of constant magnitude and relatively
      short compared to the remaining torquing cycle, permitting the pointer
      error to be calibrated out. This error could be eliminated if desired by
      applying an equivalent pulse of opposite polarity in a like manner to the
      torquer.
PAR  The compensation circuit 60 provides a lead effect to high frequency
      signals such that the error signal is higher immediately after the
      cessation of the C1 signal than it is at the end of each C positive pulse.
      This provides what is referred to in the art as lead compensation and is
      very similar to rate feedback. The present inventive embodiment did not
      require rate feedback since capacitive compensation is cheaper to
      implement.
PAR  At the beginning of the time period when pulse C2 is positive, the switches
      32 and 34 are changed from their normal condition whereby the amplifier 26
      is driven to an 0 output condition and the input to driver 36 is open. By
      opening the drive lead to stator winding 40, the winding is allowed to
      dissipate its energy quickly before the next C1 reference pulse is
      applied. If this dissipation of energy in winding 40 is not provided, a
      true indication of the position of rotor 67 is not obtained from winding
      46 when the reference pulse is applied. This is due to the flux changes
      generated by the current already in the winding 40. Thus, it is necessary
      in the embodiment illustrated to place the stator winding 40 in a
      quiescent condition for a predetermined time period before applying the
      reference input from 18.
PAR  As previously indicated, the compensation circuit 60 of FIG. 1 provides an
      initial high rate of change upon a sudden change in input and reduces this
      rate of change through the use of capacitive circuitry as the pointer
      approaches the desired indication. If so desired, the rate indication can
      be taken from the back EMF generated by the stator winding. This
      possibility is illustrated in FIG. 5. As shown, the square wave C of FIG.
      6 produces the various outputs C1-C3. While C2 is in a logic 1 condition,
      it operates switches 32 and 34 thus disabling the amplifier 26. After the
      stator current in winding 40 has decayed to zero, any residual voltage at
      junction point 80 in FIG. 5 will be due to back EMF. This back EMF is of
      course proportional to rate. The back EMF is generated by the magnetic
      field of the permanent magnetic rotor 67 cutting through the wires of
      stator winding 40. As will be noted, C3 actuates the sample and hold 82 to
      sample this back EMF after the decay of the stator current. When C3 drops
      to zero, thereby deactivating the input to the sample and hold circuit 82,
      the pulse C1 is activated and C2 is deactivated. At this time, the sample
      and hold circuit 48 establishes an indication of the position of the rotor
      67 and thus of the pointer 44 for feeding back information to the summing
      circuit 12.
PAR  The operation of FIG. 7 is fairly obvious in view of the descriptions of
      operations given above. As will be noted, the switches 106 and 108 will be
      activated to positions opposite those shown when waveform C2 is at a logic
      1 value. The waveform C2 is the same as shown in FIG. 6. During this time
      the stator currents in the motor 112 will be allowed to decay. At the very
      end of this time a sample is taken of the back EMF generated by the
      rotating portion of the DC motor and the rate voltage indication obtained
      is supplied to resistor 126 to be summed with the input signal. Thus, when
      the rate of rotation is proportional to the input, there will be no
      further increase in power supplied to the DC motor 112.
PAR  In view of the comments made previously, it is believed that further
      comments with regard to FIG. 8 are unnecessary since it merely changes the
      circuit of FIG. 4 to use the rotor winding as the reference signal input
      and uses the stator winding as the pickoff winding from which the sample
      and hold signal will be taken and applied to the input amplifier.
PAR  While preferred embodiments of the present invention have been illustrated
      and detailed circuits are provided in FIGS. 4 and 8, the applicant does
      not wish to be limited to only the embodiments shown, but rather to the
      concept of utilizing an indication limited rotation torquer with a stator
      winding and a rotor winding. The inventive concept also includes the
      application of a reference pulse to one of the windings whether it be on
      the stator or the rotor and obtaining a reference indication of rotor
      position from the other winding utilizing this rotor position indication
      to apply torque control signals whereby the rotor is moved to a new
      position more closely indicative of the input signal.
CLMS
STM  In view of the above, I wish to be limited not by the embodiments
      illustrated but rather by the scope of the appended claims, wherein:
NUM  1.
PAR  1. Apparatus for positioning an indicator pointer in closed loop servo
      fashion in accordance with a control signal comprising, in combination:
PA1  prime movement means comprising a permanent magnet motor having a stator, a
      rotor, a control winding coupled with one of said stator and rotor, and a
      feedback winding coupled with the other of said stator and rotor;
PA1  indicator pointer means attached to said rotor for use in displaying
      apparatus input signals;
PA1  first means connected for, effectually, periodically initially applying a
      reference signal to said control winding and then applying a control error
      signal thereto for displacing the rotor in accordance with the error
      signal;
PA1  second means including sample and hold means for sampling a feedback signal
      from said feedback winding during the application of a reference signal to
      said control winding and providing as an output a position signal for a
      predetermined time;
PA1  apparatus input signal supplying means for supplying an input signal the
      value of which is to be displayed by said apparatus; and
PA1  means connected to said first means, said second means and said apparatus
      input signal supplying means for supplying an error signal to said first
      means indicative of a comparison between the position signal and the input
      signal.
NUM  2.
PAR  2. Apparatus as claimed in claim 1 wherein:
PA1  said first means includes means for periodically disconnecting the
      application of all signals to said control winding for predetermined time
      periods immediately prior to application of the reference signal thereto.
NUM  3.
PAR  3. Apparatus as claimed in claim 2 wherein:
PA1  said second means includes circuitry for providing lead compensation in the
      position signal to initially over-emphasize the error signal generated.
NUM  4.
PAR  4. Electromagnetic transducer apparatus comprising, in combination:
PA1  permanent magnet motor means including stator means and rotor means;
PA1  a stator winding coupled to said stator means and a further winding coupled
      to said rotor means, one of said windings being used for a reference
      signal input and the other for a pickoff signal output;
PA1  means for applying a reference pulse to the appropriate winding;
PA1  means for sampling the effects of the applied reference pulse as obtained
      from the pickoff signal winding to obtain an indication of position of
      said rotor means with respect to said stator means;
PA1  means for applying an apparatus input signal, an indication of which is to
      be obtained;
PA1  means for comparing the sampled pulse with the apparatus input signal to
      produce an error signal; and
PA1  means for applying a signal indicative of the error signal to the
      appropriate winding for moving said rotor means toward a value indicative
      of the apparatus input signal.
PATN
WKU  039341976
SRC  5
APN  4209672
APT  1
ART  252
APD  19731203
TTL  Automatic calibration system
ISD  19760120
NCL  2
ECL  1
EXA  Hille; Rolf
EXP  Rolinec; R. V.
NDR  4
NFG  4
INVT
NAM  Pettersen; Aage
CTY  North Reading
STA  MA
INVT
NAM  Schulkind; Herbert
CTY  Natic
STA  MA
ASSG
NAM  Corning Glass Works
CTY  Corning
STA  NY
COD  02
CLAS
OCL  324130
XCL  324 30R
EDF  2
ICL  G01R  102
FSC  324
FSS  130;30
UREF
PNO  3784912
ISD  19740100
NAM  Aken
OCL  324130
OREF
PAL  Cohen et al. "Self-Balancing System for Medical and  Physiological
      Instrumentation", IEEE TRANS on Bio-Medical Engineering, Vol. BME-18, No.
      1, Jan. 1971.
LREP
FR2  Zebrowski; Walter S.
FR2  Patty, Jr.; Clarence R.
FR2  Kurtz; Richard E.
ABST
PAL  An automatic calibration system for pH meters includes a digital counter
      and a digital-to-analog converter which produces an output voltage
      connected to compensate the zero offset DC voltage of the pH measurement
      system. During a calibration operation a switch is closed to reset the
      binary counters and to thereafter supply clock pulses to the counters. As
      these clock pulses are counted, the digital-to-analog converter produces a
      staircase output voltage. This is applied to one input of a difference
      amplifier and the measuring voltage of the pH probe is applied to the
      other input. A detector stops the application of clock pulses to the
      counter when the staircase voltage equals the DC offset voltage of the pH
      measuring probe.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to the automatic calibration of electronic
      instruments and more particularly to the automatic calibration of a pH
      measuring system.
PAR  In presently available pH meters it is necessary to manually calibrate the
      instruments for voltage offsets in the electrodes and in the electronics.
      This is a time consuming job and the accuracy depends upon the operator.
      The usual manual calibration method includes balancing a high impedance
      difference amplifier. The operator observes a meter and adjusts the
      balance until the meter nulls. If more than one calibration point is used,
      error often results. In making a calibration, it is necessary to set both
      the slope and the zero offset.
PAR  Our copending application Ser. No. 453,794 filed Mar. 22, 1974 is directed
      to setting the slope of the instrument.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with this invention an automatic calibration system for
      electronic measuring instruments is provided. The system of this invention
      automatically sets the zero offset calibration. The calibration is easy to
      perform, accurate and repeatable.
PAR  A digital counter has its output connected to a digital-to-analog
      converter. The output of this converter is a voltage which is
      algebraically combined with the measuring voltage to compensate for the DC
      offset in the measuring voltage. During a calibrate operation the counter
      is initially reset and then counts clock pulses. When the output of the
      digital-to-analog converter equals the DC offset voltage, a detector stops
      the counter. The counter accurately retains the correct value necessary to
      compensate for DC offset during long intervals of time between
      calibration.
PAR  The foregoing and other objects, features and advantages of the invention
      will be better understood from the following more detailed description and
      appended claims.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block diagram of the calibration system; and
PAR  FIGS. 2A-2C together form a schematic diagram of the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1 the pH measuring system includes the usual electrodes
      11 which are immersed in a sample. A meter 12 registers the pH of the
      sample solution.
PAR  During a calibration operation the electrodes 11 are immersed in a
      calibrating solution which can have a pH between 5.5 and 9.5. In this
      calibration solution the measurement voltage from the electrodes should be
      zero. However, there are zero offset voltages in both the electrodes and
      in the electronics and these must be compensated in order to obtain a
      calibrated system. The measuring voltage from an electrode is applied to
      one input of the difference amplifier 13. A voltage which compensates for
      the zero offset is applied to the other input of difference amplifier 13.
PAR  This compensating voltage is generated by a counter 14 having its outputs
      connected to the digital-to-analog converter 15. During a calibrate
      operation the switch 16 is moved to the calibrate position. This resets
      the counter 14 and enables the clock 17 to supply clock pulses to the
      counter 14. As the counter 14 counts these clock pulses the
      digital-to-analog converter 15 produces a staircase output voltage. This
      staircase voltage is algebraically added to the measurement voltage from
      the electrode.
PAR  Referring to FIGS. 2A-2C, the input to the automatic calibration circuit is
      applied to the resistor 20. The input is the filtered output from the pH
      pre-amplifier. The input is applied to the inverting input of the
      difference amplifier 21. During the calibration operation a voltage
      staircase is applied to the non-inverting input of difference amplifier
      21. When the algebraic sum of the input measuring signal and the staircase
      voltage reaches zero the calibration phase is automatically terminated.
PAR  The detector which determines when the sum reaches zero includes the
      difference amplifier 22. The non-inverting input of amplifier 22 is biased
      to -1/2 of the least significant bit of the staircase voltage. For
      example, in one embodiment of the invention the staircase voltage has a
      positive range of +8.5 volts. In this case the non-inverting input of
      amplifier 22 is biased to approximately -4.2 volts. The difference
      amplifier 22 stops the calibration phase when the voltage applied to the
      inverting input equals this predetermined voltage applied to the
      non-inverting input. Since the input offset voltage is uniformly
      distributed with respect to the staircase voltage, the detector will on
      the average stop at zero with a standard deviation of 0.28 of the least
      significant bit of the staircase voltage. For the case when the staircase
      voltage reaches exactly -1/2 of the least significant bit, hysteresis is
      added via resistor 23 and diode 24 to ascertain stable detection. In order
      to make the least significant bit stable, it is necessary to increase the
      resolution of the automatic circuit so that it is greater than the digital
      readout.
PAR  The output of the zero crossing detector is level shifted by the transistor
      25 which turns off the oscillator 26. The frequency of this oscillator is
      determined by the resistors 27 and 28 and the capacitor 29 but the
      frequency is not critical.
PAR  When the calibration switch 30 is in its normal position the oscillator 26
      is disabled because ground potential is applied to the input lead 31. This
      prevents the oscillator 26 from operating under conditions when pH
      measurements are being made.
PAR  To initiate a calibrate operation the switch 30 is momentarily actuated to
      the calibrate position. This enables the oscillator 26 and a reset pulse
      is applied over line 32 to the counters 33-35. Counters 33, 34 and 35 are
      synchronous binary counters which produce a 12 bit binary output. This 12
      bit binary output is converted to the staircase voltage by
      digital-to-analog converter 36. The staircase voltage is amplified and
      level shifted in the amplifier 37.
PAR  When the binary counters 33-35 are reset, the staircase voltage starts at
      its lowest value. It increases in steps until it balances the voltage
      offset. The staircase voltage increases until the algebraic sum of the
      staircase voltage and the offset voltage exactly balance each other in the
      output of difference amplifier 21. At this time the calibration operation
      is terminated.
PAR  While a particular embodiment of the invention has been shown and
      described, various modifications are within the true spirit and scope of
      the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic calibration system for an electronic pH measuring system of
      the type which produces a measurement voltage in a predetermined range,
      which represents the pH of a sample being analyzed and which includes a
      fixed zero offset DC voltage comprising:
PA1  a first difference amplifier, said measurement voltage being applied to one
      input to said difference amplifier,
PA1  indicating means operable over the range and connected to the output of
      said first difference amplifier for producing an output indication
      representing the pH of a sample being analyzed, said indication being
      corrected for said fixed zero offset DC voltage,
PA1  a source of clock pulses,
PA1  a counter,
PA1  switch means for resetting said counter at the start of a calibration and
      for supplying said clock pulses to said counter during said calibration,
PA1  a digital-to-analog converter having its input connected to the output of
      said counter, the output of said converter being connected to the other
      input of said difference amplifier to algebraically add said output to
      said measurement voltage, and
PA1  a detector connected to the output of said difference amplifier for
      stopping the supply of clock pulses to said counter when the algebraic sum
      of said measurement voltage and the output of said converter reaches a
      predetermined level.
NUM  2.
PAR  2. The system recited in claim 1 wherein said detector comprises:
PA1  a second difference amplifier, the output of said first difference
      amplifier being connected to one input of said second difference
      amplifier, and
PA1  a source of bias voltage representing said predetermined level connected to
      the other input of said second difference amplifier.
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PAL  The metering of kilowatt hours in a single phase, three wire electrical
      system is accomplished by generating a first analog voltage which is
      representative of the voltage of the power consuming system. Second and
      third analog signals are generated which represent the current flowing
      through each of two of the three wires of the single phase power consuming
      system. The voltage representative analog signal is multiplied by each of
      the second and third current representative analog signals in either a
      direct pulse width amplitude multiplying network or in a feedback type
      pulse width amplitude time division multiplier network. A constant
      amplitude triangular generator is associated with the multiplier and the
      multiplier is implemented using C-MOS technology. The output modulated
      pulse signals from the multiplier are summed and converted in, for
      example, a low pass filter to a signal having an amplitude representative
      of the power in the power consuming system. An analog-to-pulse rate
      converter is used for converting the signal representing the average power
      to a series of output signals having a variable pulse repetition rate
      which is proportional to the average power, each output pulse signal
      representing a quantized amount of electrical energy. A stepping switch
      and register perform conventional accumulation, storage and display
      functions in response to the series of output pulse signals delivered
      thereto.
BSUM
PAC  CROSS REFERENCES TO RELATED PATENT APPLICATIONS
PAR  A related copending U.S. patent application, Ser. No. 361,030, filed May
      17, 1973, now U.S. Pat. No. 3,875,509 in behalf of the inventor-applicant,
      Miran Milkoxic, titled "Electronic Metering of Active Electrical Energy
      (kWh)", discloses and claims a method and apparatus for measuring kWh in
      polyphase systems.
PAR  Another related copending U.S. patent application, Ser. No. 395,142, filed
      Sept. 7, 1973, now U.S. Pat. No. 3,875,508 in behalf of
      inventor-applicant, Miran Milkovic, titled "Metering Electrical Energy
      (kWh) in Single Phase Systems" discloses and claims a method and apparatus
      for metering electrical energy in single phase systems.
PAR  A further related copending U.S. patent application, Ser. No. 365,429, was
      filed on May 31, 1973, now U.S. Pat. No. 3,815,013 in behalf of the
      inventor-applicant, Miran Milkovic, titled "Current Transformer with
      Active Load Termination" which discloses and claims a current-to-voltage
      converter which may be employed to advantage in the invention hereinbelow
      disclosed.
PAR  Another related copending U.S. patent application Ser. No. 346,411, filed
      Mar. 30, 1973, now U.S. Pat. No. 3,815,011 in behalf of the
      inventor-applicant, Miran Milkovic, titled "Current Transformer Terminated
      by Active Load Elements for Providing Phase-Inverted Signals" which
      discloses and claims a current to voltage converter which provides a pair
      of phase inverted output voltages proportional to current in the primary
      winding of a current transformer. The aforesaid Miran Milkovic is the same
      inventor-applicant in whose behalf this application is filed.
PAR  The entire right, title and interest in and to the inventions described in
      the aforesaid patent applications as well as the entire right, title and
      interest in and to the invention hereinafter disclosed as well as in and
      to the patent specification of which this specification is a part are
      assigned to the same assignee.
PAC  BACKGROUND OF THE INVENTION
PAR  The subject invention pertains generally to metering active electrical
      energy by solid state electronic techniques and more particularly in one
      aspect relates to metering active electrical energy (for example, kWh) in
      three-wire, single phase electrical systems.
PAR  Electrical energy (kWh) has been and continues to be metered with the
      familiar rotating disk-type of meter. In addition, the instrumentation and
      metering arts include proposed systems having apparatus employing
      electronic and solid state devices for measuring power and energy. In such
      apparatus, electronic and solid state devices replace the conventional
      rotating disk.
PAR  Further, there is disclosed and claimed in applicant's copending
      applications, referred to above, apparatus and methods for metering
      electrical energy in an electrical system which involves producing analog
      signals from line currents and voltages. Pairs of analog signals
      representing current and voltage variables are processed in time divison
      multiplier networks which multiply the analog signals to produce a series
      of width and amplitude modulated pulse signals, each representing
      instantaneous partial power in a polyphase system and instantaneous total
      power in a single phase system. In the general case of a polyphase system,
      pulse signals from different multiplier networks are summed to provide
      another series of pulse signals each representing instantaneous total
      power. The series of pulse signals representing instantaneous total power
      are processed through a low pass filter to produce another signal
      representative of average total power in the system. Subsequently, the
      signal representing average total power is processed in an analog-to-pulse
      rate converter which produces a series of output pulse signals each
      representing a quantized amount of electrical energy. A stepping switch
      and register perform conventional accumulation, storage and display
      functions in response to the series of output pulse signals delivered
      thereto.
PAR  In the past, when more than one current variable was being detected, a
      corresponding number of multiplier networks has been required in order to
      provide an output signal which was directly proportional to the product of
      the sensed currents and the voltage variable. Because of the electronics
      utilized in the multiplier and because of space requirements, it has
      become desirable to provide an electrical metering system wherein more
      than two electrical current variables can be detected and multiplied by a
      single multiplier circuit to provide a composite signal representative of
      the power flowing in a single phase, multi-wire system.
PAR  It therefore is an object of the present invention to provide a method and
      apparatus for use in a solid state elecrical energy metering system for
      multiplying electrical analog signals representing voltage and at least
      two current variables in a power consuming system to produce a series of
      amplitude and pulse width modulated pulses.
PAR  It is another object of this invention to provide such a multiplier
      apparatus and method utilizing solid state circuitry which may be
      fabricated in the form of monolithic integrated structures.
PAR  It is yet another object of this invention to provide such a method and
      apparatus for use in a solid state electrical energy measuring system
      wherein either a feedback type or a direct type multiplier circuit can be
      utilized to generate a composite signal representing the power consumed in
      a single phase, multi-wire system.
PAC  SHORT STATEMENT OF THE INVENTION
PAR  Accordingly, this invention relates to an electronic kWh meter for metering
      electrical energy in a multi-wire, single phase power consuming system
      which includes means for developing an analog signal representative of the
      voltage of the power consuming system and means for generating at least
      two analog signals representative of the current flowing through the wires
      of said power consuming system. The current and voltage analog signals are
      simultaneously multiplied in either a direct type pulse modulator or in a
      feedback type pulse modulator which functions to simultaneously
      effectively multiply the voltage related analog signal by each of the
      current related analog signals and thereby produce a series of width and
      amplitude modulated pulse signals, each representing a partial
      instantaneous power of the system. The resulting pulse signals are summed
      to provide a composite power signal representing the instantaneous power
      of the power consuming system. The series of pulse signals representing
      the instantaneous total power are processed through a low pass summing
      filter which produces a DC signal representative of the average total
      power in the system. The average total power signal is processed in a
      quantizing analog-to-pulse rate converter which produces a series of
      output pulse signals each representing a quantized amount of electrical
      energy. A stepping switch and register perform conventional accumulation,
      storage and display functions in response to the series of output pulse
      signals delivered thereto.
PAR  Circuits are provided in the multiplier for terminating the instrument
      current transformers in a virtual short circuit condition while enabling
      the development of an output voltage signal which is proportional to the
      current in the primary winding of the transformer and more specifically,
      to terminating an instrument current transformer in a virtual short
      circuit condition while enabling the development of multiple output
      voltage signals, each of which is proportional to current in the primary
      winding of the current transformer as well as phase displaced 180.degree.
      with respect to one another.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Other objects, features and advantages of the present invention will become
      more fully apparent from the following detailed description of the
      preferred embodiment, the appended claims and the accompanying drawings in
      which:
PAR  FIG. 1 is a schematic illustration of the single phase, three-wire
      electronic energy metering system of the present invention;
PAR  FIG. 2 is a more detailed schematic illustration of the metering system of
      the present invention showing a direct type pulse width amplitude
      multiplier;
PAR  FIG. 3 is a schematic illustration of the electrical energy metering system
      of the present invention utilizing a feed-back type pulse width amplitude
      multiplier;
PAR  FIGS. 4a-4e illustrate current transformers terminated in passive and
      active load elements providing phase inverted signals; and
PAR  FIG. 5 is a schematic illustration of a circuit for summing and averaging
      the output of the multiplier.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Refer now to FIG. 1 which is a schematic illustration of the single phase,
      three-wire electrical energy metering system of the present invention. A
      three-wire electrical power consuming system is illustrated having first
      and second voltage sources V.sub.1 and V.sub.2. Voltage source V.sub.1 is
      connected across a load impedance Z.sub.L1 and voltage source V.sub.2 is
      connected across a second load impedance Z.sub.L2 such that a current
      I.sub.1 flows from voltage source V.sub.1 through wire 11 to the load
      impedance Z.sub.L1 and back to the source V.sub.1 along the common wire 12
      connecting the junction of impedances Z.sub.L1 and Z.sub.L2 and the
      junction of the voltage sources V.sub.1 and V.sub.2. The current I.sub.2
      generated by the voltage source V.sub.2 is coupled to the impedance
      Z.sub.L2 and returns to the voltage source V.sub.2, as illustrated along
      wire 13. The voltages V.sub.L1 and V.sub.L2 across the load impedances are
      usually in phase. However, in some cases they are shifted out of phase by
      120.degree. .
PAR  The current transformer CT.sub.1 is connected in circuit with the wire 11
      and the current transformer CT.sub.2 is connected in circuit with the wire
      13 with the middle wire 12 being used as a common return. The secondary
      currents I.sub.1s and I.sub.2s from the transformers CT.sub.1 and
      CT.sub.2, respectively, are each coupled to the multiplier circuit 15
      which will be described more fully hereinbelow.
PAR  A potential transformer PT is connected across the total load impedance of
      the power consuming system which comprises the load resistors Z.sub.L1 and
      Z.sub.L2. Thus, the total primary voltage V.sub.L1 and V.sub.L2 is
      transformed to the secondary of the potential transformer to form the
      secondary voltage V.sub.x wherein V.sub.x is proportional to one-half the
      sum of the voltages V.sub.L1 and V.sub.L2, assuming of course that
      V.sub.L1 and V.sub.L2 are equal or approximately equal. Thus, the
      multiplier 15 has two input currents and one voltage input.
PAR  The output voltages V.sub.P1 and V.sub.P2 of the multiplier 15 are given by
      the following expressions:
EQU  V.sub.P1 = K.sub.1 I.sub.1s V.sub.x                        (1)
PAL  and
EQU  V.sub.P2 = K.sub.2 I.sub.2s V.sub.x                        (2)
PAL  wherein
EQU  V.sub.x = K.sub.3 (V.sub.L1 + V.sub.L2)/2                  (3)
PAL  and wherein K.sub.1, K.sub.2 and K.sub.3 are dimensional constants
      depending upon the gain factors of the multiplier and the potential and
      current transformers. The output signals V.sub.P1 and V.sub.P2 are each
      summed and filtered by a low pass filter 17 to provide a DC signal V.sub.F
      which is proportional to the total average power consummed in the load
      impedances Z.sub.L1 and Z.sub.L2. The voltage V.sub.F may be given by the
      following relationship:
EQU  V.sub.F = K.sub.4 (V.sub.L1 I.sub.1 cos .theta..sub.1) + K.sub.5 (V.sub.L2
      I.sub.2 cos .theta..sub.2)                                (4)
PAL  wherein K.sub.4 and K.sub.5 are dimensional constants, V.sub.L1,2 and
      I.sub.1,2 are RMS voltages and currents, respectively, and .theta..sub.1
      and .theta..sub.2 are the load impedance phase angles of the impedances
      Z.sub.L1 and Z.sub.L2, respectively.
PAR  The DC voltage V.sub.F is converted to a pulse train having a rate which is
      proportional to the amplitude of V.sub.F by means of an analog-to-pulse
      rate converter 19. Such an analog-to-pulse rate converter has been fully
      described in copending U.S. patent application Ser. No. 467,889, filed May
      8, 1974 titled "Analog to Pulse Rate Converter", invented by Miran
      Milkovic and assigned to the common assignee herewith. The disclosure of
      this application is hereby incorporated by reference thereto. The output
      of the analog-to-pulse rate converter 19 is coupled to an output display
      21 which accumulates the pulses generated by the pulse rate converter 19
      and displays and records the output accumulated.
PAR  Refer now to FIG. 2 which is a more detailed illustration of the electrical
      energy metering system of the present invention utilizing a direct-type
      pulse width amplitude multiplier. With reference to FIG. 2, there is shown
      a pair of input terminals 23 and 25 to which the system load voltage
      V.sub.P is applied. The voltage V.sub.P is transformed by a potential
      transformer 26 to a first analog signal .+-.V.sub.x which is applied
      through a resistor 27 to an input of a comparator 29. The comparator 29
      also receives as an input a cyclically varying reference signal V.sub.T
      which is in the form of a triangular wave generated by a triangle wave
      generator (not shown). The output of the comparator 29 which is a linear
      superposition of the input signal .+-.V.sub.X and V.sub.T is applied to an
      inverter 31. The output of the inverter 31 is coupled to a pair of bipolar
      switches 33 and 35 which are illustrated schematically in FIG. 2 for
      simplicity in describing the present invention.
PAR  A pair of current transformers CT.sub.1 and CT.sub.2 are shown having their
      primary windings 38 and 40, respectively, connected in series with two
      wires of a three wire, single phase power consuming system. It should be
      understood that while only two current transformers are required for a
      three wire, single phase system, in general (N-1) current transformers and
      bipolar switches would be required for an N wire, single phase system.
PAR  The line current passing through the primary winding 38 is transformed by
      the current transformer CT.sub.1 and appears as an analog voltage
      .+-.V.sub.Y1 which is coupled to an inverter circuit 41 to be described
      hereinbelow. The output of the inverter includes a signal .+-.V.sub.Y on
      line 43 and a second signal .+-.V.sub.Y (i.e. 180.degree. out of phase to
      .+-.V.sub.Y) which appears on line 45. The line current passing through
      the primary of current transformer CT.sub.2 is transformed by the current
      transformer CT.sub.2 and coupled to a second inverter 47 which will be
      described more fully hereinbelow. The inverter 47 provides two output
      voltages, one .+-.V.sub.Y2 and the other .+-.V.sub.Y2 appearing on lines
      49 and 51, respectively.
PAR  When the voltage output of inverter 31 is high or positive, the lines 43
      and 49 are connected through the bipolar switches 33 and 35, respectively,
      to summing resistors 53 and 55, respectively. When, however, the output
      voltage of inverter 31 goes low or negative, the lines 45 and 51 are
      connectd through the bipolar switches 33 and 35 to the summing resistors
      53 and 55, respectively.
PAR  In operation, the transformed voltage signal .+-.V.sub.x is coupled to one
      input of the comparator 29. To the other input of the comparator 29 is
      coupled a triangular waveform V.sub.T having a frequency of F.sub.S which
      in the preferred embodiment is about 10 kHz. The output of the comparator
      29 is a pulse width modulated pulse train having a pulse width which is
      proportional to the amplitude of the signal V.sub.x and of a frequency
      which is determined by the triangular waveform V.sub.T. This pulse width
      modulated signal is utilized to drive the bipolar switches 33 and 35
      simultaneously. The bipolar switches 33 and 35 in turn alternately couple
      the signals .+-.V.sub.Y1 and .+-.V.sub.Y2 which appear on lines 43, 45 and
      49, 51 to the summing resistors 53 and 55, respectively, to provide a
      pulse width amplitude modulated signal in each of the resistors 53 and 55.
      Thus the output signals coupled to the resistors 53 and 55 averaged over a
      period T.sub.S is proportional to the instantaneous power in each of the
      load impedances of the three wire, single phase power consuming system.
      These signals are summed in a low pass filter 17 and apporpirately
      filtered (i.e., integrated over the period of the system voltage) to
      provide a DC signal V.sub.F at the output of the low pass summing filter
      17 which is given by the following expression:
EQU  V.sub.F = K.sub.6 V.sub.P (I.sub.1 cos .theta..sub.1 + I.sub.2 cos
      .theta..sub.2) = K.sub.7 P                                (5)
PAL  where K.sub.6 and K.sub.7 are dimensional constants, .theta..sub.1 is the
      phase angle between V.sub.P and I.sub.1, .theta..sub.2 is the phase angle
      between V.sub.P and I.sub.2, P is the active power, and V.sub.P, I.sub.1
      and I.sub.2 are RMS values of the signals at the input terminals of the
      potential and current transformers 26, CT.sub.1 and CT.sub.2,
      respectively.
PAR  The function of the analog-to-pulse rate converter 19 is to integrate and
      quantize the active power P which active power is proportional to the
      voltage V.sub.F at the output of the low pass filter 17. The
      analog-to-pulse rate converter 19 may be of any desired design known in
      the art, however, it may preferably take the form fully explained in the
      aforementioned copending application Ser. No. 467,889. Also, as fully
      explained in this copending application, the output of the analog-to-pulse
      rate converter 19 is a pulse train wherein each pulse represents a
      quantized amount of energy given by the expression:
EQU  W.sub.q = K.sub.8 PT.sub.q                                 (6)
PAL  where K.sub.8 is a dimensional constant, T.sub.q is the quantization time
      and P is the measured system power. Thus the analog-to-pulse rate
      converter 19 delivers a series or train of pulses at its output with the
      accumulated number of output pulses representing the total electrical
      energy of the system. The output of the analog-to-pulse rate converter 19
      is coupled to a register and display unit 21 which accumulates pulses and
      operates to display and record in decimal units the accumulated energy in
      kWh.
PAR  Refer now to FIG. 3 which is an alternate embodiment of the electrical
      energy metering system of the present invention wherein a feedback type
      pulse width amplitude multiplier is disclosed. The input terminals 23 and
      25 of a potential transformer 26 are coupled across the load of a single
      phase, three-wire power consuming system. The transformed voltage signal
      .+-.V.sub.x is coupled to an amplifier 61. The output of amplifier 61 is
      coupled to a comparator 71 via a resistor 73. To the other input of the
      comparator 71 is coupled a triangular waveform V.sub.T having a freqency
      F.sub.S which is large compared to the line frequency of the power
      consuming system. In the preferred embodiment, the frequency F.sub.S is 10
      kHz. THe output of the comparator 71 is utilized to simultaneously drive
      three bipolar switches 75, 33 and 35. It should be understood, however,
      that each of the bipolar switches in a practical embodiment are formed of
      complementary MOS field effect transistors which function as switching
      elements in the manner described in the copending U.S. patent application
      Ser. No. 474,519, filed May 30, 1974 of Miran Milkovic titled "C-MOS
      Electronic kWh Meter and Method for Metering Electrical Energy", which is
      incorporated herein by reference thereto. Bipolar switch 75 alternately
      couples a positive reference voltage V.sub.R and a negative reference
      voltage -V.sub.R to the input of the amplifier 61 via feedback resistor 77
      which signal alternately charges and discharges the feedback capacitor 79
      which is connected across the amplifier 61.
PAR  For an input voltage V.sub.x equal to zero, the output of the comparator 71
      consists of symmetrical pulses having a frequency of 10 kHz. This pulse
      train is used to drive analog switch 75 which switches the resistor 77 to
      +V.sub.R and to -V.sub.R, thus producing equal currents V.sub.R /R.sub.77
      into the summing point 60 of the amplifier 61.
PAR  The capacitor 79 is thus charged and discharged by equal currents so that
      the average value of the voltage across the capacitor is zero. For V.sub.x
      greater than zero, this balance in voltage is changed because capacitor 79
      is no longer charged and discharged with equal currents. As a result, the
      voltage across the capacitor is no longer equal to zero. Due to the
      non-symmetry of the charging and discharging currents in the capacitor 79
      due to the feedback circuit including the resistor 77, the signal at the
      output of comparator 71 no longer includes symmetrical pulses which are
      required to maintain the summing point 60 of the amplifier 61 at virtually
      zero potential. Thus, it can be shown that for the resistors 27 and 77
      being equal, the duty cycle of the output voltage of the comparator 71 is
      given as follows:
EQU  T.sub.A /T.sub.S = 1/2(1 - [V.sub.x /V.sub.R ])            (7)
PAL  wherein T.sub.S is the period of the triangular waveform V.sub.T and
      T.sub.A is the pulse width of the positive going portion of the output of
      comparator 71. It therefore can be seen that the value of T.sub.A is
      directly proportional to the input voltage V.sub.x provided the reference
      voltage level V.sub.R is maintained constant.
PAR  Current transformers CT.sub.1 and CT.sub.2 are each connected in circuit
      with two lines of a three-wire, single phase power consuming system.
      Current transformer CT.sub.1 transforms the current I.sub.1 in one line of
      the power system and couples the transformed current signal to an inverter
      circuit 41 while the current transformer CT.sub.2 transforms the current
      I.sub.2 flowing in a second wire of the three wire system and couples the
      transformed current to a second inverter 47. Inverters 41 and 47, which
      will be disclosed more fully hereinbelow, provide 180.degree. out of phase
      signals on lines 43, 45 and 49 and 51. Thus, the signal on line 43 is
      .+-.V.sub.Y1 while the signal on line 45 is .-+.V.sub.Y1 ; the signal on
      line 49 is .+-.V.sub.Y2 and the signal on line 51 is .-+.V.sub.Y2. These
      signals are amplitude modulated by the output of comparator 71 which
      switches the bipolar switches 33 and 35 at a rate depending upon the
      output of the comparator 71. Thus, if the output of comparator 71 is a
      train of symmetrical pulses, the analog switches 33 and 35 switch the
      signals .+-.V.sub.Y1 and .+-.V.sub.Y2 to the output resistors 53 and 55 in
      such a way that the value of the voltage coupled to the resistors is equal
      to zero averaged over one period of the line voltage. However, if the
      output of comparator 71 is non-symmetrical, the value of the signals
      coupled to the resistors 53 and 55 becomes larger than zero.
      Mathematically, this can be described by the following expressions:
EQU  V.sub.P1 = V.sub.Y1 ([2T.sub.A /T.sub.s ] - 1)             (8)
PAL  and
EQU  V.sub.P2 = V.sub.Y2 ([2T.sub.A /T.sub.s - 1)               (9)
PAL  By combining equation (7) into the aforementioned equations, the composite
      output voltage coupled to the summing low pass filter 17 is given as
      follow:
EQU  V.sub.P = V.sub.P1 + V.sub.P2 = - [V.sub.x /V.sub.R ] (V.sub.Y1 +
      V.sub.Y2)                                                 (10 )
PAL  Thus, it can be seen that the output voltage from the multiplier is
      directly proportional to the product of V.sub.x and (V.sub.Y1 + V.sub.Y2),
      provided, of course, the resistors 27 and 77 are equal and V.sub.R is a
      constant reference potential.
PAR  As in the case of the embodiment illustrated in FIG. 2, the summing low
      pass filter 17 sums the voltages appearing at the input thereof and
      filters out the high frequency components thereof to provide a DC signal
      V.sub.F which is proportional to the sum of the partial power dissipated
      in the three-wire, single phase power consuming system. This signal
      V.sub.F is converted to a pulse train by the analog-to-pulse rate
      converter 19, the output of which is accumulated, recorded and displayed
      in the display system 21.
PAR  Refer now to FIGS. 4a - 4e which illustrate different forms of the
      inverting circuits 41 and 47. Illustrated in FIG. 4a is a current
      transformer CT having a primary winding 103 and a secondary winding 105
      with a current I.sub.P flowing through the primary winding 103 and a
      current I.sub.S induced in the secondary winding 105. The secondary
      current I.sub.S is converted to equal but inverted voltages +V.sub.Y and
      -V.sub.Y by means of a pair of resistors 107 and 109 which are connected
      across the secondary 105 of the current transformer. The values of the
      resistors 107 and 109 are equal and of very low value in order to provide
      for a virtual short circuit condition in the secondary 105 of the current
      transformer.
PAR  An improved arrangement is illustrated in FIG. 4b wherein the current
      transformer CT has a center tap in its secondary 105 to thereby avoid the
      requirement for a pair of low value, matched resistors such as is required
      in the embodiment of FIG. 4a. Hence, resistor 111 while being of low value
      to provide for a virtual short circuit condition in the secondary of the
      current transformer CT does not have to be matched with any other
      resistors to provide for equal and opposite voltages on the output leads
      thereof.
PAR  The circuit of FIG. 4c provides an even further improvement over the
      circuits illustrated in FIGS. 4a and 4b. A low value resistor 113 is
      connected across the secondary 105 of the current transformer CT but
      dissipates less current than in the resistor 111 or the resistors 107 and
      109 shown in FIGS. 4b and 4a, respectively, because of the operational
      amplifier 115 and input resistor 117 which is connected thereacross. The
      operational amplifier 115 has a feedback resistor 119 connected
      thereacross which is of the same value as input resistor 117 so that the
      operational amplifier 115 has a unity gain. Thus the output -V.sub.y of
      the operational amplifier 115 is of the same magnitude but of opposite
      phase to the signal +V.sub.y at the junction of resistor 113 and input
      resistor 117.
PAR  In FIG. 4d another circuit for providing phase inverted output signals is
      illustrated wherein an inverting operational amplifier 121 is coupled
      across the secondary of the current transformer CT. The output of the
      operational amplifier is coupled by means of resistor 123 to an inverting
      operational amplifier 125, with operational amplifier 125 having a
      resistance 127 connected across the input and output terminals thereof,
      whiich resistance is equal to the resistor 123. Thus the output of the
      operational amplifier 125 is equal in magnitude but opposite in phase to
      the signal output of the operational amplifier 121. The output of
      operational amplifier 121 is resistive feedback coupled through resistor
      142, as shown in FIG. 4d, to the secondary 105 of the current transformer,
      thus the input of operational amplifier 121 is at virtual ground.
PAR  Still another method of providing inverted output signals from a current
      transformer is illustrated in FIG. 4e wherein two trans-resistance
      amplifiers 131 and 133 are provided which include operational amplifiers
      135 and 137, respectively, which are connected in a push-pull arrangement.
      Since each of the operational amplifiers 135 and 137 has feedback
      resistors 139 and 141, respectively, connected across the input and output
      terminals thereof, the input terminals of the amplifiers 135 and 137 are
      at virtual ground in accordance with principles well known in the art.
      Thus a virtual short circuit appears across the secondary 105 of the
      current transformer CT with the output of the trans-resistance amplifier
      arrangement 131 being equal to the secondary current I.sub.S times the
      value of resistor 139. The output of the trans-resistance amplifier
      arrangement 133 is of exactly the same magnitude but of opposite polarity
      to the signal at the output of the operational amplifier 135 provided, of
      course, that the resistor 141 is equal to the resistor 139. Thus, the
      embodiment of FIG. 4e provides an inverter circuit which presents a
      virtual short circuit to the secondary winding 105 of the current
      transformer. It should be understood that any one of the circuits
      illustrated in FIGS. 4a-4e could be utilized for providing the inverted
      signals to the bipolar switches 33 and 35 illustrated in FIGS. 2 and 3.
PAR  Refer now to FIG. 5 which shows a preferred embodiment of the low pass
      filter arrangement of the present invention. Shown schematically coupled
      to the multiplier 15 which, as aforementioned, may be of the direct or the
      feedback type, is the voltage V.sub.x from the potential transformer and
      the voltages V.sub.Y1 and V.sub.Y2 which are derived from the respective
      current transformers. The outputs of the multipliers are coupled to a pair
      of resistors 53 and 55 which resistors are coupled to a source of
      reference potential such as ground by means of respective capacitors 54
      and 56. The capacitors 54 and 56 in combination with the resistors 53 and
      55 provide for a low pass filter thereby converting the outputs of the
      multiplier to DC signals having a value which is proportional to the
      partial powers generated by the product of the voltage V.sub.x and the
      current related voltages V.sub.Y1 and V.sub.Y2 . These DC signals are then
      coupled to a summing amplifier of conventional design via resistors 99 and
      101.
PAR  The aforegoing description of the preferred embodiment of applicant's
      invention illustrates a method and apparatus for measuring the energy
      consumed in a single phase, three-wire electrical system. However, it
      should be understood that the energy consumed in a single phase multi-wire
      electrical system can be measured using the concepts of the present
      invention simply by utilizing additional current transformers and
      inverters together with additional bipolar switches as would be obvious to
      one of ordinary skill in the art from the teachings of the aforementioned
      detailed description of the preferred embodiment of applicants's
      invention. The outputs of the bipolar switches can be appropriately
      filtered and summed in a summing amplifier and then converted to a pulse
      train for eventual display in an output display system. Accordingly, by
      the present invention applicant has disclosed a preferred embodiment of an
      invention for measuring the energy consumption in a single phase,
      multi-wire system utilizing C-MOS technology in such a manner that an
      efficient and accurate energy measuring system is provided.
PAR  While the present invention has been disclosed in connection with a
      preferred embodiment thereof, it should be obvious to one of ordinary
      skill in the art that there may be alternative embodiments which fall
      within the spirit and scope of the invention as defined by the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In an N wire, single phase power consuming system, an electronic kWh
      meter for metering electrical energy comprising
PA1  means for generating a first analog voltage representative of the voltage
      across the load impedance of said system,
PA1  means for generating N-1 analog signals representative of the current
      flowing through each of N-1 wires,
PA1  a multiplier means for simultaneously producing N-1 output signals
      representative of the product of said first analog voltage and each of
      said said N-1 current representative analog voltages, said product signals
      each being proportional to an instantaneous partial power consumed in said
      system,
PA1  means receiving said product signals for deriving signals proportional to
      the average partial power consumed in said system, and
PA1  means for summing said average partial power signals to derive the average
      power consumed in said N-wire single phase system.
NUM  2.
PAR  2. The electronic kWh meter of claim 1 wherein said multiplier means
      comprises
PA1  means for generating a cyclically varying reference signal, said reference
      signal having a frequency which is high compared to the line frequency of
      said system,
PA1  means for linearly superimposing said reference signal and said first
      analog signal to form a pulse train which is pulse width modulated in
      accordance with said first analog voltage, and
PA1  N-1 bipolar switches for selectively coupling said N-1 current
      representative voltages to said average partial power signal deriving
      means, said N-1 bipolar switches being activated by said width-modulated
      pulse train to form at the multiplier output a plurality of output pulse
      trains each representative of instantaneous partial power in said system.
NUM  3.
PAR  3. The electronic kWh meter of claim 2 wherein said multiplier includes
      means for generating an additional N-1 current representative analog
      signals, each phase shifted 180.degree. with respect to said first N-1
      current representative analog signals but equal in amplitude thereto, and
      wherein said N-1 bipolar switches each comprises an output terminal and
      first and second input terminals, and means coupling said current
      representative analog signals to said first input terminal and said
      additional current representative analog signals to said second input
      terminal, and means for coupling said width modulated pulse train to said
      N-1 bipolar switches to control the coupling of said first and second
      input terminals to said output terminal.
NUM  4.
PAR  4. The electronic kWh meter of claim 3 wherein said means for generating an
      additional N-1 current representative analog signals comprise N-1
      inverters.
NUM  5.
PAR  5. The electronic kWh meter of claim 4 wherein said inverters each comprise
      a first operational amplifier resistive feedback coupled to the output of
      said means for generating said analog signals representative of the
      current flowing through said wires, and a second operational amplifier
      connected to the output of said first operational amplifier and having
      unity gain, said second operational amplifier providing an output which is
      equal in magnitude but opposite in phase to the output of said first
      operational amplifier, wherein the input of said first operational
      amplifier is at virtual ground.
NUM  6.
PAR  6. The electronic kWh meter of claim 4 wherein said inverters each comprise
      a pair of operational amplifiers connected in a push-pull arrangement to
      the output of said means for generating said analog signals representative
      of the current flowing through said wires, each operational amplifier
      providing an output which is equal in magnitude but opposite in phase to
      the output of the other and wherein the input terminals of said
      operational amplifiers are at virtual ground.
NUM  7.
PAR  7. In a three-wire, single phase, power consuming system, an electronic kWh
      meter for metering electrical energy comprising
PA1  means for generating a first analog voltage representative of the voltage
      across the load impedance of said system,
PA1  means for generating two analog signals representative of the current
      flowing through two wires of said three-wire system,
PA1  a multiplier means for simultaneously producing two output signals
      representative of the product of said first analog voltage and each of
      said two current representative analog voltages, said product signals each
      being proportional to an instantaneous partial power consumed in said
      system,
PA1  means receiving said product signals for deriving signals proportional to
      the average partial power consumed in said system, and
PA1  means for summing said average partial power signals to derive the average
      power consumed in said three wire, single phase system.
NUM  8.
PAR  8. The electronic kWh meter of claim 7 wherein said multiplier means
      comprises:
PA1  means for generating a cyclically varying reference signal, said reference
      signal having a frequency which is much greater than the line frequency of
      said system,
PA1  means for linearly superimposing said reference signal and said first
      analog signal to form a pulse train which is pulse width modulated in
      accordance with said first analog voltage,
PA1  two bipolar switches for selectively coupling said two current
      representative voltages to said average partial power signal deriving
      means, said bipolar switches being actuated by said width modulated pulse
      train to form at the multiplier output a plurality of output pulse trains
      each representative of the instantaneous power in said system.
NUM  9.
PAR  9. The electronic kWh meter of claim 8 wherein said multiplier includes
      means for generating an additional two current representative analog
      signals, each phase shifted 180.degree. with respect to said first two
      current representative analog signals but equal in magnitude thereto, and
      wherein said bipolar switches each comprise an output terminal and first
      and second input terminals, means for coupling said current representative
      analog signals to said first input terminals of said bipolar switches and
      means for coupling said additional current representative analog signals
      to said second input terminal of said bipolar switches, and means
      responsive to said width modulated pulse train for coupling said analog
      signals at said first and second terminals of said bipolar switches to
      said output terminals thereof.
NUM  10.
PAR  10. The electronic kWh meter of claim 9 wherein said means for generating
      an additional current representative analog signal comprises an inverter.
NUM  11.
PAR  11. The electronic kWh meter of claim 10 wherein said inverter comprises a
      first operational amplifier resistive connected to the output of said
      means for generating a current representative analog signal, the input of
      said operational amplifier being at virtual ground, and a second
      operational amplifier connected to the output of said first operational
      amplifier and having unity gain, the output of said second operational
      amplifier being equal in magnitude but opposite in phase to the output of
      said first operational amplifier.
NUM  12.
PAR  12. The electronic kWh meter of claim 10 wherein said inverter comprises a
      pair of operational amplifiers connected in a push-pull arrangement across
      the output of said means for generating said analog signals representative
      of the current flowing through said wires, said operational amplifiers
      having the same gain and each providing an output which is equal in
      magnitude but opposite in phase to the other.
NUM  13.
PAR  13. In an N wire, single phase, power consuming system, a method of
      metering electrical energy comprising the steps of:
PA1  generating a first analog voltage representative of the voltage across the
      load impedance of said system,
PA1  generating N-1 analog signals representative of the current flowing through
      each of said N-1 wires,
PA1  simultaneously producing N-1 output signals representative of the product
      of said first analog voltage and each of said N-1 current representative
      analog voltages, said product signals each being proportional to an
      instantaneous partial power consumed in said system,
PA1  deriving in response to said product signals signals proportional to the
      average partial power consumed in said system, and
PA1  summing said average partial power signals to derive the average power
      consumed in said N wire, single phase system.
NUM  14.
PAR  14. The method of claim 13 wherein said simultaneously producing step
      comprises the steps of generating a cyclically varying reference signal,
      said reference signal having a frequency which is high compared to the
      line frequency of said system, linearly superimposing said reference
      signal and said first analog signal to form a pulse train which is pulse
      width modulated in accordance with said first analog voltage, selectively
      coupling said N-1 current representative voltages to an output in
      accordance with said width modulated pulse train to form at the output a
      plurality of output pulse trains each representative of instantaneous
      partial power in said system.
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PAL  A non-destructive method of testing an electrical circuit includes
      observing birefringent changes in a layer of liquid crystals during the
      operation of the circuit. The method comprises applying the layer of
      liquid crystals over the circuit with the liquid crystal molecules
      oriented in the same direction. A beam of light is directed through the
      layer of liquid crystals with an optical system adapted to make the
      birefringent changes visible. The circuit is energized with either an ac
      or a dc voltage, and the birefringent changes produced by the electric
      fields, and/or the currents, and/or the temperature distributions in the
      layer of liquid crystals are observed so that a comparison can be made
      between the observed birefringent changes and birefringent changes
      produced by a normally operating circuit.
BSUM
PAR  This invention relates generally to a method of testing an electrical
      circuit, and more particularly to a non-destructive method of testing an
      electrical circuit by observing birefringent changes in a layer of liquid
      crystals applied over the circuit during the operation of the circuit. The
      novel method of the present invention is particularly useful for testing
      relatively complex integrated circuits in a non-destructive manner.
PAR  Liquid crystal techniques have been proposed for studying semiconductor
      devices. The prior-art liquid crystal techniques, however, rely on
      observing only changes in the color and/or the opacity of the liquid
      crystals to indicate certain operating characteristics of the
      semiconductor device. Temperature changes in a circuit device, for
      example, cause coloration effects in cholesteric liquids; and electrical
      conduction in nematic liquids produce a turbulence phenomenon known as
      dynamic scattering. By way of contrast, the novel method of testing
      electrical circuits makes use of birefringent changes (optical phase
      changes) in a clear layer of liquid crystals.
PAR  A serious difficulty in the development and manufacture of integrated
      circuits has been the inability to observe or to measure the internal
      functioning of these circuits easily. Complex integrated circuits of the
      type comprising more than 100 transistors and a corresponding number of
      interconnections and crossovers, for example, have been tested in the
      prior art by examining the outputs of these circuits at a plurality of
      terminals. One is obviously handicapped when he tries to diagnose a fault
      location and failure mechanism of an improperly operating device or
      circuit. Even very simple integrated circuits are not easily probed for
      electric fields and currents within individual transistors or other
      structures. The importance of a practical method of testing integrated
      circuits by making visible their electric fields, currents, and
      temperature patterns is, therefore, quite apparent.
PAR  Briefly stated, the present novel method of testing an electrical circuit
      comprises applying a layer of liquid crystals over the circuit with
      substantially all of the liquid crystal molecules oriented in the same
      direction. A beam of light is directed through the layer of liquid
      crystals with an optical system adapted to make visible any birefringent
      changes occurring in the liquid crystal layer during the operation of the
      circuit. The circuit is energized with either an ac or dc voltage, and the
      birefringent changes in the layer of liquid crystals due to the electric
      fields, and/or the currents, and/or the temperature distributions in the
      energized circuit are observed. The observed birefringent changes can then
      be compared with birefringent changes produced by a similar normally
      operating circuit to determine the condition of the circuit under test.
PAR  By the term "layer of liquid crystals" is meant a layer of liquid crystal
      material; and by the term "molecules oriented in the same direction" is
      meant that the layer has a substantially unidirectional liquid ordering or
      orientation, as opposed to a random orientation.
DRWD
PAR  The novel method will be explained with the aid of the accompanying
      drawings wherein:
PAR  FIG. 1 is a fragmentary, perspective view of an electrical circuit on a
      substrate, showing a layer of liquid crystals over the circuit, and a
      cover glass (with parts cut away) over the layer of liquid crystals in
      preparation for testing the circuit by the novel method;
PAR  FIG. 2 is a cross-sectional view of a circuit on a substrate, showing a
      passivating layer, a layer of liquid crystals, and a cover glass over the
      circuit, in the order named;
PAR  FIG. 3 is a schematic drawing of an optical system for directing a beam of
      light through a layer of liquid crystals on a circuit under test, in
      accordance with the novel method; and
PAR  FIG. 4 is a schematic diagram of a portion of a circuit under test by the
      novel method, showing where birefringent changes may occur during the
      testing procedure.
DETD
PAR  Similar parts will be designated by similar reference numerals in each of
      the FIGS. 1-4.
PAR  Referring now to FIG. 1 of the drawing, there is shown a semiconductor chip
      10 for an electrical circuit either of the integrated type, thin film
      type, or thick film type used in the semiconductor art. The chip 10
      comprises a substrate 12 such as of silicon, for example for supporting a
      plurality of metalized interconnections, including terminals 14, between
      circuit elements either diffused in, or disposed on, the substrate 12, in
      a manner well known in the semiconductor art. The circuit is cleaned, as
      by boiling it in trichlorethylene for about 10 minutes, and a layer 16 of
      liquid crystals is applied over the cleaned circuit. The liquid crystal
      layer 16 can be applied easily from a hypodermic syringe. A cover glass 18
      is applied over the layer 16.
PAR  The liquid crystal layer 16 is preferable of the nematic type, such as
      N-(p-methoxybenzilidene) -p-butylaniline (called MBBA),
      N-(p-ethoxybenzilidene) -p-butylaniline called (EBBA), Liquid Crystal
      11900 of Eastman Organic Chemical, Eastman Kodak Co., Rochester, N.Y. or
      mixtures of MBBA and EBBA, for example. Cholesteric liquid crystals, such
      as cholesteryl oleyl carbonate, for example, can also be used.
PAR  Referring now to FIG. 2 of the drawing, there is shown a chip 20 for an
      integrated circuit substantially similar to that shown in FIG. 1 with the
      exception that a passivating layer 21, such as of silicon dioxide, for
      example, is applied over the integrated circuit, except for the terminals
      14. Electrical connections to the terminals 14 are made by wires 22,
      either bonded to the terminals 14 or held in mechanical contact with them
      for energizing the circuit from a suitable power supply (not shown). The
      liquid crystal layer 16 is over the passivating layer 21; and the cover
      glass 18 is over the layer 16.
PAR  The cover glass 18 is sufficiently light in weight so that the surface
      tension of the liquid crystals draws the cover glass 18 against the liquid
      crystals, forcing the liquid crystals to form the layer 16 of uniform
      thickness. The viscosity of the liquid crystal layer 16 is sufficient to
      maintain the light cover glass 18 in position. The cover glass 18 may,
      however, be moved about slightly over the circuit by pushing it with a
      probe, or the like. The cover glass 18 should be of a size such that it
      covers the active portions of the circuit but allows access to the
      terminals 14 at the periphery of the circuit for providing electrical
      connections (e.g. wires 22) thereto.
PAR  The liquid crystal molecules must have specific and uniform orientation
      with respect to their confining surfaces of the cover glass 18 and the
      circuit. The uniform orientation (ordering) of the liquid crystal molecule
      is accomplished by treating the surfaces that are in contact with the
      liquid crystal layer 16 with a suitable surfactant that promotes the
      alignment of the liquid crystal molecules. A satisfactory technique for
      promoting a molecular alignment perpendicular to the confining surfaces is
      to apply a drop of a solution of lecithin dissolved in trichlorethylene
      (lg lecithin in 40 ml trichlorethylene) to the circuit and then spin it
      rapidly to dry it, leaving a uniform coating of the dried liquid on the
      surface. The surface of the cover glass 18 is also coated with the
      lecithin solution, as by touching it momentarily to a filter paper
      dampened with the lecithin solution and allowing the cover glass 18 to
      dry. In addition to the surfactant, lecithin, other surfactants, such as
      N, N-dimethyl -N- octadecyl-3-amino proplytrimethoxy silyl chloride
      (called DMOAP, sold by Dow Corning as XZ2-2300), for example, may also be
      used. It is also with in the contemplation of the novel method to dissolve
      a suitable surfactant in the liquid crystal layer 16 for orienting
      (ordering) the molecules therein, as described in U.S. Pat. No. 3,656,834.
PAR  Regions of selective changes in the orientation of the liquid crystal
      molecules are produced by various processes resulting from the operation
      of the circuit under test. Electric field effects that change the
      direction of the liquid crystal ordering are produced by electric fields
      associated with the operating circuit above a critical field strength. For
      liquid crystals of negative dielectric anisotropy such as MBBA, for
      example, the field component parallel to the original alignment produces
      this effect. For positive dielectric materials, the perpendicular field
      component acts. When there is an insulating layer, such as the passivating
      layer 21 (FIG. 2) between the liquid crystal layer 16 and the sources of
      the electric field, the field effect occurs only when the circuit is
      energized by ac or pulsed fields, since constant electric fields produce
      self-cancellation charge accumulations on the insulating surface of the
      passivating layer 21.
PAR  Electrical conduction effects are associated with the conduction of current
      in the liquid crystal layer 16 due to either defects in the (passivating)
      insulating layer 21 over the circuit under test or to the absence of such
      an insulating layer 21. The conduction effects occur only for dc fields,
      and these effects distort the order (orientation) of the alignment
      molecules in the liquid crystal layer 16.
PAR  Nematic-isotropic transition (temperature) effects are due to a reversible
      phase transition from an ordered (nematic) state to an unordered or
      isotropic state occurring above a specific temperature. Thus, local
      heating of the circuit under test causes this effect in the region of the
      liquid crystal layer 16 adjacent to the heated region.
PAR  All of the aforementioned effects, namely the electric field effect, the
      conduction effect, and the nematic-isotropic transition (temperature)
      effect, may occur in the same circuit under test and reflect different
      aspects of the circuit operation. These effects do not require the
      electric fields or currents to completely traverse the liquid crystal
      layer 16, a partial penetration being sufficient. Hence, the resolution of
      these effects is not limited by the thickness of the liquid crystal layer
      16.
PAR  The aforementioned regional changes in the ordering of the liquid crystal
      layer 16 manifest themselves optically as refractive index inhomogeneities
      and polarization rotations because of the natural birefringence of the
      liquid crystal material. Referring now to FIG. 3 of the drawing, there is
      shown an optical system 30 for observing these inhomogeneities in the
      circuits on the chips 10 and 20 in FIGS. 1 and 2, respectively. The
      optical system 30 comprises essentially a standard metallurigical
      microscope having a light source 32, a half-silvered (semi-transparent)
      mirror 34, an objective lens 38, and an eyepiece 40. The optical
      inhomogeneities in the liquid crystal layer 16 are made visible by the
      action of linear polarizers 42 and 44 which are initially crossed to
      substantially extinguish reflected light from the ordered liquid crystal
      molecules on the circuit under test. The optical homogeneities in the
      birefringent liquid crystal layer 16 rotate the polarization of light
      passing through the liquid crystal layer 16, allowing it to pass through
      the polarizer (analyzer) 44. Thus, light from the light source 32 passes
      through the polarizer 42, is reflected from the mirror 34, passes through
      the objective lens 38, and is directed through the liquid crystal layer 16
      on the circuit on the chip 10 or 20. The polarized light is then reflected
      back through the liquid crystal layer 16, through the objective lens 38,
      the semi-transparent mirror 34, the eyepiece 40, the polarizer (analyzer)
      44, and into the eye 46 of an observer. What is observed are bright images
      of the optical phase changes induced in the liquid crystal layer 16 by the
      electric fields on the surface of the integrated circuit, and/or
      electrical conduction through defects in the passivating (insulation)
      layer 21 and/or regions on the circuit where the conduction causes local
      heating sufficient to produce a nematic-isotropic (temperature)
      transition.
PAR  It is within the contemplation of the present invention to use optical
      systems employing means other than the linear polarizers 42 aand 44 to
      detect the birefringence and rotary effects in the liquid crystal layer 16
      on the circuit under test. For example, crossed circular polarizers, phase
      contrast, and Schlieren optical systems may also be used since these
      optical systems are also sensitive to bifringence and rotary effects in
      the liquid crystal layer 16.
PAR  Examples of observed effects in an integrated circuit under test (such as
      on the chips 10 or 20, for example) by the novel method will now be
      described in conjunction with the schematic diagram of FIG. 4. FIG. 4 is a
      diagram of a complementary MOS (metal-oxide-semiconductor) integrated
      circuit that functions as an inverter. A source electrode 50 of a
      P-channel transistor 52 is connected to a source of positive voltage, +V
      (say +9V) and a source electrode 54 of an N-channel transistor 56 is
      connected to ground. With zero volts input, as when the gate electrodes 62
      and 64 of the transistors 52 and 56 are grounded, the P-channel transistor
      52 conducts, and the N-channel transistor 56 is turned off, so that a
      drain electrode 58 of the P-channel transistor 52 is at the +V voltage, as
      is also a drain electrode 60 of the N-channel transistor 56. Upon the
      application of a positive pulse (say +9V) to the gate electrode 62 of the
      P-channel transistor 52 and to the gate electrode 64 of the N-channel
      transistor 56, the N-channel transistor 56 conducts and a P-channel
      transistor 52 is turned off, causing the drain electrodes 58 and 60 to
      switch to zero voltage for the duration of the applied pulse. Under these
      conditions, an inverted pulse (going from +V to 0) is obtained at the
      output of the drain electrodes 58 and 60. Thus, when a pulse train of
      positive pulses is applied to the gate electrodes 62 and 64, the regions
      between the gate electrode 62 and the drain electrode 58 oscillates in
      voltage with the frequency of the applied pulse train, as does the region
      between the gate electrode 64 and the drain electrode 60.
PAR  If the circuit of FIG. 4 is incorporated in the assembly described for the
      circuits on the chips 10 and 20, illustrated in FIGS. 1 and 2, and if the
      voltages and frequencies are appropriate to cause the aforementioned
      electric field effects in the liquid crystal layer 16, bright regions 66
      and 68 (FIG. 4) will appear in the regions of changing field when viewed
      by the aforementioned optical system 30 (FIG. 3), giving a visible
      representation of the changing voltage distribution in these regions.
      Flaws in the circuit under test, such as a lack of continuity of
      conduction regions that distort these electric fields, will become
      apparent. Regions of high or low electric fields will also be made
      visible. Failure of a transistor, for example, to operate will be made
      evident by the absence of a bright (birefringent) pattern.
PAR  In one type of circuit flaw, as when a crack exists in the passivating
      layer 21 of the device 20, current conduction from the circuit conductors
      into the liquid crystal layer 16 occurs. This flaw produces a bright
      region, as at 70 (FIG. 4), when the circuit is activated by a dc voltage
      applied to the gate electrodes 62 and 64. This bright region 70 caused by
      the dc conduction of current, is distinguished from the bright regions 66
      and 68, caused by electric field effects because the latter occurs only
      when the circuit is energized with a time-varying potential (ac or pulsed
      voltage). The bright region 70 is caused only when the circuit is
      energized by a dc voltage.
PAR  In another type of flaw, conduction may occur in localized parts of the
      circuit, causing localized heating. A hot region of the circuit under
      test, as for example region 72 (FIG. 4), is observed as a bright spot by
      the optical system 30 when the temperature for transition from the nematic
      to isotropic material is exceeded. Bright regions (birefringent changes)
      caused by hot spots can easily be distinguished from the other effects in
      the optical system 30. In the novel method, these birefringent changes are
      observed with nematic liquid crystal material.
PAR  The operation of a complex integrated circuit having many transistors and
      circuits operating in sequence, such as a multi-stage counter, can be
      observed with the aforementioned techniques. The input pulse rate can be
      applied slowly enough so that the progress of the pulses through the
      different circuit stages can be followed visually, and improper operation
      of the complex circuit can be detected. Hence, by observing these
      birefringent changes in a circuit under test, one can compare them with
      birefringent changes produced by a normally operating circuit to evaluate
      the circuit under test.
PAR  By adjusting the polarizers 42 and 44 (FIG. 3) so that they are not
      completely crossed prior to circuit operation, the bright liquid crystal
      regions associated with the circuit operation are viewed superimposed on
      the circuit itself. Thus, the correspondence between the birefringent
      patterns induced in the liquid crystal layer 16 and the specific elements
      of the circuit are made evident.
PAR  Thus, there has been shown and illustrated a novel method for observing the
      electric fields, currents, and excessive temperatures at the surface of an
      operating circuit of the integrated circuit, thin film, or thick film
      type. The display of these visual effects is clear and vivid at high
      magnification. The novel method is nondestructive and involves no special
      preparation of the circuit under test other than the application of a
      liquid crystal layer than may be easily removed. The circuits under test
      are operated in their usual manner and within their voltage and current
      specifications. At low repetition rates the propagation of pulses through
      complicated counter and logic circuits may be observed. The ability of the
      novel method to locate and study circuit defects and weaknesses has been
      confirmed. One employing the novel method may also view the uniformity of
      electric fields and currents along the device junctions to search for hot
      spots and high electric field concentrations in functioning devices, in
      addition to identifying working and non-working areas of the circuit.
PAR  The novel method requires only a conventional microscope and electronics of
      the type that are generally used in integrated circuit development
      laboratories. packaged circuits or unscribed wafers may be coated with a
      liquid crystal layer in batches and then observed at convenient times in
      numerous locations. Previously examined circuits may be stored,
      reexamined, and compared with the most recent circuits devices. By
      manipulating the driver (energizing) voltage and repetition rates,
      birefringent changes in a circuit under test can be observed in slow
      motion operation and then examined in detail for field uniformity at
      various places in the circuit, and for local heating.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of testing an electrical circuit by observing birefringent
      changes in a layer of liquid crystals produced by electric fields in the
      circuit during the operation of the circuit, said method comprising the
      steps of:
PA1  applying said layer of liquid crystals over said circuit with substantially
      all of the liquid crystal molecules oriented in the same direction,
PA1  directing a beam of light through said layer with an optical system adapted
      to make said birefringent changes visible,
PA1  energizing said circuit to produce said birefringent changes,
PA1  observing said birefringent changes with said optical system, whereby the
      observed birefringent changes can be compared with birefringent changes
      produced by a normally operating circuit,
PA1  said circuit having a passivating layer of insulating material thereon, and
PA1  the step of applying said layer of liquid crystals over said circuit with
      substantially all of the liquid crystal molecules oriented in the same
      direction comprising:
PA1  applying a surfactant to said passivating layer,
PA1  drying said surfactant on said passivating layer, and
PA1  applying said layer of liquid crystals over the dried surfactant.
NUM  2.
PAR  2. A method of testing an electrical circuit by observing birefringent
      changes in a layer of liquid crystals produced by electric fields in the
      circuit during the operation of the circuit, said method comprising the
      steps of:
PA1  applying said layer of liquid crystals over said circuit with substantially
      all of the liquid crystal molecules oriented in the same direction,
PA1  directing a beam of light through said layer with an optical system adapted
      to make said birefringent changes visible,
PA1  energizing said circuit to produce said birefringent changes,
PA1  observing said birefringent changes with said optical system, whereby the
      observed birefringent changes can be compared with birefringent changes
      produced by a normally operating circuit,
PA1  the step of applying said layer of liquid crystals over said circuit with
      substantially all of the liquid crystal molecules oriented in the same
      direction comprising:
PA1  applying a surfactant over said circuit,
PA1  drying said surfactant, and
PA1  applying said layer of liquid crystals over the dried surfactant on said
      circuit.
NUM  3.
PAR  3. A method of testing an electrical circuit by observing birefringent
      changes in a layer of liquid crystals produced by electric fields in the
      circuit during the operation of the circuit, said method comprising the
      steps of:
PA1  applying said layer of liquid crystals over said circuit with substantially
      all of the liquid crystal molecules oriented in the same direction,
PA1  directing a beam of light through said layer with an optical system adapted
      to make said birefringent changes visible,
PA1  energizing said circuit to produce said birefringent changes,
PA1  observing said birefringent changes with said optical system, whereby the
      observed birefringent changes can be compared with birefringent changes
      produced by a normally operating circuit,
PA1  the step of applying said layer of liquid crystals over said circuit with
      substantially all of the liquid crystal molecules oriented in the same
      direction comprising:
PA1  applying said layer of liquid crystals, including a surfactant dissolved
      therein, over said circuit, and
PA1  covering said layer of liquid crystals, including said surfactant dissolved
      therein, with a cover glass.
NUM  4.
PAR  4. A method as described in claim 3 wherein:
PA1  the step of energizing said circuit to produce said birefringent changes
      comprises:
PA1  applying time-varying potentials to said circuit, whereby birefringent
      changes produced by electric field effects in said circuit may be
      observed.
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ABST
PAL  A D.C. tachometer circuit comprising a non-linear D.C. tachometer which
      produces an output voltage having an A.C. ripple, a first current path
      from the D.C. tachometer including means for removing the D.C. component
      of the output voltage of the tachometer, means for inverting and isolating
      the A.C. voltage ripple, and means for eliminating drift and the D.C.
      level of the inverted and isolated A.C. voltage-ripple, means for mixing
      the original output voltage of the D.C. tachometer including the A.C.
      ripple and the inverted and isolated A.C. voltage ripple to establish a
      non-linear ripple-free output voltage, and means for linearizing the
      non-linear ripple-free output voltage.
BSUM
PAR  The present invention relates to D.C. tachometers, and more particularly,
      to a method of reducing the A.C. voltage ripple present in the output
      voltage of a D.C. tachometer.
PAR  D.C. tachometers are often utilized in control circuits where the presence
      of an A.C. ripple on the output voltage would interfere with the orderly
      operation of a machine such as a machine tool.
PAR  The most common approach to this problem is to utilize brush type D.C.
      tachometers where there is little, if any, A.C. voltage ripple. This
      solution however breeds its own problems, since brush type tachometers
      require periodic servicing.
PAR  It is, accordingly, an object of the present invention to convert the
      output voltage of a D.C. tachometer into a ripple-free output voltage.
PAR  It is another object of the present invention to convert the non-linear
      output voltage of the tachometer into a substantially linear output
      voltage.
DRWD
PAR  Other objects and advantages of the present invention will become apparent
      from the following portion of this specification and from the accompanying
      drawings which illustrates in accordance with the mandate of the patent
      statutes, a presently preferred embodiment incorporating the teachings of
      the invention.
PAR  Referring to the drawings:
PAR  FIG. 1 comprises an electronic diagram illustrating a D.C. tachometer
      circuit having a conpensated ripple-free D.C. voltage output made in
      accordance with the teachings of the present invention, and
PAR  FIG. 2 is a graphic representation of the compensated output tachometer
      voltage as a function of speed.
DETD
PAR  As can be seen from the drawing, the tachometer circuit includes a
      brushless D.C. tachometer 10, which produces an output voltage having an
      A.C. ripple. The tachometer is temperature compensated by means of a
      temperature compensating network 12 including a thermistor TH and first
      and second resistors R1, R2. The output voltage of the tachometer will,
      accordingly, be constant, at a given speed, regardless of tachometer
      temperature.
PAR  The output voltage of the tachometer is supplied to a ripple reduction
      circuit 14, wherein the D.C. component of the output voltage is removed by
      a first capacitor C1. The A.C. voltage ripple present in the output
      voltage of the D.C. tachometer is then supplied to a unity gain amplifier
      16, which inverts and isolates the A.C. voltage ripple and creates an
      inverted voltage representative of the A.C. voltage ripple. A D.C. bias
      voltage V is supplied to the unity gain amplifier 16 to keep the output
      from swinging negative. The inverted voltage representative of the A.C.
      voltage ripple is then supplied to a second capacitor C2, which eliminates
      drift and the D.C. level of the unity gain amplifier output. The capacitor
      values may be changed to accommodate different ripple frequencies and
      phase lags.
PAR  The output voltage of the D.C. tachometer 10 including the A.C. ripple, is
      then mixed with the inverted voltage which is representative of the A.C.
      ripple in a second unity gain amplifier 18, whereby a ripple-free output
      voltage Vin  will be produced.
PAR  The ripple-free output voltage Vin, which is not linear (FIG. 2) is
      conjointly supplied to a low RPM linearity compensator circuit 20, an
      overall linearity compensator circuit 22, and a summing amplifier circuit
      24.
PAR  The overall linearity compensator circuit 22 produces a current through
      light source L which is proportional to the input voltage Vin supplied to
      the circuit. A driver transistor Q3 provides current to the light bulb L
      as a function of input voltage Vin. Since a lamp has a non-linear V-I
      characteristic, the voltage developed across the lamp will not be in
      direct proportion to the current through it. As the current in the lamp
      goes up there is an increase in the voltage when compared to a linear
      element. This generates a non-linearity which is similar to the
      non-linearity of the tachometer. A voltage divider 28 is provided to
      assure that the proper current range is supplied to the light bulb L and a
      plurality of series connected diodes SD are connected in parallel with
      resistor R5 of the voltage divider 28 to effectively limit the current
      supplied to the light bulb L.
PAR  An output voltage divider is provided to supply an overall compensating
      voltage VOC which is a percentage of the output voltage from the light
      bulb L to the summing amplifier circuit 24. The output voltage VOC of the
      overall linearity compensator circuit 22 which is supplied to the negative
      input terminal of the summing amplifier is summed with the ripple-free,
      temperature compensated tachometer voltage Vin which is supplied to the
      positive terminal of the summing amplifier circuit 24 to produce a
      compensated output voltage Vvc, Vvc, which closely traces the ideal output
      voltage curve (Videal) when the output voltage Vin exceeds 6 volts.
PAR  When the ripple-free output voltage Vin is less than 6 volts, a first
      transistor Q1 and a light emitting diode D1 of optical coupler IC1 will be
      on. A second transistor Q2, which is a component of the optical coupler,
      will accordingly be turned on thereby developing a resistance from output
      across the second transistor Q2 to ground which increases as the output
      voltage Vin increases from 0 to 6 volts. The gain of the summing amplifier
      26 which is a function of the resistance of the second transistor will
      accordingly decrease from a predetermined level greater than one to
      approximately one as the output voltage increases from 0 to 6 volts. The
      resistance of R4 which effectively controls the maximum gain of the
      summing amplifier 26, is selected to effect a gain compensation Vgc (FIG.
      2) of the voltage compensated output voltage Vvc at the summing amplifier
      26 to increase this voltage to approximately Videal for output voltages
      Vin less than 6 volts.
PAR  A temperature compensated Zener diode XD is provided to accurately control
      the point when the first transistor turns off. The summing amplifier
      accordingly will function near a unity gain amplifier whenever the output
      voltage Vin exceeds 6 volts.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A D.C. tachometer circuit comprising
PA1  a non-linear D.C. tachometer which produces an output voltage having an
      A.C. ripple,
PA1  a first current path from said D.C. tachometer including
PA1  means for removing the D.C. component of the output voltage of the D.C.
      tachometer,
PA1  means for inverting and isolating the A.C. voltage ripple,
PA1  means for eliminating drift and the D.C. level of the inverted and isolated
      A.C. voltage ripple,
PA1  means for mixing the original output voltage of the D.C. tachometer
      including the A.C. ripple and the inverted and isolated A.C. voltage
      ripple to establish a non-linear ripple-free output voltage, and
PA1  means for linearizing said non-linear ripple-free output voltage.
NUM  2.
PAR  2. A non-linear D.C. tachometer circuit according to claim 1 wherein said
      linearizing means further comprises overall linearity compensator means.
NUM  3.
PAR  3. A non-linear D.C. tachometer circuit according to claim 2, wherein said
      linearizing means further comprises summing amplifier means for summing
      said non-linear ripple-free output voltage and the voltage produced by
      said overall linearity compensator means.
NUM  4.
PAR  4. A non-linear D.C. tachometer circuit according to claim 3, further
      comprising means for selectively varying the gain of said summing
      amplifier for compensating the output voltage of the D.C. tachometer at
      low RPM'S.
NUM  5.
PAR  5. A non-linear D.C. tachometer circuit according to claim 4, wherein said
      tachometer is brushless.
NUM  6.
PAR  6. A non-linear D.C. tachometer circuit according to claim 5, wherein said
      removing means comprises a capacitor.
NUM  7.
PAR  7. A non-linear D.C. tachometer circuit according to claim 6, wherein said
      inverting means comprises a unity gain amplifier.
NUM  8.
PAR  8. A non-linear D.C. tachometer circuit according to claim 7, wherein said
      eliminating means comprises a second capacitor.
NUM  9.
PAR  9. A non-linear D.C. tachometer circuit according to claim 8, wherein said
      mixing means comprises a second unity gain amplifier.
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PAL  A low power consumption, compact portable stereo radio transmitter and a
      receiver therefor, the transmitter having two audio processing channels
      each for receiving inputs from two stereo pickup stations and including
      amplifier circuits with selector switches providing a mode of even
      harmonic generation, a mode of odd harmonic generation, and a mode of
      undistorted amplification, a 38 KHz oscillator, flip flop coupled to the
      oscillator to provide a 19 KHz pilot signal, a difference amplifier and a
      balanced mixer to produce a double-sideband suppressed carrier signal
      centered on 38 KHz, and an amplifier for combining the balanced mixer
      output, the pilot signal and the two channel output and modulating a
      carrier signal. The receiver includes amplifier, detector, and decoder
      circuitry to receive the radio signals from the transmitter and produce
      stereo audio signals for driving a standard stereo amplifier.
BSUM
PAC  BACKGROUND AND OBJECTS OF THE INVENTION
PAR  The present invention relates in general to an electronic transmitter and
      receiver system involving a multi channel transmitter of extremely low
      power consumption and compact size, capable of fitting in the palm of the
      hand, which is completely portable and capable of high fidelity stereo
      radio transmission, and a separate receiver to be linked by radiant energy
      transmission with the transmitter for demodulating the transmitted signal,
      decoding, and driving at least two channels of amplification.
PAR  The transmitter and receiver system of the present invention has particular
      application to audio frequency processing for electrical musical
      instruments at the instrument. As a specific example, the palm size stereo
      transmitter may be provided with two audio processing channels to provide
      stereo pickups from a guitar or other musical instrument or pickups from
      two microphones receiving sound from a musical instrument, and which
      provides radio transmission of the two channels as high fidelity stereo
      radio signals to the receiving device. The receiving device is capable of
      demodulating the transmitted signal, decoding the stereo multiplex
      modulation, and driving two channels of amplification to provide a high
      fidelity stero amplified audio output.
PAR  The extremely low power consumption and compact character of the
      transmitting device provides audio frequency processing for electrical
      musical instruments at the instrument, by a radio linked system with the
      receiver, amplifier, permitting removal of the umbilical cord customarily
      provided between the musical instrument and its amplifier. This allows a
      degree of freedom long enjoyed by the more classical acoustical
      instruments, but not available in the field of electrical musical
      instruments heretofore.
PAR  In general, the transmitter comprises a pair of amplifiers forming audio
      processing circuitry which provides selection between one mode of
      undistorted amplification, one mode of odd harmonic generation, and one
      mode of even harmonic generation. Provision is made for more than one
      input per channel. A doublesideband suppressed carrier signal is formed
      from the output of an oscillator and the difference between the signals in
      the two channels, is combined with signals from the two channels and a
      pilot signal. This combination is employed to modulate a voltage
      controlled oscillator whose center frequency is the carrier frequency, to
      provide the signal radiated from the antenna to the receiver. The receiver
      includes an amplifier which receives the signal from its associated
      antenna, amplifies it to the limiting input level of a demodulator, and
      the stereo composite signal of the demodulator is decoded by an amplifier
      which provides two distinct channels of high fidelity audio signals
      capable of driving a standard stereo amplifier.
PAR  By the judicious circuit design, an extremely compact portable small size
      high fidelity stereo transmitter is provided capable of being carried by
      the musical instrument or by the instrumentalist, for example, in his
      pocket, and operated for reasonable periods of time, to provide high
      fidelity stereo amplification through a radio link to a stereo amplifier
      without requiring direct mechanical or electrical connection between the
      instrument and the amplifier.
DRWD
PAR  Other objects, advantages and capabilities of the present invention will
      become apparent from the following detailed description, taken in
      conjunction with the accompanying drawings illustrating a preferred
      embodiment of the invention.
PAC  BRIEF DESCRIPTION OF THE FIGURES
PAR  FIG. 1 is a schematic diagram of the stereo transmitter circuit embodying
      the present invention; and
PAR  FIG. 2 is a schematic diagram of the stereo receiver circuit to be used
      with the stereo transmitter of FIG. 1 in accordance with the present
      invention.
DETD
PAC  DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
PAR  Referring to the schematic diagram, shown in FIG. 1, of the two channel
      transmitter of the present invention, the transmitter is provided with two
      inputs, in the form of input terminals, jacks or similar coupling devices,
      for each of two channels, the inputs for the first channel being
      designated CHla and CHlb, and the two inputs for the second channel being
      designated CH2a and CH2b. These inputs are provided to receive audio
      signals from various sources, such as musical instruments pickups,
      microphones, digital and analog data generators, audio frequency
      synthesizers, musical synthesizers including keyboard and multicontrol
      instruments, and the like. Ordinarily, the output frequency spectrum of
      such devices occurs in the 20 Hz to 20 KHz range. The audio signals
      supplied to the two inputs for the first channel are coupled either
      through capacitor C1 from input CH1a or through capacitor C2 from input
      CHlb through resistors R1 and R2 connected to the input of the audio
      processing amplifier A1, formed for example of one-sixth of a 74C04 "hex
      inverter" integrated circuit device manufactured by National Semiconductor
      Corp., by connection for example to pins  1 and 2 on such integrated
      circuit device. The switch Sla provides selection of one of various
      feedback circuits which determines the transfer characteristics of the
      amplifier A1. The switch provides selection between one mode of
      undistorted amplification, one mode of odd harmonic generation, and one
      mode of even harmonic generation. In position 1 of the switch S1a, the
      diode D3 provides positive halfwave rectification of the input signals
      yielding their fundamental frequencies and even harmonics. In position 2
      of switch S1a, linear amplification occurs, and in position 3 of switch
      S1a, diodes D1 and D2 provide positive and negative limiting of the input
      signals yielding their fundamental frequencies and odd harmonics. Thus
      amplifier A1 can be used as a linear amplifier or as a harmonic generator
      with amplification.
PAR  Similarly, signals at the inputs CH2a and CH2b are coupled through
      capacitor C12 and resistor R17 or capacitor C13 and resistor R18 to the
      input of audio processing amplifier A7, also formed for example by
      one-sixth of the 74C04 integrated circuit by connection to pins 3 and 4.
      The switch S1b provides selection of the processing of the signals by
      amplifier A7 in the same manner as the switch S1a associated with
      amplifier A1.
PAR  The output of Amplifier A1 is connected to a pre-emphasis network, formed
      of capacitor C3 and resistor R5, providing a high-pass filter which serves
      to accentuate the frequencies above 2KHz to yield an increase in signal to
      noise ratio for the entire system. The output of the pre-emphasis network
      is coupled through capacitors C4 to resistor R6, which is connected to the
      input of the summing amplifier A2. Similarly, the output of amplifier A7
      is connected to a pre-emphasis network formed of capacitor C14 and
      resistor R21, acting in a similar manner to the network formed by
      capacitor C3 and resistor R5, and the output of this pre-emphasis network
      is coupled through capacitor C15 and resistor R22 to the input of the
      summing amplifier A2. The switches S1a and S1b are mechanically coupled to
      produce idential feedback circuits for amplifiers A1 and A7.
PAR  Signals from the pre-emphasized channel CH1 are also coupled through the
      capacitor C16 and resistor R25 to the inverting input of an operational
      amplifier A8, which may be formed of onefourth of an LM324 National
      Semiconductor Corp. quad operational amplifiers integrated circuit, while
      the pre-emphasized signals from the second channel CH2 are coupled through
      the capacitor C17 and resistor R26 to the non-inverting input of the
      operational amplifier A8. The gain of the amplifier A8 is determined by
      the ratio of resistor R27 to resistor R25 and the ratio of resistor R28 to
      resistor R26. These ratios are identical in the illustrated embodiment, so
      that the output of the operational amplifier A8 yields a voltage wave form
      that is the difference between the pre-emphasized channel CH1 and the
      pre-emphasized channel CH2. The output of the operational amplifier A8 is
      connected to a voltage divider formed of resistor R29 and resistor R30,
      which reduces the amplitude of the difference signal to a level compatible
      with signal input of balanced modulator A9, formed for example of an
      LM1496 integrated circuit produced by National Semiconductor Corp. The
      output of the voltage divider formed of R29 and R30 is coupled through
      capacitor C18 to resistor R31 connected to the non-inverting signal input
      of the balanced modulator A9 at pin 1. Capacitor C21 connected to pin 4
      establishes an alternating current ground on the inverting signal input of
      balanced modulator A9. Resistors R31 and R34 together with potentiometer
      R35 balance the signal input stage of modulator A9 and resistor R35 serves
      as a carrier null adjustment. Resistors R31, R32, R37, R40, R41, R42 and
      R43 comprise a voltage divider that is utilized to bias the various stages
      of the balanced modulator A9.
PAR  Amplifier A10, formed for example of another one-fourth of the LM324
      integrated circuit, is utilized as a 38 KHz square wave oscillator with
      frequency of oscillation determined primarily by the time constant of
      resistor R45 and capacitor C22 and somewhat by the amount of hysteresis
      caused by the positive feedback through resistor R46. Resistor R44 serves
      to bias the input stage of amplifier A10. The output of amplifier A10 is
      fed through a two stage resistor-capacitor low pass filter comprised of
      resistor R47 and capacitor C23 for the first stage and resistor R48 and
      capacitor C24 for the second stage and a voltage divider comprised of
      resistors R47, R48, and R49 which reduces the amplitude of the filtered
      oscillation to a level compatible with the carrier input of the balanced
      modulator A9. This signal is coupled through capacitor C27 to the
      inverting carrier input of balanced modulator A9. Capacitor C19
      establishes an alternating current ground on the non-inverting carrier
      input of modulator A9. Resistors R38 and R39 serve as the collector loads
      for the output transistors incorporated in the balanced modulator A9. The
      output at resistor R38 is coupled through capacitor C20 to resistor R24
      connected to the input of the summing amplifier A2. The square wave
      oscillation output of oscillator A10 is fed through resistor R50 to the
      flip flop A11, also formed for example, from one-half of a 74C74
      integrated circuit, which is connected to divide its input frequency by
      two to produce a 19 KHz output. The output of the divider flip flop A11 is
      fed through a two stage resistor-capacitor low pass filter formed of
      resistor R51 and capacitor C25 for the first stage and resistor R52 and
      capacitor C26 for the second stage. The output of this filter is coupled
      through capacitor C28 to resistor R23 which is connected to the input of
      the summing amplifier A2.
PAR  An auxiliary input is also provided for the unit which will appear in both
      channels CH1 and CH2. Audio signals at the auxiliary input pass through a
      pre-emphasis network formed of capacitor C6 and resistor R7. The output of
      this network is coupled through capacitor C5 to resistor R8 which is
      connected to the input of the summing amplifier A2. Thus, there may be
      applied to the input of the summing amplifier A2 an auxiliary input
      coupled through the resistor R8, the first channel signals from channel
      CH1 through resistor R6, the second channel signals from channel CH2
      through resistor R22, a 19 KHz pilot signal applied through resistor R23,
      and the difference of channel Ch1 and CH2 on a 38 KHz double-sideband
      suppressed carrier signal applied through resistor R24. These signals are
      adjusted to their properly proportioned levels with resistors R8, R6, R22
      and R24. The overall amplitude of these signals is adjusted by resistor
      R9. This level determines the total frequency deviation of the voltage
      controlled oscillator formed of amplifiers A3, A4 and A5, each formed of
      one-sixth of the 74C04, connected as indicated in the drawing. The output
      of the summing amplifier A2 is coupled through capacitor C7 to a voltage
      divider formed of resistors R10 and R11, which determine the center
      frequency of the voltage controlled oscillator formed by amplifiers A3, A4
      and A5. This direct current voltage and the alternating current voltage
      from capacitor C7 are applied through resistor R12 to the
      resistor-capacitor phase shift oscillator formed of amplifiers A3, A4 and
      A5. The output of the oscillator is coupled through capacitor C29 to the
      inverting input of the operational amplifier A6. The non-inverting input
      of amplifier A6 is connected through resistor R53 to a proper biasing
      voltage. The output of the amplifier A6 is filtered through a series tuned
      circuit capacitor C11 and an inductor L1, the output of the filter formed
      by C11 and L1 being connected to the antenna system.
PAR  Representative values of the circuit elements for the transmitter of FIG.
      1, and one satisfactory example are as follows:
     R 1 = 47K  R27 = 10K   R52 = 10K  C22 = 100pfd                            

     R 2 = 47K  R28 = 10K   R53 = 47K  C23 = 470pfd                            

     R 3 = 470K,var.                                                           

                R29 = 6.8K             C24 = 470pfd                            

     R 4 = 470K,var.                                                           

                R30 = 3.3K             C25 = .001                              

     R 5 = 68K  R31 = 10K   C 1 = .1   C26 = .001                              

     R 6 = 100K,var.                                                           

                R32 = 100   C 2 = .1   C27 = .1                                

     R 7 = 68K  R33 = 100   C 3 = .001 C28 = .1                                

     R 8 = 100K,var.                                                           

                R34 = 10K   C 4 = .1   C29 = .001                              

     R 9 = 100K,var.                                                           

                R35 = 50K,var.                                                 

                            C 5 = .1                                           

     R10 = 1K   R36 = 1K    C 6 = .001                                         

     R11 = 10K  R37 = 50    C 7 = .1   D 1 = 1N914                             

     R12 = 27K  R38 = 3K    C 8 = 60pfd                                        

                                       D 2 =  1N914                            

     R13 = 50K,var.                                                            

                R39 = 3K    C 9 = 60pfd                                        

                                       D 3 = 1N914                             

     R14 = 10K  R40 = 10K   C10 = 60pfd                                        

                                       D 4 = 1N914                             

     R15 = 10K  R41 = 1.3K  C11 = .001 D 5 = 1N914                             

     R16 = 10K  R42 = 820   C12 = .1   D 6 = 1N914                             

     R17 = 47K  R43 = 1K    C13 = .1                                           

     R18 = 47K  R44 = 100K  C14 = .001                                         

     R19 = 470K,var.                                                           

                R45 = 20K   C15 = .1   L 1 = 100.mu.h                          

     R20 = 470K,var.                                                           

                R46 = 20K   C16 = .1                                           

     R21 = 68K  R47 = 10K   C17 = .1                                           

     R22 = 100K,var.                                                           

                R48 = 10K   C18 = 10pfd                                        

     R23 = 100K,var.                                                           

                R49 = 1K    C19 = .1                                           

     R24 = 100K,var.                                                           

                R50 = 1K    C20 = .1                                           

     R25 = 10K  R51 = 10K   C21 = 25.mu.fd                                     

     R26 = 10K                                                                 

PAR  A schematic diagram of a receiver embodying the present invention is
      illustrated in FIG. 2. Radio frequency signals from the receiving system,
      indicated schematically at Ant-2 in FIG. 2, are coupled differentially
      through capacitor R-C1 to the non-inverting input of a radio frequency
      amplifier R-Al and through capacitor R-C2 to the non-inverting input of
      amplifier R-A1. The inductor R-L1 and capacitor R-C3 form a parallel
      resonant circuit which limits the frequency range of the radio frequency
      signals appearing at the differential input of the amplifier R-A1.
      Resistor R-R1 and capacitor R-C5 serve to bias the automatic gain control
      section of amplifier R-A1. Resistor R-R2 serves as the collector load for
      one of the output transistors of the amplifier R-A1. The amplifier R-A1
      may be an MC1350 monolithic IF amplifier integrated circuit supplied by
      Motorola Semiconductor Products, Inc.
PAR  The output of the amplifier R-A1 coupled through Capacitor R-C6 to the
      inverting input of the amplifier section of a dectector R-A2, also formed,
      for example, from an MC1351 FM detector, limiter and amplifier integrated
      circuit. The noninverting input of detector R-A2 is bypassed to ground
      through capacitor R-C7. Resistor R-R3 limits the current to the voltage
      regulator section of the detector R-A2. Inductor R-L2 and capacitor R-C12
      provide a 90 degree phase shift of the input signals for application to
      the detector section of detector R-A2 along with the non-phase shifted
      input signals to provide detection of the transmitted information.
      Capacitor R-C8 along with circuitry internal to the MC1351 integrated
      circuit form a low filter which is connected to the output of the detector
      section of detector R-A2. The output of detector R-A2 is coupled through
      capacitor R-C13 to the decoder R-A3, which may be an MC1310  integrated
      circuit. Decoder R-A3 includes a voltage controlled oscillator section
      connected to resistors R-R4, R-R8 and capacitor C-C14 to determine the
      oscillation frequency of the oscillator section at 76 KHz, and resistor
      R-R5 and capacitors R-C15 and R-C16 determine the low pass filter
      characteristics in a phase-locked loop section of the decoder R-A3.
      Capacitor R-C17 is a coupling capacitor between input amplifier and
      modulator sections of the decoder R-A3. Capacitor R-C18 determines the
      filter characteristics for the stereo switch level detector section of the
      decoder which indicates whether a stereo signal is being received by the
      decoder R-A3. Resistor R-R6 and capacitor R-C19 form a de-emphasis network
      for the first receiver channel R-CH1 and resistor R-R7 and capacitor R-C20
      form the de-emphasis network for the second receiver channel R-CH2.
      Capacitors R-C21 and R-C22 are coupling capacitors, and capacitors R-C4,
      R-C9, R-C10, R-C11 serve as bias supply alternating voltage bypasses. The
      tuning light R-I1 connected to the decoder pin 6 indicates when a stereo
      signal is being received.
PAR  The decoder R-A3 therefore decodes the stereo composite signal supplied to
      it from the output of the demodulator R-A2 and provides two distinct
      channels of high fidelity audio signals on the output leads marked R-Ch1
      and R-CH2 for driving a standard stereo amplifier.
PAR  Representative values of the circuit elements for a satisfactory example of
      the receiver of FIG. 2 are as follows:
TBL  R-R 1 = 5.1K      R-R 5 = 1K                                              

     R-R 2 = 680       R-R 6 = 3.9K                                            

     R-R 3 = 47        R-R 7 = 3.9K                                            

     R-R 4 = 5K, var.                                                          

     R- C 1 = .001     R-C13 = 2 .mu.fd                                        

     R- C 2 = .001     R-C14 = 470pfd                                          

     R- C 3 = 100pfd   R-C15 = .5.mu.fd                                        

     R- C 4 = .05      R-C16 = .25.mu.fd                                       

     R- C 5 = .05      R-C17 = .05                                             

     R- C 6 = .001     R-C18 = .25                                             

     R- C 7 = .1       R-C19 = .02                                             

     R- C 8 = .05      R-C20 = .02                                             

     R- C 9 = .1       R-C21 = .05                                             

     R- C10 = .1       R-C22 = .05                                             

     R- C11 = .1       R-C23 = .1                                              

     R- C12 = 75pfd                                                            

                       R-I1 = 12v, 25ma Lamp                                   

                       R-L1 = 1mh                                              

                       R-L2 = 1mh                                              

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A low power consumption, highly compact portable stereo radio
      transmission and receiving system for multi-channel transmission of
      musical signals and the like from a pair of stereo pickup stations to a
      nearby receiver-amplifier to provide a high fidelity stereo amplified
      audio output, comprising a compact portable stereo radio transmitter unit
      including a pair of audio processing channels each comprising an audio
      processing amplifier circuit having plural inputs to each amplifier
      circuit, said audio processing amplifier circuits each having means
      providing one mode of undistorted amplification, one mode of even harmonic
      generation and one mode of odd harmonic generation wherein even harmonics
      and odd harmonics respectively are added to the waveforms at the amplifier
      input, selector switch means coupled to each said audio processing
      amplifier circuits permitting selection between said three modes, a
      difference amplifier circuit coupled to the outputs of said audio
      processing channels for producing a difference output signal which is the
      difference between the output signals from said two channels, a first
      oscillator for generating a first frequency waveform, a balanced mixer
      circuit to which are applied said difference output signal and said first
      frequency waveform to produce a double-sideband suppressed carrier signal
      centered on the frequency of said first frequency waveform, a second
      oscillator including amplifier means for generating a carrier frequency
      signal, means for modulating said carrier frequency signal with a
      modulating signal combined from the outputs from said two channels and
      said double-sideband suppressed carrier signal including a summing
      amplifier receiving the output signals from both of said channels and the
      double-sideband suppressed carrier signal from said balanced mixer and
      providing a combined output which is applied to said second oscillator to
      modulate the carrier frequency signal, divider means receiving said first
      frequency waveform for producing a pilot signal having a frequency which
      is one-half the frequency of the first frequency waveform, means for
      applying said pilot signal to said summing amplifier to be combined with
      output signals from both of said channels and said double-sideband
      suppressed carrier signal including low pass filter means connected to the
      output of said divider means for removing the harmonic content of said
      output from said divider means, and antenna means coupled to the modulated
      carrier frequency signal for radiating the same to the receiver-amplifier
      coupled to the transmitter only by a radio link.
NUM  2.
PAR  2. A stereo radio transmission and receiving system as defined in claim 1,
      wherein said second oscillator is a voltage controlled oscillator whose
      center frequency is the carried frequency.
NUM  3.
PAR  3. A stereo ratio transmission and receiving system as defined in claim 1
      wherein said first oscillator is a square wave oscillator producing a
      square wave output having a frequency of about 38 KHz and said divider
      means is a flip flop circuit producing a pilot signal having a frequency
      of about 19 KHz.
NUM  4.
PAR  4. A stereo radio transmission and receiving system as defined in claim 1,
      wherein the amplifiers for said two amplifier circuits of said two
      channels and for said summing amplifier and said second oscillator are all
      formed by transistor subsections of a single hex inverter integrated
      circuit element.
NUM  5.
PAR  5. A stereo radio transmission and receiving system as defined in claim 1,
      wherein said receiver-amplifier comprises a radio frequency amplifier
      having inverting and non-inverting inputs coupled to antenna means to
      receive radio frequency signals from the transmitter, means coupling the
      output from said radio frequency amplifier to a detector section formed of
      a detector and limiting amplifier integrated circuit element, and a phase
      locked loop FM stereo demodulator integrated circuit element coupled to
      the output of said detector section for decoding stereo composed signals
      applied to it from the detector section and providing two channels of
      audio signals for driving a conventional stereo amplifier.
NUM  6.
PAR  6. A stereo radio transmission and receiving system as defined in claim 5,
      wherein said radio frequency amplifier is a monolithic 1F amplifier
      silicon integrated circuit element.
NUM  7.
PAR  7. A stereo radio transmission and receiving system for multi-channel
      transmission of musical signals and the like from a pair of stereo pickup
      stations to a nearby receiver-amplifier to provide a high fidelity stereo
      amplified audio output, comprising a compact portable stereo radio
      transmitter unit including a pair of audio processing channels each
      comprising an audio processing amplifier circuit having plural inputs to
      each amplifier circuit, said audio processing amplifier circuits each
      having means providing one mode of undistorted amplification, one mode of
      even harmonic generation and one mode of odd harmonic generation wherein
      even harmonics and odd harmonics respectively are added to the waveforms
      at the amplifier input, selector switch means coupled to each said audio
      processing amplifier circuits permitting selection between said three
      modes, a difference amplifier circuit coupled to the outputs of said audio
      processing channels for producing a difference output signal which is the
      difference between the output signals from said two channels, a first
      oscillator for generating a first frequency waveform, a balanced mixer
      circuit to which are applied said difference output signal and said first
      frequency waveform to produce a double-sideband suppressed carrier signal
      centered on the frequency of said first frequency waveform, a second
      oscillator including amplifier means for generating a carrier frequency
      signal, means for modulating said carrier frequency signal with a
      modulating signal combined from the outputs from said two channels and
      said double-sideband suppressed carrier signal including a summing
      amplifier receiving the output signals from both of said channels and the
      double-sideband suppressed carrier signal from said balanced mixer and
      providing a combined output which is applied to said second oscillator to
      modulate the carrier frequency signal, divider means receiving said first
      frequency waveform for producing a pilot signal having a frequency which
      is one-half the frequency of said first frequency waveform and means for
      applying said pilot signal to said summing amplifier to be combined with
      said output signals from both of said channels and said double-sideband
      suppressed carrier signal, said first oscillator being a square wave
      oscillator and said divider means being a flip flop circuit, and antenna
      means coupled to the modulated carrier frequency signal for radiating the
      same to the receiver-amplifier coupled to the transmitter only by a radio
      link.
NUM  8.
PAR  8. A stereo radio transmission and receiving system, as defined in claim 7,
      wherein said second oscillator is a voltage controlled oscillator whose
      center frequency is the carrier frequency.
NUM  9.
PAR  9. A stereo radio transmission and receiving system as defined in claim 7
      wherein said first oscillator is a square wave oscillator producing a
      square wave output having a frequency of about 38 KHz and said divider
      means is a flip flop circuit producing a pilot signal having a frequency
      of about 19 KHz.
NUM  10.
PAR  10. A stereo radio transmission and receiving system as defined in claim 7
      wherein the amplifiers for said two amplifier circuits of said two
      channels and for said summing amplifier and said second oscillator are all
      formed by transistor subsections of a single hex inverter integrated
      circuit element.
NUM  11.
PAR  11. A stereo radio transmission and receiving system as defined in claim 7,
      wherein said receiver-amplifier comprises a radio frequency amplifier
      having inverting and non-inverting inputs coupled to antenna means to
      receive radio frequency signals from the transmitter, means coupling the
      output from said radio frequency amplifier to a detector section formed of
      a detector and limiting amplifier integrated circuit element, and a phase
      locked loop FM stereo demodulator integrated circuit element coupled to
      the output of said detector section for decoding stereo composite signals
      applied to it from the detector section and providing two channels of
      audio signals for driving a conventional stereo amplifier.
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ABST
PAL  An electronic tour guide system including means for suppressing
      objectionable crosstalk and noise is described. Crosstalk suppression is
      achieved by means of a comprssor in the transmitter and an expander in the
      receiver. Objectionable noise between loops is eliminated by means of a
      squelch circuit which reduces power drain whenever the received signal is
      below a certain threshold. The transmitter and receiver are designed to
      handle a plurality of information signals simultaneously. For example, a
      listener can select one of several different languages broadcast within an
      antenna loop. The transmitting loop antenna is matched in impedance to the
      output of the channel means in the transmitter so that maximum power
      transfer is obtained. Each receiver is further equipped with a gravity
      operated mercury switch which turns off power to the receiver when the
      receiver chasis is inverted. It is anticipated that this system will find
      application in museums, art galleries, archeological sites and the like
      where it is desirable to guide people from location to location and to
      address them in their respective languages.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to a radio tour guiding system in general and, in
      particular, to a tour guiding system having superior crosstalk and noise
      suppression capabilities.
PAR  2. Description of the Prior Art
PAR  There are presently several systems available on the market for guiding
      visitors through museums and the like by means of a radio
      transmitter/receiver system. One such system is sold by Serac, and is
      installed in the Metropolitan Museum of Art in New York.
PAR  Several prior art tour guides systems are also disclosed in the patent
      literature. Arber, U.S. Pat. No. 3,118,144; McIntosh, U.S. Pat. No.
      3,078,348; Margolin, U.S. Pat. No. 2,942,066; and Abel, U.S. Pat. No.
      3,474,451, all disclose lecture broadcasting systems of the sort well
      known to those of ordinary skill in the art. Arber was one of the first
      low power, multi-frequency communication systems developed that was
      suitable for museum lectures and the like. It suffers from the major
      deficiency that it uses antennas that are not directly closed loop, i.e.
      they depend upon a common ground for the return connection. It has been
      found that such systems suffer from re-radiation within steel buildings
      and the like and therefore often respond poorly to noise and crosstalk.
      McIntosh is of importance in that it teaches the use of a tuned closed
      loop broadcasting antenna coupled to a transmitter by means of an
      isolation transformer. Abel teaches a similar technique but is restricted
      to an FM communications system.
PAR  Additionally, different types of antenna configurations have been
      experimented with in order to produce improved propagation
      characteristics. The following patents to Mr. Justin L. Turner are typical
      of the foregoing developments: U.S. Pat. Nos. 3,549,818; 3,598,923; and
      3,673,334.
PAR  One major problem that has been experienced by prior art systems is the
      interference with the information signal by crosstalk and noise
      originating from other loops. One solution to this problem is to produce
      an FM communications system such as disclosed by Abel. However, the Abel
      approach is relatively complex and sophisticated and requires that no
      difference side bands be produced in the receiver by the beating together
      of adjacent or alternate channels, or the difference side bands of
      adjacent or alternate channels.
PAR  In this fashion, no difference side bands are generated which have
      amplitude levels sufficient to produce interference in the audio
      information band and thereby distract the listener. Therefore, a solution
      was sought which could employ the relatively simple AM circuitry as known
      in the prior art and achieve sufficient crosstalk and noise suppression so
      that adjacent loops do not significantly interfere with one another. As a
      partial solution to this problem a novel compressor/expander system was
      developed to suppress the undesirable crosstalk within the loops. In
      general, compression/expansion techniques have found use in some other
      communications areas. The following prior art patents are typical of the
      use of the compressor/expander technique: Levine, U.S. Pat. No. 2,795,650;
      Lehan, U.S. Pat. No. 3,158,864; Miller, U.S. Pat. No. 3,471,648;
      Takahashi, et al., U.S. Pat. No. 3,757,354. Additionally, this technique
      has also been used to reduce tape and disc audio noise as described in the
      following U.S. Pat. Nos.: Ray Milton Dolby: 3,631,365 and 3,665,345. A
      good treatment of the Dolby B system can be found in December, 1973 issue
      of the IEEE Spectrum, pages 31 and 32. While expansion/compression
      techniques have found some limited utility in other areas of radio
      communications, this appears to be a first time that such a technique has
      been successfully used to reduce the noise associated with a closed loop,
      low power, multi-channel lecture broadcast system. The technique appears
      to be so successful that it is possible to place adjacent loops as close
      as 18 inches from one another without a significant amount of crosstalk.
      Prior to the use of the compression/expansion technique in the lecture
      broadcast system, it was not possible to eliminate crosstalk without
      separating the loops by a considerable distance. Additionally, the
      compression/expansion system developed to solve this problem appears to
      have special features not found in prior art compression/expansion
      systems.
PAR  To further reduce noise and drain on the receiver power source, a novel
      squelch means has been included in the Applicant's receiver. The squelch
      means reduces the power consumption of the receiver whenever an incoming
      signal is below a certain threshold value. The receiver may also be
      equipped with a gravity operated, mercury switch which will completely
      disconnect the power source of the receiver from the rest of the circuit
      whenever the receiver chasis is inverted.
PAC  SUMMARY OF THE INVENTION
PAR  According to a preferred embodiment the lecture broadcast system includes a
      transmitter and at least one receiver. The transmitter includes a
      multi-channel tape-recorder in which information in a variety of languages
      is recorded on the recorder, one language per channel. Each taped channel
      is then fed into a transmitter channel means which includes an audio
      preamplifier, a compressor, an AM modulator in which the output of a free
      running oscillator is modulated by the signal from the compressor, a line
      driver, an impedance matching means, an isolation transformer, and a
      closed loop antenna. The receiver preferably comprises a receiving antenna
      consisting of a pair of crossed ferrite core antennas in order to increase
      omnidirectional signal capability, a frequency select means, an RF
      preamplifier, an AM detector, an expander circuit, a squelch means, an
      output driver and an acoustical transducer.
PAR  In operation, the signal from one channel of the tape deck is compressed by
      the compressor in such a fashion that the high and low amplitude portions
      of the signal fall within a relatively narrow dynamic range. The
      compressed signal then modulates a carrier frequency and is then radiated
      by means of the loop antenna. The radiated signal is then picked up by the
      receiver in the receiving antenna and detected for AM modulation before
      being passed to the expander. The expander has complementary, inverse
      characteristics to the compressor in the transmitter and therefore the
      output signal is a relatively true reproduction of the signal from the
      multi-channel tape deck. This signal is then amplified and passed thru a
      squelch means before it goes to the acoustical transducer. The squelch
      means turns off power to the squelch amplifier whenever the input signal
      is low. This saves on drain of the receiver power source, especially when
      the receiver's are not in the vicinity of one of the closed loops. It has
      been found that crosstalk is eliminated by means of the
      compressor/expander technique because the crosstalk signals which are
      generated in the loop antennas are of a lower value than the compressed
      signal and when expanded the lower level signals are amplified with less
      gain than the higher level compressed signals. In this fashion the
      crosstalk is effectively suppressed and the information from the tape deck
      is acurately reproduced. The system also includes a novel gravity operated
      switch which turns on power to the receiver whenever the receiver is
      inverted.
DRWD
PAR  These and other features of the invention will be more fully appreciated in
      light of the following drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a general illustration of how a system of the present may be
      employed in a typical museum or art gallery.
PAR  FIG. 2 is a schematic representation of the system of the present invention
      in which the basic elements are shown in block form.
PAR  FIG. 3 is a schematic of the transmitter circuitry in which one channel
      means is disclosed in detail, and
PAR  FIG. 4 is an electronic schematic of the receiver circuit.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  During the course of this description, it will be appreciated that like
      reference numbers may refer to like elements as shown in the different
      drawings.
PAR  The system of the present invention as shown according to a preferred
      embodiment can be found in FIG. 1. The system 10 is seen to include a
      master transmitter 12, a plurality of loop antennas 14 and a plurality of
      hand held receiving devices 16. According to this particular embodiment a
      antenna loop is placed roughly in front of a plurality of display cases
      18. Each loop 14 is connected via transmission lines 20 to a plurality of
      individual transmitters located within master transmitter housing 12. A
      detailed description of the transmitter will be discussed infra with
      regard to FIG. 3. In the embodiment of the FIG. 1, which shows the system
      10 in the context of a plurality of museum displays, a group of guests 22
      or visitors are shown during various stages of the lecture tour. For
      purposes of this discussion the guest within the loop will be referred to
      as 24, the between-loop guest will be referred to as 26 and the
      out-of-loop range guest will be referred to as guest 28.
PAR  In operation the preferred tour guide system will provide information to
      the guests 24 as they stand in front of the corresponding display 18. The
      information is typically given in a plurality of languages which may be
      individually selected by a means to be described later on the receiver 16.
      Typically a guest 22 will walk within the loop, dial a language in which
      he wishes to hear the lecture, and after the lecture is over he will be
      directed by the recorded message to proceed to the next loop 14 and its
      corresponding display 18. In this manner a guest is guided from loop to
      loop until the lecture is completed. As discussed previously, one of the
      major difficulties with loop systems is that there tends to be a great
      amount of crosstalk between adjacent loops 14. Also as a guest 26 walks
      between loops there is a tendency for the receiver to indiscriminately
      latch onto one of the other of the loops 14 or to both thereby causing an
      undesirable background noise. The system of this invention is an
      improvement over prior art museum tour guide systems in that the novel
      compressor/expander system greatly reduces the loop-to-loop crosstalk and
      a novel squelch means greatly reduces the problems encountered by the
      between-loop guest 26. Additionally, the receiver 16 is equipped with a
      gravity operated switch so that when the receiver 16 is inverted, such as
      when it is held by its strap, the power to the receiver is automatically
      cut off and thereby the drain on its battery is severely diminished.
PAR  While the system of FIG. 1 is shown in the context of a museum it will be
      clearly understood that such a system 10 is easily applicable to such
      environments as art galleries, archeological sites, caves, or any other
      location in which automatic tour guiding is desired. The choice of a
      museum context is only for the purposes of illustration.
PAR  A simplified schematic of the system 10 can be found in FIG. 2. According
      to a preferred embodiment the master transmitter housing 12 contains a
      plurality of individual transmitters 30. In turn, each of the transmitters
      30 include individual subtransmitter channel means 32. Each of the channel
      means 32 is powered by a power supply 34 and receives its input signal
      information from a tape deck 36. According to a preferred embodiment the
      tape deck 36 may be a multi-channel or multi-track tape deck but in
      practice, it is only necessary that a device be employed which can
      simultaneously and in coordination supply the signal information to the
      channel means 32. Each of the channels of the tape deck might include a
      lecture on a particular display 18 but in a different language. For
      instance, a four-track tape deck 36 is shown in FIG. 2 and according to a
      typical embodiment one language may be English, one language may be
      French, one may be German, and one may be Spanish. Or, it may be desirable
      to record two or more channels in the same language but aimed at a
      difference audience. For instance, one channel may be aimed at adults
      while another channel may be aimed at children and a third channel may be
      aimed at some other special interest group.
PAR  Signal information from the four-track tape deck 36 is fed via signal lines
      38 to the prespective subtransmitter channel means 32. Only one channel
      means 38 is shown in detail, but it will be understood that the other
      channel means are substantially the same. Likewise, while four channels
      are illustrated, it will be understood that almost any number of channels
      can be employed.
PAR  Each channel means includes an audio preamplifier 40, a compressor means
      42, a modulator 44 which is fed by a free running oscillator 46, a line
      driver 48, and impedance matching means 50, and an isolation transformer
      device 52. The output of each channel means 32 is connected via
      transmission lines 20 to a closed loop antenna 14. According to FIG. 2 the
      closed loop transmitting antenna may prefreably be of one of two possible
      varieties. According to one embodiment each closed loop antenna is
      connected directly to a respective channel means so that the output
      antenna 14 is in actuality a collection of loop antennas, each tuned to a
      specific frequency. This multiple loop antenna 54 has the obvious
      disadvantage that it is more expensive to construct and maintain because
      it requires more wiring. However, the multiple loop system has the
      advantage of being able to accommodate museum exhibition layouts that
      change from time to time. For example, it is relatively easy to make a
      large zone out of several smaller zones if the size of a specific exhibit
      increases. Alternatively, the secondaries of isolation transformers 52 may
      be connected in parallel across a single closed loop antenna 56. This
      embodiment of course has the advantage that it is more economical to
      install. It will be appreciated also that while the windings of the
      isolation transformers 52 are shown in parallel they could be connected in
      series under appropriate circumstances and connected across 56.
      Additionally, it is possible to connect a plurality of multiple loop
      antennas 54 and single closed loop antennas 56 together in the fashion
      shown. As a general principle, however, this may not be desirable since
      the more complex the antenna system, the more difficult it may be to tune.
PAR  A transmitter 16 according to the present invention includes an antenna 58
      having relatively good omni-directional reception capabilities, a
      frequency selecting device for choosing which of the transmitter signals
      follow 60, a radio frequency preamplifier 62, an amplitude modulation
      detector 64, an expander 68, a squelch device 70, a speaker amplifier 72,
      and a speaker type transducer 74. The receiver is powered by a battery
      power supply 76. The power from the power supply 76 is controlled by a
      gravity switch 78 which shuts off power to the receiver whenever the
      receiver chasis is inverted.
PAR  In typical operation a signal from the four-track tape deck 36 is fed thru
      signal line 38 to the input of an audio preamplifier 40. The signal is
      then amplified and fed to compressor 42 wherein the low volume component
      of the signal is amplified with a greater gain than the high volume
      component of the input signal thereby compressing the dynamic range of the
      signal into the compressor. The signal from the compressor is then fed to
      modulator 44 where it modulates the carrier frequency supplied by free
      running oscillator 46. Free running oscillator 46 generally determines the
      frequency at which the transmitted signal will be broadcast. The output
      signal of the modulator 44 is amplified by line driver 48 and fed to
      isolation transformer 52 via impedence matching means 50. The output from
      the isolation transformer 52 is fed either to a multiple loop antenna 54
      or to a single closed loop antenna 56, or to a combination of both. The
      input side of isolation transformer 52 is connected to a primary winding
      and the output side is connected to a secondary winding. The impedance
      matching means 52 preferably comprises a parallel resistor/compacitor
      combination which tunes the output impedance of the channel means 32 to
      the input impedance of either antennas 54 or 56. The amplitude range of
      the signal transmitted by antennas 14 is dynamically narrow and of a
      considerably higher volume than the crosstalk that normally occurs from
      adjacent loop antennas.
PAR  The transmitted signal from the transmitter is received by receiving
      antenna 58 and fed into a frequency select means 60. Frequency select
      means 60 is a tank type inductor/capacitor circuit in which a plurality of
      capacitors may be connected with a single inductor so that the resulting
      tank circuit resonates at the carrier frequency produced by free running
      oscillator 46. It will be appreciated that while only one free running
      oscillator 46 is shown, each channel means may have associated with it a
      means for selecting from any one of four oscillation sources. However, it
      is possible to provide each transmitter with a single master oscillator
      which feeds each channel. Therefore, the term "oscillator means" in the
      context of this invention is meant to comprehend the use of one oscillator
      per channel or the use of a single master oscillator with a plurality of
      channels simultaneously. With regard to the receiver system 16, the output
      from the frequency select means 60, in which a particular language or mode
      of instruction has been selected, passes to a common type radio frequency
      preamplifier 52 and then to a diode detector 64. The diode detector takes
      the smplitude modulated information from the incoming signal and passes
      that detected information on to expander 68. Expander 68 has
      complimentary, that is inverse, non-linear characteristics with respect to
      compressor 62. Expander 68 amplifies incoming signals of lower volume at a
      lesser gain than incoming signals of greater volume, thereby expanding the
      dynamic range of the signal and restoring the original signals to their
      previous undisturbed, linear characteristics. Since the crosstalk which
      adversely affects prior art tour guide systems, is of a much lower
      amplitude than the compressed signal received from the transmitter, the
      crosstalk signals are thereby amplified at a considerably lower gain than
      the compressed signals and therefore the output from the expander is
      virtually free of the crosstalk component. As discussed previously, the
      problem of crosstalk is greatest for the within-loop guests 24 because
      normally the guest or visitor will not be listening to the transmitter 16
      unless he is in front of the display 18 and therefore within a loop
      antenna 14.
PAR  The signal from the expander 68 is fed to the input of a squelch circuit
      70. The squelch circuit 70 has the ability to minimize power drain on the
      amplifier whenever the input signal to the squelch circuit is below a
      predetermined threshold. Therefore, if a weak informational signal is
      being received by the antenna, such as when a guest or visitor 22 is
      between loops, as with guests 26, the squelch circuit will act to reduce
      the drain on the speaker amplifier 72. As suggested the output of squelch
      circuit 70 is connected to the input of speaker amplifier 72, the output
      of which goes to the speaker or acoustical transducer means 74.
PAR  The receiver 16 is supplied with power from a power supply 76 which is
      operated thru a gravity switch 78 as previously discussed. The gravity
      switch 68 is preferably a mercury type gravity switch which will turn off
      power to the receiver whenever the receiver is in an inverted position,
      such as when it is being carried from loop to loop.
PAR  A more detailed understanding of the invention can be had with respect to
      the electronic circuitry in FIG. 3 and FIG. 4.
PAR  The electronic details of the transmitting portion of the system 10 can be
      appreciated from a brief review of the schematic of FIG. 3.
PAR  Power for the channel means 32 is provided by power supply 34 which may be
      used to energize each channel means 32 individually or in parallel. Power
      supply 34 receives its energy from an AC source 80. The AC power is full
      wave rectified by a diode bridge D1. The full wave rectified power is then
      regulated by operational amplifiers AO both of which are tied to a common
      reference and smoothed by capacitors C1 and C2. Diodes D2 are optional.
      Power supply 34 provides at its output a pair of voltages (+) V and (-) V
      with respect to ground. These voltages are applied to the other elements
      of the channel means 32 in a manner to be described. In practice it has
      been found that some commercially available power supplies can
      satisfactorily replace supply 34.
PAR  The signal information into the channel means 32 comes from tape deck 36.
      Tape deck 36 is shown in FIG. 3 to include a tape element 82 and a
      plurality of playback heads 84. The illustration of playback heads 84 is
      for graphic purposes only for it will be appreciated by those of ordinary
      skill in the art that a considerable amount of amplification takes place
      in the tape deck 36, which is not schematically shown in FIG. 3. The
      output of tape deck 36 is fed via line 38 to the input of preamplifier 40.
      In a typical application, the input to each of the channel means 32 is
      information relating to a single display but described in a variety of
      languages. The signal to preamplifier 40 is passed through an AC coupling
      capacitor C3 to the input of operational amplifier A1. An amplified signal
      from the output of amplifier A1 passes through another AC coupling
      capacitor C7 to potentiometer R3. Potentiometer R3 may be adjusted to vary
      the output gain of the preamplifier 40.
PAR  The output of preamplifier 40 passes to the input of compressor 42. A gain
      controlling FET passes that input signal between its source and drain to
      an AC coupling capacitor C9 and input resistor R5, and from there to the
      inverting input of amplifier A2. The output of amplifier A2 is fed via
      coupling capacitor C12 to potentiometer R6 and on to the modulator stage
      44. The output of amplifier A2 is also fed back to the gate of gain
      controlling transistor T2 in such a fashion as to increase the gain of the
      compressor for lower amplitude signals and to decrease the gain of the
      compressor for higher amplitude signals. In this manner, the signal
      information is compressed into a much more narrow dynamic range than the
      input signal. The feedback path of the compressor is split in two. The
      first path includes capacitor C11, diode D3, and potentiometer R8; the
      second path comprises capacitor C12, potentiometer R6, resistor R7,
      capacitor C8, and variable potentiometer R9. Variable potentiometers R8
      and R9 serve to control the rise and release characteristics of the
      compressor. It will be appreciated from the circuitry that because A2 is
      an inverting amplifier the feedback signal to the FET will vary in inverse
      proportion to the amplitude of the input signal thereto. Therefore, a
      higher resistance will be presented to higher gain signals by T2 than to
      lower gain signals; therefore, lower gain signals will be amplified at a
      greater gain than higher gain signals. In this fashion the information
      from tape deck 36 has a compressed dynamic range which may be from 0 db to
      20 db typically.
PAR  The output from the compressor 42 is fed to the control input of modulator
      amplifier A3. The balance of modulator 44 may be controlled by the
      appropriate setting of potentiometer R15 which forms another input to
      amplifier A3. A third input to amplifier A3 comes from the oscillator 46.
      Oscillator 46 is a free running oscillator whose frequency may be adjusted
      by changing the value of variable capacitors C17 or the capacitors C15 and
      C16 in parallel therewith.
PAR  The output from oscillator amplifier A5 is AC coupled through coupling
      capacitors C24 to another amplifier A6, the output of which is coupled
      through capacitor C26 to input potentiometer R 26. In operation the input
      signal to modulator 44 is used to modulate the carrier frequency generated
      by free running oscillator 46. The modulated carrier frequency is then
      passed from the output of amplifier A3 to another coupling capacitor C14
      to the input of line driving amplifier A4. The line driving amplifier A4
      is a conventional type of amplifier which adds gain to the input signal.
      The output from line driver 48 passes to an impedance matching means
      comprising variable capacitor C29 in parallel with resistor R19. The
      impedance matching means 50 is in turn connected to the primary 86 of
      isolation transformer T1. The primary 86 is in turn coupled to the
      secondary 88 where the output signal is then passed thru transmission
      lines 20 to closed loop antenna 14.
PAR  The impedance matching means 50 is tuned to match the output impedance of
      the channel means 32 to the input impedence of the antenna 14 at the
      carrier frequency generated by free running oscillator 46. Alternatively,
      if the secondaries 82 are connected in parallel as shown in FIG. 1, then
      the impedance matching mechanism 50 is tuned to the lowest frequency to be
      used in antenna 14.
PAR  The signals transmitted by the system shown in FIG. 3 are received by the
      receiver shown in FIG. 4. The broadcast signals are received by antenna
      means 58 which comprises a pair of crossed ferrite core antennas L1-L2. It
      has been found that by crossing the ferrite core antennas the receiver can
      be made to be omni-directional. This is a general improvement over prior
      art types of systems in which only one ferrite core antenna is employed
      and that antenna must be correctly aligned with the transmitting antenna
      in order to receive a satisfactory signal. According to the present
      invention the crossed antennas L1-L2 provide greater uniformity of input
      signal strength than do other prior art antennas.
PAR  The output of antenna means 58 is connected to the input of frequency
      select device 60. The input of frequency select device 60 includes an
      inductance L3, a switch S1 and a plurality of capacitors C31, C32, C33,
      and C34. By appropriately manipulating switch S1 it is possible to put
      inductance L3 in series with any one of capacitors C31-C34. In this
      fashion, frequency select circuit 60 is a tank circuit in which the
      inductance L3 is constant but in which the capacitor element may be
      discretely selected. By choosing the appropriate capacitor the resonant
      frequency of L3 in combination with L2 and the capacitor will equal the
      frequency of the carrier generated by the transmitting means. In this
      manner the appropriate carrier frequency will be allowed to pass into the
      RF amplifier section 62.
PAR  The receiver C9 is supplied with energy from a battery E1 shown as element
      76. The battery is connected in series with a mercury type gravity switch
      S2 shown as element 78. As previously described power from battery E1 is
      supplied to the active elements of the receiver whenever the receiver is
      held in an upright position. Under those circumstances the mercury in the
      switch S2 makes contact across to adjacent elements inside the switch.
      However, when the receiver is held in the inverted position, such as when
      a visitor may be carrying it by its strap, the mercury within the switch
      S2 does not cause a short between the two internal contacts and therefore
      power from battery E1 is not supplied to the rest of the circuit and the
      circuit is therefore inactive.
PAR  The output from frequency select circuit 60 passes thru coupling capacitor
      C35 to the input of an RF amplifier 62. The input signal thereto is
      amplified by FET-T4 which is used in a manner well known in the art to
      amplify RF signals. The output of RF amplifier 62 passes thru coupling
      capacitor C36 into diode detector 64. Diode D4 therein detects the
      positive portion of the incoming signal and passes the signal thru
      inductor L4 and resistor R28 to the input of expander circuit 68. Resistor
      R28 forms a voltage divider with the series connected transistors T5 and
      T6 and parallel resistance R32 and series resistor R33. Transistors T5 and
      T6 are N channel FET's of the sort well known in the art. The output from
      the voltage divider passes via coupling capacitor C39 and resistor R29 to
      the input of amplifier A7. Expander circuit 68 is an improvement over
      prior art expander circuits and includes a pair of feed forward paths that
      respectively control the resistances of T5 and T6. One feed forward path
      includes capacitor C41, resistor R35, amplifier A8, capcitor C45, and N
      channel FET T6. The other feed forward path includes capacitor C42,
      amplifier A9, capacitor C46, and N channel FET T5. According to this
      embodiment amplifier A8 produces a positive output whenever the input is
      negative. Conversely, amplifier A9 produces a positive output whenever its
      input is positive. Therefore, on the positive half cycle the output of
      amplifier A9 will be positive and the N channel FET T5 will tend to turn
      on and drop in resistance, but at the same time the output from amplifier
      A5 will be negative thereby tending to turn off FET T6. Accordingly, the
      greater the value of the positive signal to the input of the feed forward
      circuit the greater the resistance of the series combination T5 and T6.
      With respect to the negative half cycle, T6 will tend to turn on and T5
      will tend to turn off. The greater the negative signal input to the feed
      forward path, the higher the resistance of the series circuit T5 and T6.
PAR  It can be clearly seen then that the greater the absolute positive or
      negative value of the input signal to the feed forward circuit the greater
      the resistance of the series FET's T5 and T6. Since T5 and T6 form a
      voltage divider with resistor R 28, the input signal passed to amplifier
      A7 will be greater when the series circuit T5 and T6 has its highest
      resistance. In this manner higher level signals will get a proportionately
      greater amplification than lower level signals. It is clear therefore that
      circuit 68 acts as an expander which because higher volume signals are
      amplified at a greater gain than lower volume signals, the dynamic range
      of the output will be greatly increased.
PAR  As previously discussed the non-linear characteristics of compressor 42 and
      expander 68 are inversely matched with each other. Therefore, the
      non-linear distortion deliberately impressed upon the signals in the
      compressor 42 is corrected for by the non-linear characteristics of the
      expander 68 and the output therefrom is a virtually true reproduction of
      the electronic information received from the tape deck 36.
PAR  Squelch circuit 70 includes a feed forward capacitor C49, variable resistor
      R45, input resistor R46, amplifier A11, and diode D5. The cathode of diode
      D5 is connected to the gain control terminal of amplifier A13. The input
      to amplifier A10 is coupled from amplifier A7 via coupling capacitor C48.
      Amplifier A-11 acts as a threshold detector in which the threshold voltage
      can be selectively adjusted by means of variable resistor R50. Whenever
      the input voltage to amplifier A-11 exceeds the threshold voltage, then
      the input to the gain control terminal of amplifier A10 allows the
      amplifier to operate. However, when the signal to amplier A-11 is below
      the threshold set by resistor R50, then the gain control input to
      amplifier A10 causes the amplifier to shut off. According to the
      illustrated embodiment the amplifier A-11 is designed to detect signals
      above a positive threshold, but it would be clear to those of ordinary
      skill in the art that the same procedure could be used for negative
      signals too. The positive output from amplifier A-11 is passed via diode
      D5 to the input of the gain control terminal of amplifier A10.
PAR  A smoothing capacitor C51 serves to make the squelch circuit less
      responsive to minor variations in the input signal.
PAR  The output of squelch circuit 70 is fed via gain control resistor R51 to
      the base of transistor T7 of conventional output amplifier 72. The
      amplified output from T7 is fed to acoustical transducer P1 thru capacitor
      C53. In practice, P1 is a speaker having an effective limited range of
      only a few feet or less. In some applications, an earphone or similar
      transducer having a more limited range may be desirable.
PAR  The following is a partial parts list of the semiconductor elements
      employable in the system just described:
TBL  Element         Commercial Product                                        

     Element A0      National Semiconductor LM340K-15                          

                     or/and LM320K-15                                          

     Element A1      National Semiconductor LM382                              

     Element A2      National Semiconductor Quad                               

                     Operational Amplifier LM324                               

     Element A3      RCA 3080A                                                 

     Element A4      National Semiconductor LH0002CHN                          

     Element A5      National Semiconductor LM375N                             

     Element A6      National Semiconductor LH0002CHN                          

     Elements A7, A8, A9, A11                                                  

                     National Semiconductor LM324                              

                     Quad Operational Amplifier                                

     Element A10     National Semiconductor MM5616A                            

                     Quad Analog Gate                                          

PAR  It will be appreciated from the foregoing disclosure and partial parts list
      that the semiconductor elements used in the manufacture of this system are
      conventional electronic components.
PAR  In a general manner, while there has been disclosed the defective and
      efficient embodiments of the invention, it should be well understood that
      the invention is not limited to such embodiments as there might be changes
      in the arrangement, disposition, and form of the parts without departing
      from the principle of the present invention as comprehended within the
      scope of the accompanying claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved, low power, multi-channel tour guide system comprising:
PA0  a transmitter including:
PA1  a multi-channel recording means, a plurality of channel means connected to
      said recording means and a closed loop transmitting antenna coupled to
      said channel means, and
PA0  at lease one portable receiver including:
PA1  a receiving antenna,
PA1  a detector connected to said receiving antenna,
PA1  an expander having an input and an output terminal, said input terminal
      being connected to said detector, said expander including an expander
      amplifier and a feed forward circuit connected to the input terminal of
      said expander amplifier, said feed forward circuit comprising:
PA1  a first and second branch, each of said branches being in electronic
      parallel with the other and wherein
PA2  said first branch includes an amplifier means therein and said second
      branch includes an inverting type amplifier therein,
PA1  a variable resistance means connected to both of said branches, and
PA1  an input resistor between said expander amplifier input terminal and said
      variable resistance means and forming a variable resistance voltage
      divider network therewith, wherein low amplitude level signals are
      substantially shunted to ground by the variable resistance means and high
      amplitude level signals are passed to said expander amplifier whereby
      higher amplitude level signals are amplified with more gain than lower
      amplitude signals, said receiver further including
PA1  an acoustical transducer means connected to the output of said expander
      means.
NUM  2.
PAR  2. An improved, low power, multi-channel tour guide system comprising:
PA0  a transmitter including:
PA1  a recording means, at least one channel means and a closed loop
      transmitting antenna, each channel means comprising:
PA1  an electronic compressor connected to said recording means,
PA1  an oscillator means,
PA1  a modulator means connected to said oscillator means and to said
      compressor, and
PA1  a coupling means for connecting said channel means to said closed loop
      transmitting antenna, and
PA0  at least one portable receiver including,
PA1  a receiving antenna,
PA1  a detector connected to said receiving antenna,
PA1  an expander having an input and an output terminal, said input terminal
      being connected to said detector, and an acoustical transducer means
      connected to the output of said expander means, said expander means
      further comprising:
PA2  an expander amplifier, and a feed forward circuit connected to the input
      terminal of said expander amplifier, said feed forward circuit comprising:
PA2  a first and second branch, each of said branches being in electronic
      parallel with the other and wherein said first branch includes an
      amplifier means therein and said second branch includes an inverting type
      amplifier therein,
PA2  a variable resistance means connected to both of said branches, said
      variable resistance means comprising a first and second field effect
      transistor with gates coupled together and with their cources and drains
      connected in series, said series combination of both having an expansion
      limiting resistance in shunt therewith, and wherein the gate of said first
      field effect transistor is connected to the output of said first branch
      and the gate of said second field effect transistor is connected to the
      output of said second branch, and
PA2  an input resistor between said expander amplifier input terminal and said
      variable resistance means and forming a variable resistance voltage
      divider network therewith, wherein low amplitude level signals are
      substantially shunted to ground by said variable resistance means and high
      amplitude level signals are passed to said expander amplifier whereby
      higher amplitude level signals are amplified with more gain than lower
      amplitude signals.
NUM  3.
PAR  3. The invention of claim 2 wherein said receiver includes:
PA1  a power source operatively connected to said receiver for providing
      electrical energy thereto, and
PA1  a squelch means for recuding the drain on said power source whenever the
      input signal to said receiver is below a certain threshold value.
NUM  4.
PAR  4. The invention of claim 3 wherein said receiver further includes,
PA1  a radio frequency amplifier connected between said frequency select means
      and said detector, and
PA1  an output driver means connected between said expander and said squelch
      means.
NUM  5.
PAR  5. The invention of claim 4 wherein said detector is a diode detector.
NUM  6.
PAR  6. The invention of claim 5 wherein the receiving antenna comprises a pair
      of ferrite core antennas aligned in a crossed configuration relative to
      one another, said configuration thereby making said receiving antenna
      substantially omni-directional.
NUM  7.
PAR  7. The invention of claim 6 wherein said power source has connected
      therewith a gravity operated type switch which cuts off power to the
      receiver when said receiver chasis is inverted.
NUM  8.
PAR  8. The invention of claim 7 wherein the transmitting antenna comprises one
      closed loop and each of the isolation transformer secondaries are
      connected in parallel across said loop.
NUM  9.
PAR  9. The invention of claim 7 wherein said transmitting antenna comprises a
      plurality of loop antennas each connected to the secondary of one of said
      isolation transformers respectively.
NUM  10.
PAR  10. The invention of claim 2 wherein said oscillator means is a master
      oscillator which feeds each modulator simultaneously, said master
      oscillator being a free running oscillator.
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PAL  Digital data having a rate R and to be transmitted is converted into a
       K- code, T-seconds long and delayed according to a particular N-bit word,
      where N=RT, whereby the code carries information in its delayed position
      in the T frame and not in the code itself. At a receiver station, the
      correlation function of the received signal is produced and the envelope
      detected, after which the samples are taken at each of the K possible
      output times. The largest output selected comprises the information on the
      delay of the transmitted signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Spread spectrum concepts are gaining increasing importance in the
      protection of communication links from jamming and detection by unfriendly
      forces. The most common prior art technique comprises a direct modulation
      of pseudorandom sequences. A binary code is generated at an information
      rate which is much greater than that of the data being transmitted. The
      data is modulo-two added to the binary code, and the resultant sequence is
      modulated on a suitable carrier frequency, and then it is transmitted. At
      the receiver, the signal is heterodyned down to baseband to remove the
      high frequency carrier. A high rate binary sequence which is identical to
      the transmitter sequence is synchronized to the incoming sequence and
      modulo-two added to thereby reproduce the lower rate data information back
      into its original form.
PAR  The above technique has several disadvantages. First, in the heterodyne
      procedure, a local oscillator signal of proper frequency is mixed with the
      incoming signal. To obtain the proper signal at baseband, the phase of the
      local oscillator must be identical to that of the received signal, thereby
      necessitating the use of elaborate techniques such as phased lock loops
      and in-phase and quadrature channels. Second, assuming that the signal has
      been properly heterodyned, to recover the data, the high-rate digital
      sequence generated at the receiver must be precisely synchronized with the
      corresponding sequence in the received waveform. As is known to those
      skilled in the art, achieving the requisite synchronization is a complex
      problem.
PAC  SUMMARY OF THE INVENTION
PAR  A spread spectrum modem especially useful in protecting communication links
      from jamming and detection by hostile forces is disclosed. Digital
      information at a rate of R bits per second, and which is to be
      transmitted, is formed into N-bit words each T-seconds, where N= RT. The
      time interval T is divided into K= 2.sup.N units of time and after a
      decision is made as to which K words are present in the N-bit words, a
      K-bit binary code is generated. The code is T-seconds long and is delayed
      according to the particular N-bit word, whereby the code carries
      information by means of its delayed position in the T frame and not in the
      code itself. At the receiver, the received signal is heterodyned down to a
      lower IF frequency and then processed to produce the correlation function
      which is envelope detected and sampled at each of the K possible output
      times. The largest output represents the information transmitted on the
      delay of the signal.
PAC  OBJECTS OF THE INVENTION
PAR  It is the primary object of the present invention to provide a spread
      spectrum modem to protect communication links from jamming and detection
      by unfriendly forces.
PAR  It is another object to provide a spread spectrum modem in which the system
      is synchronized without the need for any transmitted reference.
PAR  It is a further object to provide a spread spectrum modem in which the
      phase or coherence problem of existing systems is eliminated by
      transmitting information by pulse position and not in relative phase.
DRWD
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The FIGURE is a simplified block diagram of the novel spread spectrum
      method to be disclosed herein.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The FIGURE illustrates in simplified form, a method comprising the
      inventive concept to be disclosed herein for a spread spectrum modem.
      Briefly, the method disclosed in the FIGURE comprises the following steps.
PAR  At the transmitter station digital information to be transmitted is
      produced at a rate equal to R bits per second. Every T-seconds, N=RT bits
      of information are gathered by a shift register, for example. An N-bit
      word is then selected. The time interval T is next divided by K= 2.sup.N,
      so that each unit of time, X, equals T/K (X= T/K).
PAR  Each N-bit word is then converted into a delay with respect to the T-second
      frame, and after a decision is made as to which of the K words from among
      the N-bit words is present, a K-bit binary code is generated. The code is
      T-seconds long and is delayed according to the particular N-bit word.
PAR  For example if N= 3, then K= 8, and  X= T/ 8. The logic word 000 would thus
      produce no delay; 010 would produce a delay of 2; and, 111 would produce a
      delay of 7, etc. As can be seen, the K-bit code carries information by
      means of its delayed position in the T-second frame and not in the code
      itself.
PAR  The resultant K-bit code is then modulated on any desired carrier radio
      frequency and the mixed signal is transmitted via an RF link, for example.
PAR  At the receiver station, the signal is heterodyned down to any lower IF
      frequency. At the IF frequency the usual correlation function of the
      signal is produced by a matched filter which is set to the K-bit code. If
      a reference can be established, the sharpest correlation peak will follow
      the delayed information of the code.
PAR  For example if the code is transmitted early in the T-second frame, then
      the received correlation will occur early in the frame, since essentially,
      the correlation peak occurs at random among the K possible outputs so that
      the average or expected position is in the middle and has the same average
      value as the T-second frame rate, i.e., the correlation peak can occur
      only at K discrete intervals separated by X seconds. This fact is used to
      synchronize the system without the need for a transmitted reference.
      Furthermore, the phase or coherence problem is eliminated because the
      information is carried by pulse position and not in relative phase as in
      the prior art.
PAR  The correlation function is next envelope detected and samples are taken at
      each of the K possible output times. The largest of the sampled outputs is
      selected, and it comprises the information on the delay of the transmitted
      signal. Finally, the delay information is reconverted back into the
      corresponding set of N binary bits.
PAR  Thus, regardless of the phase, the incoming code will correlate through the
      matched filter. The effect of the unknown phase will be to shift the
      correlation peak by a very small amount, which in most cases is less than
      one-half cycle of the operating frequency of the correlator. This allows
      envelope detection of the peak with retention of all information.
      Furthermore using the synchronizing technique described, one can sample
      all possible times when the output can occur, whereby the largest output
      can be selected and converted back into a digital sequence.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for transmitting and receiving digital data in spread spectrum
      communication systems and comprising the steps of:
PA1  at a transmitting station, producing digital information at a rate
      R-bits/second;
PA1  forming said information into N-bit words each T-seconds, where N= RT;
PA1  dividing said T-seconds into K= 2.sup.N units;
PA1  converting said N-bit words into a delay with respect to said T-seconds;
PA1  generating a K-bit binary code in response to each of said N-bit words and
      delayed according to the particular N-bit word;
PA1  mixing said code to a selectively predetermined radio frequency and
      transmitting the resulting signal;
PA1  at a receiving station, heterodyning said signal down to a selectively
      predetermined IF frequency;
PA1  producing the correlation function of the K-bit code after it is
      heterodyned;
PA1  envelope detecting said correlation function;
PA1  sampling all K possible outputs and selecting the largest of said outputs;
      and,
PA1  converting the selected output back to said N-bit word.
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PAL  An AM/AGC weighted diversity combiner utilizing the AGC and AM voltages
       f the AGC loops of a pair of receivers for generating an optimum
      weighting signal or combining ratio.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention relates generally to weighted diversity combiners and
      more particularly to such combiners utilizing both AGC and AM voltages for
      weighting a maximalratio combiner.
PAR  2. Description of the Prior Art
PAR  Combiners in the past have used only the AGC voltages of the RF receivers
      to weight the combiner with the following limitations resulting. Prior art
      AGC weighted combiners will perform as maximal ratio (optimum) combiners
      provided the AGC system is able to track perfectly the envelope of the
      fades (fluctuations) in the RF signal strengths, i.e., such as to maintain
      the amplitudes of the linear IF signals constant. The bandwidth of the AGC
      system is limited due to stability considerations in the RF receiver,
      consequently the major limitations of the conventional AGC weighted
      combiner arises from the inability of the AGC system to track the higher
      frequency RF fading envelopes encountered in practice.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention comprises an AM/AGC weighted diversity combiner
      utilizing the AM and AGC voltages from the automatic gain control circuits
      of a pair of receivers for weighting, thereby providing a combiner which
      is not limited by the tracking rate of the automatic gain control circuits
      of the receivers.
PAR  Accordingly, one object of the present invention is to provide a combiner
      that is not dependent on the tracking rate of the automatic gain control
      loops of the receivers.
PAR  Another object of the present invention is to provide a combiner that
      utilizes the AM and AGC voltages from the automatic gain control circuits
      of a pair of receivers for weighting.
PAR  Another object of the present invention is to reduce cost and increase
      efficiency.
DRWD
PAR  Other objects and a more complete appreciation of the present invention and
      its many attendant advantages will develop as the same becomes better
      understood by reference to the following detailed description when
      considered in connection with the accompanying drawings in which like
      reference numerals designate like parts throughout the figures of drawing
      thereof and wherein.
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIGS. 1a and 1b are block diagrams of prior art N-channel and dual-channel
      linear diversity combiners.
PAR  FIG. 2 is a block diagram of a prior art radio frequency receiver with AGC
      system.
PAR  FIG. 3 is a block diagram of a prior art dual-channel AGC weighted
      predetection combining system.
PAR  FIG. 4 is a block diagram of a prior art equal-gain predetection combiner.
PAR  FIG. 5 is a block diagram of an AM/AGC weighted combiner and receiving
      circuits.
PAR  FIG. 6 is a schematic of part of the circuit illustrated in FIG. 5.
PAR  FIG. 7 is a schematic of part of the circuit illustrated in FIG. 5.
PAR  FIG. 8 is a block diagram of an AM weighted combiner with a common AGC
      system.
PAR  FIG. 9 is a block diagram of an AM/AGC weighted selector.
PAR  FIG. 10 is a schematic diagram of part of the circuit of FIG. 9.
PAR  FIG. 11 is a block diagram of an AM/AGC weighted combiner/selector.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAL  I. basic assumptions and equations of linear diversity combiners
PAR  a linear combiner sums the signal plus noise of a number n of diversity
      channels after applying appropriate weighting factors. The output of a
      linear combiner can thus be described by the following equation:
EQU  S.sub.o (t) + N.sub.o (t) = a.sub.1 [ S.sub.1 (t) + N.sub.1 (t)] + a.sub.2
      [ S.sub.2 (t) + N.sub.2 (t)] + . . . + a.sub.n [ S.sub.n (t) + N.sub.n
      (t)]                                                      (1)
PAL  where S.sub.j (t) and N.sub.j (t) are the instantaneous input signal and
      noise voltages of the jth channel and S.sub.o (t) and N.sub.o (t) are the
      resulting output signal and noise voltages. The implementation of equation
      (1) in block diagram form appears in FIG. 1(a). The signal-to-noise ratio
      at the output of the combiner can be written
      ##EQU1##
      where S.sub.j and N.sub.j are the local ("local" means that the
      measurement (e.g., rms) is made over an interval of time which is short
      enough that the RF envelope can be regarded as constant) rms voltages of
      the input signals and noises and S.sub.o and N.sub.o are the local rms
      output signal and noise voltages. It has been shown (see Brennan, D. G.,
      "Linear Diversity Combining Techniques," PROC INST RADIO ENG, Vol. 47, No.
      6, Jun 1959) that the maximum output SNR occurs when the coefficients
      a.sub.j are equal to
      ##EQU2##
      where N.sub.j.sup.2 is the mean square noise voltage from the jth
      diversity channel. This result is based on the following assumptions
      concerning the input signals and noises:
PA1  1. The signal and noise in each channel are statistically independent.
PA1  2. The signals are coherent (phase-aligned).
PA1  3. The noise components are uncorrelated and have mean values of zero.
PAR  When the coefficients are given by equation (3), the output SNR in equation
      (2) is maximized and reduces to the form
      ##EQU3##
      For a dual-channel combiner, equation (2) can be written in the form
      ##EQU4##
      where
      ##EQU5##
      and will be called the combining ratio. The single coefficient is a
      convenience when working with a dual-channel combiner. The implementation
      takes the form shown in FIG. 1(b). Equation (5) is maximized by the use of
      equation (3) when
      ##EQU6##
      and assumes the form given in equation (4).
PAR  Equation (7) describes the nature of the control signal for a
      maximal-ratio, dual-channel combiner. For a given communications system, a
      control signal matching this characteristic must be generated.
PAL  Ii. performance of prior art automatic gain control (agc) weighted
      combiners
PAR  in modern receivers the linear intermediate frequency (IF) signal is
      amplitude-detected, integrated and fed back to gain control circuits in
      the RF and IF amplifiers. The response time of the control is limited by
      the integrator. For a constant input signal strength or when the changes
      are slow enough for the control loop to follow, the IF output signal will
      be maintained at a constant amplitude. If the input signal strength is
      changing at a rate which the AGC loop cannot track perfectly, the
      amplitude of the IF output signal will fluctuate from its normal
      amplitude. The performance of an AGC weighted combiner will be considered
      for these two situations.
PAR  A. AGC System Behavior and Predicted Combiner Performance for Perfect AGC
      Tracking
PAR  The AGC control loop of a modern receiver can be modeled as shown in FIG. 2
      where e.sub.s is the local rms value of the input signal strength, e.sub.a
      is the local filtered output of the coherent AM detector (average absolute
      value), and e.sub.g is the AGC voltage at the integrator output. The value
      of e.sub.a needs to be defined more completely. In the absence of noise,
      the average output of a fullwave coherent AM detector is equal to the
      average absolute value of the input. Therefore, if the bandwidth of the
      low pass filter (LPF) in FIG. 2 is low compared to the intermediate
      frequency (a condition normally satisfied), then the local value of
      e.sub.a can be expressed by
      ##EQU7##
      where S(t) is the instantaneous voltage of the linear IF signal and n is
      an integer. It is seen that this integral is performed over an integral
      number of cycles of the IF signal. The local condition is satisfied
      provided n is small enough that the magnitude of S(t) is essentially
      constant over the interval nT.sub.l where T.sub.l is the local period of
      the IF signal. The narrow-band, gaussian noise of the RF receiver will
      produce perturbation of the e.sub.a and e.sub.g voltages, but no DC
      components. The effects of these perturbation noises are not considered in
      this analysis.
PAR  The integrator time constant is RC (product of the input resistor and
      feedback capacitor of the integrator). The operational amplifier is
      assumed to have large open loop gain such that the AM detector output
      e.sub.a will essentially equal V (bias voltage on the AGC integrator) for
      constant input signal strength e.sub.s and be independent of the magnitude
      of e.sub.s. (If the bias to the operational amplifier is supplied as a
      bias current I.sub.B then V is replaced by I.sub.B R where R is the input
      resistor of the AGC integrator.) A coherent AM detector is assumed so that
      e.sub.a will be essentially independent of the noise N(t) which is
      superimposed upon the linear IF output signal S(t). It is assumed that the
      noise which passes through the low pass filter following the AM detector
      can be ignored without serious loss in the analysis. This LPF is also
      assumed to have sufficient bandwidth to pass all significant frequency
      components of the fading envelope of the input signal e.sub.s. An analysis
      based on these assumptions should still be in fair agreement with the
      results when a noncoherent AM detector is used.
PAR  For constant RF input signal e.sub.s, or when perfect tracking occurs such
      that the AM detector output e.sub.a is held equal to V (bias on
      integrator), the relationship between e.sub.s and e.sub.g (AGC voltage) is
      given by
EQU  e.sub.g =- K.sub.1 log K.sub.2 e.sub.s                     (8)
PAL  where K.sub.1 and K.sub.2 are constants unique to the particular receiver.
      A derivation of equation 8 is omitted. The symbol "log" will imply
      logarithm to the base 10 throughout. Equation (8) expresses the AGC
      voltage as a function of the input signal strength. The input signal
      strength can be expressed as a function of the AGC voltage by transforming
      equation (8)
EQU  e.sub.s =  1/K.sub.2 10 .sup..sup.-(e  /K  )               (9)
PAL  the noise at the output of an RF receiver is primarily thermal in nature
      and originates in the front end (first amplifier) of the receiver. The
      effective input noise voltage n.sub.e (rms) of an RF receiver can be
      expressed by
EQU  n.sub.e = .sqroot.  k T B F                                (10)
PAL  where
PA1  k = Boltzmann's constant
PA1  T = absolute temperature (degree Kelvin)
PA1  B = effective bandwidth of the receiver
PA1  F = noise figure of the receiver
PAL  Note that n.sub.e is actually the output noise per unit gain of the
      receiver. Also, n.sub.e is a constant at a given receiver temperature. The
      IF output signal and noise voltages can be expressed in terms of the
      receiver input signal and noise and the gain of the receiver G as follows
EQU  S = Ge.sub.s                                               (11)
EQU  N = Gn.sub.e                                               (12)
PAL  By dividing equation (11) by equation (12), the receiver output SNR can be
      expressed in terms of the input SNR
      ##EQU8##
      Since n.sub.e is a constant (at a given temperature), the output SNR is
      seen to be directly proportional to the input signal strength. By
      substituting equation (9) into equation (13), the output SNR can be
      expressed as a function of the AGC voltage
      ##EQU9##
      which is the relationship that is assumed when implementing an AGC
      weighted combiner. Consider two similar receivers of the type shown in
      FIG. 2 with independent RF envelopes e.sub.s1 and e.sub.s2. If the
      integrator bias voltages V are equal (and we assume perfect AGC tracking
      of e.sub.s1 and e.sub.s2) then the rms output voltages S.sub.1 and S.sub.2
      will also be equal. This permits the combining ratio in equation (7) to
      reduce to
      ##EQU10##
      However, since the output signals are equal, this can just as well be
      expressed in terms of the SNRs of each channel
      ##EQU11##
      Assuming that the relevant parameters (K.sub.1, K.sub.2, n.sub.e) of the
      two receivers are equal (usually effected by calibration) the combining
      ratio for an AGC weighted predetection combiner is obtained by
      substituting equation (14) (for each receiver) into equation (16)
EQU  a.sub.R =  10.sup.K 2/1 (e   .sup.- e  )                   (17)
PAL  The block diagram implementation of a dual-channel, AGC weighted,
      predetection combining system appears in FIG. 3.
PAR  Since the plan is to study combiner performance in terms of deterministic
      input signal envelopes, it is desirable to express the combiner output SNR
      in terms of the input SNRs. This can be done by use of the relationships
      between the parameters of a receiver tracking perfectly as follows: First
      note that the combining ratio a.sub.R can be expressed in terms of the
      input signals by substituting equation (13) (for each receiver) into
      equation (16)
      ##EQU12##
      Since S.sub.1 =  S.sub.2 for receivers tracking perfectly (with V.sub.1 =
      V.sub.2), the ratio of the receiver gains can be expressed in terms of
      e.sub.s1 and e.sub.s2 by use of equation (11)
      ##EQU13##
      By substituting equations (11), (12), (18), and (19) into equation (5),
      the desired combiner output SNR is obtained
      ##EQU14##
      By comparing equation (20) with equation (4), it is seen that equation
      (20) gives the maximum SNR as it should. Equation (20) gives the output
      SNR of any dual-channel, maximal-ratio combiner and is independent of the
      method by which the weighting of the input signals is achieved. For an AGC
      weighted combiner, the optimum performance is achieved only when the AGC
      loop is tracking the input signal envelope perfectly (such as to maintain
      the output signal level constant). For a receiver tracking perfectly, it
      is seen from equation (14) that a diversity selector which chooses the
      output of the receiver with the greater (absolute value) AGC voltage will
      constitute an optimum selector.
PAR  B. AGC System Behavior and Predicted Combiner Performance Not Assuming
      Perfect AGC Tracking
PAR  The relationships derived in the previous section assumed that the AGC loop
      was tracking the input signal strength e.sub.s without error such as to
      maintain the output signal level S (or e.sub.a) constant. This restriction
      will now be removed and the behavior of the AGC loop and performance of
      the AGC weighted combiner will be considered under dynamic conditions.
      That is, under conditions where the input e.sub.s is changing at a rate
      too fast for the AGC loop to follow, thus resulting in dynamic behavior of
      the output e.sub.a.
PAR  The differential equation, not derived here, relating the AGC voltage
      e.sub.g to the rms input signal strength e.sub.s is
      ##EQU15##
      where the parameters have been defined. (See FIG. 2 for the block diagram
      of the AGC loop.) It can also be established that the receiver gain is
      given by
EQU  G =  K.sub.2 ' V 10 .sup.(e  /K  )                         (22)
PAL  where
      ##EQU16##
      and where the constant
      ##EQU17##
      is the ratio of rms to average absolute value of a sinusoid. Equation (22)
      shows the gain to be a function of the AGC voltage e.sub.g and the
      constants K.sub.1, K.sub.2, and V. Since the IF filter and LPF (following
      the AM detector) are assumed to pass the fading envelope without
      distortion, the AM detector output e.sub.a can be expressed as the product
      of the receiver gain and rms input signal (see appendix A)
EQU  e.sub.a =  K.sub.2 V 10 .sup.(e  /K  ) e.sub.s             (23)
PAL  Likewise by use of equation (22) the local rms value S of the linear IF
      output S(t) can be expressed by
EQU  S = K.sub.2 ' V 10 .sup.(e  /K  )                          (24)
PAL  where e.sub.s is defined as the local rms of the RF input signal e.sub.s
      (t). The rms output noise can be expressed by
EQU  N = K.sub.2 '  V 10 .sup.(e  /K  ) n.sub.e                 (25)
PAR  Note that equation (21) is a nonlinear differential equation and in general
      a closed form solution cannot be found. The data presented is obtained by
      a numerical solution of equation (21) with an assumed input fading
      envelope e.sub.s (deterministic function of time). The AGC voltage is
      calculated at 200 points for each fading cycle and used with the equations
      derived below to calculate the combiner output SNRs. The numerical
      approximation used is a fourth-order Runge-Kutta.
PAR  As explained previously, existing AGC weighted combiners are implemented
      with the combining ratio appearing in equation (17) and such combiners are
      optimum (maximal-ratio) only when the AGC loop can perfectly track the
      input fading envelope e.sub.s. Under these conditions, the output SNR will
      be maximized and given by equation (20). An expression for the actual
      output SNR of a dual-channel AGC weighted predetection combiner, which
      applies under all conditions, can be obtained by substituting equations
      (17), (24), and (25) into equation (5),
      ##EQU18##
      For two known input fading envelopes, e.sub.s1 and e.sub.s2, the numerical
      solutions of equation (21) for e.sub.g1 and e.sub.g2 can be substituted
      into equation (26) to obtain the combiner output SNR at each point in the
      calculations (and therefore essentially at each point in time).
PAR  While comparing the AGC weighted combiner with the optimum, it will be
      useful to include the equal-gain predetection combiner for comparison. The
      equal-gain combiner maintains the gains of both receivers equal while
      coherently adding the output linear IF signals without weighting. One
      possible implementation of this combiner appears in FIG. 4. An expression
      for the output SNR can be easily obtained in terms of the input SNRs by
      substituting the equations:
TBL  S.sub.1   =     G e.sub.s1                                                

     S.sub.2   =     G e.sub.s2      (26a)                                     

     N.sub.1   =     N.sub.2 = G n.sub.3                                       

     a.sub.R   =     1                                                         

PAL  into equation (5)
      ##EQU19##
PAR  The ability to select the better of two diversity signals is often
      desirable. This may happen when loss of phase lock prevents coherent
      combining. A selection diversity system which uses the AGC voltage as an
      indication of signal strength also suffers from the phase delay of the AGC
      voltage relative to the input signal envelope. A selector which operates
      on the basis of AGC voltages selects the channel with the greatest
      (absolute value) AGC voltage. The output SNR of the AGC-based diversity
      selector will be
      ##EQU20##
      where the output SNR has been expressed in terms of the input SNR by use
      of equation (13). The AGC voltage based selector will not make the correct
      choice part of the time because of the delay between the input signal
      strengths and AGC voltages. The output SNR of the optimum selector can be
      described by the following equation
      ##EQU21##
PAR  The AGC time constant defines the response time of the AGC loop of an RF
      receiver. It is defined by most receiver manufacturers as the time for the
      AGC voltage to change from 10 percent to 90 percent of the difference
      between its initial and final values for a 6-dB step increase (attack) in
      the input signal strength. For an arbitrary input e.sub.s, the response
      e.sub.g of the nonlinear differential equation (21) cannot be expressed in
      closed analytical form. However, for a step change in e.sub.s, it is
      possible to obtain an equation relating AGC voltage e.sub.g and time t. In
      this equation e.sub.g can be expressed only as an implicit function of
      time. However, it happens that time can be expressed as an explicit
      function of e.sub.g. This is fortunate, in that it provides a means for
      obtaining an analytical expression for the AGC time constant in terms of
      initial and final values of e.sub.s and the relevant parameters of the
      receiver and AGC integrator. The AGC time constant can be expressed as
      ##EQU22##
      where .tau..sub.g = AGC time constant
PA1  e.sub.si = initial value of input signal strength e.sub.s before step
      change
PA1  e.sub.sf = final value of input signal strength e.sub.s after step change
PAL  Iii. performance of automatic gain control (agc) weighted combiners and
      selectors
PAR  the optimum combining ratio for a dual-channel combining system is given by
      equation (7) (repeated for convenience).
      ##EQU23##
      Existing AGC weighted combiners are implemented on the assumption that the
      AGC loops are tracking the RF fading envelopes perfectly (i.e., S.sub.1 =
      S.sub.2). This assumption reduces the optimum combining ratio to
EQU  a.sub.R =  10.sup.2/K  (e   .sup.- e  )                    (17)
PAL  When the AGC loop is not tracking the fade rates perfectly (i.e., S.sub.1
      .noteq.  S.sub.2), the ratio of the rms output signals S.sub.1 /S.sub.2)
      must also be considered for optimum weighting of the combiner. The ratio
      of the mean-squared noises is given by equation (17) with or without
      perfect tracking since the receiver noise is a function of AGC voltage
      only. The signal values (S.sub.1 and S.sub.2) appearing in equation (7)
      are expressed in terms of rms. The presence of the squaring operation (in
      obtaining the rms of the signal) makes it difficult in the presence of
      noise to obtain voltages proportional to the rms of the receiver output
      signals S.sub.1 (t) and S.sub.2 (t). With noise superimposed on the output
      signals, the squaring operation contributes DC error components. The ratio
      of the rms signals (S.sub.1 /S.sub.2), however, can be replaced by the
      ratio of the coherent AM outputs (e.sub.a1 /e.sub.a2)
      ##EQU24##
      for the following two reasons. First, for a sinusoidal carrier there is a
      fixed relationship between the coherent AM (full wave assumed) output and
      the rms of the receiver IF output
      ##EQU25##
      Second, the coherent AM output does not have a DC error component in the
      presence of noise; this can be shown as follows. The output of a fullwave
      coherent AM detector can be described by
      ##EQU26##
      where the function W(t) is the signum of S(t) which can be expressed by
      ##EQU27##
      Equation (40) can be expanded to give
      ##EQU28##
      From the definition of W(t), it is seen that the first term on the right
      of equation (42) is the average absolute value of the signal S(t)
      ##EQU29##
      Since the receiver output noise N(t) has a mean value of zero, the second
      term on the right side of equation (42) is a random noise voltage with a
      mean value of zero. The magnitude of this perturbation noise term will be
      inversely related to the averaging time nT, which in turn will be
      inversely related to the bandwidth of the LPF at the output of the
      coherent AM detector (see FIG. 2).
PAR  By substituting equation (17) and equation (38) into equation (7), an
      expression for the optimum (maximal-ratio) combining ratio in terms of the
      AGC voltages and coherent AM output voltages is obtained
      ##EQU30##
      which applies for both tracking and nontracking conditions. Note that when
      e.sub.a1 = e.sub.a2 (for perfect tracking), equation (44) reduces to
      equation (17), as would be expected. Equation (44) thus defines the
      implementation of a maximal-ratio combiner using both the AGC and AM
      voltages from the receiver. The combining ratio a.sub.R will remain
      optimum provided that the receiver IF bandwidth and low pass filter
      bandwidth (following the AM detector) are sufficiently wide to pass the RF
      fading envelope. The LPF will generally be narrower than the IF bandwidth
      and will be determined by a tradeoff between fade rate tracking ability
      and perturbation noise on the weighting signals. It is also interesting to
      note that the fade rate tracking ability of the combiner is independent of
      the AGC time constant .tau..sub.g, when both the AM and AGC voltages are
      used in the weighting function (this assumes that the linear IF output
      amplifier is not limiting-shorter .tau..sub.g may help in this respect).
PAR  A. AM/AGC Weighted Combiner
PAR  Several configurations and applications are possible based upon the
      implementation suggested by equation (44). One application of particular
      interest is the modification of the weighting signals of a conventional
      AGC weighted combiner to overcome the limitations in tracking ability.
      This can best be seen by writing the ratio of the AM signals in an
      exponential-logarithmic form as follows
      ##EQU31##
      When equation (45) is substituted into equation (44) and the terms are
      properly arranged, the dual-channel combining ratio can be expressed in
      the form
      ##EQU32##
      Note that the logarithmic correction term reduces to zero when e.sub.a = V
      (i.e., when the AGC is tracking the RF input perfectly).
PAR  Turning to FIGS. 5, 6 and 7, an AM/AGC weighted combiner and receiver
      circuit 10 is illustrated utilizing the weighting factor or combining
      ratio derived in equation (46).
PAR  Receivers 12 and 14 include the appropriate radio frequency (RF) and
      intermediate frequency (IF) amplifier circuits customarily found in such
      receivers. Receiver 12 receives the diversity input signal or RF voltage
      e.sub.s1 (t) on line 16 and receiver 14 receives the diversity input
      signal or RF voltage e.sub.s2 (t) on line 18. After amplification,
      receivers 12 and 14 output received signals e.sub.s1 (t) and e.sub.s2 (t)
      on lines 20 and 22, respectively.
PAR  Associated with receiver 12 is automatic gain control (AGC) circuit 24. AGC
      circuit 24 is comprised of coherent amplitude-modulation (AM) detector 26,
      low pass filter 28, and AGC integrator 30. Bias voltage V inputs AGC
      integrator 30 on line 32.
PAR  Associated with receiver 14 is automatic gain control circuit 34. AGC
      circuit 34 is comprised of coherent amplitude modulation detector 36, low
      pass filter 38, and AGC integrator 40. Bias voltage V inputs AGC
      integrator 40 on line 42. It is noted that the AGC bias voltage on lines
      32 and 42 are substantially identical direct-current voltages.
PAR  The AGC voltage e.sub.g1 on line 44 is feedback to gain control circuits in
      the RF and IF amplifiers of receiver 12 via line 46. The AGC voltage
      e.sub.g2 on line 48 is feedback to gain control circuits in the RF and IF
      amplifiers of receiver 14 via line 50.
PAR  AM/AGC weighted combiner 52 is comprised of exponent circuit 54, combining
      ratio circuit 56, and summing circuit 58. FIG. 6 represents one
      implementation of exponent circuit 54 while FIG. 7 represents one
      implementation of combining ratio circuit 56. AM voltage e.sub.a1 and AGC
      voltage e.sub.g1 from AGC circuit 24 inputs exponent circuit 54 via lines
      60 and 62, respectively. AM voltage e.sub.a2 and AGC voltage e.sub.g2 from
      AGC circuit 34 inputs exponent circuit 54 via lines 64 and 66,
      respectively.
PAR  Exponent signal e.sub.w appears on line 68 which inputs combining ratio
      circuit 56. Exponent signal e.sub.w appearing on line 68 is an electronic
      voltage signal given by the relationship
      ##EQU33##
      where K.sub.1 is a constant associated with receiver 12 and receiver 14
PA1  e.sub.g2 is the AGC voltage appearing on line 66
PA1  e.sub.g1 is the AGC voltage appearing on line 62
PA1  e.sub.a1 is the AM voltage appearing on line 60
PA1  e.sub.a2 is the AM voltage appearing on line 64
PA1  V is the AGC bias voltage appearing on lines 32 and 42.
PAR  Combining ratio circuit 56 outputs an electronic voltage signal on line 70
      given by the relationship
EQU  e.sub.70 = [ S.sub.1 (t) + N.sub.1 (t)] 10 .sup.e.sbsp.w   (50)
PAL  where S.sub.1 (t) + N.sub.1 (t) is the received signal on line 20 which
      inputs combining ratio circuit 56 on line 20.
PAR  Summing circuit 58 linearly sums the signals appearing on lines 70 and 22.
      This sum appears on line 72 which is the output of AM/AGC weighted
      combiner 52.
PAR  Now turning to FIG. 6, one implementation of exponent circuit 54 is
      illustrated. Exponent circuit 54 is comprised of three active components
      operational amplifier 80 and direct-current logarithmic amplifiers 82 and
      84 as well as resisters 86 through 100.
PAR  The value of resistors 86 and 88 are determined by the relationship
EQU  R.sub.a =  V/I.sub. reff                                   (52)
PAL  where V is the AGC bias voltage on lines 32 and 42 of FIG. 5 and I.sub.reff
      is the reference current supplied to logarithmic amplifiers 82 and 84 via
      lines 102 and 104. It is noted that I.sub.reff may be generated internal
      to logarithmic amplifiers 82 and 84.
PAR  Operational amplifier 80 performs the summation indicated in equation 48 by
      summing at both positive input 106 and negative input 108. As will be
      appreciated by those having ordinary skill in the art, the exponent signal
      appearing on line 68 is given by equation 48.
PAR  Now turning to FIG. 7, one implementation of combining ratio circuit 56 of
      FIG. 6 is illustrated. A common emitter differential amplifier 110 is
      comprised of transistor 112, transistor 114, load resistor (R.sub.L) 116
      and input resistors 118 and 120. Positive bias voltage V.sub.B appears on
      line 120 and is adjustable via potentiometer 122.
PAR  An common-emitter circuit 124 is comprised of transistor 126 whose
      collector is connected to the common emitter of differential amplifier 110
      via line 128. Resistor 130 and capacitor 132 are in series and connected
      between emitter 134 of transistor 126 and a reference potential 136.
PAR  Exponent signal (e.sub.w) inputs differential amplifier 110 on line 68 and
      received signal S.sub.1 (t) + N.sub.1 (t) inputs common-emitter circuit
      124 on line 72.
PAR  The nominal gain of combining ratio circuit 56, i.e., for e.sub.w = 0, is a
      function of the positive bias voltage V.sub.B on line 120 and the ratio of
      resistor 116 R.sub.L over resistor 130 R.sub.e. When the positive bias
      voltage V.sub.B on line 120 is properly adjusted relative to the
      significant dynamic range of the exponent signal e.sub.w on line 68, the
      IF gain is approximated by an exponential function of the exponent signal
      e.sub.w on line 68. With positive bias voltage V.sub.B on line 120
      appropriately set, the exponential function will assume the form of
      equation (46), i.e., with all constants of proportionality equal to unity,
      when the resistors 116, 130, 118, and 120 are determined by the following
      relationships
      ##EQU34##
      where R.sub.L is resistor 116
PA1  R.sub.e is resistor 130 and
PA1  V.sub.B is the positive bias voltage appearing on line 120
PAL  and
      ##EQU35##
      where R.sub.2 is resistor 120 and
PA1  R.sub.1 is resistor 118
PAL  and
      ##EQU36##
      where k is Boltzmann's constant
PA1  T is the absolute temperature (degrees Kelvin)
PA1  q is the electron charge
PA1  e is 2.71828 -- (base of natural logarithm) and
PA1  log is logarithm to base 10
PAR  Since resistor 118.sup.R.sbsp.1  normally large compared to
      120.sup.R.sbsp.2, the variation of K with temperature can be compensated
      by choosing resistor 118.sup.R.sbsp.1  with the appropriate temperature
      coefficient. Further details on component selection are not given since
      circuit 56 is essentially a standard IF amplifier stage. The output of
      circuit 56 is on line 70 which inputs summing circuit 58 via line 70.
PAR  B. AM Weighted Combiner with Common AGC System
PAR  Now turning to FIG. 8, a common automatic gain control circuit 150 is
      utilized to form an AM weighted combiner 152. The optimum combining ratio
      or weighting factor is given by equation (44). However, when the AGC
      voltages e.sub.g1 and e.sub.g2 are equal, as is the case of the AM
      weighted combiner 152 of FIG. 8, the optimum combining ratio reduces to
      ##EQU37##
      then the optimum combining ratio becomes a function of the AM voltages
      e.sub.a1 and e.sub.a2 only.
PAR  Receivers 12 and 14 receive RF voltage signals e.sub.s1 (t) and e.sub.s2
      (t) via lines 16 and 18 respectively.
PAR  The received signal on line 20 inputs mixer 160 via line 162 and coherent,
      amplitude-modulation detector 166 via line 164. Low pass filter 168
      receives the detected signal on line 170. Mixer 160 receives the filtered
      signal via line 172. The filtered signal on line 172 is an AM voltage
      e.sub.a1.
PAR  The received signal on line 22 inputs mixer 174 via line 176 and coherent,
      amplitude-modulation detector 178 via line 180. Low pass filter 182
      receives the detected signal on line 184. Mixer 174 receives the filtered
      signal on line 186. The filtered signal on line 186 is an AM voltage
      e.sub.a2.
PAR  Mixers 160 and 174 are the weighting circuits. Mixers 160 and 174 are
      multipliers or double balanced modulators which operate as linear
      amplifiers for the IF signals with the gains directly proportional to the
      weighting signals e.sub.a1 and e.sub.a2 on lines 172 and 186,
      respectively.
PAR  The weighted signals on lines 188 and 190 input summing circuit 58. Summing
      circuit sums these two weighted signals on lines 72 and 192. Line 72 is
      the output of the AM weighted combiner and line 192 supplies the necessary
      feedback signal to common AGC circuit 150.
PAR  Note in the circuit of FIG. 8 the AM voltages e.sub.a1 and e.sub.a2 on
      lines 172 and 186 are applied separately to separate mixers 160 and 174.
      The validity of this is established by the following discussion. In
      general, the weighting coefficients for AM/AGC weighted combiners as shown
      in FIG. 1 are
      ##EQU38##
      where a.sub.j is the weighting coefficient of the jth
PA1  S.sub.j is the local rms signal voltage of the jth diversity channel
PA1  N.sub.j.sup.2 is the mean square noise voltage of the jth diversity channel
PA1  e.sub.aj is the local output of a fullwave coherent AM detector preceding
      an AGC integrator of the jth diversity channel
PA1  K.sub.1 is a receiver constant and
PA1  e.sub.gj is the AGC voltage of the jth diversity channel
PAL  For common AGC operation, the coefficients in equation (60) reduces to
EQU  a.sub.j = e.sub.aj                                         (62)
PAL  where
PA1  a.sub.j is the weighting coefficient of the jth diversity channel, and
PA1  e.sub.aj is the local output of a fullwave coherent AM detector preceding
      an AGC integrator of the jth diversity channel
PAL  as can be shown by substituting equation (60) in equation (2).
PAR  C. AM/AGC Weighted Selector
PAR  Now turning to FIG. 9, since a combiner achieves a significant improvement
      in output SNR only when the received signals on lines 20 and 22 are
      coherent and have nearly equal SNRs, it is sometimes preferable to simply
      select the better of the two uncombined signals. Since the output SNR of
      an RF receiver is directly proportional to the input signal strength (the
      noise originates in the first gain stages of the receiver), the receiver
      with the greater input signal strength also has the greater output
      SNR-matched receivers are assumed.
PAR  It can be shown that the diversity input signal e.sub.sj strength can be
      expressed as a function of the AGC voltage e.sub.gj and the AM voltage
      e.sub.aj. Rearranging equation (22), the following is obtained
      ##EQU39##
      where K.sub.1 and K.sub.2 are receiver constants
PA1  e.sub.s is the diversity input signal
PA1  e.sub.a is the AM voltage
PA1  e.sub.g is the AGC voltage, and
PA1  V is the AGC bias voltage
PAL  Equation (64) can be expressed in the following form by taking the
      logarithm of each side
      ##EQU40##
      For the two receivers 12 and 14 equation (66) can be expressed in the
      following form by subtracting the equation for receiver 14 from that for
      receiver 12.
      ##EQU41##
      Equation (68) expresses the logarithm of the ratio of the diversity input
      signal strength of receiver 12 to the diversity input signal strength of
      receiver 14 as a function of the AGC and AM voltages of the two receivers.
      Symbol e.sub.R has been assigned to represent this function. The logarithm
      of the ratio of the diversity input signal strengths will be positive when
      e.sub.s1, the signal on line 16, is greater than e.sub.s2, the signal on
      line 18, and negative when e.sub.s2, the signal on line 18, is greater
      than e.sub.s1, the signal on line 16. Thus the voltage e.sub.R is a useful
      signal for selecting the greater of the two diversity input signal
      strengths. When e.sub.R is applied to a zero crossing detector 200, a
      voltage comparator with zero reference, the output 202.sup.e.sbsp.l  of
      zero crossing detector 200 will assume two states such that
     e.sub.L =  + E, e.sub.s1 &gt; e.sub.s2                                       

                                  (70)                                         

                - E, e.sub.s2 &gt; e.sub.s1                                       

PAL  The voltage e.sub.L is used to control the position of an electronic switch
      204 to select either the output of receiver 12 if e.sub.s1 &gt; e.sub.s2 or
      the output of receiver 14 if e.sub.s2 &gt; e.sub.s1.
PAR  FIG. 10 illustrates the implementation of the function e.sub.r of equation
      (68) and related discussion, supra.
PAR  Receivers 12 and 14 and AGC circuits 34 and 24 operate identically as in
      FIG. 5. Switch 204, zero-crossing detector 200, and circuit 208 comprises
      selector circuit 206. Circuit 208 generates an electronic voltage signal
      e.sub.R as given by equation (68) which inputs zero-crossing detector 200
      via line 210. The AGC and AM voltages input circuit 208 on lines 60, 62,
      64 and 66. The output 212 of switch 204 will be the strongest input
      diversity signal on lines 16 and 18.
PAR  one implementation of circuit 208 is illustrated in greater detail in FIG.
      10. Circuit 208 is comprised of three active elements operational
      amplifier 220, directcurrent logarithmic amplifiers 222 and 224, and
      resistors 226 through 240. The values of resistors 226 and 228 are
      determined in the same manner as the values of resistors 86 and 88 of FIG.
      6. The circuit 208 of FIG. 10 is identical in form and operation to the
      circuit 54 of FIG. 6 except for the different values of resistors 92 and
      94 of FIG. 6 from resistors 232 and 234 of FIG. 10. It will be appreciated
      by those having ordinary skill in the art that circuit 208 of FIG. 10
      implements the function e.sub.R of equation (68).
PAR  D. AM/AGC Weighted Combiner-Selector
PAR  Now turning to FIG. 11, since it is usually not possible to predict in
      advance whether the combined or best uncombined signal will give best
      average performance, it is often desirable to build a system that will
      output on a single line the better of the two. For example, the phase
      difference between the received signals on lines 20 and 22 may be too
      great for combiner 52 to output a meaningful weighted signal on line 72.
      In that case, it is desirable to select one or the other of the received
      signals, lines 20 and 22. One method of accomplishing this is shown in
      FIG. 11 where an AM/AGC weighted combiner/selector is illustrated.
      Receivers 12 and 14 and related AGC circuits are identical to the ones
      shown in FIGS. 5 and 9. AM/AGC weighted selector 206 is identical to the
      one shown in FIGS. 9 and 10. Thus, the signal appearing on line 212 is
      either the diversity input signal on line 20 or the diversity input signal
      on line 22, whichever is the stronger.
PAR  AM/AGC weighter combiner 52 is identical to the one shown in FIGS. 5 and 6.
      Thus, the signal appearing on line 72 is the sum of the received signal on
      line 22 and the received signal on line 20 after weighting.
PAR  The received signal on line 20 and the received signal on line 22 input
      mixer 300 via lines 302 and 304, respectively. Mixer 300 multiplies the
      two received signals and outputs the product on line 306 which inputs low
      pass filter 308.
PAR  Low pass filter 308 is connected to threshold detector 310 via line 312.
      The threshold voltage V.sub.T of threshold detector 310 is a predetermined
      voltage. Line 314 is the output of the circuit shown in FIG. 11.
PAR  When the average phase angle between the received signals on lines 20 and
      22 exceeds some predetermined value which is established by the threshold
      voltage V.sub.T of detector 310, switch 316 connects the signal on line
      212 to output 314. If the average phase angle between the received signals
      on lines 20 and 22 do not exceed the threshold voltage V.sub.T of detector
      310, switch 316 connects the signal on line 72 to output 314. The voltage
      e.sub.p on line 312 is proportional to the average phase angle between the
      received signals on line 20 and 22. The output of mixer 300 on line 306
      contains a direct-current component proportional to the cosine of the
      differential phase angle. When the phase difference is zero, the cosine
      function has its maximum value. Low pass filter 308 eliminates any
      undesired sideband components. The output of threshold detector 310 can be
      described by the following relationship
TBL                    +E, e.sub.p &gt; V.sub.T (72)                              

     e.sub.t =                                                                 

                       -E, e.sub.p &lt; V.sub.T (74)                              

PAR  The positive of switch 316 can be described by the following relationship
TBL                   1, e.sub.T = +E                                          

     Switch 316 position =                                                     

                      2, e.sub.T = -E                                          

PAR  Thus, the output of threshold detector 310 controls switch 316.
PAR  As will be appreciated by those having ordinary skill in the art, the
      circuits described in FIGS. 5-11 may contain phase lock loops similar to
      the phase lock loops shown in FIGS. 3 and 4. Such phase lock loops are so
      common in the art that to include them in FIGS. 5-11 would merely add
      nothing to the detailed description.
PAR  The following is a list of definitions of symbols appearing supra:
PAC  APPENDIX A
TBL  a.sub.j                                                                   

            Weighting coefficient of the jth channel                           

     a.sub.R                                                                   

            Dual-channel combining ratio                                       

     B      Effective receiver bandwidth                                       

     e.sub.a                                                                   

            Local output of a fullwave coherent AM detector preceding the AGC  

            integrator                                                         

     e.sub.g                                                                   

            AGC voltage                                                        

     e.sub.s                                                                   

            Local rms voltage of the receiver RF input signal                  

     e.sub.s                                                                   

            Average of receiver rms input signal over one full fading period   

            (not local average)                                                

     e.sub.sf                                                                  

            Final value of e.sub.s following a step change                     

     e.sub.si                                                                  

            Initial value of e.sub.s preceding a step change                   

     e.sub.s (t)                                                               

            Instantaneous RF voltage at the receiver input                     

     F      Receiver noise figure                                              

     f.sub.F                                                                   

            Frequency of fades (fade rate)                                     

     G      Receiver voltage gain                                              

     k      Boltzmann's constant                                               

     K.sub.1                                                                   

            Receiver constant [defined by equation (8)]                        

     K.sub.2                                                                   

            Receiver constant [defined by equation (8)]                        

     K.sub.2 '                                                                 

            Defined in appendix A                                              

     n.sub.e                                                                   

            Effective receiver rms input noise voltage                         

     N.sub.j                                                                   

            Local rms noise voltage of the jth diversity channel               

     N.sub.j.sup.2                                                             

            Mean square noise voltage of the jth diversity channel             

     N.sub.j (t)                                                               

            Instantaneous noise voltage of the jth diversity channel           

     N.sub.o                                                                   

            Local rms noise voltage at the combiner output                     

     N.sub.o (t)                                                               

            Instantaneous noise voltage at the combiner output                 

     RC     Time constant of the AGC integrator                                

     S.sub.j                                                                   

            Local rms signal voltage of the jth diversity channel              

     S.sub.j (t)                                                               

            Instantaneous signal voltage of the jth diversity channel          

     S.sub.j                                                                   

            Signal-to-noise ratio of the jth diversity channel                 

     N.sub.j                                                                   

     S.sub.o                                                                   

            Local rms signal voltage at the combiner output                    

     S.sub.o (t)                                                               

            Instantaneous signal voltage at the combiner output                

     S.sub.o                                                                   

            Signal-to-noise ratio at the combiner output                       

     N.sub.o                                                                   

     S.sub.o                                                                   

            Output SNR of an AGC weighted combiner                             

     N.sub.o                                                                   

         .sub.AGC                                                              

     S.sub.o                                                                   

            Output SNR of an equal-gain combiner                               

     N.sub.0                                                                   

         .sub.eg                                                               

     S.sub.o                                                                   

            Output SNR of an AGC voltage-based diversity selector              

     N.sub.o                                                                   

         .sub.gs                                                               

     S.sub.o                                                                   

            Output SNR of a maximal-ratio combiner                             

     N.sub.o                                                                   

          MAX                                                                  

     S.sub.o                                                                   

            Output SNR of an optimum diversity selector                        

     N.sub.o                                                                   

         .sub.os                                                               

     T      Absolute temperature in degrees Kelvin or the period of a periodic 

            signal                                                             

     T.sub.l                                                                   

            Local period of the Rf or IF signal                                

     W(t)   Signum of s(t)                                                     

     .tau..sub.g                                                               

            AGC time constant                                                  

PAR  It will be appreciated by those skilled in the art that the complete
      circuit diagrams of FIGS. 1-11 include such suitable and necessary biasing
      voltage sources as are usually provided in such circuits. All such biasing
      is not shown in FIGS. 1-11.
PAR  Obviously numerous modifications and variations of the present invention
      are possible in light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described herein.
CLMS
STM  What is claimed as new and desired to be secured by Letters Patent of the
      United States is:
NUM  1.
PAR  1. In combination with a first and second receiver each having an automatic
      gain control circuit, each said automatic gain control circuit comprising
      a full-wave, coherent AM detector, a low pass filter, and an AGC
      integrator circuit, said AM detector being connected between said receiver
      and said low pass filter, said low pass filter being connected between
      said AM detector and said AGC integrator circuit, said AGC integrator
      circuit being connected between said low pass filter and said receiver,
      the signal from said low pass filter to said AGC integrator circuit being
      an amplitude modulated (AM) voltage which is a filtered, full-wave,
      coherent, AM detected signal, the signal from said AGC integrator circuit
      to said receiver being an automatic gain control (AGC) voltage, said AGC
      integrator circuit also being supplied with a direct current AGC bias
      voltage from an AGC bias voltage source, said AGC bias voltages being
      identical for both automatic gain control circuits; a predetection,
      weighted diversity combiner for combining a first and second received
      signal from said first and second receiver so as to maximize the
      signal-to-noise ratio of the received signals comprising:
PA1  a. first circuit means receiving said AM and AGC voltages and said first
      received signal for weighting said first received signal with a combining
      ratio that is a function of said AM and AGC voltages, said first circuit
      means having an output; and
PA1  b. summing circuit means having an output for summing said weighted first
      received signal and said second received signal, said output being said
      combiner output.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said first circuit means comprises:
PA1  a. second circuit means for generating an exponent signal that is a
      function of said AM and AGC voltages;
PA1  b. third circuit means receiving said exponent signal and said first
      received signal for multiplying said first received signal by ten to the
      exponent signal to generate a multiplied signal, said third circuit means
      having an output upon which said multiplied signal appears, said
      multiplied signal being said first received signal weighted with said
      combining ratio.
NUM  3.
PAR  3. The apparatus of claim 2 wherein said exponent signal (e.sub.w) is
      represented by the following relationship:
      ##EQU42##
      where K.sub.1 is a constant defined by said first and second receiver
      parameters
PA1  e.sub.g1 is the AGC voltage from said first receiver
PA1  e.sub.g2 is the AGC voltage from said second receiver
PA1  e.sub.a1 is the AM voltage from said first receiver
PA1  e.sub.a2 is the AM voltage from said second receiver
PA1  V is the AGC bias voltage from said first and second receiver, said AGC
      bias voltage being substantially identical for both receivers.
NUM  4.
PAR  4. The apparatus of claim 3 wherein said multiplied signal (e.sub.m ) is
      represented by the following relationship
EQU  e.sub.m = [ S.sub.1 (t) + N.sub.1 (t)]  10.sup. e.sbsp.w
PAL  where
PA1  S.sub.1 (t) + N.sub.1 (t) is the received signal from said first receiver
PA1  e.sub.w is the exponent signal.
NUM  5.
PAR  5. The apparatus of claim 2 wherein said second circuit means comprises:
PA1  a. a first direct-current logarithmic amplifier having an input and an
      output;
PA1  b. a second direct-current logarithmic amplifier having an input and an
      output;
PA1  c. an operational amplifier having a positive input, a negative input, and
      an output, said exponent signal appearing on said operational amplifier
      output;
PA1  d. a first resistor connected between said output of said first logarithmic
      amplifier and said negative input of said operational amplifier;
PA1  e. a second resistor connected between said negative input of said
      operational amplifier and said AGC voltage of said first receiver;
PA1  f. a third resistor connected between said positive input of said
      operational amplifier and said AGC voltage of said second receiver;
PA1  g. a fourth resistor connected between said output of said second
      logarithmic amplifier and said positive input of said operational
      amplifier;
PA1  h. a fifth resistor connected between said output of said operational
      amplifier and said negative input of said operational amplifier;
PA1  i. a sixth resistor connected between said input to said first logarithmic
      amplifier and said AM voltage of said first receiver;
PA1  j. a seventh resistor connected between said input to said second
      logarithmic amplifier and said AM voltage of said second receiver; and
PA1  k. an eighth resistor connected between the positive input of said
      operational amplifier and a reference voltage.
NUM  6.
PAR  6. Thee apparatus of claim 5 wherein the value of sixth and seventh
      resistors (R.sub.6,7) is given by the relationship
EQU  R.sub.6,7 = V/I.sub.r
PAL  where
PA1  V is the AGC bias voltage from said first and second receiver, said AGC
      bias voltage being substantially identical for both receivers
PA1  I.sub.r is a reference current generated internally or externally to said
      first and second logarithmic amplifier.
NUM  7.
PAR  7. The apparatus of claim 2 wherein said third circuit, means comprises:
PA1  a. a differential amplifier circuit having common emitters, said
      differential amplifier circuit being inputed by said exponent signal; and
PA1  b. a common emitter circuit having a collector connected to said common
      emitters of said differential amplifier circuit, said common emitter
      circuit being inputed by said first received signal.
NUM  8.
PAR  8. The apparatus of claim 7 wherein said differential amplifier circuit
      comprises:
PA1  a. a first transistor having a base, an emitter and a collector;
PA1  b. a second transistor having a base, an emitter, and a collector, said
      first and second transistor being substantially identical, said second
      transistor base being connected to a first bias voltage, said second
      transistor emitter being connected to said first transistor emitter, said
      second transistor collector being connected to a second bias voltage;
PA1  c. a first resistor connected between the base of said first transistor and
      said exponent signal;
PA1  d. a second resistor connected between the base of said first transistor
      and a reference voltage; and
PA1  e. a third resistor connected between the collector of said first
      transistor and a second bias voltage, said collector of said first
      transistor being the output of said first circuit means.
NUM  9.
PAR  9. The apparatus of claim 8 wherein said common emitter circuit includes:
PA1  a. a third transistor having an emiter, a collector, and a base, said third
      transistor collector being connected to said first and second transistor
      emitters, said third transistor base being connected to receive said first
      received signal;
PA1  b. a capacitor having a first and a second side, said first side being
      connected to a reference voltage; and
PA1  c. a fourth resistor being connected between said third transistor emitter
      and said second side of said capacitor.
NUM  10.
PAR  10. The apparatus of claim 9 wherein the values of said first (R.sub.1),
      second (R.sub.2), third (R.sub.L) and fourth (R.sub.E) resistors are given
      by the following relationships
      ##EQU43##
      and
      ##EQU44##
      where K is a constant associated with said differential amplifier circuit
PA1  V.sub.B is said first bias voltage.
NUM  11.
PAR  11. In combination with a first and second receiver each having an
      automatic gain control circuit, each said automatic gain control circuit
      comprising a full-wave, coherent AM detector, a low pass filter, and an
      AGC integrator circuit, said AM detector being connected between said
      receiver and said low pass filter, said low pass filter being connected
      between said AM detector and said AGC integrator circuit, said AGC
      integrator circuit being connected between said low pass filter and said
      receiver, the signal from said low pass filter to said AGC integrator
      circuit being an amplitude modulated (AM) voltage which is a filtered,
      full-wave, coherent, AM detected signal, the signal from said AGC
      integrator circuit to said receiver being an automatic gain control (AGC)
      voltage, said AGC integrator circuit also being supplied with a direct
      current AGC bias voltage from an AGC bias voltage source, said AGC bias
      voltages being identical for both automatic gain control circuits; each
      said receiver having an input and an output, each input receiving a
      diversity input signal, a received signal appearing on each output; a
      predetection diversity selector for selecting either the first or second
      received signal so as to maximize the signal-to-noise ratio of the
      received signals comprising:
PA1  a. a selector circuit having an output for generating a positive or
      negative direct-current voltage on said output, depending on whether the
      signal strength of the diversity input signal of said first receiver is
      greater than the signal strength of the diversity input signal of said
      second receiver or visa versa, said selector circuit being connected to
      receive said AM and AGC voltages from said first and second receivers.
NUM  12.
PAR  12. The apparatus of claim 11 wherein said selector circuit comprises:
PA1  a. first circuit means having an output for generating on said output a
      logarithmic signal that is the logarithm of the ratio of the diversity
      input signal strength of said first receiver to the diversity input signal
      strength of said second receiver as a function of the AM and AGC voltages
      of said first and second receivers, said first circuit means being
      connected to said first and second receivers; and
PA1  b. second circuit means having an input and an output for generating a
      positive or negative direct-current voltage on said output, depending on
      whether said logarithmic signal is positive or negative, said second
      circuit means input being connected to said first circuit means output,
      said second circuit means output being said selector circuit output.
NUM  13.
PAR  13. The apparatus of claim 12 wherein said logarithmic signal (e.sub.r) is
      represented by the following relationship
      ##EQU45##
      where K.sub.1 is a constant defined by said first and second receiver
      parameters
PA1  e.sub.g1 is the AGC voltage from said first receiver
PA1  e.sub.g2 is the AGC voltage from said second receiver
PA1  e.sub.a1 is the AM voltage from said first receiver
PA1  e.sub.a2 is the AM voltage from said second receiver
PA1  V is the AGC bias voltage from said first and second receiver, said AGC
      bias voltage being substantially identical for both receivers.
NUM  14.
PAR  14. The apparatus of claim 12 wherein said first circuit means comprises:
PA1  a. a first direct-current logarithmic amplifier having an input and an
      output;
PA1  b. a second direct-current logarithmic amplifier having an input and an
      output;
PA1  c. an operational amplifier having a positive input, a negative input, and
      an output, said logarithmic signal appearing on said operational amplifier
      output;
PA1  d. a first resistor connected to said output of said first logarithmic
      amplifier and said negative input of said operational amplifier;
PA1  e. a second resistor connected between said negative input of said
      operational amplifier and said AGC voltage of said first receiver;
PA1  f. a third resistor connected between said positive input of said
      operational amplifier and said AGC voltage of said second receiver;
PA1  g. a fourth resistor connected between said output of said second
      logarithmic amplifier and said positive input of said operational
      amplifier;
PA1  h. a fifth resistor connected between said output of said operational
      amplifier and said negative input of said operational amplifier;
PA1  i. a sixth resistor connected between said input to said first logarithmic
      amplifier and said AM voltage of said first receiver;
PA1  j. a seventh resistor connected between said input to said second
      logarithmic amplifier and said AM voltage of said second receiver; and
PA1  k. an eighth resistor connected between the positive input of said
      operational amplifier and a reference voltage.
NUM  15.
PAR  15. The apparatus of claim 14 wherein the value of said sixth and seventh
      resistors (R.sub.6,7) is given by the relationship
EQU  R.sub.6,7 = V/I.sub.r
PAL  where
PA1  V is the AGC bias voltage from said first and second receiver, said AGC
      bias voltages being substantially identical for both receivers
PA1  I.sub.r is a reference current generated internally or externally to said
      first and second logarithmic amplifier.
NUM  16.
PAR  16. The apparatus of claim 12 wherein said second circuit means comprises a
      zero-crossing detector.
NUM  17.
PAR  17. The apparatus of claim 11 wherein said apparatus further comprises:
PA1  switch means connected to said first and second receiver and to said
      selector circuit output for outputing either said first received signal or
      said second received signal, depending upon the voltage level of the
      signal appearing on the output of said selector circuit.
NUM  18.
PAR  18. In combination with a first and second receiver each having an
      automatic gain control circuit comprising a full-wave, coherent AM
      detector, a low pass filter, and an AGC integrator circuit, said AM
      detector being connected between said receiver and said low pass filter,
      said low pass filter being connected between said Am detector and said AGC
      integrator circuit, said AGC integrator circuit being connected between
      said low pass filter and said receiver, the signal from said low pass
      filter to said AGC integrator circuit being an amplitude modulated (AM)
      voltage which is a filtered, full-wave, coherent, AM detected signal, the
      signal from said AGC integrator circuit to said receiver being an
      automatic gain control (AGC) voltage, said AGC integrator circuit also
      being supplied with a direct current AGC bias voltage from an AGC bias
      voltage source, said AGC bias voltages being identical for both automatic
      gain control circuits; each said receiver having an input and an output,
      each input receiving a diversity input signal, a received signal appearing
      on each output, a predetection, weighted, diversity combiner-selector for
      combining a first and second received signal from said first and second
      receiver and selecting either the first or the second received signal or
      the combined signal so as to maximize the signal-to-noise ratio of the
      received signals comprising:
PA1  a. first circuit means receiving said AM and AGC voltages and said first
      received signal for weighting said first received signal with a combining
      ratio that is a function of said AM and AGC voltages, said first circuit
      means having an output;
PA1  b. summing circuit means having an output for summing said weighted first
      received signal and said second received signal;
PA1  c. means receiving said first and second received signal for determining
      the average phase angle between said first and second received signal and
      outputing a first or second voltage level, depending upon whether or not
      the average phase angle difference exceeds a certain predetermined limit
      or not;
PA1  d. a selector circuit having an output for generating a positive or
      negative direct-current voltage on said output, depending upon whether the
      signal strength of the diversity input signal of said first receiver is
      greater than the signal strength of the diversity input signal of said
      second receiver or visa versa, said selector circuit being connected to
      receive said AM and AGC voltages from said first and second receivers.
NUM  19.
PAR  19. The apparatus of claim 18 wherein said first circuit means includes:
PA1  a. second circuit means for generating an exponent signal that is a
      function of said AM and AGC voltages; and
PA1  b. third circuit means receiving said exponent signal and said first
      received signal for multiplying said first received signal by ten to the
      exponent signal to generate a multiplied signal, said third circuit means
      having an output upon which said multiplied signal appears, said
      multiplied signal being said first received signal weighted with said
      combining ratio.
NUM  20.
PAR  20. The apparatus of claim 19 wherein said exponent signal (e.sub.w) is
      represented by the following relationship
      ##EQU46##
      where K.sub.1 is a constant defined by said first and second receiver
      parameters
PA1  e.sub.g1 is the AGC voltage from said first receiver
PA1  e.sub.g2 is the AGC voltage from said second receiver
PA1  ea1 is the AM voltage from said first receiver
PA1  e.sub.a2 is the AM voltage from said second receiver
PA1  V is AGC bias voltage from said first and second receiver, said AGC bias
      voltage being substantially identical for both receivers.
NUM  21.
PAR  21. The apparatus of claim 20 wherein said multiplied signal (e.sub.m) is
      represented by the following relationship
EQU  e.sub.m = [ S.sub.1 (t) + N.sub.1 (t)] 10.sup.e.sbsp.w
PAL  where
PA1  S.sub.1 (t) + N.sub.1 (t) is the received signal from said first receiver
PA1  e.sub.w is the exponent signal.
NUM  22.
PAR  22. The apparatus of claim 19 wherein said second circuit means comprises:
PA1  a. a first direct-current logarithmic amplifier having an input and an
      output;
PA1  b. a second direct-current logarithmic amplifier having an input and an
      output;
PA1  c. an operational amplifier having a positive input, a negative input, and
      an output, said exponent signal appearing on said operational amplifier
      output;
PA1  d. a first resistor connected between said output of said first logarithmic
      amplifier and said negative input of said operational amplifier;
PA1  e. a second resistor connected between said negative input of said
      operational amplifier and said AGC voltage of said first receiver;
PA1  f. a third resistor connected between said positive input of said
      operational amplifier and said AGC voltage of said second receiver;
PA1  g. a fourth resistor connected between said output of said second
      logarithmic amplifier and said positive input of said operational
      amplifier;
PA1  h. a fifth resistor connected between said output of said operational
      amplifier and said negative input of said operational amplifier;
PA1  i. a sixth resistor connected between said input to said first logarithmic
      amplifier and said AM voltage of said first receiver;
PA1  j. a seventh resistor connected between said input to said second
      logarithmic amplifier and said AM voltage of said second receiver; and
PA1  k. an eighth resistor connected between the positive input of said
      operational amplifier and a reference voltage.
NUM  23.
PAR  23. The apparatus of claim 22 wherein the value of the sixth and seventh
      resistors (R.sub.6,7) is given by the relationship
EQU  R.sub.6,7 = V/I.sub.r
PAL  where
PA1  V is the AGC bias voltage from said first and second receiver, said AGC
      bias voltage being substantially identical for both receivers
PA1  I.sub.r is a reference current generated internally or externally to said
      first and second logarithmic amplifiers.
NUM  24.
PAR  24. The apparatus of claim 19 wherein said third circuit means comprises:
PA1  a. a differential amplifier circuit having common emitters, said
      differential amplifier circuit being inputed by said exponent signal; and
PA1  b) a common emitter circuit having a collector connected to said common
      emitters of said differential amplifier circuit, said common emitter
      circuit being inputed by said first received signal.
NUM  25.
PAR  25. The apparatus of claim 24 wherein said differential amplifier circuit
      comprises:
PA1  a. a first transistor having a base, an emitter and a collector;
PA1  b. a second transistor having a base, an emitter, and a collector, said
      first and second transistor being substantially identical, said second
      transistor base being connected to a first bias voltage, said second
      transistor emitter being connected to said first transistor emitter, said
      second transistor collector being connected to a second bias voltage;
PA1  c. a first resistor connected between the base of said first transistor and
      said exponent signal;
PA1  d. a second resistor connected between the base of said first transistor
      and a reference voltage; and
PA1  e. a third resistor connected between the collector of said first
      transistor and a second bias voltage, said collector of said first
      transistor being the output of said first circuit means.
NUM  26.
PAR  26. The apparatus of claim 25 wherein said common emitter circuit includes:
PA1  a. a third transistor having an emitter, a collector, and a base, said
      third transistor collector being connected to said first and second
      transistor emitters, said third transistor base being connected to receive
      said first received signal;
PA1  b. a capacitor having a first and a second side, said first side being
      connected to a reference voltage; and
PA1  c. a fourth resistor being connected between said third transistor emitter
      and said second side of said capacitor.
NUM  27.
PAR  27. The apparatus of claim 26 wherein the values of said first (R.sub.1),
      second (R.sub.2), third (R.sub.L), and fourth (R.sub.E) resistors are
      given by the following relationships
      ##EQU47##
      and
      ##EQU48##
      where K is a constant associated with said differential amplifier
PA1  V.sub.B is said first bias voltage.
NUM  28.
PAR  28. The apparatus of claim 18 wherein said selector circuit comprises:
PA1  a. second circuit means having an output for generating on said output a
      logarithmic signal that is the logarithm of the ratio of the diversity
      input signal strength of said first receiver to the diversity input signal
      strength of said second receiver as a function of the AM and AGC voltages
      of said first and second receivers, said first circuit means being
      connected to said first and second receivers; and
PA1  b. third circuit means having an input and an output for generating a
      positive or negative direct-current voltage on said output, depending on
      whether said logarithmic signal is positive or negative, said second
      circuit means input being connected to said first circuit means output,
      said second circuit means output being said selector circuit output.
NUM  29.
PAR  29. The apparatus of claim 28 wherein said logarithmic signal (e.sub.r) is
      represented by the following relationship
      ##EQU49##
      where K.sub.1 is a constant defined by said first and second receiver
      parameters
PA1  e.sub.g1 is the AGC voltage from said first receiver
PA1  e.sub.g2 is the AGC voltage from said second receiver
PA1  e.sub.a1 is the AM voltage from said first receiver
PA1  e.sub.a2 is the AM voltage from said second receiver
PA1  V is the AGC bias voltage from said first and second receiver, said AGC
      bias voltage being substantially identical for both receivers.
NUM  30.
PAR  30. The apparatus of claim 28 wherein said second circuit means comprises:
PA1  a. a first direct-current logarithmic amplifier having an input and an
      output;
PA1  b. a second direct-current logarithmic amplifier having an input and an
      output;
PA1  c. an operational amplifier having a positive input, a negative input, and
      an output, said logarithmic signal appearing on said operational amplifier
      output;
PA1  d. a first resistor connected to said output of said first logarithmic
      amplifier and said negative input of said operational amplifier;
PA1  e. a second resistor connected between said negative input of said
      operational amplifier and said AGC voltage of said first receiver;
PA1  f. a third resistor connected between said positive input of said
      operational amplifier and said AGC voltage of said second receiver;
PA1  g. a fourth resistor connected between said output of said second
      logarithmic amplifier and said positive input of said operational
      amplifier;
PA1  h. a fifth resistor connected between said output of said operational
      amplifier and said negative input of said operational amplifier;
PA1  i. a sixth resistor connected between said input to said first logarithmic
      amplifier and said AM voltage of said first receiver;
PA1  j. a seventh resistor connected between said input to said second
      logarithmic amplifier and said AM voltage of said second receiver; and
PA1  k. an eighth resistor connected between the positive input of said
      operational amplifier and a reference voltage.
NUM  31.
PAR  31. The apparatus of claim 30 wherein the value of said sixth and seventh
      resistors (R.sub.6,7) is given by the relationship
EQU  R.sub.6,7 =V/I.sub.r
PAL  where
PA1  V is the AGC bias voltage from said first and second receiver, and AGC bias
      voltage being substantially identical for both receivers
PA1  I.sub.r is a reference current generated internally or externally to said
      first and second logarithmic amplifier.
NUM  32.
PAR  32. The apparatus of claim 28 wherein said third circuit means comprises a
      zero-crossing detector.
NUM  33.
PAR  33. The apparatus of claim 18 wherein said average phase angle determining
      means comprises:
PA1  a. a mixer having a first and second input and an output, said first and
      second inputs being connected to receive said first and second received
      signals, respectively;
PA1  b. a low pass filter having an input and an output, said filter input being
      connected to said mixer output, a phase signal appearing on said filter
      output whose voltage level is proportional to the average phase angle
      between said first and second received signals; and
PA1  c. a threshold detector having a predetermined threshold voltage, said
      detector being connected to receive said phase signal and output a
      positive or negative voltage level depending on whether or not said phase
      signal exceeds said threshold voltage.
NUM  34.
PAR  34. The apparatus of claim 18 further comprising:
PA1  a. first switch means communicating with said selector circuit output and
      being connected to receive said first and second received signals, said
      first switch means having an output, said first or said second received
      signal, but not both appearing on said first switch means output,
      depending on whether the voltage level from said selector circuit output
      is positive or negative; and
PA1  b. second switch means communicating with said average phase angle
      difference means output and being connected to receive the signal from
      said first switch means output and said said signal from said summing
      circuit output, said second switch means having an output, said signal
      from said first switch means output or said signal from said summing
      circuit output but not both appearing on said second switch means output
      depending on whether the voltage level from said average phase angle
      difference means output is positive or negative.
NUM  35.
PAR  35. In combination with a first and second receiver having a common
      automatic gain control (AGC) feedback circuit, a predetection, weighted,
      diversity combiner for combining a first and second coherent received
      signal from said first and second receiver so as to maximize to
      signal-to-noise ratio of the received signals comprising:
PA1  a. first circuit means for coherently detecting and filtering said first
      received signal, said means outputing a detected and filtered signal;
PA1  b. a first mixer having an input for multiplying said first received signal
      by said detected and filtered signal from said first circuit means, said
      mixer outputing a first mixed signal;
PA1  c. second circuit means for coherently detecting and filtering said second
      received signal, said means outputing a detected and filtered signal;
PA1  d. a second mixer having an input for multiplying said second received
      signal by said second detected and filtered signal from said second
      circuit means, said mixer outputing a second mixed signal;
PA1  e. a summing circuit for summing said first and second mixed signals, said
      summing circuit having a first and second output, said first output being
      connected to said AGC circuit, said second output being the output of said
      combiner.
NUM  36.
PAR  36. The apparatus of claim 35 wherein said first circuit means comprises:
PA1  a. a first fullwave, coherent, amplitude-modulation detector being
      connected to receive said first received signal, said first detector
      having an output; and
PA1  b. a first low pass filter having an input and an output, said first filter
      input being connected to said first detector output, said first filter
      output being connected to said first mixer input.
NUM  37.
PAR  37. The apparatus of claim 35 wherein said second circuit means comprises:
PA1  a. a second fullwave, coherent amplitude-modulation detector being
      connected to receive said first received signal, said detector having an
      output; and
PA1  b. a second low pass filter having an input and an output, said second
      filter input being connected to said second detector output, said second
      filter output being connected to said second mixer input.
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PAL  This invention relates to a gated frequency difference detector for use in
      a frequency lock loop. The gated frequency difference detector consists of
      a dual output hybrid quadrature mixer, two parallel video signal
      processing channels, a digital phase/frequency detector, a digital scaler
      and a digital-to-analog converter. The difference in frequency between the
      RF input and the output of a local oscillator is measured. Two orthogonal
      frequency difference outputs are first generated, one of which either
      leads or lags the other depending on the sense of the difference. Signals
      are then bandwidth limited and amplified in two video channels and
      converted to logic levels. The phase and frequency are finally digitally
      detected and processed to generate a bipolar voltage proportional to the
      magnitude and sense of the frequency difference.
PAL  The digital detection and processing apparatus includes in each channel a
      positive, zero, and negative threshold detector, the outputs of which are
      converted to a four-bit binary code.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This is related to application Ser. No. 342,121 filed Mar. 21, 1973 now
      U.S. Pat. No. 3,863,156, entitled "Frequency Lock Loop Employing A Gated
      Frequency Difference Detector" by the same inventor and assigned to the
      assignee of the present invention, which related application is hereby
      incorporated by reference.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to a frequency lock loop circuit employing a gated
      frequency difference detector.
PAR  It has been found that the well-known phase lock loop circuit requires a
      limiter to maintain the loop gain constant. The phase detector output is
      the product of both the input amplitude and the sine of the phase angle.
      The above-mentioned limiter maintains the input amplitude constant for
      varying input RF levels and in this way keeps the loop gain constant. This
      limiter is usually very costly and physically very large.
PAR  A system which avoids the use of the above mentioned limiter is described
      in the above identified related U.S. Pat. No. 3,863,156. This apparatus
      requires the use of four detection levels, a positive and negative level
      for each of a pair of quadrature video signals. This apparatus suffers
      from the disadvantages that the thresholds must be near the zero crossings
      of the sine wave in order to develop the decoded outputs to operate the
      phase detector. Further, the thresholds must have a value greater than the
      peak noise value to prevent false triggering.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the present invention to provide a frequency lock loop
      circuit which eliminates the need for an RF limiter and allows a greater
      flexibility of threshold settings, while substantially reducing the
      possibility of false triggering.
PAR  According to a broad aspect of the invention, there is provided a gated
      frequency detector for a frequency lock loop circuit comprising: a first
      source of a pulsed input signal; a second source of a variable frequency
      reference signal; first means coupled to said first and second source for
      generating first and second phase quadrature frequency difference outputs;
      means coupled to said first and second outputs for detecting the frequency
      difference between said first and second sources, said detecting means
      comprising: a first threshold detector having first and second outputs,
      said first output being a logical pulse output which becomes high when
      said first phase quadrature frequency difference output is above a first
      predetermined threshold and remains high until said first difference
      output becomes zero, and said second output being a logical pulse output
      which becomes high when said first phase quadrature frequency difference
      output is below a second predetermined threshold and remains high until
      said second difference output becomes zero; a second threshold detector
      having first and second outputs, said first output being a logical pulse
      output which becomes high when said second phase quadrature frequency
      difference output is above said threshold and remains high until said
      second difference output becomes zero, and said second output is a logical
      pulse output which is high when said second phase quadrature frequency
      difference output is below said second threshold and remains high until
      said second difference output becomes zero; a digital phase frequency
      detector coupled to the output of said first and second threshold
      detectors for generating a first pulsed signal during the duration of said
      input pulse which corresponds to said frequency difference and a second
      signal which corresponds to the sense of said frequency difference;
      counting means coupled to said first pulsed signal for counting the number
      of pulses; second means coupled to said means for detecting for generating
      a DC voltage porportional to said frequency difference, said DC voltage
      applied to said second source for varying the output of said second
      source; and a third source of a control gate pulse having an output
      coupled to said second means and synchronous with said first source for
      enabling and resetting the operation of said second means.
DRWD
PAR  The above and other objects of the present invention will be more clearly
      understood from the following detailed description taken in conjunction
      with the accompanying drawings in which:
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a functional block diagram of a frequency lock loop circuit
      employing a gated frequency difference detector according to the
      invention;
PAR  FIG. 2 shows a logic implementation of the threshold detectors in FIG. 1;
PAR  FIGS. 3a through 3h are curves illustrating the video and digital
      processing steps carried out in conjunction with the block diagram of FIG.
      1 and a logic diagram of FIG. 2; and
PAR  FIG. 4 is a logic diagram of the digital phase/frequency detector of FIG. 1
     .
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, the gated frequency difference detector consists of a
      dual output hybrid quadrature mixer 1, two parallel video signal
      processing channels 2 and 3, a combined positive/zero/negative threshold
      detector for each channel, denoted by numerals 8 and 9 respectively, a
      digital phase/frequency detector 4, and up/down counter 5, a scaler 6 and
      a digital-to-analog converter 7. A separate pulse detection circuit 18
      operates in parallel with the video and digital phase/frequency processing
      channel from the two bandwidth limited outputs of the quadrature mixer and
      consists of combined positive/zero/negative threshold detectors similar to
      8 and 9. The RF input consists of high frequency pulses, and a voltage
      control oscillator 10 supplies CW to power divider 11. The output of the
      frequency difference detector is a voltage proportional to the frequency
      difference during the RF pulses and of a polarity which is determined by
      the sense of the frequency difference.
PAR  Hybrid quadrature mixer 1 generates two orthogonal difference frequency
      outputs A and B, one of which is either leading or lagging the other
      depending on the sense of the frequency difference between RF input
      (F.sub.IN) and the output voltage controlled oscillator 10 (F.sub.LO).
      Outputs A and B are bandwidth limited in filters 12 and 13 which determine
      the system selectivity and interference rejection. The outputs of filters
      12 and 13 are then amplified in video amplifiers 14 and 15. The outputs of
      video amplifiers 14 and 15 feed threshold detector 8 and threshold
      detector 9 respectively which are designed to supply outputs which are
      standard logic levels.
PAR  Each threshold detector detects a signal which is above a first
      predetermined threshold and below a second predetermined threshold. In the
      above identified related copending application, each threshold detector
      described therein supplies two inputs to digital phase/frequency detector
      4 which correspond to that period of time during which the input to the
      threshold detector is either above a first predetermined threshold level
      or below a second predetermined threshold level. In the instant case, each
      threshold detector is further provided with a zero volt level threshold
      detector which detects all zero crossings from both the input signal and
      noise. The output of each zero level threshold detector (one for each
      channel) is processed with the positive and negative threshold outputs
      (one for each channel) whereby a modified series of positive and negative
      threshold outputs is provided having leading edges which start when the
      applied signal crosses the threshold and end when the applied signal
      crosses zero. Digital phase/frequency detector 4 detects the unique order
      of input logic combinations for a lead or lag condition represented by the
      outputs of threshold detectors 8 and 9.
PAR  The output of digital phase/frequency detector 4 is a pulse in real time
      for every half cycle of the frequency of the two inputs, each from one of
      the threshold detectors.
PAR  Digital phase/frequency detector 4 has three outputs. One output is applied
      to the up input of binary up/down counter 5 if a lead condition exists and
      a second is applied to the down input if a lag condition exists. A third
      output indicates a lead or lag condition. The output of binary up/down 5
      is a parallel binary number and represents the total of 180.degree. phase
      increments of lag or lead between the RF carrier input and the voltage
      control oscillator input over the duration of the RF carrier input pulse.
      Since two 180.degree. increments make a cycle, this number can also be
      expressed as the product of twice the average frequency difference times
      the pulse width, 2.DELTA.f.tau.. The parallel output of counter 5 is
      applied to a digital scaling circuit 6 where it is scaled by a term
      proportional to the inverse of the RF carrier pulse width .tau.. This
      cancels the pulse width term of the counter output expression leaving only
      the 2.DELTA.f  term.
PAR  The count in the counter is held until just before the receipt of the next
      RF pulse, at which time it is reset via the leading edge of the gate reset
      pulse on line 16.
PAR  The reset pulses are derived using a predictive process similar to range
      gating from the input RF pulses. However, this does not represent a part
      of the invention, and a further discussion is not deemed necessary. This
      eliminates detection of all pulses not synchronous with the gate reset
      pulse.
PAR  The output of scaler 6 is, in effect, a sample and hold measurement of the
      frequency difference. The scaling is accomplished by digitally shifting
      the binary point in steps to cover the width of the RF input pulses.
PAR  Shifting may be accomplished by applying the outputs of counter 5 to a
      plurality of serially cascaded 4-line to 1-line data selectors of the type
      manufactured by Texas Instruments, Inc. bearing Part Nos. SN54153 and
      SN74153. Each of the Texas Instruments circuits comprises two 4 to 1 data
      selectors containing data input terminals and terminals to which external
      control may be coupled. Under the control of pulse width decode 19, scaler
      6 comprising the above identified devices has the capability of shifting
      the binary point of the output of counter 5 from 0 to 4 places, depending
      on the output of pulse width decode 19. This capability is completely
      provided for by the above identified Texas Instruments circuits.
PAR  The output of digital scaling circuit 6 is applied to a bipolar
      digital-to-analog converter 7 to generate a voltage which is the input to
      the analog loop integrator 17. The sense output of the digital
      phase/frequency detector controls the sense of the output of D/A converter
      7 to make it either positive or negative.
PAR  FIG. 2 illustrates one implementation of the positive/zero/negative
      threshold detector shown in FIG. 1. Since threshold detectors 8 and 9 are
      identical, only one is shown in FIG. 2. The threshold detector of FIG. 2
      comprises three differential amplifiers 50, 51 and 52, each having two
      inputs and two outputs. A first input of each differential amplifier is
      coupled to the output of video amplifier 14 or 15 at terminals 53, 54 and
      55. The second input 56 of differential amplifier 51 is coupled to ground,
      differential amplifier 51 corresponding to the zero voltage threshold
      detector. The second input 57 of differential amplifier 50, the positive
      threshold detector, is connected to the junction of a voltage divider
      comprising resistors R3 and R4, said voltage divider being coupled between
      ground and a source of positive voltage V+. The second input 58 of
      differential amplifier 52, the negative threshold detector, is coupled to
      the junction of a voltage divider comprising resistors R1 and R2, which
      voltage divider is coupled between ground and a source of negative voltage
      V-. Threshold levels are set by the proper selection of resistors R1, R2,
      R3 and R4 and voltage sources V+ and voltage V-. As stated previously,
      each of the differential amplifiers has first and second outputs, the
      first output being merely an inversion of the second output. The outputs
      of the differential amplifiers are applied to flip-flops 59 and 60 in such
      a way that flip-flop 59 will set when the input signal is above the
      positive threshold and will reset when the input signal crosses zero
      voltage. Flip-flop 60 will set when the input signal passes the negative
      threshold and will reset when the input signal crosses the zero voltage
      point. It should be noted that many alternative implementations can be
      easily found.
PAR  FIGS. 3a and 3b illustrate the video and digital processing steps of two
      orthogonal signals, one of which is applied to threshold detector 8 in
      channel 1, and the second of which is applied to threshold detector 9 in
      channel 2. It can be seen from FIGS. 3a and 3b that the two orthogonal
      signals from IF quadrature mixer 1 contain both pulses which exceed the
      established thresholds and noise. FIGS. 3c and 3d illustrate the digital
      signals produced by the theshold detectors (positive, zero and negative)
      in channel 1 (FIG. 3c) and channel 2 (FIG. 3d). Finally, FIGS. 3e, 3f, 3g
      and 3h illustrate the outputs of the threshold detector flip-flops, two of
      which are shown in FIG. 2, from which the modified 4-bit binary codes are
      produced and applied to digital phase/frequency detector 4.
PAR  Digital phase/frequency detector 4 operates from the logic level outputs of
      each of the threshold detector flip-flops. One implementation of a digital
      phase/frequency detector is shown in FIG. 4. It consists of a one of four
      decoder 25 comprising gates 26, 27, 28 and 29 to decode the four different
      combinations of inputs, two prior state memory flip-flops 30 and 31, two
      AND/OR circuits 32 and 33 to generate the up output or the down output,
      inverters 34 and 35, and reset unit 36 comprising gates 37 and 38, which
      generates a reset signal for the prior state flip-flops after an "up" or
      "down" signal has been generated. Block 39 in FIG. 4 represents the first
      stage of counter 5 comprised of emitter-coupled logic, and block 40
      represents an emitter-coupled logic (ECL) to transistor-transistor logic
      (TTL) converter, to which the outputs of flip-flops 41 and 42 are coupled.
      Converter 40 would be necessary if the remaining stages of counter 5 are
      comprised of TTL logic. The input combination code of the four threshold
      detector flip-flop outputs, as shown in FIG. 3, is sorted by the decoder
      into one or none of the four outputs.
PAR  For the idealized case, i.e., a case in which (1) the differential delays
      in all of the video signal processing up to the decoder output of the
      phase detector is zero and (2) the decoder output pulse needed to operate
      the phase detector is infinitesimally small, the thresholds can be set at
      90.degree., peak of the sine wave, when using the inventive arrangement as
      opposed to below the 45.degree. points of the sine wave if only positive
      and negative threshold detectors are employed without a zero voltage
      detector. The improvement for the two idealized cases of the inventive
      arrangement over the arrangement described in the above identified related
      application is the ratio of the value of the sine at 90.degree. and
      45.degree., which is 1.41 or 3dB. This is the minimum improvement. For the
      real case in which there exist differential delays and minimum decoder
      pulse widths, the improvement is greater because the slope of the sine
      wave is much lower at its peak than near its zero crossing. The
      arrangement described in the related application contemplates a threshold
      of 20dB below the peak of the sine wave (the 6.degree. level of the sine
      wave). This corresponds to a delay allowance of 45.degree. minus 6.degree.
      or 39.degree.. The threshold in the inventive six comparator arrangement
      is 90.degree. minus 39.degree. or 51.degree. for the same delay allowance.
PAR  The improvement over the four comparator method is the ratio of the sine
      51.degree. to the sine 6.degree. which is .78/.1 = 7.8 or 17.8dB. As the
      Search Lock Oscillator (SLO) frequency difference decreases, the period of
      the difference frequency becomes longer and the condition for the real
      case approach that of the idealized case.
PAR  Another way to state the comparative improvement is by change of
      sensitivity with SLO frequency difference. At zero frequency difference
      the six comparator method is 0dB (sine 90.degree./sine 90.degree.), and
      the four comparator method is -3dB (sine 45.degree./sine 90.degree.). At
      the maximum difference frequency of operation-- the frequency at which the
      circuit delays are equivalent to 39.degree.--the six comparator method
      sensitivity has dropped to only -2.2 dB (sine 51.degree./sine 90.degree.)
      while the four comparator method sensitivity has dropped to -20dB (sine
      6.degree./sine 90.degree.).
PAR  It should be clear that the boxes shown in the block diagram of FIG. 1 are
      standard and are known elements and that their implementation is left to
      the choice of the designer.
PAR  While the principles of the invention have been described above in
      connection with specific apparatus, it is to be clearly understood that
      this description is made only by way of example and not as a limitation on
      the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A gated frequency detector for a frequency lock loop circuit comprising:
PA1  a first source of a pulsed input signal;
PA1  a second source of a variable frequency reference signal;
PA1  first means coupled to said first and second source for generating first
      and second phase quadrature frequency difference outputs;
PA1  means coupled to said first and second outputs for detecting the frequency
      difference between said first and second sources, said detecting means
      comprising:
PA2  a first threshold detector having first and second outputs, said first
      output being a logical pulse output which becomes high when said first
      phase quadrature frequency difference output is above a first
      predetermined threshold and remains high until said first difference
      output becomes zero, and said second output being a logical pulse output
      which becomes high when said first phase quadrature frequency difference
      output is below a second predetermined threshold and remains high until
      said second difference output becomes zero;
PA2  a second threshold detector having first and second outputs, said first
      output being a logical pulse output which becomes high when said second
      phase quadrature frequency difference output is above said first threshold
      and remains high until said second difference output becomes zero, and
      said second output is a logical pulse output which is high when said
      second phase quadrature frequency difference output is below said second
      threshold and remains high until said difference output becomes zero;
PA2  a digital phase frequency detector coupled to the output of said first and
      second threshold detectors for generating a first pulsed signal during the
      duration of said input pulse which corresponds to said frequency
      difference and a second signal which corresponds to the sense of said
      frequency difference;
PA2  counting means coupled to said first pulsed signal for counting the number
      of pulses;
PA1  second means coupled to said means for detecting for generating a DC
      voltage proportional to said frequency difference, said DC voltage applied
      to said second source for varying the output of said second source; and
PA1  a third source of a control gate pulse having an output coupled to said
      second means and synchronous with said first source for enabling and
      resetting the operation of said second means.
NUM  2.
PAR  2. A gated frequency detector according to claim 1 wherein said first means
      includes:
PA1  a 90.degree. phase shifter coupled to said first source;
PA1  a first mixer having inputs coupled to said first source and said second
      source and generating at its output said first phase quadrature difference
      frequency output; and
PA1  a second mixer having inputs coupled to said second source and the output
      of said 90.degree. phase shifter for generating at its output said second
      phase quadrature frequency difference output.
NUM  3.
PAR  3. A gated frequency detector according to claim 2 wherein said second
      source includes:
PA1  an integrator having as its input said DC voltage; and
PA1  a voltage control oscillator coupled to the output of said integrator.
NUM  4.
PAR  4. A gated frequency detector according to claim 3 further including:
PA1  a first low pass filter coupled to said first phase quadrature signal; and
PA1  a first video amplifier coupled to the output of said first low pass
      filter.
NUM  5.
PAR  5. A gated frequency detector according to claim 4 further including:
PA1  a second low pass filter coupled to said second phase quadrature output;
      and
PA1  a second video amplifier coupled to the output of said second low pass
      filter.
NUM  6.
PAR  6. A gated frequency detector according to claim 5 further including:
PA1  a pulse width decoder for measuring the width of the input pulse; and
PA1  a scaler coupled to the output of said pulse width decoder and said binary
      counter for scaling the output of said binary counter by a term
      proportional to the inverse of the input pulse width.
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ABST
PAL  A radio receiver having adjustable squelch means and including demodulator
      means, intelligence processing means including gating means, and squelch
      circuit means for controlling the gating means. The squelch circuit
      includes voltage dividing means which controls the amplitude of a squelch
      drive signal and/or a reference signal. Squelch control adjustment means
      provides variable resistance paths around each of the divider network
      resistive elements.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention is related to receiver quieting and in particular to
      receivers having adjustable squelch control.
PAR  Squelch systems are commonly employed in VHF and UHF receivers to suppress
      noise when little or no signal is being received. More particularly,
      intelligence processing circuits, typically audio circuits, are turned on
      or off in accordance with excursions of a squelch drive signal across a
      threshold level. Generally, in order to change the threshold level, an
      adjustment internal to the receiver is required. The receiving equipment
      is generally remote and manual adjustment can be made only periodically.
PAR  Sometimes, however, users require provisions for an optional external
      squelch level control to permit the crew to adjust the squelch setting.
      Prior art approaches to providing such external control many times
      introduce one or more undesirable characteristics (see ARINC
      CHARACTERISTIC 566 by Aeronautical Radio, Inc., issued Oct. 17, 1968,
      Section 3.12.1). For instance, some receivers with adjustable squelch
      control are not interchangeable with receivers having only a preset
      squelch threshold. This is undesirable from both the manufacturers' and
      users' standpoint because it prevents standardization. Even interchangeale
      systems may require needless duplication of components, an expensive
      control system and/or unnecessarily complex interconnection and/or
      readjustment of internal squelch threshold. Both interchangeable and
      noninterchangeable systems sometimes provide external squelch adjustment
      only in one direction; i.e., either above or below the preset threshold.
      It can also happen that the adjustment is permanent in the sense that even
      after the extenal adjustment control is removed, the internal setting is
      no longer positioned for the preset level.
PAR  Thus it is an object of this invention to provide an improved receiver with
      an adjustable squelch control which overcomes the aforementioned
      difficulties.
DRWD
PAR  These and other objects, features and advantages of the invention will
      become more apparent upon reference to the following specification, claims
      and appended drawing in which the single FIGURE is a combination block
      diagram and detailed schematic and represents a receiving system including
      the presently preferred embodiment of this invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  A receiver incorporating the principles of the present invention, and in
      addition representing the presently preferred embodiment is shown in the
      figure. Since the embodiment bears many similarities to a receiver
      described in U.S. Pat. No. 3,188,571 assigned to the assignee of the
      present invention, the following description will set forth only a brief
      summary of the well-known and understood receiver portions.
PAR  Briefly, then, an incoming signal 11 is fed through signal demodulator
      means 13 including a receiver front end 15 and a detector 17. An AGC
      system 19 employs part of detector output signal 21 to derive a feedback
      signal to control the gain of an amplifier or amplifiers in front end 15.
      Front end 15 preferably comprises an RF amplifier, a mixer, an oscillator
      and an IF amplifier. The detector 17 is usually a diode type AM detector.
      Other choices, appropriate for the type of signal being received, will be
      apparent to those skilled in the art; what is important is that the
      demodulator recover the intelligence originally impressed on the RF
      carrier.
PAR  In the preferred embodiment, the recovered intelligence is an audio
      frequency waveform and the demodulator output 23 is connected to an audio
      channel containing two audio amplifiers 25 and 27, and a speaker or
      headset 28. Gating means 29 is also included in the audio channel and
      preferably comprises a FET analog switch in series with the audio channel
      which is switched to its "off" mode by the application of a negative
      control voltage and prevents transmission of the audio to amplifier 27 and
      speaker 28. Alternatively, the switch may be an integral part of audio
      amplifier 27 such that the "off" mode is achieved by using a control
      voltage of appropriate polarity to remove bias current from audio output
      transistors. Other satisfactory gating circuits will be apparent to those
      skilled in the art.
PAR  Connected between the demodulator output 23 and the squelch gate 29 is a
      squelch circuit including a high-pass filter 31, a potentiometer 33, a
      noise amplifier 35, a noise detector 37, and control signal generating
      means 39.
PAR  High-pass filter 31, which may alternatively be a band-pass filter,
      effectively blocks the desired audio signal but passes noise higher in
      frequency than the desired audio signal that is provided from demodulator
      13 through an amplitude control potentiometer 33 and then on to noise
      amplifier 35. Amplifier 35 increases the noise voltage out of demodulator
      13 to a level sufficient for operating the following noise detector stage
      37. Noise detector 37 converts noise passed from noise amplifier 35 to a
      squelch drive signal useful for operating control signal generating means
      39 and thus for controlling gating circuit 29.
PAR  The lower cutoff frequency of filter 31 is near the upper 3 db point of the
      audio pass band and is normally adjusted experimentally to minimize the
      effects of modulation on the noise detector 37 DC output. The frequency
      response of the noise amplifier 35 extends from the upper end of the audio
      range to, normally, at least one-half the IF bandwidth. This ensures that
      most of the available noise is amplified and modulation components, not
      blocked by filter 31, are attenuated.
PAR  In accordance with the present invention, the squelch drive signal,
      appearing in the preferred embodiment as noise detector output 41, is
      compared in comparator 43 with an optionally adjustable reference signal
      45, and the comparator output 47, connected to the squelch gate, provides
      audio channel gating control. More particularly, the noise detector output
      41, a DC voltage, is connected to the inverting input of comparator 43 and
      the comparator output is connected to squelch gate 29. Comparator 43
      preferably comprises a high gain DC amplifier with differential inputs
      having relatively fast transient response characteristics; typically
      employed is a type 710 voltage comparator or a type 741 operational
      amplifier used as a comparator both being widely available from many
      semiconductor manufacturers.
PAR  Connected to the noninverting input of comparator 43 is the center tap of
      voltage divider network 49 comprising series connected resistors 51 and
      53. One end of voltage divider network 49 is connected to a B+ voltage and
      the other end is grounded.
PAR  Connected to the high voltage end of resistor 51 is one end of resistor 55;
      connected to the opposite end of resistor 51 is one end of resistor 57.
      The opposite ends of resistors 55 and 57 are brought to separate connector
      pins 59a and 59b and are left open circuited for "normal" operating
      conditions. (Note -- "normal" is used herein to denote conditions when no
      external reference signal adjustment is desired.) Connector pin 59c is
      grounded. The ends 61a and 61c of potentiometer 61 are brought to
      connector pins 63a and 63c, and the potentiometer wiper 61b is brought to
      connector pin 63b. Following appropriate joining of connectors 59 and 63,
      one end of potentiometer 61 is connected to the originally free end of
      resistor 55, the potentiometer wiper 61b is connected to the originally
      free end of resistor 57, and the other end of potentiometer 61 is
      grounded.
PAR  Also connected to the noninverting input of comparator 43 is one end of
      resistor 65 whose other end is connected to the comparator output 47.
PAR  Preferable values are as follows: resistors 51, 53, 55, 57 and 65 equal
      respectively in kilohms, 22, 3.9, 27, 1.8, and 39. Potentiometer 61 is a
      10 kilohm potentiometer.
PAR  In the preferred embodiment, pin type connectors are the preferred
      apparatus for providing the appropriate connection since potentiometer 61
      and the remainder of the receiver are physically remote from one another
      and since the option to employ potentiometer 61, while always available,
      may not always be exercised. However other appropriate provisions for
      connection will be apparent to those skilled in the art. For instance, a
      three pole, single throw switch, or merely a terminal board.
PAR  By using the principle of superposition, the reference signal 45 against
      which noise detector output is compared in operation, may be considered as
      comprising two components. For normal operating conditions one component
      constitutes a predetermined percentage of the B+ voltage contributed via
      the voltage divider network 49, and the other component constitutes a
      percentage of comparator output 47 contributed via feedback resistor 65.
      In effect, the voltage divider network 49 controls the basic amplitude of
      the reference signal, and feedback resistor 65, when employed, has, as is
      more detailed hereinbelow, a level modifying effect on the basic amplitude
      of the reference signal depending on the state of comparator 43.
PAR  Also, in the preferred embodiment, a voltage dividing network (e. g.
      potentiometer 33) is available for controlling the amplitude of the
      squelch drive signal. By changing this voltage dividing ratio (i.e. the
      setting of potentiometer 33) the noise detector output, for a given
      demodulator noise output level, may be changed.
PAR  During reception of a strong audio bearing signal, noise detector output 41
      is very small, the comparator output is positive, and the squelch gate is
      permitted to pass the audio signal to speaker 28. While the comparator
      output is positive, resistor 65 provides feedback which increases the
      reference signal over what it would be with the divider network 49 voltage
      contribution alone. As the received RF carrier disappears, the AGC
      increases the receiver gain and the noise detector output increases. When
      the noise detector output exceeds the reference signal amplitude, the
      comparator output becomes negative and controls the squelch gate to a
      condition preventing transmission of signal through the audio channel.
      Also while the comparator output is negative, resistor 65 provides
      feedback which decreases the reference signal with respect to what it
      would be with the divider network voltage contribution alone. Thus,
      although the inclusion of feedback resistor 65 is not necessary to
      practice the present invention, its inclusion is preferred since the
      contribution of this resistor is to provide a hysteresis effect which
      assures that the audio channel is quick to turn on and quick to turn off.
      Additionally, the hysteresis effect requires a lower signal to noise ratio
      for turn off than for turn on. This prevents nuisance switching when
      receiving a signal level near the threshold setting.
PAR  When the user opts to connect potentiometer 61, a variable resistance
      electrical path is introduced around each resistor of the voltage divider
      network 49. The operation of the squelch system as above described remains
      basically unchanged except that the reference signal amplitude (and thus
      the squelch threshold) is now operator-adjustable. The B+ voltage is
      typically + 12 volts DC and before connection of potentiometer 61 the
      reference signal contribution of divider network 49 is typically 1.8
      volts. After connection of potentiometer 61 this reference signal
      contribution is adjustable over a range from roughly 0.63 volts (for
      potentiometer wiper 61b at ground potential) to 2.2 volts (for
      potentiometer wiper 61b at high voltage end). Thus adjustment both above
      and below the basic amplitude of the normal reference signal may be
      accomplished.
PAR  Control signal generating means 39 may also be described as a Schmitt
      trigger with voltage divider 49 setting up the Schmitt trigger trip level
      and with resistor 65 providing the Schmitt trigger hysteresis in the
      normal operating condition with potentiometer 61 disconnected by
      connectors 59 and 63. When connected, potentiometer 61 is so biased that
      its output on line 61b "pulls" the Schmitt trigger trip level up or down
      depending on the setting of potentiometer 61. Resistors 55 and 57
      respectively set the maximum voltage limit and the minimum voltage limit
      to which potentiometer 61 can pull the Schmitt trigger trip level.
PAR  Resistors 55 and 57 are not necessary but are highly preferred because
      their presence permits a vernier adjustment of the reference signal
      amplitude with potentiometer 61. Were resistors 55 and 57 absent, (i.e.,
      both = 0.OMEGA.) the divider network contribution could be adjusted from
      zero volts to the full amplitude of the B+ voltage. Also with resistor 57
      absent (i.e., = 0.OMEGA.) and potentiometer wiper 61b adjusted to be at
      ground potential, feedback contribution would disappear.
PAR  It should now be apparent that the present invention overcomes the
      aforementioned difficulties inherent in many prior art receivers.
      Interchangeability is accomplished because no changes internal to the
      receiver are required in changing from a fixed threshold mode to an
      adjustable threshold mode. Interconnection of the adjustment means is
      simple, and dummy loads and/or component duplication are not needed.
      Moreover, adjustment both above and below the internally set preset
      threshold level is achieved, and upon disconnecting the adjustment means,
      the squelch threshold automatically returns to its preset level.
PAR  It should also be apparent that various modifications, some examples of
      which are set forth below, may be made to the preferred embodiment without
      departing from the inventive teachings herein. As already mentioned,
      resistors 55 and 57 can be omitted if vernier adjustment is not desired.
      Also, resistor 65 can be omitted if its hysteresis providing effect is not
      desired. For some applications, it may also be desirable to permanently
      connect resistors 55 and 57 to the appropriate leads of potentiometer 61
      and move connectors 59 and 63 to the location indicated in the figure by
      line X--X. Line filters may be included between pin 59a and resistor 55
      and pin 59b and resistor 57 to prevent any unwanted signal pickup on long
      wire runs to potentiometer 61 from reaching comparator terminal 45. It is
      preferable that these line filters have negligible DC resistance in
      comparison to resistor 55 and resistor 57. A simple inductor and capacitor
      low pass filter in each line is adequate.
PAR  It should also be apparent that external squelch adjustment control could
      be achieved by connecting variable resistance circuitry, analogous to that
      around resistors 51 and 53 of divider network 49, to the voltage dividing
      circuit in the receiver leg establishing the squelch drive signal; i.e.,
      to potentiometer 33. In such instance, a variable resistance circuit would
      be connected between the high voltage end of potentiometer 33 and the
      wiper of potentiometer 33; and another variable resistance circuit would
      be connected between the ground side of potentiometer 33 and the wiper of
      potentiometer 33.
PAR  Moreover, the principles of the present invention may be employed in
      conjunction with other types of squelch systems. As is shown in the
      aforementioned U.S. Pat. No. 3,188,571, several different squelch systems
      are well known in the art and include "Carrier Squelch" wherein the
      squelch drive signal is derived from the receiver AGC line, and "Coherent
      Carrier Squelch" wherein the squelch drive signal is derived by sensing,
      with selective bandpass filtering, the level of IF carrier present at the
      IF output. For the Carrier Squelch system, a squelch drive signal of
      proper amplitude, phase, and polarity could be derived from the AGC
      voltage and compared, substantially as aforedescribed, with a reference
      signal to generate the gating control. Although amplification, phase
      change, or polarity change of the AGC voltage may be required due to the
      specific design of the AGC system, methods of accomplishing same will be
      apparent to those skilled in the art. For instance, a phase change may be
      accomplished with inverting amplifiers or by switching the squelch drive
      signal to the comparator noninverting input and switching the center tap
      of voltage divider network 49 to the comparator inverting input. A
      polarity change may be accomplished by re-biasing, as at a summing
      junction or summing amplifier, the AGC voltage. For the Coherent Carrier
      Squelch system, a squelch drive signal of proper amplitude, phase, and
      polarity could be derived, again for comparison with a reference signal to
      generate gating control, but, instead of from the AGC voltage, from a
      detected output of a narrow bandpass (at the IF frequency) filter. As
      already mentioned, phase changes, or polarity changes if needed, may be
      accomplished by means apparent to those skilled in the art.
PAR  A further example of various squelch systems is the "Signal Plus Noise to
      Noise Squelch" wherein noise above the highest audio frequency is
      separated from the audio pulse noise below the highest audio and the two
      outputs are compared after detection and filtering. It should be apparent
      that, once polarity and phase are taken into account, the signal that
      results from the comparison of these two outputs could serve as a squelch
      drive signal to be compared substantially as previously described, with a
      reference signal to generate the gating control.
PAR  Thus, while particular embodiments of the present invention have been shown
      and/or described, it is apparent that changes and modifications may be
      made therein without departing from the invention in its broader aspects.
      The aim of the appended claims, therefore, is to cover all such changes
      and modifications as fall within the true spirit and scope of the
      invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A radio receiver having, optionally, preset or adjustable squelch means
      and comprising: demodulator means; means connected to said demodulator
      means for processing the intelligence of the demodulator output, and
      having gating means; and squelch circuit means connected to said
      demodulator means and said gating means for controlling said gating means,
      said squelch circuit means comprising means for establishing and comparing
      a squelch drive signal and a reference signal, and including at least one
      voltage dividing circuit means for controlling, prior to their comparison,
      the amplitude of at least one of said signals, said voltage dividing
      circuit comprising first and second series connected resistive elements;
      and squelch control adjustment means comprising variable resistance
      circuit means connectable to said voltage dividing circuit for providing
      first and second variable resistance electrical paths respectively around
      said first and second resistive elements whereby, when said variable
      resistance circuit means is not connected to said voltage divider circuit,
      said squelch means is fully operative, and said receiver has a preset
      squelch threshold level, and when said variable resistance circuit means
      is connected to said voltage divider circuit, said squelch means is fully
      operative and said receiver has an adjustable squelch threshold level.
NUM  2.
PAR  2. A receiver as defined in claim 1 wherein said variable resistance
      circuit means includes a single potentiometer means providing
      simultaneous, equal, and opposite resistance changes in the two variable
      resistance electrical paths.
NUM  3.
PAR  3. A receiver as defined in claim 2 wherein said two variable resistance
      paths are valued to permit adjustment of signal amplitude within a range
      extending above and below the signal amplitude normally established when
      said voltage dividing circuit means and said variable resistance circuit
      means are not connected.
NUM  4.
PAR  4. A receiver as defined in claim 3 wherein at least one variable
      resistance path includes resistance means of fixed value for providing
      vernier adjustment.
NUM  5.
PAR  5. A receiver as defined in claim 3 wherein said means for establishing and
      comparing a squelch drive signal and a reference signal includes separate
      and distinct means for establishing a squelch drive signal, means for
      establishing a reference signal, and means for comparing said two signals,
      and said voltage dividing circuit and said squelch control adjustment
      means constitute a part of said means for establishing said reference
      signal.
NUM  6.
PAR  6. A receiver as defined in claim 5 wherein said means for establishing a
      reference signal includes hysteresis providing means comprising resistance
      means connected between the output and an input of said signal comparing
      means.
NUM  7.
PAR  7. A receiver as defined in claim 1 wherein said two variable resistance
      paths are valued to permit adjustment of signal amplitude within a range
      extending above and below the signal amplitude normally established when
      said voltage dividing circuit means and said variable resistance circuit
      means are not connected.
NUM  8.
PAR  8. A receiver as defined in claim 7 wherein at least one variable
      resistance path includes resistance means of fixed value for providing
      vernier adjustment.
NUM  9.
PAR  9. A receiver as defined in claim 7 wherein said means for establishing and
      comparing a squelch signal and a reference signal includes separate and
      distinct means for establishing a squelch drive signal, means for
      establishing a reference signal, and means for comparing said two signals,
      and said voltage dividing circuit and said squelch control adjustment
      means constitute a part of said means for establishing said reference
      signal.
NUM  10.
PAR  10. A receiver as defined in claim 9 wherein said means for establishing a
      reference signal includes hysteresis providing means comprising resistance
      means connected between the output and an input of said signal comparing
      means.
NUM  11.
PAR  11. For use with a receiver having gating means, squelch means comprising:
PA1  squelch circuit means for controlling said gating means, and
PA1  squelch control adjustment means connectable, at user option, to said
      squelch circuit means,
PA1  said squelch circuit means comprising means for establishing and comparing
      a squelch drive signal and a reference signal, and including at least one
      voltage dividing circuit means for controlling, prior to their comparison,
      the amplitude of a predetermined one of said signals such that said
      squelch means, when said squelch control adjustment means is not
      connected, is fully operative and said receiver has a preset squelch
      threshold level,
PA1  said squelch control adjustment means comprising potentiometer means
      connectable to said squelch circuit means for providing, when connected,
      adjustment in the amplitude of said predetermined one of said signals such
      that said squelch means, when said potentiometer means is connected, is
      fully operative and said receiver has an adjustable squelch threshold
      level which may be adjusted with said potentiometer means to, above, and
      below said preset threshold level.
NUM  12.
PAR  12. Squelch means as defined in claim 11 wherein said means for
      establishing and comparing a squelch drive signal and a reference signal
      includes separate and distinct means for establishing a squelch drive
      signal, means for establishing a reference signal, and means for comparing
      said two signals, and said voltage dividing circuit and said squelch
      control adjustment means constitute a part of said means for establishing
      said reference signal.
NUM  13.
PAR  13. Squelch means as defined in claim 12 wherein said means for
      establishing a reference signal includes hysteresis providing means
      comprising resistance means connected between the output and an input of
      said signal comparing means.
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ABST
PAL  Frequency discriminators utilizing a pair of surface wave devices each
      comprising one transducer on a piezoelectric substrate connected in
      parallel with a signal source and a pair of envelope detectors connected
      in parallel with the surface wave devices are shown.
BSUM
PAC  CROSS-REFERENCE TO RELATED APPLICATIONS
PAR  Fischman et al., "Surface Wave Frequency Discriminator," Ser. No. 417,036,
      filed Nov. 19, 1973, now abandoned; and Fischman et al., "Frequency
      Discriminator Utilizing Surface Wave Devices," Ser. No. 516,174 filed Oct.
      21, 1974; both assigned to the same assignee as this application.
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to frequency discriminators utilizing surface wave
      devices and more particularly to frequency discriminators utilizing a pair
      of surface wave devices each having a single transducer.
PAR  Surface wave devices have found a number of applications as frequency
      selective or responsive devices such as in filters, frequency
      discriminators, and the like. Such devices normally comprise one or more
      interdigital transducers disposed on a substrate of piezoelectric material
      such as lithium niobate, lithium tantalate, PZT, quartz, zinc oxide, zinc
      sulfide, or cadmium sulfide. Of the various possible piezoelectric
      materials, lithium niobate is presently preferred, however, depending upon
      the application and the frequencies of interest, other materials may be
      used as well and may in some cases be preferred. Surface wave devices
      possess a number of advantages over frequency responsive circuits
      constructed of discrete components such as small size, compatability with
      intergrated circuits, relatively invariant characteristics, bulk
      fabrication, and the like.
PAR  Prior art frequency discriminators utilizing surface wave devices have
      generally included transmitting and receiving transducers disposed on a
      piezoelectric substrate. Such devices, however, have parasitic responses
      due to various parasitic effects such as side lobe response, bulk wave
      coupling, capacitive and inductive coupling, and the like. Such parasitic
      effects deleteriously affect the performance of such prior art frequency
      discriminators. Furthermore, prior art frequency discriminators utilizing
      transmitting and receiving transducers require relatively complex design
      and fabrication techniques and have a relatively high insertion loss or
      low efficiency.
PAR  Attempts to circumvent the disadvantages of frequency discriminators
      utilizing transmitting and receiving transducers have been generally
      unsuccessful. Some prior art attempts involve the use of designs including
      surface wave devices with single transducers, however, these prior art
      techniques have also resulted in transducers with low efficiency and
      inadequate or deleterious performance.
PAC  OBJECTS AND SUMMARY OF THE INVENTION
PAR  Accordingly, it is a primary object of this invention to provide frequency
      discriminators utilizing surface wave devices which obviate the
      above-noted and other disadvantages of the prior art.
PAR  It is a further object of this invention to provide frequency
      discriminators utilizing surface wave devices with high efficiency and low
      insertion losses.
PAR  It is a further object of this invention to provide frequency
      discriminators utilizing surface wave devices which can be fabricated
      using relatively uncomplicated and simple techniques.
PAR  It is a further object of this invention to provide frequency
      discriminators utilizing surface wave devices which have superior
      performance.
PAR  It is a yet further object of this invention to provide frequency
      discriminators utilizing surface wave devices which are not deleteriously
      affected by various parasitic responses.
PAR  In one aspect of this invention the above and other objects and advantages
      are achieved in a frequency discriminator including a signal source, first
      and second surface wave devices, and first and second envelope detectors.
      The signal source provides a signal having frequencies that vary about a
      center frequency. Each of the surface wave devices has a transducer with
      first and second combs of interleaved electrodes disposed on a
      piezoelectric substrate. The surface wave devices also have impedance
      maximums at frequencies lower and higher, respectively, than the center
      frequency. The first and second surface wave devices are connected in
      parallel with the signal source. The first and second envelope detectors
      are connected to the first and second surface wave devices, respectively,
      for providing first and second output signals which are summed to provide
      a signal having an amplitude representative of the frequency deviation of
      the signal provided by the signal source from the center frequency.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a block and schematic diagram of one embodiment of the invention;
PAR  FIGS. 2A, 2B, and 2C are graphs of impedance vs frequency for the surface
      wave devices used in the invention;
PAR  FIGS. 3 and 4 are alternate embodiments of surface wave devices in
      accordance with the invention; and
PAR  FIG. 5 is a block and schematic diagram of another embodiment of the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  For a better understanding of the present invention, together with other
      and further objects, advantages and capabilities thereof, reference is
      made to the following disclosure in conjunction with the accompanying
      drawings.
PAR  In FIG. 1 a signal source 10 is shown which provides a signal having
      frequencies that vary about a center frequency to a terminal 12. The
      signal provided to terminal 12 is referenced to a common terminal
      illustrated as circuit ground. The nature or characteristics of the signal
      provided by signal source 10 will vary depending upon the application of a
      frequency discriminator in accordance with the invention. For example, if
      the frequency discriminator is used in an automatic frequency control
      (AFC) system in a television receiver, signal source 10 will include an
      intermediate frequency amplifier stage and the center frequency will
      typically be 45.75 mHz. In an AFC system the output signal will be applied
      to a DC or error amplifier coupled to the radio frequency oscillator in
      the tuner. If, however, the frequency discriminator is used to demodulate
      an FM signal, such as an intercarrier beat signal in a television
      receiver, signal source 10 can include the intercarrier detector and the
      signal provided thereby will typically have a center frequency of 4.5 mHz.
      In such applications the output signal from the frequency discriminator
      will typically be coupled to an audio amplifier. Those skilled in the art
      will realize, however, that a frequency discriminator in accordance with
      the invention is not limited to television circuitry and may be used, for
      example, in other FM demodulators and AFC systems as well as in other
      applications where frequency discriminators are typically used.
PAR  Terminal 12 is connected by a resistor 14 to one terminal 16 of a surface
      wave device 18 which has a second terminal 20 connected to the common
      terminal illustrated as circuit ground. Terminal 16 is further connected
      by a coupling capacitor 22 to an envelope detector 24. Envelope detector
      24 includes a diode 26 having its anode connected to capacitor 22 and its
      cathode connected by a capacitor 28 to circuit ground. Another diode 30 is
      connected between circuit ground and the junction of capacitor 22 and
      diode 26.
PAR  Terminal 12 is further connected by a resistor 32 to one terminal 34 of a
      surface wave device 36 which has a second terminal 38 connected to circuit
      ground. Terminal 34 is connected by a coupling capacitor 40 to a second
      envelope detector 42. Envelope detector 42 has a diode 44 with its cathode
      connected to capacitor 40 and its anode connected by a capacitor 46 to
      circuit ground. Another diode 48 is connected from the junction of
      capacitor 40 and diode 44 to circuit ground.
PAR  The junction of diode 26 and capacitor 28 is connected to one end of the
      resistance element of a potentiometer 50, the other end of which is
      connected to the junction of diode 44 and capacitor 46. The tape of
      potentiometer 50 is connected to a terminal 52 which comprises the output
      terminal of the frequency discriminator. Potentiometer 50 comprises a
      means for summing the output signals from envelope detectors 24 and 42.
PAR  Accordingly, surface wave devices 18 and 36 are connected in parallel with
      signal source 10. Furthermore, envelope detectors 24 and 42 are connected
      in parallel with surface wave devices 18 and 36, respectively, as well as
      in parallel with signal source 10.
PAR  Surface wave device 18 has an amplitude vs frequency response similar to
      that illustrated in FIG. 2A where f.sub.0 is the center frequency of the
      over-all discriminator response and f.sub.1 is the frequency at which
      surface wave device 18 has an impedance maximum. Similarily, surface wave
      device 36 has an amplitude vs frequency response similar to that
      illustrated in FIG. 2B wherein f.sub.2 is the frequency at which surface
      wave device 36 has an impedance maximum. Frequencies f.sub.1 and f.sub.2
      are determined primarily by the geometry of the transducers in surface
      wave devices 18 and 36. The frequencies are selected such that the
      composite or over-all frequency response illustrated in FIG. 2C is
      obtained.
PAR  Surface wave devices 18 and 36 convert the signal from signal source 10
      into an amplitude modulated signal or a signal with amplitude variations
      dependent upon the frequency deviation from the center frequency f.sub.0.
      Envelope detectors 24 and 42 detect the amplitude modulations or
      variations to provide first and second output signals which are summed in
      potentiometer 50 to provide a composite output signal at output terminal
      52 having an amplitude representative of the frequency deviation of the
      signal provided by signal source 10 from the center frequency f.sub.0. The
      resistive element of potentiometer 50 also provides a DC return for
      capacitors 28 and 46. Potentiometer 50 is also adjustable so that the two
      halves of the discriminator can be balanced.
PAR  Diodes 30 and 48 provide a DC return for capacitors 22 and 40. Diodes 30
      and 48 can be replaced by resistors, however, the diodes also provide
      voltage doubling action. Diode 30 clamps the junction of capacitor 22 and
      diode 26 to circuit ground during negative voltage swings. Similarily,
      diode 48 clamps the junction of capacitor 40 and diode 44 to circuit
      ground during positive voltage swings thereby providing voltage doubling
      action. It should also be noted that the phase of the output signal at
      terminal 52 can be reversed by reversing the polarity of diodes 26, 30,
      44, and 48. Similarily, the phase of the output signal can be reversed by
      exchanging surfaces wave devices 18 and 36.
PAR  Surface wave devices 18 and 36 can have separate substrates, however, each
      preferably includes a single transducer of the interdigital type disposed
      on a common piezoelectric substrate such as lithium niobate. FIG. 3 is one
      form of a surface wave device wherein both of devices 18 and 36 are
      incorporated on a common substrate 54. Device 18 includes an interdigital
      transducer with first and second combs of electrodes connected to
      terminals 16 and 20, respectively. The first comb of electrodes includes a
      base electrode 56, from which the connection to terminal 16 is made, and a
      plurality of fingers connected thereto. The second comb of electrodes
      includes a base electrode 58 connected to terminal 20 and a plurality of
      fingers connected thereto. The fingers of the first and second combs are
      interleaved to form an interdigital transducer. Device 36 also includes a
      single transducer with a first comb of electrodes including a base
      electrode 60 connected to terminal 34 and having a plurality of fingers
      connected thereto and a second comb of electrodes including a base of
      electrode 62 connected to terminal 38 and having a plurality of fingers
      connected thereto interleaved with the fingers connected to base electrode
      60 to form an interdigital transducer.
PAR  The geometry of transducers 18 and 36 determine their frequency
      characteristics. The primary variable for determining the frequency
      characteristics are the number of fingers, the spacing between fingers,
      and the width of fingers. In typical transducers the widths of the fingers
      and spacing between adjacent pairs of fingers is one-half wave length. In
      other words, transducer 18 has spacings between adjacent fingers and
      widths of fingers corresponding to one-half wave length at frequency
      f.sub.1 while transducer 36 has similar geometric characteristics for
      frequency f.sub.2. The number of fingers is the primary determinate for
      the band width or Q of the response with the Q increasing with increasing
      numbers of pairs of fingers.
PAR  The ends 64 and 66 of substrate 54 are preferably cut at an appropriate
      angle so that surface waves transmitted by transducers 18 and 36 reflect
      at angles such that transducers 18 and 36 do not interact with each other.
      Furthermore, damping material such as wax can be placed on ends 64 and 66
      to absorb incident surface waves.
PAR  FIG. 4 is a schematic illustration of another embodiment of surface wave
      devices 18 and 36 wherein both devices are disposed on a common substrate
      and in addition base electrodes 58 and 62 are replaced by a base electrode
      68 common to the second combs of electrodes of transducers 18 and 36.
      Common base electrode 68 is connected to a terminal 70 which replaces
      terminals 20 and 38, that is, the common circuit ground terminal of
      devices 18 and 36. Utilization of common base electrode 68 permits the use
      of a smaller substrate 54.
PAR  In FIG. 5 surface wave devices 18 and 36 are connected in parallel with
      signal source 10 by connecting devices 18 and 36 in series and further
      connecting the series combination in parallel with source 10. Output
      terminal 12 of signal source 10 is connected by a resistor 72 to terminal
      16 of surface wave device 18. Surface wave devices 18 and 36 are
      illustrated with a common terminal 70 therebetween as was shown in FIG. 4.
      Terminal 34 of device 36 is connected to circuit ground. Alternatively,
      the embodiment of FIG. 3 can be used or devices 18 and 36 can have
      separate substrates.
PAR  Terminal 16 is connected by a coupling capacitor 74 to a first envelop
      detector 76 while terminal 70 is connected by a coupling capacitor 78 to a
      second envelope detector 80. Envelope detector 80 is illustrated as
      including a diode 82 having its anode connected to capacitor 78 and its
      cathode connected to a terminal 84 which is further connected by a
      parallel combination of a capacitor 86 and a resistor 88 to circuit
      ground. A diode 90 is connected between circuit ground and the junction of
      capacitor 78 and diode 82.
PAR  Envelope detector 76 is illustrated as including a diode 92 having its
      cathode connected to capacitor 74 and its anode connected to an output
      terminal 94 which comprises the output terminal of the frequency
      discriminator. Terminal 94 is further connected by a parallel combination
      of a capacitor 96 and a resistor 98 to terminal 84. A diode 100 is
      connected between the junction of capacitior 74 with diode 92 and the
      junction of capacitor 78 with diode 82. Accordingly, envelope detectors 76
      and 80 are connected in series with each other and in parallel with
      respective ones of devices 18 and 36. Also, the diodes in envelope
      detectors 76 and 80 are reversed with respect to the envelope detectors
      illustrated in FIG. 1 so that the output signal will be of the opposite
      phase.
PAR  The operation of the embodiment of FIG. 5 is similar to that of the
      embodiment of FIG. 1. Resistors 98 and 88 provide DC return paths for
      capacitors 96 and 86 as well as summing the signals from envelope
      detectors 76 and 80. When the signal provided by signal source 10 is at
      the center frequency f.sub.0, equal and opposite voltages are developed
      across resistors 88 and 98 so that the output signal at terminal 94 is
      zero. When the frequency of the signal provided by signal source 10
      deviates from the center frequency, a positive or negative output signal
      is provided at terminal 94 depending upon the direction of the deviation
      with the amplitude of the output signal dependent upon the amount of the
      frequency deviation.
PAR  Accordingly, various embodiments of the invention and variations and
      modifications thereof have been illustrated and described. Frequency
      discriminators in accordance with the invention provide advantages over
      the prior art such as extended frequency capabilities, high efficiency,
      uncomplicated fabrication techniques, alleviation of side lobe responses
      and other parasitic effects and other similar advantages.
PAR  While there has been shown and described what is at present considered the
      preferred embodiments of the invention it will be obvious to those skilled
      in the art that various changes and modifications may be made therein
      without departing from the invention as defined by the appended claims.
CLMS
STM  We claim as our invention:
NUM  1.
PAR  1. A frequency discriminator comprising:
PA1  a signal source having first and second terminals for providing a signal at
      said first terminal having frequencies that vary about a center frequency;
PA1  first and second surface wave devices each having a single transducer with
      first and second combs of interleaved electrodes disposed on a
      piezoelectric substrate, said first surface wave device having an
      impedance maximum at a frequency lower than said center frequency, and
      said second surface wave device having an impedance maximum at a frequency
      higher than said center frequency;
PA1  means connecting said first combs of electrodes of each of said first and
      second surface wave devices to said first terminal and said second combs
      of electrodes of each of said first and second surface wave devices to
      said second terminal;
PA1  first and second envelope detectors each having an input terminal connected
      to said first terminal and a common terminal connected to said second
      terminal for providing first and second output signals; and
PA1  means connected to said first and second envelope detectors for summing
      said first and second output signals to provide a signal having an
      amplitude representative of the frequency deviation of the signal provided
      by said signal source from said center frequency.
NUM  2.
PAR  2. A frequency discriminator as defined in claim 1 wherein the transducers
      of said first and second surface wave devices are disposed on a common
      substrate.
NUM  3.
PAR  3. A frequency discriminator as defined in claim 2 wherein one comb of
      electrodes of the transducer of said first surface wave device has a
      common base electrode with one comb of electrodes of the transducer of
      said second surface wave device.
NUM  4.
PAR  4. A frequency discriminator comprising:
PA1  a signal source having first and second terminals for providing a signal at
      said first terminal having frequencies that vary about a center frequency;
PA1  a first surface wave device having a single transducer with first and
      second combs of interleaved electrodes connected to said first and second
      terminals, respectively, and disposed on a piezoelectric substrate and
      further having an impedance maximum at a frequency lower than said center
      frequency;
PA1  a second surface wave device having a single transducer with first and
      second combs of interleaved electrodes connected to said first and second
      terminals, respectively, and disposed on a piezoelectric substrate and
      further having an impedance maximum at a frequency higher than said center
      frequency;
PA1  first and second envelope detectors each having an input terminal connected
      to said first terminal and a common terminal connected to said second
      terminal for providing first and second output signals; and
PA1  means connected to said first and second envelope detectors for summing
      said first and second output signals to provide a signal having an
      amplitude representative of the frequency deviation of the signal provided
      by said signal source from said center frequency.
NUM  5.
PAR  5. A frequency discriminator as defined in claim 4 wherein the transducers
      of said first and second surface wave devices are disposed on a common
      substrate.
NUM  6.
PAR  6. A frequency discriminator as defined in claim 5 wherein one comb of
      electrodes of the transducer of said first surface wave device has a
      common base electrode with one comb of electrodes of the transducer of
      said second surface wave device.
NUM  7.
PAR  7. A frequency discriminator comprising:
PA1  a signal source having first and second terminals for providing a signal at
      said first terminal having frequencies that vary about a center frequency;
PA1  first and second surface wave devices each having a single transducer with
      first and second combs of interleaved electrodes disposed on a
      piezoelectric substrate, said first and second surface wave devices having
      impedance maximums at frequencies lower and higher, respectively, than
      said center frequency;
PA1  means connecting said first comb of electrodes of said first surface wave
      device of said first terminal, said second comb of electrodes of said
      first surface wave device to said first comb of electrodes of said second
      surface wave device, and said second comb of electrodes of said second
      surface wave device to said second terminal; and
PA1  first and second envelope detectors connected in parallel with said first
      and second surface wave devices, respectively, and further connected in
      series for providing an output signal having an amplitude representative
      of the frequency deviation of the signal provided by said signal source
      from said center frequency.
NUM  8.
PAR  8. A frequency discriminator as defined in claim 7 wherein the transducers
      of said first and second surface wave devices are disposed on a common
      substrate.
NUM  9.
PAR  9. A frequency discriminator as defined in claim 8 wherein one comb of
      electrodes of the transducer of said first surface wave device has a
      common base electrode with one comb of electrodes of the transducer of
      said second surface wave device.
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PAL  The low noise parametric amplifier disclosed is a non-cryogenic
      non-redundant plural stage unit with excess gain such that failure of any
      one stage results in only minor degradation of signal-to-noise ratio.
      While the amplifier is of general application, it is specifically intended
      for use in the receiver of an unattended earth terminal of a satellite
      communication system. In this environment, reliability is achieved by
      employing a plurality of cascaded, modular parametric amplifier stages.
      Each stage includes a varactor diode, a pump circuit with its oscillator,
      a bias circuit, and temperature stabilizing circuitry employing a Peltier
      junction. The stages are connected to a multi-port circulator by quick
      disconnect couplings which permit the modular amplifier stages to be
      removed and replaced without any interruption in the operation of the
      amplifier.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention generally relates to microwave amplifiers and, more
      particularly, to a low noise parametric amplifier of modular construction
      which achieves a high degree of reliability without resort to parallel
      redundancy.
PAR  2. Description of the Prior Art
PAR  Communication satellite earth terminals have evolved from the
      experimental-operational designs of the early 1960's to the present
      wideband commercial design requiring considerable on-site manpower. A
      critical part of these earth terminals is the broadband, low noise
      receiver connected between the antenna and the down converter or
      filter-multiplexer for individual channels. Typically, the low noise
      receiver takes the form of a cryogenic parametric amplifier employing a
      two-stage refrigerator to provide temperatures on the order of
      20.degree.K. Such amplifiers have extremely low noise figures but somewhat
      marginal reliability figures.
PAR  Due to the growing and changing needs of satellite communication systems,
      it is clear that automatic earth terminals with a high degree of
      reliability are required to provide economic and quality service in the
      future. In the low noise receiver of an earth terminal, failure of a
      cooled stage or of the refrigerator is catastrophic. This failure can be
      overcome, however, by switching to a redundant receiver unit. Even so,
      since both units would have been running continuously since the last
      maintenance, the probability of survival of one of the two is not greatly
      enhanced. The net result is at best a complicated and expensive receiver
      requiring a redundant receiver unit, refrigerators, Dewars, switches, and
      considerable monitoring equipment.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a low noise
      parametric amplifier particularly suitable for use as a low noise receiver
      in an unattended, reliable earth terminal in a satellite communication
      system.
PAR  It is another object of the invention to provide a nonredundant, highly
      reliable parametric amplifier of unique modular construction which permits
      removal and replacement of amplifier sections on stages without
      interruption of service.
PAR  It is a further object of the invention to provide a non-cryogenic, low
      noise parametric amplifier having temperature stabilization circuits
      wherein failure of any one section or stage results in only a minor
      degradation of signal-to-noise ratio.
PAR  The foregoing and other objects of the invention are attained by providing
      a plurality of non-cryogenic, modular varactor diode parametric amplifier
      stages with each stage having its own pump oscillator, temperature
      stabilizing circuitry, and bias and pump circuit power conditioners. Each
      modular stage is connected to a circulator port with a quick disconnect
      coupling. Thus, all the lower reliability, performance-affecting elements,
      such as the electronics and RF diodes, are in the parametric amplifier
      modules. If any one of the parametric amplifier modules is removed from
      the basic chassis or otherwise becomes inoperative, the associated
      circulator sends the signal to the next stage, thereby resulting in some
      decrease in gain and some deterioration of the receiver noise temperature.
      The gain, however, can be recovered by an automatic gain control circuit
      in the following intermediate frequency section. Thus, neither failure of
      a parametric amplifier stage nor replacement of an inoperative stage
      prevents continuous operation of the communication system. Deterioration
      of the signal-to-noise ratio caused by failure or removal of a parametric
      amplifier module is greatest for failure of the amplifier stage nearest
      the antenna, but even then, the reduction in the system signal-to-noise
      ratio is typically only about 1.5 dB. Failure of both of the first two
      stages typically results in a signal-to-noise ratio reduction of about 3.2
      dB. The invention may, therefore, be characterized as employing a
      redundant parametric amplifier stage rather than a redundant low noise
      receiver, and takes advantage of the reflection properties of microwave
      circulators to eliminate switching thereby resulting in a highly reliable,
      low cost and simple receiver particularly suited for use in earth
      terminals of satellite communication systems.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic diagram of a low noise parametric amplifier embodying
      the invention.
PAR  FIG. 2 is an exploded perspective view of a specific hardware
      implementation of the invention.
PAR  FIG. 3 is a partially cutaway view of the hardware implementation of FIG. 2
      and shows the interior components in more detail.
PAR  FIG. 4 is a sectional view of the varactor diode module employed in the
      invention; and
PAR  FIG. 5 is a schematic circuit diagram of a Peltier temperature stabilizing
      circuit used for stabilizing the temperature of the oscillator pump and
      the varactor diode components of the parametric amplifier module.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  FIG. 1 is a schematic diagram illustrating one feature of the invention. A
      four-stage parametric amplifier is shown as consisting of a strip line
      circulator 10 having eight circulators labeled 12, 14, 16, 18, 20, 22, 24,
      and 26. Each circulator is of the three-port, Y-junction type. One port of
      each of the circulators 14, 18, 22, and 26 is connected to a respective
      characteristic impedance load 27a, 27b, 27c and 27d, so that these
      circulators operate as isolators whereby energy is merely transferred from
      one of the two remaining ports to the other, as indicated in FIG. 1 by the
      arrows showing the direction of energy or signal flow.
PAR  A microwave input signal having a frequency of 4 GHz, for example, is
      applied to the input port 28 of circulator 12 from where it is transmitted
      via the port 30 to the first stage parametric amplifier module 32 and then
      returned through the same port to circulator 12, and thence to the
      isolator 14 via the ports 34 and 35.
PAR  The parametric amplifier module 32 is connected via a quick disconnect
      coupling 36 to the circulator port 30. Three additional parametric
      amplifier stage modules 38, 40 and 42 are connected via corresponding
      quick disconnect couplings 44, 46 and 48 to the corresponding amplifier
      ports 45, 47 and 49 of the circulators 16, 20 and 24 respectively.
PAR  Consequently, four stages of amplification are provided by the low noise
      parametric amplifier assembly illustrated in FIG. 1. The four parametric
      amplifier modules are identical and interchangeable, and each provides a
      gain of 10 db or more. Each amplifier module contains: an unrefrigerated
      varactor diode subassembly DM 1, 2, 3 or 4; a 100 mw Gunn oscillator pump
      subassembly GUNN 1, 2, 3 or 4; and the necessary bias circuitry.
PAR  In operation, an input signal at port 28 is typically supplied from the
      antenna of the receiver of an earth terminal, and the low noise parametric
      amplifier illustrated in FIG. 1 provides a total gain of 40 db .+-.0.5 db,
      or 10 db per stage, over a bandwidth of 500MHz to produce a receiver
      bandwidth of 3.7 to 4.2 GHz.
PAR  The output from port 54 of the parametric amplifier is supplied to a
      down-converter or filter-multiplexer for individual channels. The
      amplifier is designed with four stages even though the gain provided by
      only three stages is all that is required. Consequently, if one stage
      becomes inoperative, sufficient gain is still available. Automatic gain
      control circuits follow the output port 54 to regulate the gain to the
      desired value.
PAR  However, in the event that one of the parametric amplifier modules 32
      becomes inoperative, the overall amplifier fails soft in the sense that
      the signal through the overall amplifier is not interrupted, instead only
      the gain of the inoperative stage is removed. Furthermore, as described in
      more detail below, since each amplifier module, including the Gunn
      oscillator pump and a varactor diode subassembly, is connected to the
      strip circulator by means of a quick disconnect connector, the amplifier
      module can be quickly removed and a new one reinserted, thereby minimizing
      the time during which the amplifier operates at less than full gain.
      Furthermore, the Gunn oscillator pump and the varactor diode subassemblies
      are temperature-stabilized by means of a Peltier element circuit (FIGS. 3
      and 5) thereby holding all current values constant.
PAR  In the typical prior art parametric amplifier of this type as shown, for
      example, in U.S. Pat. No. 3,284,717, the varactor diode subassembly is
      made integral with the strip line circulator and is not easily and quickly
      disconnectable as in the present invention. Furthermore, the individual
      stages in the prior art are typically connected to a common oscillator
      pump. By contrast, in the present invention, each parametric amplifier
      stage is in the form of an easily removable and quickly disconnectable
      module, and each module consists of a Gunn oscillator pump subassembly and
      a varactor diode subassembly.
PAR  FIG. 2 is an exploded, partially cutaway perspective view of a preferred
      embodiment of the invention which is schematically illustrated in FIG. 1.
      The strip line circulator 10 is mounted in a housing 60 including a
      mounting panel 62 including four power sockets 64, one for each amplifier
      module. In FIG. 2, the parametric amplifier modules 32 and 38 are shown
      mounted in their operating position within the housing 60. Each module is
      secured to the panel 62 by means of spring-loaded rods 66 and 67 which
      pass through the module and through openings 68 in the panel 62. The end
      of each rod contains projections which pass through matching slots in
      backing plates 70 fixed to the back of the panel opposite each opening. To
      remove a module, the D rings 71, 72 on the ends of the rods are merely
      turned 90.degree. to allow the rod to unlock the module, and then the
      handle 74 is grasped to withdraw the module from the housing 60.
PAR  Module 40 is not illustrated in FIG. 2, and module 42 is shown removed from
      the housing, and the dashed lines show the manner in which the module 42
      fits into the housing 60 and connects with the strip circulator 10. More
      specifically, the quick disconnect coupling 48 shown in FIG. 1 consists of
      a conventional coaxial coupling 48a of the screw-type, bayonet-type, or
      press fit-type, for example. Such a coupling assures a secure electrical
      and mechanical connection between the corresponding ports of the amplifier
      and circulator. Furthermore, a power plug 74 in each amplifier module
      mates with the corresponding power socket 64 when the modules are in
      operating position within the housing 60.
PAR  FIG. 3 shows in more detail the interior hardware implementation of each
      amplifier module. As an example, module 42 is shown as including a
      conventional power conditioner 78 electrically coupled to the Gunn
      oscillator pump subassembly GUNN 4 which in turn is coupled via a
      waveguide 80, a pump attenuator 82, and a waveguide 84 to the imput port
      86 of the varactor diode subassembly DM4. The output port 88 of DM4 is
      connected via the coax coupler 48 to the port 49 of the strip line
      circulator 10. Peltier elements 90 and 92 temperature-stabilize the Gunn
      oscillator pump and varactor diode subassemblies 90, respectively; and a
      circuit board 94 controls the Peltier elements.
PAR  FIG. 4 is a sectional view showing the details of a preferred tunable
      varactor diode subassembly, DM4, for example. The subassembly consists of
      the waveguide 86 which is adapted to be coupled to the pump attenuator 82.
      The waveguide is coupled to a coaxial line 96 which is coupled to the
      varactor diode cavity 98 containing the varactor diode 100 which is biased
      via a base circuit 102. The diode 100 is connected via a gain and
      broadbanding coax section 104 to the output port 88 which is connected via
      the coax coupling 48 to the port 49 of the strip circulator 10.
PAR  FIG. 5 schematically illustrates a conventional temperature-stabilizing
      circuit for the Peltier elements 90 and 92. A thermocouple or thermistor
      TC senses the temperature of the Gunn diode pump or varactor diode
      subassembly and produces a temperature-dependent current which is summed
      or compared in a summing network 106 with a reference current representing
      a reference temperature. The algebraic sum is amplified by amplifier 108
      and applied to the Peltier element. The direction of current through the
      Peltier element determines whether the element cools or heats the
      contiguous subassembly.
PAR  The foregoing specification describes a low-noise parametric amplifier unit
      which is redundant-by-stage, rather than by amplifier unit. Furthermore,
      each amplifier stage, including an oscillator pump, is constructed as a
      module which can be quickly and easily removed from the associated strip
      line circulator, without interrupting the operation of the amplifier unit.
      Furthermore, tolerable signal-to-noise levels are obtained by using
      Peltier temperature-stabilizing circuits, and without the need for costly
      and unreliable cryogenic refrigeration apparatus.
CLMS
STM  We claim:
NUM  1.
PAR  1. A modular multi-stage parametric amplifier assembly, including a
      multi-port strip line circulator assembly having a plurality of
      series-coupled Y-junction circulators and further comprising a plurality
      of parametric amplifier modules connected to selected ones of said
      circulators, whereby failure of an amplifier module does not interrupt
      operation of the parametric amplifier assembly, and a quick-disconnect
      coupler between each amplifier module and a corresponding one of said
      selected circulators.
NUM  2.
PAR  2. A parametric amplifier assembly as defined in claim 1, wherein each
      amplifier module comprises an oscillator pump subassembly, a varactor
      diode subassembly, and stabilizing means for stabilizing the temperatures
      of both subassemblies.
NUM  3.
PAR  3. A parametric amplifier as defined in claim 2 wherein said stabilizing
      means comprises Peltier elements contiguous to said subassemblies, and
      temperature sensing and control circuit means for controlling the current
      flowing through said Peltier elements so that the temperature of each
      subassembly is stabilized at a desired reference value.
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ABST
PAL  A transistorized amplifier includes an active network having a succession
      of DC coupled transistors, a load resistor across which an output voltage
      is developed in response to current flowing through the active network and
      a voltage divider network for distributing an applied DC potential equally
      across the active network. Each stage in the active network is thereby
      allowed to operate over only a restricted voltage range, while yet
      operating cooperatively to control high voltages, using inexpensive low
      voltage rating components. The amplifier preferably includes at least two
      sets of active networks, load resistors and voltage divider networks, each
      set being responsive to a complementary input signal current to provide
      complementary output voltages useful in driving a pair of electrostatic
      deflection plates.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to electronic amplifiers, particularly to such
      amplifiers as are useful at high voltage levels and which convert a binary
      input signal into an amplified analog high voltage output signal.
PAR  2. Description of the Prior Art
PAR  High voltage transistorized amplifiers have generally been a design
      problem, since high voltage semiconductor devices are inherently sensitive
      to permanent destruction due to transient voltages and are difficult and
      expensive to produce. Accordingly, high voltage amplifiers such as those
      useful in electrostatic deflection circuits are still commonly designed
      with vacuum tubes. One technique in which semiconductor devices have
      become used in such applications requires the cascading of several
      transistor stages, each being DC coupled to the preceding stage and each
      being operated at a successively higher average DC level. Such a technique
      has heretofore required that each stage be coupled in some manner directly
      to ground, thus necessitating the use of additional and generally
      expensive components. In U.S. Pat. No. 2,943,269 (Randise), there is
      disclosed an AC coupled amplifier having such a succession of serially
      connected transistors. The first transistor in the succession is coupled
      as a common emitter input stage and the remaining transistors are
      connected as common base stages. A last transistor in the succession is
      connected through a common load resistor to a source of DC potential. The
      base of each transistor in the succession is connected both to a DC
      voltage divider network and to an AC impedance network to control the AC
      voltage gain of that stage. Such a configuration allows nearly the entire
      source of DC potential to be developed across a single stage and its
      associated AC impedance network, thereby precluding the selection of
      inexpensive components in high voltage use.
PAR  U.S. Pat. No. 3,736,519 (Smyth) discloses an impedance follower circuit
      including a succession of serially connected common-base transistors
      having the base of each transistor in the succession connected to
      successive nodes in a resistive voltage divider network so as to
      distribute a high voltage equally across each transistor in the
      succession. The output of the succession is controllably switched to a
      second emitter follower network to control the maximum current output.
      That circuit is adapted for controlling the output of a DC power supply,
      and is not concerned with frequency response limitations.
PAR  It is known to convert low voltage digital signals to low voltage analog
      signals by a variety of techniques. One such technique, disclosed in U.S.
      Pat. No. 3,560,958 (Braymer), involves the selective switching of a
      plurality of binary weighted current sources in response to a given binary
      input signal, summing the output of all the switched current sources at a
      common node, and applying the summed current to a current/voltage
      converter to provide an analog voltage corresponding to the input binary
      signals. No provision is made for amplifying the resultant analog voltage
      to high voltage levels.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides a simple DC coupled voltage amplifier which
      uses inexpensive low voltage rated components and which is highly
      versatile, being especially suited for high voltage uses. The amplifier
      responds to binary coded input signal voltage and converts these signal
      voltages to a corresponding signal current which then passes in series
      through a succession of serially connected transistors having
      substantially the same electrical characteristics comprising an active
      network. A load resistor receives such current as flows through the active
      network. A DC voltage to be applied across the active network is
      controlled by a voltage divider network having successive nodes, each
      connected to the base electrode of one of the transistors such that equal
      DC potentials are developed between successive base electrodes. In this
      manner, the voltage applied across the active network develops equal
      potentials across each of the transistors. A signal voltage is thus
      established across the load resistor which increases in response to an
      increase in the input signal voltage. The breakdown voltage rating of the
      amplifier is equal to the sum of the breakdown voltages of the transistors
      in the active network.
PAR  In one embodiment employing one transistor per stage, the first transistor
      in the succession has its emitter electrode connected to receive the input
      signal current. The emitter electrode of each successive transistor is
      connected to the collector electrode of the transistor. The collector
      electrode of the last transistor is connected to an output terminal, which
      is connected to the load resistor. In operation, the load resistor is
      connected between the output terminal and a terminal of a source of a DC
      potential, and the voltage divider network is connected between the output
      terminal and the other terminal of the DC potential to provide a common DC
      current return path.
PAR  In another embodiment of the present invention, each of the transistors in
      the succession has a second transistor associated therewith to form a
      Darlington pair. Such a configuration provides improved linearity.
PAR  The input stage of the DC voltage amplifier of the present invention may be
      adapted for receiving parallel binary coded voltage signals corresponding
      to an analog signal voltage. In this use, the signal voltage to current
      converter comprises a plurality of binary weighted DC constant current
      sources. The outputs of these binary weighted constant current sources are
      controllably interconnected for summing the DC currents in response to the
      presence of a binary coded signal voltage signal to provide a signal
      current which is an analog of the binary coded signal voltage.
PAR  In a further adaptation of this embodiment, the binary weighted current
      sources are controllably switched to either a first or second terminal in
      response to a binary coded signal voltage. The currents summed at the
      first terminal are to provide a first output signal voltage, while the
      currents summed at the second terminal are coupled to a second active
      network, load resistor and voltage divider network which are electrically
      equivalent to their corresponding members previously recited. The output
      voltage therefrom thereby provides a second output signal voltage which is
      complementary of the first output signal voltage.
PAR  By driving each opposing electrostatic deflection plate of a charged
      particle beam apparatus with one of the complementary output signal
      voltages, a constant potential is maintained at the geometric center of
      the deflection plates so as to minimize beam aberrations. This provides
      precise and rapid deflections in that the constant current sources feed
      into a constant load, being merely switched from one of the active
      networks to the other in response to a given binary signal. Since there
      are no inductive or capacitive time constants present, the binary coded
      input signals are rapidly converted to the analog equivalent to produce a
      rapid deflection with minimum settling time. Two sets of active networks,
      each utilizing a succession of ten Darlington pairs, achieved a deflection
      and settling time to less than 1% in less than 2 microseconds at an output
      of 400V.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a circuit diagram of an npn embodiment of the amplifier of the
      present invention;
PAR  FIG. 2 is a circuit diagram of another npn embodiment in which Darlington
      pairs are utilized in the active network;
PAR  FIG. 3 is a circuit diagram of an pnp Darlington pair embodiment;
PAR  FIG. 4 is a circuit diagram of another embodiment in which a plurality of
      stages within the amplifier are included within discrete sections to
      facilitate interconnection of any number of sections;
PAR  FIG. 5 is a schematic diagram of another embodiment of the present
      invention in which binary weighted constant current sources are switched
      to provide input signal currents; and
PAR  FIG. 6 is a circuit diagram of another embodiment including a pair of
      active networks, load resistors and voltage divider networks to provide
      complementary outputs.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 is a circuit diagram showing the general features of the present
      invention. The circuit shown is adapted to be connected via terminal 10
      and a return ground connection to a source of DC potential 12, and
      comprises terminals 14 for receiving an input signal voltage, an amplifier
      16 for converting the input signal voltage into a corresponding signal
      current, an active network 18 which responds to the input signal current
      so as to produce across a load resistor 20 a potential which varies in
      accordance with the input signal current, and a voltage divider network 22
      for controlling the potentials applied to the bases of the respective
      transistors in the active network 18.
PAR  In the embodiment shown in FIG. 1, the amplifier 16 is a common emitter
      coupled transistor. The input signal voltage applied to the base of this
      transistor controls the current therethrough to develop through collector
      load thereof a signal current which corresponds to the input signal
      voltage. While such a voltage to current converter is preferred for
      reasons of simplicity in certain embodiments of the present invention, it
      is well recognized that a variety of other voltage/current conversion
      techniques are known and may be similarly utilized to provide the same
      function in the present invention.
PAR  The active network 18 of the embodiment shown in FIG. 1 comprises a
      succession of npn transistors. The emitter of the first transistor 24 in
      the succession is connected to the voltage to signal current converter 16,
      while the collector thereof is connected to the emitter of the next stage
      26, each successive stage in the active network 18 being similarly
      connected.
PAR  The transistor 28 shown in dashed lines indicates that in the present
      invention no given number of transistors in the succession is necessarily
      preferred, and that any number of transistors may be added or deleted from
      those shown in FIG. 1 depending upon the desired functional requirements
      of the amplifier. It is well known in semiconductor technology that the
      frequency response of semiconductive devices generally varies inversely
      with the voltage breakdown rating of such devices. Accordingly, if it is
      desired to provide a DC voltage amplifier having a given frequency
      response which is to operate at a particular DC voltage level, one need
      only identify for use in the active network 18 a transistor having the
      desired frequency characteristics. Knowing the voltage rating of that type
      transistor, a suitable number of such transistors are selected such that
      when the particular DC voltage is applied and is substantially equally
      divided across each of the transistors in the network, the rated collector
      to emitter breakdown voltage across any given transistor is not exceeded.
PAR  The voltage divider network 22 of the embodiment shown in FIG. 1 comprises
      a series of substantially equal valued resistors 30. The interconnection
      between each of the resistors 30 is connected only to the base of an
      appropriate one of the transistors in the active network 18. Accordingly,
      a DC voltage 12 applied to the load resistor and a second DC voltage 31 as
      may be applied to the opposite end of the voltage divider network 22 are
      equally distributed across the divider network 22.
PAR  It may be seen that the current provided by the voltage to current
      converter 16 flows through each of the transistors in the active network
      18. Further, it may be seen that inasmuch as the voltage divider network
      22 is coupled back through the load resistor 20 to a source of DC
      potential 12 such signal current as may flow through the bases of the
      respective transistors of the active network 18 will be recovered at the
      output terminal 32 thereby improving the overall linearity of the
      amplifier device.
PAR  In the embodiment shown in FIG. 1, ten 2N3439 type transistors were
      connected in the active network 18, which transistors have a maximum
      collector to emitter breakdown voltage of 350 V. Accordingly, the
      amplifier is suitable for use at DC potentials up to 3500 V and produces
      an output signal voltage in the range of 50 to 3000 V, at a frequency
      response in excess of 10 kHz.
PAR  The circuit diagram shown in FIG. 2 depicts another npn embodiment of the
      present invention in which Darlington pairs are utilized in the active
      network 34. In this embodiment, an input signal voltage is applied at
      terminals 36 and converted to an input signal current via an amplifier 38
      in the same manner described in conjunction with FIG. 1. The input signal
      current accordingly flows through the active network 34 to develop across
      a load resistor 40 an output signal voltage which appears on terminal 42
      when a suitable voltage VDC.sub.1 and VDC.sub.2 is applied. A voltage
      divider network 44 comprising a succession of identical resistors 46
      having nodes therebetween coupled to the successive stages of Darlington
      pairs is similarly provided in like manner to that described in
      conjunction with FIG. 1. The use of Darlington pairs in the active
      networks of the present invention is particularly desired inasmuch as such
      a configuration produces more linear response characteristics. In
      additions to the advantage resulting from the use of Darlington pairs, the
      particular transistors selected are chosen in view of competing
      requirements of switching speed, i.e. frequency response and breakdown
      voltage.
PAR  In the circuit there shown, 2N3439 npn transistors are advantageously used
      in the Darlington pair configuration. When 30 stages are so provided, the
      resultant amplifier is capable of operating at a DC potential of 20,000 V
      and of delivering an output voltage of 10,000 V at frequencies up to 5000
      Hz. Such an amplifier has been found particularly useful in driving
      display apparatus used in electrographic reproduction systems.
PAR  FIG. 3 is another embodiment of the present invention in which pnp
      transistors are provided in both the input voltage to current conversion
      amplifier and in the active network. In this embodiment, an input signal
      voltage is applied across input terminals 50, and is converted to a
      corresponding signal current via the voltage to current conversion
      amplifier 52. The current from the amplifier 52 flows through the active
      network and through a load resistor 54 in the same manner as set forth
      hereinabove, to provide an output signal voltage on the output terminal
      56. A voltage divider network distributes the applied DC voltage equally
      across all of the stages of the network in the same manner set forth
      earlier. While Darlington pairs are shown to comprise each stage 58 and 60
      of the active network, individual transistors, etc., may be similarly
      employed. Since in this embodiment, pnp transistors are provided, the
      polarity of the applied DC voltage will be reversed from that used in the
      npn embodiments.
PAR  It is also shown in FIG. 3 that the active network and voltage divider
      network may be desirably constructed such that each stage 58, 60 of the
      active network has associated therewith a separate portion 62 and 64 of
      the voltage divider network. In this manner, the associated portions are
      conveniently assembled as separate modules 66 and 68 (each shown within
      dotted lines), thereby facilitating the addition of as many stages as are
      required consistent with the desired operating voltages and frequency
      response parameters.
PAR  In the npn embodiment shown in FIG. 4, the modular construction is carried
      still further to provide within each module 70 and 72 such number of
      stages as is necessary to provide an additional degree of standardization
      of the modules. In such a standardized form, all modules are designed to
      operate at a given DC potential across the module such that the number of
      modules selected for use in a given application is readily determined.
      Since the frequency response (i.e., switching time) and breakdown voltage
      of a given stage are inversely related, modules designed to have a high
      frequency response will correspondingly contain a greater number of stages
      than those designed to have correspondingly lower frequency responses.
PAR  The modules 70 and 72 are further preferably constructed to have like
      positioned input and output terminals 74, 74' and 76, 76' respectively,
      which terminals are similarly positioned on all modules such that any
      number of modules may be included in a given amplifier by a regular
      stacking and clamping together of the modules. In such an embodiment, the
      input voltage/current converter 78 and load resistor 80 are the same as
      those shown in the earlier FIG. 1.
PAR  FIG. 5 is a combined block and circuit diagram of a preferred embodiment
      wherein a high speed, high voltage deflection circuit for driving
      electrostatic octapole deflection plates such as are disclosed in U.S.
      Pat. No. 3,789,370 (Bari, et al.) is provided. In this embodiment, each
      deflection plate of a given pair of a cooperatively operating pair of
      plates is driven by an output signal voltage developed through a separate
      active network, load resistor, and voltage divider network, while the
      other deflection plate of that pair of plates is driven by a similarly
      obtained complementary signal. In FIG. 5, the circuit for developing one
      such set of complementary signals are shown. Three additional like
      circuits are required to drive the additional six plates (three pairs) of
      the octapole deflection system.
PAR  In the circuit shown in FIG. 5, a first output signal is developed at a
      terminal 82 in response to a current flowing through the active network 84
      as a result of an input signal current at the input terminal 86. The
      individual stages 88 within the active network 84 are preferably
      Darlington pairs having the same configuration as that shown in the active
      network 34 of FIG. 2. Each stage 88 is coupled to a common node between
      successive resistors 90 of the voltage divider network 92 such that a
      portion of a DC potential applied across the terminals 94 and 96 is
      controllably developed across the load resistor 98, while the remainder
      thereof is equally distributed across the active network 84.
PAR  A second output signal complementary to that developed at terminal 82 is
      developed at terminal 100 in response to a current flowing through the
      active network 102 as a result of a complementary input signal current at
      the input terminal 104. The individual stages 106 within the active
      network 102, the resistors of the voltage divider network 108 and the load
      resistor 110 are preferably the same as their corresponding members
      providing the first output signal.
PAR  The complementary input signal currents applied to the input terminals 86
      and 104 are produced by a signal converting circuit 112 which is
      responsive to parallel binary coded voltage signals on terminals 114, 116,
      118, 120, 122 and 124. The converting circuit 112 comprises a plurality of
      constant current sources 126, 128, 130, 132, 134 and 136, each of which
      provides a binary weighted DC current. In the embodiment shown, the output
      currents of current sources 126, 128, 130, 132, 134 and 136 are 1 ma, 2
      ma, 4 ma, 8 ma, 16 ma and 32 ma respectively. The output of each of the
      sources is connected to a make-before-break switch 138, 140, 142, 144, 146
      and 148. Each switch is activated by one of the binary coded voltage
      signals on terminals 114, 116, 118, 120, 122 and 124 to couple the output
      of each of the current sources to either terminal 86 or terminal 104,
      which terminals provide summing points for the respective currents. In
      this manner, complex networks needed for voltage summing are eliminated.
PAR  The current sources 126, 128, 130, 132, 134 and 136 are preferably
      conventional transistorized regulation circuits which convert a well
      regulated voltage (e.g. 15 VDC .+-. 0.001% for a given constant load and
      line voltage condition) into the desired binary weighted current values.
      The desired current values are conveniently obtained by proper selection
      of current limiting resistors in the regulation circuits.
PAR  The make-before-break switches 138, 140, 142, 144, 146 and 148 are
      preferably solid state switches such as Siliconix type DGm 111 BK,
      connected in a single pole, double-throw configuration. The
      make-before-break feature ensures that any capacitance associated with the
      current sources remains charged, thereby improving the response time of
      the switching circuit.
PAR  In this embodiment, the parallel binary coded voltage signals are produced
      by a memory controller 150 having four sets of six lines 152, 154, 156 and
      158 containing the digital equivalent of the analog voltages required to
      desirably deflect the beam. Controllers providing such digital outputs are
      state of the art devices and need no further description.
PAR  FIG. 6 shows another embodiment in which complementary outputs are provided
      for driving opposing electrostatic deflection plates in a charged particle
      beam apparatus. In this embodiment, a variable analog voltage such as
      produced by a conventional sweep generator is suitably coupled through an
      input terminal 160 to a conventional dual input operational amplifier 162
      having a second input coupled to an adjustable source of DC voltage 164.
      The output of the operational amplifier 162 is coupled back to the input
      terminal 160 through a variable resistor 166, such that the output may be
      controlled both as to the peak-to-peak voltage and as to the average DC
      potential. One portion of the output is coupled directly to a voltage to
      current converter 168 via amplifier 170, while another portion of the
      output is coupled through an inverter 172 prior to being coupled through a
      like amplifier 174, and thence to a second voltage to current converter
      176. Since both converters 168 and 176 are energized by a common DC
      source, the output currents therefrom are complementary to each other.
      These complementary outputs are coupled through like active networks and
      voltage divider networks contained within the modules 178, 180, 182 and
      184 respectively to develop across the respective load resistors 186 and
      188 complementary output voltages at terminals 190 and 192 when
      appropriate DC potentials are applied to the DC input terminals 194 and
      196. As in the preceding embodiments, this circuit offers the advantage of
      enabling the control of high voltages in a compact transistorized device
      using inexpensive, low voltage rated components.
PAR  In light of the above teachings, alternative arrangements and techniques
      embodying the invention will be suggested to those skilled in the art. The
      scope of protection afforded the invention is not intended to be limited
      to the specific embodiments disclosed, but is to be determined only in
      accordance with the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. A DC voltage amplifier comprising:
PA1  a. means for receiving parallel binary coded input signal voltages,
PA1  b. means for converting said binary coded input signal voltages to a
      corresponding signal current,
PA1  c. an active network including a succession of serially connected
      transistors having substantially the same electrical characteristics for
      receiving said signal current in series through each of said transistors,
PA1  d. a load resistor for receiving such current as flows through said active
      network, and
PA1  e. a voltage divider network having successive nodes, each connected to the
      base electrode of one of the transistors to apply substantially equal Dc
      potentials between successive base electrodes when a DC voltage is applied
      across the active network, and to thus develop substantially equal
      potentials across each transistor,
PA2  thus establishing a signal voltage across the load resistor which increases
      in response to an increase in the input signal voltage, whereby the
      breakdown voltage rating of the amplifier is equal to the sum of the
      breakdown voltages of the transistors in the active network.
NUM  2.
PAR  2. A DC voltage amplifier according to claim 1, wherein the emitter
      electrode of the first transistor in said succession is connected to said
      converting means to receive said signal current, the emitter electrode of
      each successive transistor thereafter is connected to the collector
      electrode of the preceding transistor, the collector electrode of the last
      transistor is connected to an output terminal, and said load resistor is
      connected to said output terminal.
NUM  3.
PAR  3. A DC voltage amplifier according to claim 2, wherein the load resistor
      is connected between said output terminal and a terminal of a source of DC
      potential and said voltage divider network is connected between said
      output terminal and another terminal of the DC potential source to provide
      a common DC current return path.
NUM  4.
PAR  4. A DC voltage amplifier according to claim 3, wherein said signal
      converting means comprises a common emitter DC coupled transistor, having
      the emitter electrode thereof coupled through a resistor to said another
      terminal of the DC potential source and wherein a like electrode of said
      first transistor in said succession is coupled to the collector electrode
      of said common emitter DC coupled transistor.
NUM  5.
PAR  5. A DC voltage amplifier according to claim 1, wherein each transistor in
      said succession of said serially connected transistors has associated
      therewith a second DC coupled transistor, each pair of associated
      transistors forming a Darlington pair.
NUM  6.
PAR  6. A DC voltage amplifier according to claim 1, wherein said serially
      connected transistors are npn transistors.
NUM  7.
PAR  7. A DC voltage amplifier according to claim 1, wherein said serially
      connected transistors are pnp transistors.
NUM  8.
PAR  8. A DC voltage amplifier according to claim 1, wherein said amplifier
      comprises a plurality of modules, each said module containing at least one
      said transistor in said succession and an associated portion of said
      voltage divider network.
NUM  9.
PAR  9. A DC voltage amplifier according to claim 8, said modules including like
      positioned input and output terminals facilitating connection between
      adjacent modules by a regular stacking thereof.
NUM  10.
PAR  10. A DC voltage amplifier according to claim 1, wherein said means for
      receiving parallel binary coded input signal voltages is adapted to
      receive parallel binary coded voltage signals corresponding to an analog
      signal voltage, and
PA1  wherein said signal converting means comprises a plurality of constant
      current sources each of which is capable of providing a binary weighted DC
      current, and means for interconnecting each constant current source to a
      common connection for summing the DC currents in response to the presence
      of a said digital binary coded voltage signal to provide said signal
      current which is an analog of said binary coded voltage signal.
NUM  11.
PAR  11. A DC voltage amplifier according to claim 10, wherein said
      interconnecting means comprises a plurality of make-before-break switches,
      each connected to one of said plurality of constant current sources and
      being activatable to couple one of said constant current sources to said
      active network in response to a binary coded voltage signal.
NUM  12.
PAR  12. A DC voltage amplifier according to claim 11, wherein each of said
      plurality of switches has a first terminal to which a given DC current is
      coupled when a said binary coded voltage signal is applied to activate
      said switch, and has a second terminal to which said given DC current is
      coupled in the absence of a said binary coded signal, said first terminals
      being connected to form said common connection and said second terminals
      being connected to form a second common connection whereby a second input
      signal current complementary to said input signal current is produced at
      said second common connection, wherein said DC amplifier further comprises
PA1  a second active network including a second succession of serially connected
      transistors for receiving said second input signal current in series
      through each of said transistors in said second succession,
PA2  a second load resistor for receiving such current as flows through said
      second active network, and
PA2  a second voltage divider network having successive nodes each connected to
      the base electrode of one of said transistors in said second active
      network to apply equal DC potentials between the successive base
      electrodes of said transistors in said second active network when a said
      DC voltage is also applied across said second active network and to thus
      develop equal potentials across each transistor in said second active
      network,
PA2  wherein said second active network, load resistor and voltage divider
      network are electrically equivalent to said first mentioned active
      network, load resistor and voltage divider network, respectively, such
      that a second output voltage is established across said second load
      resistor which is complementary to that established across said first load
      resistor.
NUM  13.
PAR  13. A DC voltage amplifier comprising:
PA1  a. means for receiving an input signal voltage,
PA1  b. means for converting said input signal voltage to a corresponding first
      input signal current,
PA1  c. a first active network including a succession of serially connected
      transistors having substantially the same electrical characteristics for
      receiving said first input signal current in series through each of said
      transistors,
PA1  d. a first load resistor for receiving such current as flows through said
      first active network, and
PA1  e. a first voltage divider network having successive nodes, each connected
      to the base electrode of one of the transistors in said first active
      network to apply substantially equal DC potentials between successive base
      electrodes of said transistors in said first active network when a DC
      voltage is applied across said first active network, and to thus develop
      substantially equal potentials across each transistor in said first active
      network,
PA1  f. means for inverting said input signal voltage,
PA1  g. means for converting said inverted input signal voltage to a
      corresponding second input signal current,
PA1  h. a second active network including a second succession of serially
      connected transistors having substantially the same electrical
      characteristics for receiving said second input signal current in series
      through each of said transistors in said second succession,
PA1  i. a second load resistor for receiving such current as flows through said
      second active network, and
PA1  j. a second voltage divider network having successive nodes each connected
      to the base electrode of one of said transistors in said second active
      network to apply equal DC potentials between successive base electrodes of
      said transistors in said second active network when a said DC voltage is
      also applied across said second active network and to thus develop equal
      potentials across each transistor in said second active network,
PA2  wherein said second active network, said second load resistor and said
      second voltage divider network are electrically equivalent to said first
      active network, said first load resistor and said first voltage divider
      network, respectively, such that a second output voltage is established
      across said second load resistor which is complementary to that
      established across said first load resistor, both of said output signal
      voltages increasing in response to an increase in the respective input
      signal voltage, whereby the breakdown voltage rating of the amplifier is
      equal to the sum of the breakdown voltages of the transistors in each of
      the active networks.
NUM  14.
PAR  14. A DC amplifier according to claim 13, wherein the means for receiving
      the input signal voltage comprise first and second DC voltage level
      shifting networks, wherein said first voltage shifting network operates to
      shift the DC level of said input signal voltage to another DC level
      suitable for driving said voltage to current converting means, and wherein
      said second voltage shifting network operates to shift the DC level of
      said inverted input signal voltage to another DC level suitable for
      driving said inverted voltage to current converting means.
NUM  15.
PAR  15. A DC amplifier according to claim 13, wherein the means for receiving
      the input signal voltage comprises means for combining said input signal
      voltage with an adjustable source of DC voltage to thereby control the DC
      level of said input signal voltage.
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ABST
PAL  One or more birefringent plates are placed within the optical cavity of an
      optical oscillator such as a dye laser. Each of the plates is positioned
      at an angle, such as Brewster's angle with respect to the light reflected
      within the optical cavity of the optical resonator. The output wavelength
      from the optical resonator is tuned, or its bandwidth narrowed, by
      rotating the birefringent plates while maintaining the plates at the same
      angle.
PARN
PAR  This patent application is a continuation-in-part of patent application
      Ser. No. 365,317 filed May 30, 1973 now U.S. Pat. No. 3,868,592 and
      assigned to the same assignee.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to optical oscillators and, in particular, to
      improved means to either narrow the bandwidth of the optical oscillator or
      to tune the output of an optical oscillator, such as a dye laser.
PAR  Dye lasers have attracted much attention recently because of their property
      of being able to provide output wavelengths continuously tunable over
      comparatively large segments of the visible spectrum. In contrast, other
      lasers are only capable of providing strong output wavelengths at a
      limited number of discrete wavelengths.
PAR  In order to vary the output wavelength of a dye laser, suitable tuning
      apparatus must be provided. Presently, tuning is accomplished in a number
      of ways. One way is to place a prism within the optical cavity of the dye
      laser. As is well known, the prism refracts different wavelengths of light
      which pass through it at different angles. For laser oscillation to be
      maintained between the mirrors forming the optical resonator, the mirrors
      must be perfectly aligned so that reflected light is perpendicular to the
      surfaces of the optical resonator mirrors. Thus, by pivoting one of the
      optical resonator mirrors of the dye laser relative to the light passing
      through the prism, it is possible to allow laser oscillation only in a
      limited part of the spectrum.
PAR  Unfortunately, this technique has several major disadvantages. First, to
      obtain narrow linewidths, the resonator must be constructed so that it is
      extremely sensitive to angular misalignment, since the prism controls
      wavelength by angular dispersion. Second, angular misalignments between
      the pump laser and the dye laser result in variations in the dye laser
      output wavelength. Third, complicated means must be provided to insure
      that the position and direction of the output beam do not vary as the
      wavelength is varied. Fourth, to obtain narrow linewidths by using a
      prism, high dispersion glasses must be used, and these glasses introduce
      unwanted losses into the optical cavity and also exhibit thermal focusing
      which effectively changes the stability characteristics of the laser
      resonator.
PAR  A second approach to tuning a dye laser is the utilization of an adjustable
      optical grating within the optical resonator of the dye laser. By pivoting
      or rotating the grating, a desired output wavelength can be selected. This
      approach has the serious limitation of high optical losses.
PAR  A third approach includes the use of a lens having a relatively large
      longitudinal chromatic aberration at the output end of the dye laser. The
      wavelength of the light reflected from the output mirror and focused by
      the lens at the dye cell depends, because of the aberration, on the
      spacing of the lens away from the cell, and motion of the lens toward and
      away from the cell thus changes the wavelength of the light emitted by the
      laser. See, for example, U.S. Pat. No. 3,707,687. This arrangement also
      has disadvantages, mainly relatively poor wavelength control resulting in
      large bandwidths.
PAR  It is, therefore, an object of the invention to provide an improved
      technique for either narrowing the bandwidth of, or tuning, an optical
      oscillator.
PAR  Another object of the present invention is to provide an improved tuning
      apparatus for a dye laser.
PAR  Another object of the invention is to provide a tuning device for a dye
      laser which is capable of providing narrow bandwidth output from a dye
      laser over a broad range of the dye laser spectrum.
PAR  Another object of the invention is to provide an improved tuning means for
      a dye laser which is not overly sensitive and yet which is easy to
      construct and maintain in alignment.
PAR  In accordance with the present invention, a birefringent plate is placed
      within the optical cavity of an optical oscillator, such as a dye laser,
      at Brewster's angle to the light reflected therein. To alter the output
      wavelength of the optical oscillator, i.e. to tune or narrow its
      bandwidth, the birefringent plate is rotated about an axis which maintains
      the birefringent plate at Brewster's angle.
PAR  In accordance with another aspect of the invention, additional birefringent
      plates can be provided to further narrow the linewidth from the output of
      optical oscillator. Each of these additional birefringent plates is also
      positioned so that each is at Brewster's angle to the resonant optical
      mode within the optical cavity. As will be explained, the thickness of the
      birefringent plates must be related such that the thicker plates are an
      integral multiple of the thickness of the thinnest birefringent plate.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a prospective view of a birefringent plate.
PAR  FIG. 2 is a graphical illustration of the transmission properties of a
      birefringent crystal in combination with two polarizers.
PAR  FIG. 3 is a perspective view of a birefringent plate inclined at Brewster's
      angle to an incoming beam of light.
PAR  FIG. 4 is a diagrammatic illustration of a dye laser incorporating the
      improved tuning apparatus of the present invention.
PAR  FIG. 5 is a graphical illustration of the output characteristics of a dye
      laser utilizing the improved tuning mechanism of the present invention.
PAR  FIGS. 6A, 6B and 6C are graphical illustrations relating to another
      embodiment of the present invention.
PAR  FIGS. 7A and 7B illustrate another embodiment of the present invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to FIG. 1, F and S denote the fast and slow axes of a
      birefringent crystal 10. These axes are also referred to as the "ordinary"
      and "extraordinary" axes, respectively. Let n.sub.F or n.sub.o denote the
      index of refraction for light polarized along the F axis and n.sub.S or
      n.sub.e denote the index of refraction for the S axis polarization. In a
      birefringent crystal, these are not equal, i.e. n.sub.F .noteq. n.sub.S.
PAR  The E vector of an incident light beam 12 can be resolved into components
      along these two axes. These components then propagate through the crystal
      at different velocities, c/n.sub.F and c/n.sub.S where c equals the
      velocity of light in a vacuum. The total number of optical waves at
      wavelength .lambda. in transversing the crystal along the two axes are:
EQU  Number of waves along F = (L . n.sub.F)/.lambda.           Equation I
EQU  Number of waves along S = (L . n.sub.S)/.lambda.           Equation II
PAR  In general, then, there will be a net phase shift between the two
      components. The number of waves phase shift, N, assuming that n.sub.S &gt;
      n.sub.F, is given by:
EQU  N = l/.lambda.  (n.sub.S - n.sub.F)                        Equation III
PAR  Note that if N is some integer, then, since the light is periodic, the two
      components will recombine to give an output polarized like, i.e. parallel
      to, the input light E vector for a given thickness L. If N is not an
      integer, the output beam will be in general elliptically polarized. If
      there is a 180.degree. phase shift, the polarization is rotated 90.degree.
      spatially.
PAR  Suppose now a polarizer is placed after the crystal aligned parallel with
      the polarization of an input beam of light 12, and suppose N in Equation
      III is an integer at some wavelength. If the wavelength of the incident
      beam 12 is now varied, there will be more or less phase shift between the
      F and S components, and the output becomes elliptically polarized. Only
      the component parallel to the polarizer is now passed. At some new
      wavelength, the phase shift will have changed by a full wave, again giving
      100% transmission.
PAR  Peak transmission wavelengths are related by:
      ##EQU1##
PAR  FIG. 2 illustrates the transmission through the crystal/polarizer
      combination as a function of wavelength. The nulls go all the way to zero
      if the angle between the E vector and the F axis (or slow axis) is
      45.degree.. For other angles, the transmission does not go all the way to
      0%.
PAR  Rather than using a polarizer, if the birefringent plate is tipped to
      Brewster's angle (.theta..sub.B) relative to the incident beam 12 as shown
      in FIG. 3, the reflection from the interface is used to reduce the
      transmission of wavelengths which do not see an integral number of waves
      phase shift. Brewster's angle is given by the equation:
EQU  .theta..sub.B = tan.sup..sup.-1 (n.sub.2 /n.sub. 1)        Equation V
PAL  where n.sub.1 and n.sub.2 are respectively the indices of refraction of the
      atmosphere in which the birefringent plate is placed, and the birefringent
      plate itself. Thus, the use of a separate polarizer is eliminated by
      placing the plate 10 at Brewster's angle to the incident beam 12. The
      nulls do not go all the way to 0% but otherwise the behavior is similiar.
PAR  Referring now to FIG. 4, the birefringent plate 10 is placed within the
      optical cavity of an optical oscillator, in this case a dye laser 14. The
      optical cavity includes a pair of reflectors or mirrors 16 and 18. Mirror
      18 is partially transmissive and serves as the output of dye laser 14.
      Plate 10 is at Brewster's angle to light reflected between mirrors 16 and
      18.
PAR  A suitable dye laser 20 is also provided within the optical cavity of the
      dye laser 14. Dye 20 is excited or "pumped" optically by means of a pump
      beam 22 which is typically provided by another laser, such as a gaseous
      ion laser, in a manner wellknown to those skilled in the art. The pump
      beam 22 is focused by means of a lens 24. Reflector 16 is designed to
      allow light from the pumping source through it so that it impinges upon
      the dye cell, while at the same time reflecting substantially all of the
      light generated within the dye laser 10.
PAR  Lens 26 provides a small focused beam at the dye cell while maintaining a
      collimated beam through the birefringent plate 10.
PAR  The birefringent plate 10 inserted within the optical cavity of dye laser
      10, acts as a wavelength selector, selecting those wavelengths which
      encounter no loss going through the plate 10, i.e. an integral number of
      wave phase shifts. The Brewster angle reflection is negligible.
PAR  The thickness of plate 10 is selected so that the spacing between peaks
      exceeds the width of the dye laser 14 gain curve. This is illustrated in
      FIG. 5. Note that the nulls do not go to zero, but for dye laser tuning it
      is not necessary that they do so, but only that a sufficient loss is
      presented to the dye laser.
PAR  In accordance with the present invention, the dye laser 14 is tuned, i.e.
      the output wavelength is selected, by rotating the birefringent plate 10
      while maintaining it at Brewster's angle to the light reflected between
      the optical resonator mirrors.
PAR  The index of refraction n.sub.F is frequently referred to as the "ordinary
      index of refraction" (n.sub.o) and refraction index n.sub.S as the
      "extraordinary index of refraction" (n.sub.e) as stated previously.
      Because the birefringent plate is aligned so that the direction of
      propagation of the light through it is not along the ordinary or
      extraordinary axes, the incoming light can always be resolved into two
      orthogonal components, an "ordinary" ray and an "extraordinary" ray.
PAR  As the birefringent plate 10 is rotated, the effective extraordinary index
      of refraction, n.sub.e, changes, while the ordinary index, n.sub.o, does
      not, i.e. the speed of propagation of one component changes with rotation.
      Hence, there will always be some wavelength at a given angular orientation
      of the birefringent plate which will be transmitted through the plate. As
      the birefringent plate is rotated, this wavelength changes, making it
      possible to "tune" the dye laser 12.
PAR  As described with reference to FIG. 5, by adjusting the thickness of the
      birefringent tuning plate, the spacing between the transmission "peaks"
      can be made to exceed the dye laser gain curve. In order to narrow the
      output bandwidth still further, additional birefringent plates can be
      provided where each such plate is some integral number of times thicker
      than the thinnest plate, and where each is maintained at Brewster's angle
      to the light.
PAR  This is illustrated in FIGS. 6A, 6B and 6C. FIG. 6A shows the nulls and
      peaks for a birefringent tuning plate having a thickness L.sub.1. FIG. 6B
      shows the nulls and peaks for a birefringent tuning plate having a
      thickness 2L.sub.1. Where the two tuning plates are provided within the
      cavity of a dye laser, each at Brewster's angle to the light reflected
      within the optical cavity of the dye laser, the resulting peaks are
      narrower and spread further apart than the case for either birefringent
      plate individually, as illustrated in FIG. 6C.
PAR  A dye laser tuning assembly 30, comprising three birefringent plates 32, 34
      and 36 is shown in FIGS. 7A and 7B. Tuning assembly 30 can be used to
      replace the single birefringent plate 10 in FIG. 4. Each of the plates 32,
      34 and 36 are mounted to cup-shaped holders 38 by suitable means such as
      epoxy. Each of the cup-shaped members 38 has a central aperture 40 which
      has a slightly smaller diameter than the diameter of the birefringent
      plates to allow the passage of light to adjacent birefringent plates and
      to the optical resonator.
PAR  The cup-shaped members 38 are stacked upon each other within a cylindrical
      envelope 42. In this manner, the birefringent plates are spaced apart and
      parallel to each other. Thus, by mounting the tuning assembly 30 so that
      one of the plates is at Brewster's angle, .theta..sub.B, to the light
      reflected within the optical resonator of the dye laser, the other
      birefringent plates will also be oriented at Brewster's angle to the
      light. As explained previously, the entire assembly 30 is then rotated to
      provide the desired output wavelength.
PAR  For the proper operation of the tuning assembly 30, the respective
      extraordinary and ordinary axes of the birefringent plates 32, 34 and 36
      must be aligned. This insures that the peaks through the respective
      birefringent plates will be aligned when they are supposed to be.
PAR  Three set screws 44 extending through the envelope 42 are provided to
      engage the cup-shaped holder members 38 to lock the birefringent plates
      when the axes are in the desired orientation. There are a number of ways
      which would be apparent to one skilled in the art to align these axes of
      the birefringent plates 32, 34 and 36. For example, one way is to first
      place the member 38 holding the birefringent plate 36 into the envelope
      42, securing it by tightening the set screw 44. A laser beam is then
      directed through the plate 36 and the wavelength of the beam is measured
      by a monochromator after it passes through plate 26. The second
      birefringent plate 34 is then placed within the envelope 42 and is rotated
      until the same laser beam directed through both birefringent plates 36 and
      34 reads the same wavelength as the monochromator. At this point, the set
      screw is tightened to lock the birefringent plate 34 in place. A similar
      operation is then performed with respect to the birefringent plate 32.
PAR  In one actual embodiment of the tuning assembly 30, the birefringent plates
      are made of crystal quartz with plate 36 being 0.013 inch thick,
      birefringent plate 34 being four times the thickness of plate 36 or 0.052
      inch, and plate 32 being sixteen times the thickness of plate 36 or 0.208
      inch. In the case of quartz crystal, at 5080 A, the ordinary index of
      refraction is 1.54822 and extraordinary index is 1.55746. Thus, the value
      of B is equal to M.sub.e - M.sub.o = 0.009.
PAR  Tuning assembly 30 with the aforedescribed birefringent plates has been
      found to be capable of providing an 0.3 A linewidth output in a Rhodamine
      6G day laser over a range of 5700 A to 6400 A. Utilizing a 2.5 watt argon
      ion laser as the pumping source, operating on all lines, the dye laser
      provided 500 milliwatts output.
PAR  Using other dyes such as Rhodamine B, sodium fluoroscein, cresyl-violet,
      and Rhodamine 110, and the same tuning mechanism 30, continuous tuning
      from 5270 A to 6997 A has been provided with an output linewidth of less
      than 0.5 A.
PAR  Placing the birefringent plate at Brewster's angle provides the lowest
      optical loss within the laser resonator and prevents interference between
      beams reflected from the two surfaces of "etalonning". However, different
      spectral characteristics of the output radiation can be obtained by
      placing the plate at other angles or even at normal incidence. It has been
      found, for example, that placing the plate so that there is reflection
      from the surfaces causes the plate to function both as a birefringent
      filter and an etalon. This can provide even further wavelength narrowing.
PAR  It has also been discovered, with the aid of computer analysis, that the
      tuning plates in the described configuration provide a narrower bandwidth
      than is obtained with plates between perfect polarizers.
PAR  The aforedescribed improved tuning means is capable of providing continuous
      tuning in a dye laser with very narrow linewidth output. Further,
      wavelength adjustments can be made without the adverse effects of
      extremely fine sensitivity. Further, the mechanism is simple in
      construction and comparatively inexpensive to design and build.
PAR  Further, the tuning mechanism allows the laser resonator to be constructed
      so as to operate in a stable configuration with attendant higher
      efficiency and more stable output. The tuning mechanism maintains the same
      output wavelength in spite of resonator misalignments or misalignments
      between the dye laser and the pump laser. Further, the tuning mechanism
      has very low losses, thus permitting low gain dyes to be used.
PAR  The improved means of the present invention has application, in addition to
      tuning a dye laser, to other optical oscillators. By optical oscillator,
      it is meant a device having an optical resonator or other means for
      providing feedback and having an element within the resonator which
      results in a new gain at optical frequencies. Thus, the present invention
      can be used to either tune optical oscillators, other than dye lasers, or
      to narrow the output bandwidth of optical oscillators.
PAR  The present invention, for example, could be used to tune conventional
      lasers. Many lasers simultaneously emit light at a few or many discrete
      frequencies. The tuning assembly of the present invention could be used
      within the laser optical cavity to select a particular wavelength. Gaseous
      ion lasers are one example where this can be done.
PAR  As the gas pressure of a CO.sub.2 laser is increased, discrete output
      wavelengths begin to spread out and eventually "fuse" so that a continuous
      output is provided over a limited bandwidth. The present invention can be
      used to selectively tune a CO.sub.2 laser operated in this mode to a
      desired, discrete wavelength.
PAR  An optical parametric oscillator is an example of an optical oscillator in
      which the present invention is applicable to narrow the output bandwidth.
      An optical parametric oscillator converts an optical signal at one
      frequency into resultant optical signals of several frequencies. Unlike a
      laser, however, an optical parametric oscillator does not operate on the
      principle of stimulated emission. The resultant optical signals can be
      reduced in bandwidth by the use of the present invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of tuning or narrowing the output of an optical oscillator
      comprising:
PA1  placing a birefringent plate having an ordinary and an extraordinary index
      of refraction within the optical cavity of the optical oscillator at
      Brewster's angle with respect to light reflected within the optical cavity
      thereof; and
PA1  rotating said plate to effectively change the extraordinary index of
      refraction of said birefringent plate while the ordinary index of
      refraction thereof remains the same to obtain the desired output
      wavelength, while maintaining said birefringent plate at the same angle
      with respect to the reflected light.
NUM  2.
PAR  2. The method of claim 1 including the steps of placing additional
      spaced-apart ganged birefringent plates within the optical cavity of the
      optical oscillator, each at Brewster's angle relative to the light
      reflected within the optical cavity and the thickness of the plates being
      related such that the thicker plates are an integral multiple of the
      thickness of the thinnest plates.
NUM  3.
PAR  3. In an optical oscillator having an optical cavity, apparatus for tuning
      or narrowing the bandwidth thereof comprising:
PA1  a birefringent plate having an ordinary and an extraordinary index of
      refraction;
PA1  said birefringent plate being mounted within the optical cavity of the
      optical oscillator at Brewster's angle with respect to light reflected
      within the optical cavity thereof; and
PA1  means for rotating said birefringent plate to effectively change the
      extraordinary index of refraction of said birefringent plate while the
      ordinary index of refraction thereof remains the same to provide the
      desired output wavelength of said light beam, said plate being maintained
      at the same angle with respect to the reflected light beam.
NUM  4.
PAR  4. Apparatus as in claim 3 wherein said birefringent plate is made of
      quartz crystal.
NUM  5.
PAR  5. Apparatus for tuning or narrowing the bandwidth of an optical oscillator
      comprising:
PA1  a plurality of spaced-apart parallel birefringent plates wherein each of
      said plurality of plates has a different thickness and wherein the
      thickness of the thicker plates is an integer multiple of the thickness of
      the thinnest plate;
PA1  said plurality of birefringent plates being mounted within the optical
      cavity of the optical oscillator at Brewster's angle with respect to light
      reflected within the optical cavity thereof; and
PA1  means for rotating said plurality of birefringent plates to provide the
      desired output wavelengths, said plurality of plates being maintained at
      Brewster's angle.
NUM  6.
PAR  6. Apparatus as in claim 5 wherein said plurality of plates are made of
      quartz crystal.
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PAL  The invention is directed to a method for obtaining pulsed metal vapor
      laser transitions. The method comprises placing a metal halide of the
      desired metal within an enclosure and vaporizing the metal halide to
      provide a metal halide vapor. The metal halide vapor is thereafter
      dissociated to provide ground state metal atoms of sufficient number
      density to create a condition for resonance trapping and, substantially
      simultaneously therewith, ground state metal atoms are excited to an upper
      laser level, while maintaining a sufficient number in the ground state to
      preserve said resonance radiation trapping condition, with electrons
      sufficiently energized to create a population inversion between the upper
      and lower laser level. The excited metal atom is permitted to emit laser
      radiation by stimulated emission to a lower laser level and the emission
      is resonated, preferably between a pair of externally mounted mirrors. The
      metal atom is permitted to relax from the lower laser level to ground
      state and the aforementioned steps are repeated.
PARN
PAR  This is a continuation of application Ser. No. 339,697 filed Mar. 9, 1973,
      now abandoned.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to metal laser transitions, and, in
      particular, to metal halide vapor lasers.
PAC  BACKGROUND OF THE INVENTION
PAR  It is now known that metal vapors are particularly useful in providing high
      efficiency and high output power lasers. Metal vapor "collision lasers"
      generally obtain population inversion through an appropriate relationship
      between electron collisional excitation and relaxation rates; see, e.g.,
      Gould, Appl. Opt. Suppl. Chem. Lasers, p. 59 (1965). Many metal vapor
      laser transitions are well known, including copper at 5106A, lead at
      7229A, and manganese at 5341A and 12899A. However, of the metal vapor
      laser transitions, the copper 5106A transition is considered one of the
      most desirable not only because it is in the visible region, but because
      it has demonstrated the highest efficiency, peak power, and optical gain
      of all the metal vapor lasers.
PAR  Initially, longitudinal discharge tubes employing stationary mixtures of
      copper:helium were used to obtain laser action in electrically-pulsed
      copper discharges with temperatures of approximately between 1500.degree.
      and 1600.degree.C, see Walter, IEEE J. Quant. Electr. QE-4, 355 (1968).
      Significant advances in copper lasers have been made by employing flowing
      copper:helium mixtures in transverse discharge tubes at temperatures up to
      about 2000.degree.C, see Leonard, Final Report, Airborne Laser
      Development, Contract No. DAHC 60-70-C-0030 Sept. 1970. The utilization of
      a transverse discharge permits more effective values of electric field to
      particle density ratio (E/N) to be obtained which results in substantially
      higher optical gain and laser energy output per unit volume as well as
      reduces circuit inductance thus permitting rapid current risetimes.
PAR  However, in a metal vapor laser and copper in particular, high temperatures
      are required to obtain sufficient metal vapor pressures. In both the
      longitudinal and transverse discharge modes, temperatures in excess of
      about 1200.degree.C and typically from about 1500.degree.C to
      1600.degree.C are required to obtain the preferred copper density of
      10.sup.15 atoms/cm.sup.3 for the necessary gain and excitation
      efficiencies as well as resonance trapping, as discussed hereinafter.
PAR  Various attempts have been made to provide the necessary metal vapor
      densities without high temperatures by utilizing metal-bearing molecular
      carriers such as, for example, metal carbonyls and other organic
      complexes. These attempts have been generally unsuccessful because of the
      large amount of energy lost in dissociation, excitation or ionization of
      nonlaser species by the electrical discharge, and by the absorption of
      laser and resonance radiation by these nonlaser species. Furthermore, the
      organic carriers, once dissociated, fail to provide a continuing vapor
      pressure since their dissociation is generally irreversible. Thus, the
      initial density is not maintained nor are the original species. Also, at
      the high temperatures required, the dissociated organic materials can
      absorb or scatter visible radiation as well as deposit on the windows
      thereby degrading the optical qualities of the laser environment.
      Moreover, solid deposits of dissociated carrier materials can create
      conducting paths which short circuit the system. Because of the
      electronegativity of many dissociated carriers, a large number of the
      electrons can be removed from the discharge through attachment.
PAR  Other attempts have been made to employ inelastic collision to create a
      population inversion and relax the lower transition level by cyclization
      rather than simultaneous population-depopulation, see U.S. Pat. No.
      3,576,500. However, even with cyclization, high temperatures are required
      for proper metal vapor densities. It was also implied that copper iodide
      could be used in a cyclic laser to obtain copper atoms at temperatures
      below 1000.degree.C. However, later attempts to provide lasing by use of
      metal halides proved unsuccessful. The problems associated with lasing the
      metal of a metal halide, as opposed to the pure metal, were not apparent,
      and the suggestions that lower operating temperatures could be used were
      not realized. See GTE Laboratories Annual Technical Report TR 72-841-1,
      ONR (Contract NOOO14-11-C-0164) 31 Mar. 1972.
PAR  Accordingly, for proper metal vapor lasing conditions, particularly in
      copper, high temperatures are required by present state of the art means.
      Practical metal vapor laser systems must be, therefore, constructed of
      materials capable of withstanding high temperatures.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention provides both a means and a method for obtaining
      desired metal vapor laser transitions without the need for the high
      temperatures previously associated with pure metal vapor lasers.
      Furthermore, the method of the present invention is particularly useful in
      obtaining the 5106A copper laser transition.
PAR  It has been found that the problems inherent in the prior art have been
      discovered and the present invention provides a method and means for
      practically solving them. Thus, the invention overcomes the disadvantages
      and inherent limitations associated wtih the unsuccessful prior art
      attempts at providing practical metal vapor transition lasing.
PAR  Generally, it has been found that the metal component of a metal halide
      molecule can be made to lase at temperatures substantially below those
      required for pure metal vapors. Contrary to prior teachings, it has been
      found that thermal energies at or below those normally employed in pure
      metal vapor lasers do not provide adequate atomic densities and,
      therefore, it is necessary to provide collisional excitation energies with
      energetic electrons to obtain dissociation of the molecular vapors.
PAR  The discoveries of the present invention as well as the methods and means
      for their practical embodiment are shown and described in particularity
      below. While the present invention is directed to metal halide vapor
      lasers, the description of the particular embodiments is addressed to
      copper iodide, since copper laser transitions are presently under
      investigation by those skilled in the art for reasons set forth above. The
      iodide was chosen because of its generally greater vapor pressure and its
      ability to afford a more diffuse discharge than bromide or chloride
      vapors. It is also clear that the description of the invention is equally
      applicable to other metals and halides including halides of manganese,
      magnesium, lead, thallium, and the like.
PAR  For a more precise understanding of the present invention, the following
      description is to be taken in connection with the accompanying drawings.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified energy level diagram for a copper laser system;
PAR  FIG. 2 is a graphical representation of copper density as a function of
      temperature at various molecular dissociations to provide a trapped
      condition;
PAR  FIG. 3 is a sectional elevation of a longitudinal discharge tube utilizing
      CuI; and
PAR  FIG. 4 is a sectional elevation taken along line IV--IV of FIG. 3.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The essential difference between a pure metal vapor laser system and the
      metal halide vapor laser of the present invention is that pure metal vapor
      lasers have all of their atoms in the ground state prior to excitation and
      the metal halide has initially no free atoms in the ground state. Thus,
      heating a pure metal to a temperature sufficient to produce the required
      atomic density necessarily produces copper atoms in the ground state.
      Heating a metal halide, on the other hand, produces a molecular vapor with
      negligible dissociation, and, therefore, no copper atoms in the ground
      state.
PAR  With copper iodide, for example, it has been found that the vaporized
      material comprises a mixture of monomers and polymers in which the
      trimeric structure [Cu.sub.3 I.sub.3 ] predominates. The degree of
      dissociation of the trimer depends upon the reaction rates and
      concentrations at the temperatures involved. However, the dissociation of
      Cu.sub.3 I.sub.3 due to thermal energy is counteracted by the
      recombination occurring at the higher vapor pressures required for atomic
      density. Consequently, thermal dissociation is negligible. Dissociation of
      the molecular complex requires, therefore, collisional energies
      substantially greater than the ambient thermal energies of the neutral
      species to provide neutral metal atoms. It has been found that certain
      threshold energies can be provided by means of an electrical discharge
      which can also be utilized to pump or excite the dissociated metal atoms
      to the desired upper laser energy level.
PAR  In addition to obtaining sufficient dissociation of the molecular complex,
      other criteria must be met to obtain lasing. The rate of recombination of
      the dissociated atoms must be slow in relation to the rate of
      dissociation. This criterion was found to be satisfied by the metal halide
      molecular complex when dissociated by means of electrical discharge. Also,
      the electrical discharge must be selective. That is, not only must
      dissociation be achieved, but the energy must be transferred to or
      absorbed by the metal rather than by other material present, such as the
      halogen atom or molecule or the undissociated metal halide molecules.
      Unselective discharges would result in energy losses to the other
      materials present rather than being utilized in exciting the metal to
      create a population inversion. It is also possible, with a metal halide,
      to have the selectivity in terms of the electrical excitation of energy
      levels within the metal halide molecule. Such selectivity would provide
      for dissociation into an upper laser level of the dissociated metal atom
      by exciting the metal halide vapor molecules to an energy level at least
      as high as the desired upper laser level of the metal atom. This
      selectivity would permit excitation in upper laser levels within metal
      species not normally available to direct excitation, for example, an upper
      level not spectroscopically connected to the ground state, i.e., where no
      strongly allowed optical transition occurs between the upper laser level
      and the ground state.
PAR  It was also unexpectedly found that a diffuse electrical discharge could be
      maintained, notwithstanding the fact that halides and halogens are
      strongly electronegative and, therefore, have a tendency to form
      constricted arc discharges in which the excited state populations are
      determined by Boltzmann equilibrium relationships. That is, the halide
      provided a nonequilibrium glow rather than populating the higher energy
      levels in an equilibrium fashion in which laser population inversions are
      impossible.
PAR  It was also found that the halogen atom and molecular halide complex did
      not impair the optical characteristics. Even though halogen atoms and
      molecules have relatively wide absorption spectra they were found to
      absorb less than 2percent of the desired laser radiation emission.
      Further, the halogen atoms and molecules did not absorb laser radiation
      and resonance radiation emission, for example copper 3248A uv line which
      would impair the ability to obtain radiation trapping of the upper laser
      level. The use of carbonyls as carriers in the prior art, on the other
      hand, were known to absorb the uv lines in copper lasers, and prevented
      the establishment of adequate population inversions for laser action.
PAR  A condition inherently present in a pure metal vapor laser having
      sufficient metal atom density, not present in a metal halide system, is
      the resonance radiation trapping condition. Resonance radiation trapping
      occurs when the ground state atomic density is sufficiently large to
      absorb most of the resonance radiation transitions of the atoms which
      terminate on this ground state, thereby substantially preventing such
      radiation from escaping from the discharge region. This reabsorbed
      radiation increases the effective radiative lifetime of the atomic levels
      from which it originates. Notwithstanding the fact that metal halides were
      found to be selectively dissociated and possessed proper optical
      characteristics, lasing was not practical unless a resonance trapping
      threshold level could be achieved. In a pure metal vapor at densities
      sufficient to produce trapping, the upper laser level lifetime is
      approximately 617 nsec, which provides sufficient time in which to pump
      from the ground state to the upper level. In a metal halide vapor system
      satisfying the electrical and optical criteria of the pure metal, on the
      other hand, the upper energy level lifetimes were typically found to be
      less than about 200 nsec, requiring extremely fast pump risetimes.
PAR  It was found that rapid leakage of 3248A resonance radiation from the upper
      state to the ground state was occurring notwithstanding the satisfaction
      of optical and electrical discharge criteria, see FIG. 1. With CuI for
      example, at a temperature of less than 350.degree.C, corresponding to a
      ground state density-discharge tube radius (R = 1.3 cm) product of
      1.3(10).sup.13 cm.sup.2 or a dissociation level of about 0.001percent, the
      upper laser energy level lifetime was about 10  nsec. Accordingly, to
      obtain a population inversion at that temperature it is necessary to have
      a current risetime substantially less than 10 nsec. To obtain a practical
      lasing system, therefore, the upper level lifetime must be increased.
PAR  In metal halides, the ground state 1 population greatly influences the
      laser population inversion through trapping resonance radiation from the
      upper level 3 to the ground state 1. Thus, it was found that if the ground
      state level 1 is sufficiently populated so that significant absorption of
      the emitted resonance radiation can occur, then the effective lifetime of
      the radiating level can be increased.
PAR  FIG. 2 sets forth graphically the copper atom density as a function of
      temperature for several fractions of molecular dissociation to achieve
      trapped conditions for R = 0.13 cm and 1.3 cm discharge tubes. For
      example, in an R = 1.3 cm discharge tube at 100 percent dissociation of
      Cu.sub.3 I.sub.3, no trapping occurs below 350.degree.C. On the other
      hand, for 0.01 percent dissociation a temperature of 585.degree.C is
      required to achieve a trapped condition. Accordingly, it is necessary in
      the present invention to have sufficient thermal energy present to provide
      a high molecular vapor pressure to obtain a statistically high absolute
      dissociation level of the molecular complexes, especially where percentage
      dissociation is low. Thus, it is preferable to maintain the percentage or
      relative dissociation level greater than about 10.sup.-.sup.3 percent and
      the temperature above 350.degree.C. In operating the metal halide vapor
      within the preferred ranges, upper laser lifetimes of 617 nsec can be
      achieved.
PAR  To obtain levels of dissociation greater than the minimum preferred levels
      as well as excitation to the upper laser level, it is preferred that the
      current density of the discharge be approximately 100 amperes
      cm.sup.-.sup.2. In other metal halides, it is contemplated that a current
      density of from about 50 to 500 amperes cm.sup.-.sup.2 is suitable. Also,
      a discharge current risetime of about 50 nsec and preferably about 20 to
      30 nsec is satisfactory to provide population inversion. These values may
      vary according to the upper laser level lifetime, 617 nsec in the trapped
      mode. To provide independent control over the electrical discharge
      characteristics, it is preferable to utilize a buffer gas in an amount
      from about 1 to 50 torr and preferably from about 5 to 10 torr. Suitable
      buffer gases include helium, argon, neon, nitrogen and the like. Argon has
      been found to be particularly well suited for use with copper iodide.
PAR  The electrical energy must be injected to produce electrons by ionization
      to establish the population inversion by selective electron excitation.
      Since the mean electron energy required is at least 2 eV and approximately
      &gt; 4 eV to excite upper laser level 3 in copper, it has been found that an
      energy of about 5 to 10 eV is adequate for selective excitation of the
      upper level. Thus, the addition of a buffer gas, e.g. He, to the discharge
      is beneficial, since an excess of the high ionization potential of the
      gas, ca. 24.6 eV, tends to increase the average electron energy. The
      buffer gas partial pressure and the applied electric field should,
      therefore, be adjusted to maintain a mean electron energy of &gt; 5 eV.
      Higher electron energies, however, may be used without diminishing the
      effectiveness of the selective excitation or electron production.
PAR  Referring to FIG. 3, a means is shown for obtaining 5106A emissions from
      CuI. A discharge tube 10 is provided which is preferably made of quartz
      and is filled with a CuI powder. Discharge tube 10 includes a plurality of
      closely spaced annular discs 11 also preferably made of quartz. Discs 11
      have openings 12 which are aligned along the optical axis of discharge
      tube 10. In longitudinal discharge tubes, such as shown in FIG. 3, it has
      been found that self-inductance limits the risetime of the electrical
      discharge. Discs 11 provide an increased path length along the walls
      between the discharge electrodes to constrain the discharge to the central
      gaseous core rather than along the walls.
PAR  A pair of cylindrical electrodes 13 and 14 are provided along the optical
      axis for creating the electrical discharge therebetween. Alternatively, a
      pair of plate electrodes can be placed transversely to the optical axis to
      effectuate a discharge therebetween which is transverse to the optical
      axis. By means of a transverse discharge, discs 11 can be eliminated.
      Electrodes 13 and 14 whether aligned longitudinally along the optical axis
      as shown in FIG. 3 or transversely positioned are preferably made from
      molybdenum.
PAR  Electrodes 13 and 14 are connected to a power source 15 by leads 16 and 17
      respectively. Leads 16 and 17 are preferably enclosed within vacuum
      sheaths 18 and 19, respectively. Because discharge tube 10 is preferably
      operated within an oven, the leads must pass through both a hot region and
      a cold region. It has been found that the leads when exposed to both the
      heat of an oven and air tend to oxidize and crack the quartz seal.
      Accordingly, it is preferred to enclose the leads in a vacuum sheath as
      they pass through the boundary between hot and cold regions.
PAR  Discharge tube 10 also includes a pair of Brewster angle windows 21 and 22.
      Alternatively, a pair of Brewster angle windows may be positioned at each
      end of the discharge tube. In the space between the two windows of each
      pair is provided a vacuum to minimize convectional currents which may tend
      to impair optical quality.
PAR  In order to provide adequate temperature conditions for resonance trapping,
      as well as to avoid condensation of vapors on the windows and walls of the
      tube, discharge tube 10 is placed in oven 24. Preferably, oven 24 is
      divided into three sections, for example, one inner section A and two
      outer sections B and C. For example, in the operation of discharge tube 10
      to obtain 5106A copper laser transition from CuI, section A is maintained
      at a temperature of about 675.degree.C and sections B and C are maintained
      at about 750.degree.C. Since the coldest location in the discharge tube
      determines the effective vapor pressure of the system, it is preferable to
      maintain the area of discharge, i.e. between the electrodes, cooler than
      the windows. This also prevents condensation on the windows. In the event
      a pair of windows are utilized at each end of discharge tube 10, it is
      preferable to maintain the inner set of windows within the oven and the
      outer windows outside of the oven. Also positioned along the optical axis,
      but outside of said oven, are a pair of mirrors 25 and 26 for resonating
      the stimulated emission to provide optical feedback, for increasing
      intensity, beam directivity, coherence, etc. Mirror 25 is preferably 100
      percent reflective at the desired laser wavelength whereas mirror 26 is
      about 90 percent reflective at that wavelength.
PAR  Also it has been found that any deposition of copper on the walls of the
      discharge tube can be removed by free iodide atoms during recombination
      when the temperature conditions within the discharge tube are appropriate.
PAR  In preparing the system described above, certain precautions must be
      exercised or the system will fail to operate. Discharge tube 10 as well as
      the copper iodide must be vacuum baked prior to filling, e.g. for tube 10
      at temperatures less than 1000.degree.C and for CuI a temperature less
      than 400.degree.C are preferred. All water vapor must be removed from both
      the tube and the CuI powder. Furthermore, the CuI must be maintained out
      of contact with the air or any oxidizing agent. When using a buffer gas,
      it must be spectroscopically pure. Preferably, discharge tube 10 is
      filled, after baking, in a controlled environment such as a dry argon
      flush. These precautions are critical to the successful operation of the
      system.
PAR  While presently preferred embodiments of the invention have been shown and
      described in particularity, it may otherwise be embodied within the scope
      of the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method for obtaining pulsed metal vapor laser transitions at
      temperatures substantially below the metal vaporization temperature, said
      method comprising:
PA1  A. placing a metal halide of the desired metal within an enclosure;
PA1  B. vaporizing said metal halide by heating said metal halide to a
      temperature not substantially in excess of that required to provide a high
      molecular vapor pressure, said temperature level being such as to prevent
      substantial thermal dissociation of said metal halide;
PA1  C. at a temperature not substantially greater than said vaporizing
      temperature
PA2  i. collisionally dissociating the metal halide vapor with energized
      electrons to provide ground state metal atoms of sufficient number density
      to create resonance radiation trapping, and substantially simultaneously
      therewith
PA2  ii. creating a population inversion between a desired upper laser level and
      lower laser level of said metal by exciting ground state metal atoms with
      energized electrons and maintaining a sufficient number of metal atoms in
      the ground state to preserve said resonance radiation trapping,
PA1  said energized electrons of steps (i) and (ii) being produced by ionization
      and having a mean electron energy of at least that required to excite the
      upper laser level of said metal atom;
PA1  D. permitting said excited metal atoms to emit laser radiation by
      stimulated emission to low laser level and resonating said emission; and
PA1  E. permitting said metal atom to relax from said lower laser level to said
      ground state and repeating steps C, D and E.
NUM  2.
PAR  2. A method as set forth in claim 1 wherein a buffer gas is added to said
      enclosure.
NUM  3.
PAR  3. A method as set forth in claim 1 wherein collisional dissociation and
      excitation is achieved by a current density discharge of about from 50 to
      500 amps cm.sup..sup.-2.
NUM  4.
PAR  4. A method as set forth in claim 2 wherein said buffer gas is added in
      amounts from about 1 to 50 torr.
NUM  5.
PAR  5. A method as set forth in claim 1 wherein said electrons are energized to
      at least 2 eV.
NUM  6.
PAR  6. A method as set forth in claim 5 wherein said electron energy is between
      about 4 and 10 eV.
NUM  7.
PAR  7. A method for obtaining pulsed copper vapor laser transitions at a
      temperature substantially below the vaporization temperature of copper,
      said method comprising:
PA1  A. placing a copper halide within an enclosure;
PA1  B. vaporizing said copper halide by heating said copper halide to a
      temperature not substantially in excess of that required to provide a
      density-enclosure radius product of at least 10.sup.13 cm.sup..sup.-3,
      said temperature level being such as to prevent substantial thermal
      dissociation of said metal halide;
PA1  C. at a temperature not substantially greater than said vaporizing
      temperature
PA2  i. collisionally dissociating the copper halide vapor with energized
      electrons to provide ground state metal atoms of sufficient number density
      to create resonance radiation trapping, and substantially simultaneously
      therewith
PA2  ii. creating a population inversion between a desired upper laser level and
      a lower laser level in said copper atom by exciting ground state copper
      atoms with energized electrons and maintaining a sufficient number of
      metal atoms in the ground state to preserve said resonance radiation
      trapping,
PA1  said energized electron of steps (i) and (ii) being produced by ionization
      and having a mean electron energy of at least that required to excite the
      upper laser level of said metal atom;
PA1  D. permitting said excited copper atom to emit laser radiation by
      stimulated emission to a lower laser level and resonating said emission;
      and
PA1  E. permitting said copper atom to relax from said lower laser level to said
      ground state and repeating steps C, D and E.
NUM  8.
PAR  8. A method as set forth in claim 7 wherein said copper halide is copper
      iodide.
NUM  9.
PAR  9. A method as set forth in claim 7 wherein a buffer gas is added to said
      enclosure.
NUM  10.
PAR  10. A method as set forth in claim 7 wherein collisional dissociation and
      excitation is achieved by a current density discharge of about 100 amps
      cm.sup..sup.-2.
NUM  11.
PAR  11. A method for obtaining pulsed metal vapor transitions at a temperature
      substantially below the vaporization temperature of said metal between an
      upper laser level and a lower laser level, said method comprising:
PA1  A. placing a metal halide of desired metal within an enclosure;
PA1  B. vaporizing said metal halide by heating said metal halide to a
      temperature not substantially in excess of that required to provide a high
      molecular vapor pressure, said temperature level being such as to prevent
      substantial thermal dissociation of said metal halide;
PA1  C. collisionally exciting the metal halide vapor molecules to an energy
      level at least as high as the desired upper laser level of said metal with
      electrons produced by ionization and having a mean electron energy of at
      least that sufficient to dissociate and excite said metal atoms within
      said molecule to the desired upper laser level;
PA1  D. permitting the metal atoms of said excited molecule to dissociate from
      said excited molecule into said upper laser level and to emit radiation by
      stimulated emission to a lower laser level and resonating said emission;
      and
PA1  E. permitting said metal atom to relax to ground state and recombine to
      said metal halide and repeating said steps C, D and E.
NUM  12.
PAR  12. A method as set forth in claim 11 wherein a buffer gas is added to said
      enclosure.
NUM  13.
PAR  13. A method for obtaining pulsed metal vapor transitions at a temperature
      substantially below the vaporization temperature of said metal, said
      method comprising:
PA1  A. placing a metal halide of the desired metal within an enclosure;
PA1  B. vaporizing said metal by heating said metal halide to a temperature not
      substantially in excess of that required to provide a high molecular vapor
      pressure, said temperature level being such as to prevent substantial
      thermal dissociation of said metal halide;
PA1  C. collisonally exciting the metal halide vapor molecules to an upper
      energy level at least as high as the desired upper laser level of said
      metal with electrons produced by ionization and having a mean electron
      energy sufficient to dissociate and excite said metal atoms within said
      molecule to the desired upper laser level, said dissociation providing
      ground state metal atoms of sufficient number density to create a
      condition for resonance radiation trapping and said excitation being
      sufficient to create population inversion while maintaining a sufficient
      number of metal atoms in said ground state to preserve said resonance
      radiation trapping;
PA1  D. permitting the metal atoms of said excited molecule to dissociate from
      said excited molecule into said upper laser level and to emit radiation by
      stimulated emission to a lower laser level and resonating said emission;
      and
PA1  E. permitting said metal atom to relax to ground state and recombine to
      said metal halide, repeating steps C, D and E.
NUM  14.
PAR  14. A method as set forth in claim 13 wherein a buffer gas is added to said
      enclosure.
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ABST
PAL  A laser featuring, in one aspect, a volume of gas having a lasing
      constituent, a light source arranged to emit light having ionizing photons
      for ionizing the gas, the effective photon energy spectrum of the ionizing
      photons lying below the ionization potential of the lasing constituent and
      below the level of photon absorption bands of the gas, the spectrum being
      selected to provide an average penetration depth of the ionizing photons
      into the gas of at least 1 cm. and to photoionize the gas predominantly by
      a multiple step process involving absorption of successive photons at
      least the first of which has a photon energy less than the ionization
      potential of said lasing constituent, and an electric field source for
      applying to the gas a voltage sufficient to produce an avalanche breakdown
      in the gas to effectively raise the lasing constituent to its lasing
      level; and in another aspect a seed gas comprising an amine having the
      structure
      ##EQU1##
      where R.sub.1, R.sub.2, and R.sub.3 represent alkyl groups and in which
      R.sub.2 and R.sub.3 may together form a cycloalkyl group, the seed gas
      having an ionization potential below that of the lasing constituent.
GOVT
PAR  The invention herein described was made in the course of work performed
      under a contract with the Electronics Systems Division of the Air Force
      and under a contract with the Office of Naval Research, Department of the
      Navy.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This is a continuation-in-part of U.S. patent application Ser. No. 335,820,
      filed Feb. 26, 1973, now abandoned, which is in turn a
      continuation-in-part of U.S. patent application Ser. No. 301,894, filed
      Oct. 30, 1972, now U.S. Pat. No. 3,826,997.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to lasers (including non-oscillating amplifiers).
PAR  In the past, lasing has been produced in gases by application of an
      electric field at a potential sufficient to produce an avalanche breakdown
      discharge, thereby generating a plasma by ionization and heating (i.e.,
      raising the mean electron energy) the plasma sufficiently to pump the gas
      to its lasing level. It has been asserted that discharge uniformity can be
      improved, and arcing delayed, by use of an auxiliary discharge to create
      ionization prior to passage of the main current pulse. Preionization with
      an electron beam is disclosed, e.g. in Garnsworthy et al.,
      Atmospheric-Pressure Pulsed CO.sub.2 Laser Utilizing Preionization by
      High-Energy Electrons, Applied Physics Letters, Vol. 19, No. 12, p. 506
      (Dec. 15, 1971). Photopreionization (as well as photoionization to help
      sustain the main discharge) is disclosed, e.g., in Seguin et al.,
      Photoinitiated and Photosustained Laser, Applied Physics Letters, Vol. 21,
      No. 9, p. 414 (Nov. 1, 1972).
PAR  Also, recently, a high energy electron beam has been used as an external
      ionization source to produce a plasma which is then heated by application
      of a sustaining electric field at below the avalanche breakdown potential.
      Such a system is described, e.g., in Fenstermacher et al.,
      Electron-Beam-Controlled Electrical Discharge as a Method of Pumping Large
      Volumes of CO.sub.2 Laser Media at High Pressure, Applied Physics Letters,
      Vol. 20, No. 2 (Jan. 15, 1972), pages 56-60, where it is suggested (p. 57)
      that the plasma might also be produced by an external source of
      photoionization. Eletskii and Smirnov, A Pulsed Carbon Dioxide Laser,
      Soviet Physics, Vol. 15, No. 2, p. 109 (August, 1970) discloses an attempt
      to photoionize cesium as a seed gas in a CO.sub.2 -- N.sub.2 -- He laser
      employing a below-breakdown sustaining electric field.
PAR  R. L. Schriever, Uniform Direct-Current Discharges in Atmospheric Pressure
      He/N.sub.2 /CO.sub.2 Mixtures Using Gas Additives, Applied Physics
      Letters, Vol. 20, No. 9, p. 354 (May, 1972) discloses use of benzene,
      toluene, xylene, and trimethyl benzene as gas additives in a
      direct-current discharge He -- N.sub.2 -- CO.sub.2 system, and refers to
      the Eletskii and Smirnov suggestion of cesium as impractical. Seguin,
      Tulip, and McKen, Enhancement of Photoelectron Density in TEA Lasers Using
      Additives, Applied Physics Letters, Vol. 23, No. 9, p. 529 (Nov. 1, 1973)
      discusses the use of triethylamine mixed with tripropylamine as a seed gas
      additive to a spark initiated CO.sub.2 laser. A Semiannual Technical
      Report dated December, 1973, by Hughes Research Laboratories, entitled
      Investigation of UV Photoionization Sustained Discharge for Gas Lasers
      (covering the reporting period Jan. 2, 1973 - June 30, 1973 under Contract
      N00014-73-C-0287 sponsored by Advanced Research Projects Agency) discloses
      the use of tripropylamine as a seed gas in a laser employing a
      below-breakdown sustaining electric field.
PAR  Seguin, Tulip, and McKen, Ultraviolet Photoionization in TEA Lasers,IEEE
      Journal of Quantum Electronics, Vol.QE-10, No.3,p. 311 (March, 1974)
      summarizes much of the previous literature and work.
PAR  Applicants' publications Observation of Laser Oscillation in a 1 Atmosphere
      CO.sub.2 -- N.sub.2 -- He Laser Pumped by an Electrically Heated Plasma
      Generated Via Photoionization, Applied Physics Letters, Vol. 22, No. 2
      (January, 1973), and The Feasibility of Producing Laser Plasmas Via
      Photoionization, IEEE Journal of Quantum Mechanics, Vol. QE-8, pp. 827-832
      (November, 1972), taken together, deal with two-step photoionization, with
      and without seed gases, in CO.sub.2 -- N.sub.2 -- He lasers employing a
      below-breakdown sustaining electric field, to which invention is directed
      applicants' U.S. Pat. No. 3,826,997. Tripropylamine, tripentylamine, and
      tributylamine are disclosed as seed gases.
PAC  SUMMARY OF THE INVENTION
PAR  The invention provides an improvement in the use of photoionization prior
      to and (in preferred embodiments) during the laser action, in lasers
      employing above-breakdown electric fields. Excellent uniformity and
      stability of the plasma are achieved, eben in very large volume (e.g., 20
      liters or more) and high pressure (e.g., multiple atmospheres) lasers,
      with high efficiency. Rapid pumping (e.g., on a time scale faster than
      that of plasma production) is made possible. CW operation is possible.
PAR  In general the invention features, in one aspect, a laser comprising a
      volume of gas having a lasing constituent, a light source arranged to emit
      light having ionizing photons for ionizing the gas, the effective photon
      energy spectrum of the ionizing photons lying below the ionization
      potential of the lasing constituent and below the level of photon
      absorption bands of the gas, the spectrum being selected to provide an
      average penetration depth of the ionizing photons into the gas of at least
      1 cm. and to photoionize the gas predominantly by a multiple step process,
      and an electric field source for applying to the gas a voltage sufficient
      to produce an avalanche breakdown in the gas to effectively raise the
      lasing constituent to its lasing level. In another aspect the invention
      features ionization of a seed gas comprising an amine having the structure
      ##EQU2##
      where R.sub.1, R.sub.2, and R.sub.3 represent alkyl groups and in which
      R.sub.2 and R.sub.3 may together from a cycloalkyl group, the seed gas
      having an ionization potential below that of the lasing constituent. In
      preferred embodiments the seed gas is tripropylamine, tripentylamine,
      tributylamine, triethylamine or trimethylamine; a control is provided for
      delaying the effective application of the voltage so that photoionization
      of the gas occurs prior to any constricted arc discharge attributable to
      the voltage; optical means are provided for increasing the flux density of
      light from the source penetrating limited zones of the volume, the control
      being arranged to delay the effective application of the voltage to permit
      diffusion through the volume of the electrons freed in the zones by
      photoionization; the gas is at least at atmospheric pressure and the seed
      gas is at a lower partial pressure than the lasing constituent; the
      voltage is sufficient to produce an avalanche discharge in the gas and
      there are provided a first chamber within which the voltage is applied to
      the gas, a second chamber within which the photons are caused to ionize
      the seed gas, and means for flowing the ionized gas from the second to the
      first chamber and through the first chamber rapidly enough to prevent
      constricted arc discharge; the light source is arranged to emit photons
      having an energy spectrum selected so that the average penetration depth
      of the ionizing photons is at least 1 meter, and to continue to emit the
      light after the effective application of the voltage; means are provided
      to pulse the light source and the electric field source rapidly enough to
      avoid constricted arc discharge and to replenish the plasma population
      more rapidly than the lifetime of the radiating state of the lasing
      constituent; and optical means define an optical path for the light within
      the volume in which the lasing occurs, the path progressing along the
      optical axis of the laser, and opposing mirrors are provided for operating
      in an oscillating mode, one of the mirrors being of dielectrically coated
      quartz and hence transmissive of light from the source but reflective of
      light at the laser frequency.
PAR  Other advantages and features of the invention will be apparent from the
      description and drawings herein of preferred embodiments thereof.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a somewhat schematic sectional view of a laser embodying the
      invention;
PAR  FIG. 2 is a sectional view taken along 2--2 of FIG. 1;
PAR  FIG. 3 is a schematic diagram illustrating scale up of the embodiment of
      FIG. 1; and
PAR  FIG. 4 is a schematic diagram of another embodiment.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring to the drawings, a glass tube 10 is vacuum sealed at its ends by
      plates 12, 14, which respectively support gold coated mirror 16 (99%
      reflective; 0% transmissive) and germanium mirror 18 (90% reflective, 10%
      transmissive), both curved with 2 meter radii, thereby defining an optical
      cavity 20.
PAR  Parallel, polished, chrome plated, aluminum electrodes 22 and 24 are
      supported in the cavity by phenolic rings 26 and 28, and are connected
      through plate 12 to capacitor 30 fed by high voltage power supply 31.
PAR  Xenon flashlamps 32 and 34 are mounted along the edges of the
      inter-electrode volume, and are connected to capacitor triggered spark gap
      36 fed by high voltage power supply 38. The lamps have 1 mm thick, 9.5 mm
      O.D. quartz envelopes (not transmissive to light of wavelength shorter
      than about 1650A).
PAR  In one example of operation, a 1:2:3 (partial pressure ratio) mixture of
      CO.sub.2, N.sub.2, and He at a total pressure of 760 torr, seeded with a
      small concentration of tri-n-propyl amine at about 0.25 torr partial
      pressure, is flowed slowly through tube 10, using gas inlet 40 and outlet
      42. The flashlamps are energized with approximately 200 joules,
      illuminating the inter-electrode volume to photoionize the seed gas. An
      electric field at voltage (e.g., 10,000 volts) sufficient to produce an
      avalanche discharge, with resulting laser action, is applied between
      electrodes 22 and 24. Timing circuit 23 is connected between spark gap 36
      and switch 25 in series with capacitor 30, and acts to prevent effective
      application of the voltage to the gas at least until the desired
      penetration of photons into the gas occurs.
PAR  The resulting volumetrically uniform photo-preionization provides a highly
      uniform plasma and, upon application of the breakdown voltage, desirably
      delays formation of a constricted arc. Continuation of the photon supply
      through at least a portion of the avalanche discharge and laser action
      contributes further to uniformity and stability.
PAR  The spectral energy distribution of light from the flashlamps is such that
      photoionization of the tri-n-propyl amine occurs predominantly by a
      two-step process involving absorption of successive photons at least the
      first of which has an energy below the ionization potential (7.23 eV above
      ground state) of the seed gas.
PAR  The invention makes possible production of a plasma with photons well below
      the energy level required to directly ionize the CO.sub.2 lasing medium,
      which would require photon wavelengths shorter than 900 A. The low partial
      pressure of the seed gas and the low energy level (compared with the
      relatively high-lying photon absorption bands and ionization potential of
      all other constituents) of the ionizing photons result in very long (e.g.,
      upwards of a meter, and in any event at least a centimeter) penetration
      depths for the ionizing photons, making possible a uniform, efficient
      photoionization over a large volume. By contrast, efforts to directly
      ionize CO.sub.2 with light of wavelength shorter than 900 A would be
      impeded by the difficulty of finding windows transmissive to that light,
      absorption in the outer gas layer due to the high photoionization
      cross-section of CO.sub.2 and its elevated pressure, and other absorption
      processes such as those arising from the strong absorption bands due to
      the N.sub.2 molecules.
PAR  In other examples the CO.sub.2 -- N.sub.2 -- He laser has been operated
      with other tertiary alkyl amines as seed gases, such as tributylamine,
      tripentylamine, triethylamine, or trimethylamine.
PAR  In general, the seed gas should be selected from the class of amines having
      the structure
      ##EQU3##
      where R.sub.1, R.sub.2, and R.sub.3 represent alkyl groups and in which
      R.sub.2 and R.sub.3 may together form a cycloalkyl group. The seed gas
      should preferably have at least 0.01 torr vapor pressure at the operating
      temperature of the laser (and R.sub.1, R.sub.2, and R.sub.3 should
      preferably each have no more than 20 carbon atoms (most preferably less
      than 8-10 carbon atoms)), to facilitate mixing with the lasing medium.
PAR  The energy levels of the seed gas should differ from the upper lasing level
      of the lasing gas by more than the average thermal energy of a gas
      molecule, to avoid quenching of the upper level (though it may be
      advantageous to quench the lower laser level through coincidence of that
      level with an energy level of the seed gas, contributing to population
      inversion). Similarly, quenching of excitation of an intermediate gas
      (e.g., N.sub.2 in the CO.sub.2 laser) should be avoided. Furthermore, the
      seed gas should not have a strong absorption band at the laser output
      frequency and should have sufficient vapor pressure at the normal
      operating temperature of the lasing medium to facilitate mixing with the
      lasing medium (though heated embodiments are possible). Finally, the seed
      gas should be stable, non-corrosive, and non-reactive with the other gases
      in the laser.
PAR  Photoionization of the seed gas by a one step process involving absorption
      of a single photon can be achieved by using sufficiently energetic photons
      in a laser system in which the lasing and intermediate gases do not have
      photon absorption bands which will absorb the ionizing photons. For
      example, one-step ionization of the tertiary amine seed gases of the
      invention may be achieved in a CO - N.sub.2 laser, since the absorption
      bands of CO and N.sub.2 are well above the ionization potentials of those
      seed gases. For improved efficiency the CO - N.sub.2 laser should operate
      at cryogenic temperatures. To facilitate introduction of the seed gas,
      inlet 40 and outlet 42 may be located so that a -77.degree.C to
      -180.degree.C mixture of CO and N flows between electrodes 22 and 24 at
      90.degree. to the optical axis of the laser (i.e., the gas flows
      vertically as seen in FIG. 2), and a room temperature mixture of N and
      seed gas is injected into the main gas stream through nozzles located just
      upstream of the electrodes (i.e., just above the electrodes as seen in
      FIG. 2). The seed gas will form clusters as it exits from the nozzles, and
      with suitably high flow rates the clusters will remain small enough during
      their residence time between the electrodes to provide the desired
      ionization.
PAR  The two (or more) step process may be used to photoionize the lasing medium
      itself, dispensing with the seed gas. Those gas molecules which, having
      absorbed at least one photon in a first transition, are ready to be
      ionized upon absorption of an additional photon, will be distributed
      throughout the remaining gas volume in much the manner of a low partial
      pressure, low ionization potential seed gas. In general the two-step
      process should utilize a weakly allowed transition for the first step to
      improve penetration depth, "weakly allowed" being defined here in the
      sense of giving a photon mean penetration depth greater than the
      corresponding dimension of the desired plasma.
PAR  A scaled-up system of larger volume and higher efficiency, utilizing more
      of the penetration depth of the photons, is illustrated schematically in
      FIG. 3. Parabolic mirrors 50, 52 collimate the light from the flashtubes
      54, 56, and mirrors 58 and 60 direct and redirect the collimated light
      within the inter-electrode volume so that it progresses axially along the
      optical axis of the laser. Mirror 16' in this embodiment is of quartz,
      coated dielectrically to be transmissive of light from tubes 54, 56, but
      reflective of light at the laser frequency.
PAR  Advantageously, in two-step ionization embodiments, mirrors 50 and 52
      reflect narrow beams of greatly increased light flux into the laser
      volume, the beams passing through only limited zones in that volume.
      Timing circuit 23 is adjusted to provide a delay long enough (at least a
      microsecond) to allow two-step ionization to occur and to allow the
      resulting plasma (initially non-uniformly distributed) to diffuse
      throughout the laser volume to approximate uniformity, but not so long as
      to allow excessive plasma loss through the walls of tube 10. Because of
      the two-step nature of the photoionization, the plasma density is
      proportional to the square of the flux density; as a result, the focusing
      of the light beams to increase flux density, followed by delay for
      diffusion, greatly increases the efficiency of the plasma production.
PAR  CW operation can be achieved by pulsing both the light source and the
      electric field source rapidly enough to prevent constricted arc discharge
      and to replenish the plasma population more rapidly than the lifetime of
      the radiating state of the CO.sub.2.
PAR  The invention is also useful for producing very fast pumping, on a time
      scale faster than that of plasma production, since the photoionized plasma
      may be produced fully prior to the application of the pumping voltage.
PAR  In the embodiment of FIG. 4 photoionization occurs in chamber 70, and the
      ionized gas is flowed rapidly through chamber 72 where the pumping voltage
      is applied. The chamber transfer inherently provides a delay between
      ionization and pumping, e.g., to permit diffusion following a flux
      density-increasing light focusing. Preferably a weak voltage is applied in
      chamber 70, and in the passage between chambers, to retard electron loss
      by electron attachment. CW operation may be achieved by flowing the gas
      through that chamber rapidly enough (e.g., supersonically) to prevent
      constricted arc formation.
PAR  In the various embodiments described the voltage may be kept below the
      breakdown voltage and thus be used only to heat the plasma (produced by
      photoionization) to its lasing level, rather than to produce an avalanche
      discharge. In such embodiments voltage appication is advantageously
      delayed to permit diffusion of an initially non-uniform plasma, or to
      permit rapid pumping on a time scale faster than that of plasma
      production.
PAR  Other embodiments are within the following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A laser comprising:
PA1  a volume of gas having a lasing constituent and a seed gas distributed
      throughout said lasing constituent,
PA1  said seed gas comprising an amine having the structure
      ##EQU4##
      where R.sub.1, R.sub.2, and R.sub.3 represent alkyl groups and in which
      R.sub.2 and R.sub.3 may together form a cycloalkyl group, said seed gas
      having an ionization potential below that of said lasing constituent,
PA1  a light source arranged to emit light having ionizing photons for ionizing
      said seed gas, the effective photon energy spectrum of said ionizing
      photons lying below the ionization potential of said lasing constitutent
      and below the level of photon absorption bands of said gas, said spectrum
      being selected to provide an average penetration depth of said ionizing
      photons into said gas of at least 1 cm., and
PA1  means comprising an electric field source for applying to said gas a
      voltage to produce a plasma energized to create a population inversion in
      said lasing constituent, and,
PA1  means for stimulating the emission of coherent radiation therein.
NUM  2.
PAR  2. The laser of claim 1 wherein said voltage is sufficient to produce an
      avalanche breakdown in said gas.
NUM  3.
PAR  3. The laser of claim 1 wherein said light source is arranged to emit
      photons having an energy spectrum selected so that said average
      penetration depth of said ionizing photons is at least 1 meter.
NUM  4.
PAR  4. The laser of claim 1 further comprising a control for delaying the
      effective application of said voltage until not earlier than the
      penetration of said photons into said gas to said average depth.
NUM  5.
PAR  5. The laser of claim 4 further comprising optical means for increasing the
      flux density of light from said source penetrating limited zones of said
      volume, said control being arranged to delay the effective application of
      said voltage to permit diffusion through said volume of the electrons
      freed in said zones by photoionization.
NUM  6.
PAR  6. The laser of claim 4 wherein said voltage is sufficient to produce an
      avalanche breakdown in said gas, and said control is arranged so that
      photoionization of said gas occurs prior to any constricted arc discharge
      attributable to said voltage.
NUM  7.
PAR  7. The laser of claim 1 wherein said light source is arranged to continue
      to emit said light after the effective application of said voltage.
NUM  8.
PAR  8. The laser of claim 1 wherein said seed gas is tripropylamine.
NUM  9.
PAR  9. The laser of claim 1 wherein said seed gas is at a lower partial
      pressure than said lasing constituent.
NUM  10.
PAR  10. The laser of claim 1 wherein said spectrum has a distribution
      predetermined to photoionize said seed gas predominantly by a multiple
      step process involving absorption of successive photons at least the first
      of which has a photon energy less than the ionization potential of said
      seed gas.
NUM  11.
PAR  11. The laser of claim 1 wherein said ionizing photons have an energy level
      sufficiently high to ionize said seed gas predominately by a one step
      process involving absorption of a single photon, but low enough to avoid
      photon absorption bands of said gas.
NUM  12.
PAR  12. The laser of claim 11 wherein said lasing constituent is CO.
NUM  13.
PAR  13. The laser of claim 1 wherein said gas is at least at atmospheric
      pressure.
NUM  14.
PAR  14. The laser of claim 1 further comprising optical means defining an
      optical path for said light within the volume in which lasing occurs, said
      path progressing along the optical axis of said laser.
NUM  15.
PAR  15. The laser of claim 1 comprising a first chamber within which said
      voltage is applied to said gas, a second chamber within which said photons
      are caused to ionize said seed gas, and means for flowing said ionized gas
      from said second to said first chamber.
NUM  16.
PAR  16. The laser of claim 4 wherein said delay is at least 1 microsecond.
NUM  17.
PAR  17. The laser of claim 15 wherein said voltage is sufficient to produce an
      avalanche discharge in said gas and means are provided for flowing said
      gas through said first chamber rapidly enough to prevent constricted arc
      discharge.
NUM  18.
PAR  18. The laser of claim 2 wherein means are provided to pulse said light
      source and said electric field source rapidly enough to avoid constricted
      arc discharge and to replenish the plasma population more rapidly than the
      lifetime of the radiating state of said lasing constituent.
NUM  19.
PAR  19. The laser of claim 1 comprising optical means defining an optical path
      for said light within the volume in which said lasing occurs, said path
      progressing along the optical axis of said laser, and opposing mirrors in
      said volume for operation in an oscillating mode, one of said mirrors
      being transmissive of light from said source but reflective of light at
      the laser frequency.
NUM  20.
PAR  20. The laser of claim 19 wherein said mirror is dielectrically coated
      quartz.
NUM  21.
PAR  21. The laser of claim 1 wherein said seed gas is tripentylamine.
NUM  22.
PAR  22. A method of stimulating emission of coherent radiation in a gas having
      a lasing constituent and a seed gas distributed throughout said lasing
      constituent, comprising the steps of
PA1  directing at said gas light having ionizing photons for ionizing said seed
      gas, the effective photon energy spectrum of said ionizing photons lying
      below the ionization potential of said lasing constituent and below the
      level of photon absorption bands of gas, said spectrum being selected to
      provide an average penetration depth of said ionizing photons into said
      gas of at least 1 cm.,
PA1  applying to said gas a voltage to produce a plasma energized to create a
      population inversion in said lasing constituent and,
PA1  stimulating emission of coherent radiation therein, said seed gas
      comprising an amine having the structure
      ##EQU5##
      where R.sub.1, R.sub.2, and R.sub.3 represent alkyl groups and in which
      R.sub.2 and R.sub.3 may together form a cycloalkyl group, said seed gas
      having an ionization potential below that of said lasing constituent.
NUM  23.
PAR  23. The laser of claim 22 wherein said voltage is sufficient to produce an
      avalanche breakdown in said gas.
NUM  24.
PAR  24. The laser of claim 1 wherein said seed gas is tributylamine.
NUM  25.
PAR  25. The laser of claim 1 wherein said seed gas is triethylamine.
NUM  26.
PAR  26. The laser of claim 1 wherein said seed gas is trimethylamine.
NUM  27.
PAR  27. The laser of claim 23 further comprising delaying the effective
      application of said voltage so that photoionization of said gas occurs
      prior to any constricted arc discharge attributable to said voltage.
NUM  28.
PAR  28. The laser of claim 22 further comprising increasing the flux density of
      light from said source penetrating limited zones of said volume, and
      delaying the effective application of said voltage to permit diffusion
      through said volume of the electrons freed in said zones by
      photoionization.
NUM  29.
PAR  29. The laser of claim 22 wherein said seed gas is tripropylamine.
NUM  30.
PAR  30. The laser of claim 22 wherein said spectrum has a distribution
      predetermined to photoionize said seed gas predominantly by a multiple
      step process involving absorption of successive photons at least the first
      of which has a photon energy less than the ionization potential of said
      seed gas.
NUM  31.
PAR  31. The laser of claim 22 wherein said ionizing photons have an energy
      level sufficiently high to ionize said seed gas predominately by a one
      step process involving absorption of a single photon, but low enough to
      avoid photon absorption bands of said gas.
NUM  32.
PAR  32. The laser of claim 22 wherein said seed gas is tripentylamine.
NUM  33.
PAR  33. The laser of claim 22 wherein said seed gas is tributylamine.
NUM  34.
PAR  34. The laser of claim 22 wherein said seed gas is triethylamine.
NUM  35.
PAR  35. The laser of claim 22 wherein said seed gas is trimethylamine.
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ABST
PAL  A broad band directional coupler including a conventional attenuator is
      disclosed. The coupler permits detection of signals propagating
      simultaneously in opposite directions on a single-signal path or
      transmission line. Detection may occur at one or a multiplicity of ports
      located at arbitrary positions along the line. In the specific embodiments
      disclosed, the attenuators employed are symmetrical, .pi., O, T, and H
      attenuator networks. The invention, however, is equally applicable to
      .pi., O, T or H attenuator networks which are not symmetrical. The
      specific embodiments shown employing active devices have wide frequency
      responses which are flat and flat to DC. Where operation down to DC is not
      required and where a broad band directional coupler comprised entirely of
      passive elements is desired, a version of the coupler circuit employing
      transformers is disclosed. The circuits described have application in
      analog and digital communication paths where two-way information flow
      exists and where a multiplicity of ports may share the same path.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The present invention generally relates to coupling circuits, and more
      particularly, to a broad band directional coupling circuit which permits
      detection of signals propagating simultaneously in opposite directions on
      a single-signal path or transmission line.
PAR  2. Description of the Prior Art
PAR  Various types of directional couplers are known in the art and are
      typically used for splitting or mixing signals on transmission lines or
      the like. Most directional couplers, however, are narrow or limited-band
      devices since the coupling network generally employs reactive devices. The
      use of reactive devices in the coupling network necessarily limits the
      frequency band of operation of the directional coupler and often unduly
      complicates the design and construction of the coupler circuit.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the present invention to provide a broad band
      directional coupling circuit employing only linear and nonreactive circuit
      components and whose frequency response is flat and flat to DC.
PAR  It is another object of the invention to provide an improved broad band
      directional coupler of uniquely simple construction which permits the
      detection of signals propagating simultaneously in opposite directions on
      a single-signal path or transmission line.
PAR  It is a further object of the invention to provide a broad band directional
      coupler comprised entirely of passive elements.
PAR  The foregoing and other objects of the invention are attained by providing
      a directional coupler circuit including a conventional attenuator which
      operates in conjunction with other circuitry. The attenuator may be a
      .pi., O, T, or H network and may be either balanced, unbalanced, or
      symmetrical. The attenuator employs all linear, nonreactive circuit
      elements and is readily adapted to incorporation in coaxial, microstrip
      and stripline structures, among others. When operation of the directional
      coupler is required down to DC, differential amplifiers or operational
      summing amplifiers having very high input impedances, are employed in
      conjunction with the attenuator networks. If, however, operation to DC is
      not required, the broad band directional coupler according to the
      invention can be constructed entirely of passive elements by using
      transformers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The specific nature of the invention, as well as other objects, aspects,
      uses and advantages thereof, will clearly appear from the following
      description and from the accompanying drawings, in which:
PAR  FIGS. 1A and 1B are circuit diagrams of conventional, symmetrical .pi. and
      O attenuator networks, respectively, which are used to illustrate the
      principles of the invention;
PAR  FIG. 2A illustrates one specific embodiment of the invention employing the
      symmetrical .pi. attenuator of FIG. 1A and two amplifier circuits;
PAR  FIG. 2B illustrates another specific embodiment of the invention employing
      a modified symmetrical .pi. attenuator network and a pair of differential
      amplifiers;
PAR  FIG. 2C illustrates an alternative embodiment of the invention employing a
      modified symmetrical O attenuator network and a pair of operational
      summing amplifiers;
PAR  FIG. 3 is yet another illustrative embodiment of the invention comprised
      entirely of passive elements employing a modified symmetrical .pi.
      attenuator network and a pair of current transformers;
PAR  FIGS. 4A and 4B are circuit drawings of conventional, symmetrical T and H
      attenuator networks, respectively, which are used to illustrate the
      principles of the invention;
PAR  FIG. 5A illustrates a specific embodiment of the invention employing a
      modified symmetrical T attenuator network and a pair of differential
      amplifiers; and
PAR  FIG. 5B illustrates an alternative embodiment of the invention employing a
      modified symmetrical H attenuator network and a pair of operational
      summing amplifiers.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  For purposes of illustration only and in the interest of simplicity and
      clarity, the invention is described as including symmetrical .pi., O, T,
      or H attenuator networks as shown in FIGS. 1A, 1B, 4A, and 4B
      respectively. In any case, it will be appreciated by those skilled in the
      art from the following description that the principles of the invention
      are equally applicable to .pi., O, T, and H attenuator networks which are
      not symmetrical. Referring first to FIGS. 1A and 1B, the series resistance
      R.sub.3 and the shunt resistances R.sub.1 are calculated from the
      following equations:
      ##EQU1##
      where Z.sub.O is the characteristic impedance of the transmission line,
      and K is the current or voltage ratio from input to output, hereinafter
      referred to as the attenuation factor. In the specific embodiments to be
      described, it is assumed that Z.sub.O = 50 ohms, and K = E.sub.i /E.sub.O
      = 2 (.apprxeq. 6dB) for which R.sub.1= 150 ohms and R.sub.3 = 37.5 ohms.
      As will be seen, the magnitude of the attenuation provided by these
      attenuators is probably larger than that which would ordinarily be used in
      most applications; however, these relative values are useful to provide an
      illustrative numerical example.
PAR  Referring now to FIG. 2A, there is shown one specific embodiment of the
      invention which employs the symmetrical .pi. attenuator netowrk of FIG.
      1A. The attenuator may be considered a three terminal device having one
      terminal grounded. The node adjacent the left-hand terminal is labeled
      L.sub.o, while the node adjacent the right-hand terminal is labeled
      R.sub.o. The output terminals or nodes of the directional coupling circuit
      are labeled R-L and L-R denoting signals propagating from right to left
      and left to right, respectively. Associated with each output node are a
      pair of operational amplifiers A.sub.1 and A.sub.2 whose outputs are
      combined in a differential amplifier of unit gain which is coupled to the
      output node. Alternatively, operational amplifiers A.sub.2 could be
      inverting amplifiers, and summing amplifiers could be used in place of the
      differential amplifiers. Considering first the amplifiers associated with
      output node R-L, the amplifier with gain A.sub.1 has its input connected
      to node R.sub.o, and the amplifier with gain A.sub.2 has its input
      connected to node L.sub.o. In like manner with reference to the amplifiers
      associated with output node L-R, amplifier A.sub.1 has its input connected
      to node L.sub.o, and amplifier A.sub.2 has its input connected to node
      R.sub.o. Assuming that an output signal magnitude at nodes R-L and L-R
      equal to the input signal is desired, and assuming the amplifiers to be
      perfect, the gains A.sub.1 and A.sub.2 are calculated as follows:
      ##EQU2##
      where K is the attenuation factor as before. Thus, for K = 2 A.sub.1 =
      1.33 and A.sub.2 = 0.67.
PAR  The circuit of FIG. 2A can be simplified by modifying the .pi. attenuator
      network and employing two differential amplifiers as shown in FIG. 2B. For
      the purpose of this description, the differential amplifiers are assumed
      to be perfect, i.e., their input impedances are infinite, their output
      impedances are zero, their gains are constant from DC upwards in
      frequency, and their delay is zero from DC upwards in frequency. In the
      circuit shown in FIG. 2B, the shunt impedances of the .pi. attenuator are
      divided into two series impedances, R.sub.1A and R.sub.1B and calculated
      as follows:
EQU  R.sub.1A + R.sub.1B = R.sub.1                              (5)
EQU  r.sub.1a = r.sub.1b (k-1)                                  (6)
      ##EQU3##
PAR  Also, assuming an output signal magnitude at nodes R-L and L-R equal to the
      input signal is desired, the gain of the differential amplifiers,
      A.sub.DA, is calculated as follows:
      ##EQU4##
PAR  The operation of the circuit shown in FIG. 2B is best visualized by a
      numerical example. In this example, it is assumed that the sources S.sub.L
      and S.sub.R, which are depicted as an idealized battery and shorting
      switch connected in series with a resistance equal to the characteristic
      50 ohm impedance of the transmission line, can deliver either zero volts
      or +2 volts to the transmission system depending on whether the switches
      are either closed or open, respectively. Table I below tabulates the
      voltages appearing at the several nodes in the .pi. attenuator network for
      all combinations of signals from the sources S.sub.L and S.sub.R. In Table
      I, the source voltages appear in the first two columns, the voltages that
      occur at the node L.sub.o and the node between the left shunt resistor
      pair R.sub.1A /R.sub.1B appear in the next two columns, then the voltages
      occurring at the node R.sub.o and the node between the right shunt
      resistor pair R.sub.1A /R.sub.1B appear in the next two columns. Finally,
      the voltages which occur at the nodes R-L and L-R, or the outputs of the
      pair of differential amplifiers, are tabulated in the last two columns of
      Table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     (FIG. 2B)                                                                 

     (R3 = 37.5.OMEGA., R.sub.1A + 75.OMEGA., R.sub.1B = 75.OMEGA.)            

     S.sub.L                                                                   

        S.sub.R                                                                

           L.sub.o                                                             

               L(R.sub.1A /R.sub.1B)                                           

                      R.sub.o                                                  

                          R(R.sub.1A /R.sub.1B)                                

                                 R-L L-R                                       

     __________________________________________________________________________

     4v 0v 2.0v                                                                

               1.0v   1.0v                                                     

                          0.5v   0.0v                                          

                                     2.0v                                      

     0v 4v 1.0v                                                                

               0.5v   2.0v                                                     

                          1.0v   2.0v                                          

                                     0.0v                                      

     4v 4v 3.0v                                                                

               1.5v   3.0v                                                     

                          1.5v   2.0v                                          

                                     2.0v                                      

     0v 0v 0.0v                                                                

               0.0v   0.0v                                                     

                          0.0v   0.0v                                          

                                     0.0v                                      

     __________________________________________________________________________

PAR  Since all components of the circuit of FIG. 2B are linear and nonreactive
      and superposition applies, it is obvious that:
PA1  1. A signal equal in magnitude and polarity to any signal from S.sub.L
      propagating from left to right is produced at node L-R.
PAR  2. A signal equal in magnitude and polarity to any signal from S.sub.R
      propagating from right to left is produced at node R-L.
PAR  3. No signal appears at node L-R for a signal from S.sub.R propagating from
      right to left.
PA1  4. No signal appears at node R-L for a signal from S.sub.L propagating from
      left to right.
PAL  The circuit shown in FIG. 2B is thus a broad band directional coupling
      circuit whose frequency response is flat and flat to DC.
PAR  While the particular numerical example illustrated in FIG. 2B employs a
      symmetrical .pi. attenuator network, it will be immediately obvious to
      those skilled in the art that this numerical example is equally applicable
      to a broad band directional coupling circuit employing a symmetrical O
      attenuator network as illustrated in FIG. 2C. However, in the example in
      FIG. 2C, operational summing amplifiers may be used in place of the
      differential amplifiers employed in the circuit in FIG. 2B. The use of
      operational summing amplifiers is permitted because of the use of the
      balanced attenuator network which provides both relatively positive and
      negative voltages at selected nodes within the network. This may be
      visualized by considering the ground, which may be either virtual or
      physical, between each of the pair of R.sub.1B /2 impedances in each of
      the shunt arms of the attenuator network as indicated by the dotted line
      and ground connections. Above this ground at the nodes L.sub.o and R.sub.o
      the positive voltages are obtained for the operational amplifiers. The
      negative voltages for the operational amplifiers are of course obtained
      below this ground. Obviously, in a practical circuit, three of the series
      resistances in each of the shunt arms of the attenuator may be replaced by
      a single resistance having a value
      ##EQU5##
      It follows that the operation of the circuit of FIG. 2C is identical with
      that of FIGS. 2A and 2B.
PAR  As indicated previously, the value of the attenuation factor, K = 2,
      assumed in the foregoing description, is for some applications
      impractically large. Magnitudes of R.sub.1A, R.sub.1B, R.sub.3, and
      A.sub.DA for other magnitudes of K are shown in Table II.
TBL                TABLE II                                                    

     ______________________________________                                    

     K       R.sub.1A (.OMEGA.)                                                

                       R.sub.1B (.OMEGA.)                                      

                                  R.sub.3 (.OMEGA.)                            

                                          A.sub.DA                             

     ______________________________________                                    

     2.00    75.0      75.0       37.50   1.33                                 

     1.50    83.3      167        20.83   1.80                                 

     1.20    91.6      458        9.167   3.27                                 

     1.10    95.5      955        4.773   5.76                                 

     1.05    97.6      1952       2.440   10.76                                

     ______________________________________                                    

PAR  The bandwidths of the circuits shown in FIGS. 2A, 2B and 2C will be limited
      by parasitic reactances associated with R.sub.1, R.sub.1A, R.sub.1B, and
      R.sub.3, and by the differential or operational amplifier bandwidth. In
      most cases, the amplifier bandwidth will be the dominant limitation.
PAR  The circuits described with respect to FIGS. 2A, 2B, and 2C all require
      active devices, i.e., differential amplifiers or operational amplifiers.
      Where operation down to DC is not required and where a broadband
      directional coupler comprised entirely of passive elements, is desired,
      the embodiment shown in FIG. 3 may be used. It will be recognized that
      FIG. 3, like FIG. 2B, employs a modified symmetrical .pi. attenuator
      network. For purposes of illustration, it may be assumed that the
      attenuator networks of FIG. 3 and FIG. 2B are identical. In place of the
      differential amplifiers, a pair of current transformers, T, are used. Each
      of the current transformers has a pair of primary windings having the same
      number of turns, N.sub.1, connected in opposite polarities. The
      transformers have a single secondary winding having a number of turns,
      N.sub.2, such that the turns ratio,
      ##EQU6##
      provide the desired voltage magnitude at nodes R-L and L-R. Assuming the
      above numerical example given for FIG. 2B, the turns ratio N.sub.2
      /N.sub.1 is equal to 1.33. The primary windings of the current
      transformers, T, are connected to the appropriate nodes of the attenuator
      network by current limiting resistors R.sub.2A and R.sub.2B. In the
      circuit shown in FIG. 3 it will be understood that R.sub.2A and R.sub.2B
      &gt;&gt; R.sub.1A and R.sub.1B. The bandwidth and response of this circuit will,
      typically be determined by the characteristics of the current transformers
      T.
PAR  Next, referring to FIGS. 4A and 4B which show symmetrical T and H
      attenuator networks, the shunt resistance R.sub.3 and the series
      resistances R.sub.1 are calculated from the following equations:
      ##EQU7##
      By comparing equations (10) and (11) with equations (1) and (2), the
      analogy to the .pi. and O attenuator networks shown in FIGS. 1A and 1B is
      immediately obvious. Thus, the circuits shown in FIGS. 5A and 5B may be
      considered equiavalent to the circuits shown in FIGS. 2B and 2C,
      respectively. Clearly, a similar circuit for FIG. 2A is readily apparent
      from a comparison of the foregoing figures. In FIGS. 5A and 5B, the
      circuit values are calculated from the following equations:
EQU  R.sub.3A + R.sub.3B = R.sub.3                              (12)
      ##EQU8##
      Assuming Z.sub.o = 50 ohms and K = 2 as before, R.sub.3 = 66.7 ohms,
      R.sub.1 = 16.67 ohms, R.sub.3B = 50 ohms, and A.sub.DA =2.
PAR  The circuits described have applications in analog and digital
      communications paths where two-way information flow exists and where a
      multiplicity of ports may share the same path. The use of these circuits
      will reduce the number of signal wires required between devices which
      communicate with each other. It should, however, be expressly understood
      that while the specific embodiments disclosed employed symmetrical .pi.,
      O, T and H attenuator networks, the teachings of the invention are equally
      applicable to .pi., O T, and H attenuator networks which are not
      symmetrical, as will be obvious to those skilled in the art. It will
      therefore be apparent that the embodiments shown are only exemplary and
      that various modifications can be made in construction and arrangement
      within the scope of the invention as described in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A broad band directional coupling circuit for insertion in a
      single-signal path or transmission line in which signals are propagated
      simultaneously in opposite directions, comprising:
PA1  a. an attenuator network employing linear, nonreactive impedance elements
      for insertion in said signal path or transmission line, said impedance
      elements forming at least first and second nodes;
PA1  b. first signal combining means coupled to said first and second nodes for
      combining in a first predetermined ratio the signals at said first and
      second nodes to provide an output signal proportional to a signal
      propagating in a first direction only in said single-signal path or
      transmission line while providing substantially no output signal for a
      signal propagating in the opposite direction; and
PA1  c. a second signal combining means coupled to said first and second nodes
      for combining in a second predetermined ratio the signals at said nodes to
      provide an output signal proportional to a second signal propagating in a
      second direction opposite to said first direction only in said
      single-signal path or transmission line while providing substantially no
      output signal for a signal propagating in said first direction.
NUM  2.
PAR  2. A broad band directional coupling circuit as recited in claim 1 wherein
      said first and second signal combining means each comprise active devices.
NUM  3.
PAR  3. A broad band directional coupling circuit as recited in claim 2 wherein
      said attenuator network is a .pi. attenuator network having a series
      impedance and first and second shunt impedances and the junction of said
      series impedance with said first shunt impedance defines said first node
      and the junction of said series impedance with said second shunt impedance
      defines said second node.
NUM  4.
PAR  4. A broad band directional coupling circuit as recited in claim 3 wherein
      said first signal combining means provides differential amplification with
      a ratio of amplification factors corresponding to said first predetermined
      ratio of signals appearing at said first and second nodes, and said second
      signal combining means provides differential amplification with a ratio of
      amplification factors corresponding to said second predetermined ratio of
      signals appearing at said first and second nodes.
NUM  5.
PAR  5. A broad band directional coupling circuit as recited in claim 4 wherein
      said first signal combining means comprises a first amplifier having a
      first amplification factor and a second amplifier having a second
      amplification factor, said first amplifier having its input connected to
      said first node and said second amplifier having its input connected to
      said second node, the outputs of said first and second amplifiers being
      coupled to a first output node, and wherein said second signal combining
      means comprises a third amplifier having a third amplification factor and
      a fourth amplifier having a fourth amplification factor, said third
      amplifier having its input connected to said second node and said fourth
      amplifier having its input connected to said first node, the outputs of
      said third and fourth amplifiers being coupled to a second output node.
NUM  6.
PAR  6. A broad band directional coupling circuit as recited in claim 5 wherein
      said attenuator network is symmetrical, said first and third amplification
      factors are equal to an amplification factor, A.sub.1, and said second and
      fourth amplification factors are equal to an amplification factor,
      A.sub.2, said amplification factors being defined by the following
      equations:
      ##EQU9##
      where K is the attenuation factor of the attenuator network.
NUM  7.
PAR  7. A broad band directional coupling circuit as recited in claim 4 wherein
      said first and second shunt impedances are each comprised of two series
      impedances, the junctions of said two series impedances each defining
      third and fourth nodes, respectively, and wherein said first signal
      combining means comprises a first differential amplifier having positive
      and negative inputs, the positive input of said first differential
      amplifier being connected to said first node and the negative input of
      said first differential amplifier being connected to said fourth node, and
      said second signal combining means comprises a second differential
      amplifier having positive and negative inputs, the positve input of said
      second differential amplifier being connected to said second node and the
      negative input of said second differential amplifier being connected to
      said third node.
NUM  8.
PAR  8. A broad band directional coupling circuit as recited in claim 7 wherein
      said attenuator network is symmetrical and said two series impedances have
      values, R.sub.1A and R.sub.1B, defined by the following equations:
      ##EQU10##
      where R.sub.1 is the value of each of said first and second shunt
      impedances and K is the attenuation factor of said attenuator network.
NUM  9.
PAR  9. A broad band directional coupling circuit as recited in claim 2 wherein
      said attenuator netowrk is a O attenuator network having first and second
      series impedances and first and second shunt impedances, and the junction
      of said first series impedance with said first shunt impedance defines
      said first node and the junction of said first series resistance with said
      second shunt impedance defines said second node.
NUM  10.
PAR  10. A broad band directional coupling circuit as recited in claim 9 wherein
      said first signal combining means provides differential amplification with
      a ratio of amplification factors corresponding to said first predetermined
      ratio of signals appearing at said first and second nodes, and said second
      signal combining means provides differential amplification with a ratio of
      amplification factors corresponding to said second predetermined ratio of
      signals appearing at said first and second nodes.
NUM  11.
PAR  11. A broad band directional coupling circuit as recited in claim 10
      wherein said first and second shunt impedances are each comprised of two
      series impedances, the junctions of said two series impedances each
      defining third and fourth nodes, respectively, and wherein said first
      signal combining means comprises a first summing amplifier having positive
      and negative inputs, the positive input of said first summing amplifier
      being connected to said first node and the negative input of said first
      summing amplifier being connected to said fourth node, and said second
      signal combining means comprises a second summing amplifier having
      positive and negative inputs, the positive input of said second summing
      amplifier being connected to said second node and the negative input of
      said second summing amplifier being connected to said third node.
NUM  12.
PAR  12. A broad band directional coupling circuit as recited in claim 1 wherein
      said first and second signal combining means each comprise passive
      elements.
NUM  13.
PAR  13. A broad band directional coupling circuit as recited in claim 12
      wherein said attenuator network is a .pi. attenuator network having a
      series impedance and first and second shunt impedances and the junction of
      said series impedance with said first shunt impedance defines said first
      node and the junction of said series impedance with said second shunt
      impedance defines said second node.
NUM  14.
PAR  14. A broad band directional coupling circuit as recited in claim 13
      wherein said first signal combining means comprises a first current
      transformer having a secondary to primary turns ratio corresponding to
      said first predetermined ratio and said second signal combining means
      comprises a second current transformer having a secondary to primary turns
      ratio corresponding to said second predetermined ratio.
NUM  15.
PAR  15. A broad band directional coupling circuit as recited in claim 2 wherein
      said attenuator network is a T attenuator network having a shunt impedance
      and first and second series impedances connected to a common node, said
      first series impedance being additionally connected to said first node and
      said second series impedance being additionally connected to said second
      node.
NUM  16.
PAR  16. A broad band directional coupling circuit as recited in claim 15
      wherein said first signal combining means provides differential
      amplification with a ratio of amplification factors corresponding to said
      first predetermined ratio of signals appearing at said first and second
      nodes, and said second signal combining means provides differential
      amplification with a ratio of amplification factors corresponding to said
      second predetermined ratio of signals appearing at said first and second
      nodes.
NUM  17.
PAR  17. A broad band directional coupling circuit as recited in claim 16
      wherein said shunt impedance is comprised of two series impedances, the
      junctions of said two series impedances defining a third node, and wherein
      said first signal combining means comprises a first differential amplifier
      having positive and negative inputs, the positve input of said first
      differential amplifier being connected to said first node and the negative
      input of said first differential amplifier being connected to said third
      node, and said second signal combining means comprises a second
      differential amplifier having positive and negative inputs, the positive
      input of said second differential amplifier being connected to said second
      node and the negative input of said second differential amplifier being
      connected to said third node.
NUM  18.
PAR  18. A broad band directional coupling circuit as recited in claim 17
      wherein said attenuator network is symmetrical and said two series
      impedances have values, R.sub.3A and R.sub.3B, defined by the following
      equations:
      ##EQU11##
      where R.sub.3 is the value of said shunt impedance and K is the
      attenuation factor of said attenuation network.
NUM  19.
PAR  19. A broad band directional coupling circuit as recited in claim 2 wherein
      said attenuator network is an H attenuator network having first and second
      series impedances and third and fourth series impedances and a shunt
      impedance, said shunt impedance being connected at one end to a first
      common junction with said first and second series impedances and at the
      other end to a second common junction with said third and fourth series
      impedances, said first series impedance being additionally connected to
      said first node and said second series impedance being additionally
      connected to said second node.
NUM  20.
PAR  20. A broad band directional coupling circuit as recited in claim 19
      wherein said first signal combining means provides differential
      amplification with a ratio of amplification factors corresponding to said
      first predetermined ratio of signals appearing at said first and second
      nodes, and said second signal combining means provides differential
      amplification with a ratio of amplification factors corresponding to said
      second predetermined ratio of signals appearing at said first and second
      nodes.
NUM  21.
PAR  21. A broad band directional coupling circuit as recited in claim 20
      wherein said shunt impedance is comprised of two series impedances, the
      junctions of said two series impedances defining a third node, and wherein
      said first signal combining means comprises a first summing amplifier
      having positiive and negative inputs, the positive input of said first
      summing amplifier being connected to said first node and the negative
      input of said first summing amplifier being connected to said third node,
      and said second signal combining means comprises a second summing
      amplifier having positive and negative inputs, the positve input of said
      second summing amplifier being connected to said second node and the
      negative input of said second summing amplifier being connected to said
      third node.
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ABST
PAL  A sealed contact includes a capsule enclosing a pair of magnetic reeds.
      Each reed has a fixed end sealed in the capsule and a flat movable portion
      with side edges substantially parallel to one another for a predetermined
      length and tapered toward one another from the end of the predetermined
      length to the tip of the movable portion. The reeds are positioned so that
      the movable portions overlap one another by an overlap length and define
      an overlap area which is less sensitive to variation in overlap length
      than a conventional sealed contact having reeds cut substantially normal
      to the parallel side edges.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is a sealed reed contact that is more particularly described
      as a contact having tapered tip reeds.
PAR  A sealed reed contact typically includes a capsule enclosing a pair of
      magnetic reeds. The reeds are sealed into the capsule so that one end of
      each reed is fixed, or immobile, and the other end of each reed is free to
      move. The movable ends of the reeds are positioned to overlap with one
      another so that they can be moved together for closing a circuit or moved
      away from each other to open the circuit. Either remanent or non-remanent
      magnetic material can be used for the reeds.
PAR  Because sealed reed contacts are used extensively in telephone switching
      systems, those contacts occupy a substantial portion of the space allotted
      for such a system. If the size of the sealed contacts were reduced,
      considerably space could be saved in all systems installations using a
      large number of the contacts.
PAR  To miniaturize reed contacts, it is desirable to reduce the length of the
      reeds while retaining the same reed stiffness. This can be accomplished by
      reducing the thickness of the reed and the diameter of the magnetic wire.
      Reduction of the diameter decreases the cross-sectional area of the reed,
      thereby reducing magnetic flux carried by the wire.
PAR  An important parameter of operating contacts is the magnetic force of
      attraction between the two reeds. This force is directly proportional to
      the square of the magnetic flux and is inversely proportional to the
      overlap area. In order to retain the closure force of a miniaturized
      contact at a magnitude equivalent to the magnitude of the larger prior art
      reed contacts, it is expedient to reduce the overlap area of the
      miniaturized contact and thereby offset the effect of the reduced flux.
PAR  Although reducing the overlap length can reduce the overlap area, the
      shorter overlap length causes substantial changes in magnetic attraction
      as a function of variations in the overlap length and misalignment of the
      reeds.
PAC  SUMMARY OF THE INVENTION
PAR  It is an object of the invention to miniaturize a magnetic reed contact.
PAR  It is another object to develop a magnetic reed contact that is less
      sensitive to variations of overlap length of the reeds.
PAR  It is also an object to develop a magnetic reed contact that is less
      sensitive to misalignment of the reeds.
PAR  These and other objects are realized in an illustrative embodiment of the
      invention wherein a sealed contact includes a capsule enclosing a pair of
      magnetic reeds. Each reed has a fixed end sealed in the capsule and a flat
      movable portion with side edges substantially parallel to one another for
      a predetermined length and tapered toward one another from the end of the
      predetermined length to the tip of the movable portion. The reeds are
      positioned so that the movable portions overlap one another by an overlap
      length and define an overlap area which is less sensitive to variation in
      overlap length than a conventional sealed contact having reeds cut
      perpendicular to the parallel side edges.
PAR  In the illustrative embodiment, tapered reed tips overlap one another by an
      overlap length defining an overlap area which is less sensitive to
      variation of overlap length than a conventional sealed contact.
PAR  It is another aspect of the illustrative embodiment to use a pair of reeds,
      each shaped so that the overlap area is less sensitive to misalignment of
      the reeds than a conventional sealed contact.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  An embodiment of the invention will now be described by way of example,
      with reference to the attached drawing wherein:
PAR  FIGS. 1A and 1B show an arrangement of a conventional prior art sealed reed
      contact and a partial top view of the overlap area of the reeds;
PAR  FIG. 2A shows a sealed reed contact;
PAR  FIG. 2B shows an enlarged top view of the overlap area of the pair of reed
      contacts of FIG. 2A;
PAR  FIG. 3 is a comparative plot of the cumulative distributions of the percent
      variation of overlap area for FIGS. 1B and 2B; and
PAR  FIG. 4 is a comparative plot of the cumulative distributions of the percent
      variation of overlap area for FIGS. 1B and 2B when deviation from side to
      side is minimal.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1A, there is shown a sealed reed contact 10 including
      a capsule 12 enclosing a pair of magnetiic reeds 14 and 16. The reeds 14
      and 16 are sealed into the capsule so that one end 17 of each reed is
      fixed and the other end 18 is free to move. The ends 18 are a part of flat
      movable portions having side edges which are substantially parallel to
      each other. Movable ends 18 overlap each other so that they can be moved
      together for closing a circuit or moved away from each other to open the
      circuit. Either remanent or non-remanent magnetic material can be used for
      the reeds.
PAR  FIG. 1B shows a top view of the reeds of FIG. 1A. The reeds 14 and 16
      overlap by a length l.sub.1 defining a cross-hatched overlap area A.sub.1.
      It is noted that the movable ends 18 are both cut perpendicular, or
      normal, to the parallel side edges of the reed. Area A.sub.1 is a function
      of the width w and the overlap length l.sub.1 together with any change of
      overlap length, .DELTA.l, and any side to side deviation, or misalignment,
      .delta. .
EQU  Area A.sub.1 =  (w-.delta.)(l.sub.1 -.DELTA. l).           (1)
PAR  Nominal Area A.sub.0 =  w.sup.. l.sub.1, when .delta. = 0 and .DELTA.l = 0.
      (2)
      ##EQU1##
PAR  Dimensions and variations resulting from manufacturing processes generally
      are known in the art. Illustratively, the nominal overlap area A.sub.0 is
      selected to be equal to 1,500 mils.sup.2, reed width w = 50 mils, and
      overlap length l.sub.1 = 30 mils. The overlap length l.sub.1 and the
      misalignment .delta. are subject to random variation resulting from
      manufacturing processes. Variance of the changes in overlap length,
      .DELTA.l, is approximately 9 mils, resulting in .sigma..sub.313 l =  3
      mils. Variance of misalignment .delta. is approximately 4 mils resulting
      in .sigma. .sub..delta. = 2 mils. It is believed that variance of .DELTA.l
      and .delta. are independent. A study of the variations of .DELTA.A.sub.1
      /A.sub.0, as a function of the distribution of probabilities of .DELTA.l
      and .delta., follows.
PAR  First of all, there is shown a set of tables giving the probabilities for
      specific variations of .DELTA.l and .delta.. Probabilities P.sub.K
      (.DELTA.l) = P(K-1&lt;.DELTA.l&lt;K) for variations of overlap length .DELTA.l,
      with variance .sigma..sub..sub..delta.l =  3 mils and the mean .DELTA.l =
      .mu. = 0, are as follows for normal functions:
PAL  When K = 1,
      ##EQU2##
      where .PHI. (.DELTA.l) is a normal function and d.DELTA.l is the
      differential of .DELTA.l. The equation (5) can be evaluated by reference
      to standard tables of values upon calculating
      ##EQU3##
      where N represents a normal function and c.sub.1 and c.sub.2 are integers
      from the integration boundaries of equation (5).
      ##EQU4##
      Probabilities P.sub.J (.delta.) = P(J-1&lt;.delta.&lt;J) for variation of
      misalignment .delta., with .sigma. .sub..delta.= 2 mils and the mean
      .delta. = .mu. = 0, are as follows for normal functions:
PAL  When J = 1
      ##EQU5##
      where .PHI.(.delta.) is a normal function and d.delta. is the differential
      of .delta.. The equation (8) can be evaluated by reference to standard
      tables of values upon calculating equation (6).
      ##EQU6##
PAR  In the foregoing tables of probabilities, values of .DELTA.l and .delta.
      are representative values in mils of selected sample intervals used for
      calculating the probabilities of all possible coincident variations of
      .DELTA.l and .delta.. A summation of the resulting probabilities is equal
      to 1.
      ##EQU7##
PAR  For each coincidental combination of .DELTA.l and .delta., there is a
      corresponding overlap area variation .DELTA.A.sub.1. The probability
      function of the variation of overlap area, P.sub.KJ (.DELTA.A.sub.1
      /A.sub. 0) is given by
EQU  P.sub.KJ (.DELTA.A.sub.1 /A.sub. 0) = P.sub.k (.DELTA. l).sup.. P.sub.J
      (.delta.):                                                (11)
PAR  the total probability of occurrence of a particular sample interval of
      overlap area P.sub.I (.DELTA.A.sub.1 /A.sub.0) is determined by summing
      P.sub.KJ (.DELTA.A.sub.1 /A.sub.0) for all combinations of .DELTA.l and
      .delta., wherein .DELTA.A.sub.1 /A.sub.0 falls within the particular
      sample interval. The total probability for a particular sample interval of
      overlap area therefore is given by
      ##EQU8##
PAR  In equation (12) the subscript I designates each sample interval in percent
      change of area. This subscript integer is at the low end of the sample
      interval. Thus the probability P.sub.0 (.DELTA.A.sub.1 /A.sub.0)
      represents the probability for the sample interval between zero and 2
      percent, and the probability P.sub.2 (.DELTA.A.sub.1 /A.sub.0) represents
      the sample interval between 2 percent and 4 percent.
PAR  Information for several discrete sample intervals and for a cumulative
      distribution function of the variation of overlap area is included in the
      following table.
      ##EQU9##
PAR  FIG. 3 includes a curve 31 showing the cumulative distribution of the
      variation of overlap area .DELTA.A.sub.1 /A.sub.0 from the foregoing
      table. The cumulative distribution is plotted against the variation of
      area as a percent of nominal area shown as subscripts in the lefthand
      column of the foregoing table.
PAR  Referring now to FIG. 2A, there is shown another sealed reed contact 20
      including a capsule 22 enclosing a pair of magnetic reeds 24 and 26. The
      reeds 24 and 26 are sealed into the capsule so that one end 27 of each
      reed is fixed and the other end 28 is free to move. Movable ends 28
      overlap each other so that they can be moved together to close a circuit
      or moved away from one another to open the circuit. For each reed, the
      side edges of the movable ends 28 are substantially parallel to one
      another along a flattened portion for a length L. From the end of the
      length L to the tip of the reed, the sides taper toward one another to a
      point.
PAR  As shown in FIG. 2B, the reeds 24 and 26 are positioned so that the
      flattened movable portions overlap one another by an overlap length
      l.sub.2 and are positioned so that each of the tapered sides of the two
      reeds intersects with a tapered side of the other reed. Although FIG. 2B
      is enlarged to show the cross-hatched overlap area in greater detail,
      overlap area A.sub.2 is nominally equal to the overlap area A.sub.1 of the
      squared-off, or normally cut, tip of the prior art arrangement shown in
      FIG. 1B and is less sensitive to variation in overlap length l.sub.2 than
      the overlap area A.sub.1 is sensitive to the variation of the overlap
      length l.sub.1 of FIG. 1A.
PAR  For purposes of comparison of the illustrative embodiment, the width w in
      FIG. 2B is selected to be equal to 50 mils, the same as the width w in
      FIG. 1B. Variance of the side to side deviation .delta. for the embodiment
      of FIG. 2B is 4 mils with .sigma. .sub..delta. equal to 2, as in the
      embodiment of FIG. 1B.
PAR  Overlap length l.sub.2 illustratively is selected to be 72.75 mils so that
      area A.sub.2 nominally equals the area A.sub.0 =  1500 mils.sup.2. A
      distance y, which separates the ends of the parallel edges of the reeds,
      is selected to be slightly longer than three times anticipated standard
      deviation of the overlap length l.sub.2. Since the variation of the
      overlap length is 9 mils with .sigma..sub..sub..delta.l = 3 mils, as in
      the embodiment of FIG. 1B, the distance y is chosen to be 10 mils.
PAR  Area A.sub.2 is a function of the width w, the overlap length l.sub.2, the
      distance y, an offset d, any change of the overlap length .DELTA.l, and
      any side to side deviation, or misalignment .delta..
      ##EQU10##
      where tan .alpha. = y/d = l.sub.2 /w.
PAR  For nominal area A.sub.0 =  1500 mils.sup.2, w = 50 mils, l.sub.2 = 72.75
      mils, y = 10 mils, .delta. = 0 and .DELTA.l = 0: d = 6.87 mils.
PAR  The corresponding total probability of occurrence of a particular sample
      interval of overlap area P.sub.I (.DELTA.A.sub.2 /A.sub.0) is determined
      by summing P.sub.KJ (.DELTA.A.sub.2 /A.sub.0) = P.sub.K (.DELTA.l).sup..
      P.sub.J (.delta.) for all combinations of .DELTA.l and .delta. wherein
      .DELTA.A.sub.2 /A.sub.0 falls within the particular sample interval. The
      total probability for a particular sample interval of overlap area
      therefore is given by
      ##EQU11##
PAR  As in equation (13), the subscript I designates each sample interval in
      percent change of area. Several sample intervals of information are given
      together with cumulative distribution information in the following table:
      ##EQU12##
PAR  The foregoing cumulative distribution of variation of overlap area A.sub.2
      /A.sub.0 in percent and its presentation, as curve 32 in FIG. 3, represent
      the expected frequency of occurrence of variations of .DELTA.A.sub.2
      /A.sub.0 for the tapered tip reed contact, shown in FIG. 2B.
PAR  Curves 31 and 32 of FIG. 3 show that the area A.sub.2 of FIG. 2B is less
      sensitive to variation of overlap length, .DELTA.l, and deviation,
      .delta., than the overlap area A.sub.1 of FIG. 1B is sensitive to
      variation of .DELTA.l and .delta.. There is a greater probability of lower
      percent variations of overlap area A.sub.2 than of overlap area A.sub.1
      throughout the range of interest. In FIG. 3, all of the points where the
      curve 32 lies above the curve 31 are points at which the overlap area of
      the tapered tip is less sensitive to variation of overlap length .DELTA.l
      and of misalignment .delta. than the overlap area of the reeds cut normal
      to the side edges. The greater probability for lower variation of area
      shows that more of the possibilities have less variation of overlap area
      for the tapered tip configuration. This preponderance of lower variations
      of overlap area resulting from variations of overlap length and deviation
      provides switch contacts that have more uniform magnetic attraction
      between reeds during operation.
PAR  By extracting only the combinations of .DELTA.l and .delta. wherein .delta.
      is confined within the boundaries .+-. 0.5 mils, another cumulative
      distribution is compiled to show that the variation of overlap area of the
      embodiment of FIGS. 2A and 2B is less sensitive to variation of overlap
      length than the conventional squared-off tip of FIGS. 1A and 1B.
PAR  For each .DELTA.l, there is a corresponding .DELTA.A.sub.1 and
      .DELTA.A.sub.2. Their probability function has been given previously.
PAR  The total probability of overlap variation .DELTA.A.sub.1 /A.sub.0 falling
      within a selected sample interval, P.sub.T (.DELTA.A.sub.1 /A.sub.0), is
      determined by summing P.sub.K (.DELTA.A.sub.1 /A.sub.0) for all .DELTA.l
      wherein the value of .DELTA.A.sub.1 /A.sub.0 falls within the selected
      sample interval.
      ##EQU13##
      The subscript T designates each sample interval in percent change of area.
      The following table compiles some sample intervals.
      ##EQU14##
PAR  The total probability of overlap variation .DELTA.A.sub.2 /A.sub.0 falling
      within a selected sample interval, P.sub.T (.DELTA.A.sub.2 /A.sub.0), is
      determined by summing P.sub.K (.DELTA.A.sub.2 /A.sub.0) for all .DELTA.l
      wherein the value of .DELTA.A.sub.2 /A.sub.0 falls within the selected
      sample interval.
      ##EQU15##
      Values are compiled in the following table.
      ##EQU16##
PAR  FIG. 4 includes curves 41 and 42 showing respectively the cumulative
      distribution of the variation of overlap areas .DELTA.A.sub.1 /A.sub.0 and
      .DELTA.A.sub.2 /A.sub.0 from the foregoing tables. Curves 41 and 42 of
      FIG. 4 show that the area A.sub.2 of FIG. 2B is less sensitive to
      variation of overlap length, .DELTA.l, than the overlap area A.sub.1 of
      FIG. 1B is sensitive to variation of .DELTA.l. In FIG. 4, all of the
      points where the curve 42 lies above the curve 41 are points at which the
      overlap area of the tapered tip is less sensitive to variation of overlap
      length, .DELTA.l, than the overlap area of reeds cut normal to the side
      edges. This preponderance of lower variations of overlap area resulting
      from variations of overlap length provides switch contacts that have more
      nearly uniform magnetic attraction between reeds during operation.
PAR  The foregoing detailed description is illustrative of two embodiments of
      the invention and it is to be understood that additional embodiments
      thereof will be obvious to those skilled in the art. The embodiments
      described herein, together with those additional embodiments, are
      considered to be within the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A magnetic reed contact comprising,
PA1  a capsule,
PA1  a pair of magnetic reeds, each reed having a fixed end sealed in the
      capsule and a flat movable end portion with side edges substantially
      parallel to one another for a predetermined length and tapered toward one
      another from the end of the predetermined length to the movable end,
PA1  the reeds are positioned with respect to one another so that the movable
      ends overlap one another by an overlap length and define an overlap area,
      and
PA1  the overlap area is less sensitive to variation in overlap length than the
      overlap area of a conventional reed contact having reeds cut substantially
      normal to the parallel side edges.
NUM  2.
PAR  2. A contact in accordance with claim 1 wherein the magnetic reeds are
      tapered to a point.
NUM  3.
PAR  3. A contact in accordance with claim 1 wherein the overlap area is less
      sensitive to misalignment of the reeds than the overlap area of a
      conventional reed contact having reeds cut substantially normal to the
      parallel side edges.
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PAL  Disclosed is a switch housing having a cylindrically shaped cavity therein.
      An armature within the housing has a generally cylindrical shape and is
      movable with respect to the housing between two stable or quiescent
      positions. One end of the armature has a substantially hemispherical
      depression and forms, in combination with a matching depression in the
      base, a substantially spheroid portion of a chamber. Extending radially
      from the segment of the sphere within the base are two frusto-pyramidal
      depressions which extend downwardly to and in tangency with the spheroid
      segment in the base. Electrical conductors are adjacent the frusto ends of
      the pyramids and extend out of the base. Mercury is placed in the spheroid
      portion of the chamber. The armature has a collar of steel extending
      axially. A toroidal magnet is placed about the exterior of the cylindrical
      housing. A magnetically responsive keeper is secured to the housing top.
      The magnet is held by the metal keeper secured to the top of the housing.
      Pressure upon the magnet causes it to move downwardly resulting in the
      downward movement of the armature. The armature displaces part of the
      mercury into the pyramidal portions of the chamber. Thus, with the
      armature in the lowermost or second quiescent position, the mercury
      extends from one extension, through the base depression to the other
      extension thereby completing electrical continuity between the contacts.
PAL  A push-button is secured to the toroidal magnet such that a predetermined
      force is required to remove the magnet from the keeper. The resulting
      force necessary to remove the magnet from the keeper imparts the sensation
      of tactile breakthrough.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to switches and more particularly to electrical
      switches.
PAR  In one aspect of this invention, a push-button or key operation is provided
      which stimulates tactile breakthrough. The term "tactile breakthrough" is
      applied to the feeling of release or free movement of a mechanical key or
      push-button imparted to the operator after a predetermined point in the
      pressing of the key is reached. Generally, this feeling is realized when
      the operated key or push-button has finished or is certain to finish its
      task. For example, when a typewriter key is pushed to the point where the
      alphanumeric holding arm is thrown against the platen, the remaining
      motion of the key is made with far less force -- hence, tactile
      breakthrough. The free movement tells the operator that the task has been
      completed.
PAR  Tests made under scientifically controlled conditions, have shown a marked
      difference in operational performance between those push-buttons which
      exhibit tactile breakthrough and those that do not. Fewer errors and
      greater speed of operation are exhibited on tactile breakthrough
      push-buttons. In these days, more and more electronic push-buttons are
      being employed to operate such devices as typewriters, calculators, cash
      registers, telephones, and the like. These push-buttons, rather than
      manually operated keys having mechanical linkages, are becoming a greater
      part of industry. It, therefore, becomes increasingly important that such
      electronic push-buttons operate accurately and at high speed. The need for
      greater accuracy and speed has necessitated the development of electronic
      push-buttons which simulate tactile breakthrough.
PAR  It is believed that present push-buttons which attempt to simulate tactile
      breakthrough are of a complicated construction, usually involving a
      combination of springs or similar means. Such devices are believed to be
      expensive and have a limited life. The complexities of some of these
      devices are believed to also result in increased expense of maintenance.
PAR  A switch which exhibits a tactile breakthrough characteristic may have, in
      accordance with the invention discussed hereinafter, any form of overall
      construction. One type of construction, however, is the switch which
      operates in response to a magnetic field.
PAR  Switches employing a liquid conductor as a throw are well known. Of these
      switches, there have been proposed a number of switches which seek to
      distort or displace a liquid conductor to thereby couple electrical
      contacts and to use the self-restorative forces of such liquid conductors
      to uncouple the electrical contacts. One such device is proposed by Donald
      S. Rich (one of the co-inventors herein) in an application for United
      States Letters Patent for SWITCHES, Ser. No. 345,358, and filed Mar. 27,
      1973. Other devices are proposed by Schmid in U.S. Pat. No. 3,358,109,
      Lanctot in U.S. Pat. No. 3,184,693, and Ubukata et al. in U.S. Pat. No.
      3,377,445.
PAR  Each of these devices has in common the moving of mercury within confined
      spaces so as to control its flow, thereby forming a fluid throw. The
      aforementioned patent by Schmid proposes, in one embodiment, a plate made
      of insulating material having recesses therein. Within the recesses are
      the exposed ends of electrical contacts. Droplets of mercury fill the
      remainder of the recesses. Centrally disposed between the two recesses is
      a third recess larger than the other two and having a larger pool of
      mercury therein. The insulating plate is covered with a second insulating
      plate which encloses each of the recesses and forms a capillary path
      between each of the recesses communicating with the third recess. The top
      insulating plate has an aperture with a membrane thereacross by which
      means pressure may be placed upon the larger droplet of mercury in the
      third recess. By placing pressure on the third droplet of mercury by
      depressing the membrane, Schmid proposes that the mercury traveled through
      the capillaries to join with the other two droplets thereby completing an
      electrical contact. The capillary channels, however, are, in effect,
      enclosed tunnels. Schmid teaches no means of venting the gases as the
      gases flow into the capillary channels. The gases therein must be
      compressed. Such compressed gases would, it is believed, resist the
      advance of mercury thereby retarding or defeating the action of the
      switch.
PAR  The device of Schmid also has a further disadvantage. Mercury under heavy
      handling or vigorous actuation tends to subdivide into tiny droplets which
      become dispersed into all available voids. In addition, sustained pressure
      may promote adhesion of the mercury to the walls of the channels, thereby
      delaying or even preventing the retreating of the mercury upon the removal
      of the switching pressure. If the mercury is thus inhibited in its motion,
      the breaking of electrical contact will lag significantly behind the
      switching action or not take place at all. What is more, the device as
      taught by Schmid provides that the capillary connecting tubes or channels
      should have a smooth surface. A smooth surface would work against proper
      operation. Indeed it is believed that it is well known that a fine
      roughening of the surface is preferred and often referred to as
      "alacritizing" by those experienced in the art.
PAR  The device disclosed by Lanctot, in his aforementioned patent, like that
      disclosed by Schmid employs the use of a flexible diaphragm to distort a
      droplet of mercury. Lanctot's purpose, however, is to fill a gap in a high
      frequency strip line so that electric current will encounter a minimum
      discontinuity in passing therethrough. The transmission line
      characteristics require that the geometry of the liquid conductive path
      that bridges the gap during switching match closely that of the members it
      is joining. By depressing the membrane or diaphragm, Lanctot proposes to
      compress a mercury pool to fill a cavity of a predetermined shape bounded
      at both ends by the interrupted edges of the strip line. Like Schmid,
      Lanctot provides no means of venting as the mercury is forced into the
      sharp rectangular corners formed by the strip line. Lanctot's purpose is
      to form a coordinated strip line mercury switch rather than a switch, such
      as that proposed by Schmid, that would be insensitive to the pull of
      gravity.
PAR  Ubukata et al. teaches a time delay switch which is clearly
      position-sensitive and requires a movable container within a container.
      The inner container has a hole in the bottom and is disposed in the
      confined pool of mercury in the outer container. The mercury is permitted
      to flow into and out of the inner container through a conduit having
      angularly disposed side walls which permits the mercury to flow
      unrestricted by the movement of gases within the switch. When the inner
      container is lifted out of the pool of mercury, it brings with it a
      portion of the mercury which then flows slowly from the second container
      back into the first container, thereby forming the time delay. Ubukata et
      al. device is clearly position-sensitive and is ill suited for a quick
      response as that proposed herein or suggested in the aforementioned Rich
      application.
PAR  Thus, the prior art devices exhibit certain disadvantages. The flow of
      mercury or another liquid conductor is achieved only at the expense of
      either being position-sensitive (Lanctot) or work against gases compressed
      by the flow of the liquid conductor (Schmid and Lanctot).
PAR  The aforementioned Rich application proposes a switch intended to overcome
      the deficiency of the prior art by providing a position insensitive liquid
      state switch having a plunger for displacing the liquid from a pool into a
      restricted passage-way. The passage-way is defined by the plunger and a
      side wall of the cavity. The surface tension of the liquid is used to
      inhibit its entrance into the passage-way.
PAR  Clearly, the narrower opening from the liquid pool into the passage-way,
      the more likely it is that the liquid conductor will, due to the forces of
      its surface tension, be restrained from entering therein. On the other
      hand, the opening must be large enough to permit the forces exerted upon
      the plunger to overcome this surface tension so that the liquid will be
      displaced into the passage-way when it is desired to operate the switch.
      Converging walls of the plunger and the cavity are employed to encourage
      the self-propelled removal of the displaced liquid from the passage-way
      when the plunger is withdrawn from the liquid pool. This requirement
      provides additional parameters to the design of the switch. The electrical
      contact in the cavity wall should be as far removed from the liquid pool
      as possible so that any shock or vibrational forces will not so deform the
      liquid as to cause it to enter the passage-way and prematurely couple the
      contacts and "misfire" the switch. Preferably such a contact should also
      be located at or near the apex of the converging walls so that it is much
      more difficult for prematurely displaced liquid to reach the contact and
      couple it to the pool. On the other hand, this position is limited by the
      lowermost position of the plunger -- since the contact must remain in the
      passageway. However, the result is that with the plunger fully withdrawn,
      the contact is now spaced a greater distance from the wall of the plunger
      and is therefore in a more open or accessible position in the passageway.
      The resulting spacing has been observed to leave the contact vulnerable to
      premature coupling under displacement of the liquid due to shock and
      vibration. Further, it has been observed that the flow of the liquid up
      into the passageway is in a direction substantially opposed to the
      downward direction of movement of the plunger displacing the liquid. Thus,
      by the resolution of forces, it is believed that the net force available
      by the plunger is thereby reduced. This loss due to the counterforces of
      the liquid upon the plunger makes the plunger less efficient. The force
      available is a function of both the magnetic coupling, from the exterior
      of the push-button to the plunger and the plunger's mass. Because of the
      decreased effective forces the entrance into the passageway must be
      correspondingly larger. The resulting compromises in construction are
      believed to leave such a switch vulnerable to premature closing due to the
      shock or vibrational forces.
PAR  A further limitation is found in the variations in the dimension of the
      passageway with respect to the contact as the plunger is withdrawn from
      the pool. To ensure good "making," wetted contacts are used. However, such
      wetted contacts tend to hold onto the liquid conductor. Thus, it is
      desired that the liquid conductor self-propel itself from the passageway.
      It is for this reason that the passageway is provided with converging
      walls. As the liquid conductor propels itself from the passageway it
      "necks down" and eventually breaks with the wetted contact. It is
      desirable that this breaking should be as soon as possible. As the plunger
      is withdrawn, however, the space between the contact wall and the plunger
      wall becomes increasingly larger, thereby providing a wider path for the
      flow of the liquid back to the pool. The withdrawing wall also increases
      the dimensions of the passageway at a time when it is desired to either
      keep such dimensions constant or, at best, narrower to encourage the
      self-removal of the liquid and the breaking of the liquid thread. The
      widening passageway encourages a thicker thread, thereby slowing down
      breaking off of the contact between the pool and the wetted contact.
PAC  SUMMARY OF THE INVENTION
PAR  An object of this invention is to provide means for operating an electrical
      switch which simulates the "tactile breakthrough" of mechanically linked
      keys.
PAR  A further object of this invention is to provide a means for operating an
      electrical switch which simulates tactile breakthrough and which is simple
      in construction and economical in manufacture.
PAR  An object of this invention is to provide a liquid conductor switch which
      will operate and be substantially insensitive to the forces of shock and
      vibration and orientation.
PAR  It is still another object of this invention to provide a switch which
      exhibits bounce-free characteristics.
PAR  It is a further object of this invention to provide a liquid conductive
      switch which efficiently employs a minimum number of parts, is economical
      to manufacture and simple and efficient in use.
PAR  In accordance with the teachings of this invention, there is provided a
      housing having therein a cavity. An armature means is within the cavity
      and defines, with the cavity walls, a chamber. The chamber comprises
      constant and variable volume portions. The constant volume portion
      comprises container-like walls substantially fixed with respect to one
      another. A liquid conductor is in the variable volume portion. The
      constant volume portion is joined to the variable volume portion. The
      constant volume portion is joined to the variable volume portion at a
      common port. The port is capable of passing the liquid conductor upon the
      liquid conductor being displaced from the variable volume portion by the
      armature means. The armature means moves with respect to the housing and
      that movement determines the volume of the variable volume portion. The
      constant volume portion is defined by at least three intersecting planes
      converging away from the port. Upon the armature means being removed from
      the displacing of the liquid conductor, the walls of the constant volume
      portion, defined by the intersecting planes, acts upon the liquid
      conductor to urge the liquid conductor from the constant volume portion
      through the port and into the variable volume portion. Electrical contacts
      communicate from without the housing and into the chambers. The conductive
      liquid in another of the armature means in one of its positions causes the
      liquid conductor to electrically couple the electrical contacts. The
      conductive liquid in another of the armature means quiescent positions
      uncouples the electrical contacts. There is also provided means for moving
      the armature means to operate the switch.
PAR  In another aspect of the invention, there is a switch means which comprises
      a housing having therein a fully enclosed cavity. An armature means is
      within the cavity and movable with respect thereto and defines in
      combination with the cavity walls a chamber. The chamber comprises
      conjoined, constant, and variable volume portions, the constant volume
      portion being a container-like structure with constant dimension for
      receiving therewithin the liquid conductor through a port between the
      fixed and variable volume portions. The relative position of the armature
      means within the cavity determines the volume of the variable volume
      portion. A liquid conductor within the variable volume portion of the
      chamber occupies the constant volume portion in dependence upon the
      relative position of the armature means. A gas is within the cavity. Means
      are provided for venting the gas from the constant volume portion of the
      chamber, the gas being displaced by the liquid conductor which is in turn
      displaced by the armature means. Electrical contacts are provided which
      communicate within from without the housing into the chamber. The
      conductive liquid in one of the armature means quiescent positions
      electrically couples the electrical contacts. The conductive liquid in
      still another position of the armature means uncouples the electrical
      contacts. There is further provided means for moving the plunger from one
      of the positions to another of the positions.
PAR  In still another aspect of this invention, there is provided a push-button
      operating means for operating a magnetically responsive switch mechanism.
      This push-button operating means comprises means for housing the switch
      mechanism. Magnetic means are provided and disposed for relative movement
      with respect to the housing such that the movement so provides magnetic
      flux to cause the operation of the switch mechanism. Keeper means are
      provided for holding the magnetic means in a first quiescent position.
      Push-button means are provided for moving the magnetic means from the
      keeper with a predetermined initial force, the initial force being greater
      than that force necessary to the continued movement of the magnetic means
      with respect to the switch housing, thereby simulating tactile
      breakthrough and stop means are provided for limiting the travel of the
      magnetic means.
PAR  The novel features of the present invention, both as to its organization
      and methods of operation, as well as additional objects and advantages
      thereof, will be more readily understood from the following description,
      when read in connection with the accompanying drawing, in which similar
      reference numbers refer to similar components and prime reference numbers
      refer to components serving a similar function or structure as components
      in other figures and in which:
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a sectional plan view of a switch and switch operating mechanism
      constructed in accordance with the teachings of this invention and showing
      an armature in a first quiescent position;
PAR  FIG. 2 is a sectional plan view of the switch of FIG. 1 with the armature
      in a second position;
PAR  FIG. 3 is a sectional view of the top housing of the switch of FIG. 1
      without other components therein;
PAR  FIG. 4 is a bottom view of the top of the housing of FIG. 3 taken along
      lines 4--4;
PAR  FIG. 5 is a top view of the base of the housing of FIG. 1;
PAR  FIG. 6 is a sectional view of the base shown in FIG. 5 and taken along
      lines 6--6;
PAR  FIG. 7 is a sectional view of the base of FIG. 5 taken along the lines
      7--7;
PAR  FIG. 8 is a sectional plan view of the armature of the switch of FIG. 1;
PAR  FIG. 9 is a partially sectioned plan view of a switch constructed in
      accordance with the teachings of this invention;
PAR  FIG. 10 is a partially sectioned plan view of still another switch
      constructed in accordance with the teachings of this invention;
PAR  FIG. 11 is a partially sectioned plan view of a chain of switches
      constructed in accordance with the teachings of this invention;
PAR  FIG. 12 is a sectional view of the base of the switches of FIG. 11 taken
      along the lines 12--12;
PAR  FIG. 13 is a partially sectioned schematic view of a push-button operating
      means of a switch constructed in accordance with the teachings of this
      invention showing one operating position;
PAR  FIG. 14 is the switch of FIG. 13 showing a second operating position; and
PAR  FIG. 15 is a chart showing the forces required to operate the push-buttons
      of FIGS. 13 and 14.
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PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Turning now to the drawing, there is disclosed in FIGS. 1-8 a switch 20 and
      components thereof. The switch 20 may comprise a housing 22. The housing
      22 encloses therewithin a cavity 24. The housing 22 may comprise two
      parts; a base 26 and a top 28. The housing 22 may be made of any rigid
      insulating material, of low magnetic impermeability. Thus, for example,
      the housing 22 may be made of plastic or glass.
PAR  The base 26 (FIGS. 1, 2, 5-7) may have, for example, a generally disk-like
      shape. Within the upper surface 30 of the base 26 and centrally disposed
      may be a depression 32. The depression 32 may be in the shape of a segment
      of a sphere substantially close to that of a hemisphere. Thus, the
      depression 32 is preferably smaller than a true hemisphere.
PAR  Extending radially from the depression 32 may be channels 34 and 36. The
      channels 34 and 36 take the form of polygonal cuts or indentations within
      the upper surface 30 of the disk-shaped base 26. Preferably the polygonal
      shape of the channels 34 and 36 takes the form of frusto-pyramidal
      indentations with two sides 38 and 40 of a first channel 34 and two sides
      42 and 44 of the other channel 36 defining two sides of the
      frusto-pyramidal indentation. The frusto ends 46 and 48 of the channels 34
      and 36 terminate at a point away from the segment depression 32. As seen
      from the top (FIG. 5) the intersection of the sides 38 and 40 of the first
      channel 34 and the sides 42 and 44 of the second channel 36 form in the
      top view a straight line 50 (FIG. 5) which extends radially through the
      substantially hemispheric depression 32. This line 50 extends from the
      frusto ends 46 and 48 into the base 26 and is tangent at the lowermost
      point 52 of the depression 32 (FIG. 7). The channels 34 and 36 extend into
      the base 26 intersecting the substantially hemispherical depression 32,
      thereby resulting in arced intersections 54 with the substantially
      hemispherical depression 32 (FIGS. 5 and 7). The side walls 38, 40, 42,
      and 44 of the channels 34 and 36 may form between them any suitable angle
      which, for example, may be 60.degree..
PAR  Extending vertically through the base 26 may be a pair of electrical
      contacts 54 and 56. Each of the contacts 54 and 56 extends into a
      respective one of the channels 34 and 36 adjacent to, but spaced from the
      frusto ends 46 and 48, respectively, of the channels 34 and 36. The
      contacts 54 and 56 are preferably flush with the sides 38, 40, 42, and 44
      of the channels 34 and 36 and have the exposed ends thereof of a wettable
      material (i.e., wettable by the liquid conductor in the switch).
PAR  Turning now to the top 28 (FIGS. 1-4), this portion of the housing 22 takes
      the form of an inverted cylindrical cup with the closed end 58 uppermost.
      The open end 60 is provided with a radially extending flange 62 which
      terminates in a downwardly extending lip 64. As previously indicated, the
      top 28 forms an inverted cylindrical cup. The closed end of the cup
      internally may comprise a conical depression 66. In the alternative, this
      closed end may assume any other convenient shape, for example, a flat
      radial plane (not shown). The function of this conical depression 56 will
      be more fully discussed hereinbelow. Extending parallel the axis of the
      cylindrical portion 68 of the top 28 within the side walls 70 thereof may
      be formed two slots or passageways 72 and 74. The functions of these two
      slots or passageways 72 and 74 will be more fully discussed below.
PAR  Within the cylindrical portion 68 of the top 28 may be an armature means 76
      (FIGS. 1, 2, and 8). The armature may take the form of any conductive or
      nonconductive material. Preferably, in order to assure ease in
      manufacture, the armature may be made of any well known plastic material
      which will not react with a liquid conductor as shall be more fully
      explained hereinafter. The armature 76 may have a generally cylindrical
      shape and conform to generally cylindrical portion 68 of the top 28 so as
      to move freely therewithin. Intergral therewith and forming a part thereof
      may be a metallic magnetically responsive collar 78 which may extend along
      a substantial axial length of the armature 76. The uppermost portion of
      the armature 78 terminates in a cone 80 which is intended to be in
      registry with the conical depression 66 of the closed end 58 of the top
      28. The function of the conical end 80 of the armature 76 will be more
      fully discussed hereinafter. The axial bottom of the armature 76 may have
      therein a depression 82 substantially in the form of a segment of a
      sphere. Thus, preferably the depression 82 may approximate but be somewhat
      less than a hemisphere.
PAR  Upon the base may be disposed a quantity of a liquid conductor which may be
      preferably mercury 84 (FIGS. 1 and 2).
PAR  Disposed about the side walls 70, which enclose the cylindrical portion 68
      of the top 28, may be a magnet intended to exert magnetic flux upon the
      armature 76. Thus, such a magnet 86 (FIGS. 1 and 2) may take the form of a
      toroidal magnet 86.
PAR  Secured to the closed end 58 of the top 28 may be a discoid 88 having
      therein a central depression so as to engage the top 28. This discoid 88
      may be made of any magnetically responsive material such as, for example,
      a ferro-magnetic material such as steel. The discoid 88 serves as a
      keeper, a function that will be more fully discussed below, and is secured
      to the top 28 by a snug fit. The diameter of the discoid keeper 88 is
      substantially less than that of the magnet 86. Secured to the magnet 86
      and enclosing the keeper 88 may be a push-button 90.
PAR  In assembly, the base 26 is inserted within the lip 64. The lip is spaced
      so as to firmly engage the sides 92 of the base 26. The radial flange 62
      encloses with a planar upper surface 30 of the base 26, enclosing the
      channels 34 and 36. The slots 72 and 74 are so disposed and dimensioned
      (FIG. 4) as to be in registry with the widest arc 94 and 96 respectively
      at the intersection of the channels 34 and 36 with the substantially
      hemispheric depression 32 (FIG. 5).
PAR  The magnet 86 is about the housing top 28 with the keeper 88 secured in
      place and the push-button 90 secured thereabout to the magnet 86.
PAR  It will be observed that unlike prior art devices, no special orientation
      is required for the armature 76.
PAR  Certain physical principles are exploited in the special features of the
      present invention. Thus, the force of surface tension is known to act
      tangentially to the surface of a free liquid to confine that pliant body
      as if within a skin-like envelope. The shape thus assumed by a drop of
      liquid represents a condition of minimum energy consistent with the forces
      acting upon it. In the absence of all external forces, such as gravity or
      compressing walls, only the surface tension affects the liquid and the
      liquid would thereby assume a sphere. A drop of liquid placed on a planar
      surface that it does not wet becomes somewhat flattened by the
      unidirectional pull of gravity. Since the surface tension is dependent
      upon the area affected and the force of gravity is proportional to the
      mass or volume of the liquid, it follows that the smaller the drop, the
      more closely spherical it will be. To deform the droplet from a natural
      shape requires externally applied pressure against the opposition of the
      surface tension. Two special conditions are employed in the present
      invention.
PAR  First, a droplet of high surface tension is made very small so that the
      forces of gravity are reduced to an almost negligible significance
      compared with the forces of surface tension. The resulting droplet is
      almost perfectly spherical. Thus, in the preferred embodiment presented,
      the mercury 84 assumes a spherical shape which is in turn reinforced by
      placing the mercury 84 in a spherical cavity having the natural diameter
      of the droplet. During switching action, the droplet of mercury 84 is
      compressed (FIG. 2) forcing a portion of the droplet to extrude through
      ports 55 in the substantially hemispherical depression 32. The movement of
      such small portions of mercury 84 should occur only during deliberate
      actuation of the switch 20 and not from gravity or the random agitation of
      vibration and shock. It is also desired that the droplet not subdivide and
      disperse on suffering mechanical shock or vibration. The achievement of
      these objectives is derived from the smallness of the droplet, its close
      confinement in the spherical portion and the narrowness of the ports 52
      into the extensions 34 and 36. It is believed that a substantial force is
      needed to deform the droplet of mercury 84 through such constricted
      openings 55. This force is available by design from the normal push-button
      pressure of the switch operation but is not available from other sources.
      Thus, the mass-acceleration forces generated by vibration are minimized
      due to small mass contribution of the armature 76, mercury 84. The
      momentum gathered by the droplet of mercury 84 from such acceleration is
      low because there is little room for the displacement required to pick up
      speed and hence little energy upon impact with the surroundings. Lastly,
      there is a spherical cavity wall to promote the retention of the droplet
      integrity.
PAR  The second condition is directed to the behavior of the mercury droplet 84
      and its behavior in passages or tunnels whose walls it does not wet and
      whose cross-sections are smaller than the natural diameter of the free
      droplet. If a droplet of mercury is confined in an open-ended tube of
      small constant inner circular diameter, the droplet is caused to elongate.
      It will do so equally in both available directions. If the tube is changed
      to a cone of a small acute angle, the droplet will be forced away from the
      apex toward regions of greater diameter. If the cone is now changed to a
      pyramid or polygonal cross-section, similar movement away from the apex
      will be observed with an additional feature of great significance to the
      present invention. The droplet will be flattened somewhat against the
      planar walls of the pyramid but it will not fill the sharp corners where
      the walls intersect. If the droplet is pressed by some means toward the
      apex of the pyramid, it will tend to penetrate more deeply into the
      corners but the ever-increasing resistance of surface tension will demand
      inordinately larger external forces to produce slight gains in this
      respect. In the present invention, these phenomena are employed in two
      ways. The droplet 84 is so pressed toward the frusto ends 46 and 48 of the
      small pyramidal channels 34 and 36 in the course of switch closure.
      Furthermore, the advancing liquid displaces gases occupying the pyramidal
      channels 34 and 36. If these cannot escape, they threaten to block entry
      of the liquid. This most frequently happens in constant diameter
      smooth-walled capillaries. The open passages along the corners at the wall
      intersections provide the required vent path for reasons discussed above.
      When the switch is opened, the converging walls of the pyramidal
      extensions 34 and 36 cause the droplet to withdraw from the apex promptly.
PAR  Description of the characteristic behavior of nonwetting drops of liquid
      such as mercury between intersecting planes or within cones can be found
      in various texts. In particular, "Elementary Treatise on Physics" by Ganot
      (William Withing Co., 1890), pp. 116-117.
PAR  In operation, it will be observed (FIGS. 1 and 2) that the armature 76
      within the cavity 24 of the housing 22 defines in combination with the
      walls of the housing 22 a chamber generally indicated as 98 (FIG. 1). The
      chamber 98 may be considered as having a variable volume portion 100 and a
      constant volume portion 102. Clearly, the spherical droplet of mercury 84
      occupies substantially the variable volume portion 100 of the switch 20.
      The movement of the armature 76 is between a raised position with its
      cone-like top 80 in registry with the conical depression 66 in the closed
      end 58 of the housing top and a second position (FIG. 2) with the outer
      marginal edge 104 of the substantially hemispherical depression 82 of the
      armature 76 abutting the upper surface 30 of the base 26 and about the
      substantially hemispherical depression 32 therein. Thus, the armature 76
      is caused to move between a first (FIG. 1) and a second (FIG. 2) quiescent
      position.
PAR  The toroidal magnet 86 is so disposed as to cause the motion of the
      armature 76. The arrangement of the magnet is so disposed as to provide a
      relatively large holding force supporting the armature 76 in its two
      quiescent positions in order to assure firm closure and opening of the
      switch 20 and to protect against mechanical disturbance. The maximum force
      between the magnet 86 and the armature 76 occurs when the magnetically
      responsive portion of the armature (the collar 78) occupies between
      approximately 40 and 80 percent of the axial length of the magnet 86. The
      direction of this force is such as to attempt to draw the armature 76
      further into the magnet 86 (see Standard Handbook for Electrical
      Engineers, A. K. Knowlton, Ed., 8th Edition, McGraw-Hill, 1949, p. 493).
      Thus, in operation, when the magnet 86 is in its uppermost position,
      abutting the keeper 88, the armature 76 is in its uppermost first
      quiescent position against the upper end 66 of the closed end 58 of the
      top 26. The topmost edge 106 of the collar 78 lies at or above the equator
      of the magnet 86 but well below the top surface 108 of the magnet 86. In a
      similar manner, when the magnet 86 is in its lowermost position (FIG. 2)
      held down by manual pressure on the push-button 90, the armature 76 is in
      its lowermost second quiescent position against the upper surface 30 of
      the base 26. The bottom edge 110 of the collar 78 lies at or below the
      equator of the magnet 86. To further enhance the holding forces and the
      forces causing motion of the armature 76 in response to the motion of the
      magnet 86, it is preferred that the axial length of the collar 78 be equal
      to or slightly longer than the axial length of the magnet 86.
PAR  In the first quiescent position of the armature 76, it will be noted that
      the depressions 32 and 82 form together a spherical chamber with a space
      therebetween by the portions thereof of the armature 76 and base 26 which
      do not complete this sphere. The droplet 84 as indicated substantially
      fills the spheroid portion of the variable volume portion 100 of the
      chamber 98. As the push-button 90 is manually depressed, the magnet 86 is
      pushed away from the keeper 88 and travels downward to the radial flange
      62. In response thereto, the armature 76 moves from the first quiescent
      position (or an open switch position) to the lowermost or second quiescent
      position against the upper surface 30 of the base 26. The pressure of the
      armature 76 on the mercury 84 increases as the volume between the
      depressions 32 and 82 diminishes. The pressure soon overcomes the
      opposition of surface tension of the mercury 84 and portions of the liquid
      shoot off into the pyramidal channels 34 and 36 to make contact with the
      electrical contacts 54 and 56 respectively, thereby completing switch
      closure. It will be noted that portions 112 and 114 of the channels 34 and
      36 are radially further outwardly from the hemispheric depression 32.
      These provide regions of override assuring reliable switch closure by
      permitting the columns of mercury 84 to pass beyond the necessary contact
      points. This design also permits an excess amount of mercury 84 to be used
      so as to avoid overly critical dimensional tolerances. With the armature
      76 in the first quiescent position (FIG. 1) the cavity gas fills the
      channels 34 and 36. The mercury 84 entering the channels avoids the
      corners formed by the intersections of the walls 38, 40, 42, 44, and 62,
      as a result of the surface tension in maintaining a curved meniscus, as
      previously discussed. The sharp intersections between channel walls 38,
      40, and 62, as well as 42, 44, and 62 provide escape paths along which the
      displaced gases can be vented harmlessly without blocking the entry of the
      mercury 84. Furthermore, the vent paths defined by the intersections of
      the sides 38 and 40 with the top or flange wall 62 as well as sides 42 and
      44 and flange 62 communicate with the additional vents or pasageways 72
      and 74 in the top 28. Thus, the venting gas bypasses the armature 76. As
      the armature 76 moves toward the second quiescent position (FIG. 2) it
      provides a temporary storage space for the gases at the upper end of the
      housing 26. These vent grooves or passageways 72 and 74 are, it should be
      observed, very shallow, deep enough to only pass the gas but offering a
      greater impedance to the entry of mercury than do the entranceways 52 into
      the constant volume portion 102 (channels 34 and 36) of the chamber 98. In
      the event that some mercury 84 should find its way into these passageways
      72 and 74, the effect on the switch 20 is obviously minimal. This is
      because of the low probability of such an occurrence and because of the
      miniscule space available in the passageways 72 and 74. Furthermore, such
      a small amount of mercury 84 cannot totally plug the vent passageway 72
      and 74 because of the essentially rectangular cross-sectional cut or form
      in the side wall 70. Still a further reason is that the gas flow will tend
      to carry such dispersed mercury 84 back to the main droplet 84, if the
      dispersed smaller droplet constricts the vent path or passageway 72 and 74
      sufficiently to cause momentary local buildup of gas pressure.
PAR  Taken from another viewpoint, the passageways 72 and 74 and armature 76
      form a pumping or recirculation system. When the armature 76 leaves the
      first quiescent position and compresses the mercury 84 sending offshoots
      of the mercury 84 into the channels 34 and 36, gas is pumped through the
      passageways 72 and 74 and into the region at the uppermost portion of the
      top 28, being vacated by the descending armature 76. Any subdroplets in
      the passageways 72 and 74 will be carried upward by the gas. When the
      armature 76 returns to its first quiescent position, its registry with the
      conical depression 66 will tend to pump the upper region of the top 28
      free of the gas and mercury. The resultant downward flow of the gas will
      carry any subdroplets of mercury 84 back to the main pool 84. Any mercury
      that would remain would be extremely small and not have any effect upon
      the operation of this switch. Thus, the switch design is self-protective
      against dispersal of mercury, minimizing the likelihood of any dispersal,
      providing for means of return of dispersed subdroplets if some dispersal
      does take place and supplying a surplus of mercury to compensate for such
      minor losses as might occur under the most extreme conditions.
PAR  With the armature 76 in the second quiescent position, the push-button 90
      is manually released. The keeper 88 attracts the magnet 86 upwardly which
      in turn pulls the armature 76 back to the first quiescent position. The
      surface tension pulls the mercury columns in the channels 34 and 36 back
      toward the depression 32 in an effort to reform a spherical body of
      liquid. The pyramidal geometry of the channels 34 and 36 acts to eject the
      mercury columns away from the respective apices, thereby aiding in the
      restoration to the first quiescent position. The sphericity of the
      variable volume portion 100 of the chamber 98 also reinforces the
      reformation of the spherical body of liquid. The exact compatibility
      between the shape of the spherical portion 100 of the chamber 98 and the
      natural tendency of the liquid provides a suction effect. As the armature
      76 rises, the substantially hemispherical depression 82 in the armature 76
      is in intimate contact with the upper surface of the mercury droplet 84,
      excluding gases from the area of contact. As a consequence, the depression
      82 exerts a sucking force on the pliant droplet 84 as the armature 76
      rises. A similar force appears between the base depression 32 and the
      lower surface of the mercury droplet 84. These forces, directed parallel
      to the axis of the switch 20, are converted hydraulically into transverse
      forces also providing the withdrawal of the mercury columns from the
      channels 34 and 36. Thus, not one but a battery of restorative forces
      arise when the switch 20 is returned to its first quiescent position.
      Withdrawal of the mercury columns from the channels 34 and 36 breaks the
      contacts with the electrical contacts 54 and 56, thereby opening the
      switch circuit.
PAR  During the withdrawal of the mercury columns from the channels 34 and 36,
      some retardation may be expected because of the anchoring effect of the
      wetted attachments of the mercury wetted contacts 54 and 56. The mercury
      threads between the central droplet 84 and the contacts 54 and 56 must
      thin and break to effect the opening of the switch circuit. To facilitate
      this breaking action, the contacts 54 and 56 are small in diameter and
      placed perpendicularly to the mercury columns to minimize the area of
      attachment. The outward ends of the mercury threads near the contacts 54
      and 56 are necessarily smaller in cross-section than the inward ends at
      their connection with the main mercury droplet 84 because of the taper in
      the channels 34 and 36. Consequently, the threads are weakest near their
      outward ends. This causes the threads of mercury to break in the vicinity
      of the electrical contacts 54 and 56. As a result, the separation of the
      mercury threads is encouraged at an early stage in the cycle of the
      operation of the switch. The lag between the release of the push-button 90
      and the breaking of the mercury thread assures a predetermined ON window.
      This ON window, or hysteresis effect, assures a certain minimum operation
      period regardless of how fast the switch 20 is operated. Alacritizing of
      the walls further inhibits the adhesion of the mercury to the walls or
      sides 38, 40, 42, 44, and 62 of the channels 34 and 36. In addition, the
      returning gas pumped by the armature 76 tends to add a further pressure
      upon the columns to urge the mercury out of the channels 34 and 36 and
      back into the variable portion 100 of the chamber 98.
PAR  By employing a constant volume portion 102 of the chamber 98, it is
      possible to locate the contacts 54 and 56 to the point as removed as
      possible from the central pool of mercury 84. In addition, the walls of
      the channels 34 and 36 may be so dimensioned as to make premature closing
      of the switch due to shock and vibration improbable. The venting, unlike
      prior art devices, makes sure of the proper passage of the mercury through
      such restricted passageways.
PAR  Another advantage over some of the prior art devices is the complete
      symmetry of the switch 20 herein. Thus, aside from the orientation of the
      top 28 with the bottom 26, the armature 76 requires no orientation. In
      addition, the armature can be made of conductive or nonconductive
      material. It is not necessary that the extensions be pyramidal in shape so
      long as venting paths are provided. In addition, the channels 34 and 36
      need not be radial extensions. It will be observed that in the second
      quiescent position of the armature 76, a continuous path of mercury is
      found from one electrical contact 54 to 56. This is because the bottom of
      the armature abuts the uppermost portion 30 of the base leaving a large
      quantity of mercury 84 in the variable volume portion 100 of the chamber
      98. Contacts 54 and 56 may conveniently be raised into or lowered beneath
      the channels 34 and 36. Indeed, the channels 34 and 36 may be formed
      either in a straight pyramidal form or curved as would result from cutting
      with a circular blade. Indeed, further polygonal shapes may be formed in
      the flange 62 in order to encourage further venting.
PAR  By way of example of the embodiment described above, the cylindrical
      portion of the top 28 may have an outer diameter of three-sixteenths of an
      inch and an inner diameter of approximately nine sixty-fourths of an inch.
      The hollow cylindrical portion 68 of the top 28 may be 0.290 of an inch in
      axial length. The armature 76, for example, may be 0.250 of an inch in
      overall axial length with diameter providing for close but freely sliding
      fit within the top 28. The armature 76 may thus have only 0.040 of an inch
      freedom of motion. The spherical droplet of mercury 84 may, for example,
      have a volume of 16.5 microliters with a natural radius of approximately
      one-sixteenth of an inch. The depressions 32 and 82 in the base 26 and
      armature 76 respectively may have a curvature of approximately
      one-sixteenth of an inch and be 0.035 of an inch in depth. Openings into
      the channels 34 and 36 at their intersections with the depressions 32 may
      be approximately equilateral triangles (partially spherical) of
      approximately 0.048 of an inch along each side. The channels 34 and 36 may
      have an overall radial length of approximately 0.140 of an inch ending in
      an equilateral triangle having a side length of approximately 0.012 of an
      inch. The passageways 72 and 74 in the top 28 may have a radial depth of
      0.005 of an inch and a circumferential arc length of approximately 0.050
      of an inch. These preferred dimensions are used to demonstrate the
      relationship between the mercury and the dimensions of the cavity so as to
      obtain the proper movement of the mercury within the switch 20.
PAR  As previously indicated, the constant volume portion 102 serves to locate
      the contacts 54 and 56 at a point in which they may operate successfully
      and in response to operations of the switch 20. It should also be
      understood that other contacts may be located in other positions within
      the chamber 98. For example, a contact 150 (FIG. 10) may be located within
      the depression 32 of the base 26. The resulting switch would be what is
      commonly known as a form-X switch used in telephone circuitry.
PAR  It is to be understood that the term "walls" may refer to a curved wall.
      Thus, the walls of the constant volume portion of the chamber might be
      defined by a cone. Venting might be provided by a narrow slot such as, for
      example, that provided in the cylindrical wall of the housing. Thus, the
      constant volume portion may be a cone having channels formed thereout to
      thereby provide a shallow polygonal cross-sectional vent channel. It
      should be understood that a cone is the general form of which a pyramid
      (as previously disclosed) is but one example. The term switch, as used
      herein, may be understood to apply to any electrical switch operation
      including relays.
PAR  The disclosure of the preferred embodiments, FIGS. 1 through 8 provide one
      means for moving the armature 76. Reference to FIGS. 9 and 10 will show
      two other arrangements for movement of the armature 76 in response to the
      motion of the magnet 86. With respect to both figures, there is disclosed
      a housing having a top 28 and bottom 26 and electrical contacts 54 and 56
      as well as mercury 84 and armature 76 disposed as in connection with the
      FIGS. 1 through 8.
PAR  Disposed about the cylindrical side walls 70 on the top 28 may be helical
      spring 114. The push-button 90 is secured to the magnet 86. Means may be
      provided (not shown) secured to the housing top 28 to prevent the magnet
      86 from being removed. Depression of the push-button 90 causes the magnet
      86 to compress the helical spring 114. The spring is so proportioned such
      that the armature 76 will experience full travel upon full compression of
      the spring 114. In the same manner, the spring 114 is replaced by a
      toroidal magnet 116, oppositely poled from the magnet 86 secured to
      push-button 90 so that when the push-button 90 is released, the opposite
      poles of the magnets 86 and 116 repel each other back to the initial
      position. As in the case with the embodiment of FIG. 9, means (not shown)
      attached to the housing 22 may be provided to prevent the removal of the
      push-button 90 therefrom. It is clear that in the case of all of the
      embodiments thus far described, it is necessary that the walls of the
      housing 22 be thin enough to allow the magnetic flux to easily permeate
      therethrough to move the armature 76. Further, in the instance of the
      embodiment of the FIG. 10, the thickness of the magnet 116 is so
      dimensioned such that in the full travel position of the magnet 86, the
      armature 76 travels to the second quiescent position.
PAR  FIGS. 11 and 12 are demonstrative of one form of mass production of the
      switches of this invention. Thus, there may be provided a plurality of
      interconencted switches (FIGS. 11 and 12) in which the housing top 28' is
      but a series of conjoined housings disclosed hereinbefore, enclosing
      therewithin the mercury 84 and armature 76. Into each of the cylindrical
      housings 28' may be inserted a base 26 having the channels 34 and 36 and
      hemispherical depression 32 therewithin.
PAR  Still another construction for the operation of a switch is provided herein
      (FIGS. 13 and 14) and have in common therewith the similar operational
      characteristics of that of the switch of FIGS. 1 and 2. Thus, there is
      provided a switch housing 22' having a stem 118 extending axially
      therefrom. About the stem 118 may be a resilient means such as a helical
      spring 120. A toroidal magnet 84' is about the stem 124 and housing 22'. A
      cup-like member 122 having an aperture 124 in the bottom 126 to admit the
      stem 118 therethrough abuts the spring 129 and acts as a keeper to the
      toroidal magnet 84'. A screw 128 or other enlargement of the stem 118 may
      serve to hold the keeper 122 from removal from the stem 118. Within the
      housing 22' may be any magnetically responsive switch means. This may
      exist in any of the other operational means disclosed herein with respect
      to the other embodiments.
PAR  In operation, the push-button 90', which is secured to the toroidal magnet
      84' as before, may be manually depressed. As the button 90' is depressed,
      the spring 120 compresses, allowing the keeper 122 to follow the
      push-button travel. With the spring 120 in a compressed state (FIG. 14),
      the magnet 84' separates from the keeper 122, immediately resulting in
      less force required to move the push-button 90'. The keeper 122, released
      from the magnet 84', is pushed upwardly by the spring 120, and clicks
      against the interior surface of the push-button 90'. The noise of the
      contact between the cup or keeper 122 and the push-button 90' delivers a
      sound as well as a tactile sense to the user that the operation of the
      switch has been completed. As the user pushes down on the push-button 90'
      further, the keeper 122 is then again compressed against the spring 120 by
      the push-button 90', thereby increasing the force necessary to push down
      the push-button 90'. The result of this force, less force, more force,
      until the push-button, 90' reaches a stop, is demonstrative of the tactile
      breakthrough that is well known with respect to mechanically operating
      keys. In this respect, reference should be made to the operation of the
      switch of FIGS. 1 and 2 wherein an initial force is required to separate
      the magnet 86 from the keeper 88, thereafter providing the user with a
      sense of release or less force after the magnet 86 separates from the
      keeper 88. This initial release conveys the sense of having completed an
      initial mechanical key movement and approximates the aforementioned
      tacilte breakthrough sensation.
PAR  FIG. 15 shows the tactile breakthrough simulated by the devices of FIGS. 1
      and 2 and 13 and 14. In both instances the user receives a `release`
      sensation which conveys a tactile feeling of having completed the switch
      operation.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Push-button operating means for operating magnetic responsive switch
      mechanisms of the type which is manually operated, said push-button
      operating means comprising:
PA1  a. means for housing the magnetic switch mechanism;
PA1  b. a magnet surrounding at least a part of said housing means;
PA1  c. keeper means for holding said magnet in a quiescent position;
PA1  d. push-button means for moving, in response to the manual operation, said
      magnet from said keeper with a predetermined initial force, said initial
      force being greater than that force necessary to continued movement of
      said magnet with respect to said switch housing, thereby stimulating
      tactile breakthrough and operating the switch mechanism; and
PA1  e. stop means for limiting the travel of said magnet.
NUM  2.
PAR  2. Push-button operating means as recited in claim 1, wherein said
      push-button means comprises a push-button secured to said magnet and said
      magnet comprises a toroid; said housing being substantially cylindrical
      and said toroid being about said housing.
NUM  3.
PAR  3. Push-button operating means as recited in claim 1, further comprising
      resilient means for resiliently holding said keeper means in a first
      position and permitting said keeper means to remain magnetically secured
      to said magnet during a portion of said movement and, upon said separation
      of said magnet from said keeper means, returning said keeper means toward
      the first position.
NUM  4.
PAR  4. Push-button operating means as recited in claim 3, wherein said housing
      comprises a stem, said resilient means comprises a spring about said stem,
      said magnet comprises a toroidal magnet about said housing; said keeper
      means comprises a substantially magnetic responsive member movably secured
      to said stem and supported by said spring; said push-button comprises a
      hollow push-button surrounding said keeper, spring, and stem and engaging
      said magnet so that said keeper means is within said push-button such that
      upon said return of said keeper means by said spring, and said continued
      movement of said push-button, said keeper means engages said push-button
      and is further compressed against said spring.
NUM  5.
PAR  5. A push-button operating means as recited in claim 1, wherein said stop
      means being so disposed such that said magnetic means being attracted back
      to said keeper means upon the removal of the force moving said push-button
      means.
NUM  6.
PAR  6. A push-button operating means as recited in claim 4 wherein said stop
      means being so disposed such that said magnet being attracted back to said
      keeper upon the removal of said force moving the said push-button.
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ABST
PAL  A multi-position detent device in which a plurality of detent positions are
      available with each position determined by discrete magnetic fields
      established between stator and rotor pole pieces and in which both stator
      and rotor have a magnet sandwiched between pole members in which the pole
      pieces radially project with respect to the stator and rotor pole pieces
      of opposite polarity projecting toward each other.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A detent device is one in which a moving part thereof is stopped due to the
      action of the device in a predetermined position. A multi-position rotary
      detent device is one in which a part which is capable of rotary movement
      is provided with a number of stopping points -- each being in detent
      position. The stopping point in a detent device is not a positive stop but
      one in which an additional amount of energy or force must be provided or
      utilized in order to move out of that position.
PAR  Detent devices in various configurations are well known in the art. A
      detent device which is stopped or which has its detent positions
      determined by mechanical action has a relatively short life due to the
      frictional engagement of parts. It is important in many applications to
      have a relatively simple detent device which is capable of long life and
      one which is not subject to severe wear due to frictional engagement of
      parts.
PAC  SUMMARY OF THE INVENTION
PAR  A multi-position rotary detent device including a stator and a rotor in
      which each has a magnet and pole members adjacent the magnet surfaces with
      pole pieces formed on the pole members so that the respective pole pieces
      of one of the pole members of the stator project radially toward the pole
      pieces of one of the pole members of the rotor and the pole pieces of the
      remaining pole member of the stator project radially toward the pole
      pieces of the remaining rotor pole member with opposite pole pieces
      oppositely magnetically oriented so that the relative angular position of
      the stator and rotor determines the magnetic flux paths between selected
      pole pieces providing detent positions.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front perspective view of a multi-position rotary detent device
      constructed in accordance with the teachings of this invention; and
PAR  FIG. 2 is a longitudinal sectional view of the device shown in FIG. 1.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  A multi-position detent device constructed in accordance with the invention
      is shown in FIGS. 1 and 2. Stator 10 of the device includes a generally
      square dished out base 12 which in the preferred embodiment is formed out
      of a non-magnetic material. In this embodiment bushing 14 is formed
      integral with the base and rotatably supports non-magnetic shaft 16. Flat
      washer 18 is also used in this embodiment in mounting the rotor 20 on
      shaft 16 at flattened surface portion or keyway 22 which is provided so
      that the rotor 20 cannot rotate relative to shaft 16. The stator 10
      provides a first rotary member of the device and includes permanent magnet
      24 having one surface which is designated 24a oriented magnetic north and
      a second surface which is designated 24b oriented magnetic south. The
      magnet is provided with a cylindrical cut out central portion 25. Magnet
      24 is sandwiched between two pole members which are formed of a
      magnetizable material such as steel. These pole members are designated in
      the figures by the respective numerals 26 and 28 and are respectively
      adjacent surfaces 24a and 24b so that pole member 26 is magnetized north
      by the presence of magnet 24 and pole member 28 is magnetized south by the
      presence of magnet 24. Each of the pole members is provided with a central
      cut out portion somewhat similar to cut out portion 25 of magnet 24;
      however, the walls surrounding the respective cut out portions in the pole
      members are "wavy" or generally sinusoidal so that a plurality of radially
      inwardly projecting pole pieces are formed on each. The pole pieces of the
      pole member 26 are designated in the figures by the numeral 26a and the
      pole pieces of member 28 by the numeral 28a. In the embodiment described
      herein, pole pieces 26a are oriented magnetic north by the presence of
      magnet 24 and pole pieces 28a are oriented magnetic south by the presence
      of magnet 24.
PAR  The rotor 20 which provides a second rotary member of the device is
      constructed similar to the stator in that a second permanent magnet 30 is
      sandwiched between pole members 32 and 34 formed with pole pieces 32a and
      34a which are magnetized south and north respectively due to the presence
      of the magnet 30. In the rotor the magnet 30 is a cylindrical disc having
      approximately the thickness of magnet 24 and is mounted on a shaft 16 with
      surface 30a oriented magnetic south and surface 30b oriented magnetic
      north. Pole member 32 is adjacent surface 30a so that the outwardly
      radially projecting pole pieces 32a formed by the sinusoidal periphery
      thereof are oriented magnetic south. Pole member 34 is adjacent surface
      30b so that the outwardly radially projecting pole pieces 34a are oriented
      magnetic north. The dimensions of the parts is such that when assembled
      the rotor and stator are concentric with the rotor within the central
      opening in the stator and respective pole pieces of stator and rotor are
      spaced from one another.
PAR  Four screws 36 -- two of which are seen in the figures -- are threaded
      through corner threaded holes in the base and stator magnet and pole
      members to maintain these parts in relative position.
PAR  In the position of the rotor with respect to the stator that is shown in
      the FIGS. 1 and 2, the device is considered to be in the detent position
      and there are magnetic flux paths established between facing selected pole
      pieces of stator and rotor. The selected facing pole pieces are determined
      by the angular position of the shaft. Rotation of the shaft if desired
      could establish new flux paths with different pole pieces facing in the
      determination of additional detent positions.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A multi-position rotary detent device including, in combination, a first
      rotary member, a first magnet of said first rotary member having first and
      second magnetic surfaces respectively oriented magnetic north and magnetic
      south, first and second pole members of said first rotary member
      respectively adjacent said first and second magnetic surfaces, and first
      and second pole members being in fixed relation with said first magnet and
      formed of a magnetic material, radially projecting first and second pole
      pieces of said first and second respective pole members, a second rotary
      member rotatably supported with respect to said first rotary member, a
      second magnet of said second rotary member having third and fourth
      magnetic surfaces respectively oriented magnetic south and magnetic north,
      third and fourth pole members of said second rotary member respectively
      adjacent said third and fourth magnetic surfaces, said third and fourth
      pole members being in fixed relation with said second magnet and formed of
      a magnetic material, radially projecting third and fourth pole pieces of
      said third and fourth respective pole members, said first and third pole
      pieces projecting toward each other, said second and fourth pole pieces
      projecting toward each other, and means for relatively rotating said first
      and second rotary members whereby the relative angular position of said
      first rotary member with respect to said second rotary member determines
      the magnetic flux paths between selected first and third pole pieces and
      selected second and fourth pole pieces.
NUM  2.
PAR  2. A multi-position rotary detent device in accordance with claim 1 in
      which said first rotary member constitutes the stator and said second
      rotary member constitutes the rotor of the device.
NUM  3.
PAR  3. A multi-position rotary detent device in accordance with claim 1 in
      which said second magnet is a circular disc and said third and fourth pole
      members are discs with said third and fourth pole pieces projecting
      outwardly respectively in the planes thereof.
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ABST
PAL  An electric heating device is positioned in close proximity with a
      thermostat. An electrical energizing device energizes the heating device.
      The energizing device includes a switch for selectively actuating and
      deactivating the energizing of the heating device. A timer is coupled to
      the switch. The timer closes the switch thereby energizing the heating
      device and raising the temperature in the area of the thermostat above
      room temperature by .DELTA.T determined by the amount of heat generated by
      the heater and the distance between the heater and the thermostat. The
      timer opens the switch after a preselected period of time thereby
      deenergizing the heating device and lowering the temperature in the area
      of the thermostat to the room temperature whereby the thermostat controls
      the room temperature in accordance with the setting thereon.
BSUM
PAC  DESCRIPTION OF THE INVENTION:
PAR  The present invention relates to a thermostat offsetting device. More
      particularly, the invention relates to a thermostat offsetting device for
      controlling the operation of a thermostat.
PAR  Objects of the invention are to provide a thermostat offsetting device of
      simple structure, which is inexpensive in manufacture, operable with
      convenience and facility, installable in new and existing structures with
      convenience and facility, and operates effectively, efficiently and
      reliably to offset and control the operation of a thermostat.
DRWD
PAR  In order that the invention may be readily carried into effect, it will now
      be described with reference to the accompanying drawing, wherein:
PAR  FIG. 1 is a block diagram of an embodiment of the thermostatic offsetting
      device of the invention;
PAR  FIG. 2 is a circuit diagram of the embodiment of FIG. 1; and
PAR  FIG. 3 is a graphical presentation illustrating the operation of the
      thermostat offsetting device of the invention.
DETD
PAR  The thermostat offsetting device of the invention controls the operation of
      a thermostat 1 (FIG. 1). The thermostat 1 may include, for example, a
      bimetallic thermostat switch 2 (FIG. 2).
PAR  The thermostat offsetting device of the invention comprises an electric
      heating device 3 (FIGS. 1 and 2) in close proximity with the thermostat 1,
      preferably with the bimetallic thermostat switch 2 of said thermostat. The
      thermostat 1 has a selected setting T.sub.o thereon. The electric heating
      device 3 preferably comprises a resistance heating element of any suitable
      type.
PAR  An electrical energizing device energizes the heating device 3 from a
      source 4 of electrical energy such as, for example, a commercial source.
      The electrical energy may be provided in the standard 115 volts at a
      frequency of 60 Hertz. The energizing device 5 (FIGS. 1 and 2) includes a
      switch 6 (FIG. 2) for selectively activating the energizing of the heating
      device 3 and selectively deactivating the energizing of said heating
      device.
PAR  In accordance with the invention, a timer 8 of any suitable type (FIG. 2)
      is coupled to the switch 6, as indicated by the broken lines 9 in FIG. 2.
      The timer 8 closes the switch 6 thereby energizing the heating device 3
      and raising the temperature in the area of the thermostat above room
      temperature by .DELTA.T. The temperature increment .DELTA.I T is
      determined by the amount of heat generated by the heating device 3 and the
      distance between the heating device and the thermostat 1. The timer 8
      opens the switch 6 after a preselected period of time thereby deenergizing
      the heating device 3 by opening the circuit to the electrical energy
      source 4 and lowering the temperature in the area of the thermostat to the
      room temperature. The thermostat 1 temperature is then the same as the
      room temperature and the thermostat controls the room temperature in
      accordance with the setting T.sub.o thereon.
PAR  When the switch 6 is closed, the room temperature dips by .DELTA.T from the
      temperature T.sub.o set on the thermostat 1. The thermostat 1 controls the
      temperature around the level T.sub.o - .DELTA.T.
PAR  FIG. 3 illustrates the operation of the thermostat offsetting device of the
      invention. In FIG. 3, the abscissa represents the time in hours and the
      ordinate represents the house temperature in degrees Fahrenheit. In the
      example of FIG. 3, the switch 6 is closed from 9 P.M. to 5 A.M. The timer
      8 opens the switch 6 at 5 A.M. and thereby deenergizes the heating device
      3, so that the thermostat 1 operates normally from 5 A.M. until 9 P.M. At
      9 P.M., the switch 6 is closed by the timer 8.
PAR  While the invention has been described by means of a specific example and
      in a specific embodiment, I do not wish to be limited thereto, for obvious
      modifications will occur to those skilled in the art without departing
      from the spirit and scope of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A thermostat offsetting device for controlling the operation of a
      thermostat having a selected setting thereon, said thermostat offsetting
      device comprising
PA1  an electric heating device in close proximity with a thermostat;
PA1  electrical energizing means for energizing the heating device, said
      energizing means including switch means for selectively activating the
      energizing of the heating device and deactivating the energizing of the
      heating device; and
PA1  timer means coupled to the switch means for closing the switch means
      thereby energizing the heating device and raising the temperature in the
      area of the thermostat above room temperature by .DELTA.T determined by
      the amount of heat generated by the heating device and the distance
      between the heating device and the thermostat and opening the switch means
      after a preselected period of time thereby deenergizing the heating device
      and lowering the temperature in the area of the thermostat to the room
      temperature whereby the thermostat controls the room temperature in
      accordance with the setting thereon.
NUM  2.
PAR  2. A thermostat offsetting device as claimed in claim 1, wherein the
      heating device comprises a resistance heating element.
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ABST
PAL  New and improved apparatus and method for seismic exploration on land
      transports sensing geophones with a flat, lightweight, towing medium or
      sheet which conforms to the earth's surface. The geophones are mounted on
      sleds attached to the towing medium by strips or members of resilient
      material which isolate and decouple the geophone from vibrations and the
      like induced, sensed, or transmitted by the towing medium. The resilient
      members enable the geophones and sleds to continually maintain contact
      with the earth's surface over irregularities in the surface to provide
      good ground coupling for more accurate seismic exploration results. Plural
      or multiple towing mediums may be coupled together and towed into place
      for use in accordance with the desired geophone array to be used.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of Invention
PAR  The present invention relates to methods and apparatus for seismic
      exploration.
PAR  2. Description of Prior Art
PAR  In the prior art, geophone arrays for land seismic operations were
      positioned, or laid out, by individually placing or "planting" each
      geophone by hand. Typically, the geophones were clustered in groups at a
      plurality of stations, each geophone at a station being connected to
      auxiliary wiring known in the art as "strings" or "pigtails."
      Multi-conductor geophone cables were used to transmit the signals sensed
      by the geophones during seismic exploration to a recording apparatus. The
      cables and auxiliary wiring were positioned by men in the field or
      mechanically reeled from vehicle-mounted equipment such as storage reels.
      Consequently, placing the geophones and associated wiring and cables in
      position for seismic exploration and retrieving same when moving to a new
      location after completion of operations was costly, laborious, and
      time-consuming.
PAR  In marine seismic exploration operations, ballasted streamer cables having
      pressure type geophones therewith were drawn behind a marine vessel. The
      water medium permitted smooth pulling and towing operations with the
      streamer cables and permitted easy and ready acoustic coupling of the
      seismic energy with the pressure geophones.
PAR  Previous attempts in seismic exploration to push, pull, or tow a land
      geophone cable have been unsatisfactory for several reasons. Such geophone
      cables have heretofore utilized a long conductor cable having a protective
      plastic or rubber exterior covering and having velocity geophones mounted
      by gimbals in covered housings in the cable, or in housings coupled to the
      cable by coupling wire. The gimbal mountings were required to maintain the
      geophones upright to provide accurate sensing of seismic signals.
PAR  The prior art geophone cables were heavy and cut into the earth's surface
      or ground during movement and use and were thus difficult to pull,
      particularly if of substantial length. Also, such cables were expensive
      and subject to wear. Further, and more importantly, the gimbal mountings
      prevented effective decoupling and isolation of the geophones from
      vibrations and the like induced in or sensed by the taut towing cables
      during seismic exploration, reducing the sensitivity and accuracy of the
      geophones. When the cables and geophones were used on uneven ground
      surfaces, difficulties in decoupling and isolation, and problems in
      achieving a good ground coupling between the geophone and the ground
      surface were further increased.
PAC  SUMMARY OF INVENTION
PAR  Briefly, the present invention provides a new and improved method and
      apparatus for seismic exploration using seismic signals wherein geophones
      are moved and placed in position for seismic exploration operations by a
      towing medium. Once the geophones are in position and exploration
      operations begin, a resilient strip member isolates the geophones from
      vibrations and the like induced in the towing medium during exploration
      operations in order to obtain more accurate results during seismic
      exploration.
PAR  The resilient strip member flexibly mounts the geophones to the towing
      medium and permits the geophones to maintain ground contact and engagement
      and good ground coupling when exploration is being conducted on rough or
      uneven ground surfaces. Apertures or cut-outs are formed in the towing
      medium to permit the geophones and resilient strip to move upwardly and
      downwardly with respect to the towing medium during movement over the
      earth's surface, with the resilient strip absorbing vibrations induced in
      the towing medium during seismic exploration and decoupling and isolating
      the geophones from such vibrations.
PAR  The towing medium in the preferred embodiment is a flexible sheet member,
      conforming to the earth's surface or ground having substantial width
      relative to the longitudinal axis of the medium and transverse that of the
      towing movement, thereby resisting undesirable axial, dimensional or
      oscillatory rotation, rolling, or tipping during movement. The resilient
      strip is mounted with the towing sheet member by a clamp bar having a
      beveled leading edge which partially smooths a path for the geophones
      during movement of the towing sheet. The geophones are mounted on geophone
      sleds which mount the geophones with the resilient strip and further
      engage the ground surface for coupling the geophones therewith.
PAR  It is an object of the present invention to provide a new and improved
      method and apparatus for seismic exploration.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an elevation view of the apparatus of the present invention;
PAR  FIG. 2 is a plan view taken along the line 2--2 of FIG. 1;
PAR  FIG. 3 is a cross-sectional view taken along the lines 3--3 of FIG. 2;
PAR  FIG. 4 is a cross-sectional view taken along the lines 4--4 of FIG. 3; and
PAR  FIG. 5 is a cross-sectional view taken along the lines 5--5 of FIG. 2.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the drawings, the letter A designates generally the apparatus of the
      present invention used for seismic exploration on the earth's surface. The
      apparatus A comprises a purality of towing sheet members T for moving and
      placement of a plurality of geophones G in a desired geophone array for
      sensing seismic signals sent into the earth's surface during the seismic
      exploration operations. The geophones G may be any of the numerous
      conventional commercially available seismic sensing geophones of the
      well-known type. A truck or other vehicle V is connected by a chain 10 or
      other suitable connecting structure to drag and tow the towing sheet
      members T and the geophones G into position for the seismic exploration
      operations, as will be more evident hereinbelow.
PAR  Each of the towing sheet members T with the exception of the foremost
      towing sheet member T, nearest the vehicle V, and the rearmost towing
      sheet member T is connected at a leading and trailing edge with an
      adjacent towing sheet member T by a link coupling L (FIGS. 1 and 2). In
      this manner, the towing sheet members T may be mounted with each other in
      a streamer arrangement or array in accordance with the desired geophone
      array to be used during the seismic exploration operations. Each of the
      geophones G is electrically connected through an electrical conductor 11
      (FIG. 2) to monitoring, sensing, and recording instrumentation of the
      conventional and well-known type which is contained in a van or cabin 12
      on the vehicle V (FIG. 1).
PAR  Considering the towing sheet members T more in detail (FIG. 2), each of the
      towing sheet members T includes a nose portion 20 having a tapered outer
      surface 20b and having an aperture or opening 20a formed therein to
      receive a link or chain 15 of the link coupling L. A central or center
      coupling 16 of the link coupling L is connected with a rear link or
      coupling 17 of the link coupling L which is connected to a rear or tail
      portion 22 of the preceding or leading towing sheet member T at an
      aperture 22a formed therein. The central towing members 16 permit turning
      and oscillatory or wave movement between leading and trailing towing sheet
      members T when it is desired to tow the array of towing sheet members T
      about a corner during movement of the apparatus A, or when the sheet
      members T are towed over irregular surfaces, as will be set forth
      hereinbelow.
PAR  A center or middle portion 21 extends between the nose portion 20 and the
      rear portion 22 of each of the towing sheet members T (FIG. 2). The towing
      sheet members T are made of sheets of thin steel or other suitably strong
      material, making the towing sheets T flexible for placement of the
      geophones G into position on the earth's surface and conforming
      substantially to the earth's surface during placement and movements of the
      geophones G over the earth's surface. Further, the towing sheet members T
      have a wide surface of engagement with the earth's surface in a direction
      D (FIG. 2) relative to the longitudinal axis of the sheet T and transverse
      the direction of movement as illustrated by the arrow 100 of the towing
      sheet members T during towing operations (FIG. 2).
PAR  The relatively wide surface of engagement of the towing sheet members T
      with the ground surface G reduces and resists undesirable axial and
      dimensional, rotational, oscillatory, rolling, or tipping movement of the
      towing sheet members T during movement of the apparatus A over surfaces,
      particularly when such surfaces are irregular, sloped, rough, or uneven.
      Further, the thin sheet or strip of the towing sheet member T has a low
      load bearing per unit surface area on the surface, reducing the amount of
      force required to tow the apparatus A over the surface and further
      reducing the wear and friction between the towing sheet members and the
      surface. The towing sheet members T are lightweight and made in units of
      any convenient length, for example in one embodiment 200 to 220 feet and
      are easily handled and moved by one or two crewmen when made in such
      lengths.
PAR  Further, with the relatively thin towing sheet members, the geophones G and
      the electric conductor 11 may be removed therefrom and the towing sheet
      members can be reeled or spooled onto a power reel or spool system and
      stored thereon when the apparatus A is not in use. If desired, the power
      reel or spool system could be mounted with the rear of a suitable vehicle
      for transportation of the apparatus A to a new seismic exploration area or
      for storage.
PAR  Each of the towing sheet members T includes a plurality of teardrop or
      droplet shaped apertures or cutouts 23 defined by shaped edge surface 21a
      (FIG. 2). The apertures 23 formed in the towing sheet members permit
      relative movement of the geophones G with respect to the towing sheet
      members T during movement of the apparatus A over the ground surface when
      moving the apparatus A into position for a seismic exploration operation.
PAR  Each of the geophones G is mounted with and attached with the towing sheet
      member T in the cutouts 23 by a resilient strip R of nylon or other
      suitable lightweight resilient material. The geophones G are mounted with
      the resilient strip R, in a manner to be more evident hereinbelow, at a
      rear or trailing portion 25a (FIG. 3), of the strip R. It should be noted
      that the geophones G are mounted with the resilient strips R at positions
      isolated from and out of contact with the towing sheet members T and are
      positioned in the openings 23 for riding adjacent the upper surface of the
      member T when the sheet T is pulled on relatively smooth and even surfaces
      (FIG. 5).
PAR  The resilient strip R attaches the geophone G with the towing sheet member
      T and permits relative movement between the towing sheet member T and the
      geophone G during movement of the apparatus A over the surface into
      position for exploration operations. The resilient strip R absorbs
      vibrations and the like induced in the towing sheet member T during
      seismic exploration after the geophones G are in place in order to
      increase the accuracy of the geophones G and sensitivity of such geophones
      to seismic signals in the surface during seismic exploration operations,
      as will be more evident hereinbelow.
PAR  The resilient strips R are mounted at a leading portion or edge 25 thereof
      with the towing sheet members T by a clamp C adjacent the leading or
      forward portion of the aperture 23 formed in the towing sheet member T.
      The clamps C comprise a lower clamp bar 31 (FIG. 3) and an upper clamp bar
      32, mounted with each other by bolts 33, screws, or other suitable
      fastening means which pass through openings (not numbered) formed in the
      towing sheet member T and the leading portion 25 of the resilient strips R
      into suitable sockets formed in the upper surface of the clamp bar 31. The
      clamp bar 31 is mounted with the resilient strip R and the towing member T
      transverse the longitudinal axis of the member T and transverse the
      direction of movement 100 of the apparatus A and for smoothing a path
      across the surface.
PAR  The clamp bar 31 includes a beveled leading edge 31a and a riding lower
      surface 31b positioned below the member T. The beveled edge 31a scrapes,
      smooths, cleans, and otherwise helps to reduce catching and snagging of
      the clamp bar 31 during movement thereof across uneven ground surfaces and
      provides a more even surface, where possible, for the geophones to ride
      on.
PAR  Spring steel clamps or harnesses 34 are mounted with the upper clamp bar 32
      and hold the cable 11 in place on top of the steel towing member T during
      movement thereof and during seismic exploration operations.
PAR  A harness 35 is mounted with the towing sheet member T at the junction of
      the nose portion 20 and the center portion 21 and at a similar junction
      (not shown) of the center portion 21 and the tail portion 22 and has
      spring clips mounted therewith to harness the electrical conductor or
      cable 11 across the link-coupling L between adjacent leading and trailing
      towing sheet members T.
PAR  Each of the geophones G is mounted with a geophone sled S (FIGS. 3-5) which
      engages the earth's surface during movement of the geophones G thereacross
      and couples the geophones G with the surface during seismic explorations.
      The geophone G is mounted with a geophone plate 40 by screws 41 or other
      suitable means. The geophone plate 40 is mounted within an upper receiving
      portion 44 of the geophone sled S (FIG. 4). The upper receiving portion 44
      of the geophone sled S has U-shaped channels formed therein along side
      members 45 and U-shaped channels formed along a rear member 46 (FIG. 5)
      thereof to receive and retain the edges of the geophone plate 40 when
      inserted therein. The portion or plate 44 holds the geophone G in place
      with respect to the sled S and the resilient strip R during movement and
      during seismic exploration operations.
PAR  Locking notches 40a are formed in the plate 40 adjacent the rear member 46
      for locking and holding the geophone G relative to the sled S during
      movement and also during seismic exploration operations.
PAR  A lower portion 48 of the geophone sled S includes a plurality of runners
      49 extending downwardly therefrom engaging the surface and insuring good
      coupling between the geophone G and the surface during seismic exploration
      operations. The runners 49 have bevelled leading edges 49a and trailing
      edges 49b formed thereon to reduce snagging, catching and the like of the
      geophone sled S during movement across uneven or rough ground surfaces.
      Further, the runners 49 have hardened wear surfaces formed thereon along
      the ground engaging surfaces thereof and along the leading edges 49a and
      trailing edges 49b to resist wear and insure long service life of the
      geophone sleds S.
PAR  The upper portion 44 of the geophone sled S and the lower portion 48
      thereof are mounted with each other by screws 50 or other suitable means
      (FIG. 4) which pass through the upper portion 44, the trailing portion 25a
      of resilient strip R, and the lower portion 48 of the sled S in order to
      mount same with respect to each other.
PAR  The resilient strip R mounted between the plates 44 and 48 flexibly mounts
      the geophones G with the towing members T and permits relative movement of
      the geophones G in the cutouts 23 with respect to the towing sheet T
      during movement of the apparatus A along irregular surfaces and across
      such surfaces. When the apparatus A is in position for the seismic
      exploration operations, the resilient strip R absorbs vibrations,
      undesired movement, oscillation, wave action and other undesired action,
      and the like induced in the towing sheet members T during seismic
      exploration to thereby isolate the geophones G and decouple same from such
      unwanted action during seismic exploration in order to increase the
      sensitivity and accuracy of results from the geophones G.
PAR  When the apparatus A is moving over realtively uneven and irregular
      surfaces, such as illustrated at U (FIG. 3), the resilient strip R permits
      the geophone G and the sled S to remain in contact with the surface by
      permitting downward movement of the geophones G and the sled S through the
      cutout 23. The runners 49 thus ride over the surface U to remain in
      contact therewith and the resilient strip R absorbs vibrations and the
      like induced in towing sheet member T while at the same time dragging the
      strip R. Also during normal seismic exploration operations, the towing
      member T is pulled into position and towing movement ceased so that the
      strip R absorbs induced vibration or other unwanted noises or movement
      when the seismic "shot" is set off or due to other sources. Thus, since
      shock and vibration induced in the center portion 21 of the towing sheet
      members are absorbed by the resilient strip R, the geophones G are
      decoupled and isolated from the vibrations of the towing sheet member or
      other causes.
PAR  On unusually uneven surfaces, in the event that one of the geophones G is
      positioned over a relatively deep hole, crevice, or pit, such geophone
      will hang downwardly with the resilient strip R substantially vertically
      from the towing sheet member T out of contact with the ground surface
      adjacent the hole. The resilient strip R isolates and decouples the
      geophone G, as previously set forth hereinabove, from vibrations and
      prevents the vertically suspended geophone G from sensing spurious and
      inaccurate seismic signals.
PAR  When the geophones G and the apparatus A are being used on relatively
      smooth ground surfaces, whether flat, or sloping downwardly or upwardly,
      (FIG. 5), the geophones G pass upwardly through the cutout 23 of the
      towing sheet member T during movement and placement of the geophones G on
      the ground surface. The resilient strip R, due to the location of the
      sleds S and geophones G with respect to the edges 21a of the towing sheet
      member T adjacent the aperture 23, as set forth hereinabove, prevents
      contact between the geophones G and towing sheet member T, permitting the
      resilient strip R to absorb vibrations induced in the towing sheet member
      T during seismic exploration, thereby decoupling and isolating the
      vibrations in the towing sheet member T from the geophones G.
PAR  In the operation of the present invention, the geophones G are mounted with
      the geophone plates 40 and snap-fitted or mounted at notches 40a with the
      detent 47 in the upper portion of the geophone sled S. The upper portion
      44 and the lower portion 48 of the geophone sled S are then mounted with
      each other, with the rear portion 25a of the resilient strip R
      therebetween. The leading edge 25 of the resilient strip R is then mounted
      with the towing sheet member T by the clamps C and bolts 33. In this
      manner, a suitable number of geophones for the desired number of towing
      sheet members T to be used in the exploration operation are mounted with
      the towing sheet members T.
PAR  A suitable number of towing sheet members T to achieve the desired geophone
      array for the particular seismic exploration operation to be conducted are
      then formed by connecting and coupling the towing sheet members T with
      link couplings L to obtain the desired geophone array. The electrical
      conductors 11 are then connected to each of the geophones G and harnessed
      to the spring clips 34 on the clamps C and the spring clips on the harness
      35 to mount the electrical conductors 11 with the apparatus A.
PAR  The apparatus A is then towed behind the vehicle V until the geophones G
      are positioned in the desired array on the earth surface. At this time,
      the vehicle V is stopped, placing the geophones G in position for seismic
      exploration operations. With the apparatus A, the geophones G may be
      easily towed and placed into position for seismic exploration operations.
      With the geophones G mounted with the sled S, the geophones are slidingly
      moved into position for sensing seismic signals. The sliding movement of
      the geophones G into position is desirable in order to insure good ground
      coupling for accurate exploration results. Further, the geophones G
      maintain good ground coupling with the surface due to the flexible
      mounting between the geophones G and the towing sheet member T afforded by
      the resilient strip R. Further, the apparatus A may be positioned
      partially upon relatively smooth ground surfaces and in part upon uneven
      surfaces due to the flexible towing sheet member T and the resilient
      strips R, permitting the geophones G to maintain good ground coupling for
      accuracy and sensitivity of the geophones G in sensing the seismic
      exploration signals.
PAR  When seismic exploration operations are completed at the original location,
      and it is necessary to move the apparatus A to a new location for a
      related seismic exploration, the vehicle V then tows the apparatus A into
      position for subsequent operations. If it becomes necessary to move the
      apparatus A around a corner, or to position the geophones in a dog-leg or
      angular or other array not in form of a straight line, a cornering anchor
      may be used. The leading portion of the array is towed past the cornering
      anchor at the desired angle with respect to the remaining portion of the
      streamer or array. When the array is in the desired dog-leg configuration
      or other array, the vehicle is stopped and seismic exploration operations
      begin.
PAR  A suitable cornering anchor, for example, is a roller mounted at the corner
      to be turned in order to engage the sides of the towing members T as they
      are towed past the roller at the corner. The roller could be mounted with
      a post, stake, or with a truck or tractor at the front or rear. As the
      side edges of towing sheet members T are towed therepast, the roller
      engages the side edges. As the link couplings between a leading and
      trailing sheet member passes the roller, the leading towing sheet member
      pivots into the new line of movement of the vehicle V with respect to the
      corner, with the trailing member moving in the earlier direction of
      movement of the vehicle V. The cornering operation is then repeated until
      the desired array of geophones G for the exploration operation is
      achieved.
PAR  It should be understood that the term earth surface or surface used in the
      description of this invention includes and refers to any earthen surface,
      such as the earthen floor or surface beneath an ocean, sea, lake, river or
      other body of water. In such instances, the towing vehicle V would be a
      suitable marine vessel, barge or boat.
PAR  It should further be understood that with a suitably strong resilient means
      or flexible towing strip material, the towing sheet member and resilient
      strip might be combined into one resilient means or member and perform
      both the towing and isolating functions of such structure.
PAR  The foregoing disclosure and description of the invention are illustrative
      and explanatory thereof, and various changes in the size, shape, and
      materials, as well as in the details of the illustrated construction may
      be made without departing from the spirit of the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. An apparatus for seismic exploration operations using seismic signals
      comprising:
PA1  a. geophone means for sensing the seismic signals during the exploration
      operations;
PA1  b. towing means for moving and placement of said geophone means in position
      for the exploration operations, said towing means comprising a towing
      sheet member having an aperture formed therein for permitting movement of
      said geophone means through said towing sheet member during movement and
      placement of said geophone means on surfaces; and
PA1  c. resilient means for isolating said geophone means from vibrations and
      the like in said towing means wherein more accurate exploration results
      are obtained, said resilient means comprising resilient strip means for
      mounting said geophone means with said towing sheet member preventing
      contact between said geophone means and said towing member to permit said
      resilient strip means to absorb the vibrations and the like induced in
      said towing sheet member during seismic exploration, wherein said geophone
      means is acoustically decoupled and isolated from the vibrations in said
      towing sheet member.
NUM  2.
PAR  2. An apparatus for seismic exploration operations using seismic signals
      comprising:
PA1  a. geophone means for sensing the seismic signals during the exploration
      operations;
PA1  b. towing means for moving and placement of said geophone means in position
      for the exploration operations, said towing means comprising a towing
      sheet member having an aperture formed therein for permitting movement of
      said geophone means with respect to said towing sheet member during
      movement and placement of said geophone means over uneven surfaces;
PA1  c. a resilient means for isolating said geophone means from vibrations and
      the like in said towing means, said resilient means including resilient
      strip means mounting said geophone means with said towing sheet member and
      permitting downward movement of said geophone means, thereby allowing said
      geophone means to remain in contact with the uneven surface and wherein
      said resilient strip means absorb the vibrations and the like induced in
      said towing sheet member during seismic exploration, wherein said geophone
      means is acoustically decoupled and isolated from the vibrations in said
      towing sheet member.
NUM  3.
PAR  3. An apparatus for seismic exploration operations using seismic signals
      comprising:
PA1  a. geophone means for sensing the seismic signal during the exploration
      operation;
PA1  b. towing means for moving and placement of said geophone means in position
      for the exploration operations;
PA1  c. resilient means for isolating said geophone means from vibrations and
      the like in said towing means;
PA1  d. geophone sled means for engaging the surface during movement of said
      geophone means and coupling said geophone means with the surface during
      seismic explorations;
PA1  e. detent means for mounting said geophone means with said geophone sled
      means;
PA1  f. said geophone sled means comprising a plurality of runners engaging the
      ground surface and coupling said geophone means with the ground surface
      during seismic exploration, said runners having beveled leading and
      turning edges to reduce catching and snagging of said geophone sled means
      during movement across uneven ground surface;
PA1  g. said towing means including a towing sheet member having an aperture
      formed therein for permitting movement of said geophone means with respect
      to said towing sheet member and said sled means; and
PA1  h. said resilient means comprising a resilient strip means mounting said
      geophone means and said sled means with said towing sheet member and
      permitting downward movement of said geophone means and said sled means,
      thereby allowing said geophone means and said sled means to remain in
      contact with the uneven surface.
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ABST
PAL  The effectivenss of a seal for extinguishing fires in an underground mine
      passage is determined by transmitting acoustic energy from a first site
      toward the seal. The acoustic energy is detected at a second site on the
      opposite side of the seal from the transmitting site. To provide for
      remote monitoring of the seal, acoustic transmitter and receiver means are
      lowered into the passage to the first and second sites through vertical
      bores. The effectiveness of the seal is determined by the amplitude of the
      detected acoustic energy. The size of any hole in the seal is determined
      by comparing the amplitude of the detected energy after the seal has been
      started and prior to the sealing operation commencing. The acoustic energy
      has a carrier frequency that randomly varies over a relatively broad band
      to prevent acoustic nodes in the passageway. The carrier frequency is
      varied between approximately 500 KHz and 4,000 KHz to enable the energy to
      be somewhat directional in the passage and to have a relatively uniform
      field in the passage downstream of the seal. To provide a relatively high
      signal-to-noise ratio and effectively preclude detection of energy
      arriving at a receiver by way of flanking paths, the acoustic energy is
      pulsed and the receiver is gated on only during a time interval when it is
      expected that the pulse will be received at the second site via the
      passage.
BSUM
PAC  FIELD OF INVENTION
PAR  The present invention relates generally to an apparatus and method for
      determining the effectiveness of a seal in an underground mine passage,
      and more particularly, to a method and apparatus for determining the
      effectiveness of a seal designed to extinguish coal mine fires by
      utilizing acoustic energy.
PAC  BACKGROUND OF THE INVENTION
PAR  Systems and methods to extinguish fires in underground coal mine passages
      providing a closed volume seal in the passage have been developed;
      descriptions of exemplary systems and methods are found in U.S. Pat. Nos.
      3,469,405 (Reinhold), 3,583,165 (West), and 3,500,934 (Magnuson). In
      certain of the prior art systems and methods, the closed volume seal is
      provided by boring into the passage and forcing sealant material into the
      passage through the bore. The sealant fills a cross-sectional area of the
      passage, thereby preventing the flow of gas through the passage from one
      side of the seal to the other, to enable the fire to be contained and
      thereafter extinguished. The technique can also be utilized to seal off
      mine passages that are no longer being utilized so that if a fire starts
      in one portion of a mine, it will not spread to another portion thereof.
PAR  It is desired to determine the effectiveness of such seals, preferably with
      measuring equipment that can be read at a site remote from the seal and
      the passage containing the seal. Also, apparatus for determining the
      effectiveness of the seal should:
PAR  1. INDICATE THE PERCENTAGE COMPLETION OF THE SEAL AS THE SEAL IS EMPLACED;
PAR  2. PROVIDE A DEFINITE INDICATION OF A SEAL HAVING BEEN COMPLETED; AND
PAR  3. INDICATE THE SIZE OF AN UNSEALABLE AREA IF A COMPLETE SEAL IS NOT
      FEASIBLE. It is necessary to determine these factors to establish the need
      for additional seal material, the need for additional seals in the mine,
      and the likely risk of one entering the mine.
PAR  The cross-sectional areas of passages to be blocked by the seal typically
      range from less than 50 sq. ft. to in excess of 150 sq. ft. Since leakage
      is most likely to occur at the seal perimeter, which may range from 30 ft.
      to nearly 60 ft., the likely leakage region also has a relatively wide
      range. The sealing barrier is relatively thick, typically being 15 ft.
      thick at roof level and 100 ft. on the floor of the passage. Because of
      these wide variations in seal geometry, as well as different gas flow
      patterns in the passage on either side of the seal, the pressure
      differential across the seal is susceptible to wide variations both in
      magnitude and direction, thereby complicating monitoring techniques
      relying on fluid mass transfer across the seal in a preferred direction.
PAR  Flanking paths along one or more passages parallel to the passage being
      sealed, as well as through cracks in the rock and coal of the mine, short
      circuit the seal being constructed after the seal has finally been
      emplaced. It is important to insure the completeness of each seal
      immediately after it has been formed, even in the presence of the flanking
      paths, to eliminate the expense and time consumed in returning to bore
      holes to top off a seal, i.e., to finally complete a seal. To permit
      checking of individual seals, the seal monitoring system must distinguish
      between paths through the seal and the flanking paths around the seal.
PAR  Several different methods and/or apparatus are known for determining the
      effectiveness of a seal. Some of the better known seal monitoring
      techniques and apparatus involve:
PAR  1. adding trace elements on one side of a seal and monitoring the elements
      which reach the other side;
PAR  2. monitoring the increase or decrease in fluid volume on one side of the
      seal;
PAR  3. coating one side of the seal with an impervious, flexible layer and
      searching for bubbles in the layer; and
PAR  4. detecting acoustic energy of fluid escaping through the seal, by
      utilizing passive acoustic techniques. Of these four approaches, all of
      which have disadvantages relating to at least one of the previously
      enumerated areas, only the last is pertinent to the present invention.
PAR  The passive acoustic technique relies on the physical mechanism of air or
      another gas escaping through an orifice producing sonic energy primarily
      in the 30 KHz to 50 KHz band. Ultrasonic equipment is available that
      relies on this mechanism. The equipment is utilized, for example, to
      detect leaks in telephone cables, tires, ducts, and other pressurized
      systems. From our investigations, it does not appear that the ultrasonic
      equipment for detecting gas escaping through an orifice is suitable for
      detecting flow across seals in a mine passage. In particular, the pressure
      drop across and flow rate through a mine passage seal are typically so low
      as to be undetectable by a transducer positioned in proximity to the
      seal-passage interface.
PAR  While passive acoustic devices responsive to much lower frequencies are
      used to detect the flow of water in soil, the presence of background noise
      at these frequencies makes the devices unsuitable for the present problem.
      In particular, the flow of water against the seal in passageways close to
      the seal and in strata of the earth close to the seal is in the same
      frequency range as gas that might leak through the seal to cause a likely
      masking of the leaking gas.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  In accordance with the present invention, the problems of the prior art are
      obviated by transmitting acoustic energy toward a seal in an underground
      passage, detecting the acoustic energy and determining the effectiveness
      of the seal from the amplitude of the detected acoustic energy. In
      accordance with a preferred embodiment of the invention, the acoustic
      energy is transmitted and detected on opposite sides of the seal, by
      lowering appropriate transducers into the passage through bores extending
      into the passage. Thereby, remote activation of an acoustic source and
      detection of energy from the source are provided.
PAR  To determine the percent completion of a seal as it is being emplaced, the
      amplitude of the received energy is monitored prior to the seal being
      initiated. As the area of the seal is halved, the amplitude of the
      received energy is likewise halved, i.e., reduced by 3 db. Thereby, by
      taking repeated measurements and comparing one measurement against
      another, a correlation is provided between the amplitude of the received
      detected energy size the sizze of any hole in the seal. When a complete
      seal has been provided, there is no acoustic energy propagated through the
      passage between the two sites.
PAR  The flanking path problem is avoided in accordance with another aspect of
      the invention by pulsing the acoustic energy source and gating the
      receiver "on" during a time window that is delayed relative to the
      activation time of the source by an amount approximately equal to the
      propagation time through the passage for the acoustic energy between the
      first and second sites. Since the propagation time of the acoustic energy
      between the first and second sites via the flanking paths is generally
      considerably in excess of the propagation time through the passage, the
      receiver is effectively unresponsive to energy propagated via the flanking
      paths. The pulsed source and gated receiver technique also enables the
      present invention to have a considerably higher signal-to-noise ratio than
      would otherwise be attained because noise occurring while the receiver is
      blanked (gated off) has no effect on the device. Flanking path
      interference and noise are further reduced by providing a relatively
      directional acoustic source which transmits a pressure wave that travels a
      relatively direct path through the passage between the first and second
      sites.
PAR  A possible problem in transmitting acoustic energy between the first and
      second sites through a passageway and seal is that stationary nulls can
      occur between the two sites, and possibly at the site of the receiver.
      Such nulls are a function of the wavelength of a carrier frequency for the
      acoustic energy. To eliminate stationary nulls, the carrier frequency of
      the source is varied over a relatively wide band, preferably in a random
      manner. To provide for added directivity and enable the acoustic energy to
      have a relatively uniform field in the passageway downstream of the seal,
      the acoustic energy carrier frequency is preferably varied between about
      500 KHz and 4,000 KHz.
PAR  It is, accordingly, an object of the present invention to provide a new and
      improved apparatus for and method of determining the effectiveness of a
      seal in an underground passage, and in particular, the effectiveness of a
      coal mine seal that is designed to enable fires to be extinguished.
PAR  An additional object of the invention is to provide a new and improved
      method of and apparatus for determining the effectiveness of a coal mine
      seal by utilizing apparatus that can easily be lowered into a passage from
      a remote location.
PAR  A further object of the innvention is to provide a method of and apparatus
      for determining the percentage completion of a seal in an underground
      passage from a remote site.
PAR  A further object of the invention is to provide a method of and apparatus
      for determining the size of an unsealed area in an underground passage
      from a site remote from the passage.
PAR  A further object of the present invention is to provide a new and improved
      apparatus for and method of determining the effectiveness of a seal in an
      underground coal mine passage wherein flanking paths have substantially no
      effect on an indication of the effectiveness of the seal.
PAR  Another object of the invention is to provide a new and improved apparatus
      for and method of determining the effectiveness of an underground passage
      seal susceptible to a wide variation in geometry.
PAR  A further object of the invention is to provide a new and improved method
      of and apparatus for determining the effectiveness of a seal by utilizing
      acoustic energy, wherein the magnitude of acoustic energy coupled to a
      transducer is sufficiently great to be detected and provide a relatively
      large signal-to-noise ratio.
PAR  Still another object of the invention is to provide an apparatus for and
      method of determining the effectiveness of an underground seal wherein
      acoustic energy is transmitted between sites on opposite sides of the seal
      and stationary nulls do not occur in the propagation path between the
      sites.
PAR  The above and still further objects, features and advantages of the present
      invention will become apparent upon consideration of the following
      detailed description of one specific embodiment thereof, especially when
      taken in conjunction with the accompanying drawing.
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a side sectional elevation view of a seal, acoustic transmitting
      array, receiving microphone and signal processing electronics in
      accordance with a preferred embodiment of the invention;
PAR  FIG. 2 is a top view of the transmitting array, seal and microphone of FIG.
      1;
PAR  FIG. 3 is a top, cross-sectional view of a portion of a mine including the
      invention;
PAR  FIG. 4 is a theoretical plot of sealed area versus received acoustic
      signal; and
PAR  FIG. 5 is a block diagram of a preferred embodiment of the signal generator
      and processing electronics illustrated in FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE DRAWING
PAR  Reference is now made to FIGS. 1 and 2 of the drawing wherein there is
      illustrated a subterranean mine passage 11 into which vertical bores 12,
      13 and 14 extend from the surface of the earth. Bore 13 is dimensioned to
      enable material forming fire extinguishing seal 15 in passage 11 to flow
      in fluid form through the bore into the passage. Seal 15 is formed by
      expansion of the material flowing through bore 13 under pressure, whereby
      the material intersects with and forms a bond with the walls, ceiling and
      floor of passage 11 on both sides of bore 13. The material forming seal 15
      solidifies in situ, as schematically indicated, and is comprised of a
      material which, when solidified, prevents fire from passing from one side
      of the seal to the other side of the seal through passage 11.
PAR  To test the effectiveness of seal 15, a directional acoustic source 16,
      preferably one or more electro-acoustic transducers electro-acoustic
      transducers 18 (FIG. 3) is lowered by suitable means, such as a winch
      connected to a cable, from the surface of the earth through bore 12 into
      passage 11 on one side of seal 15. On the other side of seal 15, an
      acoustic-electric transducer or microphone 17 is lowered into passage 11
      from the surface of the earth through bore 14.
PAR  Power amplifier 21, which is driven by signal generator 22, periodically
      pulses acoustic source 16 with electric energy having a randomly variable
      carrier frequency. Preferably, the carrier frequency varies over a
      relatively wide band of frequencies, between 500 KHz and 4,000 KHz. By
      varying the carrier frequency emitted by array 16, the probability of
      stationary wave nulls in passage 11 for any substantial time period is
      virtually zero, whereby microphone 17 is assured of receiving acoustic
      energy each time that array 16 is pulsed. The particular frequency band
      selected enables the energy derived from array 16 to be relatively
      directional, thereby assuring a substantial amount of the transduced
      energy propagating into passage 11, while providing a relatively uniform
      field in passage 11 downstream of seal 15. Thereby, the exact location of
      microphone 17 on the side of seal 15 opposite from transmitter 16 is not
      particularly critical.
PAR  Acoustic energy transduced by microphone 17 is electrically coupled through
      a lead extending through bore 14 to electronic processor 23. Processor 23
      is also responsive to pulses derived from signal generator 22. The pulses
      derived from signal gnerator 22 activate processor 23 at the same rate as
      array 16. Processor 23 receives the pulses derived from signal generator
      22 and delays them by an amount approximately equal to the propagation
      time of the acoustic energy between array 16 and microphone 17. The
      delayed pulses are applied to a gate circuit, thereby effectively
      rendering the processor 23 to be responsive to the output of the
      microphone only during a relatively narrow window when it is expected that
      the acoustic energy from source 16 is coupled to the microphone. Gating on
      electronic processor 23 only during a window when it is expected that
      microphone 17 will be responsive to acoustic energy coupled directly to it
      from source 16 through passage 11 eliminates spurious signals that might
      be coupled to the microphone, as well as acoustic energy that propagates
      from source 16 to microphone 17, by way of flanking paths, such as
      parallel passages 26, FIG. 3, or cracks and crevices in the mine. Parallel
      passages 26, as well as the cracks and crevices, provide a relatively low
      impedance acoustic path from source 16 to microphone 17, and outside of
      passage 11. Because the propagation time of the acoustic energy via the
      flanking paths is considerably longer than the direct path between source
      16 and microphone 17 through passage 11, pulsing of the source and
      effective gating open the output of microphone 17 enables an indication
      only of the radiation via the direct path to have an effect on processor
      23. The output signal of processor 23 is supplied to a suitable visual
      indicator, such as voltmeter 24.
PAR  To provide an indication of the effectiveness of seal 15 and indicate: (1)
      the percentage completion of the seal as it is being emplaced, (2) the
      size of an unsealed area in passage 11 if a complete seal is not feasible,
      or (3) a definite indication of a complete seal, source 16 is activated
      prior to initiation of the sealing operation. The amplitude of energy
      transduced by microphone 17 in response to the activation of source 16
      prior to the sealing operation being started is read from meter 24. In the
      alternative, a variable gain amplifier in processor 23 can be initially
      set so that meter 24 provides full deflection in response to the acoustic
      energy received by microphone 17. As sealant is loaded into passage 11,
      the amplitude of the energy transduced by microphone 17 is monitored by
      reading meter 24. The subsequent and initial readings of meter 24 are
      compared to determine the percentage completion of seal 15.
PAR  The amount of power coupled from source 16 to microphone 17 through passage
      11 is inversely exponentially related to the cross-sectional area of seal
      15. For a cross-sectional area of seal 15 that is one-half that of the
      unblocked cross-sectional area of passage 11, there is a one-half
      reduction in power coupled between source 16 and microphone 17 via passage
      11. For each additional one-half decrement in the cross-sectional area of
      passage 11 through which acoustic energy can propagate, due to the
      increased size of seal 15, there is aan additional decrease by one-half in
      the power coupled between source 16 and microphone 17 via passage 11.
      Thereby a 3 db decrease in the relative amplitude of the output signal of
      microphone 17 occurs each time the cross-sectional area of passage 11 is
      reduced by one-half.
PAR  FIG. 4 is a theoretical plot of the amplitude of the output signal of
      microphone 17, as plotted in decibels, as a percentage of the
      cross-sectional area of passage 11 relative to the initial cross-sectional
      area of the passage. By comparing the initial and subsequent readings of
      meter 24, it is possible from FIG. 4 to attain a correlation between the
      size of the unsealed area relative to the initial cross-sectional area of
      passage 11. In response to the signal indicated by meter 24 dropping below
      a predetermined level, commensurate with background noise of the
      apparatus, an indication is provided that seal 15 has completely blocked
      passage 11 and is effective to prevent the spread of fire through passage
      11.
PAR  Reference is now made to FIG. 5 of the drawing wherein there is
      illustrated, in block diagram form, a schematic diagram of the electronics
      utilized to activate linear acoustic array 16 and activate meter 24 in
      response to the output signal of microphone 17. Signal generator 22
      includes a continuous Gaussian noise source, such as a Model 108
      Pseudo-Random Noise Generator available from Testronic Development
      Laboratory, Las Cruces, New Mexico, that generates a signal in the form of
      a pseudo-random binary sequence when driven by an internal crystal
      controlled clock source. Noise source 31 includes a low pass filter to
      produce a continuous noise waveform with a near-Gaussian amplitude
      distribution. The output of Gaussian noise source 31 extends over an
      extremely wide bandwidth and is coupled to bandpass filter 32, having a
      pass band between 500 KHz and 4,000 KHz.
PAR  The noise output of filter 32 is coupled to gate 33 which is periodically
      activated for predetermined time intervals in response to pulses derived
      from clock pulse source 34. Typically, the repetition rate of pulses
      derived from clock source 34 is on the order of two pulses per second, and
      each pulse has a duration on the order of 200 milliseconds. In response to
      each pulse derived from source 34, gate 33 is opened to pass the variable
      frequency output of bandpass filter 32 to power amplifier 21. Power
      amplifier 21 is connected to drive speaker array 16 through lead 35, which
      extends between the power amplifier and the array through bore 12.
PAR  To determine if source 22 is properly operating, the output of power
      amplifier 21 is connected to peak detector 36, which derives an output
      voltage proportional to the amplitude of the peak voltage derived from
      amplifier 21 during each pulse. The peak detected output voltage of
      detector 36 is coupled to d.c. voltmeter 37, the reading of which enables
      an analysis of the condition of signal generator 22 to be determined.
PAR  Processing electronics network 23 includes a sound level detector 41, such
      as a General Radio type 1561 Precision Sound Level Meter, responsive to
      the signal transduced by microphone 17. Preferably, microphone 17 is of
      the ceramic type because such microphones are relatively rugged, stable
      and highly reliable. In addition, such microphones have relatively low
      output impedances for driving preamplifier 42, which is located in passage
      11 and connected to sound level meter 41 via electric cable 43 that
      extends through bore 14. By providing an impedance match between the
      output of microphone 17 and the input of preamplifier 42, the preamplifier
      has low noise and high sensitivity characteristics, as well as stabilized
      performance under conditions of relatively high humidity. The ceramic
      microphone 17 is also advantageous because it generates a voltage in
      response to the acoustic energy received thereby, without requiring a
      polarizing voltage. Sound level detector 41 includes an amplifier
      responsive to the signal coupled thereto by cable 43. Detector 41 also
      includes a meter which provides a visual indication of the instantaneous
      sound level of the acoustic energy at microphone 17.
PAR  The output signal of the amplifier of sound level detector 41 is converted
      into a d.c. signal by rectifier 44. The d.c. output signal of rectifier 44
      is proportional to the intensity of the energy transduced by microphone
      17, whereby the output voltage of the rectifier increases with increasing
      energy levels detected by microphone 17.
PAR  To provide an increased signal-to-noise ratio and eliminate the possible
      adverse effects of the flanking paths on the output of microphone 17, the
      output signal of rectifier 44 is coupled to gate 45. Gate 45 is activated
      to pass the output signal of rectifier 44 only during a relatively narrow
      window following the leading edge of each pulse gated through gate 33 from
      filter 32 to microphone 17. The delay time between opening of gate 45
      relative to the opening of gate 33 is approximately equal to the
      propagation time of acoustic energy through passage 11 from source 16 to
      microphone 17.
PAR  To these ends, the output of clock source 34 is coupled to variable delay
      circuit 46 which comprises a short duration pulse generator responsive to
      a passive delay circuit, such as a resistance capacitance circuit. The
      delay time of circuit 46 is manually adjustable by an operator to be
      slightly in excess of the propagation time of acoustic energy between
      source 16 and microphone 17 through passage 11. The pulse generator of
      circuit 46 responds to the delayed leading edge of each output pulse of
      clock source 34. The output pulse of variable delay circuit 46 is coupled
      to one shot multivibrator 47 which derives a binary one level having a
      leading edge in time coincidence with the pulse derived from circuit 46
      and a trailing edge occurring at a variable time determined by the desired
      window length. The binary one level derived from one shot multivibrator 47
      is applied as an enable input to gate 45, whereby the gate passes the
      output of rectifier 44 to integrator 48 while gate 45 is enabled.
PAR  For a typical situation, wherein the separation through passage 11 between
      speaker 16 and microphone 17 is on the order of 60 feet and the shortest
      flanking path through passages 26 is on the order of 230 feet, gate 45 is
      enabled for a period on the order of 60 milliseconds approximately 100
      milliseconds after the leading edge of a pulse derived from clock source
      34. Such parameters enable pulses detected by microphone 17 to be coupled
      to integrator 48 after the leading edges of the pulses have arrived at the
      microphone so that ragged leading edges of the transduced energy do not
      have an adverse effect on operation; also, any pulses that arrive at the
      microphone via the flanking paths are decoupled from the input of
      integrator 48.
PAR  Integrator 48 responds to the output of gate 45 to determine the energy in
      each pulse received by microphone 17 from source 16 via passage 11. After
      each pulse has been coupled through gate 45 and integrated by integrator
      48, the integrator is reset. Resetting of integrator 48 is accomplished by
      coupling the output signal of one shot multivibrator 47 to a reset input
      of integrator 48, whereby an integrating capacitor of the integrator is
      short circuited in response to the trailing edge of the output of one shot
      multivibrator 47. Thereby, at the conclusion of each pulse detected by
      microphone 17, the output voltage of integrator 48 is a level that is
      proportional to the energy received by the microphone during the pulse
      time. The output of integrator 48 is coupled to d.c. meter 24 which
      provides an indication of the energy detected by microphone 17 over a
      large number of pulses. Because the time duration of each pulse coupled to
      integrator 48 is constant, the sole variation between pulses coupled to
      the integrator is a function of the energy level of the acoustic energy
      coupled to microphone 17 while each pulse is coupled to integrator 48.
      Meter 24 averages out the variable amplitude signals derived from
      integrator 48 over a relatively long time interval, equal to several
      detected pulses.
PAR  While there has been described and illustrated one specific embodiment of
      the invention, it will be clear that variations in the details of the
      embodiment specifically illustrated and described may be made without
      departing from the true spirit and scope of the invention as defined in
      the appended claims. For example, the principles of the invention are also
      applicable to determining if a seal is present by utilizing sonar,
      reflective acoustic energy techniques.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A method of determining the effectiveness of a seal tending to block an
      underground passage comprising transmitting acoustic energy in the passage
      toward the seal so that at least a portion of the energy impinges on the
      seal, a first component of the transmitted energy having a tendency to be
      transmitted through the seal, a second component of the transmitted energy
      having a tendency to be reflected from the seal, detecting one of said
      components of the transmitted acoustic energy, and in response to the
      amplitude of the detected acoustic energy determining the effectiveness of
      the seal.
NUM  2.
PAR  2. The method of claim 1 wherein the acoustic energy is transmitted from
      one side of the seal and is detected on the opposite side of the seal.
NUM  3.
PAR  3. The method of claim 2 further including transmitting acoustic energy in
      the passage toward the seal prior to the seal becoming effective,
      detecting the amplitude of the first component of the transmitted energy
      prior to the seal becoming effective, after the seal has become more
      effective transmitting acoustic energy in the passage toward the seal,
      detecting the first component of the transmitted energy after the seal has
      become more effective, and correlating the amplitude of the detected
      energy prior to the seal becoming effective with the amplitude of the
      detected energy after the seal has become more effective to determine the
      size of any hole in the seal.
NUM  4.
PAR  4. The method of claim 2 wherein the transmitted acoustic energy has a
      varying, broad band carrier frequency to prevent a stationary acoustic
      null in the passage.
NUM  5.
PAR  5. The method of claim 4 wherein the carrier frequency is randomly varied.
NUM  6.
PAR  6. The method of claim 2 wherein the acoustic energy is transmitted from a
      directional array.
NUM  7.
PAR  7. The method of claim 6 wherein the transmitted acoustic energy has a
      carrier frequency selected to enable the energy to be directional in the
      passage and to have a relatively uniform field in the passage downstream
      of the seal.
NUM  8.
PAR  8. The method of claim 7 wherein the carrier frequency has a broad band
      variation to prevent a stationary acoustic null in the passage.
NUM  9.
PAR  9. The method of claim 8 wherein the carrier frequency is varied between
      approximately 500 KHz and 4,000 KHz.
NUM  10.
PAR  10. The method of claim 2 wherein the energy is transmitted from a first
      site in the passage and detected at a second site in the passage, at least
      one flanking path for the acoustic energy being provided between the first
      and second sites, said passage including the first and second sites having
      a propagation time between the sites for the energy that differs from the
      propagation time for the energy between the sites through the flanking
      path, further including the steps of pulsing the transmitted acoustic
      energy, and enabling the pulsed acoustic energy to be effectively detected
      at times exclusive of the propagation time of any flanking path.
NUM  11.
PAR  11. The method of claim 2 wherein the energy is transmitted from a first
      site in the passage and detected at a second site in the passage, said
      passage including the first and second sites having a predetermined
      propagation time between the sites for the acoustic energy, and further
      including the steps of pulsing the transmitted acoustic energy, and
      enabling the pulsed energy to be effectively detected at only times
      delayed by the predetermined time from the times when a pulse was
      transmitted from the first site.
NUM  12.
PAR  12. The method of claim 1 further including the step of placing: (a) an
      acoustic transmitter means for transmitting the energy and (b) receiver
      means for the one component in the passage by lowering the transmitter
      means and receiver meanns from the surface of the earth through displaced
      vertical bores that extend from the surface into the passage.
NUM  13.
PAR  13. Apparatus for determining the effectiveness of a seal in an underground
      passage comprising a pulsed source of acoustic energy, means for randomly
      varying a carrier frequency of the energy over a relatively broad range,
      means for receiving the acoustic energy, an indicator responsive to the
      amplitude of the energy receiving means, and means responsive to an
      indication of a pulse being derived from the source for gating the energy
      to the indicator only during a time window delayed relative to the
      derivation of the pulsed energy from the source.
NUM  14.
PAR  14. The apparatus of claim 13 wherein the pulsed source is a linear,
      directional array of electro-acoustic transducers.
NUM  15.
PAR  15. The apparatus of claim 13 wherein the carrier frequency is varied
      between approximately 500 KHz and 4,000 KHz.
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PAL  A number of seismic detectors are located in a two-dimensional array on the
      surface of the earth, either on land or at sea. One or more seismic
      disturbances are produced in the vicinity of the seismic detectors at
      points located to produce sampling of various subsurface reflection points
      to form one or more two-dimensional areas of coverage. For each seismic
      disturbance, the subsurface reflections thereof received by the various
      seismic detectors are recorded. In some embodiments, the seismic
      disturbances are produced at points located to produce multi-directional
      or multi-azimuth sampling of each of various subsurface reflection points
      and recordings for different ones of the seismic disturbances are combined
      to produce stacked recordings wherein multi-directional reflections from
      common subsurface points are added. By sampling a reflecting point in a
      multi-directional manner and stacking the recorded samples, diffraction
      barriers can be effectively penetrated to produce a discernable signal
      representing the reflecting point notwithstanding the diffraction barrier.
      Multi-directional or multi-azimuth sampling of reflecting points can be
      employed to survey beneath surface features such as inhabited areas or
      seismically opaque features such as salt pockets by utilizing source
      points and detecting points located away from and on opposite sides of the
      blocking feature.
PARN
PAR  This application is a continuation of my copending U.S. Pat. application
      Ser. No. 376,219, filed July 3, 1973, now abandoned, entitled Method of
      Seismic Exploration For Penetrating Diffraction Barriers and/or Surveying
      Beneath Obstacles, which is in turn continuation-in-part of my U.S. Pat.
      No. 3,746,122, application Ser. No. 145,811 filed May 21, 1971, entitled
      Multi-directional Seismic Exploration Methods, and assigned to the same
      assignee as this application.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to seismic exploration methods for determining the
      location and course of subsurface earth structures.
PAR  A common method of seismic exploration is carried out by locating a string
      of spaced seismic detectors along a straight line at the surface of the
      earth. A seismic source is located in line with the detectors and operated
      to produce a seismic disturbance. Such disturbance produces subsurface
      reflections which are received by the detectors and recorded for later
      analysis. The string of detectors is then picked up and relocated either
      along a second line running parallel to the first line or at a new
      location in line with the first line and the foregoing process repeated
      for the second location. This process is continued until the desired area
      has been surveyed. As is apparent, this process can become rather tedious
      and time consuming where a relatively large surface area of the earth is
      to be surveyed.
PAR  A known problem which exists in the seismic exploration art is that of
      distinguishing the desired subsurface earth structure reflection signals
      from various extraneous seismic vibrations which are also received by the
      detectors and which are commonly referred to as "noise". A known technique
      for minimizing such noise is commonly referred to as "stacking". Such
      stacking technique involves the use of multiple sources for obtaining
      multiple reflections from a common subsurface point. After appropriate
      processing, the individual recordings for the common subsurface point are
      combined to produce a composite record wherein the desired signal
      components are emphasized and the undesired noise components are
      minimized. This stacking technique is described in greater detail in U.S.
      Pat. No. 2,732,906, granted to W. H. Mayne on Jan. 31, 1956 and in U.S.
      Pat. No. 3,040,833, granted to H. L. Mendenhall and S. D. Elliott on June
      26, 1962.
PAR  It is an object of the present invention to provide new and improved
      methods of seismic exploration for obtaining a greater amount of data
      concerning subsurface earth structures for a given expenditure of time and
      labor or conversely, for obtaining a given amount of data for a lesser
      expenditure of time and labor.
PAR  It is another object of the invention to provide new and improved seismic
      exploration methods for enabling a greater degree of stacking for a given
      expenditure of time and labor.
PAR  It is a further object of the invention to provide new and improved seismic
      exploration methods for obtaining better data concerning subsurface earth
      structures.
PAR  Another object of the invention is to provide seismic exploration methods
      capable of penetrating seismic diffraction barriers created by objects in,
      in the neighborhood of, or above a geologic region of interest.
PAR  Yet another object of the invention is to provide methods for seismically
      exploring a geologic region of interest so located with respect to a
      surface feature, such as an inhabited area, or a subsurface feature, such
      as a salt pocket above the region, that substantially no meaningful
      seismic data can be obtained by running a survey line across the feature
      and the geologic region of interest.
PAR  For a better understanding of the present invention, together with other
      and further objects and features thereof, reference is had to the
      following description taken in connection with the accompanying drawings,
      the scope of the invention being pointed out in the appended claims.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Referring to the drawings:
PAR  FIG. 1 is a perspective view of a volume of the earth and showing in a
      simplified manner one of the basic concepts of the present invention;
PAR  FIG. 2 is a plan view showing a two-dimensional layout of seismic cources
      and detectors on the surface of the earth in accordance with an areal
      embodiment of the invention;
PAR  FIG. 3 is a plan view of a seismic source and detector layout in accordance
      with a lineal embodiment of the invention;
PAR  FIG. 4 is a diagrammatic plan view of a seismic source and detector layout
      similar that of FIG. 3, illustrating the methods of the invention employed
      to penetrate a diffraction barrier; and
PAR  FIG. 5 is a diagrammatic vertical sectional view of a portion of the earth
      illustrating the methods of the invention employed to obtain data from a
      geologic region of interest beneath a signal blocking feature on or under
      the surface but above the region of interest.
DETD
PAC  DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS
PAR  FIG. 1 shows a three-dimensional volume of earth structure 10, the surface
      of the earth being indicated at 11 and the upper surface of a subsurface
      earth strata being indicated at 12. In accordance with one embodiment of
      the invention, seismic sources S.sub.1, S.sub.2, etc., and seismic
      detectors D.sub.1, D.sub.2, etc., are located in a two-dimensional array
      at the earth's surface 11 for obtaining a multi-directional sampling of
      each of various subsurface reflection points, one of such points being
      indicated at R in FIG. 1. Reflection point R is located on the subsurface
      boundary plane 12. Seismic sources S.sub.1, S.sub.2, etc., are fired in a
      sequential manner to produce a time spaced series of seismic disturbances.
      For the subsurface point R, the seismic disturbance produced by source
      S.sub.1 produces a seismic energy ray path 13 such that the reflection
      from the point R is received by the seismic detector D.sub.1. Similarly, a
      portion of the energy produced by the seismic disturbance produced by
      source S.sub.2 follows ray path 14 and is received by seismic detector
      D.sub.2. The seismic disturbances received by each of the various
      detectors D.sub.1, D.sub.2, etc., are recorded by the usual type of signal
      recording apparatus (not shown), such apparatus being connected to the
      various detectors by means of appropriate signal conducting cables (not
      shown).
PAR  For each of the source-detector pairs shown in the idealized case of FIG.
      1, the angle of incidence of the ray path is equal to the angle of
      reflection and the subsurface point R is located midway between the
      particular source and detector being considered. Additional
      source-detector pairs may be located on the circle 15 to produce
      additional samplings of the subsurface reflection point R along additional
      lines running in various additional compass directions or azimuths.
      Similarly, further source-detector pairs can be located on opposite sides
      of additional circles, such as the circle 16, which are concentric with
      the circle 15. In this manner, there can be developed a solid cone of data
      regarding the subsurface reflection point R. One practical consequence of
      this is that during the subsequent analysis the various pieces of data can
      be examined and only those pieces which give the best results can be
      selected and used to provide the final analysis. Also, as will be seen
      shortly, the basic concept of FIG. 1 can be readily extended to obtain
      multi-directional sampling of a relatively large number of subsurface
      reflection points during one and the same operation.
PAR  Referring to FIG. 2, there is shown a plan view of a selected area on the
      surface of the earth. For accuracy of explanation, an imaginary X and Y
      coordinate system has been superimposed on the plan view of FIG. 2, the X
      axis scale of units being indicated at 17 and the Y axis scale of units
      being indicated at 18. For sake of example only, each distance unit on the
      X and Y scales may correspond to a physical distance of 110 feet, in which
      case the overall seismic array shown in FIG. 2 would cover an area of
      better than one square mile.
PAR  The seismic exploration system of FIG. 2 is an example of the manner in
      which the multi-directional sampling technique of FIG. 1 can be applied to
      a relatively large number of subsurface reflection points for purposes of
      providing a two-dimensional coverage of a relatively large area.
PAR  The seismic array of FIG. 2 includes a relatively large number of seismic
      sources S and a relatively large number of seismic detectors D located in
      a two-dimensional array covering a substantial surface area of the earth.
      Each of the sources S is represented by a small square with a dot in the
      center thereof, while each of the detectors D is represented by a small
      circle with a dot in the center thereof. The various subsurface reflection
      points R which are sampled are represented by small dots. As thus seen,
      the FIG. 2 array includes four parallel lines along which are disposed
      both sources S and detectors D, these lines being located at Y = 0, Y =
      16, Y = 32, and Y = 48 and extending parallel to the X axis. The FIG. 2
      array also includes four additional lines along which only detectors D are
      disposed, these lines being located at Y = 8, Y = 24, Y = 40 and Y = 56
      and extending parallel to the X axis.
PAR  In addition to being parallel, the various source-detector and detector
      only lines are spaced a substantial distance apart. As used in this
      specification and the appended claims, the term "substantial distance"
      denotes a distance of 100 feet or more. Preferably, the spacing between
      detector lines in greater than the spacing between neighboring detectors
      on the same line. In the illustrated embodiment, neighboring detectors on
      the same line are spaced four units apart, while adjacent detector lines
      are spaced 8 units apart. Neighboring sources S on the same line are
      spaced 12 units apart and are located at points which are different from
      the detector D locations.
PAR  The seismic sources S may be of the impulse type or of the vibratory type.
      The seismic detectors D may take the form of various ones of the different
      types of seismometers and geophones which are known in the seismic art.
      Also, it is to be understood that each detector D, while spoken of in the
      singular, may, in fact, comprise a number of detectors grouped together in
      a cluster surrounding the common detector point for purposes of
      discriminating against undesired horizontally propogated seismic energy,
      this technique being known in the seismic art.
PAR  The detectors D in the lower four lines are connected to multi-conductor
      cables 20 which are, in turn, connected to appropriate signal recording
      apparatus in a recording truck 21. Similarly, the detectors D in the upper
      four lines are connected to multi-conductor cables 22 which are, in turn,
      connected to signal recording apparatus in a second recording truck 23. In
      both cases, the recording apparatus is preferably of the magnetic tape
      recording type.
PAR  Each of the 20 seismic sources S in FIG. 2 is caused to produce a seismic
      disturbance at a time which is different from the times at which the other
      sources S produce their disturbances. For each seismic disturbance, the
      resulting subsurface reflection signals which are produced by the 96
      seismic detectors D are individually recorded on separate tracks on
      magnetic tape in the trucks 21 and 23. These field tapes are subsequently
      played back or reproduced in a coordinated manner for providing improved
      indications of the subsurface geology. This can be done in several
      different ways to accomplish several different purposes.
PAR  A particularly important purpose which can be accomplished with the FIG. 2
      array is the "stacking" of reflections from common subsurface points for
      purposes of producing seismic records wherein the effect of seismic noise
      is minimized. The manner of combining the individual recordings or traces
      obtained for a given subsurface reflection point is pretty much the same
      as that employed in connection with the known stacking technique. Briefly,
      the individual field recordings for the given point are played back and
      processed in such a manner as to apply the customary elevation, weathering
      and normal moveout corrections thereto, the corrected traces being
      individually recorded on a second magnetic tape. The second tape is then
      played back and the individual corrected signals are combined to produce a
      single composite signal which is then recorded to provide a composite
      record wherein the reflections from the common subsurface point augment
      one another. At the same time, the undesired noise vibrations, which are
      of a more or less random character for the different directions, more or
      less cancel one another so as to minimize the net noise component in the
      final composite record. One form of magnetic recording apparatus suitable
      in a general sense for accomplishing this stacking process is described in
      the above-mentioned U.S. Pat. No. 3,040,833 to Mendenhall and Elliott, it
      being understood that a greater number of initial or input magnetic tape
      tracks and a somewhat different arrangement of switches would be required
      in the present case.
PAR  In the foregoing manner, thre can be provided stacked composite traces for
      312 of the 336 reflection points shown in FIG. 2, there being six points
      in each corner of the array for which only a single reflection is
      recorded. Assuming that maximum stacking is desired, the composite traces
      for the reflection points R located within the area bounded by imaginary
      boundary line 24 are obtained by combining 16 separate reflections or
      folds. Similarly, the composite traces for the reflection points R located
      within the area between imaginary boundary lines 24 and 25 are obtained by
      combining 12 individual reflections or folds. The composite traces for the
      reflection points R in the area between imaginary boundary lines 25 and 26
      are obtained by combining 8 different reflections or folds. The composite
      traces for the reflection points R in the area between imaginary boundary
      lines 26 and 27 are obtained by combining 4 different reflections or
      folds. For the remainder of the reflection points R lying outside the
      imaginary boundary line 27, the number of reflections which are combined
      are indicated by the small numerals adjacent such points as shown for the
      case of the reflection points in the lower left-hand corner of the FIG. 2
      array.
PAR  Considering for example the reflection point R located at X-Y coordinate
      point (23, 24), there are 16 different source-detector pairs whose
      azimuths intersect on the surface of the earth above this point, and which
      produce and receive reflections from this point. The ray paths for these
      reflections are indicated by radial lines 28 passing through the point
      (23, 24). For this point there is obtained one recorded reflection for
      each of the sources S except for the four right-hand sources located at
      coordinate points (48, 0), (48, 16), (48, 32) and (48,48). Where maximum
      stacking is desired, the 16 individual reflection traces for the point
      (23, 24) are individually corrected for elevation, weathering and normal
      moveout and the resulting corrected traces are added together to produce
      the single composite trace for the point (23, 24).
PAR  Another important purpose which can be accomplished with an areal seismic
      array of the type shown in FIG. 2 is that it enables particular ones of
      the ray paths to be selected and displayed in a coordinated manner to
      provide improved indications of the subsurface geology. For example, where
      a fault crosses he asrea being surveyed, the ray paths which are
      interrupted by the fault provide poor data concerning the subsurface
      geology. On the other hand, the ray paths which run more or less parallel
      to the fault line and are not interrupted by same provide much better data
      concerning the subsurface geology. Thus, improved analysis can be obtained
      by selecting the latter type ray paths and reproducing same in a
      coordinated manner. The multi-directional aspect of the present embodiment
      makes possible such a selection of only the better data. This is
      accomplished by initially reproducing the various recorded reflections and
      studying same to obtain an approximate understanding of the peculiarities
      of the subsurface geology. Based upon this preliminary study, selected
      ones of the recorded reflections are thereafter reproduced in a
      coordinated manner for enabling an improved analysis of the subsurface
      earth structure.
PAR  In addition to selecting particular ray paths to eliminate poor data
      because of faults, particular ray paths can also be selected for other
      purposes. For example, particular ray paths may be selected to produce
      stacked records wherein the effect of changes in normal movement is
      reduced. Also, particular ray paths may be selected having lengths of the
      appropriate values for minimizing undesired noise effects. Also, as a
      general proposition, the recorded reflections which are to be coordinated
      can be chosen to concentrate or focus maximum emphasis on places of
      particular interest.
PAR  Referring to FIG. 3, there is shown a plan view of a seismic source and
      detector array as laid out on the surface of the earth in accordance with
      a lineal embodiment of the invention. The array of FIG. 3 includes a first
      set of spaced seismic detectors D located along a first line A and a
      second set of spaced seismic detectors D located along a second and
      different line C. Lines A and C are parallel and are spaced a substantial
      distance apart. The detectors D on line A are connected to a
      multi-conductor cable 30 which runs to a recording truck 31, while the
      detectors D on line C are connected to a multi-conductor cable 32 which
      runs to a second recording truck 33.
PAR  In practicing the method of FIG. 3, seismic disturbances are produced in a
      sequential manner along line A at spaced source points S located at points
      different from the locations of the detectors D. In a similar manner,
      seismic disturbances are also produced in a sequential manner along line C
      at spaced source points S located at points different from the locations
      of detectors D. Using the imaginary distance scale 35 running parallel to
      the detector lines for purposes of explanation, a typical procedure would
      be to produce a seismic disturbance at the source point (A, 0), where A
      denotes the detector line and the numeral denotes the distance value on
      the imaginary scale. The resulting subsurface reflections received by each
      of the various detectors D in both lines A and C are individually
      recorded. After this first seismic disturbance subsides, a second seismic
      disturbance is produced at source point (C, 0) and the subsurface
      reflections thereof received by all of the seismic detectors D in both
      lines A and C are again individually recorded. Following this, the three
      seismic detectors D located at (A, 2), (A, 6) and (A, 10) are picked up
      and relocated in a spaced in-line manner to the right of the right-hand
      end of the cable 30. Similarly, the three detectors D located at (C, 2),
      (C, 6) and (C, 10), together with their interconnecting lengths of cable,
      are picked up and transferred to the right of the right-hand end of cable
      32. Following this, a seismic disturbance is produced at source point (A,
      12) and the resulting subsurface reflections received by all of the
      various seismic detectors D are recorded. Thereafter, a seismic
      disturbance is produced at source point (C, 12) and the resulting seismic
      reflections received by all of the detectors D are again individually
      recorded. Following this, the three left-hand most detectors in each of
      lines A and C are picked up and transferred to similar spaced positions to
      the right of the right-hand ends of cables 30 and 32. Seismic disturbances
      are then produced at the next pair of source points, the resulting
      reflection recorded and the next three sets of detectors in each line are
      picked up and transferred to the right-hand ends of the lines. In this
      manner, the detector lines are extended in a continuous manner until the
      desired length of the earth's surface has been surveyed.
PAR  The foregoing method represents another application of the
      multi-directional technique of the present invention. More particularly,
      there is obtained with this method an additional line of reflection points
      R lying along a line B located intermediate the detector lines A and C. As
      is indicated by the ray paths 34 passing through the reflection point R
      located at (B, 21), each point along line B is sampled in a
      multi-directional manner from source detector pairs located on
      intersecting azimuths. Thus, in effect a solid cone of data is obtained
      regarding each such reflection point R along line B, (except, of course,
      for the few extreme left-hand points). Thus, not only does the present
      method yield a greater number of reflection points but, in addition, there
      can be obtained for the reflection points R along line B a greater degree
      of stacking than can be obtained along either of the single lines A and C.
      In particular, twice as many reflections are obtained for each of the
      reflection points along line B as are obtained for the corresponding ones
      of the reflection points along lines A and C.
PAR  The small numerals located adjacent the reflection points in lines B and C
      indicate the number of reflection or folds which can be stacked, it being
      noted that 8 different reflections can be stacked for the reflection point
      located at (b, 21), such reflections being represented by the different
      ray paths 34. The small numerals to the right of imaginary scale
      coordinate 30 are enclosed in parenthesis to show that they indicate the
      number of reflections obtained for the case where none of the detectors
      are picked up and moved from the left end to the right end of the array.
      Where the detectors are in fact picked up and moved in the manner
      previously described, there is obtained for each of the reflections points
      along lines A and C to the right of imaginary scale unit 30 a total of 4
      reflection folds and for each of the reflection points along line B to the
      right of imaginary scale point 30 a total of 8 reflection folds, these
      totals remaining constant so long as the detectors continue to be picked
      up and transferred from left to right following each pair of seismic
      disturbances.
PAR  In accordance with a further feature of the present invention, both the
      areal method of FIG. 2 and the lineal method of FIG. 3 can be employed to
      provide a stacked shallow refraction survey. This is accomplished by
      reproducing in a coordinated manner the appropriately selected ones of the
      recorded refractions. The results of such refraction surveys can be used
      to further evaluate the reflection survey data.
PAR  Attention is now directed to FIG. 4 which illustrates employment of the
      method of the invention to penetrate as seismic diffraction barrier. For
      the purposes of simplicity in discussion of this aspect of the invention,
      there is shown in simplified form in FIG. 4 a linear survey layout in
      accordance with the method of FIG. 3. Thus, the survey layout of FIG. 4
      includes lines A and C, along with sources S and detectors D are spaced,
      and line B, which, although it contains no sources and detectors, does
      contain some of the reflecting points being surveyed, as explained above
      in connection with FIG. 3. For the purposes of this discussion, it is
      assumed that lines A, B and C are very long and that the source and
      detector spacings are the same as those employed in the embodiment of FIG.
      3. Thus, in the portions of the lines A, B and C appearing in FIG. 4,
      four-fold sampling of each reflecting point along lines A and C will be
      effected, and eightfold sampling of each reflecting point along line B
      will be obtained from source detector pairs aligned on intersecting
      azimuths.
PAR  In FIG. 4, the survey is shown as being conducted in an offshore region
      where the water is navigable. Accordingly, on FIG. 4 two sunken ships 40
      and 41 are shown as sources or generators of a diffraction barrier. There
      is a surprisingly high incidence or concentration of sunken vessels in the
      relatively shallow waters of bays, gulfs, seas and oceans which are areas
      of interest for seismic exploration. Objects other than sunken ships, such
      as 40 and 41, also are known to act as creators of diffraction barriers.
      These include outcrops on or near the sea floor, and small relatively hard
      structures in subsurface regions.
PAR  The manner in which sunken ships and other objects and features act as
      generators of a diffraction barrier is by action as seismic
      pseudo-sources. Because of their high reflectivity, they sharply reflect
      signals from planned seismic disturbances and such reflected signals are
      detected by the detectors and recorded as a manner of course, creating a
      confused record in which signals from significant reflecting points are
      completely masked, and, as a practical matter, obliterated in conventional
      seismic exploration techniques. Diffraction barriers can be created by
      objects in, in the neighborhood of, or above, a geologic region of
      interest. Thus, the sunken ships 40 and 41 shown in FIG. 4 illustrate such
      sources located outside of, but in the neighborhood of, the region of
      interest being surveyed.
PAR  The acoustical geometry of a diffraction barrier in its relation to the
      recorded signals it generates is extremely complex and difficult to
      analyze rigorously. But, for presnt purposes, the key geometrical fact is
      that a detector will receive for recording a signal from the pseudo-source
      creating the diffraction barrier at a time which is related to the sum of
      the distance between the detector and the pseudo-source, and the distance
      between the pseudo-source and the actual seismic source. In accordance
      with the present invention this fact is exploited, together with the
      multi-directional or multi-azimuth sampling of a single reflecting point
      and the technique of combining or stacking recordings from said reflecting
      point (preferably as many such recordings as conveniently possible), to
      effectively penetrate the diffraction barrier.
PAR  In FIG. 4, assume that a seismic disturbance has been created at the source
      point S on line C which is marked with a sub-script C. The detector D on
      line A marked with a sub-script A will receive a reflected signal from
      reflecting point R on line B. It will also receive a signal from sunken
      ship 40, whose arrival time at D.sub.A is a function of the distance
      S.sub.C --40--D.sub.A, this distance being indicated by dotted lines on
      FIG. 4. The signal received by the detector D.sub.A from pseudo-source 40
      may completely mask the signal received from reflecting point R. Assume
      next that a seismic disturbance is created at the source point S on line A
      marked with the sub-script A. As a result of this disturbance detector
      D.sub.C on line C will detect a signal from reflecting point R. It will
      also receive a diffraction signal from pseudo-source 40, and the time of
      arrival of such signal at D.sub.C will be a function of the distance
      S.sub.A --40--D.sub.C, which distance is marked in FIG. 4 with lines. A
      consideration of FIG. 4 will reveal that the distances S.sub.A
      --40--D.sub.C and S.sub.C --40--D.sub.A are different and this means that
      when the recordings are stacked in accordance with the invention, the
      diffraction signals will not add totally, but rather will partially
      cancel, while the signals from reflecting point R will add in phase. The
      two-fold stacked composite signal will thus contain an amplified signal
      from reflecting point R and an attenuated diffraction signal. As the
      number of folds for a given reflection point which are stacked or combined
      is increased, the attenuation of the signals from diffraction source 40 is
      increased, and the strength of the signals from reflecting point R is
      enhanced by cumulative addition, so that a signal from reflecting point R
      becomes discernable notwithstanding the diffraction barrier.
PAR  FIG. 5 illustrates diagrammatically the application of the invention to the
      problem of seismically exploring a geologic region of interest so located
      with respect to a surface or subsurface feature above it that
      substantially no meaningful seismic data can be obtained by running a
      survey line across said feature and the region of interest. In FIG. 5 the
      surface of the earth is indicated at 43 and the geologic region of
      interest is indicated by the dotted outline 44. Within the region of
      interest 44 there is shown a salt dome 45, geologic layers 46 distorted by
      the salt dome (said distorted layers being of great interest in seismic
      exploration as indicators of possible oil bearing strata), and, at a level
      above the salt dome 45, a mass of salt 47 which may be considered a
      "bubble" of salt which has risen through overlaying geologic regions
      toward the surface from the dome. On the surface of the earth 43 there is
      shown a town 48.
PAR  Town 48 and salt mass 47 illustrate two features, one surface and
      geographic, and the other subsurface and geologic, which have, as a
      practical matter, made it substantially impossible to gather meaningful
      data from a geologic region of interest immediately below such a feature.
      In the case of town 48 it is impossible to do so for social regions; in
      the case of salt mass 47 the impossibility arises from physical reasons
      because mass 47 is substantially opaque to seismic signals. It should be
      understood that the diagram of FIG. 5, illustrates a situation which will
      occur relatively rarely, in that both a surface (social) barrier, and a
      sub-surface (physical) barrier, are positioned to block conventional
      exploration of the region of interest.
PAR  In accordance with the invention, a seismic source S is positioned to one
      side of and away from the blocking feature 47 or 48 and a detector D is
      placed on the opposite side of the blocking feature. Survey patterns such
      as those depicted in FIGS. 2 and 3, and FIG. 1 (if it is expanded to
      include a considerable number of source-detector pairs for a given
      reflecting point), may be used to provide multiple directional sampling of
      reflecting points of interest from a very "side-looking" angle of
      approach. The data so gathered and recorded in accordance with the
      invention is then combined or stacked from as many folds as produced good
      data concerning a given reflecting point to produce a composite signal
      which represents the reflecting point well, notwithstanding that the raw
      seismic signals were generated at longer than ordinary distances and
      greater than ordinary angles in order to avoid the blocking features 47 or
      48.
PAR  It is to be understood that the specific numbers and spacings of sources
      and detectors shown in the foregoing embodiments are intended by way of
      example only. The number of sources and number of detectors, for example,
      can be increased or decreased for purposes of covering a larger or smaller
      surface area, for purposes of increasing or decreasing the reflection
      point density or the like. The matter of primary importance is to arrange
      the sources and detectors so that reflections in different directions are
      simultaneously recorded. As indicated previously, this enables the
      obtaining of a greater amount of data and better quality data concerning
      the subsurface earth structures for a given expenditure of time and labor.
PAR  While the foregoing methods have been described ith respect to their use on
      land, it is to be understood that such methods may also be used in water
      or water-covered areas such as oceans, bay, lakes, rivers, and the like.
PAR  While there have been described what are at present considered to be
      preferred embodiments of this invention, it will be obvious to those
      skilled in the art that various changes and modifications may be made
      therein without departing from the invention, and it is, therefore,
      intended to call all such changes and modifications as fall within the
      true spirit and scope of the invention.
CLMS
STM  What is claimed is;
NUM  1.
PAR  1. A method for penetrating a seismic diffraction barrier created by
      objects in, in the neighborhood of, or above a geologic region of interest
      desired to be seismically explored comprising:
PA1  generating multiple pieces of data from a given reflecting point by means
      of disturbances created at source points and detectors located at
      detecting points such that at least some pairs, each pair comprising one
      source point and one detecting point, are aligned on azimuths which
      intersect at a vertical line passing through said reflecting point;
PA1  recording said multiple pieces of data, said data recordings containing
      diffraction signals masking a signal from said reflecting point in the
      geologic region of interest;
PA1  and combining data recordings containing data generated along a
      multiplicity of azimuths having a common intersection, whereby said
      diffraction signals in large part additively cancel one another and the
      signals from said reflecting point additively reinforce one another, to
      produce a composite recording containing a discernable signal representing
      said reflecting point.
NUM  2.
PAR  2. A method for seismically exploring a geologic region of interest so
      located with respect to a surface or subsurface feature above it that
      substantially no meaningful seismic data can be obtained by running a
      survey line across said feature and the region of interest, said method
      comprising;
PA1  developing multiple pieces of data from a given reflecting point in said
      geologic region of interest from a multiplicity of pairs of seismic
      disturbance source points and detector points, ssaid pairs being aligned
      on azimuths which intersect at a vertical line passing through said
      reflecting point and said source points and detector points being located
      on the surface in areas away from said feature, the source point of any
      given pair being positioned on the opposite side of said feature from the
      detecting point of said pair;
PA1  recording the multiple pieces of data so developed;
PA1  and stacking recordings of data from said reflecting point generated along
      intersecting azimuths.
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ABST
PAL  In an aircraft terrain warning system utilizing a radar altimeter wherein
      the rate of closure to the terrain is compared with the aircraft's
      altitude above the terrain to generate a warning signal when the closure
      rate is excessive for a particular altitude, the closure rate signal is
      limited and biased depending upon the aircraft's closure rate and
      configuration in order to significantly increase the time response of the
      system while at the same time reducing nuisance warnings. The amplitude
      limit on the closure rate signal, is varied, above a predefined altitude,
      as a function of the closure rate signal in oreder to provide increased
      warning times at greater closure rates. Circuitry, responsive to the
      aircraft's flap positions, is also provided to alter the characteristics
      of rate limiter so as to provide warning parameters that more accurately
      reflect operating conditions at lower aircraft speeds.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to the field of terrain or ground proximity warning
      systems for aircraft and more particularly to terrain warning systems that
      generate warning signals as a function of the aircraft's rate of descent
      as compared to its altitude above the ground.
PAR  This invention relates in particular to the prior art ground proximity
      warning system disclosed in Astengo U.S. Pat. No. 3,715,718 and the
      application of Bateman Ser. No. 480,727, filed on June 19, 1974, entitled,
      "Ground Proximity Warning Instrument" both of which are assigned to the
      assignee of this application. The terrain closure warnings described in
      Astengo and Bateman use a signal derived from a radar altimeter
      representing the rate of change in the aircraft altitude above ground
      where a symmetric rate limiter is utilized to limit the amplitude of this
      rate signal to the same maximum value for both increasing and decreasing
      rates of change in the aircraft's altitude above ground. The limited rate
      signal is then utilized as an input to a complementary filter which serves
      to remove high frequency components from the radar altitude rate signal.
PAR  However, it has been determined that, when an aircraft is flying at a
      relatively high air speed over undulating terrain having relatively steep
      slopes, a negative slope i.e. terrain that is sloping downwardly away from
      the aircraft, will cause the low pass filter to take an appreciable charge
      having a non-warn polarity. This will have the effect of delaying the
      warning signal when the aircraft begins to traverse a positive or upwardly
      sloping terrain due to negative conditioning of the system. At the same
      time it is extremely important that nuisance warnings be reduced to an
      absolute minimum since every nuisance warning tends to reduce the
      aircrew's confidence in the system and hence the value of the system as a
      safety device. Thus the problem becomes how to increase the sensitivity of
      the system to avoid the delaying effects of downward slopes while
      concurrently reducing nuisance warnings to a minimum.
PAR  By the same token, it is considered worthwhile to extend the altitude at
      which the system will respond and at the same time reduce nuisance
      warnings resulting from rough terrain at these higher altitudes.
PAC  SUMMARY OF THE INVENTION
PAR  It is, therefore, an object of the invention to condition closure rate
      signal in order to reduce warning signal delays due to negative slopes and
      the resulting negative biasing of the warning system.
PAR  It is a further object of the invention to provide a circuit for biasing
      and limiting the altitude rate signal so that the signals generated by
      negative slopes have substantially less effect on the system than the rate
      signals generated by positive slopes.
PAR  It is an additional object of the invention to provide an altitude rate
      signal limiter which increases the maximum limit on the rate signal as a
      function of increasing altitude rate of change signal in the terrain
      closing direction so as to provide increased warning times at higher rates
      of terrain closure at greater altitudes.
PAR  It is a still further object of the invention to provide a signal limiting
      circuit having asymmetrical and biasing characteristics along with a
      variable limitation on the altitude rate signal so as to provide an
      improved warning characteristic.
PAR  The terrain closure warning system includes inputs from both a radar
      altimeter and a barometric altimeter where both of these inputs are
      differentiated in order to get a rate of change in radar altitude signal
      and a rate of change in barometric altitude signal. The radar rate signal
      is limited by a rate limiter circuit before being applied to a low pass
      filter element in a complementary filter. The rate of change in barometric
      altitude signal is applied to the high pass filter portion of the
      complementary filter whereupon the filtered and limited radar rate signal
      is combined with the filtered barometric rate of change signal into a
      combined altitude rate of change signal. This signal is biased and scaled
      for comparison with a signal from the aircraft's radar altimeter
      indicating the aircraft's altitude above ground in order to generate the
      desired warning characteristic. This warning characteristic, or envelope,
      generally provides for generating a warning signal based on the rate of
      terrain closure as a function of the aircraft's altitude above ground,
      i.e. the greater the altitude, the greater the rate of terrain closure
      must be to trigger a warning.
PAR  As indicated before, however, as the aircraft is traversing terrain having
      a negative slope, the complementary filter will build up a negative charge
      or bias which will tend to decrease the response of the system to a
      positive or rising slope. In order to eliminate warning signal delays as
      the aircraft is traversing at a relatively high rate of speed, terrain
      with a series of increasing and decreasing slopes, the effect of the
      negative slope signal on the system must be reduced. This is accomplished
      in the rate limiting portion of the circuitry by providing the rate
      limiter with asymmetrical characteristics. In other words the absolute
      value of maximum permitted amplitude of the radar altitude rate signal
      generated by a negative slope is reduced as compared to the absolute value
      of maximum permitted amplitude for the radar rate signal caused by a
      positive or increasing slope. Also, under certain conditions, it is
      desirable to bias the rate signal so that even the largest possible signal
      generated by a negative slope will have the same polarity as signals
      generated by a positive slope.
PAR  Since the delay in the warning signal due to negative slopes presents an
      appreciable problem only at relatively high aircraft speeds, a means is
      provided to alter the performance of the rate signal limiter by reducing
      the bias and the asymmetrical nature of the limit on the signal whenever
      the aircraft is proceeding at lower speeds. This change in operation is
      accomplished by causing the rate limiter to respond to signals indicating
      whether the aircraft's flaps are up or down.
PAR  In addition to the asymmetrical limiting of the radar altitude rate signal,
      the limiter circuit increases the maximum permitted value of the radar
      rate signal representing terrain closure as a function of increasing
      closure rates. This provides what is termed a "soft limit" characteristic.
      Essentially this soft limiting characteristic provides for increasing the
      altitude at which a signal will be triggered as a function of increasing
      closure rate. Above a predefined altitude, the greater the closure rate,
      or radar rate signal, the greater the amplitude of the radar altitude rate
      signal will be allowed to pass through the rate circuit. The net result of
      this "soft limit" characteristic will be to provide the crew of the
      aircraft with improved warning times under conditions of relatively high
      terrain closure rates. However, it is also considered desirable to limit
      this soft limiting characteristic above a certain altitude since rough
      terrain can cause nuisance warnings. As a result, the warning signal is
      effectively inhibited above an altitude sufficiently great enough so that
      even very rapid terrain closure rates do not present an immediate threat
      to the aircraft's safety.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a functional block diagram of the terrain warning system;
PAR  FIG. 2 is a graphical representation of the warning envelope generated by
      the circuit of FIG. 1;
PAR  FIG. 3 is a schematic diagram of a first rate limit circuit and the
      complementary filter;
PAR  FIG. 4 is a graphical representation of the operating characteristics of
      the first rate limit circuit.
PAR  FIG. 5 is a schematic diagram of a second rate limit circuit and the
      complementary filter;
PAR  FIG. 6 is a graphical representation of the operating characteristics of
      the second rate limit circuit; and
PAR  FIG. 7 is an illustration of an aircraft flight profile over terrain with
      an indication when warnings are generated.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  A functional block diagram of a terrain warning system, similar to that
      disclosed in Astengo 3,715,718, is provided in FIG. 1. The h.sub.R input
      to the rate limiter 10 represents the altitude rate of change signal
      derived from a radar altimeter or radio altimeter as it is sometimes
      called. The output of the rate limiter 10, h.sub.RL, it utilized as one of
      the inputs to the complementary filter 12. The other input to the
      complementary filter is the signal h.sub.B which represents the rate of
      change in the aircraft's barometric altitude. The complementary filter 12
      filters out the high frequency components of the h.sub.RL signal and the
      low frequency components of the h.sub.B signal and combines the filtered
      signals into the combined signal h.sub.C. Combined with h.sub.C is a
      signal representing an altitude rate of change of 2,000 FPM at the summing
      junction 14. The biased h.sub.C signal is scaled by the scaling amplifier
      26 and utilized as input to the summing junction 18. The other input to
      the summing junction 18 is the h.sub.R signal, received from the radar
      altimeter, representing the aircraft's altitude above ground. The output
      of the summing junction 18 is then applied to the comparator 20 which
      generates a warning signal whenever the output of the comparator 18 is
      positive.
PAR  In FIG. 2 the warning characteristics, or envelope, of the system
      illustrated in FIG. 1 is presented. The basic warning envelope is to the
      right of line 22 encompassed by the shaded area 23 of FIG. 2 below line
      24. Here, it can be appreciated, that as the combined rate signal h.sub.C
      increases the greater the aircraft's altitude above ground will have to be
      in order to avoid triggering a warning signal as indicated by the slope of
      the line 22. Since the amplitude of h.sub.R and thus h.sub.C is limited by
      the rate limiter 10, the maximum altitude that the warning signal can be
      generated is approximately 1500 feet above ground as shown by the line 24.
      As a result, the rate limiter 10, in combination with the rest of the
      circuitry of FIG. 1 will produce the warning characteristics bounded by
      the lines 22 and 24 of FIG. 2.
PAR  The rate limiter 10 also has an input that represents the position of the
      aircraft's flaps. The effect of the flap input to the rate limiter 10 will
      be to further limit the amplitude of the h.sub.RL signal providing a
      maximum altitude for which a warning signal can be generated of
      approximately 789 feet. This flaps down mode of operation of the terrain
      warning system is illustrated by the line 26 of FIG. 2. It should be also
      noted at this point that, in the preferred embodiment of the system, the
      warning signal is inhibited for altitudes of less than 50 feet, shown in
      line 28 of FIG. 2 so that a warning signal is not generated just as the
      aircraft is about to touch down on a runway.
PAR  The first embodiment of the improved rate limiter is illustrated in FIG. 3
      of the drawings. The h.sub.R signal is input through the resistor 30 to
      the negative terminal of the operational amplifier 32. The positive
      terminal of operational amplifier 32 is connected to ground. The bridge
      rectifier 34 receives the output of the operational amplifier 32 and in
      turn is biased into the desired operating level by a voltage divider
      comprising the resistors 36 and 38. A source of positive voltage is
      applied to terminal 40 and a source of negative voltage is applied to
      terminal 42. The output of the operational amplifier 32 is further
      regulated by the feedback circuit, including resistor 44, connected
      between the negative terminal of operational amplifier 32 and the output
      of the bridge rectifier 34.
PAR  The asymmetric function or output of the rate limiter in FIG. 3 is
      controlled by the circuitry enclosed in the dashed lines 46. When the
      aircraft's flaps are up, indicating that the aircraft is in a normal
      flight configuration, a low signal is generated on line 48. A low voltage
      on line 48 in combination with the diodes 50 and 52, will serve to switch
      on the field effect transistor, or FET, 54 and switch off the FET 56. The
      effect of switching on FET 54 will be to limit the positive output
      h.sub.RL of the bridge rectifier 34 to an amplitude corresponding to the
      line 58 in the operational characteristic shown in FIG. 4 i.e. a signal
      representing a maximum of 1,000 FPM. By the same token, the permitted
      maximum amplitude of the negative output h.sub.RL from the bridge
      rectifier 34 will have a much greater value due to the diode 60. This
      negative limitation is illustrated by line 62 of FIG. 4 and corresponds to
      a descent rate of approximately 3,900 FPM. As a result, the asymmetrical
      output of the rate limiter, illustrated by lines 58 and 62 of FIG. 4 will
      be achieved when the flaps are up and the FET 54 is on.
PAR  As indicated before, the asymmetrical characteristic of rate limitation is
      not required during low speed phases of aircraft operation where the flaps
      would normally be down. When the flaps are lowered, a high signal will be
      generated on line 48 switching off FET 54 and turning on FET 56. This will
      permit current to flow through resistor 64 to ground thus providing the
      rate limiter with the symmetrical characteristics illustrated by line 66
      wherein both the postive and the negative output h.sub.RL of the bridge
      rectifier 34 are limited to values that are approximately equal to 3,000
      FPM.
PAR  In addition to the asymmetrical characteristics of the rate limiter just
      described, the preferred embodiment of the invention also includes circuit
      means for providing the "soft limit". It should be noted at this point
      that the term soft limit does not imply a difference in the quality of the
      warning signal being generated, but only that the limit on the rate signal
      can vary with the descent rate so that there is not a "hard" limit on the
      h.sub.RL signal above a certain descent rate. The circuitry for
      implementing the soft limit is shown inside the dashed lines 68 of FIG. 3.
      The resistors 70 and 72 comprise a voltage divider which varies as a
      function of the output of the operational amplifier 32. Diode 74 serves to
      block any input to the negative terminal of the operational amplifier 32
      when the output of the operational amplifier 32 is positive. However, when
      the output of the operational amplifier 32 is negative, corresponding to
      the lower portion of the graph in FIG. 4, diode 74 will be in a conducting
      state and in combination with resistor 76 will cause the output of the
      operational amplifier 32, and therefore the maximum output h.sub.RL of the
      bridge rectifier 34, to increase with an increasing negative h.sub.R
      signal. This will result in the operating characteristic shown by line 78
      of FIG. 4. The increase in the amplitude is reflected in FIG. 2 of the
      drawings where the line 80 indicates that the maximum warning altitude
      will increase with an increasing closure rate when the aircraft is in a
      flaps up condition thereby giving the crew increased warning time under
      conditions of rapid terrain closure rates.
PAR  Also included in the circuitry of FIG. 3 is the FET switch 82 which serves
      to alter the time constant of the complementary filter 12 in response to
      the position of the aircraft's landing gear. The operational amplifier 84
      along with the feedback connection 86 provides the active element of the
      complementary filter. The h.sub.RL signal and the h.sub.B signal, which is
      received through capacitor 88, are combined and applied to the positive
      terminal of the operational amplifier 84. The final output of the
      operational amplifier 84 is the h.sub.C signal which is applied to the
      summing junction 14 of FIG. 1.
PAR  It should also be understood that the asymmetric characteristics of the
      rate limiter 10 will affect the dynamic characteristics of the terrain
      warning system, but will have no effect on the warning envelope as
      illustrated in FIG. 2. The soft limit on the other hand, directly affects
      the characteristics of the warning envelope of FIG. 2 by increasing the
      altitudes at which a warning may be generated as a function of increasing
      terrain closure rates.
PAR  The second embodiment of the invention is implemented by the circuit shown
      in FIG. 5 and has the operating characteristics set forth in the graph of
      FIG. 6. For purposes of clarity, the circuit elements that correspond to
      the circuit elements in the first embodiment of FIG. 3 are indicated by
      the same reference numerals. In addition, the circuit in FIG. 5 includes
      all of the circuit elements necessary to implement the block diagram of
      FIG. 1 including the scaling amplifier 16 and the comparator 20.
PAR  One of the basic purposes of the circuit shown in FIG. 5 is to provide the
      warning characteristic of FIG. 2 bounded by the lines 22, 80 and 90. The
      operating characteristics of the circuit in FIG. 5 are the same as the
      operating characteristics of the circuit in FIG. 3 in that they both
      impose a soft limit on the rate signal at the point corresponding to an
      altitude of approximately 1500 feet and a descent rate of 3,900 feet per
      minute. However, the circuit of FIG. 5 additionally places another hard
      limit on the rate signal at an altitude of approximately 1,800 feet and at
      a descent rate of approximately 4,800 feet per minute. This provides a
      somewhat greater warning time at altitudes of between 1,500 and 1,800 feet
      above the ground for especially rapid descent rates but at the same time
      eliminates any warning from the terrain closure mode at altitudes above
      1,800 feet in order to reduce nuisance warnings. The rate limiting portion
      of the circuitry in FIG. 5 also has the operating characteristic shown in
      the graph of FIG. 6. As is indicated in FIG. 6, the operating
      characteristic of the rate limiter is biased downwardly so that the output
      of the rate limiter is entirely in the negative portion of the graph. This
      means that the maximum voltage of h.sub.RL produced by a negative terrain
      slope will be negative and similarly the maximum voltage of h.sub.RL
      produced by a positive or upwardly sloping terrain will be a corresponding
      greater negative voltage. The primary value of this asymmetrical limiting
      of the rate signal is to provide the terrain warning system with a
      significantly faster response time than provided in the prior art
      specifically, Astengo 3,715,718. This response rate is generally even
      greater than that provided by the improved circuitry of FIG. 3. One reason
      the circuit of FIG. 5 is potentially more responsive is due to the fact
      that the circuitry in FIG. 3 is inherently unable to bias the operating
      characteristic of the rate limiter below zero thus limiting the possible
      compensation for negative sloping terrain.
PAR  The relative responses of the circuits in FIGS. 3 and 5 are illustrated by
      the flight profile shown in FIG. 7. The vertical axis of FIG. 7 represents
      the altitude of both the terrain and of the aircraft above sea level. The
      horizontal axis represents both the distance from a point of impact 92 and
      the time till impact for an aircraft with a ground speed of approximately
      172 knots. It is the purpose of the terrain profile of FIG. 7 to
      illustrate the operation of the system for an aircraft in a level flight
      over undulating terrain which is gradually increasing in height until the
      aircraft is in danger of actually impacting the highest hill at point 92.
      The horizontal bar 94 indicates the duration of the warning time for the
      prior art systems. The horizontal bar 95 represents the response of the
      circuit of FIG. 3, and the bars 96 and 98 indicate the warning times
      generated by the circuit in FIG. 5. Bar 98 represents the circuit of FIG.
      5 having a soft warning as shown by line 80 of FIG. 2 which extends
      upwardly and is effective to essentially the maximum range of the radio
      altimeter. Bar 96, on the other hand, represents the circuit of FIG. 5
      having a second hard limit imposed upon it represented by line 90 of FIG.
      2.
PAR  As the aircraft passes over the first hill 100, the prior art systems
      represented by bar 94 and the circuit of FIG. 3 represented by this the
      bar 95 are not able to react quickly enough to generate a warning signal
      whereas the improved systems of FIG. 5 are able to generate short warning
      signals. The second hill 102 will again cause the system of FIG. 5 to
      produce a short warning signal. As the aircraft is approaching the point
      of impact 92, the improved system of FIG. 5 represented by bar 98 and 96
      will provide a warning time of approximately 1 second before the prior
      system represented by bar 94 or the system of FIg. 3 represented by bar
      95. It will be appreciated that this one second difference may very well,
      under certan circumstances, provide the difference between a safe recovery
      and an impact into the terrain. Of course it will be recognized that
      various terrain profiles and flight patterns will provide an almost
      infinite number of different operating circumstances, but the illustration
      of FIG. 7 should give some indication of the improved response of the
      terrain closure warning system with the use of an asymmetrical limiting of
      the rate signal. It also should be noted that circuit of FIG. 5 would in
      his case have given the aircrew a warning about 22 seconds before impact
      and in the case of the system having the soft warning, bar 98, a short
      warning would have been generated about 40 seconds before impact.
PAR  The circuit of FIG. 5 receives the h.sub.R signal from the aircraft's radio
      altimeter wherein the greater the negative voltage the greater the
      aircraft's altitude above ground. The capacitor 105 and the resistor 30
      serve to differentiate this signal into the h.sub.R that represents the
      aircraft's rate of ascent or descent from the ground. As in the circuit of
      FIG. 3 the h.sub.R signal is input to the operational amplifier 32 which
      cooperates with the bridge rectifier 34 to limit the amplitude of the
      h.sub.R signal. The resistor 106 provides essentially the same function in
      limiting the amplitude of the h.sub.R signal as the resistor 64 in FIG. 3
      in that it cooperates with the bridge rectifier to limit the output
      voltage of the bridge rectifier 34. As in FIG. 3, the output of the
      operational amplifier 32 is regulated by the feedback circuit which
      includes the resistor 44 and the capacitor 108. In order to provide the
      biased asymmetrical operating characteristics shown in FIG. 6, the circuit
      encompassed by the dashed line 110 is provided. Here the negative voltage
      source 112 and resistors 113, 115 and 118 cooperate to provide a negative
      bias voltage to the negative input terminal of the operational amplifier
      32. When the aircraft's flaps are up, the FET 114 will be off resulting in
      a bias voltage being applied to the negative terminal of the operational
      amplifier 32 which will approximate 3,000 feet per minute. This will
      result in the operating characteristic represented by lines 120 in FIG. 6
      where the upper limit of the h.sub.RL signal is limited to approximately
      2,000 feet per minute and the lower limit is limited to approximately
      3,900 feet per minute. In a flaps down configuration, a positive signal is
      transmitted by line 48 through the diode 122 switching on the FET 114.
      This will serve to reduce the magnitude of the negative voltage being
      applied to the negative terminal of the operational amplifier 32 by
      permitting current to flow through resistor 123 thus reducing the bias
      voltage on the h.sub.R signal. The flaps down operating characteristic of
      FIG. 5 is indicated by the lines 124 in FIG. 6 wherein the h.sub.RL
      signals are limited to 1,000 and 3,000 feet per minute thereby having the
      effect of reducing the sensitivity of the system in low level flight. The
      reduction in sensitivity at this point is particularly useful in that it
      tends to reduce nuisance warnings. The function of the second FET 116 is
      to respond to a signal from the terrain clearance warning mode of an
      integrated ground proximity warning system. The terrain clearance warning
      mode is set forth in detail in Bateman Ser. No. 480,727 filed on June 19,
      1974 but, briefly, it functions by generating a warning signal whenever
      the aircraft is too close to the ground under certain operating
      conditions. The switching on of the FET 116 in response to the terrain
      clearance signal has the effect of further reducing the bias voltage on
      the negative terminal of the operational amplifier 32 by permitting
      additional current to flow through resistor 125. This reduction in the
      bias voltage will reduce the altitude at which a warning can be generated
      to the extent that no warning will be generated, thus, in effect, shutting
      off this mode.
PAR  Since a bias voltage is being applied to the negative terminal of the
      operational amplifier 32, it is necessary to remove this bias voltage
      after the rate signal h.sub.RL has been suitably limited in order to have
      the system perform properly. Applying the bias voltage from the circuit
      110 through the resistor 126 to the negative terminal of the scaling
      amplifier 16 removes the bias voltage from the h.sub.C signal so that it
      may be scaled appropriately and combined with the h.sub.R signal in the
      comparator 20.
PAR  In order to get the soft and hard warnings defined by lines 80 and 90 of
      FIG. 2, the circuit enclosed by the dashed lines 128 is included in FIG.
      5. The basic purpose of this circuit is to increase the output of the rate
      limiter as a function of increasing rate signal until a predefined rate
      signal has been reached whereupon the hard limit is reimposed. To this
      end, the circuit encompassed by the dashed lines 128 includes a feedback
      loop for the operational amplifier 32. This feed-back loop is composed of
      the FET 130, the diode 132, the resistors 134 and 136, the positive
      voltage source 140, the diode 142, and the resistor 144. FET 130 responds
      to the flaps up signal transmitted through diode 132 from line 48 by
      switching on thereby closing the feedback loop for the operational
      amplifier 32. Even though the FET 130 is closed in a conducting state, the
      second feedback loop around the amplifier 32 will only begin to conduct
      when the h.sub.R signal is sufficiently negative to overcome the voltage
      generated by the voltage divider composed of the resistors 136 and 134.
      This will occur when h.sub.R has a value which is equivalent to a closure
      rate of approximately 3,900 feet per minute. It is at this point that the
      soft warning begins to take effect corresponding to line 80 of FIG. 2 and
      the portion 146 of the operating characteristic in FIG. 6. In order to
      reimpose the hard limit, defined by line 90 of FIG. 2 and line 148 of FIG.
      6, the transistor 150 and resistance 152 are connected in parallel between
      the negative voltage source 42 and the diode rectifier 34. The transistor
      150 is also responsive to the flap signal on line 48 and, in effect,
      serves to impose a new lower limit on the voltage output of the rate
      limiter. Since resistor 152 has smaller value than resistor 38, the
      opening of transistor 150 will permit more current to be produced by the
      rate limiter, thus increasing the effective limit on its output. The
      maximum output of the rate limiter then becomes equal to approximately
      6,000 feet per minute corresponding to line 148 of FIG. 6 and line 90 of
      FIG. 2.
PAR  Although both preferred embodiments of the invention have been described in
      terms of specific values for rates and altitudes, it is not intended that
      the scope of the invention as claimed will be limited to either of these
      embodiments nor to the specific values disclosed. In addition, it should
      be recognized that although the invention was described in terms of
      implementation in an essentially analog device, the concept of utilizing
      hard and soft limits as illustrated in FIG. 2 could be implemented by a
      system utilizing digital techniques. Also, the concept of limiting the
      effects of signals representing an increase in the aircraft's altitude in
      order to improve the dynamic performance of a terrain warning system,
      applies equally to digital as well as analog systems.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a terrain warning system for aircraft utilizing the comparison of an
      altitude above ground signal received from a radar altimeter with an
      altitude rate signal derived from the altitude above ground signal to
      generate a warning signal indicating excessive terrain closure rates,
      wherein the improvement comprises:
PA1  means for conditioning the altitude rate signal indicating a decrease in
      altitude; and means operatively connected to said conditioning means for
      limiting the altitude rate signal indicating an increase in altitude, in
      relation to the altitude rate signal indicating a decrease in altitude in
      order to increase the time response of the terrain warning system by
      decreasing the effects of the altitude rate signal indicating an increase
      in altitude.
NUM  2.
PAR  2. The system of claim 1 wherein said conditioning means limits the maximum
      permitted value of the altitude rate signal indicating a decrease in
      altitude and wherein said limit means is effective to reduce the maximum
      permitted value of the altitude rate signal below said limit imposed on
      the altitude rate signal representing a decrease in altitude.
NUM  3.
PAR  3. The system of claim 2 wherein said conditioning means includes a signal
      limiting circuit and said limit means includes a circuit for causing said
      circuit to operate asymmetrically.
NUM  4.
PAR  4. The system of claim 2 wherein said asymmetric signal limiting circuit
      comprises:
PA1  a signal amplitude limiting circuit
PA1  a circuit operatively connected to said amplitude limiting circuit for
      varying the amplitude limit of the altitude rate signal depending upon its
      polarity.
NUM  5.
PAR  5. The system of claim 4 wherein said asymmetric signal limiting circuit
      additionally includes a circuit responsive to a flap signal for
      selectively causing the limit placed on the altitude rate signal to be
      substantially symmetric with respect to signal polarity.
NUM  6.
PAR  6. The system of claim 2 additionally including means, responsive to the
      flight configuration of the aircraft cooperating with said conditioning
      means, and said limit means for establishing essentially equal limits on
      the maximum permitted value of the altitude rate signals indicating an
      increase in altitude and altitude rate signals indicating a decrease in
      altitude.
NUM  7.
PAR  7. The system of claim 6 wherein said conditioning means and said limit
      means are responsive to the flap settings of the aircraft.
NUM  8.
PAR  8. A limit circuit for limiting the amplitude of signals representing the
      rate of change in radar altitude in a terrain warning system comprising:
PA1  an amplifier responsive to the radar rate signal;
PA1  a bridge rectifier operatively connected to said amplifier;
PA1  a first feedback circuit connected between said bridge rectifier and said
      amplifier; and
PA1  a bias circuit operatively connected to said bridge rectifier for
      decreasing the amplitude limit of the radar rate signal having a polarity
      indicating an increase in altitude.
NUM  9.
PAR  9. The circuit of claim 8 additionally including a circuit operatively
      connected to said bias circuit and responsive to a signal representing the
      flap configuration of the aircraft for causing said biasing circuit to
      apply substantially equal amplitude limits on the radar rate signals of
      either polarity.
NUM  10.
PAR  10. A terrain warning system utilizing an altitude above ground signal and
      a rate of change in altitude signal for generating a warning signal
      indicating excessive terrain closure comprising:
PA1  biasing means for biasing the altitude rate signal;
PA1  limiting means for limiting said biased altitude rate signal;
PA1  scaling means operatively connected to said biasing means and said limit
      means for removing said bias from the altitude rate signal;
PA1  comparator means responsive to said scaled altitude rate signal and the
      altitude signal for generating the warning signal.
NUM  11.
PAR  11. The warning system of claim 10 additionally including filter means
      operatively connected between said limit means and said scaling means for
      filtering said limited altitude rate signal.
NUM  12.
PAR  12. The system of claim 11 additionally including switch means responsive
      to a signal representing the aircraft's configuration and operatively
      connected to said biasing means for altering the bias on said altitude
      rate signal.
NUM  13.
PAR  13. The system of claim 12 wherein said limit means includes means for
      altering the maximum limit on said biased altitude rate signal in response
      to said aircraft configuration signal.
NUM  14.
PAR  14. The system of claim 13 including means responsive to a terrain
      clearance signal for preventing the generation of the warning signal.
NUM  15.
PAR  15. In a terrain warning system having means for comparing radio altimeter
      signals and altitude rate of change signals derived from said radio
      altimeter signals for generating a warning signal and having a limit means
      for limiting the value of the altitude rate signal, wherein the
      improvement comprises:
PA1  means for biasing the altitude rate signal prior to being inputted into
      said limit means thereby eliminating delays in the generation of the
      warning signal due to altitude rate signals indicating an increase in
      altitude; and
PA1  means for removing said bias from the limited altitude rate signal prior to
      its being input to the comparing means.
NUM  16.
PAR  16. The system of claim 15 wherein said limit means includes an operational
      amplifier and a bridge rectifier and said biasing means includes a voltage
      source operatively connected to the input of said operational amplifier.
NUM  17.
PAR  17. The system of claim 16 wherein said biasing means is responsive to a
      flap signal for reducing the amount of bias applied to said operational
      amplifier when the aircraft's flaps are down.
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ABST
PAL  In a terrain warning system wherein the rate of the aircraft's closure to
      the terrain is compared to the aircraft's altitude above the terrain in
      order to generate a warning signal for excessive closure rates, a circuit
      is provided to inhibit the warning signal when the aircraft begins to
      climb in response to the warning signal and to measure the altitude gained
      by the aircraft resulting in the reactivation of the warning signal if the
      aircraft has leveled off before gaining a predetermined amount of
      altitude. The circuit includes: a memory element to indicate that a
      warning signal has been generated; a circuit to generate a climb signal in
      response to a barometric rate of change signal indicating the aircraft is
      climbing; and an integrating circuit responsive to the barometric rate
      signal to determine the amount of altitude the aircraft has gained while
      climbing. If the aircraft has not gained the predetermined amount of
      altitude before leveling off, as indicated by the climb signal, the memory
      element will reactivate the warning signal.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates to aircraft ground proximity warning systems and more
      particularly to excessive terrain closure rate warning systems.
PAR  In the prior art, as specifically represented by Astengo U.S. Pat. No.
      3,715,718; the application of Bateman Ser. No. 480,727, filed on June 19,
      1974, entitled, "Ground Proximity Warning Instrument"; and the application
      of Bateman et al. Ser. No. 556,022, filed Mar. 6, 1975, entitled, "Terrain
      Closure Warning System With Altitude Rate Signal Conditioning,"  all of
      which are assigned to the assignee of this application, a signal, derived
      from a radio altimeter, that represents the rate of change in the
      aircraft's altitude above ground is compared with a signal from the radio
      altimeter indicating the aircraft's altitude above the ground to generate
      a warning signal when the terrain closure rate is excessive for the
      aircraft's altitude. In the prior art systems, the warning signal remains
      on as the aircraft continues to approach the terrain and switches off as
      soon as either the aircraft begins altitude by climbing or when the
      terrain begins to slope downwardly from the aircraft's flight path.
PAR  There are, however, situations in which it would be useful from a safety
      standpoint to insure that the aircraft has climbed a predetermined
      distance before leveling off after having received a terrain closure
      warning signal. This most commonly occurs where the aircraft is traversing
      terrain having a series of peaks and valleys with slopes that are
      sufficiently steep to trigger short warnings. Assuming the aircraft is in
      a level flight over undulating terrain that is gradually increasing in
      altitude, the aircraft may experience one or more short warnings. However,
      since each upward slope is followed by a downward slope, the crew of the
      aircraft responding to the warning signal by observing the radio altimeter
      would be under the impression that his ground clearance was increasing
      because the aircraft at that point would be traversing a downward slope.
      Because such observations of the radio altimeter would appear to indicate
      that the aircraft is not in actual danger, the aircrew may elect to
      maintain level flight, thus reducing the aircraft's chances of responding
      quickly enough to a warning in order to prevent the aircraft's impacting a
      slope that rises above the aircraft's flight level.
PAR  A careful study of a number of accidents in view of the type of terrain
      that tends to increase in altitude, has indicated that in a large number
      of cases if the aircrew were to take immediate action on the first short
      warning and increase the aircraft's altitude by 200 feet, a significant
      number of potential accidents could be avoided.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore an object of the invention to provide a system that would
      insure that an aircraft gained at least 200 feet in altitude after a
      terrain closure warning has been generated.
PAR  It is an additional object of the invention to provide an improved terrain
      closure warning system wherein the aircraft's rate of change in barometric
      altitude is used to indicate: first, the aircraft is climbing; and second,
      it has gained a predetermined altitude before leveling off; otherwise the
      warning signal is reactivated until the aircraft either begins to climb
      again or gains the predetermined additional altitude.
PAR  It is a further object of the invention to provide a circuit to cooperate
      with a terrain closure warning system wherein the rate of barometric
      altitude change signal is used to indicate whether or not the aircraft is
      climbing and if so, to inhibit the warning signal; and wherein the rate
      signal is integrated to determine the amount of altitude the aircraft has
      gained; and also included is a memory element which indicates that a
      warning signal has been received and is used to reactivate the warning
      signal if the aircraft should cease climbing below the predetermined
      minimum gain in altitude.
PAR  As soon as a warning signal has been generated by the terrain closure
      warning system, a memory element, preferablly a flip flop, will set
      indicating that a closure warning has occurred. This will tend to maintain
      a continuous warning to the aircrew eventhough the aircraft is not
      actually closing with the terrain any longer, as in the case of traversing
      the downward slope of a hill. Thus, the warning will continue until the
      aircrew begins to take some action. During this period the signal
      representing the aircraft's rate of change in barometric altitude is
      monitored and if it should indicate a rate of climb above a predetermined
      value, the warning signal is inhibited. Therefore, as soon as the aircraft
      begins to climb at a predetermined rate, the actual warning to the aircrew
      will cease. However, there is a provision for maintaining the warning
      signal on when the aircraft continues to approach the terrain eventhough
      it is climbing at a rate above the predetermined value. This provision is
      useful where the aircraft is approaching a particularly steep slope and it
      is desirable to maintain or even increase the rate of climb.
PAR  At the same time, the barometric rate signal is being integrated to
      determine the amount of altitude that is being gained by the aircraft.
      When the gain in altitude has exceeded a predetermined amount, for example
      the 200 feet that was previously discussed, a reset signal is applied to
      the flip flop, thereby eliminating it as a source of the warning signal.
      However, if the aircraft should discontinue climbing below the 200 feet of
      altitude gain, the inhibit will be removed from the warning signal and the
      warning to the aircrew will resume. But, on the other hand, if the
      aircraft should level off above 200 feet, no warning will be generated due
      to the fact that the flip flop will no longer be a source of the warning
      signal.
PAR  In addition, the resetting of the flip flop will serve to clamp the
      integrator back to zero so that the integrator will not hold a charge that
      would tend to bias its future operation. Also, the flip flop can be reset
      by a flap signal indicating that the aircraft is less than 50 feet above
      the ground. This is provided so as to allow the aircraft to approach a
      landing without having a warning that is generated by conditions that
      reflect no real danger to the aircraft to remain on continually.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is an illustration of a flight profile over terrain with
      increasingly higher peaks;
PAR  FIG. 2 is a functional block diagram of the warning maintenance circuit;
      and
PAR  FIG. 3 is a timing chart illustrating the operation of the circuit in FIG.
      2 for the flight profile of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 presents a flight path of an aircraft 10 over undulating terrain
      having increasingly higher peaks. As the aircraft approaches the first
      peak 12, a short warning 14 would be generated by a terrain closure
      warning system. Since the terrain begins to slope downwardly after the
      aircraft has passed the peak 12, a glance at the radio altimeter might
      give the impression that the aircraft is not in any real danger. As the
      aircraft continues along the flight path and approaches the second peak
      16, another, somewhat longer, warning 18 is generated. Again, a glance at
      the radar altimeter after passing peak 16 would give the impression that
      the aircraft is not in danger since the aircraft's altitude above the
      terrain seems to be increasing. If the aircraft were to continue in its
      original flight path, the third and final warning would occur
      approximately 9 seconds before impact at point 22 on the highest hill.
PAR  It therefore can be appreciated that, while in this particular illustration
      9 seconds may be adequate warning time to avoid the peak if the crew takes
      immediate action, it would certainly enhance the overall operational
      safety of the aircraft to climb an additional 200 feet or more after the
      first warning 14.
PAR  The preferred embodiment of a circuit insuring that the warning signal
      remains on until the aircraft begins to climb and has gained another 200
      feet in altitude is provided in FIG. 2 of the drawings. The initial
      warning signal corresponding to 14 of FIG. 1 is received over line 24 from
      the terrain closure warning system (not shown). A complete disclosure of
      how the generation of a warning signal is accomplished by comparing the
      terrain closure rate with the aircraft's altitude is provided in Astengo
      U.S. Pat. No. 3,715,718 and the applications of Bateman Ser. No. 480,727
      and the application of Bateman entitled et al. Ser. No. 556,022, entitled
      "Terrain Closure Warning System With Altitude Rate Signal Warning
      Conditioning". The effect of the warning signal on line 24 will be to set
      the flip flop 26 thereby producing a high output on the Q terminal and on
      line 28. The warning signal is also transmitted around the flip flop 26 on
      line 30 through the OR gate 32 to the AND gate 34. Assuming at this point
      that the aircraft is in level flight, the signal on line 36 will be low.
      The signal on line 36 is inverted and is used as an input to the AND gate
      34 thus permitting the warning signal to be transmitted on line 38 to a
      warning generator (not shown). Preferably the warning generator will
      produce, in addition to the appropriate flashing light, an oral warning
      such as "PULL UP--PULL UP".
PAR  A second input to the circuitry in FIG. 2 is the h.sub.B signal, derived
      from the aircraft's barometric altimeter which represents the rate of
      change in the aircraft's barometric altitude. The h.sub.B signal is
      utilized as an input to the positive terminal of the summing junction 42
      with a voltage representing a climb rate of 300 feet per minute being
      applied to the negative terminal of the summing junction 42. The output of
      the summing junction 42 is then transmitted to the detector 44. Detector
      44 as a result will place a high signal on line 36 whenever the h.sub.B
      signal exceeds a positive 300 feet per minute. A climb rate having a
      minimum of 300 FPM was selected in view of the fact that air turbulence
      can very often impart climb rates of as much as .+-.300 FPM. Therefore in
      order to avoid an incorrect assumption of a climb situation, the h.sub.B
      signal is, in effect, biased by 300 FPM. In addition, the 300 FPM climb
      rate also corresponds to the worst case, one engine out climb speed for a
      turbine powered aircraft. In any event, it should be remembered that the
      primary purpose of the positive signal on line 36 is to provide a reliable
      indication that the aircraft is in fact climbing. As discussed above, a
      high signal on line 36 will have the effect of turning off the AND gate 34
      thereby discontinuing the warning to the aircrew. Thus, as indicated climb
      rate of 300 FPM or greater will serve to inhibit the closure warning
      signal on line 38.
PAR  The h.sub.B signal on line 40 is also utilized an an input, through the
      resistor 46, to the negative terminal of the integrating amplifier 48. The
      output of the integrating amplifier 48 on line 50 will reflect the
      integration of the h.sub.B signal over time, thereby giving an indication
      of the amount of altitude that the aircraft has gained. The time constant
      of the integrating amplifier 48 is governed by the values of the resistor
      46 and the capacitor 52. The measure of the aircraft's gain in altitude on
      line 50 is applied to the summing junction 54 along with a voltage that
      represents 200 feet. Connected to the summing junction 53 is the
      comparator 54 which produces a high signal on the line 56 when the
      aircraft has gained 200 feet or more. A high signal on line 56 serves as a
      reset signal and is transmitted through the OR gate 58 to the reset
      terminal R of the flip flop 26. The OR gate 58 also receives a signal on
      line 60 that when high indicates that either the aircraft's flaps are down
      or that the aircraft is less than 50 feet above the ground. This signal
      also serves to reset the flip flop 26 thus tending to eliminate nuisance
      warnings when the aircraft is in a landing approach phase of operation. In
      addition, the resetting the flip flop 26 serves to activate the clamping
      circuit 59 which brings the output of the integrator on line 50 back to
      zero and holds it there while the flip flop 26 is in a reset condition.
      This serves to clear the output of the integrator until another warning
      signal is received over line 24.
PAR  In recognition of the fact that under certain circumstances the aircraft,
      although climbing, may still be closing with the terrain, for example
      where it is approaching rising terrain with a particularly steep slope, it
      is considered desirable to keep the warning signal on in order to
      discourage the crew from leveling off too soon or to encourage the crew to
      increase the rate of climb. To this end, the OR gate 61, represented by
      the dashed lines in FIG. 2, is included in the circuit. Gate 61 will be
      effective to maintain a positive warning signal when the aircraft is still
      approaching the terrain eventhough it is climbing at a rate of 300 FPM or
      greater.
PAR  The operation of circuit in FIG. 2 is illustrated by the timing chart
      provided in FIG. 3. The terrain 62 shown in FIG. 3 corresponds to the
      terrain shown in FIG. 1, and the aircraft's flight profile is indicated by
      the line 64. As the aircraft approaches the peak 12, a warning signal is
      generated on line 24 of FIG. 2, corresponding to the pulse 66 in waveform
      24A of FIG. 3. Waveform 24A of FIG. 3 illustrates the signals on line 24
      of FIG. 2. The effect of the warning signal on line 24 is to set the flip
      flop 26 producing the output on line 28 corresponding to waveform 28A of
      FIG. 3. The warning signal is transmitted through the OR gate 32 and
      through the AND gate 34 to the line 38 corresponding to the high signal 68
      shown on waveform 38A of FIG. 3.
PAR  Then, as the aircraft begins to climb, in response to the warning signal,
      to point 70 of the flight profile 64, a high signal is generated on line
      36 by the detector 44 corresponding to the beginning of the high signal 72
      on the waveform 36A of FIG. 3. This results in the termination of the high
      signal 68 on line 38 since the AND gate 34 is shut off by the high signal
      72 on line 36. Thus it is apparent that a rate of climb of over 300 FPM at
      point 70 of the flight profile 64 will be effective to inhibit the terrain
      closure warning. Assuming the aircraft again levels off at point 74 on the
      flight profile, before gaining 200 feet, the signal on line 36 will go low
      which will again have the effect of permitting another warning pulse 76 on
      line 38. Responding to the renewed warning, the aircraft again begins to
      climb until it passes the 200 foot mark at point 80 whereupon the
      integrator 48 output, illustrated by the curve 82, on waveform 48A will
      cause a pulse 84 on line 56 having the effect of resetting the flip flop
      26. Here the output of the Q terminal of the flip flop 26 on line 28 will
      go low, thus terminating the warning pulse 76.
PAR  As may be observed from the timing diagram in FIG. 3, the same sequence of
      events will occur when the aircraft approaches the second peak 16. Thus,
      the circuitry of FIG. 2 will, in effect, force the crew of the aircraft to
      climb at least 200 feet above their previous flight level every time they
      get a terrain closure warning.
PAR  The preferred embodiment of the invention has been described in terms of
      the analog-logic circuit of FIG. 2. However, the invention can also be
      implemented in a digital circuit or computer where, for example, the fact
      that a warning signal has been generated or the aircraft is climbing could
      be stored as flags in a random access memory or in a register. It would
      also be possible to use a micro-processor or the like to compute the gain
      in altitude instead of using the analog integrating circuit 48 of FIG. 2.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a terrain closure warning system that generates a warning signal
      indicating an excessive rate to the terrain, wherein the improvement
      comprises:
PA1  means for indicating that the aircraft is climbing at a predetermined rate;
PA1  means for measuring the aircraft's gain in altitude;
PA1  means, responsive to said indicating means and said measuring means, for
      reactivating the warning signal when the aircraft has discontinued
      climbing at said predetermined rate and has not gained a predetermined
      amount of altitude.
NUM  2.
PAR  2. The warning system of claim 1 additionally including configuration
      means, responsive to the aircraft's flight configuration and to an
      altitude above ground signal, for preventing the reactivation of the
      warning signal below a predetermined altitude or when the aircraft is in a
      predetermined flight configuration.
NUM  3.
PAR  3. The warning system of claim 1 additionally including means for
      maintaining the warning signal eventhough the aircraft is climbing at a
      rate greater than said predetermined rate when the closure rate is
      excessive.
NUM  4.
PAR  4. In a terrain closure warning system utilizing a signal representing the
      aircraft's altitude above the ground, a signal representing the aircraft's
      rate of change in barometric altitude and a means for comparing the
      aircraft's rate of closure with the terrain with the aircraft's altitude
      above the ground to generate a terrain closure rate warning signal,
      wherein the improvement comprises:
PA1  means responsive to the rate of change in barometric altitude signal for
      generating a climb signal indicating that the aircraft is climbing;
PA1  means, responsive to the barometric altitude signal, for measuring the
      aircraft's altitude gain;
PA1  means, responsive to said climb indicating means and said measuring means,
      for reactivating the warning signal when the aircraft has discontinued
      climbing and has not gained a predetermined amount of altitude.
NUM  5.
PAR  5. The warning system of claim 4 additionally including means, responsive
      to the terrain closure rate warning signal, for maintaining the warning
      signal in the presence of said climb signal.
NUM  6.
PAR  6. The warning system of claim 4 additionally including means, responsive
      to said climb signal, for inhibiting the warning signal while the aircraft
      is climbing.
NUM  7.
PAR  7. The warning system of claim 5 additionally including configuration
      means, responsive to the aircraft's flight configuration and to the
      altitude above ground signal, for preventing the reactivation of the
      warning signal below a predetermined altitude or when the aircraft is in a
      predetermined flight configuration.
NUM  8.
PAR  8. The system of claim 7 wherein said indicating means includes:
PA1  bias signal means for generating a signal representing a predetermined rate
      of climb; and
PA1  detector means for generating said climb signal when the aircraft's rate of
      climb exceeds said predetermined rate of climb.
NUM  9.
PAR  9. The system of claim 6 wherein said inhibit means includes a logic gate
      responsive to both the warning signal and said climb signal effective to
      inhibit the warning signal in the presence of said climb signal.
NUM  10.
PAR  10. The system of claim 8 wherein said measuring means includes an
      integrating circuit for integrating the barometric rate signal over time.
NUM  11.
PAR  11. The system of claim 10 wherein said reactivating means includes:
PA1  a memory element for generating a reactivation signal in response to the
      warning signal;
PA1  a source of a bias signal representing said predetermined amount of
      altitude gain; and
PA1  a comparator circuit, operatively connected to said bias signal source and
      said memory element, effective to reset said memory element thereby
      discontinuing said reactivation signal when the aircraft has exceeded said
      predetermined amount of altitude gain.
NUM  12.
PAR  12. The system of claim 11 wherein said memory element is operatively
      connected to said integrating circuit and is effective to clamp the output
      of said integrating circuit when said memory element is reset.
NUM  13.
PAR  13. The system of claim 12 wherein said configuration means is operatively
      connected to said memory element and is effective to reset said memory
      element.
NUM  14.
PAR  14. An altitude measuring and inhibiting system for use in a terrain
      closure warning system utilizing a radio altitude signal, a signal
      representing the aircraft's rate of change in barometric altitude and a
      warning signal representing excessive terrain closure rate, comprising:
PA1  memory means, responsive to said warning signal, for generating a set
      signal;
PA1  detector means, responsive to the barometric rate signal, for generating a
      climb signal for indicated rates of climb of approximately 300 feet per
      minute and greater;
PA1  measuring means, responsive to the barometric rate signal, for calculating
      the aircraft's gain in altitude;
PA1  reset means, responsive to said measuring means and operatively connected
      to said memory means, for discontinuing said set signal when the aircaft
      has gained over approximately 200 feet in altitude;
PA1  logic means, responsive to said set signal, the warning signal and said
      climb signal, for reactivating the warning signal when the aircraft has
      gained less than approximately 200 feet and is climbing at an indicated
      rate of less than 300 feet per minute.
NUM  15.
PAR  15. The system of claim 14 wherein said logic means includes means for
      maintaining the warning signal in the presence of said climb signal.
NUM  16.
PAR  16. The system of claim 14 wherein said reset means is responsive to a
      signal indicating the aircraft's flaps are down.
NUM  17.
PAR  17. The system of claim 14 wherein said reset means is responsive to the
      radio altitude signal at altitudes of approximately 50 feet and below.
NUM  18.
PAR  18. An electronic circuit for use in an aircraft terrain closure warning
      system comprising:
PA1  an integrating circuit, responsive to a barometric altitude rate signal,
      effective to generate a signal representing gains in aircraft altitude;
PA1  a detector circuit, including a rate bias signal source, responsive to said
      barometric rate signal, effective to generate a climb signal;
PA1  a comparator circuit including an altitude bias signal source, responsive
      to said altitude gain signal effective to generate a reset signal when
      said altitude gain signal exceeds said altitude bias signal;
PA1  a flip flop memory element, which is set by a closure warning signal and
      wherein said flip flop is reset by said reset signal;
PA1  a first logic element operatively connected to said flip flop and
      responsive to said warning signal;
PA1  a second logic element operatively connected to said first logic element
      and said detector circuit, effective to reproduce said warning signal in
      the absence of said climb signal when said flip flop is set; and
PA1  a clamp circuit, operatively connected to said integrating circuit and said
      flip flop, effective to clamp the output of said integrating circuit to a
      nominal value when said flip flop is reset.
NUM  19.
PAR  19. The electronic circuit of claim 18 additionally including a third logic
      element, operatively connected to said second logic element and responsive
      to said warning signal, effective to pass both said warning signal and
      said reproduced warning signal.
NUM  20.
PAR  20. The electronic circuit of claim 19 additionally including a fourth
      logic element operatively connected to said flip flop effective to reset
      said flip flop in response to a flap signal or to a signal indicating a
      minimum altitude.
NUM  21.
PAR  21. The electronic circuit of claim 20 wherein said first, third, and
      fourth logic elements are OR gates and said second logic element is an AND
      gate.
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ABST
PAL  Excessively high or low tire pressure is detected automatically with a
      warning signal generated for the operator. A device is attached to each
      wheel and includes a spring-loaded piston mounted for reciprocation in a
      cylinder formed in the device. The cylinder is provided with a porting
      arrangement which opens only at certain pressure limits. When the ports
      are opened a sonic or ultrasonic signal is generated and detected by
      sensors located in proximity to each wheel. The signals detected by the
      sensors are processed and utilized to actuate a warning signal that
      provides a visual and/or audio output for the operator. Means are provided
      for discriminating between background noise and the generated signal as
      well as to discriminate as to the location of the affected tire. In a
      modification of the invention, a reserve chamber is integrated into the
      body of the wheel and is adapted to replenish automatically air lost from
      the tire.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to tire pressure warning systems and more
      particularly is directed towards a new and improved system for providing
      warning signals to the operator in the event of either high or low air
      pressure in a tire. This invention also relates to a system for automatic
      replenishment of air lost from a tire while the vehicle is in motion as a
      means for minimizing the effects of a blowout.
PAR  2. Description of the Prior Art
PAR  In U.S. Pat. Nos. 3,489,998, 3,659,264 and 3,738,308 there are disclosed
      tire pressure alarm systems for motor vehicles wherein a serious change in
      air pressure is detected by the operator. This is done in the first patent
      by the means of a device fitted to the wheel adapted to generate a sonic
      signal in the event of an abnormally low pressure. A microphone is located
      in proximity to the wheel and, in the event of a signal from the device,
      the operator is alerted by an alarm on the dashboard, for example. In the
      second patent, both high and low pressures are detected by means of a reed
      that is vibrated by an excessive change in pressure. Again, the sensing
      device is located in proximity to the wheels and is activated by
      sympathetic vibration with the reed on the tire. Finally, the last patent
      discloses a wheel-mounted device incorporating an air-operated whistle
      responsive to both high and low pressure with sensors located in proximity
      to the wheels and with sensors operatively connected to an operator
      signaling system.
PAR  The present invention has for one of its objects the improvement in systems
      of the foregoing type.
PAR  A more specific object is to provide a tire pressure warning system that is
      quickly and easily installed. Another object of this invention is to
      provide a tire pressure warning system capable of discriminating between
      tires and also a system that is substantially insensitive to spurious
      noises. A further object of this invention is to provide a tire pressure
      warning system with a memory capability in the event of a substantial
      change of tire pressure occurring while the operator is not in the
      vehicle. Still another object of this invention is to provide a tire
      pressure warning system incorporated with an automatic pressure
      replenishing system functional while the vehicle is in motion, or at rest.
PAC  SUMMARY OF THE INVENTION
PAR  This invention features a tire pressure warning system comprising a
      pressure responsive device mountable on the stem or to the wheel of a
      pneumatic tire and adapted to emit a sonic or ultra-sonic signal whenever
      the pressure within the tire exceeds a maximum or minimum range. Each
      device involves a spring-loaded piston mounted for reciprocation in a
      cylinder formed with ports at axially spaced locations. The movement of
      the piston in response to the change in tire pressure opens and closes the
      ports to deliver air to the signal producing portion of the device,
      typically a discharge aperture configured to produce a sharply tuned
      whistle. A sonic or ultra-sonic detecting device is located in proximity
      to each wheel, typically mounted in fixed position within the wheel well
      of the chassis. Each pickup is connected through amplifying circuitry to
      an alarm unit in the vehicle and typically on the dashboard whereby the
      operator will be alerted whenever the device is actuated by reason of high
      or low air pressure in any tire.
PAR  In a modification of the invention, an automatic air pressure replenishing
      system is provided. In the modification, each wheel is formed with an
      integral annular chamber adapted to store a quantity of compressed air
      under high pressure. A pressure-relief valve connects between the chamber
      and the pneumatic tire and is adapted to release air from the chamber into
      the tire whenever pressure within the tire drops below a predetermined
      limit. The modification includes a signal generating device which warns
      the driver of the change in tire pressure.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view in side elevation of a tire valve made according
      to the invention,
PAR  FIG. 2 is a schematic diagram of a tire pressure warning system made
      according to the invention,
PAR  FIG. 3 is a detailed sectional view showing a modification of the
      invention,
PAR  FIG. 4 is a sectional view in side elevation of the modification,
PAR  FIG. 5 is a detailed sectional view of a portion of the valving in the
      modification,
PAR  FIG. 6 is a sectional side view of another modification of the invention,
      and,
PAR  FIG. 7 is a sectional side view of yet another modification of the
      invention.
DETD
PAC  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to the drawings and to FIG. 1 in particular, the reference
      character 10 generally indicates a pressure-responsive signalling device
      adapted to be screwed onto a standard valve stem 12 normally fitted to a
      wheel 14 on which a pneumatic tire 16 is mounted. The device 10 is
      comprised of a housing 18, typically of cylindrical construction, closed
      at its upper end by a cap 20 and at its lower end formed with a tapped
      socket 22 adapted to threadably engage the stem 12. The cap 20 is held to
      the top of the body 18 by means of an annulus 24 engaging cooperating
      shoulders 26 and 28 formed respectively on the cap 20 and on the upper end
      of the body 18.
PAR  The cap is formed with a central opening 30 through which extends a post 32
      carried by a piston 34 mounted for reciprocation within a cylindrical
      chamber 36 in the body 18. The post 32 is formed with a central passage 38
      terminating at its upper portion with diverging ports 40 which open to the
      atmosphere and at its lower portion terminating in a radial passage 42
      communicating with the interior of the cylinder above the piston 34. The
      post passes through the opening 30 which is slidably sealed by an O-Ring
      44 mounted in an annular recess in the cap 20.
PAR  The piston 34 is normally urged downwardly by means of a compressed coil
      spring 46 trapped between the cap 20 and the top of the piston 34. The
      spring is selected to have sufficient force to maintain the piston 34 in a
      balanced position between a pair of axially spaced ports 48 and 50
      normally located, respectively, above and below the piston 34. The piston
      34, as shown in FIG. 1 is of a generally cylindrical configuration formed
      with an annular groove 52 in which is seated an O-Ring 54 slidably and
      sealingly engaging the walls of the cylinder.
PAR  Across the lower portion of the cylinder is formed a wall 56 having
      internal axial passages 58. The wall 56 forms into a downwardly extending
      neck 60 projecting into the tapped socket 22 and adapted to bear against
      the movable valve element in the stem 12 in order to open that valve when
      the device 10 is screwed into position. The upper portion of the socket 22
      is provided with an O-Ring 62 for sealing the valve stem to the device 10.
      With the device mounted in position, the same air pressure in the tire 16
      will develop in the lower portion cylinder below the piston 34, forcing
      the piston into the balanced position. In the event that the pressure in
      the tire drops by reason of a leak or otherwise, the spring 46 will force
      the piston downwardly against the lowered air pressure, thereby moving the
      piston past the lower port 50, allowing a small amount of air to leak
      around the piston to the upper side of the cylinder from which it will
      flow through the port 42, up through the passage 38 and out the ports 40.
PAR  The passageway 38 and ports 40 are configured to produce either a sonic or
      ultra-sonic signal which will be detected by a sensor 64 mounted in close
      proximity to the wheel. Typically, the sensor is mounted in fixed position
      within a wheel well so that whenever a signal is generated by the device
      it will be picked up by the sensor. Likewise, if the pressure within the
      tire builds up excessively to exceed a predetermined limit, the piston 34
      will be forced upwardly, against the force of the spring 46 until it moves
      past the upper ports 48. In its upper position, a small amount of air
      again will leak around the piston and flow out through the passage 42, the
      passageway 38 and the ports 40, again generating a sonic or ultra-sonic
      signal to be picked up by the sensor 64.
PAR  The O-rings 44 and 54 preferably are fabricated from a material having low
      friction characteristics. While material such as Teflon or the like is
      acceptable, other low friction, elastomeric O-rings are available which
      provide a good sliding seal having very low friction characteristics. For
      example, anti-friction treated O-rings having excellent characteristics
      are available from Parker Seal Company of Culver City, California. Other
      parts of the device such as the housing, piston and stem may be fabricated
      from other materials including stainless steel, or various plastics. For
      example, glass re-inforced nylon resins such as produced by Du Pont under
      the trademark "Zytel" is suitable since it is a high strength resin
      adapted for injection molding techniques. "Minlon" also available from Du
      Pont may be employed to advantage in the device.
PAR  To provide a visual verification of a tire pressure problem, the stem 32
      may be color-coded at its outer extremity. Preferably, two color bands may
      be applied near the end of the stem so that any movement of the stem as a
      result of a change of tire pressure will be readily observable by direct
      inspection. For example, if the tire pressure is too high, the lower band
      will appear whereas if the pressure is too low, the upper band will
      disappear.
PAR  While the device 10 is designed for mounting on an existing stardard valve
      stem 12, obviously it may be easily modified to replace the entire stem
      and be mounted directly to the wheel as suggested in the embodiment of
      FIG. 6. In FIG. 6 a generally cylindrical housing 70 is provided with an
      enlarged base 72 which may be of rubber or the like formed with an annular
      outer shoulder 74. The base portion of the housing provides a snap-in
      mounting similar to a conventional tire stem and adapted to engage a wheel
      rim 76 in the manner shown. The housing 70 is formed with a central
      cylindrical chamber 78 in which a piston 80 is mounted for reciprocation.
      The piston carries a tubular stem 82 and is formed with a central passage
      84 terminating in its lower end with radial inlet passages 86 and at its
      upper end in diverging outlet ports 88. A spring 90 is employed to provide
      a counter-balancing force to the pressure of air in the tire. The inner
      walls of the chamber 78 are ported at 92 and 94 and function in a manner
      similar to that of the FIG. 1 embodiment whereby excess motion of the
      piston through either an increase or decrease in air pressure will result
      in the escape of a small amount of air from the tire to actuate a sonic or
      ultra-sonic signal at the ports 88. The chamber 78 communicates with the
      interior of the tire through a passage 96 extending through the base at
      72.
PAR  In order to permit the tire to be filled with air through the device, a
      standard filler valve 98 is mounted to the outer end of the stem 82 and
      air pressure will open the valve 98. Pressure applied to the end of the
      stem 82 will force the piston to its lowermost position allowing air to
      pass down through the passage 84 out through the ports 86 and around the
      piston through grooves 100 formed in the lower end of the cylinder in the
      chamber 78. The grooves 100 also communicate with radial slots 102 at the
      base of the chamber communicating with the passage 96. It will be
      understood that when the stem 82 is in its lowered position, the ports 88
      will be closed by the upper portion of the housing 70. Again, the upper
      end of the stem may be color coded to provide visual verification of tire
      pressure.
PAR  Referring now to FIG. 7 of the drawings there is illustrated a further
      modification of the invention and in this embodiment a temperature
      compensating arrangement is provided to minimize the effects of changes in
      temperature due either to ambient weather conditions or to heat generated
      by rotation of the tire. As shown in FIG. 7 a housing 104 may be formed
      with a tapped socket for threading the same to an existing tire stem 106
      or may be formed with an enlarged base as in the FIG. 6 embodiment to
      replace the standard stem. The housing 104 is formed with an internal
      cylindrical cavity 108 closed at its upper end by a cap 110 through which
      extends a stem 112 carried by a piston 114 in a manner similar to the
      previous embodiments. However, in the present instance a sleeve 116 is
      mounted coaxially within the cavity 108 and formed with an internal
      cylindrical chamber having spaced ports 118 and 120 at the upper and lower
      portions of the sleeve providing escape passages for air from the tire in
      the event of high or low tire pressure as in the principal embodiment. As
      before, a spring 122 is provided to counterbalance normal tire pressure.
      The stem 112 is, of course, formed with an internal passage 124 for
      generating sonic or ultra-sonic signals whenever air is released. The
      sleeve 116 is fitted within the chamber 108 as by an O-ring 124 and at its
      lower portion mates with an annular or cup-shaped expansion member 126
      which, depending upon the temperature, will cause the sleeve 116 to be
      axially displaced upward or downward effectively changing the position of
      the ports 118 and 120 to compensate for temperature changes. The member
      126 can be selected from a variety of materials having appropriate
      co-efficient of expansion characteristics selected to expand and contract
      at a rate different from that of a device as a whole so that a relative
      movement of the sleeve will be produced. In this fashion, compensation is
      made for changes in tire pressure due to changes in temperature.
PAR  The temperature compensating member can be at the base of the chamber as
      shown, or may be at the top of the chamber and positioned against the cap
      110 with the lower end of the sleeve being free to move up or down.
      Alternatively, a temperature compensating member may be introduced at
      either end of the spring 122 in order to provide the correcting
      compensation. Other variations will appear to those skilled in the art.
PAR  In order to protect the discharge ports on the stem from becoming plugged
      by an accumulation of dust, dirt, ice, snow, etc., protective covers may
      be provided as suggested in FIG. 7, for example. In the FIG. 7 embodiment,
      semi-cylindrical covers 130 and 132 are provided on the end of the stem
      112, the covers being hinged by pins 134 and adapted to cover discharge
      orifices 136. Light frictional pressure provided between the hings pins
      and the covers will be sufficient to keep the covers in a closed position
      against the stem, closing the ports 136. However, should air be released
      by actuation of the device as by high or low tire pressure, the air
      passing out through the orifices 136 will blow the covers into the open
      position shown on the right-hand side of FIG. 7 allowing the signal
      generator to produce the sonic or ultra-sonic signal. The covers obviously
      may be provided on the other embodiments.
PAR  The pickup sensors 64, which are provided to detect actuation of any or all
      of the valve devices, are located in proximity to each wheel. Preferably a
      sensor is mounted in each wheel well of the vehicle and one also may be
      provided in the trunk of the vehicle to monitor the air pressure of the
      spare tire. All of the sensors are connected to a common signal processor
      140 which, in turn, provides an output to a display 143 which conveniently
      is panel mounted on the dashboard of the vehicle. The sensor 64 may be any
      one of a variety of devices. However, in practice, it has been found that
      a miniature piezoceramic resonator provides particularly satisfactory
      performance. Other suitable devices may include electret based transducers
      for detecting sonic or ultra-sonic signals generated by actuation of the
      devices.
PAR  The processing circuitry 140 provides amplification of signals received
      from the sensors, compares that signal with a reference signal and then,
      once detected, actuates a memory circuit which, in turn, will actuate the
      display. For the sake of simplicity in describing the operation of the
      circuit, it will be assumed that a single sensor is employed to monitor
      the various wheels. The output of the sensor 64 is fed through an
      amplifier 143 prior to being fed into the processing circuitry 140. The
      processor 140 is powered in the preferred embodiment by the automobile's
      electrical system through a lead 144. The amplified signal is fed into the
      processor and through an operational amplifier detector U-1. This is a
      broad band detector and the bias network for the dectector U-1 includes
      diodes CRl and CR2, resistors R1 through R5, and capacitor C1. Resistors
      R15 and R16 form an attenuator where the signals come out of the
      amplifier. The signal from the operational amplifier detector U-1 is then
      processed through an RC network comprised of a resistor R6 and capacitor
      C2 providing integrating functions to build up smoothly each half cycle of
      the amplified signal and eliminate noise spikes. This integrated signal is
      compared with a reference voltage across a variable potentiometer 145
      which sets the threshold for a comparator U2. It will be understood that
      the post detection integrator formed by the RC circuit R6 and C2 must
      exceed the reference from the potentiometer 145 before the comparator U2
      will switch. Typically, the comparator U2 will switch from high to low in
      non-linear fashion and upon which event it will couple with a flip-flop
      circuit including transistors Q1 and Q2. Once the flip-flop circuit is
      set, a warning light DS2 will be illuminated and a buzzer B1 will be
      actuated through the driver circuit which includes a transistor Q3.
PAR  It will be noted that the display panel is connected to a switch 147
      controlled by the car's ignition switch 149. When the ignition switch is
      off, the switch 147 will be opened and the display functions will not
      operate. However, insofar as the flip-flop provides memory functions the
      warning light, as well as the buzzer, will be actuated when the ignition
      key is turned on and the switch 147 is closed if a tire pressure event has
      occured during the time when the switch 147 was open. This feature thus
      will give a warning to the driver if a low pressure or high pressure
      condition occurs while the car is idle.
PAR  The display includes an operating light DS1, which preferably is a light
      emitting diode similar to the warning light DS2. The warning light DS2
      preferably is red while the operating light DS1 is green. The function of
      the operating light is to inform the operator that the system is
      functioning properly. A reset switch S1 is provided to reset the circuit
      after actuation. By utilizing both a buzzer and a warning light, the
      operator will have both an audio as well as a visual warning when an
      unusual tire pressure condition occurs.
PAR  Additional display elements may be added for more complex installations.
      For example, separate warning lights may be provided for response to
      tire-pressure warning actuation on different sides of the vehicle. In such
      a system, the valves on the tire on the left-hand side, for example, may
      be tuned to generate a signal of a different frequency. Such an
      arrangement not only provides more useful information for the operator,
      but also minimizes the possibility of a false signal being generated
      between passing vehicles. Thus, if a car moving in one direction should
      experience a tire pressure condition and its system generates a signal, it
      will not actuate the sensing system in a passing vehicle moving in the
      opposite direction.
PAR  The different frequencies from the valve may be obtained by mechanical
      configuration of the sonic generator. As an alternative measure, the
      sensors 64 on one side of the vehicle may be tuned to detect only the
      resonant frequency generated by the tire valve while the sensors on the
      other side of the vehicle are tuned to pick up only fundamental
      frequencies from the valve. In such a case, all of the valves on both
      sides would be matching and generating at least a resonant and fundamental
      frequencies when actuated. This same type of discrimination may be
      employed on a truck to distinguish between inboard and outboard tires for
      trucks equipped with tires mounted in pairs.
PAR  In the illustrated embodiment of the processor circuitry and display, the
      display is powered only when the vehicle ignition key is on. The
      processing circuitry, on the other hand, remains active on a standby basis
      at all times to acquire and record the sonic warning signal the pressure
      condition be reached when the vehicle is at rest and the ignition is in an
      off position.
PAR  Referring now to FIGS. 3, 4 and 5 of the drawings, there is illustrated a
      modification of the invention and, in this embodiment, an automatic air
      replenishment system is provided in combination with a pressure-signal
      generating device whereby air lost from a tire, whether by a slow leak or
      a blowout, will be automatically replaced even when the car is in motion.
      Simultaneously, a signal will be generated to warn the driver of the
      condition. The system includes a wheel 150 formed with the usual rim 152
      in which a pneumatic tire 154 is mounted. The wheel 150 normally
      fabricated from steel in the usual manner, however, the wheel also
      includes a chamber 156 which preferably extends concentrically about the
      inner portion of the wheel and is of annular shape as best shown in FIG.
      4. The chamber 156 is formed by inner and outer walls 158 and 160
      extending in spaced concentric relation and sealed to the wheel to form an
      airtight pressure chamber adapted to store compressed air of perhaps 400
      psi for extended periods of time. The compressed air is introduced to the
      chamber 156 by a standard filling valve 162 mounted through the side wall
      of the wheel.
PAR  Air delivery from the chamber 156 to the tire 154 is controlled by means of
      a release valve 164 which, in turn, is controlled by means of a
      pressure-sensing and signal generating valve 166 mounted to the wheel. The
      valve 166 includes a piston 168 mounted for reciprocation within a
      cylinder 170 and normally urged to the right as viewed in FIG. 3 by means
      of a compressed spring 171. The piston carries a stem 172 projecting out
      through the wheel within a concentric fixed sleeve 174. The stem 172
      includes a central passage 176 and at its outer end carries a standard
      filling valve 178 whereby the tire may be filled initially to normal
      pressure. Air is fed through the valve 178, through the passage 176 and
      into the cylinder 170 at the right-hand side of the piston 168. The air
      then passes through an opening 180 into the tire. The piston moves back
      and forth within the cylinder 170 according to changes in tire pressure.
PAR  Extending from the right side of the piston 168 is a rod 182 projecting
      into the release valve 164 and mounted for reciprocating movement within a
      cylindrical chamber 184. The chamber 184 communicates with the pressure
      chamber 156 through a pair of passages 186 and 188, one being larger than
      the other. The smaller passage 188 serves to replenish air to the tire
      during a slow leak condition whereas in the event of a blowout, both
      passages 186 and 188 are employed to feed air to the tire. The rod 182
      carries three axially spaced O-rings 190, 192 and 194. Under norman
      pressure conditions the piston 168 and rod 182 will be in a position as
      shown in FIG. 3. However, in the event of a slow leak tire pressure will
      drop and the piston and rod will move to the right as viewed in FIG. 3,
      opening the passage 188 and allowing air to flow from the chamber 156
      through the passage 188, thence through the chamber 184 and out through a
      port 196 and into the tire 154. At the same time, air will pass through a
      passage 198 formed in the rod 182 and out through the left-hand side of
      the piston 168, flowing between the stem 172 and the sleeve 174 out
      through an orifice 200 which will generate a sonic or ultra-sonic signal
      to be picked up by the sensors to warn the driver of the low pressure
      condition. In the event of a sudden drop in pressure, as occasioned by a
      blowout, the rod 182 will move to a maximum right-hand position, opening
      both ports 186 and 188 thereby allowing a much greater flow of air from
      the chamber 156 to the tire to compensate for the loss of pressure in the
      tire. Again, a signal will be produced by air flowing through the passage
      198 to actuate a sonic or ultra-sonic signal generator. The system is
      designed to supply air pressure to the tire in proportion to the rate of
      loss and sustain a predetermined pressure such as 23 psi.
PAR  Referring now to the FIG. 5 of the drawings, there is illustrated a further
      modification of the invention and in this embodiment a simple piston valve
      202 is mounted in a wall 160' corresponding to the wall 160 of the FIG. 3
      and 4 embodiment wherein an auxiliary supply of compressed air is
      maintained in a pressure chamber formed within a wheel. However, in place
      of the valve device 164 utilized in the FIG. 3 arrangement, the simple
      valve 202 is employed in the FIG. 5 embodiment. In FIG. 5, the wall 160'
      is formed with a stepped opening 204 in which the piston valve 202 is
      mounted. The opening 204 on the tire pressure side, which is the
      right-hand side of FIG. 5, is substantially larger in diameter than the
      opening on the auxiliary tank or the left-hand side of the wall as shown
      in FIG. 5. Similarly, the piston 202 is formed with a relatively large
      diameter head 206 on the right-hand side and a relatively narrow diameter
      stem 208 on the high pressure auxiliary tank side. Both the head 206 and
      the stem 208 are provided with O-rings 210 and 212, respectively, to
      provide a seal between the valve and the opening. The walls of the opening
      204 are provided with ports 214 and 216 through which compressed air may
      flow from left to right when the piston 202 moves to the right whenever
      the forces on opposite sides of the piston become unbalanced.
PAR  It will be understood that the large diameter of the head and the small
      diameter of the stem results in the forces on the piston being effectively
      balanced even though pressure on the left-hand side of the wall 160' is
      substantially higher than the pressure on the tire side. However, it there
      is a drop in pressure on the tire side, the forces on the floating piston
      will become unbalanced causing the piston to move to the right as viewed
      in FIG. 5. This motion of the piston will open the ports 214 and 216
      allowing high pressure compressed air to flow into the tire until the
      forces are again equalized. In the event of a blowout, all of the air in
      the auxiliary tank will be quickly transferred into the tire. When using
      the valve device in FIG. 5, a tire pressure warning device of the sort
      shown in FIG. 1, for example, may be employed in order to keep the driver
      advised of the condition.
PAR  Obviously, various means may be provided to prevent the valve from coming
      completely out of the opening 204. For example, a screen or annular
      shoulder can be provided on the tire side of the wall 160' to limit the
      movement of the valve.
CLMS
STM  Having thus described the invention what I claim and desire to obtain by
      Letters Patent of the United States is:
NUM  1.
PAR  1. A system for monitoring the pressure of a pneumatic tire for a vehicle
      having an ignition system, comprising
PA1  a. a pressure responsive acoustical signal generating device operatively
      connected to said tire, said device adapted to generate an acoustical
      signal whenever the pressure in said tire reaches a predetermined level,
PA1  b. acoustical signal sensing means mounted on said vehicle remote from said
      device,
PA1  c. alarm means operatively connected to said sensing means for providing an
      alarm output in response to the detection of a signal by said sensing
      means,
PA1  d. memory means operatively connected to said sensing means and said alarm
      means for passively storing a signal from said sensing means, and,
PA1  e. switch means connected to said memory means and to said alarm means and
      responsive to actuation of said ignition system for transferring signals
      from said memory means to said alarm means.
NUM  2.
PAR  2. A system according to claim 1 wherein said signal generating device is a
      spring-loaded valve, said valve including acoustical generating means
      responsive to release of air by said valve at a predetermined pressure in
      said tire and said sensing means includes an acoustical sensing device.
NUM  3.
PAR  3. A system according to claim 1 including signal processing means adapted
      to filter out spurious acoustical signals detected by said sensing means.
NUM  4.
PAR  4. A system according to claim 3 wherein said processing means includes a
      comparator adapted to compare a sensed signal with a reference signal and
      means for generating a reference signal.
NUM  5.
PAR  5. A system according to claim 1 wherein said memory means includes a
      flip-flop.
NUM  6.
PAR  6. A system for monitoring the pressure levels in a plurality of pneumatic
      tires on a vehicle comprising
PA1  a. a pressure responsive acoustical signal generating device operatively
      mounted to at least some of said tires, at least some of said devices
      adapted to generate a unique acoustical signal when actuated,
PA1  b. acoustical signal sensing means mounted to said vehicle remote from said
      tires and adapted to generate an electrical signal in response to
      actuation of any one of said devices,
PA1  c. electrical signal discriminating means operatively connected to said
      sensing means for passing electrical signals corresponding to unique
      electrical signals for determining the location of a tire producing a
      unique acoustical signal,
PA1  d. alarm means operatively connected to said sensing means and said
      discriminating means for providing a position identifying alarm output in
      response to the detection of an acoustical signal by said sensing means,
PA1  e. memory means operatively connected to said sensing means and said alarm
      means for passively storing a signal from said sensing means, and,
PA1  f. switch means connected to said memory means and to said alarm means and
      responsive to actuation of said ignition system for transfering signals
      from said memory means to said alarm means.
NUM  7.
PAR  7. A system according to claim 6 wherein said signal discriminating means
      include devices each adapted to generate a plurality of discrete signals
      upon actuation thereof and said sensing means includes a plurality of
      discrete sensors each adapted to detect a unique signal different from
      other sensors.
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ABST
PAL  A method and apparatus are disclosed for monitoring the accuracy of
      electronic data transmitted over a communication channel or telemetry
      link. Data is monitored at the transmitting point and also at the
      receiving point. Data monitored at the receiving point is transmitted to
      the data transmitting station and then compared with the data monitored at
      the transmitting point. Means are provided to synchronize the data
      monitored at two points, so that comparison is conducted over the same
      monitored data. After synchronization the bit error rate (BER) is
      calculated based on the number of miscompares that result for a given
      quantity of data transmitted. When the system exceeds a predetermined
      level corrective action is taken.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates generally to data transmission systems and more
      particularly to monitoring the accuracy of data transmitted over wireless
      or cable communication systems.
PAR  2. Description of Prior Art
PAR  As the uses of computers proliferates there is a growing need for remote
      terminals to communicate with computers and with computers to communicate
      with each other. In the checkless society envisioned for the future, for
      example, there will be a network of bank computers communicating with each
      other and with computers in the retail and industrial sector such that a
      transaction in a retail establishment thousands of miles from the
      customer's bank is immediately recorded via communicating computers. The
      account of the retail establishment is credited whereas the account of the
      customer is debited. Similarly a customer's credit may be instantaneously
      checked. Other uses of data communication too numerous to mention are not
      only envisioned but in some instances are presently operational.
PAR  In such a network of computers it can readily be appreciated that accuracy
      of the data transmitted is of utmost importance. Whereas some improvements
      in transmission of data have been made in order to insure that the data
      received is the same as the data transmitted, there is also a need to
      continuously monitor the transmit/receive communication system so that
      degradations or malfunctions in the system may be detected at an early
      stage in order to institute timely corrective action.
PAR  Typical monitoring means of prior art consists of apparatus which perform
      communication system assessment on an interfering basis which requires the
      transmit/receive communication system to be taken out of service. Other
      prior art apparatus conduct communication performance assessment in a
      presumptive manner by monitoring circuit parameters such as
      signal-to-noise ratio, phase distortion, signal level, etc., which are not
      direct measures of the data communication system performance. Still other
      prior art monitors performance of the communication system in such a
      manner which does not enable detection of degradations in the system prior
      to system malfunction.
PAR  What is needed is a means to monitor data communications systems in an
      in-service, non-interfering manner, which utilizes a direct measure of
      system performance such as data error rate and which can predict system
      malfunctions by determining degrading trends of system performance.
PAC  OBJECTS OF THE INVENTION
PAR  It is a primary object of the invention to provide an improved error
      monitoring method and apparatus for electronic data transmitted over a
      communication system.
PAR  It is another object of the invention to provide a monitoring apparatus
      which is a direct measure of the performance of a transmit/receive data
      communication system.
PAR  It is still another object of the invention to provide an in-service error
      monitoring apparatus which performs bit error rate (BER) computation in a
      manner which does not interfere with the transmit/receive communication
      systems.
PAR  It is still a further object of the invention to determine the operational
      status of the transmit/receive communication system and predict the point
      at which a malfunction will occur to facilitate maintenance and minimize
      down-time of the transmit/receive communication system.
PAR  It is yet another object of the invention to provide an error monitoring
      apparatus in conjunction with a computer which performs bit error rate
      (BER) computation in a high speed and versatile manner.
PAR  A further object of the invention is to provide a method and apparatus for
      comparing a unit of information transmitted to the same unit of
      information received.
PAR  Still a further object of the invention is to provide a method and
      apparatus for synchronizing itself so that the unit of information
      transmitted is in fact compared to the same unit of information that is
      actually received.
PAR  It is still another object of this invention to provide a means of scanning
      and selecting one of several transmit/receive communications systems for
      monitoring.
PAR  These and other objects of the invention will become apparent from the
      description of the embodiments of the invention when read in conjunction
      with the drawings contained herewith.
PAC  SUMMARY OF THE INVENTION
PAR  The invention comprises an improved method and apparatus for continuously
      monitoring the accuracy of electronic data transmitted over a
      communication system. Data is monitored at the transmitting point and also
      at the receiving point. A monitored set of data for a predetermined
      quantity of data received is transmitted back to the original data
      transmitting station and there compared with a monitored set of data
      representing a predetermined quantity of data that is transmitted. Means
      are provided to synchronize the comparison of monitored data so that the
      two sets of monitored data compared represent the same data. After
      synchronization the bit error rate (BER) is calculated based on the number
      of miscompares that result for a given quantity of data transmitted. When
      the system exceeds a predetermined level corrective action may be taken.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features which are characteristic of the invention are set forth
      with particularity in the appended claims. The invention itself, however,
      both as to organization and operation together with further objects and
      advantages thereof may best be understood by references to the following
      description taken in conjunction with the drawings in which:
PAR  FIG. 1 is a block diagram of a typical transmit/receive system utilizing
      the invention;
PAR  FIG. 2 is a `broad-brush` flow diagram of the invention;
PAR  FIG. 3 is a detailed logic block diagram of the multiinput scanner shown in
      FIG. 1.
PAR  FIG. 4 is a detailed logic block diagram of the error-rate monitoring unit.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAC  General Discussion
PAR  Referring to FIG. 1 there is shown a general data transmitting and
      receiving system utilizing the invention. Data from some data source 101
      such as a computer or teletype machine which is in an electronic form
      suitable for manipulation is converted to another electronic form in a
      data set 102 which is suitable for electronic transmission via a telemetry
      link 113, telephone cables or other electronic signal transmitting means.
      Generally the electronic form of data suitable for digital electronic data
      processing is digital or in the form of high or low electronic signals or
      electronic pulses. Whereas electronic data suitable for transmission is
      generally in the form of analog electronic signals. The data transmitted
      in analog form is reconverted in data set 104 to electronic data in
      digital form where it may be utilized in a data sink 105 such as another
      computer or teletype machine at a remote station. Because of the
      electronic noise usually generated from various sources such as the
      various electronic equipment or atmospheric conditions, signals may be
      lost in the transmission and when reconverted to electronic data in
      digital form would not represent the data that was actually transmitted.
      Hence, there is a major problem requiring monitoring of the accuracy of
      the transmit/receive communication system to determine whether or not the
      data that was received was the same as the data that was transmitted. It
      is desirable therefore to calculate the bit error rate (BER) of the
      communication system in an in-service continuous manner in order to
      ascertain that the bit error rate remains below a predetermined level or
      within acceptable limits. In order to perform this task an error rate
      monitoring unit 106 monitors the data transmitted at point 112 in a manner
      to accumulate bits of data transmitted at 112 for later transmission to a
      comparator 130 via data link 122. The means of accumulating the data is
      explained in greater detail later. It should be noted that error rate
      monitoring unit 106 may accumulate a portion of the data transmitted for
      later retransmission to comparator 130 or it may transmit the entire
      amount of information transmitted by data source 101 to comparator 130 for
      later processing. By similar manner, error rate monitoring unit 107
      monitors the data received at point 103. The information monitored at
      point 103 is accumulated and is then appropriately formatted in unit 107
      in a manner similar to unit 106 for transmission to comparator 130 via
      data set 108, telemetry link 109 and data set 110. The functional
      operation of data sets 108 and 110 is similar to the operation of data
      sets 102 and 104 as previously described. Note that if a portion of the
      data which has been transmitted via the transmission telemetry link 113
      and which is monitored by error rate monitoring units 106 and 107 is
      returned to the comparator 130 for later analysis and comparison, it is
      possible to utilize a low speed telemetry data link (the baud rate of the
      telemetry data link 109 is less than the baud rate of the transmission
      telemetry length 113). However, if the entire transmission of information
      is returned to comparator 130 for analysis, then it would be necessary to
      use a telemetry data link 109 with a transmission rate which is equal to
      or greater then the transmission rate of the transmission telemetry link
      113. A greater transmission rate would more likely be required due to the
      fact that it would be necessary to add error detection bits to the
      transmission which is returned via 109 thus necessitating a higher
      transmission rate on transmission link 109 compared to transmission data
      telemetry link 113. Information acquired by error rate monitoring unit 106
      and similarly by error rate monitoring unit 107 is returned to comparator
      130 to be compared bit by bit. Since it is essential that the two sets of
      data returned to comparator 130 be compared bit for bit, a means for
      synchronizing the sets of information monitored by unit 106 and unit 107
      is required. It is necessary therefore to incorporate a means within units
      106 and 107 to synchronize these two units with one another to assure that
      they are monitoring the same sets of information at both points 112 and
      103. For the case in which the entire set of information monitored at
      points 112 and 103 is retransmitted to comparator 130, it is not necessary
      to incorporate a synchronizing means in units 106 and 107 since the entire
      synchronizing means will be contained in comparator 130 as will be
      explained later. For the case in which a portion of the data at 112 and a
      portion of the data at 103 is being monitored, then it is necessary to
      include a means to assure that units 106 and 107 are synchronized with one
      another. In addition to a means to synchronize units 106 and 107 as
      mentioned above, a means is required to synchronize the data received at
      comparator 130 from unit 106 with the information received at comparator
      130 from unit 107. The synchronizing means mentioned here will be
      described more fully in conjunction with FIGS. 2 and 4. Once
      synchronization of the transmitted and received-monitored-data is
      accomplished, the comparator 130 is utilized together with computer 111 to
      determine the bit error rate (BER). For example, if error-rate monitoring
      units 106 and 107 each monitor a set of a thousand bits of data at points
      112 and 103 respectively and if this information, after having been
      properly synchronized in units 106 and 107, is transmitted to comparator
      130 and synchronized again at comparator 130 and if in the process of
      comparison it is determined that 10 bits miscompare out of the set of a
      thousand bits, then comparator 130 will determine that the error rate is
      10 bits for each thousand bits transmitted. This is more commonly
      expressed as an error-rate of one bit in a hundred bits received at point
      103 for information transmitted from point 112. Any number of bits may
      comprise a set of data monitored which is determined by various factors
      such as the resolution of error rate, the telemetry data link baud rate,
      the amount of error detection required in the telemetry link and various
      other factors.
PAR  Units 114 and 115 are multi-input scanners which function to select one of
      several inputs to be monitored. For ease of description it is assumed that
      points 112 and 103 have been selected by scanners 114 and 115
      respectively. However, other input points (123 and 124) pertaining to
      transmission telemetry links other than 113 can be selected for
      monitoring. This procedure is normally referred to as "scanned-monitoring"
      and can be employed effectively when there exists a multiplicity of
      transmission telemetry links 113 with data monitoring points similar to
      112 at one location. In such a case, it would be cost-effective to return
      to comparator 130 the entire portion of data transmitted via telemetry
      link 113 by employing a high speed telemetry data link 109. Multi-input
      scanners 114 and 115 are described in greater detail later.
PAR  Referring now to FIG. 2, there is shown in `broadbrush` flow diagram format
      the method of accomplishing bit-error-rate computation of data received.
      The process begins at block 201 with various initialization procedures,
      common to most data processing systems. The next procedure 202 is to
      command the multi-input scanners 114 and 115 to select a transmission
      telemetry link to be monitored. This is accomplished by sending a command
      message to scanners 114 and 115 from comparator 130 via command links 121
      and 120, respectively. This message is received by the scanner and decoded
      resulting in one of several input lines to be connected to the output
      lines 116 and 117. The operation of the scanners is described in greater
      detail in conjunction with FIG. 3. For ease of discussion it will be
      assumed that points 112 and 103 have been selected for output to lines 116
      and 117, respectively. For the case in which a single transmission
      telemetry link is being monitored, the multi-input scanners will not be
      required and points 112 and 103 will be connected directly to points 116
      and 117, respectively.
PAR  The next process 203 is to send a command from comparator 130 and via
      command links 121 and 120 to error-rate monitoring units 106 and 107 to
      set the gate and hold periods. This process which establishes the data
      sampling scheme will be described more fully in conjunction with FIG. 4.
PAR  The operation continues with process 204 in which the monitored data is
      sent to comparator 130 from units 106 and 107 via telemetry data links 122
      and 109, respectively. The detailed steps involved with data sampling and
      transmission will be described more fully in conjunction with FIG. 4.
PAR  The next process 205 consists of determining whether or not error-rate
      monitoring units 106 and 107 are synchronized. This determination is made
      by comparator 130, in which unit data received from units 106 and 107
      (process 204) is compared bit for bit. If data received by comparator is
      not synchronized then the miscompare count would be inordinately greater
      than typical bit-error-rates (50 percent miscompare as opposed to a
      typical bit-error-rate of less than 1 percent). This basis is utilized by
      comparator 130 to determine if units 106 and 107 are synchronized. Process
      205 is described more fully by U.S. Pat. application Ser. No. 458,742,
      filed Apr. 8, 1974 and assigned to the same assignee as the instant
      application in which the comparator described therein functions
      identically to comparator 130. More specifically, the functions and
      operations of comparator 130 is described in conjunction with FIGS. 3, 4,
      5, 6 and 8 of U.S. Pat. application Ser. No. 458,742.
PAR  Synchronization of units 106 and 107 results in synchronization of the gate
      and hold period counters in unit 106 with the gate and hold period
      counters in unit 107, which results in the same sets of data being
      monitored by both error-rate monitoring units. An additional process of
      synchronization is performed by comparator 130 which results in
      synchronization of the sets of monitored data received from units 106 and
      107. This second synchronization process, performed by comparator 130 is
      described in the above mentioned prior invention application wherein data
      received at the comparator is referred to as block parity bits. It will be
      noted by a perusal of FIG. 1 that there is a certain passage of time
      required in the transmission of the actual data from point 112 to point
      103, and there is also a lapse of time required for retransmitting the
      monitored data error-rate from monitoring unit 107 to comparator 130 via
      data sets 108 and 110 and telemetry data link 109. Accordingly, if a data
      bit monitored at point 112 by unit 106 is to be compared in comparator 130
      to the same data bit monitored at point 103 by unit 107, then the time
      delay in transmitting the original data and retransmitting the data via
      telemetry link 109 must be taken into account in comparator 130 and in
      error-rate monitors 106 and 107. The time delay accounted for in units 106
      and 107 consists of synchronizing the gate and hold counters of units 106
      and 107 which in turn results in the same set of data being monitored by
      both units 106 and 107. This synchronization means is effected by action
      of comparator 130 issuing a shift command to error-rate monitoring unit
      106 (operational flow process 206) after the comparator has determined
      that synchronization has not been achieved in step 205. In this particular
      embodiment, the shift command is issued to unit 106, however, the command
      could likewise be issued to unit 107 with the same synchronizing effect.
      This command will cause error-rate monitoring unit 106 to monitor data on
      sets of data at point 112 which have been shifted one data bit relative to
      the sets of data bits monitored at point 103. After issuance of this
      command, the process returns to operation 204 and will be repeated until
      synchronization has been achieved during process 205, confirmed by the
      fact that the miscompare rate result obtained by comparator 130 is low.
      Having obtained synchronization, comparator 130 transfers the bit
      miscompare counts to computer 111, in which bit-error-rate is computed.
PAR  The condition, in which the hold period is zero and the gate period is a
      finite number, is a special condition which will result in a synchronized
      condition, tested during process 205. It is under this condition that all
      data bits are monitored and returned to comparator 130 and therefore
      synchronization of units 106 with 107 (process 206) will not be required.
      It will be necessary, however, to synchronize the data bits received by
      comparator 130 as described in the previously referenced U.S. Patent
      Application.
PAR  Referring now to FIG. 3, there is shown a logic block diagram of one
      embodiment of the multi-input scanners which functions to gate one of
      several data inputs 311 to the data output line 312 by means of the
      sixteen to one data selector 303. Unit 303 may be comprised of a series of
      AND and OR gates properly connected, or more commonly may be comprised of
      a typical MSI device such as SN74150 marketed by Texas Instruments and
      described in detail on pages 294-297 of Texas Instruments TTL Data Book,
      first edition. Data selector 303 selects one of the sixteen data inputs
      311 based on the binary code of the inputs 313, 314, 315 and 316 which are
      stored in the 4-bit latch 302 upon receipt by the scanner command shift
      register 301 of a command message via command link 310. The command
      message is transmitted from comparator 130 to units 106 and 107, via the
      low speed command links 121 and 120, respectively. Scanner command shift
      register 301 and 4-bit latch 302 may be comprised of a series of
      flip-flops properly connected or more commonly may be comprised of typical
      MSI devices such as SN7475 and SN74164 marketed by Texas Instruments and
      described in detail on pages 182-186 and 334-338, respectively of Texas
      Instruments TTL Data Book, first edition.
PAR  Referring now to FIG. 4, there is shown a logic block diagram of one
      embodiment of error-rate monitoring unit 106. Error-rate monitoring unit
      107 is identical to unit 106 with the exception that unit 107 interfaces
      with lines 119, 117, 131 and 132 which corresponds to unit 106 interface
      lines 118, 116, 122 and 121, respectively. The primary function of the
      error-rate monitoring unit is to monitor data at points 112 and 103 via
      scanners 114 and 115. Data enters error-rate monitoring unit 106 via input
      line 116 and is sampled by AND gage 420 and stored in data shift register
      421 when gate signal 430 is a logic one level. The monitored data is
      temporarily stored in shift register 421 prior to transfer to the output
      shift register 424 via AND gate 422 and OR gate 423. OR gate 423 also
      receives other bits to be transmitted 433 which typically may consists of
      control and/or status messages to comparator 130 common to the
      implementation of process/control systems. In addition, OR gate 423
      receives error code bits 432 to be transmitted to comparator 130. The
      error code bits may typically consist of parity error check or more
      commonly a BCH code, effective in detection of errors introduced in
      retransmission of data from units 106 and 107. Comparator 130 receives the
      monitored data with the error-check code which enables the comparator to
      treat the monitored data, error-laden due to retransmission, differently
      than the monitored data which is received error-free. For example,
      monitored data, error-laden during retransmission, may be rejected by the
      comparator or may be weighted relative to error-free data in such a manner
      to maintain acceptable accuracy of the BER computation.
PAR  Returning now to AND gate 420, there is shown an input gate signal 430
      which effectively gates data being monitored to comparator 130 in the
      above described manner. The gate signal 430 is generated by action of
      counter 410 which determines the length (number of data bits) of the gate
      signal and also by action of counter 409 which determines the length of
      time (also corresponds to number of data bits) between gate signal 430,
      which is referred to as the hold period (hold signal 435). Operating in
      conjunction with counters 409 and 410 are AND gates 414, 418, 408 and 412,
      inverters 413 and 415 and flip-flop 419. Counters 409 and 410 may be
      comprised of a series of flip-flops properly connected or more commonly
      may be comprised of typical MSI device such as SN74161 marketed by Texas
      Instruments and described in detail on pages 325-333 of Texas Instruments
      TTL Data Book, first edition. Counters 409 and 410 are incremented
      alternately by means of AND gates 408 and 412 which utilizes as one input
      a data clock signal 437 which, in turn, has been derived from the data
      input on line 116. The process of derivation of a data clock signal from a
      data signal is a common procedure in telecommunication equipment design.
      The `gate` signal 430 and the `hold` signal 435 are also signals applied
      as inputs to AND gates 408 and 412, respectively. Flip-flop 419 generates
      the gate and hold signals in an alternating manner by action of AND gate
      414 and AND gate 418, respectively, which detect state 15 of counters 410
      and 409. For example, counter 409 determines the length of the gate signal
      in the following manner: Flip-flop 419 Q output is a logic one, resulting
      in the data clock signal 437 being applied to counter 409 which has been
      preset to an initial count from 4-bit latch 405. Counter 409 will
      increment one state for each data clock pulse 437 until counter 409
      reaches a state of 15, resulting in a logic one state for all inputs to
      AND gate 418. The output of AND gate 418 in turn becomes a logic one
      resulting in flip-flop 419 Q output (hold signal 435) changing from a
      logic one to a logic zero, which causes data clock signal 437 to alternate
      from counter 409 to counter 410 by action of AND gates 408 and 412.
      Simultaneously, signal 438 becomes a logic zero by action of inverter 413
      causing counter 409 to change from a state of 15 to a preset state as
      determined by the contents of 4-bit latch 405. When flip-flop 419 changes
      state, the above described process is repeated with counter 410 being
      incremented until the output of AND gate 414 is a logic one causing
      flip-flop 419 to return to the initial state thus completing a cycle that
      is repeated until a new command is received via line 121 and stored in
      shift registers 401 and 403. The command may typically consist of a change
      to the gate and hold periods which are determined by the contents of the
      command message received and stored in positions Q.sub.A -Q.sub.H of shift
      register 401. Positions Q.sub.A -Q.sub.D contain the preset code (gate
      period) for the gate counter 409 and positions Q.sub.E -Q.sub.H contain
      the preset code (hold period) for hold counter 410. Upon receipt of the
      entire command message, the contents of shift register 401 is transferred
      to 4-bit latches 405 and 406 which serve as storage registers to preset
      counters 409 and 410 as previously described. Shift registers 401 and 403
      and 4-bit latches 405, 406 and 407 may be comprised of a series of
      flip-flops properly connected or more commonly may be comprised of typical
      MSI devices such as SN74164 and SN7475 marketed by Texas Instruments and
      described in detail on pages 334-338 and pages 182-186, respectively, of
      Texas Instruments TTL Data Book, first edition.
PAR  Shift register 403 stores the portion of the command messages which contain
      control message (shown as signal 439) many of which are common to
      telecommunications equipment. One command which is important to the
      monitoring process and more particularly to the synchronizing process, is
      shift control 440, which functions to increase the hold period by one data
      clock. The shift control command is initially transmitted by comparator
      130 to either error-rate monitoring unit 106 or 107 upon determination by
      comparator 130 that units 106 and 107 are not synchronized; i.e., unit 106
      during its gate period is not monitoring the same set of data as unit 107
      during its gate period. Accordingly, comparator 130 issues a shift command
      to unit 106 (or to unit 107) which results in the next hold period to be
      one data clock greater in time than the hold periods for unit 107. As
      previously described, this process will be continued until the gate
      periods for both units 106 and 107 are monitoring the same sets of data
      (with necessary time delays incurred in transmission from point 112 to
      point 103). The above process begins with receipt by shift registers 401
      and 403 of a shift control coded message via command link 121. The entire
      message may also contain gate and hold period commands which are
      temporarily stored in shift register 401. The shift control portion of the
      command message is temporarily stored in shift register 403 and is
      transferred to 4-bit latch 407 which provides inputs to the 4 to 16
      decoder 411. The 4 to 16 decoder 411 may be comprised of a series of gates
      properly connected or more commonly may be comprised of typical MSI device
      such as SN74154 marketed by Texas Instruments and described in detail on
      pages 308-311 of Texas Instruments TTL Data Book, first edition. Decoder
      411 decodes the shift control command causing the input to inverter 416 to
      be a logic zero which, in turn, presents a logic one to the input of AND
      gate 417. Coincident with a logic one from AND gate 418, the output of AND
      gate 417 (shift control signal 440) becomes a logic one setting flip-flop
      443 and triggering one-shot multivibrator 404 with a logic zero pulse 441.
      Pulse 441 is equal in length to one data clock which effectively inhibits
      one data clock 437 from passing through AND gate 412. This, in turn,
      results in the hold period being extended by a length of time equal to one
      data clock. One-shot multivibrator 404 is also utilized to provide a reset
      pulse to flip-flop 443 as shown in FIG. 4. Clock signal 444, which is
      utilized to set flip-flop 443, is similar in function to other clock
      signals shown in FIGS. 3 and 4 and is typical of control/timing signals
      commonly utilized in the design and implementation of process-control
      equipment.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for in-service monitoring of the accuracy of electronic
      data transmitted over a first communication channel or telemetry link
      comprising:
PA1  a. first means, in a first system, for monitoring for accuracy a first unit
      of said data transmitted over said first communication channel;
PA1  b. second means, in a second system, for monitoring for accuracy a second
      unit of said data received over said communication channel;
PA1  c. third means, in said second system coupled to said second means, for
      transmitting substantially all of said second monitored unit of said data,
      which is a full version of the information in said second monitored unit
      of data, to said first system over a second communication channel;
PA1  d. fourth means, in said first system coupled to said first means, for
      comparing substantially all of said first unit of monitored data, which is
      a full version of the information in said first unit of monitored data,
      with substantially all of said second unit of monitored data; and
PA1  e. fifth means, coupled to said fourth means, for calculating a bit error
      rate (BER) of said data transmitted from said first system to said second
      system.
NUM  2.
PAR  2. An apparatus as recited in claim 1 including sixth means coupled to said
      fifth means for comparing said BER to a predetermined value.
NUM  3.
PAR  3. An apparatus as recited in claim 2 including seventh means, coupled to
      said fourth means, for time-delaying said first unit of monitored data
      relative to said second unit of monitored data prior to comparing said
      first unit of monitored data with said second unit of monitored data.
NUM  4.
PAR  4. An apparatus as recited in claim 3 including eighth means, coupled to
      said seventh means, for repeating said time-delay and comparison of said
      first unit of monitored data until said BER is less than said
      predetermined value.
NUM  5.
PAR  5. An apparatus as recited in claim 4 including ninth means, coupled to
      said eighth means, for terminating said time-delay and comparison of said
      first unit of monitored data after a predetermined number of times, if
      said BER remains greater than said predetermined value.
NUM  6.
PAR  6. An apparatus as recited in claim 5 including tenth means, coupled to
      said ninth means, for introducing a new data list in said unit of data
      received, and further including eleventh means for comparing said first
      unit of monitored data in said unit of data transmitted with said second
      unit of monitored data in said unit of data received.
NUM  7.
PAR  7. A method for in-service monitoring the accuracy of electronic data
      transmitted over a communication channel or telemetry link comprising the
      steps of:
PA1  a. monitoring in a first site first units of data, one each for each set of
      data (i.e. block) being transmitted;
PA1  b. monitoring in a second site second units of data, one each for each set
      of data (i.e. block) being received;
PA1  c. transmitting said second unit of monitored data in said second site to
      said first site;
PA1  d. comparing said second unit of monitored data with said first unit of
      monitored data; and
PA1  e. determining if the comparison is synchronized to the same unit of data
      so that the first unit of monitored data in said first site is compared
      for the same set of data to the second unit of monitored data transmitted
      from said second site to said first site.
NUM  8.
PAR  8. The method as recited in claim 7 including the further step of obtaining
      data synchronization if there is block synchronization by time delaying
      said second units of monitored data with respect to said first units of
      monitored data.
NUM  9.
PAR  9. The method as recited in claim 8 including the further step of obtaining
      block synchronization if there is no data synchronization by introducing a
      new data bit within said block.
NUM  10.
PAR  10. An apparatus for monitoring the accuracy of electronic data transmitted
      over a communication channel or telemetry link comprising:
PA1  a. first means for monitoring first units of data (i.e. first blocks)
      transmitted from a transmitting station;
PA1  b. second means for monitoring second units of data (i.e. second blocks)
      received at a receiving station;
PA1  c. third means, coupled to said second means, for transmitting said second
      blocks of monitored data from said receiving station to said transmitting
      station said second blocks of data being substantially a full version of
      the information in said second blocks of data received;
PA1  d. fourth means, coupled to said first and third means, for determining
      whether or not there is data and block synchronization; and
PA1  e. fifth means, coupled to said fourth means, for calculating bit error
      rate, BER of data received at said receiving station.
NUM  11.
PAR  11. An apparatus for monitoring the accuracy of electronic data transmitted
      over a communication channel or telemetry link comprising:
PA1  a. first means for monitoring first units of data (i.e. first blocks)
      transmitted from a transmitting station;
PA1  b. second means for monitoring second units of data (i.e. second blocks)
      received at a receiving station;
PA1  c. third means, coupled to said first means, for transmitting said first
      units of monitored data from said transmitting station to said receiving
      station said first units of monitored data being substantially a full
      version of the information in said first units of data transmitted;
PA1  d. fourth means, coupled to said first and third means, for determining
      whether or not there is data and block synchronization; and
PA1  e. fifth means, coupled to said fourth means, for calculating bit error
      rate BER of data received at said receiving station.
NUM  12.
PAR  12. An apparatus for in-service monitoring of the accuracy of electronic
      data transmitted over a selected one of a plurality of communication
      channels or telemetry links comprising:
PA1  a. first means, in a first system, for selecting a first of a plurality of
      telemetry links or communication channels to be monitored for accuracy of
      data transmission;
PA1  b. second means, in said first system, coupled to said first means, for
      monitoring for accuracy a first unit of said data transmitted over said
      selected communication channel;
PA1  c. third means, in a second system responsive to said first system, for
      monitoring for accuracy a second unit of said data that is received over
      said selected communication channel;
PA1  d. fourth means, in said second system coupled to said third means, for
      selecting a second of a plurality of telemetry links or communication
      channels for retransmitting said second unit of monitored data to said
      first system;
PA1  e. fifth means, in said first system coupled to said second and third
      means, for comparing said first unit of monitored data with said second
      unit of monitored data; and
PA1  f. sixth means, coupled to said fifth means, for calculating a bit error
      rate (BER) of said data transmitted from said first system to said second
      system.
NUM  13.
PAR  13. An apparatus as recited in claim 12 including seventh means, coupled to
      said fifth means, for time-delaying said first unit of monitored data
      relative to said second unit of monitored data prior to comparing said
      first unit of monitored data with said second unit of monitored data.
NUM  14.
PAR  14. An apparatus as recited in claim 13 including eighth means, coupled to
      said sixth means, for comparing said BER to a predetermined value.
NUM  15.
PAR  15. An apparatus as recited in claim 14 including ninth means, coupled to
      said seventh and eighth means for repeating said time-delay and comparison
      of said first unit of monitored data until said BER is less than a
      predetermined value.
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ABST
PAL  This invention relates to a system for scanning and identifying characters
      in a document carrying a text made up of equidistant parallel lines of
      equal length placed one below another, some lines possibly being blank.
      The system includes means for scanning the text in successive transverse
      sweeps during each of which a transverse band covering a small number of
      lines of writing is scanned. The document is movable relative to the fixed
      position of the band so that, between one transverse sweep and the next,
      each line of writing comes into substantially the same position as the
      line before. Each band is itself scanned at a frequency T in J equidistant
      columns, each of said columns being divided into a number N of small areas
      which form a line. The said scanning means supplies N electrical signals
      formed by a "0" or a "1" which correspond respectively to the whites and
      blacks and vice versa in the text.
BSUM
PAR  The present invention relates to a system for scanning and identifying
      standardised characters.
PAR  The system comprises an apparatus for scanning the text, which supplies
      appropriate electrical signals, and an electronic apparatus for
      identifying the characters from such electrical signals.
PAR  The scanning apparatus is known per se and, when a micro-film is used, it
      is advantageously produced by employing the techniques described in French
      Pat. Application Nos: 71 08645 and 71 08646, which were filed in the name
      of Rene de Possel on Mar. 12, 1971, and respectively entitled "An
      electronic apparatus for analysing symbols on a micro-film" and "A
      precision guidance device for a micro-film".
PAR  A scanning apparatus of this type which will be described hereinbelow
      operates at high speed, which explains the usefulness of being able to
      identify the characters at high speed also.
PAR  The results of the identification process will be presented in, for
      example, binary-coded form and will be capable either of being fed
      directly to a computer or of being recorded on magnetic tape with a view
      to processing at a latter stage.
PAR  Present day types of apparatus which carry out identification of this sort
      employ various principles but cannot exceed a speed of a few thousands of
      characters per second, this applying in the most favourable cases when it
      is only figures or a small number of letters which are concerned.
PAR  It is an object of the present invention to produce an electronic device
      capable of identifying up to 300,000 characters per second when it is
      produced from high-speed TTL integrated circuits, and of operating more
      quickly if it is produced using ECL techniques. The only ultimate
      restriction on the effective speed of such an apparatus is therefore the
      speed at which signals are fed to it and the speed of the apparatus which
      uses or records the results which it supplies. The scanning device in the
      aforementioned Patent Applications admittedly allows one line of the text
      to be scanned at a speed of 300,000 characters per second where a 16 mm
      micro-film is being used but, since the time which elapses between the end
      of this scan and the time when the next line begins to be scanned is
      almost double the time taken to scan the line, the mean speed achieved is
      100,000 characters per second.
PAR  It is a further object of the invention to produce an identifying apparatus
      of small bulk which is housed in a low cabinet on top of which may be
      mounted the scanning device and, possibly, the text transporter.
PAR  In the embodiment hereinafter to be described, the number of integrated
      circuit modules required is, in fact, less than 1,400. The device does not
      need to be specially air conditioned since its power consumption is less
      than 500 watts.
PAR  To achieve the above-mentioned and other objects, the invention consists in
      a system for scanning and identifying the characters in a document
      carrying a text made up of equidistant parallel lines of equal length
      positioned one bellow another, some lines possibly being blank, the said
      device including means for scanning the text in successive transverse
      sweeps during each of which a transverse band covering a small number of
      lines of writing is scanned, the document being movable relative to the
      fixed position of the band so that, between one transverse sweep and the
      next, each line of writing takes up substantially the same position as the
      line before, each band being itself scanned at a frequency T in J
      equidistant columns, each of said columns being divided into a number N of
      small areas which form a line, the said scanning means supplying N signals
      formed by a O or a I which correspond respectively to the whites and
      blacks or vice versa in the text, the system being characterised by the
      combination of means for extracting from each of the successive bands the
      signals corresponding to one line of writing in such a way that each line
      is extracted once and once only, means for extracting from each of the
      columns J in the band an interval comprising a fixed number N' of bits
      forming a part column G such that each column G extends over the whole
      height of the selected line of writing, it being possible for the position
      of the interval G in J to vary slightly throughout the transverse sweep,
      means for extracting a small number of columns from the columns G which
      cover each particular character in the selected line of writing, this
      number being determined as a function of their total, and means for
      determining, for each of the columns G selected, the lengths expressed as
      numbers of bits, of the intervals made up from consecutive whites and
      consecutive blacks respectively which form parts of G, means for comparing
      these lengths with fixed predetermined numbers, the said comparison means
      being so arranged that each of the characters in the alphabet employed has
      associated with it one or more inequality systems which compare certain of
      these lengths with fixed numbers, with the result that, if the inequality
      tests in one of these systems are satisfied, the character is identified,
      and means for feeding out the characters so identified in the form of
      coded signals.
DRWD
PAR  In order that the invention may be more clearly understood reference will
      now be made to the accompanying drawings which show one embodiment of the
      system with its constituant parts, by way of example and in which:
PAR  FIGS. 1 and 2 illustrates the character identification principle on which
      the invention is based, FIG. 1 showing the zones for analysing a character
      and FIG. 2 being a table showing the inequality tests which enable
      characters which the system is suitable for processing in the embodiment
      described to be identified,
PAR  FIG. 3 is an overall circuit diagram of the system,
PAR  FIG. 4 is a diagram of a member termed a "shifter" which enables a column G
      to be extracted from column J.
PAR  FIGS. 5, 6 and 7 show members intended to detect almost blank columns (i.e.
      those containing no blacks or one black),
PAR  FIG. 8 shows a member termed a "character framer,"
PAR  FIGS. 9 and 10, taken together show a member termed a "column selector,"
PAR  FIG. 11 shows a member termed an "interval separator,"
PAR  FIG. 12 shows a comparison member,
PAR  FIG. 13 shows an interconnection matrix which gives an identification
      result on the basis of the comparison results,
PAR  FIG. 14 shows a multiple output detector of which,
PAR  FIG. 15 shows a detail,
PAR  FIG. 16 shows a member termed the "code-sign modifier,"
PAR  FIG. 17 shows a member for controlling the buffer stores,
PAR  FIG. 18 is a table showing how the buffer stores operate,
PAR  FIG. 19 shows half a buffer store,
PAR  FIGS. 20 and 21 show switching devices;
PAR  FIG. 22 shows the case where there are vertical black lines,
PAR  FIG. 23 is a general diagram of a member termed the "line former" the
      detailed description of which is illustrated by FIGS. 24 and 31.
PAR  FIG. 24 is a block diagram of an embodiment of sub-unit 16 of FIG. 23;
PAR  FIG. 25 shows a modification V'.sub.16 of sub-unit V.sub.16 ;
PAR  FIG. 26 is a block diagram of sub-unit V.sub.17 in FIG. 23;
PAR  FIG. 27 is a block diagram of sub-unit V.sub.18 in FIG. 23;
PAR  FIG. 28 is a truth table corresponding to sub-unit V'.sub.18 ;
PAR  FIG. 29 is a block diagram of sub-unit V.sub.19 in FIG. 23;
PAR  FIG. 30 is a block diagram of sub-unit V.sub.20 in FIG. 23;
PAR  FIG. 31 is a block diagram of sub-unit V.sub.21 in FIG. 23;
PAR  FIG. 32 is a view in perspective of the mirror wheel and of the parts of
      the luminous beams of a microfilm character reader;
PAR  FIG. 33 is a theoretical tracing of incident and reflected luminous rays in
      the device on FIG. 32;
PAR  FIG. 34 is a perspective view showing the scanning of a band of characters
      on film;
PAR  FIG. 35 is a longitudinal cross-section of the device on FIG. 32;
PAR  FIG. 36 is a front view, motor attachment side, of the support flange of
      the wheel-housing;
PAR  FIG. 37 is a cross-section of the wheel-housing according to V -- V of FIG.
      35;
PAR  FIG. 38 is a cross-section according to a transversal plane of a couple of
      mirrors with the trajectory of the luminous rays;
PAR  FIG. 39 is a plane view of the film guidance unit;
PAR  FIG. 40 is a cross-section view VIII-VIII of FIG. 39;
PAR  FIG. 41 is a perspective view of the presser unit of the film; and
PAR  FIG. 42 is a view of the fiber-optics enlarger.
DETD
PAR  Referring now to the drawings, in the embodiment described, which is given
      as a non-limiting example, the number of different characters to be
      identified is 61, which embraces the capitals and certain signs, but, at
      the cost of very little extra apparatus, a slight modification enables 125
      different characters to be identified, for example by adding the
      lower-case letters to the existing ones. To change from one type of
      alphabet to another, it is simply necessary in practice to change over a
      board containing less than 100 integrated circuit modules.
PAR  The principle on which this system operates will first be briefly explained
      in order to show how it is possible for the speed achieved to be of the
      order hereinbefore referred to. The first things to be mentioned will be
      certain conditions which have to be fulfilled if the system is to work.
      The text must be formed from parallel lines of equal length which are all
      orientated in the same direction (termed the "transverse" direction),
      which are situated one below another (remembering, the fact that it is
      possible for a line to contain an arbitrary length of "white"), and are
      equidistant, except where there is a blank line in which case, the depth
      of inter-line space down to the next line may be of any size whatever.
PAR  The scanning device must be such that scanning takes place in equal
      transverse bands F each of which covers two or three lines of text. Each
      time a band is scanned this will be referred to as a "transverse sweep" of
      the text and will be referred to by the letter U. Two successive bands
      overlap. When passing from one band F to the next band, which will be
      referred to as F.sup.+, and when a line of text L occupies a certain
      position in F, the next line, which is referred to as L.sup.+, occupies
      approximately the same position in F.sup.+. The changeover from F to
      F.sup.+ is thus equivalent to a translatory movement by a distance p which
      will be referred to as the pitch of the text.
PAR  Each band is scanned in successive columns the direction of which, termed
      the longitudinal direction, is perpendicular to the transverse direction,
      the columns themselves being formed from a fixed numbe N of small and
      equal areas which form a straight line (FIG. 1) and the distance between
      whose centres is d (N = 96 in the case of the embodiment described above).
      The small areas give rise to an equal number of binary signals which are 0
      or 1, or 1 and 0 depending on whether the area is over a white or black in
      the text. The signals corresponding to a column thus form a binary "word"
      of N bits. The axes of two successive columns in the same band are spaced
      away from one another by a distance d. The columns are scanned at fixed
      intervals of time T (equal to 185 nano seconds in the example in
      question). T is the scanning frequency for the columns.
PAR  The device described in the French Patent Applications referred to above is
      suitable for carrying out a scan which meets the conditions which have
      just been laid down. In the system in the present invention, the scan will
      also have the following characteristics:
PAR  Let L be the line read in the course of the transverse sweep U. In the
      course of transverse sweep U.sup.+, if the position of the next line
      L.sup.+ is the result of a translatory movement by a distance fairly close
      to p from the position of L, line L.sup.+ will be read. If the translatory
      movement is too large or if no line L.sub.+ appears, there is no read out.
PAR  From the N areas which form a column J the system selects beforehand a
      series of consecutive areas, the number of which, N', is always the same
      and is less than N, so that a line L is covered without including any
      black belonging to a neighbouring line. This series represents a
      "restricted column" G or a "framing interval". Numbering the bits in J
      from the bottom bit, which is numbered 0, the first bit in J which is in
      position F, is the "framing indicator". The latter may vary slightly in
      the course of the transverse sweep U, as well as from one transverse sweep
      to the next, as will be discussed below.
PAR  The original nature of the system described lies on the one hand in the
      introduction of this indicator and in the methods used to establish it
      and, on the other hand, in the means used to identify the characters,
      which processes and means will be described before a detailed description
      of circuits suitable for putting them into effect is undertaken.
PAR  From the word M of N bits which represents the black or white nature of the
      areas in column J is separated out, by means of indicator E, the word M'
      of N' bits which represents the nature of the areas in G.
PAR  The high speed of the device is a result of the following particular
      features of the aforementioned means. The words, each of which is formed
      by the N' bits in each of the part-columns G, are fed into a progressive
      store V.sub.2 (FIG. 3), which is formed by N' shift registers each of
      which moves up one position at each period T. For each of the characters
      successively encountered, means determine which is the first and which is
      the last of the columns G covering this character, which is carried out
      before the said column G is fed into the memory V.sub.2. Means then
      indicate, as a function of the number of such columns which cover the
      character (i.e. as a function of the width, this width being capable of
      variation from one character to another) which are the columns which
      should be selected to identify the character.
PAR  These columns G.sup.1, G.sup.2 . . ., are then transferred to the registers
      R.sup.1.sub.2, R.sup.2.sub.2 . . . (FIG. 3) from the store V.sub.2. The
      registers forming V.sub.2 must be of sufficient length to enable this
      transfer to take place in every instance. Once the transfer is completed,
      the columns G.sup.i are then transferred to registers R.sup.1.sub.3,
      R.sup.2.sub.3 . . ., so as to free registers R.sup.i.sub.2 to receive the
      columns selected for the next character, which are extracted in their turn
      from V2. Registers R.sup.i.sub.3 are such that means enable the lengths of
      the successive intervals in each of the columns G.sup.i, which intervals
      are formed from consecutive whites and consecutive blacks respectively and
      are expressed as numbers of bits, to be extracted from the registers, the
      columns G.sup.i having possibly undergone certain corrections intended to
      eliminate the effects of spots or missing areas. Each time the length of
      one of these intervals has been established, it is compared to fixed
      predetermined numbers appropriate to the ordinal position i of column
      G.sup.i and to the position of the interval in the column (first white
      interval, first black interval, second white interval, etc.). It is
      necessary for the means which enable the comparisons to be carried out to
      operate simultaneously for each of the fixed numbers in question so that
      they can again be used as soon as the length of a fresh interval in column
      G.sup.i has been determined, in order to compare this length to fresh
      fixed numbers. Such means must be provided for each of the columns
      G.sup.i. The comparisons must be carried out in a time shorter than that
      required to establish the length of the shortest possible interval, i.e. 2
      bits. The result of each comparison is given by a 0 or 1 bit which is fed
      into the input register of the interconnecting member V.sub.7 (FIG. 3).
      This register is divided into sections corresponding to the various values
      of the index i, each of which is itself divided into smaller sections
      corresponding to the successive intervals in the column G.sup.i, each of
      the latter sections being formed by locations each intended to contain the
      bit resulting from each comparison.
PAR  The register is connected in the said interconnecting member by a network
      of gates to one or more output registers the bits of which correspond in
      each case to different characters in the envisaged alphabet. If
      identification takes place in the correct way, each of these output
      registers indicates a 0 (or 1) at the location which corresponds to the
      character identified and a 1 (or a 0) at all the other locations.
      Characters identified simultaneously by these output registers, if there
      are more than one should in principle be identical. The identification
      process needs to be fairly swift so as to free the register to receive the
      results of the comparison corresponding to the next character.
PAR  To sum up, the high speed of the identification system is attributable to
      the fact that a plurality of operations are carried out simultaneously on
      successive characters.
PAR  The various members and the particular ways in which they operate will now
      be described in greater detail.
PAR  A preliminary study of the alphabet to which the characters to be
      identified belong enables a choice to be made, as a function of the width
      l of a character expressed as a number of bits, i.e. the number of columns
      G which cover it, of certain columns which suffice to identify the
      character. In the embodiment described in the example, these columns are
      the second and the one before last, plus, if the width of the character is
      greater than 16 columns, the columns whose positions are most nearly
      equivalent to a quarter, a half and three-quarters of the character. The
      system thus determines what positions the columns to be used occupy on the
      basis of the value of l. The columns will be referred to as G.sup.1,
      G.sup.2 etc. Counting the positions from 0, when l = 19 the columns used
      will be G.sup.1 in position 1, G.sup.2 in position 5, G.sup.3 in position
      9, G.sup.4 in position 13 and G.sup.5 in position 17.
PAR  These columns may be extracted in the store R.sub.2 or at its output. For
      each value of i, column G.sup.i is subjected to an analysis which
      determines the successive intervals made up of series of whites and series
      of black from which it is formed. These intervals will be referred to as
      I.sup.i.sub.1, I.sup.i.sub.2 etc. Their lengths  .sup.i.sub.1,
      .sup.i.sub.2, expressed as numbers of bits, are established by the system.
      The preliminary study of the alphabet mentioned above enables the
      characters to be identified by comparing the numbers  .sup.i.sub.j with
      certain constants. To be more exact, the study enables certain of the
      pairs of integers (i,j) to be co-related with a small number of constants
      C.sup.i.sub.j 1 C.sup.i.sub.j 2 ..., and also enables one or more
      inequality tests S .sub.,1, S .sub.,2 of the form  .sub.j.sup.i.ltoreq.
      C.sub.j.sup.i or  .sub.j.sup.i&gt; C.sub.j.sup.i, to be co-related with each
      of the characters   making up the alphabet so that, if one of these tests
      is satisfied by the lengths  .sup.i.sub.j established for a scanned
      character, the character in question is the same as  .
PAR  FIG. 2 groups together the various comparisons which enable characters to
      be identified by means of successive measurements involving columns
      G.sup.3, G.sup.1, G.sup.5, G.sup.4, G.sup.2.
PAR  As regards framing in the course of a transverse sweep U, the system
      generally carries out two separate operations. Firstly, as just explained,
      it identifies the characters in a line of writing L and then the signals
      coming from the next line L.sup.+ if it is wholly or partly contained in
      the band B being scanned. At the same time the device establishes the
      framing indicator E which will be used in the following transverse sweep
      U.sup.+, at which time this line L.sup.+ will have assumed the same
      position in the next band F.sup.+ as that occupied by L in band F, this
      position being an approximate one since, if it were occupied with absolute
      consistency, the framing indicator would always be the same for any column
      J occupying a specific position from the beginning of the line.
PAR  The indicator E used in the course of U.sup.+ is established a number of
      times in the course of U due to the possible slope of the line of writing
      in relation to the transverse direction of the band. For this reason the
      bands are split up into equal zones Z.sup.1,Z.sup.2, with the possible
      exception of the last band. A framing indicator E.sup.q is possibly
      established for each zone Z.sup.q.
PAR  Slight corrections are then made to the translatory movement p so that,
      each time a transverse sweep takes place, a line of writing which follows
      the line which has just been read with normal interline spacing, is
      situated completely within the scanned band.
PAR  Besides identifying characters, the system also provides certain other
      information. A special symbol idicates a space. It is repeated a number of
      times equivalent to the number of normal spaces separating two "words"
      which the space in question contains. When a character in the text gives
      rise to lengths  .sub.j.sup.i which satisfy two tests S corresponding to
      different characters in the alphabet, a signal indicating "character not
      recognised" is emitted and the same signal is also emitted when no
      character in the alphabet corresponds to the values of  .sub.j.sup.i
      obtained.
PAR  Furthermore, if, as a result of a spot for example, successive small
      columns G are encountered during a transverse sweep which contain a number
      of blacks which is too large to form a character, a second special signal
      is emitted as many times as this number contains the average number of
      columns in a character.
PAR  Finally, if the identification signals are issued at too rapid a rate to be
      recorded directly on a magnetic tape, buffer stores may be used and
      advantage may be taken of the fact that the time taken for the "line
      return" is distinctly greater than that taken to scan and identify a line.
PAR  Procedures described below are used to reduce the number of errors or of
      characters not recognised. When establishing which of the columns G cover
      a character, it is possible to ignore those which contain only a single
      black. In a similar way, when examining for the black and white intervals
      in a column G, it is possible to ignore an isolated black or an isolated
      white. In this case, beginning with the first bit in G, the first interval
      is always assumed to be white. Its length is zero if G begins with two
      blacks. The first black interval then begins with two blacks and continues
      until two consecutive whites occur. The second white interval starts at
      this point and the process continues accordingly. The same may apply when
      establishing the framing indicator E. To establish it, it is necessary, as
      will be seen, to divide a word into intervals formed by consecutive whites
      or consecutive blacks.
PAR  In order to reduce the number of wrong or unrecognised characters, a
      character may be identified a number of times using different inequality
      systems S. If, for example, each character is examined twice, the "not
      recognised" signal is emitted when the two results are different. If three
      different identification operations are carried out, which is possible
      with the alphabet envisaged, it may be conceded that if the same character
      is identified two times out of three it should be admitted. Finally, it is
      also possible, as mentioned in the detailed description below, to provide
      means to prevent the identification operation from being disturbed by the
      presence of vertical black lines formed by borders around part of the
      text.
PAR  The conditions which the text to be identified and the way in which it is
      scanned must satisfy will now be specified. Mis-alignment between
      characters along a line of writing should not exceed 0.5 d (where d is the
      distance defined above). The inter-line space or the maximum height of the
      blank strip which may appear between two lines must be accurate to within
      d, unless it is noticeably greater than the pitch p. The slope of the mean
      direction of a line to the transverse direction should not exceed .alpha.
      radians (in the example described .alpha. is taken to be equal to
      (1/1000). The outlines of the characters should not differ from their
      theoretical configuration by more than the length d, which length be a
      little greater than a third of the thickness of the finest line forming
      part of the characters.
PAR  The resultant limiting factors on the scan and the electrical signals are
      as follows:
PAR  1. The slope of the scanning strip relative to the line of writing should
      not be greater than .beta. radians (in the example described .beta. =
      4/1000). The latter limitation gives a maximum variation for E.sup.q in
      the various zones Z.sup.q in the same transverse sweep. If L is the length
      of a line of writing, this variation is .mu. = (L.beta./d) (.mu. = 12).
PAR  2. When a scanning area is situated partly over the white and partly over
      the black, the signal obtained should be 0 or 1 depending on whether the
      white area is larger or smaller than the black area. The signal obtained
      in fact becomes random when the difference between two areas is less than
      a certain value .delta., which should be fairly small, for example a third
      of the total area. This number .delta. is the smaller the more nearly
      identical is the sensitivity of the photo-receiver device or devices
      contained in the system for the different areas in a column.
PAR  In addition, with the embodiment described, the 0 or 1 signals originating
      from the same column are obtained simultaneously. They must be TTL
      compatible. To this end, the photo-receivers from which they originate,
      which are N in number, are connected to differential voltage comparators
      (FIGS. 8, 12, 29 and 31) which apply signals of the required nature at
      their outputs. It is necessary that the combined response times of the
      photo-receivers and the comparators be less than T/2, failing which the
      signals from one column will be interfered with by those from the
      preceding column.
PAR  The numerical values adopted in the embodiment described are as follows:
      the text is printed from a magnetic tape onto 16 mm micro-film using one
      of the pieces of commercially available equipment which allow this to be
      done. The lines run transversely and are 14 mm in length with a density of
      64 lines per cm. The pitch p is therefore 156.25 microns. Since the
      thickness e of the lines from which the characters are formed is from 12
      to 14 microns, N' is made equal to 35 which makes d = (P/N) = 4.46
      microns. This value does not substantially exceed e/3, which is a
      condition which must be satisfied if the characters are to be identified
      correctly. Since the framing process used requires a scanning band
      covering approximately 23/4 lines, N is set at 96 since 2.75 N' + 96.25.
      The distance between the centers of two consecutive characters is then
      21d. The alphabet for the texts to be identified comprises the 26 letters
      and the figures from 1 to 9 plus the full stop and comma, with the letter
      O and the numeral 0 forming only one character. All the characters are of
      equal height and width except the capital "I", the numeral 1, and the
      comma. The nominal width of a standard character is l + 19 but it is also
      possible for l to be equal to 18 or to 20 and, in exceptional cases, to 17
      or 21. As already stated, the number of columns used, or the value assumed
      by the index i, is five for normal characters and two for thin characters.
      The number of intervals I.sub.j.sup.i for a given column (a specific value
      of i ) may be 6 (j = 0,1,2,3,4,5). The number of inequality tests S.sub. m
      for the same character   is usually 1. It may be as many as five in the
      example described.
PAR  FIG. 2 shows how successive comparisons between the numbers  .sub.j.sup.i
      and suitably selected constants c.sub.jm.sup.i enable the complete set of
      characters of normal width to be divided up into smaller and smaller
      sections until each section contains only one character. This division is
      performed by considering first of all the column G.sup.3 closest to the
      centre of the character, the length of the successive intervals in which,
      beginning from the top of the character, are bm1 (the first white inteval
      of the centre portion) nm1 (the first black interval in the same portion),
      bm2 (the second white interval) nm2, bm3, nm3. The numbers of intervals
      may be zero beginning from any one among them, and the first number also
      may be zero. The characters T,Y,V, and 7 plus six groups of character are
      thus differentiated by means of the centre column.
PAR  The second character column selected (G.sup.1) gives interval lengths bg1
      (the first white interval at the left-hand edge), ng1,bg2,ng2 . . .,
      which, when compared with constants, enable certain of the aforementioned
      group to be divided up. This gives the characters J,W,X,K,4,D,A,S,5. Nine
      groups of characters remain (the A may be obtained by using two different
      inequality tests).
PAR  The column before last (G.sup.5) supplies further intervals
      bd1,nd1,bd2,nd2, which, when compared with constants, divide out the
      characters L,U,Q,C,9,F,S,P,R,B,E,Z,8,2,3. Four groups remain. The S may be
      obtained by using three different inequality tests. The column most
      closely equivalent to three quarters of the width of the character
      supplies useful intervals b.sub..sub.3/4,1 b.sub..sub.3/4,2
      n.sub..sub.3/4,3, which, when compared with constants, enable characters
      M,N,H,O,Q,S,G to be divided out. Finally, the quarter column enables the 6
      and the 9 to be divided out from the remaining items. It can be seen that
      the number of comparisons made for the same black or white interval does
      not exceed three.
PAR  Scanning speed is of the order of 300,000 characters per second for one
      line of text. Since the dead time between the end of one line-scan and the
      beginning of the text is almost double the time taken to scan a line, the
      mean speed is 100,000 characters per second. Now that the principle on
      which the system operates has been explained, a detailed description of an
      electronic circuits enables the principle to be put into effect will now
      be given as an example.
PAR  The circuits are made up of gates, which are represented by the
      conventional symbols, inverters, and other more complex components which
      will be referred to as follows:
PAR  The kth flip-flop of type D is marked D.sub.k and is shown by a rectangle
      (FIGS. 8,10,11,16,17,24,25,26 and 31). Its input is marked d.sub.k and its
      outputs q.sub.k, o.sub.k.
PAR  The kth flip-flop of type JK is marked B.sub.k and is represented by a
      rectangle (FIGS. 8,10,11,16,17,24,26,27,29). Its inputs are marked
      J.sub.k, K.sub.k and its outputs Q.sub.k and Q.sub.k.
PAR  The k th counter C.sub.k is shown by a square, at the left of which appear
      lines which supply an initial setting value P.sub.k to it in binary form,
      while at the right appears the value n.sub.k indicated by the counter. At
      the top is activating line a.sub.k and at the bottom the zero reset line
      r.sub.k and the output line m.sub.k which gives a 1 signal when the output
      is entirely made up by 1. (FIGS. 8,10,11,16,19,24,26,27 and 29).
PAR  The k th comparator S.sub.k has the numbers to be compared (a and b) fed
      into it at the top and on the left, and at the right it emits a signal
      d.sub.k the value of which is 1 if a.sub.k .ltoreq. b.sub.k  and 0 in the
      reverse case (FIGS. 8,12,29 and 31).
PAR  The 96 bits of the column being scanned (which come from a scanning device
      as described hereinunder appear at the output of register R.sub.o (FIG. 3)
      when the clock H (FIG. 4) is high, a few nano seconds after time 0 which,
      by definition, is the rise time of the preceding signal H. In this 96 bit
      word M a 0 represents a black and a 1 represents a white. The word must be
      shifted downwards so that the bit in position E (the framing indicator)
      comes into the 0 position and the shift must be one of E positions, the 35
      lower bits alone having to be retained after the shift. This number E,
      which is between 0 and 62, is produced in binary form in register R.sub.E
      (i.e. one of the registers R.sub.2.sup.1 R.sub.3.sup.1 etc, in FIG. 3) in
      the form:
EQU  E = 2.sup.5 e.sub.0 + 2.sup.4 e.sub.1, + 2.sup.3 e.sub.2, + 2.sup.2 e.sub.3
      + 2e.sub.4 +  e.sub.5
PAR  The procedure employed consists in making successive shifts by a number of
      positions equivalent to the successive terms in this expression. The
      operation is carried out by a special member, the shifter V.sub.0 (FIGS. 3
      and 4). To make the first shift by 2.sup.8 = 32 positions or 0 position,
      depending upon whether e.sub.o, is 1 or 0, the lines emerging from the 96
      flip flops in R.sub.o connect up with the 64 gates P.sub.0 to P.sub.63,
      gate P.sub.0 receiving the line F.sub.r in position r and lead F.sub.r +32
      in position r + 32. The gates are AND --NOT -- OR gates and they have a
      typical switching time of 6 nanoseconds. The gates P .sup.r.sub.0 are
      controlled by the f.sub.0 and f.sub.0 the respective states of which are
      e.sub.0. If e.sub.0 = 0, there is obtained at the output of gate P
      .sup.r.sub. 0 information complementary to that supplied by F.sub. r. If
      e.sub.0 = 1, information is obtained which is complementary to that
      provided by F.sub.r + 32. It is as well to obtain items of information
      complementary to one another in lines 64 and 65. For this purpose,
      inverters are positioned along these leads, as shown in FIG. 4.
PAR  The second shift is one of 0 or 16 positions depending on whether e.sub.1
      is 0 or 1. If e.sub.1 = 1, the shift is conveyed by the lines in positions
      16 to 65. It is carried out by means of 50 gates P.sup.r.sub.1 of the same
      type as the gates P.sup.r.sub.0.
PAR  The third shift is one of 0 or 8 positions, depending on the value of
      e.sub.2. If e.sub.2 = 1, it is conveyed by the lines in positions 8 to 49
      and is carried out by means of 42 gates P.sup.r.sub.2.
PAR  The fourth shift is one of 0 or 4 positions, depending on the value of
      e.sub.3. If e.sub.3 = 1, the shift is conveyed by the lines in positions 4
      to 41 and is carried out by means of 38 gates P.sup.r.sub.3.
PAR  The fifth shift is one of 0 or 2 positions, depending on the value of
      e.sub.4. If e.sub.4 = 1, the shift is conveyed by the lines in positions 2
      to 37 and is carried out by means of 36 gates P.sup.r.sub.4.
PAR  Finally, the sixth shift is one of 0 or 1 positions, depending on the value
      of e.sub.5. It is conveyed by the lines 1 to 35 and is carried out by 35
      gates. Pr.sub.5. At each passage through a gate the complement of the
      information is formed.
PAR  The 35 bit word appears at the output of register R.sub.1, (FIG. 4). As in
      R.sub.o, the whites are shown by 1. So as to have slightly more time for
      the gates to change over, the register R.sub.1, may, as a modification, be
      formed by flip-flops JK which will accept changes of input during the
      whole of the clock cycle.
PAR  It is as well to detect those of the column G which contain no blacks or
      one black and which will be termed "almost black columns" at the output of
      R.sub.1. The member V.sub.1 (FIG. 3) which performs this detection
      receives the 35 bit word M' emitted from R.sub.1 g intervals T. It
      supplies at g a 0 bit if M' contains no more than one 0 bit and a 1 bit if
      M' contains more than one 0 bit. It operates as follows:
PAR  Each of the logic circuits V.sup.i.sub.1 (FIG. 5) of which it is composed
      (i = 1.2.3.4.5.6), receives the bits 6i-6 to 6i-1 of the word M' (except
      for line number 35 which does not exist). If at least two of the first
      three lines, or at least two of the last three lines are at 0, then one of
      the outputs of gates P.sup.1.sub.6 or one of the outputs of gates
      P.sup.2.sub.6 is at 0. If one of the first three lines is at 0, and one of
      the last three is also, gates P.sup.1.sub.7 and P.sup.2.sub.7 give 1  at
      their outputs and P.sup.3.sub.7 gives a 0 at its output. One of the inputs
      of P.sub.9 is therefore at 0; consequently g.sub.i is at 0. If on the
      other hand, there is zero or a 0 bit on one of the six input lines, the
      outputs of gates P.sup.1.sub.6 and P.sup.2.sub.6  are at 1. The output of
      one at least of gates P.sup.1.sub.7 and P.sup.2.sub.7 is at 0.
PAR  The output of P.sup.3.sub.7 is therefore 1. All the inputs of P.sub.9 are
      at 1 and g.sub.i = 1. If the six input lines are at 1, the outputs of
      P.sup.1.sub.7 and P.sup.2.sub.7 are at 0 and k.sub.i = 1. On the other
      hand, if at least one of the six input lines is at 0, k.sub.i =0.
PAR  The device V.sub.1 (FIG. 3) further incorporates a circuit V.sup.0.sub.1
      (FIG. 6) which has connected to it six lines k.sub.i and operates in the
      same way as each of the circuits V.sup.i.sub.1 except that there is no
      P.sub.8. The output g.sub.o of this circuit is 0 when two of the k.sub.i
      's are at 0 and g.sub.o = 1 if none or one of the k.sub.i is at 0.
      Finally, device V.sub.1 incorporates a gate P.sub.10 (FIG. 7) which to
      which are connected lines g.sub.o and g.sub.i and which provides an output
      signal g which is equal to 0 or 1 depending on whether the seven input
      lines are all at 1 or not.
PAR  The member V.sub.1 which has just been described is produced from TTL
      components whose typical change-over time is 6 to 9 nanoseconds which
      gives this member an operating time of 46 nano-seconds which is very much
      less than T.
PAR  Let us return to the word M' at the output of R.sub.1. The "shifter -- up"
      V.sub.2 (FIG. 3), which is formed from 35 shift registers, receives the
      word M' at its first location, while the words preceding M' are each moved
      up by one position. The length of the registers must be such that they
      contain all the G columns making up a character when the columns which are
      to be selected to identify the character have been established on the
      basis of the width l of the character by members which follow. The number
      l may be as great as 21, though its typical value is 19 for a character of
      normal width. A time of T must be allowed for V.sub.1 to operate and a
      time of 2T for the two succeeding members to operate, these two members
      being the character framing device .lambda.V.sub.3 and the column selector
      V.sub.4 which are about to be described. The length of the registers in
      V.sub.2 must be at least 24 bits. They may be produced from twin
      shift-registers modules of 8 bits each, which gives 53 modules.
PAR  The "character framing device" V.sub.3 (FIGS. 3 and 8) fulfils a number of
      functions. If a series of more than 20 "almost blank" columns occurs, the
      device produces a "spare" signal m.sub.1 = 1 at the 21st column. The
      signal may possibly be renewed after each series of 21 almost blank
      columns (21 columns represent the distance between the axes of two
      consecutive characters). If a column containing at least two blacks occurs
      and if the number l of such successive columns is a maximum of 21, this
      must represent a character. If the number exceeds 21 this may represent a
      number of characters which have been accidentally linked together or ones
      underlined with a continuous stroke.
PAR  Following the last character in the line, it will be appreciated that the
      first columns encountered will be almost blank, and that then black
      columns will be encountered during the whole of the dead time until the
      next line begins. The latter starts with several almost black columns
      until the first character begins.
PAR  Where l is greater than 21, if the line is uncompleted, a special signal is
      produced by the counter C.sub.2 and the comparator S.sub.1 contained in
      V.sub.3 (FIG. 8).
PAR  The framing device V.sub.3 supplies a signal Q.sub.3 = 1 which is emitted
      by a flip-flop B.sub.3 which remains at 0 during the dead time, changes to
      1 when the first almost blank column occurs in the line, and returns to 0
      when the column in position .nu. is reached, the number .nu. being
      selected so that this column must necessarily fall after the last
      character in the line.
PAR  In the example envisaged, since the line contains 132 characters of 21
      columns each (typical value) .nu. has been taken as 2,800 but this value
      might have to be altered to suit the characteristics of the text. Line
      Q.sub.3 remains at 0 until the beginning of the next transverse sweep.
PAR  The operation of the framing device V.sub.3 will now be explained. During
      the dead time, i.e. between the end of one line-scan and the beginning of
      the next line-scan, the 12-bit counter C.sub.3, remains at 0. In flip-flop
      B.sub.3, inputs J.sub.3 and K.sub.3 are at 0, and output Q.sub.3 remains
      unaltered and thus equal to 0 since signal M.sub.3 =1. At the beginning of
      the line g reverts to the value 0, and Q.sub.3 consequently changes to 1
      until C.sub.3 emits a signal m.sub.3 = 1. When this signal is given,
      Q.sub.3 changes to 0 no matter what the value of g, i.e. no matter whether
      it is still the working period or whether the dead time has already been
      reached. To ensure that operation takes place in this way, it is merely
      necessary to set C.sub.3 to an initial value of 2.sup.12 -.nu.= 1296. This
      being so, C.sub.3 emits signal m.sub.3 = 1 when the number C.sub.3
      indicates is formed solely of 1's. It can be seen that Q.sub.3 remains at
      0 during the dead time.
PAR  To give an example, with the embodiment described hereinunder which is the
      object of French Patent Application No: 71 086 45 mentioned above, dead
      time is that time during which a pair of mirrors comes into position to
      replace the pair which have just been scanning a line. It has already been
      admitted that during the dead time the successive columns are entirely
      black. The appearance of almost blank columns after the dead time
      indicates the beginning of the working period. At the end of the line,
      after the last character has been scanned, there are first of all almost
      blank columns and then columns containing more than one black as the dead
      time begins.
PAR  In the working period, when Q.sub.3 = 1, counter C.sub.1 moves up by one
      unit at each beat of the clock H when g = 0. Beginning with an almost
      blank column which is preceded by a column which is not so, and having
      been initially set to 9, it sends out a signal m.sub.1 =1 when it has 1 in
      all positions, i.e. after the 21st almost blank column, and returns to 0.
      It also returns to 0 when g changes to the 1 state. This counter C.sub.1
      also operates in the Z.sup.i zones (see above) where no reading takes
      place, due to a signal p.sup.i = 0. When Q.sub.3 = 1 and g =  1, line
      s.sub.1 coming from gate P.sub.11 (FIG. 8) is at 1. Counter C.sub.2 is
      then activated. It is set initially to 0 and reset to 0 at the first
      almost blank column, or at the end of a line, when Q.sub.3 = 0. The number
      indicated by C.sub.2, if less than 22, shows that it is indeed a character
      of width l which is concerned. If l .gtoreq. 22 it is not a character
      which is concerned.
PAR  The comparator S.sub.1 gives out a signal d.sub.1 = 1 when the number
      indicated by C.sub.2 reaches 22. Flip-flop B.sub.1 changes to 1 each time
      d.sub.1 = 1 and remains at 1 until g=0. A signal S.sub.2 =  1, which
      indicates the end of a character, is emitted when gate P.sub.12 is open,
      i.e. when Q.sub.3 = 1, whereas, at a previous period T, g was 1, and Q = 0
      when g = 0 (the preceding column contains at least two blacks).
PAR  The choice of columns to be picked out to identify the character, as well
      as the actual selections and their switching to the registers
      R.sup.i.sub.2 (i = 0,1,2,3,4) in FIG. 3 are the responsibility of a member
      V.sub.4 (FIG. 3) termed the column selector. A diagram of this member is
      shown in FIGS. 9 and 10 taken together. FIG. 9 shows how the columns are
      selected on the basis of the width l of the character. The number l is
      presented at the output of the framing device V.sub.3 when a signal
      F.sub.1 = 1 appears (FIG. 8) and it thus appears at the input to the "one
      from eight" decoder .DELTA..sub.1 in with V.sub.4, the outputs of which
      are numbered 0 to 7. The most significant bit in l is ignored.
PAR  At the output of .DELTA..sub.1, line 1-16 is in the 0 state and all the
      others in the 1 state. For each value of l, the positions of the columns
      to be selected are represented by lines perpendicular to those already
      mentioned coming from the output line of .DELTA..sub.1 in the 1-16
      position and running via NOT-AND gates or inverters, to the inputs of
      register R.sub.4. This 21 bits register has its inputs in parallel when
      s.sub.2 = 1 and operates as a shift register when s.sub.5 = 1. The unused
      inputs of R.sub.4 are set to 0.
PAR  The circuitry of register R.sub.4 with the gates and inverters it requires
      is laid out on a board which can be interchanges to suit the alphabet in
      question and which has 20 input lines and 20 output lines. The connections
      shown in FIG. 9 are those for the alphabet here concerned and there are
      five gates and ten inverters. It will be remembered that in the present
      case it is only the columns in positions l and l-1 which need to be
      selected for thin characters. For characters of normal width these are
      added the central column, the position of which is equal to the largest
      whole number contained in (l-1)/(2), and then the columns whose positions
      correspond to the largest whole numbers contained in (l+1)/(4) and
      (3l-5)/(4).
PAR  When the signal s.sub.2 = 1 is emitted from V.sub.3, the positions of the
      columns to be selected, which are indicated by 1's at the inputs to the
      flip-flops in the same positions in R.sub.4, are switched to the output of
      these flip-flops. When s.sub.1 changes to 1, the first column containing
      more than one black (column number 0 of the character) is switched to the
      outputs of the first row of flip-flops in V.sub.2 (possibly at location 2
      if the components used are not fast enough, although in this case
      provision must be made for suitable delays). The first words emerging from
      V.sub.2 begin to be selected when the second column in the character
      arrives at the output. This takes place at a time 24T after the first
      column is fed in, and thus at a time 23T after the beginning of signal
      s.sub.i = 1 (or possibly 24T). It should be pointed out that, in the case
      of a thin character, at this latter time the columns for the next
      character will already have been fed into V.sub.2. Two counters C.sub.4
      and C.sub.5 (FIG. 10) which sometimes operate simultaneously, are required
      to select the output signals from V.sub.2 at the desired point in time.
      They begin to count alternately each time s.sub.1 changes to 1. Counter
      C.sub.4 for example, will have moved up by 21 units (or possibly 20) when
      column No 1 of the character is at the outputs of the 23rd flip-flops in
      V.sub.2. The five-bit counter C.sub.4 is set initially to 11 so as to
      supply a signal m.sub.4 = 1 which causes column 1 of the character to be
      transferred to register R.sup.1 2, at the output of which it arrives a
      period T later. The means which actuate C.sub.4 and C.sub.5 alternately
      are as follows:
PAR  Flip-flop B.sub.4 gives a signal Q.sub.4 = 0 except at a time T after each
      change-over of S.sub.1 from 0 to 1, at which time Q.sub.4 = 1. The result
      is that B.sub.5 changes over each time and directs a 1 signal alternately
      to J.sub.6 or J.sub.7 (from B.sub.6 and B.sub.7), this signal being
      prolonged until m.sub.4 or m.sub.5 gives a 1 signal. Output Q.sub.6 of
      B.sub.6, for example, activates C.sub.4, which counts to 20 and then emits
      a 1 signal at output m.sub.4 (C.sub.4 and C.sub.5 give the desired signal
      when they reach 31).
PAR  At the signal m.sub.4 =1 the second column of the character (numbered 1)
      arrives at location 23 in V.sub.2. The selection process begins at time T
      after this if in fact it is the character which is concerned, i.e. if the
      signal s.sub.2 = 1 has appeared. The selection signal s.sub.4 = 1 is
      formed by a gate P.sub.13 and flip flop B.sub.8. The latter is reset to 0
      by signal s.sub.3 = 1. Signal s.sub.4 = 1, given by P.sub.14, gives rise
      to a signal s.sub.5 = 1 which persists until counter C.sub.6 has moved up
      by l units. For this purpose it is set initially to 31-l. The signal
      s.sub.5 = 1 actuates the shifting operation in R.sub.4 and thus causes the
      successive bits of R.sub.4 to pass in order through line F.sub.6. The bits
      which are equal to 1 actuate flip-flops D.sub.0 to D.sub.4 in succession
      and thus supply 1 bits to outputs q.sub.0 to c.sub.4 of the flip-flops
      D.sub.0 to D.sub.4 in V.sub.4 (FIG. 10).
PAR  Lead q.sub.i (i = 0, 1,2,3,4) activates register R.sup.i.sub.2 in
      V.sup.i.sub.5 (FIGS. 3 and 11), which then receives the content of the
      last column in V.sub.2 and presents it at its output having formed its
      complement (a white being then indicated by a 0).
PAR  At a time l T after signal s.sub.4 = 1, the selection process finishes.
      This instant is indicated by a signal m.sub.6 = 1 which resets flip flop
      B.sub.9 to 0 and transfers the contents of registers R.sup.i.sub.2 (i = 0
      to 4) (FIGS. 3 and 11) to registers R.sup.i.sub.3. Registers R.sup.i.sub.2
      are thus freed to receive the columns selected for the next character.
      Registers R.sup.i.sub.3 are high-speed upward shifting registers which are
      operated by a clock signal H' the frequency of which is T/3 = 61.7
      nanoseconds.
PAR  Signal m.sub.6 = 1 gives rise to a signal Q.sub.10 = 1 which persists until
      the six-bit counter C.sub.7 has moved up by 34 units. For this it is
      necessary for the counter to be set initially to 63 - 34 = 29. This
      counter has to operate at approximately 16 megacycles. Signal Q.sub.10 = 1
      produces a shift in registers R.sup.i.sub.3 at a frequency of T/3.
PAR  After .nu. upward shifts, the bits which appear on F.sup.i.sub.4 and
      F.sup.i.sub.5 (FIG. 11) are those in positions .nu. and .nu.+1 counting
      downwards from 0 and it is their complementary bits which appear on
      F.sup.i.sub.4 and F.sup.i.sub.5. When C.sub.7 (FIG. 10) reaches 63, it
      emits a signal m.sub.7 = 1 which returns Q.sub.10 to 0 a period of time
      T/3 later.
PAR  As has been stated above, it is necessary to assess the lengths of the
      successive intervals made up of series of whites and series of blacks in
      columns G.sup.i. The index assumes values 0,1 . . ., with i.sub.o .ltoreq.
      4. In addition, when determining the lengths of these intervals isolated 0
      or 1 are ignored. The determination process is the responsibility of
      members V.sup.i.sub.5 (i=0,1 . . ., i.sub.0), which are termed "interval
      separators" (FIGS. 3 and 11). Member V.sup.i.sub.5 establishes when black
      to white and white to black changeovers occur in the sequence of bits
      b.sup.i.sub.0,b.sup.i.sub.1, . . .,b.sup.i.sub.34 which appear on F.sub.4,
      F.sub.5 (FIG. 11) at a frequency of T/3. A change-over is recognised to
      exist when two consecutive blacks are encountered in a white interval or
      when two consecutive whites are encountered in a black interval.
      Encountering a single black followed by a white is thus considered
      equivalent to a continuation of the current white interval and the same
      applies when an isolated white is encountered in the black interval. This
      being so, a black interval always comprises at least two bits and a white
      interval likewise, except in the case of the first white interval which
      may be zero, since, by convention, the first interval is always a white
      one. Any possible intervals beyond the sixth one are ignored.
PAR  The bits in positions .nu. and .nu. + 1 in G.sup.i appear on F.sup.i.sub.4
      and F.sup.i.sub.5 at a time t.sub.0 + .nu. T/3 (T.sub.0 being the time at
      which m.sub.6 is emitted). A 1 or 0 is obtained on r.sub.1 depending upon
      whether F.sup.i.sub.4 is or is not equal to F.sup.i.sub.5 and a 1 or 0 is
      obtained on r.sub.2 depending upon whether F.sup.i.sub.4 is or is not
      equal to Q.sub.11.
PAR  r.sub.3 = 1 when r.sub.1 = r.sub.2 = r.sub.1, and r.sub.3 = 0 when r.sub.1
      = 0 or when r.sub.2 = 0. A white interval is characterised by Q.sub.11 = 0
      and a black interval by Q.sub.11 = 1.
PAR  Each time r.sub.3 assumes the value of 1, B.sup.i 11 changes over and the
      value of Q.sup.i.sub.11 alters. A change-over is certainly present.
PAR  Counter C.sub.8.sup.i is activated by Q'.sub.10 via B.sup.i.sub.13. A
      change-over signal Q.sup.i.sub.12 = 1 is obtained at the output of
      B.sup.i.sub.12 which has a delay of T/3 with respect to r.sub.3. When this
      signal Q.sup.i.sub.12 = 1 occurs. the number indicated by C.sup.i.sub.8 is
      transferred to the output of register R.sup.i.sub.4 where it constitutes
      the interval length  .sup.i.sub.j if it is the jth changeover which is
      concerned (counting from j = 0). Counter C.sup.i.sub.8 is reset to 0 and
      continues to count. When signal m.sub.7 = 1 occurs, indicating the end of
      the column scan, C.sup.i.sub.8 stops counting and the number which
      indicates is transferred for the last time in R.sup.i.sub.4. Flip-flops
      B.sup.i.sub.12 and B.sup.i.sub.13 are reset to 0.
PAR  The numbers   .sup.i.sub.j obtained must now be compared with the fixed
      numbers c.sup.i.sub.jk. The time available for this is only 2T/3, since an
      interval may have a length of only two bits and a quantity of
      .sup.i.sub.j.sub.+1 may appear in R.sup.i.sub.4. The number of
      c.sup.i.sub.jk 's K.sub.o = 3 at the maximum when, in the example in
      question, it is considered sufficient to determine the identity of the
      characters only once. Otherwise the number would be higher. The member
      V.sup.i.sub.6 which makes the comparisons (FIGS. 3 and 12) is made up of a
      memory which contains the constants and can be interchanged to suit the
      alphabet in question, a number k.sub.o of comparators capable of
      simultaneous operation, and a register which accepts the results of the
      comparisons.
PAR  The memory is a matrix containing six columns corresponding to the six
      possible successive values of j. The column in position j is activated by
      that one of the lines r.sup.i.sub.o to r.sup.i.sub.5 which is at 0, the
      others being at 1. This column contains k.sub.o group numbered 1, 2, . . .
      k.sub.o from the top, each of which contains six bits with the kth
      grouping representing bits c.sup.i.sub.jkl, c.sup.i.sub.jk2, . . ., if
      there are such, the bits themselves being numbered from the top. Each part
      of the matrix which is shown in FIG. 12 by a square is connected by an
      output line to one of the gates P.sup.i.sub.22 (one per matrix row). When
      c.sup.i.sub.jkl = 1, this is equivalent to the output line of the
      appropriate part of the matrix being set to 1. The same applies when
      c.sup.i.sub.jkl does not exist. When c.sup.i.sub.jkl = 0, this is
      equivalent to a connection being formed between the output of the part of
      the matrix and the line r.sup.i.sub.j which activates column j when it is
      at 0.
PAR  As already mentioned, the sixth output lines from one and the same row in
      the matrix run to the inputs of one of the gate P.sup.i 22 these being
      six-input NOT-AND gates. The outputs of these gates which correspond to
      the same value of k represent the c.sup.i.sub.jkl bits in the number
      c.sup.i.sub.jk and are connected to the first inputs of the comparators
      S.sup.i.sub.2k which are k.sub.0 in number. The length  .sup.i.sub.j of
      the jth interval in G.sup.i is transmitted to the second inputs of the
      comparators.
PAR  A three-bit counter C.sub.9 moves up by one unit each time a change-over
      signal Q.sup.i.sub.12 = 1 occurs and also when the end of scan signal
      m.sub.7 = 1 occurs: it then returns to 0 after a period T/3 or when it has
      counted 6. This counter controls the "one of six"  decoder .DELTA..sub.2,
      which feeds a 0 to the line which activates the jth column in the matrix,
      and a 1 to the others.
PAR  The results of the three comparisons are emitted from the three comparators
      simultaneously on lines d.sup.1.sub.2,1 d.sup.i.sub.2,2 d.sup.i.sub.2,3.
      d.sup.i.sub.2,k is at 0 if c.sup.i.sub.jk .ltoreq.  .sup.i.sub.jk and
      d.sup.i.sub.2,k is at 1 if c.sup.i.sub.jk &gt;  .sup.i.sub.j. Lines
      d.sup.i.sub.2,k run to the 6-bit shift registers R.sup.i.sub.5,k. These
      registers make a one position shift when a period 2 (T/3) has elapsed
      after signal Q.sub.12 =  1 or signal m.sub.7 = 1. When operations have
      been completed for column G.sup.i, the comparison results are transmitted
      from the outputs of the registers R.sup.i.sub.5,k into the interconnecting
      matrix V.sub.7 (FIGS. 3 and 13).
PAR  It is possible to make up a single interchangeable board which combines the
      two interchangeable boards discussed above plus this matrix. The latter
      has as many outputs as there are letters in the alphabet (which is 37 in
      the alphabet envisaged). This number may rise to 60 if the various signs
      provided with the majority of alphabets are included, or even to 124 if
      the lower-case letters are added.
PAR  Each input lead to the matrix V.sub.7 is divided in two, one of which
      passes via an inverter, so that the complement of the results above are
      also available. Each character  which is defined by a single inequality
      test S has associated with it a NOT-AND gate P .sub.23, to the inputs of
      which lead the lines which are at 1 when the equality conditions set by S
      are satisfied. The output of P .sub.23 is the output lead of V.sub.7 which
      corresponds to character  (the characters being shown in FIG. 13 as  ',
      ",  "'). For a character  which is capable of being defined by a number of
      different tests S.sup.  ,1, S.sup. ,2 , there are as many gates P
      .sup.1.sub.23, P .sup.2.sub.23 as there are inequality tests. The outputs
      of these gates lead to the inputs of a NOT-AND gate P .sub.24 which is
      followed by an invertor the output of which forms the line corresponding
      to  .
PAR  V.sub.7 is therefore connected up in accordance with the identification
      table in FIG. 2. The latter applies to normal width characters for which
      l=17 to 21; it is as well to add the inequality  3/2 = (n.sub.3/4,1) &gt; 0
      for all these characters.
PAR  For the thin characters, where l .ltoreq.7, only the second column, which
      is numbered 1, is selected, this column being contained in register
      R.sup.1.sub.3, the other registers R.sup.i.sub.3 remaining at 0. The
      inequality test  3/2&gt;&lt;0 will be added, which indicates there is no black
      in R.sup.3.sub.3. Then, for character I, will be added the test (ng2)&gt;0.
      For character 1 will be added the test (ng2) = 0 and (bg1).ltoreq.8. For
      the full stop are added tests (ng2) = 0, (bg1) &gt; 8 and (ng1) .ltoreq. 4;
      and for the comma are added test (ng2) = 0, (bg2) &gt;8, and (ng2)&gt;4. The
      number of inputs to gates P.sub.23 may be as many as 10. An 8-input gate
      with an expander is then used.
PAR  As stated above, it is possible, without altering the circuitry, and by
      using a suitable interchangeable board which increases the number of
      comparisons, to use a plurality of processes (3 for example) for
      distinguishing between the characters. In this case a character is allowed
      to have been identified if two of the processes or if all three of the
      processes give the same result; otherwise the character is held to be "not
      recognised".
PAR  If the identification takes place properly, the output of V.sub.7 which
      corresponds to the character recognised is at 0 and the others are at 1.
PAR  For the alphabet in question, the output leads are numbered 3,4,5, up to 39
      if there are only 37 characters or else up to 60 with the numbers being
      allotted in an arbitrary manner to suit the desired output code (or up to
      124 if the low-case latters are also included).
PAR  An "encoder" V.sub.8 (FIG. 3), converts the number N.sub.1 on the line
      which is at 0 into its 6-bit binary form, i.e. A =a.sup.0 a.sup.1 a.sup.2
      a.sup.3 a.sup.4 a.sup.5 (the binary form possibly containing seven bits
      also). Numbers 0,1,2 have special meanings reserved for them. The encoder
      will not be described since it may be made in a number of ways using known
      circuits.
PAR  However, if the character has not been identified, several of the output
      leads of V.sub.7 may be at 0. This eventuality should result in the final
      output being character not recognised which may be agreed on as being
      indicated by a 1 code-sign. In this case, the code sign A which appears at
      the output of the encoder does not in generally represent any of the
      characters indicated by zeros at the output of V.sub.7. For this
      eventuality to be recognised, it is merely necessary to replace, at the
      output of V.sub.7 the line N.sub.1 which corresponds to the code sign A
      obtained by a line in the 0 state, and to check whether, among the total
      number of lines so altered, there is still one which is at 0.
PAR  The member V.sub.9 which carries out these operations, which is termed as
      "multiple-output detector", is shown in FIG. 14. It incorporates a 1 of 64
      decoder, .DELTA..sub.3 which receives the code sign A and gives a 0  on
      line A and a 1  on all the others. Two-input OR gates
      P.sup.N.sbsp.1.sub.24 , which are associated with the various possible
      values of N.sub.1 each receive the output lead number N.sub.1 from V.sub.7
      ; as well as the similarly numbered lead from .DELTA..sub.3 via an
      inverter. The output of gate P.sup.A.sub.24 is at 1 whereas the outputs of
      the other gates P.sup.N.sbsp.1.sub.24  wherein N.sub.1 is not A are at 0
      or 1 depending on whether the output of V.sub.7 in position N.sub.1 is
      itself at 0 or 1. The outputs of the gates P.sup.N.sbsp.1.sub.24 are
      connected to the inputs of a 64-input NOT-AND gate P.sub.25 which gives a
      1 if a number of the outputs of V.sub.7 are at 0, and a 00 in the opposite
      case.
PAR  As shown in FIG. 15, a 64-input NOT-AND gate may be formed from eight
      8-input NOT-AND gates, four 2-input NOT-OR gates, and one 4-input NOT-AND
      gate.
PAR  The code sign of the character obtained at the output of the encoder must
      therefore be altered at times. This is the function of member V.sub.10
      (FIG. 16).
PAR  This member receives A = a.sup.0 a.sup.1 a.sup.2 a.sup.3 a.sup.4 a.sup.5
      from the encoder and gives the definition code as C = c.sup.0 c.sup.1
      c.sup.2 c.sup.3 c.sup.4 c.sup.5. A signal S.sub.12 =  1 indicates that the
      code C is ready for use. Member V.sub.10 operates in the following way:
PA1  1. if only one 0 appears at the output of V.sub.7 then v = 0 and gate
      P.sub.27 allows the signal r.sub.10 =  1 to pass, code A appears at C and
      signal s.sub.12 =  1 occurs after a period T.
PA1  2. if all the outputs of V.sub.7 are at 1, i.e. if A = 0 or if the output
      of P.sub.26 is at 0, or indeed if more than one output of V.sub.7 is at 0,
      i.e. if s.sub.11 is at 1, then in every case v = 1 and signal s.sub.12 = 1
      appears and the code j.sup.1, which signifies character not recognised,
      appears at C.
PA1  3. signals m.sub.1 or d.sub.1 which come from member V.sub.3 and have been
      delayed by 21 T by a counter C.sub.10, and then again by 21T by counter
      C.sub.11, appear at b.sub.2 or b.sub.3 and cause a code j.sup.2 or j.sup.3
      to appear at C and also a signal s.sub.12 =  1 after a period T. j.sup.2
      indicates a "space" and j.sup.3 indicates "a series of 22 columns
      containing more than one black".
PAR  A member V.sub.11 (FIGS. 3 and 17) forms the signals s.sub.13, s.sub.14
      which cause the output codes C to the directed to the buffer stores
      V.sup.1.sub.12, V.sup.2.sub.12, included in V.sub.12 (FIG. 3), the signals
      s.sub.15, s.sub.16 which cause the outputs from the buffers to be fed to
      the magnetic tape, and the signals s.sub.17, s.sub.18, which control the
      address progression in the buffers both when the code signs are being fed
      into the buffers and when they are being fed out. This member V.sub.11
      receives the signal Q.sub.3 =  1 which signifies the working period, a
      signal s.sub.12 = 1 indicating that a code sign is ready to be fed into
      the buffer, and a clock signal H.sub.2 at a frequency which is the same as
      that at which the code signs are printed onto the magnetic tape. These
      code signs are "words" made up of 6 (or possibly 7) bits plus a parity bit
      which occur at a frequency of 120,000 per second, i.e. 120 KHz, i.e. a
      cycle time of 8.33 microseconds, or approximately 45T.
PAR  FIG. 18 is a table showing the operation of member V.sub.11. During the
      dead time Q.sub.3 =  0, from which it may be deduced that s.sub.13 =
      s.sub.14 = 0. At the change-over to the working period, Q.sub.3 changes
      over; from 0 to 1, and gate P.sub.28 opens for a period T; B.sub.18
      changes over; line r.sub.6 is at 0 and line r.sub.7 is at 1, for example,
      for one transverse sweep and then r.sub.7 is at 1 and r.sub.6 at 0 for the
      succeeding transverse sweep, and so on. Consequently, signal s.sub.12 =  1
      is transmitted to s.sub.13 during one transverse sweep, to s.sub.14 during
      the subsequent transverse sweep, and so on.
PAR  As regards the signals s.sub.15 and s.sub.16 which control the outputs of
      the buffers, s.sub.15 may be equal to 1 and s.sub.16 to 0 at the beginning
      of the dead time which follows the working period in which s.sub.13 = 1,
      so that the buffer V.sup.1.sub.12 which has just been loaded may begin to
      be emptied. Similarly, s.sub.16 = 1 and s.sub.15 =  1 at the beginning of
      the dead time which follows the working period when s.sub.14 =  1. The
      signal s.sub.17 = 1 for the address progression in V.sup.1.sub.12 should
      occur each time the signal s.sub.13 =  1 occurs and also each time a clock
      signal H.sub.2 occurs when s.sub.15 =  1. The same applies to s.sub.18
      when s.sub.14 =  1 or when clock signal H.sub.2 occurs when s.sub.16 =  1.
PAR  The buffer memories V.sup.1.sub.12 and V.sup.2.sub.12 are each formed by
      eighteen 64-bit modules, each containing 4-bit words separately
      addressable by four lines. One signal allows read-in and the other
      read-out (see FIG. 19 which represents half of one of the buffers, that is
      to say one block of nine 64-bit modules). In the case of the other block,
      only two modules out of the nine are used in the present case since the
      code signs are made up of only 6 bits. The counter C.sub.12 and the 1 of 9
      decoder .DELTA. 4 are common to both blocks of buffer V.sup.1.sub.12.
      Signal s.sub.17 causes C.sub.12 to move up. The four least significant
      bits select one of the 16 words for each module and the decoder, which is
      activated by the four most significant bits of C.sub.12, selects the
      module. Each module has four read-in lines, four read-out lines one
      read-in authorisation line and one read-out authorisation line. The two
      latter lines are connected to s.sub.13 and s.sub.17 and are controlled by
      gates which are also connected to the outputs of decoder .DELTA. 4.
      Read-in takes place when s.sub.13 =  1 and s.sub.15   0 read-out takes
      place when s.sub.15 =  1 and s.sub.13 =  0. The read-out results appear at
      the six gates P.sup.1.sub.29 (only the first four gates are shown in FIG.
      19).
PAR  The switching device V.sub.13 (FIG. 20) receives the words C coming from
      V.sub.10 and directs them to outputs A'.sub.1 when s'.sub.13 =  1 and
      s.sub.14 =  0, and to outputs A'.sub.2 when s.sub.13 =  0 and s.sub.14 =
      1. These outputs are connected to the inputs of buffers V.sup.1.sub.12 and
      V.sup.2.sub.12. The switching device V.sub.13 is shown as two blocks
      V.sup.1.sub.13 and V.sup.2.sub.13 in FIG. 3.
PAR  Member V.sub.14 (3 and 21) switches one of the two outputs of the buffers
      to the magnetic tape transporter in response to signals s.sub.15 =  1 and
      s.sub.16 = 0 in the case of V.sup.1.sub.12 or s.sub.15 =  0 and s.sub.16 =
       1 in the case of V.sup.2.sub.12. An interface (V.sub.15, FIG. 3) converts
      the output signals of a TTL nature into signals capable of being recorded
      on the magnetic tape. An extra member not shown in the diagram forms, for
      each 6 (or 7) bit character the parity bit which will render the magnetic
      tape compatible with the computer which is to be used.
PAR  What has just been described with reference to FIG. 3 and detail FIGS. 4 to
      21 is an embodiment of the system for identifying characters which forms
      the subject of the present invention. No mention has, however, been made
      of the principle of line framing and how it is put into effect. The
      following description is given over the explaining this principle and the
      way in which it is used.
PAR  In the non-limiting embodiment described, the scanned areas are circles the
      distance between whose centres is d, which is approximately 4.5 microns
      (FIG. 1). The pitch p of the text is 35d. The characters are all of the
      same height and are aligned with one another, except for the comma which
      descends a maximum of 4d lower. The same would apply to the semi-colon and
      possibly to certain other characters, but no provision has been made for
      the latter at the present time. Consequently the character always, in
      principle, falls within circles number 2 to 34 (the circles are numbered
      from 0 starting at the top) in the framing interval G, and may possibly
      encroach onto circles 1 and 35, and, exceptionally, onto circle 0, as well
      as onto cirlce 0 in the succeeding transverse sweep because of possible
      deviations and the position of the group of circles relative to the
      character. The framing interval G should cover the whole of the character
      with the possible exception of the lower extremity of characters having
      descenders such as the comma. In effect, the identification algorithm
      presupposes that no black belonging to the next line of writing will
      appear in G, whereas blacks from the preceding line may sometimes enter
      it. The length of G is the same as the pitch p, i.e. 35 d.
PAR  A transverse sweep U is divided into zones Z.sup.i such that the level of
      the bottom of a normal character does not vary more than (d/2) between the
      beginning and the end of the zone. As has already been seen, for a single
      line of writing, the framing indicators for the different zones will
      differ by a maxumum of 12 units.
PAR  From one transverse sweep to the next, the film advances by a distance
      closely approximating to pitch p. It has also been conceded that slope
      does not vary substantially where the value of i is the same.
      Consequently, where the value of i is the same, the framing indicator
      E.sup.i also does not vary substantially from one transverse sweep to the
      next, that is to say, it varies by a maximum of one unit or, in an
      exceptional case, by two units. The variations in E.sup.i when the value
      of i is the same in successive lines of writing are what will enable the
      speed at which the film is fed up to be corrected. There are good reasons
      for using this purpose a variation which is averaged out from the various
      zones in which the indicator is established. It may, however, be that
      there is no indicator in certain zones due to the presence of whites. It
      may be allowed that, from one transverse sweep to the next, the amount by
      which the film is fed up does not differ from the pitch p by more than
      d/8, which results in a maximum relative speed variation of 1/(8 .times.
      35) = (1/280).
PAR  No more space will be devoted to the details of how these speed corrections
      are produced. For them to remain usable in absolutely exceptional cases,
      it will be necessary to increase the height of the scanning band to, for
      example, four lines of writing instead of 23/4 lines so that the framing
      interval is always contained within the band being scanned. Such
      exceptional cases will be ignored in the present description.
PAR  In the course of a transverse sweep U, there are two possible
      eventualities, depending upon the information collected in the course of
      the preceding transverse sweep U.sup.- :
PA1  a. no reading is to take place,
PA1  b. reading takes place in certain zones, provision being made for reading
      in zone Z.sup.i to take place with a framing indicator E.sup.i established
      in the course of U.sup.- .
PAR  In either case it is necessary to collect information during the course of
      transverse sweep U which will show whether the next transverse sweep
      U.sup.+  will give a read-out in certain zones Z.sup.i and, if so, what
      indicator E.sup.i is to be adopted for each zone.
PAR  The item considered for this purpose is the word formed by the bits in the
      kth column in zone Z.sup.i , when restricted to the first 64 bits counting
      from the bottom, i.e. B.sup.k = (b.sup.k.sub.0, b.sup.k.sub.1, . . .
      b.sup.k.sub.63). Supposing p.sub.j to be equal to 1 if, in the case of a
      certain k, b.sup.k.sub.j = 1, and p.sub.j to be equal to 0 if all the
      b.sup.k.sub.j in the zone Z.sup.i are 0. The word p = (P.sub.0, P.sub.1, .
      . . P.sub.63) is the profile .pi..sup.i of zone Z.sup.i.
PAR  The profile .pi..sup.i is made up of black or white intervals. Beginning
      from the bottom, the "first white interval" extends to and includes the
      first white which is followed by two consecutive blacks. It does not exist
      if the first two bits are black. The "first black interval" begins from
      the first of the two black bits in question and runs to the first black
      which is followed by two consecutive whites. It may possibly not exist. If
      applicable, the second, third and so on black intervals or white intervals
      may be defined in the same way.
PAR  If the text contains borders formed by vertical lines which nowhere touch
      any character, it is as well for these to be eliminated. They give rise to
      a succession of 64 bits words the form of which is shown in FIG. 22 in
      which B signifies an almost blank column, BN signifies a column containing
      white and more than one black and N signifies an entirely black column.
PAR  It is best to ignore the words in this series which contain more than one
      black when the blacks in zone Z.sup.i are combined to obtain profile
      .pi..sup.i. The same applies if this configuration spreads over the zones.
PAR  It is as well to separate out those of the black intervals in profile
      .pi..sup.i which are too short for the line of writing from which they
      originate to contain at least one character of normal height in zone
      Z.sup.i. What may be concerned are, for example, border lines or
      underlinings. Since the theoretical height of a normal character is 29d,
      it may be conceded that, in certain cases, it will be two bits less than
      this, which results in black intervals shorter than 27d being eliminated,
      with the exception of the first black interval if it begins at the bottom
      since, in this case, it may belong to a character situated entirely within
      Z.sup.i even though it only contains 2 bits.
PAR  Having thus eliminated certain black intervals, consideration will now be
      given to the first, still beginning from the bottom, of those remaining
      and the position of its top bit will be referred to as N.sup.i.sub.1. The
      next interval considered is the second one, if there is one, anf if the
      position of its top bit is lower than 63, and this position will be
      referred to as N.sup.i.sub.2. (It should be remembered that if
      N.sup.i.sub.3 were to be defined in the same way, it would be a number
      which would never exist).
PAR  The interval or intervals picked out in this way correspond to a line or
      writing for which the framing indicator (for the following transverse
      sweep) is N.sup.i.sub.1 + 3 or N.sup.i.sub.2 + 3.
PAR  No consideration is given to the case where no character appears during the
      transverse sweep U below the lines already read.
PAR  The framing operation will differ somewhat in two cases A and B. First to
      be considered is case A. No reading takes place in the course of
      transverse sweep U, but a line of writing appears at the bottom of the
      band being scanned. So that the whole of this line may be read during the
      next transverse sweep U.sup.+ , it is first of all necessary for the whole
      of it to appear in the band being scanned after a 35d feedup has taken
      place. The positions of the top bits for the characters of normal height
      in this line may, however, differ from one another by 12 units.
      Furthermore, if the speed at which the film moves is too slow, the
      position of the lowest bit will sink even further in the course of
      subsequent transverse sweeps. It is therefore necessary to detect this
      drop, to issue a speeding-up order, and for this order to be carried out.
PAR  To detect too slow a speed, it is necessary, in a series of transverse
      sweeps of type B, to find two indicators E.sup.i, E.sup.j (j &gt; i) such
      that E.sup.j - E.sup.i is more than 12. It may, for example, be laid down
      that E.sup.j - E.sup.i .gtoreq. 14. It is therefore necessary, during a
      transverse sweep of type A, to make provision for an indicator E.sup.i
      .gtoreq. 19, which allows for the fact that the indicator may again be
      reduced by two units while the speedingup order is being carried out and
      which reserves three bits for the framing information for the transverse
      sweep following the increase in speed.
PAR  Thus, if a line of writing gave an indicator which is .ltoreq.18, it would
      be necessary to wait for the following transverse sweep, in which the same
      characters will give an indicator .gtoreq. 18 + 35 = 53 (or 54 if there is
      a slight divergence, which is always possible). In the extreme case, the
      framing band will occupy bits 54 to 89.
PAR  If the speed at which the film moves is now too great, this can only be
      established with certainty when the indicator has increased by 16, which
      brings the frame interval up to 95. It is for this reason that 96d was
      adopted as the height of the scanning band.
PAR  If M is the highest of the numbers N.sup.i.sub.1, N.sup.i.sub.2 which exist
      for a transverse sweep U, this maximum being achieved for a certain value
      i.sub.0 of i, E'.sup.i is assumed to be equal to M+3. This framing is
      valid, as seen above, if E'.sup.i .ltoreq. 19, or if
EQU   M .ltoreq. 16                                             (1)
PAR  An indicator E.sup.i is then allotted to those of the zones Z.sup.i for
      which the number N.sup.i.sub.2 (or the number N.sup.i.sub.1 if there is no
      N.sup.i.sub.2) differs from M by a maximum of 12 units.
EQU   M - N.sup.i.sub.2 .ltoreq.  12                            (2)
EQU   M - N.sup.i.sub.1 .ltoreq.  12.                           (3)
PAR  One of the conditions is assumed to be satisfied. E.sup.i is made equal to
      N.sup.i.sub.2 + 3 if it is (2) which is satisfied and to N.sup.i.sub.1 -
      3 if it is (3) which is satisfied. If none of conditions (1), (2), or (3)
      is satisfied, there will be no indicator for Z.sup.i and therefore no
      reading in this zone during transverse sweep U.sup.+.
PAR  Case B will now be considered. Reading takes place in the course of
      transverse sweep U. There is therefore available at least one frame
      indicator E which will have been established from the information
      collected during transverse sweep U.sup.-. The indicators to be
      established during U, which will be used during U.sup.+, differ from E by
      a maximum of 12+2 units (the two units originating from possible
      deviations). On the basis of the foregoing, the indicator E.sup.i is equal
      to N.sup.i.sub.1 + 3 or N.sup.i.sub.2 + 3 and one of the following
      conditions should therefore exist:
EQU   .vertline.E - N.sup.i.sub.1 - 3.vertline..ltoreq. 14
PAL  or
EQU  .vertline.E-N.sup.i.sub.2 - 3.vertline..ltoreq. 14         (4)
PAR  If neither of these two inequality relationships is satisfied, there is no
      E.sup.i in zone Z.sup.i. It should be noted that the two inequality
      relationships (4) cannot be satisfied simultaneously otherwise
      N.sup.i.sub.2 - N.sup.i.sub.1 would be equal or or less than 28 and
      N.sup.i.sub.2 - N.sup.i.sub.1, which is theoretically equal to 35, may not
      differ from this Figure by more than 2 units and its least value is
      therefore 33.
PAR  If N.sup.i.sub.1 exists, and if .vertline.E-N.sup.i.sub.1
      -3.vertline..ltoreq.  14, the indicator selected is E.sup.i =
      N.sup.i.sub.1 + 3.
PAR  If N.sup.i.sub.2 exists and if .vertline.E-N.sup.i.sub.2
      -2.vertline..ltoreq. 14, the indicator selected is E.sup.i = N.sup.i.sub.2
      +  3.
PAR  When no framing information has been obtained for a zone Z.sup.i, but such
      information has been obtained for zone Z.sup.i +1,  or for zone Z.sup.i
      .sup.+ 1, the framing for this adjoining zone is extended to Z.sup.i. If
      framing information had been obtained both Z.sup.i .sup.+ 1 and for
      Z.sup.i .sup.- 1 that for Z.sup.i .sup.- 1 is, for example, selected. It
      may, in fact, happen that a character of normal height is situated partly
      in zone Z.sup.i or that a shorter character than normal (the comma, the
      full stop, the equals sign, for example) falls entirely within this zone.
      This extension of the framing enables the character to be read. If a
      character which is shorter than normal is situated in a zone in which
      there is no character of normal height, and if there has been no framing
      subsequent to the extension to this zone, the character is ignored. This
      would be the case with, for example, a series of points of suspension.
PAR  Finally, if, when the scanning of a zone has been completed, a character
      remains unfinished, reading will continue into the next zone using the
      same indicator. The new indicator will come into use once this character
      has been fully scanned.
PAR  There will now be described the electronic circuits which enable the
      line-framing algorithm which has just been explained to be put into
      practical effect. Member V in FIG. 3 forms this part of the apparatus and
      it may be divided into six sub-units V.sub.16 to V.sub.21 diagrams of
      which appear in FIGS. 24 to 31. A diagram of the connections between these
      sub-units appear in FIG. 23.
PAR  Sub-unit V.sub.16 (FIG. 24) establishes, during a transverse sweep U, the
      profile .pi..sup.i of zone Z.sup.i by restricting each column to its 64
      lower bits. It then emits a signal s.sub.19 = 1 which indicates that
      .pi..sup.i has been obtained; it moves up by an amount equivalent to
      .pi..sup.i so as to present the successive bits of this word at its output
      and it all the time indicates the position of the bit in the word
      .pi..sup.i which is present at its output. It gives a signal m.sub.15 = 1
      at the end of the .pi..sup.i shift.
PAR  The profile .pi. .sup.i of zone Z.sup.i is formed by register R.sub.6,
      which has parallel inputs and outputs. This register receives the bits 0,
      1, 2 . . ., 63 in each of the columns J. By means of the AND gates with
      which its inputs are provided, it combines the bit which appears at its
      output and that which is fed to its input. Each time a signal is emitted
      by the clock H forming the complement to clock H, and assuming that
      Q.sub.3 = 1, the combination obtained at the inputs to R.sub.6 passes to
      the outputs of this register. If t.sub.0 is the time at which the working
      period begins, at which time Q.sub.3 changes from 0 to 1, the profile
      .pi..sup.i is obtained at time
EQU  [t.sub.0 + 128 (i + 1) - 1] T; (i = 0, 1, 2, . . . 20)
PAR  The profile .pi. .sup.22 is obtained when the last character in the line is
      scanned. It is transferred to register R.sub.7 by means of the signal
      s.sub.19 = 1 the production of which is to be described. R.sub.6 is
      immediately reset to 0 by a flip-flop D which is operated by this same
      signal s.sub.19 = 1.
PAR  The counter C.sub.13 moves up by one unit for each period T. It is
      activated when Q.sub.3 = 1, i.e. in the working period, and produces a
      signal m.sub.13 = 1 each time it reaches 127. It is reset to 0 a period T
      after Q.sub.3 has returned to 0 by means of a flip-flop D and gate
      P.sub.30. Signal m.sub.13 = 1 give rise to a signal s.sup.i.sub.19 =  1
      when i = 0, 1, 2 . . ., 20. Each of the signals s.sup.i.sub.19 = 1 gives a
      persistent signal Q.sub.24 = 1 via the flip-flop B.sub.24, this signal
      causing register R.sub.7 to shift. The successive bits in this register
      pass successively to the first two flip-flops D.sup.0, D.sup.1 in R7. A
      signal m.sub.14  from Counter C.sub.14 indicates at any given time the
      position of the bit present at the output of D.sup.0. When the last bit
      appears in this way, a signal m.sub.14 = 1 is emitted and C.sub.14 and
      B.sub.24 are reset to 0.
PAR  The possibility exists of what is ready including continuous vertical lines
      covering the whole height of the scanning band. These may be borders for
      example. The columns corresponding to these lines will be formed entirely
      from blacks but may be bordered on the left and right by a column
      containing black and white and then by entirely white columns. It is as
      well to ignore these black, or white and black, columns when forming a
      profile .pi..sup.i.
PAR  FIG. 25 shows a possible circuit (V'.sub.16) for this modification.
      Register R.sub.6 in FIG. 24 is preceded by a register R.sub.8. A NCT-AND
      gate P.sub.31 connected to the 64 lines used for framing, which have their
      complements formed so that the blacks are equivalent to 1, gives a 0 at
      its output r'.sub.4 if the 64 lines are at 1 (i.e. if they represent a
      black) and only if this is the case. The flip-flops D.sub.7 and D.sub.8
      transmit from q.sub.7 and q.sub.8 the value of r'.sub.4 at subsequent
      times T and 2T. An NOT AND gate P.sub.32 which is followed by an inverter,
      gives a 0 at its output if and only if its three inputs are at 1. The
      result is that the word at the output of R.sub.9 does not pass to the
      input of R.sub.6 when the columns in question are to be eliminated on
      account of the vertical line.
PAR  Member V.sub.17 (FIG. 26) performs the following functions:
PAR  It receives the successive bits forming the profile .pi..sub.i of zone
      Z.sup.i. The .nu.th bit in this profile appears at s'.sub.0, while the
      (.nu. + 1) th bit appears at s'.sub.1 . The number .nu. is present at
      input n.sub.14. It will be recalled that, when determining the black and
      white intervals in .pi..sup.i, no account is taken of isolated blacks and
      whites. If .pi..sup.i includes at least one black interval and if the
      first black interval beginning from the lowest one J.sup.i.sub.1, either
      starts with bit 0 or 1 or is more than 27 bits in length but does not
      extend past the bit in position 61, the highest bit in J.sup.i.sub.1, i.e.
      N.sup.i.sub.1, having been increased by 2 or 3, is recorded in R.sub.9 and
      line .delta..sub.1 changes from 0 to 1. If .pi..sup.i includes a second
      black interval J.sup.i.sub.2 which does not extend beyond position 61 and
      is more than 27 bits in length, then the bit in the highest position in
      J.sup.i.sub.2, i.e. N.sup.i.sub.2, having been increased by 2 (or 3) is
      recorded in R.sub.10 and line .delta..sub.2 changes from 0 to 1.
PAR  The signals .delta..sup.i.sub.1, .delta..sup.i.sub.2 on lines .delta.
      .sub.1 and .delta. .sub.2 persist until the next signal s.sup.i.sub.19 = 1
      occurs to indicate the end of a zone-scan and, when i = 21, until a signal
      s.sup.22.sub. 19 occurs which persists until the beginning of the next
      transverse sweep. If input .zeta. is at 1, and if J.sup.i exists it is
      N.sup.i.sub.1 +2 which appears at output S'.sub.1 ; if J.sup.i.sub.1 does
      not exist, S'.sub.1 is at 0. If input .rho. is at 0 and if J.sup.i.sub.2
      exists, it is N.sup.i.sub.z + 2which appears at output S'.sub.1. If
      J.sup.i.sub.2 does not exist, S'.sub.1 = 0.
PAR  Member V.sub.17 operates as follows: flip-flops B.sub.25, B.sub.26,
      B.sub.27 and gates P.sub.35 to P.sub.41 recognise the black/white
      transitions when profile .pi..sup.i is run through. At the beginning of
      shift, B.sub.27 was reset to 0 by signal s.sup.i.sub.19 = 1 (i = 0,1 . . .
      22). If, at time t, s'.sub.0 = S'.sub.1 then q = 1 at time t + T and, if
      s'.sub.0 is not equal to s'.sub.1 then q' = 0 at time t+T. If then s.sub.0
      = s.sub.1 = 1 and Q.sub.27 = 0, then q' = 1 and B.sub.27 changes over. The
      first time that this state of affairs occurs is at the transition from a
      white interval to a black interval, unless .pi..sup.i begins with two
      black intervals. During the black interval v = 0 and Q.sub.27 = 1. The
      black interval continues until s'.sub.0 = s'.sub.1 = 0. At this time
      S.sup.i.sub.19 = 1 and a 1 signal is obtained at u. To sum up, Q.sub.27 =
      0 if s'.sub.0 and s'.sub.1 correspond to a white interval and Q.sub.27 = 1
      in the opposite case. Each time a black/white transition occurs, which is
      signalled by the appearance of an s'.sub.0 = s'.sub.1 = 0 pair following a
      black, a 1 signal appears at u. It should be pointed out that an interval,
      be it black or white, may be formed by only 2 bits.
PAR  Signal u' = 1 occurs when u = 1 although, with an extra provision, namely
      that gate P.sub.43 should be giving a 1 signal. For this it is necessary
      either that counter C.sub.15 should have supplied a signal m.sub.15 = 1 at
      least a period T earlier, this signal m.sub.15 =  1 being maintained by
      flip-flop B.sub.31, or that signal Q.sub.28 = 1 should be present at the
      output of B.sub.28.
PAR  Counter C.sub.15 is activated by signal Q.sub.27 and thus operates during
      the black intervals. It is set initially to 4 and has 5 bits, with the
      result that it emits signal m.sub.15 = 1 when it has counted 31 - 4 = 27.
      This signal m.sub.15 = 1 is maintained at the output of B.sub.31 until
      this flip-flop has been reset to 0 by the following signal
      s.sub.19.sup.i.sup.+1 = 1. Counter C.sub.15 is reset to 0 by signal u = 1.
PAR  As regards signal Q.sub.28 = 1, it is intended to validate signal u' = 1
      when .pi..sup.i starts with two blacks. It comes from a three-input gate
      P.sub.42 one of whose inputs is connected to s'.sub.0, another to
      s'.sub.1, and the third to a signal .zeta.' = 1 which is simply signal
      s.sup.i.sub. 19 = 1 which has been delayed for a period T by a flip-flop
      D. It should be noted that B.sub.28 is reset to 0 by the output of gate
      P.sub.41, this gate being activated when there is a white interval and
      when, in addition, s.sup.i.sub.19 = 1. Signal u' = 1 thus indicates the
      end of a black interval of at least 22 bits or one which begins at bit 0.
      This interval may not extend as far as bit 62, otherwise there would be no
      signal s.sup.i.sub.19 = 1.
PAR  When the first signal u' = 1 arrives from the profile .pi..sup.i, B'.sub.29
      supplies a 1 signal after a period T, which causes .delta..sub.1 to change
      from 0 to 1. B.sub.29 supplies a 1 to the input to gate P.sub.45 and the
      gate, if u' = 1, produces a signal u.sub.1 =  1 which causes N.sup.i.sub.1
      + 3 to pass to the output of register R.sub.9. B.sub.29 is reset to 0 by
      signal s.sub.19.sup.i.sup.+1. If a second u' = 1 signal occurs while
      .pi..sup.i is passing through, gate P.sub.46 opens and gives a signal
      u.sub.2 =  1. The action of the latter is to cause N.sup.i.sub.2 + 3 to
      pass to the output of register R.sub.10 and, via flip-flop B.sub.30 , to
      cause .delta. .sub.2 to change from 0 to 1. This flip-flop B.sub.30 is
      reset 0 by  s.sub.17.sup.i.sup.+1 = 1.
PAR  As can be seen in FIG. 26, depending upon whether .phi. = 1 or 0, it is
      either N.sup.i.sub.2 + 3 (if it exists) or N.sup.i.sub.1 + 3 (if it
      exists) which appears at output S'.sub.1.
PAR  Unit V.sub.18 (FIG. 27) forms the framing indicator E.sup.i which will be
      used for a zone Z.sup.i in the subsequent transverse sweep. What is in
      fact formed first is a provisional indicator E'.sup.i which is subject to
      subsequent modification.
PAR  Let it be assumed that a certain zone Z.sup.i is being read during
      transverse sweep U. There is then a framing indicator E'.sup.i for this
      zone which is obtained during the preceding transverse sweep U-. It will
      be seen that unit V.sub.21 selects on such E'.sup.i if there are several
      and directs it to the present unit V.sub.18. The indicator so selected
      will be referred to as E with no index number. If it is assumed that a
      black interval J.sup.i.sub.1 of length N.sup.i.sub.1, or two black
      intervals J.sup.i.sub.1 and J.sup.i.sub.2 of lengths N.sup.i.sub.1 and
      N.sup.i.sub.2 have been obtained for zone Zi in the present transverse
      sweep, it should be ascertained whether this length, or one of these two
      lengths, satisfies one of the inequality conditions
EQU  .vertline.E - N.sup.i.sub.1 - 3.vertline. .ltoreq. 14      (1)
EQU  .vertline.E - N.sup.i.sub.2 - 3.vertline. .ltoreq. 14      (2)
PAL  These are written out:
EQU  E - 14 .ltoreq. N.sub..alpha..sup.i + 3 .ltoreq. E + 14, (.alpha. = 1,2)
PAR  The adder A.sub.1 in V.sub.18 will supply the sum
EQU  A = E + (64 - 14) if Q.sub.37 = 1, Q.sub.38 = 0
PAL  or
EQU  A = E + 14 if Q.sub.37 = 0, Q.sub.38 = 1
PAR  It is merely necessary to feel appropriate values to the inputs of gates
      P.sub.47 as shown in FIG. 27. Both number A', which is equal to A if A &lt;
      64 and to A - 64 if A .gtoreq. 64, and number B = N.sup.i + 3 appear at
      the inputs of comparator S.sub.3. The latter supplies a signal d.sub.3 =
      1 or 0 depending upon whether A'.ltoreq.B or &gt;B. This signal appears at
      one input of P.sub.47 while a signal Q.sub.37 appears at the second input
      of this gate. A signal forming the complement of d.sub.3 appears at one
      input of P.sub.49 while Q.sub.38 appears at its second input. The
      conclusion is that inequality test (1) is satisfied if .phi. = 1, while
      Q.sub.38 = 1 if there is a 1 at the output of P.sub.49 when Q.sub.27 = 0,
      and Q.sub.38 = 0 if there is a 1 at the output of P.sub.48 when Q.sub.37 =
      1, Q.sub.38 = 0. Since these signals persist at the outputs of B.sub.33
      and B.sub.32, the fact of the inequality test (1) being satisfied results
      in a 1 signal at the output of P.sub.50. The same applies in the case of
      inequality test 2 when .phi. = 0.
PAR  The behaviour of unit V.sub.18 in time is therefore as follows: let 0 be
      the time at which signal m.sub.15 = 1 arrives signifying the end of shift.
      At time T, a 1 signal appears at the output of B.sub.36. It is maintained
      until time 21T. At time 2T, counter C.sub.16 begins to count and continues
      to do so at a frequency T. It actuates the 1 from 20 decoder
      .DELTA..sub.5. At time mT, the decoder gives out a 0 on line
      fm.sup.-.sub.2 and a 1 on all the others. If .delta..sup.i.sub.1 = 0,
      which means that .delta..sup.i.sub.2 = 0, lines f.sub.0 to f.sub.17 of
      .DELTA..sub.5 do not act. If .delta..sup.i.sub.1 = 1, at time 4T, f.sub.2
      = 0 and hence there is a 1 at the output of B.sub.37, i.e. Q.sub.37 =  1.
      Between time 5T and time 8T, Q.sub.38 is at 0 and .phi. is at 1. The
      result is a 1 or a 0 at the output of B.sub.32 depending on the result
      from comparator S.sub.3.
PAR  At time 7T, f.sub.5 = 0. Consequently, Q.sub.37 returns to 0 at time 8T and
      Q.sub.38 assumes the value 1 via B.sub.38. A 1  or a 0 is then obtained at
      the output of B.sub.33 depending on the result from S.sub.3. To satisfy
      the inequality test (1), it is necessary and sufficient that the outputs
      of B.sub.32 and B.sub.33 be at 1, which results, after a time T, in a 1 at
      the output of B.sub.34 i.e. at k.sub.2.
PAR  At time 10T, a 1 signal arrives at input K.sub.38 and resets Q.sub.38 to 0
      at time 12T. At time 12T, line f.sub.10 is at 0. Output Q.sub.32 is reset
      to 0, a 1 arrives at the input of J.sub.39, and at time 13T a 1 arrives at
      the output of B.sub.39 which makes .rho. = 1.
PAR  In the period from 13T to 18T, if .delta. .sup.i.sub.2 = 0, .DELTA. .sub.5
      controls nothing. If on the other hand .delta. .sup.i.sub.2 = 1, the same
      series of operations takes place as from 4T to 10T except that .rho. = 0,
      the effect of which is to bring N.sup.i.sub.2 into play in place of
      N.sup.i.sub.1. To satisfy inequality (2), it is necessary and sufficient
      that there be a 1 at the output of P.sub.50. At time 20T, P.sub.35 is
      activated. Output Q.sub.34 of B.sub.34 is fed to output Q.sub.35 of
      B.sub.35 and Q.sub.35 becomes equal to 1 if J.sup.i.sub.1 exists, and if
      and only if inequality test (1) is satisfied. At the same time Q.sub.34 =
      1 if J.sup.i.sub.2 exists and if inequality test (2) is satisfied.
PAR  At time 22T, B.sub.36 is reset to 0 and at time 21T, .phi. resumes the
      value at output .phi..sub.1 of P.sub.67. At the same time counter C.sub.16
      ceases to operate and returns to its initial setting. (It is set initially
      to 10 so as to reach a maximum at 21).
PAR  Sub-unit V'.sub.18 (FIG. 27 the rectangle in broken lines) receives signals
      .delta. .sup.i.sub.1, .delta. .sup.i.sub.2, Q.sub.34, Q.sub.35 as well as
      a signal .lambda. coming from unit V.sub.19 which indicates whether or not
      reading has taken place in the course of the preceding transverse sweep
      U.sup.- . Thus sub-unit forms the signals .phi..sub.1 and p by means of
      which a provisional framing indicator E'.sup.i will be obtained for the
      zone Z.sup.i. What is signified by signal p is as follows: If p = 0 there
      is no indicator E'.sup.1. If p = 1, indicator E'.sup.i exists and is equal
      to N.sup.i.sub. 1 + 3 if .phi..sub.1 = 1 and to N.sup.i.sub. 2 + 3 if
      .phi..sub.1 = 0.
PAR  Sub unit V'.sub.18 carries out the operations indicated in the truth table
      in FIG. 28.
PAR  Unit V.sub.19 (FIG. 29) receives each of the indicators E" contained in
      unit V.sub.18 for each i for which p = 1 (signal p.sup.i). From these
      results it forms the largest of the E' .sup.i s, the signal .lambda.
      already used in V.sub.18, and other signals intended for use in units
      V.sub.20 and V.sub.21. (FIGS. 30 and 31).
PAR  Unit V.sub.19 operates as follows: in the course of a transverse sweep U,
      if the state of affairs is that termed A, which is the case where no
      reading is expected during the transverse sweep in question, the signal
      remains equal to 0. If on the other hand the state of affairs is
      equivalent to case B, where there is something read in at least one zone
      in the course of the transverse sweep U.sup.- , signal .lambda. remains
      equal to 1. Unit V.sub.19 forms the highest M of the indicators E'.sup.i
      for those values of i for which signal p.sup. i.sup.=1 occurred. A time
      22T after the signal m.sub. 15 = 1 which follows the scanning of zone
      Z.sup.i, number E'.sup.i is present at S'.sub.1. Signal S.sub.19 then
      causes Q.sub.41 to be equal to 1, which results in E'.sup.i appearing at
      b.sub.4, which is one of the inputs of comparator S.sub.4. At its other
      input d.sub.4 this comparator receives the word M.sup.i.sup.-1 which
      register R.sub.11 supplies at its output. It emits a signal d.sub.4 = 1
      when E'.sup.i .gtoreq. M.sup.i .sup.- 1 and a signal d.sub.4 = 0 in the
      opposite case. At a time 3T after signal s.sub.19 = 1, Q.sub.42 becomes
      equal to 1, which results in gate P.sub.70 becoming conductive and
      activating register R.sub.11 provided that p.sup.i = 1 and d.sub. 4 = 1.
      Register R.sub.11 then has E'.sup.i at its output if d.sub.4 = 1 and its
      output signal remains unchanged if d.sub.4 = 0. Its output is thus the
      larger of the two numbers E'.sup.i and M.sup.i.sup.-1. Since register
      R.sub.11 was reset to 0 before the beginning of transverse sweep U by
      signal Q.sub.43 (the formation of which will be described below), after
      each zone Z.sup.i this register indicates the largest of the numbers
      E'.sup.j for all the j .ltoreq. i's for which E'.sup.j exists.
PAR  A time 3T after the end of the 22nd zone (where i = 21), Q.sub.3 becomes
      equal to 0, since it is then the dead time, and a signal r.sub.5 is
      emitted by P.sub.74. This signal r.sub.5 switches a fixed number (=18) to
      input b.sub.4 of comparator S.sub.4. At this moment the largest M of the
      numbers M.sup.i is present at a.sub.4, and d.sub.4 is at 1 or at 0
      depending upon whether M.ltoreq. or &gt;18. If one of the p.sup.i '18 s (i =
      0,1, . . ., 21) is equal to 1, flip-flop B.sub.45 makes Q.sub.45 equal to
      1. The process for forming .lambda. will now be described. Signal Q.sub.42
      = 1, which appeared 3T after s.sub.19 = 1 (end of zone) from R.sub.3,
      arrives at gate P.sub.74 from which emerges a signal r.sub.5  = 1. This
      signal passes to gate P.sub.75 which also receives Q.sub.3. This gate
      gives a signal r.sub.9 = 1 which signifies that reading will take place in
      the course of the next transverse sweep.
PAR  The first case to be considered will be case A (where there is no read-out
      in the course of transverse sweep U) (.lambda. = 0). Flip-flop B.sub.47 is
      at 0, which means that Q.sub.47 is 1 and that there is a 1 at the input of
      P.sub.75, which also receives signal Q.sub.3, signal d.sub.4 and signal
      Q.sub.45. In this way a signal .lambda. + is produced which, at a time 2T
      after signal Q.sub.3 = 1 (flip-flop B.sub.46 and b.sub.47) replaces
      .lambda.. The next case to be considered is case B (.lambda. = 1).
      Flip-flop B.sub.45 is at 1, which means that there is a 1 at the input of
      P.sub.71, which also receives signals Q.sub.45 and r.sub.5. A signal
      .lambda..sup.+ is thus obtained a time 2T later.
PAR  Signal r.sub.5 is maintained at Q.sub.48 by flip-flop B.sub.48 which
      actuates the 7-bit counter C.sub.17 at the period T, the counter being
      initially set to 0. It then emits a signal m.sub.17 = 1, which is
      maintained at Q.sub.43 by flip flop B.sub.43. Gate P.sub.73 gives a 1
      signal when Q.sub.43 = 1 or when Q.sub.42 = 1 (at a time 3T after signal
      s.sub.19 which corresponds to the end of the scanning of zone Z.sup.i). It
      will be noted that signal Q.sub.43 = 1 is equivalent to the end of scan in
      an imaginary extra zone the usefulness of which will become apparent
      later. It should be noted that signal p'.sup.i is equal to p.sup.i whilst
      i .ltoreq. 21 and that it then becomes equal to 0 for the imaginary zone i
      = 22  due to signal Q.sub.43. A time T later signal Q.sub.43 resets
      flip-flops B.sub.44 and B.sub.43 to 0 and flip-flop B.sub.48 resets
      counter C.sub.17 to its initial setting. Signal Q.sub.43 = 1 resets
      flip-flop B.sub.45 to 0 (FIG. 29).
PAR  The maximum value M of the E'.sup.i s obtained at the output of register
      R.sub.11 should pass to the output of R.sub.12 under the following
      conditions; M&gt;18, .lambda. =  0. For this, gate P.sub.72 receives signals
      Q.sub.43, .lambda. and d.sub.4. It should be noted that signal .lambda.
      only becomes .lambda..sup.+ after a further period. T.
PAR  Unit V.sub.20 (FIG. 30) receives the provisional framing indicator E'.sup.i
      formed in the course of a transverse sweep U and reconstitutes them,
      possibly in modified form, at the required time for them to be used during
      the following transverse sweep U.sup.+. This unit also receives signals
      p'.sup.i, the signal s.sub.5 corresponding to Z.sup.i (termed
      s.sup.i.sub.5) which is formed by V.sub.19, and the signal .epsilon..sup.i
      coming from unit V.sub.21.
PAR  A store M.sub.4 is made up of 7 shift registers having 23 bits each. In
      each case, the outputs of the last four bits are in parallel. The first
      six registers (Q.sub.1 to Q.sub.6 in FIG. 30) receives the 6 bits of
      E'.sup.i, and the last register receives p'.sup.i. In the case of this
      last register the 19th bit should have an input in parallel.
PAR  At signal s.sup.i.sub.5 = 1 which follows zone Z.sup.i (i = 0,1, . . . )22,
      which is an imaginary zone if i = 22, word E'.sup.i takes up position 0 in
      the first six columns in M.sub.4 and p'.sup.i takes up position 0 in the
      7th column. At the same time, each register in M.sub.4 is made up to
      execute a 1-position shift downwards, the bits in the r.sup.th position
      coming into position r + 1. As regards the output of store M.sub.4, when
      signal s.sup.i.sub.5 = 1 occurs, indicator E'.sup.i comes to position 21
      in M.sub.4, i.e. into the position before last; there is the exception to
      this rule when i = 0 and i = 1  when indicators E'.sup.0, E'.sup.1 appear
      at position 21 in response to signals s.sub.5.sup.21 and s.sub.5.sup.22.
PAR  It is as well to cancel read-out from the zones in which M - E'.sup.i &gt; 14.
      The comparison is performed in unit V.sub.21 (FIG. 31) using the value
      E'.sup.i + 1 which is extracted when this value is in position 19 in
      M.sub.4. It gives rise to a signal .epsilon..sup.i = 0 or .epsilon..sup.i
      = 1 depending upon whether M - E'.sup.i &lt; 14 or whether M - E'.sup.i
      .ltoreq. 14. The number p'.sup.i which reaches position 19 in the 7th
      register in M.sub.4 a time 19T later becomes p".sup.i = 0 if
      .epsilon..sup.i = 0 (it has not changed if .epsilon..sup.i = 1) and one
      has p'.sup.i - p".sup.i. After signal s.sub.5 .sup.i.sup.-2 = 1, the 20
      positions in the 6th first registers in M.sub.4 contain the value of
      E'.sup.i .sup.+1, the 21 positions contain that of E'.sup.i and 22
      positions that of E'i -. A definite framing signified by a fresh signal
      p.sup.i, and the corresponding indicator E.sup.i, are obtained by
      extending the framing to the zones which have none, which is accomplished
      in the following way: firstly, let i be equal to 21 and not equal to 0:
PA1  1st case p".sup.i =1, one takes E.sup.i =E'.sup.i, p.sup.i =1
PA1  2nd case p".sup.i =0, and p".sup.i.sup.-i =1 one takes E.sup.i
      =E'.sup.i.sup.-1, p.sup.i =1
PA1  3rd case p".sup.i =0, p".sup.i.sup.-1 =0, p".sup.i.sup.+1 =1, one takes
      E.sup.i =E".sup.i.sup.+1, p.sup.i =1
PA1  4th case p".sup.i =0, p".sup.i.sup.-1 =0, p".sup.i.sup.+1 =0, one takes
      p.sup.i =0.
PAR  When i = 21, p".sup.i.sup.+1 = 0 and the rule is the same. When i = 0, i -
      1 must be replaced by 22 and the rule still holds good on account of the
      imaginary zone which was introduced for this purpose.
PAR  These operations are carried out by means of gates P.sub.76  P.sub.77 and
      the four gates P.sub.78, P.sub.79, P.sub.80, P.sub.81 associated with each
      of the first six registers in M.sub.4 (FIG. 30).
PAR  Locations 20, 21 and 22 in the registers have their outputs connected to
      the inputs of gates P.sub.78, P.sub.79 and P.sub.80 respectively. To these
      same inputs are connected lines r.sub.13 coming from gate P.sub.77, line
      r.sub.14 and line r.sub.15 coming from gate P.sub.76 respectively.
PAR  The first case. If p" .sup.i = 1, line r.sub.14 is at 1; gates P.sub.79 are
      conductive and gates P.sub.76 and P.sub.77 are blocked and so that 6 gates
      P.sub.78 and the six gates P.sub.80 are blocked also: consequently,
      E'.sup.i is present at the outputs of gates P.sub.81. 1 is obtained at
      output p.sup.i due to gates P.sub.82 and P.sub.83.
PAR  The second case. p".sup.i = 0 blocks the six gates P.sub.79. When
      p".sup.i.sup.-1 = 1, gate P.sub.76 is conductive and P.sub.77 is blocked,
      consequently the six gates P.sub.80 are conductive whereas the six gates
      P.sub.78 and the six gates P.sub.79 are blocked. It is E'.sup.i.sup.-1
      which appears at the outputs of gates P.sub.81. A 1 is obtained at p',
      once again by means of gates P.sub.82 and P.sub.83.
PAR  The third case. p'.sup.i = 0 blocks 6 gates P.sub.79. p".sup.i .sup.-1 = 0
      blocks gates P.sub.76. p".sup.i .sup.+ 1 = 1 makes gate P.sub.77
      conductive, consequently, gates P.sub.79 and P.sub.80 are blocked whereas
      gates P.sub.81 are conductive: it is E' .sup.i .sup.+ 1 which appears at
      the output of gates P.sub.81. p.sup.i is once again equal to 1.
PAR  The fourth case. Gates P.sub.76 and P.sub.77 are blocked, line r.sub.14 is
      at 0 and gates P.sub.78, P.sub.79 and P.sub.80 are blocked. 0 appear at
      the outputs of gates P.sub.81. Gates P.sub.82 and P.sub.83 give p.sup.i =
      0.
PAR  The definite framing indicator E.sup.i is obtained at the output of gates
      P.sub.81 while zone z.sup.i.sup.-1 is being scanned. At the end of a zone
      signal s.sub.19 .sup.i.sup.-1 =1, E.sup.i passes to the output of register
      R.sub.15 (FIG. 30). If the column then being scanned is almost blank (g =
      1) E.sup.i passes during the following period to the output of register
      R.sub.16 and arrives at the input of the shifter V.sub.0 shown in FIG. 4.
      If on the other hand g = 0, there is a character being scanned (or
      possibly a series of columns containing more than one blank which are not
      equivalent to a character); in this case, E.sup.i only passes to the
      output of register R.sub.16 when g first becomes equal to 1, by reason of
      the flip-flop B.sub.49 which is reset to 0 at the next time T.
PAR  What still has to be specified are the means which ensure that there is not
      a readout in zone Z.sup.i, dependent upon whether p.sup.i is 1 or 0. It is
      merely necessary to give the almost blank column signal each time p.sup.i
      = 0 in a given zone.
PAR  Unit V.sub.21 (FIG. 31) generates a signal .epsilon. = 1 when .lambda. = 0
      and when M - E'.sup.i &lt; 14. For this the adder A'.sub.2 receives the
      number M formed in unit V.sub.19 and subtracts 14 from it (in fact it adds
      64-14 = 50 to it). The result, which appears at the input to register
      R'.sub.13 is transferred to the output of this register a period T after
      signal Q.sub.43 and is present at an input of comparator S.sub.5 for the
      whole duration of the following transverse sweep. After each zone, S.sub.5
      compares this value with that for E'.sup.i coming from V.sub.17 and forms
      a 1 signal which makes .epsilon. = 1 when .lambda. = 0.
PAR  Unit V.sub.21 forms the framing indicator E which will be used as a
      comparison during the following transverse sweep when read-out has taken
      place during the preceding transverse sweep. It is merely necessary to
      select the maximum value M of the indicators in this sweep. The signal
      Q.sub.43, having been delayed by a time T, and the signal .lambda..sup.+
      which is formed at this time, are combined by gate P.sub.84, activate
      register R'.sub.14 and cause M to pass to the output of this register.
      Number E is thus supplied to V.sub.18 to be used for the following
      transverse sweep.
PAR  The optical analyser described in the French Pat. No. 71.08646 above
      referred to is shown in principle on FIG. 32 and the complementary FIGS.
      33 and 34 which show the trajectory of luminous rays. A wheel 101 in
      star-shape, turns around spindle 102, the points of the star forming by
      their faces a number of 2 -- mirror groups, 103a and 103b set out at
      right-angles one from the other. This wheel, which ought to turn very
      quickly (at around 6500 rpm), is to be constructed of light metal, while
      the mirrors are obtained by the polished faces of the branches equipped
      with a reflective coating, for example in gold or in aluminum. The wheel
      ought to be manufactured with extreme precision in order to fulfil its
      role, because of the precision and the quality of scanning indispensible
      for microfilm characters. In turning they present successively the groups
      of 2 mirrors before an aiming zone and a zone of reflection of the
      luminous beam. In the aiming zone situated at the low part of the figure,
      a film 105 pushed against the outside curve of a transparent blade 104 is
      set out practically perpendicular to the range of the mirrors. The film
      being lighted from below (see FIG. 34) for example by a luminous point x,
      of the upper plane face of the blade 104, transmits an incidental beam
      which is reflected a first time by the face of the mirror 103a, a second
      time by the face of the mirror 103b and is thus directed downwards where a
      mirror 106, placed at 45.degree. from the horizontal, picks it up and
      reflects it horizontally toward a lens 107. The 107 lens focuses the beam
      onto screen 108 which carries photo-sensitive elements transforming the
      luminous impressions into variations of electric current. The device lays
      out on screen 108, on a surface limited by a narrow fixed rectangle, the
      image of a very small rectangular luminous band picked up transversally in
      a uniform movement onto the surface of the film and according to its
      emergence of the 104 blade, which is easy to understand if one checks
      FIGS. 32, 33 or 34. On FIG. 33 where mirror 106 is not included, lens 107
      provides, if one assumes the reverse return of the luminous rays, a
      virtual S" image of point S', the S" image playing the role of virtual
      object in relation to the group of mirors 103a, 103 b normal to the plane
      of the figure whose planes are cut up in I which is the projection of the
      spine of the dihedral angle formed by the mirror group. This mirror group
      provides an image x, which is symmetric to S" in relation to point I. When
      one wishes to go across a distance S.sub.1  to point x, S.sub.2
      corresponding to the printed width of film 103, is necessary that point I,
      thus the spine of the dihedral angle of the mirrors, travels distance
      I.sub.1, I.sub.2, which is half the distances S.sub.1, S.sub.2. If one
      refers to FIG. 34, which shows in perspective on the film scanned, no
      longer point x, but a tiny stick of light x, y, the light beam according
      to x y is to be seen by the mirrors in progressive shifting over the width
      of the film and projected by lens 107 onto a thin rectangular zone set on
      screen 108.
PAR  On FIG. 33 has been traced a rectilinear shifting of the spine of dihedral
      angle, but as it would be very difficult practically to set out very
      rapidly the groups of mirrors in a straight line, these are mounted on a
      wheel, with the necessary corrections for the trajectory S.sub.1, S.sub.2,
      that is equally curvilinear.
PAR  As will be seen more in detail below, the film which moves along according
      to the arrow F2 is supported by a 116 passfilm unit equipped with a light
      slot 118 which is crossed by a luminous flow Fx from a light chamber
      situated below. If the film has lines of writing such as A, B, C, D - G,
      H, I, J, (FIG. 34), the light slot 118 is provided to permit aiming zone x
      y to largely overflow the characters of one line. Going back to FIG. 32,
      one understands that the symmetric reflection at point S for a position of
      the group of mirrors is at a given moment, with pick-up mirror 106 and
      lens 107, only concerns a single band x y, while the other parts of the
      film lighted by the slot 118 are simply defracted or reflected in
      dispersion without concerning the sensitive zone of screen 108. As already
      mentioned, the spine A B of the dihedral angle of the mirrors describing a
      cylinder and the theroretical trajectory S.sub.1, S.sub.2 of the FIG. 33
      is curved by the application of film on a transparent blade 104 whose
      opposite face from the axis of the wheel is a cylindrical surface.
PAR  The general structure of the device is now to be described referring to
      FIG. 35. Wheel 1 should include a number of groups of mirrors chosen here
      on a 7-point star as a function of the dimensions and the speed of the
      wheel. Two mirrors 103a and 103b not being able to come together on one
      line, for reasons of construction, and the spacing 109 takes the place of
      the spine of the dihedral angle. Just the same, the points of the star
      cannot be sharp and end with a chamber 110. The wheel is enclosed in a
      housing 111 on the 114 cylindrical face, the housing being supported by a
      flange 112 set ridigly on the table 113 of the device (see also FIG. 36).
      The housing opens below by a large rectangular window 115 (see FIG. 37),
      which is closed by a leak-tight glass thus insulating for the exterior the
      atmosphere of wheel shifting. The glass 115 is long enough to allow,
      according to the angle of scanning of the group of mirrors, the reception
      and the reflection of the scanning beam (see FIG. 38), that is to say a
      bit more than 2 times the width of the corrective beam where the film is
      applied.
PAR  A support unit 116 (FIG. 37 and FIG. 40), in which is embedded the
      corrective blade 104 is mounted under 115 resting on feet 116a on the
      table 113. At this unit, which separates off a lateral part destined under
      the window for the reception of the luminous beam, is backed-up a mirror
      106 at 45.degree. on the horizontal whose center is found at the vertical
      of the virtual point S" already defined, this mirror being arranged to
      reflect the images to lens 107 which follows, the action, below the
      housing and attached also to table 113. Still on table 113 and following
      the lens 107, is placed at a convenient distance a microscopic lens to
      reduce the distance of projection in relation to the focal distance of
      lens 107 and to enlarge the film image. The microscope lens includes a
      mounting 125 and 2 lenses 126 and 127. A solid mounting 129, strongly
      tightened to the table 113 with bolts 130 made up of the screen 108 its
      face turned toward the lenses, this screen being equipped with
      photo-sensitive elements 128 the details of which are to be given below.
      The supporting unit 116 has a slot 118 (see also FIG. 34) which
      corresponds to the opening of table 113 to receive a luminous beam from
      mirror 119 situated below. The mirror 119 is tilted at 45.degree.
      horizontal in the direction of the light source. To reduce the space
      occupied by the unit, the light source is placed vertically over the table
      113 and on the same side as the reflecting part of the scanning beam. For
      that purpose a second mirror at 45.degree., 120, faces mirror 119 and its
      center 0 is at the vertical 00' of a bulb 123 placed at the center of
      reflector 122. The reflector 122 makes up the internal surface of a block
      121, which is equipped with external coolers 123 and a filter 123a. The
      center of the reflector is pierced by a well 124 letting through the
      iodide bulb 123. This bulb is mounted on an adjustable socket 124 held in
      a support 125 integrated with the frame of the unit. The socket can turn
      within its support so that the direction of the filament of the bulb may
      be adjusted. The housing 111 is shown in cross-section on FIG. 37, the one
      for the wheel 101 and the ends of shaft 102 are carried by ball-bearings
      131. The bearings 131 rest to one side in a lodging 132 of the housing and
      at the opposite side of the bore 133 of the cover 134 which closes the
      housing. A holding crown 136 screwed onto the cover 134 which is attached
      also to the housing by circumferential screws 137, presses the second
      ball-bearings group against the hub of the wheel 101, with the
      inter-position of the elastic joints 136. The housing is attached to the
      flange 112 by screws entering into the tappings 138 set on the check of
      the housing at the opposite side of its cover. The cover also is tapped
      139 and receives a vacuum manifold 140, clearly, there is a partial vacuum
      in that manifold which diminishes the turbulence of the air which brakes
      the movement of the wheel in the housing, and also diminishes the noise.
      The mirror 115 at the lower part of the housing is a plate of silicium,
      thickness 1 mm held in the shoulders of the base of the housing by a
      closing plate 141 attached by milled-head screws 142. The flange 112
      supports, also, has screws corresponding to the tappings 143 on the rear
      side, the drive motor. This motor drives the wheel via a flexible
      coupling, the attachment of the motor and of the coupling being
      conventional, they are not described in detail. The motor is monitored by
      electronic signals for speed. The analyzer device should be able to
      operate with great speed so as to scan for example 760 lines of writing on
      film per second which would have made it difficult to have a rectilinear
      alternating movement of the pair of mirrors. The pairs of mirrors have
      then been laid out on a wheel by adjusting the speed so that one pair of
      mirrors operates the scanning of a line of characters, another pair comes
      to take its place for reading the following line. So that the luminous
      beams may pass and taking into account the diameter of the wheel (which is
      as small as possible), the wheel should have seven pairs of mirrors. Their
      dimensions are ruled by the useful width of the film, for example 14 mm,
      and by the opening of the beam. For example, the circle radius covered by
      point a of the spine of the dihedral angle is 20 mm and the distance from
      the center of the wheel to the outside edges of the mirrors is 40.6 mm.
      Contrary to the representation of the FIG. 33 the trajectory of point I of
      the spine of the dihedral angle and the trajectories S.sub.1, S.sub.2, are
      curves and remain parallel between themselves.
PAR  As already mentioned, the film is applied along the outside surface of a
      transparent cylindrical block and along a film length considerably greater
      than the distance x y (FIG. 34), for example 10 mm. The film is held
      against the block by the rounded smooth spines which S holds it along the
      edges as explained elsewhere.
PAR  Another indispensible disposition is explained when considering anew FIG.
      34. While the pencil of light seen by a pair of mirrors during a shifting
      goes across the film along a length L of the lighted band, the film shifts
      in a uniform movement in the direction of the arrow F.sub.2. The medium
      line of the characters such as A, B, C, D, which are represented by Vo,
      Wo, shift in V.sub.1, W.sub.1. So that the relative position of segment x
      y and of the characters remains constant, it is necessary to push pencil
      x, y, to drift progressively in the direction of the movement of the film.
      This is obtained in adjusting on the unit table the attachment of the
      spindle of the wheel in relation to the attachment of the film guiding
      unit so as to provide a light deviation in the parallelism of the
      spindles. For a film which advances interline 0.156 mm, the segment x y
      should shift in a direction making an angle of 0.0112 radians
      perpendicular to the access of the film, this is in the example given of a
      wheel with 7 points which turns so that the scanning time of 1 line is a
      bit longer than double the idle time necessary so that the wheel will be
      ready to begin scanning the following line.
PAR  The adjustment of the precision of the wheel speed and of the film are
      assured by a quartz clock which also controls the electronic routing of
      the variations received by the photosensitive cells. The unit is intended
      for reading microfilm carrying characters with a thickness of lines of
      from 12 to 14 microns. For the proper functioning of the data processing
      device by the analyzer, it is necessary that each character crossed by the
      aiming pencil be submitted to a scrutiny of 21 parallel sections of the
      access of the film, since the precision of the reconnaissance across one
      line of characters requires a division by 35 perpendicular sections of
      this access on each line. The result is that the lines making up these
      characters are scanned by light disks tandem by about 4.69 microns from
      the diameter. So that this process of identification of characters in the
      electronic part of the unit operates with safety, one determines a maximum
      speed deviation in relation to the number of total scrutinies to be
      provided for a character. The relative error of the film advancement is
      corrected in the same manner, in relation to the number of luminous points
      and their position relative to the height of the characters. With a film
      holding 64 lines of 132 characters per centimeter, the speed of 100.000
      characters per second corresponds to 117 mm/second.
PAR  FIG. 38 shows in more detail the trajectory of the light rays along the
      film, the mirrors and the zone of pick-up of the rays, the trajectory
      being the transcription of FIG. 33 in the case of the cylindrical driving
      of the mirror pairs. The film 105 slides perpendicularly to the plane of
      the figure against the curved face 146 of the blade 104, being pressed
      according to its edges by the ribs of a film-press unit 117. The
      transparent unit is mounted in the film guide 116, which has a central
      cavity 147. Since this appears better in the plane view of the film guide
      (FIG. 39), the slot 118 of light is at the center of unit 116, and the
      lower part of the unit forms a tunnel 150, leaving the width of the
      passage of film against the correcting blade 104. The unit 116 equipped
      with lateral feet 149 for attachment by screens passing in the holes 148
      drilled in the feet. The unit 116 carries laterally in its center the
      mirror 106 conveniently inset in the mass following a 45.degree. angle.
      The correcting blade 104 itself made up of lens which forms a diopetre
      with the film, in such a way that the image found on the film is
      transmitted virtually onto an internal surface of the lens, shown on the
      crossed section following line I, I' (see FIG. 38). It is then this curved
      line I, I' which plays the role of S.sub.1, S.sub.2 of FIG. 34 and the
      construction will cause the virtual point S" to find itself symmetrical to
      I, I' in relation to points Do and D.sub.1 which mark the position of the
      spine of the dihedral angle of the mirrors at the beginning and at the end
      of the scheduling of a line of film. Note that the mirror 103a at the
      beginning of the scanning is placed in position at 45.degree. on the
      vertical to see normally point I, thus it is only at the beginning that
      the medium plane of the pair of mirrors is normal on the surface of the
      blade 144. After one rotation of the wheel of 20.degree.03', the mirror
      103a is in reading position at the end of the line in I'. The beam
      reflected on the mirror 106 is constant and normal at the window 115 of
      the housing. The position of the surface 146 of the unit 104 is determined
      by the exact position of the I, I' which itselt depends on the
      refractivity of the environment crossed. Since the film emulsion is placed
      below to avoid wear, one takes into account the two indexes of the blade
      and of the film.
PAR  To push the film 105 correctly against the surface 146 of the blade 104,
      the presser unit 117 is adjusted by a special blocking device of unit 116
      which contains it. Unit 117 (FIG. 47) is crossed in its environment by a
      slot of light 18.degree. corresponding to the slot of the film-guide. It
      is equipped on its upper plane surface 151 with two sets of ribs 152a,
      152b,  which are made up of silicium wires bonded to the unit. Thus, the
      wear of film pressed by the edges is reduced to a minimum. The
      photosensitive elements 128 shown in FIG. 35 ought to be of a number and
      of dimensions appropriate to correspond to the precision of the analysis
      of the beam picked-up on the film and transmitted by the device. Taking
      into account the lenses chosen, the photosensitive receivers are to be
      ranged in line from 81 to 96 elements. The enlargement obtained by the
      microscope lens if it is included between 25 and 100 allows the use of
      receiver elements of 0.125 to 0.500 mm. One can also use a unit of fiber
      optics conducting light 153 (FIG. 42) situated on the same plane at the
      beginning and tightly joined 5 microns from access to access
      approximately, the starting surface 154 being thus very small, while the
      arrival surface 155 is enlarged and can use various receivers.
PAR  The photoreceivers can be photo-diodes, photo-transistors or
      photo-multipliers. In the case of photo-diodes or photo-transistors. The
      best solution consists of choosing the elements of a diameter such that
      the luminous flow which they receive is equal to the maximum which they
      can support without over-heating. If one fixes at 100 to 200 W the input
      power onto the lighting filament, the diameter of the photo-elements is
      thus defined. An essential condition is that the photo-element chosen be
      rapid enough to obtain the significant pick-ups at the T time intervals.
      Actually, the analysing devices intended to feed a data processing device
      which, usually functions numerically by clock pulses. The luminous
      impressions reflected ought to be cut-up, that is to say that one
      scrutinizes these characters analysed from microfilm. In relation to the
      size and to the dimensions of the lines making up the characters, it has
      been estimated that one should make a minimum of 21 scrutinies per
      character, that is in intervals of time T of 185 nanoseconds for the
      100.000 characters per second which it is proposed to read. It is
      necessary for that that the photo-receiver, when it passes from darkness
      to light arrives at 9/10 of its throughput in 100 nanoseconds at the most,
      and that it goes down to 1/10 of its throughput in 100 nanoseconds at the
      most when it passes from light to darkness. Such photo-receivers exist in
      the form of photo-diodes UDT in bands of 100 elements. One must add to
      these photo-diodes operational amplifiers represented in 155 and 156 on
      FIG. 35, these devices being mounted on a support 157.
PAR  Another solution consists of employing around 100 photo-multipliers. The
      advantage of these is a greater sensitivity which situates itself along
      the shorter waves, maximally toward the green instead of toward the close
      infra-red, which gives finer images. Their price would be compensated by
      the economy of the amplifiers. In this case, the dimensions of these
      elements oblige one to use a fiber-optics device such as is shown on FIG.
      42
PAR  It is understood that the invention is not limited to the embodiment
      described. The recognition or identification system described may also be
      used to produce an automatic reader whenever the text carried by the
      document and the scanning device meet the specified requirements.
PAR  The system is specifically designed to achieve a very high speed and
      security in use. Generally speaking, the reading speed will be limited
      only by that of the scanning device. The system described is particularly
      advantageous where the texts are made up from very small characters, such
      being the case with 16 mm microfilm. In this case scanning can be
      undertaken in the desired conditions at a speed comparable to that which
      the system described can achieve. It is possible, with, for example, a
      microfilm produced from a magnetic tape by means of commercially available
      apparatus, to scan at a speed of approximately 100,000 characters per
      second using the apparatus which form the subject of the French Patent
      Application 71.08646 hereinabove referred to.
PAR  While preserving the possibility offered by microfilm of storing
      information in a very small space and of allowing it to be read by means
      of an enlarger, a system of this type enables the information to be fed
      back rapidly to a computer. This feeding operation may be either direction
      or via a magnetic tape, the magnetic tape being then identical to the tape
      from which the microfilm was produced. A system of this type would enable
      the contents of an average volume of 300 pages to be read in approximately
      10 seconds.
CLMS
STM  I claim:
NUM  1.
PAR  1. A system for scanning and identifying characters in a document carrying
      a text made up of equidistant parallel lines of equal length placed one
      below another, some lines possibly being blank, the said system including
      means for scanning the text in successive transverse sweeps during each of
      which a transverse band covering a small number of lines of writing is
      scanned, the document being movable relative to the fixed position of the
      band so that, between one transverse sweep and the next, each line of
      writing comes into substantially the same position as the line before,
      each band being itself scanned at a frequency T in J equidistant columns,
      each of said columns being divided into a number N of small areas which
      form a line, the said scanning means supplying N electrical signals formed
      by a 0 or a 1 which correspond respectively to the whites and blacks or
      vice versa in the text, the system being characterised by the combination
      of means for extracting from each of the successive bands the signals
      corresponding to one line of writing in such a way that each line is
      extracted once and once only, means for extracting from each of the
      columns J in the band an interval containing a fixed number N' of bits
      which forms a part-column G such that each column G extends over the whole
      height of the selected line of writing, a progressive store comprising N'
      shift registers in which each bit moves up one position after each time T,
      means for feeding the part column G into said store, means to discover,
      for each of the characters encountered, which is the first and last of the
      columns G associated with this character before the said columns are fed
      into the progressive store, means for extracting for each character in the
      selected line of writing, a small number of columns from the columns G
      which cover the character, this number being calculated as a function of
      their total number and being intended for the identification of the
      character; a first group of registers and means to transfer the respective
      columns G.sub.1, G.sub.2 to them in parallel from said progressive store,
      a second group of registers and means to transfer the contents of said
      first group of registers to said second group of registers in parallel so
      as to free the latter which then receive the columns selected for the next
      character, which are selected in their turn from said progressive store,
      said registers in said second group being so arranged that means allow the
      length A.sub.j.sup.i of the part intervals I.sup.i 1, I.sup.i 2 . . .
      making up each of the columns G.sup.i, which are expressed as number of
      bits and which are formed from consecutive whites or consecutive blacks,
      to be extracted from them, so as to correct for possible spots or missing
      areas, means for comparing these lengths with predetermined fixed numbers
      C.sup.i .sub.j1 C.sup.i.sub.j2 . . . , the said comparison means being
      arranged to allow one or more inequality tests which compare the lengths
      A.sub.j.sup.i with these fixed numbers C.sup.i.sub.jm to be associated
      with each of the characters   in the alphabet employed, so that, if the
      inequality conditions of one of these tests are satisfied in the case of
      an unknown character the latter is thus identified with  , the said means
      enabling a length  .sub.j.sup.i to be compared with C.sub.j,1.sup.i,
      C.sub.j,2.sup.i. . . , each time such a length is ascertained, in a time
      which is sufficiently short for the said means to be again usable when
      length A.sub.j.sub.+1.sup.i appears no matter how short this length may
      be, it also being possible for the comparisons for columns G.sup.1,
      G.sup.2 . . . to be carried out simultaneously, an identifying member
      incorporating an input device made up of locations corresponding to the
      indices i, j, k of the constant C.sub.j,k.sup.i, which each receive the
      result of a comparison in the form of an 0 or 1 bit as soon as the
      comparison has taken place, said identifying member further incorporating
      one or more output registers each of which is made up of locations
      corresponding to the different characters in the alphabet in question and
      means which use the inequality tests which have been associated with each
      character so that the character which is identified is indicated by a 0
      (or a 1) at the location which corresponds to it and by a 1 (or a 0) at
      all the other locations in each of the output registers, this character
      being considered a valid one where the identifying member has only one
      output register, or, where the identifying member has a plurality of
      output registers, the inequalities employed for each of the characters
      calling into play pairs of indices which are generally different from one
      register to another, identification being considered valid if all the
      output registers of said identifying member indicate the same character or
      if this character predominates and means for supplying the characters so
      identified in the form of coded signals.
NUM  2.
PAR  2. A system according to claim 1, wherein code means are provided which are
      suitable, when two different characters and not one satisfy the inequality
      conditions formed, to indicate this occurrence by emitting a special code
      which signifies character not recognised.
NUM  3.
PAR  3. A system according to claim 1, wherein, in order to determine which part
      columns G cover a character, a column which contains only one black bit or
      only a small number of black bits is ignored.
NUM  4.
PAR  4. A system according to claim 3, wherein generating means are provided for
      generating a special code at their output when successive columns G occur
      which are recognised to contain sufficient blacks as set forth in claim 3,
      which contain too many to represent a character.
NUM  5.
PAR  5. A system according to claim 1, wherein said line-framing members are
      arranged to carry out two simultaneous operations in the course of one of
      the transverse sweeps of the text, in general, namely, on the one hand,
      the identification of the characters in one of the lines of writing L
      wholly contained within the band and, on the other hand, the use of the
      signals originating from the next line of writing L.sup.+, all or part of
      which appears in the said band, in order to determine which are the parts
      G of the columns in the next transverse sweep which should be used for
      framing and reading line L.sup.+, the position of the lowest bit in G less
      one unit being the framing constant.
NUM  6.
PAR  6. A system according to claim 5, wherein the line framing member is
      arranged to allow the framing constant intended for use during the next
      transverse sweep to be determined a plurality of times during a transverse
      sweep so as to reduce the errors which would result from the lines of
      writing on the one hand not being perfectly straight and on the other hand
      forming a slight angle with the direction in which the document is scanned
      trasnversely, the transverse sweep across the latter being split up into
      zones Z.sup.1, Z.sup.2 . . . each of which has a framing determined for
      it, reliance thus being placed on the fact that, for any zone in the same
      position the framing will vary only slightly from one transverse sweep to
      the next.
NUM  7.
PAR  7. A system according to claim 6, wherein the line-framing member is
      arranged to allow a work M.sup.i termed the profile of a zone to be
      obtained during a transverse sweep for each of the zones Z.sup.i, the word
      being obtained as follows: the bit in it in position n represents a black
      (or a white) if and only if one of the bits in the same position starting
      from the bottom in the columns J in the zone represents a black, the
      columns J possibly being restricted at the top for this operation, and the
      profile so obtained being used to determine which is the framing constant
      to be used for zone Z.sup.i during the next transverse sweep.
NUM  8.
PAR  8. A system according to claim 6, wherein the line-framing member is
      arranged to allow at least one isolated white between two blacks, or at
      least one isolated black between two whites in the word M.sup.i to be
      ignored when obtaining the framing for zone Z.sup.i from word M.sup.i.
NUM  9.
PAR  9. A system according to claim 5. wherein the line-framing member is so
      arranged that, when reading is expected during a transverse sweep,
      determining the framing for the next transverse sweep may bring into play
      one of the framing constants obtained during the preceding transverse
      sweep.
NUM  10.
PAR  10. A system according to claim 6, wherein the line-framing member is so
      arranged that, when a zone Z.sup.i has not caused a framing to be obtained
      in the course of a transverse sweep during which line L is identified due
      to the fact that no character of normal height has appeared in the next
      line L.sup.+ during the transverse sweep, the device allots to Z.sup.i the
      indicator obtained for a contiguous zone, which is carried out because
      zone Z.sup.i may contain parts of characters or low characters such as
      full stops or commas in line L.sup.+.
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ABST
PAL  The system includes a multi-track tape player with a set of head phones
      which are connected to the audio output of the player and are located in a
      history-taking booth for use by a patient. A two-track tape is mounted in
      the tape player and includes a first track having a plurality of questions
      recorded thereon in a predetermined sequence and a second track having a
      plurality of code signals recorded thereon, each code signal identifying a
      particular question recorded on the first track. A patient viewing and
      response device is located in the booth and includes a keyboard response
      panel and scale models of the human body adapted to depict typical pain or
      discomfort patterns. The patient response device is selectively operable
      by a patient for giving one of several predetermined answers to each
      question audibly presented to the patient. The device and the player are
      connected to a computer which controls the audio presentation of the
      successive questions relative to the answers given to previous questions.
      A printer is connected to the computer for providing a printed read-out of
      the questions and answers. The system is activated by the patient or an
      operator.
PARN
PAC  CROSS REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation-in-part of our copending U.S.
      application Ser. No. 199,711, filed Nov. 17, 1971, now abandoned and
      assigned to the same assignee of the present application.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to automated medical history taking systems
      and particularly to an audio health history acquisition system wherein
      questions are presented audibly to a patient.
PAR  Heretofore it has been proposed that a medical or health history be taken
      from patients automatically by devices which include means for
      automatically processing the answers given by a patient in response to
      questions presented to him. Such systems would typically include a
      computer and be in the nature of a data processing system. Typically such
      history taking devices are utilized in multiphasic health testing systems.
      One such device presently in use provides for a visual display of the
      question being asked on a cathode-ray tube with the patient answering the
      question by depressing one of four buttons adjacent four written answers.
      These answers are YES, NO, I DON'T KNOW, or REPEAT.
PAR  In some instances questions are displayed on a screen through the medium of
      a carrousel slide projector containing a plurality of slides each slide
      having a specific question or questions thereon. In other instances, the
      visual display on a cathode-ray tube is generated directly from and by a
      computer.
PAR  Most of the presently known history-taking devices have a "chain branching
      capacity" which is activated by the answer given by the patient to a
      specific question. In this respect if a patient answers a question "YES",
      he may then be required to answer a plurality of other questions which are
      not in the direct chain of questions but rather in a branch chain of
      questions. One illustration of such a device is disclosed in U.S. Pat. No.
      3,708,891 which utilizes teletype modulation signals on a pre-recorded
      magnetic tape representing statements corresponding to alternative
      responses of an individual to questions. In the device of U.S. Pat. No.
      3,708,891, the response of the individual is typed together with the
      question immediately after the response is given. In addition, most
      history-taking devices also have the capability of skipping questions that
      may not be applicable to a particular patient, such as, for example,
      sex-oriented questions which relate solely to the male sex or the female
      sex. Thus, once the patient answers "YES" or "NO" to the question "Are you
      male?", or the question "Are you female?", the history taking device, in
      response to the answer given, will skip certain questions. Many
      history-taking devices also include the capability of repeating the visual
      display of the question. Two examples of medical history-taking systems or
      devices of the type just described can be found in U.S. Pat. Nos.
      3,566,365 and 3,566,370.
PAR  In many instances, the presently known automated history taking devices
      have not been effective in obtaining the desired information from a
      patient. In this respect, it has become apparent that a major drawback or
      shortcoming encountered with presently available automated history taking
      devices resides in the fact that many patients are unable to read and/or
      unable to comprehend the question which is presented to them in a visual
      manner. Thus, it is the principal object of the present invention to
      provide another means, specifically an audio means, for audibly presenting
      questions to a patient.
PAR  Although the audio presentation of a question to a subject is known in the
      field of teaching machines -- see, for example, U.S. Pat. No. 3,484,950 --
      such audio presentation of questions has not been utilized in or suggested
      for use in automated medical history taking systems. By audibly presenting
      questions to a patient, the problem of poor reading ability and/or
      comprehension is overcome. This problem is oftentimes very acute since
      many people cannot understand the written language. The provision of an
      audible presentation of questions also permits the utilization of local
      dialects involved in a particular locale or of different languages whereby
      the questions used are presented in a dialect or language which can be
      easily understood and answered by the patient. The need for such a means
      for audibly presenting questions in an automated medical history
      acquisition system can be readily appreciated by the fact that those
      persons who are in most need of medical help are those who are poor,
      uneducated or members of minority groups who converse in a local dialect
      or ethnic language.
PAR  Another object of the present invention is to permit in an automated
      medical history acquisition system, the development of a comprehesive
      questionnaire library on casette type tapes with actual segmentation into
      various areas.
PAR  Another object of the present invention is to provide an automated audio
      health history acquisition system which is adapted to provide a complete
      health history printed read-out of the questions presented to a particular
      patient and the answers provided by the patient. The printed read-out will
      also identify the patient who gave the answers. The printed read-out
      normally will be effected after the total series of questions and answers
      has been presented to and received from the patient so that a complete
      history of the patient's health will be reproduced on one printed record.
PAR  A further object of the invention is to provide a system including one or
      more reduced-scale models of the human body which are viewable by the
      patient while he is listening to the questions. Certain typical pain or
      discomfort patterns will be displayed on the models for identification by
      the patient as to whether he has experienced the same.
PAR  Still another object of the present invention is to provide an audio health
      history acquisition system which will permit the generation of a
      particular history by the user of a system to suit his own requirements.
      For example, the system may be used in the admitting room of an emergency
      ward of a hospital for obtaining a short quick medical history from an
      incoming patient. On the other hand, the system can be used in a doctor's
      office for obtaining a much longer medical history from patients of the
      doctor. In this use of the system of the invention, the questions can be
      recroded on a magnetic tape in the doctor's voice so that the questions
      will be presented to a patient in a familiar voice. By hearing the
      questions in a familiar voice, the patient will be at ease and more
      inclined to answer the questions fully and correctly.
PAR  A still further object of the invention is to provide a telephone dial
      overlay member transforming the telephone dial to a patient response
      keyboard to enable the taking of a patient's health history from any
      remote area in which telephone facilities are available.
PAR  Other objects and advantages of the invention will appear to those skilled
      in the art from the ensuing disclosure and drawings.
PAC  SUMMARY OF THE INVENTION
PAR  According to the invention, there is provided an automated audio health
      history acquisition system including a mechanism for storing questions in
      a predetermined sequence, a mechanism for storing a code signal
      identifying each question, a mechanism for audibly presenting each
      question in the predetermined sequence and for simultaneously transmitting
      the code signals, and a mechanism permitting the patient to selectively
      answer each question by one of a series of predetermined answers. A
      control mechanism is connected to the mechanism for audibly presenting the
      questions and to the mechanism for answering the questions, and is adapted
      to control the presentation of each question relative to the answer
      received by the control mechanism for the previous question. The control
      means includes a storage device for receiving and storing the transmitted
      code signals identifying each question, and the answer to each question.
      Preferably the system includes a read-out device for providing a read-out
      of the questions and answers. The read-out will also identify the patient
      who gave the answers. Also, preferably, the system includes a device for
      activating the control mechanism and for identifying the patient to the
      control mechanism.
PAR  The invention also provides scaled size models of the human body viewable
      by the patient and adapted to display typical pain or discomfort patterns
      on the surface of the models for identification by the patient as to
      whether he has experienced the displayed pain or discomfort patterns. The
      control mechanism directs which patterns will be displayed to the patient.
PAR  There also is provided a telephone dial overlay member for use with a
      standard telephone set to convert the dial thereof to a patient response
      keyboard. The overlay member is such that a health history may be taken
      from a patient at a location remote from the control mechanism of the
      system.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a schematic block diagram of the automated audio health history
      acquisition system of the invention;
PAR  FIG. 2 is a fragmentary perspective view of a booth having the keyboard and
      scaled size human figure models of the invention;
PAR  FIG. 3 is an enlarged front view of one of the models of FIG. 2
      illustrating a typical pain or discomfort pattern illuminated thereon;
PAR  FIG. 4 is a side view of the model of FIG. 3 illustrating connection
      thereof to the computer of the invention;
PAR  FIG. 5 is a fragmentary perspective view of the model of FIGS. 3 and 4; and
PAR  FIG. 6 is an exploded perspective view of a telephone casing with the dial
      overlay member of the invention shown for positioning thereon.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In FIG. 1, the system of the invention is generally indicated at 10 and
      includes an audio history booth schematically shown with broken lines at
      12. The booth 12 also is illustrated in FIG. 2. As will be explained in
      detail hereinafter, the audio history booth 12 is connected to a computer
      14 which in turn is connected to a printer 16. Depending upon the
      capability of the computer, one or more audio history booths 12 can be
      connected to the computer 14, although in the illustrated embodiment only
      one such booth 12 is shown connected to the computer 14.
PAR  In the booth is a multi-track tape player 18 which has a pair of earphones
      20 connected to the audio output thereof. Although not shown, it will be
      understood that the multi-track tape player 18 is adapted to store therein
      a reel of magnetic tape having two channels or tracks thereon shown
      schematically at 18a and 18b. One channel -- the first channel 18a -- will
      have audio questions recorded thereon and the second channel 18b will have
      question identification code signals recorded thereon. In this respect
      when a question is recorded on the first channel 18a of the tape, an
      identifying code signal is simultaneously recorded on the second channel
      18b of the tape.
PAR  The booth 12 also includes a patient response device 22 having a keyboard
      and indicator, and a patient identification and coding device 24.
PAR  The device 24 can take one of several forms. For example, it can be of the
      type which receives and senses an identifying object or card carried by
      the patient. Preferably, however, the device 24 includes a thumb wheel
      operated programmable digit switch for establishing a binary coded patient
      identification number, and a switch or button 25 for operating a suitable
      mechanism for transmitting a signal containing the binary coded number via
      a line 26 to an input line 28 to the computer 14. The digit switch is set
      by the patient or an operator.
PAR  The code information thus sent to the computer 14 will perform two
      functions. First of all, it will activate the computer to operate the tape
      player 18 to audibly present questions to the patient via the headphones
      20 which the patient has placed on his head. Secondly, the code signal
      will identify to the computer the patient who is answering the questions.
      This code signal identifying the patient is stored in the computer and
      will be transmitted to the printer 16 when the computer is operated to
      provide a printed read-out of the questions and answers.
PAR  After a patient hears a question, he will press one of three buttons 31-33
      on the keyboard of the patient response device 22. Each button 31-33 is
      disposed adjacent a printed answer, YES, NO or I DON'T KNOW and is
      connected to a signal generating mechanism shown schematically at 34 for
      generating a signal identifying the answer given which signal is sent to
      the computer 14 via line 28. Preferably, and as indicated by phantom lines
      at 36, an annunciator light is disposed under a translucent panel having
      the predetermined answer YES, NO or I DON'T KNOW written thereon so that
      when and as a patient depresses a particular answer button 31, 32 or 33,
      the specific answer he has given will be illuminated. Other answers are
      available to the patient as illustrated in FIG. 2 on the keyboard 22.
PAR  It will be understood that the computer 14 controls the operation of the
      player 18 by means of control signals which are generated in the computer
      and sent via a control line 38 to the player 18. The control signal will
      activate the player 18 to present one question at a time to the patient.
      In this respect the patient will not hear a succeeding question until he
      has given an answer to the question presented to him. If the patient
      doesn't answer the question, the computer could be programmed to send
      another signal to repeat that question. Alternatively, a repeat button can
      be provided on the keyboard 22 to permit the patient to cause the tape
      player to repeat the question. Such a repeat button 23 is shown in FIG. 2.
      A control line from the device 22 to the player 18 for this purpose is
      indicated at 40.
PAR  At the same time that a specific question is being presented to a patient,
      a code signal identifying that question is sensed on the second track of
      the tape and sent from the player 18 via an input line 42 and the input
      line 28 to the computer 14. This question identifying code signal is then
      stored in the computer and is correlated with the answer given by the
      patient which is transmitted from the device 22 via the input line 28 to
      the computer. It would be understood that for this purpose the computer
      includes a plurality of register circuits for storing the code signals
      identifying each question and the corresponding answer to each question by
      the patient as well as the code information identifying the patient.
PAR  In addition to the health history questions which orally are presented to
      the patient in the booth 12, the invention contemplates use of human
      figure models for display to the patient of typical pain or discomfort
      patterns. The patient sitting in booth 12 (FIG. 2) faces wall 50 on which
      are positioned several human body three-dimensional models or figures of
      reduced-scale size. There are rear and front head models 52, 54, a front
      female body model 56, a front male body model 58 and a rear body model 60.
      Each of the models 52-60 is formed from a three-dimensional figure which
      has been sliced transversely to provide a flat surface which is mounted on
      wall 50. The models 52-60 are constructed of plastic or other suitable
      material and may be of clear or, preferably, opaque surface coloring.
PAR  Looking at FIGS. 3-5, one of the full-body models 60 is shown for purposes
      of illustrating the manner in which pain patterns are displayed to the
      patient. The description which follows applies equally to the other models
      52-58. The model 60 is provided on the wall-facing surface 62 thereof with
      a grid pattern or matrix 64 or electrical circuitry having junction points
      66 spread throughout the model profile. Where the outer surface 68 of the
      model 60 is opaque the grid patterns 64 would not be visible to the
      patient facing same. Originating from predetermined selected junction
      points 66 are a series of energy transmission conduits or lines 70 which
      extend to the inside of surface 68 and terminate at light emitting
      elements 72. In the embodiment shown, transmission lines 70 are electrical
      wires and light emitting elements 72 are bulbs. Alternatively, the lines
      70 could be fiber-optic bundles terminating at points 72 to emit light
      from bulbs or LEDs positioned at the junction points 66; other types of
      light-transmission devices could be used to achieve the purpose of display
      of light patterns on the surface of model 60. It is to be noted that the
      light sources 72 extend to and are positioned near the surface 68 of the
      model to avoid parallax error which might result as the patient viewed the
      model while shifting his location; such parallax error would result if the
      light sources were positioned directly on matrix 64 spaced from surface
      68.
PAR  The display of light patterns on the surface of model 60 is operable by the
      computer 14 which is programmed to cause selected bulbs 72 to illuminate
      in accordance with pre-determined questions presented to a patient and his
      response. As an illustration, a first question would be: "Are you a male?"
      Depression if "yes" button 31 by the patient would signal computer 14 to
      feed light excitation energy to model 60 of the male figure on selected
      ensuing questions. One such ensuing question would then be: "Have you
      experienced pain in the chest as shown on the model.?" While the question
      is being presented through earphones 20, the computer would cause bulbs 72
      to be illuminated in the area 74 to indicate the chest area at which the
      question is directed. A "yes" response to this question would direct the
      computer, through its program, to cause the next question, "Has the pain
      extended into your neck?" to be presented; simultaneously the computer
      would maintain illumination of area 74 and cause bulbs 72 in the area 76
      to beome illuninated. If the patient responds "yes" to this question, the
      bulbs along area 78 would be programmed to light up and the question "Has
      the pain extended into the left arm as shown?" would be asked.
PAR  It will be understood from the above description that a wide variety of
      questions may be asked with corresponding light activation illustrations
      to the patient. The models 52-60 serve visually to depict pain or
      discomfort patterns so as to elicit a response from the patient through
      the keyboard response panel 22. The illumination areas may be discrete
      with high resolution or may be grossly lighted; they may be dynamic so as
      to simulate shooting pains or static as desired. The computer 14 is
      capable of causing any of many light patterns to be depicted and changes
      may be made by designing appropriate computer software using the structure
      described. Because of the computer control, "body branching" illumination
      is possible as described with the three questions mentioned above; if any
      question is answered "no", the computer would cause all lights to go out
      so that a next series of questions could be presented.
PAR  After a patient has finished answering all the questions, the computer will
      terminate operation of the tape player and will, in some way, indicate to
      the patient that the questioning is over. For example, the computer can
      cause lighting in the booth to dim or go off completely. Alternatively,
      the first channel of the tape can have a message recorded at the end of a
      series of questions advising the patient that the questioning is finished.
PAR  Depending upon the capability of the computer, the printed read-out of the
      questions and of the answers to those questions by a particular patient
      can be obtained immediately or at a later period of time. If it is not
      obtained immediately, the computer, of course, must have means for storing
      additional sets of answers to these questions obtained from subsequent
      patients who are interviewed in the audio history booth 12.
PAR  Although the tape player 18 has been shown as being mounted in the booth
      12, it is to be understood that it can be mounted outside of the booth.
      Also, it is to be understood that advancement of the tape player to
      present a succeeding question on the first channel of the tape, can be
      controlled by the patient within the booth if desired. In this respect,
      control information for operating the player can be advanced from the
      device 22 via the line 40 by depression of a button (not shown) on the
      device 22. Also, if desired, the patient response keyboard and indicator
      divice can include other means beside annunciator lights 36 for indicating
      to the patient the answer he has given. For example, a short record such
      as the type utilized in talking toys can be utilized for providing an
      audible indication to the patient of the answer he has given. In this
      respect, each button 31, 32, 33 or the others shown on the keyboard of the
      device 22 can be connected to a mechanism for operating a transducer such
      that when the patient depresses one of the buttons, he will not only
      generate a signal indicating the answer he has given, which is transmitted
      via the input line 28 to the computer 14, but will also activate the
      transducer mechanism which will audibly feedback to the patient the answer
      he has given.
PAR  It will be apparent from the foregoing description that a patient taking
      the audio history and responding to the questions requires only two
      elements (except for the models 52-60) at his location, these being the
      sound transmission member or headphones 20 and the response keyboard 22
      with suitable buttons, levers or the like to indicate a response to a
      question. These two elements may be located remote from the other elements
      of the system to enable taking of a health history from a patient who is
      not able to travel to the situs of the booth 12. For this purpose a
      standard telephone handset may be adapted for taking health histories from
      remote locations.
PAR  In FIG. 6 such a standard Touch Tone telephone handset 80 is shown. A
      dial-face overlay member 82 is provided for positioning on the dial-face
      84 of the telephone. Overlay member 82 has openings 86 corresponding in
      number and orientation to permit buttons 88 to pass therethrough and
      extend thereabove. The overlay 82 includes legends or indicia for
      designating particular responses which may be given by a patient to a
      question asked. The legends on the overlay 82 correspond to those of the
      keyboard 22 in booth 12. In order to give his health history, the patient
      would call the location of the health history booth 12 and an operator at
      that location would position the called telephone reciever in a sound data
      conversion device connected to computer 14. Such sound data conversion
      devices are well-known. The operator would then activate the computer to
      start tape player 18 which would present questions to the patient over his
      telephone receiver. Responses to the questions would be effected by
      depressing appropriate buttons 88 according to the legends on overlay 82.
      The tone emitted by the patient's telephone would be received by the
      computer and cause the same to operate in the same manner as depressing a
      button on keyboard 22 would do. All other operational aspects of the
      system of the invention would remain unchanged.
PAR  In instances where a dial-type telephone only is available to the patient,
      he could be provided with an auxiliary Touch Tone key pad and tone
      assembly (not shown) which may be coupled to the telephone mouthpiece to
      accomplish the response communication to the health history booth 12.
PAR  Although a preferred embodiment of the system of the invention has been
      described in the foregoing description with reference to the attached
      drawings, it is to be understood that obvious modifications and variations
      can be made to the system 10 of the invention without departing from the
      spirit or scope of the invention. For example, a visual display device can
      be mounted in the audio history booth as indicated by phantom lines at 46.
      The visual display device 46 can then be adapted to be operated by the
      computer 14 for presenting a visual display of a question simultaneously
      with the audible presentation of the question by the player 18. Such
      simultaneous audible and visual presentation of questions to a patient
      will further enhance the ability of the patient to understand and
      comprehend the question and thereby better enable the patient to properly
      answer the question.
PAR  It will be noted that by using a computer such as a minicomputer which can,
      if desired, be stored in the booth for controlling the operation of the
      multi-track player, any changes in the format of the questions presented
      will only require a change in the program of the computer and the question
      on the tape. In other words, the only change would be in the generation of
      software in terms of questions to be asked, the order of the questions,
      and the storage of the order (a question) in the computer. The basic
      hardware involved in the system would not need to be changed.
PAR  Also, it is to be understood that the tape player can be a tape player and
      recorder which can be of a closed loop type or of the reversible casette
      type. The electronic circuitry of the tape player is such that the tape
      can be played in the forward or reverse mode. In this respect, the
      movement of the tape to go forward to the next question or to go in the
      reverse direction for the repeating of a question can be controlled by the
      computer or by the patient.
PAR  By utilizing a tape player and a tape for storing the questions, the number
      of questions can be adjusted as desired. In this respect, for certain
      applications, it is desirable to have short medical histories taken
      whereas in other applications it is desirable that a comprehensive medical
      history be taken. Also, the span of time over which the questions are
      asked can be adjusted to the average attention span of the patients being
      interviewed.
PAR  Additionally, although the invention has been described as utilizing two
      tracks on a tape, it is to be understood that the questions and
      identifying code signals can be both recorded on one track of the tape.
PAR  The various elements of the system 10 are disclosed with reference to their
      generic names and are available commercially from numerous sources. For
      purposes of illustration only, the following comprises a list of such
      elements and the source thereof which has been determined to be acceptable
      for incorporation into the system of the invention:
PAR  Computer 14 may be a "digital PDP-8/e" computer sold by Digital Equipment
      Corporation, Maynard, Massachusetts.
PAR  Printer 16 may be a Model 33ASR on 33 KSR teletype device sold by RCA
      Service Company, Camden, New Jersey.
PAR  Tape player 18 may be a "digital cassette tape device" Model No. DGM 10-31
      sold by Braemar Computer Devices, Inc., Minneapolis, Minnesota.
PAR  Coding device 24 may be a Model L 10-02A2 leverwheel switch (U.S. Pat. No.
      3,499,127) sold by Cherry Electrical Products, Waukegan, Illinois.
PAR  Button switchs 31-33 may be type 518 base and type 411 cap switches sold by
      MARCO-OAK, Anaheim, California.
PAR  Electrical circuits in signal generating mechanism 34 may be Master-Slave
      Binaries SP 322B circuits and Data Selector Ser. No. 74150 N sold by
      Signetics, Sunnyvale, California.
PAR  From the foregoing description it will be apparent that the automated audio
      health history acquisition system of the invention has a number of
      advantages some of which have been set forth above, and others of which
      are inherent in the invention. Accordingly, the scope of the invention is
      only to be limited as necessitated by the accompanying claims.
CLMS
STM  What is desired to be secured by Letters Patent of the United States is:
NUM  1.
PAR  1. An automated audio health history acquisition system for audibly
      presenting health history questions to a patient and recording responsive
      answers thereto, said system comprising:
PA1  A. a computer having a plurality of register circuits for storing code
      signals and transmitting code signal operation instructions,
PA1  B. a patient identification coding device for initally establishing and
      generating a patient identification code signal and transmitting the same
      to the computer for storage therein, the patient identification coding
      device including an actuating device for activating the computer,
PA1  C. a multi-channel recorder with audio output operable by signals generated
      by said computer after the patient identification code signal has been
      initiated, said recorder including
PA2  i. a first memory channel having said questions recorded thereon in a
      predetermined sequence to be audibly presented one question at a time to
      the patient,
PA2  ii. a simultaneously operable second memory channel having code signals
      recorded thereon to identify each question recorded on said first channel
      and transmit to the computer said question code signals,
PA1  D. at least one human figure model for visual display to the patient, the
      model having a front three-dimensional surface and a rear planar surface,
      the rear surface being formed with a matrix of electrical circuitry having
      junction points spread throughout the surface thereof, a plurality of
      energy transmitting conduits originating from selected ones of the
      junction points and terminating with light emitting elements at selected
      points proximate the front surface of the model, the matrix being
      controllably connected with the computer,
PA1  E. a patient response device for receiving the audio output of the first
      channel and including
PA2  i. a keyboard operable by the patient in response to the questions to
      selectively indicate answers to said questions by one of a series of
      predetermined answers,
PA2  ii. an answer code signal generator for generating code signals according
      to the patient indicated answer and transmitting the same to the computer
      for correlated storage with the respective question code signals, and
PA1  F. a read-out printer responsive to signals generated by the computer to
      produce a printed record of the signals stored in the computer,
PAL  whereby activation of the actuating device will cause the computer to start
      the recorder and audibly present questions seriatum to the patient and
      cause the light emitting elements to illuminate to display a desired
      simulated pain or discomfort pattern on the front surface of the model,
      the answer code signals to the audibly presented questions being stored in
      the computer together with the respective question code signals and
      patient identification code signal and thereafter the computer will cause
      the printer to produce a printed coordinated read-out of the accumulated
      information.
NUM  2.
PAR  2. The system as claimed in claim 1 in which said keyboard has mechanical
      means operable by the patient for giving a YES answer, a NO answer of an I
      DON'T KNOW answer to each question.
NUM  3.
PAR  3. The system as claimed in claim 2 in which said mechanical means includes
      means for indicating to the patient the answer he has given.
NUM  4.
PAR  4. The system as claimed in claim 3 in which said means for indicating the
      answer given includes an annunciator light associated with each mechanical
      means for giving a particular answer.
NUM  5.
PAR  5. The system as claimed in claim 1 including means for presenting a visual
      display of each question simultaneously with the audio presentation of
      each question, said visual display means being connected to and operated
      by said computer.
NUM  6.
PAR  6. The system as claimed in claim 1 in which the energy transmitting
      conduits are electrical wires and the light emitting elements are bulbs.
NUM  7.
PAR  7. The system as claimed in claim 1 in which the light emitting elements
      are light emitting diodes and the energy transmitting conduits are
      fiber-optic bundles.
NUM  8.
PAR  8. The system as claimed in claim 1 in which at least the patient response
      device and the human figure model are positioned in a booth, the model
      being located on a wall of the booth with the front surface outstanding
      therefrom and the response device located immediately below the model.
NUM  9.
PAR  9. The system as claimed in claim 1 in which a selected first group of
      light emitting elements are operable to be illuminated on presentation of
      a first question and remain illuminated during the patient response
      followed by illumination of a selected second group of light emitting
      elements associated on the front surface of the model with the first group
      to similate a dynamic pain or discomfort pattern.
NUM  10.
PAR  10. The system as claimed in claim 1 in which the human figure models
      include a front male figure, a front female figure, a rear figure, a front
      heat figure and a rear head figure.
NUM  11.
PAR  11. The system as claimed in claim 1 in which the keyboard comprises a
      telephone handset, a dial-free overlay member positioned on the dial-face
      of the telephone, the overlay member having indicia thereon designating
      particular responses which may be given by the patient to the questions by
      operating the call control member of a telephone.
NUM  12.
PAR  12. The system as claimed in claim 11 in which the telephone in a
      Touch-Tone telephone with buttons on the dial-face thereof and the overlay
      member has openings corresponding in number and orientation with the
      buttons to permit the buttons to pass through the overlay member and
      extend thereabove.
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ABST
PAL  Correct data stored in an overlay memory register is furnished to a
      processor, instead of incorrect data stored in a fixed memory register
      addressed by the processor, by providing a mapping memory that is
      addressed simultaneously with the addressing of the overlay memory and the
      fixed memory. The mapping memory is connected with the overlay memory and
      the fixed memory such that the state of the addressed mapping memory
      register will enable either the fixed memory or the overlay memory to
      carry out a data transfer to the processor. The states of the mapping
      memory registers are preselected in accordance with knowledge of which of
      the fixed memory registers contains incorrect data. When the processor
      addresses a fixed memory register containing incorrect data, the state of
      the addressed mapping memory register will be such as to disable the fixed
      memory thereby precluding it from transferring incorrect data to the
      processor, and, simultaneously, to enable the overlay memory thereby
      allowing the addressed overlay memory register to transfer correct data to
      the processor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to data processing systems, and particularly to a
      memory system including means for data correction.
PAR  In the construction of a read-only memory (ROM), bits of data are put into
      locations of a matrix comprising the memory. There are many reasons for
      memory correction. One reason is that in the fabrication of memory
      matrices, faulty bits (matrix locations) may be produced. It may also be
      desired to modify the program embodied in the matrix without removing the
      entire fixed memory. In order to provide memory correction, an additional
      memory programmed with corrected data is provided. This memory must be
      positioned in memory space. In other words, the memory system must decide
      which of the original data is to be provided from the additional, or
      overlay, memory and not from the fixed memory. The memory positioning
      means comprises address decoding circuitry which responds to the address
      of data and determines whether the data is to be provided from the fixed
      memory or the overlay memory. In the past, it was necessary to leave
      positioning means for an overlapping memory undedicated at the time of
      design of a memory constructed in a printed circuit board. At the time of
      installation, the address decoding must be designed and implemented to the
      particular configuration desired. This has involved complex circuitry. In
      one prior apparatus, a search of memory locations was required and
      comparison to a standard necessitated in order to determine what bits from
      the fixed memory were to be replaced by bits from the overlay memory. In
      simpler configurations, correction capability was extremely limited. In
      accordance with the present invention, however, the circuitry necessary to
      locate an overlapping memory in a fixed memory on a printed circuit board
      is simplified. Therefore, a printed circuit board can be designed without
      regard to the position in the memory space of the overlapping memory.
      Positioning means (in the present invention a mapping memory) may be added
      at the time of assembly or in the field. Versatility of the memory
      constructed in accordance with the present invention is improved,
      maintenance and installation costs are reduced, and circuitry is
      simplified.
PAC  SUMMARY OF THE INVENTION
PAR  It is therefore a general object of the present invention to provide an
      improved method of and means for causing a processor to be supplied with
      correct data when the processor addresses a fixed memory register
      containing incorrect data.
PAR  It is a more specific object of the present invention to provide a fixed
      memory corrected by an overlay memory, which overlay memory is positioned
      in memory space by a mapping memory.
PAR  It is another object of the present invention to provide a fixed memory and
      an overlapping memory capable of fabrication on a printed circuit board in
      a configuration such that memory positioning means may be added to the
      memory system
PAR  In accordance with the present invention, an overlay memory and a mapping
      memory are provided in conjunction with a fixed memory associated with a
      processor; and all three memories are addressed simultaneously by the
      processor. The mapping memory is connected to the other two memories such
      that the state of the addressed mapping memory register will enable one or
      the other, but not both, of said other two memories to carry out a data
      transfer to the processor. The states of the mapping memory registers are
      preselected in accordance with knowledge of which of the fixed memory
      registers contain incorrect data. When the processor addresses a fixed
      memory register containing incorrect data, the state of the addressed
      mapping memory register will be such as to disable the fixed memory
      thereby precluding it from transferring incorrect data to the processor,
      and, simultaneously, to enable the overlay memory thereby allowing the
      addressed overlay memory register to transfer correct data to the
      processor. In the event no correction of the addressed fixed memory
      register is desired, the addressed mapping memory register will have a
      state that simultaneously enables the fixed memory allowing it to transfer
      data to the processor, and disables the overlay memory.
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PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The means by which the foregoing objects and features of novelty are
      provided are pointed out with particularity in the claims forming the
      concluding portion of the specification. The invention, both as to its
      organization and manner of operation, may be further understood with
      reference to the following description taken in connection with the
      following drawings.
PAR  FIG. 1 is a block diagrammatic representation of a memory system
      constructed in accordance with the present invention.
PAR  FIG. 2 is a typical schedule of control exerted on the various sections of
      the overlay memory by each register of the mapping memory.
PAR  FIG. 3 is a typical schedule of states for a mapping memory having eight
      registers, each of which has four cells to control the fixed memory and a
      three-section overlay memory.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, which is a block diagrammatic representation of a
      preferred form of the present invention, there is illustrated a fixed
      memory 1 having a plurality of fixed memory registers some of which are
      known to contain incorrect data, an overlay memory 2 having a plurality of
      overlay memory registers which contain correct data, a mapping memory 3
      having a plurality of mapping memory registers for controlling the
      transfer of data to central processor unit 5 from the fixed memory and the
      overlay memory, and a central processor unit 5 having an address register
      A containing fourteen cells, designated A.sub.0 -A.sub.13 , connected so
      as to address fixed memory 1, overlay memory 2 and mapping memory 3.
      Fourteen address lines interconnect register A with fixed memory 1
      allowing any one of 16,384 fixed memory registers (arranged in a matrix of
      64 columns by 256 rows) to be selected by the address in register A. The
      register in the fixed memory so selected is termed the "addressed fixed
      memory register", and is the register from which data are furnished to the
      central processor unit via data lines 20 when control terminal 12 of the
      fixed memory is enabled. Data lines 20 are designated D.sub.0 -D.sub.i ,
      where i is one less than the total number of cells in each fixed memory
      register. When control terminal 12 is disabled, no data transfer can take
      place between the fixed memory and the processor. Note that the six lines
      (A.sub.8 -A.sub.13) associated with the six most significant bits of the
      address in register A specify the column of the fixed memory containing
      the addressed fixed memory register, while the eight lines (A.sub.0
      -A.sub.7) associated with the eight least significant bits of the address
      specify the row of the fixed memory containing the addressed fixed memory
      register.
PAR  The overlay memory 2 contains seven sections (designated 10a-10g) each
      having the same number of registers as is contained in a row of the matrix
      of registers in the fixed memory. Thus, there are 256 overlay memory
      registers in each section of overlay memory 2 which is interconnected with
      register A in unit 5 to effect the addressing of the seven sections in
      parallel. Eight address lines from cells A.sub.0 -A.sub.7 address the
      overlay memory allowing any one of the 256 registers in each of the seven
      sections to be addressed simultaneously. Each of the seven overlay memory
      registers simultaneously addressed by the address lines A.sub.0 -A.sub.7
      is termed an "addressed overlay memory register". Each section of the
      overlay memory is provided with a control terminal (e.g., the control
      terminal of section 10a is designated 14a) which, when enabled, will allow
      the addressed overlay memory register therein to furnish data to the
      processor. When a control terminal of a section is disabled, no data
      transfer from such section to the processor can take place. Only one of
      the control terminals 14a-14g is enabled at any one time in order to
      select which one of the seven addressed overlay memory registers is to
      furnish data via data lines 21 to unit 5, it being understood that each
      overlay memory register contains the same number of cells as a fixed
      memory register.
PAR  The mapping memory 3 contains one register for each column of the matrix of
      registers in the fixed memory. Thus, there are 64 registers in the mapping
      memory, each having eight cells and interconnected to register A in unit 5
      by six address lines originating from cells A.sub.8 -A.sub.13 allowing any
      one of the mapping memory registers to be selected by the address of
      register A. The mapping memory register selected by the address lines
      A.sub.8 -A.sub.13 is termed the "addressed mapping memory register".
      Control lines E.sub.1 -E.sub.8 interconnect the eight output cells of the
      mapping memory with the control terminals of the fixed memory and the
      overlay memory. Thus, control line E.sub.1 is connected from output cell 1
      of the mapping memory to control terminal 12 of fixed memory 1, and
      control lines E.sub.2 -E.sub.8 are respectively connected from output
      cells 2-8 of the mapping memory to control terminals 14a-14g of the seven
      sections of overlay memory 2. If output cell 1 of the addressed mapping
      memory register has a state enabling terminal 12, then each output cells
      2-8 of the addressed mapping memory register must be in a state that
      disables control terminals 14a-14g of the overlay memory thereby allowing
      for the data in the addressed fixed memory register to be transferred to
      unit 5 via lines 20 and simultaneously suppressing the transfer of data
      from each of the addressed overlay memory registers. On the other hand, if
      output cell 1 of the addressed mapping memory register has a state that
      disables terminal 12 of the fixed memory, then one and only one of the
      output cells 2-8 can be in an enabling state thereby enabling but one
      section of the overlay memory and allowing data in the addressed overlay
      memory register in the enabled section to be transferred to the processor
      via lines 21. In order to establish the states of each of the mapping
      memory registers, the mapping memory is provided with a program input
      device 22 whose operation permits the states of the mapping memory
      registers to be preselected in accordance with knowledge of the addresses
      of those fixed memory registers containing incorrect data, and according
      to which of the sections of the overlay memory is available to receive
      correct data.
PAR  The address of a fixed memory register containing incorrect data (referred
      to hereinafter as the "faulty fixed memory register") immediately
      specifies the one mapping memory register (termed the "specified mapping
      memory register") whose state will control selection of the source of data
      transferred to the processor when the faulty fixed memory register is
      addressed and also specifies the seven overlay memory registers (one in
      each of the seven overlay memory sections) available for receiving correct
      data. Once a decision is made on which one of the seven available overlay
      memory registers is to receive the correct data, the state of the
      specified mapping memory register is defined; and device 22 is utilized to
      establish such state. For example, if a faulty fixed memory register is
      located at column 64 at row 15 of the matrix of the fixed memory, then the
      specified mapping memory register is number 64, and the seven specified
      overlay memory registers in each of the seven sections of the overlay
      memory occupy position 15 in each section. If corrected data is inserted
      into register 15 of the first section (i.e., 10a) of the overlay memory,
      for example, the state of mapping memory register 64 is established by
      device 22 following this procedure:
PAR  Cell 1 is placed into a "disable" state so as to disable the fixed memory
      when the processor addresses the faulty fixed memory register;
PAR  Cell 2 is placed into an "enable" state so as to enable the first section
      of the overlay memory when the processor addresses the faulty fixed memory
      register; and
PAR  Cells 3-8 are each placed into a "disable" state so as to disable the
      second through seventh sections of the overlay memory when the processor
      addresses the faulty fixed memory register.
PAR  For the above-disclosed configuration of fixed memory, mapping memory and
      overlay memory, 1,792 different fixed memory registers can be corrected
      (this being the total number of registers in the overlay memory). When the
      desired number of faulty fixed memory registers has been corrected
      following the procedure outlined above, the operation of th device shown
      in FIG. 1, when the address in register A is the address of a faulty fixed
      memory register, is as follows:
PAR  The eight least significant bits of the address will address the overlay
      memory register containing the corrected data (as well as registers in six
      sections other than the one containing the correct data), and the six most
      significant bits of the address will address the mapping memory register
      whose state has been preselected to disable the fixed memory and enable
      only the section of the overlay memory containing the register with the
      correct data.
PAR  The size and configuration of the various memories, shown in the drawing
      and described above, are exemplary of the present invention. In general,
      an address in register A will have m most significant bits and n least
      significant bits establishing a fixed memory with 2.sup.m.sup.+n registers
      that can be addressed uniquely by register A. For example, if m = 6 and n
      = 8, the fixed memory can have 2.sup.14 or 16,384 registers. Furthermore,
      the mapping memory will have 2.sup.m registers. For example, if m = 6, the
      mapping memory will have 2.sup.6 or 64 registers. Finally, if each
      register in the mapping memory has P cells, then the number of sections in
      the overlay memory must be P - 1.
PAR  Referring now to FIG. 2, each row in the column headed "Block Location" is
      the number of a register in the mapping memory. For example, a system in
      which the mapping memory is addressed by m bits of the address in register
      A, the number of registers in the mapping memory will be 2.sup.m so that
      if the first register is designated "zero" the last one is designated
      "2.sup.m - 1".
PAR  The column headed "Fixed Mem. Enable" contains symbols that designate the
      function to be carried out by the respective registers in the mapping
      memory thereby providing a schedule that can be followed in setting the
      sets of the various memory registers. For example, the symbol 0.sub.1
      associated with the "zero" mapping memory register means that the state of
      this register is to be such as to disable the fixed memory and enable only
      the first section of the overlay memory. The entries found under the
      headings "Overlay 1" etc. are binary notations indicating whether a given
      section of the overlay memory is to be enabled or disabled in carrying out
      the function specified by the entry under the heading "Fixed Mem. Enable".
      The notation ZERO indicates a section is to be enabled while the notation
      ONE indicates that the section is to be disabled.
PAR  Referring now to FIG. 3, each entry in the column headed "Address" is a
      number specifying one of eight mapping memory registers, the state of each
      of the four cells of a given mapping memory register being indicated by
      the binary designation under the column headings "Bit 0 Data", etc. which
      specify the bit position of a cell in the register. "Bit 0" controls the
      fixed memory, while "Bit 1" controls the first section of the overlay
      memory, etc. The notation ZERO in the "Bit 0" column means the state of
      the cell containing this bit is such as to disable the fixed memory while
      the notation ONE in this column means the fixed memory is enabled. The
      notation ZERO in "Bit 1", "Bit 2" or "Bit 3" columns means the state of
      this cell containing this bit is such as to enable the specified section
      of the overlay memory, while the notation ONE means the section is
      disabled.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A memory system for use with a central processor unit having an address
      register comprising:
PA1  a. a fixed memory having a plurality of fixed memory registers addressable
      by the address register of the central processor unit, and a control input
      for enabling or disabling the fixed memory in accordance with the state of
      the control input;
PA1  b. an overlay memory having a plurality of sections of overlay memory
      registers, corresponding registers in each section being addressable
      simultaneously by a first portion of the address in the address register
      of the central processor unit;
PA1  c. each section of the overlay memory having a control input for enabling
      or disabling such section in accordance with the state of its control
      input; and
PA1  d. a mapping memory having a plurality of mapping memory registers
      addressed by a second portion of the address of the address register of
      the central processor unit;
PA1  e. a first cell of each register of the mapping memory having a
      predetermined content and being connected to the control input of the
      fixed memory for establishing the state of such control input; and
PA1  f. the remaining cells of each register having predetermined contents and
      being respectively connected to the control inputs of the sections of the
      overlay memory for establishing the state of each of such sections whereby
      the contents of the first cell of the addressed memory register determines
      whether the fixed memory is enabled or disabled, and the contents of the
      remaining cells of the addressed memory register disables all of the
      sections when the fixed memory is enabled, and enables one and only one of
      the sections when the fixed memory is disabled.
NUM  2.
PAR  2. A memory system according to claim 1 for use with a central processor
      having an address register having m most significant bits and n least
      significant bits wherein:
PA1  a. said fixed memory has 2.sup.m.sup.+n memory registers;
PA1  b. said overlay memory has (P-1) sections each having 2.sup.n registers
      addressable by the least significant bits of the addressed register of the
      central processor unit; and said mapping member has 2.sup.m registers each
      of which has P cells.
NUM  3.
PAR  3. A method for causing a processor to be supplied with correct data when
      the processor addresses a fixed memory register containing incorrect data
      comprising:
PA1  a. providing an overlay memory with at least one section having a plurality
      of registers;
PA1  b. providing a mapping memory having a plurality of registers each of which
      has a first cell associated with the fixed memory and at least a second
      cell associated with said one section of the overlay memory;
PA1  c. causing one mapping memory register and one overlay memory register in
      said one section to be addressed simultaneously with the addressing of one
      fixed memory register;
PA1  d. enabling or disabling the fixed memory depending upon the state of said
      first cell of the addressed mapping memory register;
PA1  e. enabling or disabling said one section of the overlay memory depending
      upon the state of said second cell of the addressed mapping memory
      registers;
PA1  f. inserting correct data in the overlay memory register that would be
      addressed were the processor to address the fixed memory register
      containing incorrect data; and
PA1  g. preselecting the states of the cells of the mapping memory register that
      would be added were the processor to address the fixed memory register
      containing incorrect data such that its first cell is in a disabling
      state, and its second cell is in an enabling state.
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ABST
PAL  Increasing the through-put rate of data processing in an electronic printer
      by accepting incoming data at a rate which varies inversely with the
      variable print density of the incoming data being received. The processing
      of non-printable or non-graphic characters, such as SPACE, associated with
      the performance of control functions is carried on at a higher rate than
      is the case for printable or graphic characters.
PARN
PAR  This is a continuation of application Ser. No. 314,584 filed Dec. 13, 1972
      now abandoned.
BSUM
PAC  INTRODUCTION
PAR  The present invention relates to electronic data processing and more
      particularly to methods and means for increasing the printing rate of
      electronic printers by varying the processing rate as a function of the
      print density of data being received from a remote source.
PAR  Printing systems are often limited in capability of accepting data from a
      source to the normal printing speed of the printer. In many such
      arrangements, no distinction is made between printing and non-printing
      functions which are desired to be executed. It would be desirable if the
      printing function could be carried out at the maximum design rate which is
      usually a built-in limitation -- but that the processing of the
      non-printable characters or the execution of non-printing functions be
      carried at a higher rate.
PAR  A particular application for such a system exists in the case of a cathode
      ray tube display wherein signals representing printable and non-printable
      characters are received and utilized to print a picture on the screen or
      face of the CRT. The incoming data is usually in alpha, numeric or other
      graphic forms. The data may be presented in the form of writing or a
      graphic picture, such as a graph, triangle design, etc. If it becomes
      desirable to provide a hard copy of say, for example, a triangle display,
      ordinarily one could operate the printer in a conventional mode in which
      considerable time would be expended in horizontal spacing and vertical
      line changing before actual graphic marks are printed. Generally speaking,
      the spacing and character printing operations would be afforded
      essentially the same time increment for execution and the vertical line
      changing would be afforded a worst condition time period in order to be
      executed.
PAR  One approach for increasing the through-put rate of data handling is
      described in U.S. Pat. No. 3,739,350 entitled "High Speed Data processing
      System" of Paul J. Moran issued June 12, 1973 and assigned to the common
      assignee. Here input data is normally available from a source at a
      relatively high rate -- for example of the order of 80,000 characters per
      second wherein each character is defined by a group of coded pulses. A
      representative code is the ASCII code wherein seven bits uniquely define
      the character and these bits are preceded by a start bit and one or two
      stop bits and a parity bit. Each character is thus defined by 10 bits in
      this example. In the aforesaid application a printer is described whose
      electronics can accept data and process it electronically for printing at
      a rate, say 1200 bits per second -- but whose actual printing rate,
      principally due to mechanical time delays, is much slower than the
      available input data rate. In one example, the printing rate is of the
      order of 300 bits per second (commonly referred to as 300 BAUD) which
      translates into 30 characters per second. To increase the throughput of
      the data input-printer combination, this aforesaid application teaches
      first sensing the incoming data to distinguish between printable (or
      graphical characters) and non-printable  (or non-graphical) characters
      which are to be used in performing control functions associated with the
      graphical characters. Examples of printable characters are A, E, 6, +,
      etc., whereas non-graphic characters are exemplified by SPACE, LINE FEED,
      FORM FEED, etc. An identified graphic character causes the transmission of
      the next following input character to be delayed for a first time interval
      (for example, 33 milliseconds) which represents the time required for
      printing of the identified graphic character to take place. An identified
      non-graphic character, on the other hand, causes the next following input
      character to be delayed a second time interval (for example, 8.3
      milliseconds) which is much shorter and corresponds to the higher
      electronic, data processing rate (for example, 1200 baud) of the printer.
      However, since a LINE FEED character (LF) involves a mechanical operation
      of the duration of the order of 60 milliseconds, and in addition the LF
      signal may be preceded by a number of printable characters which need to
      be processed to printing before initiating the LINE FEED, the sensing of a
      LINE FEED character causes the next following input character to be
      delayed a third time interval which is variable. This delay may be equal
      or greater than the second interval and may be greater than the first
      interval (for example, up to 300 ms) since it is dependent upon the LINE
      FEED function actually being executed or completed. In this manner
      non-printable input characters are processed at the maximum electronic
      data processing rate of the printer.
PAR  Another approach for increasing the data through-put of a printer is
      exemplified by a feature commonly referred to as HORIZONTAL TABULATION. In
      the aforementioned printer, special horizontal-tab command codes (ie,
      numbers representing the columns to be indexed to for printing) are
      programmed and stored in a special memory for use by the printer in
      connection with data to be received from a data source such as a local
      keyboard or a remote station. Subsequently when a TAB command code is
      received from the data source or from the keyboard, the TAB number stored
      in memory is caused to generate a corresponding number of pulses for
      indexing the column counter to the stored TAB number so that printing and
      spacing are ignored in the columns preceding the column count
      corresponding to the TAB number. This approach of course requires setting
      of TAB numbers and processing these before indexing the column counter.
PAR  While these aforementioned approaches are useful in increasing the data
      throughput between a high speed data source and a relatively slower speed
      printer -- under certain circumstances an even faster throughput is
      desired. The problem posed is a complex one, since in the aforementioned
      type of printer the input data may be available at extremely high rates --
      such as 80,000 characters per second. The actual electronic processing of
      the data by the printer including entry of data into the circulating
      memories of the printer, on the other hand, is designed for a much slower
      rate, such as 120 characters per second -- whereas the actual printing
      rate may be the same or even lower, say 30 characters per second. Finally,
      the execution of a non-print function, such as LINE FEED, may require an
      even longer time duration.
PAR  Accordingly, one object of this invention is to provide an improved
      apparatus for processing digital data comprising signals representing
      graphical characters for communicating information and also control
      characters for performing control functions associated with the graphical
      characters at high rates of speed.
PAR  Another object of this invention is to provide an improved method and
      apparatus for varying the printing speed of an electronic printer
      inversely as a function of the print density.
PAR  Another object of the invention is to provide an improved arrangement for
      sensing incoming data available in parallel form for printable characters
      and SPACE function characters and for controlling the processing of the
      SPACE function characters at a much higher rate than printable characters.
PAR  Another object of this invention is to control the rate at which data is
      accepted such that the data receipt iss delayed a given fixed amount if
      printable characters are involved, essentially no delay is involved if
      SPACE function characters are involved, and a variable amount of delay is
      introduced if a predetermined non-printable character such as LINE FEED is
      involved where the variable amount depends on the time required to execute
      the line feed function.
PAR  Another object of this invention is to provide an improved data processing
      method and arrangement.
PAR  Briefly, the present invention accomplishes these objects by recognizing a
      characteristic in certain types of printers which, because of their
      design, requires circulation of column information in memory along with
      the associated input data. Such a printer is described in a U.S. Pat. No.
      3,803,558 of Clifford M. Jones and Earle B. McDowell and entitled: "Print
      Selection System", issued Apr. 9, 1974 in the name of the common assignee.
      The throughput of data is increased by sensing the receipt of a common
      occurring, special non-printable control function -- such as SPACE -- and
      bypassing the normal data processing printer electronics, including the
      circulating memory, and directly indexing a column counter associated with
      this memory without delay to indicate the next column count position.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the invention believed to be novel are set forth with
      particularity in the appended claims. The invention itself, however, both
      as to organization and method of operation, together with further objects
      and advantages thereof, may best be understood by reference to the
      following description taken in conjunction with the accompanying drawings
      in which:
PAR  FIG. 1 shows in block diagram form a system involving a CRT display
      operating with a printer wherein the invention would be applicable;
PAR  FIG. 2 illustrates in block diagram form one embodiment of the invention;
PAR  FIG. 3 illustrates in graphical form a feature of the present invention
      wherein it is desirable to vary the effective speed of printing in terms
      of characters printed per second as a function of the print density, that
      is, the ratio of printable to non-printable characters in a communication;
      and
PAR  FIGS. 4 and 5 illustrate in diagram form certain details of the invention
      shown in FIG. 2.
DETD
PAC  DESCRIPTION OF TYPICAL EMBODIMENTS
PAR  Referring to FIG. 1, there is shown a data source 1 comprising a CRT
      display which responds to data available from a source as, for 1 which
      responds to data available from a source, for 3, on the face of a screen 4
      of the CRT. Such display may also be generated in response to operation of
      a keyboard 5 which generates alphanumeric or graphic symbols for display
      on the screen of the CRT. In the arrangement as described, it is
      oftentimes desirable to be able to print under the control of the operator
      a hard copy of the display appearing on the screen of the CRT. This is
      illustrated by a printer 6, such as an impact printer, which responds over
      line 7 to the data representing the display information which is stored in
      a storage circuit of display 1.
PAR  The input data available over line 7 in parallel form may generally be
      classified as either constituting printable or graphical characters
      representing information to be printed or communicated or non-printable or
      control characters for controlling or performing control functions
      associated with the graphical characters. Representative of printable
      characters would be alphanumeric characters, punctuation marks, graphic
      symbols, etc., which are to be printed on a record medium. Representative
      of non-printable characters would be, for example, SPACE, LINE FEED, FORM
      FEED, VERTICAL TAB, SHIFT-OUT, SHIFT-IN, and DELETE. These non-printable
      signals are used to format the printable characters or to make the
      printing apparatus perform certain associated functions such as bell ring,
      etc. For purposes of discussion, one may consider use of the USA Standard
      Code for information interchange (ASCII), wherein binary numbers 0 through
      32 and 127 represent the non-printable characters, and binary numbers 33
      through 126 represent printable characters. It will be assumed that the
      data signals are received in binary coded form, for example, in a seven
      bit code wherein each bit is weighted logic 1 or logic 0. In the
      discussion, reference will be made to certain codes such as LINE FEED
      0101000, SPACE 0000010, VERTICAL TAB 1101000 and FORM FEED 0011000. For
      reference purposes, use is made of the term "baud" in the application
      which signifies the number of bits per second at which the data is made
      available in serial form. For example, 1200 baud would mean that 1200 bits
      of data are received per second. Oftentimes, 10 bit positions are
      associated with a serially received character wherein the additional bits
      may be used to signify the start of a character, the stop of a character
      and a parity check. To convert a baud rate to a character rate, one merely
      would divide the baud rate by 10 so that 1200 baud is convertible to mean
      120 serial characters per second. Where data is transmitted in parallel
      form, as will be described hereafter, the start and stop bits are omitted.
      For simplicity, the parity bit is also omitted from the discussion.
PAR  The present invention has application to a printer arrangement wherein a
      partial line of characters may be simultaneously printed. Reference can be
      made to U.S. Pat. No. 3,568,183, filed July 9, 1968 by Jacob K. Snell,
      John J. Larew and Clifford N. Jones and U.S. Pat. No. 3,803,558 issued
      Apr. 9, 1974 of Clifford M. Jones and Earle B. McDowell for an example of
      such a printer. Such an arrangement permits a higher printing rate than
      printers that print only a character at a time. The apparatus for the
      cited patent utilizes a type carrying belt that carries a number of
      flexible fingers, each of which has a type character on one end thereof.
      The number of fingers carried on the belt depends upon the number of
      characters or symbols the apparatus is to print. The type carried by the
      belt is continuously passed in a line across a record medium, such as
      paper. A plurality of hammers are located across a line of the record
      medium and are selectively operated to impact type fingers into the paper
      and thereby print up to a plurality of characters simultaneously. The
      position of each type character relative to a fixed point on the printer
      is determined by detecting the passage of a particular type character past
      that point and thereafter triggering a counting mechanism at a rate
      proportional to the rate of type character movement. As the type
      characters on the belt move past each possible column position on the
      recording medium, circuitry compares the instantaneous column position of
      the type characters on the belt, with the stored input data and the
      associated column information circulating in a memory to determine whether
      or not type characters are in position for printing. When this comparison
      indicates coincidence between characters on the belt and characters to be
      printed at that column, the hammers at those column positions is actuated
      and drive the type fingers toward the paper to cause the type face to
      impress a replica of the character thereon by means of an inked ribbon.
PAR  Referring to FIG. 2, there is shown the circuitry for specially processing
      common occurring, non-graphic commands such as SPACE represented by the
      binary number 32. Data available from a data on demand source 1 is to be
      applied to the printer 6 under the control of circuitry which responds to
      the density of the printable characters in the data available over lead
      10. For purposes of consistency, the data source 1 and printer 6 numerical
      designations have been retained. The data on demand source 1 may be any
      well known source, such as a CRT terminal, a digital computer or a tape
      storage medium which delivers data at its output in the form of digitally
      encoded pulses in response to demand at a relatively high rate -- and
      terminates the delivery of data when the demand signal is removed. Block 1
      is referred to as a data-on-demand source to indicate that the data can be
      transmitted from the source to the printer at a much faster rate than can
      be processed by the printer, such as 80,000 characters per second. Data
      flow from 1 to 6 is controlled by the busy gate 16. This gate normally
      responds to applied control or busy signals, which shall be described, to
      develop a gate output on lead 19 at a logic state 1, signaling that the
      printer is busy and that the transmission of the next character from
      source 1 to printer 6 should be delayed. Under this condition, no new data
      is being transmitted to 10. Data is always available from 1 on output lead
      10 and the associated lead 7. However, the data is not changed on these
      leads until the busy gate 16 is operated to a logic 0 output state. A
      typical source would be a CRT terminal such as the Hazeltine 2000 Terminal
      which stores a relatively large amount of data in memory. This data is
      made available character-by-character to a peripheral device in a well
      known manner. Briefly speaking, a Busy signal is normally applied to the
      source 1 to prevent data from being presented to the printer. Whenever the
      printer signals that it is ready to receive the next character, it causes
      the Busy signal to be removed for a period of time to enable the next
      character to be accepted by the printer and then the Busy signal is
      restored, blocking further characters from being presented by the source.
      This procedure iss carried out until all the characters stored in the
      terminal have been utilized by the printer. The data on leads 7 and 10 are
      presented in bit parallel, character serial form, for example, in the
      ASCII code format previously mentioned. Other signals available from
      source 1 are data strobe signals of say 12 microseconds duration appearing
      on lead 11, each of which indicates that the character data on lines 10
      and 7 are valid and should be accepted for processing. Let us assume that
      block 16 normally is blocking or disabling source 1 from sending new data
      over lead 10 in response to applied control signals which shall be
      described. Sensor 18 responds to the appearance of a STROBE signal
      available on 68 to analyze the data available on lead 10 and indicate
      whether it represents a SPACE command. The STROBE signal is generated for
      every data strobe signal available on 11 except during certain
      non-printable character sequences, other than space, which will be
      described later. If the data constitutes a non-SPACE character, a control
      signal is sent over lead 13 to the non-SPACE character timer 14. This
      generates a fixed time duration signal over lead 15 which maintains block
      16 in the busy condition for a predetermined time interval, say 8.3
      milliseconds, corresponding to the 120 characters per second printing rate
      of the machine. At the end of that timing period, block 16 goes to its
      non-busy state sending a signal over 19 calling on source 1 to deliver the
      next data and data strobe over leads 10 and 11 respectively. Also, SPACE
      detector 18 responds to a non-SPACE signal on 10 and a STROBE X signal on
      72. Printer 6 responds to the STROBE X signal to process the non-SPACE
      character. If the non-SPACE character is a non-printable character (in the
      ASCII code being a signal less than a binary 32 as equal to a binary 127)
      it is necessary to inhibit column counter signal on line 27. If the
      character sensor in this process should sense a SPACE command character,
      there is produced an index column counter signal which is applied to the
      printer 6 over line 27 to advance the column counter in printer 6 by one
      count. Also the sensing of a SPACE character by 18 prevents the generation
      of the STROBE X signal which prevents the printer 6 from processing the
      SPACE character. This will be explained later in detail -- but for the
      present it is sufficient to say that detection of a SPACE signal does not
      cause circuit 16 to go busy and thus data continues to flow from source 1
      without any delays.
PAR  In a particular application to be described, the output on lead 19 from 16
      controlling the data flow from source 1 constituted a logic level 1
      signifying a busy state and blocking source 1 from presenting the next
      data and associated strobe signal to the printer and a logic level 0 for a
      non-busy state for enabling source 1 to present the next data and strobe
      signal to the printer. The printer 6 receives data from source 1 at
      different rates depending on the printer density of the data, as will be
      described shortly. This operation results in a higher through-put than
      would be possible where all characters are processed at the maximum
      printing rate of the printer. Through-put can be defined as the average
      number of characters, both printable and non-printable, which can be
      processed per unit of time by the printer. The printing rate is usually
      referred to as the maximum rate of printing of printable characters
      assuming a continuous line of printable characters without SPACE or LINE
      FEED or DELAYS, etc.
PAR  Thus, referring to FIG. 3, it is seen that by providing an arrangement as
      shown in FIGS. 2 and 4 (to be described), the through-put rate can be
      increased and varied in accordance with the print density beyond the
      maximum printing rate which, in the example shown, is 120 characters per
      second.
PAR  The present invention also considers the fact that particular non-printable
      characters may actually require a greater processing time than a printable
      character. For example, the non-printable character which results in a
      LINE FEED may require up to 350 milliseconds to be executed depending on
      the number of printable characters remaining to be printed before
      execution of the LINE FEED. The printer has available a new LINE FEED
      signal and a LINE FEED in memory signal on leads 20 and 21 as shown in
      FIG. 2. Multiple LINE FEED detector and timer 23 responds to the
      occurrence of a new LINE FEED signal on 20 while a signal appears on 21
      indicating a LINE FEED still exists in memory awaiting execution to
      initiate a timing signal of variable duration on line 24. The
      disappearance of the signal on 21 causes 23 to terminate the timing signal
      appearing on line 24. Since timer 23 is able to produce a longer time
      delay than timer 14, it will override the signal from 14 and cause the
      block 16 to remain busy in response to the signal available on lead 24
      until the LINE FEED in memory is executed.
PAR  In a particular embodiment, no time delay was introduced for the control
      function of SPACE, timer 14 produced a time delay of 33 milliseconds for
      executing the printing function and timer 23 produced a time delay which
      was variable up to 350 milliseconds in accordance with the variable time
      required to execute the predetermined control functions, such as LINE
      FEED, VERTICAL TAB or FORM FEED. Thus, the printer 6 receives data at
      different data rates in accordance with the nature of the data available
      from the source 1.
PAR  For purposes of explanation the present invention is to be further
      described in detail in conjunction with a particular type of equipment
      wherein a partial line of characters may be simultaneously printed. Of
      course, the basic principles of the invention are adaptable to other
      specific embodiments and such applications will be immediately apparent to
      those skilled in the art.
PAR  In such a printer, a character belt is driven at a substantially constant
      speed by means such as pulleys and a drive unit. The belt contains a
      plurality of flexible, type bearing fingers. Each flexible finger contains
      a type finger comprising a printing character, numeral, legend, etc., at
      its upper portion. A record medium or paper is driven in the vertical
      direction. Adjacent the record medium and aligned across one line thereof
      is an inking ribbon. A plurality of individual hammers are spaced apart
      from the inking ribbon and are aligned across one line of the record
      medium. The horizontal position of each hammer corresponds to a column on
      the recording medium that may register one of the available characters.
      The character belt is driven with the type fingers or printing characters
      or elements maintained in alignment between the hammers and the inking
      ribbon. Thus, each of the printing characters passes by the face of each
      of the hammers, so that responsive to appropriate correspondence of a
      desired printing character adjacent a selected column, the appropriate
      hammer may be energized to cause the printing character to be printed on
      the record medium at the selected column location. To provide an
      indication of the instantaneous position of the various type fingers on
      the moving belt, a start of font and finger count signals are provided.
      These may be generated in any of several well known ways. For example, by
      means of photo-sensing, a count signal may be produced for each flexible
      finger that passes a count reference location and a start of font signal
      by detecting one of the fingers defining the start of font. Both signals
      are used in the timing sequence for energizing the proper hammer(s) and
      they will be referred to again in conjunction with the description of the
      control arrangement hereinafter.
PAR  FIG. 4 is a schematic drawing of a printer logic arrangement in which the
      present invention may be incorporated. Input data derived from a computer,
      punched tape, keyboard, etc., is received from Data on Demand Source 1 and
      made available over conductor 7. The input data may generally be
      classified as either graphic or printable characters to be printed on a
      record medium, or non-graphic or non-printable characters such as LINE
      FEED, SPACE, VERTICAL TAB, FORM FEED, etc., abbreviated respectively as
      LF, S, VT, and FF. Thus, the latter signals are utilized to perform
      control functions related to the printing of characters. The present
      disclosure is concerned primarily with non-graphic commands SPACE which
      effect the horizontal spacing of type on the record medium. It is assumed
      that the input information and the special command signals are received in
      binary coded form; for example, in a seven bit code wherein each bit is
      weighted. Diagrams 2 and 4 illustrate an arrangement for fulfilling either
      a first or a second requirement, or both. A detected SPACE signal operates
      to merely increment a column counter without entering data into memory. A
      detected non-SPACE, non-printable signal operates to enter the represented
      character into memory without indexing a column counter. A detected
      printable signal operates to enter the represented printable character
      into memory and to also increment the column counter.
PAR  As shown in FIG. 4, a circulating character memory 130 receives a STROBE X
      signal and also the input data in parallel form on line 7. In the ASCII
      code, the numbers 0-32 and 127 non-printable character commands, of which
      S, VT, FF, and LF are included and the numbers 33-136 represent the
      printable characters. The details of Circulating Character Memory 130 are
      not germane to the present invention. In fact, this is also true of the
      components and detailed functioning of the Character Belt Reference
      Generator 160, Adder 134, Comparator 180, and Printer Control Mechanism
      190. Reference may be had to the aforecited patent application for a
      thorough understanding of these units.
PAR  In general, Circulating Character Memory 130 may comprise a parallel to
      serial shift register in series with a plural bit storage unit, such as a
      recirculating shift register memory. It functions as a recirculating
      memory unit for storing and circulating the data information corresponding
      to each character, until that character is printed on the record medium.
      The Character Belt Reference Generator 160 receives type finger count
      signals over conductor 44 and start of font signals over conductor 42. It
      generates binary coded character codes in serial form on lead 169, which
      represent the particular printing character appearing at a predetermined
      position (e.g. at column 1) at any instant of time.
PAR  The Column Code Circuit 150 includes a Column Counter 152 which receives
      over 154 STROBE signals, through OR gate 140 provided there is no inhibit
      column counter signal on 27, and generates parallel output binary coded
      column signals over the conductors 161-168. In a system which, for
      example, has provision for eighty columns of printed matter, the column
      counter 152 will count from 1 to 80 in response to applied signals. The
      output of Column Counter 152 is applied in parallel to an 8 bit Shift
      Register 158 under control of STROBE X signals available on 156. The
      STROBE X signal also controls the entering of data from line 7 into
      character memory 130. Shift Register 158 is connected to a Multiple
      Storage until 170 by means of the lines 172 and 174 to form a
      recirculating column code unit. The coded characters stored in the
      Circulating Character Memory 130 and the recirculating Column Code Circuit
      150 are advanced in synchronism by pulses from a Reference Clock 175.
PAR  As fully explained in the aforecited patent applications, the belt code
      signals on line 169 and the column code signals on line 171 are applied to
      an Adder 134, which arithmetically adds, character by character, serially,
      the belt code signal to the column code signal to produce a summation
      signal over lead 181. A distinct summation signal is produced for each
      column code signal that is added to a particular belt code signal, and
      each summation signal effectively provides character position information
      relating a particular data character to a particular column location. The
      summation signals are applied over line 181 to one input of Comparator 180
      and the output from Circulating Character Memory 130 is applied to another
      input thereof over line 182. Comparator 180 serially compares one
      character at a time at a rate sufficiently high to effect comparison of
      all the data characters stored in Circulating Memory 130 (which may be a
      full line of 80 characters, for example) during the time it takes for a
      character on the belt to pass from any given column to an adjacent column.
      Upon detecting correspondence, a signal is generated over line 185, and
      applied to the Printer Control Mechanism 190. This signal causes the
      appropriate hammer on the mechanism to print the desired character. For
      further details of a hammer firing circuit reference may be made to the
      aforementioned application Ser. No. 91,160 and U.S. Pat. No. 3,575,107,
      entitled: "Underspeed and Undervoltage Protection For Printer," dated Apr.
      13, 1971 and assigned to the common assignee.
PAR  The Column Counter 152 generates coded column integer signals denoting the
      column to be considered for the printing of a possible character. The
      coded column integer is advanced by a factor of 1 for each printable
      character read-in signal applied via NOR gate 140. When a SPACE command
      signal is received, circuitry to be described generates a pulse and
      applies it over output lead 27. This pulse is passed by the NOR gate 140
      and is applied to the count input of Column Counter 152. Thus, Column
      Counter 152 will advance the count registered therein (and hence the
      column being considered for next character printing) by one count. This
      circuitry to be described also prevents data to be entered into the input
      data circuit 10 from the Data on Demand Source.
PAR  Reference is now made to FIG. 5 for further details of how signals
      available from source 1 and representing printable and certain
      non-printable characters are sensed during the data strobe period as
      defined by the signals on lead 11 and processed in response to the STROBE
      signal on lead 68. First we shall consider how a SPACE signal is sensed.
      To provide a level 0 stage at the output of 51 signifying a SPACE signal
      available from source 1, inverters 50 are provided to invert the signals
      representing bits 1-5 and bit 7 to provide a reverse code of 1111111 with
      an input SPACE signal 0000010 coming from source 1. The notation BIT
      means, for example in the application BIT 1, that if there is not a bit 1
      on the associated line, the signal state is 1. A BIT 1 would represent a
      zero state for the associated line. To provide a level 1 state at the
      output of 51 signifying a non-SPACE input from source 1, one or more of
      the inputs to 51 would be at a zero level state.
PAR  To provide a level one state at the output of NOR gate 52 signifying a LF,
      VT, or FF signal available from source 1, both inputs to 52 would need to
      be zero state. Before describing how this may be accomplished, the
      following discussion will be helpful. An analysis of the ASCII codes for
      LF, VT, or FF indicates the following code patterns 0101000, 1101000 and
      0011000 respectively. It should be noted that bit 4-7 positions are the
      same and hence can be decoded by NAND gate 53 to provide the zero state
      signal to 52. For this condition, the inputs to 53 need to be at the level
      1 state and this is accomplished by coupling the BIT 4, BIT 6 and BIT 7
      terminals from source 1 or inverters 50 as required. A zero state signal
      on any input to 53 would indicate a non-LF, non-VT, or non-FF signal in
      the bit 4-7 positions. Gate 56 is provided to sense a FF signal and gate
      54 is provided to sense a LF or VT signal. Since a FF has codes 001 in the
      first 3 bit positions, NOR gate 56 output will go to state 1 if the input
      connections thereto are made to BIT 1, BIT 2 and BIT 3 terminals of source
      1 or inverters 50 as required. When the output of 56 goes to a 1, it
      causes 55 output to go to zero which is the other signal input to 52
      required to sense a FF. Since LF and VT have the same codes for bit 2 and
      bit 3 positions, ie 10, we can resolve LF and VT from FF without
      considering the bit 1 position at gate 54. Gate 54 will go to state 1 if
      the input connections thereto are made to BIT 2 and BIT 3 terminals of
      sources 1 or inverters 50 as required. When the output of 54 goes to a 1,
      it causes the output of 55 to go to zero which is the other signal input
      to 52 required to sense a LF or VT.
PAR  Thus far we have described how to identify SPACE, LF, VT and FF signal
      inputs or their absences. Source 1 provides a DATA STROBE signal which is
      inverted to a DATA STROBE signal on 11 to indicate that data available on
      line 10 is valid and ready for acceptance other than special situations to
      be described later. In the absence of a stop strobe signal available from
      65, a STROBE signal is produced at the output of a gate 67 for every DATA
      STROBE signal generated by Source 1. For all detected characters other
      than a SPACE, it is desired to generate a STROBE X signal on line 72 which
      will enter those characters into the character and column memories. A
      detected non-SPACE character results in line 73 being at logic level 0. At
      the occurrence of STROBE, both inputs to NOR gate 70 are at logic 0,
      results in a STROBE X signal at logic level 1 being developed on line 72
      as required. The STROBE signal developed on 68 would also index the column
      counter 152 provided the character is a printable character or a SPACE
      character as determined by 82. The determination of a printable character
      is accomplished as follows. A non-printable, non-SPACE character is
      defined by a binary number less than 32 or equal to 127. In the ASCII code
      the absence of BIT 6 and BIT 7 signifies a binary number less than 32.
      Under these conditions NOR gate 80 has a logic 1 at its output, which
      results in a logic 1 on line 27 after passage through inverter 81 and NAND
      gate 82. This logic 1 applied to NOR gate 140 of FIG. 4 blocks the STROBE
      signal and thus inhibits a count change. In the ASCII code binary 127 is
      represented by a logic 1 on all seven bit positions. NAND gate 83 output
      goes to logic 0 for this condition and produces a logic 1 at the output of
      NAND gate 82. Again this inhibits indexing of the column counter 152.
PAR  If a SPACE signal is sensed, the column counter is indexed in the printer
      by the output of 82 and 67 but the character is not entered into memory as
      explained in FIG. 3 because of the absence of a STROBE X signal at the
      output of 70. To do this the generation of STROBE X is inhibited by the
      presence of SPACE signal on 73 at logic 1. NOR gate 70 responds to this to
      produce a logic 0 at its output on lead 72. For a SPACE character, the
      inhibit column counter signal is absent on lead 27, thereby permitting the
      column counter to be indexed at STROBE time.
PAR  The control of busy gate 16 will now be described. If the output of NAND
      gate 51 is a 1 indicating that a non-SPACE, ie a SPACE, signal is being
      received, inverter 58 converts this to a zero state signal at NOR gate 59.
      NOR gate 59 responds to the level zero state signal available from 58 and
      the zero level state signal representing a STROBE input to produce an
      output signal at the level 1 state for application to a flip-flop 60.
      Flip-flop 60 operates as a timer to produce on its output lead an 8.3
      millisecond duration timing pulse at the appropriate clock time
      established by the input signal labeled clock under the conditions of a
      non-SPACE signal. This timing pulse is applied over lead 15 to the busy
      circuitry 16. NAND gate 61 normally has a 1 level state signal on one of
      its inputs which will be described shortly, and under these conditions
      with the 8.3 millisecond pulse being developed by 60 at the level 1 state,
      it produces an output signal on lead 19 which blocks the transfer of
      further data from the source to the printer and the character sensors for
      the 8.3 millisecond duration. At the end of the 8.3 millisecond time
      interval the source 1 resumes its transmission of data. In the event the
      output of 51 indicates a SPACE signal, then NOR gate 59 is blocked
      preventing 60 from generating a delay signal for delaying the transfer of
      new data from source 1 to lines 10 and 7.
PAR  As previously described, circuitry 12 operates to sense the input data
      available from the source 1 to indicate a LINE FEED, VERTICAL TAB or FORM
      FEED character is available from source 1 for utilization by the printer.
      If any of these characters occur, the output of NOR gate 52 is a one state
      signal which is inverted in 66 to a zero state. If on lead 21 a signal is
      received indicating that a LINE FEED command is in memory and waiting the
      completion of execution, signfied by a logic 0 state, then the NOR gate 63
      responds to these inputs at the occurrence of the data strobe signal at
      its input, also at a logic 0 state, to produce an output signal at the
      logic 1  state. The flip-flop 64 responds to the logic 1 signal being
      generated at its set input lead to produce a zero level signal at its Q
      bar output lead for application to NAND gate 61. An output is also
      delivered at its Q output at the logic 1 state. Logic circuit 65 responds
      to the logic 1 signal from 64 and the logic 0 level input signal
      indicating that a line feed is in memory to produce an output signal START
      STOP STROBE at a logic 0 state which is applied to the strobe control
      circuit 67 to block the generation of a strobe bar signal at the output
      thereof. The START STOP LOGIC controller 65 is a gate circuit arrangement
      similar to the circuit comprising NAND gate 82, inverter 81 and the output
      lead from NAND gate 83 for producing an INHIBIT signal. The START STOP
      LOGIC controller 65 comprises a NAND gate for producing a STOP START
      STROBE wherein the output of flip flop 64 is applied as one input to the
      NAND gate and an inverter as an element of START STOP LOGIC controller 65
      applies the signal from lead 21 as the second input to the NAND gate. NAND
      gate 61 responds to the zero state input signals available from 64 and 60
      to produce at its output a blocking signal for the data transmission until
      when the line feed in memory signal changes to a one state indicating the
      line feed in memory has been executed. Circuit 65 responds to produce a
      logic 1 signal for application to 67 which produces a strobe bar output
      signal. This strobe bar signal resets flip-flop 64 so that it is available
      again for resolving the condition when there is an unexecuted line feed in
      memory and another line feed signal is presented by the data source 1. The
      strobe bar signal developed by 67 is also applied to the printer over lead
      68 to process the line feed which has been held up on the output leads of
      source 1. In a particular embodiment, as previously referenced, signals
      representing printable and non-printable characters are applied to a
      circulating character memory, such as 130. When a line feed signal is
      received, an identification is provided for signals stored after receipt
      of the line feed signal. Means are provided to inhibit printing of
      characters corresponding to the identified signals and also to inhibit the
      printer from responding to the line feed signal until the signals stored
      by the printer before receipt of a LINE FEED signal have been printed. The
      aforesaid identification is removed after the LINE FEED signal has been
      executed and the related signals permitted to be printed. The LINE FEED
      signal, as well as the FORM FEED and VERTICAL TAB signals are entered into
      the circulating memory as a convenience but are treated, because they are
      represented by binary numbers less than 32, as non-print characters and
      are written over in memory by succeeding printable characters. However the
      LINE FEED, FORM FEED or VERTICAL TAB signals are stored in memory, as for
      example by setting a flip-flop circuit, and the flip-flop circuit is reset
      upon execution of the stored signal. Thus while the drawings, for example
      FIG. 2, specifically refer to a LINE FEED IN MEMORY signal and NEW LINE
      FEED signal as available on lines 21 and 20, the VERTICAL TAB and FORM
      FEED signals supplied by Source 1 may also operate to control circuitry 23
      in a manner similar to that effected by a LINE FEED signal. The details of
      this circuitry form no part of this invention. Reference may be made to
      copending application Ser. No. 95,967 entitled: "Line Feed Print Inhibit
      System", filed Dec. 7, 1970 and assigned to the common assignee for
      further details.
CLMS
STM  What I claim as new and desire to secure by Letters Patent of the United
      States is:
NUM  1.
PAR  1. Apparatus for controlling the processing of output signals presented
      sequentially from a source and related to printing wherein said output
      signals comprise coded signal representing printable characters to be
      printed and SPACE commands to control the spacing of characters to be
      printed, said apparatus comprising,
PA1  a memory and a column counter associated with said memory,
PA1  means for sensing said presented signals to identify such signals as
      representing printable characters or SPACE commands, means for storing
      sensed signals identified as representing printable characters but not
      sensed signals identified as representing SPACE commands in said memory,
PA1  means for changing the count state of said column counter by a given count
      in response to each sensed signal identified as representing a printable
      character or SPACE command to produce count indicating signals,
PA1  means coupled to said column counter for storing in said memory a count
      indicating signal corresponding to each change in count of said column
      counter associated with a sensed signal identified as representing a
      printable character but not a sensed signal identified as representing a
      SPACE command,
PA1  means coupled to said source and responsive to a sensed signal identified
      as representing a printable character but not a SPACE command for
      delaying, by a first time interval, the presentation from said source of a
      subsequent occurring output signal,
PA1  and means coupled to said source and responsive to a sensed signal
      identified as representing a SPACE command for storing in said memory a
      sensed signal identified as representing a printable character without
      said first time interval delay.
NUM  2.
PAR  2. An arrangement according to claim 1 comprising a source of circulating
      signals representing print characters, and means for comparing said last
      named signals and said stored count indicating and stored printable
      signals to provide print control signals to control printing of characters
      represented by said circulating signals.
NUM  3.
PAR  3. An arrangement according to claim 1 comprising means for sensing further
      signals in said output signals representing a non-printing function other
      than a SPACE function,
PA1  means responsive to sensed further signals for enabling said arrangement to
      execute the associated non-printing function,
PA1  means responsive to the second of two sensed further signals when the
      non-printing function represented by the first of said two sensed further
      signals has not been executed for delaying processing of any output
      signals following said second of two sensed further signals until said
      last named non-printing function is executed.
NUM  4.
PAR  4. An arrangement according to claim 3 wherein said further signals
      comprise LINE FEED signals for changing the line on which characters are
      to be printed.
NUM  5.
PAR  5. An arrangement for controlling the processing of output signals
      sequentially available from a first source and related to printing wherein
      said output signals represent printable characters and SPACE commands,
      comprising,
PA1  a second source of print signals representing print characters,
PA1  means for sensing a characteristic of said output signals to identify said
      sensed signals as representing printable characters or SPACE commands,
PA1  a memory and a column counter associated with said memory,
PA1  means responsive to a plurality of sensed signals identified as
      representing printable characters for storing said sensed signals in said
      memory and means for changing said column counter by a given count in
      response to each such sensed signal,
PA1  means for producing account indicating signal in response to each such a
      change in count of said column counter,
PA1  means for storing said count indicating signals in said memory,
PA1  means for changing said column counter by a given count in response to each
      sensed signal identified as representing a SPACE command without storing
      in said memory said last named, sensed signal or a count indicating signal
      corresponding to a change in count of said column counter associated with
      said last named sensed signal,
PA1  means coupled to said first source and responsive to a sensed signal
      representing an output signal other than a SPACE command for delaying the
      availability of a subsequent output signal from said first source by a
      first time interval,
PA1  means coupled to said first source and responsive to a sensed signal
      representing a SPACE command for making a following signal available from
      said first source substantially without a substantial time delay,
PA1  means for comparing said stored sensed signals, stored count indicating
      signals and said print signals,
PA1  and means responsive to a given comparison of said compared signals for
      controlling printing of print characters represented by said print
      signals.
NUM  6.
PAR  6. In combination, a first source of sequentially available, first signals
      to be processed, said signals comprising SPACE commands, printable
      characters and further signals,
PA1  a second source of second signals representing the identity and location of
      moving print characters,
PA1  means coupled to said first source for sensing a characteristic of said
      first signals to identify said sensed signals as representing SPACE
      commands, printable characters, or further signals,
PA1  a memory and a column counter associated with said memory,
PA1  means responsive to a sensed signal identified as representing a printable
      character for storing an indication thereof in said memory,
PA1  means for changing the count state of said column counter by a given count
      in response to said last named sensed signal,
PA1  means for producing a count indicating signal in response to said change in
      count state of said column counter,
PA1  means for storing said count indicating signal in said memory,
PA1  means for comparing said stored indication and said second signals to
      provide a comparison result signal,
PA1  means responsive to a given comparison result signal for controlling
      printing by said print characters of the character corresponding to said
      stored indications,
PA1  means coupled to said first source and responsive to a sensed first signal
      representing other than a SPACE command for delaying the availability of a
      subsequent first signal from said first source,
PA1  means for changing the state of said column counter by a given count in
      response to a sensed signal representing a SPACE command, without storing
      in said memory, said sensed signal or a count indicating signal
      corresponding to a change in count of said column counter associated with
      said sensed signal,
PA1  and means coupled to said first source and responsive to a sensed signal
      identified as representing a SPACE command for making a following signal
      available from said first source substantially without a time delay.
NUM  7.
PAR  7. An arrangement according to claim 6 wherein said further signals
      comprise signals representing LINE FEED commands and means responsive to
      sensed signals identified as representing LINE FEED commands for storing
      indications thereof in said memory,
PA1  means responsive to a LINE FEED indication stored in memory for executing a
      LINE FEED,
PA1  means coupled to said first source responsive to a sensed second occurring
      signal identified as representing a LINE FEED command when a first
      occurring LINE FEED indication is in memory and the execution of the
      corresponding LINE FEED has not been completed for delaying the
      availability of subsequent first signals from said first source following
      said sensed second occurring signal until the execution of said
      corresponding LINE FEED has been completed.
NUM  8.
PAR  8. In an arrangement wherein first signals representing SPACE commands,
      printable characters and further signals available from a first source are
      processed with second signals representing print characters available from
      a second source by comparing said first signals representing printable
      characters and said second signals and controlling printing by said print
      characters of characters corresponding to said first signals in response
      to a given comparison of said first and said second signals, a control
      arrangement comprising means for coupling to said first source for sensing
      a characteristic of said first signals to identify said sensed signals as
      representing SPACE commands, printable characters, or further signals,
PA1  a memory and a column counter associated with said memory,
PA1  means responsive to a sensed signal identified as representing a printable
      character for storing an indication thereof in said memory, means for
      changing the count state of said columnn counter by a given count in
      response to column last named sensed signal to produce count indicating
      signals,
PA1  means coupled to said column counter for storing in said memory a count
      indicating signal corresponding to each change in count state of said
      column counter,
PA1  means for coupling to said first source and responsive to a sensed signal
      representing other than a SPACE command for delaying the availability of a
      subsequent first signal from said first source,
PA1  means for changing the count state of said column counter by a given count
      in response to a sensed representing a SPACE command, without storing in
      said memory said sensed last named signal or a count indicating signal
      corresponding to a change in count of said column counter associated with
      said last named sensed signal,
PA1  and means for coupling to said first source responsive to a first signal
      representing a SPACE command for making the first signal following said
      sensed SPACE command available from said first source substantially
      without a time delay.
NUM  9.
PAR  9. An arrangement according to claim 8 wherein said further signals
      comprise signals representing LINE FEED commands and means responsive to
      sensed signals identified as representing LINE FEED commands for storing
      indications of said last named signals in said memory,
PA1  means responsive to a LINE FEED indication stored in memory for effecting
      the execution of a LINE FEED,
PA1  and means for coupling to said first source responsive to a sensed second
      occurring signal representing a LINE FEED command when the execution of a
      LINE FEED corresponding to a stored LINE FEED indication has not been
      completed for delaying the availability of subsequent first signals from
      said first source until such execution has been completed.
NUM  10.
PAR  10. Apparatus for procesing first signals sequentially available from a
      source for utilization by a printer to effect printing wherein said
      printer comprises a memory and a column counter associated with said
      memory, and said first signals represent SPACE commands and other signals
      including printable characters, said apparatus comprising,
PA1  means for sensing a characteristic of said first signals to identify said
      sensed signals as representing SPACE commands or other signals including
      printable characters,
PA1  means for normally enabling said printer to continuously utilize sensed,
      first signals,
PA1  means for storing an indication of a sensed signal representing a printable
      character in said memory,
PA1  means for changing the count state of said column counter by a given count
      in response to said last named stored indication,
PA1  means coupled to said counter for producing a count indicating signal
      corresponding to said change in count of said column counter, and means
      for storing said count indicating signal in said memory,
PA1  means responsive to a sensed signal which does not represent a SPACE
      command for blocking the utilization by said printer of a following first
      signal for a first time interval,
PA1  and means for changing the count state of said column counter by a given
      count in response to each sensed signal representing a SPACE command
      without storing in said memory said last named sensed signal or a count
      indicating signal corresponding to a change in count of said column
      counter associated with said last named sensed signal.
NUM  11.
PAR  11. Apparatus for processing first signals sequentially available from a
      source for utilization by a printer to effect printing wherein said
      printer comprises a memory and a column counter associated with said
      memory, and said signals comprise signals representing printable
      characters and SPACE commands, wherein said apparatus comprises,
PA1  means for sensing a characteristic of said first signals to identify said
      sensed signals as representing SPACE commands or printable characters,
PA1  means responsive to sensed signals identified as representing printable
      characters for storing indications thereof in said memory,
PA1  means for changing the count state of said column counter by a given count
      in response to each said last named stored indication to produce count
      indicating signals,
PA1  means coupled to said column counter for storing in said memory count
      indicating signals corresponding to the changes in count of said column
      counter,
PA1  means responsive to the sensing of a signal representing a printable
      character for delaying, by a given time interval, the processing of a
      subsequent first signal,
PA1  means for changing the state of said column counter by a given count in
      response to each sensed signal representing a SPACE command, without
      storing in said memory an indication of said last named signal or a count
      indicating signal corresponding to the count of said column counter
      associated with said last named sensed signal,
PA1  and means responsive to a sensed signal identified as representing a SPACE
      command for storing an indication of a sensed signal representing a
      printable character occurring immediately subsequent to said sensed signal
      representing a SPACE command substantially without a time delay.
NUM  12.
PAR  12. In an arrangement for processing first signals available from a source
      related to printing wherein said signals comprise signals representing
      printable characters or SPACE commands,
PA1  means for sensing a characteristic of said first signals to identify said
      sensed signals as representing SPACE commands or other signals,
PA1  a memory and a column counter associated with said memory,
PA1  means for storing indications of sensed other signals in said memory,
PA1  means for changing said column counter by a given count in response to each
      said last named stored indication,
PA1  means for producing and storing in said memory a count indicating signal
      corresponding to the change in count of said column counter,
PA1  means responsive to each sensed signal representing another signal for
      delaying the storing of an indication of the following sensed first signal
      by a given time interval,
PA1  means for changing the state of said column counter by a given count in
      response to each sensed signal representing a SPACE command,
PA1  means for blocking the storing in said memory of said last named sensed
      signal or a count indicating signal corresponding to the count of said
      column counter associated with said last named sensed signal,
PA1  and means for storing an indication of a sensed signal representing another
      signal following a sensed signal representing a SPACE command
      substantially without a time delay.
NUM  13.
PAR  13. In an arrangement wherein signals representing graphical characters and
      control characters including a special control character are sequentially
      presented in bit parallel, character serial form from a source to a
      printer,
PA1  means responsive to a presented signal for sensing such signal to identify
      it as representing a control character other than a special control
      character, means for delaying presentation of the next signal to said
      printer for a given time period to permit printer execution of the control
      function associated with said signal representing such control character,
PA1  means responsive to a presented signal for sensing such signal to identify
      it as representing a graphicaal character, means for delaying presentation
      of the next signal to said printer for a given time period to permit
      printing of said graphical character,
PA1  means responsive to a presented signal for sensing such signal to identify
      it as representing said special control character,
PA1  and means for enabling presentation of the next signal to said printer
      substantially without delay.
NUM  14.
PAR  14. In an arrangement wherein binary signals representing graphical
      characters and control characters are presented in bit parallel, character
      serial form from a source to a printer at a given rate and a strobe signal
      is presented to indicate when each of such binary signals is to be
      processed by the printer, means responsive to receipt of a presented
      storbe signal for analyzing the binary states of the associated presented
      signal to provide a signal identifying such signal as representing a
      printable character, a first control character, or a second control
      character, means responsive to a first control character identifying
      signal for delaying presentation of the next character for a first time
      period to permit execution of the control function associated with said
      first control character, means responsive to a printable character
      identifying signal for delaying presentation of the next character for
      said first time period to permit printing of said graphical character,
      means responsive to a second control character identifying signal for
      enabling presentation of the next character substantially as said given
      rate, and means responsive to a further first control character
      identifying signal to extend a first time delay period initiated in
      response to the previously received, first control character identifying
      signal to enable the execution of the control function corresponding to
      such last named signal to be completed.
NUM  15.
PAR  15. An arrangement for controlling the processing of data signals available
      at a given rate sequentially from a source incident to utilization by a
      printer wherein said data signals comprise signals representing SPACE
      commands, printable characters, and first and second control characters
      and wherein said printer comprises a memory and an associated column
      counter comprising means for sensing a characteristic of said available
      data signals to identify such sensed signals as representing SPACE
      commands, printable characters, first non-printable control signals, or
      second non-printable control signals,
PA1  means coupled between said source and printer and responsive to a sensed
      signal other than one representing a SPACE command for enabling said
      printer to store the corresponding data signal in memory,
PA1  means coupled between said source and printer and responsive to sensed
      signals representing a first, or second control character or SPACE command
      for enabling said printer to utilize said signal for executing the control
      function corresponding thereto,
PA1  means coupled to said source and responsive to a sensed signal other than a
      signal representing a SPACE command for delaying by a first time interval
      the availability from said source of the data signal immediately following
      said last named sensed signal,
PA1  means responsive only to a signal representing a sensed SPACE command or a
      printable character for changing the state of said column counter by a
      given count,
PA1  means responsive only to a sensed signal representing other than a SPACE
      command for storing in said memory an indication corresponding to the
      count of said counter,
PA1  and means responsive to a sensed signal representing a further second
      signal for extending a first time delay interval initiated in response to
      the previously sensed signal representing a second signal to enable the
      execution of the control function corresponding to such last named sensed
      signal to be completed.
NUM  16.
PAR  16. In an arrangement wherein signals representing graphical characters,
      first control characters, second control characters and third control
      characters are presented from a source to a printer and said printer
      comprises means for printing said graphical characters and means for
      executing the control functions represented by said control characters,
      means for analyzing said presented signals, means responsive to the
      presentation of a signal analyzed as representing a graphical character
      for delaying presentation of the next signal for a first delay period to
      permit printing of the graphical character represented by said signal,
      means responsive to presentation of a signal analyzed as representing a
      first or second control character for delaying presentation of the next
      signal for a second delay period to permit execution of the control
      function associated with the signal representing said first or second
      control character, respectively, means responsive to a presentation of a
      signal analyzed as representing a second control character for extending a
      second time delay period initiated in response to a previously presented
      signal representing a second control character to permit the execution of
      the control function associated with the signal representing such last
      named control character to be completed, and means responsive to
      presentation of a signal analyzed as representing a third control
      character to permit presentation of the next signal from said source to
      said printer without introducing a time delay.
NUM  17.
PAR  17. An arrangement according to claim 16 wherein said first and second time
      delay periods are the same.
NUM  18.
PAR  18. An arrangement according to claim 16 wherein said printer comprises a
      memory and an associated column counter,
PA1  means responsive to a presented signal analyzed as representing a graphical
      character for changing the state of said column counter by a given count,
PA1  means coupled to said memory for storing in said memory an indication of
      said last named signal and the corresponding count of said counter,
PA1  means responsive to a presented signal analyzed as representing a third
      character for changing the state of said counter by a given count without
      storing in said memory an indication of such third character or the
      corresponding count of said counter,
PA1  and means responsive to said indications stored in said memory to enable
      printing of presented signals representing graphical characters.
NUM  19.
PAR  19. An arrangement for controlling the processing of data signals available
      at a given rate sequentially from a source incident to utilization by a
      printer wherein said data signals comprise signals representing SPACE
      commands, printable characters, first control characters and second
      control characters and wherein said printer comprises a memory and an
      associated column counter comprising, means for sensing said available
      data signals to identify such sensed signals as representing SPACE
      commands, printable characters, first control characters, or second
      control characters,
PA1  means responsive to a sensed signal representing other than a SPACE command
      for enabling said printer to store said signal in memory,
PA1  means responsive to a sensed signal representing a first character, second
      character or SPACE command for enabling said printer to utilize said
      signal for executing the control function corresponding thereto,
PA1  means responsive to a sensed signal representing other than a SPACE command
      for delaying by a first time interval the availability from said source of
      the data signal immediately following said sensed signal,
PA1  means responsive only to a sensed signal representing a SPACE command or a
      printable character for enabling said printer to change the state of said
      column counter by a given count,
PA1  means responsive only to a sensed signal representing other than a SPACE
      command for storing in said memory an indication corresponding to the
      count of said counter,
PA1  and means for extending said first time delay interval initiated in
      response to sensing of a signal representing other than a SPACE command
      until the execution of the control function corresponding to a previously
      utilized sensed signal representing a control character has been
      completed.
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ABST
PAL  Disclosed is a calculator having a basic pair of semiconductor chips
      respectively providing memory and computational functions and a third chip
      in combination therewith providing additional register and memory
      capacity. The basic chip pair generates system timing signals, flag
      signals and control signals which address the registers on the third chip
      and allow data to be written there into via the input/output data lines
      and data to be read therefrom via the input/output lines. The specific
      functions are effected upon the occurrence of the flag signal concurrently
      with a preselected timing signal.
BSUM
PAR  This application relates to data processing systems in general, and more
      specifically to calculator systems having additional data storage on a
      separate semiconductor chip. This application is related to copending
      patent application "Expandable Function Electronic Calculator", Ser. No.
      360,984, filed May 16, 1973, by M. J. Cochran et al.
PAC  BACKGROUND OF THE INVENTION
PAR  Electronic desk top calculators have been changed in design due to the
      availability of MOS/LSI chips which allow the entire system to be embodied
      in only one or a small number of semiconductor devices. This technology
      permits large savings in manufacturing, labor and material costs and
      allows calculators to have operating functions not possible at reasonable
      cost in machines built from discrete devices or from large numbers of
      integrated circuits. A calculator system adapted to be implemented using
      only one MOS/LSI chip is set forth in copending application "Variable
      Function Calculator", Ser. No. 163,565 now abandoned, and replaced by Ser.
      No. 420,999, assigned to the assignee of this invention. A feature of the
      calculator disclosed in application Ser. No. 420,999 is the use of a
      random access memory array which is sequentially addressed to operate as a
      plurality of shift registers; this unit provides the main data registers
      in a space on the chip much less than needed for shift registers of
      conventional design. Another features of said application was the keyboard
      scanning technique.
PAR  The above referenced application, Ser. No. 360,984, provided an improved
      electronic calculator system adapted to be implemented in MOS/LSI
      technology of using several semiconductor chips or wafers. An expandable
      system included optional program memory arrays, external data registers
      and an output printer chip utilizing novel addressing techniques. Other
      features included use of the sequentially addressed memory set forth in
      copending application Ser. No. 420,999 with a timing arrangement in such a
      manner that auxiliary timing generators were not needed, and a keyboard
      interface register was provided which stored encoded keyboard and timing
      information for subsequent entry into the data registers or for selecting
      an address for the program memory. Application Ser. No. 360,984 disclosed
      the desirability of having a ROM/register chip and the advantages flowing
      therefrom.
PAR  It is therefore an object of the present invention to provide in a
      calculator system peripheral memory on a semiconductor chip which is
      addressed by a primary system. It is another object of the present
      invention to provide a peripheral data memory which is addressed by
      strategic communication of only a single flag signal coordinated with
      system status and timing signals. It is yet another object to provide a
      calculator system having a primary semiconductor chip set providing
      primary memory and computation functions and another chip interfacing
      therewith providing additional memory capacity and further to provide the
      method of addressing the chip by communicating a flag signal thereto at a
      selected system time prior to the data exchange on data lines.
PAR  It is yet another object to provide a method of addressing an suxiliary
      chip providing a plurality of functions in a multi-chip calculator system
      whereby the particular function supplied by the auxiliary chip is
      determined by communication of a flag signal to the auxiliary chip at a
      selected time in the system timing cycle.
PAR  Briefly and in accordance with the present invention, a calculator system
      is provided on a plurality of semiconductor integrated circuit chips with
      at least one of the chips providing peripheral instruction word and data
      storage. A flag signal at a preselected subcycle system time is generated
      on one of a primary set of chips and communicated in relationship to the
      system cycle timing to the peripheral chip for effecting addressing.
      Fifteen states are provided in the timing cycle which provides up to
      fifteen functions to be selected for execution on the peripheral chip.
      Communication of the flag signal during one state of the timing cycle
      indicates that data is to be written into a first register, and
      communication during a second state indicates that data is to be written
      into a second register and so on. Communication of the flag signal during
      another state of the timing cycle indicates that data is to be read from
      one of the registers, and communication of the flag signal at a subsequent
      state indicates that data is to be read from another register, and so
      forth, with provision for clearing all registers.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features believed characteristic of the invention are set forth
      in the appended claims. The invention itself, however, as well as further
      objects and advantages thereof, will be best understood by reference to
      the following detailed description of an illustrative embodiment, when
      read in conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a pictorial view of an electronic desk top calculator which may
      employ the invention;
PAR  FIG. 2 is a simplified block diagram of the expandable calculator system
      featuring the invention;
PAR  FIGS. 3a-3d are complex block diagrams of the data chip of FIG. 2;
PAR  FIG. 4 is a detailed block diagram of the ROM chip of FIG. 2;
PAR  FIG. 5 is a detailed block diagram of the ROM/Register chip of this
      invention;
PAR  FIGS. 6a and 6b are timing diagrams showing the timing of various parts of
      the system of the invention;
PAR  FIGS. 7a-7c is a detailed schematic diagram of the Register part of the
      ROM/Register chip of the invention;
PAR  FIGS. 8a-8e is a composite schematic diagram of the circuit of the ROM chip
      of FIG. 2 also comprising the ROM part of the ROM/Register chip.
DETD
PAC  DETAILED DESCRIPTION OF SPECIFIC EMBODIMENT
PAR  Referring to FIG. 1, an electronic calculator 1 of the type which may
      employ features of this invention is shown in pictorial form. The
      calculator 1 is contained within a small housing 2 and has a keyboard 3
      and a display 4. The display 4 may consist of up to fifteen digits or
      characters, and may employ neon tubes, liquid crystal display units,
      arrays of light emitting diodes, or other display means. In a business
      type calculator, the display 4 may include twelve digits plus one or two
      annotator characters which show minus sign, entry error, overflow, memory
      indicator, etc. In a scientific calculator, the display may be ten digits
      plus a two digit exponent for scientific notation, in addition to
      annotators for a sign for both mantissa and exponent as well as overflow,
      entry error, etc. Ordinarily, each digit of the display 13 would be of the
      so-called seven-segment or eight-segment variety, with provision for
      indicating a decimal point and comma for each mantissa digit. The keyboard
      3 includes the usual set of 10 decimal number keys one through nine plus a
      zero, and a decimal point key, along with 20 or so function keys, and 12
      decimal point set keys or switches. Floating or fixed decimal point mode
      for the display 4 may be set by a thumb wheel, or a lever switch or set of
      switches. The function keys include functions such as plus equal  , minus
      equal  , multiply X, divide .div., clear all CA, clear entry CE, along
      with a large number of other functions. Data or numbers are entered by the
      number keys, and instructions are entered by the function keys; both
      number and function keys serve to call subroutines from an internal stored
      program to execute the desired entry or operation. Entries and
      intermediate and final results of calculations are indicated on the
      display 4. Generally, the construction and operation of the calculator may
      be introduced with the block diagram of FIG. 2, as reproduced and
      described in accordance with the above referenced copending application
      Ser. No. 360,984.
PAR  In FIG. 2, there is shown a functional block diagram of the expanded
      claculator system of this invention showing the data chip and ROM chip
      interconnected with the peripheral chips providing expanded calculator
      capacity. The data chip 5 generates a plurality of control signals to the
      ROM chip 6, to the external set of ROM/Register chips 7 of this invention,
      providing for both increased data word storage and increased instruction
      word storage capacity, to the external 10-register chip set 8, providing
      external data word storage capacity, to the external programmer chip 10,
      providing a means for programming specific subroutines into the calculator
      externally, and to external printer chips 9 for controlling output
      printers 11. The output printers 11 may be of conventional design with
      adaptions to the printer chip 9, but preferably are of the thermal printer
      type or the drum printer type.
PAR  The control signals generated by the data chip 5 include the control
      signals:
PAR  CONTROL A (CONA) or inhibit increment for indicating that an interrupt is
      desired in the normal sequencing of the ROM to allow additional executions
      by the system before the next instruction word is to be executed;
PAR  CONTROL B (CONB) is indicative of the idle condition of the data chip,
      i.e., whether the data chip is actually in the calculating mode (non-idle)
      or in the display mode (idle);
PAR  CONDITION (COND) indicates that a condition flag has been set indicating a
      comparison of the particular flags or desired digits of an instruction
      word;
PAR  FLAG A (FLGA) is the serial output of the flag register in the SAM at an
      output rate determined by COND;
PAR  STATE TIMES (S times) indicate the state timing (timing controlling data
      manipulation) of the data chip, 16 of which state times generate a D time;
PAR  DISPLAY TIMES (D times) indicate which set state times of the program the
      calculator is currently executing, wherein 16 S times constitute an
      instruction cycle, and the D times are generated in cycles of 15 so that D
      times precess from the particular D time of the preceding cycle;
PAR  KEYBOARD INPUTS (K lines) are signals from the keyboard for entering
      externally commands to the data chip;
PAR  P REGISTER (PREG) indicates that the data chip is addressing ROM storage
      and indicates which ROM storage area is being addressed;
PAR  INSTRUCTION WORDS (I.sub.0 -I.sub.12) indicate the particular instruction
      word stored in a particular ROM instruction storage unit;
PAR  EXTERNAL (EXT) indicates that the external terminal on the data chip is
      either sending or receiving data;
PAR  STROBE (STBE) is a programmable signal determining the period of D times,
      herein preferably chosen as 15;
PAR  BUSY (BUSY) represents the condition of the printer as determined by the
      printer chip 9 that the printer is/is not busy and cannot/can receive
      another command for printing.
PAR  Referring again to FIG. 2, the data chip 5 provides output information from
      Register A and Flag Register A to the segment decoder 14. Such information
      is communicated as: position of the comma, position of the decimal point,
      actual data to be displayed from the A register, and data to be displayed
      from the Flag A Register. The segment decoder 14 is a conventional decode
      circuit for decoding the binary coded decimal output information for
      actuating the segment drivers 13. The segment drivers 13 comprise
      conventional driver circuits for actuating the above-mentioned displays 3,
      here shown to have a seven segment display per digit.
PAR  The data chip also provides D times to the digit drivers 12 for selectively
      scanning the digits of the display 3. Scanning of the display matrix is
      explained in detail in the above-mentioned application Ser. No. 420,999.
      The preferred embodiment herein disclosed provides a first set of D times
      from the data chip and a second set of D times from the ROM chip, which
      combination of sets comprise a fifteen D time cycle.
PAR  The data chip is responsive to the K information which is generated from
      the D time strobing of the keyboard input. This scanning of the keyboard
      is set forth subsequently in detail.
PAR  The ROM chip 6 is responsive to COND, CONA, PREG, STBE, IRGA, IRGB, and the
      S times signals from the data chip 5 and generates in response thereto the
      instruction word I.sub.0 -I.sub.12, the D times, and IRGA and IRGB to the
      data chip.
PAR  The ROM/Register chip 7 of this invention allows expanded data and
      instruction word capacity. As later explained in detail, the ROM register
      chip is responsive to I.sub.0 -I.sub.12 instruction words from the ROM,
      I/O information from the data chip, and S times, Flag A, STBE, CONA, CONB,
      PREG and COND command signals from the data chip.
PAR  The 10-register chip 8 is another set of peripheral chips providing
      expanded data storage capacity to the calculator system of this invention.
      The 10-register chip is responsive to Flag A, CONB, and I/O information
      from the data chip for providing recall data through the I/O lines in
      return to the data chip.
PAR  The printer chip 9 is responsive to the I/O information from the data chip,
      the external, CONB, Flag A, and STBE commands from the data chip for
      printing in accordance with data on the I/O lines.
PAR  For a better understanding of the ROM/Register chip, a detailed functional
      block diagram is shown in FIGS. 3a-3d and FIG. 4 of the data chip and ROM
      chip depicted in the calculator system of FIG. 2. The detailed description
      of the individual functional blocks as described in copending application
      Ser. No. 360,984 is hereby incorporated by reference as needed. The
      following description of generation of the relevant signals generated by
      the ROM and data chips is reproduced from the above referenced application
      as a convenience.
PAR  New instructions coming from the ROM 20 at times are desirously not entered
      into the instruction register 21. For example, if the data in the
      instruction register 21 is being recirculated, such as if the calculator
      is in a hold position, or if it is waiting for a particular D time for
      another instruction to be executed, first it is unnecessary for the ROM 20
      to continue sending out instructions and secondly, new instructions from
      the ROM are desirously not entered. The condition signals, CONA and CONB,
      communication to external chips when instructions are to be entered and
      executed. CONA is normally utilized to provide a hold instruction. That
      is, whenever CONA is actuated, that instructs the ROM to stop incrementing
      instructions and for it to hold at the location it is. An example is
      during a keyboard scan requiring a complete D or instruction cycle.
PAR  On the standard programming of the two-chip system of this invention, the
      output of CONA is controlled by the presence of either a scan or a wait
      instruction from the instruction register. Either of these instructions is
      a command for the program counter 25 to stop incrementing at the
      particular ROM location until reactuated by the data chip. During the one
      state of CONA the instruction register on the data chip recirculates the
      particular instruction therein, which is either the wait or the scan
      instruction. The calculator stays in this recirculating loop until the
      presence of a D.sub.15 signal which changes the state of CONA allowing
      entry into the instruction register of the next instruction coming from
      the ROM. An example of such a wait or scan function is when a complete
      scan of the keyboard is desired, a wait until D.sub.15 is necessary. This
      is so that the scan is started on D.sub.0 to assure scanning of all
      keyboard lines. Otherwise if a scan started at D.sub.13 instead of
      D.sub.0, remembering that the D times count backwards, a complete scan
      would comprise D.sub.13 -D.sub.0 -D.sub.15, without scanning D.sub.14. At
      time D.sub.15 the calculator is kicked out of the wait/scan instruction as
      a hardware function at time D.sub.15 and a new instruction word is
      executed.
PAR  The signal CONB communicates to external chips whether or not the data
      chips is in the "idle condition". In the idle condition, the calculator's
      outputs to the display terminals A1-A8 are actuated and the machine is
      awaiting further information. When the calculator is not in the idle mode,
      it is actually computing and the external display is blank. Thus, the CONB
      output will either be in a high or low state representing an idle or "not
      idle" condition. CONB is a function of the idle latch circuit 462, above
      discussed with respect to CONA, which is selectively coupled to CONB at
      D.sub.3 .phi..sub.2 in combination with an instruction from the control
      decode matrix for changing the output state of CONB even when the
      calculator is not changing its idle condition actually. That is, the CONB
      instruction from the decode matrix is utilized to transport information or
      to communicate with other chips information other than idle/non-idle
      information.
PAR  The idle latch circuit 462 is responsive to the control decode PLA, and in
      particular to set idle or zero idle instructions. These instructions
      either set the idle latch or zero the idle latch which causes selective
      communication to the other chips of the idle state of the data chip.
PAR  CONB, in addition to indicating idle conditions of the calculator, also
      performs other functions. That is, if flag condition information is being
      sent to other chips, CONB is utilized to indicate at what rate the flag
      information is being sent. That is, whenever data is being displayed,
      i.e., the calculator is in the idle condition, the flags are being sent at
      the same timing rate as the register information, i.e., one particular
      flag is transmitted during each instruction cycle or D time. This enables
      the flag to actuate functions such as decimal points, minus signs, or
      commas depending upon the specific program.
PAR  When the calculator is not in an idle mode, and the CONB is in the other
      condition, the flags are being transmitted at state time rates; that is,
      one flag per state time or 16 flags per instruction cycle or D time. The
      flag during this time may be utilized to selectively actuate other chips
      depending on whether or not a particular figure flag is set. Therefore,
      CONB controls whether other chips will look at a particular flag by
      knowing whether or not the calculator is in idle.
PAR  The output of CONB will always occur at S.sub.0 .phi..sub.1 if a CONB
      instruction or a zero idle instruction has been encountered. Therefore,
      another function of the CONB output is for synchronizing the other chips.
      That is, by coupling the external chips to monitor CONB, then after a
      power up clear routine is accomplished, a set CONB instruction provides a
      synchronizing information that the data chip is in a S.sub.0 .phi..sub.1
      state, and extra pins to communicate the same information is unneeded.
      Furthermore, by selective programming, CONB can be made to occur only at a
      particular D time, so that the occurrence of a particular CONB will
      synchronize not only the S times on the peripheral chips, but also the D
      times. This again provides considerable hardware advantages such as saving
      external pin interconnects, at only the expense of slight software
      manipulation.
PAR  The condition circuit 261 provides an output COND for providing to the ROM
      a conditional branch instruction. That is, if upon a particular test
      command the condition circuit or COND is set, then the ROM jumps to the
      location therein specified. If the condition circuit is not set, the next
      instruction word in sequence in the ROM is executed. For example, if the
      software routine requires a branch instruction if a particular flag is
      set, then at a particular time in the instruction cycle the flag is
      tested, and if the condition circuit is set in relationship to whether the
      flag was "set", then the ROM would branch to the location of the desired
      routine. If the condition circuit were not set with respect to the flag
      condition, then the next sequential instruction from the original ROM
      location would be executed.
PAR  The feature of a condition circuit and COND signal provides the machine the
      capacity of decision making dependent upon conditions which are under
      software control increasing versatility. Other software controlled
      conditions which may set or reset the condition latch circuit is the
      depression of a particular key on the keyboard input, setting the latch.
      In response to this particular setting of the condition latch when a
      keyboard key is depressed, the keyboard scan is terminated. The condition
      latch 261 is also set if during any add or subtract operation a carryout
      of the last digit of the register or a borrow out of the last digit is
      required. In other words, the condition circuit functions to indicate an
      overflow condition. The condition latch may also be set upon a particular
      "test flag" operation, wherein if the flag is set then the condition latch
      will also get set and conversely.
PAR  The input/output circuit labeled terminals 33-36 are used to both output
      data from registers in the SAM 23 to external chips and to input data from
      the external chips to the data chip. Whether or not data is being input or
      output and to which registers the data is channeled is under software
      control.
PAR  The four outputs labeled SA-SD provide four bit binary encoded state time
      information relating the particular state time, S.sub.0 -S.sub.15, of the
      calculator. Terminals SA-SD may be coupled to any ROM chips 7 of the
      system having sufficient interconnect pins to receive the information. As
      earlier discussed, those chips not having the extra four pins to receive
      the SA-SD signals may monitor the CONB signal and utilize it as a sync
      signal in generating S and D times coincident with SA-SD.
PAR  Pin 16 is labeled a strobe output and provides a signal to external chips
      to indicate during which D time the calculator is operating. The ROM chip
      digital output buffers which provide D signals D.sub.2 -D.sub.12 for
      scanning the keyboard and display are synchronized utilizing the strobe
      signal. Strobe occurs during a given state time and this occurrence
      changes during each instruction cycle or D time. As will be discussed
      later, D times actually precess by one state time, or count backwards, and
      accordingly the strobe circuit precesses by one state time. As earlier
      mentioned CONB may be utilized to sync the external chips if sufficient
      interconnect pins are not available. The separate strobe generator,
      however, is readily provided on the data chip and saves considerable
      software manipulation than if otherwise CONB had to be utilized. The
      strobe generator 530 producing the strobe signal may be programmed to
      provide a strobe signal so that a D time may be one instruction cycle in
      duration, as it is in the preferred embodiment herein described, or it may
      be programmed so that a D time is two, three, four or five instruction
      cycles in duration. This feature provides an extended D time to
      accommodate any display system having a high number of displays requiring
      a particularly large set of information to be transmitted thereto. In such
      a case, more than fifteen S times or one instruction cycle is required for
      complete execution of the information driving the display system.
PAR  The Flag A, FLGA, output indicated at pin 11 is utilized to convey
      particular conditions of the calculator. Flag A is under control of the
      CONB signal and may be utilized for communication to other chips while the
      calculator is actually in the not idle or computing mode. As earlier
      discussed, in the calculating or not idle mode, the flags appear at the
      Flag A output once every given S time. This particular flag information is
      communicated to other chips, for example, the ROM register chip, which in
      combination with the particular D time directs the ROM register chip to
      store the conveyed data in a particular ROM memory therein. By
      multiplexing data utilizing a particular flag/D time combination in this
      manner, only one flag is needed to convey and store the necessary
      information, and no other data chip output is required. In a similar
      manner, the ROM register external chip utilizes flag information for
      controlling which register therein is being accessed. Utilizing the flags
      in this way is a feature of this invention as an almost unlimited amount
      of expansion is possible with peripheral chips in combination with the
      data and ROM chip.
PAC  TIMING
PAR  The various S and D time expressions used in the above description are
      explained for convenience by reference to the following reproduction from
      Ser. No. 360,984.
PAR  The calculator system operates on two externally provided clocks
      .phi..sub.1 and .phi..sub.2 as seen in FIG. 6a and two internally
      generated clocks P1 and P2. The frequency used is 250 KHz for .phi..sub.1,
      .phi..sub.2. The clock generators may be conventional and are not shown
      herein.
PAR  One set of clocks .phi..sub.1, P.sub.1, .phi..sub.2, P.sub.2 is referred to
      as a state time, and represents the time for one bit from each of the main
      registers A, B, C, D to be operated on in parallel by the ALU, etc. The
      BCD arithmetic used in the invention requires one full set of clock pulses
      for each digit, so 16 sets or state times are needed to perform arithmetic
      operations on all 16 digits in a register. Sixteen state times represent
      one D time or instruction cycle, as seen in FIG. 6b.
PAR  Individual address lines in the registers 23 are energized only for three
      of the clocks .phi..sub.1, P.sub.1, .phi..sub.2, rather than all four;
      these groups of three are also referred to as state times S0 to S15 as
      seen in FIG. 6a. A feature of the invention is the use of the same state
      times as generated to operate the address lines of the SAM register 23 to
      operate or time the remainder of the system.
PAR  D times generated directly from state times S0-S15 are used to scan the
      keyboard and the display. As seen in FIG. 6b, the D times count down, D15,
      D14, D13 . . . D1, while the state times count up, S0, S1, S2 . . . S15;
      this feature aids in the zero suppression technique since leading zeros to
      be suppressed are on the left or MSD first while the ALU must operate from
      right to left or LSD first. There are fifteen D times and sixteen state
      times.
PAC  THE ROM/REGISTER CHIP
PAR  The ROM/Register chip of this invention is best described when viewing the
      detailed block diagram thereof as depicted in FIG. 5 in combination with
      the schematics as referenced in FIG. 4 and FIGS. 7a-7c. Like functions
      have like numbers in FIGS. 4, 5 and 7 for ease in understanding and for
      convenience.
PAR  This chip is very similar to the ROM chip of FIG. 4 and includes most of
      the elements in the ROM chip shown in addition to what is shown in FIGS.
      7a-7c. That is, the ROM/Register chip would include a ROM 20 made up of
      6656 bits, X and Y address lines 550 and 551, X and Y address selectors
      558 and 556, a program counter 25, input pads I.sub.0 -I.sub.12, ROM
      output lines B.sub.0 -B.sub.12, output buffers 579, a timing decoder 585,
      a matrix 586, and associated circuitry. The ROM/Register chip would not
      include an instruction register 581 because the one in the ROM chip itself
      would be used; that is, if a location in the ROM 20 of the ROM/Register
      chip of FIGS. 7a-7c were addressed, the selected instruction word would be
      read out of the output buffers 579 of the ROM/Register chip into the lines
      I.sub.0 -I.sub.12 which are in common with the lines I.sub.0 -I.sub.12 of
      the ROM chip, so the word would be read into the instruction register 581
      of the ROM chip, and thence into the instruction register 21 in the data
      chip via the pads IRGA and IRGB. Also, the display scan shift register 600
      of FIG. 4 need not be duplicated on the ROM/Register chip.
PAR  The ROM/Register chip includes all of the circuitry of FIGS. 4 (except the
      instruction register and display scan register, as just explained), plus
      the circuitry of FIGS. 7a-7c. Basically, this added circuitry consists of
      two 16 digit binary-coded-decimal registers E and F along with their
      associated control circuits and output circuits. The E and F registers are
      made up of shift registers 650, of which there are eight 16 state
      registers of conventional form. These registers are not composed of
      sequentially addressed random access cells like the SAM 23 in the data
      chip; instead, conventional recirculating stages are used. The stages of
      E1, E2, E4, etc. are not shown, but would be exactly like F8. A number to
      be read into the E or F registers would be fed into input lines 651 which
      are connected to I/O pads I/01 to I/08 (through inverters and .phi..sub.2
      clocked gates). The I/O pads are connected to I/O pads on the data chip.
      The data read out of the data chip and into the lines 651 would be serial
      by digit and parallel by bit. From the lines 651 the data could be written
      into either the E or F registers under control of gates 652. A register E
      write signal existing on an input 653 to the gates 652 for one instruction
      cycle causes the data on lines 651 to be written into the four parallel
      shift registers 650 which make up the E register. Similarly, a register F
      write signal on an input 654 causes the data in lines 651 to be written
      into the F register. When data is not being written into the E and F
      registers, the registers continuously recirculate via paths 655, but
      during a write in operation these paths are stopped by gates 652. One
      complete 16 bit recirculation is effected for each instruction cycle. The
      E and F registers may be cleared by adding in zeros, one digit at a time,
      under control of a clear all input 656 which is generated in the control
      portion of the ROM/Register chip as will be described later in reference
      to FIG. 7a.
PAR  The E and F registers 650 may be recalled or read out via lines 657 and
      658, respectively. Each of the sets of output lines 657 and 658 include
      four lines for the one, two, four and eight bits of BCD code. As the
      registers 650 recirculate, the 16 digits in each register will appear in
      sequence on these lines 657 and 658, but the data will also remain in the
      recirculating shift registers until cleared or until new data is written
      in via lines 651.
PAR  Referring to FIG. 7c, output circuitry (I/O buffers) for the ROM/Register
      chip is illustrated. The data on read out lines 657 and 658 appears as
      input to selector gates 659, and the other inputs to these selector gates
      come from register E read and register F read, lines 660 and 661. Only one
      of these lines 660 or 661 can be actuated during a given instruction
      cycle, so either E register data or F register data will appear on outputs
      662 from the selector gates 659. These outputs 662 are coupled through
      edge detector circuitry 663 to the I/O pads I/01 to I/04. The function of
      the edge detector is merely to assure that the output occurs at the proper
      clock time to be compatible with the remainder of the system, and so will
      not be described in detail. Output buffers 664 raise the levels to the
      extend needed to drive external wiring between the I/O pads on the
      ROM/Register chip and the same pads on the data chip.
PAR  In FIG. 7a the control circuitry 586 for the ROM/Register chip is shown.
      The purpose of the control arrangement is to generate one of five control
      signals: register E write on line 653; register F write on line 654; clear
      all on line 656; register E read on line 660; or register F read on line
      661. This is done by using a combination of strobe times, S times and a
      flag. Encoded S times appear at pads S.sub.A to S.sub.D, as generated
      within the data chip and conveyed out via lines 312. A decoder matrix 666
      receives S.sub.A to S.sub.D as well as S.sub.A to S.sub.D, to produce one
      of six outputs on lines 667. The matrix 666 may be coded in various ways,
      but as shown it will produce an output on the clear all line at S.sub.14,
      on the register E write line at S.sub.0, on the register F write line at
      S.sub.5, on the register F read line at S.sub.7, on the register E read
      line at S.sub.3. Each of these will occur once every instruction cycle,
      but the signals on lines 667 will reach the lines 653, 654, 656, 660 or
      661 only when coincident with a strobe and if a flag occurs also at the
      proper time. The flag/time combination, which will set up operation of
      this control circuit, is defined by a state-of-memory flag output produced
      at a line 668 from the decoder matrix 666; in the example, the Flag A must
      occur at S.sub.12.
PAR  Inputs to the control circuitry 586 of FIG. 7a include a strobe line 669
      which is connected to the strobe or STB pad on the data chip. As
      previously explained, the strobe occurs at certain times which count down
      or backwards; the strobe occurs at S.sub.14 during one instruction cycle,
      at S.sub.13 the next, S.sub.12 the next, etc. The strobe exists for one
      state time occurring every 15th state time in a 16 state time instruction
      cycle. This strobe input 669 is gated into a set of five gates 670 so that
      the signals on the lines 667 only get through if they coincide with a
      strobe. The next input to the control circuitry is S.sub.0 .phi..sub.1 on
      line 671 and gates 672. During each instruction cycle, if the strobe
      coincides with one of the times selected in the matrix 666, then one of
      the lines 667 through gate 670 will be actuated; however, this will occur
      at a particular S time, so the S.sub.0 input 671 and gates 672 function to
      force the gate outputs into synch with D times or instruction cycles. That
      is, inputs to gates 673 are activated as follows: Recall E at D3, Recall F
      at D7, Store E at D0, Store F at D5, Clear All at D14, and State of Memory
      Flag at D12. The outputs from the gates 672 are communicated to a set of
      five gates 673 only if this flag occurs at a particular S time, chosen
      here as S.sub.12 as established by line 668 in decode matrix 666. They are
      controlled by an occurrence of a flag from Flag A register in the data
      chip as it appears on input 674 at the chosen D time for selecting the
      desired function. This function of requiring coincidence is implemented by
      gates 675.
PAR  COND is zero when the data chip is in Idle, meaning when displaying. During
      this time, flags are used for displaying annotations such as overflow,
      minus sign, exponent sign, etc. These flags are stretched out a full D
      time in length. To prevent flags occurring during Idle or Display mode
      from erroneously addressing the chip, the CONB input 676 to gate 677
      prevents Flag A signals from input 674 from reaching the gates 673.
      Outputs from the gates 673 are delayed until S.sub.15 by a set of gates
      678 which are clocked at S.sub.15 via an input 679 from the S.sub.15 line
      of the decode matrix 565; this functions to delay the occurrence of
      signals on lines 653, 654 et seq. until the next instruction cycle. The
      program for addressing the E and F registers employs four instruction
      cycles. The full table of instruction cycles and description thereof is in
      the above referenced copending application Ser. No. 420,999 which is
      incorporated here by reference. If data is to be read into the F register
      from the A register in the data chip, the first instruction is "Wait 6"
      which means that the system goes into a wait mode, nothing happening until
      time D.sub.6 occurs; this is necessary because Store register F is
      programmed in the decode matrix to occur at S.sub.5, and D.sub.5 is going
      to coincide with the time that the strobe on line 669 occurs at S.sub.5.
      The next instruction during D.sub.5 is Set Flag Address, meaning a one is
      set in Flag A register at S.sub.12 or digit 12; thus, during the cycle the
      flag will appear on input 674, the strobe will match up at S.sub.5
      -D.sub.5, and the chain for energizing line 654, register F write, will be
      set up during D.sub.5. The next instruction from the ROM 20 on the ROM
      chip is "Register A to I/O" meaning the data in the A register will be
      applied one digit at a time to the I/O lines of the data chip, from whence
      it will appear on lines 651 of the ROM/Register chip, and thus it will be
      entered with the F register. The last instruction is "Zero Flag Address"
      meaning the address bit 12 in Flag A registers is zeroed. This completes
      the cycle. The sequence would be the same for Recall E register, for
      example, except that it would start with "Wait D.sub.4 " since Read E or
      Recall E is programmed for S.sub.3 in matrix 666; also the third
      instruction would be "I/O to Register A" so the input/output lines on the
      data chip would be connected to feed data to the A register therein. Clear
      All could be done in three instructions, e.g., "Wait 15", "Set Flag
      Address at S.sub.12 ", and "Zero Flag Address".
PAR  In FIGS. 8a-8e the specific circuitry of the ROM chip of FIG. 4 is
      reproduced from the above referenced copending case Ser. No. 420,999 to
      show a specific implementation of the ROM 20, program counter 25, decoder
      585, matrix 586 and the other associated circuitry. It is therefore
      understood that respective circuitry from FIGS. 8a-8e is combined with
      FIGS. 7a-7c to provide a complete ROM/register chip according to this
      invention. Specific description of the specific circuitry on the ROM chip
      of FIG. 8 is hereby incorporated from the above referenced copending case.
PAR  It will be appreciated that the peripheral memory chip of the described
      calculator system according to this invention provides a means for adding
      external memory to a calculator system and also a method for addressing
      the external memory. By communicating a dedicated flag at a specific
      period in the calculator system timing, the external function associated
      therewith is enabled, such as a flag communicated at S12-D6 reads data
      into the F register. Such a technique enables addressing an external
      function with only one pin. That is the SA-SB timing signals are suitably
      and alternatively provided on the peripheral chip and synchronized with
      the master chip pair timing via a change of state of the CONB signal, as
      described in above referenced case Ser. No. 360,984. Such a technique is
      accordingly advantageous due to its minimum pin requirements.
PAR  Although specific embodiments of the present invention have been described
      herein, it will be apparent to a person skilled in the art that various
      modifications to the details of construction and method shown and
      described may be made without departing from the scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a data processing system, implemented in at least one semiconductor
      chip having input means for entering data and functions, and control means
      for handling the data and functions, the improvement comprising:
PA1  a. timing means, for providing timing signals;
PA1  b. instruction memory means for storing instructions;
PA1  c. flag generating means connected and responsive to the instruction memory
      means for selectively generating a flag signal;
PA1  d. combining means connected to the timing means and to the flag generating
      means for combining the flag signal and any one of the timing signals into
      a unique store or read addressing signal; and
PA1  e. auxiliary storage means connected to and responsive to the combining
      means for storing in the storage means the input data and functions in
      address locations determined by the unique store addressing signals and
      for reading out of the storage means the data and functions from address
      locations determined by the unique read addressing signals.
NUM  2.
PAR  2. The improvement of claim 1 wherein the auxiliary storage means is
      further comprised of a plurality of storage locations, having addressing
      means responsive to the combining means for selecting one of the plurality
      of storage locations.
NUM  3.
PAR  3. The improvement of claim 2 wherein the timing means provide a repetitive
      set of N cycles and M subcycles occurring during each of the N cycles, a
      selected one of the M subcycles from a selected one of the N cycles being
      combined with the flag signal to provide the addressing, storing and
      reading information.
NUM  4.
PAR  4. The improvement of claim 1 wherein the system is a calculator having
      control signal generating means, responsive to the flag generating means,
      to the control means and to the instructions from the instruction memory
      means for providing one logic state indicating a first calculator activity
      and a second logic state indicating a second calculator activity.
NUM  5.
PAR  5. The improvement of claim 3 wherein the system is a calculator having
      control signal generating means, responsive to the flag generating means
      to the control means and to the instructions from the instruction memory
      means for providing one logic state indicating a first calculator activity
      and a second logic state indicating a second calculator activity.
NUM  6.
PAR  6. The improvement of claim 4 wherein the auxiliary storage means is
      further responsive to the control generating means for addressing, storing
      and reading data and functions.
NUM  7.
PAR  7. The improvement of claim 5 wherein the auxiliary storage means is
      further responsive to the control generating means for addressing, storing
      and reading data and functions.
NUM  8.
PAR  8. The improvement of claim 4 wherein the auxiliary storage means comprises
      at least one peripheral semiconductor chip having at least one auxiliary
      storage device located thereon.
NUM  9.
PAR  9. The improvement of claim 7 wherein the auxiliary storage means comprises
      at least one peripheral semiconductor chip having at least one auxiliary
      storage device located thereon.
NUM  10.
PAR  10. In a calculator system having instruction memory means with
      instructions stored therein, input means for receiving data and calculator
      function designations, control means for manipulating the instructions,
      data and function designations to obtain mathematical indications,
      auxiliary storage means, timing means for providing timing signals, and
      flag generating means for providing flag signals, the method of addressing
      the auxiliary storage means comprising the steps of:
PA1  a. generating a flag signal;
PA1  b. combining the flag signal with a desired timing signal to provide a
      unique store or read addressing signal; and
PA1  c. addressing the auxiliary storage means store or read.
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ABST
PAL  Automatic selector for peripheral equipment capable of operating
      alternately with one or the other of two computers, enabling, at a given
      instant the setting up of the connection with only one of the two
      computers exclusive of the other without predetermined order of priority
      between the computers.
BSUM
PAR  The invention comes within the branch of data processing by an electronic
      computer exchanging data with a peripheral element. It concerns an
      automatic selector for peripheral equipment capable of operating
      alternately with either one or the other of two computers, enabling, at a
      given instant, the setting up of the connection with only one of the two
      computers exclusively of the other without a predetermined order of
      priority between the two computers. It is applied to data processing
      centers in which a peripheral equipment may be contacted by one or the
      other of two computers.
PAR  When in accordance with the prior art, a computer under the control of a
      program proceeds with an input or an output of data, or again with the
      examining of the state of a peripheral equipment, it applies, to address
      lines, a code corresponding to the number of the peripheral equipment.
      That code exists throughout the whole duration of the operation. There
      exists between the computer and the peripheral equipment an element called
      a coupler, which decodes the address, and the logic signal thus obtained
      opens the gates disposed in the connection lines of the coupler with the
      computer such as in the data input lines and data output lines,
      clocklines, etc.
PAR  On the other hand, the normal procedure of operation with peripheral
      equipment requires the knowledge of the state of that peripheral
      equipment. The peripheral equipment provides, for that purpose, a "ready
      to exchange data" logic signal. If that signal is in the state 1, the
      peripheral equipment is available and can receive or supply a word. In the
      contrary case (for example, print-out machine in the process of printing)
      the peripheral equipment is not available, the "ready" signal is at zero.
PAR  The computer is therefore connected to the peripheral equipment a first
      time to examine if the peripheral equipment is ready to exchange data and
      a second time if it is ready, to perform a data input or a data output.
PAR  It will be seen that in accordance with the prior art a peripheral
      equipment is effectively connected to a computer only by its address
      decoding signal.
PAR  In certain installations, arrangements are provided for the same peripheral
      equipment to be connected to one or the other of two computers A, B. The
      coupler receives independently the address lines and the data lines of the
      two computers. The peripheral equipment has only one line of data. The
      coupler therefore has a selector ensuring the connection of the data lines
      of the peripheral equipment to the data lines of one or the other of the
      two computers.
PAR  The selector in accordance with the present invention fulfills the
      following conditions:
PAR  1. Selection is made according to addresses. The peripheral equipment is
      connected to the computer which has addressed it. Priority is granted to
      the first computer, for example A, which has sent out its address code.
      If, during the sending out of the address code of A (designated for
      example by FA), B begins to send out its address code (designated by FB),
      the code FB is blocked throughout the whole duration of the sending out of
      code FA.
PAR  2. If the peripheral equipment was ready at the instant of the sending out
      of the code FA, it was effectively connected to the computer A, the
      connecting of the peripheral equipment to A is maintained until the
      disappearance of the "ready" signal; an address code FB arriving during
      that interval is blocked: the computer A retains the exclusive use of the
      peripheral equipment during the whole of the time which the operation
      lasts. Only when the "ready" signal has returned to zero is an address
      code FB able to cause the connecting of the peripheral equipment with B.
PAR  The logic arrangement according to the invention ensures the connections of
      the peripheral equipment either with the computer A or with the computer
      B, according to these preceding conditions.
PAR  It comprises, for that purpose a first stage formed by two bistable
      flip-flops and two AND gates, which, receiving the address codes FA, FB,
      supplies pre-selection signals, designated respectively by GA, GB; and a
      second stage formed by two bistable flip-flops and annexed logic circuits,
      which, receiving the signals GA and GB and the "ready" signal (PR) coming
      from the peripheral equipment, sends out one of two "selection of A" (SA)
      or "selection of B" (SB) signals. The first stage ensures the blocking of
      an address code (for example FB) during the sending out of the other
      address code (for example FA). The second stage ensures the blocking of
      the address code of B (FB) if it arrives while peripheral equipment is
      connected to A, as long as the "ready" signal (PR) has the valency 1.
DRWD
PAR  The invention will be described in detail with reference to the
      accompanying figures, among which:
PAR  FIG. 1 shows a general diagram of the device according to the invention, in
      a preferred embodiment;
PAR  FIG. 2 comprises graphs showing the valencies of several signals during a
      selection and using of the peripheral equipment by one of the computers.
DETD
PAR  In FIG. 1, the symbols A and B designate two computers capable of operating
      with the same peripheral equipment P. Also,
PA1  Ea is the input of A;
PA1  Eb is the input of B;
PA1  Ua is the output of A; UB is the output of B;
PA1  Fa is the address or temporary request of A; FB is the address of B;
PA1  Ga is the pre-selection of A; GB is the pre-selection of B;
PA1  Ma is the maintaining of A; MB is the maintaining of B;
PA1  Sa is the selecting of A; SB is the selecting of B;
PA1  P is the peripheral equipment;
PA1  Ep is the input of the peripheral equipment;
PA1  Up is the "data" output of the peripheral equipment; and
PA1  Pr is the ready for transaction signal.
PAR  In the figure, the connections are designated by the same symbols as the
      corresponding signals.
PAR  The bistable flip-flops of the first stage 1, 2 and of the second stage 3,
      4 are preferably type-D flip-flops, with a control input Di, a clock pulse
      input Hi, a resetting to zero input Zi, and outputs Qi and Qi, where i
      designates the number of the flip-flop.
PAR  The address line FA of computer A is connected to clock input H1 and to
      control input D2. The address line FB of computer B is connected to clock
      input H2 and control input D1. An AND gate 11 has two inputs connected to
      FA and Q1, respectively. An AND gate 12 has two inputs connected to FB and
      Q2, respectively.
PAR  The output GA of gate 11 is connected to H3 to an input of an AND gate 21.
      The output GB of gate 12 is connected to H4 and to an input of an AND gate
      22. The output Q3 is connected to an input of an AND gate 23 (signal MA);
      the output Q4 is connected to an input of an AND gate 24 (signal MB). The
      output Q4 is connected to input D3, to a second input of gate 21 and to a
      second input of gate 23. The output Q3 is connected to input D4, to a
      second input of gate 22 and to a second input of gate 24. The outputs of
      gates 21 and 23 are connected to the inputs of an OR circuit 25, whose
      output SA is connected to an input of an AND gate 31 and to an input of an
      AND gate 33. The outputs of gates 22 and 24 are connected to the inputs of
      an OR circuit 26 whose output SB is connected to an input of an AND gate
      32 and to an input of an AND gate 34.
PAR  The line PR coming from the peripheral equipment P is connected to the
      terminal Z4. The line PR is also connected to an input of the AND gate 31
      and to an input of the AND gate 32. The "data" output UP of the peripheral
      equipment is connected to an input of gate 33 and to an input of gate 34.
      The output signals of the gates 31 and 33 are connected together at the
      input of an OR circuit 35, whose output is connected to the input EA of
      computer A. The output signals of the gates 32 and 34 are brought together
      at the input of an OR circuit 36, whose output is connected to the input
      EB of computer B.
PAR  The outputs UA of computer A and UB of computer B are connected to the
      inputs EP of the peripheral equipment by two AND gates 37 and 38, under
      the control of the signals SA and SB, respectively, through an OR circuit
      39. The elements 31 to 39 form a part of the coupler.
PAR  The operation of the circuit according to FIG. 1 will be described with
      reference to the graphs in FIG. 2, which contains eleven graphs showing
      the valency of eleven signals: FA, FB, GA, GB, Q1, Q2, PR, MA, MB, SA, SB
      during a picking up and using process of one of the two computers, taken
      as an example.
PAR  It is assumed that the computer A sends out to the peripheral equipment its
      address signal (FA) a first time (gating pulse a1), to check if the
      peripheral equipment is ready, then a second time (gating pulse a2) to
      exchange data with it. It will be shown that if the peripheral equipment
      is ready at the beginning of the gating pulse a1, the computer A has the
      exclusive use of the peripheral equipment during the whole of the interval
      from the beginning of the gating pulse a1 to the end of the gating pulse
      a2, whatever operations may be effected by the computer B.
PAR  Indeed, it is assumed that computer B sends out an addressing signal
      (FB)(gating pulse b1) during the signal FA. Whereas the gate 11 transmits
      the signal GA, the flip-flop 2 has a 1 on D2 when FB arrives; therefore it
      becomes tripped and Q2, which was at 1, changes over to zero; therefore GB
      remains at zero at the output of gate 12.
PAR  It is assumed that B sends out a second gating pulse b2 before the
      appearance of a2. At that very instant, there is an 0 on D2; therefore the
      flip-flop 2 falls back; Q2 reverts to the valency 1 and a signal GB is
      formed.
PAR  But as it is assumed that the signal PR is at 1, the signal GA has tripped
      the flip-flop 3. The result of this is MA = 1 and Q3 is 0, therefore 0 is
      also applied on D4; the signal MB remains at zero. The result of this is
      the maintaining of SA = 1, as long as PR = 1 and SB still remains at zero.
PAR  When, after the second gating pulse a2, the peripheral equipment ceases to
      be ready, the signal PR falls back to zero and the signal SA is cancelled.
PAR  If the peripheral equipment is not ready when the signal GA (PR = 0) is
      applied, the signal SA is generated at the output of gate 25, through gate
      21: it is then used to communicate to the computer A the state PR = 0.
PAR  It must be understood that the equivalent results would be obtained if B
      sends out its address before A.
PAR  There is no difference in the order of priority between the two computers.
PAR  It will easily be observed that the device according to the invention
      fulfills the conditions set in all cases of application.
PAR  The embodiment described is based on the use of D type bistable flip-flops,
      but within the scope of the invention, other types of flip-flops may be
      used.
PAR  While we have shown and described one embodiment in accordance with the
      present invention, it is understood that the same is not limited thereto
      but is susceptible of numerous changes and modifications as known to a
      person skilled in the art, and we therefore do not wish to be limited to
      the details shown and described herein but intend to cover all such
      changes and modifications as are obvious to one of ordinary skill in the
      art.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An automatic selector associated with a peripheral equipment capable of
      exchanging data with one or the other of first and second computers for
      connecting the peripheral equipment to the computer which is the first to
      request connection to the peripheral equipment and for maintaining that
      connection until the selected computer is finished exchanging data,
      comprising
PA1  a first selection stage including means responsive to address outputs
      representing request for connection to the peripheral equipment from said
      first and second computers for generating a first signal when said first
      computer request is the first received and for generating a second signal
      when said second computer request is the first received,
PA1  a second selection stage connected to receive said first and second signals
      and including means responsive to a busy free output from said peripheral
      equipment representing the busy/free condition thereof and said first and
      second signals for generating a first selection signal when a first signal
      is received from said first selection stage and said peripheral equipment
      is free and for generating a second selection signal when a second signal
      is received from said first selection stage and said peripheral equipment
      is free, and
PA1  coupler means for enabling the application of data from said first computer
      to said peripheral equipment in response to said first selection signal
      and for enabling the application of data from said second computer to said
      peripheral equipment in response to said second selection signal.
NUM  2.
PAR  2. An automatic selector as defined in claim 1, wherein said first
      selection stage includes first and second flip-flops and first and second
      AND gates, one input of said first flip-flop and said first AND gate being
      connected to a connection request signal of said first computer, one input
      of said second flip-flop and said second AND gate being connected to a
      connection request signal of said second computer, the other input of said
      first flip-flop being connected to the connection request signal of said
      second computer, the other input of said second flip-flop being connected
      to the connection request signal of said first computer, the other input
      of said first and second AND gates being connected to an output of said
      first and second flip-flops, respectively, said first AND gate providing
      an output of the first signal of said first selection stage and said
      second AND gate providing an output of the second signal of said first
      selection stage.
NUM  3.
PAR  3. An automatic selector as defined in claim 2 wherein said second
      selection stage includes third and fourth flip-flops each having one input
      connected to receive a respective one of said first and second signals
      from said first selection stage, third and fourth AND gates having each
      one input connected to one output of said fourth flip-flop, said third AND
      gate having another input receiving said first signal from said first
      selection stage and said fourth AND gate having another input connected to
      an output of said third flip-flop, and a first OR gate connected to the
      outputs of said third and fourth AND gates for providing said first
      selection signal.
NUM  4.
PAR  4. An automatic selector as defined in claim 3 wherein said second
      selection stage further includes fifth and sixth AND gates each having one
      input connected to the other output of said third flip-flop, the other
      input of said fifth AND gate being connected to the other output of said
      fourth flip-flop and the other input of said sixth AND gate receiving said
      second signal from said first selection stage, and a second OR gate
      connected to the outputs of said fifth and sixth AND gates for providing
      said second selection signal.
NUM  5.
PAR  5. An automatic selector as defined in claim 4 wherein said busy/free
      output from said peripheral equipment is connected to a reset-to-zero
      input of each of said third and fourth flip-flops.
NUM  6.
PAR  6. In a data exchange system including a peripheral equipment having a
      ready for transaction signal output and data line means, and first and
      second computers having temporary request signal outputs and data line
      means, and an automatic selector for connecting one-at-a-time a respective
      computer data line to said peripheral equipment data line in response to
      the first temporary request signal supplied from one of said computers
      after completion of a data exchange, said automatic selector comprising:
PA1  a first selection stage including a first coupling means having an input
      receiving temporary request signals from said first computer and providing
      an output indicative thereof, a second coupling means having an input
      receiving temporary request signals from said second computer and
      providing an output indicative thereof, and an inhibit circuit means
      responsive to concurrent request signals from said first and second
      computers for disabling the coupling means that receives the secondly
      occurring request signal;
PA1  a second selection stage including first and second control means each
      capable of assuming either of first and second states, said first and
      second control means each having a reset input connected to the ready for
      transaction signal output of said peripheral equipment and each having a
      set input connected respectively to the output of said first and second
      coupling means, said first and second control means each assuming said
      first state in response to previously being reset and a signal occurring
      on the respective set input and assuming said second state when no signal
      occurs on the respective set input or said control means is not reset, and
      second inhibit means interconnecting said first and second control means
      for causing one of said first and second control means to assume said
      second state when the other thereof is in said first state; and
PA1  data transfer gate means for coupling the data line means of a respective
      computer with the data line means of said peripheral equipment in response
      to the first state of said first and second control means.
NUM  7.
PAR  7. An automatic selector as defined in claim 6, wherein said first and
      second coupling means each include an AND gate respectively providing the
      output thereof, and said inhibit circuit means includes first and second
      flip-flops each having two inputs receiving temporary request signals from
      respectively said first and second computers and each having a
      control-signal output, said flip-flops controlling respectively the AND
      gates of said first and second coupling means to open the AND gate which
      receives the first occurring temporary request signal and to block the AND
      gate which receives a secondly occurring temporary request signal.
NUM  8.
PAR  8. An automatic selector as defined in claim 7, wherein said first and
      second control means respectively include third and fourth flip-flops each
      having a reset input connected to the ready for transaction signal output
      of said peripheral equipment and an input connected to the AND gate of the
      corresponding one of said first and second coupling means, and said
      inhibit means including means connecting an output of each of said third
      and fourth flip-flops to another input of respectively said fourth and
      third flip-flops.
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ABST
PAL  A digital logic circuit, hereinafter referred to as an element, of which an
      interconnected plurality together with their connections to a control unit
      comprise a learning machine which synthesizes a boolean function of n
      variables as the result of a training procedure.
PAL  Each element may operate as a two-input, one-input combinational circuit of
      one of four logical types, where the type is determined by the current
      internal state of the element. All four types are such that a (ZERO,ZERO)
      input pair gives rise to a ZERO output, and a (ONE,ONE) input pair gives
      rise to a ONE output, while the particular operation realized is
      determined by two function value units which compute suitable outputs
      under the (ONE,ZERO) and (ZERO,ONE) input pairs to the element.
PAL  Three different species of element are described differing in their
      computation of heuristic responsibility. The "global search" species is
      useful when the function to be synthesized is not constant; there is a
      convergence theorem related to this species. The "latest error" species is
      also useful for applications where the function to be synthesized may be a
      constant; but this type does not obey a known convergence theorem. The
      "hill climbing" species is useful principally to improve an existing
      approximate synthesis.
PAL  Means are provided for setting and reading out the functions realized by
      the elements in a tree-like network in order to facilitate storage and
      transmission of synthesized functions.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  Given the number n, a network of elements made according to the present
      invention with appropriate connections to n logical signals and their
      complements could, in theory, be constructed in such a way that any one of
      the 2.sup.2.spsp.n  boolean functions of n variables would be attained for
      at least one state. The resulting machine would thus be a universal
      function-learner for n variables. However, the synthesis of any desired
      boolean function of n variables by a universal function-learner can
      already be accomplished by the Generalized Self-Synthesizer of P. H.
      Halpern, U.S. Pat. No. 3,262,101 issued July 19, 1966. For this task,
      then, the present invention, although applicable, provides no improvement
      in principle. Furthermore, if the number of variables n is very large, in
      the hundreds or thousands, any universal function synthesizer whatsoever,
      including of course one made according to the present invention or
      Halpern's, is physically impossible to build, due to the great number of
      states and therefore parts (at least 2.sup.n) required.
PAR  Fortunately, many useful functions of a large number n of variables are of
      very low sensitivity compared to most boolean functions of n variables.
      Sensitivity of a boolean function f can be precisely defined by a modulus
      of sensitivity function .mu..sub.f which for an interger d .gtoreq. 0 has
      a value .mu..sub.f (d) equal to the probability that f(a) is not equal to
      f(b) under the condition that a and b vary over all n-tuples which differ
      in precisely d components. The probabilities are calculated with respect
      to some probability distribution P given on the set of all n-tuples.
      Explicitly: .mu..sub.f (d) is equal to the sum of P(a)P(b) over all pairs
      (a, b) such that a and b differ in precisely d components and such that
      f(a) is not equal to f(b), divided by the sum of P(a)P( b) over all pairs
      (a, b) such that a and b differ in precisely d  components; .mu..sub.f (d)
      is undefined if the latter sum is zero. A function f for which .mu..sub.f
      (d) is "small" when d is "small" will be called "insensitive" or "of low
      sensitivity". An example of an insensitive function is obtained by
      considering the classification of handwritten numerals represented by n =
      144 logical values in a 12 .times. 12 array into two classes, say the
      "six" class and the "non-six" class. A few values changing in the array
      will not usually change the correct classification of a character. A
      theoretical treatment of sensitivity is to be found in the following
      paper, but it is not entirely adequate for the purposes of the present
      invention: G. V. Bochmann and W. W. Armstrong: Properties of boolean
      functions with a tree decomposition, BIT 14 (1974), pp. 1-13.
PAR  For the synthesis of insensitive functions of many variables, machines of a
      different nature than Halpern's are required. Previous devices which have
      been proposed, or could be used, include the well-known Perceptron of F.
      Rosenblatt (see M. Minsky, S. Papert: Perceptrons. An introduction to
      computational geometry. M.I.T. Press, 1969), the networks of Artrons of R.
      J. Lee, U.S. Pat. No. 3,327,291 issued June 20, 1967, the Slam networks of
      I. Aleksander (see I. Aleksander: Some psychological properties of digital
      learning nets. International Journal of Man-Machine Studies 2, 189-212,
      1970), and the trainable digital apparatus of W. Armstrong, U.S. Pat. No.
      3,613,084 issued Oct. 12, 1971. The present invention has advantages when
      compared to all of the aforementioned systems.
PAR  The central part of a Perceptron, the part wherein leaning occurs, is
      capable of realizing a certain class of so-called linearly separable
      functions, and there exists a Perceptron convergence theorem which states
      that certain training algorithms will lead to a state in which the output
      signal is always the specified response to the input signals. A
      fundamental difficulty with the Perceptron system is that the class of
      linearly separable functions of n variables is extremely small, and the
      power of these systems must be augmented by finding task-specific
      transformations of the data before they are applied to the
      function-learner. The present invention, however, needs no such external
      augmentation (except, of course, to convert input signals into n-tuples of
      logical signals), since some machine made according to the present
      invention could, in principle, synthesize any n-variable function
      whatsoever. The use of several layers of linear-threshold learning devices
      to attain a larger class of functions has not been very successful up to
      the present time since no satisfactory training algorithm was known for
      such networks. The present invention does represent a solution to this
      problem, though, for a very special kind of linear threshold element.
PAR  The present invention has advantages when compared to the adaptive logic
      networks of Lee, Aleksander, and Armstrong aforementioned. These
      advantages concern both the capacities of learning and of insensitive
      extrapolation (generalization). The restriction of the class of boolean
      functions of two variables realizable by the elements of a binary tree
      network to precisely the four nonconstant increasing functions of two
      variables is crucial. These functions are AND(x,y) = xy, OR(x,y) = x+y,
      LEFT(x,y) = x, and RIGHT(x,y) = y. It is the increasing nature of the
      functions which equates the output signal of an element in the network to
      the output of the network whenever that element is responsible, i.e.
      whenever changing its output would change the network output. A
      convergence theorem states that a synthesis of a specified function will
      be obtained by means of a certain algorithm for assigning these four
      functions to nodes of a binary tree provided (a) a synthesis of the
      function exists and (b) the components of the n-tuples are stochastically
      independent under the distribution P. This theorem is proved in the paper:
      W. W. Armstrong, G. V. Bochmann: A convergence theorem for logical network
      adaptation. Publ. No. 95, Department d'Informatique, Universite de
      Montreal, 1972. The said algorithm is not sufficiently powerful for
      practical applications, and it is therefore replaced herein by a
      statistical procedure based on the new concept of "heuristic
      responsibility" of an element when a certain n-tuple is input to the
      network. The implementation of this concept enables elements of a
      generally tree-like network to be specialized to the learning of a
      function which is a restriction of the specified function to a certain
      subset of n-tuples of input signals emanating from the control unit. This
      specialization generally becomes more pronounced as training progresses
      and has the effect of permitting efficient use to be made of every part of
      the given, fixed, network of elements.
PAR  The advantage of the present invention in respect to extrapolation comes
      from the theoretically and practically demonstrable fact that the
      functions realized by assignments of AND, OR, LEFT, and RIGHT to the
      elements in a large balanced binary tree are, averaged over the ensemble
      of all such assignments, extremely insensitive. For example, in such a
      tree with L layers of elements, the probability of change of the output
      signal when uniformly distributed input signals are perturbed is upper
      bounded by 12/(3L+13), no matter how many of the n=2.sup.L input signals
      are inverted ! Training of such a network using a partially specified
      boolean function of n variables is an attempt to select from said ensemble
      of assignments one which is in conformity with the constraints imposed by
      the training data. If far fewer than 2.sup.n constraints on function
      values are imposed, it may be expected that a synthesis so found will
      yield an insensitive function. Of course, if all 2.sup.n function values
      are specified in training, the possible syntheses all have the modulus of
      sensitivity of the specified function, which need not be small at all.
PAR  A recognition of the importance of insensitivity is lacking in previous
      inventions of adaptive logic networks, including those of the present
      inventor. Claims are therein made for greater effectiveness if the
      elements have an increased number of inputs or are each capable of acting
      as a universal logic element. Unfortunately, such elements yield more
      sensitive ensembles of functions and may be useless for extrapolation.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is an object of the present invention to provide a new and
      improved type of synthesizing machine, mainly useful for boolean functions
      of many variables which are of low sensitivity, but which can also be
      used, in principle, for synthesizing any boolean function whatsoever.
PAR  More specifically, an object of this invention is a generic adaptive
      boolean logic element, here embodied in three species, useful for
      interconnection in networks which can be systematically trained by the
      presentation of a sequence of input logical n-tuples, each together with
      the specified response to that input, to synthesize specified or partially
      specified boolean functions, or satisfactory approximations thereof.
PAR  Another object of this invention is to provide adaptive boolean logic
      elements which promote rapid computation of network output and rapid
      adaptation in response to network inputs through the use of parallel
      computation in generally tree-like networks, and which promote effective
      and efficient synthesis through the use of two function value unit means
      to determine which one of four logical operations is realized by the
      element at any instant and two heuristic responsibility unit means to
      permit efficient use of all parts of the given network.
PAR  Another object of this invention is to provide a means which enables the
      logical operation of each element of a tree-composition of gates to be set
      in any specified arrangement, without separate wires from the control unit
      to each element for this purpose, by a procedure involving the
      presentation of four input signal patterns to the network for each layer
      of elements in the tree, while using a particular connection pattern
      between the control unit and the network.
PAR  It is a further object of this invention to provide a procedure for reading
      out the logical operations realized by all elements using the same means
      as for setting to enable syntheses to be transferred between identically
      connected networks or stored for future use.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  A complete understanding of the present invention and of the above objects,
      features, and advantages thereof may be gained from a consideration of the
      following detailed description of a particular embodiment thereof in
      connection with the accompanying drawings wherein
PAR  FIG. 1 is a block diagram of a network composed of three elements, a
      variable connections unit, and a control unit;
PAR  FIG. 2 is a circuit diagram of one element;
PAR  FIG. 3 is a circuit diagram of one function value unit of FIG. 2;
PAR  FIG. 4 is a circuit diagram of a counter unit used in FIG. 3, for the case
      of four bits;
PAR  FIG. 5 is a circuit diagram of a counter unit for the case of one bit;
PAR  FIG. 6 is a circuit diagram of a heuristic responsibility unit of
      "hill-climbing" type;
PAR  FIG. 7 is a circuit diagram of a heuristic responsibility unit of "global
      search" type;
PAR  FIG. 8 is a circuit diagram of a heuristic responsibility unit of "latest
      error" type;
PAR  FIG. 9 shows how elements may be interconnected to form networks which are
      not trees;
PAR  FIG. 10 shows how two elements of "latest error" type may be used to
      promote synthesis of constant ZERO or constant ONE functions in "global
      search" type networks; and
PAR  FIG. 11 shows how a "linear" network is used to synthesize boolean
      functions for comparing numerical quantities with a numerical threshold.
DETD
PAC  DETAILED DESCRIPTION
PAR  An example of a system for training a small three-element network is shown
      in FIG. 1. It must be remembered that to be useful for synthesizing
      functions of a large number of variables, there must be many elements,
      perhaps thousands, in the network, however the structure and the operation
      of such networks can be conveniently and completely explained using the
      simple three-element network shown. The elements nos. 1, 2, and 3 are
      interconnected in the form of an inverted tree. In a larger example, four
      more elements could be added, with nos. 4 and 5 connected to element no. 2
      (in the same manner as 2 and 3 are connected to 1) and with nos. 6 and 7
      connected to element no. 3. For still larger systems layers of 8, 16, 32 .
      . . elements could be added successively. It will be seen below that it is
      not essential for the operation of this invention that the network be
      structured as a tree, nor, if it is, that the tree be of one of these
      balanced forms, where all paths from the network inputs to the root node
      are of equal depth.
PAR  Element no. 1, in a given state, operates as a combinational circuit with
      two input leads, 102 and 104, and one output lead 100 which also serves as
      the network output lead. Similarly, as a combinational circuit, element
      no. 2 has input leads 106 and 108 and output lead 102, and element no. 3
      has input leads 110 and 112 and output lead 104. A reference to the
      "input" or "output" leads of an element will refer only to the above
      leads. The leads 101, 103, 105, 107, 109, 111, 113 carry heuristic
      responsibility signals. The leads 123, 124, 125, and 126 transmit signals
      from the control unit to all elements; they are respectively for the
      "CLEAR" command, the "PRESET" command, the clock signal, and (during
      training only) the value of the desired network output for the current
      input n-tuple.
PAR  The variable connections unit 128 connects each one of the network input
      leads 106, 108, 110, and 112 to one of the leads 114, 116, 118, and 120
      from the control unit or to the output of an inverter whose input comes
      from one of the leads 114, 116, 118, or 120. Under control of lead 122
      from the control unit, the connection pattern may be changed to any one of
      a given set of available patterns. The mechanism of this change is not
      specified, and it is not important for an understanding of the present
      invention. For setting and read-out of the logical operations of the
      elements, a one-to-one correspondence is to be used, which connects 106 to
      114, 108 to 116, 110 to 118, and 112 to 120. However, in general, leads
      114, 116, 118, and 120 may receive zero, one, or several connections from
      leads 106, 108, 110, and 112, some of them perhaps involving inversions.
      For example, if the number of variables n of the specified function is 3,
      then lead 120 would receive no connection. For n=2 leads 118 and 120 would
      receive no connections, and so on. Generally it is desirable to use
      connection patterns which have an equal multiplicity of connections to
      each of the n leads from the control unit, about half of them containing
      inverters. If n is greater than the number of leads from the network,
      information may be lost. A larger network solves this problem and enables
      more functions to be synthesized.
PAR  As an example of a variable connections unit, we can choose two connection
      patterns hereinafter called pattern 0 and pattern 1. Pattern 0 connects
      lead 106 to lead 114, 108 to 116, 110 to 118, and 112 to 120. It is the
      effective connection pattern if lead 122 carries a ZERO signal. Pattern 1
      connects lead 106 to lead 114, 108 to 116, 110 to 118, and 112 to the
      output of an inverter whose input lead is connected to lead 114. It is the
      effective connection pattern if lead 122 carries a ONE signal. In this
      case the signal on lead 120 is not used. The input vector to the network
      has only n=3 components, and the system is to synthesize a boolean
      function of three variables, on leads 114, 116, and 118.
PAR  The heuristic responsibility leads 107, 109, 111, and 113 from the lowest
      layer of elements are connected directly to the control unit. No use will
      be made of these signals in the present description, however, they might
      obviously be used in a more elaborate system involving, say, five
      three-element tree-networks and variable connection units where input
      signals on leads 106, 108, 110, and 112, which are supposed respectively
      set equal to the signals on leads 114, 116, 118, 120 by the variable
      connections unit, could be output signals produced by four other networks.
      The control unit could transmit the heuristic responsibility signal on
      lead 107 to the lead analogous to lead 101 of the element of the other
      tree whose output appears on lead 106. The signals on leads 109, 111, and
      113 would be treated similarly, and the effect would be that of a network
      with 15 elements. By this means a control unit could form networks of
      variable size and shape from a plurality of networks of fixed size.
PAR  There are four modes of operation of the system: training, read-out,
      setting, and use. A period of training is characterized by the control
      unit's holding a ONE on lead 101, a ONE on lead 122, and ZERO signals on
      leads 123 and 124. A sequence of n-tuples is placed on the leads 114, 116,
      118, and 120, each one accompanied by the desired network output value on
      lead 126. While each member of the sequence is being held and after all
      signals have attained stable values, a clock pulse is given on lead 125.
      After the pulse, state changes in the elements may have occurred, and the
      next member of the sequence may be presented, or training may be
      terminated by placing a ZERO on lead 101.
PAR  A period of setting or read-out is characterized by a ZERO on leads 101,
      122, 125, 126, and by a sequence of input 4-tuples on leads 114, 116, 118,
      and 120, each followed, after stabilization of all signals by a short rise
      to ONE and a return to zero on one of the leads 123 or 124 for a CLEAR or
      PRESET command respectively. By this means the control unit can determine
      by reading lead 100 the assignment of functions AND, OR, LEFT, and RIGHT
      to the elements or it can set all logical operations in any prescribed
      way, as will be described in detail below.
PAR  A period of use is characterized by a ZERO on leads 101, 123, 124, 125,
      126, and a ONE on lead 122. A sequence of n-tuples may be presented on
      leads 114, 116, 118, and 120 each followed by reading the computed value
      on lead 100. During use, the variable connections unit and the network act
      as an n-input, one output combinational circuit with a propagation delay
      roughly proportional to the number of layers of elements.
PAR  Reference is now made to FIG. 2 which shows the circuit of one element of
      the network of FIG. 1. Lead 202 is the left input, lead 204 the right
      input, and lead 200 the output when the element is regarded as a
      two-input, one-output combinational circuit. The logical operation
      realized at any instant in time is determined by the state of two function
      value units 215 and 218. The logical signal on lead 213 determines, indeed
      is equal to, the output on lead 200 when lead 202 carries a ONE and lead
      204 carries a ZERO. Lead 214 carries the complement of lead 213. The
      logical signal on lead 216 similarly determines the element output on lead
      200 when lead 202 carries a ZERO and lead 204 carries a ONE. Lead 217
      carries the complement of lead 216. If leads 202 and 204 both carry ZEROs,
      then the output on lead 200 is ZERO; and if leads 202 and 204 both carry
      ONEs, then the output on lead 200 is ONE. These computations are performed
      by inverters 206 and 207, AND-gates 209, 210, and 211, and OR-gate 212.
PAR  The element can realize any one of four functions of two variables
      depending upon the signals on leads 213 and 216. If both of these are ONE,
      the element operates as an OR-gate; if both are ZERO, as an AND-gate. If
      lead 213 carries a ZERO while lead 216 carries a ONE, the output on lead
      200 is equal in value to the right input on lead 204, and the element
      operates as a RIGHT-gate. If lead 213 carries a ONE and lead 216 a ZERO,
      the element operates similarly as a LEFT-gate. Thus the signals on leads
      213 and 216 are sufficient to characterize the operation of an element
      during computation of its output. The remaining circuitry of the element
      is concerned with changes of the logic values on leads 213 and 216 during
      setting, read-out, or training.
PAR  Lead 223 normally carries a ZERO, however, if it is made ONE for a short
      time interval during setting or read-out, and then returned to ZERO, and
      if the inputs on leads 202 and 204 are, respectively, ONE and ZERO, then
      lead 213 will be set to ZERO by function value unit 215. Similarly the
      signal on lead 216 is set to ZERO if the latter inputs are, respectively,
      ZERO and ONE. Such a temporary rise to ONE on lead 223 will be referred to
      as a CLEAR command. A CLEAR command does not change the state of the
      element if the pair of inputs on leads 202 and 204 is (ONE,ONE) or
      (ZERO,ZERO).
PAR  In a similar manner lead 224 may carry a PRESET command which sets lead 213
      or 216 to ONE if the pair of signals on leads 202 and 204 is (ONE,ZERO) or
      (ZERO,ONE) respectively. The implementation of PRESET and CLEAR commands
      will be discussed more fully below.
PAR  Lead 225 carries the clock signal which is influential only during
      training. One clock pulse, a change from the normal ZERO signal to a ONE
      for a short time interval, followed by a return to ZERO, is given after
      each successive n-tuple is presented to the network by the control unit
      during training.
PAR  Lead 226 carries a signal equal to the value specified for the function to
      be synthesized for the current input n-tuple during training. The signal
      on this lead is influential only during training and may be given a
      constant ZERO value at other times.
PAR  Lead 227 carries the complement of this signal, determined by inverter 208.
PAR  The heuristic responsibility units 219 and 220 compute the left and right
      heuristic responsibility outputs of the element, on leads 203 and 205
      respectively. These are influential only during training and carry ZEROs
      during setting, read-out or use periods. A given element in the network is
      said to be "heuristically responsible" for a given n-tuple presented
      during training if the signal on its lead 201 is ONE. Heuristic
      responsibility may be implemented in several different ways, but basically
      it is always a means for causing certain parts of the network to
      specialize to producing restrictions of the specified function to certain
      subsets of n-tuples. It is always implemented in such a way that if lead
      201 is ZERO, then the outputs on leads 203 and 205 are ZERO and no change
      of state of the function value units or heuristic responsibility units of
      the element can occur for the current input n-tuple. In this way the
      control unit can employ the network as a purely combinational circuit by
      keeping a ZERO on the heuristic responsibility input lead 101 of the
      output element of the network.
PAR  Reference is now made to FIG. 3 which shows one function value unit of the
      element of FIG. 2. Lead 301 carries the heuristic responsibility input
      signal from lead 201; lead 302 carries the desired network output from
      leads 226 and 126; lead 303 carries its complement from lead 227; lead 304
      carries the clock signal from leads 225 and 125; lead 305 carries the
      PRESET signal from leads 224 and 124; and lead 306 carries the CLEAR
      signal from leads 223 and 123. Leads 307 and 308 carry signals determined
      as shown in FIG. 2 by the input pair of the element on leads 202 and 204.
      Function value unit 215 can change state only for the (ONE,ZERO) input
      pair on leads 202 and 204 (in that order), and function value unit 218 can
      only change for the (ZERO,ONE) pair. The unit selected is characterized by
      having ONEs on leads 307 and 308.
PAR  The counter unit 321 has a range of consecutive integer values 0,1, . . .
      MAX, where MAX is a positive integer, chosen for convenience to be a power
      of two less unity. If MAX equals 2.sup.b -1 then output lead 310 carries a
      ONE if the value stored in the counter unit is greater than or equal to
      2.sup.b.sup.-1 and is ZERO otherwise. This means that the signal on lead
      310 is simply the value of the most significant bit of the binary
      representation of the value stored in the counter unit. Lead 309 outputs
      the complement of the value of lead 310.
PAR  Leads 315 and 320 set the counter unit to MAX or to 0, respectively, when a
      temporary drop from ONE to ZERO on that lead occurs. Since the control
      unit never simultaneously sends a PRESET and a CLEAR command on leads 124
      and 123, there is no ambiguity possible here. The signal on lead 315 is
      computed by NAND-gate 311 with inputs from leads 305, 307, and 308;
      similarly the signal on lead 320 is computed by NAND-gate 314 with inputs
      from leads 306, 307, and 308.
PAR  Lead 316 carries a ONE if and only if the value stored in the counter unit
      is not equal to MAX; and lead 319 carries a ONE if and only if the value
      in the counter unit is not 0. If a ONE is present on lead 317 at the
      beginning of a clock pulse, then the value in the counter at the end of
      the clock pulse is one greater than before the pulse. In a similar manner
      a ONE on lead 318 decreases the value by unity. In this description the
      inhibition of cyclic changes at the limiting values 0 and MAX will be
      shown externally, although it will always be possible to use a counter
      unit which does this internally.
PAR  There is then a ONE signal on the up-count lead 317 if and only if all the
      inputs to AND-gate 312 which computes it are ONE. Thus lead 316 must
      indicate that the counter is not at maximum, lead 301 coming from lead 201
      must indicate that the element in question is heuristically responsible,
      leads 307 and 308 must indicate by ONEs that the function value unit is
      the one corresponding to the appropriate input pair on leads 202 and 204
      of FIG. 2, and finally the desired network output value must be ONE, as
      indicated by lead 302.
PAR  Similarly there is a ONE signal on the down-count lead 318 if there are ONE
      signals on the inputs to AND-gate 313; on lead 319 indicating that the
      counter unit value is not 0, on lead 301 indicating that the element is
      heuristically responsible, on leads 307 and 308 as above, and on lead 303
      indicating that the desired network output is ZERO.
PAR  Otherwise leads 317 and 318 carry ZEROs and no change of counter unit value
      can occur. They are never simultaneously ONE due to the complementary
      values on leads 302 and 303. We recall that changes of counter unit values
      occur only at clock-pulses, not at the moment when a ONE signal appears on
      lead 317 or 318.
PAR  The task of the function value unit corresponding to a given input pair
      (ONE,ZERO) or (ZERO,ONE) on leads 202 and 204 is to determine by a simple
      statistical counting technique whether there are more ONE and ZERO desired
      network outputs indicated when the given element is heuristically
      responsible and when a certain input pair on leads 202 and 204 occurs. If
      there are more ONEs the counter unit will tend to enter and remain in the
      upper half of its range, where the output on lead 310 is ONE. This is the
      value transmitted to element output lead 200 under the appropriate input
      pair on leads 202 and 204. An analogous situation occurs if there are more
      ZEROs. For the purpose of this statistical analysis, the value of MAX
      should be at least 15, which is the value chosen here for the preferred
      embodiment of the invention.
PAR  Of course, the description above is overly simple in that the sets of
      n-tuples presented to the network (a) for which the given element is
      heuristically responsible and (b) for which a certain input pair occurs on
      leads 202 and 204 are themselves changing with time during training. This
      is due to changes of the functions of two variables realized by other
      elements (and to the non-combinational nature of the heuristic
      responsibility computation during "global-search" or "latest error"
      training). The insensitivity of binary tree functions probably exerts a
      stabilizing, conservative influence when functional changes occur, in that
      the above time-varying sets of n-tuples tend to be only "slightly"
      modified for any one change.
PAR  We note that the constant functions of two variables have not been included
      in the class realizable by any element. They are never required except,
      perhaps, when the desired network output is itself a constant function,
      since in any tree synthesis with AND, OR, LEFT, RIGHT, 0, 1 appropriate
      insertion of LEFT and RIGHT functions and replacement of the constants by,
      say, AND can achieve an equivalent synthesis. Thus two buts of information
      from two function value units are all that is required to characterize the
      logical operation of a satisfactory class of functions.
PAR  Reference is now made to FIG. 4 which shows the preferred embodiment for
      the counter unit of FIG. 3. The circuit is well-known, so the description
      of it can be brief. Four master-slave JK-flip-flops 414, 416, 418, and 420
      store the four bits of the value in order of descending significance in
      the binary notation. To increase the value by unity at the next clock
      pulse on lead 404, a ONE is placed on up-count lead 403, and through
      AND-gates 411, 412, and 413, and OR-gates 415, 417, 419, and 421 the
      flip-flops of bits such that all bits of lesser significance store ONEs
      receive ONEs on both J and K input leads, causing inversion of that bit at
      the clock-pulse. For example, 1011 becomes 1100. The "not-at-maximum" lead
      402 from NAND-gate 410 inhibits a ONE on lead 403 externally to the
      counter unit in all applications discussed here when the value stored is
      1111. Hence cycling modulo 16 never occurs as this counter unit is
      employed herein. The down-count lead 405 and the "not-at-zero" lead 406
      operate analogously using in addition AND-gates 423, 424, 425 and
      NAND-gate 422. A temporary drop to ZERO on lead 401 causes a preset of all
      flip-flops to ONE, while a temporary drop to ZERO on lead 407 causes a
      clear of all flip-flops to ZERO, independently of the clock signal. The
      counter unit outputs the value of the most significant bit on lead 409 and
      its complement on lead 408.
PAR  Reference is now made to FIG. 5 which shows the implementation of the
      counter unit of FIG. 4 for just one bit. Leads 501 through 509 have the
      same effect as leads 401 through 409 respectively. Only one master-slave
      flip-flop 510 is required, and cycling modulo 2 does, therefore, not occur
      even if not externally inhibited. Such a counter unit is not suitable for
      the function value units (unless only setting, read-out, and use are
      required), but it is the preferred embodiment of the counter unit in the
      heuristic responsibility unit of "global-search" type (see FIG. 7),
      particularly when simplest hardware is required.
PAR  Reference is now made to FIG. 6 which shows one heuristic responsibility
      unit (219 or 220 of FIG. 2) of the "hill-climbing" type. This type is the
      simplest of the three types presented in these specifications both from a
      conceptual and from a hardware point of view. In the interest of giving a
      clear explanation of the other types it is described first. It must be
      pointed out that experimental evidence indicates the other two types to be
      in general far superior, however the "hill-climbing" unit is useful for
      modifying an approximate synthesis found by other means in order to seek a
      local maximum of the probability of correct response of the network. The
      latter situation is characterized by the impossibility of improvement
      occurring by a functional change of any single element alone.
PAR  Lead 601 carries the heuristic responsibility input signal from lead 201 of
      the element; lead 602 carries the desired network output value from lead
      226; lead 603 carries its complement; and lead 604 carries the clock
      signal; however, the last three signals are not used in the
      "hill-climbing" type of unit. Lead 609 is the output which is transmitted
      on lead 203 in the case of the left heuristic responsibility unit 219 and
      on lead 205 in the case of right heuristic responsibility unit 220. The
      input on the opposite side (on the right side, on lead 204, or the left
      side, on lead 202, respectively) is placed on lead 605 and its complement
      on lead 608. Leads 606 and 607 from the function value units communicate
      to both heuristic responsibility units the function AND, OR, LEFT or RIGHT
      currently realized by the element.
PAR  The left heuristic responsibility output on lead 203 is equal to ONE if and
      only if (a) the element is heuristically responsible and (b) the inversion
      of the left input signal on lead 202 would change the value of the
      element's output on lead 200, given the current function realized by the
      element and the current value of the right input signal on lead 204. For
      example, if the function realized is OR, then a change of the left input
      would change the element's output if and only if the right input is ZERO.
      If the function is AND, then a change in the left input would change the
      element's output if and only if the right input in ONE. Change would
      always occur for a LEFT function, but never for a RIGHT function. If lead
      201 carries a ZERO, indicating that the element in question is not
      heuristically responsible, then the indication of a potential change in
      output is overriden by a ZERO on lead 203. Thus during training, when a
      ONE is placed on the heuristic responsibility input of the output element
      of the network by lead 101, lead 203 is set to ONE if and only if
      inversion of the signal on its companion input lead 202 would change the
      network output. The right heuristic responsibility unit operates in a
      similar way.
PAR  The specific way in which this is implemented in the preferred embodiment
      of this unit will now be described for the left heuristic responsibility
      unit 219. The right heuristic responsibility unit 220 operates in a like
      manner and will not be discussed in detail. Leads 601, 608, and 607 are
      the inputs to AND-gate 610; leads 601, 605, and 606 are the inputs to
      AND-gate 611. The outputs of these two AND-gates are the inputs to OR-gate
      612 whose output appears on lead 609. Lead 606 carries the signal on lead
      217 which is the complement of the signal on lead 216, the latter being
      the output of the element on lead 200 when the input pair on leads 202 and
      204 is (ZERO,ONE). The output on lead 200 is ONE if the input pair is
      (ONE,ONE). Hence if the right input is ONE, the left input influences the
      output on lead 200 if and only if lead 216 carries a ZERO, i.e. if lead
      217 and lead 606 are ONE. This case of influence is thus characterized by
      ONE signals on the leads 605 and 606. The third input from lead 601 to
      AND-gate 611 implements inhibition by a ZERO on the heuristic
      responsibility input lead. In a similar manner, if lead 204 carries a
      ZERO, lead 608 carries a ONE. The (ZERO, ZERO) input pair gives a ZERO
      output on lead 200 so that the left input influences the element's output
      if and only if the output under the (ONE,ZERO) pair, as indicated by the
      signal on lead 607 from lead 213, is ONE. This case of influence is
      detected by ONEs on leads 607 and 608. The heuristic responsibility signal
      on lead 601 is the third input to AND-gate 610 which inhibits it when the
      element is not heuristically responsible. Thus, as stated above, a ONE is
      placed on lead 609 and hence on lead 203 of a certain element for a given
      n-tuple presented to the network by the control unit during training
      precisely if inversion only of the signal on lead 202 of said element (say
      by insertion of an inverter) would cause a change in the network output.
PAR  The proof of the foregoing statement for a tree-like network as in FIG. 1
      is simple. The statement holds, though, for any loop-free network wherein
      the output of an element may be used at input leads of several other
      elements, provided the heuristic responsibility input of such an element
      is computed using the OR-function of the heuristic responsibility leads
      associated with said input leads of other elements as illustrated in FIG.
      9. We say a network is "generally tree-like" if there are relatively few
      instances of such multiple interconnections.
PAR  It can now be understood why the term "hill-climbing" is applied to this
      type of unit. The set of n-tuples for which a given element is
      heuristically responsible according to "hill-climbing" is precisely the
      set for which the element output is responsible for the network output.
      The element and network output are also equal for these n-tuples due to
      the increasing nature of the functions AND, OR, LEFT, and RIGHT. The
      element can use this direct relationship between its output and the
      network output by further distinguishing n-tuples for which it is
      heuristically responsible according to the inputs on its leads 202 and 204
      resulting from presentation of the n-tuple to the network. Thus, for
      n-tuples for which it is heuristically responsible and for which the input
      pair is (ONE,ZERO) or (ZERO,ONE) the counters of the associated function
      value units 215 and 218 can count up for ONEs and down for ZEROs of
      desired network output (except at the counter limits); and thereby
      determine statistically an estimate of the better choice, ONE or ZERO, for
      the network output, and hence for the element output, under these
      respective input pairs. These choices are likely to cause an increase in
      the probability of correct response during training.
PAR  Of course the choices are made on a statistical basis only, by sampling the
      sequence of n-tuples presented to the network during training, so that
      this is only an approximation of a true "hill-climbing" procedure. The
      approximation would be improved by increasing the range of the counters in
      the function value units, and a further improvement would possibly be
      obtained by additional hardware to set all counters to 0 or MAX without
      changing any of their most significant bits whenever any functional change
      has occurred anywhere in the network.
PAR  As mentioned above, networks of "hill-climbing" elements usually fail to
      give satisfactory syntheses when training is started from a random
      assignment of states to the elements. One reason for this is because the
      synthesis problem is inherently "multi-modal" in nature. In fact, there
      are usually many different syntheses of the same function within a given
      network if there are any at all. And even if there is one synthesis only,
      it can be shown that "hill-climbing" will not always find it, and may
      instead get stuck at some unsatisfactory local maximum of the probability
      of correct response. Due to the above difficulties, the "hill-climbing"
      unit seems useful only for "fine tuning" of a synthesis; however, it is
      essential to understand it conceptually as a basis for the other types of
      heuristic responsibility unit.
PAR  The two types of heuristic responsibility unit about to be described
      replace the dependency of heuristic responsibility (via leads 606 and 607)
      on the function currently realized in the element by a statistical
      computation using instead the desired network output on lead 602, its
      complement on lead 603, and the clock signal on lead 604. This is an
      essential idea of the present invention. Computer simulation has shown
      that satisfactory syntheses can very often be obtained by this means when
      "hill-climbing" makes little if any progress. A further justification of
      this replacement in the case of the "global-search" type unit is a
      conjectured generalized form of convergence theorem, stating that a
      synthesis will be found (using counters of sufficient range) in all cases
      where a synthesis exists and where the inputs to the network from the
      variable connections unit are stochastically independent. Even when the
      hypotheses of the theorem are not satisfied, the associated algorithm
      functions extremely well as a global search heuristic. The essential
      advantage of the above replacement is that a subtree providing signals to
      the left input lead 202, say, can be caused to adapt in such a way that
      the already synthesized function on the right input lead can be
      effectively combined with it, even if a change of the function currently
      realized by the element must occur. The hill-climbing unit is
      disadvantageous in this regard, since the function currently realized is
      "assumed" to be the correct one. For example, if it is RIGHT, then a
      subtree providing the left input on lead 202 will never change state, so
      it cannot improve and consequently cause a functional change in the
      element.
PAR  Reference is now made to FIG. 7 which is a circuit diagram of one heuristic
      responsibility unit of FIG. 2. This unit is of the "global-search" type.
      Lead 701 carries the heuristic responsibility input signal from lead 201;
      lead 702 carries the desired network output signal from leads 226 and 126;
      lead 703 carries its complement from lead 227; and lead 704 carries the
      clock signal from leads 225 and 125. For computation of the left heuristic
      responsibility signal on lead 203 of the element, the right input signal
      on lead 204 is placed on lead 705 and its complement on lead 708. If the
      right heuristic responsibility on lead 205 is to be computed, the left
      input of the element on lead 202 is placed on lead 705 and its complement
      on lead 708. Leads 706 and 707 from the function value units are not used
      for this type of heuristic responsibility unit.
PAR  It will be sufficient to discuss the case of left heuristic responsibility,
      where lead 709 is the output on lead 203. We note first that the PRESET
      and CLEAR inputs 401 and 407 of the counter units 715 and 716 are
      connected to a source of logic ONE since they are not used here. The most
      significant bits of the counters and their complements are also not used.
      The output of the unit on lead 709 is the output of OR-gate 710 whose
      inputs are the signals on the up-count and down-count inputs 403 and 405
      of both counter units. These are computed by AND-gates 711, 712, 713, and
      714, all with four inputs. The heuristic responsibility input on lead 701
      is one input to all of these AND-gates, hence no change of state of the
      unit can occur at a clock pulse if lead 701 carries a ZERO; the output on
      lead 709 is then also ZERO. If the right input signal on lead 204 is ONE,
      lead 705 carries a ONE and lead 708 a ZERO. The latter results in the
      AND-gates 711 and 712 having ZERO outputs and therefore counter unit 715
      cannot change state when a clock pulse arrives. Thus it is the counter
      unit 716 alone whose state determines left heuristic responsibility on
      lead 203 when the right input, on lead 204, is ONE. In these
      circumstances, the value of counter unit 716 is increased by unity at the
      clock pulse if the desired network output is ONE and if the value is not
      at maximum. In the same circumstances, the value of counter unit 716 is
      decreased by unity at the clock pulse if the desired network output is
      ZERO and if the value of counter unit 716 is not at 0. The OR-gate 710
      gets a ONE input on one of its leads if and only if any count is enabled
      to occur at the clock pulse. Counter unit 716 has therefore the effect of
      approximately equalizing the numbers of ZEROs and ONEs of desired network
      output values for which lead 203 carries a ONE, under the condition that
      the element is heuristically responsible, i.e. that there is a ONE on lead
      201, and that lead 204 carries a ONE. Counter unit 715 performs this task
      of approximate equalization when the right input on lead 204 is ZERO.
PAR  The preferred embodiment of this unit uses the counter unit of FIG. 5 with
      values 0 and 1 only. In this case "approximate equalization" means strict
      alternation of ZEROs and ONEs of desired network output values for which a
      ONE is placed on lead 203 in case the element is heuristically responsible
      and the right input on lead 204 is ZERO; and similarly for the right input
      lead value ONE.
PAR  An explanation of the operation of a network of "global-search" elements,
      i.e. elements using this type of heuristic responsibility unit, will now
      be given in a special case. It is supposed that the network is in the form
      of a tree as in FIG. 1, but not necessarily balanced, that the variable
      connections unit establishes a one-to-one connection as in the special
      case of pattern 0 defined above, that there exists some (unknown)
      assignment of functions AND, OR, LEFT, RIGHT to elements of the tree such
      that their composition realizes the specified function f of n variables,
      and that the a priori probability distribution P governing the random
      presentation of n-tuples during training is such that the components of
      the n-tuple are stochastically independent.
PAR  The proof that a synthesis will occur proceeds by recursion from the
      elements of the tree with both inputs connected through the variable
      connections unit. In fact, it is sufficient to show that a correct
      assignment will be obtained for any one such element. For then the output
      signal of that element can be looked upon as one input to a reduced
      network, smaller than the given one by that one element, with a reduced
      function to be synthesized and a reduced a priori distribution. The
      reduced system satisfies all hypotheses on the original network, function,
      and a priori distribution. Thus the synthesis can proceed recursively
      towards the root of the tree. To simplify the explanation of why the
      assignment to an element nearest the variable connection unit will be
      correct, we suppose that all elements in the final, desired synthesis are
      responsible (i.e. according to the definition of actually changing the
      network output if their output is inverted) for at least some n-tuple of
      positive probability of occurrence.
PAR  Then the operation of the network to make the assignment to any chosen
      element having both inputs coming from the variable connections unit can
      be understood by making a table (a "decomposition chart" of f according to
      H. A. Curtis: A new approach to the design of switching circuits. D. Van
      Nostrand Inc., Princeton, 1962), having four lines corresponding to the
      input pairs (ZERO,ZERO), (ZERO,ONE), (ONE,ZERO), and (ONE,ONE) to the
      chosen element, and having 2.sup.n.sup.-2 columns, each one corresponding
      to an (n-2)-tuple of the other network inputs from the variable
      connections unit. According to hypothesis, P gives a product distribution
      on these axes. Now heuristic responsibility according to "global search"
      changes P to a distribution P' which is P conditional upon the chosen
      element being heuristically responsible.
PAR  In order to determine properties of P' , the relationship between "global
      search" heuristic responsibility and responsibility at a correct synthesis
      must be discussed.
PAR  There are certain columns of the four line table which are constant. For
      these columns the element is not responsible. For the other columns the
      element is responsible and the value of f depends in exactly one way on
      the inputs to the element. This can be seen for example of the assignment
      element 1=AND, element 2=OR, element 3=LEFT and the uniform distribution P
      of 1/16 on all 4-tuples in the case of the network of FIG. 1. The chosen
      element is no. 2 with input leads 106 and 108. The four-line decomposition
      chart is shown in table I.
TBL                                    TABLE I                                 

     __________________________________________________________________________

     input on                                                                  

             input on (110, 112)                                               

     (106, 108)                                                                

             (ZERO,ZERO)                                                       

                     (ZERO,ONE)                                                

                            (ONE,ZERO)                                         

                                   (ONE,ONE)                                   

     __________________________________________________________________________

     (ZERO,ZERO)                                                               

             ZERO    ZERO   ZERO   ZERO                                        

     (ZERO,ONE)                                                                

             ZERO    ZERO   ONE    ONE                                         

     (ONE,ZERO)                                                                

             ZERO    ZERO   ONE    ONE                                         

     (ONE,ONE)                                                                 

             ZERO    ZERO   ONE    ONE                                         

     __________________________________________________________________________

PAL  The OR-function required of the chosen element can be observed in each of
      the two right-hand columns, for each n-tuple of which element no. 2 is
      responsible. Unfortunately, no means is known for determining when the
      chosen element should be responsible except after a synthesis has been
      found, so some other method must be used to eliminate the effect of the
      two constant columns at the left. This is achieved by using "global
      search" heuristic responsibility as determined by the elements above the
      chosen element in the network.
PAR  First we shall explain the simple method of doing this used in the paper:
      W. W. Armstrong, G. V. Bochmann: A convergence theorem for logical network
      adaptation. Publ. No. 95, Departement d'Informatique, Universite de
      Montreal, 1972. In effect the ZERO and ONE values in the four-line chart
      are caused to have equal probability. The probability of ZERO originally
      is 10/16 while the ONE has probability 6/16. Hence to equalize, all
      probabilities of ZERO entries in Table I are multiplied by 4/5 and all
      probabilities of ONE entries are multiplied by 4/3. The corresponding
      table of probabilities now is as in TABLE II.
TBL                                    TABLE II                                

     __________________________________________________________________________

     input on                                                                  

             input on (110, 112)                                               

     (106, 108)                                                                

             (ZERO,ZERO)                                                       

                     (ZERO,ONE)                                                

                            (ONE,ZERO)                                         

                                   (ONE,ONE)                                   

     __________________________________________________________________________

     (ZERO,ZERO)                                                               

             1/20    1/20   1/20   1/20                                        

     (ZERO,ONE)                                                                

             1/20    1/20   1/12   1/12                                        

     (ONE,ZERO)                                                                

             1/20    1/20   1/12   1/12                                        

     (ONE,ONE)                                                                 

             1/20    1/20   1/12   1/12                                        

     __________________________________________________________________________

PAL  The probability of ONEs is now compared to the probability of ZEROs in each
      line. ONEs are less probable than ZEROs (0 &lt; 4/20) in line (ZERO,ZERO) and
      more probable (2/12 &gt; 2/20) in the other lines. This test enables
      determination of the OR-function which should be realized by element no. 2
      as shown by the nonconstant columns of TABLE I.
PAR  The above method if implemented in hardware would not be satisfactory for
      practical applications since there may be very many columns only a few of
      which are nonconstant. The comparison of the probabilities of ONEs and
      ZEROs in each line would be impossible to compute reliably unless very
      large counter ranges are used in the function value units corresponding to
      the (ZERO,ONE) and (ONE,ZERO) lines. Heuristic responsibility according to
      "global search" has the effect of weighting the probabilities in such a
      way that the P'-probabilities of ONEs and ZEROs are still equalized
      over-all, and also in such a way that the P'-probability of all entries in
      a constant column are the probabilities according to P multiplied by the
      same factor. This is due to the dependence of the left (or resp. right)
      heuristic responsibility output only on the right (or resp. left) input,
      on the desired network output, and on some data in memory, in any element.
      More specifically, the computation of whether a chosen element is
      heuristically responsible or not is done by the elements above it on a
      path to the root of the tree. At each one, the input lead not on this path
      is the one used to compute heuristic responsibility. By assumption, the
      input values on those leads are stochastically independent of the inputs
      to the chosen element, so at least in constant columns the factor to be
      applied to the P-probability is the same for all four lines. Thus the
      relative probabilities of ONEs and ZEROs according to P' is the same in
      the constant columns of all four lines. For the nonconstant columns, the
      desired network output intervenes in the computation, but it can only
      increase the relative probability of ONEs in lines where the nonconstant
      columns contain ONEs, and decrease it in the other lines. In fact there
      are only two values for the ratio of the probabilities of ONEs and ZEROs
      for the four lines. Since the over-all probabilities of ONEs and ZEROs are
      set to be equal (more precisely, approximately equal) by the two counters
      in each heuristic responsibility unit, one of the ratios is greater than
      unity and the other less than unity. This comparison tests whether the
      (ZERO,ONE) and (ONE,ZERO) lines contain ONEs or ZEROs, respectively, in
      the nonconstant columns. It is also a computation which can be, and indeed
      is in effect, carried out by the counters in the two function value units.
PAR  For a complete proof that global search leads to a correct synthesis under
      the assumption that one exists and that the components of n-tuples are
      independent under P several complications must be considered:
PA1  a. the fact that some elements are never responsible,
PA1  b. the fact that the assignment is based on a statistical estimate which
      may, if rarely, become temporarily incorrect, and
PA1  c. the fact that the heuristic responsibility computation also depends on
      the current function assignment to some elements and on the counter values
      in the heuristic responsibility units.
PAL  These details are quite troublesome, but (a) is dealt with in W. W.
      Armstrong, G. V. Bochmann: A convergence theorem for logical network
      adaptation. Publ. No. 95, Departement d'Informatique, Universite de
      Montreal, 1972, (b) can be overcome by considering large enough counter
      ranges in the function value units, and (c) means computing P' as a
      mixture of probabilities depending on assignments and counter values, but
      in such a way that no component probability tends to push the assignment
      to the chosen element away from the correct function.
PAR  A significant advantage of "global search" over the system described in the
      above reference becomes apparent when the heuristic responsibility
      computation is considered for an assignment which is a synthesis of a
      function in complete conformity with all training specifications. It can
      be shown that the set of n-tuples for which an element is heuristically
      responsible with non-zero probability is a subset of the set for which it
      is responsible (i.e. heuristically responsible under "hill-climbing")
      according to that synthesis (except for some details involving constant
      functions and counter ranges in the heuristic responsibility units). This
      means that once a synthesis has been attained and has persisted long
      enough for certain counters to reach a limit, the synthesis is stable: no
      more functional changes occur.
PAR  For example, if an element realizes an OR-function, then the left heuristic
      responsibility output is ONE only if the right input is ZERO; but even
      then not always, only in such a way as to approximately equalize ZEROs and
      ONEs of desired network output when the element is heuristically
      responsible. The left heuristic responsibility output is never ONE for a
      ONE input on the right after the counter associated with that signal,
      counter unit 716 in FIG. 7, has reached its maximum value.
PAR  The above argument holds whether the hypotheses of the convergence theorem
      hold or not. Another advantageous property which holds in general is that
      if a certain element realizes a RIGHT gate (a similar consideration holds
      for a LEFT gate), then if the desired network output signal occasionally
      differs from the right input signal when the element is heuristically
      responsible and the latter signal is ZERO, but never when it is ONE, then
      the left heuristic responsibility output lead will (eventually) carry a
      ONE only for ZERO values of said right input signal. This tends to cause
      the subnetwork supplying the left input to be trained to produce a
      function which, together with an OR-operation in the given element, would
      completely correct the "errors" on the right input. An analogous property
      holds when the roles of ONE and ZERO, and OR and AND are reversed.
PAR  A word of caution is in order in respect to "global-search" type networks.
      They cannot be guaranteed to synthesize the constant ZERO or constant ONE
      functions as a result of training. These are the two cases where the ZEROs
      and ONEs of the desired network output cannot possibly be equalized, and
      even though the range of values of counters in the heuristic
      responsibility units allows state changes to continue for some time,
      eventually all changes cease, perhaps before the constant function has
      been synthesized. This problem can be taken care of in the control unit by
      checking to determine if indeed the specified function values are
      constant, and if so, not using the network. Another way of solving this
      problem is by inserting two extra elements of the "latest-error" type
      between the root of the "global-search" type network and the control unit
      as in FIG. 10. The two unused input leads are connected to sources of
      constant ZERO and constant ONE. The same effect can be obtained by using
      three "global-search" type elements as in FIG. 10 except that the
      heuristic responsibility signals of all three are taken directly from lead
      101 of the control unit instead of via the cascade of elements. The
      elements other than the top two are interconnected as before.
PAR  Reference is now made to FIG. 8 which shows one heuristic responsibility
      unit of "latest-error" type. Lead 801 is the heuristic responsibility
      input from lead 201; lead 802 carries the desired network output from
      leads 226 and 126; lead 803 is the complement of the latter from lead 227;
      lead 804 carries the clock signal from leads 225 and 125. The output is on
      lead 809 which becomes lead 203 for left heuristic responsibility unit 219
      and becomes lead 205 for the right heuristic responsibility unit 220. The
      input from the opposite side, on lead 204 or 202 respectively is placed on
      lead 805, and lead 808 carries its complement. Leads 806 and 807 from the
      function value units are not used here.
PAR  Whether unit 219 or 220 is considered, an "error" of the type of the input
      signal, on lead 805, is said to occur if (a) the element is heuristically
      responsible, i.e. there is a ONE on lead 801, and (b) the signal on lead
      805 is different in value from the desired network output on lead 802.
      Thus AND-gate 813 with inputs from leads 801, 803, and 805 signals an
      error of type ONE by giving a ONE output. AND-gate 812 with inputs from
      leads 801, 802, and 808 signals an error of type ZERO by giving a ONE
      output. Since leads 805 and 808 are complementary only one of the outputs
      of AND-gates 812 and 813 can be ONE for any n-tuple presented to the
      network during training. At a clock pulse on lead 804 the output of the
      master-slave flip-flop 815 on lead 816 becomes equal to the type of the
      error if there was an error, or remains unchanged otherwise. Lead 816
      therefore carries the type of the "latest previous error", i.e. previous
      to the currently presented n-tuple. Lead 817 carries its complement.
PAR  AND-gate 814 with inputs from leads 801, 805, and 816 signals by a ONE
      output that the present element is heuristically responsible and that the
      signal on lead 805 and the type of the latest previous error are both ONE.
      AND-gate 811 with inputs from leads 801, 808, and 817 signals by a ONE
      output that the present element is heuristically responsible and that the
      signal on lead 805 and the type of the latest previous error are both
      ZERO. Let the phrase "latest error" refer to an error in the above sense
      for the present n-tuple input to the network if one occurs, and to the
      "latest previous error" otherwise. Thus one can say that the output of the
      unit, computed by OR-gate 810 with input signals from the four AND-gates
      811, 812, 183, and 814, is ONE if and only if the signal on lead 805 is of
      the same type as the latest error. This fact shows the origin of the name
      of this type of unit.
PAR  The "latest-error" type network does not have as nice a theory as the
      "global search" type; nor, as has been suggested by computer simulation
      experiments, does its performance reach the level of the latter type,
      however it does possess some advantages; it can learn constant functions,
      its heuristic responsibility at a synthesis is related to responsibility
      even more closely than that of "global search" is, and finally its
      hardward is somewhat less complex. Details will not be discussed herein.
PAR  There are many combinations possible of the ideas embodied in the three
      species of heuristic responsibility unit described. For example, the lead
      203 can be made equal to ONE if and only if there is an error (as defined
      above) on lead 204 for the current input n-tuple or if a "global search"
      unit would produce a ONE output on lead 203, and similarly for lead 205.
      Furthermore, dependencies of heuristic responsibility on several previous
      error types, not just the latest previous error type, can be defined. It
      would be possible to make far more elaborate statistical analyses within
      each element or in the control unit, or both, and thereby adjust
      performance by switching from one species of heuristic responsibility to
      another at appropriate times during training without reading information
      out of one species of network and into another. On this basis, it is clear
      that heuristic responsibility is a generic invention.
PAR  An explanation of the operation of the present invention during the
      training period will now be given, making reference to FIG. 1 first. A
      task is made known to the control unit in the form of a number n (of
      variables) and a set of n-tuples of logical values, each associated with
      an a priori probability and with a logical value which indicates the
      desired network response to the given n-tuple. This set of n-tuples will
      be called the training set. The control unit selects by means of lead 122
      a connection pattern from among those available for the given value of n.
      For example, if n is equal to three, it might select the pattern 1: 106 is
      connected to 114, 108 to 116, 110 to 118 and 112 to the output of an
      inverter whose input is connected to lead 114.
PAR  The initial state of all flip-flops in the network is completely arbitrary
      in general, although a setting operation may have been done if the present
      training period represents a continuation of a previous one, where the
      same assignment of logical operations to the elements is restored. During
      the entire training period the setting leads 123 and 124 carry ZERO
      signals and lead 101 carries a ONE. A sequence of n-tuples S.sub.i is now
      presented to the variable connections unit by the control unit, each one
      chosen randomly and independently from the training set according to the a
      priori distribution on n-tuples. As each member of the sequence is
      presented, the desired network output value is placed on lead 126 by the
      control unit. In general, each member of the training set will be
      presented several times during the course of training.
PAR  If n=3 the n-tuples are represented by simultaneous signals on leads 114,
      116, and 118. The signal on lead 120 is irrelevant. The first vector
      presented is S.sub.1 =(X.sub.1,X.sub. 2,X.sub. 3). The variable
      connections unit transforms this to a vector (Y.sub.1,Y.sub.2
      ,Y.sub.3,Y.sub. 4) on leads 106, 108, 110, and 112. For the given
      connection pattern the latter vector equals (X.sub.1,X.sub.
      2,X.sub.3,X.sub.1) where the bar denotes inversion. Elements 2 and 3
      simultaneously process this vector to give outputs on leads 102 and 104.
      These outputs enter element no. 1 and it produces an output. The outputs
      of the elements depend only on their input signals on leads 202 and 204,
      and on the values of the most significant bits of the counters in the
      function value units 215 and 218. Then the control unit reads the output
      signal of the network on lead 100.
PAR  Before a clock pulse occurs, the following operations must take place: The
      function value units of element no. 1 both calculate the values of the
      input signals to their counter units to determine if an up- or down-count
      will occur at the next clock pulse. Simultaneously with the above, the
      heuristic responsibility signals on leads 103 and 105 are computed by
      element no. 1. Once these are computed elements nos. 2 and 3 are in a
      position to simultaneously perform the same operations as above element
      no. 1, except that their heuristic responsibility outputs are not used by
      the control unit in the present specification.
PAR  It should be noted that once the control unit has placed signals on leads
      114, 116, 118, 123, 124, 126, and 101 all operations are purely
      combinational logic. No timing difficulties arise, since only the time
      required for all signals to attain their final stable values is important.
      Once this has occurred, the next clock pulse may be given on line 125,
      which changes the states of the elements as determined by the values on
      all flip-flop input leads at the beginning of the pulse.
PAR  After the pulse, the process above is repeated with a vector S.sub.2, and
      so on for S.sub.3, S.sub.4 . . . until a termination criterion is
      satisfied. It is important for the functioning of the present embodiment
      of the invention that the S.sub.i be chosen randomly and independently
      from the training set by the control unit. be to
PAR  The control unit must have some criterion as to when training is to be
      terminated. For example, after every 1000 S-vectors, say, it could run
      through all vectors in the training set and count the number of errors,
      that is, the number of times a difference between actual and desired
      network outputs occurs. As long as a ZERO signal is placed on leads 101,
      123, and 124 during this evaluation, the state of the network is not
      changed. If the number of errors is sufficiently small, training would be
      stopped. Another possible termination criterion would to have a
      sufficiently small number of errors in the last block of, say, 1000
      S-vectors presented during training. This method has the advantage of not
      interrupting training.
PAR  In some cases, the network may be too small to satisfy the training
      termination conditions specified, and it would be highly desirable to have
      a means of detecting this so that the network could be replaced by a
      larger one.
PAR  After training is terminated lead 101 is placed in a ZERO condition and the
      logical operations realized by the elements are fixed. A period of use may
      begin. Then any n-tuple S, whether in the training set or not, can be
      presented to the network by the control unit (via the variable connections
      unit using the same pattern of connections, of course). The clock pulse
      may be suppressed and the frequency with which S-vectors can be presented
      depends only on the delay for output lead 100 to stabilize after each
      presentation.
PAR  In order to accelerate operation of the network it may be desirable to
      replace the present gates 206, 207, 209, 210, 211, and 212 by a circuit
      for calculating the output of an element simultaneously with its
      complement. Thus the complementary inputs of leads 102 and 104 would be
      available from elements 2 and 3 and would not have to be computed by gates
      206 and 207 of element no. 1. Four inverters would be required at the
      inputs to elements 2 and 3 for the signals on leads 106, 108, 110, and 112
      in this example.
PAR  A method will now be described for setting the counters of all function
      value units to one of the values 0 or MAX in any prescribed manner in a
      tree-like network. This carried out for the tree of FIG. 1 where the
      counters are to be set so that element no. 2 is an AND-state, element no.
      3 is a RIGHT-state, and element no. 1 in an OR-state. The first step is
      for the control unit to call upon the one-to-one connection pattern 0,
      which connects lead 106 to 114, 108 to 116, 110 to 118, and 112 to 120.
PAR  The method is based on two facts about the operation of the elements.
      First, a (ZERO,ZERO) input always gives rise to a ZERO Output, and a
      (ONE,ONE) input always gives rise to a ONE output. Hence the input of any
      one element in any tree can be caused to be any one of the four possible
      combinations by an appropriate input applied on leads 114, 116, 118, and
      120 by the control unit. For example, in FIG. 1 element no. 1 can be given
      a (ZERO,ONE) input if a ZERO is placed on leads 114 and 116 and a ONE
      leads 118 and 120. In general, if one input lead of any element is to have
      a ONE (or resp. a ZERO), independently of all counter values in the
      network, then the subtree of elements below the aforementioned input lead
      should receive all ONE (or resp. ZERO) inputs from the variable
      connections unit. More generally, if the elements of the given tree are
      classified into layers by their distance from element no. 1 as measured in
      terms of the number of intervening elements, then all the elements of a
      layer can be given arbitrarily specified inputs simultaneously by the
      above procedure.
PAR  The second fact, important for setting counters, is that the counters are
      not enabled to change values under a command on leads 123 and 124 if the
      input to the element is (ZERO,ZERO) or (ONE,ONE). This means that while
      any input pattern is being presented to the elements of a given layer, all
      elements below that layer cannot be influenced by commands on leads 123
      and 124. Thus the method involves first setting the counters of the lowest
      layer, than the next lowest, and so on up to the top layer, consisting
      only of element no. 1. The setting of the counters of each layer involves
      four steps. First all elements of that layer are given (ZERO,ONE) inputs
      and the lead 123 is temporarily raised to a ONE. This we shall refer to as
      a "CLEAR" command. Then all elements of that layer are given (ONE,ZERO)
      inputs and a "CLEAR" command is given. Thus all counters in the layer are
      set to 0 while no counter of lower layers is changed. Now all elements of
      the chosen layer whose (ZERO,ONE) counter (in unit .218 of FIG. 2) is to
      be set to MAX are given (ZERO,ONE) inputs while all others are given
      (ZERO,ZERO) inputs. Then lead 124 is temporarily raised to ONE. We shall
      refer to this as a "PRESET" command. Now all (ZERO,ONE) counters of the
      layer have their correct values. Next all elements of the layer whose
      (ONE,ZERO) counter is to be set to MAX are given (ONE,ZERO) inputs while
      the rest of the elements are given (ZERO,ZERO) inputs, and a "PRESET"
      command is given. This completes the setting of all counters of the layer
      each to 0 or MAX as prescribed. The next higher layer may now be set, and
      so on until all counters have been set as prescribed. The advantage of the
      above setting method is that the elements do not have to be separately
      addressed, nor set by individual wires to each. The time of two CLEAR and
      two PRESET commands multiplied by the number of layers should normally be
      relatively short compared to the time the network will be used or trained
      in order for this method to be acceptable.
PAR  In the particular example given above the setting sequence is given by
      TABLE II.
TBL                TABLE III                                                   

     ______________________________________                                    

     lead 114 lead 116  lead 118  lead 120 command                             

     ______________________________________                                    

     ZERO      ONE      ZERO       ONE      CLEAR                              

      ONE     ZERO       ONE      ZERO      CLEAR                              

     ZERO     ZERO      ZERO       ONE     PRESET                              

     ZERO     ZERO      ZERO      ZERO     PRESET                              

     ZERO     ZERO       ONE       ONE      CLEAR                              

      ONE      ONE      ZERO      ZERO      CLEAR                              

     ZERO     ZERO       ONE       ONE     PRESET                              

      ONE      ONE      ZERO      ZERO     PRESET                              

     ______________________________________                                    

PAL  This sets element 1 to OR, 2 to AND, and 3 to RIGHT. Several of the steps
      could be left out in this case.
PAR  A method will now be described for reading out the logical operations
      realized by all elements. This proceeds element by element from the top
      layer downward in the tree. The read-out is destructive in that while each
      layer is being read out, elements in that layer are set to OR by giving
      PRESET commands. This does not modify the counters in the function value
      units of any other layers, and in particular all higher layers contain
      only OR-gates.
PAR  Suppose a new layer is to be read out, and all elements in layers above it,
      if any, are OR-gates. Then the leftmost element of that layer is given a
      (ZERO,ONE) input while all others get (ZERO,ZERO) inputs. Thus the output
      of the network indicates the output of the chosen element for the
      (ZERO,ONE) input. A PRESET command is then given. The same procedure is
      repeated for the (ONE,ZERO) input. Thus, the function realized by the
      element as a gate is now known to the control unit and it has been set to
      OR. Now the next-to-leftmost element of the layer is read out, and so on
      for all elements of the layer. Then read-out continues to lower layers, if
      any.
PAR  The information read out includes only the logical operations of the
      elements, not the values of all counters and flip-flops. These gate values
      can be restored by the setting procedure already described. This read-out
      and setting entails a loss of information only in the case where training
      is to be continued after restoration. It is felt that this loss of
      information is adequately compensated for even in this case by the
      simplicity of the element structure required to realize read-out and
      setting, which consists essentially only of the two NAND-gates 311 and 314
      of FIG. 3.
PAR  A method will now be described which has been used for training a network
      of 8191 elements of the "global search" type designed according to the
      present invention, but simulated on a digital computer, to classify
      digitized handwritten characters into two classes. The characters used in
      this example were 500 numerals from the Institute of Electrical and
      Electronic Engineers data base 1.2.3 (the Highleyman data). This data base
      in part contains 1000  numerals, half of which are very sloppily written
      and the other half of which are fairly well written but with occasional
      breaks in the strokes in the discretized version, particularly for the
      8's. We used the latter 500 numerals for this experiment. Each character
      is described by a 12 .times. 12 matrix of bits and its correct type 0, 1 .
      . . 9. Thus the control unit was set up to present to a variable
      connections unit inputs of n=144 logical signals. The variable connections
      unit used a connection pattern which was derived from a pseudo-random
      number generator and connected the 8192 input leads of the lowest layer of
      elements pseudo-randomly to the 144 signals from the controller and their
      144 complements. A training set of 300 out of the 500 numerals was chosen.
      This contained 30 out of the 50 of each numeral 0, 1 . . . 9 present in
      the original data set. A task was chosen such as classifying the 300 into
      0 and non-0 types. Then an a priori probability distribution was placed on
      the training set which selected 0's with probability 1/2; and a sequence
      of n-tuple inputs to the network, chosen pseudo-randomly, according to the
      a priori distribution, was presented until no further improvement in the
      number of correct responses per 100 stimuli presented during training was
      obtained. The percentage of the training and test set characters correctly
      classified was then determined. This was done for each of the ten tasks of
      classifying into 0 versus non-0, 1 versus non-1, etc. The same connections
      were used for all tasks. The results are shown in TABLE IV.
TBL                TABLE IV                                                    

     ______________________________________                                    

     task  % correct on training set                                           

                              % correct on test set                            

     ______________________________________                                    

     0     100.0              97.5                                             

     1     100.0              99.5                                             

     2     100.0              99.5                                             

     3     100.0              98.0                                             

     4     100.0              99.0                                             

     5     100.0              98.0                                             

     6     100.0              97.5                                             

     7     100.0              99.5                                             

     8     100.0              96.0                                             

     9     100.0              99.5                                             

     ______________________________________                                    

PAL  Extrapolation was demonstrated by the fact that the percentages of correct
      classifications of the test set characters, which were never presented
      during training, were very close to 100%. Improvement of the above
      percentages would require a larger training set, a longer training period,
      and perhaps a larger network.
PAR  A method for using the present invention to classify numerically
      characterized individuals will now be described using as an example the
      data on 150 Iris plants as described in the paper by R. A. Fisher: The use
      of multiple measurements in taxonomic problems. Annals of Eugenics 7,
      179-188, 1936. There were 50 plants of each of three species, each
      individual being characterized by four measurements: the length and width
      of the petals and sepals. Before application of the present invention, the
      measurements were coded into binary integers so that, for example, the
      most significant bit of a measurement was ZERO for about one half the
      total population, this bit and the next most significant bit together
      divided the population into four roughly equal parts, and so on. Enough
      bits were used to satisfactorily characterize the relative order of the
      original measurement values by the ordering of these integers. More
      precisely, each measurement was coded into a 5-bit integer. A tree-like
      network was then constructed (i.e. simulated on the computer) which
      consisted of 32 subtrees as in FIG. 11, each with four elements,
      representing the first measurement, 32 subtrees, as in FIG. 11 with those
      bits connected through inverters; and so on for the other three
      measurements for a total of 256 subtrees as in FIG. 11. The outputs of
      these subtrees were then connected to the inputs of a balanced tree of 255
      elements, giving a tree of 1279 elements. A training set of 100
      individuals was chosen. These were presented during a training period to
      the network using "global search" type elements. The partially specified
      boolean function of n=4 .times. 5=20 variables to be synthesized was
      defined to be ONE for one of the species and ZERO for the two others. The
      network was trained until perfect discrimination on the training set was
      achieved. Then a different species was chosen and the same network was
      trained to synthesize a new discriminant function. Together the two
      discriminant functions could thus classify the individuals of the training
      set correctly into one of the three species. When these discriminants were
      subsequently applied during a period of use to the other 50 individuals
      never presented in training, there were only three misclassifications.
      This demonstrated the desired generalization via insensitive extrapolation
      from the training to the test set.
PAR  This method of classification has the advantage that the descriminant
      functions are not a priori constrained to a particular class, such as
      linear or quadratic discriminant functions, and yet they tend to be as
      insensitive as is compatible with the training set data.
PAR  While one specific embodiment of this invention has been illustrated and
      described, a generic invention, including three different species of
      heuristic responsibility units, it will be clear that variations of the
      details of construction which are specifically illustrated and described
      may be resorted to without departing from the true scope and spirit of
      this invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A digital logic circuit, hereinafter referred to as an element, which is
      a basic building block of learning machines formed by interconnection of a
      plurality of said elements into a network, which network under the control
      of an agent hereinafter referred to as a control unit, during a training
      period can learn a boolean function of n variables, the latter applied by
      said control unit through a scheme of multiple connections and connections
      with inversion to certain inputs of said network, the action of each said
      element in forming the relationship between the said n variables and the
      network output being to process information as a two-input, one-output
      combinational circuit the logical operation of which depends on the
      internal state of said element, which internal state may be altered by the
      control unit's applying a training procedure to said network; and which
      element comprises:
PA1  input-and-output means comprising a first input lead, hereinafter referred
      to as the left input lead, a second input lead, hereinafter referred to as
      the right input lead, and an output lead;
PA1  control signal input means for receiving control signals, comprising a
      clock lead and a desired network output lead;
PA1  heuristic responsibility input-and-output means comprising a heuristic
      responsibility input lead, a left heuristic responsibility ouput lead, and
      a right heuristic responsibility output lead;
PA1  output computation means;
PA1  a first function value unit means;
PA1  a second function value unit means;
PA1  a first heuristic responsibility unit means, hereinafter also referred to
      as the left heuristic responsibility unit means;
PA1  a second heuristic responsibility unit means, hereinafter also referred to
      as the right heuristic responsibility unit means; and
PA1  interconnection means for connecting the aforementioned means as
      hereinafter required comprising direct connections and connections through
      inverters; whereby
PA1  said output computation means is a combinational circuit receiving signals
      from said left input lead, said right input lead, said first function
      value unit, and said second function value unit, and sending its output
      signal directly to said output lead via said interconnection means, the
      value of said output signal being equal to xy + xyv.sub.10 + xyv.sub.01,
      where x is the value on said left input lead, y is the value on said right
      input lead, v.sub.10 is the value of the output of said first function
      value unit means, and v.sub.01 is the value of the output of said second
      function value unit means;
PA1  and whereby said first and second function value unit means are connected
      via said interconnection means to said control signal input means;
PA1  and whereby
PA1  said first function value unit means can change its internal state, which
      determines its output, only when a clock pulse occurs on said clock lead
      while x is ONE and y is ZERO, and said second function value unit means
      can change its internal state, which determines its output, only when a
      clock pulse occurs on said clock lead while x is ZERO and y is ONE;
PA1  and whereby
PA1  the output of said first heuristic responsibility unit means is connected
      via said interconnection means directly to said left heuristic
      responsibility output lead, and the output of said second heuristic
      responsibility unit means is connected via said interconnection means
      directly to said right heuristic responsibility output lead;
PA1  and whereby a change of state of said first and second function value unit
      means and said first and second heuristic responsibility unit means may
      occur only at the occurrence of a clock pulse on said clock lead while the
      value on said heuristic responsibility input lead is a certain fixed value
      indicating "heuristic responsibility" of said element for the current
      input n-tuple presented to the machine during training.
NUM  2.
PAR  2. An element as in claim 1 wherein said control signal input means
      comprises in addition a PRESET lead and a CLEAR lead, and wherein said
      interconnection means includes direct connections from said PRESET and
      CLEAR leads to said first and second function value unit means;
PA1  whereby the values of the signals on said PRESET and CLEAR leads are
      normally maintained at a fixed value (herein chosen to be ZERO) by the
      control unit, and the digital logic circuit then operates as in claim 1;
PA1  and whereby in addition to the changes of internal state of said digital
      logic circuit and occurring only at clock pulses, the following changes
      occur when no clock pulse is being given by the control unit during
      periods of setting or readout of the logical operation realized by the
      digital logic circuits in a network:
PA1  if a ONE signal is temporarily placed on said PRESET lead and a ZERO is
      maintained on said CLEAR lead, then if x is ONE and y is ZERO the internal
      state of said first function value unit means may change, and must remain
      or become such that v.sub.10 becomes ONE, while if x is ZERO and y is ONE
      then the internal state of said second function value unit may change, and
      must remain or become such that v.sub.01 becomes ONE; and when a ZERO is
      maintained on said PRESET lead while a ONE is temporarily placed on said
      CLEAR lead a corresponding change of state may occur whereby v.sub.10 or
      v.sub.01 becomes ZERO.
NUM  3.
PAR  3. An element as in claim 1 wherein each function value unit means contains
      a counter means having consecutive integer values 0 . . . MAX, where MAX
      is one less than a positive integral power of two, say 2.sup.b -1, and
      wherein the output of the function value unit means is the value of the
      most significant bit of the binary counter value, and wherein a unit
      up-count (or resp. down-count) occurs at a clock pulse given during
      training if, at said clock pulse,
PA1  a. the element is heuristically responsible,
PA1  b. the input pair (x,y) of the element enables said function value unit
      means to change its internal state,
PA1  c. the value stored in the counter is not MAX (or resp. 0) and
PA1  d. the value on the desired network output lead is ONE (or resp. ZERO).
NUM  4.
PAR  4. An element as in claim 1 wherein said left (and resp. right) heuristic
      responsibility unit means is a combinational circuit means which places a
      signal indicating heuristic responsibility on its output lead if and only
      if such a signal occurs on said heuristic responsibility input lead and
      the current outputs of the said first and second function value unit means
      are such that, were the value on the said left (or resp. right) input lead
      altered while the value on the said right (or resp. left) input lead
      remained the same, the value on said output lead computed by said output
      computation means would be altered.
NUM  5.
PAR  5. An element as in claim 1 wherein the said left (and resp. right)
      heuristic responsibility unit means contains two approximate equalization
      means, one responding to the ZERO and one to the ONE value on said right
      (or resp. left) input lead of the element, so that when each approximate
      equalization means responds, values indicating heuristic responsibility on
      the output lead of said heuristic responsibility unit means occur for
      approximately equal numbers of input signal pairs (x,y) (separated by
      clock pulses during a period of training) for which each of the following
      two conditions (a) and (b) is satisfied:
PA1  a. there is an indication of heuristic responsibility on the heuristic
      responsibility input lead of the element, and the value on the right (or
      resp. left) input lead is the one to which the approximate equalization
      means responds, and the value of the desired network output lead signal,
      specified by the control unit for the n-tuple currently presented in the
      training sequence, which causes said signal pair (x,y) at the input leads
      to the element, is ZERO,
PA1  b. the same conditions as in (a) hold except that the value of the desired
      network output lead signal is ONE.
NUM  6.
PAR  6. An element as in claim 5 wherein the approximate equalization means each
      include an up-down counter and combinational circuit means such that
      counts are permitted to occur at clock pulses if there is an indication of
      heuristic responsibility on the heuristic responsibility input lead and
      the approximate equalization means is the one responding to the x,y input,
      the count being one unit up if the up-down counter is not at its maximum
      value and the desired network output is ONE and one unit down if the
      up-down counter is not at 0 and the desired network output is ZERO, and
      wherein the heuristic responsibility unit output indicates heuristic
      responsibility if and only if a count up or down is enabled to occur in
      one of the approximate equalization means at the succeeding clock pulse
      during training.
NUM  7.
PAR  7. An element as in claim 1 wherein the left (and resp. right) heuristic
      responsibility unit means gives an indication of heuristic responsibility
      as output if and only if there is an indication of heuristic
      responsibility on the heuristic responsibility input lead and the right
      (or resp. left) input lead has the same value as for the latest error
      occurring on that input lead, including an error for the present input,
      whereby an error is said to occur on an input lead for one of a sequence
      of inputs separated by clock pulses during training if
PA1  a. the element is heuristically responsible, and
PA1  b. the desired network output lead carries the complementary value to the
      signal on said input lead.
NUM  8.
PAR  8. An element as in claim 7 wherein the left (and resp. right) heuristic
      responsibility unit means comprises one AND-gate of which the output is
      ONE if and only if the present right (or resp. left) input is ZERO and
      this represents an error (as defined in claim 7), one heuristically
      similarly means. AND-gate of which the output is ONE if and only if the
      present right (or resp. left) input is ONE and this represents an error,
      one master-slave flip-flop whose inputs are the outputs of the above
      AND-gates and whose output signal thus represents the value on the right
      (or resp. left) input lead at the latest previous error (i.e. not
      including the currently occurring input in the sequence separated by clock
      pulses during a period of training), one AND-gate which gives a ONE output
      if and only if the element is heurristically responsible and the value on
      the right (or resp. left) input lead now and at the latest previous error
      as stored in said flip-flop, was ONE, one AND-gate which operates similrly
      for the ZERO input on said input lead, giving a ONE output if and only if
      the element is heuristically responsible and the complement of the signal
      on the right (or resp. left) input lead and the complement of the value
      stored in said flip-flop are both ONE, and one four-input OR-gate with
      inputs from the outputs of said four AND-gates to compute the output of
      the heuristic responsibility unit means;
NUM  9.
PAR  9. A network composed of elements as in claim 1 for use in synthesizing
      boolean functions of n variables during a period of training, whereby each
      of the said right and left input leads of each element is connected either
      to the output lead of another element, or, through variable connections
      and connections with inversions under the control of a control unit, to
      one of n logical signals from said control unit, there being in the
      n-input, one-output network so formed no closed paths around which signals
      may pass; and whereby the control signal input means of all elements
      receive signals from said control unit; and whereby the heuristic
      responsibility output lead on the same side, right or left, as a certain
      input lead is connected to the heuristic responsibility input lead of the
      element which originates the signal on said input lead, or, if more than
      one input lead obtains its signals from said point of origin, whereby the
      heuristic responsibility output leads associated with said input leads are
      connected as inputs to a combinational circuit whose output indicates
      heuristic responsibility if and only if at least one of said heuristic
      responsibility output leads indicates heuristic responsibility and whose
      output is connected to the heuristic responsibility input lead at said
      point of origin; and whereby the output lead of the element which supplies
      the network output signal and the heuristic responsibility input lead of
      said element are connected to the control unit.
NUM  10.
PAR  10. A digital logic circuit, hereinafter referred to as an element, which
      is a basic building block of learning machines formed by interconnection
      of a plurality of said elements into a network, which network under the
      control of an agent hereinafter referred to as a control unit, during a
      training period can learn a boolean function of n variables, the latter
      applied by said control unit through a scheme of multiple connections and
      connections with inversion to certain inputs of said network, the action
      of each said element in forming the relationship between the said n
      variables and the network output being to process information as a
      two-input, one-output combinational circuit the logical operation of which
      depends on the internal state of said element, which internal state may be
      altered by the control unit's applying a training procedure to said
      network; and which element comprises:
PA1  input-and-output means for interconnection with other such elements or via
      direct or inverted connections for connection to said control unit,
      comprising a first input lead, hereinafter called the left input lead, a
      second input lead, hereinafter called the right input lead, and an output
      lead;
PA1  control signal input means to receive, during training, signals containing
      clock information for the digital circuits  and information about the
      desired network output corresponding to an n-tuple applied to the network
      during training;
PA1  output computation means to compute one of a fixed class of boolean
      functions of two variables to be realized on said input-and-output means
      depending on the current state of the element; and
PA1  adaptation means to store and cause to be altered during said training
      period the internal state of said element and to influence the changes of
      state of other elements in the network, and thereby cause to be altered
      during said training period the composite boolean function of n variables
      computed by the network, which adaptation means includes
PA1  heuristic responsibility input-and-output means comprising a first, or
      left, heuristic responsibility output lead, a second, or right, heuristic
      responsibility output lead, and a heuristic responsibility input lead, and
PA1  heuristic responsibility output computation means which computes a logical
      signal on each of the two heuristic responsibility output leads for each
      n-tuple applied to said network during training, whereby
PA1  the two heuristic responsibility output leads carry a signal indicating
      "not heuristically responsible" if such is the case for the current signal
      on the heuristic responsibility input lead for an input n-tuple, and
      whereby
PA1  the change of said element's internal state corresponding to an input
      n-tuple during training depends on the signal on its heuristic
      responsibility input lead, and whereby,
PA1  in said network, the heuristic responsibility input lead of each element
      derives its signal from the heuristic responsibility output lead of a
      further element to whose corresponding input lead the said element is
      connected via said output lead; or, if there are several such further
      elements in said network, then it derives its signal from a combination
      logic circuit acting on the heuristic responsibility output lead signals
      corresponding to input leads deriving their signals from the output lead
      of said element; or, if there is no such further element in said network,
      then it derives its heuristic responsibility input lead signal from said
      control unit.
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ABST
PAL  In a data processing system having independently operating asynchronous
      processors, apparatus is disclosed which provides for interprocessor
      synchronization and/or information exchange. Synchronization interlocks
      and controls are provided for both identifying shared resources of a
      control processor and an input/output controller (IOC) processor and for
      obtaining control over these shared resources. If a conflict situation for
      any one of the shared resources arises, apparatus is disclosed whereby the
      IOC processor is provided the capability of assuming control over the
      shared resource even though the central processor has control over it. One
      of the shared resources is an interprocessor communication register which
      allows communication of control information between both the central
      processor and the IOC processor and from the central processor to the
      peripheral processor over a shared bus.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  A. Field of the Invention
PAR  This invention relates generally to data processing systems and more
      particularly to apparatus for enabling synchronization and information
      exchanges between independent asynchronous processors.
PAR  B. The Description of the Prior Art
PAR  As the complexity of modern data processing units has increased, more
      control functions formerly carried out by the central processing unit
      (CPU) subsystem are being delegated to other subsystems or processing
      units. For example, it is now common for an input/output controller (IOC)
      subsystem to have its own control store for carrying out its required
      control functions. In like manner, peripheral processors are now being
      designed with their own control store units. While each control apparatus
      provides the means for controlling the manipulation of its own processor,
      it may also provide the means for controlling manipulations which occur
      within another processor.
PAR  In the past, since these control apparatus and processing units were able
      to operate independently, adequate synchronization of operations was
      required. Further, much time was required for identifying and obtaining
      control information within the purview of the other processing unit. More
      specifically, in the past, the communication facilities for interprocessor
      communication would be utilized after one of the processors stored the
      information and then by a stimulus-response communication interchange
      indicated to the other processor the information's location. The other
      processor would then locate the information and retrieve it. In the
      situation wherein the central processing subsystem was involved, then main
      memory would be used to store the control information.
PAR  Alternatively, control information may be provided by software
      communication between the processing units. Not only does this slow
      overall operations of each processor, but in addition, it ties up main
      memory to a significant extent. Furthermore, the software is transmitted
      across the standard peripheral interface bus and as a result the speed of
      the actual data transfer is reduced. In view of the timing,
      synchronization and storage problems, it would be desirable to have a
      separate facility for directly transferring control information such that
      the time lags involved in interprocessor exchanges would be reduced.
PAC  OBJECTS OF THE INVENTION
PAR  It is, therefore, an object of the present invention to provide an improved
      data processing system.
PAR  It is a further object of the present invention to provide for improved
      synchronization and communication apparatus in a data processing system.
PAR  It is a still further object of the present invention to provide two
      processing units with associated control apparatus for improved
      synchronization and communication interchange in a data processing system.
PAR  It is another object of the present invention to provide apparatus in one
      of the processing units for controlling shared resources of each
      processing unit.
PAR  It is another more particular object of the present invention to prevent
      conflict situations arising from attempts to utilize shared resources when
      the other processing subsystem has gained access thereto.
PAC  SUMMARY OF THE INVENTION
PAR  The aforementioned and other objects of the present invention are
      accomplished in a data processing system by providing bistable indicating
      apparatus for identifying and controlling shared resources of
      independently operating asynchronous CPU and IOC processors. Control
      apparatus is provided in the IOC processor which is responsive to control
      signals from each processor for gaining access to the bistable indicating
      means, the control apparatus overcoming any conflict situation for
      utilizing the shared resources. One of the shared resources allows direct
      communication of control information between the CPU and IOC processors
      and one-way direct communication from the CPU processor to a peripheral
      processor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  For a fuller understanding of the nature and objects of the invention,
      reference should be had to the following detailed description taken in
      conjunction with the accompanying drawings in which:
PAR  FIG. 1 is a block diagram of the principal subsystems of a data processing
      system;
PAR  FIG. 2 is a block diagram of the major component circuits of the principal
      subsystems of a data processing system;
PAR  FIG. 3 is a block diagram showing the logic apparatus necessary for
      interprocessor communication between the CPU and IOC processors and from
      the CPU processor to the peripheral processor;
PAR  FIG. 4 is a diagram of the interprocessor communications control area and
      the CPU/IOC control interface; and
PAR  FIG. 5 is a logic diagram showing one of the shared resources and the
      apparatus necessary for obtaining control either by the CPU processor or
      the IOC processor over the shared resource.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1, a block diagram of the principal subsystems of the
      data processing system is shown. The peripheral subsystem 50 consists of
      peripheral units (such as printers, magnetic tape units, magnetic discs,
      etc.) which supply data to or receive data from the remainder of the data
      processing system. The input/output controller subsystem (IOC) 200
      controls the transfer of data from the component peripheral units of the
      peripheral subsystem 50 to the data processing system. The main memory
      subsystem (MMS) 400 provides the apparatus for storage of data currently
      required for operation of the data processing system. The central
      processing unit subsystem (CPU) 100 contains the apparatus for
      implementing the major control and manipulative functions of the data
      processing system. The memory interface unit subsystem (MIU) 300 provides
      the apparatus for controlling the transfer of data between the MMS 400 and
      the CPU 100 or the IOC 200.
PAR  Referring next to FIG. 2, important component units of the subsystems of
      the data processing system are shown. The coupling between the various
      component units of the subsystem shown in FIG. 2 are representative and
      not comprehensive as will be apparent to one skilled in the art.
PAR  The main memory subsytem 400 is comprised of a group of four memory modules
      (401 to 404) in the preferred embodiment. These main memory modules may be
      operated in various modes such as an interleave mode. The main memory
      modules provide the apparatus for storage of the data necessary for the
      execution of the current processing tasks of the data processing system.
PAR  The CPU subsystem 100 is comprised of a data management unit 101, an
      instruction fetch unit 103, an address control unit 102, a local store
      unit 107, an arithmetic and logic unit 106, and a control store unit and
      interface adapter 105. The operations of the CPU are controlled by control
      store unit 105. The control store unit 105 is loaded, in the preferred
      embodiment, by a control store load unit external to the CPU 100. The
      control store unit contains an interface adapter which provides the logic
      necessary for directing the control store unit, such as address
      modification, address generation testing, etc. The arithmetic and logic
      unit 106 is comprised of the apparatus for performing the primary
      arithmetic operations and data manipulations required of the CPU. The
      local store unit 107 is comprised of a small memory and associated logic
      apparatus and is used to store CPU control information and as a temporary
      storage of operands and partial results during the data manipulation. The
      address control unit 102 includes apparatus for address development in the
      CPU. The instruction fetch unit 103 contains apparatus for keeping the CPU
      supplied with instructions and attempts to have the next instruction
      available before completion of the present instruction. The data
      management unit 101 provides an interface between the CPU and Buffer Store
      Directory 303 and/or buffer store memory 302. The apparatus of the data
      management unit 101 determines which portion of the data processing unit
      contains the information to be retrieved and transfers the information
      into the CPU at the proper time.
PAR  The memory interface unit 300 is comprised of a buffer store memory 302, a
      buffer store directory 303 and a main store sequencer 301. The buffer
      store memory 302 provides a small memory storage area for data that will
      receive a high percentage of usage in a given time. The buffer store
      directory 303 contains apparatus for establishing whether a given portion
      of data is contained in the buffer store memory 302. The main store
      sequencer 301 provides an interface between the module of the main memory
      subsystem and the IOC 200 or the CPU 100.
PAR  The IOC 200 is comprised of a memory management unit (MMU) 201, a service
      code unit (SCU) 202, a series of channel control units (CCU) of which two,
      channel control unit 203 and channel control unit 204, are shown, and an
      interprocessor communication unit (IPCU) 205. In the preferred embodiment,
      any number of channel control units up to 16 can be present. Each channel
      control unit provides an interface between the component peripheral units
      of the peripheral subsystem 50 and the memory management unit 201 and
      service code unit 202.
PAR  The service code unit 202 is effectively a control processor containing a
      control store and interface adapter logic for directing the control store
      unit. The service code unit services input/output (IO) requests to and
      from the CPU and also from the peripheral subsystem, decodes major
      operations, and initiates and terminates all operations on the peripheral
      interface bus (not shown) which is the standard channel adaptation. In
      addition, the service code unit handles all interprocessor communications
      between the IOC and CPU subsystems both for calls to the CPU and for
      answering requests from the CPU in either direction.
PAR  The memory management unit 201 controls the interface between each channel
      control unit 203, 204, and the service code unit 202 on a priority basis
      and directs the channel control unit and service control unit interface.
      The interprocessor communication unit 205 provides the synchronization and
      control information exchange facility between the asynchronously operating
      CPU and IOC subsystems. In addition to containing the control mechanisms
      for interprocessor communication, the IPCU provides for control
      information exchange from the CPU subsystem to the peripheral subsystem
      50.
PAR  A peripheral subsystem 50 provides a transfer and control link for
      exchanging information between a series of peripheral processors of which
      two, peripheral processors 51 and 52, are shown and the IOC. The exchange
      is accomplished by controlling the logical states of various signal lines
      in accordance with pre-established rules implemented through a series of
      signals termed "dialogue." Each peripheral processor 51, 52, controls the
      operation of a plurality of peripheral devices by sending commands to the
      IOC. These commands are received in the channel control unit and sent to
      the service code unit for interpretation and execution.
PAR  Each peripheral processor, in the preferred embodiment, can contain up to
      256 peripheral devices directly coupled thereto of which two are shown,
      peripheral devices 60, 61 and 68, 69, connected to each peripheral
      processor 51, 52 respectively. Any number of peripheral processors up to
      16 can be present.
PAR  The IOC is thus capable of controlling a plurality of physical channels
      designated as CCU's 203, 204 which connect the IOC with one of a number of
      peripheral processors 51, 52. Each peripheral processor exchanges
      information with each of its associated peripheral devices over an
      interface according to a specific dialogue sequence.
PAR  Referring next to FIG. 3, a block diagram is shown of the apparatus
      associated with IPCU 205 and used for exchange of control information both
      between the CPU 100 and IOC 200 subsystems and from the CPU 100 subsystem
      to the peripheral 50 subsystem.
PAR  The IPCU apparatus while residing in the IOC subsystem is coupled to
      apparatus in both the CPU 100 and the IOC 200.
PAR  While transfer of control information is being discussed, it is noted that
      other information exchanges may be occurring, either simultaneously or at
      periodic intervals. Thus, there may be a transfer of information from CPU
      100 to main memory 400, a transfer of data from the peripheral subsystem
      via the CCU and MMU to the CPU, and a transfer of data from the SCU to
      main memory on behalf of the IOC. Thus, the control information exchange
      discussed herein is not only in addition to the above exchanges, but also
      is a direct parallel transfer of control information between at least two
      processing units. Moreover, by this parallel transfer overall efficiency
      is provided, which efficiency may be realized in some of the data
      transfers described supra.
PAR  In order to explain the operation of the IPCU 205, an example wherein the
      CPU is requesting information from the IOC is given. Initially, the CPU
      100 would obtain control over the interprocessor communication register
      (IPCR) 221, by the apparatus shown in FIGS. 4 and 5. The IPCR is a shared
      resource of both the IOC and CPU subsystems and is used for storing
      control information to be delivered to the CPU, IOC or peripheral
      subsystems.
PAR  After control of the shared resource has been obtained, the CPU initiates a
      call, as is well known in the art, across control bus 210. This call is
      generated from the control store logic 105 of the CPU to the control store
      logic 208 of the service code unit 202. The control store logic 208
      comprises apparatus for responding to control signals which may be
      provided by the CPU control logic or the memory portion of SCU 202 and for
      generating commands for manipulating apparatus in the IOC. In addition,
      requests from the CPU control store 105 can cause control store 208 to
      issue commands manipulating apparatus in the CPU.
PAR  Upon placing the call, the CPU, which has the control information stored in
      AC register 108 of arithmetic and logic unit 106, (for a further
      explanation of the arithmetic logic unit and the AC register, see Data
      Processing System Utilizing Data Field Descriptors For Processing Data
      Fields by Charles W. Bachman, Ser. No. 424,259, filed on Dec. 13, 1973,
      and assigned to the same assignee as the present invention) generates a
      strobe signal, set IPCR, via control store 105. This strobe signal is
      provided over line 231 and enables AND-gate 230 and amplifier 232. The
      signal from gate 230 and amplifier 232 controls the transfer of
      information into IPCR 221 from QMB bus 220, and hence the control
      information of the CPU in AC register 108 is now stored in IPCR 221. It
      should be noted that if the IPCR 221 shared resource was not obtained,
      then the control information may be placed in a savings area such as local
      store unit 107.
PAR  The control information in IPCR register 221 may be of two types. The
      control information may be a command to a unit, and as a result once
      executed, no further need of the resource is required. Alternatively, the
      control information may identify a request for information for which a
      response is required. The capability of synchronizing the multiple passes
      of control information is provided as will be seen by the test and set
      logic described in FIG. 4. In the request mode, the synchronization logic
      is not disabled, and as a result, successive transfers of information are
      possible.
PAR  Both the IOC and peripheral processors have a hierarchy of functions
      defined by various gates (not shown) within their configuration. The IPCR
      221 is coupled to these gates and can control their state such that a
      particular function may be initiated. The control of these gates is
      provided by the control information stored in IPCR 221 which enables the
      logic associated with a particular function. For example, the control
      information may be a command to one of the peripheral processors to reset
      a particular channel. The reset function for the channel may be defined by
      a flip flop in a certain state. The control information provided from the
      IPCR would enable the flip flop to change its state. Moreover, for this
      particular example, the change in the flip flop would initiate an exchange
      over the standard channel adaptation from the peripheral processor to the
      IOC in order to execute the function. As a result, a change of control and
      communication is effectively provided by the control information provided
      through IPCR 221.
PAR  The format of information in the IPCR register 221 for communication from
      either the IOC or CPU to the CCU and peripheral subsystems may be such
      that the first eight bits provide the signals for identifying the control
      function to be performed. These signals may include "operation out,"
      "instruction waiting,"  "reset channel," "channel program waiting," or
      "perform diagnostics," etc. Bits 20 to 23 may contain the physical channel
      number for identifying the particular channel of the peripheral subsystem
      and bits 24 to 31 may contain the logical channel number which identifies
      the peripheral device.
PAR  The IPCR register 221 format for CPU to IOC interprocessor communications
      is such that bits 13 to 15 may contain the reason for the call and bits 20
      to 23 contain the physical channel number decoded by either register 223
      of the IOC or the equivalent register in the CPU. In addition, depending
      upon the communication engaged in by the IOC and CPU, there are other bits
      which provide a response format based on the reason for the call and these
      bits may be contained in bit positions 16 to 23.
PAR  For control information to be transferred to the IOC, the operation would
      be as follows. Once the information resides within IPCR 221, the call from
      the CPU across control bus 210 enables an interrupt in the IOC such that
      the IOC may be required to determine the reason for the CPU call. This is
      accomplished by control store 208 enabling the transfer of information
      from IPCR register 221 to Y register 222 in service code unit 202. Control
      store 208 then interrogates bits in the Y register in order to determine
      the reason for the call from the CPU subsystem. After ascertaining the
      reason for the call, the IOC would then, if necessary, respond with the
      appropriate information required by the request from the CPU.
PAR  If the IOC desired to initiate a communication with the CPU or the
      peripheral subsystem via the CCU, the control information exchange would
      occur under the control of control store 208. Control store 208 would
      provide signals as is well known in the art which enable IOC control store
      MLR register 225 and physical channel number register (PCNR) 226 to
      transfer the control information to the Y register 222 or directly into
      IPCR 221. Register 225 is the local register of the control store unit 208
      and provides the actual control information that the IOC is to transfer to
      the CPU or the peripheral subsystem via the CCU. PCNR 226 is a one of 16
      encoder which identifies the particular channel to the CPU in order that
      the CPU can associate the control information provided by the IOC with the
      channel number of a particular peripheral component unit.
PAR  If the IOC is responding to a CPU call, the IOC, after having placed the
      control information in IPCR 221, then provides a control signal, IOC
      acknowledge, over the control lines 210 to the CPU which notifies the CPU
      that it may place the control information from the IPCR 221 on the QMB bus
      220 and into its AC register 108. The CPU can then take this control
      information and examine the bits transferred from the IOC to the CPU to
      determine its required operations.
PAR  Thus, the operation of a CPU to IOC request for information would be as
      follows. Once the IOC identifies a request from the CPU, an interrupt is
      executed indicating that the IOC has received a call for interprocessor
      communication. As a result, the IOC would via strobe signals from control
      store 208 transfer the information previously stored in IPCR register 221
      to Y register 222. If, for example, the CPU requested status, the IOC
      decodes this information from the Y register 222 and collects all the
      information status needed to answer the reason for the call. Since the CPU
      has made a request from a particular resource, the IOC cannot capture that
      same resource or use it for any other purpose. Once the IOC has obtained
      the information requested, it is placed back into the IPCR register 221
      which is still synchronized and the IOC generates a strobe signal via
      control store 208 to control store 105 to indicate that the CPU should
      take the information in IPCR register 221. This is accomplished by the CPU
      providing a set IPCR signal which enables the information in IPCR 221 to
      be transferred to AC register 108 via QMB bus 220.
PAR  The IOC can also request information from the CPU and the information
      exchange using IPCR 221 would occur in essentially the same way. However,
      control store 208 of the service code unit 202 in IOC 200 would indicate
      to control store 105 of the CPU 100 that it was requesting the
      information. Suitable subcommand generation would then follow which would
      allow the request of the IOC to be examined and answered by the CPU.
PAR  QMB bus 220 is used for other purposes such as microdiagnostic and
      microverification between the CPU and IOC processing units, in addition to
      the loading of the volative portions of the control store units of the CPU
      and IOC subsystems. (See, for example, Apparatus and Method for Two
      Controller Diagnostic and Verification Procedures in a Data Processing
      Unit by Donald J. Greenwald, Ser. No. 421,649, filed on Dec. 10, 1973, and
      assigned to the same assignee as the present invention.) Moreover, while
      information may be processed in each of the individually asynchronous
      processors, the transfer of information via bus 220 is able to occur
      simultaneously with data transfers over a peripheral interface bus (not
      shown). This results since the transfer of control information over bus
      220 is a parallel operation. Any conflict of usage of the processing units
      is resolved by the firmware manipulation between control stores 105 of the
      CPU and control store 208 of the IOC.
PAR  In addition to allowing control exchange between the CPU and IOC
      subsystems, the IPCU 205 also allows direct communication from the CPU 100
      to the peripheral subsystem 50. This feature entails the use of the IPCR
      register 221 for notification to the peripheral subsystem of significant
      events which may occur based upon information presently being executed in
      the CPU subsystem. For example, if a channel program were being executed
      by the peripheral subsystem and the CPU in the course of processing its
      information decided that it should terminate the operation of that
      particular device, the CPU could use the synchronization function
      described in FIG. 4 in order to capture the IPCR 221 and cause a control
      signal to be generated to the peripheral subsystem. (For further
      explanation of other control signals which may be provided from the CPU to
      the peripheral subsystem, see Microprogrammable Peripheral Processing
      System by Recks, et al., Ser. No. 425,760, filed Dec. 18, 1973, and Method
      and Apparatus for Automatic Selection of Translators in a Data Processing
      System by Douglas L. Riikover, Ser. No. 430,838, filed Jan. 4, 1974, both
      applications assigned to the present assignee of this invention). The
      peripheral subsystem 50 would then at some point recognize the control
      signal being provided by the CPU and would initiate a procedure of calling
      the IOC to receive the instruction that the CPU desired to send. Thus, an
      indirect way of having the CPU tell the peripheral subsystem to
      communicate with the IOC is provided.
PAR  The apparatus for providing limited communication to the peripheral
      subsystem from the CPU is shown by the one of 16 decoder 223 and control
      signal register 224. The selection of a particular CCU 203, 204, is
      provided by decoder 223 and the transfer of the information to the
      selected CCU is provided by register 224. Both decoder 223 and register
      224 are enabled by a "Go CCU" signal from the CPU control store 105 via
      AND-gate 236 and amplifier 240. The output of register 224 selectively
      raises or lowers certain control lines in the peripheral subsystem without
      any IOC intervention. These control lines, for example, enable a bistable
      device in the peripheral subsystem associated with a defined function.
      Thus, by the transfer of the control signals, communication to the control
      unit of the peripheral subsystem would occur. Upon the peripheral
      subsystem recognizing this information, it would modify further operation.
      The operation for control of the peripheral subsystem by the CPU would be
      as follows.
PAR  The control information contained in the AC register 108 is transferred to
      IPCR, 221 via QMB bus 220 upon a control signal set IPCR from control
      store unit 105. Subsequently, control store unit 105 provides a "Go CCU"
      strobe signal which enables AND-gate 236 and amplifier 240. The signal
      from 240 enables decoder 223 to select one of the 16 channel control units
      and logic 224 to transfer the control information to the selected CCU.
      This control information either raises or lowers a bistable means, for
      example, a flip flop (not shown). This flip flop is associated with a
      command signal, such as reset channel described supra. As a result of the
      change of command, the peripheral subsystem shifts its control and
      responds to control information directly provided by the CPU subsystem.
PAR  It should be noted that IOC to peripheral subsystem communication may also
      occur. Upon the IOC placing the control information in IPCR 221, a strobe
      signal is provided by control store 208 to enable AND-gate 238 and
      amplifier 240. This signal allows not only the particular CCU to be
      selected by decoder 223, but also the control information in logic 224 is
      transferred to the selected CCU.
PAR  Referring to FIG. 4, block 500 shows the control signals generated from the
      CPU 100 via bus 210. These control signals include identification of the
      shared resource desired by the CPU. Block 501 corresponds to block 500 and
      shows the control signals generated from the IOC.
PAR  Some of the control signals from blocks 500 and 501 select one of eight
      test and set flip flops (TS flops) shown in blocks 502 and 503
      respectively. These TS flops are bistable indicating means for identifying
      resources in the other processing unit. Each TS flop in block 502 has a
      corresponding paired TS flop in block 503. Each pair of flip flops
      represent one shared resource, such as the IPCR 221 described supra.
PAR  The TS flop associated with a particular resource does not physically block
      the particular resource. Rather, it is tested by the processor desiring to
      utilize the resource, the test indicating the state of the flop. If the
      test is favorable, i.e., the flop is not set, then the processor may
      utilize the resource represented by the tested TS flop. It should be
      noted, however, that if the processor was not changing the contents of the
      resource, then the processor would probably not even test the particular
      TS flop.
PAR  While the TS flops have been given names, supra, it should further be
      recognized that they are merely representations of resources which are
      defined by firmware conventions. Thus, not only are the TS flops able to
      represent other shared resources but also the convention identifying them
      can be easily changed thus altering their particular designation.
PAR  Before explaining the individual components in FIG. 4, the method of
      obtaining one of the TS flops within blocks 502 and 503 by blocks 500 and
      501 is shown in FIG. 5.
PAR  Referring to FIG. 5, a typical implementation for utilizing and accessing
      one of the eight TS flops is described. It is assumed for explanatory
      purposes that the CPU desires to set one of the TS flops. It is further
      assumed that the IOC has not requested control over this shared resource.
PAR  Initially, CPU 100 provides a three bit code over bus 210 which identifies,
      for example, TS flop 606. For purposes of discussion TS flop 606 is
      associated with the shared resource IPCR 221. This three bit code is
      transferred from selected register 530 to test and set selection decoder
      600 which decodes the three bit combination. As a result, test and set
      selection decoder 600 provides a positive, i.e., high or true signal only
      over line 601 to AND-gate 602.
PAR  In order for AND-gate 602 to be enabled, all the signals on its input legs
      must be positive. Since it has been assumed that the IOC has not requested
      the same resource, line 603 has a positive signal since it is the negation
      from the paired test and set flip flop corresponding to the IOC
      identification of the same shared resource. Line 604 would also provide a
      positive signal because of the assumption that the IOC is not requesting a
      shared resource. When the IOC requests a shared resource, line 604 carries
      a negative signal irrespective of the particular shared resource desired.
PAR  The CPU 100 then attempts to determine whether or not TS flop 606 had been
      previously set. In order to do this, AND-gate 608 has as one input the
      same signal as the one provided over line 601 which selects TS flop 606;
      and in addition, has a second input signal which identifies the present
      condition of the flop 606. If the CPU TS flop 606 had been high, AND-gate
      608 is enabled and sends via line 610 a signal to the control store 105 of
      the CPU indicating that the shared resource had already been obtained. If
      TS flop 606 had not been set, AND-gate 608 would not be enabled, thereby
      indicating to the CPU that the shared resource was available.
      Subsequently, the CPU would send a set signal over line 605 which enables
      AND-gate 602 and sets CPU TS flop 606 via line 607.
PAR  Upon being enabled, TS flop 606 generates a positive signal over line 609
      enabling AND-gate 608 and providing a positive signal to the CPU over line
      610 indicating that the shared resource has been captured. Also,
      concurrently, over line 611, a positive signal is sent to the IOC
      indicating that the CPU had assumed control over this shared resource and
      hence the IOC is aware that it may not control this shared resource.
PAR  Thus, the CPU would first test whether bistable means 606 was set and, if
      it was not set, then on its next execution, the CPU would generate a
      signal over line 605 which sets it. If the TS flop 606 was incapable of
      being set, the CPU would enter into a loop wherein it would effectively
      try to keep setting it.
PAR  CPU test and set flop 606 would be reset if AND-gate 612 is disabled.
      AND-gate 612 has one input from the output of the TS flop 606 via line 609
      and a second input from AND-gates 614 and 615. Line 609 provides a
      positive latchback signal which holds flip flop 606 set. The other input
      signal to AND-gate 612 is from either AND-gate 614 or AND-gate 615 which
      input signal is inverted by inverter 616. If a master clear signal is not
      given, line 613 has a negative signal to AND-gate 614. Inverter 616
      provides the negation of this signal, i.e., a positive signal thereby
      enabling gate 612 and holding TS flop 606 set. Conversely, if the master
      clear signal is given, AND-gate 614 provides a positive signal to inverter
      616 which provides a negative signal to AND-gate 612. AND-gate 612 then
      resets TS flop 606 which is now not set.
PAR  AND-gate 615 is enabled when a reset test and set signal is provided by the
      CPU over lines 617 and when the particular TS flop 606 has been selected
      as is shown by line 601. With these two conditions present, TS flop 606 is
      reset in a similar fashion to the master clear signal. TS flop 606 is a
      well-known delayed D-flop which is described in Application Rules for P
      Series Circuits by Pelurso et al., Honeywell Document No. B20028, issued
      Feb. 12, 1974, and described on pages 1-8 as DKFC1 or DKFC2.
PAR  When the IOC wants to obtain control over the IPCR shared resource, it
      would access test and set (TS) flip flop 620 which corresponds to TS flop
      606. Both bistable means 606 and 620 identify the same shared resource,
      i.e., IPCR 221; when either is set one of the processing units may have
      control over the particular shared resource. Assuming that the CPU had not
      set TS flop 606, then the IOC would obtain control of flip flop 620 in the
      following manner.
PAR  IOC 200 provides a three bit address to IOC test and set selection decoder
      630. The output of decoder 630 not only identifies TS flop 620 but also
      provides a signal over line 631 which enables AND-gate 632. As a result, a
      positive signal is provided from AND-gate 632 to set IOC backdown flip
      flop 633 over line 634. Once backdown flop 633 is set, a signal over line
      635 is sent to the control store unit 105 of CPU 100 indicating that the
      IOC is attempting to obtain a shared resource. Moreover, once backdown
      flop 633 is set, the CPU cannot obtain control of any shared resource
      since the negation output of backdown flop 633 is provided to AND-gate
      602.
PAR  Since the IOC may provide information from the peripheral devices to the
      CPU, it is important that the information contained in the IOC be quickly
      transferred to the CPU. The signal sent over line 635 is tested by control
      store unit 105 of the CPU. This signal initiates a firmware convention
      which establishes the priority of IOC to obtain control over the shared
      resource. If the CPU has control of the resource, the backdown line
      indicates to the CPU that it should release this resource. If the CPU is
      concurrently attempting to obtain the same resource, the signal over line
      635 acts as a tie breaker and allows the IOC to gain control. Thus, if the
      CPU requires the resource requested by the IOC for an extended period of
      time, it will back down and reset its TS flop such that the IOC can assume
      control over it. If, however, the CPU will finish up its use of the
      resource within a few steps, then it does not give up its control of
      resource until it has completed its operation.
PAR  From the above, it is apparent that there is a facility for both handling
      the situation where the resource is not busy and handling it when there is
      a conflict situation wherein both the CPU and IOC processors desire to
      obtain control over the same shared resource. In addition, the IOC
      backdown flop 633 provides for the situation wherein if the IOC requires
      the use of a shared resource, it provides a signal over line 635 to
      indicate to the CPU that it should backdown and thereby let the IOC obtain
      the shared resource to perform its intended operation. Thus, the output of
      the backdown flop 633 is tested by the CPU to determine whether a
      potential deadlock situation exists. This would occur when the CPU is
      calling the IOC at the same time that the IOC is calling the CPU or the
      CPU is using a shared firmware table for an extended period of time and
      thus preventing IOC usage of this table.
PAR  IOC backdown gate 633 is also coupled to AND-gate 636. When the IOC
      backdown flip flop is set, it provides a latchback signal over line 635
      thereby providing one high signal to AND-gate 636. Concurrently, line 637
      has a high signal since at this time, the IOC has not provided any test
      and set signal for the shared resource, i.e., the fact that the IOC should
      set flip flop 620. Thus, since both signals are high on lines 635 and 637,
      AND-gate 636 provides a high signal to IOC backdown flop 633 which holds
      backdown flop 633 in its set state. Once a signal from the IOC is sent to
      set the TS flop 620, then AND-gate 636 is disabled and backdown flip flop
      633 is reset. The CPU is now able to select any test and set flop which is
      not selected by the IOC.
PAR  At the next clock cycle, the IOC provides for the selection of the test and
      set flip flop thereby lowering the signal over line 637 and raising the
      signal on line 638. Line 638 is also connected to AND-gate 639 which has
      as its second leg and selection of a particular test and set flip flop. In
      this case, this would be TS flop 620. With the concurrence of the high
      signals on lines 638 and 640, AND-gate 639 is enabled thereby enabling TS
      flop 620 to be set.
PAR  TS flop 620 has a latchback circuit 642 connected to AND-gate 641. AND-gate
      641 is coupled via line 643 to inverter 646 which is connected to
      AND-gates 648 and 645. The operation of these gates is identical to
      AND-gates 614, 615 for the CPU. Thus IOC TS flop 620 is reset if the
      second leg of AND-gate 641, i.e. line 643, has a negative signal. Line 643
      has a negative signal when a master clear signal 644 is provided to
      AND-gate 645 and inverted by inverter 646 or when an IOC reset test and
      set signal is provided over line 647 to AND-gate 648 and concurrently TS
      flop 620 has been selected over line 640. Since both these conditions will
      provide high signals to AND-gate 648, it is enabled thereby providing a
      high signal to inverter 646 and consequently a low signal over line 643
      thereby disabling AND-gate 641 and resulting in IOC TS flop 620 being
      reset. Thus, it is seen that the input over line 643 breaks the hold
      provided by the latchback signal over line 642.
PAR  If either TS flop 620 or 606 were set, an indication is given to the
      respective processor that a shared resource had been obtained and as a
      result, any exchange with that shared resource is inhibited. Thus, a
      conflict situation is avoided where the processor can access information
      which may have been previously transformed by the other processor which
      has control over the same resource. Because of the use of the TS flops 606
      and 620, an asynchronous facility for both processors has been provided
      with each processor able to modify information which both are sharing, and
      in addition, the ability to keep the other from destroying that particular
      information.
PAR  Referring again to FIG. 4, additional shared resources, as individually
      indicated by bistable means 606 and 620, are illustrated. These shared
      resources include control over certain tables located in main memory.
      These tables include the logical channel tables in the CPU by test and set
      shared resource 510 which corresponds to IOC test and set shared resource
      520. In addition, access to the physical channel tables as controlled by
      shared resources 511 and 521 and access to an interlock for IO tables and
      Lock Gate is controlled by shared resources 512 and 522. The latter shared
      resources provide the interlock for the IO table and any main memory image
      above the base address register (BAR) requiring synchronization using the
      IOC channel command test and set and the CPU Lock Gate instruction.
PAR  Once a shared resource has been obtained as shown in FIG. 5, only the
      processor in control of the shared resource has full access thereto. For
      example, if the resource associated with the logical channel tables of the
      CPU were controlled by the IOC, then the CPU would not be able to change
      or modify any information in its own logical channel tables. Upon the
      shared resource being reset, however, then the processor could use its own
      tables. As a result of the shared resource control, information in the
      tables is not modified simultaneously by two asynchronously operating
      processors. Moreover, the information to be delivered or retrieved from
      the tables is not destroyed since only one processor may access the table.
PAR  In block 500, the test and set select register 530 is shown in addition to
      certain select and reset signals 605 and 617 respectively which have been
      previously described. The test and set select register provides the three
      bit address for identification of a particular shared resource. These
      signals in addition to selecting a particular test and set flop are also
      provided to a multiplexor 531 which allows the requesting processor to
      interrogate the selected test and set flop. The output of the multiplexor
      531 is sent to the IOC control store logic 208 for interpretation and
      command generation responsive to the interpretation.
PAR  The control signals provided from blocks 500 and 501 are transferred over
      bus 210 and provide for the control functions previously indicated. More
      specifically, the control signals provided from block 500 are,
      respectively, a call to the IOC over line 532 which indicates that the CPU
      has some information to send, and an acknowledge signal to the IOC over
      line 533 which indicates that the CPU is acknowledging the IOC's call. In
      addition, the control signal over line 534, "Go CCU," which is in FIG. 3
      is shown as enabling the information in the IPCR register 221 to be gated
      into the selected channel as previously described with respect to FIG. 3.
PAR  The IOC has the corresponding control signals provided in block 501. Thus,
      line 540 provides the control signal from control store unit 208 which
      calls the CPU and requests certain information which the CPU processor
      has. Line 541 provides the control signal which acknowledges a call from
      the CPU, i.e., it indicates that the IOC processor has received the
      information. Line 542 provides a control signal call "confidence" which
      indicates that the IOC can no longer function. Line 543 corresponds to
      line 604 in that this provides the control signal to gate the information
      from the QMB bus into the IPCR register 221. These signals are also
      provided to a multiplexor 545 which provides the signal over bus 210.
      Multiplexor 545 is identical to multiplexor 531.
PAR  Also within block 501 is an indicator (termination queue occupied) which
      provides a signal over line 544. Whenever the IOC finished an IO operation
      or some interrupt was generated, the IOC would build information and place
      it into an area of memory which the CPU would access. Upon control store
      208 generating a strobe signal over line 544, the IOC would inform the CPU
      that the CPU was able to go and read the particular information placed
      into memory as may be indicated by the test and set flops 520 to 522.
      Thus, the termination queue indicates that only after that strobe signal
      was provided could the CPU access this information.
PAR  It has been shown how a shared resource IPCR 221 is controlled by either
      the CPU or the IOC via test and set flops 606 or 620, and how an interlock
      situation is avoided. Once control of the shared register has been
      determined, only that processor is able to use the register for transfer
      of information. Moreover, other shared resources such as the logical
      channel tables and physical channels tables of each processor are able to
      be controlled by the other processor via the test and set flops 510 to 512
      and 520 to 522.
PAR  It has also been shown how communications between the CPU subsystem and the
      IOC subsystem can occur through a shared resource IPCR 221 and over a
      direct bus. Communication of control information between the CPU and the
      peripheral subsystem is enabled if the CPU obtains control over the shared
      resource IPCR 221 and provides information to the peripheral subsystem.
      Thus, the interprocessor communication unit provides a high-speed buffer
      for CPU/IOC information exchange and/or synchronization, and also provides
      control over certain peripheral subsystem interface lines to initiate IO
      instructions and/or processes. Even though the CPU and IOC operate
      independently of one another, the required synchronization for initiating,
      terminating and reporting conclusions of various IO processes has been
      shown via the control signals provided over QMB bus 220. Moreover, an
      interlock mechanism which prevents catastrophic conflict and deadlock
      situations from occurring between the IOC and the CPU processors for
      shared resources has been provided. In case of a conflict with CPU
      desiring control, a backdown line from the IOC to the CPU processor has
      been provided which not only enables the IOC to gain control over the
      shared resource, but also prevents the CPU from gaining access to the
      shared resource once the IOC has decided to select the shared resource.
PAR  While there has been illustrated and described the best mode of the
      invention known, it will be apparent to those skilled in the art that
      changes may be made to the apparatus described without departing from the
      spirit of the invention as set forth in the appended claims, and that, in
      some cases, certain features of the invention may be used to advantage
      without a corresponding use of other features.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a data processing system having at least two processing units, each
      processing unit having a plurality of common logical resources which may
      be utilized by the other processing unit, apparatus for enabling
      synchronization of the utilization of said common logical resources
      between said processing units, said apparatus comprising:
PA1  a plurality of pairs of bistable indicating means, each of said pairs of
      said plurality of bistable indicating means corresponding to a one of said
      resources, one bistable indicating means of each of said pairs
      corresponding to one processing unit, the other bistable indicating means
      of each of said pairs corresponding to the other processing unit,
PA1  first means responsive to said one processing unit for selecting one of
      said resources and for setting the corresponding one of said plurality
      bistable indicating means,
PA1  second means responsive to said other processing unit for selecting one of
      said resources and for setting the corresponding one of said plurality of
      bistable indicating means, and
PA1  third means responsive to said pairs of bistable indicating means for
      preventing said first means and said second means from setting the
      corresponding one of said pair of bistable indicating means for said one
      resource when the other of said pair of bistable indicating means is
      already set,
PA1  whereby priority for utilization of said resource is provided.
NUM  2.
PAR  2. The apparatus as defined in claim 1 wherein said one processing unit is
      a central processing unit (CPU) and said other processing unit is an
      input/output controller unit (IOC).
NUM  3.
PAR  3. The apparatus as defined in claim 1 and further including:
PA1  fourth means responsive to said other processing unit for enabling a
      back-down flip-flop, said back-down flip-flop temporarily inhibiting said
      one processing unit from setting any of said plurality of bistable
      indicating means.
NUM  4.
PAR  4. The apparatus as defined in claim 3 and further including:
PA1  fifth means responsive to said one processing unit for resetting said one
      of said pairs of bistable indicating means, and
PA1  sixth means responsive to said other processing unit for resetting said
      other of said pairs of bistable indicating means.
NUM  5.
PAR  5. In a data processing system having at least two asynchronous processing
      units exchanging data and utilizing common logical system resources, each
      of said processing units having its own control store unit for enabling
      the operations of its processing unit and which may control the operation
      of the other processing units, apparatus for preventing conflicts in the
      utilization of said common logical system resources by said asynchronous
      processing units, said apparatus comprising:
PA1  first means responsive to said control store units for selecting one of
      said common logical system resources for utilization, and
PA1  second means responsive to said first means for indicating whether one of
      said asynchronous processing units has priority for utilization of said
      common logical resources, said second means comprising a plurality of
      pairs of bistable indicating means, each pair of which is associated with
      a different one of said common logical system resources and indicates
      priority for utilization of said one common logical system resource, one
      bistable indicating means of each of said pairs being associated with one
      of said asynchronous processing units and the other bistable indicating
      means of each of said pairs being associated with the other of said
      asynchronous processing units, only one of said bistable indicating means
      in each of said pairs being in an indicating state at any one time.
NUM  6.
PAR  6. An apparatus as defined in claim 5 wherein said first means include:
PA1  decoder means coupled to said control store units for selecting one of said
      common logical system resources, and
PA1  logical means coupling said decoder means to said bistable indicating means
      for selectively setting the corresponding one of said bistable indicating
      means.
NUM  7.
PAR  7. An apparatus as defined in claim 5 wherein one of said pairs of bistable
      indicating means is associated with means for interprocessor
      communication.
NUM  8.
PAR  8. An apparatus as defined in claim 7 wherein said means for interprocessor
      communication comprises a register coupled to said control store units for
      storing signals from either of said control store units, whereby the
      control store unit associated with said first processing unit may control
      the operation of said other processing unit and whereby said control store
      unit associated with said other processing unit may control the operation
      of the first processing unit.
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ABST
PAL  A read-only-memory for use in an electronic calculator or the like,
      implemented in a large-scale-integrated MOS semiconductor chip. The ROM is
      designed to save area on the chip by employing a virtual ground feature
      and conserve power by a precharge system. The memory cells are in an array
      defining X and Y lines, with the presence or absence of a bit being
      determined by thin oxide under an X line between adjacent Y lines. Ground
      lines are provided for groups of Y lines, and the Y-decode matrix includes
      an arrangement for connecting a selected Y-line to a non-adjacent ground
      line. Only the X decode section is precharged rather than all the X lines.
      The entire decode and read out is accomplished in a small part of the
      instruction cycle of the calculator.
BSUM
PAC  RELATED CASES
PAR  The subject matter of this application is related to that disclosed and
      claimed in the following U.S. patent applications:
PAR  Ser. No. 400,437, filed Sept. 24, 1973, by Jerry L. Vandierendonck, Roger
      Fisher, and Glenn A. Hartsell, entitled "Electronic Calculator with
      Display and Keyboard Scanning Signal Generator in Data Memory".
PAR  U.S. Ser. No. 400,299, filed Sept. 24, 1973, by John D. Bryant and Glenn A.
      Hartsell, entitled "Electronic Calculator Chip Having Test Input and
      Output".
PAR  U.S. Ser. No. 400,473, filed Sept. 24, 1973, by John D. Bryant, entitled
      "Digit Mask Logic Combined with Sequentially Addressed Memory in
      Electronic Calculator Chip".
PAR  U.S. Ser. No. 400,472, filed Sept. 24, 1973, by Jerry L. Vandierendonck,
      entitled "Electronic Calculator System Having Serial Transfer of
      Instruction Word Fields to Decode Arrays".
PAR  U.S. Ser. No. 400,438, filed Sept. 24, 1973, by Charles W. Brixey, Glenn A.
      Hartsell, and Jerry L. Vandierendonck, entitled "Electronic Calculator
      Having Internal Timing Means for Turning Off Display".
PAC  BACKGROUND OF THE INVENTION
PAR  Electronic calculator systems of the type wherein all of the main
      electronic functions are integrated in a single large-scale-integrated
      semiconductor chip, or a small number of chips, are described in the
      following prior applications which are assigned to the assignee of this
      invention:
PAR  U.S. Ser. No. 317,493, filed Dec. 21, 1972 (originally filed Sept. 29,
      1967, U.S. Ser. No. 671,777) by Jack S. Kilby et al; for "Miniature
      Electronic Calculator", now U.S Pat. No. 3,819,921 issued June 25, 1974.
PAR  U.S. Ser. No. 163,565, filed July 19, 1971, by Gary W. Boone and Michael J.
      Cochran, for "Variable Function Programmed Calculator" abandoned,
      continuation filed Dec. 3, 1973 as U.S. Ser. No. 429,999.
PAR  U.S. Ser. No. 255,856, filed May 22, 1972, by Michael J. Cochran and Jerry
      L. Vandierendonck, for "Electronic Calculator", now abandoned,
      continuation filed Feb. 20, 1974 as U.S. Ser. No. 444,226.
PAR  The concepts of these prior applications have made possible vast reductions
      in cost of small personal sized calculators. Continuing efforts to reduce
      the cost of these products include reducing the power drain so that the
      battery requirements are minimized and incorporating more of the external
      circuits into the semiconductor chip, as well as making the chip more
      versatile for performing different functions with a minimum change in the
      manufacturing steps. The purpose of the system of this application is
      generally related to lowering the power used by a calculator chip,
      simplifying the system to save space on the chip to facilitate
      manufacture, simplify programming, incorporate more of the functions such
      as clock generators and segment drivers into the chip, and/or provide
      improved functions from a user's standpoint.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The novel features believed characteristic of the invention are set forth
      in the appended claims. The invention itself, however, as well as further
      objects and advantages thereof, will be best understood by reference to
      the following detailed description of an illustrative embodiment, when
      read in conjunction with the accompanying drawings, wherein:
PAR  FIG. 1 is a pictorial view of a portable, battery-operated electronic
      calculator which may employ features of the invention;
PAR  FIG. 2 is a simplified block diagram of the calculator system of the
      invention;
PAR  FIGS. 3A-3C are timing diagrams showing voltage vs. time graphs for timing
      signals used in various parts of the system of the invention;
PAR  FIGS. 4A-4B are diagrams and tables of the display output format;
PAR  FIG. 5 is a representation of the makeup of the instruction word used in
      the system of the invention;
PAR  FIG. 6 is a layout map for FIGS. 6A-6U;
PAR  FIGS. 6A-6U are a composite electrical diagram of the circuit of the
      calculator system of the invention;
PAR  FIGS. 7A-7S are detail electrical diagrams of logic functions used in the
      diagram of FIGS. 6A-6U;
PAR  FIG. 8 is a representation of the keyboard input matrix used with the
      system of FIGS. 2 and 6A-6U;
PAR  FIG. 9 is a table of digit and flag masks which may be used in one
      embodiment of the invention;
PAR  FIG. 10 is an enlarged view of a photomask used for the metallization level
      in the manufacture of an MOS/LSI semiconductor chip incorporating the
      entire electronic system of the invention.
PAR  FIGS. 11A-11H are logic flow diagrams for one example of a program which
      may be implemented in the calculator described herein.
DETD
PAC  INTRODUCTION
PAR  The calculator system of the invention is designed primarily for use in a
      hand-held, battery-powered, pocket-sized electronic calculator generally
      as seen in FIG. 1. The calculator is contained within a small housing 10
      of molded plastic or the like, and includes a keyboard 11 of the ten-key
      type having ten decimal number keys 0 to 9 along with a decimal point key
      and several function keys such as plus (+), minus (-), equal (=), multiply
      (.times.), divide (.div.), clear (C), etc. A display 12 is provided,
      usually in the form of a segmented light emitting diode (LED), gas
      discharge panel, or fluorescent type display. Eight digits plus a ninth
      "annotator" digit for minus sign, error or overflow indication are shown,
      this being typical for personal calculators. Each digit includes seven
      segments plus a decimal point in a typical design; usually the calculator
      would operate in floating point mode so the decimal point could be in any
      of the eight digit positions. An off-on switch 13 would be conveniently
      located on the top face or side of the housing.
PAR  The design of the electronic system of the invention is primarily for the
      purpose of minimizing power drain so that long battery life is provided
      and a minimum of batteries are needed. Ideally, non-rechargeable
      throw-away batteries are used; this saves on initial cost of the batteries
      and saves the cost of the battery charge circuit or AC/DC implementation
      which would include cord, plug, transformer, rectifier, switch, etc. Of
      course, the electronic system or MOS chip to be described may be used in
      desk top, AC powered calculators, even though the design objective is for
      personal  calculators with throw-away batteries. A large part of the power
      drain in a calculator of this type is in the display 12; little can be
      done to reduce the basic power drain inherent in the LED's or other
      display elements, at least within the scope of this invention. However,
      various features as will be described assure that the display is turned on
      a minimum of time and the display drive circuitry is optimized. The main
      way of minimizing power according to the invention is in the design of the
      main electronic system as implemented in a single MOS/LSI chip.
PAC  SYSTEM BLOCK DIAGRAM
PAR  The major components of the calculator system of the invention are shown in
      block diagram form in FIG. 2. All of the system components to the right of
      dotted line 15 are within a single MOS/LSI chip which contains perhaps
      5,000 transistors, mounted in a standard twenty-eight pin package. An
      important factor in system design is minimizing the pin count for the
      package, and the present design allows several extra pins compared to
      prior chips. The main input/output pins at the interface 15 are eight
      display outputs 16, labeled SA et seq., nine keyboard/display strobe or
      scan outputs 17, labeled D1 to D9, and three keyboard inputs 18, labeled
      KN, KO and KP. The display outputs 16 are applied directly (without
      segment drivers) to the segments of the display 12. All similar segments
      in the various digits are connected together and all decimal points are
      connected together, in the usual manner. The digits of the display are
      actuated one at a time by a scanning arrangement using the outputs 17, and
      these scan signals D1 to D9 are also used to poll the keyboard which is in
      the form of a matrix of key switches. All of the number keys 1 to 9 are on
      a single one of the input lines 18 called the KN line, the number key "O"
      is on the KO line, and the operation keys are on KO and KP lines. So, all
      of the keyboard information comes in encoded on three lines 18, correlated
      internally with the "D-times" or keyboard/display strobes D1 to D9 on
      lines 17.
PAR  The calculator chip includes three working registers, called registers A, B
      and C, located within a sequentially addressed memory 20 which is referred
      to as a S.A.M. This device, as described in copending application, U.S.
      Ser. No. 163,683, filed July 19, 1971, is a random access memory array
      which is addressed in sequence by a state counter 21. The state counter is
      a ring counter which generates "state times" or "S times" used to address
      the rows of cells in the memory array and also for other purposes. Various
      calculations are made by processing the numerical data in the registers
      through an arithmetic logic unit 22, which basically consists of a
      bit-parallel serial-digit binary adder, a carry/borrow circuit, and a
      binary-coded-decimal (BCD) corrector. The latter is needed because numbers
      are stored in the SAM 20 in BCD, yet the adder works in binary, so the
      output of the adder must be corrected before re-entering a result into the
      registers of the SAM 20. Selector gates 23 on the right-hand side of the
      SAM 20 control which registers of the SAM are fed into the ALU 22 and what
      register the result is entered into. Also, the selector gates 23 provide a
      right-shift function for any register if desired. Left shift may be
      implemented by a shift left circuit in the ALU 22. Selector gates 24 on
      the left side of the SAM 20 provide for recirculation of the data in the
      registers or exchange of data from one register to another. All of these
      selector gates and the parts of the ALU 22 are under control of the
      outputs from arithmetic control programmable logic array 25.
PAR  In addition to the working or data registers A, B and C, the SAM contains
      two eleven bit flag registers 26 and 27, or Flag A and Flag B. These are
      used for temporary storage of status information during the program. The
      bits in the flag registers may be set, zeroed, exchanged, recirculated,
      etc., under control of flag logic array 28 which is connected to the SAM
      via lines 29.
PAR  The program for operating the calculator is stored in a read-only memory or
      ROM 30 which contains 3,520 bits of storage, arranged in 320 words with 11
      bits per word. One word at a time is read out of the ROM into an
      instruction register 31, and the 11 bit word existing in this register
      defines what happens in the calculator during a given instruction cycle. A
      part of the instruction word is applied serially from register 31 via line
      32 to a register 33 which is connected to both the arithmetic control
      array 25 and the flag logic array 28 in common. Another part of the
      instruction word is applied via line 34 to a register within a digit mask
      logic array 35 in the SAM 20, as will be explained. The particular
      instruction word read out of the ROM at a given time is defined by X and Y
      address registers 36 and 37. The X and Y registers 36 and 37 control X and
      Y address decoders 38 and 39. The ROM is partitioned into eleven segments
      so that for a given six bit X address and three bit Y address, eleven bits
      are addressed and read out from the ROM into the instruction register 31.
      The word in the instruction register 31 defines the current operation of
      the system and, along with input and condition logic 40, produces the next
      address for the ROM. The address registers 36 and 37 may be incremented,
      one location at a time, or may jump or branch to a specified location
      (loaded from the instruction register 31) under control of input and
      condition logic 40. This logic unit 40 receives the keyboard inputs 18 and
      generally initiates control or operation of the various parts of the
      system and provides for data input, along with the program in the ROM. In
      general terms, operation of the system is totally defined by generating a
      ROM address by the logic arrangement 40 in conjunction with the
      instruction register 31, in response to a particular key in the keyboard
      11 having been pressed, then jumping to that address in the ROM and
      reading out the instruction word into the register 31 and implementing it.
      Then, the X and Y address registers are incremented to the next address or
      perhaps caused to branch to a remote address until the function
      represented by that key has been completed, which may take several or a
      dozen instruction words, then the system goes back into a wait mode until
      another key is punched. In the wait mode, the system is cycling through
      instruction words which in effect scan the keyboard and at the same time
      cause the number entered or the result to be shown on the display 12.
PAR  The A register in the SAM 20 is always the source of data displayed in the
      display 12. A number being entered is always displayed, so it is entered
      in the A register; a result from a calculation is displayed, so it goes
      into the A register upon completion of a calculation. So, output from the
      SAM 20 to the display 12 is from the A register and is coupled via lines
      41 through a segment decoder and output PLA 42 which functions to change a
      BCD number, one digit at a time, to a selected combination of segments on
      the lines 16 going to decimal digit display 12. This is accomplished
      generally by means of a programmable logic array. Zero suppression means
      43 is included in the output PLA.
PAR  The "D-times" used for keyboard/display strobe via the lines 17 are
      generated in a digit scan register 44 which operates in conjunction with a
      D-scan register 45 that is part of the SAM 20. The display 12 is strobed
      most significant digit or MSD first to allow leading zero suppression,
      whereas the registers in the SAM are sequentially addressed beginning with
      least significant digit or LSD because the adder or ALU 22 must operate
      digit-by-digit starting with LSD. So, the digit scan arrangement must
      count in one direction while the state counter 21 is counting in the other
      direction.
PAC  SYSTEM TIMING
PAR  The basic timing element of the system is the clock input 0 as seen in FIG.
      3A. This clock is at a rate of about 100 to 160 KHz. A clock generator 46
      within the chip (see FIG. 2) generates four clocks 01, 02, 03, 04 as
      illustrated in FIG. 3A. A set of four clocks represents one state time or
      S time, so state times are at a 25 to 40 KHz rate or 24 to 40 microseconds
      in length. The state times are generated from the clocks 01 to 04 in the
      SAM address counter 21. There are eleven state times S.sub.0 to S.sub.10
      as seen in FIG. 3B, corresponding to the eleven digits per data word in
      the SAM registers, one state time for each digit. A full set of eleven
      state times represents one "digit time" or D time, and also corresponds to
      one instruction cycle. So, an instruction cycle is about 264 to 400
      microseconds long, or instruction cycles occurring at a rate of roughly 2
      to 4 KHz. D times are used for keyboard and display scan, and there are
      nine digits in the display; FIG. 3C illustrates the sequence of D times
      used for strobing the display and keyboard. Note that there is one dead
      time, D10. A complete scan of the display and keyboard referred to as a
      "scan time" occurs once every 10 D times or instruction cycles, i.e., once
      every 2640 to 4000 microseconds or 2.6 to 4 milliseconds. That is, the
      display or keyboard is completely scanned about 200 to 400 times a second.
      A person operating the calculator would manually depress a key for at
      least a few tenths of a second or more, so it is seen that at least about
      fifty or more complete scans would occur during the time a key is down.
      This would represent more than 500 instruction cycles, so almost any
      calculation or operation within the calculator would be completed faster
      than a person could punch the keys. Considering the display 12, a given
      digit such as the righthand digit which is LSD will be turned on or lit up
      only during D9 or once every scan time, i.e., for say 300 microseconds
      every 3000 microseconds, a duty cycle of one-tenth. It will blink on and
      off 200 to 400 times a second, which is far above the rate which the eye
      can perceive, so the display seems to be steady rather than being scanned
      in sequence.
PAR  In FIG. 3C, it is seen that the digit times progress from MSD to LSD, going
      from D1 to D9 as seen in FIG. 2. The data in one digit of the A register
      in the SAM 20 is brought out through the segment decoder 42 for display
      during each D time. FIG. 3C shows that the information at S10 of register
      A comes out during D1, S9 during D2 and proceeding on to S2 at D9. S10 is
      the annotator; that is, the minus sign, low-battery indicator, etc. S9 is
      the MSD and S2 the LSD. S1 is dead or blanked; only eight numerical digits
      are displayed. The SAM contains eleven digits per register in locations
      S10 to S0. Thus, since the scan repeats every ten instruction cycles, but
      there are eleven locations, S0 is never brought out. And the scan sequence
      precesses or counts backwards, S10 to S1 or MSD to LSD, while the SAM is
      addressed S0 to S10, or in a direction of LSD to MSD. This arrangement
      readily permits leading zero suppression in the segment decoder 42. It is
      desirable that the display show no zeros to the left of the first non-zero
      digit or the decimal point. Thus, if the number 6.25 is entered, the
      display shows 6.25 and not 000006.25. The zero suppress circuit 43
      functions to blank the display in this example for the first five digits
      coming out since these are zeros, then unblank when the "six" is detected
      which is the first non-zero digit it sees.
PAR  Ordinarily, (depending upon programming) the information in the SO position
      in each of the A, B and C registers in the SAM 20 is the decimal point or
      DPT position, the S1 position contains an exponent, S2 to S9 is the
      mantissa with S10 for overflow. So, when the number 6.25 is entered by the
      keyboard, the A register will contain 00000625 as a mantissa in positions
      S9 to S2, and a "2" in SO meaning that the decimal point is two places to
      the left. As seen in FIG. 3C, there is no SO brought out for display, nor
      S1. The exponent at S1 is used internally, and the DPT is accounted for,
      as will be explained.
PAC  THE DISPLAY
PAR  Referring to FIG. 4A, the display 12 is shown in more detail. Three of the
      nine digits are shown. Each digit is made up of seven segments A to G plus
      a decimal point P. The outputs 16 from the chip are labeled SA to SP
      corresponding to the segments in the display. All of the A segments are
      connected together by a line 47, all B's are connected together by a line
      48, etc., and all decimal points P are connected together by a line 49.
      The segments represent cathodes in a LED unit, or in a gas discharge
      panel. The D-scan outputs D1 to D9 are separately connected to anodes 50
      which represent transparent metal film covering the cathodes in a gas
      discharge panel display or anodes common to all cathode segments in a
      digit for LED displays. Digit drivers 51 couple the D lines 17 to the
      anodes 50; these are merely amplifiers to provide the proper voltage
      levels for actuating the display elements. All of the drivers 51 may be
      contained in a pair of bipolar integrated circuits.
PAR  In FIG. 4B, one code for actuating the display of FIG. 4A is shown. For
      example, to show a zero, all segments except SG are actuated. To show a
      one, segments SA and SB are actuated. The code of FIG. 4B is programmed
      into the segment decoder output PLA 42; this PLA is gate programmable so
      that different codes could be used for different types of displays. In a
      preferred embodiment, overflow is indicated by blinking the entire
      display, instead of the symbols shown.
PAC  THE INSTRUCTION SET
PAR  The instruction words stored in the ROM 30 and read into the instruction
      register 31 are of the format shown in FIG. 5. The eleven bits of the word
      are labeled I0 to I10. For jump instructions, nine bits are used for the
      jump address. For register and flag operations, the word contains three
      fields, a mask field made up of I0 to I3 called Ma to Md, an OPCODE field
      made up of I4 to I8 called Oa to Oe, and a class field made up of I9 and
      I10 called Ca and Cb. The bits from the mask field are connected from the
      instruction register 31 via line 34 to a register in the mask logic 35
      seen in FIG. 2. The OPCODE field is connected to a register 33 via line 32
      from which the flag logic 28 and the arithmetic control logic 25 are both
      driven. This is an important feature of the system, as it greatly
      simplifies the layout and programming. The class field is connected to
      input and condition logic 40 as it is concerned with branch and
      conditional branch instructions. The input and condition logic 40 contains
      a condition latch 47 which is responsive to various operating situations
      in the system such as a flag condition or a keyboard input, and a branch
      is executed if the condition latch is set but not if the latch is not set
      or at reset. If the class field is "00", i.e., I9 and I10 are 00, the
      instruction word is for a "jump" if the condition latch has not been set,
      that is, at reset. If the class field is at "01", a jump is executed if
      condition is set. For jump instructions, the I0 to I8 bits are the address
      of the next instruction word, so these bits are loaded from the
      instruction register 31 to the address registers 36, 37. If the class
      field is "11", the instruction is for a register operation, and the OPCODE
      and mask fields are used as mentioned above. A class field of " 10"
      indicates either a flag instruction or a "jump if key down" operation; the
      first two bits of the OPCODE field determine which type of operation is
      executed. "1000" causes a jump to the address of I0 to I8 if a key is down
      on the KO line. "1001" causes a jump to the I0-I8 address if a key is down
      on the KP line. "101" results in a flag operation, i.e., the OPCODE field
      gives a flag instruction which is decoded in the flag logic array 28. In
      Table I at the end of this specification, a more detailed list of program
      instructions possible within the constraints of the format of FIG. 5 is
      given for illustration. Note that the flag logic unit 28 is also referred
      to as a program logic unit. These instructions will be referred to in more
      detail later.
PAC  DETAILED DESCRIPTION OF SYSTEM LOGIC DIAGRAM
PAR  The various parts of the system of FIG. 2 will now be described with
      reference to FIGS. 6A through 6U which in composite is a complete logic
      diagram of the calculator chip.
PAC  THE S.A.M. AND SELECTOR GATES
PAR  The main A, B and C registers of the calculator system are contained within
      a random access memory arrangement 20 which is operated in a manner
      similar to a set of shift registers, as set forth in copending
      application, U.S. Ser. No. 163,683. The SAM 20 includes an A register
      which is comprised of four separate rows A1, A2, A4 and A8, in BCD format.
      Likewise, the B and C registers each comprises four rows B1, B2, etc.;
      these are interleaved to save space in interconnecting the registers and
      the ALU through the selector gates on the chip. Each row includes eleven
      cells 100, or one for each digit or character, with each cell being a
      conventional three-transistor MOS RAM memory cell. All of the memory cells
      100 in the SAM are exactly the same, and there are a total of 11 .times. 4
      .times. 4 or 132 cells in the main A, B and C registers. The SAM also
      includes two flag registers 26 and 27 and a D-scan register 45, each of
      which are 11 bit rows, or 33 more cells, for a total of 165 cells in the
      SAM. Vertical lines in the SAM are address lines 101 of which there are
      12, these bit address lines being driven by a commutator 21 made up of an
      11 stage ring counter which circulates a zero in synch with state times.
      Indeed, the commutator 21 generates the state times S0-S10 for use
      throughout the system. Only one of the address lines 101 is energized at
      any one time (except S0 as will be explained), and the energized line
      shifts from right to left in the order S0, S1, S2, . . . S10, S0, etc.,
      one at a time, producing the signals seen in FIG. 3B. In the commutator
      21, a recirculate signal is coupled back to the beginning stage by a line
      102 when the zero propagating through the commutator reaches S10; this
      indication on line 102 is also used in the power up clear circuit as will
      be explained.
PAR  When an S0 energizing voltage or "0", a negative voltage, appears on the S0
      address line, all of the MOS transistors 103 (looking now at the S0 cell
      for the A1 row in the A register) which act as the output switches for the
      memory cells 100 in the S0 vertical column will be made conductive, so the
      gate storage capacitor of a cell will, if it is charged negative, cause
      the transistor 104 of the cell to be also conductive, and the output line
      105 will be grounded. Thus, if an "0" is stored, a " 1" will appear on
      output line 105. Throughout the system; "1" is ground or V.sub.SS, "0" is
      a negative voltage or V.sub.DD. This output line 105 is inverted or is in
      "false" rather than "true" logic; bits are stored in true and read out in
      false or complementary logic. Input to the cell is on a line 106 through a
      transistor 107. When the S1 address line 101 goes negative, the transistor
      107 cuts on and a negative voltage on line 106 will be stored as a charge
      in the gate of transistor 104. The inputs to the line 106 may be from the
      ALU 22, from a recirculate path in the selector gates 24, or from a
      transfer path from another register via the gates 24. The output line 105
      may go to the ALU 22, to a right shift path in selector gates 23, to a
      recirculate path in gates 24, or to a transfer path in the gates 24. For
      recirculate, the left-hand end of the output line 105 goes into a one-bit
      delay circuit 108. Each one-bit delay includes two inverters clocked at
      02, 03 and 04, 01, respectively. Depending upon the settings of the
      selector gates 23 and 24 and other conditions, the bit on line 105 can be
      either recirculated, or passed through the ALU, left-shifted,
      right-shifted, etc. If the bit is to be merely recirculated, the gates 24
      are set by the OPCODE field of the then-present instruction word in the
      I-Reg 31 via ALU logic 25 so the bit will pass through a complex gate 109
      to appear inverted on line 106, delayed by one and one-half state times;
      that is, the bit leaves its storage capacitor in cell 100 on 01 of a given
      state time, then that state time proceeds through 01-02-03-04 as defined
      in FIG. 3A as the bit propagates through the delay 108. The S0 address
      line becomes de-energized or goes to ground at the end of 03, and S1 goes
      negative on 01 of the next state time as the commutator 21 switches to the
      next stage to the left. On 03 of this next state time, gate 109 is enabled
      by 03 which is one of its inputs, so the bit can proceed to line 106. Back
      at the cell, the transistor 107 is now conductive, and the bit will be
      re-entered into the same cell it came out of, i.e., the S0 cell. All bits
      in all cells 100 of this first vertical column S0 will be recirculated or
      refreshed during S0-S1 time, during every instruction cycle, unless they
      are being transferred or operated on in the ALU or shifted. If the bits in
      B register are being transferred to the A register, the gates 24 are
      activated by part of the decoded instruction word appearing on line 110 in
      such manner that the bit on output line 105 will not go through gate 109
      for the A1 row, but instead will go by line 111 through gates 109 in the
      B1 row to the B1 input line 112. As before, when line S1 comes on in the
      next state time, the bit will go back into a memory cell, but this time it
      will go into cell 113 in B1. The bit that was in cell 113 will, during
      this same time, travel via output line 114 for B1 through a delay circuit
      108 then into gate 109 for A1 by a line 115. Transfer of all bits in A1 to
      B1, and all in B1 to A1, would thus proceed for a cycle of S0 to S10. The
      remainder of the A and B registers, i.e., A2-B2, A4-B4 and A8-B8 would be
      exchanged during the same cycle by the same mechanism.
PAR  The gates 109 have the function of defining which output lines from the
      rows of the SAM are connected to the row input lines. For the A register,
      the gates 109 pass either the output of delay 108 of the A1, A2, etc. rows
      for recirculate, or the delayed outputs from the B1, B2, etc. rows for
      "exchange A and B" or A &lt; - - - &gt; B. The same applies for the B register.
      The C register cannot be exchanged and so gates 116 for rows C1, C2, etc.
      only receive delayed C output lines and a recirculate command from a line
      117. A decoder 118 produces the recirculate commands A - - - &gt; A, B - - -
      &gt; B, C - - - &gt; C from T - - - &gt; C, T - - - &gt; B, T - - - &gt; A signals on
      lines 119 which come directly from the arithmetic control PLA 25. The
      exchange command A &lt; - - - &gt; B on line 110 comes directly from PLA 25, and
      also goes into decoder 118. Logically, the effect of this control
      arrangement is that the A, B and C registers will be recirculated when not
      being exchanged A &lt; - - - &gt; B or the ALU output T is not being written
      into the register. That is, if a register is not being written ten into,
      it defaults to recirculate.
PAR  At all times, the output lines 105, etc. from rows A1, A2, A4, A8 are
      connected via lines 120 to the inputs of the segment decoder 42. One digit
      from register A is selected during each instruction cycle, as set forth in
      FIG. 3C, to be gated into the decode 42 as will be later explained, but
      the register A outputs always appear at the decoder 42 inputs 120. The B1
      and B2 row output lines are also connected to the decoder 42 inputs and
      these are used for outputting a the decimal point and outputting blanking
      signal, as for overflow indication. During calculations, the decimal point
      position is in the SO bit locations in each register, then upon display
      the DPT position is manifested by a 1 in the row B1, which is thus fed to
      the segment decoder 42 via line 121. Row B2 output is connected via line
      122 to the decoder 42 to permit an indication such as flashing the display
      to be implemented.
PAR  The selector gates 23 on the right-hand side of the SAM 20 control the
      output of the A, B and C registers into the ALU 22 and the entry of data
      from the ALU 22 back into the A, B and C registers. Also, constants are
      selected by the gates 23, and right shift may be performed. The adder
      inputs to the ALU 22 are X1, Y1, X2, Y2, X4, Y4, X8 and Y8. Register A or
      register C outputs can be applied to the X inputs to the adder, and
      register B output can only be applied to the Y inputs; X input select
      gates 122 and Y input select gates 123 determine this in response to
      controls on lines 125, 126 and 127 which represent C - - - &gt; X, A - - - &gt;
      X and B - - - &gt; Y commands that are produced in the arithmetic control
      logic array 25. The gates 123 also control entry of a constant K into the
      Y inputs to the adder, and for this purpose receive a K - - - &gt; Y command
      on line 128 which is generated in array 25. The constants K, which may be
      K1, K2, K4 or K8, are generated in the digit mask logic 35 on lines 129.
      The K1 line goes only to the gate 123 for the B1 row, K2 line goes only to
      the gate 123 for the B2 row, etc. Thus, to perform the function of "add
      one to A", the K - - - &gt; Y line 128 would be energized and the logic 35
      would produce K1 on one line 129, while the data from B1 row output 114 on
      line 130 would be blocked at gate 123, since B - - - &gt; Y command would not
      appear on line 127. Usually a digit mask would occur during this
      operation, but regardless of the mask the constant is to be added on only
      the first digit, not all digits. This is accomplished by the gates 218
      which receive a 'DM or leading edge of digit mask signal on line 219.
PAR  The outputs from the ALU 22 are on lines 131 labeled T1, T2, T4, T8. These
      are applied as inputs to twelve identical complex gates 132, each of which
      has its output directly connected to the input line of one of the twelve
      rows of the SAM 20. The T1 line goes to gates 132 for the A1, B1, C1 rows,
      the T2 line goes to gates 132 for the A2, B2, C2 rows, etc. These gates
      receive commands T - - - &gt; A, T - - - &gt; B, T - - - &gt; C on lines 119 to
      define whether the ALU output T is entered into the A, B or C register.
      Each gate arrangement 132 also receives an input 133 from one of the row
      output lines, for right shift purposes.
PAR  A right shift command SRM on line 134 causes the gates 132 to complete the
      connection from lines 133 back to the row input lines 106, etc. with only
      one-half state time delay. A particular register is selected for right
      shift by a command on one of the lines 119, e.g., T - - - &gt; A, along with
      an SRM command on the line 134. SRM is generated from SR line 135 in the
      arithmetic control array 25 via gate 136 in the ALU 22. SR on line 137,
      which is inverted as an input to gate 136, is also applied as an input 138
      to complex gates 140 which determine the T outputs from the ALU. The input
      138 functions to disenable the T output upon a right shift command so
      nothing in the adder gets applied back into the SAM. The gate 136 which
      generates SRM also receives a timing signal DM' on line 141 which is a
      modified digit mask. DM' occurs at the falling edge of the digit mask
      which may be S2 to S10 or mantissa mask, for example, and lasts for one
      state time or SO in this example. The function here is to insert a zero in
      MSD upon right shift; in the right shift operation the LSD is lost and is
      not coupled back to be inserted in the MSD position. During calculations,
      numbers are stored in the register "left justified", meaning that the most
      significant digit is in the leftmost position; this is to preserve MSD,
      since the LSD is always truncated upon overflow. Then, upon display, a
      number is shifted all the way to the right, to eliminate insignificant
      trailing zeros. Also, right shift is used to normalize two numbers being
      added, e.g., 123.45 plus 6.789 would be left-justified and normalized to
      123.45000 and 006.78900. These are merely examples of right shift
      operations.
PAR  The flag registers 26 and 27, the D-scan register 45, the state timing
      matrix and the digit mask 39 are also part of the SAM, and will be
      described later.
PAC  THE ARITHMETIC LOGIC UNIT
PAR  The ALU 22 basically consists of a bit-parallel, serial-digit, binary adder
      150 and a BCD corrector 151, along with the left shift arrangements 138 as
      noted above. Each parallel stage of the adder includes a carry/borrow
      circuit 152. The adder performs substraction by twos complement addition.
PAR  The four parallel stages 153, 154, 155, 156 process the "1" bit on inputs
      X1, Y1, the "2" bit on inputs X2, Y2 from the SAM, the "4" bit on X4, Y4
      and the "8" bit on X8, Y8, respectively, and ultimately produce the
      outputs T1, T2, T4 and T8 on lines 131 going back to the SAM. Each stage
      153-156 receives a subtract command SUB on line 157, and SUB on line 158.
      SUB is generated in arithmetic control array 25 at output 159. The stages
      153-156 perform straight binary addition unless SUB is present, then they
      perform subtraction by two's complement addition. Considering stage 153
      for the "1" bit, a complex gate 160 produces an output 161 which is
      logically X1 .sup.. Y1, i.e., the inverse of X1 "and" Y1. A complex gate
      162 produces an output 163 which is in logic notation X, .sym. Y1, i.e.,
      the inverse of X1 "exclusive OR'd" with Y1. The Y inputs to the complex
      gates 160 and 162 are selected between Y and Y for addition or
      subtraction. The outputs 161 and 163 go through a precharge-discharge
      carry/borrow circuit 152, which receives a carry input on line 164 from a
      prior digit (if any) and propagates a carry output C1 to the next stage or
      bit 2 on line 165, and carries are propagated from bit 2 to bit 4 on line
      166 and from bit 4 to bit 8 on line 167. A true carry indication appears
      on line 164 for bit 1, which is an input to complex gate 168 that produces
      an output on line 170 as the adder output. The complex gate 168 produces
      the inverse of the "exclusive OR" of information on lines 163 and 164,
      that is X .sym. Y and Cin. The adder stage 153 including complex gates
      160, 162, 168 and carry circuit 152 produces a binary 1 output at 170 when
      X or Y inputs are 1 and Cin is O, or when X and Y are O and Cin is 1, or X
      and Y are 1 and Cin is 1, this being standard binary addition. Likewise, a
      binary O is produced at 170 when X and Y are O and Cin is O, when X and Y
      are 1 and Cin is O, and if X or Y is 1 and Cin is 1. Stages 154, 155 and
      156 operate the same way, with complex gates the same as 160, 162, 168,
      receives produce sums on lines 171, 172, 173. A carry or borrow output is
      produced at line 174 as an output of gate 175. The gate 175 recevies the
      carry output 176 from the precharge-discharge carry/borrow circuit 152 of
      the bit 8 stage 156 of the adder, and also receives SUB on line 158, so
      the gate functions to produce an inverted carry (which is a borrow) for
      subtraction and a true carry for addition. The adder outputs 171-173 and
      the carry output 174 are applied as inputs to a complex gate 177 which
      examines the adder output to see if a valid BCD code appears. If not, it
      causes the BCD corrector to add 6 for addition or add 10 for subtraction.
      For example, addition of decimal numbers X = 5 and Y = 3 in the adder 150
      produces binary output 1000 on lines 170-173, which is a valid 8 in BCD.
      But adding X = 5 and Y = 7 produces an output 1100, which is invalid in
      BCD. Adding six or 0110 to 1100 in BCD corrector 151 produces an output on
      T1-T8 lines of 10010 with the MSD being a carry and executed via C/B
      circuitry. So, two plus a carry is the result, this being proper for BCD.
      The BCD corrector 151 includes three binary adder stages 178, 179, 180.
      Note that the 1 bit never needs to be BCD corrected so the output 170 from
      1's bit adder stage 153 goes directly to complex gate 140 or T output
      (with delays and clocking, of course). Stage 178 includes a carry
      generator 181 but no carry in, and the carry out from this stage goes to a
      carry generator 182 in stage 179 via line 183. A carry out from stage 179
      goes to stage 180 via line 184. Stage 180 includes no carry generator
      since this function is accounted for in the BCD control and C/B generator.
      Outputs 185, 186 and 187 from the BCD generator adder stages 178, 179, 180
      are applied to inputs to the complex gates 140, to produce T2, T4, T8
      outputs.
PAR  A zero, six or ten is added in the corrector 151 by circuits 188 at the
      inputs of adder stages 178-180. If line 189 is actuated by BCD corrector
      control 190, than all the stages receive a V.sub.DD or "O" input; this
      happens when circuit 177 detects a valid BCD output, i.e., when the
      numbers added do not exceed nine or 1001, or when a "corrector kill"
      command is present on line 191 from the arithmetic logic array. Corrector
      kill would be used when the floating minus sign, e.g., a hexadecimal
      fourteen (1110) or fifteen (1111), is processed through the ALU, or when
      the exponent digit is processed since this might be in hexadecimal. SUB
      line 157, gated at 04, is another input to control 190, and is inverted as
      an input to one gate and is a direct input to the other, so that one of
      the lines 192 and 193 is actuated to turn on a combination of transistors
      in the circuits 188 to add in either 1010 (ten) or 0110 (six) by
      connecting selected inputs of the adder stages 178-180 to V.sub.SS or "1"
      , or to V.sub.DD, which is "0".
PAR  The carry or borrow input 164 to the 1's stage 153 of the adder is
      generated in a complex gate 195 which is responsive to SUB input 157, to
      an input 196 which is the 01-clocked output 197 of the circuit 177 that
      detects a carry out at 174 or an invalid BCD code, and to 'DM on line 198
      which is the leading edge of digit mask. The circuit 195 produces a Cin
      when the prior digit produced a carry in addition, and also adds a 1 to
      the first bit by introducing a carry Cin upon substraction to implement
      the 2's complement. The 2's complement is done by inverting all of input
      bits and adding a 1 to the 1's stage 153 of the adder. Also, the circuit
      195 implements "borrow" in subtraction by inverting the "add 1" just
      described, so in effect 1 is subtracted.
PAR  Shift left is implemented in the complex gates 140 be causing the BCD
      corrector outputs 179, 185, 186 and 187 from the adder to go through the
      03, 04 and 01, 02 clocked gates, in response to actuation of SL command on
      line 199 from the arithmetic control array 25. This delays the adder
      output bits for one state time, making two and one-half state times delay
      for left shift.
PAR  Timing through the ALU may be understood by tracing a bit from a location
      in the SAM to the ALU and back. A bit stored on the gate of transistor 104
      in the A1 row of the SAM is read out through transistor 103 at SO01 when
      the SO address line 101 goes negative. The bit comes out on line 105
      inverted or false. It goes into gate 122 where it is delayed one clock
      time; that is, it leaves gate 122 on SO02 since this gate is clocked 0102.
      Then the bit goes into the X1 inputs to complex gates 160 and 162 in bit 1
      stage 153; these gates are not clocked so it subsists in the adder for
      SO02 through SO04 when it is clocked out of output line 170. The carry
      circuits 152 are clocked or precharged on 03, as the output must subsist
      through 04 to be valid, i.e., to allow the carry circuit to conditionally
      discharge. Some delay occurs in the complex gaes 160, 162, 168 of the
      adder. The output 170 of the adder goes through an inverter clocked at
      0401 so the bit arrives at the input of gate 140 at S101. With no left
      shift command, there is no delay in the gate 140, so the bit comes back on
      T1 line 131 to the selector gate 132 for row A1, and this gate is clocked
      at 0203, so the bit reaches the row A1 input line 106 at S103 which is one
      and one-half state times after it left. Now, the S1 addresss line 101 is
      negative, which turns on the transistor 107 and writes the bit back into
      the gate capacitance of the same transistor 104 that it left at SO01. Data
      is always read out of the SAM on 01, and written into the SAM on 03. If a
      shift right operation is being implemented, the bit would leave a cell
      such as S5 in A1 row at S501, go into input 133 of gate 132 at S501, be
      delayed as gate 132 is clocked 0203, then appear on input line 106 at S503
      which is only one-half state time delay. S5 address line is still
      actuated, so the bit cannot be written into the S5 position. Thus, it
      would be right shifted and go into the S4 cell. For shift left, the bit
      would leave at S501 and be delayed two and one-half state times so it
      would come back at S703 and be written into the S6 cell.
PAR  Upon right shift, the LSD is lost rather than "end-around" shifted. The SO
      digit is used for DPT or EXP, so it should never be shifted to S10 in
      shift right. Thus, the circuit 136 causes a zero to be inserted at SO on
      right shift, or at the end of digit mask, so the SO bit is not written
      into the S10 cell.
PAC  THE DIGIT MASK LOGIC
PAR  The digit mask logic 35 is a part of the SAM or is tied to it and uses the
      same SO-S10 lines 101. This circuitry generates sixteen possible masks
      MO-M15 as seen in FIG. 9 each of which may have one of sixteen possible
      constants associated with it, as produced on lines K1, K2, K4, K8, and all
      masks and constants are gate programmable. The sixteen masks and constants
      are defined by four bits of the instruction word in instruction register
      31. These four bits I0, I1, I2, I3 are read out of the instruction
      register into a four bit register 200 which is interleaved with the bit
      address lines 101 of the SAM. The shift register consists of a sequence of
      eight conventional inverters 201 with coupling between stages being
      clocked at 01, 02 to read in four bits in four state times as supplied
      serially on input line 202 from I Reg 31. The shift register produces true
      and inverted representations of IO-I3 on parallel output lines 203; these
      output lines are labeled I0, I0, I1, I1, I2, etc. The outputs 203 are
      gated into the encoder portion 204 of the PLA by devices 205 by an S1O03
      signal generated in gate 206. The encoder portion 204 includes sixteen
      horizontal lines 207 which are P-diffusions, while the vertical lines 203
      represent metallization stripes, so do the bit address lines 101 for the
      SAM with which the lines 203 are interleaved. Each of the lines 207 is
      connected to a separate load on the left end, and the right end is gated
      at 03 into a decoder array 208. A four bit code on IO to I3 selects one of
      the sixteen lines 207, defined by the pattern of gates 209 or "thinned
      oxide" which forms operable MOS transistors between the P-diffusions 207
      and V.sub.SS. For example, if the digit mask part of the instruction word
      is "thirteen" or 1101, the line 210 coded 1101 will be actuated and no
      others will be. This line will be actuated only when certain state times
      are present, however, as defined by gates 211 on the lines 101. For
      example, mask 13 or M13 may be for the exponent at SO and S1, so gates
      would be on all the address lines 101 except S10 and S20; this produces an
      output on line 212 in the decoder 208 only during SO and S1 time when IO
      to I3 are at 1101. A line 213 produces an output for any of the digit mask
      signals on the lines 207 since gates are at all locations. This output is
      gated at 01 and becomes a DM or digit mask signal on line 214 which goes
      to digit mask logic gates 215 and other locations. Also, a constant or K
      input to the lines 129 in the selector gates 23 is produced. In this
      example, a constant of "1" or K1 is generated by a gate 216 above line
      217; line 212 represents a metallization stripe and line 217 is a
      P-diffusion. The output on line 217, clocked at 01, is applied to one of a
      set of NAND gates 218 and thence to K1 line 129. Another input 219 to
      gates 218 is a digit mask signal. Usually the constant should only be
      added in during the first digit of the mask, so this gating arrangement
      prevents entry of the constant at unwanted times.
PAR  An ungated digit mask signal is provided on line 220 which is connected to
      line 213. This signal goes to flag logic 28.
PAR  The digit mask logic 35 can produce sixteen different masks, each with a
      selected constant K1, K2, K4, K8 or no constant, in any combination. The
      masks and constants are gate-programmable in the encoder and decoder
      arrays 204 and 208. FIG. 7 shows one way that the digit mask logic 35 may
      be programmed.
PAC  THE STATE TIMING MATRIX
PAR  The state timing matrix 222 is also an integral part of the SAM 20. This
      device generates timed signals like the mask generator, but these occur
      every instruction cycle rather than only on command from the IO to I3 part
      of the instruction word. A line 223 produces an S10 signal which is used
      at several points in the system, such as an inverted input 224 to the
      digit mask logic gate 215 to provide mask-to-mask protection and as inputs
      to the flag logic 28. A line 225 provides an S9 signal which is inverted
      and gated at 226 to provide an input 227 to the digit scan 44. An S10
      signal porduced on line 229 is used in the input and condition logic
      circuit 40. An S10 to S7 signal on line 230 is used in the display output
      arrangement. An SBL or S blank signal on line 231 is a "0" at S10 to S0
      and a "1" at S1 to S9; this is used as the display scan and output as will
      be explained. An important point is that all of these signals are gate
      programmable in manufacture, so the timing may be selected in accord with
      system requirements. The structure of the state timing matrix is set forth
      in application, U.S. Ser. No. 255,856, filed May 22, 1972, by Michael J.
      Cochran et al. This device is referred to as a push-pull matrix. The
      output lines 223, 225, etc., are P-diffusions which may be connected to
      V.sub.SS or V.sub.GG by programmable gates at each intersection with
      metallization lines 101. A circle represents a gate or area of thinned
      oxide under the metal line 101 between the P-diffusion line 223, et seq.,
      and an adjacent P-diffusion line which is connected to V.sub.SS. A square
      represents a gate to a P-diffusion line which is connected to V.sub.GG.
      Thus, the output line is driven to either V.sub.SS or V.sub.GG ("1" or
      "0") during each state time depending on the position of the gate.
PAR  Note that signals such as S10 may be obtained directly from the address
      lines 101, such as at line 232, but such connections are not
      gate-programmable and do not provide high level signals.
PAC  THE S.A.M. ADDRESS COUNTER
PAR  The address counter 21 is made up of eleven identical stages 235, each of
      which contains two inverters stages 236 with interstage clocking at 02 and
      04. The output of the second inverter is connected to a device 237 and
      also through a clocked inverter 238 to a device 239. The devices 237 and
      239 alternately connect the output or address line to .theta. or V.sub.SS.
      .theta. is generated in a circuit 240 such that it is a level near
      V.sub.GG except during 04; this circuit prevents power drain during 04
      when .theta. is at ground.
PAR  The gates on the line 102 cause the address counter to circulate a 0 which
      advances from right to left and starts over after it reaches the S10 line.
      The state time signals produced on lines 101 or S0 to S10 subsist only
      during 01, 02, 03 of a state time cycle.
PAC  DIGIT SCAN GENERATION
PAR  The digit scan is generated in the digit scan register 44 along with the
      D-scan register 45 which is part of the SAM. The register 45 contains
      eleven bits, like the flag registers, and is sequentially addressed by
      S0-S10 signals like the remainder of the SAM. This register functions to
      circulate a single bit, right shifting each D time, to generate the
      display scan or data out sequence of FIG. 3C. Right shift is implemented
      by connecting output line 241 from the SAM cells of this row through gate
      242 clocked at 02, 03 so that a bit read out of a cell on line 241 is
      written back into the adjacent cell via line 243 during the same state
      time that it was read out, so it is right shifted. Only one bit in the
      register will contain a "0"; this is part of the function of the power up
      clear circuit which produces inputs on lines 244 and 245. Once each D
      time, a bit will come out on line 241 at an S time dependent on the status
      of register 45. This state time signal on line 241 is connected through
      two inverters to a line 246 which is connected to three places. First, it
      is used to gate digits into the segment decoder by devices 247. That is,
      as the SAM is sequentially addressed, all of the digits in the A register
      are presented to the input lines 120 to the segment decoder 42, but only
      one digit gets gated through the devices 247 to go into the decoder. The
      particular digit depends upon the S time at which an output from register
      45 appears on output line 241 and thus on line 246. Secondly, the signal
      on line 246 is used to start the digit scan register 44. When an output
      occurs on line 246 at S9 in concidence with S903 on line 248, a bit is
      started into the first stage of a nine stage register 250 made up of
      stages 251. The bit does not generate an output on D1 until SO01 when the
      other gating line 252 of the shift register stages 251 is actuated. All
      other outputs from the D-scan register 45 except at S9 do not affect the
      digit scan register 44. The third function of the output on line 246 is to
      generate a D10 signal for use in the segment decoder on a line 253 in the
      output PLA 42. D10 is generated by first detecting coincidence between the
      output on line 246 and S10 by device 254, then gating at (S0 - - - &gt; S8)01
      and S1O03 at devices 255 and 256. A D1 signal is also generated from D10
      on a line 257. These D1 and D10 signals and their complements are used to
      reset the zero suppress latch and other functions such as assuring
      blanking on certain digits.
PAR  The digit scan register 44 includes nine shift register stages 251 with
      interstage clocking at S903 on line 248 and (S1 - - - &gt; S8)01 on line 252.
      The register counts to nine, beginning after coincidence of an output on
      line 246 from the D-scan register 45 and S9, to produce D1 - - - &gt; D9
      signals on outputs 258. Output buffers 259 are needed to provide a proper
      signal level to drive the large capacitance of the keyboard switch matrix,
      the output connections, etc. A D10 signal on line 410 is also generated in
      the register 44 at output stage 260; this signal does not exist during
      time out, so it differs from the D10 generated at 253. Inputs to the NAND
      gates in the stages 251 for D3 to D9 from a line 261 function to blank D3
      to D9 during "Wait DK", so none of the key switches except on D1 and D2
      will function to produce inputs on the K lines. A wait DK signal is
      produced on line 262 which originates in decoder 263 for the four special
      instructions in logic array 28. Wait DK and the SBL signal on line 231 are
      used as inputs to a gate 264.
PAR  The wait DK buffer 265 generates a DK signal during time out or wait DK in
      response to a signal on line 262. DK is a continuous or D.C. voltage
      rather than a timed signal. A single key switch is thus actuated during
      time out to restore the display. This saves power by eliminating the need
      to drive all the D output circuitry. This pin out may also be used in the
      test mode. When TEST exists on line 266, then the word in the instruction
      register may be read out via line 336.
PAC  THE SEGMENT DECODER
PAR  The output to the display is provided through a segment decoder 42 which is
      a programmable logic array having a first encode portion 268 and a second
      decode portion 269. The programmable logic array is of the type described
      in U.S. Pat. No. 3,702,985, assigned to the assignee of this invention.
      The encoder 268 of the PLA receives as inputs the A register outputs on
      lines 120, and B1, B2 on lines 121, gated in at S1O03, with specific
      digits being selected in decending order as mentioned above. Thus, the
      input data and its complements appear as inputs 270 to the encoder portion
      268. Also, D10 and D1 inputs appear on lines 253 and 257 along with
      complements. Other inputs include wait DK on line 271 from line 262, and
      part of the zero suppress latch on line 272, along with complements of
      these. A direct low voltage indication, such as an L on the display, is
      provided by a line 273. The array is programmed by gates to actuate
      selected ones of the lines 274 depending upon the desired output segment
      code such as set forth in FIG. 4B. To conserve power, the lines 274 are
      energized only at S1O03 by clocked loads 275, and the lines 274 are only
      connected to decode part 269 on S1O03 which turns on devices 276. S1O03 is
      generated on line 277 from the S10 output 223 from the push-pull matrix
      222. The zero suppress function is implemented by a latch including a line
      278 in decoder part 269 which feeds back to line 272 and blanks everything
      until a zero or decimal point code occurs then the latch flips to display
      everything after that on the particular scan cycle. Zero suppress is reset
      every scan cycle, and also is inoperative at the left most digit so that a
      minus sign or other annotator is shown, as well as on D9 so that a zero
      will show in the last place if nothing is in the A register except zeros.
      The output 269 is gateprogrammed to produce the code of FIG. 4B. The low
      battery indication is provided via line 273 on the SH segment through an
      output buffer 279.
PAR  Segment outputs are provided by segment buffers 280 which provide signal
      levels high enough so that no segment drivers are needed. These are
      programmable to provide either 1 or 0 outputs. Display blanking is
      provided by both series devices 281 and shunt devices 282 which are driven
      from a blanking signal on line 283. Output is permitted only when series
      devices 281 are on, i.e., o is on line 283, and shunt devices 282 are off.
      The blanking signal is generated in logic gate 284 which is responsive to
      wait DK on line 271 or D1 on line 257, and a "display on" signal on line
      285 which is generated in the input and condition logic 40 from a "display
      on" latch 286 responsive to special instruction SNO and branch on KO or KP
      (as well as TEST), and SBL on line 231.
PAC  POWER UP CLEAR
PAR  A power up clear latch 288 functions to cause the address register 36, 37
      to go to all zeros and to place a bit in the D-scan register 45. The latch
      always comes up in the set condition when power is turned on, producing
      clear on line 244 and CLEAR on line 289. Also, the "and" of D1 on line 257
      and KO on line 290 sets the clear latch. That is, the clear key "C"
      appears on the keyboard matrix at D1K0. The clear latch 288 is reset by
      the occurrence of CLEAR on line 289, S10 on line 232, feedback to the SAM
      address counter 21 on line 102, and S9 on line 291. Thus, to reset, the
      state counter must cycle through more than one complete sequence. This
      gives time for all zeros to be added into the address register 36, 37 via
      CLEAR line 289 which cause the gate 292 in the Add-1 or recirculate loop
      for the address register to add in zeros. After the address register is
      returned to the all zero position, the program is such that it cycles
      through a series of instructions which zero the A-Reg, B-Reg, flags, etc.
PAC  THE READ ONLY MEMORY
PAR  The ROM 30 consists of 3520 identical memory elements 300, each of which is
      defined by the presence or absence of a gate or thin oxide at a location
      where an X line 301 intercepts a Y line 302. The X lines 301 are
      metallization stripes, and the Y lines are P-diffusions. In conventional
      ROMs, a ground line is provides for each pair of Y lines or output lines,
      but in this invention, there is only one ground or V.sub.SS line 303 for
      five (or ten if shared) Y lines 302. Thus, the ROM can be much smaller in
      area because perhaps 40% of the P-diffusion lines are not needed. The
      Y-decode logic 39 provides the usual function of selecting one of the Y
      lines in a group, and also provides the function of connecting the
      selected Y-line to an output line 304, and connecting an adjacent
      P-diffusion line 302 to the V.sub.SS line 303. These functions are
      produced in the Y-decode logic 39 by a number of MOS transistors 305
      arranged in an appropriate pattern, with the gates of these transistors
      being connected to receive outputs from the Y address register 37 on lines
      306. The three Y address bits A6, A7, A8 are used to select one-of-five of
      the Y lines 302 in each of the eleven portions of the ROM; to this end,
      these address bits and their complements A6, A7, and A8 appear on six
      output lines 307 from the Y address register 37. The address signals on
      line 307 are gated into the lines 306 via inverters 308 which are clocked
      at S304 to S403 by a signal appearing on line 309. The lines 307 are
      forced to V.sub.DD or "0" at all times except S304 to S403 by devices 310.
      The X decode section 38 functions to select one out of 64 X lines 301
      using six X address bits and their complements existing at twelve X
      address lines 312. These are gated into the lines 312 of the X decode
      section 38 at S401 by devices 313. The lines 312 are metallization,
      overlying sixty-four P-diffusion lines 314. The lines 314 are are charged
      to V.sub.GG through devices 315 which are turned on at all times except
      S503 to S403, using the signal from line 316 which has been twice inverted
      to appear on line 317. The timed signal on line 317 also functions to
      connect all of the lines 312 to V.sub.SS at all times except during S304
      to S403 via devices 318. This timed signal on line 317 also functions to
      precharge all of the Y-lines 302 to V.sub.DD via devices 319 during all
      times except S304 to S403. During S304 to S403, the Y-lines 302 are
      floating, i.e., devices 319 are off, and the selected Y-lines are
      conditionally discharged. The X-lines 301 are not all precharged, thus
      saving power. Only one of the X-lines 301 will be at logic O or a negative
      voltage, depending upon which one of the lines 314 was selected in
      X-decode 38, and this will occur only during S40203 when a line 320 is at
      V.sub.GG level. The X-lines 301 are connected to line 320 via devices 321.
      P-diffusion lines 314 are connected to metallization on the gates of
      devices 321, then P-diffusion drains of the devices 321 become
      metallization as lines 301. Only one of the devices 321 will have V.sub.GG
      on it for a given X address, the remainder will be shorted to V.sub.SS via
      the pattern of gates in the decoder. The line 320 is switched between
      V.sub.SS and V.sub.GG by logic 322 which receives the S304-S403 signal on
      line 316 and a signal on line 323 which is at V.sub.SS on 0203 and at
      V.sub.DD on 0401.
PAR  The cycle of operation of the ROM will now be explained. During each
      instruction cycle or D time, at a point just prior to S304, all of the
      lines 314 will be charged to a "O" or V.sub.GG, all of the lines 312 will
      be at 1 or V.sub.SS, all of the Y-lines 302 will be at a O or V.sub.DD,
      all of the X-lines 301 will be at 1 or V.sub.SS via line 320, all the
      lines 306 will be at 1 or V.sub.SS. and all of the Y-decode transistors
      305 will be turned off. At S304 the line 316 goes to a 1 or V.sub.SS,
      isolating lines 314 from V.sub.GG by devices 315, isolating lines 312 from
      V.sub.SS by devices 318, isolating Y-lines 302 from V.sub.DD by devices
      319, and removing V.sub.DD from lines 317 by devices 310. The X-lines 301
      are all still at 1 or V.sub.SS so none of the cells 300 will conduct.
      Next, at S401, the X and y addresses will be applied to lines 312 and 307
      via devices 313 and 325. The X address on lines 312, due to the pattern of
      gates 326, will cause all of the lines 314 to be connected to V.sub.SS
      except one which is the selected one-of-sixty-four X line that remains
      charged to V.sub.GG. Thus, the gate of only one of the devices 321 will
      have a O or V.sub.GG on it. At this time, the lines 306 in Y-decode 39
      will have 1's and 0's on them to selectively turn on devices 305 in a
      pattern to select one-of-five of the Y-lines 302 in each of the eleven Y
      segments of the ROM. Four of the lines 302 will discharge to V.sub.SS at
      this point, i.e., those on the V.sub.SS side of the selected Y-line. The
      remainder will still be charged to V.sub.DD. Next, at the beginning of
      S40203, the line 320 goes to V.sub.GG as determined by logic 322, and so
      the selected X line 301 will go to V.sub.GG or "o", the remainder staying
      at V.sub.SS because all but one of the devices 321 are turned off. This
      will turn on the gates 300 in each of the eleven parts of the ROM 30 for
      this particular X line 301. As determined by the pattern of gates 300,
      some of the output lines 304 will be discharged  to "1" or V.sub.SS
      through gates 300 and devices 305 and others will remain at V.sub.DD or
      logic "O", producing an eleven bit instruction word on lines 304 which
      stays through the time period S40203. This word is loaded into the
      instruction register 31 via devices 328 upon the occurrence of a Load I
      signal on line 329. Load I occurs at S403 of every instruction cycle,
      unless a special instruction exists which prevents a word from being read
      out of the ROM and allows the existing word in the instruction register to
      recirculate. At the end of the S304-S403 signal, the ROM goes back into
      the mode that existed just prior to the beginning of S304. That is, all
      the lines 306 are at 1, all devices 305 are turned off, all the devices
      315, 318 and 319 are turned on, the line 320 is at V.sub.SS, etc. Thus,
      the ROM and its address circuitry operates only during the S304-S403
      window, and operates in a unique precharge-discharge mode, which along
      with the conservation of space for ground lines, provides a good
      compromise of speed, size and power requirements.
PAC  THE INSTRUCTION REGISTER
PAR  The instruction register or I Reg 31 comprises eleven identical shift
      register stages 330, with each stage including two inverters, the first of
      which is clocked at 01, 02 and the second is clocked at 03, 04. The stages
      are labeled IO to I10 corresponding to the eleven bits of the instruction
      word as illustrated in FIG. 5. The register 31 will recirculate via a path
      331, with the bits advancing one stage for each state time, so the same
      word remains in the I Reg until a new word is forced in from the ROM 30 on
      output line 304 via devices 328. Outputs from the I Reg include lines 332
      which connect I1 to I5 to the X address register 36 as address bits A1 to
      A5, and lines 333 which connect I6, I7 and I8 to Y address register 37 as
      address bits A6, A7, A8; these lines 332 and 333 are coupled to the
      address register through devices 334 which are gated on only when a JUMP
      signal occurs on line 335. JUMP occurs during D30102 so that the address
      may be loaded into the address register, shifted one stage at S30304, and
      then gated into the X and Y decode on S401. Other outputs from I Reg
      include a connection from IO via line 336 which is an input to the wait DK
      logic, by which an instruction may be read out of the I Reg during Test,
      via the DK pin. Also, I3 is connected via line 337 to a five stage shift
      register 336 for flag and arithmetic control logic arrays 28 and 25, so
      that bits I4 to I8 can be read out serially from I Reg to be decoded in
      these logic arrays; this read out operation requires five state times,
      S601 to S1001, then at S100304 a signal on line 339 gates the bits I4 to
      I8 into the flag and arithmetic logic arrays for decoding. Another output
      from I Reg is a set of four lines 340 connecting I7, I8, I9 and I10 to the
      input and condition logic circuits 40 to implement the class functions of
      FIG. 5. I9 is also connected via line 341 to the input 202 of the register
      200 in the digit mask logic 35 so the I0, I1, I2 and I3 may be read into
      this register for decoding; I0 comes out on line 341 at S701, and this
      continues to I3 at S1001, then the bits are gated into the array 204 at
      S1003 by devices 205. The other output from I Reg is a line 342 connecting
      I9 to an input to the Y address register 37; note that the nine bit
      address is loaded from I Reg 31 to the address register 36, 37 on S30102,
      then shifted once before loading into the address decode. Thus, no bit is
      loaded directly to AO.
PAR  The sequence of operation of the instruction register will now be
      described. At S10 of each instruction cycle, an instruction word will have
      been serially read into the registers 200 and 338, and so is dumped into
      the decode portions of the mask, flag and ALU logic arrays 35, 28 and 25,
      respectively, at S1003 for decoding and execution beginning at SO of the
      next instruction cycle. Then at S30102, if a jump is to occur, the address
      to which the program is to jump to is transferred from I Reg to the
      address registers 36 and 37 via lines 332, 333 and 342. The address is
      shifted once, decoded starting at S401, and the 11-bit instruction word
      found in the ROM at the decoded address is loaded into I Reg via lines 304
      at the occurrence of Load I at S403. Or, if a jump is not to be executed,
      the address register is incremented by one starting at S401 and finishing
      just prior to S401, and the new address is decoded in the same manner, a
      new instruction word is loaded into I Reg on S403, etc. The remainder of
      the cycle is used for serially loading the instruction word from the I Reg
      into the registers 200 and 338 as the word recirculates in I Reg.
PAC  THE ADDRESS REGISTER
PAR  The address register is made up of two parts, the X address register 36 and
      the Y address register 37, which operate as one eleven stage shift
      register, each stage having two inverters 343 with interstage clocking at
      03 and 04. The output of the last stage of Y register 37 is connected
      directly to the input of the first stage of register 36 via line 344; a
      bit entered at the LSD or A0 will eventually propagate to the MSD of Y
      register 37. The address register is usually incremented by one, except
      when a jump or branch is executed, and incrementing is accomplished by
      connecting the output of the LSD stage or A0 stage of the X register 36
      via a line 345 to a logic arrangement 346 in the input and condition logic
      40, and connecting the output of logic 346 via a line 347 to the input of
      the Y register 37. An important feature of this system is that the address
      register 36, 37 may be repeatedly incremented until it overflows while the
      same instruction stays in the I Reg 31; this permits the address register
      to be used as a counter to provide the display time-out function.
PAC  THE INPUT AND CONDITION LOGIC
PAR  The input and condition logic circuitry 40 receives the keyboard inputs 18
      and the four MSD bits of the instruction word on lines 340, and controls
      branch operations and functions of this nature. The keyboard inputs 18
      include KN on line 350, on which all numbers 1 to 9 appear, the KO line
      351, on which zero and function keys appear, and the KP line 352 which is
      unused in some versions depending on programming. Each of these is
      inverted to produce KN, KO and KP on lines 353, 354 and 355, respectively.
      This keyboard input information is used in various places as will be
      explained. The lines 340 apply I7, I8, I9 and I10 to a set of inverters,
      the outputs of which are gated at devices 356 by a timed signal on line
      357 which is generated from the S304 to S403 signal on line 316, inverted
      and clocked at 02 and 04 to produce an S404 gating signal. The gated I7
      and I10 signals appear on lines 358 which go to logic arrangements 359 and
      360 that determine "branch on 1" and branch on KO or branch on KP. Another
      input to the " branch on 1" logic 359 is from a condition latch 361. The
      condition latch is a latch or bistable circuit which is set by a number of
      possible inputs. One is a C/B signal on line 362 from gate 363 in the ALU
      22; the condition latch is set by this path at the falling edge of a mask
      if there is a carry (or borrow), as for example if there is overflow or in
      checking to see if the mantissa is zero. Another input to set condition
      latch is a F signal on line 364 from flag logic 28, as when a certain flag
      exists. The third input 365 is set condition latch is from gate 366 which
      is responsive to SNO and an indication of any key down from line 367. The
      condition latch is reset via an input 368 which is I10; that is, the latch
      is reset by an instruction for branch. I9 and I10 from lines 358 are also
      applied as inputs to a control circuit 370 which functions to actuate the
      ACU PLA 25 via line 371 and the flag PLA 28 via line 372; as explained in
      reference to FIG. 5, if I10 and I9 are 00 or 01, a branch operation, is
      executed, if they are at 10 it is a flag operation, and if they are at 11
      it is an arithmetic operation. These signals on lines 371 and 372 are
      gated by an SO01 timing signal on line 373, so that the control is
      implemented at the beginning of an instruction cycle. The ACU control on
      line 371 is applied along with the mask signal on line 214 to a gate 374
      in the ALU 22 to generate a signal on line 375 to disenable certain
      outputs from the ACU logic 25. Specifically, shift left, shift right,
      exchange A and B, and T to A, B or C are all disenabled, while A, B or C
      to X or Y, etc., need not be disenabled because these functions do not
      disturb data in the registers. The flag logic control on line 372 is
      applied to a gate 376 in flag logic 28, the output 377 of which functions
      to disenable all flag operations except the operation of "recirculate
      flags A and B"; which is disenabled by line 378 only when other flag
      operations are enabled. The flag enable gate 376 also receives the mask on
      line 220 from the mask logic 35.
PAR  The jump logic will now be described. The JUMP signal on line 335 is
      generated in a gate 380 which is clocked by a timed signal on line 381 so
      JUMP occurs at S30102. Timing is also determined by input 382 which is at
      V.sub.SS at 01, 02 and at V.sub.DD at 03, 04. The main input 383 to gate
      380 is from gate 384 which is responsive to a large number of conditions
      including the following: overflow of address register indicated on line
      385; an indication of any key down on line 386; "Wait NO" instruction on
      line 387; "Wait DK" on line 388; the output of "branch on KO or KP" logic
      360 appearing on line 389; and the output of "branch on 1 or 0" logic 359
      appearing on line 390. The output on line 389 is responsive to a number of
      conditions including: KO on line 391 from line 354 gated at S202; I7 on
      line 392 and I7 on one of the lines 358; KP on line 355 gated at S202; I8
      on one of the lines 358; I9 and I10 from lines 358. This arrangement
      causes JUMP to occur if I10, I9, I8, I7 is at 1000 and a key is down on
      KO, or if I10, I9, I8, I7 is at 1001 and a key is down on KP. Likewise,
      the output 390 of "branch on 1 or branch on 0" logic 359 is responsive to
      the following: output 393 from condition latch 361; I9 and I10 on the
      lines 358. Thus, when I10, I9 and 00, JUMP will occur if condition latch
      is reset, when I10, I9 are 01, JUMP will occur if condition latch 361 is
      set.
PAR  Another part of the input and condition logic 40 is an arrangement for
      generating the Load I command on the line 329 which allows the instruction
      word read out of the ROM 30 at the addressed location to be loaded into
      the instruction register. Load I is generated from a gate 400 which is
      responsive to the S304-S403 timing signal on line 316 and to the output of
      read logic 401. The inputs to read logic 401 include the following: an
      input 402 from gate 403 responsive to address register overflow indication
      on line 385 or any key down indication on line 386; "Wait NO" on line 387;
      "Wait DK " on line 388; any key down indication on line 367; the inverted
      indication on line 404 from gate 405. Gate 405 is responsive to: an
      indication on line 406 from gate 407 in the ACU PLA 25 (gated by SO01 from
      line 373) which is responsive to ACU enable on line 371 and Scan N on line
      408; an indication of SYNC or SCAN NO on line 409; D10 on line 410 from
      the digit scan generator 44; and an indication on line 411 of a KN key
      down from line 353 gated at S202.
PAR  The control arrangement 346 for the address register 36, 37 is responsive
      to the indication on line 404 which indicates whether or not to add one.
      When SYNC is decoded in logic 263, add-1 is not done until D10, so the
      address register stays on the address of one past the SYNC address until
      D10. The same oocurs for special instruction SNO. Likewise, the same
      occurs for SN except incrementing starts again if a KN input occurs, i.e.,
      if a number key is down.
PAC  THE FLAG REGISTERS AND FLAG LOGIC
PAR  A flag A register 26 and flag B register 27 contained in the SAM 20 are
      eleven bit registers which contain one-bit status information. The output
      lines 440 and 441 from the SAM 20 are directly connected to Flg A and Flg
      B inputs to the flag logic 28, thus the flags are continuously read out
      each instruction cycle, one at a time, in synchronization with the state
      times. Likewise, Flg A and Flg B outputs 442 and 443 are connected from
      flag logic to the input lines 444 and 445 in the SAM. So, during each
      instruction cycle, the flags are transmitted through flag logic, to be
      set, reset, compared, etc., or merely recirculated, depending upon the
      flag instructions on bits I4 to I8 on lines 446 which are metallization.
      The horizontal lines such as 447 are P-diffusions which are broken where a
      diamond is shown and continuous where none is shown. Set Flg A and Flg B
      are provided by separate lines 447, Reset A and B by lines 448, toggle A
      and B by lines 449, recirculate by all of the lines 450, B to A by line
      451, A to B by line 452, compare A and B by lines 453, test A by line 454
      and test B by line 455. The result of a flag test or compare produces an F
      signal on line 364 going to the condition latch 361, by logic 456.
PAR  Special instructions Wait NO, Wait DK, SYNC and SCAN NO are handled in the
      logic 263 which produces outputs 460 going to input and condition logic
      40.
PAC  THE ARITHMETIC CONTROL LOGIC
PAR  The ACU logic array 25 consists of a programmable logic array having inputs
      446 which are I4 to I8 and their complements. The gates on line 446 in
      first portion 470 of the array function to select one of thirty two lines
      471. These lines 471 have loads 472 clocked at S1004 on line 473 generated
      from S10 output 223 from the push-pull matrix 220, to converse power. The
      lines 471 which are P-diffusions, become input metallization lines 474 to
      second part 475 of the array. Gates are selectively positioned under the
      lines 494 to produce outputs on line 476 to provide the controls to the
      selector gates and arithmetic unit 22 as on lines 125-128, etc. The lines
      476 are clocked at either SO01 on line 477 or S101 on line 478, by devices
      479 or 480 on both input and output, again to conserve power.
PAC  TIME OUT
PAR  The display output is turned off after a given period of time such as
      fifteen to twenty seconds to save power and extend battery life. This is
      accomplished by disenabling the load I signal on line 329 so that the same
      instruction will stay in I Reg 31, while the address register continues to
      increment, once each instruction cycle, until it overflows. This counts to
      2.sup.11 D times or about one-half second. Upon overflow, the I Reg is
      loaded into the address register 36, 37 as the next address which will
      cause a location in one of the SAM registers to be incremented and the
      cycle to repeat for perhaps 40 times, thus 20 seconds.
PAC  THE TEST CIRCUITRY
PAR  Upon completion of manufacture of the MOS chips, some procedure must be
      provided to inspect the units to make sure that they are functioning
      properly. The device of FIG. 6 contains perhaps 7000 MOS transistors and
      vast numbers of interconnections and other possible points of failure. All
      of these must be good for the unit to be useful. Heretofore, units have
      been tested by reading information into the K inputs to simulate keyboard
      entries, and observing the outputs. This requires an undue amount of time
      to go through all of the possible calculation routines, so a compromise is
      made so that the test time is kept down to a few seconds. This results in
      some devices passing the test procedure which are faulty. An important
      feature of the system of this application is the inclusion of test
      circuitry.
PAR  An input 482 actuates the test arrangement. This input is connected via
      line 266 to the DK output to block the DK output and allow the I Reg
      output on line 336 to pass through the DK output logic 483. Test is also
      connected via line 484 to a set of three NAND gates 485 in the input and
      condition logic which receive KN, KO and KP from lines 350, 351 and 352 as
      their other inputs. An output 486 from one of these gates allows an
      address to be read into the addres register 36, 37 via gate 292 and line
      347 from the KO input in the test mode. An output 487 allows an input on
      KN line to turn off add-1 or recirculate in the adder logic 346 for the
      recirculate path of the address register. The output of the other one of
      the gates 485 controls JUMP from KP input in the test mode. The test input
      484 is also connected to produce "display on" on line 285 via gate 488
      which functions to permit display output through buffers 280 under control
      of logic gate 284. Input 484 also functions to set the clear latch 288 via
      gate 489 and line 290.
PAC  THE CLOCK GENERATOR
PAR  One of the features of the calculator chip of the invention is the
      provision of an on-chip oscillator and clock generator. In prior
      calculator chips, these elements were provided by external circuitry which
      required a large number of discrete components. The system of FIGS. 6A-6U
      includes an oscillator 490 which oscillates at 100 to 160 KHz and
      generates the clock signal 0 of FIG. 3A. An input pin 0C is provided which
      may be used to vary the clock frequency slightly. For normal operation
      with internal clock, the 0C pin is connected to V.sub.DD through a 100
      Kohm register. The output of the oscillator 490 is connected via a line
      491 to the input of a clock generator 492 which includes a first part 493
      for generating 0A and 0B and a second part 494 for generating 01, 02, 03,
      and 04 as seen in FIG. 3A and used throughout the system. The clock 0 is
      also connected to an external pin 495 which may function to provide a
      clock frequency to external elements, e.g., a printer or other devices
      outside the chip which should be synchronized with the chip.
      Alternatively, this pin may be used to input a clock signal if the
      frequency or synchronization is to be supplied from external. In this
      case, the 0C pin is grounded to V.sub.SS and a OC signal is applied to pin
      495. This shuts off the oscillator 490 and controls the part 493 by the
      external clock.
PAC  THE PROGRAM
PAR  Table I is a list of the instruction words possible within the constraints
      of the instruction word format of FIG. 5, for conditional jump
      instructions (00 and 01), program or flag logic unit instructions (1000
      and 1001), and arithmetic logic unit instructions (11). The OPCODE fields
      are given in decimal, i.e., an OPCODE field shown as "18" for WAIT NO
      would be 1010 in binary as it would exist in the instruction register. The
      masks are not included in Table I, but the sixteen possible masks in a
      four bit field are shown in FIG. 9.
PAR  Table II is a complete program listing for one example of programming the
      calculator circuit described above. In the Table, the ROM address is shown
      in hexidecimal, and the instruction code at that address is shown in
      binary. The statement number is merely for convenience and has no effect
      on the program. The descriptive term, and the mnemonic, are for
      explanation, as well as the narative. The mask column merely shows the
      mask used for this instruction, as from FIG. 9. The mnemonic and mask
      define the OPCODE and mask fields, i.e., the instruction code as shown in
      binary could be generated with reference to Table I and FIG. 9. FIGS.
      11A-11H are a logic flow chart for the program of Table II.
PAR  Table III gives several operation examples for a calculator programmed
      according to Table II, using the keyboard layout of FIG. 8.
PAC  THE MANUFACTURING METHOD
PAR  The calculator chip which has been described was designed to be
      manufactured using ion implanted depletion load devices, in
      large-scale-integrated MOS silicon chips, using the P-channel process.
      This results in considerable reduction in power required for a given speed
      of operation compared to standard P-channel static load devices, and also
      reduction in size or silicon area used. In most cases where static loads
      are not used, ratioless circuits as exemplified by FIG. 7F are used.
PAR  Although the invention has been described with reference to an illustrative
      embodiment, it is clear that modifications of the disclosed embodiment as
      well as other embodiments of the invention will occur to persons skilled
      in the art upon reference to this description. It is contemplated that the
      appended claims will cover any such modifications or embodiments that fall
      within the true scope of the invention.
TBL                TABLE I                                                     

     ______________________________________                                    

     INSTRUCTION WORD FORMAT                                                   

     CONDITIONAL JUMP INSTRUCTIONS  C.sub.a = O                                

     C.sub.b = O   Jump if latch is reset (normal state).                      

     C.sub.b = 1   Jump if latch is set.                                       

        Jump is to the address given by O.sub.a -M.sub.d (last 9 bits).        

        If the test is false, the program continues to the                     

        next address.                                                          

     MNEMONIC                                                                  

      CLASS = OO (C.sub.a, C.sub.b)                                            

        BIU -- Branch if up - No keys found down after a scan                  

        BIZ -- Branch if zero - Flag tested is zero (reset)                    

       BIGE -- Branch if greater than or equal - subtraction                   

     produced no borrow                                                        

       BINC -- Branch if no carry - addition did not cause                     

     overflow                                                                  

        BIE -- Branch if equal - for compare flags                             

      CLASS = 01 (C.sub.a, C.sub.b)                                            

        BID -- Branch if down - any key found down after a                     

          scan                                                                 

        BIO -- Branch if one - flag tested is one (set)                        

       BILT -- Branch if less than - subtraction produced a                    

         borrow -   BIC -- Branch if carry - addition caused overflow          

       BINE -- Branch if not equal - for compare flags                         

     PROGRAM LOGIC UNIT  CLASS = 10 (C.sub.a, C.sub.b)                         

     O.sub.a O.sub.b = OO                                                      

               Jump if KO input at that D time indicates                       

               a key is down. Address must be 0 to 127                         

               MNEMONIC BKO                                                    

     O.sub.a O.sub.b = 01                                                      

               Jump if KP input at that D time indicates                       

               a key is down. Address must be 128 - 255                        

               MNEMONIC BKP                                                    

               Jumps to address O.sub.a -M.sub.d (last 9 bits).                

               Sets display power off latch on successful                      

               branch                                                          

     OPCODE                                                                    

     FIELD  MNEMONIC          DESCRIPTION                                      

     ______________________________________                                    

     16      --       --      No-Op                                            

     17     WAITDK    M       Always branches to address O.sub.a -M.sub.d      

                              Branches when                                    

                               Display key pushed                              

                               Turns Off Display                               

     18     WAITNO    M       Always branches to address O.sub.a -M.sub.d      

                              Branches when                                    

                               Key is pushed                                   

                               Address register overflows                      

     19     SFB       M       Sets Flag B to a one in the                      

                              masked field                                     

     20     SFA       M       Sets Flag A to a one in the                      

                              masked field                                     

     21     SYNCH     M=O     Stops increment till falling                     

                              edge of D.sub.10                                 

     22     SCANNO    M=O     Stops increment till falling                     

                              edge of D.sub.10                                 

                              Key down on KN KO or KP sets                     

                              condition                                        

                              Next instruction at D1                           

                              Resets Display Power Off Latch                   

     23     ZFB       M       Resets Flag B to a zero                          

     24     ZFA       M       Resets Flag A to a zero                          

     25     TFB       M       Test Flag B, if one sets                         

                              condition                                        

     26     TFA       M       Test Flag A, if one sets                         

                              condition                                        

     27     FFB       M       Toggles Flag B                                   

     28     FFA       M       Toggles Flag A                                   

     29     CF        M       Compare adjacent flag, if any                    

                              masked adjacent flags are not                    

                              equal sets condition                             

     30      --       --      No-Op                                            

     31     EXF       M       Exchanges adjacent flags                         

     ARITHMETIC LOGIC U   CLASS = 11 (C.sub.a, C.sub.b)                        

     OPCODE                                                                    

     FIELD  MNEMONIC    DESCRIPTION                                            

     ______________________________________                                    

     0      AABA      M     A+B.fwdarw.A                                       

                                   (Dec) OVF.fwdarw.Cond                       

     1      AAKA      M     A+K.fwdarw.A                                       

                                   (Dec) OVF.fwdarw.Cond                       

     2      AAKC      M     A+K.fwdarw.C                                       

                                   (Dec) OVF.fwdarw.Cond                       

     3      ABOA      M     Place B into A                                     

     4      ABOC      M     Place B into C                                     

     5      ACKA      M     C+K.fwdarw.A                                       

                                   (Dec) OVF.fwdarw.Cond                       

     6      ACKB      M     C+K.fwdarw.B                                       

                                   (Dec) OVF.fwdarw.Cond                       

     7      SABA      M     A-B.fwdarw.A                                       

                                   (Dec) B.fwdarw.Cond                         

     8      SABC      M     A-B.fwdarw.C                                       

                                   (Dec) B.fwdarw.Cond                         

     9      SAKA      M     A-K.fwdarw.A                                       

                                   (Dec) B.fwdarw.Cond                         

     10     SCBC      M     C-B.fwdarw.C                                       

                                   (Dec) B.fwdarw.Cond                         

     11     SCKC      M     C-K.fwdarw.C                                       

                                   (Dec) B.fwdarw.Cond                         

     12     CAB       M     A-B    (Dec) B.fwdarw.Cond                         

     13     CAK       M     A-K    (Dec) B.fwdarw.Cond                         

     14     CCB       M     C-B    (Dec) B.fwdarw.Cond                         

     15     CCK       M     C-K    (Dec) B.fwdarw.Cond                         

     16     AKA       M     K.fwdarw.A                                         

     17     AKB       M     K.fwdarw.B                                         

     18     AKC       M     K.fwdarw.C                                         

     19     EXAB      M     Exchange Reg A and Reg B                           

     20     SLLA      M     Shift Register A left - HEX                        

     21     SLLB      M     Shift Register B left - HEX                        

     22     SLLC      M     Shift Register C left - HEX                        

     23     SRLA      M     Shift Register A right                             

     24     SRLB      M     Shift Register B right                             

     25     SRLC      M     Shift Register C right                             

     26     AKCN      M     A+K.fwdarw.A each D time until                     

                            1. Key down                                        

                            2. Trailing edge of D11                            

                            3. Sets Condition if Key Down                      

     27     AAKAH     M     A+K.fwdarw.A HEX                                   

     28     SAKAH     M     A-K.fwdarw.A HEX                                   

     29     ACKC      M     C+K.fwdarw.C     OVF.increment.Cond                

     ______________________________________                                    

TBL                                    TABLE II                                

     __________________________________________________________________________

     PROGRAM LISTING                                                           

     ROM Instruction                                                           

                  Statement                                                    

     Add.                                                                      

         Code     No.   Descriptive                                            

                               Mnemonic                                        

                                    Mask Narrative                             

     __________________________________________________________________________

     000 10 11000 1111                                                         

                  0097  CLEAR  ZFA  ALL  POWER ON                              

     001 10 10111 1111                                                         

                  0098         ZFB  ALL                                        

     002 11 10000 1111                                                         

                  0099         AKA  ALL                                        

     003 11 10010 1111                                                         

                  0100         AKC  ALL                                        

     004 00 00000 0101                                                         

                  0101         BET  RJ   RESET CONDITION LATCH                 

     005 11 01101 1011                                                         

                  0102  RJ     CAK  MANT1                                      

     006 01 00001 0011                                                         

                  0103         BILT ZERO                                       

     007 10 11010 0110                                                         

                  0104  S      TFA  SIGN                                       

     008 00 00000 1100                                                         

                  0105         BIZ  RJ1                                        

     009 11 11100 1000                                                         

                  0106         SAKAH                                           

                                    OV1  MINUS SIGN IS HEX 14                  

     00A 11 11100 1000                                                         

                  0107         SAKAH                                           

                                    OV1                                        

     00B 00 00000 1100                                                         

                  0108         BET  RJ1  RESET CONDITION LATCH                 

     00C 11 01101 0010                                                         

                  0109  RJ1    CAK  LSD1 RIGHT JUSTIFY THE DISPLAY             

     00D 00 00001 0101                                                         

                  0110         BIGE DPTPOS                                     

     00E 11 01101 1101                                                         

                  0111         CAK  EXP1                                       

     00F 01 00001 0101                                                         

                  0112         BILT DPTPOS                                     

     010 11 10111 1100                                                         

                  0113         SRLA MANT                                       

     011 11 01001 1101                                                         

                  0114         SAKA EXP1                                       

     012 00 00000 1100                                                         

                  0115         BET  RJ1  ALWAYS BRANCH                         

     013 11 10000 1111                                                         

                  0116  ZERO   AKA  ALL                                        

     014 10 11000 0110                                                         

                  0117         ZFA  SIGN                                       

     015 11 10011 1111                                                         

                  0118  DPTPOS EXAB ALL                                        

     016 11 10000 1011                                                         

                  0119         AKA  MANT1                                      

     017 11 00001 1011                                                         

                  0120         AAKA MANT1                                      

     018 11 10011 1100                                                         

                  0121         EXAB MANT                                       

     019 11 00011 1110                                                         

                  0122         ABOA EXP                                        

     01A 11 01001 1101                                                         

                  0123  DP1    SAKA EXP1                                       

     01B 01 00001 1110                                                         

                  0124         BILT DP2                                        

     01C 11 10101 1100                                                         

                  0125         SLLB MANT                                       

     01D 00 00001 1010                                                         

                  0126         BET  DP1  ALWAYS BRANCH                         

     01E 11 00011 1110                                                         

                  0127  DP2    ABOA EXP                                        

     01F 10 11001 1000                                                         

                  0128         TFB  F10                                        

     020 01 00010 1001                                                         

                  0129         BIO  ID1                                        

     021 10 10101 0000                                                         

                  0130  LOCK   SYNC                                            

     022 10 10110 0000                                                         

                  0131         SCAN                                            

     023 01 00010 0001                                                         

                  0132         BID  LOCK                                       

     024 10 10101 0000                                                         

                  0133         SYNC                                            

     025 10 10110 0000                                                         

                  0134         SCAN                                            

     026 01 00010 0001                                                         

                  0135         BID  LOCK                                       

     027 11 00110 1110                                                         

                  0136         ACKB EXP                                        

     028 11 10010 1110                                                         

                  0138  IDLE   AKC  EXP                                        

     029 10 10111 1000                                                         

                  0139  ID1    ZFB  F10                                        

     02A 10 10010 0111                                                         

                  0140  ID2    WAITNO                                          

                                    ID3                                        

     02B 10 10101 0000                                                         

                  0141  ID4    SYNC                                            

     02C 10 10110 0000                                                         

                  0142         SCAN                                            

     02D 01 00110 1000                                                         

                  0143         BID  KEY                                        

     02E 11 11101 1101                                                         

                  0144  FD1    ACKA EXP1                                       

     02F 11 01111 0001                                                         

                  0145         CCK  TIM4                                       

     030 01 00011 0100                                                         

                  0146         BILT FD3                                        

     031 11 10010 1110                                                         

                  0147         AKC  EXP                                        

     032 10 10101 0000                                                         

                  0148         SYNC                                            

     033 10 10001 0001                                                         

                  0149         WAITDK                                          

                                    ID5                                        

     034 10 11001 0101                                                         

                  0150  FD3    TFB  F5   OVERFLOW FLAG                         

     035 00 00010 1010                                                         

                  0151         BIZ  ID2                                        

     036 10 10011 1000                                                         

                  0152         SFB  F10                                        

     037 11 10010 1100                                                         

                  0153         AKC  MANT                                       

     038 11 01011 1011                                                         

                  0154         SCKC MANT1                                      

     039 00 00011 1010                                                         

                  0155         BET  FD5                                        

     03A 11 00110 1100                                                         

                  0156  FD5    ACKB MANT                                       

     03B 11 11101 1101                                                         

                  0157         ACKC EXP1                                       

     03C 10 10010 1000                                                         

                  0158         WAITNO                                          

                                    FD4                                        

     03D 10 10011 0001                                                         

                  0159  MINKEY SFB  OP2                                        

     03E 10 11010 0011                                                         

                  0160         TFA  F3                                         

     03F 00 00100 1101                                                         

                  0161         BIZ  PLSKEY                                     

     040 10 11010 0100                                                         

                  0162         TFA  F4                                         

     041 01 00100 1101                                                         

                  0163         BIO  PLSKEY                                     

     042 10 11010 0000                                                         

                  0164         TFA  OP1                                        

     043 00 00100 1101                                                         

                  0166  ZFB    OP2  MINUS KEY AS SIGN AFTER                    

                                         MULT OR DIVIDE                        

     045 10 10100 0110                                                         

                  0167         SFA  SIGN                                       

     046 11 10000 1111                                                         

                  0168         AKA  ALL                                        

     047 10 10100 0111                                                         

                  0169         SFA  F9                                         

     048 11 00001 0000                                                         

                  0170         AAKA DPT7                                       

     049 10 11000 0011                                                         

                  0171         ZFA  F3                                         

     04A 00 00000 0111                                                         

                  0172         BET  S    ALWAYS BRANCH                         

     04B 10 10011 0001                                                         

                  0173  DIVKEY SFB  OP2                                        

     04C 10 10011 0000                                                         

                  0174  MLTKEY SFB  OP1                                        

     04D 10 10011 0010                                                         

                  0175  PLSKEY SFB  OP3                                        

     04E 10 11010 0011                                                         

                  0176         TFA  F3   CLEAR DISPLAY FLAG                    

     04F 01 00101 0010                                                         

                  0177         BIO  KS1                                        

     050 10 11010 0100                                                         

                  0178         TFA  F4   EQUAL FLAG                            

     051 00 00101 0110                                                         

                  0179         BIZ  KS2                                        

     052 10 11000 0100                                                         

                  0180  KS1    ZFA  F4                                         

     053 10 10100 0101                                                         

                  0181         SFA  F5                                         

     054 00 00101 0110                                                         

                  0182         BET  KS2  ALWAYS BRANCH                         

     055 10 10100 0100                                                         

                  0184  EQLKEY SFA  F4                                         

     056 11 01101 1011                                                         

                  0185  KS2    CAK  MANT1                                      

     057 01 01001 1110                                                         

                  0186         BILT KS6                                        

     058 11 01101 1000                                                         

                  0187  KS3    CAK  OV1  LEFT JUSTIFY                          

     059 00 10010 1011                                                         

                  0188         BIGE KS4                                        

     05A 11 10100 1100                                                         

                  0189         SLLA MANT                                       

     05B 11 00001 1101                                                         

                  0190         AAKA EXP1                                       

     05C 00 00101 1000                                                         

                  0191         BET  KS3  ALWAYS BRANCH                         

     05D 10 10100 1000                                                         

                  0192  DPTKEY SFA  F10                                        

     05E 10 11000 0111                                                         

                  0193         ZFA  F9                                         

     05F 10 11010 0011                                                         

                  0194         TFA  F3                                         

     060 00 00001 0101                                                         

                  0195         BIZ  DPTPOS                                     

     061 10 11000 0011                                                         

                  0196         ZFA  F3                                         

     062 00 00001 0011                                                         

                  0197         BET  ZERO ALWAYS BRANCH                         

     063 10 11010 0011                                                         

                  0198  CEKEY  TFA  F3                                         

     064 01 00001 0101                                                         

                  0199         BIO  DPTPOS                                     

     065 10 10100 0011                                                         

                  0200         SFA  F3                                         

     066 10 11000 1000                                                         

                  0201         ZFA  F10                                        

     067 00 00001 0011                                                         

                  0202         BET  ZERO ALWAYS BRANCH                         

     068 11 00100 1110                                                         

                  0203  KEY    ABOC EXP                                        

     069 10 11001 0101                                                         

                  0204         TFB  F5                                         

     06A 01 00010 0001                                                         

                  0205         BIO  LOCK                                       

     06B 10 10101 0000                                                         

                  0206         SYNC                                            

     06C 10 10101 0000                                                         

                  0207         SYNC                                            

     06D 10 10110 0000                                                         

                  0208         SCAN                                            

     06E 00 00010 1000                                                         

                  0209         BIU  IDLE                                       

     06F 11 10001 1111                                                         

                  0210         AKB  ALL                                        

     070 10 10101 0000                                                         

                  0211         SYNC                                            

     071 10 00000 0000                                                         

                  0212         BKO  CLEAR                                      

     072 10 00101 0101                                                         

                  0213         BKO  EQLKEY                                     

     073 10 00100 1101                                                         

                  0214         BKO  PLSKEY                                     

     074 10 00011 1101                                                         

                  0215         BKO  MINLEY                                     

                                          MINKEY                               

     075 10 00100 1100                                                         

                  0216         BKO  MLTKEY                                     

     076 10 00100 1011                                                         

                  0217         BKO  DIVKEY                                     

     077 10 00110 0011                                                         

                  0218         BKO  CEKEY                                      

     078 10 00101 1101                                                         

                  0219         BKO  DPTKEY                                     

     079 10 00111 1110                                                         

                  0220         BKO  ZERKEY                                     

                  0222  *                 DIGIT ENTRY                          

     07A 11 10011 1111                                                         

                  0223         EXAB ALL                                        

     07B 11 11010 0010                                                         

                  0224         AKCM LSD1 SCAN N                                

     07C 11 10011 1111                                                         

                  0225  EXAB   ALL                                             

     07D 01 00001 0101                                                         

                  0226         BIC  DPTPOS                                     

     07E 10 11010 0011                                                         

                  0227  ZERKEY TFA  F3   CLEAR DISPLAY FLAG                    

     07F 00 01000 0011                                                         

                  0228         BIZ  NUM1                                       

     080 10 11000 0110                                                         

                  0229  CD     ZFA  SIGN                                       

     081 11 10000 1111                                                         

                  0230  CD1    AKA  ALL                                        

     082 10 11000 0011                                                         

                  0231         ZFA  F3                                         

     083 10 110101 0110                                                        

                  0232  NUM1   TFA  SIGN                                       

     084 00 01001 0100                                                         

                  0233         BIZ  NUM3                                       

     085 11 11011 1000                                                         

                  0234         AAKAH                                           

                                    OV1                                        

     086 11 11011 1000                                                         

                  0235         AAKAH                                           

                                    OV1                                        

     087 11 11100 1000                                                         

                  0236         SAKAH                                           

                                    OV1                                        

     088 11 11100 1000                                                         

                  0237         SAKAH                                           

                                    OV1                                        

     089 01 00001 0101                                                         

                  0238         BIC  DPTPOS                                     

     08A 10 11010 0111                                                         

                  0239  NUM2   TFA  F9                                         

     08B 00 01001 1000                                                         

                  0240         BIZ  NUM4                                       

     08C 10 11010 1000                                                         

                  0241         TFA  F10                                        

     08D 01 01001 0010                                                         

                  0242         BIO  NUM7                                       

     08E 11 10011 1111                                                         

                  0243         EXAB ALL                                        

     08F 11 01101 1011                                                         

                  0244         CAK  MANT1                                      

     090 11 10011 1111                                                         

                  0245         EXAB ALL                                        

     091 01 00001 0101                                                         

                  0246         BILT DPTPOS                                     

     092 10 11000 0111                                                         

                  0247  NUM7   ZFA  F9                                         

     093 00 01001 1100                                                         

                  0248         BET  NUM6 ALWAYS BRANCH                         

     094 11 01101 1010                                                         

                  0249  NUM3   CAK  MSD1                                       

     095 00 00001 0101                                                         

                  0250         BIGE DPTPOS                                     

     096 11 01101 0000                                                         

                  0251         CAK  DPT7                                       

     097 00 00001 0101                                                         

                  0252         BIGE DPTPOS                                     

     098 10 11010 1000                                                         

                  0253  NUM4   TEA  F10                                        

     099 00 01001 1011                                                         

                  0254         BIZ  NUM5                                       

     09A 11 00001 1101                                                         

                  0255         AAKA EXP1                                       

     09B 11 10100 1100                                                         

                  0256  NUM5   SLLA MANT                                       

     09C 11 00011 0010                                                         

                  0257  NUM6   ABOA LSD1                                       

     09D 00 00001 0101                                                         

                  0258         BET  DPTPOS                                     

                                         ALWAYS BRANCH                         

     09E 11 10000 1110                                                         

                  0259  KS6    AKA  EXP                                        

     09F 10 11000 0110                                                         

                  0260         ZFA  SIGN                                       

     0A0 11 00001 0000                                                         

                  0261         AAKA DPT7                                       

     0A1 10 11000 1010                                                         

                  0262  KS7    ZFA  FD   ZEROS TEMP(NUM) AND DPT FLAG          

     0A2 10 11010 0101                                                         

                  0263         TFA  F5   POST FLAG                             

     0A3 01 01111 1101                                                         

                  0264         BIO  POST                                       

     0A4 10 11010 0010                                                         

                  0265         TFA  OP3                                        

     0A5 00 01111 1101                                                         

                  0266         BIZ  POST                                       

     0A6 11 00110 1111                                                         

                  0267         ACKB ALL                                        

     0A7 10 11001 0011                                                         

                  0268         TFB  F3   CONSTANT FLAG                         

     0A8 00 01010 1101                                                         

                  0269         BIZ  KS8                                        

     0A9 10 10111 0011                                                         

                  0270         ZFB  F3                                         

     0AA 11 10011 1111                                                         

                  0271         EXAB ALL                                        

     0AB 11 00100 1111                                                         

                  0272         ABOC ALL                                        

     0AC 10 11111 0110                                                         

                  0273         EXF  SIGN                                       

     OAD 10 11010 0000                                                         

                  0274  KS8    TFA  OP1                                        

     0AE 01 01100 1111                                                         

                  0275         BIO  M/D                                        

                  0277  *                 ADD SUBTRACT ROUTINE                 

     0AF 10 11001 0110                                                         

                  0278  A/S    TFB  SIGN                                       

     0B0 00 01011 0010                                                         

                  0279         BIZ  AS1                                        

     0B1 10 10100 0101                                                         

                  0280         SFA  F5                                         

     0B2 10 11010 0001                                                         

                  0281  AS1    TFA  OP2                                        

     0B3 00 01011 0101                                                         

                  0282         BIZ  AS2                                        

     0B4 10 11011 0110                                                         

                  0283         FFB  SIGN                                       

     0B5 11 01100 1110                                                         

                  0284  AS2    CAB  EXP                                        

     0B6 00 01011 1001                                                         

                  0285         BIGE AS3                                        

     0B7 11 10011 1111                                                         

                  0286         EXAB ALL                                        

     0B8 10 11111 0110                                                         

                  0287         EXF  SIGN                                       

     0B9 11 01001 1101                                                         

                  0288  AS3    SAKA EXP1                                       

     0BA 11 01100 1110                                                         

                  0289         CAB  EXP                                        

     0BB 01 01011 1110                                                         

                  0290         BILT AS4                                        

     0BC 11 10111 1100                                                         

                  0291         SRLA MANT                                       

     0BD 00 01011 1001                                                         

                  0292         BET  AS3  ALWAYS BRANCH                         

     0BE 11 00001 1101                                                         

                  0293  AS4    AAKA EXP1                                       

     0BF 00 01100 0000                                                         

                  0294         BET  AS5  RESET CONDITION                       

     0C0 11 01100 1100                                                         

                  0295  AS5    CAB  MANT                                       

     0C1 00 01100 0100                                                         

                  0296         BIGE AS6                                        

     0C2 11 10011 1111                                                         

                  0297         EXAB ALL                                        

     0C3 10 11111 0110                                                         

                  0298         EXF  SIGN                                       

     0C4 10 11101 0110                                                         

                  0299  AS6    CF   SIGN                                       

     0C5 00 01100 1000                                                         

                  0300         BIE  AS7                                        

     0C6 11 00111 1100                                                         

                  0301         SABA MANT                                       

     0C7 00 01100 1001                                                         

                  0302         BET  AS8  ALWAYS BRANCH                         

     0C8 11 00000 1100                                                         

                  0303  AS7    AABA MANT                                       

     0C9 10 10111 0110                                                         

                  0304  AS8    ZFB  SIGN                                       

     0CA 10 11010 0101                                                         

                  0305         TFA  F5                                         

     0CB 00 01111 1101                                                         

                  0306         BIZ  POST                                       

     0CC 10 10011 0110                                                         

                  0307         SFB  SIGN                                       

     0CD 10 11000 0101                                                         

                  0308         ZFA  F5                                         

     0CE 00 01111 1101                                                         

                  0309         BET  POST ALWAYS BRANCH                         

     0CF 10 11101 0110                                                         

                  0311  M/D    CF   SIGN                                       

     0D0 10 11000 0110                                                         

                  0312         ZFA  SIGN                                       

     0D1 00 01101 0011                                                         

                  0313         BIE  MD1                                        

     0D2 10 10100 0110                                                         

                  0314         SFA  SIGN                                       

     0D3 10 11010 0001                                                         

                  0315  MD1    TFA  OP2                                        

     0D4 01 01110 0100                                                         

                  0316         BIC  DIV                                        

                  0317  *                MULTIPLY                              

     0D5 11 00010 1111                                                         

                  0318         AAKC ALL                                        

     0D6 11 10000 1100                                                         

                  0319         AKA  MANT                                       

     0D7 11 00000 1110                                                         

                  0320         AABA EXP                                        

     0D8 11 01011 0010                                                         

                  0321  M1     SCKC LSD1                                       

     0D9 01 01101 1100                                                         

                  0322         BILT M2                                         

     0DA 11 00000 1100                                                         

                  0323         AABA MANT                                       

     0DB 00 01101 1000                                                         

                  0324         BET  M1   ALWAYS BRANCH                         

     0DC 11 11001 1100                                                         

                  0325  M2     SRLC MANT                                       

     0DD 11 01111 1011                                                         

                  0326         CCK  MANT1                                      

     0DE 01 01111 1100                                                         

                  0327         BILT MD2  MULTIPLY DONE                         

     0DF 11 10111 1100                                                         

                  0328         SRLA MANT                                       

     0E0 11 01001 1101                                                         

                  0329         SAKA EXP1                                       

     0E1 00 01101 1000                                                         

                  0330         BIGE M1                                         

     0E2 10 10011 0101                                                         

                  0331         SFB  F5                                         

     0E3 00 01101 1000                                                         

                  0332         BET  M1   ALWAYS BRANCH                         

                  0333  *                DIVIDE                                

     0E4 11 01111 1011                                                         

                  0334  DIV    CCK  MANT1                                      

     0E5 01 01111 1010                                                         

                  0335         BILT ERR  DIVIDE BY ZERO                        

     0E6 11 00010 1111                                                         

                  0336         AAKC ALL                                        

     0E7 11 10000 1100                                                         

                  0037  D1     AKA  MANT                                       

     0E8 11 01111 1011                                                         

                  0338         CCK  MANT1                                      

     0E9 01 01111 1100                                                         

                  0339         BILT MD2  ANSWER ZERO                           

     0EA 11 00111 1110                                                         

                  0340         SABA EXP                                        

     0EB 00 01110 1101                                                         

                  0341         BIGE D2                                         

     0EC 10 10011 0101                                                         

                  0342  SFB    F5                                              

     0ED 11 01110 1100                                                         

                  0343  D2     CCB  MANT                                       

     0EE 01 01111 0010                                                         

                  0344         BILT D3                                         

     0EF 11 01010 1100                                                         

                  0345         SCBC MANT                                       

     0F0 11 00001 0010                                                         

                  0346         AAKA LSD1                                       

     0F1 00 01110 1101                                                         

                  0347         BET  D2   ALWAYS BRANCH                         

     0F2 11 01101 1010                                                         

                  0348  D3     CAK  MSD1                                       

     0F3 00 01111 1100                                                         

                  0349         BIGE MD2  DIVIDE DONE                           

     0F4 11 10110 1100                                                         

                  0350         SLLC MANT                                       

     0F5 11 10100 1100                                                         

                  0351         SLLA MANT                                       

     0F6 11 00001 1101                                                         

                  0352         AAKA EXP1                                       

     0F7 00 01110 1101                                                         

                  0353         BINC D2                                         

     0F8 10 10111 0101                                                         

                  0354         ZFB  F5                                         

     0F9 00 01110 1101                                                         

                  0355         BET  D2   ALWAYS BRANCH                         

     0FA 10 10011 0101                                                         

                  0356  ERR    SFB  F5                                         

     0FB 00 00001 0011                                                         

                  0357         BET  ZERO ALWAYS BRANCH                         

     0FC 11 00100 1111                                                         

                  0358  MD2    ABOC ALL                                        

                  0360  *                POST NORM                             

     0FD 11 10001 1110                                                         

                  0361  POST   AKB  EXP                                        

     0FE 11 10001 0000                                                         

                  0362         AKB  DPT7                                       

     0FF 11 01101 1000                                                         

                  0363         CAK  OV1                                        

     100 01 10000 1000                                                         

                  0364         BILT P1                                         

     101 11 10111 1100                                                         

                  0365         SRLA MANT                                       

     102 11 01001 1101                                                         

                  0366         SAKA EXP1                                       

     103 00 01001 1101                                                         

                  0367         BIGE P1                                         

     104 10 10011 0101                                                         

                  0368         SFB  F5                                         

     105 11 00000 1110                                                         

                  0369  OVF    AABA EXP                                        

     106 11 00001 1101                                                         

                  0370         AAKA EXP1                                       

     107 01 10011 1001                                                         

                  0371         BIC  OVF1 ALWAYS BRANCH                         

     108 10 11001 0101                                                         

                  0372  P1     TFB  F5                                         

     109 01 10000 0101                                                         

                  0373         BIO  OVF                                        

     10A 11 01101 1011                                                         

                  0374         CAK  MANT1                                      

     10B 01 10001 0010                                                         

                  0375         BILT P3                                         

     10C 11 01101 1010                                                         

                  0376  P2     CAK  MSD1                                       

     10D 00 10001 0100                                                         

                  0377         BIGE P4                                         

     10E 11 10100 1100                                                         

                  0378         SLLA MANT                                       

     10F 11 00001 1101                                                         

                  0379         AAKA EXP1                                       

     110 00 10000 1100                                                         

                  0380         BET  P2   ALWAYS BRANCH                         

     111 00 00010 1011                                                         

                  0382  ID5    BET  ID4  ALWAYS BRANCH                         

     112 11 00011 1110                                                         

                  0382  P3     ABOA EXP                                        

     113 10 11000 0110                                                         

                  0383         ZFA  SIGN                                       

     114 10 11001 0010                                                         

                  0384  P4     TFB  OP3                                        

     115 00 10001 1101                                                         

                  0365         BIZ  P7                                         

     116 10 10011 0011                                                         

                  0386         SFB  F3                                         

     117 11 00010 1111                                                         

                  0387  P5     AAKC ALL                                        

     118 10 11101 0110                                                         

                  0388         CF   SIGN                                       

     119 00 10001 1011                                                         

                  0389         BIE  P6                                         

     11A 10 11011 0110                                                         

                  0390         FFB  SIGN                                       

     11B 10 11111 1001                                                         

                  0391  P6     EXF  OPFGS                                      

     11C 10 10111 1001                                                         

                  0392         ZFB  OPFGS                                      

     11D 10 10100 0011                                                         

                  0393  P7     SFA  F3                                         

     11E 10 11000 0101                                                         

                  0394         ZFA  F5                                         

     11F 11 01100 1110                                                         

                  0395         CAB  EXP                                        

     120 01 00000 0101                                                         

                  0396         BILT RJ                                         

     121 11 00111 1100                                                         

                  0397         SABA EXP                                        

     122 11 01101 1101                                                         

                  0398  P8     CAK  EXP1                                       

     123 01 10010 1001                                                         

                  0399         BILT P9                                         

     124 11 01001 1101                                                         

                  0400         SAKA EXP1                                       

     125 11 10111 1100                                                         

                  0401         SRLA MANT                                       

     126 00 10010 0010                                                         

                  0402         BET  P8   ALWAYS BRANCH                         

     127 00 00010 1011                                                         

                  0403  ID3    BET  ID4  ALWAYS BRANCH                         

     128 00 00001 0101                                                         

                  0404  FD4    BET  DPTPOS                                     

                                         ALWAYS BRANCH                         

     129 11 00001 0000                                                         

                  0406  P9     AAKA DPT7                                       

     12A 00 00000 0101                                                         

                  0407         BET  RJ   ALWAYS BRANCH                         

     12B 10 11010 0110                                                         

                  0408  KS4    TFA  SIGN                                       

     12C 00 10011 0110                                                         

                  0409         BIZ  KS9                                        

     12D 11 10000 1000                                                         

                  0410         AKA  OV1  ELIMINATE HEX CHAR FOR SIGN           

     12E 11 01001 1000                                                         

                  0411         SAKA OV1                                        

     12F 11 01101 1011                                                         

                  0412         CAK  MANT1                                      

     130 01 01001 1110                                                         

                  0413         BILT KS6                                        

     131 11 01101 1010                                                         

                  0414  KS5    CAK  MSD1                                       

     132 00 01010 0001                                                         

                  0415         BIGE KS7                                        

     133 11 10100 1100                                                         

                  0416         SLLA MANT                                       

     134 11 00001 1101                                                         

                  0417         AAKA EXP1                                       

     135 00 10011 0001                                                         

                  0418         BET  KS5  ALWAYS BRANCH                         

     136 11 10111 1100                                                         

                  0419  SK9    SRLA MANT                                       

     137 11 01001 1101                                                         

                  0420         SAKA EXP1                                       

     138 00 01010 0001                                                         

                  0421         BET  KS7  ALWAYS BRANCH                         

     139 10 11010 0110                                                         

                  0422  OVF1   TFA  SIGN                                       

     13A 00 00001 0101                                                         

                  0423         BIZ  DPTPOS                                     

     13B 11 11100 1000                                                         

                  0424         SAKAH                                           

                                    OV1                                        

     13C 11 11100 1000                                                         

                  0425         SAKAH                                           

                                    OV1                                        

     13D 01 00001 0101                                                         

                  0426         BILT DPTPOS                                     

                                         ALWAYS BRANCH                         

     __________________________________________________________________________

TBL                TABLE III                                                   

     ______________________________________                                    

     Problem      Key          Display                                         

     ______________________________________                                    

                  C            0                                               

     -a-b+c=      -            0                                               

                  a            a                                               

                  -            -a                                              

                  b            b                                               

                  +            -a-b                                            

                  c            c                                               

                  =            -a-b+c                                          

     ______________________________________                                    

     (-a).times.b=                                                             

                  C            0                                               

                  -            0                                               

                  a            a                                               

                  .times.      -a                                              

                  b            b                                               

                  =            -ab                                             

     ______________________________________                                    

     a.div.(-b)=  a            a                                               

                  .div.        a                                               

                  -            -0                                              

                  b            -b                                              

                  =            -a/b                                            

     ______________________________________                                    

     a.times.(-b).div.(-c)=                                                    

                  a            a                                               

                  .times.      a                                               

                  -            -0                                              

                  b            -b                                              

                  .div.        -ab                                             

                  -            -0                                              

                  c            -c                                              

                  =            ab/c                                            

     ______________________________________                                    

     (a+b-c).times.d                                                           

               -f=    a            a                                           

                      +            a                                           

                      b            b                                           

                      -            a+b                                         

                      c            c                                           

                      .times.      a+b-c                                       

                      d            d                                           

                      .div.        (a+b-c)d                                    

                      e            e                                           

                                   (a+b-c)d                                    

                -                                                              

                                   e                                           

                f                  f                                           

                                 (a+b-c)d                                      

                =                         -f                                   

                                 e                                             

     ______________________________________                                    

     a .times. b =                                                             

                  a            a                                               

     c .times. b =                                                             

                  .times.      a                                               

     d .times. b =                                                             

                  b            b                                               

                  =            ab                                              

                  c            c                                               

                  =            bc                                              

                  d            d                                               

                  =            bd                                              

     ______________________________________                                    

     a .div. b =  a            a                                               

     c .div. b =  .div.        a                                               

     d .div. b =  b            b                                               

                  =            a/b                                             

                  c            c                                               

                  =            c/b                                             

                  d            d                                               

                  =            d/b                                             

     ______________________________________                                    

     a.sup.3 .div.b.sup.2 .times.c.sup.2 =                                     

                  a            a                                               

                  .times.      a                                               

                  =            a.sup.2                                         

                  =            a.sup.3                                         

                  .div.        a.sup.3                                         

                  b            b                                               

                  =            a.sup.3 /b                                      

                  =            a.sup.3 /b.sup.2                                

                  .times.      a.sup.3 /b.sup.2                                

                  c            c                                               

                  =            a.sup.3 c/b.sup.2                               

                  =            a.sup.3 c.sup.2 /b.sup.2                        

     ______________________________________                                    

     3 a - 2b =   a            a                                               

                  +            a                                               

                  =            2a                                              

                  =            3a                                              

                  -            3a                                              

                  b            b                                               

                  =            3a-b                                            

                  =            3a-2b                                           

     ______________________________________                                    

     Double       a            a                                               

     Operator     -            a                                               

     Entries                                                                   

                  .times.      a                                               

                  +            a                                               

                  b            b                                               

                  .div.        a+b                                             

                  +            a+b                                             

                  -            a+b                                             

                  c            c                                               

                  .times.      a+b-c                                           

                  +            a+b-c                                           

                  .div.        a+b-c                                           

                  d            d                                               

                  .div.        (a+b-c)/d                                       

                  .times.      (a+b-c)/d                                       

                  e            e                                               

                  =            (a+b-c)e/d                                      

     ______________________________________                                    

     Clear        a            a                                               

     Entry                                                                     

     (CE)         CE           0                                               

     Examples     b            b                                               

                  +            b                                               

                  CE           b                                               

                  c            c                                               

                  .times.      b+c                                             

                  CE           b+c                                             

                  -            -0                                              

                  d            -d                                              

                  CE           0                                               

                  -            -0                                              

                  e            -e                                              

                  =            -(b+c)e                                         

                  CE           -(b+c)e                                         

     ______________________________________                                    

CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a small, portable, battery-operated electronic calculator of the type
      implemented in large-scale-integrated semiconductor means: a
      read-only-memory of storing a plurality of instruction words for defining
      the operation of the system, comprising an array of rows and columns of
      memory cells and row lines and column lines associated with the array, the
      column lines being partitioned in groups to provide bits of the
      instruction word on output lines, each group consisting of an output line
      and a ground line with a plurality of intermediate column lines between
      the output line and the ground line, there being only one ground line for
      each group of column lines, column select means receiving an address
      signal for selecting a particular column in each group and connecting the
      column line on one side of the selected column to the ground line for such
      group and connecting the column line on the other side of the selected
      column to an output line for such group, row select means receiving an
      address signal for selecting a particular row line including a precharged
      decode array isolated from all of the row lines except the selected one,
      and means for precharging the column lines prior to connection of a column
      line to a ground line.
NUM  2.
PAR  2. In a calculator according to claim 1, the column select means being
      coupled to a Y address register and the row select means being coupled to
      an X address register, and means for loading addresses from the X and Y
      address registers into the row and column select means at a given time
      within the instruction cycle time of the calculator.
NUM  3.
PAR  3. In a calculator according to claim 2, an instruction register for
      receiving in parallel the outputs from the read-only-memory on said output
      lines via gating means, and means connected to the gating means for
      loading an instruction word from the read-only-memory into the instruction
      register at a second time slightly after said given time.
NUM  4.
PAR  4. In a calculator according to claim 3, means for gating the precharged
      decode array into the row lines at a third time which is later than said
      given time but prior to said second time.
NUM  5.
PAR  5. In a calculator according to claim 4, means for precharging the column
      lines but not the ground lines at a time prior to said given time, means
      for precharging the decoder array at a time prior to said given time, and
      means connected between the address register and the column select means
      to prevent the column select means from being actuated prior to said given
      time.
NUM  6.
PAR  6. In a calculator according to claim 5, the read-only-memory being
      constructed of insulated gate field effect transistors, said row lines
      being metal strips, said column lines being elongated semiconductor
      regions in a face of the semiconductor means, said row select decode array
      including a plurality of metal strips connected to the output of the
      address register and a plurality of underlying elongated semiconductor
      regions.
NUM  7.
PAR  7. Semiconductor memory means comprising a plurality of read-only-memory
      cells arranged on the face of a semiconductor chip in an array of rows and
      columns, X lines in the form of conductive strips defining rows, and
      columns being defined between Y lines in the form of elongated regions in
      said face of the semiconductor chip, the Y lines being arranged in groups
      with each group having an output line and one ground line along with a
      plurality of intermediate lines, a Y-select decoder for receiving a
      Y-address which selects one column in each group, the Y-select decoder
      connecting one of said intermediate Y lines on one side of the selected
      column to the ground line in each group and connecting an adjacent Y line
      on the other side of the selected column to said output line in each
      group, an X-select decoder for receiving an X-address and energizing one
      of the X lines.
NUM  8.
PAR  8. Semiconductor memory means according to claim 7 wherein an X address
      register is provided for loading an address into the X-select decoder, and
      a Y address register is provided for loading an address into the Y-select
      decoder.
NUM  9.
PAR  9. Semiconductor memory means according to claim 8 wherein means are
      provided for precharging the Y lines separate from the Y-select decoder
      and for precharging the X-select decoder separate from the X lines.
NUM  10.
PAR  10. Semiconductor memory means according to claim 9 wherein means are
      provided for rendering the Y-select decoder inoperative to connect any of
      the Y lines to a ground line while the Y lines are being precharged.
NUM  11.
PAR  11. A semiconductor read-only memory of the virtual ground type comprising
      an array of potential MOS transistors in an array of rows and columns on
      the face of a semiconductor chip, each row being defined by a conductive
      strip, columns being defined by column lines in the form of elongated
      regions in the face of the semiconductor chip, the columns being
      partitioned in a plurality of groups with each group having an output line
      and one ground line along with a plurality of intermediate column lines, a
      column select decoder for receiving an address which selects one column in
      each group and connects the intermediate column line on one side of the
      selected column to the ground line in each group and connects the
      intermediate column line on the other side of the selected column to the
      output line in each group, and a row select decoder having rows
      corresponding to the row lines for receiving an address which energizes
      one of the row lines.
NUM  12.
PAR  12. A memory according to claim 11 wherein means are provided for
      precharging the column lines during a first time period, means are
      provided for precharging the rows of the row select decoder during said
      first time period, means are provided for preventing the column select
      decoder from connecting any of the intermediate column lines to the ground
      line during said first time period, means are provided for discharging to
      ground all but the selected row in the row select decoder during said
      first time period, means are provided for connecting the selected row in
      the row select decoder to the selected one of the row lines during a
      second time period after the first time period, and means are provided for
      rendering the column select decoder operative during the second time
      period.
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PAL  A unique photodichroic readout device composed of photodichroic material
       u which is passed a circularly polarized light beam that is horizontally
      or vertically polarized dependent upon the storage of information in the
      material. The beam is then passed to a beam splitter which segregates the
      horizontal polarized light and the vertical polarized light. The two
      individual beams pass to individual detectors whose output is coupled to a
      difference amplifier. The system also provides a method for selectively
      storing information within the photodichroic material.
GOVT
PAR  The invention described herein may be manufactured and used by or for the
      Government of the United States of America for governmental puposes
      without the payment of any royalties thereon or therefor.
BSUM
PAR  The ever increasing needs for the storage of large quantities of data in
      modern computer systems require new techniques in mass memories. The
      conventional disc or drum type magnetic memories are much too slow and the
      cost and effort necessary to assemble a fast, high capacity memory from
      solid state devices is prohibitive.
PAR  It appears that a satisfactory solution to the problem of bulk storage can
      be found in the use of light to make a reversible change in some physical
      property of a solid. Microsecond access times is possible and the storage
      density is limited only by the diffraction limit of the light beam, i.e.,
      a density exceeding 10.sup..sup.+7 bits/cm.sup.2.
PAR  The idea of an optical memory is not new but previous materials suggested
      for implementation suffered from a variety of problems that severely limit
      their usefulness. Photographic film records are read only since writing
      produces a permanent record that can be altered only by changing the film.
      This involves mechanical motion which is inherently slow. Photochromics,
      substances which undergo color changes when illuminated with light of a
      given wavelength, are plagued with fatigue, destructive readout, and the
      necessity of using two or even three wavelengths of light.
PAR  Many of these problems can be eliminated by using a photodichroic, a
      material whose optical absorption depends on the polarization of the
      exciting light. The M.sub.A color center in KCl:NaCl is a photodichroic
      and it may be used as a binary indicator by proper choice of the exciting
      wavelength and polarization. Its versatility includes the ability to be
      written and erased with polarized 531 nm light and read nondestructively
      with 825 nm light or to be written, erased, and read (destructively) with
      only polarized 531 nm light. Another photodichroic, and M center in NaF,
      has its writing and erasing wavelengths at 350 nm and its nondestructive
      reading wavelength at 505 nm. Hence it can be used in a manner similar to
      the M.sub.A center and simultaneously as a visual display. Both the M and
      M.sub.A center can find application as a fast, random access memory
      suitable for a computer bulk memory. The M center in NaF can find the
      additional use as a memory-display unit suitable for incorporation with a
      computer based educational system.
PAR  The memory element employed is the M.sub.A color center in KCl:NaCl.
      Although this material is not as ideal as the M center in NaF in that it
      must be kept at 77.degree.K in order to stabilize the centers, the factors
      that it is extremely well studied and that the exciting wavelength is in
      the visible are determining for the initial embodiment.
PAR  The KCl:NaCl crystal containing the M.sub.A centers is a mixed alkali
      halide, i.e., 1 or 2 percent of the potassium ions have been
      substitutionally replaced by sodium ions. Four simple excess electron
      centers that can exist in KCl:NaCl are the F, F.sub.A, M, and M.sub.A
      centers. Their atomic models are all well established. The F center is an
      isolated negativeion vacancy that has trapped an electron. The M center
      consists of two F centers on nearest neighbor sites. The F.sub.A and
      M.sub.A centers are F and M centers associated with a substitutional
      sodium ion impurity as their neighbors.
PAR  It is therefore an object of this invention to provide an improved storage
      unit which is capable of storing digital information for rapid optical
      readout utilizing the concept that a photodichroic material of information
      stored therein has centers which will selectively pass light which is
      horizontally and vertically polarized and by separating light thru a beam
      splitter it may be determined whether the information was stored at a zero
      bit or a one bit.
PAR  It is a futher object of this invention to provide an improved optical
      memory system including means for storing information in a photodichroic
      material in bit form and for reading it out by passing circularly
      polarized light thru areas of the material that have the information
      stored, splitting the light beams based upon horizontal or vertical
      polarizaition, detecting the signals, and developing an output signal
      therefrom.
PAR  It is still a further object of this invention to provide an improved
      photodichroic readout device for detecting information stored in a
      photodichroic crystal memory unit comprising, a source of coherent light
      beam for projecting the beam along a first path, means for circularly
      polarizing the coherent beam in the first path and for projecting the beam
      in a controlled manner along a second path, a material having
      photodichroic properties as a storage unit in the second path of the beam,
      a beam splitter positioned to receive the beam of light that has passed
      thru the photodichroic material and splitting the beam dependent upon the
      beam's vertical or horizontal polarization of the beam, first and second
      detector means positioned to receive the horizontal or vertical beams, the
      detectors having electrical outputs, the electrical outputs coupled to a
      difference amplifier and means for taking the output of the difference
      amplifier and display the information that is stored in the photodichroic
      material.
PAR  And yet another object of this invention is to provide an improved
      photodichroic storage readout device comprising; a light source having a
      coherent output beam at a given frequency, the output light beam being
      propagated along a given first path, positioned along the first path in
      serial alignment are a shutter, a Kerr cell, a collimator and a lens for
      controlling and focusing the light beam and projecting the light beam
      along a second path the light beam being circulary polarized, a positional
      mirror in the second path to reflect the light beam along a third path,
      means for positioning the mirror, a crystal capable of storing discrete
      bits of information as transparent or opaque portions in the third path,
      the crystal composed of KCl:NaCl; the light beam projected thru the
      crystal, the positioning means capable of causing the light beam to pass
      thru different portions of the crystal and a beam splitter for splitting
      the beam after it passes thru the crystal depending upon the light beams
      vertical or horizontal polarization into fourth and fifth paths to first
      and second detectors, the detectors' individual outputs being coupled to a
      difference amplifier having an output for generating a signal.
DRWD
PAR  Other objects, advantages and novel features of the invention will become
      apparent from the following detailed description of the invention when
      considered in conjunction with the accompanying drawings wherein:
PAR  FIG. 1 is a first embodiment of the invention.
PAR  FIG. 2 is a logic table for the readout device for integrating a storage
      bit using circularly polarized light.
PAR  FIG. 3 shows a second embodiment of the invention utilizing a sodium
      floride crystal.
DETD
PAR  FIG. 1 is an overall block diagram of a write-read address generator for
      storing information in a photodichroic material and in the embodiment
      shown consists of the following.
PAR  A laser 11 serves as a source of light and projects a light beam 12 along a
      first path 13 at the 531 nm line. A shutter 14 located along path 13 is a
      spinning disc having a slit and the beam is chopped into 100 microsecond
      pulses at a 30 Hertz repetition rate. The beam 12 from the laser is
      vertically polarized and has a Gaussian amplitude profile with 1.4 mm
      between the l/e.sup.2 points. A Kerr cell 15 controls the polarized state
      of beam 12 and is constructed as a parallel plate capacitor immersed in
      nitrobenzene. The voltage applied to the capacitor resolves the
      (010)polarized light into a (110) "e" component and a (110)"o" component,
      and introduces a phase shift between the two. Depending on the voltage
      applied, the output beam can be either vertically, horizontally, or
      circularly polarized. The windows on the Kerr cell are flat .lambda./10
      and are anti-reflection coated. A collimator 16 spatially filters the beam
      and expands the diameter of the amplitude to 12 mm (l.e points). This
      spatial filtering removes those rays not representative of a diffraction
      limited beam and the expansion is done to reduce the focused beam spot
      size. The lenses in the collimator are coated and the optics adjusted to
      give .lambda./20 performance.
PAR  A coated, fused silica lens 17 follows the collimator and focuses the
      expanded beam 18 to a convergent beam 19 which is deflected by a tilting
      mirror 20 to bring the center beam 19 to a focus within a photodichroic
      crystal 21. A second light path 22 is indicated by the dashed line. The
      photodichroic crystal is positioned within a dewar 23 that has first and
      second windows 24, 25 which allows for the position of the light beam.
      These windows are anti-reflective and flat to .lambda./10 over the central
      70 percent of the disk. The window thicknesses were chosen so that a one
      atmosphere pressure differential will not deflect the center point more
      than .lambda./10 as compared to the rim.
PAR  the mirror 20 is deflected by a mirror deflection system 31 which allows
      the beam to be swept thru the crystal for both storing and receiving
      information from the crystal. A beam splitter 32 is located along light
      path 22 and receives the beam after it passes thru the crystal. The
      splitter is an inconel coated flat. First and second detectors 33, 34
      receive the two beams 35, 36 after they have been split. These detectors
      are silicon photoconverters and when properly terminated have rise times
      of about 1-2 microseconds. The output of the two detectors shown as 37, 38
      is coupled to a difference amplifier 39.
PAR  FIG. 1 also includes the write mode which includes a write-read address
      generator and shutter control 40 which receives instruction input via 41.
      A control line 42 is shown coupling the generator and control generator 40
      to shutter 14.
PAR  A pair of switches 50 and 51 are provided to shift between the read and
      write modes. These switches operate to connect a polarization control 52
      to the input data latch control 53 or the discriminator 54 output data
      latch 55.
PAR  FIG. 1 diagrams the interfacing of the optical and control systems. The
      whole system was designed to automatically readout and regenerate a memory
      of 2.sup.N bits arranged linearly with constant spacing. It operates in
      the following manner. The memory is put into the write mode and a "1" or a
      "0" is assigned to each bit by (1) deflecting the mirror to give the
      proper spot and (2) hitting each spot with either vertically polarized
      light to write a "0" or horizontally polarized light to write a "1." When
      all bits are written, the control system is put into the read mode and the
      reading and regeneration of each bit proceeds automatically in sequence
      from bit 1 to bit 2.sup.N.
PAR  The detection system for readout with circularly polarized 531 nm light is
      drawn in FIG. 1. This method applies the fact that circularly polarized
      light can be considered as composed of equal intensities of (110) and
      (110) polarized light. Hence if a bit is written so as to pass (110)
      polarized light, the (110) component of a circularly polarized reading
      pulse will reorientate M.sub.A centers and these centers will begin to
      absorb (110) polarized light. Simultaneously the (110) component will
      become more transmitting. A steady state is finally reached when the
      number of centers rotated by (110) polarized light equals the number
      rotated by (110) polarized light. Thus if polarization filters are placed
      behind the crystal and orientated to pass (110) and (110) light
      respectively, the bit state can be determined from the polarity of the
      difference between the (110) and (110) transmissions. The great advantage
      of this detection scheme is that it operates by means of differential
      absorption, not absolute absorption. A thin layered photodichroic having
      small absorption can now be used to construct an optical memory of high
      bit density.
PAR  In the read mode the control system deflects the mirror to position 1 and
      switches a vacuum read relay to impress a voltage on the Kerr cell
      corresponding to circularly polarized light. The slit in the spinning disk
      then passes a pulse of circularly polarized light which is focused onto
      the bit and detected by the photodetectors. The polarity of the signal
      from the difference amplifier determines whether the bit was "0" or a "1"
      and the logic value is determined by plus and minus gates. The gates
      trigger multi-vibrator circuits whose outputs can be displayed on an
      oscilloscope to reveal the information content of the bit. Simultaneously
      the control system read the logic value of the signal and the bit is
      regenerated at the next pulse. After regeneration the mirror deflects to
      position 2 and the process repeats. At position 2.sup.N the whole process
      may be stopped at command or alternately it may be looped back to position
      1 and restarted.
PAR  FIG. 2 is a logic table for determining the information content of a bit by
      differential absorption of circularly polarized 531 nm light. A series of
      10 graphs of intensity or signal depending upon the graph the vertical
      axis and time is the horizontal axis. The upper graph (a) shows the time
      intensity plot 60 of the incident circularly polarized pulse from the
      laser 11 as the beam has been passed from the mirror and projected into
      the crystal 21. The group of graphs represented as (b) shows what the
      output of detectors 33 and 34 would be with no KCl:NaCl crystal in place.
      That is, the output on line 37 in FIG. 1 would be represented by the line
      61 and the output on line 38 designated as 62. Since these are equal, the
      output of difference amplifier 39 is zero as represented by 63. The series
      of graphs represented by (c), shows the output of the KCl:NaCl crystal
      containing M.sub.A centers in place and written to pass (110) polarized
      531 nm light and to absorb (110) polarized 531 nm light.
PAR  In this case the output 64 on line 37 from detector 33 and output 65 on
      line 38 from detector 34 fed into difference amplifier 39 shows a positive
      going signal 66 which would be fed upon line 70 in FIG. 1 thru the
      discriminator and output data latch 55 to data output.
PAR  The series of plots (d) represent the output of the KCl:NaCl crystal
      containing M.sub.A centers in place and written to pass (110) polarized
      531 nm light and to absorb (110) polarized 531 nm light.
PAR  In this case detector 33's output 56 is smaller than detector 34's output
      68 and difference amplifier 39 provides a negative going signal 69 which
      in turn is processed by the discriminator and output data latch 55.
PAR  FIG. 3 shows a second embodiment of the invention using a different
      crystal, in this case the M center in NaF as both a memory and as a
      display. A coherent line source 80 provides a 351 nm write, erase, read
      light. This light is projected thru a lens 81 which focuses the beam to
      pass thru the sodium floride crystal 82 after it passes thru a dichroic
      mirror 83. The line then diverges and passes thru a second dichroic mirror
      84 and goes on to the detection system 85.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved photodichroic readout device for detecting information
      stored in a photodichroic crystal memory unit comprising:
PA1  a. a source of a coherent light beam for projecting said beam along a first
      path;
PA1  b. means for circularly polarizing said coherent beam in said first path
      and for projecting said circularly polarized coherent beam in a controlled
      manner along a second path;
PA1  c. a material having photodichroic properties as a storage unit in said
      second path of said beam;
PA1  d. polarization beam splitter means positioned to receive said beam of
      light that has passed thru said photodichroic material and splitting said
      beam dependent upon said beam's vertical or horizontal polarization of
      said beam;
PA1  e. first and second detector means positioned to receive said horizontal or
      vertical beams, said detectors having electrical outputs;
PA1  f. said electrical outputs coupled to a difference amplifier; and,
PA1  g. means for taking the output of said difference amplifier and displaying
      the information that is stored in said photodichroic material.
NUM  2.
PAR  2. The improved photodichroic readout device of claim 1 wherein said source
      consists of a laser for generating said light beam.
NUM  3.
PAR  3. The improved photodichroic readout device of claim 2 wherein there is
      provided means for modulating said light beam in a predetermined manner in
      said first path.
NUM  4.
PAR  4. The improved photodichroic readout device of claim 3 wherein said
      modulation means consists of a shutter for dividing the light pulses into
      short pulse length segments.
NUM  5.
PAR  5. The improved photodichroic readout device of claim 4 wherein there is
      provided a collimator and a lense in said second path to receive said
      modulated beam for focusing said modulated light beam to a small focal
      point at said photodichroic material.
NUM  6.
PAR  6. The improved photodichroic readout device of claim 5 wherein means are
      provided for moving said focused beam to different points within said
      photodichroic material in said second path.
NUM  7.
PAR  7. The improved photodichroic readout device of claim 6 wherein said moving
      means is a positional mirror for receiving said light beam after it passes
      thru said photodichroic material and reflecting said light beam to said
      beam splitter.
NUM  8.
PAR  8. The improved photodichroic readout device of claim 7 wherein there is
      provided means for causing said photodichroic material to be programmed
      with information.
NUM  9.
PAR  9. An improved photodichroic storage readout device comprising:
PA1  a. a light source having a coherent output beam at a given frequency, said
      output light beam being circularly polarized and being propagated along a
      given first path;
PA1  b. positioned along said first path in serial alignment are a shutter, a
      Kerr cell, a collimator and a lens for controlling and focusing said light
      beam and projecting said light beam along a second path;
PA1  c. a positional mirror in said first path to reflect said light beam along
      a second path;
PA1  d. means for controllably positioning said mirror;
PA1  e. a crystal capable of storing discrete bits of information as transparent
      or opaque portions in said second path, said crystal composed of KCl:NaCl;
      said light beam projected thru said crystal, said positioning means
      capable of causing said light beam to pass thru different portions of said
      crystal; and,
PA1  f. a beam splitter for splitting said beam after it passes thru said
      crystal depending upon said light beams vertical or horizontal
      polarization into third and fourth paths to first and second detectors,
      said detectors' individual outputs being coupled to a difference amplifier
      having an output for generating a signal.
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PAL  The two drive coils commonly used for moving magnetic bubbles in a bubble
      memory are driven by a pair of reactive-coupled tuned circuits. The tuned
      circuits are designed to maintain the proper phase relationship between
      currents in the circuits and to provide periodic refresh pulses once
      operation is initiated.
BSUM
PAC  FIELD OF THE INVENTION
PAR  This invention relates to magnetic memories and more particularly to
      magnetic bubble memories operative in the field access mode.
PAC  BACKGROUND OF THE INVENTION
PAR  As is well known in the art, field-access operation of magnetic bubble
      memories employs a magnetic field which reorients, typically by rotation,
      in the plane in which bubble movement occurs. The rotating field generally
      is provided by two field coils oriented orthogonally to one another and
      physically encompassing the plane of movement. The coils are driven in
      quadrature by a pair of tuned circuits as described, for example, in
      copending application Ser. No. 443,960 filed Feb. 20, 1974, now U.S. Pat.
      No. 3,879,585, issued Apr. 22, 1975.
PAR  Bubble memories are known to be nonvolatile. That is to say, bubble
      memories retain information even when a power failure occurs. It is
      important, however, to ensure that the in-plane field stops and starts in
      the same orientation in order to avoid loss of information. Consequently,
      circuits generating the in-plane fields have required precise adjustment
      to ensure that they were properly energized and de-energized.
PAR  To be specific, information can be lost if energization of the bubble
      circuit does not occur at the precise point in the in-plane field cycle at
      which de-energization previously occurred. Loss occurs because when
      energization occurs, bubbles might be at positions with respect to the
      permalloy pattern to not move at all or to move incorrectly. Since the
      in-plane field is supplied by two coils driven in quadrature and since the
      coils constitute parts of two tuned circuits, a variation in the peak
      currents in the coils and/or the resonant frequencies of the tuned
      circuits causes the in-plane field to deviate from a constant amplitude,
      which deviation could result in a change in the phase relationship of the
      energization and de-energization signals thus increasing the risk of
      information loss.
PAR  In order to maintain peak currents in the two coils at constant amplitude,
      refresh pulses normally are applied to the tuned circuits during each
      cycle of the in-plane field. The refresh pulses, hitherto, have been
      supplied by an external clock which, because of the above considerations,
      itself had to be precisely set with respect to the phase of the in-plane
      field. Moreover, the tuned circuits were still subject to variations in
      their voltages which changed the phase relationship not only between the
      two tuned circuits but also between the two circuits and the clock.
      Consequently, considerable care (and expense) has been taken to supply
      properly timed refresh pulses and to avoid such variations.
PAR  During energization and de-energization, the shape of the in-plane field
      also is important. Ideally, the components of the in-plane field do not
      change from zero to full field strength simultaneously during energization
      but rather one component initiates its rise at the precise time the other
      component reaches its peak. During de-energization, a similar timing
      relationship also holds true. If the timed sequence is not observed, the
      resulting non-ideal build-up or decay of the field could, again, result in
      undesirable movement of bubbles and thus loss of information. The
      achievement of a suitably timed sequence of field component changes,
      properly timed refresh pulses, and the avoidance of voltage drift in the
      tuned circuits has required sophisticated control circuitry for bubble
      memory operation.
PAC  BRIEF DESCRIPTION OF THE INVENTION
PAR  We have recognized that during energization and de-energization of a bubble
      circuit, the in-plane field may be allowed to build up or decay relatively
      slowly in a manner such that bubbles oscillate about predetermined
      positions without the risk of information loss. Consequently, the
      requirements on the driving circuitry for the two field coils can be
      relaxed. We further recognized that because the field build-up or decay
      could be non-ideal, reactive coupled tuned circuits could be used to
      advantage to drive the bubble memory. Reactive coupled tuned circuits are
      characterized by a non-ideal slow build-up and decay of currents in coils
      within the circuits. Such circuits are also characterized by coil currents
      ninety degrees out of phase with one another if one circuit is a series
      tuned circuit and the other a parallel tuned circuit. Since a non-ideal
      waveform can be used during energization and de-energization of the bubble
      circuit, such circuits appear particularly well suited for driving bubble
      memories. Accordingly, a prime feature of this invention is the
      combination of a reactive coupled pair of tuned circuits and a magnetic
      bubble memory in which bubbles move responsive to a magnetic field
      provided by the coils in the two circuits. Refresh pulses can be extracted
      conveniently from the parallel tuned circuit to ensure constant peak
      currents in both coils in a manner which is self-correcting with
      variations in the voltage of the tuned circuits. Thus, a considerable
      reduction in control circuitry can be realized.
PAR  In one embodiment of this invention, first and second tuned circuits are
      transformer coupled. The first circuit is a series-tuned circuit; the
      second, a parallel-tuned circuit in which the voltage across its capacitor
      is in phase with the current in the first circuit. A start pulse initiates
      current flow in the first circuit. At the termination of the start pulse,
      a second start pulse is applied to charge the capacitor in the second
      circuit. The currents in the two circuits tend to retain a 90.degree.
      phase relationship with respect to one another even if the resonant
      frequencies of the tuned circuits changes. The phase relationship is
      precisely maintained because the refresh pulses are extracted from the
      second circuit and applied to refresh the second circuit during each cycle
     .
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PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a schematic representation of a magnetic bubble memory operative
      in a field-access mode;
PAR  FIG. 2 is a schematic representation of a drive coil arrangement for the
      memory of FIG. 1;
PAR  FIG. 3 is a diagram of an electronic circuit for driving the coils of FIG.
      2 in accordance with this invention;
PAR  FIGS. 4 and 5 are pulse diagrams of the current and voltage waveforms in
      various elements of FIG. 3 during operation; and
PAR  FIG. 6 is a diagram of an oscilloscope output of current waveforms in
      illustrative coils of the type employed for the circuit of FIG. 3.
DETD
PAC  DETAILED DESCRIPTION
PAR  FIG. 1 shows a magnetic bubble memory 10 including a layer 11 of a material
      in which magnetic bubbles can be moved. Bubble movement occurs along
      channels defined by patterns of magnetically soft material such as
      permalloy in a field-access mode of operation disclosed in U.S. Pat. No.
      3,534,347 of A. H. Bobeck, issued Oct. 13, 1970. For illustration
      purposes, the channel-defining pattern is shown comprising familiar T and
      bar-shaped elements in FIG. 1. A typical channel extends from an input
      position, indicated at 12, to an output position, indicated at 13, at
      which information is entered and detected by an input pulse source 15 and
      a utilization circuit 16, respectively. Output signals typically are
      obtained by means of a magneto-resistive element astride a laterally
      expanded portion of the channel and gated by an interrogate pulse applied
      to the element by pulse source 17 as is well known in the art.
PAR  Bubble propagation along a channel occurs in response to a magnetic field
      reorienting in the plane of layer 11. The magnetic field generates
      magnetic poles in the portions of the T and bar-shaped elements aligned
      with the field in each orientation. As the field reorients, the pole
      patterns change. The elements are disposed to present changing pole
      patterns which "move"  domain patterns along the axis of the propagation
      channel. A source of the in-plane field is identified by block 20 in FIG.
      1.
PAR  In practice, a bubble is maintained at an operating diameter by a bias
      field antiparallel to the direction of magnetization of the bubble. Bubble
      materials are characterized by a uniaxial anisotropy transverse, typically
      normal, to the plane of bubble movement. Accordingly, the bias field is
      directed normal to that plane. A bias field source is represented by block
      21 in FIG. 1.
PAR  Sources 15, 17, 20, and 21 and circuit 16 are operative under the control
      of a control circuit 23. The various sources and circuits may be any such
      elements capable of operating in accordance with this invention.
PAR  In-plane field source 20 includes a pair of field coils represented as L1
      and L2 in FIG. 2. The coils comprise tightly wound, multiple-layered wire
      arrangements designed to generate a uniform rotating field in a bubble
      layer placed within the coils. Note from FIG. 2 that coil L1 is smaller
      than coil L2 and is designed to fit within coil L2. Also note that the
      coils are oriented orthogonally with respect to one another. This is a
      well-known coil structure and organization for producing the rotating
      in-plane field characteristic of magnetic bubble, field-access operation.
PAR  The coils are driven with sinusoidal current waveforms 90.degree. out of
      phase with one another to produce the requisite field reorientation. FIG.
      3 shows a drive circuit in accordance with this invention for so driving
      coils L1 and L2 of FIG. 2. The drive circuit includes first and second
      tuned circuit 41 and 42. The coils can be seen to constitute portions of
      tuned circuits 41 and 42, respectively. Coil L1 is connected electrically
      in series with a capacitor C1. Coil L2 is connected electrically in
      parallel with capacitor C2. The two tuned circuits are coupled together
      illustratively by transformer 44, the current in circuit 41 being in phase
      with the voltage across the capacitor in circuit 42 in accordance with
      well-understood principles. Once the tuned circuits are activated, they
      operate to impress in coils L1 and L2 sinusoidal current waveforms which
      tend to be maintained 90.degree. out of phase with one another because of
      the cross coupling between the first and second circuits even though the
      resonant frequency of either circuit may vary or drift.
PAR  Activation of the tuned circuits occurs in response to the application of
      signals applied to transistors 50 and 51 of FIG. 3 by control circuit 23
      of FIG. 1. The collector of transistor 50 is connected by means of
      resistor 53 to one side of coil L1. The other side of coil L1 is connected
      to a reference voltage illustratively of +11 volts. The emitter of
      transistor 50 is connected to ground. Similarly, the collector of
      transistor 51 is connected to one side of coil L2 and the other side of
      that coil also is connected to +11 volts. The emitter of transistor 51 is
      connected to ground.
PAR  The activation signals for the circuit of FIG. 3 are applied to the base
      electrodes of transistors 50 and 51. A first start pulse of the waveform
      shown in FIG. 3 is first applied to the base of transistor 50. At the
      termination of the first pulse, a second start pulse is applied to the
      base of transistor 51 via a diode 55. The first start pulse is operative
      to initiate current flow (I) in coil L1 shown as I.sub.L1 in the pulse
      diagram of FIG. 4. The start pulse terminates leaving circuit 41
      oscillating. The second start pulse charges capacitor C2 to peak voltage
      in essentially zero time (short duration compared to one period of the
      oscillating frequency) thus initiating a current flow I.sub.L2 in FIG. 4
      driving circuit 42 into resonance.
PAR  Once current flow is initiated in the tuned circuits, refresh signals are
      provided to make up for losses which occur in the circuits during each
      cycle of the in-plane field. The refresh signal comprises a refresh pulse
      for each cycle of the in-plane field and is derived from circuit 42 in
      FIG. 3. To this end, circuit 42 includes a transformer 60 in series with
      coil L2. The secondary winding 61 of transformer 60 is connected
      electrically in parallel with diode 62 between ground and a capacitor 63.
      Capacitor 63, in turn, is connected to the base electrode of transistor 51
      by means of diode 64 and via a resistor 65 to ground. Transformer 60 is
      operative to apply a refresh pulse to the base of transistor 51 during
      each cycle of the in-plane field, capacitor 63 and diode 64 being
      operative to differentiate and to clip the refresh pulse, respectively.
PAR  FIG. 5 is a pulse diagram showing a curve representing the voltage V.sub.51
      at the collector of transistor 51 in FIG. 3 during operation. The start
      pulse applied to transistor 51 is operative to drop the voltage to zero
      charging capacitance C2 as indicated by curve V.sub.51. Due to losses in
      circuit 42, V.sub.51 does not drop to zero during each cycle as indicated
      at T.sub.0 in FIG. 5. Rather, the voltage follows the broken portion 73 of
      curve V.sub.51. The refresh pulse occurs at time T.sub.0 to return the
      voltage to zero. In other words, the occurrence of the refresh pulses at
      times T.sub.0 ensures that the peak amplitudes of the current in coil L2
      (and in coil L1) are maintained at a substantially uniform value over long
      periods of time. If a drift in resonant frequency occurs, no phase change
      occurs. Only a tolerable reduction in amplitudes of the currents in the
      coils occurs.
PAR  FIG. 4 shows the current I.sub.L2 in coil L2. The refresh pulse occurs at
      positive-going zero crossings in the I.sub.L2 waveform. At each of these
      crossings, transformer 60 goes through a zero current point following
      curve I.sub.L2 of FIG. 5. Diode 62 clips the negative peak of the voltage
      (waveform) induced on secondary winding 61; diode 64 and transistor 51
      clip the positive peak. The clipped waveform is next differentiated by the
      resistor 65-capacitor 63 combination. Diode 64 is used to allow current
      flow in transistor 51 only during the positive transition of point 100 in
      FIG. 3.
PAR  A diode 101 is connected between the collector of transistor 50 and diode
      62 for the purpose of grounding point 100 in FIG. 3 when a subsequent
      (turn-off) pulse 71 is applied to the base of transistor 50. The grounding
      of point 100 inhibits subsequent refresh pulses and thus deactivates the
      driver.
PAR  The leading portion 102 of waveform I.sub.L1 of FIG. 4 has a duration
      determined by the requirements of the bubble circuit. In the
      above-mentioned copending application, bubbles are generated in an
      expansion detector, characteristic of bubble memories, during operation.
      These bubbles are required to expand laterally quite rapidly. Since the
      in-plane field, in the application, is initiated synchronously with bubble
      generation, the duration of the portion is chosen sufficiently long to
      allow the bubble sufficient time to expand laterally before propagation
      commences.
PAR  Similarly, the trailing portion 105 of waveform I.sub.L1, initiated by
      pulse 71 of FIG. 3, exhibits a rate of decline determined by the (low and
      high) Q's of circuits 41 and 42 (respectively) in a well-understood
      manner. Actually the decline of trailing portion 105 should be equal to or
      greater than a line through the progressively decreasing positive maxima
      of waveform I.sub.L2 in FIG. 4 to ensure that the in-plane field rotates
      no more than .+-. 45.degree. while its amplitude decays to zero. This
      ensures, in turn, the integrity of the bubble data stream, i.e., no
      undesirable bubble movement.
PAR  In FIG. 3, transformer 60 is shown connected in series with coil L2. As has
      been mentioned hereinbefore, the purpose of the circuit associated with
      the secondary of transformer 60 is to apply refresh pulses to transistor
      51 thus fulfilling a clock function in a particularly attractive and
      convenient self-adjusting manner. Circuit 41 can be adapted to fulfill a
      similar function. For example, a primary winding 110 of a transformer 111,
      shown in phantom in the figure, can be connected electrically in series as
      shown. The secondary winding 112 applies signals via a clipping and
      differentiating circuit arrangement connected between the ends of the
      winding and a center tap as shown. The arrangement provides timing signals
      T1 and T2 which occur at the negative-going and positive-going zero points
      in waveform I.sub.L1 of FIG. 4. Such timing pulses are required by logic
      circuitry controlling operation of a bubble memory as, for example, a
      repertory dialer disclosed in the above-mentioned copending application.
      Accordingly, a transformer coupled arrangement of a series and a
      parallel-tuned circuit as described may function not only as a driver
      circuit for the drive coils for a bubble memory but also conveniently as a
      clock and timing pulse distributor.
PAR  Circuits of the type described exhibit significant additional virtues. For
      example, as can be seen in FIG. 2, coil L1 is physically smaller than coil
      L2. Consequently, different inductances, different currents, and different
      voltages have been characteristic of a drive circuit including the two
      coils. In accordance with the present invention, a single power supply
      voltage determines the currents. Moreover, the smaller coil (L1) is in
      series resonance. Thus, since the tuned circuits are transformer coupled,
      the voltage across the large coil and the turns ratio of the transformer
      44 determines the current in coil L1. Moreover, the two circuits are
      maintained in phase even though their resonant frequencies may vary,
      current amplitudes varying to compensate for the energy loss which occurs
      in such cases.
PAR  In practice, coils L1 and L2 for a repertory dialer application of the type
      shown in the above-mentioned copending application and driven by a drive
      circuit in accordance with this invention had the following
      specifications:
PA1  L1 parameters based on 35 samples
PA1  R.sub.dc = 24 .+-. 2 .OMEGA.
PA1  l = 166 .+-. 10 .mu.h
PA1  q .congruent. 3 (measured on coil prior to assembly)
PA1  I = 60 .+-. 5 ma
PA1  L2 parameters based on 31 samples
PA1  R.sub.dc = 10.5 .+-. 1.0 .OMEGA.
PA1  l = 248 .+-. 15 .mu.h
PA1  q = 14 (measured on coil prior to assembly)
PA1  I = 130 .+-. 10 ma (peak-peak)
PAR  The bubble chip in the dialer was a 1924 bit chip mounted onto a 32-pin
      dual-in-line pack as disclosed in copending application Ser. No. 470,410
      filed May 16, 1974 now abandoned for A. H. Bobeck, B. H. McGahey, W. M.
      Melbert, Jr., T. B. Prince, and M. J. Stevenson. The in-plane field
      rotated at 100 kHz. Capacitances (C1 and C2 of FIG. 3) were 0.02.mu.f and
      0.01.mu.f, respectively. Transformer 44 had a turns ratio of 13:120 with
      13 turns on the L1C1 side and 120 turns on the L2C2 side. Transformer 60
      had a turns ratio of 30:6. The ramp pulses applied to transistor 50 were
      characterized by rise times of 1.mu.sec. durations of 50.mu.sec. and a
      trailing edge of 1.mu.sec. The start pulse had an amplitude of 5 volts and
      a duration of 0.2.mu.sec. The refresh pulses had an amplitude of 3 volts
      and a duration of 0.2.mu.sec.
PAR  The circuit of FIG. 4 provided a minimum rotating field of about 30
      oersteds at the 100 kHz cycle time.
PAR  FIG. 6 shows a diagram of an actual oscilloscope output of the various coil
      currents as well as a polar representation 110 of the outer coil (L2)
      current (horizontal) versus the inner coil (L1) current (vertical) during
      a typical 14 cycle start end stop burst at 100 kHz. The outer coil current
      waveform is shown in the upper right, as viewed in the figure. The inner
      coil current waveform is shown at the lower right. The polar
      representation indicates, at 111, a substantial overshoot in the current
      in the coils beyond the prescribed steady state value (corresponding to
      about 28 to 30 oersteds) during de-energization before the coil current
      (and thus the in-plane field) decays (via curve 114) to zero.
PAR  During energization current builds up via line 120, overshoots, at 121, the
      (eventual) steady state value, and then assumes the steady state value. No
      loss of information occurred.
PAR  Although the invention has been described in terms of a transformer-coupled
      tuned circuit implementation, capacitor-coupled tuned circuits may be
      employed also. In such a case, the refresh pulses may be referenced, for
      example, to either zero current or zero voltage crossings preferably in
      the coil of the parallel tuned circuit.
PAR  The timing pulses typically are applied to additional transistors (not
      shown) in practice to bring the amplitudes of the pulses to logic levels
      in accordance to well-known techniques.
PAR  What has been described is considered merely illustrative of the principles
      of this invention. Accordingly, varied modifications of this invention can
      be devised by those skilled in the art in accordance with those principles
      within the spirit and scope of the invention as encompassed by the
      following claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A combination comprising a field-access magnetic bubble memory in which
      bubbles may be made to move in a plane of movement and a driver circuit
      having first and second coils for providing a magnetic field reorienting
      in said plane, said driver circuit further comprising first and second
      tuned circuits, said first tuned circuit comprising a first capacitor and
      said first coil connected electrically in series, said second tuned
      circuit comprising a second capacitor and said second coil connected
      electrically in parallel, and means for reactively coupling said first and
      second tuned circuits.
NUM  2.
PAR  2. A combination in accordance with claim 1 in which said means for
      reactively coupling said first and second tuned circuits comprises a
      transformer having secondary and primary windings in said first and second
      circuits, respectively.
NUM  3.
PAR  3. A combination in accordance with claim 2 further including first and
      second means responsive to first and second start signals for initiating
      first and second sinusoidal currents in said first and second circuits,
      respectively, said first and second circuits being operative to maintain
      said currents 90.degree. out of phase with one another.
NUM  4.
PAR  4. A combination in accordance with claim 3 wherein said second means
      comprises a transistor having a base electrode, said second circuit
      including a primary winding of transformer in series with said second
      coil, the secondary winding of said transformer being adapted to apply a
      refresh signal to said base electrode during each cycle of said rotating
      field.
NUM  5.
PAR  5. A combination in accordance with claim 4 wherein said first coil is
      arranged orthogonal with respect to said second coil and disposed
      physically therewithin.
NUM  6.
PAR  6. A combination in accordance with claim 5 wherein said magnetic bubble
      memory is encompassed by said first coil, said memory including a periodic
      pattern of elements adjacent said plane of movement for defining a channel
      for the movement of bubbles therein, said elements being responsive to
      said magnetic field reorienting in said plane for providing magnetic poles
      for moving bubbles along said channel.
NUM  7.
PAR  7. A combination in accordance with claim 6 including means for
      deactivating said second circuit.
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ABST
PAL  Overlay patterns of discrete circuit elements for field-accessed, magnetic
      bubble propagation are driven by repetitive sequences of pulsed magnetic
      fields directed along axes which are parallel to consecutive overlay
      elements or segments with different orientations. A chevron circuit is
      driven by a series of reversing pairs of pulsed fields aligned alternately
      with the legs of the chevron elements. Two opposite parallel chevron
      circuits are driven in the same direction by the same sequence of pulsed
      fields. A broken element circuit, resembling a chevron circuit with the
      vertices removed, is driven in a similar manner.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention relates generally to the field of magnetic bubble technology
      (MBT) and, more particularly, to means for propagating or transmitting
      magnetic bubbles.
PAR  Briefly, MBT involves the creation and propagation of magnetic bubbles in
      specially prepared magnetic materials. The word "bubble" used throughout
      this text is intended to encompass any single-walled magnetic domain,
      defined as a domain having an outer boundary which cloes on itself. The
      application of a static, uniform magnetic bias field orthogonal to a sheet
      of magnetic material having suitable uniaxial anisotropy causes the
      normally random, serpentine pattern of magnetic domains to shrink into
      short cylindrical configurations or bubbles whose common polarity is
      opposite that of the bias field. The bubbles repel each other and can be
      moved or propagated by a magnetic field in the plane of the sheet.
PAR  Many schemes now exist for propagating bubbles along predetermined
      channels. One system includes permalloy circuit elements shaped like
      military service stripes or "chevrons" spaced end-to-end in a thin layer
      over the sheet of magnetic material. The drive field is caused to rotate
      continuously in the plane of the sheet, for example, by using a Helmholtz
      coil arrangement, making each chevron act as a small magnet with changing
      poles. As the drive field rotates, a bubble under one of the chevrons is
      moved along the chevron channel from point-to-point in accordance with its
      magnetic attraction to the nearest attracting temporary pole among the
      circuit elements. This system is among those referred to as
      "field-accessed," as distinguished from other systems employing
      sequentially pulsed loops of electrical conductors disposed in series over
      the magnetic sheet.
PAR  MBT can be used in data processing because magnetic bubbles can be
      propagated through channels at a precisely determined rate so that uniform
      data streams of bubbles are possible in which the presence or absence of a
      bubble indicates a binary "1" or "0."
PAR  Because of the difficulties in implementing continuous patterns of
      conductor overlays, field-accessed circuits have in general been
      considered potentially superior to conductor-accessed circuits. Uniformly
      rotating magnetic drive fields have been used in most field-accessed
      circuit arrangements. Some field-accessed circuits using a nonrotating
      magnetic drive field are shown in U.S. Pat. No. 3,543,252 to Perneski.
      Variations on the familiar T-bar circuit are described, driven by various
      permutations of orthogonal fields. U.S. Pat. No. 3,518,643 to Perneski
      illustrates a continuous zigzag pattern overlay arrangement driven by an
      in-plane, reorienting drive field repeatedly switched over an arc of
      90.degree..
PAC  SUMMARY OF THE INVENTION
PAR  One of the objects of the invention is to propagate bubbles in
      field-accessed circuits by means of pulsed fields which are directed along
      axes separated by less than 90.degree.. Another object of the invention is
      to simplify the structure of circuit elements in field-accessed
      propagation systems. A further object of the invention is to operate a
      circuit normally driven by a uniformly rotating drive field by means of a
      nonrotating sequence of pulsed field directions applied in an order unlike
      the order in which they would occur as components of a rotating field.
      Still another object of the invention is to generate certain sequences of
      pulsed drive fields which can be used to drive two circuits which would
      propagate bubbles in opposite directions in a rotating field, such that
      they always propagate simultaneously in the same direction.
PAR  It has been discovered that these and other objects of the invention are
      achieved by driving certain overlay patterns of discrete circuit elements
      with repetitive sequences of non-rotating pulsed magnetic fields directed
      along axes which are parallel to consecutive overlay elements or segments
      with different orientations. The pulsed fields are aligned with
      consecutive straight elements of the circuit overlay such that the
      in-plane drive field aligns itself first in one and then the other
      direction parallel to a first straight element. The pulsed fields are next
      aligned in first one and then the other direction parallel to the second
      straight element. In this manner a bubble under the overlay circuit is
      caused to move to attracting poles at successive ends of consecutive with
      different orientations.
PAR  In one embodiment this propagation system is applied to a chevron circuit.
      It is demonstrated that two opposite chevron circuits, arranged for
      parallel propagation, both propagate in the same direction using the
      reversing pair pulsed field technique while the same circuits under the
      control of a rotating drive field would propagate in opposite directions.
PAR  A novel form of circuit overlay pattern, resembling chevrons with their
      vertices removed, also propagates with the reversing pair, pulsed field
      technique while propagation with this circuit would not occur in a
      rotating drive field.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a fragmentary perspective view of a bubble chip furnished with a
      conventional chevron circuit.
PAR  FIG. 2 is a schematic diagram illustrating a pair of opposite chevron
      circuits operated in the conventional manner.
PAR  FIG. 3 is a schematic diagram illustrating a pair of opposite chevron
      circuits driven monotonically according to the invention.
PAR  FIG. 4 is a schematic diagram illustrating a broken element circuit
      according to the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  FIG. 1 illustrates the basic components of a conventional field-accessed
      garnet bubble chip with discrete chevron bubble circuit elements in the
      form of a permalloy overlay. A substrate 10 of nonmagnetic garnet supports
      an epitaxial magnetic bubble garnet layer 12 and a spacing layer 14 of
      silicon oxide to which conventional permalloy chevron circuit elements 16,
      18 and 20 are bonded end-to-end. The chip is subjected to a magnetic bias
      field orthogonal to the plane of the magnetic bubble garnet layer 12. In
      the presence of a bias field of suitable strength, cyclindrical bubbles
      (not shown in FIG. 1) are maintained in bubble garnet layer 12. A
      rotating, inplane magnetic drive field causes bubbles to propagate from
      element to element. The path formed by chevrons 16, 18 and 20 is termed a
      channel, and while the lateral width of the channel shown in FIG. 1
      constitutes a single chevron element, it is well known that the greater
      the number of elements per bubble position, the better the performance.
      Other parameters for optimizing performance include the angle of the
      chevron, the horizontal and vertical spacing of packed chevrons and the
      width of each individual element. It is also well known that the
      propagation performance depends on the bias and drive field strengths and
      the rate of propagation among other parameters. The conventional operation
      of chevron circuits was first described in "An Overview of Magnetic Bubble
      Domains-- Material Device Interface," A. H. Bobeck et al, AIP Conf. Proc.
      No. 5, pp. 45-55, 1971.
PAR  In FIG. 2 a pair of conventional chevron circuits A and B are arranged for
      parallel propagation in opposite directions by reversing the direction of
      the vertex of each chevron in channel B in relation to the chevrons in
      channel A. Thus, channel B is upside down with respect to channel A. For
      convenience, channels A and B are referred to as "opposite" propagation
      channels.
PAR  Channel A propagates to the right as viewed in FIG. 2 under the control of
      an in-plane clockwise rotating drive field, produced, for example by a
      pair of orthogonal Helmholtz coils driven 180.degree. out of phase by
      alternating currents of the same magnitude. All of the chevron elements in
      channels A and B are characterized by the angle .theta. which is typically
      about 120.degree..
PAR  As the rotating drive field in FIG. 2 sweeps continuously through
      360.degree. during each cycle, it aligns itself alternately with the legs
      of the chevron elements. The aligned orientations are indicated by the
      numerals 1, 2, 3 and 4 designating consecutive directions of the rotating
      field vector. Thus directions 1 and 3 are aligned with the lefthand legs
      of the chevrons in channel A, and directions 2 and 4 aligned with the
      righthand legs. Consecutive bubble positions corresponding to these field
      directions are indicated in channels A and B by numerals 1, 2, 3 and 4.
      Positions 2 and 3 in channel A and 1 and 4 in channel B are the same. In
      channel A, the first field direction produces an attracting pole at the
      lefthand ends of the chevron elements. The second and third field
      orientations cause bubbles to be attracted to the vertex of each chevron
      element; and the fourth field direction produces attracting poles at the
      righthand ends of the elements. Similarly, for channel B, the third field
      direction produces attracting poles at the righthand ends; consecutive
      fields 4 and 1 attract bubbles to the vertices, and field direction 2
      produces attracting poles at the lefthand ends of the chevron elements. In
      a rotating drive field, channel B always propagates in the opposite
      direction from channel A. Counterclockwise rotation of the drive field
      would reverse the propagation directions in both channels A and B.
PAR  FIG. 3 illustrates a similar pair of opposite chevron channels A and B
      driven by a pulsed drive field according to the invention. In this
      arrangement the drive field is not comparable to a rotating field because
      the sequence of field directions does not correspond to any of the
      consecutive orientations which a rotating field would undergo. The field
      directions, illustrated schematically to the right of channels A and B,
      follow the principle of reversing pairs of field directions, aligned with
      consecutive legs of the circuit elements. Thus, field position 1 in FIG.
      3, arbitrarily chosen as the first direction in each repetitive sequence
      of four field directions, points in one direction parallel to the
      right-hand leg of each chevron element in channel A. Thus as attracting
      pole, designated by the numeral 1, will be formed at the right-hand end of
      each circuit element in channel A. To progress to the next bubble
      position, the field is reversed 180.degree. so that it is still parallel
      with the right-hand leg of each circuit element in channel A but points in
      the opposite direction thus forming an attracting pole at the vertex of
      each element and a repulsive pole at the right-hand end of each element in
      channel A. For the third bubble position, the field is pulsed in a
      different direction aligned with the left-hand leg of each chevron
      element, thus about 120.degree. from the second field orientation. An
      attracting pole is again formed at the vertex of each chevron element for
      bubble position three. Actually bubble position three may effect only a
      slight displacement of the bubble across the vertex of the chevron. Bubble
      position 4 is obtained by reversing the field direction 3 by 180.degree.
      so that the field direction 4 is still aligned with the left-hand leg of
      each chevron but points in the opposite direction, thus forming an
      attracting pole at the left-hand end of each element.
PAR  Channel B in FIG. 3 operates in an equivalent manner, with the exception
      that the first two field directions are aligned with the left-hand leg of
      each circuit element and the third and fourth field positions are aligned
      with the right-hand leg. The direction of propagation remains the same for
      channel B.
PAR  Pulsed fields in the directions illustrated in FIG. 3 can be obtained by a
      sequence of pulses of appropriate polarity and varying magnitude applied
      to a suitably oriented pair of Helmholtz coils.
PAR  FIG. 4 illustrates an unconventional type of circuit element, termed a
      "broken element" circuit, which resembles either one of the chevron
      channels A and B with the vertices removed. The reversing pair drive field
      sequence illustrated in FIG. 3 propagates bubbles in the broken element
      circuit of FIG. 4 in the same direction as in FIG. 3.
PAR  One of the important features of the invention is that the pulsed fields
      are always aligned with one of the dipole, straight leg elements of the
      overlay pattern. Power is not wasted on ineffective orientations of the
      field as it is in conventional rotating drive fields. Other important
      features of the invention are that the pulsed fields are nonrotating and
      that an overlay pattern of discrete noncontinuous circuit elements, in
      which consecutive straight segments or elements are aligned with different
      axes (i.e., nonparallel), is driven by a repetitive sequence of pulsed
      drive fields parallel to said axes. In the embodiments described herein
      the axes are separated by less than 90.degree. and the pulsed fields occur
      in reversing pairs aligned with consecutive reorienting segments or
      elements of simple circuit overlay patterns. Another important feature is
      that chevron circuits which normally propagate in opposite directions can
      be driven so as to only propagate in one direction.
PAR  The invention may be embodied in other specific forms without departing
      from its spirit or central characteristics. The present embodiments are
      therefore to be considered in all respects as illustrative and not
      restrictive, the scope of the invention being indicated by the claims
      rather than by the foregoing description, and all changes that come within
      the meaning and range of equivalence of the claims are therefore intended
      to be embraced therein.
CLMS
STM  We claim:
NUM  1.
PAR  1. A magnetic bubble propagation system, comprising a field-accessed bubble
      overlay pattern and means for generating a repetitive sequence of
      reversing pairs of pulsed field orientations realigning consecutively with
      mutually oblique axes parallel to the plane of said overlay pattern.
NUM  2.
PAR  2. The system of claim 1, wherein said overlay pattern consists of discrete
      ferromagnetic circuit elements composed of straight segments, and said
      drive field axes are aligned respectively with said segments.
NUM  3.
PAR  3. A magnetic bubble propagation system, comprising a field-accessed
      magnetic bubble overlay pattern consisting of discrete ferromagnetic
      circuit elements composed of straight segments, and means for generating
      pulsed magnetic drive fields in the plane of said overlay pattern directed
      along axes separated by less than 90.degree. in a sequence determined such
      that consecutive orientations correspond to opposite directions along said
      axes respectively, said drive field axes being aligned respectively with
      said segments.
NUM  4.
PAR  4. The system of claim 3, wherein said overlay pattern includes chevron
      circuit elements and said drive field axes are aligned respectively with
      the legs of said chevron circuit elements.
NUM  5.
PAR  5. The system of claim 3, wherein said overlay pattern includes straight
      circuit elements spaced from each other end-to-end in consecutive angled
      pairs, and said drive field axes are aligned respectively with said
      straight elements.
NUM  6.
PAR  6. A magnetic bubble propagation arrangement, comprising two opposite
      chevron circuit element channels for propagating magnetic bubbles in
      response to an in-plane magnetic drive field, and means for generating a
      repeating sequence of pulsed, in-plane magnetic drive fields directed
      along a pair of axes aligned respectively with the legs of said chevron
      circuit elements, consecutive orientations of said pulsed drive field
      being in opposite directions alternately along one and the other of said
      axes, whereby bubbles are propagated along said opposite channels in the
      same direction.
NUM  7.
PAR  7. A magnetic bubble propagation system, comprising a field-accessed bubble
      propagation channel for propagating magnetic bubbles including a plurality
      of serially arranged straight ferromagnetic circuit elements laid
      end-to-end and serially designated for reference by consecutive integers,
      odd numbered elements being parallel and having a first orientation, even
      numbered elements being parallel and having a second orientation, and
      means for generating a predetermined sequence of pulsed magnetic drive
      fields in the plane of said channel consecutively reorienting in opposite
      directions alternately parallel to said first orientation and to said
      second orientation for propagating bubbles along said channel.
NUM  8.
PAR  8. The system of claim 7, wherein said bubble propagation channel is not
      operable by any uniformly rotating magnetic drive field.
NUM  9.
PAR  9. A magnetic bubble propagation system, comprising a sheet of magnetic
      bubble material, means for generating a magnetic bias field orthogonal to
      said sheet to produce and maintain bubbles therein, a field-accessed
      magnetic bubble overlay pattern on said sheet for propagating bubbles
      including consecutive ferromagnetic segments aligned along different axes,
      and means for generating a repetitive sequence of reversing pairs of
      magnetic drive fields parallel to said sheet and realigning consecutively
      with said axes to propagate bubbles from segment to segment.
NUM  10.
PAR  10. A magnetic bubble propagation system, comprising a sheet of magnetic
      bubble material, means for generating a magnetic bias field orthogonal to
      said sheet to produce and maintain bubbles therein, a field-accessed
      propagation channel including a plurality of discrete ferromagnetic
      overlay bar-shaped elements serially arranged end-to-end on said sheet,
      consecutive ones of said elements being aligned along different axes, and
      means for generating a reorienting magnetic drive field parallel to said
      sheet for causing bubbles to traverse the length of each said element and
      for propagating bubbles from element of element along said channel.
NUM  11.
PAR  11. The system of claim 10, wherein said drive field generating means
      produces a repetitive sequence of pulsed field orientations aligned with
      said axes.
NUM  12.
PAR  12. The system of claim 10, wherein said elements are serially designated
      by consecutive integers, odd numbered elements being parallel to one axis,
      even numbered elements being parallel to another axis.
NUM  13.
PAR  13. A magnetic bubble propagation system, comprising a sheet of magnetic
      bubble material, means for generating a magnetic bias field orthogonal to
      said sheet to produce and maintain bubbles therein, a field-accessed
      propagation channel including a plurality of discrete ferromagnetic
      overlay elements serially arranged end-to-end on said sheet such that
      bubbles traverse the length of each said element, said elements being
      serially designated by consecutive integers, odd numbered elements being
      parallel to one axis, even numbered elements being parallel to another
      axis, and means for generating a repetitive sequence of reversing pairs of
      pulsed magnetic drive field orientations parallel to said sheet and
      realigning consecutively with said axes for propagating bubbles from
      element to element along said channel.
NUM  14.
PAR  14. The system of claim 13 wherein said axes are oblique.
NUM  15.
PAR  15. A magnetic bubble propagation system, comprising two opposite chevron
      circuit element channels for propagating magnetic bubbles in response to
      an in-plane magnetic drive field, and means for generating a repeating
      sequence of pulsed in-plane magnetic drive fields such that bubbles are
      propagated along said opposite channels simultaneously in the same
      direction with the same sequence of drive fields.
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ABST
PAL  An alarm device comprising a first program mechanism at a monitored station
      and a second program mechanism at a central monitoring station. The
      program mechanisms have identical shift registers and identical feedback
      networks and generate binary signals according to a predetermined
      arbitrary law. A sensing device is connected to the first program
      mechanism to cause a departure of the binary signals from the
      predetermined arbitrary law in the presence of a disturbance. The binary
      signals from the first program mechanism are compared with the output of
      the second program mechanism, and an alarm is produced if the outputs are
      different.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  The invention relates to an alarm device, particularly a burglar-alarm
      device, of the type comprising a first program mechanism at a monitored
      station and a second program mechanism at a central monitoring station.
      The program mechanisms are arranged to transmit control signals in
      accordance with a predetermined signal pattern to a signal comparison
      circuit at the central monitoring station, which comparison circuit is
      arranged to generate an alarm signal when the received control signals
      differ from one another. The first and second program mechanisms have
      identical electric shift registers with a plurality of binary
      denominational steps and identical feed-back networks, and each program
      mechanism is arranged to generate a binary one or zero signal in
      dependence of the content of the respective shift register, said binary
      signals constituting discrete control signals.
PAR  2. Description of the Prior Art
PAR  Alarm devices of this type are difficult to operate, since any disturbance
      of the equipment at the monitored station causes a difference between the
      control signals, which results in an alarm being given. One disadvantage
      inherent with the known devices, is that the signal system is
      duodirectional, i.e., signals must be transmitted in both directions
      between the monitored station and the central monitoring station. As a
      result of this the equipment is both expensive and complicated and
      requires, inter alia, a duplication of transmitter and receiver, which in
      turn increases the risk of error and therewith the risk of an alarm being
      generated. Furthermore, the nature of the signals normally used is such
      that the signal image becomes distorted during transmission.
PAC  SUMMARY OF THE INVENTION
PAR  The object of the invention is therefore to provide an alarm device with
      which the signals are transferred in only one direction and with which a
      simple signal image is employed which can be positively identified by the
      receiver, even though the signal should be distorted.
PAR  This object is fully realized by means of the invention, according to which
      a program mechanism in the form of a known shift register provided with a
      feed-back network is arranged to transmit a random code in the form of a
      binary digit to the identical program mechanism of the monitoring centre
      for indexing the shift register thereof and to a comparison circuit, to
      which the binary output digit is simultaneously applied from the last
      mentioned program mechanism.
PAR  Transmission of the binary digit from the program mechanism of the
      monitored station is suitably effected in the form of a frequency pulse
      wherein the binary one is converted to a first frequency F.sub.1 and the
      binary zero is converted to a second frequency F.sub.2. These frequency
      pulses are converted in the receiver at the monitoring centre to the
      original binary digits.
PAR  By selecting a feed-back shift register as the program mechanism it is
      possible to obtain a practically indefinite member of varying signal
      programs and the possibility of reproducing this program to couple a
      signal generator with the correct signal image into the circuit of the
      monitoring centre is fully eliminated.
PAR  Furthermore, by merely using a randomly occurring binary digit, occurring,
      for example, at determined intervals, the unidirectional signal transfer
      equipment and the receiver equipment are relatively simple and the risk of
      signal distortion is substantially eliminated.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRQWINGS
PAR  The main characterizing features of the invention are disclosed in the
      accompanying claims and the following description.
PAR  FIG. 1 of the accompanying drawing shows a very simplified alarm device
      according to the invention and
PAR  FIG. 2 shows a simplified embodiment of a program mechanism.
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  In the embodiment of FIG. 1 a pulse generator 1 is arranged to transmit
      control pulses or indexing pulses over a line 2 to a program mechanism
      comprising a feed-back shift register 3. The pulse generator 1 generates,
      for example, a square wave at a frequency of one indexing pulse/minute.
      With the illustrated embodiment, the shift register 3, which is shown in
      FIG. 2, has four denominational units 11, 12, 13 and 14 and four inputs
      15, 16, 17 and 18, respectively connected to the output of the pulse
      generator 1. The information input of the shift register 3 is identified
      by the reference numeral 19. Each of the denominational units 11, 12, 13,
      14 has an information output 20, 21, 22 and 23, respectively. The
      information outputs are connected over one or more lines 24, 25, 26 and
      27, respectively, to a logic network or feed-back network 4. The feed-back
      network may be passive and comprises, for example, different gate
      elements, or may be active and includes, for example, a register and gate
      element. In its simplest form, the logic network 4 comprises a feed-back
      line connected to only one denominational unit. With the illustrated
      embodiment, the network 4 comprises an exclusive OR circuit 50 which is
      connected to the denominational units 11 and 14.
PAR  The following truth table shows the output signals from output 28 from the
      network 4 depending on the content of the denominational units 11, 12, 13,
      14 and for successive signals.
TBL                Table                                                       

     ______________________________________                                    

     Stored information                                                        

                   Signal from output                                          

                                 Indexing signal                               

     denominational unit                                                       

                   28            No.                                           

     0    0      0      0    1           0                                     

     ______________________________________                                    

     1    1      1      1    0           0                                     

     0    1      1      1    1           1                                     

     1    0      1      1    0           2                                     

     0    1      0      1    1           3                                     

     1    0      1      0    1           4                                     

     1    1      0      1    0           5                                     

     0    1      1      0    0           6                                     

     0    0      1      1    1           7                                     

     1    0      0      1    0           8                                     

     0    1      0      0    0           9                                     

     0    0      1      0    0           10                                    

     0    0      0      1    1           11                                    

     1    0      0      0    1           12                                    

     ______________________________________                                    

PAR  The output 28 of the network 4 is connected over a line 29 to a signal
      transmitter 5 arranged to generate a discrete signal having a first
      frequency f.sub.1 and a duration of, for example, one minute in dependence
      on the received binary singal 1, and to generate a discrete signal having
      a second frequency f.sub.2 and a duration of, for example 1 minute in
      response to the received binary signal 0. The signals f.sub.1 and f.sub. 2
      respectively, are transmitted from the monitored station over a line 9 to
      the monitoring central, where the frequency signals are converted in
      receiver 6 to a binary 1 or 0 corresponding to the binary signal
      transmitted from the output 28. Instead of transmitting a frequency
      signal, another analogue signal, for example a voltage signal, can be
      transmitted.
PAR  The binary signal transmitted from the receiver 6 over the line 30 is
      received on one input 31 of a comparison circuit 7 and on the indexing
      input 32 of a feed-back shift register 8, which is identical with the
      register 3. It should be noted that the leading edge or the trailing edge
      of the pulse to register 8 could be used for stepping the register. Should
      the trailing edge of the pulse be used the register will be prepared to
      handle information and thereafter stepped. Should the leading edge be used
      this means that the register will be stepped and thereafter the comparison
      will be carried out. Thus, the content of the shift register or program
      mechanism 8 is adjusted in correspondence with the content of the shift
      register 3 and there is generated on the output 33 a binary one or zero,
      respectively, i.e., the same output signal as that generated on the output
      28 and on the line 30. The binary output digit from the program mechanism
      8 is fed over line 34 to the second input 35 of the comparison circuit 7,
      which in the illustrated case establishes full agreement between the
      program mechanism 3 and the program mechanism 8.
PAR  Connected to the program mechanism 3 of the monitored station or to some
      other circuit capable of activating the signal system are alarm switches
      36 which, upon unauthorized entry into the monitored premises, so activate
      the program mechanism that the output signal therefrom differs from, for
      example, the pattern shown in the table. This distortion of the signal
      pattern causes lack of agreement between the compared signals and an alarm
      is transmitted over the line 37.
PAR  To prevent the monitoring system from being rendered inoperative, by
      cutting the line 9, there is provided at the monitoring central a timing
      mechanism 10 which is set to zero via a line 38 from the receiver 6 each
      time a signal is received. If the timing mechanism fails to receive such a
      signal for a specific period of time, determined by the indexing pulse
      frequency, the timing mechanism 10 will transmit an alarm signal over the
      line 39.
PAR  The invention can be modified in a number of ways within the scope of the
      claims, and thus the generator 1 can be omitted and the program mechanism
      3 can be made self-indexing. Further, the alarm device includes means, not
      shown, for restoring the two program mechanisms to a mutually identical
      starting position subsequent to being de-synchronized.
CLMS
STM  We claim:
NUM  1.
PAR  1. An alarm device comprising a first program mechanism at a monitored
      station and a second program mechanism at a central monitoring station,
      which program mechanisms are arranged to transmit control signals in
      accordance with a predetermined signal pattern to a signal comparison
      circuit arranged to generate an alarm signal when the received control
      signals differ from one another, the first and the second program
      mechamisms being provided with identical electric shift registers with a
      plurality of binary denominational steps and identically connected
      feed-back networks, each program mechanism being arranged to generate a
      binary one or zero signal in dependence on the content of the respective
      shift register, said binary signals constituting discrete control signals,
      the control signal from the first program mechanism being coupled to a
      transmitter at said monitored station arranged to transmit an analogous
      signal to a receiver at the central monitoring station, which receiver
      converts the analogous signal to an output signal identical with the
      original binary control signal, which output signal is coupled to the
      second program mechanism to step the shift register thereof to generate a
      control signal, which together with the output signal of the receiver, is
      coupled to the signal comparison circuit, and wherein a timing mechanism
      is arranged to generate an alarm signal in the absence of an output signal
      from the receiver after a predetermined period of time.
NUM  2.
PAR  2. An alarm system, comprising:
PA1  first program means at a monitored station adapted to generate binary
      signals in accordance with a predetermined arbitrary law;
PA1  sensing means connected to said first program means to cause a departure of
      said binary signals from said predetermined arbitrary law in the presence
      of a disturbance;
PA1  transmitter means at said monitored station for transmitting said binary
      signals to a monitoring station;
PA1  receiver means at said monitoring station for receiving said binary
      signals;
PA1  second program means connected to said receiver means and clocked by said
      received binary signals to generate the same binary signals as those
      generated by said first program means in accordance with said
      predetermined arbitrary law, said first and second program means being of
      identical construction comprising a shift register and a feedback network
      connected thereto;
PA1  comparator means for comparing said received binary signals with the output
      of said second program means; and
PA1  alarm means controlled by said comparator means for actuation upon
      detection of a difference between said received binary signals and the
      output of said second program means.
NUM  3.
PAR  3. The system of claim 2 further comprising another alarm means connected
      to said receiver means to generate an alarm signal in the absence of said
      received signals for a predetermined time period.
NUM  4.
PAR  4. The system of claim 2 wherein each feedback network comprises an
      exclusive-OR circuit having two inputs connected to the first and last
      stages of said shift register.
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ABST
PAL  A combination visual and audible differential pressure warning signal
      device for fluid power, that is, hydraulic and pneumatic systems such, for
      example, as those employed in mobile equipment, industrial machinery, or
      the like. Thus, in a typical use of the invention, when the pressure in
      the hydraulic system, as in an oil filter, drops below a desired and
      predetermined normal, due to clogging of the filter, or for other reasons,
      the hydraulic pressure from the source, such as an oil pump, overcomes the
      combined pressure or force of the oil entering the signal device from the
      filter and the force of a resetting coil spring in the signal device, to
      actuate magnetic means which raises a normally concealed colored (red)
      visual warning signal into a position in which it may be seen through a
      window in the body of the signal device while, at the same time, closing
      an electrical circuit to an audio or audio-visual warning signal device.
      Both the visual signal and the audio or audio-visual signals remain in
      actuated position until the difficulty in the oil filter, or the like, is
      corrected, and the hydraulic pressure in the system, as from an oil
      filter, is restored to normal, whereupon the force of the resetting coil
      spring, in conjunction with the force of gravity, returns the parts to
      their normal position, thereby moving the colored visual signal to its
      normal concealed position while, at the same time, breaking the electrical
      circuit to the audio or audio-visual signal device.
BSUM
PAC  OBJECTS OF THE INVENTION
PAR  A primary object of the invention is to provide a new and improved and
      relatively simple combination differential pressure visual and audio or
      audio-visual warning signal device for hydraulic and pneumatic systems.
PAR  Another object of the invention is to provide a new and improved and
      relatively simple combination visual and audio or audio-visual
      differential pressure warning signal device for use in hydraulic and
      pneumatic systems, such, for example, as those employed in mobile
      equipment, industrial machinery, or the like.
PAR  A further object of the invention is to provide a new and improved
      differential pressure visual and audio or audio-visual warning signal
      device which may be mounted on a suitable support adjacent the system in
      which it is used or in a housing which forms a part of the system in which
      the new warning signal device is used.
PAR  Other objects will appear hereinafter.
DRWD
PAC  DESCRIPTION OF FIGURES IN THE DRAWINGS
PAR  FIG. 1 is an elevational view of a preferred embodiment of the new
      combination visual and audio or audio-visual differential pressure warning
      signal device;
PAR  FIG. 2 is an enlarged central vertical sectional view on line 2--2 in FIG.
      1;
PAR  FIG. 3 is a transverse sectional plan view on line 3--3 in FIG. 2;
PAR  FIG. 4 is a transverse sectional plan view on line 4--4 in FIG. 2;
PAR  FIG. 5 is a transverse sectional plan view on line 5--5 in FIG. 2;
PAR  FIG. 6 is a transverse sectional plan view on line 6--6 in FIG. 2;
PAR  FIG. 7 is a sectional plan view on line 7--7 in FIG. 2;
PAR  FIG. 8 is a schematic diagram of a typical hydraulic system in which the
      new combination visual and audio or audio-visual differential pressure
      warning signal device illustrated in FIGS. 1 to 7, inclusive, may be used
      and illustrating the electrical circuit embodied in the invention for
      actuating the audio or audio-visual warning signal device;
PAR  FIG. 9 is an elevational view of a modified form of the invention;
PAR  FIG. 10 is an enlarged central sectional view on line 10--10 in FIG. 9;
PAR  FIG. 11 is a transverse sectional plan view on line 11--11 in FIG. 9; and
PAR  FIG. 12 is a transverse sectional plan view on line 12--12 in FIG. 10.
DETD
PAC  GENERAL DESCRIPTION OF THE COMBINATION AND OPERATION OF THE PREFERRED FORM
      OF THE INVENTION ILLUSTRATED IN FIGS. 1 TO 8, INCLUSIVE
PAR  A typical and preferred embodiment of the invention is illustrated in FIGS.
      1 to 8, inclusive, of the drawings, wherein it is generally indicated at
      15, and includes a housing 16, which will be described in detail
      hereinafter. The new combination visual and audio or audio-visual
      differential pressure warning signal device 15 is shown in FIG. 8 as
      employed in a typical use thereof, namely, as being arranged in an
      hydraulic system which is shown as being in the form of an oil filter
      system 17 for a hydraulic system of a lift truck 18 and which system 17
      includes an oil filter 19 and an hydraulic pump 20 which supplies oil
      under a predetermined pressure to the system 17 from a source 21.
PAR  As shown in FIG. 8, one side of the hydraulic (oil) system 17 leads from
      the pump 20 by way of a line 23 to a high pressure inlet 42-43 in the
      housing 16 of the new visual and audio or audio-visual differential
      pressure warning signal device; and another line 24 leads from the filter
      19 to a low pressure inlet 45-46 in the housing 16.
PAR  The new combination visual and audible differential pressure warning signal
      device 15 includes a visual signal, which will be described hereinafter,
      and an audio or audio-visual signal device in the form of an electrically
      operable audible or audio-visual alarm 26, of any conventional design and
      construction, and which is arranged in an electrical alarm circuit
      generally indicated at 27 and which is electrically connected to a
      suitable electrical power source 28 (FIG. 8).
PAR  The electrical alarm circuit 27 includes a pair of electrical conductors 29
      and a pair of spaced stationary electrical contact members 30 which are
      electrically connected thereto within the housing 16 (FIG. 2), as will be
      more particularly described hereinafter. The new combination visual and
      audio or audio-visual warning signal device 15 also includes a movable
      electrical contact member 31, which is movably mounted in the housing 16,
      and spring means in the form of a resetting compression coil spring 32
      which is capable of exerting a predetermined pressure or a force on a
      torroidal magnet 75 on which a movable contact member 31 is mounted.
PAR  The construction and arrangement of the new visual and audio or
      audio-visual signal device 15 and its arrangement in the hydraulic (oil
      filter) system 17, and in conjunction with the electrical alarm circuit
      27, are such that the hydraulic pressure of the oil entering the housing
      16, by way of the low pressure inlet 45-46, coupled with the force or
      downward pressure of the resetting coil spring 32 in the housing 16,
      normally balances the hydraulic upward pressure of the hydraulic fluid
      (oil) entering the housing 16 by way of the high pressure inlet 42-43 so
      that a static or balanced condition is maintained in the housing 16 and
      the visual warning signal embodied in the device is normally concealed
      from veiw externally of the housing 16 while, at the same time, the
      electrical circuit 27 to the audio or audio-visual warning signal 26
      remains open and the audio or audio-visual signal 26 remains inactive.
      However, when a failure occurs in the hydraulic system 27, such as
      clogging of the oil filter 19, the hydraulic pressure of the oil entering
      the housing 16 from the oil filter 19 by way of the low pressure inlet
      45-46 will drop with the result that the hydraulic pressure of the oil
      from the hydraulic (oil) pump 20, entering the housing 16 by way of the
      high pressure inlet 42-43, will then exceed the combined forces of the
      hydraulic (oil) pressure of the hydraulic fluid (oil) flowing out of the
      oil filter 19 into the housing 16 by way of the low pressure inlet 45-46,
      and the predetermined downward pressure or force of the resetting
      compression coil spring 32. When this condition arises the pressure of the
      oil from the pump 20 entering the housing 16 by way of the high pressure
      inlet 42-43 will raise the torroidal magnet 75 and the movable contact
      member 31 mounted thereon in the housing 16 so that the movable contact 31
      will engage the stationary contact member 30, thereby closing the
      electrical circuit 27-29 to the audio or audio-visual warning signal 26
      while, at the same time, raising the normally concealed visual signal
      device in the housing 16 into a position in which it may be readily seen
      through a transparent window 57 from outside the housing 16, as will be
      described more fully hereinafter.
PAR  The visual alarm signal in the housing 16 and the audio or audio-visual
      warning alarm signal 26 will remain in their thus actuated positions until
      the abnormal condition in the hydraulic system 17, such as clogging of the
      filter 19, has been corrected, whereupon the downward force of the
      resetting coil spring 32, coupled with the downward force or pressure of
      the hydraulic fluid (oil) entering the housing 16 from the filter 19, by
      way of the low pressure inlet 45-46, will overcome the upward force of the
      hydraulic fluid entering the housing 16 from the pump 20, by way of the
      high pressure inlet 42-43. The operating parts of the new combination
      visual and audio or audio-visual warning signal device 15 will then be
      returned to their normal at rest position, that is, the visual signal in
      the housing will be returned to its normal concealed position and the
      electrical circuit 27-29 to the audio or audio-visual warning signal
      device 26 will become inactive and silent.
PAC  DETAILED DESCRIPTION OF THE CONSTRUCTION OF THE PREFERRED FORM OF THE
      INVENTION ILLUSTRATED IN FIGS. 1 to 8, INCLUSIVE
PAR  The housing 16 includes a body 33 which may be attached by means of a
      mounting plate 34 to any suitable upright or vertical supporting surface,
      the body 33 being attached to the mounting plate 34 by fastening elements
      in the form of screws (FIG. 2). A cylindrical cavity 36 is formed in the
      body 33 of the housing 16 and a piston unit 39 is movably mounted in the
      cylindrical cavity 36. The piston unit 39 is mounted on a stem 37 and is
      supported on the enlarged lower end portion or head 38 of the stem 37 and
      the piston unit 39 is fastened to the enlarged lower end portion or head
      38 by means of a retainer 104 which is mounted on a reduced diameter lower
      end portion of the piston stem 37.
PAR  As shown in FIG. 2, hydraulic fluid (oil) from the pump 20 flows into the
      housing 16 by way of the line 23 and the high pressure inlet 42-43 into
      the body 33 of the housing 16 and into the cylindrical cavity 36 below the
      piston unit 37-38-39-40, along the path of the arrows 44, thereby tending
      to raise the piston unit 37-38-39-40 in the cylindrical cavity 36, as will
      be described more fully hereinafter.
PAR  As is also shown in FIG. 2, the hydraulic fluid (oil) from the filter 19
      flows by way of the line 24 and the low pressure inlet 45-46, into a
      reduced diameter upper cylindrical cavity 47 which is formed in the body
      33 in communication with the cylindrical cavity 36 from which the
      hydraulic fluid (oil) thus entering the reduced diameter upper end
      cylindrical cavity 47 flows in the direction of the arrows 48 downwardly
      into the main body of the cylindrical cavity 36 and against the convex
      surface of the piston 39, thereby tending to lower the piston unit
      37-38-39-40 in the cylindrical cavity 36-47. Thus the piston unit
      37-38-39-40 is normally disposed in its lowered position, as in FIG. 2,
      with the reduced diameter lower end portion 40 thereof abutting a
      combination motion-limiting stop and sealing member 85, as will be
      explained more fully hereinafter.
PAR  The reduced diameter upper end cylindrical cavity 47 extends upwardly in
      the body 33 is in direct communication and coaxial alignment with the
      cylindrical cavity 36 as shown in FIG. 2. A generally cylindrical magnet
      49 is slidably mounted in the reduced diameter cylindrical cavity 47 and
      is made of any suitable ferrous magnetic material. The housing body 33 has
      an upward extension 51 of reduced outside diameter, relative to the
      diameter of the main body 33 of the housing 16, into which the cylindrical
      cavity 47 extends, thereby forming a coaxial cylindrical cavity 52 in
      which the resetting compression coil spring 32 is mounted, as shown in
      FIG. 2. As shown in FIG. 2, the upper end coil of the resetting coil
      spring 32 bears against the inner upper wall 53 of the bore cylindrical
      cavity 52; the inner upper wall 53 of the cylindrical cavity 52 being
      formed as the lower end portion of the top or head 54 of the housing body
      33-51-54.
PAR  As is also shown in FIG. 2, the main housing body 33 has an annular
      shoulder 55 formed in the upper end portion thereof and an annular
      resilient rubber or like gasket 56 is mounted on the shoulder 55. The
      lower end portion of an annular transparent window 57 of glass or plastic
      resinous material, such for example as high impact polycarbonate, is
      mounted on the annular gasket 55 and extends upwardly therefrom; the upper
      end portion 58 of the transparent window 57 projecting into an annular
      shoulder 59 which is formed in an annular mounting member or ring 61 of
      electrically insulating material, and which is held in position by an
      upper annular metallic cap member 62 which has a lower end or skirt
      portion 63 which extends downwardly over the upper end portion of the
      transparent window 57.
PAR  The stationary or fixed electrical contact members 30--30 are mounted in
      openings 64 which are formed in the electrically insulating annular
      mounting member or ring 61 and each of the stationary or fixed contact
      members 30 has an integrally formed upper end or head portion 65 to which
      one of the electrical conductors 29 is electrically connected (FIG. 2).
PAR  The annular cap member 62 has a laterally extending or transverse wall 68
      which extends thereacross and is provided with openings 69 for the passage
      of the electrical conductors 29. The electrical conductors 29 also extend
      upwardly through an annular threaded connecting member 70 which is formed
      as an integral upward extension of the annular cap member 62. The
      laterally extending wall 68 has a centrally arranged opening 71 formed
      therein for the passage of a fastening element in the form of a headed
      screw 72 which is threaded into an internally threaded bore 73 which is
      formed in the upward extension 54 of the housing body 33-51-54; the head
      74 of the screw 72 resting on the upper surface of the transverse wall 68.
PAR  The annular space between the insulating member 61 and the cap 62 is
      preferably filled by a body of an electrically insulating epoxy resin
      material 67 in which the heads 65 of the stationary or fixed electrical
      contact members 30 are embedded, as at 66 (FIG. 2)
PAR  An annular or torroidal ceramic visual warning signal magnet 75 (the outer
      surface of which is preferably painted or otherwise colored red) is
      movably mounted within and radially inwardly of the transparent window 57
      and within an annular plastic resinous or like non-metallic opaque (black)
      housing or mask 80, which is stationarily mounted in the housing 16, the
      lower end portion 82 of the housing 80 resting on an annular shoulder 55
      which is formed on the upper end portion of the main housing body 33. The
      housing or mask 80 acts as an opaque mask which normally conceals the
      movable and red colored visual torroidal magnet signal 75 from view
      through the transparent window 57.
PAR  A second plastic resinous or like non-magnetic material cylindrical housing
      77 is stationarily mounted radially inwardly of the opaque or (black) mask
      or housing 80 and surrounds the reduced diameter upward extension 51 of
      the housing body 33; the lower end portion 76 of the stationary
      cylindrical member 77 resting on a shoulder 78 which is formed on the
      upper end of the main housing body 33 (FIG. 2). The upper end portion 88
      of the non-magnetic cylindrical member 77 is preferably colored yellow and
      is normally readily visible through the transparent window 57, above the
      opaque black housing or mask 80.
PAR  The movable annular contact member or ring 31, which may be made of any
      electrically conductive metal, is adhesively mounted on and attached to
      the upper end portion of the red colored annular or torroidal (ceramic)
      warning signal magnet 75.
PAR  As shown in FIG. 2, the cylindrical cavity 36 has a lower end portion 84 in
      which the combination motion-limiting or stop and sealing member 85 is
      fixedly mounted and in which it is retained by a retaining ring 86; the
      member 85 being provided with a resilient sealing member or O-ring gasket
      87 which is adapted to engage tightly against the wall of the lower end
      portion 84 of the cylindrical cavity 36 to provide a fluid tight seal
      therein.
PAR  The cylindrical magnet 49 and the red colored torroidal visual warning
      signal magnet 75 are of the same magnetic polarity so that they mutually
      repel each other, for a reason which will be described hereinafter.
PAC  DETAILED DESCRIPTION OF THE OPERATION OF THE WARNING SIGNAL DEVICE
      ILLUSTRATED IN FIGS. 1 TO 8, INCLUSIVE
PAR  When the new differential pressure warning signal device 15 is mounted in a
      hydraulic or pneumatic system such, for example, as in the oil filter
      system 17 illustrated in FIG. 8, the hydraulic fluid or oil in the system
      17 will flow under a predetermined pressure from the pump 20 by way of the
      line 23 into the high pressure inlet 42-43 in the housing body 33 from
      which the hydraulic fluid or oil will flow along the path of the arrows 44
      in FIG. 2 through the inner inlet 43 into the concave side of the piston
      39, thereby tending to raise the piston unit 37-38-39-40 in the
      cylindrical cavities 36-47. At the same time the hydraulic fluid or oil
      will flow from the system 17 into the low pressure inlet 45-46 in the
      housing body 33 by way of the line 24 from the filter 19. The hydraulic
      fluid or oil thus entering the low pressure inlet 45-46 flows along the
      path of the arrows 48 into the cylindrical cavity 36 on the convex side of
      the piston 39, thereby tending to depress or lower the piston unit 37-38-
      39-40 in the cylindrical cavities 36-47, acting against the force of the
      hydraulic fluid or oil which enters the cylindrical cavities 36-47 to the
      concave side of the piston by way of the high pressure inlet 44-43 and
      which tends to raise the piston unit 37-38-39-40 in the cylindrical
      cavities 36-47.
PAR  The hydraulic pressure or force of the hydraulic fluid or oil which enters
      the cylindrical cavities 36-47 for the system 17 by way of the low
      pressure inlet 45-46 is combined with the downward force or pressure of
      the resetting compression coil spring 32 which acts upon the cylindrical
      magnet 49 to urge the latter downwardly into engagement with the piston
      unit 37-38-39-40, thereby tending to lower the piston unit 37-38-39-40 in
      the cylindrical cavities 36-47, against the action of the hydraulic fluid
      or oil entering the housing 16 by way of the high pressure inlet 44-43
      from the pump 20 by way of the line 23.
PAR  Under normal operating conditions in a clean hydraulic system, as 17, in
      which the new differential pressure visual and audio or audio-visual
      warning signal device 15 is arranged, the combined forces of the hydraulic
      fluid entering the cylindrical cavities 36-47 by way of the low pressure
      inlet 45-46 from the filter 19 and the downward force or pressure of the
      resetting compression coil spring 32 create a balanced or static condition
      with the counterforce or upward pressure of the hydraulic fluid or oil
      entering the piston cylinder 36-47 by way of the high pressure inlet 44-43
      from the pump 20 so that the red colored visual signal in the form of the
      red colored annular or torroidal ceramic magnet 75 remains in its normal
      concealed position (as in full lines, FIG. 2), behind the black annular
      opaque housing or mask 80. When the parts are so disposed the annular
      contact member or ring 31 remains in its normal at rest position, as in
      full lines, FIG. 2, and out of contact with the stationary contact members
      64 so that the electrical circuit 27 remains open and the audio or
      audio-visual warning signal device or alarm 26 (FIG. 7) remains inactive
      and silent. In this position of the parts the yellow colored upper portion
      88 of the second annular non-magnetic material cylindrical housing 77 is
      visible from outside the housing 16 through the annular transparent window
      57 and above the opaque or black housing 80.
PAR  However, when an abnormal condition develops in the hydraulic or oil system
      17 in which the new differential pressure visual and audio or audio-visual
      warning signal device 15 is arranged, such as clogging of the filter 19,
      the normally static and balanced condition of the parts, as described
      above, is disturbed and an unbalanced condition is created, in which the
      pressure of the hydraulic fluid entering the cylindrical cavities 36-47
      through the low pressure inlet 45-46 from the filter 19, by way of the
      line 24, drops with the result that the combined downward forces or
      pressures of the resetting coil spring 32 and the hydraulic pressure or
      downward force exerted on the piston unit 37-38-39-40 are insufficient to
      overcome the hydraulic upward pressure or force of the hydraulic fluid or
      oil entering the cylindrical cavities 36-47 by way of the high pressure
      inlet 44-43 and the line 23 from the pump 20. When such an unbalanced
      condition occurs the hydraulic pressure or force of the hydraulic fluid or
      oil entering the cylindrical cavity 36 from the concave side of the piston
      unit 37-38-39-40 raises the piston unit 37-38-39-40 in the cylindrical
      cavities 36-47, against the combined downward forces of the resetting coil
      spring 32 and the downward force of the hydraulic fluid or oil entering
      the cylindrical cavities 36-47 from the low pressure inlet 45-46, with the
      result that the piston unit 37-38-39-40 moves upwardly in the cylindrical
      cavities 36-47 and thereby raises the cylindrical magnet 49 in the reduced
      diameter upper cylinder 50.
PAR  It will be noted that the torroidal ceramic magnet 75 lies radially
      outwardly of the cylindrical magnet 49 so that when the magnet 49 is thus
      raised in the cylinder 50 it enters the second stationary magnetic field
      of the annular or torroidal red colored visual warning signal like
      polarity, repel each other and the annular red colored visual warning
      signal magnet 75 is repelled upwardly by the cylindrical magnet 49 and
      moves from its normal or at rest position, as in full lines, FIG. 2, into
      its raised and actuated position, as in dotted lines, FIG. 2, in which it
      is disposed radially outwardly of the yellow colored upper end portion 88
      of the second stationary housing 77. During this operation the red colored
      annular or torroidal visual warning signal magnet 75 moves gradually out
      of and above its opaque housing or mask 80-88 and becomes clearly visible
      through the transparent annular window 57, thereby creating a visual
      warning signal to show the observer that some abnormal condition has
      arisen in the hydraulic or oil system 17, such as partial or total
      clogging of the filter 19.
PAR  At the same time, that is, when the red colored visual annular or torroidal
      warning signal magnet 75 is thus raised into position to be seen through
      the transparent annular window 57, and thus act as a visual warning
      signal, the annular or torroidal warning signal magnet 75 raises the
      annular contact member or ring 31 thereon upwardly from its normal or at
      rest position, as in full lines, FIG. 2, into its raised and actuated
      position, as in dotted lines, FIG. 2, and in which latter position the
      annular contact member or ring 31 engages the fixed or stationary contact
      members 30--30 and thus closes the electrical circuit 27 to the audio or
      audio-visual alarm 26 and thereby actuates the latter to create a second
      and audio or audio-visual alarm to the effect that an abnormal condition
      has arisen in the hydraulic or oil system 17, such as total clogging of
      the filter 19.
PAR  When the abnormal condition which has arisen in the hydraulic or oil system
      17, such as the clogging of the filter 19, has been corrected, the
      hydraulic pressure of the hydraulic fluid or oil entering the cylindrical
      cavities 36-47 by way of the low pressure inlet 45-46 will rise to its
      predetermined normal level and, when coupled with the downward pressure or
      force of the resetting coil spring 32, will overcome the hydraulic upward
      pressure or force of the hydraulic fluid or oil entering the cylindrical
      cavity 36 by way of the high pressure inlet 44-43 from the pump 20 with
      the result that piston unit 37-38-39-40 will be forced downwardly in the
      cylindrical cavities 36-47. At the same time, the cylindrical magnet 49
      will drop downwardly in the cylinder or bore 50 out of the influence of
      the magnetic field of the red colored visual torroidal warning signal
      magnet 75 with the result that the red colored visual torroidal signal
      magnet 75 will fall by gravity back into its black or opaque housing or
      mask 80 and become invisible through the annular transparent window 57.
      During this operation, the annular contact member or ring 31 on the upper
      end portion of the annular or torroidal magnet 75 will also fall by
      gravity downward from its raised and actuated position in contact with the
      stationary or fixed contact members 30--30 (as in dotted lines, FIG. 2)
      into its normal or at rest position (as in full lines, FIG. 2) and out of
      contact with the stationary or fixed contact members 30-30, thereby
      breaking the electrical circuit 27 to the audio or audio-visual warning
      signal or alarm signal device 26 and thus rendering the audio or
      audio-visual alarm signal device inactive or silent.
PAC  SPECIFICATIONS AS TO CERTAIN PARTS AND OPERATING CONDITIONS IN A TYPICAL
      EMBODIMENT OF THE FORM OF THE INVENTION AS ILLUSTRATED IN FIGS. 1 TO 8,
      INCLUSIVE
PAR  The new warning signal unit may be made to any desired size and may be
      designed to meet any desired operating pressure conditions. However,
      specifications and operating conditions of certain of the parts in a
      typical embodiment of the form of the invention illustrated in FIGS. 1 to
      8, inclusive, are as follows:
PAR  1. Dimensions of the housing 33: 1.38 inches in diameter and 4.62 inches in
      heighth;
PAR  2. Dimensions of the cylindrical cavity 36-47: main body 36 0.582 inches in
      diameter and 1.31 inches in heighth, and the extension 47 2.45 inches in
      heighth and 0.280 inches in diameter;
PAR  3. Resetting compression coil spring 32: 0.260 inches in diameter and 0.970
      inches in heighth; maximum pressure range 45 psi;
PAR  4. Magnet 49: 0.250 inches in diameter and 1.25 inches in heighth;
PAR  5. Central bore 50-81: 0.280 inches in diameter and 2.45 inches in heighth;
PAR  6. Torroidal magnet 75: 0.875 inches in diameter and 0.438 inches in
      heighth;
PAR  7. Normal working pressure range of fluid power in the system 17 entering
      the housing 16 by way of the low pressure inlet 45-46, as desired, but
      with 3000 psi; and
PAR  8. Normal working pressure range of fluid power entering the housing 16 by
      way of the high pressure inlet 42-43 from pump 20, as desired with maximum
      3000 psi.
PAC  DETAILED DESCRIPTION OF THE MODIFICATION ILLUSTRATED IN FIGS. 9 TO 12,
      INCLUSIVE
PAR  A modification of the invention is illustrated in FIGS. 9 to 12, inclusive,
      of the drawings, and those parts thereof which are similar to
      corresponding parts in the form of the invention illustrated in FiGS. 1 to
      8, inclusive, have been given the same reference numerals followed by the
      additional and distinguishing reference character "a".
PAR  The form of the invention illustrated in FIGS. 9 to 12, inclusive, is of
      the cartridge type and is designed and constructed to be installed or
      mounted in any suitable housing, as 101, which may form part of an
      hydraulic or pneumatic (fluid power) system in which the new warning
      signal device may be used, rather than being mounted on a support, as 34,
      as in the use of the form of the invention illustrated in FIGS. 1 to 8,
      inclusive.
PAR  To this end the body of the differential pressure warning signal device 15a
      is indicated at 90 and has a hexagonal-shaped shoulder or upper end
      portion 89 and an externally threaded reduced diameter portion 91, which
      is adapted to be screw threaded into a suitable threaded opening 102 in
      the housing 90. The screw threaded body portion 90-91 has a reduced
      diameter lower end portion 94-95 and the low pressure inlet 96 from the
      hydraulic or oil system (as in FIG. 8) is formed in the side wall 95 of
      the depending lower end portion 94-95 of the screw threaded body 90-91 and
      enters into the cylinrical cavities 36a-47a above the convex side of the
      piston unit 37a-38a-39a-40a (FIG. 10).
PAR  The high pressure inlet into the cylindrical cavities 36a-47a is in the
      form of the opening of 97 (FIG. 10) from which the hydraulic fluid or oil
      pressure from the pump acts directly on the concave side of the piston
      unit 37a -38a-39a-40a. A roll pin 99, which is supported in the wall of
      the lower unthreaded end portion 94-95 of the threaded body 90-91, limits
      the downward motion of the piston unit 37a-38a-39a-40a.
PAR  An O-ring seal 100 is mounted in a suitable annular groove 103 which is
      formed in the lower unthreaded depending extention 98 of the reduced
      diameter portion 94-95, and this O-ring seal provides a seal between the
      differential pressure indicating device 15a and the housing 101 (FIG. 10).
PAC  OPERATION OF THE MODIFICATION SHOWN IN FIGS. 9 TO 12, INCLUSIVE
PAR  The use and operation of the modified form of the new visual and audio or
      audio-visual warning signal device shown in FIGS. 9 to 12, inclusive, are
      substantially the same as the use and operation of the preferred
      embodiment of the invention illustrated in FIGS. 1 to 8, inclusive, except
      that in the use of this form of the invention the new warning signal
      device may be mounted in any suitable housing, as 101, in an hydraulic oil
      or pneumatic system (as 17, FIG. 8) by screwing the externally threaded
      body 90-91 into the threaded opening 102 in the housing 101, rather than
      mounting the warning signal device on a mounting plate or support as 34,
      in the form of the invention illustrated in FIGS. 1 to 8, inclusive.
PAR  When thus mounted the hydraulic fluid from the pump, as 20, in FIG. 8, will
      enter the high pressure hydraulic fluid inlet port 97 at the bottom of the
      unit and will exert an upward thrust or force on the piston 39a from below
      while, at the same time, the hydraulic fluid from the system, as from the
      filter 19, in FIG. 8, will enter the low pressure inlet 96 and flow into
      the cylindrical cavities 36a-47a and will combine with the downward
      pressure or force of the resetting coil spring 32a, to exert a downward
      pressure or force on the head 38a of the convex side of the piston 39a,
      whereupon the form of the new visual and audio or audio-visual warning
      signal device shown in FIGS. 9 to 12, inclusive, will function in
      substantially the same manner, and will accomplish the same advantageous
      results, as the form of the invention illustrated in FIGS. 1 to 8,
      inclusive, and as described above.
PAR  It will thus be seen from the foregoing description, considered in
      conjunction with the accompanying drawings, and the claims set forth
      hereinafter, that the present invention provides a new and improved
      combination visual and audio or audio-visual differential pressure warning
      signal device for hydraulic and pneumatic (fluid power) systems having the
      desirable advantages and characteristics and accomplishing its intended
      objects, including those hereinbefore pointed out and others which are
      inherent in the invention.
CLMS
STM  I claim:
NUM  1.
PAR  1. A combination visual and audio or audio-visual differential pressure
      warning signal device for use in fluid power systems employing an
      hydraulic or pneumatic fluid power medium comprising:
PA1  a housing adapted to be arranged in and in communication with the fluid
      power system and including a body having therein
PA2  1. an internal cylindrical cavity;
PA2  2. a piston unit including a piston head movably mounted in the said
      cylindrical cavity;
PA2  3. a high pressure inlet in the said body of the said housing for the flow
      of the fluid power from the system into the said cylindrical cavity below
      the said piston unit;
PA2  4. a low pressure inlet in the body of the said housing for the flow of the
      fluid power from the system into the said cylindrical cavity above the
      said piston unit;
PA2  5. a transparent window;
PA1  b. stationary electrical contact means in the said housing adapted to be
      connected to an electrical circuit which includes an electrically
      actuatable audio or audio-visual warning signal device;
PA1  c. a first magnetic means movable mounted in the said housing above and in
      coaxial alignment with the said piston unit;
PA1  d. a second magnetic means movably mounted in the said housing radially
      outwardly of the said first magnetic means and having thereon a visual
      warning signal;
PA1  e. opaque masking means stationarily mounted in the said housing radially
      inwardly of and adjacent to the said transparent window and normally
      concealing the said second magnetic means and the said visual warning
      signal thereon from view through the said transparent window;
PA1  f. movable electrical contact means movably mounted in the said housing on
      the said second magnetic means and movable therewith into electrical
      contacting engagement with the said stationary electrical contact means to
      close the said electrical circuit to the said electrically actuatable
      audio or audio-visual warning signal device;
PA1  g. spring means in the said housing above and in coaxial alignment with the
      said first magnetic means and with the said piston unit and coacting with
      the force of the fluid power entering the said cylindrical cavity from the
      system by way of the said low pressure inlet to urge the said piston unit
      downwardly in the said cylindrical cavity against the action of the upward
      force of the said fluid power entering the said cylindrical cavity from
      the system by way of the said high pressure inlet below the said piston
      head;
PA1  h. whereby under normal operating conditions of the system a static
      balanced condition is maintained between the combined downward force of
      the said spring means and the downward force of the fluid power from the
      low pressure inlet into the said cylindrical cavity to retain the said
      piston unit and the said second magnetic means in their normal at rest
      position against the action of the upward force of the fluid power from
      the said high pressure inlet into the said cylindrical cavity, whereas
      when the pressure of the fluid power in the system entering and said
      cylindrical cavity from the said low pressure inlet drops due to a
      hazardous condition in the system the fluid power from the high pressure
      inlet into the said cylindrical cavity will urge the said piston unit
      upwardly in the said cylindrical cavity against the combined downward
      forces of the said spring means and the fluid power from the low pressure
      inlet and thus raise the said first magnetic means into the magnetic field
      of the said second magnetic means and thereby cause the said first
      magnetic means to repel the said second magnetic means upwardly in the
      said housing and thus expose the said visual warning signal thereon to
      view through the said transparent window while at the same time moving the
      said movable contact means into electrical contacting engagement with the
      said stationary contact means to close the said electrical circuit to the
      said electrically actuatable audio or audio-visual warning signal device.
NUM  2.
PAR  2. A combination differential pressure visual and audio or audio-visual
      warning signal device as defined in claim 1 in which
PA1  a. the said first magnetic means is in the form of a generally cylindrical
      ferrous metal magnet; and
PA1  b. the said second magnetic means is in the form of a torriodal ceramic
      magnet disposed radially outwardly of the said generally cylindrical
      ferrous metal magnet in the said housing.
NUM  3.
PAR  3. A combination differential pressure visual and audio or audio-visual
      warning signal device as defined in claim 1 in which
PA1  a. the said visual warning signal on the said torroidal magnet is in the
      form of an external wall surface on the said torroidal magnet having
      thereon a red colored visual warning signal indicium.
NUM  4.
PAR  4. A combination differential pressure visual and audio or audio-visual
      warning signal device as defined in claim 3 in which
PA1  a. the said opaque masking means in in the form of a black colored
      cylindrical member mounted in the said housing radially inwardly of the
      said transparent window and normally concealing the said red colored
      visual warning signal indicium on the said torroidal magnet from view
      through the said transparent window.
NUM  5.
PAR  5. A combination differential pressure visual and audio or audio-visual
      warning signal device as defined in claim 2 in which
PA1  a. the said torroidal ceramic magnet has
PA2  1. an annular upper surface; and in which
PA1  b. the said movable electrical contact means is in the form of an annular
      electrical contact member mounted on the said annular upper surface of the
      said torroidal ceramic magnet.
NUM  6.
PAR  6. A combination differential pressure visual and audio or audio-visual
      warning signal device as defined in claim 1 in which
PA1  a. the said body of the said housing includes
PA2  1. a side wall having the said high pressure fluid power inlet therein; and
      in which
PA2  2. the said low pressure inlet is formed in the said side wall of the said
      body of the said housing above the said high pressure fluid power inlet.
NUM  7.
PAR  7. A combination differential pressure visual and audio or audio-visual
      warning signal device as defined in claim 1 which includes
PA1  a. means for mounting the said housing on a vertical supporting surface.
NUM  8.
PAR  8. A combination differential pressure visual and audio or audio-visual
      warning signal device as defined in claim 1 in which
PA1  a. the said body of the said housing includes
PA2  1. an externally threaded wall surface which is adapted to be threaded into
      an internally threaded opening in a housing which is embodied in the said
      fluid power system.
NUM  9.
PAR  9. A combination differential pressure visual and audio or audio-visual
      warning signal device as defined in claim 8 in which
PA1  a. the said body of the said housing includes
PAR  1. a lower end portion having the said high pressure fluid power inlet
      formed therein; and in which
PA1  b. the said body of the housing includes a side wall having the said low
      pressure inlet extending therein to above the said high pressure inlet.
NUM  10.
PAR  10. A combination visual and audio or audio-visual differential pressure
      warning signal device for use in fluid power systems employing an
      hydraulic or pneumatic fluid power medium comprising:
PA1  a. a housing adapted to be arranged in and in communication with the fluid
      power system and including a body having therein
PA2  1. an internal cylindrical cavity;
PA2  2. a piston unit including a piston head movably mounted in the said
      cylindrical cavity;
PA2  3. a high pressure inlet in the said body of the said housing for the flow
      of the fluid power from the system into the said cylindrical cavity below
      the said piston head;
PA2  4. a low pressure inlet in the body of the said housing for the flow of the
      fluid power from the system into the said cylindrical cavity above the
      said piston unit;
PA2  5. a transparent window;
PA1  b. stationary electrical contact means in the said housing adapted to be
      electrically connected to an electrical circuit which includes an
      electrically actuable audio or audio-visual warning signal device;
PA1  c. a first magnetic means movably mounted in the said housing above and in
      coaxial alignment with the said piston unit;
PA1  d. a second magnetic means movably mounted in the said housing radially
      outwardly of the said first magnetic means and having thereon a visual
      warning signal;
PA1  e. opaque masking means stationarily mounted in the said housing radially
      inwardly of and adjacent to the said transparent window and normally
      concealing the said second magnetic means and the said visual warning
      signal thereon from view through the said transparent window;
PA1  f. movable electrical contact means movably mounted in the said housing
      above the said second magnetic means and movable thereby into electrical
      contacting engagement with the said stationary electrical contact means to
      close the said electrical circuit to the said electrically actuatable
      audio or audio-visual warning signal device; and
PA1  g. spring means in the said housing above and in coaxial alignment with the
      said first magnetic means and with the said piston unit and coacting with
      the downward force of the fluid power entering the said cylindrical cavity
      from the said system by way of the said low pressure inlet to urge the
      said piston unit downwardly in the said cylindrical cavity against the
      action of the upward force of the said fluid power entering the said
      cylindrical cavity from the system by way of the said high pressure inlet
      below the said piston unit so as to maintain a static or balanced
      condition between the combined downward force of the said spring means and
      the fluid power from the said low pressure unit tending to urge the said
      piston unit downwardly in the said cylindrical cavity against the upward
      force of the fluid power entering the said housing by way of the said high
      pressure fluid power tending to raise the said piston unit in the said
      cylindrical cavity whereby when the said static or balanced condition is
      maintained in the said system the said visual warning signal is concealed
      from view by the said opaque masking means and the said movable contact
      means is disposed out of electrical contacting engagement with the said
      stationary electrical contact means.
NUM  11.
PAR  11. A differential pressure warning signal device for use in fluid power
      systems employing a hydraulic or pneumatic fluid power medium comprising:
PA1  a. a housing adapted to be arranged in and in communication with the fluid
      power system and including a body having therein
PA2  1. an internal cylindrical cavity;
PA2  2. a piston unit including a piston head movably mounted in the said
      cylindrical cavity;
PAR  3. a high pressure inlet in the said body of the said housing for the flow
      of the fluid power from the system into the said cylindrical cavity below
      the said piston unit;
PA2  4. a low pressure inlet in the body of the said housing for the flow of the
      fluid power from the system into the said cylindrical cavity above the
      said piston unit;
PA2  5. a transparent window;
PA1  b. stationary electrical contact means in the said housing adapted to be
      connected to an electrical circuit which includes an electrically
      actuatable warning signal device;
PA1  c. a first magnetic means movably mounted in the said housing above and in
      coaxial alignment with the said piston unit;
PA1  d. a second magnetic means movably mounted in the said housing radially
      outwardly of the said first magnetic means and having thereon a visual
      warning signal;
PA1  e. opaque masking means stationarily mounted in the said housing radially
      inwardly of and adjacent to the said transparent window and normally
      concealing the said second magnetic means and the said visual warning
      signal thereon from view through the said transparent window;
PA1  f. movable electrical contact means movably mounted in the said housing on
      the said second magnetic means and movable therewith into electrical
      contacting engagement with the said stationary electrical contact means to
      close the said electrical circuit to the said electrically actuatable
      warning signal device; and
PA1  g. spring means in the said housing above and in coaxial alignment with the
      said first magnetic means and with the said piston unit and coacting with
      the fluid power entering the said cylindrical cavity from the system by
      way of the said low pressure inlet to urge the said piston unit downwardly
      in the said cylindrical cavity against the action of the upward force of
      the said fluid power entering the said cylindrical cavity from the system
      by way of the said high pressure inlet below the said piston unit so as to
      maintain a static or balanced condition between the combined forces of the
      said spring means and the fluid power from the said low pressure unit
      tending to urge the said piston unit downwardly in the said cylindrical
      cavity against the upward force of the fluid power entering the said
      housing by way of the said high pressure fluid power tending to raise the
      said piston unit in the said cylindrical cavity whereby when the said
      static or balanced condition is maintained the said visual warning signal
      is concealed from view by the said opaque masking means and the said
      movable contact means is disposed out of electrical contacting engagement
      with the said stationary electrical contact means.
NUM  12.
PAR  12. A differential pressure warning signal device for use in fluid power
      systems employing an hydraulic or pneumatic fluid power medium comprising:
PA1  a. a housing adapted to be arranged in and in communication with the fluid
      power system and including a body having therein
PA2  1. an internal cylindrical cavity;
PA2  2. a piston unit including a piston head movably mounted in the said
      cylindrical cavity;
PA2  3. a high pressure inlet in the said body of the said housing for the flow
      of the fluid power from the system into the said cylindrical cavity below
      the said piston head;
PA2  4. a low pressure inlet in the body of the said housing for the flow of the
      fluid power from the system into the said cylindrical cavity above the
      said piston head;
PA1  b. stationary electrical contact means in the said housing adapted to be
      connected to an electrical circuit which includes an electrically
      actuatable warning signal device;
PA1  c. a first magnetic means movably mounted in the said housing above and in
      coaxial alignment with the said piston unit;
PA1  d. a second and torroidal magnetic means movably mounted in the said
      housing radially outwardly of the said first magnetic means;
PA1  e. movable electrical contact means movably mounted in the said housing
      above the said second and torroidal magnetic means and movable by the said
      second and torroidal magnetic means into electrical contacting engagement
      with the said stationary electrical contact means to close the said
      electrical circuit to the said electrically actuatable warning signal
      device; and
PA1  f. spring means in the said housing above and in coaxial alignment with the
      said first magnetic means and with the said piston unit and coacting with
      the force of the fluid power entering the said cylindrical cavity from the
      system by way of the said low pressure inlet to urge the said piston unit
      downwardly in the said piston cylinder against the action of the upward
      force of the said fluid power entering the said cylindrical cavity from
      the system by way of the said high pressure inlet below the said piston
      head so as to maintain a static or balanced condition between the combined
      downward forces of the said spring means and the fluid power from the said
      low pressure unit tending to urge the said piston unit downwardly in the
      said cylindrical cavity against the upward force of the fluid power
      entering the said housing by way of the said high pressure fluid power
      tending to raise the said piston unit in the said cylindrical cavity
      whereby when the said static or balanced condition is maintained the said
      movable contact means is disposed out of electrical contacting engagement
      with the said stationary electrical contact means and the said electrical
      circuit to the said electrically actuatable warning signal device remains
      open and said electrically actuatable warning signal device remains
      inactive.
NUM  13.
PAR  13. A differential pressure warning signal device as defined in claim 12 in
      which
PA1  a. the said first magnetic means is in the form of a generally cylindrical
      ferrous metal magnetic member;
PA1  b. the said second magnetic means is in the form of an annular or torroidal
      ceramic magnet member disposed radially outwardly of the said ferrous
      metal magnetic member in the said housing; and in which
PA1  c. the said first magnetic means and the said second magnetic means are of
      the same magnetic polarity and are mutually magnetically repellant.
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ABST
PAL  This invention is an improved electronic alarm relay for monitoring the
      current drawn by an AC motor or other electrical load. The circuit is
      designed to measure the load with high accuracy and to have excellent
      alarm repeatability. Chattering and arcing of the relay contacts are
      minimal. The operator can adjust the set point easily and can re-set both
      the high and the low alarm points by means of one simple adjustment. The
      relay includes means for generating a signal voltage proportional to the
      motor current. In a preferred form of the invention a first operational
      amplifier is provided to generate a first constant reference voltage which
      is higher than a preselected value of the signal voltage. A second
      operational amplifier is provided to generate a second constant reference
      voltage which is lower than the aforementioned preselected value of the
      signal voltage. A circuit comprising a first resistor serially connected
      to a second resistor is connected across the outputs of the first and
      second amplifiers, and the junction of the two resistors is connected to
      the inverting terminal of the second amplifier. Means are provided to
      compare the aforementioned signal voltage with both the first and second
      reference voltages and to actuate an alarm if the signal voltage is higher
      than the first reference voltage or lower than the second reference
      voltage.
GOVT
PAR  This invention was made in the course of, or under, a contract with the
      U.S. Atomic Energy Commission.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates broadly to electronic load-monitoring devices and
      more particularly to an improved adjustable-range electronic relay for
      giving warning when the current flow through a motor or other electrical
      load varies from a preselected operating range.
PAR  Mechanical alarm relays commonly are employed to monitor current flow
      through an electrical load and to energize alarm circuitry when the
      monitored current increases to a preselected high value or decreases to a
      preselected low value. The relay is provided with mechanical contacts for
      operating the alarm circuitry. It is typical for such relays to include a
      mechanical adjustment permitting re-setting of the high and low current
      values at which the relay alarms--that is, the relays are designed for
      mechanical adjustment of the alarm range.
PAR  Mechanical relays of the kind just described are characterized by various
      disadvantages. Being mechanical devices, the relays do not provide as high
      an alarm point accuracy and repeatability as would be desired. Also, such
      relays require various mechanical adjustments. Again, the relay contacts
      are often slow-acting and thus subject to arcing and chattering.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention is designed to overcome various of the
      above-mentioned disadvantages. In addition, it is designed to permit
      setting of the alarm differential for three modes of operation. In a
      "constant differential" mode, the relay actuates an alarm if the current
      being monitored differs from the set point by a selected number of
      amperes. In a "percent differential" mode, the alarm is actuated if the
      current differs from the set point by a selected percentage of the set
      point. As will be described, the invention also permits operation in a
      combined constant- and percent-differential mode. While various electronic
      relays are in the art, none is known which provides the advantages of this
      invention.
PAR  The invention can be characterized broadly as follows: A circuit for
      monitoring an electrical current and energizing an alarm if the value of
      said current varies from a selected operating range comprising: means for
      generating a DC signal voltage continuously proportional to said current;
      means for generating a first DC reference voltage which exceeds a
      perselected value of said signal voltage by a selected first amount; means
      for generating a second DC reference voltage which is lower than said
      preselected value of said signal voltage by a selected second amount;
      first comparator means for comparing the first reference voltage with said
      load signal and generating an output voltage of selected polarity if said
      load signal exceeds the first reference voltage; second comparator means
      for comparing the second reference voltage with said load signal and
      generating an output voltage of said selected polarity if said load signal
      is less than the second reference voltage; and means connected to receive
      said output voltages for actuating an alarm if either of said output
      voltages is of said selected polarity.
PAR  Accordingly, it is an object of this invention to provide an electronic
      load alarm which, in terms of its alarm points, is characterized by high
      accuracy and high repeatability.
PAR  It is another object to provide an electric load alarm in which the high
      and the low alarm points can be set simultaneously by means of a single
      adjustment.
PAR  It is another object to provide an electronic load alarm which can be
      operated selectively in a constant-differential mode or a
      percentage-differential mode.
PAR  Other objects will be made evident hereinafter.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  The single FIGURE is a schematic diagram of an alarm circuit designed in
      accordance with this invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the FIGURE, the preferred embodiment of the invention includes
      any suitable circuit for developing a low voltage DC output, or load
      signal, proportional to the current flow through an electric motor 1.
PAR  In the particular arrangement shown, the load signal is in the range of 0-1
      V DC, each millivolt of the load signal corresponding to one amp of
      current through the motor. The circuit for developing this load signal
      includes a current transformer 3 (output, 0-5 amps) connected in circuit
      with the motor. A step-up transformer 5 (ratio, 1:4) is connected across a
      shunt 6 which bridges the current transformer secondary. The output of
      transformer 5 is 0-460 MV, which is impressed across a grounded resistor
      R1. The voltage across R1 is fed to a circuit where it is conditioned
      (rectified and filtered) to provide the desired load signal of 0-1 V DC.
      The conditioning circuit includes standard operational amplifiers M1 and
      M2, the output of M1 being impressed across an RC filter R4-C1 whose
      output is fed to M2. The resulting -1 V DC load signal from M2 is
      impressed across a grounded resistor R7 and, as will be described, is fed
      to a circuit for providing reference signals and to a signal comparator. A
      standard .+-.12 V DC supply (not shown) is provided for powering the
      amplifiers and the various circuits to be described.
PAR  Still referring to the FIGURE, a constant-current circuit is provided for
      developing both a "reference signal" and a "constant differential
      reference signal." This circuit includes a conventional constant-current
      regulator Q3-P5 for maintaining a flow of one milliamp through a series
      circuit consisting of potentiometers P2 (20 ohms) and P4 (1000 ohms)
      connected between the regulator and ground. Independent of the setting of
      P2, a voltage of 0-1 V DC is developed between the positive end of P4 and
      ground. The voltage drop across P2 can be varied from 0 to 0.02 V DC by
      movement of its slider. That is, depending on the setting of P2, the
      voltage from the positive end of P2 to ground is from 0 to 20 millivolts
      higher than the reference signal. The voltage from the positive end of P2
      to ground, referred to as the "constant differential reference signal," is
      fed to a signal comparator.
PAR  Still referring to the constant-current circuit, an operator adjusts
      potentiometer P4 to set the voltage thereacross to a value matching the
      aforementioned load signal. That is, the operator closes a pushbutton S1
      to momentarily connect the positive end of P4 to a voltmeter V whose other
      terminal is connected to receive the load signal. The operator adjusts P4
      to null the meter. The voltage across P4, now matching the load signal, is
      referred to as the "reference signal," or set point. Each millivolt of the
      reference signal now corresponds to one amp through the motor being
      monitored. This signal is fed to the comparator circuit described below.
PAR  The signal comparator circuit includes a pair of operational amplifiers M5
      and M6. The "constant-differential reference signal" is impressed on the
      non-inverting (+) pin of M6, whereas the "reference signal" is impressed
      on the non-inverting (+) pin of M5. With a switch S3 in the feedback lead
      of M6 in a "constant differential" position, M6 operates with a feedback
      ratio of 1:1. The output voltage of M6 is impressed across a series
      combination of a potentiometer P3 and resistor R12, the latter being
      connected to ground. As shown, the output lead of M6 also is connected to
      the minus pin of an operational amplifier M3.
PAR  As shown, the above-mentioned reference signal is impressed on the plus pin
      of amplifier M5. The output of M5 is impressed across a resistor R11, one
      end of which is connected to the positive pin of an operational amplifier.
      The other end of R11 is connected, through a resistor R17, to the output
      lead of M6. Resistors R11 and R17 are of equal resistance and function
      respectively as feedback and biasing resistors for amplifier M5. As shown,
      the aforementioned load signal is impressed on both the plus pin of M3 and
      the minus pin of M4.
PAR  The outputs of amplifiers M3 and M4 are fed in parallel to a common output
      lead 7. The voltage impressed on lead 7, referred to as the "load
      condition signal," is impressed on the base of a PNP transistor Q1. This
      transistor remains "On" so long as the outputs from both M3 and M4 are
      negative. As shown, a NPN transistor Q2 and a standard fast-acting relay
      are connected in series across Q1. When Q1 is conducting, Q2 is "On" and
      the relay is energized. In the energized state, RY1 holds open a contact
      K. Closing of this contact connects any suitable alarm A in circuit with a
      power supply 9 therefor. As shown, the base of Q2 is connected to the
      collector of Q1 through a resistor R16, and a capacitor C2 is connected in
      the collector lead of Q1 to bridge R16 and the base-and-emitter portion of
      Q2. When Q1 is "On," C2 is charged. The occurrence of an alarm condition
      turns off Q1, but the resulting discharge of C2 through R16 holds Q2 "On"
      for a selected period. Thus, an alarm condition must exist for a selected
      time (e.g., 2 seconds) prior to alarm actuation. Conversely, after the
      alarm has been actuated it must remain "On" for the same period after the
      alarm condition disappears. This provision eliminates relay chattering.
PAR  To illustrate a typical operation of the invention, it will be assumed that
      the motor being monitored is drawing 700 amps and that an alarm is desired
      in the event the current varies from that value by more than .+-.20 amps.
      To meet this requirement, the operator closes pushbutton S1 momentarily
      and adjusts P4 to null the meter V, thus balancing out the load signal.
      This sets the reference signal at 700 MV, corresponding to the load of 700
      amps. The operator then adjusts the slider of P2 to its upper limit, where
      the constant differential signal exceeds the reference signal by 20 MV.
      (Preferably, P2 is calibrated linearly in amps, with the positive end
      corresponding to 20 amps). With P2 now set at 20 amps, a
      "constant-differential reference signal" of 720 MV is impressed on the
      plus pin of amplifier M6. This amplifier, which operates with 100 percent
      feedback with S3 set as shown, develops an output voltage of 720 MV.
PAR  Referring to amplifier M5, a reference voltage of 700 MV is impressed on
      its plus pin. M5 forces the junction of resistors R11 and R17 to 700 MV.
      No current flows in the feedback lead connected to the minus pin of
      amplifier M5, and consequently sufficient current must flow from the
      720-MV line through R17 to develop a 20-MV drop across that resistor. This
      current also flows through R11, developing a 20-MV drop thereacross. As a
      result, a voltage of 680 MV is established at the negative end of R11 and
      at the plus pin of M4. Thus, as indicated in FIG. 1, the outputs of
      amplifiers M3 and M4 are both negative, with the result that Q1 and Q2 are
      "On" and contact K is held open.
PAR  If the motor load now changes from the set point (700 amps) by less than
      the constant-diferential setting (20 amps), the outputs of M3 and M4
      remain negative, and contact K remains open. If, however, the load changes
      by slightly more than 20 amps, the output of one of the amplifiers is
      driven positive. For example, if the motor load increases to 723 amps, the
      load signal applied to the amplifiers M3 and M4 increases to 723 MV. This
      change drives the M3 output to positive. This turns "Off" Q1 and then
      (after the above-mentioned time delay) turns "Off" Q2, de-energizing RY1
      and closing contact K to activate the alarm. Similarly, a decrease of more
      than 20 amps in the 700-amp motor load reverses the polarity of the M4
      output, actuating the alarm. If the operator should find it necessary to
      readjust the reference signal (set point) to a new value of, say, 500
      amps, the circuit then will continue to operate with the same alarm
      differential (20 amps) unless the operator chooses to change the
      differential by re-setting P2. It will be noted that this circuitry
      permits the operator to set both the high and low alarm points by means of
      only one adjustment.
PAR  With the switch S3 set in its "percent differential" position,
      potentiometer P3 is incorporated in the feedback circuit for amplifier M6.
      In the particular embodiment shown, P3 can vary the feedback to M6 over a
      range of from 90 to 100 percent. That is, with the slider positioned at
      the negative end of P3, the feedback to M6 is reduced by 10 percent,
      increasing the M6 output to 110 percent. The effect of P3 will be
      illustrated first for the condition where (a) P4 has been adjusted for a
      set point of 700 amps, (b) P2 has been set for zero amps constant
      differential, and (c) P3 is set at 10 percent. With these settings, the
      input to the positive pins of M5 and M6 is 700 MV. The output from M6 is
      770 MV (110 percent of its input). Thus, the plus pin of M3 is at 700 MV
      and its minus pin is at 770, and the output of M3 is negative. Amplifier
      M5 has an input of 700 MV and operates as previously described to
      establish that voltage at the junction of R11 and R17. The resulting
      current flow through R11 and R17 establishes a voltage drop of 70MV across
      each. Thus, with its plus pin at 630 MV and its minus pin at 700 MV, the
      output of M4 is negative. The alarm A is not activated unless the motor
      current changes by slightly more than 10 percent of the value of the set
      point, thus swinging the output of either M3 or M4 to positive.
PAR  A different alarm differential is obtained if P4 is set for 700 amps and P3
      is set to reduce the feedback to M6 by 10 percent, but P2 is set for 20
      amps constant differential. In this case the M6 output is 792 MV (110
      percent of the 720-MV input). The plus pin of M3 is at 700 MV and its
      minus pin is at 792. The input to M5 is 700 MV, and thus the junction of
      R11 and R17 is at that voltage. Voltage drops of 92 MV each are
      established across R11 and R17. The plus pin of M4 is at 608 MV and its
      negative pin is at 700. The alarm is actuated only if the present alarm
      differential--92 MV--is exceeded. That is, when P2 and P3 are both in the
      circuit in the alarm limits (e.g., 792 MV and 608 MV) correspond to the
      set pont .+-. the constant differential .+-. the selected percentage. At a
      set point of 500 amps, a constant-differential setting of 10 amps and a
      percent-differential setting of 5 percent, the alarm limits are 535.5 and
      464.5 amps.
PAR  Operation in only the above described constant-differential mode is
      suitable for many process applications. In some applications, it is
      desirable to provide essentially the same proportion of process control
      whether the process motor is lightly loaded or heavily loaded. This need
      is not met by constant-differential operation but is met by percent
      differential operation. Assume, for example, that a process motor is
      running with a light load (e.g., set point at 400 and P3 at 3 percent). If
      the motor then is heavily loaded (e.g., the operator readjusts the set
      point to 800 amps), the same 3 percent setting of P3 permits a wider
      absolute variation in motor current without actuating the alarm. Thus, a 3
      percent load change is allowed at any level of process operation.
PAR  The circuit shown in the FIGURE is designed to be fail-safe. Loss of the
      .+-.12-volt power source will actuate the alarm. The AC portion of the
      circuit is essentially insensitive to external radio-frequency signals
      (e.g. walkie-talkies), owing to the provision of a capacitor C3 across the
      input of amplifier M1.
PAR  A circuit similar to that shown in the FIGURE was designed to monitor the
      load drawn by compressor-drive motors installed in a gaseous-diffusion
      plant for the separation of uranium isotopes. The circuit was composed
      throughout of standard components. For example, the operational amplifiers
      M1-M6 were Model 3741, manufactured by Radio Corporation of America;
      essentially equivalent results can be obtained with Model 72741, produced
      by Texas Instruments Company. The transistors Q1 and Q2 were types GE-21
      and GE-17, manufactured by General Electric Company. The relay RY1 was
      Model HP-11D, produced by Potter-Brumfield Company. The voltage limiters
      across the output of transformer 5 were conventional zener diodes. The
      blocking diodes D1-D5 were of the IN-4531 type. The values of some of the
      other components of the circuit are given below.
PA1  C1, 47 uf; C2, 22uf; C3, 1000 pf; Q3, 2N-3436 P1, 100K; P2, 20 ohms; P3,
      1K; P4, 1K R1, 270K; R7, 10K; R11, 10K, R12, 9.1K; R17, 10K; R19, 2
      megohms
PAR  The circuit performed very satisfactorily. For example, with a set point of
      600 amps the alarm repeatability was found to be .+-.1 amp. The load
      signal (output from M2) was highly linear with respect to the motor
      current being monitored, the linearity being 1/2 percent or better. Thus,
      if desired, the electronic relay circuit also can be utilized as a motor
      load current transducer. In that case, a jack J1 (see FIGURE) can be
      provided for connection to data monitoring equipment or the like. No
      chattering of the relay contact was experienced. Arcing at the contact was
      minimal.
PAR  It will be apparent to those versed in the art that various alterations or
      modifications can be made in the embodiment described above without
      departing from the principle of the invention. For example, the resistors
      R11 and R17 can be proportioned so that the high and low alarm points are
      not equally displaced from the set point. That is, if R11 is twice as
      large as R17, the difference between the lower alarm point and the set
      point will be twice that between the upper alarm point and the set point.
      Again, if desired, the circuit can be modified so that the alarm action of
      RY1 is reversed and no alarm is generated in the event of an electronic
      power supply failure. This may be accomplished by replacing Q1 with a
      Q2-type transistor, omitting R19 and shorting R15 and D5. With this
      variation C2 also will provide a minimum alarm duration of 2 seconds,
      eliminating relay chatter.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An alarm circuit for monitoring an electrical current and actuating an
      alarm if the value of said current varies from a selected operating range
      comprising
PA1  a. means for generating a DC signal voltage continuously proportional to
      said current;
PA1  b. means for generating at an output a first constant DC reference voltage
      which exceeds a preselected value of said signal voltage by a selected
      amount;
PA1  c. a series circuit comprising a first resistor connected to a second
      resistor, one end of said series circuit being connected to the output of
      said means for generating the first reference voltage;
PA1  d. means for generating at an output a second constant DC reference voltage
      which is lower than said preselected value by a selected amount and for
      impressing the second reference voltage on the other end of said series
      circuit while maintaining the junction of the first and second resistors
      of said series circuit at a DC voltage equal to said signal voltage;
PA1  e. first comparator means for comparing the voltage at said one end of said
      series circuit with said signal voltage and generating a first output
      signal indicative of said load signal being higher than the first
      reference voltage;
PA1  f. second comparator means for comparing the voltage at said other end of
      said series circuit with said signal voltage and generating a second
      output signal indicative of said load signal being lower than the second
      reference voltage; and
PAR  g. means connected to the outputs of the first and second comparator means
      for rseponding to either of the first and second output signals by
      actuating an alarm.
NUM  2.
PAR  2. The combination of claim 1 wherein said means for generating the second
      reference voltage includes an operational amplifier having a non-inverting
      input terminal connected to a source of DC voltage equal to said signal
      voltage, an inverting terminal connected to said junction, and an output
      terminal connected to said other end of said series circuit.
NUM  3.
PAR  3. The combination of claim 2 wherein the first and second resistors of
      said series circuit are of equal value.
NUM  4.
PAR  4. The combination of claim 1 wherein said means for generating the first
      reference voltage includes an operational amplifier having an output
      terminal connected to said one end of said series circuit, a non-inverting
      input terminal connected to a source of DC voltage exceeding said signal
      voltage by said selected amount, and an inverting input terminal coupled
      to its output terminal.
NUM  5.
PAR  5. The combination of claim 4 wherein the inverting input terminal of said
      operational amplifier is coupled to its output terminal through switching
      means for selectively inserting a relatively low resistance and a
      relatively high resistance therebetween.
NUM  6.
PAR  6. An alarm circuit for monitoring an electrical current and generating an
      alarm signal if the value of said current varies from a selected operating
      range comprising
PA1  a. means for generating a DC signal voltage proportional to said current;
PA1  b. a first operational amplifier having an output terminal, a non-inverting
      input terminal connected to a source of a first constant DC reference
      voltage exceeding a preselected value of said signal voltage by a selected
      amount, and an inverting input terminal coupled to its output terminal;
PA1  c. a second operational amplifier having an output terminal, a
      non-inverting input terminal connected to a source of a second constant DC
      reference voltage equal to said signal voltage, and an inverting input
      terminal connected to its output terminal through a feedback resistor;
PA1  d. a biasing resistor for the second operational amplifier, said biasing
      resistor being connected between the inverting input terminal thereof and
      the output terminal of the first operational amplifier;
PA1  e. means for comparing both the voltage output of the first operational
      amplifier and the voltage output of the second operational amplifier with
      said signal voltage and generating a signal indicative of either of the
      voltage output of the first operational amplifier being higher than said
      load signal and the voltage output of the second operational amplifier
      being lower than said load signal.
NUM  7.
PAR  7. The combination of claim 6 wherein said feedback resistor and said
      biasing resistor are of equal value.
NUM  8.
PAR  8. The combination of claim 6 wherein the inverting terminal of the first
      operational amplifier is coupled to the output terminal thereof through
      means for altering the resistance therebetween.
NUM  9.
PAR  9. The combination of claim 6 wheerein said means for comparing includes an
      operational amplifier having an input terminal connected to the output of
      said means for generating a DC signal voltage and having an input terminal
      connected to the output of the first operational amplifier.
NUM  10.
PAR  10. The combination of claim 9 wherein said means for comparing also
      includes an operational amplifier having an input terminal connected to
      the output of said means for generating a DC signal voltage and having an
      input terminal connected to the output of the second operational
      amplifier.
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ABST
PAL  A toll call time indicator comprises a small case or housing suitable for
      location adjacent a telephone and which has three readily visible
      different colored lights or other indicators for advising the user of the
      passage of time. A switch on the casing, when actuated, starts the timer
      and actuates the first signal, at the end of a predetermined period a
      second signal is actuated to indicate passage of a major portion of the
      full time interval and the third signal is actuated at or near the end of
      the period. The lights or indicators are arranged to be readily visible at
      a distance and are useful for supervisory purposes.
PARN
PAC  REFERENCE TO RELATED APPLICATION
PAR  This is a continuation of application Ser. No. 231,554 filed Mar. 3, 1972,
      now abandoned.
BSUM
PAR  This invention relates to timers for relatively short periods of time and
      particularly to an improved timer for telephone toll calls and the like.
PAC  BACKGROUND OF THE INVENTION
PAR  Various types of timers have been provided heretofore to measure or
      indicate short periods of time such as the three minute period for
      telephone toll calls. These devices have included invertible short time
      timers of the hourglass type, timers with gravity actuated escapements,
      clockwise timers, and other spring operated devices. These devices have
      provided various forms of indicators and include audible alarms to
      indicate the passage of time. It is desirable to produce a timer device to
      apprise the user of the telephone of the passage of a major portion of the
      time and which will indicate the approach of the end of the time period
      for the call. It is also desirable to provide a timing device which may be
      observed at a distance and enable a supervisor of a group of telephone
      users to determine the effectiveness of the users in maintaining their
      calls within a predetermined time period. Accordingly, it is an object of
      the invention to provide a timer for telephone toll calls and the like
      including an improved arrangement for readily and reliably apprising the
      user of the passage of time.
PAR  It is another object of this invention to provide a timer for telephone
      toll calls and the like including indicators of the initiation of the use
      of the timer, of the passage of a predetermined measured portion of the
      time and of the approach of the full time period, and further which may
      readily be observed at a distance for monitoring the use of the telephone.
PAC  SUMMARY OF THE INVENTION
PAR  Briefly in carrying out the objects of this invention in one embodiment
      thereof, the timer is provided in a small case readily located on a desk
      adjacent a telephone and which is operated by the simple actuation of a
      switch. A timer within the case is arranged to actuate readily visible
      indicators, specifically electric lamps, to advise the user of the passage
      of a predetermined time after actuation of the timer and of the approach
      of the final period. The lights employed are provided with suitable lenses
      which are readily visible at a distance from the telephone and which are
      three in number each of a different color. The timer includes a suitable
      timing device which in the preferred form is a solid state electronic
      timer arranged to actuate the three signal lights in order. The timer is
      silent in operation and produces no sound audible over the telephone.
PAR  The features of novelty which characterize this invention are pointed out
      with particularity in the claims annexed to and forming a part of this
      specification. The invention itself, however, both as to its organization
      and method of operation together with further objects and advantages
      thereof will best be understood upon reference to the following
      description taken in connection with the accompanying drawing in which:
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a timer embodying the invention; and
PAR  FIG. 2 is a schematic circuit diagram illustrating a solid state circuit
      suitable for operation of the timer of FIG. 1.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to the drawing, the timer illustrated in FIG. 1 comprises a
      casing 10 mounted on a base 11 and having three signal light buttons or
      lenses 12, 13 and 14 arranged in a line centrally of its top surface and a
      switch actuator 15 in alignment with the lenses and positioned for
      movement in a slot 16 to move the switch between its "on" and "off"
      positions. The casing 10 is of a generally rectangular box-like
      configuration and has arranged within a timing mechanism which is started
      by actuation of the switch 15 and immediately energizes the light for the
      lens 12 which may be gree indicating the beginning of the timing cycle. At
      the end of say 2 minutes, the light for lens 12 is turned off and the
      light for the lens 13 which may be an amber light is energized. Toward the
      end of a 3 minute period, the light for the lens 14, preferably red, is
      energized and the light for lens 13 de-energized, thus indicating the end
      of the three minute toll call.
PAR  The buttons or lenses 12, 13 and 14 are preferably lenses which accentuate
      the lighting effect and readily may be seen in daylight so that the
      energization of the respective lamps can be observed not only by the user
      of a telephone but by a person remote from the telephone. Thus, in a room
      where a large number of telephone users are working, a supervisor may
      observe the manner in which the telephones are used and note telephones
      which are used in excess of the 3 minute period.
PAR  The timing mechanism employed to energize the lamps below lenses 12, 13 and
      14 may be of any type suitable for measuring the required elapsed time
      periods and preferably is a timer of the sloid state electronic type. A
      timer of this type has the advantage that it creates no sound which might
      be disturbing when heard over the telephone. Furthermore, the solid state
      timer does not require the application of any force to effect its
      operation and is accurate and reliable for timing purposes. While the
      switch 15 has been indicated as of the two position type, any other switch
      suitable to start operation of the timer may be employed. For example, the
      simple key type push button switch may be used which is arranged to be
      closed upon a first depression of a button and to be opened upon the
      second operation. Thus, the timer may be started by a simple push button
      and may be stopped in the same manner.
PAR  In FIG. 2 there is illustrated a solid state timer suitable for
      incorporation in the casing of the timer in FIG. 1. As illustrated in FIG.
      2, the switch actuator 15 is arranged to actuate two single throw double
      pole switches 17 and 20. In the "off" position as illustrated, the switch
      20 connects its two lower contacts, the third contact being unused and the
      switch 17 rests on its middle contact and its lower unused contact. In
      this position of the switch, the switch 20 short circuits a capacitor 21
      and the switch 17 opens the circuit from a battery 22 which has its
      negative terminal connected to a common line or conductor 24. The lamps
      for the lenses 12, 13 and 14 are indicated as 12', 13' and 14',
      respectively. When the switch actuator 15 is moved upwardly it connects
      the positive terminal of the battery 22 to a line 25 and energizes the
      lamp 12' for the lens 12 through a connection 26, a decoder driver 27 in
      an upward line 28 from the driver. At the same time the switch 20 is moved
      out of shorting position and the capacitor 21 is charged through resistors
      29 and 30. The capacitor 21 and the resistances 29 and 30 provide a timing
      circuit, and, when the capacitor has reached a predetermined potential, a
      unijunction transistor 32 becomes conducting and a transistor 33 connected
      to the lower terminal of the unijunction transistor 32 is gated to produce
      a timing pulse which is impressed on the top left hand terminal of a BCD
      decade counter. The resistances 29 and 30 and capacitor 21 together with
      the unijunction transistor 32 thus provide clock pulses which may, for
      example, occur at intervals of 20 seconds. Transistor 33 shapes the clock
      pulse to impress an essentially square wave on a decade counter to drive
      the counter. The binary coded decade counter upon receiving each input
      pulse at its upper left-hand terminal changes the state of the four
      right-hand terminals to represent the number of input pulses which have
      been counted in the binary code. The decoder driver 27 has nine output
      terminals of which only one is at logic zero for any given count from zero
      through nine. Whenever one of the lamps 12', 13' or 14' is connected to a
      terminal having a logic zero output, the lamp is energized. Thus, as the
      count changes the green lamp will remain energized in the arrangement
      illustrated for the first five counts. On the sixth count, the green light
      is de-energized and the amber light 13' energized, this light remaining
      energized during the seventh count and being de-energized and the light
      14' energized on the eighth count. The time for sequencing all three lamps
      is approximately 3 minutes.
PAR  In order to provide a reset signal for the decade counter 34, a timing
      circuit is provided comprising a resistor 36 and a capacitor 37 connected
      to trigger a transistor 38. When the reset signal is applied to the input
      terminal R(O) of the counter 34 on the triggered or conducting condition
      of the transistor 38 a logic zero is provided at the R(O) input to enable
      or reset the counter.
PAR  This solid state circuit may be provided on a printed circuit board in
      accordance with present day practice, the lamps 12', 13' and 14' also
      being mounted on the board to lie below and adjacent the apertures covered
      by their respective lenses when the cover containing the lenses is secured
      in position over the circuit board. The battery 22 may, for example,
      comprise two size D flashlight batteries, which may easily be mounted
      within the housing 10.
PAR  It is therefore readily apparent that the present invention provides as an
      article of manufacture, a portable, self-contained, readily monitorable
      timing unit for timing telephone calls and the like. The unit comprises
      wall means including a top wall defining a closed housing of a size
      readily usable on a supporting surface such as a desk or the like and
      adjacent a telephone instrument. Within the housing and beneath the top
      wall thereof are first, second and third light emitting signal elements
      arranged in a row for respectively indicating, and in order, the beginning
      of a predetermined time period, the passage of an intermediate time period
      and the termination of the predetermined time period. The housing also has
      therewithin an electric battery means and timing means. The timing means
      includes solid state timing circuitry connected between said battery means
      and the signal elements which utilizes the battery means as its energy
      source for actuating the light emitting signal elements in order.
      Switching means are provided for initiating operation of the timing means.
      The switching means includes a starting element mounted on the housing and
      accessible from the outside thereof and which starting element upon
      actuation connects the timing means to the battery for energization
      whereby said timing means actuates said first, second and third light
      emitting signal elements in order.
PAR  Specifically, in the invention the solid state circuitry includes timing
      components and a switch means is provided for controlling the circuitry.
      The switch means includes an operating member disposed in an opening in
      the top wall of the housing along side the signal elements. This operating
      member is manipulable in its opening from exteriorily of the housing
      between a first position electrically connecting said timing components
      between the battery and the signal elements and a second position
      electrically disconnecting said battery from said timing components. The
      timing components being effective in the first position of the switching
      means operating member to energize said first, second and third light
      emitting signal elements in a sequential relationship such that said first
      element is initially energized to indicate the beginning of the
      predetermined time period, upon the passage of the intermediate time
      period the second element is energized and the first element deenergized,
      and upon the passage of the predetermined time period the third element is
      energized and the second element is deenergized.
PAR  The top wall of the housing has a row of openings therein overlying the
      signal elements and different colored lenses are arranged over the
      openings and protrude above the top wall of the housing so as to
      facilitate ready viewing of the timing of a telephone toll call being
      carried by a telephone instrument by a monitor positioned at a distance
      from such instrument.
CLMS
STM  I claim:
NUM  1.
PAR  1. As an article of manufacture, a self-contained timer unit for timing
      telephone toll calls and the like comprising a closed housing of a size
      readily usable on a desk or the like adjacent a telephone instrument, said
      article comprising:
PA1  first, second and third light emitting signal elements on said timer for
      indicating respectively and in order the beginning of a predetermined time
      period and the passage of an intermediate time period and the termination
      of said predetermined time period;
PA1  an electric battery mounted within said housing, timing means including
      solid state timing circuitry within said housing and utilizing said
      battery as its energy source for actuating said light emitting signal
      elements in order; and
PA1  switching means for initiating operation of said timing means, said
      switching means including a starting element mounted on said housing and
      accessible from the outside thereof, and said starting element upon
      actuation connecting said timing means to said battery for energization
PA1  first circuit connecting means in said timing means operative to energize
      said first signal element only immediately upon actuation of said
      switching means,
PA1  second circuit connecting means in said timing means operative after the
      passage of said intermediate time period simultaneously to deenergize said
      first signal element and to energize said second signal element only, and
PA1  third circuit connecting means in said timing means operative after the
      passage of said predetermined time period simultaneously to deenergize
      said second signal element and to energize said third signal element only.
NUM  2.
PAR  2. A self-contained timer unit as claimed in claim 1 and said housing
      including a top wall, said light emitting signal elements being of
      different colors and arranged in a row relative to said top wall so as to
      be visible from a remote point, and
PA1  said switching means starting element also being operatively related with
      said top wall.
NUM  3.
PAR  3. A portable, self-contained, readily monitorable timer unit for timing
      telephone calls and the like comprising wall means including a top wall
      defining a closed housing of a size readily usable on a supporting surface
      adjacent a telephone instrument,
PA1  within said housing and beneath said top wall first, second and third light
      emitting signal element means arranged in a row for respectively
      indicating and in order, the beginning of a predetermined time period, the
      passage of an intermediate time period and the termination of said
      predetermined time period,
PA1  an electric battery within said housing,
PA1  timing means within said housing for actuating said signal element means,
      said timing means comprising solid state circuitry connected between said
      battery and said elements, and including timing components and a switch
      means for controlling said circuitry, said switch means being operable
      exteriorly of said housing between a first position electrically
      connecting said timing components between said battery and said signal
      element means, and a second position electrically disconnecting said
      battery from said timing components, said timing components being
      effective in said first position of said switch means to energize said
      first, second and third light emitting signal element means in such a
      sequential relationship that said first signal element means only is
      immediately initially energized, upon the passage of said intermediate
      time period only said second signal element means simultaneously being
      energized and said first element means being deenergized, and upon the
      passage of said predetermined time period only said third signal element
      means simultaneously  being energized and said second element being
      deenergized,
PA1  said top wall having a row of openings therein  overlying said signal
      element means,
PA1  and said signal element means including different colored lenses arranged
      in said openings and protruding above said top wall so as to facilitate
      ready viewing of the timing of a telephone toll call being carried by such
      a telephone instrument by a monitor positioned at a distance from such
      instrument.
NUM  4.
PAR  4. As an article of manufacture, a self-contained timer unit for timing
      telephone toll calls and the like comprising a closed housing of a size
      readily usable on a desk or the like adjacent  a telephone instrument,
      said article comprising:
PA1  first, second and third light emitting signal elements on said timer for
      indicating respectively and in order the beginning of a predetermined time
      period and the passage of an intermediate time period and the termination
      of said predetermined time period;
PA1  an electric battery mounted within said housing, timing means including
      solid state timing circuitry within said housing and utilizing said
      battery as its energy source for actuating said light emitting signal
      elements in order; and,
PA1  switching means for initiating operation of said timing means, said
      switching means including a starting element mounted on said housing and
      accessible from the outside thereof, and said starting element upon
      actuation connecting said timing means to said battery for energization,
PA1  first circuit connecting means in said timing means operative to energize
      said first signal element only immediately upon actuation of said
      switching means,
PA1  second circuit connecting means in said timing means operative after the
      passage of said intermediate time period simultaneously to de-energize
      said first signal element and to energize said second signal element only,
      and
PA1  third circuit connecting means in said timing means operative after the
      passage of said predetermined time period simultaneously to de-energize
      said second signal element and to energize said third signal element only,
PA1  said timing means including a source of substantially equally timed pulses
      feeding a binary coded decade counter having a decoder driver operatively
      connected thereto,
PA1  said decoder having nine output terminals of which only one is at operative
      logic zero for any given count from zero through nine,
PA1  and wherein the said zero through five output terminals of said driver are
      included within said first circuit connecting means, the sixth and seventh
      output terminals are included within said second circuit connecting means
      and the eighth output terminal is included within said third circuit
      connecting means.
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ABST
PAL  Analog display utilizing liquid crystal material and for being multiplexed
      wherein the segments (one group of electrodes) are arranged in groups
      opposite sectors (the counter electrodes) and wherein the segments in each
      group are disposed in a sequence opposite to the sequence in which the
      segments of the next adjacent group are disposed and, further, wherein a
      segment in each group corresponds to a segment in each other group and
      wherein all corresponding segments are electrically interconnected in a
      series connection. In timed sequence with the input signals applied to the
      sectors, input signals are applied to the segments in a first
      predetermined sequence with regard to a direction of display movement to
      be provided by the display, and alternately, the input signals are applied
      to the segments in an opposite sequence with regard to the direction of
      display movement whereby the display movement is in one continuous
      direction. The disposition of the segments in groups wherein the segments
      in adjacent groups are disposed oppositely, and the series connection of
      corresponding segments, permits the leads to the segments to be made by
      such techniques as evaporation, sputtering, photo-masking or etching by
      eliminating the cross-overs which are costly to accommodate. Still
      further, the analog display of the present invention provides a display
      having a minimum of input leads thereby greatly reducing the possibility
      of failure points since each input point is a potential failure point and
      each elimination of an input point is the elimination of a potential
      failure point.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  As is known to those skilled in the art of producing electrodes and leads
      by evaporation, sputtering, photo-masking and etching the problem of
      cross-over points is one that persists and perplexes and causes highly
      undesirable costs since each crossover point requires insulation with its
      attendant expense. Further, as is also known to those skilled in the art,
      each input point to electrical apparatus, such as a liquid crystal
      display, is a potential trouble point and thus the elimination of input
      points is an elimination of potential trouble points, and accordingly, it
      is most desirable to provide electrical apparatus, such as a liquid
      crystal display, with a minimum of electrical input points.
PAC  SUMMARY
PAR  The present invention overcomes the above-noted prior art cross-over and
      minimization of electrical input points with regard to analog liquid
      crystal displays for being multiplexed, by first arranging the segments
      (one set of electrodes) in a plurality of adjacent groups and by
      interconnecting the corresponding segments in each group in a series
      electrical connection whereby only one input point is required for each
      segment series interconnection--thereby eliminating cross-overs and also
      providing a minimum of electrical input points. The segments in each group
      are arranged in a sequence opposite to the segments in the next adjacent
      group and, in accordance with the present invention, the input signals to
      the segments are first provided in one sequence with regard to the desired
      direction of display movement and alternately the input signals to the
      display are provided to the segments in the opposite sequence with regard
      to the desired direction of display movement whereby the display movement
      may be provided in one direction continously.
DRWD
PAC  DESCRIPTION OF THE DRAWING
PAR  FIG. 1 is a diagrammatic view, generally in cross-section, of an analog
      liquid crystal display for being multiplexed and structured in accordance
      with the present invention;
PAR  FIG. 2 is a top view of the segments showing the manner of their
      disposition and series electrical interconnections in accordance with the
      teaching of the present invention;
PAR  FIG. 3 is a top view of the sectors showing their disposition and
      electrical interconnection in accordance with the teaching of the present
      invention; and
PAR  FIG. 4 is a schematic diagram of segment input signal producing means for
      alternately providing the input signals to the segments in a first
      sequence and alternately in an opposite sequence.
DETD
PAC  DESCRIPTION OF THE INVENTION
PAR  The embodiment of the present invention shown in the FIGS. and described
      below is structured circularly as an analog display for a timepiece such
      as a wristwatch, however, the present invention is not so limited and may
      be embodied in many other geometric shapes such as for example a bargraph
      for displaying time, temperature or other functions.
PAR  Referring to FIG. 1, there is shown a plurality of segments (electrodes),
      represented by segments 10 and 2 which may be provided on the lower
      surface of a top layer of transparent support material 12 such as glass,
      and a plurality of sectors (counter electrodes) represented by sectors
      S11, S5, S1 and S7, which may be provided on the top surface of a lower
      layer of support material 14 which may also be glass.
PAR  For convenience of electrical interconnecting, all the input leads to the
      segments may be all brought out to one side of the display as is
      represented by input lead 8 numbered correspondingly to segment 8, and all
      of the input leads to the sectors may be brought out to the other side of
      the display (this disposition of segment and sector input leads may also
      be seen in FIGS. 2 and 3). The analog display of FIG. 1 may further
      include a body of liquid crystal material disposed between the segments
      and sectors and which liquid crystal material, as understood by those
      skilled in the art, has the capability of being in a first optical state,
      such as a light scattering state, and a capability of being changed into a
      second optical state, such as a transparent state, upon an electric field
      being established thereacross by electrical input signals being provided
      to the segments and the sectors. It will be further understood by those
      skilled in the art that the analog display of the present invention may be
      operated in either the reflective or transmissive modes and may also be
      operated in either the dynamic light scattering mode or the field effect
      mode. The segments, sectors and input leads thereto, may be formed on the
      respective support layer surfaces by sputtering, evaporation,
      photo-masking, or etching and the segments may be made of a suitable
      transparent electrically conductive reflective or transparent material
      depending upon whether the display is operated in the reflective or
      transmissive modes--all in a manner known to those skilled in the liquid
      crystal display art.
PAR  Referring now to FIGS. 2 and 3, and in particular to FIG. 2, there is shown
      a plurality of groups of segments Gl . . . G6 which are disposed adjacent
      to each other arcuately and in a predetermined pattern such as the shown
      circular pattern; however, it will be understood by those skilled in the
      art that, in accordance with the teachings of the present invention such
      segments and groups of segments could be disposed in a straight line so as
      to provide, for example, a bar graph. It will be noted with particularity,
      and as shown in FIG. 2, that the segments in each group are disposed in a
      sequence opposite to the sequence in which the segments of the next
      adjacent groups are disposed, namely, as shown each group of segments in
      the specific embodiments of the present invention illustrated includes ten
      segments which are numbered one to ten with the segments in group G1 being
      disposed arcuately 1, 2, 3 . . . 10 whereas the segments in the next
      adjacent groups G2 and G6 are disposed in an opposite sequence, namely,
      10, 9, 8 . . . 1; such sequential disposition being relative to a
      predetermined direction of liquid display movement such as the clockwise
      direction of movement as indicated by the clockwise arrow 16 at the upper
      portion of FIG. 2. Further, as shown in FIG. 2, it will be noted that each
      segment in each group of segments is associated with one of the segments
      in each of the other groups, for example, it will be noted by way of
      example that each group of segments includes a segment 1 and thus all
      segments 1 of all groups correspond and it will be further noted that all
      segments 1 of all groups are electrically interconnected in series and
      thus only one input lead is required for all corresponding segments of all
      groups and, by way of further example, the input lead to all corresponding
      segments 1 of all groups is brought out to the left and identified
      numerically as 1. Accordingly, it will be understood that a minimization
      of input leads is accomplished in that only one input lead is required for
      all corresponding segments of all groups and thus only ten input leads for
      the 60 segments of FIG. 2 are required in the specific embodiment of the
      invention shown, and, it will be noted that there are no cross-over points
      whatsoever of the leads to the 60 segments.
PAR  Referring now to FIG. 3, it will be noted as shown that there is provided
      in accordance with the shown embodiments of the invention a first
      plurality of radially disposed sectors S7 . . . S12 arranged in a circular
      pattern, and a second plurality of radially disposed sectors S1 . . . S6,
      also arranged in a circular pattern and disposed concentrically within and
      aligned angularly with the first plurality of sectors. It will be further
      understood that the segments of FIG. 2 are to overlie and be disposed
      opposite to and spaced from the pluralities of concentric sectors shown in
      FIG. 3, such that the first plurality of sectors S7 . . . S12 are
      displaced opposite to substantially the radially outer one-half portion of
      the segments of FIG. 2 and that the second plurality of radially disposed
      sectors S1 . . . S6 are disposed opposite to and displaced from
      substantially the radially inner one-half portion of the segments.
PAR  Still further, it will be understood that the sectors S12 and S6 are
      disposed opposite to and displaced from the segments of group G1 and that
      the sectors S3 and S9 are disposed opposite to and displaced from the
      segments of group G4, and that the other sectors and groups of segments
      are correspondingly oppositely disposed and spaced apart. Further, it will
      be understood that the body of liquid crystal material LC shown in FIG. 1
      is disposed between the plurality of groups of segments and the
      pluralities of sectors.
PAR  As is further shown in FIG. 3, and FIG. 1, a plurality of input leads
      numerically designated 1 . . . 12 are provided with each of the input
      leads being connected to one of the sectors of one of the circularly
      disposed pluralities of sectors.
PAR  Referring now to the general operation of the specific embodiment of the
      analog liquid crystal display of the present invention illustrated in
      FIGS. 2 and 3, upon a suitable input electric signal being applied to
      segment input lead 1 and upon a suitable electric input signal being
      simultaneously applied to input lead 12 of sector S-12, the portion of
      liquid crystal material disposed between the radially outer one-half
      portion of segment 1 of group G1 and sector 12 will be changed from the
      first optical state into the second optical state thereby providing an
      optically visible display, and accordingly, upon the input signals to the
      segments next being applied next in sequence to segment input lead 2 and
      upon the input signal to both sectors 12 and 6 being simultaneously
      applied, that portion of liquid crystal material between both the radially
      inner and outer one-half portions of segment 2 of group G1 and sectors 12
      and 6 will be changed from the first optical state into the second optical
      state, and so forth, for each portion of liquid crystal material disposed
      between either the radially inner or outer one-half, or both, of one of
      the segments and one or two of the sectors to which segment and sector or
      sectors input signals are simultaneously applied. Further, it will be
      understood that upon suitable multiplexing signals being applied to the
      segments of FIG. 2 and the sectors of FIG. 3 as disclosed in U.S. Pat. No.
      3,789,388 issued Jan. 27, 1964, that although the multiplex input signals
      to the segments and sectors are applied respectively sequentially, but
      simultaneously with regard to opposed segments and sectors, due to the
      multiplexing rate of input signal application, those portions of the body
      of liquid crystal material disposed between the predetermined segments and
      sectors will appear to be constantly changed from the first optical state
      into the second optical state thereby providing what appears to the eye of
      a human observer to be a constantly or steady state "illuminated" display.
PAR  It will be further noted that the analog liquid crystal display for being
      multiplexed of the present invention disclosed in FIGS. 2 and 3 has been
      structured to provide the analog display for a timepiece, such as a
      wristwatch, wherein there would be displayed a long minute hand equal to
      the entire radial length (both the radially inner and outer one-halves) of
      an entire segment, a sweep second hand also equal in length to the entire
      radial length of the segments and a short hour hand equal in length to
      substantially the radially inner one-half portion of the segments--the
      minute hand and the sweep second hand being easily distinguishable in that
      the duty length of the multiplexed input signals providing the minute hand
      would be of a minute's duration or multiplex "duty" rate of one minute and
      the multiplexed input signals providing the sweep second hand would be of
      a second's duration or have a multiplex "duty" rate of one second. Thus,
      were it desired to display a minute at the position of segment 5 of Gl, an
      input signal would be applied to segment input lead 5 of FIG. 2 and
      simultaneously an input signal would be applied to both sector S12 and S6
      by applying input signals to their respective input leads 12 and 6 of FIG.
      3. Should it be desired to display a second at segment 4 of group G3, a
      segment input signal would be applied to segment input lead 4 of FIG. 2
      and simultaneously input signals would be applied to sector input leads 2
      and 8 of FIG. 3 and thus to sectors S2 and S8, whereby, that portion of
      liquid crystal material disposed between segment 4 of group G3 and sectors
      S2 and S8 would be changed from the first optical state into the second
      optical state. Similarly, should it be desired to display an hour at
      segment 7 of group G6, a segment input signal would be applied to segment
      input lead 7 of FIG. 2 and simultaneously a sector input signal would be
      applied to sector input lead S5 and thus to sector S5, and hence, the
      radially inner one-half portion of liquid crystal material residing
      between segment 7 of group G6 and sector S5 would be changed from the
      first optical state into the second optical state.
PAR  Referring now to FIG. 4, there is shown schematically segment input signal
      producing means for providing the input signals to the segments of groups
      G1 . . . G6 in a first sequence with regard to the clockwise arrow 16 of
      FIG. 2, that is, in the sequence of 1 . . . 10, and for alternately
      applying the input signals to the segment input leads in the opposite
      sequence with regard to the clockwise direction, for example, in the
      segment sequence 10 . . . 1.
PAR  Such segment input signal producing means including an excess 3 counter 20
      having two sets of binary output leads, set 4 3 2 1 and set 4 3 2 1, as
      shown. Such excess 3 counter, as knonwn to those skilled in the art,
      provides simultaneously two sets of binary output signals at the sets of
      binary output leads with each set of binary signals being the complement
      of the other. More specifically, the binary output signal provided at
      binary output leads 4 3 2 1 will be an ascending count, for example, from
      0 to 9, and the binary output signal at binary output leads 4 3 2 1 will
      be a descending count, for example, from 9 to 0 -- the excess 3 counter
      being stepped one count at a time in response to a count input signal
      being received at the input thereof where shown.
PAR  The segment input signal producing means further includes an excess 3 to
      decimal decoder having a plurality of output leads 1 . . . 10 equal in
      number to and for being connected to the segment input leads 1 . . . 10
      shown in FIG. 2. The excess 3 to decimal decoder is also provided with a
      plurality of input leads connected to both sets of binary output leads of
      the excess 3 counter as is also shown; such decoder being known in the
      art.
PAR  Also included in the segment input signal producing means are two sets of
      transmission gates T1 . . . T4 and T5 . . . T8, respectively, which are
      connected between the binary output leads 4 3 2 1 and 4 3 2 1 and the
      input leads to the excess 3 to decimal decoder respectively. Further
      included are transmission gate enabling and disabling means, indicated by
      general numerical designation 30, connected to both sets of transmission
      gates, as shown, and for alternately enabling and disabling the respective
      sets of transmission gates in response to the receipt of an enable signal
      at the input thereof where shown.
PAR  As may be noted from FIGS. 2 and 4, in the specific embodiment of the
      invention shown, the even sectors receive input signals at which time the
      input signals to the segments are provided in the signal sequence 1 . . .
      10 and that the odd numbered sectors receive input signals at the time the
      input signals to the segments are provided in the opposite sequence,
      namely, 10 . . . 1. Hence, as shown in FIG. 4, the even sector select
      transmission gates T1 . . . T4 are enabled upon an input signal being
      provided to an even numbered sector whereupon the ascending binary count
      from the excess 3 counter will be connected to the excess 3 to decimal
      decoder and decoded thereby to provide the input signals to the segments
      in the sequence 1 . . . 10; conversely, odd sector select transmission
      gates T5 . . . T8 are enabled upon an input signal being provided to the
      odd numbered sectors whereby the descending binary count from the excess 3
      counter is connected to the excess 3 to decimal decoder and decoded
      thereby to provide the opposite signal sequence to the inputs of the
      segments, namely, the descending count 10 . . . 1. It will be further
      appreciated by those skilled in the art that the enable input signal to
      the excess 3 to decimal decoder, the count input signals to the excess 3
      counter and the input to the gate enabling and disabling means 30 is
      provided by suitable means in timed sequence depending upon the display
      rate or duty cycle desired for the analog display of the present
      invention. It will be further noted, and as is within the skill of those
      skilled in the decoder art, that the excess 3 to decimal decoder may be
      equipped for double polarity operation in response to a signal at the
      enable plus polarity input whereby the signals provided to the segments
      may be alternately reversed in polarity to prolong the life of the liquid
      crystal material.
PAR  The input signals to the sectors of FIG. 3 may be provided, for example, by
      such circuitry as that shown in FIG. 6 of the above-identified U.S. Pat.
      No. 3,789,388.
PAR  It will be further understood by those skilled in the art that while the
      specific embodiment of the present invention is particularly useful as an
      analog liquid crystal display for being operated under multiplexed
      conditions as a display for a timepiece, namely a wristwatch, that the
      additional circuitry required to provide the signals to the segments to
      provide a display of seconds, minutes and hours is not a part of this
      invention but is within the skill of one of ordinary skill in the art.
PAR  It will be further understood by those skilled in the art that many
      modifications and variations may be made in the present invention without
      departing from the spirit and the scope thereof.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Analog display utilizing liquid crystal material and for being
      multiplexed, comprising:
PA1  a plurality of groups of segments disposed adjacent to each other in a
      predetermined pattern, with regard to a predetermined direction, the
      segments in each group being disposed of in a sequence opposite to the
      sequence in which the segments of the next adjacent group are disposed,
      and each segment in each group corresponding to one of the segments in
      each of the other groups and all corresponding segments in all groups
      being connecting electrically in a series connection;
PA1  a plurality of sectors disposed adjacent to each other and in said
      predetermined pattern, each of said sectors disposed opposite to one of
      said groups of segments and displaced therefrom;
PA1  a body of liquid crystal material disposed between said plurality of groups
      of segments and said sectors;
PA1  a first plurality of input leads, each of said input leads being connected
      electrically with one of said series connections of said corresponding
      segments; and
PA1  a second plurality of input leads, each of said input leads being connected
      electrically to one of said sectors, wherein said body of liquid crystal
      material is in a first optical state and wherein each portion of said body
      of liquid crystal material disposed between one of said segments and one
      of said sectors is capable of changing into a second optical state upon an
      electric field being established thereacross by a first input signal being
      applied to said one segment and by a second input signal being applied to
      said one sector, and said analog display further comprising;
PA1  means for applying first input signals to said first plurality of input
      leads in a first predetermined sequence with regard to said predetermined
      direction upon a second input signal being applied to a predetermined one
      of said sectors, and for applying said first input signals to said first
      plurality of input leads in a sequence opposite to said first
      predetermined sequence and with regard to said predetermined direction
      upon said second input signal being applied to the sector next adjacent to
      said predtermined one of said sectors whereby the portions of said body of
      liquid crystal material disposed between said segments and said sectors
      change from said first optical state into said second optical state
      sequentially in said predetermined direction.
NUM  2.
PAR  2. Analog display for a timepiece, said display utilizing liquid crystal
      material and for being multiplexed, comprising:
PA1  a plurality of groups of radially extending segments, said groups of
      segments arranged in a circular pattern and each set of segments being
      arcuately adjacent two other groups of segments, with regard to a
      predetermined circular direction the segments in each group being disposed
      arcuately in a sequence opposite to the arcuate sequence in which the
      segments of the two next adjacent groups of segments are disposed, each
      segment in each group corresponding to one of the segments in each of the
      other groups and all corresponding segments in all groups being connected
      electrically in a series connection, and said segments having a radially
      outer one-half portion and a radially inner one-half portion;
PA1  a first plurality of radially disposed sectors arranged in a circular
      pattern, each of said sectors disposed opposite to and displaced from
      substantially said radially outer one-half portion of the segments of one
      of said groups of segments;
PA1  a second plurality of radially disposed sectors arranged in a circular
      pattern concentrically within and aligned angularly with said first
      plurality of sectors, each of said sectors being disposed opposite to and
      displaced from substantially said radially inner one-half portion of the
      segments of one of said groups of segments;
PA1  a body of liquid crystal material disposed between said plurality of groups
      of segments and said pluralities of sectors;
PA1  a first plurality of input leads, each of said input leads being connected
      electrically to one of said series connections of said corresponding
      segments;
PA1  a second plurality of input leads, each of said input leads being connected
      electrically to one of said sectors of one of said pluralities of sectors,
      wherein said body of liquid crystal material is in a first optical state
      and wherein each portion of said body of liquid crystal material disposed
      between substantially said radially inner or radially outer one-half
      portion of one of said segments and one of said sectors is capable of
      changing into a second optical state upon an electric field being
      established thereacross by a first input signal being applied to said one
      segment and by a second input signal being applied to said one sector, and
      further comprising;
PA1  segment input signal producing means for applying first input signals to
      said first plurality of input leads in a first predetermined signal
      sequence with regard to said predetermined circular direction upon a
      second input signal being applied to a predetermined one of said sectors,
      and said segment input signal producing means for applying said first
      input signals to said first plurality of input leads in a signal sequence
      opposite to said first predetermined signal sequence upon said second
      input signal being applied to the sector next adjacent to said
      predetermined one of said sectors with regard to said predetermined
      circular direction whereby said portions of said body of liquid crystal
      material disposed between said radial one-halves of said segments and said
      sectors change from said first optical state into said second optical
      state sequentially and in said predetermined circular direction.
NUM  3.
PAR  3. Analog display according to claim 2 wherein said segment input signal
      producing means comprises:
PA1  an excess 3 counter having two sets of binary output leads and for
      simultaneously providing a set of binary output signals at each set of
      binary output leads, the set of binary output signals provided at each set
      of binary output leads being the complement of the set of binary signals
      provided simultaneously at the other set of binary output leads, and,
      having a count input lead and upon the receipt of a predetermined input
      count signal at said count input lead said excess 3 counter being stepped
      one count;
PA1  an excess 3 to decimal decoder having a plurality of output leads equal in
      number to and connected to said first plurality of input leads, and having
      a set of binary signal input leads;
PA1  two sets of transmission gates, one of said sets of transmission gates
      connected between one of said sets of binary output leads of said excess 3
      counter and said set of binary signal input leads of said excess 3 to
      decimal decoder, and the other of said sets of transmission gates
      connected between the other of said sets of binary output leads of said
      excess 3 counter and said set of binary signal input leads of said excess
      3 to decimal decoder;
PA1  transmission gate enabling and disabling means connected to both of said
      sets of transmission gates and for alternately enabling and disabling said
      sets of transmission gates in response to the receipt of a predetermined
      enable signal; and
PA1  upon one of said sets of transmission gates being enabled one of said sets
      of binary output signals being transmitted to said excess 3 to decimal
      decoder and decoded thereby to provide said first input signals in said
      first predetermined signal sequence, and upon the other set of said sets
      of transmission gates being enabled the other of said sets of binary
      output signals complementary to said one set of binary output signals
      being connected to said excess 3 to decimal decoder and decoded thereby to
      provide said first input signal to said first plurality of input leads in
      said signal sequence opposite to said first predetermined signal sequence.
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PAL  The present invention relates to an alphanumeric display unit means for
      improving the identification quantities at selected key buttons of a
      computer-linked typewriter console through usage of identification indicia
      attached adjacent to or at the selected key buttons. Each display is in
      matrix format consisting of a set of liquid-crystal devices arranged in
      orthogonal rows and columns. Energization of each set of liquid-crystal
      devices is via digital control circuitry. Result: a repetitive display in
      matrix format in a configuration corresponding to an alphanumeric indicium
      for which display is sought.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to key-operated typographical machines such
      as typewriters and the like, and more particularly, to a computer-linked
      typewriter console used as an input/output (I/O) linkage for a general
      purpose digital computer.
PAC  BACKGROUND OF THE INVENTION
PAR  Today's different programming languages (FORTRAN, PL-1, ASSEMBLY, etc.) are
      often used interchangeably by operators at a common computer terminal for
      controlling a general purpose digital computer. The number, symbols and
      programming keys associated with a given programming language may require
      any one operator to alternate a plurality of fonts at the computer-linked
      typewriter console; however, as is well known, each font relates to a
      different layout of keyboard characters.
PAR  As font changes occur, it has been proposed to employ key buttons, each
      bearing a plurality of characters to aid the observer-user in more
      efficiently using the typewriter console. It has been further proposed to
      fit the key buttons with adjustable plates bearing different character
      indicia. However, where there are a plurality of operators-users at a
      common typewriter console such as found at most computer terminals,
      numerous alphanumeric identification plates would be needed. Therefore,
      the above-mentioned proposals have been found to be exceedingly awkward to
      implement Also, in some cases it is desirable to "highlight" certain key
      buttons above those displayed at adjacent buttons owing to the importance
      of certain programming keys being implemented at the computer terminals.
      None of the prior art plates provides such features.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, selected keyboard buttons of an
      I/O typewriter console linked to a general purpose digital computer are
      provided with a plurality of tightly fitting rigid tab frame means. Onto
      the frame means are fitted highly visible, alphanumeric display means for
      display of key alphanumeric indicia through selective control provided by
      controller switch means connected thereto. Preferably the display means
      includes a set of display matrices each composed of an array of
      liquid-crystal devices arranged in orthogonal rows and columns at the
      surface of one of the frame means visible to the observer-user.
      Energizating the array of liquid-crystal devices is by means of digital
      control circuitry which provides sets of matrix binary codes, each set
      including a series of multi-bit control subcodes for selectively
      energizing orthogonal row and column conductors of selected liquid-crystal
      devices within each matrix. Result: a pattern of light corresponding to
      the alphanumeric indicium for which display is sought. By recycling
      ("refreshing") the energization code of each matrix above the flicker
      fusion rate of the human eye, the resulting display appears as a solid
      image to the observer-user.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is the provision of a novel,
      alphanumeric display for use at a typewriter console linked to a general
      purpose digital computer whereby the observer-user of the typewriter
      console can easily identify key lever operations irrespective of the
      number and/or programming language employed within the linked digital
      computer or at the I/O typewriter console itself.
PAR  Further objects of the invention will become apparent from a detailed
      description of the single embodiment given by way of example and not by
      way of limitation, reference being made to the accompanying drawings in
      which:
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an I/O computer terminal which includes a
      typewriter console having a keyboard provided with, alphanumeric character
      displays positioned at selected key buttons in accordance with the present
      invention;
PAR  FIG. 2 is a schematic diagram of circuitry useful in the apparatus of the
      present invention;
PAR  FIG. 3 is a plan view of a rigid frame means attached to a selected key
      button of the typewriter console of FIG. 1;
PAR  FIG. 4 is a section taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is a plan view of an array of switch buttons useful in initializing
      circuit components within the apparatus of the present invention;
PAR  FIG. 6 is a schematic diagram of digital control circuitry useful in the
      apparatus of the present invention;
PAR  FIG. 7 is a detail schematic diagram of a digital controller-decoder useful
      in carrying out the present invention;
PAR  FIG. 8 is a detail of a liquid-crystal matrix support means supported in
      the rigid frame means of FIGS. 3 and 4; and
PAR  FIG. 9 is a section taken along line 9--9 of FIG. 8.
DETD
PAC  DESCRIPTION OF A DETAILED EMBODIMENT
PAR  FIG. 1 illustrates a computer terminal 9. The computer terminal 9 includes
      an I/O typewriter console 10 useful in linking digital information to a
      general purpose digital computer (not shown). Information can be linked to
      the computer by I/O devices other than the typewriter console 10. For this
      purpose, such associated I/O devices can be housed within cabinet 11.
PAR  Typewriter console 10 is seen to comprise a keyboard 12 visible above
      housing 13. The observer-user utilizes key buttons 14 to depress levers
      (not shown) by which conventional font-paper interaction occurs while,
      simultaneously, the data is transmitted, after being compiled, to the
      general purpose digital computer. Keyboard 12 is conventionally arranged;
      e.g., as a series of rows and columns. Due to the fact that different
      programming languages used by various observer-users for computer control
      purposes may employ numerous characters, symbols and keys not readily
      interrelated, there is a definite need for identification means for
      attachment to selected key buttons 14. Preferably such identification
      means should highlight the display irrespective of the background lighting
      environment at the computer terminal 9. The present invention provides for
      such a display through a novel, display unit 15, attached to the
      typewriter console 10. In general, it comprises a controller switch unit
      16 attached, say, to the housing 13 of the typewriter console 10, and an
      alphanumeric indicating unit 17 including a rigid frame means 18. Also of
      importance: transfer bundle means 20 connected between the controller
      switch unit 16 and the indicating unit 17. Each of the aforementioned
      elements will now be described in detail.
PAC  Controller Switch Unit 16
PAR  As FIG. 1 illustrates, a controller switch unit 16 should be placed within
      arm's length of an observer-user seated at the typewriter console 10. To
      the broad horizontal surface of the unit are attached a series of buttons
      21. Purpose: to effectuate control of the indicating 17 through digital
      controller 16a (FIG. 2) operating in conjunction with switch unit 16b, as
      explained below.
PAR  FIG. 5 illustrates the arrangement of buttons 21 in more detail. As shown,
      they are arranged as a matrix array comprising a series of orthogonal
      columns and rows extending well above the support housing 22. Tags 23 are
      attached to the upper broad surfaces of the buttons so as to allow easy
      identification to the observer-user. Operation of the buttons is
      straightforward: downward movement will cause switch elements (not shown)
      to change their operational state. As a result, initialization operations
      within the controller switch unit 16, as discussed below, occur.
PAR  FIGS. 6 and 7 illustrate controller switch unit 16 in more detail.
PAR  With specific reference to FIG. 6, assume binary control-bit data has been
      encoded onto memory drum 24 as bit-channels, say under control of the
      buttons 21a, 21b and 21c in conjunction with read-write head unit 27. Each
      bit-channel comprises a binary code of bit information associated with a
      selected button 21a, 21b or 21c. For decoding purposes, assume that
      buttons 21a, 21b and 21c have undergone downward movement so as to change
      states of switch elements generally indicated at 25 of the switch unit 16b
      of FIG. 2 through operation of mechanical linkage 26a, 26b and 26c. As a
      result, three channels of binary data -- initialization codes-- are read
      into digital controller-decoder 28 via transfer lines 29a, 29b and 29c to
      display array matrices 31a, 31b or 31c constituting the indicating unit 17
      of FIG. 2. Purpose of the initialization codes: to provide the digital
      controller-decoder 28 with switch control information by which it can
      generate via the transfer lines 29a, 29b and 29c sets of binary matrix
      codes. Such codes --in turn-- generate patterns of light corresponding to
      alphanumeric indicia for which display is sought at the array matrices
      31a, 31b and 31c, as explained in more detail below.
PAR  FIG. 7 illustrates digital controller-decoder 28 in more detail.
PAR  As shown, the sets of initialization codes are read into memory unit 32 via
      transfer line 30 through buffer driver 33. Synchronization signals are
      generated by master clock 34. Connected to clock 34 is binary counter 35
      also connected to the memory unit 32. In operation, the binary codes
      previously read into the memory unit 32 are sequentially fetched from the
      latter through command signals generated by clock 34 and counter 35. The
      fetched codes then pass through buffer-driver 36 to terminals 37a-37e of a
      selected array matrix, say array matrix 31a. Similar command signals pass
      from the clock 34 and counter 35 to one-in-seven decoder 38 having a
      series of output terminals 39a-39g of the display matrix 31a. The
      buffer-driver 36 and the decoder 38 sequentially enable the columns and
      rows of conductors connected to the output terminals 37a-37e and 39a-39g
      as explained below in a selected manner whereby the display array matrices
      31a is selectively activated. Result: a pattern of light is generated
      corresponding to the alphanumeric indicium for which display is sought. It
      should be apparent that the binary state (ONE, ZERO) of the subcodes at
      the terminals 37a-37e and 39a-39g determine display characteristics, and
      thus can be easily altered to provide new display patterns, as required.
      The activation code at the terminals 37a-37e not only relates to columnar
      matrix activation of the display matrix 31a, but also may contain certain
      control bit information; thus the resulting subcode can be called a
      "columnar control subcode." Likewise, the subcode passing from terminals
      39a-39g of one-in-seven decoder 38 controls row matrix activation of the
      display matrix; thus such subcode can be called "row control subcodes."
      Together, these subcodes provide sets of matrix binary codes at each of
      the display array matrices 31a, 31b or 31c of FIG. 6.
PAR  Operation of the digital controller-decoder 28 will now be explained with
      reference to FIGS. 6 and 7.
PAR  For simplicity of discussion, assume at matrix displays 31a, 31b and 31c
      are as depicted in FIG. 6. Also assume that each matrix display 31a, 31b
      and 31c is composed of a set of liquid-crystal devices, each matrix being
      arranged in a series of orthogonal columns and rows, and being addressable
      by energization of selected row and columnar conductors via the
      aforementioned matrix binary codes. Since the individual liquid-crystal
      device is defined by an individual row and column intersection of
      conductors, it can be enabled by the ONE condition of the intersecting
      columnar and row subcodes, i.e., a ONE bit condition of each conductor
      line. For example, for the display indicia depicted in FIG. 6, i.e., at
      displays 31a, 31b, 31c, the columnar subcodes are as set forth in Table I
      below, such subcodes assuming columnar activation proceeds from left to
      right in each display and row activation proceeds from top to bottom, as
      viewed:
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Matrix Display 31a                                                        

                  Matrix Display 31b                                           

                               Matrix Display 31c                              

     __________________________________________________________________________

     Rows                                                                      

        Columns   Rows                                                         

                     Columns   Rows                                            

                                  Columns                                      

     1    2 3 4 5    1 2 3 4 5    1 2 3 4 5                                    

     __________________________________________________________________________

     1  0 0 1 0 0 1  1 1 1 1 1 1  1 1 1 1 1                                    

     2  1 1 1 1 1 2  0 1 0 1 0 2  1 0 0 0 1                                    

     3  1 0 0 0 0 3  0 1 0 1 0 3  1 0 0 0 1                                    

     4  1 1 1 1 1 4  0 1 0 1 0 4  1 0 0 0 1                                    

     5  0 0 0 0 1 5  0 1 0 1 0 5  1 0 0 0 1                                    

     6  1 1 1 1 1 6  0 1 0 1 0 6  1 0 0 0 1                                    

     7  0 0 1 0 0 7  0 1 0 1 0 7  1 1 1 1 1                                    

     __________________________________________________________________________

PAR  In this regard, as the one-in-seven decoder 38 of FIG. 7 selects the row
      for activation, the buffer-driver 36 provides the correct enablement
      pattern to the columns of conductors. For example, for row No. 1 of the
      display matrix 31a of Table I, decoder 38 would initially generate the
      following row columnar subcode: 1 0 0 0 0 0 0. Simultaneously, the
      buffer-driver 36 would provide the following columnar control subcode at
      terminals 37a-37e: 00100. As a result, only one liquid-crystal device in
      the above row-column intersection would be enabled. By recyclying the
      subcodes at a rate well above the flicker fusion frequency of the human
      eye, however, the image of the display would appear as a solid light
      pattern to the human observer-user.
PAR  With regard to using liquid-crystal devices in a matrix format, attention
      should be had to Pat. No. 3,716,290 for "Liquid-Crystal Display Device" J.
      Borel et al., issued Feb. 13, 1973, in which activation of an array of
      liquid-crystal devices is discussed in detail.
PAC  Indicating Unit 17
PAR  Indicating unit 17 comprising liquid-crystal matrix devices is illustrated
      in detail in FIGS. 3, 4, 8 and 9. Before describing in detail the
      liquid-crystal matrices which comprise the indicating unit 17, perhaps a
      discussion of the operating principles of the former may be instructive.
PAR  Liquid-crystals are substances which exist in an intermediate state between
      crystalline (solid) and liquid forms. As is well known, electric fields
      can affect the optical reflectivity or transmissivity of the crystal.
      Normally, such crystals are transparent to light. But when a potential is
      impressed across the nematic liquid crystals between front and back
      support plates coated with conductive coatings, there is "dynamic
      scattering" of the light. See "Dynamic Scattering: A New Electro-Optical
      Effect in Certain Classes of Nematic Crystals," G. H. Heilmeier et al.,
      Proc. of I.EEE Vol VI, No. 7, July 1968. Requirements of the
      liquid-crystal material are also well known: (1) it must have negative
      dielectric anisotrophy such that its dielectric dipole moment has a larger
      component normal to the molecular axis than parallel to the same axis; (2)
      it must conduct enough current to present a readable display. Related to
      (2), doping of the liquid-crystal material may be required to reduce
      resistivity from about 10.sup.12 ohm-cm to the order of 10.sup.8 -
      10.sup.11 ohm-cm.
PAR  Suitable liquid-crystal materials are set forth in detail in "A New
      Electric Field Controlled Reflective Optical Storage Effect in Mixed
      Crystal Systems," G. H. Heilmeier et al., Applied Physics Letters, Vol.
      13, No. 4, p. 132; see also Pat. Nos. 3,716,289 for "Electro-Optic Devices
      Using Smectic-Nematic Mixtures," L. T. Creagh et al., and 3,732,429 for
      "Liquid-Crystal Device," M. Braunstein.
PAR  The chief principle of operation --dynamic scattering-- can also be altered
      to provide a more sophisticated device --called a field effect
      liquid-crystal device-- wherein the liquid-crystal device either does or
      does not rotate the plane of polarization of polarized light passing
      through it. Its operative effect is again dependent upon whether a voltage
      is applied across the liquid-crystal material. In addition to the front
      and back support plate package previously described appropriately carring
      conduction and liquid-crystal materials thereon, a pair of polarizers are
      placed on opposite sides of the support plates. Prior to assembly, inner
      surfaces of the front and back plates have undergone orthogonal molecular
      realignment. Result: when the liquid crystal material is applied, the
      molecules of the latter are "line up" along one face of one of the plates,
      at right angles with corresponding alignment at the opposite face.
      However, a gradual twisting with distance exists over the central region
      of the liquid-crystal material. Since the dimensions of the
      latter-mentioned twisting is kept many times greater than the wavelengths
      of usable light, polarized light entering the device can follow such
      "twists" and emerge parallel to the rubbed direction of the second face.
      However, under an applied electrical field, the transmissive effects of
      liquid-crystal material is altered (i.e., it is "untwisted") so that the
      plane of polarization of the passing light is no longer altered. Normally,
      a diffuser-reflector is placed behind the rear polarizer to assure that
      the light reflected is not polarized. Also, crossed polarizers are used at
      opposite sides of the broad surfaces of the liquid-crystal package.
      Result: displays that are normally bright turn dark in the presence of an
      applied electric field.
PAR  Now returning to the figures and particularly to FIGS. 3 and 4, in which
      either of the aforementioned liquid-crystal devices can be used, note that
      the transfer bundle means 20 is seen to connect to one of the
      liquid-crystal display matrices, say, to display matrix 31a, through the
      rigid frame means 18 previously mentioned. The frame means 18 includes a
      cantilevered end 46 and a support end 48. The support end 48 attaches to a
      selected key button 14 as shown in FIG. 4. Over the central region of the
      frame 18 there is a reduction in thickness to form steps 51. In that way
      when the keyboard button 14 is depressed whereby key lever 50 is likewise
      downwardly depressed, there is sufficient clearance of these elements with
      regard to lip 52 of the typewriter housing.
PAR  As shown in FIG. 4, the liquid-crystal display matrix 31a, say a 7 .times.
      5 matrix, to be supported within the frame means 18 at a broad surface
      thereof of a separate support housing 55.
PAR  FIGS. 8 and 9 illustrate housing 55 in more detail.
PAR  As shown in FIG. 8, the housing 55 also includes inwardly stepped near wall
      57 joined to broad surface 56 at junction 58, and outwardly stepped
      nonreflecting rear wall 59 joined to the broad surface 56 at junction 60.
      Purpose of wall 59: to enhance viewability of the liquid matrix 31a from
      an observation area to be occupied by the eyes of the observer-user, by
      reducing reflections. In this regard, perhaps a brief review of the
      problems inherent in the display of alphanumeric indicia using
      liquid-crystal matrix displays may be instructive.
PAR  Although such displays can be typed by the operating principle involved
      (i.e., with dynamic scattering or field-effect modes, as hereinbefore
      discussed), the travel direction of light also characterizes the display
      as operatable in either a transmission mode or reflective mode. Note that
      the transmission mode requires the use of an external light source at the
      display, however. Since ambient light sources at computer terminals are
      unusually good, only reflective displays using either dynamic scatter or
      field effect operating modes are contemplated in the apparatus of the
      present invention.
PAR  For example, in the display matrix 31a of FIG. 9, assuming a reflective
      display has been provided, i.e., a reflective conductive material has been
      buried at the interior surface of the back support plate of the
      liquid-crystal device. Assume also that the dynamic scatter principle is
      the mode of operation. Result: the matrix display 31a would provide a
      pattern of light ("dull white") which corresponds to the alphanumeric
      indicium for which display is sought. Such pattern would appear in a
      mirrored background, however, except for the nonreflection quality of rear
      wall 59 which alters the display to present a pleasant white-on-black
      pattern to the observer-user. Although field-effect devices overcome the
      aforementioned specular reflection problems somewhat by presenting a
      pleasant black-on-white display, they can suffer parallax problems making
      them difficult to read off axis. However, because the distance between the
      observer-user and the display matrices 31a, 31b or 31c is reasonably
      short, displays of the present invention including field-effect displays
      are not unduly affected by the above-mentioned problems.
PAR  While certain preferred embodiments of the invention have been specifically
      disclosed, it should be understood that the invention is not limited
      thereto. For example, if the dimensions of the liquid-crystal display
      matrix 31a are reduced, the supporting housing within each key button 14
      may be sufficient to support the former. In such an arrangement, a
      selected key button 14 would be provided with a bore which would then
      accept a display array matrix. The resulting array would be directly
      viewable by the observer-user. Furthermore, it should be noted that the
      liquid-crystal display hereinbefore described could be altered to include
      these variations from the aforementioned matrix format: (i) a "figure
      eight" configuration with seven variable inputs to each display; (ii) a
      "crossed figure eight" configuration with nine variable inputs, or (iii) a
      special purpose display in a pattern of the desired alphanumeric indicia
      sought to be displayed, with only one variable input required.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for displaying alphanumeric indicia at selected key buttons of
      a keyboard of a typewriter console forming an I/O link with a
      general-purpose digital computer, each alphanumeric indicium being related
      to a font operational characteristic resulting from movement of one of
      said selected key buttons under control of a human observer-user whereby
      said font operational characteristic is permanently recorded on paper at
      said typewriter console in full view of said human observer-user through
      mechanical button-font-paper interaction, comprising:
PA1  a. sets of liquid-crystal devices, each set being arranged to display at or
      adjacent to at least one of said selected key buttons said alphanumeric
      indicium associated with said font operational characteristic;
PA1  b. elongated rigid cantilevered frame means attached to and supportive of
      said sets of liquid-crystal device, said frame means including cooperative
      gripping means in contact with corresponding key buttons of said keyboard;
PA1  c. controller switch means connected to said sets of liquid-crystal devices
      and including digital controller-decoder means for repetitively generating
      a binary activation code for each set at a rate sufficiently above the
      flicker fusion rate of the human eye to display said desired alphanumeric
      display indicium as a solid image to said observer-user, said displayed
      alphanumeric indicium being of sufficient intensity so as to be easily
      discernible to said human observer-user using said typewriter console
      irrespective of the background lighting environment thereabout.
NUM  2.
PAR  2. Device of claim 1 which said set of liquid-crystal devices is supported
      interior of said one key button of said keyboard, said set being viewable
      at the finger-touching surface of said one key button.
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PAL  The present invention relates to an alphanumeric display unit means for
      improving the identification quantities at selected key buttons of a
      computer-linked typewriter console through usage of light-emitting
      identification indicia attached adjacent to or at the selected key
      buttons. Each light-emitting display comprises a gaseous glow indicator
      tube means containing an ionizable gas selectively activated through
      controller switch means so as to provide a gas glow pattern corresponding
      to an alphanumeric indicium for which display is sought.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to key-operated typographical machines such
      as typewriters and the like, and more particularly, to a computer-linked
      typewriter console used as an input/output (I/O) linkage for a general
      purpose digital computer.
PAC  BACKGROUND OF THE INVENTION
PAR  Today's different programming languages (FORTRAN, PL-1, ASSEMBLY, etc.) are
      often used interchangeably by operators at a common computer terminal for
      controlling a general purpose digital computer. The number, symbols and
      programming keys associated with a given programming language may require
      any one operator to alternate a plurality of fonts at the computer-linked
      typewriter console; however, as is well known, each font relates to a
      different layout of keyboard characters.
PAR  As font changes occur, it has been proposed to employ key buttons, each
      bearing a plurality of characters to aid the observer-user in more
      efficiently using the typewriter console. It has been further proposed to
      fit the key buttons with adjustable plates bearing different character
      indicia. However, where there are a plurality of operators-users at a
      common typewriter console such as found at most computer terminals,
      numerous alphanumeric identification plates would be needed. Therefore,
      the above-mentioned proposals have been found to be exceedingly awkward to
      implement. Also, in some cases it is desirable to "highlight" certain key
      buttons above those displayed at adjacent buttons owing to the importance
      of certain programming keys being implemented at the computer terminal.
      None of the prior art plates provides such features.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, selected keyboard buttons of an
      I/O typewriter console linked to a general purpose digital computer are
      provided with a plurality of tightly fitting rigid tab frame means. Onto
      the frame means are fitted a highly visible, light-emitting alphanumeric
      display means for display for key alphanumeric indicia through selective
      control provided by controller switch means connected thereto. Preferably
      the light-emitting display means includes a set of gaseous glow indicator
      tube ("Nixie") means, each of which comprising a plurality of indicator
      ("cathode") electrodes stacked one above the other (dual planar
      construction) within a single transparent envelope containing a ionizable
      gas. A single anode electrode (wire "mesh") surrounds the indicator
      electrodes. Each indicator electrode is selectively energizable by means
      of the above-mentioned controller switch means. Result: a pattern of light
      corresponding to the alphanumeric indicium of interest is generated.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is the provision of a novel,
      light-emitting alphanumeric display for use at a typewriter console linked
      to a general purpose digital computer whereby the observer-user of the
      typewriter console can easily identify key lever operations irrespective
      of the number and/or programming language employed within the linked
      digital computer or at the I/O typewriter console itself.
PAR  Further objects of the invention will become apparent from a detailed
      description of the single embodiment given by way of example and not by
      way of limitation, reference being made to the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an I/O computer terminal which includes a
      typewriter console having a keyboard provided with light-emitting,
      alphanumeric character displays positioned at selected key buttons in
      accordance with the present invention;
PAR  FIGS. 2 and 6 are schematic diagrams of circuitry useful in the apparatus
      of the present invention;
PAR  FIG. 3 is a plan view of a tab frame means attached to a selected key
      button of the typewriter console of FIG. 1;
PAR  FIG. 4 is a section taken along line 4--4 of FIG. 3; and
PAR  FIG. 5 is a plan view of an array of switch buttons useful in initializing
      circuit components within the apparatus of the present invention.
DETD
PAC  DESCRIPTION OF A DETAILED EMBODIMENT
PAR  FIG. 1 illustrates a computer terminal 9. The computer terminal 9 includes
      an I/O typewriter console 10 useful in linking digital information to a
      general purpose digital computer (not shown). Information can also be
      linked to the computer by I/O devices other than the typewriter console
      10. For this purpose, such associated I/O devices can be housed within
      cabinet 11.
PAR  Typewriter console 10 is seen to comprise a keyboard 12 visible above
      housing 13. The observer-user utilizes key buttons 14 to depress levers
      (not shown) by which conventional font-paper interaction occurs while,
      simultaneously, the data is transmitted to the general purpose digital
      computer. Keyboard 12 is conventionally arranged; e.g., as a series of
      rows and columns. Due to the fact that different programming languages
      employed by various observer-users for computer control purposes may use
      numerous characters, symbols and keys not readily interrelated, there is a
      definite need for identification means for attachment to selected key
      buttons 14. Preferably such identification means should highlight the
      display irrespective of the background lighting environment at the
      computer terminal 9.
PAR  In accordance with the present invention, such a display can be provided
      through a novel, light-emitting display unit 15 attached to the typewriter
      console 10. In general, it comprises a controller switch unit 16 attached,
      say, to the housing 13 of the typewriter console 10, and an alphanumeric
      indicating unit 17 including a rigid frame means 18. Also of importance:
      transfer bundle means 20 connected between the controller switch unit 16
      and the display unit 17. Each of the aforementioned elements will now be
      described in detail.
PAC  Controller Switch Unit 16
PAR  As FIG. 1 illustrates, the controller switch unit 16 should be placed
      within arm's length of the observer-user seated at the typewriter console
      10. To the broad horizontal surface of the unit are attached a series of
      buttons 21. Purpose: to effectuate control of a series of switch elements
      whereby sets of electrical signals, say generated by controller 16a of
      FIG. 2, can pass through switch circuit 16b to the indicating unit 17, as
      described in detail below.
PAR  FIG. 5 illustrates the arrangement of the buttons 21 in more detail.
PAR  As shown the buttons 21 are arranged in an array comprising orthogonal
      columns and rows. In addition each button is provided with an
      identification tag 23 at its broad surface to provide easy identification
      indicia to the observer-user. Operations of the buttons are
      straightforward: downward movement of each button will cause switch
      elements (not shown) to change operational state, either from an active to
      an inactive one or vice versa.
PAR  In more detail, as shown in FIG. 6, depression of the buttons 21a, 21b or
      21c activates mechanical linkages 22a, 22b or 22c to set switch elements
      of the switch circuit generally indicated at 16b. In that way energy
      output from an electrical source 24 can pass through amplifier circuit 25
      to activate a set of gaseous glow discharge indicator tubes 26a, 26b and
      26c comprising the indicating unit 17 as explained below in detail.
PAC  Indicating Unit 17
PAR  The indicating unit 17 in general and a gaseous glow discharge tube 23a in
      particular are illustrated in detail in FIGS. 3 and 4.
PAR  As shown in FIG. 4, the gaseous glow discharge indicator tube 26a is
      supported on the elongated rigid frame means 18 previously mentioned. The
      frame means 18 is attached, cantilever style, at end 27 to key button 14.
      At the opposite unsupported end 28, the rigid frame means 18 is seen to be
      fitted with a bore 29. The bore 29 receives transfer bundle means 20.
      Transfer bundle means 20 comprises a series of electrical conductors.
      These conductors connected to electrodes of the gaseous discharge
      indicator tube 26a.
PAR  The indicator display tube 26a is of the gaseous glow type. As shown in
      FIG. 3, it typically comprises an enclosed bulbous transparent envelope 31
      surrounding a plurality of indicator cathode electrodes 32 stacked in
      multiple planes, as one above the other in a tier, all surrounding a
      single wire mesh anode electrode 33. An ionizing gas such as neon resides
      within the envelope. In operation, the display tube 26a emits light in
      accordance with the shape of one of the plurality of indicator electrodes
      32 when the appropriate cathode and anode electrodes are activated.
      However, it should be noted that since there are a plurality of indicator
      electrodes stacked one above the other in different planes within the
      indicator tube 26a, multiple displays can also be provided if desired.
      Such multiple displays are well known in the art and are typically
      referred to as Nixie displays.
PAR  Over the central region of the rigid frame means 18 can be provided a
      reduced portion forming steps 35. In that way depression of the frame
      means 18 in the direction of arrow 36 by the observer-user allows the
      frame means 18 to clear transverse bar 37 of the typewriter housing.
      Accordingly, transfer of movement via the key button 14 and key lever 38
      is likewise free of hindrance.
PAR  While certain preferred embodiments of the invention have been specifically
      disclosed, it should be understood that the invention is not limited
      thereto. For example, if the dimensions of each gaseous discharge display
      tube can be sufficiently reduced, each key button 14 may be sufficient to
      support the former without the need for a separate frame support means. In
      such an arrangment the key button 14 may need only be provided with a bore
      to directly accept the transfer bundle means 20 and the gaseous glow
      indicator tube. Accordingly, as many variations will be readily apparent
      to those skilled in the art, the invention should be given a broad
      interpretation in accordance with the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for displaying alphanumeric light-emanating indicia at selected
      key buttons on a keyboard of a typewriter console forming an I/O link with
      a general purpose digital computer, each light-emanating alphanumeric
      indicium being related to a font operational characteristic resulting from
      movement of one of said selected key buttons under control of a human
      observer-user whereby accurate permanent recordation on paper through
      mechanical button-font-paper interactions of said font characteristic
      occurs, comprising;
PA1  a. a set of gaseous glow indicator tube means each comprising a plurality
      of indicia-shaped indicator cathode electrodes stacked one above the other
      surrounding a single anode electrode, deployed within a transparent
      bulbous envelope containing an ionizable gas, said envelope being
      positioned to display at or adjacent to at least one of said selected key
      buttons to said observer-user said light-emanating alphanumeric indicium
      associated with said font operational characteristic;
PA1  b. elongated rigid cantilevered frame means attached to and supportive of
      each of said gaseous glow indicator tube means, said frame means including
      cooperative means in gripping contact with corresponding key buttons of
      said keyboard;
PA1  c. controller switch means operatively connected to said set of indicator
      tube means and including cooperative means for generating a series of
      signals for energization of selected cathode and anode electrodes of said
      indicator tube means so as to provide gas glow thereabout in patterns
      corresponding to said alphanumeric display indicia for which display is
      sought, said displayed alphanumeric indicia being of sufficient intensity
      so as to be easily discernible to said human observer-user using said
      typewriter console irrespective of the background lighting environment
      thereabout.
NUM  2.
PAR  2. Device of claim 1 in which each of said set of gaseous glow indicator
      tube means is supported interior of said one key button of said keyboard,
      each indicator tube being viewable at the finger-touching surface of said
      one key button.
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PAL  The present invention relates to an alphanumeric display unit means for
      improving the identification quantities at selected key buttons of a
      computer-linked typewriter console through usage of light-emitting
      indentification indicia attached adjacent to or at the selected key
      buttons. The light-emitting display means comprises a set of fluorescent
      luminescent alphanumeric display means each including a pair of
      side-by-side indicating units. The last-mentioned units are arranged so as
      to include an array of fluorescent segments formed on a common side of an
      insulating plate within a transparent envelope containing an ionizable
      gas. In operation, each pair of side-by-side indicating units is
      selectively activated by means of controller switch means connected
      thereto. Result: a luminescent two-character display in a fluorescent
      pattern of light corresponding to the alphanumeric indicia for which
      display is sought.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to key-operated typographical machines such
      as typewriters and the like, and more particularly, to a computer-linked
      typewriter console used as an input/output (I/O) linkage for a general
      purpose digital computer.
PAC  BACKGROUND OF THE INVENTION
PAR  Today's different programming languages (FORTRAN, PL-1, ASSEMBLY, etc.) are
      often used interchangeably by operators at a common computer terminal for
      controlling a general purpose digital computer. The number, symbols and
      programming keys associated with a given programming language may require
      any one operator to alternate a plurality of fonts at the computer-linked
      typewriter console; however, as is well known, each font relates to a
      different layout of keyboard characters.
PAR  As font changes occur, it has been proposed to employ key buttons, each
      bearing a plurality of characters to aid the observer-user in more
      efficiently using the typewriter console. It has been further proposed to
      fit the key buttons with adjustable plates bearing different character
      indicia. However, where there are a plurality of operators-users at a
      common typewriter console such as found at most computer terminals,
      numerous alphanumeric identification plates would be needed. Therefore,
      the above-mentioned proposals have been found to be exceedingly awkward to
      implement. Also, in some cases it is desirable to "highlight" certain key
      buttons above those displayed at adjacent buttons owing to the importance
      of certain programming keys being implemented at the computer terminal.
      None of the prior art plates provides such features.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, selected keyboard buttons of an
      I/O typewriter console linked to a general purpose digital computer are
      provided with a plurality of tightly fitting rigid tab frame means. Onto
      the frame means are fitted a highly visible, light-emitting alphanumeric
      display means for display of key alphanumeric indicia through selective
      control provided by controller switch means connected thereto. Preferably
      the light-emitting display means includes a pair of side-by-side indicator
      units. The pair of side-by-side units comprises an array of fluorescent
      segments formed on a side of a common insulated plate within a common
      envelope filled with an ionizable gas. The fluorescent segments form
      cathode elements that can be selectively activated on a time-share basis.
      Result: a light-emitting luminescent display in a fluorescent pattern
      corresponding to the alphanumeric indicia sought to be viewed by the
      observer-user.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is the provision of a novel,
      light-emitting alphanumeric display for use at a typewriter console linked
      to a general purpose digital computer whereby the observer-user of the
      typewriter console can easily identify key lever operations irrespective
      of the number and/or programming language employed within the linked
      digital computer or at the I/O typewriter console itself.
PAR  Further objects of the invention will become apparent from a detailed
      description of the single embodiment given by way of example and not by
      way of limitation, reference being made to the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an I/O computer terminal which includes a
      typewriter console having a keyboard provided with light-emitting,
      alphanumeric character displays positioned at selected key buttons in
      accordance with the present invention;
PAR  FIG. 2 is a schematic diagram of circuitry useful in the apparatus of the
      present invention;
PAR  FIG. 3 is a plan view of a tab frame means attached to a selected key
      button of the typewriter console of FIG. 1;
PAR  FIG. 4 is a section taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is a plan view of an array of switch buttons useful in initializing
      circuit components within the apparatus of the present invention;
PAR  FIG. 6 is a schematic diagram of digital control circuitry useful in the
      present invention;
PAR  FIG. 7 is a detail schematic diagram of a digital controller-decoder useful
      in carrying out the present invention;
PAR  FIG. 8 is a further schematic of the digital controller-decoder of FIG. 7.
DETD
PAC  DESCRIPTION OF A DETAILED EMBODIMENT
PAR  FIG. 1 illustrates a computer terminal 9. The computer terminal 9 includes
      an I/O typewriter console 10 useful in linking digital information to a
      general purpose digital computer (not shown). Information can be linked to
      the computer by I/O devices other than the typewriter console 10. For this
      purpose, such associated I/O devices can be housed within cabinet 11.
PAR  Typewriter console 10 is seen to comprise a keyboard 12 visible above
      housing 13. The observer-user utilizes key buttons 14 to depress levers
      (not shown) by which conventional font-paper interaction occurs while,
      simultaneously, the data is transmitted to the general purpose digital
      computer. Keyboard 12 is conventionally arranged; e.g., as a series of
      rows and columns. Due to the fact that different programming languages
      used by various observer-users for computer control purposes may employ
      numerous characters, symbols and keys not readily interrelated, there is a
      definite need for identification means for attachment to selected key
      buttons 14. Preferably such identification means should "highlight" the
      display irrespective of the background lighting environment at the
      compupter terminal 9. The present invention provides for such a display
      through a novel, light-emitting display unit 15 attached to the typewriter
      console 10. In general, the display unit 15 comprises a controller switch
      unit 16 attached, say, to the housing 13 of the typewriter console 10, and
      an alphanumeric indicating unit 17 including a rigid frame means 18. Also
      of importance: transfer bundle means 20 connected between the controller
      switch unit 16 and the indicating unit 17. Each of the aforementioned
      elements will not be described in detail.
PAC  Controller Switch Unit 16
PAR  As FIG. 1 illustrates, controller switch unit 16 should be placed within
      arm's length of an observer-user seated at the typewriter console 10. To
      the broad horizontal surface of the unit are attached a series of buttons
      21. Purpose: to effectuate control of indicating means 17 through digital
      controller 16a (FIG. 2) operating in conjunction with switch unit 16a, as
      explained in detail below.
PAR  FIG. 5 illustrates the arrangement of buttons 21 in more detail. As shown,
      they are arranged as a matrix array comprising a series of orthogonal
      columns and rows extending well above the support housing 22. Tags 23 are
      attached to the upper broad surfaces of the buttons so as to allow easy
      identification to the observer-user. Operation of the buttons is
      straightforward: downward movement will cause switch elements (not shown)
      to change their operational state. As a result, initialization operations
      within the controller 16a, as discussed below, occur.
PAR  FIGS. 6 and 7 illustrate controller switch unit 16 in more detail.
PAR  With specific reference to FIG. 6, assume binary control-bit data has been
      encoded onto memory drum 24 as bit-channels, say under control of the
      buttons 21a, 21b and 21c in conjunction with read-write head unit 27.
PAR  Each bit-channel comprises a binary activation code of bit information
      associated with a selected button. For decoding purposes, assume that the
      buttons 21a, 21b and 21c have undergone downward movement so as to change
      status of switch elements generally indicated at 25 in FIG. 6 through
      operation of mechanical linkages 26a, 26b and 26c. As a result, three
      channels of binary data-- initialization codes--to are read into digital
      controller-decoder 28 via transfer line 29a. Purpose of the initialization
      codes: to provide the digital controller-decoder 28 with switch control
      information by which luminscent display units 31a, 31b and 31c
      constituting the indicating unit 17 of FIG. 1 can be biased via transfer
      line 29b corrected to supply means 30.
PAR  FIG. 7 illustrates digital controller-decoder 28 in more detail.
PAR  As shown, the sets of initialization codes are read into memory unit 32 via
      the transfer line 29a through buffer driver 33. Synchronization signals
      are generated by master clock 34. In series with clock 34 is binary
      counter 35. Binary activation codes previously read into the memory unit
      32 are sequentially fetched from the latter through command signals
      generated by clock 34 and counter 35 and pass through buffer-driver 36 to
      terminals 37a-37i, and thence to switch energization circuit 38. Timing
      signals are also seen to pass from the clock 34 and counter 35 to the
      switch energization circuit 38 via terminals 37j, 37k. Switch energization
      circuit 38 enables electronic switching elements as explained below, in a
      selected manner whereby luminescent discharge units 31a, 31b or 31c
      constituting indicator unit 17 can be biased by D.C. supply means 30 so as
      to provide a pattern of fluorescent light corresponding to the
      alphanumeric indicia for which display is sought. Since the liminescent
      discharge units 31a, 31b and 31c each include multi-elemented,
      individually controllable, display segments, the binary state (ONE ZERO)
      of the codes at each of the terminals 37a-37k can be used to alter display
      characteristics as explained in detail below.
PAC  Indicating Unit 17
PAR  FIG. 8 illustrates, in more detail, switch energization circuit 38 and its
      operation in conjunction with a specific typical luminescence planar
      discharge unit 31a of indicating unit 17 of FIG. 1.
PAR  As shown in FIG. 8, planar luminescence discharge unit 31a is composed of
      side-by-side semiconductor subassemblies 39a and 39b positioned within a
      common transparent envelope on a common insulating base plate. Each
      subassembly 39a, 39b is composed of an array of fluorescent, semiconductor
      cathode segments 40a, 40b, 40c, 40d, 40e, 40f, 40g, 40h, 40i, arranged in
      a split figure eight, or cross of stacked squares, configuration.
      Similarly noted individual segments of each cathode array are linked to
      each other and thence to common terminals 37a-37i, respectively, within
      switch energization circuit 38.
PAR  Anode segments 41 surround the edges of selected cathode segments and are
      controlled by signals passing by way of terminals 37j and 37k, as
      explained below so as to provide two functions: as a barrier between the
      adjacent subassemblies and as an anode to provide ion generation with
      selected cathode segments. As is well known, the cathode and anode
      segments of each subassembly are supported on the flat common insulating
      base plate (not shown) whereby flared edges of the latter can contact a
      transparent front plate to form the common envelope for these
      subassemblies. A rare ionizable gas such as neon resides within the
      envelope. Correct voltage conditions are provided to anode and cathode
      segments as by way of terminals 37l-37q through cooperation operation of
      the digital controller decoder 28 (FIG. 7) in conjunction with supply
      means 30 so as to provide discharge fluorescent characteristics. That is,
      ions are generated via ionization of the surrounding gas between selected
      elements, such ions subsequently impinging on the fluorescent segments to
      activate the latter in the desired pattern of luminescence corresponding
      to the alphanumeric indicia for which display is sought.
PAR  Referring again to FIG. 8, switch energization circuit 38 is seen to
      include anode switching transistors 42a and 42b associated with anode
      segments 41, and a plurality of cathode switching transistors 43a-43i. The
      latter are seen to be in shunt with diodes 44.
PAR  Operation of the switch energization circuit 38 and planar luminescence
      discharge units 31a, 31b and 31c will now be explained with reference to
      FIGS. 7 and 8. For simplicity of discussion, assume that the
      alphanumerical indicia for the planar luminescence discharge units 31a,
      31b and 31c of FIG. 7 have been selected. Also assume that the outputs of
      buffer-driver 36 are such as to operate each planar luminescence discharge
      unit in a luminescent discharge mode whereby the luminescence discharge
      units are first caused to discharge so as to create ions, such ions then
      impinging upon the fluorescent cathode segments, so as to activate the
      latter projecting luminescence therefrom. The frequency of repetition of
      the units, of course, should be high enough to provide a solid image to
      the observer of each gas discharge unit. In this regard the retinal
      persistence of the human eye must be taken into account. The repetition
      frequency between segments at anode terminals 37j and 37k should therefore
      not be less than 30 cycles per second, with about 60 cycles per second
      being preferred.
PAR  the fluorescent discharge pattern between anode and selected cathode
      segments is a function the binary activation code at terminals 37a-37k of
      FIG. 8. In general, when the anode segments are functioning in the
      conventional anode mode, activation pulses appear at switching transistors
      42a and 42b. These transistors are enabled whereby at terminals 37m and
      37p, first positive voltage bias signal generated by supply means 30 of
      FIG. 7 appears and is sensed by the anode segments 42. On the other hand,
      when acting in a ion barrier mode, the anode segments 41 are not biased at
      terminals 37m and 37p (the transistors 42a and 42b, are in a disabled
      condition) but, instead, they are biased by signals appearing at terminals
      37l and 37g. The resulting bias voltage has an amplitude less than that of
      the first-mentioned bias signal.
PAR  The cathode segments 40a-40i function in a similar manner. When activation
      pulses appear at terminals 37a-37i, switching transistors 43a-43i are
      biased to an ON state; corresponding cathode segments are supplied with
      ground potential via terminal 37o. However, when the transistors 43a-43i
      are biased off, the cathode segments are yet provided with another bias
      voltage via terminal 37m generated in conjunction with diodes 44.
PAR  It is apparent that permitting the anode segments 41 of the subassemblies
      38a and 39b to function as either barriers or as conventional anodes
      provides enhanced resolution of the corresponding luminescent discharge
      unit whereby resulting light pattern corresponding to the alphanumeric
      indicia sought to be displayed is much improved.
PAR  Support of the planar luminescent discharge unit 31a adjacent to a key
      button 14 is best illustrated with reference to FIGS. 3 and 4.
PAR  As previously described, transfer bundle means 20 is composed of sets of
      conductors; they connect to the input terminals of cathode and anode
      segments comprising the dischage unit 31a in the manner previously
      described. Support of the discharge unit 31a is through the rigid frame
      means 18 previously mentioned.
PAR  Frame means 18 includes a cantilevered end 46 and a support end 48. The
      support end 48 attaches to a selected key button 14 as shown in FIG. 4.
      Over the central region the frame 18 there is a reduction in thickness to
      form steps 51. In that way when the keyboard button 14 is depressed
      whereby key lever 50 is likewise downwardly depressed, there is sufficient
      clearance of these elements with regard to lip 52 of the typewriter
      housing 13.
PAR  The gas luminescent display unit 31a is arranged to provide a 2-character,
      side-by-side display at or adjacent to each key button 14. Since the
      resulting 2-character, alphanumeric display is illuminated by light, the
      observer-user can easily observe the displayed character irrespective of
      the background lighting at the computer terminal.
PAR  Since the planar luminescent display units 31a, 31b and 31c of FIG. 7
      operate as fluorescent light generators, perhaps a brief discussion of the
      principles of fluorescent emission, may be instructive.
PAR  Fluorescent emission can be incorporated in two separate operating modes
      for use in the apparatus of the present invention. For example, in a
      vacuum fluorescent tube, a plurality of anodes, say seven segments, can be
      arranged in a standard figure eight configuration adjacent to a filament
      placed between the viewer and the anodes. The anodes are each coated with
      a phosphor. The thermal electron filament is heated just below
      incandescence. Glow of selected anodes in a desired pattern is a result of
      electron bombardment.
PAR  Furthermore, semiconductor devices using fluorescent materials can also be
      used as fluorescent light generators in the manner previously discussed.
      For example, with reference to FIG. 8, an ion discharge, fluorescent
      display can be particularly efficiently presented in the illustrated
      embodiment where anode segment means 41 are operated in two modes: as
      anodes or as barriers. In such an embodiment, no heating filament is
      required; a common insulated base plate is used upon which a planar array
      of cathode segments 40a -40i of fluorescent materials, say zinc oxide, is
      formed. The cathode segments 40a-40i are in a standard planar form, say a
      crossed figure eight, and are positioned adjacent to anode-barrier means
      41 also disposed upon the insulating plate coplanar with the cathode
      segments. As the latter are biased, ions impinging thereon create a
      pattern of fluoresence corresponding to the alphanumeric indicium sought
      to be displayed.
PAR  However, another semiconductor embodiment utilizing a thermal electron
      producing filament in vacuo positioned adjacent to a planar array of
      fluorescent segments layed down on an insulated base plate, may be useful
      in some applications. Suffice to say that fluorescent materials in
      addition to the previously mentioned zinc oxide are readily available.
      Also, suitable substrate insulating plate materials are readily known
      including ceramics and like materials.
PAR  While certain preferred embodiments of the invention have been specifically
      disclosed, it should be understood that the invention is not limited
      thereto. For example, if the dimensions of each luminescent gas discharge
      unit are reduced, the supporting housing within each key button 14 may be
      sufficient to support the former. In such an arrangement, a selected key
      button 14 would be provided with a bore which would then accept a planar
      luminescent gas discharge display unit. The resulting display would be
      directly viewable by the observer-user. Accordingly, as many variations
      will be readily apparent by those skilled in the art, the invention should
      be given as broad as possible interpretation in terms of the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for displaying alphanumeric light-emanating indicia at selected
      key buttons of a keyboard of a typewriter console forming an I/O link with
      a general purpose digital computer, each light-emanating alphanumeric
      indicium being related to a font operational characteristic resulting from
      movement of one of said selected key buttons under control of a human
      observer-user whereby said font operational characteristic is permanently
      recorded on paper at said typewriter console in full view of said human
      observer-user through mechanical button-font-paper interaction,
      comprising:
PA1  a. a set of luminescent indicator means positioned at or adjacent to said
      selected key buttons, each of said set of luminescent indicator means
      comprising an elongated insulated base plate surrounded by transparent
      envelope means, anode means attached to said insulated plate and an array
      of separately-energizable fluorescent cathode segments arranged in a
      selected configuration on a common side of said insulated plate adjacent
      to said anode means;
PA1  b. elongated rigid cantilevered frame means attached to and supportive of
      each of said indicator means, said frame means including cooperative
      gripping means in contact with a corresponding key button of said
      keyboard;
PA1  c. controller switch means connected to said set of indicator means and
      including cooperative means for energizing selected cathode segments and
      anode means of at least one of said each indicator means so as to provide
      fluorescent glow therefrom in a pattern corresponding to said alphanumeric
      display indicia for which display is sought, said alphanumeric indicia
      also being of sufficient intensity so as to be easily discernible to said
      human observer-user using said typewriter console irrespective of the
      background lighting environment thereabout.
NUM  2.
PAR  2. Device of claim 1 in which each of said luminescent indicating means is
      supported interior of said one key button of said keyboard, said
      indicating means being viewable at the finger-touching surface of said one
      key button.
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ABST
PAL  The present invention relates to an alphanumeric display unit means for
      improving the identification quantities at selected key buttons of a
      computer-linked typewriter console through usage of light-emitting
      identification indicia attached adjacent to or at the selected key
      buttons. Each light-emitting display is in matrix format consisting of a
      set of fiber optic members arranged in orthogonal rows and columns.
      Encoding is via stencil tab means inserted in the path of light generated
      by incandescent bulb means in operational alignment with each set of fiber
      optic members.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to key-operated typographical machines such
      as typewriters and the like, and more particularly, to a computer-linked
      typewriter console used as an input/output (I/O) linkage for a general
      purpose digital computer.
PAC  BACKGROUND OF THE INVENTION
PAR  Today's different programming languages (FORTRAN, PL-1, ASSEMBLY, etc.) are
      often used interchangeably by operators at a common computer terminal for
      controlling a general purpose digital computer. The number, symbols and
      programming keys associated with a given programming language may require
      any one operator to alternate a plurality of fonts at the computer-linked
      typewriter console; however, as is well known, each font relates to a
      different layout of keyboard characters.
PAR  As font changes occur, it has been proposed to employ key buttons, each
      bearing a plurality of characters to aid the observer-user in more
      efficiently using the typewriter console. It has been further proposed to
      fit the key buttons with adjustable plates bearing different character
      indicia. However, where there are a plurality of operators-users at a
      common typewriter console such as found at most computer terminals,
      numerous alphanumeric identification plates would be needed. Therefore,
      the above-mentioned proposals have been found to be exceedingly awkward to
      implement. Also, in some cases it is desirable to "highlight" certain key
      buttons above those displayed at adjacent buttons owing to the importance
      of certain programming keys being implemented at the computer terminal.
      None of the prior art plates provides such features.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, selected keyboard buttons of an
      I/O typewriter console linked to a general purpose digital computer are
      provided with a plurality of tightly fitting rigid tab frame means. Onto
      the frame means are fitted a highly visible, light-emitting alphanumeric
      display means for display of key alphanumeric indicia through selective
      control provided by controller switch means connected thereto. Preferably
      the light-emitting display means includes end array display matrices of
      sets of fiber optic members. Each member set is arranged in orthogonal
      columns and rows. Encoding of data can be relatively simple: e.g., light
      signals from an incandescent light source are generated by a series of
      parallel optical stencil tabs positioned between the light source and the
      sets of fiber optic members, light falling on encoding matrices being
      easily transmitted for display at the display matrices for observation by
      the observer-user, as required.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is the provision of a novel,
      light-emitting alphanumeric display for use at a typewriter console linked
      to a general purpose digital computer whereby the observer-user of the
      typewriter console can easily identify key lever operations irrespective
      of the number and/or programming language employed within the linked
      digital computer or at the I/O typewriter console itself.
PAR  Further objects of the invention will become apparent from a detailed
      description of the single embodiment given by way of example and not by
      way of limitation, reference being made to the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an I/O computer terminal which includes a
      typewriter console having a keyboard provided with light-emitting,
      alphanumeric character displays positioned at selected key buttons in
      accordance with the present invention;
PAR  FIG. 2 is a schematic diagram of circuitry useful in the apparatus of the
      present invention;
PAR  FIG. 3 is a partial cutaway of a plan view of a light generator/controller
      unit of the circuitry of FIG. 2;
PAR  FIG. 4 is a section taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is a section taken along line 5--5 of FIG. 3;
PAR  FIG. 6 is a plan view of a tab frame means attached to a selected key
      button of the typewriter console of FIG. 1; and
PAR  FIG. 7 is a section taken along line 7--7 of FIG. 6.
DETD
PAC  DESCRIPTION OF A DETAILED EMBODIMENT
PAR  FIG. 1 illustrates a computer terminal 9. The computer terminal 9 includes
      an I/O typewriter console 10 useful in linking digital information to a
      general purpose digital computer (not shown). Information can also be
      linked to the computer by I/O devices other than the typewriter console
      10. For this purpose, such associated I/O devices can be housed within
      cabinet 11.
PAR  Typewriter console 10 is seen to comprise a keyboard 12 visible above
      housing 13. The observer-user utilizes key buttons 14 to depress levers
      (not shown) by which conventional font-paper interaction occurs while,
      simultaneously, the data is transmitted, after being compiled, to the
      general purpose digital computer. Keyboard 12 is conventionally arranged;
      e.g., as a series of rows and columns. Due to the fact that different
      programming languages used by various observer-users for computer control
      purposes may employ numerous characters, symbols and keys not readily
      interrelated, there is a definite need for indentification means for
      attachment to selected key buttons 14. Preferably such identification
      means should highlight the display irrespective of the background lighting
      environment at the computer terminal 9.
PAR  The present invention provides for such a display through a novel,
      light-emitting display unit 15 attached to the typewriter console 10. In
      general, the display unit 15 of the present invention comprises a
      controller switch unit 16 attached, say, to the housing 13 of the
      typewriter console 10, and an alphanumeric indicating unit 17 including a
      rigid frame means 18. Also of importance: transfer bundle means 20
      connected between the controller switch unit 16 and the indicating unit
      17. Each of the aforementioned elements will now be described in detail.
PAC  Controller Switch Unit 16
PAR  As FIG. 1 illustrates, controller switch unit 16 should be placed within
      arm's length of the observer-user using typewriter console 10. To the
      broad surface of the unit is attached stencil tab means 21. Purpose: to
      effectuate contol of light energy being generated within the controller
      switch unit 16 to provide a selected set of light signals, such light
      signals being passed in turn via transfer bundle means 20 to the
      indicating unit 17 (see FIG. 2).
PAR  FIGS. 3, 4 and 5 illustrate the construction of stencil tab means 21 in
      more detail.
PAR  The purpose of the tab means 21 is essentially analogous to an optical
      encoder: e.g., the tab means 21 depicted in these figures is positioned to
      intercept light from incandescent lamp 28 in a controlled manner to
      generate light signals; these signals in turn pass to the indicating unit
      17 at the typewriter console 10.
PAR  Now in more detail as shown in FIG. 3, note that the tab means 21 is seen
      to include a trio of spider frames 22 fitted with a common shaft 23. The
      ends of the shaft 23 are journaled at opposed side walls of support box
      24. Since each spider frame 22 is free to rotate about common shaft 23, a
      plurality of light patterns, as corresponding to stencil card pairs 25, 26
      and 27 housed therein can be selectively generated under control of the
      observer-user.
PAR  For convenience, identification of particular stencil cards in alignment
      with lamp 28 is required. As shown in FIG. 3 for this purpose, a set of
      transfer name tags 31 can be positioned at the viewable transverse edges
      of cards appropriate for identification of the mating cards that are being
      used as light encoders. For example, in FIG. 4, tag 31 is seen to be
      positioned at the transverse edge of card 27b, and identifies (to the
      observer-user) that the particular light pattern produced by its "active"
      card half, card 27a, is of a .DELTA. configuration. Other light patterns
      are likewise easily identified. For example in FIG. 5, active stencil
      cards 25a and 26a of card pairs 25 and 26 are identified by similar tags
      corresponding to "$" and ".pi." patterns of light they generated.
PAR  In this invention, light generation is relatively straightforward: The
      light from the incandescent lamp 28 of FIG. 3 is first reflected via
      reflector 29 so as to pass as a beam through individual stencil cards
      comprising the active halves of the card pairs 25, 26, and 27. The
      resulting patterns each comprise a series of light signals. These signals
      then fall upon individual fiber optic encoding matrices 30 at the remote
      end of support box 24, in alignment with the card pairs 25, 26, and 27.
PAR  As shown in FIG. 4, fiber optic encoding matrices 30 include a common frame
      32 for support of sets of conventional fiber optic light-conducting
      members 33. Each matrix 30 is seen to be positioned in axial alignment of
      reflector 29 and the active halves of the card pairs 25, 26 and 27,
      respectively. Within each matrix, the ends of the light-conducting members
      33 are arranged as an array of orthogonal rows and columns of sufficient
      size for alphanumerical display, say 7 .times. 5. The dimensions of the
      array are such to provide an identical, undistorted display of each
      silhouette provided by the active half of each stencil card pair 25, 26 or
      27. As a result, visible light (say, 4,000 to 13,000 A.) can be easily
      transmitted via the side walls of the sets of fiber optic members 33 to
      the indicating unit 17 of FIGS. 1 and 2.
PAC  Indicating Unit 17
PAR  Indicating unit 17 is illustrated in detail in FIGS. 6 and 7.
PAR  As previously described, transfer bundle means 20 is composed of sets of
      light-conducting members 33. These light-conducting members 33 terminate
      at the display unit matrices, one of which that is typical being indicated
      at 34 in FIGS. 6 and 7. Support of the array matrix 34 is through the
      rigid frame means 18. The frame means 18 includes a cantilevered end 36
      and a support end 38. The support end 38 attaches to a selected key button
      14 as shown in FIG. 7. Over the central region of the frame 35 there is a
      reduction in thickness to form a step 41. In that way when the keyboard
      button 14 is depressed whereby key lever 40 is likewise downwardly
      depressed, there is sufficient clearance of these elements with regard to
      lip 42 of the typwriter housing 13.
PAR  Display matrix 34 is arranged in a matrix format identical to that of a
      corresponding encoding matrix 30. Since the generated alphanumeric display
      at the display matrix 34 is illuminated by light, the observer-user can
      easily observe the displayed character irrespective of the background
      lighting at the computer terminal.
PAR  While certain preferred embodiments of the invention have been specifically
      disclosed, it should be understood that the invention is not limited
      thereto. For example, if the dimensions of the fiber optic display matrix
      34 are reduced, the supporting housing within each key button 14 may be
      sufficient to support the former. In such an arrangement, a selected key
      button 14 would be provided with a bore which would then accept the
      display array matrix. The resulting end array of fiber optic members 33
      would be directly viewable by the observer-user.  Accordingly, as many
      variations will be readily apparent by those skilled in the art, the
      invention should be given as broad as possible interpretation in terms of
      the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for displaying alphanumeric light-emanating indicia at selected
      key buttons of a keyboard of a typewriter console forming an I/O link with
      a general-purpose digital computer, each light-emanating alphanumeric
      indicum being related to a font operational characteristic resulting from
      movement of one of said selected key buttons under control of a human
      observer-user whereby said font operational characteristic is permanently
      recorded on paper at said typewriter console in full view of said human
      observer-user through mechanical button-font-paper interaction, comprising
PA1  a. an array of fiber optic, light-conducting members having near ends
      arranged to display at or adjacent to at least one of said selected key
      buttons said light-emanating alphanumeric indicium associated with said
      font operational characteristic, said alphanumeric indicium being of
      sufficient intensity so as to be easily discernible to said human
      observer-user using said typewriter console irrespective of the background
      lighting environment thereabout;
PA1  b. elongated rigid cantilevered frame means attached to and supportive of
      said array, said frame means including cooperative means in gripping
      contact with corresponding key buttons of said keyboard;
PA1  c. incandescent bulb means positioned at remote ends of said array of fiber
      optic, light-conducting members; and
PA1  d. optical encoding means operatively connected to said array of fiber
      optic members and including cooperative means for aiding in the controlled
      generation of a series of encoded light signals which fall on more remote
      ends of said fiber optic, light conducting members in a pattern
      corresponding to said alphanumeric indicium for which display is sought.
NUM  2.
PAR  2. In a device for displaying alphanumeric indicia at selected keys of a
      keyboard of a typewriter console forming an I/O link with a
      general-purpose computer, each indicium being related to a font
      operational characteristic resulting from depression of a selected key
      button under control of a human observer-user whereby said font
      operational characteristic is permanently recorded on paper at said
      typewriter console in full view of said human observer-user through
      mechanical button-font-paper interaction, the improvement comprising;
PA1  a. an array of fiber optic, light-conducting members arranged with near
      ends viewable by said human observer-user to display said selected
      alphanumeric, light-emanating indicium adjacent to or at said selected key
      button, said displayed indicium being of sufficient light-emanating
      intensity as to be easily discernible by said observer-user irrespective
      of background lighting environment thereabout;
PA1  b. elongated rigid cantilevered frame means attached to and supportive of
      said near ends of said array of fiber optic, light-conducting members,
      said frame means including cooperative means in gripping contact with a
      corresponding key button of said keyboard;
PA1  c. encoding means selectively connected intermediate more remote ends of
      said array of light-conducting members including cooperative means for
      aiding in the controlled generation of a series of coded light signals
      falling on said remote ends of said fiber optic members in a pattern
      corresponding to said alphanumeric display indicium for which display is
      sought, said encoding means including incandescent bulb means connected to
      a source of energy and rotable stencil card means positioned intermediate
      said bulb means and said remote ends of said fiber optic, light-conducting
      members.
NUM  3.
PAR  3. Device of claim 1 in which said end array of said series of fiber optic,
      light-emanating members is supported interior of said one key button of
      said keyboard, said array being viewable at the finger-touching surface of
      said one key button.
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ABST
PAL  The present invention relates to an alphanumeric display unit means for
      improving the identification quantities at selected key buttons of a
      computer-linked typewriter console through usage of light-emitting
      indentification indicia attached adjacent to or at the selected key
      buttons. Each light-emitting display is in matrix format consisting of a
      set of fiber optic members arranged in orthogonal rows and columns.
      Encoding is via cooperative drum means including a plurality of rotatable
      light-emitting diodes (LED's) columnarly aligned at the interior of the
      drum means for generating a series of light signals for transmission along
      each set of fiber optic members.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to key-operated typographical machines such
      as typewriters and the like, and more particularly, to a computer-linked
      typewriter console used as an input-output (I/O) linkage for a general
      purpose digital computer.
PAC  BACKGROUND OF THE INVENTION
PAR  Today's different programming language (FORTRAN, PL-1, ASSEMBLY, etc.) are
      often used interchangeably by operators at a common computer terminal for
      controlling a general purpose digital computer. The number, symbols and
      programming keys associated with a given programming language may require
      any one operator to alternate a plurality of fonts at the computer-linked
      typewriter console; however, as is well known, each font relates to a
      different layout of keyboard characters.
PAR  As font changes occur, it has been proposed to employ key buttons, each
      bearing a plurality of characters to aid the observer-user in more
      efficiently using the typewriter console. It has been further proposed to
      fit the key buttons with adjustable plates bearing different character
      indicia. However, where there are a plurality of operators-users at a
      common typewriter console such as found at most computer terminals,
      numerous alphanumeric identification plates would be needed. Therefore,
      the above-mentioned proposals have been found to be exceedingly awkward to
      implement. Also, in some cases it is desirable to "highlight" certain key
      buttons above those displayed at adjacent buttons owing to the importance
      of certain programming keys being implemented at the computer terminal.
      None of the prior art plates provides such features.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, selected keyboard buttons of an
      I/O typewriter console linked to a general purpose digital computer are
      provided with a plurality of tightly fitting rigid tab frame means. Onto
      the frame means are fitted highly visible, light-emitting alphanumeric
      display means for display of key alphanumeric indicia through selective
      control provided by controller switch means connected thereto. Preferably
      the light-emitting display means includes end array display matrices
      comprising sets of fiber optic members. Each set is arranged in orthogonal
      columns and rows. Encoding of data is provided by drum means; i.e., each
      set of fiber optic members is connected to a side wall of a stationary
      channeling drum along a column parallel of drum's axis of symmetry in
      radial alignment with a series of openings ("columnar channeling
      station"). The openings terminate at the central bore of the stationary
      drum. The central bore is also large enough to accommodate a rotatable
      source cylinder supporting a series of light-emitting semiconductor diodes
      (LED's). To generate a selected alphanumeric display, the LED's are
      selectively activated as a function of time and angular position of the
      channeling drum. The source cylinder rotates at a constant rate of speed.
      Thus, light falls on the sets of selected optic members, in sequence, as
      angular alignment occurs at each of the channeling stations. As a result
      of transmission by internal light reflection, the selected alphanumeric
      display appears--instantaneously--for display at associated display
      matrices connected to the selected fiber optic members.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is the provision of a novel,
      light-emitting alphanumeric display for use at a typewriter console linked
      to a general purpose digital computer whereby the observer-user of the
      typewriter console can easily identify key lever operations irrespective
      of the number and/or programming language employed within the linked
      digital computer or at the I/O typewriter console itself.
PAR  Further objects of the invention will become apparent from a detailed
      description of the single embodiment given by way of example and not by
      way of limitation, reference being made to the accompanying drawings.
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PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an I/O computer terminal which includes a
      typewriter console having a keyboard provided with light-emitting,
      alphanumeric character displays positioned at selected key buttons in
      accordance with the present invention;
PAR  FIG. 2 is a schematic diagram of circuitry useful in the apparatus of the
      present invention;
PAR  FIG. 3 is a plan view of a tab frame means attached to a selected key
      button of the typewriter console of FIG. 1;
PAR  FIG. 4 is a section taken along line 4--4 of FIG. 3.
PAR  FIG. 5 is a schematic diagram of circuitry useful in providing encoding
      data for the displays of FIG. 1; and
PAR  FIG. 6 is a partially schematic view of a drum encoding means useful in the
      circuit of FIG. 5.
DETD
PAC  DESCRIPTION OF A DETAILED EMBODIMENT
PAR  FIG. 1 illustrates a computer terminal 9. The computer terminal 9 includes
      an I/O typewriter console 10 useful in linking digital information to a
      general purpose digital computer (not shown). Information can also be
      linked to the computer by I/O devices other than the typewriter console
      10. For this purpose, such associated I/O devices can be housed within
      cabinet 11.
PAR  Typewriter console 10 is seen to comprise a keyboard 12 visible above
      housing 13. The observer-user utilizers key buttons 14 to depress levers
      (not shown) by which conventional font-paper interaction occurs while,
      simultaneously, the data is transmitted, after being compiled, to the
      general purpose digital computer. Keyboard 12 is conventionally arranged;
      e.g., as a series of rows and columns. Due to the fact that different
      programming languages used by various observer-users for computer control
      purposes may employ numerous characters, symbols and keys not readily
      interrelated, there is a definite need for identification means for
      attachment to selected key buttons 14. Preferably such identification
      means should highlight the display irrespective of the background lighting
      environment at the computer terminal 9. The present invention provides for
      such a display through a novel, light-emitting display unit 15 attached to
      the typewriter console 10. In general, it comprises a controller switch
      unit 16 attached, say, to the housing 14 of the typewriter console 10, and
      an alphanumeric indicating unit 17 including a rigid frame means 18. Also
      of importance: transfer bundle means 20 connected between the controller
      switch unit 16 and the indicating unit 17. Each of the aforementioned
      elements will now be described in detail.
PAC  Controller Switch Unit 16
PAR  FIG. 1 illustrates assembly requirements of the controller switch unit 16;
      obviously it should be placed within arm's length of an observer-user
      seated at the typewriter console 10. At the horizontal surface of the unit
      are a series of buttons 21. Purpose: to effectuate control of light energy
      being generated within controller switch unit 16 so to provide a selected
      set of light signals, such light signals being passed in turn via transfer
      bundle means 20 to the indicating unit 17, see FIG. 2. The buttons 21 are
      arranged as an array comprising two columns and three rows which extend
      above support housing 22. Tags are arranged at the broad surfaces of the
      buttons so as to easily identify the display indicia controlled by a
      selected button. Operation of the buttons 21 is straightforward; downward
      movement of a selected button will cause switch elements (not shown) to
      change their operational state either from an active to an inactive one or
      vice versa. As a result, initialization operations within the controller
      switch unit 16 occur, as discussed below.
PAR  FIGS. 5 and 6 illustrate, in detail, the controller switch unit 16.
PAR  As shown in FIG. 5, assume binary control-bit data has been encoded onto
      memory drum 24 as bit-channels, say under activation of selected buttons
      21a, 21b and 21c through read-write head unit 25 adjacent to the memory
      drum 24. As previously discussed, downward movement of the buttons is
      linked, as through mechanical linkages such as 26a, 26b and 26c to a
      series of switch elements generally indicated at 27 supported within
      read-write head unit 25. As a result, sets of binary activation codes are
      fed into fiber-optic drum decoder-generator drum means 28 via transfer
      line 29. Purpose: to provide the fiber-optic decoder-generator drum means
      28 with sufficient control information by which light signals can be
      generated for display at display array matrices 31a, 31b and 31c
      constituting the indicating unit 17, as explained below.
PAR  FIG. 6 illustrates fiber optic decoder-generator drum means 28 in more
      detail.
PAR  As shown, the drum means 28 includes a source cylinder 30 rotating interior
      of stationary channel drum 36. Source cylinder 30 has a central bore 32.
      Within the bore 32 are a series of light-emitting semiconductor diodes 33
      (LED's) fixed with respect to columnar, radial openings 34. Openings 34
      are seen to extend through the side wall of the source cylinder 30
      parallel of its axis of rotation. In that way, as the LED's 33 are
      selectively activated through switch buttons 21a, 21b and 21c of FIG. 5 in
      conjunction with operations of read-write head unit 25, a series of light
      signals are generated. Such signals then pass to the interior bore 35 of
      the stationary channel drum 36.
PAR  Light emission properties of LED's 33 are well known and need not be
      discussed in detail. Suffice to say that optimum light-emitting diode
      materials include gallium arsenide, gallium phosphide, and mixed crystals
      of these two compounds. Likewise the carrier substrate may be of any
      suitable material or materials if the latter permit monocrystalline
      epitaxial growth; e.g., a composite of semiconductors, metals or
      insulating materials may be desirable in this regard.
PAR  Since the channel drum 36 is stationary as previously mentioned, the
      exterior thereof can be fitted with sets of light-conducting fiber optic
      members 38 schematically illustrated at constituting the transfer bundle
      means 20 of FIG. 1. Preferably these members 38 are aligned in a series of
      columnar stations parallel to the axis of symmetry of the drum 36. The
      stations channel light entering the drum 36 via openings 43, onto each set
      of fiber optic members 38, in sequence. There, of course, can be more than
      two channel stations at the exterior surface of the drum 36: for example,
      three such stations are indicated at 39, 40 and 41 in FIG. 6 to match the
      number of display matrix arrays which constitute the indicating unit 17 of
      FIG. 1.
PAR  In addition to having axial alignment between each columnar set of
      light-conducting fiber optic members 38 and the series of radial openings
      43 extending through the side wall of the channel drum 36, there is a
      corresponding requirement that the latter be equal in number to the number
      of LED's 33 within the source cylinder 30.
PAR  In operation, the source light cylinder 30 is rotated at a selected speed,
      say 60 revolutions per second, well above the known flicker fusion
      frequency of the human eye-- 30 cycles per second. LED's 33 are then
      activated as a function of time and angular position of the cylinder 30.
      Result: the alphanumeric indicia produced at each of the displays 31a, 31b
      or 31c (FIG. 5) appears as a solid image to the human observer-user even
      though the activation codes may be repetitive in nature.
PAR  Synchronization of the rotation of the memory drum and source cylinder, of
      course, is necessary so that each of the channeling stations can be
      correctly positioned with respect to the LED's 33 as activation of the
      latter occurs. In this regard, a timing signal generated during each
      rotation of the source cylinder 30 can be used to produce a
      synchronization signal for synchronizing rotation of both. Also, it should
      be noted that at each channeling station, even though the fiber optic
      members 38 are columnarly aligned, they can be sequentially scanned so as
      to provide a matrix output at the array matrix displays 31a, 31b and 31c
      of FIG. 5. The visible light thus generated (4,000 to 13,000 A.) ad
      subsequently transferred to these displays, results in a pattern of light
      corresponding to the alphanumeric indicia for which display is sought at
      the indicating unit 17.
PAC  Indicating Unit 17
PAR  Indicating unit 17 is illustrated in detail in FIGS. 3 and 4.
PAR  As previously described, transfer bundle means 20 is composed of bundles
      ("sets") of light-conducting members 38, and these light-conducting
      members 38 terminate at the indicating unit 17 of FIG. 2. One of the
      plurality of display array matrices comprising the indicating unit 17 is
      indicated in detail at 31a in FIGS. 3 and 4, and is seen to be supported
      via the rigid frame means 18 previously mentioned. The frame means 18
      includes a cantilevered end 46 and a support end 48. The support end 48
      attaches to a selected key button 14 as shown in FIG. 4. Over the central
      region of the frame means 18 there is a reduction in thickness to form a
      step 51. In that way when the keyboard button 14 is depressed whereby key
      lever 50 is likewise downwardly depressed, there is sufficient clearance
      of these elements with regard to lip 52 of the typewriter housing.
PAR  The display matrix 31a is seen in FIG. 3 to be conventionally arranged. Its
      matrix format is composed of sets of orthogonal rows and columns of
      sufficient size to display the alphanumerical indicia of interest, say in
      a 7 .times. 5 matrix. Since the generated alphanumeric display at each
      display matrix is illuminated by light, the observer-user can easily
      observe the displayed indicia irrespective of the background lighting at
      the computer terminal.
PAR  While certain preferred embodiments of the invention have been specifically
      disclosed, it should be understood that the invention is not limited
      thereto. For example, if the dimensions of the fiber optic display matrix
      31a are reduced, the supporting housing within each key button 14 may be
      sufficient to support the former. In such an arrangement, a selected key
      button 14 would be provided with a bore which would then accept a display
      array matrix. The resulting end array of fiber optic members would be
      directly viewable by the observer-user. Accordingly, as many variations
      will be readily apparent by those skilled in the art, the invention should
      be given as broad as possible interpretation in terms of the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for displaying alphanumeric light-emanating indicia at selected
      key buttons of a keyboard of a typewriter console forming an I/O link with
      a general purpose digital computer, each light-emanating alphanumeric
      indicium being related to a font operational characteristic resulting from
      movement of one of said selected key buttons under control of a human
      observer-user whereby said font operational characteristic is permanently
      recorded on paper at said typewriter console in full view of said human
      observer-user through mechanical button-font-paper interaction, comprising
PA1  a. an array of sets of fiber optic, light-conducting members having near
      ends arranged to display at or adjacent to at least one of said selected
      key buttons said light-emanating alphanumeric indicium associated with
      said font operational characteristic;
PA1  b. elongated rigid cantilevered frame means attached to and supportive of
      said near ends of said sets of fiber optic, light-conducting members, said
      frame means including cooperative support means in gripping contact with a
      corresponding key button of said keyboard;
PA1  c. a set of light-emitting diodes (LED's) positioned at opposite ends of
      said sets of fiber optic, light-conducting members, and
PA1  d. encoding means operatively connected to said sets of fiber optic members
      for controlling passage of light therealong and including cooperative drum
      means for aiding in the controlled generation of a series of encoded light
      signals corresponding to said alphanumeric indicium for which display is
      sought, said indicium being of sufficient intensity so as to be easily
      discernible to said human observer-user using said typewriter console
      irrespective of the background lighting environment thereabout.
NUM  2.
PAR  2. In a device for displaying alphanumeric indicia at selected keys of a
      keyboard of a typewriter console forming an I/O link with a general
      purpose computer, each indicium being related to a font operational
      characteristic resulting from depression of a selected key button under
      control of a human observer-user whereby said font operational
      characteristic is permanently recorded on paper at said typewriter console
      in full view of said human observer-user through mechanical button-font
      paper interaction, the improvement comprising
PA1  a. an array of sets of fiber optic, light-conducting members arranged with
      near ends viewable by said human observer-user to display said selected
      alphanumeric indicium adjacent to or at said selected key button, said
      displayed indicium being of sufficient light-emanating intensity as to be
      easily discernible by said observer-user irrespective of background
      lighting environment thereabout;
PA1  b. encoding-decoding means selectively connected to light-emitting-diodes
      (LED's) positioned at remote ends of said sets of light-conducting members
      including cooperative drum means for repetitively generating a series of
      encoded light signals corresponding to said alphanumeric display indicium
      for which display is sought, said light signals being viewable at said
      near ends of said set of fiber optic members at a rate above the flicker
      frequency of the human eye whereby a solid image thereof is generated,
      said encoding-decoding means being optical-mechanical and including
      rotating source means comprising a columnar set of said light-emitting
      diodes (LED's) rotating about an axis of rotation at a rate above said
      flicker fusion frequency of the human eye, said LED's being individually
      activated in accordance with a selected binary activation code; and
      stationary channeling drum means having a central bore into which said
      rotatable LED's are positioned, said channeling drum also including a side
      wall fitted to sets of columnar openings radially terminating at a series
      of channeling stations circumferentially spaced about the exterior surface
      of said drum, each channeling station being connected to one of said sets
      of said fiber optic light-conducting members whereby said encoded light
      signals from said LED's appear repetitively at said near ends thereof to
      provide said alphanumeric indicium of interest.
NUM  3.
PAR  3. Device of claim 1 in which said end array of sets of fiber optic,
      light-emanating members is supported interior of said one key button of
      said keyboard, said array being viewable at the finger-touching surface of
      said one key button.
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ABST
PAL  The present invention relates to an alphanumeric display unit means for
      improving the identification quantities at selected key buttons of a
      computer-linked typewriter console through usage of light-emitting
      identification indicia attached adjacent to or at the selected key
      buttons. Each light-emitting display is in matrix format consisting of a
      set of light-emitting diodes (LED's) arranged in orthogonal rows and
      columns. Energization of the LED's is by means of digital control
      circuitry. Result: a repetitive light-emitting display in matrix format in
      a configuration corresponding to an alphanumeric indicium for which
      display is sought.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to key-operated typographical machines such
      as typewriters and the like, and more particularly, to a computer-linked
      typewriter console used as an input/output (I/O) linkage for a general
      purpose digital computer.
PAC  BACKGROUND OF THE INVENTION
PAR  Today's different programming languages (FORTRAN, PL-1, ASSEMBLY, etc.) are
      often used interchangeably by operators at a common computer terminal for
      controlling a general purpose digital computer. The number, symbols and
      programming keys associated with a given programming language may require
      any one operator to alternate a plurality of fonts at the computer-linked
      typewriter console; however, as is well known, each font relates to a
      different layout of keyboard characters.
PAR  As font changes occur, it has been proposed to employ key buttons, each
      bearing a plurality of characters to aid the observer-user in more
      efficiently using the typewriter console. It has been further proposed to
      fit the key buttons with adjustable plates bearing different character
      indicia. However, where there are a plurality of operators-users at a
      common typewriter console such as found at most computer terminals,
      numerous alphanumeric identification plates would be needed. Therefore,
      the above-mentioned proposals have been found to be exceedingly awkward to
      implement. Also, in some cases it is desirable to "highlight" certain key
      buttons above those displayed at adjacent buttons owing to the importance
      of certain programming keys being implemented at the computer terminal.
      None of the prior art plates provides such features.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, selected keyboard buttons of an
      I/O typewriter console linked to a general purpose digital computer are
      provided with a plurality of tightly fitting rigid tab frame means. Onto
      the frame means are fitted a highly visible, light-emitting alphanumeric
      display means for display of key alphanumeric indicia through selective
      control provided by controller switch means connected thereto. Preferably
      the light-emitting display means includes display array matrices of sets
      of light-emitting semiconductor diodes (LED's), each matrix being arranged
      in orthogonal columns and rows at the surface of one of the frame means
      visible to the observer-user. Energization of the LED's is by means of
      digital control circuitry which provides sets of matrix binary codes, each
      set including a series of row and column control subcodes for selectively
      energizing orthogonal row and column conductors connected to predetermined
      LED's. Result: a pattern of light corresponding to the alphanumeric
      indicium for which display is sought. By recycling ("refreshing") the
      energization code activated with a given matrix above the flicker fusion
      rate of the human eye, the resulting alphanumeric display appears as a
      solid image to the observer-user.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is the provision of a novel,
      light-emitting alphanumeric display for use at a typewriter console linked
      to a general purpose digital computer whereby the observer-user of the
      typewriter console can easily identify key lever operations irrespective
      of the number and/or programming language employed within the linked
      digital computer or at the I/O typewriter console itself.
PAR  Further objects of the invention will become apparent from a detailed
      description of the single embodiment given by way of example and not by
      way of limitation, reference being made to the accompanying drawings.
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an I/O computer terminal which includes a
      typewriter console having a keyboard provided with light-emitting,
      alphanumeric character displays positioned at selected key buttons in
      accordance with the present invention;
PAR  FIG. 2 is a schematic diagram of general circuitry useful in the apparatus
      of the present invention;
PAR  FIG. 3 is a plan view of a tab frame means attached to a selected key
      button of the typewriter console of FIG. 1;
PAR  FIG. 4 is a section taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is a plan view of an array of switch buttons useful in initializing
      circuit components within the apparatus of the present invention;
PAR  FIG. 6 is a schematic diagram of digital control circuitry useful in the
      apparatus of the present invention; and
PAR  FIG. 7 is a detail schematic diagram of a digital controller-decoder useful
      in carrying out the present invention.
DETD
PAC  DESCRIPTION OF A DETAILED EMBODIMENT
PAR  FIG. 1 illustrates a computer terminal 9. The computer terminal 9 includes
      an I/O typewriter console 10 useful in linking digital information to a
      general purpose digital computer (not shown). Information can be linked to
      the computer by I/O devices other than the typewriter console 10. For this
      purpose, such associated I/O devices can be housed within cabinet 11.
PAR  Typewriter console 10 is seen to comprise a keyboard 12 visible above
      housing 13. The observer-user utilizes key buttons 14 to depress levers
      (not shown) by which conventional font-paper interaction occurs while,
      simultaneously, the data is transmitted, after being compiled, to the
      general purpose digital computer. Keyboard 12 is conventionally arranged;
      e.g. as a series of rows and columns. Due to the fact that different
      programming languages used by various observer-users for computer control
      purposes may employ numerous characters, symbols and keys not readily
      interrelated, there is a definite need for identification means for
      attachment to selected key buttons 14. Preferably such identification
      means should highlight the display irrespective of the background lighting
      environment at the computer terminal 9. The present invention provides for
      such a display through a novel, light-emitting display unit 15 attached to
      the typewriter console 10. In general, the display unit 15 comprises a
      controller switch unit 16 attached, say, to the housing 13 of the
      typewriter console 10, and an alphanumeric indicating unit 17 including a
      rigid frame means 18. Also of importance: transfer bundle means 20
      connected between the controller switch unit 16 and the indicating unit
      17. Each of the aforementioned elements will now be described in detail.
PAC  Controller Switch Unit 16
PAR  As FIG. 1 illustrates, controller switch unit 16 should be placed within
      arm's length of an observer-user seated at the typewriter console 10. To
      the broad horizontal surface of the unit are attached a series of buttons
      21. Purpose: to effectuate control of the indicating unit 17 through
      digital controller 16a (FIG. 2) operating in conjunction with switch unit
      16b, as explained in detail below.
PAR  FIG. 5 illustrates the arrangement of buttons 21 in more detail. As shown,
      they are arranged as a matrix array comprising a series of orthogonal
      columns and rows, with each top, broad surface extending well above the
      support housing 22. Tags 23 are attached to the aforementioned broad
      surfaces of the buttons so as to allow easy identification to the
      observer-user. Operation of the buttons is staightforward: downward
      movement will cause switch elements (not shown) to change their
      operational state. As a result, initialization operations within the
      controller switch unit 16, as discussed below, occur.
PAR  FIGS. 6 and 7 illustrate controller switch unit 16 in more detail.
PAR  With specific reference to FIG. 6, assume binary control-bit data has been
      encoded onto memory drum 24 as bit-channels, say under control of the
      buttons 21a, 21b and 21c in conjunction with read-write head unit 27. Each
      bit-channel comprises a binary code of bit information associated with a
      selected button 21a, 21b or 21c. For decoding purposes, assume that
      buttons 21a, 21b, and 21c have undergone downward movement so as to change
      states of switch elements of the switch unit generally indicated at 16b in
      FIG. 6 through operation of mechanical linkages 26a, 26b and 26c. As a
      result, three channels of binary data --initialization codes-- are read
      into digital controller-decoder 28 via transfer line 29. Purpose of the
      initialization codes: to provide the digital controller-decoder 28 with
      switch control information through which it can generate via transfer
      lines 30a, 30b and 30c sets of binary matrix codes. Ultimately, these
      codes are used to generate a light pattern corresponding to alphanumeric
      indicium for which display is being sought at display array matrices 31a,
      31b or 31c constituting the indicating unit 17.
PAR  FIG. 7 illustrates digital controller-decoder 28 in more detail.
PAR  As shown, operations are initiated by the sets of initialization codes
      being read into memory unit 32 via the transfer line 29 through buffer
      driver 33. Synchronization of operations is paced by timing signals
      generated by master clock 34. In series with clock 34 is counter 35 having
      an output also connected to the memory unit 32. In operation, binary codes
      previously read into the memory unit 32 are first fetched from the latter
      through command signals generated by clock 34 and counter 35; the binary
      codes then pass through buffer-driver 36 to terminals 37a-37e. Similar
      command signals pass from the clock 34 and counter 35 to one-in-seven
      decoder 38 having a series of output terminals 38a-38g. The binary state
      (ONE, ZERO) of the subcodes at each terminal 37a-37e and 38a-38g
      determines display characteristics at each display matrices 31a, 31b or
      31c of FIG. 6, as explained in detail below. The activation code at the
      terminals 37a-37e not only relates to columnar matrix activation of each
      display matrix 31 a, 31b or 31c but also may contain certain control bit
      information; thus the resulting subcode can be called a "columnar control
      subcode." Likewise, the subcode passing from terminals 38a-38g of
      one-in-seven decoder 38 controls row matrix activation of each display
      matrix; thus such subcode can be called a "row control subcode." Together,
      these subcodes provide sets of matrix binary codes at each of the display
      array matrices 31a, 31b or 31c of FIG. 6.
PAR  Operations of the digital controller-decoder 28 will now be explained with
      reference to FIGS. 6 and 7.
PAR  For simplicity of discussion, assume that the desired alphanumeric indicia
      at matrix displays 31a, 31b and 31c are as depicted in FIG. 6. Also assume
      that each matrix display 31a, 31b and 31c is composed of a semiconductor
      set of light-emanating diodes (LED's), each matrix being arranged in a
      series of orthogonal columns and rows, and being addressable by
      energization of selected row and columnar conductors via the matrix binary
      codes previously mentioned. Since each LED is defined by an individual row
      and column intersection of conductors, it can be enabled by the ONE
      condition of the intersecting columnar and row subcodes, i.e., a ONE bit
      condition of each conductor line. For example, for the diplay indicia
      depicted in FIG. 6, i.e., at displays 31a, 31b, 31c columnar subcodes are
      as set forth in Table I below, such subcodes assuming columnar activation
      proceeds from left to right in each display and row activation proceeds
      from top to bottom, as viewed:
TBL                                    TABLE I                                 

     __________________________________________________________________________

     Matrix Display 31a                                                        

                  Matrix Display 31b                                           

                               Matrix Display 31c                              

     Columns      Columns      Columns                                         

        1 2 3 4 5    1 2 3 4 5    1 2 3 4 5                                    

     Rows         Rows         Rows                                            

     __________________________________________________________________________

     1  0 0 1 0 0 1  1 1 1 1 1 1  1 1 1 1 1                                    

     2  1 1 1 1 1 2  0 1 0 1 0 2  1 0 0 0 1                                    

     3  1 0 0 0 0 3  0 1 0 1 0 3  1 0 0 0 1                                    

     4  1 1 1 1 1 4  0 1 0 1 0 4  1 0 0 0 1                                    

     5  0 0 0 0 1 5  0 1 0 1 0 5  1 0 0 0 1                                    

     6  1 1 1 1 1 6  0 1 0 1 0 6  1 0 0 0 1                                    

     7  0 0 1 0 0 7  0 1 0 1 0 7  1 1 1 1 1                                    

     __________________________________________________________________________

PAR  In this regard, as the one-in-seven decoder 38 of FIG. 7 selects the row
      for activation, the buffer-driver 36 provides the correct enablement
      pattern to the columns of conductors. For example, for row No. 1 of the
      display matrix 31a of Table I, decoder 38 would initially generate the
      following row columnar subcode: 1 0 0 0 0 0 0. Simultaneously, the buffer
      driver 36 would provide the following columnar control subcode at
      terminals 37a-37e: 00100. As a result, only one LED in the above
      row-column intersection would be enabled. By recycling the subcodes at a
      rate well above the flicker fusion frequency of the human eye, i.e., above
      30 cycles per second, however, the image of the display would appear as a
      solid alphanumeric pattern to the human observer-user.
PAC  Indicating Unit 17
PAR  Indicating unit 17 is illustrated in detail in FIGS. 3 and 4.
PAR  As previously described, the transfer bundle means 20 is composed of sets
      of conductors for activation of the LED display array matrices, one of
      which being indicated at 31c in FIGS. 3 and 4. Support of the LED array
      matrix 31c is through the rigid frame means 18 previously mentioned. The
      frame means 18 includes a cantilevered end 46 and a support end 48. The
      support end 48 attaches to a selected key button 14 as shown in FIG. 4.
      Over the central region of the frame 18 there is a reduction in thickness
      to form steps 51. In that way when the keyboard button 14 is depressed
      whereby key lever 50 is likewise downwardly depressed, there is sufficient
      clearance of these elements with regard to lip 52 of the typewriter
      housing.
PAR  The LED display matrix 31c is arranged in a matrix format composed of sets
      of orthogonal rows and columns of LED's of sufficient size for
      alphanumeric display, say a 7 .times. 5 matrix. Since the generated
      alphanumeric display at each display matrix is illuminated by light
      provided by individual LED's, the observer-user can easily observe the
      displayed character irrespective of the background lighting at the
      computer terminal.
PAR  Light emission properties of semicondutor LED's comprising the matrix
      displays of the present invention are well known and need not be discussed
      in great detail. Suffice to say that optimum materials for the diodes
      should be selected, say gallium arsenide, gallium phosphide crystals.
      Likewise, the carrier substrate should be of any suitable material that
      permits monocrystalline epitaxial growth.
PAR  While certain perferred embodiments of the invention have been specifically
      disclosed, it should be understood that the invention is not limited
      thereto. For example, if the dimensions of the LED display matrix 31c are
      reduced, the supporting housing within each key button 14 may be
      sufficient to support the former. In such an arrangement, a selected key
      button 14 would be provided with a bore which would then accept a display
      array matrix. The resulting end array would be directly viewable by the
      observer-user. Accordingly, as many variations will be readily apparent by
      those skilled in the art, the invention should be given as broad as
      possible interpretation in terms of the following claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for displaying alphanumeric light-emanating indicia at selected
      key buttons of a keyboard of a typewriter console forming an I/O link with
      a general-purpose digital computer, each light-emanating alphanumeric
      indicium being related to a font operational characteristic resulting from
      movement of one of said selected key buttons under control of a human
      observer-user whereby said font operational characteristic is permanently
      recorded on paper at said typewriter console in full view of said human
      observer-user through mechanical button-font-paper interaction, comprising
PA1  a. semiconductor, light-emitting diode means arranged to display at or
      adjacent to at least one of said selected key buttons said light-emanating
      alphanumeric indicium associated with said font operational
      characteristic;
PA1  b. cantilevered elongated rigid frame means attached to and supportive of
      said light-emitting diode means, said frame means including cooperative
      means in gripping contact with corresponding one or more key buttons of
      said keyboard;
PA1  c. controller switch means connected to said light-emitting diode means and
      including digital controller-decoder means for repetitively generating
      binary activation codes for said diode means at a rate sufficiently above
      the flicker fusion rate of the human eye to display said desired
      alphanumeric display indicium as a solid image to said observer-user, said
      displayed indicium being of sufficient intensity so as to be easily
      discernible to said human observer-user using said typewriter console
      irrespective of the background of lighting environment thereabout.
NUM  2.
PAR  2. Device of claim 1 in which said light-emitting diode means is supported
      interior of said one key button of said keyboard viewable at the
      finger-touching surface of said one key button.
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PAL  The present invention relates to an alphanumeric display unit means for
      improving the identification quantities at selected key buttons of a
      computer-linked typewriter console through usage of light-emitting
      identification indicia attached adjacent to or at the selected key
      buttons. The light-emitting display unit means comprises a set of planar
      gas discharge means each including at least a pair of side-by-side
      indicator units aligned on a common side within a unitary transparent
      envelope containing an ionizable gas and selectively activated by means of
      controller switch means connected thereto. Result: a two-character display
      in a pattern of light corresponding to the alphanumeric indicia for which
      display is sought.
BSUM
PAC  FIELD OF THE INVENTION
PAR  The present invention relates to key-operated typographical machines such
      as typewriters and the like, and more particularly, to a computer-linked
      typewriter console used as an input/output (I/O) linkage for a general
      purpose digital computer.
PAC  BACKGROUND OF THE INVENTION
PAR  Today's different programming languages (FORTRAN, PL-1, ASSEMBLY, etc.) art
      often used interchangeably by operators at a common computer terminal for
      controlling a general purpose digital computer. The number, symbols and
      programming keys associated with a given programming language may require
      any one operator to alternate a plurality of fonts at the computer-linked
      typewriter console; however, as is well known, each font relates to a
      different layout of keyboard characters.
PAR  As font changes occur, it has been proposed to employ key buttons, each
      bearing a plurality of characters to aid the observer-user in more
      efficiently using the typewriter console. It has been further proposed to
      fit the key buttons with adjustable plates bearing different character
      indicia. However, where there are a plurality of operators-users at a
      common typewriter console such as found at most computer terminals,
      numerous alphanumeric identification plates would be needed. Therefore,
      the above-mentioned proposals have been found to be exceedingly awkward to
      implement. Also, in some cases it is desirable to "highlight" certain key
      buttons above those displayed at adjacent buttons owing to the importance
      of certain programming keys being implemented at the computer terminal.
      None of the prior art plates provides such features.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, selected keyboard buttons of an
      I/O typewriter console linked to a general purpose digital computer are
      provided with a plurality of tightly fitting rigid tab frame means. Onto
      the frame means are fitted a highly visible, light-emitting aplhanumeric
      means for display of key alphanumeric indicia through selective control
      provided by controller switch means connected thereto. Preferably the
      light-emitting display means includes a set of gaseous glow indicator tube
      means each of which comprising at least a pair of indicator units in a
      common plane within a common envelope containing an ionizable gas. Each
      unit comprises an anode energized on a sequential basis and selected
      cathodes connected on a time-share basis with its adjacent paired unit.
      Result: a light-emitting display of alphanumeric indicia (two
      characters/key button) viewable by the observer-user.
PAC  OBJECTS OF THE INVENTION
PAR  An object of the present invention is the provision of a novel,
      light-emitting alphanumeric display for use at a typewriter console linked
      to a general purpose digital computer whereby the observer-user of the
      typewriter console can easily identify key level operations irrespective
      of the number and/or programming language employed within the linked
      digital computer or at the I/O typewriter console itself.
PAR  Further objects of the invention will become apparent from a detailed
      description of the single embodiment given by way of example and not by of
      limitation, reference being made to the accompanying drawings in which:
DRWD
PAC  DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of an I/O computer terminal which includes a
      typewriter console having a keyboard provided with light-emitting,
      alphanumeric character displays positioned at selected key buttons in
      accordance with the present invention;
PAR  FIG. 2 is a schematic diagram of circuitry useful in the apparatus of the
      present invention;
PAR  FIG. 3 is a plan view of a tab frame means attached to a selected key
      button of the typewriter console of FIG. 1;
PAR  FIG. 4 is a section taken along line 4--4 of FIG. 3;
PAR  FIG. 5 is a plan view of an array of switch buttons useful in initializing
      circuit components within the apparatus of the present invention;
PAR  FIG. 6 is a schematic diagram of digital control circuitry useful in the
      present invention;
PAR  FIG. 7 is a detail schematic diagram of a digital controller-decoder useful
      in carrying out the present invention.
PAR  FIG. 8 is a further schematic of the digital controller decoder of FIG. 7.
DETD
PAC  DESCRIPTION OF A DETAILED EMBODIMENT
PAR  FIG. 1 illustrates a computer terminal 9. The computer terminal 9 includes
      an I/O typewriter console 10 useful in linking digital information to a
      general purpose digital computer (not shown). Information can also be
      linked to the computer by I/O devices other than the typewriter console
      10. For this purpose, such associated I/O devices can be housed within
      cabinet 11.
PAR  Typewriter console 10 is seen to comprise a keyboard 12 visible above
      housing 13. The observer-user utilizes key buttons 14 to depress levers
      (not shown) by which conventional font-paper interaction occurs while,
      simultaneously, the data is transmitted, after being compiled, to the
      general purpose digital computer. Keyboard 12 is conventionally arranged;
      e.g., as a series of rows and columns. Due to the fact that different
      programming languages used by various observer-users for computer control
      purposes may employ numerous characters, symbols and keys not readily
      interrelated, there is a definite need for identification means for
      attachment to selected key buttons 14. Preferably such identification
      means should "highlight" the display irrespective of the background
      lighting environment at the computer terminal 9. The present invention
      provides for such a display through a novel, light-emitting display unit
      15, attached to the typewriter console 10. In general, it comprises a
      controller switch unit 16 attached, say, to the housing 13 of the
      typewriter console 10, and an alphanumeric indicating unit 17 including a
      rigid frame means 18. Also of importance: transfer bundle means 20
      connected between the controller switch unit 16 and the indicating unit
      17. Each of the aforementioned elements will now be described in detail.
PAC  CONTROLLER SWITCH UNIT 16
PAR  As FIG. 1 illustrates, controller switch unit 16 should be placed within
      arm's length of an observer-user seated at the typewriter console 10. To
      the broad horizontal surface of the unit are attached a series of buttons
      21. Purpose: to effectuate control of the indicating display means 17
      through digital controller 16a (FIG. 2) operating in conjunction with
      switch unit 16b, as explained in detail below.
PAR  FIG. 5 illustrates the arrangement of buttons 21 in more detail.
PAR  As shown, the buttons 21 are arranged as a matrix array comprising
      orthogonal columns and rows, and having upper, broad surfaces which extend
      well above the support housing 22. Tags 23 are attached to the
      aforementioned upper broad surfaces of the buttons so as to allow easy
      identification to the observer-user. Operation of the buttons is
      straightforward: downward movement will cause switch elements (not shown)
      to change their operational state. As a result, initialization operations
      within the controller switch unit 16, as discussed below, occur.
PAR  FIGS. 6 and 7 illustrate controller switch unit 16 in more detail.
PAR  With specific reference to FIG. 6, assume binary control-bit data has been
      encoded onto memory drum 24 as bit-channels, say under control of the
      buttons 21a, 21b and 21c in conjunction with read-write head unit 27. Each
      bit-channel comprises a binary activation code of bit information
      associated with a selected button. For decoding purposes, assume that the
      buttons 21a, 21b, and 21c have undergone downward movement so as to change
      states of switch elements generally indicated at 25 in FIG. 6 through
      operation of mechanical linkages 26a, 26b and 26c. As a result, three
      channels of binary data initialization codes are read into digital
      controller-decoder 28 via transfer line 29a. Purpose of the initialization
      codes: to provide the digital controller decoder 28 with switch control
      information by which planar gas discharge unit 31a, 31b and 31c
      constituting the indicating unit 17 of FIG. 1 can be biased via transfer
      line 29b connected to supply means 30.
PAR  FIG. 7 illustrates digital controller-decoder 28 in more detail.
PAR  As shown, the sets of initialization codes are read into memory unit 32 via
      the transfer line 29a through buffer driver 33. Synchronization signals
      are generated by master clock 34. In series with clock 34 is binary
      counter 35; an output of the latter connects to the memory unit 32.
PAR  In operation, the binary activation codes previously read into the memory
      unit 32 are sequentially fetched from the latter through command signals
      generated by clock 34 and counter 35. The fetched codes then pass through
      buffer-driver 36 to terminals 35a-37i, and thence to switch energization
      circuit 38. Timing signals are also seen to pass from the clock 34 and
      counter 35 to the switch energization circuit 38 via terminals 37j-k.
      Switch energization circuit 38 enables electronic switching elements as
      explained below, in a selected manner whereby individual planar gas
      discharge can be activated to provide a pattern of light corresponding to
      the alphanumeric indicia for which display is sought. Since the planar
      discharge units 31a, 31b and 31c each includes a multi-elemented,
      individually controllable display segments, the binary state (ONE ZERO) of
      the activation codes at each of the terminals 37a-37k can be used to alter
      display patterns, as explained below.
PAC  INDICATION UNIT 17
PAR  FIG. 8 illustrates, in more detail, switch energization circuit 38 and its
      operation in conjunction with a specific typical planar gas discharge unit
      31a of the indicating unit 17 of FIG. 1.
PAR  As shown, in FIG. 8, planar gas discharge unit 31a is composed of two
      side-by-side semiconductor indicator subassemblies 39a and 39b positioned
      within a common envelope on a common insulating base plate. Each assembly
      39a, 39b comprising a plurality of cathode electrodes 40a, 40b, 40c, 40d,
      40e, 40 f, 40g, 40h, 40i, arranged in a split figure eight or a cross of
      stacked squares configuration. Within the subassemblies 39a, 39b,
      similarly designated cathode segments are each seen to be linked to each
      other and thence to common terminals 37a-37i respectively, within the
      switch energization circuit 38.
PAR  Anode segments 41 surround the edges of selected cathode segments between
      the subassemblies and are controlled by signals passing by way of
      terminals 37j and 37k, as explained below. As is well known, the cathode
      and anode segments of the subassemblies are supported on the flat common
      insulated base plate (not shown) whereby flared edges of the latter
      contact another plate ("front" plate) usually transparent to form the
      common envelope for these subassemblies. A rare ionizable gas such as neon
      resides within the envelope. Voltage conditions are provided to the anode
      and cathode segments as by way of terminals 37L-37g through cooperative
      operation of the digital controller decoder 38 (FIG. 7) in conjunction
      with supply means 30 to provide glow discharge.
PAR  Referring again to FIG. 8, switch energization circuit 38 is seen to
      include anode switching transistors 42a and 42b associated with anode
      segments 41 and a plurality of cathode switching transistors 43a-43i. The
      latter are seen to be in shunt with diodes 44.
PAR  Operation of the switch energization circuit 38 and planar gas discharge
      untit 31a will now be explained with reference to FIGS. 7 and 8. For
      simplicity of discussion, assume that the alphanumerical indicia for the
      planar gas discharge units 31a, 31b, 31c of FIG. 7 have been selected.
      Also assume that the outputs of buffer-driver 36 are such as to operate
      each planar gas discharge unit in a glow discharge mode on a repetitive
      bases, and the frequency of repetition between any two subassemblies is
      high enough to provide a 2-character, solid image to the observer-user.
PAR  In this regard, the retinal persistence of the human eye must be taken into
      account. The repetition frequency between segments at anode terminals 37j
      and 37k should therefore not be less than 30 cycles per second. A
      preferred rate is 60 cycles per second.
PAR  The glow discharge pattern between selected anode and cathode segments is a
      function the binary and cathode segments is a function of the binary
      activation code at terminals 37a-37k of FIG. 8. In general, when the anode
      segments are functioning in the conventional anode mode, activation pulses
      appear at switching transistors 42a and 42b. These transistors are thus
      enabled whereby at terminals 37m and 37p, first positive voltage bias
      signal generated by the supply means 30 of FIG. 7, appears. On the other
      hand, when operating in a barrier mode, anode segments 41 are not biased
      at terminals 37m and 37p (the anode transistors 42a and 42b are biased
      off), but instead are biased by bias signals appearing at terminals 37l
      and 37g. The resulting bias has, of course, an amplitude less than that of
      the first-mentioned bias signal.
PAR  The cathode segments 40a-40i function in a similar manner. When activation
      pulses appear at terminals 37a-37i, switching transistors 43a-43i are
      biased to an ON state; corresponding cathode segments are supplied with
      ground potential via terminal 37o. However, when the transistors 43a-43i
      are biased off, the cathode segments are yet provided with another bias
      voltage via terminal 37m generated in conjunction with diodes 44.
PAR  It is apparent that permitting the anode segments 41 of the subassemblies
      39a and 39b to function as either barriers or as conventional anodes
      provides improved resolution of the resulting light pattern corresponding
      to the alphanumeric indicia sought to be displayed.
PAR  Support of the planar gas discharge unit 31a adjacent to a key button 14 is
      best illustrated with reference to FIGS. 3 and 4.
PAR  As previously described, transfer bundles means bundle is composed of sets
      of conductors; they connect to the input terminals of cathode and anode
      segments comprising the gas discharge unit 31a in the manner previously
      described. Support of the discharge unit 31a is through the rigid frame
      means 18, previously mentioned.
PAR  Frame means 18 includes a cantilevered end 46 and a suppport end 48. The
      support end 48 attaches to a selected key button 14 as shown in FIG. 4.
      Over the central region of the frame 18 there is a reduction in thickness
      to form steps 51. In that way when the keyboard button 14 is depressed
      whereby key lever 50 is likewise downwardly depressed, there is sufficient
      clearance of these elements with regard to lip 52 of the typewriter
      housing 13.
PAR  The gas discharge display unit 31a is arranged to provide a 2-character,
      side-by-side display at or adjacent to each key button 14. Since the
      resulting 2-character, alphanumeric display is illuminated by light, the
      observer-user can easily observe the displayed character irrespective of
      the background lighting at the computer terminal.
PAR  While certain preferred embodiments of the invention have been specifically
      disclosed, it should be understood that the invention is not limited
      thereto. For example, if the dimensions of each planar gas discharge unit
      31a, 31b or 31c are reduced, the supporting housing within each key button
      14 may be sufficient to support the former. In such an arrangement, a
      selected key button tab 14 would be provided with a bore which would then
      accept the planar gas discharge display unit. The resulting display would
      be directly viewable by the observer-user. Accordingly, as many variations
      will be readily apparent by those skilled in the art, the invention should
      be given as broad as possible interpretation in terms of the following
      claims.
CLMS
STM  I claim:
NUM  1.
PAR  1. A device for displaying alphanumeric light-emanating indicia at selected
      key buttons of a keyboard of a typewriter console forming an I/O link with
      a general-purpose digital computer, each light-emanating alphanumeric
      indicium being related to a font operational characteristic resulting from
      movement of one of said selected key buttons under control of a human
      observer-user whereby said font operational characteristic is permanently
      recorded on paper at said typewriter console in full view of said human
      observer-user through mechanical button-font-paper interaction, comprising
PA1  a. a set of planar gas discharge means within transparent envelope means,
      each comprising at least a pair of side-by-side indicator segments aligned
      on one side of a common planar base plate formed of insulating material,
      each indicator segment including a plurality of cathodes deployed in a
      selected configuration of said base plate, and barrier-anode segments
      surrounding a selected number of said plurality of cathodes, for display
      at or adjacent to at least one of said selected key buttons said
      light-emanating alphanumeric indicia associated with said font operational
      characteristic of interest;
PA1  b. cantilevered elongated rigid frame means attached to and supportive of
      said planar gas discharge means, said frame means including cooperative
      means in gripping contact with a corresponding key button of said
      keyboard;
PA1  c. controller switch means connected to said set of planar gas discharge
      means and including cooperative means for generating a series of
      activation signals for energization of a selected cathode and
      barrier-anode segment pair of at least one of said each planar gas
      discharge means so as to provide a gas glow thereabout, in a pattern of
      light corresponding to said alphanumeric indicia sought to be displayed,
      said indicia being of sufficient intensity so as to be easily discernible
      to said human observer-user using said typewriter console irrespective of
      the background lighting environment thereabout.
NUM  2.
PAR  2. Device of claim 1 in which each of said planar gas discharge means is
      supported interior of said one key button of said keyboard, each planar
      gas discharge means being viewable at the finger-touching surface of said
      one key button.
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ABST
PAL  An improved border lamp flasher device employing electronic circuitry by
      which lamps are switched on and off in such a way as to make it appear as
      if the lamps are circulating around the border of a sign, marquee or the
      like, or an attention getter advertising display. It omits any
      electro-mechanical switching means, using only solid-state circuits of the
      sub-miniature integrated circuit type, which are becoming increasingly
      inexpensive as mass production and ultimate industrial use increases. This
      eliminates sparking contacts which have had considerable damaging effects
      on television reception.
BSUM
PAR  This invention relates to improvements in flashing devices for sequentially
      actuating lamps, lamp banks and the like.
PAR  An object of the invention is to provide a novel and improved flasher
      device for lamps, lamp banks and the like, in which the switching is
      carried on without the use of electro-mechanical switches and similar
      means.
PAR  Another object of the invention is to provide a novel and improved border
      lamp flasher device which includes commercially available integrated logic
      circuits to the manufacture of a device of this type.
PAR  A further object of the invention is to provide a novel and improved border
      lamp flasher device employing eletronic circuitry by which lamps are
      switched in such a way as to make it appear as if the lamps are
      circulating around the border of a sign, marquee or the like, so that it
      may be used as an attention-getter in displays, and also on signs, theater
      marquees and other devices.
PAR  Still another object of the invention is to provide a novel and improved
      lamp flasher device of the type described, which achieves the desired
      visual effect using only solid state circuits of the sub-miniature
      integrated circuit type, which are becoming increasingly inexpensive as
      mass production and ultimate industrial use increases.
PAR  Still a further object of the invention is to provide a novel and improved
      lamp flasher device which employs J-K Flip-Flops in the ring counter
      configuration, and additional logic circuitry is added to insure that the
      J-K Flip-Flops are energized in the desired sequence, and in which the
      outputs of the J-K Flip-Flops are fed to silicon controlled rectifiers,
      known as "Triacs," and so that these control the lamps in the various lamp
      banks, and so that when a flip-flop is energized, a corresponding lamp or
      bank of lamps is energized to give the desired apparently moving effect.
PAR  Still another object of the invention is to provide a novel and improved
      lamp flashing and controlling device of the type described, and which is
      simple in design, does not use moving electro-mechanical parts and hence
      avoids sparking and flashing, and which can be made at relatively low cost
      and by mass production methods.
PAR  The above and other objects and advantages of the invention will become
      apparent from the following description of a preferred embodiment thereof,
      as illustrated in the accompanying drawings, forming a part hereof.
DRWD
PAR  In the drawings:
PAR  FIG. 1 is a schematic and block diagram of the lamp flashing and
      controlling device in relation to several banks of lamps.
DETD
PAR  In connection with the manufacture and use of illuminated electric signs,
      it was customary for many years commencing about the year 1910 to employ
      rotary sequence switching for controlling the turning on and off of the
      various lamps, and lamp banks on the sign itself and its border, so that a
      running or circulating effect was produced by this means. However, such
      rotary switches produced sparking and flashing, which at that time, until
      the "late thirties" did not matter very much, so long as the desired
      visual effects were produced. Even with the advent of increased use of
      Radio in the "Thirties" this did not matter very much. However, with the
      mass introduction of Television in the late 1940's and thereafter, such
      sparking from the electro-mechanical switching on signs did produce a
      source of interference with the received television signal.
PAR  The present invention seeks to provide a means for producing a lamp
      flashing and border movable lamp controlling device not using
      electro-mechanical switching means at all, but rather means having no
      moving parts.
PAR  In order to understand clearly the nature of the invention and the best
      means for carrying it out, reference may be had to the drawings, in which
      like numerals denote similar parts throughout.
PAR  As shown, there is an invertor 10 connected by wire 12 to a NAND gate 14,
      having output wires 16, 18 and 20 connected to terminals as shown of first
      J-K flip-flop 22, second J-K flip-flop 24, third J-K flip-flop 26, and
      fourth J-K flip-flop 28. The outputs of the flip-flops 22, 24, 26 and 28
      are connected by wires 30, 32, 34 and 36 respectively, through
      opto-isolators 38A, 38B, 38C and 38D, otherwise known as "PHOTON COUPLERS"
      for providing coupling and decoupling.
PAR  In FIG. 1, it is seen that there are for example four separate banks of
      lamps 40, 42, 44 and 46, each bank containing for example four lamps 48,
      50, 52 and 54, connected in parallel in each bank to their respective
      wires 30, 32, 34 and 36, and their respective series opto-isolators such
      as 38A, it being seen that there are introduced into the circuits between
      the opto-isolators and the lamps, by wires 59A, 59B, 59C and 59D the
      silicon-controlled rectifiers 60, 62, 64 and 66, also known in the art as
      "TRIACS" since there is a third wire connected in addition to the normal
      two wires for a rectifier.
PAR  As shown in the drawing, there is also a variable clock pulse generator 70
      which is connected by wires 72 to the inputs of all four of the flip-flops
      22, 24, 26 and 28. The invention thus employs J-K Flip-Flops 22 to 28 in
      the ring counter configuration, and additional logic circuitry is added to
      ensure that the J-K FLIP-FLOPS are energized in the desired sequence to
      control the lighting and unlighting of the lamps in the banks 40, 42, 44
      and 46.
PAR  The outputs of the J-K Flip-Flops are fed to silicon controlled rectifiers
      60, 62, 64 and 66, called "TRIACS" and these control the lamps. Hence when
      a flip-flop is energized, a corresponding lamp or lamp bank of lamps is
      energized. An OPTO-Isolator (photon coupler) 38A, etc. provides
      decoupling.
PAR  For example, suppose we wish to have a 16 lamp display as shown in the four
      banks in the lower portion of FIG. 1, with every three lamp banks lit and
      the fourth lamp bank such as 46 unlit, and lamps continuously moving, that
      is extinguishing each successive lamp at a fixed rate. Hence we have four
      banks of four lamps each, 40, 42, 44 and 46, controlled by four master J-K
      flip-flops 22, 24, 26 and 28, and the rate of movement is controlled by a
      master clock pulse generator 70 of conventional usual design.
PAR  The drawing shows how the circuit would be constructed. The circuit will
      operate as follows: When power is switched on, the four flip-flops will be
      randomly energized. After four clock pulses, 22, 24 and 26 will be
      energized and 28 de-energized. Hence lamps in bank 54 will be the only
      lamps which are out, of the total of 16 lamps in the other three banks of
      four lamps each. On the next clock pulse flip-flop 22 will be de-energized
      and lamps in the bank 40, will be out, while flip-flops 24, 26 and 28 are
      energized and the lamps in banks 42, 44 and r6 will be on. On the next
      clock pulse flip-flops 22, 26 and 28 are set and 24 is re-set, turning off
      the lamps in bank 42, and so on. From then on, the process is repeated as
      explained.
PAR  Although the invention has been described in specific terms, it is
      understood that various changes may be made in size, shape, materials and
      arrangement without departing from the spirit and scope of the invention
      as claimed.
CLMS
STM  Having herein described the invention, what is claimed as new is:
NUM  1.
PAR  1. A source of electric power, lamp means for connection to said source of
      electric power for being energized thereby to produce illumination, major
      electric and electric switch means connected to said source of electric
      power and said lamp means for controlling the flow of current to said lamp
      means, electronic gate means for blocking said current flow, and
      illumination control and regulating means connected to said lamp means and
      said major switch means for controlling the turning on and off of said
      lamp means, timed pulse generating means, said control and regulating
      means being constructed and arranged for predetermining the timing and
      duration of said periods of turning on and off of said lamp means.
NUM  2.
PAR  2. The construction of claim 1, and wherein said lamp means comprises a
      plurality of discrete banks of lamps, said major switch means being
      constructed and arranged for conducting any portion and the intirity of
      said current to said lamps according to a predetermined pulsed timing
      pattern.
NUM  3.
PAR  3. The construction of claim 1 and wherein said lamp means comprises a
      plurality of discrete banks of individual lamps, with a plurality of lamps
      connected in each of said banks of lamps, and wherein said illumination
      control and regulating means and said electronic gate means is interposed
      in said major switch means for selectively turning on and off any of said
      banks of individual lamps.
NUM  4.
PAR  4. The construction of claim 3, and comprising said clock pulse generator
      means interposed in said circuit intermediate said source of electric
      power and said lamp means for generating timed pulses in said circuit, and
      NAND electronic gate means for selectively blocking current flow to any
      said lamp means.
NUM  5.
PAR  5. The construction of claim 4, and comprising a plurality of discrete
      flip-flop circuit means connected to said clock pulse generator means, and
      opto-circuit isolator photon coupler and decoupler means interposed in
      each of said flip-flop circuit means for selectively blocking energization
      of said portion of said lamp means during a predetermined time cycle
      period, while retaining unblocked the remaining lamp means for
      illumination during said cycle period.
NUM  6.
PAR  6. The construction of claim 5, and comprising a plurality of
      silicon-controlled rectifier means connected as TRIACS between said
      opto-circuit isolator means and said lamp means for predetermined
      regulated lamp current cut-off to give a rolling border illumination
      effect, with only one lamp bank at a time being cut off, said NAND
      electronic gate means being connected to each said silicon-controlled
      rectifier means for controlling current flow to said lamp means.
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ABST
PAL  A precision hover and landing system for use in a helicopter is provided. A
     elevision camera system, an infra-red scanner and a passive radar antenna
      array are located on a three-axis gimbal mounted on the helicopter. An
      airborne radar angle tracking receiver and a ground-based transponder
      provide azimuth and elevation angle error signals for pointing the gimbal
      along the true line-of-sight to the desired landing area. A ranger unit
      provides range and range rate of change information.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The extensive military use of helicopters in adverse environments has
      pointed up some major deficiencies in helicopter hover and landing
      systems. The problem basically being to locate the desired landing area
      and to hover directly above it prior to landing. Conventional altimeters
      generally provide accurate information as to altitude, but it is
      difficult, due to poor environmental conditions, to obtain good
      line-of-sight angle information relative to the intended landing spot.
      Moreover, autopilots and instrument landing systems designed for
      fixed-wing aircraft are not, in general, adaptable for helicopter use.
      This is because these systems use a glide-slope technique which is not
      compatible with helicopter hover and landing requirements. Simply visually
      pointing a radar antenna at the landing area is also a problem in
      situations such as night landings in hostile territory, and landings on
      fog-bound ships or in heavy smoke. Furthermore, even when a completely
      automatic hover and landing system has been produced, there has been a
      marked reluctance on the part of the helicopter pilots to "fly blind."
      Hence, it may be seen that a need exists for a helicopter hover and
      landing system which provides pilot information and steering signals and
      which is not based on the glide slope concept, and which also offers some
      visual information about the landing area to increase pilot confidence.
PAC  SUMMARY OF THE INVENTION
PAR  The subject invention provides apparatus intended as part of a precision
      hover and landing system for use in aircraft capable of making vertical
      landings, such as rotary wing aircraft, or helicopters. This invention
      comprises a precision airborne tracking system and a ground based
      transponder, with all sensing units employed by the airborne tracker
      mounted on a single three-axis gimbal. The airborne system utilizes as one
      sensing mode a passive radar receiver which locates a radiating target,
      i.e., the ground based transponder. Multiple display devices located in
      the helicopter cockpit serve to indicate to the pilot the desired target,
      and its annular position relative to the aircraft. In operation, the pilot
      or operator first positions the gimbal, or the entire aircraft if
      necessary, so that the transponder will be in the forward hemisphere of
      the airborne tracking system. Radio interrogation signals from the
      aircraft's interrogator will now be identified by the transponder which
      will then transmit, on a pulse-by-pulse basis, a train of pulses which are
      used by the tracking system to automatically point the sensors along the
      line of sight to the transponder.
PAR  A low light level television camera system is also mounted on the same
      gimbal and is collimated with the passive radar antenna array. This system
      incorporates two television cameras; a wide angle camera having a field of
      view of 3.degree. to 10.degree., and a narrow angle camera having a field
      of view of approximately 1.degree.. This television capability also serves
      to greatly increase pilot confidence by affording a visual representation
      of the landing and hover area.
PAR  The airborne tracking receiver utilizes an interferometric antenna array
      which is also mounted on the gimbal. This array consists of five dipole
      antenna elements, arranged to provide coarse and fine track element pairs
      in order to insure unambiguous acquisition and tracking of the ground
      based transponder. Azimuth and elevation angle error signals are obtained
      by making a phase comparison of the signals received by a selected pair of
      antenna elements. Angle acquisition logic circuitry is provided to process
      the angle errors in such a way as to provide signal pull-in from
      approximately plus-or-minus 80.degree.. The pulsed signals received in the
      aircraft are detected by an angle tracking receiver, then processed in a
      pulse repetition frequency (PRF) gate unit. A ranger unit and an
      interrogator unit obtain pulse timing information from the PRF gate unit.
      The angle tracking receiver employs an automatic radio frequency control
      loop to allow signal pull-in over a plus-or-minus 10 megahertz range. The
      invention provides a time-sharing arrangement in the angle tracking
      receiver which allows use of only one pair of intermediate frequency (IF)
      channels to process both azimuth and elevation angle signals. Since these
      two IF channels are not necessarily identical, the angle tracking receiver
      performs channel switching on a pulse-to-pulse basis to interchange or
      transpose the signal paths through the pair of IF channels. This
      interchanging removes any biasing effects caused by the use of the
      nonidentical IF channels. The angle error signals are processed through
      sample and hold filter channels to convert them to direct current voltage
      for use by the gimbal servo system. The interrogator unit transmits pulses
      to the ground based transponder at a frequency selected by the PRF gate
      unit. A pre-set delay is incorporated in the transponder so that the
      system will operate to zero range. The ranger unit serves to measure the
      time interval between the transmitted and received pulses in order to
      obtain a signal representing the range between the aircraft and the
      transponder. This signal is differentiated to obtain a rate of change of
      the range value. The operating range is selected by the pilot from a
      variety of possible range settings. A display panel containing indicator
      status lights, range and angle readout meters, and the infra-red and
      television screen is provided in the helicopter cockpit for pilot
      information.
PAR  The gimbal upon which the various sensing units are mounted is capable of
      pointing over a large yaw (azimuth) angle with the freedom of the pitch
      (elevation) axis allowing a variation of from plus 20.degree. to minus
      135.degree. (+ 20.degree. to - 135.degree.).
PAR  It is therefore an object of the present invention to provide airborne and
      ground-based apparatus for producing signals to be utilized in hovering
      and landing a helicopter.
PAR  It is another object of the present invention to provide airborne and
      ground-based apparatus for use aboard a helicopter for visually observing
      a landing area and providing direction signals and range signals.
PAR  It is a further object of the invention to provide an airborne helicopter
      hover and landing system which provides a pilot with a visual reproduction
      of a landing area, an infra-red reproduction of a landing area, range and
      range rate of change to the landing area, and elevation and azimuth angle
      information regarding the landing area.
PAR  It is another object of the present invention to provide an unambiguous
      angle pointing system by simultaneously measuring the angle with two sets
      of microwave interferometer antennas in each plane of measurement.
PAR  It is another object of the present invention to provide apparatus
      producing signals to be used in an automatic helicopter landing system
      comprising a television camera system, an infra-red scanner system and a
      passive radar system communicating with a ground-based transponder.
PAR  It is still a further object of the present invention to provide a
      helicopter hover and landing system wherein all sensing instruments of the
      system are mounted on a single three-axis gimbal.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 shows the preferred embodiment of the airborne equipment of the
      invention in block diagram form.
PAR  FIGS. 2a and 2b show the airborne equipment of FIG. 1 in schematic form,
      with FIG. 2a showing the angle tracking receiver and FIG. 2b showing the
      pulse repetition frequency gate, the ranger and the interrogator
      subsections of such equipment.
PAR  FIG. 3 is a perspective view of a three-axis gimbal used in the preferred
      embodiment of the invention.
PAR  FIG. 4 shows the ground-based transponder of the preferred embodiment in
      block diagram form.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring now to FIG. 1 which shows the precision hover and landing system
      of the present invention in block diagram form, a closed-circuit
      television system is provided which utilizes a narrow-angle lens with a
      conventional miniature television camera 10 and a wide-angle lens with a
      second miniature camera 12. Both cameras produce conventional television
      signals. These signals, on lines 14 and 16, are fed to a conventional
      closed-circuit television signal processor 18, which produces a signal on
      line 20 for display on a standard cathode ray tube (CRT) television
      picture tube 22. The display 22 is located in the helicopter cockpit,
      which is shown generally by the broken line at 24. The camera systems 10
      and 12, the signal processor 18, and the CRT display 22 all function
      together in the same way as a conventional closed circuit television
      monitor system. This monitor-like system is designed to operate at the
      lowest possible ambient light levels. A second visual display is provided
      by an infra-red scanner 26, which functions as a camera sensitive only to
      radiation in the nonvisible, infra-red range of the electro-magnetic
      spectrum. The infra-red scanner 26 produces a signal which is fed on line
      28 to a signal processor 30, much like the conventional television signal
      processor 18. The infra-red signal processor 30 amplifies the signal on
      line 28 and processes it such that it may be displayed on a conventional
      visual display device. The processed signal is fed on line 32 to a cathode
      ray tube 34 which is also located in the helicopter cockpit 24. Once
      again, the infra-red scanner 26, the infra-red signal processor 30, and
      the cathode ray tube display 34 function together as a closed-circuit
      system, but sensitive only to the non-visible infra-red portion of the
      spectrum.
PAR  Signals produced by the ground-based transponder system, shown in detail in
      FIG. 4, are received by an antenna array 36 and fed on multiple lines 38
      to an angle tracking receiver 40. The angle tracking receiver 40 is
      connected by lines 42 and 44 to a pulse repetition frequency (PRF) gate
      unit 46. The receiver 40 and the PRF gate unit 46 operate together to
      produce elevation and azimuth error signals on lines 48 and 50, and also
      pilot information signals on lines 52 and 54. The pilot information
      signals on lines 52 and 54 are fed to a display panel 58 located in the
      cockpit 24. The elevation and azimuth signals on lines 48 and 50 are fed
      to a servo motor system 60 which is mechanically linked to the three-axis
      gimbal, shown by the dashed line 62. The PRF gate unit 46 provides timing
      and pulse coincidence signals on lines 64 and 66 to a ranger unit 68,
      which processes these signals to provide range and range rate signals on
      lines 70 and 72. A triggering signal produced by the PRF gate 46 which is
      fed to the angle tracking receiver 40 is also fed on line 44 to the ranger
      unit 68. Lines 70 and 72 are connected to the display panel 58 and may be
      displayed digitally or with conventional meters or the like. The PRF gate
      unit 46 and the ranger 68 also cooperate to produce an interrogate signal
      on line 74 which is fed to an interrogator unit 76. The interrogator unit
      76 produces a signal which is fed by line 78 to an interrogator antenna 80
      mounted on the helicopter. The interrogator 76 produces the high-power
      pulsed signal which is received by the ground based transponder for
      producing the response signal received by the antenna array 36 mounted on
      the three-axis gimbal 62. The pulsed signals produced by the interrogator
      76 are monitored and fed back, on lines 82 and 84, to the ranger 68 so
      that proper system timing will be maintained.
PAR  The television cameras 10 and 12, the infra-red scanner 26 and the antenna
      array 36 are all firmly mounted on the same platform of the three-axis
      gimbal, shown at 62; this gimbal and the mounting arrangement will be
      shown in more detail in FIG. 3. Slewing of the gimbal 62 is controlled by
      the servo system 60 which operates in response to error signals on lines
      48 and 50 produced by the angle tracking receiver 40. The angle tracking
      receiver 40 operates on signals received by the antenna array 36 which
      were produced by the ground-based transponder in response to signals
      produced by the interrogator 76 and transmitted by the interrogator
      antenna 80. Thus, it can be seen how the system functions as a closed-loop
      control system for pointing the gimbal 62, and hence the entire
      helicopter, at the ground based target regardless of visibility. Initial
      slewing of the gimbal 62 may be provided by the pilot in response to a
      visual assessment of the target area. The television camera system and
      infra-red camera system provide the pilot with a confidence building
      visual representation of the landing and hover area.
PAR  With reference to FIGS. 2a and 2b, the angle tracking receiver 40, the PRF
      gate 46, the ranger 68, the interrogator 76 and the display panel 58 are
      shown in more detail than in FIG. 1. Referring specifically to FIG. 2a,
      signals are received from the transponder by the antenna array 36 mounted
      on the three-axis gimbal. By selecting certain pairs of dipole elements of
      the array 36 a course track mode and a fine track mode are provided. To
      achieve these modes the signals received by the antenna array are switched
      in a fine/coarse track switch having a switching function section 100 and
      a switch driver section 102. The antenna array 36 is also arranged such
      that it can provide both azimuth and elevation information, and to achieve
      this special function an azimuth/elevation switch having a switching
      function section 104 and a switch driver section 106 is provided. The
      operation of these switches will be described in the context of FIGS. 2a
      and 2b but the specific physical placement of the antenna elements will be
      shown in the perspective view of FIG. 3. The angle tracking receiver 40
      employs only a single pair of intermediate frequency (IF) amplifiers 110
      and 112 to process both azimuth and elevation information. Moreover, since
      the IF channels will not necessarily be identical, and since they are
      being time-shared for both azimuth and elevation channels, switching on a
      pulse to pulse basis is provided by a transposing switch, having a
      switching function section 114 and a switch driver section 116. The
      received RF signals are fed on lines 118 and 120 from the transposing
      switching function section 114 to matched radio frequency filters 122, 124
      which serve to eliminate noise and other unwanted frequency components.
      The signals are then mixed down to the IF by two mixers, 126 and 128, with
      two automatic frequency control (AFC) loop signals on lines 130 and 132
      which are obtained by splitting, in a signal splitter 133, the output
      signal of a voltage-controlled oscillator 134. The mixed signals are then
      fed to the IF amplifiers 110 and 112, with the output signal from
      amplifier 112 being split in a signal splitter 136, which produces two
      equal output signals on lines 138 and 140. The signal on line 140 is
      shifted by ninety degrees in a phase shifter 142, then fed to a
      conventional phase comparator 144, where it is phase compared with the
      signal of the other IF channel which has been delayed by a variable delay
      line 146. This delay is required to achieve correct system timing. The
      phase comparator 144 which is being driven by two constant amplitude
      signals, extracts the angle information in the form of a bi-polar video
      signal on line 148. This bi-polar video signal is then delayed in a delay
      line 150 and amplified 152. This delay is chosen to achieve proper
      sampling of the video pulses by sample and hold devices further on in the
      circuit. As has already been described, the received signals are
      transposed back and forth between the two IF channels to remove any
      biasing effects caused by dissimilar channel configurations. The
      transposing switching is accomplished by the transposition switch, made up
      of the switching function section 114 and switch driver section 116, and a
      switching amplifier 154 which maintains the correct polarity of the signal
      produced by amplifier 152. This transposition switching is accomplished on
      a pulse by pulse basis, and is controlled by a transposition flip-flop 156
      which produces a signal on line 158. The flip-flop 156 is triggered by a
      signal derived from the PRF gate subsection 46 as will be described
      hereinafter. The output signals on line 162, from the switching amplifier
      154 will then be converted to direct current (DC) voltages by the use of
      pulse boxcar filters also referred to as sample and hold devices, then
      amplified and filtered before being used to drive a servomotor system
      connected to the gimbal. More specifically, since fine and coarse tracking
      capabilities are provided for both azimuth and elevation angle error
      signals, four separate box-car, amplifier, filter channels are required.
      The bi-polar video signal on line 162 is fed to a first box-car filter 164
      which is gated by a signal on line 166. The signal on line 166 is fed from
      an azimuth/elevation switch 168 which is controlled by a signal on line
      170 from an azimuth/elevation flip-flop 172 which has been triggered by a
      signal produced by the PRF gate subsection 46. The signal produced by the
      azimuth/elevation flip-flop 172 on line 170 is also used to control the
      azimuth/elevation driver 106 for controlling the initial switching of the
      dipole antenna elements 36. The azimuth/elevation switch 168 has two input
      lines; line 174 having a signal representing the fine track mode, and line
      176 having a signal representing the coarse track mode. These two lines,
      174 and 176, are fed from a fine track/coarse track switch 180, the state
      of which is controlled by a signal on line 182 produced by a flip-flop
      circuit 184, which again is triggered by a timing signal from the PRF gate
      unit 46. In particular, as shown in FIG. 2a, the flip-flops 184, 172 and
      156 are bistable devices and form a timing control chain responsive to the
      pulse signal received on line 44 from the PRF gate 46 to FIG. 2b. These
      flip-flops 184, 172 and 156 thus each receive the output from the
      preceding flip-flop (or the output of the 10 microsecond delay, in the
      case of the flip-flop 184) and are alternately switched between their two
      stable states; i,e., one pulse on line 44 switches flip-flop 184 to a
      first state, the next pulse on line 44 switches the flip-flop 184 to its
      second state, and the next pulse returns the flip-flop 184 to its first
      state. Similarly, the flip-flops 172 and 156 are each switched between
      their two states by the alternate output pulses from the flip-flops 184
      and 172 respectively.
PAR  The signal on line 182 is also used to control the coarse track/fine track
      driver 102, which controls the initial switching for selection of the
      dipole antenna elements 36. The azimuth/elevation switch 168 has four
      possible lines on which an output signal may be present, and by properly
      connecting the fine track/coarse track switch 180 and the
      azimuth/elevation switch 168 these four output lines may be made to
      represent; fine track/azimuth line 166, fine track/elevation line 186,
      coarse track/azimuth line 188, coarse track/elevation line 190. These four
      lines 166, 186, 188 and 190 are then connected to the aforesaid four
      box-car filter, amplifier, filter channels for gating the bi-polar signal
      on line 162 through the appropriate channel at the correct time as
      determined by the PRF gate unit 46.
PAR  Accordingly, a first box-car filter 164 then produces a fine track/azimuth
      signal on line 192 which is fed to a variable gain amplifier 194, filtered
      in a filter 196, then fed to a first terminal 198 of an output switch.
      Similarly, a second box-car filter 200 produces a fine track/elevation
      signal on line 202. This signal is fed to a variable gain amplifier 204,
      filtered in filter 206 then fed to a third terminal 208 of the output
      switch. A third box-car filter 210 receives the bi-polar video signal on
      line 162 and a gating signal on line 188 and produces a coarse
      track/azimuth signal on line 212. This signal is fed to a variable gain
      amplifier 214, a filter 216 and then to a second terminal 218 of the
      output switch. A fourth box-car filter 220 receives the bi-polar video
      signal on line 162 and a coarse track/elevation gating signal on line 190
      and produces the appropriate signal on line 222. This signal is then fed
      through a variable gain amplifier 224 and a filter 226 to a fourth
      terminal 228 of the output switch. The four switch terminals 198, 208,
      218, and 228 are connected in such a way as to produce two output signals
      at output terminals 230 and 232, that is, the azimuth and elevation angle
      error signals at terminals 230 and 232 will represent either fine track or
      coarse track. These switch terminals are driven by a driver unit 234 which
      is triggered by a signal on line 54 from a fine track logic unit 236. The
      fine track logic unit 236 has as its inputs a signal on line 238 produced
      by the amplifier 214 and a signal on line 240 produced by amplifier 224.
      The fine track logic unit 236 is comprised of conventional logic circuits
      and comparators and produces an output signal on line 54 whenever the
      difference between the coarse track error signals on lines 238 and 240
      becomes less than 8 volts. This signal on line 54 is then fed to the
      driver unit 234 and the switch terminals are selected such that the
      appropriate error signals are fed to the two output terminals 230 and 232.
      The fine track logic unit 236 output signal on line 54 is also used to
      power a fine track indicator lamp 242 located on the display panel 58 in
      the helicopter cockpit. When the fine track logic unit 236 senses a
      difference in error voltages in excess of 8 volts the signal on line 54
      disappears, the fine track lamp 242 (see FIG. 2b) goes out, and the switch
      driver 234 goes back to the coarse track position. A zeroing or grounding
      switch is provided consisting of four input terminals 230, 244, 232, and
      246; and two output terminals 48 and 50 with appropriate switch condition
      being controlled by a driver unit 250. Input terminals 244 and 246 are
      connected to ground and should the target acquisition signal be lost the
      error output signals at 48 and 50 will be connected to ground, i.e., zero
      volts, to prevent an unstable condition. This possible loss of acquisition
      signal on line 44 from the PRF gate unit 46 is sensed by a zeroing logic
      unit 252 which is connected to the coarse track/fine track flip-flop 184
      by line 182. The zeroing logic unit 252 contains a conventional zero
      voltage sensing circuit and produces an output signal on line 254 upon the
      occurrence of loss of acquisition. Error signals to drive the gimbal servo
      system, 60 of FIG. 1, are now developed and are available on lines 48 and
      50.
PAR  In order for timing information to be supplied to the PRF gate unit 46 and
      the subsequent units shown in FIG. 2b, the pulses received by the antenna
      array 36 must first be detected, amplified, and then fed to the PRF gate
      unit 46. The received signal on line 138, which was divided in two equal
      parts by the 3dB splitter 136, is fed to a detector/discriminator unit
      256. This unit 256 is comprised of a conventional discriminator and a
      conventional detector. The discriminator performs its well-known function
      and measures the variation or offset in frequency from the center or zero
      reference point, and produces a signal on line 258 indicative of this
      variation. This discriminator output signal on line 258 is fed to a
      conventional sample and hold device 260 (box-car filter) which is gated by
      a timing signal on line 262. The sample and hold device 260 then produces
      a signal on line 264 which is fed to an amplifier 266. The amplifier 266
      output signal on line 268 then represents the amount of frequency shift
      from a zero reference of the received RF signal. This signal on line 268
      is then used to drive the voltage controlled oscillator 134 which produces
      an output signal to close the AFC loop and lock the receiver 40 onto the
      frequency produced by the ground based transponder. The detector portion
      of the combined unit 256 functions as a conventional radio detector and
      produces a signal on line 270, which represents the detected envelope of
      the pulsed IF signal. The signal on line 270 is then amplified in
      amplifier 272 to produce a video signal on line 42 which provides the
      necessary pulse timing information required by the PRF gate of FIG. 2b.
      The timing information contained in the video signal on line 42 is
      processed by the PRF gate and fed back to the angle tracking receiver 40
      on line 44 in order to synchronize channel switching and sample and hold
      filtering. Before the signal on line 44 is fed to the coarse track/fine
      track flip-flop 184 it is first delayed by a 10 microsecond delay device
      274 in order to insure that all switches will be actuated only during the
      dead time between received pulses. Similarly, before this timing signal on
      line 44 is used to gate the box-car filter 260 in the AFC loop, it is fed
      through a gate generator 276, which serves to decrease the pulse width of
      the signal on line 44 so as to achieve leading edge gating.
PAR  Referring now to FIG. 2b, the PRF gate 46, the ranger unit 68, and the
      interrogator unit 76 of FIG. 1 are shown in more detail and their
      interaction with the angle tracking receiver 40 of FIG. 2a is also
      explained in detail. The video pulse on line 42 is first checked for pulse
      width, to guard against receiver noise, and then passed through the PRF
      gate 46 to guard against interferring signals, before it is used to stop a
      ramp generator 277. Pulse width discrimination is performed by a shaper
      one-shot 280 which is timed to 0.2 microseconds. Noise pulses from the
      receiver 40 are less than 0.2 microseconds, while the video pulse width on
      line 42 will exceed 0.2 microseconds, for this reason a timer 282 is
      triggered by the trailing edge of the shaper 280 pulse only if the video
      pulse remains longer than 0.2 microseconds. The output signal on line 281
      of timer 282 triggers gate generator 283 to stop the ramp generator 277,
      to set an acquisition flip-flop 284 to ON, and to start sending timing
      functions on line 44 to the receiver. So long as the transponder or video
      pulses are being received and appear on line 42, the acquisition flip-flop
      284 will be retained in its ON state. On the other hand, if transponder
      acquisition is lost; e.g., as indicated by a loss of detected pulse signal
      on line 44 for a preselected interval corresponding to several expected
      transponder pulses, the flip-flop 284 (a monostable device) will
      automatically revert to its original or OFF state to indicate to the pilot
      (acquisition light ACQ extinguished) that transponder acquisition has been
      lost.
PAR  The clock unit 285 located in the PRF gate unit 46 also drives the
      interrogator subsection 76. The clock output signal on line 66 is fed to a
      flip-flop 300 which produces a series of trigger pulses on line 74 called
      an interrogate signal. The interrogate signal on line 74 is fed to an
      encoder 302, where the pulses are encoded then fed to a modulator 304. The
      output of the modulator 304 is fed to an output amplifier device 306 such
      as a pulsed-grid triode or a klystron tube. This high-power radio
      frequency signal is then fed on line 308 to a 20 dB signal coupler 310
      which passes 99 per cent of the signal on line 78 to the radiating
      interrogator antenna 80. The omnidirectional antenna 80 is not mounted on
      the three-axis gimbal but is affixed to the bottom of the helicopter
      airframe. The signal on line 78 which is transmitted by the antenna 80 is
      the signal required to interrogate the ground based transponder. The
      second output signal on line 312 from the 20 dB coupler 310 is fed to a
      conventional detector unit 314 for providing a detected pulse signal on
      line 84. By producing a detected signal on line 84, in this manner, all
      internal device time delays are eliminated and a precise reference timing
      pulse on line 316 is available for use by the ranger unit 68. Thus, the
      detected pulse signal on line 84 is ANDed with the signal on line 82 (the
      interrogate signal extracted at encoder 302) to assure that the adjustable
      delay is properly set and the range measurement begins when the
      interrogate pulse is radiated. An adjustable delay 318 provides a start
      pulse to the ramp generator 277, with a delay equivalent to the total
      "turn around" time of the transponder, which is shown in FIG. 4. The ramp
      waveform produced by the ramp generator 277 is halted upon arrival of a
      detected pulse on line 44. The amplitude of the ramp voltage at this time
      is sampled by the box-car filter 320 and fed to the range (R) indicator
      322 on line 72. This sampling is initiated by the delayed pulse on line
      64. Differentiation of this range signal by a differentiator 324 provides
      a signal on line 70 which is proportional to the closing velocity between
      the interrogator 76 and the transponder, i.e., the aircraft approach
      velocity, and is displayed on the range rate (R) meter 326. Range
      switching circuitry 328 provides a selection of range and velocity scales
      for the range rate (R) meter 326 and the range (R) meter 322. The
      interrogate signal on line 74 is also used to reset the ramp generator 277
      to zero range just prior to the next measuring cycle.
PAR  Referring now to FIG. 3 which is a perspective view of the three-axis
      gimbal shown generally at 62 in FIG. 1. The three-axis gimbal consists of
      an azimuth gimbal 400, a pitch (elevation) gimbal 402, and a yaw gimbal
      404. Mounted firmly on the inner (yaw) gimbal 404, is the antenna array
      36, the narrow angle television camera 10, the wide angle television
      camera 12 and the infra-red scanner 26. The antenna array 36 comprises
      five dipole antenna elements, 406, 408, 410, 412, and 414 which produce
      signals which may be switched in such a way as to provide a coarse and/or
      fine tracking mode with the azimuth and elevation angle error signals. The
      television cameras 10, 12, the infra-red scanner 26, and the antenna array
      36 are all collimated. Specifically, in the coarse track mode antenna
      dipole elements 408, 410 and 412 are used to perform the interferometric
      antenna function, and in the fine track mode dipole elements 406, 410 and
      414 are utilized. This variation in element spacing is in accordance with
      well-known principles of the interferometer art, i.e., the ability to
      distinguish small angular increments increases as the separation between
      the antenna elements increases. The switching operation required to
      perform this selective enabling of the antenna elements has been described
      in connection with FIG. 2a. Azimuth and elevation angle information is
      obtained by the antenna array 36 by enabling pairs of elements in
      horizontal or vertical alignment. Specifically, azimuth information is
      obtained by enabling either of two element pairs depending upon the coarse
      of fine track mode. If coarse track azimuth information is required then
      elements 410 and 412 are enabled; if fine track azimuth information is
      required then 410 and 414 are enabled. Similarly, elevation angle
      information is obtained by enabling either of two element pairs depending
      upon coarse or fine track mode. When coarse track elevation angle
      information is desired, elements 410 and 408 are enabled, while if fine
      track elevation angle information is required, then 410 and 406 are
      enabled. The required switching logic to synchronize these switching
      operations has been explained in the discussion relative to FIGS. 2a and
      2b.
PAR  The servo motor system, 60 of FIG. 1, is comprised in FIG. 3 of a DC torque
      motor 416 mounted on the inner azimuth gimbal 402, and a second DC torque
      motor 418 mounted on the elevation gimbal 400. The torque motors serve to
      position the inner gimbal 404 to the desired angular position. Control
      signals for the two torque motors 416 and 418 may be derived from manually
      operated controls located in the helicopter cockpit, or the azimuth and
      elevation signals on lines 48 and 50 of FIG. 1 may be used. These signals,
      produced by the radar angle tracking receiver 40 of FIG. 1, cause the
      servo system to operate in the conventional closed-loop manner.
PAR  FIG. 4 is a block diagram showing the elements of the ground-based
      transponder which receives signals from the airborne interrogator antenna
      80 of FIG. 1. Such transponders are well-known, but is discussed herein to
      show the complete operation of the preferred embodiment of the present
      invention. A signal transmitted by the interrogator 76 in the helicopter
      is received by an antenna 500 and fed to a conventional type directional
      coupler switch 502. The received signal is then fed by line 504 to a
      bandpass filter 506 which removes all unwanted components from the
      frequency spectrum of the received signal. The filtered signal on line 508
      is then mixed in a conventional mixer 510 with a signal on line 512
      produced by a local oscillator 514. The mixer 510 output signal on line
      516 is then fed to an intermediate frequency amplifier 518 which is
      functionally combined with a conventional detector circuit 520. This
      signal, which has been received and detected by a first IF stage, is then
      fed on line 522 to a decoder 524 which decodes the pulse code produced by
      the encoder (302 of FIG. 2b) in the airborne interrogator. This decoded
      signal on line 526 and the detected but not decoded signal on line 528 are
      gated in an AND logic device 530, which produces on line 532, a signal
      having one pulse for every two-pulse-code contained in the received
      signal. This pulsed signal on line 532 is then fed to a delay line 534
      where it is delayed by a pre-set time. This delay allows the airborne
      angle tracking receiver and ranger, 40 and 52 of FIG. 1, to operate to
      zero range on relatively wide pulses. The time delayed signal on line 536
      is then fed to a trigger circuit 538 which drives a modulator 540. The
      modulator 540 output signal on line 542 is fed to a conventional magnetron
      tube 544 or the like, which amplifies the signal to an adequate
      transmission power level. The magnetron 544 then produces the proper
      response signal on line 546 which is fed to the rat-race switch 502 for
      transmission by the antenna element 500.
PAR  It should be understood that the details of the foregoing embodiment are
      set forth by way of example only. A similar type of transponder might be
      used and various television camera arrangements are possible. Accordingly,
      it is contemplated that this invention not be limited by the particular
      details of the embodiment as shown except as defined in the appended
      claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A system providing information for pointing an aircraft at a selected
      location, comprising:
PA1  a gimbal having three-degrees of freedom mounted aboard said aircraft,
PA1  an interferometric antenna array mounted on said gimbal for receiving
      signals of a selected frequency.
PA1  said antenna array comprising a plurality of antenna elements arranged
      symmetrically in a right angle pattern having horizontal and vertical
      legs, with the antenna elements in each leg being selectively rendered
      effective in order to provide both coarse and fine directional
      information,
PA1  a radar receiver having inputs connected to said antenna array for
      producing angle signals indicating the line of sight to said selected
      location,
PA1  a transmitter connected to receive said angle signals from said receiver
      for transmitting a pulsed signal having a selected frequency,
PA1  a transponder placed at said selected location for receiving said pulsed
      signal from said transmitter and after a selected time delay
      retransmitting said pulsed signals at said selected frequency of said
      antenna array,
PA1  servo-mechanism means mechanically connected to said gimbal and connected
      to receive said angle signals for driving said gimbal to point along a
      line of sight from said aircraft to said selected location, and
PA1  indicator means located in said aircraft connected to receive said angle
      signals for indicating said line of sight to an operator of said aircraft.
NUM  2.
PAR  2. The apparatus of claim 1, further comprising:
PA1  a television camera mounted on said gimbal and collimated with said antenna
      array for producing a video signal, and
PA1  a television display screen located in said aircraft and connected to
      receive said video signal for visually representing images received by
      said camera to said operator.
NUM  3.
PAR  3. The apparatus of claim 2 further comprising:
PA1  an infra-red scanner mounted on said gimbal and collimated with said
      antenna array for producing a video signal representing infra-red
      radiation produced by said selected location, and
PA1  a visual display screen located in said aircraft and connected to receive
      said video signal representing infra-red radiation for displaying said
      selected location to said operator.
NUM  4.
PAR  4. The apparatus of claim 1 further comprising:
PA1  time difference means having a first input connected to said transmitter
      and having a second input connected to said receiver for producing a
      signal representing a time difference between, the pulsed signal
      transmitted by said transmitter and the signals received by said antenna
      array at said selected frequency
PA1  a signal generator for producing an output signal having a selected
      frequency, and
PA1  sample and hold means having a first input connected to said signal
      representing a time difference and a second input connected to said output
      signal from said signal generator for producing a signal having a voltage
      level proportional to the distance between said aircraft and said
      transponder.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said antenna array comprises five
      dipole antenna elements arranged symetrically horizontally and vertically
      forming a right angle pattern.
NUM  6.
PAR  6. The apparatus of claim 5 further comprising:
PA1  selectively enabled switch means having five inputs connected to said five
      dipole antenna elements and having two outputs connected to said radar
      receiver inputs for selectively connecting two of said inputs to said
      outputs thereby producing signals corresponding to azimuth and elevation.
NUM  7.
PAR  7. The apparatus of claim 4 further comprising:
PA1  means for differentiating an electrical signal connected to receive said
      signal from said sample and hold means for producing an output signal
      proportional to the range rate of change, and
PA1  display means connected to receive said signal proportional to the range
      rate of change for indicating to said operator the rate at which said
      aircraft is approaching said transponder.
NUM  8.
PAR  8. A system for providing unambiguous line of sight angle information
      between an aircraft and a ground based radar transponder, comprising:
PA1  a three-axis gimbal mounted aboard said aircraft,
PA1  an interferometric antenna array mounted on said gimbal for receiving
      signals transmitted by said transponder,
PA1  said antenna array comprising a plurality of antenna elements arranged
      symmetrically in a right angle pattern having horizontal and vertical
      legs, with the antenna elements in each leg being selectively rendered
      effective in order to provide both coarse and fine directional
      information,
PA1  a phase-lock loop receiver having inputs connected to said antenna array
      for producing a first detected signal and second and third angle error
      signals,
PA1  a range measurement unit having a first input connected to receive said
      detected signal and a second input for producing a first output signal
      indicating distance from said aircraft to said transponder and a second
      output signal having a fixed pulse rate,
PA1  an interrogator unit having an input connected to said signal having a
      fixed pulse rate for producing a signal to be transmitted to said
      transponder and also to be fed back to said second input of said range
      measurement unit,
PA1  display means located in said aircraft and connected to said first output
      signal from said range measurement unit for displaying range information
      to an operator of said aircraft, and
PA1  a servo-motor system having inputs connected to said second and third angle
      error signals from said phase-lock loop receiver and being mechanically
      connected to said gimbal for pointing said gimbal at said transponder
      thereby indicating to said operator the location of said transponder.
NUM  9.
PAR  9. The system of claim 8 further comprising:
PA1  a television camera system mounted on said gimbal and collimated with said
      antenna array for producing video signals representing a location viewed
      by said camera system, and
PA1  a television display screen located in said aircraft connected to receive
      said video signals for displaying said location to said operator.
NUM  10.
PAR  10. The system of claim 9 further comprising:
PA1  a scanner sensitive only to light in the infra-red spectral region mounted
      on said gimbal and collimated with said antenna array for producing
      infra-red video signals representing a location viewed by said scanner,
      and
PA1  infra-red display means located in said aircraft connected to receive said
      infra-red video signals for displaying said location to said operator.
NUM  11.
PAR  11. The system of claim 10 wherein said antenna array comprises:
PA1  five dipole antenna elements symetrically arranged in a right angle pattern
      having one leg horizontal for receiving azimuth signals and the remaining
      leg vertical for receiving elevation signals.
NUM  12.
PAR  12. The system of claim 11 further comprising:
PA1  switching means having a plurality of inputs connected to said antenna
      array and at least two outputs connected to said inputs of said phase-lock
      loop receiver for selectively connecting selected ones of said dipole
      antenna elements to said receiver.
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ABST
PAL  In distance measuring equipment (DME) for use in aircraft an interrogation
      is transmitted from a local airborne DME, generally to a ground station.
      The transmitted signal is also sampled and transformed by a local
      oscillator means to the frequency of the expected response and applied to
      the front end of the DME receiver. The sampled and transformed signal
      thereafter traverses the receiver circuits and is applied to start a range
      clock at the rear end of the receiver. Simultaneously, the signal
      traversing the receiver circuits is sampled and memorized in a sample and
      hold circuit. A response to the interrogation, when received, is also
      applied to the front end of the receiver and traverses the receiver
      circuits and applied to stop the range clock, the resulting change of
      state of the range clock being related to the range between the
      interrogating and responding stations. The response signal traversing the
      receiver circuits is sampled and memorized in a second sample and hold
      circuit, with the contents of both sample and hold circuits being compared
      against one another. The results of the comparison are applied to the
      local oscillator means to control the amplitude of the output signal
      thereof.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to distance measuring equipment for use on aircraft
      and more particularly to means for starting and stopping the range clock
      of such equipment in response to an interrogation and subsequent response
      thereto so as to compensate for certain errors or uncertainties.
PAR  In a round trip ranging means such as the DME an interrogation is made by
      an interrogating station or interrogator at a time defined as t.sub.O. A
      remote station responds to the interrogation and transmits a response. The
      time interval between t.sub.O and the arrival of the response at the
      interrogator is a measure of the distance or range from the interrogator
      to the remote station. Various elements of the interrogator or
      uncertainties associated with the interrogator can cause range errors. For
      example, range error can arise from filter time delay, amplifier
      propagation delay, detection, thresholding quantization, modulation and
      transmitter characteristics, etc. These range errors are normally present
      in or introduced by the receiver section of the normally airborne
      interrogator. One object of the present invention is to provide a highly
      accurate range measurement by eliminating, compensating for or calibrating
      to attenuate various of the range errors.
PAR  In conventional DME interrogating equipment the transmitter section of the
      equipment operates at a frequency which is different than the frequency at
      which the receiver operates. This eliminates interaction between the
      transmitter and the receiver and allows means for distinguishing between
      interrogations and responses thereto. The range clock is generally the
      last element at the back end of the receiver. Upon transmission of an
      interrogation by the interrogator a signal is applied directly from the
      transmitter section to start the clock. Then, of course, upon receipt of a
      response, the response is processed and decoded by the receiver section
      and applied to stop the range clock.
PAR  In addition, conventional interrogating equipment, of course, includes
      threshold circuits at the input of the range clock, with these thresholds
      to be exceeded before the range clock can be activated or stopped as the
      case may be. It is also well known to those skilled in the art that a
      response to a DME interrogation is subject to various causes of
      distortion, such as multipath distortion. This distortion is particularly
      severe and of concern at the leading edge of the response, and
      particularly at the back end of the leading edge. It is thus advantageous
      that the threshold be set as low as practical so as to respond to that
      portion of the leading edge which is least distorted. However, the slope
      of the leading edge of a received signal will vary as the signal strength
      varies. Specifically, a low strength received signal will be detected much
      later by a low level threshold than a high strength received signal would
      otherwise have been detected. The strength of received signals is affected
      by various factors such as range between stations and weather conditions.
PAC  SUMMARY OF THE INVENTION
PAR  In the present invention, an interrogation is transmitted as in the prior
      art. However, a sample of the interrogation as transmitted is not applied
      directly from the transmitter to start the clock. Instead, the
      transmission is sampled, suitably close to the circulator, with the sample
      being transformed, by mixing with a local frequency, to the receiver RF
      frequency and fed directly into the front end of the receiver. There is
      thus present at the front end of the receiver, simultaneously with the
      transmission, a signal herein termed the t.sub.0 signal, which closely
      approximates the expected received response to that signal. Since the
      range clock is located at the back end of the receiver, the sampled
      interrogation must pass through the entire receiver before the range clock
      is started. Thereafter, when the actual response is received it also
      passes through the same receiver circuits before it will start the range
      clock. Since the signal corresponding to the interrogation and the
      response thereto must pass through the same receiver circuits, any errors
      associated with these circuits will affect both signals equally and thus
      the starting and stopping of the range clock will be compensated therefor.
PAR  It is known that the factors which affect the strength of received signals
      generally change relatively slowly with respect to the interrogation
      repetition frequency so that consecutively received signals will be
      generally at the same signal strength. Taking advantage of this fact,
      automatic threshold compensation is provided by sample and hold circuits,
      one of which samples and memorizes the amplitude of the t.sub.0 signal
      propagating in the receiver, and the second of which samples and memorizes
      the amplitude of the response signal propagating in the receiver. The
      amplitudes of the signals memorized in the sample and hold circuits are
      compared, and if different, the amplitude of the t.sub.0 signal is changed
      to be equal to the expected amplitude of the subsequent response signal.
      Thereafter, both the t.sub.0 signal and the response signal will be
      detected at approximately the same point on their leading edge thus
      eliminating the error associated with the detection of signals of varying
      strength by the same low level threshold.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a simplified block diagram of a DME interrogating station which
      includes the improvement of the present invention.
PAR  FIG. 2 illustrates signals of varying strength compared against a constant
      low level threshold and is helpful in explaining the utility of the
      invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Refer to FIG. 1 which generally shows a block diagram of airborne DME
      wherein a transmitter 10 is modulated to transmit an interrogation,
      generally in the form of a pulse pair, which proceeds through circulator
      12 for radiation by antenna 14. Means by which this transmission is
      affected and the exact form of the coded signal transmitted are well known
      to those skilled in the art and will not comprise a part of this
      invention. Briefly, the interrogation signal normally comprises a coded
      pulse pair which the ground station recognizes as an interrogation. A
      probe 16 samples the interrogation suitably close to circulator 12, and
      applies the sampled signal to a mixer 17 and filter 14 of a local
      oscillator means, which also includes a local oscillator 18, wherein the
      sampled frequency is transformed to a signal frequency corresponding to
      the frequency of the expected response. The frequency of the transformed
      signals is thus, of course, at the receiver RF frequency. The resulting
      signal is injected into the front end or RF section of the receiver 20
      which comprises a portion of the airborne DME. In this particular
      embodiment, the frequency signal from mixer 17 is injected by probe 15
      into the RF section between limiter 13 and broadband selector 19. In any
      event, it should be understood that the injected signal, being of the same
      frequency as an expected response, can be injected at any suitable point
      in the RF section and suitably as close to the antenna as possible. The
      injected signal is generally designated the t.sub.0 signal.
PAR  It should also be understood that if the t.sub.0 signal is to be injected
      into a different receiver section, such as the IF section, then the output
      frequency of local oscillator 18 must be changed accordingly. Of course,
      in this case the injected signal may traverse fewer elements of the
      receiver with the result that compensation for receiver signal transit
      anomalies is not as satisfactory than if the injected signal is injected
      at the RF frequency into the receiver RF section.
PAR  The t.sub.0 signal is mixed with the regular receiver local frequency from
      local oscillator 23 in mixer 21 to obtain the receiver intermediate
      frequency. The resulting IF signal is amplified and detected by IF section
      22 and video threshold 24. IF and video processing circuits as used in DME
      are well known in the art and their description need not be repeated here.
PAR  The pulses from video section 24 are applied to a decoder 26 which is
      suitably a digital type decoder but which can alternately be any type
      pulse decoder such as a delay line decoder. It should be understood that
      decoder 26 has the capability of recognizing either the interrogation
      pulse pair or the response pulse code, which is in current practice also a
      pulse pair whose spacing differs from the spacing of the interrogation
      pulse pair. Upon decoding an interrogation pulse pair, decoder 26
      generates an output signal on line 26a which passes through gate 29, which
      is opened by a signal from transmitter 10 on line 10a which is generated
      for a short time period immediately subsequent to an interrogation. The
      signal on line 26a suitably starts range clock or counter 28 from an
      initial state. Suitably, a range clock will comprise a binary counter and
      a source of clock pulses, as known to those skilled in the art.
      Alternately, the range counter or clock can comprise any other suitable
      time recording means.
PAR  Thereafter, the response of the ground station to the interrogation is
      received at antenna 14 and applied through circulator 12 to the front end
      of receiver 20. This response now traverses the receiver, generally
      through the same circuits through which the t.sub.0 signal traversed and,
      as previously explained, is applied to decoder 26. The decoder, upon
      recognizing the response pulse code, generates a signal at line 26b which
      is applied through the standard system range or tracking gate 27 to stop
      range counter 28. The range may now be read from range counter 28 by any
      means known to those skilled in the art including those means that are now
      conventional in the art, the exact means not being a portion of this
      invention.
PAR  As previously mentioned, automatic threshold compensation is provided by
      two sample and hold circuits, here embodied as sample and hold circuits 32
      and 34. The need for threshold compensation can best be explained with
      respect to FIG. 2 where the leading edge of a relatively low strength
      signal 5 is shown on common coordinates with the leading edge of a
      relatively high strength signal 6. It should be understood that the signal
      representations are simplified for clarity. It is known that signals
      transmitted through a radio link from a remote station to a local station
      and subject to multipath phenomena are received at the local station
      generally by line of sight transmission and also through multipath or
      reflected transmissions wherein the effective distance traveled by the
      signal is somewhat greater than by line of sight transmission. Thus, any
      distortion introduced by multipath will occur somewhat later than that
      portion of the signal which is received by line of sight transmission.
      Thus, the initial portion of the leading edge, for example portion 6a with
      respect to signal 6 and portion 5a with respect to signal 5, will be a
      relatively clean form with the latter portion of the leading edge,
      portions 5b and 6b, respectively, will be distorted because of multipath
      interference. It is thus desirable for extreme accuracy in determining the
      time of arrival of a signal at a local station that the detection
      threshold be as low as practically feasible. A threshold level is
      illustrated by horizontal line 7. However, as is also commonly known, a
      high strength signal such as signal 6 will have a leading edge form that
      differs quite markedly from that of a low strength signal received from
      the same remote station, as illustrated by signal 5. Thus, assuming a
      common threshold of both the high strength signal and the low strength
      signal, the high strength signal will be detected relatively earlier, for
      example at time t.sub.1, while the low strength signal will be detected
      relatively later, for example at t.sub.2. In the present invention, one of
      the pulses of FIG. 2 corresponds to the t.sub.0 signal injected to start
      the range clock while the other pulse corresponds to the received
      response. Automatic threshold compensation adjusts the pulse which
      corresponds to the injected t.sub.0 signal to be generally similar to the
      pulse corresponding to the received response so that t.sub.1 and t.sub.2
      closely overlap.
PAR  Referring again to FIG. 1, automatic threshold compensation is accomplished
      as follows. At the time an interrogation is transmitted the signal on line
      10a from transmitter 10 is also applied to sample and hold circuits 32 and
      34. One sample and hold circuit, for example circuit 32, in response
      thereto is conditioned to sample, through peak detector 25, the peak value
      of the video signal at the input terminal of video threshold 24. The
      sampled signal corresponds to the video content of the injected t.sub.0
      signal. Thereafter, sample and hold circuit 32 is disconnected from the
      threshold input terminal and sample and hold circuit 34 connected thereto,
      in response to a change in the signal from transmitter 10. A pulse
      corresponding to a received response is then entered into sample and hold
      circuit 34 and compared against the contents of sample and hold circuit 32
      in comparator 36 which acts to adjust the output level of local oscillator
      18 to control the amplitude or strength of the injected t.sub.0 signal so
      that the corresponding pulses at the threshold input terminal will be
      similar to the pulses corresponding to the receiver response at the same
      input terminal. Local oscillator 18 can comprise an oscillator feeding its
      output through a standard commercially available buffer amplifier, whose
      gain is controllable by the signal from comparator 36, to mixer 17.
PAR  Peak detector 25 and sample and hold circuits 32 and 34 can be any of like
      circuits known to those in the art. For example, a sample and hold circuit
      can be comprised of a unity operational amplifier feeding a capacitor
      across which a voltage corresponding to the peak value of the sampled
      signal is impressed.
PAR  It is now obvious that any errors associated with the movement of signals
      through the receiver circuits have been compensated for and greatly
      attenuated by causing both the t.sub.0 signal which starts the range
      counter and the response which stops the range counter to traverse the
      same circuits. In addition, certain threshold errors have been eliminated
      or greatly reduced.
PAR  Although only one embodiment of the invention has been shown, alterations
      and modifications should now be obvious to one skilled in the art. For
      example, alternate means of controlling the timing of the sample and hold
      circuit is available to the skilled technician. In addition, it should
      also be noted that injection of the t.sub.0 signal can be accomplished
      without automatic threshold compensation if so desired and if the
      resulting time errors can be accepted. Accordingly, the invention is to be
      limited only by the true scope and spirit of the appended claims.
CLMS
STM  The invention claimed is:
NUM  1.
PAR  1. In distance measuring equipment which includes a transmitter and antenna
      for transmitting on a first frequency an interrogation message to a remote
      station and a receiver operating on a second frequency for receiving
      messages which comprise responses from the remote station, wherein the
      time difference between the time of transmission of an interrogation and
      the receipt of a response thereto is a measure of the range between the
      transmitting station and the responding station, an improvement
      comprising:
PA1  means for sampling the transmitted message at a point relatively close to
      the antenna;
PA1  local oscillator means including means responsive to the sampled signal for
      transforming the sampled signal to a frequency related to the frequency of
      the expected response;
PA1  means for injecting the transformed signal into said receiver whereby the
      transformed signal will traverse through circuits of the receiver;
PA1  decoding means responsive to the transformed signal traversing the receiver
      circuits for generating a first signal; and,
PA1  processing means energized to a first state by said first signal, said
      processing means being subsequently energized to a second state by a
      second signal comprising a response from said remote station traversing
      the receiver circuits and decoded by said decoding means.
NUM  2.
PAR  2. The distance measuring equipment of claim 1 wherein said processing
      means comprises timing means turned on by said first signal, said timing
      means being subsequently turned off by a response from said remote station
      traversing the receiver circuits and decoded by said decoding means, the
      change of state of said timing means from turn on to turn off being
      related to the range between the transmitting station and the responding
      station.
NUM  3.
PAR  3. The distance measuring equipment of claim 1 wherein said interrogation
      message comprises a first pulse code and said response comprises a second
      pulse code, said decoding means comprising a pulse decoder responsive to
      said first pulse code for generating said first signal and responsive to
      said second pulse code for generating said second signal.
NUM  4.
PAR  4. The distance measuring equipment of claim 3 wherein said first pulse
      code comprises a pulse pair having pulses separated by a first
      predetermined time interval and wherein said second pulse code comprises a
      second pulse pair having pulses separated by a second and different
      predetermined time interval.
NUM  5.
PAR  5. The distance measuring equipment of claim 4 wherein said timing means
      comprises a binary counter and a source of clock pulses, said timing means
      being arranged to accumulate said clock pulses in said counter during the
      interval between said first and second signals.
NUM  6.
PAR  6. The distance measuring equipment of claim 5 wherein said means for
      injecting comprises a probe connected to inject the transformed signal
      into the receiver RF section.
NUM  7.
PAR  7. The distance measuring equipment of claim 1 wherein said processing
      means comprises a binary counter and source of clock pulses, said timing
      means being arranged to accumulate said clock pulses in said counter
      during the interval between said first and second signals.
NUM  8.
PAR  8. The distance measuring equipment of claim 7 wherein said interrogation
      message comprises a first pulse code and said response comprises a second
      pulse code, said decoding means comprising a pulse decoder responsive to
      said first pulse code for generating said first signal and responsive to
      said second pulse code for generating said second signal.
NUM  9.
PAR  9. The distance measuring equipment of claim 8 wherein said means for
      injecting comprises a probe connected to inject the transformed signal
      into the receiver RF section.
NUM  10.
PAR  10. The distance measuring equipment of claim 1 wherein said means for
      injecting comprises a probe connected to inject the transformed signal
      into the receiver RF section.
NUM  11.
PAR  11. The distance measuring equipment of claim 10 wherein said interrogation
      message comprises a first pulse code and said response comprises a second
      pulse code, said decoding means comprising a pulse decoder responsive to
      said first pulse code for generating said first signal and responsive to
      said second pulse code for generating said second signal.
NUM  12.
PAR  12. The distance measuring equipment of claim 1 wherein said receiver
      includes a threshold circuit and with additionally means responsive to the
      injected transformed signal in the receiver circuits and the received
      response signal for adjusting the level of the injected signal.
NUM  13.
PAR  13. The distance measuring equipment of claim 1 wherein said receiver
      includes a threshold circuit, the injected transformed signal and the
      received response signal being required to overcome the threshold circuit
      before they are effective to influence said processing means and with
      additionally:
PA1  first memory means responsive to the transmission of an interrogation
      message for memorizing a third signal corresponding to the signal strength
      of the injected transformed signal in the receiver;
PA1  second memory means responsive to a received response traversing the
      receiver circuits for memorizing a fourth signal corresponding to the
      signal strength of the received response in the receiver; and,
PA1  means comparing the third signal with the fourth signal for adjusting the
      level of the injected signal.
NUM  14.
PAR  14. In distance measuring equipment which includes a transmitter and
      antenna for transmitting on a first frequency an interrogation message to
      a remote station, and a receiver means operating on a second frequency for
      receiving messages which comprise responses from the remote station,
      wherein the time difference between the time of transmission of an
      interrogation and the receipt of a response thereto is a measure of the
      range between the transmitting station and the responding station, an
      improvement comprising:
PA1  means for injecting a first signal corresponding to a sample of the first
      frequency into said receiver means whereby the first signal will traverse
      through circuits of said receiver;
PA1  first memory means responsive to the transmission of an interrogation
      message for memorizing a second signal corresponding to the signal
      strength of the first signal in said receiver means;
PA1  second memory means responsive for memorizing a third signal corresponding
      to the signal strength of a response in said receiver means; and,
PA1  means comparing the memorized second signal with the memorized third signal
      for adjusting the level of the injected first signal.
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ABST
PAL  A vehicle safety apparatus includes a base band pulse transmitter-receiver
      system for the detection of an impending collision immediately prior to
      the contact of the vehicle with another object for the actuation of
      restraining or other safety devices to protect the occupants of the
      vehicle when the crash event actually occurs. A semiconductor base band
      transmitter and receiver system is synchronously operated by a master
      clock, providing precise operation of the receiver gain control,
      sensitivity time control, and other receiver functions, in a low-cost,
      rugged, long-lived object detection system.
BSUM
PAC  CROSS REFERENCE TO RELATED PATENT
PAR  This invention is related to the invention of the G. F. Ross, K. W. Robbins
      U.S. Pat. application Ser. No. 380,628 for a "Closed Loop Gain Control
      Tunnel Diode Base Band Object Detector," filed July 19, 1973 and assigned
      to the Sperry Rand Corporation, issued Dec. 31, 1974 as U.S. Pat. NO.
      3,858,204.
PAC  BACKGROUND OF THE INVENTION 1. Field of the Invention
PAR  The invention pertains to safety apparatus for the detection of an
      impending vehicular collision and for the reliable and automatic operation
      of protective devices in the event of a collision and more particularly
      concerns radio receiver apparatus for utilizing reflected base band
      signals for the generation, according to the certainty of an impending
      collision, of control signals for the reliable operation of passenger
      protective devices.
PAR  2. Description of the Prior Art
PAR  In the prior art, base band transmitter-receiver systems for the protection
      of vehicle occupants have generally sought to use inexpensive and
      trouble-free components with a view of ensuring long-lifed and reliable
      operation of the apparatus. For these and other reasons, a logical choice
      for the base band transmitter has been that it be based upon a
      self-synchronizing, mechanically operated switch, such as a conventional
      mercury wetted reed switch. Such an arrangement is described in the G. F.
      Ross, K. W. Robbins U.S. Pat. application Ser. No. 380,628 for a "Closed
      Loop Gain Control Tunnel Diode Base Band Object Detector," filed July 19,
      1973 and assigned to the Sperry Rand Corporation now U.S. Pat. No.
      3,858,204. Mercury wetted reed switches are low in cost and are otherwise
      suitable for relatively low duty cycle operation. However, operation with
      external synchronization at high duty cycles is desirable for more precise
      range detection, and enhanced dependability and longer life are also
      particularly needed in the transmitter-receiver system.
PAC  SUMMARY OF THE INVENTION
PAR  The present invention relates to a vehicular passenger safety system that
      includes base band radio transmitter-receiver means for the detection of a
      potential collision of a protected vehicle with another vehicle or other
      object immediately prior to impact and for actuation of passenger
      restraining or other safety devices also just prior to the collision for
      the protection of the occupants of the vehicle before the crash event
      actually occurs. The protective system employs base band or very short
      duration electromagnetic pulse transmission and reception devices with
      range gating elements adapted in effect to sense the relative speeds of
      the vehicles involved in the potential crash situation. The simultaneous
      presense of such signals activates the passenger restraining or other
      safety devices in anticipation of the actual collision event.
PAR  The novel sensor system beneficially makes use of the ruggedness and
      reliability of a semiconductor transmitter which, because it can be
      directly triggered, may be controlled by a master synchronizing clock. The
      transmitter and receiver elements of the system may both be controlled by
      the same master clock, providing relatively temperature insensitive and
      precise operation of the various timed elements of the receiver including
      the receiver gain control, its sensitivity time control, and other
      elements.
PAR  The novel base band collision sensor system operates effectively with very
      low power consumption, so that power supply cost and size are minimal.
      Characteristic of the novel system is that inexpensive and reliable
      components, operating at a relatively high duty cycle may be used
      throughout the sensor.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a diagram of a preferred embodiment of the invention showing
      components thereof and their electrical interconnections.
PAR  FIG. 2 is a perspective view of an antenna suitable for use as the
      transmitter or receiver antenna in FIG. 1.
PAR  FIG. 3 is a graph of a wave form present in the system of FIG. 1.
PAR  FIG. 4 is a diagram of the phase detector of FIG. 1.
PAR  FIGS. 5 and 6 are wave form graphs useful in explaining the operation of
      the invention.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The present invention operates with base band or subnanosecond duration
      electromagnetic pulses and employs dispersionless, very wide band antenna
      and transmission line elements which, in the receiver, cooperate directly
      with a tunnel diode signal detector for detecting the total energy of the
      incoming base band pulse. Since the total energy of the received base band
      pulse is instantaneously supplied by the dispersionless line in the form
      of a transverse electric mode wave to the germanium tunnel diode circuit,
      the system is adapted to operate with short base band signals having
      spectral components, the individual amplitudes of which are all incapable
      of detection by convention receivers.
PAR  The total energy of each base band pulse can, however, be relatively larger
      than the level of noise or other interfering signals in the vicinity of
      the sensor. Base band signals not affecting convention receivers are
      readily received, detected, and processed without the sensor being
      affected in substantial degree by other radio transmissions. Processing of
      the reflected base band signals is accomplished by simple signal circuits
      avoiding the need for signal frequency conversion and avoiding the
      problems associated with alignment and operation of conventional radio and
      intermediate frequency amplifiers.
PAR  Referring now to FIG. 1, the novel pre-collision sensor utilizes a short
      pulse transmitter 1, which is preferably a generator of a train of base
      band or subnanosecond-duration electromagnetic impulses and is activated
      by a synchronizing wave form supplied through frequency divider 4 and lead
      5 from a clock or system synchronizing circuit 27, as will be explained.
      Flow of regularly recurring synchronizing impulses into transmitter 1 may,
      for example, be used to control the opening and closing of a mechanical
      switch such as a mercury-wetted, normally-open reed switch. Through each
      cyclic operation of the switch, a simple dipole radiator antenna 3, 3a is
      excited and transmission of a base band signal toward a possible
      reflecting object afforded with a regular time period 4T.
PAR  The transmitter 1 and its associated antenna 3,3a are connected by a
      non-dispersive two-wire transmission line, such as indicated at 2,2a. The
      transmitter 1 may take any of several forms, such as that of the G.F.
      Ross, D. Lamensdorf, U.S. Pat. No. 3,659,203 for a "Balanced Radiator
      System," issued Apr. 25, 1972 and assigned to the Sperry Rand Corporation.
      Suitable base band transmitter and antenna arrangements are further
      illustrated in the G.F. Ross U.S. Pat. No. 3,735,398 for a "Base Band
      Short Range Pre-Collision Sensor for Actuating a Vehicle Safety
      Apparatus," also assigned to the Sperry Rand Corporation. The
      pre-collision sensor of the present invention, as noted in the foregoing,
      is particularly useful with a semiconductor base band transmitter such as
      that disclosed by C. C. Wang in the U.S. Pat. application Ser. No.
      387,573, filed Aug. 10, 1973 for a "Circuit for Generating a High Voltage
      Subnanosecond Pulse from a Step Recovery Diode," and assigned to the
      Sperry Rand Corporation, issued Aug. 27, 1974 as U.S. Pat. 3,832,568.
PAR  The transmitter antenna 3, 3a may take the particular form shown in FIG. 2
      with the leads 2, 2a supporting the antenna dipole elements 3, 3a by
      projecting through clearance holes in the lineal apex 46 of a conductive
      reflector made up of similar, flat conducting sheets 45 and 45a. The
      dipole elements 3, 3a lie in a plane bisecting the vee-shaped cross
      section of reflector 45, 45a. The dipole antenna 3, 3a has an inherent
      major degree of directivity in the horizontal or bisecting plane, and the
      vee-shaped reflector 45, 45a adds desirable directivity in the vertical
      plane or the plane perpendicular to the bisector plane. Other antenna
      feeds or reflectors may alternatively be selected.
PAR  The receiver dipole antenna 28, 28a is oriented so as to view objects
      illuminated by energy directed toward such objects by transmitter antenna
      3, 3a. The receiver antenna 28, 28a may have a dipole and reflector
      structure generally similar to that of FIG. 2, but it is coupled for
      collection of object-reflected base band impulses. In a representative
      application for measuring the distance between the front of a first
      vehicle and the rear of a second, the centers of antenna 3, 3a and antenna
      28, 28a may be spaced apart by about 50 centimeters with their dipole
      conductors preferably oriented in the horizontal direction. In a
      representative configuration, the dipole tips of each dipole pair may be
      spaced about 10 centimeters apart.
PAR  Receiver antenna 28, 28a may be connected to a matching two-wire
      transmission line 29, 29a directly across a matched resistor 30, one
      terminal of which is grounded. The second terminal 30a of resistor 30 is
      coupled through a coupling capacitor 31 to the terminal 32 of a tunnel
      diode 33. Diode 33 may be generally of the type previously described in
      the K. W. Robbins U.S. Pat. NO. 3,662,316, issued May 9, 1972 for a "Short
      Base Band Pulse Receiver" and assigned to the Sperry Rand Corporation.
      Diodes suitable for application as diode 33, whose terminal opposite
      terminal 32 is grounded, include conventional silicon tunnel diodes having
      a negative resistance current-voltage characteristic such that, under
      proper bias, the diode 33 responds to the collection of an echo signal by
      antenna 28, 28a by moving abruptly into a region of instability, becoming
      highly conductive, such as the type TD-252A diode. The input circuit
      coupling the antenna 28, 28a to diode 32 is matched in the conventional
      manner to the TEM mode transmission line 29, 29a by well known techniques
      so that substantially the entire energy of the received base band pulse
      wave form is absorbed by tunnel diode 33. Such arrangements are also
      discussed in the aforementioned G. F. Ross, K. W. Robbins U.S. Pat.
      application Ser. No. 380,628.
PAR  Tunnel diode 33 is placed in a gain control loop whereby its sensitivity to
      received echo pulses is determined and whereby useful output signals for
      actuating a protective system are supplied to a protective actuation
      system as represented at 40. For the first purpose, junction 32 of tunnel
      diode 33 is coupled by capacitor 34 to pulse stretching circuit 37. The
      input circuit to pulse stretcher 37 includes a resistor 36 coupling input
      terminal 35 to ground. The output of pulse stretcher 37 is supplied by a
      first lead to a junction 25 where it is coupled to parallel circuits.
PAR  A first of the parallel circuits fed from junction 25 includes a pulse
      phase detector 21, a second input of which is supplied through frequency
      divider 26 from the aforementioned system synchronizer clock 27. The
      output of pulse phase detector 21 is coupled through low pass filter 20 to
      activate a conventional constant current circuit 19 whose output appears
      at junction 17.
PAR  The second parallel circuit fed from junction 25 includes the wide band
      pulse amplifier 24. The output of amplifier 24 is fed through the base
      resistor 23 of transistor 22, which may be of the 2N5130 type. The emitter
      of transistor 22 is grounded, while its collector is coupled to junction
      17 along with the output of constant current circuit 19.
PAR  The signals appearing at junction 17 are coupled to junction 15 lying
      between the base of transistor 14 and a discharge capacitor 16, the second
      terminal of which capacitor is grounded. Transistor 14 may be of the
      2N5130 type and has its collector coupled to an appropriate power supply,
      not shown, connected to terminal 18. The emitter current of transistor 14
      is supplied through the series connected voltage divider resistors 12 and
      13 back to the terminal 32 of tunnel diode 33.
PAR  As has been indicated, the operation of the receiver system and of
      transmitter 1 is primarily timed by clock 27. Clock 27 and counter or
      frequency divider 26 supply synchronized signals via lead 5 to transmitter
      1. The same signal appearing on lead 5 is coupled to a conventional
      multivibrator 6 for further gain control purposes. The shortened pulse
      output of multivibrator 6 is coupled to ground through potentiometer 7,
      the tap 7a of the latter being connected through resistor 8 to the emitter
      of transistor 10. Between resistor 8 and the emitter of transistor 10,
      there is supplied a capacitor 9 coupled to ground. Transistor 10, whose
      base is grounded, has its collector connected to the junction 11 between
      resistor elements 12 and 13 and may be of 2N5130 kind.
PAR  For providing a useful control signal for operating the pre-collision or
      protective actuation system 40, a second output of pulse stretcher 37 is
      supplied to the first avalanche detector 38, which circuit may be
      generally similar in structure and operation to arrangements disclosed in
      the G. F. Ross U.S. Pat. No. 3,750,025 for an "Energy Amplifying Selector
      Gate for Base Band Signals," assigned to the Sperry Rand Corporation. The
      avalanche detector 38 may utilize a 2N706 B avalanche transistor, with its
      output supplied as one input to a second or range gated avalanche detector
      39. Such avalanche detector circuits and use of them in the range gating
      of base band signals are discussed in detail in the prior art, and are
      adapted to supply range or time gating signals for operation of actuation
      system 40 in the presence of a gated echo-representing signal at the
      output of first avalanche detector 38. For properly timed operation of
      range gate generators 42 according to the adjustment of timing control
      42a, pulses synchronized with the transmissions of transmitter 1 are
      coupled by the conventional capacitive pick off 44 and lead 41 to a second
      input of the range gate generator 42.
PAR  The novel pre-collision sensor is seen to utilize a closed-loop tunnel
      diode receiver system particularly useful with a clock-synchronized base
      band pulse transmitter 1, the clock synchronizer 27 effecting both
      synchronization of the closed automatic gain control loop associated with
      tunnel diode 33 and of the transmitter 1.
PAR  Operation of the novel sensor system may be understood with respect to FIG.
      1 by considering the output of constant current circuit 19 and emitter
      follower transistor 14. For example, assume that the current output of the
      emitter follower transistor 14 into resistor 12 is instantaneously
      increasing from zero substantially as a lineal function of time. When the
      amplitude of this current flowing through resistors 12 and 13 into tunnel
      diode 33 reaches the predetermined transition current for that diode, the
      latter switches to its high conductivity state. Upon this event, a stepped
      voltage transition is coupled into pulse stretcher 37. Pulse stretcher 37
      may be a conventional monostable multivibrator which produces a lengthened
      pulse of several microseconds duration when triggered. As noted
      previously, the stretched output pulse of circuit 37 has three functions.
PAR  The first function of the output of pulse stretcher 37, as it passes
      through amplifier 24 to the discharge control transistor 22, is to
      discharge capacitor 16. As previously noted, capacitor 16 is the agent
      producing the saw tooth charging current, a sweep of which caused tunnel
      diode 33 to change state in the first place. After a consequent discharge
      of capacitor 16 through transistor 22 to ground, the current flowing out
      of emitter follower 14 into tunnel diode 33 begins to rise, the total
      operation resulting in the placement of the saw tooth sweep wave of FIG. 3
      across tunnel diode 33. The cyclic operation repeats automatically at a
      repetition frequency or period T determined by the capacitance of
      capacitor 16 and by the level of current supplied at junction 17 by
      constant current circuit 19. By proper choice of these parameters, the
      frequency of cycling may be set, for example, at substantially 10 kHz.
PAR  The output of pulse stretcher 37 is supplied through junction 25 to one
      input terminal of pulse phase detector 21. Phase detector 21, whose
      structure remains to be discussed in connection with FIG. 4, compares the
      location of the leading edge of its input from junction 25 to the location
      of the corresponding pulse formed by divider 26, the trailing edges of the
      latter pulses being used in the comparator operation. The output frequency
      from divider 26 supplied to phase detector 21 serves as a reference
      frequency; for that reason, in the example under discussion, the divider
      26 output frequency will also be a substantially 10 kHz signal formed when
      divider 26 divides down the frequency of the one mHz clock source 27 by a
      factor of one hundred. Finally, as in prior art base band sensor
      arrangements, the output of pulse stretcher 37 is also used to initiate
      the discharge of an avalanche transistor in the first avalanche detector
      38, the detector 38 being employed particularly to reconstitute the
      leading edge of the pulse signal output from pulse stretcher 37.
PAR  The output from phase detector 21 is subjected to the low pass filter 20
      before supply to the constant current circuit 19 which, as has been seen,
      controls the rate of rise of the voltage wave form of FIG. 3 appearing
      across capacitor 16 and hence, the current wave form flowing through
      tunnel diode 33. If, for example, the conductivity characteristics of
      tunnel diode 33 change with temperature in such a way that its
      characteristic transition current tends to increase, then the period of
      the saw tooth sweep of FIG. 3 will tend to increase. Such an event will
      develop an error voltage at the output of phase detector 21, which error
      voltage will tend to increase the output of the constant current source 19
      so as to maintain the period of the saw tooth wave constant.
PAR  Because the time constant of the automatic gain control loop may be several
      microseconds and the loop gain about one hundred, variations due to
      temperature change and even those caused by large incident echo signals
      are reduced by a factor substantially equal to the gain of the control
      loop. While it is desirable that fluctuations in the period T of the wave
      form of FIG. 3 be not responsive to temperature changes, it is generally
      not desirable to permit large incident echo signals to control the gain of
      the loop. Such is especially undesirable in applications of the invention
      wherein alternative range gate positions are required, as by adjusting
      control 42a of range gate generator 42. In such applications, a large echo
      signal appearing in the time of one range gate would dominate control of
      the loop gain, possibly preventing detection of a relatively smaller
      signal in the second range gate interval. According to the present
      invention, this difficulty is obviated by the use of divider 4 to divide
      the frequency of the transmitter synchronizer trigger appearing on lead 5
      by a factor of four. This arrangement gives the gain control loop
      sufficient time to recover before transmitter 1 is again activated. For
      example, the gain control loop operating as in the example under
      discussion has a recovery time about 2.5T at 10 kHz.
PAR  Because the period of the gain control loop is held constant by the master
      or synchronizing clock 27, the divider 26 may take the form of a
      divide-by-100 counter. In this instance, the nth or 100th transition of
      divider 26 is used as the reference frequency signal in phase detector 21,
      while (n-1)th transition is used to synchronize and initiate each output
      of transmitter 1 just when the receiver system is most sensitive. In the
      example under discussion, a divider circuit 26 divides the nominal 100
      microsecond period into 100 one microsecond intervals. Transmitter 1
      radiates a base band pulse approximately 50 nanoseconds after it receives
      the synchronizing pulse originated in the last stage of divider 26. This
      same synchronizing pulse appearing on lead 5 is employed to generate a
      sensitivity time control wave form, as actually generated by multivibrator
      6. The sensitivity time control pulse desensitizes the receiver system
      beginning slightly prior to the start of the transmitted pulse and ending
      just after the end of the transmitted pulse, thus preventing any directly
      coupled energy flowing from transmitter antenna 3, 3a to receiver antenna
      28, 28a from activating the tunnel diode 33. In particular, this operation
      is accomplished by triggering the multivibrator 6 whose negative output
      causes transistor 10 to conduct signals at junction 11 to ground, thus
      depriving tunnel diode 33 of its normal excitation current. Accordingly,
      operation of tunnel diode 33 is prevented during radiation of transmitter
      pulses from antenna 3, 3a.
PAR  Any output of the pulse stretcher 37 supplied to the first avalanche
      detector 38 is thereafter supplied, as previously explained, to the second
      or range gated avalanche detector 39, where its time of occurrence is
      compared to the time of generation of an output by range gate generator
      42. If the reconstituted output of first avalanche detector 38 coincides
      in time with the time of the range gate provided by generator 42, then the
      actuation system 40 is activated for the purpose of restraining vehicle
      passengers or for other protective purposes. The second avalanche detector
      may, for example, include multiple range gating channels for providing
      distinct output signals at first and second distances between the vehicles
      such as taught in the aforementioned U.S. Pat. No. 3,735,398 and
      elsewhere, which signals, when present simultaneously in the actuation
      system 40, cause it to operate protective apparatus. The actuation system
      40 may be of the generally conventional type also operable by the
      actuation of an accelerometer controlled or collision operated switch so
      as to ensure that the passenger protective apparatus is always ready for
      failure-safe-operation.
PAR  FIG. 4 illustrates in greater detail a particular circuit for use as the
      pulse phase detector 21 of FIG. 1 with its input on lead 51 from divider
      26, its input on lead 50 from junction 25 and pulse stretcher 37, and its
      output on lead 52 for supply in cooperation with low pass filter 20 to the
      constant current circuit 19. Circuits for performing the function of the
      pulse phase detector 21 are well known in the art and are even available
      on the market as semiconductor microcircuits. Such pulse phase detectors
      are also described, for example, in the book entitled Phase Locked Loop
      Systems Data Book, Second Edition, August 1973, page 27, et seq.,
      published by Motorola Semiconductor Products. Such microcircuits are
      available from Motorola Semiconductor Products for use, for example, in
      phase-frequency detectors under the catalog number MC4344F,L and
      MC4044F,L,P.
PAR  In the present invention, the circuit 21 deals with the input pulse of FIG.
      5 supplied from pulse stretcher 37. This signal falls from the
      approximately 2 or 3 volt level nearly to ground and it is its falling
      leading edge 58 that is to be used in the phase measurement. From divider
      26, the positive going pulse of FIG. 6 is supplied to the phase detector
      21. This signal is a pulse which rises from approximately ground to a 2 or
      3 volt level and then falls. It is the falling and trailing edge 59 of the
      pulse that is to be applied to phase detector 21.
PAR  Referring again to FIG. 4, the production phase detector circuit 21 is
      illustrated by the block 60, the respective signals of FIG. 5 and 6 being
      applied to pins P3 and P1 of the circuit. As seen in the drawing, pins P2
      and P4 and pins P11 and P13 are connected by conductors, as are pins P5
      and P10. Pins P5 and P10 are also connected through a resistor 62 to the
      base of transistor 63. Transistor 63 may be of the 2N5130 type and is
      supplied with a substantially 5 volt signal coupled to its collector,
      while its emitter is coupled back to pin P9 of circuit 60. The function of
      the conventional filter circuit 20 is to provide an active low pass
      filter, the junction between resistor 62 and transistor 63 being coupled
      through resistor 64 and capacitor 65 to the output pin P8 of circuit 60.
      Pin P14 of circuit 60 is supplied with a voltage of the order of 5 volts
      and is coupled through a resistor 66 to pin P8. Pin P7 of the microcircuit
      60 is connected to ground.
PAR  The function of the circuit of FIG. 4 is to generate on lead 52 a
      unidirectional potential, as previously discussed, for application to the
      constant current circuit 19. The average voltage level of this signal is a
      representative circuit is about 2.5 volts and, in operation, that signal
      level may vary between 0.5 and 4 volts. Since the voltage thus supplied is
      proportional to the phase error between the falling edge 58 of the signal
      from pulse stretcher 37 and the falling edge 59 of the signal from divider
      26, a proportional phase error control voltage is thus supplied whenever
      operation of the circuit departs from normal and that error is
      consequently promptly corrected.
PAR  Accordingly, it is seen that the invention is a base band radio detection
      system for the operation of vehicle passenger protective equipment wherein
      a semiconductor base band transmitter and receiver system is synchronously
      operated by a master synchronizing clock, providing reliable and precise
      operation of functional elements of the base band receiver in a low-cost,
      rugged, and long-lifed configuration.
PAR  While the invention has been described in its preferred embodiments, it is
      to be understood that the words which have been used are words of
      description rather than of limitation and that changes within the purview
      of the appended claims may be made without departure from the true scope
      and spirit of the invention in its broader aspects.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a base band radio object detection system:
PA1  transmitter means for transmitting base band pulse signals toward an
      object,
PA1  wide band transmission line receiver means for receiving said base band
      pulse signals after reflection from said object and for propagating
      received base band pulses substantially without distortion thereof,
PA1  tunnel diode means having first and second terminal means coupled across
      said wide band transmission line receiver means and having first and
      second conductivity states, said tunnel diode means being characterized by
      shifting from said first to said second conductivity state in response to
      the presence of one of said propagating base band pulse signals at said
      first terminal means,
PA1  pulse shaping means having an input coupled to said first terminal means,
PA1  pulse phase detector means responsive to said pulse shaping means and to
      master synchronizer means for providing a control signal,
PA1  constant current circuit means responsive to said control signal for
      periodically charging capacitor means,
PA1  discharge circuit means responsive to said pulse shaping means for
      periodically discharging said capacitor means,
PA1  circuit means for coupling said capacitor means to said first terminal
      means for supplying a saw tooth wave form signal thereto,
PA1  range gate signal generator means responsive to said transmitter means for
      generating range gate signals,
PA1  detector means responsive to said pulse shaping means and to said range
      gate signal generator means for producing an actuating output when said
      one of said propagating base band pulses at said first terminal falls in
      time within one of said range gate signals, and
PA1  actuator means responsive to said actuating output.
NUM  2.
PAR  2. Apparatus as described in claim 1 wherein said master synchronizer means
      includes:
PA1  clock pulse generator means, and
PA1  first frequency divider means producing separate output signals for every
      (n-1)th and every nth clock pulse,
PA1  said pulse phase detector means being responsive to each nth output signal.
NUM  3.
PAR  3. Apparatus as described in claim 2 wherein:
PA1  said transmitter means is responsive to second pulse frequency divider
      means, and
PA1  said second pulse frequency divider means is responsive to each (n-1)th
      output signal.
NUM  4.
PAR  4. Apparatus as described in claim 1 employed in a passenger operated
      vehicle, additionally including vehicle passenger protective means
      responsive to said actuator means.
NUM  5.
PAR  5. Apparatus as described in claim 1 wherein said discharge circuit means
      includes transistor switch means responsive to said pulse shaping means
      for periodically discharging said capacitor means.
NUM  6.
PAR  6. Apparatus as described in claim 5 wherein said circuit means for
      coupling said capacitor means to said first terminal means for supplying a
      saw tooth wave form thereto comprises emitter follower means.
NUM  7.
PAR  7. Apparatus as described in claim 2 further including gain control means
      responsive to said (n-1)th pulse responsive output signal for periodically
      coupling the output of said emitter follower means to said second terminal
      means for periodic prevention of the operation of said tunnel diode means.
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ABST
PAL  1. A doppler frequency radar system, comprising means for generating a high
      frequency carrier wave, means for amplitude modulating said carrier wave
      at a relatively low frequency, means for also amplitude modulating such
      carrier wave to produce short impulses of relatively high pulse sequence
      frequency, means for radiating said modulated carrier wave toward a moving
      object, means for receiving such wave as reflected from such a moving
      object, means for generating accurate timing pulses, means forming a
      plurality of distance measuring branch circuits, means operatively
      connected to said timing pulse generating means, and controlled by such
      pulses, for operatively connecting the receiving means to the respective
      branch circuits, operative to distribute said received impulses in
      accordance with the time relation of the received impulses to the timing
      pulses, means in each branch circuit for demodulating the pulses appearing
      therein and to form rough distance measuring pulses, means in each branch
      circuit forming a coincidence circuit and operatively connected to said
      timing pulse generating means whereby said coincidence circuit is operable
      to form, responsive to coincident occurrence of the respective rough
      distance measuring pulses and the timing pulses, fine measuring pulses
      which assure unequivocal distance indication even in the presence of high
      pulse sequence frequency.
BSUM
PAR  This invention is concerned with doppler frequency radar systems operating
      with very short pulse modulated high frequency carrier waves.
PAR  The doppler frequency radar system utilizes for the differentiation between
      fixed and moving targets the doppler frequency shift occurring at moving
      objects. Simple filters and comb filters are known for effecting the
      separation. The pulse character and therewith the distance information are
      lost in the case of simple filters, and it has therefore been proposed to
      use in such case, for the measurement of the pulse running time, separate
      distance measurement branches which are by means of gate switches
      successively scanned with sampling pulses. Identical simple doppler
      frequency filters can thereby be inserted in the individual distance
      measuring branches.
PAR  Difficulties are experienced in connection with the doppler frequency
      method, owing to the socalled reactive velocities which appear when the
      doppler frequency is equal to or a multiple of the pulse frequency
      sequence of the radar apparatus. In order to avoid corresponding
      influencing of the measurement, it is necessary that the data of the
      apparatus be selected so that the first reactive velocity appears at the
      upper limit of the measuring range and as far as possible above the
      maximum radial speed of the objects to be measured. The reactive velocity
      can be increased by increasing the wave length of the carrier or of the
      pulse sequence frequency. The increase of the wave length results in
      excessively large antennae structures and other drawbacks connected
      therewith, and it is therefore more advantageous to utilize, with a
      predetermined carrier wave length which is as short as possible, increase
      of the pulse sequence frequency. However, the pulse sequence frequency
      cannot be increased as desired in the case of apparatus with relatively
      great range and transmitter output, since echos from preceding pulses
      would return after each transmitted pulse, if the deflection frequency of
      the radar sighting tube is, as is customary, selected equal to the pulse
      sequence frequency, resulting in false distance indication. If the
      deflection frequency of the indicating tube is derived from the pulse
      sequence frequency by division, there will result a plural indication.
      Such division shall however be utilized in the present case so as to
      extend the indicating range beyond the range which can be calculated from
      the pulse sequency frequency. Accordingly, a pulse sequence frequency
      which is in view of the first reactive velocity strongly increased, will
      lead to false indication or to equivocal indication and therewith to
      uncertain measurement results.
PAR  In accordance with the invention, this drawback is avoided by periodic
      preferably sine shaped amplitude modulation of the pulse modulated sender
      carrier wave to produce from the modulation frequency, obtained at the
      receiver by demodulation, rough distance measurement pulses, joining such
      rough distance measurement pulses in a coincidence circuit with the
      sampling pulses or with the timing pulses coupled to the modulation
      frequency, thereby forming, upon coincidence of the rough measurement
      pulses with the timing pulses, fine measurement pulses which make it
      possible to obtain unequivocal indication even in the presence of high
      pulse sequence frequency.
PAR  Therefore, according to the principle of the present invention, the
      distance measurement pulses which are very accurate but lead to a false or
      equivocal indication, are selected by a second distance information which
      need not be accurate but must be unequivocal. As a consequence, there will
      result distance measurement pulses of high accuracy which make it possible
      to effect always correct and unequivocal measurement.
PAR  The advantage obtained thereby is, that the pulse sequence frequency can be
      considerably increased without any loss as to measurement accuracy and
      unequivocal indication. The advantage of the high pulse sequence frequency
      is, that the first reactive velocity is very high and that the further
      reactive velocities lie above the aircraft speeds which are to interest.
PAR  The German Pat. No. 911,663 describes a doppler frequency pulse method in
      which is effected a distance measurement by periodic frequency alteration
      at the sender and evaluation of the frequency shift of the received
      frequency as compared with the sender frequency. Accordingly, the known
      method operates with frequency modulation, as compared with the present
      invention which operates with amplitude modulation. It is also known from
      this patent to determine the distance from the pulse running time as well
      as from the frequency shift. This is effected by utilizing the pulse
      running time for the rough measurement while the frequency shift is
      utilized for the fine measurement. However, this method is unsuitable for
      operation with increased pulse sequence frequency and likewise unsuitable
      for avoiding the drawbacks of the indication due to reactive velocities.
      The known method is moreover unsuitable for suppressing signals of fixed
      targets and for indicating signals of moving targets when both are located
      at the same distance.
PAR  As compared with this situation, the present invention is despite
      simultaneous presence of fixed and moving targets adapted to correctly
      indicate the latter while suppressing the former. The physical foundation
      for such operation resides in selecting the modulation which effects the
      unequivocal distance recognition so that (a) frequencies appear in
      addition to the usual lines of the impulse spectrum, which are based on
      the modulation and which can be suppressed when the signals are reflected
      from fixed targets, and (b) permitting in the case of targets moving at
      sufficient speed, passage through the fixed target-blocking filters, of
      all lines coming from the modulation, whereby an evaluation for the
      modulation device, which is disposed after these filters, delivers
      necessarily only the distance indication with respect to the moving
      target.
PAR  As contrasted with such operation, known methods or systems would fail in
      the presence, between fixed and moving target, of a distance
      ##EQU1##
      wherein f.sub.i = pulse sequence frequency; n = 0, 1, 2, 3; c = velocity
      of light. In the known systems, the distance indication with respect to
      the fixed target would be joined with the indication "moving" from an
      entirely different distance.
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PAR  The invention will now be described with reference to the accompanying
      drawings, wherein
PAR  FIG. 1 shows an example of the circuit of a radar system which is suitable
      for practicing the present invention;
PAR  FIG. 2 shows the time course of the impulse and modulation voltage at
      different points of the circuit;
PAR  FIG. 3 indicates the frequency course of a doppler frequency filter; and
PAR  FIG. 4 represents the pulse course at the output of the circuit.
DETD
PAR  The system comprises a sender and a receiver which advantageously operate,
      for good uncoupling, with separate rotating radar antennae. A higher
      carrier frequency in the centimeter or microwave range is produced in the
      multiplication stage V.sub.1 by frequency multiplication of the frequency
      obtained from a quartz stabilized oscillator O. This carrier frequency is
      in the amplitude modulation stage AM amplitude modulated preferably with a
      sine shaped modulation frequency f.sub.m (FIG. 2, line a). This modulation
      frequency f.sub.m is preferably considerably lower than the pulse sequence
      frequency, for example, 250 cycles, and is taken from a modulation
      frequency stage MFS, the frequency of which is likewise derived from the
      stable oscillator O over a divider stage DiS.sub.1. A further divider
      stage DiS.sub.2 is provided for producing from the frequency of the
      oscillator O, in the impulse stage IS, the pulse sequence frequency which
      is utilized for impulse-wise modulating the amplitude modulated carrier
      oscillation in the sampling or pulse modulation stage PM, for transmission
      over the sender S.
PAR  The receiver side comprises a receiver stage RS, followed by a mixing stage
      MS in which is effected the demodulation with a frequency with differs by
      the receiver intermediate fequency from the amplitude modulated carrier
      frequency of the sender. This frequency is derived from the frequency of
      the oscillator O, for example, over a second multiplier stage V.sub.2.
PAR  Moving and stationary targets can be differentiated in known manner by
      means of filters. Comb filters or, in some circumstances, simple filters,
      are in likewise known manner adapted for this purpose. To give an example,
      it is assumed in the circuit shown in FIG. 1, that the demodulated
      received frequency is conducted from the intermediate frequency part to a
      comb filter CF which blocks out the frequencies of the fixed or stationary
      target, which are not affected by doppler frequencies, the pulse character
      of the signals remaining thereby unaffected. A plurality of distance
      measurement circuits, five in the assumed example, are connected with the
      comb filter CF. These distance measurement circuits are by means of
      electronic gate switches Gs.sub.1. . .Gs.sub.5 successively briefly
      switched in, that is, they are scanned by socalled sampling pulses. An
      electronic timing circuit TC is employed, which is controlled from the
      impulse stage IS with the pulse sequence frequency, thus continuously
      successively placing accurate sampling pulses on the gate switches
      Gs.sub.1. . . Gs.sub.5, so that the successive switch always closes when
      the respectively preceding switch is opened. When an impulse is received
      within the accurately determined time interval in which one of the gate
      switches is in closed position, such impulse will be extended in the
      respective distance measurement branch to a simple doppler frequency
      filter F.sub.1. . .F.sub.5, which blocks out the fixed target.
PAR  FIG. 3 shows a filter characteristic Ch (voltage U plotted relative to the
      frequency f in the IF position) and the position of a fixed target X and
      that of a moving target Y, each with a spectral line (f.sub.m) on each
      side of the carrier, the spectral lines resulting from the amplitude
      modulation. Signals arriving from moving targets are passed through the
      respective filters and produce at the output thereof a continuous
      frequency which is demodulated in the associated AM demodulator De.sub.1.
      . .De.sub.5 in order to again obtain the sender modulation frequency
      f.sub.m. The modulation frequency thereupon passes through a bandpass
      filter BPF.sub.1. . .BPF.sub.5 which is tuned thereto. The phase position
      of the modulation frequency obtained at this point depends upon the target
      distance. It is accordingly possible to produce upon zero passage a
      distance impulse which indicates the target distance more or less roughly
      by its position as to time. The corresponding impulses are produced in the
      respective impulse shaper circuits ISC.sub.1. . .ISC.sub.5.
PAR  The relatively rough but unequivocal distance measurement pulse is
      conducted to one input of a coincidence circuit such as CC.sub.1. .
      .CC.sub.5, to the other input of which are conducted the sampling pulses
      from the timing circuit TC or other accurate timing pulses. The
      coincidence circuit delivers an output signal only when a rough distance
      measuring pulse coincides with an accurate timing pulse. There thus appear
      at the outputs of the corresponding coincidence circuits exactly accurate
      distance measuring pulses which are for the bright scanning of the beam
      conducted to the cathode ray tube CRT in the radar sighting apparatus. The
      electron beam of the sighting tube is radially deflected under control of
      a deflection generator DG by means of a deflection coil DC, the deflection
      coil rotating synchronously with the radar antenna and the deflection
      device operating synchronously with the modulation frequency f.sub.m.
PAR  FIG. 2 shows in line a the transmitted amplitude and pulse modulated
      carrier wave voltage at the point a of the circuit according to FIG. 1.
      Lines b.sub.1 - b.sub.2 - b.sub.5 indicate the sampling pulses from the
      timing circuit TC as they appear at points b.sub.1 - b.sub.2. . .b.sub.5
      or at the respective gate switches Gs.sub.1. . .Gs.sub.5 of the individual
      receiver measuring circuits. Line c represents the amplitude modulated
      received pulses which pass at point c of the respective distance measuring
      circuit, and line d shows these pulses as they appear at point d after
      demodulation thereof. Line e shows the modulation frequency at the output
      e of the respective band pass filter such as BPF.sub.1. . .BPF.sub.5, from
      which is obtained a relatively long rough distance measuring pulse (line
      f) appearing at the output f of the respective impulse shaping circuits
      ISC.sub.1. . .ISC.sub.5. At the output g of the respective coincidence
      circuits such as CC.sub.1. . .CC.sub.5 appears the fine measuring pulse
      shown in line g of FIG. 2.
PAR  FIG. 4 shows in line I the short, accurate, but much too frequent pulses
      appearing at the inputs of the respective measuring circuits. Line II
      shows a rough measuring pulse which is formed upon evaluation of the
      received amplitude modulation frequency f.sub.m. Line III shows the pulse
      course at the outputs of the respective coincidence circuits CC.sub.1. .
      .Cc.sub.5. It will therefore be apparent that the very accurate
      unequivocal measuring pulse of the line III has been extracted from the
      equivocal but accurate pulse series of line I jointly with the unequivocal
      but less accurate distance measuring pulse of the line II. Line IV of FIG.
      4 shows the trigger voltage course at the radar sighting cathode ray tube
      CRT and the deflection generator DG, respectively.
PAR  The invention makes it possible to use, with very short wave lengths in the
      centimeter or microwave range, pulse sequence frequencies in the order of
      magnitude of 25 kilocycles and to utilize a considerably lower amplitude
      modulation frequency f.sub.m of about 250 cycles. In this example, there
      will result for a carrier wave length of 3 centimeters, at a speed of the
      target amounting to about 1350 kilometers per hour, a doppler frequency
      shift of 25 kilocycles. Accordingly, in the case of a pulse sequence
      frequency of 25 kilocycles, the first reactive velocity will lie at v =
      1350 kilometers per hour.
PAR  The pulses from the modulation voltage at the receiver side may be produced
      by a circuit which effects release of a pulse upon zero passage of the
      alternating voltage. Such a circuit is, for example, known as multiar
      circuit.
PAR  The fine measuring pulses which are in the illustrated embodiment derived
      from the sampling pulses supplied by the timing circuit TC, may be
      produced differently, for example, by branching off the received signals
      in back of the respective gate switches Gs.sub.1. . .Gs.sub.5, rectifying
      the corresponding pulses, and conducting to the respective coincidence
      circuits the rectified pulses over further gate switches which can be
      controlled by the sampling pulses from the timing circuit TC. Such a
      circuit arrangement is particularly reliable since fine measuring pulses
      can reach the respective coincidence circuits only when reflected signals
      are received in the corresponding measuring circuit.
PAR  Either a single comb filter such as CF or several simple filters such as
      F.sub.1. . .F.sub.5 can be used in the respective branches for the
      suppression of signals from fixed targets. The best suppression of signals
      from fixed targets is of course obtained by the use of the comb filter
      jointly with the simple filters, as shown in FIG. 1. A comb filter
      disposed ahead of the simple filters results in the particular advantage
      that the gate switches Gs.sub.1. . .Gs.sub.5 need not switch either the
      high amplitudes of the signals from the fixed targets or the low
      amplitudes of the signals from moving targets.
PAR  Changes may be made within the scope and spirit of the appended claims
      which define what is believed to be new and desired to have protected by
      letters Patent.
CLMS
STM  We claim:
NUM  1.
PAR  1. A doppler frequency radar system, comprising means for generating a high
      frequency carrier wave, means for amplitude modulating said carrier wave
      at a relatively low frequency, means for also amplitude modulating such
      carrier wave to produce short impulses of relatively high pulse sequence
      frequency, means for radiating said modulated carrier wave toward a moving
      object, means for receiving such wave as reflected from such a moving
      object, means for generating accurate timing pulses, means forming a
      plurality of distance measuring branch circuits, means operatively
      connected to said timing pulse generating means, and controlled by such
      pulses, for operatively connecting the receiving means to the respective
      branch circuits, operative to distribute said received impulses in
      accordance with the time relation of the received impulses to the timing
      pulses, means in each branch circuit for demodulating the pulses appearing
      therein and to form rough distance measuring pulses, means in each branch
      circuit forming a coincidence circuit and operatively connected to said
      timing pulse generating means whereby said coincidence circuit is operable
      to form, responsive to coincident occurrence of the respective rough
      distance measuring pulses and the timing pulses fine measuring pulses
      which assure unequivocal distance indication even in the presence of high
      pulse sequence frequency.
NUM  2.
PAR  2. A system according to claim 1, comprising a radar sighting device and
      means for supplying deflection pulses thereto, the deflection frequency of
      which is equal to the modulation frequency, the latter being lower than
      the pulse sequence frequency, so as to extend the indicating range beyond
      the range which may be calculated from the pulse sequence frequency.
NUM  3.
PAR  3. A system according to claim 1, wherein said branch circuits each include
      for the evaluation of the modulation frequency a circuit of the multiar
      type which produces upon zero passage of the modulation voltage rough
      distance measuring pulses the lateral position of which depends upon the
      target distance.
NUM  4.
PAR  4. A doppler frequency radar system, comprising means for generating a high
      frequency carrier wave, means for amplitude modulating said wave to form
      impulses at a relatively high pulse sequence frequency, and means for also
      amplitude modulating such wave at a relatively low frequency, means for
      radiating said modulated wave toward a moving object, means for receiving
      said wave as reflected from such a moving object, means for demodulating
      the received wave to produce rough but unequivocal distance measuring
      pulses, means for generating accurate timing pulses at the pulse
      modulation frequency, means for comparing said timing pulses with said
      rough distance measuring pulses for coincidence, and means for forming
      responsive to coincident occurrence of the respective rough distance
      measuring pulses and the timing pulses, fine measuring pulses which assure
      unequivocal distance indication even in the presence of high pulse
      sequence frequency.
NUM  5.
PAR  5. A system according to claim 4, wherein said means for producing rough
      distance measuring pulses is constructed to produce rough distance
      measuring pulses which are of a duration to embrace the respectively
      cooperating timing pulse, but shorter than would be required to
      simultaneously embrace two timing pulses.
NUM  6.
PAR  6. A system according to claim 4, wherein said means for modulating at the
      pulse sequence frequency is constructed, with a carrier wave length as
      short as possible within the centimeter or microwave range, to produce a
      pulse sequence frequency which is so high, for example 25 kilocycles, that
      the first reactive velocity appears at the upper limit of the measuring
      range and especially above the maximum radial velocity of the object to be
      measured.
NUM  7.
PAR  7. A system according to claim 4, wherein the frequency of said low
      frequency amplitude modulating means is constructed to modulate at a
      frequency considerably lower than the pulse sequence frequency.
NUM  8.
PAR  8. A dopper frequency radar system, comprising means for generating a high
      frequency carrier wave, means for amplitude modulating said wave to form
      impulses at a relatively high pulse sequence frequency, and also means for
      amplitude modulating such wave at a relatively low frequency, means for
      radiating said modulated wave toward a moving object, means for receiving
      said wave as reflected from such a moving object and any waves reflected
      from stationary objects, means for blocking out any waves reflected from
      stationary objects, means for generating accurate timing pulses at the
      pulse frequency, means for segregating the respective received pulses as
      to time, means for demodulating a segregated series of pulses to produce
      rough but unequivocal distance measuring pulses, means for comparing
      respective timing pulses with said rough distance measuring pulses for
      coincidence, and means for forming responsive to coincident occurrence of
      the respective rough distance measuring pulses and the timing pulses, fine
      measuring pulses which assure unequivocal distance indication even in the
      presence of high pulse sequence frequency.
NUM  9.
PAR  9. A system according to claim 8, wherein said means for producing rough
      distance measuring pulses is constructed to produce rough distance
      measuring pulses which are of a duration to embrace the respectively
      cooperating timing pulse, but shorter than would be required to
      simultaneously embrace two timing pulses.
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PAL  Reliable cycle selection is achieved with LORAN-C pulses received under low
      signal-to-noise conditions. A tracking pulse is generated at the LORAN-C
      pulse repetition rate and is intended to be time-coincident with the end
      of the third 100 KHz carrier cycle in each received pulse. Sampling pulses
      are generated one-quarter and three quarters of a cycle before and after
      the tracking pulse and are used to sample a hard-limited, envelope-derived
      version of the received signal in which a phase reversal occurs at the
      start of the fourth carrier cycle. If the tracking pulse is coincident
      with the end of the third carrier cycle, a unique pattern of binary levels
      is sampled by the four sampling pulses. If the tracking pulse is too early
      or too late, corresponding early (left) and later (right) sampled level
      patterns result. Left and right occurrences of the tracking pulse are
      individually counted for a predetermined number of received LORAN-C pulses
      after which the difference between left and right counts is examined. If
      this difference is less than a pre-established number, the tracking pulse
      is properly positioned; if the difference exceeds the pre-established
      number, the track pulse is shifted in time accordingly.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to an improved cycle selection technique for
      use in LORAN-C receivers. Although specifically described in terms of a
      LORAN-C system, the inventive technique is also generally applicable to
      any system in which the time between pulsed carrier signals is to be
      accurately measured or in which a specific carrier cycle in a pulsed
      carrier transmission is to be accurately tracked.
PAR  LORAN-C systems are hyperbolic navigation systems in which transmitters at
      fixed locations transmit 100 KHz carrier pulses at known pulse repetition
      rates. A LORAN-C receiver measures the time between reception of such
      pulses from a master transmitter and each of two slave transmitters. The
      time between reception of the master pulse and one slave pulse determines
      a hyperbolic line of position on which the receiver is located. The time
      between reception of the master pulse and the other slave pulse determines
      a second hyperbolic line of position on which the receiver is located. The
      intersection of these two hyperbolic lines accurately defines the position
      of the receiver. Standard charts for determining position from measured
      time differences are readily available and in widespread use.
PAR  Bandwidth limitations require that the rise time of the transmitted LORAN-C
      pulse be relatively long, on the order of 50 microseconds. Since the
      carrier frequency is 100 KHz, the rise time of the pulse extends over
      approximately five or more carrier cycles. Under such circumstances
      accurate time measurement cannot be achieved by merely monitoring
      corresponding amplitude points on the pulse envelope. Therefore, it has
      become common practice to measure the corresponding points on the received
      100 KHz carrier. Specifically, the time of a point on the carrier (for
      example, a zero crossover) can be determined with much greater accuracy
      than a point on the much more slowly changing pulse envelope. However,
      since there are a minimum of ten (and usually more) carrier cycles in each
      LORAN-C pulse, a cyclic ambiguity exists which can introduce unacceptable
      errors into the position determination.
PAR  There have been a number of prior art approaches to resolving cycle
      ambiguity in LORAN-C receivers, most of which use an envelope deriver
      circuit. The envelope deriver circuit sums the received 100 KHz carrier
      with a version of that carrier which is delayed by 1/2 cycle (i.e., 5
      microseconds) and amplified. The sum is a 100 KHz signal which, depending
      upon the amplification of the delayed signal, can be arranged to exhibit a
      phase reversal at the termination of a predetermined carrier cycle in the
      received pulse. This sum signal, called the envelope-derived signal in
      LORAN-C parlance, is then hard limited and then sampled in order to
      determine the location of the phase reversal. If each half cycle of the
      hard limited envelope-derived signal is examined, a series of alternating
      positive and negative cycles will be found except at the point of phase
      reversal where two successive half cycles of like polarity exist. Numerous
      techniques come to mind for finding this point; however, the problem is
      greatly complicated by the fact that the LORAN-C pulses are more often
      than not received in a high-noise environment. It is therefore necessary
      to monitor the carrier cycles for many received pulses and establish some
      sort of statistical evaluation after numerous samplings have been made.
      For example, in one prior art technique, after a coarse acquisition
      procedure is performed in which a tracking pulse is positioned in time
      coincidence with some zero-crossover in the carrier of each received
      pulse, four sampling pulses are generated. One sampling pulse is generated
      three quarters of a carrier cycle (i.e., 7.5 microseconds) before the
      tracking pulse; a second sampling pulse is located one quarter cycle
      (i.e., 2.5 microseconds) before the tracking pulse; and third and fourth
      sampling pulses are located one-quarter and three quarters of a cycle,
      respectively, after the tracking pulse. These sampling pulses are used as
      gates to determine when the hard-limited envelope-derived carrier is to be
      sampled. If the tracking pulse is properly positioned at the point of
      phase reversal, samples one and four should be high (binary "1") and
      samples two and three should be low (binary "O"). Four up/down counters
      are used to register the "1"  and "O" levels so that each time a LORAN-C
      pulse is received, each counter registers an up or down count, depending
      upon its corresponding sampled level. After some predetermined number of
      LORAN-C pulses are received, the counts in the counters are examined to
      see whether they have net up or down counts. If an up-down-down-up net
      pattern results, the tracking pulse is considered to be on the proper
      cycle; if other net patterns are found, the tracking pulse is shifted in
      time by one carrier cycle and the process is repeated.
PAR  The cycle selection technique described above works quite well in the
      presence of strong received signals. However, low signal-to-noise
      conditions render that technique unreliable. Specifically, noise tends to
      render one or more of the sampled binary levels erroneous during each
      received pulse. As a consequence, even when the tracking pulse is
      positioned on the proper cycle, many of the sample patterns will not show
      up as 1-0-0-1 but as some other pattern. Therefore the net pattern, which
      is examined after the specified number of LORAN-C pulses are received,
      will often indicate incorrect positioning of a properly positioned
      tracking pulse.
PAR  It is therefore an object of the present invention to provide a cycle
      selection technique for LORAN-C systems which operates reliably in the
      presence of poor signal-to-noise conditions.
PAR  It is another object of the present invention to provide a method for
      resolving cycle ambiguity in the tracking of pulsed carrier signals.
PAR  It is another object of the present invention to provide apparatus for use
      in a receiver which permits a particular carrier cycle in a pulsed carrier
      signal to be identified and tracked in a low signal-to-noise environment.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the present invention, the four sampling pulses are
      positioned about the tracking pulse as in the aforementioned prior art
      system and are likewise employed to sample a hard-limited envelope-derived
      version of the received carrier. The sampled binary levels are immediately
      evaluated to determine if the resulting pattern is early (left) or late
      (right) and an appropriate count is added to a left or right binary
      counter. After a predetermined number of pulsed carrier signals are
      received, the difference between the counts in the left and right counters
      is determined. If this difference is less than a pre-established
      threshold, the tracking gate is considered to be properly positioned. If
      the count difference exceeds the threshold, the tracking pulse is shifted
      accordingly by one carrier cycle and the sampling routine is repeated. The
      invention relies upon the fact that noise will affect a "proper-position"
      pattern randomly so that, satistically, as many "left" errors as "right"
      errors occur. On the other hand, for an improperly positioned tracking
      pulse, the patterns unaffected by noise add to the equally divided
      noise-affected patterns to produce a net count difference which exceeds
      the threshold.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The above and further objects, features and advantages will become apparent
      upon consideration of the following detailed description of specific
      embodiments thereof, especially when taken in conjunction with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a functional block diagram of a cycle selection circuit according
      to the present invention;
PAR  FIG. 2 is a schematic diagram of a portion of the circuit of FIG. 1;
PAR  FIG. 3 is a schematic diagram of a conventional envelope deriver circuit as
      used in the present invention;
PAR  FIGS. 4a through 4d are timing diagrams illustrating the received LORAN-C
      pulse and waveforms derived therefrom for use in the present invention;
      and
PAR  FIGS. 5a through 5d are timing diagrams illustrating pulses generated in
      the circuit of the present invention.
DETD
PAC  DESCRIPTION OF PREFERRED EMBODIMENTS
PAR  Referring specifically to FIG. 1 of the accompanying drawings, a LORAN-C
      receiver according to the present invention receives standard LORAN-C
      pulsed carrier signals at antenna 10. The signals are passed through a
      narrow-band filter and amplifier 11 which is tuned to the LORAN-C 100 KHz
      carrier frequency. A typical received LORAN-C pulse is illustrated in FIG.
      4a wherein the 100 KHz carrier is shown as a solid line B and the pulse
      envelope is shown as a dashed line A. The received pulse is illustrated in
      pure form without noise which often is as high or higher than the level of
      the initial carrier cycles in the pulse. It is the function of the present
      invention to precisely track a specific location on the received pulse.
      That is, the present invention permits a tracking pulse to be repetitively
      generated in time coincidence with the same portion of each received
      pulse.
PAR  The received pulse is next applied to an envelope deriver circuit 12 which
      is illustrated in greater detail in FIG. 3. Referring to FIG. 3, the
      received pulses are passed from filter-amplifier 11 to both a half-cycle
      delay circuit 13 and a summing circuit 14. The half cycle delay circuit,
      as its name implies, delays the received pulse by one-half cycle of the
      carrier, or five microseconds for the 100 KHz LORAN-C carrier. The delayed
      pulse is then amplified by amplifier 15 and applied to summing circuit 14
      where it is summed with the undelayed signal. Circuit 14 is therefore
      always summing two signals which are 180.degree. out of phase but which
      differ in amplitude because of the shape of envelope A and the
      amplification factor of amplifier 15. The output signal from summing
      circuit 14 is an amplitude-modulated 100 KHz signal which is in phase with
      the received 100 KHz carrier until a time which is determined by the
      amplification factor of amplifier 15; thereafter, the summed signal is
      180.degree.out of phase with the received carrier. It is convenient and
      conventional to select the gain of amplifier 15 so that the output signal
      of summing circuit 14 exhibits a phase reversal at the start of zero
      crossover between the third and fourth cycles of the received pulse. Such
      a signal is illustrated in FIG. 4b and is described herein as the envelope
      derived signal. It is to be noted in FIG. 4b that the third carrier cycle
      terminates at the 30 microsecond time of the pulse and reverses phase at
      start of the fourth carrier cycle, after which point the envelope-derived
      signal remains 180.degree. out of phase with respect to the received
      signal in FIG. 4a. It is the phase reversal at the end of the third cycle
      which provides a fixed reference time in the received pulse; and it is
      this fixed reference time which is tracked for purposes of time
      measurement.
PAR  Referring again to FIG. 1, the envelope-derived pulses are applied to
      limiter circuit 16 where the carrier half-cycles are hard limited to
      provide the square wave illustrated in FIG. 4d. It is noted in FIG. 4d
      that the square wave exhibits a phase reversal at the 30 microsecond point
      or at the start of the fourth carrier cycle. The received pulsed carrier
      signal, in unshifted form, is also applied from amplifier-filter 11 to a
      limiting circuit 17 where it is likewise hard-limited to provide the
      waveform illustrated in FIG. 4c. The phase relationship between the
      limited received signal and the limited envelope-derived signal is readily
      apparent in FIGS. 4c and 4d. These signals are utilized in the cycle
      selection technique of the present invention in a manner to be described
      subsequently.
PAR  Still referring to FIG. 1, a 10 MHz clock source 20 serves as the basic
      timing reference for the circuit. Clock source 20 is an oscillator with a
      stable frequency which is a precise multiple of the received 100 KHz
      carrier frequency. The 10 MHz signal from source 20 drives a ten-phase
      clock generator 21 which is a one-to-ten commutator. More particularly,
      tenphase clock generator 21 has ten output lines, each of which provides a
      1 MHz pulse train, one train for each of ten successive cycles of the 10
      MHz signal. The ten 1 MHz pulse trains are successively spaced by equal
      increments of 0.1 microseconds and all are fed to a 1 MHz phase selector
      22. The phase selector is simply a multiplexer which passes only the one 1
      MHz phase which corresponds to the address stored in up-down counter 23.
      This counter, which operates in a manner to be described below, is thus
      capable of selecting any phase of the output signal of phase selector 22
      in increments of 0.1 microsecond each.
PAR  The selected 1 MHz phase is frequency-divided by a factor of ten at
      frequency divider 24 and passed to a time adjustment circuit 25 which is
      controllable to add or delete a pulse to 100 KHz pulse train passed by
      divider 24. Frequency divider 26 then divides the frequency of the
      resulting pulse train by a factor of ten and passes the resulting 10 KHz
      pulse train to MRI (Master Repetition Interval) counter 27. This counter
      is preset and provides output pulses at substantially the LORAN-C pulse
      repetition rate. This repetition rate varies in different regions of the
      world; in the eastern United States, for example, the interval between
      LORAN-C pulses is 99,300 microseconds. The output pulses from MRI counter
      27 are thus provided in accordance with such interval and may be shifted
      in 0.1 microsecond steps (at phase selector 22) or 10.0 microsecond steps
      (at time adjustment circuit 25).
PAR  The output pulses from MRI counter 27 are applied to a timing synchronizer
      28. One example of a circuit suitable for synchronizer 28 is the circuit
      Model SN74174N, available commercially from Texas Instruments, Inc.,
      Dallas, Texas. This circuit provides a series of pulses once during each
      master timing interval after being triggered by counter 27. These pulses
      bear a precise time relationship to the output pulse from counter 27 and
      to each other, and all of these pulses are illustrated in the timing
      diagram of FIGS. 5a, b, c, and d. First, as illustrated in FIG. 5a, timing
      synchronizer 28 provides a SYNC CLOCK pulse which is applied to up-down
      counter 23 for reasons to be subsequently described. In addition, some
      predetermined time after the SYNC CLOCK, a TRACK GATE is applied to the
      clock terminal of a flip-flop 29, the data terminal of which receives the
      hard-limited received 100 KHz carrier from limiter 17.
PAR  Timing synchronizer 28 also generates four sampling strobe pulses as
      illustrated in FIG. 5b. Sampling strobe 1 is generated 7.5 microseconds
      earlier than the TRACK GATE, or precisely three-quarters of a 100 KHz
      carrier cycle before the TRACK GATE. Sampling strobe 2 is generated 2.5
      microseconds or one-quarter cycle before the TRACK GATE. Sampling strobe 3
      is generated 2.5 microseconds or one-quarter cycle after the TRACK GATE;
      and sampling strobe 4 is generated 7.5 microseconds or three quarters of a
      carrier cycle after the TRACK GATE. The four sampling strobes are applied
      to a sample and hold circuit 30 where each pulse acts to store the
      contemporaneous binary level present at the output terminal of limiter 16.
      One example of a circuit suitable for the sample and hold circuit 30 is
      the circuit Model SN7474N, available commercially from Texas Instruments,
      Inc. Dallas, Texas.
PAR  A final pulse provided by timing synchronizer 28, as illustrated in FIG.
      5d, is the END OF SAMPLE pulse which occurs some time after the last
      sampling strobe. The END OF SAMPLE pulse is applied to an interval counter
      31 and a clock control circuit 32, both which are described in greater
      detail subsequently.
PAR  As previously mentioned, the TRACK GATE (FIG. 5c) has the same repetition
      rate as the received LORAN-C pulses. If a measurement is to be made and
      the TRACK GATE is not locked onto the phase reversal point in the
      envelope-derived signal from limiter 16, the position of the TRACK GATE
      may be coarsely adjusted (by conventional manual or automatic means, not
      shown) until it is in rough time coincidence with the received LORAN-C
      pulse; this is not a mandatory requirement, however. Each TRACK GATE
      clocks flip-flop 29 to enter the contemporaneous binary level of the
      carrier signal from limiter 17. The Q output signal of flip-flop 29
      reflects this binary level which is applied as a steering control to
      up-down counter 23. The counter adds or subtracts a count upon the
      occurrence of the next SYNC CLOCK pulse from timing synchronizer 28. If
      the limited carrier signal is binary "1" when the TRACK GATE is generated,
      then the TRACK GATE is sitting in the positive half cycle of the received
      carrier and must be moved to the left (i.e., generated earlier) during the
      next received LORAN-C pulse so that it can be positioned over a
      positive-going zero-crossing at the termination of a cycle. Likewise, a
      binary "0" in flip-flop 29 indicates that the TRACK GATE is either within
      a negative half cycle of the received carrier or not on the LORAN-C pulse
      at all and must therefore be generated later or moved to the right. The
      count in counter 23 is incremented or decremented by one accordingly at
      the next SYNC PULSE, and the immediately earlier or later 1 MHz phase is
      selected at phase selector 22. The position of the TRACK GATE is therefore
      jumped by 0.1 microseconds in the proper direction until the TRACK GATE
      reaches a positive-going zero-crossing in the received carrier.
      Importantly, this may not be the correct positive going zero-crossing,
      i.e., the zero-crossing corresponding to the thirty microsecond
      phase-reversal point in the envelope-derived signal.
PAR  The cycle selection circuit, described subsequently, is used to seek the
      correct zero-crossing and operates in conjunction with time adjustment
      circuit 25 to jump the TRACK GATE one complete carrier cycle (10
      microseconds) at a time. Specifically, if after a sample interval the
      cycle evaluation network determines that the TRACK GATE is too early
      (i.e., left of the proper time), the L signal is applied to circuit 25
      which adds a single count pulse to the pulse train applied to MRI counter
      27. If, on the other hand, the cycle evaluation circuit finds that the
      TRACK GATE is too late, the R signal causes the time adjustment circuit to
      delete one count from the count pulse train applied to MRI counter 27
      during the next counting interval.
PAR  The four levels sampled at network 30 by sampling strobes 1-4 are applied
      to a pattern decoder 33 which determines whether the TRACK GATE is
      centered, early or late relative to the 30 microsecond phase reversal
      point in the envelope-derived signal. One example of a circuit suitable
      for the pattern decoder 33 is the circuit Model SN74188AN, available
      commercially from Texas Instruments, Inc., Dallas, Texas. More
      particularly, pattern decoder 33 includes a read only memory and circuitry
      for comparing the four sampled binary levels with stored four-bit
      patterns. If sampling strobes 1 through 4 produce a sampled binary level
      pattern of 1-0-0-1, as illustrated in phantom lines in the first group of
      strobes in FIG. 5b, then pattern generator 33 recognizes this as a
      centered condition in which the TRACK GATE is centered on the 30
      microsecond phase reversal point. Consequently, both output lines L (left)
      and R (right) from the pattern decoder remain binary 0. If, as illustrated
      in phantom near the third group of sampling strobes in FIG. 5b, the
      sampled pattern is 1-0-1-0, pattern decoder 33 recognizes a left condition
      wherein the TRACK GATE is positioned one half cycle too early with respect
      to the phase reversal in the envelope-derived signal. Consequently, the L
      signal becomes binary one. Likewise a sampled 0-1-0-1 pattern is
      recognized as a right or late condition by the pattern decoder and the R
      signal is rendered binary 1 accordingly. Any of the other possible
      thirteen four-bit patterns is clearly the result of noise. More
      particularly, since the track gate must be on a positive-going zero
      crossing, an early or left condition always produces a 1-0-1-0 pattern, a
      proper condition always produces a 1-0-0-1 pattern, and a late or right
      condition always produces a 0-1-0-1 pattern. Since, as best seen in FIG.
      4a, the carrier cycles to the right of the 30 microsecond point are of
      greater amplitude than the carrier cycles to the left of that point, noise
      is more likely to affect left patterns than right patterns. Thus, a
      1-0-1-0 pattern may be adversely affected by noise to become 0-0-1-0 or
      1-0-1-1, etc., and if desired, the pattern decoder 33 may be designed to
      recognize certain of the thirteen noise-produced patterns as left
      conditions. This is an optional feature which need not be included.
PAR  The L or R signals are received by clock control circuit 32 and steered to
      left and right counters 34 and 35 respectively when the END OF SAMPLE
      pulse is generated at timing synchronizer 28.
PAR  The END OF SAMPLE pulses are also applied to interval counter 31 which
      counts these pulses until a predetermined count is reached. This count
      depends upon the noise environment in which the receiver is operating;
      typically a longer count is selected in noisy environments than would be
      the case in environments where the signal-to-noise ratio of the received
      signal is high. When the count is reached, indicating that that number of
      LORAN-C pulses have been received and sampled during the sample interval,
      counter 31 provides an END OF SAMPLE INTERVAL pulse to a spill clock
      control circuit 36. This permits pulses of high repetition rate from spill
      clock generator 37 to pass through the spill clock control circuit 36 to
      the clock control circuit 32 which in turn applies the SPILL CLOCK pulses
      simultaneously to both left counter 34 and right counter 35. These
      counters have equal count capacity and each has a count stored therein
      depending upon the number of left or right samples detected during the
      multiple sample sampling interval. The high repetition rate spill pulses
      increment both counters 34 and 35 simultaneously. When either counter
      spills over, this fact is detected by overflow detector 38 which provides
      either or LOD (left overflow detected) or ROD (right overflow detected)
      pulse to the spillover control circuit 36. This circuit, in turn generates
      a series of COUNT pulses which are spill clock pulses counted at a binary
      difference counter 39. If the difference between the left sample and right
      sample counts in counters 34 and 35 was greater than some pre-established
      threshold, difference counter 39 reaches that threshold count before the
      other counter overflows and provides a THRESHOLD pulse. This pulse is
      applied to the spill clock control circuit which responds with a STOP
      pulse. The STOP pulse is fed to a cycle evaluation network 40 which
      recognizes that the TRACK GATE is not centered, looks to the output
      signals from the overflow detector 38 to determine which of counters 34,
      35 has overflowed, and provides a suitable L or R signal to time
      adjustment circuit 25. The STOP pulse also prevents further application of
      SPILL CLOCK pulses to counters 34 and 35, and is applied to the interval
      counter 31 where it resets the counter and permits the start of a new
      series of samples.
PAR  If the difference in counts registered in counters 34 and 35 is not in
      excess of the pre-established threshold, difference counter 39 does not
      reach that threshold before both of counters 34 and 35 overflow. When the
      second of counters 34, 35 overflows, the STOP pulse is generated within
      the spill clock control circuit 36 to reset the interval counter 31 and
      initiate an evaluation at cycle evaluation circuit 40. Circuit 40 examines
      the signals from overflow detector 38 and determines that since both
      counters 34 and 35 overflowed, the difference between their counts was
      less than the threshold and therefore the TRACK GATE is properly
      positioned.
PAR  Considering the cycle selection circuitry of the present invention in
      greater detail, reference is made to FIG. 2 of the accompanying drawings.
      The clock control circuit 32 includes two-input AND gates 41 and 42 and
      two-input OR gates 43 and 44. One input signal to AND gate 41 is the L
      signal from pattern decoder 33, the signal being binary "1" when the four
      samples of the envelope-derived signal indicate that the TRACK GATE is
      early or to the left of its proper position. One input signal to AND gate
      42 is the R signal from pattern decoder 33, the signal being binary "1"
      when the pattern decoder recognizes a late condition. Each of gates 41, 42
      also receives the END OF SAMPLE pulse (FIG. 5d) from timing synchronizer
      28 so that a left or right condition detected during a sample is passed by
      one of these gates at the end-of-sample time. The output signal from gate
      41 is applied to OR gate 43 along with the SPILL CLOCK from spill clock
      control circuit 36. The output signal from gate 42 is passed to OR gate 44
      along with the SPILL CLOCK. OR gate 43 feeds pulses to left counter 34
      whereas OR gate 44 feeds pulses to right counter 35. Thus, for each sample
      by strobes 1 through 4, recognized left and right conditions are
      registered as counts at respective counters 34 and 35. When sampling stops
      and the SPILL CLOCK is applied to gates 43, 44, each spill clock pulse
      increments both counters 34 and 35.
PAR  The overflow detector 38 is simply a pair of flip-flops 51 and 52.
      Flip-flop 51 is set by an overflow from left counter 34; flip-flop 52 is
      set by an overflow right counter 35. The Q and Q signals from both
      flip-flops are applied to cycle evaluation network 40; in addition, the Q
      signals (LOD and ROD) from both flip-flops are applied to the spill clock
      control circuit.
PAR  The spill clock control circuit includes a flip-flop 46 which is set (Q=1)
      by the END OF SAMPLE INTERVAL pulse provided by interval counter 31 after
      the required number of samples have been taken. When set, flip-flop 46
      enables AND gate 47 to pass SPILL CLOCK pulses to the clock control
      circuit which, in turn, feeds the pulses to both left and right counters
      34 and 35. As previously described, these counters count SPILL CLOCK
      pulses until one or both counters reach capacity and spill over.
PAR  The spill clock control circuit also includes one-shot multivibrators 57
      and 58 which are fed by the Q signals from respective flip-flops 51 and 52
      in the overflow detector. If left counter 34 overflows to set flip-flop
      51, one-shot 57 provides an output pulse; likewise, an overflow at right
      counter 35 results in an output pulse from one-shot 58. The output pulses
      from one-shots 57 and 58 are applied to a two-input OR gate 49 which in
      turn feeds the clocking terminal of a toggle-type flip-flop 50. Flip-flop
      50 is normally reset (Q=0; Q=1) at the end of an evaluation operation (in
      a manner to be described) so that the first overflow of either counter 34
      or 35 toggles flip-flop 50 to its set state (Q=1; Q=0). The Q signal from
      flip-flop 50 enables AND gate 48 to pass SPILL CLOCK pulses from spill
      clock generator 37 as COUNT pulses to difference counter 39. If the other
      of counters 34 and 35 overflows before a threshold count is reached at
      difference counter 39, the second overflow once again results in a
      toggling of flip-flop 50 which is reset (Q=0; Q=1) thereby. AND gate 48 is
      then disabled and prevents further counting by difference counter 39. In
      addition, the binary "1" Q signal from flip-flop 50 is passed by OR gate
      45 to trigger another one-shot multivibrator 56. The latter provides the
      STOP pulse which resets flip-flop 46 to prevent further application of
      SPILL CLOCK pulses to left and right counters 34 and 35. The STOP pulse is
      also applied to the cycle evaluation network 40 where it initiates an
      evaluation in the manner to be subsequently described. It is also noted
      that the STOP pulse is applied to the reset terminal of flip-flop 50 which
      has already been reset by the second overflow of left/right counters 34,
      35.
PAR  If before the second overflow of left/right counters 34, 35 there is a
      threshold condition reached at difference counter 39, the THRESHOLD signal
      is provided by counter 39 at OR gate 45. The latter triggers one-shot 56
      to generate the STOP pulse and thereby reset flip-flops 50 and 46; in
      addition, an evaluation is initiated at network 40. From the foregoing it
      is seen that the spill routine is terminated by either a second overflow
      at the left/right counters or the attainment of the threshold count at
      difference counter 39.
PAR  The cycle evaluation network 40 includes three three-input AND gates 53, 54
      and 55. AND gate 53, which is optional insofar as cycle evaluation is
      concerned according to the present invention, receives the LOD signal from
      flip-flop 51, the ROD signal from flip-flop 52, and the STOP signal from
      one-shot 56. AND gate 54 receives the LOD signal from flip-flop 51, the Q
      signal from flip-flop 52, and the STOP signal. AND gate 55 receives the
      ROD signal, the Q signal from flip-flop 51 and the STOP signal.
PAR  If both counters 34 and 35 have overflowed from spill pulses to generate
      the STOP pulse, AND gate 53 is enabled to provide an OK signal. This
      signal indicates that the count difference between the left and right
      counters is less than the threshold and therefore the TRACK gate is
      positioned on the proper cycle of the LORAN-C pulse. If only one counter
      has overflowed and the threshold is reached in difference counter 39 to
      initiate the STOP pulse, either of AND gates 54 or 55 provides an output
      signal, depending upon which of the left and right counters has
      overflowed. The L signal from AND gate 54 indicates that the TRACK GATE is
      early or to the left of the proper cycle; the R signal from AND gate 55
      indicates that the TRACK GATE is late or to the right of the proper cycle.
      The L and R signals are applied to the time adjustment circuit 25 (FIG. 1)
      to add or delete 10 microseconds from the interval before the next TRACK
      GATE is generated.
PAR  Briefly reviewing the cycle selection technique of the present invention,
      cycle selection involves sampling the derived envelope signal, evaluating
      the sample results, and deciding if the TRACK GATE is earlier (left) or
      later (right) in real time than the proper cycle. Samples are taken during
      two carrier half-cycles between the TRACK GATE and two carrier half cycles
      after the TRACK GATE. At the start of a cycle selection measuring period,
      all counters are set to zero. A set of samples are obtained from the
      derived envelope signal, and the network evaluates the samples and
      delivers one of two decisions: TRACK GATE is "left"; or TRACK GATE is
      "right". If neither a left or right is recognized, the set of samples from
      the next pulse is awaited.
PAR  Four counters exist in the network. Counter 35 records the number of rights
      recognized; counter 34 records the number of lefts recognized; and counter
      31 is cognizant of the number of patterns that have been sampled. When the
      end of the integration period is reached (for example, 2048 patterns
      sampled), pattern evaluation ceases. The spill clock is then permitted to
      advance both the right and left counters at a steady rate. An overflow
      detection circuit senses which one of counters 34 and 35 achieves the
      first overflow (counter is full). When this happens, the counter which has
      failed to overflow is permitted to continue counting. A fourth counter 39
      (difference counter) is activated which records the number of spill pulse
      pulses delivered after the first overflow. If the second counter achieves
      overflow before the difference counter achieves a threshold count, the
      network indicates proper cycle selection. If no overflow is detected, then
      a timing adjustment is delivered to the processor which re-initiates
      sampling with the TRACK GATE one carrier cycle removed from its previous
      location. The procedure continues until the proper cycle has been
      identified.
PAR  The most important aspect of the cycle selection technique is the fact that
      left and right samples are counted while centered samples are ignored. The
      difference between the counted left samples and counted right samples is
      then used as the criterion for determining whether the TRACK GATE is left,
      center or right. Distortion of the samples by random noise is accommodated
      by this techinque since, for a true centered condition, random noise will
      provide the same number of erroneous left and right samples. If the
      difference between the left and right sample counts is less than the
      predetermined threshold, the TRACK GATE may be considered properly
      positioned. If the TRACK GATE is actually left or actually right, the true
      sample counts, which are unaffected by noise, will add to the equally
      divided (between left and right) noise-distorted counts to give a left or
      right indication.
PAR  In an actual working example we have found 2048 sets of samples to be a
      workable number and that a threshold of 196 provides excellent evaluation
      results. That is, if the difference between left counts and right counts
      is less than 196 after 2048 samples, the TRACK GATE is considered
      positioned on the proper cycle. Of course, noise levels in different areas
      may require variation of the sample number and threshold count.
PAR  It should be noted that the cycle evaluation technique described herein
      could work in conjuction with a voltage controlled oscillator in a phase
      locked loop instead of phase switching as effected by counter 23 and phase
      selector 22.
PAR  Bearing in mind that the inventive concept described herein involves
      monitoring only early (left) and late (right) samplings and ignoring
      on-time (centered) samplings so as to make use of the random nature of
      noise, it is important to note that the specific circuitry described
      herein may be varied significantly within the framework of that inventive
      concept. For example, in measuring the difference between left and right
      counts over the desired number of pulse repetition intervals, individual
      left and right counters (34-35) need not be employed; rather, a single
      up/down counter may be used to count up for left indications and down for
      right indications, or vice versa. Conventional count decoding circuitry
      could then be used to determine the sense and magnitude of the count at
      evaluation time and whether or not the threshold was exceeded. The
      threshold itself can of course be varied, and in fact, may be different
      for left and right determinations if noise conditions and experience in
      particular geographical areas so indicate.
PAR  Likewise the number of sample strobes need not be limited to four; two or
      more may be employed. Specifically, if two strobes are placed one-quarter
      cycle before and after the TRACK GATE, and if the TRACK GATE is positioned
      coincident with a positive-going crossover in the received carrier, the
      two-sample pattern, if unaffected by noise, will be 0--0 for centered
      condition, 0-1 for left condition, and 1-0 for right condition. Of course,
      if only two samples are taken, the effects of noise are more likely to be
      more pronounced. Nevertheless, an other-than-four-sample pattern is
      certainly possible. The important point is that the samples be taken
      sufficiently removed from the zero-crossings to prevent ambiguous
      samplings of signal polarity.
PAR  The particular logic arrangements illustrated in FIG. 2 are of course
      examples of specific approaches to achieving the desired result. The
      circuitry can readily be redesigned within the framework of the inventive
      concept. It should also be noted with respect to FIG. 2 that, for the sake
      of clarity in portraying the operational characteristics, certain
      resetting and timing signals have been omitted. Such signals are used
      conventionally in logic systems and do not require protracted discussion
      herein. It is sufficient to note that all flip-flops and counters are
      reset prior to the start of a multiple sampling routine.
PAR  While we have described and illustrated specific embodiments of our
      invention, it will be clear that variations of the details of construction
      which are specifically illustrated and described may be resorted to
      without departing from the true spirit and scope of the invention as
      defined in the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a system wherein transmitted energy pulses are received at a known
      repetition rate and in the form of a sequence of multiple carrier
      frequency cycles and wherein the pulse envelope has a rise time which
      extends over a plurality of carrier frequency cycles, cycle selection
      apparatus for generating a reference pulse at the same repetition rate as
      the received pulses and located at the same reference point in time during
      each received pulse, said cycle selection apparatus comprising:
PA1  phase-adjustable means for generating said reference pulse at the same
      repetition rate as said received pulses;
PA1  signal modification means responsive to said received pulses for providing
      a derived signal which is co-phasal with the first n carrier cycles of
      each received pulse and phase-shifted with respect to subsequent carrier
      cycles in each received pulse, where n is a predetermined number and said
      reference point in time corresponds to the point at which the phase shift
      begins in said derived signal;
PA1  sampling means synchronized with said phase-adjustable means and operable
      for each reference pulse for sampling the polarity of said derived signal
      at least at times one quarter of a carrier cycle before and after said
      reference pulse;
PA1  decoding means responsive to the polarity samples taken by said sampling
      means for each reference pulse for determining whether said reference
      pulse is earlier or later than said reference point in time;
PA1  counter means responsive to said decoding means for registering an early
      count for each received pulse for which the corresponding reference pulse
      is determined to be earlier than said reference point in time and for
      registering a late count for each received pulse for which the
      corresponding reference pulse is determined to be later than said
      reference point in time;
PA1  difference detecting means operable after a specified number of said
      received pulses are received for determining the difference between early
      and late counts and providing an early indication if the registered early
      counts exceed the registered late counts by a predetermined amount and
      providing a late indication if the registered late counts exceeds the
      registered early count by a predetermined amount;
PA1  control means responsive to said early and late indications for controlling
      said phase-adjustable means to shift subsequently-generated reference
      pulses in time relative to said received pulse and in a sense determined
      by the early and late indications.
NUM  2.
PAR  2. The apparatus according to claim 1 wherein the phase-shifted carrier
      cycles in said derived signal are shifted by 180.degree. relative to the
      carrier cycles in said received pulses, and further comprising:
PA1  coarse adjustment means for initially positioning said reference pulse in
      time coincidence with any zero crossover having a predetermined slope
      polarity in the carrier signal in said received pulses; and
PA1  wherein said control means comprises means for shifting said reference
      pulse by one complete carrier cycle period in response to said early and
      late indications.
NUM  3.
PAR  3. The apparatus according to claim 1 wherein said sampling means
      comprises: timing synchronizer means for generating sampling gates
      three-quarters and one quarter of a carrier cycle before and after said
      reference pulse; and
PA1  sample and hold means for temporarily storing amplitude samples of said
      derived signal during each of said sampling gates.
NUM  4.
PAR  4. The apparatus according to claim 2 wherein said decoding means
      comprises:
PA1  a read-only storage device in which plural four-sample patterns are stored,
      each stored pattern corresponding to an early, late or centered condition
      in which said reference pulse is early, late or centered, respectively,
      relative to said reference point in time; and
PA1  means for comparing the four amplitude samples in said sample and hold
      means with respective samples in each of said stored four-sample patterns
      to determine whether the sample and hold pattern matches any of the stored
      patterns.
NUM  5.
PAR  5. The apparatus according to claim 4 wherein said counter means comprises:
PA1  first and second counters;
PA1  means responsive to said decoding means for incrementing said first counter
      each time the reference pulse is determined to be earlier than said
      reference point in time and for incrementing said second counter each time
      the reference pulse is determined to be later than said reference point in
      time.
NUM  6.
PAR  6. The apparatus according to claim 5 wherein said difference detecting
      means and said control means include:
PA1  means for generating clock pulses at a repetition rate greatly in excess of
      the repetition rate of said received pulses;
PA1  means operable after said specified number of received pulses are received
      for applying said clock pulses simultaneously to be counted by both said
      first and second counters;
PA1  spillover detection means for detecting when each of said first counter
      reaches maximum count;
PA1  difference counter means for counting the number of clock pulses counted
      between spillover times of said first and second counter, said difference
      counter means including threshold count detector means for providing a
      threshold signal if the count in said difference counter reaches a
      threshold count equal to said predetermined amount;
PA1  means responsive to said threshold signal for blocking further application
      of clock pulses to said first, second and difference counters and for
      generating a control pulse; and
PA1  means responsive to said control pulse to whichever one of said first and
      second counters has spilled over for generating a signal for controlling
      said phase-adjustable means shift subsequently-generated reference pulses
      by one carrier cycle in time.
NUM  7.
PAR  7. The apparatus according to claim 1 wherein said counter means comprises:
PA1  first and second counters;
PA1  means responsive to said decoding means for incrementing said first counter
      each time the reference pulse is determined to be earlier than said
      reference point in time and for incrementing said second counter each time
      the reference pulse is determined to be later than said reference point in
      time.
NUM  8.
PAR  8. The apparatus according to claim 7 wherein said difference detecting
      means and said control means include:
PA1  means for generating clock pulses at a repetition rate greatly in excess of
      the repetition rate of said received pulses;
PA1  means operable after said specified number of received pulses are received
      for applying said clock pulses simultaneously to be counted by both said
      first and second counters;
PA1  spillover detection means for detecting when each of said first counter
      reaches maximum count;
PA1  difference counter means for counting the number of clock pulses counted
      between spillover times of said first and second counter, said difference
      counter means including threshold count detector means for providing a
      threshold signal if the count in said difference counter reaches a
      threshold count equal to said predetermined amount;
PA1  means responsive to said threshold signal for blocking further application
      of clock pulses to said first, second and difference counters and for
      generating a control pulse; and
PA1  means responsive to said control pulse to whichever one of said first and
      second counters has spilled over for generating a signal for controlling
      said phase-adjustable means to shift subsequently-generated reference
      pulses by one carrier cycle in time.
NUM  9.
PAR  9. The apparatus according to claim 1 wherein said predetermined amount is
      on the order of 10 percent of n.
NUM  10.
PAR  10. The apparatus according to claim 9 wherein n is approximately 2000 and
      said predetermined amount is approximately 200.
NUM  11.
PAR  11. In a LORAN-C receiver wherein received pulses are envelope-derived to
      provide a derived signal in which the kth and subsequent carrier cycles
      are phase-reversed relative to carrier cycles in each received pulse, and
      including means for generating a tracking pulse and means for rendering
      said tracking pulse time coincident with any zero crossing having a
      predetermined slope polarity in the received pulse carrier, cycle
      selection apparatus for rendering said tracking pulse time coincident with
      the zero crossing between the k - 1 and kth carrier cycles of the received
      pulse, said cycle selection apparatus comprising:
PA1  means for sampling the polarity of said derived signal in a set of at least
      four samples at times corresponding to one-quarter and three-quarters of a
      carrier cycle before and after each of n tracking pulses, where n is a
      predetermined number;
PA1  decoding means responsive to each set of polarity samples taken during each
      tracking pulse repetition interval for providing early and late
      indications if the tracking gate is positioned earlier or later,
      respectively, than the zero crossover between the k - 1 and kth carrier
      cycles of the received pulse;
PA1  means for registering the difference between the number of early and late
      indications provided after n sets of samples; and
PA1  means responsive to said difference for shifting subsequent tracking pulses
      one carrier cycle later if the early indications exceed the late
      indications by more than a pre-established difference and for shifting
      subsequent tracking pulses one carrier cycle earlier if the late
      indications exceed the early indication by a pre-established difference.
NUM  12.
PAR  12. The apparatus according to claim 11 wherein said means for registering
      comprises:
PA1  first and second counters;
PA1  circuit means for incrementing said first counter in response to each early
      indication provided by said decoding means and for incrementing said
      second counter in response to each late indication provided by said
      decoding means;
PA1  interval count means for counting the number of sample sets taken by said
      means for sampling; and
PA1  difference means responsive to a sample set count of n at said interval
      count means for determining the difference between the counts in said
      first and second counters.
NUM  13.
PAR  13. The apparatus according to claim 12 wherein n is approximately 2000 and
      said pre-established difference is approximately 200.
NUM  14.
PAR  14. In a LORAN-C receiver wherein received pulses are envelope-derived to
      provide a derived signal in which the k + h and subsequent carrier cycles
      are phase-reversed relative to carrier cycles in each received pulse, and
      including means for generating a tracking pulse and means for rendering
      said tracking pulse time coincident with any zero crossing of
      predetermined slope polarity in the received pulse carrier, a method for
      rendering said tracking pulse time coincident with the zero crossing
      between the k - 1 and kth carrier cycle of the received pulse, said method
      comprising the steps of:
PA1  sampling the polarity of said derived signal at least at four times
      corresponding to one-quarter and three-quarters of a carrier cycle before
      and after each of n tracking pulses, where n is a predetermined number;
PA1  in response to each set of polarity samples taken for each tracking pulse,
      providing early and late indications if the tracking gate is positioned
      earlier or later, respectively, than the zero crossover between the (k -
      1)th and kth carrier cycles of the received pulse;
PA1  registering the difference between the number of early and late indications
      provided after n sets of samples; and
PA1  in response to said difference, shifting subsequent tracking pulses one
      carrier cycle later if the early indications exceed the late indications
      by more than a pre-established difference and for shifting subsequent
      tracking pulses one carrier cycle earlier if the late indications exceed
      the early indications by a pre-established difference.
NUM  15.
PAR  15. In a LORAN-C receiver, a method for locating and tracking with a
      tracking gate a particular zero crossover point in the carrier of a
      received LORAN-C pulse, said method being characterized by the steps of:
PA1  generating an envelope-derived signal from said received pulses wherein a
      carrier phase reversal is provided at said particular zero-crossover
      point;
PA1  repetitively sampling the same plurality of half cycles of said
      envelope-derived signal for multiple received LORAN-C pulses;
PA1  comparing said samples to pre-stored data to determine whether the tracking
      gate is earlier or later than said carrier phase reversal;
PA1  registering the difference between early and late determinations made
      during said multiple received pulses; and
PA1  re-positioning the tracking gate earlier or later in accordance with the
      size and sense of said difference.
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ABST
PAL  A recorder pen having a tube or cartridge with a closed chamber and an
      integrally formed sleeve for supporting a linear fiber nib in writing
      position therein. The chamber contains a dye solution impregnated fibrous
      material in engaging relationship with an angled end face on the nib. An
      end plug is forced into the open end of the tube or cartridge for sealing
      the chamber and for limited compacting of the fibrous material against the
      angled end of the nib. Integrally formed with the cartridge are a
      plurality of mating channel-shaped mounting members adapted to grip the
      arm of a recording instrument. Web means are formed across the opening of
      selected mounting members which web means are partially pierced by the arm
      end to accommodate narrower width arms. Ridges and lugs project into the
      opening through the channel-shaped members and between the channel-shaped
      members so as to engage the flat surface of the arm to accommodate for
      arms of thinner dimensions.
PARN
PAR  This is a continuation, of application Ser. No. 392,968 filed Aug. 30, 1973
      now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to disposable recorder pens and more
      particularly to recorder pens having long shelf life and long writing life
      as well as having novel means for attaching the pen to arms having a wide
      variety of lateral and thickness dimensions.
PAR  The existing disposable recorder pens have no way to adjust for use on arms
      having dimensions which vary from a standard size. There are some recorder
      pens of quite expensive and complicated construction which use special
      screws or provide adapters or inserts to adjust for variations from
      standard dimensions.
PAR  In addition, the majority of currently available recorder pens are of the
      metal container variety having a reservoir of liquid material which must
      be kept in a predetermined position in order to have capillary flow
      through the nib and in order to prevent the liquid from being
      inadvertently discharged from the pen. It is necessary to manually fill
      the chambers after cleaning the various components of the pen, thus adding
      cost to the maintenance of the instrument.
PAC  SUMMARY OF THE PRESENT INVENTION
PAR  A recorder pen is provided having a tube or cartridge with a closed chamber
      and a depending sleeve for supporting a linear fiber nib having an angled
      inner face projecting into the main portion of the chamber. Fibrous
      material impregnated with a dye solution is appropriately compacted into
      operative engagement with the angled face of the nib and is held sealed in
      the chamber by an end plug having sealing and retaining means between the
      plug and the chamber and having vent means on the inner face of the plug
      for venting the opposite sides of the chamber. A continuous capillary flow
      of fluid through the fibrous material and through the linear fibers of the
      nib provide a recorder pen that will operate in all positions of
      orientation of the cartridge and nib.
PAR  The tube or cartridge has at least an outer, an intermediate and an inner
      pair of mating channel-shaped mounting members formed integrally with one
      wall thereof. Selected pairs of said mounting members, for example, the
      inner and the outer pairs, have thin webs formed across the opening in
      each channel which webs are adapted to be selectively sheared by an arm
      end such that the unsheared portion serves to grip the side edges of the
      arm to retain the recorder pen on the arm end for use.
PAR  The wall of the tube or cartridge has ridges formed between the outer and
      the intermediate pairs of mounting members and has lugs formed between
      adjoinng pairs of mounting members, said ridges and lugs projecting into
      the open space between the wall of the cartridge and the supporting walls
      of the mounting members which ridges and lugs are adapted to engage with
      the flat surface of the arm end to retain the recorder pen on the arm end
      for use. The dimensions of the ridges and lugs are such as to accommodate
      for arms of varying degrees of thickness. A recorder instrument arm that
      is thinner or narrower than usual can be accommodated with this unique
      channel-shaped construction in that it will puncture through only that
      portion of the webs in the mounting means as is necessary to hold the arm
      from the side position and wherein the ridges and lugs engage with the
      upper surface of the arm to urge it into engaging relationship with the
      supporting walls of the mounting members. In this way, narrower and
      thinner arm ends can be provided for use with this recorder pen.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of my improved recorder pen in position on a
      recording instrument arm and oriented to write on a horizontally disposed
      chart;
PAR  FIG. 2a is a perspective view of a nib for use with the recorder pen of
      FIG. 1;
PAR  FIG. 2b is a perspective view of a modified form of nib for use with the
      recorder pen of FIG. 1;
PAR  FIG. 3 is an enlarged cross-sectional view taken along the lines 3--3 of
      FIG. 1;
PAR  FIG. 4 is a cross-sectional view taken along the lines 4--4 of FIG. 3 with
      a section of the middle of the instrument being eliminated for ease of
      illustration;
PAR  FIG. 5 is a cross-sectional view similar to FIG. 3 with the nib and fibrous
      materials removed and with the end plug spaced from its engaging position
      with the tube or cartridge;
PAR  FIG. 6 is an end view taken along the lines 6--6 of FIG. 5;
PAR  FIG. 7 is a bottom view of the tube or cartridge shown in FIG. 5 with
      portions of the channel-shaped mounting members and the end corner of the
      housing broken away and shown in cross-section; and,
PAR  FIG. 8 is a partial view similar to the left-hand portion of FIG. 7 with an
      arm end in position in the channels to illustrate the construction and
      operation of the webs in the channel member.
DETD
PAR  Referring to the drawings, and, in particular, FIGS. 1 through 4, a
      recorder pen 10 is shown in position on one end portion 11 of a recording
      arm 12. The arm 12 is shown broken away but is in reality attached to a
      recording instrument (not shown) of conventional design wherein continuous
      readings of the state of some condition is transmitted to the arm 12 and
      pen 10 for recording on a sheet or chart (not shown).
PAR  The recorder pen 10 is comprised of a cartridge or housing 18 which can be
      formed by molding, extruding or the like, a linear high density
      polyethylene plastic material and has a body portion 20 of a
      cross-sectional shape which is somewhat oval in configuration having a
      flat top wall 22, bottom wall 24 and rounded side walls 26 forming a
      chamber 27 therein. The one end of the body portion 20 of the cartridge or
      housing 18 is shown with an end wall 28 formed integrally therewith while
      the other end 30 of the body portion 20 is open and has restraining ledges
      32 formed in the side walls 26 and spaced axially in from the open end 30
      a predetermined amount. The tube or cartridge can be formed with either
      end closed or with both ends open as desired. A transversely disposed
      sleeve 34 is formed integrally with the tube or cartridge and projects
      downwardly from the bottom wall 24 near the closed end 28 of the
      cartridge. The sleeve 34 is shown with a circular outside configuration
      and with an axial opening 36 which is a truncated triangle in cross
      section.
PAR  A nib or writing tip 38, such as shown in FIGS. 2a and 2b, is formed of any
      material capable of acting in a continuous capillary system for conveying
      writing fluid to the point and onto a surface. It has been found
      preferable to use a linear fiber bonded polyester material for the nib or
      tip 38. The writing end 40 of the nib or tip is tapered to a point 41 for
      scribing a line on the recording chart. The opposite or inner end 42 of
      the nib or tip 38 is shown in FIG. 2a cut at an angle of approximately
      45.degree. to the longitudinal axis of the nib to form a planar face 44.
      The angle of cut can vary many degrees from the 45.degree. angle, however,
      since it is desired to have the maximum exposed surface and since the
      45.degree. angle of cut results in a maximum exposed surface, the
      45.degree. angle of cut is preferred. FIG. 2b illustrates a modified form
      of nib or tip with the inner end 42 of the nib or tip 38 being conically
      shaped at 46.
PAR  The nib or tip 38 with the angled face 44 facing away from end wall 28 and
      towards the major area of the chamber 27 is inserted into the opening 36
      in the sleeve 34 so that the remote edge of the face 44 touches or almost
      touches the opposite inner wall of the cartridge, as can be seen in FIG.
      4. Due to the truncated triangular opening 36 in the sleeve 34 and the
      circular outer surface of the nib 38, vent openings or passages 48 are
      provided at the three apexes of the triangle along the outer surface of
      the nib 38 to permit limited venting of the closed chamber 27 in the
      cartridge or housing 18.
PAR  An elongate wad or batting of saturable fibrous material 50 of circular and
      elongate configuration is compressed into a shape conforming with and
      slightly smaller than the shape of the chamber 27 whereupon the wad of
      fibrous material 50 is urged into the chamber until the inner end portions
      52 of the fibrous material engages with the face 44 of the nib 16. As the
      fibrous material 50 is forced into the chamber, the air in front of the
      fibrous material is vented to the atmosphere through the vents 46 in the
      sleeve 34 around the nib 38.
PAR  By appropriate means such as a filler probe, a dye solution such as ink is
      impregnated into the fibrous material until the fibrous material is
      substantially saturated with the solution. A shaped end plug 54, which has
      an elliptical cross section matching the cross section of the opening in
      the open end 30 of the cartridge or housing, has a top wall 56, a bottom
      wall 58, end walls 60 and a front wall 62, said front wall 62 being
      inserted first into said open end 30 of the cartridge. The front wall 62
      has a vent slot 64 formed from side-to-side along the long axis of the
      ellipse. A retaining bead 66 projects outwardly from around the outer
      surface of the plug 54.
PAR  The front wall 62 of the plug 54 is aligned with and forced into the open
      end 30 of the cartridge or housing and will compact and force the
      impregnated wad of fibrous material 50 forward in the chamber 27 so that
      the end portion 52 of the fibrous material will be forced around and
      slightly beyond the end portion 42 and angled face 44 of the nib 38. Only
      a limited amount of compacting of the fibrous material 50 is desired and
      this is accomplished by means of the edges of the front wall 62 of the
      plug 54 engaging with the restraining ledges 32 formed in the side walls
      26 of the chamber. The retaining bead 66 on the plug 54 is urged in
      deforming and nesting relationship into the walls of the cartridge or
      housing so as to seal the plug 54 with respect to the cartridge and
      thereby seal the dye impregnated fibrous material in the chamber. The slot
      64 in the front wall 62 of the plug 54 forms a vent passage between the
      opposite sides of the chamber to equalize the pressure between the sides
      of the chamber thereby preventing a pressure block from forming in the
      chamber. The plug 54 may be put in either end of the cartridge 18 or in
      both ends as desired.
PAR  Integrally formed with the bottom wall 24 of the tube or cartridge 18 are a
      plurality of pairs of spaced and mating channel-shaped arm mounting
      members 70-72, 80-82 and 90-92. The outermost pair of mounting members
      70-72 have depending walls 73, 74 and support walls 75, 76, respectively,
      with the depending walls 73, 74 spaced from each other and with the
      support walls 75, 76 spaced from the bottom wall 24 of the tube or
      cartridge 18 to form an opening therebetween. The facing edges of the
      support walls 75, 76 are spaced from each other an amount considerably
      less than the spacing between walls 73, 74. Webs 77, 78 are formed on the
      leading edges of the mounting members 70, 72 and extend between the
      support walls 75, 76 and bottom wall 24 and from the depending walls 73,
      74 to the facing edges of said support walls 75, 76 so as to obstruct the
      passageway through the opening in the channel-shaped mounting members 70,
      72. A ridge 79 is formed centrally between the pair of channel-shaped
      mounting members 70, 72 and projects down from the bottom wall 24 of the
      tube or cartridge or housing into the opening defined by the support walls
      75, 76 of the mounting members 70, 72 and the bottom wall 24 of the
      cartridge to limit the cross-sectional size of said opening.
PAR  The intermediate pair of channel-shaped mounting members 80, 82 have
      depending walls 83, 84 and support walls 85, 86 with the depending walls
      83, 84 being spaced from each other an amount substantially equal to the
      spacing of the depending walls 73, 74 of the previously described mounting
      members 70, 72 and with the support walls 85, 86 spaced from the bottom
      wall 24 of the cartridge an amount equal to the comparable spacing in
      mounting members 70, 72. A ridge 87 is formed centrally between the
      mounting members 80, 82 and projects from the bottom wall 24 of the
      cartridge into the opening defined by the support walls 85, 86 and the
      wall 24 of the cartridge to limit the cross-sectional size of said
      opening. The innermost pair of channel-shaped mounting members 90, 92 is
      formed substantially the same as the outermost pair 70, 72 and has a pair
      of depending walls 93, 94 with a pair of support walls 95, 96 spaced from
      the bottom wall 24 of the cartridge. Webs 97, 98 are formed on the leading
      edges of mounting members 90, 92 and between the support walls 93, 94 and
      the bottom wall 24 and extend from the depending walls 93, 94 to the edges
      of the support walls 93, 94 so as to obstruct the passageway through the
      opening in the channel-shaped mounting members 90, 92.
PAR  Between the outer pair of mounting members 70, 72 and the intermediate pair
      of mounting members 80, 82, a lug 88 is formed on the bottom wall 24 of
      the cartridge 18 centrally with respect to the openings in the respective
      mounting members in such a way as to restrict the opening between the
      bottom wall 24 of the cartridge and the support walls 75, 76, 85, 886 of
      the mounting members 70, 72, 80, 82. Similarly, between the intermediate
      mounting members 80, 82 and the inner mounting members 90, 92, a similar
      lug 99 is formed on the bottom wall 24 of the cartridge and projects into
      the opening between the support walls 85, 86, 95, 96 of the mounting
      members 80, 82, 90, 92 to restrict the opening between the bottom wall 24
      of the cartridge and the support walls of the mounting members.
PAR  When the end of the arm of a recording instrument is to be assembled with
      the recording pen, the inner pair of channel-shaped mounting members 90,
      92 is aligned with the end 11 and the arm 12 and is moved longitudinally
      along the axis of the arm with the arm passing from mounting member to
      mounting member until it engages with the sleeve 34. Depending upon the
      width of the end of the arm, the snugness of the fit between the mounting
      members and the arm will vary. That is, the end of the arm 12 will pierce
      the webs 97, 98 in the inner mounting members 90, 92 and the webs 77, 78
      in the outer mounting members 70, 72 by an amount sufficient to be equal
      to the width of the arm so that the remaining unpierced portion of the
      webs will engage the edges of the arm to hold the pen firmly and centrally
      positioned on the arm. After the arm passes the inner mounting members 90,
      92, the top surface of the arm will engage lug 99 and as it passes through
      the opening in mounting members 80, 82 and 70, 72, the top surface will
      engage and depress ridge 87, lug 88 and ridge 79. The effect of depressing
      lugs 99, 88 and ridges 79, 87 is to urge the arm end against the support
      walls 85, 86, 95, 96 to hold the pen firmly in place on the arm. The
      thickness of the arm end can vary from relatively thin to relatively thick
      so that as it is pushed from the inner through the intermediate and outer
      channel-shaped mounting members, the ridges and the lugs between the
      channel-shaped mounting members will grip the top surface of the arm no
      matter how thick or thin is the material of the arm to urge it into
      engagement with the support wall of the channel-shaped members and thereby
      properly orient the point of the recording instrument with respect to the
      arm.
PAR  Due to the webs, the ridges and the lugs, it is possible to use arms on
      recording instruments that vary in width and thickness substantially from
      standard sizes, that is, arms that are narrower or thinner than normally
      specified can be used and the recording pen can be assembled therewith
      with complete accuracy.
PAR  Heretofore, it was necessary, in order to adjust for off standard sized
      arms, to have thumb screw adaptors and/or mounting arrangements whereby
      any thickness or width variations could be provided for by an appropriate
      adjustment. With such a construction, it was virtually impossible to
      provide recorder pens that could be disposable due to the high cost of the
      unit. However, with the present invention, it is possible to have a
      readily disposable, inexpensive recorder pen that can be used on a
      multiplicity of arm ends even though the arm ends vary considerably from
      normal as far as width and thickness dimensions are concerned.
CLMS
STM  I claim:
NUM  1.
PAR  1. In a recorder pen for a recording instrument comprising a tube having a
      chamber, means for maintaining a supply of fluid in said chamber and a
      writing nib carried by the tube in communication with said fluid in
      combination with mounting means carried by said tube and having support
      walls spaced from said tube to provide an arm entering opening
      therebetween, said mounting means having web means extending into the
      opening between said tube and said support walls, whereby an arm end
      deflects a portion of said web means for securing said pen onto said arm.
NUM  2.
PAR  2. A recorder pen as claimed in claim 1 wherein ridge means are provided on
      said tube and spaced from said support walls, said ridge means projecting
      into said opening between the tube and support walls to restrict the
      height of said opening whereby the arm end in said opening will be urged
      into contact with said support walls on said mounting means.
NUM  3.
PAR  3. A recorder pen as claimed in claim 2 wherein said mounting means
      comprises inner, intermediate and outer pairs of mounting members, and
      said web means being formed on the inner and outer mounting members.
NUM  4.
PAR  4. A replaceable recorder pen for a recording instrument comprising a tube
      having a chamber, means for maintaining a supply of fluid in said chamber,
      a writing nib carried by the tube in communication with said fluid,
      mounting means carried by said tube and having support walls spaced from
      said tube to provide an arm entering opening therebetween, and web means
      carried by the mounting means and extending into the opening between said
      tube and said support walls, said web means engaging with and gripping the
      opposite sides of an arm end whereby the web means adapts itself to
      variations in arm dimensions.
NUM  5.
PAR  5. A recorder pen as claimed in claim 4 wherein ridge means are provided on
      said tube and spaced from said support walls, said ridge means projecting
      into said opening between the tube and support walls to restrict the
      height of said opening whereby the arm end in said opening will be urged
      into contact with said support walls on said mounting means.
NUM  6.
PAR  6. In a recorder pen for a recording instrument comprising a tube having a
      closed chamber, means for maintaining a supply of fluid in said chamber
      and a writing nib carried by the tube in communication with said fluid in
      combination with mounting means carried by said tube and having support
      walls spaced from said tube to provide an arm entering opening
      therebetween, said mounting means having web means bridging the opening
      between said tube and said support walls, whereby an arm end pierces a
      portion of said web means for securing said pen onto said arm.
NUM  7.
PAR  7. A recorder pen as claimed in claim 6 wherein ridge means are provided on
      said tube and spaced from said support walls, said ridge means projecting
      into said opening between the tube and support walls to restrict the
      height of said openings whereby the arm end in said opening will be urged
      into contact with said support walls on said mounting means.
NUM  8.
PAR  8. A recorder pen as claimed in claim 7 wherein said mounting means
      comprises inner, intermediate and outer pairs of mounting members, and
      said web means being formed on the inner and outer mounting members.
NUM  9.
PAR  9. A recorder pen as claimed in claim 8 wherein said ridge means are formed
      between the mounting members of both the outer and the intermediate pairs
      of mounting members.
NUM  10.
PAR  10. A recorder pen as claimed in claim 9 wherein lug means are formed on
      the tube and project into the open space between the outer and the
      intermediate pairs of mounting members and between the intermediate and
      the inner pairs of mounting members so as to restrict the height of the
      opening between the support walls of the outer, intermediate and inner
      mounting members and the lug means.
NUM  11.
PAR  11. A recorder pen for a recording instrument comprising a tube having a
      chamber closed at one end, a writing nib carried by the tube and having a
      passageway therethrough communicating with the inside of said chamber, a
      fibrous means impregnated with fluid nested in said chamber with one end
      in intimate contact with said nib, plug means in the open end of said tube
      for closing said chamber and for compacting said fibrous means, and
      mounting means carried by said tube for securing said pen on an arm, said
      mounting means comprising at least two spaced apart pairs of mounting
      members each pair of mounting members having a pair of support walls
      spaced from each other and from said tube to provide an arm entering
      opening between said support walls and said tube, at least one of said
      mounting members having web means bridging the openings between said tube
      and said support walls, and ridge means on said tube projecting into said
      openings between said support walls and said tube to restrict the height
      of said openings whereby an arm end pierces a portion of said web means
      and is urged by said ridge means into contact with said support walls to
      hold said pen onto said arm.
NUM  12.
PAR  12. A recorder pen as claimed in claim 1 wherein three pairs of mounting
      members are provided and wherein said web means are formed on the inner
      and the outermost pairs of mounting members.
NUM  13.
PAR  13. A recorder pen as claimed in claim 12 wherein said ridge means are
      provided in the inner and intermediate pairs of mounting members.
NUM  14.
PAR  14. A recorder pen as claimed in claim 13 wherein lug means are formed on
      the tube and project into the open space between the outer and the
      intermediate pairs of mounting members and between the intermediate and
      the inner pairs of mounting members so as to restrict the height of the
      opening between the support walls of the outer, intermediate and inner
      mounting members and the lug means.
NUM  15.
PAR  15. A recorder pen for a recording instrument comprising a tube having a
      chamber closed at one end, a writing nib carried by the tube and having a
      passageway therethrough communicating with the inside of said chamber, a
      fibrous means impregnated with fluid nested in said chamber with one end
      in intimate contact with said nib, plug means in the open end of said tube
      for closing said chamber, and mounting means carried by said tube for
      securing said pen on an arm, said mounting means comprising at least two
      spaced apart pairs of mounting members each pair of mounting members
      having a pair of support walls spaced from each other and from said tube
      to provide an arm entering opening between said support walls and said
      tube, at least one mounting member having web means extending into the
      opening between the tube and the support wall, and ridge means on said
      tube projecting into said opening between said support walls and said tube
      to restrict the height of said openings whereby an arm end will pierce a
      portion of said web means and is urged by said ridge means into contact
      with said support walls to hold said pen onto said arm.
NUM  16.
PAR  16. A recorder pen for a recording instrument comprising a tube having a
      chamber closed on one end, a linear fiber writing nib carried by the tube
      in communication with the inside of said chamber, a writing fluid
      impregnated fibrous means is nested in said chamber, plug means embedded
      in the open end of said chamber for closing said chamber and for
      compacting said fibrous means against the end of said nib inside said
      chamber, ledge means in said chamber for limiting the inward movement of
      said plug means to restrict the amount of compacting of said fibrous
      means, mounting means carried by said tube for securing said pen on an
      arm, said mounting means comprising at least two longitudinally spaced
      apart pairs of mounting members having support walls spaced from said tube
      to provide arm entering openings therebetween, at least one of said
      mounting members having web means bridging the opening between said tube
      and the support wall of said mounting member, and ridge means on said tube
      and spaced from said support walls of one of said pairs of mounting
      members, said ridge means projecting into said opening between the tube
      and support walls to restrict the height of said openings, whereby an arm
      end pierces a portion of said web means and is urged by said ridge means
      into contact with said support walls on said mounting members to hold said
      pen onto said arm.
NUM  17.
PAR  17. A recorder pen as claimed in claim 16 wherein lug means are formed on
      said tube between said pairs of support members to limit the height of the
      openings between the support walls and the tube and to assist the ridge
      means in urging the arm against the support walls.
NUM  18.
PAR  18. A recorder pen for a recording instrument comprising a tube having a
      chamber closed on one end, a linear fiber writing nib carried by the tube
      in communication with the inside of said chamber, a writing fluid
      impregnated fibrous means nested in said chamber, plug means embedded in
      the open end of said chamber for closing said chamber and for compacting
      said fibrous means against the end of said nib inside said chamber, ledge
      means in said chamber for limiting the inward movement of said plug means
      to restrict the amount of compacting of said fibrous means, mounting means
      carried by said tube for securing said pen on an arm, said mounting means
      comprising at least two longitudinally spaced apart pairs of mounting
      members having support walls spaced from said tube to provide arm entering
      openings therebetween, at least one of said mounting members having web
      means in the opening between said tube and the support wall of said
      mounting member, and ridge means on said tube and spaced from said support
      walls of one of said pairs of mounting members, said ridge means
      projecting into said opening between the tube and support walls to
      restrict the height of said openings, whereby an arm end deflects a
      portion of said web means and is urged by said ridge means into contact
      with said support walls on said mounting members to hold said pen onto
      said arm.
NUM  19.
PAR  19. A recorder pen for a recording instrument comprising a tube having a
      closed chamber, means for maintaining a supply of fluid in said chamber, a
      writing nib carried by the tube and communicating with the fluid in said
      chamber, and mounting means carried by said tube for securing said pen on
      an arm, said mounting means comprising three longitudinally spaced apart
      pairs of mounting members, each mounting member having a side wall and a
      support wall, said support walls of each pair of mounting members being
      spaced from each other and from said tube to provide an arm entering
      opening therebetween, each mounting member of the inner and outermost
      pairs of mounting members having web means bridging the opening between
      said tube, the side wall and the support wall of said mounting member,
      ridge means formed on said tube between the side walls of the outer and
      intermediate mounting members and projecting into said opening between
      said tube and the support walls to restrict the height of said openings,
      and lug means formed on said tube between the respective pairs of mounting
      members and projecting away from said tube to restrict the clearance
      between said tube and the support walls of said pairs of mounting members
      whereby an arm end pierces a portion of said web means and is urged by
      said ridge means and lug means into contact with said support walls to
      hold said pen onto said arm regardless of the width or thickness of said
      arm.
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ABST
PAL  An apparatus for producing identification cards including a photograph of a
      person and written material by using electrostatic and transfer printing
      techniques. A photoreceptor comprising a layer of photoconductive material
      on a conductive supporter is charged and is exposed to an optical image of
      a person to form an electrostatic latent image of the person on the
      photoconductive material layer. An identification card material comprising
      a layer of dielectric material on a conductive supporter is placed on top
      of the photoreceptor to transfer print the electrostatic latent image from
      the photoreceptor to the identification card material. Toner particles are
      then supplied to the dielectric material layer of the identification card
      material to develop the electrostatic latent image thereon into a visible
      image. Written matter may then be entered on the identification card
      material, and the identification card material may be protected by
      lamination.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The invention is in the field of devices for producing identification cards
      such as credit cards, bank I.D. cards, student and employee I.D. cards,
      and the like.
PAR  Two general types of identification cards are now in use. One type includes
      only printed written or otherwise marked information, and the other type
      includes, in addition, a photograph of the card user. The type including a
      photograph is generally preferable because it facilitates a more positive
      identification of the person authorized to use the card.
PAR  One prior art method of making identification cards including a photograph
      involves making a conventional photograph which is then pasted or
      otherwise secured to the identification card. Thereafter, it is common to
      apply an embossed seal to the photograph and to the card to which it is
      affixed, and to laminate the card in a plastic sheet. It can be
      appreciated that several distinct operations are involved and that they
      are time consuming. Additionally, it can be appreciated that the
      conventional photograph, which relies on a silver salt photographic print
      involves relatively complex preparation and is subject to fading. It is
      therefore desirable to provide apparatus for producing efficiently and
      inexpensively identification cards which include an image of the person or
      persons authorized to use the card.
PAC  SUMMARY OF THE INVENTION
PAR  The invention relates to devices for making identification cards such as
      credit cards, student and employee cards and the like, which include an
      image of the person or persons authorized to use the card.
PAR  An object of the invention is to provide devices for making such
      identificatin cards in a simple, efficient, and inexpensive manner. This
      and other objects of the invention are carried out in an apparatus which
      uses electrophotographic and transfer printing techniques.
PAR  The present invention includes charging a photoreceptor and exposing it to
      an optical image of a person or persons to thereby form an electrostatic
      latent image thereof on the photoreceptor. A card material comprising a
      dielectric material layer on a conductive supporter is pressed against the
      photoreceptor carrying the latent image to thereby transfer the latent
      image from the photoreceptor onto the card material by transfer printing.
      The transferred latent image on the card material is then developed into a
      visible image with toner particles. The card may be protected by
      lamination.
PAR  Prior to transfer-printing, written or otherwise marked information may be
      entered on the card material, and the same card material is then used for
      transfer-printing thereon the latent image from the photoreceptor. The
      card material may be stiff and relatively thick so that the identification
      card made of such material may be durable and convenient to carry.
PAR  Because the card material is stiff and fixed at the start, it is
      unnecessary to apply a backing material to the card after it is ready for
      lamination. The device embodying the invention includes various ingenious
      arrangements for smoothly handling the stiff and relatively thick starting
      card material.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a sectional view of an identification card produced by the
      apparatus according to the invention.
PAR  FIGS. 2 through 9 are schematic views referred to in explaining the major
      functional steps involved in producing an identification card by the
      invented device.
PAR  FIG. 10 is a perspective view of an identification card producing device
      comprising one embodiment of the invention.
PAR  FIG. 11 is a plan view showing the internal structure of the device shown
      in FIG. 10.
PAR  FIG. 12 is a schematic view showing the internal structure of the device of
      FIG. 10 as seen from below.
PAR  FIG. 13 is a schematic view showing the construction of a card material
      passage near a card material inserting port of the device of FIG. 10.
PAR  FIG. 14 is a plan view showing a charging device, a screen and a projection
      lens in relation to a photoreceptor forming a part of the device of FIG.
      10.
PAR  FIG. 15 is a perspective view of a screen ruled with fine cross lines to
      form a mesh thereon which is used in the device of FIG. 10.
PAR  FIG. 16 is a sectional view of the screen of FIG. 15.
PAR  FIGS. 17 through 19 are sectional views showing the charging device and the
      screen in relation to the photoreceptor of FIGS. 14, 15, and 16.
PAR  FIG. 20 is a schematic view showing the photoreceptor in a photographing
      position and in a transfer-printing position.
PAR  FIG. 21 is a side view of a return means for positioning a card material.
PAR  FIGS. 22 and 23 are plan views showing the manner in which a card material
      is grounded.
PAR  FIG. 24 is a sectional view of a card material and a knife used in
      conjunction therewith.
PAR  FIGS. 25 through 27 are sectional views of a transfer printing device and
      illustrate a transfer printing step.
PAR  FIG. 28 is a schematic view showing the range of movement of a
      transfer-printing roller used in the transfer-printing device of FIGS. 25
      through 27.
PAR  FIG. 29 is a perspective view of the transfer-printing roller showing its
      construction.
PAR  FIGS. 30 and 31 are perspective views showing the manner in which the
      photoreceptor is mounted on a backing plate.
PAR  FIGS. 32 through 39 are side views showing means for stretching the
      photoreceptor when it is mounted on the backing plate.
PAR  FIG. 40 is a sectional view of a developing device for a card material.
PAR  FIGS. 41 through 47 are schematic views showing various parts of the
      developing device of FIG. 40.
PAR  FIG. 48 is a sectional view of a modification of the developing device
      according to the invention.
PAR  FIG. 49 is a circuit diagram showing control means for the apparatus of
      FIG. 10.
DETD
PAC  DETAILED DESCRIPTION
PAR  An identification card prepared in accordance with the subject invention is
      illustrated in FIG. 1 and comprises a supporter 1, a conductive material
      layer 2 deposited over the supporter 1, and a dielectric layer 3 deposited
      over the conductive material layer 2. A toner image 4, which may be the
      photographic image of a person, is on the dielectric layer 3, and markings
      5, which may be printed or handwritten matter, stamps and the like are
      also on the dielectric layer 3. A transparent protective layer 6 is
      deposited over the dielectric layer 3 to protect the toner image 4 and the
      markings 5 thereon.
PAR  The supporter 1 may be a relatively thick sheet of paper or of a synthetic
      resinous material and its stiffness may be further increased by applying a
      backing material to it. The conductive material layer 2 may be deposited
      on the supporter 1 by vapor deposition of aluminum in vacuum, or by other
      suitable means. The dielectric material layer 3 may be of a material such
      as an acrylic resin, methacrylic resin, vinyl chloride or the like, and
      may be deposited on the conductive material layer 2 by the use of a
      binder. The dielectric material layer 3 may be formed by using a binder
      including a photoconductive material, such as zinc oxide, polyvinyl
      carbazol or the like. If a sheet of a suitable metal or of rubber is used
      as the supporter 1, the conductive material layer 2 may be eliminated. The
      toner image 4 may be formed by first forming an electrostatic latent image
      of a person and then developing the latent image such as by powedered
      toner particles. The markings 5 may be entered by printing, stamping or
      handwriting or by any other suitable means. The transparent material layer
      may be formed by applying a film of vinyl chloride or other synthetic
      resinous material, or by applying a solution of a synthetic resinous
      material used as a laminating material, or by immersing the card in such
      solution.
PAR  It is noted that an identification card of the type described above does
      not rely on silver salt photography and can therefore be produced without
      the cumbersome steps involved in producing a photographic print. Further,
      the prior art need to paste a silver salt photographic print onto an
      identification card, to affix a seal to the card material or to make
      another type of an impression on the photographic print and an the card
      material is eliminated, because the entry of markings necessary for
      identifying the card user may be made directly on the surface of the
      photographic image either by handwriting, printing, stamping, or the like.
PAR  Still further, the toner image formed in accordance with the invention is
      not subject to fading. The toner image formed on an identification card in
      accordance with the invention has a sufficient range of half tones, and it
      is neither too sharp in contrast or too poor in contrast as sometimes
      happens with ordinary photographic images. The toner image is of high
      quality and is effective to identify the card user.
PAR  The invention may be explained in a simplified manner by reference to the
      seven basic steps discussed in connection with FIGS. 2 through 9. These
      steps are as follows:
PAR  Step 1 (FIG. 2). A photoreceptor 23 comprises a photoconductive material
      layer 22 deposited on a supporter 21 which is electrically conductive. The
      supporter 21 may be made of material such as aluminum, copper or other
      electrically conductive materials, and the photoconductive material layer
      22 may be vapor deposited in vacuum and may comprise materials such as
      selenium, zinc oxide, poly-N-vinyl carbazol or other photoconductive
      materials. The photoconductive material layer 22 is uniformly charged
      throughout its entire surface by a corona discharge produced by a charger
      C having a wire electrode C2 connected to a high voltage power source C1
      and moved in the direction of an arrow a.
PAR  A high bias voltage of a polarity consistent with the charge
      characteristics of the photoconductive material layer 22 is impressed on
      the wire electrode C2 in order to suitably charge the layer 22. For
      example, if the layer 22 comprises selenium, the bias voltage would be
      positive. A bias voltage of the opposite polarity is impressed on the
      supporter 21, or the supporter 21 may be grounded as shown. The supporter
      21 may be backed or framed by a suitable insulating plate (not shown).
PAR  Step 2 (FIG. 3). A screen 24 is disposed immediately adjacent the
      photoconductive material layer 22 after the layer 22 is uniformly charged
      throughout its entire surface. The screen 24 may be a fine mesh screen of
      a material such as insulated synthetic resinous material sheet formed with
      a plurality of very small openings by a process such as photo-etching.
      Alternately, the screen 24 may be a glass sheet ruled with a fine grid of
      cross lines. The purpose of the screen 24 is to produce a mesh point
      effect in the image which is projected onto the photoconductive material
      layer 22 in the next step 3. The size of the opening of the mesh screen 24
      is selected to produce dots which are beyond the resolving power of the
      human eye at a normal reading distance.
PAR  Step 3 (FIG. 4). The photoconductive material layer 22 is exposed to an
      optical image of a person 26 through a projection lens 25. The fine mesh
      screen 24 is between the photoconductive layer 22 and the projection lens
      25. A diaphragm 27 is opened for a suitable period, such as 1/30th of a
      second. The sensitivity of the photoconductive material layer 22 may be
      increased by using a coloring matter or other sensitivity increasing
      agent. The spacing between the fine mesh screen 24 and the photoconductive
      material layer 22 is selected such that the screen mesh can be
      photographed on the surface of the photoconductive material layer 22 by
      the projection lens 25. It should be clear that a photographic latent
      image on the layer 23 may be formed by photographing either a person 26,
      or a photograph or another image thereof, or by photographing another
      object.
PAR  Step 4 (FIG. 5). After a latent image is formed on the layer 23 in step 4,
      a sheet of card material 28 is brought in contact with the photoreceptor
      23 such that the dielectric material layer 29 of the card material 28
      faces the latent image bearing photoconductive material layer 22 of the
      photoreceptor 23. The photoelectric latent image is transferred to the
      dielectric material layer 29 of the card material 28 by transfer printing.
      The card material 28 is identical with the card material discussed in
      connection with FIG. 1, except that it does not have the transparent layer
      6 or the markings 5 or the toner image 4 of the card material shown in
      FIG. 1. Transfer printing of the type shown in FIG. 5 can be carried out
      by pressing the photoreceptor 23 and the card material 28 against each
      other with sufficient force, such as by a suitable roller arrangement. The
      conductive material layer 31 of the card material 28 may be electrically
      grounded, or a bias voltage of a suitable polarity and level may be
      impressed on the conductive material layer 31, as is conventional in
      transfer-printing.
PAR  Step 5 (FIGS. 6 and 7). After step 4, the card material 28 bears an
      electrostatic latent image. The purpose of step 5 is to develop this
      latent image into a visible image. This may be done by suitable developing
      means such as the means illustrated schematically in FIG. 6 where the card
      material 28 is conveyed by suitable conveyor means (not shown) in the
      direction of an arrow b and the dielectric material layer 29 thereof is
      brought in contact with the periphery of a developing roller 34 which is
      partly immersed in a developing liquid 33 in a container 32. The
      developing roller 34 may be a conductive metallic roller made of materials
      such as copper or aluminum, or may be a conductive rubber roller. The
      developing liquid 33 includes fine toner particles which are supplied to
      the electrostatic latent image to convert it into a visible toner image
      35. Any other suitable device for developing electrostatic latent images
      may be used. The toner contained in the developing agent may comprise fine
      powder of carbon black or other pigment treated with a resin.
PAR  Step 6 (FIG. 8). Markings such as the signature and identification number,
      and other particulars of the card user may be entered on the same surface
      of the card material 28 which bears the developed visible image 35. The
      markings may be entered by handwriting, typing, printing, stamping or the
      like.
PAR  Step 7 (FIG. 9). A transparent protective film 6a is laminated onto the
      surface of the card material 28 which bears the visible image and the
      markings. The lamination is carried out with the help of laminating
      rollers 36a and 36b in a conventional manner. After lamination, the
      identification card according to the invention is ready for use. It should
      be clear that instead of laminating, the card material may be protected by
      other suitable means, such as by synthetic resinous material in liquid
      form applied to the card material surface, or the card material may be
      impregnated with such liquid.
PAR  The seven steps discussed above are only a brief and simplified explanation
      of some of the major steps involved in practicing the invention. A
      specific device embodying the invention is described below.
PAR  Referring to FIG. 10, an identification card producing device according to
      the invention comprises a casing 41 which has a front side with a taking
      lens 42 and a finder objective window 43. The top side of the casing 41
      has a finder window 44, a push-button 45 for a main off-on switch SW1 and
      a push-button 46 for a shutter release switch SW2. The push-button 45 has
      a built-in lamp L1 to indicate that the device is on, and the push-button
      46 has a built-in lamp L2 to indicate that the shutter release is operable
      as subsequently described in connection with FIG. 49.
PAR  Referring to FIG. 10 again, a cutout 48 is formed in the upper portion of
      the card material feed port 47 at the left side of the device 41. A card
      material 49 (see FIG. 11) may be inserted in the port 47 and is pushed
      rightwardly to a position in which its trailing end is substantially
      aligned with an innermost edge 48a of the cutout 48 (FIG. 11). The card
      material 49 is identical with the card material 28 discussed above.
PAR  Referring to FIG. 13, support plates 51 and 55 are disposed inwardly of the
      card material feed port 47 of the casing 41. The support plate 51 has a
      support bar 50 mounted on one marginal portion thereof to define a guide
      recess 51a, and the support plate 55 has a cutout 52 and a support bar 54
      to define an outer guide recess 55a. The two guide plates 51 and 55 are
      disposed such that the card material 49 inserted through the port 47 moves
      in the direction of an arrow c with the side margins of the card material
      49 received within the guide recesses 51a and 55a. The vertical dimension
      of the guide recesses 51a and 55a is such that the card material 49 can be
      maintained in a horizontal position as the card moves in the direction of
      the arrow c. Referring still to FIG. 13, a positioning member 56 is
      disposed at the right forward side of the card material feed port 47. The
      positioning member 56 has an inwardly inclined edge 56a to guide the right
      front shoulder 49a of the card material 49 as it is inserted into the port
      47. The positioning member 56 is secured to one end of a bar 57 which has
      slots 57a and 57b and is slidably supported on the support 51 by a pin 58
      extending from the support plate 51 and loosely received in the slot 58a.
      A screw 59 is threaded into the support plate 51 and is loosely received
      in the slot 57b of the bar 58. The bar 57 has at its right-hand end an
      upwardly bent portion 57c, and a spring 60 connects the upwardly bent
      portion 57c and the pin 58 to urge the bar 57 leftwardly.
PAR  When the card material 49 is inserted through the port 47 into the casing
      1, the right front shoulder 49a thereof pushes the positioning member 56
      out of the card material passage against the biasing force of the spring
      60. As the card material 49 is pushed further into the casing 60, the left
      edge of the positioning member 56 is maintained in engagement with the
      right-hand side of the card material 49. However, when the trailing end of
      the card material 49 has passed through this portion of the passage, the
      positioning member 56 is moved leftwardly by the spring 60, such that its
      left-hand portion 56b is again disposed in the passage of the card
      material (FIG. 11).
PAR  The positioning member 56 has a major edge 56c which engages the trailing
      end of the card material 49 to correctly position the card material when
      it is pushed backwardly by a card material push-back pawl 61 after it has
      been pushed in to the casing 41. This position of the card material 49 is
      shown in FIG. 11. As described in detail below, the position of the card
      material 49 shown in FIG. 11 is the transfer printing position in which
      the card material 49 and a photoreceptor 62 (FIG. 12) are pressed against
      each other so that an electrostatic latent image which is at this time on
      the photoreceptor 62 is transferred onto the card material 49. The
      photoreceptor 62 is identical in construction with the photoreceptor 23
      discussed in connection with FIGS. 2 through 5.
PAR  The photoreceptor 62, and several ways of mounting the photoreceptor 62
      onto a backing plate 63 (which corresponds to the backing plate 21 of
      FIGS. 2 through 5) are shown in detail in FIGS. 30 through 39.
PAR  Referring to FIGS. 30 and 31, the photoreceptor 62 is shown as a relatively
      thin sheet and the backing plate 63 is shown as a relatively thick plate
      having a U-shaped groove 63a at its back edge. The photoreceptor 62 is
      sufficiently long so that its front and back ends can fold over the front
      and back ends respectively of the backing plate 63.
PAR  The photoreceptor 62 is used to form thereon an electrostatic latent image
      and then to transfer this electrostatic latent image onto the card
      material 49 by transfer printing. A transfer printing operation of this
      type is illustrated schematically in FIG. 32, and it can be seen that it
      is desirable that the photoreceptor 62 be tightly stretched over the
      backing plate 63 in order to avoid distortions of the transferred image.
      As seen in FIG. 32, if the top portion of the photoreceptor 62 is not
      properly tensioned over the backing plate 63, wrinkles and other
      distortions may form as a transfer printing roller 69 is moved in the
      indicated direction.
PAR  Several suitable arrangements for tensioning the photoreceptor 62 over the
      backing plate 63 are shown in FIGS. 31 and 33 through 39. Referring to
      FIG. 31, a pair of mounting members 64 and 65 are secured to the sides of
      the backing plate 63 which flank the groove 63a. A round bar 66 is
      inserted in the groove 63a, over the folded end of the photoreceptor 62,
      and screws 67 and 68 are inserted through suitable openings in the round
      bar 66 and are threaded into suitable threaded openings 64a and 65a
      respectively of the mountinig members 64 and 65 to fasten the round bar 66
      to the backing plate 63 and to thereby tension the photoreceptor 62.
PAR  Referring to FIG. 33, the photoreceptor 62 may be secured to the backing
      plate 63 by suitable screws fastening the folded over ends of the
      photoreceptor 62 to the underside of the backing plate 63. Alternately,
      the folded over ends of the photoreceptor 62 may be adhesively bonded to
      the underside of the backing plate 63. When the photoreceptor 62 is
      secured to the backing plate 63 as shown in FIG. 33, the photoreceptor 62
      may be tensioned by a keep bar 71 disposed as shown in FIG. 34. The
      function of the keep bar 71 is similar to that of the round bar 66 shown
      in FIG. 31. An alternate way of tensioning the photoreceptor 62 is shown
      in FIGS. 35 and 36 and involves the use of a resilient stopper plate 72
      having stopper ends 72a and 72b. The stopper plate 72 is attached to the
      underside of the backing plate 63 and the end stoppers 72a and 72b thereof
      are inserted in grooves 63a and 63b respectively of the backing plate 63
      over the folded ends of the photoreceptor 62. An alternate type of a
      stopper plate is shown in FIGS. 37 and 38 where a stopper plate 73 has a
      single stopper end 73a which cooperates with a groove 63a in the backing
      plate 63.
PAR  A still alternate manner of tensioning the photoreceptor 62 over the
      backing plate 63 is illustrated in FIG. 39 and involves the use of a
      stopper plate 63 having offset portions 76a and 76b at its front and back
      ends respectively. After the front and back ends of the photoreceptor 62
      are secured to the front and back sides of the backing plate 63
      respectively by suitable screws or otherwise, keep bars 77 and 78 are
      placed on the offset portions 76a and 76b respectively, over the front and
      back ends of the photoreceptor 62 respectively, and are fastened to the
      backing plate 63 by suitable screws 79 and 80 to tension the photoreceptor
      62.
PAR  Referring to FIG. 12, a photoreceptor 62 mounted on a backing plate 63 in
      one of the several possible ways discussed above is mounted on a
      photoreceptor support plate 81. The plate 81 has arms 81a and 81b that are
      loosely supported by a shaft 82 disposed on the right side of the card
      material passage and parallel thereto, so that the photoreceptor 62 is
      maintained in the photographic position shown in FIG. 12.
PAR  Arm means 83 are disposed to the right of the arm 81b and are firmly
      secured to the shaft 82 at a tubular portion 84 thereof. The arm means 83
      are bent substantially in the middle so that the front end 83a thereof may
      be disposed beneath the arm 81b. A coil spring 85 urges the arm 81b toward
      a pressing engagement with the forward end 83a of the arm means 83.
PAR  The shaft 82 is rotatably supported by fixed supporters 86 and 87, and a
      cam 88 having an arcuate major diameter portion 88a is secured to a
      portion of the shaft 82, on the side of the supporter 87, by a boss 89
      thereof which is fitted over the shaft 82. The shaft 82 is urged to rotate
      in the direction of the arrow e by the biasing force of a coil spring 90.
PAR  The supporter 81 is maintained in engagement with a plate shaped stopper 91
      as the shaft 82 tends to rotate in the direction of the arrow e under the
      biasing force of the spring 90. The stopper 91 is positioned by a
      positioning member 91a so that the photoreceptor 62 can be correctly
      positioned at its photographing position relative to the taking lens 42.
PAR  Two rails 93 and 94 are parallel to each other and to the surface of the
      photoreceptor 62 and are disposed in front of and below the photoreceptor
      62. The rails 93 and 94 have bosses 95a, 95b, 96a, and 96b which are
      fitted over two charging device support bars 95 and 96 respectively to
      thereby mount the bars 95 and 96 slidably on the rails 93 and 94
      respectively.
PAR  The rails 93 and 94 of FIG. 12 support a charging device 97 which is
      illustrated in FIG. 14. Referring to FIG. 14, the charging device 97
      includes a frame 98 affixed to the charging device support bars 95 and 96
      and including wire electrodes 99 and 100 separated from each other by a
      partition 98a. A high bias voltage of a suitable polarity is impressed on
      the wire electrodes 99 and 100 by a suitable high voltage source Ch (FIG.
      49) in the course of the charging step described below.
PAR  Referring back to FIG. 12, the charging device support bar 96 has at its
      center a projection 96c supporting one end of a wire 102 which is wound on
      a pulley 101. The pulley 101 is adapted to be connected through a gear
      103, affixed to a shaft 101a, to a drive mechanism 104 connected to a
      motor M1 (FIG. 49). Referring to FIG. 49, upon the energization of a
      solenoid SOL1 after the shutter release SW2 is closed and a charging
      initiation command is issued, the gear 103 and the pulley 101 are
      connected to the drive mechanism 104 to start rotating in the direction of
      an arrow f.
PAR  Referring to FIG. 12, the charging device 97 is originally at its initial
      position leftwardly of the photographing position shown in the figure
      while in the initial position, the charging device support bar 95 keeps a
      switch SW3 in a depressed position. As the pulley 101 starts rotating in
      the direction of the arrow f, the charging device 97 is pulled by the wire
      102 and passes by the front of the photoreceptor 62. At the same time, the
      switch SW3 is released from the depressed position and actuates the high
      voltage source Ch (FIG. 49), which impresses a suitable voltage on the
      wire electrodes 99 and 100 to thereby charge the entire surface of the
      photoconductive material layer of the photoreceptor 62 by a corona
      discharge. The motion of the charging device 97 is illustrated in FIG. 14.
PAR  Referring back to FIG. 12, a pin 98b is secured to the underside of the
      frame 98 of the charging device 97. A lever 105 has a front end which is
      disposed to the right of the pin 98b and is pivotally supported at its
      base by a shaft 106. The lever 105 is normally urged by the biasing force
      of a spring 107 to move clockwise. A shutter charging arm 109a is integral
      with a ring 109 mounted on a tube 108 of the projection lens 42. The arm
      109a is disposed to the right of the base of the lever 105. The ring 109
      has a pressing arm 109b designed to engage a set lever 110 for a shutter
      (not shown). When the charging device 97 moves from its initial position
      as described below, the shutter charging arm 109a is pushed and moved
      through the pin 98d and the lever 105. This rotates the ring 109 in the
      direction of the shown arrow such that the pressing arm 109b  engages the
      projection 110a of the set lever 110 to thereby charge the shutter. It
      should be clear that other suitable shutter charging means may be
      employed. For example, a shutter of the type that is normally set may be
      employed and may be charged by a suitable motor actuated upon a suitable
      operation command.
PAR  A command to energize the solenoid SOL1 to move the charging device 97 from
      its initial position and to actuate the high voltage source Ch to start a
      corona discharge may be issued by a switch SW0 disposed below the passage
      of the card material 49 and having an actuator 92 adapted to be depressed
      by the card material 49 as it moves along its passage after being inserted
      in the card feed port 47 (FIG. 10). The switch SW0 may be disposed at any
      other suitable position, and may be replaced by suitable card material
      sensing means (not shown) using a photoelectric transducer element or the
      like. Alternately, the solenoid SOL1 may be actuated in response to the
      closing of the main switch SW1.
PAR  Referring to FIG. 12 again, the charging device support bar 95 extends to
      the right and has a bent end portion 95c adapted to depress a projection
      11a formed in a plate shaped actuator 111 of a double throw switch SW4-1,2
      when the charging device 97 moves from its initial position. The actuator
      111 has slots 111d and 111c which receive support shafts 112 and 113
      respectively for moving the actuator 111 in sliding motion in the same
      direction as the end portion 95c of the support bar 95. The actuator 111
      is urged by the biasing force of a spring 114 to move away from the double
      throw switch SW4-1,2. When the bent end portion 95c of the support bar 95
      depresses the projection 111a, the actuator 111 moves toward the double
      throw switch SW4-1,2 against the biasing force of a spring 114 to depress
      the switch SW4-1,2.
PAR  The double throw switch SW4-1,2 includes a switch SW4-1 whose function is
      to deenergize the solenoid SOL1 which actuates the gear 103 and the pulley
      101. Thus, when the switch SW4-1 is closed, the charging device 97 starts
      returning to its initial position. When a lock lever 115 is brought into
      engagement with a cutout 111d formed in the actuator 111, the actuator 111
      is locked in a position for holding the double throw switch SW4-1,2 in its
      depressed position. It should be understood that the double throw switch
      SW4-1,2 may be held in its depressed position by a self-holding circuit
      using a suitable relay (not shown), and that the charging device 97 may be
      returned to its initial position by eliminating the switch SW4-1 and using
      a timer (not shown) which is adapted to deenergize the solenoid SOL1 after
      a predetermined time delay following closing of the main switch SW1. The
      lock lever 115 is pivotally supported by a shaft 115b and is urged by the
      biasing force of a spring 115c to move into engagement with the cutout
      111d formed in the actuator 111 as described above.
PAR  Referring to the left-hand portion of FIG. 12, a projection 105a extends
      upwardly from the central portion of the arm 105. A member 116 is loosely
      mounted on a shaft 118 that is loosely received through an end portion of
      an arm 117. The member 116 extends in the path of the pivotal movement of
      the projection 105. Referring to FIG. 21 for a clearer illustation, the
      shaft 118 is rotatably supported by a fixed supporter 119 and has thereon
      a spring 120 which is also secured to the member 116 and the arm 117. The
      member 116 has a portion 116a adapted to be engaged by the arm 117 to
      permit the arm 117 to act as a single unit with the member 116. The arm
      117 is pivotally connected at its other end to a lower portion of a
      connector 121 that pivotally supports at its upper portion a push-back
      pawl 61 for pushing back the hard material 49 at the appropriate time. The
      pawl 61 is pivotally supported at its base through a shaft 125 by a
      supporter 124 affixed to the underside of a support plate 51.
PAR  When the arm 105 moves in the direction of an arrow g, in association with
      the movement of the charging device 97 from its initial position, the
      member 116 is pressed in the same direction by the projection 105 in the
      terminating stage of the movement of the arm 105. When pressed, the member
      116 moves clockwise about the shaft 118, and the arm 117 also moves with
      the member 116 as a unit by virtue of the biasing force of a spring 120.
      The movement of the arm 117 is transmitted through the connector 121 to
      the pawl 61 which is moved from its position shown in solid line in FIG.
      21 to the position shown in its dash and dot line in the same figure. The
      pawl 61 pushes th card material 49 backwardly and moves it until it
      engages the edge 56c of the positioning member 56. The force with which
      the arm 105 pushes the member 116 after the pawl 61 has pushed the card
      material 49 backwardly is absorbed by the spring 120.
PAR  When the charging device 97 begins to return to its initial position, the
      arm 105 is also restored to its original position, thereby releasing the
      member 116 from the pressure applied thereto. When a member 116 is
      released, the member 116, the arm 117, the connector 121 and the pawl 61
      are all restored to their original positions by the biasing force of a
      spring 126 mounted between the portion 116a of the member 116 and a fixed
      member 125. When the solenoid SOL1 is deenergized and the gear 103 and the
      pulley 101 are rendered inoperative, the charging device 97 is pulled back
      to its initial position through the pin 98b and the arm 105 by the biasing
      force of the spring 107 mounted on the arm 105. At the same time the
      support bar 95 depresses the switch SW2, so that the charging voltage is
      no longer present.
PAR  Referring back to FIG. 12, a screen support arm 128 is secured at its base
      to an upper end portion of a shaft 127 which is rotatably disposed to the
      left of the photoreceptor 62 which is at its photographing position.
      Secured to the support arm 128 is a screen 130 formed with a mesh 129
      (FIGS. 15 and 16). The screen 130 is supported by a downwardly bent front
      end portion 128a of the arm 128 and by a stay 131 (FIG. 12). The screen
      130 is identical in construction with the screen 24 discussed in
      connection with FIGS. 3 and 4 and has a margin defining frame 132 made of
      an electrically conducting material such as metal foil. In FIG. 12, an arm
      137 having a pin 133 secured to its front end portion is pivotally
      supported at its base by the lower end portion of a shaft 127. A lock
      member 135 is secured to the shaft 127 and is disposed below the arm 134.
      Mounted on the shaft 127 and disposed between the lock 135 and the arm 134
      is a spring 136 which urges the arm 134 to move in the counterclockwise
      direction in FIG. 11 and to cause the pin 133 to engage one end of a lever
      137 from the right in FIG. 11. The lever 137 is pivotally supported by a
      shaft 138 and is loosely connected at the other end through a shaft 138 to
      a connector 140 that is in turn pivotally connected to an actuator 139 of
      a solenoid SOL2.
PAR  The actuator 139 of the solenoid SOL2 is in an extended position when the
      solenoid is deenergized. When the actuator 139 is in this extended
      position, a connector 140 depresses a switch SW5 as shown in FIG. 12. When
      the switch SW4-2 which forms a part of the double throw switch SW4-1,2 is
      depressed, and the switch SW3 is depressed by the charging device 97
      restored to its initial position, a command to energize the solenoid SOL2
      is issued and the actuator 139 is withdrawn into the solenoid. This causes
      the lever 137 to move clockwise in FIG. 11, with the arm 134 pivotting and
      the shaft 127 rotating in slaved relation to the lever 137 under the
      biasing force of a spring 136.
PAR  The rotation of the shaft 127 moves the screen support arm 128 and the
      screen 130 in the direction of an arrow h shown in FIG. 14, so that the
      margin defining frame 132 is brought into engagement with the margins of
      the photoreceptor 62 which has just been charged. When the solenoid SOL2
      is energized, the switch SW5 is opened. Opening of the switch SW5 does not
      affect any of the elements shown in the figure.
PAR  After the procedure described above, the photoreceptor 62 is charged, as
      shown in FIG. 17, by the charging device 97. When the margin defining
      frame 132 is brought into engagement with the photoreceptor 62, as shown
      in FIG. 18, an optimum spacing is maintained between the photoreceptor 62
      and the screen 130. Because of the frame 132, the charge carried by the
      margin of the photoreceptor 62 is removed, as shown in FIG. 19, to thereby
      prevent adhesion of toner particles to the marginal area of the
      photoreceptor 62 and to prevent such toner particules from smearing or
      otherwise detracting from the appearance of the identification card
      produced later. The margin defining frame 132 of the screen 130 may be
      electrically grounded by suitable means, or a suitable bias voltage can be
      impressed on it. Alternately, the electrical charge on the margin of the
      photoreceptor 62 may be removed by increasing the electrical capacity of
      the margin defining frame 132.
PAR  Referring back to FIG. 12, when the screen 130 is pressed against the
      photoreceptor 62 that is at the photographing position shown in solid
      lines in the figure, an optical image of a person or of an object may be
      projected onto the photoreceptor 62 through the lens 42. A command to
      release the shutter of the lens 42 is issued, and at the same time a
      strobe light STL (FIG. 49) is actuated to illuminate the picture or object
      which is being projected. The optical image formed by the lens 42 is
      projected onto the photoreceptor 62 through the screen 130, as shown more
      clearly in FIG. 20. The optical image projected onto the photoreceptor 62
      forms an electrostatic latent image thereon. The shutter release switch
      SW2 may be depressed after the indicating light L2 has been turned on.
      Prior to shutter release, the casing 41 is correctly positioned vertically
      by adjusting threaded legs 142 connected to the underside of the casing
      41; focusing and trimming are checked through the window 44.
PAR  Referring to FIG. 12, the solenoid SOL2 is deenergized when a
      deenergization command is issued upon completion of the shutter release.
      This moves the actuator 139 to its extended position to thereby return the
      screen support arm 128 and the screen 130 to their original positions
      through the connector 140, lever 137, arm and shaft 127. The switch SW5 is
      depressed again. The drive mechanism 104 which provides the driving power
      for the operations described above includes a gear 143 meshing with the
      gear 103 and substantially integral with the pulley 101 for pulling the
      charging device 97 by a wire 102. A worm gear 145 meshes with a gear 144
      which is affixed to an end of the shaft 82 which is journalled on the
      support 87 and mounts the photoreceptor support plate 81. The shafts 146
      and 147 to which the gear 143 and the worm gear 145 are affixed are
      rotatably supported by supporters 149 and 150 affixed to a pivotal bar
      148. Secured to the shafts 146 and 147 are gears 151 and 152 respectively
      which mesh with a normally rotating prime worm gear 153. The pivotal bar
      148 is pivotally supported by a shaft 154 for the worm gear 153, and the
      range of pivotal movement of the bar 148 is defined by a fixed pin 155
      received in a slot 148a formed in the bar 148.
PAR  A pin 156 is secured to a lower end portion of the pivotal bar 148 and is
      in engagement with a fork 157a of a selector 157. The selector 157 is
      supported by a shaft 158 rotatably supported by a fixed member (not shown)
      and includes arms 157b and 157c extending symmetrically therefrom to the
      right and to the left and connected through springs 159 and 160 to the
      solenoid SOL1 and to another solenoid SOL3 respectively.
PAR  When both solenoids SOL1 and SOL3 are deenergized, they pull on the
      selector 157 with equal force, and therefore the pivotal bar 148 is placed
      by the selector 157 in a neutral position. In this neutral position of the
      bar 148, the gear 143 and the worm gear 145 are away from the gear 103 and
      the gear 144 respectively. Assuming that the solenoid SOL1 is energized
      upon receipt of a command to begin charging, the pivotal lever 148 is
      pushed by the selector 157 and moves counterclockwise about the shaft 154
      to bring the gear 143 into meshing engagement with the gear 103. At this
      time, the pivotal bar 148 depresses with its lower portion a switch SW6
      disposed to the right of the bar 148. The function of the switch SW6 is
      described below.
PAR  The solenoid SOL1 is deenergized when the double throw switch SW4-1,2 is
      depressed by the movement of the charging device 97 from its initial
      position to thereby release the gear 143 from engagement with the gear
      103.
PAR  After an electrostatic latent image is formed on the photoreceptor 62, the
      solenoid SOL3 is energized, and the pivotal bar 148 moves clockwise about
      the shaft 154 to bring the worm gear 145 into meshing engagement with the
      gear 144. This transmits the driving force of the prime worm gear 153 to
      the shaft 82 and rotates that shaft in the direction of the arrow d in
      FIG. 12 and simultaneously charges the coil spring 90. The rotation of the
      shaft 82 moves the arm means 83 in the same direction, and the support
      plate 81 for the photoreceptor 62 meanwhile moves in slaved relation
      because of the biasing force of a spring 85 to thereby move the
      photoreceptor 62 from the photographing position shown in solid lines in
      FIG. 12 to a transfer printing position.
PAR  The transfer printing position of the photoreceptor 62 is shown in dash and
      dot lines 62a in FIG. 20. In its tranfer-printing position, the
      photoreceptor 62 is in pressing engagement with the dielectric material
      layer of the card material 49 in order to transfer the electrostatic
      latent image from the photoreceptor 62 onto the card material 49.
PAR  Referring back to FIG. 12, the cam 88 is rotated angularly through an angle
      of a little over 90.degree. by the shaft 82, and a front end 161a of a
      connector 161, which engages the arcuate major diameter portion 88a of the
      cam 88, is released from that engagement and is brought into engagement
      with one end of a minor diameter portion 88b of the same cam 88. The
      connector 161 is slidably supported by fixed shafts 162 and 163 extending
      through slots 161b and 161c respectively, and has at its back end a bent
      portion 161d maintained in engagement with an actuator 164 of a switch SW7
      to depress that switch.
PAR  The connector 161 shifts in the direction of an arrow i in FIG. 12 when its
      front end 161a engages one end of the minor diameter portion 88b of the
      cam 88. This causes the actuator 164 to open the switch SW7, thereby
      deenergizing the solenoid SOL3. At the same time, a drive shaft 166 of a
      drive mechanism 165 for driving the transfer-printing roller 69 is driven
      to cause the shaft 66 to rotate in the direction of an arrow j in FIG. 12.
      When the solenoid SOL3 is deenergized, the driving force exerted by the
      drive mechanism 104 on the shaft 82 is removed, and the shaft 82 tends to
      rotate in a direction opposite that of the arrow d because of the biasing
      force of the coil spring 90. However, rotation of the shaft 82 at this
      time is precluded by the front end 161a of the connector 161 which engages
      the shoulder of the major diameter portion 88a of the cam 88 which is
      contiguous with one end of the minor diameter portion 88b of the same cam.
      Thus, the photoreceptor 62 is maintained in pressing engagement with the
      card material 49.
PAR  For the transfer-printing operation, it is important that the conductive
      material layer 31 of the card material 49 be electrically grounded or
      connected to a suitable reference potential. This operation is described
      by reference to FIGS. 12, 22, and 24. Referring to FIG. 12 an eccentric
      cam 167 is affixed to an end portion of the shaft 82 on the supporter 86
      side thereof. The cam 167 is adapted to push and move a bent edge 168a of
      a ground connector 168 when the shaft 82 rotates angularly through and
      angle of slightly over 90.degree.. The connector 168 is supported for
      movement toward and away from the card material 49 by fixed shafts 169 and
      170 which are received in slots 168b and 168c respectively formed in the
      connector 168. Referring to FIG. 22, the connector 168 is disposed in a
      position in which it is away from the card material 49 because of the
      biasing force of a spring 171 mounted on the connector 168 when the bent
      edge 168a is not pushed by the cam 167. A knife 172 is affixed to the
      connector 168. When the bent edge 168a is pushed and moved by the cam 167,
      the knife 172 moves through the cutout 52 in the support plate 55 toward a
      side edge of the card material 49 and cuts into that side edge as shown in
      FIGS. 23 and 24 to thereby electrically ground the conductive material
      layer 31, and to fix the position of the card material 49. It should be
      clear that the conductive material layer 31 may be connected to a suitable
      reference potential instead of being grounded.
PAR  The transfer printing operation is carried out with the help of the
      transfer-printing roller 69 which is rotatably supported, as shown in FIG.
      12, by legs 173a and 173b of a stay 173. Referring to FIG. 25 for greater
      clarity, each of the legs 173a and 173b (only 163b is shown) has a slot
      173e whose upper end is tilted in the direction of movement of the
      transfer-printing roller 69. The roller 69 is supported by a shaft 69a
      which in turn is loosely received in the slots 173e of the stay 173 and is
      urged downwardly by the biasing force of a spring 173f.
PAR  The transfer-printing roller 69 is driven by a mechanism 165 which includes
      a stay 173 fixed to the underside of a carrier 174 that has legs 174a,
      174b, 174c and 174c slidably supported on parallel rails 175 and 176.
      Disposed near the legs 174b and 174d are arms 174e and 174f which
      pivotally support pawls 177 and 178 respectively through shafts 179 and
      180. Springs 181 and 182 are mounted on the shafts 179 and 180 and also
      between the arms 174e, 174f and pawls 177, 180 respectively to urge the
      pawls 177 and 178 to their open position. The pawls 177 and 178 are
      maintained in their open positions by bent portions 177a and 178a thereof
      which abut the arms 174e and 174f respectively.
PAR  Referring to FIG. 25, the upper surface of the carrier 174 includes a
      projection 183 positioned against one end 184a of a pressing lever 184.
      Connected to the back end of the carrier 174 is a spring 185 which urges
      the carrier 174 rightwardly. As a result, the projection 183 abuts the
      front end of the lever 184, and in this state the carrier 174 depresses a
      switch SW8 whose operation is described below.
PAR  Referring back to FIG. 12, the pressing lever 184 is pivotally supported by
      a shaft 186 and has at the underside of its other portion a pin 187 that
      engages a minimum diameter portion of a gradually increasing diameter cam
      188 affixed to the drive shaft 166 to which is also affixed a disc 190
      having a pin 189 and formed with a cutout 190a. When the shaft 166 is not
      rotating, an actuator 191 of a switch SW9 is in engagement with the cutout
      190a and the switch is open.
PAR  When the switch SW7 is opened and the shaft 166 begins to rotate in the
      direction of the arrow j, the pressing lever 184 is gradually pushed out
      by the cam 188 to move the carrier 174 in the direction of an arrow k
      (FIG. 25) against the biasing force of a spring 185. This makes the
      transfer printing roller 69 move in slaved relationship to roll over the
      card material 49. At the same time, the switch SW8 is opened.
PAR  Referring to FIG. 25, the transfer printing roller 69 starts from its
      initial position shown in the figure and moves in the direction of the
      arrow k in rolling motion while it is pressed downwardly by the biasing
      spring 173f. The dielectric material layer 29 of the card material 49 is
      maintained in intimate contact with the photoconductive material layer of
      the photoreceptor 62 at this time.
PAR  In order to ensure good quality of the electrostatic latent image
      transferred to the card material 49, the card material 49 is stripped away
      from the photoreceptor 62 as the roller 69 is moved. This is explained in
      connection with FIGS. 25 through 27 which show a resilient plate member
      192 that has a base affixed to the back of the support plate 81 for the
      photoreceptor 62 and a free end adapted to be positioned against the
      leading right portion of the card material 49 when the photoreceptor 62 is
      placed at its transfer-printing position.
PAR  When the transfer-printing roller 69 is in its initial position shown in
      FIG. 25, the free end of the plate member 192 is flexed down. However,
      when the transfer-printing roller starts moving in the direction of the
      arrow k, the card material 49 starts being stripped and moved upwardly
      under the action of the resilient plate member 192, as shown in FIGS. 26
      and 27.
PAR  After the roller 69 has moved all the way to the left to carry out the
      transfer-printing operation, the pressing lever 184 which pushes and moves
      the pin 183 on the carrier 174 is pushed out and brought into engagement
      with a maximum diameter portion of the cam 188 and is rapidly brought into
      engagement with the minimum dimension portion of the same came 188 so as
      to start moving the carrier 174 back to its starting position under the
      biasing force of the spring 185. By the time the pressing lever 184 is
      pushed out by the maximum diameter portion of the cam 188, the
      transfer-printing roller 69 is at the position shown in FIG. 27 in which
      the transfer-printing of the latent image is finished. At this time the
      pawls 177 and 178 are in engagement with the trailing edge of the card
      material 49 after sliding leftwardly on its surface. Thus, when the
      carrier 174 starts moving rightwardly to its initial position, the pawls
      177 and 178 move the card material 49 forwardly (to the right in FIGS. 25
      through 27). At this time, the knife 172 disengages the card material 49.
      The range of movement of the transfer-printing roller 69 is defined by the
      longitudinal dimension D1 of the latent image while its transverse
      dimension is defined by an optimal pressing width D2 (FIGS. 29 and 8) of
      the roller 69.
PAR  When pushed out by the maximum diameter portion of the cam 188, the
      pressing lever 184 engages the release lever 196 which in turns moves the
      lock lever 115 away from the actuator 111 of the double throw switch
      SW4-1,2. The actuator 111 is thus allowed to be moved away from the switch
      by the biasing spring 114 to thereby open the switch SW4-1,2.
PAR  The disc 190 rotates while depressing the actuator 191 of a switch SW9. The
      pin 189 of the disc 190 engages the lever 193 at the terminating stages of
      rotation of the disc 190 and pushes that lever 193. The lever 193 has a
      fork 193a engaging a pin 195 of the connector 161. Thus, the lever 193
      moves the connector 161 in a direction opposite that of the arrow i. This
      depresses the switch SW7 again, and the front end 161a of the connector
      161 is released from the cam 88. The switch SW9 serves to continue to
      maintain the drive shaft 166 operative after the switch SW7 is depressed
      again. Thus, it is when the actuator 191 of the switch SW9 is brought into
      engagement with the cutout 190a of the disc 190 that the drive shaft 166
      stops rotating. At this time the lever 184 has been brought into
      engagement with the minimum diameter portion of the cam 188 and the
      transfer-printing roller 69 has been returned to its initial position. The
      double throw switch SW4-1,2 has just been opened.
PAR  When the front end 161a of the connector 161 is released from the cam 88,
      the shaft 82 is also freed. As a result, the support plate 81 of the
      photoreceptor 62 is restored to its original position by the action of the
      spring 90, and the shaft 82 returns to its original position to thereby
      restore cams 88 and 167 to their original positions. The grounding
      connector 168 releases the knife 172 from the card material 49 and
      restores the knife 172 to its original position. The release of the knife
      172 from the card material 49 takes place slightly earlier than the start
      of the return movement of the carrier 174, so that the card material 49
      can be moved out by the pawls 177 and 178.
PAR  Residual charge from the photoreceptor 66 is removed by a lamp L3 which is
      on when the double throw switch SW4-1,2 is open to illuminate the
      photoreceptor 62 when it is in the photographing position.
PAR  It should be clear that the solenoid SOL1 and SOL3 and the pivotal bar 148
      of the drive mechanism 104 discussed above may be replaced by a
      combination of a wrapping connection device and a clutch.
PAR  After the operations described above are completed, the card material 49
      bears an electrostatic latent image, and it is moved forwardly by the
      pawls 177 and 178. The card material 49 is passed through a guide plate
      198 and a pair of rollers 199 (FIG. 25) and is fed to a developing device
      200 (shown in FIG. 40) for developing of the electrostatic latent image
      thereon.
PAR  Referring to FIG. 44 for an explanation of the developing operation, the
      card material 49, with the electrostatic latent image thereon facing
      downwardly, if fed forwardly in the direction of the arrow m by the
      rollers 199. A container 201 contains a developing agent comprising fine
      particles of a pigment, such as carbon black treated with a resin in a
      carrier liquid of high electrical resistance, such as petroleum. A
      developing roller 203 is made of the same material as the developing
      roller 34 discussed in connection with FIG. 6 and has flanges 203a and
      203b (shown in FIG. 47) so that its peripheral surface has a width
      slightly greater than the transverse dimension of the latent image on the
      card material 49 but is less than the transferse dimension of the card
      material 49. In order to provide a sufficient quantity of developing agent
      202, the developing roller 203 rotates in the direction of an arrow l at a
      rate greater than the rate at which the card material 49 is conveyed. The
      bottom of the developing roller 203 is immersed in the developing agent
      202. The height S of the flanges 203a and 203b is such that the developing
      surface of the roller 203 and the portion of the card material 49 which
      bears the latent image are spaced apart from each other to preclude
      degrading the image on the card material 49. Such degrading would occur by
      streaking and otherwise if the developing roller contacted the latent
      image portion of the card material 49 and if the relative speeds between
      the two contacting surfaces were different. It has been found that the
      optimum value of the distance S (FIG. 47) is in the range from about 0.2
      mm to 1 mm. The distance L (FIG. 47) between the opposite ends of the
      roller 203 is slightly smaller than the width D3 of the card material 49
      so as to prevent developing agent from reaching the top surface of the
      card material 49. The developing roller 203 is supported by a shaft 204
      which is in turn rotatably supported by suitable means and is adapted to
      be rotated continuously.
PAR  Referring back to FIG. 40, a hold-down roller 205 is to the left of the
      developing roller 203 and above the path of the card material 49. A
      hold-down roller 206 consisting of two roller elements and a squeezing
      roller 207 press against each other and are disposed to the right of the
      developing roller 203 and rotate in the indicated directions. The roller
      206 is supported by a shaft 206a which is in turn rotatably supported by
      an arm 208. The arm 208 is supported by a shaft 209 and is bent at one of
      its ends to form a bent edge 208b. This bent edge 208b has an opening 208a
      that loosely receives a screw 211 threadably connected to a fixed plate
      210. The screw 211 has a spring 212 which urges the arm 208 downwardly
      through a washer 213. An adjusting screw 214 is threaded into the bent
      edge 208b so that its front end abuts the plate 210. By turning the
      adjusting screw 214, it is possible to adjust the gap G between the two
      rollers 206 and 207 (FIGS. 11 and 45).
PAR  Referring to FIG. 40, the circumferential surface of the squeezing roller
      207 is made of a hard material such as a metal, and a cleaner 215 made of
      a material such as felt is maintained in pressing engagement with the
      roller 207. The cleaner 215 is supported on a frame 216 affixed to an arm
      217 which is loosely mounted on the shaft 209. A spring 219 mounted on the
      shaft 209 engages at one of its end a fixed pin 218 and urges by its other
      end the cleaner 215 in pressing engagement with the roller 207.
PAR  A hold-down roller 220 and a blotter roller 221 are maintained in pressing
      engagement and rotate in the indicated directions to feed the card
      material 49 to the right in FIG. 40. The dimensions of the blotter roller
      221 are such that its circumference is equal to the length of the card
      material 49 (i.e., the circumference of the roller 221 of FIG. 40 is equal
      to the length D4 of the card material 49 shown in FIG. 43).
PAR  When the card material 49 is conveyed with its image bearing surface facing
      downwardly by the pair of conveyor rollers 199 in the direction of the
      arrow m in FIG. 40, the card material 49 moves while being held down by
      the hold-down roller 206, and its leading end is brought into engagement
      with the periphery of the developing roller 203. Developing agent 202 is
      supplied to the image bearing surface of the card material 49 by the
      developing roller 203. After the developing roller 203, the leading end of
      the card material 49 is nipped by the rollers 206 and 207 and is moved
      toward the rollers 220 and 221. The dimensions of the developing roller
      203 are such that its circumference is slightly greater than the
      longitudinal dimension D4 of the card material 49. The distance between
      the top of the developing roller 203 and the point of contact between the
      hold-down roller 220 and the blotter roller 221 is slightly smaller than
      the longitudinal dimension D4 of the card material 49.
PAR  When the card material 49 is at the position designated 49a in FIG. 40,
      i.e., the position at which the leading edge of the card material 49 is
      nipped by the rollers 220 and 221, the trailing end of the card material
      49 is released from engagement with the hold-down roller 205. The gap
      between the rollers 206 and 207 is at a position which is higher than the
      gap between the rollers 220 and 221, such that the leading end of the card
      49 which is between the rollers 220 and 221 is lower than the rest of the
      card material 49. Referring to FIG. 42a, the leading end of the card
      material 49 which is between the rollers 220 and 221 is lower than the
      portion of the card material 49 that is between the rollers 206 and 207 by
      a distance D.H, and the card is inclined, with its leading end downwardly,
      by an angle .theta.. The distance D.H is preferably 1 mm to 10 mm.
PAR  When the card material 49 is at the position 49A, it moves along an
      inclined path in which the leading edge of the card material 49 is lower
      than its trailing end, and the trailing end is released from engagement
      with the developing roller 203 as shown in FIG. 42a. This is effective to
      prevent the staining of the underside of the card material 49 by
      developing agent thrown over the trailing edge of the card material 49,
      i.e., the situation illustrated in FIG. 41 is prevented so that the upper
      side of the card material 49 remains free of smears.
PAR  The electrostatic latent image on the card material 49 is developed into a
      visible toner image by the developing agent supplied by the roller 203,
      and the card is then ejected from the casing 41 by a pair of discharge
      rollers 222.
PAR  The hold-down roller 206 shown in FIG. 40 may alternately comprise two
      roller elements axially spaced from each other. This alternate embodiment
      of the hold-down roller 206 is shown in FIG. 45 and comprises the two
      rollers 206 axially spaced from each other and supported by a common shaft
      206a. The spacing between the rollers 206 may be as shown in FIG. 45, or
      it may be as shown in FIG. 46 where the rollers 206 are axially outwardly
      of the axially opposite ends of the roller 207.
PAR  The developing roller 203 shown in FIG. 42 rotates in the direction of an
      arrow n which is opposite to the direction of the arrow l shown in FIG.
      40, while the card material 49 in FIG. 42b moves in the direction of the
      arrow m as in the case of the card material 49 of FIG. 40. Because the
      developing roller 203 and the card material 49 move in opposite directions
      in FIG. 42, the relative speed between the two becomes high and the
      angular speed of the developing roller of FIG. 42 can be reduced to
      substantially less than the anglular speed of the developing roller shown
      in FIG. 42a. However, since the card material 49 receives a supply of the
      developing agent at its leading end, the top surface of this leading end
      portion of the card material 49 in FIG. 42b may be stained with developing
      agent. This can be precluded by rollers arranged in the manner shown in
      FIG. 42b where the card material 49 is fed and flexed in the indicated
      manner. In FIG. 42b, the relative heights of the circumferential surfaces
      of the shown rollers 241, 239, 203 and 207 are such that the leading end
      of the card material 49 is spaced from the developing roller 203 as the
      card material 49 is fed to the right in FIG. 42b. Then, the leading end of
      the card material 49 is moved downwardly by the roller 206, while the
      trailing end of the card material 49 is released by the hold-down roller
      240, such that the card material 49 moves to the position shown in broken
      lines in the figure, in which position the image bearing portion of the
      card material 49 is against the developing roller 203, and the image can
      be developed into a visible image. With the relative positions of the
      rollers 240, 241, 238, 239, 203, 206 and 207 as shown in FIG. 42b,
      staining of the backside (top side) of the card material 49 is prevented
      and only the latent image is developed into a visible image.
PAR  The electrostatic latent image on the card material 49 may be developed by
      developing agents other than the wet developing agent discussed above.
      FIG. 48 shows a developing device using a dry developing agent and
      comprising a container 223 storing a quantity of dry developing agent 224
      consisting of a toner and iron powder or other ferromagnetic carrier, and
      a cylinder 225 made of aluminum or other nonmagnetic material and immersed
      partly in the developing agent 224. Built in the cylinder 225 are a
      plurality of magnets 227 supported by a shaft 226. The magnets 227 are
      rotated in the direction of the shown arrow at a rate higher than the rate
      of movement of the card material. In the device of FIG. 48, the dry
      developing agent 224 forms a magnetic brush 228 on the outer periphery of
      the cylinder 225, as defined by the magnetic field of each magnet 227. The
      magnetic brush 228 moves with the cylinder 225 as the magnets 227 rotate,
      and it brought into sliding engagement with the latent image bearing
      surface of the card material 49, so that the toner supplied to the
      electrostatic latent image develops it into a visible toner image. The
      card material 49 is then nipped by a pair of fixing cylinders 231 and 232
      having built-in heaters 229 and 230 respectively and maintained in
      pressing engagement with each other. The toner image of the card material
      is heated and fixed by the fixing cylinders 231 and 232 before the card
      material 49 is discharged from the casing 41. It should be understood that
      other fixing means may be used with the dry developing method described
      above.
PAR  After the card material 49 is discharged from the casing 41, markings
      serving to identify the card user or other markings may be made on the
      card material 49. Then, a thin protective film of polyester or other
      material may be laminated to the surface of the card material 49 to
      complete the identification card produced in accordance with the
      invention.
PAR  The electrical control device for the identification card producing device
      discussed above is shown in FIG. 49, in which the contacts of the switches
      are shown at the positions in which they are when the device is not
      operating.
PAR  Referring to FIG. 49, a motor M1 drives a drive shaft 154 of the drive
      mechanism 104 that moves the charging device 97 and the photoreceptor 62,
      a motor M2 drives the developing device 200, and a transformer TR has a
      secondary driving the strobe light device STL and a secondary supplying
      power to the indicating light L1 for the main off-on switch. A control
      circuit 234 includes a high voltage source Ch for impressing a high bias
      voltage on the charging device 97, a motor M3 for driving the shaft 166 of
      the drive mechanism 165 for the transfer-printing roller 69, a solenoid
      SOL1 for actuating the selector of the drive mechanism 104, and a solenoid
      SOL3 and a solenoid SOL2 for actuating the screen 130 which are connected
      in shunt with each other and to an alternating current source through a
      plug 235 and a main off-on switch SW1.
PAR  The solenoid SOL1 is connected, through one normally closed switch SW4-1 of
      the double throw switch SW4-1, 2, to a self-holding circuit 236 comprising
      the shutter release switch SW2 connected to the main switch SW1, the
      normally open switch SW8 connected in series to switch SW2, and the
      normally open holding switch SW6 connected in shunt with switches SW2 and
      SW6 and with the main switch SW1. The switch SW8 is depressed by the
      carrier 174 for the transfer-printing roller 69 and is maintained in
      closed position when the transfer printing roller is at its starting
      position. The other switch SW4-2 of the double throw switch SW4-1,2 acts
      as a change-over switch for a circuit comprising the light L2 indicating
      satisfactory shutter release and the discharging lamp L3 connected in
      series to lamp L2, and a circuit comprising the solenoid SOL2. When the
      double throw switch SW4-1,2 is not depressed by the actuator 111, the
      contact of the switch SW4-2 is engaged with the circuit comprising the
      indication lamp L2.
PAR  The switch SW4-2 and high voltage impressing device Ch are connected to the
      change-over switch SW3, which in turn is connected to the main off-on
      switch SW1, and is depressed by the support bar 95 when the charging
      device 97 is stationary at its initial position with its contact in
      engagement with the switch SW4-2.
PAR  In the circuit comprising solenoid SOL2, the first timer T1 and its switch
      SW10 are connected in shunt to each other and comprise a first timing
      device 237, and the solenoid SOL2 is connected in shunt to a relay RL and
      to a second timer T2 and to switch SW10. A switch SW11 for relay RL
      connects the first timer T1 and its switch SW10 to the main off-on switch
      SW1, while a solenoid SOL4 for actuating the shutter and the strobe light
      device STL is connected to a second timer T2.
PAR  The switch SW10 is connected to the normally opened switch SW5 which is
      depressed and closed by the connector 140 when solenoid SOL2 is
      deenergized. The switch SW5 is connected to the change-over switch SW7
      which is depressed and actuated by the connector 161 for switching between
      the circuit comprising solenoid SOL3 and circuit comprising motor M3. When
      the connector 161 abuts the major diameter portion 88a of the cam 88, the
      switch SW7 is depressed by the connector 161 and its contact is engaged by
      the solenoid SOL3. The motor M3 is connected to the main off-on switch SW1
      through the normally open switch SW9 adapted to be actuated by the disc
      190 having the cutout 190a. However, when the disc 190 is not operating,
      its actuator 191 is brought into engagement with the cutout 190a and the
      switch SW9 is opened.
PAR  When the push-button 45 is depressed to close the main off-on switch SW1,
      the motors M1 and M2 start rotating and the transformer TR1 is actuated by
      the current across its primary. Thus the strobe device STL is ready, and
      the indication lamp L1 is on to indicate that the main off-on switch SW1
      is closed. The push-button 45 is of the type which is maintained in an
      operative position when depressed and can be brought to an inoperative
      position when pulled out. The satisfactory shutter release indicating lamp
      L2 and the discharging lamp L3 are turned on through the switches SW3 and
      SW4-2. The discharging lamp L3 is disposed in a dark chamber of the
      device, and it is not usually possible to ascertain from outside the
      device if the lamp L3 is on or off. The lamp L2 is therefore provided so
      that an operator of the device can readily ascertain whether the
      discharging lamp L3 is on or off. A tungsten lamp or other suitable types
      of lamps may be used as the discharging lamp L3.
PAR  The push-button 46 is depressed after the operator of the device has
      ascertained that the main switch SW1 is on (by observing the indication
      lamp L1) and that the satisfactory shutter release indication lamp L2 is
      on. The depression of the push-button 46 temporarily actuates the switch
      SW2 to energize the solenoid SOL1 through the switches SW8 and SW4-1. The
      solenoid SOL1 is self-held by the closing of the switch SW6 through the
      pivotal bar 148. The solenoid SOL1 should be self-held because the
      push-button 46 is of the automatic restoration type, and the switch SW2 is
      opened when the push-button 46 is released.
PAR  After the solenoid SOL is energized, the charging device 97 is moved from
      its initial position and this brings the switch SW3 into engagement with
      the high voltage source Ch. Changing over of the switch SW3 to the high
      voltage source turns off the satisfactory shutter release indicating lamp
      L2 and the discharging lamp L3, so that the photoreceptor 62 may be
      charged by the charging device 97 and the shutter may be cocked.
PAR  At about the time that the charging device 97 reaches the end of its
      movement from its initial position toward the photographing position, the
      actuator 111 is pushed and is moved to depress the double throw switch
      SW4-1,2. The opening of the switch SW4-1 deenergizes the solenoid SOL1 and
      moves the charging device 97 back to its initial position. The switch
      SW4-2 is brought into engagement with the first timer T1 side while the
      switch SW3 is brought into engagement with the switch SW4-2 by the
      restoration of the charging device 97 to its initial position.
PAR  When the switches SW3 and SW4-2 are brought to the positions discussed
      immediately above, the first timer T1 is turned on through the switch
      SW4-2, while the relay RL, the solenoid SOL2 and the second timer T2 are
      turned on through the switch SW10. The relay RL2 causes the switch SW11 to
      hold its circuit, and the solenoid SOL2 brings the screen 130 to a
      position in which it is over the photoreceptor 62. Thereafter, the second
      timer T2 is turned off to actuate the solenoid SOL 4 which releases the
      shutter and simultaneously turns on the strobe device STL to make it flash
      in synchronism with the shutter release. The relay RL is made to close the
      switch SW11 to hold its circuit for the following reasons: If the charging
      device 97 bounced one or more times, however slightly, when it is restored
      to its original position, the switch SW3 may be opened and closed to
      thereby disturb the solenoids SOL2 and the screen 130. This may cause the
      switch SW3 to open at an undesirable time and would cause the charging
      device 97 to stop on its way back to its initial position.
PAR  The first timer T1 remains on until the shutter is released. It goes off
      after the shutter releases to thereby bring the switch SW10 into
      engagement with the switch SW5 side. The switch SW5 is opened and closed
      by energization of the solenoid SOL. However, deenergization of the
      solenoid SOL2 brings the switch SW5 to a closed position. When the switch
      SW10 is engaged with the switch SW5, the solenoid SOL3 is energized
      through switch SW7 to thereby rotate the shaft 82 and move the
      photoreceptor 62 from the photographing position to the transfer-printing
      position.
PAR  After the photoreceptor 62 is brought into the transfer-printing position
      which it is pressed against the card material 49, the SW7 is brought into
      engagement with the motor M3 side by the cooperation between the cam 88
      and the connector 161 to thereby turn on the motor M3. The motor M3 thus
      rotates the shaft 166 to move the transfer-printing roller across the back
      side of the card material 49. The rotation of the disc 190 causes the
      switch SW9 to thereby turn off the motor M3.
PAR  At about the time the transfer-printing roller 69 reaches the end of its
      movement from its initial position, the double throw switch Sw4-1,2 is
      opened by the cooperation between the cam 188 and the lever 184, and is
      restored to its initial position. At this time, the motor M3 is maintained
      on by the switch SW9 and continues rotating. Thereafter, the switch SW9 is
      opened by the disc 190, and the motor M3 is turned off.
PAR  By this time, the card material 49 on which an electrostatic latent image
      is formed by transfer-printing from the photoreceptor 62 has moved toward
      the developing device 200 which is rendered operative by the motor M2. The
      latent image is developed into a visible toner image by the developing
      device 200, and then the card material is discharged from the device 41.
      When the double throw switch SW4-1,2 is restored to its initial position,
      the lamp L2 which indicates satisfactory shutter release is turned on and
      the discharging lamp L3 is also turned on to illuminate the photoreceptor
      62, which has returned to the photographic position by this time, to
      thereby remove residual charges from the photoreceptor 62.
PAR  The switch Sw8 serves to prevent the charging device 97 from being actuated
      inadvertently while the transfer-printing roller is in operation.
CLMS
STM  We claim:
NUM  1.
PAR  1. Apparatus for producing identification cards comprising: positioning
      means for placing a relatively stiff sheet of card material at a
      transfer-printing position, a substantially flat photoreceptor comprising
      a photoelectric material layer disposed on a conductive supporter, means
      for poositioning the photoreceptor at a photographing position, charging
      means for uniformly charging the photoconductive layer of said
      photoreceptor when the photoreceptor is at its photographing position,
      means for exposing the charged photoconductive material layer of the
      photoreceptor to an optical image to form an electrostatic latent image on
      the photoconductive material layer when the photoreceptor is at its
      photographing position, means for moving the charged and exposed
      photoconductive layer to a transfer-printing position at which it is
      adjacent to and facing the card material, transfer-printing means for
      pressing the photoreceptor and the card material against each other and
      for thereby transferring the electrostatic latent image from the
      photoreceptor to the card material to form an electrostatic latent image
      on the card material by transfer-printing, means for moving the
      photoreceptor and the card material apart and for moving the photoreceptor
      from the transfer-printing position to the photographing position after
      the latent image has been transferred to the card material, means for
      developing the latent image on the card material with a developing agent
      comprising a toner to thereby develop the last recited latent image into a
      visible toner image, and
PA1  including means defining a card material passage for inserting a card
      material forwardly from outside the apparatus toward said transfer
      printing position of the card material, stopper means and spring means
      urging the stopper means into the card material passage, said stopper
      means having an inclined edge for moving the stopper means out of the card
      material passage as a card material is inserted into the apparatus and
      having a straight edge facing the transfer-printing position of the card
      material, and push-back means for pushing the card material which has been
      inserted into the apparatus and has passed said stopper means back towards
      the stopper means and against said straight edge of the stopper means to
      thereby position the card at said transfer-printing position.
NUM  2.
PAR  2. An indentification card producing apparatus as in claim 1 including a
      photoreceptor backing plate having a groove and means for securing the
      photoreceptor over said backing plate and over said groove thereof, the
      last recited means including clamping means for pushing the portion of the
      photoreceptor material which is over said groove toward the bottom of the
      groove to thereby tension and tighten the photoreceptor.
NUM  3.
PAR  3. An identification card producing apparatus as in claim 1 wherein the
      means for projecting an optical image on the photoreceptor comprises a
      mesh screen where the mesh size is beyond the resolving power of the human
      eye at a distance of normal vision, and means for positioning said screen
      adjacent the photoconductive material layer when the photoreceptor is at
      its photographing position.
NUM  4.
PAR  4. An identification card producing apparatus as in claim 3 wherein said
      screen includes a marginal portion comprising a margin defining frame
      extending from the screen towards the photoconductive material layer for
      spacing the photoreceptor from the screen by a selected small distance.
NUM  5.
PAR  5. An identification card producing apparatus as in claim 1 wherein the
      means for positioning the photo-receptor at its photographic position and
      at is transfer-printing position comprise a plate supporting the
      photoreceptor, drive means for driving said plate to move the
      photoreceptor from the photographing position to the transfer-printing
      position, a spring biasing the plate toward the photographing position of
      the photoreceptor and cam means for preventing the photoreceptor from
      returning from the transfer-printing position to the photographing
      position under the action of the spring means for a selected interval of
      time.
NUM  6.
PAR  6. An identification card producing apparatus as in claim 1 wherein said
      developing means comprise a wet electrophotographic developing agent.
NUM  7.
PAR  7. An identification card producing apparatus as in claim 1 wherein the
      developing means comprise a dry electrophotographic developing agent.
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ABST
PAL  A non-impact printing system in which a photoconductor is illuminated with
      a light image of the character to be printed while applying a voltage
      across the photoconductor and a transparent insulating belt held in
      contact with the illuminated portion of the photoconductor. This results
      in the depositing of a latent electrostatic image of the character on the
      surface of the belt in contact with the photoconductor layer. The belt is
      then transported past a developing station where the image is developed
      with a toner and then transferred to plain paper.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to non-impact printing apparatus and more
      particularly to non-impact printing apparatus suitable for use in
      typewriters and word processing systems.
PAR  Present day typewriters and word processing systems which print by the
      ballistic impact of type bearing members against an inked ribbon and the
      paper being printed upon have inherent speed limitations caused by the
      necessity of mechanically actuating the type bearing members to strike the
      paper and ink carrying ribbon. The mechanical complexity of the machine
      result in a reliability lower than than which could be obtained in an
      electronic system and the speed obtainable, while acceptable for use with
      a human typist, is too low for an efficient operation when the machine is
      being driven by an electronic input such as a computer. The ballistic
      impact typewriter is also an inherently noisy machine and, especially in
      word processing applications, produces noise levels which are almost
      intolerable in confined areas.
PAR  Non-impact printing systems have not been suitable for applications in the
      typewriter or word processing area since they generally either require
      coated paper, print matrix type characters, require a very expensive
      printing mechanism, do not permit character by character visibility and/or
      generate a print quality which is too low for these applications.
PAC  SUMMARY OF THE INVENTION
PAR  In order to overcome these and other disadvantages of prior art printing
      systems Applicant provides a non-impact printing apparatus which is
      capable of generating fully shaped characters on plain paper and which can
      be implemented inexpensively. In accordance with his invention Applicant
      illuminates a photoconductor with a light image of the character to be
      printed while applying a voltage across the photoconductor and a
      transparent insulating belt held in contact with the illuminated portion
      of the photoconductor. This results in the deposition of a latent
      electrostatic image of the character on the surface of the insulating belt
      in contact with the photoconductive layer. The belt is then transported
      past a developing station where the latent image is developed with a toner
      and into a viewing station where the developed character may be viewed
      through the transparent insulating belt by an operator. The belt is moved
      incrementally so that a line of characters may be deposited and developed
      thereon. A line of characters is then transferred to a sheet of plain
      paper and the paper is advanced by a one line increment for the printing
      of the next line of information.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a front view of a non-impact typewriter according to a preferred
      embodiment of the invention.
PAR  FIG. 2 is a simplified illustration of a preferred embodiment of the
      non-impact printing system of the invention.
PAR  FIG. 3 is a cross sectional view of the transparent dielectric belt used in
      the preferred embodiment of the printing system according to the
      invention.
PAR  FIG. 4 is a side cut away view of the magnetic brush developer used in the
      printing system of FIG. 2.
PAR  FIG. 5 is a simplified side view of the toner transfer system of the
      embodiment of the invention illustrated in FIG. 2.
PAR  FIG. 6 shows the transfer cylinder of FIG. 5.
PAR  FIG. 7 is a schematic block diagram of the circuitry and to control the
      non-impact printing system of FIGS. 1 and 2.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring now to FIG. 1 of the drawings there is illustrated a typewriter
      according to a preferred embodiment of the invention in which a
      transparent tape 11 of an insulating material such as polyethylene
      terephthalate is incrementally transported across the paper 13 being
      printed upon as the operator enters the information on the keyboard 15. As
      will be described in more detail in the description of the subsequent
      figures, toner images of the characters entered on the keyboard 15 are
      deposited on the face of the belt 11 toward the paper 13. The toner images
      are generated by serially forming latent electrostatic images of the
      characters on the belt 11 and then developing them with a toner. Character
      by character visibility of the information being entered on the keyboard
      by the operator is obtained from the fact that the belt 11 is transparent
      so that the toner characters deposited on its interior face are visible to
      the operator through the belt 11. The last four characters entered, which
      have not yet been developed on the tape 11, appear on the display 17 which
      is aligned with the belt 11 at the right hand side of the carriage 19 of
      the typewriter.
PAR  After the operator has typed a line of information, the depression of the
      carriage return key causes the advance of the tape 11 in order to develop
      the last four characters and to move the line of information on the tape
      11 into registry with the paper 13 and the line of information previously
      recorded thereon. The developed toner images may be then transferred from
      the tape 11 to the paper 13 by a suitable method such as by pressure,
      electrostatic or magnetic assisted transfer or a combination of them.
      After the transfer of the toner, the paper 13 is advanced by one line
      space for the printing of the next line.
PAR  Referring now to FIG. 2 of the drawings, the endless transparent dielectric
      belt 11 is tracked over the roller 21 and the photoconductive material
      coated roller 23. The paper 13 being printed upon is disposed between the
      forward and rear portions 25 and 27 of the belt 11.
PAR  The photoconductive material coated roller 23 may include a roller having a
      conductive peripheral surface and a coating of photoconductive material
      deposited thereon. The roller may, for instance, be made of a plastic with
      a conductive peripheral coating or of aluminium. The photoconductive
      coating material may be any one of the well known photoconductive
      materials such as selenium, cadmium sulphide, zinc oxide or an organic
      photoconductor. For reasons of resistance to wear and abrasion, however,
      it is preferred to use ceramic type photoconductors which have recently
      been introduced.
PAR  The photoconductive material coated roller 23 is imaged by light from flash
      lamp 29 which projects light through transparent character shaped areas 31
      distributed circumferentially about the rotating opaque character wheel
      33. The lens 35 focuses the image light from the flash lamp 29 which is
      collimated by a selected transparent character shaped area 31 onto a
      predetermined portion of the photoconductive coating on the roller 23
      through the transparent belt 11.
PAR  The transparent belt 11 which is shown in cross-section in FIG. 3 of the
      drawings may be made up of a transparent dielectric layer 37 which is
      disposed adjacent to the rollers 21 and 23 and a transparent conductive
      coating 39 on the face of the belt 11 away from the rollers 21 and 23. As
      stated above the layer of dielectric material 37 may be formed of a
      plastic material such as transparent polyethylene terephthalate, which is
      sold under the trademark Mylar, while the transparent conductive coating
      39 may be a layer of transparent conductive polyethylene coated on the
      mylar.
PAR  In order to deposit a latent electrostatic image on the interior dielectric
      face of the belt 11, a potential is applied between the conductive central
      portion 41 of the photoconductive material coated roller 23 and the
      conductive coating 39 on the belt 11 by means illustrated generally as a
      battery 43. The image light passing through a selected character shaped
      transparent area 31 on the rotating wheel 33 is focused on the
      photoconductive coating on the roller 23 and causes that portion of the
      photoconductive coating to become conductive. This results in a transient
      current flow between the conductive central portion 41 of the roller 23
      and the conductive coating 39 on the belt 11 thereby depositing charge in
      image configuration on the interior dielectric face of the belt 11.
PAR  The belt 11 is incrementally advanced by single character spaces by means
      of the stepping motor 45, which is coupled to the photoconductive material
      coated roller 23. Subsequent character shaped latent images may be
      deposited on the interior dielectric face of the belt 11 in the same
      manner as described above thereby allowing the operator to enter a full
      line of information on the belt 11 from the keyboard 15 (FIG. 1).
PAR  The latent character shaped images on the belt 11 are developed by means of
      a developer unit 47 disposed immediately to the left of the roller 23. The
      developer unit 47 may, for instance, consist of a small magnetic brush
      which deposits dry toner particles on the latently imaged portions of the
      interior dielectric face of the belt 11. The developer unit 47 is located
      immediately to the right of the point of which the belt becomes visible to
      the operator at the right hand side of the carriage 19 (FIG. 1). Thus the
      operator can directly view the characters on the belt 11 which have been
      developed by the developer unit 47 and can view those characters which
      have been entered on the keyboard 15 but not yet developed on the display
      17.
PAR  After the operator has entered a line of characters on the belt 11 in the
      same manner as information is entered on the keyboard of a traditional
      typewriter the return key is depressed. This causes the belt 11 to advance
      by an amount sufficient to develop the remaining latently imaged
      characters on the belt 11 and to bring the line of information into
      registry with previously entered lines on the paper 13. The toned
      characters on the belt 11 are transferred to the paper 13 by means which
      will be described subsequently in relation to FIGS. 6 and 7 of the
      drawings. Immediately after the transfer of the line of information to the
      paper 13, the paper 13 is line spaced by paper feed rollers 49 and 51. The
      rotation of roller 49 may be controlled in the illustrated embodiment of
      the invention, by a stepping motor (not shown) in order to advance the
      paper 13 by a preselected line spacing. The roller 51 is biased toward the
      roller 49 to maintain the paper 13 in contact therewith. After the
      transfer and line spacing operations the operator can begin to enter the
      next line of information from the keyboard onto the next portion of the
      belt 11. Residual toner left on the belt 11 may be removed by a brush 53.
PAR  The toner is fused on the paper 13 by means of the fusing unit 55 which may
      comprise a heated platen over which the paper 13 passes after being imaged
      by the belt 11.
PAR  As seen in FIG. 4, the magnetic brush developer unit 47 may include a toner
      resevoir 57 in which is disposed a rotatable magnetic brush cylinder 59. A
      magnet 61 is disposed within the rotatable cylinder 59 and is fixed with
      respect to resevoir 57. The developer unit 47 operates in a well known
      manner with the cylinder 59, which rotates in the counter clockwise
      direction as seen in FIG. 4, picking up developer from the dry developer
      bath 63 and carrying it into contact with the electrostatic latent image
      on the belt 11. A doctor blade 65 is mounted on the lower portion of the
      developer resevoir 57 in order to regulate the thickness of the layer of
      developer material carried by the cylinder 65 to the belt 11.
PAR  It is preferred that the developer material 63 be a single component
      powdered magnetic toner rather than a mixture of non-magnetic toner with
      iron filings. As is known in the art, the use of such a single component
      developer eliminates the problems associated with replenishing the
      developer with a concentrate in order to maintain the proper proportion
      between iron filings and toner particles. It also greatly reduces the wear
      on the belt 11 caused by the abraiding effect on the iron filings. Such a
      single component magnetic developer have recently become available from a
      number of toner suppliers.
PAR  As stated above, the transfer of the toner from the dielectric face of the
      belt 11 to the paper 13 may be accomplished in any one of several well
      known ways. As seen in FIGS. 5 and 6 of the drawings, the illustrated
      embodiment of the invention makes use of a transfer roller 69 having a
      helical pressure blade 71. In order to transfer the toner from the belt 11
      to the paper 13 an image configuration, the transfer roller 69 is rotated
      through one cycle in a clockwise direction as seen in FIG. 5 thereby
      causing the blade 71 to press the paper 13 into contact with the belt 11.
      A transparent pressure plate 73 may be provided opposite the transfer
      roller on the other side of the paper 13 and belt 11 to increase the
      pressure between the paper 13 and the web 11 in order to transfer more of
      the toner. After the toner is transferred by the action of the pressure
      blade 71 the paper 13 is line spaced by means of paper feeding rollers 49
      and 51 and the toner image on the paper is fused by heated platen 51. It
      should, of course, be apparent that the transfer roller 69 and transparent
      pressure plate 73 could be replaced with a transfer carona of well-known
      design.
PAR  Referring now to FIGS. 2 and 7 of the drawings, the periphery of the
      rotating character wheel 33 may be encoded, for instance, by means of
      notches or slots 75, in order to allow the determination of which of the
      transparent character shaped areas 31 is positioned between the flash lamp
      29 and the lens 35 at any given time. This encoding may, in the
      illustrated embodiment of the invention, be read by sensing by a photocell
      79 the sequence of pulses of light transmitted through the encoded notches
      or slots 75 in the periphery from a light source 77 positioned opposite
      the photocell 79 on the other side of the character wheel 33. The output
      of the photocell 79 is connected to the character position determining
      logic 81. The logic determines which of the transparent character shaped
      areas 31 is in position for printing at any given time and transmits to
      the comparator 83 a code identifying this character.
PAR  When the operator depresses a character key on the keyboard 15 the code of
      the character is loaded into the buffer 85 whose output is connected to
      the comparator 83. When the comparator 83 senses a coincidence between the
      character code in the buffer 85 and the output of the character position
      determining logic 81 it generates an output signal to the flash lamp 29.
      The light from the flash lamp 29 projects a light image of the character
      entered on the keyboard to the photoconductive material coated roller 23
      thereby causing deposition of electrostatic charge in image configuration
      on the dielectric face of the belt 11. In the illustrated embodiment of
      the invention the flash lamp 29 may consist of a zenon flash.
PAR  The output of the comparator 83 also energizes the stepper motor control
      circuit 89 through OR gate 91 which causes the stepper motor 45 to index
      the roller 23 and web 11 by one character space. The response time of the
      stepper motor 45 is such that the imaging of the belt 11 is completed
      before the indexing movement begins. When the operator depresses the
      character space bar the keyboard signals the belt indexing motor control
      circuit 89 through the OR gate 91 to advance the belt 11 by one character
      space.
PAR  The output of the OR gate 91 is also connected to the character counter 91
      which counts the number of characters and character spaces entered in a
      line by the operator on the keyboard 15. A carriage return or end of line
      key output from the keyboard 15 is also connected to the character counter
      93 by line 95. When the return key is actuated it causes the character
      counter 93 to control the belt indexing motor control circuit 89 to index
      the motor 45 a number of times sufficient to being the left end of the
      line of information printed on the belt 11 into registry with a left hand
      margin on the paper 13.
PAR  The character counter 93 may have a capacity equal to the number of
      character spaces between the point on the belt 11 being imaged by light
      from flash lamp 29 (FIG. 1) and the left most permissable left hand margin
      location on the carriage 19 (FIG. 1). The left hand margin may be set by
      the operator to a desired location. The setting of the left hand margin
      operates to enter an initial count into the character counter 93. Each
      character or character space entered by the operator on the keyboard acts
      to increment the counter 93 and cause the motor 45 to index the belt 11.
      When the return key is pressed, the character counter 93 is activated so
      that it counts independently and causes the motor 45 to index the belt 11
      once for each count through the belt indexing motor control 89. When the
      counter 93 overflows the left most character on the belt 11 is in registry
      with the left hand margin on the paper 13 and line is in position for
      transferring.
PAR  A right hand margin counter 97 is provided which has a capacity equal to
      that of the maximum number of characters and spaces which may be entered
      on a single line. An initial count determined by the setting of the right
      and left hand margins is entered into the counter 97 which is then
      incremented each time a character or a space is entered on the keyboard
      15. If the counter 97 overflows, it thereby indicates that a number of
      characters and spaces corresponding to the maximum selected line length
      has been entered on the belt 11. The overflow of the counter 93 may
      therefore be used to generate a signal to the operator and, if desired, to
      prevent the entering of further characters or spaces on the keyboard 15.
PAR  The overflow signal from the character counter 93 is connected to the
      transfer motor control circuit 99 which causes the transfer motor (not
      shown) to drive the transfer roller 69 through a single cycle of rotation.
      This causes the helical pressure blade 71 to press the paper 13 into
      contact with the belt 11 for transferring the toner image to the paper 13.
      When the transfer cylinder 69 has completed its rotation the transfer
      motor control circuit 99 energizes the line spacing motor control circuit
      101 to index the paper 13 by one line space by means of the paper feeding
      rollers 49 and 51.
PAR  In order to drive the display 17 the output of the buffer 85 is also
      connected to a three character shift rgister 103. Each time the operator
      enters a character on the keyboard 15, the previous contents of the buffer
      85 are loaded into the first character stage of the shift register 103,
      thereby shifting the previous contents of the shift register by one place.
      The buffer 85 and the shift register 103 therefore contains the last four
      characters entered by the operator and are connected to the display
      decoder and driver 105 in order to drive the display 17.
PAR  It should be apparent that while the illustrated embodiment of the
      invention uses individual motors for each of the belt, paper and pressure
      cylinder moving operation, this is merely a question of design and that
      some or all of these functions could be performed by a single source of
      motive power coupled by appropriate gears and clutches to the various
      parts of the machine.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. Non-impact printing apparatus for printing on plain paper comprising:
PA1  a photoconductive element including a roller having a photoconductive
      peripheral surface;
PA1  a transparent belt having an insulating surface tracked over said roller
      and wherein a portion of said insulating surface is in contact with an
      area of said photoconductive element;
PA1  means for incrementally transporting said belt in a path from said roller
      across said paper with said insulating surface facing said paper;
PA1  means for sequentially exposing said photoconductive surface at said area
      to light images of the characters to be printed on said paper;
PA1  means for applying a voltage across said photoconductive surfaces and said
      portion of said transparent belt in contact therewith during the exposure
      of said element to said light images, said transporting means incrementing
      said belt after each exposure to the light image of a character for
      forming on said belt the electrostatic latent image of a line of
      characters to be printed on said paper;
PA1  developing means disposed between said roller and said paper for developing
      the latent images on said belt with a toner, the line of toner developed
      characters being visible through said transparent belt;
PA1  means for transferring said line of toner developed characters from said
      belt to said paper; and
PA1  means for line spacing said paper.
NUM  2.
PAR  2. The non-impact printing apparatus of claim 1 wherein said means for
      sequentially exposing includes means for projecting light images of the
      characters to be printed through said transparent belt onto said area of
      said photoconductive surface of said roller.
NUM  3.
PAR  3. The non-impact printing apparatus according to claim 2 wherein said
      light projecting means includes:
PA1  a light source;
PA1  means for collimating light from said light source into character shapes;
PA1  a lens for focusing said collimated light onto said photoconductive surface
      through said transparent belt.
NUM  4.
PAR  4. The non-impact printing apparatus of claim 1 further including means for
      removing excess toner from said belt after the transfer of said toner
      developed characters from said belt to said paper.
NUM  5.
PAR  5. The non-impact printing apparatus of claim 1 further including a fusing
      element for fusing the toner on said paper after said paper is line
      spaced.
NUM  6.
PAR  6. Non-impact printing apparatus for printing on plain paper comprising:
PA1  a photoconductive element including a layer of photoconductive material on
      a conductive substrate;
PA1  a transparent belt having a transparent insulating layer and a transparent
      conductive coating on said layer, a portion of said insulating layer being
      in contact with an area of said photoconductive layer;
PA1  means for incrementally transporting said belt in a path from said
      photoconductive element across said paper with said insulating surface
      facing said paper;
PA1  means for sequentially exposing said photoconductive element at said area
      to light images of the characters to be printed on said paper;
PA1  means for applying a voltage between said conductive substrate of said
      photoconductive element and the conductive coating of said portion of said
      transparent belt in contact therewith during the exposure of said element
      to said light images, said transporting means incrementing said belt after
      each exposure to the light image of a character for forming on said belt
      the electrostatic latent image of a line of characters to be printed on
      said paper;
PA1  developing means disposed between said photoconductive element and said
      paper for developing the latent images on said belt with a toner, the line
      of toner developed characters being visible through said transparent belt;
PA1  means for transferring said line of toner developed characters from said
      belt to said paper; and
PA1  means for line spacing said paper.
NUM  7.
PAR  7. The non-impact printing apparatus of claim 6 further including means for
      removing excess toner from said belt after the transfer of said toner
      developed characters from said belt to said paper.
NUM  8.
PAR  8. The non-impact printing apparatus of claim 6 further including a fusing
      element for fusing the toner on said paper after said paper is line
      spaced.
NUM  9.
PAR  9. Non-impact printing apparatus for printing on plain paper comprising:
PA1  a keyboard for entering characters to be printed;
PA1  a photoconductive element;
PA1  a transparent belt having an insulating surface, a portion of said
      insulating surface being in contact with an area of said photoconductive
      element;
PA1  means for incrementally transporting said belt in a path from said
      photoconductive element across said paper from right to left with said
      insulating surface facing said paper;
PA1  means for sequentially exposing said photoconductive element at said area
      to light images of the entered characters to be printed on said paper;
PA1  means for applying a voltage across said photoconductive element and said
      portion of said transparent belt in contact therewith during the exposure
      of said element to said light images, said transporting means incrementing
      said belt after each exposure to the light image of a character for
      forming on said belt the elecrostatic latent image of a line of characters
      to be printed on said paper;
PA1  developing means disposed between said photoconductive element and said
      paper for developing the latent images on said belt with a toner, the line
      of toner developed characters being visible through said transparent belt;
PA1  means for transferring said line of toner developed characters from said
      belt to said paper;
PA1  means for line spacing said paper; and
PA1  display means located over the area between the point where said belt is
      imaged by said exposing means and the point at which said latent
      electrostatic images on said belt become developed by said toner for
      displaying the undeveloped characters on said belt entered by said
      keyboard.
NUM  10.
PAR  10. The non-impact printing apparatus of claim 9 further including means
      for removing excess toner from said belt after the transfer of said toner
      developed characters from said belt to said paper.
NUM  11.
PAR  11. The non-impact printing apparatus of claim 9 further including a fusing
      element for fusing the toner on said paper after said paper is line
      spaced.
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PAL  An exposure value storage device for use in a photographic camera includes
      a metering circuit, a storage circuit for storing the output of the
      metering circuit, and a control circuit for controlling exposure in
      accordance with a storage value stored in the storage circuit. A storage
      switch is provided for electrically disconnecting the metering and storage
      circuits to cause the storing function of the storage circuit. The
      metering and storage circuits may be supplied with power from a power
      source through a power switch. The power switch may be movable between two
      positions for opening and closing the power switch. The storage switch may
      be actuated by a member movable between two positions for closing and
      opening the storage switch electrically to connect and disconnect the
      metering and storage circuits. The first-named member, when in the first
      of its two positions, prevents movement of said another member from its
      first position to its second position.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  1. Field of the Invention
PAR  This invention relates to an exposure value storage device, and more
      particularly to an exposure value storage device for use in a camera
      having means for electrically measuring the brightness of an object to be
      photographed and temporarily storing the result of such measurement to
      control an exposure in accordance with the stored value. The device, which
      can be normally operable, can fix the stored value at such point of time
      irrespective of any variation in the measurement value obtained
      thereafter, to correct the exposure during counter-light photography or
      the like.
PAR  2. Description of the Prior Art
PAR  By way of example, it is known that to take a picture of a person standing
      under counter-light conditions, a camera is first made to closely face the
      person, then the exposure meter of the camera is operated so as to measure
      chiefly the brightness of light reflected from the person and an
      exteriorly operable member is operated to store the measurement of
      brightness, whereafter the camera is moved back away from the person to
      determine the composition and then the shutter is released, whereby the
      exposure in the camera is determined in accordance with the stored
      brightness measurement in spite of the presence of highly intense incident
      light coming from the background of the person. By doing so, the
      photographer can accurately fit the exposure to a particular object for
      which he wants to provide a proper exposure, even if he is so poorly
      experienced in photography that he is not sure about how much exposure
      correction should be effected under counter-light conditions.
PAR  However, if the photographer should mistakenly operate the exposure storage
      device before the power switch is closed to supply current to the
      circuits, the device would store zero measurement and the result is that
      even if the power switch is thereafter closed and the shutter released,
      the exposure control device would fail to perform its normal operation.
PAC  SUMMARY OF THE INVENTION
PAR  I have conceived by the present invention an exposure value storage device
      by which I am able to overcome the foregoing difficulty.
PAR  Essentially, the exposure device of the present invention may comprise a
      metering circuit for electrically measuring the brightness of an object to
      be photographed, a storage circuit for storing the output of the metering
      circuit, a storage switch for electrically disconnecting the metering and
      storage circuits to cause the storage circuit to store a value, a control
      circuit for controlling exposure in accordance with the storage value
      stored in the storage circuit, a power switch for supplying current from a
      power source to the metering circuit and storage circuit, a first member
      exteriorly operable to actuate the power switch and movable between a
      first position for opening the power switch and a second position for
      closing the power switch, and a second member exteriorly operable to
      actuate the storage switch and movable between a first position for
      closing the storage switch to electrically connect the metering and
      storage circuits and a second position for opening the storage switch to
      electrically disconnect the metering and storage circuits. The first
      member when in its first position prevents the second member from moving
      its first position to its second position.
PAR  I prefer that the path of movement of the first member and the path of
      movement of the second member intersect each other so that the first
      member, when in its first position, lies in the path of movement of the
      second member to prevent the latter member from moving from this first
      position to its second position. I also prefer to arrange these members so
      that the second member, when in its second position, prevents the first
      member from moving from its second position to its first position.
PAR  According to a further aspect of the invention, I arrange the first member
      so that it is operatively associated with a film advance lever so that the
      first member assumes its first position when the film advance lever is in
      its retracted position and shifts to its second position when the film
      advance lever is rotated to its preparatory position.
PAR  There has thus been outlined rather broadly the more important features of
      the invention in order that the detailed description thereof that follows
      may be better understood, and in order that the present contribution to
      the art may be better appreciated. There are, of course, additional
      features of the invention that will be described hereinafter and which
      will form the subject of the claims appended hereto. Those skilled in the
      art will appreciate that the conception upon which this disclosure is
      based may readily be utilized as a basis for the designing of other
      structures for carrying out the several purposes of the invention. It is
      important, therefore, that the claims be regarded as including such
      equivalent constructions as do not depart from the spirit and scope of the
      invention.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  Specific embodiments of the invention have been chosen for purposes of
      illustration and description, and are shown in the accompanying drawings,
      forming a part of the specification wherein:
PAR  FIG. 1 is a combined perspective view and block diagram showing the
      exposure device of the present invention in its operative position; and
PAR  FIG. 2 is a view similar to FIG. 1 but showing the device in its
      inoperative position.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  Referring to the drawings, there is shown one embodiment of the present
      invention wherein a power switch 1 permits current supply from a battery
      10 to a metering circuit 11, a storage circuit 12 and a control circuit
      13, and is biased toward closed position. The opening-closing of the power
      switch 1 is governed by a switching member comprising a lever 3 pivotally
      mounted on a pivot pin 2 and a pin 4 of electrically insulative material
      studded in the lever 3. The pin 4 is engageable with the tip end of one
      contact member 1a of the switch 1. The lever 3 is biased for
      counter-clockwise rotation by the force of a spring 5 which may be
      supported on the pivot pin 2, but the lever 3 is normally restrained by a
      pin 7 studded in a camera body 6.
PAR  In this position, the pin 4 is out of engagement with the contact member 1a
      to close the power switch 1. To enable the opening-closing of the power
      switch 1 to be operated from outside, there is provided a film advance
      lever 8 and a cam 9 formed integrally therewith through a common shaft 8a.
      The cam 9 is provided with a ramp 9a for engagement with one end 3a of the
      lever 3, and a notch 9b for engageably receiving the end 3a of the lever 3
      when the film advance lever 8 has been rotated back into its retracted
      position, i.e., when the lever 8 has been rotated slightly clockwise from
      its position shown in FIG. 1 to its position shown in FIG. 2.
PAR  A storage switch 14 is mounted on the camera body 6 and serves to transmit
      the measurement information from the metering circuit 11 to the storage
      circuit 12. One contact member 14a of the switch 14 is engageable by a pin
      17 of electrically insulative material studded in a lever 16 mounted on
      the camera body 6 pivotally about a pivot pin 15.
PAR  The lever 16 is biased for counter-clockwise rotation by the force of a
      spring 18, which may be supported on the pivot pin 15, but is normally
      restrained by a pin 19. A lever 20 is mounted on the camera body 6 for
      pivotal movement with a lever 21 to which it is connected, and is operable
      from outside. The lever 21 has a bent portion 21a which is engageable with
      the lever 16.
PAR  The lever 3 and the lever 16 are in such a positional relationship that
      when the lever 3 assumes its rotated position the lever 16 is stopped from
      clockwise rotation with one end 16a thereof restrained by the underside of
      the corresponding end 3b of the lever 3 (see FIG. 2) and that when the
      lever 16 assumes its rotated position in a clockwise direction, the lever
      3 is stopped from clockwise rotation with the end 3b thereof interfering
      with the end 16a of the lever 16 (see FIG. 1).
PAR  The operation of my exposure storage device will now be described. The film
      advance lever 8 normally assumes its retracted position when the camera is
      not in operation. Rotation of the film advance lever 8 from its retracted
      position to a certain angularly rotated position does not result in any
      advance of the film. The latter position is herein referred to as the
      "preparatory position". The film advance lever 8 initiates its film
      advance operation from the preparatory position. When the film advance
      lever 8 is rotated from its retracted position to the preparatory position
      in the direction indicated by arrow a (FIG. 1) to operate the metering
      circuit 11 and the storage circuit 12, the lever 3 is rotated
      counter-clockwise by the force of the spring 5 to assume the position
      shown in FIG. 1. In this position, the pin 4 is disengaged from the
      contact member 1a of the power switch 1 to close the power switch, thus
      permitting current supply from the battery to the circuits. Under such
      conditions, the metering and storage circuits are both normally operated
      and therefore, when the lever 20 is actuated in the direction of arrow b,
      the lever 21 is also rotated in the same direction to rotate the lever 16
      clockwise against the force of the spring 18, so that the pin 17 actuates
      the contact member 14a to open the storage switch 14 and thus, at this
      point of time, to fix the information in the storage circuit 12. Also,
      even if the film advance lever 8 is actuated in the direction opposite to
      the arrow a in an effort to open the power switch 1 under the operative
      condition of the exposure storage device, the film advance lever cannot be
      brought into its retracted position because the clockwise rotation of the
      lever 3 is blocked by the end 16a of the lever 16.
PAR  This prevents the storage device from being operated to effect storage of
      an incorrect value with the power switch 1 opened to cut off the current
      supply to the circuits, whereafter if the power switch 1 is closed to
      release the shutter, the exposure would be controlled in accordance with
      the incorrect storage value.
PAR  Further, a second power switch 22 is provided which may be closed in
      response, for example, to the movement of a mirror driving means in a
      single-lens reflex camera to permit current supply to the control circuit
      13. This means that not all of the circuits need be supplied with current
      when the power switch 1 is in its closed position.
PAR  Where the present device is applied to a single-lens reflex camera wherein
      a light-sensing element receives the light passed through an objective
      lens, the storage switch 14 may be designed such that its opening-closing
      is controlled in response to the movement of the mirror driving means
      independently of the control effected by the lever 16.
PAR  Applications of the present device are not restricted by the types of the
      metering and storage circuits. In other words, the present device may be
      employed whether the circuits are of the analog type or of the digital
      type.
PAR  From the foregoing description, it will be seen that by the present
      invention, any photographer can accurately fit the exposure to a
      particular object for which he wants to provide a proper exposure, even if
      he is so poorly experienced in photography that he is not sure about how
      much exposure correction should be effected under counter-light
      conditions. Moreover, it will further be appreciated that this may be
      accomplished without occurrence of the condition whereby before the power
      switch is closed to supply power, the exposure storage device may be
      operated to store zero measurement, whereafter the power switch is closed
      to release the shutter.
PAR  I believe that the construction and operation of my novel exposure storage
      device will now be understood and that its advantages will be fully
      appreciated by those persons skilled in the art.
CLMS
STM  I claim:
NUM  1.
PAR  1. An improved exposure value storage device for a photographic camera of
      the type having a metering circuit (11) for electrically measuring the
      brightness of an object to be photographed:
PA1  a storage circuit (12) for storing the output of said metering circuit
      (11);
PA1  a storage switch (14) for electrically disconnecting said metering circuit
      and said storage circuit (12) to cause said storage circuit (12) to store
      an exposure value;
PA1  a control switch (13) for controlling exposure in accordance with the value
      stored in said storage circuit (12); and
PA1  a power switch (1) for supplying current from a power source (10) to said
      metering circuit (11) and said storage circuit (12), wherein the
      improvement comprises:
PA1  a first member (3) manually operable from exterior of the camera to actuate
      said power switch (1), said first member (3) being movable between a first
      position for opening said power switch and a second position for closing
      said power switch; and
PA1  a second member (16) manually operable from exterior of the camera to
      actuate said storage switch, said second member (16) being movable between
      a first position for closing said storage switch (14) to electrically
      connect said metering circuit (11) and said storage circuit (12) and a
      second position for opening said storage switch (14) to electrically
      disconnect said metering circuit (11) and said storage circuit (12), the
      path of movement of said first member (3) and the path of movement of said
      second member (16) intersecting each other so that said first member (3)
      when in its first position lies in the path of movement of said second
      member (16) to prevent said second member (16) from moving from its first
      position to its second position.
NUM  2.
PAR  2. A device according to claim 1, wherein said second member (16) when in
      its second position prevents said first member (3) from moving from its
      second position to its first position.
NUM  3.
PAR  3. A device according to claim 1, wherein the path of movement of said
      first member (3) and the path of movement of said second member (16)
      intersect each other so that said first member (3) when in its first
      position lies in the path of movement of said second member (16) to
      prevent said second member (16) from moving from its first position to its
      second position and that said second member (16) when in its second
      position prevents said first member (3) from moving from its second
      position to its first position.
NUM  4.
PAR  4. A device according to claim 1, wherein said second member (16) when in
      its second position lies in the path of movement of said first member (3)
      to prevent said first member (3) from moving from its second position to
      its first position.
NUM  5.
PAR  5. A device according to claim 4, wherein said first member (3) is
      operatively associated with a film advance lever (8) so that said first
      member (3) assumes its first position when said film advance lever (8) is
      in its retracted position and that said first member (3) shifts to its
      second position when said film advance lever (8) is rotated to its
      preparatory position.
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PAL  A pair of all-sky cameras each equipped with a 220.degree. Fisheye-Nikkor
      ns are disposed with their lenses pointing vertically. One of the cameras
      is rotated about an axis passing through the zenith while the other is
      maintained in a stationary disposition or, if desired, counter-rotated.
      Because of the relative rotational movement of the film of the cameras,
      there is a measure of displacement between the images formed on the
      respective films and the angular deviation produced by the displacement
      can be measured to determine the time development of lightning discharge.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  The present invention relates to the photographic study of lightning
      discharges and, in particular, to time-resolved lightning photography for
      analyzing the time development of the discharges.
PAR  Techniques for time-resolved lightning photography have provided much
      valuable information regarding the luminous processes occurring during the
      discharges. For example, the classical photographic studies by Schonland,
      Malan, and co-workers in South Africa (1935); Malan and Collens (1937);
      Schonland (1956) and McEachron and co-workers in the United States (1939,
      1947), all employed cameras patterned after a design produced by C. V.
      Boys (1926, 1929). If desired, reference can be made to the following
      publications:
PA1  Boys, C. V., 1926: Progressive Lightning. Nature, 118, 749-750.
PA1  Boys, C. V., 1929: Progressive Lightning. Nature, 124, 54-55.
PA1  Schonland, B. F. J., D. J. Malan, and H. Collens, 1935: Progressive
      Lightning, Pt. 2. Proc. Roy. Soc. (London), A152, 595-625.
PA1  Malan, D. J., and H. Collens, 1937: Progressive Lightning, Pt. 3, The Fine
      Structure of Lightning Return Strokes. Proc. Roy. Soc. (London), A162,
      175-203.
PAR  McEachron, K. B., 1939: Lightning to the Empire State Building. J. Franklin
      Inst., 227, 149-217.
PA1  Hagenguth, J. H., 1947: Photographic Studies of Lightning. Trans. AIEE, 66,
      577-585.
PAL  more recently, a review of lightning photography containing numerous
      references has been published by Uman (1969) "Lightning", New York,
      McGraw-Hill, Chapter 2.
PAR  In the original Boys camera design, a pair of matched lenses are rotated in
      front of a stationary film plane to produce opposite displacements of the
      photographic images as the discharges developed in time. Knowing the
      rotation frequency and focal lengths of the lenses, the measure of image
      displacement was sufficient to determine the angular velocity at which the
      images developed. In 1957, Malan reviewed the general theory of lightning
      photography and presented an improved camera design in which a loop of
      film was continuously moved behind a stationary lens.
PAR  All of the cameras previously used for time-resolved lightning photography
      have a rather limited field of view which typically is about 0.5 ster. The
      desirability to obtain larger fields, of course, has been recognized,
      although the efforts along this line have met with limited success. In
      particular, the results have produced undersirable complexities and
      increased costs. For the most part, increases in the field have been
      obtained by the use of multiple lenses or, by the use of several cameras
      operating simultaneously. An example of this latter type of camera is
      disclosed in a publication by Kettler, C. J., (1940) "Cameras Designed for
      Lightning Studies", Photo Technique, May 38-43.
PAC  Objects of the Present Invention
PAR  It is therefore a principle object of the present invention to produce an
      unusually simple, inexpensive all-sky camera for use in time-resolved
      lightning photography; the camera having an all-sky filed of view and
      further being capable of providing varying degrees of resolution.
PAR  A further object is to produce an all-sky camera for time-resolved
      lightning photography capable of providing information regarding the
      complex luminous processes occurring during lightning discharges by a
      method which is independent of the orientation of the lightning channel or
      the location of the discharge in the field of view.
PAR  Other objects will become more apparent in the ensuing description.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The present invention is illustrated in the accompanying drawings of which:
PAR  FIG. 1 is a schematic illustrating in particular the lens and film members
      used in the present cameras, and
PAR  FIG. 2 is a somewhat schematic representation of camera data obtained by
      the FIG. 1 camera arrangement.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  FIG. 1 illustrates a camera system including a pair of cameras 1 and 2
      proximately disposed in a horizontal plane, each camera having a lens 3
      and 4 as well as a film strip 5 and 6. A casing 10 houses the functional
      components.
PAR  One of the features of the invention is the use of identical, so-called
      fisheye lenses pointing vertically to view substantially the entire sky
      and its horizon so as to focus lightning discharges or other optical
      targets of interest on its film member which, manifestly, is mounted in
      the focal plane of the lens. Each lens should be of a type having a good
      equidistant projection - of - zenith angle to facilitate analysis of the
      discharge data. For example, one such arrangement employed 35 mm Nikon
      Photomic FTN cameras equipped with 220.degree.Fisheye Nikkor lenses (6 mm,
      f 5.6). Obviously, other arrangements are possible. For example, a large
      format camera arrangement also has been constructed using 300 mm lenses
      viewing 40 cm diameter parabolic reflectors to obtain the desired all-sky
      view. This arrangement has been of particular use in analyzing and
      providing data relative to lightning discharge return-stroke measurements.
      Other optical arrangements could utilize spherical reflectors is desired.
PAR  Another feature of the invention is the fact that, generally speaking, one
      of the cameras is rotatably movable relative to the other to permit the
      lightning data to be analyzed by measuring the film-recorded angular
      deviation produced by the relative rotational movement. For example, as
      shown in FIG. 1, a synchronous motor 7 is used to rotate camera 2 at a
      fixed rotational speed of either 1 rps or 10 rps. Concurrently, camera 1
      is maintained in its stationary disposition so that images formed on the
      film of camera 2 will have a certain angular deviation relative to the
      image on the stationary lens. This fact is schematically illustrated by
      FIG. 2 which shows that an image 8 formed on stationary camera 1 is
      rotatably displaced by camera 2 due to the fact camera 2 is rotated about
      its vertical axis 9 at an angular speed of rotation (.omega.) while camera
      1 remains stationary. Consequently, image 8 is displaced on camera 2 as
      shown by the time history of the discharge recorded as image 8a, 8b and
      8c. Thus, this relatively simple all-sky camera system can provide the
      essential data required for time-resolved photographic studies. Further,
      the system can utilize varying degrees of resolution controllable by the
      angular speed, the selection of components and other readily-apparent
      parameters.
PAR  Other arrangements can be employed to achieve the relative rotational
      movement. Thus, it is feasible and, in some instances, preferable to
      rotate a disc-like film member, shown as discs 11 and 12 in FIG. 1, rather
      than both the film and the lens. As shown, disc 12 would be rotated
      relative to disc 11. The fundamental need is to cause one of the images of
      the discharge to rotate relative to the other. The data produced provides
      useful information regardless of the specific arrangement. For example,
      the Nikon cameras of FIG. 1 with their all-sky fisheye lenses result in a
      rather low time resolution and they are particularly useful for
      photographing long, slow air discharges which occasionally propagate for
      several miles at or just below the cloud base. For return-stroke
      measurements, the larger format camera using parabolic reflector optics
      has proven advantageous. Such all-sky cameras are particularly well-suited
      for studies of fast propagation speeds of return strokes. For
      return-stroke study the rotational film motion can be controlled so as to
      be constantly perpendicular to the image of a vertical lightning channel.
      Further, the camera is advantageous since the film speed, V= R.omega., is
      highest close to the horizon image identified as such in FIG. 1. It also
      is possible to obtain better time-resolution by employing counter-rotating
      cameras although this advantage is somewhat at the expense of achieving a
      well-defined direction of the discharge. Counter-rotation, of course,
      would be accomplished by rotating camera 1 about its axis 9.
PAR  Using the all-sky camera system which has been described, it is possible,
      in analyzing the resulting data, to use a method that is independent of
      both the orientation of the lighting channel and the location of the
      discharge in the field of view. Such an analytical technique is possible
      if, as will be described, the same source points are measured on the
      images produced by both cameras.
PAR  Thus, to be specific, the location of point image in the stationary focal
      plane can be specified by the polar coordinates R.sub.s (t) and O.sub.s
      (t) and the polar coordinates in the rotating planes can be identified as
      R.sub.r (t) and O.sub.r (t). The designators, R.sub.s and R.sub.r are the
      radii locations of the stationary and rotating cameras, respectively;
      while the designators O.sub.s and O.sub.r are the respective zenith
      angles. The relations between these time-derivatives of the rotated and
      stationary coordinates will, in general, be
      ##EQU1##
      and
      ##EQU2##
      where .omega. is the angular speed of rotation in radians per second.
      Integrating these two equations between any two points on the images
      provides .DELTA. r.sub.r =.DELTA.r.sub.s and .DELTA..theta..sub.r =
      .DELTA..theta..sub.s - .omega..DELTA.t. Thus, to determine the time
      interval, .DELTA. t, required for a particular luminous feature to
      develop, one simple measures the appropriate angular deviations .DELTA.
      .theta..sub.r and .DELTA. .theta..sub.s, between the rotating and
      stationary images at the same radius and .DELTA. t = (.DELTA.
      .theta..sub.s - .DELTA. .theta..sub.r)/.omega..
PAR  Consequently, as previously stated, the data analysis is independent of
      lightning channel orientation or the location of the discharge in the
      field of view providing, as indicated, the same source points are
      measured. This requirement is satisfied by assuring that the angular
      deviation measurements (.DELTA. .theta.) are taken at the same radius.
PAR  The present camera system is primarily advantageous in that it provides an
      all-sky field of view which allows any visible lightning channel to be
      recorded. Further, the arrangement is unusually simple, inexpensive and
      easily maintained as a field experimental instrument for long periods of
      time. It is, as has been stated, an extension of the Boys camera and its
      later variations, although all of these cameras required a relative motion
      between the lens and film to displace the lightning image as the discharge
      develops. In particular, the all-sky arrangement permits the data to be
      resolved by the equation .DELTA.t = .DELTA..theta./.omega. simply by
      measuring angular deviation at the same radius. Consequently, the
      arrangement expands and simplifies time-resolved lightning photography in
      a manner that should significantly benefit these studies and provide
      useful information on a scale that heretofore has not been achieved.
PAR  Obviously many modifications and variations of the present invention are
      possible in the light of the above teachings. It is therefore to be
      understood that within the scope of the appended claims the invention may
      be practiced otherwise than as specifically described.
CLMS
STM  I claim:
NUM  1.
PAR  1. All-sky camera apparatus for time-resolved lightning photography
      comprising:
PA1  a pair of cameras disposed a spaced distance one from the other in a
      horizontal plane,
PA1  each of said cameras including:
PA2  a lens member and
PA2  a film member disposed in the focal plane of the lens member; both of said
      members having an axis of rotation pointed vertically and said lens
      members both being substantially identical to the extent that both are
      adapted to view substantially the entire sky for imaging in identical
      manners lightning discharges occurring in the sky on their respective film
      member, and
PA1  means for rotating the image formed in at least one of said cameras about
      said common rotational axis, said rotation being at a fixed angular
      velocity relative to image formed on the film member of said other camera,
PA1  whereby an image of a particular lightning discharge is recorded by both
      cameras simultaneously for permitting lightning data to be analyzed by
      measuring the film-recorded angular deviation produced by said relative
      rotation.
NUM  2.
PAR  2. The apparatus of claim 1 wherein said means for producing said relative
      rotation includes a drive means simultaneously rotating both said film and
      lens members of said one camera.
NUM  3.
PAR  3. The apparatus of claim 1 where the film member of one of the cameras is
      maintained in a stationary disposition to produce said relative rotational
      movement.
NUM  4.
PAR  4. The apparatus of claim 1 wherein the lens member of both of said cameras
      is a fisheye lens.
NUM  5.
PAR  5. The apparatus of claim 1 wherein said means for producing said relative
      rotation includes a continuously-driven synchronous motor.
NUM  6.
PAR  6. The appparatus of claim 1 wherein the exposed portion of said film
      members is directionally controlled for maintaining said films constantly
      perpendicular to images produced by vertical lightning discharge strokes.
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ABST
PAL  A red light-emitting gallium phosphide device provided with a p-n junction
      contributing to the emission of light, wherein the maximum concentration
      of an oxygen donor in a depletion layer surrounding the p-n junction
      ranges from 1 .times. 10.sup.12 cm.sup.-.sup.3 to 5 .times. 10.sup.14
      cm.sup.-.sup.3.
BSUM
PAR  This invention relates to a red light-emitting gallium phosphide device
      displaying a high light-emitting efficiency.
PAR  It has been disclosed that the red light generated by a light-emitting
      gallium phosphide appears in the p region of the p-n junction and that the
      luminescent center consists of zinc (Zn)-oxygen (O) pairs. For a higher
      light-emitting efficiency, therefore, it is necessary to increase the
      concentration of said zinc (Zn)-oxygen (O) pairs constituting the
      luminescent center. Since the zinc component of this luminescent center
      acts as an acceptor having a shallow level, the concentration of said zinc
      acceptor in a gallium phosphide crystal can be determined, for example,
      from the Hall effect. On the other hand, the oxygen component of the
      luminescent center acts as a donor having a deep level. Therefore, it has
      been difficult to determine the concentration of said oxygen donor. To
      date, nothing has been known of the oxygen donor concentration in the
      depletion layer occurring in the p-n junction as well as in the p region
      adjacent to said p-n junction.
PAR  However, the recent photocapacitance method has established the process of
      quantitatively determining the oxygen donor concentration in the depletion
      layer of a red light-emitting gallium phosphide device, making it possible
      to obtain the profile of the oxygen donor concentration in said depletion
      layer (For the details of the photocapacitance method, see "Physical
      Review B", Vol. VII, pages 2486 to 2499, 1973. ).
PAR  There will now be briefly described the photocapacitance method. The red
      light-emitting gallium phosphide device includes, as shown in FIG. 1, an n
      type region 11, p type region 12 and depletion layer 13 surrounding the
      p-n junctions. Luminescence takes place in the p type region 12. Zn-O
      pairs constitute a luminescent center. An oxygen donor 14, a component of
      the luminescent center, is distributed in the depletion layer 13
      surrounding the p-n junction and the p region 12. Initially, the oxygen
      donor 14 is for the greater part positively charged. When, however, the
      gallium phosphide device is externally irradiated by exciting light 15 of,
      for example, 1.55 ev, then electrons are transferred from the valence band
      to the oxygen donor 14 to render it neutral. As the result, the
      capacitance C of the p-n junction increases and becomes saturated as
      indicated by the curve 17 of FIG. 2. In this case, the capacitance C alone
      increases to a normal level .DELTA.C and remains substantially unchanged
      even when the exciting light 15 is shut off. When, under this condition,
      an infrared light of for example, 1.00 ev is projected on the gallium
      phosphide device, then electrons captured by the oxygen donor 14 are
      transferred to the conduction band, positively charging the oxygen donor
      14 to bring it back to its original state. In consequence the capacitance
      C also regains its original condition, as shown by the curve 18 of FIG. 2.
      The above-mentioned increase .DELTA.C of the capacitance C resulting from
      the projection of the exciting light 15 may be expressed by the following
      equation (1-1):
      ##EQU1##
PAR  The oxygen donor concentration (N.sub.O (x)) in the depletion layer 13 can
      be determined by the following equation (1-2) derived from the equation
      (1-1):
EQU  .DELTA.n (x) = .gamma. N.sub.O (x)                         (1-2)
PAL  Throughout the above equations:
PA1  C: entire capacitance of the p-n junction
PA1  N.sub.a : acceptor concentration in the p region 12
PA1  N.sub.d : donor concentration in the n region 11
PA1  .gamma. : proportion of the oxygen donor 14 captured by electrons, which is
      determined by the energy of the exciting light.
PAR  The width of the depletion layer 13 varies with the level of backward
      voltage externally impressed on the gallium phosphide device, namely, is
      broadened with increase in said voltage. Therefore, if measurement is made
      of the increase .DELTA.C of the capacitance C by raising the level of said
      backward voltage in small increments, then it is possible to determine the
      distribution of the oxygen donor 14 in the depletion layer 13 surrounding
      the p-n junction and the p region 12 thereof. Said measurement should
      preferably be made at a low temperature such as 170.degree.K little
      affected by, for example, thermal excitation.
PAR  The present inventors measured the oxygen donor concentration in the
      depletion layer of various types of red light-emitting diode by the
      previously described photo-capacitance method, discovering that a certain
      relationship existed between the maximum level of the oxygen donor
      concentration in the depletion layer and the light-emitting efficiency of
      a gallium phosphide device.
PAR  It is accordingly the object of this invention to provide a red
      light-emitting gallium phosphide device having a high electroluminescent
      efficiency, particularly, an external electroluminescent quantum
      efficiency higher than 3%.
PAR  According to an aspect of this invention, there is provided a red
      light-emitting gallium phosphide device wherein the maximum oxygen donor
      concentration in the depletion layer surrounding the p-n junction is
      chosen to range from 1 .times. 10.sup.12 cm.sup..sup.-3 to 5 .times.
      10.sup.14 cm.sup..sup.-3.
DRWD
PAR  This invention can be more fully understood from the following detailed
      description when taken in conjunction with the accompanying drawings, in
      which:
PAR  FIGS. 1 and 2 are given by way of illustrating the photocapacitance method:
      FIG. 1 schematically shows the construction of an energy band near the p-n
      junction, and FIG. 2 is a curve diagram indicating changes in the
      capacitance;
PAR  FIG. 3 presents a relationship between the width of the depletion layer of
      the p-n junction and the oxygen donor concentration; and
PAR  FIGS. 4 and 5 set forth a relationship between the maximum oxygen donor
      concentration in the depletion layer and the electroluminescent efficiency
     .
DETD
PAR  Various forms of red light-emitting gallium phosphide diode (hereinafter
      referred to as "GaP diodes)") adopted as samples in this invention were
      each prepared by the following process. First, an n type GaP layer
      containing an impurity of tellurium was formed by the liquid phase
      epitaxial method on a substrate of an n type GaP crystal grown by the
      liquid encapsulated Czochralski method. A p type GaP layer containing zinc
      and oxygen was grown by the liquid phase epitaxial method on said n type
      GaP layer to provide a p-n junction. A wafer thus obtained was cut up into
      numerous rectangular parallelepiped pellets having a square cross section,
      each side of which measured 0.4 mm. The pellet was mounted on a header
      with an ohmic contact formed on both p and n sides, thus finally providing
      a red light-emitting GaP diode. Various forms of red light-emitting GaP
      diode were obtained by changing the tellurium donor concentration in the n
      type GaP substrate, as well as in the n type GaP layer superposed on the
      substrate from 1 .times. 10.sup.17 cm.sup..sup.-3 to 1 .times. 10.sup.18
      cm.sup..sup.-3 and also varying the zinc acceptor concentration in the p
      type GaP layer similarly from 1 .times. 10.sup.17 cm.sup..sup.-3 to 1
      .times. 10.sup.18 cm.sup..sup.-3 in providing the p-n junction on said
      substrate and further changing the rate at which an epitaxial solution was
      cooled for the liquid phase epitaxial growth of the p type GaP layer from
      0.5.degree.C/min to 10.degree.C/min.
PAR  Measurement was made of the oxygen donor concentration in the depletion
      layer surrounding the p-n junction with respect to each of the various
      forms of red light-emitting GaP diode prepared in the above-mentioned
      manner, the results being set forth in FIG. 3. The width of the depletion
      layer surrounding the p-n junction is shown on the abscissa. Said width
      varies with the concentrations of the donor and acceptor, and indicates
      0.1 to 0.2 .mu.m at zero bias voltage and is enlarged to the neighborhood
      of a level ranging from 0.2 to 0.35 .mu.m at backward voltage of 10 V.
      Shown on the ordinate is the measured oxygen donor concentration, which
      varies with the width of the depletion layer surrounding the p-n junction.
      The curve 31 of FIG. 3 indicates the distribution of the oxygen donor
      concentration in a GaP diode having a 1 % external quantum efficiency; the
      curve 32 represents the distribution of said concentration in a GaP diode
      having a 2.5% external quantum efficiency; and the curve 33 illustrates
      the distribution of said concentration in a GaP diode having a 4.5%
      external quantum efficiency. All these efficiencies were obtained when the
      respective GaP devices were not coated with epoxy resin. Coating of said
      epoxy resin substantially doubled the above-mentioned external quantum
      efficiencies. FIG. 3 characteristically shows that with a GaP diode
      displaying a higher external quantum efficiency, the oxygen donor is
      distributed at a lower concentration through the depletion layer, for
      example, that in the case of the curve 33, the oxygen donor concentration
      stands at a lower level than 2 .times. 10.sup.14 cm.sup..sup.-3.
PAR  A red light-emitting GaP diode represented by the curve 33 is often
      obtained when said oxide is prepared by the steps of epitaxially growing
      an n type GaP layer containing a donor at concentrations from 2 .times.
      10.sup.17 cm.sup..sup.-3 to 5 .times. 10.sup.17 cm.sup..sup.-3 on an n
      type GaP substrate containing a donor at concentrations from 1 .times.
      10.sup.17 cm.sup..sup.-3 to 3 .times. 10.sup.17 cm.sup..sup.-3, and
      epitaxially forming a p type GaP layer containing an acceptor at
      concentrations from 1 .times. 10.sup.17 cm.sup..sup.-3 to 3 .times.
      10.sup.17 cm.sup..sup.-3 on said n type GaP layer by cooling the required
      p-type epitaxial solution at a slower rate than 3.degree.C/min.
PAR  As mentioned above, the width of the depletion layer surrounding the p-n
      junction noticeably varies with the concentrations of a donor and acceptor
      in the neightborhood of the p-n junction. Therefore, the properties of
      various GaP diodes can be compared more accurately on the basis of the
      oxygen donor concentration when the GaP diodes are impressed with the same
      level of voltage than on the basis of the oxygen donor concentration in
      the depletion layers having an equal width. The reason is that the level
      of voltage impressed on the GaP diodes is not affected by the
      concentrations of the donor and acceptor. The characters 0V, 6V and 10V
      attached to each of the curves 31, 32, 33 of FIG. 3 denote the magnitudes
      of backward voltage impressed on the p-n junction. As apparent from FIG.
      3, the oxygen donor concentration in the depletion layer progressively
      increases toward the p region. Therefore, it will be seen that the oxygen
      donor concentration at the outer end of the p region of the depletion
      layer represents the maximum value of said concentration.
PAR  The curve 41 of FIG. 4 presents a relationship between the external quantum
      efficiency and the oxygen donor concentration No[6V] at the outer end of
      the p region of the depletion layer when the GaP diode is impressed with
      backward voltage of 6V. Ten dots in FIG. 4 denote the average value of
      each of the external quantum efficiencies corresponding to the oxygen
      donor concentrations in ten GaP diodes prepared from the rectangular
      parallelepiped pellets cut out of a wafer. The upper and lower ends of the
      upright lines parallel with the ordinate line respectively denote the
      maximum and minimum levels of the external quantum efficiencies associated
      with the oxygen donor concentrations in said ten GaP diodes. As apparent
      from FIG. 4, the external quantum efficiency is very high, namely, more
      than 3%, while the oxygen donor concentration remains within the range of
      from 1 .times. 10.sup.12 cm.sup..sup.-3 to 5 .times. 10.sup.14
      cm.sup..sup.-3. Moreover, the maximum and minimum values of said external
      quantum efficiency bear a small ratio to each other. This small ratio
      means that the electroluminescent efficiencies of numerous GaP diodes
      prepared from pellets cut out of the same wafer or lot indicate
      prominently small variations.
PAR  The two curves of FIG. 5 show the plotted value of the external quantum
      efficiency corresponding to the oxygen donor concentration at the outer
      end of the p region of the depletion layer in each of a plurality of GaP
      diode samples when the p-n junction thereof is impressed with backward
      voltage. The curves 51 and 52 respectively represent the cases where the
      backward voltages applied were 3V and 10V. As seen from FIG. 5, higher
      external quantum efficiency than 3% is obtained when the oxygen donor
      concentration substantially falls within the range of from 1 .times.
      10.sup.12 cm.sup..sup.-3 to 5 .times. 10.sup.14 cm.sup..sup.-3. Attainment
      of such high external quantum efficiency under the above-mentioned
      condition is supposed to be for the following reason. The value of from 1
      .times. 10.sup.12 cm.sup..sup.-3 to 5 .times. 10.sup.14 cm.sup..sup.-3
      means a low oxygen donor concentration in the depletion layer. This low
      oxygen donor concentration reduces the possibility of a recombination
      center being formed within the p-n junction and in consequence restricts
      the generation of recombination current in said junction, thereby
      supposedly enabling a larger amount of current to be injected p region.
      Another reason for the above-mentioned high external quantum efficiency is
      supposed to be that the decreased oxygen donor concentration conversely
      results in the extended lifetime of minority carriers present in the p-n
      junction and the adjacent luminescent region, thereby increasing the
      radiative recombination rate. Actual measurement of the lifetime of
      minority carriers in the luminescent region shows that said lifetime was
      20 nanoseconds for the GaP diode represented by the curve 32, whereas said
      lifetime increased to 2.5 times, namely, 50 nanoseconds for the GaP diode
      denoted by the curve 33. Further, the reason why the external quantum
      efficiency decreases when the oxygen donor concentration No[6V] falls to
      below 1 .times. 10.sup.12 cm.sup..sup.-3 is assumed to originate with the
      fact that an excessive drop in the oxygen donor concentration leads to the
      prominently decreased concentration of Zn-O pairs forming a luminescent
      center.
PAR  For elevation of the external quantum efficiency, an attempt has hitherto
      been made to introduce as large an amount as possible of the oxygen donor
      into the p region of the p-n junction in order to increase the
      concentration of Zn-O pairs constituting a luminescent center. However,
      the present inventors have discovered that it is rather effective to
      reduce the oxygen donor concentration to a certain extent, increase the
      crystalline perfection of the p type GaP layer and extend the lifetime of
      minority carriers. Such form of red light-emitting Gap diode can be
      effectively realized, as previously described, by choosing the donor
      concentration in the n type GaP substrate to range from 1 .times.
      10.sup.17 cm.sup..sup.-3 to 3 .times. 10.sup.17 cm.sup..sup.-3, the donor
      concentration in the n type epitaxial layer grown on said substrate to
      range from 2 .times. 10.sup.17 cm.sup..sup.-3 to 5 .times. 10.sup.17
      cm.sup..sup.-3, and the acceptor concentration in the p type epitaxial
      layer to range from 1 .times. 10.sup.17 cm.sup..sup.-3 to 3 .times.
      10.sup. 17 cm.sup..sup.-3 ; and cooling the p type epitaxial solution at a
      slower rate than 3.degree.C/min in the liquid phase epitaxial growth of
      the p type GaP layer bearing an oxygen donor.
PAR  The foregoing description referred to the case where an n type GaP layer
      and p type GaP layer were formed on an n type GaP substrate by liquid
      phase epitaxial growth to provide a red light-emitting GaP device.
      However, it is possible epitaxially to grow the p type GaP layer
      immediately on the n type GaP substrate. In this case said n type GaP
      substrate and p type GaP layer constitute a p-n junction contributing to
      the emission of red light.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. A red light-emitting gallium phosphide device wherein the maximum
      concentration of an oxygen donor in a depletion layer surrounding a p-n
      junction contributing to the emission of red light is chosen to range from
      1 .times. 10.sup.12 cm.sup..sup.-3 to 5 .times. 10.sup.14 cm.sup..sup.-3.
NUM  2.
PAR  2. A red light-emitting gallium phosphide device according to claim 1
      wherein said p-n junction consists of the n type GaP substrate, n type GaP
      layer formed on said substrate by liquid phase epitaxial growth and p type
      GaP layer superposed on said n type GaP layer similarly by liquid phase
      epitaxial growth.
PATN
WKU  039342611
SRC  5
APN  5497590
APT  1
ART  254
APD  19750213
TTL  Two-dimensional transfer in charge transfer devices
ISD  19760120
NCL  7
ECL  1
EXA  Wojciechowicz; E.
EXP  Miller, Jr.; Stanley D.
NDR  7
NFG  12
INVT
NAM  Sequin; Carlo Heinrich
CTY  New Providence
STA  NJ
ASSG
NAM  Bell Telephone Laboratories, Incorporated
CTY  Murray Hill
STA  NJ
COD  02
RLAP
COD  71
APN  357590
APD  19730507
PSC  03
CLAS
OCL  357 24
EDF  2
ICL  H01L 2978
FSC  357
FSS  24
UREF
PNO  3777186
ISD  19731200
NAM  Chang
OCL  357 24
LREP
FR2  Birnbaum; L. H.
ABST
PAL  Charge transfer devices of either the charge coupled or bucket brigade type
      are described which allow movement of charge carriers in two noncollinear
      directions in the surface plane of the device. One level of metallization
      is utilized to provide the appropriate surface potential for charge
      transfer in the storage medium.
PAL  The electrode pattern comprises charge transfer electrodes which are
      coupled diagonally to one of a plurality of conduction paths.
      Directionally is aided by asymmetric potentials under each electrode which
      may be formed by localized regions of fixed charge at the surface of the
      storage medium. Horizontal or vertical transfer is determined by the
      sequence of biasing the conductive paths. In one embodiment, the electrode
      pattern is formed by strips of conductive material shaped in the form of
      diagonally overlapping quadrilateral members and positioned so as to form
      an array resembling the normal two-dimensional array of discrete transfer
      electrodes.
PARN
PAC  CROSS-REFERENCE TO RELATED APPLICATION
PAR  This application is a continuation of my copending application Ser. No.
      357,590 filed May 7, 1973 assigned to the present assignee, now abandoned.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to charge transfer devices and in particular to
      devices in which charge carriers may be transferred in two noncollinear
      directions.
PAR  "Charge Transfer Device" (CTD) has come to be known as the generic
      description for devices which store and transfer charge carriers in a
      storage medium by means of appropriate potentials created at or near the
      surface of the medium by a series of electrodes disposed upon an
      insulating layer overlying the surface of the medium. These devices may be
      of the charge coupled (CCD) or bucket brigade (BBD) type. In the basic
      bucket brigade device, regions of fixed charge are provided in the storage
      medium beneath each electrode and extending slightly into the area below
      an adjacent electrode in the charge transfer path. When an electrode is
      biased, the region of charge immediately under it is reversed biased and
      the channel between this region and its neighbor is inverted to permit the
      transfer of charge. Thus, mobile charge carriers are stored in fixed
      charge regions as majority carriers and transferred through the channels
      as minority carriers. The basic charge coupled device stores charge
      carriers under depletion biased electrodes and transfers the charge
      carriers by creating a succession of potential wells at the storage medium
      surface along the transfer path. Charge is therefore stored and
      transferred in the form of discrete packets of minority carriers in the
      medium.
PAR  Most prior art devices have proposed electrode configurations for moving
      charge carriers in essentially a linear path, including schemes for moving
      charge in serpentine fashion and for reversing the transfer to the
      opposite direction. In many information processing applications, such as
      time division multiplexing, it is necessary to provide for conversion from
      serial-to-parallel and parallel-to-serial transfer of charge as well as
      many other types of logic operations. Thus one can make advantageous use
      of a device which is capable of transferring charge from any particular
      storage location in either of two noncollinear directions.
PAR  In order to meet this need, a device was proposed which utilized an
      electrode network in two levels of metallization to define noncollinear
      transfer paths in the medium. (See U.S. patent application of R. H.
      Krambeck-C. H. Sequin-R. H. Walden, Ser. No. 342,173, filed Mar. 16, 1973
      and assigned to the present assignee.) In some cases, two levels of
      metallization may present some fabrication difficulties. Hence, it is
      desirable to provide an alternative structure which needs only one level
      of metallization in order to transfer charge in two noncollinear
      directions.
PAC  SUMMARY OF THE INVENTION
PAR  In accordance with the invention, transfer electrodes in a diagonal
      direction in the two-dimensional array are coupled in common to one of a
      plurality of conduction paths. An appropriate pulsing sequence applied to
      the conduction paths moves the charge in either a horizontal or vertical
      direction. Reverse transfer in either the horizontal or vertical direction
      is prevented by means of an asymmetric potential created under each
      electrode, preferably by localized regions of fixed charge at the storage
      medium surface. In one embodiment, the electrode pattern is formed by
      strips of conductive material shaped in the form of quadrilateral members
      overlapping in their diagonal dimension and positioned so as to form the
      required transfer paths in two noncollinear directions.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  These and other features of the invention will be delineated in detail in
      the description to follow. In the drawing:
PAR  FIG. 1 is a schematic plan view of a charge coupled device in accordance
      with one embodiment of the present invention;
PAR  FIG. 2 is a plan view, partly schematic, of a portion of a charge coupled
      device in accordance with a further embodiment of the invention;
PAR  FIGS. 3A-3D are cross-sectional views along line 3--3 of FIG. 2
      illustrating movement of charge in one direction in the device of FIG. 2;
PAR  FIGS. 4A-4D are cross-sectional views along line 4--4 of FIG. 2
      illustrating movement of charge in another direction in the device of FIG.
      2;
PAR  FIG. 5 is a schematic diagram of the pulse train supplied to each
      conduction path of the device in FIG. 2 in order to move charge in
      accordance with the same embodiment; and
PAR  FIG. 6 is a schematic plan view of a portion of a charge coupled device in
      accordance with a further embodiment of the invention.
DETD
PAC  DETAILED DESCRIPTION OF THE INVENTION
PAR  The basic concept of the present invention can be most easily seen from the
      schematic illustration of FIG. 1. There is shown here a simple charge
      coupled device comprising a semiconductor storage medium 10,
      illustratively p-type silicon, an insulating layer 11, typically
      SiO.sub.2, overlying the medium, and a 4.times.4 array of electrodes such
      as 12 disposed upon the insulating layer. According to one feature of the
      invention, the area of the storage medium under each electrode (i.e., the
      storage site), is adapted so that mobile charge carriers, in this case
      electrons, may enter from either one of two directions and exit in either
      one of two directions. This is accomplished by providing an asymmetric
      potential well under each electrode when properly biased. In this
      embodiment, the asymmetric potential well is established by regions of
      fixed charge such as 16 with the same conductivity type as the
      semiconductor (in this case p+) positioned at the surface of the storage
      medium under each electrode. Ion implantation may be used to form such
      regions. It will be noted that these fixed charge regions completely bound
      two sides of each electrode while leaving a path open on the two other
      sides for transfer of the carriers out of the storage sites. Since charge
      moves only to the right or downward in the array as shown, the fixed
      charge regions may be thought of as being located at the "back" edge of
      each electrode in the horizontal and vertical transfer paths. (The fixed
      charge regions, although located in the storage medium and therefore not
      visible in a plan view, are shown for purposes of illustration as the
      shaped regions under each electrode.) In accordance with another feature
      of the invention, the electrodes are coupled together in a diagonal
      direction to individual ones of conduction paths 13, 14, or 15 to which
      pulse trains .PHI..sub.1, .PHI..sub.2, and .PHI..sub.3, respectively, are
      supplied by some clock means 39. This diagonal coupling permits a choice
      of transferring carriers from any storage site in either a horizontal or
      vertical direction. For example, assume minority charge carriers
      represented by ".THETA." in FIG. 1 reside in the storage site under
      electrode 12 as illustrated and that conductor 13 has a pulse potential
      applied thereto which is greater than the rest potentials applied to
      conductors 14 and 15. If conductor 14 is now pulsed, while conductor 13 is
      lowered to a rest potential, the minority carriers will transfer into the
      area under the adjacent horizontal electrode 17. The carriers are
      prevented from moving in any other direction due to the potential barrier
      created by the fixed charge regions under the other electrodes held at
      rest potential. Similarly, if conductor 15 were pulsed, the carriers would
      move in a vertical direction to beneath electrode 18. It should be clear
      that a precisely equivalent structure would have fixed charge regions of
      conductivity opposite to the substrate (n+) in the areas under electrodes
      shown undoped in FIG. 1 (i.e., the front edge of each electrode in the
      transfer path) rather than the regions of p+ conductivity type. The
      asymmetry in the potential wells would therefore be created by fixed
      charge regions which would be more attractive to minority carriers than
      the undoped portions, instead of by the repulsive regions of FIG. 1. It
      should also be clear that by providing the proper fixed charge regions in
      the storage medium, bucket brigade devices may be constructed in
      accordance with the principles of the invention. Such adaption of the
      principles described herein would be obvious to those skilled in the art
      and consequently a detailed discussion of bucket brigade devices is
      omitted for the sake of brevity. It will also be apparent that the
      asymmetric potential wells may be formed by disposing the electrodes on a
      nonuniform insulating layer as is known in the art (i.e., with the back
      edge of each electrode overlying a thicker portion of the insulator that
      the front edge). Furthermore, it will be realized that an n-type storage
      medium may be used in the device, in which case all polarities described
      would be reversed.
PAR  The foregoing discussion is meant to give a brief picture of the basic
      concepts of the present invention. A more detailed discussion of the
      actual construction of a device in accordance with the invention is
      presented below in reference to the embodiment shown in FIG. 2.
PAR  In FIG. 2 there is shown a portion of a charge coupled device, partly cut
      away, employing the inventive principles previously discussed. Again, the
      device comprises a charge storage medium 26 such as silicon, an insulating
      layer 27 such as SiO.sub.2 overlying a major surface of the medium, and an
      array of electrodes disposed upon the insulating layer for storage and
      transfer of charge carriers in the medium. In this embodiment, however,
      the electrodes are formed by a series of conductive strips, such as 20, 21
      and 22, overlying the charge transfer area, each shaped in the form of a
      series of diagonally overlapping quadrilateral members which in this case
      are squares. The strips are positioned to form essentially a 4.times.4
      array of transfer electrodes, one row of which consists of electrodes
      23a-d and one column of which consists of electrodes 23a and 24b-d. It
      will be appreciated that this electrode configuration is a practical
      equivalent of the scheme illustrated in FIG. 1. As before, regions of
      fixed charge, such as 28 of the same conductivity type as the storage
      medium, are provided in the medium beneath the back edge of each electrode
      to prevent reverse transfer of charge carriers in either the horizontal or
      vertical directions. (Although not visible in a plan view, the fixed
      charge regions are illustrated as shaded regions in this figure for the
      sake of clarity in understanding the structure.) It will be appreciated
      that this simple array is presented for purposes of description, and in
      actual practice a charge coupled device would comprise many more
      electrodes.
PAR  In this particular embodiment, a mass serial-to-parallel conversion
      operation will be described. Thus, input electrodes 29a-29 d are provided
      adjacent to the first electrodes in each row of the array and output
      electrodes 30a-30d along with gate electrodes 31a-31d are provided
      adjacent to the last electrodes in each column of the array. It will be
      clear that many other logic operations are possible in accordance with the
      invention and therefore the particular operation described here should be
      considered illustrative only.
PAR  The charge transfer region of the storage medium is bounded by a strip of
      fixed charge 32 of the same conductivity type as the medium as shown in
      the cut-away portion of FIG. 2. This region of charge is better known as a
      "channel stopping" or "chanstop" region. Pulse trains .PHI..sub.1,
      .PHI..sub.2 or .PHI..sub.3 are applied to each conductive strip as
      illustrated in order to move mobile charge carriers in the manner desired.
      The clocking means is not shown in this figure for the sake of clarity in
      the illustration.
PAR  The actual operation of the device is illustrated first in FIGS. 3A-3D
      which are cross-sectional views along line 3--3 of FIG. 2, in association
      with FIG. 5 which illustrates the pulse trains supplied to each conductive
      strip. It will first be noted in FIG. 3A that the input means comprises an
      electrode 29a, previously mentioned, in association with a localized
      region of charge 33 of n+ conductivity type for the introduction into the
      medium of minority carriers represented by ".theta." in the figure. The
      particular means which may be employed for the introduction, as well as
      the detection, of mobile carriers are varied and well known in the art.
      The depletion region depth in the medium created by the biased electrodes
      is represented by the dashed line 40. This in turn is representative of
      the potential created along the medium-insulator interface. At t=0, pulse
      train .PHI..sub.1 applies a potential Vp to electrodes 23a and 23d in the
      row shown in FIG. 3A. This creates a potential under electrode 23a which
      is greater than that under the input means and so injected minority
      carriers are attracted to the area under electrode 23a as shown. By the
      same mechanism, mobile charge is introduced and transferred to the area
      under electrode 24d (see FIG. 4A). It will be understood in the succeeding
      discussion that the transfer of charge shown for the first row of
      electrodes is equally applicable to the fourth row of electrodes in the
      array of FIG. 2. Charge remains under the first electrode since electrodes
      23b and 23c are biased at a lower potential V.sub.r by pulse trains
      .PHI..sub.2 and .PHI..sub.3, respectively, to create a potential barrier
      to any further transfer.
PAR  At t=a, as shown in FIG. 3B, the charge packet is then transferred to the
      area under the adjacent electrode in the row (23b) by applying a potential
      V.sub.p thereto while lowering the potential applied to 23a and 23d to
      V.sub.r (see FIG. 5). Charge will not move in the vertical direction since
      the pulse train .PHI..sub.3 which is supplied to the adjacent vertical
      electrode, i.e., 24b, remains at V.sub.r creating a potential barrier to
      transfer in that direction. It should also be appreciated that charge will
      never move either up or to the left in FIG. 2 since the asymmetric
      potential created under each electrode by the p+ regions establishes a
      continuous barrier to charge transfer in those directions. Transfer of the
      charge packet down the row continues at t=b by raising the potential from
      pulse train .PHI..sub.3 to V.sub.p and lowering the potential of
      .PHI..sub.2 to V.sub.r, as shown in FIG. 3C. Once again, vertical transfer
      is blocked by the low potential applied to the adjacent vertical electrode
      (i.e., the potential applied by pulse train .PHI..sub. 1). Finally, at
      t=c, as shown in FIG. 3D, .PHI..sub.1 again supplies a potential V.sub.p
      to electrodes 23a and 23d so that the charge packet is transferred to the
      area under electrode 23d while a new charge packet is transferred to the
      area under electrode 23a.
PAR  As a result of this pulsing sequence, charge packets reside in the storage
      sites under the first and fourth electrodes of the first and fourth rows
      of the array. In order for the charge information to be read out in
      parallel, vertical transfer down the first and fourth columns to the
      respective outputs 30a and 30d is effected. This series of transfers is
      shown in FIGS. 4A-4D for the first column of the array. FIG. 4A
      illustrates the position of the charge packets at t=c.
PAR  It will be noted that the output means comprises an output electrode 30a in
      association with a region of n+ conductivity type 34 as in the input
      means. There is also added a gate electrode 31a over the area between the
      last electrode in the column (in this figure, 24d) and the n+ region. A
      potential V.sub.gate is supplied to this electrode to establish a
      potential thereunder which is less than the potential under electrode 24d
      when in a pulsed on condition but greater than the potential in a pulsed
      off condition. During horizontal transfer, the gate is biased at a
      sufficiently low potential to prevent any transfer to the output means.
      This form of output means is also known in the art and so is not discussed
      in further detail. At t=d, the potential applied to 23a and 24d by
      .PHI..sub.1 is returned to V.sub.r, while .PHI..sub.3 supplies a potential
      V.sub.p to electrode 24b. As illustrated in FIG. 4B, this causes the
      packet of charge residing under 23a to be transferred to under 24b. At the
      same time, the packet under 24d is transferred to the depletion region
      formed by the combination of output electrode 30a and localized n+ region
      34. This charge packet then appears as a current at the output terminal.
      Horizontal transfer is prevented because of the barrier created under the
      adjacent horizontal electrodes by the low potential, V.sub.r, supplied by
      .PHI..sub.2. Vertical transfer then proceeds in order to read out the
      remaining charge packet by sequentially supplying a pulse to electrode 24c
      by .PHI..sub.2 and 24d by .PHI..sub.1 at t=e and t=f. This sequence is
      illustrated in FIGS. 4C-4D. The final charge packet is read out by
      removing the pulse from 24d so the packet is transferred to the output
      means. Again it will be realized that this pulsing sequence transfers the
      packets under the fourth column of the array in an identical manner.
PAR  It will be appreciated that the pulse train shown in FIG. 5 is used
      primarily for the purpose of illustration. In actual practice, as is well
      known in the art, it would be more desirable to provide overlapping
      sawtooth-type pulses for greater transfer efficiency.
PAR  The charge concentration of the localized charge regions 28, as well as the
      potentials V.sub.p and V.sub.r will depend on many factors such as the
      impurity concentration of the storage medium, the charge concentration of
      the insulating layer 27, and the thickness of the insulating layer. A
      determination of these parameters can be easily made by those skilled in
      the art according to known calculations. Therefore, a detailed discussion
      of this matter is omitted. However, the following values are presented as
      an illustrative embodiment:
PA1  Impurity concentration of storage medium (26) = 10.sup.15 cm.sup.-.sup.3 ;
PA1  Thickness of insulator (27) = 1,000 angstroms;
PA1  Charge concentration of insulator &lt;10.sup.11 cm.sup.-.sup.2 ;
PA1  Impurity concentration of localized fixed charge regions (28) =
      1.5.times.10.sup.12 cm.sup.-.sup.2 ;
PA1  V.sub.p =  13 volts;
PA1  V.sub.r   3 volts;
PA1  Impurity concentration of channel stopping region (32) = 10.sup.18
      cm.sup.-.sup.3.
PAR  Clearly, there are many modifications which may be employed as part of the
      inventive structure, some of which are illustrated in FIG. 6, which is a
      schematic plan view of a portion of a CCD in accordance with a further
      embodiment of the invention. Once again, charge regions in the storage
      medium are illustrated in this view to show their relative position with
      respect to the electrode array. In accordance with one feature of this
      embodiment, transfer efficiency is improved by utilizing the conductively
      connected CCD principle. This involves placing heavily doped fixed charge
      regions, shown as stipled regions such as 35 in the figure, of a
      conductivity type opposite to that of the storage medium in the gaps
      between electrodes along the charge transfer paths. The use of such
      regions essentially provides a short circuit across the spaces between
      electrodes. (For a detailed discussion of this concept, see U.S. patent
      application of R. H. Krambeck-G. E. Smith-R. J. Strain, Ser. No. 262,787,
      filed June 14, 1972 and assigned to the present assignee.) In the
      illustrative embodiment presented above, therefore, an n-type region of
      concentration 10.sup.14 cm.sup.-.sup.2 could be introduced into the gaps
      between electrodes along both the horizontal and vertical transfer paths.
      Furthermore, since such fixed charge regions would compensate for the
      lower concentration repulsive regions, shown as lightly shaded region 36
      in the figure, the latter is initially formed over the entire area of the
      charge transfer region excluding the areas under electrodes, such as 37,
      where mobile carriers are actually stored. This may be preferable to the
      embodiment of FIG. 2 where the corresponding regions 28 are limited to the
      area under electrodes, since critical alignment problems are reduced.
      Also, in order to ensure that during transfer no charge can diffuse to an
      adjacent electrode of the same conductive strip, small strips of channel
      stopping regions, in this case p++ type, are provided in the medium across
      each narrow portion of the conductive strips. These regions are
      illustrated as heavily shaded regions such as 38 to indicate that they are
      more heavily doped than the region 36 which is utilized to determine
      directionality during charge transfer.
PAR  It will also be clear to those skilled in the art that the invention is not
      limited to the three-phase addressing scheme described above. Any number
      of phases greater than three could also provide the proper pulsing
      sequence for moving the mobile carriers in two noncollinear directions
      with the inventive principles described herein.
PAR  Finally, it will be recognized that the principles described herein are
      applicable to the "buried-channel" type of charge coupled device which is
      by now well known in the art, having been originally described and claimed
      in U.S. patent application of W. S. Boyle and G. E. Smith, Ser. No.
      131,722, filed Apr. 6, 1971. In such devices, storage and transfer of
      mobile charge carriers are made to take place inside the bulk of the
      storage medium rather than at the storage medium-insulator interface. In
      adapting the present inventive principles for such devices, any localized
      surface regions of fixed charge would simply be formed to a depth
      sufficient to produce the same effect on the buried channel as was taught
      for the surface channel devices.
PAR  Various additional modifications and extensions will become apparent to
      those skilled in the art. All such deviations which basically rely on the
      teachings through which the invention has advanced the art are properly
      considered within the spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A charge transfer device comprising a semiconductor medium which is of a
      first conductivity type, an insulating layer covering at least a portion
      of the surface of said medium, a conductive pattern disposed upon said
      insulating layer comprising a series of conductive strips each formed in
      the shape of substantially quadrilateral members overlapping in their
      diagonal dimension placed such that the members form a two-dimensional
      array of rows and columns of electrodes with each electrode being coupled
      along a diagonal dimension in common with all other electrodes in said
      diagonal dimension to one of a plurality of conduction paths extending
      over said insulating layer to which a suitable bias may be applied, and
      means included under a portion of each electrode for forming under each
      electrode an asymmetric potential well when a suitable bias is applied to
      said conduction paths, said electrodes being positioned with respect to
      said means for forming an asymmetric potential well so that said means
      extends under an area of each electrode bounding two adjacent sides of
      said electrode so as to define a plurality of parallel transfer paths in
      said medium in each of two noncollinear directions of movement of mobile
      charge carriers in a plane essentially parallel to said one surface of
      said medium, wherein the transfer paths in one direction are formed under
      the rows of said electrodes and the transfer paths in the other direction
      are formed under the columns of said electrodes and wherein for any
      electrode, an adjacent electrode in the row and an adjacent electrode in
      the column are coupled to different ones of said conduction paths.
NUM  2.
PAR  2. The device according to claim 1 wherein the means for establishing an
      asymmetric potential well under each electrode comprises localized surface
      regions of fixed charge of suitable conductivity type formed in said
      medium included in an area below each electrode.
NUM  3.
PAR  3. The device according to claim 2 wherein the means for establishing an
      asymmetric potential well comprises a region of fixed charge of the same
      conductivity type as the medium but higher impurity concentration included
      in an area in the medium under a limited portion of each electrode so as
      to form beneath each electrode an angular region bounding two adjacent
      sides of said electrode while leaving a substantially quadrilateral area
      of the medium impurity concentration beneath each electrode.
NUM  4.
PAR  4. The device according to claim 2 wherein the means for establishing an
      asymmetric potential well comprises a region of fixed charge of a
      conductivity type opposite to the medium included in an area of the medium
      under a limited portion of each electrode so as to form beneath each
      electrode a substantially quadrilateral region bounding a portion of two
      adjacent sides of each electrode.
NUM  5.
PAR  5. The device according to claim 1 further comprising regions of fixed
      charge of a conductivity type opposite to said medium included in the
      areas of the medium in the gaps between said electrodes in each
      noncollinear transfer path.
NUM  6.
PAR  6. The device according to claim 1 wherein the number of conduction paths
      is three.
NUM  7.
PAR  7. The device according to claim 1 further comprising means for
      sequentially biasing said conduction paths in order to transfer carriers
      in either of said noncollinear transfer paths.
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PAL  An optical video disc has a multi-turn spiral track which stores a
      frequency modulated carrier modulated with program information in
      accordance with NTSC format. The recording is further characterized by the
      fact that the phase of the chroma subcarrier at the start of one
      convolution of the record track is substantially the same as that of the
      end of the convolution. In the playback process, the disc is rotated at a
      speed such that the chroma subcarrier is integrally related to the
      frequency of disc rotation.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  In the optical player a reading beam scans a spiral track of a video
      record, such as a disc, to derive the program information. Most frequently
      the information is stored in the disc under the control of a carrier
      signal that is angle-velocity-modulated (frequency modulated) with
      luminance information and with a subcarrier signal that is amplitude and
      phase modulated with chroma information. The sound information of the
      program is conveyed by one or more audio modulated subcarriers also used
      in preparing the record disc and the position of these various signals
      within the frequency spectrum is subject to choice. That choice is
      customarily made for optimum conditions of recording and playback. One
      may, for example, transcode the signals so that their frequency
      assignments are related to, but specifically different from that of the
      NTSC color signal specifications. As the art has developed, it has become
      possible to record the program in the NTSC format. This is especially
      desirable where the character of the playback apparatus is such that the
      carrier signal modulated by program information may be derived from
      reading the disc with such precision that it may be utilized directly,
      obviating the need for further signal processing or transcoding.
PAR  In order to be able to use the output signal of the playback apparatus
      without further signal processing or transcoding, it is necessary that
      timing errors, attributable for example to eccentricities of the disc, be
      compensated and maintained within an allowable tolerance range. Timing
      errors, when experienced, adversely affect both the luminance and chroma
      information but there is considerable more latitude with respect to the
      former than the latter. In point of fact, deficiencies in chromaticity of
      the reproduced image are manifest if the phase error of the chroma
      subcarrier is in excess of approximately 10 nanoseconds. Compensation of
      timing errors is accomplished by a correction  system controlled to
      displace the reading beam tangentially of the reading point in the sense
      and amount required for compensation. Manifestly, the requirements of the
      timing correction system are exacting if the compensation is to be
      accomplished with the precision necessary to maintain phase coherence of
      the chroma subcarrier signal.
PAR  Applicant has devised a phase locked servo-type of timing correction system
      that satisfies the precision requirements and yields an output signal in
      which the luminance information is corrected for timing errors and in
      which the chroma information has adequate phase coherence for use by a
      color receiver. Such a servo system makes it possible to play back a video
      disc with little, if any, difficulty if the recording is uninterrupted
      from a starting point to the finish. Some difficulty will be experienced,
      however, in intervals of stop frame reproduction which, from a practical
      standpoint, is a unique and especially attractive attribute of the optical
      video disc and playback arrangement. This difficulty is inherent in the
      NTSC signal specifications which prescribe that the chroma subcarrier
      signal correspond to an odd multiple of one-half the line scanning
      frequency. Because of that frequency relation, the phase of the chroma
      subcarrier signal changes 180.degree. from line-to-line as well as from
      frame-to-frame. As a consequence, during stop frame operation when the
      reading beam returns from the end of an image frame to the beginning of
      that frame, the phase of the chroma signal monitored by the phase locked
      servo system undergoes an abrupt excursion of 180.degree.. This renders
      the servo unstable and the operation of the playback device becomes
      imperfect.
PAR  Accordingly, it is a principal object of the invention to accommodate video
      playback systems to those characteristics of the NTSC format that
      otherwise may impair the performance of the playback arrangement,
      especially during intervals of stop frame.
PAR  It is a specific object of the invention to afford such accommodation where
      the playback features a phase locked servo-type of timing correction
      system.
PAC  SUMMARY OF THE INVENTION
PAR  Practice of the subject invention requires departure from past practices
      both with respect to the video disc and its method of playback.
PAR  A video disc, in accordance with the invention, stores an
      angle-velocity-modulated carrier signal modulated by luminance, chroma and
      synchronizing information arranged as to amplitude, phase and frequency in
      accordance with NTSC color signal specifications. The two interlaced image
      fields constituting a single image frame occupy approximately, but not
      precisely, one revolution of the storage track of the disc. The disc is
      further characterized by the fact that the phase of the chroma subcarrier
      at the start of one convolution of the storage track is substantially the
      same as that at the end of such track convolution, that is to say, 360
      rotational degrees following the start of the convolution. In the playback
      process the speed of the rotation of the disc is selected to the end that
      the chroma subcarrier frequency is integrally related to the frequency of
      disc rotation. This means that the disc rotational speed is slightly
      different from that which is otherwise normally employed, preferably it is
      increased slightly to achieve the desired phase conditions to accommodate
      stop frame.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  The features of the invention which are believed to be novel are set forth
      with particularity in the appended claims. The invention, together with
      further objects and advantages thereof may best be understood by reference
      to the following description taken in conjuction with the accompanying
      drawings in which similar reference characters identify the same component
      parts and in which:
PAR  FIG. 1 is a schematic representation of a video playback system which may
      employ the disc and playback process of the subject invention;
PAR  FIGS. 2a and 2b represent video discs in accordance with past practices and
      in accordance with the present invention, respectively, but exaggerated in
      scale in order to illustrate the subcarrier phase conditions; and
PAR  FIGS. 3a and 3b are enlargements of elemental segments of the spiral tracks
      on the discs of FIGS. 2a and 2b, respectively.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENT
PAR  The playback system of FIG. 1 reads information stored in a record carrier
      or video disc 10 of suitable material, such as polyvinyl chloride, which
      has the capability of storing program information. The information is
      carried in a multi-turn spiral shaped track that may be cut mechanically
      into the surface of the disc or may be chemically inscribed under the
      influence of a laser beam controlled by one or more signals that convey
      the program information. For the preferred case, a laser beam records the
      program in NTSC format in order that reading of the disc may directly
      produce a carrier signal modulated by a program in accordance with NTSC
      format for utilization without the need for further signal processing or
      transcoding. Accordingly, the laser beam is controlled in a recording
      process by a carrier signal that is angle-velocity-modulated (frequency
      modulated) with a video program having such format and comprising
      luminance components, a subcarrier that is amplitude and phase modulated
      with chroma information, synchronizing and audio components. The NTSC
      signal specifications further include a burst of the chroma subcarrier
      during retrace intervals to be utilized in regenerating a chroma
      demodulating signal in color receivers and that burst, which has a fixed
      phase relative to the chroma subcarrier, may likewise be employed as a
      pilot signal in the phase locked timing correction arrangement of the
      playback system to be considered in more detail hereinafter.
      Alternatively, the laser is further controlled in the recording process by
      a continuous wave pilot signal, either as a modulation component of the
      frequency modulated carrier or as a separate modulating signal of a
      preselected frequency operating on the laser beam. The latter facilitates
      isolation of the pilot from the other stored information and for the same
      reason its frequency may advantageously be chosen to equal one-half that
      of the chroma subcarrier.
PAR  Both mechanical and chemical methods of disc fabrication are known but
      neither constitutes any portion of the present invention and therefore
      there is no need for further elaboration other than to say that the
      recorded information constitutes a spatial representation of the frequency
      modulated carrier wave and other signals employed in storing the program
      on the record. By way of illustration, the FM carrier may have a deviation
      rang of 6.6 to 8.6 MHz; the chroma subcarrier frequency may be 3.58 MHz
      and the continuous wave pilot signal may have a frequency of 1.79 MHz.
      Another set of frequencies that have been successfully utilized include an
      FM carrier range of 7.8 to 9.8 MHz and a pilot signal of 3.06 MHz. If
      desired, the pilot carrier may have a frequency value of twice the
      frequency of the chroma subcarrier. In all cases the pilot amplitude is in
      the range of 5-10% of the frequency modulated carrier.
PAR  As thus far described, the disc conforms to the practices of the prior art
      but, in accordance with the invention, departures from prior practices are
      made in order to facilitate continuity of phase, especially of the chroma
      subcarrier in intervals of stop frame. More particularly, the speed at
      which the master disc is rotated while information is being recorded is
      modified in order that the phase of the chroma subcarrier at the start of
      one convolution of the record track is substantially the same as that at
      the end of such convolution. This may be achieved, as described in
      connection with the disc driving arrangement of the playback apparatus, by
      selecting a rotational speed such that the frequency of the chroma
      subcarrier is an integral multiple of the frequency of disc rotation. With
      this change in the recording process the two interlaced image fields that
      constitute a single image frame in the NTSC format occupy approximately,
      but not precisely, one revolution or convolution of the spiral storage
      track of the record. In the preferred case where the recording speed is
      increased slightly to achieve the described phase relations of the chroma
      subcarrier at the start and finish of a revolution, slightly more than one
      disc revolution is required to record a single frame. More particularly,
      the time for recording the single image frame equals the time of a single
      revolution of the disc plus an increment corresponding to an odd half
      multiple of the chroma subcarrier period. Where the pilot signal is the
      same as, or an integral multiple of, the chroma subcarrier, the added
      increment corresponds to one half-cycle of the chroma subcarrier. On the
      other hand, where the pilot frequency is half the chroma subcarrier
      frequency, the increment corresponds to three half-cycles of the chroma
      subcarrier. Expressed differently, where the pilot frequency is less than
      the chroma subcarrier, say half of it, it is necessary that the rotational
      frequency of the master during recording be an integral multiple of both
      the chroma subcarrier and the pilot frequency.
PAR  The disc may be of sufficient thickness to be mechanically rigid in which
      case it is supported on a turntable in the playback apparatus and the disc
      is provided with a coating, usually metallic, to operate in the reflective
      mode. Alternatively, and as indicated in the drawing, the disc may be
      sufficiently thin to be flexible in which case it is supported by a
      spindle 11, retained in position by a removable cap 12 and driven by a
      motor 13 having a speed controllable in response to an applied signal. The
      motor rotates the spindle and disc at a relatively high speed, of the
      order of 1800 rpm, to accomplish what is referred to as flying the disc.
      The motor has a flywheel 14 and also a tachometer 15, the latter serving
      to develop a signal representative of the instantaneous angular position
      of the motor and necessary to the actuation of a phase loop servo system,
      presently to be described, which exerts a precise control on the motor
      speed. Since the record track is a spatial representation of the stored
      signal complement, reading of that track with a laser or light beam
      permits photoreceptors to respond to beam in the reading process and
      develop a corresponding complement of electrical signals for utilization.
PAR  Reading of disc 10 to develop electrical signals conveying the stored
      information additionally requires a reading beam 18 developed by a laser
      source 19 which projects a beam of mono-chromatic coherent light along a
      path to a final or focusing lens 20 which focuses the reading beam onto
      the storage track of disk 10. The physical relationship of source 19 to
      lens 20 is of no particular moment since the light path is easily
      determined by mirrors, such as stationary mirrors 21 and 22 and a movable
      mirror 23 positioned properly to present the reading beam to focus lens
      20. Mirror 23 is selectively displaceable along orthogonal axes by a
      driver energized by tracking correction signals to maintain the reading
      beam in optimal tracking relation to the disc.
PAR  One type of adjustment of mirror 23 results in displacement of the reading
      beam in a selected sense and controlled amount radially of the storage
      track. This is to maintain the beam centered in the track and correct for
      radial tracking errors that are frequently encountered. The remaining type
      of displacement is likewise of selected sense and controlled amount
      tangentially of the storage track to compensate timing errors that are
      likewise frequently encountered. For the most part, they represent
      eccentricities in the disc and occur at frequencies in the range from 30
      to 120 Hz, being multiples of the disc rotational frequency. Mirror 23,
      its mechanical support and the means, responsive to applied error
      correcting signals for adjusting the position of the beam relative to the
      track of the disc, may conveniently be of the type described and claimed
      in copending application Ser. No. 456,918, filed Apr. 1, 1974 in the name
      of Karl Wossidlo and assigned to the assignee of the present invention.
      This structure, at least as to controlled displacement of mirror 23, is
      essentially an electromagnetic motor having one pair of windings 24a
      energized by a radial tracking correction signal and a second pair of
      windings 24b energized by a timing correction signal to control the
      position of mirror 23. Since, as described in the Wossidlo application,
      this whole arrangement may conveniently be constructed as a single
      subassembly, it is represented by broken line rectangle 25. The described
      arrangement constitutes means, including a reading beam adjustably
      supported for tangential and radial movement relative to the storage track
      of the disc, for deriving the pilot signal and the program modulated
      carrier signal during scanning of the disc.
PAR  In order to track the record and read out all segments thereof, it is
      necessary that the reading beam be moved continuously in a radial
      direction over the disc at the proper speed, assuming that the disc is to
      be read without interruption from start to finish of the track. This is
      accomplished by a carriage arranged to support lens 20, mirror subassembly
      25, and a group of photoreceptors, presently to be described. Since the
      mechanism will be readily understood to those skilled in the art and since
      it constitutes no part of the subject invention, for convenience it has
      not been illustrated.
PAR  While a flexible disc may be used in the reflective mode, the system shown
      in the figure is predicated on the use of a transmissive disc and
      accordingly, a photoreceptor arrangement, represented by broken-line
      rectangle 26, is positioned to the side of record 10 opposite that from
      which the reading beam approaches the record. The photoreceptor usually
      includes a family of photocells disposed symmetrically with respect to a
      plane that is normal to the plane of disc 10 and tangential to the storage
      track at the point of the reading spot. For convenience, three photocells
      have been shown, the center one for deriving the radio frequency (RF)
      output of the playback system and the remaining two, symmetrically
      positioned to opposite sides of the first, are used for radial tracking
      servo purposes. the RF output is delivered through an amplifier 27 to an
      output terminal 28 and constitutes a carrier modulated by a program signal
      of NTSC format that may be used directly. Of course, it also includes the
      continuous wave pilot signal which may be filtered ahead of output
      terminal 28 should that be desired.
PAR  As thus far described, the system represents the present state of the art
      and its operation is well understood. Reading of disc 10 by beam 18 as the
      disc is rotated by motor 13 causes photoreceptor 26 to develop and supply
      to output terminal 28 a carrier modulated by an NTSC signal for
      utilization. Concurrently, the signal outputs of the radial tracking
      photocells of photoreceptor 26 are delivered through a differential
      amplifier 30 and phasing network 31 as well as a current amplifier 32 to
      energize coil pair 24a. The output of differential amplifier 30 is a
      radial error correction signal, designating the sense and extent of radial
      misregistration of reading beam 18 relative to the storage track of record
      10. Its use in energizing coil pair 24a displaces mirror 18 about the
      appropriate one of its two axes of displacement in the proper sense and
      amount to maintain optimun radial tracking registration. This, too, is
      well understood in the art.
PAR  An explained above, it is necessary to compensate timing errors
      attributable, for example, to eccentricities of the record, if the output
      signal is to be suitable for direct utilization. In particular, this
      signal must exhibit phase coherence of the chroma subcarrier which imposes
      exacting specifications on the timing error correction system since phase
      errors in excess of about 10 nanoseconds can hardly be tolerated without
      manifesting errors of chromaticity in the reproduced image. The
      illustrated system is a phase locked timing correction system which is
      capable of maintaining phase coherence of the chroma subcarrier and in
      accomplishing that will, at the same time, effect any necessary timing
      correction of the luminance information. The system for timing error
      compensation comprises a crystal controlled oscillator 40 for developing a
      phase reference signal. One output derived from the crystal oscillator is
      supplied to a first phase detector 41 which also receives the signal
      output of tachometer 15 and in response to the applied signals develops a
      phase correction signal supplied through amplifier 42 to speed control
      circuitry of motor 13 to phase synchronize the motor with the phase
      reference from oscillator 40. Of course, the signal inputs to detector 41
      should have constant amplitude and therefore may be supplied through
      limiting circuits. Additionally, the signals to be compared in the phase
      must be of like frequency and therefore the signal input from crystal
      oscillator 40 is derived through a frequency divider 43. The specifics of
      the divider and the frequency of revolution of disc 10 will be considered
      more particularly hereinafter. Tachometer 15 generates a signal whose
      frequency is proportional to the angular velocity of the motor. Depending
      on the characteristics of motor 13 it may also be desirable to include a
      phase shaping network in the described motor control servo. This servo
      system, by maintaining motor 13 in phase synchronization with the phase
      reference from crystal 40, reduces the possible sources of timing error
      pretty much to those ascribed to the record itself.
PAR  Having provided phase synchronization for the driving motor, timing
      correction is then accomplished by a second phase locked servo comprising
      a second phase detector 50 which is responsive to the pilot signal derived
      from the record and to the phase reference signal to develop and to apply
      to coil pair 24b of the subassembly 25 a phase timing correction signal to
      phase synchronize the derived pilot signal with the phase reference. The
      phase reference to detector 50 is derived from crystal oscillator 40 with
      or without frequency division depending on the specific frequency
      relations of the system. The continuous wave pilot signal derived from
      reading the record is delivered through amplifier 51 that is selective to
      the frequency of the pilot. In addition to accomplishing frequency
      selection of the pilot, amplifier 51 may also have limiting properties so
      that the pilot is supplied to detector 50 with constant amplitude. The
      output of detector 50 is a timing correction signal supplied to coil pair
      24b through a phasing network 52 and an amplifier 53. The phasing network
      is of course necessary because of the transducer frequency response
      properties of the electromagnetic motor which accomplishes controlled
      displacement of mirror 23. Since the timing correction system is a phase
      locked loop with a relatively narrow passband and a much better
      signal-to-noise ratio than obtainable with conventional frequency
      modulation systems, sufficient loop gain may be employed to achieve timing
      correction of the order necessary for developing at terminal 28 an output
      signal of NTSC format suitable for direct utilization after demodulation.
      So long as the reading of the disc is continuous and uninterrupted, the
      phase locked loop including detector 50 will maintain not only timing
      correction of the luminance information but also sufficient timing
      correction of the chroma subcarrier that the chroma components of the
      output signal have the required degree of phase stability.
PAR  While the phase locked servo is effective in maintaining phase stability as
      described, it is subject to losing its control function particularly if
      the operation of the playback device is interrupted. This, of course, may
      be expected because one of the attributes of the optical system is that
      the consumer may very readily pick and choose as between the frames of the
      stored program that are to be viewed, so-called skip-frame viewing. The
      same narrow pass band which permits the phase locked servo, once locked
      in, to correct timing errors so effectively makes it difficult to obtain
      lock when the frequency error is too high. In accordance with the teaching
      of Robert Adler, which is disclosed and claimed in copending application
      Ser. No. 475,738, filed June 3, 1974, a frequency modulation detector 55,
      responsive to frequency changes in the derived continuous wave pilot or
      color burst signal, develops a velocity correction signal for application
      to coil pair 24b to maintain the frequency of the derived pilot signal
      within the operating range of the phase locked servo system. Detector 55
      receives the derived pilot signal from frequency selective amplifier 51
      and, in response to changes of its frequency relative to its reference
      value develops a signal of appropriate polarity and amplitude for
      application through amplifier 53 to coil pair 24b. The effect of this
      velocity correction signal is to restore the frequency of the pilot to its
      desired nominal value and when that has been accomplished the phase locked
      servo loop including phase detector 50 will lock and maintain control of
      timing to compensate timing errors as described above. During operating
      intervals in which the phase locked loop is effective, there is
      essentially zero output from FM detector 55 and therefore while that
      detector serves the desired purpose of keeping the system within the
      pull-in range of the phase locked loop, during conditions when that loop
      has assumed control the FM detector has no influence on the timing
      compensation.
PAR  Were it not desirable to afford to the user the stop frame feature, the
      playback arrangement of FIG. 1 as described is totally effective for
      playing back video records. The utility of the playback is enhanced by
      practicing the subject invention, both through the unique characteristics
      of the video disc and the uniqueness of the playback especially as to the
      frequency of rotation of the disc, to avoid phase disruptions in stop
      frame that may otherwise cause the phase locked servo loop to become
      unstable. More particularly, it is required that the speed of rotation of
      the disc in play back be the same as that in record to take advantage of
      phase coherence of the chroma subcarrier even during stop frame which is
      made possible by the unique properties of the disc. Accordingly, the
      reference signal supplied from oscillator 40 to phase detector 41 is
      chosen to satisfy the requirement that the chroma subcarrier frequency
      (represented by crystal oscillator 40) is integrally related to the
      frequency of revolution of the disc. By way of example, if the chroma
      subcarrier signal has a value of 3.57954 MHz, and the pilot carrier is
      half the frequency of the chroma subcarrier, the preferred rotational
      frequency of the disc is equal to
      ##EQU1##
      Driving disc 10 at such a speed presents phase conditions at the start and
      finish of a single disc revolution, or at the start and stop of a single
      convolution of the record track, that are compatible with stop frame
      operation in that the phase of the subcarrier at those terminal points of
      a disc revolution or a track convolution is essentially the same; indeed,
      the 180.degree. shift in phase that would be experienced in stop frame
      with conventional video discs and video playback speeds is avoided.
PAR  A particular set of phase conditions will be readily understood by
      reference to the explanatory illustrations of FIGS. 2a-b and 3a-b. FIG. 2a
      represents a disc 10 of the prior art in which the information is stored
      in a multi-turn spiral but only one revolution 60 of the spiral is shown.
      Assuming the direction of rotation to be as indicated by the arrow a
      single picture frame commences at the point A and concludes at point B and
      these points are aligned along a radius C of the disc. They indicate the
      location of the synchronizing components which, as well known, are
      radially aligned in the video disc of conventional format. An enlarged
      view of the segment of the disc including both A and B is depicted in FIG.
      3a. A single cycle of the chroma subcarrier is superimposed on the
      included segments of the single revolution of the storage track and it is
      clear from inspection that the phase of the chroma subcarrier at point A
      is 180.degree. different from that at point B. That is the reason that
      stop frame of the prior art wherein the reading head skips from point B
      abruptly to point A confronts the phase locked servo loop with an abrupt
      phase change of 180.degree. resulting in instability of the servo system.
PAR  By way of contrast, points A and B having the unique properties taught by
      the present invention do not fall along the same radius of the disc
      because the time of a single frame corresponds to one revolution of the
      disc, or one convolution of the storage track, plus an increment
      corresponding to an odd number of half cycles of the chroma subcarrier.
      The phase consequences indicated in the enlargement of FIG. 3b are for the
      cases in which the chroma subcarrier and the pilot frequencies are
      integrally related; specifically, they are the same. As there shown, the
      chroma subcarrier is in phase at point A and at the completion of so much
      of the single image frame as is included within the one complete
      revolution or convolution of the storage track. With these phase
      conditions, the displacement of the reading head in stop frame presents
      essentially the same phase; certainly an approximate continuation of phase
      in that the phase change, if any, is well within the pull-in range of the
      phase locked servo. Accordingly, stop frame is accommodated with no
      instabilities in the timing correction system.
PAR  It will be appreciated that whereas the synchronizing components are
      radially aligned in disc structures of the prior art, where the present
      invention is practiced the sync components fall along a spiral which
      advances or delays depending upon whether the disc rotational speed has
      been increased (the preferred mode) or decreased to achieve the desired
      phase relations in respect to the start and finish of a single image
      frame.
PAR  Of course, it is not possible to modify the phase of the chroma subcarrier
      in the record without concurrently introducing a phase change in the
      luminance information. The phase change in luminance, however, is well
      within the acceptance range of the color television receiver and
      corrections or compensation automatically take place so that there is no
      impairment of the luminance information of the reproduced image if the
      record has the characteristics described above and necessary in accordance
      with the invention to accommodate stop frame operation.
PAR  It will be observed that in practicing the invention the frequency of disc
      rotation in recording and in continuous playback is faster than the frame
      rate but the rotational frequency and the image frame frequency are the
      same during stop frame.
PAR  While there has been described particular embodiments of the present
      invention, it is apparent that changes and modifications may be made
      therein without departing from the invention in the broader aspects. The
      aim of the appended claims, therefore, is to cover all such changes and
      modifications as fall within the true spirit and scope of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A video disc having a multi-turn spiral track in which is stored an
      angle-velocity-modulated carrier signal modulated by luminance, chroma
      subcarrier, and synchronizing information arranged as to amplitude, phase
      and frequency in accordance with the NTSC color signal specifications,
PA1  characterized by the fact that each convolution of said track contains two
      interlaced image fields constituting a single image frame with the chroma
      subcarrier being of substantially the same phase at the end and beginning
      points of all convolutions of said track,
PA1  and further characterized by the fact that the phase of the chroma
      subcarrier is continuous throughout the track.
NUM  2.
PAR  2. The method of palying a video disc having a multi-turn spiral track in
      which is stored an angle-velocity-modulated carrier signal modulated by
      luminance, chroma subcarrier, and synchronizing information arranged as to
      amplitude, phase and frequency in accordance with the NTSC color signal
      specifications, with each convolution of said track containing two
      interlaced image fields constituting a single image frame, with the chroma
      subcarrier being of substantially the same phase at the end and beginning
      points of all convolutions of said track, and with the phase of the chroma
      subcarrier being continuous throughout said track, which method comprises
      rotating the disc at such speed that the frqequency of the chroma
      subcarrier is integrally related to the frequency of disc rotation.
NUM  3.
PAR  3. The method in accordance with claim 2 in which the speed or rotation of
      the disc is selected of such value that reading a complete image frame of
      the program requires one revolution of the disc plus or minus an increment
      corresponding to an odd number of half cycles of the chroma subcarrier.
NUM  4.
PAR  4. The method in accordance with claim 3 in which reading a single frame of
      the program requires the time of one revolution of the disc plus an
      increment corresponding to one-half cycle of the chroma subcarrier.
NUM  5.
PAR  5. The method in accordance with claim 2 in which the rotational frequency
      of the disc is an integral multiple of both the chroma subcarrier
      frequency and the frequency of a pilot signal component included in the
      information recorded on the disc.
PATN
WKU  039342638
SRC  5
APN  5228123
APT  1
ART  233
APD  19741112
TTL  Video disc recording apparatus and methods
ISD  19760120
NCL  12
ECL  1
EXP  Britton; Howard W.
NDR  3
NFG  3
INVT
NAM  Palmer; Richard Claxton
CTY  Blawenburg
STA  NJ
ASSG
NAM  RCA Corporation
CTY  New York
STA  NY
COD  02
CLAS
OCL  358  4
XCL  178  67A
EDF  2
ICL  H04N  584
ICL  H04N  938
FSC  178
FSS  5.6;5.8 R;7.1;6.7 A;DIG. 23
FSC  358
FSS  4
FSC  360
FSS  33
UREF
PNO  2858369
ISD  19581000
NAM  Kahn
OCL  178  5.8R
UREF
PNO  3659041
ISD  19720400
NAM  Kitaoka
OCL  178DIG.23
UREF
PNO  3775554
ISD  19731100
NAM  Hjortzberg
OCL  358  1
UREF
PNO  3849776
ISD  19741100
NAM  Swynford-Lain
OCL  360 33
LREP
FR2  Whitacre; Eugene M.
FR2  Meagher; William H.
ABST
PAL  Frequency modulated sound carrier waves and frequency modulated picture
      carrier waves are combined in an adder, and the sum is clipped to develop
      a recording signal input for an electron beam disc recorder. To reduce
      possible sound carrier interference in pictures reproduced from signals
      recovered during disc playback, sound carrier waves, in quadrature phase
      relation to those applied to the adder, are combined with composite video
      signals to form the modulating signal input to the picture carrier
      frequency modulator.
BSUM
PAR  This invention relates generally to novel recording apparatus and recording
      methods for use in the disc recording of related picture and sound
      information, and particularly to novel recording apparatus and methods
      employing video signal predistortion by sound-related information in
      recording signal preparation, in order to facilitate sound interference
      reduction in subsequent playback of replicas of the recorded disc.
PAR  In U.S. Pat. No. 3,842,194, issued on Oct. 15, 1974 to Jon K. Clemens,
      video disc playback systems of a variable capacitance form are disclosed.
      In an arrangement therein disclosed, an information track incorporates
      geometric variations in the bottom of a spiral groove in a disc, the
      surface of which comprises conductive material covered with a thin coating
      of dielectric material. Variations in the capacitance presented between a
      conductive electrode on a tracking stylus and the conductive material of
      the disc occur as the disc is rotated by a supporting turntable; the
      capacitance variations are sensed to recover the recorded information.
PAR  In one particularly successful format employed for the groove bottom
      information track in practice of the Clemens invention, depressed areas
      extending across the groove bottom alternate with non-depressed areas,
      with the frequency of alternation varying with the amplitude of video
      signals subject to recording. The form of the recorded signal is thus a
      carrier frequency modulated in accordance with video signals. In a
      preferred technique for recording the information on a pre-grooved video
      disc master, an electron beam subject to intensity modulation in
      accordance with FM carrier signals, impinges upon electron beam sensitive
      material in the master disc groove bottom, so that subsequent development
      leaves the desired relief pattern in the groove bottom. Reference may be
      made to the copending application of Loren B. Johnston, Ser. No. 335,024,
      filed Feb. 23, 1973 and entitled "Electron Beam Recording In Thick
      Materials", for a description of advantageous recording techniques that
      may be employed in such relief pattern development.
PAR  In the copending application of Eugene O. Keizer, Ser. No. 441,069 filed on
      Feb. 11, 1974, now U.S. Pat. No. 3,911,476, recording techniques are
      disclosed for video discs of the aforementioned Clemens type whereby the
      recording of a composite color video signal with a sound accompaniment may
      be achieved advantageously. In disc recording apparatus as disclosed in
      the Keizer application, accompanying audio signals are caused to frequency
      modulate a low frequency sound carrier over a low frequency deviation
      range. The output of the sound carrier modulator is added to the output of
      a picture carrier modulator. In the picture carrier modulator, a composite
      color video signal (including luminance signals occupying a given band of
      frequencies, and chrominance signals appearing as sideband components of a
      modulated chrominance subcarrier interleaved with luminance signal
      components in an intermediate region of the given band) is caused to
      frequency modulate a high frequency picture carrier over a high frequency
      deviation range. The peak-to-peak amplitude of the sound modulator output
      is held at a level which is small relative to the peak-to-peak amplitude
      level of the picture modulator output. The resultant of combining the
      respective modulated carriers is applied to clipping means to develop an
      output which may be conveniently described as an impulse train having a
      repetition rate corresponding to the frequency of the frequency modulated
      picture carrier, and having a "duty cycle" which varies cyclically about a
      0.5 value with the frequency of said cyclic variation of "duty cycle"
      corresponding to the frequency of the frequency modulated sound carrier.
PAR  The duty cycle modulated output of the clipping means is amplified and
      processed for application to suitable recording apparatus. Illustratively,
      the recording apparatus is of the SEM recorder type described in the
      aforementioned Clemens patent, with the intensity of the scanning electron
      beam controlled in response to the signal developed by the clipping means.
      As successive groove bottom regions of a grooved disc master, coated with
      a layer of electron beam sensitive material (forming a smoothly curved
      surface for the groove), pass through the electron beam path, the regions
      are exposed in a pattern determined by the intensity controlling signal
      such that, upon subsequent development, a pattern of geometry variations
      corresponding to the exposure pattern is established in the groove bottom
      of the disc master.
PAR  A stamper disc may be derived from the recording master, as by techniques
      described in the Clemens patent, and utilized, the conventional record
      stamping machinery, to produce a plurality of replica discs of
      thermoplastic material, each replica disc having a surface groove, in the
      bottom of which appears an information track comprising geometric
      variations in the pattern established in the groove bottom of the
      recording master. The grooved surface of each replica disc is then
      covered, as described, for example, in the Clemens patent, with a layer of
      conductive material and an outer coating of dielectric material overlying
      the conductive layer. The respective thicknesses are sufficiently small so
      that the conductive layer and overlying dielectric coating follow the
      contours of the groove and the groove bottom geometry variations therein.
PAR  Through application of the principles of the Keizer system to the recording
      process, as illustratively described above, the structure of each coated
      replica disc resulting therefrom is as follows: The groove bottom geometry
      variations comprise alternations between a first cross-sectional shape for
      the groove in which the coated groove bottom and adjacent coated groove
      walls define a continuous smooth curve, and a second cross-sectional shape
      in which the groove bottom is depressed relative to the groove bottom
      level associated with the first cross-sectional shape. The rate at which
      the alternations repeat along a given arcuate dimension of a groove
      convolution varies along the groove in accordance with the amplitude of a
      composite color video signal including components representative of the
      luminance and chrominance of the scanned image that has been subject to
      recording. The ratio of the longitudinal (along the groove) dimension of a
      depressed groove bottom region and the longitudinal dimension of an
      adjacent non-depressed groove bottom region varies along the groove in
      cyclical fashion about a value of unity. The rate at which the cyclic
      ratio variation repeats along a given arcuate dimension of a groove
      convolution varies in accordance with the amplitude of an audio signal
      representative of the recorded sound accompaniment for the recorded
      image-representative signals.
PAR  In a playback of a video disc replica embodying the aforementioned Keizer
      format, under certain circumstances, sound interference in the image
      reproduction may be encountered that results in an undesired pattern
      display of possible distraction to the viewer. Particular instances of
      such sound interference occurrence have been observed to be the result of
      the interaction of certain record structure and pickup stylus response
      problems, as explained below.
PAR  In the practical use of electron beam recording of a grooved master disc
      coated with electron beam sensitive material in the manner described in
      the aforementioned Johnston application, the focused electron beam
      cross-section may have a non-ideal, graded (e.g., bell-shaped)
      distribution of electrons, with the result that an ideal information track
      geometry of undisturbed groove bottom areas interleaved with
      straight-edged pits is difficult to attain. Instead, the pits tend to have
      curved edges, and erosion of the groove bottom areas between successive
      pits is encountered.
PAR  When the spacing between successive pits is sufficiently small, overlapping
      erosion effects produce a reduction in the height of the intervening
      groove bottom area, a result hereinafter referred to as "signal track
      drop". When signal track drop is encountered, its severity (dependent upon
      the closeness of spacing of successive pits) will vary directly with
      picture carrier frequency. Moreover, the signal track drop will vary in
      accordance with the low frequency sound carrier, when the duty cycle
      modulation approach described above is employed, since the duty cycle
      modulation alters the spacing between successive pits. The severity of the
      signal track drop will tend to increase in moving from the outermost
      convolution of the disc's spiral groove toward the innermost convolution,
      as diameter reduction results in closer spacing of successive signal
      elements representative of any particular instantaneous picture carrier
      frequency.
PAR  In playback of a video disc with groove regions exhibiting signal track
      drop, one of the results can be a variation in spacing between the stylus
      electrode bottom and the relatively non-depressed areas of the groove
      bottom passing beneath the stylus. The dielectric support portion of the
      stylus is desirably of considerably greater length (along the groove) than
      the conductive electrode portion. As a consequence, the location of the
      stylus electrode bottom (in a direction perpendicular to the plane of the
      record) is primarily determined by the height of the non-depressed groove
      bottom areas supporting the dielectric support portion. When signal track
      drop variations are encountered, differences in the height of the groove
      bottom beneath the respective stylus portions will result in the
      above-noted changes in the spacing between the stylus electrode bottom and
      the groove bottom.
PAR  One of the consequences of the above-noted spacing changes is that the
      signals recovered by sensing of the variations of the capacitance between
      the stylus electrode and the disc's conductive layer are subject to
      undesired amplitude modulation reflecting the signal track drop
      variations. However, the amplitude modulation effects are tolerable to a
      considerable degree without leading to troublesome sound interference with
      picture reproduction, because the player's picture FM demodulator, from
      which composite video signals are derived, is preceded by limiter
      circuitry which can effectively remove the spurious amplitude modulation
      of the recovered signals.
PAR  A more difficult problem is posed by the incidence of phase modulation of
      the recovered picture carrier signals in response to signal track drop
      variations. With phase modulation not subject to removal by the limiter
      circuitry, such spurious phase modulation reflecting the signal track drop
      variations can result in the player's picture FM demodulator developing a
      composite video signal including as an interfering component the low
      frequency FM sound carrier.
PAR  To appreciate one manner in which signal track drop variations can produce
      the aforementioned undesired phase modulation effects, it is necessary to
      consider the stylus structure and its electrical characteristics. In the
      previously mentioned Clemens patent, two alternative forms of stylus
      structure are disclosed: (1) a symmetrical structure, wherein the
      conductive stylus electrode is "sandwiched" between dielectric support
      material, which extends ahead of, and behind, the electrode in symmetrical
      fashion; and (2) an asymmetrical structure, wherein the stylus electrode
      comprises a conductive coating on the rear surface of a dielectric
      support.
PAR  The asymmetrical stylus form described above has proven to be generally
      desirable because of greater ease in stylus fabrication for such a form.
      However, the material to the rear of the electrode of such an asymmetrical
      stylus, when in a playback position in a rotating disc groove, consists of
      air, whereas the material in front of the electrode comprises the
      dielectric support material of the stylus. The support material typically
      has a dielectric constant appreciably different than the dielectric
      constant of air; when, for example, sapphire is employed as the stylus
      support material, its dielectric constant is approximately nine times as
      great as the dielectric constant of air.
PAR  Because of the noted dielectric constant difference, a given area of the
      disc groove's conductive layer at a given height and located just ahead of
      the electrode of the asymmetrical stylus will provide a greater
      contribution to the net electrode-to-disc capacitance than a comparable
      area of the disc's conductive layer at the same height located just behind
      the stylus electrode. When the stylus electrode bottom is quite close to
      the disc's conductive layer (as when the electrode is contacting a
      non-depressed area of the groove bottom) the aforesaid unequal forward and
      rearward contributions are dominated by a large contribution to the net
      electrode-disc capacitance determined by the conductive layer area
      directly beneath the stylus electrode. When the disc's conductive layer
      drops away from the stylus electrode bottom (as when the electrode is
      centered over a pit in the groove bottom), the directly-beneath area
      contribution drops away the most rapidly, and the relative significance of
      the forward contribution increases, with a consequent forward skewing of
      the stylus response.
PAR  In the absence of signal track drop variations, the above-noted forward
      skewing of stylus response attributable to stylus asymmetry is tolerable.
      While the center of a transition between maximum and minimum values for
      the electrode-disc capacitance will occur in advance of the centering of a
      pit edge beneath the stylus electrode, the degree of advance will be
      essentially constant. However, when signal track drop variations are
      present and cause variations in the spacing between the stylus electrode
      bottom and the groove bottom, the degree of advance will vary with such
      spacing variations. The timing of the capacitance transitions is thus
      affected by the signal track drop variations. Those signal track drop
      variations that follow the duty cycle modulation at sound carrier
      frequencies therefore can introduce phase modulation of the picture
      carrier at the sound carrier frequencies, with the result of undesired
      sound interference in the reproduced picture.
PAR  In accordance with the principles of the present invention, a reduction of
      the undesired sound interference arising in the above-described manner may
      be achieved by deliberate introduction of a carefully selected amount of
      phase modulation of the picture carrier by the sound carrier information
      in the course of preparation of the recording signal. Illustratively, the
      introduction is effected by adding an attenuated version of the sound
      carrier information to the composite video signals to be recorded prior to
      the application of the composite video signals to the picture carrier
      frequency modulator. If the added sound carrier information is properly
      phased, an effective cancellation of at least a portion of the phase
      modulation introduced by signal track drop variations will be achieved
      when a replica disc undergoes playback by a stylus of the noted
      asymmetrical form.
PAR  The phasing of the sound interference signal developed in response to
      signal track drop variations, relative to the duty cycle modulation that
      introduces the signal track drop variations, is subject to reasonably
      accurate prediction; wherefore, proper phasing of the "bucking" signal to
      be added to the composite video signals can reasonably be attained. The
      magnitude of the sound interference signal developed in response to signal
      track drop variations is, on the other hand, less subject to reasonably
      accurate prediction, being dependent upon a complex of variables,
      including a variety of recording parameters, recorded signal content,
      groove convolution diameter, et al., as well as various playback
      parameters. Thus, a magnitude, or set of magnitudes, cannot readily be
      selected for the bucking signal that will ensure complete cancellation of
      the sound interference for all playback intervals under all possible
      circumstances.
PAR  Nevertheless, one may choose a magnitude, or set of magnitudes, below an
      appropriate level, for the bucking signal to be introduced, with the
      assurance that: (1) for a given range of interference levels, complete
      interference cancellation or a lessening of the interference below a
      visibility threshold will be achieved: (2) for interference levels above
      said given range, the bucking signal presence will lower the interference
      level toward the visibility threshold (whereby the interference is at
      least less severe, if no other interference reduction scheme is
      additionally employed; whereas, if an additional interference reduction
      scheme is employed, the requirements imposed thereon are lessened); (3)
      for interference levels below said given range, the excess bucking signal
      is not of such magnitude as to exceed said visibility threshold to
      constitute annoying interference itself.
PAR  In practice of the present invention, one may simply select a single
      magnitude setting for the bucking signal, and provide bucking signal
      addition at the selected level throughout the recording. Alternatively,
      the bucking signal magnitude may be programmed for level changes dependent
      upon the location of the groove convolution subject to recording beam
      exposure. For example, the bucking signal magnitude may be manually
      adjusted to successively higher levels as successive, more inwardly
      located, bands of groove convolutions are subject to recording beam
      exposure. For a second example, an automatic continuous adjustment of the
      bucking signal magnitude may be effected as the recording beam progresses
      toward the record center, through use of suitable time-responsive
      controls.
PAR  As explained in a copending application Ser. No. 522,811 of Jon K. Clemens
      and Richard C. Palmer, concurrently filed Nov. 12, 1974, it may be
      desirable that the picture information recorded on a video disc is
      accompanied by multiple channels of audio information (e.g., a stereo
      sound accompaniment; a bilingual sound track; etc.). In the recording
      approach proposed in said Clemens, et al. application, each of the
      individual audio signals effects frequency modulation of a respectively
      different low frequency carrier, and duty cycle modulation of the picture
      carrier is carried out in accordance with the sum of the respective
      frequency modulated sound carriers. In such use of a multichannel sound
      accompaniment, assurance of adequate sound performance from each channel
      is likely to require greater duty cycle modulation extremes than are
      adequate for single channel accommodation, wherefore the sound
      interference problem delineated above may be magnified. In application of
      the principles of the present invention to the recording of video discs
      with multichannel sound accompaniment, the appropriate bucking signal for
      addition to the composite video signals prior to frequency modulation of
      the picture carrier comprises the sum of appropriate amounts, each with
      appropriate phasing, of the respective FM sound carriers. As explained
      below, different magnitudes of the respective FM sound carriers may be
      appropriate for bucking signal use because of the difference in carrier
      frequency.
DRWD
PAR  Objects and advantages of the present invention will be readily ascertained
      by those skilled in the art upon a reading of the following detailed
      description and an inspection of the accompanying drawings wherein:
PAR  FIG. 1 illustrates, via a block diagram representation, recording apparatus
      embodying the principles of the present invention;
PAR  FIG. 2 illustrates graphically frequency spectrum locations that may be
      employed for various recording signal parameters in an illustrative use of
      the recording apparatus of FIG. 1; and
PAR  FIG. 3 illustrates a modification of a portion of the recording apparatus
      of FIG. 1 pursuant to a further embodiment of the present invention.
DETD
PAR  In the arrangement of FIG. 1, a pair of audio signal sources, 11 and 21,
      provide sound information appropriate for recording with the color picture
      information provided by a composite color video signal source 31.
      Illustratively, the sound information may comprise respective "left" and
      "right" channel information appropriate for stereo sound reproduction.
PAR  The output of audio signal source 11 is applied to a first sound carrier
      frequency modulator 13 to develop a first FM signal comprising carrier
      frequency waves varying in frequency about a center frequency f.sub.s in
      accordance with the amplitude of the source 11 output. The output of audio
      signal source 21 is applied to a second sound carrier frequency modulator
      23 to develop a second FM signal comprising carrier frequency waves
      varying in frequency about a different center frequency f.sub.s ' in
      accordance with the amplitude of the source 21 output. A third FM signal
      is developed by the picture carrier frequency modulator 42 in response to
      the output of an adder 40, which accepts as one of its inputs the signals
      developed by the composite color video signal source 31. The carrier
      frequency deviation range for modulator 42 extends between a minimum
      frequency f.sub.ps and a maximum frequency f.sub.pw, with the output of
      source 31 (occupying a band of frequencies: 0-f.sub.v) poled so that
      transitions from black toward white cause an increase in the picture
      carrier frequency.
PAR  Illustrative locations in the frequency spectrum for the respective
      deviation ranges of the three FM signals are shown in FIG. 2 in relation
      to the band of frequencies occupied by the composite color video signals
      provided by source 31 (as represented by the idealized low pass filter
      characteristic "v"). In FIG. 2, the output of modulator 13 is shown as
      occupying an upper sound carrier deviation range of f.sub.s .+-. 50 KHz.,
      with an illustrative value of f.sub.s being approximately 905 KHz.; while
      the output of modulator 23 is shown as occupying a lower sound carrier
      deviation range of f.sub.s ' .+-. 50 KHz, with an illustrative value of
      f.sub.s ' being approximately 716 KHz. Both of the sound carrier deviation
      ranges fall within the video band, illustratively extending from 0-3 MHz.
      The illustrative picture carrier frequency deviation range occupies the
      band of frequencies between 4.3 and 6.3 MHz. A representative passband
      (not shown in FIG. 2) for the respective audio signals provided by sources
      11 and 21 is 20,000-15,000 Hz.
PAR  Duty cycle modulation of the picture carrier wave output of modulator 42 is
      effected in accordance with the sum of the sound carrier wave outputs of
      modulators 13 and 23 by a duty cycle modulator 44, comprising an adder 46
      for summing the three FM signals and a limiter 48 for double clipping the
      resultant sum.
PAR  The magnitudes of the sound modulator outputs supplied to adder 46 are
      chosen so that the peak-to-peak amplitude of their sum remains small
      relative to the peak-to-peak amplitude of the output of the picture
      carrier modulator 42, and double clipping levels in limiter 48 are set
      with a spacing appreciably smaller than the peak-to-peak swing of either
      sound modulator output. Illustratively, the peak-to-peak amplitude of each
      sound modulator output is set at a level 17 db. below the peak-to-peak
      amplitude of the output of the picture carrier frequency modulator 42. The
      maximum amplitude swing of the sum of the sound carrier modulator outputs
      is thereby limited to approximately two-sevenths (about 0.282) of the
      peak-to-peak swing of the picture carrier modulator output, with a
      consequent duty cycle variation range for the output of limiter 48 of
      approximately 0.5 .+-. 0.09 (in the instance of a sinusoidal waveshape for
      the output of the picture carrier modulator).
PAR  The output of the duty cycle modulator 48, appearing at the limiter output
      terminal R, serves as the recording signal input to an electron beam
      recorder 50 of the scanning electron microscope (SEM) type generally
      described in the above-mentioned Clemens patent. In the electron beam
      recorder, a scanning electron microscope 57 directs a beam of electrons
      upon a resist-coated, curved groove bottom of a pre-grooved recording
      master disc 60. The disc 60 is supported by a turntable 51 which is
      subject to (a) rotational motion imparted by a turntable rotational drive
      mechanism 53, and (b) translational motion imparted by a turntable
      translational drive mechanism 55. The rotational and translational drives
      are interrelated in such manner that the electron beam path is intercepted
      by successive regions along the length of the disc's spiral groove.
      Reference may be made to the copending application of Robert W. Jebens, et
      al. Ser. No,. 349,775, filed on Apr. 10, 1973 and entitled "Precision
      Turntable Rotation In A Vacuum Atmosphere", for a more detailed
      explanation of suitable apparatus for effecting the requisite controlled
      motion of the turntable 51.
PAR  Illustratively, the SEM electron beam is unblanked for the duration of each
      positive swing of the clipped signal at terminal R, and blanked for the
      duration of each negative swing of the clipped signal. The sweep rate for
      the SEM beam is considerably higher than the highest frequency of the
      picture carrier deviation range, while the beam sweep amplitude and
      unblanked beam intensity are substantially constant. As the disc rotates
      at a constant speed, a pattern of successive exposed and unexposed regions
      is produced along the length of the groove, with the lengths thereof
      (along the groove) determined by the respective swing durations of the
      recording signal input. Assuming, for example, that the master disc groove
      coating is a positive resist, a subsequent development step will leave a
      pattern of alternating depressed and (relatively) non-depressed regions in
      the groove bottom corresponding to the pattern of exposed and unexposed
      regions, respectively.
PAR  However, where the practical problems of non-ideal beam cross-section,
      overlapping of exposures, erosion, etc. described previously are
      encountered in use of the recorder 50, the exposed and developed disc 60
      may suffer from the previously discussed problem of signal track drop
      variations, and the playback of a suitably coated replica of the recorded
      disc with an asymmetrical stylus may lead to the sound interference
      problem previously outlined. The recording apparatus of FIG. 1 accordingly
      includes additional elements for sound interference reduction purposes
      pursuant to the principles of the present invention.
PAR  In particular, the additional elements comprise means for developing
      respective versions, of appropriate phase and magnitude, of the respective
      modulated sound carriers for addition to the composite color video signal
      input to the picture carrier frequency modulator 42. The modulated sound
      carrier waves appearing at the output terminal S of modulator 13 are
      applied via a path comprising a phase shifter 15 and an attenuator 17 to
      the adder 40 to provide an additional input thereto. The modulated sound
      carrier waves appearing at the output terminal S' of modulator 23 are
      applied via a path comprising a phase shifter 25 and an attentuator 27 to
      the adder 40 to provide a further input thereto.
PAR  The presence of the respective sound carrier components in the adder output
      results in an intentional sound carrier-responsive frequency modulation of
      the picture carrier waves developed by modulator 42. Desirably this
      intentional modulation is carried out with such phasing that upon replica
      playback, the picture carrier Fm demodulator of the disc player will
      respond to the intentional modulation by development of sound carrier
      components in anti-phasal relation to the sound carrier component
      development engendered in response to signal track drop variations. It has
      been determined that such a cancelling effect may be realized by
      establishing a quadrature phase relationship between the sound carrier
      components effecting frequency modulation of the picture carrier wave
      output of modulator 42, and the sound carrier components added to said
      output in adder 46. The sense of the quadrature shift (for the
      illustrative SEM recorder operating conditions) should be such that the
      bucking signal component (applied to modulator 42) peaks in the picture
      carrier frequency reducing direction 90.degree. in advance of the peaking
      of the related sound carrier component (applied to adder 46) in that
      direction which results in an increase in the SEM "beam-on" duty cycle.
PAR  In an illustrative apparatus arrangement, negative-going swings of an input
      to adder 40 result in downshifting of the picture carrier frequency, while
      positive-going swings of a sound carrier input to adder 46 result in an
      increase in the SEM beam-on duty cycle. With such an apparatus
      arrangement, the desired function for each of the phase shifters 15 and 25
      may be satisfied by apparatus introducing a 90.degree. phase lag. In a
      simple form of realization, phase shifter 15 comprises a delay line
      providing a delay corresponding to a quarter-cycle at the sound carrier
      frequency f.sub.s (e.g., at approximately 905 KHz.), while phase shifter
      25 comprises a delay line providing a delay corresponding to a
      quarter-cycle at the sound carrier frequency f.sub.s, (e.g., at
      approximately 716 KHz.).
PAR  It should be noted that when the phase shifter functions are performed by
      delay lines as described above, the precisely correct phasing for
      cancellation purposes is achieved only when the instantaneous sound
      carrier frequency corresponds to the center frequency for which the delay
      was chosen. As each sound carrier deviates about the center frequency, a
      misphasing of the bucking signal will be encountered. However, for the
      illustrative recording parameters, where the deviation range width (100
      KHz.) is a relatively small percentage of the respective center
      frequencies, the misphasing will be relatively small (e.g. 6.3.degree. or
      less) and can be reasonably tolerated.
PAR  The attenuators 17 and 27 serve to adjust the magnitudes of the respective
      bucking signal components to appropriate levels (typically lower than the
      sound carrier levels supplied to adder 46). In the simplest form of use of
      the present invention, a fixed attenuation setting or each of the
      attenuators 17 and 27 is held throughout the recording time, resulting in
      a constant level or bucking signal introduction for all recorded groove
      convolutions.
PAR  It may be desired, as previously discussed, to hold the bucking signal to a
      level sufficiently reduced as to ensure that presence of the bucking
      signal components alone in the output of the player's picture carrier FM
      demodulator will not result in a visible interference pattern.
      Illustrative choices for the attenuator settings for such a purpose are:
      (a) a setting for attenuator 17 which reduces the higher (f.sub.s) sound
      carrier bucking signal component to a level 37 db below the maximum (sync
      tip to peak white) amplitude permitted for the composite color video
      signals supplied by source 31; and (b) a setting for attenuator 17 which
      reduces the lower (f.sub.s ') sound carrier bucking signal component to a
      level 39 db below the video maximum amplitude. The higher level setting
      for the f.sub.s component is tolerable because of the effects of
      de-emphasis circuitry in the disc player's circuitry for processing the
      video signal output of the picture carrier FM demodulator. Illustratively,
      the player's de-emphasis characteristic is complementary to a luminance
      signal pre-emphasis characteristic employed in the development of the
      composite color-video signals and having a response level rise with
      frequency of 6 db per octave commencing at 300 KHz.
PAR  Higher levels of bucking signal magnitude than those given in the example
      above may often be desired to obtain a greater degree of the interference
      cancellation effect. Also, as previously noted, signal track drop
      variations will tend to increase in severity with decrease in groove
      convolution diameter, wherefore a programmed increase in bucking signal
      magnitude as the recording process proceeds from outermost groove
      convolution toward innermost groove convolution may be desirable. An
      illustrative schedule of bucking signal component magnitudes (relative to
      sync-to-white video signal magnitude) that has been advantageously
      employed through manual adjustment of the recording apparatus of FIG. 1 is
      the following: (1) for an outer band of groove convolutions (5.7 - 5.0
      inches spacing from disc center), -32 db for the f.sub.s component, and
      -34 db for the lower frequency f.sub.s ' component; (2) for a central band
      of groove convolutions (5.0 - 4.0 inches spacing from disc center), -30 db
      for the f.sub.s component, and -32 db for the f.sub.s ' component; and (3)
      for an inner band of groove convolutions (4.0 - 3.3 inches spacing from
      disc center), -28 db for the f.sub.s component, and -30 db for the f.sub.s
      ' component.
PAR  In FIG. 3, a modification of a portion of the recording apparatus of FIG.
      1, pursuant to a further embodiment of the present invention, is shown. In
      the modified structure, the respective sound carrier signals appearing at
      terminals S and S' (the output terminals of the sound carrier frequency
      modulators 13 and 23 of FIG. 1 arrangement) are applied to respective
      attenuators 71 and 73, the outputs of which are summed in an adder 75.
PAR  A combination of the respective bucking signal components (with
      respectively different levels appropriate to the difference in their
      spectrum locations, as determined by the attenuation settings of
      attenuators 71-73) is supplied by adder 75 to input terminal I of an
      inverting differentiating amplifier 77, the latter functioning to provide
      an effective 90.degree. phase lag for bucking signal components, whether
      at the respective center frequencies or deviated therefrom. An
      illustrative circuit arrangement for amplifier 77 is schematically
      represented in FIG. 3, such circuit arrangement readily permitting, with
      appropriate circuit parameter choices, achievement of the desired phase
      shift over a range of frequencies encompassing the deviation ranges for
      both sound carriers.
PAR  The phase shifted bucking signal appearing at the output terminal 0 of
      amplifier 77 is applied to a programmed level adjuster 80, which functions
      to automatically and continuously adjust the bucking signal magnitude as
      the recording process proceeds from outermost groove convolution to
      innermost groove convolution (in lieu of the manual, step-wise adjustment
      discussed in connection with FIG. 1). An illustrative form of realization
      for the programmed adjuster 80 is shown as comprising a variable
      attenuator 81 driven by a clock motor 83, so that bucking signal magnitude
      may be adjusted upwardly with elapsed recording time. The output of the
      variable attenuator 81 is supplied to adder 85 for combination with the
      composite color video signals appearing at output terminal C of the
      composite color video signal source 31.
PAR  An illustrative arrangement of elements for the source 31 is shown in FIG.
      3. The outputs of respective sync signal and luminance signal source 100
      and 102 are combined in an adder 104 and applied to a pre-emphasis circuit
      106, illustratively providing the high frequency pre-emphasis previously
      discussed in connection with FIG. 1. The pre-emphasized signal output of
      circuit 106 is combined in an adder 110 with the output of a chrominance
      signal source 108, with the output of adder 110 forming the composite
      color video signals delivered to terminal C. Illustratively, the
      chrominance signals provided by source 108 are of the buried subcarrier
      type disclosed in the copending application of Dalton H. Pritchard, Ser.
      No. 350,777, filed on Apr. 13, 1973 and entitled "Color Information
      Translating Systems", now U.S. Pat. No. 3,872.498.
PAR  The output of adder 85 provides the modulating signal input for the picture
      carrier frequency modulator 42. As in FIG. 1, the output of modulator 42
      is applied to the adder 46 portion of duty cycle modulator 44 for
      combination with the respective sound carrier waves. However, in contrast
      with the FIG. 1 arrangement, the sound carrier wave application path
      includes an adder 91 forming a sum of the respective signals for modulator
      output terminals S and S', and a delay device 93 imparting a selected
      amount of delay to the sum of the sound carrier waves prior to application
      to the adder 46. The presence of delay device 93 permits compensation for
      delay suffered by the bucking signal components subsequent to amplifier
      77, whereby the desired quadrature phase relationship established by the
      operation of amplifier 77 may be maintained. The output of duty cycle
      modulator 44 appears at terminal R for recording signal use in the manner
      shown in FIG. 1.
PAR  It should be noted that the illustrative frequency values presented in FIG.
      2 are appropriate for use in the recording system of FIG. 1 (or 3) when
      the electron beam recorder 50 operates in a "real time" mode. However,
      where limits of attainable resist sensitivity and electron beam intensity,
      for example, require SEM recorder operation in a "slower than real time"
      mode, the frequency values given should be divided by the time expansion
      factor employed. Thus, for example, where the slow down mode involves
      rotation of the master recording disc at 1/20th the intended rotational
      speed for replica disc playback, the illustrative frequency values are to
      be divided by 20.
PAR  While the illustrative embodiments of the invention shown in FIGS. 1 and 3
      have been specifically directed to video disc recording systems employing
      multiple sound channels, it will be readily appreciated that the
      delineated bucking signal approach may also be advantageously employed
      where only a single sound channel is recorded. It may also be noted that,
      whereas a specific cause (associated with signal track drop variations, et
      al.) has been identified herein with undesired phase modulation of the
      recovered picture-carrier waves, there may arise other recording or
      playback conditions leading to undesired phase modulation of the recovered
      picture carrier waves for which the bucking signal approach of the present
      invention may provide an interference reduction aid.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a video disc recording system, the combination comprising:
PA1  a source of composite video signals;
PA1  a source of audio signals;
PA1  means for modulating the frequency of a first carrier over a predetermined
      low frequency deviation range in accordance with the amplitude of audio
      signals from said audio signal source;
PA1  means for adding a frequency modulated carrier wave output of said first
      carrier modulating means to composite video signals from said composite
      video signal source;
PA1  means for modulating the frequency of a second carrier over a predetermined
      high frequency deviation range in accordance with the amplitude of the
      output of said adding means;
PA1  means for linearly combining a frequency modulated carrier wave output of
      said first carrier modulating means with a frequency modulated carrier
      wave output of said second carrier modulating means to form a combination
      signal;
PA1  clipping means responsive to said combination signal formed by said
      combining means for developing a clipped signal output; and
PA1  disc recording means for utilizing said clipped signal output of said
      clipping means as a recording signal.
NUM  2.
PAR  2. Apparatus in accordance with claim 1 wherein the frequency modulated
      carrier wave output of said first carrier modulating means is supplied to
      said combining means with a peak-to-peak amplitude which is small relative
      to the peak-to-peak amplitude of the frequency modulated carrier wave
      output of said second carrier modulating means which is supplied to said
      combining means; and
PA1  wherein the frequency modulated carrier wave output of said first carrier
      modulating means is supplied to said adding means with a peak-to-peak
      amplitude which is small relative to the maximum amplitude swing of the
      composite video signals provided by said composite video signal source.
NUM  3.
PAR  3. Apparatus in accordance with claim 1 including means for establishing a
      substantially quadrature phase relationship between the carrier wave
      output of said first carrier modulating means which is added to said
      composite video signals and the carrier wave output of said first carrier
      modulating means which is supplied to said combining means.
NUM  4.
PAR  4. In a recording system for color picture/sound records, the method of
      developing a recording signal which comprises the steps of:
PA1  a. developing (1) a composite color video signal representative of color
      images to be recorded, and (2) an audio signal representative of a sound
      accompaniment for the color images to be recorded;
PA1  b. modulating the frequency of a first carrier over a relatively low
      frequency deviation range in accordance with said audio signal, while
      modulating the frequency of a second carrier over a relatively high
      frequency deviation range in accordance with the sum of said composite
      color video signal and said first frequency modulated carrier;
PA1  c. combining the first frequency modulated carrier with the second
      frequency modulated carrier to form a combination signal; and
PA1  d. limiting said combination signal to form a recording signal.
NUM  5.
PAR  5. In a video disc recording system, the combination comprising:
PA1  a source of composite video signals;
PA1  a first source of audio signals;
PA1  means for modulating the frequency of a first carrier over a first low
      frequency deviation range in accordance with the amplitude of audio
      signals from said first audio signal source;
PA1  a second source of audio signals;
PA1  means for modulating the frequency of a second carrier over a second
      low-frequency deviation range in accordance with the amplitude of audio
      signals from said second audio signal source;
PA1  means for adding a frequency modulated carrier wave output of said first
      carrier modulating means and a frequency modulated carrier wave output of
      said second carrier modulating means to composite video signals from said
      composite video signal source;
PA1  means for modulating the frequency of a third carrier over a predetermined
      high frequency deviation range in accordance with the amplitude of the
      output of said adding means;
PA1  means for linearly combining a frequency modulated carrier wave output of
      said first carrier modulating means and a frequency modulated carrier wave
      output of said second carrier modulating means with a frequency modulated
      carrier wave output of said third carrier modulating means to form a
      combination signal; and
PA1  a limiter responsive to said combination signal formed by said combining
      means for developing a recording signal output.
NUM  6.
PAR  6. Apparatus in accordance with claim 5 wherein the respective outputs of
      said first and second carrier modulating means which are supplied to said
      combining means each have a peak-to-peak amplitude which is small relative
      to the peak-to-peak amplitude of the frequency modulated carrier wave
      output of said third carrier modulating means which is supplied to said
      combining means; and
PA1  wherein the respective outputs of said first and second carrier modulating
      means which are supplied to said adding means each have a peak-to-peak
      amplitude which is small relative to the maximum amplitude swing of the
      composite video signals provided by said composite video signals source.
NUM  7.
PAR  7. In a recording system for a color picture/stereo sound record, the
      method of developing a recording signal which comprises the steps of:
PA1  a. developing (1) a composite color video signal representative of color
      images to be recorded, and (2) a pair of audio signals representative of a
      stereo sound accompaniment for the color images to be recorded;
PA1  b. modulating the frequency of a first carrier over a first, relatively low
      frequency, deviation range in accordance with one of said pair of audio
      signals, while modulating the frequency of a second carrier over a second,
      relatively low frequency, deviation range in accordance with the other of
      said pair of audio signals;
PA1  c. modulating the frequency of a third carrier over a third, relatively
      high frequency, deviation range in accordance with the sum of said
      composite color video signal and said first and second frequency modulated
      carriers;
PA1  d. combining the first and second frequency modulated carriers with the
      third frequency modulated carrier to form a combination signal; and
PA1  e. limiting said combination signal to form a recording signal.
NUM  8.
PAR  8. In a video disc recording system, the combination comprising:
PA1  a source of composite color video signals;
PA1  an audio signal source having first and second stereo signal component
      outputs;
PA1  means for modulating the frequency of a first carrier over a first low
      frequency deviation range in accordance with the amplitude of said first
      stereo signal component output of said audio signal source;
PA1  means for modulating the frequency of a second carrier over a second low
      frequency deviation range, higher than said first low frequency deviation
      range, in accordance with the amplitude of said second stereo signal
      component output of said audio signal source;
PA1  means for adding a frequency modulated carrier wave output of said first
      carrier modulating means and a frequency modulated carrier wave output of
      said second carrier modulating means to composite color video signals from
      said composite color video signal source;
PA1  means for modulating the frequency of a third carrier over a predetermined
      high frequency deviation range in accordance with the amplitude of the
      output of said adding means;
PA1  means for linearly combining a frequency modulated carrier wave output of
      said first carrier modulating means and a frequency modulated carrier wave
      output of said second carrier modulating means with a frequency modulated
      carrier wave output of said third carrier modulating means to form a
      combination signal; and
PA1  a limiter responsive to said combination signal formed by said combining
      means for developing a recording signal output.
NUM  9.
PAR  9. Apparatus in accordance with claim 8 wherein the respective outputs of
      said first and second carrier modulating means which are supplied to said
      combining means each have the same peak-to-peak amplitude which is small
      relative to the peak-to-peak amplitude of the frequency modulated carrier
      wave output of said third carrier modulating means which is supplied to
      said combining means;
PA1  wherein the output of said first carrier modulating means which is supplied
      to said adding means has a peak-to-peak amplitude which is greater than
      the peak-to-peak amplitude of the output of said second carrier modulating
      means which is supplied to said adding means; and
PA1  wherein the respectively different peak-to-peak amplitudes of the
      respective outputs of said first and second carrier modulating means which
      are supplied to said adding means are each small relative to the maximum
      amplitude swing of the composite color video signals provided by said
      composite color video signal source.
NUM  10.
PAR  10. Apparatus in accordance with claim 9 also including:
PA1  means for establishing a substantially quadrature phase relationship
      between the carrier wave output of said first carrier modulating means
      which is added to said composite color video signals and the carrier wave
      output of said first carrier modulating means which is supplied to said
      combining means; and
PA1  means for establishing a substantially quadrature phase relationship
      between the carrier wave output of said second carrier modulating means
      which is added to said composite color video signals and the carrier wave
      output of said second carrier modulating means which is supplied to said
      combining means.
NUM  11.
PAR  11. Apparatus in accordance wih claim 9 also including:
PA1  means for commonly varying in accordance with elapsed recording time, the
      respectively different peak-to-peak amplitudes of the respective outputs
      of said first and second carrier modulating means which are supplied to
      said adding means.
NUM  12.
PAR  12. The combination in accordance with claim 9 wherein respective outputs
      of said first and second carrier modulating means are supplied to said
      adding means by apparatus comprising:
PA1  means for summing outputs of said first and second carrier modulating
      means;
PA1  an inverting differentiating amplifier responsive to the output of said
      summing means;
PA1  variable attenuator means responsive to the output of said amplifier; and
PA1  means for applying the output of said variable attenuator means to said
      adding means.
PATN
WKU  039342646
SRC  5
APN  4514912
APT  1
ART  233
APD  19740315
TTL  Videotape recorder and reproducer every line velocity compensator
      apparatus
ISD  19760120
NCL  10
ECL  1
EXP  Murray; Richard
NDR  28
NFG  74
INVT
NAM  Dann; Bert H.
CTY  Los Altos
STA  CA
INVT
NAM  Guisinger; Barrett E.
CTY  Saratoga
STA  CA
ASSG
NAM  International Video Corporation
CTY  Sunnyvale
STA  CA
COD  02
RLAP
COD  72
APN  439093
APD  19740204
PSC  04
CLAS
OCL  358  8
EDF  2
ICL  H04N  576
FSC  358
FSS  8
UREF
PNO  3504111
ISD  19700300
NAM  Sumida et al.
OCL  358  8
UREF
PNO  3592961
ISD  19710700
NAM  Grace
OCL  358  8
LREP
FRM  Limbach, Limbach & Sutton
ABST
PAL  A velocity error compensator for a multiple video head VTR in which
      velocity error compensation is provided for all the lines adjacent a head
      switch. Separate velocity error detectors are provided in auxiliary
      channels continuously connected to each respective video head. By
      providing a mechanical overlap of video heads on the tape velocity error
      signals are developed for all the lines adjacent a head switch. Depending
      on the type of velocity error detection employed, the mechanical overlap
      must be sufficient to provide either simultaneous horizontal sync pulses
      or both horizontal sync pulses and color bursts from the adjacent heads.
      Suitable switching is provided to continuously apply the correct velocity
      error signal to the main channel video signal which is to be corrected.
      The arrangement avoids banding that develops in multi-generation copies
      where a line adjacent a head switch is not velocity corrected.
PARN
PAR  This is a continuation-in-part of our copending application Ser. No.
      439,093, filed Feb. 4, 1974, entitled, VIDEO TAPE RECORDER AND REPRODUCER
      VELOCITY COMPENSATOR APPARATUS.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to videotape recorder and playback devices (VTR's)
      and, more particularly, to apparatus for correcting the so-called
      "velocity" error component of a television signal played back on a VTR on
      a continuous, every line basis. Heretofore in multiple head VTR's wherein
      each video track is a portion of a field (known as "segmented" scan
      VTR's), no complete velocity compensation corrections were made to the
      television line adjacent a head switch.
PAR  The present invention is one portion of a VTR, portions of which are
      disclosed in other copending applications assigned to the present
      assignee, all of which are incorporated herewith by reference:
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PAR  In the videotape recorder (VTR) art the requirements of broadcast quality
      color television signal recording and reproduction has placed extremely
      stringent tolerances on the time base stability of the VTR. Modern color
      VTR's intended for broadcast use include several sub-systems which
      contribute to a relatively stable reproduced television signal: capstan
      and head drum servo systems for resolving large phase errors between the
      VTR signal and a reference signal and electronic circuits for resolving
      the smaller remaining phase errors left uncorrected by the servo systems.
      Typical VTR's employ two controllable variable delay lines in series: the
      first, a portion of a sub-system generally referred to as the monochrome
      time base corrector, is controlled by an error signal derived by comparing
      the phase of off-tape horizontal sync signals to reference horizontal sync
      signals; the second, a portion of a sub-system generally referred to as
      the chrominance (or color) time base corrector, provides a vernier
      correction and is controlled by a phase comparison between the off-tape
      chrominance sub-carrier (color burst) and the reference chrominance
      sub-carrier.
PAR  The effect of the monochrome and chrominance time base correctors is to
      produce a phase change in the VTR off-tape television signal so as to
      bring it in "precise" phase coincidence (within several nano-seconds) with
      the reference sync and burst signals. The phase corrections are made to
      the VTR off-tape television signal at the start of each horizontal line
      and the same correction is maintained by the time base correctors
      throughout the line.
PAR  It was discovered, however, that the correcting of the VTR off-tape signal
      at each horizontal line is not adequate. Although the VTR signal is in
      phase with the reference at the start of a line, the VTR off-tape signal
      phase departs from the reference phase through the horizontal line time so
      that by the end of the horizontal line there is an unacceptable phase
      error. Fortunately, the progressive phase error through the horizontal
      line is essentially linear. Thus, a further time base error correction is
      provided, known as "velocity" compensation, so named because it was
      believed to result from variations in head drum velocity due to mechanical
      offsets, etc. It appears that the so-called "velocity" error may also be a
      result of waves set up in the tape when struck by the rapidly moving video
      heads. Nevertheless, the exact cause of "velocity" error is of no
      importance to the present invention.
PAR  Because the "velocity" error is essentially a straight line error, the
      standard solution is to add a ramp having the proper slope to the voltage
      in the color time base corrector which controls the vernier delay time.
      Thus, the delay line is changed progressively throughout each horizontal
      line and the last significant phase error is compensated. Discussions of
      time base correction in VTR's is found in Magnetic Recording by Charles E.
      Lowman, McGraw-Hill, 1972; "A Short History of Television Recording: Part
      II" by Albert Abramson, Journal of the SMPTE, March, 1973, pp. 188-198; "A
      New Technique for Time-Base Stabilization of Video Recorders" by Charles
      H. Coleman, IEEE Transactions on Broadcasting, March, 1971, pp 29-36; U.S.
      Pat. Nos. 3,213,192 (Jensen), 3,428,745 (Coleman et al.); and 3,504,111
      (Sumida et al.).
PAR  Prior art velocity compensators are classifiable into two groups: storage
      systems where the corrections are not made to the actual line in which the
      velocity error is measured and oneline delay systems in which the
      corrections are made to the actual line in which the error is measured.
      Both approaches suffer from the problem that no full correction is made
      for one line adjacent a head switch. In the type disclosed in the Coleman
      et al. U.S. Pat. No. 3,428,745 the VTR off-tape horizontal sync pulses are
      compared to reference horizontal sync pulses and the phase error between
      consecutive horizontal lines is stored for one head wheel rotation period.
      This approach assumes that the same or nearly the same velocity error
      occurs when the head wheel subsequently rotates to the same position.
      Storage means are required for the number of horizontal lines covered by a
      head wheel rotation (64 in the case of the "quadruplex" recorder). In such
      a system, the line following a head switch is not fully corrected.
PAR  In another type of velocity compensator as disclosed in the Coleman IEEE
      Transactions article and the Sumida et al. U.S. Pat. No. 3,504,111, a one
      horizontal line delay is placed in the VTR off-tape signal path and the
      phase of the color burst (chrominance subcarrier) before and after the
      delay is compared. This approach has the advantage of avoiding storage of
      the error measurements since the correction may be immediately applied to
      the one line delayed signal. In such a system, the line before a head
      switch is not fully corrected.
PAR  In the aforementioned prior art systems, the line before or after a head
      switch is uncorrected because the corrections are based on line-to-line
      comparisons from the same video head. Typically, the same correction is
      stored and used as for the previous or subsequent line. While providing a
      reasonably close correction, nevertheless, such errors are not fully
      corrected and become visible when multi-generation copies are made.
PAR  In accordance with the teachings of the present invention, every line
      velocity error correction is achieved by providing a mechanical overlap on
      the played back video tape so that two adjacent video heads simultaneously
      reproduce at least one clean horizontal sync pulse or horizontal sync
      pulse and color burst. In addition to the normal high quality main video
      processing channel which is switched among the heads in sequence,
      auxiliary low quality channels are continuously connected to each video
      head and velocity error detection circuitry operates in connection with
      the low quality channels. The low quality channels need only provide a
      reasonably noise-free color burst, or sync edges if used instead of the
      color burst, for the velocity error detection. The same head switching
      sequence, properly delayed, can be used to select the proper low quality
      channel. Due to the overlap, the line adjacent the head switch has the
      correct velocity error based on information not available in the main
      video channel. Although for the purposes of a complete disclosure the
      invention is described in connection with a video tape recorder as
      described in said U.S. Ser. No. 285,922 application and in connection with
      the velocity error detector of said U.S. Ser. No. 439,093 application, it
      is to be understood that the invention applies to all types of helical
      scan and quadruplex VTR's using multiple heads, and further, that the
      invention applies to all types of velocity error detection techniques
      other than that of said U.S. Ser. No. 439,093 application. For example,
      velocity error detectors using horizontal sync as references. Nor is the
      invention limited to one-line delay systems. It may be used with the
      aforementioned storage type system.
PAR  These and other advantages of the present invention will be better
      understood as this specification and drawings are read and understood.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  FIG. 1 is a perspective view of a videotape recorder and playback console
      suitable for embodying the every line velocity compensator apparatus
      according to the present invention.
PAR  FIG. 2 is a perspective view of a portion of the videotape recorder deck or
      transport assembly shown in FIG. 1.
PAR  FIG. 3 is a partially cut-away schematic perspective view of a scanner
      assembly used in the transport assembly of FIG. 2.
PAR  FIG. 4 is an exploded perspective view of FIG. 3.
PAR  FIG. 5 is a further schematic perspective view of the scanner assembly of
      FIG. 3, showing its major subassemblies and the location of the control
      track head.
PAR  FIG. 6A is a plan view of the rotating tachometer disc used in the scanner
      assembly of FIG. 3.
PAR  FIG. 6B is an enlarged section of the tachometer disc of FIG. 6A.
PAR  FIG. 6C is a sinusoidal waveform generated by the tachometer disc of FIG.
      6A.
PAR  FIG. 7 is a plan view of the stationary tachometer disc used in the scanner
      assembly of FIG. 3.
PAR  FIG. 8 is a plan view of a light source holder used in the scanner assembly
      of FIG. 3.
PAR  FIG. 9 is a plan view of a light sensor holder used in the scanner assembly
      of FIG. 3.
PAR  FIGS. 10A - 10C show front elevation, top plan and side elevation views,
      respectively, of the record/play head stack and monitor head stack.
PAR  FIGS. 10D - 10F show front elevation, top plan and side elevation views,
      respectively, of the erase head stack.
PAR  FIG. 11 shows the broadcast quality helical scan format recorded on tape by
      the apparatus of FIGS. 1-10.
PAR  FIG. 12A is a graphical presentation of the video head switching sequence
      for the 50 Hertz, 625 line PAL/SECAM system version of the apparatus of
      FIGS. 1-10.
PAR  FIG. 12B is a detail of the video track portion of a recorded tape showing
      the details of the segmentation.
PAR  FIG. 13A is a graphical presentation of the video head switching sequence
      for the 60 Hertz, 525 line NTSC system version of the apparatus of FIGS.
      1-10.
PAR  FIG. 13B is a detail of the video track portion of a recorded tape showing
      the details of the segmentation.
PAR  FIG. 14A is a block diagram of the logic circuit for providing tachometer
      controlled head switching in both NTSC and PAL/SECAM systems.
PAR  FIG. 14B is a waveform useful in understanding FIG. 14A.
PAR  FIG. 14C is a waveform useful in understanding FIG. 14A.
PAR  FIG. 15 is a block diagram of the PAL/SECAM logic segmenting circuit.
PAR  FIG. 16 is a block diagram of the NTSC logic segmenting circuit.
PAR  FIG. 17A is a block diagram of a circuit for providing advanced off-tape
      horizontal clock pulses and tape frame pulses.
PAR  FIG. 17B is a portion of a composite television waveform centered around a
      horizontal sync pulse showing the desired head switching time.
PAR  FIG. 17C is a block diagram showing the sources of the 300 Hertz and 150
      Hertz signals used in the circuits of FIGS. 14, 15 and 16.
PAR  FIGS. 18A - 18C show various timing waveforms related to the video head
      switching sequences and the operation of the circuits of FIGS. 14 and 15.
PAR  FIGS. 19A and 19B show various timing waveforms related to the video head
      switching sequences and the operation of the circuits of FIGS. 14 and 16.
PAR  FIG. 20 is a block diagram of the control track and playback circuitry.
PAR  FIG. 21 shows a block diagram of the record portion of a VTR signal system
      suitable for use with the apparatus of FIGS. 1-10, 14A, 15, 16, 17A and
      17C.
PAR  FIG. 22 is related to FIG. 21 and shows a block diagram of the playback
      portion of a VTR signal system embodying the present invention.
PAR  FIG. 23 is a waveform and timing diagram pertaining to FIG. 22 useful in
      understanding the present invention.
PAR  FIG. 24 is a block diagram showing the velocity error detectors of FIG. 22
      in greater detail.
PAR  FIG. 25 is a block diagram showing the zero crossing selector of FIG. 24 in
      greater detail.
PAR  FIG. 26 is a block diagram showing the ramp generator of FIG. 24 in greater
      detail.
PAR  FIG. 27 is a block diagram showing the sample switch, clamps and error
      transfer switch of FIG. 24 in greater detail.
PAR  FIG. 28 CA-B) is a series of waveforms useful in understanding the zero
      crossing selector of FIG. 25.
PAR  FIG. 29 (A-D) is a further series of waveforms useful in understanding the
      zero crossing selector of FIG. 25.
PAR  FIG. 30 (A-L) is a series of waveforms useful in understanding the ramp
      generator of FIG. 26.
PAR  FIG. 31 (A-D) is a series of waveforms useful in understanding the sample
      switch, clamps and error transfer switch of FIG. 27.
PAR  FIG. 32(A-C) is a series of waveforms further useful in understanding the
      sample switch, clamps and error transfer switch of FIG. 27 and also the
      overall system of FIG. 22.
DETD
PAC  DESCRIPTION OF THE PREFERRED EMBODIMENTS
PAR  Referring now to FIGS. 1 and 2, perspective views of a video tape recorder
      deck or transport assembly 8 suitable for practicing the present invention
      are shown. The assembly includes an upper deck plate portion 10 and a
      lower deck plate portion 12: due to the nature of the helical scan wrap
      around scanner assembly 42, the supply and take up portions of the deck
      assembly 8 are displaced in height. A supply reel 14 is held by a hub 15
      fixed to the upper deck plate 10. Video tape 28 from supply reel 14 passes
      around an air bearing guide pose 34 and loops into a first vacuum column
      30. Tape 28 comes out of vacuum column 30 around a further air bearing
      guide post 36 to a scanner assembly air bearing guide post 40. A full tape
      width bulk erase head 38 is located between posts 36 and 40 so as to
      contact the tape 28. The scanner assembly 42, described in further detail
      below, along with the input and output air bearing guide posts 40 and 44
      form an angle of about 19.55.degree. with the plane of deck plates 10 and
      12 in order to provide the desired video track angle of about
      19.55.degree..
PAR  Tape 28, guided by posts 40 and 44 forms a wrap of about 188.57.degree.
      around the scanner assembly 42. An air bearing is also provided around the
      scanner assembly 42. A vacuum collar (not shown) separates the tape 28
      from the scanner assembly 42 when the tape is stopped. After passing
      around post 44, the tape 28 contacts three record/playback head stacks 46,
      48 and 50 as described further in connection with FIGS. 9A, 9B and 9C.
      Head stacks 46, 48 and 50 carry various audio, audio cue, address code,
      video confidence and erase heads.
PAR  Tape 28 then passes around capstan 52, loops into a second vacuum column
      32, and passes around a further air bearing guide post 54 to take up reel
      16 held by hub 17 on the lower deck plate 12. Vacuum columns 30 and 32
      cooperate in tandem to provide a variable vacuum pull on each side of the
      scanner assembly 42, thus permitting a variable tape tension. The entire
      tape path has very low friction due to the use of air bearing members and
      the use of vacuum columns for tension control. Further details of the deck
      assembly including the vacuum columns 30, 32, vacuum collar (not shown)
      and the scanner assembly 42 are disclosed in said copending application of
      Frank S. C. Mo and Vernon R. Natwick U.S. Ser. No. 354,227.
PAR  Referring now to FIGS. 3, 4 and 5 the scanner assembly 42 is shown in
      greater detail, although schematically, omitting mechanical details not
      necessary to the understanding of the present invention.
PAR  Scanner assembly 42 comprises a stationary drum portion 58 that is fixed to
      the deck plates 10 and 12. A housing 63 holds a motor 64, described in
      greater detail hereinafter, driving a central shaft 62 that carries a
      rotating drum portion 56 which is spaced apart from the stationary drum 58
      by a small gap 60. Drums 56 and 58 are both cylindrical and their outer
      surface dimensions are machined for close tolerance with each other,
      although as explained below, due to the configuration of the scanner
      assembly 42, the tolerance is not as exacting as would typically be
      required.
PAR  A control track record and playback head 71 is located on the fixed drum 58
      in order to contact the tape 28 while wrapped around scanner assembly 42,
      thus reducing errors due to tape stretch and mechanical tolerances when
      the control track head is separated a distance from the video head
      assembly.
PAR  Three heads, a first video head 66, a second video head 68 and a scanning
      erase head 70, are carried in the upper drum in a single plane
      perpendicular to the shaft 62. The tape contacting tips of the heads
      extend slightly beyond the drum periphery in order to contact the tape 28
      when it is wrapped around the scanner assembly 42. The scanning erase head
      is dimensioned to erase two video tracks per revolution. Video heads 66
      and 68 are hot pressed ferrite type having f-equency responses well beyond
      12MHz. As explained further below, there is a mechanical overlap when the
      first video head 66 and the second video head 68 are both in contact with
      the video tape. This overlap is critical to the operation of the present
      invention.
PAR  A rotating optical disc 74 is fixed to shaft 62 and therefore rotates in
      synchronism with the rotating drum 56. Disc 74 carries an outer set of
      indicia 76 for use in driving the motor, and an inner set of indicia 78 to
      provide tachometer pulses and an indicator of the video head 66 (head "1")
      position, as will be explained further below in connection with FIGS. 6A,
      6B and 6C.
PAR  A static (stationary) disc 80 having slots 82 is positioned in
      juxtaposition below the rotating disc 74. The slots operate in conjunction
      with the rotating disc 74 and sets of light sources and light sensors to
      provide desired signals. Further details of the static disc 80 are set
      forth in the discussion of FIG. 7.
PAR  A horseshoe shaped stationary member 72 is located adjacent and above the
      rotating disc 74. Member 72 holds a plurality of light sources as will be
      shown in further detail in FIG. 8.
PAR  A second horseshoe shaped stationary member 84 is located adjacent and
      below static disc 80. Member 84 holds a plurality of light sensors as will
      be shown in further detail in FIG. 9.
PAR  Referring now to FIG. 6A and 6B the details of the rotating optical disc 74
      are shown in greater detail. Disc 74 is circular with a central circular
      cutout 85 for drive shaft 62. Except for the slots to be described, the
      disc 74 is opaque to light. A series of forty trapezoidal slots or
      optically clear areas comprising indicia 78 are equally spaced around the
      disc. Each area 78 is of the same size and is located the same radial
      distance along the disc 74. One area 78 has a further slot or clear area
      86 abutting it. Slot 86 is used to provide an indication of the video head
      66 (head "1") position. Disc 74 is precisely aligned with the rotating
      drum 56. Line 88 indicates the centerline and gap of the video head 66
      (head "1"). One hundred and eighty degrees away, line 90 indicates the
      centerline and gap of the video head 68 (head "2"). The precise
      180.degree. separation of the two video heads is critical in order to
      avoid "dihedral" errors in record and playback.
PAR  The further set of indicia 76, located outside indicia 78 are intended to
      provide a sinusoidal light transmission. The sinusoidal waveform results
      from providing narrow slots 94 between a pair of radial distances on the
      disc 74 with the adjacent spacing between slots 94 varied so that the
      light transmission varies in the desired sinusoidal pattern. Although not
      shown for clarity in FIG. 6B, the slots 94 are continuously located around
      the disc with their spacing varied according to the desired sinusoidal
      waveform shown in FIG. 6C. Thus, the mark-space ratio defined by slots 94
      produces a sine wave output as the disc 74 rotates.
PAR  In FIG. 7 the static disc 80 is shown in greater detail. The disc is
      circular and substantially identical in diameter to disc 74. A central
      circular aperture 95 is provided for mounting. The details of mounting the
      discs 80 and 74 are omitted as nonessential to the invention's
      understanding. Disc 80 is opaque to light and a pair of viewing apertures
      96 and 98 located radially to line up with the slots 94 in disc 74 provide
      a look at sine and cosine variations in the slots 94 because the viewing
      apertures 96, 98 are spaced apart by 1121/2 .degree., the physical
      distance necessary to provide a 90.degree. electrical spacing for
      simultaneous sine and cosine readings from a single sine wave. A viewing
      aperture 100 is located to read the area 86 indicating the video head 66
      (head "1"). A pair of viewing apertures 102 and 104, located 180.degree.
      apart are positioned to read the slots 78.
PAR  FIGS. 8 and 9 show members 72 and 84, respectively, in greater detail.
      Member 72 holds a plurality of light sources in the correct position in
      relation to the fixed disc 80, the rotating disc 74, and the locations of
      the light sensors in member 84 so that signals are provided corresponding
      to
PA1  1. each pass of the slot 86 over viewing area 100 to give a video head 66
      (head "1") pulse,
PA1  2. a pair of tachometer signals at 40 times the rotating disc 74 rate as
      slots 78 pass over viewing areas 102 and 104, and
PA1  3. simultaneous sine and cosine signals as the sine wave slots 94 pass over
      viewing areas 96 and 98.
PAR  It will be apparent that many types of light sources and sensors can be
      used, for example, light emitting diodes (LED's) and phototransistors. LED
      106 cooperates with phototransistor 116 to provide a head "1" pulse once
      every rotation of disc 74; LED's 108 and 110 cooperate with
      phototransistors 118 and 120, respectively, to provide two pairs of
      tachometer pulses at 40 times the disc 74 rotation rate; LED's 112 and 114
      cooperate with phototransistors 122 and 124 to provide the sine and cosine
      signals.
PAR  Referring now to FIGS. 10A - 10F, details of the longitudinal head stacks
      46, 48 and 50 are shown.
PAR  FIGS. 10A - 10C show front elevation, top plan and side elevation views,
      respectively, of the record/play head stack 48 and monitor head stack 40.
      Head stacks 48 and 50 are identical. Both stacks 48 and 50 include five
      heads disposed dimensionally as shown in the drawing, including in order
      from top to bottom: audio No. 2 head 350, cue head 352, audio No. 1 head
      354, control track head 356, and address track head 358. The head
      locations are positioned to lay down the tracks shown in FIG. 11.
PAR  FIGS. 10D - 10F show front elevation, top plan and side elevation views,
      respectively, of the erase head stack 46. Stack 46 includes four heads
      disposed dimensionally as shown in the drawing, including in order from
      top to bottom: audio No. 2 erase head 360, cue erase head 362 and audio
      No. 1 erase head 364. A further head 366 having its gap angled at
      19.55.degree., the angle of the video tracks is used as a playback video
      confidence head to assure that video has been recorded. There are no erase
      heads required for the control track or address tracks because these
      tracks are saturated recorded thereby erasing any previous information.
PAR  FIG. 11 shows the format recorded on the tape 28 by the apparatus shown and
      described in conjunction with FIGS. 1-10 when the following dimensions,
      speeds and rotational rates are employed:
     angle between video heads 66, 68 and tape 28:                             

                                19.6.degree.                                   

     tape 28 longitudinal speed:                                               

                                8 ips                                          

     scanner 42 rotational rate (in NTSC the                                   

               58.94                                                           

     scanner rate is   .times. 9000 rpm):                                      

                                        9,000 rpm                              

               60                                                              

     scanner 42 diameter:       3.17"                                          

     tape 28 wrap around scanner 42:                                           

                                188.57.degree.                                 

PAL  Also, as explained further below, each video field is broken up into
      segments so that each video track carries only a portion of each video
      field. In NTSC (525 line, 60 Hertz) there are 5 scan segments; in PAL and
      SECAM (625 line, 50 Hertz) there are 6 scan segments. In both systems,
      there are 52 or 53 horizontal video lines per segment.
PAR  Tape 28 is nominally 2 inches in width, with the video track area 400
      occupying 1.755 inches generally in the center of the tape. Beginning from
      the top edge of tape 28, a 5 mil guard band 402 is provided in order to
      protect the next adjacent 50 mil audio track 404 (audio "No. 1") from edge
      effects. Next a 20 mil guard band 406 separates audio track 404 from a 20
      mil audio cue track 408. A 20 mil guard band 410 separates the audio cue
      track 408 from a 50 mil audio track 412 (audio "No. 1"). A 10 mil guard
      band 414 separates audio track 412 from the video track area 400. Since
      the video tracks are not parallel to the audio tracks, only a 10 mil guard
      band is necessary to avoid crosstalk between track 412 and the video
      tracks in area 400.
PAR  The video tracks 416 are 6 mils wide, separated by 3 mil guard bands 418.
      Tracks 416 form an angle B of about 19.55.degree. to the audio tracks and
      tape edge. The length of each video track is 5.243 inches. Taken with the
      other physical parameters, this results in a video writing speed
      (head/tape speed) of 1500 ips in both NTSC and PAL/SECAM systems.
PAR  Below the video record area 400 is a further 10 mil guard band 420,
      followed by a 20 mil control track 422. A 15 mil guard band 424 separates
      track 422 from a 20 mil address code track 425. A 5 mil guard band 426
      separates the address code track 424 from edge effects.
PAR  FIG. 12A shows the head switching sequence for the 50 Hz, 625 line PAL and
      SECAM system version of the present invention. As mentioned above, each
      video frame is divided into 12 segments, each segment occupying a single
      video track.
PAR  In order to clarify the timing relationships among (1) the tach pulses, (2)
      the advanced off-tape horizontal sync pulses (as explained further in
      connection with FIG. 17A, below), and (3) the head switching segments in
      playback, the Figure shows the synchronizing pulses adjacent the scheduled
      head switch times. The head switch times shown in the diagram are those
      set by the logic circuit described in FIG. 15, below. Line (1) of the
      Figure shows the advanced horizontal sync pulses (of FIGS. 14-17) which
      are synchronous with the other sync pulses of this Figure. As shown in the
      Figure, the Head "1" tach pulse is the positive going edge of the 150 Hz
      tach signal (see FIG. 14B) from scanner disc 74 and the head "2" tach
      pulse is the negative going edge of the 150 Hz tach signal. In line (2),
      the head "1" tach pulse occurs at the start of horizontal line 313 (of the
      625 lines per frame). Line 313 is within the vertical interval which
      includes the frame pulse (the second broad vertical pulse). It will be
      noted that the succeeding vertical interval is offset 1/2 horizontal line
      (due to the odd number of lines - 625) so that the vertical pulse edges do
      not coincide with the horizontal pulses. The beginning of segment 1 starts
      six horizontal lines after the frame pulse. Head "1"  is active during
      segment 1. The logic disclosed in FIG. 15 provides the head switch at the
      beginning of line 320 and throughout this timing diagram. The head
      activity segments proceed as follows:
TBL  Segment                                                                   

            Head Active Lines Active Total Lines                               

     ______________________________________                                    

     1      1           320-372      52                                        

     2      2           372-424      52                                        

     3      1           424-476      52                                        

     4      2           476-528      52                                        

     5      1           528-580      52                                        

     6      2           580-7        52                                        

     7      1            7-59        52                                        

     8      2            59-111      52                                        

     9      1           111-163      52                                        

     10     2           163-215      52                                        

     11     1           215-267      52                                        

     12     2           267-230      53                                        

     ______________________________________                                    

PAL  It will be noted that the head "1" and head "2" tach times "drift" over one
      horizontal line during each frame and then return. This results from the
      non-integral relationship between the 150Hz/300Hz tach pulses and the
      15,625 Hz horizontal frequency. By providing a 53 line twelfth segment,
      the additional odd line is accommodated during the vertical interval and
      the tach signals and horizontal pulses are brought into synchronism--in
      effect the H/12 shift (where "H" is a horizontal line) each segment
      results in the tach signal "catching up" with the horizontal pulse for
      line 313. It will also be noted that the heads do not alternate on
      corresponding segments in each field (segments 1-6 are in one field,
      segments 7-12 another).
PAR  As will be better understood with reference to FIG. 12B, the head to tape
      contact time is constant (within the mechanical tolerances of the
      apparatus) and there is an overlap time when both heads are in contact
      with the tape due to the 180.degree. relationship of the heads and the
      188.57.degree. wrap of the tape around the scanner. This overlap is
      critical to the present invention and must include at least an overlapping
      color burst from each head. With respect to the physical relationship of
      the heads to the tape, the non-integral horizontal pulses can be viewed as
      moving with a cumulative shift of one line (1H) per monochrome frame (or
      H/12 per segment).
PAR  FIG. 12B is a schematic representation of the video portion 400 of the tape
      28 indicating the approximate horizontal line numbers recorded on each
      succeeding track. Slight variations will occur due to mechanical
      tolerances of the apparatus. Although several horizontal lines are shown
      to overlap, the present invention only requires that a color burst
      overlap. That is, substantially less than one horizontal line of overlap
      is required. As a part of the lock up procedure in the VTR, the head 1
      pulse is locked to the reference frame signal, consequently due to the
      head segment timing scheme, the frame pulse is recorded in the position
      shown on the segment 12 track. In playback, the head "1" pulse and the
      tape frame maintain this same relationship after the lock up of tape frame
      with reference frame.
PAR  FIG. 13A corresponds to FIG. 12A and shows the sequence for the 60 Hz, 525
      line NTSC embodiment of the invention. The logic circuit implementing this
      timing chart is disclosed in FIG. 19. The head "1" tach pulse is a half
      line before the frame pulse, as shown in line (2). Segment 1 begins six
      lines after the frame pulse, as in the PAL/SECAM version. In other
      respects, however, the relationships of the 15,734.26 Hz horizontal rate,
      the 60 Hz vertical rate, the 525 lines per frame and the 150Hz/300Hz
      scanner tach signals cause the tach pulses to vary in a manner different
      from the PAL/SECAM timing chart of FIG. 12A. With respect to the NTSC
      horizontal pulses, the head tach pulses vary 1/2 horizontal line. Also, in
      the NTSC, version it is desirable to alternate heads on corresponding
      segments in order to reduce subjective color phase errors. Hence, the NTSC
      Switching sequence is more complex than in the PAL/SECAM sequence of FIG.
      15A:
TBL  Segment                                                                   

            Head Active Lines Active Total Lines                               

     ______________________________________                                    

     1      1           273-326      53                                        

     2      2           326-378      52                                        

     3      1           378-431      53                                        

     4      2           431-483      52                                        

     5      1           483-10       52                                        

     6      2           10-63        53                                        

     7      1            63-115      52                                        

     8      2           115-168      53                                        

     9      1           168-220      52                                        

     10     2           220-273      53                                        

     ______________________________________                                    

PAL  Segments 1-5 comprise one field; segments 6-10 a succeeding field.
PAR  FIG. 13B corresponds to FIG. 12B and shows the approximate lines recorded
      on each succeeding video track 416 on the video portion 400 of the tape
      28. As in the NTSC version, there is an overlap when both heads are
      picking up the same recorded information and for the present invention it
      is sufficient that the two heads reproduce the same color burst.
PAR  FIG. 14A shows in block form, the logic for providing head switching for
      both the NTSC (525 line) and PAL/SECAM (625 line) systems controlled by
      tachometer signals from the scanner disc 74 (FIG. 6). Head switching by
      the tachometer signals is needed when the machine is not yet locked up
      horizontally (i.e., the off tape horizontal is not yet phase locked to the
      reference (studio) horizontal). Details of the lock up sequence and servo
      systems associated therewith are disclosed in said copending applications
      of Kenneth Louth, U.S. Ser. Nos. 285,917 and 356,380. Prior to horizontal
      lock up there is no tape frame signal, hence it would be possible, absent
      the tachometer head switch control, to choose the wrong field as the
      frame. Also, once lock up is achieved, this arrangement is useful if the
      tape frame signal is missing.
PAR  The 150 Hz signal on line 502, shown in FIG. 14B is applied to the data
      input of a latch 504. The 300 Hz tach signal on line 506, shown in FIG.
      17C is applied to the set input of a latch 508. The output Q of latch 508
      is applied to the data input of a seven place shift register 510. Advanced
      horizontal sync pulses on line 512 are applied to the clock pulse input of
      register 510. The sources of the 150Hz, 300Hz and advance horizontal sync
      signals are explained further below.
PAR  The "one" count Q1 output of register 510 is applied to the reset input of
      latch 508 and the "5" count Q5 output of register 510 is applied to the
      clock pulse input of latch 504. The "7"  count Q7 output of register 510
      is applied to one input of OR-gate 514. The other input to OR-gate 514 is
      on line 320 from a segment line counter logic; the logic for PAL/SECAM is
      shown in FIG. 15; the logic for NTSC is shown in FIG. 26. The OR-gate 514
      output is to the clock pulse input of latch 516. Latch 516 receives its
      data input from the output of latch 504. The output Q of latch 516
      provides the head switch control on line 518, high for head "1", low for
      head "2".
PAR  In operation, a portion of the 300Hz tach pulse is allowed into shift
      register 510, which resets latch 508 after 1 horizontal pulse (1H). The
      tach pulse is clocked through the shift register 510 by the advanced
      horizontal pulses. The 150Hz signal is high at every other head pass; the
      200 Hz signal goes high at every head pass. Assume first that both are
      high. In that case, the 150Hz pulse would be present at the data input of
      latch 504 and would be clocked through after a delay of 5 horizontal lines
      (5H). Thus after the 5H delay, latch 516 has a data input and requires
      only a clock pulse to provide a high output. Such a clock pulse is
      provided by a signal at either input of OR-gate 514. In the absence of any
      signal on line 520 in the interim, the "7" count Q7 of register 510
      provides a signal to latch 516 which causes a high signal on line 518.
      When the 150 Hz signal is low, the same procedure occurs except that the
      output on line 518, consequently, will be low. As shown below, a high
      signal on line 518 selects head "1" as the playback head, a low signal
      head "2". Thus head switching will occur, at the latest, 7 horizontal
      lines after the 300Hz tach signal goes positive.
PAR  As explained further below, the tach signals "drift" with respect to the
      horizontal pulses within each frame because of the odd number of
      horizontal pulses in each frame. The tachometer signals provide an
      indication of the physical location of the video head 66, 68. It should be
      recalled that as a part of the horizontal lock up procedure, the tape
      frame is positioned so that head "2" reproduces it.
PAR  Referring now to FIG. 15, the block diagram of the PAL/SECAM (625 line)
      segment line counter is shown. This logic circuit, and the circuit of FIG.
      16 for NTSC, provide a more precise head switching and this circuit
      accounts for the odd number of horizontal lines in PAL/SECAM by putting an
      extra line in the segment containing the vertical interval. The tachometer
      switch line is not suitable because by not putting the extra line in the
      vertical interval, two adjacent horizontal lines will not be reproduced
      from the same lead once per frame. Desirably, Adjacent lines are
      reproduced by the same head, thus reducing any "banding" effects.
PAR  Advanced horizontal clock pulses are applied to the clock pulse inputs of
      latch 522, divide by 51 counter 524 and divide by 5 counter 526. A signal
      occurring at every tape frame (the second vertical sync pulse coincides
      with the horizontal clock only every 2 fields--thus is taken as the tape
      frame signal) is applied to the set input of latch 528. The output Q of
      latch 528 is connected to the enable input of counter 526 and to one input
      of OR-gate 532. Counter 526's output is applied to the reset input of
      latch 528 and to an input of OR-gate 530.
PAR  The output of OR-gate 532 is applied to the clear input of counter 524. The
      counter 524 output is applied to the other input of OR-gate 530, which has
      its output applied to the data input of latch 522. Latch 522 provides the
      output on line 520 to OR-gate 514 of FIG. 14A. The output is also applied
      to the other input of OR-gate 532.
PAR  In operation, the tape frame signal sets latch 528, enabling .div.5 counter
      526 and clearing .div.51 counter 524. Five horizontal (5H) pulses after
      the tape frame .div.5 counter 526 provides a signal to OR-gate 530 and
      hence to the data input of latch 522, meanwhile .div.51 counter 524 is
      held clear. Latch 522 adds one horizontal count and also makes the output
      synchronous with the horizontal pulses. Divide by five counter 526 and
      divide by 51 counter 524 are non-synchronous; the latch 522 is used to
      make the line 520 output synchronous. Thus at six horizontal pulses past
      tape frame head switching is achieved if the 5 horizontal line delayed
      150Hz tach signal is present (FIG. 17). This head switch ends segment 12,
      which, as shown in FIG. 12, ends six horizontal lines after the frame
      pulse and has 53 horizontal lines.
PAR  When .div.5 counter 526 reached its five count, it resets latch 528, thus
      removing the clear signal from .div.5 counter 524. Counter 524, however,
      was cleared by the output on line 520. On the next horizontal pulse
      following the output on line 520, .div.5 counter begins counting and
      provides an output to OR-gate 530 and the data input of latch 522 which
      adds one count and provides a synchronous output on line 520 after 52
      horizontal lines thus defining segment one. The sequence repeats itself
      through the segments 1 through 11 that are each 52 lines long. The 12th
      segment is 53 lines long by operation of the tape frame and .div.5 counter
      526 as described above.
PAR  The switching sequence for the 525 line NTSC system is somewhat more
      complex. Logic for accomplishing the NTSC switching is shown in FIG. 16.
      The circuit is in some respects identical to FIG. 15 and the same
      reference numerals are carried through on corresponding elements. The
      description of the identical portions will not be repeated.
PAR  A .div.52 counter 524' is provided having .div.51 and .div.52 outputs. It
      is desired to provide 52 line segments for segments 2,4,5,7, and 9,
      whereas for the remaining segments 53 lines are desired. The .div.5
      counter 526 activated by the frame pulse provides a 53 line last segment
      (segment 10 in NTSC) as in the PAL/SECAM circuit. In order to provide the
      52 line segments at the appropriate times, a counter, decoder and gating
      arrangement is provided to pass the .div.51 output from counter 524' at
      the proper times.
PAR  The 300 Hz tach signal is applied to the clockpulse input of a divide by 5
      counter 540. counter 540 Counter binary output lines A(2.sup.0),
      B(2.sup.1), C(2.sup.2). The A line is connected to an OR-gate 542. The B
      line is not connected; the C line is connected to one input of an AND-gate
      544 and to the clock pulse input of a divide by 2 counter 546. The output
      of counter 546 is applied to a not input of AND-gate 544. The gate 544
      output is applied to gate 542, the output of which is, in turn, applied to
      an AND-gate 548. The other input to gate 548 is from the .div.51 output of
      counter 524'. The latch 528 output is further applied to the preset input
      of counter 540, which presets the counter to a count of four, and to the
      set input of counter 546.
PAR  Generally stated, the additional logic elements provide an input to
      AND-gate 548 at segments 2, 4, 5, 7 and 9 to permit the .div.51 output
      from counter 524' to reach OR-gate 530 and latch 522 which adds one count,
      making it 52 lines as desired, and makes the output synchronous. The
      output on line 520 clears counter 524' so that the counter sequence count
      may be repeated.
PAR  FIG. 17A shows in block diagrammatical form the circuitry for providing the
      advanced horizontal clock pulses and the tape frame pulses. In FIG. 17B a
      portion of a television waveform centered around a horizontal sync pulse
      560 is shown. The so-called front porch 562 follows the video information
      564 and precedes the horizontal sync pulse 560. The desired time for
      accomplishing a head switch is in the middle of the "front porch" 562 so
      that neither the video 564, sync pulse 560, nor color burst 566 is
      interrupted. Interruption of the sync pulse, for example, could affect the
      stability of the played back video signal. Due to the inherent delay in
      the handling of the video signal in the VTR, which is the cumulative
      effect of input filtering, modulation and demodulation, etc., it is
      necessary to "advance" the off-tape horizontal sync signals so that the
      head switch occurs in the middle of the front porch at time t.sub.2. Due
      to the VTR time delay the switching would occur at about time t.sub.1,
      thus the horizontal sync pulses must be "advanced" by the (t.sub.2
      -t.sub.1) delay time.
PAR  Referring to FIG. 17A, off tape composite sync is applied to an equalizing
      pulse eliminator 570, which may take the form of a one-shot having a
      period greater than 1/2H and less than H so as to ignore the serrations in
      the equalizing pulses, and to a field detector 572, which provides an
      output to AND-gate 574 at the start of the second broad pulse of every
      vertical interval. The horizontal pulse output from block 570 is applied
      to one input of a phase detector 576 that forms a part of a phase locked
      loop 578. Loop 578 includes a conventional loop compensation filter 580
      receiving the detector 576 output. Filter 580 is connected to a voltage
      controller oscillator (VCO) 582 operating at a nominal frequency of
      f.sub.H, the horizontal sync frequency. VCO 582 provides the advanced
      horizontal output because the loop includes a digital delay 584 between
      the VCO 582 and the other input to phase detector 576. Delay 584 provides
      a delay of 2.5 .mu. seconds, a time required to overcome the (t.sub.2
      -t.sub.1) delay present in one particular working embodiment of the
      invention. The time may be varied in accordance with the requirements of a
      particular machine. Since the output from delay 584 to the phase detector
      is delayed, the loop output is therefore advanced by the delay time.
PAR  Because the timing of the tape frame pulse need not be as precise as the
      horizontal clock to the head switching circuits of FIGS. 14, 15 and 16,
      the tape frame signals may be derived by AND-gate 574 that provides a tape
      frame signal only when the tape field signal coincides with a horizontal
      pulse, which occurs only every other field.
PAR  FIG. 17C shows the sources of the 300Hz and 150Hz signals for use in the
      head switching circuits of FIGS. 17, 18 and 19. When the scanner is run at
      a 150Hz rotation rate, then the pulses from the scanner tachometer are at
      a 6KHz rate (40 slots .times. 150Hz). The 6KHz tach signal is applied to a
      divide by 40 counter 590 and to a divide by 20 counter 592. The head "1"
      pulses (at 150Hz) from scanner tachometer disc 74 are applied to counters
      590 and 592 in order to synchronize the counters. Thus counter 590
      provides a 150Hz square wave signal synchronized with head "1" and 590
      provides a 300Hz square wave signal synchronized with head "1".
PAR  FIGS. 18A - 18C show various timing waveforms useful in gaining a better
      understanding of the head switching sequences and the operation of the
      circuits of FIGS. 14 and 15.
PAR  In FIG. 18A waveforms for the condition where the VTR tape signals are not
      phase locked to the reference signals are shown. The circuit of FIG. 14
      thus provides the head switch control. This applies both to NTSC and
      PAL/SECAM versions. In line (1) the advanced horizontal pulses are shown.
      Lines (2) and (3) show the 300Hz and 150Hz tach signals going positive
      somewhere between t.sub.1 and t.sub.2 : since the VTR is not in its locked
      mode, the timing relationship between the tach signals and the advance
      horizontal is not defined. The circuit of FIG. 14 delays the 150Hz tach
      signal by 5H to t.sub.3 (line 4) and provides the head switch control 2H
      later at t.sub.6 (line 5). Physically, head "1" is first on the tape
      somewhere between t.sub.4 and t.sub.5, prior to the time (t.sub.6) that
      the head switch control makes head "1" active. Head "2" leaves the tape
      between t.sub.7 and t.sub.8. The time ranges t.sub.4 - t.sub.5 and t.sub.7
      - t.sub.8 for starting and ending head/tape contact are due to mechanical
      tolerances. When the 150Hz tach goes negative and the 300Hz tach goes
      positive again at t.sub.9 - t.sub.10 the 5H delay of the 150Hz tach occurs
      at t.sub.11 and 2H later at t.sub.14 the head switch occurs making head
      "2" active. Head "2" first touches the tape between t.sub.12 and t.sub.13
      and head "1" leaves the tape between t.sub.15 and t.sub.16. FIGS. 18B and
      18C show timing waveforms occurring in connection with the head switching
      controlled by FIGS. 14 and 15 for the 625 line PAL/SECAM system when the
      VTR tape signals are in phase lock with the reference signals.
PAR  In FIG. 18B, the head switch at t.sub.8 occurs by the joint operation of
      the FIG. 14 and FIG. 15 logic. That is, the delayed 150Hz tach (line 4)
      plus 2H causes the head switch at t.sub.8 (horizontal line 319). Also, the
      tape frame signal at t.sub.3 results in an output from divide by 5 counter
      526 at t.sub.7 which is delayed one bit by latch (counter) 522 to provide
      the head switch control at t.sub.8. Thus for the beginning of segment 1 at
      horizontal line 319, the tach switch and scheduled switch are
      simultaneous. It will be seen that this is not always the case, otherwise,
      as mentioned above, only the tach switch logic would be required. The next
      consecutive head switch at t.sub.17 again occurs at the same time whether
      controlled by the tach logic of FIG. 14 or the logic of FIG. 15. In this
      case, the divide by 51 counter 524 plus the one bit delay by latch 522
      causes the switch at the same time as the delayed 150Hz tach signal.
PAR  In FIG. 18C the FIG. 15 logic provides a head switch earlier than the tach
      signal switch signal of FIG. 14. Thus, the tach switch would occur at
      t.sub.7 in the absence of a signal from one bit counter (latch) 522 at
      t.sub.6. At the next succeeding switch, the one bit counter (latch) 522
      provides a switch at t.sub.15, earlier than the tach switch at t.sub.16.
PAR  FIGS. 19A and 19B show timing waveforms for a phase locked NTSC VTR
      associated with the logic circuits FIGS. 14 and 16.
PAR  In FIG. 19A, the first head switch occurs at t.sub.8 resulting from the
      delayed 150Hz tach plus 2H and from the one bit counter (latch 522). The
      next consecutive head switch occurs at t.sub.17, resulting from both the
      tach signals and from the one bit delayed output from the AND-gate 548.
PAR  In FIG. 19B, the first head switch at t.sub.6 occurs earlier than the tach
      switch would occur as a result of the one bit delayed AND-gate 548 signal.
      The next consecutive head switch occurs at t.sub.16 as a result of the
      tach signals and the one bit delayed output of counter 524'.
PAR  Referring now to FIG. 20 a block diagram of the control track record and
      playback circuitry is shown. A summing circuit 622 receives the 300Hz tach
      signals (FIG. 17C) and the frame pulse signals (FIG. 17A), combines them
      and applies them to a record gate 624 controlled by the record bus line.
      When gated on, gate 624 applies the tach and frame signals to a record amp
      626 which is connected to the control track head 356. The signals are
      saturation recorded by head 358 onto the tape. For playback, the control
      track head 356 is connected to a preamplifier 628 which drives a threshold
      detector 630. When the signal exceeds a threshold level, indicating the
      presence of a control track signal, the detector applies the signal to a
      frame pulse indicator 632 which provides the 300Hz tach signals and frame
      pulses on separate lines.
PAR  A block diagram of the record portion of the signal system of a VTR
      embodying the present invention is shown in FIG. 21. A composite video
      input signal is applied to conventional noise cancelling circuits 602 that
      prepare the signal for an FM modulator 604. Alternately, a
      pulse-interval-modulator (PIM) may be used. In the 625 line/50Hz PAL/SECAM
      version, the 0-6MHz baseband signal modulates a double-sideband FM carrier
      having a deviation from about 9 to 12MHz. A sync stripper 606 provides
      horizontal and vertical sync pulses to the circuit of FIG. 17A.
PAR  A demodulator particularly adapted for use in this environment is disclosed
      in said copending application of Bert H. Dann entitled FM PULSE AVERAGING
      DEMODULATOR, U.S. Ser. No. 285,924, filed Sept. 1, 1972.
PAR  The modulator 604 output is simultaneously applied to a record amplifier
      No. 1 (608) and a record amplifier No. 2 (610). First and second
      record/playback switches 612 and 614 either connect head No. 1 (68) to the
      record amp 608 or the channel equalizer 732 (FIG. 22) and either connect
      head No. 2 (66) to record amp 610 or to the channel equalizer 732. Record
      bus line 618 controls switches 612 and 614.
PAR  FIG. 22 shows the playback portion of the signal system of a VTR embodying
      the present invention. The waveform and timing diagram is useful in
      understanding FIG. 22. In the playback mode, the conventional channel
      equalizer 732 receives the outputs of head No. 1 and head No. 2 via R/P
      switches 612 and 614, respectively. Channel equalizer 732 functions to
      equalize the amplitude of the RF from each of the heads so as to provide a
      close match and applies the equalized signals to switch 736 and to
      equalizers 752 and 756. Switch 736 is under the control of the head switch
      logic of FIGS. 14-16.
PAR  Referring briefly to FIG. 23A and B, the composite video content of the RF
      signals from heads No. 1 and No. 2 are shown at a time centered around a
      head switch. That is, head No. 1 is leaving contact with the tape and
      during video line n+1 ceases to provide any output. Head No. 2 is
      beginning contact with the tape and during video line n begins to provide
      output. Under the control of the head switch logic of FIGS. 14-16, the
      head switch occurs near the middle of the front porch of the horizontal
      sync pulse beginning line n+1 (see FIG. 17B). Thus the signal applied to
      master equalizer 738 is a continuous RF signal, which when subsequently
      delayed one horizontal line (1H), as explained below, has the composite
      video content as shown in FIG. 23(C). It will be noted that there is a
      period of overlap when both heads No. 1 and No. 2 are providing a signal.
      For the purposes of this invention, it is sufficient that both channels
      produce a relatively noise-free color burst (FIG. 23 shows the burst
      envelopes for simplicity). If velocity error detectors operating on
      comparisons of horizontal sync pulses are employed, which alternative is
      contemplated by the present invention, then an overlap of two relatively
      noise-free horizontal sync pulses only is required.
PAR  A study of FIGS. 23A-C shows why no velocity compensation in a line
      adjacent a head switch is provided in prior art systems. Prior art
      velocity error detectors operate off the continuous main channel such as
      shown in FIG. 23C. Since such detectors typically operate by comparisons
      of horizontal sync or color bursts on a line by line basis from the same
      head, the line adjacent a head switch stands by itself. For example, in a
      playback system having a one line delay in the main signal path, the error
      detection is made on the main channel before the 1H delay (i.e., FIG. 23C
      shifted one line to the left). The error correction can then be applied to
      the delayed main channel. But note that the sync pulses and bursts for
      lines n and n+1 would not come from the same head, hence line n, which is
      the line before the head switch, would not be corrected in the prior art
      system.
PAR  Referring again to FIG. 22, the output of master equalizer 738 is applied
      to a conventional shaper 740. The signal, which is typically a frequency
      modulation of pulse-interval modulation signal, is applied to a
      limiter/demodulator 742. One preferred form of such a demodulator is
      disclosed in said copending application of Bert H. Dann, Ser. No. 285,924,
      filed Sept. 1, 1972. The demodulate signal, which is unstabilized at this
      point, is applied to a one horizontal line delay (hereinafter referred to
      as a "1H delay") 744. The composite video signal can be according to any
      of the following world color television standards: NTSC, PAL, and PAL-M.
      The invention is equally applicable to all such systems. The 1H delay 744
      need not be a precision delay line, for example, a delay of one horizontal
      line time plus or minus 0.5 microseconds is suitable. A delay line of this
      type is relatively inexpensive compared to precision delay lines or
      complex arrangements for continually recalibrating a delay line.
PAR  The equalizers 752 and 756 form the inputs of two channels for processing
      signals from the respective heads No. 1 and No. 2. It will be appreciated
      that the invention is applicable to all VTR's using two or more heads
      having the required overlap of reproduced information by providing a
      channel for each head. Equalizers 752 and 756 may be relatively low
      quality equalizers in comparison to master equalizer 138 and need not be
      matched because it is only the error detected within each channel that is
      of concern. The equalizer 756 and 756 outputs are applied to
      limiter/demodulators 753 and 757, which can be of low fidelity. It is only
      required that a relatively noise-free color burst and horizontal sync
      signals be applied to the velocity error detectors 754 and 758.
PAR  For the purposes of a complete disclosure the details of preferred velocity
      error detectors are described below. However, other types of detectors may
      be used within the teachings of this invention. The differential phase and
      differential gain of the channels is of no concern. Blocks 754 and 758
      also receive a reference subcarrier input from switch 764. The invention
      is not limited to the use of a continuous reference subcarrier. A gated
      reference subcarrier can be used provided that the reference subcarrier is
      present during the required sampling intervals, as will be understood.
PAR  The velocity error detectors 754 and 758, shown in greater detail in FIG.
      24, receive the raw, uncorrected composite video signal from
      limiter/demodulators 753 and 757. The composite video signal is
      uncorrected and contains all time base and velocity errors inherent in the
      particular VTR. For purposes of illustration, a PAL swinging subcarrier
      generator 760 is shown having .-+.45.degree. and .+-.45.degree. outputs.
      As is well known the swinging burst phase alternates from line to line in
      PAL (or PAL-M), hence when processing PAL (or PAL-M) signals, switch 764
      is thrown to apply the .-+.45.degree. phase to detectors 754 and 758,
      which operates prior to 1H delay 744, and the .+-.45.degree. phase to the
      chrominance error detector 750, described below, which operates after the
      1H delay. When processing NTSC signals, switch 764 is thrown to apply the
      NTSC subcarrier to detectors 754 and 758. It will be apparent that a
      particular VTR will likely have either NTSC or PAL (or PAL-M) facilities
      and not both. Detectors 754 and 758 provides a DC output voltage which is
      updated during the burst time of each horizontal line when the head
      connected to that detector is reproducing a signal. The DC voltage output
      corresponds to the difference in phase error between the selected off-tape
      color burst zero crossing in consecutive horizontal lines, and the
      reference color subcarrier which is a direct indication of the "velocity"
      error along that horizontal television line.
PAR  That velocity error voltage relates to the real time off-tape horizontal
      line that just ended, hence, the 1H delay 744 is used to delay the
      composite color video signal so that the measured error for that line is
      actually used to correct the same line.
PAR  The 1H delay 744 output is applied first to a conventional monochrome error
      detector and variable delay line 746. Such devices are well known in the
      art and are sometimes referred to as a coarse time base error corrector.
      Ordinarily such units compare off-tape horizontal (in this case, delayed
      1H) to reference horizontal and use the detected phase difference to
      electronically control a delay line in the composite signal path. The
      output signal from block 746 is thus stabilized sufficiently to provide an
      acceptable monochrome signal. It should be noted that this correction
      assures that the beginning of each horizontal line is nearly in phase with
      the reference horizontal and thus does not provide correction for
      progressive phase error through the horizontal line which is provided by
      "velocity" compensation.
PAR  The output of block 20 is applied to the chrominance or vernier time base
      error corrector comprising a variable delay line 752, a color burst gate
      748 and a chrominance error detector 750. Detector 750 compares the phase
      of the off-tape chrominance subcarrier to a reference chrominance
      subcarrier from generators 760 ar 762 via switch 764 and provides an error
      signal to adjust delay line 752 to correct any remaining phase error at
      the beginning of the horizontal line.
PAR  The properly selected velocity error measurement from detectors 754 or 758
      is an indication of the phase error at the end of the horizontal line. The
      phase error at the beginning of the horizontal line is corrected by the
      monochrome and chrominance error detectors and delay lines. Thus, as is
      well known in the art, the velocity compensating signal is properly a
      linear ramp beginning at zero at the start of the horizontal line and
      reaching the measured error at the end of the line. A preferred embodiment
      to implement this approach in the present invention is to apply the
      selected DC velocity error voltage from detectors 754 or 758 to a voltage
      controlled bi-directional current source 766, which is described in
      greater detail in said application of Barrett E. Guisinger and Bert H.
      Dann, U.S. Ser. No. 355,220, filed Apr. 27, 1973. Current source 766
      generates a highly stable current having a polarity and amplitude
      controlled by the DC input voltage. The stable output current from cource
      766 charges a capacitor 768. The resulting ramp voltage on the capacitor
      shown in FIG. 32(C) is added to the chrominance phase error voltage for
      control of delay line 752. In order to provide an accurate velocity error
      voltage ramp on the capacitor 768, it is extremely important that the
      current from source 766 remain constant in response to a given DC input
      voltage in order that the ramp voltage is accurate. Relatively small
      deviations and perturbations in the ramp voltage can result in erroneous
      phase corrections by delay line 752.
PAR  As noted above the outputs of detectors 754 and 758 must be properly
      selected by switch 737. In other words, the time for switching from one
      detector to another must occur in some relation to the head switch time
      but taking care that the newly selected detector has a valid output
      signal. Since the detectors require two samples in consecutive lines based
      on the horizontal sync pulses or color bursts, then the switching time
      should occur after the second sample is made. Referring again to FIGS.
      23A-C, the head No. 2 channel velocity error detector 754 does not have a
      valid output until the horizontal sync pulse or color burst for line n+2
      has occurred. For line n+1, the other detector 757, for head No. 1, has a
      valid output. The samples of the pulses or bursts for lines n+1 and n+2
      provide the velocity error for line n+1, which is directly applied to
      correct the 1H delayed line n+1 in the main channel. Thus switch 737
      should switch from detector 758 to 754 at 1H plus the time of the
      horizontal sync pulse and color burst (about 10.mu.seconds). A delay 735
      thus delays the head switch control signal to operate switch 737. Those of
      ordinary skill in the art will appreciate that this switching time may
      occur at a different time relative to the head switch in systems not using
      a one line delay in the main channel.
PAR  Referring now to FIG. 24, which shows in a more detailed block diagram form
      the velocity error detectors of blocks 754 and 758 in FIG. 22. Only one of
      the detectors will be described, it being understood that the other is
      identical. The composite video signal from the video limiter/demodulators
      753 or 757 is applied to a burst and horizontal sync separator 838, which
      is of conventional design. Separator 838 provides a gated burst pulse
      shown in FIGS. 28(A) and 29(B), arming pulses shown in FIGS. 28(B) and
      29(A), and horizontal sync pulses shown in FIG. 31(B). As best seen in
      FIGS. 28(A) and 28(B), the arming pulse leading edge occurs toward the end
      of the color burst envelope and the trailing edge falls after the end of
      the color burst envelope. Prior art devices for providing a gated burst
      signal and horizontal sync signals from a composite video signal are well
      known. The arming signal may be simply derived from the burst gate
      circuitry by means of a delay or monostable multivibrator, for example. As
      will be explained further below, the leading edge of the arming pulse is
      closely related to the selection of an off-tape zero crossing of the color
      burst. It is desirable to select a zero crossing toward the end of the
      color burst envelope in order to assure that a relatively noise-free zero
      crossing is available. In typical devices for providing a gated burst a
      narrow band filter is used such that the burst envelope does not attain
      its maximum amplitude until toward the end of the burst. Also, one is
      assured that most transients in the burst gating circuitry have subsided
      by the end of the burst. The arming pulse and the burst zero crossings are
      non-synchronous.
PAR  The gated bursts and arming pulses are applied to a zero crossing selector
      840, which is shown in greater detail in FIG. 25. The zero crossing
      selector provides for the selection of the next zero crossing of the color
      burst following the occurrence of the arming signal. The selector 840
      includes anti-race circuitry to prevent a race condition when a zero
      crossing and the arming signal occur closely in time. Selector 840
      generates a ramp sample pulse, shown in FIG. 29(G), for sampling a ramp
      generated from the reference subcarrier as will be explained further
      below. A narrower sample pulse coincident with the leading edge of the
      ramp sample pulse and shown in FIG. 29(E) and a reset defeat pulse shown
      in FIG. 29(F) are applied to ramp generator 842. The ramp generator also
      receives the reference subcarrier input from switch 764 and a ramp stop
      signal from block 844 that will be described further below. Ramp generator
      842, which is shown in greater detail in FIG. 26, generates first and
      second ramps, shown in FIGS. 30(C) and 30(F) that are 180.degree. out of
      phase with each other. Each ramp consists of a retrace portion comprising
      90.degree. of the reference subcarrier and a linear ramp portion which
      comprises 270.degree. of the reference subcarrier. These ramps are applied
      to blcck 844 which includes a sample switch, a clamp and an error transfer
      switch. Block 844 is shown in greater detail in FIG. 27.
PAR  Block 842 also applies error transfer select signals No. 1 and No. 2 to
      block 844 for selection of a valid error signal as will be explained
      further below. The ramp sample pulse from zero crossing selector 840 is
      also applied to block 844 and through a buffer as a ramp stop signal to
      the ramp generator 842 so that the ramps are stopped when sampling takes
      place. The horizontal sync pulses from block 838 are also applied to block
      844. Block 844 also receives certain other signals including the head
      switching signals, pulses indicating the presence of each color burst
      (delayed one horizontal line) and signals confirming the operation of
      certain VTR functions. The head switching signals are derived from other
      circuitry such as that described in said copending application of Barrett
      E. Guisinger, U.S. Ser. No. 285,922, filed Sept. 1, 1972. The output of
      block 844 is the velocity error voltage, shown in FIG. 32(B), which is
      applied to switch 737 (FIG. 22).
PAR  Referring now to FIG. 25 wherein the details of the zero crossing selector
      840 of FIG. 24 are shown. FIGS. 28 and 29 depict waveforms that are useful
      in understanding the operation of the zero crossing selector. The time
      scale of FIG. 29 is greatly expanded in comparison to that of FIG. 28. For
      example, in FIG. 28(A) one burst envelope is shown having a length of 2.4
      to 2.8 microseconds and containing in the order of 8 to about 11 or 12
      cycles. Whereas, in FIG. 29(B) one burst cycle is shown.
PAR  The gated burst signals (FIGS. 28(A), 29(B)) are applied to a pulse
      generator 846 which generates a short pulse, for example, 40 nanoseconds,
      at each zero crossing of the burst. These pulses shown in FIG. 29(C) are
      applied to one input of AND-gate 849. The gated burst signals are also
      applied to a delay and limiter 848. The delay period is chosen to be about
      half the length of the pulses from generator 846 or about 20 nanoseconds
      in this example. The delayed and limited (thus becoming a square wave)
      burst cycles, shown in FIG. 29(D), are applied to the clock input of a
      flip-flop 852 which operates in the manner that when the data input goes
      low the next time the clock input goes low it is clocked out. The arming
      pulse is applied to the other input of AND-gate 849 and to the reset input
      of flip-flops 850 and 852. The output of AND-gate 849 is applied to the
      set input of flip-flop 850. The not output of flip-flop 850 is applied to
      the data input of flip-flop 852. The output of flip-flop 852 is applied to
      a pulse generator 854 which generates a sample pulse of a 10 nanosecond
      width, for example, which occurs, with one qualification, at the first
      negative going zero crossing of the delayed burst subsequent to the arming
      signal leading edge, as shown in FIG. 29(E). Although the circuit is shown
      operating on the negative going zero crossing, the positive going zero
      crossing could be used (but not both). The sample pulse is applied to
      block 842 and to a monostable multivibrator 856, which generates two
      longer pulses having their leading edges coincident with the leading edge
      of the sample pulse. Each of these pulses is 100 nanoseconds, for example,
      and comprises a positive going reset defeat pulse, shown in FIG. 29(F) and
      applied to block 842 and a negative going ramp sample pulse, shown in FIG.
      29(G) and applied to block 844.
PAR  Considering now the operation of FIG. 25, the arming pulse (FIG. 29(A)) may
      occur at any time relative to a zero crossing of the burst (FIG. 29(B)).
      The arming pulse sets flip-flop 850 unless it falls within the 40 ns.
      pulse of generator 846 (FIG. 29(C)), in which case it is set following the
      40 ns. pulse time. If flip-flop 850 is set then the next negative going
      zero crossing of the delayed burst generates the sample pulse (FIG. 29(E).
      Thus, a race condition which might occur when the arming pulse and burst
      zero crossing are nearly the same in time is avoided. FIGS. 29(H-J) show
      the respective set pulses (outputs of AND-gate 849) for arming pulses
      (FIG. 29(A)) at t.sub.m-1, t.sub.m and t.sub.m+1.
PAR  Referring now to FIG. 26 wherein the ramp generator 842 of FIG. 24 is shown
      in greater detail. The waveforms of FIG. 30 are particularly useful in the
      understanding of the operation of FIG. 26. The reference subcarrier from
      switch 836 is applied to a phase splitter and limiter 874 which generates
      first and second window pulses as shown in FIGS. 30(G) and 30(H)
      180.degree. out of phase with each other. Each cycle of the window pulses
      are 360.degree. of the reference subcarrier. The reference subcarrier is
      also applied through a delay 858 to a further phase splitter and limiter
      860. The delay is approximately 225.degree. of the reference subcarrier
      and its purpose is to center the window pulses on the linear portions of
      the ramps to be generated from the two phases of the limited subcarrier
      provided by block 860, shown in FIGS. 30(A) and 30(D). The two phases of
      the limited reference subcarrier are applied to respective pulse
      generators 862 and 868 which generate pulses at each zero crossing as
      shown in FIGS. 30(B) and 30(E). These pulses function to reset ramp
      generators 864 and 870. The reset pulses thus initiate the retrace period
      of ramps 1 and 2 shown in FIGS. 30(C) and 30(F). The ramp generators also
      receive the reset defeat pulse from block 840 of FIG. 24 to prevent
      resetting of a ramp in the event that a sample is being taken toward the
      end of a ramp. It will be apparent that in the case where a ramp is reset
      that the next consecutive ramp is not generated. However, this has no
      effect on the operation of the system because the next sample is not taken
      until the next consecutive horizontal line has been completed.
PAR  It will be observed from FIG. 30 that the positive going portions of the
      window No. 1 pulses of FIG. 30(G) "window" the central 180.degree. of the
      linear portion of ramp No. 1 shown in FIG. 39(C). There is thus an
      additional 45.degree. of ramp available on either side of the window. In a
      similar manner window No. 2 pulses of FIG. 30(H) "window" the central
      linear portion of ramp No. 2 shown in FIG. 30(F).
PAR  The sample pulses from block 840 of FIG. 24 are applied to first and second
      AND-gates 876 which receive, respectively, the two trains of window
      pulses. Assume, consecutive sample pulses on consecutive lines as shown in
      FIGS. 30(I) through 30(L). The sample pulse n occurs when the window No. 1
      pulse is high and thus RS flip-flop 880, which receives the output of
      AND-gates 876 and 878 at its set and reset inputs, respectively, will be
      set and thus the Q output will be high. As will be explained below, this
      applies the error transfer select No. 1 signal to block 844. Sample pulse
      n+1 (FIG. 30(J)) occurs at the transition of window No. 1 and window No.
      2. Thus, a race condition exists at flip-flop 880. However, as will be
      understood, it does not matter if the flip-flop is set or reset. Sample
      pulse n+2 (FIG. 30(K)) occurs during window No. 2 and thus the Q output of
      flip-flop 80 is high providing an error transfer select No. 2 signal to
      block 844. The use of the error transfer select signals will be explained
      below. Sample pulse n+3 (FIG. 30(L)) also occurs during window No. 2 and
      causes the Q output of flip-flop 880 to be high. It will be noted that
      sample pulses n, n+1, and n+2 all occur during the linear portions of both
      ramps. Whereas, sample pulse n+3 occurs during the retrace portion of ramp
      No. 1. Circuitry in block 844 to be described below provides the
      difference of each successive sample on each ramp. Thus, all but the
      difference of the samples for sample pulse n+3 on ramp No. 1 will be
      valid. However, as will be understood, by the use of the error transfer
      select signals only valid sample data are selected. FIG. 30 will be
      referred to further in the detailed discussion of block 844 in FIG. 27.
PAR  It is to be understood that sample pulses n, n+1, n+2 and n+3 of FIG.
      30(I-L) occur in consecutive horizontal lines and thus sample
      corresponding subcarrier ramps (FIGS. 30(C) and 30(F) each displaced in
      time by approximately one horizontal line. Only one set of subcarrier
      ramps are shown for the purposes of clarity.
PAR  Ramp generators 64 and 70 are conventional circuits driven by current
      sources 66 and 72. During each ramp sample time (see FIGS. 8(G) and FIG.
      3) the ramps are stopped by inactivating the current sources 866 and 872.
      This is a conventional technique used in ramp sampling circuits in order
      that the ramp does not change values during a sample.
PAR  Referring now to FIG. 27 of the drawings wherein the block 844 of FIG. 24
      is shown in greater detail. Reference will also be made to the waveforms
      of FIG. 31 and again to those of FIG. 30. The first and second ramps of
      FIGS. 30(C) and 30(F) are applied to respective switches 884 and 886 that
      are closed upon receipt of a ramp sample pulse (FIG. 29(G)) at block 882.
      The ramp sample pulse applied to block 882 is also applied to a buffer 930
      from which it is routed as the ramp stop pulse having the same duration as
      the ramp sample pulse to the ramp generator (FIG. 26). When the sample
      switches 884 and 886 are closed the voltage level of each respective ramp
      waveform is applied to capacitors 888 and 890, respectively. An exemplary
      voltage waveform on either of the two capacitors is shown in FIG. 32(A).
      It will be appreciated that the voltage levels on each capacitor will not
      have the same absolute magnitude because the ramps are 180.degree. out of
      phase with each other. A new sample is taken every horizontal line during
      the burst period. Unit gain buffer amplifiers 892 and 894 apply the
      voltage on capacitors 888 and 890 to series capacitors 896 and 898,
      respectively. A pair of switches 906 and 908 which connect capacitors 896
      and 898 to ground when clamp switch block 904 receives a horizontal sync
      pulse (FIG. 31(B)) as a clamp signal. Further unit gain amplifiers 900 and
      902 are connected between the other side of switches 906 and 908 and the
      transfer switches described below. Referring to FIG. 31(A) and (B), the
      horizontal sync pulse which acts as a clamp signal occurs prior to the
      burst envelope and thus prior to the sample. When switches 906 and 908 are
      closed a subtraction takes place and the voltage present at the switch
      side of the capacitors 896 and 898 is the difference between successive
      voltage samples on capacitors 888 and 890, respectively. Thus the waveform
      at the output of amplifiers 900 or 902 is similar to that of FIG. 32(B).
      While it is convenient to use the horizontal sync signal as a clamp since
      it is available in the VTR readily, other means for providing a clamping
      signal could be used.
PAR  The horizontal sync clamping signal is also applied to a delay 910 which
      can be a monostable multivibrator, for example, to provide a delay such as
      shown in FIG. 31(C) for providing a delayed transfer pulse as shown in
      FIG. 31(D). Subject to certain other logic functions this transfer pulse
      operates transfer switch 920 when an error transfer select No. 1 or No. 2
      pulse is present in order to close switch 922 or 924 and thus apply the
      difference signal from the output of amplifier 900 or 902 to capacitor 926
      where it is stored from line to line and applied to unitary gain buffer
      amplifier 928 to provide the velocity error detector output to block 828
      of FIG. 24. The output of amplifier 928 is shown in FIG. 32(B). That
      velocity error voltage of FIG. 32(B) is applied to the voltage controlled
      bi-directional current source 766 of FIG. 22 to provide the ramp voltages
      at capacitor 768 of FIG. 22. These ramp voltages which are then applied to
      the chrominance error detector 750 of FIG. 22 are shown in FIG. 32(C).
PAR  Transfer switch 920 selects the difference voltage from either amplifier
      900 or amplifier 902 depending on which voltage reflects valid data as
      determined by the error transfer select signals 1 or 2. Unless one of the
      two channels contains a difference signal based on the retrace portion of
      one of the ramp waveforms then both of the channels will contain the same
      information since the slopes of ramp No. 1 and ramp No. 2 are intended to
      be as identical as possible. The window logic arrangement described in
      FIG. 26 assures that the transfer switch will select the channel
      containing valid data for use as the velocity error voltage.
PAR  In a typical practical VTR there are further qualifications on the updating
      of the voltage on capacitor 926 and thus certain logic functions are
      connected between the delay 910 and transfer switch 920. Delay 910 is
      connected as one input to NAND gate 912. The NAND gate 912 also receives
      the output of a further pulse generator 914 that receives a pulse when
      each one line delayed burst occurs. Such pulses are available in the
      typical VTR from conventional drop out correction circuitry. Pulse
      generator 914 generates pulses of approximately 65 microsecond length,
      which is about the length of one horizontal line and applies them to NAND
      gate 912. Thus, in the absence of bursts the voltage on capacitor 926 is
      not updated. Obviously, if no new bursts are present the information at
      amplifiers 900 and 902 may be erroneous. The output of NAND gate 912 is
      applied to a NOR gate 918 which also receives and input which may be
      designated "VTR functions confirmed" which is normally low if the VTR is
      operating normally. For example, this input could monitor the locking of
      the servo loops in the VTR and confirmation that the VTR is in its play
      mode and that a color recording is being played. The output of NOR gate
      918 is applied to the transfer switch 920. Thus, if the VTR is operating
      normally the output of delay 910 is normally applied to transfer switch
      920.
PAR  It will be appreciated that it is not critical that that same off-tape
      burst zero crossing be used for sampling the reference burst at each line.
      It is not critical because essentially the same sample of each ramp will
      occur for consecutive zero crossings of the same burst.
PAR  It will also be appreciated that although various switches are shown in the
      drawings and described in the specification in a general block and
      schematic form that suitable high speed switching means such as solid
      state devices will be used in practice.
PAR  Those of ordinary skill in the art will also appreciate that other means
      may be provided for the generation of the ramps and windows as shown in
      FIG. 30(C), 30(F), 30(G) and 30(H). For example, multiplication of the
      referenced subcarrier and division of the multiplied subcarrier could be
      used to generate the desired waveforms. Furthermore, it is not absolutely
      essential that the windows of FIGS. 30(G) and 30(H) be precisely centered
      on the linear portion of the ramp waveforms 30(C) and 30(F). So long as
      there is enough of the linear portion of the ramp available on each end to
      account for the maximum velocity error. In general, each ramp, when two
      ramps are used, should be longer than 180.degree. of the subcarrier by a
      time equal to twice the maximum velocity error expected to be encountered
      in one horizontal line of the VTR. Obviously, more than two ramps could be
      used. For example, instead of using two ramps 180.degree. out of phase
      with respect to each other, three ramps could be used spaced at
      120.degree. with appropriate windows. This would necessitate a third
      channel in the circuitry of FIG. 27, however, and would likely not be
      desirable from a cost standpoint. Moreover, other variations of periodic
      waveforms and "window" or gating pulses will be apparent to those of
      ordinary skill in the art. The phase or time comparison arrangement being
      a type of four quadrant phase detector with means for avoiding ambiguity.
      Such variations on the disclosed embodiments are intended to be within the
      scope of the present invention.
PAR  The embodiment of FIG. 22 may also utilize a velocity error detector
      comparing off-tape horizontal sync to reference sync such as disclosed in
      said copending application of Barrett E. Guisinger and Bert H. Dann, U.S.
      Ser. No. 355,220, filed Apr. 27 1973. Other prior art velocity error
      detectors may, likewise, be used within the scope of the present
      invention.
PAR  Moreover, the invention is not limited to use in VTRs having a one line
      delay in the signal path. For example, the present invention is equally
      applicable to storage type velocity compensators.
PAR  Those of ordinary skill in the art will appreciate that the invention
      disclosed herein can be modified and is therefore not limited to the
      precise embodiments disclosed. The invention is therefore to be limited
      only by the scope of the appended claims.
CLMS
STM  We claim:
NUM  1.
PAR  1. In a video tape recorder adapted for reproducing a recorded composite
      color video signal, said video tape recorder including a rotating head
      assembly having a plurality of video heads, adjacent heads reproducing at
      least a one horizontal sync pulse overlap of composite video information,
      said recorder reproducing an uncorrected composite color video signal
      having line-to-line velocity errors and time base errors, the combination
      comprising
PA1  error detector means continuously receiving the outputs of all said video
      heads for generating a plurality of error signals, one error signal for
      each video head corresponding to changes in phase of said uncorrected
      reproduced video signal from each video head in succeeding horizontal
      video lines,
PA1  means receiving said error signals for selecting one of said error signals
      as the error signal output, and
PA1  means receiving said error signal output for generating a ramp signal
      output proportional to said error signal.
NUM  2.
PAR  2. The combination of claim 1 wherein said error detector means further
      receives a reference signal for comparing the phase of said uncorrected
      reproduced video signal to said reference signal in succeeding horizontal
      video lines.
NUM  3.
PAR  3. The combiantion of claim 2 wherein said reference signal comprises
      horizontal sync pulses and wherein said horizontal sync pulses are
      compared in phase to the horizontal sync pulses of the reproduced video
      signals.
NUM  4.
PAR  4. The combination of claim 1 in a video tape recorder where said adjacent
      heads reproduce at least one horizontal sync pulse and color burst overlap
      of composite video information and wherein said error detector means
      further receives a reference signal for comparing the phase of said
      uncorrected reproduced video signal to said reference signal in succeeding
      horizontal video lines.
NUM  5.
PAR  5. The combination of claim 4 wherein said reference signal comprises a
      color subcarrier signal and wherein said color subcarrier signal is
      compared in phase to the color bursts of the reproduced video signals.
NUM  6.
PAR  6. The combination of claim 1 in a video tape recorder where said video
      tape recorder includes a time base error corrector system of a type
      including an electronically variable delay line adapted for insertion in
      the reproduced composite color video signal path for varying the phase of
      the video signal in accordance with an error signal applied to the control
      input, the combination further comprising
PA1  means receiving the output of said video heads for switching video heads to
      provide a continuous off-tape signal,
PA1  means receiving said continuous off-tape signal for providing a reproduced
      composite color video signal,
PA1  means for delaying by approximately one horizontal line the reproduced
      composite color video signal applied to said electronically variable delay
      line, and
PA1  means for applying said ramp signal output to the control input of said
      electronically variable delay line.
NUM  7.
PAR  7. The combination of claim 6 wherein said error detector means further
      receives a reference signal for comparing the phase of said uncorrected
      reproduced video signal to said reference signal in succeeding horizontal
      video lines.
NUM  8.
PAR  8. The combination of claim 7 wherein said reference signal comprises
      horizontal sync pulses and wherein said horizontal sync pulses are
      compared in phase to the horizontal sync pulses of the reproduced video
      signals.
NUM  9.
PAR  9. The combination of claim 6 in a video tape recorder where said adjacent
      heads reproduce at least one horizontal sync pulse and color burst overlap
      of composite video information and wherein said error detector means
      further receives a reference signal for comparing the phase of said
      uncorrected reproduced video signal to said reference signal in succeeding
      horizontal video lines.
NUM  10.
PAR  10. The combination of claim 9 wherein said reference signal comprises a
      color subcarrier signal and wherein said color subcarrier signal is
      compared in phase to the color bursts of the reproduced video signals.
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ABST
PAL  A ditube type color television camera comprises a striped filter arranged
      near an object to be reproduced and including a striped filter element for
      screening blue or red color light only and a striped filter element for
      passing all visible lights, both the striped filter elements being
      arranged alternately side by side and assembled into one integral body
      such that the horizontal scanning direction of a chrominance signal
      detecting camera tube is perpendicular to the lengthwise direction of both
      the respective striped filter elements, and a dichroic mirror arranged
      between a brightness signal detecting camera tube and the chrominance
      signal detecting tube and adapted to separate the incident light into a
      green color light and red and blue color lights. The green light is
      accepted by the brightness signal detecting camera tube and the red and
      blue color lights are accepted by the chrominance signal detecting camera
      tube to obtain a brightness signal and a chrominance signal, respectively.
      An apparatus for converting a color film picture image into a video signal
      is provided in which the illuminating light emitted from an illuminating
      light source is incident on a color film continuously running along a
      circular track and which comprises an oscillating reflecting mirror, a
      stationary reflecting mirror arranged near but outside that scanning
      region of the running film which corresponds to the two frames of the
      running film, the above mentioned striped filter arranged just behind the
      color film and the above mentioned dichroic mirror adapted to accept the
      light reflected by the oscillatory reflecting mirror.
BSUM
PAR  This invention relates to a ditube type color television camera and its
      application to an apparatus for converting a color film picture image into
      a video signal.
PAR  As well known in the art, various types of color television cameras
      including from a monotube type to a multitube type have heretofore been
      proposed. The monotube type color television camera is not required to
      effect an image registration, but has the disadvantage that the properties
      necessary for the camera tube, particularly, the definition resolving
      power must be high, and that the camera tube satisfying these properties
      becomes expensive. The multitube type color television camera comprising
      not smaller than three camera tubes has the disadvantage that provision
      must be made of an image registration adjusting mechanism, that it is very
      difficult to adjust a light separating optical system, and that the
      mechanism becomes complex and the camera is large in size and hence
      expensive. On the contrary, a ditube type color television camera has the
      advantage which is a compromise between the advantage of the monotube type
      color television camera and the advantage of the multitube type color
      television camera. Now, a prior art ditube type color television camera
      will be described with reference to FIGS. 1 and 2.
PAR  In FIG. 1, reference numeral 1 designates an object to be reproduced, 2 an
      objective lens, 3 a half mirror, 4 a striped filter, 7 a brightness signal
      detecting camera tube, and 8 a chrominance signal detecting camera tube.
      The optical image of the object to be reproduced 1 is passed through the
      objective lens 2 and divided by the half mirror 3 into the image incident
      on the light accepting photoelectric surface of the camera tube 7 and into
      the image incident on the stripe-shaped filter 4, respectively. The
      striped filter element 4 is composed of a striped filter FR which is
      capable of passing red color light only and of a striped filter element
      FRB which is capable of passing blue and red color lights, the striped
      filter elements FR and FRB being arranged alternately side by side and
      assembled into one integral body as shown in FIG. 2. In FIG. 1, the color
      image obtained after passing through the striped filter 4 consists of a
      red color component obtained by the striped filter element FR and a blue
      color component obtained by the striped filter element FRB. This color
      image is passed through a field lens 5 and a relay lens 6 and is incident
      on the light accepting photoelectric surface of the chrominance signal
      detecting camera tube 8. The lengthwise direction of the image on each
      stripe filter element of the striped filter 4 is made perpendicular to the
      horizontal scanning direction of the camera tube 8 as shown by an arrow in
      FIG. 2 so as to obtain an electric signal Eout from the camera tube 8.
PAR  The electric signal Eout is given by
      ##EQU1##
      where E.sub.R (t) is a signal corresponding to a red picture image,
      E.sub.B (t) is a signal corresponding to a blue picture image, and
      .omega..sub..beta. is an angular frequency determined by the width of each
      stripe of the striped filter 4 and by the horizontal scanning speed of the
      camera tube 8. The above equation represents the fundamental wave
      component only and the high frequency components higher than 2
      .omega..sub..beta. are omitted for ease of illustration. The electric
      signal Eout from the camera tube 8 is supplied to a band-pass filter 10 to
      take out a component given by
      ##EQU2##
      and is also supplied to a low-pass filter 9 to take out a component given
      by
      ##EQU3##
      The output from the band-pass filter 10 is detected by a detector 11 to
      obtain an electric signal
      ##EQU4##
      corresponding to the blue color light. The electric signal
      ##EQU5##
      thus obtained is supplied to an adder - subtracter circuit 12. The output
      signal from the low-pass filter 9 and the output brightness signal from
      the brightness signal detecting camera tube 7 and given by Y=0.11E.sub.B
      (t)+0.59E.sub.G (t)+0.30E.sub.R (t) are also supplied to the adder -
      subtracter circuit 12. From the adder - subtracter circuit 12 are obtained
      color signals E.sub.R (t), E.sub.G (t) and E.sub.B (t) corresponding to
      the red, green and blue color lights of the object to be reproduced 1,
      respectively. The above mentioned prior art ditube type color television
      camera has the disadvantage that the optical system is complex in
      construction and long in length, and that the camera could not be made
      small in size.
PAR  An object of the invention is to provide a ditube type color television
      camera which can obviate the above mentioned disadvantage of the prior art
      ditube type color television camera, which is short in an optical system,
      which is endurable for vibrations, which is small in size, light in weight
      and less expensive, and which is particularly useful for converting the
      image of a continuously running color motion picture film into a video
      signal.
PAR  Another object of the invention is to provide an apparatus for converting a
      color film picture image into a video signal, which can make the optical
      system short in length and hence is highly endurable for vibrations and
      which is small in size, light in weight and less expensive.
PAR  A feature of the invention is the provision of a ditube type color
      television camera in which the light emitted from an object to be
      reproduced is separated into a light for a brightness signal and a light
      for chrominance signal and which comprises a first camera tube adapted to
      accept the light for the brightness signal and a second camera tube
      adapted to accept the light for the chrominance signal, whereby the
      brightness signal and chrominance signal are obtained from the first and
      second camera tubes, respectively, the camera comprising a striped filter
      arranged near the object to be reproduced and including a striped filter
      element for screening blue or red color light only and a striped filter
      element for passing all visible lights, both the striped filter elements
      being arranged alternately side by side and assembled into one integral
      body such that the horizontal scanning direction of the second camera
      tubes is perpendicular to the lengthwise direction of both the respective
      striped filter elements, and a dichroic mirror arranged between the first
      camera tube and the second camera tube and adapted to separate the
      incident light into a green color light and red and blue color lights,
      whereby the green color light is accepted by the first camera tube and the
      red and blue color lights are accepted by the second camera tube to obtain
      a brightness signal and a chrominance signal, respectively.
PAR  Another feature of the invention is the provision of an apparatus for
      converting a color film picture image into a video signal in which the
      illuminating light emitted from an illuminating light source is incident
      on a color film continuously running along a circular track and which
      comprises an oscillatory reflecting mirror arranged at the rear side of
      the color film surface and adapted to oscillate at a speed which is 1/2
      times slower than the angular velocity of the running color film, and
      first and second camera tubes adapted to accept the light reflected by the
      oscillatory reflecting mirror, respectively, whereby the image of each
      frame of the running color film is converted into a color video signal,
      the apparatus comprising a striped filter arranged just behind the color
      film and including a striped filter element for screening the blue or red
      color light only and a striped filter element for passing all visible
      lights, both the striped filter elements being arranged alternately side
      by side and assembled into one integral body and in parallel with the
      running direction of the color film which is perpendicular to the scanning
      direction of the second camera tube, and a dichroic mirror arranged in
      front of the first and second camera tubes and adapted to accept the light
      reflected by the oscillatory reflecting mirro and separate the incident
      light into a green color light component and red and blue color light
      components, whereby the green color light component and the red and blue
      color light components are accepted by the first and second camera tubes,
      respectively, to obtain a brightness signal and a chrominance signal,
      respectively.
DRWD
PAR  The invention will now be described in detail in connection with the
      attached drawings, wherein:
PAR  FIG. 1 is a diagram of a prior art ditube type color television camera;
PAR  FIG. 2 is an enlarged view of a striped filter used in the camera shown in
      FIG. 1;
PAR  FIG. 3 is a diagram of a ditube type color television camera according to
      the invention;
PAR  FIG. 4 is an enlarged view of the striped filter used in the camera shown
      in FIG. 3;
PAR  FIG. 5 is a diagram of a prior art apparatus for converting a color film
      picture image into a video signal;
PAR  FIG. 6 is a diagram of an apparatus for converting a color film picture
      image into a video signal according to the invention;
PAR  FIG. 7 is an enlarged perspective view of a striped filter and a film guide
      used in the apparatus shown in FIG. 6;
PAR  FIGS. 8 and 9 illustrate a relative position between the oscillatory
      reflecting mirror and the stationary reflecting mirror used in the
      apparatus shown in FIG. 6;
PAR  FIG. 10 is an enlarged perspective view showing a modified striped filter
      used in the apparatus shown in FIG. 6;
PAR  FIG. 11 is an enlarged perspective view showing another modified striped
      filter used in the apparatus shown in FIG. 6; and
PAR  FIGS. 12A and 12B illustrate a method of manufacturing the striped filter
      shown in FIG. 11.
DETD
PAR  In FIG. 3 is shown a ditube type color television camera according to the
      invention in which an illuminating light shown by a double arrow is
      incident on an object to be reproduced 1. Near the object to be reproduced
      1 is arranged a striped filter 13 to form an image of the object 1
      thereon. The image on the filter 13 is passed through an objective lens 2
      and incident on a dichroic mirror 14 by which the incident light is
      separated to form images on the light accepting photoelectric surfaces of
      a brightness signal detecting camera tube 7 (a first camera tube) and a
      chrominance signal detecting camera tube 8 (a second camera tube),
      respectively. The output signals from the respective camera tubes 7 and 8
      are supplied to the above mentioned circuit of the prior art ditube type
      color television camera to obtain color signals E.sub.R (t), E.sub.G (t),
      and E.sub.B (t), corresponding to the red, green and blue color lights of
      the object to be reproduced 1, respectively. The striped filter 13 is
      composed of a striped filter element F.sub.B which is capable of screening
      a blue color light and a striped filter element FAC which is capable of
      passing all visible lights and in which the striped filter elements FB and
      FAC are arranged alternately side by side and assembled into one integral
      body as shown in FIG. 4. The dichroic mirror 14 is adapted to be
      penetrated through by the green color image only and reflect the red and
      blue color images.
PAR  The operation of the ditube type color television camera according to the
      invention will now be described. The illuminating light is incident on the
      object to be reproduced 1 and the light reflected by the object 1 is
      passed through the striped filter 13 and objective lens 2 and incident on
      the dichroic mirror 14. As described above, the dichroic mirror 14 is
      capable of passing the green color light therethrough to form the image on
      the light accepting photoelectric surface of the brightness signal
      detecting camera tube 7 and of reflecting the red and blue color lights by
      it to form the image on the light accepting photoelectric surface of the
      chrominance signal detecting camera tube 8. The output brightness signal
      from the brightness signal detecting camera tube 7 is supplied to the
      input terminal of the adder - subtracter circuit 12. The output signal
      from the chrominance signal detecting camera tube 8 is supplied to the
      input terminals of the low-pass filter 9 and of the band-pass filter 10,
      respectively. The output signal from the low-pass filter 9, that is, a
      signal corresponding to the red and blue color picture images of the
      object 1 is supplied to the input terminal of the adder - subtracter
      circuit 12. The output signal from the band-pass filter 10, that is, an
      alternating current signal corresponding to the red picture image of the
      object 1 is detected by the detector 11 to obtain a direct current signal
      which is proportional to the alternating current component. The direct
      current signal thus obtained is supplied to the adder - subtracter circuit
      12. The signals supplied to the adder - subtracter circuit 12 enable the
      color signals E.sub.R (t), E.sub.G (t) and E.sub.B (t) corresponding to
      the red, green and blue colors of the object 1, respectively, to be
      obtained.
PAR  The position of the chrominance signal detecting camera tube 8 is so
      adjusted that the image on the striped filter 13 is formed on the light
      accepting photoelectric surface of the camera tube 8. In this case, the
      image of the object to be reproduced 1 becomes more or less blurred. But,
      this does not cause a trouble since the frequency of the chrominance
      signal is a frequency whose frequency band is narrower than that of the
      frequency of the brightness signal, but causes the Moire phenomenon
      produced by an interference between the object to be reproduced 1 and the
      striped filter 13 to be decreased.
PAR  The image of the striped filter 13 represents a pattern composed of a red
      and blue color stripe and a red color stripe arranged alternately side by
      side. Thus, the effect of the striped filter 13 is just the same as that
      of the prior art striped filter 4 shown in FIGS. 1 and 2. In addition, the
      output chrominance signal from the camera tube 8 is treated in the same
      manner as in the case of the prior art camera.
PAR  The invention is particularly useful for reproduction of the image of an
      object which is plane and which can be illuminated by a penetrating light
      such, for example, as a film, microscope specimen, etc. In addition, the
      invention is not required to provide constitutional lenses such as the
      field lens 5, relay lens 6 provided for the prior art ditube type color
      television camera tube, and as a result, the camera becomes small in size
      for an extent at least that optical length which is occupied by the above
      mentioned lenses. In addition, the color television camera according to
      the invention is not required to adjust the optical axis alignment, image
      formation, magnification and relative position, etc. of the striped filter
      4, field lens 5 and relay lens 6 which have been provided for the prior
      art ditube type color television camera, thereby eliminating the optical
      aberrations and strain caused by these optical elements. In addition, the
      invention provides a practical ditube type color television camera which
      is short in its light path and hence is highly endurable for vibrations
      and small in size, light in weight and less expensive.
PAR  As described above, the invention is particularly useful for reproduction
      of the image of a color film. For instance, the invention can be applied
      to an apparatus for converting a color film picture image into a video
      signal and can reproduce a continuously running color motion picture color
      film picture image on a television picture surface.
PAR  The most general prior art apparatus for converting a color film picture
      image into a video signal is a tritube type apparatus which comprises a
      light separating optical system including a dichroic mirror. Such prior
      art apparatus has the disadvantage that provision must be made of an image
      registration correcting mechanism, that it is very difficult to adjust the
      light separating optical system, and that the apparatus is large in size
      and expensive. In order to obviate such disadvantage, a ditube type
      apparatus has heretofore been proposed.
PAR  In FIG. 5 is shown a prior art ditube type apparatus for converting a color
      film picture image into a video signal.
PAR  In FIG. 5, reference numeral 15 designates a light source, 16 an
      illuminating lens, 17 a film holder, 18 a color motion picture film, and
      18' a film guide. The light emitted from the light source 15 is passed
      through the illuminating lens 16 and uniformly incident on that area of
      the film 18 which corresponds to two frames. Provision is made of a
      capstan 19 and a pinch roller 20 for the purpose of continuously running
      the film 18 along a circular track in a direction shown by an arrow. 21
      designates an oscillatory reflecting mirror, and 22 a stationary
      reflecting mirror.
PAR  The oscillatory reflecting mirror 21 is caused to be oscillated along a
      saw-tooth-shaped path at an angular speed which is 1/2 lower than the
      angular speed of the frame of the running film 18 in response to the frame
      synchronizing pulse period obtained every time each frame passes through
      one point on the film guide 18' by means of a prior art frame
      synchronizing pulse detector (not shown). As a result, each frame on the
      film 18 can be seen through the oscillatory reflecting mirror 21 as if
      each frame is stationary.
PAR  The image of this frame which looks like stationary after reflected by the
      stationary mirror 22 is incident through the objective lens 2 on the half
      mirror 3 which serves to penetrate and reflect the image as described with
      reference to FIG. 1.
PAR  The image reflected by the half mirror 3 is formed on the light accepting
      photoelectric surface of the brightness signal detecting camera tube 7 to
      obtain a brightness signal Y which is supplied to the adder - subtracter
      circuit 12. The image penetrated through the half mirror 3 is formed on
      the striped filter 4. The striped filter 4 is composed of the blue color
      passing filter element FR and the red and blue color passing filter
      element FRB, both filter elements being alternately arranged side by side
      such that the lengthwise direction of the image on each filter element is
      perpendicular to the horizontal scanning direction of the chrominance
      signal detecting camera tube 8 as shown by the arrow in FIG. 2. The image
      passed through the striped filter 4 is supplied through the field lens 5
      and the relay lens 6 to the light accepting photoelectric surface of the
      chrominance signal detecting camera tube 8 to obtain the above mentioned
      output chrominance signal Eout.
PAR  The electric output signal Eout obtained by the camera tube 8 is supplied
      through the low-pass filter 9 to the adder - subtracter circuit 12. The
      electric output signal Eout is also supplied through the band-pass filter
      10 and the detector 11 to the adder - subtracter circuit 12.
PAR  The brightness signal Y given by Y=0.11E.sub.B (t)+0.59E.sub.G
      (t)+0.30E.sub.R (t) and obtained by the camera tube 7 is also supplied to
      the adder - subtracter circuit 12. Thus, the color signals E.sub.R (t) ,
      E.sub.G (t) and E.sub.B (t) corresponding to the red, green and blue color
      lights of the object 1, respectively, are obtained from the adder -
      subtracter circuit 12.
PAR  It has heretofore been well known to make each frame on the continuously
      running color film stationary to obtain a color video signal. Such prior
      art apparatus, however, has the disadvantage that the chrominance signal
      detecting optical system including the field lens 5 and the relay lens 6
      becomes long in length so that it is difficult to make the apparatus
      compact, and that the use of the field lens 5, relay lens 6, etc. results
      in a difficulty for optical adjustment.
PAR  In FIG. 6 is shown an apparatus according to the invention which is not
      provided with the half mirror 3, striped filter 4, field lens 5 and realy
      lens 6, all of these elements being provided for the prior art apparatus
      shown in FIG. 5. In the present invention, use is made of the striped
      filter 13 shown in FIG. 4 and the dichroic mirror 14 shown in FIG. 5. The
      striped filter 13 is mounted on the film guide 18' as shown in FIG. 7 and
      the dichroic mirror 14 is arranged at that position which is occupied by
      the half mirror 3 provided for the prior art apparatus shown in FIG. 5.
      Parts constituting the apparatus according to the invention other than
      those described above are the same as those of the prior art apparatus
      shown in FIG. 5.
PAR  The operation of the apparatus according to the invention is as follows.
      The illuminating light emitted from the light source 15 is passed through
      the illuminating lens 16 and uniformly irradiated on that area of the
      motion picture color film 18 which corresponds to two frames. The film 18
      is made continuously running in a direction shown by an arrow by means of
      the capstan 19 and the pinch roller 20. Each frame image of the film 18 is
      incident on the oscillatory reflecting mirror 21 and can be seen as if the
      frame is stationary in the same manner as in the prior art apparatus shown
      in FIG. 5. The striped filter 13 is mounted on the film guide 18' as shown
      in FIG. 7.
PAR  The striped filter 13 is composed of the blue color light screening striped
      filter element FB and the all visible light passing striped filter element
      FAC, these filter elements being alternately arranged side by side such
      that the lengthwise direction of each stripe is coincident with the
      running direction of the film 18 as shown by an arrow in FIG. 7. As a
      result, the lengthwise direction of each stripe is perpendicular to the
      scanning direction of the camera tube 8 for each frame of the film 18 as
      shown by an arrow in FIG. 7. Thus, when the light incident on the film 18
      passes through the striped filter 13, only the blue color light is
      modulated by means of the blue color light screening stripe filter element
      FB.
PAR  When the image of the red color light and the image of all visible light
      are passed through the oscillatory reflecting mirror 21, stationary
      reflecting mirror 22 and objective lens 2 and incident on the dichroic
      mirror 14, the dichroic mirror 14 can penetrate the green color light and
      reflects the red and blue color lights, and as a result, the green color
      image is incident on the light accepting phototelectric surface of the
      brightness signal detecting camera tube 7 and the red and blue color
      images is incident on the light accepting photoelectric surface of the
      chrominance signal detecting camera tube 8. In the image incident on the
      chrominance signal detecting camera tube 8, only the blue color light is
      modulated and the red color light is not modulated so that the above
      mentioned equation (1) is applied to this image as in the prior art
      apparatus as shown in FIG. 5.
PAR  The electric signals obtained by the camera tubes 7 and 8 are treated in
      the same manner as in the prior art apparatus shown in FIG. 5 to obtain
      the color signals E.sub.R (t), E.sub.G (t) and E.sub.B (t) from the adder
      - subtracter circuit 12, respectively.
PAR  The color image formed on the light accepting photoelectric surface of the
      chrominance signal detecting camera tube 8 becomes more or less blurred
      owing to a gap between the film 18 and the striped filter 13. But, such
      blur does not cause a trouble for the chrominance signal since a wide
      frequency band is not required for the chrominance signal contrary to the
      brightness signal. On the contrary, the presence of the gap prevents a
      Moire phenomenon produced by the interference between the filter 13 and
      the picture image on the film 18. The color of the light penetrated
      through the dichroic mirror 14 is green which is not subjected to the
      influence of the striped filter 13. In addition, the position of the
      picture image on the film 18 is adjusted such that the picture image on
      the film 18 is formed on the light accepting photoelectric surface of the
      camera tube 7, and as a result, the electric signal obtained from the
      camera tube 7 is a green color signal having a wide frequency band.
PAR  As explained hereinbefore, the use of the measures described ensures a
      material decrease in the number of parts constituting the optical system
      and hence decreases the length of the light path between the dichroic
      mirror and the chrominance signal detecting camera tube and further
      provides the important advantage that the adjustment of the optical system
      such as the optical axis alignment, image formation, magnification and
      relative position is not required and hence the optical aberrations and
      strain caused by the parts constituting the optical system can be
      eliminated. Thus, the invention provides an apparatus for converting a
      color film picture image into a video signal which is endurable against
      vibrations owing to the shortening of the light path and which is small in
      size, light in weight and less expensive, and which is useful in practice.
PAR  In the present invention, it is preferable to arrange the stationary
      reflecting mirror 22 near but outside that scanning region of the running
      film 18 which corresponds to the two frames of the running film 18 as
      shown in FIG. 8 such that the light reflected by the oscillatory
      reflecting mirror 21 can effectively be reflected by the stationary
      reflecting mirror 22.
PAR  In FIG. 9, an angle .alpha. subtended by each line connecting each end of
      the oscillatory reflecting mirror 21 to one point P on the film 18 is
      given by
      ##EQU6##
      where l is a length of the oscillatory reflecting mirror 21, R is a radius
      of the circular track of the running film 18 and .THETA. is an angle of
      the oscillatory reflecting mirror 21 inclined from the vertical to the
      optical path. It is desired to make .THETA. as small as possibles in order
      to make .alpha. large for the purpose of increasing the resolving power.
      But, if .THETA.=0, all of the lights reflected by the oscillatory
      reflecting mirror 21 are fed back to the film 18 so that it is impossible
      to incident the reflected light on the objective lens 2. In the present
      invention, .THETA. is chosen to a relatively small angle such that the
      reflected light from the oscillatory reflecting mirror 21 is incident on a
      region near but outside the scanning region corresponding to the two
      frames of the running film 18 as shown in FIG. 8. The stationary
      reflecting mirror 22 is arranged at this region and in opposition to the
      oscillatory reflecting mirror 21. This makes it possible to effectively
      utilize the mirror area of the oscillatory reflecting mirror 21. As a
      result, even if the oscillatory reflecting mirror 21 having a small mirror
      area is used, a high resolving power and high response speed of the
      oscillatory reflecting mirror 21 can be obtained.
PAR  In the present invention, it is also preferable to make the surface of the
      striped filter 13 spherical or toric in shape as shown in FIG. 10. Such
      spehrical or toric-shaped striped filter 13 causes its image to be
      uniformly formed on the scanning region of the light accepting
      photoelectric surface of the camera tube 8 and as a result, a color
      unevenness in the reproduced picture image can be reduced. In addition,
      the total surface of the spherical or toric-shaped striped filter 13
      becomes symmetrical with respect to the optical axis so that the optical
      image curvature can be corrected by means of the objective lens 2 in a
      relatively simple and easy manner.
PAR  In the present invention, it is preferable to use as the striped filter 13
      a filter composed of a striped diazo film 23 cemented on an arcuate
      transparent substrate 24 as shown in FIG. 11. Such striped filter 13 may
      be manufactured as follows. A metal mask 25 whose dimensions and shape are
      the same as those of the striped filter 13 is closely adhered to a diazo
      film 26 and the assembly is subjected to ultra-violet rays emitted as
      shown by arrows in FIG. 12A from a mercury vapor lamp (not shown). Then,
      the diazo film 26 exposed to the ultra-violet rays is disposed in a
      container 27 containing an ammonia gas as shown in FIG. 12B, and as a
      result, the masked portions of the diazo film 26 are developed by the
      ammonia gas to produce, for example, blue or red color in striped
      patterns. Any proper optical system may be used in place of the metal mask
      254 to manufacture the striped filter 13.
PAR  In the diazo film, the color element formed is dispersed in molecular state
      so that the color element does not show any particle distribution as
      encountered by photographs developed by silver halide emulsion. As a
      result, the diazo film has a high resolving power and is significantly
      useful for the striped filter 13. In addition, use may be made of various
      kinds of color element forming agents to develop various kinds of colors.
PAR  The invention is not limited to the above described embodiments, but
      various modifications in the above described embodiments of the invention
      are possible. For example, the striped filter 13 may be provided with a
      red color screening striped filter element instead of the blue color
      screening filter element FB without altering the above described operation
      and advantageous effect of the apparatus.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A ditube type color television camera in which the light emitted from an
      object to be reproduced is separated into a light for a brightness signal
      and a light for a chrominance signal and which comprises a first camera
      tube adapted to accept the light for said brightness signal and a second
      camera tube adapted to accept the light for said chrominance signal,
      whereby said brightness signal and chrominance signal are obtained from
      said first and second camera tubes, respectively, said camera comprising a
      striped filter arranged near said object to be reproduced and including a
      striped filter element for screening blue or red color light only and a
      striped filter element for passing all visible lights, both said striped
      filter elements being arranged alternately side by side and assembled into
      one integral body such that the horizontal scanning direction of said
      second camera tube is perpendicular to the lengthwise direction of both
      the respective striped filter elements, and a dichroic mirror arranged
      between said first camera tube and second camera tube and adapted to
      separate the incident light into a green color light and red and blue
      color lights, whereby said green light is accepted by said first camera
      tube and said red and blue color lights are accepted by said second camera
      tube to obtain a brightness signal and a chrominance signal, respectively.
NUM  2.
PAR  2. An apparatus for converting a color film picture image into a video
      signal in which the illuminating light emitted from an illuminating light
      source is incident on a color film continuously running along a circular
      track and which comprises an oscillatory reflecting mirror arranged at the
      rear side of the color film surface and adapted to oscillate at a speed
      which is 1/2 times slower than the angular velocity of the running color
      film, and first and second camera tubes adapted to accept the light
      reflected by said oscillatory reflecting mirror, respectively, whereby the
      image of each frame of said running color film is converted into a color
      video signal, said apparatus comprising a striped filter arranged just
      behind said color film and including a striped filter element for
      screening the blue or red color light only and a striped filter element
      for passing all visible lights, both said striped filter elements being
      arranged alternately side by side and assembled into one integral body and
      in parallel with the running direction of said color film which is
      perpendicular to the scanning direction of said second camera tube and a
      dichroic mirror arranged in front of said first and second camera tubes
      and adapted to accept the light reflected by said oscillatory reflecting
      mirror and separate the incident light into a green color light component
      and red and blue color light components, whereby said green light
      component and red and blue color light components are accepted by said
      first and second camera tubes, respectively, to obtain a brightness signal
      and a chrominance signal, respectively.
NUM  3.
PAR  3. An apparatus for converting a color film picture image into a video
      signal as claimed in claim 2, comprising a stationary reflecting mirror
      arranged near but outside that scanning region of said running film which
      corresponds to the two frames of said running film and being adapted to
      reflect the light reflected by said oscillatory reflecting mirror towards
      said first and second camera tubes.
NUM  4.
PAR  4. An apparatus for converting a color film picture image into a video
      signal as claimed in claim 2, wherein the surface of said striped filter
      is made spherical or toric in shape.
NUM  5.
PAR  5. An apparatus for converting a color film picture image into a video
      signal as claimed in claim 2, wherein said striped filter composed of a
      striped diazo film cemented on an arcuate transparent substrate.
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PAL  A dark current correction circuit in a two-tube color camera having first
      and second camera tubes respectively for chrominance signals and luminance
      signals comprises a circuit for applying to the first camera tube a target
      voltage in accordance with temperature variation in the image pickup
      surface thereof, a circuit provided in the picked-up output signal system
      of the first camera tube and operating to compensate or cancel a dark
      current component within the picked-up output signal, a circuit for
      applying to the second camera tube a target voltage in accordance with
      temperature variation in the image pickup surface thereof, and a circuit
      for mixing with the picked-up output luminance signal of the second camera
      tube a horizontal blanking pulse at a level in accordance with the
      temperature variation in the image pickup surface of that camera tube. The
      level controlled horizontal blanking pulse, upon being applied to the
      picked-up output luminance signal, effects correction of a dark current
      variation component within the luminance signal due to temperature
      variation in the image pickup surface of the camera tube and for a dark
      current variation component due to variation of the target voltage.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates generally to a dark current correction circuit in a
      two-tube type color television camera. More particularly, the invention
      relates to a dark current correction circuit which, in a color television
      camera of two-tube type having a camera tube for chrominance signals and a
      camera tube for luminance signals, eliminates the effect of dark current
      variations due to temperature variations due to temperature variations of
      the two camera tubes.
PAR  In general, camera tubes of the vidicon class such as vidicons, Plumbicons,
      and Newbicons, are accompanied by the problems of much dark current and
      large variation of dark current occurring particularly when there are
      temperature variations.
PAR  In a color television camera, if the setup (black level as a reference) of
      a chrominance signal fluctuates, the white balance will be disturbed, and
      therefore it is necessary to prevent such fluctuation of the setup. When
      there is a temperature variation, the dark current of the camera tube also
      varies, and for this reason, the setup fluctuates. Accordingly, for the
      purpose of substantially preventing variation of the setup even when the
      dark current of the camera tube varies, a dark current detection circuit
      and dark current compensation circuit have heretofore been used.
PAR  In such a circuit organization, a masking plate is placed at one part of
      the image pickup surface of the camera tube, and the dark current
      variation is compensated or corrected for by subjecting the signal of that
      part corresponding to this plate (that is, the dark current part) to
      sampling by the dark current detection circuit and subjecting this to
      subtraction with the image pickup output signal by means of the dark
      current compensation circuit.
PAR  In the case of a monochrome (black-and-white) television camera, the
      problem of the above described adverse effect due to fluctuation of the
      setup does not arise, but in a color television camera, the above
      described countermeasure becomes necessary. In the case of a two-tube type
      color camera, it is necessary to provide the above mentioned dark current
      detection circuit and dark current compensation circuit in the signal
      system of the camera tube for chrominance signals. For this reason, there
      arises the necessity of setting the black level also with respect to the
      signals of the camera tube for luminance signals.
PAR  Accordingly, the solution would seem to be the provision of a dark current
      detection circuit, a dark current compensation circuit, etc., similar to
      those of the chrominance signal system, also for the signal system of the
      camera tube for luminance signals. This measure, however, would give rise
      to a complication of the circuit organization and an increase in the cost
      of production of the camera.
PAR  On one hand, when there is a temperature rise in the image pickup surface
      of a camera tube, the dark current increases over the entire image pickup
      surface, and, at the same time the static shading (that is, a condition
      wherein the dark current is not uniform over the entire image pickup
      surface but is large particularly in the end parts) increases. For this
      reason, the dark current detection circuit detects also the resulting
      increase in this shading, whereby an accurate dark current correction
      cannot be carried out. Accordingly, as one countermeasure, the target
      voltage of the camera tube is lowered at the time of a temperature rise
      thereby to suppress the increase in the dark current, and, at the same
      time, to suppress the increase in the shading.
PAR  In a two-tube color camera, however, if the above mentioned target voltage
      control is carried out in only the camera tube for chrominance signals,
      there will arise the problem of difference between the sensitivities of
      the two camera tubes for chrominance signals and for luminance signals.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general object of the present invention to provide a
      novel and useful dark current correction circuit in a two-tube color
      television camera in which the above described difficulties and problems
      have been overcome.
PAR  A specific object of the invention is to provide a dark current correction
      circuit in a two-tube color camera having a camera tube for luminance
      signals and a camera tube for chrominance signals, which dark current
      correction system, while having a dark current detection circuit and a
      dark current compensation circuit in the chrominance signals system of the
      camera, is provided in the luminance signal system with a dark current
      correction circuit of a novel and simple circuit organization which does
      not rely on the conventional dark current detection circuit and dark
      current compensation circuit.
PAR  Another object of the invention is to provide a dark current correction
      circuit in a two-tube color camera which system is capable of correcting
      dark current variation accompanying variation of temperature of the camera
      tubes and, moreover, is capable of equalizing the sensitivities of the
      camera tube for chrominance signals and the camera tube for luminance
      signals.
PAR  Further objects and features of the invention will be apparent from the
      following detailed description when read in conjunction with the
      accompanying drawing.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWING
PAR  In the drawing, the single FIGURE is a block diagram showing the essential
      organization of one embodiment of a dark current correction circuit
      according to the present invention in a two-tube color television camera.
DETD
PAC  DETAILED DESCRIPTION
PAR  In the circuit illustrated in the FIGURE, light from an object 11 to be
      picked up by the camera passes through a camera lens system 12 and a half
      mirror (or prism) for optical path division. One portion of the light thus
      divided passes through a stripe filter 14 and reaches the image pickup
      surface of a camera tube 15 for chrominance signals, while the remainder
      portion of the light is projected on the image pickup surface of a camera
      tube 16 for luminance signals. A masking plate 17 for dark current
      detection is provided at the front face of the pickup surface of the
      camera tube 15.
PAR  A target voltage is supplied by way of a resistor 22 to the target of the
      camera tube 15 for chrominance signals from a target voltage supply
      circuit 21 comprising a resistor 18, a thermistor 19, and a variable
      resistor 20. The thermistor 19 is a heat-sensitive resistance element of
      which resistance value varies greatly with variation in temperature, and
      which is provided in the vicinity of the face plate of the camera tube 15,
      for example, at a position between the half mirror 13 and the stripe
      filter 14 which will not cause interference with the optical path. This
      thermistor 19 is connected in parallel with the variable resistor 20 and
      varies its resistance value in accordance with temperature variation in
      the vicinity of the face plate of the camera tube 15, whereby the target
      voltage impressed on the target of the camera tube 15 is accordingly
      controlled. The variable resistor 20 is provided for adjusting and setting
      the target voltage.
PAR  The target voltage supplied by the target voltage supply circuit 21 varies
      in accordance with temperature variation as mentioned above. For example,
      when the temperature rises, the target voltage is lowered, and the
      sensitivity of the camera tube is lowered thereby to suppress increase in
      the dark current and, at the same time, to suppress increase of static
      shading.
PAR  The resulting picked-up output signal from the camera tube 15 for
      chrominance signals is supplied by way of a capacitor 23 to a
      pre-amplifier 24, where it is amplified, and thereafter the amplified
      signal is fed to a dark current compensation circuit 25 and a dark current
      detection circuit 26. The dark current detection circuit 26 operates
      according to blanking pulses to effect sampling of a signal of that part
      corresponding to the masking plate 17 of the picked-up output signal (that
      is, the dark current component) and to supply this dark current signal to
      the dark current compensation circuit 25. The dark current compensation
      circuit 25 applies this sampled dark current signal with reversed polarity
      to the picked-up output signal from the pre-amplifier 24 and thereby
      carries out compensation (cancellation) or correction for the dark current
      component.
PAR  As a result of the above described target voltage control by the thermistor
      19 and dark current compensation by the dark current compensation circuit
      25, the resulting signal is rendered into a picked-up signal without
      fluctuation of the black level due to temperature variation. This
      picked-up signal of stabilized black level is separated by a process
      amplifier 27 into three signals of red (R), green (G), and blue (B), which
      are subjected by an encoder 28 to a specific signal processing and
      rendered into a normal chrominance signal, which is supplied to a mixing
      and output amplifier 29.
PAR  In a two-tube color camera, the ratio of apportioning of the quantities of
      light respectively to the camera tube 16 for luminance signals and the
      camera tube 15 for chrominance signals is not limited to 1:1 in all cases,
      and, because the target settings differ, the values of the dark currents
      of the camera tubes differ depending on this light quantity apportioning
      ratio. For this reason, an independent control circuit for canceling the
      dark current variation component (setup variation component) becomes
      necessary for each of the camera tube for luminance signals and the camera
      tube for chrominance signals.
PAR  A target voltage is supplied by way of a resistor 35 to the target of the
      camera tube 16 for luminance signals from a target voltage supply circuit
      34 comprising a resistor 30, a thermistor 31, a resistor 32, and a
      variable resistor 33. The thermistor 31 is provided in the vicinity of the
      face plate of the camera tube 16, for example, at a position between the
      half mirror 13 and the face plate at which it will not obstruct the
      optical path. The thermistor 31 varies its resistance value in accordance
      with variation of the temperature in the vicinity of the face plate of the
      camera tube 16, and the target voltage supplied by the target voltage
      supply circuit 34 to the target of the camera tube 16 is accordingly
      controlled.
PAR  Here, as a result of the variation of the target voltage of the camera tube
      15 for chrominance signals by the target voltage supply circuit 21 in
      accordance with temperature variation, a difference occurs between the
      sensitivities of the camera tube 15 and the camera tube 16 for luminance
      signals. Accordingly, the sensitivity of the camera tube 16 is varied in
      accordance with temperature variation so that it becomes equal to the
      sensitivity of the camera tube 15 by means of the above mentioned target
      voltage supply circuit 34. The variable resistor 33 is used for the
      purpose of adjusting and setting the target voltage. The thermistor 31 is
      connected in parallel with the variable resistor 33.
PAR  The picked-up output signal produced by the camera tube 16 for luminance
      signals is supplied by way of a capacitor 36 to a pre-amplifier 37, where
      it is amplified and is thereafter passed through a capacitor 38 and a
      resistor 39 to a point 40.
PAR  Here, the luminance signal sent from the camera tube 16 and reaching the
      point 40 contains a dark current variation component arising from a
      variation of temperature of the face plate (image pickup surface) of the
      camera tube 16 and a dark current variation component arising from a
      variation of the target voltage due to the above mentioned thermistor 31.
PAR  On the other hand, a horizontal blanking pulse of inverse polarity supplied
      through an input terminal 41 is conducted by way of a capacitor 42, a
      thermistor 43, and a resistor 44 to the point 40. This thermistor 43 is
      provided together with the above mentioned thermistor 31 in the vicinity
      of the face plate of the camera tube 16 and, furthermore, is connected in
      series with the capacitor 42 and the resistor 44 between the input
      terminal 41 and the point 40. The resistance value of the thermistor 43
      varies with temperature variation of the pickup surface of the camera tube
      16, and the level of the horizontal blanking pulse varies. A variable
      resistor 45 is connected between ground and the junction between the
      thermistor 43 and the resistor 44 for the purpose of adjusting and setting
      the level of the horizontal blanking pulse.
PAR  The three thermistors 19, 31, and 43 are all installed in mutually close
      proximity in the same atmosphere and detect the same temperature
      variations.
PAR  At the point 40, the horizontal blanking pulse of which level has been
      varied in accordance with temperature variation as described above is
      mixed in an AC manner with the luminance signal from the pre-amplifier 37.
      As a result, the dark current variation component accompanying temperature
      variation of the pickup surface of the camera tube 16 and the dark current
      component due to variation in the target voltage as described above are
      simultaneously corrected. Therefore, the luminance signal passing through
      the point 40 becomes a luminance signal of fixed black level without setup
      fluctuation. In other words, the variation of the resistance of the
      thermistor 43 due to its temperature variation, the resistance values of
      resistors 44, 45, and 46, and other values are so selected that the two
      dark current variation components are both corrected.
PAR  This luminance signal is supplied by way of a capacitor 47 to a process
      amplifier 48, where it is subjected to a specific process and is
      thereafter passed through a delay line 49 for matching with the time delay
      of the chrominance signal in the aforementioned process amplifier 27 and
      the encoder 28. The resulting signal thus delayed by a specific time is
      then fed to the mixing and output amplifier 29.
PAR  In this mixing and output amplifier 29, the above mentioned luminance
      signal and the chrominance signal from the encoder 28 are mixed and
      rendered into a color television signal, which is then led out through an
      output terminal 50.
PAR  Further, this invention is not limited to these embodiments but various
      variations and modifications may be made without departing from the scope
      and spirit of the invention.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a two-tube color television camera having a first camera tube for
      chrominance signals and a second camera tube for luminance signals
      respectively producing chrominance and luminance signals as picked-up
      outputs upon receiving respective divided portions of incident light from
      an object to be image-picked up, a dark current correction circuit
      comprising:
PA1  a detection circuit provided in an output picked-up signal system of said
      first camera tube and operating to detect a dark current component from
      said output picked-up signal;
PA1  a compensation circuit provided in said output pickup signal system and
      operating to correct said dark current component in accordance with an
      output signal of said detection circuit;
PA1  a mixing circuit provided in an output picked-up luminance signal system of
      said second camera tube and operating to apply to said output picked-up
      luminance signal a horizontal blanking signal with inverse polarity and to
      mix the two signals; and
PA1  a first heat-sensitive resistance element which is provided in the vicinity
      of the face plate of said second camera tube and connected to a signal
      system for applying said horizontal blanking signal and operates to vary
      the resistance value thereof in accordance with temperature variation of
      the image pickup surface of said second camera tube and to vary the level
      of said horizontal blanking signal,
PA1  said first heat-sensitive resistance element being so adapted and connected
      as to operate in accordance with the resistance variation thereof to
      correct the dark current variation component in accordance with said
      temperature variation and to fix the black level of said output picked-up
      luminance signal.
NUM  2.
PAR  2. A dark-current correction circuit as claimed in claim 1 which further
      comprises:
PA1  a first target voltage applying circuit for applying a target voltage to
      the target of said first camera tube;
PA1  a second heat-sensitive resistance element which is provided in the
      vicinity of the face plate of said first camera tube and connected within
      said first target voltage applying circuit and operates to vary the
      resistance value thereof in accordance with temperature variation of the
      image pickup surface of said first camera tube and thereby to control said
      target voltage in a manner to lower said target voltage when said
      temperature rises;
PA1  a second target voltage applying circuit for applying a target voltage to
      the target of said second camera tube; and
PA1  a third heat-sensitive resistance element which is provided in the vicinity
      of the face plate of said second camera tube and connected within said
      second target voltage applying circuit and operates to vary the resistance
      value thereof in accordance with temperature variation of the image pickup
      surface of said second camera tube and thereby to cause the sensitivity of
      said second camera tube to vary in correspondence with the variation of
      sensitivity of said first camera tube due to variation in the target
      voltage thereof.
NUM  3.
PAR  3. A dark current correction circuit as claimed in claim 1 in which said
      mixing circuit has an input terminal for application thereto of a
      horizontal blanking signal, a capacitor connected to said input terminal,
      and a junction point connect to said output picked-up luminance signal
      system in a manner to apply said horizontal blanking signal to said output
      picked-up luminance signal, and said first heat-sensitive resistance
      element is connected in series with said capacitor between said input
      terminal and said junction point.
NUM  4.
PAR  4. A dark current correction circuit as claimed in claim 2 in which the
      temperature-resistance value characteristic of said first heat-sensitive
      resistance element is so selected that said element operates to compensate
      for a dark current variation component in accordance with the temperature
      variation in the image pickup surface of said second camera tube and, at
      the same time, to correct also a dark current variation arising from a
      variation in the target voltage of said second camera tube.
NUM  5.
PAR  5. A dark current correction circuit as claimed in claim 2 in which said
      first target voltage applying circuit has a first variable resistor
      connected in parallel with said second heat-sensitive resistance element,
      and said second target voltage applying circuit has a second variable
      resistor connected in parallel with said third heat-sensitive resistance
      element.
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ABST
PAL  A vital phenomenon recording and/or reproducing device such as an
      electrocardiograph, an electromyograph, an electroencephalograph, etc.
      comprises a main unit including at least a magnetic tape driving mechanism
      and a magnetic head, a recording attachment capable of being detachably
      connected to said main unit mechanically and electrically, and a
      reproducing attachment capable of being detachably connected to said main
      unit, to said recording attachment being connected a detector such as
      electrodes to be adhered to a body of a patient and to said reproducing
      attachment being connected a recorder, for example, an XY recorder.
      Between said main unit and the recording attachment or between said main
      unit and said reproducing attachment, there may be detachably interposed
      additional attachments comprising a pre-amplifier, a battery checking
      circuit, a calibration voltage producing circuit, a transmitter, an
      automatic starting circuit, a battery for energizing a bridge circuit of a
      wire resistance strain gauge, etc. or a suitable combination thereof.
PARN
PAR  This application is a continuation application of Ser. No. 374,955; filed
      June 29, 1973, now abandoned.
BSUM
PAR  The present invention relates to a vital phenomenon recording and/or
      reproducing device which may be used as an electrocardiograph, an
      electromyograph, an electroencephalograph, etc. and more particularly a
      device for recording magnetically bio-electric potential signals produced
      by vital phenomena on a magnetic tape and/or reproducing the signals
      recorded on the tape.
PAR  In the device of the kind mentioned above, in general, the bio-electric
      potential signal is detected by electrodes adhered to a body of a patient,
      so that the device and the patient are electrically connected to each
      other. Therefore it is necessary to protect the patient from an electric
      shock. A safety device for protecting the patient against the electric
      shock is always provided in the device for handling electrically the vital
      phenomena. However, in case the device is energized by an AC supply, it is
      impossible to protect completely the patient under any condition.
      Particularly when a size of the device becomes smaller, a possibility of
      short-circuit will increase and a fear that the patient is subjected to
      the electric shock will be greater.
PAR  For example, in an electrocardiography it is necessary to obtain an
      electrocardiogram at a fit of the patient. To this end it has been
      proposed that a vital phenomenon at a fit is recorded on a magnetic tape
      by a portable type magnetic tape recorder carried with the patient and
      after that said magnetic tape is loaded on a magnetic reproducing device
      installed at a hospital or a laboratory so as to read-out the recorded
      signal and an electrocardiogram is formed by, for example, an XY recorder.
      An electrocardiographer checks the electrocardiogram thus formed and can
      diagnose various diseases about a heart of the patient. In such an
      electrocardiograph, since the tape recorder operates usually at a low
      voltage and a small current, although the electrodes connected to the tape
      recorder are adhered to suitable portions of a body, it is considered that
      a fear of electric shock can be avoided completely. However, in such a
      system the recording and reproducing are effected by different devices, so
      that they must be matched accurately. If the matching is not correct,
      amplitudes and waveforms of the electrocardiogram differ from actual ones
      and it is impossible to effect a correct diagnosis. In fact it is quite
      difficult to match completely the recording device with the reproducing
      device and there is a serious drawback that a cost of the device becomes
      very high.
PAR  In order to avoid such drawbacks, it is easily conceived to effect the
      recording and reproducing by the same device. But in this case there will
      be trouble about the electric shock. That is to say, in case of using an
      electrocardiograph, a patient visits a doctor and the doctor adheres three
      electrodes onto given portions of the body. This operation of adhesion of
      the electrodes is quite critical and it is necessary to check whether or
      not a correct electrocardiogram can be obtained after the electrodes have
      been adhered to the body. To this end the doctor operates the magnetic
      tape recorder so as to record a bio-electric potential on a magnetic tape
      and then the recorded signal is reproduced. The reproduced signal is
      supplied to a recorder so as to draw an electrocardiogram. The doctor can
      determine the condition of adhesion of the electrodes to the body by
      checking the electrocardiogram thus formed. In such a case, the patient is
      connected through the electrodes and the magnetic tape recorder which
      operates with a battery to the recorder which is energized with an AC
      supply. As a result there is a danger that the patient will be subjected
      to the electric shock. In this case such a danger may be avoided by
      providing a plug and a jack for connecting the electrodes to the magnetic
      tape recorder and disconnecting the electrodes from the magnetic tape
      recorder. When the tape recorder is operated in a reproduction mode, said
      plug connected to the electrodes are disconnected from the jack so as to
      disconnect the patient from the tape recorder. However, as long as the
      connection and disconnection must be carried out by a human being, it
      cannot by always warranted that the plug of the electrodes is drawn out in
      the reproduction mode, so that the electric shock cannot be always
      avoided. Moreover, the vital potential signal has an ultra-low frequency
      and such a signal of ultra-low frequency cannot be magnetically recorded
      as in the case of recording an audio signal, but must be recorded with
      pulse width modulation or frequency modulation method. Therefore, a
      reproduced signal must be demodulated. In this case if a demodulator is
      provided separately from the tape recorder and an output from a head
      amplifier is supplied to the demodulator through a connecting wire of a
      relatively long length, there will be a drawback that the head output is
      affected by ambient noise to a great extent. In order to avoid such a
      disadvantage the demodulator may be fitted in the tape recorder, but in
      this case the device becomes larger and is inconvenient for carrying.
PAR  In the electrocardiography an amplitude of the bioelectrical potential of a
      heart is about 0.1 to 2 mV, when the potential is derived indirectly from
      a skin surface. On the other hand, in the electroencephalography, an
      amplitude of the bio-electrical potential of a brain is about 10 to 250
      .mu.V, when the potential is indirectly derived from a skin of a head. In
      this manner the amplitudes of the input voltages greatly differ from each
      other. Thus in fact it is impossible to record these signals by means of
      the same circuit. However, it is quite expensive to prepare independent
      recording devices for the electrocardiography, electromyography,
      electroencephalography, etc. Therefore, it is desirable to provide a
      single device which can be used for the various applications. For example,
      it is desired to provide a pre-amplifier which may be selectively used for
      amplifying a bio-electric signal of a small amplitude. Moreover, it is
      quite advantageous to arrange a battery checking circuit for checking a
      weariness of a battery, a generator for producing calibration voltage
      pulses having a constant amplitude and/or a constant interval, an
      automatic starting circuit, etc. In some applications, it is desired to
      provide a transmitter so as to transmit a reproduced signal in a wireless
      mode. However, if these circuits are installed in the magnetic recording
      and/or reproducing device, the device becomes large, expensive and
      complicated. Particularly the large device is inconvenient for carrying
      and handling.
PAR  As described above, since the bio-electrical potential has an ultra-low
      frequency, it cannot be recorded on the magnetic tape in the same manner
      as recording an audio signal and thus the pulse width modulation or
      frequency modulation must be utilized. When the ultra-low frequency signal
      is recorded with such a modulation method, a reproduced output supplied
      from a magnetic head during the reproduction is of substantially
      pulsatory. In the vital phenomenon recording device, the magnetic heads
      have different characteristics and as the result the head amplifier output
      fluctuates for each device. Moreover, if peak values of the head amplifier
      output differ from each device, a waveform converting operation at the
      succeeding demodulator becomes unstable and accurate records of vital
      phenomena could not be obtained. Therefore, it is quite preferable to
      provide an automatic gain control circuit for controlling a gain of the
      head amplifier.
PAR  As mentioned above a patient visits a doctor and the doctor adheres
      electrodes to the body of the patient. At this moment it is possible to
      check whether or not the electrodes are correctly adhered to the body.
      However, after that the connection between the electrodes and the body
      might be deteriorated or even broken in the worst case. In such a case
      correct recording cannot be achieved. Moreover, in the recording process,
      the circuit might work imperfectly, and also in this case a correct
      recording could not be effected. Therefore it is quite convenient for the
      patient that a monitor device is provided in the recording device and the
      patient can determine whether or not the recording device works correctly
      in the reocrding process.
PAR  In the magnetic recording device the bioelectrical potential having
      ultra-low frequency must be amplified and thus the head amplifier must
      have a frequency characteristic which has a flat portion over a frequency
      range of about 0.1 to 1,000 Hz. To an output of such an amplifier is
      connected a capacitor for cutting a DC component. Since this capacitor
      should pass the ultralow frequency signal, it is required to use a large
      size capacitor. When use is made of such a large size capacitor, the
      device does not operate immediately after the device is switched on, but
      the device starts to work satisfactorily only after a quite long time
      period, in general several seconds has been elapsed. In order to start the
      device immediately after the device is actuated, usually an instomatic
      circuit is provided in the vital phenomenon recording device.
PAR  It is a primary object of the present invention to provide a vital
      phenomenon recording and/or reproducing device which can protect
      completely a user or a patient against an electric shock under any
      condition.
PAR  It is another object of the invention to provide a vital phenomenon
      magnetic recording and/or reproducing device, wherein a magnetic tape
      driving mechanism and a magnetic head can be used commonly for recording
      and reproducing so as to obtain accurate electrocardiogram,
      electromyogram, electroencephalogram, etc.
PAR  It is another object of the invention to provide a vital phenomenon
      recording and/or reproducing device, in which a preamplifier, a battery
      checking circuit, a calibration voltage producing circuit, a transmitter,
      an automatic starting circuit, a voltage source for a bridge circuit of a
      wire resistance strain gauge, etc. are prepared as attachments and one or
      more of these attachments can be selectively connected to a main unit of
      the device.
PAR  It is further object of the invention to provide a vital phenomenon
      recording and/or reproducing device which comprises an automatic gain
      control circuit for adjusting an amplitude of the head amplifier output,
      so that an accurate vital phenomenon signal can be reproduced.
PAR  It is another object of the invention to provide a vital phenomenon
      recording and/or reproducing device which comprises a monitor device for
      checking an operation of the device during the recording process.
PAR  It is still another object of the invention to provide a vital phenomenon
      recording and/or reproducing device which comprises an instomatic circuit
      for starting positively the device in the recording process immediately
      after the device is actuated.
PAR  According to a basic aspect of the present invention a vital phenomenon
      recording and/or reproducing device comprises a main unit having at least
      a magnetic tape driving mechanism and a magetic head, a recording
      attachment capable of being connected to said main unit mechanically and
      electrically in a recording process and having at least one measuring
      electrode connected thereto, and a reproducing attachment capable of being
      connected to said main unit mechanically and electrically in a reproducing
      process and also being connected to a recorder, whereby either one of said
      recording and reproducing attachments is coupled selectively to said main
      unit so as not to effect the reproducing operation during the recording
      operation.
PAR  According to the present invention, in the recording operation a body of a
      patient is electrically connected to the recording attachment and the main
      unit through the measuring electrodes. However, the recording attachment
      and the main unit are energized with a battery of low voltage which is
      harmless for the patient. In the reproducing process, the reproducing
      attachment is connected to the main unit instead of the recording
      attachment, so that even if the reproducing attachment is connected to the
      recorder which is operated by an AC source, there is no danger of electric
      shock, because the patient is completely disconnected from the AC source.
PAR  According to further aspect of the invention the vital phenomenon recording
      and/or reproducing device comprises as indispensable components a main
      unit including at least a magnetic tape driving mechanism and a magnetic
      head, a recording attachment capable of being connected to said main unit
      mechanically and electrically in a recording mode and including a battery,
      to said recording attachment being connected a detector, and a reproducing
      attachment capable of being connected to said main unit mechanically and
      electrically in a reproducing mode and also being connected to a recorder;
      and further comprises as arbitrary components attachments including a
      pre-amplifier, a battery checking circuit, a calibration voltage producing
      circuit, a transmitter, an automatic starting circuit, a battery for a
      bridge circuit of a wire resistance strain gauge, etc. or suitable
      combinations thereof, whereby said attachments of the arbitrary components
      are capable of being connected mechanically and electrically between said
      main unit and said recording attachment or between said main unit and said
      reproducing attachment in a detachable manner.
DRWD
PAR  Now the present invention will be explained in greater detail with
      reference to accompanied drawings; in which:
PAR  FIG. 1 is a perspective view of an embodiment of the vital phenomenon
      recording and/or reproducing device according to the invention in a
      recording mode;
PAR  FIG. 2 is a circuit diagram of the device shown in FIG. 1;
PAR  FIG. 3 is a plan view of the device in a reproducing mode;
PAR  FIG. 4 is a circuit diagram of the device shown in FIG. 3;
PAR  FIG. 5 is a plan view of another embodiment of the device according to the
      invention in a recording mode;
PAR  FIG. 6 is a circuit diagram of the device shown in FIG. 5;
PAR  FIG. 7 is a circuit diagram of another embodiment of the device according
      to the invention in a reproducing mode, which comprises a reproducing
      attachment including an automatic gain control circuit;
PAR  FIG. 8, is a plan view of another emboidment of the device according to the
      invention in a recording mode, in which an attachment for producing
      calibration voltage pulses having given amplitude and repetition frequency
      is coupled between a main unit and a recording unit;
PAR  FIG. 9 is a circuit diagram of the device shown in FIG. 8;
PAR  FIG. 10 shows a plan view of the device according to the invention in a
      recording mode, which device comprises an attachment for checking a
      battery and producing calibration voltage pulses;
PAR  FIG. 11 is a circuit diagram of the device shown in FIG. 10;
PAR  FIG. 12 is a circuit diagram of another embodiment of the device according
      to the invention in a recording mode, in which calibration voltage pulses
      having a given amplitude can be manually produced by depressing a button
      provided on a remote switch;
PAR  FIG. 13 is a perspective view of the remote switch shown in FIG. 12 in a
      decomposite form;
PAR  FIG. 14 is a plan view illustrating another embodiment of the device
      according to the invention, which device comprises an attachment
      accomodating a battery for energizing a bridge circuit of a wire
      resistance strain gauge; and
PAR  FIG. 15 is a circuit diagram of another embodiment of the device according
      to the invention in a recording mode, in which device an instomatic
      circuit is included in a main unit.
DETD
PAR  A first embodiment of the vital phenomenon recording and/or reproducing
      device according to the invention, which can be used as an
      electrocardiograph will be explained with reference to FIGS. 1 to 4. FIG.
      1 shows the device in a recording mode. In the recording process, to a
      main unit A comprising at least a tape driving mechanism and a magnetic
      head is connected mechanically and electrically a recording attachment B
      including a battery for energizing said driving mechanism and various
      circuits. To the recording attachment B there are connected three
      measuring electrodes 1, 2 and 3 and a remote switch 4. The main unit A
      further comprises a receptacle for receiving a tape cassette 5 and
      operating members 6, 7 and 8. In the present embodiment, the operating
      members consist of a play button 6, a stop button 7 and a rewind button 8.
PAR  FIG. 2 shows internal circuit portions of the main unit A and the recording
      attachment B. As shown in a right hand portion of FIG. 2, there are
      arranged batteries 9 and 10 in the recording attachment B. The connection
      between the main unit A and the recording attachment B is electrical as
      well as mechanical. As a coupling mechanism for this purpose use may be
      made of a bayonet mount type coupling mechanism, a pin type coupling
      mechanism or any other coupling mechanism. In the recording attachment B,
      there are provided nine connecting contacts, i.e., contacts 1a, 2a and 3a
      connected to the measuring electrodes 1, 2 and 3, respectively, contacts
      4a, 4b and 4c connected to two contacts 4A and 4B of the remote switch 4,
      a contact 9a connected to a junction point of the batteries 9 and 10, and
      contacts 11a and 11b connected to each other. The main unit A comprises
      nine contacts each of which is capable of being connected to each of
      corresponding nine contacts of the recording attachment B. The main unit A
      further comprises a balanced D.C. amplifier 12 having input terminals
      connected to the measuring electrodes 1, 2 and 3 via the contacts 1a, 2a
      and 3a, respectively, an oscillator 13 connected across the contacts 4a
      and 4c, a modulator and head driving circuit 14, a magnetic head 15 and a
      motor and motor speed control circuit 16 inserted between the contacts 4a
      and 4b. In FIG. 2, there is not shown the tape driving mechanism and the
      operating members, but there are shown switches 17 and 18 which are
      actuated by the operating members. Since the remote switch 4 is provided,
      the switches 17 and 18 are not always necessary, but if the remote switch
      4 is erroneously actuated, the batteries 9 and 10 are wasted and moreover
      the electric circuit is made operated. In order to avoid such
      disadvantage, in the present embodiment there are provided the switches 17
      and 18 interlocked with the operating members. In this case the switches
      17 and 18 are opened under the rest condition and when the play button 6
      is actuated, both switches 17 and 18 are closed. When the rewind button 8
      is depressed, only the switch 17 is closed and only the motor and motor
      speed control circuit 16 is energized, but the remaining circuits are not
      energized.
PAR  In case of recording a vital phenomenon, a bioelectrical potential is
      detected by the electrodes 1, 2 and 3 and the detected signal is suitably
      amplified and then is recorded. As described above, the bio-electrical
      signal has an ultra-low frequency, so that when such a signal of the
      ultra-low frequency is recorded on a magnetic tape an ordinal recording
      method for recording an audio signal cannot be utilized. Therefore, it is
      necessary to record the bio-electrical signal on the magnetic tape with
      the pulse-width modulation method, frequency modulation method, etc. In
      the electrocardiograph of the present embodiment, use is made of the
      pulse-width modulation method. A bio-electrical potential signal detected
      by the electrodes 1, 2 and 3 has an amplitude of about 1 mV and a
      frequency range of about 0.1 to 200 Hz. This detected signal is amplified
      by the D.C. amplifier 12. The amplified signal is supplied to one input
      terminal of the modulator 14. To the other input terminal of the modulator
      14 is supplied a carrier signal of square wave having a repetition
      frequency of, for example, 400 KHz from the oscillator 13. A pulse width,
      i.e., a duty cycle of the square wave is modulated by the amplified
      bio-electrical signal. Then the modulated carrier is suitably amplified
      and the amplified signal is supplied to the magnetic head 15 and is
      recorded on the magnetic tape as positive and negative magnetizations
      beyond the magnetic saturation.
PAR  FIG. 3 illustrates the device in a reproducing mode. In this mode, the
      recording attachment B is detached from the main unit A and a reproducing
      attachment C is coupled with the main unit A. To the reproducing
      attachment C is connected a connecting wire 20, the other end of which
      wire is connected to a demodulator unit 19. The demodulator unit 19 is
      connected to a recorder 21 with a writing pen. The demodulator unit 19 and
      the recorder 21 are energized with an A.C. supply.
PAR  FIG. 4 shows an internal construction of the reproducing unit C. In the
      reproducing unit C, there is provided a head amplifier 22 which amplifies
      a signal reproduced by the magnetic head 15. As explained above in the
      present embodiment use is made of the pulse-width modulation method, so
      that the head output is of a pulsatory signal. The amplified signal from
      the head amplifier 22 is supplied to a demodulator 23 in the demodulator
      unit 19 through the connecting wire 20. The demodulator 23 demodulates the
      pulsatory signal to produce the original bio-electrical signal of an
      ultra-low frequency. The bio-electrical signal thus reproduced is supplied
      to the recorder 21 and the recorder 21 draws an electrocardiogram.
PAR  In the present embodiment there is provided a rectifying circuit 24 in the
      demodulator unit 19 and D.C. voltage produced by this rectifying circuit
      24 is supplied to the main unit A through the connecting wire 20 so as to
      energize the motor and motor speed control circuit 16 in the reproducing
      mode. In the reproducing mode, the switch 17 must be closed, but the
      switch 18 may or may not be closed, because a contact connected to the
      switch 18 is floating.
PAR  As described above, according to the invention, since in the recording mode
      the recording attachment B is connected to the main unit A and the device
      is energized by the batteries 9 and 10 which are absolutely safe for the
      patient and in the reproducing mode since the recording attachment B is
      disconnected from the main unit A and the reproducing attachment C is
      connected to the main unit A, the patient can be completely protected
      against the electric shock. Moreover, in the reproducing mode the head
      amplifier 22 can be arranged near the magnetic head 15, so that the head
      output is hardly affected by the surrounding noise and an accurate
      electrocardiogram can be obtained. Further since the same tape driving
      mechanism and the same magnetic head 15 can be used both in the recording
      and reproducing modes, a more accurate electrocardiogram can be formed. In
      the reproducing mode since the amplifier 12, the oscillator 13, the
      modulator 14, etc. are maintained to be de-energized, there is not a fear
      that noise due to these circuits is included in the head output.
PAR  As explained above, when the vital phenomenon of a heart of a patient is to
      be recorded, he must visit a doctor and the doctor adheres the measuring
      electrodes to given parts of the body of the patient. Then the doctor
      checks whether or not the device works satisfactorily and also whether or
      not the electrodes are correctly adhered to the body. However the
      connection between the electrodes and the body might be deteriorated after
      the patient leaves the doctor. Then it is impossible to record the
      bio-electrical signal in the correct manner. In order to avoid such a
      failure of recording, a next embodiment according to the invention
      comprises a monitor device for checking the recording signal.
PAR  FIG. 5 shows the construction of such an embodiment in the recording mode
      and FIG. 6 illustrates the internal construction thereof. As can be seen
      from FIGS. 5 and 6, in the recording mode, a recording attachment B is
      coupled with a main unit A'. The construction of the recording attachment
      B is exactly the same as that of the recording attachment B shown in FIG.
      2. But the construction of the main unit A' is slightly different from
      that of the main unit A shown in FIG. 2. That is, in the present
      embodiment, to the output of the modulator 14 is connected a jack 25 in
      parallel with the magnetic head 15 and an earphone plug 26 connected to an
      earphone 27 can be inserted into the jack 25. Thus a part of the output
      signal from the modulator 14 is supplied to the earphone 27 having a
      sufficiently higher impedance than that of the magnetic head 15 through
      the jack 25 and the plug 26. This output signal from the modulator 14 is
      the square wave carrier signal of 400 Hz modulated by the ultra-low
      frequency signal of 0.1 to 100 Hz and thus is audible by the earphone 27.
      In this case when the device works correctly, one can hear the signal of
      400 Hz (this is heard by an ear as a continuous signal having a constant
      strength) modulated by the vital phenomenon signal of an ultra-low
      frequency. On the contrary, when the electrodes 1, 2 and 3 are not
      correctly adhered to the body, the amplifier 12, the oscillator 13, the
      modulator 14, etc. do not operate correctly, the batteries 9 and 10 are
      too worn out, or the main unit A' and the recording attachment B is not
      coupled correctly, one cannot hear a regular sound. In this manner one can
      determine whether or not the recording is effected perfectly by checking
      sound produced by the earphone 27. When the correct recording is not
      carried out, no sound is heard form the earphone 27 or one can hear
      different sound than that is correctly modulated by the vital phenomenon
      signal.
PAR  FIG. 7 shows another embodiment of the device according to the invention in
      a reproducing mode. A main unit A, a modulator unit 19 and a recorder 21
      are entirely the same as those shown in FIG. 4. A reproducing attachment
      C' of the present embodiment comprises a head amplifier 22 in the form of
      a differential amplifier having a positive input terminal connected to the
      magnetic head 15. A part of the output signal from the amplifier 22 is
      extracted by means of a diode 28 and a resistor 29. The output signal from
      the head amplifier 22 is positive and negative pulsatory signal, so that
      positive pulses are passed through the diode 28 and supplied to an
      integrator 30 including a differential amplifier and a feedback capacitor.
      The integrator 30 produces at its output a negative signal. The output of
      the integrator 30 is connected to a base of a transistor 31 having an
      emitter connected to the earth through a potentiometer 32 and a collector
      connected to a negative potential. A tap of the potentiometer 32 is
      connected to a gate of a field effect transistor 33 having a drain
      connected to a negative input terminal of the head amplifier 22 and a
      source connected to the earth. The output terminal of the head amplifier
      22 is connected to the negative input terminal of the head amplifier 22
      through a resistor 34. The diode 28, the resistor 29, the integrator 30,
      the transistor 31, the potentiometer 32, the field effect transistor 33
      and the resistor 34 constitute an automatic gain control (AGC) circuit for
      the head amplifier 22 and by means of this AGC circuit the amplifier 22
      can produce output pulses having substantially the constant peak values.
PAR  When the reproduced signal from the magnetic head 15 increases, the output
      signal from the head amplifier 22 also increases. The positive portion of
      this increased pulse signal is supplied to the integrator 30, and thus the
      output from the integrator 30 also increases in a negative sense.
      Therefore the transistor 31 is operated into a more conductive state and
      the voltage at the tap of the potentiomerer 32 increases in a negative
      sense. Thus the field effect transistor 33 is caused into the
      non-conductive condition and its drain-source resistance R.sub.E increases
      apparently. Now if a resistance value of the resistor 34 is denoted by
      R.sub.f, a gain of the head amplifier 22 can be expressed by R.sub.f
      /R.sub.E. Therefore, when the resistance R.sub.E increases, the gain of
      the head amplifier 22 becomes smaller and thus amplitudes of its output
      pulses become smaller. On the contrary when the output from the head
      amplifier 22 becomes decreased, the AGC circuit operates in the opposite
      manner to that described above and the resistance R.sub.E becomes smaller
      and thus the gain of the head amplifier 22 increases. In this manner, the
      gain of the head amplifier 22 is automatically controlled and the output
      pulses having adjusted peak value can be obtained. Therefore, the
      demodulating operation of the demodulator 23 is made stable and an
      accurate electrocardiogram can be formed by the recorder 21.
PAR  For example, in the electrocardiograph, it is desired to record calibration
      voltage pulses having an amplitude of for example 1 mV so as to supervise
      the operational condition of the amplifying circuit and to determine the
      amplitude of the bio-electrical potential of a heart on the basis of a
      height and a width of the calibration voltage pulses. Moreover, by means
      of the calibration voltage pulses it is possible to adjust a gain of the
      recorder for forming the electrocardiogram. Moreover, when use is made of
      the calibration pulses having a constant repetition frequency, it is
      possible to know the pulse frequency.
PAR  When the recording device operating as the electrocardiograph according to
      the invention is used, a patient carries always the device and when he is
      subjected to a fit, he actuates the device and the bio-electrical
      potential signal may be recorded on a magnetic tape. However, it is very
      difficult for the patient to actuate a calibration voltage producing
      circuit as well as the recording device when he is attacked by a fit. Thus
      it is quite convenient to produce automatically the calibration voltage
      pulses for a given time period each time the recording device is switched
      on.
PAR  According to the invention, such a calibration voltage producing circuit
      can be provided as a calibration voltage pulse producing attachment which
      can be connected between the main unit A and the recording attachment B.
PAR  FIG. 8 illustrates such an embodiment and FIG. 9 shows the internal
      construction thereof. As shown in FIGS. 8 and 9, the main unit A and the
      recording attachment B are the same as those shown in FIG. 2. In FIG. 9,
      the calibration voltage pulse producing attachment D comprises a
      calibration voltage pulse producing circuit composed of a delay circuit, a
      switching circuit, a monostable multivibrator and a constant current
      supply source. The delay circuit is constructed as a Schmit circuit
      comprising mainly a resistor 35, a capacitor 36 and transistors 37 and 38.
      The switching circuit is consisted of a transistor 39 and a relay 40 which
      operates relay switches 41, 42 and 43. The mono-stable multivibrator is
      constructed mainly by a transistors 44 and 45, resistors 46 and 47 and
      capacitors 48 and 49. By chosing suitable values of the resistors 46 and
      47 and the capacitors 48 and 49, the calibration voltage pulse having a
      given pulse width and a given pulse interval can be obtained. An output
      from the mono-stable multivibrator is applied to a base of a transistor 50
      serving as the constant current supply source. In series with the
      transistor 50 are connected a field effect transistor 51, a variable
      resistor 52 and a fixed resistor 53.
PAR  The calibration voltage pulse producing circuit according to the present
      invention operates as follows. When the remote switch 4 is actuated and
      its contacts 4A and 4B are closed, the amplifier 12, the oscillator 13,
      the modulator 14 and the motor and motor speed control circuit 16 in the
      main unit A are energized and the device is prepared to record the
      bio-electrical signal detected by the measuring electrodes 1, 2 and 3
      connected to the recording attachment B. At the same time the transistor
      38 in the delay circuit is made conductive, whereas the transistor 37 is
      kept non-conductive. Thus the transistor 39 in the switching circuit is
      made conductive and the relay 40 is energized by the batteries 9 and 10
      through the contacts 4A and 4B. Before the relay 40 is energized, the
      switches 41, 42 and 43 are in positions shown in FIG. 9 and when the relay
      40 is energized, the switches 41, 42 and 43 are changed into positions
      opposite to those shown in the drawing. By changing the switch 41, the
      mono-stable multivibrator is energized and at the same time by changing
      the switches 42 and 43, the measuring electrodes 1 and 3 are disconnected
      from the amplifier 12. Then the mono-stable multivibrator produces a pulse
      series having a given pulse width and a given pulse interval. This pulse
      series is applied to the base of the transistor 50 serving as the constant
      current source and the transistor 50 is repeatedly made conductive. In
      this case a current flowing through the transistor 50 is kept constant in
      regardless to a fluctuation of a voltage of the batteries 9 and 10. This
      current also passes through the field effect transistor 51, the variable
      resistor 52 and the fixed resistor 53. By means of the variable resistor
      52 the value of said current can be adjusted. For example, when use is
      made of the field effect transistor 51 of junction type, it is preferable
      to adjust the value of the variable resistor 32 in such a manner that the
      current is kept to a level of 0.25 to 0.3 mA, at which level the current
      is hardly affected by temperature variation. The resistor 53 is selected
      to such a value that there is produced a calibration voltage pulse of 1 mV
      across the resistor 53. In this manner, there are produced across the
      resistor 53 a calibration pulse series having a pulse width of 100 ms, a
      pulse interval of 400 ms and an amplitude of 1 mV. The calibration voltage
      pulse series thus produced is then applied to the amplifier 12 through the
      switch 42. The other input terminals of the amplifier 12 are connected to
      the earth. The calibration voltage pulse series is recorded on the
      magnetic tape by means of the amplifier 12, the modulator 14 and the
      magnetic head 15.
PAR  The calibration voltage pulses are produced as long as the relay 40 is
      energized. After a delay time of a few seconds determined by the values of
      the resistor 35 and the capacitor 36 has been elapsed, the transistor 17
      changes to a conductive state and thus the transistor 18 is made cut-off.
      Therefore the transistor 39 is also made non-conductive and the relay 40
      is de-energized. Thus the switches 41, 42 and 43 are returned to the
      initial positions shown in FIG. 9 and the mono-stable multivibrator is
      de-energized. In this manner the generation of the calibration pulse
      series is stopped. At the same time the measuring electrodes 1, 2 and 3
      are connected to the amplifier 12. In this manner the bio-electric signal
      of a heart can be recorded on the magnetic tape by means of the amplifier
      12, the modulator 14 and the magnetic head 15. The transistor 37 is kept
      conductive until the remote switch 4 is switched off.
PAR  FIG. 10 shows further embodiment of the vital phenomenon recording and/or
      reproducing device according to the invention in a recording mode. In the
      present embodiment between a main unit A and a recording attachment B
      there is coupled an attachment E including a battery checking circuit and
      a calibration voltage pulse producing circuit. The calibration voltage
      pulse producing circuit of this embodiment is substantially the same as
      that shown in FIG. 9, but in the present embodiment the calibration
      voltage producing circuit is not automatically started by actuating the
      remote switch 4. As shown in FIG. 10, the attachment E comprises a battery
      checking button 54, a calibration voltage producing button 55 and a pair
      of battery checking meters 56 and 57, in this embodiment voltmeters.
PAR  FIG. 11 illustrates an internal connection of the recording device of this
      embodiment. On either sides of the attachment E, there are provided nine
      contacts for connecting the attachment E to the main unit A and the
      recording attachment B. Two contacts connected to the contacts 4a and 4c
      of the recording attachment B are connected to arms of switches 58 and 59,
      respectively. One of contact of the switch 58 is connected to one of
      contacts of the switch 59 through a series circuit of resistors 60 and 61,
      a junction point of which resistors is connected to the contact 9a
      connected to the junction point of the batteries 9 and 10. The contact 9a
      is connected to the earth. The voltmeters 56 and 57 are connected in
      parallel with the resistors 60 and 61, respectively. The other contact of
      the switch 58 is connected to a contact 62 and the other contact of the
      switch 59 is connected to contacts 63 and 64.
PAR  The other contact of the switch 58 is connected to a contact of a switch 65
      and an arm of this switch 65 is connected to a calibration voltage pulse
      producing circuit 66. The circuit 66 is further connected to the earth. An
      output terminal of the circuit 66 is connected to one contact of a switch
      67, the other contact of which is connected to the contact 1a coupled to
      the measuring electrode 1. A switching arm of the switch 67 is connected
      to a contact 68. The contact 2a connected the electrode 2 is directly
      connected to a contact 69 and the contact 3a connected to the measuring
      electrode 3 is connected to one contact of a switch 70, the other contact
      of which is connected to the earth. A switching arm of this switch 70 is
      connected to a contact 71. The contact 9a connected to the junction point
      of the batteries 9 and 10 is directly connected to a contact 72. Further
      contacts 73 and 74 are connected to each other.
PAR  The switches 58 and 59 are actuated by the battery checking button 54 and
      when the button 54 is depressed, the switching arms of these switches 58
      and 59 are changed to positions opposite to those shown in FIG. 11. The
      switches 65, 67 and 70 are operated by the calibration voltage producing
      button 55 in such a manner that when the button 55 is depressed, the
      switching arms of these switches 65, 67 and 70 are changed to positions
      opposite to those shown in FIG. 11. Thus, FIG. 11 illustrates a condition
      in which the batteries 54 and 55 are not depressed and in this condition a
      bio-electrical signal can be recorded by actuating the remote switch 4.
      When the battery checking button 54 is depressed, the switching arms of
      the switches 58 and 59 are changed. Then a current passes from the
      positive terminal of the battery 9 through the contact 4A of the remote
      switch 4, the switch 58, the resistor 60 and the contact 9a to the
      negative terminal of the battery 9. At the same time, a current passes
      from the positive terminal of the battery 10 through the contact 9a the
      resistor 61, the switch 59, the contact 4c and the contact 4B of the
      remote switch 4. Thus voltage drops appear across the resistors 60 and 61,
      respectively. These voltage drops are measured by the voltmeters 56 and
      57, respectively. In this matter the weariness of the batteries 9 and 10
      can be checked separately. In this case values of the resistors 60 and 61
      are selected in such a manner that the current passing through these
      resistors 60 and 61 is equal to a current through the device when the
      device is actually operated. Therefore the voltage values read-out by the
      voltmeters 56 and 57 represent the voltages which are actually applied to
      the device in an operating condition.
PAR  When the calibration voltage producing button 55 is depressed, the
      switching arms of the switches 65, 67 and 70 are changed to positions
      opposite to those shown in FIG. 11. Then the calibration voltage pulse
      producing circuit 66 is energized and produces a calibration voltage pulse
      series which is supplied to the amplifier 12 of the main unit A through
      the switches 58 and 70 and recorded on the magnetic tape by means of the
      magnetic head 15. The calibration voltage pulse generating circuit 66 is
      exactly the same as that shown in FIG. 9 and comprises a mono-stable
      multivibrator and a constant current supply source.
PAR  In the present embodiment the reproduction of the recorded bio-electrical
      signal may be effected by coupling the reproducing attachment C with the
      main unit A just like as shown in FIG. 3.
PAR  In the above embodiments shown in FIGS. 9 and 11, the calibration voltage
      pulse producing circuit generates a calibration voltage pulse series
      having the given amplitude, pulse width and pulse interval. Such a
      calibration pulse series is quite useful to analyze precisely the
      electrocardiogram, electromyogram, electroencephalogram, etc. But in many
      cases it is often sufficient to produce calibration voltage pulses which
      have only a given amplitude.
PAR  FIG. 12 shows further embodiment of the device according to the invention
      in a reocrding mode, in which calibration voltage pulses having a given
      amplitude can be manually produced. In FIG. 12, the main unit A and
      recording attachment B are exactly the same as those shown in FIG. 2. In
      the present embodiment in a housing of a remote switch 4', there is
      provided a calibration voltage pulse producing circuit. That is, a battery
      75, resistors 76 and 77 and three contacts 4A, 4B and 4C are arranged in
      the housing of the remote switch 4'. As shown in FIG. 12, the measuring
      electrode 1 is connected to the contact 1a through the resistor 77 and a
      series circuit of the battery 75, the contact 4C and the resistor 76 is
      connected in parallel with the resistor 77. Thus when the contacts 4A and
      4B of the remote switch 4' are closed, the device can record the
      bio-electrical signal detected by the electrodes 1, 2 and 3 on the
      magnetic tape. When the contact 4C is manually closed, a current passes
      from the positive terminal of the battery 75 through the contact 4C and
      the resistors 76 and 77, so that a voltage drop appears across the
      resistor 77 and is applied to the amplifier 12 in the main unit A through
      the contact 1a. By actuating the contact 4C in an intermittent manner,
      said voltage drop is produced as a pulsatory signal which can be used as
      the calibration voltage pulses. Values of the resistors 76 and 77 are so
      selected that the voltage drop having a given amplitude of, for example 1
      mV appears across the resistor 77.
PAR  FIG. 13 illustrates an embodiment of the remote switch 4' shown in FIG. 12.
      The housing of the remote switch 4' is consisted of an upper casing 80, a
      lower casing 81 and an intermediate frame 82. These casings and frame may
      be composed by means of a pair of screws 83 and 84. At a middle of the
      intermediate frame 83, there is formed a receptacle 85 for receiving a
      slide switch 86, an operating knob of which is projected from an opening
      88 formed in the upper casing 80. The slide switch 86 comprises the
      contacts 4A and 4B shown in FIG. 12. At a right hand end of the frame 82,
      there is formed a receptacle 89 for accommodating a block 90 for holding a
      button 91, by means of which button 91 a micro switch 92 including the
      contact 4C shown in FIG. 12 can be actuated. Said micro switch 92 is also
      secured to the intermediate frame 82. In said receptacle 89, there are
      also formed portions for holding the resistors 76 and 77. At a left side
      of the intermediate frame 82, there is formed a hole 93 for accommodating
      the battery 75, in the present embodiment a mercury battery. The battery
      75 is fixed in position by means of a cap 94 having a screw and a cap 95
      having terminals. In FIG. 13, the connection for the elements is not
      shown, but the elements are connected as shown in FIG. 12. On a side
      surface of the block 90 an indication of "1 mV" is provided and a user can
      know that the calibration voltage of 1 mV is produced by pushing the
      button 91.
PAR  FIG. 14 illustrates another embodiment of the device according to the
      invention in a recording mode, which may record a bio-electrical signal
      produced by a motion of a vital body. In the present embodiment a
      recording attachment B' is connected to the main unit A with interposing
      an attachment F. To the recording attachment B' are connected a remote
      switch 4 and a bridge circuit of a wire resistance strain gauge 96
      including wire resistances 97 and 98.
PAR  In the attachment F, there is arranged a battery for energizing the bridge
      circuit 96.
PAR  As already mentioned above, in general the bio-electrical potential signal
      has an ultra-low frequency and the amplifier for amplifying such an
      ultra-low frequency signal must have a flat frequency response over a
      frequency band from about 0.1 to about 1,000 Hz. To an output of such an
      amplifier is connected a capacitor for cutting a d.c. component. Since
      this capacitor must pass the ultra-low frequency signal, its capacitance
      value should be large. When use is made of such a large capacitor, the
      device does not operate immediately after the device is switched on, but
      it starts to work stably only after a considerable long time period,
      usually several seconds has been elapsed. In order to avoid such a long
      vacant time, there is usually provided an instomatic circuit in a vital
      phenomenon treating device.
PAR  FIG. 15 shows an embodiment of a main unit A' comprising an instomatic
      circuit which has a simple construction, but operates in a very stable
      manner. As shown in FIG. 15, the main unit A' comprises an amplifier 12,
      an oscillator 13, a modulator 14, a magnetic head 15 and a motor and motor
      speed control circuit 16. The connection of these components is
      substantially the same as that shown in FIG. 2. An output of the amplifier
      12 is connected to an input of the modulator 14 through a capacitor 100.
      As explained above this capacitor 100 must have a large capacitance in
      order to pass the bio-electrical signal of the ultra-low frequency and
      thus a time constant of an RC circuit consisted of the capacitor 100 and
      an input impedance of the modulator 14 becomes quite long, i.e. several
      seconds. Therefore, when contacts 4A and 4B of a remote switch 4 are
      closed under the recording mode, the device cannot record the signal at
      once, but starts to operate satisfactorily only after several seconds.
PAR  In order to reduce such a large time constant, a transistor 101 is arranged
      and its emitter-collector path is connected between the capacitor 100 and
      an earth conductor connected to a contact 9a. Between a base of the
      transistor 101 and a positive conductor connected to a contact 4a is
      inserted a parallel circuit of a capacitor 102 and a resistor 103 and
      between the base of the transistor 101 and the earth conductor is inserted
      a resistor 104. In the recording mode (in which the contacts 17 and 18 are
      closed), when the remote switch 4 is closed, the capacitor 102 is charged
      through the resistor 104. Thus a voltage drop is produced across the
      resistor 104 and the transistor 101 is made conductive so as to
      short-circuit the input of the modulator 14. Therefore the capacitor 100
      is charged quickly through the emitter-collector path of the transistor
      101. When the capacitor 102 is charged up, the voltage drop across the
      resistor disappears and the transistor 101 is made non-conductive. Since
      an impedance of the emitter-collector path of the transistor 101 in the
      conductive state is extremely lower than the input impedance of the
      modulator 14, the large capacitor 100 is quickly charged during the
      transistor 101 is conductive. Then the transistor 101 is made
      automatically cut-off and the device can work stably. In this manner, the
      device can record stably the bio-electrical signal immediately after the
      remote switch 4 is actuated.
PAR  The present invention is not limited to the embodiments explained so far,
      but may modifications may be possible. For example, in the above
      embodiments the play button 6, the stop button 7 and the rewind button 8
      are provided in the main unit A, but if the rewinding operation is
      effected by other devices or use is made of an endless tape, it is
      possible to omit the rewind button 8. Further the main unit A may comprise
      an audio amplifier and an output from the modulator 14 may be supplied to
      the magnetic head 15 through said audio amplifier. In such a case an audio
      signal can be recorded on the magnetic tape, so that a patient or a doctor
      may record necessary informations on the tape if a microphone is connected
      to the main unit A or is installed in the main unit A. In the above
      embodiments the amplifier 12, the oscillator 13, the modulator 14 as well
      as the tape driving mechanism and the magnetic head 15 are arranged in the
      main unit A, but only the tape driving mechanism and the magnetic head 15
      may be provided in the main unit A and the amplifier 12, the oscillator 13
      and the modulator 14 may be installed in the recording attachment B.
      Further a part of the modulated signal supplied to the magnetic head 15 is
      derived by utilizing the jack 25 and the plug 26. The extracted signal is
      supplied to a demodulator through an electromagnetic coupling unit or a
      light coupling unit which are completely separated from the device, and
      the demodulated signal is supplied to a recorder or an oscillograph. As
      the electromagnetic coupling unit, use may be made of a transformer having
      completely separated primary and secondary windings. Further as the light
      coupling unit a combination of a light emitting diode and na photocell may
      be used.
PAR  The vital phenomenon recording and/or reproducing device according to the
      invention has many advantages which may be summarized as follows;
PA1  1. Since a patient is disconnected completely from devices which are
      energized by an AC supply under any condition, the patient can be always
      protected against an electric shock.
PA1  2. Since the device comprises only a minimum number of components
      indispensable for recording, the device in a recording mode becomes
      extremely small in size and light in weight, so that it is easy to carry
      and handle the device.
PA1  3. Since the main unit comprising the tape driving mechanism and the
      magnetic head can be used both for recording and reproducing, accurate
      electrocardiogram, electromyogram, electroencephalogram, etc. can be
      obtained.
PA1  4. Since the main unit, the recording attachment and the reproducing
      attachment can be commonly used for electrocardiograph, electromyograph,
      electroencephalograph, etc., it is not necessary to prepare many devices,
      so that a whole system becomes quite inexpensive.
PA1  5. Since the calibration voltage pulses having a given amplitude, a given
      pulse width and a given repetition frequency can be produced, accurate
      analysis for recorded waveforms can be effected.
PA1  6. Since the device in a recording mode is suitable to be carried with a
      patient, it is possible to record a bio-electrical signal at a fit of the
      patient, wherever the patient is.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. An apparatus for recording and reproducing a bio-electrical signal
      produced by a living body comprises
PA1  a main unit including
PA1  a casing having a portion for accommodating a magnetic tape and a side wall
      with mechanically coupling means,
PA1  a recording and reproducing magnetic head,
PA1  means for driving said magnetic tape through said magnetic head,
PA1  signal input terminals provided on said side wall of said casing for
      receiving said bio-electrical signal to be recorded on said magnetic tape,
PA1  an amplifier connected to said signal input terminals for amplifying said
      bio-electrical signal,
PA1  a modulator connected to an output of said amplifier for modulating said
      amplified bio-electrical signal to produce a modulated bio-electrical
      signal which is recorded on said magnetic tape by means of said magnetic
      head,
PA1  signal output terminals provided on said side wall of said casing and
      connected to said magnetic head to supply the modulated bio-electrical
      signal reproduced by said magnetic head to the external of the main unit,
PA1  power supply input terminals provided on said side wall of the casing for
      receiving power supply for said tape driving means, amplifier and
      modulator, and
PA1  an operating member provided on said casing for selectively operating said
      main unit in a recording mode in which said magnetic tape is driven by
      said tape driving means and the bio-electrical signal received by said
      signal input terminals is amplified and modulated and then the modulated
      bio-electrical signal is recorded on said travelling magnetic tape by said
      magnetic head and in a reproducing mode in which said magnetic tape is
      driven by said tape driving means and the modulated bio-electrical signal
      is reproduced from said travelling magnetic tape by means of said magnetic
      head and the reproduced signal is supplied to said signal output
      terminals;
PA1  a recording attachement including
PA1  a casing having a side wall with mechanically coupling means which
      cooperate with said mechanically coupling means of said main unit to
      mechanically couple said recording attachment to said main unit at their
      side walls,
PA1  battery means installed in said casing,
PA1  signal output terminals provided on sakd side wall of the recording
      attachment, said signal output terminals being connected to said signal
      input terminals of said main unit when said recording attachment is
      mechanically coupled to said main unit at their side walls,
PA1  power supply output terminals provided on said side wall of said casing of
      the recording attachment and connected to said battery means, said power
      supply output terminals being connected to said power supply input
      terminals of said main unit when said recording attachment is mechanically
      coupled to said main unit at their side walls, and
PA1  a detector for detecting said bio-electrical signal from the living body
      and connected to said casing of the recording attachment through an
      electrical conductor which is further connected to said signal output
      terminals of the recording attachment;
PA1  a reproducing attachment including
PA1  a casing having a side wall with mechanically coupling means which
      cooperate with said mechanically coupling means of the main unit to
      mechanically couple said reproducing attachment to said main unit at their
      side walls,
PA1  signal input terminals provided on said side wall of the reproducing
      attachment, said signal input terminals being connected to said signal
      output terminals of the main unit when said reproducing attachment is
      mechanically coupled to said main unit at their side walls,
PA1  power supply output terminals provided on said side wall of the reproducing
      attachment, said power supply output terminals being connected to said
      power supply input terminals of the main unit when said reproducing
      attachment is mechanically coupled to said main unit at their side walls,
PA1  an amplifier having an input connected to said signal input terminals of
      the reproducing attachment for amplifying the modulated bio-electrical
      signal reproduced by said magnetic head of said main unit;
PA1  a power supply input conductor connected to said power supply output
      terminals of the reproducing attachment; and
PA1  a signal output conductor connected to an output of said amplifier of the
      reproducing attachment for supplying the modulated bio-electrical signal
      to the external of the reproducing attachment;
PA1  a demodulator energized by an A.C. power source and having an input
      connected to said signal output conductor of said reproducing attachment
      for demodulating said modulated bio-electrical signal to produce a
      demodulated bio-electrical signal which has the same waveform as the
      bio-electrical signal detected by said detector of said recording
      attachment;
PA1  a D.C. power source connected to said power supply input conductor of said
      reproducing attachment; and
PA1  a recorder energized by the A.C. power source and having an input connected
      to an output of said demodulator for graphically displaying said
      bio-electrical signal;
PAL  whereby only one of said recording and reproducing attachments can be
      coupled to said main unit at any one time at said side walls by means of
      said mechanically coupling means.
NUM  2.
PAR  2. An apparatus as claimed in claim 1, wherein said main unit further
      comprises
PA1  a jack provided on said casing of the main unit and connected to the output
      of said amplifier, and
PA1  an earphone having a plug capable of being inserted into said jack and
      having a higher impedance than said magnetic head, whereby the modulated
      bio-electrical signal to be recorded on said magnetic tape can be
      monitored by means of said earphone.
NUM  3.
PAR  3. An apparatus as claim in claim 1, wherein said modulator of said main
      unit comprises an oscillating circuit for producing a carrier signal of a
      given frequency and a frequency modulating circuit for frequency
      modulating said carrier signal with the amplified bio-electrical signal
      supplied from said amplifier to produce a frequency modulated
      bio-electrical signal which is recorded on said magnetic tape by means of
      said magnetic head.
NUM  4.
PAR  4. An apparatus as claimed in claim 1, wherein said modulator of the main
      unit comprises
PA1  an oscillating circuit for producing a carrier pulse signal of a given
      repetition rate and a modulating circuit for pulse-width modulating said
      carrier pulse signal with said amplifier bio-electrical signal supplied
      from said amplifier to produce a pulse-width modulated bio-electrical
      signal which is recorded on said magnetic tape by means of said magnetic
      head.
NUM  5.
PAR  5. An apparatus as claimed in claim 1, wherein said apparatus further
      comprises an additional attachment to be interposed between said main unit
      and said recording attachment, said additional attachment including
PA1  a casing having a first side wall with mechanically coupling means which
      cooperate with said mechanically coupling means of said main unit to
      couple said additional attachment to said main unit at their side walls
      and a second side wall with mechanically coupling means which cooperate
      with said mechanically coupling means of said recording attachment to
      couple said recording attachment to said additional attachment at their
      side walls,
PA1  signal input terminals provided on said second side wall, said signal input
      terminals being connected to said signal output terminals of said
      recording attachment when said recording attachment is coupled to said
      additional attachment at their side walls,
PA1  power supply input terminals provided on said second sidewall, said power
      supply input terminals being connected to said power supply output
      terminals of said recording attachment when said recording attachment is
      coupled to said additional attachment at their side walls,
PA1  signal output terminals provided on said first side wall and connected to
      said signal input terminals, said signal output terminals being connected
      to said signal input terminals of said main unit when said additional
      attachment is coupled to said main unit at their side walls,
PA1  power supply output terminals provided on said first side wall and
      connected to said power supply input terminals of the additional
      attachment, said power supply output terminals being connected to said
      power supply input terminals of said main unit when said additional
      attachment is coupled to said main unit at their side walls,
PA1  a resistor connected across said power supply input terminals through a
      switch, and
PA1  a D.C. voltage meter provided on said casing of the additional attachment
      and connected across said resistor for indicating a voltage level of said
      battery means installed in said recording attachment when said recording
      attachment is coupled to said additional attachment at their side walls
      and said switch is closed.
NUM  6.
PAR  6. An apparatus as claimed in claim 1, wherein said amplifier provided in
      said reproducing attachment is formed by a differential amplifier having
      two inputs, one of which is connected to said signal input terminals of
      the reproducing attachment and an output which is connected to said signal
      output conductor of the reproducing attachment, the other input being
      connected to said output through a resistor,
PA1  a rectifier connected to said output of said differential amplifier for
      rectifying a pulsatory signal to produce a rectified pulsatory signal,
PA1  an integrator connected to said rectifier for integrating said rectified
      pulsatory signal,
PA1  a transistor having a base connected to an output of said integrator, an
      emitter and a collector connected to a reference potential point,
PA1  a potentiometer connected in series with said emitter of said transistor
      and having a tap,
PA1  a field effect transistor having a gate connected to said tap of said
      potentiometer and a drain-source path connected between said other input
      of said differential amplifier and said reference potential point, whereby
      a gain of said differential amplifier is controlled to maintain peak
      values of the amplified pulsatory signal supplied from the differential
      amplifier to the constant.
NUM  7.
PAR  7. An apparatus as claimed in claim 1, wherein said apparatus further
      comprises an additional attachment to be interposed between said main unit
      and said recording attachment, said additional attachment including
PA1  a casing having a first side wall with mechanically coupling means which
      cooperate with said mechanically coupling means of said main unit to
      couple said additional attachment to said main unit at their side walls
      and a second side wall with mechanically coupling means which cooperate
      with said mechanically coupling means of said recording attachment to
      couple said recording attachment to said additional attachment at their
      side walls,
PA1  signal input terminals provided on said second side wall, said signal input
      terminals being connected to said signal output terminals of said
      recording attachment when said recording and additional attachments are
      coupled together at their side walls,
PA1  power supply input terminals provided on said second side wall, said power
      supply input terminals being connected to said power supply output
      terminals of said recording attachment when said recording and additional
      attachments are coupled together at their side walls,
PA1  signal output terminals provided on said first side wall and connected to
      said signal input terminals of the additional attachment, said signal
      output terminals being connected to said signal input terminals of said
      main unit when said additional attachment and main unit are coupled
      together at their side walls,
PA1  power supply output terminals provided on said second side wall and
      connected to said power supply input terminals of said additional
      attachment, said power supply output terminals being connected to said
      power supply input terminals of said main unit when said additional
      attachment and main unit are coupled together at their side walls,
PA1  an electric battery, and
PA1  additional power supply output terminals provided on said second side wall
      of the additional attachment and connected across said battery, and said
      recording attachment further comprises additional power supply input
      terminals provided on said side wall of the recording attachment, said
      additional power supply input terminals being connected to said additional
      power supply output terminals of said additional attachment when said
      recording and additional attachments are coupled together at their side
      walls,
PA1  said detector of the recording attachment is formed by a bridge circuit of
      wire resistance strain gauge to which said additional power supply input
      terminals of the additional attachment are connected through said
      electrical conductor.
NUM  8.
PAR  8. An apparatus as claimed in claim 1, wherein said main unit further
      comprises
PA1  a large capacitor for cutting a D.C. component and having one electrode
      connected to the output of said amplifier of the main unit and the other
      electrode connected to the input of said modulator,
PA1  a transistor having an emitter-collector path connected between said other
      electrode of said large capacitor and a reference potential point, and
PA1  a timing circuit consisting of a resistor and a capacitor and connected to
      a base of said transistor for making said transistor conductive for a
      given time period at an instance when said main unit is energized so as to
      charge quickly said large capacitor.
NUM  9.
PAR  9. An apparatus as claimed in claim 1, wherein said power supply input
      terminals of said main unit are composed of two sets of terminals, one set
      of terminals being connected to said amplifier and modulator and the other
      set of terminals being connected to said tape driving means,
PA1  said power supply output terminals of said recording attachment include two
      sets of terminals, each of which is connected to each of said two sets of
      terminals of said main unit when said recording attachment and main unit
      are coupled together at their side walls, and
PA1  said power supply output terminals of said reproducing attachment are
      composed of one set of terminals which is connected to said other set of
      terminals of said main unit when said reproducing attachment and main unit
      are coupled together at their side walls, whereby when said recording
      attachment and main unit are coupled together at their side walls, all of
      said amplifier, modulator and tape driving means of said main unit are
      energized, but when said reproducing attachment and main unit are coupled
      together at their side walls, only said tape driving means of said main
      unit are energized.
NUM  10.
PAR  10. An apparatus as claimed in claim 1, wherein said apparatus further
      comprises an additional attachment to be interposed between said main unit
      and said recording attachment, said additional attachment comprising
PA1  a casing having a first side wall with mechanically coupling means which
      cooperate with said mechanically coupling means of said main unit to
      couple said additional attachment to said main unit at their side walls
      and a second side wall with mechanically coupling means which cooperate
      with said mechanically coupling means of said recording attachment to said
      additional attachment at their side walls,
PA1  signal input terminals provided on said second side wall and being
      connected to said signal output terminals of said recording attachment
      when said recording attachment is coupled to said additional attachment,
PA1  power supply input terminals provided on said second side wall, said power
      supply input terminals being connected to said power supply output
      terminals of said recording attachment when said recording attachment is
      coupled to said additional attachment,
PA1  signal output terminals provided on said first side wall and connected to
      said signal input terminals of the additional attachment through a first
      switch, said signal output terminals being connected to said signal input
      terminals of said main unit when said additional attachment is coupled to
      said main unit,
PA1  a calibration voltage pulse generating circuit connected to said power
      input terminals through a second switch and having an output connected to
      said signal output terminals through said first switch, and
PA1  an operating member provided on said casing of the additional attachment
      for actuating said first and second switches,
PAL  whereby when said operating member is actuated, said first and second
      switches are driven in such positions that said calibration voltage pulse
      generating circuit is energized to produce calibration voltage pulses
      having a given amplitude and a given repetition rate and said calibration
      voltage pulses are supplied through said first switch to said signal
      output terminals of the additional attachment.
NUM  11.
PAR  11. An apparatus as claimed in claim 10, wherein said calibration voltage
      pulse generating circuit comprises
PA1  a mono-stable multivibrator having an input connected to said power supply
      input terminals through said second switch and producing a pulse series
      having a given pulse width and a given repetition rate,
PA1  a constant current source connected to an output of said mono-stable
      multivibrator and driven by said pulse series from said mono-stable
      multivibrator to produce a constant current pulse series having said given
      repetition rate, and
PA1  a resistor connected to an output of said constant current source to pass
      said constant pulse series therethrough so as to produce said calibration
      voltage pulses having a given constant amplitude and said given repetition
      rate.
NUM  12.
PAR  12. An apparatus as claimed in claim 1, wherein said recording attachment
      further comprises a remote control switch including a casing which is
      coupled to said casing of the recording attachment through an electric
      conductor, switch contacts which are disposed in said casing of the remote
      control switch and are electrically connected between said battery means
      and said power supply output terminals of said recording attachment by
      means of said electric conductor, and an operating member provided on said
      casing of the remote control switch for actuating said switch contacts.
NUM  13.
PAR  13. An apparatus as claimed in claim 12, wherein said remote control switch
      further comprises
PA1  an electric battery,
PA1  a resistor connected across said battery through switch contacts,
PA1  an operating member provided on said casing of the remote control switch
      for actuating said switch contacts, and
PA1  means for applying a voltage produced across said resistor to said signal
      output terminals of said recording attachment, whereby said operating
      member is repeatedly actuated and voltage pulses produced across said
      resistor are applied to said signal output terminals of said recording
      attachment as the calibration voltage pulses.
NUM  14.
PAR  14. An apparatus as claimed in claim 12, wherein said apparatus further
      comprises an additional attachment to be interposed between said main unit
      and said recording attachment, said additional attachment including
PA1  a casing having a first side wall with mechanically coupling means which
      cooperate with said mechanically coupling means of said main unit to
      couple said additional attachment to said main unit at their side walls
      and a second side wall with mechanically coupling means which cooperate
      with said mechanically coupling means of said recording attachment to
      couple said recording attachment to said additional attachment at their
      side walls,
PA1  signal input terminals provided on said second side wall, said signal input
      terminals being connected to said signal output terminals of said
      recording attachment when said recording attachment is coupled to said
      additional attachment,
PA1  power supply input terminals provided on said second side wall, said power
      supply input terminals being connected to said power supply output
      terminals of said recording attachment when said recording attachment is
      coupled to said additional attachment,
PA1  signal output terminals provided on said first side wall and connected to
      said signal input terminals of the additional attachment through a first
      switch, said signal output terminals being connected to said signal input
      terminals of said main unit when the additional attachment is coupled to
      said main unit,
PA1  a calibration voltage pulse generating circuit connected to said power
      supply input terminals through a second switch and having an output
      connected to said signal output terminals through said first switch, and
PA1  a timing circuit connected to power supply input terminals and including a
      relay coil which actuates said first and second switches,
PAL  whereby when said recording attachment, additional attachment and main unit
      are coupled together and said remote control switch is is actuated, said
      timing circuit is energized for a given time period to energize said relay
      coil so as to actuate said first and second switches in such a manner that
      said calibration voltage pulse generating circuit is energized through
      said second switch to produce calibration voltage pulses having a given
      amplitude and a given repetition rate and the calibration voltage pulses
      are applied to said signal output terminals of the additional attachment
      through said first switch and after said given time period relay coil of
      said timing circuit is deenergized so that said calibration voltage pulse
      generating circuit is deenergized and said signal input terminals are
      connected to said signal output terminals through said first switch.
NUM  15.
PAR  15. An apparatus as claimed in claim 14, wherein said calibration voltage
      pulse generating circuit comprises
PA1  a mono-stable multivibrator having an input connected to said power supply
      input terminals through said second switch and producing a pulse series
      having a given pulse width and a given repetition rate,
PA1  a constant current source connected to an output of said mono-stable
      multivibrator and driven by said pulse series from said mono-stable
      multivibrator to produce a constant current pulse series having said given
      repetition rate, and
PA1  a resistor connected to an output of said constant current source to pass
      said constant pulse series therethrough so as to produce said calibration
      voltage pulses having a given constant amplitude and said given repetition
      rate.
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ABST
PAL  A system for recording and reproducing both still pictures and sounds
      related to such pictures employs a magnetic tape having index signals at
      intervals therealong to identify respective portions of the tape which is
      moved in a predetermined path to bring a selected tape portion to a
      recording and reproducing station at which video signal and audio signal
      magnetic heads are moved at relatively high and low speeds, respectively,
      across the path, preferably obliquely thereto, for scanning respective
      stripe-like areas on selected tape portion, and the heads are operated
      during the movement thereof to selectively record and reproduce video and
      audio signals in the respective stripe-like areas being scanned thereby.
BSUM
PAR  This invention relates generally to magnetic recording and reproducing
      systems, and more particularly is directed to systems by which documents,
      pictures or other visual information and corresponding sounds or oral
      explanations can be recorded, and ready access may be had to any selected
      document, picture or visual information and the corresponding sounds or
      oral explanations for virtually instantaneous reproduction thereof.
PAR  It is now well known to utilize a magnetic recording and reproducing system
      to record and reproduce motion pictures or television video signals, such
      a system being commonly referred to as a video tape recorder. In video
      tape recorders, the television signals are recorded and reproduced or
      displayed in a specified order and time relationship corresponding to the
      order and time relationship of the respective frames. It has also been
      proposed to employ a similar system for recording and selectively
      reproducing or displaying various bits or pieces of information, such as
      the contents of books, photographs, graphs, tables or other documents
      convertible into corresponding data or document signals in the form of
      video signals which are recorded on a magnetic tape and thereafter
      reproduced therefrom. It will be apparent that each recorded data or
      document signal bears no specified time relationship to any other document
      signal, so that the retrieval of any selected bit or piece of recorded
      information requires that each such bit or piece of information be
      recorded in association with a particular index signal by which it can be
      located and identified when its reproduction or display is desired.
PAR  In my copending U.S. patent applications Ser. No. 591,596, filed Nov. 2,
      1966, and Ser. No. 691,787, filed Dec. 19, 1967, I have disclosed data
      retrieval systems of the type described above in which the index or
      identification signals are all the same and the locations along a magnetic
      tape at which the various bits or pieces of information are recorded are
      identified and selected by counting the numbers of such index signals from
      one end or the other of the tape to the location of the selected document
      signal. In such previously disclosed data retrieval systems, only visual
      information, such as the contents of books, photographs, graphs, tables,
      or other documents, can be recorded and selectively reproduced, whereby
      the possible applications of such systems are limited.
PAR  Accordingly, it is an object of this invention to provide a system by which
      documents, pictures or other visual information and also corresponding
      sounds or oral explanations can be recorded, and ready access may be had
      to any selected document, picture or visual information and the
      corresponding sounds or oral explanations for virtually instantaneous
      reproduction thereof.
PAR  In accordance with an aspect of this invention, a system for recording and
      reproducing both still pictures or other visual information and sounds
      related to such pictures employs a magnetic tape having index signals at
      intervals therealong to identify respective portions of the tape which is
      moved in a predetermined path to bring a selected tape portion to a
      recording and reproducing station at which video signals and audio signal
      magnetic heads are moved at relatively high and low speeds, respectively,
      across the path, for example, by being rotated in spaced parallel planes
      extending obliquely with respect to the path of the tape, for scanning
      respective stripe-like areas on the selected tape portion, and the heads
      are operated during the movement thereof to selectively record and
      reproduce video and audio signals in the respective stripe-like areas
      being scanned thereby. By reason of the relatively low speed at which the
      audio signal magnetic head or heads move during scanning of the respective
      stripe-like area or areas of a selected tape portion, such stripe-like
      area or areas may have recorded therein audio signals corresponding to
      sounds of substantial duration, for example, a duration of 20 seconds, so
      as to be sufficient for an oral explanation, description or the like
      corresponding to the still picture, document or other visual information
      represented by the video signal recorded in the stripe-like area or areas
      of the same tape portion.
PAR  A system according to this invention, by reason of its capability of
      recording visual information and corresponding sounds and of affording
      ready access to any selected recorded visual information and the
      corresponding sounds for virtually instantaneous reproduction thereof, is
      suitable for advertising, education or information purposes, as will be
      apparent.
DRWD
PAR  The above, and other objects, features and advantages of the invention,
      will be apparent in the following detailed description of illustrative
      embodiments thereof which is to be read in connection with the
      accompanying drawings, wherein:
PAR  FIG. 1 is a schematic view of a length of magnetic tape having video, audio
      and index signals recorded thereon in accordance with this invention;
PAR  FIG. 2 is a schematic elevational view of a magnetic recording and
      reproducing unit according to this invention;
PAR  FIG. 3 is a schematic sectional view taken along the line III--III on FIG.
      2;
PAR  FIG. 4 is a schematic and block diagram illustrating the major components
      of a magnetic recording and reproducing system according to this
      invention; and
PAR  FIG. 5 is a further schematic and block diagram illustrating additional
      components of the system.
DETD
PAR  Referring to the drawings in detail and initially to FIGS. 4 and 5 thereof,
      it will be seen that a magnetic recording and reproducing system according
      to this invention, as there shown, comprises an image pickup unit or
      television camera 10 for picking up the image of a document D, such as the
      page of a book, a photograph, graph, table or other visual information to
      be recorded, and for converting the image of document D into a
      corresponding video signal which is transmitted through a modulator 11 for
      angular modulation by the latter. The angularly modulated video signal is
      transmitted to a video signal storing device 12 where the video signal is
      recorded and can be reproduced repeatedly for any desired duration. For
      example, the video signal storing device 12 may include a magnetic disk or
      sheet 12a which is suitably rotated to effect a single revolution in the
      time required for a video signal corresponding to the image of document D,
      whereby the video signal corresponding to the document will be recorded,
      as by a recording and reproducing head 12b in an annular track on disk
      12a. The video signal stored in device 12 and reproduced by head 12b
      thereof may be transmitted through an angular demodulator 13 to a monitor
      14 in which the video signal is converted to a visual display
      corresponding to the document D. It will be apparent that the visual
      display of document D at monitor 14, that is, a still picture of the
      document, can be maintained for as long as desired by reason of the
      recording of the corresponding video signal in storage device 12.
      Alternatively, as shown, the video signal can be transmitted directly from
      modulator 11 through demodulator 13 to monitor 14, whereby to display a
      picture of document D at monitor 14 so long as an image of such document
      is being picked up by camera 10.
PAR  The angularly modulated video signal is further transmitted through a
      recording amplifier 15 and a recording and play-back switch S, when the
      latter is in its recording position R, as shown, to a magnetic recording
      and reproducing unit generally identified by the reference numeral 16. A
      particular embodiment of the magnetic recording and reproducing unit 16
      according to this invention will now be described with reference to FIGS.
      2 and 3. As shown, such unit 16 generally includes a magnetic recording
      medium in the form of a tape T movable along a path between supply and
      take-up reels (not shown) and being guided in such path, as by guide posts
      or rollers 17a, 17b, 17c and 17d, to wrap partially around the periphery
      of a cylindrical guide assembly 18, with the guide posts 17b and 17c being
      displaced relative to each other in the axial direction of cylindrical
      guide assembly 18 so that planes normal to the axis of guide assembly 18
      are disposed obliquely with respect to the direction of movement of tape T
      between guide posts 17b and 17c. As shown, guide assembly 18 includes a
      middle cylindrical part 18a and cylindrical parts 18b and 18c which are
      spaced axially, and aligned with middle cylindrical part 18a so as to
      define annular gaps 19a and 19b between part 18a and parts 18b and 18c,
      respectively. One or more video signal magnetic recording and reproducing
      heads, for example, the diametrically opposed heads 20a and 20b, are
      mounted to extend through gap 19b for rotation in a plane that extends
      obliquely with respect to the direction of movement of tape T on
      cylindrical guide assembly 18. As shown, heads 20a and 20b may be mounted
      at the ends of a support arm 21 which, at its center, is supported on a
      shaft 22 which is coaxial with cylindrical guide assembly 18 and driven by
      a motor 23. The heads 20a and 20b are displaced a small distance from each
      other in the direction parallel to the axis of shaft 22 so that, during
      each revolution of shaft 22, for example, at a rotational speed of 30
      revolutions per second, heads 20a and 20b will scan slightly spaced apart,
      stripe-like areas of the tape extending thereacross obliquely with respect
      to the longitudinal direction of movement of the tape, for example, the
      stripe-like areas Va and Vb, respectively, shown on FIG. 1.
PAR  The rotation of heads 20a and 20b by motor 23 is synchronized with the
      scanning of document D by camera 10 and also with the rotation of the
      magnetic disk 12a of storing device 12 so that the time for a revolution
      of shaft 22 will correspond to the time for a video signal corresponding
      to the complete document D. As shown on FIG. 4, heads 20a and 20b are
      connected to recording and play-back switch S so that, when the latter is
      in its recording position R, the video signal corresponding to a single
      frame, that is, to the complete document D, will be recorded in the
      stripe-like areas Va and Vb of the tape which are scanned by the heads 20a
      and 20b, respectively.
PAR  As shown on FIG. 1, the magnetic tape T has index signals N.sub.1, N.sub.2,
      N.sub.3 etc., recorded thereon at intervals in the direction of movement
      of the tape and each corresponding to and identifying a video signal
      recorded, or to be recorded, in tracks extending obliquely to the
      direction of tape movement similarly to the stripe-like areas scanned by
      heads 20a and 20b. The video signal recorded in each pair of oblique or
      skew tracks represents one document page or other visual information which
      is to be recorded and then retrieved and displayed at monitor 14. As
      disclosed in my previously mentioned copending application Ser. No.
      591,596, all of the index signals may be the same, in which case each
      video signal is identified by the number of its corresponding index signal
      counted from one end or the other of tape T, and any particular video
      signal can be located merely by moving the tape and counting the index
      signals as reproduced by a fixed magnetic head 24 (FIGS. 3, 4 and 5) until
      the number of such signals corresponds to that of the index signal
      identifying the desired video signal. As shown on FIG. 4, the tape T may
      be moved in either direction by means of a capstan 25 cooperating with a
      pinch roller 26 and being driven by a motor 27 under the control of a
      control circuit 28. The index or address signals on tape T, as reproduced
      by head 24, are detected by a circuit 29 and converted into a suitable
      wave form by a circuit 30 before being fed into control circuit 28. The
      control circuit 28 also receives, at a terminal 31 thereof, a suitable
      request signal corresponding to a selected portion of tape T in which a
      video signal is to be recorded, or from which a video signal is to be
      reproduced. Within control circuit 28, a suitable reversible counter which
      receives the signals from circuit 30 provides a tape position indicating
      signal, and also a comparator circuit which compares such tape position
      indicating signal with the request from terminal 31 and, in dependence on
      their relative magnitudes or other characteristics, issues suitable
      signals for controlling the operation of motor 27. Thus, when a request
      signal corresponding to a particular portion of tape T is fed to control
      circuit 28 and such portion of the tape is not disposed at the recording
      and reproducing station or unit 16, motor 27 is operated to move tape T
      until head 24 detects the index signal which corresponds to the location
      of the desired tape portion at unit 16, whereupon operation of motor 27 is
      halted.
PAR  With the tape thus positioned, motor 23 is operated to cause heads 20a and
      20b to record a video signal in the stripe-like areas Va and Vb of such
      tape portion, when recording is being effected, or to cause the heads 20a
      and 20b to successively reproduce the video signal previously recorded in
      the stripe-like areas Va and Vb of the tape portion then positioned at the
      recording and reproducing station. As previously mentioned, the rotation
      of heads 20a and 20b is synchronized with the operations of camera 10,
      storing device 12 and monitor 14, and such synchronization may be
      conveniently effected by means of synchronizing pulses produced by a
      generator 32 (FIG. 2) which is constituted by a fixed magnet 32a mounted
      for rotation with shaft 22 and a magnetic head 32b which is fixedly
      located adjacent to the circular path of travel of magnet 32a.
PAR  When a video signal previously recorded in stripe-like areas Va and Vb of a
      selected portion of tape T is to be reproduced, tape T is again moved, as
      described above, to locate the selected tape portion at the recording and
      reproducing station, and heads 20a and 20b are rotated with switch S in
      its play-back position P so that the desired video signal, as reproduced
      by heads 20a and 20b is transmitted through a play-back amplifier 33
      either to storing device 12 or directly through demodulator 13 to monitor
      14 for display of the corresponding picture at the monitor. It will be
      apparent that, so long as tape T remains at the selected position and
      heads 20a and 20b are continuously rotated, the video signal recorded on
      the selected portion of the tape will be repetitively reproduced so as to
      provide a constant display of the respective image or picture at monitor
      14. Alternatively, once the reproduced video signal is recorded in storing
      device 12, tape T can be moved from the selected position and the
      reproduced video signal can be repetitively supplied to monitor 14 from
      storing device 12 so as to provide a continuous display of the respective
      image at the monitor.
PAR  In accordance with the present invention, the recording and reproducing
      unit 16 further comprises one or more audio signal magnetic recording and
      reproducing heads, for example, the diametrically opposed heads 34a and
      34b, which are mounted to extend through gap 19a for rotation in a plane
      that extends obliquely with respect to the direction of movement of tape T
      on cylindrical guide assembly 18, and which is parallel to and spaced from
      the plane of rotation of heads 20a and 20b. As shown, heads 34a and 34b
      may be mounted at the ends of a support arm 35 (FIGS. 3 and 5) which, at
      its center is supported on a shaft 36 which is coaxial with cylindrical
      guide assembly 18 and driven by a motor 37. The heads 34a and 34b are
      displaced a small distance from each other in the direction parallel to
      the axis of shaft 36 so that, during each revolution of shaft 36, for
      example, at a rotational speed of 1/20th of a revolution per second, heads
      34a and 34b will scan slightly spaced apart, stripe-like areas of the tape
      extending thereacross obliquely with respect to the longitudinal direction
      of movement of the tape, for example, the stripe-like areas A.sub.a and
      A.sub.b, respectively, shown on FIG. 1.
PAR  The heads 34a and 34b are both selectively connected through a recording
      and play-back switch S.sub.1 either to an amplifier 38 connected to a
      microphone 39 or to an amplifier 40 connected to a loudspeaker 41. Thus,
      when switch S.sub.1 is in its recording position R, heads 34a and 34b are
      made operative to magnetically record audio signals in stripe-like areas
      A.sub.a and A.sub.b, respectively of the tape portion there disposed at
      the unit 16, which signals correspond to sounds picked-up by microphone
      39. On the other hand, when switch S.sub.1 is in its play-back position P,
      heads 34a and 34b are made operative to reproduce the audio signals
      previously recorded in the stripe-like areas A.sub.a and A.sub.b there
      being scanned by such heads, and the reproduced audio signals are
      translated into the corresponding sounds by loudspeaker 41.
PAR  Synchronizing pulses may also be produced by a generator 42 (FIG. 2)
      constituted by a permanent magnet rotated with shaft 36 and a magnetic
      head fixed adjacent the circular path of such magnet to provide a pulse
      during each revolution of the shaft. Such synchronizing pulses from
      generator 42 may be employed to synchronize the recording and reproduction
      of the audio signals during the relatively slow rotation of heads 34a and
      34b with the recording and reproduction, respectively, of the video
      signals during the relatively high speed rotation of heads 20a and 20b.
PAR  By reason of the slow speed rotation of heads 34a and 34b by motor 37,
      sounds of relatively long duration can be recorded in, and reproduced from
      the two stripe-like areas A.sub.a and A.sub.b in each selected portion of
      tape T. Thus, for example, if the tracks or stripe-like areas A.sub.a and
      A.sub.b have a combined length of 50 cm., that is, 25 cm. per track, and
      if shaft 36 rotates at a speed of 1/20th revolution per second, the
      recording speed is 2.5 cm./sec. and the tracks A.sub.a and A.sub.b will
      accommodate a recorded sound having a duration of 20 seconds.
PAR  During the reproduction of sounds of such duration, the video signal
      representing the corresponding picture or visual information is
      repetitively supplied to monitor 14 preferably from storing device 12, or
      alternatively from heads 20a and 20b. In the case where heads 20a and 20b
      are rotated at a speed of 30 revolutions per second and heads 34a and 34b
      are rotated at 1/20th revolution per second, as mentioned above, the video
      signal will be supplied to monitor 14 600 times during the reproduction of
      the sound of 20 seconds duration. Thus, it is preferred that the
      reproduction of the video signal by heads 20a and 20b occur only during a
      single revolution of such heads, with the reproduced video signal being
      recorded in storing device 12 for repetitive supply therefrom to monitor
      14.
PAR  It will be apparent that with the system described above, video signals and
      audio signals corresponding to large numbers of still pictures or visual
      information and related sounds can be recorded on a single tape and
      immediately retrieved for simultaneous reproduction. Such system obviously
      is ideally suited for educational and informational purposes as well as
      for use as an advertising device.
PAR  Although illustrative embodiments of the invention have been described
      herein with reference to the accompanying drawings, it is to be understood
      that the invention is not limited to those precise embodiments and that
      various changes and modifications may be effected therein by one skilled
      in the art without departing from the scope or spirit of the invention as
      defined in the appended claims.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. In a magnetic recording and reproducing system, a magnetic recording
      tape guided for movement in a predetermined path; means for effecting the
      controlled movement of said tape in said path so as to dispose a selected
      portion of the tape at rest at a recording and reproducing station
      adjacent said path, said path including a section at said station where
      said tape is wrapped at least partly around a cylindrical guide surface at
      an angle normal to planes normal to the axis of said surface; two video
      signal magnetic heads mounted at said station diametrically opposed to
      each other and spaced from each other in the direction of said axis; means
      imparting cyclical rotary movement to said heads to move said heads in
      first and second planes normal to said axis and across said path to scan
      repeatedly first and second elongated areas that extend obliquely across
      said selected portion of the tape while the latter is at rest; means to
      operate said heads for selectively recording and reproducing video signals
      in said elongated areas of the tape which are scanned thereby, first and
      second audio signal magnetic heads mounted at said station diametrically
      opposed to each other and axially spaced from each other and from said two
      video signal magnetic heads in the direction of said axis; means operative
      when the tape is at rest to impart cyclical rotary movements to move said
      audio signal magnetic heads in respective third and fourth planes parallel
      to said first and second planes so as to scan third and fourth elongated
      areas of said selected portion which are parallel to, substantially of the
      same length as, and spaced from the first and second elongated areas;
      means to operate said audio signal magnetic heads for selectively
      recording and reproducing audio signals in the third and fourth elongated
      areas scanned thereby; and means synchronizing said cyclical movements of
      said audio signal magnetic heads at a speed of which the speed of said
      cyclical movements of the video signal magnetic heads is a whole multiple,
      whereby during each revolution of said audio signal heads the latter scan
      said third and fourth elongated areas of said selected portion of the tape
      while said video signal magnetic heads repeatedly traverse said first and
      second elongated areas of said selected portion of the tape scanned
      thereby.
NUM  2.
PAR  2. In a magnetic recording and reproducing system, a magnetic recording
      medium guided for movement in a predetermined path, means for effecting
      the controlled movement of said medium in said path so as to dispose a
      selected portion of the medium at rest at a recording and reproducing
      station adjacent said path, at least one video signal magnetic head
      mounted at said station, means imparting cyclical movements to said head
      across said path to repeatedly scan an elongated area of said selected
      portion of the medium while the latter is at rest, means to operate said
      head for selectively recording and reproducing video signals in said
      elongated area of the medium which is scanned thereby, at least one audio
      signal magnetic head mounted at said station and being spaced axially from
      said video signal magnetic head, means operative when the medium is at
      rest to impart cyclical movements to said audio signal magnetic head
      parallel to said cyclical movements of said video signal magnetic head so
      as to scan an elongated area of said selected portion which is parallel
      to, substantially of the same length as, and spaced from the first
      mentioned elongated area, and means to operate said audio signal magnetic
      head for selectively recording and reproducing audio signals in the
      elongated area scanned thereby, means synchronizing said cyclical
      movements of said audio signal magnetic head at a speed of which the speed
      of said cyclical movements of the video signal magnetic head is a whole
      multiple, whereby to permit the recording in the area of said selected
      portion of the medium scanned by said audio signal magnetic head of audio
      signals representing sounds of substantial duration while said video
      signal magnetic head repeatedly traverses the area of said selected
      portion of the medium scanned thereby; said system further comprising a
      storing device operable selectively to record video signals reproduced by
      said video signal magnetic head during one traverse by the latter of said
      area of the selected portion of said medium scanned by said video magnetic
      head and to continuously reproduce the video signals recorded by said
      storing device, and visual display means operable by said video signals
      continuously reproduced by said storing device for displaying the
      corresponding visual information during said duration of the sounds
      represented by the audio signals being reproduced by said audio magnetic
      head.
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ABST
PAL  The invention provides an apparatus for controlling the rotation of a
      rotating body in a recording and/or reproducing apparatus. First, the
      apparatus detects the rotational speed of the rotating body, as it is
      driven by a DC motor. Detection is in terms of a frequency which is n
      times the speed, in which n&gt;&gt; 1. Second, there is a detection of the
      rotational phase of the rotating body. The DC motor is driven to rotate in
      accordance with a controlling signal obtained by using first and second
      output error signals responsive to the first and second detections. The DC
      motor is driven by means for superimposing an AC signal generated with a
      constant period and the first and second output error signals. The
      superimposed signals are sliced at a predetermined level to perform "ON" -
      "OFF" operations and a smooth output to control the driving rotation of
      the DC motor.
BSUM
PAC  BACKGROUND OF THE INVENTION
PAR  This invention relates to an apparatus for controlling the rotation of a
      rotating body in a recording and/or reproducing apparatus, and more
      particularly to an apparatus for controlling the rotation of a direct
      current motor used to drive rotating heads or a capstan in the
      recording/reproducing apparatus. The motor is so controlled that the
      rotational speed and the rotational phase of the rotating heads or a
      capstan become and remain constant.
PAR  The present invention is one relating to and improving the invention
      described in a copending U.S. Pat. application Ser. No. 379,855,
      "APPARATUS FOR CONTROLLING ROTATION OF ROTATING BODIES AT CONSTANT SPEED"
      filed on July 16, 1973, now abandoned.
PAR  Various proposals have heretofore been made for a so-called head servo
      system. These systems control the rotation of rotating heads for
      recording/reproducing video signals on/from a magnetic tape. Or, a
      so-called capstan servo system controls the rotation of a capstan for
      driving a magnetic tape and causing it to travel in a
      recording/reproducing apparatus. In all apparatus based on these
      previously proposed systems, however, the control circuits tend to become
      complex and large, and large amounts of electric power are consumed. It
      has been difficult to realize in practice a device which has a miniature
      and simple circuit organization and, moreover, is capable of controlling
      rotation with a high degree of accuracy.
PAR  On one hand, there has recently been a great effort to miniaturize
      apparatus for magnetic recording and/or reproducing of video signals. The
      recent trend has been toward a wide use of a apparatus of portable and
      very small type in which a magnetic tape is accommodated within a
      cartridge. The power source is self contained within the apparatus.
PAR  Accordingly, there is great demand for the practical realization of a
      rotation control system and apparatus suitable for video-signal recording
      and/or reproducing apparatus, particularly of the above mentioned portable
      type.
PAC  SUMMARY OF THE INVENTION
PAR  Accordingly, it is a general object of the present invention to provide a
      novel and useful apparatus for controlling the rotation of rotating heads
      or a capstan, in which the above described requirements are fulfilled.
PAR  More specifically, an object of the invention is to provide an apparatus
      for controlling the rotation of a DC motor, to in turn control the
      rotational speed and the rotational phase of rotating heads or a capstan
      in a recording/reproducing apparatus. The apparatus has such a simple
      circuit construction that driving transistors of the driving amplifier of
      the motor carry out a switching operation therefore, the heat loss of the
      transistors is very small. The apparatus of the present invention is
      especially suitable for miniature magnetic recording/reproducing apparatus
      of types such as the portable types.
PAR  Another object of the present invention is to provide an apparatus for
      controlling the rotation of a DC motor here, the apparatus comprises a
      constant-speed rotation control system having rotation frequency detecting
      means capable of detecting the rotational speed of a rotating body with a
      high frequency which is n times (where n &gt;&gt; 1) and a constant-phase
      rotation control system having rotational phase detecting means.
PAR  A further object of the invention is to provide a rotation control
      apparatus of a simple construction which does not require an amplifier for
      adding the rotation frequency error output and the rotation phase error
      output.
PAR  Other objects and further features of the present invention will be
      apparent from the following detailed description with respect to preferred
      embodiments of the invention when read in conjunction with the
      accompanying drawings.
DRWD
PAC  BRIEF DESCRIPTION OF THE DRAWINGS
PAR  In the drawings:
PAR  FIG. 1 is a schematic diagram of a head servo system as one embodiment of
      the apparatus for controlling the rotation of a rotating body according to
      the invention;
PAR  FIG. 2 is a schematic circuit diagram indicating the details of the
      portions of a rotation detecting device, a tuning type amplifier, and a
      frequency discriminator;
PAR  FIGS. 3 (A) through 3 (I) are respectively schematic diagrams of signal
      waveforms for illustrating the operation of a frequency discriminator;
PAR  FIGS. 4 (A) through 4 (E) are respectively diagrams of signal waveforms for
      illustrating the operation of a constant phase controlling system;
PAR  FIG. 5 is a circuit diagram showing one embodiment of a circuit
      incorporating the portions of an adding amplifier and a motor driving
      amplifier;
PAR  FIG. 6 is a circuit diagram of another embodiment of a circuit
      incorporating the portions of an adding amplifier and a motor driving
      amplifier;
PAR  FIG. 7 is a schematic diagram of a head servo system, as a second
      embodiment of the rotation controlling apparatus according to the
      invention;
PAR  FIG. 8 is a circuit diagram of one embodiment of a circuit incorporating
      the portions of a phase comparator, a phase shifter, and a phase
      compensator shown in FIG. 7;
PAR  FIG. 9 is a signal waveform chart of a trapezoidal wave;
PAR  FIGS. 10 (A) through 10 (H) are signal waveform charts for the illustration
      of the operation of the phase shifter shown in FIGS. 7 and 8;
PAR  FIG. 11 is a schematic diagram of a head servo mechanism as a third
      embodiment of the rotation controlling apparatus according to the
      invention;
PAR  FIG. 12 is a graph indicating phase characteristics of the phase shifter in
      the frequency discriminator shown in FIG. 11;
PAR  FIG. 13 is a graph indicating inductance-versus-current characteristics of
      a coil of a phase shifter;
PAR  FIG. 14 is a schematic diagram of a capstan servo system as a fourth
      embodiment of the rotation controlling apparatus according to the
      invention; and
PAR  FIG. 15 is a circuit diagram of one embodiment of a circuit incorporating a
      portion of the capstan servo system.
DETD
PAC  DETAILED DESCRIPTION
PAR  Referring first to FIG. 1, a direct-current (DC) motor 10 is to be
      controlled by the apparatus of the present invention. Motor 10 has a rotor
      shaft supporting fixedly a pulley 11, which is coupled to another pulley
      12 by an endless belt 13 stretched therearound. The pulley 12 is adapted
      to rotate unitarily and coaxially with a head plate 14 carrying rotating
      magnetic heads 15, for recording/reproducing video signals on/from
      magnetic tape (not shown), and also to rotate with an inner gear 16a of a
      rotation detecting device 16.
PAR  The rotation detecting device 16, as indicated in FIG. 2, comprises the
      pulley 12, the inner gear 16a unitarily rotatably with the head plate 14,
      and stationary outer gear 16b encompassing the inner gear 16a. Gears 16a
      and 16b are spaced apart by a small gap which does not cause obstruction
      of the rotation of the inner gear 16a. The outer periphery of the inner
      gear 16a, which is an external gear, and the inner periphery of the outer
      gear 16b, which is an internal gear, are respectively provided with
      n.sub.1 teeth and have therebetween an electrostatic capacitance C.sub.o.
PAR  When the inner gear 16a and the head plate 14 rotate together through one
      revolution, the electrostatic capacitance C.sub.o varies sinusoidally
      n.sub.1 times. Therefore, when the head plate 14 and the inner gear 16a
      rotate with a frequency n.sub.2, the electrostatic capacitance C.sub.o
      varies with a frequency
EQU  f.sub.o = n.sub.1 .times. n.sub.2, (Hz)
PAL  The capacitance is represented as follows;
EQU  C.sub.o = C + .DELTA. Csin2.pi.f.sub.o t.
PAR  The rotating inner gear 16a is grounded (connected to earth), while the
      stationary outer gear 16b is connected to a tuning type amplifier 17.
      Variations in the frequency f.sub.o of the electrostatic capacitance are
      detected by the tuning type amplifier 17. As a resultant effect, the
      rotational speed of the head plate 14 (i.e., that of the rotating heads)
      is detected. The output of the amplifier 17 is supplied through a limitter
      18 to a frequency discriminator 19. Discriminator 19 thereupon produces an
      error voltage signal corresponding to the variations in the rotational
      speed of the head plate 14. The output of the frequency discriminator 19
      is supplied to one of input terminals of the adding amplifier 20.
PAR  On the other hand, the above described pulley 12, has permanent magnets 22a
      and 22b diametrically affixed thereto at an angle of 180.degree.. A
      detecting head 23 is located in a position opposite to the magnets 22a and
      22b. Accordingly, pulses are produced by the detecting head 23 in the
      ratio of two pulses for one rotation of the head plate 14. The detected
      pulses produced by the detecting head 23 are applied to a rectangular wave
      generator 24 for generating a rectangular wave. The rectangular wave
      output is supplied to a trapezoidal wave generator 25, and converts it
      into a trapezoidal wave that it thereafter supplied to a phase comparator
      26.
PAR  The phase comparator 26 is supplied with a reference signal from a terminal
      27 to sample the above-mentioned trapezoidal. For the reference signal, a
      signal of 30 Hz is obtained by dividing in half the frequency of the
      vertical synchronizing signal of the recording video signal, which is used
      during the recording time. During the reproducing, a control signal is
      reproduced from a tape. The output error signal of the phase comparator 26
      is applied to the other input terminal of the above-mentioned adding
      amplifier 20 through a compensating circuit 28.
PAR  In the adding amplifier 20, a signal from the frequency discriminator 19
      and a signal from the compensating circuit 28 are added and combined. The
      resultant output signal is amplified through a driving amplifier 21 and to
      the DC motor 10, to drive and control the rotation thereof.
PAR  In the above-mentioned block diagram, a loop is formed through the rotation
      detecting device 16, the tuning type amplifier 17, the limiter 18, the
      frequency discriminator 19, and the adding amplifier 20. This loop
      constitutes a constant rotation speed control system to maintain the
      rotation of the rotary head 15 at constant speed. On the other hand, a
      loop formed through the detecting head 23, the rectangular wave generator
      24, the trapezoidal wave generator 25, the phase comparator 26, the
      compensating circuit 28, and the adding amplifier 20 constitutes a
      constant phase control system, to maintain constant the rotational phase
      of the rotary head 15.
PAR  Next, the circuit construction and its operation, incorporating the
      portions of the above-mentioned controlling systems, are described.
PAR  FIG. 2 shows one embodiment of a practical construction of the
      above-mentioned rotation detecting device 16, the tuning type amplifier
      17, and the frequency discriminator 19. The gate of a field-effect
      transistor (FET) X is connected to the aforementioned outer gear 16b. The
      source thereof is grounded by way of a resistor R4 and a by-pass capacitor
      C2. Accordingly, a variation in the above mentioned capacitance C.sub.o is
      applied across the gate and source of the transistor X. The voltage of a
      power supply +B is divided by resistors R2 and R3 and applied to the gate
      of the transistor X via a resistor R1 having a sufficiently high
      resistance value (more than 1M.OMEGA.). A tank circuit comprising a coil
      L1 and a capacitor C1 is connected to the drain of the transistor X. The
      constants of the elements of this tank circuit are selected to provide a
      resonance frequency equal to the aforementioned frequency f.sub.o.
PAR  For the sake of convenience and clarity in description, it will be assumed
      that a variable capacitance element of an electrostatic capacitance
      C.sub.o exists, and that a constant DC voltage e.sub.o is being applied to
      a series circuit comprising the variable capacitance C.sub.o and the
      resistor R1. If the capacitance C.sub.o is constant, the capacitance
      element will be charged to the capacitance C.sub.o. The terminal voltage
      rises to e.sub.o, and a charge Q is accumulated in the capacitance element
      C.sub.o. However, even if the capacitance value of the variable
      capacitance C.sub.o varies, the charge Q accumulated in this element
      cannot suddenly change. Since the relationship V = Q/C.sub.o is valid, in
      general, the voltage V varies with a change in the capacitance C.sub.o.
PAR  This voltage V is applied on the gate of the FET transistor X. Since a
      resonance circuit is connected to the drain side of the transistor X, the
      voltage V is amplified when its change frequency is close to the resonance
      frequency of the resonance circuit. The variation frequency of the
      capacitance C.sub.o appears as a voltage between the drain of the
      transistor X and ground.
PAR  In the circuit of the above described organization, the electrostatic
      capacitance C.sub.o varies at a certain frequency in response to a
      rotation of the head plate 14. An output signal e.sub.o is obtained from
      the terminal 20 of the drain of the transistor X, only when the rotational
      frequency coincides with a specific frequency band having, as its central
      value, the resonance frequency f.sub.o of the above mentioned tank
      circuit. Accordingly, this means that the tuning type amplifier 17 has a
      detection characteristic which is determined by the resonance
      characteristic of the mechanical system and by the resonance
      characteristic of the tank circuit. For this reason, if there is a mixture
      of external disturbance (such as noise or hum) in the input, the output
      signal will not be impaired thereby. Thus, the tuning type amplifier 17 is
      capable of detecting the rotational speed n.sub.2 (Hz) of the head plate
      14, as an electrical signal which is n.sub.1 times higher than a frequency
      f.sub.o, this number n.sub.1 being determined by the number of teeth of
      the gears 16a and 16b.
PAR  The output signal e.sub.o from the output terminal 20 of the above
      described tuning type amplifier 17 is applied to an input terminal 30 of
      the frequency discriminator 19. The signal is also applied directly to one
      input terminal of a NAND circuit 31 and, at the same time, is applied by
      way of a phase shifter 32 to the other input terminal of the NAND circuit
      31. Simultaneously, the signal introduced through the input terminal 30 is
      applied by way of a phase inverting circuit 33 on one input terminal of a
      NAND circuit 35. At the same time, the signal is applied through a phase
      shifter 32 and a phase inverting circuit 34 on the other input terminal of
      the NAND circuit 35. The outputs of these NAND circuits 31 and 35 pass
      through a filter 36 and an output terminal 37, as an output signal voltage
      Vo.
PAR  Phase shifter 32 operates, with the frequency f.sub.o as a reference, to
      produce a lag in phase with respect to an input signal of a frequency
      higher than f.sub.o and to produce an advance in phase with respect to an
      input signal of a frequency lower than frequency f.sub.o.
PAR  Here, for convenience in description, it will be assumed that the input
      signal e.sub.o has a rectangular waveform of a frequency f.sub.o, as
      indicated in FIG. 3 (A). Signal e.sub.o is phase shifted, as indicated in
      FIG. 3 (C), by the phase shifter 32. At this time, the signals indicated
      in FIGS. 3 (A) and 3 (C) are applied on the NAND circuit 31. Signals of
      rectangular waveform as indicated in FIGS. 3 (B) and 3 (D), resulting from
      an inversion of the signals shown in FIGS. 3 (A) and 3 (C), are applied on
      the NAND circuit 35. Therefore, a signal resulting from the combination of
      the outputs of these two NAND circuits has a rectangular waveform as
      indicated in FIG. 3 (E). This signal is smoothed by the filter 36 and is
      led out through the output terminal 37, as an output error signal Vo.
PAR  If the rotational speed of the heads 15 should rise above the normal speed,
      the frequency of the input signal e.sub.o of the frequency discriminator
      19 becomes higher than the central reference frequency f.sub.o. The output
      of the phase shifting circuit 32 lags in phase by .phi. in accordance with
      the circuit 32 characteristic and becomes a signal as indicated in FIG. 3
      (F). Consequently, the combined output of the NAND circuits 31 and 35 have
      a waveform as indicated in FIG. 3 (G) with a pulse width which is narrower
      than the width shown in FIG. 3 (E). For this reason, the direct-current
      error signal obtained by smoothing the signal indicated in FIG. 3 (G) will
      be smaller than that in the normal state. On the other hand, if the
      rotational speed of the heads 15 should become slower than the normal
      speed, the input signal e.sub.o will be advanced in phase by .phi. as
      indicated in FIG. 3 (H). The combined output of the NAND circuits 31 and
      35 will assume a waveform of broad pulse width as indicated in FIG. 3 (I).
      For this reason, the direct-current error signal produced by smoothing
      this signal shown in FIG. 3 (I) will become large.
PAR  Therefore, output error signal Vo has a magnitude inversely proportional to
      the frequency of the input signal e.sub.o owing to the above described
      frequency discriminator 19.
PAR  With respect to the constant phase controlling system, a description is
      made with reference to FIGS. 4 (A) through 4 (E).
PAR  FIG. 4 (A) shows a pulse picked up by the detecting head 23. The
      rectangular wave generator 24 converts this pulse into a rectangular wave,
      shown in FIG. 4 (B) by a regular bistable multi-vibrator which may be
      employed for this rectangular wave generator 24. The above-mentioned
      rectangular wave is applied to the trapezoidal wave generator 25 and
      thereby converted into the trapezoidal wave shown in FIG. 4 (C).
PAR  This trapezoidal wave is supplied to the phase comparator 26 and then
      sampled responsive to the reference pulse, FIG. 4 (D), applied through the
      terminal 27. Here, with respect to the reference pulse, a vertical
      synchronizing signal derived from the recording video signal is used in
      the recording time. In the reproducing time, a control signal is
      reproduced from the magnetic tape. As a result, a pulse has a wave value
      proportional to the advance or lag of the reference pulse as compared to
      the phase of the pulse detected from the detecting head 23. This pulse may
      be withheld until a subsequent pulse may appear, whereby a phase
      comparator error output signal is obtained as shown in FIG. 4 (E). This
      phase comparator error output signal is a DC signal of a magnitude
      corresponding to the rotational phase of the rotary head 15.
PAR  The phase compared error output voltage shown in FIG. 4 (E) becomes higher
      when the phase of the rotary head 15 advances more than the phase of the
      reference pulse. Inversely, it becomes lower when it lags more than the
      phase of the reference pulse. This error output signal voltage corresponds
      to the rotational phase of the rotary head 15 and is supplied to the
      above-mentioned adding amplifier 26.
PAR  With reference to FIG. 5, a first embodiment of the circuit incorporating
      the above-mentioned adding amplifier 20 and the driving amplifier 21 will
      now be explained. This embodiment of the motor driving amplification
      circuit 21 comprises, essentially, an AC signal generating circuit 211 for
      generating an AC signal of constant period and constant amplitude. A
      switching amplification circuit 212 produces an output voltage,
      proportional to the DC input voltage as it causes the drive transistors
      Tr16 and Tr17 to perform a switching operation.
PAR  In the AC signal generating circuit 211, the base of a transistor Tr11 is
      biased by resistors R11 and R12. A resistor R13 is connected to the
      emitter of transistor Tr11. A parallel circuit of a coil L1 and a series
      of capacitors C11 and C12 are connected to the collector of this
      transistor. The junction point between the capacitors C11 and C12 is
      connected to the emitter of the transistor and to the base of a transistor
      Tr15, by way of a resistor R21 and a capacitor C13. Accordingly, a
      specific AC signal (a sinusoidal wave, as in the instant example, a
      sawtooth wave, a triangular wave, or the like) is generated in this AC
      signal generating circuit 211 and has a constant period, a constant
      amplitude, and a sloped part. This AC signal is applied to the base of the
      transistor Tr15.
PAR  On one hand, the input control signal V1, from the frequency discriminator
      19, is applied through a terminal 40 to the base of a transistor Tr12 of
      the adding amplifier 20. The emitter of this transistor Tr12 is connected
      by way of a resistor R15 to the emitter of a transistor Tr13. The
      collector output of the transistor Tr12 is applied to the base of a
      transistor Tr14. The phase error signal V2 passed from the phase
      comparator 26 through the compensating circuit 28 is applied on the base
      of the transistor Tr13 through a terminal 41. A resistor R16 is connected
      to the emitter of the transistor Tr13. The emitter of the transistor 14 is
      connected by way of a resistor R18 to a terminal 43 of an operation power
      source V.sub.B2. A resistor R19 is connected to the collector of the
      transistor Tr14. The control input signal is further amplified by this
      transistor Tr14 and applied through a resistor R20 to the base of
      transistor Tr15.
PAR  The terminal voltage of the DC motor 10 is applied, as a negative feedback,
      through resistor R17 to the emitter of the transistor Tr12 of the adding
      amplifier 20 and, further, by way of the resistor R15 to the emitter of
      the transistor Tr13.
PAR  The operations of the circuits of the above described organizations will
      now be described.
PAR  A slicing means acts upon the error signals respectively applied to the
      bases of the transistors Tr12 and Tr13. These signals are are added and
      amplified by the adding amplifier 20, whereby the output voltage V3
      appears across the resistor R19. This output voltage V3 becomes high (or
      low) when the above-mentioned first error voltage V1 is high (or low).
      When the second error voltage V2 is high (or low), the voltage V3 becomes
      low (or high).
PAR  A combined signal is applied to the base of the transistor Tr15. This
      signal is a superimposition of a sinusoidal wave of a constant
      amplification Ao and a control input signal V3 amplified by the adding
      amplifier 20. The transistor Tr15 switches "ON" when this combined signal
      becomes greater than the slicing level Vs, as determined by the emitter
      potential of the transistor Tr6 fixed by resistors R22 and R24 and the
      capacitor C14. A current then flows through the transistor Tr15 becomes
      "ON", and a current flows through a terminal 42 of an operation power
      source V.sub.B1, by way of a resistor R23, and through the transistor
      Tr15.
PAR  For this reason, the terminal voltage of the resistor R23 is applied to the
      transistor Tr16 and Tr17, connected in a Darlington connection. Both of
      these transistors switch "ON" . A rectangular waveform voltage
      substantially equal to the voltage of the operation power source V.sub.B1
      appears at the collector of the transistor Tr17. This voltage is supplied
      to the DC motor 10, after being smoothed by a smoothing circuit comprising
      a coil L2 and a capacitor C15.
PAR  When the control voltage V3 becomes larger the interval during which the
      slicing level Vs is exceeded also becomes longer. The output voltage
      pulses of the transistors Tr16 and Tr17 also increase in width.
      Consequently, the DC output voltages obtained by smoothing these voltages
      also becomes higher than their normal values. On the other hand, when the
      control input signal becomes smaller, the period during which the slicing
      level Vs is exceeded becomes shorter. And the output voltage pulses of the
      transistors Tr16 and Tr17 also become smaller in width. Consequently, the
      DC output voltages obtained by smoothing these voltages also become lower
      than normal. Thus, a DC voltage, in proportion to the control voltage V3,
      is obtained as the output voltage of the switching amplification circuit
      212, despite the switching of the driving transistors Tr16 and Tr17.
PAR  The entire circuit is arranged as a negative feedback amplifier, controlled
      by nagatively feeding back the output of the switching amplification
      circuit 212 to the adding amplifier 20. The amplification gain of the
      entire circuit is determined solely by the feedback ratio. The fluctuation
      of the power source voltage V.sub.B1 has no effect. Furthermore, the gain
      adjustment is easy, since it is determined by selection of the values of
      the resistors R17 and R15.
PAR  When the rotational phase of the rotary head 15 is synchronized with the
      reference signal and the rotational phase of the rotary head 15 is slowed
      by disturbances such as, for example, variations of a load torque, the
      phase error output voltage V2 becomes lower and the output voltage V3 of
      the adding amplifier 20 becomes larger. Accordingly, at this time, the
      output of the driving amplifier 21 becomes larger to accelerate the DC
      motor 10 and rotation of the rotary head 15. Then, the constant speed
      controlling system damps the operation of the constant phase controlling
      system, which tends to accelerate the rotary head 15, and thereby, improve
      the damping characteristics of the constant phase controlling system.
PAR  Inversely to the above-mentioned case, if the phase of the rotary head 15
      is advanced by disturbances, the phase control is carried out and the
      damping characteristics are improved. As the result, the present invention
      synchronizes the rotary phase of the rotary head 15 with respect to the
      reference signal.
PAR  Next to be described is a second embodiment of a circuit incorporating the
      adding amplifier 20 and the driving amplifier 21, as shown in FIG. 6. In
      the same figure, identical numerals indicate the identical parts, as in
      the circuit shown in FIG. 5, and the description thereof is omitted.
PAR  The collector output of the transistor Tr15 (in the rectangular wave
      approximate to the trapezoidal wave) is amplified by way of the transistor
      Tr21, and formed into a rectangular wave having a rising edge with a rise
      time which is less than 1 .mu.sec. The output rectangular wave is applied
      to the bases of the transistors Tr22 and Tr23. When the collector output
      of the transistor Tr21 reaches a high level, the transistor Tr22 switches
      "ON" and the transistor Tr21 switches "OFF". On the other hand, when the
      collector output of the transistor Tr21 reaches at low level, the
      transistor Tr22 switches "OFF" and the transistors Tr23 and Tr24 switch
      "ON". The above-mentioned inverse operation is carried out for every one
      cycle of the described output rectangular wave.
PAR  By the "ON" or "OFF" operation of the transistor Tr22, power source voltage
      is passed in the rectangular waveform. This voltage is rectified and
      smoothed by way of the rectifying and smoothing circuit consisting of the
      coil L2 and the capacitor 15. Then, the smoothed voltage is applied to the
      DC motor 10. The transistors Tr23 and Tr24 are connected so that the speed
      reducing characteristics may be improved by way of shortcircuiting
      (through the coil L2) the two terminals of the motor 10 at the time of
      reducing the speed of the motor 10.
PAR  A second embodiment of the apparatus according to the invention will be
      described with reference to FIGS. 7 through 10.
PAR  In FIG. 7, identical numerals are used to identify the identical parts in
      the block diagram of FIG. 1, and therefore the detailed description
      thereof is omitted. One embodiment of the circuit incorporating the
      portions of the phase shifter 50, the phase comparator 26, and the phase
      compensating circuit 28 of FIG. 7 is shown in FIG. 8.
PAR  The trapezoidal wave has an inclination in the rising portion. This wave is
      generated by the trapezoidal wave generator 25 and is applied through a
      terminal 51 onto the collector of a transistor Tr31 in the phase
      comparator 26.
PAR  On the other hand, the reference signal is applied from the terminal 27 to
      the base of the transistor Tr34 of the phase shifter 50. In the phase
      shifter 50, the transistors Tr34 and Tr35 constitute a monostable
      multi-vibrator and generate a pulse at a constant time interval, when a
      reference pulse is applied from the terminal 51. This output pulse is
      differentiated by the capacitor C21 and then applied to the base of the
      transistor Tr31 in the phase comparator 26. As the result, the trapezoidal
      wave applied to the collector of the transistor Tr31 is sampled responsive
      to the signal applied to the base thereof. This sampling output sampling
      is held in the capacitor C24 until a subsequent sampling time point is
      reached. Therefore, the signal detected through the field-effect
      transistor (FET) Tr32 becomes a DC signal, whereby the DC signal is led
      out from the terminal 52 and supplied to the adding amplifier 20.
PAR  Normally, in the constant phase controlling system, the pulling-in range
      for synchronizing is smaller than the holding range. As a principle, this
      pulling-in range for synchronizing is determined by the cut-off frequency
      .omega.c of the frequency characteristics in the linear range of the
      controlling system, i.e., in the rising portion of the trapezoidal wave as
      above described. Practically, however, the cut-off frequency .omega.c of
      the controlling system is mostly determined by the DC motor 10 and
      characteristics of its mechanical load. Ordinarily it is very low. As a
      result, when the pulling-in range is small and the reference signal and
      the center frequency .omega.o are deviated greatly from each other, the
      constant phase controlling system produces a hunting phenomenon and the
      synchronization is not achieved.
PAR  To solve this problem, the apparatus of this embodiment provides for a
      feedback from the output of the transistor Tr32 in the phase comparator 26
      through the capacitor C22 to the base of the transistor Tr34 of the phase
      shifter 50.
PAR  Now, it will be assumed that the deviation of the reference signal from the
      center frequency of the controlling system is larger than the cut-off
      frequency of the constant phase controlling system. The controlling system
      is in a non-synchronized condition which causes a hunting phenomenon. At
      this time, the trapezoidal wave signal generated by the trapezoidal wave
      generator 25 is as shown in FIG. 9. The phase comparator 26, applies this
      signal to a random sampling in the parts .theta.b1 and .theta.b2 except in
      its rising part .theta.a. Since the waveform parts .theta.b1 and .theta.b2
      have no phase comparison functions, the phase controlling operation is not
      carried out. Then, the adding amplifier 20 adds the rectangular wave
      similar to the trapezoidal wave and varies in response thereto the
      rotation of the DC motor 10 is varied.
PAR  In the apparatus of the invention, the phase comparator 26 feeds back a
      signal to the phase shifter 50, whereby the apparatus operates as follows.
PAR  If the output of the phase comparator 26 varies stepwise in the positive
      (or negative) direction, the variation of the output is fed back through
      the capacitor C22 to the phase shifter 50. Thus, the amount of phase shift
      T2 of the phase shifter 50 becomes small (or large), as shown by T'2 (T"2)
      in FIG. 10 (B). If the rotational speed of the rotary head 15 is slow (in
      comparison with the frequency of the reference signal shown in the FIG. 10
      (A)), there is a long time of sampling at the full part of the output
      pulse of the phase shifting amplitude T"2. That is, the time period of
      sampling in the flat portion .theta.b1 of the trapezoidal wave shown in
      the FIG. 10 (C) becomes long.
PAR  Therefore, the signal of the rectangular waveform of the output of the
      phase comparator 26 becomes large in the part of the sampling level in the
      flat portion .theta.b1 of the trapezoidal wave. The electrical potential
      of the capacitor C23 in the phase compensating circuit 28 is accordingly
      diminished so that the rotation of the DC motor 10 is accelerated, as
      shown by the length of the arrow line in FIG. 10 (D). Thus, the rotational
      speed of motor 10 gradually increases. As the frequency difference between
      the reference signal and the rotation approximates the cut-off frequency
      .omega.c in the linear area of the controlling system, the phase control
      is started again, and the synchronization is carried out.
PAR  In a similar manner, when the rotational speed of the rotary head 15 is
      higher with respect to the reference signal shown in FIG. 10 (E), the time
      period of sampling becomes longer, as shown by the width T'2 in the FIG.
      10 (F). That is, the time period of sampling part .theta.b2, FIG. 10 (G),
      becomes longer. Therefore, the mean voltage of the capacitor C23 in the
      compensating circuit 28 becomes high and the rotational speed of the
      rotary head 15 becomes low. That is to say, the sampling level in the part
      .theta.b1 will act to accelerate the rotation of the rotary head 15 as
      shown by the arrow (pointing rightward) in FIG. 10 (G). The sampling level
      in the part .theta.b2 will act so that it may decelerate the rotation of
      the rotary head 15 as shown by by the arrow (pointing leftward) in the
      FIG. 10 (G). As described above, however, since the time of sampling in
      the part .theta. b2 becomes longer, the sampling level will act to
      decelerate the rotation of the rotary head 15, as shown totally in the
      FIG. 10 (H). The rotational speed of the rotary head 15 becomes gradually
      lower and the frequency difference of the rotation of the rotary head and
      the reference signal approximates the cut-off frequency, whereby the phase
      control action starts and the synchronization is carried out.
PAR  Thus, by adding the reference signal in the phase comparator 26 through
      capacitor C22 to the phase shifter 50 in an AC manner, a rapid
      synchronization is enabled even when there is a great deviation between
      the frequency of the reference signal and the rotational speed of the
      rotary head 15. Since the phase shifter 50 and the phase comparator 26 are
      connected through the capacitor C22, the DC gain of the constant phase
      controlling system is determined by the inclination of the trapezoidal
      wave.
PAR  Next, a third embodiment of the apparatus (FIGS. 11-13) of the invention
      will be described. FIG. 11 shows a block diagram partly incorporating the
      circuits of the third embodiment of the apparatus according to the
      invention. In the drawings, identical numerals are used to identify
      identical parts, as shown in the block diagrams of FIGS. 1 and 7, and the
      detailed description thereof is therefore omitted.
PAR  In the present embodiment, the output signal of the phase compensating
      circuit 28 is supplied to the phase shifter 61 of the frequency
      discriminator 19.
PAR  Now, it will be assumed that the rotational phase of the rotary head 15 is
      slowed by a disturbance in the synchronization of the rotational phase of
      the rotary head 15, with respect to the reference signal. Then, the phase
      compared error signal of the phase comparator 26 becomes smaller and the
      voltage applied in the emitter of a transistor Tr41 of a phase shifter 61
      also becomes smaller. Accordingly, the collector current of the transistor
      Tr41, (i.e., the current flowing to a coil L11) becomes larger. As the
      current becomes larger at this time, the inductance of the coil L11
      becomes smaller as will be apparent from the indication of FIG. 13.
PAR  As a result, the phase characteristics of the phase shifter 61 varies and
      the amount of the phase-shift becomes smaller as may be apparent from the
      indication of FIG. 12. The output of the frequency discriminator 19,
      (i.e., the DC error signal) becomes larger. Therefore, the DC motor 10 is
      accelerated and the rotational speed of the rotary head 15 becomes faster,
      whereby the rotary head 15 again returns to the synchronized condition.
PAR  The above description refers particularly to the case in which the phase of
      the rotary head 15 lags with respect to the phase of the reference signal.
      It will be readily understood that, in a more advance state of phase, the
      rotary head can easily move back into synchronization, as described above.
PAR  According to the apparatus of this embodiment, the adding amplifier in the
      apparatus of the above-mentioned embodiments may not be necessary.
PAR  FIG. 14 shows a schematic block diagram of a capstan servo system, as a
      fourth embodiment of the apparatus of this invention. In the same figure,
      identical numerals are used for the identical parts or for the parts
      having an identical function, and therefore the detailed description
      thereof is omitted.
PAR  In this embodiment, the DC motor 10 is used for driving the capstan. The
      rotation of the DC motor 10 is transmitted through the pulley 11, the belt
      13, and the pulley 12 to a capstan 72, which integrally rotates with the
      pulley 12 and a flywheel. The capstan 72 cooperates with a pinch roller 73
      and causes the transportation of a magnetic tape 74. The head plate 14
      with the rotary head 15 is rotated by the DC motor, having a constant
      speed rotation control device. The permanent magnets 22a and 22b are fixed
      to a rotating disc 76 rotated by a motor 75.
PAR  In the control track of the magnetic tape 74 is recorded a vertical
      synchronizing signal, separated from a video signal during the recording
      time. This control signal is reproduced by a control head 77, during the
      reproducing time. A control pulse reproduced from the head 77 is amplified
      by a pulse amplifier 78, rectified in the waveform, and supplied to the
      phase comparator 26. A signal from the detecting head 23, indicates the
      rotation of the DC motor 75. This signal is applied to the rectangular
      wave generator 24. Also, a signal associated with the rotation of the
      capstan 72 is led out from the rotation detecting device 16. This signal
      is supplied to the tuning type amplifier 17. Output of the motor driving
      amplifier 21 is applied to the DC motor 10 so that the rotational speed
      and the rotational phase of the capstan 72 are controlled.
PAR  If a control signal does not exist in the control track of the magnetic
      tape, because it has already been erased, the rotation of the capstan is
      totally disturbed. One embodiment of the circuit for solving this problem
      is shown in FIG. 15. According to the circuit of this embodiment, as the
      control signal is not reproduced from the magnetic head 77, a constant
      voltage is applied on an input terminal of the phase comparison error
      signal of the adding amplifier 20 to maintain a constant rotational speed
      of the capstan.
PAR  Where the reproducing control signal does not exist, there is no output in
      the phase comparator 26 and accordingly no input in a terminal 81.
      Oscillation of a monostable multi-vibrator 82 (which consists of
      transistors Tr51 and Tr52) should stop. The transistor Tr51 is in the
      "OFF" state, and its collector voltage becomes one equal to a power source
      voltage. On the other hand, the input side of the adding amplifier 20 of
      the phase comparison error signal is connected to a transistor Tr53. The
      emitter of the transistor Tr53 has a constant voltage, applied by way of
      resistors R51 and R52. The base of the transistor Tr53 is connected
      through the diode D11 to the collector of the transistor Tr51.
PAR  Here, the collector voltage of the transistor Tr51 becomes a power source
      voltage, and then the diode D11 is inversely biased. The transistor Tr53
      is based-biased through a resistor R53 and switches "ON". When the
      transistor Tr53 switches "ON", the base of the transistor Tr13 is fixed at
      a constant emitter voltage, obtained by dividing the electrical potential
      across the resistors R51 and R52. The adding amplifier 20 receives a
      signal only from the constant speed rotation control system. As a result,
      the capstan 72 is rotated at a constant speed of rotation.
PAR  When a control signal is reproduced from the head 77, the collector of the
      transistor Tr51 switches ON and OFF alternately, so that the electric
      charge or discharge of the capacitor C41 is repeated with a time constant
      determined by the constants of the resistor R53, the capacitor C41, and
      the diode D11. The base voltage of the transistor Tr53 switches low and
      the transistor Tr53 becomes OFF. Since the transistor Tr53 is OFF, the
      input terminal voltage of the adding amplifier 20 is determined only by
      the phase comparison error signal voltage V2 issuing from the terminal 41,
      whereby the capstan 72 is controlled to be rotated, at a constant phase.
PAR  Further, this invention is not limited to these embodiments but variations
      and modifications may be made without departing from the scope and spirit
      of the invention.
CLMS
STM  What we claim is:
NUM  1.
PAR  1. An apparatus for controlling the rotation of a rotating body in a
      recording and/or reproducing apparatus comprising:
PA1  a DC motor for driving said rotating body;
PA1  a first detecting means for detecting the rotational speed of said body as
      it is rotated by said DC motor, and for producing interrelatedly with the
      rotation of the body, an electrical signal of a frequency n.sub.1 times
      (wherein n.sub.1 &gt;&gt; 1) said rotational speed;
PA1  first error signal forming means for producing a first error signal having
      a magnitude which corresponds to the advance or lag in the phase of the
      output of said first detecting device as compared to the phase of a
      standard reference signal;
PA1  second detecting means for detecting a signal associated with the
      rotational phase of said rotating body;
PA1  second error signal forming means for producing a second error signal by
      comparing the phase of the output signal of said second detecting means
      with the phase of a reference signal;
PA1  control signal forming means for producing a control signal by combining
      said first and second error signals;
PA1  means for controlling the rotation of said DC motor responsive to the
      control signal from said control signal forming means;
PA1  said rotation controlling means for the DC motor comprising:
PA1  a circuit means for generating an AC signal having a constant period and a
      constant amplitude,
PA1  a circuit means for superposing said AC signal from said AC signal
      generating circuit and a control signal from said control signal forming
      means for slicing said superposed signal at a specific level,
PA1  a driving amplification circuit means for carrying out an on-off switching
      operation in response to the signal thus sliced and for producing an
      output rectangular wave, and
PA1  a circuit means for smoothing the output of said driving amplification
      circuit to produce a smoothed DC voltage and for applying said voltage to
      the DC motor.
NUM  2.
PAR  2. The apparatus according to claim 1, in which said control signal forming
      means comprises an adding amplifier having a first transistor which is
      responsive to said first error signal applied to the base thereof, a
      second transistor having the emitter connected to the emitter of said
      first transistor via a resistor, said second transistor having said second
      error signal applied to the base thereof, and means for leading out an
      output from the collector of either one of said first and second
      transistors.
NUM  3.
PAR  3. The apparatus according to claim 1, in which said second error signal
      forming means comprises a phase shifter for shifting a phase of said
      reference signal, a phase comparator for comparing the phase of the output
      signal of said second detecting means and the phase of an output reference
      signal of said phase shifter and for producing a phase comparison error
      output signal, and means for feeding back a part of the output of said
      phase comparator to said phase shifter to control the phase shifting
      amount thereof.
NUM  4.
PAR  4. The apparatus according to claim 1, in which said first detecting means
      comprises a rotating gear having n.sub.1 teeth, means for rotating said
      gear together with the rotation of said body, a stationary ring gear
      concentrically surrounding said rotating gear and having n.sub.1 teeth
      confronting the surface of the teeth of said rotating gear, and circuit
      means for detecting an electrical signal which changes as a function of
      the changes in the rotation of said rotating gear responsive to the
      electrostatic capacitance between the rotating gear and the stationary
      gear, and said second detecting means comprises a permanent magnet
      rotating with said rotating body and a detecting magnetic head for
      detecting passage of said permanent magnet.
NUM  5.
PAR  5. The apparatus according to claim 1, in which said first error signal
      forming means comprises: a phase shifter for causing the phase to lag with
      respect to an input signal of a frequency which is higher than a
      predetermined frequency and for advancing the phase with respect to an
      input signal of a frequency which is lower than said predetermined
      frequency; a first NAND circuit for obtaining a NAND gate output if an
      output signal from said first detecting means coincides with a signal
      obtained by applying said output signal to said phase shifter; a second
      NAND circuit for obtaining a NAND product of said two signals after
      polarity inversion thereof; and a circuit for smoothing the combined
      outputs of said first and second NAND circuits, and said control signal
      forming means comprises means supplying said second error signal to said
      phase shifter.
NUM  6.
PAR  6. The apparatus according to claim 1, in which said rotating body includes
      a rotating magnetic head for recording and/or reproducing a video signal
      on/from a magnetic tape, and said first and second detecting means operate
      responsive to rotational detection respectively cooperating with a part
      which rotates integrally with said rotating magnetic head.
NUM  7.
PAR  7. An apparatus for controlling the rotation of a rotating body in a
      recording and/or reproducing apparatus comprising:
PA1  means including a first DC motor for rotating a capstan;
PA1  first detecting means for detecting the rotational speed of said capstan,
      interrelatedly with the rotation of said first DC motor, said first
      detecting means being responsive to an electrical signal of a frequency of
      n.sub.1 times (where n.sub.1 &gt;&gt; 1) said rotational speed;
PA1  first error signal forming means for producing a first error signal having
      a magnitude which varies in accordance with the advance or the lag of the
      phase of the output of said first detecting means;
PA1  means including a second motor for rotating a rotary head;
PA1  second detecting means for detecting a signal which varies responsive to
      the rotational phase of the rotary head which is rotated by said second
      motor;
PA1  second error signal forming means for producing a second error signal by
      comparing the output signal of said second detecting means with a
      reference signal;
PA1  control signal forming means for producing a control signal by combining
      said first and second error signals; and
PA1  means for controlling the rotation of said first DC motor in response to
      the control signal from said control signal forming means,
PA1  said driving rotation controlling means of the DC motor comprising:
PA1  a circuit for generating an AC signal having a constant period and constant
      amplitude,
PA1  a circuit for superposing said AC signal from said AC signal generating
      circuit and a control signal from said control signal forming means and
      for slicing said superposed signal at a specific level,
PA1  a driving amplification circuit means for switching on or off in response
      to the signal thus sliced and for producing a rectangular wave output, and
PA1  a circuit means for smoothing the output of said driving amplification
      circuit to produce a smoothed DC voltage and applying said voltage to the
      first DC motor.
NUM  8.
PAR  8. An apparatus for controlling the rotation of a rotating body in a
      recording and/or reproducing apparatus comprising:
PA1  means including a DC motor for rotating a body;
PA1  rotational phase detection means for detecting a first electrical signal
      having a phase which corresponds to the rotational phase of the rotating
      body;
PA1  a source of a reference pulse signal;
PA1  phase discriminating means comprising trapezoidal wave generator means
      responsive to the first electrical signal for generating a trapezoidal
      signal in synchronism with the first electrical signal, phase comparator
      means for comparing the phase of the trapezoidal wave signal with the
      phase of the reference pulse signal to produce an output signal in
      accordance with the phase difference between the trapezoidal wave signal
      and the reference pulse signal, and holding means for holding the output
      signal of said phase comparator means to produce a first error signal;
PA1  rotational speed detection means for detecting a second electrical signal
      having a frequency which varies as a function of the rotational speed of
      the rotating body, said second electrical signal having a frequency which
      is n.sub.1 times the rotational speed;
PA1  frequency discriminating means comprising phase shifting means responsive
      to the second electrical signal for causing a lag in the phase of the
      second electrical signal, said lag varying in accordance with the
      difference between the frequency of the second electrical signal and a
      predetermined frequency when the frequency of the second electrical signal
      is higher than the predetermined frequency and for advancing the phase of
      the second electrical signal in accordance with the difference between the
      predetermined frequency and the frequency of the second electrical signal
      when the frequency of the second electrical signal is lower than the
      predetermined frequency, first NAND circuit means for providing an output
      signal responsive to a coincidence between the output of said phase
      shifting means and the second electrical signal, first phase inverting
      means for inverting the phase of the second electrical signal, second
      phase inverting means for inverting the phase of the output signal of said
      phase shifting means, second NAND circuit means for providing an output
      signal responsive to a coincidence between the output of the first and
      second phase inverting means, and smoothing means for smoothing the
      combined outputs of the first and second NAND circuit means to produce a
      second error signal;
PA1  control signal forming means for producing a control signal by combining
      the first and second error signals;
PA1  oscillator means for generating an AC signal having a periodically varying
      amplitude and having the predetermined frequency;
PA1  slicing circuit means responsive to the control signal and to the AC signal
      for slicing a superimposition signal of the control signal and the AC
      signal at a specific level;
PA1  switching amplifier means having an output current responsive to the output
      signal of said slicing circuit means; and
PA1  filter means for smoothing the output of said switching amplifier means to
      produce a smooth DC voltage and for applying the DC voltage to said DC
      motor.
NUM  9.
PAR  9. An apparatus according to claim 8 further comprising switching circuit
      means connected in series with said switching amplifier means, said
      switching circuit means being switched off responsive to the output signal
      of said slicing circuit means when there is a current from said switching
      amplifier means and for becoming conductive to bypass said filter means to
      damp the rotation of said DC motor when there is no current from said
      switching amplifier means.
NUM  10.
PAR  10. An apparatus according to claim 8 wherein said phase discriminating
      means further comprises multivibrator circuit means responsive to the
      reference pulse signal for shifting the phase of the reference pulse
      signal, said phase comparator means comparing the phase of the trapezoidal
      wave signal with the phase of the output signal of said multivibrator
      circuit means, and means for feeding back the output signal of said
      holding means to said multivibrator circuit means to control the phase
      shifting of the reference pulse signal.
NUM  11.
PAR  11. An apparatus for controlling the rotation of a rotating body in a
      recording and/or reproducing apparatus comprising:
PA1  means including a DC motor for rotating a body;
PA1  rotational phase detection means for detecting a first electrical signal
      having a phase which corresponds to the rotational phase of the rotating
      body;
PA1  a source of a reference pulse signal;
PA1  phase discriminating means comprising trapezoidal wave generator means
      responsive to the first electrical signal for generating a trapezoidal
      wave signal in synchronism with the first electrical signal, phase
      comparator means for comparing the phase of the trapezoidal wave signal
      with the phase of the reference pulse signal to produce an output signal
      in accordance with the phase difference between the trapezoidal wave
      signal and the reference pulse signal, and holding means for holding the
      output signal of said phase comparator means to produce an error signal;
PA1  rotational speed detection means for detecting a second electrical signal
      having a frequency which varies as a function of the rotational speed of
      the rotating body, said second electrical signal having a frequency which
      is n.sub.1 times the rotational speed;
PA1  frequency discriminating means comprising phase shifting means including a
      transistor having a collector electrode connected to a power source
      through a parallel combination of a coil and a capacitor, an emitter
      electrode connected to ground through a resistor and a base electrode
      having a second electrical signal supplied thereto, and means for applying
      the error signal to the emitter electrode to change the inductance of the
      coil whereby an output signal appears at the collector electrode with a
      phase which is shifted corresponding to the level of the error signal in
      reference to the second electrical signal, first NAND circuit means having
      an output signal responsive to a coincidence of an output from said phase
      shifting means and the second electrical signal, first phase inverting
      means for inverting the phase of the second electrical signal, second
      phase inverting means for inverting the phase of the output signal of said
      phase shifting means, second NAND circuit means having an output signal
      responsive to a coincidence of the first and second phase inverting means,
      and smoothing means for smoothing the combined outputs of the first and
      second NAND circuit means to produce a control signal;
PA1  oscillator means for generating an AC signal having a periodically varying
      amplitude and having the predetermined frequency;
PA1  slicing circuit means responsive to the control signal and to the AC signal
      for slicing a superimposition signal of the control signal and the AC
      signal at a specific level;
PA1  switching amplifier means having an output current in accordance with the
      output signal of said slicing circuit means; and
PA1  filter means for smoothing the output of said switching amplifier means to
      produce a smooth DC voltage and for applying the DC voltage to said DC
      motor.
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ABST
PAL  A capstan is driven by a first motor at a constant tape play speed. A
      second motor is provided for selectively driving a supply wheel assembly
      and a take-up and fast-forward wheel assembly. The selective drive of the
      two assemblies is effected by a single idler which is driven by engagement
      with the second motor. The take-up and fast-forward wheel assembly
      comprises a take-up clutch wheel and fast-forward clutch wheel on a single
      shaft. The selective drive of these two wheels is effected by varying the
      height of the idler with respect to the chassis to correspond each of the
      wheels by means of a cam provided on a platform on which magnetic heads
      and pinch roller are mounted.
BSUM
PAR  The present invention relates generally to tape recorders, and in
      particular to a cassette type tape recorder wherein two motors are
      employed for independently driving a capstan and a reel drive mechanism to
      assure constant tape transport speed.
PAR  In a certain prior art cassette type tape recorder, a capstan and a reel
      drive mechanism are driven by a single motor. Although this aids in the
      reduction of cost, the mechanism would be complicated and the tape
      transport speed is adversely affected by the mechanical load of the reel
      drive mechanism. Therefore, it is usually difficult to assure constant
      tape transport speed using a single motor drive mechanism. In another
      prior art tape recorder, a three-motor tape drive mechanism is employed,
      one for driving the capstan, the others for driving a supply reel and a
      take-up reel. This arrangement would add to the overall size and cost.
PAR  Accordingly, an object of the present invention is to provide an improved
      cassette type tape recorder which assures constant tape transport speed.
PAR  Another object of the present invention is to provide an improved cassette
      type tape recorder wherein the overall size of the mechanism is minimized
      using a single idler mechanism.
PAR  A further object of the present invention resides in the provision of a
      tape counter which can be positioned at any desired angle to provide a
      wide range of visibility.
PAR  A still further object of the present invention is to detect the type of
      cassettes employed and thereby to actuate associated circuit having
      different frequency response.
PAR  A still further object of the present invention is to prevent erroneous
      ejection of a cassette from the tape recorder when the tape is in play
      condition.
PAR  A still further object of the invention resides in the provision of means
      for detecting when the cassette is properly inserted into the tape
      recorder to actuate an associated circuit, thus preventing unnecessary
      operation of the recorder mechanism while no tape is in the recorder.
PAR  Briefly described, the present invention is characterized by the provision
      of two motors, a first motor for driving a capstan and a second motor for
      driving reels of the tape cassette. The reel drive mechanism comprises a
      supply wheel assembly and a take-up and fast-forward wheel assembly. A
      single idler is employed for selectively driving these assemblies by
      engagement with the second motor. The take-up and fast-forward wheel
      assembly includes two clutch action drive wheels provided at different
      positions of the vertical shaft of the assembly. These two wheels can be
      selectively driven by the idler by the movement of a platform member which
      carries thereon magnetic heads and a pinch roller for engagement with the
      cassette tape, the platform movement causing a cam portion thereof to
      correspondingly alter the idler's position relative to the chassis so as
      to engage either one of the two wheels. This arrangement serves to
      simplify the driving mechanism and thus minimize the overall size and cost
     .
DRWD
PAR  These and other objects and features of the present invention will become
      apparent from the following description when taken in conjunction with the
      accompanying drawings, in which:
PAR  FIG. 1a is a plan view of a cassette type tape recorder in accordance with
      the present invention, with a platform member and a cassette loader (FIGS.
      4a, 4b) removed for clarity;
PAR  FIG. 1b is a sectional view of the tape recorder taken along lines 1b--1b
      in FIG. 1a, showing details of the take-up and fast-forward wheel
      assembly;
PAR  FIG. 1c is a sectional view of the tape recorder taken along lines 1c--1c
      in FIG. 1a, showing details of the supply wheel assembly;
PAR  FIG. 2a is a fragmentary sectional view showing an idler as seen along
      lines 2--2 in FIG. 1a, with the idler maintained at a higher position
      being disengaged from a platform cam member;
PAR  FIG. 2b is a fragmentary side view of the idler as seen along the same
      lines with the idler maintained at a lower position being engaged with the
      platform cam member;
PAR  FIGS. 3a to 3c are fragmentary side views of a cassette loader as seen
      along lines 3--3 in FIG. 1a;
PAR  FIG. 4a is a plan view of the platform member slidably arranged on the
      chassis of the tape recorder; and
PAR  FIG. 4b is a plan view of the cassette loader with associated mechanical
      elements.
DETD
PAR  Referring now to the drawings, wherein like reference numerals indicate
      like parts throughout the several views, the mechanism of a two-motor
      cassette type tape recorder is shown in FIGS. 1a through 1c and generally
      includes a chassis 1, a capstan-drive motor 2 suitably secured to the
      lower side of the chassis by a bracket 4 at a suitable distance from a
      capstan 5 for driving it at a constant speed by means of a belt 6 and a
      reel-drive motor 3 of the reversible type. The speed of rotation of the
      motor 2 is reduced at a suitable diameter ratio between the motor pulley 7
      and the flywheel 8 secured to the capstan 5 and rotatably supported on the
      thrust collar bearing 8a. The reel drive motor 3 is also secured to the
      lower side of the chassis and has a drive shaft 9 extending out of the
      chassis to the opposite side thereof. An idler assembly 10 shown in FIG.
      2a is secured to the upper side of the chassis adjacent the drive shaft 9
      and comprises a vertical shaft 11 slidably received in a bushing 12 and an
      idler member 13 with a resilient annular periphery around its edge and
      rotatably supported on a rod 14 fixedly supported on the shaft 11. The
      idler assembly 10 includes a clutch portion that includes a clutch felt
      member 15 suitably bonded to a disc 16 carried on one end of the
      horizontal rod 14 and downwardly urged by a leafspring 17. The rod 14 is
      in turn rotatably connected to a rod 14a by means of a pivot 14b. The rod
      14a is secured to the shaft 11 and urged upwardly by a spring 20. The
      spring 20 also biases the idler 13 into engagement with the drive shaft 9.
      By the upward pressure of the spring 20, the shaft 11 is caused to abut
      the cam portion 18 of a platform 19 which is slidably carried on the
      chassis 1. Thus, the idler member 13 is normally maintained at a higher
      position, and when the platform slides past the shaft 11 the idler moves
      to a lower position by means of the cam 18.
PAR  In FIG. 1c, reference numeral 21 is a supply wheel assembly and includes a
      rotary shaft 22 rotatably carried on the chassis, a plurality of parallel
      wheels 23 and 24 disposed intermediate of the shaft 22 and a driving
      toothed section 25. A supply (rewind) wheel 26 having a downwardly flared
      portion for defining a chamber to receive therein the wheel 23 is
      rotatably coaxially disposed between the wheels 23 and 24 with a clutch
      felt 26a being interposed between the wheels 23 and 26. A clutch action is
      effected by a spring 28 interposed between the wheels 24 and 26. In FIG.
      1b, numeral 27 is a take-up and fast-forward wheel assembly which
      comprises a rotary shaft 28 rotatably carried on the chassis, a pair of
      spaced apart wheels 29 and 30 secured to the shaft 28, a pulley 31 at the
      lower end portion thereof and a driving toothed section 38. A take-up
      wheel 32 having an oppositely flared portion at the periphery thereof is
      rotatably disposed between the wheel 30 and the pulley 31 and urged toward
      the wheel 30 by a coil spring 33. A clutch felt 34 is disposed between the
      wheel 30 and the take-up wheel 32 to provide a clutch action. Similarly, a
      fast-forward wheel 35 having an oppsitely flared portion is rotatably
      disposed between the wheels 29 and 30 and urged toward the wheel 30 by a
      spring 36. A clutch felt 37 is interposed between the fast-forward wheel
      35 and the wheel 29. It is to be noted that the take-up and fast-forward
      wheels are spaced apart from each other at predetermined levels from the
      chassis so that each corresponds to the varying height of the idler 13. As
      may be noted in FIG. 1a, clockwise rotation of the reel drive motor 3
      results in the idler 13 moving toward the fast-forward wheel 35 to drive
      it in a clockwise direction. Counterclockwise rotation of the motor 3 will
      shift the idler toward the rewinding supply drive wheel 26 causing it to
      rotate counterclockwise. The clutch actions of the fast-forward and
      take-up wheels are such that the latter has a less frictional force than
      the former so that the tape reels in a cassette are driven at a greater
      rotational force and at a higher speed by the fast-forward wheel than they
      would be driven by the take-up wheel.
PAR  Reference numeral 40 in FIG. 1a, 1b denotes a tape counter supported on a
      bracket 41 at a suitable angle relative to the plane of the chassis to
      provide a wider angle of visibility to the operator. The counter 40
      includes a set of the conventional numeral discs 42 for indicating the
      length of driven tape by the numbers of the hundredth, tenth and unit.
      These discs are coaxially arranged on a rotary shaft 43 and driven by
      means of a worm gear arrangement 44 which is in turn connected with one
      end of a flexible joint 45 by a screw 46. The flexible joint 45 has at the
      other end a pulley 47 which is rotatably secured to the chassis. A belt 48
      is supported between the pulleys 31 and 47 to transmit the rotation of the
      rotary shaft 28 of the take-up and fast-forward assembly 27 to the
      flexible joint 45, and thence to the counter 40. The counter 40 is
      disposed under a panel 49 partly shown as covering the counter and
      provided with a window 50 through which the counter numerals are made
      visible from outside. The counter 40 is further provided with a
      zero-return lever 51 to reset the counter to zero. Numeral 52 indicates a
      rest-condition sensing gear wheel to enable a photosensor, such as a pilot
      lamp and a photo-transistor arrangement (not shown), to detect the rest
      condition of the cassette tape and energize a solenoid 53 which will be
      described hereinbelow. It will be understood that the use of a flexible
      joint mechanism for driving the counter allows it to be positioned at any
      suitable angle with respect to the chassis to provide a wider angle of
      visibility.
PAR  The chassis 1 carries thereon a plunger solenoid 54, at the left side
      thereof, which has its plunger 55 operatively connected to a rod 56 which
      has its looped end operatively connected to one arm of a connect lever 57.
      The connect lever 57 is a generally "T" shaped member and pivotally
      supported on a bracket 58 and urged toward a detent 59 by means of a
      spring 60 and has a pin 57a at its arcuate arm interposed between a pair
      of generally "L" shaped pivoted members 61. The intermediate arm of the
      connect lever 57 is operatively connected via a rod 63 to a lock lever 64
      which will be described hereinbelow. The L shaped members 61 and 62, each
      having at one end thereof a brake shoe 61a, 62a, are arranged in opposed
      relationship and biased toward each other by means of a spring 62c at the
      other ends thereof so that the brake shoes engage the peripheral surfaces
      of the supply wheel 26 and the take-up and fast-forwardly wheels to exert
      respective braking forces thereto.
PAR  When the solenoid 54 is energized, it pulls up the plunger 52 thereby
      causing the connect lever 57 to rotate clockwise withstanding the biasing
      force applied by the spring 60. This causes the L shaped members to move
      away from each other by the pin 57a so that the brake shoes are disengaged
      from the respective wheels, removing the respective braking forces
      therefrom.
PAR  On the other hand, the solenoid 53 has its plunger 65 connected operatively
      to a generally U shaped lever 66 pivoted at its vertical axis on the
      chassis, and through a connecting rod 67 to one end of an unlocking lever
      68 that is pivoted at an intermediate part thereof on the chassis. Numeral
      70 is an eject lever used for ejecting a cassette from a cassette loader
      when a play is over; the details thereof being shown in FIGS. 3a and 3b.
      The eject lever 70 has at its one end a upright lever arm 70a and at the
      other end a horizontal lever arm 70b and is pivoted along the horizontal
      axis 73 rotatably supported on a pair of brackets 74. A lower extension of
      the upright arm is biased toward the lock lever 64 by a spring 71 to bias
      the upright arm toward lever 68 and an adjacent cassette portion. The
      upright lever 70a has stepped recess portions 70c and 70d. The unlocking
      lever 68 can engage recess portion 70d, as shown in FIG. 3a. Numeral 80 is
      an eject key which comprises a shaft 81 having a shoulder portion 82. The
      lower end portion of the shaft 81 extends through an aperture (not shown)
      of a flanged portion 83 of the arm 70b of the eject lever 70 and into the
      chassis and is upwardly urged by means of a spring 84 interposed between
      the lower edge of the key and the upper edge of a bracket 85. Thus, the
      key 80 is permitted of a vertically reciprocable movement by manually
      applied pressure. The shoulder portion 82 engages the flanged portion 83
      to provide a counterclockwise rotation (FIGS. 3a, 3b) to the eject lever
      70.
PAR  The lock lever 64 is pivotally supported at the lower side of the chassis
      and operatively connected to the connecting rod 63 so that the clockwise
      rotation of the connect lever 57 causes the free end of the lock lever 64
      to move to a position coinciding with the lower end of the shaft 81 so
      that the downward movement of the shaft is prevented when the solenoid is
      energized.
PAR  Reference numeral 90 is a solenoid mounted on the lower side of the chassis
      and which has its plunger 91 operatively connected to an L shaped
      connecting lever 92 via a connecting member 93 on which is pivoted a shaft
      94 extending through an oversized aperture of the chassis (not shown). The
      lever 92 and has its free end pivotally connected to one end of a
      connecting rod 96. The rod 96 is operatively connected at the other end to
      a slidable loading and operating platform 19 (FIGS. 4a, 4b) by a
      connecting pin 97. The platform 19 has elongate apertures 19a and 19b at
      two corners thereof. Studs 100 and 101 extend through the apertures out of
      the chassis to permit the platform to slide along the apertures. Another
      pair of studs 102 and 103 are provided at the opposite corners to guide
      the platform along its sides. The platform 19 carries thereon an erase
      head 104, a record/playback head 105 and a pinch roller 106. The platform
      is biased by means of springs 107 and 108 (FIGS. 1b and 1c) into
      engagement with an end wall of the apertures 19a and 19b to free the pinch
      roller 106 from the capstan 5 as shown in FIG. 4a. The pinch roller 106 is
      rotatably mounted on a suitable bracket 111 and urged toward the capstan 5
      by a spring 109. In the usual manner, it is also urged into engagement
      with a stop member 110. The platform 19 is further provided with a
      plurality of apertures 112 and 113 through which the toothed section 25 of
      the supply wheel assembly and the toothed section 21 of the take-up and
      fast-forward wheel assembly extend outwardly. The platform 19 is further
      provided with apertures 114 and 116 through which guide pins 115 and 117
      extend for guiding a tape cassette 118 into the cassette loader 119 (FIGS.
      4a, 4b).
PAR  The cassette loader 119 (FIG. 4b) is a U shaped member enabling insertion
      of the cassette into play position and removal therefrom between the arms
      of the U. The U shaped member has on its rear end wall 119a leafsprings
      120 and 121 firmly secured thereto by a plate member 122 and set screws
      123. Projections 124 and 125 are affixed to one end of each of the
      leafsprings 120 and 121. When the cassette 118 is placed in position with
      the guide pins 115 and 117 being received into the corresponding holes of
      the cassette, the projections 124 and 125 are moved away from the rear
      wall 119a and spring 121, displaced by projection 125, closes a switch
      126. The closure of the switch 126 actuates the associated circuitry (not
      shown) to put the recorder into play condition. It will be understood that
      the leafspring 121 serves the functions of firmly engaging the cassette
      into the cassette loader and detecting when the cassette has been inserted
      into the tape recorder to actuate the associated circuit, thus avoiding
      unnecessary energization of the tape recorder upon incidental actuation of
      the actuating keys when the recorder is not loaded with a cassette. The
      leafspring 120 is further provided at the other end with a projection 128
      which, when the cassette used is a chromium-dioxide tape cassette, is
      received in the corresponding opening 129 of the cassette, and a normally
      closed switch 130 remains closed to energize an amplifier circuit having a
      particular frequency response. If the cassette is a standard type
      cassette, the switch 130 is opened to energize another amplifier having a
      particular frequency response.
PAR  Turning to FIG. 1a, the chassis 1 carries thereon a generally T shaped
      member 131 pivotally supported on a pin 132 and having a projection 133. A
      spring 134 biases the T shaped member 131 in a counterclockwise direction.
      As is usually known in the art, the cassette is provided with an opening
      135 at the rear end wall thereof for receiving the projection 133 to
      actuate a switch 136 to prevent recording. When the usual lip is provided
      over the opening 135, the switch 136 is opened to permit recording.
PAR  In FIGS. 3a 3c and 4b, the cassette loader 119 is provided with projections
      119a, 119b and 119c at the side walls thereof and is pivotally supported
      on a pair of brackets 137 and 138 having horizontal arms 137a and 138a,
      respectively.
PAR  Springs 139 and 140 bias the loader to an upward position where the
      projections 119a and 119b abut the arms 137a and 138a. Under normal play
      condition, the cassette loader 119 is held in a horizontal position (FIG.
      3a) with the projection 119c being engaged within the recess 70c of the
      arm 70a of the eject lever 70.
PAR  Numerals 140 to 143 in FIG. 1a denote actuating keys used for manually
      actuating the tape recorder in various modes of operation; 140 being used
      for rewind mode; 141 for stopping the operation; 142 for record/playback
      mode; and 143 for fast-forward mode. These keys are provided on the
      chassis in a manner similar to that described in connection with the eject
      key 80. In FIG. 1b, only one of the keys is shown and comprises a shaft
      144 having a shoulder portion 145 slidably supported on a bracket 146 and
      extending into the opposite side of the chassis. A stop member 147 is
      provided intermediate of the shaft to prevent it from being pulled up from
      the bracket. A spring 148 is provided to permit vertical reciprocal
      movement for actuating a switch 149 which energizes related circuitry (not
      shown).
PAR  In operation, the eject key 80 is momentarily actuated, resulting in the
      disengagement of the projection 119c of the cassette loader 119 from the
      arm 70a of the eject lever 70. The cassette loader springs off to a tilted
      position by the spring 139. A standard tape cassette is inserted into the
      loader, which is pressed downwardly into engagement with the lock arm 70a.
      The pin 133 is pushed way from its normal position by the lip which is
      usually provided for the standard tape cassette. This results in the
      operation of the switch 136 to close a circuit in preparation of
      record/playback mode of operation.
PAC  RECORD/PLAYBACK MODE
PAR  Upon actuation of the record/playback key 142, the capstan drive motor 2,
      the reel drive motor 3, and the solenoids 54 and 90 are energized. The
      capstan 5 is driven by the belt 6 at a constant tape transport speed. The
      operation of the solenoid 54 causes the connect lever 57 to turn
      clockwise, resulting in the oppositely disposed L shaped members 61 moving
      away from each other to disengage the brake shoes 61a and 62a from the
      peripheral surfaces of the respective wheels 35 and 26. Simultaneously,
      the lock lever 64 is pulled by the connecting rod 63 to a position
      directly under the eject key 80 to bring it into a locked condition. This
      ensures against erroneous ejection of the cassette from the cassette
      loader during tape play. The operation of the solenoid 90 causes
      counterclockwise rotation of the L shaped lever 92, resulting in the
      slidable movement of the platform 19 in a direction shown by arrow A in
      FIG. 4b. The movement of the platform brings the cassette tape into tape
      transport engagement between the capstan 5 and the pinch roller 106, and
      into tape slip engagement with the magnetic heads 104 and 105. The tape is
      thus driven at a constant normal play speed rightwardly. The movement of
      the platform also causes the cam portion 18 to push the shaft 11
      downwardly (FIG. 2a) and thereby shifts the idler 13 to a lower position
      clockwise rotation of reel drive shaft 9 then holds the idler at left,
      engaged with forward driving take-up wheel 32 as indicated in dashedline
      in FIG. 1a.  Counterclockwise rotation of the motor 3 causes the idler 13
      to shift toward the right into engagement with the rewinding supply wheel
      26 to drive it counterclockwise.
PAR  When the stop switch 141 is operated, the motors 2 and 3, and the solenoids
      54 and 90 are deenergized and the braking forces of pads 61a and 62a are
      again applied to the wheel assemblies 21 and 27. With the cassette tape
      being at rest, the eject key can be actuated. Upon actuation of the eject
      key, the cassette loader 119 is released from engagement and springs off
      to a tilted position as previously described for easy access to the
      cassette for removal. The tape cassette is ejected from the cassette
      loader by means of the leafsprings 120 and 121. The pin 125 (FIG. 4b) is
      restored to normal position and opens the switch 126 to deenergize the
      associated circuits.
PAC  FAST-FORWARD MODE
PAR  Upon actuation of the fast-forward switch 143, the motors 2 and 3 and the
      solenoid 54 are energized. Since the solenoid 90 is not energized, the
      magnetic heads 104, 105 and the pinch roller 106 are held away from the
      cassette tape, and the idler is held at a higher position corresponding to
      that of the fast-forward wheel 35 (FIGS. 1b and 2a). The operation of the
      solenoid 54 releases the braking forces applied to the wheel assemblies 21
      and 27 and causes the eject key into a locked condition. Counterclockwise
      rotation of the reel drive motor 3 causes the idler 13 into engagement
      with the fast-forward wheel 35 to drive it at a speed higher than the
      normal tape play speed. It will be apparent from the foregoing that a
      change of modes from the record/playback mode to the fast-forward mode is
      effected by the mere expedient of deenergizing the solenoid 90.
PAC  REWIND MODE
PAR  When the rewind switch 140 is actuated, the motor 3 and the solenoid 54 are
      energized. Since the motor 2 and the solenoid 90 remain deenergized, the
      capstan 5 is at rest and the platform 18 is at normal retracted position
      as shown in FIG. 4a, with the idler 13 being at a higher position. The
      operation of the solenoid 54, as previously described, releases the
      braking forces applied to the wheel assemblies 21 and 27 and causes the
      eject key 80 into a locked condition. The motor 3 rotates, in this mode,
      in a clockwise direction to cause the idler 13 into engagement with the
      supply or rewind wheel 35 and drives it in a direction opposite to the
      normal tape play direction and at a speed higher than the normal tape play
      speed.
PAR  If the cassette tape has been completely wound up to either terminated end
      thereof during any of these operational modes, a frictional slip would
      develop in the clutch portion of either of the wheel assemblies 21 and 27,
      and cause the tape to come to halt, while the driving wheel continues to
      run. The rest-condition sensing gear wheel 52 also comes to a halt, which
      is detected by the photosensor (not shown) and energizes the circuit
      associated with the stop switch 141 to restore the recorder to normal
      condition and to energize the solenoid 53 to cause a clockwise rotation of
      the lever 68 to disengage the arm 70a from the projection 119c of the
      cassette loader 119. The cassette loader is thus automatically released
      from the locked condition to permit easy access to the tape cassette for
      removal.
CLMS
STM  What is claimed is:
NUM  1.
PAR  1. A tape recording-reproducing apparatus, comprising;
PA1  a chassis receptive of a cassette having a tape for recording signals
      thereon and reproducing the signals;
PA1  a capstan rotatably mounted on said chassis; a motor on said chassis for
      driving said capstan at a constant peripheral speed for the recording and
      reproducing of signals;
PA1  a pinch roller movable between an active position in which the roller is in
      frictional engagement with the tape on the periphery of the capstan and an
      inactive position wherein the roller is withdrawn from the tape;
PA1  first clutch wheel means for driving a first tape wheel of the cassette to
      rewind the tape;
PA1  second and third clutch wheel means coaxially arranged for driving an
      second tape reel in the cassette to wind the tape in forward direction at
      different speeds;
PA1  an idler wheel mounted on said chassis and movable between a first active
      position in which said idler wheel is in frictional engagement with the
      periphery of said first clutch wheel means, a second active position in
      which said idler wheel is in frictional engagement with the periphery of
      said second clutch wheel means, and a third active position in which said
      idler wheel is in frictional engagement with periphery of said third
      clutch wheel means;
PA1  reversable motor means having a driving shaft in frictional driving
      engagement with the periphery of said idler wheel for moving that wheel in
      said first active position and, at different speeds, in said second and
      third active positions;
PA1  means for axially moving said idler wheel between said second and third
      active position; and
PA1  transducing means for the recording and reproducing of signals on the tape;
      whereby said reversable motor means and said motor for driving said
      capstan are enabled to drive the apparatus for rewinding the tape by said
      first tape reel and for playing and fast forward moving of the tape by
      said second tape reel.
NUM  2.
PAR  2. Apparatus according to claim 1 including linkage supporting said idler
      wheel and comprising first and second arms, said idler wheel being
      rotatably mounted on the first arm, said arm being pivotally connected to
      the second arm and that arm being pivoted on said chassis; said second arm
      being biased to urge said idler wheel toward said driving shaft of said
      reversable motor.
NUM  3.
PAR  3. Apparatus according to claim 1 additionally including a pair of
      generally L-shaped pivoted members opposedly biased toward each other,
      each L-shaped member having two arms one of which is selectively
      engageable in frictional contact with the peripheries of said first,
      second and third clutch wheels, and a pin disposed between and engageable
      with end portions of the other arms and to disengage said one arm of each
      L-shaped member from said frictional contact.
NUM  4.
PAR  4. Apparatus according to claim 1 additionally including a support member
      for supporting the cassette received in the chassis, said support member
      being movable between an active position in which said pinch roller is in
      frictional contact with the tape of the cassette, on the periphery of said
      capstan, and said transducing heads are in contact with one side of the
      tape, and a normally inactive position in which said pinch roller and
      transducing heads are disengaged from said contact thereof; and said means
      for axially moving said idler wheel comprising a cam, fixed on said
      movable support member and engageable with a shaft of said idler wheel for
      axially moving said shaft and wheel relative to said chassis; and means
      for moving said support member and cam so that said idler wheel is moved
      between said second and third active positions.
NUM  5.
PAR  5. Apparatus according to claim 4 in which the first clutch wheel means has
      a first spindle coaxial and engagable with a tape reel in the cassette, in
      said active position, for rewinding the tape; and the second clutch wheel
      means comprises a second and a third clutch wheel coaxially mounted on
      said chassis and a second spindle coaxial with said second and third
      clutch wheels and engagable with another tape reel in the cassette in said
      active position thereof for forward winding of tape; the second clutch
      wheel means also comprising means for rapidly rotating said second spindle
      for fast forward winding and means for more slowly forwardly turning said
      second spindle for pick-up of the tape.
NUM  6.
PAR  6. Apparatus according to claim 4 including linkage supporting said idler
      wheel and comprising first and second arms, said idler wheel being
      rotatably mounted on the first arm, said arm being pivotally connected to
      the second arm and that arm being pivoted on said chassis; said second arm
      being biased to urge said idler wheel toward said driving shaft of said
      reversable motor.
NUM  7.
PAR  7. Apparatus according to claim 4 additionally including a pair of
      generally L-shaped pivoted members opposedly biased toward each other,
      each L-shaped member having two arms one of which is selectively
      engageable in frictional contact with the periphery of said first, second
      and third clutch wheels, and a pin disposed between and engageable with
      end portions of the other arms and to disengage said one arm of each
      L-shaped member from said frictional contact.
